


FIGURE 5: RELATIVE FREQUENCY HISTOGRAM OF EFFECTIVE RADIATION
ENERGY INCIDENT ON A SAMPLE OF FILMS RETURNED FROM
DENTAL ESTABLISHMENTS,
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response with radiation energy. The relative frequency distribution of error
in reported dose due to lack of knowledge of incident enerqgy on an individual
film was calculated from the data of table 8 and figure 2. It showed that a
fair proportion of films will receive a dose assessment of less than 80% of
.the true dose. For class I films this proportion is 20%, and for class II
films 10%. When these values are weighted for the proportion of class I and
class II films in usé by dentists, the overall proportion of films that will
receive a dose assessment lower than 80% of true dose 1Is 13%. This inaccuracy
is restricted to films exposed at the lower end of the dental x-ray energy

spectrum as the response curves reach a maximum.

This problem could be overcome by shielding one portion of the exposed film
with some sort of metallic filter, A 1 mm thick aluminium filter would
differentiate adequately at the energies involved, and a method devised to
calculate response ratio from densities under two dissimilar filters(z) is
already used by the RMFS in conjunction with the AERE/RPS holder. A simple

1 om diameter 1 mm thick aluminium disc held in place with pressure sensitive

tape would be adeguate. These could be produced at a cost of about 5 ¢ each.

6.2 Base Fog

Lack of knowledge of the base fog of individual films will also contribute to
inaccuracies in the reported dose. If the average base fog OD (0.258 for
class I films, and 0.196 for class II films - see section 4.2) was used for

films returned, then the reported dose inaccuracies would be as follows:

95% confidence Iinterval for dose inaccuracy
Class I ~0.03 mGy to +0.03 mGy
Class II ~0.02 mGy to +0.03 mGy

This error is of little consequence at higher doses (>1 mGy) but would be of
the order of 100% of the dose recorded on most films sent in.for assessment,
and means that the minimum reporting dose cannot be as low as it has been for
dentists. (The minimum reporting dose for films not worn Iin holders, returned

from dental establishments, has been 0,02 mGy.)
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One way to overcome this error would be to have a fog film set aside at the same
time that films were issued, and sent in with the films for dose assessment.
Another way would be to issue 1 mm thick lead filters to shield an area of the
film. This filter would effectively absorb 100% of the radiation it would be
exposed to in a dental establishment. At the upper dose limit of the films, and
for exposure to x=-rays produced by a 75 kV pulsating potential plant, the OD
under tgis %ilter would rise above base fog by about 0.0l OD units due to

transmission through the filter. Lead filters approximately 1 cm square and

1 mm thick could be produced for approximately 10 c each.

6.3 FEmulsion Sensitivity

It would appear from the figures displayed in table 7 that there is adequate
control maintained over the sensitivity of the different emulsion batches of
film. The emulsion codes purchased by NRL for the response curve measurements

were Al, B4, C5, D3, and El.

Considering all class I films, the mean response ratio over all emulsions
sampled is 16.4, with a standard deviation of 0.9. For class II films, the
mean is 21.6 with a standard deviation of l1.6. This means that the response
ratio 95% confidence limits for class I films at 25.5 keV are about 13,8Vand
" 17.4. Using the response ratio of 15.6 proposed in section 5 would result in

errors of about =15% to +10%. The errors estimated for class II films are -20%

to +15%.

6.4 Total Error Estimate

The errors arising from the three sources discussed in section 6. may be
additive. Table 9 shows errors calculated for a variety of film doses, and

both film classes, and the error quoted is the 95% confidence interval.



- 10 -

TABLE 9. Errors in reported doses (with 95% confidence).

Error in Reported Dose (%)
Given Dose (mGy) Class I Class II
0.1 } N ~85% to +50% -70% to +60%
0.5 ~65% to +25% ~50% to +40%
1.0 -63% to +22% -47% to +37%
) ! 1.5 -60% to +20% -45% to +35%

Although these errors seem large, they are not of great significance in view
of the very low occupational doses monitored (see table 1). As an example, a
dentist exposed at an average rate of 0.1 mGy pér week would accumulate a dose
of 1.3 mGy in a 13-week wearing period. For a class II £ilm the 95% confidehce

interval limits on the assessed dose would bé 0.7 - 1.7 mGy.

7. DISCUSSION

Tt would seem that the simple monitoring method proposed in section 3 is
viable, and could be instituted relatively quickly. For a more accurate
assessment of dose, knowledge of base fog and the energy of the Iincident
radiation is required. A relatively simple filter system could be used to
determine both these parameters, and these could be contained in some sort of

. film holder.

It is estimated that the proposed monitoring method will save the department

5600.00 per'annum at current film and postal costs.

8.0 RECOMMENDATIONS

A. That the present method of monitoring personal radiation dose to dental
workers be replaced with the method outlined below,

(1) Dentists supply their own film drawn from their normal supply of
dental radiographic film, and issue these to those staff they
consider should be monitored.

(2) The films are worn for three months.

(3) The films are sent to NRL for dose evaluation. On receipt of these

films, they are numbered and a Radiation Dose Report form completed.
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(4) Films are processed with routiné process batches using techniques
already established,
(5) Doses are calculated using the response ratios of 15.6 for class I

films and 19.5 for class II films; and the Co-60 apparent dose

(RM film).

(6) A report is sent to the dentist, using a minimum reporting dose of

0.15 mGy in line with current practice.
B. That AERE/RPS film holders be withdrawn from dentists.

C. In cases where a more accurate dose determination is regquired, the normal

methods used by the RMFS should be used.
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FIGURE A.1: co-60 GAMMA CALIBRATION CURVES OF SN/}B FILTrg D KODAK
RM FILM COMBINED EMULSION, (EMULSION BATCH b4 01721.)
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APPENDIX A

Co~60 calibration of Sn/Pb filtered KODAK RM Film;

- 12 -

emulsion batch 854 0121,

Table A.l is a table of mean net 0D under the Sn/Pb filter of the AERE/RPS fFilm

holder of this batch of Kodak RM film versus dose.

TABLE A,l1., Mean net OD with dose.

Dose (mGy in air) 1.0 2.0 4.0 6.0 8.0 10.0

Net OD 0.14 0.30 0.57 0.85 1.11 1,28

95% CI 0.02 0.03 0.06 0.07 0.04 0.05
20.0 30.0 36.8 40.0 46.5 50.4
2.43 3.24 3.61 4.04 4.08 4.36
0.14 0.15 0.09 0.61 0.22 0.18

These points are plotted in figure A.l.

Two curves were fitted by least squares: the first is a straight line, and

applies up to an OD of 1.2,

Dose (mGy) = 0.06879 x OD.

The second is a parabola, and applies in the OD range 1.2 to 4.5.

relationship is:

The relationship is:

Dose (mGy) = 0.00020194 x OD? + 0.0172 x OD + 3.68.

These two fitted relationships are shown as curves in figure A.l.

The
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APPENDIX B.

Response Ratio Calculation Method

The relative response ratios were calculated using the method outlined below:

(1) The dental films were given a range of doses at a variety of x=-ray
energies, and Co-60 y energy.

(2) The Co-60 Apparent doses (RM film) were calculated using the fitted
relationships described in Appendix A. |

(3) The response ratios were calculated by dividing Co-60 apparent doses by
given doses. These were then averaged for each energy, across the range

of doses given.
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APPQNDI}L M(;

Response ratios for class I and class II films under the filters of the AERE/
RPS green spot film holder.

PABLE C.l. Pooled estimate of double emulsion response ratios for class I

Films relative to the Sn/Pb filtered RM film combined emulsion
response to Co-60 y-rays (+95% confidence interval ).

Effective Filter
Photon
Energy 50 mgm em™? 300 mgm em™? No 1 mm 0.7 mm Sn
(keV) Plastic Plastic Filter Dural 0.3 mm Pb
20 11.6 11.0 : 1.7 4.4 -
(0.6) (0.5) (0.6) (0.2)
25 15.2 14.5 15.3 8.7 -
(1.1) . (1.0) o (1.2) (C.4)
29 16.8 16.2 ‘ 17.0 11.3 -
(1.0) (1.0) (1.0) (0.7)
35 17.5 17.2 17.6 13.3 -
{1.3) (1.2) (1.0) (0.9)
46 16.4 16.1 16.4 13.2 0.19
(1.1) (1.0) (0.7) (0.7) (0.09)
1250 0.49 0.67 0.38 0.61 L0.52
(0.03) (0.04) {(0.02) (0.04) (0.03)




TABLE C.2.

Pooled estimates of double emulsion response ratios for class IT

films relative to the sSn/Pb filtered RM Film combined emulsion

response to Co=60 y-rays,

(+95% confidence interval)

Effective Filter
Photon ) 73
Fnergy 50 mgm cm 300 mgm cm No . 1 mm 0.7 mm Sn +
(keV) Plastic Plastic Filter Dural 0.3 mm Pb
20 13.4 13.4 14.5 5.3 -
. (1.2) (0.8) (1.2) (0.3)
25 13.1 17.7 18.5 10.4 -
(0.7) (0.7} (0.8) (0.7)
29 21.7 21.3 22,2 14.4 -
(2.1) (2.1) (2.2) (1.4)
35 24.0 23,5 23,1 17.4 0.11
(2.4) (2.5) (3.3) (1.3) (0.04)
46 21.6 21.4 21.9 16.9 0.19
(1.8) (1.9) (1.9) (0.7) (0.08)
1250 0.78 1.01 0.62 0.92 0,80
(0.06) (0.10) (0.05) (0.08) (0.06)

TABLE C.3. Pooled estimates of single enulsion response ratios for class I

films relative to the Sn/Ph Filtered RM film combined emulsion

response to Co-60 vy=rays,

(£95% confidence interval, )

|erfective Filter
Photon
Energy 50 mgm em™? 300 mgm em™? No 1 mm 0.7 mm Sn -+
{kev) Plastic ? Plastic Filter Dural 0.3 mm Pb
20 4.8 4.6 4.8 2.2 -
(0.3) (0.3) (0.3) (0.1)
25 6.7 6.8 6.8 4.4 -
(0.9) (0.9) (1.0) (0.6)
29 7.0 6.9 761 5.0 -
(0.4) (0.4) (0.4) (0.3)
35 7.2 7.0 7.3 5.7 0.1
(0.9) (0.9) (0.9) (0.6) (0.02)
46 6.8 6.7VA 6.8 5.8 0.1
(0.6) (0.5) (0.6) (0.4) (0.02)
1250 0,24 0.28 0.21 0.27 0.25
(0.02) (0.03) (0.02) (0.03) (0.02)




TABLE C.4.

~ 16 -~

Pooled estimates of single emulsion response ratios for class IT

films relative to the Sn/Pb filtered RM Film combined emulsion

response to Co=-60 y-rays (*9

5%

confidence interval).

Effective Filter
Photon
Energy 50 mgm cm™2 300 mgm em=2 No 1 mm 0.7 mm Sn
(keV) Plastic Plastic Filter Dural 0.3 mm Pb
20 5.8 5.5 5.9 2.8 -
(0.6) (0.5) (0.5) (0.2)
25 7.1 6.9 6.9 4.8 -
(0.8) (0.7) (1.1) (0.3)
29 8.5 8.4 8.5 6.4 -
(1.4) (1.4) (1.5) (0.9)
35 8.3 8.3 8.5 6.8 0.1
(2.0) (2.0) (2.0) (1.3) (0.02)
46 7.7 7.6 7.8 6.7 0.2
(1.6) (1.5) (1.5) (1.2) (0.03)
1250 0.35 0.40 0.31 0.38 0.35
(0.05) (0.08) (0.04) (0.07) (0.06)
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