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Abstract: The distribution characteristics of some major environmental radionuclides (“K, **Ac, *Ra,
*Rn) and U in rocks, soils and soil gas were studied at Geumjeong-Gu, Busan, Korea. The activities of
radionuclides in granitic rocks are decreased in the oder of “K>thorium decay series>uranium decay
series. This reveals that Th was relatively more enriched in granitic rocks than U. The U content and
activity of **Ra and “*Ac, however, don’t reflect the fractionation sequence of granitic rocks in the study
area. The activities of all these radionuclides and U content in soils are generally higher than in rocks, and
their distribution in rocks, soils and soil gas show very low co-relationship. These facts indicate that the
activities of radionuclides in soil and soil gas were greatly affected by leaching and adsorption properties
of the radionuclides and their parents during weathering and pedogenetic process rather than their
concentrations in parent rocks.
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Fig. 1. Fig. 1. Geological map and sample locations in
study area (modified from Son et al., 1978). 1: alluvium,
2: micrographic granite, 3: adamellite, 4: biotite granite,
5: hornblende granite, 6: granodiorite, 7: rhyolitic rock,
8: sedimentary rock, 9: andesitic rock.
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Table 1. Activities of radionuclides in rock samples measured by using HPGe (in Bq/kg).
. Non-decay series Thorium series Uranium series
Rock type Site No.
K Avg. Total Avg. *PAc Avg. Total Avg. Ra Avg. Total Avg.
1 534.40 74880 73.60 €220 36.10 4850
K-1 2 959.00 1533 1750 e 6460 el
3 753.00 55.50 44.80
1 842.50 2530 7390 6337 3190 3117
An K-8 2 27500 oegep 53628 4580 o5 7580 29200 L o, 3635
3 458.40 £295.60  70.40 +30.89 +14.45
1 s SR S 3933 ...... - ;
K3 20 21250 gpsy 8100 1409 +834
3 - 3620
k-15 70420 704.20 117.80  117.80 5250
: 1290.00 121927 121927 119.00 103.07  103.07 3780  37.80
G K2 2 U6I80 oy ieaes P Liers s £1011 340
3 1206.00 75.20
! 996.10 1064.63 91.10 84.10 33.57
K-5 2 U880, 10500 5439 +355
3 1039.00 56.20
1 1055.00 85877  100.20 85.45 37.58
BG 1040.53 X 90.20 : 4097
K-9 2 990.60 |, 1ney 19232 10800 ., +2087 t4zg *738
3 1076.00 62.40
K-13 57990  579.90 9990  99.90
K-14 750.00  750.00 6760  67.60
1 988.90 1013.95 90.70  75.60 38.40
K-10 3 1039.00  +35.43 60.50  +21.35 3700 70
! 1063.00 1108 17 1049.04 10470 9500  81.68 4230 4297 3829
AD K-l 2 M3030 - yshs wsy7y U0 gss ume MO uum o L
3 1131.00 69.30 42.00
L2 i - 1025.00 98.90  74.45 13540 34 20 ‘
) 2 1025.00 : 5000  +34.58 33.00 )
K 1 1007.90  1007.45 105.00  81.00 37.80 3620
2 1007.00  +0.64 57.00  +33.94 3460 3620
1 1230.40 111353 110.00 89’83 4520 4180
GG K-6 2 987.20 :k35.56 1063.69  99.60 i2é,26 85.00 41.90 iS'.75 38.03
3 1123.00 £81.11  59.90 £21.94 3830 +4.69
1 1076.70 1070.10 99.20 e 41.60 16,10
K-7 2 1029.60 0200 9040 oo 3020 e
3 1104.00 62.90 36.50

An: andesitic rock, GD: granodiorite, BG: biotite granite, AD: adamellite, GG: micrographic granite.
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Table 2. Site average values of *’Rn, **Ra and U in study area.

Soil gas (Rn) Soil (Ra) Rock (Ra) Soil (U) Rock (U)
Rock type Site -
(pCV/L) HPGe (Bg/kg) ICP (ppm)

K-1 349.50 47.94 48.50 4.44 3.60

An K-8 310.50 43.40 31.17 3.87 3.07
K-3 150.00 35.07 24.00 3.82 0.82

GD K-2 420.00 39.43 37.80 3.00 3.25
K-9 324.00 58.25 40.97 428 230

BG K-13 336.00 40.60 43.80 327 3.05
K-5 358.50 45.17 33.57 3.07 1.94

K-12 486.00 49.10 34.20 4.92 2.75

AD K-11 553.50 61.10 4297 4.86 2.50
K-10 541.50 4220 37.70 3.56 3.23

GG K-4 388.50 55.85 36.20 3.76 2.01
K-7 402.00 49.65 36.10 3.40 3.07

An: andesitic rock, GD: granodiorite, BG: biotite granite, AD: adamellite, GG: micrographic granite.

2Radt EFEAALGY] PAcS HIZ 4 SEHE, U
F} Ao AT S7kQto] o7 B2 WG HAEAE
Btk & 4 ok, RFHUAL o]ste] wlu|§ xolE
Uepdlo] &shctAle] &g ztolE Fds] ehlA o
=t 33 A HRAME, HESE-F
SR — ol gto| E - u|#4steke] #sieA
of W2 XolE M3 wgskA] Xz Slvt. 53], o
FAG9 3}gA o}xﬂg—(z 68+0.51 ppm)I’J- oFAle}
(2.50£1.47 ppm)®] U HeeEs 9= $444(2002)
of o3 wWely) et (4.18+231ppm) R SIS
(3.21+£1.34 ppm)& HlZ3IA B wre ke Mt o
FAG ] FA Mool FAUALY WFE2] WA
ol 37¢A AN EF & AolE HolH
73‘ ]_0,] §].7l-ol—7d OM-L‘:—Q] ;]-010]] 9,]-8]- Oﬂskog Agz]-
a—l /\ 3}0111 51_7}01-11 ol—/ﬁ oﬂ/q‘— oLA—L,] _6_3;}_‘,],

A Axol wE ols IS AT H EE F
gol thEy] el Ao EstdA 2 A
x5 Ao Aztdr)

“Ke] 7%, IGELA HA WAks WER4(1049.00
+143.13 Ba/kg)el $HFeH(536.28+295.60 Ba/kg)ollAl E
o =4 el AL ol A9 sEtzAs AE
249 EAL tiX= Z vkdske Zelzt & 4 U

E
=&t

EYo SHHEUAM HE
IEE Aukg 22710 o3 B4E B &8
A AFEQ] AP Table 300, ICP-MS) &3 &

F W U9} ZF EFAHANAM HEEEE Table 2 1t

SUIlTh AAH BRFE K>EFRAALD> 92
BAAY $02 ot Il e ABE &
A3 9ok,

ARGl HYYY PN
¥l Ra) Bt WAL
o 22 93

zl o]-/H )

B2goz e AEE
48.89+9.42 Bq/kgel™ U

2 3.79+0.71 ppmo. 2 e 83
°ﬂ wel B W PRae ofridelo|E
> *‘:6}7P°P>Eﬁ°~55}7&%}>§}7w%°‘94 OB ¥
A vebgen, Ue] A-$- oirpdalo] E>E 2R3kt
>HASAA> S EY 02 WA UE o]
3 BEdxE EY W PRad] YAsS UY g3
ABAA T HLE A ST ke 2Ra He F
APse 42.58+1320Bgkg, U B FEE 4.04+034
ppmO Z SLF G E 2YoE st Eqk H
o3P MRS BT Ue ZF L FHE R E

SHALY PAce] A, G dAE Bdo =
e Bl AA Hage 109.77+41.75 BgkegE <t
Abere] AR HAZE 92.16+34.12 BgkgB ok EA UE
ok, EoollA] PRal FFAHAEYC] AR WA
e, 2 9] 874 Mg BYe R sk EY
M= AL H)xd WAbeS YeRdTh o] el o
el S0, WA g5 Ha Abee et
A N g BLo R sl EQA g Bt

e Beold 2o B4 e, ey B

Fihg Mad o BIRAN A7) AFshe 4F
Fg mgom e EYIN FRe %o FEE

L

Holll, 2 2] FPUse 2oz = B

r

J. Petrol. Soc. Korea



A BAT Ao o ¥ EQeld dF S S5Ee] EX B4 185
Table 3. Activities of radionuclides in soil samples measured by using HPGe (in Bq/kg).
Non-decay series Thorium series Uranium series
Rock type Site No.
¢ Avg, Total Avg. ™PAc Avg. TotalAvg. Ra Avg.  Total Avg.
1a 711.30 138.60 59.30
1b 583.80 60132 128.60 0438 61.60 794
K-1 2a 49070 oo 6210 5506 2880 oo
2b 526.80 59.90 26.50
3 694.00 82.70 63.50
An 31680 area0 T %0130 100 gges ORI 4330 Tgza0 208
K-8 +122.55 +34.12 £13.20
2 642.00 +229.95 5630  +45.75 4350 4340
1 583.40 63433 9780 76 ‘10 3320 35 o7
K-3 2 64060 ey 8220 oo 3460 54
3 679.00 4830 3740
K-15 74590 745.90 13630  136.30 3670  36.70
. 620.10 56423 564.23 16.10 81.80  81.80 36.50 3943 3943
Gb K2 2 57260 Lo 6049 T +agst «asst B 1356 1356
3 500.00 47.50 38.40
1 660.60 10,67 97.60 10090 34.20
K-5 2 79340 7o 14460 o5 5730  45.17
3 705.00 0810 60.50 176 44.00 704
BG p) <1597 AV 13660 121.80 0 5280 5825
- 00 +192.68 £28.95 £11.09
K-9 3 1066.00 1066.00 107.00 +2093 63.70 +7.71
k13 1072.80 1072.80 13220 13220 4060
k-14 670.80  670.80 103.80  103.80 36.70
1 709.70 13460  g1.07
K-10 2 91800 83957 5800  81.07 42.20
+113.28 +£6.94
3 891.00 50.60 4651
1 116200 04739 18320 111.83 54 70 51.01
AD 1107.10 : 142.30 61.10
K-11 2 102630 o\ 15302 15210 oo #5427 6760 o £10.67
3 1133.00 91.60 ;
<12 1 917.10  869.55 168.50 11225 )
] 2 822.00 +67.25 5600  +79.55 +8.49
1 99040  844.70 13430 96.20
4 .
K 2 699.00  +206.05 58.10  +53.88 5585
! 378.30 73713 77129 1180 115.03 112,12 5183 5044
GG K6 2 9030 3540 s1si0 19940 i4083  i3gen 1764 4735
3 882.00 66.90
K7 1 726.00  826.55 15530 12825 1965
) 2 927.10  £142.20 10120  +38.25 :
An: andesitic rock, GD: granodiorite, BG: biotite granite, AD: adamellite, GG: micrographic granite.
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Fig. 2. Diagrams showing the co-relationships of various
radionuclides in soils and rocks.
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Fig. 3. Diagram showing activity variation of **Ra in soils and rocks and *’Rn in soil gas. An: andesitic rock, GD: gra-
nodiorite, BG: biotite granite, AD: adamellite, GG: micrographic granite.
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Fig. 4. Diagrams showing the co-relationships among *’Rn in soil gas, ?*Ra and U in soils and rocks.
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