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ABSTRACT

A_Re'sidua.l thiosulfate in processed film can be detected by

| précipitation as coloréd silver s::lfidél From tﬁé measured
density of this precipitate, the quantity of thiosulfate
can be determined and correlated with the expec_ted étoi-age

life of the film.

A nurmber of film products from t.1.1e Precision and Motion
Picture Laboratories have heen teste}l_ for thiosulfate by‘

this method.

© The silver sulfide stain ‘test, results from it, and the

significa.née of these resulis are discussed in this report.



SECTION T

INTRODUCTION

-A nurber of factors ﬁeed to be determined in:order to‘
ascertain the stérage life of processed phqtogréphic

filu. Common causesof dstericrstion ave temperatwre,
humidity, air éua.lity, and rlesidual chemicals in the f:le
It is this last cause over which we have some control. The
effected components are the film base,‘the gelatin, and
the silver image (or dye image for color film).

Keeping qualiﬁy for black and vwhite film is offén associ&ted.
 with the quantity of fixer which remains after washing. This
is‘becauseﬁthe first éign of aging is often the brown stain
‘of silver sulfide. Many guidelipes aré available to -assist
in forécasting the effecté of‘lohg étorage, bﬁt since the

proéeés of dete&ioration is_so graduai and has so many

varisbles there is no decisive criteria of keeping quality.

TQ make some assessment, films aie first divided into clasges
principally by silver halide grﬁin gize. FEach class must‘_
pontain 1éss than a giveh level of thiosulfate to be con— -
gidered archival. The teym archival meens indefiniﬁe or é

long time, and should be at least 100 years.



The finest grain films, such &s microfilm {grain size
sbout .05y }, are Class I, For aréhival keeping these
'films should contain less than 5 micrograms of thiosulfate

per szquare inch.

Class IT films are represented by medium grain (0.5 to 1.0u
gréin diametér),.for instance aerial film, Archi%al keeping
requires less than 20 micrograms of thios#ifate per sﬁu&re
inch.i | | |

For inﬁernal purposes Eastman-Kbdak useé the term "commercial
'jquality“_and thié-refers to films with less than 100 micro-
grams of thiosulfate per square inch. This.is taken to mean

5 to 15 years keeping.

The relationships diécussed'aﬁove are plotted in Figuré 1.
This graph should not be considered as authoratstive since
it only attempts to show roughly how residusl fixer content

" relates td keeping quality.
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SECTION 1T

TEST PROCEDURES

THIOSULFATE DETERMINATION

The test used to determine residual fixing chemicals in the

film was adapted from Mattey and Henn;1

Several minor modifications were made to make better use

of the equiﬁment availableband t0 streamline the pfocedure.

One of these modifications was that dye baékiﬁgs were not
bleached, principally because stronug blue absorbing dyes

were not encountered 1n any of the products tested. Although .
a different'procedure for thiosulfate determination has been
adopted as a stahdard-test‘(Americah Sténdard Association, :
Pﬁ.h.B - 1958), the Mattey and Henn method is'simpler, ﬁore-'

inclusive, and reportedly more sensitive.

The procedure of this test, as it was used, was to cut two
adjoining film samples of about h to 8 square inches. Finger-
prints are to be avolided, 51nce they may 1nterfere with

den51ty readings. One sample is labeled with film type and .

"test" and the other with film type and “referqpqgf,”NTpe




time the test is mﬁde.after frocessiﬁg has béen_shown'not )
té,he & varigdble fdr this tést, a3 havé fherfime iﬁférv&lsl
_between steps. Treatment times iﬁ each of the chemicals
musf meet ‘a certain minimm but are'otherwise nbn—critical;
;The test saﬁple is first immersed in silver'nitraté-acetic
ﬁcid solution. ‘The réference sample is imﬁersed-at the
éamé time:in e blank solution of acetic acid. ﬁoth tray
aﬁd tank immersion are practical. The silver stain will
appear quickly; within about 5 secénds, and the reaction
will go to cémpletion in 2 minuteé. Minimum,time.for all
semples is qonsidered 2.5 minutes., We geherally_used' |

5 minutes.

In the second step, edch specimen is briefly dipped in
water (optional) and -then put into sodium chloride for

5 minutes. The purpose of the sodium chloride is to pre-
- cipitate unreacted silvefﬂ .Reactibn time isvapproxiﬁately
fhe same as fdr fhe silver‘nitrate solution, but = minimm

time of 5 minutes was observed for simplicity.

After another optional weter dip the samples were put into
a solution of sodium thiosulfate. This third step should

convert all silver to & soluble complex. Stated minimum



time is 2% minutes, and sgain a 5 minute minimum was observed

for convenience.

The third solution was followed by & 5 minute wash. The
samples are then dipped in photb-flo and dried. Temperatﬁrés
~af these coperstions are not critical and solutions were at

room tempersture.

Nothing is said about solutiﬁn life 6r exhaustion and fhere_
‘are certain precaﬁtions to dbéerve. Silver nitrate should
be ﬁept in beWnlbbttlgs and mey be checked By poufing a
.few dfops into tap water or sbﬁe sddium-chloride solution.
When a cloudy precipitaﬁe forms the sélumion.is CK. épdium
chloride-should‘lést indefinitely. Thiosﬁifate will slowly
disproportionate and also hécome éatufatéd with silver

ions. Thﬁs thg optionel dip in water to prevent oo much

carry-over will help lengthén soiution life.

The composition of each sclution is as follows:
Solution A (test)

Water | 750.0ce

Ac_et_i ¢ Acld (Glacial} 30.0ce
Silver Nitrate 10.0gm
Water to Make 1.0 liter .



Solution A (reference)

' Water , . | 97d ce
Acetic Acid . . - 30. cc
Solution B:
 Water  750.0cc
Sodium.Chléride ' , ' .hsfdgm
Water to Make o 1.0 liter
Solution C
Water : 750.0ce
Bodium Sulfite | _
" {(anhydrous } 15.0gn
Sodium Thiosulfate |
{erystalline) _' -~ L5.0em

Water to Make ' 1.0 1iter

In one test of the useful life of the silver nitrate solution,
four samples were preparéd in an ¢old solution and then in'a

fresh solution. The results are below.
TAELE 1 .
SILVER SULFIDE STAIN TEST FOR RESIDUAL FIXER

Hypo Concentration in micrograms/sq. inch

. 1 Month 014 - Frésh' '
Film e . §5N03 o AgNO3_' "
7302 - - 23
7238 (7/7) T2 : 69



o | 1 Month 01d .  Fresh
Film e _ AgNO, - N : AglO4

Te3 (6/15, T/10) - - 15 SR
ITa-0 129771 | 0 . - 31

NOTE: Pareﬁthesis refer;torthe dafe the film was'reééi#ed
| after prbcessing. One film was processed.fwice.
The first processing yielded.a result of 416 micro-
.gfa&w of:hypo per square inch; The second proceséiﬁg_
coﬁsiderébly reduced the level of residual.hypo;
The conclusion of the above #est is that the siiver
nitrate solution retains its stain forming éapability
very well. - -
ﬁried ﬁamples wéré cut‘into,ng more than éight appropriately
8ized pieces. The use of twéezers at this point'is stxongly
suggésted. The sizé of the pieces is governed by what can
conveniently be held under the densitometer. For lémm

three fremes is adequate or a sample 1" x %",

‘ Theré are sevefal mefhods which may be used to relate the
intensity of the stain to the cohcentratiOn'of'résidual hypo;'
One of theée is by use of a spectrometeff 'Since we hed a
Beckman TK-2A availsble and Masttey and Henn provided a
calibration curve, this was one of the insﬁruments used{
From the calibration curve two wavelengths,¥356_énd hOOmﬁ, B

were selected and the absorbanceé for the sample contéining



160u gm_hypo/square inch were measured. On ah.absorbance_
versus micrograms,of hypo/square inch graph, fhese two
“points were extended - to the 0,0 coordinates, The reéulting

graph islshéwn in Figure 2.

1Test and reference sahplervalués for abéorbance ﬁeré measured-
in fhe Becimhn for several thicknesses. Either the whole-
curve could be ﬁlotted or values at these wavelengths
measured one at e timé; For some samples one thickness

would proﬁuce # net aﬁsorption over ifO,.and for other
‘éémplés 81l eight thickﬁessés-would éréduce almost ﬁo ﬁet

absorﬁtion.

‘EgsultS-for this.méthdd arg'givén beside denéiﬁometer results
on the following pagés; Generally; both‘ﬁethodS-are coﬁr
patible and of equivaleﬁt'accuracy, althoﬁgh a éood,
éalibration below 25 microérams was not avail&blé for the
spec%rometgr. In operation the Béckman vas less convenient
fdf routine use, and sincé if provided no additional

information, its use was not continued.



ABSORBANCE

1 ] i | ] 1 I- 1
0 25 5G 75 100 125 150 175 2
Micrograms‘8203ﬁ]square ingh
FIGURE 2. Absorbance versus thiosulfate content

at 350 and 4OO nm for silver sulfide
stain test for,processed‘black and
white film.
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Another mefﬁod fof Stéin densify measureﬁenf deacfibed at
iength by Mattey and Henn ié by the use of a blue filter

- in the densitometer. Since the stéin ié b?oﬁn, it has SOmé'

‘modést red and green ébsofﬁtioﬁ, and then attenuates

strongly into the blue becoﬁing opaque without reaching

any maximum., The Kodak Status A blue densitomefér filter

fin ﬁhe MacBeth has & transmission meximum at th to 450 nm

. end measures thé stain dbsorptioﬁ quite feliably.'_

Calibration curﬁés for four thicknesses of film read

through fhe blue densitometer filter are given iﬁlFigures_Blr

. and h: These curves were published by Mettey and Henn and

wers adopted without further calibration;

Actuel data for two samples are presenfed below. Results
of this date are.glven in the appropriate table in the text

which follows.

TABLE 2
Film Type S0-212 READ THRU KODAK STATUS A BLUE

DENSITOMETER FILTER ON THE MACBETH DENSITOMETER. .

To. dﬁtical Density Net Difference
Thicknesses  Reference  Test Difference Per Thickness -
1. 0.1k 0.13 -.01 - -.010
2 o.24 0.2k .00 .00
3 - 0.33 0.34 .01 ' .003
4 o2 o.bh .02 005

11



No. Optical Density - Net Difference
Thicknesses Reference Test Difference Per Thickness

5 Co.sh 055 .01 ~.002

6 0.64 0.66 .20 .003

7 0.78  0.76 -.02 -.003 .

8 0.89 0.86 -.03

-. 00k

‘avéragé' -.00k

The conclusion is that the level of thiosulfate in the film

is below the limit of detectability by thié test.

12
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Net Density

0.8
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1 \ L | : R 1 — 1.
20 ‘ Lo ) 80 100 ' 120
Hypo, Micrograms/square inch
‘FIGURE 3. Relationshlp between hypo and net density for b4 thicknesses of £ilm

read thru Kodak Status A blue densitometear filter.
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Net‘Density;'

i - § 1 i ‘ i

10 15 - - 20

Hypo, Micrograms/square inch

Enlarged scale from Figure 3. Relaticnship
between hypo and net density for b thicknesses

of film read thru Kodak Status A blue densitometer
filter. .



TABLE 3
FIIM TYPE 5302 READ THROUGE KODAK STATUS A
BLUE DENSITOMETER FILTER ON MACEETH DENSITOMFTER.

Yo. Opticel Demsity ' Net ' Difference

- Thicknesses Reference Test Difference Per Thickness

10,07 047 0.10 © 0,100
> . 010  0.29 0.19 0.095
3 0.1k o.k2 0.28 '0.093
! 0.17 0.56 . 0.39 0.098

5 0.21 0.7 0.50 - 0.100
6. 0.2k 0.83 q.59_' | 0.098
T 0.28  1.03 0.75 0.107
8

0.31 1.12 - 0.81 0.101

éverage - 0.099

A plot of the number of fhicknesses ﬁersﬁs the net differenée
in optical deunsity is presented in Fiéurg 5. -F;oﬁ:this
figure the net density of four thicknesses, 0.h6; correépondsim
to a hypb conceﬁérafion of T2 micrograms/square inch, This
neets tﬁe Kodak commercial’keeping quality value of under

100 micrograms per'squaré inch.

The visual appesrance of this film sample before and after

staining is shown by actual specimens in Figure 6.

15



' Wet Bifference in Gpﬁicéi_Dénsity:' :
(Thru Status A Blue Densitometer Filter)

-

N L R ST | 1 L
1 2 3 L . 5 &6 7 8 9.
R * Number of Thicknesses '

‘:'LFiéufe 5..Net.0pticél density versus thickness for Eastman‘tYpe

| 5302 fine grain release positivé film proceésed June 29,;§7é.on the
Hi-Speed 35 mm machine. The diffefénce in density is produced by
treéting & test sample with silver nitrate to form a silver sulfidé

stain.

16



SECTION ITI

RESULTS

Biaék and Whibe Flight Emulsion Rewstock
Wherever possible tﬁe“flight emulsion rawstock was processed
in the proper machine.configuraﬁiqn;'VNo senéitoﬁetric |
strips were run to determine if the machines were in
"control for the particular emilsion. Data are tabulated

in Tsble 4.

For the IIa-0 (129771) the processing was definifely out .
of controi, but the £ilm was run aﬁy#&y, The stain test for -
this sample was done on five different deys and the results
of 41, 36, 32, 30, and 31 microgréms pér QQuare inch were
recorded. This is a F 14% va?iation.- The other IIa—O 
émulsian (1636;1) was run at the same time and.found to have
a residual thiosulfate.level 39% lower thah‘the aferage
value for the flight emulsion. These two values do not
closely cbrresyond. The-onlf other féctors remaining are
machine fluctustion snd batch to batch emilsion differences.
it is suggested that a'méchine, set up and running, will not
produée_this disérepancy in a few h&grs,lénd these are
emﬁlsiﬁn differences which are appearing in this test.
Factors in emuision ﬁanufacture“which could cause washing
differences would be emulszion thickness and gelatin hard—
ness. Age, hardener lefel, gelatin batch, and hoiding_times

before costing can alsc contribute to subtle changes in

17



TABLE i&. Silver Sulf‘ide Test Results :E‘or Black & Whit.e Mission Film Roawstock

Micrograms of Thiosulfate/Sq. In.

. ‘ - : MacBeth Beckman
Film Type Width Machine = Configuration - Lab ' Densitometer Bpectrometer
2h85-1o7—é 35mm - _Hia-Spéed Coior, b-19, 850F o MP ' <1 : €3 |
NTB-3-088-03-01 35mm  Hi-Speed Color, D-19, T6°F . T | <1 g3
3h01-378-11/i 35mm Hi-Speed Color, D-19, 68°F - - , ‘MP | I <2 ,‘ &3
3401-378-6 70mm Versamst, MX-641, 85°F Precision 127, 132 o 102-127
. | | | 1o§6f$}6>1 |
3400-252 : - 5" -Fultron, MX-6h1, 68°F 55 me | Precisioﬁ , ; - 40 o 12-28
3414226 5" Fultron, MU-641, 68°F, 55 fpm3 Precision 61 - 60~70
80-304-3-1 and . - o o L - -
80-397-k-1 ; TOtm Hi-Speed Color, D-19, 85°F MP \ S| ' - £3
§0-212-1-1 | 35mm  Hi-Speed Color, D-19, T5OF ap <1 - |
IIa-0—129771 TO0mm E Hi-Speed Color, D-T6,'T6°F‘ MP b1, 36, 32, 30, 31'
’ MP 22

ITa-0-163611% | 70mm " Hi—Speed Color, D-76, T6OF

it i

lpate the processed film was received from the la.bora‘to:t".f.
2Flight Configuration is MX—819, 800F 7 fom.
3Flight Configuration is MX-819, 90°F, 20 fpm.

Not flight emulsion. Run same day as ITa-0-1297T1.



gelatin hardness and emulsion thickness. The point is that
there are many factors'which could each permit some small
“ variastion in the wash efficiency, and the emulsion batch

is 1ikeiy one of these.

The Type 3400 and 3h1k emlsions were processed at a much
higher speed thén flight configuration. It is expected
(but not proven) that flight configuration speeds would

‘produce negatives suitable for archival storage. '

ThéIVEréam&t~processing of Type 3401 film_prbducéd an -
.unusuaily high tﬁiosulfate leﬁel when pfocésséd on twﬁr'

' aifferent days. It wes not determined if the machine was
'in control but'the processing conditioﬁs are a long way

from providing archival storage. In addition, on page 33

of Kodsk Data For Aerisl Photography (Kodak Publication

No. M;zg), the processing of Kodak Plus-X Aérial.Fiim 3h01
in the Versamat at épeeds up to.and including 15 feet'per
minute is the guideline for commercial keepiﬁg qﬁglity.

The Tlight configuration for 3401 is 15 feet per mimute and
fhé wash efficiency resﬁlts fﬁf two_séparate procéssing
runs of short lengths of flight emulsibn.rawstcck ave
reasonably close together (30% variation),.ﬁut-at or over

the 100 microgrem level of Kodak cémmercial quality.

19



Witﬁ'these exceptions the femaiﬁing.five fiight emﬁléions,.
- all proceésed-in D-19 on the Hi-Speed‘COlcr machine, were
,wﬁéﬁed'fo arehivﬁlly.low ieveié of fésiduéi_fhiosﬁlfafe.

If 1t is true that occasional anomblous 6pération in flight
éonfiguration causeé variéble wash efficienéy (such as seen
with the 3401 film),.then low values may be as eéually
queétionable as high_valués; More wash effiéiency datsa

are needed.

Blackrand White Productioﬁ Films

Proﬂuctién filis generally show & higher level of thio- -
sulfste than flight film emulsions. This*islinﬁicated in

' Table 5. The reason for the higher level may be due to tﬁe.
fact thét these are production films; aﬁﬁ.fééﬁits-are
measured in terms of footage turned oﬁt. ‘When the machines
aré working well, wash efficiency is- fully adequate, probably
even archival in some cases.‘ But then a-few smali things
mey happen - the fiow of wash water may be interrupted for
example - and a.lthoﬁgh the film looks fine, the level of -
'thibsuifate'remaining has gﬁét up one hundred fold. Péople |
operéting the mgchinery, being concerned with other things,
havé no feeling for the change that ﬁas‘taken place; And,

'of course, there is no visible evidence.

In a test of rewashing,the film was selected and returned to

20



1e

Film

5234
- 5302

7276
7234

7302

2420
2420

S50-233

Width Use Machine

35mm Fine Grain Dup. Hi-Speed 35

35mm  Fine Grain Rel,  Hi-Speed 35
Pos, -

1émm Plus-X Reversal = Hi-Speed 16

 1émm Fine Grain Dup.  Houston B& W

(7234 from 6/15 reprocessed 7/10)-

16mm  Fine Grain Rel.  Houston B & W -

Pos.

70mm Aerographic Dup. Versamatl #1

Gan. - Aerographic Dup, Fultron,55 fpm

g Fine Grain Dup.  Versamat

Precision
Precision .

Precision

TABLE 5, Silver Sulfide Test Results for Various Bisck & Whlte Production Films

Micrograms of Thiosulfate/Sq In*

MacBeth

Beclman

'Spectrometer-

Densitometer

" 29 (6/13)
65 (6/13)

7 (6/30)

60 (6/13)
T 116 (6/28) .

72 (6/30)
R

116 (6/15)
© 40 (6/28)

Y (6/30)
108 (7/6 )
"2, 69 (7/7 )

15, 1 (6/15 & 7/10) |
256 (6/15)

252 (6/15)

2 (6/28)
15 (6/30)
35 (7/6 )

23 (7/10)

18
2.

21

- % Dates listed are those on which the film was received from the processing laboratory.

25-28 (6/13)
45-48 (6/13),

7=11

L1L-470 (6/15)



the Motion Picture Laboratory for reﬁr&ceséing. Thé film
vas 16mm, Type T3k, which o:iginally_containéd 416
:ﬁicrograﬁs of hypo pér sqﬁare inech whén deiiﬁered to us oﬁ:
"June 15. The reprocessing waé a‘completeksiﬁulation,
including developer and fixer. The film was successfully
rewashed to-a valuerof 15 micrqgrgﬁs bf hypo per'squafe
ineh. Thus, it should be pdésible to rewash films which
'contdin high lefels of residual ﬁypoisd that better storage

'1ife msy be obtained.

Various Color Emﬁlsions

- ‘The interpretation of this test for color emulsions is open
torquestion. The major keeping factor'in all processéd

" ecolor film is generally considered to be dye étability-

The présgnce of residual thiosulfatg'would be & minor

contributor to poor keeping quality.

'Also, all color emulsioné arérbleacﬁed; and.since theré is
sﬁppoéedly'no silvér present, a seéondary test would hﬁve to -
be méde to determine uﬁbléached éilver.l It should be

assumed that residual thiosulfate and silver will resct with
each other and not with any dye mioties, and this could be

highly presumptucus.

'In any case, color emulsions should be well washed so that

processing varisbles will not interfere with keeping quality.

wae



~ Several color films were tested by the silver stain'ﬁeét end the’
results are listed in Table 6. Two color flight emulsions
.were tested (S0~168, SO-368) and the results are encouragingly -

low.

The irregularity of machine processing is showm with S0-360
film and Vérsaﬁat.prdcessing. .Hopéfuily, the two machineé
should be able_to wash the film under what are supposed
"o be identical processing conditions with less than 100%

difference in'residual hypoﬂ_

23



72

JFilm Type

5389
7252
50~360

2445 (neg)

80-168-009-1

so—368-18-32‘

TARLE 6.

¥idth

- TOmm
16mm
@{{

- 9;2""
7O .

TOmm

Machine

Houston Color.

RAM

Versamat 1811
#1 (hi Temp)
#2 (hi Temp)

Versamat lhil
{6.4 fpm)

Houston Color

Hi-Speéd Color

Stlver Sulfide Stain Test Results

Lab
MP
MP

Precisién

Precision

MP

ME

for Various Color Emulsions

Micrograms of Thiosulfate/Sq. In.¥

MacBeth
Densitometer

le
1%-29

145 (6/26)
- 75 (6/30)

51

£1

bl

36

Beckman

Spectrometer

107-113

133-150 (6/26)

¥Dates listed are those on which the film was receivéd‘from the processing iabdratory.



SECTION IV
CONCLUSION

‘The detection of unﬁashed‘thiosulfate in proceéséd'fiim
by staining wiﬁh silver nitrete is a reasonably simple,
reliable test. For black and white film the interprététion
of the test 1s quite straiéht forward, Wash efficiency
varies considerably from machine to machine, from day‘-

to dey, end apparéntly from one emulsion bateh to another.

- To make‘an sccurate determination that a_film;was washed
thoroughly, the test strip must Eomg\ffom aé close to the
actual processing ﬁime as prﬁctical. Wherésit is desired
to monitor the wﬁéh-efficiency offa_givén film used in
production, tests on thié film must.be conducted aﬁ‘regular
intervals. To say, as Kodak does in its Aérigl Photography
‘booklet, that Plus-X eerisl film 3401 shbuld‘be processed
in'theVVersamat‘at 5 feet pér ﬁinﬁte fof archival kéeping
quality and 15 feet pér ﬁinute for commercial keeping
aualtiy, is to offer only broad gildelifies fof procsssing.
.Guidelines for wash efficiency should berset. As ﬁ starting
point;.black and white production films should meet Kodak

commercial quality standards of 100 micrograms of thic-

AT R e

suifate per square ineh. Mission original black and white

film should meet archival keeping quality guidelines, some-

25 | }



where under 10 micrograms of.thiosﬁlfate per square inch.
Processiﬁg conditions ﬁnstrmeet these standards before
certification for o?iginal‘filmland-periodiclchecks on
production films should be made. A single test.indicﬁtes

that rewashing is practical.

The question of color film remains open at this fime. i
wouid sﬁggest that mission origiﬁél color film should be
procésséd to archival keeping quality acébrding to the
silver sulfide stein test. The only jﬁstifidafipn for this
is thatrény future assessment to be made for the keeping '

quality of color film will be appreciasbly simplified.
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FIGURE 6.

Semples of Eastman film type 53b2 fine grain felease pbsiti?e;u
This film was processed in the Hi-Speed 35mmnprocéssor on

| June 29, 1972. Sample A indicates how the film looks as it .
comes off the processor. BSample B was treated.ﬁitﬁ silver
nitrate to form the silver-sulfidefstain asccording to the
procedure described in the'téxt. A siﬁglé thickness of each
sample produced optical dénsities (read with the Kodak Status A
blue densitometer filter) of 0.07 end 0.17 for A and B
respectively., Four thicknesses resulted in density readings

of 0.17 and 0.56 in the same manner. VFrom Figure 4 the |

net density (0.39) is equivalent to Tl micrograms of hypo.k

per square inch. Considering this to be a finer grained film,
the plot in Figure 1 indicates a stofage lifé of sbout T yeéfZ.

before natursl. stain formation.
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