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Abstract This study was conducted to explore the genetic effects of bottled water
stored at different temperature conditions (25°C, 30°C, 40°C, and 50°C) on
Drosophila melanogaster. The water samples were first analyzed chemically for
lead, cadmium, and ethylene concentrations, followed by their incorporation into
Correspondence the insect's culture medium. The experiment examined phenotypic mutations,
Lamyaa M. Al-Amidi specifically vestigial wing and ebony body color traits, as well as changes in the
edu.bio.postal 19@gj.ed | mitotic index of third instar larvae. Thus, exposure to bottled water stored at 50°C
u.ig induced a higher incidence of wing deformities (25%) and ebony body mutations
than that of the control group (25°C; no abnormalities) as shown. In addition, there
was a clear increase in mitotic activity, from 65 in the control to 76.3 at 50°C, these
results pointing to genotoxic effects induced possibly by migration of toxic plastic-
derived compounds into the water. The findings of this study highlight the need for
rigorous storage of bottled water, and suggest the need for stronger regulation and
measurement at the molecular level of migration of chemicals from packaging
materials.
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Introduction Everything needs water to live.
Bottled water consumption has become increasingly
popular as a main drinking water source in the last
few years, especially in urban and disadvantaged
areas that have continued to be worried about the
safety of municipal water (1,2). The growing
dependence on bottled water has been driven by
both concerns about microbial and chemical
contaminants as well as by the occurrence of
waterborne illness (diarrhea, cholera) outbreaks (3).
This trend is reflected in the high market share of
local bottled water factories in Iraq, which exceeded
100 active ones, producing different brand names for
bottled-water (4).

But even seemingly harmless bottled water isn't
always safe. Environmental conditions, including
both high temperatures and exposure to sunlight,
have been reported to cause leaching of harmful
substances from polyethylene terephthalate (PET)
bottles into the water (5-7). These include lead,
cadmium, bisphenol A (BPA), phthalates, antimony,
and formaldehyde, among others, that have toxic,
carcinogenic, or endocrine-disrupting effects (8—11).
This process is commonly referred to as chemical
migration, 72 which is affected by various aspects
including the temperature and storage, the light

exposure, and the chemical composition of the
bottle material (12, 13).

Temperature in the storage and transportation,
however, can exceed 40 °C in the hot regions (which
are widespread in Iraq) and cooling becomes
problematic. At these concentrations, the structural
and chemical characteristics of the plastic
deteriorate (locally), which promotes a risk of
migration of contaminants (14—16). These pollutants
may not only cause damages in organ systems, but
may also have direct interaction with genetic
material, leading to oxidative stress, DNA mutations,
and mitotic disturbances (17,18).

Because of its mutagen sensitivity and rapid life
cycle, Drosophila melanogaster is well-established
as a model organism in environmental and genetic
toxicology. It is a useful model organism for
evaluating phenotypic abnormalities and changes in
the mitotic index induced by toxic agents (19, 20).
Thus, the aim of the present study was to analyze the
suspected genotoxic effects of bottled water (which
were stored under different temperature conditions)
on Drosophila melanogaster, based on the alterations
observed in the shape of mutant spot and changes in
mitotic index, with the intention of determining the
genetic hazards created by unsafe storage.
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Material and Methods

Ethical Approval

All experimental procedures involving Drosophila
melanogaster were conducted in accordance with
ethical standards for the use of invertebrates in
research, as approved by the Institutional Research
Ethics Committee of the College of Education,
University of Al-Qadisiyah, Iraq, in 2023 (Approval
No. EDU/BI0O/2023/018).

Temperature Stress for the Bottled Water
Bottled waters were kept in an incubator at
temperatures (25, 30, 40 and 50°C) for a period of
three weeks and change in lead and cadmium
concentrations were determined and ethylene was
detected in the exposed samples.

Preparation of the Suitable Medium for Insect
Rearing

The medium used to rear Drosophila melanogaster
was prepared following the method of Shaffer et al.
(21), using a medium consisting of 2 g agar, 10 g
sugar, 10 g baker’s yeast, 10 g yellow corn flour, and
100 mL distilled water. The above materials were
thoroughly mixed and boiled for 5-10 min to
sterilize. This mixture was poured into culture tubes
that had been washed with soap and water to remove
medium residues, and sterilized using a Gallenkamp
oven at 200°C for 30 minutes. The openings of the
tubes were then covered with cotton and left to cool
and solidify. The tubes containing the medium were
then sterilized using an autoclave. After completing
the sterilization, a live yeast suspension prepared by
dissolving 10 g of yeast in 100 mL of distilled water
was added to the medium drop by drop, and the
medium was left for 48 hours before introducing the
insects.

Phenotype Mutations

The wing shape and body color were studied. The
vestigial wing mutation was investigated for the first
trait, and the ebony body color mutation for the
second trait, as examples of phenotypic mutations in
Drosophila  melanogaster. Three temperature
treatments were prepared and added to the rearing
medium, in addition to the control at 25°C, and the
phenotypic mutation rates were recorded.

Mitotic Index (MI) Count

According to the method of El Agoze et al. (22),
third instar larvae were used. Pre-treatment with
0.1% colchicine was performed by placing a single
larva in a drop of the solution for 90 minutes before
dissection, as mentioned by Lachance and Whitten
(23).

Experimental Design

The experiment included adult Drosophila, divided
into four groups, with each group consisting of 20
insects, as follows:

T1: It is a control group, with bottled water at 25°C
added to the insect rearing medium.

T2: The medium was added with bottled water at
30°C.

T3: The medium was added with bottled water at
40°C.

T4: The medium was added with bottled water at
50°C.

Results and Discussion

Lead Concentration

We note in Table 1 that the samples were free of lead
in the control group, and then began to increase with
the other temperatures, reaching (0.0425-0.0539—
0.0718) mg/L respectively, showing a significant
difference from 25°C at the 5% significance level.
This increase exceeded the limits allowed by the
Iraqi Health Organization (0.010 mg/L). The cause
may be attributed to lead entering the water due to its
possible leakage during production stages or
pipelines, which corresponds to studies (6,7).

Table 1: Lead ion concentration (mg/L)

Temperature | Lead concentration + | Significance
SD

25°C 0+0 D

30°C 0.0425 £ 0.0004 C

40°C 0.0539 £+ 0.0008 B

50°C 0.0718 £ 0.0001 A

LSD 0.00072

Note: Capital letters indicate vertical comparisons.
Different letters between any two values indicate a
significant difference at p < 0.05.

Cadmium Concentration

Table 2 refers to the concentration of cadmium in
bottled water samples. A value of 0.0086 mg/L was
recorded at 25°C, which did not differ significantly
from the value at 40°C (0.0124 mg/L), while at 30°C
and 50°C, the concentrations reached (0.0116 and
0.0226) mg/L respectively. A significant difference
was recorded at the 5% significance level. At 50°C,
the increase exceeded the permissible limit
according to the Iraqi standard for drinking water
(0.003 mg/L), which corresponds to studies [8,9]
indicating high Cd concentrations in bottled water
stored for 10—15 days at up to 50°C.

Table 2: Cadmium concentration (mg/L)

Temperature | Cadmium Significance
concentration = SD
25°C 0.0086 + 0.0008 C

30°C 0.0116 £ 0.0004
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40°C 0.0124 +0.0001 B
50°C 0.0226 = 0.0006 A
LSD 0.00039

Detection of Ethylene in Bottled Water

Table 3 refers to ethylene concentration in water
samples at different temperatures: at 25°C, ethylene
reached 3.34 mg/L. In the other treatments, it was
4.28, 7.70, and 9.31 mg/L respectively. An increase
in ethylene values was observed with significant
differences from 25°C, but all values remained
within WHO’s permissible limit of 1-10 mg/L. This
increase may be due to the chemical migration of
plastic elements from the packaging into the water
when temperatures rise, during long-term storage, or
exposure to inappropriate conditions like sunlight,
consistent with studies (10,11). It may also result
from inefficiencies in the treatment process, leading
to microplastic transfer from the bottle into the water
(12).

Table 3: Ethylene concentration (mean + SD)

Temperature | Ethylene + SD | Significance
25°C 3.34+0.03 D

30°C 428 +0.04 C

40°C 7.70 £ 0.06 B

50°C 9.31+0.12 A

LSD 0.137

Genetic Testing

Vestigial Wing Mutation

The wing trait can be used as a sensitive indicator of
oxidative stress in the organism. It was observed that
the appearance of certain oxidative stress-sensitive
mutations—including the phenotypic form of curled
or incompletely extended wings—is due to a
deficiency or depletion in antioxidant levels such as
SOD and GSH (24).

According to the results obtained, the vestigial wing
trait did not appear in the control (25°C), then began
to appear at the other temperatures until it reached
25% at 50°C, and this represented a significant
increase over the control at a probability level of (p <
0.05).

Figure (1)
wing

a-Vestigial Wing Mutation b-nature

Humphreys et al. (25) showed that the visible wing
deformities observed in several strains carrying
mutant alleles of various genes may also be the result
of an elevated oxidative stress condition.

Kauts et al. (26) also indicated in their study that
micro- and nanoplastics cause damage, oxidative
stress, inflammation, genotoxicity, genetic changes,
and programmed cell death in Drosophila
melanogaster.

Moreover, heavy metals such as cobalt, iron,
manganese, and nickel may stimulate genetic
deviations and genomic instability (27).

Table 4: Rate of Vestigial Wing Mutation

Treatment | Mutation Rate = SD | Significance

25°C 0+0 D
30°C 5+0 C
40°C 15+1 B
50°C 2540 A

LSD 1.96
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Ebony Body Color Mutation

According to the obtained results, the ebony body
color trait did not appear at temperatures 25°C and
30°C. However, it appeared at 40°C and 50°C,
reaching rates of 10.6% and 20% respectively, and
showed a significant difference at the probability
level (p < 0.05).

The variation in pigmentation within and among
Drosophila species may be attributed to genes
responsible for the melanin biosynthetic pathway,
which results from dopamine metabolism. Most
underlying genetic changes are responsible for
pigmentation differences, particularly variations in
the expression levels of structural genes in D.
melanogaster (28).

The genes responsible for body color include:

ebony (e), which encodes the enzyme N-fS-alanyl
dopamine synthetase (NBAD), converting dopamine
into NBAD.

tan (t), which encodes the protein that catalyzes the
reverse reaction, converting NBAD back into
dopamine.

yellow (y), which is responsible for producing a
protein that contributes to black melanin production
(29).

There are two well-known mutations that
significantly alter body color in D. melanogaster:
yellow (y): mutations in this gene eliminate all black
pigments, indicating its critical role in black melanin
production.

ebony (e): mutations in this gene produce the
opposite phenotype to yellow, where loss of function
in e leads to increased black pigmentation (30).

Table 5: Rate of Ebony Body Color Mutation

Treatment | Mutation Rate + SD | Significance
25°C 0+0 C

30°C 0+0 C

40°C 10.6 £ 0.57 B

50°C 20+ 0 A

LSD 0.76

Figure (2) Ebony Body Color Mutation

Mitotic Index of Somatic Cells

Based on the results, an increase in the rate of
dividing cells was observed in the larvae of
Drosophila melanogaster, showing a significant
difference at (p < 0.05). The mitotic index rose from
65 at 25°C to 76.3 at 50°C.

This increase in the mitotic index may be attributed
to the migration of compounds such as phthalates
and BPA, which may abnormally stimulate cell
division through their effects on cell cycle-regulating
genes such as CDKs and Cyclins. These genotoxic
carcinogenic compounds are released during the
storage of mineral water in PET bottles or may leak
from the pipelines that supply water to bottling
plants (31).

Yang et al. (32) also indicated that these compounds
have hormone-like effects and may influence cell
cycle regulation, resulting in abnormal stimulation of
mitosis. In addition, the leakage of certain chemicals
may lead to the generation of reactive oxygen
species (ROS), which cause DNA damage. As a
response, cells activate repair mechanisms to ensure
increased division rates to compensate for the
damaged cells (33).

Table 6: Mitotic Index Rate in Drosophila Larvae

Treatment | Mitotic Index = SD | Significance
25°C 65+1 D
30°C 67.16 £0.28 C
40°C 71.5+0.5 B
50°C 76.3+0.57 A
LSD 1.21
o

9

5%

Figure (3) Undivided and divided nucleus
Conclusion

This study demonstrated that exposing bottled water
to elevated temperatures (30°C, 40°C, and 50°C) for
three weeks leads to significant chemical and genetic
changes in Drosophila melanogaster. Concentrations
of lead, cadmium, and ethylene increased with rising
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temperature, in some cases exceeding permissible
health limits. This was accompanied by a significant
rise in phenotypic mutations such as vestigial wings
and ebony body color, as well as an increase in the
mitotic index in somatic cells.
These findings indicate that improper storage of
bottled water especially under high temperatures—
can result in the migration of harmful compounds
from plastic packaging into the water. Such exposure
may pose genotoxic risks to living organisms,
warranting tighter control over storage conditions
and encouraging further molecular studies on
microplastic and plasticizer toxicity.
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