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Figure 2.13. Long-term wvanations of the weighted mean annual totium

concentrations in precipitation in Korea from 1961 to 2016, in comparison with other

stations in Asia.
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Figure 2.14. Long-term vanations of the weighted mean annual  irtiom
concentrations in precipitation in Korea from 19800 to 2016, in companson with other

slations in Asia
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Table 4.1. Concentrations of tritium in the water vapor around the Wolsong NPP.

Location :
SRR e ;f:ﬂ nghnii} .[aTrL} Period
direction  (km)
N2 N 0.9 65 - 2200 431 S17 20034 - 2008.12
N4 NNE 1 37- 1810 262 358 19981 - 20033
N5 NNE 22 14- 98 120 142 1998.1-2015.12
N7 NNW &8 21-67 12 12 2008.5-2015.12
52 SSW 17 18 - 645 75 77 19981 - 2015-12

' Geometric mean {GI!'.-'I] standard deviation {ED]

Figure 4.1. Map of the sampling stations around the Wolsong NFP site. The star,

open circles, and closed circles represent the Wolsong NPP site and sampling stations

for both water vapor and precipitation, and precipitation, respectively.

EM, MSOe 2ALSE| =&, 2019



I

10
0x
L1
N
1)
o[
N
0>
Of
i

A7 2 B2t

2007 = Tritium Removal Facility

:;' -y
Z - =)
- 2500 1 805! (1000
& ° o N2 =3 =
~ 2000 4 ' ° N4 3 800 I
g 2 s Ns|| 805 £
g 1500 | &° o 1 &+ 8 A So|| F w0 F
— a 2 0o ' . 40z o
o B & & @ <
§ - s ‘: B > o Co’ ,..‘- “s OC‘ s 4 s ﬂ<’ [ 4% .§
) & & a & f.sv a ? o
& t e 42 ‘ o “n a 5 o a - 20 =
g m “ ‘. s .," EA a .AO Q - ;ﬂ %‘6:5‘:; v “j 6-7!.; & 8 1 zw ’z-.
& u ? * ‘ @" - } ,"\ A N W w ‘- ! : —— m
2 ot e S . e:* . u\é‘. TSN A R | Z | o
ﬁ 98 99 00 01 02 03 04 OS5 00 07 08 09 10 11 12 13 14 15§ - Q
Year
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4.3.3. Tritium in the precipitation

* The concentrations of tritium in the precipitation were in the range of 0.3—-1090
Bg/L with a geometric mean of 19 Bqg/L (SD: 116 Bg/L; n = 2,404) for all sampling
stations (Table 4.2).

* These values are comparable with those in the precipitation (1.7-1554 Bq/L)
observed around the Wolsong NPP site from 1993 to 1995 when only the
Wolsong Unit 1 operated (Kim et al., 1998).

* However, these tritium levels are approximately two orders of magnitude higher
than the background level (1.05 Bqg/L) observed at 15 national monitoring
stations in Korea (KINS, 2006).

* These levels are also significantly higher than those reported for rain water (0.8—
8.9 Bg/L) around nuclear facilities in Japan (Matsuura et al., 1995), precipitation
(0.6-5.9 Bg/L) around the nuclear power plant in Hungary (Koll6 et al., 2011), and
precipitation (2.2—35.4 Bg/L) in the vicinity of the VINS (Miljevic et al., 2000).
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Uitol 7 SEAMMAL FE R
* Sweden before ESS(2020) > 2.1 » Korea Wolsong residents(2015)
Bg/L 17.3 Bg/L
* Turkey(2015) 4.66 Bg/L * China Qinshan NPP(2015) 3.53
* Korea General Public(2013) 2.8 Ba/L at 2 Km
Bg/L e Canada Deep Water resident

* Finland(2008) 2.5 Bq/L (2001) 15.9 Ba/L
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Fig. 3. Tritium dispersion and environmental migration fate in the terrestrial and aquatic system.

Nie et al., Anthropogenic tritium, RSEV, 135 (2021) 110188



Natural sources of tritium

Artificial

Artificial sources of

sources of Tritium

o Non-nuclear

tritium installations
Civil and military T

nuclear installations technogenic

Fig. 1. Physicochemical forms of tritium in the environment; HT (tritiated hydrogen),
HTO (tritiated water), CH3T (tritiated methane), T, (gaseous organic tritium), T,ero
(tritiated aerosols), TFWT (Tissue Free Water Tritium), Trechnogenic (technogenic tritium),
E-OBT (Exchangeable Organically Bound Tritium), NE-OBT (Non Exchangeable
Organically Bound Tritium), QR-OBT (Quickly Recycled Organically Bound Tritium), SR-
OBT (Slowly Recycled Organically Bound Tritium). Images from courtesy of the
Integration and Application Network, University of Maryland Center for Environmental
Science (ian.umces.edu/symbols/).

Eyrolle F et al, J.
Environ
Radioactivity
181(2018)127~37
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AN = A (bioaccumulation) 2| Z&| & A~

* Jaeschke BC, Bradshaw C. Bioaccumulation of tritiated water in
phytoplankton and trophic transfer of organically bound tritium to the blue
mussel, Mytilus edulis. J Environ Radioact. 2013 Jan;115:28-33.

e Kim SB, et al. Organically bound tritium (OBT) formation in rainbow trout
(Oncorhynchus mykiss): HTO and OBT-spiked food exposure experiments.
Appl Radiat Isot. 2013 Feb;72:114-22.

e Duff MC, et al. Assimilation and transport of organic bound tritium in an
irrigated pine forest. Environ Sci Process Impacts. 2019 Jun 19;21(6):938-
949,

 Choi YH et al. Tritium levels in Chinese cabbage and radish plants acutely
exposed to HTO vapor at different growth stages, Journal of Environmental
Radioactivity, 2005; 84(1):79-94 -> OBT/TFWT 24~2800




M| = Biokinetics

APZ= A

« IS A 7N (tritiated gas: HT)
* 0.01% of inhaled HT converted to HTO in the body

« == TFWT (tissue free water tritium)
* 10 days

. 27|H
e Short term OBT (exchangeable organically bound tritium) 40 days
* Long term OBT (non-exchangeable organically bound tritium) 350 days



MKA|7Hs 2 2l Biokinetic model

Organic
(short)

Figure 1. The proposed systemic model for tritiated water.

HTO

Organic
(long)

Excreta

Table 2. Ranges on values of biokinetic parameters and RBE derived by Harrison et a/ (2002),
considering ingestion as either tritiated water (HTO) or organically bound tritium (OBT) (ICRP
values in brackets).

Parameter HTO OBT
Absorption to blood 1(1) 0.9-0.99 (1)
Fraction incorporated into OBT in body tissues 0.01-0.1 (0.03)  0.15-0.75 (0.5)
Half-time of retention of HTO component in adults, days ~ 5-20 (10) 5-20 (10)
Half-time of retention of OBT component in adults, days ~ 20-200 (40) 20-200 (40)
Relative concentration in foetus:mother 1.2-2 (1.4) 1.2-2 (1.4)
RBE 1-2.5 1-2.5

John Harrison, 2009 J. Radiol. Prot. 29 335



F. Eyrolle et al. Journal of Environmental Radioactivity 181 (2018) 128-137

Free and bound forms of tritium

Atmosphere or hydrosphere Mobile tritium

HTO Water vapor or water i
e I R —

Sequestered tritium

Biosphere :
TFWT =— > E-OBT: < NE-OBT
- Free water - Hydrogen bounds i - Covalent bounds
molecules to oxygen, nitrogen, sulphur i - No exchange with labile hydrogen until recycling or degradation
(labile hydrogen) : - 2/3 of H bounds in organic molecules
- Equilibrate very quickly with including:
TFWT QR-OBT SR-OBT
. - 1/3 of H bounds in organic - Quickly Recycled to HTO - Slowly Recycled to HTO
‘ { molecules - Species with fast metabolism - Species with slow metabolism
. : e.g., carbohydrates e.g., cellulose, lignin
R - Short persistence (grass, leaves, - Long term persistence (timber-
Mobile tritium : macro-algae) producing species, humic acid,
- Few weeks to few months refractory technogenic compounds)
- Several years to several decades
Quasi-instantaneous equilibrium with the hydrogen of | : Persistence within organic compounds depending on

surrounding water molecules biodegradation and recycling kinetics

Fig. 2. Exchange between free (mobile) and bound forms (sequestered) of tritium within the environment; HTO (tritiated water), TFWT (Tissue Free Water Tritium), Technogenic
(technogenic tritium), E-OBT (Exchangeable Organically Bound Tritium), NE-OBT (Non Exchangeable Organically Bound Tritium), QR-OBT (Quickly Recycled Organically Bound
Tritium), SE-OBT (Slowly Recycled Organically Bound Tritium). Images from courtesy of the Integration and Application Network, University of Maryland Center for Environmental
Science (ian.umces.edu/symbols/).

Eyrolle F et al, J. Environ Radioactivity 181(2018)127~37



MEFSE A A2~ dose conversion coefficient

* |CRP  Compared to an acute response
« WTO: 1.8 * 10e-11 Sv/Bqg induced by y-rays, a persistent
« OBT: 4.2 * 10e-11 Sv/Bq inflammatory response exists in

HTO-irradiated cells when
cultured for 30 days, which
might be related to
accumulation of tritium in the
form of organically bound
* By including long-term tritium (OBT) in cellular DNA or

component (350 days) lipids.

* 6.3 * 10e-11 Sv/Bq

* OBT in Cardiff Bay fish (flounder)
* 6.1 * 10e-11 Sv/Bq

John Harrison, 2009 J. Radiol. Prot. 29 335



M2k I El dosimetric model

* Table 3. Probability distributions® on
tritium doses from the ingestion of
HTO or OBT by adults and for the
foetus after maternal ingestion during
pregnancy®, Sv/Bqg x 10e-11.

Age Form 5% 50% 95%

Adult HTO 72.1¢ 3.9d 6.6 ;.O[;ljltar{?our;ugrr:)su%r;.mean values for
OBT 3.9 8.7° 20 b. Intake during pregnancy at 10 weeks
f after conception.
Foetus ~ HTO 3.7 7.6 14 c. Read as 2.1 x 10e-11 Sv/Bq . Note that
OBT 6.9 178 40 the tabulated values should strictly be Gy

Bq/Bg*RBE since equivalent and effective
doses are calculated using wR values to
represent RBE.

d. ICRP values are 1.8;¢4.2; 13.6;87.6.

John Harrison, 2009 J. Radiol. Prot. 29 335
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ShZo| MBSHAL XM AC T2 3
* 1977~1979, US NRC GASPAR - D= HEFO| DHEKX| &
model « 14c2011H EL|H A% 0|2
o= 2k 108 S7Iol= AL =
» 1980~1983, M T QS A AHEl (M 29| 90% KFHX|)
o = == 71 1
* 1988~1998, GADOS, LIQDOS %g cEEEIL AR LA
AL
 1998~2009, INDAC(integrated - o= 2 MY H FA(GADOS)
dose assessment code) 1.0 . Eislklfm -S4 E, Kot =
T
Peosm, INDACLS + EHA] ICRPOII A 011 7] 7| %
ME=HY =D US



Exposure pathways Dose Percent Percent Dose
(uSv/a) (%) (%)° (uSv/a)"
Inhalation & Evaporation 1.16 1.9 No No
skin- (liquid) consider consider
absorption Gaseous 7.68 12.5 29 26.08
discharge
Ingestion Terrestrial 45.29 73.6 71
products
Aquatic Much - No 0.042
products lower consider
Water Underground 7.37 12 No No
drinking water consider consider
Total 61.5 100 100 26.12

% The percent of inhalation and ingestion originates from the results given by
DCART code developed by the LLNL in the USA. Just as the description in the
previous part, the DCART code also gave a HT release having a 1%-10% dose
impact compared with HTO. And the exposure of a HT release mainly comes
from HTO converted in soil [98].

b The data originates from individual dose assessment for gaseous and liquid
tritium discharged from Wolsong NPP in Korea in the vear of 2015 [6].

Nie et al., Anthropogenic tritium, RSEV, 135 (2021) 110188
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C WTO 2B O A QAL £ = 4h2 T} BRISH0] 7 Y|

A

Aot B 45
« HEEN 7| F O 2 A YBHOI0| W ZEMZF0| 1 mSv/yr O

e

=g olg A
F

- dIdH] V=L EN YEHL R Vst =0 TS RS2 =€ A (As

Low As Reasonably Achievable, ALARA)

« AN M2 Qs EAA QI BHE (ordinary environment) &= B X|

.« Hf

= Aot |8 =F2 1 Bg/L

M 2F (banana equivalent dose, BED): 0.1 micro Sievert (uSv)?
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o A =
- g | (?) 7‘T'__
- = HeTh Sk =
TE CANDU SpS| M|t X|(Bg/L) {1 @I=d2)
7 LtCt 18 18 7,000 0.1 mSv/y
EU 2 126 100 0.1 mSv/y
T2t 0 4 30,000 0.5 mSv/y
2 0 0 76,103 T mSv/y
2 A[OF 0 31 7,700 0.1 mSv/y
AR A 0 5 10,000 0.1 mSv/y
0= 0 103 740 0.04 mSv/y
WHO NA NA 10,000 0.1 mSv/y

SH4Q H 1A, 2020. 6. 23.




=8 /| = A B

. FILICH WHO & S 8ol AL J|=MEAFT(RDL)CZ 0.1 mSv/y B2
RDL 1>< 10 *Sv/y
— =7,610Bq/L
DCFXQ  730L/y>1.8<10""Sv/Bq of

« WHOO M= &7 210t 28, 7iLICt= HESIH 88 T
. EU°| A2 H|otX| 7} Of JE”—’F— 2|2 100 Bg/L H-€(100Bq/LO| M HE = 42

GL=

L

Al)
e LZE o= 42 7| EMET=T(RDL) 2 E 0.5 mSv/y, 1 mSv/y Xi El
] I NCRP 41 2PN 2HX (1970 3) 2 HSHG
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