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increases (Z), whereas the maximum of the disagreement
slightly decreases (D = Dy = 29.2-28.55). That is, by find-
ing an agreement where the total disagreement increases,
the extended GP method enables finding a new solution that
decreases the disagreement of the more displaced group: the
private sector. Scientists and NGOs and advocates continue
being the stakeholder groups closest to the consensus agree-
ment (D5 = 10.85 and Dy = 6.25, respectively). The minority
consensus agreement is very similar to the majority consen-
sus agreement, except for the option on information from
mobile phone base stations having a weight that drops from
14.3% to 12.2%.

4.3 | Robustness tests

Three broad types of responses were identified to explain the
nonparticipation in the survey by some respondents. First,
the contacted individual did not want to contribute to opening
another RF-EMF controversy that could hinder telecom
rollout (type-1 individual). Second, the contacted individual
did not participate because their organization had explicitly
requested him not to do so (type-2 individual). Third, the
contacted individual had lost faith in the policy process given
the past experiences related to how exposure of humans to
RF-EMF has been dealt with in the policy sphere. In addition,
the individual considered that the EPRS (2021) report is very
conservative, which reinforces the doubts about the useful-
ness of engaging in the survey. The (academic) individual is
afraid of being involved to some extent in some controversy if
their name is disclosed (type-3 individual). Most of the type-1
individuals belong to regulatory agencies, central administra-
tions, and the private sector. Most of the type-2 individuals
belong to the private sector. Most of the type-3 individuals
belong to RF-EMF NGOs, advocates, and academics.

In order to take into account the potential effect associ-
ated with nonresponse bias, a set of scenarios is proposed.
The scenarios are based on the potential for nonresponse bias
(from low to large depending on the response rate of each
stakeholder group), and the type of individual and hence most
likely preferences (see Table A48). Scenarios 1, lbis, and
2 favor the “no action” option, whereas scenario 3 favors
some action on the topic. Scenario 4 integrates all identified
nonresponse biases.

43.1 | Scenario |

The private sector had a particularly low response rate and
low intragroup consensus in the first phase of the AHP-GP
approach. More precisely. the largest potential nonresponse
bias is associated with this group, given the low response
rate. It is possible that this stakeholder group would attribute
a larger weight to the “no action™ option (type-1 and
type-2 respondents). Therefore, new AHP-GP results were

implemented taking into account only two private sector
respondents giving a large weight to the *no action™ option
(Tables A49 and A50). In the first phase of the AHP-GP
approach, the Shannon-entropy consensus rises from 44.3%
to 98.9% for intragroup respondents from the private sector,
as expected. No action is the preferred option (39.2%), and
weights attributed to information on base station antennas and
compliance assessments and prevention drop significantly
(5.5% and 2.6%, respectively). The weights attributed to
funding research and monitoring remain fairly similar (32.3%
and 20.3%, respectively).

The second phase of the AHP-GP approach shows almost
no difference when comparing majority consensus agree-
ments including the five respondents from the private sector
and the two selected respondents for this sector. However,
there are noticeable differences when comparing the minority
consensus: by decreasing the distance to this consensus of
the two selected respondents from the private sector and
increasing the distance for all the rest of the stakeholder
eroups, the weights attributed to the options “information
on antenna base stations” and “compliance assessments and
prevention” drop significantly (from 12.2% to 5.5% and
from 19.9% to 9.4%, respectively). The weights attributed to
the other options, including the “no action”™ option, remain
relatively similar.

4.3.2 | Scenario lbis

In order to integrate the nonresponse bias when the nonre-
sponse rate is large, under scenario Ibis, the private sector
would attribute a larger weight to the “no action” option than
that fixed in scenario 1. Compared with scenario 1 where
20 points were to the “no action™ weight associated with
two private sector respondents, in scenario 1bis 30 points are
added to this weight by hypothetical private sector respon-
dents (Table AS51). Like in scenario 1, “no action™ is the
preferred option of the private sector.

Like in scenario 1, in scenario 1bis, the second phase of
the AHP-GP approach shows almost no difference when
comparing majority consensus agreements including survey
respondents from the private sector and the hypothetical
respondents from this sector (Table AS52). Again, there
are noticeable differences when comparing the minority
consensus: By decreasing the distance to this consensus of
the hypothetical respondents from the private sector and
increasing the distance for all the rest of the stakeholder
eroups, the weights attributed to the options “information
on base station antennas™ and “compliance assessments and
prevention” drop significantly (from 12.2% to 4.2% and from
19.8% to 7.7%. respectively). The weight attributed to the
“funding research” option also drops from 38.1% to 31.1%,
but it remains by large the option with the largest weight.
The weights attributed to the other options, including the “no
action™ option, remain relatively similar.
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43.3 | Scenario 2

This is the most favorable scenario for “no action.” It
integrates potential nonresponse biases from the private sec-
tor (type-1 and type-2 respondents). central administrations
(type-1 respondents), and regulatory agencies (type-1 respon-
dents). This scenario controls for the largest potential source
of nonresponse bias, which is associated with the private
sector given the low response rate of this group. Like sce-
nario lbis, about 30 points are added to the weight of the
“no action” option by hypothetical private sector respondents
(Table AS1). “No action™ is the preferred option of the private
sector. Regarding central administrations, the potential non-
response bias is considered from moderate to large, given the
number of respondents. In this scenario, about 20 points are
added to the weight of the “no action™ option by hypothetical
central administration respondents (Table AS53). Lastly, the
potential nonresponse bias is considered moderate for regu-
latory agencies, given their response rate. About 10 points
are added to the weight of the “no action™ option by hypo-
thetical regulatory agencies’ respondents (Table A54). Under
scenario 2, “funding research™ remains the preferred option
for central administrations and regulatory agencies.

In contrast with scenarios 1 and lbis, in scenario 2 the
second phase of the AHP-GP approach shows a significant
difference when comparing majority consensus agreements
for the survey respondents and the hypothetical respondents
from the private sector, central administrations, and regula-
tory agencies (Table A55). The weight attributed to the “no
option” option has increased from 5.5% to 16%. Yet, this
option is the fourth choice across stakeholders. There are
also noticeable differences when comparing the minority con-
sensus: By decreasing the distance to this consensus of the
hypothetical respondents from the private sector and increas-
ing the distance for all the rest of the stakeholder groups, the
weights attributed to all options decrease, except for the “no
action” option, which remains with the same weight (16%).
Even though the weight attributed to the “funding research™
option drops from 38.1% to 31.1%, it remains by large the
option with the largest weight. The weight attributed to the
option on “information on base station antennas™ drops from
12.2% to 4.2% under the minority consensus.

434 | Scenario 3

This is the most favorable scenario for some action on the
topic. It integrates potential nonresponse biases from the
NGOs and advocates (type-3 respondents) and academics
(type-3 respondents). Concerning NGOs and advocates, the
potential nonresponse bias is considered moderate, given the
number of respondents. In this scenario, about 10 points
are added to the weight of the “compliance assessments
and prevention™ option by hypothetical NGOs and advocate
respondents (Table A56). Moreover, the potential nonre-
sponse bias is also considered moderate for academics,
given their response rate. About 10 points are added to

the weight of the “funding research”™ option by hypothetical
academic respondents (Table A57). Under scenario 3, “fund-
ing research” remains the preferred option for NGOs and
advocates and academics.

In scenario 3, the second phase of the AHP-GP approach
shows no significant difference when comparing majority
or minority consensus agreements for the survey respon-
dents and the hypothetical respondents from the NGOs and
advocates and academics (Table AS8).

4.3.5 | Scenario 4

This scenario integrates all the potential nonresponse biases
that have been considered in the analysis. It is a combination
of scenarios 2 and 3 (see Table A51 for the private sector,
Table A53 for central administrations, Table A54 for regula-
tory agencies, Table A56 for NGOs and advocates, and Table
A57 for academics). Under scenario 4, “funding research”
remains the preferred option for all stakeholders, except for
the private sector, which attributed the largest weight to the
“no action™ option.

In scenario 4, the second phase of the AHP-GP approach
shows a significant difference when comparing majority and
minority consensus agreements for the survey respondents
and the hypothetical respondents from the private sector,
central administrations, regulatory agencies, NGOs and advo-
cates, and academics (Table A59). The weight attributed to
the “no action™ option increases from 3.3% to 16%. There
is also a noticeable difference when comparing the minority
consensus: By decreasing the distance to this consensus of the
hypothetical respondents from the private sector and increas-
ing the distance for all the rest of the stakeholder groups,
the weight attributed to the option on “information on base
station antennas”™ drops from 12.2% to 4.2%. Even though
the weight attributed to the “funding research™ option drops
from 38.5% to 35.3% (majority consensus) and from 38.1%
to 31.1% (minority consensus), it remains by large the option
with the largest weight.

5 | DISCUSSION

This paper assesses the views of key European stake-
holder groups on the preferred policy options concerning the
exposure of mobile communication emissions to nonhuman
organisms. Even though there are some stakeholder groups
with a low number of respondents, the results uncover dif-
ferentiated preference patterns that can be useful for policy
discussions. According to these results, there is a broad con-
sensus on the extreme values: funding research on the topic
being the first option, and no action being the last. This result
holds true when implementing robustness tests. Monitoring
RF-EMF exposure, and compliance assessments and preven-
tion are the second preferred solutions, followed by funding
research. Information on mobile phone base stations stands
as the third policy option. When more weight is attributed to
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selected respondents from the private sector and when seek-
ing to reduce the distance of these selected private sector
respondents to the consensus (minority agreement), funding
research, followed by monitoring RE-EMF exposure, stands
out as the preferred policy option.

As described in Table A43, the majority of respondents
have a degree in engineering or physics (46). These respon-
dents represent the majority group in regulatory agencies,
central administrations, and the private sector. Respondents
with a degree in life sciences (24) were the majority group in
the NGOs and advocates, and academics stakeholder groups.
This points to a critical limitation of key stakeholders who
have the power to influence policymakers and whose exper-
tise should reflect a larger extent the transdisciplinary nature
of the topic. Current RF-EMF exposure limits, which were
developed on the assumption that biological effects are due
to excessive tissue heating and that no effects occur below
the threshold, remain controversial. In addition, they ignore
the health of other species.

The first main policy result that this work conveys is that
despite very different points of view on this sensitive topic,
and without any debate between the parties that would enable
the reduction of some information asymmetries, there is a
consensus on the preferred policy option, that is, funding
research. There is already a trend underway, albeit small,
which favors this. The Australian Radiation Protection and
Nuclear Safety Agency (ARPANSA) is conducting a sys-
tematic map on whether EMFs have a negative effect on
nonhuman organisms to inform environmental and radiation
protection authorities (Karipidis et al., 2021). The WHO and
BFS have recently organized seminars on the effects of EMFs
on plants and animals (Pophof et al., 2022a; WHO, 2022).
A Coordination Action under H2020 in Europe. EKLIPSE,
recently identified the gaps in knowledge and the needs of
research and has formulated recommendations on the impact
of man-made radiofrequency EMFs on wildlife (Goudeseune
et al., 2018; Malkemper et al., 2018).

The core message from these analyses and exchanges is
the need to have more high-quality research on this issue.
This transdisciplinary topic needs the integration of differ-
ent expertise, as well as significant funding to provide the
required quality output. Currently, no international organiza-
tion exists with a mandate analogous to that of the WHO on
human exposure to RF-EMF to evaluate the risks of exposure
of RF-EMF to all nonhuman organisms. Existing organiza-
tions, such as the United Nations Environmental Program
(UNEP) and the International Union for Conservation of
Nature (UICN), could adopt an agenda on this topic and pro-
pose research priorities to canalize international and national
funds, like the WHO has done for human health (van Deven-
ter et al., 2011).°" It could also develop useful guidelines on
quality frameworks for laboratory and field studies for non-

¥ CNIRP’s publication on the proceedings of the international seminar on effects of
electromagnetic fields on the liv ing environment held in |r.ma.n'mg, Gl,:rmnn}', on October
4-5 was partly financed by the UNEP (ICNIRP, 2000).

human organisms.”' The transdisciplinary nature of RE-EMF
research on nonhuman organisms calls for such guidelines.

The question still remains: Who pays and by which means?
We argue that policy options beyond funding research would
require a more subtle analysis because the MCDM uncov-
ers no clearly differentiated second-best option. According to
oral and written feedback from survey respondents, we sug-
gest that examinations based on better-informed respondents
(e.g.. through a deliberative process) may contribute to differ-
entiating such a second-best option. For instance, deliberation
between stakeholders would be useful on the use of moni-
toring networks versus simulations based on mobile phone
base station data. Some respondents from central adminis-
trations (telecommunications sector) argued that monitoring
networks are adequate for covering small areas for commu-
nication purposes, that is, to communicate and reassure the
general public, but not to cover widespread areas for research.
Simulations based on mobile phone base station information
would be more accurate to deliver nationwide exposure maps
(ANFR, 2022).

However, some academics argue that monitoring is bet-
ter than simulations, as measured data display, in general,
lower levels (and is, more broadly, more accurate) com-
pared with the ones that are retrieved by simulation. At
the same time, simulations are likely to be rapidly out-
dated given the continuous evolution of wireless network
installations. Initiatives with software based on artificial intel-
ligence and building over a combination of monitoring and
base station data to enable updates could eventually pro-
vide large-scale solutions with accuracy (Chikha et al., 2023;
Wang et al., 2022). Respondents from central administrations
(health sector), monitoring past environmental contaminants,
have shown limits when relevant indicators have not been
previously identified.

Compliance assessment and prevention is the policy option
subject to the most divergent views between stakeholder
groups, with NGOs and advocates being very favorable, and
central administrations and the private sector attributing less
weight. Deliberation between stakeholders could eventually
lead to converging views on “low-hanging fruit” aspects.
Innovations associated with the colocation of mobile phone
base stations and platforms to facilitate bird nesting could
be devoted more attention in order to define the conditions
under which such coexistence is possible when taking into
account RF-EMF exposure. Reduced RF-EMF emissions and
distance separation could be implemented, for instance, only
in close vicinity to sensitive endangered species. Because
these cases seem limited in number, correcting them would
not be particularly costly from the operators™ point of view.

According to oral and written feedback from some survey
respondents, there is a trade-off between focusing exclusively
on funding research as a long-term policy and taking into

1 During a WHO workshop in the Bioelectromagnetics annual conference in Oxford
on June 18-23, 2023, best practices were described on how to develop high-quality
research work on RE-EMF effects on human and nonhuman health. Such best practices
are needed to ensure that research is included in international assessments.
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account, to some extent, certain actions on plants and ani-
mals and other living organisms in the short term according
to a precautionary principle (through monitoring exposure,
simulations based on antenna base station information, and
compliance assessments and prevention). Concemning the
short term, there is, first, well-established evidence of ther-
mal effects on all living organisms. Second, there is a lack of
information on the effects of RF-EMF on nonhuman organ-
isms, particularly for high frequencies (> 6 gigahertz) and for
plants, fungi, and invertebrates. As a consequence, the risk of
exposure has not been evaluated or uprated with the arrival of
new technologies.

Although the ICNIRP has worked under the general
assumption that nonhuman organisms are protected from
harmful Rf-EMF radiations as long as humans are protected
(ICNIRP, 2000), the organization set up a new project group
on Environment and EMFs in November 2021 to “draft a
statement on the environmental effects of electromagnetic
fields on the basis of qualitatively reliable scientific papers.
And, if possible, to analyse whether the current human expo-
sure guidelines are also sufficiently protective for non-human
organisms in their natural environment.” It is possible that
this project group may deliver some broad statements because
thermal thresholds are species-dependent and research is
still lacking. Nevertheless, ecosystem and ALARA (as low
as reasonably achievable) approaches could be developed.
inspired by ionizing radiation frameworks developed for the
environment (ARPANSA, 2015; ICRP. 2014).

According to ARPANSA (2015), environmental exposure
is defined as “... the exposure of wildlife to all additional
radiation sources resulting from human activities. Wildlife
may require protection in order to maintain biological diver-
sity, conservation of species, or the health and status of
natural habitats, communities or ecosystems, or anything that
may be otherwise required from a conservation point of view
in accordance with relevant legislation.” Their framework
integrates with assessments and/or in decisions on the protec-
tion of wildlife the dosimetric quantity, reference organisms
and representative organisms, and environmental reference
levels (Fig. A.3, ARPANSA, 2015).

According to the International Commission on Radiologi-
cal Protection (ICRP), steps taken to protect the environment
from ionizing radiation should fall within the concept of
optimization, the latter understood as the process of determin-
ing the level of protection and safety that makes exposures,
and the probability and magnitude of potential exposures, as
low as reasonably achievable, economic and societal factors
being taken into account. Reference levels were derived by
the ICRP to relate the effects of ionizing radiation to doses
to nonhuman organisms, but the institution states that these
values are not limited and are not intended to be used in
that manner. Potential synergies between ICNIRP and ICRP
approaches were already subject to discussion in the past
for human health, in particular, whether ALARA approaches
developed by the ICRP could be meaningfully applied
to nonionizing radiation (ICNIRP/WHO/ICRP/IRPA/ILO,
2014).

To conclude, humans have so far chosen not to address the
effects of RF-EMF on nonhuman organisms even if there is
evidence of thermal effects on all living organisms. The con-
troversial debates on RF-EMF effects on human health have
probably hampered early attempts to address the effects on
nonhuman organisms. Our results show that, for the consulted
stakeholders, this topic calls for some action. It is not a matter
of hindering progress, but understanding the optimal condi-
tions for technological proliferation, given the current state
of knowledge.

ACKNOWLEDGMENTS

We are extremely grateful to the respondents of the sur-
vey for their contributions. We would also like to thank
two anonymous reviewers for their insightful comments, as
well as Jacques Lochard and Jacqueline Garnier-Laplace for
their comments and suggestions. Jérémy Froidevaux was
supported by the Leverhulme Trust through an early-career
fellowship (award reference ECE-2020-571).

DECLARATION OF INTEREST
STATEMENT

The authors declare that they have no known competing
financial interests or personal relationships thatcould have
appeared to influence the work reported in this article.
ArnoThielens declares that he authored the EPRS study
(EPRS, 2021) and has formulatedthe recommendations listed
in the study.

REFERENCES

Agence Nationale des Fréquences (ANFR). (2022). Synthése des travaux
et réunions du comité national de dialogue sur I'exposition du public
aux ondes électromagnétiques pour 2022. Comité National du Dialogue.
ANFR.

Ananda, 1., & Herath, G. (2009). A critical review of multi-criteria deci-
sion making methods with special reference to forest management and
planning. Ecological Economics, 68(10), 2535-2548.

ANSES. (2022). Exposition aux champs électromagnétigues life au
déploiement de la technologie 5G. Avis actualisé de ANSES. Rapport
d’expertise collective. ANSES.

Australian Radiation Protection and Nuclear Safety Agency (ARPANSA).
(2015). Radiation protection of the environment. Guide G-1. ARPANSA.

Aznar-Bellver, I, Guijarro, F., & Moreno-liménez, J. M. (2011). Mixed val-
uation methods: A combined AHP-GP procedure for individual and group
multicriteria agricultural valuation. Annals of Operations Research, 190,
221-238.

Bandara, P., & Carpenter, D. O. (2018). Planetary electromagnetic pollution:
It is time to assess its impact. The Lancet Planetary Health, 2(12), e512—
e514.

Chiclana, F, Mata, F.,, Martinez, L., Herrera-Viedma, E., & Alonso, 5.
(2008). Intcgration of a consistency control module within a con-
sensus model. Iniernational Journal of Uncertainty, Fuzziness and
Knowledge-Based Systems, 16(Supp 1), 35-53.

Chikha, W. B., Wang, S., & Wiart, J. (2023). An Extrapolation approach
for RF-EMF exposure prediction in an urban area using artificial neural
network. JEEE Access, 11, 52686-52694.

Daniel, W. W. (1999). Biostatistics: A foundation for the analysis of the
health sciences (Tth ed.). John Wiley & Sons.

De Borre, E., Joseph, W., Aminzadch, R., Miiller, P., Boone, M., Josipovic,
1., Hashemizadeh, 8., Kuster, N., Kiihn, 5., & Thielens, A. (2021). Radio-
frequency exposure of the yellow fever mosquito (A. aegypri) from 2 to
240 GHz. PLOS Computational Biology, 17(10), ¢1009460.



l-i|

RECUERO VIRTO ET AL.

Deruyck, M., Castellanos, G., Wout, J., Martens, L., Kuehn, S., & Kuster, N.
(2021). Assessment of varied mobile network topologies on human expo-
sure, mobile communication guality and sustainability. Final Report of
Project CRR-954. Foundation for Research on Information Technologies
in Society.

Diaz-Balteiro, L., & Romero, C. (2001). Combined Use of Goal Program-
ming and the Analytic Hierarchy Process in Forest Management. In D. L.
Schmoldt, J. Kangas, G. A. Mendoza, & M. Pesonen (Eds.), The Analytic
hierarchy process in natural resource and environmental decision making.
Managing forest ecosystems (vol. 3; pp. 81-95). Springer.

Dong, Y., Zhang, G., Hong, W. C., & Xu, Y. (2010). Consensus models
for AHP group decision making under row geometric mean prioritization
method. Decision Support Systems, 49(3), 281-289.

European Parliamentary Research Service (EPRS). (2021). Environmen-
tal impacts of 5G. A literature review of effects of radio-frequency
electromagnetic field exposure of non-human vertebrates, invertebrates
and plants. Scientific Foresight Unit (STOA), PE 690-021—-June 2021.
EPRS.

Global System for Mobile Communications (GSMA). (2014). Arbitrary
radio frequency exposure limits: Impact on 4G network deployment. Case
studies: Brussels, Iraly, Lithuania, Paris and Poland. GSMA.

Goepel, K. D. (2018). Implementation of an online software tool for the ana-
lytic hierarchy process (AHP-OS8). International Journal of the Analytic
Hierarchy Process, 10(3). https://doi.org/10.13033/ijahp.v10i3.590

Goepel, K. D. (2013). Implementing the analytic hierarchy process as
a standard method for multi-criteria decision making in corporate
enterprises—A new AHP excel template with multiple inputs. In ISAHP
proceedings. Creative Decisions Foundation.

Goepel, K. D. (2024). Group consensus cluster analysis using Shannon alpha
and beta entropy. International Journal of the Analytic Hierarchy Process
(forthcoming).

Goudeseune, L., Balian, E., & Ventocilla, J. (2018). The impacts of artificial
electromagnetic radiation on wildlife (flora and fauna). Report of the wel
conference. A report of the EKLIPSE project.

International Agency for Research on Cancer (IARC). (2011). IARC clas-
sifies radiofrequency electromagnetic fields as possibly carcinogenic to
humans. [ARC Press Release N® 208, 31 May 2011. Lyon: WHO.

IARC. (2013). Nonionizing radiation, Part II: Radiofrequency electromag-
netic fields JARC Working Group on the Evaluation of Carcinogenic
Risks to Humans (2011: Lyon, France). 1ARC monographs on the
evaluation of carcinogenic risks to humans Vol. 102. WHO.

Institute of Electrical and Electronics Engineers (IEEE). (1991). IEEE stan-
dard for safety levels with respect to human exposure io radiofrequency
electromagnetic fields, 3 kHz to 300 GHz. In IEEE Std C95.1-1991, pp.
1-76, 27 April 1992.

IEEE. (2019). IEEE standard for safety levels with respect to human expo-
sure to electric, magnetic, and electromagnetic fields, 0 Hz to 300 GHz.
In IEEE Std C95.1-2019 (Revision of IEEE Std C95.1-2005/Incorporates
IEEE Std C95.1-2019/Cor 1-2019), pp. 1-312, 4 Oct. 2019.

International Commission on the Biological Effects of Electromagnetic
Fields (ICBE-EMF). (2022). Scientific evidence invalidates health
assumptions underlying the FCC and ICNIRP exposure limit determina-
tions for radiofrequency radiation: implications for 5G. Environmental
Health, 21, 92.

International Commission on Non-Ionizing Radiation Protection (ICNIRP).
(1998). Guidelines for limiting exposure to time-varying electric, mag-
netic and electromagnetic fields (up to 300 GHz). Health Physics, 74(4),
494-522.

ICNIRPAWHO/ICRP/IRPA/ILO. (2014). Radiation protection principles:
Similarities and differences in ionizing and non-ionizing radiation.
Workshop, 27-28 June 2014, Geneva, Switzerland.

ICNIRP. (2000). Proceedings of the international seminar on effects of
electromagnetic fields on the living environment. ICNIRP.

ICNIRP. (2020). Guidelines for limiting exposure to electromagnetic fields
(100 kHz to 300 GHz). Health Physics, 118(5), 483-524.

ICRP. (2014). Protection of the environment under different exposure
situations. ICRP.

International Telecommunications Union (ITU). (2017). Question 7/2:
Strategies and policies concerning human exposure to electromagnetic
Jields. Final Report ITU-D Study Group. ITU.

ITU. (2018). The impact of RF-EMF exposure limits stricier than the ICNIRP
or IEEE guidelines on 4G and 5G mobile network deployment. ITU-T
K-series Recommendations—Supplement 14. ITU.

ITU. (2021). Implementing 5G for Good. Do electromagnetic fields matier?
ITU.

Karipidis, K., Brzozek, C., Bhatt, C. R., Loughran, S. P, & Wood, A. R.
(2021). What evidence exists on the impact of anthropogenic radiofre-
quency electromagnetic fields on animals and plants in the environment?
A systematic map protocol. Envirenmental Evidence, 10(1). https://doi.
org/10.1186/513750-021-00252-w

Keisler, J. M., & Linkov, 1. (2021). Use and misuse of MCDA to support
decision making informed by risk. Risk Analysis, 41, 1513-1521.

Khorramshahgol, R., & Al-Husain, R. (2021). A GP-AHP approach to design
responsive supply chains for Pareto customers. Operations Research
Perspectives, 8, 100172.

Krejcie, R. V., & Morgan, D. W. (1970). Determining sample size for
rescarch activities. Educational and Psychological Measurement, 30(3),
607-610.

Larsen, R. (2013). Elementary linear algebra. The Pennsylvania State
University, The Behrend College.

Levitt, B. B., Lai, H., & Manville, A. M. (2021a). Effects of non-ionizing
electromagnetic fields on flora and fauna, part 1. Rising ambient EMF
levels in the environment. Reviews on Environmental Health, 37(1), 81—
122

Levitt, B. B, Lai, H. C., & Manville, A. M. (2022). Low-level EMF effects on
wildlife and plants: What research tells us about an ecosystem approach.
Frontiers in Public Health, 10, 1000840,

Lewicki, F. (2020). ITU-T standardization work on EMF. 10th International
Spectrum Congress National Spectrum Agency (ANE) of Colombia, 9th
November 2020.

Linares, P., & Romero, C. (2000). A multiple criteria decision making
approach for electricity planning in Spain: Economic versus environmen-
tal objectives. The Journal of the Operational Research Society, 51(6),
736-743.

Linares, P., & Romero, C. (2002). Aggregation of preferences in an environ-
mental economics context: a goal-programming approach. Omega, 30(2),
89-95.

Liu, F, Peng, Y., Zhang, W., & Pedrycz, W. (2017). On consistency in AHP
and fuzzy AHP. Journal of Systems Science and Information, 5(2). 128—
147.

Madjar, H. M. (2016). Human radio frequency exposure limits: an update
of reference levels in Europe, USA, Canada, China, Japan and Korea.
International Symposium on Electromagnetic Compatibiliry.

Malkemper, E. P., Tscheulin, T., Vanberger, A. J.,, Vian, A., Balian, E., &
Goudeseune, L. (2018). The impacts of artificial electromagnetic radi-
ation on wildlife (flora and fauna). Current knowledge overview: a
background document te the web conference. A report of the EKLIPSE
project.

Magurran, A. E., & McGill, B. I. (2011). Biclogical diversity: frontiers in
measurement and assessmeni. Oxford University Press.

Pietak, A. M. (2012). Structural evidence for electromagnetic resonance in
plant morphogenesis. Bio Systems, 109(3), 367-380.

Pophof, B., Henschenmacher, B., Kattnig, D. R., Kuhne, J., Vian, A., &
Ziegelberger, G. (2022a). Biological effects of radiofrequency electro-
magnetic fields above 100 MHz on fauna and flora: Workshop report.
Health Physics, 124(1), 31-38.

PWC. (2013). Mobile network cost study. Analysis of cost drivers related
to the construction, operation and maintenance of mobile networks.
Reporti—Summary for publication. PricewaterhouseCoopers AG.

Rakes, T. R., Deane, J. K., Rees, L. P., & Goldberg, D. M. (2022). Dis-
aster risk planning with fuzzy goal programming. Risk Analysis, 42,
2026-2040.

Romero, C. (2014). Handbook of critical issues in goal programming.
Elsevier.



THE EXPOSURE OF NONHUMAN LIVING ORGANISMS TO MOBILE COMMUNICATION EMISSIONS 15

Saaty, T. L. (1980). The analytic hierarchy process: Planning, priority
seiting, and resource allocation. McGraw-Hill.

Saaty, T, L. (1987). Risk—Its priority and probability: The analytic hicrarchy
process. Risk Analysis, 7, 159-172.

Saaty, T. L. (1990). How to make a decision: The analytic hierarchy process.
European Journal of Operational Research, 48, 9-26.

Sagar, 5., Adem, S. M., Struchen, B., Loughran, S. P, Brunjes, M. E.,
Arangua, L., Dalvie, M. A., Croft, R. J., Jerrett, M., Moskowitz, I. M.,
Kuo, T., & Ridsli, M. (2018). Comparison of radiofrequency electromag-
netic field exposure levels in different everyday microenvironments in an
international context. Environment International, 114, 297-306.

Shannon, C. E. (1948). A mathematical theory of communication. Bell
Svstem Technical Jowrnal, 27, 379-423.

Simka, M., & Mattsson, M. (2019). 5G wireless communication and health
effects—A pragmatic review based on available studies regarding 6 to
100 GHz. International Journal of Environmental Research and Public
Health, 16(18), 3406.

Stam, R. (2018). Comparison of infernational policies on electromagnetic
fields (power frequency and radiofrequency fields). National Institute for
Public Health and the Environment.

Thielens, A., Bell, D., Mortimore, D., Greco, M., Martens, L., & Joseph,
W. (2018). Exposure of insects to radio-frequency electromagnetic ficlds
from 2 to 120 GHz. Scientific Reports, 8(1).

Thielens, A., Greco, M., Verloock, L., Martens, L., & Joseph, W. (2020).
Radio-frequency electromagnetic field exposure of western honey bees.
Scientific Reports, 10(1), 461.

van Deventer, E., van Rongen, E., & Saunders, R. (2011). WHO research
agenda for radiofrequency fields. Bioelectromagnetics, 32(5), 417-421.

Vian, A., Davies, E., Gendraud, M., & Bonnet, P. (2016). Plant responses to
high-frequency electromagnetic fields. BioMed Research International,
1830262.

Vian, A., Faure, C., Girard, 8., Davies, E., Hallé, F., Bonnet, P., Ledoigt,
G., & Paladian, F. (2007). Plants respond to GSM-like radiations. Plant
Signaling & Behavior, 2(6), 522-524.

Wang, 5., Mazloum, T., & Wiart, J. (2022). Prediction of RF-EMF exposure
by outdoor drive test measurements. Telecom, 3, 396-406.

World Health Organisation (WHO). (2017). Exposure limits for radio-
frequency fields (public). Data by country. Global Health Observatory
data repository. WHO.

WHO. (2022). Electromagnetic fields: Effects on fauna and flora. WHO
Radiation and Health Unit webinar.

SUPPORTING INFORMATION
Additional supporting information can be found online in the
Supporting Information section at the end of this article.

How to cite this article: Recuero Virto, L., Thielens,
A., Czerwinski, M., & Froidevaux, J. (2024). The
exposure of nonhuman living organisms to mobile
communication emissions: A survey to establish
European stakeholders” policy option preferences.
Risk Analysis, 1-15.

https://doi.org/10.111 1/risa.14322




