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Natural Reduction Characteristics of Radon in Drinking Groundwater
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ABSTRACT

To investigate the natural reduction characteristics of radon with a short half-life (3.82 day) in drinking groundwater, we
analyzed the changes of radon concentrations of groundwater, waters in storage tanks, and tap waters from the small-scale
groundwater-supply systems (N =301) by LSC (Liquid Scintillation Counter). We also analyzed the concentrations of
uranium (half-life 4.5 billion years) in the waters by ICP/MS to compare with natural reduction of radon concentration.
The radon concentrations of 68 groundwater-supply systems occupying 22.6% of the total samples exceeded the US EPA's
Alternative Maximum Contaminant Level (AMCL : 4,000 pCi/L), with the average radon concentration of 7,316 pCi/L
(groundwaters), 3,833 pCi/L (tank waters) and 3,407 pCi/L (tap waters). Compared to the radon levels of pumped
groundwaters, those of tank and tap waters naturally reduced significantly down to about 50%. Especially, in case of 29
groundwater-supply systems with the groundwater radon concentrations of 4,000~6,000 pCi/L, average radon
concentrations of the tank and tap waters naturally decreased down to the AMCL. Therefore this study implies that radon
concentrations of drinking groundwater can be effectively reduced by sufficient storage and residence in tanks.
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Table 1. Uranium and radon concentrations of diverse rocks in South Korea and of groundwater in other countries

Rock type Area (No. of sample) U Rn
I\(giz_kse:}gll:;l tary rocks Ogcheon (102) 294.0 ppm -

Rock Granitic rocks Songrisan granite (30)? 4.03 ppm 1.35 pCi/g
Sedimentary rocks Yucheon group (11)” 1.49 ppm 0.50 pCi/g
Metamorphic rocks Yulri formation (6)" 1.99 ppm 0.67 pCi/g
Granite Norway” (163) 16 pg/L (~750 pg/L) 700 Bg/L (~19,900 Bq/L)

Pennsylvania, USA® (116) - (49~1,300 pCi/L)
Ground- ) Norway® (30) - 22 Bg/L (~410 Bg/L)
water Sedimentary rocks Tllinois, USA? (116) 13 ug/l (0~17 ug/l) 267 pCill. (< 80~1,300 pCi/L)
> L 1 p > P!
Metamorphic rocks Poland® (654) - (0~92.5 Bq/L)

D Kim (1987), ? Sung et al. (2000), * Sung et al. (2001), ¥ Hong et al. (2001), > Frengstad (2000), Banks et al. (1998), © USGS (2000),
7 USGS (2001), ® Przylibski et al. (2004)
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Table 2. Local geologic setting of sampling sites (N = 301) in this study
Geologic Age Rocks Mark Number (.)f sampling
sites
. Quaternary (9) Volcanic rocks Qv 9
Cenozoic (10) . .
Tertiary (1) Sedimentary rocks Qs 1
Volcanic rocks Ka 8
Sedimentary rocks Ks 11
Granit h; K 2
Cretaceous (62) ram ¢ pOI’I.J o &
Biotite granite Kbgr 20
Granite-diorite kedp 2
Granite Kgr 19
Mesozoic (171) Sedimentary rocks Is 2
Biotite granite Jbgr 38
Two-mica granite Jtmgr 5
Jurassic (109) Porphyritic granite Jpgr 10
Hornblende-biotite granite Jger 4
Granite-diorite Jedi 7
Granite Jgr 43
. Sedimentary rocks Ps
Paleozoic (9) .
Limestone Is
Sedimentary rocks s
Biotite granite gdp
Unknown (45) Granite er 16
Granitic gneiss grgn 10
Gneiss gn 14
Metasedimentary rocks PCs 4
Granitic gneiss P€kgren 27
Pre- .
re-Cambrian (66) Banded granitic gneiss P€bgrgn 22
Gneiss PEgn 13
Total 301
=0l Aelel wet 3o BRI HAF A, B, C al — mdms
1 — 6days
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Fig. 2. Spectrum variation of the “°Ra standard solution with the
elapsed time after spiking of samples.
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Table 3. Measurement efficiency of ?’Rn using **Ra standard
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solution
Std. No. Efficiency(%)
1 86.25
2 88.68
3 89.27
Average 88.07 £ 1.60
Rn AT,
Rn(dpm/L) :( )total _ CR oc Rn' D
V.o Ve

&J714, Vg(L)=volume of sample, &= efficiency, CR =
count rate(cpm), Ar,=constant of radon, Tp= elapsed

time (day).
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1~8,302(F 1,549) pCiL, 5~8,437(HT 1,510) pCi/L,
6~12,362(F 1,506) pCi/LO]ATH Table 4).
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Table 4. Radon concentrations in groundwaters, tank waters and tap waters

Groundwater Tank water Tap water A Tap water B Tap water C
(pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/lL)
Min. 3 13 1 5 6
Max. 22,059 9,381 8,302 8,437 12,362
Average 2,815 1,639 1,549 1,510 1,506
Median 1,802 1,090 1,027 896 976
Table 5. Uranium concentrations in groundwaters, tank waters and tap waters
Groundwater Tank water Tap water A Tap water B Tap water C
(pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L)
Min. ND' ND* ND' ND' ND'
Max. 1,757.00 1,443.00 2,107.00 1,764.00 1,391.00
Average 14.09 10.41 12.72 11.76 10.19
Median 1.04 1.00 0.92 0.97 0.85

* ND(Not detected) < 0.01 pg/L
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Table 6. The average radon and uranium concentrations, and the estimated natural reduction rates (%) in the sites with 4,000~6,000 pCi/

L (N =29) and > 6,000 pCi/L (N = 39)

4,000~6,000 pCi/L (N =29)

> 6,000 pCi/L (N = 39)

Sample R_n 8] Distance* Reduction Sample R_n U Distance* Reduction
(PCL)  (ngl)  (m)  rate (%) (PCiL)  (ngl)  (m)  rate (%)
Groundwater 4,936 10.81 112 - Groundwater 9,086 55.67 114 -
Tank water 2,341 8.24 0 52.6 Tank water 4,952 46.46 0 45.5
Average Tap water A 2,291 9.45 242 53.6 Average Tap water A 4,381 43.17 182 51.8
Tap water B 2,233 9.18 329 54.8 Tap water B 4,113 38.16 282 54.7
Tap water C 2,292 9.14 442 53.6 Tap water C 4,250 42.29 362 532

*Average distance from the tank site.

1 OMOI

8000|

6000|
4, 9?
3
4000 I t T WAL 4230

238 229 ?l?.ﬂ | ?d
0 I

Groundwater Tank water Tap water A Tap water B Tap water C
BN : 4.000~6,000pCi/L I W: > 6,000 pCi/L
(N=29) (N=39)

Average of radon concentration (pCi/L)

Fig. 3. Average radon concentrations in tank waters and tap
waters from groundwaters with high concentrations of radon.
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A BgazAe] HaAEE oF 110m A= Foj4 I
on EE)=F9} TR A, B, (79 HaAge 47
182 m, 282m, 362 me|H HAFE Fagtll= <F 100
m {FASE HolA] It AgollA ERAZ o)F3shA
A gREe] et ARARATES oF 46%013aL, EE)=0NA
AR o) F3PHA F 50%7HA] 7SRO TR
it g g oH3] mla AIRFX|(USEPA, 2000;
2003y sk o= YERITHTable 6, Fig. 3).
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ZRE2] o] 4,000~6,000 pCiLR] PEESE 20704

o] 94 F Hit = RS 4,936 pCiLe|aL, B8

o} BAE A, B, C= Z7F 2,341 pCilL, 2,291 pCilL,
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