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INTRODUCTION
The International Commission on Radiation Units & Measurements, in ICRU Report 95 [1], recommend new operational quantities for use in radiation protection monitoring. 
Their implementation will pose problems for instrument manufacturers supplying area dosemeters, and for individual monitoring services providing personal dosemeters for 
radiation workers. The problems arise for photon, neutron, and beta dosimetry, but this report deals solely with personal neutron dosemeters based on PADC plastic. (PADC 
stands for poly-allyl-diglycol-carbonate. These dosemeters are sometimes referred to by a trade name of the plastic, CR39.)
The required performance characteristics for neutron personal dosemeters are covered by ISO Standard 21909 [2], which has requirements for a range of features. Those 
considered here are the energy and angle dependence of the dosemeter response. The implications of the change for a personal dosimetry system based on PADC, 
already tested [3] against the requirements of ISO 21909 using the current dose quantities as published in ICRU 57 [4], are presented here.
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THE NEW QUANTITIES, DIFFERENCES AS A FUNCTION OF ENERGY
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The conversion coefficients from neutron 
fluence to the relevant personal dose quantity 
for 0° incident neutrons, hp(10,0°) in the case of 
ICRU 57, and hp(0°), in the case of ICRU 95, are 
presented in Figure 1 as a function of neutron 
energy. The new coefficients extend to higher 
energies than the old, so comparison is not 
possible above 20 MeV, but below this energy 
the new coefficients are smaller, except in a 
small region between 2.5 MeV and 11 MeV. This 
means that over much of the energy range a 
neutron personal dosemeter that read correctly 
for the current quantity will read high for the new 
quantity. This poster quantifies this effect.

ENERGY VARIATION OF THE RATIO ICRU 95 / ICRU 57
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Figure 2 is a plot of the ratio of ICRU 95 fluence 
to personal dose conversion coefficients, 
hp(0°), for 0° irradiation to the corresponding 
values, hp(10,0°), for the current quantity from 
ICRU 57, as a function of neutron energy. The 
points on the curve correspond to ISO 8529 
recommended monoenergetic neutron testing 
energies. Values for radionuclide source 
spectra, shown in red, are plotted at the 
personal dose equivalent mean energy. The fact 
that the plotted ratio is considerably below unity 
at lower energies is bound to cause problems 
for dosimetry services if their dosemeters have a 
good response to the current quantity.

SPECTRUM-AVERAGED CONVERSION COEFFICIENTS

2For radionuclide neutron calibration sources, the 
fluence to dose equivalent conversion coefficients 
need to be averaged over the source neutron 
spectrum. Values derived using spectral data from 
ISO Standard 8529-1. are shown in the tables. 
Values for h*(10) and hp(10,α) are from ISO 
Standard 8529-3 and are compared with values 
calculated with the new ICRU 95 coefficients. 
Units are pSv cm². 

IMPLICATIONS OF ENERGY CHANGES FOR DOSEMETERS
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Figure 3 is a plot of the measured responses 
[3] of a Landauer Neutrak-T dosemeter 
analysed with a track morphology algorithm, 
NTMA, for the current quantity. Also shown 
is the response as it would be for the new 
quantity. Thus, a dosemeter that has response 
characteristics well within the limits prescribed 
by ISO 21909 for the current quantity will over-
respond significantly in the region below about 
1 MeV for the new quantity. This will not show 
up in measurements with routine calibration 
sources where the mean energies are above 
1 MeV. The differences between the two curves 
are simply a result of the differences between 
the curves for the quantities as illustrated in 
Figure 1. The energy dependence problem 
cannot be solved by a simple alteration of the 
calibration factor for one of the commonly used 
radionuclide calibration sources.

ANGLE EFFECTS
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For the energies recommended in ISO 8259 
for calibrations with monoenergetic neutrons 
the ratio of the conversion coefficients for 
ICRU 95 and ICRU 57 are not very dependent 
on angle for angles below 60°, the largest 
angle tested in ISO 21909, - see Figure 4. 
Thus, at energies where the change in the 
0° conversion coefficient is small the angle 
requirements will still be met on going over 
to the new quantities. However, at energies 
where the 0° conversion coefficient has 
changed dramatically, so that the dosemeter 
fails the 0° test, the dosemeter will also fail 
the test at larger angles. This is illustrated 
below in Figures 5 and 6 for 241Am-Be 
neutrons and 144 keV neutrons respectively.

DISCUSSION AND CONCLUSIONS
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The Neutrak-T dosemeter has two different zones 
as illustrated on Figure 7. The personal dose 
equivalent Hp(10) is calculated with: 

where 𝑑𝑓 is the track density in tracks/mm² on 
the fast neutron zone of the PADC surface. The 
quantity 𝑑𝑡ℎ

𝑐𝑜𝑟𝑟 is the track density on the thermal 
part of the PADC corrected for the background 
arising from recoil protons generated by fast 
neutrons on the thermal part of the detector. It is 
defined as 𝑑𝑡ℎ

𝑐𝑜𝑟𝑟 = 𝑑𝑡ℎ − 𝑑𝑓∕4. The variable 𝑑𝑡ℎ is the 
total track density on the thermal zone. The quantity 𝐾𝑓(𝐾𝑡ℎ) is the neutron sensitivity factor 
of the Neutrak to fast (thermal) neutrons and equals 10 (220) tracks/mm²/mSv. The quantity 
𝐹(𝑄) is the correction factor determined by the NTMA algorithm for the radiation quality 𝑄. 
The algorithm is based on track morphology.

By altering the sensitivity factor to thermal neutrons, it is possible to optimize the response of 
the dosimetry system at this energy. It simply means that the system will be more sensitive to 
thermal neutrons in the framework of ICRU 95.
The over-response at 144 keV, 250 keV and 565 keV requires changes in the NTMA 
algorithm. Work to optimize the response is under way and will focus first on the response at 
0° angle of incidence.

𝐻𝑝 (10)  = 𝐹(𝑄) ×𝑑𝑓∕𝐾𝑓 + 𝑑𝑡ℎ
     ∕ 𝐾𝑡ℎ

𝑐𝑜𝑟𝑟




