creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

al
)
oF
o

T
or

2015 8¢

|e} WAlS &

-

7

sk
1,

i



2015d 8¢

7}

13
ol

i



= A~ = = o I o —=Z. =
A o]t AL Sr=a AT
20154 8¢ 214
T A ogEE = A E 9
A @ ost A FFE <l
A o A g



Lo A] B e 1
D O] e 2
2.1, B BT s 2
29 Eo]—/\]-}\c-)] 5]4*76: ............................................................................................. 3
2.9.1. FFQAHIAFA] B e 3
2.2.2. QVHHIAFA] B o, 11
2.3. AFS] @B AGET] e 14
2.3.1. B AIEH] o T g N 14
2.3.0. EAE 2R o . W M. 5 I N 16
9.3.3 [T 5 feveerr J. ANTINRNEN . O TR ... L o N 19
2331 (plateau region) A -, 19
2.3.3.2. ROI(Region of interest) A s 19
2.3.3.3% Background 8] e i, 20
2.3.3.4, FPE BN A crenereeoro b S s 20
2.4. YAls 5 H A5 (MDA) AIAE e 23
D41, HFPAFS S e 23
242 H 2 T HPAFS (MDA) eeesreeesssmesssssssssssssssssssssssssssssssss 24
AT T ZA ittt sttt s st 26
3.1, AIB A S vttt 26
311, Bl G5 e 26
31,2, T} G5 e e 28
3.2, AR ] HFH] oo 31
3.2.1. Bl 42 s s sttt 31



33
34
34

s
17NO

.z:l

3‘;H _/|:

4.1.

4. ﬁjﬂr t)r_l ;._:9]

+

=0

46
.57

oy} AW E} WAl e FEQF] TA] e

o
oF

s sE9

=0

H

o wlet

7o
.

70

}

58
- 59
- 60

¥



- < T =~ - R - <A -~ (< R - <A - B

b

2.1 B BT A i s st 3
BEaAE 2 BA HE FE 9
B AAS o] Fx] ob= HFARA S e 10
22 719 HIAFA] SE e 11
BIILO] AIATEL ot 12
HEAFSE AP AT oo 13
o i B s e o O 28
ZFE A AT FJIE e 30
A5 AHEF WALS 5 (2012W) e 35
=0l Au|El HEAJS B 5 (2018K]) L ceeererebemmmiiiiniiiiniinens 36
Ao AMEF HALS BT (201410) e 37
ASSLe s UNNRTL W o G N ST S— 47
730l AWE HIAFS 25 (201310) e 50
74220l A EF HIAFS 15 (2014) e 53
7(}5,:%1:31} @Hﬂg} Hol—/\}-—‘g— T ZEO] AFTFA| G e 57



<1 38 &5 xp

% 2.1 33U Sabhy AG (An+2) B I e 4
28 2.2 2570 OE]H AlG (An+3) BT I e 5
73 2.3 22The EF Al Un+0) BI L e 6
I8 2.4 2MPud] VIEEF Al (Untl) BT e 7
T8 2.5 QEE] A LRI e 14
% 2.6 A7FALT FAE AR FGhY] T e 15
O3 2.7 AFY dub HEF AlGT]0 FAL e, 17
2% 2.8 ROI AV arerenereesneneienennecee e R N e 20
2% 29 FYNEEA oS W M B N 29
a9 3.1 A AR AHAY #LEF~#AE T, #34FHFT) 26
2% 3.2 3 A AAAY W2 1~4msT, A1 34357 27
79 3.3 A" AN, EE. s e 97
T 3.4 TFENRIT) eV, . R L B e 29
ad 3.5 A AHAR" Gl 73RS a, AFESEA], MAAEAREL) 29
8 3.6 7 AF A A (FEAFT]) e 30
8 3.7 A A5 AT IFA e 39
a9 4.1 98 e e Bk s (20124, #3497 (#3,40),
Aag 3,437 (N3,40), Alarg] 1287 (N1,2B), Alare]3 4u4
(N3.4B), ZA (SI)) crerreerreresesmsesistsisesissss i 38
a9 4.2 48 dle AdE WAbs w2 (20129, #1957 (#1B), #2
Wl (#2B), #3557 (#3B), #48]GT-(H#4B)) e 39
a9 4.3 24 &l AWE BAbs s (20139, #3497 (#3,40),
Mgl 34#5T(N3,4C), Awel 1,2047(N1,2B), a3 4uj5F

_iV_



(N3,4B), _/g_?g (SJ)) ........................................................................................... 40
a9 4.4 € s dAuE HAbs s (2013, #1WlETH(#1B), #2
Wl (#2B), #3557 (#3B), #4]GTT-(H#4B)) e 41
a% 4.5 € s AvlE Ak R (20149, #3,4¥F1(#3,40),
Mg 3,4FFT(N3,40), Axg 1,285+ (N1,2B), Alarel34u5T

(N3,4B), U]E(MP)) ......................................................................................... 49
O9 4.6 €98 &l duEr Pibs R (20149, #1wlST(#1B), #2
W (#2B), #3557 (#3B), #4BGFT-(F#4B)) e 43

a9 4.7 A 5 AWE WALS R (#3489 (#3,4C), Ao
3,477 (N3,40), Az 1,294 (N1,2B), Al3e]3,4¥)47(N3,4B),

EH (ST)) oo oqgaalie sttt el e eeeeen e e N 44
a" 4.8 d¥ sl AdHE YAbs s (#1sT(#1B), #2¥T
(#2B), #3857 (#3B), #4BIGTT(F4AB)) cooeeveremessi, 45
a9 4.9 2 Ade PAbs BE (20129, Al 73RS, A3
PSR RPAR-S LW N D, W T A T — 48
78 4,10 A mlY A F5EE (20121) e 49
a9 411 25 e PR R (20139, AlaE] 7RS4, A3
) A A TAAFTE A FLART]]) oo 51
8 4,12 A m)lQ o 5 EE (20134) e, 59
9 413 5 AdE WAbs w2014, Alae V)1dESa, AHES
2] AR TAAFTE 2 FEAFL) e, 54
I8 4.13 FAEAY mlY ot B (201410) e, 55
2% 415 AgE A5 Aue PAbs vE e g nEs, Aesd
), A AATHAFR A FEALT]]) oo, 56
18 4,16 A ko wE AMEF WALS B 58



Gross beta radioactive concentration of environmental samples
in Busan and Gyeongnam

Ryu Jiseung

Department of Physics, Graduate School
Pukyong National University

Abstract

Gross beta radioactive concentration was detected for
environmental samples in Busan and Gyeongnam. This is for the
purpose of environmental inspection and to monitor the radioactive
concentration exposed to radiation by nuclear generation and to
evaluate the exposure dose to the resident in the area around the
Gori nuclear plants. The measurements were performed by low
background alpha/beta counting system. The samples were the sea
water and river water corrected in Busan and Gyeongnam area
from January 2012 and December 2014. The sea water was
collected at 9 points and the river water at 4 points. The data are
compared to those at Busan National University for the river water
and at Songjung for the sea water. The radioactivity concentrations
of the sea water are estimated to be in the range of 8.07~13.4
Baq/L. which are similar to the annual average value ranged from

9.97 to 11.1 Bqg/L, while those of river water are in the range

_Vi_



from MDA (less than 0.00758 Bg/L) to 0.229 Baq/L which shows
no deviation from the annual average values in the range of
0.0389~0.0811 Bqg/L. In case of river water, it was confirmed that
the gross beta radioactivity concentrations are in strongly
correlated with the rainfall graph in which the concentrations are
high in winter and low in summer with less and much rainfall,

respectively.
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ZAFE At
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& 4.1 si9] AW BAS $E (2012 [Ba/Ll
AR | i | e2eT | adueT | ey | F34) A S ) AR g
19 | 107406 | 125407 | 11.3£0.6 | 11.420.6 | 10.740.6 | 11.4=0.6 | 11.640.6 | 11.950.7 | 11.1£0.6
29 | 11.8206 | 11.640.6 | 111206 | 12.2+0.7 | 11.250.6 | 125+0.7 | 10.7£0.6 | 11.8£0.6 | 10.9%0.6
39 | 11.820.6 | 10.7£0.6 | 107206 | 11.940.6 | 11.920.6 | 11.3+0.6 | 10.4=0.6 | 11.2+0.6 | 8.91=0.55
49 | 103206 | 11.940.6 | 10.520.6 | 11.4+0.6 | 9.76=058 | 11.4%0.6 | 8.10=0.52 | 10.4£0.6 | 13.1£0.6
59 | 120206 | 11.240.6 | 12.020.6 | 10.940.6 | 12.4£0.6 | 10.5=0.6 | 10.8£0.6 | 11.7£0.6 | 11.4£0.6
69 |9.97£0.61 | 10.7+0.6 | 9.290.58 | 9.2240.62 | 11.5=0.7 | 9.68+0.63 | 9.77=0.61 | 11.1£0.7 | 10.6£0.6
79 | 117207 | 11.240.6 | 9.9620.64 | 9.68+0.60 | 10.6£0.6 | 10.0£0.6 | 12.0£0.7 | 10.1£0.6 | 11.8£0.7
89 | 11.020.6 | 104+0.6 | 11.320.6 | 11.040.6 | 9.99£059 | 10.5+0.6 | 9.03£0.56 | 10.520.6 | 10.4£0.6
92 | 111406 | 10.740.6 | 11.4206 | 10.740.6 | 11.520.6 | 11.220.6 | 10.8£0.6 | 11.520.6 | 11.4£0.6
102 | 10.6£0.6 | 10.220.6 | 11.3+0.6 | 10.620.6 | 120£0.6 | 11.7£0.6 | 11.0£0.6 | 105%0.6 |9.70%£0.54
119 | 10.7£0.6 | 10.620.6 | 10.3+0.6 | 11.5=0.6 | 9.57+0.55 | 9.90=0.56 | 9.97+0.56 | 10.4%0.6 | 9.66=0.55
129 [ 11606 | 11.540.6 | 10.2+0.6 | 10.620.6 | 105+0.6 | 10.820.6 | 10.5+0.6 | 11.550.6 | 11.0+0.6
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% 4.2 359 Avg FAbs FE (20139)

[Ba/L]

1€ 10.1 £0.6 | 10.9 £0.6 | 11.3 £0.6 | 9.83 *0.56 | 10.7 £0.6 | 11.7 £0.6 | 11.3 £0.6 | 11.3 =0.6 | 11.1 *0.6
29 10.7 £0.6 | 11.0 £0.6 | 10.5 £0.6 | 11.2 £0.6 | 11.1 *£0.6 | 9.99 £0.58 | 10.5 £0.6 | 10.5 =0.6 | 11.8 *0.6
39 9.87£0.58 | 10.1 £0.6 | 10.6 £0.6 | 11.5 £0.6 | 10.3 £0.6 | 11.0 £0.6 | 8.88*0.58 | 9.87*0.60 | 9.75£0.59
44 9.67£0.61 | 9.12£0.60 | 10.2%x0.6 10.0=0.6 10.5%*0.6 11.3%0.6 10.4+0.6 12.4%0.6 10.6*=0.6
54 11.1+0.6 10.6*=0.6 10.5%=0.6 11.2%+0.6 11.0£0.6 10.5%=0.6 10.7x£0.6 | 9.28%=0.56 | 10.4£0.6
64 10.6*0.6 | 9.33£0.57 | 10.7£0.6 10.5*0.6 10.8*0.6 10.5*0.6 10.4+0.6 | 9.56*0.58 | 10.4£0.6
74 11.6*0.6 11.5*0.6 11.2£0.6 10.8+0.6 10.8+0.6 9.30£0.58 11.0£0.6 10.1£0.6 | 8.90£0.57
84 9.20£0.60 | 9.97£0.59 | 10.6%x0.6 9.07£0.57 10.2%*0.6 9.45%£0.57 10.2+0.6 | 9.39£0.57 | 8.96*+0.56
94 9.40+0.60 | 9.99£0.61 | 9.21*0.59 | 9.74£0.60 | 9.30x0.58 | 9.32£0.58 | 9.73£0.59 | 9.60*x0.59 | 8.78£0.57
10€ | 9.09£0.59 | 9.09%£0.59 | 9.88+0.60 | 9.95*+0.61 10.2%+0.6 9.91£0.61 10.3*0.6 10.0£0.6 | 9.06£0.62
11¢¥ 10.1+£0.6 | 9.59%£0.61 | 10.7£0.6 9.21£0.61 10.5%0.6 9.70£0.58 10.3%0.6 10.3%+0.6 10.2%+0.6
12¢ 10.3*0.6 10.8%0.6 | 9.07£0.56 11.5%*0.6 11.3*0.6 11.0=0.6 11.6=0.6 | 9.24%£0.56 | 9.72%=0.60
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£ 43 5y AHE FAs 5 (2014d) [Ba/L]
AE | pvig | gone | peiee | pener | J84 ) AR | BgR | G0gE | s
1¢ 10.3£0.6 10.1£0.6 10.3£0.6 11l T10.6 W2 &0, 7 11.3%£0.6 10.9£0.6 10.7£0.7 11.2%£0.6
29 10.3£0.6 | 9.58%£0.62 | 10.5£0.7 11.1£0.8 11.4%0.7 18840 £ (9,7 11.1£0.7 11.6£0.7 13.3£0.7
3¢9 | 11.1+£0.7 | 11.3£0.7 | 11.9£0.7 | 10.6£0.6 | 10.4+0.6 | 10.8£0.6 | 10.3£0.7 | 10.1£0.6 | 11.5£0.6
494 10.7£0.4 11.3£0.5 10.6 0.5 11.8£0.5 10.7£0.4 11.0£0.4 11.0£0.5 [ 9.98%£0.46 | 10.8%£0.5
59 11.7£0.7 11.8£0.8 11.9£0.7 11.3£0.7 11.9£0.8 10.4£0.7 10.5£0.7 10.9£0.8 10.7£0.7
64 10.6£0.7 10.0£0.7 | 9.75£0.73 | 9.53*£0.69 | 11.2£0.7 10.6£0.7 10.7+0.7 10.9%+0.9 10.6x0.7
74 8.07x0.65 | 8.59*£0.66 | 10.2£0.7 10.3£0.7 10.2£0.7 11.5£0.7 10.4£0.7 11.0£0.7 10.6£0.7
84 9.45+0.69 | 10.5£0.7 | 9.82+0.71 | 10.0£0.7 10.2£0.7 10.8£0.7 | 9.89%£0.72 | 9.30£0.70 | 9.18£0.70
94 10.1+0.7 | 9.64%£0.71 | 9.63*£0.71 | 9.67£0.71 | 10.1£0.8 10.5£0.8 10.9+0.7 11.0x1.1 12.2%+0.8
104 9.79£0.70 | 10.1£0.7 10.1£0.7 | 9.00£0.68 | 9.20£0.67 | 9.47%x0.68 | 10.6x0.7 | 9.77x0.76 | 9.37£0.71
112 | 10.9+0.7 | 10.4£0.7 | 11.5£0.7 | 11.1£0.8 | 9.91£0.72 | 10.8£0.7 | 10.8£0.7 | 9.96£0.72 | 10.4%£0.7
12¢¥ 10.9£0.7 10.8£0.7 11.8£0.7 10.7£0.7 10.7£0.7 10.8£0.7 10.2£0.7 10.6£0.8 10.9£0.7
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Gross beta activity(Bq/L)
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Gross beta activity(Bg/L)
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Gross beta activity(Bq/L)
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Gross beta activity(Bq/L)
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2013

o

0.0389 Ba/L ~ 0.0811 Ba/L%It}. %3k

Ba/LZ WESaL, HHAgk

o] At



E 4.4 750 AvE PAbs TR (20129) [49] : Bq/Ll

°F A2 Abei 3 AR 22 P2t
14 0.107+0.007 | 0.0286+0.0053 | 0.0331+0.0054 | 0.0719+0.0062
29 <0.0151 0.151+0.008 | 0.0341+0.0054 |  <0.0151

34 0.0517£0.0074 | 0.135%£0.010 | 0.0872%£0.0082 | 0.115£0.009

44 0.124£0.009 | 0.0942%0.0083 | 0.103%=0.008 | 0.0654£0.0075
5¢ 0.164*0.011 0.114=*0.009 0.145*£0.012 | 0.0502%0.0071
64 0.0488£0.0069 | 0.0606*£0.0081 | 0.0788%0.0087 <0.0190

74 0.0701£0.0076 | 0.0609£0.0073 | 0.0730%£0.0089 | 0.0414£0.0067

8g 0.0506*0.0070 | 0.0477=*0.0069 | 0.0621*0.0074 | 0.0368 =0.0066

9¢ 0.0287%+0.0063 | 0.0195*0.0060 | 0.0274%+0.0063 <0.0173

10¥ 0.0354£0.0064 | 0.0347%=0.0064 | 0.0364%=0.0065 | 0.0438£0.0067

114¥ 0.0629*0.0072 | 0.0382*0.0064 | 0.0317*0.0062 | 0.0815%0.0077

12¢ 0.0582*0.0073 | 0.0420*0.0068 | 0.0244£0.0062 | 0.0717=*0.0077
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¥ 4.5 759 AdEr HAbs FE (20139)

[&$] : Bq/L]

2E D, NERR A AR 2 SR

14 0.0739%+0.0076 | 0.0824£0.0078 | 0.0494*0.0071 | 0.0474*0.0067
29 0.112*0.009 0.174%+0.010 0.140*0.010 0.0248+0.0067
34 0.0821*+0.0084 | 0.0629£0.0078 | 0.0575%£0.0078 | 0.0304*0.0071
44 0.114%0.009 0.121%+0.009 0.0214%+0.0062 | 0.0716*0.0077
5¢ <0.0184 0.0493*=0.0062 | 0.0277*0.0065 | 0.0276*0.0065
6 0.0395*+0.0068 | 0.0306*0.0068 <0.0178 0.0259+0.0063
74 0.0331+0.0071 <0.0197 0.0359+0.0072 <0.0197
84 0.0598+0.0080 | 0.0250%*0.0080 <0.0203 <0.0203
9¥ 0.131+0.009 0.0667*=0.0094 | 0.0501£0.0074 | 0.0562*0.0076
10¥ 0.0602*0.0074 <0.0177 0.0852*+0.0081 | 0.0240*0.0062
114 <0.021 0.0462+0.0057 0.142*0.010 0.0431*+0.0074
129 0.229*0.011 0.0527*0.0112 0.120£0.009 0.0762*0.0077
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E 4.6 A2 AvE PAbs TR (20149) [49] : Bq/Ll

Al
4 e AEERE AARAL 2 Ak
1€ 0.0618+0.0077 - <0.0196 0.102%+0.009

2¢ 0.0969£0.0088 | 0.127£0.009 | 0.0645%=0.0079 | 0.0366%=0.0068

3¢ 0.110£0.010 0.120£0.010 | 0.0815%=0.0091 | 0.0502%0.0075

44 0.0978£0.0082 | 0.122%£0.008 0.117£0.006 0.117£0.007

59 0.0259£0.0082 | 0.0185%0.0076 | 0.0145%=0.0075 | 0.0807=0.0101

64 0.0466£0.0089 | 0.0547x0.0095 | 0.0327=%0.0088 <0.00845

74 0.0883£0.0102 | 0.0355£0.0084 | 0.0380%=0.0085 | 0.0673%=0.0095

84 0.0349£0.0091 | 0.0112£0.0077 | 0.0160%=0.0079 <0.00758

94 0.0761£0.0094 | 0.0223x0.0077 | 0.0337%=0.0085 | 0.0268%=0.0079

104 | 0.0378+0.0084 | 0.0405%0.0085 | 005745 | 0.0632+0.0096
1€ | 010920011 |0.0831+0.0098 | 0.0317+0.0085 | 0.0135%0.0077
129 | 0.155%0.012 | 0.0296+0.0081 | 0.0630%0.0094 | 0.0413%0.0089
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0

a+b*x

y=

Equation

0.1474

Adj. R-Square

4.5078
0.0874

Standard Error

46.0926

Value

Intercept

[=-]

0.4206

Slope

2]

(7/bguun)A3Ande )I( $S0.11)

00-

10

Samples weight ratio(mg/L)
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