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INTRODWTION 

Fluorescent pigment i s  widely used I n  industry t o  t r ace  flow pat te rns  for 

Varloua l i qu ids  aud gases. The powder i s  used A t  Hanf'Grd f o r  studying atmospheric 

conditiono. 

and co l l ec to r s  using molecular membrane f i l t e r s '  a r e  spaced around the genera- 

An aerztsol generator d i s t r i b u t e s  the pigment i n t o  the  atmosphere 

t o r  for sampling. Wind pat.terns a r e  p lo t ted  by recording the  loca t ion  of each 

sRmpler and determining the cmcent ra t ion  of p a r t i c l e s  on each f i l t e r .  

Tne purpose of the  work was t o  develop and design an instrument t o  count ' 

these deposited p a r t i c l e s  GA ehch f i l t e r  r a p i E g  and accurately.  Present ly  the 

fllters are IUumLnatecl with ultra v i o l e t  l i g h t ,  viewed thro- a microscop 

and the  p a r t i c l e s  counted. 

alpha emitt ing isotope t o  ac t iva t e  the  pigment deposited on a molecular mem- r 

brane f i l t e r .  

f i l t e r  area can be deternitned by m n i t o r l n g  the f i l t e r  with a photomultiplier 

tube f o r  two minutes. The upper l i m i t  of p a r t i c l e  detect ion has not been de- 

temlned;  harever, a f i l t e r  with 20,OOO par t i c l ea  has been accurately counted. 

OpERA!FIoIp 

A minimum of 300 particles deposited on a O.ol>-inch diameter 

The equipment required f o r  this i n s t a n t  includes a comrcie .1  sca le r ,  

amplifier,  hlgh voltage suppls, a 2-inch end window photom'ktiplier t u ? d ,  

. . . . . . . . . . . . . . . . . . . .  
I AA White g r i d  lnch molecular membrane f i l t e r s ,  Millipore F i l t e r  Corp. 

MOM 2c6 s c a e r ,  amplifier,  ugh voltage supply i n  one unit, Radiation 
ID.atrument Development Lsboratorie 6 .  

Ebdel 6s2 Photormtltiplier tube, DMlont Laboratories. 
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end a n  alpha emit t ing isotope. 
. 

A eketch of the mechanical arrangement i s  shown i n  Figure 1, and Figure6 

2 and 3 are phot.ogruphe of the i n s t m n t .  Figure 4 is the wiring Cu- Of the 

p!mtomultiplier tube. 

In  operation the f i l t e r  is iudaxed t c  a poeition between the phototubs 

Alpha gpn1-ticls~ striking the pigment cause8 ecint i l la t ion8 and the DOWCC. 

which em3 viewed by a phototube, and the rerJulting e l ec t r i ca l  pulses ~ p b  ampli- 

fied and and recorded on the 6 : d a r .  7% tcAd c r c r i t  for a pi%-eat time variee 

di rec t ly  with the! number of m l c l e e  per filter. 

the ecaler is then plotted on cCibrat ion curves (senrple calibration c m e  

Shawn i n  Figuret 5 and 6) t o  del',ermine the number of psr?;:clee. 

DIBCUSSIOPI 

The total count recorded by 

Sc in t i l l a t ion  techniques vere employed i n  the dswlopment of the zinc 

sulfide par t ic le  detector. 

6400 an@roxna and the zinc sulfide4 selsctad fluomrcsn neck? t X s  ~ k .  

The phototube haa a peak s p c t d  rsepollse at  

The calibration f i l t e r s  used fo r  plotting the curves in Figures 5 and 6 

were msdb by mixing a waeured amount of pigment with a known volwm of b i6 -  

t f f l e d  mter end passing the eolution through the fi l ter .  These filters were 

then counted with the aid of a microscope and an ult,ravlol I t light by sawral 

parnona t o  dstertnine accurately the number of par t ic les  per 

A p t u a l  f i e l d  run samples will be used fo r  f inal  

m n t  t o  insure that calibration emplea have the eane propertier a6 tho unlmown 

m q l e .  It should be noted that utmoegheric dust par t ic les  w l l l  af fec t  t o t a l  

count due t o  the short range of ths alpha par t ic le  in a dense subetsnce. The 

Zinc Suliicle 2210, New Jersey Wnc Co. 
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size distribution of the selected phosphore mu8t _rcrc~in constant after the 

InstnrPant i s  cal ibrated because the probability of an alpha particle s t r i k -  

ing a zinc sulfide crys te l  Yaries direct ly  with the diameter of the crystal. 

The molecular mombrans f i l t e r  holders used In the f i a l d  samplers expose 

a mininnm diamefer of 0.615 inches for the paasage of air regardless of how 

the f i l t e r  Is positioned l a  the holder, 

inetnawnt expose the sane a s s  t o  the isotope. 

P?oreforo the holders used in the 

A 200 micro c w l e  plutonium source slectroQposited on platinum vas 

w e 8  t o  aztP,..%ts the zinc sulfida p r t l c l e o .  

h r a  than 300 part ic les  dlstrLbuted on the i i l t e r  can be accuratsly counted 

if longer mnltorir!!  time8 mre uaed. 

Qtelmrined e i ther  by a particle concentration p a t  enough so that on4 ;3articls 

c m r r  another or  by the resolving tims of the rcaler which 18  5 micmsecoDdb. 

a?s calibration cume i n  Figure 5 indicates some saturation, but the cslibra- 

t i o n  of the f l l t e r  with tho mtit p w t i c 1 6 8  :a considered ~U8tiOnEtbl03 the other 

point8 indicate a linear relationship. 

Ths ugper limit theomtical ly  vili be 

The technlqw employed could be applied to nmasum eff ic iencier  of W o w  

fi l ter8 by placing an ualmavo f i l t e r  and a molecular maribrane f l l t e r  in series 

i n  a c o m m  rtrsam carrylng a predetermined r ize  range of tina rrulflda powdsr. 

Duporits on other t y p e  of f i l t e r 6  aould a lso  be measwad with a 8 indI . t~  

inaLtyment by depositing the alpha emieter on a acreen whiuh Muld be attachdl 

d i rec t ly  to the face of the photomultiplier tdbe. However, with thlr t y p  of ' 

an arrangement the background would be himr raising the lower lMt of par- 

t i c l e  detection due t o  sc in t i l l a t ions  f m m  contSrninant8 in the alpha rourcer 

The instrument w i l l  rapidly and accurately determine the nmber of zinc 

s u l f i d e  particles deposited on a molecular monibrune fi l ter .  Matribtxtioas 
- .I 



from 300 t o  20,OOO particles per f i l t e r  have been accurately counted v i th  the 

instrument. 
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OPERATION AND MAIN'ENANCE OF ZINC SULFIIE PARTICLE c m  

I. Operation 

A. 2nergize scaler.  (Refer t o  instruction manual of RIDL, model 206 

scaler  for  operation of scaler.) 

Allow scaler t o  warm up for at l e a s t  15 minutes. 

Turn fine adjustment knob of high voltage counter-clockwlse to 

B. 

C. 

stop. 

Move high voltage c w s e  sdjutment  swltch t o  position number 2 D. 

80 mrked on scaiar, 

CAUTIC%I: Do not exceed 1200 vol t s  to prevent o v e d - u g  

the photamultiyller tube. 

E.  jut ria0 abjwi'mnt high voltago t o  wlte. 

. 

F. 

0. 

Turn Amplifier gain t o  1. 

Inser t  .samples t o  be counted in to  machlne and close door. Ihsert 

a t  l e a s t  one calibrated sample wlth more than YXJO par t ic les  on it 

and one clean f i l t e r  in to  the instrument. 

CAU!FIC@I: Do not i n se r t  anything except millipore t i l t e r e  mounted in 

the holders adapted for the instrumant. 

8. Rotate clean f i l t e r  under the detector. 

I. . Adjust discriminator un t i l  scaler  docs not count (approxim3tely 1.50). 

J. Count for two minutes. Background count ehould be less than 6. 

K. 

L. 

Rotate calibrated Bample under detector head. 

Count for  two minutes and compare Kith calibration chart. 

No. 20 with 19,400 part ic les  should count between 1900 and 2000.) 

(Sarpl.8 

M. Rotate other stuPples under detector and record t o t a l  count. 

H. Plot total counts on the calibration curves t o  determine t h e  number 

of particles.  

0. Occasionally ret-check background count and adjust  discriminator if 
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P. When counting i s  completed, turn off high voltage and de-energlze 

scaler . 
PIPORTANT: Monitor hands and around door of instrument for  Alpha con- 

tamination a f t e r  use with each group of samples. 

If. Maintenance 

A. Scaler. 

1. Scaler maintenance cau be performed by a q d i f F e d  instlvment 

technician. 

Refer t o  Instruction manual for RIDL Model 206 scaler  for c i rcu i t  2. 

diagrsms and maintenance procedmes. 

B. Photomzltiplier tube and associated circuitry.  

1. C i r c u i t  diagram is  shown i n  Figure 4 of the attached report. 

2. Do not remove photomultiplier tube without a special work per- 

mit from radiat.ion monitoring. 

If removal i s  necessary, turn off high voltage and remove cables 3.  

from box. 

4. R e m e  scotch e lec t r ica l  tape and remove ent i re  assembly. 

C. M e c U c a l  Maintenance.. 

1. 

2. 

Secure a special work permit before apening Gstnment. 

A 200 uc ( 3.2 mg) smearable plutonium source is  attached to the 

bottam of the instrument. 

3. CAIPTICIN: Handle this source w i t h  utmost care. 

4, Monitor all surfaces before remwing any parts iram SUP zone. 

5.  

6. 

A r a a a t l o n  monitor should be present. 

Contact M. 0. Rankin - Phone 3369 - before opening Instrument. 



PhotomltipUer Tube 
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FIGURE 1 
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Du Mom 6292 

R - 1  I 1 Meg, 1/2 v 
R-2 *- R - l l  I 470 I(, 1/2 w 
R-I2 .I 47 K, 1/2 w 
C - l  = .01 mfd, 3000 v 
c-2, c-3 I .01 mfd, 500 v 

F x m b  

mmMuL- CIRCUIT 
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