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발표자
프레젠테이션 노트
Hi, Ladies and gentles, First of all Thank you for having me and I am glad to see the faces of good form of colleagues in the covi-19 situation.
My name is Sang-Han Lee.
I am working for the Korea Research Institute of Standards and Science. And my main duty is Research on Environmental radioactivity, QA/QC on radioactivity measurement data are being conducted.

My subject, which I will introduce to you today, is "Surveillance  of radioactivity in terrestrial environment and quality control of data”.
". 
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Radioactivity outflow in the environment

KRISS

v'Following the Fukushima NPP disaster, Nuclear power plant operation and
accidental release from the specific source, the concerns regarding
radioactive contamination of terrestrial products have continued to spread
to the general public
v'Thus leading to increased demand for intensive monitoring and survey of
radioactivity in the environment.
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발표자
프레젠테이션 노트
On the other hand, in South Korea, large and small incidents related to radioactive leaks have often occurred.


Major pathways of radioactive contamination to terrestrial kRriSs

Radiation dose to man

 Agricultural Products

« Fishery prod inated
« Plants and animals contaminated through water uptake

Figure 1. Major pathways of radioactive contarination to food
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발표자
프레젠테이션 노트
Radioactivity released into the environment from a specific origin is transmitted to humans through various routes.


Guidance levels [Ba/kg) for I-131 and Cs isotopes in Korea KRiISs

) ) Guidance level
radionuclide Food
(Barkg, L)
Infant foods 100
131|
Milk 100
Foods other than infant 300
General foods 100
Drinks 10
133Cs + 18Cs | Food imported Milk and milk o
from Japan products
General food 100
Cs-137
USA 1,200 Ba/kg
Codex 1 000 Ba/kg
EU 500 Bag/kg
Korea E (since Sep. 2013)
100 Bg/kg 370 Bg/kg

;


발표자
프레젠테이션 노트
Korea has strict legal controls on food


The Brief Information of NORM Regulation - kriSs

® Definition and Registration level

o Reference: IAEA RS-G-1.7, IAEA SRS-49
o U-238series, U-235 series, Th-232 series, and K-40
* The handler (operator) should be registered if they deal with raw

materials and residues over registration levels

Bt Definition Registration level
or
Bg/g kBq Bg/g kBq
Raw 0.1 (U, Th) 100 1 (U, Th) 1,000
materials 1 (K-40) 10 (K-40) | 10,000
. 0.5 (U, Th) i 1 (U, Th) 1,000
Residues | o'\ _40) 10 (K-40) | 10,000



발표자
프레젠테이션 노트
Also Korea has strict legal controls on naturally occurring radionuclide materials.
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Current status of
radioactivity monitoring in
South Korea
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National terrestrial monitoring programme KRISS

Why do we need monitoring on environment?

v" Ensuring terrestrial environment is safe

v" Public reassurance

v" Check against statutory limits and target

v" Carry out dose assessments

v" Long-term trends of radioactivity in environment

v ldentify early signs of change



발표자
프레젠테이션 노트
The purpose of terrestrial  monitoring is as follows.

Ensuring terrestrial environment or around our life is safe
To seek Public reassurance
Check against statutory limits and target
Carry out dose assessments
Long-term trends of radioactivity in terrestrial 
Identify early signs of change

Of course A lot of effort and expense are required to achieve this purpose.



Network of national radioactivity monitoring sustem in S. Korea

KRISS
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Ministry of Ocean and Fisheries
* Korea Marine Environment Management

Corporation

Nuclear Safety and Security

Commission

¢ KINS (Korea Institute of Nuclear Safety)

e KHNP(Korea Hydro & Nuclear Power Co.,Ltd)
« KORAD(Korea Radioactive Waste Agency)

clear power plant facilities

Ministry of Agriculture, Food and Rural
Affairs

¢ Animal and Plant Quarantine Agency
Ministry of Food and Drug Agency
* 6 branch MFDA

* 16 Research Institute of Public Health and

Environment

Ministry of Environment

. National Institute of Environmental Research

Other relevant bodies such as N.G.O including
government-funded research institutes (KRISS

etc
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발표자
프레젠테이션 노트
Monitoring of radioactivity is carried out by various governmental organizations with responsibilities according to their characteristics.
Among them, the largest and most diverse radiation monitoring is carried out by NSSC.,


Research

Sampling Methods in Research Methodology;
How to Choose a Sampling Technique for

Clearly Define
Target Population

Select Sampling

Choose Sampling
Technique

Determine
Sample Size

Collect Data A

Assess
Response Rate

Con >

FIGURE 1: SAMPLING PROCESS STEPS
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FIGURE 12: SAMPLING TECHNIQUES

ISO 24153



발표자
프레젠테이션 노트
When planning radiation monitoring in the environment, it is of utmost importance to select a sampling technique. (guided by ISO 24153
When collecting a sample, it is collected to represent the level of contamination of the target medium.


Analytical Method

1. Non destructive methods

Gamma spectrometry (Cs-137, 1-131)
Nuclear Activation Analysis, XRF etc.

2. Destructive methods

Alpha spectrometry (U-238, Pu isotopes)
Beta spectrometry (Sr-90)

AAS

ICPMS etc. (Isotope mass)




S0il sampling and analysis

- 4 - &

Raw material | I Crushing

i |

| L Marinelli e Counting time
beaker an 5??“‘““‘ v" routine monitoring : 10,000 sec
analysis

v" Emergency : 1,800 sec




~— Aerosols, rainwater, undergroundwater KRISS
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Case study [soil, foods and
atmospheric materials]
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Surveillance of foods imported from =

Year Number of 0.1-<100 13/Cs
samples (Ba/ka) (Ba/kg)
tested
2011 23,144 /3 0.1-97.9
2012 26,608 167 0.33-24.7
2013 27,453 66 0.86-9.8
2014 27,567 15 0.92-26
2015 31,502 8 1.0-3.0
2016 32,946 / 1.0-2.0
2017 35,230 4 1.0
2018.8 24,850 3 1.0-28



발표자
프레젠테이션 노트
In particular, for foods imported from Japan, more than 35,000 sample tests are conducted annually.

Although Cs-137 were detected in very few Samples each year, the value was much lower than the regulated value.



Mushroom sample [edible)



발표자
프레젠테이션 노트
Among foods, mushrooms are the species that absorb Cs-137 most effectively. Accordingly, research on radioactivity analysis among various species of mushrooms was conducted intensively in Korea.



The activity concentration of '3’Cs in the mushrooms

Lentinulaedodes

Phellinus linteus

Umbilicaria esciilenta
lichen

Tricholoma Matsutake

\Ramaria botrytis (Pers.)
Ricken

Sarcodon aspratus

Inonotus Obliquus

256 9 1.4~ 23
(6 from Jeju Island)

26 1 1.3

3 3 59~10
14 5 1.3~22
3 3 4.0~ 20
4 4 95~77
6 6 9.1~ 36



발표자
프레젠테이션 노트
The following data shows the results of Cs-137 on mushrooms conducted from 2017 to 2019 in Korea. 
In some mushrooms, Cs-137 were measured, and the concentration was much lower than the regulation level of 100 Bq/kg. 
The highest concentration of 77 Bq/kg (fresh weight) was measured in Sarcodon aspratus     mushrooms


137Cs Contribution from Fukushima NPP

v (Sampling site : Jeju Island, Korea)
Cs-134 Cs-137

May 2017 (Ba/kg, drywt)  (Ba/kg, dry wt) N
Lentinula edodes
(Shiitake) 0.17-0.29 27-37 3
March 2011 Cs-134 Cs-137 N
(Decay corrected) (Ba/kg, dry wt.)  (Bag/kg, dry wt.)
Lentinula edodes 0.9-15 31-43 3

(Shiitake)

v' The activity ratio of 137Cs/134Cs from Fukushima : ca. 1
(Leon et al., 2012; Kim et al., 2012; Lujanien et al., 2012)

Therefore, the '37Cs contribution from Fukushima NPP accident could
estimate to be ca. 3% of total 137Cs content in the Lentinula edodes in Jeju
Island, Korea


발표자
프레젠테이션 노트
Interestingly, trace amounts of Cs-134 were detected in some mushrooms collected in Jeju. 
This is data indicating that the radioactive fallout originating from the Fukushima nuclear power plant accident also partially affected Jeju Island. 



Radioactive impact to Korea from Fukushima NPP kriSs
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발표자
프레젠테이션 노트
In rainwater and soil after the Fukushima nuclear accident, Cs-134 was measured.



Distribution of 137Cs, 241Am and 23%240py jsotopes in
surface solls

KRISS
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발표자
프레젠테이션 노트
We investigated to determine the distribution characteristics of radioactive isotopes in domestic soil, and measured Pu mass using ICP-MS to identify the its origin.


Comparison of vertical proflle of radionuclide

concentration In the solls

37Cs activity (Bq kg™) 2LAm activity (Bq kg™ 2920y activity (Bq kg™)
0 20 40 60 80 100 120 00 01 02 03 04 05 06 07 0 0 1 2 8 4
0 e 0
2] Annual rainfall rate (mm/yr)
4 ;]
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g g ] 8
14
15 A : 15 1
16 -
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20 20 20
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—O— Mt. BukHan (National Park in Seoul )
—A— SeongSan llchulbong Peak (Jeju Island)
=] : M:imm KOREA :,'h BH NR IC Global fallout
[ i o ] (]
b " A S IEI N (Seoul) (Ulleung (JeJu Island) (BEGN)
SOUTH KOREA Ij] ' lsmnd)
R = 241Am 46 70 30 20-30
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137Cs 2100 4300 1800 2000-3000
:IAP:\N i
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samples). SH. Lee et al. / Applied Radiation and Isotopes 81 (2013) 315-320



Source of artificial radionuclide in food In Korea kriSs
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발표자
프레젠테이션 노트
Atom ratio of 240Pu/239Pu and activity ratios in the soil in Korea indicate that the main contributer was from the global fallout!!



Assessment of dose

Level of
it Dose

radioactivity in coefficient Dose
the food . (uSv per year)
(B4 per kg) WSvrerka

Annual effective dose for a man in Korea experienced as a result of ingestion of '*”Cs from
mushrooms and fish.

Species 137¢s Effective dose Annual Annual committed
(Bq/kg of  coefficient” intake® effective dose
fresh wt.) (Sv/Bq) (kg/yr) (mSv/yr)

Mushroom  8.40° 1.30 x 108 2 2.00 x 10~*

Fish 0.12° 1.30 x 10~8 24 3.85 x 107>

4 Mean activity concentration of '*”Cs measured in the mushrooms and fishes.
® ICRP 103(2007).

¢ National Food & Nutrition Statistics: based on Korea National Health and Nutrition
Examination Survey.




Measurement of I1-131 in rainwater after Fukushima NPI:(RISS

accident

Figure 1 Temporal variation of 13| concentration in rainwater in Daejeon, Korea

131
e (m BqlI kg) MTeI:fg(rse)d
2011-04-18 1,170 + 24% 86,400
2011-04-22 1,300 + 39% 86,400
2011-05-09 230 + 36% 71,600
2011-05-10 24.1+59% 85,000
2011-05-11 47.0+ 76% 86,400
2011-05-12 252 +50% 86,400
2011-05-20 <42.0 86,400
2011-06-01 229 +37% 86,400
2011-06-22 138 + 60% 86,400
2011-06-24 <40.3 74,600
2011-06-29 <33.4 86,400
2011-06-30 116 +58% 86,400
2011-07-08 343 + 34% 86,400
2011-07-12 <60.4 86,400
2011-07-13 574 + 34% 86,400

! (Bglkg)
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발표자
프레젠테이션 노트
The following are the results of monitoring in the Korean atmosphere, or rainwater, after the Fukushima nuclear power plant accident. 
Although the initial several months showed higher concentrations than before the accident, the concentrations were soon before the accident.


Measurement of Cs-137 in rainwater after Fukushima
NPP accident

KRISS

10000
=]
1000 11 O Dacjeon [Lecct al, 2013]
[mi O  Jeju Island [Kimet al., 2012]
100 E ® Daejeon [This study]
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Fig. 2. Temporal variation of 37Cs in the rainwater in Daejeon and Jeju
Island, Korea.
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Hong et al., 2006
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발표자
프레젠테이션 노트
This figure shows the concentration of Cs-137 in rainwater over time after the accident.  It showed that Nearly pre-accident concentration after 6 months.


Annual variation of Gs=137 In the fallout
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발표자
프레젠테이션 노트
This picture is the annual amount of Cs-137 during the fallout in each city in Japan, and the impact of the Fukushima accident can be clearly seen in Japan. However, in Korea, the amount was almost negligible.


Concentration of: Pu-239,240/in the rainwater

. 239,240py,
Rainwater
Date of |
Sampling 'SamD = Activity Uncertainty MDA Chermobyl accident Fukushima accident
veight (k&) (ypkg) (k=D  (uBa/ke) 1986.5) <2°“*-3>
May 2012 31.34 7.7 2.6 1.77 = *
Jun. 2012 53.30 2.6 1.3 1.73 —:1 5’; - T =
Jul. 20122 61.06 MDA - 2.52 2 1 °
Jul. 2012 b 65.71 <MDA T 3.48 []
1 T T T T
o
Mug. 20122 83.16 QDA E 2.37 & & & &
d\\d\ G’\Q\ d\é\ Q’\\s\
Aug. 2012 b 73.38 <\DA T 3.67 Date
Fig. 1. Temporal variation of 2*%?°Py concentrations in rainwater (4: Thein et al.,
Sep. 2012 a 84.926 QDA = 221 1980; A: Ballestra et al., 1987; »: Rubio-Montero and Martin Sanchez, 2001; o: Lee
’ ’ ’ et al, 2002; e: this study).
Sep. 2012 b 97.14 <MDA r 2.27

Concentration of Pu isotopes in rainwater
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발표자
프레젠테이션 노트
Pu was measured in some rainwater, but showed an extremely low amount compared to the past.


Concentration of Pu-239,240 in Dry deposition

18
T 239,240py, o 1 '
Dry deposition EaRLS m  Hongetal, 2006
Date of i 12 O Thisstudy
! sample 1T . 2 10 - .
Sampling ) Activity  Uncertainty MDA o | n
weight (g) Eosqm g .
(mBq/m?) (k=1) (mBq/kg) £ 64 m ., . .
Nov. 2011 0.7742 0.137 0.102 0.119 5 R - N P
Dec. 2011 0.2913 0.153 0.092 0.089 @ \Q \.@b\\e S \@‘-’\\ \\\G- ,{\@ \‘S’\\S‘ R \\i\ \Q\ \\\\\QQ'\Q@ o
Jan. 2012 0.7239 0.246 0.103 0.068 Date
Fig. 3. Temporal variation of monthly deposition fluxes of 23%24%py,
Feb. 2012 0.2 <MDA = 0.121
1000 30 10
Mar. 2012 2.91 0.680 0.171 0.068 [0 Precipraion
800 5 mffopu 5 Los N
Apr. 2012 3.02 0.669 0.203 0.097 s 20 % E
g 600 . é F0s 2
May 2012 1.76 QDA - 0.063 H | E
5 o : ! Polodren
Jun. 2012 2.33 0.478 0.166 0.117 E‘ ; i I s S, g
= 200 4 o | E h : E
Jul. 2012 1.06 0.120 0.076 0.076 b * BR H =eo k|
Ll mE_ml i pEmE
Aug. 2012 0.77 <DA = 0.294 \@\\\ o X @&”&&" &'@;"@ @\*";5\\\:@\;:@\:;'@%"'@\\:ﬁ'\‘%&";@i’@::@‘
- . . Nate
Concent rat 10n Of Pu 1 SOtOpeS 11 Fig. 4. Temporal variation of 3*?4°Py and '*’Cs in rainwater with precipitation in
dry depos i t ion Daejeon, Korea.



발표자
프레젠테이션 노트
Pu was measured in dry deposition sample, but showed an extremely low amount compared to the past, as Cs-137 showed.
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Natural Radiation Source

~  Cosmic radiation o

- Cosmic rays : high-energy particles that originate in outer space §

- Cosmogenic radionuclides : 3H, "Be, '4C, 22Na %
~ Terrestrial Radiation DE @

4 6 8 10 12 i 16
H% 2 (Km)

. External exposures : soils (238U series, 232Th series, 4°K), construction
materials
. Internal exposures : inhalation (air dust) & ingestion (food, water)

. Radon : gaseous radioactive products (decay of the radium isotopes)

Hatural |y socurring
radi oruelice

~  Enhanced exposures from industrial activities

How radon

- Phosphate processing, Metal ore processing, Uranium mining, Zircon T 5
sands, Titanium pigment production, Fossil fuels, Oil and gas :
extraction, Building materials, Thorium compounds, Scrap metal

industry, Emissions.

" Phosphate rock K-related
Raw m:alc-rml ), R pray
Sulfuric acid ———+
i 5 . Gypsum Phosphoric acid
By l"“.“'““!‘ Ra) ()
. Board Fertilizer
Products Re) (0,10
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발표자
프레젠테이션 노트
There are three main types of Natural Radiation Source,
These are Cosmic radiation, Terrestrial Radiation, and Enhanced exposures from industrial activities.
The main Cosmogenic radionuclides are 3H, 7Be, 14C, 22Na, and the main nuclides of terrestrial radiation are 238U series, 232Th series, 40K, etc.
On the one hand, industrial activities that bring enhanced exposures include Phosphate processing, Metal ore processing, and Uranium mining.



Increased soclal Interest due to radioactivity event

KRISS

The annual radiation dose that can be received by people living in Wolgye 2-dong residential
areas is measured as 0.51-0.69 mSv.
(Annual radiation dose assumes that an adult male stays for 1 hour each day for 1 year).

It is about a sixth to a quarter of the average annual radiation dose in Korea of 3 mSy, which is
received from nature such as land, terrestrial , air, and space

v' ltis less than 1 mSy, the annual dose limit set by the Nuclear Safety Act.

Radiation exposure level by situation (mSv)

O 20114 Asphalt radioactive contamination

G.ﬂ? ﬂ.'l "'G. 3 0.51 ~0.59 1 3 Ironworks furnace j
Ferroalloy ‘ T ‘ : pig iron
‘ ﬂ quicklime == /

Natural \ Contamination
Air ] source | [~ | Highland (D slag
(lt(ravel' pona (Korea) - . (Brazil Cs-137 source — l
E (:::)ae) (Seoul) CJ a G137 soure e )
. — scon
Chest omputer :
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발표자
프레젠테이션 노트
A relatively high level of Cs-137 was accidentally detected in asphalt in a specific area of Seoul. The annual radiation dose that can be received by people living in the residential areas is measured as 0.51-0.69 mSv/yr.
Although it is less than the annual allowance of 1 mSv, this has caused a lot of concern for people living in other areas. The process of Cs-137 entering the asphalt is estimated as the figure.


Radiation levels of major industrial raw materials kriSs

20,000

10,000 Pure uranium

5,000 Pure thorium

Monazite

200

10 Baddelyite

Bastnasite

Zircon

Specific activity (Bqg/g)

. Secondary ilmenite

1 Bauxite

05 Igneous phosphate rock
Primary ilmenite

e Granite

. Coal



발표자
프레젠테이션 노트
Please pay special attention to monazite


Natural radionuclide decay series

Thorium
234

Raden220
(Tharon)

“%Rn

555ec

Polanium
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Increased social Interest due to radioactivity event
[household products [or commodity) around dally life :

Blood
Pressure
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Tiredness
Relieved

The Benefits of

Negative ION  Bones
Strong

Blood

Weak
alkaline

Rumors spread that products
that release anions are good for health ????

Heartbeat
Normal

Artery, Vein
Clean


발표자
프레젠테이션 노트
Apart from the Fukushima nuclear accident, issues related to radioactivity in household products have recently become controversial in Korea.
These household goods created social problems by processing raw materials containing radioactivity based on the so-called 슈도 pseudo-science that anions are good for health and using them directly in household products.



Increased social Interest due to radioactivity event
[household products [or commodity) around dally life :
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발표자
프레젠테이션 노트
Many people who used these products became fearful of radiation exposure, which caused a great social problem


The Brief Information of NORM Regulation kriSs

® Purpose

» To prescribe those matters concerning safety management of
radiation encountered in environments
e To protect the public health and the environment and improving

guality of life while contributing to public safety

® Structure and other information

e 1Act, 1 Enforcement Decree, 1 Enforcement Regulation,
and 2 Notifications

e Enacted in 2011, and implemented in 2012 by Nuclear Safety and
Security Commission(NSSC)
(Due to the issues of radiation exposure from the NORM products

and Fukushima accident) 37


발표자
프레젠테이션 노트
Accordingly, the government reinforced the NORM regulation law and The use of raw materials for various household items familiar to the people's life was prohibited.
Let me briefly introduce the NORM Regulation. The purpose of NORM Regulation.

To prescribe those matters concerning safety management of radiation encountered in environments
To protect the public health and the environment and improving quality of life while contributing to public safety
Enacted in 2011, and implemented in 2012 by Nuclear Safety and Security Commission(NSSC)



The Brief Information of NORM Regulation kriSs

® Target of radiation

« NORM : Raw materials, Residues, The Product
e Cosmic radiation (flight exposure to air crew)

» Terrestrial radiation (radon excluded because radon
Cosmic ray

IS already regulated by another act)

« Radioactive materials in the scrap metal

By-product Recycled scrap metal Raw materials Terrestrial radiation



발표자
프레젠테이션 노트
The Target of NORM Regulation is as follows:
The first is NORM, which includes Raw materials, Residues, The Product, etc.
Next, it is cosmic radiation, and it is the regulation on the exposure of air crew due to flight.
The third is Terrestrial radiation. However, radon excluded because radon is already regulated by another act.
Lastly, it targets Radioactive materials in the scrap metal.



The Brief Information of NORM Regulation - kriSs

® Definition and Registration level

« Reference: IAEA RS-G-1.7, IAEA SRS-49
o U-238 series, U-235 series, Th-232 series, and K-40
 The handler (operator) should be registered if they deal with raw

materials and residues over registration levels

Bt Definition Registration level
or
Bg/g kBq Bg/g kBq
Raw 0.1 (U, Th) 100 1 (U, Th) 1,000
materials 1 (K-40) 10 (K-40) | 10,000
. 0.5 (U, Th) i 1 (U, Th) 1,000
Residues | o'\ _40) 10 (K-40) | 10,000



발표자
프레젠테이션 노트
The main target radionuclide of NORM Regulation are U-238 series, U-235 series, Th-232 series, and K-40
 And definition and registration level are shown in the table. 
The handler (operator) should be registered if they deal with raw materials and residues over registration levels



v The survey on raw materials and by-products was conducted for a total of 15

companies in four areas: workplaces handling raw materials, workplaces
generating significant substances, facilities generating by-products, and
workplaces suspected of significant substances.

v" The maximum radiation dose rate in areas where there is a risk of external
exposure was 0.62 ySv/h, and the maximum radiation dose was evaluated

as low as 0.21 mSv/y for the total internal and external exposure.

(KINS/GR-547, 2019)


발표자
프레젠테이션 노트
In connection with the NORM regulation, radiation monitoring has been carried out on a variety of subjects.
The maximum radiation dose rate in areas where there is a risk of external exposure was 0.21 mSv/y for the total internal and external exposure.



Assessment of dose-Drinking water

v" In the production of drinking water, 21°Pb, a daughter nuclide of radon
discharged with groundwater, can be concentrated in the filter.

v' However, as a result of radioactivity analysis, it did not meet the criteria for
defining by-products.

v" In addition, the radiation dose to workers was 0.0039 mSvl/y.
(KINS/GR-547, 2019)



발표자
프레젠테이션 노트
Assessment of dose-Drinking water

In the production of drinking water, 210Pb, a daughter nuclide of radon discharged with groundwater, can be concentrated in the filter.
the radiation dose to workers was 0.0039 mSv/y.



of radioactivity for a total of 513 products and evaluate the annual exposure

dose.

v The radon and toron concentrations of all 513 products were measured, and
internal exposure doses for 411 products were evaluated. (KINS/GR-547,
2019)

v' Of the 411 products, 68 products exceeded the exposure dose of 1 mSwv.
(17 mattresses, 14 electric mats, 8 blankets, 6 pads, 6 thermal mats, 5

pillows, 4 suit-type underwear, 4 blankets, 2 latex mattresses, 1 hot water
mat, 1 sofa, etc.)

(KINS/GR-547, 2019)


발표자
프레젠테이션 노트
The survey on processed products is conducted to analyze the concentration of radioactivity for a total of 513 products and evaluate the annual exposure dose.

Of the 411 products, 68 products exceeded the exposure dose of 1 mSv.
     


Assessment of dose-air transportation business kriSs

v" According to the survey on air transportation business operators in 2019,
there are 9 business operators in Korea.

v The number of crew members was 22,484

v The business operator is using CARI-6/6M and NAIRAS as a program for
evaluating the exposure dose by cosmic radiation.

v It was found that the annual average dose of crew members received 2.09
mSv.

v" According to the safety instructions, the flight attendant is recommended that
does not exceed 6 mSv

v Therefore, it is investigated that no one exceeds the value.

(KINS/GR-547, 2019)


발표자
프레젠테이션 노트
Assessment of dose-air transportation business 
According to the survey on air transportation business operators in 2019, the number of crew members was 22,484. and
It was found that the annual average dose of crew members received 2.09 mSv/year.
According to the safety instructions, the flight attendant is recommended that does not exceed 6 mSv/year
Therefore, it is investigated that no one exceeds the value. 
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1IS0-17025

% Quality Assurance & Quality Control

> QA : The process used to create the deliverables, and
can be performed by a manager, client, or even a third-

party reviewer
(ex. checklist, audits, methodology and standards development)

> QC : Quality related activities associated with the
creation of project deliverables. Quality control is used
to verify that deliverables are of acceptable quality and

that they are complete and correct
(ex. calibration, control charts, proficiency tests)
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Accuracy and Precision

> Accuracy is a measure of how close the measured value is to
the ‘true’ result (Certified value or reference value)

» The accuracy of any technique is assessed through the
measurement of CRMs (certified reference materials) and
through participation in national and international proficiency
tests.

Where no standards or proficiency tests are available for the
particular analyte of matrix, the accuracy of the measurement
may be assessed by spiking a matrix-matched blank
(containing none of the analyte) with a known quantity of a
standard solution of the analyte and using this as a standard

7
/

> Precision is a measure of the scatter of results for repeated
analyses.

» The precision of a technique will be dependent on the
uncertainties associated with the technique and will
deteriorate as the analyte concentration decreases.

» The precision of a technique is assessed by multiple analysis
of a homogenous material containing the analyte of interest
and determining the standard deviation on the mean of the
measurement results.

46



Accuracy and Precision

%

24

o
4

Poor accuracy Poor accuracy Good accuracy
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Deviation (%)
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Measurement uncertainty

» For any analytical measurement, the reported result will be
accompanied by a measurement uncertainty quoted with a
given confidence level (usually 95% or 2 s.d.). The quoted
uncertainty provides an indication of the precision of the
measurement. The true value for the sample will lie (with the
degree of confidence quoted) somewhere within the range
specified by the uncertainty.

For example a reported results of 10 + 2 Ba/kg (2 s.d.) would
indicate that there is a 95% probability that the true value is
between 8 and 12 Bqg/kg. However, there is a 5% chance that
the true activity concentration is either lower than 8 or
greater than 12 Bqg/kg.

7
/
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Uncertainty component

» Counting statistical uncertainties

Arising from the random nature of radioactive decay, these uncertainties are
associated with the radiometric measurement of the purified source and instrument
background. The uncertainties will decrease relative to the measured value with
increasing counts detected (not count rate). Hence the uncertainties can be
reduced by increasing the activity measured (e.g. by increasing the sample size
taken) and increasing the count time.

» Other method uncertainties

Other uncertainties arising from the methodology and instrument calibration
including

- Sub-sampling

- Weighing / pipetting operations

- Calibration of pipettes, balances or radiometric equipment

- Yield monitor concentration / activity

- Spectral deconvolution / peak fitting

- Decay correction half-life * Fishbone

Uncertainties from all sources are combined to give the total expanded
uncertainty. Typically, total expanded uncertainties are around the 5 - 10% of the
measured value.

49



발표자
프레젠테이션 노트
All of these are summarized and shown in the following figure.


Measurement uncertainty

O Expression of uncertainty in measurement results (fishbone)

Decay correction Counting of spiked tracer

of spiked tracer : :
Weighing of sample Counting time of blank

Counting time of sample
Balance Decay correction factor
R (iross counts of
Spiked tracer in blank
Gross counts of
(tare+ sample) wt. Half-life Spiked tracer in sample

tare wt. Decay constant
_—

Balance Gross counts of

e target nuclide in sample
_—

tare wt.
—

Gross counts of
(tare+ sample) wi target nuclide in blank
—————————————————————
Counting time of sample
Weighing of spiked tracer

Counting time of blank
B ——_

Counting of target nuclide
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Measurement uncertainty

O 5 steps to calculate uncertainty

Equation

Statistical

Uncertainty components

Standard uncertainty Ui

A type B type

Factor C;

Combined standard uncertainty UC

Expanded uncertainty U

Mm=X+C

A u(x), u(c)

Non-statistical

U, (M) = Ju?(x) +u?(c)

Confidence level, Degree of freedom

U =2xu_(m)




LOD and MDA

» The limit of detection (LOD) is defined for a given measurement process as the
smallest true net count rate that is ‘certain’ to be detected with a specified
degree of confidence.

> The minimum detectable activity (MDA) is the detection limit corrected to
units of Bq per unit volume or mass of sample.

A number of factors affect the limit of detection

Y

Method used for calculation !
Instrument background
Counting efficiency

Amount of sample analysed
Length of count time

AN NI NI NN

When planning an analytical programme it is important to determine the limits of
detection required. In general, lower limits of detection result in higher
analytical costs so in many instances project costs can be reduced by
realistically setting limits of detection required rather than requesting ‘the
lowest possible’ .

52



»MDA (Bq/L, kg, g, mL etc)

vpa = Z7LF 4.65,/(B x t))

(ExVxt)
Where

E = counting efficiency

V = Sample size (kg, L etc)
B = Background count rate
t = Counting time

Lloyd A. Currie (1968) Limits for Qualitative Detection and Quantitative
Determination: Application to Radiochemistry, Anal. Chem. 40, 586-593.

20
18 MDA may be reduced by
16 ipcreasing the counting
14 - time.

S 12+ .

a However, considerable

5 107 increases in counting

9 s; time may be required in
6 1 order to achieve
44 significant reductions
2 in MDA.

0 r r r .
0 50 100 150 200
Count time (mins)
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ISO/IEC 17025-Ensuring the validity of results -~ kriSs

The laboratory shall have a procedure for monitoring the validity of results.

The resulting data shall be recorded in such a way that trends are detectable

and, where practicable, statistical techniques shall be applied to review the
results. This monitoring shall be planned and reviewed and shall include,

where appropriate, but not be limited to:.

a) use of reference materials or quality control materials;

traceable results;
c) functional check(s) of measuring and testing equipment;

applicable;

b) use of alternative instrumentation that has been calibrated to provide

d) use of check or working standards with control charts, where

e) intermediate checks on measuring equipn

B0p,

TAEAJSS
(This study) (Bq/kg)

f) replicate tests or calibrations using the sa] -
g) retesting or recalibration of retained itemg: | .
h) correlation of results for different characty: .|

) review of reported results; E

-
T
=
i
[
{11 5
]
i
iy ]
i
i
L ]
i
[
i
1
i
i
i
i
i
i
o
i
f
i
[l ]
b o |

April 19 301 4047
June 16 2.91 + 0.23
June 30 324 £0.24
August 29 278 £ 0,15
Mean 298 + 016

interval)

j) intralaboratory comparisons;

k) testing of blind samples).
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ISO/IEC 17025-Ensuring the validity of results KRISS

The laboratory shall monitor its performance by comparison with results of
other laboratories, where available and appropriate. This monitoring shall

be planned and reviewed and shall include, but not be limited to, either or

both of the following:

a) participation in proficiency testing;
NOTE ISO/IEC 17043 contains additional information on proficiency tests and proficiency testing providers.

Proficiency testing providers that meet the requirements of ISO/IEC 17043 are considered to be competent.

b) participation in interlaboratory comparisons other than proficiency

testing.
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ISO/IEC 17043-performance for quantitative results — kriSs

a) The difference, D, is calculated using Equation (B.1):
D=(x-X)
where
x is the participant's result;
X is the assigned value.

b) The percent difference, Do, is calculated using Equation (B.2):

Doy =¥ =) 100
X
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ISO/IEC 17043-performance for quantitative results  kriSs

c¢) The zscores are calculated using Equation (B.3):

x—X
lo

z =

(B.3)

where & is the standard deviation for proficiency assessment.
As described in ISO 13528, 6 can be calculated from the following:

— a fitness for purpose goal for performance, as determined by expert judgement or regulatory
mandate (prescribed value);

— an estimate from previous rounds of proficiency testing or expectations based on experience (by
perception);

— an estimate from a statistical model (general model);

— the results of a precision experiment; or

— participant results, i.e. a traditional or robust standard deviation based on participant results.

57




ISO/IEC 17043-performance for quantitative results  kriSs

e) E, numbers are calculated using Equation (B.95):

x—X

E?? =
\/U 2+U =
’lab ref

where

Ugp s the expanded uncertainty of a participant's result;

Ut Is the expanded uncertainty of the reference laboratory's assigned value.




Proficiency Test
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Crucial activities for production for CRBM  kriSs
IS0 Guide 30~35

All or some of the following activities can be crucial in RM
production and their quality assessment can be crucial to the

guality of the final RM:

v' Sourcing of materials including synthesis

v' Processing of materials including purification, grinding,
particle size separation

v Homogeneity and stability testing

v' Development and validation of measurement procedures,
including consideration of the traceability

v Measurement of property values and evaluation of
measurement uncertainty

v Certification and sign off of the RM

Korea Labor

..., <orea Laborgtory
I Better Standards Betier Lfe



Development of Oyster CRM (IS0 Guide 35] kriSs

Fresh oyster

v

Freezing at -37 T for 96 hours

!

Grinding & sieving (70 pum)

Opyster fraction | Opyster fraction 11

€1 Adding mixed radionuclides

Mixing and Kneading

v

Re-freezing

v

Grinding & sieving

V

Radionuclide-oyster Mixing & Homogenizing
(Spiked oyster fraction)

Analysis of variance (ANOVA) test for radionuclides.

/ Sources of variation Sum of squares Degree of freedom Mean squares F-value P-value Critical F values
N Pu-239,240 (Bg/kg) Treatment (Among) 3.16 9 0351 127 0354 3.02
Bottling Residual (Within) 276 10 0276
Total 5.92 19
‘j/ Pu-238 (Bg/kg) Treatment (Among) 174 9 0193 250 0.084 3.02
Residual (Within) 0.77 10 0.077
Irradiation at 24 kGy (Co-60) Total 2.51 19
Cs-137 (count rate) Treatment (Among) 17005 9 1889 0305 0956 3.02
\l/ Residual (Within) 61945 10 6194
Total 78950 19
Homogeneity testing Sr-90 (Bq/kg) Treatment (Among) 429 9 47.7 132 0335 3.02
Residual (Within) 362 10 36.2
Total 791 19

Fig. 1. Scheme of the oyster RM preparation.

S.-H. Lee et al. / Applied Radiation and Isotopes 109 (2016) 109-113 62
Berter Standards, Berter Lifte ~




Development of Sediment CRM (ISO Guide 35) KRISS

Alpha spectrometry

e ".l= 3 =

 V-Mix

Homogenization

Analysis of variance (ANOVA) test for radionuclides,

Sources of variation Sum of squares Degree of freedom Mean squares F-value P-value Critical Fvalues

Pu-239.240 (Bg/kg) Treatment (Among) 316 9 0351 127 0354 3.02
Residual (Within) 276 10 0276
Total 5.92 19

Pu-238 (Bq/kg) Treatment (Among) 174 9 0.193 250 0084 3.02
Residual (Within) 077 10 0077
Total 2.51 19

Cs-137 (count rate) Treatment (Among) 17005 9 1889 0305 0956 3.02
Residual (Within) 61945 10 6194
Total 78950 19

5r-90 (Bg/kg) Treatment (Among) 429 a 477 132 0335 3.02
Residual (Within) 362 10 362
Total m 149

Homogenization test

Bernter Standards, Berter Life U



발표자
프레젠테이션 노트




CRMs and international comparison exercise KRISS

% International comparison exercise materials for radioactivity measurement of

(mushroom) material developed by KRISS (BIPM CCRI(I1)-S15)

% International comparison exercise materials for radioactivity measurement of (rice)

material developed by KRISS (BIPM CCRI(I1)-S9)

Radionuclide KRISS
source ID Seawater CRM
Source Seawater
description containing 1¥7Cs
Reference date 1. Oct. 2012

Specific activity

100.1
(Barkg)
Total expanded
uncertainty (%) 1.44
Half life (yr) 30.05
Measurement HPGE gamma
technique spectrometry



발표자
프레젠테이션 노트
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