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ABSTRACT 

An Alpha A i r  Monitor which w i l l  r e l i a b l y  de tec t  8 MPC-hrs of 239Pu 

i n  the presence of radon and daughters, i n  concentrations which vary by 

f ac to r s  of more than 100, and i n  varying, moderate l eve l s  of gamma rad ia-  

t i on ,  has been developed and f i e l d  t e s t e d  a t  Oak Ridge National Laboratory. 

Beginning w i t h  an experimental device i n  1956, more ref ined models have 

been progressively designed and t e s t e d .  

s e n s i t i v i t y  and r e l i a b i l i t y  with uncomplicated design and operat ional  

f ea tu re s .  

p a r t i c l e  emission-rate r a t i o  of the col lec ted  a i r  sample. 

The l a t e s t  model has good 

The p r inc ipa l  of operat ion is  based on t h e  alpha-to-beta 

NOTICE This document contains information of a preliminary nature 
and was propared primarily far internal use at the Oak Ridge National 
Laboratory. It i s  subiect to revision or comction ond therefore does 
not reprerent a final report. 
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INTRODUCTION 

Monitoring a i r  f o r  those alpha-particle-emitt ing radionuclides t h a t  

a r e  more hazardous than "'Rn and i t s  daughters i s  complicated by t h e  uni-  

ve r sa l  presence of radon i n  t h e  a i r  near t h e  surface of t h e  ear th .  

concentration of radon and i t s  daughters i n  a i r  var ies  both with t h e  geo- 

graphical  Location and with t h e  weather, and indoors it depends on t h e  

construct ion mater ia ls  t h a t  enclose it. I n  some loca t ions  it may vary by 

The 

a f a c t o r  of 10 or more within a few hours. 

The RPG* l e v e l  for 239Pu i n  a i r  i s  equivalent t o  4.4 dis/(min)(m3); 

the recommended l e v e l  f o r  "'Rn plus  i t s  daughters i s  much la rger ,  being 

6.6 x 104 dis/(min)(m3 of air) .  I n  many l o c a l i t i e s  t h e  rad.on daughters 

may reach a concentration which, i n  terms of d is in tegra t ions  per minute, 

i s  equivalent t o  200 or more times t h e  Guide Level f o r  239Pu, although 

t h i s  concentration i s  only about I$ of t h e  recommended l e v e l  f o r  radon 

plus i ts  daughters" 

Detectable differences between the  daughters of radon and 239Pu are ,  

fo r  example, t h a t  (1) tine alpha p a r t i c l e s  a r e  of d i f f e ren t  energies,  (2 )  

Lh-e decay of the radon daughters i s  accompanied by be ta  a c t i v i t y ,  ( 3 )  

the rad ioac t ive  ha l f - l i ves  are much shor te r  for radon daughters than f o r  

'''Pu, and (4 )  according t o  some invest igators ,  Z3'Pu i s  associated with 

p a r t i c l e s  of grea te r  mass than are radon daughters. 

One r a t h e r  accurate method for assaying airborne long-lived radio-  

a c t i v i t y  i s  t o  sample the  a i r  and .bo analyze t h e  sample a f t e r  t h e  shorter- 

l ived  radionuclides have decayed. I n  p rac t i ce  it i s  not necessary t o  

'nave immediate knowledge of a i rborne concentrattons i n  the  neighborhood 

*Radiation Pro tec t ion  Guide, Federal  Radiation Council. LOSKhEEO MARTlN ENS% I RESFAPCH I DRAFIES 
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of Guide levels ,  as such l eve l s  may exist  f o r  r e l a t i v e l y  long periods 

of time wit'nout overexposure of t he  worker. Cer ta in ly  it i s  des i rab le  t o  

finti  and cont ro l  such conditions,  but there  i s  time allowable t o  await 

rad ioac t ive  decay of the radon daughters i n  a i r  samples which may have 

been co l lec ted ,  w i t h  subsequent pos i t i ve  ana lys i s  of the more hazardous 

( than  radon) materials. However, t h i s  iiiethod does not give immediate 

knowledge of hazards as they may e x i s t  a;t levels up t o  many tlmes t h e  

Guid.e Level. 

Recent work on t h i s  problem has included t h e  development of  techniques 

bas-d on (1) pulse-height discr iminat ion of t h e  alpha p a r t i c l e s  emitted 

Tram a collected. sampleJ1 ( 2 )  r ad iopa r t i c l e  emission coincidence," arid 

( 3 )  t h e  alpha-to-beta par'ctcle emission-rate r a t i o  .3 j 4  A p r a c t i c a l  a i r  

monitor based on t h i s  t h i r d  technique has been designed, f ab r i ca t ed  and 

f Fe Id. - t e s t e d . 

DES C RIPTTON 

Figc 1 i s  a f r o n t  v<-ew of t he  monitor, Fig.  2 i s  a close-up view 

of the snnunciator,  pane.', meters and irecorders and i n  Fig.  3 i s  shown 

t h e  f i l t e r  Lapc and de tec tor  assembly. Fig.  4 i s  a diagram of t h e  main 

opera'Gional feaiures . 
'W. A. P h i l l i p s  and C.  L. Tlindeken, "Pliitonium Alpha. Air Monitor Using 
--- 1^_11-1 __I_- -- 

a Sol id  S t a t e  Tletect@T113 - lieal-th Phys I , 9( 3) :  299-303 (March 1963). 

"D. F. D r ~ v n ,  M. 0 .  Rankin, C .  D.  Boyne, and W. C. Spear, "A Coincidence 
Count Alpha Part icu- la te  A-il- Monitor" USAEG Repor'c HW-75384, Hanford 
Atomic Produxts  Operation, Jan .  3, 1963. 

C 
Compensation fo r  Natural Interference",  USAEC Report UCRL-g97?, U n i -  
vers i ty .  of Gal-if o rn i a  Lawrerice Radiation La-boratory, Feb . 5 , 1-962 
0a.k Ridge Na'6ional Laboratory, "Appl ieci Bealtli Physics Anma1 Report f o r  
I..958", USAEC Repo-rt oREL-277(7, p .  47, Nov. 18, 1969. 

11. Li.ndek.en and. D .  N .  Montar,, "Alpha A i r  Monitoring with a l p  Iiatio 3 

4 
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Figure 1 
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With reference t o  Fig.  4, the  air to be sampled i s  drawn thru  a, 

f i l t e r  tape s o  t h a t  t h e  sample, as it i s  col lected,  i s  'lviewedff by an 

alpha s c i n t i l l a t i o n  counter, and a mica window GM counter. A second, 

duFlicate GM counter which does not ffsee" the  f i l t e r  i s  housed with the 

f i r s t  GM counter. 

except a t  the f i l t e r  t ape  area. 

r a t e  of 1-1/4 inches per hour. 

The GM counters a r e  shielded by one inch of lead, 

The tape  i s  continuously driven a t  a 

The a i r  flow r a t e  i s  50 l / m .  

The counting r a t e s  from the  th ree  detectors  (a, 0 - t ~  and y )  a r e  

combined i n  the  counting r a t e  c i r c u i t r y  so t h a t  t h e  count r a t e  from 

gamma background i s  subtracted from the  gross counting r a t e  of the 

sample-counting GM counter, then the  net beta  count r a t e  i s  subtracted 

from t h e  alpha count rate. When properly cal ibrated,  t h i s  l a t t e r  

difference i s  approximately ze ro  for a11 na tura l ly  occurring radon con- 

d i t i ons  a t  OWL, and any ne t  difference will be due t o  rad ioac t ive  

mater ia ls  other  than radon. 

It has been demonstrated t h a t  t h e  alpha emission t o  beta  emission 

r a t i o  f o r  radon daughters i s  e s s e n t i a l l y  constant over a wide range of 

concentrations and r e l a t i v e  ages of radon-daughter mixtures. Thus, i f  

t h i s  constant emission r a t i o  i s  converted, by su i t ab le  rad ia t ion  detectors ,  

t o  a constant counting r a t e  r a t i o ,  and i f  t h e  counting r a t e  r a t b  may 

be adjusted mechanical ly-electr ical ly  t o  equal one, then the difference 

i n  the  adjusted counting rates w i l l  be zero when only na tu ra l ly  occurring, 

a i rborne radionuclides a r e  co l lec ted .  The pr inc ipa l ,  unicpe fea ture  of 

t h i s  a i r  monitor is t h a t  t h e  counting r a t e  r a t i o  f o r  co l lec ted  radon 

daughters i s  unity,  so  t ha t  ar i thmetic  differences r a the r  than r a t i o s  of 

counting rates are d i r e c t l y  obtained and displayed. 
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RESULTS 

The instrument has been i n  operat ion for al-most two years ii1 a 

f a c i l i t y  i n  which pl.utoniurn and t ransplu tonic  isotopes a r e  chemically 

processed, and which i s  su-bjec-t; bo high concentrations of na tura l ly  

occurring airborne r ad ioac t iv i ty .  It has been i n  service almost lo@ 

of t h e  time and has required only minimal maintenance. 

Tests have been performed with simulated a i r  samples which contained 

The s e n s i t i v i t y  for posi-  noimal uranium, 2 4 1 ~ ,  z3’pu, 2 3 7 ~  . p  and 244Cm. 

‘cively discrirninating 100 d/m of ““’Pu from radon a t  variom concentrations 

w a s  found t o  be as shown i n  Table I, where 8 MPC-hrs for 239P~ i s  taken 

as 

2 x lo-’” pc/cc x l o 7  cc /8  hrs ,  or 

2 x pc, the permissible  inha la t ion  intake fore 8 hours. 

DISCUSS ION 

Most ainy alpha a i r  rnonitoriiig instrument may be adequate f o r  de tec t -  

ing  200 or i nme  t i m e s  W C  of a more hazardous alpha emitter i n  t’ne presence 

of Tadon, as t h e  alpha p a r t i c l e  concentrat ion from atmospherically associated 

radon would 1-ikely be no g rea t e r  than  t h a t  of t h e  more hazardous mater ia l .  

For concentrations o f  hazardous ma-terials a t  less  than 5 t i m e s  t h e  i”C 

l eve l ,  a i”ew days may be allowable f o r  acquir ing knowledge of t h e  concen- 

t r a t i o n  by t h e  radon decay method. Thus, t h e  Taage of concentrations for 

which spec ia l ized  ins-1;ru.ments o r  techniques a r e  requi red  for determining 

.the hazard within a reasonable time i s  t h a t  from about 5 t o  200 times M P C .  



TABLE I 

Elapsed Elapsed Time Elapsed Time 
Time f o r  To Inhale To Inhale 

Fact or V / C C  
239Pu of MPC 

A l a r &  8 MpC-ELrs. Quar t e r ly  MPG 

45 x 225 2 min. 2.1 min. ? 2 hours 

23 x 115 4 min. 4.2 min. > 4 how6 

9 x lo-11 45 LO min. 10.7 m i n .  > LI hours 
"c.5 x 22 20 mine 21.4 min. - 23 hews 

3 x loell 15 30 min. 32.1 min. - 35 hours 

*Assuming 2 minutes as minfmwn f o r  c o l l e c t i o n  and response, and 100 d/m 
of 239Pu co l l ec t ed  on the f i l l e r ,  t h e  a i r  monitor will alarm within 
t h i s  elapsed time after start  of co l l ec t ion .  

Since it i s  permissible (WE) t o  be exposed. within a calendar quarter 

t o  1.3 x 

exposure at a concentxation ~f 2 x 

t r a t i o n  and time dwati.on of exposure wrl.tI1i.n t k s e  l i m L t i n g  conditions, it, 

shou1.d. not, be necessary for. a n  air  monitor t o  %e capable of gisring rapid. 

howledge  of concentrati.ons a t  MPC 1evel.s e Some p r a c t i c a l  wa!,ues of t;he 

f r a c t i o n  of MPC i n  the a:ir versus t h e  elapsed t h e  allowable Pcr de-t;ermina.- 

tion of the concentration, assuming 8 hours of exposure i n  each. 24 h o w  

i.nterva1, are shown i n  Table IT.. 

pc of 239Pu, which may result from a single I.ntak.e, chronic 

pr:/ce9 or sEme funcatLon of concen- 

1-t may be seen t h a t  an a i r  mon-ftor which wil..I. detect, concentrations 

suck that  LOO MPC-Irs of exposure i s  not exceeded w i l l .  prt.ovi.de inform- 

t i o n  which i s  adequate to cont ro l  any acute exposure to w i t h . i n  20 perceni; 

of the permissible quar-krly 1.irnL-L (WE), w i t h  the assumption -t;hat t h e  
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TABLE I1 

Factor Elapsed MPC -hr s* Fract ion of 
of wc Time of 3Exposur e Quarterly MPC 
7 

1 2 weeks 80 0.15 

1 0  224. hours 80 0.15 

100 1 hour 100 0.2 

lo00 6 minutes 100 0.2 

x- 520 MPC-hrs of exposure are permissible within a 
calendar quarter .  

worker and t h e  a i r  monitor a r e  exyosed t o  t h e  same concentrations.  

an a i r  monitor which w i l l  de tec t  and provide information of 8 MPC-hrs w i l l  

allow t h e  cont ro l  of acute exposures t o  within less than 2 percent of t he  

WE. 

Thus, 

From the  standpoint of economy and. accuracy, such a i r  monitors might 

be l imited rill number and used pr imari ly  for detect ing acute,  s ign i f i can t  

re leases  ol" airborne mater ia ls .  Simple a i r  samplers, r a the r  than monitors, 

from which t h e  f i l t e r s  a r e  removed and l a t e r  analyzed a re  qui-Le adequate 

for use i n  monitoring low, chronic l eve l s  of a i rborne mater ia ls .  

CONCLUSION 

The a i r  monitor described i s  r e l a t i v e l y  simple i n  design and moderate 

It will, i n  cos t  compared with many devices which a t t a i n  s j m i l a r  r e s u l t s .  

except i n  explosive-type re leases  of a c t i v i t y ,  provide information which 

i s  adequate t o  cont ro l  acute exposures t o  airborne 239Pu t o  within less 



than 2 percent of t h e  qua r t e r ly  WE. It discriminates most of the more 

hazardous alpha emi t te rs  from n a t u r a l l y  occurring materials and i s  very 

l i t t l e  a f f ec t ed  by variable, low level garnma r a d i a t i o n  i n  i t s  v i c i n i t y .  

Because t h e  instrument responds t o  both alpha and be ta  r ad ioac t iv i ty ,  

wlth separa te  read-out and alarm for each, it may be used fc=r monitoring 

both types of hazards. 

The author wishes t o  acknowledge t h e  contributions t c  t h i s  pycject 

by members o f  the Xnstrwnentation and Controls Division, p a r t i c u l a r l y  those 

of B. N. Wilson for t b e  development and design of the e lec t ron ic  components 

and of R. K. AbeLe for the design of t he  de tec tor  system. 
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