
NYO 3201-1 

NSEC- 120 

B. Keisch, R. C. Koch, A. S. Leviaz, 

J. Roesmer acd W, S. Winnowski 

t-. 

Summary Report to: 

Division of Reactor Development 

United States Atomic Energy Commission 

Contract No. AT( 30- 1)- 320 1 

i 

NUCLEAR SCIENCE AND ENGINEERING GORP OR-A-TION 
P. 0. B~X 10901 Pittsburgh, Pa. !5:,36 

t BE§l COPY AVAlLA0LE . 

I 
! 1 i 190123 



ACKNOWLEDGEMENTS 

ABSTRACT 

L INTRODUCTION 

IL EXP ERLM EN TAL 

A, The Partictrlate Tracer 

B. Tbe Gaseous Tracer 

C, FIdd Testing the Feasibility of the Method 

IIL RESULTS ANT3 DISCUSSION 

A. General 

B. Particulale Tracer Studies, Tests A, D, 
and E 

C. Gaseoiie Tracer Studies 

D. Background and Contamination Problems 

Iv. CONCLUSIOI4S 

-4. 

B. 

C. Practical Limitations of Sensitivity 

D. Background Reduction 

E. Increasing the Source Term 

F. 

G. 

General Practicability of the Method 

Theoretical Sensitivity of the Method 

Summary of Required Addit€onal Effort 

Potential Capability of the Method 

1 

8 

a 

11 

18 

27 

30 

30 

44 

44 

45 

46 

48 

49 

49 

REFERENCES 50 



TABLE; OF CONTENTS - 

TABLES 

L 

IL 

IIL 

IV. 

V. 

VI. 

VU 

VIIL 

rx. 

X. 

XL 

XIL 

XfIL 

XIV. 
c 

XV. 

Pt ope r t ie s of Ce r tain Meteorological P roper tie I 

Retention of CF I on Charcoal Cartridges 

I-I:?-CF I Prepared for Field Teste 

Tes' A - Sampling Schedule 

T~P! D - Sampling Schedule (Particulate Tracer) 

T*%st E - Sampling Schedule (Particulate Tracer 

Ta~l D - Sampling Schedule (Gaeeoue Tracer) 

Test E - Sampling Schedule (Gaseous Tracer) 

Rc.suIts of Test A (Particulate Tracsr Study) 

Results of Test D (Particulate Tracer Study 

Results of Teet E (Particulate Tracer Study) 

Meteorological Parameters 

Slopes of Lines of Figures 10, 11, 12 

Results of Gaseous Sample and Blank Analyses 

1-129 Content of Varicus Charcoal Samples 

3 

3 

7 

i! 25 

26 

34 

34 

35 

35 

36 

37 

39 

40 

41 

41 

42 

43 



TABLE OF CONTENTS 

FIGURES 

1. Aerosol Gtcerator- Schem.atic 

2. Aerosol Generating Equipment 

3. 

4. 

5. 

6. Sampling Grid, LOO to 3200 Meters 

7. Sampling Grid, 11, 000 and 16, 000 Meter Arcs 

8. Sampling Grid, Remote Stations 

9. Filter and Cartridge Arrangement 

Teet A (Particulate T-.acer Study) 

‘rest D (Particulate Tracer Stddy) 

Test E (Particulate Tracer Study) 

Dieaernination Syaten~ for CF 3 I Tracer 

Experimental System for CF 3 I Collection 

CF31 Retention on Charcoal + N(CH3)3 

10. 

11. 

12. 

These figures are presented immediately following 

Appendix 11. 

2- 1. 

2-2. Exchange Vessel Loading System 

2- 3. Iodine Drying Apparatus 

2-4. CF I Synthesis Apparatus 

Elemental Iodine Coaversion Apparatus 

3 

These figures are presented immediately following 
Appendix IV. 

4- 1. @-Total y Coincidence Counting Arrangement 

4-2. Typical 1-130 Decay Curves 

These figures are presented immediately following 
Appendix VI. 

6- 1. CF,I Carrier Addition Apparatus 

51 

I. I 
a 

I I 9 0 7 2 b 6-2. Charcoal Combustion Apparatus 



TABLE OF CONTENTS 

APPENDICES 

L 

XL 

ID. 

IV. 

V. 

VI. 

In 

Procedure for the Synthtais of Labeled Diiodofluoresccin 

Preparation oi Labeled Trifl.ioromethy1 Iodide (CF 3 I) 

Pqrfir'le Sizea Produced by Aerosol Generator 

Determination of I- 129 by Neutron-Activation Analysis 

Analyt ica\ P roc edures for Di iodofluorescein Collect ions 

Analytical Procedure for CF I Collections 

Estimated Costs of Atmospheric Tracing with I- 129 Labeled 
Tracer8 

3 

1. I 

I I40121 



The work dercrilrcd in this report waa performed under contract 

with the Division of Reactor Dcvc;nprntnt of the tJr.ited States Atomic Energy 

Commi8aIon. 

assistance of Mr. Harold Bernard and Dr. faaac Van der Hoven of that 

division. 

out tho full cooperation of Dr. Norman Ialitzer, Mr. C. R. Dickson and 

the other members of the U. S. Weather Bureau utaff at the NRTS and of 

the ataff of the USAEC Health Physics Group in Idaho. 

The authors wish to acknowledge the continuing intereat and 

The field testa held in Idaho could not have been performed with- 



AB STRA C: T - 

The rcqtikcricnte for tracer8 cf atmospheric motions are reviewed, 

particularly with rtapect to their utility over distances greater than ten miles. 

Tho developmcnt of traceta incorporating the long-liged nuclide 1-129 is 

dircusscd. 

methyl iodide, were developed fc t use as an aerosol and a gaoeous tracer, 

reapectively. 

dissemination, collection. and analysis of these tracers are given. 

The two I- 129-labeIed tracetrr, dliodofluorescein and triflhro- 

Detailed dc~criptions cf the methodology for the synthesis, 

The use of 1-129 as the tracer can rr~~tilt in the extremely high senRi- 

tivlty and low background required for tracers useful over long distances. 

High renskiwity ia achieved by using special1 y developed neutron-activation 

analyais mctFods. 

that there ta irirtuatty no naturally occurring I- 129. 

Low background concentrations result from the fact 

The results of a series of field tests of these tractrs ehawed that 

the method im basically sound. Results, essentially in agreement with 

theoretical predictiona, were obtained to distances of 64 kilometers for the 

aerosol tracer. 

clusive due to the inadvertent u8e of char sal contaminated with fiesion- 

product-1-129 a8 the gas sampling media. 

However, the results for the gaseoas tracer were incon- 

Calculations, based on assumptions of somewhat improved background 

level8 and reasonable increases in the quantities of 1-129 releaacd, ohow that 

the 1-129 tracer method can be effective over ranges up to 800 kilometere. 

t 140124 
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1. INTRODUCTION - 
Since April, 1963, NSEC has conducted a research and development 

eff9rt with the objective r.f developing tracers and methods for performing 

atmospheric diffusicn st*:rliee OI'P r ranges beyond those for which existing 

methods are already ade2iiate. 

and results of the invcstiqations.performed through June, 1965. The pro- 

gram, which culminated in ;I group of field tests to determine the feasibility 

of the methods, is bring carried out for the Division of Reactor Development 

of the United States Atomic Energy Comniia.ion under Contract AT(30- 1)- 320 1. 

The problem of canservation of unpu!luted air has received con- 

This report reviews the history, progress, 

siderable atten?ion in recent year s from the viewpoint of conventional 

industrial air pollution, However, ne increasing development and projected 

Civilian utilization af nuclear energy is expected to create a new type of 

potential air-pollution problem. 

management of airborne nuclear wastes, is analogous to that of conventional 

air polluticn' 'I. 

the meso-ecale and large-scale diffusion or transport of both types of 

pollutants in the ztmosphere. 

over these long distances are required to obtain the desired experimental 

measurements. 

This problem, with its implications for 

A neeil exists far meteorological research to kvestigate 

Valid methods of tracing atmospheric motions 

I 

The tracer method may be described as a sequence of operations in- 

volving the introduction of the tiacer element, In 3 specific chemical or 

physical form, into the system to be etudied, and the determination of its 

behavior in that systexm by measurement of its concentrations in predetermined 

portions of that system. In measurements of atmospheric diffusion, the 

tracer is typically disseminated at a known rate, and the concentration in 

the atmosphere is detta rmined by sensitive analytical measurements on appro- 

priate samplee collec'ed at selected position8 and times down-wind from the 

disseminator. Therefore, an evdluation of potential tracer methods musf 
1. 



taka into account four operattons: 

of the tracer material, (2) the method of disFf>tmination, (3) the type of 

sample collector, and (4) the ana:ytical rneflic4. 

fications for each of these operations may vary according to the technical 

objectives of specific expcrinients, certain general requirements can he 

set forth for typical atmospheric tracer appl€cations. 

(1) tho prcuaration and characterization 

Although the detailed spcci- 

In most previous work, 't has been assumed that particulates naving 

diameters on the order of microqs behave in the atmosphere fu a manner 

which accurately simulates the behavior of gases. 

this assumption is not valid "I. 

basic premise has been established; dz. 

of aerosol behavior only, and tr'ie qas tracers must be used au indices of the 

behavior of gasp8 in the atmosphere. 

potential tracer methods be evalilated separately for gas tracers and aerosol 

tracers, and that the development of a gene.-al tracer method should provide 

a tracer entfty cjf each type. 

Some evidence exists that 

Therefore, for the purpoRe of this study, a 

part:cdate tracers are valid indices 

This prnmlse explicitly requires that 

The specific objectives of a partlcular tracer application will dictate 

Typically, gas tracers would be the choice of a gaseous or aerosol tracer. 

used for basic research (e. g. the study of atmospheric motione) or engineering 

tests 

effluents from nuclear Jnstal'latSons). Simtla r; y, aerosol tracers would be 

used for general studies of the transport of particulates in the atmospherc 

or for the evaluation of potential hazards resulting frjm the release of radio- 

active particulates dristng credlble nuclear Incidents. The physical state of 

the tracer will generally establish the criteria for dissemination and collection 

devices. The technical objectives will also dictate the method of diseemhation 

(conthuous or batch) and the scale of the experiment. 

deffne the overall sensitivity required for the tracer method which, in turn, 

may be strongly dependent on the analytical method8 used to measure the 

tracer €n collected samples. 

the field (e. g. determination of the dlspersion and fate of volatile 

I1 

., 

This latter factor will 

-2- 



Conipara ttve cval ua tions of alternative methods for an experimental 

measurement genera!ly take into a ctount estlmatcs of accuracy, sensitivitv, 

and COBL 

and sensitivity. 

tracer experiment would normally be deftned by the scale of the experhep-t, 

it appears reasonable to define three broad categories of applications and 

to compare the potentia! of the reRpective methods for each category. 

categories have been arbitrarily defined as small-scale (e5 miles), meso- 

scale (5-50 miles), and large-scale (>50 miles). 

and nuclear methods for gas tracers ar,d aerosol tracers were considered 

a eparately for e a cC cat e gory. 

Frequently, an inver RP relationehip is encountered between cost 

Since the sens!t!vity requirements for an atmcsphcric 

These 

Applicable 'conventionalw 

Typical conventionai tracer methods used in the past involve sulfur 

dioxide, fluoresctnt pa rlicles { 8 ,Ich as zinc cadmium sulfide), Lycopodium 

apores, and dyea (such as uranine). Since the 'latter three methods all in- 

volve use of a tracer in the part:culate formp they are excluded from cod- 

sideration in this e7aluatfon for uss in measarements of gas motions in the 

i 

atmosphere. However, the demonstrated use of these methods in the field 13) 

(4) and the favcrahle cost of the tracer materia's and analytical measurements 

indicate qttdlitatively that these latter tracers may prove to be most advan- 

tageou6 for exper?ment s having scales compatible with the overall sensitivities 

of them methods. 

to 22 miles has bewq reported 15'. However, the general use of such tracers 

bppeara to be most advantageous for small-scale exper~ments. A short, 

general review of the character!et!.ce of the common tracers is given by 

D~~nbauld(~). A table from that paper is reproduced here (Table 2) for con- 

veniencc. 

'The aucceesful use of fluorescent pigments Cor ranges up 

The nuclear tracer methods that were considered in this work include 

the use of radiofcotopps, stable isotopes, and the qiiaei-stable isotbpe, 1- 129. 

The use of radIoisotop~~ !qvolvee direct radiome'rrc analyses far the tracer 

in the collected samples, while in the latter two methods, neutron-activat:on 

analyeis appears to be the opthum method. These three methode have 



intrinsically better P ensitivitv thar? the "canvent€ondW methods cited pre- 

vlously. 

ments is normally higher. On the basis of thie qualitative comparison alone, 

it is expected that thsse tracers would be mote advantageous for rneso-scale 

or iarge-scale aerosol-tracer expertrnentfi where their increased aensitflhty 

would be required. There is, in principle, a wide selection of tracer 

elements for both aerosol and gas tracing using these methods. Therefore, 

one or more of theae methods may be of subetantialhterest for small-scale 

applicatims uring gas tracera. 

used successfdly ' 29 'for s uch application B. 

However, the coat of the tracer materials and analytical measure- 

The radioisotope tracer method has been 

The extension of these qvaiitative observat!ons to a quantitative 

comparison of the respective methods for emall-scale, meso-scale, or 

large-scale experiments must take into accomt numtrouB other considerations 

peculiar to the methods, the desired properties of the optbum tracer ele- 

ment, and a compariron of candidate tracer eiemcntr for each method. 

example, the uee of a radioisotope tracer would require evaluation of the 

pattnttal radiological ha zards r eau! t i ng from its release to the environment. 

For a short-lived tracer (e. g. .r 1.83hr Ar-4 1) in a s=cl!-ecale applicationp 

rome rcrtriction on parronnel acccr~ to the experimental area would probably 

be required. However, the ure of a longer-lived tadioirotops (a. g. , 5770-yt C- 14) 

Cn large-rcale experimon+r would require conridcration not only of the rhart- 

term potential hrcrrdr to the population, but alro of the long-term fmplicationr 

of ita releare to the env!tonment. 

For 

The ertimation of ?he ultimate renrlttvity which can be achieved 

prlcticdly urhg rtable irotoper, I- 129, or certain radioirotoper dcpendr in 

part on the intrinric analytical rcnritivitiar for the rpecific tracer elements 

and pertly on the cxirting conccntrationr of there tracerr in the atmorphere. 

The htrinric renrltiv€t!er are readily eathated from the nuclear properties 

of the rerpscttve tracer elementr. However, the barir for erthataa of back- 

I I90133 -4- 
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ground conccntratione arc much less precise, eepecially for 1-129 and for 

stable isotopes of naturally-occnrring eiement s. 

The quant:t.*tive compar'sm of tracers for the respective method9 

considered the optimum physical and chemical properties for both gaseous 

and aeroeol tracer entities. Irc each casej the tracer had to be stable with 

respect to credible chemical or photochemical interactions in the atmos- 

phere or biosphere for the duration of the experiment. 

are somewhat more stringent for large..scale than for small-scale experi- 

mente, Water-soluble or hygroscopic scbstances were avoided. For 

aerosol tracers, control of part i cle size dur!rg dissemination Is also 

important. 

Hence, the criteria 

The choice of a chemica::y inert stable gaseous tracer to be analyzed 

by acthation analysis arid with ;1 relatively low natural background is 

severely limited. This is largely due to the fact that most rare elements 

do not exist in chemical forme which are gases at ordinary environmental 

temperatures. 

content of the atmosphere is repcrted to be -6 x 10 

A notable exception is the wnoble" gas,, xenon, but the xenon 

*- 6 (7) weight percent . 
The choice of a particulate tracer Is pot limitsd in this way. However, 

the background concentrations may vary with locale. Therefore, on-site 

sampling is required to determine the extent to which such concentrations 

may limit the selection. 

The use of an extinct nud bde, I-- 129, provides a tracer for which the 

background concentration ie, n pr*hciple, nearly zero. In practice, anthro- 

pogenic material generated in nuclear detonations and released from nuclear 

fuel processing plants is present in the environment. 

background concentrations are expected. 

vary with the locale of any field experiments. 

materiale, and chemicals used in the tracer teats may also result. 

Therefore, small 

The concentrations will normally 

Contamination of equipment, 

The element iodine exists In diverse chemical forme, many of which 

represent suitable particulate materiale for tracers. A dye, diiodofluorescein 

(DIF), was selected for use in tvis program. This decision was made, i il ' 

i 130134 
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part, because of the chemical eimilarity of DiF to uranine (the sodium 

salt of fltlorellccin), becatirte it is non-toxic, and because the technology 

for the dissemination 2f uranine was already developed (8). Furthermore, 

the economical fluorimetric procedure already in use for uranine analyses 

could be applied to DIF or to mixtures of DXF and fluorescein for measure- 

ments of eaniples collected at close range. The use of DIF and fluorescein 

is preferable to that of their sodium ealts, bocause the former compounds 

are insoluble in water. Thus, the we of DIF permits exploit3tion of the 

economic advantages of a fluorescent dve tracer at short ranges and the 

exceptional sensitivity of the I- 129-activation-analysis method for long 

ranges. 

Inert, stable compounds of iodine which are true gases at ordinary 

temperatures, are somewhat less abundanL Elemental iodine and methyl 

iodide are volatile at ordinary ambient temperatures but are really a solid 

and a liquid, respectively, and their vapors tend to condense and/or adsorb 

on solid surfaces. 

Hydrogen Iodide, iodine peritafluoride and Iodine heptafluoride are dl true 

gases at ordinary temperat cires but are chemically very reactive. 

'freon'olike material, trifluoromethyl icldfde (CF I), however, is a true 

gas above -22 C at one atmosphere pres5 

of its class, is chemically and biologically inert. 

obvious choice for an iodine-bearing gaseous tracer. 

In addition, these cornpouads are somewhat reactive, 

The 

3 
0 

and, like other compounds 

CF31, therefore, is the 

I. i 

The experimental effort was therefore directed to the development 

of methods to utilize the two tracers, DIF and CF31, labeled with I-i29. 

The remainder of this report describes the experimental effort and the 

results obtained in the laboratory and in the field, and discueees the results 

in terme of the practical utilization of these tracers. 

I190135 
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A. The Pau'iculate Tracer 

1. I'reparatian of - Labeled Diiodofluorescein (DIE;). TWO 

methods of preparing DIF labeled with I- 129 were investigated using 58-day 

I- 125 as a tracer. 

potassium iodide (labeled), fluorescein, and acetic acid? gave apparently 

excellent chemical yields (>93%). 

by thin-layer chromatography revealed that the product was impure In that 

it contained a mixtrt-e of iodinated fluorescehe along with some chlorinated 

fluoresceins. Since purification of the desired product from the object/,bnal 

components would invol-+e 1 tedioiis procedure, emphasia wag placed on an 

alternative preparative method. 

One method (lo) us;ng a mixture of dichloramine-T, 

However, analysis of the reaction product 

The second method " involves reaction of a buffered solution 

of sodium fluorescein with a chloroform solution of (labeled) elemental iodine 

for approximately thirty minutes. 

yields of approximately 80 percent of theoretical. 

trinsically utilizes only one-half of the initial tracer, the unused material 

was readily recover able. 

consisted of at least 70 percent DIF with the remainder almost entirely 

triiodofluorescein (TIF). Further experiments determined that, by careful 

control of the temperature during the synthesis, DIF having satisfactory 

purity could bc prepared reproditcibly. The product contained only a very 

small fraction of TIF, which had no significant undesired effect, aincc the 

mixture could be readily calibrated for both flrtorimetric and activation 

analy~es. 

veloped preparat-ry procedure was used to label DIF with 1-129. 

of the procedure are given in Appendbc 1. 

This method gave acceptable chemical 

Although this method in- 

In the original e uper€mtnt~, the reaction prodact 

Such a calibration would also be required for pure DIF. The de- 

The detail8 

Characterization of the DIF prepared in this manner (as well as 

the I- 129 labeled product Frcpsred for the fteld testa) war accomplished 

I190131 
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using paper chromatography. 

the literature (12) using a descending eolvcnt yystem composed of 200 parte 

of n-butanol, 88 parts of water, 2 parts of anrnionium hydroxide, and 40 

parts of ethanol. 

cernible by visual inspection and could be measured accurately when radio- 

iodine was used in the synthesis. 

The method is typical of those described in 

l’he presence of DIF and any impurities was easily dis- 

2. Dissemination ai - DIF. A pneumatic nozzle, essentially 

was assembled and ccrrnected (4?8, 131 identical to those described elsewhere 

to a tracer reservoir and a source of conipsessed air, as shown in Figures 1 

and 2. Tests using this apparatus were performed using either fluorescein 

or DIF dissolved in denatured ethyl alcohol or a mixture of that solvent and 

acetone. 

80 psig and with an air flow rate of approximately 150 scfm. 

solution was disseminated in a series of 20-second bursts at rates of from 

0.03 g to 0.2 g dye per second. 

millipore filter as close to the disseminator as possible (-2 meters) without 

interference from uncvaporated solvents. 

ranged from 4 nig to I2 mq. 

In these tests, the apparatus was operated at an air pressure of 

The dve 

The aerosols produced were collected on a 

The masses of the collected samples 

Microscopic examination of the dry Farticulatcs indicated that 

a useful size range was easily obtained. 

spherical, and the diameter ranged from a maximum of approximately 7-10 p 

to size8 below the reaolution of the microscope (a few tenths of a micron). 

Subsequently, samples were submitted to Particle Data Laboratories of 

flmhurst, Illinois, for more quantitative particle-size analysis. 

of these analyses showed acceptable particle-size distributions for various 

conditions of diaeemination. 

rerved. 

the sizes of particulat%s has not been obtained. 

that the reproducibility with wk ich ?he aerosol is produced under various diR- 

s emhation cond i t ions is s at i 8 fa c to I+ y . 

The particles were generally 

The resuits 

Apparently normal size distribution8 were ob- 

Compl cte elucidation of the dis seminatio-i parameters which define 

However, the results indicate 

II t 90138 
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Under a variety of weather condlt ions (clear, overcast, windy), temperatures 

(11OC - 3I0C),tracet solution Concentrations (2.9 mg/ml to 23.6 mg/ml), 

and using fluorescein or DIF, mean-weight diameters were obtained ranging 

from -0.2 p to 2. 3 p. 

and presents the data for the respective experiments. 

Appendix In deecribeR the experimental conditions 

3. Chemical Stahil ity of DXF. Aa a check on the long term 

chemical stabtltty of DIF, a anraI1 quantity of material labeled with 1-125 

was set aside for a period of -6 monthP. 

graphs taken before and after th~ storage period revealed no observable dif- 

Comparison of paper chromato- 

ference. 

stability of this material was jirdged to be :ati.:fnctory. 

Sampling of D!Ft'..erosals -----. in the Field. 

Since no significant chr%mical cieroinposition had occurred, t.kqk 

4, Because of its 
.-.-I 

chemical inertness, Gelman TY~P E glass fiber filter material was selected 

ae the sampling m~rIium for the aerosol tracer. 

to have an efficiency of 99. 8% fcr partic?es larger than 0.2~ in diameter and 

greater than 987' for particles as small as 0.05p. 

tested in a Staplex Hi-Vol air sam!>ler two meters from the aerosol generator. 

No visible deposit appeared on the second (downstream) filter. 

This material is reported 

Pairs of these filters were 

The contribution of these filters to any 1-129 background con- 

centration was det ermined by subjecting blank filters to the complete analytical 

procedure described below. The results of measurements on three four-inch 
- 12 - 12 

g, (9 f 5) 10-12g, and (8 * 1) 10 diameter filters were (8 * 6) 10 g of 

1-129 per filter. This level of 1-129 was judged satisfactory. 

5. Anarvticc'l - Method. A general method for determining 1-129 

by neutron-activation analyeis had been developed previously at NSEC and re- 

fined so that levels approaching -6x10 

ur ed 

high sensitivity is required ie presented in Appendix IV. 

- 14 
gram per sample had been meas- 

. A review of this general method for applications when very ( 14,151 

The procedure8 for post- collection treatment of DIF samples 

and for determination of their 1-129 content muRt provide for quantitative re- 

covery of the DIF from the collection device, pre-irradiation chemical treat- 

I190139 
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ment and port-irradiation t.-Idiocheniical purificHf\on. 

procedure war developed w'!lch wou:.l be appropriate for ramples requiring ana- 

lytical rensitivitiee approaching the limits of the method. 

method involver recovery of the I-12Q labeled DIP from the glass-fiber filter by 

elution with methanol, addition of unlabeled DIF iig a carrier, purification of the 

DIF by solvent extraction, decomposition of the organic material with nitric acid, 

purification and recovery of the iodinr fraction with a eeries of extractions and 

encapsulation of the sample for irradiation. After irradiation, radiochemical 

purification involves rrpeated extraction cycles and recovery of the iodine 

fraction in a form euit;,ble for che1.iic;t.I yield determinations and radioactivity. 

meaeurements. 

A rigorous pre-irradiat ion 

In Irumrnary, this 

This procedure is presented in detail in Appendix V, 

A simplified variant of this proccr!ure, also presented in detail 

in Appendix V, proved to be satisfactory for sami)les collected at short-ranges 

(generally up to -3200 meters). 

lor samples containing more than 10 

The simplified procedure is normally adequate 

-9 
gram I- 1Lq. 

In the development of these prrJcedures, 1-125 was used as a tracer to 

check for completeness of recovery or the iodine fractions. 

It was found that quantities of DIF (labeled w!th I- 125) of less than 1 mg were 

recovered quantitativFly from filters v.ith three successive 5-ml methanol washes. 

(Four portions of -25 ml each are used for the final procedure). 

involving the entire preparation and purification procedure from filter wash to 

final precipitation of silver iodide gave material balances in excess of 95% after 

making the appropriate correctixm for chemical yields. 

Thus, for example, 

Trial analyses 

B. The Gaseous Tracer 

1. Pteparation of Labeled Trifluoromethyl Iodide (CF-I) 
3- 

Two practical methods appear to be available for thib preparation, direct 

synthesis and 1abeli::g by exchange. 

the Hunsdieckers reaction 

equation 11- 1. 

The initial effort was directed to the use of 

(9) for direct synthesis. This reaction is shown in 

- 11 - 



CF3COOAg .t ‘t - CF31 t Cot +AgI 

Although this method utilizes only 50 percent of the labeled iodine, the 

unused iodine is recoverable. However, poor yields (less than -16%) 

were obtained when the reaction system was scaled down in size from 

those dercribcd tn ths literature. Therefore, refinement was deferred 

peadbg investigation of an alternative procedure involving the excha-ge 

reaction rho- in equation 11-2. 

(11-2) 

In this equation, the asterhke denote the tracer iodine. 

Attem-Cta were made, using I- 125 as a tracer, to label 

CF I by exchanqe under a variety of experimental conditions. 

attempts included dirqct reaction of fhe two compounds, reaction in the 

presence of various solvents and/or at various temperatures, and in 

vessels made of a variety of materials (including steel, aluminum, quartz, 

and Pyrex). It was fowd that the reaction cannot be conducted in a metal- 

llc vessel because chemical reaction between the metal and the labeled 

iodine leads to sUbstaa+tal loss of the tracer and inadequate labeling of 

the CF3L 

sistently resulted in nearly complete exchange using 1-125. 

cedure requires heating a mixture of labeled elemental iodine and uqlabled 

CF I at 150 to 2OO0C in a quartz or Pyrex vessel for approximately one 

hour. 

(B.P. = -22OC) away from the iodine. 

Appendix IL 

These 
3 

One set of experimental conditions was devised which con- 

i/ This pro- 

3 
The two components are then easily separated by distilling the CF I 

3 
The detailed procedure is given in 

This procedure does not permit complete utilization of the 

tracer in a single reaction. However, the quantity of remaining material 

I li101Ql 
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can be minimized. Also, the residual tracer is present as elemental iodine 

and is available fcr immediate reuse. For example, the equilibrium ratio 

of tracer in each chemical form is equal to the molar ratio of all the iodine 

in each chemical form. Thus9 if the initial molar ratio of the iodine in CF I 
3 

to that in 5 is 9 to I, then 30% of the tracer will be in the chemical form 

CF I after the fir9 t exchange reaction. 

the residual labeled iodine is exposed to a second identical batch of CF I, 

only 1% of the original tracer would remain in the form of elemental iodine. 

Clearly, the specific activity of the second batch of labeled material would 

be reduced. However, for the present application, dilution of labeled CF 1 
3 

with ordinary CF I represents itr3 serious dtuadvantage. 

Ift after separation of the constitutenta, 
3 

3 

3 

This cxchangq procedure was ased successfully to prepare 

approximately 15-20 batches of I- 125-labeled CF 1. The labeled material 

was used fn experiments for dei.cloping and testing CF I sampling devices 

and procedures and procedlrres for recovering and separating the iodine- 

labeled material in a form suitable for I- 12'? analysis. 

were encountered during the prpparation of I-129-labeled CF I for the field 

teste (see belowj which led to significant Icrc3';es of 1-129. 

the direct synthesis method was re-examiI;Pd. 

3 

3 

/! 
However, difficulties 

3 

Ir, this connection, 

Consultation w:th 2 manufacturer of (unlabeled) CF I led to 
3 

the successful prd tiction of labeled CF I w'th useful yields. 

reaction was used Lut with extr<i precautions taken during the preparation 

of the raw materials to ensure complete drying of the materials. Details 

of the procedure for labeling CF I by direct synthesis are given in Appen- 
3 

dix L 

The Hunsdiecker 
3 

2. Dissemination of CF I Tr-xcer. The controlled dissemination - 3-- 

of a gas can be accomplished by several altvrnative methods. 

used procedure involves containment of the gas under pressure and its re- 

lease into the atmosphere at a preselected, controlled rate. 

cation, this method would require dilution 01 a small quantity of labeled 

A frequently 

For this appii- 
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CF31 (-1.5 granls or less) with a much laricer amount of ordinary CF I 

to be able to control and meas1:r-e t?re flow : -mte of the tracer. The expense 

of this extra quantity of C:F I qllggests that an inert carrier gas, such a8 

nitrogen, be used instead. 

Cn vapor pressures, the CF I might be liqufied at useful nitrogen pressures. 

Thuso uniform mixing of the CF' I and the cqrrier gas might not be control- 

lable. 

3 

3 
Ha %*ever, beca 1.i~e of the significant difference 

3 

3 

i i 
The method selected involves storing the labeled CF31 in 

metal cylinders of known volume at a press:rre slightly less than one 

atmosphere. (See F€gure 3). 

metric and tempcrature conditions immediately prior to dissemination by 

allowing water to enter the lower end of the cylinder until pressure equali- 

zation if3 obtahed. 

of water entering the cylinder. 

water into the lower end of the cylinder (both valves open) at a known rate 

adjuoted to fill the remahing gas space in the cylinder in the desired dis- 

semination period. 

pump such as the Reckman Modpl D which has a continuously adjustable 

range of flow up to LO ml/mh). 

a nozzle with a -0. 1-mm diameter orifice. 

the effect of inadvertent back-diffusion of air into the cylinder. 

The pressure is adjusted for the exact laro- 

A new gas volume is calculated by noting the quantity 

Dissemination takes place by pumping 

(A suitable pump for this purpose is a solutiorr metering 

The gas is displaced and escapes through 

This small orifice minimizes 

The nozzle is equipped with a 'T" connection so that a sample 

can be withdrawn info a previously evacuated vessel during the dissemination 

operation. In practice, the volumes of the metal cylinders used for the ileld 

tests described below are either -25 ml or -500 ml for normal releases 

of 0. 1 g and 1 g of I- 1291 respectively. 

csampling devices are only .-O.Ol ml. 

and nozzle are kept under 2 ml and are measured. 

in computation of the dissemination to take into account the fact that these 

spaces are filled with air initially. The dissemination is terminated when 

water is expelled from the nozzle. The elapsed time for dissemination is 

The volumes of the evacuated 

The volumes of the piping, valves, 

Correction must be made 

measured carefully. 

11qo-p!3 - 14- 



3. Collection of -3-- CF I Samples in the FielA 

CF I is chemically inerr is a desireable attribrite for ita use as an atmos- 

pheric tracer, The prc’pert)+, however, makes the design of a quantttative 

sampler rather difficult, especially if the collection must be 



pcrtods equal to or exceeding the maximum requirement for sampling 

period8 in the field. 

The types of adsorbent materials tested included (1) activated 

charcoal of various particle Rizes, (2) activ<\ted charcoxl previously treated 

and/or continually treated with trimethylamine, (3) fil?ers and columns 

loaded with various oils having high vapor pressure, (4) various chemicals 

reported to react with CF I Ruth as phosphorous, mercury compounds, and 
3 

arsenic, (3) silica gel, (6) paraffin chips, arid (7) combinations of some of 

these materials. After screening tests for r!?ost of these materials, it 

became obvious that a good activated charcocil cartridge would prove to 

exhibit the optimum retention efficiency for CF I. 

of the CF31 for subsequent I- 129 analyses $?!)peared to be troublesome. 

Also, gradual elution of the adsorbed CF I with continual air flow occurred 
3 

with all types of charoal. 

However, the recovery 
3 

A reaction between CF I and N (<;El ) (trimethylamine) was 
3 33 

reported in the literature to yield a solid niaterial. 

"fixing" the CF I on the charcoal using this reaction was explored. 

experiments, the charcoal was carefully "activated" by heating in a vacuum 

and was then pre-treated with N(CH,),. 

The possibility of 

In these 
3 

E';gute 5 shows the results of a 

typical experiment 

Their performance 

only slightly better 

4-J 

in which two charcoal beds were operated in series. 

is shown separately and in sum. 

than that obtained with activated charcoal not treate 

The performance was 

A search for the most efficient activated charcoal culminated 

in a special activated charcoal cartridge produced by Mine Safety Appliances, 

Inc. 

with organic materials. Special charcoal whirl. contained no iodine was 

prepared for this program. 

cartridges having diameters of -4 inches. 

Ordinarily, this type of charcoal ie doped with iodine for reaction 

The charcoal was packaged in -1-in long 

A eerie8 OI Bxperiments was begun to demonstrate that the per- 

I140745 
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formance of these cartridges would be satisfactory under field test 

conditions. 

these cartridges q'rrated in seripa would collect and retain at least 

90% of the injected C;F I for at least one hour at an air flow rate of 

10-15 cfrn. 

operated in series v% ith a Staples sampler identical to those to be ueed 

in the field tests. 

quantity ofl-125-labeled CF31, air uas drawn through the cartridges at 

a flow rate of 11 cfni for ytsrlodq of one hour and 1.5 hours. 

ridgee were disn ssembled and individually analyLed 

described below) for their I- 125 content. 

of the injected CF I was retained in the first two cartridges after one 

hour and that 7996 of the CF I v,;~ 5 retained after 1,5 hours. 

The test specifications required that no more than two of 

3 

Two testa werc made in which three cartridges were 

After addition in the standard manner of a known 

The cart- 

(by a method 

The results showed that 98% 

3 

3 

A third test was performed in which three such cartridges 

were operated for three hours after injection of the tracer gas in an air ' 

flow of 15 cfm. 

of each cartridge at 15 minute intervals throughout the test. 

shows the results of thir experiment, 

of CF I occurs from the third cartridge after 75 minutes (or 1125 ft 

However, these experiments indicate that adequdte retention €8 obtained 

with two cartridges with elution volumes of approximately 700 ft of air 

or for operation for approximately one hour at 10- 12 cfm after an €nstan- 

taneous injection of tracer. For a typical field experiment, the sampling 

device operates for approximately one hour and the tracer is collected 

over approximately one-half of the operating period. 

at least 95-9770 of the tracer would be retained by these charcoal cartridges 

under such conditions. 

I! 

Measurc.rnc:its were made of the radioactivity content 

Table I1 

These data show that some loss 
3 

air). 
3 

3 

It is estimated that 

4. Analytical Methods. The basic objectives of the analytical 

method €e to remove CE' l labeled with 1-129 from the charcoal to convert 

the iodine in it to an inorganic form BO that it could be subjected to the 

activation analysis procedure described in Appendix IV. 

3 

I1Ci0?4b 
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Numerous attempts were made to remove adsorbed 

CF I quantitatively from charcoal by chemical methods. 

water, various aqueous solutions, and organic solvents were unsuccessful, 

as was vacuum desorption, even at elevated tcrnperatures. Therefore, a 

procedure based on complete combustion of the charcoal was attempted and 

was eventually adopted. Briefly, this procedure consists of the removal 

of the charcoal from the cartridges, the addition of a known amount of 

carrier €n the form of unlabeled CF I, the combustion of the charcoal in 
3 

an oxygen stream, and the coltection,dissolution,and extraction of the re- 

sulting inorganic iodine. The detailed procedure is given in Appendix IV. 

A variety of carriers, including a solution of elemental iodine in an organic 

solvent, and liquid aliphatic and aromatic iodine compounds, were investi- 

gated. 

true indication of the chemical yield obtained during the combustion. 

Elutions with 
3 

It was found that CF I is the only carrier material which gives a 
3 

Satisfactory performance of the method was checked 

by analyzing charcoal cartridges to which a small quantity of CF I labeled 

with 1-125 had been added. 

recoveries were obtained ranging from 93% to 108%. 

3 
In a series, of four successive experiments, 

C. Field Testing the Feasibility bi the Method. 

1. General Objectives. The objectives for the field tests 

(which took place in August, 1964 at the NRTS in Idaho), were (a) to deter- 

mine the general feasibility of the method for long-range particulate and 

gaseous phase tracing using I- 129 compounds, (b) to explore any differences 

between these methods and the method now in use for short ranges based 

upon measurement of the fluorescence of dyes (498, 12) , (c) to determine the 

practical sensitivity of the i- 1tBbased method and hence establish the range 

over which it can be eflectively employed, and (d) to determine what, if 

any, further development is required to perfect the 1-129 tracer method. 

It was decided jointly by personnel of NSEC, DRD and the USWB that a use- 

ful program of field teste would include: 

11 

I I40741 
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a. 

b. A duplication of (a) 

c. 

de A duplication of (c) 

e. Both tracere simultaneously to a range of 

25-40 miles 

DIF-I-129 to a range of 10 miles 

CF31 - 1-129 to a range of 10 miles 

f. A duplication of (e) 

The results of the DIF tests would be reinforced by fluorescence measure- 

menta on portions of the ~ame samples collected up to a distance of 3200 

meters, Full meteorological ;netrumentation d the tests was to be pro- 

vided by U. s. Weather Bureau personnel. 

2. Preparations. 

a. Synthesis of 1-129 labeled DIF. The method given 

in Aprendix I was ueed to synthesize DIF labeled with I- 129. 

coneiated of a stock solution containing the DIF dissolved in 400 ml of ethyl 

acetate, 

2.22 grams of I- 129. 

solution showed only small quantities of fluorescein and tri-iodofluorescein 

to be present. 

The product 

The concentration of the I- 129 was 5.55 mg/ml for a total of 

Paper chromatographic analysis of a sample of thy/ 

b. Solution for dissemination of DIF. During the prepa- 

rations for the field tests it was found by U. S. Weather'Bureau personhe1 

that the fluorescence of DIF was much lower than that of fluorescein (or 

uranine) and that the sensitivity of the fluorescence measurements for the 

short range samples would be inadequate. 

chemically and physicaliy compatible, the original plans to include a large 

quantity of unlabeled DIF in the solution to be disseminated were altered to 

include the use of fluorescein instead. 

pared containing ethanol solutions of fluorescein at a concentrations of 

-24 mg/ml. 

(small) volume of DIF - I- I29 solution was to be mixed into the appropriate 

(large) volume of fluorescein solution. 

Since fluorescein and DIF are 

Several five gallon drums were pre- 

Immediately prior to a field test dissemination the appropriate 

t 130148 
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C. Synthesis of CF I - 1-129. Following two failures 

during attempt8 to 1 ?bel CF3T with I- 129 by means of the exchange method, 

the direct synpcai- method uaq perfected as described above (p. 11-13 ), 

and in Appendix 11. 

3 

Appropriate quantities of the labeled CF 1 were then 
3 

synthesized, purified, arid loaded into aoldered brass cylinders with needle 

valves on each cn?. 

gas pressure within each cy1indi.s was less than atomosphcric. 

for the descriptian of thc use 04 these cylinders for CF I dissemination. 

The total quantity of CF31 - I- 129 prepared and loaded Into the cylinders 

represented -2 g of 1-12Q distributed as shown in Table 111. 

The vdun rq of the cylinder8 were such that the t a1 ?/ 
Sac page 14 

3 

d. Compatibility Tests. Because the proposed tests 

included two runir during which 1- 129 was to be released in both forms (DIF 

and CF I), two experiments were performed on a laboratory scale which 

successfully demonstrated that no cross-interference 
3 

would occur. 

In the first experiment, two filter discs of the type 

to be used for the aerosol sampling were mounted in series at the intake of 

a Staplex high volume earnpler. 

(two mctero) to the aerosol genpratar until a heavy deposit wa8 obtained on 

+he outer filter. 

outer filter or on the inner 

The sampler was operated in close proximity 

No dye was detectable either on the rear surface of the 

(sCbf.ond) filter. 

A second eyperiment consisted of the addition of 1-125 

labeled CF I to the intake of an operating Staplex sampler through a pair 

of charcoal cartridges preceded by filters of the type to be used for DIF 

samplbg (Figure 9). There was no detectable 1-125 activity (less than 1% 

of the total) found in the primary filter or in a secondary charcoal impreg- 

nated filter. 

3 

e. Pre-Field Test Background Measurement. A group 

of six charcoal cartridges were used for the collection of background samples 

at the test site by U. S. Weather Bureau personnel aome 45-60 days prior 
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to tho field tests. 

was included in front of the cartridges to remove from the air 8trearn 

any "fallout" I- 129 present in its moat commonly occurring forme, aerosols 

or elemental iodine. Due to the press of time and tubsequent developments 

in the analysis of field tent samples only two of these background cartridges 

were analyzed. The results for a sampling period of two hours were 

1. 1 x loo9 g 1-129 (without charcoal pre-filter, 2060 ft of air), and 

1.4 x IOo9 g 1-12? (with charcoal pre-filter, 2300 ft of air). ALthough 

there results were higher than expected, they repreaented a volume of 

air nearly four times larger than that to be encountered in the actual field 

tcstu, and it was expected that a background of -2-4 x 10-log would not be 

a serious interference for most of the teste. 

Fcr three of these, charcoal impregnated filter paper 

3 

3 

Background measurements for the aerosol tracer were 

made by using some filters of the type to be used for the field testa, to 

sample -1.2 x 10 ft of air. These measurements were made approxi- 

mately one year before the field tests. 

expected exposure, a maximum contribution from the air of -1 x 10 

1-129 per filter bas to be expected in addition to - 1 x 10 

filter mater121 itgelf (p 10 ). 

factory. 

53 

The ;*esults indicated that, for the 

-11 

g from the 

g of 
-11 

This background was considered to be satis- 

3. The Field Teat Si.te and Sample Collection Network 

a. The Sample Collection Network. The sampling 

network, positio~~4 for the prevailing winds of the area, consisted of a 

number of Staplex Hi-volume samplers distributed In three groups. The 

first group consiattd of the U. S. Weather Bureau's permanent test grid 

which included 60 degree segments of arcs at distances of 100, 200, 400, 

800, 1600 and 3200 meters from a central release point. 

grid could be remotely operated from a trailer located near the release 

point 

Samplere in this 

I190750 
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The second group of samplers was located along two 

roade, 11 and 16 kUometcre downwind of the release point, roughly forming 

arcs comparable to those of the main grid. 

Figure 7 were determined by radar measurements on a tr.-nsponder placed 

at each point in succession. 

generators placed nearby for this purpose and required manual operation at 

each sampler location. The positions of the third group of samples, shown 

in Figure 8, were located at scattered points -40 to 64 kilometers fzom the 

release point. 

the Central Facilities Area. 

Their positions, shown in 

This group of samples was powered by "portablew 

These were remotely operated by telemetered signals from 

In addition to these sampling stations, sample collection 

filters and cartridges were exposed to the oncoming a!r from a moving air- 

plane circling at various distances during sDme of the test runs. 

b. Supporting Meteorological - Facilities, During each 

tracer release, and for some time before arid after, meteorological infor- 

mation at a number of positions on a 61 meter tower was continuously measured 

and recorded. At hfkights of 4, 16, 32, and 61 meters, bivanes measured the 

vertkal and horizonal wind direction fluctuations. At heights of 1, 2, 4, 8, 16, 

32 and 6 1 meters, tPniperatures were measured with thermocouples protected 

from direct radiation by Peckman and Whitely shields. At height* of 4,, 4, and 

61 meters, Beckman and Whitely 3-cup anemometers were used to meaeure 

wind speeds.. All data were recorded on a IO-channel digital system wi 

speed 8uch that all inputs were sampled every 2 ieconds. 

carrying transponders were released at various times and followed by radar 

during the tracer relpase and for an appropriate period afterwards. 

Fa 
In addition, tetroons 

4. The Field Teste 

Only five of the proposed set of six tests were performed 

because unfavorable weather conditione prevailed for a period of time such 

that the teat grids bere not available for an additional test. The test which 

was eliminated was that of a duplicate, short-range, CF I release. Since 
3 

-22- 
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the other tests were smoothly executed under iavorable meteorological 

conditions, th- cancel!.: lion of this test was not considered ~erious. 

a. Teat A. On August 13, 1964, a total of 12.6 liters 

of ethanol containing 1 I1 mg oi I- 129 in the form cli DIF and approximately 

280 grams of fluorescein was disseminated from an aerosol generating 

nozzle (of the type described above) over a period of 29.5 minutes, beginning 

at 1202 hours. A total of 147 samplers fitted with fiber glass filters were 

distributed in arcB at 100, 230, 400, 800, 1600, 3200, 11,000, and 16,000 

meters. 

b. Test B. On August 14, 1964, a total of 11.9 liters 

of ethanol containing 104 nig of 1- 129 in the form of DIF and approximately 

270 grama of fluorescein was disseminated from the aerosol generator over 

a period of 30.0 r.7inuteF; beginning at 1258 hours. 

distribution was essentially the same as for Test A. 

The sampling station 

C. Test C. On August 17, 1964, a total of 0.085 g of 

1-129 in the form of CF I gas was disseminated at a uniform rate in a 

manner described above, o-ger a period of approximately 32 minutes, by-' 

ginnSng at 1315 hours. A total of 106 samplers fitted with double charcoal 

cartridges preceded by a charcoal impregnated fiberglass filter was dis- 

tributed approximately as for Test A. 

200 meter arcs were eliminated as were also a few samplers on the edges oc 

the grid at the 400, 800, 1600, and 3200 meter arcs. 

3 

1. 

The esceptions were that the 100 and 

d. Test D. On August 24, 1964, a; total of 12.9 liters 

of ethanol containing 1.08 grams of 1-129 in the form df DIF and approxi- 

mately 280 grams of fluorescein was disseminated as in Tests A and B over 

a period of 30 minutes, bek?nning at 1455 hours. Concurrently, a total of 

1-07 grams of I- 129 in the form of CF I gas was diseeminated at a uniform 

rate as €XI Teat C. 

with fiber glass filters in addition to double charcoal cartridges preceded 

3 

The sampling network consisted of 109 samplers equipped 
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by a charcoal impregnated fihrrglass filter. 

in Figure 9. 

meters to -64 kilometere. 

exposing a similar filter arrzngement to the slipstream of an airplane 

circling at discreet distances ranging from 1600 meters to -40 kilometers. 

This arrangement is shown 

These sampler:: were distributed over distances from 400 

In addition, five samples were collectad by 

e. Test E. On August 25, 1964, the same arrange- 

ment was used for sampling ;?nd for dissemination as for Test D, with the 

--- 

following quantities of materizl released: 0.87 g 1-129 in the form of. i DIF, 

-280 grams of Fluorescein, and 0.7 1 g I- 129 in the form of CF I gas. 

The release took place over a period of 23.5 minutes, beginning at 1342 hours. 

3 

f. Grass Samples. Samples of grass were exposed to 

the plume during Test D and background samples of grass were also pro- 

vided. 

i 190153 
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TABLE XI -- 1. li 

~~ETENTION OF CF~I ON CHARCOAL CARTRIDGES 

* 
Elution Time (Hre) 

0 

0.25 

0.50 

0875 

1-00 

1.25 

1.50 

1. 75 

28 00 

* - Air Flow Rate = 15 cfm 

I ic10154 

Die t r ib ution (P e rc en t) 
-- 

#1 

100 

90 

72 

49 

38 

27 

19 

15 

10 

- 12 - 
-- 
IO 

26 

42 

46 

46 

46 

39 

34 

#3 
I_ 

-- 
-- 

2 

9 

16 

22 

25 

30 

34 

Total Retention (Per cent) 

100 

100 

roo 

100 

100 

95 

90 

84 

78 
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TABLE I11 

1-12? - CF31 PREI’ARED FOR FIELD TESTS - 

I- 129 Pressure at 

Cylinder No. CF31M Volume (ml) 3OoC (mm Hg) 

1 0.0905 

2 0.085 

3 0.087 

4 1.07 

5 0.7 1 

23 

23 

24 

5 14 

514 

625 

633 

624 

359 

239 
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IIL RESULTS A?iD DISCUSSION 

A General 

Tables IV through VI11 list the samples collected, originallv 

scheduled for analysis, and analyzed for the three tests A, D, and E. 

the course of the nnalyues it became apparent that the validity of the results 

of all the gaseous tracer studies was in jeopardy due to background considera- 

tions. Also, the accuracy of the results ohtained at the more distant points 

during the particulate tracer studies was somewhat affected by similar con- 

siderations of a lower order of magnitude. 

was then suspended In order to ascertain the causes of these problems. 

results obtained, the problems encountered, and the progress made toward 

solving them are presented and discussed below. 

During 

‘The original program of analysis 

The 

B. Particulate Tracer Studies - Tcs?s A, D, and E 

Tables Lx, X, and XI give the results obtained for the three 

tests. The data given include the available r~sults of the fluorescence 

measurements as provided by U. S. Weather Bureau personnel. All che cal- 

culated data includes a value for the flow rate of the samplers as actually 

calibrated by U. S. Weather Bureau personnel, but in some cases, when 

these calibration data were not available, an average figure was used. 

presentation is self-explanatory except for the last two columns. 

are given in terms of the mass of tracer collected by a sampler per cubrc 

meter of sampled air divided by the total mass of tracer released. 

sampling time is assumed to be identical to tiir. release time. 

The 

These data 

11 

The 

The meteorological data furnished by U, S. Weather Bureau 

The tracing data for personnel for these three teats are given in Table XU. 

the three tests are also presented graphically in Figures 10, 11, and 12. 

For the 1-129 tracer, individual values are plotted, while for the fluorescein 

tracer, only the maximum values are plotted for each sampling distance. 

The slopes of the curves in these figures are shown in Table XIII. 

tion of the method of calculating the predicted values shown in the figures 

fall ow 8. 

A descrip- 

I I9015b 
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IR1itzer gives the equat iott for continuous point-source 

e ma na t i on: 

3 
where 1( is the r crncentl- \?tun of tracer sampled at ground level (g/m ), Q is the 

source strength [q/sec). U IS the mean Mind speed (m/sec), h is the height of the 

source, y and 7 are th; c rosswittd and vertical coordinates (x would be the down- 

wind coordinatt.), and cy -tnci u are stars'ird particle deviaticns in the crosswind 
Y z 

and vertical dircctions. These standard deviations are functions of downwind dis- 

- 

tance and of the standa*,d deviations of the horizontal and vertical wind direction 
i 

fluctuations (Q c) and Q rcspectlvt?ly) as I! 
4* 

9 
IT (x) = a Q s 

Y 9 

P 
t~ (x)=~Q s 

2 9 

(111- 2) 

(111- 3) 

For normal conditions, a, b, and p are taken as unity, and the value of q is 

somewhat less than un:tv. Islitzer , however, has experimentally determined (8) 

u as a function of x . With equation (Ill-3) substituted in equation (III- l), for 

a source at gr071nd le\t>l, the latter becomes: 
Y 

Q - x - 
(y = 0) 

y's+x 
2nU (I 

(In- 4) 

where 8 indicates that the sample collection is at the center of the 

plume. The prpdicted curves in Figures 10 through 12 are based on this 

equation using t!ie meti nrological parameters 

ground level during the tests and u 

(Y= 0) 

- 
and U as measured at *+ 

as takrn from Islitzer's results (8) with 
Y 

. 
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the necessary linear- extrapolat€on for thc distances beyond 2OCr'J meterPo 

It i.: rradily Reen that the reeults of the fluorescense measurc- 

ments do not agree with those of the I- 129 measurements. 

more closely with the predicted curves. 

The latter agTbe 

F-)r rectilinear flow, p= q = 1, and the predicted slope for the 

(8) plots shown would be 2.0, which presumably represents a maximum value 

The slopes obtained ft ijm the I- 129 data t~ cre 1.59, 1. 52, and 1. 92, with an 

average of -1. 7. 

2.32, and 2. 14 with :'I; average of -2.4. 

obtained using the ni*.thods described above was 1. 85. In general, it would 

appear that there is pither a preferential loss of fluorescent material or of 

the fluorescense of the material with distdnce. 

for the former to occur without a corresponding loss of 1-129 content, a loss 

of fluorescense is conceivablca. 

degradation of the ituorescetit properties of uranine (sodium fluorescein) has 

not been observed in previcus tests 

itself in an organic solution may result in an aerosol having different properties 

and having an increased sensitivity to sunlight. 

tained in pre-field test experimentation was generally smaller than that 

reported for aerosols produced using aqueous solutions or uranine. 

smaller size may enhance the known sensitivity of the dye to degradation by 

exposure to sunliqli". 

stable than the ac id €orrn. Sur*h differences in stability could, of course, be 

investigated in the future. 

. 

TIyp slopes obtained from the fluorescense data were 2.69, 

The value of the predicted slope 

Although it is a priori impossible 

An c.quivalent order of magnitude in the 

(8) . However, the use of fluorescein 

The mean particle size ob- 

The 

Furthermore, the sodium salt could conceivably be more 

The "crossoverh of the fluorescein and I- 129 concentration 

curves, as shown in Figure 10, remains unexplained. It is difficult to conceive 

of a mechanism by which the concentration of the fluorescent tracer is higher 

than the 1-129 concentration at close range and becomes lower at greater 

distance 8. 

! 



Some of the 1-129 cont. entr:l:ion (lata is adversely affected 

by background problems. 

Test A, when only 0.18 of 1-12? was releaser!. For the 1600 and 3200-meter 

samdes, blank sample values for background concentrations exceeded 50 per- 

cent of the grot$ values for the eyperimental samples. 

for samples collected at 11,000 and 16, 000 meters in Test A are somewhat 

better because the rigorous method of analysis was used resulting in lower 

blank values. 1 he general problem of background limitations, although still 

present, was l@.;s acute for Tests D and E because of the greater quantity of 

1-129 released in these tests. 

kilometers, the results shown represented approximately two or three times 

the background value. 

This is r?rt”*st e.neilv ib’lserved in the results for 

The results obtained 

Thus, for the samples collected at 40 to 65 

C. Gaseous Tracer Studies 

The results of the analyses of the charcoal cartridges used 

Random I- 129 concentrations the field tests were completely ambiguous. 

ranging from -4 x 
-8 

to - 8 x 10 grams per sample were obtained. 

in 

Blank samples exhibited I- 129 contents of cor-!parable orders of magnitude. 

The gas samples collected at 400 meters during Test D were the only ones 

definitely showinr; excesses over the range of blank values encountered. A 

listing of values obtained for samples and blanks is shown in Table XIV. The 

results definitely indicated that there was a contamination problem associated 

with these samples. 

replanned in an effort to ascertain the source or sources of the problem. 

The balance of the experimental effort was immediately 

D. Background arid Contn mination Problems 

A review of the ciat.1 obtained indicates that there are essentially 
I 

two problems, a high-level background or contaminat ion problem which I! 

seriously jeopardizes the results of all of the gaseous tracing tests, and a 

lower-level background problem, which affects the accuracy of the results 

from the long-range particulate studies. Since the latter did not interfere 

I190159 
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significantly with the achievement of the objectives of the experiments, full 

attention has been given to the high-level background concentrations in the 

gas samples. 

As a firet step, the history of the charcoal cartridges, from 

manufacture to analysis, was reviewed. The following facts were ascertained. 

The source of supply of the activated charcoal cartridges used 

in the field tests was Mine Safrsty Appliances (MSA). 

a small quantity of similar car! ridges during the preliminary experimental 

program (used, for example, to ascertain background values) prior to the 

field tests. MSA, in turn, obt,xins raw material, coconut charcoal, from a 

bulk supplier. 

material is a trade secret. 

have not been determinable. 

They had also supplied 

The detailed procedure used by MSA to process the raw 

Details in the general handling of the raw material 

A large (3000 cartridge) shipment was made from MSA in early 

July, 1964. The shipping cartons, each containing 36 cartridges individually 

wrapped in heat-sealed plastic bags, were shipped by NSEC directly to,,/the field 

test site in Idaho shortly thereafter. 

number of cartridges were removed from their bags, taped together in pairs, 

and immediately resealed in new plastic bags. 

removed from these bags only for loading into the air-sampling devices 

immediately prior to each test. 

in new plastic bags as quickly as possible. Several boxes of cartridges re- 

mained unopened or remained unused after opening, pairing, and resealing. 

Following return of the samples to the NSEC laboratory, the samples were 

kept sealed until immediately before analysis. Samples collected at long range 

(11,000 meters or more) were opened and analyzed in a building separate from 

that used for analysis of the short-range (3200 meters or less) samples. 

unused cartridges and unopened packages were retained in a separate store- 

room building. 

A few days before the tests, the required 

The paired cartridges were 

Following collection they were again resealed 

The 

- 31 - 
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A series of analysea was performed to ascertain whether the 

high lcvela of 1-129 cncountcrtd coti'4 havr been the results of contamination 

introduced in the NSF t; labtjrstoriez. 

to have a low 1-129 concentration and various samples of the CF I and DIF 

carriers used in the analyse- were procesaer.i. 

SampIcs of an iodine compound known 

3 
Only low levels of 1-129 

- 12 
(lO''o to 10 g of 1-129 pes sample or lesu) were observed. Since these 

samples were processed in the same laboratory as the experimental samples, 

it waa tentatively decided that laboratory reavente and apparatus were not 

responsible for the high-le*v el contamination problem. 

that the 1-129 observed in the f€eld teist samples was a contaminant of the 

charcoal as received by NSEC. 

It was then postula ed 
I. 1 

Several of the cartridges from the unopened boxes and from 

those not used at the field teste were then analyzed for 1-129 concurrently 

with some new samples of charcoal obtained from Fisher Scientific Co. and 

from MSA. 

content served as blanks. The material fron: Fisher Scientific Co. included 

activated coconut charcoal of various mesh sizes (6- 14 and 50-200) including 

one sample which had been at NSEC for -5 ycars. 

MSA included charcoal of the same type a3 th-tt used in the cartridges as 

well ae a different type of coconut charcoal (8. 14 mesh) and a 10-20 mesh 

coal-base charcoal. 

Several samples of the iodine coryipound with very low 1-129 

The new material from 

The results of these analyses -ire shown in Table XV. All of 

the cartr€dges, whv'her opened or unopened, exhibited an 1-129 content of 

between 1. f and 5. "7 x 10 

tridges used during the field tests. 

of source, containcd approx;m;ttely two orders of magnitude less 1-129 The 

blanks showed considerably lese I- 129, but the values obtained were more than 

an order of magnitude above t;ir>ical results obtained previously. These values 

may be due to cross-contamination of these samples. arising from the eimul- 

taneous processing of the cartridges which contained at least 100,000 times 

mort 1-129. 

-8 
grams; levels similar to those found in the car- 

The new samples of charcoal, regardless 
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I 1. 

Thcaa resdts are convincir.g proof that the charcoal waa 

contaminated prior to its use. 

the field teats of the gaseous tracer yielded no directly useful experi- 

mental data. 

Thie conclusion knmediatcly implfca that 

I1901b2 
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TABLE IV 

TEST A - SAMPLING "-" SCHE:IIULE -_IL. 

i 

Number of Samples 
Originally 

Distance (meters) 

Scheduled for 
Anal y 8 ie Analyzed 

4 

Collected 

10 

10 

21 

21 

31 

25 

15 

15 

4 100 

200 

400 

800 

1600 

3200 

11000 

16000 

4 4 

5 5 

5 5 

5 5 

5 5 

10 12 

12 6 

TABLE V 

I :'EST D - SAMPLING SCHEDULE 

(Particulate Tracer) 

Number of Samples 

Originally 

Anal y B i B 

Scheduled for 

Diatance (meters) 

Anal y z ed C 011 e c t le d 

5 

18 

27 

21 

14 

15 

8 

5 

5 5 400 

800 

1600 

3200 

11000 

16000 

40000-64000 

Airplane 

5' 
i! 

5 

5 5 

5 5 

13 IY 

10 YI 

7 7 

-- 
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TABLE VI 

TEST E - SAMPLING SCHEDULE 
(Partic(1’t ate Tracer) 

Numb er of Samples Distance (Meters) 

Originally 
Scheduled for 

Analyzed Collected 

5 5 

17 

27 

21 

15 

I5 

3 

I 

5 

5 400 

800 

1600 

3200 

11000 

16000 

40000-64000 

Airplane 

5 5 

5 5 

5 5 

12 

12 

7 c- 

TABLE VI1 

I. 1 TEST D - SAMPLING SCHEDULE 

(Ga s eo us Trac e r ) 
ir 

Number of Samples 

OrigiMl1y 
Scheduled for 

Analysis 

5 

Distance (Meter e) - 

Analyzed 

5 

Collected 

5 400 

800 

16 00 

3200 

11000 

16000 

40000-6.6000 

Airplane 

5 

5 

5 18 

27 

21 

14 

5 

5 

3 

5 

13 

4 

6 

10 15 

8 7 

5 
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TABLE Vm 

Dis3nce (Meters1 

400 

800 

1600 

3200 

11000 

16000 

40000-64000 

Airplane 

TEST E .. SAh.IPL;NGSCHEDUL-E --. 
(Gasooue Trat F) r) 

Golle c t c d 

5 

17 

27 

21 

15 

15 

7 

5 

Number of Samples 

Originally 

Scheduled for 

Adysie 

5 

5 

5 

5 

12 

12 

7 

-- 

i! Analyzed 

4 

5 

2 

5 

-- 
-.I 

-- 
.I- 
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i 
TABLE IX 

I' 

RESULTS OF TEST A (PARTICULATE TRACER STUDY) 

F1 uor e s c ein ColI c t ed 

Fluorescein Relca, sed 

10 

I- 129 Collected - 
Sample I- 129 Peleaaed ...- 

(metere) Position €J g 
Distance Sample (ai E x 10 10 A/mJ XI0 

100 

100 
100 

100 

. 
200 
ZOO 

200 

200 

400 

400 

400 

400 

400 

800 

800 

800 

800 

800 

1600 

1600 

1600 

1600 

1600 

3200 

3200 

3200 

3200 

11000 

11000 
11000 

1190fbb 

2 

3 

4 - 
I 

4 

5 

6 
7 

8 

9 
10 
11 

12 

7 

8 

9 
10 
11 

11 

12 

13 

14 

15 

12 

13 
14 

15 

5 
6 

7 

160 

2 30 

600 

3 10 

140 

150 

150 

100 

53 
60 

53 

57 

47 

32 

22 

37 

22 

15 

10 
11 

24 

11 

16 

9. 3 
31 

13 

28 

1. 1 

0.83 

0.7 

390 
850 

1900 

6 30 

180 

3 10 

430 

200 

45 
58 

45 

38 

35 

9.2 

9.3 
7.2 

13 

8.4 . 
1. 0 

1.5 

I. 8 

1. 3 

0.9 

0.2 
--- 
0.2 

I. I 
(Continued) 



TABLE IX I jr:ontinued 

RESUL. rs OF J ~ 1 FST -- A WARTICWLATE -- TRACER STUDY ... 

Sample 

(meter 8) 

Sample (a) I- 129 CoTl ected F1 uor e 8 c tin Co11 cc t e d 

Distance Poeition I- 129 Re1 Zased Fluoreeceb Released 
-- 

11000 

11000 

11000 

1 IO00 
11000 

11000 

11000 

16000 
16000 

16000 

16000 

16000 

16000 

a 
9 

10 
11 
12 

14 

15 

6 
7 

8 

9 
10 
11 

(a) See Figures 6 and 7 

0.5 

0.8 

0.3 

0.3 

0.5 

1.0 

1.2 

0.3 

0.3 

0. 03 

0. 3 

0.03 

0. 1 
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RFSULTS OF TEST D (F’ARTIC1:LATE -- TRACER STUDY) 
-.-I -- 

Fluor e s cein Collect cd Sample Sample (a) I- 129 C<j!tected 

Distance P os i tion I- 129 Rele:, sed Fluoreacein Releas LT 
(meters) 

- 

i 
400 

400 

400 

400 

400 

800 

800 

800 

800 

800 

1600 

1600 

1600 

1600 

1600 

3200 

32 00 

32 00 

3200 

3200 

40000 

40000 
47000 

48000 

48000 
64000 

53000 

3 

5 

7 

9 
11 

1 

5 

8 

13 

19 
w- 1 
w-2 

43 

66 

58 

61 

42 

38 

35 

39 
33 

28 

7.9 

3. 1 
7.2 

9. 1 
12 

6. 1 

3. 1 

3. 9 
0 

2.1 

0.039 

0.036 

0.044 

0.027 

0.029 

0.033 

0.045 

10 

44 

26 

7.6 

3. 0 

4.4 

60 6 

6.9 
6.6 

7. 1 

1. 7 

1.6 

2.2 

1.7 

I. 2 

0. 34 

0.33 

0. 34 

0.35 

0.28 

(a) - See Figures 6 and 8 

l1901b8 
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TABLE XI 

REsULTS ."._ f.\i ~ 1 -_I EST E {PhRTICULATE TRACER STUDY) 

Sample - Fluor e s c ein Coll e c t ed 
Di stance __I Posit ion I- 129 Released Fluorescein Releas ez 

(meter I) 

S.xnn~~? c (a) I- 129 Collected 

400 

400 

400 

400 

400 

800 

800 

800 

800 

000 

1600 

1600 

1600 

1600 

1600 

3200 

3200 

3200 

3200 

3200 

3 

5 
7 

9 
11 

9 

10 

11 
14 

1s 

15 
16 
17 

20 
2 1- 

16 
17 

18 

19 
20 

33 

67 

140 

36 

69 

90 

59 
50 
48 
72 

12 

7.2 

7.8 

11 
11 

0. 26 
2.3 

1.6 
3. 1 

3.8 

la 7 
25 
21 

48 

41 

11 
13 

11 

16 

9.3 

2. 0 
2.4 

la 3 

3. 1 

2. 1 

0.41 

0.4& 

0.44 

0.51 

0.55 

(a) Sea Figure 6 
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Wind 

Wind Speed 1)irectir I 

(meters) TC.$"-- (degree 9) (degree 8) bPB) ( dc g r e e :- ) 
-*-._--- 

9 nverage Q 
a 

Height Temp era ture 

Test A 4 

16 

32 

61 

Test D 4 

16 

32 
61 

Test E 4 

16 

32 

61 

25. C, 

24.4 

23. ? 

24. 8 

29. Z 

28.0 

27.5 

29.2 

27.8 

27.2 

18. 0 

12.9 

11.9 

_-- 

19.2 

12.5 

14, 1 

--- 

14.0 

11.9 

13.9 

Q - Horizontal wind direction, standard deviation 
0 

5, 4 

6.2 
7.6 

a. 3 

5. 8 

7.0 

7, 8 

9.3 

4.0 

4.4 

4.5 

4.7 

r+ - Vertical wind direcllon, standard deviation 

TABLE XI11 

SLOPES OF LINES OF FIGURES 10, 11, 12 - 
Slope - 

Test - 
A (Figure 10) 

D (Figure 11) 
E (Figure 12) 

Average 

I- 129 

1. 59 
1. 52 

1. 92 
-1.7 

Fluoreacein 

6.0 

7.2 
--- 
0.2 

9.0 
11. 1 

12.6 

--e 

I! 

2 38 

231 

229 

L_- 

2 14 

211 

Predicted 

2 32 

211 

231 

--- 

2.82 

2. 14 

-2.4 

2. 32 ' 

1.85 

1. 85 

1.85 

1.85 
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RESULTS OF GASEOUS SAMPLE AND BLANK ANALYSES 

I- 129 Content+ 1-12? Content" I( 

10 
Sample Identity (grams x 10 I 1 Sample Identity (grams x 10 } 10 

i 
Test D 400 meter6 300 

400 400 

400 990 
400 840 

400 4 30 

800 meter8 120 

800 130 

800 290 

800 200 

800 120 

1600 meters 200 

1600 140 

1600 240 

1600 70 

3200 meters 100 

3200 200 

32 00 300 

32 00 200 

3200 220 

11,000 meters 340 

11,000 100 

11,000 67 

16,000 meters 85 

16,000 50 

16,000 140 

40,000 meters 1200 

43,000 100 

47,000 53 

40,000 170 

48,000 2 30 

48,000 240 

* - Blank values not eubt racted 

f Iwllli 
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Test E 400 meters 

400 

400 

400 

Blanks 

800 meters 

800 

800 

800 

800 

1600 meters 

1600 

3200 meters 

3200 

3200 

3200 

3200 

140 

270 

160 

200 

100 

310 

420 

96 
P6 I 

160 

81 

170 
63 

160 

78 

38 

260 

140 

490 
470 

450 

130 

150 

? 



Type of Sample 

Unopened Cartridges 

i. I 
TABLE XV , 

1- 129 CONTENT OF VARIOUS CHARCOAL SAMPLES 

e 1-129 Content (a) 

Cartridges Opened in Idaho, 
Taped and Resealed but 

Unused 

Activated Coconut Charcoal 

Fisher (6- 14 mesh) 

Fisher (6-14 mesh, 5 yre old) 

Fisher (50-200 mesh) 
MSA (Same material as cartridges) 

MSA (8-14 mesh) 

Coal-base Charcoal 

MSA (10-20 mesh) 

Blank8 (Analyzed simultaneously 
with various groups of samples) 

10 
(g 1-129/sample x 10 1 
\ 

360, 350 

5 10 

570, 563 

320, 340 

110, 420 

330 

370, 130 

290 

440, 390 

2; 1, 2.1 

105, 2.5 

a, 1.9 

80 3, 7.5 

6, 1, 3.8 

2e3, le7 

<O* 035, 0.032, 0.008 

(a) Two numbers on a line are duplicates,, for cartridges this means the samples 
are from the same box. 

I t90112 
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N. CONCLUSION 

A. General Pr:a9 ticability of the Method 

1. Par! Iculate Tracer. The experimental results indicate that -- 
the use of 1-129 incnr?(+-*ated into an aerosol as an atmospheric tracer is 

definitely feasible. 

kilometers. 

and the 1-129 tracer methods at shorter distances was disappointing. 

of the combfncd methods in extremely desireablc since it would significavitly 

reduce the costs of long-range atmospheric diffti.: ion studies by exploiting the 

advantages of the two methods. 

required to resolve the discrepancies which were observed. 

Al’parently valid data were obtained to distances of 40-65 

Unfortunately, the lack of agreement between the fluorescence 

The use 

However, addit:maI experimental work is 

2. Caseous Tracer, Because of the demonstrated contamination 

of the charcoal cartridges used for sampling the gaseous tracer, completely 

ambiguous results were obtained. 

not demonstrated. Potential approaches to resolution of this problem are dis- 

cu88ed below. 

that result6 comparable to thoac achieved with the particulate tracer would be 

forthcoming. 

Therefore, the feaeibility of the method was 

Assuming that I-lZ?-free charcoal can be obtained, it is believed 

B. Theoretical Sens€tIvity of the Method 

The limit of detection of 1-129 by current methods may be deduced 

from the following con B tderations. 

one count per minute for 6 x 

the r*tandard manner. 

0.02 count per minute. 

mately five Hmsr thio background can be detected relhbly. 

The counting equipment typicaily registers 

gram of 1-129 irradiated and processed iq/ 

The normal background of the couqter ~LI approximately 

For practical counting periods, a count rate of approxi- 

This corresponds 
- 14 

rearonable overall chemical yield (-50 percent), the result corresponds to the 

- to approximately 6 x 10 gram of 1-129 per counting @ample. Assuming a 

a-*. ,oL~~tihn Qf *10-13 gram of I- 129 in a rample as collected during an actual 

at-r.(?.ghzr!c trachg study. 
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For particulate tracing, this level of 1-129 corresponds roughly 

to a single particle of DIF with a diameter of -0. Sp, or to an equivalent number 

of smaller particles. By comparison, some of the most sensitive methods cur- 

rently in use are reported to have sensitivities of 10 

or of a single, -0. tip diameter particle (zinc cadmiurn sulphide)(16). In the 

latter case, however, detectability vanishes abruptly with any further decrease 

in particle size, independent of mass, whereas with 1-129, the sensitivity is a 

function only of the total mass collected. In practice, the sensitivities for all 

methods may be considerably modified by other factors, particularly background 

considerations. 

- 10 (4,8, 131 
gram (uranine dye) 

For gaseous tracing (using CF I) the theoretical sensitivity is 
3 

the sensitivity required to detect the I- 129 a! a distance of approximately 200 

kilometers for a one-gram release assuming e.uperimenta1 conditions comparable 

to those encountered in the present work. 

C. Practi :a1 Limitations of Sensitivity 

1. Particulate Tracer. There are a number of apparent soyfces 

of 1-129 which may contribute to the overall I- 129 background for particulate 

tracer studies. 

as determined experimentally during the course of this work. 

The following list shows the magnitude of these contributions 

-11 
a. 1-129 content of the filter media used: -20 @;/filter 

be Background concentration of atmospheric I- 129: 

- IO-’’ g/saniple 

Extraneous sources of I- 129 (including cross C. 

contamination): varies froin negligible to 

-8~10 g/ sample 
a- 1 1 

The above values may be expressed in terms of the equivalent 

range for a one-gram release (aseuming typical sampling and meteorological 

conditions): 

a. Filter content: -50 Km 

b. Atmospheric content: -50 Km or more 

e. Other: -16 Km or more 

d. Combined effects: -16 Km to -50 Km 
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Examination of the qii~lity of the reaults obtained for various releases and at 

various diotanccPr confirms thig circaluation. 

Alfhough, in pr:Tci!lle. it is poRqtble to obtain data for at least 

modest di8tances beyond the equivalent of the background, the reliability of 

tho reoults becomes unaccept;2) le at these distaqces if the background concen- 

trations are variahla. Thus, ' carrfd assessment and control of background 

concentrations, t1.e present nir:hoci would be iiscful over a distance of -50 ,,) 

kilometers for a release of one-griknl of 1-129 in the form of a labeled aerosol. 

In the abscnce of meaningful experimental 2. Gaseous Tr _L iter. 
_1 

results for the gas-tracer teati? qimntitative er.-aluation of the use of I- 129 labeled 

CF I cannot be made. 

cartridges limited the useful r *nge of these tests to -500 meters. 

factor can be tlhhated, it appears reasonable that the useful range of this 

tracer would be at least comparablp to that of the particulate tracer, 

for a one-gram release). 

is preferable for tracing atmospheric motions over long distances. 

or not the CF I labelrd with I- 129 will prove practical for use over such 

distances depends pr irnarily upon substantial reductions of the background 

contamination of the collection media. 

The bat-kgroiind concentrations of 1-129 in the charcoal 
3 

If this 

(-50 Km 

Indeed, it is generally accepted that the use of a gas 

Whether 

3 

D. Background Reduction 

1. Pd rticdate Tracer. Significant improvements in various 

contributions to the background can be made relative to those observed in the 

pzogram to date. 

may be obtained by the use of alternative filter materials. 

of varieties of filter media available which are capable of collecting sub-micron- 

size particles efficiently. 

and constant I- 129 background level can be determined. 

Rrduction of the background contributions of the filter media 

There are a number 

These could be surveyed to determine if a very low 

At preeent, it is difficult to evzluate the significance of atmos- 

pheric 1-12? because its contribution was comparable to that of the filter itself. 

Lf this contribution should eventually prove to Limit the eensitivity, a more 

sophisticated pre-irradiation treatment of the samples may be required. 



The le\ CIS of .traneous backgr(,imd occasionally experienced 

in the present program proba!,ly r-sulted froin (-oncurrent processing of thr 

charcoal cartridges, containing unexpectedly high quantities of I- 129. 

fore, the observ 

results of the analysis of the 40-65 Km samples of Test D den?onstrated that 

extraneous contart?inat ion can be held to negligihle values. Additional analyses 

of selected long- r avge particulate samples froyji Test E could be performed to 

confirm the qual;ty of the analvtic.il method, 

Thete- 

The contributio-is of 1-129 from this source are atypical. 

2. Gasrnus Tr;icer Method. E. periments performed under the 

present program dei~io?:fz trated that, by scree-ilng the material to be Incorporated 

in the cartridges, one m~y rradilt obtain conctintrations of 1-129 of -10 gram 

per cartridge, 

activated coconut charcoal may lead to the further reduction of I- 129 background 

lpvels required for long-range tracer studies. 

facturer of the charcoal cartridges (Mine Safet v Appliances Co. ) would be 

enlisted to ensure that the quality of the materL(t1 with respect to its sorptive 

properties would be adequate. 

- 10 

A more extensive survey of co-ventional sources of supply for 

The cooperation of the manu- 

Although the mechanism by which 1-129 is introduced into the 

charcoal is indeterminate: it probakly involves exposure of the charcoal to 

mfalloutw. 

charcoal used for the field tests was produced in the spring, whereas the char- 

coal obtained before and after this period contained lesser quantities. In any 

case, if one assumes that the I- 12Q is derived from fallout, it may be worth- 

while to obtain raw material from the southern hem$sphere where fallout levels 

are generally lower. 

There may be some significance in the fact that the highly-contaminated 

This Is particularly true because most of the atmospheric 

1-129 is derived from reactor fuel reprocessing plant effluents ‘17). These 

effluents are not expected to reach the southern hemisphere. 

The effects of background levels can be partially eliminated by 

The dissemination of quantities of 1-129 signifi- 
d 

increasing the source term. 

cantly larger than that considered previously ;e discussed below. 



I 

E. Increasing the Source Term 
--I 

Both econonttcs and P*ifety are factors to be considered when 

contemplating an increase in the source term. 

The current prices for 1-129 .Ire tied to a low production rate. 

The I- 129 presently available is derixred from the silver-coated Berl saddles 

used for removing fission product iodine frclrn the effluent of large reactor-fuel 

reprocessing plants. The technology is not difficult. Therefore, the price 

should eventually become comparable (or even less than) that of other long- 

lived fission producte. Cesium- 137, for euample, costs $67/gram in large 

quantities. Thus, it should become economically attractive to increase the 

quantity of 1-129 released for an atmospheric tracer study beyond that used in 

the present work. A factor of ten increase in the source term is equivalent to 

a factor of approxirna?ely three increase in the distance over which meaningful 

results may be achieved. 

As to the safety considerations ir, releasing 1-129 to unrestrictcd 

areas, the maximum permissible concentration averaged over a period of onc 

year is 3 x 10 Assuming a wind velocity of 

5 meters/second and cons crvatively small horizontal and vertical standard 

deviations in the wind direction, one may calculate that at a distance of 10 meters 

-11 
pc/ml lor e'oluble material. 

the maximum concentration of 1-129 resulting from a one-gram release av d raged 

-13 
over one year is only -7 x 10 

the access of personnel to a distance of 10 meters downwind of the releasegoitit 

one may perform exi:aeriritcts releaahg up to a total of more than 30 grams of 

I- 129 per year without ehc eeding the permissible concentration limits. An in- 

crease of the restricted distance to -30 meters gives an additional safety 

factor of IO. 

additional factor of 100 is allowed in the permissible maximum concentration. 

Furthermore, CF I as In inert insoluble gas, may be considered still less 

hazardous. 

pc/ml. This implies that by merely restricting 

Actually both CF I and DIF are water insoluble materials and an 
3 

3 

I190111 
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Thus it may be seeu that the increase of the source term by 

an order of magnitude or more is feasible from both an economic and safety 

viewpoint, 

F. Summary of Required -1dditional Effort 

The major requirements for achieving full operation capability 

of the I- 129-tracer mothod a re: 

a. Reduction of the I- 12s background concentrations for 

the CF I tracer methodology. 
3 

b. Improvement in the compatibility of I-129-DIF tracer 

method with fluorescent-dyc tracer methods. 

C. Reduction of the 1-12? background concentrations for 

the DIF tracer methodology. 
I! 

The following refinements in the methodology would improve the 

economy and reliability of the method and confidence therein. 

a. 

b. 

C. Investigations of CF I and DIF stability under 
3 

Simplification of I- 129 analysis. 

Improvement in control of aerosol particle size. 

simulated field conditions. 

G. Potential Capability of the Method 

The general principles of 1-129 tracing, using either an aerosol 

or a gas, are sound, The DIF-1-129 method has been proven feasible. The 

feasibility of the CF31-I- 129 method hinges principally on one remediable 

dif3culty. 

method can be reduced to the ordei of -10 

that a significant reduction in the price will occur, then it will be technically 

and economically feasible to extend the method to very long ranges using 

100-gram releases. 

those observed during some of the field tests, calculations (using equation 111-4) 

show that tracer material would be detectable over a range of approximately 

800 kilometers or 500 miles. 

indeed. 

If it is assumed that the background effects associated with the 

- 12 
gram of 1-129 per sample, and 

Using dissemination and collection times equivalent to 

The prospects of this powerful method are intriguing 

t 190718 
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APPENDIX I 

1: Prepare a solution (Solution A) by dissolving 23.05 grams of 

Na2H FO . 7H2Q in distilled water and diluting to 1000 ml. 
4 

2. 

of KH PO 
24 

Prepare another solution (Solution -8) by dissolving 9. 10 grams 

in distilled water and diluting to 1000 ml. 
1 

3. Prepare a - 
15 

5j.7 ~1 of Solution A and 329 ml of Solution €3. 

soJufion to pH 7'. 0 (using a pH meter! by adding small quantities of Solutiop. A 

or B, as required. 

N phosphate buffer solution (Solution C) by <.arnbin'Lng 

Adjust the resulticg buffer 

4. Diesolve 4.24 grams of sodium fluorescein in Solution C to make a 

0. 5% solution of sodium fluorescein in the buffer solution. 

5. Dtssdve 5. 72 grams of I (labeled with I- 125 or I- 129, as appropriate) 
2 

in 1144 rnl of CHC1 making a 0.570 solution of I in CHC13. (Note 1) 
3 2 

6, Combine the solutions prepared in steps 4 and 5 in a two-liter 

separatory furinel and shake for 20 minutes. 

7. Al1o.w the phases to separate. Remove the organic phase and retain 

ior further processing. 

8. Wssh the aqueous fraction from step 7 with two 200-ml portions of 

CHCI for about 5 minutes each. 

add the resulting organic phase to that obtained in step 7 and retain the combtned 

organic fractions). 

(Following each wash cycle and phase separation, 3 

9. Ac:dify the washed aqueous phase and add -1CO ml of a 10% Kh'S04 

solut'.on to precipttate diiodofluorescein (DIF). 

16. Extract the precipitated DIF into 150 ml of ethyl acetate. Transfer 

tile aqueous phase to another separatory funnel, add -25 ml 10% KHS04 solution 

and -100 ml ethyl acetate and extract again for about 5 minutes. 

I390192 
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12. Add concentrated HNO to the aqueous fraction from step 11, 
3 

until the solution is just acidic, treat with saturated NaNO 2 and extract 

:nto two or three successive 50-ml portions of CHC1 

are then combined with the CHCl 

The CHC; fr- *C'rrc: 

3' 3' - *' 

fractions obtained in steps 7 and 8. 
3 

13. Prepare a solution of 0.5% sodium fluorescein in the phosphate 

butter (pH = 7.0) cqntaining one-half of the quantities of reactants spg.dfied 

in steps 3 and 4 (namely 258 ml Solution A, 165 ml Solutjon B, and 2. 12 

grams of sodium fluorescein). 

14. Add the s01.ution prepared in step 13 to the cc?mhinnrt CHCi FoY-. 
3 

tions obtained in step 12 and extract for twenty minutes. 

separation, retain the organic phase for further recyci--:- , 

necessary. 

Add the o~qa111c washes to the other separated organic fractions. 

I' oiiovhg phasr 

. ' 2) .jf 
,_. 

3. 
Wash the aqueous phase twice with -EOO-rnl fractions of CHCL 

15. 

16. 

NaSO column by gravity to rernwe traces of water. 

17. 

Repeat steps 9, 10, and 11 and combine all ethyl acetate fractior,s. 

Filter the combined ethyl acetate fractions through an anhydrous 

4 

Transfer the ethyl acetate solution to a large beaker, cover with 

a watch glass, and heat on a hot plate at low temperature to volatilize th+- 

ethyl acetate. 

alcohol to dissolve the residue. 

the alcohol. 

warming if necessary (Note 3). 

After the beaker is cool, add absolute methyl alcohol or ethyl 

Return the beaker to the hct plate and ~d~fil~zc 

Cool the beaker again and redissolve the yesidua in. ~CQ~O; wit11 

"T3TE 1: If a different qualitity of I than that specified in the procedurs is to 
2 

" fi used, the concentration ratio of I to sodiurn fluorescein should ~~rnairr 
2 .. 

--cc.Le 

-)TE 2: 

Zligible fraction 07 the amount originally present will be discarded. If concen- 

If radioiodine is used the material should be assayed so +hat a 

:rations are greater than an acceptable quantity, recycling shodd be repeated 

until an assay indicztes further recovery to be uneconomical. 

NOTE 3: 

an ethyl acetate solution or an alcoholic solution orp may be prepared as a 

RC-~C fly crystallization from hot absolute ethanol by adding xylene and cooling 

i>-. n refr!Zerator. 

I- 2 

This step is optional since the synthesized DIF may be retained as 



PREPAR. TION OF L. 

APPENDIX I1 

Details of two procedures for labeling CF 3 I with either I 125 or Z-129 

are given below. 

A. Labeling by Exchange 

This method is well suited to labeling with smal? masses of 

tracer. 

1. Assuming that the radioactive iodine is available in the form 

of an inorganic iodide in basic solution, convert the iodide ta '2 17v one. of the 

two following methods, depending upon the physical quantity of iodnne <r,vs:ved. 

a. For low masses IC500 mg) of iodine, slowly evaporate 

the basic iodide solution to dryness in one end of a tubc using a htant IaTnp. 

Cover this material with an excess quantity of dry potassium dichromate. 

Seal the tube to a receiver such as that shown in Figure 2-1. 

system, and heat the chromate to oxidize the iodide to iodine. 

Evacuate the 

The iodine ud. 

distill into the cooled trap. 

b. For larger masses (>5QO mg) of iodine, evaporate the 

basic iodide solution to a minimum volume (without the formation of solids), 

oxidize the iodide to iodine in solution by acidifying with nitric acid and add4ng 

a small quantity of sodium nitrite, and remove the precipitated iod!ne frcm 

the solution by filtering through a fritted glass Gooch crucible. 

iodine crystals in the bottom of a porcelain evaporating dish aEd add er,ongh 

concentrated sulfuric acid to cover them. 

heat the dish until the iodine melts under the acid. 

as quickly as possible, pour off the acid, and dry the button of iodine with 

Place the 

Cover the dish with a watch glass, 

Cool the dish and contents 

absorbent tissue. 

2. Transfer the dry elemental iodine into the exchalige vessel, 

shown in E'igure 2-2, either mechanically or by distillatton. 

3. Seal the exchange vessel to the systcm shown in Figure 2-2. 

The exchange vessel should be constructed of well-anneal-?, bfi~,:;) -.wall Pyrex 



tubing or of heavy-wall quartz tubing. 

4. With the three-way stopcock open io thr r, and the 

qv: IYF 1 gas to 
3 calibrated receiver dooled with a dry ice-zcetone mix4,- 

flow through the receiver until an appropriate quantity . I Note 1) is 

condensed in the receiver. 

5. Close the valve and the stopcock between the receiver and 

the tank, cool the exchange vessel, and evacuate the system (^.50p)= 

6. Close the stopcock leading to the vactilim -?-stern and distill 

the CF I into the exchange vessel by allowing the receiver to warm to room 
3 

temperature. 

7. Break the seal at the point indicated in the figure and, while 

still cooling the exchange vessel, remave the latter from the system. 
* 

8. Immediately seal off the exchange vessel above the neck, 

retaining at least 5 cm of the smaller diameter tubing” 

9. Place the exchange vessel inside 7 7Ilic shield, in a 

tube-type electric resistance furnace and hold at 150°17‘ rgr one hour. 

10. After the vessel is coded to condense the contained material 

at the lower end of the vesse:, break tile entry tuhe open, seal. onto an appro- 

priate distillation system, and distill the labeled CF I away from the iodine. 

Repeat the distillation if further purification is necessary. 

the iodine residue at O°C, a colorless iodine-free product 

two distillations. 

3 

By maintaining 

obtained after 

NOTE 1: The ratio of radioactive iodine to stable iodine in the product at ex- 

change equilibrium will be equal to the molar ratios of the iodine isotopes in 

the entire system. 

tion of tracer in the form of i:jc-?tnc will control the specific activity of the 

labeied CF31. 

Thus, the ratio of the starting reactants and the conccntra- 

11 - 2 



B. Labeling by Direct Synthesis 

This method is only suitable for use when qrn-;.l 7ii:ntities of 

iodine tracer are to be used. 

1. Prepare dry elemental iodine as given in Step A- lb above, 

2. Place the button of iodine in the special d ion system 

shown in Figure 2-3 and evacuate the system. 

' 63 -,-'-I 3. Close the stopcock and with powdered dry IC 

ilTcer, as indicated in Figure 2-3, heat the tube bottom with ?)Tiling water 

ii 7.11 the iodine is condensed on the cold finger. 

.I,# Remove the cold finger carefuily and scrantl ':%<> ~xT?~ dry 

:--I into a mortar. Pulverize and transfer the iodine onto 3 (Lrt-rrh glass. 

Stor.5: :?\ n vacutirn dassicator ovcr concentrated sulfuric acid tir'f 1; ~~ede 

5. Dry a quantity of CF COOAg (silver trifluoroacetate) by 
3 

placing the pulverized material under a heat lamp for several houys with 

occasional stir ring. 

6. Dry all parts of the apparatus shown in Figl;re 2-4 ir^ an 

oven at 120°C before use. 

7. Add the powdered reagents to the round bottom reaction 

flask and mix by shaking together. 

of iodine and 9 grams of CF COOAg. 

Typical quantities to be used are 6 grams 

3 

8. With the system assembled, cool both receivers with dry 

-;1ce+one and gently warm the reaction flask until the reaction begins. 

?r, heat just enough to complete the reaction, at which time the 

1 mass will be the bright yellow color of si7;-cr iodide. 

9. After the reaction is complete, evacuate the system (main- 

tain cooling of both receivers). 

10. Close the stopcock leading to the vacuum system and distill 

:hr CF I from the first receiver into the calibrated receiver by warming the 

r to ice-water temperature while maintaining the latter at dry ice 

3 

*?ture. Repeat this procedure, if necessary, to obtain a colorless, 

iodhe-free product. 

I1 - 3 



11. The yield of this aynthesis should be >f30r$ nf theoretical 

r-maining 
.. 

(based upon 1/2 the iodine being converted to CF31). 

€n the form of silver iodide may be recovered using conventional chemical 

procedures if it is oconomically adviseable to do so. 

7" L A- 
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APPENDIX 111 

PARTICLE SIZES PRODUCED BY AEXOSOL GET".??-.-h>.73K l_-" I _-._-- 

Table 111-1 shows the reRults of 23 measurements of particle size distri- 

I-rLISnns of fluorescein and DIF aerosols generated with the apparatus shown in 

Zigure 1 of the text. All of these aerosols were produced under essentially the 

same conditions (air pressure 80 to 100 psi; air flow rate 14.5-155 (cfm) except 

where specified in the table. Sampling was accomplished with a 2-in diameter 

millipore filter paper (0.45-p pore size) mounted an a 1-cfm sampling device 

located 2 metere from the generator, 

The vai-iations in the dissemination conditions and in the environmental 

conditions during the disseminations were sufficiently complex to 'preclude any 

practical basis for rigorous control of particle-sizes. However, the rescltting 

range of particle sizes was judged to be satisfactory for use in the field tests. 

The development of a more rigorous control method was deferrer' mending 

resolution of more urgent questions. 

111- 1 
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APPENDIX IV 

DETERMINATION OF I- I29 BY NEUTRON-ACTIVATION ANALYSIS 

Although I- 129 id a radioactive nuclide, its extremely long half-life 

results in a specific radioactivity of only 0. 16 /kc/mg. -*- ' rmore, the low 

energies of its radiations (150-Kev p and 38-Ke\~ y) a1 

by ordinary radiometric methods very insensitive. A 

section (-27 barns) for thermal-neutron capture, lead 

the activation product, 12.6-hr I- 130, renders the det- 

neslr-on-activation analysis much more sensitive tha r; -*-- 

its detection 

the formation of 

~i ion of I- 129 by 

;arnetric analysis. 

The activation of material containing small qua 

subsequent measurement of the I- 130 produced leads tc 

which cannot be circumvented except through the prop: 

mental method. 

of 1-129 for 

,-a1 interferences 

+e of the experi- ' 
. 

One type of interference involves nuclear reactions in constituents of 

the material, other than iodine, which contribute to the production of I- 13C; 

e. g., the reaction Cs (n, a) 113', or the neutron-induced fission of heavy 

elements. 

of iodine, other than I- 129, which produce other iodine radioisotopes whose 

presence rn9-y compromise the accuracy of the I- 130 measurements; e. g. 

the reactions I (np y) 112* and I (n, 2n) Fi*qa11y9 multiple neutron- 

capture processes in I- 127 can lead to production of I- 130 and may result in 

an apparent large value of 1-129. 

133 

Another type of interference involves nuclear reactions in isotopes 

12 7 127 

The effects of phenomena of the first type must be compensated for 

by adequate pre-irradiation chemical procedures. 

of interfering reactions in iodine isotopes is dependent, in part, on the 

I- 129/I- 127 ratio in a given sample. 

appropriate instrumental methods and/or by a judicious sc- 

condition 8. 

However, the imy,ortanc 2 

These effects ca,i be reduced only by 

.tion of irradiatinn 

To circumve-it or minimize the effects of these pher 

accuracy and sensitivity of the analyses, an experimental pzacedure is used 

which involves: (1) the chemical separation and purificatiov of the iodine 

IV - 1 
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fraction in the sample prior to irradiation, (2) the irradiation of the samples 

under carefully controlled conditions, (3) the radiochemiczl \~t?- 

radioiodine after irradiation, and (4) the measurement of thy ..I 

in a beta-total-gamma coincidence counting system. 

- 
co- ’ -?t 

The details of the chemical procedures required for - rogram are 

presented in Appendices V and VII. 

‘The necessity for special radiation measurement En 

The normal occ 

: :itation 

arises from the following considerations. 

the matrices being studied leads to the formation of 25-mi~ute I- !28 by the 

(np y) reaction and to the formation of 13-day I- 920 by the en, 2n) reaction. 

The interference due to the 25-minute 1-128 may be reduced or elirnhated by 

ferrhg measurement of tho 1,130 until? the 1-128 hag decayed. However, the 

?-day 1-126 which may be present must be discriminate; nst instru- 

ally. An examination of the decay schemes of 1- 126, I- 128, and 1-8 130 

--ais that the maximum total energies of the gamma cascades of the re- 

mective nuclides are 1.42 Mev, 0. 99 MeV, and 2.34 MeV. 

rl’xmeter by 5-in long well-type NaZ schtillation detector, with a proper 

choke of gamma-energy discrhinatfon, will permit the measurement of I- 130 

with a minimum interference from the radiations from the other two iodine 

’ yotopes. Howeverp without prdiibitiverv rxcessive shielding, background 

. 

SET 

tivity of the measurement method, a p-y coincidence counting system has been 

applied. A mhtature end-window gas-flow proportional counter, which fits 

hI5fck the W€!ll of tka NaI dettctor, Is used to measure the beta radiatfona. 

Therefore, a 5-in 

rates as large as hundreds of counts Der minute are encountered w?th 

To reduce the backgrawd and,thus, to increase the sensi- detector. 

A storage battery is used as a power supply for preamplification stages, and 

2 ‘I ‘ . A background 

cow: 

-fficiency line filter is installed on other power inputs. 

- :.te of 0. 03 cpm is routinely achieved with this system. 

With this low coincidence background, the limiting factor for detection 

of I- 130 in very low-level samples was the contribution to the discriminated 

output of the NaI detector from accidentally coincident gamma rays from I- 126. 



These paired pulses were observed at all practical disc 

for samples having larger than average 1-127 contents* 

pulses have been minimized by imposing time-based diocr'.mi?r7f;cm an the 

coincidence circuit. 

duration coincidence pulses from the output of the coincidcnce r':c:~Qt and 

results in a three-fold reduction of accidental I- 126 count rate. 

counting arrangement is shown in Figure 4- 1. 

A 

This 'paired-pulse rejector" e1imin.i. 

T'-n complete 

Further reduction of the I- 126 interference and intc-fPre-nce from 

.i-iple neutron capture €n I- 127 requires optimization of tho neutron irradiation 

f-nnditions. 

:zko into account two important factors: (1) the enhancement of production 

cf X- 130 relative to that of I- 126, and (2) the poasih:c n- 3ductfon of I- I30 as 

The selection of optimum irradiakior condit":--, therefore must 

sult of the succesrrive capture of three neutron:> :>y !.-'"?. 

With the improved instrumentation, the enhancement of I- 130 relative 

to 1-126 during irradiation is of substantial concern only when samples con- 

taining very small ratios (1-129/I-I27) are involved. However, fix many of 

the samples of particular interest in this investigation, the values of this 

H 

ratio were such that the T'ery small, out unavoidable, contribution of accidentally- 

coincident gamma rays from I-126 to the coincidence count rate represented 

a significant increment in the effective background above which it was necessary 

ro detect the 1-130. 

wttcr-moderated reactor (the MITR) provided adequate enhancement for most 

: x~ile~ ~f interest. 

The we of the well-thermalized neutron flux in a heavy- 

Th9 effect of neutron spectrum is shown qualitatively in a comparison 

iiecay curves observed for simflar samples irradiated under essentially 

the same flux-time conditions at the MITR and at a light-water moderated 

pool-type reactor at Battelle Memorial Institute (BRR). The upper set of 

durves in Figure 4-2 was obtained with samples containing approximately 

10 mg of 1-127, while the other set involved samples containing approximately 

I190801 



5 zng of 1-127. It is immediately obvious that the intcrprr'ntion of the decay 

curves obtained at the BRR involves uncertainties which lead to unacceptable 

errors in the determination of 1-129. 

the well-thermalized neutron flux of the MITR exhibited decay properties 

amenable to accurate interpretation. 

However, the samples irradiated in 

The experimental verification of the importance of the multiple 

neutron capture process has been described earlier. 

sents the ultimate limitation on the detection of I- 130 in iodine-bearing 

materials. It was shown that the optimum sensitivity fo- . . +io measure- 

ment (I- 129/I- 127) is obtained at d thermal neutron flux 4 .i??raximately 

10 n/cin -sec when sample mass is limited. 

This phenomenm repre- 

13 2 

Y- 
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APPENDIX V 

4. Procedure for Low-Level I- 129 Measurements 

'Low-level' samples ape defined here to be samples containing insuf- 
-9 

ficient 1-129 (generally less than 10 

y -ray spectrometry of the I- 130 produced by neutron activation. 

procedure is as follows: 

gram) for accurate determination by 

The detailed 

1. Leach the filter paper containing the collected sample with fozzr 

3-ml portions of methanol using a Euchner funr,el 7~:'' 7-nlying suction. 

2. Add a kE3wn amount (50-100 mg) of DIT ' . -no1 solution to the 

leachant. 

residue to cool, and dissolve it in 50 ml of n-butard T-.:'": gentle heating. 

slowly evaporate the resultant solution :- J-W 7 >?ssg allow the 

3. Wash the solution for about two minutes r- *- - 4th two successive 

portions of 10-15 ml of water containing 2-3 ml of E.. T:' 

washe 8. 

Discard the aqueolj;s 

4. Add 50 rd of CC1 to the organic phase -: .", -Iract the DIF Into 20ml 
4 

of 3N - NaOH. Repeat this extraction three times. 

5. Add -25 ml of a 5% NaOCl solution of 5- p ---'nined aqueous fractions 

and heat moderately until a nearly clear solution is obt: :-led. 

6. After cooling, cautiously add concentrated nitric acid until the 

solution is barely acid. 

extract iodine with two successive 15-ml portions of CCl 

organic fractions in a clean separatory funnel. 

Add 10-15 ml of a 10% solution of NH20HoHC1 and 

Combine the 
4' 

7. Re-extract the combined organic fraction into -10 ml of water 

containing 2-3 ml of H SO3. 
2 

8. Add several drops of saturated NaN02 solution to the aqueous 

phase to oxidize the iodide to iodine and repeat the extraction cycle. 



9. Heat the aqueous phase to boilir-g, cool, and add 1-2 ml of a. 5% 

2' 
solution of PdC12 to precipitate PdI 

10. 

11. 

Filter the Pd12 with a weighed sintered glass cru' 

Wash the precipitate successively with H 2 0 and ethanol, and dry 

it in a vacuum dessicator overnight. 

12. Clean a quartz U-tube by exposing it for 1-2 hours to concentrated 

acid containing a few drops of hydrofluoric acid and then rinsing thoroughly 11 

'sri'S. deionized (or distilled) water. 

13. Transfer the PdI to one end of the clean U-tube. Seal the tube at 
2 

both ends and decompose the Pd12 by heating. 

to the cool end of the tube. 

capsule. 

,cudear reactor. 

14. 

The resulting I2 will distill 

Seal this end of the quartz tube to form the irradiation 

The samples are then irradiated under appropriate conditions in a 

Decontaminate the surface of the irradiated capsule by etching it 

with boiling nitric acid. 

15. Insert the capsule in a small section of viny: -I containing a few 

drops of 10 N - NaOH, and seal the ends of the tube with sc--*. clamps. 

Break the quartz capsule inside the vinyl tu'-i.-:. 

Transfer the broken quartz capsule and its cDT:Lents with watsr to a 

16. 

17. 

150-ml beaker. 

10 mg Br/ml) and 1 or 2 drops of HZS03. 

(Note 1). 

Add a few drops of 10 N - HaOH, 1 ml of q\-?--'r solution (about 

If necessary, :dr' iodine carrier 

Heat samples as necessary to promote dissolv-:- ~ ('r? 16 N - HN03 

dropwise until the color of iodine appears. Immediately add H SC dropwise 
23 

to reduce the I to iodide. 

18. 
2 

Transfer the sample with water to a specially prepar - ml 

Nalgene wash bottle (Note 2). 

19. Add sufficient saturated NaN02 solution to --*:'dize thr todide, and 

extract I into 10 ml of CCl Repeat until all of the f;c?ine is er::--wted. 
2 4' 

4 
20, Combine the CCI fractione in a clean wash bottl.: :Trash twice 

with 15 ml of water. Each washing should be performed in a c9- * bottle. 
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2 1. Re-extract the iodine into 20 ml of watn- -8.Yntaining 4 drops of 

H SO and 20 drops of NaBr solution. Discard the CC1 layer. 
23 4 

Repeat the extraction cycle twice. 22. In the final cycle, back-extract 

the iodide into 20 ml of watcr containing only a minimum of H2S03. 

23. Heat the aqueous layer to boiling to remove traces of CC149 add 

16 N - HN03, until the brown iodine color appears, and immediately add 2 ml 

of 10% silver nitrate solution to precipitate AgI. 

24, 

W542 filter paper. 

and mount on a special assembly for counting (Note 3). 

Filter the AgI precipitate as soon as possible onto a tared Whatmar. 

Wash with water and ethanol, dry under a heat lamp, weigh, 

25. Measure the radioactivity of the sample as soon as possible with a 

(5-totcll- y coincidence counting syetem, and follow the decay for a sufficient 

period (at least two days) to define accurately the T- 130 content of the sample. 

NOTE 1: 

iodine carrier should be added to avoid excessive lncses during purification 

If a sample contains less than -10 mg c- ;r)?ine9 ~20-30 mg of 

steps. 

by measuring the 1-126 (after decay of 1-130) and pornoaring with other 

The original quantity of stable iodine in the sample can be determined 

samples in the run not requiring this additional io 7' 17!C'. 

NOTE 2: Conventional 4-02. Nalgene wash bottlr - :-*ing dispensing tubes 

set on the shoulders are used. After properly po ' 7 the dispensing tube 

Bo that the bottle can be completely drained throupi? ,h 

with "Duco" cement. 

NOTE 3: The special assembly, designed to fit q system at NSEC 

consists of a 1-in. diameter plastic ring and dice ' 'qhed sample a%- -' 

filter paper are placed, sample side up, on the disc. ce of 0.25-mil 

aluminized mylar is placed over the samplt and cla 

ring. Any excess mylar is then trimmed aff. 

h9 the tube is sealed 

ci place with the 
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2rocedure for High-Level I- 129 Measurements 

"High-level" samples are defined here to be samples containing 

'icient I- 129 (generally greater than sram) so that the 1- 130 nroduced 

::y neutron activation can be determined accurately by y -ray spectrometry. 

The detailed procedure is as follows: 

1. Leach the filter paper containing the collected samples and add 

DIF carrier as described in steps A- I, 2 above, but do - not add n-butanol. 

2. Dissolve the residue by adding 5 ml of -5% NaOCl solution, 1 ml 

of IN - NaOH solution, and 5 ml of water and heating ger-tly. 

3. Perform one cC1 extraction cycle (See steps A-6,7). 

4, 

4 

Bo11 the aqueous phaso to reduce the volume to 10 ml or less. 

-Add ' -51 of a 10% solution of TlNO 
3 

-3-itii a chrome-yellow color appears and the TlI precipitate ccz:.;il3+es. 

Filter the cooled solution through a Whatman #542 filter paper, *-* 

cipitate with absolute methanol and dry it at llO°C for abouf '3." m 

to the boiling solution. Continue boiling 

5. Transfer the precipitate to an appropriate irradiatin?: pnckage. 

In this work, a small (1-in x 1-in) polyethylene bag, sealed by 

tuted the irradiation package. 

conditions in a nuclear reactor. 

The sample is then irradiaterl 1-1 

6. Open the polyethylene bag containing the irradixt.3 5 

(thalliiim iodide) under a small volume of water. 

7. Add approximately 2 ml of 16 - N and allow 10 

for :!=e sample to dissolve. 

3. Using successive portions of 16 N HNO and water, transC:.:r tl;e 
3 -. 

solution to a 125-ml Nalgene wash bottle. (See Note 2 of Part A abo<i') 

?* Extract the iodine into 10 ml of CC1 Repeat as requircJ. until all 
4' 

i dine is extracted. 

10. 

of water. 

Combine the CC1 fractions in a clean bottle and was'? 7-7 

4 

11. Transfer the CC1 fraction to another clean bottle, and L;,ck-extract 
4 
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.* 
extract the Iodine (as iodide) into 2 ml of 6%H SO 

2 3. 

12. Transfer the H SO to a 4-ml screw-cap vlaes vial and measure 
23 

the I- 130 radioactivity in the sample with a scintillati-- 4etector connected to 

a multichannel pulse-height analyzer. 

13. The iodine chemical yield can be determi:: * by precipitating 

and weighing AgI after completion of the radioactivity ;zrasurements or by 

-3easurement of the 1-126 content of the samples and of reference samples 

containing known quantities of iodine. 
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APPENDIX VI 

ANALYTICAL PROCEDURE FOR CF,I COLS:.uL'I'i3NS _" 
7 

The detailed procedure for conversion of CF 3 I absn-'- ' ,- charcoal 

to a solution of an inorganic iodide is presented here. 

1. Remove the charcoal from the cartridges and --+ - the ~ 

semaratory funnel shown in Figure '6-1. 

2. Fill the gas burette with water and then add more tkrr 20 ml of 

P -,"71 carricr gas to the burette by displacing the water. 

3. Pump ~20 ml of the CF I from the burette thr- - . 
3 

4. Flush out the tubing leading to the charcoal by MD 

c; --:oal. 

ar zy opening 

the three-way stopcock to the atmosphere. Then turn. off the pump. 

5. 

6. 

Read the burette to note the exact amount of carrier added. 

Transfer the charcoal to the combustion tube shown in Figure 6-2. 

!Note 1) 

7. With the receiver tube.half full of water, allow oxygen to flow at 

- 7t;e of approximately 3 bubbles per second. (Note 2) 

8. 

9. 

Ignite the top 

When the charcoal has burned to within 3-5 cm of the quayiz wool 

of the charcoal by gentle heating of the tube. 

--,vera1 hours) add a 6N_ NaOH solution to the receiver to fill the tube to three- 

---L?rs full and allow the combustion to proceed to completion. 

10. Allow the tc5c to e-sl and rinse (water) the contents of the receiver 

into a one-liter plastic bottle cortair_ing a small quantity of H SO 
2 3' 

11. Rinse the combustion tube into the plastic bottle with successive 

portions of 6N - HN03, 6N - NaOH, and water and repeat until the last nitric acid 

rinse shows no brown color. 
3 

Discard the combustion tube. 

12. Transfer the contents of the plastic bottle to a separatory funnel, 

: :'.: -100 ml of GC14 and extr2ct the iodine by acidifying the aqueous phase with 

ric acid and adding a small ni.--ntity of sodium nitrite. 

? 
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E 
13. 

a* ?.iscard the aqueous phases, 

14. 

Wash the CC1 -iodine phase with two small porliozis -f water and 
4 

Back-extract the Iodine (as iodide) into 50 an1 of cl;lcte sulfurous 

acid and discard the organic phase. 

15. Proceed with Step A-8 or Step B-4, Appendix ITv .Cs-* "low-level" 

or "high-level" samples, respectively. 

C'3TE 1: 

:? 98 cm long, and is made of carefully annealed Pyrex. 

:in; a 3.2-cm outside diameter and is 30 cm long. 

Tho main body of tho combuetion has a 25-crn i-b- ;.<a diameter and 

The receiver tube 

? 

c 

. 

NOTE 2; 

maintained as high as possible without heating the Pyrex tube to the softening 

point. 

During the combustion, the opygen flow rate should be carefully 
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FIGURE 6-1 

CF31 CARRIER ADDlTlON APPARATUS 
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FIGURE 6-2 

CHARCOAL COMBUSTION APPARATUS 

1 

’ 

m Receiver 

Combustion Tt.15. 

Quartz wool plug 
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APPENDIX VI1 

i 

ESTIMATED COSTS OF ATMOSPHERIC TRACING "'JT'"-T I- 129 
LABELED TRACERS 

Experience derived from the experimental program is employed as a 

::is for making the following cost estimates for atmospheric tracing with 1-1290 

The estimates provide for tracer synthesis, procurement of specially-required 

dissemination and collection devices, and measurement of I- 129 ir rollected 

samples by the rather rigorous analytical procedures utilized in +b~ present 

program. 2 yield sig- 

nic4czntly more simplified and rapid pre- and post-irradiation procedures and 

." -'* the analytical costs. 

It is expected that additional developmental effort 

The estimates assume the availability of (1) facilities and capital equip- 

' $*:;: handling and processing gram quantities of iodine- 129 and millicurie 

- of other radioactive isotopes, (2 1 the necessary radioactivity measure- 

;:lent equipment for performing the activation analysis, and (3) a basic dis- 

semination-collection grid with auxiliary meteorological instrumentation. 

Costs associated with planning and carrying out the tracer tests 

.. 
:--?eluding labor devoted to actual dissemination and collection) and in evaluating 

the data may be assumed to be equivalent for alternative methods and are there- 

r'ore excluded from this estimate. 

The cost estimates are based upon the use of iodine-129 obtained in 

Direct five-gram quantities at the current ORNL list price of $750/gram. 

labor requirements are estimated in man-hours and tken costed out at-? rate 

of $17.50 per man-hour, which includes provision for indirect expens -- 

Miscellaneous supplies and expenses are stated at cost. 

Estimates for the two tracer materials investigated - 
In each case, it is assumed for illustration that five grams cr ir- -* 

be processed and thzt five hundred samples would be analyzer- 

assumed that half of the samples would require high sensitivi 

to their anticipated low tracer concentrations. 
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A. Particulate Tracer Diiodofluorescein (DIF: 

1. Synthesis 

I- 129 5 grams 

Lzbor 32 man-hours 
Other Mzterials 

2. Collectors -$IO/ 100 units 

5. Measurements 

- 10 
a. Short-range (>lo g I- 129/filter) 

250 measurements 

Labor 400 man-hours 
Materials and services 

b. Long-range (<lo" log I- 129/filter) 
250 measarements 

Labor 900 man-hours 
Materials and services 

Total 

$3750 

560 
' 200 - 

45 10 

500 

7000 
1875 

15750 
3750 - 

28375 

B. Gaseous Tracer Trifluoroiodomethane (CF I) 
3 

1. Synthesis 

1-129 5 grams 
Labor 40 man-hours 
Other Materials 

$3750 
700 

400 - 
4850 

2. Collectors -$300/ 100 units 

3. Special collection equipment 

4. Measurements 

(non-recurring) 

a. Short-range (>IO- log I- 129/collector) 
250 measurements 

1500 

400 

Labor 500 man-hours 8750 
Materials and services 2500 

b. Long-range (<lo- log I- 129/collector) 
2 50 m.2 ae ur ement s 

Libor 750 man-hours 13125 
5000 Materials and services - 

29375 

Total $36 125 
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