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ABSTRACT

This study assessed the acute toxicological effects of different concentrations of chloroxylenol (PCMX),
an active ingredient in most liquid cleaning products, on the whirligig beetle Orectogyrus alluaudi Regimbart,
1889. This was done with the aim of determining the potential lethal effects of the chemical on this aquatic
beetles. Whirligig beetles sourced from an unpolluted stream were subjected to varying concentrations of PCMX
in controlled laboratory conditions. Five concentrations ranging from 2 to 32 mg/l were utilized alongside control
groups, with exposure durations spanning 24 to 96 hours. Observations revealed alterations in the beetles'
behaviour and swimming patterns preceding mortality. Calculated median lethal concentration (LC50) values at
24 to 96 hours demonstrated a concentration-dependent increase in mortality rates, with LC50 values ranging
from 21.587 to 7.819 mg/L. This study underscores the detrimental impact of PCMX on aquatic beetle
populations, providing valuable insights into the environmental risks associated with common cleaning agents.
© 2024 International Formulae Group. All rights reserved.
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INTRODUCTION discovered in  aquatic  environments,

Aquatic pollution is regularly reported
all over the world, but developing countries
account for a disproportionate number of these
reports (Connor, 2015; Akeredolu et al., 2022).
Asignificant fraction of this pollution is caused
by xenobiotics or anthropogenic pollutants
which get introduced into the environment as a
result of human activity. Xenobiotics interfere
with the correct functioning of the environment
regardless of the concentration at which they
are present (Biel-Maeso et al., 2019). Certain
xenobiotics derived from municipal or
industrial wastewater have equally been
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particularly in freshwater ecosystems, in fact,
the aquatic environment has been shown to be
a critical sink for pollutants (Ugwu et al., 2005;
Gavrilescu et al., 2015).

Chloroxylenol (4-chloro-3, 5-
dimethylphenol or para-chloro-meta-xylenol,
PCMX) is a xenobiotic commonly used as an
antiseptic and disinfectant for skin disinfection
and for cleaning surgical instruments in
hospitals (Seibert et al.,2019) due to their
antimicrobial properties such as killing of
bacteria, fungi, algae, and viruses through
disruption of their cell membranes (Wilson and
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Mowad, 2007). As a result of the recent global
pandemic caused by a new type of coronavirus,
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), and Ebola, PCMX is now
being added to many cosmetics and household
chemicals just to improve the antimicrobial
properties of such products (Neerukonda and
Katneni, 2020; Wu et al., 2020; Tan et al.,
2021). The increased usage of PCMX through
these ways eventually makes its way into

aquatic  environments  via  municipal
wastewater treatment facilities, industrial
discharges, agricultural runoff, landfill

leachate, and atmospheric deposition (Baby et
al., 2010; Au et al.,, 2023). For instance,
recently measured PCMX concentrations in
surface waters in Jakarta (Indonesia) ranged
from 20 to 1200 ng/L, which was clearly higher
than previously recorded concentrations
(Dsikowitzky et al., 2016, 2017). Furthermore,
PCMX has also been found in greater
abundance in European rivers (Kasprzyk-
Hordern, 2008a, 2008b; 2009). This is an
indication  that the widespread and
indiscriminate use of this chemical portends a
serious environmental threat.

In spite of the universal and extensive
application of PCMX and its perceived
potential as a pollution causative agent, it is
disheartening that only a few studies have
assessed its potential toxicity to the
environment. Available studies like Sreevidya
et al. (2018) and Won et al. (2022) have
reported that PCMX has the potential to
endanger aquatic environmental health when
released into the environment. It is also a
known fact that when PCMX is released into
the environment, it does not dissipate
completely but remains in bioavailable forms
in the atmosphere, water, and soils due to its
physical and chemical properties (El-Badawy
et al., 2018). The low volatility and solubility
of PCMX in water also mean that it readily
binds to soil, sediments and living organisms
(Capkin et al., 2017; Sreevidya et al., 2018). As
a result, PCMX residue in the aquatic
environment poses toxicological risks to
aquatic organisms at all trophic levels. Also,
recent studies on PCMX toxicity to aquatic
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organisms have revealed genotoxicity,
histopathology, embryonic mortality,
neurotoxicity, morphology changes, and

endocrine function modulation (Capkin et al.,
2017; Sreevidya et al., 2018; Won et al., 2022).

Whirligig beetles, such as Orectogyrus
alluaudi Regimbart, 1889, are among the
aquatic insects that significantly contribute to
the macroinvertebrate diversity of Tropical
temporary ponds or slow-moving water bodies
(Umar et al., 2018). The aquatic beetles are
ecologically adapted to removing dead
invertebrates from the water's surface, as one
of the important roles they play in freshwater
ecosystems. Environmental factors, such as
stream chemistry and substrate characteristics,
have been proposed to threaten their
distribution in freshwater ecosystems and this
has made them important bio-indicator of
water quality (Polhemus, 2011). Given the
critical ecological roles of whirligig beetles in
freshwater ecosystems and the increasing
availability of chloroxylenol residue around the
aquatic environment, it is important that the
toxicity of this chemical to aquatic life is
determined. Hence, this study sought to
provide information on the acute response of
aquatic animals to Chloroxylenol using O.
alluaudi as the test organism. The choice of O.
alluaudi as a test organism was due to its
abundance, distribution, and the important role
the insect plays in freshwater ecosystems.

MATERIALS AND METHODS
Test chemical

Chloroxylenol is a commercial
household antiseptic produced by Reckitt
Benckiser Nigeria Limited and sold under the
brand name Dettol. For this study, a 165 mL
bottle of Dettol containing 4.8 percent w/v
chloroxylenol was used. It was properly stored
in order for its activity to be preserved before
use.

Collection and acclimation of test organisms

Specimens of Orectogyrus alluaudi
were collected from Opa reservoir, Obafemi
Awolowo University, Ile-Ife, Nigeria. The
coordinates of the collection location are
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07°32.561'N and 04°32.550'E. A D-frame net
was used to scoop the beetles from the water's
surface. The collected beetles were transported
to the Laboratory in two plastic bowls. They
were then allowed to acclimatize to the
Laboratory conditions and light: dark
photoperiod of 12:12 h. The beetle samples
were identified using the identification keys
provided by (Brinck 1956). Prior to and during
PCMX exposure, the test organisms were fed
Drosophila melanogaster Meigen, 1930 (fruit
flies) cultured in the Laboratory, using ripe
bananas as culture media.

Toxicity test

The acute toxicity test was carried out in
the Laboratory using the standard methods
recommended by the American Society for
Testing and Materials (ASTM, 2000). A range-
finding test was conducted prior to the
definitive test to ascertain the tolerable
concentrations for the specimens. The
following concentrations were chosen based on
the range-finding test: 2, 4, 8, 16, 32 mg/L, and
control. These concentrations were prepared by
dilution of the PCMX stock solution using de-
chlorinated tap water of known pH,
conductivity, and total dissolved solids (TDS).
Each exposure was performed in triplicates to
ensure the accuracy and reliability of the
results. A 1-litre test container containing ten
beetles was utilized for each replicate across all
exposure conditions. Exposure of the test
organisms to PCMX was carried out for 96-
hours, using a static exposure system which
meant that there was no test solution renewal.
The test was run under a 12:12hour light: dark
photoperiod same as was for acclimation. The
survival and mortality rates were tracked and
recorded twice in each 24 hour period, and
dead test organisms were removed to avoid
ammonia build-up and dilution effects in the
test solutions. A test organism was deemed
dead when movement ceased and there was no
response to gentle probing. Additionally, this
study identified behavioural indicators in the
beetles, such as avoidance or agitated
behaviour, by visually watching how
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frequently the beetles tend to avoid the test
solution at the exposure doses. Furthermore, as
compared to control groups, the beetles'
mobility was shown to be disoriented at times.
At the start and end of the exposure period,
certain physicochemical parameters of the test
solutions determined,  including
temperature, pH, dissolved oxygen (DO), total
dissolved solids (TDS), and conductivity, using
the American Public Health Association's
(APHA, 1995) standard methods for chemical
analysis of water.

were

Statistical analysis

The test chemical’s lethal
concentration (LCs) for O. alluaudi specimens
were calculated using probit analysis
recommended by Finney (1971) on IBM SPSS
version 26. The physicochemical parameters of
the test solutions were compared using two-
way ANOVA on Graphpad prism 8.0 to test for
significant differences in their values. A
Turkeys multiple comparisons test was used to

median

compare the percentage mortality for each
concentration and the control at 24 hr, 48 hr, 72
hr, and 96 hr, from which the low observable
effect concentration (LOEC) and no observable
effect concentration (NOEC) was estimated.
The level of significance was set at 5% (P <
0.05).

RESULTS
Physico-chemical tests
The water temperature remained

relatively constant throughout the duration of
the test, ranging between 20 and 23 degrees
Celsius (°C). The conductivity of the test
solutions differed significantly from control at
the start of the tests but did not differ much at
the end of exposure period (Figure 1).
TDS measured at 0 h and at the end of the
exposure, i.e., 96 h, were found to differ
significantly (p<0.05) from control (Figure 2).
The DO (mg/l) and pH levels were not
significantly different (p<0.05) across the
treatment compared with the control before and
after the exposure (Figure 3 and 4).
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Effect of chloroxylenol on beetle behaviour
Observing the beetles' behaviour
indicated substantial reactions to different
levels of exposure. At the lowest concentration
of PCMX (2 mg/l), beetles did
not exhibit restlessness or a preference to
avoid the treated water. At larger
concentrations, however, avoidance/agitation
behaviour became more prominent, with
beetles moving rapidly as if attempting to flee
the test medium. This avoidance response grew
stronger over time, especially at the highest
levels of exposure, resulting in confusion in
beetle movement when compared to the control
group's whirligig pattern. Disorientation
became more common after 24 hours of
exposure, along with a significant drop-in
general activity and movement. Overall,
avoidance  behaviour  increased  with
concentration, indicating a dose-dependent
response to sodium hypochlorite exposure.
Effect of chloroxylenol on beetle survival
There was no mortality recorded during
the first 24 hours of tests at concentrations less

than 16 mg/l; nevertheless, 16.67% and 100%
mortality were found during the same test
period at 16 mg/ll and 32 mg/l test
concentrations, respectively. After 24 hours of
exposure, a statistically significant increase in
mortality (p<0.05) was detected for the other
test concentrations along the concentration
gradient. At 96 hours, mortality rates were
20%, 26.67%, 43.333%, and 60% for 2, 4, 8§,
and 16 mg/l concentrations, respectively. As
illustrated in Figure 5, this trend revealed that
death was time and concentration dependent.
At 24, 48, 72, and 96 hours after exposure to
Chloroxylenol, the LCsy values for
Orectogyrus alluaudi were 21.587 (15.114-
22.490) mg/l, 16.744 (12.608-17.206) mg/l,
11.638 (2.976-15.359) mg/l, and 7.819 (2.172-
32.197) mg/l, respectively (Table 1). After 24,
48, 72, and 96 hours, the lowest observable
effect concentration (LOEC) was estimated to
be 13.507, 5.578, 2.307, and 1.097 mg/l,
respectively (Table 1). At 24, 48, 72, and 96
hours, the NOEC values were 6.754, 2.789,
1.1535, and 0.5485 mg/l, respectively (Table 1)
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Figure 1: Conductivity in control and different concentrations of chloroxylenol at the 0 h and 96 h.
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Figure 2: Total dissolved solids in control and different concentrations of chloroxylenol at the 0 h
and 96 h.
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Figure 3: Dissolved Oxygen in control and different concentrations of chloroxylenol at the 0 h and
96 h.
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Figure 4: pH of control and different concentrations of chloroxylenol at the 0 h and 96 h.
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Figure 5: % Mortality of Orectogyrus alluaudi Regimbart, 1889 in control and different

concentrations of chloroxylenol.

Table 1: Chloroxylenol LC50, LOEC, and NOEC for Orectogyrus alluaudi.

Toxicity 24 hours 48 hours 72 hours 96 hours
parameters
LCso (mg/l) 21.587 (15.114- 16.744 (12.608 - 11.638 (2.976- 7.819 (2.172-
22.490) 17.206) 15.359) 32.197)
LOEC (mg/l) 13.507 5.578 2.307 1.097
NOEC (mg/1) 6.754 2.789 1.1535 0.5485

*Data in parentheses indicate 95% lower and upper confidence interval.

DISCUSSION

Many xenobiotics are considered
hazardous to organisms that are exposed to
them. However, toxicity depends to a large
extent on the concentration, characteristics of
the organisms, period of exposure and the
nature of the environment as well (Embrandiri
etal., 2016). PCMX caused significant changes
in TDS and Conductivity (P = 0.05) but no
significant change in pH and DO of the test
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solutions in this study. In fact, the pH of the
control and treated groups approached
neutrality at Oh and 96h of the test period. This
observation is similar to the report of Capkin et
al. (2017) in which similar non-significant
change in the pH was observed on the exposure
of rainbow trout to PCMX concentrations as
well as other antimicrobials. The temperature
varied insignificantly in both the treated and

control groups throughout O. alluaudi's
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exposure to the test chemical. The observed
variations in TDS and Conductivity level might
have been brought about by increased free ions
from the addition of PCMX to the diluent
(dechlorinated tap water) (Fajana et al., 2017)

PCMX LCso values for these beetles
were higher after 24 hours (21.587mg/l) than
after 48, 72, and 96 hours (16.744, 11.638 and
7.819) respectively. This trend revealed that the
toxicity of PCMX to O. alluaudi increased with
the duration of exposure. The calculated LCso
values in this study suggested a relatively
higher sensitivity of O. alluaudi to PCMX as
compared with other invertebrates that have
been used recently in similar studies. For
instance, the 24h LCso of PCMX to the rotifer
Brachionus koreanus was reported to be
24.264 (20.892-28.243) (Won et al., 2022),
31.8 (26.5— 36.8 mg/l) for the nematode
Caenorhabditis elegans (Sreevidya et al.,
2018), 48.6 (45.8-52.0) for the mite
Dermatophagoides pteronyssinus and 60.9
(46.7-89.1) for the mite Dermatophagoides
farina (Suhaili et al., 2016). However, the
sensitivity of O. alluaudi to PCMX was lower
than what was reported for a crustacean,
Thermocyclops oblongatus, which had a 24h
LCso of 0.17 mg/l (Chippaux et al., 1996).
There is a paucity of information on the acute
effect of PCMX on invertebrates exposed for
more than 24 hours, but the 48 hour LCso for
Daphnia magna was reported to be 8.78 mg/l
(Novak et al., 2021).

The variations in the sensitivity of
aquatic invertebrates to the test ingredient may
be attributed to differences in exposure route,
physiological sensitivity, and biochemical
responses (Aguigwo, 2002; Pickford, 2003).
According Van den Berg et al. (2019),
differences in sensitivity can also be attributed
to the selectivity of the mechanism of action in
relation to the species, which may sometimes
be responsible for the unpredictability of
chemicals' uptake. The whirligig beetles
developed behavioural abnormalities such as
disorientation in movement and an avoidance
mechanism after being exposed to PCMX. This
unusual behaviour could be explained by
disruption in nervous system coordination or
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biochemical dysfunction as observed by Won
et al. (2022), which reported a similar
disruption of B. koreanus activities due to
PCMX exposure and Amusan (2020) who
reported a similar change in behavioural
pattern in whirligig beetles exposed to the
pesticide paraquat dichloride. In some cases,

these  behavioural changes may be
accompanied by physiological and
histopathological changes in the test

organisms. For instance, Sreevidya et al.
(2018) discovered a change in hatch rate and
growth malformations in the zebrafish Danio
after sub-lethal PCMX exposure.
However, other essential physiological
responses of beetles to PCMX, such as growth
and development and physiological biomarker
exposure, were not assessed in this
investigation. As such, further studies using
biochemical tests that could further reveal the
biological response of the organism to the test
chemical is necessitated.

rerio

Conclusion

Findings in this study have revealed that
PCMX is toxic to the Whirligig beetle O.
alluaudi. This was reflected in the test
organisms' mortality pattern, as mortality was
found to increase  with  increasing
concentrations of the test substance.
Furthermore, the LCso values determined for
the beetles were lower than those recently
determined for PCMX, thus indicating higher
sensitivity of the insect to the chemical.
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