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Biography
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Name : Teguh Permana

Education : Bachelor of Nuclear Engineering, Gadjah Mada University, Yogyakarta.

Occupation : Personnel Dose and Environmental Monitoring Laboratory Serpong
Environmental Safety — Radioactive Waste Management Facility
Directorate of Nuclear Facility Management
National Research and Innovation Agency (BRIN)

Training Courses

*) Advanced Instructor Training Course on Environmental Radioactivity Monitoring,
Japan (2024)

*) Regional Workshop on Development of National Radiation Emergency Plan (NREP)
(Including Hazard Assessment), Thailand (2024)

*) Monitoring Training of Terrestrial Radioactivity in the Nuclear Emergency System, Ukraine
(2021)

*) Advanced Instructor Training Course on Nuclear / Radiological Emergency
Prepareddness (Online Training Course), JAEA (2021)

*) Instructor Training Course on Environmental Radioactivity Monitoring, Japan (2019)
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Participants will understand
how to assess internal doses

INn radiation workers from
radionuclide intake.
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Participants can explain internal dose radiation which
_public and worker received from a nuclear facility.

Basic Competencies

/

Success Indicators h

Understand overview of internal dose radiation

process
Explain the methods of internal dose radiation

assessment
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External radiation
direct from cloud

External dose direct
from radioactive materials

ground

-
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Geposited on tne e »
Internal dose from eating and
drinking radioactive materials
in food and water
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IDifference of Internal and External Exposure

Exposure Divided into External and Internal Exposure

External

<External Exposure> <Internal Exposure> -
outside Exposure

‘ a-ray B-ray aray Bray yray

(40pm) (10mm Lo ]

(40t m),

a-ray e+ 45mm

B-ray.\/\ln:(MAXIOm

i
T

y ray

a and (B rays are
particles and hurt

surrounding cell by using
their all energies.

o
e

aray Bray Yray Internal

Since y-ray penetrates in a body
Exposure

with leaving energy, its effect is
smaller than a and B rays. B O d y
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Intake = Inhalation+ Ingestion gyhalation
Inhalation Ingestion

: ! :

Respiratory Organs __ e b
(Nose Larynx, Tracheal Gill, >
Bronchus, Lun e

1 il e
Lymphl Glam* | /

_Stomachand—
Intestines
v
&

_ . —» Liver .
Blood, Lymph, Intercellular &R
Fluid, etc. ’ i : fg,‘_:{?""
i's ST
Other Tissues Kidney ‘

and Organs
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Difference by Kinds of Radionuclides (Internal-organs Affinity) I

* Therid Gland - 1-131 (to make Thyroid Hormone), etc.
4% Bone — Sr-90, Pu-239, etc.

+ Whole Body > H-3, Cs-137, etc. <In case of Inhalation of 1-131>
Difference by Chemical Form and Particle Diameter l
® Chemical Form greatly influences absorption |phalation 4= ?
to each organ and tissue. iy *) 10-30% of 13| deposit
® Particle Diameter greatly affect the deposition -‘

rate in a respiratory airway.

——Default value on assessment proposed by ICRP:
For Worker: Sum, for Public member: 1um

Absorption from
B ' B e Organs

Excretion from
Urinary System

Excretion from
Digestive System

Feces

(/

Urine,*
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Radionuclide Target Organs in case of e

internal exposure

Nuclides Affinity
H-3 (HTO, tritiated water) whole body
Fe-55 hematopoietic system, liver, spleen
Co-60 liver, spleen
Sr-90 bone
-125, 1-131 thyroid
Cs-137 whole body (muscle)
Rn-222 lung (by breathing)
Ra-226 bone
Th-232 bone, liver
U-238 bone, liver
Pu-239 bone, liver, lung (insoluble form) e
Am-241 bone, liver .=
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PRINCIPLES OF INTERNAL DOSIMETRY

 The kinetics of metabolism of a radionuclide is the
relationship among exposure, Iintake, uptake,
deposition, and excretion of a radionuclide.

* This can be used to calculate the radiation dose from a
given exposure. The potential risk associated with an
Internal contamination is evaluated by calculating the
effective dose.

« This Is a radiation protection quantity based on
physical properties of the interaction of radiation with
matter (energy released per unit mass of the biological
target), subsequently weighted by some dimensionless
factor called tissue weighting factor, w.
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Dose Unit
Relationship between Units
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Source of radiation Receiving side
Radiation Absorbed dose™  Amount of energy absorbed by a substance of
int ity ’ Gray (Gy) unit mass that received radiation
Intensity
Becquerel (Bq) %{j Absorbed energy (J)
Gy=
iﬁ‘ " Mass of the part

= & receiving radiation (kg)

Radioactive *2:Energy absorbed per 1 kg of substances (Joule: J;

el 1J=0.24 calories); Sl unit is J/kg.

(U s e o Differences in effects depending on types of radiation

decay per second .
e Equivalent dose (Sv)

Differences in sensitivity among organs

Effective dose Unit for expressing radiation doses in terms
Sievert (SV) of effects on the human body
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Calculation Process

Dose

OR BRIN
e

Measurement
and Calculation

Calculation of Internal Exposure Doses

Age-related differences are taken into accountin

Multiply Committed . . . .
- calculating committed effective dose coefficients.

effective dose
x Coefficient

| Dynamics within Dose to each organ poge to the whole body

the body (equivalent dose)
Half-life
B-particles:
Radioactive  oi-particles: one time /
_,,"ﬂ‘{/ materials 20 times i

Q

n

=]

©

g

Q

g O

e Neutrons: g

Becquerel IREULLE 2.5t0 21 times =
(Bq) £
o

O

Differences in effects by Differences in sensitivity
among organs

|
Determine the coefficient for each radioactive material through mathematical

modeling calculation

the type of radiation

Sievert
(Sv)
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Monitoring Methods

The doses due to intakes of radionuclides can not be obtained directly from
measurements but must be assessed from:

v/ In-vivo measurements of the retained activity M (Bq) in total body or in specific

organs, using Whole/Partial Body Counters

V' In-vitro measurements of the activity concentration in excreta samples M (Bqd-1 , BgL-1)
v/ Workplace Monitoring (Air sampling) - Activity concentration in the air M (Bg/m3)
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In-vitro measurements

U Total : Extraction of hexavalent uranium from nitric acid solution by tri-n-butyl phosphate/kerosene
(TBP/kerosene)
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In-vitro measurements

Beta Total : Precipitation using Sulkowitch reagent — Calcium chloride
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In-vitro measurements
Alpha / Beta Counting System
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Calculation Exercise of Internal Exposure Dose

The interpretation of the monitoring data for the assessment of the intake 1(Bqg) and
Committed Effective Dose E(50) (Sv):
v/ Requires the application of biokinetic and dosimetric models (ICRP)
v/ The evaluator needs to know or to make assumptions about:
= Type of intake (acute, chronic),
= Pathway of intake (inhalation, ingestion, injection, intact skin, wound )
= Time of intake (elapsed time from the exposure and the measurement)
» Physical (e.g. particle size) and chemical properties of internal contaminants
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Reference: Each ICRP Standard defined Intake Retention Function

Resources Dosimetric Data

ICRP Publication 68 Dose coefficients (DPUI) for workers
--- Inhalation (1um,5pum), Ingestion

ICRP Publication 78 Dose coefficients (DPUI) for workers

--- Inhalation (5um), Ingestion
Retention/Excretion rates (up to 10 days after intake)

ICRP Publication 71,72 Dose coefficients (DPUI) for the public
--- Inhalation (1um), Ingestion
ICRP CD-ROM Dose coefficients (DPUI) for workers and the public

--- Inhalation (0.001pum-10um), Ingestion
IAEA Safety Series N0.37 Dose coefficients (DPUI) for workers

Methods of assessing occupational ) i L.
raclEtien cles eE (6 rales o --- Inhalation (1, 5pm), Ingestion, injection

FEelgLe ol Retention/Excretion rates &} _.,,_;._..

DPUI Dose Per Unit Intake
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Mondal Software

(1) Selecting 13’Cs
among 42 kinds of
nuclides route and Sub]ect

Radionuclide  |Cs-137 3[] Oy |gamma of Ba-137m(0.661MeV)85.1%

C Inhalation by Members of the Public

after selecting nuclide

Automatically display
L‘mls ‘Help

s |nhalation by Worker,

ion by \Workers C Ingestion by Members of the Public

(2) Selecting intake

it Type orfl Mode of Intake
pattern | > || ® Acute
Absorption Type | ~| || € Chronic

|  Uneven Chronic

—Measurement Working hours I Calculation
Measurement | ~| Graph I —Pesult
Period of intake days Excretionrate at | Bq/d/Bq

measurement day

Measured at | days after last intake Activity of intake Bq
Measured activity | Bq or Bg/d Effective dose [

Exit | Print farm I Print result | Save tofile Tissueequivalentdosel

]
N
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File Setup Tools Help
—Radionuclide { Intake route and Subject

Radionuclide  [Cs-137 | |300y |gamma of Ba-137m(0.661MeV)85.1%

(3) Selecting particle
rkers C Inhalation by Members of the Public

diameter (usually (5) Select
5um=default) . 5) Selecting
——— kers " Ingestion by Members of the intake pattern
-AMAD orAgex‘Ty@ ~—_ —nJdeofintake ———
SRR Automatically display E4 w

based on intake type -  Chronic
" Uneven Chronic

(4) Selecting
absorption type*f (6) Selecting

—Measurement measurement method} hours | Calculation |
Measurement ‘“Whole body

All compounds

(7) Input Elapsed
time from intake

days after last intake

on at Bqg/Bq
rement day

Activity of intake Bq

Measured activity (lwonnﬂu z Effective dose oY

Period of intake

Measured at

(8) Input measured

Exit | Print form | Fq value Tissueequi'\/alentdosel
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File Setup Tools Help
—Radionuclide { Intake route and Subject
Radionuclide  |Cs-137 | [300y |gamma of Ba-137m(0 661Me)85.1%
@ |nhalation by YWorkers C Inhalation by Members of the Public
C Ingestion by \Workers C Ingestion by Members of the Public
—AMAD or Age / Type or fl hMode of Intake
AMAD 5 micron{defaulf) = @ Acute
Absorption Type  [TypeF v " Chronic
All compounds Calculated Intake I(" Uneven Chronic
Retention Function
~Measursmant o T_I Calculation I
Measurement |Whole bady | Gregh | ~Resul N\
Period of intake days Calculated Intake | ([5.976-073 Ba/Bq
| Activity =T
Measured at 1 days after last int Activity of intake 35:9_5:3 Bq
Measured activity 1000000 Bq Detail Data Each ffective dose [11E02 Sy e
Equivalent Dose
Exit | Print form | Print re an? IEﬁeCtlve Dose EERULL
YO ANIA NG ar P = — a8
SROL L IS0 ROL e 1S s S =
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Cs-137. Inhalation by Workers
AMAD: 5 micron(default), Absorption Type: Type F
Intake = 1.7E+06 B Export CSV file |

Print form I

Close

8.0E-05 : ; : 11E-02)  1.1E-02]  1.1E-02 : 1.1E-02
9.2E-05 6.0E-04] 22E-03 1.1E-02] 1.2E-02 1.2E-02] 1.2E-02| 1.2E-02] 1.2E-02
8.9E-05 5.2E-04] 20E-03 1.0E-02] 1.1E-02 1.1E-02] 1.1E-02f 1.1E-02] 1.1E-02
8.4E-05 45E-04] 1.7E-03| 85E-03] 95E-03| 95E-03] 95E-03] 95E-03] 9.5E-03
6.7E-05| 42E-04] 16E-03| 82E-03] 9.0E-03| 9.0E-03] 9.0E-03] 9.0E-03] 9.0E-03

9.2E-05| 5.2E-04 95E-03] 1.1E-02[ 1.1E-02) 1.1E-02] 1.1E-02f 1.1E-02
1.8E-04] 5.9E-04 95E-03] 1.1E-02[ 1.1E-02) 1.1E-02] 1.1E-02f 1.1E-02
1.0E-02] 1.1E-02| 1.1E-02] 1.1E-02] 1.1E-02] 1.1E-02

1.0E-02| 1.2E-02] 12E-02 1.2E-02] 1.2E-02 1.2E-02
12E-02| 1.3E-02] 1.3E-02 13E-02] 1.3E-02] 1.3E-02
11E-02| 1.2E-02| 12E-02 1.2E-02] 12E-02 1.2E-02

Oesophagus ]
ST Wall 1

Each Tissue
Equivalent Dose

7.7E-05| 5O0E-04 1.8E-03) 9.7E-03] 1.1E-02] 1.1E-02] 1.1E-02f 1.1E-02] 1.1E-02
7.7E-05| 50E-04 1.8E-03) 99E-03] 1.1E-02] 1.1E-02] 1.1E-02f 1.1E-02] 1.1E-02
8.4E-05| 49E-04 1.8E-03) 92E-03] 1.0E-02| 1.0E-02] 1.0E-02( 1.0E-02] 1.0E-02
8.0E-05| 54E-04 2.0E-03) 1.0E-02] 1.2E-02| 12E-02] 12E-02[ 1.2E-02] 1.2E-02
Pancreas 8.5E-05| 54E-04| 2.0E-03) 1.0E-02] 1.2E-02| 12E-02] 12E-02( 1.2E-02] 1.2E-02

8.2E-05 5.0E-04 1.8E-03 9.5E-03 1.1E-02 1.1E-02 1.1E-02 1.1E-02)  1.1E-02
7.4E-03 1.2E-02 1.3E-02 2.0E-02 2.2E-02 2.2E-02] 2.2E-02 2.2E-02| 2.2E-02
1.2E-04 5.2E-04 1.8E-03 9.2E-03 1.0E-02 1.0E-02 1.0E-02 1.0E-02]  1.0E-02
6.5E-05 4.0E-04 1.5E-03 79E-03] 8.7E-03 8.7E-03] 8.7E-03 8.7E-03] 8.7E-03
7.9E-05 5.0E-04 1.8E-03 9.7E-03 1.1E-02 1.1E-02 1.1E-02 1.1E-02)  1.1E-02

B.9E-05| 47E-04) 1.8E-03] 9.0E-03 : .
926051 52604 18E-03  s9se-p3| Calculated Committed Effective Dose

(Integrated for 50y=11mSv)
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File Setup Tools Help

—Radionuclide { Intake route and Subject

Radionuclide  [Cs-137 | ooy |gamma of Ba-137m(0.661MeV)85.1%
@ |nhalation by Workers  Inhalation by Members of the Public
€ Ingestion by Workers  Ingestion by Members of the Public
—AMAD or Age { Type orfl Mode of Intake
AMAD - l ~| || ® Acute
wsopton ™t Click here [ =] || © chronic
— C Uneven Chronic

N\

Measurement IWhuIebudy v 2 EGraph i

Period of intake days

Measured at |1 days after last intake
Measured activity |1 000000 Bq

)

Exit Printfarm | Print result | Save tofile I

v v - —

QT

Intake Retention
Function Factor Curve
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Fraction at
measuremel

Activity of inf
Effective do:

|1E+UU vI

fraction

|1 E-08 = I

|1 E-01 - I

Cs-137 (Inhalation by Workers, 5

(default), Type F, Whole body)

e

1 day(days
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Reference
Model
Output Time of Intake
Assessment
Internal Dose
ExXposure
Input Radionuclide

Intake
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