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Abstract
zebrafish at 20 °C, with a weight of (1 +£0.1) g and a length of (3.5 £0.35) cm. The study revealed that lambda-cyhalothrin exhibited higher toxicity compared

In this research, the single and combined toxicity effects of two commonly used pesticides, lambda-cyhalothrin and deltamethrin, were investigated on

to deltamethrin. Additionally, when used together, these pesticides showed significantly increased toxic effects on zebrafish. The 96-h LCy, values were determined
to be 3.059 pg/L (confidence limits 0.077 —0.351 pg/L) for lambda-cyhalothrin and 1.304 pg/L ( confidence limits; 0.046 —0.228 wg/L) for deltamethrin,

both demonstrating a significant positive correlation (P <0.05). These results underscore the importance of regulating and managing pesticide use to safeguard a-

quatic organisms and uphold environmental sustainability.
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Pyrethroids, a type of pesticide widely employed in agricul-
ture for insect pest control'”’ | are organic toxic substances that
specifically target the nervous system of insects. They achieve this
by disrupting the normal functioning of voltage-gated sodium chan-
nels. In addition, certain types of pyrethroids interact with the
chloride channels found in the gamma amino-butyric acid ( GA-
BA) receptor, resulting in disturbances in the initiation and prop-
agation of action potentials in neurons and excitable cells. Ulti-
mately, this leads to paralysis and eventual death of the insects™'.
The increased use of pyrethroid pesticides has been driven by re-
cent bans on persistent organochlorine, carbamate, and organo-
phosphate insecticides, which were found to have detrimental
effects on the environment™. Consequently, the frequency and
quantity of pyrethroid residues detected in the environment have
risen™’. Two widely utilized pyrethroids in the global market are
deltamethrin and lambda-cyhalothrin, both recognized as promi-
nent players in the pyrethroid industry” ™',

Although studies have been conducted to investigate the indi-
vidual toxicity of these chemicals, there are still gaps in our un-
derstanding of the combined effects of both chemicals on fish. This
study was conducted to assess the impact of combined exposure to
deltamethrin and lambda-cyhalothrin toxicity (in a 1 : 1 binary
mixture) on zebrafish. The additive index ( Al) was employed for
this purpose. The outcome will give a basis for further toxicity
tests. Simultaneously, it will provide necessary information for the

management and control of these kinds of pollutants thus formulation
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of relevant water quality standards and tracking aquatic pollution
scenarios. Zebrafish were chosen as the test organisms for water
quality assessment due to their accessibility, small size, short test
cycle, ease of maintenance, and suitability as an OECD and 1SO

standard test organism'’’.

Materials and Methods
Test organisms and acclamation

The present study used healthy adult Zebrafish with an aver-
age weight of (1 £0.1) g and a length of (3.5 +0.35) cm. The
fish were acclimatized for 2 weeks in the laboratory and healthy
fish were selected for the test. Feeding was stopped 24 h before
the experiment and a semi-static environment was maintained dur-
ing the test. No dead fish were observed during the acclimation
period.
Test water

Test water was de-chlorinated for 1 week and the temperature
was maintained at (20 £1) °C, DO 9.08 —9. 15 mg/L, and pH
7.64 —7.72, respectively.
Preliminary test

Concentrations 7, 10, 15, 20 mg/L and 300, 400, 500, and
600 mg/L were selected for deltamethrin and lambda-cyhalothrin,
respectively. Zebrafish responses were observed for 24 and 48 h to
determine the appropriate concentration range for the test.
Acute toxicity tests

After obtaining results from the pre-tests, actual concentra-
tions were made. Single acute toxicity of deltamethrin and lambda-
cyhalothrin was done with concentrations 25.12, 31.62, 39.812,
50.12, 63. 10, 79.43, 100 and 5.01, 7. 08, 10. 00, 14. 13,
19.95, 28. 18, 39. 81 pg/L respectively. Observations for each
concentration were done at 24, 48, and 96 h. Each group was
replicated 3 times.
Joint toxicity test

The individual acute toxicity testing of the two pyrethroids
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provided the basis for determining the joint toxicity. The concen-
trations for deltamethrin and lambda-cyhalothrin were 1.77, 2.51,
3.54, 5.00, 7.06, 9.98, and 14. 09 pg/L and 4. 15, 5. 88,
8.30, 11.73, 16.57, 23.40, and 33.06 pg/L, respectively. In-
teractions between the chemicals and zebrafish were evaluated u-
sing the additive index (AI)"™'. The following formulas were used
to conduct the joint toxicity test in a 1 : 1 ratio of toxicity units for

the two toxicants:

Am B”I
A "B
I

Al=—-1(S<1), AI=1-8 (=1)
S

Wherein, S is the biological activity of chemicals (lambda-cyhalo-
thrin and deltamethrin mixture) ; A and B are toxicants; A; and B,
are LCy,(mg/L) of A and B respectively in single toxicity test; A,
and B, are LCy(mg/L) of A and B respectively in joint toxicity
test; Al is additive index; and Al =0 means additive effect, Al >

0 means synergistic effect, and Al <O means antagonistic effect.

Results and Analysis
Acute toxicity of deltamethrin and lambda-cyhalothrin
Deltamethrin and lambda-cyhalothrin single toxicity were
tested on zebrafish. The findings of both experiments revealed that
the number of dead fish in each concentration group increased
gradually from low concentration to high concentration. The 24 h-,
48 h-, and 96 h- LC, values for deltamethrin and lambda-cyhalo-
thrin were 60.83, 45.10, 27.21 and 39. 19, 21.24, 11.6 pg/L.
The mortality rate was time and dose-dependent. A significant
positive correlation (P <0.05) was found between logarithmic
concentrations and all-time intervals, indicating that the time
taken for the fish to die was directly proportional to the concentra-
tion of both chemicals. The results of the experiments however
demonstrated that the tested chemicals were super toxic to ze-
brafish®). Both chemicals usually attack the nervous system of
fish when it comes into contact in water. The neurotoxic effects are
attributed to the blocking of sodium channels and inhibiting the

(GABA) receptors in the nervous filament which results in an

Table 2 Acute toxicity of lambda-cyhalothrin

excessive stimulation of the central nervous system and brain hy-

poxia leading to deaths'"”’

. The correlation coefficients, regression
equations, LCy, and their 95% confidence limits calculated by
linear regression are shown in Table 1 and Table 2.
Joint toxicity of lambda cyhalothrin and deltamethrin (LC +
DM) to zebrafish

The combined toxic effects of exposing zebrafish to an LC +
DM mixture are outlined in Table 3.

The acute 96 h-LCj, values (95% confidence limit) for del-
tamethrin and lambda-cyhalothrin within the LC + DM mixture
were determined to be 1.304 and 3.059 wg/L, respectively, with
corresponding confidence limits of 0. 046 —0.228 wg/L and 0. 077
—0.351 pg/L. Notably, a statistically significant positive associ-
ation was observed between these values (P <0.05). Additional-
ly, the biological activity (S) at 24, 48, and 96 h was found to be
0.331, 0.296, and 0. 313, respectively. Furthermore, the addi-
tive index (AI) at 24, 48, and 96 h was determined to be 2.02,
2.378, and 2. 199, respectively. It is important to highlight that a
synergistic effect was observed, as indicated by the computed Al

values exceeding zero.

Table 1 Acute toxicity of deltamethrin to zebrafish
Death rate // %

Concentration // pg/L YRS ey %6 1
Control 0 0 0
25.12 11.1 22.7 44.4
31.62 5.6 22.7 55.6
39.81 5.6 27.8 72.2
50.12 27.8 44.4 83.3
63.10 44.4 72.2 83.3
79.43 72.2 9.4 100
100. 00 9.4 9.4 100
Regression equation y=5.010 7x - y=4.553 6x — y=3x+
3.939 6 2.5325 0.696
Correlation coefficient 0.853 0.907 0.941
LCy, 60. 827 45.101 27.206

95% confidence limit 2.423 —-2.584 2.922 -3.188 3.072 -3.549

Correlation coefficients ( P-value) at 24 h=0.002, at 48 h=0.0009, at 72 h =
0.005 and at 96 h =0.006.

Death rate // %

Concentration // wg/L h 3h h % h
Control 0 0 0 0

5.01 22.2 27.8 33.3 33.3
7.08 5.6 16.7 22.2 22.2
10.00 5.6 11.1 27.8 44.4
14.13 16.7 22.22 38.9 61.1
19.95 50 77.8 77.8 77.8
28.18 38.9 50 61.1 61.1
39.81 55.6 72.2 83.3 88.9
Regression equation Y =1.566 7x +2.505 Y=1.757 1x +2.667 9 Y=1.771 4x +2.965 7 Y=1.869x +3.010 6
Correlation coefficient 0.5338 0.541 0 0.747 5 0.807 1
LCy 39.188 21.244 10.073 11.599
95% confidence limit 5.940 - 6.566 4.007 -4.822 2.791 -3.683 2.578 -3.627

Correlation coefficients ( P-value) at 24 h =0.062, at 48 h=0.059, at 72 h =0.001 2 and at 96 h =0.005.
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Table 3 Death rate of zebrafish under joint effects of lambda-cyhalo-
thrin and deltamethrin

Concentrations Death rate // %
Lambda-cyhalothrin ~ Deltamethrin U h 48 h % h
pg/L p/L
Control Control 0 0 0
4.15 1.77 6 33 67
5.88 2.51 28 61 72
8.30 3.54 56 78 89
11.73 5.00 61 72 94
16.57 7.06 61 89 100
23.40 9.98 89 100 100
33.06 14.09 94 100 100

The results of the acute toxicity test demonstrated a clear rela-
tionship between the concentration of the pesticide and the mortali-
ty rate of the fish. This finding is consistent with previous reports,

including one conducted by Salako et al. *’. The positive correla-
tion shown in Table 4 may be attributed to an increased uptake of
the pesticide through the fish’s gills. The study determined that the
96-h LC,, value for lambda-cyhalothrin was 3. 059 pg/L, which

falls within the range of the 96-h LC,, value of 2.7 pg/L reported

by Farag et al. e

The 96-h LCy, values for deltamethrin were
1.304 pg/L, indicating that both pesticides were super toxic to ze-
brafish compared to previous studies. Wang et al. '™’ reported dif-
ferent LCy, values for the two pyrethroids, ranging from 0. 875 to
7.55 wg/L, respectively. However, the variations in findings
could be attributed to several factors, including the organisms’
slightly different responses to toxicants, which may explain the dis-
crepancies among different studies. These pyrethroids have a sig-
nificant impact on aquatic organisms due to their limited metabo-

. - . (18]
lism within these organisms

Table 4 Joint toxicity of lambda-cyhalothrin and deltamethrin to zebrafish

Pesticide

Parameter

24 h

48 h

96 h

Lambda-Cyhalothrin

Deltamethrin

Joint effect

Regression equation
Correlation coefficient
LCs,

95% confidence limit
Regression equation
Correlation coefficient
LCy,

95% confidence limit
S

Al

Conclusion

y=3.111x +1.867
0.926 "

10. 164

0.443 -0.654
y=3.111 65 +3.018 9
0.926"

y=2.4218x +3.258 3
0.859 "

5.238

0.247 -0.543
y=2.421 8x +4.155 1
0.859 "

y=2.6529x +3.711 9
0.949"

3.059

0.077 -0.351
y=2.652 9x +4.694 3
0.949*

4.332 2.233 1.304

0.128 -0.339 0.021 -0.316 0.046 -0.228
0.331 0.296 0.313

2.025 2.378 2.199
Synergistic Synergistic Synergistic

The synergistic effect observed in the mixture of lambda-
cyhalothrin and deltamethrin (LC + DM) can be best explained by
the interactions between the pesticides themselves. The terms toxi-
cokinetics and toxicodynamics are used to describe how the pesti-
cides interact in a combined toxicity scenario ™. Toxicokinetics
refers to the interactions that occur when one chemical influences
the absorption, distribution, metabolism, or elimination of another
compound, leading to an increased internal dose of the latter
chemical. On the other hand, toxicodynamic interactions occur at
specific target sites within the same toxicity pathway. Interaction
at the same receptor location typically results in antagonism. Toxi-
codynamic interactions are defined by Gundert-Remy & Sonich-
Mullin"®’ as interactions between the biological reactions to a
chemical and the effects of the chemical on receptors, cellular tar-
gets, or organs. These interactions are influenced by various fac-
tors such as biological targets, duration and timing of exposure to

the combination, dose levels, and the route of exposure.

Conclusions

Exposure to chemicals like deltamethrin and lambda-cyhalo-
thrin in the aquatic environment can subject organisms to preda-
tion, starvation, and potential extinction. To conserve these re-

sources, risk assessments such as this study should continue to be

conducted to establish safety margins for non-target aquatic
organisms. In the pursuit of sustainable development, it is crucial to
prioritize chemicals that minimize human health risks and reduce
environmental pollution. Assessing, monitoring, and conserving ec-
ological environments play pivotal roles in this endeavor. Therefore,
regulatory authorities should consider prohibiting the use of these
pesticides, while scientists should concentrate on the research and
development of new, beneficial, and environmentally friendly alter-
natives. The findings from this study can contribute to strengthening
the existing legislation governing pesticide usage and ensuring the
safety of both the environment and human populations.
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