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Introduction
• Gamma-ray spectrometry measurements performed on site

• In-situ Gamma Spectrometry

• Soil Geometry Mesurement

• Infinite Plane Geometry Mesurement

• Ground measurement

• Ground gammaspectrometry

• Field gammaspectrometry

• Field of Use

• Geology

• Nuclear energy

• Radiation protection

• Radiological mapping

• NPP accidents



History
• 1972

Beck, H. L., DeCampo, J., and 
Gogolak, C. In Situ Ge(Li) And 
Nai(Tl) Gamma-Ray 
Spectrometry.. United States: N. 
p., 1972. Web. 
doi:10.2172/4599415.



History
• 1988

Helfer I. K., Miller K. M. Calibration factors for 
Ge detectors used for field spectrometry. 
Health Phys. 1988 Jul;55(1):15-29. doi: 
10.1097/00004032-198807000-00002. PMID: 
3391774.



History

• 1999
IAEA-TECDOC-1092 
Generic procedures for monitoring 
in a nuclear or radiological 
emergency
PROCEDURE D.1.a, p 132



History

• 2013
ISO 18589-7
Measurement of radioactivity in the 
environment — Soil —
Part 7: In situ measurement of gamma-emitting 
radionuclides



Laboratory 
measurement

In-Situ
measurement

Sample information Well known Limited and/or estimated

Geometries
Small objects, bottles, 

beakers, Marinelli 
beakers

Surfaces, buildings, 
drums, boxes, large areas

Efficiency Calibration Etalon available Etalon not available

Results uncertainties ≈ < 5 % ≈ > 20 % 

Laboratory vs In-Situ Gamma Measurement



Object measurement Ground measurement

Space Finite Semi-Infinite

Sample
Container, Box, Package, 

Spill
Large plane areas

Results
Absolute or mass units

Bq, Bq/kg
Surface or mass units

Bq/m2, Bq/kg

Object vs Ground Measurement



Background Radiation

• The nuclides usually measured by gamma spectrometry are the 

primordial nuclides: 40K, 235U, 238U and 232Th. 

• A few common reactor activation and fission products that are 

often present in background (137Cs).

• There are, of course, other naturally occurring nuclides, such as 14C, 

which are produced continuously by nuclear reactions between 

high-energy particles with oxygen and nitrogen in the earth’s 

atmosphere. Of those, only 7Be is measurable by gamma 

spectrometry.

• The major ‘fluorescence’ X-rays from likely shielding materials –

Pb, Sn, Cd and Cu.



Background Gamma Spectrum



In-Situ Radionuclides

• Primordial

• 40K

• Decay chains/series

• Uranium - Radium 238U - 214Pb, 214Bi

• Thorium 232Th - 228Ac, 212Pb, 208Tl

• Actinium 235U

• Artificial – Nuclear weapons and 

reactors

• 131I, 134Cs, 137Cs



Background Radiation – 238U

• 238U comprises 99.25% of natural uranium. That decays by alpha emission 
to 234Th which in turn decays to 234mPa and so on until stable 206Pb is 
reached.

• If we look at the half-lives of the various nuclides, they are all much less 
than the half-life of 238U. This means that, in a natural, undisturbed source 
of uranium, every daughter nuclide will be in secular equilibrium with the 
238U. The activity of each daughter nuclide will be equal to the 238U activity.

• There are 14 radionuclides in the chain and so the total activity of such a 
source will be 14 times that of the parent, or of any individual nuclide.



Background Radiation – 238U



Background Radiation – 235U

• 235U comprises 0.72 % of natural uranium.

• The decay series involves 12 nuclides in 11 decay stages and the 

emission of 7 alpha particles

• Within this series, only 235U itself can readily be measured.

• In the gamma spectra of NORM is the mutual interference 

between 235U (185.72 keV) and 226Ra (186.21 keV).

• Assume that the entire 186 keV peak is due to 226Ra and correct the 

result.



Background Radiation – 232Th

• Natural thorium is 100 % 232Th. Six alpha particles are emitted 

during ten decay stages. Four nuclides can be measured easily by 

gamma spectrometry: 228Ac, 212Pb, 212Bi and 208Tl. 

• The decay of 212Bi is branched – only 35.94 % of decays produce 
208Tl by alpha decay. 

• If a 208Tl measurement is to be used to estimate the thorium activity, 

it must be divided by 0.3594 to correct for the branching.



Background Radiation – 232Th



Background Radiation – 40k

• 40K is very evident in background spectra. It is present as 0.17% of 

natural potassium and is present in wood and building materials 

and even in the bodies of the gamma spectrometrists.

• The substantial presence of 40K in the detector background and in 

many samples, with its long Compton continuum, severely restricts 

the limit of detection of the many nuclides emitting gamma rays at 

lower energies

• 1460.83 keV



Measurement Conditions

• No buildings, forest, objects (at least 20 m 
- 30 m radius.

• No people (at least 5 metres)

• Vertical position of detector (down)

• 1 m detector/surface distance

• Energy > 60 – 100 keV



Detectors

• HPGe

• LN2 detector + analyser + computer

• Portable electrically cooled 

• Scintillation NaI:Tl or LaBr3:Ce

• Limited resolution

• Orientation of the detector

• Down (preferable)

• Up (laboratory configuration with 

Dewar)



Efficiency Calibration - 3 approaches

• Empirical approach – based on the calibration standard measurements

• Calibration based on using calibration standards (phantoms)

• Numerical approach (modelling)– based on the numerical calculations

• Possible to calculate any shape

• Mathematical simulations (MCNP, Geant4, ISOCS SW)

• Combination of modelling and empirical approach

• For example, ISOTOPIC SW (Pont source, DOE-EML % method)



Empirical Approach
• Spectra evaluation based on the Peak Net Area counts

• Calibration standard geometry = Sample geometry

𝛆 𝐄 is efficiency,

𝑁 net counts in full-energy peak area,

𝑆 activity of certified calibration source

γ emission probability of the gamma-ray with energy 𝐸

𝑡 time of measurement

𝐴 activity of sample

𝜺 𝑬 =
𝑵

𝑺 × 𝒕 × 𝜸
𝑨 =

𝑵

𝜺 × 𝒕 × 𝜸



Modelling Approach 

MCNP

ISOCS / 
LABSOCS



Efficiency Calibration - Problems

• Calibration standard - unavailable

• Distribution of radionuclides in the soil – assumed and/or unavailable



Activity depth distribution
• 3 cases, differ in depth distribution

• Fresh Fallout

• Aged Fallout

• Homogeneous distribution



Activity depth distribution
• The depth source distribution in the soil can be described by so-called 𝛼/𝜌

parameter or ß parameter

• L [cm] relaxation length (length, where concentration decreases 𝑒-times)

• 𝛼 [cm-1] 1 / relaxation length 

• 𝜌 [g cm-3] density

• 𝛼/𝜌 [cm2 g-1] 𝛼/𝜌 parameter

• ß [g cm-2] relaxation mass per unit area, 𝛼/𝜌 =1/ ß

Uniform source distribution (NORM)

𝜶/𝝆 = 𝟎 or ß = ∞

Surface source distribution in the soil (fresh fallout)

𝜶/𝝆 = ∞ or      ß = 𝟎

Exponential source distribution in the soil (aged fallout)

𝟎 <
𝜶

𝝆
< ∞ or      𝟎 < ß < ∞



Activity depth distribution

𝛼/𝜌 = 0.206 [cm2 · g-1] ≈≈ relaxation length of 3 cm, soil density 1,65 gcc - very frequently used 

value for aged fallout

Activity distribution estimation

• Sampling – depth profile

• Multiple line – line to line method

• Etc….

Distribution Uniform Surface Exponential

Result unit Bq kg-1 Bq m-2 Bq m-2

𝛼/𝜌 0 ∞ 0 < 𝛼/𝜌 < ∞ 

ß ∞ 0 0 < ß < ∞ 

Nuclides

NORM

K-40 and 

decay chains

Fresh fallout

Fission products
Aged fallout



Calibration Approach

BASED ON THE POINT SOURCES MEASUREMENTS AND MATHEMATICAL 
MODEL OF THE SAMPLE.

• Beck, H. L., DeCampo, J., and Gogolak, C. In Situ Ge(Li) And Nai(Tl) Gamma-
Ray Spectrometry.. United States: N. p., 1972. Web. doi:10.2172/4599415.

• Helfer I. K., Miller K. M. Calibration factors for Ge detectors used for field 
spectrometry. Health Phys. 1988 Jul;55(1):15-29. doi: 10.1097/00004032-
198807000-00002. PMID: 3391774.

• IAEA-TECDOC-1092 
Generic procedures for monitoring in a nuclear or radiological emergency

• ISO 18589-7 Measurement of radioactivity in the environment — Soil —
Part 7: In situ measurement of gamma-emitting radionuclides



Efficiency Calibration Approach

𝜺 𝑬 =
𝑵𝒇

𝑨
=
𝑵𝟎

𝜱
×
𝑵𝒇

𝑵𝟎
×
𝜱

𝑨

• Beck, Helfer, Miller

...and older publications.

•
𝑵𝟎

𝜱
response factor (intrinsic efficiency of the detector)

•
𝑵𝒇

𝑵𝟎
angular correction factor

•
𝚽

𝐀
geometrical factor (incident flux arriving to the detector per unit inventory

of the radionuclide in the soil)



Efficiency Calibration Approach

𝜺 𝑬 =
𝑵𝒇

𝑨
= 𝒏𝟎 ×𝐖× 𝐆

• ISO 18589-7

• 𝒏𝟎 response factor (intrinsic efficiency of the detector)

• 𝑾 angular correction factor

• 𝑮 geometrical factor (incident flux arriving to the detector per unit inventory

of the radionuclide in the soil)



Nomenclature Comparison

𝜺 𝑬 =
𝑵𝒇

𝑨
=
𝑵𝟎

𝜱
×
𝑵𝒇

𝑵𝟎
×
𝜱

𝑨

𝜺 𝑬 =
𝑵𝒇

𝑨
= 𝒏𝟎 ×𝐖× 𝐆

RESPONSE 

FACTOR

ANGULAR

CORRECTION

FACTOR

GEOMETRICAL

FACTOR

ISO

Older literature



Response factor 
𝑵𝟎

𝜱

𝑟 𝒄𝑚 is the source to detector distance

𝑃𝑖 − is net count in the full energy peak for energy 𝐸

𝑌 − is gamma yield per decay for photons of energy 𝐸

𝐴 𝐵𝑞 is activity of point source

𝑇 𝑠 is the measuring time

𝜀𝑟𝑒𝑙 [%] is relative efficiency of the detector

𝑁0
𝛷

=

𝑃𝑖
𝑇

𝑌 × 𝐴
4𝜋𝑟2

=
4𝜋𝑟2 × 𝑃𝑖
𝑌 × 𝐴 × 𝑇

ln
𝑁0
𝛷

= 𝑎´ + 𝑏´ ln 𝐸

Peak count rate due to a unit primary photon flux density of Energy E 

incident on the detector along the detector axis (normal to the detector face)
Based on the PS measurement

Based on Helfer & Miller relationships 

𝑎´ = 2.689 + 0.4996× 𝑙𝑛 𝜀𝑟𝑒𝑙 + 0.0969 × 𝑙𝑛2 𝜀𝑟𝑒𝑙

𝑏´ = −1.315 + 0.02044 × 𝜀𝑟𝑒𝑙 − 0.00012 × 𝜀𝑟𝑒𝑙
2



Correct formula

Negligible

𝑒−µ𝒂𝑥𝑒−µ𝒉𝒉 ≈ 𝟏

Response factor 
𝑵𝟎

𝜱

µ𝒂 [𝑐𝑚
−𝟏] is linear attenuation coefficient for gammas  in air

𝑥 𝑐𝑚 is detector endcap to source crystal holder

µ𝒉 [𝑐𝑚
−𝟏] is linear attenuation coefficient for gam. in source holder

ℎ 𝑐𝑚 is source holder thickness

Linear attenuation coefficient in air, r = 100 cm, air density 0.00129 gcc

E = 100 keV µa = 2.03 E-2 cm-1 𝑒−µ𝒂𝑥 = 0.980*

E = 500 keV µa = 1.12 E-2 cm-1 𝑒−µ𝒂𝑥 = 0.989*

E = 1 MeV µa = 8.15 E-3 cm-1 𝑒−µ𝒂𝑥 = 0.992*

E = 5 MeV µa = 3.55 E-3 cm-1 𝑒−µ𝒂𝑥 = 0.996*

E = 10 MeV µa = 2.67 E-3 cm-1 𝑒−µ𝒂𝑥 = 0.997*

*Ref.: https://physics.nist.gov/cgi-bin/Xcom/xcom2

𝛷 =
𝑌 × 𝐴

4𝜋𝑟2
𝒆−µ𝒂𝒙𝒆−µ𝒉𝒉



Response factor 
𝑵𝟎

𝜱



Angular correction factor 
𝑵𝒇

𝑵𝟎

• It depends on the detector and source distribution in the soil

• Angular correction factor can be calculated from the measurement according to the 

equation

• ISO 18589-7: Ba-133 + Eu-152 or mixed gamma point sources

𝑵𝒇

𝑵𝟎
=
𝑹׬ 𝜽 𝜱 𝜽 𝒅𝜽

𝜱׬ 𝜽 𝒅𝜽



Angular correction factor 
𝑵𝒇

𝑵𝟎

𝑅 𝜃 peak count rate for gamma rays of energy 𝐸 at angle 𝜃 relative to count rate at 

angle 𝜃 = 0

𝛷 𝜃 gamma ray flux at energy 𝐸 at angle 𝜃

𝑃𝜃

𝑡𝜃
peak count rate for gamma rays of energy 𝐸 at angle 𝜃

𝑃0

𝑡0
peak count rate for gamma rays of energy E at angle 𝜃 = 0

𝑵𝒇

𝑵𝟎
=
𝑹׬ 𝜽 𝜱 𝜽 𝒅𝜽

𝜱׬ 𝜽 𝒅𝜽
𝑹 𝜽 =

𝑷𝜽
𝒕𝜽
𝑷𝟎
𝒕𝟎



Angular correction factor 
𝑵𝒇

𝑵𝟎
Dependent on crystal length/diameter ratio



Geometrical factor 
𝜱

𝑨
• parameter Φ/A is 

incident flux arriving 

at the detector per 

unit activity of the 

source

• not dependent on 

detector, but it is 

function of soil 

density, soil 

composition, air 

attenuation and the 

source distribution in 

the soil.



Activity depth distribution
• 3 cases, differ in depth distribution

• Fresh Fallout

• Aged Fallout

• Homogeneous distribution



Activity depth distribution

Vertical 

distribution

L cm

1 cm 2 cm 3 cm 5 cm

Depth

1 cm 0.632 0.393 0.283 0.181

2 cm 0.233 0.239 0.204 0.149

3 cm 0.085 0.145 0.145 0.121

4 cm 0.032 0.088 0.104 0.100

5 cm 0.011 0.053 0.075 0.081

10 cm 0.007 0.082 0.153 0.233

15 cm x x 0.036 0.085

20 cm x x x 0.032

25 cm x x x 0.011



Activity depth distribution



The effect of the detector position and soil 

density 137Cs, L=3cm

Soil density: 1.05 gcc

95 cm 100 cm 105 cm

Efficiency 1.34E-04 1.33E-04 1.32E-04

a, Bq/m2 1771 1777 1786

Soil density: 1.6 gcc

a, Bq/m2 2317



The effect of the soil density and relaxation 

length for 137Cs, L=3cm

L, cm 1,05 kg/dm3 1,6 kg/dm3

1 1005 552

2 1276 1571

3 1777 2317

5 2302 3128



Real Depth Distribution

Vertical distribution of Cs-137  (%), 

at the site of in-situ measurement
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ISOCS

• Efficiency calibration SW for In Situ Object 

Counting System

• Detector is already characterized by 5 step 

process

• Traceable validation sources

• Characterization measurements

• MCNP Modelling

• Detector characterization grid 

generation

• Verification of characterization



Homogenous distribution - ISOCS



Exponential Distribution - ISOCS

Dmax



Homogenous distribution- ISOCS
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ISOTOPIC

• SW for measuring wide-area contamination of soils 

and surfaces

• Isotopic Supervisor (for measurement definition)

• Isotopic Operator (for analysis and reporting)

• Geometry Composer (a tool for measurement 

geometry definition)

• Two ways of efficiency calibration

• DOE/EML – Helfer and Miller estimation

• Point Source measurement



ISOTOPIC

RELATIVE

EFFICIENCY 

CALIBRATION

POINT SOURCE

MEASUREMENT

CALIBRATION

SOURCE

DISTRIBUTION

ALPHA RHO

SOIL AND AIR

DENSITIES

ALPHA 

RHO

FILE



Pros & Cons

PROS

FAST MEASUREMENT

NO SAMPLE

FAST RESULTS

CONS

HIGH 

UNCERTAINTIES

DETECTOR 

CONTMINATION 

POSSIBILITY

ACTIVITY 

DISTRIBUTION 

DETERMINATION



CASE STUDY – HOMOGENOUS DISTRIBUTION

Example Ac-228

Manual Calibration



Efficiency Calibration Approach

• Beck, Helfer, Miller

•
𝑵𝟎

𝜱
response factor (intrinsic efficiency of the detector)

•
𝑵𝒇

𝑵𝟎
angular correction factor

•
𝚽

𝐀
geometrical factor (incident flux arriving to the detector per unit inventory

of the radionuclide in the soil)

𝜺 𝑬 =
𝑵𝒇

𝑨
=
𝑵𝟎

𝜱
×
𝑵𝒇

𝑵𝟎
×
𝜱

𝑨



Response factor 
𝑵𝟎

𝜱

𝑟 𝑚 is the source to detector distance

𝑃𝑖 − is net count in the full energy peak for energy 𝐸

𝑌 − is gamma yield per decay for photons of energy 𝐸

𝐴𝐶𝐴𝐿𝐼𝐵 𝐵𝑞 is activity of point source

𝑇 𝑠 is the measuring time

𝑁0
𝛷

=

𝑃𝑖
𝑇

𝑌 × 𝐴𝐶𝐴𝐿𝐼𝐵
4𝜋𝑟2

=
4𝜋𝑟2 × 𝑃𝑖
𝑌 × 𝐴 × 𝑇

𝜺 𝑬 =
𝑵𝟎

𝜱
×

𝑵𝒇

𝑵𝟎
×

𝜱

𝑨

• Peak counting rate due to a unit primary photon flux density of Energy E 

incident on the detector along the detector axis (normal to the detector face)

• Point Sources at distance of 100 cm

• Whole energy region of interest



• Any SW

• Peak net Area

Response factor 
𝑵𝟎

𝜱
𝜺 𝑬 =

𝑵𝟎

𝜱
×

𝑵𝒇

𝑵𝟎
×

𝜱

𝑨



0

5

10

15

20

25

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000

R
0

 / 
Φ

 [
c
m

2
]

Energy [keV]

Energy [keV] 121 244 344 661 778 898 964 1085 1112 1173 1332 1408 1836

Nuclide 152-Eu 152-Eu 152-Eu 137-Cs 152-Eu Y-88 152-Eu 152-Eu 152-Eu 60-Co 60-Co 152-Eu Y-88

A [kBq] 450 450 450 591 450 47 450 450 450 417 417 450 47

T [s] 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600 3600

Y[-] 0.284 0.076 0.266 0.850 0.130 0.937 0.145 0.101 0.134 0.999 1.000 0.209 0.993

N [-] 84983 16758 46801 113793 12064 8113 11743 7265 9918 57725 53349 12985 5019

N0 / Φ [cm2] 23.665 17.560 13.925 8.112 7.359 6.569 6.407 5.674 5.851 5.274 4.868 4.927 3.833

Response factor 
𝑵𝟎

𝜱
𝜺 𝑬 =

𝑵𝟎

𝜱
×

𝑵𝒇

𝑵𝟎
×

𝜱

𝑨



Angular correction factor 
𝑵𝒇

𝑵𝟎

• It depends on the detector and source distribution in the soil.

• Angular correction factor can be calculated from the measurement according to the 

equation.

• This factor expresses weighted angular response compared to the normal response

𝑾 =
𝑵𝒇

𝑵𝟎
=
𝑹׬ 𝜽 𝜱 𝜽 𝒅𝜽

𝜱׬ 𝜽 𝒅𝜽

𝜺 𝑬 =
𝑵𝟎

𝜱
×

𝑵𝒇

𝑵𝟎
×

𝜱

𝑨

𝑹 𝜽 =

𝑷𝜽
𝒕𝜽
𝑷𝟎
𝒕𝟎



Angular correction factor 
𝑵𝒇

𝑵𝟎
𝜺 𝑬 =

𝑵𝟎

𝜱
×

𝑵𝒇

𝑵𝟎
×

𝜱

𝑨

• ISO 



Angular correction factor 
𝑵𝒇

𝑵𝟎
𝜺 𝑬 =

𝑵𝟎

𝜱
×

𝑵𝒇

𝑵𝟎
×

𝜱

𝑨

• HOMOGENOUS DISTRIBUTION



Angular correction factor 
𝑵𝒇

𝑵𝟎
𝜺 𝑬 =

𝑵𝟎

𝜱
×

𝑵𝒇

𝑵𝟎
×

𝜱

𝑨



• not so simple calculation…..

• Hellfer and Miller tables, Isotopic SW manual, etc…..

• Angular Correction Factor, (Nf /N0), Downward-Facing Detector, Plane 

Source Distribution (α/ρ =0).

Angular correction factor 
𝑵𝒇

𝑵𝟎
𝜺 𝑬 =

𝑵𝟎

𝜱
×

𝑵𝒇

𝑵𝟎
×

𝜱

𝑨

Energy L/D

[MeV] 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3

0.3 0.81 0.82 0.83 0.86 0.91 0.99 1.08 1.18 1.31

0.5 0.84 0.85 0.85 0.88 0.93 0.99 1.06 1.14 1.25

0.7 0.86 0.86 0.87 0.91 0.93 0.98 1.05 1.12 1.21

1.0 0.88 0.88 0.89 0.91 0.94 0.98 1.03 1.10 1.18

1.5 0.91 0.91 0.91 0.92 0.94 0.97 1.02 1.07 1.13

2.0 0.92 0.92 0.93 0.93 0.94 0.96 1.00 1.05 1.10

2.5 0.94 0.94 0.94 0.94 0.95 0.96 0.99 1.03 1.07



• The last parameter Φ/A is incident flux at that energy arriving at the detector per 

unit inventory or concentration of the nuclide in the soil. It is not dependent on 

detector, but it is function of soil density, soil composition, air attenuation and 

the source distribution in the soil.

Geometrical factor 
𝜱

𝑨
𝜺 𝑬 =

𝑵𝟎

𝜱
×

𝑵𝒇

𝑵𝟎
×

𝜱

𝑨



Geometrical factor 
𝜱

𝑨

• Beck established 

the following table 

for unscattered flux 

one meter above 

the ground for 

various energies 

and α/ρ values.

[ (cm-2 s-1) / Bq g-1) ] for α/ρ = 0 (uniform profile, natural emitters)

[ (cm-2 s-1) / Bq cm-1) ] for α/ρ > 0 (exponential profile, fallout)

Energy α/ρ

[MeV] 0 0.06 0.206 0.312 0.625 6.25∞

0.050 1.4403 0.0816 0.2245 0.3049 0.4748 1.147 1.58

0.100 2.1140 0.1458 0.3627 0.4708 0.6786 1.359 1.71

0.150 3.3264 0.1702 0.4103 0.5261 0.7438 1.427 1.78

0.200 3.9056 0.1843 0.4550 0.5770 0.8020 1.483 1.80

0.250 4.0640 0.2008 0.4697 0.5910 0.8185 1.506 1.86

0.364 4.7184 0.2268 0.5158 0.6429 0.8775 1.578 1.93

0.500 5.3904 0.2519 0.5595 0.6918 0.9334 1.650 2.00

0.662 6.1456 0.2788 0.6041 0.7412 0.9889 1.719 2.05

0.750 6.5312 0.2919 0.6257 0.7649 1.0150 1.752 2.08

1.000 7.5280 0.3245 0.6769 0.8209 1.0770 1.830 2.15

1.173 8.1472 0.3437 0.7067 0.8531 1.1130 1.874 2.19

1.250 8.4384 0.3523 0.7198 0.8675 1.1290 1.895 2.21

1.333 8.7504 0.3617 0.7336 0.8826 1.1450 1.914 2.22

1.460 9.1472 0.3731 0.7511 0.9011 1.1660 1.941 2.25

1.765 10.0910 0.3997 0.7897 0.9428 1.2110 1.997 2.29

2.004 10.8180 0.4188 0.8173 0.9725 1.2430 2.036 2.33

2.250 11.3970 0.4357 0.8410 0.9982 1.2710 2.071 2.36

2.500 12.1700 0.4536 0.8667 1.0250 1.3000 2.105 2.39

𝜺 𝑬 =
𝑵𝟎

𝜱
×

𝑵𝒇

𝑵𝟎
×

𝜱

𝑨



Peak Net Area – 228Ac



𝜺 𝑬 =
𝑵𝒇

𝑨
=
𝑵𝟎

𝜱
×
𝑵𝒇

𝑵𝟎
×
𝜱

𝑨

Efficiency Calibration Approach – 228Ac
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Energy [keV] 338.3 911.2 964.8 969.0

N0 / Φ [cm2] 14.10 6.62 6.35 6.33

Nf/N0 [-] 0.99 0.98 0.98 0.98

Φ / A [cm-2 g] 4.75 7.07 7.29 7.31

N0/A [g] 66.29 45.86 45.33 45.30



Results – 228Ac

𝐴 =
𝑁

𝑇 ∗ 𝑌 ∗ 𝜺

Energy [keV] 338.3 911.2 964.8 969.0

Y 0.114 0.262 0.049 0.159

ε [g] 66.29 45.86 45.33 45.30

Peak Net Area 1093 1909 310 1211

T [s] 7200 7200 7200 7200

A [Bq kg-1] 20.09 22.07 19.03 23.35



CASE STUDY – HOMOGENOUS – RESULTS

Example Ac-228

DETECTOR METHOD ACTIVITY

AEGIS ISOCS 26.15 ± 0.89 Bq/kg

AEGIS ISOTOPIC PS 23.92 ± 2.25 Bq/kg

AEGIS ISOTOPIC % 20.87 ± 0.94 Bq/kg

AEGIS MANUAL 21.14 ± 1.68 Bq/kg

LAB LabSOCS 21.30 ± 0.40 Bq/kg



Thank you for the attention!
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