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BACKGROUND & MOTIVATION

>4

International regulations
emphasize the priority of
developing and evaluating
effective radon mitigation
strategles, underlining their
importance  for  reducing
indoor radon exposure and
protecting public health.

Research Gap

> 4

Romania transposed Directive
2013/59/Euratom through
Government  Decision  No
528/2018, setting a national
IRAC reference level of 300
Bg/m3 and requiring
mitigation measures when this

Previous research has demonstrated that radon mitigation systems,
when properly designed and maintained, can achieve high and
durable reduction efficiencies. Yet, their long-term success strongly
depends on occupant behaviour, including consistent operation,
monitoring, and maintenance. This study evaluates mitigation
performance over 53 months, highlighting both the technical
reliabllity of applied solutions and the critical role of user practices




RESEARCH OBJECTIVES
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Long-term Performance
Assessment

Evaluate the sustained
effectiveness of various radon
mitigation systems over an
extended monitoring period to
understand performance
variation patterns and

Occupant Behaviour Analysis

Investigate how human
behaviour, lifestyle patterns, and
building operation practices
influence the effectiveness of
installed mitigation systems in
real-world conditions.

Sustainable Strategy Developme

|dentify evidence-based
approaches for maintaining
optimal radon mitigation
performance while balancing
user comfort, energy efficiency,
and economic considerations.




Methodologx — Case Studies

Study Locations

The study investigated ten residential buildings (B1- _—
B10) from Bucharest, Cluj, and Timis, constructed
between 1930 and 2008, mostly from red brick
masonry and insulated with polystyrene or mineral

MEL5urement Approach

Both passive (CR-39) and active (ICA device) radon
measurement techniques were applied during pre-
and post-mitigation phases, complemented by long- | 9
term monitoring over 53 months (November 2019 —
March 2024).

Mitigation solutions

Mitigation strategies were tailored to each building's
typology, including sub-slab depressurization (SSD),
heat recovery ventilation, both centralized (CHRV) and
decentralized (DHRV), and radon barriers, ensuring
energy-efficient, cost-effective, and minimally invasive
interventions.




USER EXPERIENCE QUESTIONNAIRE
18 5 90%

ltems Thematic Sections Response Rate
Comprehensive assessment covering Organized categories for systematic 9 out of 10 households provided
all aspects of user interaction with analysis of user feedback complete feedback

mitigation systems

Assessment Categories

= User Perception: Awareness and understanding of radon risks and
mitigation system operation

= Comfort Levels: Indoor air quality, temperature, humidity, and noise
impacts

= Energy Considerations: Operating costs, energy consumption, and
efficlency perceptions

= System Satisfaction: Maintenance requirements, reliability, and overall
user experience

= Operational Patterns: Usage habits, seasonal adjustments, and ——— , -



Results — Post—Mitigation Radon Levels
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Table 1. Long-term effectiveness of the implemented remediation
solutions in the ten analysed houses, based on room-level measurements.

216 IRAC - at room level (Bgq/m3) Effectiveness
Mitigation Before Pacsive  Active
method remediatio method method IRAC Cco,
_ B1 1 DHRV 459 - 174 62 50
Median Level B2 2 CHRV 439 235 219 50 60
Bq/?n:‘ across all moniltored houses B3 2 DHRV 515 294 290 44 19
after mitigation implementation B4 1 CHRV 662 - 454 37 20
B5 1 DHRV 455 - 490 -8 10

B6 2 DHRV 385 218 174 55 15

B7 1SSD + 1 DHRV 615 57 54 91 20

BS 155D+ Rn 505 42 49 90 ;
membrane

B9 155D +Rn 737 259 213 71 ]
membrane

Minimum Level Maximum Level B10 155D + 1 DHRV 1280 178 234 82 24
+ Rn membrane




Results — Mitigation System Effectiveness
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Figure 1. IRAC before remediation and the effectiveness
of the remediation method for the selected rooms.

The calculated remediation effectiveness values ranged from -8% to 91%, with a median value of 59%.
Depending on the mitigation method used, CHRV systems show a median efficiency of 41%, DHRV systems

have a median of 50%, while SSD-based methods display a median efficiency of 86%, with a range between
710/ AanA O10.L



Results — Mitigation System Effectiveness
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Table 1. Long-term effectiveness of the
3000 - implemented remediation solutions in the
ten analysed houses, based on room-level
' \ measurements.
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Figure 2. Monthly variation of indoor CO, levels before B10 155D+ 1 DHRV + Rn 24
membrane

and after installation of the CHRV system in house B2.

In the case of dwellings where a ventilation component was installed (8 out of the 10 investigated houses), a
reduction in CO, concentration was also observed compared to the measurements taken during the pre-
mitigation campaign. The effectiveness in reducing CO, levels showed a median value of 22%, ranging
between 10% and 60%. The highest reductions (40% and 60%, respectively) were recorded in houses equipped
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Table Il. The effectiveness of the implemented solutions in
comparison with those reported by Burghele et al. (2021),
based on household-level measurements.

Effectiveness (%)

IRAC post The results pre;ented N Tablg .II @ndicate that,
mitigation IRAC long  IRAC although the implemented mitigation methods
(PM) term (LT) (T-PM produced a significant immediate reduction in IRAC
(with inttial effectiveness ranging from 25% to 94%
B1 25 o6 31 and a median of 66%), a decline in effectiveness
B2 67 49 -18 was observed over time in most of the studied
B3 64 26 -38 buildings. As such, the median difference between
B4 64 15 -49 short-term and long-term effectiveness (IRAC LT -
B5 27 -50 -17 PM) was -18%, suggesting that the mitigation
B6 54 55 1 performance tends to deteriorate over the years. In
B7 92 87 -5 extreme cases, such as house B5, the long-term
BS 94 87 -7 effectiveness was negative (-50%), while only in two
B9 83 74 -9 buildings (B6 and B1) the effectiveness showed a
B10 94 81 13 positive shift over time (+1% and +31%).




LONG-TERM PERFORMANCE IN SELECTED HOUSES

* In House B1, the system operated without  Table Il. The effectiveness of the implemented solutions in
occupant interference, achieving a 31% comparison with those reported by Burghele et al. (2021),
improvement in effectiveness and a 56% radon based on household-level measurements.
reduction, underscoring the strong influence of
occupancy-related factors on radon dynamics.

Effectiveness (%)

* In houses B2-B4, sporadic system use due to IRAC post
noise and cold-season discomfort reduced mltigaptlon RAClong  IRAC
effectiveness (-18% to —49%), coinciding with (PM) term (LT) LT - PM
periods of highest radon levels | B1 o5 56 31

* In House. B5, system ’ee tion due to B2 67 49 18
thermal dl?C(?meFt : adon to return .to B3 64 26 38
pre-remediatiog, (490 Bg/m3), with B4 64 15 ~49
effectiveneg dping from +27% to -50%, BS >7 750 77
highl ow occupant non-compliance
can niftlty robust mitigation. B6 o4 >3 1

* In House B6, consistent use and routine B7 92 87 -
maintenance kept performance stable (+1%), B8 24 87 -/
showing that even basic upkeep is crucial for B9 83 74 -9
sustaining radon mitigation effectiveness. B10 94 81 -13




LONG-TERM PERFORMANCE IN SELECTED HOUSES

Success Stories: Houses B7 & B8

House B7 provides a clear example of proactive
occupant involvement. The monitored space
was a child’'s bedroom, where a fan malfunction
caused radon levels to rise. Using the ICA
monitoring device, occupants quickly detected
the problem, reported it, and replaced the fan.
This timely intervention maintained long-term
radon concentrations at safe levels (average 54
Bg/m3), highlighting the importance of active
monitoring and prompt corrective actions in
sustaining mitigation performance.

In House B8, uninterrupted operation of the
mitigation system maintained radon levels
consistently below 50 Bg/m3.

By contrast, in Houses B9 and B10, occupants
adopted adaptive strategies—running the
system mainly during daytime to reduce noise
and energy costs. Although these adjustments
lowered system effectiveness compared to
initial results, average radon concentrations
still remained below the reference level.
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Figure 3. The temporal variation of IRAC in House B7

highlights the impact of a fan malfunction on post-



CONCLUSIONS
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Mitigation systems showed median
long-term effectiveness of 59%, with
values ranging from -50% to +91%.

SSD systems proved most efficient
(median 86%), while ventilation-
based systems showed lower but
still relevant reductions (41-50%).

Occupant behaviour determined
performance stability or decline,
more than technical limitations.

Active  monitoring &  timely
maintenance ensured  sustained
protection.

B1: No occupant interference —
+31% effectiveness, -56% radon.

B2—-B4: Sporadic use
(noise/comfort) — —18% to —49%.

B5: System deactivated —
effectiveness dropped from +27% to
—50%, radon back to 490 Bg/m3.

B6: Consistent use + routine
maintenance — stable (+1%).

B7: Proactive response to fan failure
— safe levels (54 Bg/m3).

B8: Continuous operation — <50
Bg/m3 maintained.

B9-B10: Adaptive use (daytime
only) — reduced efficiency, but still
< reference level.

Radon mitigation systems can
achieve high and durable
efficiencles  when  consistently
operated and maintained.

Occupant  behaviour strongly
influences long-term performance,
sometimes outweighing technical
robustness.

Cases of non-compliance or
sporadic use led to loss of
effectiveness, even returning radon
to pre-remediation levels.

Proactive monitoring and prompt
corrective actions ensured stable
and safe radon levels.

A balanced approach between
technical solutions, energy
efficiency, comfort, and user
practices is essential for sustatnable
nrotection
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