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SUMMARY

The atmospheric total suspended particulates (TSP) aerosols were collected at Gosan site
of Jeju Island, which is one of the background sites of Korea, during January to April 2013.
This study analyzed using Inductively Coupled Plasma - Dynamic Reaction Cell - Mass
Spectrometer (ICP-DRC-MS) the concentrations of potassium, uranium and thorium, and
evaluated the annual effective dose by breathing from the results. A radium equivalent index
(Raeg), Which is known as a radiation risk coefficient through the radioactive concentrations
of naturally occurring potassium, uranium and thorium, was added. Also, the backward
trajectory analyses were conducted to check the inflow of the aerosols collected.

As a result, it was observed during this study that the radioactive concentrations of “°K,
28 and %*2Th were within the scope of 1.341 ~ 46.483 uBq/m3 (mean: 14.188 + 11.451
uBq/m3), 0.006 ~ 1.032 uBq/m3 (mean: 0.263 + 0.226 pBq/m3), 0.001 ~ 2.579
uBq/m3 (mean: 0.226 + 0.282 pBq/m3), respectively. In the UNSCEAR 2000 Report,
the radioactive concentration baselines of ?**U and *Th among the air particles were 1.0 and
1.5 uBq/m3, respectively. In this study, an average of low concentration scope was shown
except the specific meteoric phenomenon.

During Asian dust periods, the concentrations of K (33.221 + 12.333 pBq/m?), *®U
(0.788 + 0.260 pBq/m?), and ***Th (0.865 + 0.252 uBq/m?) were highly as 3.59, 5.51
and 7.86 times, respectively, compared to the non-event periods. For the haze event days, “°K
(34.729 + 10.792 uBq/m3), **U (0.730 + 0.261 uBq/m?3), and **Th (0.608 + 0.475
uBq/m3) were highly as 3.75, 5.10 and 5.53 times, respectively, compared to the non-event
days. For the fog-mist event days, “°K (19.970 + 15.824 pBq/m?), ***U (0.371 + 0.374
uBq/m?3), and ***Th (0.329 + 0.451 uBq/m?) were highly as 2.16, 2.59 and 2.99 times,
respectively, compared to the non-event days.

The correlations between the studied natural isotopes is a good positive correlation



between *?Th and #®*U (R? = 0.9012), supporting the conclusion that they originated from
the same source, mostly the crust. The average calculated *Th/?*®U ratio was 1.01, which is
close to the world average of unity (UNSCEAR, 2000). On the other hand, weak positive
correlations between ??Th and “°K and between ?**U and “°K were found, supporting the
conclusion that “°K originated from other sources besides the crust.

The inhalation annual effective radiation dose (default mode F, Male) to the public due to
natural isotopes of the airborne TSP was in the range 16.2 ~ 77.89 nSv/y, depending on the
age group. Because of the variations in air breathing rate, the total annual dose due to the
natural radioactivity in airborne TSP increases for the older age groups. It is obvious that
#2Th is the main contributor to the inhalation annual effective dose. 2*Th was found to be
responsible for 98.4 ~ 99.1% of the total dose. On the other hand, “°K was found to slightly
contribute to the total dose. Since radium equivalent index is not efficient in expressing the
inhalation annual effective dose, it was not included in the calculation of the total inhalation
annual effective radiation dose.

In order to check the migratory routes of the air particles, the backward trajectory analyses
were carried out using the HYSPLIT 4 model provided by the NOAA(National Oceanic and
Atmosphere Administration) in the U.S. As a result of classifying into 3 zones and
comparing the moving route of air currents by zone, the inflow routes of air currents were
48.3 % in zone | (China), 10.3 % in zone Il (Korean Peninsula), 3.4 % in zone Il (Japan &
North Pacific Ocean), and 37.9 % in the other overlap zone, which showed that the inflow
route of air currents from China was the highest during this study.

It was observed that a Radium equivalent index (Raeg), which is known as a radiation risk
coefficient through the radioactive concentrations of naturally occurring potassium, uranium
and thorium, was calculated as 0.111 ~ 6.263 uBq/m3 (mean: 1.679 + 1.516 uBg/m?3).

Jeju Island with less pollution source and low population density is also one of the best
places as a background area in Asia. It is judged that the results become a preliminary data

on the impact of fine dust from China, which has been recently intensified, on the Korean



Peninsula. Furthermore, unlike the previous weather in which the Asian dust blows
throughout the peninsula only during the spring season, but now frequently occur even in the
autumn. Therefore, it is judged as necessary to observe such Asian dust phenomenon in the

long term through collecting a large number of the TSP aerosol filters.
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Fig 1. Location of air sampling site in Jeju Island, Korea.
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1.2 &A7]7]

1.2-1 High Volume Tape Sampler

TSP ofoj2F Alg+= Y KIMOTO Electricrkoll A A &8k high volume tape

sampler (model 195A)% AFg3ste]  AHASATE ©]  sampler=  roll  type]

polytetrafluoroethylene Z EJ(PTFE. 100 mm X 10 m)E A3l A& 02 AR5

AFEE A= AsA A", AR HHANE d7 2dT 5 = timer

& BEAA A% 6 m Eold AelREE AN 5 YES A

o PFH AR 248307 FH ST Fig 25 high volume tape sampler (model

195A)°] H<5olt},
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Fig 2. High volume tape sampler(KIMOTO, 195A).
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1.2-2 Inductively Coupled Plasma-Mass Spectrometer

ELAN DRC TI)$ &8 AXE9o] ELANE TAHo] Quh B Aol Ag3
DRC (Dynamic Reaction Cell) =& 542 LW O R ng/m7bA 574 7463

1€ IcP-Ms 2E3) 9] Bal o WS pg/ml B U A FAo|

Fig 3. ICP-DRC-MS(Perkin Elmer, model ELAN DRC-1I, USA).
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2. ¥4 W9

21 Alg AAF

TSP =E AlEE US EPA (‘Compendium of Methods for the Determination of
Inorganic Compounds in Ambient Air(1999)' Method 10-3: Chemical Species Analysis of

Filter-Collected Suspended Particulate Matter) W' © 2 2133}t

Fig 49} Fig 5°l41+= EPA10-3¢] WH 9] A5 1heFs] Avlsta mlolaxs) &
dl Al 2~El(Milestone, START D, Italy)S Ab8-3h= EH5S UERUEE EPAI0-39]
HOE 94 TSP o2 AHE A57t AHE TS dFo= Zepdl 5 o
g W A Aok 29 TSP dojZ2F dEHE 10 mle] AF £ (5.55% HNOs/
16.75% HCl)¥} A wlo]la 23} A A"l A2-E] o] Q)= PFA (perfluoroalkoxy) El
=% 871 Fgsiglth olu el e A EFEA A dEsta
nfo] A2 3= 1000 W =% 180 CE AEAIZ] & o] XA 1537F fFA|staL
A3 A2 7kA WA A wlelA 20 AHREE AR f9L FA]7] FE
(Whatman, PVDF syringe filter, 0.45 pg/ml)E AFg-3F0] o} Ugkal, o5 2549
5ml AF £ 94(3% HNO3/8% HCI)S §FZetA= 25 mi7F H =5 34 9 clean 2

AEIEE 71 U oA AlF)E sk 248 ARE o] &3t
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TSP Aerosol filter W

EPA 10-3 Method

. ™,

( Microwave Digestion
10mL (5.55% HNO; /16.75% HCI),
180°C, 15 min,,

1000 W microwave radiation

{ Filtration W

Diluted with 3% HNO, / 8% HCI
(marking into 25 mL)

{ ICP-DRC-MS Analysis W

Fig 4. Flow chart for separation of TSP Aerosol filter(EPA 10-3).

Fig 5. Microwave digestion system(Milestone, START D, Italy).

18



22 A8 &9 BFS

High Volume Tape SamplerE AF-&-stol A E TSP ZH Al59 st g7l &
2 ICP-DRC-MS 77|12 FA3st7]el A ¢4 FAstaa = A2 ™K, 2,
22 Thyo] thal] AL B0 S Adsof s}

Byz} #The] AL HFLNOF vl Inorganic VenturesAloll A A 2 &=
MSU-100PPM (100 pg/ml, 1.4 % HNO3), MSTH-100PPM (100 pg/ml, 4 % HNO3)= A}
gakolth ¥Ke] BAME ZFENCRZ m3 Perkin ElmerAbell Al AlZ=dk= Multi-
element Calibration Standard 3 (10 pg/ml, 5% HNOs, Product number: N9300233)2 A&
aATh o] EAES AT 7 e MY =8 =R B4R veolzlen, =
AHoZ Fd ® ISO 17025, 1SO 9001 #& HZFES FHst EZolth Multi-

element Calibration Standard 32] -9 522 29 7[X| 9] U5 LAE5E FA Y

SAstaAt sk AlE U9 94 vl webA AEk Adw 2u, FThE 574
3l7] Y& A AL ETFEd 100 pg/ml(= 100 ppm) 2 FEZ 1000~50 ppt
(1000~50 pg/ml)®] WIZE FAME o] g3te] Azt AEsE A& ¥KE 3
a7l 9lel BAE FFEY 10 pg/ml(=10ppm) & FEZ 5000~500 ppb
(1000~500 ng/ml)2] W= FAHE o]gsto] Azt Fig 6914 Fig 8
ICP-DRC-MS 7]17]2] ELAN software o4 ZA® ¥k, 2y, #The] A4S
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Fig 6. Standard calibration curve for ?®U solution of MSU-100PPM.

2000

1000

y=1.29%
‘ RZ=0.998173
0

[ 1000 2000
PRt

Fig 7. Standard calibration curve for ?*Th solution of MSTH-100PPM.
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2120014 AArE AE i (K, U, 2Th)Y SAFE(p)EFE AR2)Z ol &
alo] A i (YK, 2BU, #2Th) o] ilbs FE(A)S AHES) S8 24 dEo W)
(s) ; “K (1.28 x 10°y), 22U (4.468 x 10°y), %?Th (1.405 x 1010 y) 9} HFo] A=}k
(M;) ; K (39.964), 28U (238.05), #*Th (232.038)2 Z &3} t}. ¥*Kell ot “Kko Wt
A AlAbS 98 A= 39, 40, 4190 ZE AF oA YK A EAH]E(m,)
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2 Al4bsFS th(Michael Berglund, 2011). th3 o] 2](2.2)1& PTFE ZE W9
K, U, 2 The] WAbs = A 2S YERQl

In2 piXme

Ai:?/sziXN (2.2)
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B Ao = TSP A AlRoA SAE dAAAg ST YK, 28y, #Th 5=

o ANE A} BAY EFEOE AW AL fFE A

T

LOE A a9

UNXCEAR 2000 X 114 ZA1g 21(2.3)S a3k,

E,; =AiXBxd, x(1-Fy+FF) (2.3)
E,, @ A3 FEAHSY)

A, E (UK, PBU, P2Th) 9] WALs FE(Bg/md)

B AFE Sy FFES 1 TEFE(mday)

d THFORE QS WAbsd FEAT A F(SV/B0)

ol AF AR (Fo)i= Table 1, 198 WY 55 1Ld TFE(B)> Table 2,
719384 Hit 2% 2 7 (Activity Median Aerodynamic Diameter: AMAD) 1 pm.$.
2 A4 dukele] gigt sFvit AHE WAbe T FaAF FAAeE,)E
Table 3o Y}EF ITHICRP 2002; ICRP 2012; A. Zytoon, 2014). W39} ¢]3tof tf3t

7] FE9 & (F) 0322 7133 tH(UNSCEAR2000).
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°l AT <1ZH(Indoor
Occupancy Factor)E Table 10 YEFATEH 3719 fol] A9 oA o] & 174
F AoIQlE TAIRE] diek Auigl Aele] AT QIAKF,) - 1] stk A
A A A el o] & 85AZE A= TARMY ThE el WFE 65

Aol e et Aol A ele] AF QUAK(F) k= 0.92¢] ettt

Table 1 Reference values for daily time budgets for members of the general public

Time budget (h/day)

Location 3months 1year 5years 10years 15 years Adult

Male Female Male Female

Indoors

at Home Asleep 17 14 12 10 10 10 85 85
Awake 6 8 7 9 7 9.5
Elsewhere
(e.g. at work) 3 3 4 3 6.5 4
Outdoors 3 3 3 2 2 5
Indoor
Occupancy 0.88 0.88 088 092 092 092
Factor (Fo)

25
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Table 2 Reference values for daily time budget and ventilation parameters at each

exercise level for members of the public at various ages

Exercise level 3 months 1 year 5 years

h h h h mh m h mh m
Sleep 17 009 15 14 015 21 12 024 29
Sitting 3.3 0.22 0.73 40 032 13
Light exercise 70 019 13 6.7 035 23 80 057 46
Heavy exercise
Total (m?3/day) 2.8 5.1 8.8

. 10 years 15 years (male) 15 years (female

Exercise level h mh h mh m h mh m
Sleep 10 031 3.1 10 042 42 10 035 35
Sitting 47 038 138 55 048 26 70 040 28
Light exercise 93 1.1 103 75 138 104 68 13 88
Heavy exercise 1.0 292 29 025 2.6 0.65
Total (m3/day) 15.2 20.1 15.8
Exercise level Adult (male) Adult (female)

h mfh m h mth m
Sleep 80 045 3.6 85 032 27
Sitting 6.0 054 32 54 039 21
Light exercise 98 15 147 99 13 129
Heavy exercise 025 3.0 0.75 019 2.7 0.52
Total (m3/day) 22.2 18.2
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Table 3 Effective dose coefficients e for inhalation (AMAD= 1 £ m) of radionuclides for members of the public

: Infant f1 e(Sv/Bq)
Nuclide T12 Type
f1 e(Sv/Bq) > lyear lyear Syears 10years 15years Adult

K-40 1.28E9y F 1.00 2.4E-08 1.0 1.7E-08 7.5E-09 45E-09  2.5E-09 2.1E-09

U-238 4468E9y F 0.04  1.9E-06 0.02 1.3E-06 8.2E-07 7.3E-07  7.4E-07 5.0E-07
M 0.04 1.2E-05 0.02 9.4E-06 5.9E-06 4.0E-06  3.4E-06 2.9E-06
S 0.02  2.9E-05 0.002 2.5E-05 1.6E-05 1.0E-05  8.7E-06 8.0E-06

Th-232 1.405Ely F 0.005 2.3E-04 0.0005 2.2E-04 1.6E-04 1.3E-04  1.2E-04 1.1E-04
M 0.005  8.3E-05 0.0005 8.1E-05 6.3E-05 5.0E-05  4.7E-05 4.5E-05
S 0.005  5.4E-05 0.0005 5.0E-05 3.7E-05 2.6E-05  2.5E-05 2.5E-05

Ra-226 1600y F 0.6 2.6E-06 0.3 9.4E-07 5.5E-07 7.2E-07  1.3E-06 3.6E-07
M 0.2 1.5E-05 0.1 1.1E-05 7.0E-06 49E-06  4.5E-06 3.5E-06
S 0.02  3.4E-05 0.01 2.9E-05 1.9E-05 1.2E-05  1.0E-05 9.5E-06

Type F materials : Deposited materials that are readily absorbed into blood from the respiratory tract (fast rate of absorption)

Type M materials : Deposited materials that have intermediate rates of absorption into blood from the respiratory tract (moderate rate of absorption)
Type S materials : Deposited materials that are relatively insoluble in the respiratory tract (slow rate of absorption)

f1 : Absorbed fraction to body fluid
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ARL

Air Resources Laboratory ~

®) ARL site only All NOAA

‘ ARL Home

[@HYSPLIT Model

@READY >>

» Gaussian Plume Model
» Balloon Flight
Forecasting Tools
* Current & Forecast
Meteorology

» North America

» Archived Meteorology
 North America

» Air Quality

»U.S Trajectories
» Smoke Forecast
Verification
» Emergency Assistance
»RSMC Products.

#» RSMC Information

in the fields of air quality, atmospheric dispersion, climate, and boundary layer

READY - Real-time Enviror tal Applications and Display sYstem

READY is a world-wide-web based system that has been developed for accessing and displaying meteorological data
and running trajectory and dispersion model products on ARL's web server. This system brings together dispersion
models, graphical display programs and textual forecast programs generated over many years at ARL into a form that
is easy to use by anyone. Its primary user group, however, is atmospheric scientists

NOTE: this web server is not inan and should not be relied upon for 24/7 access.
Use the links at left to navigate to READY. For more information on READY, see our READY

™ TN
a — Wildfire Smoke
HYSPLIT ; Forecasts
| Trajectory
Analysis

Volcanic Ash Meteorological Tools

Fig 9. The HYSPLIT4 program in the NOAA web site screen.
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Ag e A 5 2HE 571 A57(Radium equivalent index, Rae)= 9] AH4-5
= AR Y AFoltt g UF Agve 34 WAbs AETE Y ATE

oA =3k thekst mUls = ottt =, #Ra, PTh, “K 9] A2 bd& FEZ i3t
G5=S vusty] HEs Axolvh. EFC] 259 Bglkg, EERES]
4810 Bg/kg, “°Ra 370 Bg/kgel *°Ra &% 1 mg YAl 59 ¢ avds 714 A
olgh= 7Hel al m=9l| fojolt) w3, 2HE S7F A #°Rad] 10 Bglkgol A
2Th, K] Z}7} 7 Ba/kg?t 130 Ba/kgel &L st el A58 A 71 ofd

of ol¥ Zlo]t}l. Hamilton equation 2] oA = fetw 2 gtEo]l ¢S F++ Zlo] &2

|

on, BEFZ 14205 ¥ d&e vA I, e 0077RbE 2] AEE o]
stoh 2(24)0l+= e T7F A AAMAl= WERA SUTk(Sroor, 2002; H.A. Al-Trabulsy,

2011; Huda Al-Sulaiti, 2012; A. Zytoon, 2014; S Mohapatra, 2015).

_ (Ara , Ath | Ak
Raeq = (370 oo T 4810) x 370

Ragq = Ay + 142941, + 0.077Ag (2.4)

Ra, : 2§ 571 A5 (uBg/m)
Ara 1 ZRad WA LU WS 5 (uBg/md)
Am PPThe] WAFS 5% (uBg/m’)

A YK WAME T (uBg/m?)
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1. ZI71HE8A

/171 ZSA(DL) = 48 ZF &N S 73] BAsto] T8 FHAbel| 98% A1F
TZF2] t (factor for confidence interval) #t<l 3.145 F3Fo] AF&3F3A T WEA5(CV)

= 73] £4sko] 7 mERAle] 7319 B SAUS ol MEE%)E HERY

32

o ZJo3EF HA(Relative Standard Deviation: RSD) 21l % $FTh(Jung-Sub Lee, 2008).
PK, 2y, #2The] 71714 SA(IDL)= 22 27.12 pg/L, 11.38 pg/L, 11.60 ug/LO =
Sk dao dgeid e vm WA FA #AS Sk E3, 5% o]

MEASE Aagond P WE A ol 2o Agela Ado] [dy

Table 4 Instrumental Detection Limit(IDL) and Variation of Coefficient(CV) for ICP-

DRC-MS (n=7)
Species *K (ug/L) 53U (ng/L) *’Th (ng/L)
IDL 27.12 11.38 11.60
CV (%) 2.24 1.38 1.48
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2. Jol2E F K, *U, ¥Th 9 =4 A

bt

2.1 Aol2F F UK, U, P Th o WAk F

2 A7 E g mlE A9 AFE 3k TSP o2& T2 YK, #y,
22TRe] WALS ERE AMESE & AT oo2E A EAS BASL AF

T IASA olA 20139 19H-E] 497bA] 4703 T 29709 TSP o2& S A

H

A3 PTFE HE A]ZE US EPA Method 10-39] ¥ o = 3etAdE A3stsd
ICP-DRC-MSE ©]§3te] ¥K,?°U, *The] v=& S4stlth 49 d7E 2(2)),
(2.2)5 EaA YK, 2U, #The] &% (pg/m?)¢t “K, *U, #*The WAls 5% (uBg/m?)
= Table 5914 7] YERU QLT

Table 5914 7¢] Roli= nig} o] TSP ooj2E AFH 7| T “K, ®U, ®The &
Abs HEE Zhz) 1.341 ~ 46.483 pBg/m3 (mean: 14.188 + 11.451 pBq/m3), 0.006 ~
1.032 puBg/m3 (mean: 0.263 + 0.226 pBq/m3), 0.001 ~ 2.579 pBq/m3 (mean: 0.226 +

0.282 uBq/m®)°| HelZ #5H
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Table 5 The associated *°K activity concentrations at the twenty-nine samples

at Gosan in Jeju island, Korea

Sampling *K “K
Date ng/m3 pg/m3 uBq/m3
01/03? 126.129 +4.185 14,757 +0.490 3.814 +0.127
01/06% 391.144 +8.500 45,764  +0.995 11.827 +0.257
01/09? 301.624 +4.423 35.290 +0.518 9.120 +0.134
01/12° 835.719 +4.169 97.779 +0.488 25.269 +0.126
01/21°¢ 318.198 +2.888 37.229 +0.338 9.621 +0.087
01/24° 1072.644 +10.836 125.499 +1.268 32.433 +0.328
01/272 414,054 45.326 48.444  +0.623 12520 +0.161
02/142 645.793 +3.807 75558  +0.445 19.527 +0.115
02/172 44,341 +2.310 5.188 +0.270 1.341 +0.070
02/20? 797.823 +9.569 93.345 +1.120 24,123 +0.289
02/23% 112.744 +2.843 13.191 +0.333 3.409 +0.086
02/262 199.288 +3.012 23.317 +0.352 6.026 +0.091
02/28% 135.197 +3.718 15.818 +0.435 4,088 +0.112
03/01? 626.242 +7.824 73.270 +0.915 18.935 +0.237

03/04 ¢ 1537.318 +21.724 179.866 +2.542  46.483 +0.657
03/07°¢ 1262.931 +11.757 147.763 +1.376  38.187 +0.355

03/10° 307.001 +4.354 35.919  +0.509 9.283 #£0.132
03/13° 370.138 +£5.570 43.306 +0.652 11.192 +0.168
03/16° 100.085 +2.631 11.710  +0.308 3.026 +0.080
03/19° 1027.978 +10.215 120.273  £1.195 31.083 +0.309
03/22° 144.390 +3.893 16.894  +0.455 4366 +0.118
03/25°% 157.368 +4.072 18.412 +0.476 4758 +£0.123
03/28*° 312.012 +2.334 36.505 +0.273 9.434 #£0.071
03/31° 229.696 +£3.012 26.874  +0.352 6.945 +0.091
04/03° 437.619 £5.900 51.201  +0.690 13.232 +0.178
04/06°¢ 400.295 £6.989 46.834  +0.818 12.104 +0.211
04/09° 730.804 +7.074 85.504 +0.828 22.097 +0.214
04/12° 258.728 +6.680 30.271  +0.782 7.823 £0.202
04/15° 310.211 +8.141 36.295  +0.952 9.380 +0.246
Mean 469.225 54.899 14.188
SD 378.723 44311 11.451
Max 1537.318 179.866 46.483
Median 318.198 37.229 9.621
Min 44.341 5.188 1.341

2 Non-Event(NE), °: Haze(HA), ¢ : Fog-Mist(FM), ? : Asian Dust(AD)
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Table 6 The associated *®U activity concentrations at the twenty-nine

samples at Gosan in Jeju island, Korea

_ 23T3U
Sampling Date o= T 1Bq/m?

01/03% 6.168 +0.121 0.076 +0.001
01/062 20.085 +0.132 0.247 +0.002
01/092 15.392 +0.153 0.190 +0.002
01/12° 46.729 +0.510 0.575 +0.006
01/21°¢ 9.928 +0.214 0.122 +0.003
01/24° 47.337 +0.135 0.583 +0.002
01/272 13.965 +0.067 0.172 +0.001
02/14°2 16.037 +0.539 0.197 +0.007
02/172 0.496 +0.028 0.006 +0.000
02/202 39.608 +0.542 0.488 +0.007
02/232 6.721 +0.129 0.083 +0.002
02/26°2 4.138 +0.196 0.051 +0.002
02/28? 8.938 +0.037 0.110 +0.000
03/012 11.494 +0.083 0.142 40.001
03/04 "¢ 83.810 +0.626 1.032 +0.008
03/07°¢ 65.022 +1.247 0.801 +0.015
03/10° 13.020 +0.277 0.160 +0.003
03/132 12.866 +0.190 0.158 +0.002
03/162 4277 +0.048 0.053 +0.001
03/19° 66.328 +0.396 0.817 +0.005
03/22°2 6.483 +0.149 0.080 +0.002
03/252 5.537 +0.149 0.068 +0.002
03/28° 15.633 +0.057 0.192 +0.001
03/31° 7.704 +0.153 0.095 +0.002
04/032 11.002 +0.172 0.135 +0.002
04/06° 15.416 +0.237 0.190 +0.003
04/09° 41.811 +0.529 0.515 +0.007
04/12°2 10.998 +0.136 0.135 +0.002
04/152 12.847 +0.298 0.158 +0.004
Mean 21.372 0.263

SD 21.568 0.266

Max 83.810 1.032
Median 12.866 0.158

Min 0.496 0.006

2 Non-Event(NE), °: Haze(HA), ¢ : Fog-Mist(FM), ? : Asian Dust(AD)
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Table 7 The associated **Th activity concentrations at the twenty-nine

samples at Gosan in Jeju island, Korea

i 22T
Sampling Date o= T 1Bq/m?

01/03% 8.211 +0.213 0.033 +0.001
01/062 29.743 +0.353 0.121 +0.001
01/092 25.176 +0.217 0.102 +0.001
01/12° 81.438 +0.884 0.330 +0.004
01/21°¢ 9.344 +0.189 0.038 +0.001
01/24° 83.110 +1.152 0.337 +0.005
01/272 24.905 +0.284 0.101 +0.001
02/14°2 42.026 +0.194 0.170 +0.001
02/172 0.264 +0.038 0.001 +0.000
02/202 96.120 +0.946 0.390 +0.004
02/232 13.891 +0.292 0.056 +0.001
02/26°2 8.969 +0.224 0.036 +0.001
02/28? 30.975 +0.261 0.126 +0.001
03/012 19.523 +0.040 0.079 +0.000
03/04 "¢ 285.071 +2.579 1.156 +0.010
03/07°¢ 209.222 +2.055 0.848 +0.008
03/10° 32.284 +0.630 0.131 +0.003
03/132 25.803 +0.184 0.105 +0.001
03/162 8.042 +0.060 0.033 +0.000
03/19° 179.826 +1.537 0.729 +0.006
03/22°2 17.566 +0.449 0.071 +0.002
03/252 9.070 +0.227 0.037 +0.001
03/28° 38.170 +0.650 0.155 +0.003
03/31°2 22.751 +0.427 0.092 +0.002
04/032 34.235 +0.662 0.139 +0.003
04/06° 25.153 +0.110 0.102 +0.000
04/09° 175.217 +1.391 0.711 +0.006
04/12°2 36.369 +0.509 0.147 +0.002
04/152 45.044 +0.388 0.183 +0.002
Mean 55.777 0.226

SD 69.592 0.282

Max 285.071 1.156
Median 29.743 0.121

Min 0.264 0.001

2 Non-Event(NE), °: Haze(HA), ¢ : Fog-Mist(FM), ? : Asian Dust(AD)
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23 7] @Al BE B4

2F(non-event)d, BFE(fog-mist) Y, ¢5-(haze)dd, SFAH(Asian Dust)d 2 -3} ). A5
T AR A AP ARES g Adel i YK, PU, *The] B WAME
= Table 8o YeERY ST

AR E 20702 AA TSP AZE F vjddAL F 2170w o] 7|3tel] ¥K, 2,
22The] Ho PAs FEE ZHZF 1.341 ~ 24.123 uBq/m?® (mean: 9.246 + 5.963 pBq/
m3), 0.006 ~ 0.488 uBq/m3 (mean: 0.143 + 0.099 pBq/m3), 0.264 ~ 96.120 uBq/m3
(mean: 0.110 + 0.081 uBq/m3) WY Z A=H 3t}

19 214, 3€ 7%, 49 6ol ubi-ddo]l Akl o o] 7)7ke] “K, #U, #Th
o] Hi# YAs FE+ ZHZF 9.621 ~ 38.187 uBg/m3 (mean: 19.970 + 15.824 uBq/m3),
0.122 ~ 0.801 pBq/m3 (mean: 0.371 + 0.374 pBq/m?3), 0.038 ~ 0.848 uBq/m3 (mean:
0.329 + 0.451 uBq/m3) WY = vAAA wr} 247} 2.16, 2.59, 2.994) %A #H=5
At

19 129, 19 249, 39 4¥cls AFEAo] BAson o] 77k K, Py,
22Th o H WAbs 5= 22 25269 ~ 46.483 uBq/m® (mean: 34.729 + 10.792
uBq/m3), 0.575 ~ 1.032 uBq/m3 (mean: 0.730 + 0.261 puBq/m3), 0.330 ~ 1.156 uBq/m3

(mean: 0.608 + 0.475 uBq/m3) W% W@ A Rl 247} 375, 510, 5534 7

553U

40



3¢ 49, 3¢ 19Y, 4€ 9¥ell= rpago] dAE S on o] 7|7k YK, #Py, #Th
o] Hi WAs FEE 22.097 ~46.483 pBq/m® (mean: 33.221 + 12.333 uBq/m?3), 0.515

~ 1.032 uBq/m? (mean: 0.788 + 0.260 pBq/m3), 0.711 ~ 1.156 pBq/m3 (mean: 0.865 +

0.252 uBq/m?) W= nd4dd v} 7}

N

} 359,551, 7.868] =74 #=5 )

207) A1) OK, U, PThe] BF Wb FEE A W AT wh g

Table 8 Airborne “K, ?*U and ?*Th activity concentrations by

atmospheric phenomenon in the Gosan location, Jeju Island

40K 238U 232Th
uBg/m? uBg/m> uBg/m>
NE 21 9.246 +5.963 0.143 +0.099  0.110 +0.081
FM 3 19.970 +15.824 0371 +0.374 0329 +0.451
HA 3 34729 410792 0730 40261  0.608 +0.475
AD 3 33221 +12.333 0788 +0.260 0.865 +0.252

NE(Non-Event), HA(Haze), FM(Fog-Mist), AD(Asian Dust)

Event No
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nSv/y, 576 ~ 30.22 nSv/y W= FZEHATH o] M typel® AFE w *y,

#2The] A7 fFad=e

N

}z} 1.13 ~ 2.70 nSv/y, 5.76 ~ 24.31 nSv/y W7 #=53)
t}.
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Fig 12. Annual effective dose to various age groups in Jeju island from inhalation “K,

28, and #*Th in TSP aerosols : (a) F type Male, (b) F type Female.
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A A W K, #Pu, #The] Azt FaAdZS 27 013 ~ 0.28 nSv/y (mean:
0.2 nSv/y), 4.78 ~ 9.58 nSv/y (mean: 7.32 nSv/y), 51.54 ~ 83.86 nSv/y (mena: 62.76
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20709 AE F wlAAede] AZ A5 20, BTARA] A ), ATE
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49



100
z 0 K-40
» ®U-238
£ ATh-232 i
[1}]
o 80 o
[=]
o
c
.2
E
T 604
o
o
=
3 A
T 40
"
3
c
c
< A .
8 204
L5} : :
E ; ;
£ . ! | ¢ S
0 g * i B = =
Non-Event Fog-Mist Haze Asian Dust

Fig 16. The annual average effective dose by atmospheric phenomenon in the Gosan
location, Jeju island from in halation of °K, *®U, and %*Th (each vertical bar graph

denotes the range of effective dose).

50



Alg W BHAbs 5 2HE 578 A< (radium equivalent index. Rag) = @2 AH-H+
WAL 98] Aot} o] A PRa(*iU), PTh, YK M= T2 sEE diale A
=29 B5A% FFES vuwsty] #HEs Axelty #@E 57F A PRa 2 10
Ba/kgell A #2Th, “Ko] z+z} 7 Bglkg® 130 Bglkge] 728 7l A#HES A sth=
7Hgotefel deld Zlolt

oA 71zke] AFE 29 A AEE K, U, #Thel WAt wRE 747
1.341 ~ 46.483 uBq/m?® (mean: 14.188 + 11.451 pBq/m?), 0.006 ~ 1.032 uBq/m? (mean:
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Table 9 The Radium equivalent index at the twenty-nine samples at Gosan in Jeju

island, Korea
sampling K Y 2Th Réeq
Date uBq/m? uBq/m? uBq/m? uBq/m?
01/03? 3.814+0.127  0.076+0.001 0.03340.001 0.417 +0.012
01/06° 11.827+0.257  0.247+0.002 0.121+0.001 1.330 +0.023
01/09° 9.120+0.134  0.19040.002 0.102+0.001 1.038 +0.013
01/12° 25.269+0.126  0.575+0.006 0.330+40.004 2.993 +0.021
01/21°¢ 9.621+0.087  0.122+0.003 0.038+0.001 0.917 +0.010
01/24° 32.433+0.328  0.583+0.002 0.337+0.005 3.562 +0.034
01/27°% 12.52040.161  0.172+40.001 0.101+0.001 1.280 +0.015
02/14° 19.52740.115  0.197+0.007 0.17040.001 1.945 +0.017
02/172 1.34140.070  0.006+0.000 0.001+0.000 0.111 +0.006
02/20° 24.123+0.289  0.488+0.007 0.390+0.004 2.902 +0.034
02/23% 3.409+0.086  0.083+0.002 0.056+0.001 0.426 +0.010
02/26° 6.026+0.091  0.051+0.002 0.036+0.001 0.567 +0.011
02/28% 4.088+0.112 0.110+0.000 0.126+0.001 0.604 +0.011
03/01° 18.9354+0.237  0.142+40.001 0.079+0.000 1.713 +0.019
03/04 "¢ 46.483+0.657 1.032+0.008 1.15640.010 6.263 +0.073
03/07°¢ 38.187+0.355  0.801+0.015 0.848+0.008 4,953 +0.055
03/10° 9.283+0.132  0.160+0.003 0.131+0.003 1.062 +0.017
03/13° 11.192+0.168  0.158+0.002 0.105+0.001 1.170 +0.016
03/16° 3.026+0.080  0.053+0.001 0.03340.000 0.332 +0.007
03/19¢ 31.083+0.309  0.817+0.005 0.72940.006 4.252 +0.038
03/22° 4.366+0.118  0.080+0.002 0.071+0.002 0.518 +0.014
03/25° 4.758+0.123  0.068+0.002 0.037+0.001 0.487 +0.013
03/28° 9.434+0.071  0.19240.001 0.15540.003 1.140 +0.010
03/31° 6.945+0.091  0.095+0.002 0.092+40.002 0.761 +0.011
04/03? 13.2324+0.178  0.135+0.002 0.139+0.003 1.353 +0.020
04/06 ¢ 12.104+0.211  0.190+0.003 0.102+0.000 1.268 +0.020
04/09° 22.0974+0.214  0.515+0.007 0.711+0.006 3.232 +0.031
04/12° 7.823+0.202  0.135+0.002 0.147+0.002 0.949 +0.020
04/15° 9.380+0.246  0.158+0.004 0.183+0.002 1.141 +0.025
Mean 14.188 0.263 0.226 1.679
SD 11.451 0.266 0.282 1.516
Max 46.483 1.032 1.156 6.263
Median 9.621 0.158 0.121 1.141
Min 1.341 0.006 0.001 0.111

2 Non-Event(NE), °: Haze(HA), ¢ : Fog-Mist(FM), ? : Asian Dust(AD)
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t7] Aol mhE YK, ®u, #The] Bt WAEs FEE H@24)2 olgste] A
25 571 A4 (Rag) S Table 1001 HHER AT

A, v, A5, sSAtd e 2w F7F Al 22 0111 ~ 2.902 pBg/m?
(mean: 1.012 + 0.015 pBq/m?3), 0.917 ~ 4.953 uBq/m> (mean: 2.379 +0.028 uBq/m?3),

2.993 ~ 6.263 pBq/m3 (mean: 4.273 + 0.043 pBg/m?), 3.232 ~ 6.263 uBq/m3 (mean:

4582 + 0.047 pBq/m3) W2 vANAL R} 747t 2.35, 422, 453v) =4 H5EH

ATt

Table 10 Airborne K, ?8U and **Th activity concentrations and the Radium equivalent

index by atmospheric phenomenon at Gosan location in Jeju Island

e 23§U 2Th Raeq
uBg/m?3 uBg/m3 uBg/m3 uBg/m3
NE 21 9.246 +5.963 0.143 +0.099 0110 +0.081  1.012 +0.015
FM 3 19.970 +15.824 0371 +0374 0329 +0451  2.379 +0.028
HA 3 34729 +10.792  0.730 40261  0.608 +0475 4273 +0.043
AD 3 33221 +12.333  0.788 40260 0.865 +0.252  4.582 +0.047

NE(Non-Event), HA(Haze), FM(Fog-Mist), AD(Asian Dust)

Event No
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Fig 17. Five-day backward trajectory ending between 3 January and 15 April 2013.
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Fig 19. Five-day backward trajectory for fog-mist case ending at 21 January 2013.
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Fig 20. Five-day backward trajectory for haze case ending at 21 January 2013.
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