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Introduction 

 
The objective of this study is to present the evolution of the 

photon doses received by the workers who use mobile devices for 
measuring the moisture and the density in various materials and to 
estimate the neutron doses. The workers employed in more than 30 
construction companies in Greece were 76 in 2004. The devices used for 
that purpose incorporate a 137Cs source for density measurements and an 
241Am-Be source for moisture measurements of soil, asphalt or concrete. 
Photon and neutron measurements were performed occasionally during 
the on site inspections. The results of the measurements showed that the 
photon and neutron dose rates were not negligible. The workers were 
monitored for photon radiation using film badges (Kodak Type 2, Holder 
NRPB type) till the year 2000 and then TLD badges issued by the Greek 
Atomic Energy Commission (GAEC), on a monthly basis. Since the neutron 
dose rates measured by a remmeter were not so high, no neutron 
dosemeters were issued for them. Their personal dose equivalent data 
for photons are kept in the National Dose Registry Information System 
(NDRIS) in GAEC and were used for statistical analysis for the period from 
1997 till 2004.As far as the neutrons are concerned, a Monte Carlo code 
was used to simulate the measuring devices and the working positions in 
order to calculate the neutron individual doses.  

 
Short Description of the measurement device 

 
The devices (figure 1) are used in 

two modes in order to calculate the 
density of the material: direct 
transmission mode (with the source 
extended to the material to be 
measured) and backscatter mode (with 
the source in the backscatter position). 
The density of the material to be 
tested is calculated from the photons 
that reach the Geiger Muller (G-M) 
detectors present at the base of the 
device. Photons transmitted from the 
137Cs source travel through the test 
material (in the direct mode) or are 
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scattered to it (in the backscatter mode) and then reach the G-M 
detectors. The density is calculated according to the calibration which 
converts the counts from the G-M detectors to density values.   

Figure 1: source rod positions 
 
 
The principle of neutron thermalization is used in order to 

calculate the moisture of the material. Neutrons emitted from the Am-Be 
source pass though the material to be tested and collide with the 
similarly sized hydrogen nuclei where they lose energy and become 
thermalized. The gauge also contains a helium-3 detector which is 
sensitive only to thermal neutrons. The counts of the detector are 
related to the hydrogen contained to the material. The calibration of the 
device converts the indication of the detector to moisture values. 

 
Photon Doses 

The number of companies that use the gauges was 9 in 1997 and 
resulted in 31 in 2004. The respective numbers of monitored workers 
were 30 in 1997 and 76 in 2004. Table 1 shows the raise in the number of 
monitored construction companies and the respective number of workers. 
The collective dose has also been increased as it is shown in the last 
column of table 1. The increase is attributed to the higher workload 
constructions for the 2004 Olympic Games. The workers were monitored 
with film badges till 2000 and then with TLD badges issued monthly by 
the Personal Dosimetry Department of GAEC. The results are shown in 
figure 2. The mean annual photon dose (MAD) was 0.29 mSv in 1997 and 
0.43 mSv in 2004. The same values for the workers with doses above the 
reporting level are 4.3 mSv and 2.16 mSv, respectively.  

 

year 
Number of 
companies 

Number of 
workers 

Number of 
exposed 
workers 

Collective 
dose 

(manmSv) 

1997 9 30 3 8.60 

1998 12 41 2 14.40 

1999 21 51 5 5.60 

2000 28 85 8 9.07 

2001 29 92 32 43.21 

2002 28 84 27 34.55 

2003 26 80 29 34.97 

2004 31 76 15 32.45 
 
Table 1: The number of monitored construction companies, the respective 
number of workers and exposed workers and their collective dose 
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Figure 2: Mean Annual Photon Dose of workers that use density measurement 
devices 
 
Neutron Doses-Simulation 

The workers were not monitored with neutron dosemeteres because 
of the considerably low dose rates in the working positions. We tried to 
calculate the neutron doses using the photon and neutron dose rates of 
the measurements performed during the inspection visits. For this 
purpose, a Monte Carlo code (MCNP1, version 4C2) was used. The device 
with the photon and the neutron source was simulated as well as the 
geometry of the measurement. The different measurement modes (direct 
and backscatter) were also examined as well as the different materials 
(soil, asphalt and concrete) that are used for measurement. The 
elementary composition of the materials used is shown in table 2. Tallies 
were used in positions near the device and where the workers usually 
stand.  

 
element asphalt soil concrete

H 6,2 1,02 0,56 
C 82,8   
O 1,3 54,35 49,81 
N 1,3 35,64  
Ba  2  
Al  4,54 4,57 
K  1,28 1,92 
Ca  1,17 8,29 
Mg   0,25 
Fe   1,25 
Na   1,71 
S 8,4  0,13 



Si   31,51 
density (g/cm3) 2 2,01 2,35 

 
Table 2: Elementary composition of the materials used in the MCNP 

simulation 
 
In order to validate the use of the Monte Carlo code for the 

estimation of the neutron doses, the photon dose rates were calculated 
by MCNP and compared with the measurements performed with survey 
meters calibrated at the Secondary Standard Laboratory (SSDL) of GAEC. 
The photon tallies used in the MCNP code calculated the ambient dose 
equivalent H*(10). The energy deposition averaged over a cell tally (f6) 
was used multiplied by the photon conversion factors2 to calculate the 
H*(10). The results of the simulation and the measurements are shown in 
table 3. 

 
Position: near the device 

  
MCNP 
results

Range of the 
survey meter 
measurements 

                                                                           µSv/hr     
On the 

direction of 
the source 170 130-175 

Backscatter 
mode 

On the 
opposite 

direction of 
the source 56 30-60 

On the 
direction of 
the source 70 33-70 

Direct mode 

On the 
opposite 

direction of 
the source 42 15-45 

Position: working position 

  
MCNP 
results

Range of the 
survey meter 
measurements 

                                                                           µSv/hr     
On the 

direction of 
the source 63 35-65 

Backscatter 
mode 

On the 
opposite 

direction of 
the source 20 15-20 

Direct mode 

On the 
direction of 
the source 24 20-30 



 On the 
opposite 

direction of 
the source 17 12-25 

Table 3: Photon dose rates near the device and in working position as they were 
calculated by MCNP and measured in different companies by the calibrated 
survey meter. 

 
 From the table it can be seen that the lower values of photon doses 
are the ones derived in backscatter mode and from the opposite side of 
the device used. Since the choice of the different modes (backscatter or 
direct) has to do with the thickness of the material to be measured, the 
choice of the direction of the working position can result to lower doses. 
For this reason, it was advised to the users of the devices to stand on the 
opposite direction of the sources which are inside the device, when the 
measurements were performed.  
 From table 3 it is noted that the agreement between the calculated 
values and the measurements is satisfactory. It is observed that the 
MCNP results are close to the upper value of the range of the 
measurements. This is due to the fact that all of the data in the Monte 
Carlo method were used in a way to overestimate the photon doses to be 
from the safe side from the radiation protection point of view. 
 Since the validation of the Monte Carlo method is good, it was also 
used for the calculation of the neutron doses. The tallies that were used 
in the simulation were flux tallies (f4) and were multiplied with the 
neutron to ambient dose equivalent conversion factors 3. The geometry in 
the second part of simulation was the same with the one used in the 
calculation of photon dose rates. The materials used for measurement 
were used for the simulations, as well: concrete, asphalt and soil. The 
results of the Monte Carlo method were compared with the measurements 
performed with the LB6411 neutron probe calibrated to a 252Cf neutron 
source. The simulation results and the measurements are shown in table 
4. We note that the moisture measurements are performed only in the 
backscatter mode. 
 

Position: near the device 

  
MCNP 
results

Range of the 
survey meter 
measurements 

                                                                           
µSv/hr     

On the 
direction of 
the source 184 165-190 

Backscatter 
mode 

On the 
opposite 

direction of 
the source 11.2 9-18 

Position: working position 
  MCNP Range of the 



results survey meter 
measurements 

                                                                           
µSv/hr     

On the 
direction of 
the source 12.3 10-17 

Backscatter 
mode 

On the 
opposite 

direction of 
the source 3.4 5-8 

 
Table 4: Neutron dose rates near the device and in working position as they 
were calculated by MCNP and measured in different companies by the calibrated 
neutron probe. 
 
 The agreement between the MCNP calculations and the 
measurements is also satisfactory. From table 4 it is observed that the 
neutron dose rate near the device is close to the photon one on the 
direction of the source but it is 5 times smaller on the opposite direction. 
Furthermore, in the working positions the neutron dose rate is almost 5 
times less than the photon one on the direction of the source and 6 times 
on the opposite direction.  This is the reason for not using a neutron 
monitoring dosemeter since the neutron dose rates are much lower than 
the photon ones.  

Using the data from table 4 and the time interval that the workers 
usually stand near the device the Mean Annual Dose for neutrons can be 
calculated. The results are shown in figure 3. The workload of one of the 
typical construction companies was used to calculate the time that the 
Am-Be source was used for the moisture measurements. 

The following assumptions have also been taken into account: 
• The workers were supposed to stand at a distance of 2 m from 
the opposite side of the source when the measurements are 
performed. (In practice, the distances are bigger) 
• 80% of the materials tested were asphalt or concrete type and 
not soil where the moisture measurements give higher neutron dose 
rates (about 20%). This percentage has been used according to the 
workload of the last year (2004) 
• The neutron dose rate is zero at the working position when the 
device uses the Cs-137 source for density measurements. 
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Figure 3: Mean Annual Neutron Dose of workers that use moisture measurement 
devices 

 
 
As it can be seen from figure 3 the calculated neutron doses are 

lower than the reporting level, which is 100 µSv. The mean annual 
neutron doses are higher during the years from 2000-2004 than in the 
previous ones. This is attributed to the higher workload of the 
construction companies due to the 2004 Olympic Games. 
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Figure 4: Mean Annual Dose for photons (mSv) in different sectors in 
Greece for the year 2004 
 
Conclusions 
The evolution of the mean annual dose for photon for workers using 

devices for density and moisture measurement purposes was studied. The 

Reporting level



MAD for photons varies from 0.29 mSv in 1997 to 0.43 mSv in 2004. The 
MAD in other sectors in Greece is shown in figure 4. From the figure we 
can see that the workers who use these devices receive doses comparable 
to the doses received by the other occupationally exposed workers in 
Greece with the exclusion of the cardiology data that refer to doses 
received above the lead apron. The photon doses of this study are very 
much comparable to the doses received from workers in the Greek 
industrial laboratories4.  

The neutron doses for one construction company were also calculated. 
The results showed that the neutron doses received during the moisture 
measurements were not very high. The mean annual neutron doses as 
they were calculated using the dose rates calculated by the MCNP and the 
workload of the measurements were below the monthly reporting level. 
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