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Hydrogeochemical Characteristics and Natural Radionuclides
in Groundwater for Drinking-water Supply in Korea
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National Institute of Environmental Research.

ABSTRACT

A total of 247 samples were collected from groundwater being used for drinking-water supply, and hydrogeochemistry
and radionuclide analysis were performed. In-situ analysis of groundwaters resulted in ranges of 13.7~25.1°C for
temperature, 5.9~8.5 for pH, 33~591 mV for Eh, 66~820 S/cm for EC, and 0.2~9.4 mg/L for DO. Major cation and
anion concentrations of groundwaters were in ranges of 0.5~227.6 for Na, 1.0~279.3 for Ca, 0.0~9.3 for K, 0.1~100.1 for
Mg, 0.0~3.3 for F, 0.9~779.1 for Cl,0.3~120.4 for SO4, 0.0~27.4 for NO;-N, and 6~372 mg/L for HCO;. Uranium-238 and
radon-222 concentrations were detected in ranges of N.D-131.1 ug/L and 18-15,953 pCi/L, respectively. In case of some
groundwaters exceeding USEPA MCL level (30 pg/L) for uranium concentration, their pH ranged from 6.8 to 8.0 and Eh
showed a relatively low value(86~199 mV) compared to other areas. Most groundwaters belonged to Ca-(Na)-HCO; type,
and groundwaters of metamorphic rock exhibited the highest concentration of Na, Mg, Ca, Cl, NO;s-N, U, and those of
plutonic rock showed the highest concentration of HCOs, and Rn. Uranium and fluoride from granite areas did not show
any correlation. However, uranium and bicarbonate displayed a positive relation of some areas in plutonic

rocks(R*=0.3896).
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LM B

S go] GRES AHse] ojFska Y= e B
AdroR 8 1 A AriHos P9 1)
ol ol ek & 4= ik, et AESe] o

P % FRB H B, AR A0
AgShL Qe PGSR D AT A 5 s
o§ A, Bl A% 5o sk A5l b
3 gHdo] Fehsla glovt AR wEEE Skl 2
QAR BE) A9 A BET AU 9]

R F5 o] e ADAIEAT

ST

o
=)

*Corresponding author : d§joony@me.go.kr

2], 1999; 7S 1, 2002; S 21, 2006; Hels 21, 2007).

H=s HIES 5R9HY 97 AZSSS olr] 1960
ol W 5 AMAMIR D] Uik ZAE AR
O ™H(USGS, 1962; Health Canada, 1968; Wrenn et
al,, 1975; Arvela et al, 1979; Hess et al., 1985) A}39
AVIERT AT B T8 FRol) tig e F
Pslar = AAgolch(Langmuir, 1978; Wilhelm et al.,
1997, Banks et al., 1998; Daniel, 2006, David et al, 2009).
=] B9 Aekre] EjRA|Eete B F9da] g
AFE ASHeE Sl o1 ofelEE o,
1997; ZH<- 9], 1998; A 2], 1999; 3-8 <], 2000;
2 9], 2003; 1Y <, 2007), NEKE F AL
AEAY T4, T8 oo, AE T BA!

ATASLY :2011.7.25 AAKL :2011.11.23 AAZSAY :2011.12.2

e & E9] :2012.2.29 7HA]

133



134 =3 - 7

o= oH v} o AARR] 54 AT
Aotk 9], 1999; L 2], 2006;
Aels <1, 2007; E <, 2009).

ool ¥ A= =] a—%i AREEE RS 24770
Z(Fig. DE Wdem AFrd, 78 F2el2 59 +
A|steh] 250k E]-Er 3154 A EATe] &
A 2 e e FEjRERIAtE et AAHAMIEA
gt A7E s

2. AlgldHy

2.1 AlZxE 2 ®XE

A3le] SR AF, B3, 242 13
ko] sl T ARIAMIER SHAHEl A1 Bl Al
AlE Al bl T3] STk HElS ©l, 2007;
AR 91;2009). el ol S0l B8 AEE
045 um =FHE] 3+ & 125mL Polyethylene bottledl &
ko fehgy Yol Al disire Fade] 33
I 22 W) 98 FELF 1 mlE FArRiY 2=
Alge disiMe dFoA 22mL PE vialoll Optiphase
Hisafe3 H%%QH 12 mLol] A E 8§ mLE Hrlsl] 5&
7H A e T =y galEe] WalgEo) o]F0]Z 34
7F Zof| A3kt

AHE AskE Algs Foe HE] 247)(Orion muli

Legend

Quatemnary volcanic rock
Tertiary segmentary rock
Volcanic rock

[ scdimetary rock
Intrusive rock{Granite)
Limestone

Metamorphic rock

@ Sampling Site
"

Kilometers
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Table 1. Statistical analysis results of various major ions and radionuclides(Rn and U) parameters (n = 247).

. Statistics Minium Maxium Average Median Kurtosis Skewness
Variable
T (°C) 13.7 25.1 17.1 17.0 439 1.56
pH 5.9 8.5 6.9 6.9 —-0.04 0.45
Eh (mV) 33 591 232 194 0.71 1.19
EC (uS/cm) 66 820 245 221 3.15 1.54
DO (mg/L) 0.2 9.4 3.9 4.0 —-0.53 0.06
Si (mg/L) 0.4 25.1 11.7 114 0.08 0.29
Na (mg/L) 0.9 227.6 16.9 13.0 59.35 7.20
K (mg/L) 0.2 9.3 1.9 1.6 5.11 1.81
Mg (mg/L) 0.1 100.1 6.0 4.2 97.95 8.32
Ca (mg/L) 42 279.3 23.1 20.3 86.22 7.70
F (mg/L) 0.0 33 0.4 0.3 17.11 3.40
Cl (mg/L) 1.8 779.1 19.9 9.9 115.16 10.36
SO, (mg/L) 0.3 110.9 12.7 9.1 15.85 3.42
NO;-N (mg/L) 0.0 27.4 4.0 2.72 1.33 0.46
HCO; (mg/L) 15.3 372.1 83.5 70.2 7.14 2.15
U (ng/L) 0.0 131.1 5.3 1.1 32.62 5.13
Rn-222 (pCi/L) 18 15,953 2,493 1596 6.01 2.10
AFAAE AR U-2387 Rn-2229] &2 Zhz 20 YERAT
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Table 2. Statistical analysis results of major ions according to rock type(n = 247).

(a) Igneous rocks

Statistics Plutonic(granite) rocks(n = 126) Volcanic rocks(n=21)

Variable Minium Maxium Average Median Kurtosis Skewness Minium Maxium Average Median Kurtosis Skewness
Na (mg/L) 42 175.7 16.1 132 70.08 7.56 8.6 432 17.0 144 3.03 1.73
K (mg/L) 0.2 9.3 1.7 1.4 12.39 2.60 0.4 49 2.0 1.2 -1.07 0.56
Mg (mg/L) 0.1 14.0 4.7 3.8 0.35 1.01 0.3 17.2 5.0 4.9 6.23 1.96
Ca (mg/L) 4.9 56.3 20.8 19.8 1.42 1.10 42 355 17.1 152 -0.90 0.38
F (mg/L) 0.0 33 0.4 0.3 14.77 3.30 0.0 0.8 0.3 0.2 0.00 1.06
Cl (mg/L) 1.8 140.3 14.7 9.8  23.15 437 3.1 66.6 16.4 8.3 2.72 1.89
SO, (mg/L) 0.3 110.9 10.9 8.2 31.80 5.05 1.9 61.3 14.1 72 271 1.84

NOsN (mgL) 0.1 188 42 29 346
HCO; (mglL) 153 3721 779 702  15.12
U (ug/L) 00 760 76 17 886
Rn222 (pCiL) 18 15953 3,190 2351 428

1.70 0.0 12.9 29 1.8 3.30 1.72
297 39.7  119.0 73.4 67.1  -0.50 0.53
3.03 0.0 43 0.9 0.2 2.19 1.71
1.83 95 3,152 945 724 1.36 1.24
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Table 2. Continued.

(b) Metamorphic and sedimentary rocks

Statistics Metamorphic rocks(n=76) Sedimentary rocks(n=21)

Variable Minium Maxium Average Median Kurtosis Skewness Minium Maxium Average Median Kurtosis Skewness
Na (mg/L) 4.1 227.6 18.1 11.3 35.10 5.86 0.9 63.3 16.9 12.8 2.85 1.66
K (mg/L) 0.6 6.7 2.1 1.8 2.38 1.52 0.2 6.8 2.0 1.5 2.26 1.50
Mg (mg/L) 0.7 100.1 7.7 49 47776 6.38 0.4 26.0 8.7 6.8 —0.07 0.89
Ca (mg/L) 6.1 279.3 25.8 20.0  46.47 6.35 5.0 72.7 322 256 —0.40 0.80
F (mg/L) 0.0 1.1 0.3 0.3 1.61 1.31 0.0 23 0.3 02 1049 3.04
Cl (mg/L) 20  779.1 30.8 102 38.36 6.17 22 59.7 15.9 9.3 2.09 1.72
SO, (mg/L) 1.5 63.6 14.0 10.6 4.75 2.15 1.7 71.8 16.6 124 7.18 2.33
NOs-N (mg/L) 0.1 274 43 2.7 8.52 248 0.0 13.0 3.7 22 0.74 1.40
HCO; (mg/L) 153 280.6 80.3 70.2 6.40 2.11 244 2471 1317 1342 -091 0.18
U (ug/l) 0.0 131.1 3.9 0.6  60.58 7.50 0.1 8.6 1.7 0.9 5.07 2.24
Rn-222 (pCi/L) 31 9,721 2,152 1,370 2.49 1.57 69 5,666 1,261 887 5.65 2.14

2:

AE) At wAdslaeke] 49} H|S=8E AEkRS Kol
ATHDavid et al., 2009). =3+ WA} 339t x| X

AN

33. &E X2 ¥ XA SR Tto| 2HA|

=2 B3 VAR 29 7N uet St 7
28hs Zloz deA tk(Wilhelm et al,, 1997). A}
247N Ao 2T BEA ks ke A
PAE Awst Aol w2t Fig. 240l =AIRCY, &

< HolAE ¥l YOH(R>=0.003) P-value ZE
0.05 o3} Rt Langmuir(1978)= pHe} $2hF &
E9 g3ll=el diste] sk ub Qlom ofef] & Ao
Al ZAHE 247704 Aslre] Axel we} pHet $-2hEel
FHBAE Fig. 2AR] ZAISE 29 2 A4S Holal
AR LAARHRE=0.0185) P-value Z+& 0.05 ©]31E B
Aok, A9 ool wEt =43 AalE s
59 7lEo] 2o AR A9 AdGEHIe] i
o= Uepkon o] ¢hAe] AslrallM= pHZF S/
Al eF7AS VERAL 1eH pHO| St mE -
2ol SVl 43S Holal Atk(Fig. 2(B)). E3F =
Yl ot h A@AY] FollA] A st A7
Belopy] wiAYe] 2 B¥shk= A7), T, I5, g
Aol EZAT sliketo] E¥xshs A, AlF Aol
Hisle] ke g o] EA AEEAKFig. 2).

Al ol & = v HVIHEE(EC), Akst

J. Soil & Groundwater Env. Vol. 16(6), p. 133~142, 2011

£ 91(Ehet 2hE, SehEe BAE =R A3 2
S HolA] ke FoSEgk(P-valuey> 0.050]
a2 uvehdth $ebEel A$ Eh el 200mv olake]
aolA 71EAkE alehe AEel debdthFig. 3)

34. F2 4F0|22| SMIt XIUALS S A BO| 2A|

T8 ol gl Uit FAREE & 30 YE
Wtk 97 SIRIAIY B= A3]AAIHelM= Clt Ca,
MgZ} B2 X 9Gel nlsle] =A AEENoH, A9H &
Fo A AL g Il TEAIE 2 o
5 Aol YERT.

FQo0l259] A S JERE piper diagram
of BAE AE TAIS A, iR A= Ca-
(Na)-HCO; typeS HAthFig. 4). B35 21(1997)00 9
sl e o R sl shdsvlel tirge] XIshoA
= Z7|HAIE Ca-(Na)-HCO; typecllA Al1Zlske] 3
2} R3} A4S AAEA Na-Ca-HCO; typed} Na-HCO;
typeQ 2 F= AES Heltka 3Gt g 3t Gel
A A3 NatK-Cl type, ST 247 A8)9k) )
+ A9 Ae= Ca-Mg-HCO; typeS 2 A5 300
T8 Feoled AARMIEAETe]

e
(0]

(9]
®
iy

FQ - So|LEL hAE AFEESL YA AT
8L FA Qe AR Kol AR HISSE S waL
Utk HCOs® 7% v2ta9 ol 20 ug/LEY =4 Y
Bt A EReH) A QolA g X|2(R2=0.024)] ¥l
sl Aol BAI(R?=0.3896)2 YERNZI= 3HItHFig.

6). =3, e 3P A HelN Askree] At 2



S 5848l reiAlske 9 AR EE 87 54 137

18,000 18,000
# Depth < 100 S
1 4 #NMegalopolis mKang-Wo
16,000 ° ® Depth 100-150 16,000 8
14,000 . A Depth 150~200 = 14,000 - Akpmo=l  @Chung:by
= * S 0 i
o L] = # Chung-Nam @Kyung-Bul
2 12,000 1 Depth >= 200 %12 000 - ung-Nam @Kyung
5 2 # Kyung-Nam a Jeon-Buk
S S 10,000 - X
B ] * oJeon-Nam ¢ Je-Ju
< & 8000 4
4] = eJe
= ©
s 9 6,000 - &
~ ~ Adagp ,
N L * N 4000 +— = % l:‘ = S o priviy
< = *g \Ki% = o
e 2,000 - o X& 9 a
o “eX o,
*, ‘ 0 - * e
120 140 16.0 18.0 200 220 240 26.0 120 140 16.0 18.0 200 220 240 26.0
Temperature (°C) Temperature (°C)
150.0 150.00
A A
o 1200 j12000 1
~ =
= =
= =
£ g
6 900 - 6 90.00 -
- -
£ " B °
g . g »
o L (7] A
2 600 4 L a 2 60.00 oy .
S 8
= & 3 = n 5
% ! USEPA
300 + & 3000 1 - " e
A [} "] L ®
a me X o
LI ..0" b A = %.5 ‘ B ek
00 L i e el RS Bigis M eat T 0.00 —&Mﬂﬁﬁém—k
5.5 6.0 6.5 7.0 p ] 8.0 85 55 6.0 6.5 7.0 75 8.0 85
pH pH
18000 150.00
# plutonic(granite) rocks # plutonic(granite) rocks
16000 . a )
® metamorphic rocks B metamorphic rocks
—_ 120.00 "
= £8000: . ¢ 4 sedimentary rocks - A sedimentary rocks
(5] . - E
& 12000 ® yolcanic rocks § ® volcanic rocks
5 < 90.00
o
5 10000 & % 5
= = s .
T 8000 £ ”
b £ 60.00 - ., .
5 6000 £
(=] (=] *
2 psepa .
z. 4000 B moebicl D 3000 - = \. l,‘J,‘ScELPA
= . .
o 2000 * LIRS
. 2% A SR
-
0 : 000 1 ave citeisitiftD st @rats * 0 o
12.0 14.0 16.0 18.0 20.0 220 240 26.0 55 6.0 6.5 7.0 7.5 8.0 85
Temperature (°C) pH

(B)

Fig 2. Plots of in-situ parameters versus radionuclides(Rn-222, U-238) data of the groundwaters in the study area(A: depth and
Province, B: rock type).

7L 4 A oG ¢, B Agrollx] 3PSk A ellA] =AM AJskre] B8} ¢
2008) 922l ¢ 3P A GolA tf2 ol s} ‘ﬂ’ﬂ” TS vl Ay 2 A4S HolAle ggkon

3 B v) QokAdeld 2, 2002 P-value & 0.057]7HO0 2 UrE‘rb%E}. Tk ke
IS 9], 2006, AES £, 2007; =314 <], 2008). o] 7 AHLe BA et giRE 1.5 mg/LoldlllA UER:

2
i

e

o |

i
ot
5
o\N

J. Soil & Groundwater Env. Vol. 16(6), p. 133~142, 2011



138

Rn-222 concentration(pCi/L)

Rn-222 concentration(pCi/L)

18,000

ot

16,000

14,000

12,000

10,000

8,000

6,000

4,000 4~

2,000

18,000

200

400 600

EC(uS/cm)

800

16,000

14,000

12,000

10,000

8,000

6,000

4,000 {—

2,000

*®

155 - ol
1500
L
—~ 1200
)
<
(=2
=
=1
6 900
=
Z L
5
L
g °
g 600 - KA
9
a L
. [USEPA *
v N 300 {— b gd . ) ) —
o>
o® o0
¢
M
00
1000 0 200 400 600 800 1000
EC(uS/cm)
150.0
*
~ 1200 A
S~
{=2]
£
T
6 900
5
Z *
t @
[7] L
g 600 P
2
a P .
USEPA
" olamae 300 4 o v AT seP
2
¢
%’ ° $ e *
o
00 -2 9

Eh(mY)

0 100 200 300 400 500 600 700

Eh(mY)

Fig. 3. Plots of in-situ parameters (EC, Eh) versus radionuclides(Rn-222, U) data of the groundwaters in the study area.

v
a

- LEGEND-

Ca

Fig. 4. Piper diagram of major ions for groundwater type.

Na+K

HCO3

J. Soil & Groundwater Env. Vol. 16(6), p. 133~142, 2011

th(Fig. 7).

5 2B F2 golete] AE o
A8 d7191EM e A e AEAI Sae] A
del gk A ¥ BeE Ao AlsHT

4.8 £

807 o8Il = Aakr 247704 el 2009
39~20099 1297HA] AlsAlF 2 dASEEA Fa9k
Fol2, AMMIEA (e, gl tigh £49
T5 T3t

AggEY SRS 13.7~25.1(17.1°C, pH
5.9~8.5(6.9), AK3}-SHAH$I (Eh) 33~591(232) mV, A7
T 5(EC) 66~820(245) uS/cm, &F2HA(DO) 0.2~9.4
(3.9 mg/Le] WS F8 & - Sol22] TS Na 0.5~
2276(172), Ca 1.0-2793(22.7), K 0.0-93(1.8), Mg 0.1~100.1

o



18000

16000

5 B B
2 E 5
800

8000

6000

4000

Rn-222 concentration (pCi/L)

2000

18000

16000

gk &
g8 8

8000

Rn-222 concentration (pCi/L)

g

H
g &
g 8

6000

4000

Rn-222 concentration (pCi/L)

2000

18000

16000

g 8

5 10000

Rn-222 concentration (pCi/L)

S 588l reiAIske 9 AT EE

# plutonic(granite) rocks
4 & ® metamorphic rocks
A sedimentary rocks
1 . :
- volcanic rocks
.
1 »
4 s ke
[
*
a
T T
0.0 50.0 100.0 150.0 200.0 250.0
Na concentration (mg/L)
.
1 .
.
] [ ] *
i ®
L]
*
A
a
T
8.0 10.0
K concentration (mg/L)
e
o
.
(]
L T T
0.0 20.0 40.0 60.0 80.0 100.0 1200
Mg concentration (mg/L)
.
1 -
*
1T om e
o
a
100.0 150.0 200.0 250.0 300.0

Ca concentration (mg/L)

(17.1), F 0.0~3.3(0.4), Cl 0.9~779.1(19.8), SO, 0.3~120.4
(12.7), NOs-N 0.0~27.4(4.2), HCO; 6~372(87) mg/Le] ®
EERT

18000

139

16000 - o

I

S

8
.

12000

=
=}
=1
8

8000

6000

4000

Rn-222 concentration (pCi/L)

2000

15 20 25
F concentration (mg/L)

30

18000
16000 l

2 5B %
(=] Q Q
2 8 8

8000

6000

4000

Rn-222 concentration (pCi/L)

2000

0.0

18000

400.0 600.0
Cl concentration (mg/L)

800.0

1000.0

16000 - .

5 B
s 2

5 10000

8000

6000

4000

Rn-222 concentration (pCi/L)

2000

0.0

18000

15.0
NO;-N concentration (mg/L)

20.0

250

300

16000

*

5 &

[=3 (=]

8 8
.

10000 - =
8000 -
6000 -

4000

Rn-222 concentration (pCi/L)

2000

0.0 50.0

A E A U238 Rn-2229] SHEe
N.D~131.1(5.3) ug/L, 18~15953(2,493) pCi/L2] o=
AEERoH dF- sl v ek 71RERI (30 pg/

s

.
o0

4 Ok
I 2a A mda =
0o 4 “".A A‘».A“ L]

100.0 150.0 200.0 250.0 300.0

HCO; concentration (mg/L)

Fig. 5. Plots of major ion(Na, K, Mg. Ca, F, Cl, NO;-N, HCOs3) versus Rn-222 data of the groundwaters in the study area.

350.0

400.0

742}

J. Soil & Groundwater Env. Vol. 16(6), p. 133~142, 2011



140 A= - PR - o|IF

1200 1300
. * phutonicigranite) rocks -
. B matamorphic rogks T
1200 & sedimentary rocks 120
® volcanic rocks g
§ oo o 1000
k-]
§ 800 a .§. 0.0 .
] * = -
g - g e .
§ BOD 4 e S s 4 - .
S a0 4 o E 200 v
> % = : % X L
£ B 2

200 - 200 4 o %
'ﬂh : . (TAPRG ¥
-
i at . . 0o B, A D . i .

oo 00 1000 1500 2000 2500 o s 10 15 20 25 30 35
Ma concentration (mg/L) F concentration (mg/L)
1400 1500
[ -
1200 1200
-
E 1000 § 1000
§ 200 g 80.0
= * - = | 4
s . s .
§ 00 | g . § 00 §*
§ 5
o - o -
= 400 o 5 o w0 e
* i
200 - 200
-
.o : . ™ * .t ™
00 .m-. o s - * o0 L =
oo 20 a0 60 B0 100 0.0 2000 000 600.0 8000 10000
K concentration (mag/1) Cl concentration (mg/L)
1s00 L1500
- ]
1200 1 1200
§ 1000 S\ 100.0
2
.§ 200 § 80.0
s % s %
= - £ -
€ wo ¢ E o0 4o +
5 5
= 400 4% ; 400 4 - =
=1 & . *
fe %
200 4 200 & 0, .
- s .. . * . . =
00 o PO a0 aheth a o
oo 200 00 600 00 1000 1200 o0 50 100 150 X0 50 300
Mg concentration (mg/1) Noyg-N concentration {mg/)
1400 1300
[ -
1200 1200

U concentration (pg/L)
®
L=

U concentration (ua/L)
5

..
-
800 s o* 600
o - n
40,0 s é 400
*sa
200 200
00 ol e 00 e B
oo 50 1000 1500 000 2500 0 oo Q0 1000 1500 w00 500 3000 3500 400
Ca concentration (mg/L) HCOy concentration (mg/L)

Fig. 6. Plots of major ion(Na, K, Mg. Ca, F, Cl, NOs-N, HCOs) versus U data of the groundwaters in the study area.

L)e} 2k= A1 (4,000 pCiLyE 335t S, A&, A AGellA the Aol Hlste] sehat
ke WAGERRRIRh) A AskrellM shee 2hEd] gl A AEHUT AR 24704 A
SPIIAS Askrell M Hal st AE Hler A7l o 2 Bl T AHEAIE Holxle &%k

J. Soil & Groundwater Env. Vol. 16(6), p. 133~142, 2011



USEPA
McL

U concentration (pug/L)

0.0 05 10 185 20 2.5 30 35
F concentration (mg/L)

Fig. 7. Correlation of F versus U data for groundwaters in the
study area.

o} $ehE FE9 IFel ZuE Ad A9 pHrt
6.89014 8.0& Wi o™ Eh} 200mV ©)5ke] S

Bt
T8 Feoles ol¥x

i)
9

| TAIS A7} giRe] A
8= Ca-(Na)-HCO; types BSAth AMEAMI=d7
F2 - JolEe] A4S A gle Zo=E YEt
YA $2HEE HCOs9 79 $2hgo] 20 pg/LET =
Al Yehd 339t A Aol o] BAI(R*=0.3896)=
Yehl7 = ISt T3, 208 Alxe] sl =&
e Uelle Bt Sehe] Ailx S e
YAE et & A cEE ) A S| A
Aol tigh A7 Badh Aoz Algdn).

A A

o] A= IHIEHNY Al T WAMIEE T
AE] ZAKMY A7-(2009-61-1117)2] LghoZ S=3P=3)
FY

Hoes

£, A5, w4, 015521, 2000, FA A A F-R81429
FE)3e 2 354 A, AR, 33(6), 469-489.
A7, 184, oA, 955, A=, HH Y, 2007, A5 FH
X Z|5l4=2] R|t8kel L S5 U4 AT, ASEYE
, 12(4), 32-50.

¥ K
x

471-484.

184, 259, 259, 0| 218, 2006, S A9 AAHHA]
£ o} 88 A3} 3 BRE(222R) S 5 B, ARG
7

Helle, 1A, Ao, £797], =9, 4714, S, AR,

s >

2007, A5 3 AR A el 2AH), FRD SN,

A,8%7], A, LS, A3 T,
s, Alge, W8-S, 2008, A8l T HAMIEA Al
ZAHI), = H 738, p. 195.

A, S, W, )3k,

E59, o185, o8, HEH, AAF, FEL, AT, 1999,
A&k T HAMIEE S-Elol] B3 2A AT (), FHS T
H, p. 338.

238 =S, AU, gk uE e, Bk, S84, ol 8,
o, o|FH, A AHE, B, 279, T, G, At
A, FRIA, 2002, Aekr T HAMIER TRl Bek =
ARATAV), T HEE A8, p. 357.

a5, A, 224, 2003, 355 QI 25 A|ekee] 23t
Sl PSRl A 54, AFASE A, 36(6), 441-455.
o]F-%, A aE, 182, 1997, 5} 3P AFAS] A
T3 54, RS2 S3)A), 4(4), 199-211.

AT, 154, AR, A7, 1997, Beleh-E A 5wkl 9
3 A[sre] A|3hsta] S/3 A49719, A 2ESt, 10(1), 33-44.
RS, A% A7), A%, 5, &5, S8, o148, 9]
o, o183, JAH, 259, TG, 2006, Ak T WAV E
A e AL T HEE A8, p. 200.

S AR 342, o[, 157, 1998, thR st &
TABPOIA o Bl &0 SrEslehE 54, A1 43T 83),

T, ATH, LR, A, A, 2008, 3PFHA S A5t
T o] 54 BAU0)] B3 B 9Muks- o, A8t
18(1), 103-115.

ahaled, 2 ), AJO)at, o], 21, 218, 1099, P AR
Ao Aaleoh MERA x|5j5e) 42158t Sl vl
R|sl=2738k8]A], 6(3), 140-151.

Arvela H., Blomqvist L., Mustonen R., 1979, In Situ External
Environmental Gamma Ray measurements, In: Studies on Envi-
ronmental Radioactivity in Finland 1976-1977, Report STL-A
26, Helsinki; Institute of Radiation Protection.

Banks D., Bjdm F., Aase K. M., Jan R. K., Terje S., 1998, The
chemistry of Norwegian groundwaters : I. The distribution of
radon, major and minor elementsin 1604 crystalline bedrock
groundwaters, The Science of the Total Environment, 222, 71-91.

David S. Vinson., Avner Vengosh., Daniella Hirschfeld., Gary S.

J. Soil & Groundwater Env. Vol. 16(6), p. 133~142, 2011



142 Az - 7

Dwyer., 2009, Relationships between radium and radon occur-
rence and hydrochemistry in fresh groundwater from fractured
crystalline rocks, North Carolina (USA), Chemical Geology,
260, 159-171.

Daniel Marcos Bonotto., 2006, Hydro(radio)chemical relation-
ships in the giant Guarani aquifer, Brazil., Journal of Hydrol-
0gy, 323,353-386.

Health Canada, 1968, The Guidelines for Canadian Drinking
Water Quality and the Guideline Technical Documents.

Hess C. T., Michel J., Horton, T. R. and Coniglio W. A., 1985,
The occurrence of radioactivity in public water supplies in the
United States, Health Physics, 48, 553-586.

Langmuir D., 1978, Uranium solution-mineral equilibria at low

J. Soil & Groundwater Env. Vol. 16(6), p. 133~142, 2011

Tt

- o9

M

temperatures with applications to sedimentary ore deposits,
Geochim. Cosmochim. Acta, 42, 547-569.

Standard Method, 21st Edition, 2005.

USEPA, 2003, National primary drinking water standards,
Office of Water, EPA 816-F-03-016.

USGS, 1962, Data on uranium and radium in groundwater in the
USA, Professional Paper No. 426.

Wilhelm E., Battino R., and Wilcox R. J., 1977, Low-pressure
Solubility of Gases in Liquid Water, Chem. Revs, 77(2), 219-262.

Wrenn W. M., Spitz, H., Och C. N., 1975, "Design of a contin-
uous digital output environmental radon monitor." IEEE Trans.
Nucl. Sci. NS-22, 645.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


