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AND BETA CONTAMINATION.

I. Ö. Andersson, J. Braun and B. Söderlund.

Summary:

An instrument is described which measures a and (3 contamination of

the hands simultaneously. This has been achieved by using as detectors

8 flow counters paired in 4 units of two chambers, one unit for each side

of the hand. The inner chamber of every unit (adjacent to the hands) de-

livers a-pulses, the outer chambers deliver (3-pulses. When two finger

contacts are pushed the detectors are closing around the hands and the

measurement is started. Audible and visual warnings operate when the

MPL is exceeded. Similar warnings ope.rate if hands are removed before

the end of the counting period. The activity levels are logarithmically

indicated on fou.r pointer instruments, which are automatically zeroed

when the next measurement is started. The instrument is now commer-

cially available.
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Hand Monitor for Simultaneous Measurement of Alpha and Beta Contamination.

1. Pxxrpose of the instrument.

As a consequence of the rapid expansion of nuclear applications many-

people are normally in daily contact with radioactive materials. The resul-

ting contamination hazards have increased the demand for an extensive health

physics control. One step towards meeting this demand is to facilitate the

detection of possible a - |3 contamination of the hands in a rapid and routine

fashion. The hand monitor which has been designed measures a and (3 si-

multaneously over period of 6 sec.

2. General description.

The instrument is enclosed in a cabinet intended for standard 19"

panels (fig. 1). The main units starting from the top of fig. 1 are: Indicator

panel, four log. piilse rate meters, detector unit, high voltage and low

voltage power supply. Furthermore, the cabinet contains the gas supply

for the detectors (fig. 2) which consist of four pairs of vertically placed

rectangular flow counters. The front of the detector unit has four lamps and

one button as follows:

Green White Yellow Red

Start counting Counting Erroneous Tolerance Reset

in progress counting level exceeded

The measuring procedure is as follow.s: The hands are inserted into

openings in the front panel of the detector unit. A pair of bottom contacts

are now pushed in as far as possible with the tips of the middle fingers.

Both hands must be kept in this position during the counting period (6 sec ) .

When both contacts are closed the green lamp switches off, the instrument

is reset and the counters enclose the hands with a weak pressure. The white



lamp marked "counting in progress" lights up and the instruments record

the pulse rate during the counting period. The final deflection remains on

the instruments until reset for the next count. At the end of the counting

period the detectors are pulled apart and the green lamp lights again. If

during "counting in progress'1 one or both contacts are released, the coun-

ting is interrupted immediately, the detectors go back to their initial po-

sitions and the yellow lamp "erroneous counting" lights. In this case, a

reset to "ready for counting" must be made to start a new measurement.

This is done by pushing the reset button on the front panel of the detector

unit. When the deflections of the pointers pass 1 MPL (Max, permissible

level) a red signal lamp "tolerance level exceeded" lights and a buzzer

sounds. The reset is made in this case, as well, by pushing the reset

button.

3. Detector design.

Simultaneous a and (3 detection combined with high sensitivity has been

achieved by using 8 flow counters (99 % methane) paired in units of two,

one unit for each side of the hands (fig. 5).

The four a sensitive flow counters (fig. 6) adjacent to the hands are

supplied with a thin (1 mg/cm ) mylar window, protected by a grid. The

same type of window is used as a boundary between the a-chamber ar.d the

adjacent, mechanically equivalent, (3-chamber, which has its own anode

system. One a and one (3 chamber make up a complete unit for simultaneous

a - p measurement of one side of the hand.

The frames are made of aluminium rods, which are screwed and

glued together. To avoid point discharges all inside surfaces are machined

to a tolerance of less than 10 [A.

The anode systems in both chambers consist of three elastically

supported 0. 03 mm tungsten wires, first mounted between two teflon

rods in a special frame (fig. 7) which can then be inserted into the outer

aluminium frame. The three wires are fastened together in one end and

connected to a high voltage contact.



The two chambers are screwed and glued together with epoxy resin

(trade name Araldit). The mylar film between the a- and (3-frames is

stretched since one frame is eqixipped with a bar which fits into a groove

in the other chamber. Complete sealing is ensured by using Araldit around

the joint. This is shown in fig. 8 where also the method of stretching the

a-window is indicated.

Gas transfer between chambers takes place internally through a

drilled hole. The nipples for inlet and outlet of counting gas are recessed

so that the detector can easily be removed from its position in the de-

tector unit.

4. Detector properties.

The gas in the a-chamber becomes ionized by both a- and j3-particles.

The a-radiation will, however, in contrast to the (3-radiation not reach the

adjacent chamber. The applied high voltage is different in the two chambers

so that the gas amplification in the first chamber is suitable for a-detection

and the latter for ^-detection. Ionization by p-radiation in the a-part will

not produce detectable pulses.

The high voltage characteristics of the detectors are shown in fig. 9

and 10. For the a-part, the plateau length is « 1500 V extending from the

threshold at 2100 V to 3600 V. The slope of the plateau was below 0, 5 %/l0O V

for the 10 detectors investigated. For both detectors the working point has

been chosen about 250 V above the threshold value, i.e. 2350 V for a. The

corresponding figures for the (3-part are plateau length <& 450 V, threshold

voltage 3100 V, working point 3350 V and slope of plateau 0. 6 %/l00 V.

An investigation of the sensitivity distribution across the detector

surface has been made (fig. 11, 12). The sensitivity decreased by « 10 %



for a and «» 20 % for (3 at 1 cm from the long sides of the outer frame (edge

of the window).

The efficiency of the detector at the working point may be defined in

two different ways:

a) the ratio between the number of pulses per sec. obtained-from the

detector and the number of pulses per sec. obtained in a ideal 2 ir - counter.

b) the ratio between the nvtmber of pxilses per sec. obtained from the

detector and the number of decays per sec. per hand. This definition is

of importance in connection with alarm levels and includes assumptions

about the distribution of activity in the hands, back scattering and so on.

The first ratio a) is called the natural efficiency of the detector. An

average value of this efficiency for 10 detectors has been 68 % for a ar;d

51 % for p. The values are measured with samples placed at the center of

the mylar window. The test samples are thin sources spread over steel

planchettes with a diameter of 30 mm. The efficiency has in all cases been

determined with the protective grid in place.

The natural efficiency has al.so been determined when the distribution
-

of the activity over the surface corresponding to the size of a palm ,<•* 185 cm

is taken into consideration. The efficiencies obtained in this case are for

a 62 % and for |3 45 %. These values are later used in section 5 in the. de-

termination of the efficiency according to b).

] 37
The (3-emitters used in the efficiency determinations are: Cs' ,

s .
rn,204 _ 90 v 90 . e35 _ 210 , TT235 , . ,
Tl , Sr - Y and S . Po and U have been used as a-source

35The efficiency a) in the case of S , which is a weak 0-emitter (E 0. 16? MeV),1 • s max '
is reduced to 30 %.



The counting p rope r t i e s and thus the efficiency is very sensi t ive to 

the gas flow if this falls below a cer ta in value. The minimum acceptable 
•3 

value for the flow of the gas is 0. 7 cm / m i n . and detec tor . 

The gas consumption is usually determined by the diffusion of e l ec t ro 

negative gases (oxygen and water vapor) through the outer myla r film, which 

mus t be ex t remely thin ( «» 1 m g / c m ) because of the shor t range of the 

a - p a r t i c l e s . Investigations, c a r r i ed out with oxygen mixed with the counting 

gas in different propor t ions have confirmed our calculations of the connec

tion between diffusion of electronegat ive gases and pulse height. As an 

example, i t .can be mentioned that with 0.6 % oxygen in the counting gas (CH.) 

the pulse height is reduced by 15 % on the average . With a gas flow of 
o 

0. 7 cm / s e c . the oxygen content in the detector was found to be 0. 5 %. 

5. Maximum pe rmi s s ib l e l eve l s . 

The MPL for a-act ivi ty on the hands has been chosen as 10~ (ac/hand. 

The activity is considered to be distr ibuted uniformly to a depth equal to the 

range of the a -pa r t i c l e s (4 .5 m g / c m ). Under these conditions the efficiency 

for detection of an a-dis in tegra t ion on the hands is 13 %. This value has 

been calculated from the m e a s u r e d efficiency with a thin source (section 4). 

M P L then gives 5 cps . As the background is 0. 15 cps the a l a r m level (equal 

to 1 MPL) on the a-dia ls is set to 5.15 cps . 

-2 

The MPL for |3-activity is 10 (xc/hand. The detection efficiency is 

26 %, a value obtained by measu remen t with a thin source (section 4) cor 

rec ted for the difference in back scat ter ing from the planchette and t i s sue . 

MPL for (3 gives 96 cps . As the background is 22 cps the a l a r m level and 

the 1 MPL m a r k a r e se t to 118 cps . 

6. Mechanical design. 

The hand monitor is built up of a number of eas i ly access ib le units 

inser ted into a cabinet on guide b a r s (fig. 3). The outer dimensions a r e 



56 x 56 x 178 cm with a front intended for s tandard 19" panels , The openings 

for the hands a re located 117 cm above the floor. Two doors a rc located on 

the back, the lower of which covers the gas tube and va lves . The side 

panels a re fastened with s c r ews . The cabinet is mobile and equipped with 

r o l l e r s . The gas tube (fig. • 2) is separa ted from the e lec t ronic pa r t s to 

reduce any hazards in case of a gas leakage. Side panels a re provided with 

connections for a clothes monitor consisting of an a, {3 (flow counter) probe 

and /o r a GM-tube probe . These probes with their ins t ruments can be placed 

on ei ther the left or the right side of the cabinet. When both moni tors a re 

used they a re placed one on each side of the appara tus , hi this way three 

pe r sons may be served at one t ime. 

7. Ins t rument panel . 

The counts may be read on four dials divided into black, white and red 

sections and marked 0 . 1 , 1 and 10 MPL (Max. P e r m i s s i b l e Level). A deflec

tion into the black field is due to the normal background of the detector . A 

deflection into the red region indicates that the activity on the hands exceeds 

the pe rmi s s ib l e level . 

A warning signal is given when the activity on the hands exceeds 1 MPL. 

8. Detector unit (fig. 4). 

a) Gas supply 

The gas feed to the two detector ixnits for each hand is connected in 

s e r i e s and t e rmina tes in a gas flow m e t e r . Left and right hand branches 

a re connected in pa ra l l e l . The methane consumption is fixed at 1. 5 cm / m i n . 

for each branch, and consequently a total of 3 cm /min , for the complete 

detector sys tem is requi red . This corresponds to a press^Ire difference of 

22 m m on the cal ibrated silicone oil manomete r s (capil lary 0. 2 mm, 40 m m 

long) which a r e easi ly read from the front of the detector unit. The gas is 

furnished by a methane gas tube placed in the rack (fig. 2) containing 16 l i t res 

at 110 kg /e ra or <•* 1800 l i t r e s at 1 atrn. With the flow ra te mentioned above, 

this stipply will l as t for 420 days . For a s tat ionary facility it is possible to 



9. 

connect a l a r g e r tube containing 6800 l i t r e s , lasting for 4 . 4 y e a r s . The gas 

flow is adjusted with a needle valve located on one side of the hand moni tor . 

A relief valve, normal ly se t to 2 k g / c m , is placed between the gas tube 

and the needle valve . 

During continuous operat ion gas mus t flow steadily through the 

de t ec to r s . One of the flow m e t e r s i s provided with a sensi t ive device 

cutting off the high voltage supply if the gas flow should fall below a cer ta in 

level . This is indicated visually by the lamp " s t a r t counting", which is 

then switched off. The detector should be purged thorovtghly after a prolonged 

standst i l l before the high voltage is applied. If the oxygen concentration 

is too high and the high voltage connected, d i scharges a re obtained which 

can rapidly des t roy the anodes in the chambers . 

b) Automatic control 

The mechanical motion of the de tec tors is produced by an e l ec t r i c 

motor , controlled by re lays placed in the detector xmit (fig. 4). Additional 

functions of these re lays together with severa l m i c r o switches a re to set 

the ins t ruments to ze ro , to s t a r t the a l a r m signal, to connect warning 

lamps and to t r ans fe r the s t a r t impulse for the counting cycle from a t imer 

to the moto r . 

On the back of the detector unit two internal switches a r e provided 

for manual operation, mainly for cal ibrat ion purposes ( i . e . a "s tandard 

hand" may be m e a s u r e d without operating the contacts) . 

If it is des i r ed to t r a c e the contamination to ei ther side of the hand 

separa te ly the high voltage connections to each detector may be switched 

on individually. 

9. Log, count ra te m e t e r s . 

The e lec t ronic units a r e of a r a the r conventional design. Main 

emphas is is put on rel iabil i ty, which is achieved by using a well e s t ab 

l ished technique and by careful choice of components . Special quality tubes 

a r e vised thro\ighout and components a r e conservat ively ra ted . 



The block d iagram of a pulse channel is shown in fig. 13. The p\ilses 

a r e f i r s t amplified 500 t imes by a l inear pulse amplifier with a differentiat

ing t ime constant of 10 jJ.sec. The discr iminat ion is per formed by a Schmitt-

t r igger followed by a scale of two ci rcui t . After being l imited in a d r ive r 

stage, the rec tangular pulses a r e fed into two diode pump c i rcu i t s with 

t ime constants s taggered by a factor of 33 in o rder to get a two decade 

logar i thmic response . The cur ren t s from the diode pumps are added in a 

summing amplif ier which dr ives the me te r and an a l a rm circuit , which is 

init iated when 1 MPL is exceeded. 

The summing amplifier and its associa ted c i rcui ts a r e shown in 

fig. 14. During counting the feedback network consists of a r e s i s t o r shunted 

by a capaci tor . When the counting per iod is ended the inputs and the r e s i s t o r 

a r e disconnected and the output is kept constant by the charged capaci tor . 

When the next check is s ta r ted the capacitor is f i r s t short c ircui ted for a 

shor t t ime, thereby bringing the m e t e r deflections to zero and then the 

inputs and the r e s i s t o r a re brought in the counting position again. 

The a- and p - r a t e m e t e r s a re s imi la r with the exception of a few 

components to take care of the different count r a t e s , 

10. Power supply. 

The hand monitor is constructed for 220 V single phase 50 Hz. A 

stabil ized power supply del ivers 4- 250 V and - 150 V to the r a t e m e t e r s 

and to the high voltage supply.- The la t te r supply is of the self-oscil lat ing 

type and is also stabil ized. A voltage divider supplies + 3350 "V to the 

{3-chambers and + 2350 V to the a - c h a m b e r s . 

11 . Discuss ion. 

Simultaneous a and (3 detection can be achieved with other sys t ems , 

A commerc ia l ly available equipment is based on a "dual phosphorus" 

(ZnS(Ag) and p las t ic phosphorus) with an a r e a of 20. 5 x 12, 7 cm. The. 

efficiencies of this detector and our gas flow propor t ional counter a r e , 

a lmost identical . 
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The choice between these two sys tems is de te rmined in this case by 

questions of cost, re l iabi l i ty and life t ime . Our type has shown satisfying 

re su l t s during the year the apparatus has been in operat ion. Detector 

windows which a r e spoilt by rough handling a r e eas i ly replaced. 

Another detection scheme would be to use single flow counters with 

following pulse height d iscr iminat ion between a and (3. We re jected this 

sys tem, however, because our double-chambers were considered to be 

of super ior inherent s tabil i ty. 

The AE hand monitor , now descr ibed, is manufactured by Phi l ips 

Tele industr i , Stockholm. The authors wish to exp re s s their grat i tude 

especial ly to Mr . Orreva l l (Philips) who designed the e lect ronic c i rcu i t ry 

of the ins t rument in its final fo rm. 

IÖA, JB, BS/EJL 





Fig. 1. Hand monitor, front view.





Fig. 2. Hand monitor, rear view.

1. Detector unit

2. Needle valve





Fig. 3. Detector unit and electronics, rear view.

1. Pulse ratemeters

2. Detector unit

3. High voltage distributor

4. Detectors

5. High voltage unit





Fig. 4. Detector unit

i . Detectors

2. Finger contacts

3. Timer

4. Manometers

5. Alarm-clock

6. Motor for movement of detectors





Fig. 5. Detector.





Fig. 6. a-chamber.





Fig. 7. Internal frame with anode •wires.
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Fig. 8. Section of frame showing the gastight

foil mount.
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Fig. 11. Relative ct-efficiency over

the sensitive area of the

detector





:ig.i2. Relative p~efficiency over
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