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Abstract 
 

Numerical simulations were conducted as a dosimetric 

study for in vivo exposure experiments. The experiments 

will use a frequency of 3.6 GHz and an incident electric 

field strength of 61 V/m to expose Yellow Fever 

mosquitoes (Aedes aegypti), a vector for multiple diseases, 

in the larval stage to examine the influence of radio 

frequency electromagnetic fields (EMFs) on the 

development of this model organism. The larval stage is 

aquatic, therefore Petri dishes of 3.5 cm diameter were used 

wherein the larvae were placed in different positions in the 

Finite Difference Time Domain simulations. A larva that is 

breathing at the surface, will experience more EMF power 

absorption compared to a larva eating near the bottom of 

the dish, for all four sizes (instars) of the Ae. aegypti larva. 

In the real exposure experiments, multiple Petri dishes will 

be exposed at the same time. Extra simulations were added 

with 168 Petri dishes, that indicate that the most power 

absorption by water will happen at the corners of the 

system compared to the Petri dishes in the middle. 

 

1 Introduction 
 

Yellow Fever mosquitoes (Aedes aegypti) are part of 

ecosystems, pollinate plants and most importantly, are 

vectors for diseases such as Dengue, Zika and Yellow 

Fever. [1] This species is found mostly near humans as the 

females prefer to feed on human blood. [2] Hence, they are 

often exposed to anthropogenic electromagnetic fields 

(EMFs). The effects of radio-frequency (RF)-EMFs on 

insects however is not yet widely studied. Regarding 

mosquitoes, the current literature is limited. The 

development of this insect under RF-EMF exposure has not 

yet been investigated. However, due to its ecological and 

health-related relevance and due to the existence of well-

defined protocols for rearing this species, our aim is to use 

A. aegypti as a model organism for developmental effects 

of RF-EMF exposure of insects. 

 

More specifically, we aim to study the development of this 

species when exposed to 3.6 GHz, a frequency related to 

5G-NR telecommunication networks that are currently 

being rolled out. Our final goal is to execute an experiment 

on larvae, an aquatic life stage, in an RF-EMF 

reverberation chamber (RC). The larva goes through four 

instars phases during the larval stage that should be 

accounted for, with instar 1 being the smallest and instar 4 

the largest. [4] In order to correctly interpret these 

experiments, the insects’ dose needs to be determined. This 

can be done using numerical simulations of mosquito 

larvae exposed to RF-EMFs. These simulations have two 

goals: (1) quantify the spread of the dosage over the studied 

mosquito populations and (2) to link the targeted electric 

field strengths in the RC to dosages of the larvae. The 

former goal is studied by running simulations that assess 

the influence of the larval instar, the position of the larvae, 

and possible shielding effects on the dosage. These 

simulations are done for an electric field strength of 1 V/m. 

To reach the second goal, the results can be scaled to the 

targeted field strengths for the RC. 

 

2 Method 
 

The simulations were done using Finite difference time 

domain (FDTD) in Sim4Life (ZMT, Zurich, Switzerland) 

for 12 plane waves with different incident angles and 

polarizations as can be seen in Figure 1. From the 

simulation, the whole-body power absorption (Pabs) will be 

computed for the larvae: 

𝑃𝑎𝑏𝑠  =  ∫ 𝜎 × |𝐸⃗ 𝑖𝑛𝑡|² ∙  𝑑𝑉, (1) 

with σ the conductivity, |E⃗⃗ int|  the root mean square 

internal electric field strength and V the volume of the 

larva. [3] 

 

The FDTD method is often used as a simulation technique 

for dosimetric studies in EMF exposure situations and has 

been used for simulations for in vivo [5-7] and in vitro [8] 

experiments in an RC. First, the electric field (EF) strength 

is established, followed by far field plane wave 

simulations. [6,7]. The time averaged EF strength is 

assumed to be constant over the working volume in an 

unloaded condition, we will use an EF strength of 1 V/m 

for the simulations, which later can be rescaled. Second, 

the FDTD simulations for different incident AoA are 

conducted and the average is taken. We assume that the 

average Pabs can be taken over multiple plane wave 

simulations, instead of computing the multipath exposure. 

[6] The 12 different incident angles were chosen as in 

[9,10] and are expected to result in Pabs that span all 

possible Pabs, if the larva would be in free space. These 

incident plane waves are orientated along the main axes of 

the spheroid model in the horizontal and vertical positions.  

 

The larvae will be placed in Petri dishes with a diameter of 

3.5 cm during the experiment, and thus the simulations will 

include the water (9.15 mm height) and the Petri dish. First, 



a sole Petri dish will be considered in different situations. 

The larvae were modeled as spheroids, based on their 

average dimensions [4], the major axis is taken as the 

length of the insect and the minor axis is taken as the width 

of the head. Due to the large difference in size for the 

instars of the larvae, simulations were done on all four 

instars separately. Three different forms of spatial 

orientation and position of the larvae in the Petri dishes are 

considered as shown in Figure 1: major axis along the z-

axis in the middle of the dish and one end at the surface 

(vertical), the same position but with a 30° angle from the 

z-axis (tilted), and major axis along the x-axis near the 

bottom of the dish (horizontal). In the real exposure 

situation during the experiment, the Petri dishes are placed 

in four levels with 6 columns and 7 rows, with 6.4 cm 

between the levels. Therefore, simulations with these 168 

dishes were also considered, without larvae for a lower 

computational time.  

 

The frequency in all simulations was 3.6 GHz, however 

extra simulations were also done for 6, 12, 24 and 60 GHz 

with vertical larva position. Some symmetry meant that not 

all 12 simulations were needed in all cases, however the 12 

configurations were always accounted for when the mean 

was taken of the different directions. The voxel size of the 

spheroids was set to 0.05 mm and of the water to 0.3 mm, 

these voxels are made sure to be < 1/10 of the wavelength 

in the medium [11]. The dielectric properties of the larvae 

were based on the measurements of adult A. aegypti 

dielectric measurements [3]. The dielectric properties of 

the larvae are taken as 10% of water and 90% of the adult 

dielectric properties. [12] 

 

  

Figure 1. Larval positions in simulations and incident and 

polarization angles of the 12 incident plane waves and the 

four different instars a. Vertical position, b. Horizontal 

position, c. Tilted position.  

To compare these compositions and frequencies, a root 

mean square (RMS) value of EF strength of 1 V/m was 

used. The targeted incident EF strength of the experiment 

is 61 V/m, this EF strength was chosen based on the 

ICNIRP (International Commission on Non-Ionizing 

Radiation Protection) reference level for the 30-minute 

whole-body average, for a uniform plane wave. [13] The 

Pabs results of the 1 V/m simulations can be scaled to 

account for experiments with different EF strengths [14,15] 

in the following way: 

𝑃𝑎𝑏𝑠,𝑛𝑒𝑤 =
𝐸𝑅𝑀𝑆

2

1 𝑉2/𝑚2  𝑃𝑎𝑏𝑠,1𝑉/𝑚, (2) 

with 𝑃𝑎𝑏𝑠,𝑛𝑒𝑤  the whole-body power absorption when 

exposed to an EF strength of 𝐸𝑅𝑀𝑆  and 𝑃𝑎𝑏𝑠,1𝑉/𝑚  the 

whole-body power absorption when exposed to an incident 

EF strength of 1 V/m. 

 

3 Results and Discussion 
 

3.1 Instar and frequency dependency 
  
A difference in size between the instars, will lead to a 

difference in Pabs, shown in Figure 2.a for the vertical 

position, different frequencies and an incident EF strength 

of 1 V/m. In the first day of the experiment, the larvae will 

be instar 1, the whole-body power absorption will be lower 

than for the later instars. If we look at the absorbed power 

normalized to its volume, the difference between the 

different instars is relatively small for 3.6 and 6 GHz, 

shown in Figure 2.b. However, this is not the case for 

higher frequencies, here the smaller the instar, the more 

power absorbed when normalized to the volume.  

 

  

Figure 2. a. Whole-body averaged absorbed power and b. 

average absorbed power divided by the volume of the 

spheroids, of the 12 plane wave simulations of the 4 larval 

instars (i1, i2, i3 and i4) in vertical position for an incident 

field strength of 1 V/m in a Petri dish with 3.5 cm diameter, 

as function of frequency. The bars indicate the minimum 

and maximum of the 12 different plane wave simulations.  

The experiment will use a frequency of 3.6 GHz, the 

absorbed power over the small volume of the insect is 

similar for the different instars, so the influence of the 

instar in the exposure experiment is expected to be 

neglectable. 
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3.2 Influence of Larval Position within the 

Petri Dish 
 

Larvae are often found at the bottom of the Petri dish to 

look for food (horizontal position) or at the surface to 

breath (vertical and tilted position). A difference between 

these positions will also lead to a difference in power 

absorption as can be seen in Table 1. In this table, the mean 

of Pabs for the 12 simulations for the four instars and the 

three positions are given, together with the maximum and 

minimum Pabs of the 12 simulations. For instar 3, formula 

(2) was used to show values for the targeted 61 V/m. 

 

Table 1. Mean, min. and max. of the absorbed powers in 

[W], of the larvae for the 12 incident angles, in different 

positions and instars at 3.6 GHz at 1 V/m, and for instar 3 

also at 61 V/m. 

Instar i1 i2 i3 i4 i3 
 

EF 1 V/m 1 V/m 1 V/m 1 V/m 61 V/m 

V
e
r
ti

ca
l 

Mean 

Pabs 

2.44 x 

10−11  

1.05 x 

10−10  

5.89 x 

10−10  

3.00 x 

10−9 

2.19 x 

10−6  

Min. 
2.44 x 

10−11 

3.43 x 

10−11 

3.05 x 

10−10 

1.04 x 

10−9 

1.13 x 

10−6 

Max. 
2.44 x 

10−11 

3.09 x 

10−10 

1.39 x 

10−9 

4.71 x 

10−9 

5.15 x 

10−6 

H
o

ri
z
o

n
ta

l 

Mean  

Pabs 

7.67 x 

10−12 

3.32 x 

10−11 

1.39 x 

10−10 

5.93 x 

10−10 

5.18 x 

10−7 

Min. 
2.60 x 

10−12 

1.20 x 

10−11 

3.62 x 

10−11 

2.24 x 

10−10 

1.35 x 

10−7 

Max. 
1.40 x 

10−11 

5.72 x 

10−11 

3.57 x 

10−10 

2.11 x 

10−9 

1.33 x 

10−6 

T
il

te
d
 

Mean 
Pabs 

2.37 x 

10−11 

9.46 x 

10−11 

4.31 x 

10−10 

2.17 x 

10−9 

1.60 x 

10−6 

Min. 
4.95e x 

10−12 

1.94 x 

10−11 

1.92 x 

10−10 

5.12 x 

10−10 

7.13 x 

10−7 

Max. 
7.12 x 

10−11 

2.76 x 

10−10 

1.01 x 

10−9 

3.86 x 

10−9 

3.74 x 

10−6 

 

When the Pabs are normalized over the volumes of the larva 

spheroids (instar 1: 0.051 mm², instar 2: 0.237 mm², instar 

3: 0.934 mm², instar 4: 3.676 mm²), a similar result is again 

found for the four instars for the horizontal and tilted 

position. However, there is a difference between the 

positions. When the larvae are looking for food near the 

bottom (horizontal), they will experience less power 

absorption than when they go to the surface for air (vertical 

and tilted) due to its position in the water. The surrounding 

water will also interact with and absorb the EMFs. The 

highest power absorption of the larvae will happen for the 

vertical position. During the experiment, an EF strength of 

61 V/m will be used, the related Pabs can be found in the 

last column of Table 1. These values are considerably 

larger, 3721 times higher, than for the 1 V/m. 

 

3.3 Multiple Petri Dishes 
 

In the more realistic simulations with 168 dishes, not all 

Petri dishes experience the same power absorption of the 

water. An empty RC will provide a uniform exposure 

within the working volume [6], in a loaded RC the position 

can be of importance [16].  

 

When the results of the twelve angles of incidence are 

averaged, there is still a difference in power absorption 

depending on the Petri dishes position. The positions with 

the lowest Pabs by the water in the Petri dish are on the 2nd 

and 3rd level in column 2 and 5, in row 4, with a Pabs of 393 

µW. The positions with highest Pabs by the water in the Petri 

dish are at the 8 corners of the exposed system, i.e. level 1 

and 4, column 1 and 6 and row 1 and 7. The Pabs at these 

corners are 1303 µW. Note that these results are based on 

the mean of the 12 plane waves that have an incident angle 

horizontal or vertical along the tray levels, which were 

chosen because extreme results in Pabs are expected 

compared to random angles, and that the Pabs are computed 

for the water and not for larvae. It is expected that when the 

water of a Petri dish experiences a shielding effect, this will 

also effect the power absorption of the larva in the Petri 

dish to some degree. Displacements of the Petri dishes are 

also expected to have an influence of this shielding effect. 

In general, the dishes at the sides of the system have a 

higher Pabs than the ones in the center due to a shielding 

effect. This implies that when observations are made in the 

in vivo experiment, the Petri dishes can be categorized in 

respect with the positions with more or less power 

absorption. Or, alternatively, the experiment protocol can 

include a rotation on position of the Petri dishes within the 

RC. The relative differences are small between the Petri 

dishes (max. 107%), it is expected that difference in dose 

between the Petri dishes with the lowest dose in the 

exposed experiment and the sham exposed dishes will be 

much higher (> factor 1000) than the differences within the 

exposed categories.  

 

5 Conclusion 
 

A dosimetric study was done by means of numerical 

simulations, for a setup that will be used in exposure 

experiments of Ae. aegypti larvae, an aquatic life stage. The 

whole-body absorbed power was found to be similar for all 

sizes (instars) of the larvae in a Petri dish, when normalized 

to their volume for a frequency of 3.6 GHz, and so the 

influence of the size is small. When a frequency of 12 GHz 

or higher is used, the smaller larvae will have higher power 

absorption compared to the larger larvae when normalized 

for their volume. A difference in position of the larvae in 

the Petri dish, will result in a different dose. A larvae that 

is looking for food at the bottom, will experience less 

power absorption than a larvae looking for air at the 

surface. The exposure of the experiment was chosen to be 

around 61 V/m at 3.6 GHz. During the experiment, 

multiple Petri dishes will be exposed. In this case, a 

difference in power absorption can occur depending on the 

relative position of the Petri dish. To account for these 

differences, a rotation protocol for the Petri dishes can be 

applied during the experiment. 
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