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FIELD TESTING OF A FLUORESCEIN-ZINC SULFIDE DUAL 

ATMOSPHERIC TRACER TECHNIQUE 

ABSTRACT 

F o u r  field experiments  w e r e  conducted in investiga- 

tion of the compatibility of f luorescein and f luorescent  zinc 

sulfide as dual a tmospher ic  t r a c e r s .  

emit ted simultaneously f rom a common source  and collected 

on common filters e 

sons  of the sampled tracer distributions are presented.  

agreement  is good. 

The two t r a c e r s  were  

Qualitative and quantitative compar i -  
The 

W o r k  per formed under Contract  No. AT(45-1)-1830 between 
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Contracts  PRO 60-565, PRO 61-529, PRO 62-537, and 
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the Air  F o r c e  Cambridge Resea rch  Labora tor ies  
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FIELD TESTING OF A FLUORESCEIN-ZINC SULFIDE DUAL 

ATMOSPHERIC TRACER TECHNIQUE 

INTRODUCTION 

The atmosphere is one of the g rea t  "disposal grounds" fo r  man-  

With man contributing a n  ever-growing p ro -  made and natural  was tes .  

portion of the pollutants (intentionally and accidentally), i t  is increasingly 

important that  the diffusive propert ies  of the atmosphere be predictable 

under a var ie ty  of meteorological conditions. 

' .  

Theoret ical  t rea tments  and predictions based on scaled (wind 

tunnel) studies can aid in the understanding. 

phere itself is the laboratory in which pollution prediction techniques 

must  eventually be proven. The r e l ease  of a t r a c e r  into the atmosphere 

and subsequent sampling fo 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 measu re  the appropri-  

a te  meteorological var iables  during a series of t r a c e r  releases, a p r e -  

diction equation o r  s cheme  can possibly be derived. 

However, the free a tmos -  

Unfortunately, the free a tmosphere  proves to  be a ve ry  uncoopera- 

tive laboratory.  

conditions existing during a given t r a c e r  release. The  effects,  then, of 

such  a variable as pollutant sou rce  height are  always somewhat obscured 

by the change in meteorological fac tors  in a repeat  experiment under 
s imi l a r  (but not identical) conditions. 

One is never  able to  completely duplicate the weather  

-- 

This  problem could be partially overcome i f  it were  possible to  

simultaneously release and sample more  than one atmospheric  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 a t  the s a m e  time which would 

a s s u r e  the meteorological fac tors  existing during the i r  t ranspor t  being 

identical. 

This  paper r epor t s  the r e su l t s  of s eve ra l  field experiments  designed 

to test a dual t r a c e r  technique. 

' 5  
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PROCEDURES 

The p r imary  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 .  311. Computed t e rmina l  fall velocit ies a r e  low 

(cent imeters  to a few m e t e r s )  during the t ime interval  the t r a c e r  t r a v e r s e s  

the few mi les  on the p r i m a r y  Hanford diffusion g r ids .  

sampling and assaying  techniques have been developed for  this  t r a c e r .  

The  geometr ic  mean d iameter  

Simple d i spe r sa l ,  
(1' 

1 1  The ideal  a tmospher ic  t r a c e r  is an iner t  gas ,  a tagged "air molecule,  

instead of a particulate tracer. Pigment  2210 does not f i t  into the perfect  

t r a c e r  category.  However, suspended 2210 does reasonably approximate 

ambient a tmospher ic  motions , the technology fo r  its disseminat ion,  Sam - 
pling and a s s a y  is available,  and much concerning its relat ionship to  me teo r -  

ological p a r a m e t e r s  has  a l ready  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 e 

It was  appropr ia te  to 

One candidate fo r  a second t r a c e r  was  the water-soluble  dye f luores-  

cein.  

t o r s .  (2 '  5 .  D. L ~ d w i c k ' ~ '  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 luorescein which had been 
simultaneously collected on a membrane  filter. A m o d i f i ~ a t i o n ' ~ '  of the 

or iginal  technique was used in f luorescein determinat ions which are repor t ed  

in this paper .  

Th i s  dye has  been used as an  a tmospher ic  t r a c e r  by o ther  investiga- 

In December ,  1 9 6 2 ,  a field experiment ,  designated MT-1, w a s  p e r -  

formed in which f luorescein and pigment 2210 w e r e  s imultaneously d i spe r sed  

f r o m  adjacent generators:: placed a t  ground level .  

on the s a m e  filter. 

Sciences Resea rch  and Development Annual Report  fo r  1962'49, w e r e  not 

encouraging. 

the generation of approximately equal m a s s e s  of f luorescein and 2210 resu l ted  

Both t r a c e r s  w e r e  collected 

Resul t s  of this test, descr ibed in the Hanford Radiological 

Although analysis  of field samples  showed qualitative agreement ,  

c 

1 

c 

;k Todd Insecticidal Fog  Applicator,  manufactured by Products  Division, Todd 
Shipyards C o r p . ,  Houston, Texas .  
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in  a n  average of about 1 . 7  t imes  as much fluorescein as 2210 on field f i l -  

ters. 
ter was l a rge .  

ning of the field experiment  resul ted in significant samples  being collected 

on only 30 filters. 

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

Unfortunately, a change in  wind direction near  the begin- 

Microscopic examination of s eve ra l  field filters from MT - 1 showed 
the 2210 par t ic les  t o  be l a r g e r  than the f luorescein.  Whereas ,  in  the gen- 

e ra t ion  of insoluble particulate tracer 2210, the par t ic le  s i ze  is p rede te r -  

mined, the dissolving of the soluble fluorescein,  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 generator  and of the s i z e  

distribution of the droplets  being generated.  

increase  the s i z e  of f luorescein par t ic les  in the atmosphere in multi-  

t r a c e r  t e s t s  conducted a f te r  M T - 1 .  

centration of the f luorescein formulation solution. 

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

An effort  was made to 

This  was  done by increasing the con- 

Table  I lists information pertinent to  generation during multi-  

tracer tests to date .  The "Par t ic le  Size Setting" is a nomenclature marked 

on the generator  which qualitatively controls s i z e  of the emitted s p r a y  drop-  

lets. La rge  sett ings indicate larger s p r a y  droplets .  Under l lFormulation' '  

is l isted the concentration of the sou rce  t r a c e r  solution (fluorescein) o r  

suspension ( 2 2  10). 

tion o r  suspension for  generation. Trichloroethane (CH3CC 13) was used 
as the carrier for  2210 in t e s t s  MT-2,  NIT-3 and MT-4. The generation 
technique involves atomizing the formulation, heating i t ,  and spraying it 

into the atmosphere where the liquid carrier evaporates .  

particulates r ema in .  
g rea t e r  quantities of formulation could be emitted without having droplets 

fall to  the surface before evaporation. 

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

The d ry  t r a c e r  

Since trichloroethane is more  volatile than wa te r ,  

Run M T - 2  was  a failure for  s e v e r a l  r easons .  During the gener -  

ation, the pigment 2210 generator  fa l tered and finally failed.  

fact  that  the f luorescein generator  was  turned off a few seconds after the 

22  10 generator  stopped, there  is considerable doubt about the constancy 

Despite the 

J 
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of the generation r a t e  of 2210 during this run.  The expectation, then, that  

the ra t io  of m a s s e s  of t r a c e r  on each filter should be the s a m e  as the r a t io  

of m a s s e s  emitted,  would no longer be t rue .  Additionally, the genera tor  

operator  fe l t  uncer tain as to  whether he had set the fluorescein "particle 

s ize  setting" at 7 and the 2210 at 16,  o r  vice v e r s a .  

r e sce in  w a t e r  solution at the 1 6  sett ing would have resul ted in considerable 

droplet  deposition near  the generator .  

the table pr imar i ly  to  re ta in  continuity in experiment nomenclature.  

Dispersa l  of the fluo- 

Regardless ,  run  MT-2 is l is ted in 

TABLE 1 

GENERATOR DATA FOR MULTITRACER FJELD EXPERIMENTS 

Pigment 2210 
Generated 

F luoresce in  

Par t ic le  M a s s  P a r t i c l e  Mass  Rat io ,  
Formula t ion ,  Genera tor  S ize  Generated,  Formulation, Genera tor  SIZP Generated,  22101 

Exper iment  Date 2 / l i t e r  Number Sett ing g / l i t e r  Sett ing Muinber g F luoresce in  

MT-1 3 Dec .62  9 . 0 9  Unknown 7 527 9.09 Unknown 7 509* 1 . 0 4  
(water )  (water) 

MT-2 19 May 64 5 0 . 0  P O 0  1029 7:':ic 1050 20.0 78-19096 168 340 0 .  32 
(water) (CH3CC13) 

(water) (CH3CC13) 

(water )  (CH3CC13) 

MT-3  12 June  64 3 1 . 2  78-19095 7 750 16.7 78-19096 16 2000 2.  67 

MT-4 26 June  64 31.2 78-19096 7 906 16.7 78-19095 16 2000 2 . 2 1  

': 

:'::'; May have been 16.  
Y May have been 7 .  

Approximate.  E s t i  nated 3 l i t e r s  of for,nulation leaked through bad packmg in genera tor  

Exper iments  MT-3 and MT-4 provided hundreds of field f i l t e r s  upon 

which significant amounts of both t r a c e r s  were  collected. 
apparent malfunction of any of the generation equipment and a minimum of 

missing o r  questionable field samples .  

T h e r e  was  no 

The diffusion sampling gr id  on which the dual t r a c e r s  w e r e  re leased  

consis ts  of four a r c s  of about 90°, which were  concentric about the genera-  

tion s i te .  Ground'' samples  were  collected at an elevation of 1. 5 m at 268 

sampling positions on these a r c s .  

were  0. 2 ,  0 .8 ,  1. 6 and 3 .2  km. Additionally, five towers  on each  a r c  

permitted ver t ica l  sampling to heights of 27, 42, 62 and 62 m on a r c s  at 0.  2 

0 .8 ,  1. 6 and 3 .2  km, respectively.  Towers  were  located at azimuths of 

98, 106,  114, 122  and 130Owith respec t  to  the source .  

I '  

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

Horizontal and ver t ica l  distributions of t r a c e r s  a r e  given in F igu res  1 
through 8.  Examination of these f igures  revea ls  that  experiment  MT-4 was more  

8 
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successfu l  than MT-3. 

such  that the northernmost  tail of the t r a c e r  distribution w a s  off cour se .  

Th i s  is i l lustrated in F igu res  P and 2 ,  The en t i re  crosswind dis t r ibut ion 

of the t r a c e r  was sampled during MT-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  w a s  ideal  during run  MT-4 s ince  

the maximum m a s s e s  w e r e  collected on the middle r ad ia l  row of towers ,  

with decreas ing  m a s s e s  on the towers  at both s ides .  During experiment  

MT-3, the peak tower m a s s e s  w e r e  collected on towers  at 98 , an  end 

r ad ia l  row of towers .  

ground level  was not w e l l  defined for  run  MT-3. 

During test MT-3, the mean wind direct ion w a s  

0 

Thus the crosswind distribution of t r a c e r  above the 

F o r  ease in comparison of the m a s s e s  of t r a c e r  collected on each 

filter, the determined m a s s  of f luorescein was multiplied by the ra t io  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 samples  

w i l l  be indicated by identical  m a s s e s  of f luorescein and 2210. 

ANALYSIS 

Th i s  ra t io  is listed at the ex t reme r ight  in 

T h e r e  is no single obvious way to make an  investigation of the com- 

patibility of these two t r a c e r s .  

tal o r  ve r t i ca l  crosswind m a s s  dis t r ibut ions and compare them. 

P through 8 give examples  of such  comparisons.  

ment  in the genera l  cha rac t e r  of the dis t r ibut ions* 

One may qualitatively look at the horizon- 

F igu res  

The re  is cer ta in ly  a g r e e -  

The ratio of masses of tracers an each filter could be examined. 

For instance,  on F igu re  2, the ra t io  of m a s s  of f luorescein 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 ex t r eme  lows 

of 0 - 5 0  at 11l0and 0.59 at 109O. The modal ra t io  for  the i l lustrated arc is 
1. 16 .  

Some e r r o r s  in a s s a y  or sampling might be smoothed by summing 

crosswind the m a s s  of t r a c e r  collected on all "ground" samples .  

procedure d isc loses  that at ground level, the wors t  agreement  on all a r c s  

f o r  runs  MT-3 and MT-4 is observed at the 3.2-km arc during t e s t  MT-3, 

the a r c  Jus t  discussed in the preceding paragraph and shown on F igure  2. 

The appropriate  m a s s  s u m s  are 1 , 4 0  x 10 

Th i s  

-4 g and 1. 13 x l o q 4  g with a 
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resul t ing f luorescein to  2210 m a s s  r a t io  of 1 . 2 4 .  

agreement  by this technique is found on the 0.8-km a r c  during experiment  

MT-4 (F igure  5). 

and 4. 77 x 

tests, the r a t io  of s u m s  of fluorescein m a s s  to 2210 m a s s  for  ground 

samples .  

Conversely,  the bes t  

F luoresce in  and 2210 m a s s e s  here  were  4.81 x 

g, fo r  a ra t io  of 1. 01. 
g 

TaSle I1 summar izes  for  both field 

TABLE I1 

RATIO OF CROSSWIND SUMS O F  FLUORESCEIN MASS 

TO P I G m N T  2210 MASS FOR "GR@UND" SAMPLES 

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

MT-3 0.94 0 .83  1.04 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 levels  above the 1. 5-m "ground" level i f  sufficient tower s a m -  

ples a r e  available (as in t e s t  NIT-4). But, whereas  the ra t ios  in Table I1 
r e su l t  f rom the summing of 15 to 46  individual samples ,  a maximum of 5 

samples  are available f o r  summing at each  aloft  level,  i. e . ,  only one m a s s  
at each  tower azimuth. 
the 20-m level (see Figure  7), m a s s e s  of 7 . 5  x and 5 .0  x for 

2210 and fluorescein,  respectively,  would be employed at the 114O 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. 

F o r  example,  summing a c r o s s  the 0.8-km a r c  at 

The r a t io s  result ing f rom these s u m s  are p re -  

Table I11 a l so  presents  the sum of the crosswind samples  for  both 

t r a c e r s .  

actually collected at the flow ra t e  employed on these a r c s ,  0.  15 l i t e r / s e c .  
F o r  the purpose of comparing m a s s e s  collected at different a r c s ,  m a s s e s  

reported for  the 1 .6 -  and 3.2-km a r c s  have been normalized to  the flow 

rate observed at the inner  two a r c s .  

exposures  o r  dosages,  a m a s s  divided by a flow ra t e .  It is somewhat un- 

fortunate that the flow ra t e  to  which the. m a s s e s  were  normalized to  obtain 

The figures reported f o r  a r c s  at 0 . 2  km and 0 .8  km a r e  those 

Thus,  we are actually comparing 
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exposure was  0. 15 l i ter/sec.  

a bit  unconventional, but does not alter the validity of the data .  

it is questionable in  the mind of the author whether the hundred or  so cal- 

culations avoided by normalizing to the 0. 15 flow rate (instead of l .  0 0 )  is 
not more  than offset by the e x t r a  words of explanation requi red .  

The resul t ing units of gram-sec /O.  15 liter is 
Present ly ,  

T A B L E  I11 

CROSSWIND SUMS O F  E X P O S U R E S  AND T H E  R A T I O  O F  T H E S E  SUMS 

( F L U O R E S C E I N  T O  2210)  F O R  A L O F T  L E V E L S  DURING E X P E R I M E N T  M T - 4  

( M U L T I P L Y  E A C H  MASS S U M  BY F O R  T R U E  MASS S U M  IN GRAMS. ) 

0 .  2 - k m  A r c  0 . 8 - k m  Arc 1. 6-krn A r c  3 .  2 - k m  A r c  ~ _ _ ~  
L e v e l  2210 F l u o r e s c e i n  Ratio 2210 F l u o r e s c e i n  R a t i o  2210:: P ' l uo resce i r r ;  R a t i o  2210" F l u o r e s c e i n a  R a t i o  

~~ _ _ _ _ _ _ ~ _ _ _ _  

7 2 . 8  1LI 
3 0 . 7  M 
12 .  3 M 

1 . 5  m 136 122 
5 115  104 

10  8 7 . 4  68.  7 
1 5  
20 
25 
30  
35 
40  
45  
50 
55  
62 

0 . 9 0  1 0 . 8  
0 . 9 0  1 2 . 5  
0 . 7 9  1 3 . 0  
M 1 2 . 2  
M 1 3 . 3  
M 14 .  1 

9 . 4 5  7 .  59 
7 .  66 5 . 9 0  
5.  15  4 . 4 0  

1 0 .  8 
1 2 . 1  
1 1 . 2  
1 0 . 4  

9 . 8  
7 . 3 5  

1 . 0 0  2 . 2 4  
0 . 9 7  2 . 8 4  
0 . 8 6  2 . 9 3  
0 . 8 5  3 . 1 8  
0 . 7 4  2 . 6 5  
0 . 5 2  2 . 3 8  
0.  8 0  2 . 3 3  
0 . 7 7  2 . 0 4  
0 . 8 5  1 . 9 4  

1 . 8 6  
1 . 4 6  
1. 58 
1 .  24 

i. C o l l e c t e d  mass  n o r m a l i z e d  to flow r a t e  of a r c s  at 0 .  2 a n d  0 . 8  k m .  

2 . 4 5  1.11 0 . 7 4 5  
2 . 7 2  0 . 9 6  0 . 8 3 0  
2 . 8 1  0 . 9 6  0 . 9 8 3  
3 .  13 0 . 9 8  1 . 0 0  
2 . 4 3  0 . 9 2  1 . 1 7  
2 . 1 1  0 . 8 8  1 .  1 3  
2 . 1 8  0. 94 1 . 0 4  
1 . 8 5  0 . 9 1  0 . 9 6 6  
1 . 6 4  0 . 8 4  1 . 0 4  
1 . 4 9  0 . 8 0  1. 14  
1 . 3 6  0.  93 0 . 9 9 4  

M M 0 . 7 5 3  
M M 0 . 9 2 5  

0 . 8 5 2  
M 

1. 08 
1 . 0 7  1 .  07 
1 . 1 1  0 . 9 5  
1 .  07 0 . 9 4  

1. 14 
M 

1 . 1 0  

1 .  06  1 . 0 2  
1. 05 1. 08 
1 .  03  0 . 9 9  
1 . 0 1  0 . 8 9  
0 . 9 7 5  0 . 9 8  

M n/r 
0 . 8 7 6  0 . 9 5  

The exposure values in Table  111 can be used to  cons t ruc t  the profile 

of crosswind exposure s u m s  in  F igu re  9 .  

which there  is an excess  of 2210 and below which the re  is an  excess  of fluo- 

resce in .  One finds the g rea t e s t  d i sagreement  in  isopleths in  the vicinity of 

1 km f rom the sou rce .  

A line sepa ra t e s  the leve l  above 

C r o s s  sect ions and overlays of the m a s s  of t r a c e r s  sampled fo r  each  
a rc  during t e s t  MT-4 are  given on F igu res  10 to  13.  

drawn. 

Demonstrated again is the good but not perfect  agreement  of the sampled 
m a s s e s .  Probably the most  s e r ious  d isagreement  he re  is in  the location 

of the 5 x and the 

Isopleths of m a s s  are  

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

g isopleths at the 0.  2-km arc (F igure  10) .  



12  BNWL-103 

Pigment  2210  

----- Fluoresce in  

60  

50 

40 
E 

2 
M 
.3 

30 
$ 

20  

10 

0.2 0.8 1 1 . 6  2 

Distance f r o m  Source,  km 

3 3.2 

F igure  9 

Sum of Crosswind Exposures  ( 3  m - s e c / 0 . 1 5  l i t e r s )  
at Tower Locations for  T e s t  MT-4. 

. 
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OBSERVATIONS, CONJECTURES AND CONCLUSIONS 

On r u n  NIT-3 (F igure  l), fluorescein m a s s e s  tend to be relat ively 
high on the m o r e  norther ly  end of the arc  while the 2210 is relatively high 

on the southern end. Although no such tendency is obvious for the ground 
samples  on run NIT-4, just  the opposite effect is suggested by examination 

of tower data  (F igure  8) .  Here  the fluorescein is relatively high on the 

south end i. e . ,  on the m o r e  souther ly  tower (122'). The isopleths on 
F igu res  10 and 13 a l so  generally suggest  a 1 1  skewing" of the f luorescein 

to  the south of the 2210. 

of each  other ,  and the emiss ion  nozzles w e r e  aimed at a common point 

about 15 f t  downwind. Thus,  source  location was probably not a factor.  
No  explanation is apparent.  

The generation of tracers took place within 5 f t  

F r o m  Tables  I1 and 111, i t  might be concluded that the f luorescein 

t o  2210 r a t io  inc reases  with distance from the sou rce .  

for  the 0 .  2-  and 0.8-km arcs during NIT-3 show the opposite. 

However, the ratios 

T h e r e  is another difference between the inner two a r c s  and the outer  

two which could affect these ra t ios .  

and 0 . 8  km is 0. 15 liter/sec; at 1. 6 km, it is 0. 23 l i t e r / s e c ;  and a t  3. 2 km, 

it is 0 .  51 l i t e r / s e c .  

all these flow rates being less than isokinetic. 

isokinetic is less a t  the higher two flow rates. 
2210 par t ic les  w e r e  l a r g e r  than the fluorescein,  the e r r o r  due to  impaction 
would have been g rea t e r  on the inner  two a r c s ,  and the fluorescein to  2 2 1 0  

ra t ios  would have been less. 

is supported where vacuum pump fai lure  resul ted in  pure impaction samples .  
Nearly all the fluorescein to  2210 r a t io s  w e r e  less than 1. 00, and in one 

instance, i t  was 1/30.  

Flow rate through the filters a t  0 .  2 

Diameter  of the f i l t e r  face (47 m m )  used, r e su l t s  in 
However, the deviation f rom 

If we hypothesize that the 

The  hypothesis f o r  s m a l l  f luorescein par t ic les  

F u r t h e r  speculation on par t ic le  s i ze  effects can be done on F igu re  9. 

F o r  example,  is the deficiency of f luorescein nea r  the source  due to an  

excess  of ' 'very large ' '  f luorescein par t ic les  that  immediately fall out of the 

plume ? 

slower depletion of the not qu i t e  s o  large" par t ic les  of pigment, 2210, 

which finally leaves only the par t ic les  of both t r a c e r s  having negligible 

The improving agreement  with distance could be attr ibuted to  the 
1 1  
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fall velocit ies.  But how, then, does one explain the excess  of fluorescein 

which develops near  the ground? Pigment 2210 has  a continuous s ize  spec -  
t rum.  If, in contrast ,  the fluorescein par t ic les  were  e i ther  extremely 

la rge  or  extremely smal l ,  (a bimodal s i z e  distribution) they could be 

removed f rom the diffusing plume essent ia l ly  immediately o r  not at all. 
Th i s  process  could r e su l t  in a distribution of t r a c e r s  as shown on F igure  9 .  

The microscopic  s iz ing of particulates is a tedious, t ime -consuming, 

and eye-straining job. P r imar i ly  for  this reason ,  only a few filters f rom 

the mul t i t racer  tests were  microscopically examined, and these only 
qualitatively. Unfortunately, the fluorescein analysis is a destructive 

assaying technique, so 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  l a r g e r .  

Of the f i l t e r s  

Pe rhaps  such speculation is use less .  Perhaps ,  any reasonably s m a l l  

particulates of f luorescein would be compatible with pigment 2210. 

bes t  es t imates  of fall velocit ies of 2210 particulates indicate that the bulk 

of this  pigment would fall l e s s  than 5 m during a one-half hour t r ans i t  to  

the 3.2-km a r c .  Other  factors ,  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 par t ic le  fall charac te r i s t ics .  

The 

Let u s  r eca l l  that  the purpose of the experiments  was  to  demon- 
s t r a t e ,  if possible, that f luorescein and 2210 are compatible a tmospheric  

t r a c e r s ,  even i f  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 certainly fall within these generous l imits .  

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. 

that  the technique would be inappropriate in investigation of sou rce  height 
difference of 10 m. 

able investigation of a difference in sou rce  height of 50 m .  

Some es t imates  of a tmos-  

The discrepancies  in the 

The applica- 

For example, F igure  10 d isc loses  

However, the technique is applicable in the m o r e  reason  

- 

c 
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. 
# 

* 

Speaking generally,  c la ims  of accuracy may be earnes t ly  given fo r  
a measur ing  technique. 

impossible,  it is difficult t o  prove or  disprove the c la ims .  Thus,  one could 

c a r r y  out a field diffusion experiment  under a cer ta in  s e t  of meteorological 

conditions and catalog the r e su l t s  with accompanying bes t  e s t ima tes  of 

accuracy.  Even if  we could control  the weather  and duplicate the meteoro-  
logical conditions of the first experiment,  is it not possible that the r e su l t s  

of a second experiment  could fall outside the confidence l imi t s  specified 

by the first exper iment?  Could not differing r e su l t s  be due to  unavoidable 

o r  unknown changes in equipment used in generation, sampling, o r  a s s a y ?  

The point is that nonreproducible weather  precludes control experiments .  

Discrepancies  observed in our  dual tracer r e su l t s  could well  be of the 

s a m e  magnitude as those which would be observed i f  control  experiments  

were  possible. If the differences even approach this s a m e  magnitude, 

then the dual tracer technique has  the distinct advantage of eliminating 

meteorological pa rame te r s  f rom the experimental  var iables .  

If an  independent check of the measurement  is 

One drawback of the technique could be the fluorescein d i spe r sa l  
dependency upon the specific generator  used.  

ford are commercial ly  available insecticidal s p r a y e r s .  

set t ings are not scientifically prec ise .  Thus,  sett ings which would r e su l t  

in a sat isfactory s i z e  distribution of fluorescein in one generator  might not 

apply to  another.  A minimal  effort to investigate this possibility was made 

in  the switching of genera tors  for  tests MT-3 and MT-4. 
In this instance,  i t  appears  that no ex t r eme  differences resul ted.  

The genera tors  used at Ilan- 

The i r  control  

(See Table I . )  

It is quite possible that continuance of field experiments  in the M T -  
series would r e su l t  in bet ter  combinations of fluorescein formulation con- 

centration a n d / o r  generator  control sett ings.  
that  genera tor  -to- generator  difference and moderately different control  

set t ings are of minor  significance. 

and MT-4 do demonstrate  that genera tor  set t ings ex is t  which r e su l t  in a 

reasonably compatible fluorescein-22 10 technique. 

It might a l so  be demonstrated 

In any event, field experiments  hIT-3 
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SUMMARY 

Fie ld  experiments  NIT-3 and MT-4 demonstrated that the commer -  

c ia l  TIFA generator  used at Hanford could be used to  d i spe r se  f luorescein 

par t iculates  in the atmosphere.  Resultant distribution of a tmospheric  con- 

centrations of fluorescein w e r e  s i m i l a r  to those for  f luorescent  zinc sulfide 

2210 generated during the same  t ime interval.  

Severa l  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. 

relations hip. 

Since the t r a c e r s  do not behave identically but do behave s imi la r ly ,  

c lose 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 .  

1 

. 



2 1  BNWL- 103 

REFERENCES 

1. 

2.  

3. 

4. 

J. J. Fuquay. P r o g r e s s  in Atmospheric  Phys ics :  A Summary  of Han- 
ford Labora tor ies  Work on Th i s  P r o g r a m  Under Genera l  Electric, 
1959-1964, HW-83602. September ,  1964. 

E .  Robinson, J .  A. Macleod and C .  E .  Lapple. 
Tracer Technique Using Uranine Dye, J. Meteorol . ,  vol. 16,  pp. 
63-67. 1959. 

"A Meteorological 
' I  

J. D. Ludwick. Dual Atmospheric  Tracer Techniques for  Diffusion 
Studies Using Phosphorescence-Fluorescence Analysis,  HW-70892. 
March,  1961. 

J. De  Ludwick and P. W. Nickola. "A Fluoresce in  Analysis Tech-  
nique fo r  Use in  Atmospheric  Diffusion Studies,  " Hanford Radiologi- 
cal Sciences R e s e a r c h  and Development Annual Repor t  fo r  1962, 
HW-77609, pp. 3 .15-3.19.  1963. 

? 



22 

ONS ITE DISTRIBUTION 

BNWL-103 

Copy Number 

1 - 24 
25 - 225 

227 - 2 3 1  
226 

232 
233 

234 
235 

Pacif ic  Northwest Laboratory 

Po W .  Nickola 
J.. J .  Fuquay 
E .  W .  Newton 
Technical Information Files 
300 A r e a  Technical  Publications 
700 A r e a  Technical  Publications 

Richland Operations Office 

R .  K .  Sha rp  
Technical  Information L i b r a r y  


