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OF RADON IN DRINKING WATER

Radon emanation from the ground
Source: EANR, 2019
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+ WATER RADON DATA
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MANDATORY WATER QUALITY MONITORING
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MANDATORY WATER QUALITY MONITORING
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NUMBER AND TYPE OF DATA
Data Source: ERSAR| 2016 | 2017 | 2018 | 2019 Total _ A__,, .

Raw 135 189 127 14 465 2 ;\.' ‘4-. .- e

.s.'°

Treated 3648 3571 72 8 7299 ot

Raw 8 5 13 roie ]
% 02 p’ffA}L . )
Treated 463 449 4 916 N

Treated 426 352 2 780 LR O
Total 4672 4569 210 22 9473 T e |
Groundwater e Surface water I \

sources

Surface water Groundwater X R WA

Raw water sources s ¢ '3;3.

(~ 30% of existing
water sources)

Faro
(2}

Treated water

. 30 60 120 km
T T T N T T |




NUMBER AND TYPE OF DATA

. ‘,'
Raw 135 189 127 14 465 o g
Treated 3648 3571 72 8 7299 .:'*.3_;,.;;

Raw 8 5 13 o
Treated 463 449 4 916 Sl

Treated 426 352 2 780 LR O
Total 4672 4569 210 22 9473 T e |
Groundwater e Surface water I v

sources

Surface water Groundwater X R WA

Raw water sotrees SRRt

(~ 30% of existing
water sources)

. Lot o *
Faro
(2}

Treated water

. 30 60 120 km
T T T N T T |




2016 VS. 2017 DATA
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v' Statistically significant correlations between 2016 and 2017 radon concentration by source
v' Correlations are better for raw groundwater > treated groundwater > treated surface water
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DISTRIBUTION OF RADON CONCENTRATION

o bia | _swtoe_
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DISTRIBUTION OF RADON CONCENTRATION
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DISTRIBUTION OF RADON CONCENTRATION

Lithology

acdicigneous rock
amphibolite
M basalt
. brecdia
> ‘. chlonte actinolite epidote metamomhic rock
4 conglomerate

diorite

B doleritic rock
foid sy enite

M gatbro
gneiss

W granite

gravel

limestone

[ marble

micaschist

othogneiss

B peridctite
phylite

M pomphyry
quartzite
rhy olite .
sand Terrestrial
sandstone gamma dose

serpertinite rate (nGy/ h)

shale

_ Treated groundwater
o “ A W< radon concentration
(median by source in Bg/L)

syente B High : 474.165 e 0-10

tonalite ;
I ‘oD o
| trachyte ] g © 11-100

s Low :-5.12214 o © 101 -500

wacke

o

. 501 - 1000
Source: LNEG (2023) Source: Batista et al. (2013) N erefigned & we E 10 m




R* = 0,00
250

o
200

o o8 o
100 150

50
Terrestrial gamma dose rate (nGy/h)

Treated surface water RC (Bq/L)

100 -

b---- T }-t--------- 4 e¢bh
L F-F--------- 4 zb
Foneeene I -t e
I I S
_.._H_H_.l._ - deb
N Fommmmmoo- 1 1]----1 - g ¢b
o T_ o
N N S
= I B L
T -4+
M }--4}F as
<L bomm- - T__}--1 dao
o’ p-----{_T__}-t das
|
- 1L _J | vo
N R et St {T]--+2wmw
e I N W, e
LLI e N |
& LLre
FHL T ] F ras
= F---[] | win
O bfo----- [T ]+ zdaN
i T ]} eveN
@) 1| va
F----- [T]+ 2o
BRREES —-L___Tlrs
=z F---t--[ ]t t0oga
R { 1]+ 3
0 ettt BT [ J-F dean
D F--{ FF vs
F{ ]+ irL
A _ L zewbis
R | F e Joas
F--{] |- soas
R [ }+ 10
LL. F-J F 1o
| b LVdN
o I e
F-p------- [ ]+ eN
R [ }+ 2N
= | O
o g Hi
| |+ er
- 3 SN
T - | F vinvo
] _.|_ L e|B
U Dnn | F oude
B H] F se2a
t----{ ]t ¢za
| F--- | e ha
R L Tl ea
R ettt §+z0
T [} ewbis
]
7y o £
Q c
T T T T T T T T G u
mll s 5558853 ®°
D © Aﬂcm,w uoped 1ajempunolr)

I T T T
o o o o
o o o o
N < m (V]
LN
o
I,
NP
.
: |
= il
N .
(>3 o |
o b |
~ ..
o/ .
(4
1™
(]
e
5
T :
n L]
= 8
(] 3
r L]
5 :
o :
(V] T T T T I
e
C o o o o o
Q O o o ()
- O LN o LN
= — —
o]
m,
o
in s
&
)
—
N
O
[+
~
O
& _
. .
(7] |
P
5
<
c
u L]
o L]
= 3
Lo) I T T T T
2 o o o o o
ao o o o
RO o o o
< ™ V] —

200 300

100
Terrestrial gamma dose rate (nGy/h)

200 300

100
Terrestrial gamma dose rate (nGy/h)



GRP PREDICTION USING WATER RADON DATA

Multiclass Receiver Operating Characteristic (ROC) curve analysis
using the One vs. Rest strategy

Groundwater radon
concentration (Bq/L)
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Source: Pereira et al., (2022)



o
0

True positive rate

O
o

O
~

O
N

O
o

PREDICTION USING

L]
s
-’.-\-"
-
- -

Treated water (N = 1702)

Opt. classifier (Mean by source):
30 Bag/L; AUC = 0.84

Opt. classifier (Max by source):

30 Bg/L; AUC = 0.84

I I I I

0.2 0.4 0.6 0.8
False positive rate

1.0

WATER RADON DATA

O
Co
1
Qo e

o
(0))
]
ley

True positive rate

o
N
|

o

1N

]
T e

O
o
1

-—- e = e e e e = = ===

Raw water (N = 111)

Opt. classifier (Mean by source):
127 Bg/L; AUC = 0.96

Opt. classifer (Max by source):
122 Bqg/L; AUC = 0.95

0.2 0.4 0.6 0.8
False positive rate

1.0



GRP PREDICTION USING WATER RADON DATA
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FINAL REMARKS

= Distribution of Radon Concentration in mainland Portugal:
v Higher in Groundwater and Raw water (compared to Surface / Treated water)

v High spatial variability (related to geology), as well as temporal

= Correlation between variables:
v 2016 and 2017 maximum RC by source
v Raw water and Treated water RC (N = 29!)
v RC and TGDR

- Groundwater Radon Concentration for Geogenic Radon Potential Prediction:
v Classification power is good (AUC > 0.84);
v Higher classification power using raw water data and with higher N per water source

v RC threshold inconsistency (strong data dependency!)
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