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SUMMARY

In this study, a total of 115 PM,, samples were collected from the Gosan area in Jeju
Island, which is a natural background sites, during the year of 2014. This study analyzed using
ICP-DRC-MS (Inductively Coupled Plasma - Dynamic Reaction Cell - Mass Spectrometer)
the concentrations of potassium, thorium and uranium, and evaluated the annual effective
dose by breathing from the results. For the pretreatment, EPA-10-3.1 method was used.

During the study period, the mean mass concentration of PM, was 46.31 mg/kg. And the
mean concentrations of *°K, ?*Th and #**U were 0.56, 1.03 and 0.53 mg/kg, respectively.

As a result, concentrations of dust mass with each nuclide 28U, %*Th and “°K were 0 ~
62.07 (mean: 6.48 £ 7.43 Bg/kg), 0 ~ 16.86 (mean: 4.16 + 2.98 Bg/kg) and 1.94 ~ 605.76
Ba/kg (mean: 146.90 + 101.84 Bqg/kg), respectively. The activity concentrations of each
nuclide were analyzed by atmospheric phenomenon (Asian Dust, Haze, Fog-Mist and Non-
Event). During Asian Dust periods (5 samples), the active concentrations of “°K, ***Th and
28 were 328.05, 11.38 and 10.71 Bg/kg, respectively. The #*Th/*K, *®*U/*K and
Z2Th/**U ratio of Asian Dust was 0.033, 0.036 and 1.06, respectively, which was higher
than those of other atmospheric phenomenon (0.50~0.82).

Each nuclide *®U, ?**Th and *°K concentration for air volume is 0 ~ 2.16 (mean: 0.30 =
0.35 uBg/m®), 0 ~ 2.26 (mean: 0.25 = 0.37 uBa/m®) and 0.06 ~ 78.14 pBg/m® (mean: 7.89
+ 10.89 uBg/m?®), respectively. The activity concentrations of each nuclide were analyzed
by atmospheric phenomenon. During Asian Dust periods (5 samples), the radioactive
concentrations of “°K, %*Th and #**U were 40.89, 1.46 and 1.37 uBq/m®, respectively.

The five-day backward trajectories have been performed to investigate the inflow pathway
of the air mass into the Gosan site, and it was ascertained using the HYSPLIT4 model of
National Oceanic and Atmospheric Administration (NOAA, USA). The air mass inflow

pathways have been classified by four sectors; China continent (Sector I), Korean peninsula



(Sector I1), Japan (Sector I11) and North Pacific Ocean (Sector 1V). The sectional frequencies
of air mass inflow into the Gosan area were 34.84 % in Sector |, 22.58 % in Sector I, 11.61 %
in Sector 111 and 5.16 % in Sector IV zone during the study. During Asian dust periods, the
air mass inflow was due to Sector | (China continent).

As a result of analyzing the air volume, the concentration ratio of 22U/*°K, #*Th/**K were
0.036, 0.032 in Sector I, respectively. The concentration ratio of **Th/***U was measured
0.886 22U/*°K and #2Th/*°K were 0.042, 0.032 in Sector II, respectively. And Z2Th/?®U was
measured 0.762. As a result of analyzing the dust mass, the concentration ratio of *2U/*K,
Z2Th/*K and #Th/*®U were 0.040, 0.030 and 0.747 in Sector I, respectively. *®U/*K,
Z2Th/*K and **Th/**®U were 0.046, 0.030 and 0.662 in Sector II, respectively. Sector Il
confirmed that the overall ratio of ***U/*K, #*Th/*K and **Th/***U to total dust volume and
air volume decreased. In the case of Sector IV, the respectively ratio of *?Th/*K and
Z2Th/*?®U is the lowest. However, Sector IV was the highest among the other Sector 1, II
and Il1.

The Ej, ot (inhalation annual effective radiation dose; default mode F) to the public due to
natural isotopes of the airborne PMyo was in the range 17.56 ~ 83.74 nSv/y, depending on the
age group. The Eh,w (15y, male) of Asian Dust was 498.84 nSv/y, which was 8.6 times
higher than those of the Non-Event dust (58.17 nSv/y).

In 2014 the Raeq (radium equivalent activity) is 40.85 ~ 84.18 Bg/kg (mean: 52.24 =+

18.00 Ba/kg). According to UNSCEAR 1988, the world average Rae, is 89.0 Bq / kg in soils.
So this study was measured to be similar to the world average Rag.

In this study, the ratio of each nuclide was compared according to the inflow route. As a
result, it was confirmed that the ratio of each nuclide was slightly different according to the
inflow route. It is expected that this will be a preliminary data for analyzing the sources and

various weather phenomena of fine dust on the peninsula.
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FAR= aerosolo] F7F 8 4 Qe 71AFIAE F shyoltt. Sl A9 B

{J

Fohso] Axs) AWA eFebebabel, 3w kst ge Aeld WAt

Yot
(2

A]

N

} 7457155 EFAL 3000 ~ 5000 m 3o 2 Setol WA FS Bt v
ghell Eehe = Zlolth RS FAake] §iAA 7] 10 ~ 1000 pmeolw -2 veks &

AHAsian Dust)2tal ezt BE A Az 2 ~ 5Y JXolil 4-5¢¥0 F=

Atk AF-o] A hds] dwetd s E7E 75% mivke] A Alokr S A
= 7173 Edel L et Q= A FE7F 80 ~ 90% ol delHA Aoyt 5
A= dAS w3oh(Jo and Kim, 2010; Sun et al., 2006).

AR F SAHsk A eke A K, ®Th, U] ebE, BE, ZECIA A

AZ A= 0.0117, 100, 99.27% S 7FA 1 Q1 A ZHS A S Ml WAL E

S 1 A9 Bk A Faxe) wet 747 dFo] st dEhth (Veiga et
al., 2006, H.A. Al-Trabulsy et al., 2011).

T AT AFE A v A ol S o] &3 PIAI A (PMy) &
of xguo] & A WA #FQl YK, FTh, PU o WAMs FEE FEHEtL
o] 5 o]g3sle] AZMFaA%I Radium Equivalent ActivityS 3Fch 18]a A
AE aerosol®] 71€e FA37] 98] wl= 7= HYSPLIT4 &A% Rd=

RS R R B
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F, WUE A%, AR, WYY 47908 Lpro] 247
B0 wE Fao 2ea 474 fUFzel BE AFe ME ol g FY

= aerosol?] 719& FAHE i dolEuo]AE FHsl Fhk,
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Fig. 1. PM;o sampling site in Gosan, Jeju Island.



1.2 A& 717)

1.2.1. A E2F A PMS—103

Az A Al A2 7]7]= PMS-103 (APM Engineering, PMS-103, Korea) &3-S

ARE3to] PMyy AlEE AA ST ©] aerosol 7171l PMy, Al59F PM,s AlEE

off

Al AR e A

ftlo

ZFA AL ok 2 AFelA PMy AlEE ZHE H

Kl
r
i)

2 €] (Pall Corporation, ZeflourTM, 47 mm/2.0 um, USA)= o] &3] A5 9] 4

AlZE d71E w71 SUE IR Re 2 2

1

= MFC (mass flow

controller) & ZF4&tsto] A5 AFsEAATE o] 717 7222 9F 6 m o]l

d

AHE 5 Q== 9ol AAHe] Ark 13 MFC F7159) FFS 167
Umino. MErieh oF 24470 B¢ ARSES Agstel 3 1549 ARZ A
Asteith ARg ARF A7 e Qe Adeldels UE F 74A g

A A E A

Fig. 2. PMyo sampler (APM Engineering, PMS-103, Korea).



1.2.2. ICP—DRC—-MS

25 ¥ PMy aerosol®] Uranium, Thorium, Potassium= = 743}7] ¢al] YA =
FS AdsiA 24 & e A = A Zk=vt A% 47 ICP-S
A8 S AFgEA T 2 Ao A AFE¥ ICP-DRC-MS (Perkin Elmer, model ELAN

EEepzvks Aol S5tk e d4E ol dlst

rr
Jo

DRC-II, USA)7] 7]
of Hyeh AFSYAA L DRCLYL o} 2T /AT o] ga A4 Zepxu}

Adsich, i wFelA EA8ske IS dEYeohy gk 22 w4

i

o] & 71AE A Yo FYste] LS HEV) o mEEy] Ao AAsE =
dojt), wEl dRkEel fx As ZekEvl A7 247178 ug/mlkA 574 71

Sateha 2 Ao ARE-3E Fig. 39 ICP-DRC-MS ELAN DRC-1I model pg/mL

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



2. Alg° AA7 9 U, Th, K Caliberation

21 A5 AAF P

HZ2 e 48 PMy AEE 7= 741833 (US-EPA : United States
Environmental Protection Agency)?] HHE29] ojg 7}x #xg WyS AlA S
EPA 10-3.1 " (EPA, 1999) = mlo]| A2 392 o] 83 ALEHORE A|8E AA g
ST

Fig. 5= & A8 dAg el A8 A5 st sl dAeE A

Al gk AFg-9M(5.55% HNOs; / 16.75% HCI)S A 23k o 54 ARZHE 24 2
2k4 microwave (Milestone, START D, Italy) 71712 €7l A& A=t A =%

A gele Eolgth 19 RE ARE §7)6] EFA 3} go] dolzth

123 microwave 71712 AL 180 C, #H<etS 1000 WE At ¢k 20 &
FoF HHS] 9 AUE AFAAF s 208 B9k FAA AL a8 A

2~3 3 AlF& FHA FAF] 9 FEl(Whatman, PVDF syringe filter, 0.45 ug/mL) &
o] gal ol EwwS A FAH 1 F AAYYE e AR &Fo] 47

t=7] wiEe] ol ZA sh7] fA EA e =3AE &N (3 % HNOy/8% HCI) &

Ne Axst] FFZeFAAE S 25mLE o] Folh



Fig. 4. Process of dissolving PMj, filter with microwave and Filteration.

PM,, aerosol filter

10mL Extraction solution Filter dissolution in Microwave
(5.55% HNO,/16.75% HCl) 1000 W, 180 °C
Filteration

Sample measurement in

ICP-DRC-MS

Fig. 5. PM;o samples were pretreated with EPA 10-3.1.



2.2 U, Th, K Caliberation

4o Qu BAHNE DLt Uk Wb B Al s e A

B AT U, Th, K wAe] Algd Z=£9E yraniume 739 100 pg/mL
(Inorganic, MSU-100PPM, 125 mL)¢] 52| A|&S 3|4 ste] AME-8F3al wpztb7hA]
2 thorium %% ¥F89 100 pg/mL (Inorganic, MSTH-100PPM, 125 mL)S A&
sFolth. th  potassium "] =r%] Perkin ElmerAlef A #ufF<Ql  Multielement

Calibration Standard3 (Perkin Elmer, 10 pg/mL) =3 Alg3slo] Q55 of wegl &

{‘_9,

Toll A K, P2Th, 28y o) RFEY FEE oF e 5 Q1 PMy, aerosol
= S748t7] S8l ppt EA7HA g &S A ST MSU-100PPM - £ MSTH-
100PPM, Multielement Calibration Standard3E Z+7} 3] 3}o] 50 ~ 500ppt (50 pg/mL ~
500 pg/mL)7HAl 5/ Al ZxstATh Alx Al FARS ol&ddal XY BEg

oS |CP-DRC-MS A& 37 73 ELAN softwareS ©]-£-3l Calibration2 2 A3}

.
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3.1 HAbs FEANE

52 ICP-DRC-MSZ A% kS &3l & uranium, thorium, potassium®] &
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= e xL @

pi : AF 0] B9 FE (pg/m)

C, : Blank #5455 (pg/mL)

T  AFHAZE (min)

Voo wS] A ARG (L/min)
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@0l tilskel AAE AASATE o714 ARE WM Ty, SHAFE p AF

o] A AAEAME m, (K=0.0117%, **Th=100%, **U=99.27%),% 7 5} 3.2

2
ol
L
rlr

1%(K=30.9963, **Th=232038, **U=238.05)%] & H(gmol), otRIIER F
N(6.023X10% mol)S tjglste] Azbgtoz sig(K, #2Th, ®U)e] LS 5=

(Bym)E & F AUtk

PiXMe o\ )

pp AT TR

m, T AA=AN &

M; : &F & 2% (g/mol)

N : o}R7}E=F 55(6.023X 1023 mol?)

A L SO B2TH 2BY) 9] WPALS 51 (Bg/md)
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b2 2712 ICRPOIA] AAgE 2] 714 55&
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Bl el @7 6 LFOR Lhrol
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o

ks
I

1% 3555 e ICRP Publication 89 A8 S A}

9 g% = A AFE F, =3 ICRP Publication 895 11

S5 of#l Table 1ol A&t}

Table 1. The respiration rate and indoor residence rate of various age groups are

summarized briefly.

15 Adult
Age 3m ly Sy 10y 4
group male  female male female
B
(m3/d) 2.8 51 8.8 15.2 20.1 15.8 22.2 18.2
Fo 1 0.96 0.88 0.88 0.88 0.92 0.92 0.92
dnii= ICRP Publication 119 oA A|A|gt ojg &F2o] WAlsd Fad=ds S

of W& 37HA 1% F M, Stypel ® wiete] Jeleh AARE A fsto] Table 2¢]

A akel Lhepole,

F type(fast rate of absorption)o] 3¢ & 7|dolA Aoz =ZFA 4
] 2459 53, M type(moderate rate of absorption)2] A-$-= & 7] doA o
of HEoR 54 v =9 73, S type(slow rate of absorption) &5 7|3
S R25E HwH QA &3HA ¢y HHs] Eo] FFHEHE F3S st
t}.

2 AFdAME = 71HeERY ddo =xFA F7E W Fof v 4
=9 #3989 Ftypeo 2 7Hg st A A
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3.3 Radium equivalent activity

o5 He WA gigt @9 AdFd ite sEE AMEEEE ol&ste] & #E
5744 Rag, (Radium equivalent activity) S AtE3Fith o] etE57/ A5+ g &

oA A Fo] Agow st WAbs fdl A FEA &3] AETA JPAFE
Uely = WY 3 slvbolth(Mohamed A. Zytoon, 2014). ©] #HES7IAFE w9 A
o AE 2By = 370, 22Th = 259, “°K = 4810 Ba/kgd Wl y AEo] Fdsltt= A<
A ARETE B ATl E 201497 S PMy AR F (YK, PTh, #PU)9] A
(E w8 WA Ao st FE Ast o ol ZE3t] #BHES /MG Rag

5 Artstol £4 = AAEiY 2Elan olE Fe uh Aypgre] AlgA)l 370

il R

_ (Au | Ath | Ak
Raeq = (370 T 259 T 4810) x 370 “)

Ay :238U9/] Ho]'/\]'% Ao
Am PThe] WA 5
A K HAMS e

Rag : 2 57 A%
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34 A7 B4
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ARL

Air Resources Laboratory
“_ ing At heric Sci and Tech 'ythrough"

ARL Home > READY > Transport & Dispersion Modeling > HYSPLIT > HYSPLIT Trajectory Model

Model Run Details | Request trajectory
The archived data file (GDAS1) has data beginning at 05/29/14 0000 UTC.

Model Parameters
Trajectory direction: ' Forward

® Backward (Change the default start time!) More info P
Vertical Motion: ) Model vertical velocity

' Isobaric

® Isentropic More info P
Start time (UTC): __year __month _day __hour .
Current time: 01:58 [14 v 05 v 29 v 9 v More info b
Total run time (hours): 120 ] More info P
Start a new trajectory every: o nrs Maximum number of trajectories: 4] More info P
Start 1 latitude (degrees): [33.170000 | More info P
Start 1 longitude (degrees): [126.100000 | More info P
Start 2 latitude (degrees): [—
Start 2 longitude (degrees): ]
Start 3 latitude (degrees): [ |
Start 3 longitude (degrees): [ ]
Level 1 height: 500 ] (® meters AGL ) meters AMSL More info b
Level 2 height: b1
Level 3 height: \07‘
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Job 1D: 19378 Job Start: Tue Nov 29 02:05:04 UTC 2016
Source 1 lat.: 33.170000 lon.: 126.100000 height: 500 m AGL
TraIJItlecto Direction: Backward  Duration: 120 hrs
Vertical Motion Calculation Method: Isentropic
Meteorology: 0000Z 29 May 2014 - GDAS1

Fig. 7. Result data of HYSPLIT4 reverse trajectory program.
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e & dATelA SAstaAl ek 7712 ARE S Al AlF
SFEE gelsty] gdl #F U, Th, K o diste] Caliberations A8t & ths
7hE e wEo RFE NS o] &84 71714 E Al (Instrumental Detection Limit: IDL)
= S48 flal =4 A 7T RbEete] S-S Al S ds dviy &
AbE]oQl=A] &eldlr] s W% A= (Variation of Coefficient: CV)S -3} T},

AT 7 B3 FES AEFES 98 %E APt R0 RE o]
o st gk (factor for confidence)> WHE-Z7 7H 3} A2 F-3F 98 % o 3l dali 3.1432

2= ARSIty 18 9% % 2K(Standard Deviation : SD)= ©] &34 W5 A5

=343 ¥K, #Th,?U 9 IDL S X+ 7H2F 27.12 pg/L, 2.11 ng/L, 2.89 ng/lL= &
JA 3 F T FAE sEe xEHAE T WHeAlTE Telisled SY% =
T 3wk 9A gom®E e Qe AR AT S QUSlTh 10% Bk vl

A wolnz V7IdEd Al i Ay A o Adutoldival wdd

Table 3. Results for Instrumental Detection Variation and Limit of Coefficient measured with

ICP-DRC-MS (n=7)

28U (ng/L) 22Th (ng/L) K (ug/L)
IDL 2.89 2.11 27.12
CV (%) 1.54 1.40 2.24
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of W WA Aol mE sxg ¥V Fye g sEE et ¢4 WA
of thgh Aol thet s (Bakg) TS AT 281 #A % AAE Table 4 ~

6o YeERUATE 1 Ay AF PAbs FEE KO 9 1.94 ~605.76 Ba/kg (mean:
146.90 * 101.84 Bg/kg), **Th] 73-$- 0~ 16.86 Bg/kg (mean: 4.16 = 2.98 Bg/kg), ***U2]
7%~ 0~ 62.07 Bg/kg (mean: 6.48 = 7.43 Bg/kg) #Co 2 AFE i)

Ga} 717 % A

™

A AlsE 190 119 52 4719 F 571 TFFHASH o]
of gk ztz} o] FrE o= K 176.63 ~ 605.76 Ba/kg (mean: 328.05 *169.23
Bag/kg), ®*Th-S 7.44 ~ 16.86 Ba/kg (mean: 11.38 = 3.83 Bg/kg), 22U 9.19 ~ 13.45 Bg/kg
(mean: 10.71 = 1.72 Bg/kg) = =74 ¥ 3.

AT A AAE AR F 19, 2€, 12€4] Zb7 271 A5l et F 6719]
| Z}zh Ao Fr 9 YK 64.48 ~ 259.44 Bg/kg (mean: 162.56 = 69.33 Bq/kg),

P2The 2.4 ~ 8.27 Ba/kg (mean: 5.05 * 2.06 Ba/kg), 22U 3.75 ~ 13.35 Bg/kg (mean:
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11.38 = 3.83Bg/kg) 2.2 =AU}
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—e— Activity Concentration of dust mass
—a— Activity Concentration of air volume
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Fig. 8. Comparing the concentration of “°K to air volume and dust mass.
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Activity Concentration of air volume

—e— Activity Concentration of dust mass
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Fig. 9. Comparing the concentration of **Th to air volume and dust mass.
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—e— Activity Concentration of dust mass
—a— Activity Concentration of air volume
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Fig. 10. Comparing the concentration of U to air volume and dust mass.
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Table 4. Analysis according to the weather phenomenon of “°K in PM, sample

40K
mg/kg Ba/kg uBg/m?
AD(5) 1.24+0.64 328.05+169.23 40.89£23.20
HA(6) 0.61+0.26 162.56+69.33 18.29+£17.73
FM(57) 0.53+0.33 140.08+88.61 5.58+6.24
NE(47) 0.51+0.36 133.90+96.43 5.851£4.67
All(115) 0.56x0.39 146.90£101.84 7.89£10.89
Table 5. Analysis according to the weather phenomenon of **Th in PM, sample
232Th
mg/kg Bq/kg uBag/m?
AD(5) 2.81£0.94 11.38+3.83 1.46x0.72
HA(6) 1.25+0.5 5.05+2.06 0.50+0.40
FM(57) 0.94+0.66 3.82+2.69 0.17+£0.23
NE(47) 0.91£0.57 3.68+2.29 0.17£0.15
All(115) 1.03+£0.73 4.16+2.98 0.25+0.37
Table 6. Analysis according to the weather phenomenon of ?**U in PMy, sample
238U
mg/kg Bqg/kg uBg/m®
AD(5) 0.87+0.14 10.71+1.72 1.37+£0.55
HA(6) 0.65+0.32 7.99+3.90 0.50+0.44
FM(57) 0.62+0.80 7.58+9.83 0.24+0.24
NE(47) 0.37£0.25 4.52+3.08 0.19+0.16
All(115) 0.53+0.60 6.48+7.43 0.30+0.35
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of\
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2.3 YK, ?Th, U 5% HZEH

7143tk nH A F ZbzE dEo] H]E Table 70 YERHITE Table 794
201437 AAD A8 *Th/ue] Hf % B]E 0642 &<l & 5+ ). 9]

= UNSCEAR, 2000914 ZAFE AlA Ho 2Bust 22Th v] 1.10] 3} vlws] zjol=
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b 4 AT AR #ALIREe] PEThARUE Bl A ool 2AE 1.0625
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Table 7 . Comparison of air volume and dust mass ratio of “°K, %?Th, ?**U nuclides

238U /4OK 232-|—h /40K 232-|—h /238U
volume mass volume mass volume mass
ratio ratio ratio ratio ratio ratio
AD(5) 0.033 0.033 0.036 0.035 1.073 1.062
HA(6) 0.039 0.049 0.028 0.031 0.707 0.632
FM(57) 0.043 0.054 0.031 0.027 0.715 0.504
NE(47) 0.033 0.034 0.029 0.027 0.882 0.815
All 0.037 0.044 0.031 0.028 0.830 0.641

27



Hjp

0.049=

S50 MUzt The] 4% R

P
T

o1z
=

g9l

~ 139 YERH QLT Fig. 1301 4]

AH A wheb #2That Ko

.zrl

0.426=

232Th jq_ 4OK~9] R2

AE R

.z:l

—

0

¢+

ol
o
o
T
X
X
ol
Njo
w5

.

=

R

—

el

-
ol
o7
o
ol

J)

—_
fie)

oW

4

ALt AA FEHIPF glerE vlwE 7]

&

28



70.000

60.000

50.000

40.000

y=0.0118x + 4.7547

R?*=0.026
30.000

20.000 . -

238 activity concentration (Bqg/kg)

10.000

»
D.000 —4eset—s— 0024+ — 4 4%+ o —— — — ———————|—————————
0.000 100.000  200.000 300.000 400.000 500.000 600.000 700.000
40K activity concentration (Bqg/kg)

Fig. 11. Correlation between #®*U and **Th in PMy, aerosols.
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22Th activity concentration (Bq/kg)
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Fig. 12. Correlation between “°K and #*Th in PMy, aerosols.
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232Th activity concentration (Bg/kg)
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Fig. 13. Correlation between 23U and #2Th in PMyg aerosols.
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3. 9 #A4 &4

201413 AHE F 11570 AES vE SIS NOAACA Algsts o4
A 9 HYSPLITAS SallA] 248l AlFes FHo] siges & g7l &
Feol AL Fof ol FAYE F W= aerosol= EUEE dF7]ol A g A
dolrt. webA B AFoME AHF EAE Fslo]l 22 Sectors 4718 TYlo=E
o] F = (Sector ), $HiF%= $1%:(Sector IT), ¥ +-(SectorIll), Ef3 ¥ (SectorIV)ell A

% aerosolo]] W S EAel H k)

A~

1 AAAOSF = Sector [, 1T, IO, Ve H]E©| 34.8, 22.6, 11.6, 5.2 %= &g 4+
Aoy, 18] Z+7; Sector® % F = aerosol Al Z+ Sector [ oA+ 54702 Al B 7}
G259 Sectorll = 357H, Sector I 1870, SectorlV:= 872 el ch. 47] 9

Sectorell w2 aerosol®] FUAEE Fig. 14 ~ 17914 &l & 5 it}

Table 8. The rate of meteorological phenomena entering each sector

AD(n=5)  HzZ(h=6)  FM(n=57)  NE(n=47)  All(n=115)

Sector Percent(%)
I (n=54) 100.0 66.7 38.6 48.9 34.8
IT (n=35) 0.0 333 24.6 40.4 22.6
T (n=18) 0.0 0.0 22.8 10.6 11.6
IV (n=8) 0.0 0.0 14.0 0.0 5.2
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Fig. 14. The total reverse trajectory of the PM;, sample measured in 2014.
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Table 9. Concentration of nuclides according to air volume and dust mass of the sector

40K 232Th 238U
Secotor
uBg/m? Bg/kg uBg/m? Bq/kg uBg/m? Ba/kg
I 11.38+14.24 169.52+111.67 0.37+£0.48 5.09+3.32 0.41+0.43 6.81+5.37
I 5.88+5.45 128.22+76.99 0.18+0.17 3.90+2.41 0.24+0.24 5.90+4.75
I 4.11+4.84 116.22+106.81 0.10£0.12 2.73£2.35 0.14+0.15 4.75£5.25
v 2.10£1.40 144.96+99.42 0.03£0.02 2.21+£1.71 0.09+0.16 10.75£21.75
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Table 10. The ratio of concentration to air volume of each sector

238U/40K 232Th/40K 232Th/238U
Sector I 0.036 0.032 0.886
Sector I 0.042 0.032 0.762
SectorII 0.034 0.025 0.713
SectorlV 0.044 0.014 0.328

Table 11. The concentration ratio of the dust mass of each sector

238U/40K 232Th/40K 232Th/238U
Sector I 0.040 0.030 0.747
SectorII 0.046 0.030 0.662
SectorII 0.041 0.024 0.575
SectorlV 0.074 0.015 0.205
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Table 12. Annual effective dose(nSv/y) calculated using the average concentration of each

nuclide in 2014

3m ly S5y 10y  15y(M) 15(F) Adult(M) Adult(F)
K 0.06 008 007 008 006 0.03 0.05 0.04
28y 0.17 024 030 046 062 045 0.43 0.35
22T 17.33 33.01 4849 68.05 83.07 6054  77.97 63.92
Total 17.56 33.32 4886 6859 8374 61.02 7845 64.31
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Fig. 19. Annual effective dose for type F and dose for “°K, #Th, U nuclide.
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Table 13. Annual effective dose comparison of Asia dust and Non-event

nSvly 3m ly 5y 10y 15y(M) 15(F) Adult(M)  Adult(F)
K 0.04 0.06 0.05 0.06 0.04 0.03 0.04 0.03
28y 0.11 0.15 0.20 0.30 0.40 0.29 0.28 0.23
NE 22T 12.0 22.94 33.70 47.29 57.72 42.07 54.18 44.42
Total  12.12 23.15 33.95 47.65 58.17 42.39 54.49 44.68
K 0.30 0.42 0.38 0.39 0.29 0.21 0.25 0.20
b 28y 0.80 1.09 1.38 2.13 2.85 2.08 1.97 1.73

Z2Th  103.40 196.96  289.37  406.10 49570  361.25 465.28 381.44
Total 10450  198.47  291.13  408.62  498.84 36352  467.49 383.38
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5. Radium Equivalent Activity (Raeg)
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Fig. 20. Comparison of dust mass and air volume concentration of Raeg.
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Table 14. Ra.q of each meteorological phenomenon on dust mass and air volume

Raeq
Bag/kg uBg/m?
AD(5) 50294 + 18.00 6.61 + 3.07
HA(6) 2773 * 9.72 284 + 234
FM(57) 2382 * 15.08 092 + 0.98
NE(47) 20.09 * 10.20 089 + 0.62
All 2372 + 1452 126 + 164

5 BEs 7T Rags B7HsllE A3 2014d7F Fit 2t 57 23.72

2,
frt

Bg/kg 0% EoFo|A A7 Hx]Ql 89.0 Bakg &F Hlmw RS w ok 3.7 v

o 7o 7 =AE QI THUNSCEAR, 1988). 181 #7] H3lo th3t gtFSr/tATE=
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