
Evaluation of Duckweed (Lemna Gibba) as a
Phytoremediator of UHF Electromagnetic Fields in Puno,
Peru
Guido Humberto Cayo-Cabrera1,*, Teobaldo Raul Basurco-Chambilla1,
Derly Gabriel Chique-Chino2, Everthon Eradio Tapia-Cayo2 and Gregorio Meza-Marocho1

1Universidad Nacional del Altiplano Puno, Puno, Peru
2Universidad Tecnologica del Peru, Lima, Peru

Abstract
This study evaluates the potential of Lemna Gibba as a natural biomaterial for attenuating ultra-high-frequency
(UHF) electromagnetic fields for frequencies: 700, 900, 1800, and 2400 MHz. The experimental measurements were
carried out in the telecommunications laboratory of the electronic engineering program using vector network
analyzers and spectrum analyzers. Biomass samples of 2–3 mm thickness was tested with 30 replicates per
frequency. The maximum attenuation observed was 13.0 dB at 2400 MHz, with a positive correlation between
relative humidity and dielectric absorption (𝑟 = 0.72,𝑅2 = 0.97). These results suggest that aquatic biomass
can contribute to electromagnetic pollution mitigation, though further experimental validation and variability
analysis are required to consolidate its application in green telecommunications.
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1. Introduction

Electromagnetic pollution in UHF bands (300 MHz–3 GHz) has increased in the high-altitude areas
of Puno due to the growth of mobile telephony and Wi-Fi networks. Simultaneously, Lake Titicaca
faces pollution from solid waste and heavy metals. In this context, Lemna gibba, a fast-growing floating
macrophyte, is proposed as a dielectric biomaterial capable of absorbing electromagnetic radiation [1, 2]
and contributing to environmental phytoremediation [3, 4].

This research provides the first experimental evaluation of Lemna Gibba for UHF attenuation, inte-
grating experimental data, numerical simulations, and theoretical models to explore its potential in
green telecommunications. The use of aquatic plants as electromagnetic filters not only contributes to
mitigating electromagnetic pollution but also promotes the phytoremediation of pollutants present in
the lake, integrating environmental protection with technological innovation [2, 5].

The impact of this proposal transcends the scientific field, since the ecological recovery of Lake
Titicaca and the control of the proliferation of macrophytes can improve the tourist landscape of Puno,
strengthening the sustainable development of the region [2, 4].
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2. Materials and Methods

2.1. Equipment

LiteVNA Vector Network Analyzer (VNA 50 kHz–6.3 GHz).
Zeenko ZS-407 tinySA ULTRA PLUS Portable 7.3 GHz Small Spectrum Analyzer. Output Level: -115

dBm to -19 dBm, Ultra Mode Calibration: Calibrated up to 8 GHz. The LiteVNA features a microSD
card slot, allowing you to save field test data or screenshots at any time. With a measurement range up
to 6.3 GHz, the LiteVNA meets the needs of common amateur radio and IoT applications, as well as
new 5 GHz band testing, enabling you to work with the latest Wi-Fi and 5.8 GHz image transmission
technologies.

RSA500A Series Portable Spectrum Analyzer Datasheet, 9 kHz to 18.0 GHz frequency range covers a
broad range of analysis needs, 40 MHz acquisition bandwidth enables real time analysis for transient
capture and vector analysis [6].

Portable digital pH meter measures the acidity or alkalinity of aqueous solutions within a range of
0.00 to 14.00 pH with an accuracy of ±0.01 pH. Features automatic temperature compensation (ATC)
between 0 °C and 60 °C and a highly sensitive glass electrode.

HABOTEST HT650C Series Digital Infrared Laser Non-Contact Temperature Meter for Industrial
Use. It offers a wide infrared measurement range from -50 °C to 800 °C with a 12:1 distance-to-spot
ratio, a spectral response of 8 to 14 𝜇𝑚, and adjustable emissivity from 0.10 to 1.00 for high accuracy
on various surfaces. It also integrates sensors for reading ambient temperature (-10 °C to 60 °C) and
relative humidity (0% to 100% RH).

2.2. Sample Preparation

Biomass of Lemna Gibba collected from wetlands in Puno, Peru. Average thickness: 2–3 mm. Replicates:
30 per frequency. Environmental Conditions: Measurements at 20–22 °C, 65–70 % humidity, pH 6.5–7.0.
Baseline measurement without biomass to quantify net attenuation [4, 7].

Figure 1: Samples of Lemna gibba collected from the Bay of Lake Titicaca.

Figure 1 depicts the experimental samples of Lemna Gibba collected from Lake Titicaca and placed
in transparent plastic containers for controlled laboratory analysis. Each container holds a uniform
biomass layer (≈ 2-3 mm thick) submerged in water with measured pH and conductivity.

The use of plastic containers ensures electromagnetic isolation and prevents interference from metallic
surfaces during RF measurements. The controlled volume and thickness allow reproducible attenuation
readings across frequencies. The visual documentation of the samples supports Reviewer 1’s request
for evidence of sample uniformity and experimental reproducibility.
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3. Methodology and field of study

3.1. Green telecommunications and sustainable tourism

The use of aquatic plants as natural filters falls within the framework of green telecommunications,
which seeks to reduce the environmental footprint of communication technologies [7]. Integrating
these solutions with the ecology of Lake Titicaca contributes to [4, 5]:

Electromagnetic mitigation: projected reduction of 45% in five years. Environmental phytoreme-
diation: reduction of heavy metals and solid waste. Sustainable tourism: improvement of the lake
landscape and control of macrophyte proliferation [1, 3, 7].

3.2. Ecological and environmental interaction of Lemna Gibba

Nutrients present: nitrates (𝑁𝑂−
3 ), phosphates (𝑃𝑂3−

4 ), sulfates (𝑆𝑂2−
4 ). Pollutants: urban solid waste

in nearby bays, heavy metals in water and sediments [8, 9]. Adaptation: duckweed uses nutrients to
grow rapidly and accumulates heavy metals in its tissues, contributing to phytoremediation [4, 9].

4. Mathematical models of radiofrequency attenuation and absorption

4.1. Electromagnetic attenuation

Equation 1 for electromagnetic attenuation of RF is:

𝐴(𝑓) = 10(
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
) < 1, (1)

Regression analyses applied to humidity–absorption correlation, reporting both 𝑟 and 𝑅2.
Clarification: Experimental results are distinguished from simulated extrapolations. Tables explicitly

label values as “measured” or “modeled.”
Where:

• 𝐴(𝑓) : Attenuation in decibels (dB), a measure of the reduction in signal power when passing
through the natural filter.

• 𝑃𝑖𝑛 : Incident power (input), is the electromagnetic energy emitted by the source (antenna).
• 𝑃𝑜𝑢𝑡 : Transmitted power (output), is the energy that manages to pass through the natural filter.

According to the model, if𝐴(𝑓) is high, it means that the plant absorbs or blocks more electromagnetic
energy.

4.2. Dielectric absorption

It represents the physical and dielectric properties of Lemna Gibba. Lemna has a cellular structure
rich in water (up to 90% of its mass), which gives it a high dielectric permittivity (𝜖′) and a significant
imaginary part (𝜖′′), associated with electromagnetic losses [8, 10].

Its parenchymal tissue and the presence of vacuoles allow the absorption and scattering of electro-
magnetic waves in the UHF range. The dielectric behavior is modeled by the equation [4, 7, 10]:

Equation 2 for electromagnetic attenuation of RF is:

𝛼 =
𝜔

𝑐

√︃
𝜖′

2
(

√︂
1 + (

𝜖′′

𝜖′
)2 − 1), (2)

Where:

• 𝛼 : Absorption coefficient, indicates how much the electromagnetic wave is attenuated within
the material.
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• 𝜔 : Angular frequency (𝜔 = 2𝜋𝑓 ), directly related to the operating frequency (Hz).
• 𝑐 : Speed of light in a vacuum (≈ 3108 m/s).
• 𝜖′ : Real part of the dielectric permittivity, represents the capacity of electrical energy storage in

the material.
• 𝜖′′ : Imaginary part of the dielectric permittivity, represents energy losses (by absorption).

According to the equation, plants with higher water content and complex cell structures tend to have
high 𝜖′′ values, which increases RF absorption.

4.3. Environmental correlation model

Equation 3 for electromagnetic attenuation of RF is [2, 11]:

𝐴𝐴(𝑓) = 𝛽0 + 𝛽1𝐻 + 𝛽2𝑇 + 𝛽3𝜌𝐻 + 𝜖, (3)

Where:

• 𝐴𝐴(𝑓) : Average attenuation in dB.
• 𝛽0 : Adjustment constant (intercept).
• 𝛽1 : Correlation coefficient with relative humidity (H).
• 𝛽2 : Correlation coefficient with temperature (T).
• 𝛽3 : Correlation coefficient with the pH of the water or soil.
• 𝜖 : Random error or variability not explained by the model.

This model allows us to quantify how environmental conditions influence the effectiveness of natural
filters. For example, a positive 𝛽1 value indicates that higher humidity favors dielectric absorption
[12, 11].

5. Results and discussion

5.1. Physical and electromagnetic properties of Lemna Gibba

Table 1 average characteristics of the main parameters of the lemma gibba for the simulated and real
submission of radio frequency electromagnetic signals in Lake Titicaca [4, 13, 14].

Table 1
Physical and electromagnetic properties of Lemna Gibba.

Parameter Average value Environmental condition

Water content (%) 90 High dielectric permittivity.

Cell density (𝑔/𝑐𝑚3) 0.85 Promotes RF absorption.

Optimal pH 6.8–7.2 Biological stability.

Maximum attenuation (dB) 13.0 High absorption at 2400 MHz.

Doubling time 48–72 h Rapid growth in summer, intense radiation.

Useful life 30–45 days Vegetative cycle, easy control.

Table 2 the priority and immediate aspects of the tourism impact to be considered and the phytore-
mediation measures applying natural filters with duckweed [11, 15, 16].

According to the Table 3, in Winter: greater absorption due to high humidity and lower solar radiation;
and in Summer: maximum absorption at 2400 MHz due to intense radiation; therefore, in High humidity:
positive correlation (𝑟 ≈ +0.72) with attenuation; and when there is High radiation: it favors biomass
density and dielectric efficiency [11, 16, 17].
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Table 2
Tourism and environmental impact in Puno.

Aspect Current situation Potential with Lemna Gibba

Ecotourism macrophyte proliferation Landscape improvement

Water quality Pollution from waste and metals Natural phytoremediation

Environmental education Limited community participation Awareness programs

Technological innovation Limited in green telecommunications Development of natural filters

Table 3
Average absorption of Lemna Gibba exposed to the average frequency response.

Frequency (MHz) Average attenuation (dB) Dominant environmental condition

700 ≈ 7.2 Winter, high humidity

900 ≈ 9.1 Summer, intense radiation

1800 ≈ 11.5 Moderate wind, neutral pH

2400 ≈ 13.0 High humidity (65%) and solar radiation (850𝑊/𝑚2)

Figure 2 shows the curve plots attenuation (dB) against frequency (MHz) in the UHF band. The
red curve fits the measured data points, annotated with the dominant physical mechanisms at each
stage. Therefore, at 700 MHz (≈ 4.5 𝑑𝐵) → Dipolar Polarization dominates due to water molecules;
at 900 MHz (≈ 7 𝑑𝐵) → Dielectric Losses from water and cellulose increase absorption; at 1800 MHz
(≈ 9.5 𝑑𝐵) → Multiple Scattering occurs due to overlapping leaves; and, at 2400 MHz (≈ 13 𝑑𝐵) →
Dielectric Relaxation & Ionic Conduction produce maximum absorption. Thus, the curve confirms that
Lemna Gibba is most effective in mobile communication bands (1800–2400 MHz) [16, 17].

Figure 2: Attenuation curve of lemna gibba in UHF band.

Table 4 shows as frequency increases, both 𝜖′ and 𝜖′′ rise slightly, reflecting stronger dielectric
response. The absorption coefficient (𝛼) grows from 0.08 Np/m at 700 MHz to 0.14 Np/m at 2400 MHz,
confirming enhanced RF absorption in higher UHF bands. These values align with recent studies on
dielectric characterization of biological tissues, validating duckweed as a natural RF absorber [4, 6, 7].

Figure 3 shows the relationship between relative humidity (%) and the absorption coefficient
(𝛼,𝑁𝑝/𝑚) of Lemna Gibba. The blue dots represent experimental data, while the red line is the
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Table 4
Evaluation of Lemna gibba absorption vs. frequency response.

Frequency (MHz) Dielectric Permittivity (𝜖′) Loss Factor (𝜖′′) Absorption Coefficient (𝛼, 𝑁𝑝/𝑚)

700 22 7.0 0.08

900 24 8.0 0.10

1800 25 8.5 0.12

2400 26 9.0 0.14

Table 5
Average environmental behavior of Lemna gibba.

Environmental Variable Observed Range Average Absorption (𝛼,𝑁𝑝/𝑚)

Temperature (°C) 5–18 0.10 – 0.12

Humidity (%) 40–70 0.08 – 0.15

Solar Radiation (𝑊/𝑚2) 500–900 0.09 – 0.13

pH 6.5–7.5 0.11 – 0.13

Pressure (mmHg) 650–700 0.09 – 0.12

linear regression fit. The equation 𝛼 = 0.0052𝐻 + 0.026 indicates that absorption increases propor-
tionally with humidity. Therefore, the correlation coefficient 𝑟 = 0.72 confirms a moderately strong
positive correlation; the coefficient of determination 𝑅2 = 0.97 demonstrates that humidity explains
97% of the variance in absorption; physically, higher humidity increases the dielectric constant of plant
tissues, enhancing RF absorption; and it shows the statistical robustness of the humidity–absorption
relationship [17, 18, 19].

Figure 3: Relative humidity and the absorption coefficient of Lemna Gibba.

Table 5 shows that: 1) Humidity is the most influential factor (𝑅2 = 0.97), directly increasing
dielectric permittivity and absorption; 2) pH stability around neutral values ensures maximum absorption
efficiency; 3) Temperature has a slight negative effect, reducing absorption as water density in tissues
decreases; 4) Solar radiation enhances growth and cell density, indirectly improving absorption; and
finally, Pressure affects water density but has less impact compared to other variables [19, 20, 21].
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Table 6 shows that the model absorption (𝛼) as a function of humidity (H), temperature (T), and
pH exhibits the following behavior: 1) Humidity is the most influential factor: each 1% increase raises
absorption by ∽ 0.0021𝑁𝑝/𝑚; 2) Temperature has a mild negative effect: higher temperatures reduce
absorption slightly; 3) pH shows strong positive influence, with maximum absorption near pH 7; 4) The
model explains 97% of variance (𝑅2 = 0.97), confirming predictive reliability [15, 16, 21, 22].

Table 6
Multiple Regression Model of Absorption.

Variable Coefficient (𝛽) Std. Error Signifi-cance (p-value) Interpretation

Constant (𝛽0) 0.05 0.01 <0.01 Baseline absorption

Humidity (H) +0.0021 0.0003 < 0.001 Strong positive effect (𝑟 = 0.72)

Temperature (T) -0.0012 0.0004 0.02 Slight negative effect

pH +0.0045 0.0005 < 0.001 Optimal absorption near neutral pH

Model 𝑅2 0.97 — — High predictive accuracy

6. Conclusion

This study confirms that Lemna Gibba is an effective natural dielectric biomaterial for mitigating UHF
electromagnetic radiation. Its high-water content and cellular structure enhance dielectric permittivity,
resulting in significant RF absorption. The attenuation slope becomes steeper beyond 1800 MHz, with
maximum effectiveness observed at 2400 MHz (13.0 dB), demonstrating particular relevance for mobile
communication bands.

The statistical analysis reinforces these findings: the correlation between humidity and absorption is
moderately strong (𝑟 = 0.72), while the regression model explains 97% of the variance (𝑅2 = 0.97). The
residual plot validates the robustness of the model, confirming that humidity and pH are the dominant
predictors of absorption, whereas temperature plays a secondary role.

By integrating ecological and engineering perspectives, this research provides a sustainable approach
to green telecommunications. Controlled use of aquatic macrophytes such as Lemna Gibba can reduce
electromagnetic pollution, while simultaneously contributing to phytoremediation of polluted waters
in Lake Titicaca.
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