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Alpha-Scint-1 

Emanation-stand for 
lucas-cell,

Sample transfer
and cell cleaning function



Spectrum-Analyzing

ERS-2-S, Radon / Thoron-Gas-Monitor,
Determination of the Exhalation-Rate

RadonRadon--
DaughterDaughter--
Monitor,Monitor,

RDMRDM--PLUSPLUS--SS

Example of BWLM-PLUS-S, 
RDM-PLUS-S, Radon-Progeny, 

single-spectrum
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Radon-& Thoron 
Daughter Sampler

Radon-& Thoron 
Gas Chamber

Low Level Radon / Thoron Monitor, 

Two-channel version ERS-RDM-2S-L



Radon / Thoron – Monitor 
two-channel version ERS-RDM-2S

Gas & Progeny and Equilibrium-Factor
or two-channel Progeny,

attached and unattached fraction 

Example of ERS-RDM Monitors, 
Radon-Gas &  Progeny Spectrum



The Determination of Radon:
Radon-Gas measurement

This is an overview of the most common measurement-sites for the determination of 
the Radon/Thoron-Gas-Concentration

TRACERLABTRACERLAB
Natural Radiation, the Determination of Radon, Thoron and it‘s ProgeniesNatural Radiation, the Determination of Radon, Thoron and it‘s Progenies



Radon-Gas measurement

TRACERLAB covers the fields of radon measurements like soil-gas 
monitoring for the evaluation of potential radon-risk areas, exhalation 
measurements for the examination of building areas like walls, floors or 
building materials and the determination of the radon concentration in the 
air. The devices are designed for working place monitoring, general ray 
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air. The devices are designed for working place monitoring, general ray 
protection and research.

Category Basics Products 

 Exhalation 
-System description 
-Schematic drawing 
-Evaluation of results 

ERS-2-S 
(Exhalation radon meas. 
System) 

 Radon-Gas 
-System description 
-Schematic drawing 
-Thoron measurement 

ERS/RM-1000-250 
(Radon monitor) 
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The determination of Radon and Thoron with the devicees 
ERS-2-S and ERS/RM-1000-250, by using Alpha-Spectroscopy



Product
ERS/RM-1000-250
Small Size 
Radon Monitor
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Radon Monitor

AC-line/battery operating 
radon- and thoron-gas monitor, 
self contained portable system 
based on air diffusion or active 
suction operation by built-in 
air-pump, system-control by 
integrated display/keyboard, 
USB output

ERS/RM-1000/250, with open chamber, 
operation by diffusion-mode
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Product
ERS/RM-1000-250
Small Size 
Radon MonitorRadon Monitor

ERS/RM-1000/250, with 
sealed chamber, operation 
by pumping-mode
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Product

ERS-2-S, operating by ERS-2-S, operating by 
pumping-mode with the 
internal air-pump and an 
air-flow-rate of appr. 
100 - 150 l/h for the 
determination of the 
Radon/Thoron-Gas-
Concentration in the air 
or from soil.
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Product

TRACERLAB ERS-2-STRACERLAB ERS-2-S
Upgraded AC-line/battery 
operating 'Radon- and 
'Thoron-Monitor with the 
function of exhalation 
measurements by using the 
application software. It is a 
self contained portable 
instrument, based on air 
diffusion, system-control by 
on line PC with the 
application software, 
connected via USB.



Schematic drawing ERS-2-S
Determination of the Radon/Thoron exhalation rate
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Determination of the exhalation-rate (Flux)

General information

During an exhalation measurement the values of radon will increase 
over the time because of physical properties of decay as long as there is 
no saturation in the detection chamber. 
For the evaluation of the exhalation rate, a calculation program by 
using Microsoft Excell  (Data view190 kB and Chart view 110 kB) 
was designed, which covers the ranges of low and high exhalation rates.
The method of calculation by using the linear-fit-method, or by using 
the exponential-fit-method can be selected. 
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Determination of the exhalation-rate (Flux)

General information ( continued... )General information ( continued... )

Over selected values an average slope can be determined by linear fit as 
the established method. Especially at lower exhalation- and higher 
chamber ventilation rates the linear fit fails and delivers too low 
exhalation rates. In this case an exponential fit is recommended that 
numerically determines the variables of the exponential growth.



Determination of the exhalation-rate (Flux)
Example of a calculation-form
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Determination of the exhalation-rate (Flux)
Example of a Radon Alpha Spectrum
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Lower Detection Limit for  Activity Concentration Rn-222 using ERS- 2S 
Assumption: C(Rn-220) =0

C0: Background

Counting-Time Lower Detection Limit  (Bq/m3)

min C0=10 Bq/m3 C0=5 Bq/m3 C0=1 Bq/m3

1 588 528 476

5 158 131 1085 158 131 108

10 94 75 59

20 58 44 33

30 44 33 24

40 36 27 19

50 32 23 16

60 28 20 14

90 22 16 10

120 18 13 8

240 12 8 5
360 10 7 4
480 8 6 3



Scintillation Scintillation –– Chamber Chamber -- Counting Counting –– Systems: Systems: 

Scintillation counting chamber system is for the determination of radium and radon in Scintillation counting chamber system is for the determination of radium and radon in 
water by using the Emanation and Dewater by using the Emanation and De--Emanation methods.  Emanation methods.  
It contains major parts like scintillation counting system, scintillaltion counting It contains major parts like scintillation counting system, scintillaltion counting 
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It contains major parts like scintillation counting system, scintillaltion counting It contains major parts like scintillation counting system, scintillaltion counting 
chamber (lucas cells), emanation stand with the optional valumn pump, etc…chamber (lucas cells), emanation stand with the optional valumn pump, etc…

The main application of the use is in institutes who care about water treatment and The main application of the use is in institutes who care about water treatment and 
control of produced water like mineral water etc…control of produced water like mineral water etc…

In addition it is a very good method to be used in radon chambers and in mines.In addition it is a very good method to be used in radon chambers and in mines.
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Scintillation Scintillation –– Counting Counting –– Chamber Chamber –– Systems: Systems: 

PresentationPresentation

Scintillation Chamber (LucasScintillation Chamber (Lucas--Cell)Cell)



ALPHAALPHA--SCINTILLATIONSCINTILLATION--COUNTINGCOUNTING--CHAMBERCHAMBER--SYSTEM SYSTEM 
ALPHAALPHA--SCINTSCINT--11
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Radon-Monitor by using the Alpha-Scintillation-Counting-Chamber-Method (Lucas-Cell)
Self contained leight-weight portable direct reading monitor with integrated PDA

Operation weight: 7 Kg – Operation Duration by internal Battery: > 6 h

Methods of Operation:
- Grab-Sampling Method for the determination of Radon in the Air

- Cont. Flow-Sampling Method for the determination of Radon in the Air
- Grab-Sampling Method for the determination of Radon in Water

by using the transfer (emanation) method-stand to transfer the Radon-Gas 
from a sample-container (bottle) into the evacuated Scintillation-(Lucas) Cell
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ALPHA-SCINTILLATION-COUNTING-CHAMBER-SYSTEM 
ALPHA-SCINT-1

The photo shows the instrument Alpha-Scint-1 to be used for the determination of Radon 
by using the “Grab-Sampling-Method”



ALPHA-SCINTILLATION-COUNTING-CHAMBER-SYSTEM 
ALPHA-SCINT-1

The photo shows 
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The photo shows 
the instrument Alpha-Scint-1 

to be used for the 
determination of Radon 

by using 
the “Cont.-Flow-Sampling-

Method”
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Emanation Stand Emanation Stand 

Sample PreparationSample PreparationSample PreparationSample Preparation
for the Determination of for the Determination of 
Radium or Radon from a Radium or Radon from a 

water sample.water sample.

The builtThe built--up Radonup Radon--Gas Gas 
will be transferred  will be transferred  

into the evacuated lucasinto the evacuated lucas--cellcell



Emanation Stand Emanation Stand 
for the 2 ea. Lucas Cell’sfor the 2 ea. Lucas Cell’s
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for the 2 ea. Lucas Cell’sfor the 2 ea. Lucas Cell’s
CleaningCleaning--Procedure Procedure 

after usingafter using



APPENDIX III: APPENDIX III: Detection Limit of the Emanation MethodDetection Limit of the Emanation Method

Method Vol. l Detection Limit

Ra-226 in 
Water

Direct Measurement 0,02 0,14 Bq/l

Enrichment 1,00 0,003 Bq/l
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Enrichment 1,00 0,003 Bq/l

Radon in 
Water

Sample in Emanation Vial 0,02 0,13 Bq/l

Sample in Bottle 0,15 0,02 Bq/l

Radon in 
Air

No Flow-through (static) 0,18 14,5 Bq/m³

Flow-through 0,18 13,8 Bq/m³



Radon Daughters Radon Daughters -- Physical data and measuring unitsPhysical data and measuring units

As usual the radon (Rn-222) gas concentrations unit in air is Bequerel per cubic meter. The 
decay of radon results in a decay chain with the short-living radioactive nuclides 
Po-218, Pb-214, Bi-214 and Po-214. In general Po-214 is not specified. Because of its short 
halflife the concentration of Po-214 is in practice equal to the concentration of Bi-214. 
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halflife the concentration of Po-214 is in practice equal to the concentration of Bi-214. 
Decay products concentration often is described with a special unit: The Potential Alpha 
Energy Concentration (PAEC). This unit origins from uranium ore mining and quantifies 
the biological influence of a decay products mixture. It describes the resulting a-Energy of 
all decay products in a distinct volume until their total decay. Common units are: MeV/l or 
Working Level (1 WL = 130000 MeV/l).



Data of radon decay products 

Nuclide Po-218 Pb-214 Bi-214 Po-214

Halflife 3.05 min 26.8 min 19.7 min 1.6·10-4 sec

Decay a b b a

a-Energy 6.00 MeV 0 0 7.68 MeVa-Energy 6.00 MeV 0 0 7.68 MeV

pot. a-Energy/atom 13.68 MeV 7.68 MeV 7.68 MeV 7.68 MeV

Atoms/Bq 264 2320 1710 0.23·10-3

pot. a-Energy/Bq 3612 MeV 17820 MeV 13130 MeV 1.8·10-3 MeV

pot. a-Energy/100pCi 13350 MeV 65890 MeV 48460 MeV 6.6·10-3 MeV



General systems configuration of the new designed Instruments for the Determination of the 
Radon/Thoron-Progeny (and Gas) Concentration in the air:

Standard – OFF-LINE-version, contains carrying-case, power-supply 
and USB / serial (Rs-232) connection interfaces to an external data transfer terminal
Standard – ON-LINE-version with a PDA  (Pocket-PC, SIEMENS POCKET-LOOX) 
with a large area display and application software “on-board” to select the method of 
measurement and to show the actual results at site.

Systems and Options:

- RDM-PLUS-S – stand-alone, all-in-one Radon-Daughter-Working-Level-Monitor
- BWLM-PLUS-S - Radon-Daughter-Working-Level-Monitor with removabl e sampler 
- otional with an external high-power pump to reach a very low limit of detection

- BWLM-Plus-S / ASF, as a Radon-Daughter Step-Filter-System 
- otional with an external high-power pump to reach a very low limit of detection 

- BWLM-Plus-2S/F, 2-channel instrument for the determination of the 
Radon/Thoron-Daughter-Concentration, 
channel one = determination of the free fraction
channel two = determination of the aerosol-att. Fraction

- ERS/BWLM-Plus-S-2S, 2-channel instrument for the determination of the 
Radon/Thoron-Gas and the Radon/Thoron-Daughter-Concentration, 
channel one = determination of the Radon/Thoron-Gas-Concentration
channel two = determination of the Radon/Thoron-Daughter-Concentration

- BWLM-PLUS-2S-LL, 2-channel-Version of a Low Level Radon- & Thoron-Monitor
with a built-in high-power-pump and a chamber of appr. 15 litres volume



TRACERLAB RADON/THORON-DAUGHTER-MONITOR  RDM-PLUS-S
Radon/Thoron-Daughter-Monitor 
TRACERLAB Model RDM-PLUS-S
Self contained light-weight portable direct 
reading monitor, all in one with integrated 
sampler and PDA. 
Read-out and data-transfer via Rs-232/USB 
to an external PC-system

The RDM-PLUS-S is mainly designed as a 
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The RDM-PLUS-S is mainly designed as a 
stand-alone monitor for the use in the field, in 
mines etc.
Operation-Weight: 5.1 Kg 
– Operation-Duration by internal 
Battery: > 8 h

Methods of Operation:
- Markov-Method to get results after 15 
Minutes
- Continuous-Method to select counting-
intervals on own decisions
- Nuclide-Specific-Calculation Method in 
intervals of one hour
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TRACERLAB RADON/THORON-DAUGHTER-MONITOR  BWLM-PLUS-S

Radon/Thoron-Daughter-Monitor TRACERLAB 
Model BWLM-PLUS-S
Self contained light-weight portable direct reading 
monitor with integrated PDA, data-transfer via 
USB to an external PC-system

Advanced system with a removable sampler 

Operation-Weight: 7,2 Kg  
Operation-Duration by internal Battery: > 7 h

Methods of Operation:
- Markov-Method to get results after 15 Minutes
- Continuous-Method to select counting-intervals  
on own decision

- Nuclide-Specific-Calculation Method in intervals 
of one hour



The picture shows the 
new designed Radon/Thoron-
Daughter-Working Level 
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Daughter-Working Level 
Monitor 
BWLM-LUS-S, built in a 
carrying case with a 
removable sampler, PDA and 
Power-Suply/Battery 
Charger 



Removable sampler of 
BWLM-PLUS-S
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BWLM-PLUS-S, RDM-PLUS-S, Radon-Progeny, single-spectrum
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BWLM-PLUS-S, RDM-PLUS-S, single channel instrument, list of results
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ERS-RDM-2S, two-channel-instrument, list of results, Radon and Progenies
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Example of ERS-RDM Monitors, 
Radon-Gas &  Progeny Spectrum



ATT:
Table of calculation for the lower limit of detection by using the new developed 
BWLM, BWLM/ASF-200   and RDM (Radon/ThoronProgenyMonitor). 
The operation of the instrument by using a different sampling volume and / or a 
different sampling time is given a different lower limit of detection.
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Optional Product’s, Special Applications:

- BWLM -PLUS/ASF-200-S -
Radon-Daughter-Working-Level-Monitor 
as an Automatic-Step-Filter-System
Optional with an external high-power-pump
to reach a very low limit of detection

- BWLM-PLUS-S / F -
Radon-Daughter-Monitor
Designed for the determination of the 
free fraction of the Radon-Daughter-Concentration free fraction of the Radon-Daughter-Concentration 

- BWLM-PLUS-2S-LL -
Two-Channel-Version of a
Low Level Radon- & Thoron-Monitor
with a built-in high-power-pump and a
chamber of appr. 15 liter volume

- ERS/RDM-2S -
Two-Channel-Version of a
Portable Radon- & Thoron-Monitor
Optional with an external high-power-pump
to reach a very low limit of detection



Special applications:
Optional Product’s

- BWLM -PLUS/ASF-200 - S
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AC-line/battery operating 
Radon-, Thoron-Daughter-
Working-Level-Monitor,
Automatic Step Filter System, 
self contained portable system, 
or installation in a housing as a 
station, for indoor- or outdoor use



Special application,
Optional Product-Design:
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Optional Product-Design:

TRACERLAB 
BWLM-Plus/ASF-200 - S Station

Installation in a stainless-steel 
container for outdoor application 
with full protection against rough 
environmental conditions



Special application,
Optional Product-Design:

- BWLM-PLUS-S / F
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Designed for the 
determination of the 
free fraction of the Radon-
Progeny-Concentration



Special applications:
Optional Product’s
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Radon-& Thoron 
Daughter Sampler

Electronic Control Unit
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Radon-& Thoron 
(Decay) Chamber



Special applications:
Optional Product’s

ERS/RDM-2S:
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Two-Channel-Version of a
Radon- & Thoron-Monitor
for the Determination of the 
Radon/Thoron-Gas and 
Progeny Concentration 
in the air
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2-channel version, Radon- & Thoron Monitor ERS/RDM-2S
graphic list of results


