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ABSTRACT

Taste and odour episodes associated with geosmin and 2-methylisoborneol (MIB) produced by
Cyanobacteria are common problems affecting drinking water supplies. However, it is difficult to find
the source and species responsible for taste and odour production. The aim of this study was to
investigate the effect of temperature, one of the most important environmental factors, on the growth
and odour production of Microcoleus sp. MCAS-MCO01 and compare the results with those of two
other odour-producing cyanobacteria (Oscillatoria sp. UHCC 0332 and Phormidium sp. NIVA-CYA 7)
isolated and kept in culture collections from geographically different areas. Microcoleus sp. MCAS-
MCO1 is a newly isolated geosmin and MIB producer from Turkiye. After complaints arose from
consumers in a nearby city, samples were taken and a cyanobacterium, Microcoleus sp., was isolated
from the samples and grown in Z8 medium. Experiments were conducted at 20°C and 25°C for 10
weeks, and the growth and MIB-geosmin concentrations of cultures were monitored weekly. The
geosmin concentration reached a maximum 65.73 pg/l and the maximum MIB concentration was
626.65 pg/l in the study. Higher temperature had a significant positive effect on MIB levels in
Microcoleus sp. MCAS-MCO1 and geosmin levels in Phormidium sp. NIVA-CYA7 (p<0.05). On the
other hand, the temperature did not affect the growth of all three strains (p>0.05). The results showed
that taste and odour problems are species-specific, and in some species, they are stimulated by an
increase in temperature. This study contributes to the understanding of taste and odour problems in
relation to temperature.
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INTRODUCTION groups of benthic and pelagic aquatic microor-
ganisms found in freshwater ecosystems (Wat-
son & Juttner 2019). Furthermore, there are a
few additional biological sources that are often
overlooked, especially those that originate
from drinking water treatment plants and ter-

restrial ecosystems (Juttner & Watson 2007).

Climate change and eutrophication are a grow-
ing global issue and cause an increase in the
occurrence of taste- and odour-producing cya-
nobacteria, which are particularly significant in
drinking water reservoirs (Akcaalan et al. 2022;
Mantzouki et al. 2018). Even if hazardous chem-

icals are not always the source of aquatic taste
and odour, the drinking water sector suffers ad-
verse effects as a result (Watson 2004), since
customers consider taste and odour as the
main measure of the safety of drinking water
and complain at levels as low as 10 ng/| geos-
min and MIB (Zamyadi et al. 2015). Geosmin
and MIB are produced by members of certain

Wiater utilities rarely monitor benthic cyanobac-
teria, although there is growing evidence that
they represent a significant source of taste and
odour problems (Gaget et al. 2022). Benthic cya-
nobacteria grow in different matrices such as
sediments, biofilms, and floating mats, and they
can detach and colonise in treatment plants
(Gaget et al. 2020). However, a systematic under-
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standing of how benthic cyanobacteria contribute to taste and
odour episodes is still lacking (Gaget et al. 2022). To date, some
benthic taste and odour-producing cyanobacteria from Microcole-
us, Oscillatoria, Phormidium, Heteroleibleinia, Leibleinia, Plec-
tonema, Nostoc, Tychonema, Kamptonema, Jaaginema, Lyngbya,
Leptolyngbya, and Symplocastrum genera have been reported as
geosmin or MIB producers (Watson et al. 2016). A total of 132 cya-
nobacterial strains from 21 genera and 72 cyanobacterial strains
from 13 genera have been reported for geosmin and MIB produc-
tion, respectively (Devi et al. 2021).

Consumer complaints are an important step in coping with taste
and odour problems in drinking water. After increasing com-
plaints about the taste and odour from a nearby city, samples
were taken to measure geosmin and MIB in the drinking water
reservoir. Some samples from benthic mats at the entrance of
treatment plants were also taken, and the odour-producing cya-
nobacterium were isolated. The species was identified as Micro-
coleus sp. MCAS-MCO1, which is the first isolate to produce MIB
and geosmin in Turkiye. Furthermore, to reveal the effect of tem-
perature on growth and taste and odour production, a study was
conducted together with two different cyanobacteria strains (Os-
cillatoria sp. UHCC 0332 and Phormidium sp. NIVA-CYA 7) isolat-
ed from geographically different areas to understand the pro-
duction of these metabolites in different cyanobacteria strains.

MATERIALS AND METHODS

Cyanobacteria strains, culture conditions, and sampling
procedures

Three benthic filamentous cyanobacteria (Microcoleus sp., Oscil-
latoria sp. and Phormidium sp.) were used in this study. Microcole-
us sp. MCAS-MCO01 (Microalgae Culture Collection of Faculty of
Aquatic Sciences, istanbul University) was isolated from a drinking
water treatment plant. The isolate was identified using molecular
and morphological methods according to Strunecky et al. (2013).
Oscillatoria sp. UHCC 0332 was obtained from the HAMBI Micro-
bial Culture Collection, University of Helsinki. It is a known geos-
min and MIB producer. Phormidium sp. NIVA-CYA 7 was obtained
from the Norwegian Culture Collection of Algae, NORCCA. ltis a
known geosmin producer. All strains were cultured in Z8 medium
at 20°C and 25°C with a 12 h light:12 h dark period for 10 weeks,
and sampling was performed at weekly intervals. The lower tem-
perature was selected as 20°C because cyanobacterial dominance
generally occurs at higher (>20°C) temperatures in aquatic ecosys-
tems (Ozbayram et al. 2022; Robarts & Zohary, 1987). The higher
selected temperature was 25°C because the benthic cyanobacte-
ria growth rate is generally optimum around 25°C in natural eco-
systems and the 5°C temperature change could have a different
effect on different cyanobacterial species (Mantzouki et al. 2018).
To homogenise the aggregated cultures before sampling, the cul-
tures were sonicated from the 2nd week. The growth of the three
cyanobacteria strains was estimated by measuring the optical
density at 750 nm (OD750) (Ernst et al. 2005).

Quantitative analysis of odour production

Geosmin and MIB analysed by Headspace-Solid Phase Microex-
traction (HS-SPME) coupled Gas Chromatography-Mass Spectrome-
try (GC-MS) according to a standard protocol (Kaloudis et al., 2016).

The GC oven temperature was started at 50°C and reached 250°C
(12°C/min). Helium was used as the mobile phase (1 ml/min). The
commercial standards of geosmin and MIB (Sigma CRM47525) were
used for qualitative and quantitative analyses. Geosmin and MIB
were quantified according to their m/z ratios (95 for MIB and 112 for
geosmin) using the selected ion mode. Qualitative m/z values for ions
were 112 and 126 for geosmin and 95, 108, and 135 for MIB.

Statistics

The t-test in “rstatix” package (Kassambara, 2023) in R software was
used to analyse the temperature effect on growth and odour (geos-
min and MIB) concentration at a 95% confidence level (ver. 4.3.1) (R
Core Team 2024). Spearman correlation with the level of significance
as p<0.001, p<0.05, and p<0.01 was used to analyse the correlations
between growth and odour concentration (geosmin and MIB) in
Jamovi software (ver.2.3.1) (Jamovi project 2022). One-way ANOVA
analysis was conducted to analyse temporal variance of geosmin and
MIB concentrations at a 99% confidence level in Jamouvi.

RESULTS AND DISCUSSION

Odour production was observed in all three cyanobacteria spe-
cies for 10 weeks at different concentrations. The temperature
had no statistically significant effect on growth (p>0.05) indicat-
ing these two temperatures (20°C and 25°C) did not have a dra-
matic effect on the growth of the three cyanobacteria strains.

It was observed that the cultures generally started to lose their
colour after the 9" week of the experiment (Figure 1). Microcole-
us sp. MCAS-MCO1 and Oscillatoria sp. UHCC 0332 cultures
started to die earlier at 20°C than at 25°C. On the other hand,
Phormidium sp. NIVA-CYA 7 culture started to lose its colour ear-
lier at 25°C than at 20°C (Figure 1).

Our results showed that temperature had a significant positive

9th 10th week

20°C

Microcoleus
25°C
20°C

Oscillatoria
25°C
20°C

Phormidium
25°C

Figure 1. Colour changes in cultures.
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effect on MIB production in Microcoleus sp. (t,,, 5,=-2.82, p<0.05)
and geosmin production in Phormidium sp. (thoun=-219, p<0.05).
However, there was no significant effect on geosmin production
in the other two strains and MIB production in Oscillatoria sp.
(p>0.05) (Figure 2).

The maximum geosmin concentration was detected in the 8"
week at both temperatures reaching 63.11 pg/l at 20°C (Figure
2a) and 65.73 pg/l at 25°C in Microcoleus sp. (Figure 2b). Geos-
min production followed an increasing trend until the 8" week
and started to decrease afterwards (Figure 2). The optical density
values increased at both temperatures during the experiment.
Although geosmin production did not differ with temperature,
the geosmin concentration of Microcoleus sp. MCAS-MCO1 cul-
ture was dramatically higher than the threshold limits (10 ng/l)
and reported environmental concentrations (Qiu et al. 2023). Mi-
crocoleus species are ubiquitous and form thick mats in different
habitats, including freshwater ecosystems, a street flowerbed in
an urbanised area, garden soil, and aquaculture areas (Tee et al.
2021; Churro et al. 2020; Alghanmi et al. 2018). For example, an
episodic taste and odour problem related to the geosmin pro-
ducer Microcoleus sp. was reported in a trout farming area, which
was linked to the appearance of earthy/musty off-flavour and
poor water quality during the water recirculation period (Robin et
al. 2006). However, there are a limited number of isolated and
identified geosmin/MIB-producing Microcoleus species: Micro-
coleus pseudautumnalis and M. autumnalis (formerly Phormidi-
um autumnale) from Japan, Microcoleus vaginatus CCALA 145
(formerly Phormidium autumnale) from Switzerland, Microcoleus
vaginatus from lrag, M. asticus from Portugal and Microcoleus
sp. from USA (Teneva et al. 2023; Churro et al. 2020; Niiyama &
Tuji, 2019; Alghanmi et al. 2018; Oikawa et al. 2015; lzaguirre &
Taylor, 1995). Therefore, our newly isolated geosmin and MIB
producer strain from Tirkiye makes a major contribution to re-
search on taste and odour producers from Microcoleus genus,
demonstrating a wide geographical distribution.

MIB levels at 25°C were significantly higher than those at 20°C in
Microcoleus sp. (t; g,=-2.82, p<0.05) reaching 626.65 ug/I at 25

11.85)

°C in the 5" week (Figure 3b) and 320.48 pg/I at 20°C in the 8
week (Figure 3a). MIB production increased until the 8" and 5"
weeks at 20°C and 25°C, respectively, and started to decrease in
the following weeks (Figure 3). In line with our result, Alghanmi et
al. (2018) also found maximum MIB concentrations at 25°C in Mi-
crocoleus vaginatus compared with 10°C and 33°C. Similarly, Mi-
crocoleus autumnalis (formerly Pautumnale) produces more MIB
at high water temperatures above 20°C (Oikawa et al. 2015). In
our study, the maximum total MIB level of our strain (626.65 pg/l)
was significantly higher than the MIB concentrations measured in
M. vaginatus (135.8 ng/l) and Lyngbya sp. (260 ug/l) (Izaguirre &
Taylor, 1995). The results show that our isolate, Microcoleus sp.,
can respond to increasing temperatures by producing higher
concentrations of the odour compound (MIB) and by surviving
longer in the environment. Our strain is isolated from a water
treatment plant that supplies drinking water to more than 200.000
people. These results are critical for determining water quality
management strategies to be implemented in water treatment
plants. Water authorities may encounter the problem intermit-
tently in their drinking water systems, especially in summer
months, and it may be necessary to implement appropriate treat-
ment systems, such as ozonation or activated carbon, to be used
when odour episodes occur (Oikawa et al. 2015).

Temperature had no significant effect on geosmin and MIB pro-
duction in Oscillatoria sp. (p>0.05). The maximum geosmin pro-
duction was 125.86 pg/l at 25°C and 90.8 pg/l at 20°C in the 9"
week, followed by a significant decrease in the geosmin concen-
trations at both temperatures (Figure 4). Geosmin concentration
increased from the 4" week at 20°C until the 9" week, and follow-
ing this, the level of geosmin started to decrease (Figure 4a),
whereas at 25°C, the trend over time was not as pronounced
(Figure 4b).

On the contrary, maximum MIB concentrations were significantly
higher than geosmin at both temperatures and measured as
1339 pg/l at 25 °C (9™ week) and 768.69 ug/l at 20°C (8" week)
(Figure 5). A significant MIB increase was observed at 20°C from
the 4" week until the 8" week, following which the level of MIB
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Figure 2. Comparison of geosmin production and growth in Microcoleus sp. at a) 20°C and b) 25°C.
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Figure 4. Comparison of geosmin production and growth in Oscillatoria sp. at a) 20°C and b) 25°C.

started to decrease (Figure 5a). Although there was not a distinct
MIB trend at 25°C over time (Figure 5b), Oscillatoria sp. showed
better growth at that temperature, consistent with the literature
(Sivonen 1990, Cai et al. 2017). Chu et al. (2007) found that Oscil-
latoria sp. became dominant over the common cyanobacterium
Microcystis sp. at temperatures below 25°C, whereas the con-
trary occurred at temperatures of 30°C and above. When there is
competition between these two cyanobacteria species in natural
ecosystems, temperature could be an important driving factor,
and Oscillatoria sp., an earthy and mouldy odour producer, may
have an advantage over Microcystis sp., which does not produce
such odours, at 25°C and below. The information observed in the
experimental studies also supports our understanding of the
odour production dynamics in aquatic ecosystems.

The concentrations of geosmin and MIB in Oscillatoria sp. varied
greatly at both temperatures. Although these metabolites utilise
common metabolic pathways in cyanobacteria, their production
levels may differ (Juttner & Watson, 2007). However, since the re-
moval of MIB from water is more difficult compared with geos-
min, high levels of MIB can cause a very high economic loss for

treatment plants (Zamyadi et al., 2015). The temperature could
triggered odour production in various cyanobacteria species.
Our results showed that Oscillatoria sp. produced both metabo-
lites in higher concentrations at 25 °C than at 20 °C. In line with
our results, Cai et al. (2017) also found that the maximum geos-
min production in Oscillatoria limosa occurred at 25 °C.

Higher temperatures resulted in higher geosmin production in
Phormidium sp. (Figure 6). The maximum geosmin production
was measured at 25°C as 62.06 pg/l in the 7th week (Figure 6b).
Our results are in line with Phormidium amoenum isolate from
South Australia, which had a maximum geosmin concentration
measured as 49 ug/l at 25°C (Li et al. 2012). Additionally, Doli-
chospermum smithii could also produce a maximum total geos-
min concentration of 19.82 ug/l at 25°C (Shen et al. 2022). In our
study, the maximum geosmin production at 25°C was three times
higher than that at 20°C (19.02 pg/l at 20°C, 62.06 pg/l at 25°C) in
Phormidium sp. The geosmin concentration started to increase
from the 5" week until the 7" week and started to decrease the
following weeks at 25°C (Figure éb). On the other hand, there
was no significant change over time, with maximum production

168



Aquat Sci Eng 2024; 39(3): 165-171
Zengin and Akcaalan. The Effect of Temperature on Growth and Odour Production in Three Cyanobacteria Species

1600 1

1400 0.5

08
1200
0.7

1000 06

03
02
I I 0,1
1 :
4 5 6 7 8 10

9

800

0D750

600

MIB (ug/L)

400

200

Week

1600 1

1400 0.

08
1200
0.7

1000 056

__ 800 05 o
- n
e} 3
2 5w 04 o
-]
= 03
400
02
200
0.1
0 u 0
0o 1 2 3 4 5 6 7 8 9 10
Week

Figure 5. Comparison of MIB production and growth in Oscillatoria sp. at a) 20°C and b) 25°C.
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Figure 6. Comparison of geosmin production and growth in Phormidium sp. at a) 20°C and b) 25°C.

at week 7 being slightly higher than in other weeks at 20°C (Fig-
ure 6a). However, the growth curve of the strain maintained at
20°C continued to increase throughout the experiment. Fujimo-
to et al. (1997) found that Phormidium sp. could become domi-
nant over Microcystis sp. at 20°C and a high N:P ratio, whereas
the advantage shifted to Microcystis sp. at 25°C. Therefore, the
competitive advantage of Phormidium sp. and associated odour
production at relatively lower temperatures in aquatic environ-
ments should be considered in water quality management.

These three odour-producing cyanobacteria, Microcoleus sp.
MCAS-MCO01, Oscillatoria sp. UHCC 0332 and Phormidium sp.
NIVA-CYA 7, showed similar thermotolerance profiles at 20°C
and 25°C. Comparing the total geosmin production capacity,
Oscillatoria sp. UHCC 0332 showed highest capacity reaching up
125.86 pg/l, Microcoleus sp. MCAS-MCO1 reaching up 63.11
pg/l, and Phormidium sp. NIVA-CYA 7 to 62.06 ug/l (Figure 7).
Regarding MIB production capacity, Oscillatoria sp. UHCC 0332
showed higher capacity by reaching up 1339 pg/l in comparison
to the highest concentration measured as 626.65 pg/l in Micro-
coleus sp. (Figure 8).

Geosmin variation was significant over time in Microcoleus sp.,
Oscillatoria sp., and Phormidium sp. at both 20°C and 25°C (Fig-
ure 7). Comparing the temporal variation of geosmin, the con-
centration was significantly different for each week at both 20°C
and 25°C in all strains except for Phormidium sp. (Figure 7).

Comparing temporal variation of MIB concentration, each week
was significantly different in Microcoleus sp. and Oscillatoria sp.
at both 20°C and 25°C (Figure 8).

Geosmin had a strong positive correlation with growth in Micro-
coleus sp. at both temperatures (r = 0.903 for 20°C and r=0.842
for 25°C respectively, p <0.001), while MIB had only a strong cor-
relation with growth at 20°C (r=0.840 p<0.001). At 25°C, a mod-
erate positive correlation between MIB and growth (r = 0.588
p<0.05) was detected . Similarly, both geosmin and MIB had a
strong positive correlation with growth in Oscillatoria sp. at both
temperatures (r = 0.794, p < 0.01 for geosmin at 20°C and
r=0.612, p<0.05 at 25°C; r = 0.842, p < 0.01 for MIB at 20°C and
r=0.721, p<0.05 at 25°C) (Figure 4 and Figure 5), which was con-
sistent with the results of previous studies (Shen et al. 2022,
Juttner & Watson 2007). Shen et al. (2022) highlighted that tem-
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perature can increase the potential of geosmin/MIB synthesis.
We also found 20°C - 25°C temperature range is generally fa-
vourable for growth and odour production in cyanobacteria.
Geosmin had no correlation with growth in Phormidium sp. at
20°C (r = 0.274 p > 0.05) (Figure 6a), whereas it had a strong cor-
relation at 25°C (r = 0.851 p <0.001) (Figure 6b). We can conclude
that geosmin production in Phormidium sp. at 20°C may be sup-
pressed because of a possible competition for the essential
common substrates with Chl-a synthesis, as we found growth
continued while geosmin concentration had a generally station-
ary trend at 20°C (Shen et al. 2021; Wang & Li, 2015).

CONCLUSION

Our results highlight the important role of the strain-specific response
to temperature changes. Furthermore, the production of geosmin
and MIB compounds differed under different temperatures in our
strain Microcoleus sp. MCAS-MCO1 and Phormidium sp. NIVA CYA7.
We found that a 5°C temperature difference had a dramatic effect on
the odour production of different cyanobacterial strains. The total
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Figure 8. Comparison of total MIB concentration in three
strains (a. 20°C, b. 25°C).

odour concentrations without comparing intra- and extracellular
components were measured in this study. Further studies are needed
to address whether the temperature had a mechanism to increase in-
tracellular odour production or to affect the release of odour com-
pounds outside the cell. In addition to in vitro studies, to predict the
effects of changing environmental conditions on odour production in
natural ecosystems, it is also important to determine the levels of
odour compounds using in situ studies, such as mesocosm experi-
ments to analyse other biotic and abiotic triggers.
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