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FIELD TESTING OF A FLUORESCEIN-ZINC SULFIDE DUAL 
ATMOSPHERIC TRACER TECHNIQUE 

ABSTRACT 

Four  field experiments  w e r e  conducted in investiga- 
tion of the compatibility of f luorescein and f luorescent  zinc 
sulfide a s  dual a tmospher ic  t r a c e r s .  The two t r a c e r s  w e r e  
emit ted simultaneously f rom a common s o u r c e  and collected 
on common f i l t e r s .  
sons  of the sampled t r a c e r  distributions are presented .  The 
agreement  is good. 

Qualitative and quantitative compar i -  

Work per fcrmed under Contract  No.  AT(45-1)-1830 between 
the Atomic Ene rgy  Commiss ion  and Bat te l le  -Northwest ,  and 
Cont rac ts  PRO 60-565, PRO 61-529, PRO 62-537, and 
P R O  63-540,  between the Atomic Energy  Commiss ion  and 
the A i r  F o r c e  Cambridge Resea rch  Labora to r i e s .  
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FIELD TESTING O F  A FLUORESCEIN-ZINC SULFIDE DUAL 
ATMOSPHERIC TRACER TECHNIQUE 

INTRODUCTION 

The  atmosphere is one of the g r e a t  "disposal grounds" for man-  
made and natural  was tes .  With man contributing a n  ever-growing p ro -  

portion of the pollutants (intentionally and accidentally), it is increasingly 
important  that  the diffusive proper t ies  of the a tmosphere  be predictable 
under a var ie ty  of meteorological conditions. 

Theoret ical  t rea tments  and predictions based on scaled (wind 
tunnel) s tudies  can aid in the understanding, 
phere  itself is the laboratory in which pollution prediction techniques 
must  eventually be proven. The r e l e a s e  of a t r a c e r  into the a tmosphere  
and subsequent sampling f o r  this t r a c e r  offers  the possibility of direct ly  
measur ing  the pa rame te r s  of concern.  If one can m e a s u r e  the appropr i -  
ate meteorological var iables  during a series of t r a c e r  r e l e a s e s ,  a p r e -  
diction equation or  scheme  can possibly be derived. 

However, the free a tmos -  

Unfortunately, the f r e e  a tmosphere  proves to  be a v e r y  uncoopera- 
tive laboratory.  
conditions existing during a given t r a c e r  r e l ease .  The effects ,  then, of 
such  a var iable  as pollutant sou rce  height a re  always somewhat obscured 
by the change in meteorological fac tors  in a repea t  experiment  under 
s i m i l a r  (but not identical) conditions. 

One is never  able to completely duplicate the w e a t h e r  

-- 
This  problem could be partially overcome i f  it  w e r e  possible to 

s imultaneously r e l e a s e  and sample  m o r e  than one a tmospher ic  t r a c e r  with 
identical aerodynamic proper t ies .  F o r  instance,  different t r a c e r s  could 
be d ispersed  f rom two different elevations at the s a m e  t ime which would 
a s s u r e  the meteorological fac tors  existing during t h e i r  t r anspor t  being 
identical. 

Th i s  paper r epor t s  the r e su l t s  of s e v e r a l  field exper iments  designed 

to t e s t  a dual t r a c e r  technique. . 
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PROCEDURES 

The p r i m a r y  a tmospher ic  t r a c e r  used  by Atmospheric  Phys ics  at 
Hanford is U.  S .  Radium Corporat ion 's  pigment 2210, a f luorescing zinc 
sulfide with a log normal  s i z e  distribution. 

of the par t ic le  is about 2 .  3 ~ .  Computed t e r m i n a l  fall veloci t ies  a r e  low 
(cent imeters  t o  a few m e t e r s )  during the t i m e  in te rva l  the tracer t r a v e r s e s  
the few miles  on ' t he  p r i m a r y  Hanford diffusion g r ids .  
sampling and assaying  techniques have been developed f o r  this  t r a c e r .  

The  geometr ic  mean d i ame te r  

Simple d i spe r sa l ,  
(1) 

11 
The ideal  a tmospher ic  t r a c e r  i s  an  iner t  gas ,  a tagged "air molecule,  

instead of a particulate t r a c e r .  Pigment  2210 does not f i t  into the per fec t  
t r a c e r  category.  However, suspended 2210 does reasonably approximate 
ambient  a tmospheric  motions,  the technology fo r  i t s  disseminat ion,  Sam - 
pling and a s s a y  is available,  and much concerning i t s  re la t ionship  t o  me teo r -  

ological p a r a m e t e r s  has  a l r eady  been demonstrated.  
s e a r c h  f o r  a second t r a c e r  compatible with the existing f luorescent  pigment 
2210 technique. 

It was  appropr ia te  to  

One candidate for  a second t r a c e r  was  the water-soluble  dye f luores-  
cein.  
t o r s .  ( 2 )  J. D. Ludwick'') demonstrated the feasibil i ty of labora tory  s e p a r a -  
tion and quantitative ana lys i s  of pigment 2210 and f luoresce in  .which had been 
simultaneously collected on a membrane  f i l t e r .  A m ~ d i f i c a t i o n ' ~ )  of the 
or iginal  technique was used in f luorescein determinat ions which are r epor t ed  
in this  paper .  

Th i s  dye has  been used as an a tmospher ic  t r a c g r  by o ther  invest iga-  

In December ,  1962, a field exper iment ,  designated MT-1,  w a s  p e r -  
fo rmed  in which f luorescein and pigment 2210 w e r e  s imultaneously d i spe r sed  
f rom adjacent generators* placed at ground level .  
on the s a m e  f i l t e r .  
Sciences Resea rch  and Development Annual Repor t  fo r  ~ 1 6 2 ( ~ ' ,  w e r e  not 
encouraging. 
the generation of approximately equal m a s s e s  or" f luoresce in  and 2210 r e su l t ed  

Both t r a c e r s  w e r e  collected 
Resul t s  of this  t e s t ,  descr ibed  in the Hanford Radiological 

Although analysis  of field s a m p l e s  showed qualitative agreement ,  

:I: Todd Insect ic idal  F o g  Applicator,  manufactured by P roduc t s  Division, Todd 
Shipyards C o r p . ,  Houston, Texas .  
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i n  an average  of about 1 . 7  t imes  as much f luorescein as 2210 on field f i l -  
ters. 
ter was  l a rge .  Unfortunately, a change in  wind direct ion nea r  the begin- 
ning of the field experiment  resu l ted  in significant s amples  being collected 
on  only 30 filters. 

The  var iance in the f luorescein to 2210 m a s s e s  f rom filter to f i l -  

Microscopic examination of s e v e r a l  field filters f rom MT - 1 showed 
the 2210 par t ic les  to  be l a r g e r  than the f luorescein.  Whereas ,  in  the gen- 
erat ion of insoluble particulate t r a c e r  2210, the par t ic le  s i z e  is p rede te r -  
mined, the  dissolving of the soluble f luorescein,  and subsequent spraying 
of a mis t  permi t  a variation in  the s i z e  of par t iculates  left  in the a tmos -  
phere.  
centration of dissolved f luorescein fed to the genera tor  and of the  s i z e  
distribution of the droplets  being generated.  
i nc rease  the s i ze  of f luorescein par t ic les  in the a tmosphere  in multi-  
t r a c e r  t e s t s  conducted after nlT-1.  
centration of the f luorescein formulation solution. 

The fluorescein par t ic le  s i ze  distribution is a function of the con- 

An effort was  made to 

Th i s  w a s  done by increasing the con- 

Table  I lists information pertinent t o  generation during multi-  

t r a c e r  t e s t s  to date .  The "Par t ic le  Size Setting" is a nomenclature  marked 
on the genera tor  which qualitatively controls  s i z e  of the emit ted s p r a y  drop-  
lets. La rge  sett ings indicate l a r g e r  s p r a y  droplets .  Under "Formulation" 
is l isted the concentration of the sou rce  tracer solution (fluorescein) o r  
suspension (2210). 
t ion o r  suspension for  generation. Trichloroethane (CH3CC 13) was  used 
as the c a r r i e r  for  2210 in t e s t s  RIT-2, hIT-3 and hlIT-4. The  generation 
technique involves atomizing the formulation, heating it, and spraying  it 
into the a tmosphere  where  the liquid c a r r i e r  evapora tes .  
par t iculates  r ema in .  
g r e a t e r  quantit ies of formulation could be emitted without having droplets  
fall to  the sur face  before evaporation. 

A l s o  noted is the liquid used in preparat ion of the solu-  

The  d r y  t r a c e r  
Since t r ichloroethane is more  volatile than wa te r .  

Run MT-2 w a s  a fai lure  for  s e v e r a l  r easons .  During the gene r -  
ation, the pigment 2210 generator  fa l te red  and finally failed.  
f ac t  that  the fluorescein genera tor  was  turned off a few seconds after the 
2210 genera tor  stopped, t he re  is considerable  doubt about the constancy 

Despite the 
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of the generation rate of 2210 during this  run.  The  expectation, then, that  

the r a t io  of m a s s e s  of tracer on each  filter should be the s a m e  as the ratio 
of m a s s e s  emit ted,  would no longer  be t rue .  Additionally, the gene ra to r  
opera tor  felt uncertain as to  whether  he had set the f luoresce in  par t ic le  

s i z e  setting' '  at 7 and the 2210 a t  16, o r  vice v e r s a .  
r e s c e i n  water  solution at the 16 se t t ing  would have resu l ted  in considerable  
droplet  deposition near  the genera tor .  
the tab1.e pr imar i ly  to r e t a in  continuity in experiment  nomenclature  

I f  

D i s p e r s a l  of the fluo- 

Rega rd le s s ,  run  MT-2 is l is ted in 

TABLE I 

CEYERATOR DATA FOR PiCLTITRACER F E L D  EXPERIAENTS 

Fluorescein Pip:nent 2210 
Generated 

Particle Mass Particie  Mass Ratio. 
Formulation, Genorator S u e  Generared. Formulation, Generator S ize  GeneraTed. 22101 

Experiment Date g ii:ter Setting 9umber g g l l i t er  Setting >:umber p Fluorescem 

>IT-1 3 D e c . 6 2  9 . 0 9  L'nknown 7 5 2 i  9 . 0 9  Cnknown i jGP* 1 04 
(water) (water) 

&IT-2 19 May 64 5 0 . 0  PO0 1029 :** 1030 2 0 . 0  i 8 - 1 0 0 D 6  1 6 1  320 5 G 3 2  
(u ater)  (CH3CC13) 

(ujater) (CH3CCi3I 
AIT-3 12 June 64 3 1 . 2  78-19095 7 .>O 16 .  i i8-iOG96 1 6  2000 2 .  67 - -  

NT-4 26 June 64 3 1 . 2  78-19096 7 006 1 6 . 7  78-:0095 16  2000 2 . 2 1  
(u ater) (CH3CCl3) 

* Approximate. 

** Nay have been 1 6  

2 h:ay hare been i. 

E s t i d a l e d  3 l i t e r s  of ior,nulation leaked through bad packing in  eeneralor 

Exper imen t s  RIT-3 and LIT-4 provided hundr'eds of field f i l t e r s  upon 
which significant amounts of both t r a c e r s  w e r e  collected.  
apparent  malfunction of any of the generation equipment and a minimum of 
miss ing  or questionable field samples .  

T h e r e  w a s  no 

The diffusion sampling gr id  on which the dual tracers w e r e  r e l eased  
cons is t s  of four  a r c s  of about 90°, which w e r e  concentr ic  about the gene ra -  
tion s i t e .  Ground" samples  w e r e  collected a t  an elevation of 1. 5 m at 268 
sampling posit ions on these a r c s .  
w e r e  0. 2 ,  0 .8 ,  1. 6 and 3. 2 km.  Additionally, five towers  on each  arc  

permit ted ve r t i ca l  sampling to  heights of 27 ,  4 2 ,  62  and 62 m on arcs at 0 . 2  
0 . 8 ,  1. 6 and 3 . 2  km, respect ively.  Towers  w e r e  located a t  az imuths  of 
98, 106,  114, 122 and 1303 with r e spec t  to  the sou rce .  

1 1  

Distances of the a r c s  f rom the sou rce  

Horizontal  and ve r t i ca l  dis t r ibut ions of t r a c e r s  are given in F i g u r e s  1 
through 8 .  Examinat ion of these  f igures  r e v e a l s  that  exper iment  MT-4 was  more  
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successfu l  than MT-3. 
such  that the nor thernmost  tail of the t r a c e r  dis t r ibut ion was off cour se .  
Th i s  is i l lus t ra ted  in Figures 1 and 2. The  en t i r e  crosswind dis t r ibut ion 
of the t r a c e r  was sampled during M T - 4  (F igu res  5 and 6). Also, d i s t r i -  

bution of t r a c e r  on the tower s a m p l e r s  was  idea l  during run  RIT-4 s ince  
the maximum m a s s e s  w e r e  collected on the middle r a d i a l  row of towers ,  
with decreas ing  m a s s e s  on the towers  at both s ides .  During exper iment  - 
MT-3, the peak tower m a s s e s  were  collected on towers  a t  98 , a n  end 
r ad ia l  row of towers .  
ground leve l  was  not wel l  defined for  run  MT-3. 

During test MT-3, the mean wind direct ion was  

Thus  the crosswind dis t r ibut ion of t r a c e r  above the 

F o r  e a s e  in compar ison  of the m a s s e s  of t r a c e r  collected on each  
f i l t e r ,  the determined m a s s  of f luorescein was  multiplied by the r a t i o  of 
t r a c e r  m a s s e s  emit ted.  
Table  I. Henceforth in this paper ,  then, perfect  agreement  of s amples  
w i l l  be indicated by ident ical  m a s s e s  of f luoresce in  and 2210. 

ANALYSIS 

This r a t io  is l i s ted  a t  the e x t r e m e  r ight  in 

T h e r e  is no s ingle  obvious way to  make an investigation of the com-  
patibility of these two t r a c e r s .  
t a l  o r  ve r t i ca l  crosswind m a s s  dis t r ibut ions and compare  them. F i g u r e s  
1 through 8 give examples  of such  compar isons .  T h e r e  is cer ta in ly  a g r e e -  
ment  in the gene ra l  c h a r a c t e r  of the dis t r ibut ions.  

One may qualitatively look a t  the horizon-  

The  r a t i o  of m a s s e s  of t r a c e r s  on each  f i l t e r  could be examined.  
For  instance,  on F igu re  2, the r a t io  of m a s s  of f luoresce in  to  2210 v a r i e s  
f r o m  the ex t r eme  highs of 2. 10 at 105’ and 1 . 4 4  at 96’to-the e x t r e m e  lows 
of 0. 50 a t  l l l ’ and  0. 59 a t  l o g 3 .  The modal  r a t io  f o r  the i l lus t ra ted  a r c  is 
1. 16 .  

Some e r r o r s  in a s s a y  o r  sampling might be smoothed by summing 
crosswind the m a s s  of t r a c e r  collected on a l l  “ground“ samples .  

p rocedure  d i sc loses  that a t  ground level,  the w o r s t  ag reemen t  on all a r c s  
f o r  runs  MT-3 and MT-4 is observed  zt the 3 .2-km arc during t e s t  MT-3,  
the a r c  j u s t  d i scussed  in the preceding paragraph  and shown on Figure 2 .  

The appropr ia te  m a s s  sums  a r e  1 . 4 0  x 10 

T h i s  

-4  g and 1. 13 x g with a 
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resul t ing f luorescein to  2210 m a s s  ratio of 1 .24 .  
agreement  by this  technique is found on the 0.8-km arc during experiment  
MT-4 (Figure 5 ) .  
and 4. 77 x TaSle I1 s u m m a r i z e s  for both field 

tests, the ratio of s u m s  of f luorescein m a s s  to 2210 m a s s  fo r  ground 

Conversely,  the b e s t  

F luo resce in  and 2210 m a s s e s  h e r e  w e r e  4 .81  x g 
g, for  a ratio of 1.01. 

s amples .  

TABLE I1 

RATIO OF CROSSWIND SUhB OF FLUORESCEIN MASS 
TO PIGhENT 2210 MASS FOR "GROUND" SAMPLES 

A r c  
Exper iment  0 . 2  km 0 . 8  km 1 . 6  km 3 . 2  km 

MT-3 0 . 9 4  0. 83 1 . 0 4  1 . 2 4  

MT - 4  0 .83  1 . 0 1  1 .05  1.10 

A technique s i m i l a r  to  that descr ibed in the preceding paragraph  can 
be applied at leve ls  above the 1. 5-m "ground" level if sufficient tower s a m -  
ples  are available (as i n  t e s t  M T - 4 ) .  But, whereas  the r a t io s  in Table  I1 
r e s u l t  f rom the summing of 15 to  4 6  individual s amples ,  a maximum of 5 
s amples  a r e  available f o r  summing a t  each alof t  l e d ,  i. e . ,  only one m a s s  
at each . tower  azimuth.  
the 20-m level  (see F igure  7) ,  m a s s e s  of 7 . 5  x 10 and 5 . 0  x f o r  
2210 and f luorescein,  respect ively,  would be employed at the 114' tower.  
These  f igures  would be added to  s imi la r ly  determined m a s s e s  a t  other  
towers  on the 0.8-km a r c .  
sented in Table  111. 

For example,  summing a c r o s s  the 0 .8-km a r c  a t  
- 6  

The r a t io s  resul t ing f rom these  s u m s  are  p r e -  

Table 111 a l so  presents  the sum of the crosswind samples  fo r  both 
The f igures  repor ted  for  a r c s  a t  0 . 2  km and 0 . 8  km are those t r a c e r s .  

actually collected a t  the flow r a t e  employed on these  arcs, 0.  15 l i t e r / s e c .  
F o r  the purpose of comparing m a s s e s  collected a t  different a r c s ,  m a s s e s  
repor ted  for  the 1. 6 -  and 3. 2-km a r c s  have been normalized to  the flow 
r a t e  observed at the inner two arcs.  
exposures  o r  dosages,  a m a s s  divided by a flow r a t e .  I t  is somewhat un- 
fortunate that the flow r a t e  to  which thc m a s s e s  w e r e  normal ized  to  obtain 

Thus ,  we are actual ly  comparing 
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exposure was  0.15 l i t e r / s e c .  
a bit unconventional, but does not alter the validity of the data. 

it is questionable in the mind of the author  whether  the hundred o r  s o  cal- 
culations avoided by normalizing to the 0 .  15 flow rate (instead of l .  00) is 
not more  than offset by the e x t r a  words  of explanation requi red .  

The  resu l t ing  units of g r a m - s e c / 0 . 1 5  liter is 
Present ly ,  

TABLE 111 

CROSS\\ IND SVMS OF EXPOSVRES AND THE RATIO OF THESE SClLS 
(FLCORESCEIT TO 2210) FOR ALOFT LE\'ELS D r R I S G  ESPERIAIENT NT-4  

( \ IVLTIPLS EACH IIASS S C l l  BS FOR TRLF lI.\SS S C U  IS GRAIIS ) 

0. 2-km .4rc 0 . 8 - k m  A r c  1. 8-k:n .Arc 3 2 - k m  A r c  
Leve l  2210 F iuo resce in  F luo resce in  Ratlo 9% k luoresce ln ;  w o  22:01; k: .~oresceln" Ratlo - -  
1 . 5  m 1 3 6  122 0.?0  1 0 . 8  10.8 1 . 0 0  2 .24  2 . 4 5  1 . 1 1  0 . 7 4 5  0 .852  I .  I: 
5 115  104 0.C-0 1 2 .  5 12 .1  0 . 0 7  2 .84  2 . i 2  0 . 0 6  0.S30 I1 I1 

10 
15 
20 
25 
3 0  
35 
40  
1 5  
50 
5 5  
62 

8 i . 4  68.7 0 . 7 0  1 3 . 0  11.2 0.  86 2 .93  2 . 8 1  0 .96  0.C83 1.08 1.10  
7 2 . 8  hl \ I  1 2 . 2  1 0 . 4  0 . 8 5  3 . 1 8  3 . 1 3  0.98 1 . 0 0  1.  07 1 . 0 7  
3 0 . 7  hl \1 1 3 . 3  9.8 0 . 7 4  2. 6 5  2 .43  0.92 1 . 1 7  1. 11 0. 2 5  

~~ . 
I?. 3 1I \ I  11.1 7.35 0 . 5 2  2 . 3 8  2 .11  0 .88  1 .13  1 .  07 0.01 

9.  i 5  7.59 0. 8 0  2.33 2.18 0 .94  1 .04  1 . 0 8  1 . 0 2  
7 .  6 6  5 . 0 0  0 . 7 7  2 .01  1 .85  0 . 9 1  0 .056  1 . 0 5  1.08 
5 .  15 4 . 4 0  0 . 8 5  1 .94  1.64 0.84 1 . 0 4  .. 1.03 0 . 0 9  

1 . 8 6  1 .49  0 . 8 0  1 . 1 4  I .  01 0.89 
1 . 4 6  1 .36 0 . 9 3  0 . ? 9 4  0 . 9 7 5  0. sa 
1.58 I1 hl 0. 753  \ I  n 1 
1 .24  11 I1 0 . 0 2 5  O . a i 6  0. 05 

i' Collected m a s s  norma l i zed  to ilow r a t e  cf a r c s  at 0.  2 and 0.  8 k m .  

The  exposure values in Table  111 can  be use-d to  cons t ruc t  the profile 
of crosswind exposure Sums in F igu re  9 .  

which there is an excess  of 2210 and below which the re  is an  ex.cess of f luo-  

A l ine s e p a r a t e s  the leve l  above 

r e sce in .  
1 km f rom the sou rce .  

One finds the g rea t e s t  d i sag reemen t  in  isopleths in the vicinity of 

C r o s s  sect ions and over lays  of the  m a s s  of t r a c e r s  sampled  f o r  each  
a r c  during test MT-4 a r e  given on F i g u r e s  10 to 13. Isopleths of m a s s  a r e  
drawn.  

Demonstrated again is the good but not perfect  ag reemen t  of the sampled  
m a s s e s .  Probably the mos t  s e r ious  d isagreement  h e r e  is in the location 
of the 5 x 1 0 - 5  and the 

The labeled azimuths a r e  those at which..tower samples  w e r e  taken. 

g isopleths at t h e  0 .  2-km arc  (F igu re  10). 
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C r o s s  Section at 0.  2 km, MT-4 
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OBSERVATIONS, CONJECTURES AND CONCLUSIONS 

On r u n  MT-3 (Figure l), f luo resce in  m a s s e s  tend to be  r e l a t ive ly  
high on the  m o r e  n o r t h e r l y  end of the  arc while  the  2210 is re la t ive ly  high 
on  the sou the rn  end. Although no s u c h  tendency is obvious f o r  the ground 
s a m p l e s  on r u n  R4T-4, j u s t  the  opposi te  effect  is sugges ted  by examinat ion 
of tower  da t a  ( F i g u r e  8). 
south  end i. e . ,  on  the m o r e  souther ly  tower  (122'). 
F i g u r e s  10 and 13 also gene ra l ly  s u g g e s t  a 
t o  the south of the  2210. 
of e a c h  o t h e r ,  and the e m i s s i o n  nozz les  w e r e  a i m e d  at a common point 
about 15 f t  downwind. Thus ,  s o u r c e  locat ion w a s  probably not a fac tor .  
No explanat ion is appa ren t .  

H e r e  the f luo resce in  is r e l a t ive ly  high on the 

skewing" of the f luo resce in  
T h e  i sople ths  on 

I 1  

The generat ion of t r a c e r s  took place within 5 f t  

F r o m  Tables I1 and 111, i t  might  be concluded tha t  the f luo resce in  
to 2210 ratio i n c r e a s e s  with d is tance  f r o m  the s o u r c e .  
f o r  the 0. 2 -  and 0 . 8 - k m  arcs dur ing  MT-3 show the  opposi te .  

However ,  the r a t io s  

T h e r e  is another  d i f f e rence  between the inne r  two a r c s  and the ou te r  
two which could affect  t h e s e  r a t i o s .  
and 0 . 8  km is 0. 15 l i t e r / s e c ;  a t  1. 6 km,  it is 0. 23 l i t e r / s e c ;  and at  3 .  2 km,  
it is 0 .  51  l i t e r / s e c .  
all t hese  flow rates be ing  l e s s  than i sokine t ic .  
isokinet ic  is less at the higher  two flow r a t e s .  
2210 p a r t i c l e s  w e r e  larger than the f luo resce in ,  the e r r o r  due t o  impact ion 
would have been  g r e a t e r  on the inne r  two a r c s ,  and the  f luoresce in  t o  2210 
r a t i o s  would have been  less. T h e  hypothesis  f o r  s m a l l  f l uo resce in  pa r t i c l e s  
is suppor ted  w h e r e  vacuum pump fa i lu re  r e su l t ed  in  pu re  impact ion s a m p l e s .  
lSearly all the f luo resce in  t o  2210 ratios w e r e  less than  1. 00, and in  one 
ins tance ,  it w a s  1 / 3 0 .  

Flow rate through the f i l t e r s  a t  0. 2 

D i a m e t e r  of the f i l t e r  face  (47 m m )  used ,  r e s u l t s  in 
However ,  the  deviation f r o m  
If w e  hypothesize that  the 

F u r t h e r  specula t ion  on par t ic le  s i z e  e f fec ts  c a n  be done on F i g u r e  9 .  

For  example ,  is the  def ic iency of f luo resce in  n e a r  the  s o u r c e  due to  an  
e x c e s s  of " v e r y  l a rge"  f luo resce in  p a r t i c l e s  tha t  immedia t e ly  fall out  of the 
plume ? T h e  improv ing  a g r e e m e n t  with d i s t ance  could be a t t r ibu ted  to the 
s lower  deplet ion of the  not q u i t e  so l a r g e "  p a r t i c l e s  of pigment ,  2210,  
which f inal ly  l eaves  only the p a r t i c l e s  of both t r a c e r s  having negligible 

I 1  
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fall velocities. 
which develops near  the ground? Pigment 2210 has  a continuous s i ze  spec-  
t rum.  If, in  contrast ,  the fluorescein par t ic les  were  e i ther  extremely 
la rge  o r  extremely smal l ,  (a bimodal s i ze  distribution) they could be 
removed from the diffusing plume essentially immediately or  not at all. 
This  process  could resu l t  in a distribution of tracers as shown on Figure  9. 

But how, then, does one explain the excess  of fluorescein 

The mfcrosco2ic s iz ing of particulates i s  a tedious, time-consuming, 

and eye-straining job. 
the mult i t racer  t e s t s  w e r e  microscopically examined, and these only 
qualitatively. Unfortunately, the fluorescein analysis is a destructive 
assaying technique, s o  the f i l t e rs  cannot be retr ieved.  
examined, it was not obvious that the pigment 2210 par t ic les  were  larger. 

Perhaps  such speculation i s  use less .  Perhaps ,  any reasonably sma l l  

P r imar i ly  for  this reason,  only a few f i l te rs  f rom 

Of the f i l t e r s  

particulates of f luorescein would be compatible with pigment 2210. 
bes t  es t imates  of fall velocities of 2210 particulates indicate that the bulk 
of this pigment would fall less than 5 m during a one-half hour t rans i t  to 
the 3. 2-km a r c .  Other fac tors ,  such as nonlinear e r r o r s  in m a s s  cal i -  
bration, differing interactions between t r a c e r s  and vegetation, o r  e r r o r s  
in determining m a s s e s  emitted,  could significantly affect the conclusion 
drawn about particle fall charac te r i s t ics .  

The 

Let  u s  r eca l l  that the purpose of the experiments  was  to dernon- 
s t r a t e ,  i f  possible, that f luorescein and 2210 are compatible a tmospheric  
t r a c e r s ,  even if  they are  not the ult imate.  
pheric  diffusion pa rame te r s  have been considered acceptable if they were  
within an  o r d e r  of magnitude of the observed.  
present  technique cer ta inly fall within these generous l imi t s .  

bility of this dual t r a c e r  sys tem would be determined by examination ( for  
each  intended application) of the possible discrepancies  as evidenced in the 
tables and graphs already presented. For  example,  F igu re  10 discloses  
that the technique would be inappropriate in investigation of source  height 
difference of 10 m. 

able - investigation of a difference in source  height of 50 m .  

Some es t imates  of a tmos-  

The discrepancies  in the 

The applica- 

However, the technique is applicable in the m o r e  reason 
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Speaking genera l ly ,  claims of a c c u r a c y  may  b e  e a r n e s t l y  given for 
a m e a s u r i n g  technique. 
imposs ib le ,  it is diff icul t  to prove or d i sp rove  the  c l a i m s .  Thus ,  one could 

c a r r y  out a f ie ld  diffusion expe r imen t  under  a c e r t a i n  set of meteoro logica l  
conditions and ca ta log  the r e s u l t s  with accompanying b e s t  e s t i m a t e s  of 
accu racy .  E v e n  if  we  could con t ro l  the wea the r  and dupl icate  the  me teo ro -  
log ica l  conditions of the  first expe r imen t ,  is it not poss ib le  tha t  the r e s u l t s  
of a second expe r imen t  could fall ou ts ide  the  confidence l i m i t s  specif ied 
by the  first e x p e r i m e n t ?  Could not d i f fe r ing  r e s u l t s  be  due t o  unavoidable 
o r  unknown changes in  equipment  used  in  genera t ion ,  sampl ing ,  o r  a s s a y ?  
T h e  point is tha t  nonreproducible  wea the r  p rec ludes  con t ro l  expe r imen t s .  
D i sc repanc ie s  observed  in o u r  dua l  tracer r e s u l t s  could wel l  be of the 
s a m e  magnitude as  those  which would be o b s e r v e d  if cont ro l  expe r imen t s  
w e r e  possible .  If the  d i f f e rences  even  approach  this  s a m e  magnitude, 
then the dua l  t r a c e r  technique has  the  d is t inc t  advantage of e l imina t ing  
meteoro logica l  p a r a m e t e r s  f r o m  the  expe r imen ta l  v a r i a b l e s .  

If a n  independent check  of the  m e a s u r e m e n t  is 

One drawback  of the  technique could be the  f luo resce in  d i s p e r s a l  
dependency upon the spec i f ic  gene ra to r  used .  
fo rd  are c o m m e r c i a l l y  avai lable  insec t ic ida l  s p r a y e r s .  
se t t ings  are not sc ien t i f ica l ly  p r e c i s e .  T h u s ,  s e t t i ngs  which would r e s u l t  
in  a s a t i s f a c t o r y  s i z e  d is t r ibu t ion  of f luo resce in  in one gene ra to r  might  not 
apply to ano the r .  A min ima l  effor t  to invest igate  th i s  possibi l i ty  was  made  
in  the switching of g e n e r a t o r s  f o r  t e s t s  &IT-3 and MT-4.  
In  th i s  ins tance ,  i t  a p p e a r s  that  no e x t r e m e  d i f f e rences  r e su l t ed .  

The  g e n e r a t o r s  used  a t  Han- 
T h e i r  con t ro l  

(See T a b l e  I . )  

It is quite poss ib le  tha t  cont inuance of field e x p e r i m e n t s  in  the MT- 
s e r i e s  would r e s u l t  in  b e t t e r  combinat ions of f luo resce in  formula t ion  con-  
cen t r a t ion  a n d / o r  g e n e r a t o r  con t ro l  s e t t i ngs .  
that  g e n e r a t o r  - to -gene ra to r  d i f fe rence  and modera t e ly  different  con t ro l  
se t t ings  are  of minor  s ign i f icance .  
and MT-4 do d e m o n s t r a t e  that  g e n e r a t o r  s e t t i ngs  e x i s t  which r e s u l t  in  a 

. reasonably  compatible  f luoresce in-2210 technique.  

I t  might  also be demons t r a t ed  

In any  event ,  f ield expe r imen t s  LIT-3 
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SUMMARY 

Field experiments MT-3 and MT-4 demonstrated that the commer -  
cial TIFA generator  used at Hanford could be used to d isperse  fluorescein 
particulates in the atmosphere.  Resultant distribution of a tmospheric  con- 
centrations of fluorescein were  s imi l a r  to those for  fluorescent zinc sulfide 
2210 generated during the s a m e  t ime interval.  

Several  methods were  employed in analyzing the compatibility of the 
No one method of analysis completely descr ibed the two t r a c e r  techniques. 

re la t ions hip. 

Since the t r a c e r s  do not behave identically but do behave s imi la r ly ,  
close examination of these experimental  r e su l t s  is needed before applying 
the technique to  a given situation. 

The technique is sufficiently discr iminatory to aid in  the study of 
such pract ical  problems as the effects of sou rce  height differences of 20 m 
o r  more .  
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