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The effect of natural background radiation is one of the most important determining factors for shelf life of high speed color negative 
films. Namely, high speed color negative films are inclined to suffer from increase in fog, decrease in speed and deterioration in 
graininess during their preservation. This damage is caused mostly by natural background radiation. We divided natural background 
radiation into three components: cosmic rays, environmental radiation, and self-contamination, and determined the fraction of the 
contribution of each component to this damage. As a model experiment of the above phenomena, we proved that the sensitivity of a 
silver halide photographic emulsion to gamma rays was in proportion to its intrinsic sensitivity to blue light and to the amount of 
gamma rays absorbed by the emulsion grains. 
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Introduction 
High speed color negative films offer many benefits: in
creasing depth of field; reducing the effect of motion blur; 
diminishing the number of pictures taken with under
exposure; and improving background description. Re
cently, compact cameras with reduced size and extended 
zoom lenses have successfully come into the market. 
Downsizing of these cameras with zoom lenses demands 
the increase in sensitivity of color negative films.1,2 Al
though nearly half of the compact cameras produced ten 
years ago had less than 1.5x zoom lenses, more than 
fifty percent of compact cameras produced two years ago 
had more than 2.5x zoom lenses. Although the average 
f-number of compact cameras produced ten years ago 
was about 8, the f-number of some of compact cameras 
now is 11. These trends made it necessary to increase 
the system speed of compact cameras. In addition to the 
increase in f-number, remarkable reduction in size of 
the electronic flash lamp in a compact camera resulted 
in a decrease in flash range. Thus the system speed of 
zoom-compact cameras is now more than one stop lower 
than that of compact cameras produced ten years ago, 
and the development of high speed films with sensitiv
ity higher than ISO 400 was therefore highly required. 

It is well known that a silver halide emulsion is sen
sitive to high energy radiation as well as to visible 
light.3,4 The products on the basis of this character in-

Original manuscript received November 15, 2001 

* yasushi_nozawa@fujifilm.co.jp 

©2002, IS&T—The Society for Imaging Science and Technology 

clude x-ray films for industry, nuclear film plates, and 
film badges for dose measurement. However, the effect 
of natural background radiation on commonly used color 
negative films was thought to be negligible until the 
advent of very high speed color negative films with ISO 
sensitivity of four figures.5 It is now believed that a color 
film with high sensitivity to visible light is inclined to 
be highly sensitive to natural background radiation, and 
therefore has a short shelf life. This article was under
taken to clarify the mechanism of the damage due to 
natural background radiation in order to get useful 
knowledge for the improvement of the shelf life of high 
speed color negative films. 

For the analysis of the damage, we divided the back
ground radiation into following three components: cosmic 
rays, environmental radiation; and self-contamination. 
Then, we analyzed the results of the following three 
experiments: (1) experiment to prove that the damage 
of the high speed color negative films was caused by 
natural background radiation, (2) experiment to deter
mine the fraction of contribution of the above stated 
components to the damage of films, and (3) experiment 
to detect the interaction between a photographic emul
sion and gamma rays, which bring about the highest 
contribution to the damage of films by the natural back
ground radiation. 

Experiments

Shield of Films from Natural Background Radiation


It was necessary to secure a place where the influ
ence of natural background radiation except for self-con
tamination could be reduced to the smallest possible 
level. Fortunately, we were allowed to use the Low-Level 
Radioactivity Laboratory (LLRL) in Kanazawa Univer
sity. The LLRL is placed in a tunnel at the depth of 240 
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TABLE I. Locations for Aging Experimental 

1 LLRL1 Inside of a lead block in the LLRL 

2 LLRL2 Outside of a lead block in the LLRL 

3 Osaka1 The first floor of a 6-storied building in 
Osaka 

4 Minamiashigara1 The second floor of a 5-storied building in 
Minamiashigara 

5 Minamiashigara2 The first floor of a 5-storied building in 
Minamiashigara 

6 Minamiashigara3 Inside of a refrigerator in Minamiashigara1 

7 Odawara1 The second floor of a usual 2-storied 
house in Odawara 

m below the surface in order to prevent cosmic rays from 
reaching films, since the transmission power of cosmic 
rays is so high as to need such thick ground to absorb 
them. On the other hand, a thick block of lead could 
absorb environmental radiation. Because lead itself in
cludes a radioactive isotope, it was necessary to use lead 
in which this isotope had been allowed to decay for many 
years after initial refinement. We stored color negative 
films in a box made of lead, 10 cm thick, which contained 
only a very small amount of 210Pb (about 0.12 pCi/g). This 
box had an inside wall made of oxygen-free copper 1.4 
cm thick. Furthermore, this box was air conditioned to 
filter out radioactive 222Rn. 

Radiation Measurement 
The amounts of background radiation were measured 

at several places by a portable 7.5 cm spherical NaI (Tl) 
scintillation counter.6,7 The detected radiation with en
ergies higher than 3 MeV and lower than 3 MeV were 
ascribed to cosmic rays and environmental radiation, 
i.e., gamma rays with various energies, respectively. A 
thermoluminescence detector (TLD) was also used, de
pending on circumstances. 

Preparation of Samples 
The samples used in this study were layers of the 

AgBrI emulsions as models for color negative films, as 
well as commercial color negative films on the market 
when the experiments in this study were carried out. 

By changing the temperature and time of emulsion 
preparation, we obtained thick twinned tabular grains 
with average sizes of 0.8, 1.2 and 2.1 µm. Moreover, us
ing emulsions with an average grain size of 2.1 µm, we 
obtained a series of emulsions with various levels of 
added dye, such as 0, 0.5, 1 and 2 times the optimal 
amount. Thin layers of the above-stated emulsions were 
prepared by coating and drying them on cellulose triac
etate (TAC) film bases with 2.0 g/m2 as Ag and 0.1 mol 
of magenta coupler/mol of Ag. Using the emulsion con
taining grains with average size of 2.1 µm, we obtained 
a series of samples with various coated amounts of sil
ver halide, e.g., 1, 2 and 4 g/m2 Ag. In this series, the 
amount of coupler coated was fixed at 0.1 mol of ma
genta coupler/mol of silver halide when the coated 
amount of silver was 2 Ag/m2. 

Conditions of Aging 
We stored several films under conditions with various 

amounts and energy spectrum of natural background ra
diation; in boxes made of lead, stainless steel, or alumi
num, with 2 and 10 mm thick, at places in Japan, 
including the LLRL, as in the places 3 ~ 7 in Table I, we 
stored the films in the boxes as listed in Table II. 

TABLE II. Conditions of Aging (Shielding) 

Outside of a box

In a box made of lead 2 mm thick

In a box made of lead 10 mm thick

In a box made of stainless steel 2mm thick

In a box made of stainless steel 10 mm thick

In a box made of aluminum 10 mm thick


Sensitometry 
The sensitometry and the measurement of R.M.S. 

granularity were carried out under the following condi
tions. Exposure time was 1/100 second. For measure
ment of the intrinsic sensitivity to blue light, model films 
were exposed to light through a Fuji Photo Film band 
path filter BPN42. Instead of natural background ra
diation, we used 120 kVp x-rays filtered by H2O with 5 
cm thick for the study of the interaction between an 
emulsion and high energy radiation. Development was 
performed using CN-16 chemistry at 38°C with the de
velopment time of 3 min and 15 sec for commercial films 
and the development time of 2 min and 45 sec for model 
films. The sensitivities of these films were given by the 
reciprocal of the exposure to give an optical density of 
0.20 above fog density. 

Results and Discussions

Damage to High Speed Color Negative Films


Photosensitive materials suffer from the deterioration 
of performance owing to their exposure to natural back
ground radiation. Since processes to detect visible light 
and high energy radiation are fundamentally the same, 
it is natural that films with high sensitivity to visible 
light are also highly sensitive to natural background 
radiation. Natural background radiation usually causes 
not only increase in fog, but also decrease in speed and 
increase in graininess. 

Figure 1 shows the change in characteristic curves of 
a color negative film (Super HR-1600, Fuji Photo Film, 
1986), which was stored for 2 years at Osaka1, 
Hiroshima, and Fukuoka Offices of our company, and 
at the LLRL1 in Kanazawa University. Compared with 
the minimum density at LLRL1, the minimum densi
ties were changing significantly at Osaka1, Hiroshima, 
and Fukuoka. Compared with the change in minimum 
density, the change in gradation was negligible. Thus, 
the effect of natural background radiation on charac
teristic curves of films looked like the effect of uniform 
light exposure. However, as shown in Fig. 2, natural 
background radiation dramatically increased R.M.S 
granularity contrary to the effect of uniform light expo
sure. Figure 3 shows the relationship of the increase in 
fog density of a red sensitive layer after preservation 
for 6 months at Osaka1 with ISO sensitivity of several 
color negative films, that were commercially available 
on the market when this experiment was carried out. 
As seen here, the higher the sensitivity of the film was, 
the larger the increase in fog density. This result 
strongly indicates that the mechanism of fog formation 
by natural background radiation was similar to the 
mechanism of latent image formation by light. 

Table III shows the shielding effect of the LLRL, as 
measured by a scintillation counter. The amount of cos
mic rays in the tunnel was 0.25%~0.50% of that of the 
rays on the ground. Figure 4 shows the shielding effect of 
the box made of lead. The abscissa indicates the relative 
wavelengths of gamma rays. The amount of the environ
mental gamma rays inside the box was between 1% and 
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TABLE III. Amount of Cosmic Rays at Various Places 

Amount of cosmic rays (relative) 

At the surface 1 
At the surface 2 
In the LLRL 

4.2 x 102 

2.8 x 102 

1.2 x 100 

The surface 1: right above the LLRL

The surface 2: at the beginning of the tunnel


Relative log Exposure 

Figure 1. The change in characteristic curve of blue sensitive 
(upper curves), green sensitive (middle curves), and red sensi
tive (lower curves) layers of Fuji Color Super HR1600 films 
which were stored for 2 years at Osaka1 (dotted lines), 
Hiroshima (broken lines), Fukuoka Offices (dotted and broken 
lines) of our company, and at the LLRL1 (solid lines). Figure 3. Increase in fog density of red sensitive layers in 

commercial color films owing to their storage for 6 months at 
Osaka1 as a function of their ISO sensitivity. 

Density 

Figure 2. The change in R.M.S. granularity of a red sensitive Channel Number 
layer of Fuji Color Super HR1600 films that were stored for 
2years at Osaka1 (dotted lines), Hiroshima (broken lines), 
Fukuoka Offices (dotted and broken lines) of our company, and Figure 4. Energy distribution of the detected natural back
the LLRL1 (solid lines). ground radiation with and without shielding by lead 10 cm 

thick and filtering out radioactive substances in the air. 

0.1% of that of the rays out of the box. Namely, natural 
background radiation had practically no influence on the 
film in the box placed at the LLRL1. Figure 5 shows the 
increase in fog density of a red sensitive layer in a color 
negative film (HR1600, Fuji Photo Film, 1984) as a func
tion of the amount of natural background radiation accu
mulated during its storage for six months at various places 
including LLRL1, LLRL2, Osaka1, Minamiashigara1, 
Minamiashigara2, and Minamiashigara3. The result with 
the film stored at LLRL1 is indicated by the closed square 
with the smallest amount of radiation in this figure. The 
results are summarized as follows. 
1. The damage was very small at LLRL1. 
2. The increase in fog during storage was in proportion Figure 5. Increase in fog density as a function of amount of

to the amount of radiation. the environmental radiation of a red sensitive layer of Fuji
3. The increase in fog was in proportion to the sensitiv- Color HR1600 films owing to their storage for 6 months at 

Osaka1.ity of the film. 
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On the basis of the above results, it is concluded that 
the damage was caused by natural background radiation. 

Components of Natural Background Radiation 
As described in the Introduction, we divided natural 

background radiation into three components, cosmic rays, 
environmental radiation, and self-contamination. 

Cosmic rays are high energy radiations incident on 
the earth from the universe, and are classified into pri
mary and secondary cosmic rays. The majority of pri
mary cosmic rays consist of protons and alpha particles. 
Secondary cosmic rays are generated by the interaction 
of primary cosmic rays with the atmosphere. Most doses 
on the surface of the earth are secondary cosmic rays. 
It is known that the dose of cosmic rays increases with 
altitude. The dose at the altitude of 1500 m is about 
double of that at sea level. Moreover, the dose increases 
with increasing latitudes. Because the dose is influenced 
by solar activity, it changes with time. 

The origin of the environmental radiation is radioac
tive nuclei with long lifetimes that exist in nature. From 
the time of the birth of the earth, these nuclei existed 
in the crust and are called primitive radioactive nuclei. 
The doses, which originated from the following three 
primitive radioactive nuclei, are predominant. They are 
40K, whose half-life is about 1,250 million years, Tho
rium series with 232Th as a parent nuclide, whose half
life is about 14,000 million years, and Uranium series 
with 238U as a parent nuclide, whose half-life is about 
4,500 million years. Because these nuclei are contained 
in almost all substances in various concentrations, the 
amount of the environmental radiation varies from place 
to place. The penetrating power of beta rays is so weak 
that substances surrounding films, such as packaging 
materials, absorb almost all of them. Therefore, photo
sensitive materials are seldom influenced by beta rays. 
It is gamma rays whose penetrating power is strong 
enough to actually influence films. As a result of inter
action between gamma rays and surrounding sub
stances, gamma rays have a broad energy distribution 
extending to the low energy side. 

The third component of natural background radiation 
is called “self-contamination”. The origins are radioac
tive nuclei with long half-life, which actually exist in 
films themselves. The dose of beta rays, which origi
nated from 40K in films, is predominant in the self-con
tamination. Beta rays are fluxes of electrons. The 
interaction of high energy electrons with substances is 
strong. The high energy electrons generated outside 
films do not reach the films. On the other hand, the elec
trons, generated inside films, cause heavy damage to 
them. (There are two kinds of high speed electrons that 
appear within a film. One of them is a beta ray from 
radioactive materials in films, which is the origin of the 
self-contamination. The other is a secondary electron 
that is generated in the film when the film absorbs 
gamma rays.) 

We experimentally determined the fraction of the con
tribution of each component to the damage according to 
the following way. First of all, the LLRL1 was used to 
get the storage condition under which a sample was free 
from external radiation. Secondly, we stored films under 
conditions with varying amounts of natural background 
radiation and various energy spectra in many kinds of 
metal boxes at many places in Japan, as already ex
plained in the Conditions of Aging section. Thirdly, the 
amounts of natural background radiation at several 
places were measured by a portable 7.5 cm spherical NaI 
(Tl) scintillation counter, and were analyzed. 

TABLE IV. Dose of Cosmic Rays and Gamma Rays at Various Places 

Dose of cosmic Dose of γ F/D* 
rays µR/h rays µR/h 

At Odawara1 Without shielding 2.91 3.29 1.00 
At Osaka1 Without shielding 1.47 6.94 0.85 

Shielding by stainless 1.29 5.55 0.77 
steel with 10 mm thick 
Shielding by lead with 1.38 3.48 0.52 
10 mm thick 

*F/D: flux/dose (number of photons/1 µR) 

Table IV shows an example of the measurement of natu
ral background radiation in a normal house in Odawara 
(Odawara1) and the Osaka branch office of our company 
(Osaka1). The dose of gamma rays at Odawara1 was 
smaller than that at Osaka1, since Odawara area is cov
ered with Kanto loam layer, which contains little radio
active material. The Osaka level was nearly average for 
Japan and the world. The doses of cosmic rays at the two 
places were different, depending on the filter effect. In 
Odawara1, the measurement was made at the second 
floor of an usual 2-storied house. On the other hand, in 
Osaka1, the measurement was made at the first floor of 
a 6-storied building. The interception by metals is more 
effective for the lower energy component than for the 
higher energy gamma rays, and more effective for gamma 
rays than for cosmic rays. The flux per dose is the num
ber of photons per 1 µR, and the smaller the flux per 
dose, the higher is the energy of gamma rays. 

We used the fog density of a red sensitive layer in 
HR1600 films in this experiment, since we knew that 
the fog density of a red sensitive layer in a HR1600 film 
changed little by heat. We accordingly made the follow
ing three assumptions: in the first place, the contribu
tion of cosmic rays to film damage was proportional to 
the amount of cosmic rays; second, the contribution of 
the environmental radiation was proportional to the 
amount of gamma rays absorbed by a silver halide emul
sion that was evaluated on the basis of the absorbance 
as a function of gamma rays energy; and third, the con
tribution of the self-contamination was equal to the 
damage observed during its preservation at the LLRL1. 

The increase in fog density of films as a function of 
the amount of the background radiation during their 
storage under various conditions was analyzed under 
the following equation, 

∆Dmin = a X + b Y + c (1) 

where ∆Dmin is the increase in fog density of a red sen
sitive layer of a high speed color negative film (HR1600) 
as a result of its preservation for 19 months under vari
ous conditions, X is the amount of cosmic rays, Y is the 
amount of gamma rays absorbed by silver halide grains, 
a and b are constants, and c is a constant that is equal 
to the damage detected as a result of storage for 19 
months at LLRL1. 

Figure 6 shows the increase in fog density of the 
sample stored at LLRL1. The increase in fog density 
of 0.055 was ascribed to the contribution of the self
contamination for 19 months. The constant c in Eq. (1) 
was therefore 0.055. The constants a and b in Eq. (1) 
were determined by the regression analysis. The con
stant a was 3.8 × 10–2, and b was 1.9 × 10–2. In Fig. 7, 
the abscissa indicates the increase in the fog density 
as a result of the application of the measured values of 
the radiation in each preservation place to Eq. (1), and 
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TABLE V. Fraction of Each Component in the Background 
Radiation in Osaka1 as Estimated by Use of Eq. (1) 

Component The Fraction 

Cosmic rays a X = 0.056 about 20%

b Y = 0.201 about 60%


Self-contamination c = 0.055 about 20%

Environment gamma rays 

∆ Dmin (calculated) 

Figure 7. Relation between observed and calculated values of

the increase in fog density (∆Dmin) of red sensitive layers of
Time (month) Fuji Color HR1600 films owing to their storage for 19 months

at several places. The calculated values were given by Eq. (1) 

Figure 6. Increase in fog density of a red sensitive layer in (see text). 
Fuji Color HR1600 films at the LLRL1 

the ordinate indicates the actually observed increase trinsic sensitivity to blue light, which depends on the 
in the fog density after 19 months preservation. The efficiency with which electrons in the conduction band 
agreement between them was satisfactory, and proved of silver halide are used for latent image formation, as 
our assumption. expressed by the following equations. 

The obtained equation was available to predict the 
increase in fog density caused by each of the three com- Se = k2 SI 

ponents of natural background radiation under condi- Sγ = k1 k2 Aγ Si (3) 
tions with variation of X and Y. For instance, the fraction 
of each component in Osaka1 in Japan was shown in where Si is the intrinsic sensitivity to blue light, and k2 

Table V. Although the damages significantly depended is a constant. 
on the storage places and kind of sensitized materials, An examination was made on the proportionality of Sγ 

we think that the fraction of each component in natural to Si for various emulsions. In order to simulate the ef
background radiation at most places in the world might fect of the environmental gamma rays, we used 120 kVp 
not differ too much from that shown in Table V. x-rays to get x-ray sensitivity, which should be propor

tional to Sγ, and we regard blue sensitivity as Si. Figure 
Sensitivity of a Photographic Emulsion to 8 shows the result of sensitometry of three emulsions of 
Gamma Rays the same type with variation in average grain size. Fig-

In this section, we will show you our experimental re- ure 9 shows the result of the same experiment for four 
sult on the interaction between gamma rays and silver emulsions with variation in added amount of dye. The 
halide emulsion grains. The contribution of the environ- abscissa indicates their relative blue speed, and the or
mental gamma rays to film damage is the highest among dinate indicates relative x-ray speed. These figures 
three components of natural background radiation. It is clearly indicate that the relative x-ray speed was pro
known that the interaction of a gamma ray quantum with portional to the relative blue speed. This result supports 
a silver halide emulsion grain first produces a high en- Eq. (3) as proposed in this article. Figure 10 shows the 
ergy secondary electron, and then this high energy elec- relation between x-ray and blue sensitivities of the mono
tron interacts with grains to produce many more electrons layer coatings of an emulsion with large variation of sil
that take part in the formation of silver clusters, i.e., fog ver halide coating weight. On the contrary to the results 
centers caused by natural background radiation. This con- in Figs. 8 and 9, blue sensitivity increased only slightly 
sideration led to the following equation, with increasing the amount of coated silver halide grains, 

while x-ray sensitivity increased significantly. Figure 11 
Sγ = k1 Aγ Se (2) shows the relation between x-ray sensitivity and the sil

ver halide coating weight, and Fig. 12 shows the relation 
where Aγ is the amount of the gamma rays absorbed by between the blue sensitivity and the silver halide coat
silver halide grains, Sγ and Se are the sensitivities to ing weight. The x-ray sensitivity increased significantly 
the gamma rays and to high energy electrons, respec- with increasing the coated amount of silver halide grains, 
tively, and k1 is an empirical constant. Equation (2) is while the blue sensitivity did not. 
based on the assumption that the sensitivity of a color We analyzed the results on the basis of the following 
film to high energy electrons is proportional to its in- considerations. First of all, the x-ray sensitivity was 
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Figure 8. X-ray speed as a function of blue speed of AgBrI 
emulsions with grain size as described in the figure. 

Figure 9. X-ray speed as a function of blue speed of AgBrI 
emulsions with variation in added amount of dye. 

log(relative blue speed) log(CAg) 

Figure 10. X-ray speed as a function of blue speed of AgBrI Figure 11. X-ray speed as a function of CAg of the emulsions 
emulsions with variation of CAg. described in Fig. 10. 

brought about by the absorption of an x-ray quantum 
by a silver halide grain. The absorbed x-ray quantum 
gives a high energy secondary electron, which then cre
ates many electrons in many surrounding grains. This 
is the reason why the x-ray sensitivity was more depen
dent on coated amount of silver halide than on grain 
size and added amount of dye. The absorbance of 120 
kVp x-rays by an element is decided by the efficiency of 
the external photoelectric effect, which is proportional 
to the 5th power of an atomic number of the element. It 
was therefore considered that the absorbance of x-rays 
by an emulsion layer should be approximately propor
tional to the silver coating weight, CAg. This model led 
to the following equation, 

Sγ = k3 CAg Si (4) log(CAg) 

Figure 12. Blue speed as a function of CAg of the emulsions
where k3 is an empirical. Figure 13 was reproduced from described in Fig. 10.
the data shown in Figs, 10, 11, and 12. The abscissa 
indicates the sum of the logarithm of Si and the loga
rithm of CAg, and the ordinate indicates logarithm of the 
x-ray sensitivity. This figure shows that the x-ray sen- Figs. 11 and 12. In the case of blue light, the absorption 
sitivity of emulsion layers was proportional to CAg and of a photon by a silver halide grain brings about photo
to Si in good accord with the model expressed by Eq. (4). chemical processes only within the grain that absorbed 

Then, we propose a second consideration as an expla- it. Therefore, the increase in CAg causes an increase in 
nation from another angle for the difference between the gradation, while it causes only a slight increase in sensi
effects of CAg on x-ray and blue sensitivities, as shown in tivity. In the case of high energy radiation, the absorp-

Damage to High Speed Color Negative Films from Natural Background Radiation  Vol. 46, No. 3, May/June 2002 275 



lo
g(

re
la

ti
ve

 X
-r

ay
 s

pe
ed

) 

log(relative blue speed) + log(CAg) 

Figure 13. X-ray speed as a function of blue sensitivity and 
CAg of the emulsions described in Fig. 10. 

tion of a quantum by a grain brings about chemical pro
cesses not only in the grain that absorbs it, but also many 
surrounding grains. If the distance to which the interac
tion of the quantum extended was longer than the thick
ness of the emulsion layer, the number of grains that were 
made developable by a single quantum should increase 
in proportion to CAg. The x-ray sensitivity would there
fore increase steeply with CAg. From calculation on the 
basis of the energy loss rate and/or the observed range 
for an electron to interact with an emulsion layer,3,9 the 
distance to which the interaction of a high energy quan
tum extended was longer than the thickness of typical 
emulsion layer in our experiments. 

Conclusions 
High speed color negative films are inclined to suffer 
from increase in fog density during their storage. This 
damage is mostly caused by natural background radia
tion. We divided natural background radiation into three 
components: cosmic rays, environmental radiation, and 
self-contamination. We determined the fraction of the 
contribution of each component to the damage. The sen
sitivity of a silver halide photographic emulsion to 
gamma rays was in proportion to its intrinsic sensitiv
ity to blue light and the amount of gamma rays absorbed 
by the emulsion grains. 

Some Comments for the Future 
We have developed a high speed color negative film, 

which is hardly influenced by natural background ra
diation on the basis of the knowledge obtained in this 
study. Specifically, our film was developed on the basis 
of the following design considerations. 
1.	 The ratio of the intrinsic sensitivity to blue light to 

total sensitivity of our film was designed to be low by 
increasing the efficiency of spectral sensitization 

2.	 The silver halide coating weight in our film was de
signed to be low in order to lower the rate of the ab
sorption of radiation. 

3. The self-contamination was designed to be small 
by reducing the amount of radioactive materials in 
our film. 

Figure 14 shows the characteristic curves of Fuji Color 
SUPERIA 1600 produced in 2000 in comparison with 
those of Fuji Color SUPER HG1600 produced in 1990. 

Figure 14. Changes in characteristic curves of red sensitive 
layers of a Fuji Color Super HG1600 film and a Fuji Color 
SUPERIA 1600 film caused by high energy radiation. Solid 
curves are control, and broken curves are given after their 
exposure to high energy radiation. 

This figure shows the comparison between them in terms 
of the increase in fog density of the red sensitive layer 
caused by natural background radiation for two years, 
as estimated by extrapolation of measured values. The 
technical progresses achieved for about ten years de
creased the level of deterioration due to radiation. The 
damage to Fuji Color SUPERIA 1600 by natural back
ground radiation is very small, as compared with tradi
tional high speed films. 

As for photographic materials, high sensitivity will 
continue to be valuable, making it possible to provide 
consumers with attractive new products. Therefore, we 
think that the technology to reduce the influence of natu
ral background radiation on films is one of the most im
portant basic technologies for photographic materials 
in the future. 
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