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Background of the Study

* Mapping of radon in indoor air and well water
in Georgia.
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Mapping Radon
in Well Water

https //aesl.ces.uga. edu/water/map/
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Georgia Drinking Water Maps

[2010][ 2011 |[ 2012 ][ 2013 ][ 2014 |[ 2015 |[ 2048 |[ 2017 |[ 2018 | [ 2019 ][ 2020 | [ 2021 | [ 2022 |[ 2023 |[ 2024 |

Start date: [01/01/2010  O|End date: [12/31/2024 O

Select a parameter:

Arsenic (As) || Lead (Pb) | [ Raden (Rn} |[ Uranium (U) |

Nitrate-N (NQz-N)

Select from the following: State of Georgia
Radon
| Radon [Siate of Georgia (1100, 1098, 870, 227) +| Samples Detectable Above  Above Range above
Humbers in parentheses represent ) ) MCL AMCL MCL pCilL
(Samples submitted, Number detectable, Mumber above MCL. above AMCL). 1100 1093 270 237 3006 1454986
Depth Rn
— Date Lab  County City () (pCiL)  pH
B - 08/16/2024 1028 Meriwether  undefined 353.0
Map Satellite L o | omte202 o7a carte undefined 3151.0
TENNESSEE b g 08/16/2024 870 Monroe undefined 36.0
_{/ ‘_,,./ A D8/16/2024 871 Coweta undefined 150 21220
' Charlg.t[e 08/16/2024 872 Monroe undefined 155 79.0
m,m, FG,E, > W,, L ; 0811612024 873 Coweta undsfined el 132420
¥ i ‘f L Hntk H"' 08/16/2024 874 Coweta undefined §12.0
Huntswlle > L , C,ha \,h chnee 1 - 08/16/2024 878 Madison undefined 2633.0
Decatur / |ICII1|J| rL":T ; "
[ Francis Marion g5 08/16/2024 935 Monroe undefined 3350
(51 st 08/16/2024 781 Towns undefined 463.0
- ational
2 Mphar‘," Forests 08/16/2024 782 Fayelte undefined 300 96427.0
- , ' Columbia® “SQUTH 02/16/2024 724 Greene undefined 250 26020
if" 'Atlsita CAROLINA | 08/16/2024 725 Greene undefined 200 141.0
ey 081672024 726 Madison undefined 22120
s ”“””“‘J" , Mg"s"a 08/16/2024 682 Clark defined 4038.0
4 Nmunu Furt'bl ' j {55 ELE riE1s
30“3053 08/16/2024 596 Fayelte undefined 200 3273.0
Summe 08/16/2024 587 Jones undefined 1104.0
ALABAMA yor /s o ch 08/16/2024 592 Jones undefined 325 10416.0
Auburn ‘v GEORGIA L 08/16/2024 554 Walton undefined 700 1029.0
Mantgomery g 4 columbus Statesboro 08/16/2024 555 Walton undefined
F b 08/16/2024 461 Walton undefined 3179.0
Savannah 08/16/2024 462 Jones undefined 650  2650.0
L 08/16/2024 463 Jones undefined 580 1105.0
Albany 081672024 454 Jones undefined 600 683.0
e Tifton 081672024 465 Jones undefined 750 214.0
) Dothan , 08/16/2024 466 Jones undefined 750 187.0
5 g 08/16/2024 467 Clarke undefined 770
7 Valdosts 08/16/2024 468 Clarke undefined 427230
oY W% \ 08/16/2024 503 Coweta undefined 200 [JIRIEEYEX)
et 08/16/2024 396 Walton undefined 480.0
Pensacala  paeij Tallahassee - .
bk 2L A E Jacksonville 08/16/2024 192 Banks undefined 45 467.0
Pana o o O j g - 08/16/2024 202 Walton undefined 300 3243.0
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GEORGIA - EPA Map of Radon Zones
Legend

hitpzifeany. epa gowradonizonemap. himi

. Ione 1 Highest Potential (greater than 4 pCi/L)
D 7one 2 Moderate Potential (from 2 to 4 pCi/l)

D Zone 3 Low Polential (less than 2 pCi/fl)

[i] cxovessir or aroncin  Radon Levels in Georgia Counties™
% EXTENSION

Fercentage of homes tested with levels 4.0 pCill and above

htg@'cé://extension.uga.edu/%(@gYa ms-services/radon-testing.html
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County Hart
Tests Completed 218
Elevated Results 68

Percent Elevated 31.2

Highest Test 34.2
Result {pCi/L)

“Testing data are from individuals
who self-selected to test their
homes for radon.
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Percentage of homes tested with levels 4.0 pCill and above - 36% and above

- 29% - 35%

8% - 14%

22% - 28% 15% - 21%

0% - 7% Insufficient Data
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Georgia radon map updated with
data through 2022

* Map summarizes results of
120,000+ tests from 1990
through 2022

* Data set is imperfect; self
selected testing and limited to
information provided by labs

* Summarized in an interactive
map on state program website

https://extension.uga.edu/programs-services/radon-testing.html
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This Huge Dataset:
Association of Indoor Air Radon and Lung Cancer
Risk with Underground Rock Types in Georgia
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Appalachian Plateau: Limestone,

Sandstone, Shale, Siltstone,
conglomerate, and coal-bearing strata.

Valley and Ridge: Limestone,
Dolomite, Shale, Siltstone, and
Sandstone, chert, mudstone, and marble.

Appalachian Plateau

Fall Line

Coastal Plain: up to 7,000 feet of
Poorly Consolidated Marine Clay,
Silt, and Sand above the basement rocks

consist entirely of igneous and metamorphic rocks,

chiefly granites, gneisses, and schists, resembling
those of the Piedmont region.

Valley and Ridge:
| Limestone, Dolomite, Shale, Siltstone,
and Sandstone with some chert,
mudstone, and marble.

Coastal Plain

R4l Appalachian Plateau:
| Limestone, Sandstone, Shale, Siltstone

Map Source: “Geographic Regions of Georgia” by E. Lynn Usery, University of Georgia

with some conglomerate, and coal-
bearing strata

Coastal Plain:
| Poorly Consolidated Marine Clay, Silt,
nd Sand above the basement rocks
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Spread of Indoor Air Radon Test Results (1990-2022) in
Different Physiographic Units of Georgia
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;: : -e-Coastal Plain (n =14,505) /
ig 3 -e-Appalachian Plateaus (n = 392) //
16 |- -e-Valley and Ridge (n = 2,576) e

il /7/ |
12 — /
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Indoor Air Radon Concentration in GA: Boxplots
Testing Period: 1990-2022; Total: 120,769

Tests Conducted During 1990-2022 (Outliers Not Shown)

Total Test Results: 120,769

B Coastal Plain (n =14,505)
Appalachian Plateaus (n = 392)
O Valley and Ridge (n = 2,576)

O Piedmont (n = 98,587)

H Blue Ridge (n = 4,709)
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Pysisiographic Provinces of Georgia

Indoor Environments ™ 2024 - Radon and Vapor Intrusion Symposium



Indoor Air Radon Concentration in GA: Boxplots
Testing Period: 2021-2022; Total: 13,727

Tests Conducted During 2021-2022 (Outliers Not Shown)

14
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10
Total Test Results: 13,727

8 O Coastal Plain (n = 1,388)

O Appalachian Plateaus (n = 71)
- O Piedmont (n = 11,286)

6 T O Valley and Ridge (n = 342)

O Blue Ridge (n = 640)
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Bivariate Association:

Between the Physiographic Provinces and the Proportion of
Indoor Air Radon Concentration At or Above 4.0 pCi/L
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GA Radon Test Results: 1990-2022
Total: 120,769

* Green: Test results Lower than 4 pCi/L
* Red: Test results Equal or Greater than 4 pCi/L
* Black: Total Tests

Chi-Square Test: Association of the Distribution
with the Physiographic Provinces

x? (df =4, N=120,769) = 3,943.5, p <0.00001

341 +51 =392
Appalachian Plateau

2,868 + 1,841 = 4,709

77,455 + 21,132 = 98,587 E 2
o
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_“'»;.\-‘.m.r

~

'_‘"':...--'

2,108 + 468 = 2,576
(AL}

14,106 + 399 = 14,505

FLORIDA

GA Radon Test Results Distribution: 1990-2022
(120,975 Total Samples)
100.00%
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m % Lower than 4 pCi/L  ® %Equal to or Greater than 4 pCi/L
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GA Radon Test Results: 2021-2022
Total: 13,727

Green: Test results Lower than 4 pCi/L
Red: Test results Equal or Greater than 4 pCi/L

Black: Total Tests

273

68+3=71
Appalachian Plateau

\.'

395 + 245 =640

+72=345
{AL]
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Coastal Plain
1,348 + 40 = 1,388

FLORIDA

Chi-Square Test: Association of the

Distribution with the Physiographic Provinces
x? (df =4, N =13,727) = 422.79, p < 0.00001

GA Radon Test Results Distribution: 2021-2022
(13,727 Total Samples)
100.00%
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Odds Ratio and Relative Risk
(of Indoor Air Radon Level 24.0 pCi/L)

i Augusta in the East

Fall-line
Columbus in the West
Macon in the Middle

Number of Test | Number of Test
Results Equal to| Results Lower
or Greater than than
Zone 4 pCi/L 4 pCi/L
Zone-1
(above fall-line) A B
Zone-2
(above fall-line) C D

Odds Ratio (Zone-1 over Zone-2) = (A - B) - (C - D)

Relative Risk

(Zone-1 over Zone-2)

= [A/(A+B)] =+ [C/(C+D)]
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GA Radon Test Results: 1990-2022 (Total: 120,769)

Fall-line

Columbus in the West
Macon in the Middle

| Augusta in the East

Relative Risk and Odds Ratio of Finding Indoor Air Radon Level 24.0 pCi/L
12
- 10.03
1: : W Relative Risk
g - B Odds Ratio
7 .
6 .
5 .
4 .
3 m
2 1.12 1.15
Sl B I
0
Region Above Fall-line over Below Fall-line Region Above Fall-line over Whole State
(Coastal Plain)

The chances of getting equal to or greater than 4.0 pCi/L test results are 8-10 times

higher in the area above the fall-line than below the fall-line.
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Areas Above Fall-line:

Relative Risk of Finding
Indoor Air Radon Level >4.0
pCi/L Within 4
Physiographic Units

Appalachian Plateau

Fall Line

Coastal Plain

4.0
3.5
3.0
25
2.0
1.5
1.6
0.5
0.0

4.0

3.5

3.0

25

2.0

1.5

1.6

0.5

0.0

Blue Ridge: Relative Risk of FindingIndoor Air
Radon Level 24.0 pCi/L

Piedmont: Relative Risk of Findingindoor Air
Radon Level 24.0 pCi/L

4.0
3.5
3.0
25
20 185
1.5 118
1.08
1.6 0.97
0'5 I I
0.0
Blue R‘idgevs Blue Ridgevs Blue Ridgevs. Blue Ridgevs. Blue Ridge vs. Piedmontvs. Piedmontvs. Piedmontvs. Piedmontvs. Piedmontvs.
Piedmont  RegionAbove Whole State APP Blue Ridge Valleyand  RegionAbove Whole State
Fall-line Ridge Fall-line
Valley and Ridge (VR): Relative Risk of Finding Appalachian Plateaus (APP): Relative Risk of
Indoor Air Radon Level 24.0 pCi/ L FindingIndoor Air Radon Level 24.0 pCi/L
4.0
3.5
3.0
25
2.0
1.4 15
0-85 1.6
S 0.61 0.59 0.66
0.46 l 6:36 05 ﬂ
] .|, .
VRvs. APP VRvs. BlueRidge VRvs. Piedmont VRvs. Region Above APPvs. Blue APPvs. VR APPvs. APPvs. Regon APPvs. Whole
Fall-line Ridge Piedmont  Above Fall-line State
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Indoor Air Radon Concentration: Basement vs. First/Main Floor
GA Radon Test Results: 2021-2022: Total: 11,179

42

40 | Total Test Results: 11,179
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o :: | = = Coastal Plain: 1st Floor (n = 837) |
g 30 | ——Piedmont: Basement (n = 5,009) I
28 | — —Piedmont: Frst Floor (n = 4,379) II
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Indoor Air Radon Concentration: Basement vs. First/Main Floor
GA Radon Test Results: 2021-2022: Total: 11,179

Indoor Air Radon: Basement vs. First Floor (Outliers Not Shown)
16
The p-value for each pair of basement p = <0.0001
= 14| Vs 1st floor is for t-statistic to test Vall. & Rdg.r= '
E significance of difference between p=<0.0001 |Blue Rdg.
2 the mean radon concentrations. r ' B Coastal Plain: Basement (n = 59)
S 12 Appl. PI. Coastal Plain: 1st Floor (n = 837)
“ -
g 10 Piedmont?”~ 0'0, L O Piedmont: Basement (n = 5,009)
c p =<0.0001 .
§ _ O Piedmont: Frst Floor (n = 4,379)
S 8 O Appalachian Plateaus: Basement (n = 10)
_§ Appalachian Plateaus: 1st Floor (n = 27)
o 6 Coast. PI B Valley and Ridge: Basement (n = 103)
= p = 0.0009 o fHoa .
f a : Valley and Ridge: 1st Floor (n = 177)
S s B Blue Ridge: Basement (n = 447)
1_:’ 2 I TI = % B Blue Ridge: First Floor (n = 135)
0
Physiographic Regions of Georgia
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Potential Lung Cancer Risk — Radon

cancer, after smoking. Radon Level Never Smoked
20 pCilL _ 23 in 1,000
« US Surgeon General — 10 DCIIL _ 18 in 1,000
Health Advisory of 4 pCi/L
in Homes (2005). 8 pCil MZONANIO0NY 15 in 1,000
4 pCill IGZNRNI000MN 7 in 1,000
* For carcinogenic risk 2 bCilL _ 4n 1.000
assessment, 1 in 10,000 is ’
considered the maximum 1.3 pCi/L _ 2in 1,000
acceptable carcinogenic 0.4 pGill _

risk.
Source: https://www.epa.gov/radon/health-risk-radon
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Models Used for Estimating Lung Cancer Risk for the Missing
Exposure Levels in the Range of 1.3-20 pCi/L

Lung Cancer Risk for a Lifetime
Exposure (#in 1,000 people)

275
250
225
200
175
150
125
100

75

50

25

e Smoker e Non Smoker

—Poly. (Smoker) —Poly. (Non Smoker)

y = -0.1919x2 + 16.936x - 1.7994
R? = 0.9999

y =-0.0035x% + 1.8786x - 0.1715
R?=0.9993

A

2 4 6 8 10 12 14 16 18 20 22

Radon Exposure Level (pCi/L)

Radon Level | Smoked | Never Smoked _
20 pCill _ 23 in 1,000

10 pCilL RISGNRRIGEEN 15 in 1,000

8 pGill _ 15in 1,000

4 pCilL _ 7in 1,000

2 pCill _ 4in 1,000

1.3 pCill _ 2'in 1,000
Source: https://www.epa.gov/radon/health-
risk-radon

* Probably okay for estimating
the risk for the missing

exposure levels in the range of
1.3-20 pCi/L.

* But may be questionable for
exposure level outside this
range.
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% Household/Population at Two Different Potential Lung Cancer Risk Levels

® Coastal Plain = Appalachian Plateaus Valley and Ridge Piedmont M Blue Ridge

70% 65% 65%

60%
50% 48% 48%
40% 38% 33% 38% 39%
30% 28% 28%
22% 22%
20% 18% 18%
14% 13% 14% 13%
10%
% 3%
0%

At least 4 per 1000 people At least 7 per 1000 people |At least 32 per 1000 people|At least 62 per 1000 people
(Radon: 22 pCi/L) (Radon: 24 pCi/L) (Radon: 22 pCi/L) (Radon: 24 pCi/L)

%Household or Population Affected

Non-Smokers Smokers
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Lung Cancer Risk for a Lifetime Exposure to *22Rn in Different
Physiographic Regions of Georgia: Non-Smokers
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%Household or Population Affected
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45
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Physiographic Regions of Georgia: Smokers

Coastal Plain

o)
@ === emAppalachianPlateaus =

Vallpy and Ridgp

30
28
26
24
22
20
18
16

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Potential Lung Cancer Risk Per 1,000 People for a Lifetime Exposure

Lung Cancer Risk for a Lifetime Exposure to 22Rn in Different

Indoor Air Radon Level (pCi/L)
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1 i Relative Risk Lung Cancer Risk (in 1000
ASSOClathH Summary Rn >4 pCi/L over Whole Sate people) for 10% Population

Valley and Ridge:
Limestone, Dolomite, Shale, Siltstone,
and Sandstone with some chert,
mudstone, and marble.

0.92 At least 10 (Rn25.6)

Appalachian Plateau:
| Limestone, Sandstone, Shale, Siltstone | 13% 0.66 At least 8 (Rn>4.6)
with some conglomerate, and coal-

| bearing strata

Coastal Plain:

Up to 7,000 feet Poorly Consolidated
Marine Clay, Silt, and Sand above the 39 0.14 At least 4 (Rn22.2)

basement rocks
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Concluding Remarks and Future Direction

» The 5 physiographic provinces of Georgia, with contrasting

underground geology, show significantly different
* Mean/median and spread of radon concentration.
* Frequency of high radon.
* Potential lung cancer risk from a lifetime exposure to radon.

»> The highest radon and the highest lung cancer risk in Georgia perhaps exist in
Blue Ridge, followed by Piedmont, Valley and Ridge, and Appalachian Plateau.

» The lowest radon and lowest lung cancer risk was found in the coastal plain;
however, still significant.

> Population in various physiographic provinces should be considered together with
these findings to properly realize the risk of radon from a public health standpoint.
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Concluding Remarks and Future Direction

Georgia population: 10.7
million.

e 6.2 million in the 21
counties of the Atlanta
region.

* Opportunities exist to study
radon testing and risk in
relation to:

v Urban versus Rural

v Race

v" Type of building and
building materials

2022 Population
21-County

= ey e ey

6,232,977

Barrow 1R
Bartow N
Carroll N
Cherokee I
Clayton NKNG_—_——
Cobb NN
Coweta N
Dawson N
Dekalb NG
Douglas N
Fayette I
Forsyth NG
Fulton NG
Gwinnett NG
Hall [
Henry NN
Newton N
Paulding NN
Rockdale 1N
Spalding IR
walton [N

OK S00K 1000K

2022 Race profile
21-County

6.9%

4359
Hispanic 34 8%
B Asian
Black ) o
W White Source: Atlanta Regional Commission
B Other https://33n.atlantaregional.com/21-

county-data-dashboard
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https://33n.atlantaregional.com/21-county-data-dashboard
https://33n.atlantaregional.com/21-county-data-dashboard

Thank you.

Primary contact: Dr. Uttam Saha (sahau@uga.edu)
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