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Abstract

CGR MeV PROGRAM FOR WATER AND LIQUID SLUDGES TREATMENT WITH HIGH-ENERGY
ELECTRON BEAMS. - I - PRELIMINARY INVESTIGATIONS

Research on the application of High-energy electron beams treatment
to water and liquid sludges is described. Topics discussed include
limitations of conventional methods of water treatment, dosiraetry,
biological assays with Pleurodeles waltlii, radioactivity measurements,
chemical and bacteriological analysis.

I. INTRODUCTION

Fresh water consunption increases regularly with population growth

and industrial development. In technologically advanced countries

the average consumption is of 7000 litres per day an per inhabitant,

out of which 6500 litres are for agriculture and industry. Home

consumption in industrialized countries averages 200 to 300 litres

per inhabitant per day, but already the U.S. citizens use 600 litres

per day in some cities like LOS ANGELES. Forecasts for 1980 are based

on 1000 litres per inhabitant per day. More than anything else the

economic development results in an increase in water consumption.

Thus in developing countries vater consumption does not exceed

presently 50 litres, for the total domestic, agricultural and

industrial needs. It is obvious that tremendous increase in needs

vill appear in the near future. For example tlie Near East States

will' in the next ten years put sea-water desalting plants in

1 operation. It is estimated that in 1985 such facilities will be

able to deliver more than two billion 1 .res of desalted water each

! year.

However the increase in water polluLion is at least proportional

to the increase in consumption. Thus from 1968 to 1975 the quality

of vater taken upstreata of Paris, as measured by the taste assay,

has decreased by a factor in excess of 3, and in the same period,

the free chlorine appearance dose limit (break point) has increased

from 3.5. ppm to 7 (1).



Most states are conscious of the importance of the fresh water pollution problem.

From a technical point of. view the counter measures adopted are mainly based on

the use of chemical and biological purification means.

Generally speaking it appears that these conventional methods are limited by two

major difficulties :

- creation of new pollutions by chemical wastes rejection,

- resistance of pathogen germs protected by gangues of mud, spores and of several

• forms of kysts.

Moreover these treatments cannot eliminate the musty odour.

The purpose of this program, developed by CGR MeV, is to define a technology

using high-energy electron beams, which could be applied :

1. To the treatment of water for consumption, and also to hygienisation of

sewage water.

2. To the treatment of liquid sludges, so that it can be contemplated to

retrieve the organic matter thus cleaned of parasitic seeds and pathogenic

germs, for agricultural needs.

The use of high-energy electron beams appears as a complement, which can be essen-

tial, of chemical and biological treatments. It is however necessary to proceed

with a precise evaluation of what is implied by this type of procedure. In this

work, we present preliminary investigations on three points concerning fresh

water treatment :

- Is it possible that treated water induces perturbations in biological processes

where it is implied ?

- Are there any chemical modifications in the treated water ?

- Does the treatment insure sufficient reduction of pathogenic microorganisms ?

we shall also propose a first definition of the optimum doses to achieve this

last objective.



II. IRRADIATION EXPERIMENTS

The experiments have been.made with the industrial irradiator of the CAR1C

(Center for Application of Xonizing Radiation of Corbeville (SRTI). This irra-

diator delivers a uniform scanned beam of electrons over a width of 400 mm, with

an energy of 6 MeV maximum and speeds of passage of 0.12 to 12 metres/mn. By

adjustment of parameters it is possible to irradiate from less than 100 krads up

to 5 Mrads for each passage.

The irradiation monitoring is obtained by either of two techniques :

- Calibration of the machine through the use of a calorimeter,

- Dosimetry on-samples, based on the use of incorporated dosimeter films.

The optical density variation allows not only the measurement of Uhe

average delivered dose, but also the surface dose, the maximum and minimum

doses. Details on these measurements can be found in Appendix "A".

The tests were performed at 6 MeV at the following selected levels :

at 140 Hz repetition rate

at 450 Hz repetition rate

The machine has been calibrated with the calorimeter

a) before the experiments

b) half-way in the experiments, at the 500 krads level, when the machine is

switched from 140 to 450 Hz repetition rate, as it is possible to check good

correspondance between the two series,

c) at the end of the experiments.

The film dosimetry measurements were performed at the same time than the last

calorimeter measurements. In table I are summarized the results of the measu-

rements of dose variation inside the samples.
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T A B L E I

Summary of doses delivered to the water samples (Megarads)

requested
dose

Average
dose
Dm

At 450 pulses per second

0.5

1

2

At SAO pulses p

0.5

0.2

O.I

0.54

1.08

• 2.17

er second

0.56

• 0.22

0.11

Surface
dose
Ds

0.46

0.92

1.85

0.48

0.19

0.095

Maximum
dose

135% Ds

0.62

1.25

2.50

0.65

0.26

0.13

Minimum
dose

80% Ds

0.37

0.74

1 .48

0.38

0.15

0.07

Five different varieties of samples were submitted to the irradiation :

- City water samples 1 taken in Laboratoire de Biologie du Developpcment de

-Aquariua spoiled water.) l'Universite R. Descartes (Faculte de Medecine de Paris.

- Samples of different chemical compositions delivered by the service de controle

of the City of Paris Waterworks),

- Samples of bacteriological preparations delivered by the same service (4

different preparations),

- Samples for the measurement of radioactivity.

Table II summarizes the diverse irradiations performed. For each variety there

are always two reference samples submitted to all the different processes but

irradiation.



T A B L E I I

S U M M A R Y O F I R R A D I A T I O N S

.E-

Origin of Water

Total volume irradiated in
each test and distribution
for investigation

Sequence of operations by
code numbers

Accelerator adjustments I
Preliminary dosimetry i
First samples {

Calorimeter calibration 140pps

0.1 Mrad

0.2 Mrad

0.5 Mrad

Cal.Calibration control 140pps

Calorimeter calibration 45Opps

0.5 Mrad

1 Mrad

.2 Mrad

Cal.Calibration control 45Opps

Film dosimetry 140 pps

Second samples handling for
reference

I. City Water

4 litres
2 1 biology
I.51 chemistry
0.51 bacteriology

G I

E I

C 1

D I

A I

F I

B I

H I

II. Aquarium water

4 litres
2 1 biology
1.51 chemistry
0.51 bacteriol.

G II

E II

C II

D II

A II

F II

B II

H II

Chemical preparations
ITIa . Illb

2 litres

chemistry

G Ilia

C Ilia

F Ilia

-

2 .litres

chemistry

G Illb

C Illb

F Illb

Bacter
IVa

0.5 1

GIVa

CIVa

FIVa

Lologi
IVb

0.51

Bactei

GIVb

CIVb

FIVb

cal P
IVc

0.51

•iolog

GIVc

CIVc

FIVc

repnrat.
IVd

0.5 1

y

GlVd

ClVd

FlVd

CITY WATER

2 litres
Radioactivity
Measurements

G

B

H

i



All samples irradiated passed under the irradiatior head in flat pyrnx glass

tanks filled with 0.5 litres, the thickness of the irradiated water being close.
y

to 1 cm (1 g/cm ).

These tanks of 20 cm depth were covered with aluminium foil during handling

and irradiation.

The samples were returned 24 hours after irradiation to the different labora-

tories where are simultaneously performed the biological, chemical, bacteriolo-

gical and radioactive studies.

This 24 hour time lag was selected as it corresponds to an average city water

distribution time.-

The samples were identified by code numbers in order that the irradiation dose

received by each sample was unknown by the experimenters, according to their

request.

III. BIOLOGICAL AilALYGIS

III.1. "Triton" test. Experimental principle

To evaluate from a biological point of view eventual modifications of

water after irradiation, p. test has boen devised on the embryological

development of an urodele amphibian : Pleurodcles ualtlii (Michahellon).

The rationale for this choice is :

111.1.1. Embryo development is a biologic process very sensitive to

modifications of the environment. With amphibians it takes place entirely

in water.

Experimental modifications of the constitution of the medium where the

embryo development takes place results in aberrations in its morphoge-

nesis (2).

111.1.2. The steps and timing of the embryo development are known with

precision for P. ya1tlii (3). Moreover the specie caryotype has boon

established and the caryologic examination can be performed in the

early larval stages. Chromosomic aberrations resulting from experimental

irradiation of the 2gg can be detected early (4) (5).



Proteinogram of larvae has been investigated (6) (7).

I I I . 1.3. The egg of P. waltlii is a favorable material for nuclear ;;r;i£ts

(8). With this method, populations can be obtained, made up of isogenic

individuals (9). Such p o p u l a t i o n s c o n s t i t u t e d by g e n e t i c a l l y

s imi lar members are p a r t i c u l a r l y use fu l for compara t ive of

the e f f e c t s of the medium, (appendix B) .

III.2. Materials and methods

III .2 .1 . Origin_of_the selected_strain

The 228 eggs and embryos used in our experiments are very close to be

isogenic. They were taken out of the eggs laid by a neo-female (genetic

male with inversed sex) impregnated by an isogenic male of the same

clonal population in i t ia l ly obtained by nuclear graft (Jo) (Fig. 1 and 2)

I t can be expected of such individuals coming out of a true self-impre-

gnation a uniform reaction from eventual modifications of the medium.

CONSTITUTION OF

AN ISOGENIC (CLOHJU)

POPULATION fOR

THE STUOYOF WATCH

IONISATION EFFECTS

ON OEVELOF>MENT

ANO GENETIC

MALE ANO NEO.FEMALE

(AUTOFECONOATIOH)

GENETIC ^ NO EFFECT
TANNING OFCHOBION



111.2.2 Water_samgl.es_tested

Origin of water : Sample I City water

II Spoiled aquarium water

IDW Distilled water

IDS City water.+ 0,35 % Na Cl

111.2.3 Ex2erimental_schedule

The test: were performed in a sterile room at a temperature

of 16° C. The water of 19 samples (4 of which as reference)

is poured in sterile cupels. Three series of operations

are performed : • " •

a) Series S

When the P. waltlii eggs are laid they are surrounded by

two layers of mucopolysacharridic nature : the external

layer named gangue and the internal layer named chorion

which is tightly tied to the egg. In the S. series the

eggs are freed from their gangue, but no from their chorion.

Five eggs in the initial stages' of their development

(unsegmented, 2 or 4 bias toneres) are put in each cupel.
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b) Series S

In this series five eggs without gangue selected in the aged blas-

tula stage (st. 7) or in the early gastrula (st. 8) are put in each

cupel.

c) Series S

In this series the eggs without their gangue and ahovion are put in

their aged blastula stage (st. 7) in the water samples to be tested

(2 eggs in each cupel).

The embryos follow their development up to the hatching stage (St.34)

in the same water.'They are twice a day submitted to an examination

of their development and compared to the typical development of their

specie (3). After hatching the larvae are transferred in city water

Where they pursue their growth.

III.3. Results

111.3.1. Reference_samp_les

The development of S , S, and S_ embryos in the reference water samples

IG, IIG: IH, IIH is in agreement with the sequence defined for their spe-

cies. At birth their average length is 10.5 mm. The death rate is low

(1/24) which corresponds to the lethality usually observed among

P, Waltlii eggs.

Reference I DW and I SW

- I DW - In distilled water the S., S. and S. embryos development is

not normal. It is slow, the embryos exhibit a heart oedema at stage

32 and die shortly after hatching.

- I SW - In Na Cl (0,35 %) water solutions, embryos S and S exhibit

early an anomalous morphogenesis (cxogastrulation), their development

is interrupted. The S. embryos also exhibit misformations, but these

are less conspicuous and allow survival up to birth.

111.3.2. Treated s.-ircnlcs

a) Morphofifr.esis

No morphogenelic anomaly is observed in S-, So or S. embryos dove-
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loping in treated water samples. The timing of development, the

length at birth, the death rate are the same for the treated samples

and for the G, I, II and 11 I, II reference (death rate below 4/100).

b) Tanning of the chorion

The chorion is a protective layer of mucopoJysaccharidic nature

closely surrounding the egg when laid.

In normal condition the embryos get rid at the same time of the cho-

rion and the gangue at stage 34 (hatching), For the embryos free of

their gangue the chorion ruptures earlier. For Sj and S_ embryos

(without gangue) put in reference samples I_, II,,, I,., II,. arid in
u Ij ti tl

sample I ., , the chorion ruptures between stages 22 and 24. The

chorion of t"he embryos in the other water samples exhibit a tanning

effect, it becomes more resistant and less plastic. In samples I and

II, E, C, D, A, F, B and Ic,, the chorion ruptures late between stages
On

26 and 28. •

III.3.3.

The caryotype of the 18 embryos (st. 30) of groups S., S_ and S., have

been analyzed. These embryos underwent all their development in water

samples irradiated at doses from 100 krads up to 2 Mrads :

S, - IIE, IIC, IID,. IIA, IIF. IIB

52 ~ IE ' lC ' ID ' TA ' TF ' * B

53 - I JE' " c U D > XIA' T IF' I XB

The diploid number of the P. Ualtlii specie is 24 chromosomes. The

examination of the metnphasic plates has not revealed any phenomena of

polyploidy or anenpioidy. No chromosomic aberration has been observed.

III.3.4. TotalJ^roteiinogram

Electrophoretic analysis in a polyacrylamide gel were made for two pro-

tcic. pools obtained, the first one from 3 ci:\>ryos grown in •.•.•;• u-r s .!;•: o

irradiated at 2 Mrads (S, , lv, S,,, T S_, I,.), the second one of 3

Reference isoj;enic embryos grown in city water (I_). The comparison of
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the two proteinograms shows that the two proteinic pools are identical

within the limits of sensitivity of the method used. No genetic

mutation has been observed in the embryos subjected to the experience.

III.4. Conclusions

. II1.4.1. Comparison of the results of the experiments on reference

samples I, II and I, II on one side and and I g w on the other side,

shows that the experimental method used is valid : a chemical modifica-

tion of the medium can lead to important abnormalities in the embryos

morphogenesis.

III.4.-2 Treating water by irradiation (from 100 krads to 2 Mrads) does

not lead to any modification capable of triggering a perturbation in the

embryo development of P. waltlii- Of main interest is the fact that no

caryotype aberration and no mutagenic effect were detected at the level

of the proteinograms in the embryos grown troughout in water samples

treated by irradiation.

III.4.3 Chemical modification may how. ver be responsible for the

"tanning" effect observed on the egg chorion. A similar effect is obtai-

ned when the egg is placed in contact with an Na Cl (0.35 X) solution

(samples of group 1^) .

IV. RADIOACTIVITY MEASUREMENTS

The radioactivity measurements performed on the reference I_ and I and on the

samples treated by irradiation have yielded negative results in all cases

(Table III). No significant increase in radioactivity is shown after treatment.

T A B L E III

(3 activity after irradiation

Samples

Control G.

Control H

2 Mrad B

Total activity

2 ± 0,5 (> Ci/1

2 i 0,5 t CI/1

2,5 i 0,5 p Ci/l
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V. CHEMICAL ANALYSIS (See Appendix C)

V. 1 . pH measurements'

No significant variation has been observed after treatment.

V.2. Nitrite ions concentration

V.2.1. The contrentation of nitrite ions increases in the treated water.

Reference : I. = 0 II_ = 0,60 tng/1

maximum concentration from 100 krads : 4 mg/1 for all irradiated samples.

Nitrite ions might in fact- be formed by the ionizing action of the

electron-beam on air nitrogen, as a complementary test on water sealed in

a glass tube with only 1 ml of air has yielded lower nitrite formation

(1 mg/1 instead of !t mg/l). However this point shall be carefully

analysed in further experiments.

V.2.2.. The consequent reducing effect increases the oxydability with

potassium permanganate.

V.3. Concentration in nitrate, ammonium and phospato ions

For these elements the results of analysis depend on the origin of the

samples : city water, aquarium water containing organic matter of animal

origin, rich in amine and phosphor derivatives.

V.3.1 . Citv_water

The nitrate ion concentration decreases in the irradiated samples.

V.3.2. Acjuarium_water

The nitrate, ammonium and phosphate ion concentration increases by des-

truction of the organic matter and liberation of the ions after decomplt-

xation by the effect of irradiation.

V.4. 0l\\cr ok-wi-nts

The other elements which were investigated : Cl , So, , F~, Ca , Mg
+ + **

Na , K , Fe, Sio_ do not show any modification after irradiation.
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V.5. Conclusion

The irradiation in presence of air gives minor chemical modification of

the treated water.

The main effect is an increase in the nitrite ion concentration.

VI. BACTERIOLOGICAL ANALYSIS

VI.1 Numbering of the total aerobic germs

The first study concerns the germs actually contained in the water samples

(Aquarium and City water) submitted to treatment. Generaly speaking, the

low counts of these germs makes it difficult to determine a usual

"inactivation rate" in the water samples. Two types o.f microorganisms 'ire

however considered :

- Germs developing at 20° C :

Aquarium water samples are really "infested" when examined before treat-

ment (30 to 60 per 0,001 ml). City water samples show low counts

(some tens to some hundreds per rnilliliter).

- Germs developing at 37° C :

Aquarium water sar.ples show low counts before treatment (2OO-2+OO per

milliliter) , no significant counts can be made in City water samples.

After examining treated samples the general conclusion is that doses

between 100 to 200 krads are sufficient to insure "total" destruction

of the germs developing at 20° C. In fact "total" destruction means reduc-

tion to such a level that no germ is detectable in 1 ml. For the same

doses the reduction among germs developing at 37° C is very important,

"total" destruction is insured between 200 and 500 krads.

VI.2 Ionization of pure bacterial suspensions

In order to get more .i.eaningi'ui informations, three bacterial strii;:.-

tained from polluted water were selected arid grown under classical
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laboratory conditions :

Escheriahia coli

Klebsiella pnaumoniae

Streptococcus facoalis

Small quantities of those cultures were suspended in City water samples,

which had been previously sterilized (120° C - 1*5 mn). The starting counts

within control samples were :

- E. coli : 10s/ml

K. pneumoniae : 3.1O5/ml

S. Faecalis ' : 7-1O3/nil

Treatment of the samples was operated at 200 krads and 1 Mrad (Table IV)

T A B L E I V

Ioniz^tion of pure bacteria] suspensions

Sample

Control

200 krads

1 Mrad

Bacteria per ral

E. coli

106

0

0

K.pneumoniae

3.105

0

0

5. faecalis

7.1O3

5

0

It appears that a maximum 200 krads dose leads to the complete destruction

of the enterobaottrria under stujy (E1. coli and K. pneumoniae) and a signi-

ficant. 70, ?3 f> red jction of fV-ece.~ s'.roptococci. (S. fa".aal'!p.) of v:!>

knov/n better resistance to conventions] bnctericide agents.
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VI.3 Ionization of a secundary effluent

The sample submitted to ionisation is an effluent of the experimental

epuration station of Colombes (City of Paris waterworks) This effluent

has been submitted to a secundary treatment by activated sludges. It was

picked up two days before being exposed to high-energy electron beams,

and stored for that time at k° C.

The following .test-germs of faecal contamination have been researched :

- Total coliforms obtained on Chapman medium (modified by Buttiaux) at .

kh° C.

- Faecal coliforms obtained on Chapman medium (modified by Buttiaux) at

kh° 0.

- Faecal streptococci obtained on Slanetz medium

- Spores of sulfito-reductor clostridium obtained by the Wilson-Blair

method (modified by Dienert).

The treatment has been operated at 200 krads and 1 Mrad :

T A B L E V

Results of ionisation of a. secundary effluent

Samples

Control

200 krad

] Mrad

Bacteria per 100 ml

Coliforns
Total

l,3.106

0

0

faecal

0,8.106

0

0

Faecal
Streptococci

Jt.1O5

6.1O3

0

Spores of
elostridiun

5.1O3

1,5-1O3

15
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Coliforms, which belong to the enterob&ftiieria family are deotructed at

200 krads, as in the preceeding test.

At the' same dose the reduction observed concerning faecal streptococcis

(98,5 7,) is slightly different from the preceeding results (99,93 Z) but

we still observe a total destruction for I Mrad.

Clostridiura spores are more resistant ; the reduction ranges 70 % at

200 krads, it is of 99,7 % at 1 Mrad. However additional studies will be

made to confirm this observation and explore intermediate doses effect.

VI.h Conclusion

The result of the above analysis confirm former investigations (11 to 17) :

The treatment by high-energy electron beam procures a vay to sterilize water

polluted by bacterial agents.

For waters heavily polluted by bacterial agents, and without any chemical

treatment a convenient irradiation dose would probabely be 200 krads.

Considering the origine of the water, its rate of pollution and the inteniei

use of the treated water this dose can be modulated from below 100 krads

to more than 500 krads.

VII. DISCUSSION

This preliminary investigation has the particularity of using several different

methods of analysis, which independently verify each parameter in the experiment.

The convergence of the results should be empnasized.

VII.1 Sterilisation

It is apparent that in the conditions of the experiment, and for bacterial

agents only, the use of high-energy electron beams insure a sufficient

sterilisation of heavily polluted liquids.
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VII.2 Chemical modification

At the levels which have been explored (]00 krads to 2 Mrad) only minor

chemical modifications of the treated water are observed,

VII,3 Effect of treatment on biological processes

The treatment has no effect on a biological precess which is extremely

sensitive to modifications of the medium. The simultaneous negative results

of induced radioactivity measurements, and the absence of routagenic effects

in the samples treated by irradiation are noteworthy.

Moreover the results of the biological and chemical analysis show the

wide safety margin in the treatment. Doses of 2 Mr ads do not increase ar.y

of the secundary effects which can be observed at 100 krads. Thus the

selection of the dose depends only of the sterilization threshold objectives

according to the contemplated application, and economical considerations.

The second phase of the CGR MeV program will now consider effects of the high-

energy electron beams treatment on the following points :

1. Elimination of the musty odours transmitted to water by algae or

actinomyeetes metabolites.

2. Destruction of parasites (specially under protective forms.).

3. Destruction o? viruses, (with special attention to eventual isutagenic

effects).

It. Destruction of seeds (with special attention to eventual mutagenic effects).

5. Filtrability of raw or digested sludges.

The treatment will be applied to water submitted to organic pollution,

chemically-polluted water, sludges and their effluents. Special attention

shall be given to precise dosimetry methods.
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VIII COh 'SION

The possibility of using plenty of cheap water has been for many countries an

important contribution to their development at the beginning of the industrial

era. In parallel a new phenomena has appeared : the increasing pollution of the

water in use.

The late and insufficient consciouness of the consequences of pollution put

the .industrial countries in front of a new situation : water for domestic,

industrial and agricultural consumption is becoming expensive, and, insofar

as it is compulsory to get rid of the pollution, there is no more plenty of it.

The industrialized countries and the developing countries which will have to

industrially produce the water they need have to face the same problem :

to procure the "useful" water and save as much as possible of it by recycling

it in the best possible conditions.

It can be said also that generally speaking the conventional treatment methods

(particularly chemical methods) are themselves producing polluting wastes, and

the amount of available water decreases at each cycle.

Water treatment by irradiation is a new solution which can be used alone or

as a complement of light conventional treatments ; capable of stopping the

increasing pollution cycle in industrial countries, and of avoiding entering

into this cycle for developing countries.

Morevoer the irradiation treatment appears as much more satisfactory from

the biological point of view, than all the chemical treatment whose cumulated

effects are a great ecologic hazard.



A I

- A P P E N D I X A -

Report 706972 of Societe de Recherches Techniques et

Industrielles (S.R.T.I.) on conditions of irradiation

of water samples

(Translation)

1. Preliminary dosimetry measurements of 11.24,75

1.1. Required doses

0.1 - 0.2 - 0,5 - 1.0 - 2.0 Mrads.

1.2. Accelerator adjustments and beam characteristics used

With the available conveyor belt speeds of 0.12 to 12 m./mn the range

of required doses can be obtained only with two different accelerator

adjustment settings :

- First series for 0.5 , 1.0 and 2.0 Mrads

Klystron voltage 174 kV filament setting 1.2 rep. rate 450 Hz

measured electron beam characteristics :

. average power 7.45 kW

. average beam current 1.2 niA

. energy • • 6.2 MeV

- Second series for 0.1, 0.2 and 0.5 Mrad

Klystron voltage 174 kV filament setting 1.2 rep. rate 140 Hz

Beam characteristics extrapolated from frequency variation :

. average power "V 2.3 kW

. average beam current 'v 0,37 mA

. energy ^ 6 . 2 MeV

1.3. Preliminary dosimetry methods

- Plotting of dose vs_belt S2£ed_characterij>tics

For the two different accelerator settings the average dose in 1 g/cm2

is measured in calorimeters made of insulated cupels containing 1 cm

thickness of water with a temperature probe.

The temperature coefficient is 3° C/ Mrad.
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A 2

The slope of the characteristic line gives a coefficient :

Km = Dm. V (Dm = average dose in 1 g/cm2

- Surface dose evaluation

By integration of the electron penetration characteristics at 6.2 MeV

•it is possible to compute the ratio between the average dose in 1 cm of

water or 1 g/ cm2 and the surface dose. The result is :

Ds = 0.85 Dm or Ks = 0.85 Km.

- Sjjeed of belt for a given surface dose

1.4. Measurement results

At the repetition rate of 450 Hz

Speed
metres/mn

5.00 •

2.50

1.25

0.85

Inverse
mn/metre

0.20

0.40

0.80

1.J8

Average
dose

0.58
0.55

1.12
1.12

2.29
2.33

3.33
3.33

Surface
dose

0.50
0.47

0.95
0.95

1.95
1.98

2.83
2.83

Coefficients speed/dose

Km = 2.85

Ks = 0.85 x 2.85 = 2.42

Speeds for the required doses

Ds 0.5 Mrad
1.0
2.0

V = 4.84 metres/ran
2.42
1.21
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At the repetition rate of 140 Hz

Speed
metres/inn

1 .60

0.80

0.40

0.30

Inverse
mil/metre

0.62

1.25

2.50

3.33

Average
dose

0.59
0.59

1.21
1.16

2.33
2.33

3.17
3.10

Surface
dose

0.50
0.50

0.98
1 .03

1.98
1.98

2.63
2.70

Coefficients speed/dose

Km =

Ks =

0.94

0.85 x 0.94 = 0.80

Speeds for the required doses

Ds 0.5 Mrad
0.2
0.1

V iji/mn = 1.60 metres/inn
4.00
8.00

The Km coefficients were derived from the D vs 1/V characteristics

drawn from the dose values of these tables (see figure).

2. Irradiation of water samples of 11/27/75

The water samples to be irradiated of about 500 cc were contained in rectan-

gular glass tanks of approximately 35 x 15 x 20 cm, filled with water to a

height of approximately 1 cm (lg/cm2).

Metallic boxes containing each two glass tanks covered with aluminium foil

were used for transfer under the electron beam.

2.. 1'. Method of irradiation

The different operations were performed as follows :
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9 H 05 - Accelerator not in operation. Passage o£ reference samples.

9 H 37 - Adjustment of accelerator at 140 Hz

- Dosimetry measurements with calorimeters

. dose selected 1.0 Mrad - Speed 0.8 m/mn (Ks = 0.80)

. measured doses Dm 1.10 - 1.11

Ds 0.94 - 0.94

- Irradiation of series 0.1 Mrad V = 8 m/inn

- Irradiation of series 0.2 Mrad V = 4 ni/mn

- Irradiation of series 0.5 Mrad V = 1.60 m/mn

- Dosimetry control at the end of the irradiation :

. measured doses Dm 1.09 - 1.10

Ds 0.94 - 0.94

10 H 45 - Adjustment of accelerator at 450 Hz

- Dosimetry measurements with calorimeters

, dose selected 1.0 Mrad - Speed 2.45 m/mn (Ks = 2.42)

. measured r^scs Dm 1.22 - 1.14

Ds 1.03 - C.97

- Irradiation of series 0.5 Mrad V = 4.90 m/mn

- Irradiation of scries 1 Mrad V = 2.45 m/mn

- Irradiation of series 2 Mrads V = 1.20 m/nin

- Dosimetry control at the end of the irradiation :

. dose selected 2 Mrad V = 1.20 m/mn

. measured doses Dm 2.18.-2.22

Ds 1.81 - 1.88

- At the same time than the calorimeters were irradiated, irradiation

of a tank with 500 cc of water with films glued at the bottom, to

test the radiation penetration.

11 H 45 - Adjustment of accelerator at 140 Hz to repeat the penetration test

performed at 450 Hz

. dose selected 2 Mrads V = 0.4 m/mn (Ks = 0.80)

12 H 05 - End of accelerator operation

- Passage of second series of reference samples

12 H 20 - End of operation.
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2.2. Results of film dosimetry

The films used to measure the penetration were put at the bottom of

the tank under the water to be irradiated.

A films - in the center

B films - along one side.

- Results_at_45O_Hz

For a surface dose Ds measured between 1.8 and 1.9 Mrads

A Films - doses between 2.4 and 2.6 Mrads = 135 % Ds

B Films - doss between 1.4 and 1.6 Mrads = 80 % Ds

The A films confirm the maximum dose to be obtained under approximately

1 cm of water for an electron energy of 6 MeV.

But for the B films it cannot be because of a thicker water layer that

80 % were obtained, as this corresponds to 2 cm of water, and it shows

that the tank sides give a shadow effect on a width of about 1 cm.

- Results at 140 Hz

For a surface dose of 1.9 Mrads measured

A films - doses between 2.4 and 2.6 Mrads

B films - doses between 1.4 and 1.6 Mrads

Same conclusions.

130 % Ds

80 1 Ds

3. Summary table of doses delivered to the water samples

450 Hz

Average dose
Dm

0.54

1.08

2.17

Surface dose
Ds

0.46

0.92

1.85

Maximum dose

135 % Ds

0.62

1.25

2.50

Minimum dose
80 % Ds

0.37

0.74

1.48



140 Hz
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Average dose
Dm

0.56

0.22

0.11

Surface dose
Ds

0.48

0.19

0.095

Maximum dose
135 % Ds •

0.65

0.26

.0.13

Minimum dose
80 % Ds

0.38

0.15

0.07

' MSo Hc

. • • • • - ^ / ] * ; • •

.L_: &O&
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