Reprinted from

AND
PHOTOBIOLOGY

A: CHEMISTRY

Journal of Photochemistry and Photobiology A: Chemistry 101 (1996) 6367

The use of Riso B3 film gamma dosimeter for monitoring ultraviolet
radiation

F. Abdel Rehim *; Ahmed Ali Basfar **, Atef Abdel-Fattah ®

* King Abbdulaziz City for Science and Technology, Institute of Atomic Energy Research (KACST), P.O.Box 6086, Riyah 11442, Saudi Arabia
® National Center for Radiation Research and Technology, (NCRRT) P.0.Box 29, Madinai Nasr, Cairo, Egypt

Received 21 December 1995; accepted 28 March 1996

iy

EVIER

ELS



JOURNAL OF PHOTOCHEMISTRY AND PHOTOBIOLOGY
A: CHEMISTRY

Editor-in-Chief
R. P. Wayne (Oxford, UK)

Associate Editors
J. D. Coyle (Oxford, UK)
N. S. Allen (Manchester, UK)

North American Editor
R. P. Steer (Saskatoon, Canada)

Editorial Board

A.U. Acuna (Madrid, Spain)

K. H. Becker (Wuppertal, Germany)
S. Davidson (Canterbury, UK)
R. De Maré (Brussels, Belgium)
J. Donovan (Edinburgh, UK)
F.

R.
G.
R.
D. F. Eaton (Wiimington, DE, USA)

$. J. Formosinho (Coimbra, Portugal)

J. Guillet (Toronto, Ont., Canada)

C. E. Hoyle (Hattiesburg, MS, USA)

D. Husain (Cambridge, UK)

M. Irie (Fukuoka, Japan)

F.Lahmani (Orsay, France)

J. Lemaire (Aubiére, France)

T. Matsuura (Otsu, Japan)

U. Mazzucato (Perugia, Italy)

D. C. Neckers (Bowling Green, OH, USA)
S. Paszyc (Poznari, Poland)

D. Phillips (London, UK)

L. F. Phillips (Christchurch, New Zealand)
J. C. Polanyi (Toronto, Ont., Canada)

J. C. Scaiano (Ottawa, Ont., Canada)

C. v. Sonntag (Mulheim, Germany)

N. J. Turro (New York, NY, USA

D. H. Volman (Davis, CA, USA)

P. Wan (Victoria, B.C., Canada)

J. Wirz (Basle, Switzerland)

Types of Contribution

Original papers not previously published. — Preliminary notes. —
Reviews.

Papers and Reviews may be concerned with either quantitative or
qualitative aspects of photochemistry. Organic, inorganic and coordi-
nation systems are all treated. The scope includes the physical chem-
istry of excited atoms or molecules, studies of electronic energy
transfer, quantum yield determinations and kinetic measurements
made under stationary or non-stationary conditions, measurements of
rate constants for primary or secondary photochemical processes,
studies of absorption or emission spectroscopy applied to photochem-
istry, mechanistic investigations of photochemical reactions based on
product analysis or energy transfer studies, identification of the prod-
ucts of photochemical reactions, and studies related to the photo-
chemical conversion and storage of solar energy and to atmospheric
photochemistry. Papers relating to Applied Photochemistry are also
published. This field includes studies of photoinitiation of polymeriza-
tion, photo-cross-linking, photodegradation or photostabilization of
polymers, photohalogenation, chemical aspects of photography and
the design of photoreactors.

Preliminary Notes will describe work that is not yet completed, but that
needs, for some reason, to be published in its preliminary form. Man-
uscripts submitted for consideration in this category must be accom-
panied by a reasoned justification of the need for urgent publication.
This justification will be used by the Editors in deciding whether prelim-
inary publication should be permitted, or whether the authors should
be asked to submit a full paper when their research is completed.
Review articles are occasionally published, and suggestions of suita-
ble topics are welcomed. Prospective authors should, however, dis-
cuss the content and length of a proposed review before embarking
on its preparation.

Frequency
Eight volumes per year.

Subscription Information 1996
Volumes 93-101, each volume containing 3 issues, are scheduled for
publication. Prices are available from the publishers upon request.
Subscriptions are accepted on a prepaid basis only. Issues are sent
by SAL (Surface Air Lifted) mail wherever this service is available.
Airmail rates are available upon request.

Please address all requests regarding orders and subscription queries
to:

ELSEVIER SCIENCE S.A.

P.O. Box 564, 1001 Lausanne, Switzerland
Telephone:-+41 (21) 320 73 81

Fax: +41(21) 32354 44

E-mail: essa-o@elsevier.ch

Customers in the United States and Canada

may obtain information from:

ELSEVIER SCIENCE INC.

Attn.: Journal Information Center, 655 Avenue of the Americas
New York, NY 10010, USA

Telephone: +1 (212) 633-3750

Fax: +1(212) 633-3764

Telex: 420-643 AEP UI

USA mailing info: Journal of Photochemistry and Photobiology, A:
Chemistry (ISSN 1010-6030) is published monthly except semi-
monthlyin January, March, May, August, Octoberand December (total
18 issues) by Elsevier Science S.A. (P.O. Box 564, 1001 Lausanne).
Annual subscription price in the USA is US$ 2167.00 (valid in North,
Central and South America), including air speed delivery. Second
class postage paid at Jamaica, NY 11431.

USA POSTMASTER: Send address changes to Joumal of Photo-
chemistry and Photobiology, A: Chemistry, Publication ExpeditingInc.,
200 Meacham Avenue, Elmont, NY 11003. AIRFREIGHT AND
MAILING in the USA by Publication Expediting Inc., 200 Meacham
Avenue, Elmont, NY 11003.

Advertising Information

Advertising orders and enquiries may be sent to: International:
Elsevier Science, Advertising Department, The Boulevard, Langford
Lane, Kidlington, Oxford OX5 1GB, UK. Tel.: +44 (1865) 843 565.
Fax: +44 (1865) 843 952. USA and Canada: Weston Media Asso-
ciates, Dan Lipner, P.O. Box 1110, Greens Farms, CT 06436-1110,
USA. Tel.: +1(203) 261 2500. Fax: +1(203)2610101. Japan:
Elsevier Science Japan, Advertising Department, 1-9-15 Higashi
Azabu, Minato-ku, Tokyo 106, Japan; Tel: +81-3-5561-5033; Fax:
+81-3-5561-5047; E-mail- KYF04035@ niftyserve.or.jp




.i_. 5 AND
L rrsileg A:CHEMISTRY
ELSEVIER Journal of Photochemistry and Photobiology A: Chemistry 101 (1996) 63-67
The use of Riso B3 film gamma dosimeter for monitorin g ultraviolet
radiation
F. Abdel Rehim *, Ahmed Ali Basfar >*, Atef Abdel-Fattah ®
* King Abbdulaziz City for Science and Technology, Institute of Atomic Energy Research (KACST), P.0.Box 6086, Riyah 11442, Saudi Arabia
® National Center for Radiation Research and Technology, (NCRRT) P.O.Box 29, Madinat Nasr, Cairo, Egypt
Received 21 December 1995; accepted 28 March 1996

Abstract

The Riso thin B3 plastic film, which is essentially a gamma radiation dosimeter, has been succesfully used for measuring integrated UV

irradiance. The colorless flexible plastic film changed colour to red u

pon exposure to UV-irradiation. The radiation-induced colour was

analyzed spectrophotometrically at the maximum of the absorption peaking at 554 nm wavelength. The film was found to respond faithfully
to UV-B, UV-C and less sensitively to UV-A radiation, showing maximum sensitivities at 200, 298 and 366 nm wavelengths. Correlations
were established between the absorbed dose of UV radiation and the change in absorbance (AAss,) at 254, 298 and 366 nm irradiation
wavelengths. The data were analysed to determine the reproducibility of (AAss,) measured from films exposed to the same UV irradiance.
The effect of post-irradiation stability on the dosimeter performance was discussed. The results demonstrate that B3 film has a maximum

sensitivity and suitability for use as a personal dosimeter for biologically effective solar UV-B and UV-C radiation,
chronic effects of sunlight exposure on biological systems are believed to occur. Also,

radiation sources used for medical and industrial processes.

where most acute and
it can be used for monitoring of artificial ultraviolet

Keywords: Plastic film; Dosimetry; Spectral sensitivity; Ultraviolet radiation; Spectrophotometry

1. Introduction

Ultraviolet radiation occupies that portion of the electro-
magnetic spectrum from 100 to 400 nanometers (nm). This
is commonly divided into three subregions: short wavelength
(UV-C), varying from 100 to 280 nm; medium wavelength
(UV-B), ranging from 280 to 315 nm; and long wavelength
(UV-A), varying from 315 to 400 nm [1].

UV radiation is harmful to humans and ecosystems, the
UV-A is relatively less harmful, but UV-B has many dam-
aging effects, while UV-C s lethal to many forms of life. The
biological effects of UV radiation in humans are limited to
the skin and the eye because of its low penetrating properties
in human tissues. The normal responses of the skin to UV
radiation may be classified as either acute, e.g., erythema,
melanin pigmentation, vitamin D production, or chronice. g,
skin ageing and skin cancer [2]. Erythema (e.g., the redden-
ing of the skin in sun-burn) is a photochemical response of
the skin normally resulting from overexposure to wave-
lengths inUV-Cand UV-B regions (180-315nm). Erythema
induced by the longer UV-B wavelengths (295-315 nm) is
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more severe and persists for a longer period than that for
shorter wavelengths [3].

Ultraviolet radiation sources are divided into two classes:
natural and artificial. The sun is the most important natural
source of UV light although much of its transmitted energy
is in the longer wavelength subregion above 295 nm. The
ozone layer in the stratosphere and troposphere around the
earth acts as a protective shield by cutting off UV-C radiation
and reducing the amount of UV-B radiation reaching the
earth’s surface. The reduction of the ozone layerresults in an
increase in UV-B radiation, within a narrow 25 nm waveband,
between 290 and 315 nm [4]. Artificial UV radiation is used
in a wide variety of industrial and medical processes and for
cosmetic purposes. Industrial applications include photocur-
ing of plastics and inks (UV-A and UV-B ), solar simulation
(all UV), fade testing (UV-A and UV-B) and wastewater
disinfection (UV-C), etc. [1,5]. Clinical medicine include
photochemotherapy, where proper UV-A radiation dosimetry
is important in PUVA therapy, not only to prevent severe
erythema, but also to determine the lowest effective radiant
exposure to minimize long-term damage [6].

Many substances, in the form of dyed and undyed plastic
filmsexhibit a measurable change in their properties upon



64 - F. Abdel Rehim e1 al. / Journal of Photochemistry and Phorobiology A: Chemisiry 101 (1996) 63—67

exposure to UV radiation and have been investigated in the
search for a UV badge dosimeter, e.g., polysulohone film
[7.8], diazo films [9] and polyvinyl chloride (PVC) films
Incorporating photosensitizing drugs [10,11]. Recently, we
have developed several thin plastic films for UV radiation
measurements [ 12-14]. To continue this work it was decided
to study several photoactive chemicals incorporated into a
polymeric matrix with a view to developing UV dosimeters.

The present work evaluates the B3 film as an UV radiation
detector in terms of colour response range, spectral sensitivity
down to short wavelengths, post-irradiation stability and

uncertainties associated with dose measurement. Possible’

application of the B3 film for monitoring artificial and envi-
ronmental UV radiation are also reported.

2. Experimental

The thin plastic film (0.025 mm) used in this investigation
was the Riso B3, batch 343510 (made by Beiersdorf AQG).
The plastic film (polyvinyl butyral) contains leucocyanide
(pararosaniline), which can be made radiochromic upon
exposure to ultraviolet light or ionizing radiation [15].
Before use, all dosimeters were stored in the laboratory and
protected against exposure to daylight and light from fluo-
rescent lamps. Relative humidity in the laboratory was
between 25 and 40% and the temperature was 21 42 °C.

For calibration purposes and irradiation of samples, three
UV radiation sources were utilized: (a) A standard 8§ W
mercury lamp (Desaga 131200) and monochromatic filters
with a bandwidth of 5 nm (Oriel Corporation, Stradford, Ct,
U.S.A) were used to provide the required irradiation wave-
length. Intensity meters for short and long wave ultraviolet
lamps Model J-225x, UVP and J-221, UVP were used to
measure the intensity of ultraviolet light of the mercury lamp.
(b) UVP ultraviolet Crosslinker model; CL-1000 was also
used for irrdiation of B3 films at 302 nm wavelength. The
UVP CI-1000 is designed to measure and control the ultra-
violet radiation within the exposure chamber. It is equipped

witha UV sensor to measure the UV energy and automatically -

adjusts to variations in UV intensity that occur as the UV
lamp ages. (¢) A XENOTEST 150 S (Heraeus Instruments),
light and weatherfastness tester, where solar and global radi-
ation is simulated by xenon arc radiation. A radialux UV
meter (Heraeus Instrument) was used to measure the irradi-
ance and dose in the wavelength range 300400 nm in the
weathering device.

A Perkin Elmer UV/VIS spectrophotometer Lambda 3B
and UVIKON 860 spectrophotometer were used to measure
the absorbance and absorption spectra of the irradiated and
unirradiated films.

3. Results and discussion
3.1. Radiation-induced absorption spectra

Upon UV irradiation, the colorless B3 films showed a
significant colour change to red. The-red colour developed

Absorbance

T

1= 0.0
2= 0.75
3= 2.20
4= 8.80
5=15.00
6=25.00
740.00
8<55.50

LI RN U LA S B B BN B

T

...... 1
....... P e e

300 400 50 8600 700
Wavelength (nm)
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Fig. 2. Variation in AAss, with incident UV dose at different irradiation
wavelengths.

and the intensity of this colour increases with increasing doses
of incident UV radiation. Fig. 1 shows spectrophotometric
scans of unirradiated film and films irradiated to a series of
doses in the range from 0.75 to 0.55 kJ/m?, using the Desaga
131200 lamp. The radiation-induced absorbtion spectra show
that the largest change in absorbance occurs at 554 nm wave-
length. Therefore, this wavelength was subsequntly used to
quantify the UV-induced changes in the film.

3.2. Dose response

In order to study the response of the B3 film to UV radia-
tion, irradiations were carried out using the Desaga 131200
lamp and the monochromatic filters to provide the required
irradiation wavelength. The UV irradiations were carried out
at exposure wavelengths of 254 +5, 298.8+5 and 366+5
nm. The change in absorbance of the irradiated film
(AA=A;—A,, where A, is the absorbance before irradiation
and A; is that after irradiation), were measured at 554 nm
wavelength as a function of UV incident energy. The recorded
variations in AAss, as a function of UV exposure energy at
different irradiation wavelengths are shown in Fig. 2. It is
observed that the response at all three irradiation wavelengths
is non-linear and tends to saturate at high doses. Statistical
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analysis of the results indicates that the radiation-induced

changes in the B3 film may be expressed by the following
general empirical relationship

K(A)D=0.031+0.074X + 7.74X% — 3.5%>
+3.24X* (r=0.99995), (1)

where K(A) is the wavelength response of the film normal-
ized to unity at an irradiation wavelength A =298.8, X rep-
resents the change in absorbance measured at 554 nm (A Ass,
(D,)A)) for a UV exposure energy D (kJ/m?) at wavelength
A. The expressions given by Eq. (1) are represented by the
full lines in Fig. 2. These curves agree fairly well with exper-
imental data points within 2.5% and so Eq. (1) may be used
to quantify the UV dose received by a B3 film for a given
AAsse.

3.3. Spectral sensitivity

The wavelength response of the B3 film was established
by applying a dose of 0.65 kJ/m? at various irradiation wave-
lengths in the range from 200 to 400 nm (3 films at each
wavelength) and the radiation-induced absorbance was
measured for all films at 554 nm wavelength (Ass4). The
relative responses K(A) were evaluated at each wavelength
by employing Eq. (1) and setting D equal to 0.65 kJ/m?.
The resulting K(A) values were normalized to unity at the
most effective irradiation wavelength (298.8 nm) and plotted
as a function of irradiation wavelengths Fig. 3. It can be seen
that the maximum sensitivity of the B3 film lies between 295
and 320 nm wavelength in the UV-B region, where most
significant adverse health effects of exposure to UV radiation
have been reported [16]. This region of the spectrum has a
relatively high penetrating power and can cause severe burns
of the eyes and skin. Although maximum sensitivity occurs
at 310 nm, there is still an easily measurable response at 254
and 366 nm. For wavelengths longer than 330 nm, extremly
long exposure times would be necessary in order to reach a
film response. It is clear from the work reported in this paper
that B3 film can be used down to shorter wavelengths. Our
results show that sensitivity at 254 nm is still useful, but when
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used at shorter wavelengths, careful filtering would be
required to exclude the much more reactive and longer wave-
lengths. Compared to the spectral sensitivity (action spec-
trum) of the well known polysulphone plastic film dosimeter
for biologically effective solar UV-B radiation [ 7], both films
show a similar action spectrum in the important wavelength
region between 295 and 315 nm, which is important for mon-
itoring devices designed for natural ultrviolet radiation (see
Fig. 4).

The principal limitation of the new dosimeter in the form
used here is its sensitivity which extends to wavelengths of
up to 340 nm, with a less sensitive region between 340 and
400 nm, where the biological effectiveness of UV radiation
is negligible at wavelengths above 315 nm. This difference
in spectral response can lead to significant errors in estimates
of the biologically effective UV-B dose when the B3 film is
used to monitor natural UV radiation, due to the rapid increase-
in the intensity of the solar spectrum between 315 and 350
nm. Similar effects have been reported for the polysulphone
dosimeter. In this case, the response of polysulphone was
related to erythermally effective UV-B radiant exposure by
carrying out correction calculations which involve estimates
of the action spectrum, the spectral sensitivity of polysul-
phone film and the relative spectral power distribution of
the incident radiation [6]. Similarly, the B3 film spectral
response bears a resemblance to the erythema action spec-
trum, although it does extend too far into the UV-A. However,
using appropriate filters in combination with the B3 film, the
relative sensitivity of the film (without UV-A sensitivity)
can be adjusted for erythema induction [17].

3.4. Post-irradiation stability

B3 films irradiated to a dose of 1.13 kJ/m? were stored
immediately after irradiation in the dark at a temperature of
~22.7 °C and relative humidity of 30.6% (normal laboratory
storage conditions). The films were read spectrophotometr-
ically at 554 nm and at different intervals of time during the
post-irradiation storage period of 200 h. They were found to
experience an increase in absorbance of ~ 6% by the end of
the storage period (see Fig. 5).
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Fig. 5. Post-irradiation stability of the B3 film. Films were given a UV dose
of 1.13 kJ/m? using UVP crosslinker CL-1000 UV lamp.

3.5. Assessment of uncertainties

The reproducibility of the measured (AAss,) of the films
exposed to the same UV irradiance was determined by con-
sidering two uncertainties. The first uncertainty is associated
with the measuring process and the second is concerned with
the measurements resulting from different films exposed to
the same UV irradiance.

The uncertainty associated with the measuring process was
detemined by taking into consideration multiple readings of
AAss, of the same film (a hundred readings per film). From
the data obtained, it was found that the average uncertainty
was 0.7%, reflecting the precision associated with a single
AAss, measurement. However, the percentage uncertainty
associated with the mean readings of different films exposed
1o the same dose varied from 0.6 to 2% with the mean of
1.3%. The combined effect of both errors was reflected by
the uncertainty of all the measured A Ass, values for all films
exposed to a given dose. The obtained combined percentage
uncertainties of A Ass, values after irradiation (3 films ateach
dose point) over the useful dose range was found to be
+2.2%. In other words, it can be said that the error associated
with a single measurement of any film that has been exposed
to radiation and the variations arising from the measuring
process, as well as those from the manufacturing of the film
material, were taken into consideration.

3.6. Application for monitoring environmental and
artificial UV radiation

In order to test the efficiency of the B3 film for measure-
ment of ultraviolet radiation emitted from artificial UV
sources, two sets of B3 films were exposed to increasing doses
of UV radiation from two different lamps. The first lamp was
a type commonly used in weather fastness (XENOTEST 150
S). In this UV source, solar and global radiation (out-door
sunlight) is simulated by xenon arc radiation (see UV spec-
tral disuribution, Fig. 6). The second lamp (CL-1000 Cros-
slinker), in which the irradiation wavelength was set to 302

F. Abdel Rehim et al. / Journal of Photochemistry and Photobiology A: Chemistry 101 (1996) 6367
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nm and the spectral emission of the lamp, according to the
manufacturer, is shown in Fig. 7.

B3 film sets were exposed to different irradiation doses of
UV radiation in the two lamps and the change of absorbance
(AAss,) was measured for each film at each dose. The irra-
diance and irradiation doses were measured using the RADI-
ALUX UV sensor (range 300400 nm). The obtained
responses of the B3 film are presented in Figs. 8 and 9 for
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XENOTEST and CL-1000 UV irradiations, respectively. The
results indicate that the B3 film shows a higher sensitivity to
the emitted UV radiation from the CL-1000 source compared
to the other UV source.The higher sensitivity of the B3 film
towards the spectral output of the CL-1000 can be explained
by the similarity of the spectral response of the B3 film and
the lamp emission spectrum (see Figs. 3 and 7). In fact,
determination of UV dose or irradiance is usually subject to
some degree of uncertainty, depending on both the UV
sources and UV detectors used for monitoring the output of
UV sources. Therefore, it is desirable to use a dosimeter
which matches the UV source emission spectrum.

4. Conclusion

Riso B3 thin plastic films (0.025 mm) prepared from pol-
yvinyl butyral and pararosaniline cyanide, as the radiation
sensitive element are investigated for UV radiation measure-
ment. When the colourless B3 films are exposed to UV radi-
ation between 200 and 400 nm wavelengths, they exhibit a
colour change to red and the optical absorption of the films
at 554 nm wavelength increases with the UV dose. The over-

all uncertainty associated with the measurement of dose
response of B3 film dosimeter at different UV doses over the
entire response range, when AAjs, values are calculated, was
found to be +2.2%. The dosimeter has a maximum sensitiv-
ity and suitability for use as a personal dosimeter for biolog-
ically effective solar UV-B and if suitably filtered it can
provide the bases for a UV film badge with many medical
and industrial applications in the UV-A and UV-C regions of
the spectrum.

References

[1] CIE70 International Commission on Mlumination, International
Lighting Vocabulary, 3rd Edn., Publication CIENo. 17 (E-1.1) (Paris:
CIE), 1970.

[2] B.E. Johnson, F. Daniels Jr. and 1.A. Magnus, in Photophysiology, 4
(1968) 139-202.

[3] K.W. Hausser, Strahlentherapie, 28, (1928) 25-44.

[4] Enviro tal UV radiation, prepared by the Services of the European
Commission, Directorate-General XII for Science, Research and
Development, The ENVIRONMENT R&D Programme, Sep. 1993.

[5] D. Morse, Civil Eng., 59 (1989) 64—66.

[6] B.L. Diffey, Br. J. Dermatol., 98 (178) 703-706.

[7) A. Davis, G.HW. Deane and B.L. Diffey, Nature (London), 261
(1976) 169-170.

{81 A. Davis, B.L. Diffey and T.K. Tate, J. Photochem. Photobio., 34
(1981) 283-286.

{91 S.A. Jackson, J. Biomed., 2 (1980) 63.

[10] B.L. Diffey, A. Davis, M. Johnson and T.R. Harmington, Br. J.
Dermatol., 97 (1977) 127-130.

[11] B.L. Diffey and A. Davis, Phys. Med. Biol., 23 (1978) 318-323.

[12] F. Abdel Rehim, M.M. Abdel-Aziz and A.M. El-Naggar, J.
Photochem. Photobiol. A: Chem., 56 (1991) 369-374.

[13] F. Abdel Rehim, A.S. Abdel-Gawad and A.A. Abdel-Fattah, J
Photochem. Photobiol. A: Chem., 64 (1992) 123-131.

[14] F. Abdel Rehim, S. Ebrahim and A.A. Abdel-Fattah, J. Photochem.
Photobiol. A: Chem., 73 (1993) 247-251.

[15] A. Miller, W. Batsberg and W. Karman, Radiat. Phys. Chem., 31
(1988) 491-496.

[16] H. Mosely, Non-Ionizing Radiation Microwaves, Ultravioletand Laser
Radiation (Medical Physics Handbooks 18), published under the
Adam Hilger Lmptint by Jop Publishing Ltd., 1988.

[17] LEE. Quintern, G. Homneck, U. Eschweiler and H. Bucker, J.
Photochem. Photobiol. 55 (1992) 389-395. :




Guide for Authors

Submission of Papers
Authors are requested to submit their manuscripts to

Editor-in-Chief: Dr. R. P. Wayne
Physical Chemistry Laboratory

South Parks Road

Oxford OX13Q2

UK

FAX: +44 (1865) 275410
INTERNET:WAYNE @ VAX.OX.AC.UK

Alternatively, authors in the USA and Canada may submit their
manuscripts to the North American Editor:

Professor R. P. Steer

Thorvaldson Building

University of Saskatchewan

110 Science Place

Saskatoon, SK

Canada S7N 5C9

FAX: + 1 (306) 966 4730
INTERNET:STEER@SASK.USASK.CA

Contributions are accepted on the understanding that authors have
obtained the necessary authority for publication. Submission of an
article is understoodto imply that the article is original and unpublished
and is not being considered for publication elsewhere. Upon accep-
tance of an article by the journal, the author(s) will be asked to transfer
the copyright of the article to the publisher. This transfer will ensure
the widest possible dissemination of information.

Language

Papers will be published in English.

Authors in Japan please note that information about how to have the
English of your paper checked corrected and improved (before
submission) is available from: Elsevier Science Japan, Editorial
Service, 1-9-15 Higashi Azabu, Minato-ku, Tokyo 106, Japan; Tel:
+81-3-5561-5032; Fax: +81-3-5561-5045; E-mail: KYF04037@
niftyserve.or.jp

Manuscript Preparation
Three copies of the manuscript should be submitted, in double-spaced
typing on pages of uniform size with a wide margin on the left. Some

flexibility of presentation will be allowed but authors are urged to
arrange the subject matter clearly under headings such as Introduc-
tion, Experimental details, Results, Discussion, etc. References
should be numbered consecutively (numerals in square brackets)
throughout the text and collected togetherin a reference list at the end
of the paper. Journal titles should be abbreviated according to the
Chemical Abstracts Service Source Index, 1970 edition, and supple-
ments. The abbreviated title should be followed by volume number,
year (in parentheses) and page number.

lllustrations

Line drawings and cyclic or aromatic formulae should be in a form
suitable for reproduction, drawn in Indian ink on drawing paper. They
should preferably all require the same degree of reduction, and should
be submitted on paper of the same size as, or smaller than, the main
text to prevent damage in transit. Photographs should be submitted
as clear black-and-white prints on glossy paper. Each illustration must
be clearly numbered. “Quantity calculus” notation should be used for
the labelling of the graph axes. Legends to the illustrations must be
submitted in a separate list. All tables and iliustrations should be
numbered consecutively and separately throughout the paper.

Offprints
Offprints can be ordered at prices shown on the offprint order form
which accompanies the proofs.

Further Information

All questions arising after acceptance of a paper, especially thoss
concerning proofs, should be directed to: Elsevier Editorial Services,
Mayfield House, 256 Banbury Road, Oxford OX2 7DH, UK. (Tel: +44
(1865) 314900, Fax: +44 (1865) 314990, Telex: 837966)

Abstracting Services

This journal is cited by the following Abstracting Services: Chemical
Abstracts, Current Contents — Physical, Chemical & Earth Sciences,
Engineering Index, Metals Abstracts, PASCAL/Centre National de la
Recherche Scientifique, Physics Abstracts, Physikalische Berichte,
Polymer Contents, Research Alert™, Science Citation Index.

Copyright © 1996 Elsevier Science S.A. All rights reserved.

1010-6030/96/$15.00

This journal and the individual contributions contained in it are protected by the copyright of Elsevier Science S.A., and the following terms and conditions apply to

their use:
Photacopying

Single photocopies of single articles may be made for personal use as allowed by national copyright laws. Permission of the publisher and payment of a fee is required
for all other photocopying, including muitiple or systematic copying, copying for advertising or promotional purposes, resale, and all forms of document delivery.
Special rates are available for educational institutions that wish to make photocopies for non-profit educational classroom use.

In the USA, users may clear permissions and make payment through the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, USA. In the
UK, users may clear permissions and make payment through the Copyright Licensing Agency Rapid Clearance Service (CLARCS), 90 Tottenham Cour Road,

London W1P OLP, UK. In other countries where a local copyright clearance centre exists, please contact it for information on required p

Derivative Works

ions and pay

Subscribers may repraduce tables of contents or prepare lists of articles including abstracts for internal circutation within their institutions. Permission of the publisher

is required for resale or distribution outside the institution.

Permission of the publisher is required for all other derivative works, including compilations and translations.

Electronic Storage

Permission of the publisher is required to store electronically any material contained in this journal, including any article or part of an article. Contact the publisher at

the address indicated.

Exceptas outlined above, no part of this publicationma y be reproduced, stored in a retrieval system or transmittedin any form orby any means, electronic, mechanical,
photocopying, recording or otherwise, without prior written permission of the publisher.

Disclaimers

No responsibility is assumed by the publisher for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from
any use or operation of any methods, products, instructions or ideas contained in the material herein.

Although ail advertising material is expected to conform to ethical (medical) standards, inclusion in this publication does not constitute a guarantee or endorsement
of the quality or value of such product or of the claims made of it by its manufacturer.

@ The paper used in this publication meets the requirements of ANSI/NISO Z39.48-1992 (Permanencs of Paper).

Printed in The Netherlands




