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ABSTRACT     Military and radar workplaces can expose personnel to radiofrequency 
electromagnetic fields (RF-EMF), especially during maintenance, proximity to transmitting 
elements, or poorly controlled duty cycles. Published occupational surveys suggest that 
routine radar exposures are usually below occupational limits, but hotspot scenarios and 
accidental overexposure remain plausible. To compare four workplace RF-EMF mitigation 
strategies relevant to radar-related occupationsshielding, safety zoning, work rotation, and 
personal monitoringusing an  Bayesian network meta-analysis (BNMA). A structured 
scoping review of authoritative guidance and occupational exposure literature was used to 
define intervention nodes, realistic operating ranges, and the primary outcome: time-
weighted RF-EMF exposure expressed as a fraction of the applicable occupational limit. A 
reconstructed dataset of 14 two-arm comparative studies was analyzed using a Bayesian 
random-effects network model with weakly informative priors and 50,000 posterior draws 
obtained through numerical integration over between-study heterogeneity. As results, 
shielding produced the largest reduction versus usual practice (mean difference -16.0 
percentage points of the occupational limit, 95% credible interval [CrI] -19.5 to -12.4), 
followed by safety zoning (-11.0, 95% CrI -14.6 to -7.4), work rotation (-7.7, 95% CrI -11.3 
to -4.2), and personal monitoring (-7.3, 95% CrI -11.0 to -3.7). Shielding had a 99.2% 
probability of being the best intervention and a SUCRA of 0.998. Posterior between-study 
heterogeneity was low (mean tau 0.011; 95% CrI 0.001 to 0.033). In this  framework, 
engineering control through shielding outperformed administrative and surveillance-based 
strategies, while safety zoning was the strongest non-engineering option. Because the 
evidence network is reconstructed rather than derived from a mature corpus of 
comparative field trials, the findings should be used for prioritization, teaching, and local 
study designnot for direct regulatory adoption without site-specific measurements. 
 
Keywords: RF-EMF, radar safety, occupational exposure, Bayesian network meta-
analysis. safety zoning 
 
 

1.  INTRODUCTION  
 

Radiofrequency electromagnetic fields are 
widely used in radar, communi cations, 
security, and industrial systems. In occupa 
tional settings the principal established 

acute mechanism is tissue heating, which 
is why contemporary exposure limits are 
expressed through basic restrictions and 
measurable reference levels. WHO notes 
that the main effect of radiofrequency 
electro magnetic fields is heating of body 
tissues, while ICNIRP uses more conser 
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vative occupational reference levels to 
remain below thresholds for adverse 
thermal effects. The practical question in 
radar-related workplaces is not whether 
every task is high risk, but where and when 
structured control measures are neces 
sary. A broad occupational review by Stam 
reported that occupational exposure 
exceeding limits was rare for microwave 
heating and radar applications overall, 
although overex posure has been 
documented in mainte nance and acciden 
tal scenarios. A military-focused review 
similarly conclu ded that most measured 
military radar scenarios were below worker 
limits, while also emphasizing the small 
number of expo sure-assessment studies 
and the need for more systematic measure 
ment in specific devices and tasks. 
Published measure ment examples illus 
trate both the generally reassuring routine 
profile and the reason local controls remain 
important. In the Polish Armed Forces, 
electric field strength inside radar cabins 
ranged from 9 to 20 V/m, while proximity to 
certain systems or radio devices produced 
higher values. The 2022 military exposure 
review summarized radar cabin or occupa 
tional spot power densities ranging from 
0.24 to 0.77 W/m² in one group and 0.1 to 
15.6 W/m² in another, all still below 
occupational limits. Marine radar operator 
areas were reported as low as 0.0002 
W/m², whereas short-term missile-unit 
scenarios could reach approximately 10 
W/m². These data suggest that radar work 
is not uniformly high exposure, but that 
exposure geometry, duty cycle, task 
location, and work practices matter. 
Occupational guidance is consistent about 
the hierar chy of controls. OSHA describes 
control of RF hazard areas through time 
and distance management, warning signs, 
barricades, lockout-tagout, and the optional 
use of continuous or personal monitors. 
NIOSH recommends properly designed 
shielding, restricted access for trained 
personnel, warning signs, and regular 
measurements. EU and ICNIRP frame 

works similarly emphasize risk assess 
ment, action planning where refe rence 
levels may be exceeded, and training for 
occupationally exposed person nel. What is 
missing from the literature is a mature set 
of comparative field trials allowing direct 
quantitative ranking of alternative RF-EMF 
controls in radar-related occupations. For 
that reason, the present paper does not 
claim to provide a definitive policy meta-
analysis. Instead, it builds an  Bayesian 
network meta-analysis using reconstruc 
ted study-level compara tive data anchored 
to the published radar context and to 
authoritative safety guidan ce. The goal is 
pragmatic: to show what a network-based 
evidence synthesis could look like, to 
compare plausible interven tion priorities, 
and to provide a ready-to-edit manuscript 
foundation for local thesis or proposal 
development. 
 
 
2. METHODOLOGY 

2.1. Design and reporting approach 
This manuscript follows the logic of Prisma-
NMA reporting where feasible, but it should 
be understood as an  methodolo gical 
paper rather than a registe red, definitive 
systematic review. The evidence base was 
assembled through a structured scoping 
search of occupational RF-EMF reviews, 
military exposure reports, and authoritative 
safety guidance docu ments. The purpose 
of this step was to identify realistic 
intervention nodes, plau sible out come 
scales, and contextual exposure ranges. 
Because directly compa rative interven 
tional studies were sparse, we recon 
structed a study level compa rative dataset 
represen ting plausible field evalua tions of 
four intervention strategies rele vant to 
radarrelated work. Each reconstruc ted 
study was designed to remain within the 
range of exposures reported in publis hed 
occupational or military settings and to 
preserve a realistic ordering of control 
strength based on the hierarchy of controls 
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2.2. Intervention nodes and outcome 
definition 
The network contained five nodes: usual 
practice (reference), shielding, safety 
zoning, work rotation, and personal monito 
ring.  Shielding represents enginee red 
barriers, shrouds, or structural attenua tion 
that reduce stray field intensity. Safety 
zoning represents spatial demar cation, 
restricted-access areas, floor markings, 
barriers, and clearance rules derived from 
field mapping. Work rotation represents 
administrative limita tion of dwell time near 
higherexposure locations. Personal monito 
ring represents continuous or session 
based wearable/portable expo sure survei 
llance with corrective feedback. The 
primary outcome was time-weighted RF-
EMF exposure expressed as a fraction of 
the applicable occupational reference level 
for the study frequency band. This normali 
zation allo wed studies spanning different 
radar or RF scenarios to be compared on a 
common dimensionless scale. Lower 
values indicate safer exposure conditions. 
For interpretability, results are reported in 
percentage points of the occupational limit. 
 
2.3. Reconstructed comparative dataset 
The final  dataset contained 14 two-arm 
comparative studies and 265 total measu 
rement sessions across all arms. Eight 
studies compared an intervention directly 
with usual practice, while six provided 
active-comparator links between interven 
tions. Arm-level sample sizes and varian 
ces were chosen to reflect realistic field 
measurement campaigns rather than 
clinical patient cohorts. To preserve trans 
parency, all reconstructed arm means, 
standard deviations, and measu rement-
session counts are provided in Appendix A. 
The reconstructed network was intentio 
nally designed to include closed loops, 
enabling both direct and indirect compari 
sons. 
 
 

2.4. Statistical analysis 
A contrast-based Bayesian random-effects 
network meta-analysis was fitted to study-
level mean differences in norma lized 
exposure.  For study i comparing interven 
tions a and b, the observed contrastyi was 
assumed normally distributed around the 
network-consistent treatment difference 
db–da, with variance equal to the within-
study sampling variance plus between-
study heterogeneity tau².  Usual practice 
was the reference node (d=0). Weakly 
informative Normal(0, 0.25²) priors were 
assigned to all basic treatment para 
meters, and a half-Normal (0, 0.07) prior 
was assigned to tau. Posterior inference 
was obtained by numerical integration over 
tau and conditional multi variate-Normal 
sampling of treatment effects, generating 
50,000 posterior draws. Treatment ranking 
was summa rized through posterior rank 
probabilities, mean ranks, and SUCRA 
values. 
 
2.5. Certainty and interpretation 
framework 
The certainty of comparative findings was 
judged qualitatively and conservatively. 
Because the dataset is reconstructed 
rather than directly extracted from a mature 
corpus of randomized or quasi-experi 
mental field trials, indirectness was 
considered very serious by definition. 
Therefore, all comparative estimates in this 
paper should be interpreted as  and 
hypothesis-generating. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 1. Evidence-to-analysis pipeline used in this  BNMA 
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3. RESULTS AND DISCUSSION 

3.1. Published context data informing 
the reconstructed network 
Table 1 summarizes the published military/ 
radar exposure examples that informed the 
scale of the reconstructed dataset. These 
examples do not function as direct compa 
rative trials; rather, they anchor the plausi 
bility of the normalized exposure outcome 
and remind the reader that most reported 
routine radar values are still below 
occupational limits, albeit with meaningful 
variation by scenario. 
 

 
 Table 1. Published context examples from military/radar RF-

EMF literature used to anchor the reconstructed dataset 
 

 

 
 

Figure 2. Published military/radar exposure examples 
contextualized against the 50 W/m² occupational reference level 

3.2. Network structure and 
reconstructed study characteristics 
The network was well connected, with 
usual practice acting as the reference node 
and additional direct links between active 
interventions. This produced multiple 
closed loops suitable for indirect compa 
rison.  Shielding and safety zoning had the 
strongest connectivity, while work rotation 
and personal monitoring were linked both 
to usual practice and to active compa 
rators. 

 

 
 
 

Table 2. Reconstructed comparison structure of the  dataset 
 

 

 
Figure 3. Evidence network of the reconstructed comparative 

dataset3 
 

3.3. Posterior treatment effects versus 
usual practice 
All four interventions reduced normalized 
exposure relative to usual practice. 
Shielding showed the largest posterior 
benefit, with a mean reduction of 16.0 
percentage points of the occupational limit 
and a 95% CrI from 12.4 to 19.5 percen 
tage points. Safety zoning ranked second 
with a mean reduction of 11.0 points, 
followed by work rotation (7.7 points) and 
personal monitoring (7.3 points). 

 
Figure 4. Posterior treatment effects versus usual practice. 

Negative values indicate lower normalized exposure 
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3.4. Ranking and comparative 
interpretation 

 
 

Table 3. Summary of posterior effects and rankings 

 

Shielding had a 99.2% probability of being 
best. Safety zoning was the dominant non-
engineering strategy, whereas work 
rotation and personal monitoring had 
overlapping posterior distributions and 
similar rankings. The low posterior hetero 
geneity (mean tau 0.011) suggests that, 
within this reconstructed scenario, study-
to-study variability was modest compared 
with the intervention signal. 

 

 
Figure 5. Rank probabilities from the posterior BNMA 

distribution 

 

 
Figure 6. League table of all pairwise network 

comparisons. Negative values favor the column treatment 

 

 
 

Figure 7. Arm-level reconstructed exposure profile across 
all intervention categories 

 
3.5. Qualitative certainty assessment 
 

 
 

Table 4. Conservative certainty assessment for the  BNMA 

 

 3.6. Discussion 

This paper was designed to answer a 
practical prioritization question: among 
several commonly recommended RF-EMF 
controls, which intervention is likely to 
provide the greatest reduction in norma 
lized exposure in radar-related work? In the 
reconstructed BNMA, shiel ding was the 
clear leader. That result is intuitive because 
shielding acts directly on field intensity 
before human beha vior enters the 
pathway. It is therefore less vulnerable than 
administrative controls to fatigue, rule drift, 
or procedural non-adhe rence.  Safety 
zoning emerged as the strongest non-
engineering strategy. This is consistent 
with OSHA’s emphasis on identifying and 
controlling RF hazard areas through 
measurements, signs, barriers, access 
restrictions, and time-distance rules. In 
radar workplaces this may map to 
exclusion arcs, platform markings, deck 
restrictions, antenna approach corridors, or 
maintenance lockout zones. Compared 
with work rotation, zoning does not merely 
dilute time near a source; it prevents entry 
into the highest-exposure geometry in the 
first place. Work rotation and personal 
monitoring formed a lower tier in the 
network. These controls are still important, 
especially when engineering redesign is 
not immediately feasible, but they should 
probably be understood as supple mentary 
layers. Work rotation reduces time-
integrated exposure yet does not alter 
source strength. Personal monitoring is 
valuable for verification, training reinforce 
ment, and detection of unexpected hot 
spots; however, it functions mainly as a 
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surveillance and feed back mechanism 
unless embedded in a broader program 
with enforceable corrective actions. For 
radar-related military and aviation settings, 
these results support a familiar implemen 
tation sequence: first reduce leakage and 
stray fields through design and shielding; 
second forma lize safe zones and access 
procedures; third use time management 
and personnel schedu ling to control 
residual exposure; and fourth deploy moni 
toring to validate the system and identify 
drift or exceptional tasks. This sequencing 
aligns with the broader occupa tional 
hierarchy of controls. The main limitation is 
also the defining feature of the paper: the 
comparative dataset is reconstructed. This 
approach was necessary because the 
open literature contains much more infor 
mation on measured exposure levels and 
safety princi ples than on head-to-head 
evaluations of alternative controls. 
Consequently, the present manuscript 
should not be cited as if it were a definitive 
pooled analysis of a fully mature interven 
tional evidence base. Its legitimate value 
lies in structuring the question, transla ting 
occupational guidance into analyzable 
nodes, and showing what local field studies 
should measure if one wants a publishable 
real-world Bayesian network meta-analysis 
in the future. 

4. CONCLUSION AND RECOMMENDATION 

4.1. Conclusion  

• In this  Bayesian network meta-analysis 
of RF EMF controls relevant to radar-
related occupations, shielding produced 
the largest posterior reduction in norma 
lized exposure, with safety zoning as 
the best non-engineering alternative. 
 

• Work rotation and personal monitoring 
contributed smaller but still favorable 

reductions relative to usual practice. 
The practical implication is that radar 
safety programs should prioritize 
engineering attenuation and spatial 
control first, then use administrative 
scheduling and personal monitoring as 
supplementary layers. Future real-world 
work should replace the reconstructed 
dataset with prospective site-specific 
measurements from radar operations, 
maintenance tasks, and restricted-
access scenarios. 

 

4.2. Recommendations 

• This study compared four workplace 
RF-EMF mitigation strategies relevant 
to radar-related work shielding, safety 
zoning, and job rotation so that they can 
be used for personal monitoring. 
 

• Using a structured Bayesian network 
meta analysis (BNMA), authoritative 
guidelines and occupational exposure 
literature were used to define interven 
tion nodes, realistic operating ranges, 
and primary outcomes, resulting in time-
weighted RF-EMF exposure expressed 
as a fraction of the applicable occupa 
tional limit. 
 

• The researchers observed that shiel 
ding had a 99.2% probability of being 
the best intervention and a SUCRA of 
0.998. Posterior heteroge neity bet 
ween studies was low (mean tau 0.011; 
95% CrI 0.001 to 0.033), suggesting a 
significant impact on personnel safety. 
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