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The Fastman Kodak slow emulsions have the same sensitivity, the difference
being purely a matter of packaging. The Agfa slow film sensitivity cuxve ig
a very different shape, with a much lower upper dose limit and a pronounced

knee in the curve.

The coefficient of variation (% standard deviation) on all measured points

for these curves was in the region of 3-5%.

By far the best overlap between fast and slow emulsions is exhibited by
Kodak type 2 film. This gives greater flexibility in the decision about
vhen to transfer dose assessment from the fast emulsion to the slow, and

meang that greater accuracy can be achieved in the cross-over region.

3.2 Regponse with energy

Response curves for both emulsions of all films were determined for the
three filter areas used for photon dose assessment in the AFRE/RPS green
spot film holder; the 300 mg cm~2 plastic filter (P), the 1 mm dural
filter (D), and the 0.7 mm tin/O.B mm lead composite filter (Sq/Pb).

Response figures tabulated were calculated from the dose required to produce
a net optical density of 1.00 under the named filter, and are relative to
the dose of Cobalt 60 Y-rays required to produce the same density on thev
same film type under the Sn/Pb filter. All films were exposed at 359 %o
the mnormal, and processed in Kodak liquid x-ray developer type 2.
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Table 1 is a summary of the response ratios determined for the Agfa film

purchased for this study.

TABLE 1 -~ Response of Agfa film relative to the Co=60 Sn/Pb filtered
regpongse to Co=60 Y-rays

Response Ratio -

Fagt Film _ " Slow Film

Generating Half Value . . keV s : : - :

Potential Layer Effective P D Sn/Pb - P D sn/Pb
%20 kV 0.2 mmAl 12.5 9.6 1.3 - 4.4 0.8 -
43 0.6 18 19.8 7.8 - 10.6 4.2 -
50 1.0 21 25.5  12.5 - 13.5 6.0 -
80 2.0 26 32,2 20.7 0.21 18.8 12.5 0.20

100 3,0 %0 33,6 23.8 .30 21.2  15.3 0.29
105 0.2 mmCu 42 %5.5 26,2 .43 25.5 21,0 0.42
135 0.5 60 %0.1  25.9 0.81 22,0 19.4 0.82
180 1.0 80 20.5 18.6 1.01 17.5 16.2  1.01
220 2.0 112 1.3  11.0  1.15 9.1 8.7 1.15
250 3.0 140 5.8 5.8 1.20 4.9 4.8 1.20




FIG 2 Agfa fast emulsion regponse under the plastic and Dural fillers
it
- relative to the tin/lead filtered Co-60 Y ray response.
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Agfa slow emulsion response under the plastic and Dural filters
relative to the tin/lead filtered Co=-60 Y ray response.
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FIG L : Agfa fast and slow emilsion response under the tin/il.ead. filter
relative to the tin/lead filtered Co-60 Y ray response.
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FIG 7: xodak fast, combined, and slow emulsion resgponse under the
tin/lead filtered Co-60 Y ray response.
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Thig information ig alsgo depicted in figures 2, % and 4.

5.2.2 Kodak
Tgble 2 is a summary of the response ratios determined from the Kodak film
purchased for thig survey. The slow emulsion for each of the two film types
ig the same, as stated in section 3.2, and it is interesting to note that the
energy response relative to the Co~60 response for the combined emulsions of
Kodak type 2 and the fast emulsion of Kodak type 3 is also the same. The

only difference between the two film types then is sensgitivity.

TABLE 2 - Resgponse of Kodak Types 2 and 3 filmg relative to their respective
Co~-60 Sn/Pb filtered responses

Regponge Ratio

Fast and
Combined Films - Slow Film
Generating Half Value keV
Potential Layer Effective P D Sn/Pb P D Sn/Pb
30 kV 0.2 mmAl 12.5 5.7 0.9 - 4.2 0.7 -
43 0.6 18 11.3 4.5 - 8.4 3.2 -
50 1.0 21 14.2 7.1 - 10.8 5.4 -
80 2.0 26 18.8  12.5 - 14.9  10.0 -
100 3.0 30 20.7 16.5  0.17 16.2  12.9 0.14
105 0.2 mm Cu 42 22.4 18.9 0.%5 18.2 15.3 0.33
135 0.5 60 18.4 17.3 0.63 13.4  12.7 0.61
180 1.0 80 14.1  13.4  0.79 9.4 9.0 0.80
220 2.0 112 8.4 8.0 1.05 5.2 5.0 1.05
250 3.0 140 4.6 4.6 1.10 2.6 2.6 1.08

These results are depicted in figures 5, 6 and 7.

4. DISCUSSION

The replacement film decided on should preferably be able to be used without
major alteration to any of the present RMIS practices. .
'4.1 Numbering

Kodak type 2 was most successfully numbered using present RMFS equipment.
There was trouble in determining the film number on the slow film with
Kodak type 3 and Agfa. Increaged pressure on the numbering head to remedy

this resulted in damage to the fast film in both cases.

4.2 Opening and handling
Agfa was most easily opened, as the whole back of the film was ripped off




FIG 5: Xodak fast and combined emulsion res sponse under the plastic and dural
filters relative to the "LJn/lead filtered Co-60 Y ray response.
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FIG 6 : Kodak slow emulsion response under the plastic and dural filters
relative to the tln/lead filtered Co=60 Y ray response.
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with a small tag. 3Both Kodak types opened in the same manner with a flap
cut in the back of the packet and did not come apart as eaglily as the Agfa

acket when thisg was pulled. This was not a major disadvantage.
p J

It wag markedly easier to handle the Kodak type 2 film, with only one film
in the packet. There was confusion in the darkroom over which film was slow
and which wag fast with Kodak type 3, but Agfa coded their filmg by cutting

nicks out of one side.

4.3 Slow emulgion use
Use of the glow emulgion wag easy with both Kodak type 3 and Agfa, but
Kodak type 2, ag with the present British Kodak film, required removal of

the fast emulsion from the film bage.

Problems were encountered when removing the fast emulgtion from the Kodak
type 2 film ag the two emulsions appear to have gimilar hardening
characteristics. When scraping after soaking in hot water, which isg one
of the practices recommended by Kodak, the fast emilsion was easily
removed; but even when extreme care was taken the slow emulsion was
damaged. The other methods of fast emulsion removal recommended by Kodak
were tried but were not particvlarly successful, and the bleaching method

. 2 . .
using Farmers reducer™ is complicated.

A clamp was designed and made to hold two films at a time, so that the fast
emlsion may be removed by scraping without the slow emulsion coming in contact
with anything that could damage it. Figore 8 is an illustration of this clamp.
Thig solution to fast emulsion removal was arrived at independently by the
National Radiological Protection Board (NRPB) of Britain’.

With the present scraping rate of less than 0.1% of films returned, the

inconvenience of scraping is small.

4.4 Dogimetric Considerations

4.4.1 Dose Range
The fast film of Agfa and the combined emulsions of Kodak type 2 have very

gimilar sensitivity to Co-60 Y-rays, and both are more sensitive than the
combined emulgiong of British Kodak RM film. Using the present RMEFS
densitometer (MacBeth TD504), optical densgities of over 5.0 can be measured

and this gives the upper doge limitg listed in Table 3.



FI1G 8: Clamp for fast emulsion removal from Bastman Kodak type 2 film.
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TABLE % =~ Upper dose limitsg

gucne

Upper Doge Limit (mGy) Upper Doge Limit (ﬁGy)
for Co-60 Y-rays. for 105 kV x-rays.
(1250 keV effective) @2 keV effective) ‘
Film Fagt Slow Fagt Slow
Agfa, 60 800 1.7 32
Kodak type 2 60 10 000 2.7 560
Kodak type 3 20 10 000 0.9 560
Kodak RM 80 10 000 - 3.2 490

4.4.% TFog levelg and limit of debection

Fog levels on the films were notéd at arrival, and then 6 months later. Table

4 shows thig information.

TABLE 4 = Tog levels (in optical density units)

Agfa Kodak type 2 Kodak type 3

On Arrival
Fast 0.%1 0.27 0.40
Slow 0.15 0.16 0.07
After 6 months’
Fast 0.49 0.47 0.75
Slow 0.16 0.18 0.08

As an approximation,the limit of detection can be considered to be two times
the standard deviation of the fog level, and Table 5 gives detection limits

for both emulsions of all 3 films at two photon energies.
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TABLE & = TLower limit of detection

Detection Limit (mGy)

Co-60 Y-rays 105 kV x—~rays
Film (1250 keV effective) (42 keV effective)

Agfa Fast 0.14 0.004
A Slow 5.0 0.12
Kodak 2 Combined 0.14 0.006

Slow 1.8 0.010
Kodak % Fagt 0.08 0.004

Slow 1.8 0.010
Kodaek RM Combined 0.15 ‘ 0.006

Slow 4.5 0.225

4.4.4 Energy responss

It can be seen from comparison of figures 2 and 5 that the Agfa film has a

more marked response to different energies than the Kodak film.

The dural and plastic filters of the ABRE/RPS film holder differentiate
adequately on both emulsions of all films for the Apparent Dose Ratio Method
described in an earlier report4 and this method could be used up to an

effective energy of about 80 keV for Agfa, and 60 keV for both Kodak fypes.

Other dosimetric methods for Kodak type 2 film have already been calculated
by NRPB3 and take the form of formulae which are a weighted sum of the

calibration energy apparent doses under the various holder filters.

5.  RECOMMENDATION

The purchase of Kodak type 2 film is recommended for the following reasons:

1e This film can be numbered more easily than the other two.

2. The convenience in handling one film in each packel more than}outweighs
the increased effort in using the slow emulsion.

3. The dose range is as good as the present Kodak RM film and superior to
Agfa for high doses. |

4. The overlap between the fast and slow emulsions is superior to both
other films tested and Kodak RM film.

5e NRPB in Britain have almost certainly concluded that they will use
Kodak type 2 as a replacement, and this might ensure supply for some

time.
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