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Pb removal by Limosilatobacillus reuteri = (-
14.73 + 0.66 B + 0.81 A - 0.0034 AB - 0.011 B?
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Pb removal by Lactiplantibacillus
paraplantarum = (-9.82+0.62 B+ 0.68 A-0.0034

AB-0.0112 B%-0.0106 A?)?- 0.06

Table 1- Analysis of variance for Pb removal

Sum of squares df F-value p-value
Model 292.66 11 188.74 < 0.0001
A-Time 240.37 1 1705.16 < 0.0001
B-Temperature 7.63 1 54.12 <0.0001
C-Strain 4.82 2 17.08 < 0.0001
AB 1.58 1 11.21 0.0015
AC 151 2 5.35 0.0078
BC 8.43 2 29.92 < 0.0001
A? 24.53 1 174.04 < 0.0001
B2 3.79 1 26.89 < 0.0001
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Figure 1- the effect of time and temperature on the Pb removal by Lactiplantibacillus paraplantarum
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Figure 2- the effect of time and temperature on the Pb removal by Lactobacillus paragasseri
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Figure 3- the effect of time and temperature on the Pb removal by Limosilatobacillus reuteri
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Table 2- Analysis of variance for Cd removal

Sum of squares df F-value p-value
Model 228.32 11 155.54 < 0.0001
A-Time 200.02 1 1498.86 < 0.0001
B-Temperature 5.21 1 39.02 < 0.0001
C-Strain 1.79 2 6.72 0.0026
AB 1.01 1 7.57 0.0082
AC 0.79 2 2.96 0.0606
BC 4.76 2 17.85 < 0.0001
A? 12.34 1 92.43 < 0.0001
B2 2.40 1 17.97 < 0.0001
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Figure 4- the effect of time and temperature on the Cd removal by Lactiplantibacillus paraplantarum
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Figure 5- the effect of time and temperature on the Cd removal by Lactobacillus paragasseri
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Figure 6- the effect of time and temperature on the Cd removal by Limosilatobacillus reuteri
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Pollution in industrial areas due to the release of heavy metals is one
of the important environmental concerns. Heavy metals can have very
adverse effects on human and animal health. In this regard, food
products contaminated with heavy metals, even in low concentrations,
can have harmful effects on human health. In this regard, the use of
microorganisms is known as a new and low-cost method for the
biological removal of metals. The purpose of this study was to
investigate the effect of the type of microorganism
(Lactiplantibacillus paraplantarum, Lactobacillus paragasseri, and
Limosilatobacillus reuteri), temperature, and incubation time on the
removal of lead and cadmium metals using the response surface
methodology. The results showed that the removal rate of lead metal
using microorganisms was significantly higher than that of cadmium.
Increasing the time from 0 to 24 hours significantly increased the
amount of metal removal. On the other side, increasing the
temperature up to about 38 °C positively affected the removal of
metals, but increasing the temperature further reduced the ability of
microorganisms to remove metals. In general, the software
determined the optimal conditions to achieve the maximum removal
of lead and cadmium metals by 45.9% and 39.65%, respectively, at
24 hours incubation time and 33.98 °C temperature using
Lactobacillus paragasseri bacteria. Therefore, according to the
results of this research, the use of microorganisms such as
Lactobacillus paragasseri is a useful solution for removing heavy
metals from various sources, such as industrial wastewater.
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