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Objectives

1. Evaluate indoor radon (%2Rn) and thoron (¥2°Rn) concentrations:

« Estimate the % of buildings above WHO and ICRP reference levels (100 and 300 Bq/m?)
* Assess the influence of building usage (dwellings vs. workplaces), building materials and

underlying geological units;

2. Estimate the total annual inhalation dose in dwellings and workplaces:

* Estimate the % of workplaces surpassing the 1 mSv threshold set by the Council Directive

2013/59/EURATOM;



Materials & Methods

* 81 RADUET detectors (Radosys Ltd.) placed
between 0.8 to 2.0 m above ground level

* Average exposure: 3 months

* Revelation of the detectors according to I1SO
11665-4:2020 (accredited method)

 Estimation of the total annual inhalation dosel*!:
{(0.17 + 9 X Fpy) X Cryy + (0.11 + 40 X Frp,) X Cpp} X OF X T x 107

Fr, and F+, - equilibrium factors for 222Rn and 2°Rn progeny (0.4 and 0.02)F!
Cr, and Cy, - measured 22Rn and %°Rn activity concentrations (in Bg/m?)

OF is the occupancy factor (0.79 for dwellings and 0.2 for workplaces according
to the Angolan Labor Law)




Materials & Methods

Building usage

Left: Workplace constructed with metal plates; Right: Dwelling built with stones.



Materials & Methods

Building materials

A) Clay (Adobe); B) Concrete block; C) Metal (metallic plates); D) filled clay brick; E) hollow clay brick; F) Stone;



Materials & Methods

Geological units
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Results & Discussion: Indoor radon and thoron concentrations

Number of samples
Mean
Standard deviation

Minimum

First quartile

Median

Third quartile

Maximum

Number of samples below
the LLD

N = 300 Bg/m?

Shapiro Wilk test (p-value)
Spearman Rank Correlation

222Rn

(Bg/m?)

81
58
47

7

26
45
70
227

3 (4%)

0 (0%)
<0.001

(Ba/m?)

81
42
/8

10

10

16

28
461*

39 (48%)

3 (4%)
<0.001

R = 0.10, p-value = 0.377

Total
Rn2
(Bg/m?)

100
94

17

44
67
109*
483*

4 (5%)
<0.001

1121 (95%)

1/1

3/1

5/1
12/1 (92%)

aSum of indoor 222Rn and indoor 22°Rn activity concentration.
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Geological units: EGM — Eburnean granitoids and migmatites; CG — Chela Group; LF -
Leba Formation; PEMR — Post-Eburnean Mafic Rocks; RGP - A-type red granites and
porphyritic rhyolites;

Building materials: 1 — Clay; 2 — Concrete; 3 — Metal; 4 — Stone; 5 — Brick (5A — filled
brick; 5B — hollow brick).




Results & Discussion: Total annual inhalation dose (in mSv/y)

Building MRl 079 40 189 102 051 120 150 244 528 106 54
T Workplaces [0 044 042 006 019 026 046 185 0.5 95
Clay I 176 066 107 127 178 227 242 081 38

Concrete  IN& 9 1.86 0.97 0.76 0.85 2.1 2.27 3.50 1.01 52

Building Metal DRI 106 056 025 08 099 126 249 041 53
materials Stone 0.79 1 0.36 nd nd nd nd nd nd nd nd
I 079 29 170 142 039 078 122 237 58 070 84

Hollow brick T IEL 211 158 046 107 150 2690 7.0 .02 75

SN 079 7 167 121 036 089 128 223 58 077 72

| Y 079 5 221 139 025 171 2.1 279 405 086 63
Ge°'°§1'°a' LF 079 1 222 nd nd nd nd nd nd nd nd
un PEMR (R 080 006 076 078 081 083 085 007 8
S 079 2 578 202 435 506 578 649 720 241 35

Variables: OF — Occupancy factor; AM — Arithmetic mean; SD — Standard deviation; Min — Minimum; Q25 - First quartile; Med — Median; Q75 -
Third Quartile; Max — Maximum; MAD — Median absolute deviation; CV — Coefficient of variation;

Geological units: EGM — Eburnean granitoids and migmatites; CG — Chela Group; LF — Leba Formation; PEMR — Post-Eburnean Mafic Rocks;
RGP - A-type red granites and porphyritic rhyolites; nd — not determined



Results & Discussion: Total annual inhalation dose (in mSv/y)

 Log-normal distribution (dwellings and
workplaces)

* Dwellings: 0.51 to 5.28 mSvl/y, with a
median of 1.50 mSvly;

» Workplaces: 0.06 to 1.85 mSv/y, with a
median of 0.26 mSvly;

* 1 mSv threshold established in the
Council Directive 2013/59/EURATOM is
exceeded in 12% of workplaces;
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Conclusions & Implications

« Indoor radon levels are generally below 300 Bg/m3

 The contribution of 22°Rn to the total indoor radon activity concentration averages 35%, but
may reach 95%

« Highest indoor %22Rn, %2°Rn and AID values: A-type red granites and porphyritic rhyolites
« Higher indoor %°Rn and AID values: Clay, concrete and hollow brick-based constructions
« Higher indoor #?Rn, #°Rn and AID values: Dwellings

 Indoor #2Rn and indoor #?2°Rn are not correlated indicating both must be estimated
independently for a proper estimation of the contribution of 22°Rn to the AID

*This work is submitted to the Environmental Geochemistry and Health Journal
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