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Determination of light dose in a flat bed scanner using a gelatin silver bromide photographic paper*

This study presents an alternative way to evaluate the light exposure of document during scanning by measuring the density produced on unprocessed photographic paper. This method, requiring a densitometer and a black and white darkroom, has been applied to an office flat-bed scanner (Agfa Snapscan 600). For this scanner, the light dose depends on the choice of resolution and rang es from 6 to 25 lux.hours, that is to say, less than 30 minutes exposure under 50 lux.

Introduction

Early photographs and colour prints can be damaged by intense light exposure. Many recommendations have been published on this topic and the trend is to limit the display of fragile valuable documents. Most of the concerns focus on exhibitions, however artefacts might receive significant light exposure during conservation treatment, documentation, or digitization procedures. In the case of a static artificial light source, a luxmeter permits an evaluation of the illuminance. In the case of a scanner, the fluorescent tube source moves below the document during scanning and the use of a luxmeter is not appropriate. To address this question in a simple way, we scanned unprocessed photographic papers (Developing Out Paper: DOP) at different resolutions. From the value of the neutral optical densities obtained after processing , we could calculate the exposures (light doses) that produce identical darkening. The light dose received within the scanner is eventually given in lux.hours. Those values were then converted to an equivalent leng th of time at 50 lux illuminance.

Assessing the light level in a scanner

We measured the light emitted by the scanner by using a luxmeter (H agner EC1X) with a small cell (1 cm diameter) and following the movement of the light source. H owever, the reading, approximately 2500 lux, obtained in this way was not an accurate value for the total amount of lig ht received on each point of the document. When a scanner digitizes an area of the document, adjacent are exposed and receive more or less lig ht depending on their distance to the fluorescent tube. The illumination level increases when the tube approaches the measurement area and then decreases when it moves away. Thus, the actual light exposure is difficult to determine.

An alternative approach to measuring the lig ht dose use an actinometer. Physicists use a visible lig ht actinometer for the determination of the received photon flux during experiments with light. Chemical actinometers are made from molecules such as Aberchrome, which undergoes a color change proportional to the photon flux. In conservation, such actinometers have been used to monitor the light produced by a flash or to monitor the light during display. H owever, the required chemicals are expensive and difficult to find. Ultimately, we decided to use gelatin silver bromide developing out paper (DOP) as a chemical actinometer in order to have a method that can be adopted by any photographer without specific equipment beyond a Kodak g ray scale, a densitometer and a luxmeter.

Experiment

The scanner was used in a darkroom. A piece of photographic DOP was placed on the scanner bed. To modulate the lig ht level, we added a Kodak gray scale n°3, having 21 steps from 0.04 to 3.15 density. This sandwich was placed at one end of the scanner. Using the software, we adjusted the size of the scanned surface to the size of the photographic paper. Then, the paper was scanned at a low resolution, 50% (240 dpi). After processing, this photographic paper was overexposed: very few gray steps were visible and the strip was almost black. In order to reduce the lig ht dose, we added a neutral filter of density 1 2.0 made by evenly exposing a sheet of photographic duplicating film, developing and fixing it. We exposed these three elements (photographic paper+gray scale+neutral filter) on the scanner. Four tests were made using four levels of resolution: 50, 500, 800 and 1000% (4800 dpi). The higher the resolution, the slower the scanning process and the more light received by the photographic paper. When the scanner is on but not on use, there is some lig ht from the side than can induce fog g ing . So, for all these experiments, it was important to always work in the same manner and leave the sensitive paper on the scanner the same amount of time before beginning scanning. To evaluate the light dose that produces specific densities, we exposed the same sandwich (photographic paper+gray scale+filter) under a fluorescent tube 2 with a measured illuminance of 1000 lux. After a few trials, the exposure time of 15 seconds was selected in order to obtain, after processing, the full density rang e from white to black on the photographic print (calibration values). The density values of this print were plotted against the Kodak g ray scale density values (graph. 1).

Graph.1: Density of the mask versus density of the print depending on the scanning resolution

Calculation

Considering that the same effect results from the same cause, identical density on the calibration photographic print and on a print made on the scanner correspond to the same light dose.

Escan /Oscan = Ecal / O cal Escan : light dose in the scanner at a specific resolution Ecal : 15000 lux.sec Oscan : opacity of the mask for the scan Ocal : opacity of the mask for the calibration We selected the density of 1.5 on the print. From the sensitometric curves, we made interpolations (Graph 1), and could calculate the optical density of the mask (Kodak gray scale density value + 2.0) producing a 1.5 density print (Table 1). Then we deduced the corresponding opacity (the density is the log10 of the opacity).

1 A 2.0 density is equivalent to an opacity of hundred, that is to say the light intensity is divided by 100. 2 The characteristics of the lighting source used for calibration should be close to those of the scanner light source. From the calibration, we know that the DOP reaches 1.5 density when the lig ht dose is 15000 lux.sec. In that case, the opacity of the mask was 3967.33, meaning that the real dose that reached the photographic emulsion was 15000/3967.33= 3.78 lux.sec. We can then deduce the lig ht dose in the scanner for each scanning speed by multiplying this value by the opacity, and converting it into lux.hours by dividing by 3600 (Table 2). 

Discussion and conclusion

The speed of the light source in the scanner decreases with the increase in resolution; therefore, at high resolution, the photograph get more exposure. Nevertheless, the increase in light exposure is not a linear function of the resolution for the scanner we tested. The exposure in the scanner is equivalent from 7 to 30 minutes under 50 lux. This corresponds to a low exposure to light and confirms previous work (1). Such an exposure should not pose a real problem, considering that some prints are handled for a few hours at much higher light levels in offices and conservation laboratories. It should be noted, however, that heat from the surface of the scanner can also induce deterioration processes.

To conclude, this work allowed us to establish a simple way to evaluate the amount of light received by a document in a scanner using equipment commonly available in photographic laboratories. The gelatin silver bromide photographic paper we used is mainly sensitive to UV and blue light, so it takes into consideration the most harmful wavelengths. This method can be applied to professional and more powerful scanners. The light sources in these scanners can require a neutral filter having a density higher than 2.0. Our method can also be used to evaluate photocopy machines and flash exposures.

Table 1 : Opacity of the mask that produces a 1.5 density image on the DOP

 1 

	Light source	Density of the mask* Mask opacity
	Fluorescent tube (calibration) 3.5985	3967.33
	Scan 1000 %	4.3576	22780.78
	Scan 800 %	4.2183	16529.68
	Scan 500 %	3.8381	6887.84
	Scan 50 %	3.7855	6103.05
	* Interpolated value from the sensitometric curves (graph1).

Table 2 : Light Dose in the scanner depending on the scanning resolution

 2 Mask opacity Light Dose* (lux.sec) Light Dose (lux.hours)

	Corresponding
	display time
	under 50 lux
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