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ABSTRACT 

Operation R o l l e r  Coas te r  was a r e s e a r c h  program 

sponsored j o i n t l y  by t h e  U.S. Atomic Energy Commission, 

t h e  U.S. Department of Defense, and the U n i t e d  Kingdom 

Atomic Energy Au thor i ty  t o  s tudy  the fa te  o f  f i s s i l e  

m a t e r i a l  s c a t t e r e d  by non-nuclear exp los ions  of  plutonium- 

bea r ing  dev ices  i n  d i f f e r e n t  environments. The f i e l d  

phase was conducted i n  Nevada i n  the s p r i n g  of 1 9 6 3 .  

Hazleton-Nuclear Science Corporation c a r r i e d  out 

l a b o r a t o r y  a n a l y s e s  for plutonium and uranium and con- 

ducted s p e c i a l  s t u d i e s  r e l a t e d  to g e n e r a l  a n a l y s i s .  A 

t o t a l  of 2,278 analyses was performed; of these, 5809 were 

Pu a n a l y s e s ,  1 5 1  were U ana lyses ,  and 318 were s p e c i a l -  

s tudy  ana lyses .  Both phys ica l  and b i o l o g i c a l  samples 

were analyzed. The phys ica l  samples c o n s i s t e d  of impact- 

o r  s t a g e s ,  t o t a l  a i r  f i l t e r s ,  and  va r ious  t y p e s  of fa l l -  

out  depos i t i on  c o l l e c t o r s .  The b i o l o g i c a l  specimens con- 

s i s t e d  of  s o f t  t i s s u e s ,  bone, and e x c r e t a  from dogs, 

sheep,and bur ros  

a e r o s o l .  The amounts o f  plutonium per sample ranged 

from l e s s  than 0.02 dpm t o  6 x lo8 dpm. 

uranium p e r  sample ranged from 0.004 microgram t o  

1 4 , 4 0 0  micrograms. Because of t h e s e  very  wide ranges i n  

U and Pu c o n t e n t s ,  s p e c i a l  ca re  was needed to avoid  sample 

which had been exposed t o  the debrls  

The amounts of 
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cross-contamination, and separate laboratories were 

used for biological and physical analyses. 

ranged from less than a gram (small air filters) to 

Sample weights 

several kilograms (burro tissue and excreta):. 

Except in large soil samples, plutonium was determined 

radiochemically using Pu236 as a yield tracer. The radio- 

chemically separated plutonium was measured by alpha spec- 

trometry using large area semiconductor detectors. Uran- 

ium was measured fluorometrically. 

Two of the special studies involved the Am 241 daughter 

of Pu241. 

radiochernAcally in selected deposition and air samples. 

There was no evidence of Am-Pu fractionation. Plutonium 

was determined in selected soil samples by gamma-spectro- 

metric measurement of the 60-kev gamma-ray of Am241, using 

a semi-empirical method for determining sample self-absorp- 

t i o n  and geometry corrections. 

found in the soils ranged from 3 x lo4 to 6 x lo8 dpm, and 

',he sample weights ranged from 2 to 5000 grams. 

The Pu239~240/Am241 activity ratio was determined 

The amounts of P u 2 3 9 ~ 2 4 0  

The solubility of plutonium collected in the field in 

water-filled trays was studied. After a year's storage in 

glass bottles, the pH values of the water samples were in 

the range 6 to 8; 0.5 to 11 percent of the total activity 
was in solution, 0.3  to 4 percent was sorbed on the bottle 

walls, and the remainder was associated with sediment or 

filtrable solid material. 
6 
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CHAPTER 1 

INTRODUCTION 

1.1 ROLLER COASTER BACKGROUND 

Operation R o l l e r  Coaster was a research program spon- 

sored  j o i n t l y  by t h e  U. S. Atomic Energy Commission, t h e  

U.  S.  Department of Defense, and the  United Kingdom Atomic 

Energy Authori ty  (AEC-DOD-UK) and devoted t o  the  s tudy  of 

non-nuclear explos ions  of plutonium-bearing devices  i n  

d i f f e r e n t  environments. Adminis t ra t ive r e s p o n s i b i l i t y  

w i th in  t h e  DOD r e s t e d  w i t h  t h e  Defense Atomic Support 

Agency (DASA). Technical d i r e c t i o n  was provided by Sandia 

Corpora t i o n .  

The o b j e c t i v e s  o f  Operation R o l l e r  Coaster  were to: 

1. I n v e s t i g a t e  the  b i o l o g i c a l  hazard ( acu te  i n h a l a -  

t i o n  haza rd )  of plutonium s c a t t e r e d  by non-nuclear explo- 

s i o n s .  To t h i s  end, animals were exposed t o  t h e  a i r b o r n e  

plutonium, and ex tens ive  phys ica l  measurements were made 

of t h e  a e r o s o l .  

2.  Measure t h e  d i s t r i b u t i o n  of plutonium on t h e  

ground t o  permit d e t a i l e d  a c c o u n t a b i l i t y  of t h e  amount 

involved i n  t h e  f i e l d  of  measurement. 

15 
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3. Evaluate  t h e  e f f e c t i v e n e s s  of c e r t a i n  s t o r a g e  

s t r u c t u r e s  (DASA-type i g l o o s ) ,  having varying th i cknesses  

of ea r th  cover,  i n  reducing the r a d i o l o g i c a l  hazard from 

a c c iden ta  1 non-nuc lear  explos ion  of p l u  tonium-bearing 

weapons. 

4. Obtain those  d a t a  of s p e c i a l  importance i n  i m -  

proving mathematical c loud models used t o  f o r e c a s t  r ad io -  

l o g i c a l  hazards  in real a c c i d e n t s .  

Successfu l  completion of  t hese  o b j e c t i v e s  wouldalso 

provide a s u b s t a n t i a l l y  en larged  t e c h n i c a l  b a s i s  for 

development of uniform US-UK s t anda rds  f o r  the s to rage ,  

t r a n s p o r t ,  and handl ing of plutonium-bearing weapons. 

The f i e l d  phase of t h i s  ope ra t ion  consisted of  f o u r  

s h o t s  named Double Tracks, and Clean S l a t e ] ,  

11, and 111. These tests were conducted i n  the s p r i n g  of 

1963 on a p o r t i o n  of t h e  Las Vegas Bombing and Gunnery 

Range and Sandia Corpor s t ion ' s  Tonopah Test  Range i n  south-  

western Nevada, both d e s e r t  environments. The f o u r  e v e n t s  

inc luded  explosions of both  s i n g l e  and mul t ip l e  n u c l e a r  

devices  f i r e d  t o  s imula t e  a c c i d e n t a l  de tona t ion  without  

producing a n u c l e a r  y i e l d .  

16 
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The Double Tracks event  was designed t o  I n v e s t i g a t e  

the c h a r a c t e r i s t i c s  of plutonium-bearing p a r t i c u l a t e  

m a t e r i a l  d i spe r sed  by a s i n g l e  device  l o c a t e d  e n t i r e l y  i n  

t h e  open, one f o o t  above a s t e e l - f a c e d  concre te  s u r f a c e .  

Experimental animals (dogs, bur ros ,  and sheep) were ex- 

posed t o  t h e  ground-level ae roso l ,  downwind. 

The t h r e e  Clean S l a t e  sho t s ,  c o n s i s t i n g  of mul t ip l e  

devices ,  were designed t o  c o n t r a s t  weapon acc iden t s ,  w i t h  

r e s p e c t  t o  hazard p e r  u n i t  plutonium mass contained,  f o r  

cond i t ions  of open s t o r a g e  (CS-I), s t o r a g e  i n  a DASA 

i g l o o  w i t h  2 f e e t  of e a r t h  cover  (CS-11), and s t o r a g e  i n  a 

proposed BASA i g l o o  with 8 f e e t  of e a r t h  cover (CS-111). 

The f i e l d ,  laboratory,  and e v a l u a t i o n  phases of Opera- 

t i o n  R o l l e r  Coaster  were sub-divided i n t o  numerous p r o j e c t s  

c a r r i e d  out  coope ra t ive ly  by a wide v a r i e t y  of government 

agencies  and commercial c o n t r a c t o r s ,  The magnitude of t h e  

program i s  suggested by t h e  f a c t  t h a t  s e v e r a l  thousand 

f i e l d  r a d i a t i o n  surveys were completed,and approximately 

20,000 samples and specimens of all types  were c o l l e c t e d .  

Of t he  l a t t e r  about one-half were s e l e c t e d  even tua l ly  f o r  

d e t a i l e d  radiochemical and phys ica l  a n a l y s i s .  

17 



1 . 2  PARTICIPATION BY HAZLETON-NUCLEAR SCIENCE CORPORATION 
(H-NSC) 

Hazleton-Nuclear Science Corporation d i d  not  t ake  p a r t  

i n  the  f i e l d  phases of t h e  program b u t  was chosen a s  one o f  

f o u r  United S t a t e s  commercial concerns t o  c a r r y  out  l abora -  

t o r y  ana lyses  f o r  plutonium and uranium and t o  conduct 

s p e c i a l  s t u d i e s  related t o  g e n e r a l  a n a l y s i s .  Analyses 

a l s o  were performed by t h e  United Kingdom Atomic Weapons 

Research Establ ishment .  Radiochemical a n a l y s i s  a t  H-NSC 

was opera ted  as R o l l e r  Coas te r  P r o j e c t  5.2/5.3a, and was 

begun October 1, 1963,when the f i rs t  b i o l o g i c a l  samples 

were rece ived .  Tables 1.1 t o  1 .3  l i s t  t h e  types  of samples 

and number of ana lyses  performed a t  H-NSC. The phys ica l  

samples c o n s i s t e d  of s e v e r a l  types  of impactor stages, 

t o t a l  a i r  f i l t e r s ,  and var ious  des igns  of f a l l o u t  depos i t i on  

c o l l e c t o r s .  The b i o l o g i c a l  specimens c o n s i s t e d  of s o f t  

t i s s u e ,  bone, and e x c r e t a  from t h r e e  animal s p e c i e s .  I n  

a d d i t i o n ,  q u a l i t y  c o n t r o l  ana lyses  were performed both on 

samples supp l i ed  by DASA and on those genera ted  i n t e r n a l l y ;  

t h e s e  cons i s t ed  of b lanks ,  sp ikes ,  b l i n d  d u p l i c a t e s ,  and 

s t a n d a r d s ,  Altogether ,  2278 ana lyses  were performed; of 

these 1,809 were Pu ana lyses ,  151 were U ana lyses ,  and 318 

were spec ia l - s tudy  a n a l y s e s .  
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The most d i f f i c u l t  samples t o  ana lyze  were t h e  kilogram- 

q u a n t i t y  s o i l s ,  and, indeed, t h e s e  were never a c t u a l l y  com- 

p l e t e d  by wet chemical methods. In s t ead ,  a procedure was 

developed t o  q u a n t i t a t i v e l y  a s say  t h e  Am-241 content  by gamma 

spectromety, and t o  use  t h i s  as a measure of t h e  plutonium 

content ;  the Am-241 i s  d i r e c t l y  related t o  the  plutonium 

s i n c e  i t  i s  the  daughter  of the  Pu-241 i s o t o p e .  

fo l lowing  s e c t i o n  on t h e  composition of Roller Coaster  

plutonium. ) 

(See the  

No conclusions o r  recommendations are drawn from the  

plutonium da ta  p re sen ted  here ,  s i n c e  they can be i n t e r -  

p r e t e d  only t o g e t h e r  w i t h  the data which have been produced 

by o t h e r  l a b o r a t o r i e s .  These o t h e r  r e s u l t s  r e p r e s e n t  more 

than th ree - fou r ths  of the Ro l l e r  Coaster plutonium data 

and a r e  not  now a v a i l a b l e  t o  u s .  

1 . 3  COMPOSITION OF PLUTONIUM AND URANIUM USED 

The composition of heavyelements used i n  t h e  f o u r  

devices  i s  given i n  Table 1 .4 .  

formed by Dow Chemical Co., Rocky Flats Div is ion .  

These ana lyses  were pe r -  
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1 . 4  QUALIFICATION SAMPLES 

Before s t a r t i n g  ana lyses  of c o l l e c t e d  ,Rol ler  Coaster 

samples, t h e  ana lyses  of a group o f  q u a l i f i c a t i o n  samples 

were r equ i r ed .  These samples were prepared and d i s t r i b u t e d  

by Los Alamos S c i e n t i f i c  Laboratory (LASL) t o  p o t e n t i a l  

a n a l y t i c a l  l a b o r a t o r i e s .  

These q u a l i f i c a t i o n ,  o r  reference, samples cons i s t ed  

of two s o l u t i o n s  and e l g h t  Nevada s o i l  samples.  The two 

s o l u t i o n s  were s t a t e d  t o  con ta in  about 95 and 950 dpm, 

r e s p e c t i v e l y ,  o f  plutonium a lpha  a c t i v i t y  p e r  m i l l i l i t e r  

o f  s o l u t i o n  ( 2  - N HNO3). The e i g h t  s o i l  samples inc luded  

two b lank  s o i l s  ( d u p l i c a t e s ) ,  two contaminated soils 

( d u p l i c a t e s ) ,  and f o u r  s p i k e s  prepared a t  t h r e e  l e v e l s  by 

the  a d d i t i o n  of plutonium s o l u t i o n s  t o  b lanks .  Each 5- 

gram s o i l  sample had been weighed a t  LASL t o  the  nearest 

50 milligrams. 

Two, and p o s s i b l y  t h r e e ,  of t he  s o i l  samples f i rs t  

s e n t  t o  H-NSC had leaked from t h e i r  c o n t a i n e r s  be fo re  

they were rece ived .  Because of t h i s ,  a complete second 

s e t  o f  samples was sent t o  H-NSC. The s o i l s  i n  both  s e t s  

were analyzed.  
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The t o t a l  amount of plutonium i n  each set  w a s  s t a t e d  

t o  be less than  0 .5  microgram,, corresponding t o  6 .8  x lo4  
d/min of Pu239, However, gamma spectrometry i n d i c a t e d  t h a t  

two of the samples might con ta in  lo5 o r  more d/min 

Because of t h i s  unce r t a in ty ,  and because of t h e  very l i m i t e d  

amount of Pu236 t r a c e r  a v a i l a b l e  t o  H-NSC a t  t ha t  time, the  

suspected h o t  samples were he ld  temporar i ly  while the 

o t h e r  s i x  samples were processed; Pu236 t r a c e r  was added 

t o  one of these (#142) before  d i s s o l u t i o n .  Pu236 t r a c e r  

was added t o  a l i q u o t s  of t he  o t h e r  f i v e  samples a f t e r  

d i s s o l u t i o n  and pre l iminary  rough assay  by gross a lpha  

count ing but  be fo re  chemical s e p a r a t i o n  was begun. Thus, 

t h e  r e s u l t s  f o r  t h e s e  f i v e  samples could not  be c o r r e c t e d  

f o r  p o s s i b l e  l o s s  of Fu dur ing  d i s s o l u t i o n .  T h i s  l o s s  was 

es t imated ,  from subsequent Co60 t r a c e r  experiments,  t o  be 

i n  the  range of 0 t o  10 p e r c e n t .  

of P u * ~ ~ .  

Pu236 t r a c e r  was added before  d i s s o l u t i o n  t o  a l l  s o i l s  

of t h e  second s e t  and t o  t h e  two hot  samples of t h e  f i rs t  

s e t .  The d i s s o l u t i o n  and radiochemical s e p a r a t i o n  pro- 

cedures were v i r t u a l l y  the  same a s  those used f o r  t h e  

R o l l e r  Coaster  aluminum c o l l e c t o r  and q u a l i t y - c o n t r o l  

s o i l s ;  t h e s e  procedures  a r e  given i n  a subsequent chap te r  of 

t h i s  r e p o r t .  
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The t o t a l  Pu 238j239j240 d/min are g iven  i n  Table 1.5 

f o r  each of  t h e  q u a l i f i c a t i o n  samples. The . r e s u l t  reported 

f o r  each sample i s  based on measurement of two or more 

s e p a r a t e d  f r a c t i o n s .  

d e v i a t i o n s  e s t ima ted  from the range of r e s u l t s  of r e p l i c a t e  

measurements. 

The e r r o r  l i m i t s  g iven are s t anda rd  

found t o  be 0.0100 f 0.0002 f o r  the s o l u t i o n  samples, i n  

agreement w i t h  t h e  value of  0.0103 * 0.0007 c a l c u l a t e d  

from the  mean R o l l e r  Coaster  plutonium composition da ta  

given i n  Table 1 .4 .  
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TABLE 1.1 PLUTONIUM ANALYSES PERFOT(MED 

Physical Samples 

samle m e  - cs-IS cs-I11 - Total cs-I DT - - 
Andersen Impactor Msk 
Andersen Impactor Filter 
Casella Impactor M8k 
Casella Impactor Filter 
Total Air, TAS-D 

Sequential Air Tape 
Cylindrical Wire Swipe 
Gummed F i l m  
Aluminum collector 
Water-Total 
water-Solubility 

Total Air, TAS-I 
Total Air, TAS-I1 

Left Femur 
Kidney 
Liver 
Lungs 
Hilar Nodes 
Right Femur 
Trachea 
Stomach 
Pharyngeal Mucosa 
Nasal mc06a 
Urine 
Feces 

60 
12 
104 
26 
9 
4 
8 

25 
5 
60 
15 
11 - 
4 - 
8 
29 
6 

180 
3 - 

65 
13 
96 
24 
6 
2 
7 
2 - 
65 
14 
16 
8 

318 
- 

Biological Samples. Double Tracks 

Burro - 22% Sheep 

23 22 30 
23 22 29 
23 22 27 
23 22 25 

22 24 

5 
5 
5 
5 
53 

2.2 
222 

- 
9 
5 
6 

65 
13 

106 
27 
20 
7 
18 

13 
8 

357 
- 

Total - 
75 
74 
72 

9 
12 
14 
10 
11 
53 
39 

67; 

G-6 

Controls 

Solutions Biological - Total 

Qualification Analyses 4 30 
H-NSC Internal Quality Controls, A13 Types 
DASA Quality Controls 19 16 

- 34 
43 78 

49 - 
161 

215 
43 

368 
92 
46 
13 
37 
2 
8 

230 
24 
38 
24 

1140 
- 

Total Pu-239,240 Analyses. 1809 

23 



TABLE 1.2 URRNIUM ANALYSES PERFORMED 

Sample Type 

Andersen I i p a c t o r  Dlsk 
i rdereer .  I r p a c t o r  Fll ter 
Casel la  Impactor D l s k  
& s e l l a  ImDnctor F l l t e r  ~~ ~ 

T o t a l  Alr,'TAS-D 
T o t a l  A i r ,  TAS-I 
T o t a l  A i r ,  TAS-I1 
Gummed F i l m  
Aluminum Col l ec to r  

Lungs 

Phys ica l  Samples 

cs-I1 cs-111 - Tota l  - cs-I - DT - 
5 
1 
4 
1 
1 

1 
6 
1 

20 
- 

5 
1 
4 
1 

2 
1 
2 
iG 

5 
1 
4 
1 
1 

1 
1 
1 

15 
- 

Blo log ica l  Samples 

Sheep Burro Tota l  

5 7 1 2  

- - 

Controls  

DASA Q u a l i t y  Control  S o l u t i o n s  
H-NSC Internal Controls  

T o t a l  
24 
46 
70 

- 
- 

5 
1 
11 
1 

1 
1 
5 

72 

20 
4 

IC 
4 - 
1 
5 

13 
4 

69 
- 

T o t a l  Uranlum Analyses, 151 
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TABLE 1.3 SPECIAL STUDIES ANALYSES PERFORMED 

!Yr cs-I cs-I1 cs-111 Tota l  

Am-241 Analyses 

TAS-D 
TAS-I1 
Film 
TAS-11, To ta l  a Spec. 

Plutonium by Gamma-Spectrometry 
of Am-241 

N 
GI 

Al-Collectors 1 
s o i l  4 
P r e s h o t  S o i l s  

(Th, U, K f i s s i o n  
products )  1 

62 
1 

1 

2 
24 

II 

8 
4 
9 

8 
4 
9 
1 

22 
- 

5 
8 42 

” 7 
54 
- 1 

Sequent ia l  A i r  Tape Surveys 3 

Gross Alpha So lub i l i t y -  
S tudies  Frac t ions  78 82 79 239 

Tota l  Spec ia l  S tudies  318 = 



TABLE 1.4 HEAVY ELEMENT COMPOSITION 

Plutonium Components - 98.8% Pu 

Weight Per- D i s . /Min .  Type Dis . /Min.  R a t i o  

PU-2313 0.00387 1.496 x lo3 a lpha  0.0103 i 0.0007 

Pu-239 97.314 1.325 x lo5 alpha 0,9123 f 0.00026 

Pu-240 2.530 1.273 x lo4 a lpha  0.0877 f 0.00026 

Pu-241 0.1487 3.766 x lo5" b e t a  2.59 f 0.52* 

I s o t o p e  cen t  of Pu Per  ug Pu Decay t o  Pu -239 +240 

Pu-242 0.00310 0.27 a lpha  1.85 x 10-6 

An-241 _-- 2.142 x lo3* a lpha  0.01475 i 0.00120* 

Sum Pu -239t240 1.452 x lo5 a lpha  1.000 
T o t a l  a lpha  1.489 x 105 (14.9 g r a d a l p h a  curie) 

As of 1 May 1963. Pu-241 decays 5.2% i n  one yea r  t n  Am-241. 
An-241 increases 26% i n  one year.  

Uranium Conponents - 99.8% U 

I so tope  Weight Percent  of U D i s . h i n .  Per  ug U 

U-234 0.00074 f 0.00025 0.101 alpha 

U-235 0.165 f 0.017 0.0078 a l p h a ,  0.0078 b e t a  (Th-231) 

u-23a 99.1334 i 0.017 0.738 a lpha ,  1.48 b e t a  (Th-234, Pa-234) 

Composite Uranium To Plutonium Weight Rat ios  

Double Tracks:  4.35 Clean S l a t e  - 11: 100.4 

Clean Slate - I: 47.2 Clean S l a t e  - 111: 99.7 
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TABLE 1.5 AMOUNTS OF Pu2B'239'240 IN H-NSC ROLLER 
COASTER QUALIFICATION SAMPLES 

Sample Sample pu238, 239, 240 Weight ** 
Type Number (including bag) 

Soil 

Soil 

14 l* 
14 2 
143 
144 
145 
146* 
147* 
l48* 

121 
122 
123 
124 

d/min Per Sample 
1220f80 
1220*6 0 

(4.lB*0.O9)xlO5 

( 1.25f0.06 ) x105 
1520f105 

2.3'0.3 

4.8*0.5 

1 .OfO. 2 

2130*90 

236 *20 
159 $ *44 
ly+6* 4 

(1.307*0. O54)xlO5 

12.50f0.041 x105 
0.8*0.2 

5.62905 g. 
5.28608 g. 

5.33975 g. 

d/min Per MI 

Solution F 902*10 
G 89.2kO .8 

Wtd . Avg . Fw** 897*0.6$ 

* Pu 236 tracer added after dissolution; results not 
corrected for any loss during dissolution. 

**Of leaking samples. 

***Combined "F" and "G" results assuming "G" was 
exactly a 0.1 concentration of "F". 
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CHAPTER 2 

SAMPLE PREPARATION AND DISSOLUTION 

The fo l lowing  sample p r e p a r a t i o n  and d i s s o l u t i o n  

procedures  were used t o  p repa re  R o l l e r  Coaster  samples 

f o r  PLJ a n a l y s i s .  S p e c i a l  p recau t ions  were taken t o  prevent  

cross-contaminat ion of t he  samples. During d i s s o l u t i o n  

and subsequent chemistry,  d i f f e r e n t  l abora to ry  rooms were 

used t o  s e p a r a t e  t h e  p h y s i c a l  samples from t h e  g e n e r a l l y  

l o w e r - a c t i v i t y - l e v e l  b i o l o g i c a l  samples.  The glassware,  

Corning Ware, c e n t r i f u g e  tcibes, s t i r r i n g  rods,  t r a n s f e r  

p i p e t s ,  and o t h e r  items t h a t  a c t u a l l y  contac ted  each sample 

were a l l  new, w i t h  two excep t ions .  The Teflon beakers  

were reused a maximum of f i f t e e n  times. The p l a t i n g  anodes 

(plat inum-ir idium) were reused,  b u t  d i f f e r e n t  anodes were 

used for t h e  p h y s i c a l  and b i o l o g i c a l  samples. Once a 

p i e c e  of equipment was committed t o  e i the r  the  phys ica l  o r  

b i o l o g i c a l  a r e a  i t  remained i n  t h a t  a r e a  u n t i l  e i t he r  i t  

was d i sca rded  o r  t h e  p r o j e c t  was completed. Good house- 

keeping p r a c t i c e  was c o n s t a n t l y  enforced  dur ing  t h i s  program. 
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. 2.1 PHYSICAL SAMPLES 

Descr ip t ions  of the  var ious  physica1:samples are g iven  

i n  Table 2.1.  A l l  t h e  p h y s i c a l  samples were removed from 

t h e i r  manila envelopes ( o u t e r  c o n t a i n e r s )  one a t  a time t o  

avoid any mixing of samples. 

t h e  i d e n t i f y i n g  numbers on t h e  sample were checked a g a i n s t  

t h e  i d e n t i f y i n g  numbers on t h e  data-handl ing s h e e t  rece ived  

w i t h  each sample t o  a s s u r e  t h a t  the proper  sample was 

being prepared.  After i t s  i d e n t i t y  was d e f i n i t e l y  e s t a b -  

l i s h e d ,  t h e  sample was logged i n  and g iven  an i n t e r n a l  

l abo ra to ry  sample number. Then t h e  sample was p laced  i n t o  

a Teflon beaker  for d i s s o l u t i o n .  Each beaker  had been 

prepared p rev ious ly  and numbered w i t h  t h e  same i n t e r n a l  

l abo ra to ry  sample number. The Teflon beakers  were cleaned 

met icu lous ly  by b o i l i n g  w i t h  concent ra ted  n i t r i c  a c i d ,  

conta in ing  a small amount of hydro f luo r i c  ac id ,  f o r  a 

minimum of one hour, then  scour ing  w i t h  a b r a s i v e  c l e a n s e r  

and s t e e l  wool and r i n s i n g  r epea ted ly  w i t h  demineral ized 

water .  Smears were taken of t e n  pe rcen t  of the beakers  

and counted i n  a windowless p ropor t iona l  a lpha  counter ;  

no d e t e c t a b l e  amounts of F’u were found on these  smears. 

Some of t h e  beakers which had contained h igh - l eve l  plutonium 

samples were checked f o r  a c t i v i t y  a f t e r  c l ean ing  by p l ac ing  

A s  each sample was removed, 
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a new Millipore filter into each beaker and processing this 

completely through the dissolution and chemistry procedure 

as a blank. 

ing plutonium content, starting with the lowest-activity 

samples at the beginning of the program and ending with the 

highest-activity samples at the end of the program. This 

method of analyzing samples eliminated the possibility of 

contaminating a low-activity sample with the residue of a 

high-activity sample. Before each sample was placed in its 

beaker, the appropriate amount of Pu 236 tracer was added. 

During dissolution, the beakers were separated sufficiently 

from each other on hot plates to minimize the possibility 

of cross-contamination by spray or spatter. The detailed 

procedures of each of the physical samples are given in the 

following sections. 

All samples were processed in o&er of increas- 

Procedures: 

A. Casella Glass Impactor and Membrane Filter. Prepara- 

tion of the Casella glass impactor for Pu chemistry was 

accomplished with the following method: The organic 

materials, consisting of the enclosing cellophane bags, 

the  2ttached identifying sticker, the enclosed adhesive and 
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t h e  c e l l u l o s e  a c e t a t e  f i l m  s t u c k  t o  the  g l a s s  d i sk ,  were 

des t royed  by h e a t i n g  i n  a mixture of concent ra ted  n i t r i c  

and s u l f u r i c  a c i d s .  

s e p a r a t e  p o r t i o n s  as needed until a l l  t h e  organic  m a t e r i a l  

appeared t o  have been des t royed .  A s  an  added p recau t ion  

on a11  samples, and t o  has t en  d i s s o l u t i o n  on the more 

r e s i s t a n t  samples, pe rch lo r i c  a c i d  was added cau t ious ly  

and fumed o f f .  The g l a s s  d i sk  remaining a f t e r  d e s t r u c t i o n  

o f  organic  m a t t e r  was destroyed by adding small q u a n t i t i e s  

o f  hydro f luo r i c  a c i d  and b o i l i n g  o f f  s i l i c o n  t e t r a f l u o r i d e .  

The remaining sa l t s  then  were d i s so lved  i n  a mixture of 

s a t u r a t e d  b o r i c  a c i d  s o l u t i o n  and concent ra ted  n i t r i c  a c i d .  

T h i s  s o l u t i o n  was t r a n s f e r r e d  t o  an Autoclear (50-ml) 

c e n t r i f u g e  tube p rev ious ly  marked w i t h  t he  i n t e r n a l  sample 

number. The volume of t h i s  s o l u t i o n  was kept  t o  a minimum. 

The beaker wasrinsed twice w i t h  ho t  s a t u r a t e d  bo r i c  a c i d  

o l u t i o n  p l u s  concent ra ted  n i t r i c  a c i d ,  and these  r i n s e s  

were added t o  the 50-ml c e n t r i f u g e  tube.  The c e n t r i f u g e  

tube was covered w i t h  Paraf i lm and s t o r e d  u n t i l  ready for 

Pu chemistry.  

The n i t r i c  a c i d  was ‘added i n  s e v e r a l  

The membrane f i l t e r s  were destroyed by t h e  method 

given above for t h e  o rgan ic s .  However, only 3 m l  of con- 

c e n t r a t e d  hydro f luo r i c  a c i d  was used t o  des t roy  any small  

s i l i c e o u s  p a r t i c l e s .  
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B. Anderson Glass Impactors and Membrane F i l t e r s .  The 

same d i s s o l u t i o n  procedure was used for the  Anderson g l a s s  

impactors  as f o r  t h e  Casella glass impactors,  except  t h a t  

the e n t i r e  g l a s s  d i s k  was n o t  d i s s o l v e d .  The d i s k  was 

deeply e tched  w i t h  hydro f luo r i c  a c i d  and r i n s e d  wel l  be fo re  

being d i sca rded .  

_ .  

The Anderson membrane f i l t e r s  were d i s so lved  i n  e x a c t l y  

t h e  same way as  t h e  Casella membrane f i l t e r s .  

C .  Gelman A i r  Sampler Membrane F i l te rs .  The Gelman 

a i r  sampler membrane f i l ters  and the p r o t e c t i n g  c e l l o -  

phane bags i n  TAS-I and TAS-I1 samples were p u t  I n t o  

s o l u t i o n  e a s i l y  wi th  a mixture of concent ra ted  n i t r i c  and 

s u l f u r i c  a c i d s .  However t h e  Microsorban (po lys ty rene )  

p r e f i l t e r s  l q a l l  To ta l  A i r  Samplers were very d i f f i c u l t  

t o  d i g e s t ;  consequently,  more time was needed for each 

f i l t e r  and more pe r sona l  a t t e n t i o n  was r e q u i r e d  f o r  each 

sample. The Microsorban p r e f i l t e r  f i n a l l y  was d i g e s t e d  by 

u s i n g  high temperatures  and excess  s u l f u r i c  a c i d  t o  char  

t he  polys tyrene ,  adding s e v e r a l  mi l l i l i t e rs  of concent ra ted  

n i t r i c  a f t e r  each c h a r r i n g .  Af t e r  many r e p e t i t i o n s  of 

c h a r r i n g  and d i g e s t i n g ,  t h e  v i s i b l e  s o l i d s  would disappear, 

l e a v i n g  a s t raw-colored s o l u t i o n .  To t h i s  s o l u t i o n ,  
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concent ra ted  p e r c h l o r i c  a c i d  was added and fumed. T h i s  

w a s  r epea ted  u n t i l  t h e  s o l u t i o n  was c o l o r l e s s ,  then  3 m l  

of concent ra ted  hydro f luo r i c  a c i d  was added t o  des t roy  any 

s i l i c e o u s  material t h a t  had been picked up by t h e  f i l t e r s .  

After t h e  hydro f luo r i c  a c i d  and t h e  r e s u l t i n g  s i l i c o n  

t e t r a f l u o r i d e  had been v o l a t i l i z e d ,  t h e  sa l t s  were d i s so lved  

i n  s a t u r a t e d  b o r i c  a c i d  s o l u t i o n  p l u s  concent ra ted  n i t r i c  

a c i d  and transferred t o  a c e n t r i f u g e  tube as descr ibed  

above under  the  s e c t i o n  on Case l la  g l a s s  impactor and 

membrane f i l t e r .  

, : 

D. Gummed Films. The d i s s o l u t i o n  of t h e  gummed f i l m s  

used a s  depos i t i on  c o l l e c t o r s  was c a r r i e d  out  i n  much the 

same manner a s  t h e  d i s s o l u t i o n  of the Gelman Microsorban 

p r e f i l t e r s .  After t h e  sample, contained i n  a wax paper  bag, 

was p laced  i n t o  t h e  W f l o n  beaker,  the d i g e s t i n g  was done 

by a l t e r n a t i n g  high-temperature s u l f u r i c - a c i d  cha r r ing  and 

n i t r i c - a c i d  d i g e s t i o n  of t h e  char red  m a t e r i a l .  The c e l l u -  

l o s e  a c e t a t e  and the  t h i n n e r  cel lophane f i l m s  were r e l a t i v e l y  

easy t o  d i g e s t ,  b u t  t h e  accompanying waxed paper  o r  polye thylene  

bag took s e v e r a l  days of severe  t reatment  t o  d iges t .  A f t e r  

a l l  of t h e  v i s i b l e  m a t e r i a l  was d iges ted ,  p e r c h l o r i c  a c i d  

was added and fumed u n t i l  t h e  s o l u t i o n  was c o l o r l e s s .  T h i s  
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t rea tment  was fol lowed by the hydro f luo r i c -ac id  t rea tment  

and sample - t r ans fe r  method desc r ibed  previous,ly.  

s e c t i o n  on Casella glass impactor  and membrane f i l t e r  

d i s s o l u t i o n ) .  

(See 

An al ternate  method of gummed f i l m  d i s s o l u t i o n  was 

t r ied and found t o  be very s u c c e s s f u l  i n  r ega rd  t o  t h e  

q u a l i t y  of the prepared  sample and the amount of time 

necessary t o  p repa re  the sample. T h i s  method c o n s i s t e d  

of c a r e f u l l y  pre-ashing t h e  sample i n  a 600-mi beaker over 

a bunsen burner  u n t i l  most of t h e  organic  m a t e r i a l  had been 

des t royed .  The sample then  was p laced  i n  a muffle furnace  and 

ashed a t  550' C .  

i n t o  s o l u t i o n  e a s i l y  w i t h  a mixture of n i t r i c  and s u l f u r i c  

a c i d s .  The sample then  was t r a n s f e r r e d  t o  a Tef lon  beaker  

and t r e a t e d  w i t h  h y d r o f l u o r i c  a c i d  and subsequent ly  t r a n s -  

f e r r e d  t o  a c e n t r i f u g e  tube  f o r  Pu chemistry,  as desc r ibed  

i n  the  s e c t i o n  on Case l la  g l a s s  impactor and membrane f i l t e r .  

After cool ing ,  t h e  sample r e s i d u e  was p u t  

T h i s  a l t e r n a t e  method could not  be used for many of 

t h e  f i l m s  because most of t h e  muff le-furnace capac i ty  had 

been a s s igned  t o ,  and was i n  use for, ash ing  t h e  larger 

b i o l o g i c a l  samples. 
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E. Aluminum C o l l e c t o r s  and Q u a l i t y  Control Soils. 

The aluminum c o l l e c t o r  samples, a s  r ece ived  a t  H-NSC,con- 

s i s t ed  of 1-30 grams of soil. 

were d i s so lved  t r a c e r - f r e e  because of the high l e v e l  

of Pu a c t i v i t y .  Aside from t h i s  d i f f e r e n c e ,  bo th  t h e  

aluminum c o l l e c t o r  and q u a l i t y  c o n t r o l  s o i l s  were t r e a t e d  

i n  t h e  same manner. 

A l l  of these samples 

Each aluminum c o l l e c t o r  sample was t r a n s f e r r e d  from 

i t s  t e s t  tube sh ipping  con ta ine r  and c a r e f u l l y  weighed. 

It was found t h a t  t h e  use of t h i s  tes t  tube  con ta ine r  

c r e a t e d  s e v e r a l  problems of t r a n s f e r .  The most no tab le  

of t h e s e  was t h e  r e t e n t i o n  of s o i l  on the l w g e  s u r f a c e  

o f  the rubber  s toppe r .  Also, t h e  rubber s toppe r  would 

not  s e a l  around the  pouring spout  and the  s e a l i n g  t a p e  

used r e t a i n e d  much of t h e  sample i n  a l l  ca ses .  After the 

s o i l  weight was ob t i ined ,  a l l  m a t e r i a l  suspected of con- 

tamina t ion  w a s  added t o  t h e  sample f o r  d i s s o l u t i o n ,  w i t h  

t he  except ion  of the l a r g e  rubber  s t o p p e r .  T h i s  s toppe r  

was cleaned by wiping w i t h  Kimwipes wet w i t h  n i t r i c  a c i d  

t o  remove any v i s i b l e  contaminants.  The s toppe r  then  

was e tched  i n  hot  concent ra ted  n i t r i c  a c i d  and t h i s  

s o l u t i o n  w3s added t o  the sample. The organic  ma t t e r  
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added t o  t h e s e  samples ( t h e  Kimwipes, s e a l i n g  t a p e ,  and 

t h e  e t ched  rubber  from t h e  s t o p p e r ) ,  and any orgqnic  

m a t e r i a l  a l r e a d y  p r e s e n t  i n  the  sample, werk d i g e s t e d  

by h e a t i n g  wi th  concen t r a t ed  n i t r i c  a c i d .  The bulk of 

t h e  sample was d i s s o l v e d  by adding hydro f luo r i c  a c i d  and 

d i g e s t i n g  t o  des t roy  any s i l i c a t e s  p r e s e n t .  P e r c h l o r i c  

a c i d  was added t o  a i d  i n  v o l a t i l i z i n g  the  s i l i c o n  

t e t r a f l u o r i d e  formed. The hydro f luo r i c  a c i d  d i g e s t i o n  

was r epea ted  u n t i l  r e a c t i o n  had s topped.  The excess  

hydro f luo r i c  a c i d  then  was v o l a t i l i z e d  by fuming w i t h  

t he  p e r c h l o r i c  a c i d  p r e s e n t .  The r e s idue  l e f t  then  was 

d i s so lved  i n  s a t u r a t e d  b o r i c  a c i d  and concent ra ted  n i t r i c  

a c i d .  The r e s u l t i n g  s o l u t i o n  was cen t r i fuged  and any 

remaining p r e c i p i t a t e  r e t u r n e d  t o  t h e  Te f lon  beaker  and 

r e t r e a t e d  wi th  t h e  n i t r i c ,  p e r c h l o r i c ,  and hydro f luo r i c  

a c i d s .  T h i s  procedure was r epea ted  t h r e e  t imes and, i f  

any p r e c i p i t a t e  was l e f t  a f t e r  t he  t h i r d  cyc le ,  i t  was 

t r e a t e d  w i t h  2qua r e g h  .ind b o i l e d  t o  nza r  dryness .  The 

sanp le  r e s idue  then  w i s  d i s so lved  i n  hot  6 - N hydrochlor ic  

a c i d .  This  t rea tment  completely d i s so lved  a l l  o f  t h e  

aluminum c o l l e c t o r  s3mples. For a few of t h e  q u a l i t y - c o n t r o l  

samples submit ted by DASA, i t  was necessary t o  fo l low 

t h i s  procedure with t h e  f u s i o n  of  a small  r e s idue ,  us ing  
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sodium carbonate  flux. Dissolving the  cooled f u s i o n  

melt  i n  6 N hydrochlor ic  a c i d  completed t h e  d i s s o l u t i o n  

of these samples. 

- 

A l l  the  r e s u l t i n g  d i s s o l u t i o n  superna tes  were combined 

and d i l u t e d  t o  500 m l  i n  a volumetr ic  f l a s k .  From t h i s  

s o l u t i o n ,  t h e  p rope r  a l i q u o t  was taken for a n a l y s i s  and 

e q u i l i b r a t e d  wi th  Pu 236 tracer.  

F.  Sequen t i a l  Air-Sampling Tape. The t h r e e  40-foot 

c e l l u l o s e  f i l t e r  paper  samples were checked f o r  a lpha 

a c t i v i t y  on both s i d e s , u s i n g  a PAC-3 a lpha d e t e c t o r .  

T h i s  was accomplished by r o l l i n g  the tape  between two 

r e e l s  w i t h  t h e  PAC-3G d e t e c t o r  r e s t i n g  on the tape  f o r  

s u f f i c i e n t  time t o  d e t e c t  any s i g n i f i c a n t  a c t i v i t y .  No 

alpha a c t i v i t y  was de tec t ed ,  so  each t ape  was d i s so lved  

i n  i t s  e n t i r e t y  and run a s  a s i n g l e  sample. Disso lu t ion  

of the  t apes  was accomplished by h e a t i n g  w i t h  a mixture 

o f  concent ra ted  n i t r i c  and s u l f u r i c  a c i d s  u n t i l  a l l  

v i s i b l e  organic  m a t e r i a l  w d s  i n  s o l u t i o n ,  then adding 

hydro f luo r i c  a c i d  t o  des t roy  any s i l i c e o u s  m a t e r i a l .  

Pe rch lo r i c  a c i d  was added c a u t i o u s l y  and t h e  sample was 

fumed u n t i l  c o l o r l e s s .  The sample r e s idue  then was 

d i s so lved  i n  s a t u r a t e d  b o r i c  a c i d  s o l u t i o n  and concen- 

t r a t e d  n i t r i c  a c i d  a s  descr ibed  previous ly  under t h e  

s e c t i o n  on Case l la  g l a s s  impactor and membrdne f i l t e r s .  
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... G .  S o l u b i l i t y  S t u d i e s  Sample Di s so lu t ion .  Many 

of t h e  lower- leve l  water  samples were found t o  c o n t a i n  

too  l i t t l e  a c t i v i t y  i n  s o l u t i o n  t o  warrant  u s ing  them 

f o r  3 s o l u b i l i t y  s tudy .  

s i n g l e  d e b r i s  samples. A cons iderable  amount of s o l u t i o n  was 

l o s t  from many of these samples by leakage out  of the ground- 

g lass -s toppered  b o t t l e q b u t  f o r t u n a t e l y  a l l  t h e  leaked 

s o l u t i o n  appeared t o  have been absorbed by t h e  surround- 

i n g  cor ruga ted  packing m a t e r i a l .  I n  szimples i n  which 

t h e  cor ruga ted  packing material had been s a t u r a t e d ,  

s e v e r a l  m i l l i l i t e r s  of  water  were contained i n  t h e  

polyethylene bags surrounding t h e  sample c o n t a i n e r .  

Leakage was found t o  be caused by s e v e r a l  i n h e r e n t  f a u l t s  

i n  t h e  sample c o n t a i n e r s .  On some of t h e  b o t t l e s  t h e  

ends o f  t h e  s t r i n g  t h a t  a t t a c h e d  the  ground g l a s s  s t o p p e r  

t o  the b o t t l e  had been wedged between the  b o t t l e  and the 

s toppe r .  This  r e s u l t e d  i n  t h e  most severe  leakage .  Next 

i n  s e v e r i t y  of leakage was the b o t t l e  p o s i t i o n  dur ing  

handl ing of  the  pack3ged shipment. If t h e  b o t t l e  remained 

i n  any p o s i t i o n  o t h e r  than up r igh t ,  leakage occurred .  

The taped-down s toppe r s  were found t o  h-ve s u f f i c i e n t  

p l a y  so  t h a t  l eak ige  was i n e v i t a b l e  u n l e s s  t h e  b o t t l e  

remained u p r i g h t .  The l a s t  cause of leakage noted was 

the  entrapment of sand p a r t i c l e s  between t h e  s t o p p e r  and 

t h e  b o t t l e  a l lowing  s u f f i c i e n t  space f o r  c a p i l l a r y  a c t i o n  

t o  occur .  A l l  t he  samples t h a t  hzd v i s i b l y  leaked were 

processed w i t h  t h e  surrounding packing m a t e r i l l .  

These samples were gnalyzed a s  
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The cor ruga ted  packing m a t e r i a l  and the  t a p e  used 

t o  hold  t h e  s toppe r  were p l aced  i n  2 l a r g e  Corning Ware 

d i s h  2nd d i g e s t e d  w i t h  concent ra ted  n i t r i c  a c i d  u n t i l  

i n  s o l u t i o n .  The s o l u t i o n  i n  t h e  b o t t l e  was p laced  i n  a 

Tef lon  beaker  and evaporated t o  dryness .  The b o t t l e  was 

r i n s e d  s e v e r a l  t imes w i t h  h o t  concent ra ted  n i t r i c  a c i d  

while being sub jec t ed  t o  u l t r a s o n i c  c leaning .  The r e s u l t i n g  

f r a c t i o n s  of t h e  sample even tua l ly  were a l l  t r a n s f e r r e d  to 

the  same Teflon beaker .  A s  soon as t h e  e n t i r e  sample, 

i nc lud ing  the polye thylene  bag r i n s e s  and u l t r a s o n i c  

c leaning  s o l u t i o n ,  had been t r a n s f e r r e d ,  the  sample was 

sub jec t ed  t o  complete d i s s o l u t i o n  us ing  a mixture of 

concent ra ted  n i t r i c  and concent ra ted  s u l f a r i c  a c i d s  

t o  d i g e s t  a l l  o rganic  m a t e r i a l .  The sample then  was 

evaporated t o  nea r  dryness  a g a i n  and concent ra ted  hydro- 

f l u o r i c  a c i d  was added t o  i n s u r e  complete d i s s o l u t i o n  of 

any s i l i c e o u s  material. The sample was then  t r a n s f e r r e d  

from the  Teflon beaker  t o  a c e n t r i f u g e  tube  by d i s s o l v i n g  

any r e s i d u a l  material i n  concent ra ted  n i t r i c  a c i d  and 

saturated b o r i c  a c i d .  T h i s  t r a n s f e r r i n g  procedure was 

repea ted  three times t o  a s s u r e  complete t r a n s f e r  of t h e  

beaker con ten t s .  
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2.2 BIOLOGICAL SAMPUS 

The va r ious  b i o l o g i c a l  samples and t h e i r  weights are 

l i s t e d  i n  Table 2.2. 

when r e c e i v e d  and were s t o r e d  f r o z e n  u n t i l  ready f o r  

a n a l y s i s .  A t  t h e  start of t h e  program, about t e n  pe rcen t  

of t h e  samples were thawed t o  a i d  i n  their i d e n t i f i c a t i o n ,  

b u t  t h e s e  were t h e n  f r o z e n  again f o r  s t o r a g e .  

The b i o l o g i c a l  samples were f r o z e n  

Most of t h e  b i o l o g i c a l  samples were first dry ashed 

i n  a large muffle furnace  a t  550' C. 

( a sh )  was then d i s s o l v e d  by us ing  mixtures  of n i t r i c ,  

p e r c h l o r i c ,  hydrochlor ic ,  s u l f u r i c ,  and h y d r o f l u o r i c  

a c i d s .  The d e t a i l e d  procedures  are given i n  the  fo l lowing  

s e c t i o n s .  

The i n o r g a n i c  r e s i d u e  

2.2.1 I n i t i a l  Sample P repa ra t ion .  A l l  t h e  b i o l o g i c a l  

samples were processed  through H-NSC i n  the o r d e r  of 

i n c r e a s i n g  ( e s t ima ted )  plutonium content ,  i . e . ,  s t a r t i n g  

w i t h  t h e  lowes t - l eve l  samples and concluding wi th  t h e  

h i g h e s t - l e v e l  samples.  A l l  samples, except  t h e  small 

lymph nodes, were dry ashed i n  Corning Ware Pyroceram 

c o n t a i n e r s .  The small lymph nodes were processed  i n  

sma l l - s i ze  Coors p o r c e l a i n  ware. Some of t he  larger samples 

had t o  be d iv ided  among s e v e r a l  d i shes  f o r  muff l ing,  t hen  

combined f o r  f i n a l  a n a l y s i s .  These l a r g e  samples included 

some l i v e r s ,  stomachs full of fodder ,  and f e c e s .  Before 

each sample was p laced  i n t o  i t s  con ta ine r ,  i t  was p o s i t i v e l y  
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i d e n t i f i e d ,  a c c u r a t e l y  weighed, logged i n ,  and assigned an  

i n t e r n a l  l a b o r a t o r y  number. Then t h e  f r o z e n  sample was 

allowed t o  thaw out  i n  t h e  d i s h  and Pu2,* t r a c e r  was 

added d i r e c t l y  t o  t h e  t i s s u e  being analyzed.  If t he  organ 

was l a r g e  i t  was s l i t  with a r a z o r  b lade  i n  severa l  p l aces ,  

and t h e  t r a c e r  p i p e t t e d  i n t o  t h e s e  s l i t s .  If t he  organ 

was small, o r  was a bone, t h e  t r a c e r  was s t i p p l e d  onto  

t h e  o u t s i d e  of t h e  sample. The polye thylene  bag which 

had contained each sample was a l s o  inc luded  i n  the  

a n a l y s i s .  

2.2.2 D r y  Ashing. Before being p l aced  i n  t h e  muffle - 
furnace ,  each sample was d r i e d  i n  one o f  s e v e r a l  d ry ing  

ovens f o r  a minimum of twenty f o u r  hours; some of t h e  

l a r g e  t i s s u e s  were d r i e d  for seventy two hours .  A t  t h i s  

s t a g e  the  f e c e s  were i g n i t e d  over  a Meker Burner and 

allowed t o  burn t o  completion before  being p laced  i n  t h e  

muffle fu rnace .  When the  samples were s u f f i c i e n t l y  dry,  

they were p laced  i n  t h e  muffle furnace  which was slowly 

brought t o  t h e  maximum temperature  needed and maintained 

a t  t h i s  temperature  for twenty f o u r  hours .  Some of  t h e  

l a r g e r  t i s s u e s  had t o  be ashed twice t o  oxid ize  a l l  of 

t he  carbon p r e s e n t  i n  t h e  t i s s u e .  A t  t h i s  s t . ige s e v e r a l  

u r i n e  samples s h a t t e r e d  i n  t h e  oven. Only one sample 

w . 2 ~  l o s t  completely.  However, a wet d i s s o l u t i o n  method 

was adopted f o r  t h e  remaining u r i n e  samples t o  avoid any 

r e p e t i t i o n  of t he  s h a t t e r i n g  exper ience .  
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2.2.3 DMsolu t ion  of Dry Ash. D i f f e r e n t  procedures  

were used t o  d i s s o l v e  the dry ash of d i f f e r e n t  sample 

types .  It was found necessary  t o  cont inue  d i s s o l u t i o n s  

over  a twenty-four hour p e r i o d .  A two-sh i f t ,  sixteen- 

hour work day was e s t a b l i s h e d ,  and du r ing  t h e  remaining 

e i g h t  hours  t h e  samples were allowed t o  reflux. 

A .  Bone Samples. After muffling, t h e  bone a s h  was - 

d i s so lved  r e a d i l y  by b o i l i n g  i n  6 - N hydrochlor ic  a c i d  

f o r  up  t o  e ight  hours .  A f t e r  t h i s  treatment only a small  

r e s i d u e  was l e f t  and t h i s  was t r a n s f e r r e d  t o  a Teflon 

beaker  and d i s so lved  i n  hydro f luo r i c  a c i d .  The r e s u l t i n g  

s a l t s  were d i s so lved  i n  a mixture of s a t u r a t e d  b o r i c  a c i d  

s o l u t i o n  and concent ra ted  hydrochlor ic  a c i d .  The r e -  

s u l t i n g  s o l u t i o n s  were combined i n  a polye thylene  b o t t l e  Of 

s u i t a b l e  s i z e ,  which was s t o r e d  awa i t ing  chemistry.  

5. Urine Samples. The u r i n e  samples which had been 

dry ashed were d i s so lved  i n  concent ra ted  n i t r i c  a c i d .  The 

bulk of t h e  ash was d i s so lved  e a s i l y  and t h e  r e s idue  was 

t r a n s f e r r e d  t o  a Tef lon  beaker  for d i s s o l u t i o n  by h e a t i n g  

with hydro f luo r i c  a c i d .  Some of t h e  u r i n e  samples contained 

apprec iab le  q u a n t i t i e s  of d i r t  and t h i s  i nc reased  t h e  

d i s s o l u t i o n  t ime.  Af t e r  t rea tment  with t h e  hydro f luo r i c  

a c i d ,  t h e  remaining r e s i d u e  was d i s so lved  i n  s a t u r a t e d  

b o r i c  a c i d  s o l u t i o n  p l u s  concent ra ted  n i t r i c  a c i d .  If 

any r e s i d u e  s t i l l  remained, t h e  hydro f luo r i c  a c i d  t r e a t -  

ment was r epea ted  u n t i l  d i s s o l u t i o n  was complete.  
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A s  mentioned above, i t  was necessary t o  use  a wet 

d i g e s t i o n  method on most of t he  u r i n e  s a q l e s .  

d i f f e r e n t  methods were t r i e d .  The most s e t i s f a c t o r y  

procedure was t o  a l low the l a r g e  q u a n t i t y  of Kimpac t o  

d i g e s t  i n  3 N n i t r i c  a t  room temperature for one week 

2nd then  t o  h e a t  slowly t h e  covered con ta ine r  s o  r e f l u x -  

i n g  occurred u n t i l  t h e  bulk of t h e  Kimpac was d i s so lved .  

After t h i s  s t a g e  the  sample was t r e a t e d  a s  descr ibed  

for t he  pre-ashed sample. The whole procedure took 

two weeks from the  s t a r t  u n t i l  t he  sample was ready f o r  

chemistry.  

Severa l  

- 

C .  Lymph Nodes, P h a r y n g e a l  Mucosa, Trachea, and 

Empty Stomach. Ricer  dry ashlng,  t hese  t i s s u e s  presented  

no problem of  d i s s o l u t i o n .  The ash was d i s so lved  

r e a d i l y  by hea t ing  w i t h  6 - N hydrochlor ic  a c i d .  

r e s i d u e  was d i s so lved  w i t h  hydro f luo r i c  ac id ,  and the 

r e s u l t i n g  s a l t s  were d i s so lved  i n  s a t u r a t e d  b o r i c  a c i d  

p l u s  concentrated n i t r i c  a c i d .  A l l  t he  r e s u l t i n g  s o l u -  

t i o n s  f o r  a sample were combined and s tored  i n  a polyethylene 

b o t t l e  o f  a p p r o p r i a t e  s i z e  awai t ing  Pu chemistry.  

Any small  

D .  Lungs, L ive r  and Kidney. The dry-ashed lung, 

l i ve r ,  and kidney samples were slow t o  d i s s o l v e .  The gen- 

e r a l  procedure for t hese  t i s s u e s  was t o  r e f l u x  the  ash i n  

concent ra ted  n i t r i c  a c i d  f o r  an appropr i a t e  time, depending 

on the q u a n t i t y  of ash ,  u n t i l  the bulk  of t h e  a sh  was i n  
43 



s o l u t i o n .  The r e s i d u e  was p h c e d  i n  a Tef lon  beaker  and 

d i g e s t e d  by adding hydro f luo r i c  a c i d  and b o i l i n g  t o  dryness .  

The remaining s a l t s  were d i s so lved  i n  s a t u r a t e d  b o r i c  

a c i d  and concent ra ted  n i t r i c  a c i d .  

r e s i d u e ,  t h e  h y d r o f l u o r i c  a c i d  t rea tment  was r epea ted .  

A l l  t h e  s o l u t i o n s  for a s ing le  sample were combined and 

s t o r e d  i n  a po lye thylene  b o t t l e .  Elapsed time for d i s s o l u -  

t i o n  ranged from one t o  four days, depending on t i s s u e  s i z e .  

If t h e r s w a s  any 

E. Feces and Stomachs Full of Fodder. The f e c e s  and 

stomachs which were f u l l  of food gave l a r g e  q u a n t i t i e s  

o f  a s h .  These samples were the most d i f f i c u l t  t o  d i s s o l v e  

of a l l  t h e  b i o l o g i c a l s  and r e s u l t e d  i n  l a r g e  volumes of 

f i n a l  s o l u t i o n .  Many days of continuous r e f l u x i n g  us ing  

d i f f e r e n t  a c i d s  and a c i d  mixtures  were r equ i r ed  t o  o b t a i n  

a complete d i s s o l u t i o n .  Because o f  t h e  l a r g e  q u a n t i t y  

of minera ls  p r e s e n t ,  l a r g e  volumes of f i n a l  s o l u t i o n  

were needed t o  keep t h e  d i s so lved  s a l t s  i n  s o l u t i o n .  

The a sh  o b t l i n e d  from t h e  furnace  f i rs t  was hea ted  w i t h  

generous q u a n t i t i e s  o f  n i t r i c  a c i d  and allowed t o  r e f l u x  

f o r  e i g h t  hours .  Then, t h e  s o l u t i o n  was removed and the 

process  repea ted  u n t i l  t h e  bulk of t h e  ash was i n  so lu-  

t i o n  and i t  was obvious t h a t  d i g e s t i o n  w i t h  any EOre 

n i t r i c  ac id .would  be f u t i l e .  The remaining a s h  then  was 

r e f luxed  w i t h  6 N hydrochlor ic  a c i d  i n  the  same manner 

a s  w i t h  t h e  n i t r i c  a c i d .  Af t e r  the two a c i d  t rea tments ,  

t h e  remainder of  the ash was p laced  i n  a Tef lon  beaker  and 

b o i l e d  t o  dryness  s e v e r a l  t imes w i t h  hydro f luo r i c  a c i d .  

- 
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The sa l t s  t h a t  were formed were d i s so lved  i n  s a t u r a t e d  

b o r i c  a c i d  s o l u t i o n  p l u s  concent ra ted  n i t r i c  a c i d .  Any 

r e s i d u e  was sub jec t ed  t o  a r e p e a t  of t h &  hydrof luor ic -  

a c i d  t rea tment  u n t i l  t h e  sample was i n  s o l u t i o n .  A 

t y p i c a l  d i g e s t i o n  and d i s s o l u t i o n  time was seven days 

f o r  t h e s e  samples. 
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TABLE 2.2 DESCRIPTION OF ROLLER COASTER BIOLOOICAL SAMPLES 

Approximate Simple Weight Br ie f  Descr ip t ion  of Samples and Remarks* 

Ssmple Dog Sheep Eurro 

Bone (Femur) 40 200 1200 E i t h e r  r i g h t  o r  l e f t  femur, c leaned  o f  s o f t  t i s s u e .  

Kidney 50 300 800 Right or l e f t  kidney.  

grams 

Liver  

Lung 

H i l a r  Node 

Trachea 

300 600 3000 Very l a r g e  t i s s u e 8  encountered on t h e  bur ro  l i v e r s .  

100 500 2000 Large t i s s u e s  but  e a s i l y  handled.  

Sealed i n  p l a s t l c  bags b u t  c o n a i d e r s b l e  leakage encountered.  

1 5 10 Small t i s s u e s  d i f f i c u l t  t o  f i n d  among t h e  l a r g e r  mixed t i s s u e s  
as  t he  small bags were f r o z e n  t o  l a r g e r  ones .  

Complete t r a c h e a s .  25 50 150 

JI Stomach 900 2500 4500 Most of t he  stomachs were r e c e i v e d  f u l l  of fodder ,  t h e r e f o r e ,  
4 were v e r y  l a r g e  bulky samples.  

Complete l i n i n g  of pharynx. Pharyngeal Mucosa 6 8 15 

Nasal Mucosa 20 30 50 Complete l i n i n g  of n a s a l  c a v i t y .  

Urine (on Kimpac) None Received 3000 ‘1000 Large bulky samples due t o  the amount of Kimpac ;ceded t o  c o l l e c t  

Feces None Received 1000 None Received Large bulky samples c o n t a i n i n g  woss amounts of 1narRanic s a l t s  

,* 

sample. 

a f t e r  a s h i n g ,  

Some samples conta ined  severr t l  hundred srams of  d i r t .  

* A l l  samples rece ived  f rozen  w i t h  d ry  i c e  and Sealed i n  p l a s t i c  bags .  



CHAPTER 3 

RADIOCHEMICAL S E P A R A T I O N  AND E L E C T R O D E P O S I T I O N  OF PLUTONIUM 

3.1 RADIOCHEMICAL S E P A R A T I O N  O F  PLUTONIUM 

The radiochemical  procedure involved a s e r i e s  of  

p r e c i p i t a t i o n s  t o  c a r r y  and concent ra te  Pu followed by an  

ion-exchange s e p a r a t i o n  t o  y i e l d  a radiochemical ly  pure,  

c a r r i e r - f r e e  s o l u t i o n  s u i t a b l e  for e l e c t r o d e p o s i t i o n .  

(Thin, v i r t u a l l y  we igh t l e s s  d e p o s i t s  a r e  r equ i r ed  f o r  good 

r e s o l u t i o n  i n  a lpha spec t romet ry . )  

- 3.1.1 Usual Procedure.  For most samples, t he  i n i t i a l  

concen t r a t ion  s t e p  was a hydroxide p r e c i p i t a t i o n ,  ca r ry -  

i ng  plutonium i n  any o f  i t s  valence s t a t e s .  Plutonium 

then was reduced t o  Pu (111) which was c a r r i e d  on LaF3. 

The f i n a l  ion-exchYnge s t e p  involved adsorbing Pu ( I V )  

on a s h o r t  anion-exchsnge column from 8 N - HN03 s o l u t i o n ,  

r i n s i n g  t h e  column w i t h  8 N  HNO then  w i t h  HC1,  and f i n a l l y  - 3' 
reducing Pu ( I V )  t o  Pu (111) t o  remove i t  from t h e  column. 

A d e t a i l e d  procedure f o r  i s o l a t i o n  of Pu from 

r e l a t i v e l y  small  samples i s  given i n  Exh ib i t  3.1. For 

l a r g e r  samples, t h e  q u a n t i t i e s  o f  r eagen t s  and volumes of' 

s o l u t i o n s  were a p p r o p r i a t e l y  a d j u s t e d  t o  main ta in  reagent  
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and c a r r i e r  concen t r a t ions  approximately the  same a s  

those  g iven  i n  Exh ib i t  3.1. Also, f o r  t he  la rges t  samples 

i t  u s u a l l y  was necessary  t o  r e p r e c i p i t a t 6  hydroxides  and 

f l u o r i d e s  t o  remove r e l a t i v e l y  l a r g e  amounts of i n t e r -  

f e r i n g  elements .  

3 .1 .2  The Anion-Exchange Step. The first groups of 

samples were processed us ing  an ion-exchange s e p a r a t i o n  

i n  which t h e  h ( I V )  was adsorbed from concent ra ted  H C 1  

only.  The e l e c t r o d e p o s i t e d  samples r e s u l t i n g  from t h i s  

procedure f r e q u e n t l y  had v i s i b l y  t h i c k  d e p o s i t s  which 

gave poorly reso lved  peaks i n  t h e  alpha s p e c t r a  and made 

reprocess ing  necessary .  It appeared t h a t  t h e  poor- 

q u a l i t y  p l a t e s  were, i n  most cases ,  due t o  small  amounts of 

i r o n  which had not  been completely removed by the LaF3 

s t e p  and which thus  followed Pu through t h e  subsequent 

anion-exchange s t e p .  I n s e r t i o n  of the anion-exchange 

s t e p  involv ing  adso rp t ion  o f  Pu ( I V )  froin 6 N - HI’J03 

s o l u t i o n  so lved  t h i s  problem, s i n c e  n e i t h e r  i r o n  nor  any 

o t h e r  ub iqui tous  s t a b l e  element i s  adsorbed from n i t r i c  

2c id  s o l u t i o n .  

A s  might be expected, the procedure given above was 

a l s o  very e f f e c t i v e  i n  removing any a lpha-emi t t ing  i m -  

p u r i t i e s  from the Pu samples.  No peaks o t h e r  than those 
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due t o  Pu i s o t o p e s  were d e t e c t e d  i n  t h e  alpha spec t r a  

of any of t h e  samples processed  u s i n g  t h i s  procedure.  

Thoriunq which would otherwise have follo?ied %u through t h e  

procedure,  was removed by t h e  H C 1  r i n s e  o f  t he  anion- 

exchange column be fo re  e l u t i o n  of Pu. 

3.1.3 Use of Zirconium Phosphate t o  Carry Plutonium. 

I n i t i a l  concen t r a t ion  of Pu by hydroxide o r  f l u o r i d e  

p r e c i p i t a t i o n  was n o t  s u i t a b l e  f o r  bone samples, o r  for 

o t h e r  b i o l o g i c a l  samples of high calcium content ,  because 

o f  t h e  l a r g e  volumes of t h e  r e s u l t i n g  p r e c i p i t a t e s .  

Zirconium phosphate was s e l e c t e d  a s  be ing  t h e  most s u i t a b l e  

c a r r i e r  for plutonium i n  such samples, p a r t i c u l a r l y  

s i n c e  t h e  sample s o l u t i o n s  r e s u l t i n g  from t h e  d i s s o l u t i o n  

procedures  were 3 t o  6 - N i n  ac id ,  i n  most c a s e s .  

t h e  a c i d  concen t r a t ion  of  t h e  sample s o l u t i o n  was g r e a t e r  

than 3 - N, i t  was reduced t o  about 3 - N by d i l u t i n g  w i t h  

water  and/or n e u t r a l i z i n g  w i t h  NaOH. Sodium n i t r i t e  then  

was added, and t h e  s o l u t i o n  hea ted ,  to i n s u r e  t h a t  plutonium 

was p r e s e n t  a s  Pu ( I V ) .  Then t h e  Pu ( I V )  was c a r r i e d  on 

zirconium phosphate, u s ing  a double p r e c i p i t a t i o n  t o  

i n c r e a s e  t h e  y i e l d .  The zirconium phosphate w a s  d i s so lved  

i n  HF i n  the  presence of La3+ c a r r i e r .  

If 

T h i s  r e s u l t e d  i n  
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a LaF p r e c i p i t a t e  which c a r r i e d  the  Pu. The subsequent 

procedure was t h e  same a s  g iven  previous ly  (Exh ib i t  3 . l ) ,  

i . e .  conversion of LaF t o  and t h e  f i n a l  anion-  

exchange s t e p s .  A d e t a i l e d  procedure f o r  t h e  i n i t i a l  

concen t r a t ion  of Pu ( I V )  on zirconium phosphate, followed 

by ca r ry ing  on LaF3, is g iven  i n  Exh ib i t  3 .2 .  

3 

3 

3 .2  ELECTRODEPOSITION OF PLUTONIUM 

A r a p i d  and e f f i c i e n t ,  b u t  non-se lec t ive ,  method 

was used f o r  t h e  e l e c t r o d e p o s i t i o n  of t h e  sepa ra t ed  and 

p u r i f i e d  plutonium. T h i s  was a gene ra l  method which i s  

a p p l i c a b l e  t o  t r a c e  amounts of any element w i t h  a h ighly  

i n s o l u b l e  hydroxide.  The element t o  be p l a t e d  i s  d i s so lved  

i n  a s l i g h t l y  a c i d i c  s o l u t i o n  of r e l a t i v e l y  high ammonium 

s a l t  concen t r a t ion  f o r  high e l e c t r i c a l  conduc t iv i ty .  

T h i s  s o l u t i o n  i s  conta ined  i n  an  e l e c t r o l y s i s  c e l l  i n  

which t h e  source backing p l a t e ,  of a non-corroding metal ,  

i s  made the cathode.  Passing a d i r e c t  c u r r e n t  of r e l a t i v e l y  
2 

high dens i ty ,  (about 1 amp/cm ) through t h e  s o l u t i o n  

causes  a r a p i d  d ischarge  of hydrogen i o n s  a t  t h e  cathode 

su r face  and produces a t h i n  l a y e r  of s o l u t i o n  dep le t ed  i n  

hydrogen i o n s  and therefore of very high hydroxide i o n  

concen t r a t ion .  In so lub le  hydroxides thus  are  p r e c i p i t a t e d  
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a t  t h e  cathode s u r f a c e .  E l e c t r o l y t i c  gas  formation g i v e s  

vigorous s t i r r l n g  which b r i n g s  each p a r t  of t h e  s o l u t i o n  

i n  t u r n  t o  tne cathode s u r f a c e  where t h e  trade element 

i s  depos i t ed  v i r t u a l l y  q u a n t i t a t i v e l y  i n  a s h o r t  t ime. 

The e l e c t r o l y t e  i s  made b a s i c  j u s t  be fo re  t h e  c u r r e n t  i s  

turned  o f f  t o  p reven t  d i s s o l u t i o n  of t h e  depos i t ed  hydroxides 

i n  t h e  a c i d i c  e l e c t r o l y t e .  F i n a l l y  t h e  e l e c t r o d e p o s i t e d  

sample i s  removed from t h e  c e l l ,  r i n s e d  w i t h  water  t o  

remove t h e  e l e c t r o l y t e ,  and hea ted  t o  redness  i n  a i r  t o  

convert  t h e  hydroxide t o  oxide, r e s u l t i n g  i n  a very ad- 

h e r e n t  sample d e p o s i t .  

3 . 2 . 1  Apparatus for Elec t rodepos i t i on .  Platinum 

d i s k s ,  0.875-inch diameter  x 0.005-inch t h i c k  were used 

a s  sample backings.  These had been h igh ly  po l i shed  t o  

g ive  good r e s o l u t i o n  of t h e  plutonium i s o t o p e  peaks i n  

t h e  alpha s p e c t r a .  

The anodes used f o r  e l e c t r o l y s i s  were of platinum- 

i r i d i u m  a l l o y .  Each anode was manufactured by welding 

a 0 .50- inch  diameter ,  0.020-inch th i ck ,  p e r f o r a t e d  d i s k  

pe rpend icu l s r  t o  t h e  end of a &-inch long, 0.0625-inch 

diameter  rod .  

52 



. 

The e l e c t r o p l a t i n g  c e l l  cons i s t ed  of a base of 

s t a l n l e s s  s t e e l  having a c i r c u l a r  depress ion  i n  i t s  c e n t e r  

f o r  t h e  plat inum d i s k  cathode, t h r e e  threaded v e r t i c a l  

t i e  rods a t t a c h e d  t o  t h e  base,  a d isposable  body of 

square-cut ,  c y l i n d r i c a l  glass tubing,  and a top  r i n g  of 

Teflon.  I n  t h e  assembled c e l l ,  a d i sposable  Teflon 

gaske t  was used t o  form a l e a k - t i g h t  s e a l  between the  

g l a s s  body and t h e  plat inum d i s k .  The t h r e e  t i e  rods 

from t h e  base passed through 3 ho le s  i n  t h e  Teflon top  

r ing ,  which was centered  on top  of t he  c y l i n d r i c a l  g l a s s  

body. Nuts on the tops  of t h e  t i e  rods were t i gh tened  

down on the  top  r i n g ,  holding the  assembled c e l l  t o g e t h e r  

and f o r c i n g  the g l a s s  body a g a i n s t  t h e  Tef lon  washer on 

t h e  plat inum d i s k .  The anode was passed through the  

c e n t e r  ho le  of t h e  top  r i n g  i n t o  t h e  assembled c e l l .  

R e l a t i v e l y  inexpensive d i r e c t - c u r r e n t  power s u p p l i e s  

( E l e c t r o  Products  Labora to r i e s  Model PS-2) were used and 

found t o  be q u i t e  s a t i s f a c t o r y .  

3 .2 .2  Procedure.  Ammonium ch lo r ide  was used a s  t h e  

(Ammonium s u l f a t e  and ammonium n i t r a t e  a l s o  e l e c t r o l y t e .  

have been used s u c c e s s f u l l y  i n  t h i s  and o t h e r  l a b o r a t o r i e s ) .  

The d e t a i l e d  procedure used f o r  Pu e l e c t r o d e p o s i t i o n  i s  

given i n  Exhib i t  3.3. 
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3.2.3 Reuse of Anodes. The P t - I r  anodes were the 

only i tems  con tac t ing  the r a d i o a c t i v e  sample dur ing  t h e  

e l e c t r o d e p o s i t i o n  procedure which were reused,  and pa r -  

t i c u l a r  c a r e  was taken  t o  p reven t  sample contaminat ion 

from t h i s  source .  After use  on a sample, each anode was 

thoroughly r i n s e d  w i t h  a c i d s ,  then with water .  The anode 

then  was used a s  t he  anode i n  e l e c t r o l y s i s  of  a blank 

s o l u t i o n  and f i n a l l y  r i n s e d  aga in  be fo re  be ing  used on 

ano the r  sample. 

Separa te  appara tus ,  i nc lud ing  anodes, was used for 

p l a t i n g  t h e  p h y s i c a l  and t h e  g e n e r a l l y  lower -ac t iv i ty -  

l e v e l  b i o l o g i c a l  samples. The p o l i c y  of ana lyz ing  samples 

i n  o rde r  of i n c r e a s i n g  e s t ima ted  a c t i v i t y  l e v e l  a l s o  min- 

imized t h e  chance of contamination of a low-level  sample 

by t h e  r e s idue  from a preceding h igh- leve l  sample. P l a t i n g  

blanks were run p e r i o d i c a l l y ;  t he  amounts o f  Pu found on 

these  blank p l a t e s  e i t h e r  were not  d e t e c t a b l e  o r  were a 

n e g l i g i b l e  f r a c t i o n  o f  t h e  t o t a l  a c t i v i t y  of the  samples 

being processed a t  t h e  t ime. 

3 .2 .4  Radiochemical Yie lds .  The ma jo r i ty  of the 

o v e r a l l  y i e l d s  ( through d i s s o l u t i o n ,  chemistry, and e l e c t r o -  

d e p o s i t i o n )  were g r e a t e r  t han  60 pe rcen t  w i th  the  peak of  

t h e  y i e l d  d i s t r i b u t i o n  curve i n  t h e  70 t o  90 percen t  range.  
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EXHIBIT 3.1 PLUTONIUM PROCEDURE 

1. 

2. 

3. 

4. 

5. 

6. 

Add 5 mg of La3+ c a r r i e r  t o  the d i l u t e  a a i d  s o l u t i o n  of t he  

sample I n  a 5 O - m l  "Autoclear" c e n t r i f u g e  tube .  

P r e c i p i t a t e  the hydroxide(s )  by adding 5@ NaOH dropwise 

with s t i r r i n g .  Cent r i fuge  and d i s c a r d  the superna te .  

Dissolve t h e  p r e c i p i t a t e  i n  a minimum of concentrated H N q  and 

d i l u t e  t o  about 10 ml with  water. 

R e p r e c i p i t a t e  the hydroxides wi th  NH4OH. C e n t r i ~ g e  and 

d i s c a r d  t h e  supe rna te .  Dissolve t h e  p r e c i p i t a t e  i n  a minimum 

of concentrated H N q  and dilute to 10 ml with water. 

Add about 20 mg of NaHS03, s w i r l ,  and h e a t  t h e  s o l u t i o n  f o r  

about 5 minutes i n  a b o i l i n g  water ba th .  

by adding 10 drops of HF, w i t h  s t i r r i n g .  Continue t o  heat f o r  

a few minutes.  Centr i fuge and d i s c a r d  the  superna te .  Wash 

t h e  LaF3 w i t h  a few m l  of 1 - N H C 1  - 1 - N HF. 

d i s c a r d  the wash s o l u t i o n .  I 

P r e c i p i t a t e  LaF3 

Centr i fuge and 

Dissolve t h e  LaF3 by s l u r r y i n g  i n  1 m l  of s a t u r a t e d  b o r i c  a c i d  

and hea t ing  i n  a b o i l i n g  water b a t h  f o r  a few minutes, then  

adding 1 ml concentrated HC1, 1 ml water, and continuing to heat, with 

occas iona l  s w i r l i n g  u n t i l  a c l e a r  s o l u t i o n  i s  obta ined .  

P r e c i p i t a t e  La(OH)3 by adding NH40H. Cent r i fuge  and d i s c a r d  

the  superna te .  Wash the  hydroxide w i t h  10 ml of water .  

Cent r i fuge  and d i s c a r d  t h e  wash. 
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7 .  Dissolve t h e  hydroxide i n  a minimum of concefitrated HNOg by adding 

t h e  HN03 3 drop a t  a timz, s t i r r i n g  between each a d d i t i o n .  

When t h e  p r e c i p i t a t e  has j u s t  d i s so lved ,  make the  s o l u t i o n  

about 8 N - i n  HN03 by adding a volume of concentrated HN03 (15.4N - ) 
equal  t o  the  volume of t h e  sample s o l u t i o n .  Add 7.7 N - HN03 

t o  g ive  a t o t a l  volume of  about 8 ml . (Prepare  7.7  N HNO by 

d i l u t i n g  500 ml of concentrated H N q  to 1000 ml with water.) Add 

about 20 mg of NaN02 t o  t h e  sample, swirl, and h e a t  i n  a 

b o i l i n g  water  ba th  for a few minutes, then  ~ l l o w  t o  cool  while 

cont inuing  w i t h  Step 6. 

* -  

3 .- 

8. Condition a previously-prepared ion-exchange column by r i n s i n g  

w i t h  f o u r  5 - m l  p o r t i o n s  of 7.7 N - HNO3. 

column was manufactured by s e a l i n g  a 5-mm OD x 1-em long g l a s s  

tube t o  the  bottom of a 15 x 125 mm Pyrex t e s t  tube,  w i t h  l i p .  

A Pyrex-wool p lug  was p laced  i n  t h e  bottom of the column, and 

i t  was then  f i l l e d  t o  a h e i g h t  of  about linchwithDowexAGl-X8 

(100 to 200 mesh) anion-exchange r e s i n .  A glass-wool plug was 

then  p laced  on top  of t h e  r e s i n  column.) 

(Each mion-exchange 

9. Tr . ins fer  the sample s o l u t i o n  t o  the  anion-exchanxe column and 

allow i t  to d r a i n  i n t o  t h e  top  glass-wool p lug .  Have ready 

20 m l  of 7.7 - N HNO3 r i n s e  s o l u t i o n .  Rinse t h e  sample tube w i t h  

s e v e r a l  2-ml p o r t i o n s  of t h i s  s o l u t i o n ,  t r a n s f e r r i n g  each r i n s e  

t o  the column. Rinse the  column wi th  t h e  remainder o f  t h e  7.7 

- N HN03 s o l u t i o n  i n  2-in1 p o r t i o n s .  
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10. Rinse the  column w i t h  20 ml concentrated HC1 in 2-ml portions. 

Discard the  7.7 N HNO and concentrated HC1 rinses. 3 - 

11. E l u t e  Pu from the column i n t o  a c l e a n  S O - m l  g l a s s  beaker - 

us ing  a s o l u t i o n  conta in ing  20 m l  H C 1  and 1 m l  of 1 N  - ICHaI. 

Add t h i s  s o l u t i o n  i n  2-ml p o r t i o n s .  Af t e r  adding t h e  t h i r d  

2-ml p o r t i o n  of t h i s  s o l u t i o n ,  p lug  t h e  t o p  of the column 

w i t h  a polyethylene s toppe r  and l e t  s t a n d  fOr5minutes , then 

remove t h e  s toppe r  and cont inue t o  e l u t e  w i t h  2 - m l  p o r t i o n s  

o f  t he  s o l u t i o n .  F i n a l l y ,  r i n s e  the  column w i t h  three 2 4 1  

p o r t i o n s  of HC1,  c o l l e c t i n g  the  e f f l u e n t  i n  the  same 5 O - m l  

beaker .  

12 .  Evaporate t h e  s o l u t i o n  t o  approximately 1 m l  and proceed with 

the  E lec t rodepos i t i on  Procedure (Exh ib i t  3 .3) .  
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EXHIBIT 3.2 INITIAL CONCENTRATION OF PLUTONIUM ( I V )  ON ZIRCONIUM 
PHOSPHATE 

1. 

2 .  

3 .  

4. 

5. 

6. 

If the  i n i t i a l  a c i d  ( H C I  or HNO3) concen t r a t ion  i s  greater 

than  3 - N, a d j u s t  t o  about  3 - N by d i l u t i n g  w i t h  water  and/or 

adding 5@ NaOH dropwise, w i t h  stirring. 

Add about  100 mg NaN02 per 100 ml of sample s o l u t i o n .  

and heat f o r  a few minutes. Add Z r  c a r r i e r  s o l u t i o n  dropwise, 

w i t h  s t i r r ing ;  use  0.2 mg Zr p e r  m l  of sample s o l u t i o n .  S t i r .  

Add 3 r n l  H3PO4 p e r  100 m l  of sample s o l u t i o n .  

t h e  sample t o  digest  ho t ,  w i t h  occas iona l  s t i r r i n g ,  for a t  

l e a s t  30 minutes.  Separa te  the zirconium phosphate by decant- 

i n g  t h e  superna te  a f t e r  t h e  p r e c i p i t a t e  has s e t t l e d ,  and/or by 

c e n t r i f u g i n g .  

S t i r  

S t i r .  Allow 

Repeat Step 2 once. 

Combine the  zirconium phosphate p r e c i p i t a t e s  u s i n g  3 - N HNO3 

r i n s e s .  Cent r i fuge ,  and decant  the washes. Wash t h e  combined 

p r e c i p i t a t e  w i t h  3 - N HNO3. 

Add La3+ c a r r i e r  s o l u t i o n  t o  the zirconium phosphate precipitate 

and s l u r r y ;  add an amount of La3+ which w i l l  g i v e  a concentration 

of about 0.5 mg La3+ p e r  ml of s l u r r y .  Add about 20 m$ NaHS03 

p e r  15 ml of slurry. Transfer  t h e  s l u r r y  t o  a p l a s t i c  centrifuge 

tube,  or b o t t l e ,  i f  i t  i s  not a l r eady  conta ined  i n  such. 

Add 1 m l  HF p e r  m l  of s l u r r y ,  

t o  d i s s o l v e  the  zirconium phosphate and p r e c i p i t a t e  LaF 

Swi r l  and h e a t  i n  a water ba th  

3' 
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Centr i fuge,  and decant  t h e  superna te .  Wash the  LaF w i t h  

1 N HC1 - 1 N HF. Centr i fuge,  and decant  the wash. 

D i s s O l V e  the LaF3 by s l u r r y i n g  i n  an equal  volume of a mixture 

of s a t u r a t e d  b o r i c  a c i d  s o l u t i o n  and 6 N H C 1 .  Heat and s w i r l  

u n t i l  a c l e a r  s o l u t i o n  i s  obta ined .  

3 
- - 

7 .  

- 

8. P r e c i p i t a t e  La(OH)3 by adding NH4OH and s t i r r i n g .  Centr i fuge 

and decant  the supe rna te .  Wash t h e  hydroxide w i t h  10 ml o f  

water .  Centr i fuge and decant the wash. 

9.  Repeat Steps6to8,  i f  necessary,  t o  ob ta in  a clean,  r e a d i l y  

d isso lved ,  La (OH)3 p r e c i p i t a t e  i n  Step 8. 

10.  Proceed w i t h  the anion-exchange s e p a r a t i o n  o f  Pu, s t a r t i n g  

w i t h  Step 7 of the "Plutonium Procedure" (Exh ib i t  3.1).  
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EXHIBIT 3,3 PLUTONIUM ELECTRODEPOSITION PROCEDURE 

1. Add 1 m l  concentrated HN03 to the solution from Step 12 of the 

"Plutonium Procedure" (Exh ib i t  3.1) and evaporate  n e a r l y  t o  

dryness on a hot plate. Add 1 ml concentrated H N 4  and 1 ml concentrated 

H C 1  and evapora te  t o  dryness .  

u n t i l  the NHqI has been des t royed ,  

Repeat the  HNO3-HC1 treatment 

2.  Rinse down t h e  i n s i d e  of t h e  beaker  w i t h  1 ml concentrated HC1. 

Evaporate slowly t o  dryness .  Rinse down the  i n s i d e  of the 

beaker with 2 ml concentrated HC1 and evapora te  s lowly t o  1 m l .  

3. T r a n s f e r  t h e  s o l u t i o n  t o  an assembled e l e c t r o p l a t i n g  c e l l  

(Note a ) .  

and f i n a l l y  w i t h  0.5 m l  of water, t r a n s f e r r i n g  each r i n s e  t o  

the  e l e c t r o p l a t i n g  c e l l .  

Rinse t h e  beaker  twice w i t h  0.5 ml of concentrated HC1 

4. Add a drop of methyl red i n d i c a t o r  t o  t h e  s o l u t i o n  i n  the 

c e l l .  Add concentrated NQOH dropwise, wi th  swirling, u n t i l  the 

s o l u t i o n  i s  j u s t  b a s i c  ( c o l o r  change from r e d  t o  yellow) (Noteb). 

Add 2 - N H C 1  dropwise u n t i l  the s o l u t i o n  i s  j u s t  a c i d ,  then  add 

one drop more. 

5. E l e c t r o p l a t e  f o r  15 minutes a t  2.5 amperes u s i n g  a c leanea  Pt-Ir 

anode a d j u s t e d  t o  be 1/4 i nch  above t h e  P t  d i sk .  Occasional 

adjustment may be necessary t o  main ta in  t h e  c u r r e n t  a t  2.5 amp 

dur ing  the  p l a t i n g  pe r iod .  
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6. A t  the  end of t he  p l a t i n g  per iod ,  add 1 ml of concentrated NQOH to 

t he  p l a t i n g  s o l u t i o n ,  l e a v i n g  t h e  c u r r e n t  on f o r  -15 s e c m d s .  

Then t u r n  o f f  t h e  c u r r e n t  and immediately t r a n s f e r  the solution 

back t o  t h e  50-ml beaker .  Rinse the  c e l l  t h r e e  times w i t h  a 

few m l  of water,  combining t h e  r i n s e s  with the  p l a t i n g  s o l u -  

t i o n  i n  the  beaker .  

7 .  Disassemble t h e  c e l l  and remove th? P t  d i s k .  Rinse the  d i s k  

w i t h  water ,  then  ace tone .  I g n i t e  t o  r ed  h e a t  over  a burner  

f lame.  Cool and p l a c e  i n  a l a b e l l e d  g l a s s i n e  envelope. 

8 .  Check recovery by alpha spectrometry or by g ross  a lpha counting 

befo re  f i n a l l y  d i sca rd ing  the  sample s o l u t i o n s ,  column, e t c .  

Notes 

( a )  Prepare the plat inum d i s k  f o r  p l a t i n g  by f irst  scratchingthe 

sample number on t h e  mlrgin of the  d i s k .  Rinse the  d i s k  w i t h  

w3ter,  then ace tone ,  and f i n a l l y  flame t o  r ed  h e a t .  Use a 

Pt-wire  suppor t  for t he  d i s k  i n  the  f lame.  Assemble the  c e l l  

2nd f i l l  i t  w i t h  water  t o  check f o r  l e a k s .  

(b) Do no t  cont inue w i t h  the  procedure i f  any v i s i b l e  p r e c i p i t a t e  

forms when t h e  s o l u t i o n  i s  made b a s i c .  Such a p r e c i p i t s t e  

i n d i c a t e s  t h a t  a t h i c k  p l a t e  w i l l  be obta ined .  The samplemust 

be reprocessed t o  e l i m i n a t e  the  element ( s )  which precipitate in 

b a s i c  s o l u t i o n .  
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CHAPTER 4 
MEASUREMENT OF RADIOACTIVITY 

4 . 1  ALPHA SPECTROMETRY SYSTEM 

A l l  a lpha  spectrometry was done us ing  semiconductor 

d e t e c t o r s .  These r e l a t i v e l y  new d e t e c t o r s  a r e  p r e f e r r e d  

i n  t h e  H-NSC l abora to ry  over t h e  o l d e r  gr idded ion iza -  

t i o n  chambers because t h e i r  performance (count ing  e f f i c i e n c y ,  

energy r e s o l u t i o n ,  and background) i s  equal  t o  o r  bet ter  

than the F r i sch -g r id  devices ,  while t h e i r  c o s t  i s  sub- 

s t a n t i a l l y  l e s s  for both  purchase and maintenance. 

The d e t e c t o r s  used were of t h e  s i l i c o n  su r face -  

b a r r i e r  type (ORTEC Model SBFJ450) having an a c t i v e  c i r -  

c u l a r  a r e a  of 450 mm2 ( 2 . 4  cm diameter )  and a 60-micron 

d e p l e t i o n  depth.  With t h e s e  r e l a t i v e l y  l a rge -a rea  d e t e c t o r s ,  

t h e  11/16-inch-diameter e l e c t r o d e p o s i t e d  samples could be 

counted w i t h  good e f f i c i e n c y  (31  p e r c e n t ) .  

Each of t h e  f o u r  d e t e c t o r s  used was mounted i n s i d e  a 

s p e c i a l  vacuum chamber con ta in ing  a sample ho lde r  assembly 

and connector  t r a y  assembly wi th  d e t e c t o r  socket  

S t a t e  Radia t ions  Model 302) .  

( S o l i d  
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The output  of each d e t e c t o r  was ampl i f i ed  s e p a r a t e l y  

by a low-noise, cha rge - sens i t i ve  p reampl i s i e r  (ORTEC 

Model 101) and main a m p l i f i e r  (ORTEC Model 201).  The 

ampl i f ied  signals were analyzed by a 400-channel pu lse-  

he igh t  a n a l y z e r  (RIDL Model 34-12) and s t o r e d  i n  appropr i a t e  

quadrants  of t h e  ana lyze r  memory. The use of an  e x t e r n a l  

router-mixer  c i r c u i t  (RIDL Model 30-26-002) made i t  

p o s s i b l e  t o  u s e  t h e  f o u r  d e t e c t o r s  s imul t sneous ly  wi th  the  

s i n g l e  ans lyze r .  D ig i t a l  readout  of t h e  ana lyze r  was by 

IBM t ypewr i t e r .  

A photograph o f  a p o r t i o n  of t h e  alpha-spectrometry 

system i s  shown i n  Figure 4.1. 

4.2 PLUTONIUM-236 TRACER STANDARDIZATION 

A t r a c e r  s t o c k  s o l u t i o n  conta in ing  0.5 microcurie  of 

Pu 236 was purchased from Tracer lab,  I n c . ,  Richmond, 

C a l i f o r n i a .  This  s o l u t i o n  was q u a n t i t a t i v e l y  t r a n s f e r r e d  

t o  3 100-ml volumetr ic  f l a s k  and d i l u t e d  t o  volume with 6 

N H C 1 .  A 0.100-ml a l i q u o t  of t h i s  s o l u t i o n  was e l e c t r o -  

depos i ted  d i r e c t l y  onto a plat inum d i sk ,  u s ing  the  s t anda rd  

p l a t i n g  procedure descr ibed  previous ly .  Alpha pu l se  

i n a l y s i s  of t h i s  p l a t e  showed only t h e  U 232 daughter  of 

- 
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Pu236, and a s l i gh t  ( -  

236 peak. The t o t a l  s o l u t i o n  then  was a d d i t i o n  t o  t h e  Pu 

d i l u t e d  t o  2 l i t e r s  w i t h  6 - N NC1; t h i s  s o l u t i o n  was 

des igna ted  Pu 236 Stock D. 

0 .2  p e r c e n t )  amount of Pu238, i n  

, *  

A s o l u t i o n  of Pu 239j240 having a concen t r a t ion  o f  

127.2 (* 1 .9  p e r c e n t )  dpm/ml was used t o  s t anda rd ize  the  

Pu 236 D t r a c e r .  Quadrupl icate  s t a n d a r d i z a t i o n  samples 

were prepared con ta in ing  1 .0  m l  o f  D and 2.0 m l  of the 

r e f e r e n c e  s o l u t i o n .  Each s o l u t i o n  was mixed PU 

wel l ,  evaporated t o  dryness ,  taken up i n  H C 1 ,  and e l e c t r o -  

p l a t e d  f o r  20 minutes us ing  t h e  s t anda rd  procedure.  The 

mean concen t r a t ion  of t h e  Pu 236 i n  the  D t r a c e r  was 563.2 

dpm/ml, as of October 8, 1963, w i t h  a s t anda rd  d e v i a t i o n  

e s t ima ted  f r o n  the  range o f  t h e  f o u r  de te rmina t ions ,  

of + 0.8 p e r c e n t .  Combining t h i s  value wi th  t h e  s t anda rd  

d e v i a t i o n  (+ 1.9  p e r c e n t )  of t he  concen t r s t ion  of the Pu 

re ference  s o l u t i o n  gave 2 . 1  pe rcen t  3 s  t h e  s t anda rd  de- 

v i i t i o n  of  t h e  concent ra t ion  of P ~ ~ ’ ~ i n  Stock D. 

239,240 

- 
239,240 

- 

Two l i t e r s  of Pu ’” Stock E was prepared by a one- 

t e n t h  d i l u t i o n  of Stock D. 
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4 . 3  ILLUSTRATIVE ALPHA SPECTRA 

Figure 4.2 i s  t h e  alpha spectrum of a : sma l l  a l i q u o t  

o f  t h e  Pu 236 t r a c e r  which was e l e c t r o d e p o s i t e d  d i r e c t l y ,  

without  any radiochemical  s e p a r a t i o n s .  T h i s  spectrum 

shows t h e  5.48-Mev a lpha  of t h e  Pu238 i s o t o p i c  impuri ty ,  

t h e  5.31-Mev alpha of the  U232 daughter  of Pu 236 , and the  

5.41-Mev alpha of t h e  Th228 granddaughter of t h e  Pu 2 36 . 

A t  t h e  s t a r t  of t h i s  a n a l y t i c a l  program (October 1963), 

the  Th 228 peak could not  be observed but  g radua l ly  

grew i n  over  a period of months. 

Figure 4 .3  i s  an  alpha spectrum of t h e  Pu 236 t r a c e r  

a f t e r  radiochemical  s e p a r a t i o n  of the  U 232 daughter .  

Severa l  p l a t e s  of t h i s  type were prepared t o  determine the  

magnitude o f  any t a i l i n g  o f  t h e  PLI 236 t r a c e r  i n  t he  Pu 239 

region,  which could p o s s i b l y  be a c o r r e c t i o n  t o  low 

? . c t i v i t y  Pu 239 samples. The r a t i o  of  counts  i n  t h e  

Pu 239 reg ion  t o  i n t e g r a t e d  PLI 236 peak counts  was only 

0.0004 0.0001 making i t  unnecessary t o  apply such  c o r r e c t i o n s  

Figure 4 .3  i s  a c t u a l l y  the  spectrum of t h e  p l a t e  which had 

the  h ighes t  observed r a t i o ,  0.00052. 

Figure 4 .4  i s  the  a lpha  spectrum of a t y p i c a l  sample 

The r e s o l u t i o n  (FWHM = full width  a t  h a l f  maximum) i s  

65 



50 kev, and t h e  Pu 2j6 and Pu 2 3 9 a 2 4 0  are of the same 

o rde r  of magnitude. 

The pu238 peak i s  seen a t  1 percent  of the  ~ ~ 2 3 9 ~ 2 ~ 0  

peak. 

Figure 4.5 i s  the spectrvm of a d i r t y  plate  ( v i s i b l e  

depos i t )  e x h i b i t i n g  poor (80 kev) reso lu t ion .  The Pu239a240 

peak i s  only 1 . 4  percent  of the Pu236 and i s  not resolved 

c l ean ly  from the t r a c e r  ta i l .  

de tec ted  . 
The Pu238 peak i s  not 

Figure 4.6 i s  the spectrum of another  c lean sample 

p l a t e ,  w i t h  good (50 kev) r e so lu t ion  but having 500 

times as much Pu239j240 a s  Pu 236. %is  spectrum a l s o  

shows t h e  long low-energy t a i l  on the l a r g e  Pu 239,240 

peak a t  less than 0.1 percent  of the peak he ight .  

4 . 4  DETECTOR C A L I E E A T I O N  AND BACKGROUND 

Background and energy-cal ibrat ion o f  the f o u r  d e t e c t o r s  

were checked weekly t o  i n s u r e  proper performance of the equip- 

ment. Each ampl i f i e r  ga in  and post-amplif ier  bias s e t t i n g  

w a s  ad jus ted  t o  record a lphas  i n  the  energy range of 3.90 

t o  6.25 MeV, only.  The mercury p u l s e r  was c a l i b r a t e d  us ing  

a lphas  of three d i f f e r e n t  energies .  
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The four  semiconductor d e t e c t o r s  were designated L4D-1, 

-2 ,  -3, and -4. LAD-1 and LAD-2 had been used previously; 

consequently, t h e i r  backgrounds were h igher  than those of 

LAD-3 and LAD-4. When the former two de tec to r s  were new, 

the i r  backgrounds were as low as those shown in Table 4.1 for LAD-4. 

Gradually the  backgrounds increased u n t i l  they reached t h e  

values  of Table 4.1 in July 1964. The o ldes t  de tec tor ,  

LAD-1, has been i n  se rv i ce  s ince  November 1962 

contaminated wi th  r e c o i l  daughters of Th and Pa samples, 

which subsequently slowly decayed away. 

and once was 

TABLE 4.1 BACKGROUNDS O F  SEMICONDUCTOR DETECTORS I N  
JULY 1 9 6 4  

Counts pe r  1000 minutes 

Peak 
Energy 
Region LAD-1 LAD- 2 LAD- 3 LAD- 4 

Pu 236 1 3  I 3 3 

Pu23 8 11 5 4 2 

~ ~ 2 3 9 , 2 4 0  3 I 3 1 
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4 .5  DETECTOR EFFICIENCY 

The e f f i c i e n c y  of t h e  f o u r  d e t e c t o r s  was determined 
241 233 w i t h  independent ly  s t anda rd ized  sources  of Am , u , 

~ L I ~ ~ ~ ,  and Pu239’240. 

d e t e c t o r s  was 0.310 2 0.015. There was no evidence of 

a lpha  energy dependence. This  average e f f i c i e n c y  of 

31 pe rcen t  exceeds the 20 pe rcen t  e f f i c i e n c y  assumed a t  

t h e  t ime t h e  count ing requirements  were s p e c i f i e d  by t h e  

Review Committee a t  t h e  R o l l e r  Coaster  Radiochemistry 

Meeting, November 12  and 13, 1963. 

The average e f f i c i e n c y  f o r  a l l  f o u r  

4.6 CALCULATION OF RESULTS 

Each sample r e q u i r i n g  PLI a n a l y s i s  was sp iked  w i t h  a 

known amount of Pu 236 t r a c e r ,  and the i n i t i a l  chemical 

s t e p s  were designed t o  i n s u r e  chemical exchange between 

t h e  sample Pu and t h e  t r a c e r  Pu236. Since the count ing 

e f f i c i e n c y  w3s Independent of a lpha energy, and s ince ,  

i n  ?. given ?lpha spectrum, t h e  same f r a c t i o n  of eech 

peak was i n t e g r a t e d ,  t h e  i n t e g r a t e d  peak counts  and t h e  

d i s i n t e g r a t i o n  r a t e s  were r e l - t e d  by the equat ion:  

I 

dpm Pu 239y240)  (4.1) 
dpn Pu 

239,240 

236 
peak counts  Pu 

peak counts  Fu ) = ( 230 
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The amount (dpm) of pU236 added t o  each sample w a s  

known and was co r rec t ed  f o r  decay t o  the  time of counting, 

u s ing  a h a l f - l i f e  of 2.851 years ,  thus:  - *  

239,240 peak counts  Pu 239,29O) (;;cieu236) 
peak counts  h236 (4.2) > = (  dpm Pu 

i n  t h e  sample 

The above equat ion  was used t o  c a l c u l a t e  t h e  amount o f  

Pu2393240 i n  each sample. 

y i e l d  n o r  count ing e f f i c i e n c y  appear  i n  this  equat ion .  

Notice t h a t  n e i t h e r  t h e  radiochemical  

The count ing p r e c i s i o n  was repor t ed  f o r  each P ~ 1 ~ 3 9 j ~ ~ ~  

r e s u l t  i n  terms of the single standard Poisson count ing e r r o r .  

T h i s  convention was fol lowed whether t h e  measured a c t i v i t y  was 

h ighe r  o r  lower than t h e  standard dev ia t ion .  

A t  the  Radiochemistry Meeting, 12 and 13 November 1963, 

t h e  Review Committee s p e c i f i e d  a maximum count ing t i m e  of 

f o u r  hours  or 5000 counts  w i t h  a F ’ ~ ~ ~ ~ - s p i k e d  sample, o r  - + 10 

pe rcen t  ir the  s p e c t r a  gave a p o s i t i v e  i n d i c a t i o n  of the presence 

of Pu 2 3 9 y  240. 

of 60 pe rcen t  chemical y i e l d  and a 20-percent count ing e f f i c i e n c y .  

The e f f i c i e n c y  of t h e  semi-conductor d e t e c t o r s  used by t h i s  lab- 

o ra to ry  was about  31 pe rcen t  and the t a i l i n g  was n e g l i g i b l e ,  

enabl ing most samples t o  be counted t o  a p r @ c i s i o n  of - + 5 pe rcen t .  

These c r i t e r i a  were e s t a b l i s h e d  on t h e  assumption 

A t y p i c a l  sample data sheet i s  reproduced i n  E x h i b i t  4.1, 

showing t h e  typed spectrum and t h e  c a l c u l a t l o n  of t h e  r e s u l t s .  
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.. . 

Figure 4.1 View of alpha spectrometry system showing three of 
the four vacuum chambers containing the semiconductor detectors 
(in lower left corner), two of the four amplifiers (above vacuum 
chambers,, and the multichannel pulse-height analyzer. 
(Hazleton-Nuclear photo) 
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Figure 4.2 Alpha spectrum of Puza6 tracer stock, showing Pu236 
decay products and PU''~ isotopic Impurity. 
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Figure 4.3 Alpha spectrum of Pu236 tracer after radiochemlcal 
separation 01 its decay products. 
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Flgure 4.4 Alpha spectrum of a typical Roller Coaster plutonium sample. 
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Figure 4.5 Alpha spectrum of a dirty sample plate giving poor resolutlon. 
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Figure 4.6 Alpha spectrum of a sample with a high ratio of sample 
plutonium to tracer plutonium. 
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PLUTONIUM DATA SHEET 

. I  

Sample #&7h_.Pu-236 added Z , rnl of Solution ~ E 

- 
Chemistry - 

/A/& 3, - /7- 6 Y Gross alpha cpm 
Detector # / 4 n  - 9 , Quadrant # 
Start Count +'3 f i  , End C h u n t J ~ ~  minutes 

- 

nnnnn mnnn ooooo oOo01 ooooo 00000 00001 00000 00001 00000 
~ - - - - - - - - - -. 
00000 00000 00000 00000 00000 00000 00000 00000 00000 00001 
00000 00000 00000 00000 00000 00000 00001 00000 00001 00000 
00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 
00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 
00000 (00002 00006 00013 00048 00144 00456 00689 00130) 00003 
nnnnn nnnni nnnnz onnoi ooooo ooooo ooooo 00001 00004 ooooz __I__ _ _ _ _ _  ___._ . . . ~ ~  ~~~~ ~.~~ ~~~ ~ ~~~~ 

00007 00001 ooooz ooooo (ooooi 00003 O O O ~ O  O O O Z B  O O I ~ O  0 0 2 8 5  

ooooo ooooo ooooo ooooo ooooo oaooo ooooo ooooo ooooo ooooo 
00433 00150) 00009 00000 00000 00000 00000 00000 00000 00000 

Exhibit 4.1 Reproduction of a typical plutonium sample data sheet showing 
typed alpha spectrum and the calculation of the results. 
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CHAPTER 5 

URANIUM ANALYSIS 

The uranium content  of many o f  t h e  R o l l e r  Coaster 

samples was determined t o  a s c e r t a i n  t h e  degree of f r a c t i o n -  

a t i o n ,  i f  any, between t h e  uranium and the plutonium. A 

number of samples were chosen from each e v e n t .  These were 

picked by choosing one o r  more samples from each type of 

c o l l e c t o r  a long the  hot  l i n e  of debr i s  depos i t i on .  The 

uranium t o  plutonium weight r a t i o s  of t he  f o u r  events  were: 

Double Tracks, 4.35; Clean Slate I, 47.2; Clean Slate 11, 

100.4; and Clean Slate III, 99.7. Data obtained p r i o r  

t o  ana lyz ing  t h e  samples i n d i c a t e d  t h a t  t h e  uranium content  

would vary from 1 X 1 0 - 4  t o  2 x 10 

a c t u a l l y  the  range was 4 x t o  1.4 x 10 micrograms 

urenium p e r  sample analyzed.  Wherever poss ib l e ,  f o r  samples 

of  known low uranium content ,  t he  e n t i r e  sample was used 

for a n q l y s i s  by s e p a r a t i n g  the uranium p r i o r  t o  ana lyz ing  

f o r  plutonium. The samples o f  high uranium content  were 

a l i q u o t e d  t o  ob ta in  the  proper  uranium content  needed f o r  

a s e n s i t i v e  f luorescence  measurement, i . e . ,  between 0 . 1  

and 1 microgram of uranium. 

4 micrograms p e r  sample; 
4 
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R e s u l t s  of t he  uranium a n a l y s i s  i n d i c a t e  t h a t  s e r i o u s  

f r a c t i o n a t i o n  d i d  occur  between the uranium and the  plutonium 

of these  experiments .  

5.1 D I S S O L U T I O N  O F  SAMPLES FOR URANIUM A N A L Y S I S  

Procedures for t h e  d i s s o l u t i o n  of bo th  the  Case l la  

Impactor and Anderson Impactor Specimens, described 

i n  Chapter 2 ,  were a l t e r e d  f o r  uranium a n a l y s i s  t o  e l i m i n a t e  

the  d i s s o l u t i o n  of a l l ,  o r  p a r t ,  of the gl2ss d i s k s .  T h i s  

was necessary  t o  avoid  a d d i t i o n  of any uranium from t h e  

% l a s s  t o  t h e  sample. Also, l 3 r g e  amounts of calcium 

s u l f a t e ,  produced when g l a s s  was d i s so lved  i n  t h e  presence 

of s u l f u r i c  a c i d ,  were e l i m i n a t e d .  A l l  t h e  o t h e r  samples 

i n  which uranium was determined were d i s so lved  us ing  t h e  

procedures  given p rev ious ly  (Chapter 2 ) .  However, t h e  

q u a n t i t y  of r eagen t s  used was c a r e f u l l y  l i m i t e d  and recorded  

so  that a reagent  b lank  could be s u b t r a c t e d  from t h e  

samples of lower uranium con ten t  i f  necessa ry .  

5 .1 .1  Modified Procedure f o r  Glass Disks.  The 

mod i f i ca t ion  c o n s i s t e d  i n  t h e  removal of t he  g l a s s  d i sks  

before  a d d i t i o n  of hydro f luo r i c  a c i d .  After t h e  sample 

had been p laced  i n  t h e  Teflon beaker, t h e  cel lophane 

envelope, adhes ive ,  and c e l l u l o s e  a c e t a t e  f i l m  were 



d i s so lved  by b o i l i n g  i n  a mixture of concent ra ted  n i t r i c  

and s u l f u r i c  a c i d s  u n t i l  a l l  v i s i b l e  traces of organic  

m a t e r i a l  were gone. 

and t h e  s o l u t i o n  was b o i l e d  u n t i l  i t  was c o l o r l e s s .  A t  

t h i s  s t a g e ,  t h e  gl7ss d i s k  was removed and r a p i d l y  r i n s e d  

with concent ra ted  hydro f luo r i c  a c i d  followed by adequate 

demineral ized water  t o  remove hydro f luo r i c  a c i d .  The 

d i s k s  were allowed t o  dry and then checked f o r  a lpha  a c t i v i t y .  

No a lpha  a c t i v i t y  was found on any of t he  d i s k s .  The 

s o l u t i o n  i n  t h e  Tef lon  beaker  was b o i l e d  t o  dryness  and 

the r e s idue  d i s so lved  i n  a minimum volume of a mixture of 

s a t u r a t e d  b o r i c  a c i d  s o l u t i o n  and concent ra ted  n i t r i c  a c i d .  

T h i s  s o l u t i o n  was s t o r e d  awa i t ing  uranium a n a l y s i s .  

P e r c h l o r i c  a c i d  t h e n  was added caut iouslg;  

5 . 2  DETERMINATION OF OSTIMUM CONDITIONS FOR URANIUM 
EXTRACTION USING U 3 TRACER 

Three membrane f i l t e r s ,  spiked with U *33 t r a c e r ,  

were d i s so lved  i n  t h e  same way a s  t y p i c a l  phys i ca l  samples 

The e x t r a c t i o n  procedure was va r i ed  i n  the  t h r e e  expe r i -  

ments t o  o b t a i n  a s  much da t a  a s  p o s s i b l e .  (For d e t a i l s  

o f  e x t r a c t i o n  procedure zdopted for use ,  s ee  the  fol low- 

ing  s e c t i o n . )  
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5.2 .1  Experiment No. 1. The r e s i d u e  from t h e  membrane 

f i l t e r  d i s s o l u t i o n  was d i s so lved  i n  10 m l  

con ta in ing  1 m l  of s a t u r a t e d  b o r i c  a c i d  s o l u t i o n .  ( T h i s  

r ep resen ted  an  average p h y s i c a l  sample.)  

1 m l  of 2 .5  M f e r r o u s  su l famate  was added. 

of:6 N HN03 - 

In a d d i t i o n  

- 

The sample was e x t r a c t e d  t h r e e  t imes w i t h  10 percent  

t r i - b u t y l  phosphate i n  hexane. Each hexane phase W ~ S  

back e x t r a c t e d  w i t h  an  equal  volume of 0.01 - N HNO 

Each back e x t r a c t  was evaporated t o  0.5 m l ,  s a l t e d  w i t h  5 

m l  of 2 . 8  - M aluminum n i t r a t e  - 0.005 - M t e t r a p r o p y l -  

ammonium n i t r a t e  - 2 - M ammonium hydroxide s a l t i n g  s o l u t i o n  

and e x t r a c t e d  t h r e e  t imes w i t h  2 - m l  p o r t i o n s  of hexone.* 

,411 e x t r a c t i o n s  were made by shaking for t h r e e  minutes .  

The t h r e e  hexone e x t r a c t s  were combined and evaporated on 

a two-inch aluminum count ing p l anche t  i n  a 2 pi  windowless 

g?s  flow p r o p o r t i o n a l  coun te r .  I ts  count in2 r a t e  was 

compared with t h a t  of  a r e fe rence  s tandard ,  prepared by 

3 .  

t , racer  d i r e c t l y  onto a p l anche t ,  t o  ob ta in  233 evapora t ing  lj 

the  y i e l d  a s  fo l lows:  

F i r s t  TBP E x t r a c t i o n  

Second TED E x t r a c t i o n  

T h i r d  TBP Ex'raction 

Percent  Recovered 

51.7 

14 .S  

7 .4  

*Methyl Isobutyl Ketone. 
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The o r i g i n a l  aqueous s o l u t i o n  then  was made about 1 

and e x t r a c t e d  a f o u r t h  a n d - f i f t h  t i m e  w i t h  M i n  Al(N0 

the  fo l lowing  resu l t s :  
- 313 

Percent  Recovered 

Fourth TBP Ex t rac t ion  13.5 

F i f t h  TBP Ex t rac t ion  6 . 5  

e x t r a c t i o n s  93.9 
T o t a l  f o r  the 5 

leaving  6 . 1  pe rcen t  o r  less i n  t h e  aqueous phase. 

- 5 . 2 . 2  Experiment No. - 2.  The procedure fol lowed was 

t h e  same as i n  the first experiment except t h a t  t h e  s o l -  

u t i o n  was made about  1 M i n  Al(N0 a t  t h e  s ta r t  of the  

e x t r a c t i o n  procedure.  The r e s u l t s  of t h i s  experiment 

were as fo l lows:  

- 313 

Percent  Recovered 

F i r s t  TBP E x t r a c t i o n  79.2 

Second TBP Ex t rac t ion  11.8 

T h i r d  TBP E x t r a c t i o n  3 .5  

Fourth TBP Ex t rac t ion  1.1 

F i f t h  TBP Ex t rac t ion  0. 

T o t a l  95.6 
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5 .2 .3  Experiment NO. 3 .  T h i s  experiment was performed 

t o  determine the  f r a c t i o n a l  e x t r a c t i o n  of Pu i n t o  the  TBP 

( i n  hexane) a f t e r  adding f e r r o u s  su l famate  t o  t h e  s o l u t i o n  

t o  reduce Pu t o  P u ( I I 1 )  and p reven t  i t s  e x t r a c t i o n .  About 

500 dpm of Pu 236 t r a c e r  was added t o  t h e  sample be fo re  

d i s s o l u t i o n .  After a d d i t i o n  of  t h e  f e r r o u s  sulfamate,  t h e  

sample was e x t r a c t e d  three t imes  w i t h  "EiP i n  hexane, u s i n g  

t h e  procedure of Experiment N o .  2.  The three TBP e x t r a c t s  

were combined and evapora ted  f o r  a lpha  count ing t o  deter- 

mine t h e  percentage  R i e x t r a c t e d ;  t h i s  w a s  found t o  be 

10 p e r c e n t .  

From t h e  r e s u l t s  of t h e s e  t h r e e  experiments,  i t  was 

decided t o  use  t h e  procedure of Experiment N o .  2 bu t  t o  

l i m i t  t he  number of e x t r a c t i o n s  t o  three t o  minimize 

e x t r a c t i o n  of F'u. Because the  e x t r a c t e d  Pu would fo l low 

uranium i n  subsequent chemistry,  a l l  t h e  uranium f l u o r o -  

me t r i c  p e l l e t s  were saved f o r  p o s s i b l e  PU a n a l y s i s ;  

however, Pu a n a l y s i s  of these p e l l e t s  d i d  no t  prove t o  be 

necessary .  

5.3 D E T A I L E D  URANIUM S E P A R A T I O N  PROCEDURE 

The uranium procedure used was adapted from procedures  

t h a t  have been used throughout  the  i n d u s t r y  f o r  miny years 
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and which have proved t o  be extremely re l iable  and re- 

producib le ,  y e t  very s e l e c t i v e  for uranium, minimizing 

f l u o r e s c e n t  i n t e r f e r e n c e .  

the  one g iven  on pp. 161-162 O f  Reference 1. 

The procedure: was adapted from 

P u r i t y  of the r e a g e n t s  was of g r e a t  concern, and some 

reagen t s  had t o  be s p e c i a l l y  p u r i f i e d .  The aluminum 

n i t r a t e  s a l t i n g  s o l u t i o n s  were p u r i f i e d  by e x t r a c t i n g  wi th  

10 pe rcen t  t r i b u t y l  phosphate i n  hexane s o l u t i o n  be fo re  

use.  Also, the  10 pe rcen t  t r i b u t y l  phosphate t o  be used 

f o r  e x t r a c t i o n  of the  samples was back e x t r a c t e d  w i t h  

0.01 - N HNO3 and then  e q u i l i b r a t e d  w i t h  4 - N HN03. 

To determine the  reagent  blank, a l l  the r eagen t s  used 

for d i s s o l u t i o n  and e x t r a c t i o n  were combined i n  known 

amounts exceeding any q u a n t i t i e s  t o  be used for sample 

d i s s o l u t i o n .  These r eagen t s  were evapora ted  and the  

uranium content  was determined by f luo romet r i c  a n a l y s i s  

and found t o  be accep tab le .  (See subsequent s e c t i o n  on 

Uranium Reagent Blank.) 

As t h e  samples were d i s so lved  f o r  uranium a n a l y s i s ,  

the q u a n t i t i e s  of r eagen t s  were c o n t r o l l e d ,  as shown i n  

Table 5.1. Knowing the  amounts of r eagen t s  added, a 
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blank c o r r e c t i o n  was a p p l i e d  t o  any of the  samples if i t  

was s i g n i f i c a n t  (when t o t a l  U found was l e s s  t han  a 

microgram) . 
sample p r e p a r a t i o n  have been d i scussed  p rev ious ly  i n  t h i s  

r e p o r t ,  only t h e  p u r i f i c a t i o n  by e x t r a c t i o n  and f luo rescence  

measurement a r e  inc luded  i n  t h e  fo l lowing  procedure.  

A s  t h e  d i s s o l u t i o n  procedure and subsequent 

5.3.1 Reagents and Equipment Needed f o r  Uranium 

E x t r a c t  i o n .  

Reagents P u r i t y  

N i t r i c  a c i d  Reagent grade 

Aluminum n i t r a t e ,  nonahydrate Reagent grade 

Tr i -n-buty l  phosphate (TBP) P u r i f i e d  

Hexane P u r i f i e d  

Hexone(methy1 i s o b u t y l  ke tone)  P u r i f i e d  

Tetrapropylammonium hydroxide Highest p u r i t y  

Ammonium hydroxide Reagent grade 

Ferrous su l famate  Highest p u r i t y  

- Eguipment : 

Automatic Sample Shaker 

Mineral O i l  Bath 

Hot P l a t e s  

Small Polyethylene Bo t t l e s ,  1 oz 

Test  Tubes 145 m x 20 mm 

a4 



Equipment: ( c o n t . )  

S toppers  S i z e  0 

Trans fe r  P i p e t s  9 inch 

Rubber Bulbs f o r  T r a n s f e r  P ipe ts  

Graduates 5 m l  

5.3.2 Procedure.  

1. Reduce t h e  sample volume f o r  the p h y s i c a l  samples 

t o  10 m l  or less. Use the  volume on the  b i o l o g i -  

c a l  samples as received;  t h e s e  range from 50 t o  

200 m l .  

2. The sample as  r ece ived  is i n  approximately 6 - N 

HNO3, so enough p u r i f i e d  Al(N0 ) 

t o  make the  s o l u t i o n  approximately 1 - M i n  Al(N03)3. 

should be added 3 3  

3. Add 0.5 m l  of 2.5 - M f e r r o u s  sulfamate,  shake 

v igorous ly  for 30 seconds and wa i t  5 minutes 

be fo re  continuing. (Fer rous  su l famate  reduces 

plutonium t o  Pu(II1) which does n o t  e x t r a c t  

apprec i ab ly . )  

4. Add t o  t h e  sample a n  equal  volume of 10 pe rcen t  

t r i b u t y l  phosphate i n  hexane, cap t i g h t l y  and 

shake e i t h e r  by hand o r  on t h e  shaker  for 3 
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minutes. 

shaker f o r  f i f t e e n  minutes.) Quan t i t a t ive ly  re -  

move the  organic phase and repea t  t he ' ex t r ac t ion  

twice combining a l l  t h ree  organic phases. Save 

the  aqueous phase f o r  plutonium analys is .  

(Shake l a r g e r  b io log ica l  samples on the 

5. Back e x t r a c t  t he  uranium from t he  combined or- 

ganic phase w i t h  an equal volume of 0.01N - 

. (For the  l a rge  volume b io log ica l  samples 
HN03 
back ex t r ac t ion  was done using an aqueous volume 

equal t o  one ha l f  t he  organic volume.) 

t i v e l y  remove the aqueous phase and repea t  t h e  

ex t r ac t ion  once combining both aqueous phases. 

Quant i ta -  

6. Evaporate the  0.01 - N HN03 so lu t ion  (combined 

aqueous phase from s t e p  5)  t o  near  dryness i n  a 

2 0 - m l  t e s t  tube.  

concentrat ion was made i n  a beaker of adequate 

s i z e  t o  a volume of 2 m l .  Then the  so lu t ion  was 

t r ans fe r r ed  t o  a 20-ml t e s t  tube and evaporated 

t o  near  dryness . )  

(On the la rge  b io log ica l  samples 

7 .  Add 4 m l  o f  uranium s a l t i n g  so lu t ion  (Note a )  t o  

the  evaporated sample and shake t o  mix. 

equal volume of methyl i sobuty l  ketone and shake 

Add an 
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f o r  th ree  minutes. Quan t i t a t ive ly  remove the  

organic phase and repea t  t he  ex t r ac t ion  twice 

w i t h  methyl i sobuty l  ketone. Combine the th ree  

organic phases, being ca re fu l  t o  avoid any t rans-  

f e r  of the aqueous solut ion,  i n  a 2 0 - m l  test 

tube and evaporate t o  0.1 m l  i n  an oil bath a t  

115' C. 

metric analysis. 

Stopper the  sample and save f o r  f luoro-  

Note a .  The uranium s a l t i n g  so lu t ion  contains  

1050 g aluminum n i t r a t e  nonahydrate, 67.5 m i l l i l i t e r s  of 

14.8 - N NH4OH, and 10 m l  of 10 percent  tetrapropylammonium 

hydroxide made t o  a t o t a l  volume of 1 l i t e r .  

5.4 URANIUM FLUOROMETRY 

Uranium fluorometry was subcontracted t o  Radiation 

Detection Company (RDC), Mountain View, Cal i forn ia .  The 

samples sent  t o  RDC were evaporated hexone (methyl 

i sobuty l  ketone) so lu t ions  i n  t e s t  tubes.  These so lu t ions  

were t r ans fe r r ed  t o  a small platinum planchet (15 nun in 

diameter and 3 nun deep) and evaporated. The t e s t  tube w a s  

r insed  twice with hexone and these  r i n s e s  were combined on 

the  planchet w i t h  t he  sample. A p e l l e t  containing approxi- 

m a t e l y  0.4 gram of f l ux  (45.5 percent  sodium carbonate, 



and 9 pe rcen t  sodium f l u o r i d e )  was p laced  i n  the  p lanchet  

and fused a t  680' to 700' C f o r  10 minutes.  When t h e  

l a r g e  p l a n c h e t s  (35 m i l l i m e t e r s  i n  diameter  and  3 m i l l i -  

meters deep) were used, a p e l l e t  con ta in ing  a p p r o x i m t e l y  

4.6 grams of f l u x  was added and fused  f o r  20 minutes a t  

t h e  same temperature  as t h e  smll  p l a n c h e t s .  The fused  

p e l l e t s  were al lowed t o  cool ,  tapped from t h e  plat inum 

p lanche t ,  and t h e  f luo rescence  determined with a J a r r e l l -  

Ash Fluorometer Model JA-2600. To check f o r  any loss  on 

t h e  first fus ion ,  a second f u s i o n  was done on the  sample 

p l anche t  us ing  a new f l u x  p e l l e t .  Micrograms of uranium 

pe r  sample were c a l c u l a t e d  us ing  t h e  formula: 

micrograms of 
uranium i n  s t anda rd  

( r ead ing  of sample) - ( f l u x  b lank)  
[ r e a d i n g  of s t a n d a r d )  - (fl ux blank)  

= micrograms of uranium i n  sample (5.1) 

Values f o r  t h e  f l u x  blank and Standard i n  t h e  above equat ion  

were obta ined  from a f l u x  blank sample and a uranium standard 

sample run w i t h  every f o u r  Ro l l e r  Coaster  samples. 

5.5 URANIUM FiEAGENT BLANK 

In orde r  to determine a U blank a p p l i c a b l e  t o  t h e  

amounts of r eagen t s  used f o r  sample p repa ra t ion ,  the fo l lowing  
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amounts of t h e s e  r e a g e n t s  were evaporated and assayed f o r  

uranium. All r e a g e n t s  were a n a l y t i c a l  reagent  grade u n l e s s  

o therwise  i n d i c a t e d .  

Reagent 

HN03 
HF 

H2° 
H C 1  

~ ~ 1 0 ~  

H BO s a t u r a t e d  s o l u t i o n  
3 3’ 

A ~ ( N O ~ ) ~ ,  s a t u r a t e d  s o l u t i o n  

Ferrous Sulfamate 

lC$ TBP i n  Hexane 

Hexone 

S a l t i n g  S o l u t i o n  

Volume Remarks 

1500 

100 

10 

1500 

100 

20 

20 

100 Prepur i f i ed ,  about 3 - M. 

10 2.5 - M s o l u t i o n .  

200 P r e p u r i f i e d  

100 

10 P r e p u r i f i e d  

The Al(N0 ) s o l u t i o n  and t h e  f e r r o u s  sulfamate were 3 3  
both e x t r a c t e d  w i t h  t h e  200 m l  of 10 pe rcen t  TBP i n  hexane 

and the 30 m l  of hexone. I n  o r d e r  t o  inc lude  t h e s e  s o l -  

u t i o n s  i n  a blank they had t o  be e x t r a c t e d ,  r a t h e r  than  

evaporated,  because of t h e  large q u a n t i t y  of solid m a t e r i a l  

p r e s e n t .  A l l  t h e  o t h e r  s o l u t i o n s  were evaporated and 
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combined f o r  t h e  blank de termina t ion .  

b lank  sample gave 0.057 pg U, o r  1.55 x 

The a s s a y  of t h i s  

pg U/ml of 
I .  

r e a g e n t s .  

Addi t iona l  blanks were processed  during the  program 

as p a r t  o f  the i n t e r n a l  q u a l i t y - c o n t r o l  program. The 

resul ts  f o r  the  i n t e r n a l  c o n t r o l  samples are l i s t e d  i n  

Table 5.2. The r e s u l t s  on t h e s e  blanks were i n  the  range 

of 4 x 1 0  t o  6 x 10 pg u. - 10 - 10 

5.6 URANIUM INTERNAL CONTROL SAMPLES 

I n  ana lyz ing  t h e  f i rs t  samples f o r  uranium, some 

d l f f i c u l t y  was encountered i n  o b t a i n i n g  c o n s i s t e n t  f l uo ro -  

me t r i c  r e s u l t s  from RDC. Consequently, many s t anda rd  

samples were processed  t o  o b t a i n  assurance  t h a t  maximum 

accuracy was being ob ta ined  and t h a t  t h e  method would be 

adequa te ly  s e n s i t i v e  t o  d e t e c t  low uranium c o n t e n t .  The 

r e s u l t s  for these samples are inc luded  i n  Table 5 .2  and 

are shown g r a p h i c a l l y  i n  Figure 5.1. By a l t e r i n g  t h e  RDC 

procedure,  as l i t t l e  as 4 x 10-l' grams of uranium could 

be determined corresponding t o  t h r e e  sigma of t h e  mean 

blank va lue  f o r  17 blank de termina t ions .  T h i s  minimum 

d e t e c t a b l e  q u a n t i t y  was s u b s t a n t i a t e d  by submi t t ing  s e v e r a l  

a d d i t i c n a l  blank samples. 
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The second s e t  of b i o l o g i c a l  spikes and blanks w a s  

run u s i n g  ho r se  l i v e r  purchased a t  a l o c a l  p e t  shop. 

This l i v e r  was appor t ioned  i n t o  approx i&te iy  200-gm 

samples. Two of the  samples were spiked w i t h  32.4 micro- 

grams of uranium, two were sp iked  w i t h  734 dpm of u 233 

t r a c e r  f o r  y i e l d  de te rmina t ions  t o  compare w i t h  t h e  RDC 

r e s u l t s  on t h e  n a t u r a l  uranium spike,  and two were l e f t  as 

blanks. The r e s u l t s  of these horse  l i v e r  recovery ex- 

per iments  were as  fol lows!  The two samples sp iked  w i t h  

lJ233 were dr ied  and ashed, and complete uranium chemistry 

was performed as o u t l i n e d  i n  the  preceding uranium pro- 

cedure.  The f i n a l  hexane e x t r a c t  was evaporated and counted 

i n  a 2 pi windowless flow counter .  An average y i e l d  of 

70.5 - + 9.7 pe rcen t  (one s t anda rd  d e v i a t i o n )  was obtained.  

The two samples sp iked  w i t h  n a t u r a l  uranl.um were run 

experiment except  233 e x a c t l y  t h e  same as t h o s e  i n  the U 

t ha t  t h e  f i na l  hexane e x t r a c t  was evaporated and submit ted 

t o  RDC f o r  f luo romet r i c  a n a l y s i s .  An average y i e l d  of 

34.9 - + 9.7 pe rcen t  (one s t anda rd  d e v i a t i o n )  was obta ined .  

The two blank samples (weighing 303 and 300.4 grams) 

were run i n  t h e  same way as t h e  U 233-spiked, and n a t u r a l -  

uranium spiked, samples. An average r e s u l t  of 0.0018 

microgram per gram ( d r y  weight) was obta ined  from t h i s  

l i v e r  t i s s u e .  
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."-. . 

To e s t a b l i s h  a uranium blank and y i e l d  for the  b io logi -  

c a l  samples ( a l l  burro o r  sheep lungs) ,  two s e t s  of samples 

were run. 

chased from a r e t a i l  market. Duplicate 415-gram por t ions  

of t h i s  l i v e r  were spiked wi th  0.5 microgram of uranium, 

and 1.16 micrograms of uranium were found. This amount 

was higher  than tha t  found i n  the  Rol le r  Coaster burro 

lung tissues. It had been hoped that a blank could be 

obtained f o r  app l i ca t ion  t o  Rol le r  Coaster samples, and 

l i v e r  had been chosen a s  the  t i s s u e  most l i k e l y  t o  con- 

t a i n  the  same amount of uranium a s  a lung t i s s u e .  

Reference 2 states that approximately 0.05 microgram of uranium per gram 

of dried tissue is found in both mammalian lungs and livers. 

Reference1 s t a t e s  that  one can expect t o  f i n d  from 

1.5 x 10-5 t o  1 microgram of uranium pe r  gram of l i v i n g  

mat te r .  Therefore the concentrat ion of uranium found i n  

t h e  beef l i v e r ,  0.007 microgram 

i s  not surpr i s ing .  

The first s e t  was prepared from:beef l i v e r  pur- 

per  gram ( d r i e d  we'ight), 

The r e s u l t s  of the blank samples run on beef l i v e r  

and on horse l i v e r  and the  r e s u l t s  of t he  Rol le r  Coaster 

burro lungs showed t h a t  a wide va r i a t ion  i n  the  uranium 

content can be expected i n  t i s s u e s  from d i f f e r e n t  animals. 

It was hoped t h a t  a blank cor rec t ion  (micrograms U pe r  

gram of d r y  t i s s u e )  could be appl ied  t o  a l l  samples. 

However, some of the Rol le r  Coaster burro lungs contained 

l e s s  uranium than any of the  blank t i s s u e s .  The range 
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of U con ten t s  of the bu r ro  and sheep lungs was 3 x 

t o  1.6 x micrograms p e r  gram of d r y  t i s s u e .  
I .  

5.7 CORRECTIONS APPLIED TO FLUOROMETRIC RESULTS FOR 
PHYSICAL SAMPLES 

Each uranium value r ece ived  from RDC was first c o r r e c t e d  

f o r  any f u s i o n  l o s s e s  by adding t h e  net  uranium value from 

t h e  second f u s i o n  t o  t h e  va lue  obta ined  from t h e  o r i g i n a l  

fus ion .  This c o r r e c t e d  va lue  was secondly c o r r e c t e d  f o r  

l o s s  dur ing  p rocess ing  us ing  t h e  recovery f a c t o r  ob ta ined  

from standards submit ted with the samples when they were 

analyzed.  

a t  t he  95 pe rcen t  confidence l e v e l .  A t h i r d  c o r r e c t i o n  

was made, where a p p l i c a b l e ,  f o r  t h e  a l i q u o t  used. A 

f o u r t h  and f i n a l  c o r r e c t i o n  was made f o r  uranium i n  the 

r eagen t s  used and for t h e  n a t u r a l  uranium content  of any 

s o i l - c o n t a i n i n g  samples. The va lues  sub rac t ed  as reagent  

blank c o r r e c t i o n s  were: Casellas, 0.00395 microgram p e r  

sample; Andersens and T o t a l  Air Samplers, 0.00403 micro- 

gram p e r  sample; Films, 0.00457 microgram p e r  sample; 

and Aluminum Col l ec to r s ,  0.0155 microgram per  sample for 

r eagen t s  p l u s  6 micrograms p e r  gram of s o i l .  

of 6 micrograms of  uranium p e r  gram of  soil was ob ta ined  

by gamma spectrometry on a l a r g e  s o i l  sample as descr ibed  

i n  Chapter 7. 

The recovery f a c t o r  obtained.  was 74 - + 6 percen t ,  

The va lue  
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The r e s u l t s  for t h e  p h y s i c a l  samples are given i n  

Table 5.3 and f o r  t h e  DASA Q u a l i t y  Control  So lu t ions  i n  

Table 5.4. 

5.8 CORRECTIONS APPLIED TO FLUOROMETRIC FESULTS FOR 
BIOLOGICAL SAMPLCES 

The same c o r r e c t i o n s  were a p p l i e d  t o  the  b i o l o g i c a l  

samples as were a p p l i e d  t o  t h e  p h y s i c a l  samples. F i r s t ,  t h e  

U value  from t h e  second f u s i o n  was added t o  t h e  va lue  from 

t h e  o r i g i n a l  f u s i o n .  T h i s  t o t a l  was secondly c o r r e c t e d  f o r  

loss  dur ing  p rocess ing  us ing  a n  exper imenta l ly  obta lned  

recovery f a c t o r  of 34.9 - + 9.7 pe rcen t .  

was made f o r  t h e  a l i q u o t  used; s i n c e  all samples for 

uranium were halved a f t e r  d i s s o l u t i o n ,  a f a c t o r  O f  two 

was a p p l i e d .  A f o u r t h  and f i n a l  c o r r e c t i o n  was a p p l i e d  

f o r  r eagen t s  used f o r  ? i s s o l u t i o n  of t h e  t i s s u e s .  The 

reagent  blank va lues  s u b t r a c t e d  from t h e  r e s u l t s  were 

3.1 x pg uranium on t h e  bu r ro  lungs .  No c o r r e c t i o n  

was a p p l i e d  f o r  n a t u r a l  uranium i n  t h e  t i s s u e s  of t h e  

animals;  ( s e e  above d i s c u s s i o n  of a t t e m p t s  a t  determining 

t h i s  blank). 

A t h i r d  c o r r e c t i o n  

The resul ts  for t h e  b i o l o g i c a l  samples a r e  g iven  i n  

Table 5.5. 
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TABLE 5.1 MAXIMUM VOLUMES ( m l )  OF REAGENTS USED FOR DISSOLUTION OF SAMPLES FOR URANIUM ANALYSIS 

Sample Type Reanent 
Ferrous 1 0 5  TBP 

H N O ~  HF ~ ~ ~ 0 4  Hc1 H ~ O  ~ ~ 1 0 4  H3m3 n l ( ~ o ~ ) ~  S a l t i n g  s o l .  Sulfamate i n  Hexane H~~~~~ -rota] 
Case l la  Glass  Impactors 30 3 5 0 80 5 3 4 4 0.5 30 60 225 
and Membrane F i l t e r  

Andersen Glass Impactors 50 3 10 0 90 5 3 4 
and Membrane F i l t e r s  

10 Also TAS-1,2 & D F i l t e r s  
rn -~ 

Film Deposi t ion C o l l e c t o r s  70 3 10 0 100 10  3 4 

4 0.5 30 60 260 

4 0 . 5  30 60 295 

Aluminum Deposi t ion 300 30 10  10 550 5 3 4 4 0.5 30 60 1007 
C o l l e c t o r s  

B i o l o g i c a l  Lung Samples 135 40 1 5 200 0 5 30 4 0 100 100 620 
I \  



TABLE 5.2 W N I O M  m E R N A L  CONTROL SAMPLES 

Uranium Concentratlon 

Direct Pipettlng ef sample ( b l  

DiSsolUtiOn Blank (See Section 5 . 5  f o r  
composition) 

Extraction Blank for uranium separation 
Procedure (dl  

hitraction 61mk for uranim Separation 
Procedure (el 

N i t r i c  Acid Blank; 1 ml (Reagent Grade) 

Demineralized Water Bianki i ml 
(Laboratory SuPPiYl 

Plutonium-236 Tracer Blank; 5 ml 
( 2 5 0 d  dpa) 

Pluton1u.a-239 Spike; 1 ml (1000 dpm) 

23.5 
23.5 

1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

0.235 
0.235 
0.235 
0.235 

0.235 

0.321, 
0.324 
0.32U 
0.324 

0.32‘4 
0.324 
0.324 
0.324 

0.0101 
0.0101 
0.0101 
0,0101 

0.0101 

0.00101 

unknown 

UKlltnOWn 

unknown 

unknown 

UI1knOwII 

unknown 

unknown 

12.8 
5.8 

1.13 
1.38 
1.38 
0.238 
0.760 
0.740 
0.560 
0,802 
0.666 
0.60 
0.67 

0.256 
0,201, 
0.298 
0.328 

0.172 

0.307 
0.265 
0.288 
0.288 

0.256 
0.248 
0.229 
0.229 

0.0158 
0.0120 
0.0120 
0.0035 

0.0158 

0.00100 

0.057 

0.0006 

0.0006 

0.0004 

0.0004 

0.0004 

0.0004 

-4% 
-75% 
+12% 
+37% 
+37% 
-768 
-25% 
-27% 
-4% 
-21% 
-34% 
-41% 
-3v 

+s% 
-13% 
+27% 
+ 4 d  

-27% 

-5% 
-1W 
-11% 
-11% 

- 2 d  
-23% -2s 
-2% 

+5% 
+I% 
+15% 
9 5  % 
+ 5% 

-1% 
_- 
_ _  

_. 

_ _  
_ _  
__  
-- 

urge  
Large 

Large 
small  
Small 
Small 
Small 
Small 
small  
Small 
Small 
Small 
Large 

Large 
Small 
Small 
Small 

Idrge 

L a w e  
L a w  
&El1 
Small 

urge  
Large 
Large 
Large 

Large 
Small 
Small 
Small 

Large 

Small 

-11 

SMll  

-11 

SMll  

9Mll 

small 

-11 

( a )  See uranium Fluorometry Section. 
( b l  
( c J  
(d)  

samples were direct ly  evaporated on the platinum diaks Zrom standard 801utlonS. 
samples were completely prOeesBed through U m i u m  procedure Used f o r  Roller Coaster BmPle8. 
h e  extraction blank consisted of B check made on B new Sa l t ing  SOlution mde  for biological samples. 
me blank was prepared by ppocesSlng 200 ml O f  the Salt ing B O l U t i O n  through the U p M l U m  eXtTaCtlonpmCdLXW 
“sing m c  ml or 10% TBP in hexane, 50 ml o r  0.01 HNO~, and 50 ml o r  hexone. 

(el m e  as (d) on mother  sal t ing mlution. 
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TABLE 5.3 RNSICAL SAMPLE DKANIUEI ANALYSES 

DOUBLE TFam 

(source weight ratio,  U/pu = 4.35): 

H-064 

(1-060 

And-1 

-6 
-7 

S u m  - 

-5 

E022 

E O 2 6  

Al. CO11. 

2728 

9658 

9811 

0.986 
7.06 
0.250 
0.665 

1.52 
0.742 

0.132 
0.962 
0.550 x 1.34 
0.933 
0.933 
6.71 
0.379 
0.417 
41. 

1.32 
9.46 
0.331 
0.887 
0.982 
2.02 
15.00 
0.327 
0.263 
0.114 
1.68 
0.063 
2.45 
0.173 
1.28 
0,737-C . OW5 
1.25 
1.25 
8.99 
?:% 

5486. 

And-1 3314 
-2 
-3 
-4 
-6 
-7 

CLEAN SLATE-I 

(source welght ratlo, U/EU = 4'1.2) 

Sum- 
2688 I;] 

-3 
-4 
.c 

Sum - 
TAS-I1 3090 
TAS-I1 
Fllm 
Al. CO11. 9833 
Al. COll. 5830 

2% 

2.30 3.08 
0.155 0.204 
0.361 0.4Bo 
0.588 0.784 
0.094 0.122 
0.147 0.193 

4.86 
0.276 0.366 
0.796 1.06 
0.390 0.515 
0.215 0.284 
0.039 0.048 

2.27 
1.2M 1.72 
0.276 0.370 
51.6 69. 
43. 14,374. 
42. 11,253. 

2659 4 
1.76 x 10 

1869 
2593 

2.79 x 10 
872 
241 
4658 
3407 
1695 

1577 

;i% 4 

1.09 lo4 

2,":; 
15 lo4 

$:92 104 

2.24 x 1d 
77 104 

t98 x 106 

6.87 x Id 

72. 
78. 
26. 
50. 
109. 
154. 
78. 
54. 
158. 

71. 

33. 
16. 
48. 
16. 

3.6 

5.b 

2.0 
3.7 
1.9 
2.0 
3.3 

161. 

1.2 35. 
63. 
78. 

747 152. 
300 59. 
242 116. 

1.55 x 10 45. 
1410 38. 
1017 151. 
2939 25. 
1251 33. 
221 32. 
6838 48. 
550 453. 
1006 59. 

2.17 x Id 46. 
1.57 x lo8 13. 
8.60 107 19. 

E71 
88e 

CLEAN SLATE-I1 
(source welght ratio, U / h  - 100.4) 

F-020 0.251 0.332 4994 9.7 
2173 5.3 And-l 3152 

46 
0.083 771 16 

27 
30 
18 1.61 1.33 x 10 
109 0.885 1.1e 1573 

0.056 0.071 
0,269 0.356 4324 12 

66 0.248 c.328 725 
0.342 0.446 1744 37 

9854 35 
38 623 

4543 

-2 0.062 0.075 
-3 
-4 
-6 0.085 0,110 
-7 0.072 0.556 4594 4 

-2 t b j  
-3 -4 
-5 

0.041 0.051 160 
0.065 

584 

Sum- 
ma-1 b 2171 

14n6 6.9 F-022 

i.3e 

4029 0.410 0.545 

b. 0.43a - 

17 
Sum- 

TAS-11 
F-014 TAS-D 4040 0.125 0.164 
F-036 
B-080 Al. COll. 9843 
E-046 F i l m  8113 50 2.91 x 1 6  37 75. 

303. 8.2 5.35 x 106 a .  0.421 
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TASLE 5. j PliYSICAL SAMPLE URANIUM ANALYSES (cont 'd. 1 

F-034 

F-080 

F-044 
F-050 
F-058 
F-054 
F - x a  

And-1 
-2 
-3 
-4 
-6 
-7 

Sum- 
Cas-1 b 

-2 [ Q j  
-3 
A 
-5 

Sum- 
35 I m  

TAS-I 
TAS-I1 

3265 

4897 

8158 

5063 
5060 

3.08 
0.524 
0.4660 
0.453 
0.260 
0.100 

0.089 
0.124 
0.003 
0.253 
0.125 

4.85 
13.2 
51.5 
2.27 
0.265 
0,322 
0.500 

4.12 
0.698 

0.603 
0.344 
0.130 
6.51 
0.115 
0.162 
0.107 
0.335 
0.164 
0.883 

0.612 

9 5 : 7  
65.0 
15.2 
2.38 
0.418 
0.665 

2.23 x loL 
iim 
5116 
4963 
45% 
127 a 

L . 2 1  x 1c 
484 
120 
27: 
375 
360 
1620 

25 x lo6 
3 2 0  105 
6.58 105 
6.88 x 10' 

6570 
4706 
53dQ 

2;. 

lo. 
I t .  
1:. 

1"". 
2 2 .  
3:. 

I?! .  
5;. 
133. 
t? . 
74 
2 G .  

15. 
32.  
5E. 
lj. 
1 5 ,  

21. 

E . c 

(3) Flrsi  and second Cagella stages BYtoradlOpPiphed ty Isotopes, 1°C. 
pattern and s t a g e  2 resembled a stage 3 pattern. 
conte.-,lneted OF doubly exposed .  

They repjr: that stage 1 resembled 3 Stage U 
A packaging ITIXup is suspected. and sLage 2 nay a l l 0  have been 

(b) F i r s t  and second Case113 stages autoradiographed by ISotopeE, 1°C 

98 



TABU 5.4 URANIUM ANALYSIS OF DASA QUALITY CONTROL SOLUTIONS 

DASA Number Standard 
Sample No. of Analyses ugu/ml Deviation 

+o .006 0.059 - 
217 3 0.005 - 4-0.005 

535 3 0.004 - 

547 2 0.053 - 

An-59 2 0 .214  - 
AB-11 5 0 .220  - +o. 099 

213 2 

+o . ooii 

+o .026 

A A - 1 7  5 0.056 - +O .051 

+o .02 

AC-51 2 1.38 - +0.23 
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TABLE 5.5 DOUBLE TRACKS BIOLOGICAL SAMPLE URANIUM ANALYSES 
(Source we igh t  r a t i o ,  U/pu 4 . 3 5 )  

Weight 239,240 Pstio No. T i s s u e  w e t  Reading Net T o t a l  Pu 
DASA Animal Weight F l u o r o m e t r i c  

g llgu llN dpm U/pu 

2022-4 Sheep 439.1 0.020 0.161 5.62 4100 

2143-4 356.8 0.042 0.341 67.0 740 

2168-4 n 710.1 0.282 2.31 125 2700 

2169-4 433.9 0.048 0.391 57.5 1000 

2173-4 424.0 0.014 0.112 283 56 

Lungs 

3019-4 mrro 1566 0.062 0.504 142 
Lungs 

510 

3032-4 2252 0.020 0.159 566 41 

3049-4 ( d )  1650 0.013 0.102 7.75 1900 

3050-4 ( a )  1409 0.033 0.266 1047 37 

No #-4(') 1215 0.031 0.249 3553 10 

3050-4C ( a )  17'13 (b) 0.120 0.975 8.48 17,000 

3139-4 (') 1172 0.091 0.741 25.1 4,400 

I ~ _ _ _ ~  ~ ..._I_. ._... ̂ -.--I 

( a )  

(b )  

( e )  

S a c r i f i c e d  on D + 7. 

Weight i n c l u d e s  two bags i n s t e a d  of one. 

This animal is shown in Major D J. Myers' April 1964, "Samples Selected for 
Laboratory Analysis", as a control sheep. Tissue weights and Pu activities 
found in all tissues indicate that thm animal was an exposed burro. 

Assigned as c o n t r o l  an ima l  i n  lnajor D. J.  Myers' A p r i l  1964 

A l l  o t h e r  anlmls s a c r i f i c e d  on D-day. 

( d )  
Samples selected for Laboratory Analysis." 
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0 DIRECTLY P IPETTE0 S4MPLE 

A EXTRACTEO SAMPLE 

Figure 5 . 1  Percent deviation of the amount of uranium found fluorometrically from the amount of uranium 
added for internal control samples. 
location on the horizontal axis has no significance.) 

(The points are spread horizontally for easier reading, but their 



RAD1 OCHEMICAL 

I n  o r d e r  

_ -  
CHAPTER 6 

DETERMINATION OF AMERICIUM/PLUTONIUM RATIO 

t o  v e r i f y  the  assumption t h a t  Am and Pu d i d  

not  f r a c t i o n a t e  i n  Rol ler  Coaster  (non-nuclear) de tona t ions ,  

s e l e c t e d  c l e a n  Gummed Films and T o t a l  A i r  samples from 

C l e a n  S la te  111 were radiochermtcally analyzed f o r  bo th  
Am 241 and PU 2392240. A s i m i l a r  set  of ana lyses  was pe r -  

formed by Iso topes ,  Inc .  on Clean Slate II samples. 

I n  a d d i t i o n ,  t h i s  r a t i o  was e s t ima ted  from t h e  g r o s s  a lpha  

spectrum of  a dir t - f ree  Clean Slate II sample. 

6.1 RADIOCHEMICAL YIELD TRACERS 

Am 243 is the  most convenient i s o t o p i c  y i e l d  t r a c e r  

f o r  Am241, b u t  i t  had two. p o t e n t i a l  d i sadvantages  i n  t h i s  

a p p l i c a t i o n .  One w 3 s  t h a t  t h e  energy of the  a lpha  of Am 

is only 210 kev less t h a t  t h a t  of Am241, so  t h a t  t h e  

r e s o l u t i o n  of t h e  two peaks i n  the a lpha  spectrum would 

h?ve been d i f f i c u l t  if the  e l e c t r o d e p o s i t e d  samples were 

s l i g h t l y  d i r t y ,  i . e . ,  no t  v i r t u a l l y  weightless d e p o s i t s .  

The second p o t e n t i a l  disadvantage was t h a t  t h e  a v a i l a b l e  

Am243 conta ined  about 6 pe rcen t  Am 

be s u b t r a c t e d  from t h e  t o t a l  Am 241 t o  o b t a i n  the  n e t  

243 

241 
which would have t o  
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Rol le r -Coas te r  Am241; t h i s  would have been a small d i f f e r -  

ence i n  large numbers i f  the  amount of Am241 i n  t h e  sample 

were underes t imated  before  a n a l y s i s  and a much l a r g e r  

amount of Am 243 added. 

t o o  l i t t l e  t r a c e r  t o g e t h e r  wi th  a t h i c k  e l e c t r o d e p o s i t  

could have r e s u l t e d  i n  t h e  Am243 t r a c e r  peak being only 

a small bump on t h e  low-energy t a i l  o f  t h e  Am241 peak i n  

t h e  a lpha spectrum. 

The combination of t h e  a d d i t i o n  of 

Cm244 a l s o  was a v a i l a b l e  for use as a t r a c e r .  

though not  i s o t o p i c  w i t h  Am241, i t  had the  p o t e n t i a l  ad- 

vantages of having an  a lpha  energy (5.79 MeV) we l l  above 

t h a t  of Am 241 (5.47 MeV) and of conta in ing  no d e t e c t a b l e  

Am241. 

v a l i d ,  however, as long  a s  no chemical ope ra t ions  s e p a r a t i n g  

Am and Cm a r e  used .  I n  gene ra l ,  any chemical s t e p s  

which s e p a r a t e  t h e  a c t i n i d e s  from the  l an than ides  a l s o  

tend  t o  s e p a r a t e  t h e  members of each of t h e s e  groups from 

one ano the r .  Although r e l a t i v e l y  c l e a n  (d i r t - f r ee )  samples 

hsd  been s e l e c t e d  for a n a l y s i s ,  i t  appeared p o s s i b l e  t h a t  

s e p a r a t i o n  of r a r e  e a r t h  elements m i g h t  become necessary,  

i n  which case  t h e  Am 241 3nd Cm244 might have been f r a c t i o n -  

a t e d .  

Al- 

The u s e  of Cm 244 a s  a t r a c e r  for Am 241 i s  only 
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Since  t h e  p o t e n t i a l  advantage of one t r a c e r  tended t o  

ba lance  the p o t e n t i a l  disadvantage of t h e  o the r ,  and 

because both became a v a i l a b l e ,  both Am 243 a n i  ' ~ m  244 were 

added t o  each sample. With both  t r a c e r s  p r e s e n t ,  t h e  

r e s u l t i n g  data could be examined f o r  evidence of Am-Cm 

f r a c t i o n a t i o n .  

Stocks of bo th  t r a c e r s  were obta ined  from LASL by 

way of Ssndia  Laboratory.  Each s o l u t i o n  was q u a n t i t a t i v e l y  

t r a n s f e r r e d  t o  a volumetr ic  f lask  and d i l u t e d  t o  volume 

i n  3 - N HNO 

was sent t o  I so topes ,  I n c .  

H C 1  were prepared  f o r  H-NSC by d i l u t i n g  a l i q u o t s  of the 

remaining 3 N HNO s o l u t i o n s .  

Exac t ly  50 percen t  of each of the  s o l u t i o n s  3 '  
Working s t o c k  s o l u t i o n s  i n  6 - N 

3 - 

Aliquots  of t he  working s t o c k  s o l u t i o n s  were p l a t e d  

d i r e c t l y  f o r  i s o t o p i c  a n a l y s i s  of Am and Cm and t o  look 

f o r  a lpha-emi t t ing  i m p u r i t i e s .  

were s t anda rd ized ,  u s ing  s e p a r a t e  a l i q u o t s ,  a g a i n s t  an 

Am 241 s o l u t i o n  which had been independent ly  s t anda rd ized  

i n  a r e l i a b l e  U . S .  Government l a b o r a t o r y .  T h i s  s t anda rd -  

i z a t i o n  was checked by comparing t h e  count ing r a t e  of an 

evaporated a l i q u o t  of t h e  Am 241 s o l u t i o n  w i t h  the  count ing 

r a t e  of  a p l a t e d  U 233 s t anda rd  i n  a 2-p i  p r o p o r t i o n a l  coun te r .  

The Am 243 and Cm *" s o l u t i o n s  
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t r a c e r s  showed 244 The s t a n d a r d i z a t i o n  of t h e  Am243 and Cm 

t h s t  a t o t a l  of only 0.05 microcur ie  o f , each  t r a c e r  had 

been r ece ived  r a t h e r  than  the s p e c i f i e d  0 . 1  microcur ie .  

The composition of t h e  two t r a c e r s ,  as determined he re  by 

alpha spectrometry,  i s  given i n  Table 6.1. 

Data supp l i ed  by LASL f o r  t h e  Am 243 t r a c e r  a l s o  a r e  given 

f o r  comparison. 

TABLE 6 . 1  RADIOMETRIC ANALYSIS OF AM243 and CM 244 TRACERS 

Alpha DPM Percent  
Am243 Tracer  ,244 T r a c e r  Radionuclide 

H-NSC LASL H-NSC 
,243 93.3 93.3 - 

Am 241 5.9 5 .?  - 

0 .62  0.88 99.86 244 

242 
Cm 

Cm 0.14 - 0.14 

Date 1-30-64 Not Given 1-30-64 

243 The slight d i f f e r e n c e  i n  Cm 244 content  of t h e  Am 

t r a c e r  probably i s  not  s i g n i f i c a n t  cons ider ing  the  p re -  

c i s i o n  of t h e  assays and t h e  p o s s i b l e  d i f f e r e n c e  i n  r e f e r -  

ence times. 
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6 . 2  RADIOCHEMICAL SEPARATIONS 

T h e  C l e a n  S l a t e  I11 samples were w e t  ached u s i n g  t h e  - 

procedure p rev ious ly  desc r ibed  f o r  plutonium. Trace r s  

244) were p r e s e n t  du r ing  d i s s o l u t i o n  of (Pu , ~m 

a l l  samples except  t hose  which were estimsted t o  con ta in  

h igh  l e v e l s  of Pu (and t h e r e f o r e  Am) o r  those  f o r  which no 

r e l i a b l e  estim?tes of Pu content  were a v a i l a b l e .  These 

were c a r e f u l l y  d i s so lved  t r a c e r - f r e e .  Sepa ra t e  a l i q u o t s  

were f i rs t  taken  from t h e  t r a c e r - f r e e  s o l u t i o n s  f o r  Pu 

a n a l y s i s ,  and t h e  Pu a n a l y s i s  was completed t o  e s t a b l i s h  

t h e  PU content  and thus  g i v e  a b a s i s  for e s t i m a t i n g  t h e  

a l i q u o t  s i z e  and t h e  amounts of Am243 and h 

needed f o r  t h e  de t e rmina t ion  of Am241. 

t r a c e r s  which would have been r e q u i r e d  f o r  t r a c e r  d i s s o l u t i o n  

of t he  h i g h e r  l e v e l  samples would have exhausted t h e  

a v a i l a b l e  supply .  

236 

t r a c e r s  244 

The amounts of 

The radiochemical  s e p a r a t i o n  procedure i s  o u t l i n e d  i n  

Table 6 . 2 .  T h i s  procedure was designed t o  avo id  f r a c t i o n -  

a t i n g  Am and Cm 

t h e  r a r e - e a r t h  e lements ,  Y ,  Sc, o r  Ac, a l though p r o v i s i o n  

was made t o  i n s e r t  an  e x t r a c t i o n  s t e p  for t h i s  purpose,  i f  

necessary .  For tuna te ly ,  no s e p a r a t i o n  of the rare-earth 

group was necessa ry .  

and t h e r e f o r e  was n o t  i n t ended  t o  s e p a r a t e  
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The a c e t y l  ace tone  e x t r a c t i o n  s t e p  was added a f t e r  

i t  w a s  found t h a t  a s m a l l  amount of A 1  w a s  s t i l l  p r e s e n t  

a f t e r  S tep  5 i n  the  first few samples run. 

e l e c t r o p l a t i n g  method used w i l l  d e p o s i t  any element having 

a n  i n s o l u b l e  hydroxide, A 1  would have caused a t h i c k  p l a t e .  

The a c e t y l  acetone ex t r ac t ion  WRS chosen t o  remove aluminum 

s i n c e  i t  a l s o  would e x t r a c t  many o t h e r  elements which might 

n o t  have been completely removed i n  the preceding s t e p s .  

- 
Since t h e  

Plutonium was s t r i p p e d  from the ion-exch?nge column 

of S t e p  3 w i t h  HC1-NH41, a f t e r  f i r s t  r i n s i n g  the  column 

w i t h  H C 1 .  The e f f l u e n t  conta in ing  the  Pu was b o i l e d  down 

and p l a t e d ;  no a d d i t i o n a l  p u r i f i c a t i o n  was necessary .  

6 . 3  ALPHA SPECTROMETRY 

The alpha s p e c t r a  o f  the  e l e c t r o d e p o s i t e d  specimens 

were measured w i t h  t h e  same semi-conductor d e t e c t o r  system 

used f o r  t h e  plutonium samples and desc r ibed  elsewhere i n  

t h i s  r e p o r t .  The a lpha  spectrum of an  a c t u a l  sample i s  

shown i n  Figure 6 .1 .  

6.4 RESULTS OF ANALYSIS 

The r e s u l t s  of t h e  a n a l y s i s  f o r  Am 241 i n  t h e  C l e a n  

S l a t e  I11 samples are  given i n  Table 6.3. The b e s t  mean 
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value  o f  the Pu 2 39,240/Am241 r a t i o ,  obtained by t ak ing  a 

non-weighted average of a l l  va lues  w i t h  a couht ing s t a t i s t i -  

c a l  s t anda rd  d e v i a t i o n  of 10 p e r c e n t  o r  less, i s  64 + 4 a s  

of March 18, 1964. 

from original source analyses done by Dow Chemical Company. 

Thus, as nearly as cau be determined, Am and Pu did not fractionate in CS III, 

a t  l e a s t  i n  t o t a l  a i r  and film depos i t i on  c o l l e c t i o n s .  

I t  can be i n f e r r e d  s a f e l y  t h a t  s o i l  samples a r e  l i kewise  

u n f r a c t i o n a t e d .  On the  o t h e r  hand, t h i s  i n f e r e n c e  does not  

n e c e s s a r i l y  apply t o  i n d i v i d u a l  p a r t i c l e s  of t h e  d e b r i s .  

- 

This may be compared with the 55 + 5 computed 

6.5  GROSS ALPHA ELECTRODEPOSITION 

Sample #4033 ( C l e a n  S l a t e - 1 1 ,  TAS-11, l o c a t i o n  F-066) 

was s e l e c t e d  as an  e s p e c i a l l y  d i r t - f ree  sample of moderate 

a c t i v i t y  f o r  t h i s  experiment .  It was q u a n t i t a t i v e l y  d i s so lved  

t r a c e r - f r e e  by s t anda rd  a c i d  t rea tment ,  evaporated t o  a 

drop or two o f  H2SO4, and d i l u t e d  w i t h  6 - N H C 1  t o  25 m l .  

A 2 - m l  a l i q u o t  was t r a n s f e r r e d  d i r e c t l y  t o  an  e l e c t r o -  

p l a t i n g  c e l l  and n e u t r a l i z e d  t o  t h e  s l i g h t l y  a c i d  con- 

d l t i o n  u s e d  i n  our  s t anda rd  p l a t i n g  procedure.  T h i s  pro-  

cedure provides  t h e  same e l e c t r o p l a t i n g  e f f i c i e n c y  f o r  a l l  
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heavy elements  a s  long as t h e  t o t a l  p l a t i n g  y i e l d  i s  above 

50 t o  60 p e r c e n t .  

o r  more. T h i s  method of simultaneous dep0bi t ion  of s eve ra l  

heavy elements has been used he re  s u c c e s s f u l l y  many t imes 

i n  the  p a s t .  

Normally t h i s  e f f i c i e n c y  i s  95 pe rcen t  

The p l a t e  conta ined  very l i t t l e  d i r t , a n d  the  observed 

alpha r e s o l u t i o n  was a s a t i s f a c t o r y  60 kev. Peaks were 

p r e s e n t  only f o r  Pu 239,240 and &,, 241 + Pu 238 ( i n s e p a r a b l e )  

A I O - m l  a l i q u o t  of the  s t z r t i n g  s o l u t i o n  was analyzed w i t h  

Pu236 t r a c e r  t o  provide t h e  c o r r e c t e d  s t anda rd  a n a l y s i s  

r e s u l t .  

to be 370 - + 9 dpm. 

The t o t a l  sample Pu 239,240 a c t i v i t y  was found 

The observed a lpha  r a t i o  of (Am241 + Pu2,238) t o  PU 239,240 

was 0.0270 - + 0.0015. 

mean r a t i o  of Pu238/PU239y240 of 0.0100 - + 0.004 l eaves  a 

n e t  Am241/P~239’240 r a t i o  of 0.0170 - + 0.0016. 

Sub t rac t ing  t h e  p rev ious ly  observed 

T h i s  i s  i n  

good agreement w i t h  t h e  mean Roller-Coaster  value of 0.0161 

( w i t h  an  es t imated  s t anda rd  d e v i a t i o n  of about 11 p e r c e n t )  

a t  t he  same time, 4February1964. (No Pu 

a b l e  f o r  CS 11; thus,  t h e  exac t  Am 241 content  of cs 11 

source m a t e r i a l  cannot be c a l c u l a t e d  for t he  time o f  i n -  

terest  h e r e . )  T h i s  r e s u l t  confirms t h e  conclusion,  based 

d a t a  a r e  a v a i l -  241 
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on t h e  radiochemical  de t e rmina t ions  of Am241, t h a t  t h e r e  

i s  no evidence of  Am-Pu f r a c t i o n a t i o n .  

Since t h e  g r e a t  ma jo r i ty  of samples s e n t  t o  H-NSC were 

d i r t i e r  t han  the  one used for t h i s  experiment, no a d d i t i o n a l  

ana lyses  of t h i s  type were run.  
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TABLE 6 .2  OIPTLINE OF RADIOCHEMICAL SEPARATION OF AMERICIUM 
FROM SMALL.-RESIDUE ROLLER COASTER SAMPLES 

Step Remarks 

1. P r e c i p i t a t e  Fe(OH)3 Concentrates Am and PU from 
w i t h  NH4OH. s o l u t i o n .  

2. P r e c i p i t a t e  Fe(OH)3 
w i t h  NaOH. 

3. Pass 8 M HNO ( c t g .  
N02) s z l u t i a n  through 
a sho r t  Dowex-1 anion- 
exchange column. 

4 .  P r e c i p i t q t e  Fe(OH)3 
w i t h  NH4OH. 

5. Pass 11 N HC1 s o l u t i o n  
through a s h o r t  DoWeX-1 
anion-exchmge column. 

Largely removes amphoteric 
elements, notably A l .  

Am not  adsorbed. 
Fu ( I V )  and Th adsorbed. 

Concentrates Am from 8 N 
HNO3 e f f l u e n t  of Step 3T 

Am not  adsorbed. Fe (111) 
c a r r i e r  and many o the r  
elements adsorbed. 

6 .  Evaporate and a d j u s t  t o  Am not ex t r ac t ed .  Primary 
5 m l  a t  pH 5. Ex t rac t  purpose i s  t o  remove s l i g h t  
twice w i t h  1:l a c e t y l  amount of A 1  not  removed i n  
Icetone i n  chloroform. Step 2 .  

7. Elec t rodepos i t  on P t  
d i s k  us ing  s tandard 
procedure (20-minute 
p l a t i n g  p e r i o d ) .  

*NOTE TO AMERICIUM PROCEDURE: The above procedure i s  de- 
s igned t o  remove a l l  elements except Am, Cm (and trans-Cm), 
r a r e  ea r ths ,  Y, Sc and Ac. If the  r a r e  e a r t h s  Y o r  Sc had 
been found t o  be present  i n  amounts which would have de- 
graded the  a lpha  spectmm, the following e x t r a c t i o n  would 
have been added a f t e r  S tep  6: Ex t r ac t  Am and Cm i n t o  0.6 
M Alamlne-336 ( t r icapry ly lamine)  i n  diethylbenzene from 
' I l N  LiCl - 0.02 N H C 1 .  S t r i p  Am-Cm from the organic phase 
w i t F i  5 N H C 1 .  Rejieat e x t r a c t i o n  cyc le  a s  o f t en  a s  necessary 
t o  reduFe the concent ra t ion  of t he  i n t e r f e r i n g  elements t o  
a neg l ig ib ly  low l e v e l .  ( T h i s  e x t r a c t i o n  f r a c t i o n a t e  
Am and Cm, t h  
t r a c e r  f o r  Am 

the  use of  Cmzx as a y i e l d  
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TABLE c .  3 RESULTS OF Am241 ANALYSIS, CLEAN SLATE I11 

[ pu239'240 1 (Am243/Cm244) 

Sampler Tracer- Am 24 l ( a )  pu239.240 L A241  1 Found (b) Locatiqn w o e  lab No. 
dpm/sample 

BM-05.0 
A-036 
J-040 
CST-E-000 

D-030 
F-042 
H-042 
L-054 
EN-02 
CO-05 .O 
c-026 A 
0-030 
E-032 
F-036 
H-034 
5-038 
L-038 

TAS-D 

TAg-I1  

F l t m  

5158 

5200 
5201 

5185 
5084 

5195 
5196 
5197 
5149 
5054 
5035 
5113 
P153 

8155 
8156 
8157 
8158 
8160 
8161 
8162 

8152 

38. + 
56. 5 

154. + 
0.79 
1.25 

0.40 
-0.07 5 

15.5 5 
10.7 L 
0.32 + 
1.44 T 
2 .  0 7 

2.50 2 
1.35 2 
8.1 5 

445. 2 
201. + 

8.17 T - 

1.36 + 

10.6 2 

2.22 5 

2 
5 
5 
0.20 
0.22 
0.12 
0.20 
0.31 
1 .5  
0 .9  
1.3 
0.28 
0.07 105 
0.04 105 
0.09 105 
0.06 105 
0.03 x 103 
0.3 x 10 
1 2  - 
' I .  
0.40 103 

2.71 2 0.07 
3.7 + 0.1 
9.6 T 1.6 

56.1 3 1.45 

28.3 T 0.09 

1.04 5 0.06 

76.6 2 1 . 2  
93. + 4 .  

11.1 0.06 
1.52 + 0.04 

920. + 100 
32. 7 3. 

8.93 T 0.06 

7.9 T 0.2  
4.75 T 0.10 

5.65 0.08 

1.79 7 0.08 
1.79 7 0.07 
1.45 T 0.03 

2.93 7 0.06 
1.27 0.03 

103 
103 
103 

3 x 10 
103 

6 x 10 
x 107 
x 107 
x 102 
x lo4 
x lo6 
x 102 
x 10 

x 10 

71 + 4 
66 T 6 
62 T 2 
71 T 18 
61  T 11 
68 7 7 
71  7 36 

-160 7 710 
143 7 20 
67 T 
86 7 14 

100 T go 
62 7 3 
62 T 3 
64 7 3 
58 7 2 
58 T 2 
59 7 3 
66 T 2 
63  T 3 
69 T - 4 

1.23 + 0.07 
1 .14  T 0.08 
1.30 T 0.04 
1 . 1 4  7 0.05 
1.18 T 0.05 
1 .14  T 0.03 
1.16 T 0.05 
3.19 T 0 . 0  
1.11 0.0  
1.32 T 0.07 
1 . 2 8  7 0.16 
1.10 T 0.07 
1.20 T 0.05 
1.28 T 0.03 
1.17 7 0.04 
1 .20  T 0.03 
1 .24  T 0.03 
1.23 T 0.04 
1.27 7 0.04 
1.23 T 0.05 
1.18 T 0.05 

2 

- 

Mean 64 - + 4 ( c )  1.20 - + 0.06(b) 
I, 
,, 

( a )  
( b )  Rat io  of Am 243/Cm244 added = 1.26 2 0.02. 

( c )  

Mean of values obtained via \rn243 t r ace r  and v i a  t racer ,  a s  of 18 March 1964. 

Mean (Pu 239,240/Am241) r a t i o  O f  1 4  samples with counting s t a t i s t i c a l  standard 
deviations 5 l@. 

Standard deviation about mean 
Standard deviation 

+ 4 
of mean [I 11 [?Ti$). 
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Figure 6.1 Alpha spectrum of electrodeposited americium sample. 
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CHAPTER 7 

DETERMINATION OF PLUTONIUM I N  LARGE SOIL 
SAMPLES BY GAMMA-EAY SPECTROMETRY 

A d i f f i c u l t  problem f a c i n g  a l l  o f  t h e  radiochemical  

c o n t r a c t o r s  was t h e  de t e rmina t ion  of plutonium i n  ki logram 

amounts of s o i l  c o l l e c t e d  as r e l a t i v e l y  c lose - in  depos i t i on  

( throwout)  samples o r  as co r ings .  Seve ra l  a t t empt s  i n  

o t h e r  l a b o r a t o r i e s  a t  o b t a i n i n g  smaller r e p r e s e n t a t i v e  

samples by dry a l i q u o t i n g  had been unsuccessfu1,even a f t e r  

thorough g r ind ing  and b lending  o p e r a t i o n s .  Presumably, 

t h i s  f a i l u r e  was due t o  t h e  f a c t  t h a t  t h e  l a r g e  amounts of 

s o i l  conta ined  only  a r e l a t i v e l y  small number of plutonium 

p a r t i c l e s ,  and t h i s  smal l  number was not  i n c r e s s e d  s i g n i f i -  

c a n t l y  by t h e  g r i n d i n g  o p e r a t i o n s .  Attempts a t  p a r t i a l  

d i s s o l u t i o n  o r  l each ing  plutonium from s o i l  were reasonably 

s u c c e s s f u l  b u t  r e q u i r e d  such l a r g e  s o l u t i o n  volumes and 

lengthy  procedures  t h a t  a n a l y t i c a l  c o s t s  were p r o h i b i t i v e .  

For t h e  same reasons,  complete d i s s o l u t i o n  of t h e  kilogram 

s o i l  samples and s e p a r a t i o n  of the plutonium were not  

a t t emp t e d . 

The s imples t  p o s s i b l e  s o l u t i o n  t o  t h i s  problem appeared 

t o  be t h e  de te rmina t ion  of plutonium u s i n g  gamma-ray 

spectrometry.  R e l a t i v e l y  t h i n  samples of R o l l e r  Coaster  
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plutonium were known t o  show both  t h e  17-kev uranium L 

x-rays fol lowing a lpha  decay Of plutonium i s o t o p e s  and t h e  

59.6-kev gamma r a y  ( h e r e a f t e r  referred to :as  t h e  60-kev 

g a m a  r a y )  of t he  Am241 daughter  of Pu 

gamma t r a n s i t i o n  occurs  i n  35.9 p e r c e n t  of t h e  Am d i s -  

i n t e g r a t i o n s .  

241 . The 60-kev 
241 

Of the  s c i n t i l l a t i o n  d e t e c t o r s  a v a i l a b l e  i n  t h e  H-NSC 

l abora to ry ,  an  8- inch d iameter  by &inch t h i c k  NaI(T1)  

c r y s t a l  appeared t o  be the  best one t o  use  f o r  t h e s e  l a r g e  

samples, s i n c e  i t  would g i v e  t h e  best count ing geometry 

w i t h  minimum sample th i ckness .  T h i s  d e t e c t o r  w a s  connected 

t o  a 400-channel pu lse-he ight  ana lyze r  f o r  use  i n  o t h e r  work 

Pre l iminary  measurements w i t h  t h i s  d e t e c t o r  us ing  a t h i n  

source of R o l l e r  Coaster  plutonium showed t h a t ,  a l though 

t h e r e  was a prominent 60-kev peak, there was no d e t e c t a b l e  

17-kev peak. F a i l u r e  t o  d e t e c t  t h e  17-kev r a d i a t i o n  was due 

t o  i t s  v i r t u a l l y  complete abso rp t ion  by t h e  s t a i n l e s s  

s t e e l  housing of t he  c r y s t a l .  Thus, t he  60-kev gamma ray 

o f  Am 241 was the  only p o s s i b i l i t y  f o r  t h e  gamma spec t ro -  

met r ic  de te rmina t ion  of plutonium w i t h  t h e  8- inch by &-inch 

d e t e c t o r .  However, t h e  60-kev r a d i a t i o n  would have been 

s e l e c t e d  f o r  measurement even i f  an  i n t e n s e  l7-kev peak had 

been d e t e c t e d  i n  t h e  th in-source  Epectrum because of t he  

I ’  
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disadvantage of t h e  much g r e a t e r  s e l f - a b s o r p t i o n  of the  

l7-kev r a d i a t i o n  i n  large s o i l  samples. For example, It 

was e s t ima ted  t h a t ,  assuming s o i l  had an  e f f e c t i v e  atomic 

number of 14 ( s i l i c o n ) ,  the  t ransmiss ion  of l7-kev r a d i a t i o n  

through a 1.5 g/cm2 s o i l  specimen (1 cm t h i c k  w i t h  bulk 

d e n s i t y  of  1.5 g/cm 3 ) would be only about 0.0007 a s  compared 

t o  about 0.7 f o r  t h e  60-kev r a d i a t i o n .  

17-kev r a d i a t i o n  would have e f f e c t i v e l y  measured only the 

plutonium i n  a t h i n  s u r f a c e  l a y e r  of the s o i l  samples. 

Thus, the  use of t h e  

7 .1  INITIAL MEASUREMENTS ( C S  I1 SAMPLES) 

The i n i t i a l  measurements were made on a group of 

e i g h t  CS I1 S o i l s  ranging i n  weight from 842 t o  4081 

grams, p l u s  an  Aluminum Col l ec to r  sample c o n s i s t i n g  of 

5.7 grams of d i r t .  These samples were loaded i n t o  c i r c u l a r  

po lys tyrene  boxes, 6- inch diameter  by l*- inches h igh .  T h i s  

s i z e  j u s t  contained t h e  h e a v i e s t  sample; thus ,  the bulk 

d e n s i t y  was about 1 . 5  g/cm . (Subsequently t h e  average 

dens i ty  of 34 samples from all f o u r  even t s  was found t o  

be 1.50 - + 0.20 g/cm3 w i t h  a range of 1 . 2  t o  2 . 4  g/cm3). 

3 

7 .1 .1  Correc t ion  f o r  Natura l  Rad ioac t iv i ty  i n  the S o i l s .  

Not s u r p r i s i n g l y ,  the s o i l s  were found t o  con ta in  apprec i ab le  

amounts o f  n a t u r a l  r a d i o a c t i v i t y .  The conten t  of Th, U,and 
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K was e s t ima ted  by comparing t h e  gamma-ray spectrum ( t o  

3 MeV) of a p r e s h o t  

of known amounts of n a t u r a l  Th (monazite3 'and u ( c a r n o t i t e )  

( i n  equ i l ib r ium w i t h  t h e i r  daugh te r s )  i n  s y n t h e t i c  simu- 

l a t e d  s o i l s  

Fu r the r  comparisons were made w i t h  dep le t ed  U 

which e x h i b i t e d  a d i f f e r e n t  s p e c t r a l  shape; i n  no case  

was i t  reasonable  t o  suppose t h a t  uranium from t h e  Ro l l e r  

Coaster  events  con t r ibu ted  t o  t he  observed count ing r a t e s .  

CS I1 s o i l  blank w i t h  t he  s p e c t r a  

and of n a t u r a l  K a s  reagent-grade %C03. 

samples, 238 

(ThC" ) was used  t o  
208 

The 2.61-Mev peak of T 1  

(RaC) was used t o  
214 

measure Th, the  1.76-Mev peak of B i  

measure U,  and t h e  1.46-Mev peak of K 

K .  The r e s u l t s  were14 ppm Th, 2 pprn u, and 3 pe rcen t  K .  

The p r e s h o t  

r e l a t i v e  t o  the n a t u r a l  a c t i v i t y .  The only peak d e t e c t e d  

which could not  be a t t r i b u t e d  t o  n a t u r a l  r a d i o a c t i v i t y  

was one a t  3bout 130 kev, which was a t t r i b u t e d  t o  the  f i s s i o n  

40 was used t o  measure 

f a l l o u t  ( f i ss ion-product )  a c t i v i t y  was low 

144 144 products  Ce - P r  . 

I n  a s o i l  sample conta in ing  Pu (Am), t h e  60-kev peak 

was on t h e  low-energy s i d e  and overlapping a somewhat broad 

n a t u r a l - a c t i v i t y  peak a t  - 80 kev. Both t h e  n a t u r a l  Th 

and U s e r i e s  have peaks a t  about 80 kev. 

higher-energy gamma rays  o f  a l l  of t h e  n a t u r a l  a c t i v i t i e s  

O f  course,  t he  
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c o n t r i b u t e d  t o  t h e  Compton continuum under  t h e  60-kev peak 

as w e l l .  Consequently, i t  w a s  found tint t h e  s e n s i t i v i t y  

of t h i s  method was l imi t ed  by the  count ing r a t e  of t h e  

n a t u r a l  a c t i v i t y  i n  the s o i l  s i n c e  t h i s  was s u b s t a n t i a l l y  

g r e a t e r  than the background count ing r a t e  o f  t h e  d e t e c t o r  

i n  t h e  energy region of i n t e re s t .  

To o b t a i n  maximum p r e c i s i o n  i n  the ne t  plutonium 

count ing rates, the  plutonium and s o i l  a c t i v i t i e s  were 

r e so lved  by an  a n a l y t i c  method, r a t h e r  than  a g raph ic  me ho 

Graphic methods were r e j e c t e d  as being s u b j e c t i v e  and i n -  

h e r e n t l y  l e s s  p r e c i s e ,  p a r t i c u l a r l y  for sample count ing 

r a t e s  low r e l a t i v e  t o  t h e  b lank .  

Plutonium and s o i l  a c t i v i t i e s  were r e so lved  by so lv ing  

two s imultaneous equa t ions  express ing  t h e  count ing rates 

i n  two energy r eg ions  o f  t h e  spectrum a s  t h e  Sums o f  t h e  

plutonium and t h e  s o i l  count ing r a t e s .  The n e t  plutonium 

count ing r a t e  i n  t h e  60-kev energy r eg ion  then  was given 

by t h e  equat ion:  

where: A i s  a count ing r a t e ,  t he  s u b s c r i p t s  1 and 2 

! .  

. r e f e r ,  r e s p e c t i v e l y ,  t o  r eg ions  1 (-60 kev) ,  and 2 (-80 kev) ,  
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o f  t h e  gammi-ray spectrum, and t h e  s u p e r c r i p t s ,  p, and s ,  

r e f e r ,  r e s p e c t i v e l y ,  t o  plutonium and t o  s o i l - b l a n k .  The 

number of channels  i n  t h e  two energy reg ions  were equal ;  

one group of channels was centered  on t h e  60-kev peak 

r eg ion  1 and the  o t h e r  was ad jacen t  on t h e  high energy 

s i d e ( r e g i o n  2 ) .  The r e l a t i v e  c o n t r i b u t i o n s  of Pu and 

o f  s o i l  t o  each of the reg ions  ( i . e .  the  va lues  of t h e  

r a t i o s  A2/A1 2nd of A$'A;) were determined us ing ,  r e s p e c t i v e l y ,  

an  evaporated r e f e r e n c e  Roller-Coaster  Pu source and a 

p r e s h o t  s o i l  b lank f r o m  the CS I1 a r e a .  The amount of 

P P  

Pu a c t i v i t y  i n  t h e  higher-energy r eg ion  w a s  no t  n e g l i g i b l e ,  

being s e v e r a l  pe rcen t  of t he  60-kev peak a c t i v i t y .  

e f f e c t ,  t h i s  computational method used t h e  s o i l  blank 

sample t o  determine t h e  shape of the spectrum of n a t u r a l  

gamma-radiation f o r  a l l  samples b u t  d i d  not  involve  any 

assumption of equal  concen t r a t ion  of n a t u r a l  a c t i v i t y  i n  

t h e  d i f f e r e n t  samples. 

I n  

Examples of t h e  magnitudes of t h e  count ing r a t e s  and 

count ing- ra te  r a t i o s  found a r e  given i n  t h e  fo l lowing  sample 

c a l c u l a t i o n ,  u s ing  the above equat ion,  of t h e  n e t  count ing 

r a t e  f o r  1081-gram s o i l  sample con ta in ing  10.8 micrograms 

o f  plutohium. 
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7.1.2 I l l u s t r a t i v e  Gamma-Ray Spec t r a .  Gamma-ray 

s p e c t r a  of t h i n  r e f e r e n c e  sources  of R o l l e r  Coaster  

plutonium, of pure Am241, of  a s o i l  blank, and of varying 

amounts of plutonium i n  d i f f e r e n t  s o i l  samples (weighing 

about 1 kg) a r e  i l l u s t r a t e d  i n  F igures  7 .1  through 7.11. 

These s p e c t r a  are r ep roduc t ions  of Po la ro id  photographs of 

the  o s c i l l o s c o p e  d i s p l a y  of t h e  pulse-he ight  a n a l y z e r .  

The energy reg ion  covered i s  approximately 0 t o  200 kev. 

7.1.3 Non-Uniform D i s t r i b u t i o n  of Plutonium i n  the 

S o i l s .  From the p rev ious  work i n  o t h e r  l a b o r a t o r i e s ,  i t  

was expected t h a t  a non-uniform d i s t r i b u t i o n  of plutonium 

would occur wi th in  the  samples. To e s t i m a t e  t h e  e f f e c t  o f  

t h e s e  non-uni formi t ies  on t h e  measured sample count ing 

r a t e s ,  each sample was counted both f a c e  up and f a c e  down 

on the  8- inch by 4-inch c r y s t a l ,  w i t h  t h e  r e s u l t s  shown 

i n  Table 7 .1 .  

d i s t r i b u t e d  thoroughly by shak ing . )  

(These c o n t a i n e r s  were t o o  f u l l  t o  be r e -  

The counts  shown a r e  t h e  i n t e g r a l s  under  the  60-kev 

peak c o r r e c t e d  for ins t rument  background. 

a c t i v i t y  samples con ta in  a l a r g e  p ropor t ion  of n a t u r a l  

The two lowest 
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r a d i o a c t i v i t y  and s o  might not  be expected to d i f f e r  

g r e a t l y .  

TABLE 7 . 1  COMPARISON OF 60-KEV PEAK COUNTING RATES FOR 
CS I1 SOIL SAMPLES COUNTED FACE UP AND FACE DOWN 

H-NSC 
Sample No. UP Down Mean 

Net Counts/5 min.  C P m  

2029 8964 8900 1786 + 1% 
2030 17014 16701 3372 T 2% 

5847 1175 7 1% 
5068 1044 T 6% 

2031 5899 
2032 5374 
2033 1715 1755 347 T 2% 
2034 2804 2973 578 T 6% 
2035 1483 1548 303 T 4% 
2036 4785 4976 976 - T 4% 

It can be seen t h a t  t he  s tandard  d e v i a t i o n  of t he  mean 

count ing r a t e  i s  g e n e r a l l y  not  much g r e a t e r  than expected 

from counting s t a t i s t i c s  and i s  d e f i n i t e l y  l e s s  than was 

expected.  Subsequently, ineasurement of samples from o t h e r  

t e s t  shots d i d  not  i n d i c a t e  t h i s  degree of un i fo rmi ty .  

The misnitude of t h e  e r r o r s  due t o  p o s s i b l e  non- 

uniform d i s t r i b u t i o n  of plutonium i n  t h e  samples was 

es t imated  by cons ider ing  two l i m i t i n g  cases  for a J,OOO-gram 

sample. If the  plutonium were concentrated a t  one f a c e  

of t he  sample, t h e  plutonium content ,  obtained from t h e  

average of t h e  face-up and face-down counting ra tes ,would  
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be 21 p e r c e n t  higher  than  the t r u e  value;  however, t h e  

s t anda rd  d e v i a t i o n  of t h i s  mean value when e s t ima ted  from 

t h e  range of t h e  two count ing rates would be 44 percen t ,  

or  s l i g h t l y  more than  twice t h e  a c t u a l  e r r o r .  I f  t h e  

plutonium were concent ra ted  i n  a t h i n  6-inch d iameter  

c i r c u l a r  l a y e r  i n  t h e  exac t  c e n t e r  of the sample, t he  

value c a l c u l a t e d  from t h e  mean of t h e  two ( equa l )  count ing 

r a t e s  would be 9 percen t  h ighe r  than t h e  true va lue  w i t h  

a ze ro  t h e o r e t i c a l  s tandard  d e v i a t i o n  e s t ima ted  from t h e  

range of t h e  ( equa l )  count ing r a t e s .  Since both  o f  t h e s e  

c o n d i t i o n s  were h igh ly  improbable, i t  w a s  concluded t h a t  

i t  was e n t i r e l y  f e a s i b l e  t o  a s s a y  l a r g e  d i r t  specimens 

w i t h  accep tab le  p r e c i s i o n  by t h e  u s e  of gamma spectrometry 

a l o n e .  

7.1.4 Determination of Counting Ef f i c i ency ,  CS 11. 

The most s t r a igh t - fo rward  method of determining t h e  count ing 

e f f i c i e n c y  as a f u n c t i o n  of sample s i z e  would have been t o  

count s e v e r a l  weights of s o i l  blanks,  sp iked  w i t h  known 

amounts of C S  I1 plutonium; b u t  n e i t h e r  of these m a t e r i a l s  

was a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t y .  However, s e v e r a l  

t h i n  sou rces  o f  R o l l e r  Coaster  plutonium, prepared  by 

evapora t ion  t o  p re se rve  t h e  o r i g i n a l  Pu/Am r a t i o ,  were 

a v a i l a b l e ,  so  a semiempir lcal  c o r r e c t i o n  curve was developed 
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t o  r e l a t e  t h e  count ing e f f i c i e n c y  of a t h i c k  sample t o  

t h a t  of an  i n f i n i t e l y - t h i n  sample. This curve was pre- 

pared by cons ider ing  s e p a r a t e l y  the  changes i n  count ing 

e f f i c i e n c y  due t o  d i f f e r e n c e s  i n  sample he igh t  and due to 

s e l f - a b s o r p t i o n  and then combining these  i n t o  a s i n g l e  

c o r r e c t i o n  curve .  

The v a r i a t i o n  i n  count ing e f f i c i e n c y  w i t h  sample 

he igh t  (geometry c o r r e c t i o n )  f o r  samples having no s e l f -  

abso rp t ion  was obta ined  by numerical  i n t e g r a t i o n  of a 

curve of count ing r a t e  versus  he igh t  above t h e  c r y s t a l  

f o r  an  i n f i n i t e l y  t h i n  source having t h e  same diameter  

(6 i n c h e s )  as t h e  soil samples. The i n f i n i t e l y  t h i n  source 

used was a 5 .7  gram s o i l  (aluminum-collector) sample, 

conta in ing  87 vg of plutonium uniformly spread  over t h e  

bottom of one of t he  sample boxes. 

The s e l f - a b s o r p t i o n  of t h e  samples was assumed t o  be 

descr ibed  by t h e  equat ion:  

-ux 
A 1 - e  _ =  ( 7 . 3 )  

where: .A i s  t h e  measured a c t i v i t y ,  A, i s  t h e  a c t i v i t y  

w i t h  no s e l f - a b s o r p t i o n ,  p i s  t h e  mass-absorption 
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c o e f f i c i e n t  (cm2/g), and x i s  t h e  sample th i ckness  (g/cm2). 

T h i s  equat ion  i s  derived i n  most rad iochemis t ry  r e f e r e n c e  

t e x t s  as an  approximate be ta - ray  se l f - abso rp t ion  c o r r e c t i o n ,  

b u t ,  s i n c e  exponent ia l  a t t e n t u a t i o n  i s  assumed i n  t h e  

d e r i v a t i o n ,  i t  a p p l i e s  even more c l o s e l y  t o  t h e  p r e s e n t  

problem of a low-energy gamma-e&tting m a t e r i a l .  

The mass a b s o r p t i o n  c o e f f i c i e n t  was e m p i r i c a l l y  d e t e r -  

mined by measuring the  t ransmiss ion  of 60-kev r a d i a t i o n  

through CS I1 s o i l  samples which conta ined  only r e l a t i v e l y  

small  amounts of plutonium. 

not  been obta ined  a t  t h ? t  t ime . )  

t r ansmiss ion  measurement was t h e  same 6-inch diameter 

i n f i n i t e l y - t h i n  source used t o  determine t h e  geometry 

c o r r e c t i o n  desc r ibed  above. The mass-absorption co- 

e f f i c i e n t  s o  determined was 0.233 cm / g .  Somewhat l a r g e r  

va lues  were obta ined  u s i n g  smal le r -d iameter  sou rces  be- 

cause of t h e  g r e a t e r  mean p a t h  l e n g t h  through t h e  sample. 

Smal le r  values  were obta ined  u s i n g  the  h o t t e s t  s o i l  as 

a source because i t s  th i ckness  permi t ted  t h e  upper edges 

of t h e  source t o  be viewed d i r e c t l y  by t h e  c r y s t a l  w i t h  

o n l y  minor sample a t t e n u a t i o n .  

(The CS I1 s o i l  b lank  had 

The source  used f o r  the 

2 
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To tes t  t h e  v a l i d i t y  of these c o r r e c t i o n s  f o r  geometry 

and se l f - abso rp t ion ,  one of t h e  CS I1 samples con ta in ing  

a r e l a t i v e l y  high concen t r a t ion  of plutonium was removed 

from i t s  con ta ine r ,  then  loaded back i n  seven increments. 
241 

The amount of Am (60-kev r a d i a t i o n )  was measured a f t e r  

each a d d i t i o n .  Correc t ions  f o r  geometry and s e l f - a b s o r p t i o n  

were a p p l i e d  s e p a r a t e l y  t o  the observed s p e c i f i c  a c t i v i t i e s ,  

as shown in Table 7.2. 

TABLE 7.2 VARIATION I N  SPECIFIC ACTIVITY OF 60-KEV 
R A D I A T I O N  WITH SAMPLE THICKNESS 

Reciprocal  
of Absorption- F i n a l  

Observed Absorption Corrected Geometry Corrected 
Layer S p e c i f i c  Correc t ion  S p e c i f i c  Correc t ion  S p e c i f i c  
Weight A c t i v i t y  Fac to r  A c t i v i t y  Fac to r  A c t i v i t y  

grams cpm/gram cpm/gram cpm/gram 

123 5.24 0.930 5.53 1.015 5.71 
273 4.92 0.846 5.81 1.032 6.00 
394 4.46 0.791 5.64 1.051 5.93 
512 4.16 0.740 5.62 1.070 6.01 
630 3.82 0.690 5.54 1.090 6.04 
805 3.34 0.627 5.33 1.120 5.97 
936 3.04 0.585 5.20 1.143 5.94 

Mean 5.94 - + 2% 

It can be seen tha t ,  a l though t h e  uncorrec ted  s p e c i f i c  

a c t i v i t i e s  have a spread of 70 percent ,  t h e  s t anda rd  de- 

v i a t i o n  o f  t he  c o r r e c t e d  values  i s  only 2 percen t ,  demonstrating 
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t he  v a l i d i t y  of t h e  c o r r e c t i o n  methods. Such remarkably 

good agreement could not ,  of course,  have been obtained 

i f  t h e  d i s t r i b u t i o n  of Pu i n  t h i s  p a r t i c u l a r  sample had 

n o t  been comparat ively uniform. 

A combined c o r r e c t i o n  curve for t h e  e f f e c t s  of se l f -  

a b s o r p t i o n  and geometry was prepared f o r  t h e  CS I1 samples 

and i s  shown i n  F igure  7.12. 

The count ing e f f i c i e n c y  f o r  an i n f i n i t e l y  t h i n  source  

of plutonium was obta ined  by count ing the  most a c t i v e  

evaporated Roller-Coaster  plutonium s t anda rd  f a c e  down 

on t h e  bottom of a sample c o n t a i n e r  box on t h e  d e t e c t o r  

c r y s t a l .  ( T h i s  use  of t h e  s t anda rd  i s  d i scussed  l a t e r  i n  

t h i s  c h a p t e r . )  Since t h e  diameter  o f  t h i s  source  was l e s s  

than  t h e  s ix - inch  d iameter  of t he  samples, i t  was necessary 

t o  determine whether t h e r e  was any v a r i a t i o n  i n  count ing 

e f f i c i e n c y  over  t h e  full ( s ix- inch  d iameter )  sample a r e a .  

T h i s  was t e s t e d  by count ing a poin t -source  of Am241 a c r o s s  

s e v e r a l  diameters  of t h e  d e t e c t o r  f a c e .  The count ing 

r a t e s  were wi th in  1 pe rcen t ,  a s  expected f o r  a gamma-ray 

of t h i s  r e l a t i v e l y  low energy which i s  absorbed nea r  t h e  

f s c e  of the  c r y s t a l .  

I 

126 



7 .2  ASSAY OF ADDITIONAL SAMPLES 

Because of the success  of t h i s  method w i t h  t h e  f i rs t  

e i g h t  C S  I1 samples, a d d i t i o n a l  CS I1 samples and samples 

from the o t h e r  Roller Coaster  even t s  were s e n t  t o  H-NSC 

f o r  a n a l y s i s .  These inc luded  s o i l  b e l t  monitor samples  i n  

a d d i t i o n  t o  throwout and s u r f a c e  co re  samples. 

7 . 2 . 1  Dif fe rences  i n  Correc t ion  Fac to r s .  Corrections 

were measured us ing  t h e  method p rev ious ly  descr ibed  but  

w i t h  a s l i g h t l y  d i f f e r e n t  value of t he  mass abso rp t ion  

c o e f f i c i e n t  based on a d d i t i o n a l  t ransmiss ion  measurements 

on p r e t e s t  s o i l s .  Soi l -b lank  samples f o r  each of t he  

o t h e r  t h r e e  events  were obta ined  i n  a d d i t i o n  t o  t h e  one 

previous ly  obta ined  f o r  CS 11. 

c o e f f i c i e n t  f o r  t h e  f o u r  uncontaminated s o i l s  was 0.245 - + 
0.009 (3.7 p e r c e n t ) .  Since t h e  range of t h e  i n d i v i d u a l  

va lues  for blanks from t h e  f o u r  d i f f e r e n t  even t s  (and 

The mean mass-absorption 

l o c a t i o n s )  was no g r e a t e r  than  t h e  range of two va lues  from I 

a s i n g l e  event  ( C S  11), the  s i n g l e  average value f o r  a l l  

f o u r  events  was j u s t i f i e d .  The c o r r e c t i o n  curve used f o r  

a l l  samples,except t h e  i n i t i a l  8 CS I1 samples, i s  shown 

i n  Figure 7.13. For a 1-kg sample, t h e  overall efficiency factor 

used for t h e  i n i t i a l  8 CS I1 samples i s  only 3.1 percent  
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h ighe r  than  t h e  f a c t o r  used f o r  t h e  remainder of t h e  

samples.  A s l i g h t l y  d i f f e r e n t  s p e c t r a l  shape f a c t o r  

( t h e  r a t i o  o f  n a t u r a l  a c t i v i t y  count ing r a t e s  i n  t h e  two 

energy r e g i o n s )  was used f o r  samples from each event ;  

these  were determined from t h e  blank samples. 

7.2.2 Dif fe rences  i n  Sample Packaging. Samples 

rece ived  from Tracer lab ,  I n c . ,  were t r a n s f e r r e d  t o  the  

polys tyrene  boxes desc r ibed  above. Some of t hese  samples 

were t o o  l a r g e  t o  f i t  i n t o  a s i n g l e  c o n t a i n e r  and were 

s p l i t  between two c o n t a i n e r s .  A l l  of t h e s e  samples were 

counted both  f a c e  up and face down. 

Samples r ece ived  from I so topes ,  Inc . ,  had been loaded 

i n t o  c i r c u l a r  polyethylene food con ta ine r s ,  about 3-3/4 

inches  high,  a t  I so topes ,  I n c .  Since t h e  dimensions of 

t h e  bottom of t h e i r  food c o n t a i n e r  was not  s i g n i f i c a n t l y  

d i f f e r e n t  from those of the H-NSC po lys ty rene  box, i t  was 

n o t  necessary  t o  t r a n s f e r  t he  samples be fo re  count ing .  

However, t he  diameter  o f  t h e  top  o f  t h e  polye thylene  

c o n t a i n e r  was g r e a t e r  t han  t h e  diameter  of t h e  bottom, So 

t h e s e  samples were not  counted f a c e  up and f a c e  down. 

To e s t i m a t e  the  e f f e c t  of non-uniform d i s t r i b u t i o n  of 

plutonium, t h e  samples were counted once, then  shaken 

thoroughly t o  r e d i s t r i b u t e  t h e  plutonium and counted aga in .  
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S o i l  b e l t  

Instrument  Co. 

which had been 

monitor samples rece ived  from Eber l ine  

were enclosed i n  f l a t  po lye thylene  bags 

employed i n  the  s imulated b e l t  monitor 

experiments .  Most of these were t o o  l a r g e  t o  f i t  i n t o  

s i n g l e  polys tyrene  boxes, bu t  i t  was p o s s i b l e  t o  f i t  them 

i n t o  three- inch  h igh  boxes made by t ap ing  t o g e t h e r  two 

r e g u l a r  box bottoms. The bag conta in ing  t h e  sample w a s  

set  i n  one box bottom, the  bag was c u t  open (removing 

excess  polyethylene from t h e  top  of the  bag) ,  t h e  o t h e r  box 

bottom was used t o  form a top, and two ha lves  were taped 

t o g e t h e r .  Then, t h e  taped box could be shaken t o  d i s t r i b u t e  

the  s o i l  uniformly over  the  bottom. A l l  of t h e s e  samples 

were counted both f a c e  up and f a c e  down. A few of the 

l a r g e  samples were s p l i t  and recounted, a f t e r  count ing the  

t o t d l  sample, t o  s ee  whether there was any s i g n i f i c a n t  

d i f f e r e n c e  i n  the  r e s u l t s ;  none was found. The excess  

polyethylene cu t  from t h e  bags was counted s e p a r a t e l y  and, 

i n  a l l  cases ,  found t o  con ta in  a n e g l i g i b l e  amount of 

plutonium. The r e s u l t s  f o r  t h e s e  t e n  samples, as o r i g i n a l l y  

r epor t ed ,  were c a l c u l a t e d  us ing  weights given by Eber l ine .  

The samples were subsequent ly  weighed i n  our  l a b o r a t o r i e s  

g iv ing  weights which were 5 t o  12 pe rcen t  lower than the  

Ebe r l ine  weights .  The Pu r e s u l t s  r epor t ed  here  a r e  based 

on H-NSC weights .  
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F i n a l l y ,  f o u r  Aluminum-Collector samples, c o n s i s t i n g  

of two-to-21 grams of d i r t ,  were obta ined  f r o m  USNRDL t o  

supplement the  s i n g l e  sample measured i n  t h e  i n i t i a l  CS I1 

group and were t r a n s f e r r e d  t o  the  po lys ty rene  boxes f o r  

count ing .  Dupl ica te  count ing measurements were made, 

shaking t h e  box between measurements t o  r e d i s t r i b u t e  the 

plutonium. 

A l l  boxed s o i l  samples were p laced  i n s i d e  s e a l e d  

polye thylene  bags for count ing t o  minimize t h e  p o s s i b i l i t y  

of  contaminat ing t h e  counter  o r  l a b o r a t o r y .  

7 . 3  CONVERSION O F  CORFXCTED COUNTING RATES TO PLUTONIUM DISIN- 
TEGRATION RATES AND WEIGHTS 

A s  mentioned be fo re ,  t h e  most a c t i v e  of t h r e e  evaporated 

Pu r e fe rence  sources  ( a l l  marked 63-m-i06-~c) was used 

t o  o b t a i n  t h e  conversion f a c t o r  f o r  americium-241 60-kev 

count ing r a t e  ( c o r r e c t e d  f o r  s e l f - a b s o r p t i o n  and geometry) 

t o  Pu239y240 d i s i n t e g r a t i o n  r a t e .  

23'3240 p e r  microgram of Pu w 3 s  1 .45  x 10 alpha d/min Pu 

u s e d  t o  convert  the  d i s i n t e g r a t i o n  r a t e s  t o  weights Pu. 

A s p e c i f i c  a c t i v i t y  of 
5 

I n  c a l c u l a t i n g  the r e s u l t s  f o r  t h e  f i rs t  8 CS I1 

samples, i t  was assumed tha t  t h e  s p e c i f i e d  d i s i n t e g r a t i o n  
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r a t e  of "1,368,743 d/min" was t h a t  of Pu 239,240, Sub- 

sequen t ly  i t  was l e a r n e d  t h a t  t h i s  assumption was i n c o r r e c t ;  

t h e  d i s i n t e g r a t i o n  r a t e  g iven  was t h e  t o t a l  a lpha d i s i n -  

t e g r a t i o n  r a t e ,  i n c l u d i n g  Pu 238 and Am241, as of 1 May 1963. 

Consequently, t h e  

had to be adjusted. Corrected values are given in Table 7 . 3 .  

Pu239, 240 d i s i n t e g r a t i o n  r a t e s  

"he t o t a l  a lpha  d i s i n t e g r a t i o n  r a t e  of t h e  two lower- 

a c t i v i t y  evaporated Pu r e fe rence  Sources ( con ta in ing  

3289 d/min and 32,930 d/min) was independent ly  determined 

by comparing t h e i r  count ing r a t e s  w i t h  t h a t  of an  e l e c t r o -  

p l a t e d  U 233 s t anda rd  i n  a 2~ p r o p o r t i o n a l  counter .  The 
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H-NSC r e s u l t s  agreed  wi th  t h e  s t a t e d  va lues  w i t h i n  t h e  

count ing  s t a t i s t i c a l  error (0.7 pe rcen t  r e l a t i v e  s t anda rd  

d e v i a t i o n )  . The "1,368,743 d/min" source,  used f o r  t h e  

gamma-ray measurements, was not  a lpha counted because of 

t h e  p o s s i b i l i t y  of p a r t i a l  l o s s  of sample i n  removing the  

p l a t e  from i t s  polye thylene  bag and because t h e  2 p i  

count ing r a t e  would have r e q u i r e d  a co inc idence- loss  

c o r r e c t i o n  which could n o t  be p r e c i s e l y  determined. 

241 
The A m  con ten t  of t h e  "1,368,743 d/min" source 

was measured independent ly  a t  H-NSC by comparing i t s  60-kev 

p e i k  count ing r a t e  w l t h  t hose  of a pure independent ly  

s t anda rd ized  Am 241 source and of a R o l l e r  Coaster  Pu 

source  of known Am 241 c o n t e n t .  

t h e  more a c t i v e  p l a t e s  ob ta ined  from radiochemical  anli lyses;  

i t s  Am 241 conten t  was c a l c u l a t e d  from t h e  in-growth time 

The Pu source was one of 

s i n c e  chemical 

Roll e r -  Coaster  

a c t i v i t y  r a t i o  

s e p a r a t i o n  of Am, assuming an  average 

of 56 - + 1 a s  o f  4-1-64 was obta ined;  t h e  

corresponding value c a l c u l a t e d  from a n a l y t i c a l  da t a  supp l i ed  

w i t h  t h e  source was 5 5 + 4 .  
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7.Q RESULTS OF ANALYSIS 

The r e s u l t s  of a l l  gamm?.-spectrome$&c measurements 

of s o i l s  a r e  summarized i n  Table 7.3. 

The a s s o c i a t e d  e r r o r  l i m i t s  (percent  s t anda rd  d e v i l t i o n )  

were es t imated  from t h e  l a r g e r  of two e s t ima tes :  

1. from combining t h e  count ing s t a t i s t i c a l  e r r o r s .  

2.  from t h e  range of r e s u l t s  obtained from t h e  f a c e  

up and f a c e  down coun t ins  r a t e s  f o r  samples 

counted i n  t h i s  manner; o r ,  i n  o t h e r  cases ,  from 

t h e  range of r e s u l t s  obtained from the  d u p l i c a t e  

count ing measurements made before  and a f t e r  

shaking t o  r e d i s t r i b u t e  t h e  sample. 

For one group of samples, i n d i c a t e d  by an a s t e r i s k  

bes ide  the ''% S.D." i n  t h e  t a b l e ,  t h e r e  was an u n c e r t a i n t y  

i n  the  energy c a l i b r a t i o n ,  due t o  a s l i s h t  change i n  the  

1 s a i n  of t h e  e l e c t r o n i c  system during the  measurement pe r iod .  

It was es t imated  t h a t ,  due t o  t h i s  u n c e r t a i n t y ,  the minimum 

s tandard  dev ia t ion ,  i n  a b s o l u t e  u n i t s ,  was 1.5 x lo4 d/min 

( o r  i t s  equ iva len t ,  0 . 1  microgram P u ) .  Thus t he  "$ S.D. 

r epor t ed  f o r  t h e  samples i n  t h i s  group was based on t h i s  

minimum abso lu te  value i f  i t  gave a g r e a t e r  "$ S.D." 

than t h e  two e s t i m a t e s  desc r ibed  above. 

I t  
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7.5 MINIMUM DETECTABLE QUANTITY OF PLUTONIUM 

A s  mentioned p rev ious ly ,  the  de t ec t io f i ' o f  Pu i n  

s o i l s  by the  method desc r ibed  h e r e  is limited by t h e  l e v e l  

of n a t u r a l  r a d i o a c t i v i t y  i n  t h e  s o i l s .  Considering on ly  

t h e  count ing s t a t i s t i c s ,  and assuming a 1-kg sample counted 

f o r  500-minutes wi th  a blank sample counted f o r  an  equal  

l e n g t h  of  time, a s t anda rd  d e v i a t i o n  of - + 0.03 ug Pu was 

c a l c u l a t e d  f o r  a sample whose count ing r a t e  was equal t o ,  

o r  only s l i g h t l y  g r e a t e r  than,  the count ing r a t e  of t h e  

b l a n k ,  On t h i s  b a s i s ,  the  minimum d e t e c t a b l e  q u a n t i t y ,  

when de f ined  as t h a t  q u a n t i t y  having a 33 p e r c e n t  S.D., i s  

0 . 1  pg. T h i s  va lue  would be greater  f o r  larger samples.  

A more conse rva t ive  (and s u b j e c t i v e )  estimate, a l lowing  

f o r  s l i g h t  instrument  g a i n  s h i f t  between measurements, is  

t h r e e  t imes t h e  above q u a n t i t y ,  o r  0.3 pg f o r  a 1-kg sample. 
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Figure 7.1 Evaporated Roller Coaster Pu 
reference source, 1.37 x lo6  d/min, count- 
ed 10 minutes, 5.000 counts/channel full scale. 

Figure 7.2 Pure Am241 source, 1.48 X lo4  
d/min, counted 10 minutes, 2,000 counts! 
channel full scale. 
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Figure 7.4 Approximately 25 p g  Pu, i n  soil, 
counted 5 minutes, 2,000 counts/channel full 
scale. 

Figure 7.3 Approximately 50 pg Pu, in soil, 
counted 5 minutes, 5,000 counts/channel full 
scale. 
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Figure 7.5 Approximately 10 pg Pu, in soil, 
counted 5 minutes, 1,000 counts/channel full 
scale. 

Figure 7.6 Approximately 4 pg Pu, in soil, 
counted 5 minutes, 1,000 counts/channel full 
scale. 
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Figure 7.7 Approximately 1.2 pg Pu,  in soil, 
counted 500 minutes, 50,000 counts/channel 
full  scale (few channels dropped counts). 

Figure 7.8 Approximately 0.5 pg Pu, in soil, 
counted 500 minutes, 50,000 counts/channel 
full  scale. 
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Figure 7.9 Blank soil (no Puj ,  counted 500 
minutes, 50,000 counts/channel full scale 
(few channels dropped counts). 

Figure 7.10 Natural U (carnotite) (25 mgj 
in synthetic soil, counted 10 minutes, 500 
counts/channel full  scale. 
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Figure 7.11 Natural  Th (monazite) (70 mg) 
in synthetic so i l ,  counted 10 minutes, 5,000 
counts/channel full scale .  
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Figure 7.12 Relative counting efficiency of the 60-kev &amma-ray of Am'" in initial 
Clean Slate I1 soil samples a8 a function of sample weight. 
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CHAPTER 8 

SOLUBILITY STUDIES 

8.1 SCOPE OF THESE STUDIES 

These s t u d i e s  were made on samples of Ro l l e r  Coaster  

plutonium c o l l e c t e d  i n  w a t e r - f i l l e d  t r a y s  and then t rans-  

f e r r e d  t o  glass b o t t l e s  f o r  s t o r a g e .  The PU was probably 

i n  equ i l ib r ium w i t h  t h e  water  a f t e r  a yea r  of s t o r a g e  i n  

glass b o t t l e s .  I n  p lanning  these experiments,  t h e  

plutonium was assumed t o  be p r e s e n t  i n  a t  least  f o u r  forms: 

1. That  which remained i n  t h e  s o l i d  phase w i t h  o t h e r  

d e b r i s  which had f a l l e n  i n t o  t h e  t r a y  o f  water  a t  the  

Nevada t e s t  s i t e ;  2 .  Th2t which was d i s s o l v e d  i n  t h e  

water;  3. T h a t  which was not  d i s so lved ,  b u t  was suspended 

i n  t h e  water  i n  a p a r t i c u l a t e  form too  f i n e  t o  s e t t l e  out ,  

and 4, That which p l a t e d  o u t  of s o l u t i o n  onto  the  i n -  

t e r i o r  w ^ l l l s  of t h e  b o t t l e .  S tud ie s  o f  R o l l e r  Coaster  Pu 

in t h e s e  f o u r  forms were undertaken t o  learn  some of i t s  

s o l u b i l i t y  p r o p e r t i e s ,  e s p e c i a l l y  i n  s o l u t i o n s  having a 

p H  of 7.0 (wa te r ) ,  6 .0  ( a c i d i f i e d  w a t e r ) ,  and 1 . 3  (0.1 - N l H C 1 )  

because t h e s e  p H  va lues  approximated those  o f  b i o l o g i c a l  

i n t e r e s t :  pH 7.0, blood; pH 6.0-6.2,  lymphatic f l u i d ;  

and p H  1.1, g a s t r i c  f l u i d .  
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8.2 PRELIMINARY STUDY 

A t o t a l  o f  44 water  samples were r ece ived  a t  H-NSC 

f o r  s tudy  and a n a l y s i s .  Sample volumes ranged from 83 

t o  980 m l .  However, 21 samples showed evidence of 

leakage from t h e  b o t t l e  i n t o  t h e  cor ruga ted  cardboard 

packing, and only t h e  m u l t i p l e  polye thylene  bags enc los ing  

the  packing m a t e r i a l  prevented l o s s  o f  t h e  water .  Two 

samples which appeared r e p r e s e n t a t i v e  were chosen f o r  

pre l iminary  s tudy  t o  g ive  some idea  a s  t o  the  amount and 

d i s t r i b u t i o n  of Pu w i t h i n  the  samples.  T h i r t y - m l  a l i q u o t s  

each o f  Sample #314l (Clean S l a t e  I ,  Arc A ,  S t a t i o n  018) 

and Sample #3143 ( C l e a n  S la te  I ,  Arc A,  S t a t i o n  030) were 

removed f o r  immediate pH measurement and then c e n t r i f u g e d  

a t  low speed f o r  a few minutes .  These two samples, a s  

wel l  as most of t he  o t h e r  44, contained a f l o c c u l e n t  

m a t e r i a l ,  resembling l i n t ,  i n  a d d i t i o n  t o  coarse  d e b r i s .  

P . 1 1  t he  suspended m a t t e r  appeared t o  be we l l  s epa ra t ed  

a f t e r  low-speed c e n t r i f u g a t i o n .  An a l i q u o t  of t he  top  

l i q u i d  was removed, evaporated t o  dryness  i n  a count ing 

p l anche t ,  and a lpha  counted i n  a 2-pi  p r o p o r t i o n a l  counter .  

The sediment was t r a n s f e r r e d  from t h e  t i p  o f  t h e  c e n t r i f u g e  

tube and counted s e p a r a t e l y .  The fo l lowing  r e s u l t s  were 

ob ta ined .  The two pH va lues  subsequent ly  were shown t o  be 
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e r roneous ly  low a s  a r e s u l t  of sample exposure t o  l a b o r a t o r y  

fumes. 
> .  

Sample No. (T race r l ab )  3141 3143 

PH (5 .80 )  (5.80) 
Centr i fuged  Sediment, dpm/ml s o l u t i o n  0.655 70.88 

Superna tan t  l i q u i d ,  dpm/ml s o l u t i o n  0.233 8.06 

Sediment, p e r c e n t  of  t o t a l  a c t i v i t y  74. 90 

( I n  conver t ing  count ing r a t e s  t o  dpm values ,  any loss 

i n  count ing e f f i c i e n c y . d u e  t o  sample s e l f - a b s o r p t i o n  was 

n e g l e c t e d . )  T h i s  experiment showed t h a t  t h e  major i ty  of  

t h e  a c t i v i t y  i n  t h e  samples remained i n  t h e  s o l i d  phase 

p o r t i o n  of t he  sample and t h a t  t h i s  s o l i d  m a t e r i a l  could 

be c e n t r i f u g e d  out  a t  low speed.  However, a more convenient 

and r ep roduc ib le  method of  s e p a r a t i n g  out  t h e  f l o c c u l i  was 

t o  l e t  t h e  samples s t a n d  undis turbed  f o r  s e v e r a l  days and 

then  c a r e f u l l y  t o  draw 3n a l i q u o t  from t h e  top  o f  the water  

without  d i s t u r b i n g  t h e  sediment a t  t h e  bottom of t h e  b o t t l e .  

Since the  a c t i v i t y  found i n  Sample #3141 was very low, 

i t  was d i sca rded  from f u r t h e r  d e t a i l e d  s o l u b i l i t y  e x p e r i -  

ments. 

f o r  s e v e r a l  days,a 120-1111 a l i q u o t  was removed and f i l t e r e d  

through a 0.45-micron HA Mi l l i po re  f i l t e r .  Gross a lpha  

Af te r  a l lowing Sample #3143 t o  s t a n d  und i s tu rbed  
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a c t i v i t i e s  were obta ined  on both  t h e  f i l t e r  and t h e  evaporated 

f i l t r a t e  w i t h  t h e  fo l lowing  r e s u l t s :  
1 

F i l t e r ,  t o t a l  dpm 702 

F i l t e r ,  dpm/ml s o l u t i o n  5.85 

F i l t r a t e ,  dpm/ml s o l u t i o n  2 . 2  

These r e s u l t s  showed that the Pu i n  the  l i q u i d  phase 

of the  sample was not  t o t a l l y  i n  s o l u t i o n .  Since much o f  

t h e  a c t i v i t y  d i d  not  p a s s  through the  0.45-micron f i l t e r ,  

the Pu was appa ren t ly  d i s t r i b u t e d  between the  s o l u t i o n  and 

p a r t i c u l a t e  matter which d i d  n o t  s e t t l e  ou t  of s o l u t i o n .  

T h i s  p a r t i c u l a t e  matter was p o s s i b l y  b i o l o g i c a l .  The Pu 

which  passed through the  0.45-micron f i l t e r  was assumed 

t o  be i n  s o l u t i o n  for t h e  purposes of these s t u d i e s .  

8 .3  STUDY OF THE SAMPLES AT EQUILIBRIUM I N  WATER AT ABOUT 
PH 7. 

Of immediate i n t e r e s t  when s t a r t i n g  these s t u d i e s  was 

the  measurement of t h e  a lpha a c t i v i t y  i n  t h e  water  phase, 

and t h e  pH, of a l l  44 water  samples. 

about 7 was d e s i r e d  for t he  s o l u t i o n s  a t  t h i s  p o i n t ,  t h e  

samples were a l i q u o t e d  and counted a t  t h e  e x i s t i n g  pH 

( i n s t e a d  of a d j u s t i n g  t h e  pH) i n  order  not  t o  upse t  t h e  

equ i l ib r ium obtained du r ing  t h e  long s t o r a g e  p e r i o d .  

Although a pH of 
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A f t e r  being unpacked, a l l  44 samples were examined, 

shaken, and al lowed t o  s t a n d  undis turbed  f o r , s e v e r a l  days .  

Immediately upon uns topper ing  each sample b o t t l e ,  10 r n l  

o f  t h e  c l e a r  ( sed iment - f ree)  water  was t r a n s f e r r e d  t o  a 

beaker ,  and t h e  pH was measured on a Beckman Expanded- 

Sca le  pH meter. These pH measurements were made i n  a 

l a b o r a t o r y  free of a c i d  fumes i n  o r d e r  t o  avo id  the r a p i d  

change i n  pH which occurs  when d i s t i l l e d  water  i s  exposed 

t o  a i r  con ta in ing  t h e  s l i g h t e s t  t r a c e  of a c i d  fumes. A t  

t h e  same time, ano the r  a l i q u o t  of c l e a r  top  l i q u i d  was 

removed, evaporated t o  dryness  i n  a p l anche t ,  and alpha 

counted . 

On the  b a s i s  of these r e s u l t s , s i x  samples, two from 

The remaining each event,were s e l e c t e d  f o r  d e t a i l e d  s tudy .  

3b water  samples were n o t  used i n  t h e  s tudy  of Pu s o l u b i l i t y  

b u t  were assayed  for t o t a l  Pu i n  o r d e r  t o  provide  i n f o r -  

mation concerning Pu depos i t i on  on a water  s u r f a c e ,  each 

sample t r a y  r e p r e s e n t i n g  a water  s u r f a c e  a r e a  of 2 .14 

square f e e t  ( t h e  a r e a  exposed i n  a Pyrex t r a y  14 i nches  x 

22 i n c h e s ) .  Where a s i g n i f i c a n t  p o r t i o n  of the sample 

had leaked  i n t o  t h e  packing material, t h e  cardboard was 

f irst  wet ashed and then  combined w i t h  t he  b o t t l e  con ten t s  

be fo re  a s say ing .  
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A summary of t h e  data obta ined  by Fu assay  of t he  44 
water  samples, as r ece ived  a t  H-NSC, a f t e r  s t o r a g e  f o r  

Three samples were about a year ,  i s  shown i n  Table 8.1. 

he ld  i n  r e s e r v e  u n t i l  completion of t h e  d e t a i l e d  s t u d i e s ,  

bu t  were n o t  needed f o r  d e t a i l e d  s t u d i e s ,  and even tua l ly  

were d i g e s t e d  and assayed; these t h r e e  r e s u l t s  are i n -  

cluded i n  Table 8.1. The t o t a l  Pu conten t  of each of t h e  

six samples taken f o r  d e t a i l e d  s o l u b i l i t y  s tudy  was obta ined  

as t h e  sum of t he  Fu i n  t h e  var ious  f r a c t i o n s .  

No r e l a t i o n s h i p  w a s  found between pH and event  o r  

between pH and superna te  a lpha a c t i v i t y .  The pH and a c t i v i t y  

d i s t r i b u t i o n s  found are g iven  in Table 8.2. 

range was 5.86to8.10, w i t h  the median a t  6.64. The d i s t r i -  

bu t ion  of a c t i v i t i e s  i n  t h e  water  was a s  fo l lows:  

The pH 

DPM/ml No. of Samples 

Not Detected 

0 . 1  - 1.0 

1 - 10 

10 -100 

T o t a l  

10 

13 

18 

3 

44 
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A few of t h e  samples obviously conta ined  t o o  l i t t l e  

t o t a l  a lpha  a c t i v i t y  f o r  any t o  be d e t e c t e d  I? the  water  

even i f  a l l  of t h e  Pu had been i n  s o l u t i o n .  I n  most of 

the  samples only a small percentage  of t h e  t o t a l  a c t i v i t y  

appeared i n  the  aqueous phase, a l though t h e r e  was a wide 

range i n  t h i s  percentage .  For example, i n  #3140 (Clean 

Slate  I )  t he  a c t i v i t y  i n  t h e  aqueous phase was only 0.13 

percent ,  whereas i n  Sample #3136 ( a l s o  Clean S la te  I )  

26 .3  p e r c e n t  of t h e  a c t i v i t y  was i n  t h e  water. 

8 . 4  DISTRIBUTION ANn SOLUBILITY OF PLUTONIUM I N  SEDIMENT-FREE 
WATER OF S I X  SELECTED SAIWLES 

The s i x  samples l i s t e d  in  Table 8.3 were selected f o r  de- 

t a i l e d  s tudy .  These were t h e  two most a c t i v e  of each event  

and provided a broad range of s t a r t i n g  pH va lues .  

TABLE 8.3 SIX WATER SAMPLES SELECTED FOR DETAILED STUDY 

1 Event No. PH d m ml 

cs I 3143 A-030 6.80 8.65 

T r a c e r l a b  

cs I 3142 A-042 7.35 0.69 

cs I1 4180 D-040* 6.55 62.5 

cs I1 4197 H-046 7.71 28.3 

cs I11 5230 B-084 8.10 24.1 

cs I11 5242 L-078 6.04 2 . 3  

*True location probably IMOB-040. 
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The fo l lowing  i s  a d e s c r i p t i o n  of t he  experiment 

performed t o  s tudy  the  s o l u b i l i t y  of t h e  Pu which d i d  not  

s e t t l e  ou t  of t h e  water  phase a f t e r  i t  had remained un- 

d i s t u r b e d  f o r  s e v e r a l  days.  The Pu which had not  s e t t l e d  

was e i t h e r  d i s so lved  o r  suspended i n  t h e  sediment-free 

w3ter.  An a l i q u o t  of t h e  c l e a r  l i q u i d  above t h e  sediment 

was f i l t e r e d  through a 0.45-micron Mf l l ipo re  f i l t e r .  The 

f i l t r a t e  was c o l l e c t e d ,  and a n  a l i q u o t  was evaporated and 

counted for gross  a lpha  a c t i v i t y .  The f i l t e r  was dr i ed  

and c u t  approximately i n  h a l f .  H a l f  A w a s  p laced  i n  a 

s toppered  g l a s s  b o t t l e  conta in ing  100 m l  of pH 6 .0  water .  

Half B was placed i n  ano the r  s toppered  b o t t l e  conta in ing  

100 m l  of 0 . 1  - N H C 1 .  A 1 0 - m l  a l i q u o t  from each b o t t l e  was 

removed hourly for t h e  first seven hours .  The a l i q u o t s  

were f i l t e r e d  through s e p a r a t e  0.45-micron Mi l l i po re  

f i l t e r s ,  evaporated i n  a count ing p lanchet ,  and g ross  

a lpha counted. Two subsequent a l i q u o t s  were removed from 

each b o t t l e  a t  24 hours and 48 hours,  and t h e s e  were 

f i l t e r e d  and counted i n  the  same way as t h e  f i r s t  seven.  

The f i l t e r s  used f o r  t he  hourly a l i q u o t s  were saved, and 

a radiochemical Pu assay  was performed on these  a f t e r  com- 

b in ing  them with t h e  o r i g i n a l  f i l t e r  h a l f  and remaining 

leaching  s o l u t i o n  i n  the  b o t t l e .  The Pu o r i g i n a l l y  
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p r e s e n t  on each h a l f  of the  s t a r t i n g  f i l t e r  was d e t e r -  

mined by t o t a l i n g  t h e  sums of t h e  a c t i v i t i e s  found i n  the  

s e q u e n t i a l  samplings wi th  t h e  count of t h i s  Pu a s s a y .  The 

room temperature  dur ing  t h e s e  l each ing  s t u d i e s  averaged 

about 20' C .  The t o t a l  o r i g i n a l  volume of Sample #5230 

was f i l t e r e d  f o r  t h i s  s tudy .  This  sample and Szimple #4197 

were c e n t r i f u g e d  a t  low speed f o r  e f f e c t i v e  s e p a r a t i o n  o f  

t h e  gross  sediment, because of t h e  small volumes of t hese  

samples.  

. I  

The d a t a  i n  Table 8 .4  show t h e  d i s t r i b u t i o n  of a c t i v i t y  

i n  the  M i l l i p o r e - f i l t e r e d  sediment-free water  be fo re  

s t a r t i n g  t h e  l each ing  experiment descr ibed  above. The 

percentsge  decrease  i n  a c t i v i t y  achieved by f i l t e r i n g  t h e  

water ranged from 6 . 4  t o  57 pe rcen t  and d i d  not  show a 

c o r r e l a t i o n  with the  pH of t h e  water .  The f a c t  t h a t  

S2mples #4180 and 4197 (both  from C l e a n  S l a t e  11) and 

#5230 ( C l e a n  S l a t e  111) underwent a cons iderably  sma l l e r  

drop i n  f i l t e r i n g  t h e  water  than  d i d  the  o t h e r  samples 

may be r e l a t e d  t o  t h e  presence of a sl imy d e p o s i t  which 

was found on the  f i l t e r s  of t hese  t h r e e  samples but  no t  

on t h e  f i l t e r s  of the  o t h e r  t h r e e  samples. This  c o l l o i d a l  

m a t e r i a l  was not  ev iden t  on v i s u a l  i n s p e c t i o n  of t h e  

o r i g i n a l  s o l u t i o n  except  by a s l i g h t  amber c o l o r .  The 
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c o l l o i d a l  m a t e r i a l  a l s o  may have caused, d i r e c t l y  o r  i n -  

d i r e c t l y ,  t h e  o r i g i n a l  Water a c t i v i t y  of these  t h r e e  

samples t o  be h igh  i n  comparison w i t h  t h e ' a c t i v i t y  found 

i n  nea r ly  a l l  of t h e  o t h e r  44, most of which were not  

co lored .  The f a c t  t h a t  i n  two cases  (Samples #3142, 

CS I, and #5242, CS 111) t h e  t o t a l  a c t i v i t y  subsequent ly  

found on the  f i l t e r  ha lves  a c t u a l l y  exceeded the  a c t i v i t y  

c a l c u l a t e d  f o r  t h e  sediment-free sample a l i q u o t  probably 

i n d i c a t e s  t h a t  p a r t i c u l a t e  matter high i n  Pu a c t i v i t y ,  

b u t  no t  v i s i b l e  i n  the s o l u t i o n  a f t e r  low speed c e n t r i -  

f u s a t i o n ,  o r  s e v e r a l  days s tanding ,  remained i n  the  l i q u i d .  

Data from t h e  leaching-study on the s o l u b i l i t y  o f  t he  

Mi l l i po re  f i l t e r  d e p o s i t  a r e  shown i n  Table 8.5, i n  which 

t h e  a c t i v i t y  of the s e q u e n t i a l  a l i q u o t s  i s  r epor t ed  a s  

t he  d i s t r i b u t i o n  r a t i o ,  (dpm p e r  m l  solution/dpm s o l i d  

phase ) .  The a c t i v i t y  i n  s e v e r a l  of t he  leach  s o l u t i o n s  

remained very low, and t h e  r e s u l t i n &  large s t a t i s t i c a l  

e r r o r  i n  the  count ing r a t e ,  i n  many cases ,  exceeded the 

count ing r a t e  i t s e l f .  T h i s  was t r u e  even though the  count ing 

time f o r  each of  t h e s e  samples averaged about one hour and 

was u s u a l l y  not  l e s s  than  30 minutes.  Because of t hese  

poor  counting s t a t i s t i c s ,  a meaningful graph of t h e  d a t a  

could not  be drawn f o r  a l l  12 s o l u t i o n s .  However, f o r  6 
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s o l u t i o n s  i n  which t h e r e  was a s i g n i f i c a n t  r i s e  of a c t i v i t y  

above background, graphs  showing t h e  v a r i a t i o n  of the Pu 

d i s t r i b u t i o n  wi th  t i m e  i n  s o l u t i o n s  of pH 6 :a'hd 1.1 a r e  

shown i n  F igu res  8.1 and 8.2.  I n  gene ra l ,  t h e  curves  were 

drawn g i v i n g  g r e a t e r  weight  t o  the h i g h e r  p o i n t s ,  s i n c e  

s e v e r a l  f a c t o r s ,  i n c l u d i n g  p l a t i n g - o u t  of the  Pu on the  

glass of the  f i l t e r i n g  appa ra tus  and p i p e t s  and v a r i a -  

t i o n s  i n  s e l f - a b s o r b t i o n  of t h e  evaporated samples, were 

assumed t o  c o n t r i b u t e  t o  a n  apparent  low r e s u l t  i n  some 

of t h e  a l i q u o t s ,  e s p e c i a l l y  i n  the  case  of t h e  more a c i d i c  

s o l u t i o n s .  

equ i l ib r ium wi th in  about  12 hours ,  while  t h e  more a c i d i c  

s o l u t i o n s  reached equ i l ib r ium somewhat fas ter ,  a l though 

t h e  presence of t h e  g l u t i n o u s  d e p o s i t  of Samples #4197, 

5230, and 4180 p o s s i b l y  in f luenced  the  apparent  s o l u b i l i t y  

of t h e  Pu t o  a g r e a t e r  e x t e n t  than d i d  t h e  pH. Thus, 

w h i l e  sample f i242 (no c o l l o i d a l  m a t e r i a l  appa ren t )  showed 

a d i s t r i b u t i o n  r a t i o  of about 1 x i n  pH 6 s o l u t i o n ,  

and 1 x i n  pH 1.1 s o l u t i o n ,  sample #5230, ( w i t h  a 

t h i c k  slimy d e p o s j t )  showed a d i s t r i b u t i o n  r a t i o  of about 

3 x 10 i n  pH 6 s o l u t i o n  and only 5 x 10 i n  pH 1.1 

s o l u t i o n .  

The s o l u t i o n s  a t  pH 6 appa ren t ly  reached 

-3 -4 
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8.5 STUDY OF THE SOLUBILITY OF THE GROSS-SEDIMENT PLUTONIUM I N  
A pH 1.1 SOLUTION 

I 

Assay of the sediment-free p o r t i o n  uf' t he  t o t a l  water 

samples gave a measure of t h e  l e v e l  of a c t i v i t y  which could 

be expected i n  a n  aqueous s o l u t i o n  when t h e  pu was allowed 

t o  reach  equ i l ib r ium a t ,  or near, n e u t r a l i t y .  Next, 

an experiment was performed i n  o r d e r  t o  determine t h e  

s o l u b i l i t y  of Pu i n  the sediment i n  a s o l u t i o n  of pH 1.1 

(0.1 - N hydrochlor ic  a c i d ) .  

s i x  samples was sepa ra t ed  from the  l i q u i d  by pass ing  t h e  

remainder of t h e  o r i g i n a l  s o l u t i o n  through Whatman #41 

f i l t e r  paper .  The t o t a l  sediment i n  t h e  sample b o t t l e  

was t r a n s f e r r e d  t o  the f i l t e r  by washing w i t h  water, and 

the  t o t a l  f i l t e r  was washed several  times w i t h  water .  The 

f i l t e r  was t r a n s f e r r e d  t o  a s toppered  flask conta in ing  

100 m l  of 0 .1  - N HC1.  

for the  f irst  seven hours.  The a l i q u o t s  were f i l t e r e d  

through a 0.45-micron Mi l l i po re  f i l t e r ,  n e u t r a l i z e d  w i t h  

2 m l  of 0.1 - N ammonium hydroxide, evaporated i n  a count ing 

p lanchet ,  and counted for a lpha  a c t i v i t y .  Two subsequent 

a l i q u o t s  were removed a t  24 hours  and 48 hours, and they  were 

f i l t e r e d  and counted as  the f i rs t  seven. Since i t  i s  not  

l i k e l y  that  inges t ed  PU i n  the  g a s t r o i n t e s t i n a l  t r a c t  

would remain i n  con tac t  w i t h  g a s t r i c  f l u i d  (a t  pH 1.1) 

The g r o s s  sediment of the same 

A 2.00-ml a l i q u o t  was removed hour ly  
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f o r  l onge r  than  48 hours ,  t h e  l each ing  s tudy  was not  con- 

t i n u e d  a f t e r  48 hours .  The t o t a l  Pu o r i g i n a l l y  a v a i l a b l e  

on the  filter f o r  d i s s o l u t i o n  was determined’as i n  t h e  

prev ious  experiment.  The M i l l i p o r e  f i l t e r  through which 

t h e  s e p a r a t e  a l i q u o t s  were f i l t e r ed ,  t h e  f i l t e r  paper  

con ta in ing  the gross sediment,  and the  s o l u t i o n  remaining 

i n  t h e  l each ing  f l a s k  were combined and radiochemical ly  

assayed f o r  PU; t he  t o t a l  a lpha a c t i v i t y  found i n  a l l  n ine  

of t h e  s e q u e n t i a l  a l i q u o t s  then  was added t o  t h e  PU dpm f r o n  

t h i s  radiochemical  a s say  t o  g i v e  t h e  t o t a l  for t h e  sediment 

on t h e  f i l t e r .  The d i s t r i b u t i o n  r a t i o  of t h e  Pu i n  each 

of t h e  hour ly  a l i q u o t s  i s  given i n  Table 8.6. A p l o t  of 

t h e  d i s t r i b u t i o n  r a t i o  a s  a func t ion  of time i n  F igures  

8.3, 8.4,  and 8.5 shows t h a t  a f t e r  the first 10  hours t h e  

r a p i d  i n i t i a l  i n c r e a s e  of a c t i v i t y  i n  t h e  a c i d  s lackened,  

a l though even a f t e r  48 hours  the s o l u t i o n  a c t i v i t y  was 

s t i l l  r i s i n g  and had no t ,  apparent ly ,  reached equ i l ib r ium.  

8.6 STUDY OF PLUTONIUM DEPOSIT ON WALLS OF QLASS CONTAINER 

Retent ion  of Pu on t h e  walls of t h e  g l a s s  b o t t l e s  

i n  which  t he  water  samples were s t o r e d  and shipped t o  H-NSC, 

and t h e  s o l u b i l i t y  of this Pu, were determined u s i n g  a 

s e r i e s  o f  d i f f e r e n t  a c i d  s o l u t i o n s .  F i r s t ,  t h e  empty 
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. 
b o t t l e  was f i l l e d  w i t h  0 . 1  N hydrochlor ic  a c i d  t o  a t  

l e a s t  t he  volume of t he  o r i g i n a l  water  sample. The 

- 

b o t t l e  was shaken, p laced  i n  a double polyethylene bag, 

and a g i t a t e d  i n  a n  u l t r a s o n i c  c l e a n e r  f o r  10 minutes.  

An a l i q u o t  of the wash s o l u t i o n  was removed, evaporated, 

and counted f o r  g r o s s  a lpha a c t i v i t y .  The b o t t l e  was 

emptied and r i n s e d  w i t h  water .  Desorption e f f o r t s  were 

repea ted  i n  t h e  same manner w i t h  3 N HC1, then 6 N HC1,  

and f i n a l l y  w i t h  15 .& - N (concentrated) H N S  containing a trace of 

HF . 

- - 

The t o t a l  PU d i s so lved  from t h e  con ta ine r  wa l l s  by 

each success ive  wash s o l u t i o n ,  and the  t o t 3 1  of t he  Pu 

removed by a l l  o f  t h e  f o u r  washes combined, a r e  repor ted  

i n  Table 8.7.  These da t a  a r e  a l s o  r epor t ed  i n  terms of 

t h e  f r a c t i o n  of t h e  t o t a l  a c t i v i t y  found i n  each of the 

f o u r  success ive  wash s o l u t i o n s .  Figure 8 .6  d i s p l a y s  t h e  

p a r t i a l  d i s s o l u t i o n  p a t t e r n  of t h e  sorbed Pu by the 

var ious  a c i d  s o l u t i o n s .  Although t h e r e  was a d i f f e r e n c e  

of s i x  to one i n  t o t a l  Pu desorbed from Samples #3143 and 

3142 (both Clean S l a t e  I samples) , the  success ive  de- 

s o r b t i o n  behavior  was q u i t e  s i m i l a r .  The l a r g e s t  p o r t i o n  

o f  t h e - d e p o s i t  was removed by the  0 .1  N H C 1  i n  these  
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samples as w e l l  a s  i n  t h e  two C l e a n  S la te  I1 samples. 

However, t h e  patterns of deso rp t ion  of t h e  C,C I11 samples 

a r e  mutual ly  dissimilar and d i f f e r e n t  f rom' those o f  t he  

o t h e r  f o u r  samples. The t . io CS 111 samples a r e  s i m i l a r  

i n  t h a t  bo th  sample c o n t a i n e r s  r e fused  t o  r e l e a s e  t h e  

ma jo r i ty  of t h e l r  depos i t ed  Pu u n t i l  t he  a c i d  concen t r a t ion  

was r a i s e d  t o  3 N. - 

8.7 SUMMARY AND CONCLUSIONS 

k summary of d a t a  c o l l e c t e d  i n  t h e  experiments on t h e  

s i x  water  samples s t u d i e d  i n  d e t a i l  i s  shown i n  Table 6 . 6 .  

The t o t a l  sample alpha a c t i v i t y  i s  simply t h e  sum of the 

Pu i n  t h e  gross sediment, t h e  Pu leached from t h e  walls 

o f  the  con ta ine r ,  and t h e  c a l c u l a t e d  Pu con ten t  of t h e  

sediment-free water  of t h e  sample (dpm/ml x volume). A 

p l o t  of t h e  f r a c t i o n  of t h e  t o t a l  Pu a c t i v i t y  sorbed on 

t h e  c o n t a i n e r  w a l l s  a s  a func t ion  of the pH o r  t h e  water  

a s  i t  a r r i v e d  a t  H-NSC i s  shown i n  Figure 8 .7 .  

If Pu i s  t o  be found on t h e  i n t e r i o r  w a l l s  of t h e  

b o t t l e ,  a t h r e e - s t e p  displacement must probably t ake  p l a c e .  

F i r s t ,  t h e  Pu which fell i n t o  the  sample water  i n  s o l i d  

form must pas s  i n t o  s o l u t i o n ;  then  i t  must move t o  t h e  

v i c i n i t y  o f  a s o l i d  sur face ;  and f i n a l l y  i t  must be sorbed 
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from s o l u t i o n  Onto t h e  s o l i d  Surface.  To t h e  e x t e n t  t h a t  

t h e  s o l u b i l i z e d  Pu may be assumed d ispersed  uniformly 

through the a v a i l a b l e  l i q u i d  volume a t  'equilibrium, t h e  

amount o f  displacement  from one l o c a t i o n  t o  ano the r  i s  

l i m i t e d  only by the  geometry of the containment.  I n  

p r o j e c t i n g  t h i s  s i t u a t i o n  t o  a n a t u r a l  body of water,  a 

q u a n t i t y  of Pu f a l l i n g  i n t o  one p o r t i o n  of a lake  o r  

pond may, w i t h  s u f f i c i e n t  time, be found not  only d i spe r sed  

throughout the water  by d i s s o l u t i o n ,  bu t  a l s o  sorbed onto 

s u r f a c e s  touched by the  water .  The d a t a  i n d i c a t e  t h a t  

a l though small v a r i a t i o n s  i n  p H  as encountered i n  n a t u r a l  

waters  (about  pH 6-8) seem t o  i n f l u e n c e  t h e  s o l u b i l i t y  

of Pu very l i t t l e ,  the  amount of Pu d i sp laced  and sorbed 

onto  t h e  containment s u r f a c e s  may be very dependent on 

small  pH changes (Figure 8.7). However, s i n c e  Pu s o l u b i l i t y  

i s  appa ren t ly  extremely dependent upon t h e  presence of 

o t h e r  ma t t e r  d i s so lved  o r  suspended i n  t h e  water, Pu 

displacement a l s o  may be in f luenced  by t h e  s o l u t i o n  

conten t  of t h i s  o t h e r  m a t t e r .  

Plutonium sorbed from s o l u t i o n  onto a g l a s s  s u r f a c e  

i s  not  e a s i l y  removed. 

remove much of i t ,  b u t  i n  t h e s e  s t u d i e s  more concent ra ted  

Treatment w i t h  0 . 1  - N H C 1  may 
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a c i d  was r e q u i r e d  t o  remove t h e  remaining Pu, and i n  two 

samples t he  0.1 - N H C l  d i s so lved  very l i t t l e  of t h e  sorbed 

Pu. 

Most of t h e  Pu i n  t h e s e  samples was found i n  the  

g r o s s  sediment.  The percentage of t o t a l  a c t i v i t y  remaining 

i n  t h e  gross sediment ( a f t e r  a y e a r ' s  s t o r s g e )  ranged 

85 t o  98 p e r c e n t .  The h i g h e s t  aqueous-phase a c t i v i t y  found 

was 62 .5  dpm p e r  ml, i n  Sample #4180 (Clean S l a t e  11) , 

a l though 93 percent  of t h e  t o t a l  a c t i v i t y  of t h i s  sample 

remained i n  the  g r o s s  sediment.  D i s t r i b u t i o n  of t h e  aqueous 

alpha a c t i v i t y  between the  f i l t e r a b l e  a c t i v i t y  ,ind non- 

f i l t e r a b l e  a c t i v i t y  v a r i e d  widely among the  s i x  t e s t  

samples, ranging from 22 pe rcen t  t o  94 pe rcen t  non- 

f i l t e r a b l e .  
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TlDLE 8.2 r m T R I W T I O N  OF OH VALOW. hWD OROSS ALPHI ACIIYITIES IN YATER SAMPLES 
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Iledlxn Na. Rlwe l l ed i ln  N O .  Range RedIan 
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TlBLE 8.4 OISTRIBJTION OF lCTlYITY AFTER MImIPORE FILTRATION OF SELECTED SEDIMEW-FREF WATER SAIIPLES 
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TlBLE 8.6 SOLWILITI  OF OROSS SEDIMENT PU I N  0.1 NORHAS, HYDROCHLORIC A C I D  

Sample D e s c r i p t i o n  
T o t a l  Pu 

T r a c e r -  i n  Grma 
lab S e d i m e n t  

E v e n t  N O .  L o c a t i o n  (dpm) 

cs-I 3143 A-030 4.65~10~ 
4 cs-I 3142 A 4 4 2  3.26~10 

cs-11 4180 0-040" 2.48~105 

cs-11 4197 H-~M 2.06~10~ 
cs-111 5230 8-084 1.60~10~ 

cs-111 5242 L-078 1.04~105 

Alpha A c t i v i t y  i n  Leach Solution 

Ha"= Hour  Hour Hour HOUP H O U P  Hour HOUI. HOUr 
1 2 3 4 5 6 7 24 48 

* A c t i v i t y  e x p r e s s e d  as t h e  r a t i o ,  dpm p e r  ml 801UtiOn 

** True lmatloa probably IMOB-040. 
dpm gro88 s e d i m e n t  

TABLE 8.7 RESULTS OF SUCCESSIVE LEACHINQS By VARIOUS A C I D  SOLUTIONS OF INTERIOR OF GLASS 
COmAINERS USED FOR STOFIAGE OF CLEAN SLATE YATEP SAMPLES 

Total Alpha 
SamDle Volume A c t i v l t y  Found T o t a l  Alpha A c t i v i t y  Found in Acid  Wash S o l u t i o n s  
T n C e P -  Of Wash on c o n t a i n e r  COrlC. mo3 

cs I 3143 A-030 500 2999 2265.0 (.756) 378.0 (.126) 297.5 (.099) 5p.5 (.019) 
cs I 3142 A-042 555 515.0 318.3 (.619) 77.8 (.El) 26.1 (.OsO) 92.8 (.180) 

E v e n t  lab N O .  Lac .  S o l u t i o "  Wall8 0.x H C 1  3N HCl 611 H C 1   race or HF) 
d m  

I \  

ml dPm dpn dpn dm 

cs I1 4180 D-040" 550 809.4 693.4 (.E571 58.0 (.072) 21.5 ( . O S )  36.5 (.Q45) 

cs I1 4197 H-046 480 689.5 547.1 (.794) 99.6 (.142) 3.5 (.005) 41.5 (.059) 

CS I11 5230 B-084 300 796.7 3.6 ( , 004 )  471.8 (.593) 129.4 (.162) 191.9 (.241) 

CS I11 5242 L-078 720 422.4 121.7 (.289) 251.4 (.595) 35.5 (.a841 13.8 (.032) 

*Number in p a r e n t h e s e s  1s fraction of t o t a l  found  i n  e a c h  wash BOlUtion 

I* True laatlon probably IMOB-040. 



TABLE 8.8 SUMMARY OF DATA ON WATER SAMPLES USED FOR SOLUBILITY STUDIES 

Sample Sediment-free Water Sediment Bottle w a l l s  Total  

Sample 
Alpha 

Total  z 
Alpha of 

Even t  Tracer- Location PH Volume Conc. of To ta l  Total  z 
l a b  NO.  Alpha Alpha Alpha O f  

A c t i v i t y  Act ivi ty  Act ivi tv  Total  A c t l v i  tv  Total A- 
ml dpm/ml dpm dpm dpm dpm 

cs I 3143 A-030 6.80 500 8.65 4325 4.64 105 98.5 2999 0.65 4.71 x 105 

cs I 3142 A-042 7.35 555 0.69 383 3.26 104 97.3 515 1.55 3.35 104 

cs I1 4180 D-040' 6.56 275 62.5 17190 2.48 x l o5  93.2 809 0.30 2.66 105 

7.71 160 28.5 4560 3.06 104 85.5 683 1.92 3.58 lo4 
CS 111 5230 B-084 8.10 83 24.1 2000 1.60 lo4 85.1 797 4.25 1.88 x 10 

CS I11 5242 L-078 6.04 720 2.3 1656 1.04 105 98.1 422 0.40 1.06 d 

- CS T I  4197 H-046 
4 VI 

* True locatlon probably MOB-040. 

I. 
, I  
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Figure 8.1 Solubility of plutonium (separated from sediment-free water by Millipore filtration) 
in water at 6 .  
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Figure 8.2 Solubility of plutonium (separated from sediment-free water by Millipore filtration) 
in water at pH 1 . 1 .  
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Figure 0.4 Solubility of gross sediment plutonium in 0.1 N hydrochloric acid; Clean Slate 11 samples. - 
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Figure 8.6 Percentage removal by various acid solutlons of the plutonium sorbed on the walls of the 
glass bottles in which the water samples were stored. The bottles were leached with the acids in 
order of lncreasing acid concentration. 



Figure 8.7 Percent of total sample plutonium sorbed on the walls of the glass bottles 
(sample containers) as a function of the pH of the water, after a year’s storage. 
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APPENDIX 

PLUTONIUM DATA TABLES 

The fol lowing e n t r i e s  have been used cons i s t en t ly  under 

"Sampler Type" t o  descr ibe  the  type of phys ica l  sample co l lec-  

t i o n .  Various synonyms a r e  l i s t e d  as they m y  appear i n  o t h e r  

p r o j e c t  r e p o r t s .  

Andersen Andersen Impactor (6 s t ages  analyzed, includ- 

Casel la  CaSella Impactor (5 s t ages  analyzed, inc luding  
t h e  f i l t e r )  

TAS-D Tota l  A i r  Sampler, disposable  

TAS-I Tota l  A i r  Sampler, Type I 

TAS-I1 Tota l  A i r  Sampler, Type 11 

Seq. A i r .  Gelman Paper Tape Sequent ia l  A i r  Sampler 

Wire Swipe Cyl indr ica l  (wire) c o l l e c t o r  swipe from 

Film Gummed Film, St icky Film, Deposition Samples 

A l .  Coll .  Aluminum Collector ,  Petrolatum Samples, 

i ng  t h e  f i l t e r )  

bal loon c u r t a i n  

Debris Samples, B i t s  and Pieces,  Disk 
Col lec tors  

s o i l  

Water 

S o i l  cores,  throwout samples, and be l t  

D i s t i l l e d  water, Trays. Refer a l s o  t o  S o l u b i l i t y  

monitor samples. 

Study, Chapter 8. 

I n  the "Remarks" column, the  Uranium or Americium no ta t ions  

i n d i c a t e  t h a t  t he  sample a l s o  was analyzed f o r  t h i s  element. Other 

renarks e i t h e r  a r e  included i n  t h e i r  e n t i r e t y  or footnoted on the  

same page,depending on length.  
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There a r e  a number of Ins tances  throughout the data 

tables where t h e  a n a l y t i c a l  r e s u l t  has been expressed t o  

t h r e e  o r  four d i g i t s  and the accompanying count ing e r r o r  

does not  j u s t i f y  such apparent  p rec i s ion .  I n  t h i s  way, 

t h e  data m y  be rounded o f f  c o n s i s t e n t l y  among a l l  labora-  

t o r i e s  when i t  i s  compiled. 

A . l  PLUTONIUM ANALYSES OF DASA QUALITY CONTROL SAMPLES 
( T a b l e  A . 2 )  

A . l . l  S o i l s .  The r e s u l t s  on dup l i ca t e  s o i l  samples 

showed t h a t  r ep resen ta t ive4 to5gram samples could no t  be 

obtained by a l i q u o t i n g  t h e  p a r t i c u l a r  dry s o i l  s e l e c t e d  for 

t h i s  purpose. Consequently, a t  t h e  request of DASA, a n a l y s i s  

of  t h i s  type of sample was stopped. 

A . 1 . 2  Q u a l i t y  Control Solu t ions ,  Fourteen p l a s t i c  screw 

cap v i a l s  sealed w i t h  p a r a f f i n  and conta in ing  about 7 t o 1 0 m l  

each of s o l u t i o n  were received i n  two l o t s  of seven March 20, 

1964 and March 25, 1964. 

Ten of t he  14 v i a l s  had obviously leaked and the  packing 

t i s s u e  was damp and d isco lored ,  b u t  t h e r e  was s u f f i c i e n t  sample 

l e f t  i n  a l l  cases  for a n a l y s i s .  It i s  not  f e l t  t h a t  t h e r e  was 

enough c ross  contamination t o  i n v a l i d a t e  o u r  r e s u l t s ,  un less  

one o r  more of t h e  samples was prepared as a complete blank 

i n s t e a d  o f  a spike.  I n  t h i s  case,  a smll  amount of  contamination 

could have c rep t  i n  during t r a n s p o r t  o r  during ou r  decontamination 

of t h e  ou t s ide  su r faces .  Samples received were as follows: 
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DASA No. Eate Received Analysis For Expected Amount Leaky 

Very Low . I, If 

D "  

11 1, 

213 3-20-64 u, Pu 
3-25-64 u, fi 

u, Pu 
217 
535 

3-20-64 u, Pu 
<200 ,g u/1 X U 

547 
M I 7  
M.59 3-25-64 U 
AB11 3-20-64 U d o 0 0  Llg u/1 X 
A C 5 1  3-25-64 U 42000 Ilg u/1 X 
CA44 3-20-64 Pu <25 dpm Pu/ml X 

3-25-64 Pu <200 dpm Pu/ml X 
cl000 dpm P u / m l  X 

m34 
CC13  

3-20-64 Pu 
-. Pu 4 0 0 0  dpm P u / d  X 

ccg1 
0 3 3  
c ~ 4 6  3-25-64 Pu 

x .  
X 

lI 

l ,  

n 

" Fu 11 

n 

X ,1 

A . l . 3  Biologica l  Q u a l i t y  Controls.  Althou&h H-NSC was t o l d  

t o  expect a c t i v i t y  l e v e l s  up t o  4500 dpm, i t  was d isconcer t ing  t o  

f i n d  such o v e r a l l  high a c t i v i t y  l e v e l s  i n  the  f i r s t  group of these  

samples as cont ras ted  wi th  t h e  very low a c t i v i t i e s  observed i n  

Rol le r  Coaster animals. Consequently, a l l  subsequent groups were 

t r e a t e d  i n  the labora tory  a r e a s  reserved for phys ica l  samples i n  

o rde r  t o  minimize contamination of t h e  rou t ine  b io log ica l s .  

A.2 H-NSC INTEFWAL QUALITY CONTROL SAMPLES (Table A.3) 

H-NSC processed a t o t a l  of  49 i n t e r n a l  con t ro l  samples con- 

s i s t i n g  of 13 blank u r ines ,  8 blank ashing d ishes  processed 

toge ther  wi th  b i o l o g i c a l  samples, 15 b l a n k  Mi l l ipore  f i l t e r s ,  and 

10 chemistry blanks, processed w i t h  t he  phys ica l  samples. A t o t a l  

of 3 samples were spiked w i t h  Pu 239,240. 

i n  Table A . 3 .  

m e  r e s u l t s  a r e  given 

H-NSC q u a l i t y  con t ro l  blank #I675 showed 17.2 dpm Pu contamina- 

t ion ,  which was very much higher  than any o t h e r  b i o l o g i c a l  blank. 
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The blank cons i s t ed  of an  empty p o r c e l a i n  ash ing  d i s h  (p lus  

added Pu236) muffled w i t h  Rochester b i o l o g i c a l  q u a l i t y  c o n t r o l  

sample 21B (493 dprn PU found).  

on ly  two d i shes  a t  a time. It w a s  used only f o r  t h e  Rochester 

samples af ter  these  were found t o  con ta in  such r e l a t i v e l y  high 

l e v e l s  of PLI that t h e r e  was a r i s k  of contaminating Ro l l e r  

Coaster b i o l o g i c a l s  by ash ing  t h e  two types  toge ther .  This blank 

then was pu t  through chemistry toge the r  with Rochester samples 

19B (217 dpm), 24B (1943 dpm), and 25B (591 dpm). Since the  

blank was being run t o  check f o r  poss ib l e  c ross  contamination 

from t h e  h igh- leve l  Rochester samples, except iona l  care  was taken 

a t  t h e  beginning. The empty d i s h  was examined c a r e f u l l y  upon 

removal from t h e  muffle,and no fo re ign  m t t e r  o r  s igns  of contamina- 

t i o n  were v i s i b l e .  If the  Rochester samples were uniformly 

splked, i t  is d i f f i c u l t  t o  i m g i n e  how t h i s  much contamination 

could have occurred without a v i s i b l e  ash being p resen t  i n  the 

blank dish.  Other p o s s i b l e  avenues of contamination were thoroughly 

explored as w e l l ,  but no explana t ion  could be found. 

y i e l d  was a s a t i s f a c t o r y  88 percent ,  s o  poor  counting s t a t i s t i c s  

could not  be blamed. 

T h i s  was a s m l l ' m u f f l e  holding 

The chemical 

Samples H-NSC-839, H-NSC-1600,and H-NSC-1696 were s p e c i a l  

q u a l i t y  c o n t r o l  tests t o  determine r e s i d u a l  contamination i n  r e -  

used Teflonware. For each t e s t ,  a Teflon beaker  which had been 

used severa l  t imes f o r  very a c t i v e  phys ica l  samples (lo' to 10' dpm) 

was cleaned by H-NSC's u s u a l  methods; then, a f t e r  t r a c e r  a d d i t i o n ,  

w a s  t r e a t e d  as a blank w i t h  normal d i s s o l u t i o n  r eagen t s .  These 
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blanks were c a r r i e d  through t h e  chemistry toge the r  w i t h  low- 

l e v e l  samples i n  groups of e igh t ,  and showed 4.2, 5.7,and 1.1 

dpm Pu, r e spec t ive ly .  mese q u a n t i t i e s  were less than  0.5 

percent  of any of t he  samples processed concurrent ly .  

I n  a d d i t i o n  t o  t h e  in te rna l  q u a l i t y  con t ro l s  processed t o  

monitor Ro l l e r  Coaster operat ions,  plutonium analyses ,  w i t h  

t h e i r  a s soc ia t ed  cont ro ls ,  were c a r r i e d  out  f o r  o the r  c l i e n t s  

concurrent ly .  Spec i f i ca l ly ,  one program of analyzing l a rge  

volumes o f  seawater for PU appl ied  d i r e c t l y  t o  Ro l l e r  Coaster 

operat ions s ince  i t  involved extremely low l e v e l s  of a c t i v i t y .  

I n  t h i s  case even t h e  p o s i t i v e  h resu l t s  from seawater, a few 

hundredths o f  a dpm, could be viewed as q u a l i t y  con t ro l  blanks 

f o r  genera l  l abora tory  processing.  

A . 3  BIOLOGICAL SPECIMENS, DOUBLE TRACKS (Table A.4) 

Of s p e c i a l  concern was t h e  poss ib l e  c ross  contamination of 

b io log ica l  samples. Shipping conta iner  number 19 had a f a i r  

amount of blood i n  t h e  bottom,and a number of samples had blood 

on t h e  ou t s ide .  The majori ty  of  t h i s  was due t o  bag rupture  a t  

t h e  i n i t i a l  packing, although seve ra l  samples that  were thawed 

for i d e n t i f i c a t i o n  purposes and ra f rozen  a l s o  apparent ly  leaked. 

Monitoring and checking of wipes from Box 19 showed no r e s idua l  

alpha a c t i v i t y ,  but  t h e  p o s s i b i l i t y  of contamination should be 

taken i n t o  account i n  eva lua t ing  the  da ta .  

H-NSC does not have accu ra t e  data  on which Double Tracks 

animals were used as cont ro ls ;  consequent ly ,a l l  such assignments 



a r e  questioned under "Remarks". 

accompany many of t he  b io log lca l  specimens, e s p e c i a l l y  the  

burros .  

"Off ic ia l"  typed inventory made 27 September, 1964) i n  , t he  

presence of Capt. W i l l i a m  Godden. A number of inaccurac ies  

were found i n  t h e  inventory and have been noted. 

Various ident i f 'y ing l e t t e r s  

These l e t t e r s  a r e  t h e  same a s  those u s e d \ i n  t h e  

Double Tracks b i o l o g i c a l  sample X-188-8 (burro stomach) 

is repor ted  as 8.30 - + 0.75 dpm. 

the basis of  counting p r e c i s i o n  a lone ,  b u t  it i s  bel ieved 

t h a t  t h e  accuracy e r r o r  is  more on t h e  order  of 40 percent .  

A y i e l d  of only a f e w  percent  was obtained on f irst  processing, 

and because of t he  low r e s u l t i n g  a c t i v i t y ,  t he  a s soc ia t ed  count- 

i n g  e r r o r  was l a rge .  The s t o r e d  waste from t h i s  sample was 

reworked t o  provide a second sample w i t h  11 percent  y i e l d .  The 

two r e s u l t s  were weighted t o  provide the  repor ted  value but  

they displayed d i f f e r e n t  Pu239/Pu236 r a t i o s .  

ence can be explained by s t a t i s t i c a l  reasoning,but i t  i s  suspected 

t h a t  t h e  r e s t  m y  be due e i t h e r  t o  contamination or, poss ib ly ,  t o  

inadequate exchange of t r a c e r  and sample, although t h e  l a t t e r  

explanat ion seem6 remote for t h i s  p a r t i c u l a r  sample. 

The e r r o r  was ass igned  on 

Most of t h e  d i f f e r -  

Wet weights given in Table A. 4 include the weights of polyethylene bags 

for purposes of identification with field weights. The only exceptions are special dog 

hilar node samples listed with the NET weights designated under ' Reworks' . Bag 
weights were generally 4 .5  g for specimens less than 100 g ,  and 10 g for those above 

100 g in weight. Double and triple large bags were not uncommon for  the largest 

o r  leakiest specimens. 
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A t  an e a r l y  s t age  of the  a n a l y t i c a l  program 3 f e w  dry weights and 

ash  weights were obtalned on b i o l o g i c a l  samples. T h i s  p r a c t i c e  was 

discont inued a f t e r  t he  information given in Table A.1 waa obtained. A l l  speci- 

mens came from two dogs, thought t o  be con t ro l  animals.  The samples 

were dr ied ,  without t he  polyethylene bag, t o  constant  weight a t  l l O ° C ,  

and f i n a l l y  ?shed a t  about 6 0 0 ' ~ .  It can be seen from the  w e t  weights 

t h a t  one animal appears  t o  be heavier  than the  o ther ,  o r  e l s e  d i f f e r i n g  

amounts of connective t i s s u e  were removed. The plutonium r e s u l t s  i n -  

dic.ate a s l i g h t  p o s i t i v e  body burden genera l ly  but no s p e c i a l  con- 

c e n t r a t i o n  in any one t i s sue .  
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TABLE A . l  DOG SPECIMEN WEIGHTS, DOUBLE TRACKS 

Ash Weiqht  wet Dry 
Dog No. Tissue Weight* Weight Wet Pu-239,240 

grams percent percent dpm/sarnple 

1010-1 l e f t  femur 35.49 82.5 34.3 41.6 - 0,016 + 0.14 
0.38 7 0.06 

1010-2 kidneys 51.69 22.6 1.57 6.95 0.31 + 0.05 

272.36 48.5 3.26 6.72 0.64 + 0.07 1010-3 l i v e r  
1098-3 l i v e r  220.97 30.1 - 

108.03 19.1 1.28 6.68 0.62 + 0.06 1010-4 lungs 1098-4 lungs 68.92 21.5 1.31 6.ob 0.53 I o . 0 5  

1098-1 l e f t  femur 25.50 76.6 34.8 45.5 - 

1098-2 kidneys 44.75 25.5 1.34 5.26 1.01 0.09 

1.62 5.38 0.30 T 0.05 

1010-5 Hilar  nodes 1 .20  42.3 4.33 10.5 0.07 + 0.07 
1098-5 Hilar  nodes 1.75 51.5 1.95 10.0 0.18 0.05 

*Net weight of specimen only. Add 4.5 grams for polyethylene bag. 
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9.8379e 

@.69E49 

11.21257 

11.26892 

11.381115 

9.7tO50 

1.0 rnl 
,, I ,  

,, ,, 

a n .  

be 

60 

20: 

204 

2400 

2402 

ZO? 

24 1 

72 

I W  

50 

50 

5" 

50 

120 

18 

180 

180 

60 

60 

le0 

180 

240 

24 0 

60 

10 

240 

0 

1000 

290 

.r,. .~ 
100- 

l i 0 O  

la1111 

, io"  
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1 - E  

2 - 8  

3 - 8  

4 - 6  

5 - E  

6 - P  

7 - E  

8 - 6  

p - ?  

10 - E 
11 - 8 

149.3 

18E.t 

169.1 7120 5 l i  

163.0 2766 f 7 0  

169.2 1222 f 29 

162.6 3986 t 95 
188.9 6 C  f i 

167.9 1916 f 45 

112.5 17W4 t 40 
166.2 

173.3 

I? - > 162.9 

13 - F 175.1 

14 - E 154.2 

15 - L 170.2 

IC - E 172.7 

1: - E 137.0 

18 - B 159.2 

1s - F 171.6 

21 - B 14a.e 

2 0  - E 150.2 

2; - B 162.5 

23 - 7 173.0 

x 1 - "  167.5 

2 5  - E 157.0 

2 t  - P l eZ .6  

2' - E, 1 t7 . 6  

2 4  - f Mea- &ii* 100.1. 

*q - P 2 W . l  

15G2 t 90 

265 5 10 

926 5 50 

7 0 i  5 22 

M1 232 
190 f 2 

73 r f 2.' 

828 5 21  

2572 5 144 

217 5 7 

1290 f 92 

up5 + 19 

3479 2 230 

977 t 37 
1 9 3  i7: 

59 2 20 
3566 f 21'1 

94.; + 0.1 

380 :I4 

5 2 ;  2 21 

- 

- 

-1 

52 

30 

3c 
30 

33 

30 

30 

30 

9m 

30 

30 

30 

30 

3c 

3" 

30 

30 

30 - 2 213.5 34, 2 l? 30 PO 

,, - E ,I-J.5 2321 57 30 54 

185.i ljll f 38 4 i  e: 
173.5 3171 5 7 6  53 =? 

3& - E 1457.7 374 ? 13 30 

15e.l 1570 5e  30 76  

31 . 'I E e r e  SpIke 150.9 123: 5 53 90 5 

135.5 2% 5 Pr0cPScl"g Stdrred 60 5- 

2525 : 101 30 ii 34  . E nra- .%lie lG3. : 
30 - '" ilYP 2m.9 1135 2 49 30  ~ , ,  
L 3  - 9 175.0 3721 f 153 33 ' 5  

4< - e 213.7 7 . 5 4 :  0.95 120 2< 

43 - E Sur,* ' i l L *  92.' 33.611 f 1.i 180 21 

32 - P 

33 - - 
0. 

35 ~ e 

.~ 
~~ Man,. 19"; 

3- - E 

r, 

.- U l  - E 173.9 4.50: 0.50 90 
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8 . 7 :  f 0.49 

1 . 1 8  f 0.7: 
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C W I I S m Y  BLANKS - NO DISSOLUTION 

dpn/sample 

0.6, f 0.15 

0.1: f 0.07 

0 .08  f 0.0, 

0 . 4 5  2 0.11 

0.5, f 0.la 

5 . 5 8  2 0.97 
0 . 6 1  f 0 . 0 9  

1.1, 2 0 . 0 ,  

0.21 f 0 . 2 ,  

-0.06 f 0.05 

-0.2' f O . 0 5  

c.315 c.324 

0.080 0.028 

0.66 2 0.:: 

0.18 2 0.11 
0 . 0 8 2  2 0.02, 

0.025 f 0.01a 

c.50 2 c . 2 ,  

1.50  0.5 

3 . 3 1  0.oi 

O.O? 0.0:  

0.02 2 0.oi  

0.01 2 c.oi 
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1w3-I rert femur 
-2 Klbney 
-3 Liver 
-4 Lune 
-5  H. "Dee 

1006-1 Left r m r  
-2 Kidney 

- 5  6. node 

LlYeP 12 Lvng 

1010-1 Lef t  f e w  D 

Liver 
-2 maney 

-5 H. 0348 
1011-1 Left femur 

-2  manes 
-3 Liver 
-4 Lung 
- 5  H. node 

3 Lvng 

1013-1 Laft f e m u r  
- 2  mdmy 
-3 Liver 
-4 LvnB 
-5 H. node 

1025-1 Left femur 
-2 Kidney 
-3 Liver 
-4 Lvng 
-5 H. node 

1037-1 L e f t  femur 
-2 .ildney 
-3 u v e r  
-u Lung 
- 5  H. "Ode 

1w2-1 l e f t  femur 
-2 Kidney 
-j Liver 
-4 Lvng 
-5 H. "Ode 

10%7-1 Lef t  femur 
-2  Kidney 
-3  Liver 
-4 LU"6 
- 5  H .  node 

1052-1 Left remr 
-2 Kidney 
-3  Liver 
-4 lung 
-5  H .  node 

1055-1 L e f t  fern"? 
-2 Kidney 
-3 liver 
-L L W  
- 5  E. node 

1059-1 L e f t  f e m v  
- L  Lldne;. 
-3  L l v r l  
-4 Lux$ 
- 5  H .  node 

35.05 0.10 + 0.CU 
51.3 0.12 7 0.03 

303.8 0.18 T 0.08 
81.8 1.15 T 0.16 

6.12 0.02 0.02 

39.0 0.10 i O . 0 3  
61.7 0.29 0. 

336.8 0.57 + 0.3' 
90.1 53.0 i 0 . 7  

0.8205 0.03 5 0.02 

39.92 -0.02 + 0.14 cortroi? mr weights +AXE" on 
51.69 0.31 5 0.05 a l l  f isrue ~anplcs of t h l a  dog 

276.86 0.64 Z 0.W 
118.53 0.62 T 0.06 

1.2M3 0.07 7 0.07 
35.9 0.m T 0.03 
51.6 0.16 7 0.05 

307.6 0 .31  0.05 
82.5 35.28 + 1.53 

5.26 0.19 0.05 

41.64 0.155 I 0.M 
76.5 0.11 5 0.03 

357.1 0.14 5 0.12 
112.6 m.0 + l.2 
6.51 -0.0 + 0.07 

34.0 0.02 T 0.10 

3 3  0.41 T 0.09 
0.07 5 0.02 

83.0 92.31 5 2.40 
5.14 -0.06 f 0.05 

38.5 0.30 + 0.11 
42.98 0.06 T 0.02 
227.1 0.16 5 0.06 
72.9 32.22 Z 1.09 

29.32 0.09 + 0.03 
57.9 0.15 5 0.03 

0.6289 0.12 IO.& 

46.2 0 .06  5 0.03 
329.4 0.30 IO.06 
101.5 8.01 + 0.42 

1 . , 9 5 4  0.12 0.03 

40.7 0.36 + 0.10 
66.7 0.06 7 0.02 

3w.o 0.45 Z 0.14 

c .5e  0.01 ~ 0 . 0 7  

2e.e 0.09 + 0.03 
5 f . O  0.09 0.02 

74.6 9.43 7 0.53 
:.:5 -0.01 5 0.03 

4o.oe a . a  5 0.02 

89.t,  10.13 -? 0.42 
0.7598 0.M 0.02 

29.01 0.59 * O . O ?  
51.6 0.18 T 0 . 0 6  
278.0 0.34 5 O . o h  

7F.3  3 . 4 5  1.211 
5.4r 0.11 0.33 

2.51 -0.02 2 0.02 R o t  n,, OfriElal Inventory. 

225.7 0. 3 5 o m 
72.4 ?l.20 i 2:95 

3 1 2 4  0.08 0.C3 

139 . ;  5.95 + 0.32 

248.4 0.22 f 0.Ct 

30.8 0.41 t O . 1 4  

32.75 0.28 +-o.io 

mi" .  

P# 

3eo 

151 
381 
3 w  

691 
75 

313 
719 

380 
23i 
' C O  
3PC 
211 

10'1, 
543 

1346 

689 
290 
le40 

bo 
2362 

380 
$ 6 .  
285, 
115 
300 
600 
c71 
249 
115 
3 w  

1088 
380 
249 
143 
993 

bW 
f,7 i 
422 
21: 
543 

2: 

3 
Irn 
714 
543 

663 
t:i 
20: 
691 
980 

236" 
970 
249 
217 
980 

512 

377 
1192 

6"O 
c c  
1840 
3:; 

23b0 

6:; 
, I  

59 
51 

42 

5e 
47 
I 
P t  
9' 

I f  

2 

8e ;: 
78 
11 
e4 
19 
39 
i l  

71 
tl 
5- 
2c 
93 

74 
10 
19 
95 

10  
80 
64 
59 
63 

UP 
i o  
78 
27 
43 

33 
72 
19 
30 
93 

I t  
52 

9f, 

19 
e4 
1 4  
59 
83 

13 
60 
7P 
47 
86 

45 
33 
11 
1< 
24 

:t 

185 



31.9 0.15 + 0.w 
0.05 5 a.m 
0.63 7 0.10 '$:; 5.58 z 0.44 

-5 H. node 0.87124 0.05 20.02 

D + 3  1085.1 l e f t  eemw 
-2 Kidney DOB 

1088.1 L e f t  femur 44.3 0.52 2 O . W  
-2 Kidney 
-3 Liver 
-4 LYW 
-5  H. node 6.10 0.15 ? 0 . m  

1091-1 Iert femur 37.0 0.04 + 0.02 
57.2 0.07 z 0.04 

30.0 0.38 2 0.06 Control' My ~ ~ l g h f i  taken on all 9 4  5" 

+ 0.08 
+ 0.23 

5.35 -0.03 i 0.09 
-2 K i d n C Y  
-3 liver 3W.2 
-4 L W  
-5  H. node 

t i e m e  samples of this bog. 1098-1 L e f t  remvr 
-3 

45 
., eQ2 

1157 

5PP 

50.25 1.61 + 0.09 
225.47 0.30 Z 0.05 + 0.05 

-2 Kidney 
-3 Liver 
-4 LVW 73.42 
-5 H. node 

-i 
iew 

o.ue + 0.16 ;::? -0.03 5 0.03 
276.7 0 47 i 0.19 

75.6 8.25 + 0.27 
0.6068 0 . C C  3 0.m 

2 7 . 5  + c.03 
22p.9 0.45 0.09 

5.11 -0.01 2 3.06 

1107.1 L e f t  rmur 
-2  KidneY 
-3 Liver 
-4 Lung 
-5 H .  node 

,115-1 I P f f  femur 
- 2  Kldnw 
-3 LiYer 
-4 L""% 
- 5  H. node 

1131.1 Left ?em"= 
-2 Kldzzey 
-3 Liver 
-4 Lung 
-5  H .  node 

-2  Kldncy 
-3 Liver 
-4 L"W 
- 5  8 .  "Ode 

6 6 . 6  1.m 2 0.12 

37.8 0.11 + 0.35 

3Ob.1 0.2" + 0.05 

2UI.ll 0.1; + 3.0" 

550.0 0.07 i o . 0 7  

69.6 0.3P 5 0.10 

1.1751 O . O @ i  0.03 

12).2 0 . I b  3 0.017 

441.1 0.39 i 0.09 
15.4143 0.03 0.03 

114.5 1.80 7 0.23 

2001-i i e f t  femur Sheep L ~ PO 
ili ' 3  e- 

'? 
94: 4: 
ic1 73 

9n 
t o  



0.24 + 0.e 
0.25 z 0.11 
0.49 + 0.16 
0.46 F 0.16 aZi.4 -3 Liver 

-4 Lung 
-5 H. nmer 8.19,) 0.08 I O .  D) 

21 May 2oj1- m;"' 1291 + 71 

21 Ye.? Pete= 

2C Aw 
21 A u g  
22 AW 

22 May 
2? May 
D + 30 

901.1 

462.2 1371 219 
671.3 %a 
3~62.0 566.2 3 65.4 

1u.5 363.1 7 26.1 
4925.5 1W.5 5 6.5 22 " 

s + 30 
1 )  

60 7 0  :o,., ".14-. c.02 

459.a 0.28 + 0.06 1 5 2  76 

197.1 0.15 + 0.03 
0.14 7 0.M 105.0 

63". 0 
0.29 T 0.14 

8.5 196.7 O . U l +  0.11 1088 e5 
0.52 2 0.20 9'1 28 

D * 50 247-1  Left femur 
- 2  KlUMes 
-3 liver 
-L  L W  
- 5  x. node 

8 1  
66 

601 
173 
948 7 8  
60 I, 

-2 K l M W  

-4 Lung 590.3 10.9 65 
-3 u v e r  

2 4  
1 

7 9 v  
6a 

120 16 
60 3 5  

D + 9 i  2 m 5 - 1  Left femur 

0.44 7 0.08 

-5 H .  node 10.199 0.21 i 0.07 

2m7-1 Left  femur 201.6 0.12 + 0 . m  
0.07 T 0 . n  
1. 7 i 0 4 7  

"?::015 150.2 0.13 i 14.6 0.15 386 83 

-2 KldneY 
-3 LlYer 
-4 Lung 
-5  8 .  Code 

: + 3  

2057 urine 2150.7 300.5 + E 3 . L  
144.1 143.e : 1e.7 
782.0 15.3 5 8.8 

2 0 7 ~ - 1  l eft femu: ,ep.o SnmPle loat 

22 Ma; 

23 I*... 

T t 3  

21 MY p e p  
312.5 4.60 i 0.60 22 W3.T 

124.? 2 . 2 2  ~ 0,fT 
0.62 7 0.05 

-2  KldiieT 

-4 lung 6eh.c I€.& i 1.07 
-5 /I .  ncder 6 . 7 2 7 7  0.01 $ 0.01 

-3 Liver 688.1 

14 
7 2  

115 
90 211.3 0.12 + 0.a 

105.4 0.111 7 o.oe 611 8 8  
0.42 7 O . l b  60 8' 
0.31 7 0.14 285  5 2  

D f 93 2015.1 = e f t  femur 
- 2  Kldnes 
-3 Liver 
-11 L""6 
-5  A. nodel 

-2 Kidney 
-3 :iuer 
-Li Lung 

p . 1  

i126Zl 0.1' i 0.05 
908 11 

19 
I1 
* r  n e  

616 5 1  

90 
90 

D + -<, 2082.1 Lert renvr 229.4 0.51 + 0.13 
135.7 0.m 7 0.m 

0.53 7 0.H 

-i  R. node :.,:24 0.76 2 0 . w  
4:e.z 
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Sheep D * 90 

21 m y  
22 my 
20 *ug 
21 *ug 
22 Aw 
21 M y  
22 my 
23 MY 
D + 30 

20 A X  
21 lug 
22 Aug 
2L A u g  
22 my 
23 M Y  
D + 30 

21 M y  
22 may 
23 m y  
22 MBY 
13 my 
D i 3  

2085-1 Left remw 
-2 illdney 
-3 Liver 
-4 Lurm 
-5 H. node 

2087 

"pes 

Po92 "t" 

"pea 

2097 "t"' 

"per 

21#l-; Lerr remut. 
-2 Kidney 
- 3  Liver 
-4 Lung 
-5 H. node 

2111 "in' 

Feces 

2133 U r p  

Feces 

2134 "'lne 

Pefes 

2143.1 Le?: * e n w  
-2  Kidney 

~ l u e r  2 E", 
-5  H .  node 
-7 Trachea 
-8 stomaetr 
-9 P. m Y e O E a  
10 I!. rnYC088 

231.7 0 . 1 5  + 0.05 
132 .1  0.17 T 0.10 
665.0 1.38 5 0.33 
519.6 0.35 + 0.09 

9.5195 0.b .E 0 .05  

1070 *227 + 111 
2418 737.2T 32.4 
2 03 2 5 5 . 9 8 7  4.89 

?93:3 39.61 5 0.29 
2324.0 10.16 + 0.91 
ma.0 481.4 -1.5 

1730.2 3.67 + 0.69 
862.0 4 . a  T 0.27 
960.9 1.3'4 7 0.37 

1020.5 0.13 5 0.01 

301.0 865.2 7121.5 
803.9 io27 ~ 7 2  

4108.3 216.4 5 5.2 

1148.7 490.0 + 10.3 
1240.0 139.2 T 3.1 

167.9 21.49 7 0.64 
858.2 453.2 7 17.2 
3 9 . 7  363.6 20.0 

181.4 1.06 + 0.19 
92.4 0.0 7 0 053 
90.1 6 1 . d  5 9 : 5 7  
457.7 25.82 t 0,:s 

5.5162 0.e 2 0.w 

2302 3520 t 338 
1300 1493 + 148 
2552.4 64.87 2.7 
773.0 9.73% 0.53 

13011.r 18.191 0.63 
312.6 963.C 7 4 2 . 4  
373.1 176.3 5 7.9 

440:.2 1676 5 15t 

2460.C iw + 7e 

1 C i O . O  3.995 0.17 

2512.2 19  3 3 

1167.C 2539 ~ 279 

760.1 l . 4 W  0.12 

655.5 loll T 192 
273.7 689.25 15.2 

8524.0 510.5 7 22.9 
1105.0 1jue f 8 5  
151e.o 2104 T 142 
1991.1 289.75 10.7 
1171.5 7.op+ 0.94 
:i 's.a 9 . a 3 r  0.83 

9.807 0.34 %?a mer ~ 149 
528.0 17w 5 164 

174.8 0.09 + 0." 
101.1 0.11 5 0.1. 
502.0 18-79 Y0.94 
356.9 131 7 4.7 
1 0 . 9 5  c.50 T 0.23 

119.7 57.23 i 3.72 
540z.c 125.2 5 2 . 1  

14.97 12.92 r 0.7- 
102.b 2 1 . P P ;  0.Fl 

- 
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*"Una1 SamPllng MU TI(19"e YclBht. Rl-239,240 Rem?,*' C0"un:lW Yield 

sheep 22 M Y  2157 Urine 2765.0 9131 +48u 120 19 

Time Type  Tlnc NO. Yet 

B r a n s  a d a m p l e  miiln. * m m x  Free"' 

4109.3 3U2.9 55.5 451 0. i 

2526.9 16.5B i  0.97 7M 
1 OB 0 7.307 0.60 120 52 

491. 2 1  2 + 15.3 90 13 

864.0 6.741 0.71 62E 
20 hw 

22 AW 
24 A u g  

22 May 
23 Hay 
D + 30 

21 A u g  

21 May Feces &7:0 3112 5 103 105 58 
1128.0 

2062, 
78 1M 44 

5620.2 414.1 z 24.4 u?e U 

I, + 3 21€Jk-1 L e f t  femur 206.4 0.35t 0 .20  
-2 Kidney 87.2 0 . G  0.07 
-3E L iver  530.5 0.817 0.36 
24 Lvng 348.6 0.347 0.M 
-5 x. n m e  5.6159 o.&+ 0.m 

D + 90 2166-1 Left rem? 211.3 0.10 + 0.03 
-2 Kidney 101.7 0.06 7 0.06 
-3 Liver 627.8 0.71 5 0.18 
-4 Tung 381.8 0.51 7 0.25 
-5 H. node 8 . 9  0 . ~ 6  10.02 

D m; 2168-1 Left femur 
-2 Kidney 
-3 Liver 
-4 I,- 
-5 6. node 
-7 TraeheQ 
-8 St-eh 
-3  P. m"E0Lla 
10- N. ""easa 

190.8 40.67 + 3.05 
103.0 2.70 5 0.21 
59P.O 23.82 1.31 

0.85 3 0.92 
710.1 161 + 4.2 manm 

5%:2 1214 = 46 
9.91 0.0970.ffi 
65.7 2.17 3 0.24 

2169.1 Left femur 203.9 p7u.e 49.0 
-2  Kidney 120.0 0.60 7 0.2- 
-3 u v e r  15.11 T 0.4l 

-5 H. node 10.292 0. G 0 25 
4 Stonseh 5959.0 149.5 7 2 . 7  
-9 I .  m ~ s m b  
10 N. nuoosa 

-4 Lung 

-7 Trachea 19.6 3 . k  0:47 

21 Maj 2172 IJr'p3n. 259: 1891 * 76 

2 1  May "eEe* 

912.2 2135 7 M 1  
2070.2 19,227 1.00 

22 MB; 
21: *us 
;I aut 680.8 3 . 2 6  0.21 

17 5 4 ODs 0.26 
I l k 6  2243. r 79 

22 rluq 

2 2  m y  631.9 927.1 7139.1 
22 May 
0 * 33 

: - 2  2173-1 Left femur 
-i mane? 
-3 Liver 
-4 Lung 
-: E. node 
-t Rirht femr 
.7 Trachea 
-8 S t m c b  
-9  F. rn"E0SB 
10 I!.  ""COS8 

200.6 0.3- 0.15 Not on Drfleial inventory 

U42.f 1.3% 0.23 
42.0 2.6G 0.75 

424.C 283.1 7 Y . =  Uranim 
9.102 0.39 0.14 

114.5 4.h l i r  0.56 

11.45 1 .30+V.L2  
83.5 207.4 3 4.9 

not received LXI %,,"entory t"f r n l B B l n g  

4560.0 1203-+ t i  

956 
240 

1165 
1000 

t o  
pq4 
160 
90 

712 

1wo 
90 30 

1165 21 

9J t o  
400 

102 e9 

415 9 
415 11 
1 RO 33 
722 32 
7M Id 
163 

bo 

% 
v 5  

46"," 

3: 
t o  16 

,000 3 
7 t 2  
140 

120 
iwo 

90 

~ a,? 21M2-1 Left remur i l l .  3.05r 0.05 120 69 
-2 Kidney 9 l . z  0.003~0.05 60 eE 

% 
-3 Liver 567.5 1.0" 0.21 9'- e7 
-4 L v r r  450.6 0.135 0 . 4  CO 
- 5  3.  node5 11.8031 O . C 5 +  0.01 934 

d d 6 - i  ~ e r :  femur 21 ' .5  37.50 + 0.u5 525 9s 
-: YJdnei 114.7 0.10 5 0.0; PO 
-3 Liver 74e.7 o .n  5 0.21 t o  
-u LYng 459.0 21.eo 5 0.5; e: 82 
-5  H. nod, 9.318 3.31 0.29 281 43 

72 
7ii 



8-3078 P b? Sheep 21 N Y  
22 WBY 
20 lug 
2 1  live 
22 liw 
211 A u g  
22 NAY 
23 May 

2t97.0 625.7 t 32.5 
21130.0 t12.b T 17,8 
3825.1 4.19 i 0.48 
mo1.0 24. f 5 
2336.5 9.76 ? o.26 
3 36 4 1.30 i 0.081 
209:3 90.65 2 3.26 
3e4.2 779.6 2 32.7 

mirm D t 3  

g1*.* 0.79 0.18 
709.0 0.14 . : .02  
1779.1 11.16 * 1.26 

-6 Rlght Femur 

3006.1 Left Femur 
- 2  Kimeys ., u v e r  
-1  Iung 
- 5  H. Nodes 

D + 7  

0 * 7  

D my 

9 5 1 . 9  1.62 f c.11 ",.' 1 . 7 5  T ".lb 
3.5946 0.24  9 0.06 

30lr-l Left Fsmr 
- 3  udnayr  
- 5  B. Node 

15.30 + 0.83 gz:; 2.10 7 0.20 
2561.0 22.114 r 0.72 
12.665: 1.31 f 0.09 

1023.0 21.91 t 1.45 
339.2 1%a1 T 0.73 

6 i . ? 6  9.24 f 0.17 
1688.7 421.6 : 19.8 

1566.0 142.2 5 6 . 3  

1035.0 2.52 5 0.33 

2860.0 61.27 5 0 . f e  
225?.0 1132 * 40 
1217.0 33.53 I1.32 
947.5 263.5 * 3.: 
12t3.0 200.3 z 5.: .  

40.11~ :e.u i 0.4, 

583.2 13.69 A C.31 
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.FPrnX. preen:  

Bxro D + ?  1015.1 2.17 * 0.11 
712.0 0.39 f 0.05 

4089.0 115.6 t 2.2  
1802.6 e . %  f 1.16 

5.104 0.12 f 0.0: 
1314.2 11.51 f 1.6b 

Not Reecirca 

0 1 3  1139.0 1.60 t 0.17 
1230.7 5.0b r C.JI 
779.1 0.11 f 0.06 

Z:22.5 96.24 ? 5.77 

1504::,0 
327.7 t 11.1 
1.11 ? 0.18 

L + "  927.0  17.37 f 0.97 
821.6 1.65 t_ 9.13 

yg1.0  71.88f 2.85 
2 7.0 7.1) f 0.65 

b.7, 0.17 t 0 . 0 1  

Control? 

1097.9 ' 4 . 7 2  f 0.27 
764.8 0.10 t 0.10 

,2,2.5 5 2 . 4 %  f 0.b3 
1421 , 117.5 f 4.2 

7:9607 0.07 t 0.01 

bo 
924 
6C 

174 

2011.2 22.68 t 0 . 3 6  

5571.2 2.79  ! 0.63 

T - 3  

Control 

: - 3  

D + T  

f i * c  

D Day 

D * 7  

9 7 4  

7 7 '  No. 30821 Quest lmed  
an m v e n t o r i .  Full  or 
ha>. ControlP 

1152.5 1.39 i 0.26 
771.0 0.60 f 0.07 

2832.8 75.81  f 1.59 
1415.3 11 )2  f 101 

1 2 0  
975 
9 7 5  

60 

60 

950 

980 

9 3 c  
60 

Sample l p l l l e l i  1155 
60 

1031 

773.1 1.21 ? C.30 

1c42.9 299.3i 15.1 

1J6.E 0 . z j  f ;.ab 

1114.8 1.12 f 3.14 
595.9 C . 5 8  f C.2b  

2890.3 82.17 4 4.11 
162 6 19.17 3 1.9C 
23:1924 0.1: t 6.~1 

1156.5 1u.ug + c.68 
79P.9  l.o"-t c.17 

m e . 0  12t.t + 2.9 
6.4*7 0.21-5 u.u6 

1670.' 13.5< + 0.95 
u7t.2 12.70 5 1.00 

1652.9 2.0e 5 0 .27  
57-93 1.29 3 0 . 1 C  

180 
107 

1032 
207 
120 
131 
135 
980 

1 5  
5. 

11 
8. 
4 1  

2 0  
b6 
4 5  

65 
7 1  
24 
26 

10 
1 
19 
27 
7 1  

60 
50 
60 

*,e 

P35.l  1.59 f o.?: 
7 7 O . P  : . 39  f ".?I 

1350.0 81.ih f 5 . 4 5  
1492.0 17 .78  f 0.48 

997.1 1.08 f 0.11 
505.0 228.L + 22 .e  

2 j s . o  13.12 7 0.94 
1300.1 1!.61 f O . 8 b  
13.i14ili O."*  f 0 . 0 4  

D + l  
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D + 7  

D + 7  

v + 3  

3 ' :  

0 * 7  

3141-1 Left F m r  
- 2  Kidney -, UYeP 
- I  Iung 
-5 H. N M C  

3177-1 L e f k  Femur 
-2 mmey 
- 3  uver  
-4 Iung 
-5 RNode 

3199.1 T.rt F w r  
-2 X i d n C Y  
.; u v c r  
-4 Iwg 
-5 H. Nodes 

927.5 
652.2 

m z . 6  
1172.0 

5.1005 
1015.0 

:@o 
52.5  

1,O.D 

1089.8 
962.6 

JOIO.3 
16yr. 1 

13.51e 

1001.5 
8 3 4 . 2  
2310.7 
1637.9 

815.0 
762.5 

2708.4  
2631.0 

12.5933 

;::;e3 
879.0 
1 4 6 . 1  
202.1 
:03.: 

1176.0 
771.0 

1056.0 
1615.5 

1s 21 

1127.3 
e , < . &  

2964.4 
1514.2 

1209.' 

l i 7 . 6  

7.880 

4.10 %.70 
0.85 * 0.:4 

100.1 f 8 . 0  

0.81 -+ 0.17 

3 . 7 4  * 0.3:  
1.65 f 0.40 

120.8 * 5 . 8  
9 1 . 7 t 8 . 5  

0.07 * 0.04 

1228 + 50 

1.25 * 0.15 CO"tXl? 
0.517 t 3.11 
2 0 . 3 1  1.00 

1.25  * 0 . 2 9  
0.10 * 0.03 
1.10 * 3.55 
c.14 I c.oi 
12.2- t 0.77 
32.il f 0.25 
0.01., i 0.04 

11: 2 4  
745 18 

5 
8' 

7 4 5  
120 
745 59 

80 35 
41 8 9: 

982 .. 
27; 5 :  
3 l i  I: 

.. 

381 11 

980 

.D my No y-: Tefi  Pcmvr 
- 2  Kidney 
-3 llver 

5 3  ! 
7 U t . O  
2481.0 
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2 

4 
6 

1 0 0 0  * o , o :  15' 7 5  
0.0 3 0 . 0  21: UP 

3 0.9 +0.10 217 82 
0.11 T 0.W 205 72 
0.24 i 0.29 35 39 
0.0E 5 0.09 390 00 

2z71 1 3.09 + 0.43 60 RL 
7 9 i 1.4 151 7t 

6 0.11 T 0.a 6 5  3i 

2 p 1  1 10.9 ~ 0 . 6  916 10 
I4.P +1.1 35 9" 

3 40.8 T 1 . 1  160 61 

6 11.19 7 0.45 663 26 
7 6.49 10.19 *I 5c 

F-034 andFrac" n ' C  

sum 1.96 

2 
F-pf 

2 1 1  T 0.40 20: 79 ; 714 7 211 1 OC 4' 

2 O.OS 
159 03 7 

S m  

2 
F-052 

4 18.0 + 0.9 140 51 

SUm 102 

2 26, 
T 22 73 e3 

2 
::I, 1 0.5 240 72 

2159 919.9 2 32.2 30 84 
12a + 45 30 01 

6 1108 i 40 30 BO 

1 50.4 r i . 1  250 
79.1 = 1.8 3 50 
99.c 51.4 211 60 
5t.t i o . 5  1000 02 

2767 F-Oj? 

S"rn lot1 - 
1 
2 

F-"U 

u r n  1 ize  30 66 ? 2266 5 70 30 68 

7 0 1  1 1 4  103 60 

1 2T64 132 + b 
2 222 5 5 
3 z5- 10 

sm 10,4?7 - - 

120 99 

30 72 
1% 84 
low 60 

371 55 

30 e7 

F-0-0 

102 + 1 . 5  
9;.4 5 0.7 
04.0 5 1.2 

S& e94 

1 275' 0.73 + 0.1: 
2 565 2; 512 0 . l t  = 0.03 

2 159 3 0 18 - 0.08 
0.24 I O . 1 7  120 4 

E 159 f 0.12 T 0 .06  
159 , ,  7 O.l! I O . 0 7  

2 35 74 5 272' 0.96 f 0.11 

509 5C' 
750 30 
509 34 
390 54 

1GZc 87 

F-O? 

sum l . t  

1 
2.32 TO.!: 
0 . e  i 0.03 
0.30 7 0.07 
0.2- 1 0 . b  
0.0: 10.0:' 

--?3' 

: 
sun 4.0 - 

20 27 
500 42 
2% 

4 C 1  I0.35 663 
548 50 

2;14 1 3 8  * 67 
2 141.1 T 2 . 4  
3 50.3 T l . 2  
4 < 1.09 1 0.10 

1'111. 512 35 0.15 I %Of 

lf2.f. 9.1 

9 . W  5 0.40 7"1 

3-W' 

3 

3 

a m .  

2 0  7: 
60 
156 

01 
05 
60 

2 - 1 1  2019 + 91 -0' I 

91.0 . 1.5 
27 3 z 0.8 ?2 ? 53.5 70.9 

sum 23tD 
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no7 

2728 

9685 

9b53. 

96e7 

9689 

9690 

276t 

2 x 0  

Zifl 

2:ao 

1 
2 
3 
4 
i 

SUn 

1 
2 
3 
4 
6 
7 

SUn 

1 
2 
3 
4 
5 
Sum 

1 
2 
3 
4 
5 
s m  
1 
2 
3 
4 
5 

Sum 

1 
2 
3 
4 .. 
5 

s m  

1 
2 

a 
5 

sun 

I 
2 a 

$7 

2 
5 

SUV 

1 
2 
3 
4 
5 

sum 

2 
i 
4 
5 

Sum 

73.0 + 1.2 

0.13 i 0.04 
0.26 5 0.09 
0 .24  z 0.06 
0.43 i 0.07 
7,. 1 

2016 + 29 

3 g u  $ ? . o  
l b . 7  + 0.5 
15.5 5 0.4 

2UCC 

1752 + 37 
225 5 4 
56.3 5 5.1 
145'0C 
15.7 0.5 

2OCC 

3327 + 57 
19.5 51.7 
8.55t 0.27 
*.up 0.08 
3 . 1 q  0.1F 

3361 
243 + L 
26 2 5 0 . 6  

1.515 0 12 
2.7& 0.11 
1.135 814 

29.a + o.? 
1 . 1 G  0 09 
0.65s 0 00 
0.225 0.05 
0 , 7 6 5  0.w 

280 

32.3 

270 L 4.3 
8.675 0.l8 

b22 513 
 IT o.,: 
0 . 5 ~  o.oe 

00% 

235 i 5 
1" + I 
A . 9  5 2 4 

1 4 . c  ~ 0 . 4  
0.12: 0 03 

656 

1470 t 44 
1 t 2  I 4  
34 5 = 0.6 
10 93: 0.33  

6 . 9 9  0.211 
1 F P l l  

"+"n 123 
,or 
22L 
2zc 

22C 

74 5 
150 
174 
495 
300 

159 
215 
30t 
251 
306 

2 i b  

Q1 

a0 
215 

313 
280 

30 
3' 
520 

142" 
5A? 

120 

1"0 
1000 
393 

326 
' 2 3  
l i2-  
4:' 
h07 

$2" 

l i  0 
i,11 
10s 
525 
7 m  

35 
226 
Ili 
3"'- 
500 

5C 

500 
103 
524 

-- 

ii 
OU 

'2 
50 
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2159 1 141.3 + 3.0 
2 12.5 T 1.2 
3 1 4 7  5 3 1  
4 0.99 70.09 
5 2.33 5 0.06 

m-001 

sun , l o4  - 
2160 I,?. i . 2 5  

2 i2._ 3 1 . 0  
3 & . j Z  * 0.02 

R,-002 

4 + 0.21 
?:ggj  5 0.026 

sur 1403 

2?ti 1 t 1 . 8 +  1.5  
2 12.9 + 0.3 
3 13.2 5 0.2 
ir 1.6G 0.14 
5 0.12z 0.m 
sum 89.7 

2162 I 3 3 . 5 1  0.9 
2 ? 2 . 9 5  1 . 0  
3 259 7 4 
4 3.335 0.39 

2.11z 0.21 

?4-OW 

sun 331 
Fi'.O,)f 2 1 f i  . 3e5i + tt h 44 0 I 1.0 

3 11 e s  0.f. 
4 1 . 2 6  0.09 
5 1.6% 0.20 

' - 0 0 ,  Z l t , l  1 4.85.  0 . 2 2  

3 3 . 4 3 5  0.25 
1 . 0 5  0.03 
:.3u: 0.10 

Sum 3915 

13.8 i 0.11 

s;. 24.: 

i -3! ,  " ' l a  lU44 f 1: 
2 189 = 3 
3 63.2 T 1 . 2  
4 
5 I !  5 0 . e  

8.527 0.66 

sm I ? l f  

92 30 
30 
88 92 
M 76 
125 70 

-- 

3-3 22 
1402 a2 
657 17 
1m 73 
155 73 

120 5@ 
8: 
3c 
5i @7U 

2514 71 

91 88 
226 30 

28 

; 1690 

12'0; 

189 47 
1016 39 
2514 62 
306 85 
340 63 

1320 56 
1% 5?, 
710 2 
171 41  

76 

151 58 
t: 1285 

911 
13% c: 

210 83 

56 
47 *4 

41f 98 
133e TO 
615 BO 

252 

l5d 53 
79 

5Te 

-_. 
208 kt 
1% 71 
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G-060 caae11a 

0-062 

F-032 

"-050 

P-05' 

H-074 

3658 

9657 

2737 

2720 

272- 

2713 

see. 
9tsa 

9700 

2-53 

2.70 

=et5 

01 3 

2-15 

2'31 

0, iL 

1 4032 2 l W  
1817 2 33 

5 273 5 4 
s m  7241 

1 0.00 t 0 021 
2 o,od 7 0.032 
3 -0.02 5 0.035 
4 0.1: : 0.0: 

14.89 5 n.3r 
SYrn 15 

142 + 2 ; 77.3 0 s 
3 110 + 1 
4 6.4 f 0.4 

5.74 5 0 . u  
SW. 341 

1 1624 f. 3: 
301 + 

2 10.39 0.54 
64.7 7 1.0 

5 2p.- 5 0.7 
Sum 2035 

+ 1.3 

3 201 7 5 
li 5 ; , s z 1 . 2  
5 7 c  2 t 1.1 

S".X 9l ' i  

120 

151 

le3 
2L : 

251 

r o  

-1 

/ ?  

.. 

.- 

3: 
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2733 

272t 

2729 

8050 

8050 

a051 

80111 

em1 

804, 

3C41 

swig 
80113 

am3 
em3 
rw3 

8043 

5w3 

3m3 

DDU? 

5m3 

304? 

80113 

eo4- 

!W- 

3m- 

:m7 

5 6 7  

=04- 

901r- 

"W 
.w- 

nnni 

1 o w 0  

1 oooc 

101101) 

10000 

10000 

1000" 

4pq/8amlD1' 

42.7 t 1 0 

3838 5 127 
1180 i 13 
3358 ? 134 

518C 2 2ur 

2902 t 218 

3.24 2 0.12 I lo' 

5 A 9  2 0.26 I 1 6  

1.64 2 0.w x 105 

6 . 7 0  0.46 7. 105 

6615 265 

3.15 0.2%1& 

9.92 0.3%104 

2 .29  * 0.M x lo! 

4.95 2 0.21 I I& 

5.22 0.29 105 

2.m 2 c.15 r 105 

1.07 0.05 105 
c::- +o Plr:OP 

t.87 t 0.12.105 

2.2U tO.13xl05 

6327 230 

1.56 t 0.07 x 105 

3.29 2 0 . m  x 105 

6.00 2 0.18 x 10: 

2.96 +0.1? I 10: 

3.54 2 0.10 I 105 

2.NI f 0.w r 105 

1.3: 2 0.07 x 105 

9.90 0.58 x 1cu 
129r 2 30 

950 t Ul 
1mi 2 50 

10 30 5 0 21 

2% 5 9 
2 1 9  5 U I  

m a  2 I L  

3 . Y  i 0.23 I 10- 

mlr 

30 

w a n i v n  3c 

2% 

tO 

00 

15  

60 

60 
t D  

60 

UrmlWr '115 

urmiwn 12C 

"renlwn 120 

bC 

bo 

30 

uraniw. 120 

30 

U n n l u n  30 

15 

Ilraniw 3L, 

10 

15 

30 

30 

30 

30 

30 

30 

15 

3 2  

83 

53 

23 

60 

23 

150 

15" 

U" 

emrox. rerceni 

U? 

Y 1  

-L: 

f -  

e-  
- E  

39 

1- 

3: 

31 
10 

1' 

11 

-! 

90 

zi 

3- 

45 

51 

50 

99 

46 

65 

10 

55 

c5 

45 

U5 

42 

IF 

72 

71 

5e 

96 
uu 
U4 

8i 
Pi 



SIX-95 

Stk-96 

Stk-97 

Stk-98 

Stk-99 

Sf*. lW 

Stk4Ol 

Sft .102 

stx-im 
Stk-305 

Stk-306 

Stk-307 

Stk-308 

Sfk-300 

S i b 3 1 0  

Stk40l 

Sfk-602 

Stk-603 

sfk-bcu 

Srk-605 

StX.bO+ 

stk-607 

By. - 0- 

BK-OR 

EL-07 

BL-03 

1 woo 
100W 

lW00 

1 woo 
10000 

low0 

lW00  

low0 

10000 

1 w 0 3  

1 W03 

1M03 

1M03 

1W03 

1 OOO? 

10006 

1OOOf 

10006 

10006 

10006 

1 ow6 

9512 

9812 

9811 

lwO5 

9811 

356 5 10 

759 i 22 
636 5 17 

523 ? 12 
064 t 9 

589.2 t 2 1 . 5  

1315 2 33 

1 9 0  2 4 1 .  

1672 e 41 

I46 2 3 

1 . 3 9  2 0.12 

0 .5% 0 . 1 0  

40.9 + 2.7 - 
47 3 2 3 . 2  

27.6 2 5 

125 .6  A 2 . 5  

447 t 14 

259 * 3 

203 2 5 

1118.3 2 1 . 9  

91.8: 0.' 

1 2 2 . 5 :  5 . -  

1.05 0.01 x 106 

2 .32  i 0.03 I lo6 

7.63 0.05 105 

4.98 0.06 x ld UrlriYm 

4: 

117 

47 

ee 
88 
@O 

80 

110 

CO 

et  

371 

313 

60 

60 

b0 

200 

79 

1% 

148 

ZRO 

941 

RC 

10 

10 

60 

9 
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3315 

3314 

3313 

3 3 a  

3303 

3365 

3368 

3370 

3371 

336,: 

33-3 

1 
2 

2 
L 
7 
Sum 

1 
2 
3 
4 
6 
7 

S D  

1 
2 
3 
4 
0 - 

s"m 

1 
2 
3 
4 
t 

sum 

3 
4 ; 

5 m  

I 
2 
3 
4 

s;m 

1 
2 
3 
4 
5 

sum 
1 

: 
Sum 

1 

3 
4 
5 

:urn 

1 

i 

Sur 

1 

? 

0.3E + 0 .25  
69.6' 5 2.3 
14.6 + 0.7 
14.72 T 0.01 
30.6 T 0.9 
8.05 0.34 

138 

1.29 4 . 0 2  x io4 m a p  
471.0 7 14.1 

747.2 I19.4 
300.1 + 7.5  
242.4 T 4.6 

1.36 t 0.02 I l& 

867.9 T 15.1 

1 .LL x Tdi 

12.8 -+ 0 7 
6.36 T 0 35 
3.68 T 0.29 
2.89 T 0.29 
0.38 7.0 08 
1.M Eldl  

;:;i ; z.3 
14.51 + o . m  
11.4 70.5 
21.6 7 0 . 9  
0.06 5 0.02 

E l . ?  

0 . 9  i O . 1 8  
0.95 T 0.1: 
0.6, 5 0.w 
0.34 5 0 .06  
0 . 3 2  - o . o e  

18.1 - 
15.3 0 . 6  

0.87 ~ 0.20 
1 . 9 1  T 0.19 
0 .30  T 0.15 
0.18 5 0.18 
0.03 T 0.01 
3.4 - 

0.16 I O . 0 3  
2.69 5 0.30 
0.t) T 0 05 
0.83 T O . ) <  
0.05 5 0 0 5  4 4  - 

0,OOT + 0 023 
021 I O . 1 2  
0.21 + 0.03 
0 2 j  T 0.0) 
0.9.t 5 0 "  
1 . c  

2.41 2 0 . 4 2  
1 50 + 0 32 

* 0.15 
2 . 0 0  T 0.15 
7.3 - 

0 8: + 0 111 
0.0' T o o r  
0 .57  50.1Q 

2.5  

0 70 + 0 10 
0 64 7 0.10 
0.49 7 3 . 6  
3.82 5 0.23 
0.3 '+ 0 @J 

; . ;a  I + 0.15 

1.08 2 o . n  

0 04 i 0.05 

, 3, 

rmn 

60 
f -  
8s 

2689 
leo 
P U j  

120 
150 
IO00 
1000 

1070 

60 
90 

1:: 
15P 
12@ 
240 

e0 
1'13 

143 
143 
566 

60 
120 

1248 
390 
175 
260 

710 
420 
120 
60 
260 

pec 

2680 

1031 
147 

1031 

I: 
60 
57 

993 

?;: 
hO 
60 

250 
60 

260 

945 
250 
60 
60 
hO 

320 
2 9  
710 
2% 

I97P 

95 
79 
99 
90 
c1 
80 

41 
60 
22 
20 
2 0  
16 

5: e: 
94 
88 

2: 

2: 
7 8  

98 
53 
79 

86 
85 
92 
89 
90 
58 

10 
40 
99 

?2 

78 
76 
55 
83 
73 

"5 

82 
55 

2: 
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3372 

3364 

3374 

3375 

3356 

2100 

26% 

2687 

26% 

3050 

30" 

3051 

3055 

3M'p 

3m't 

157.5 + 2 . 0  
9.6I 1 . 2  
26.1 + 0.68 
5.0% 0.14 
3.853 0.49 

292 

24.2 + 0.9 
12.8 5 0.7 
23.6 5 0.7  

65.3 

i.bhi 0.10 
3.275 0.28 

10 4 + 0.4 
7.067 0.51 
3 . 1 4 ~  0.07 l.w 0.07 
32.0 2.1 
53.7 
82 .5  2 1.3 
120. + 2. 
29-11 5 0.9 

3.7& 0.26 
11.4 $ 0.8 

25.5 $ 0.74 

1.9p 0.27 

247 

10.4 t 0.6 

78.1 . 1.2 

116 
0.3e 0.15 

0.07 to.01 
0.18 50.03 
0.31 3.07 
0.11 a0.03 

0.81 

1910 t 111 
,017 + 49 
2939 i 182 
1 2 C l  * 98 
226 .8  7 

0.17 50.H 

ura;ium :;;;=;&?gg; b~ 
IBOLoPe', me. 

6835 - 
1.63 2 0.21 
0.23 + 0.06 
0.1, 7 0.17 
0.01 5 0 . 0 3  
0.21 I O . 1 2  

0.95 $ O . O t  
0.54 0.w 
3.09 t 0 20 
1.42 + 0.1e 
0.21 1 0.oe 
t . 2  

2 . 2  

8 63 f 0 25 

3 5f t 0 23 

15.4 $ 0 i 

6 %  2 0 3 1  

2.w + @ . l e  
2.15 t 0 . m  X I 0  

4 

mdn. 

20R 
275 
200 
10:; 

I63 
163 
420 
5211 
171 

420 
140 

I t 8 9  

2; 
1 9  
io0 
,YO 
zoo 

76  

1t.b 
140 
122 

iE 
229 
56L, 
710 
251 
340 

123 
225 

980 

980 
120 

171 
200 

60 
00 
c7 

1031 
240 

1I.i 
3: 

2689 

260 

180 

243 

243 

72 

51 
bo 
SO 
70 
3s 

92 
53 
Ili 
R O  c -  

8F 
c 1  
te  
43 
e9  

Ct 

9b 
96 

:; 
75 
7 8  
70 
72 
7- 

51 

7 R  

56 
et  
76 

50 

91 82 
229: L ur 3044 

200 



Bhl-li 

*-03t 

&we 
A-060 

8.020 

B-mt 

E-030 

6-031 

3 M 2  

3077 

3081 

3080 

TAS I1 3090 

3091 

3095 

3096 

ARC B (Ealloon) 

L 15, P5 wire srip 5296 

5296 L 15 .  ~6 

5296 L 15. 17 

5299 L 1:. F5 

5342 L 19. Pl 

I ,  I ,  

I ,  I ,  

I ,  I. 

.. ., 

233 f 6 

432 I 12 

2252 i 52 
3 4 . 3  f 0.7  

550.0 f 12.7 

1006 f 48 

loill f 14 

501 f 9.0 

9.70 f 0.42 1105 

1.07 f 0.02 m 6 -  

2.59 f 0.03 x lob 

6.43 f 0.24 xl05 

3 . 4  f 0.09 .lo5 

1.89 2 0.02 x 10 U 
1.65 f 0.70 I lb 
1.83 i 0.02 x lay 

115 

79 

70 

243 
332 

332 

2oe 

103 

39 
UU 

79 
47 
iU 

8 

88 

82 

10 51 
20 06 

2 0  26 

2 0  yi 

10 91 

10 02 
10 0; 
10 80 

60 39 
BH-05 1.55 f 0.m r 10 10 47 

BM-OE 2.19 0.m lo7 100 51 

EM-07 5.43 i 0.12 I106 l o  65 

EM-OP 1.81 f 0.11 x 10 30 48 

%-09 2.17 f 0.05 x IO5 ura01iun 60 2u 

EM-10 3.39  f 0.17~1C8 30 U 

EM-ll 2.98 0.1~104 60 01 

iY-12 98119 f 461 70 65 

Fr.03 127.0 f 5.5 120 88 
EC-11 1.52 0.0B.x 10' €0 7e 

m.05 2 8120 a.18 0.25 I 101 10 65 

cu.or3  5.52 f 0.16 I 10' 10 79 

53-0:.4 6.49 0.27 105 30 30 

Io-@- 0 7.6: I 0.92% 104 30 25 

8121 3614 f 185 EM-OU F11> 
6 

6 

CC-".. ! 4.64 t 0.15 x 104 60 50 

cc-0- 21 6.42 0.94 x lou 60 24 

,?".c-.*? 4.26 0.25 x 10' 60 41 

CL-cr.3 3.66 f 0.16 x 10' 60 02 

L ' I  &W.> 7542 f 109 60 82 

11-W.2 5152 192 30 79 
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F-023 Arderser 3152 
2 
3 
4 
E 
7 

S m  

6 
7 
sum 

3153 1 
2 
3 
4 e 

315C 

3144 

3145 

314t 

3L4? 

sun 

SUm 

i 
2 
3 
4 

sum 

S"" 

'1994 + 210 
2173 7 148 

n o . 9  T 70.9 
159.6 T 3.2 

583.6 T 39.1 

::2 : 3 
1568 + 43 
77.6 7 4.3 
12.4 i 0.7 
2.50 T 0.10 
2.20 T 0.26 
1.01 r 0.24 

1 6 N  - 
1908 5 134 

25.3 1 1 . 1  
6 95 T 0.55 
3 47 7 0.31 

&76 5 0.30 

671 + 30 
83.3 74.5 

12.45 5 l . M  

44.0 Z I . 8  

32.' 7 2.4 
4.31 7 0.43 
3.69 I0.3: 

807 

1039 + 45 
590 5 7 
18.4 Z0.P 
5.92 -0.65 

2.72 7 0.18 
21.5 5 1.4 

1658 

$ 1 2  
+ c  

23.5 7 1.0 

12 5 3 1.0 
t.53 5 0.43 

5.40 5 0.2t 
1112 

211c + 59 
142.1 T 6.0 
25.P T 2 . 2  
9.84 I 0.18 

5.99 5 0 4 t  
4.75 T 0.52 

2371 

14;Q- : 66 
X I , . ,  + 3.: 
4 5 . 3  7 2 . .  
13.b55 0.37 
f.X3 5 0.49 
3.42 7 0.51 
1614 

670 + 3t 
60.8 z 2 . 7  
17.u + 0.5 
17.5 7 0.- 
13.5 5 c 5 
31.0 : 1.: 

811 ~ 

732 ; 32 176 7 

6 0 7  + 2 7  
48.4 5 1 . t  

9 46 i 0.92 
4.79 T 0.49 

1031 

"ranlvm 
D i n .  

150 
I?̂  

1070 
1070 
1375 

.83  

80 
90 
1M 

n b z  
120 
7t 

30 
90 
100 
120 
1000 
76 

30 
60 
60 
60 
139 
110 

30 
9811 
100 
60 
180 
310 

9% 
9: 
120 
60 
310 

iw 
40 
60 

I l h 5  
60 
123 

30 
60 
90 
326 
120 
120 

60 
60 
l4L 
213 
213 
50 

2: 
165 
120 

50 
100 

50 
79 
68 
e5 
79 
26 

55 
811 
81 
8ii 

8t 

71 
95 
37 

62 

no 

70 
5- 



in-13 3206 

M-14 3207 

F-022 a s e l l a  2111 

F-032 2183 

F-038 2182 

F-0112 2184 

F-004 2195 

F-0% 2189 

F-054 2 , F  

F - 0 l L  z l8b  

1 
2 
3 
4 
6 
7 

Sum 

1 
2 
3 
4 
6 
7 

s m  

1 
2 

6 
7 

sum 

1 
2 

2 

2 
5 

>urn 

1 
2 

5 
SUm 

1 
F 
3 
4 
5 

Slrm 

1 
2 
3 
4 
5 

Sum 

I 
2 

i 

2 
s;w 

I 
2 
3 

S"" 

1 

3 
L 

CL.m 

1 
2 

i 

2074 i 110 30 3- 
205 T 9 60 8. 
iZ8.2 5 1.4 34 c 

118 30.0 r 1.4 
12.G 0.39 1OBe 
7.3E 0.55 90 82 

71 
$2  
71 

2457 
30 -L 

120 74 11.2 + 0.6 
24 5 33 

R t  139 e? 3.595 0.31 
2 h 5  

I< 
1.3s 0.14 
0.171 0.06 1111 

87.4 + 3.4 120 6? 
60 9- 
90 I.€ 
120 b2 
120 71 

g118 $47 

10.4 7 0.4 

975 - 

0.0687 0.039 156 83 
MI 

7: 
i ;z;* ; 2; Drenlvm Firs5 2 scagel a u f c n d l o -  150 

grnphcd by IP>tOPCB, Tnc.  33; 
2 z :  
3 . :  1 -  4324 z 285 :: 
121 725.7 I 4.4 

1,1111 T 91 
9854 - 

531.- + 14.3 
46.2 7 1. 
10.3 I 0. 

PO 64 
123 7: 
60 88 

69 
a 

E2 :9 
0.69 + 0.15 
0.66 5 0.13 

690 
216 * 6 43 84 
34.6 + 1.4 60 93 

112 as 
0.73 % 0.13 172 6" 

50 eo 4 1 4  5 1.1. 

1% 
12.60T 0.63 

2 . 0 2  T 0 23 Sample Spllled 1000 

2 f 6  

888 I 24 6r  72 
15L 68 

i l  7 5  
:C 

34.4 f 1.t 
260 T 11 
I 55 5 0.30 75 

105 a0 
42 
-il 

150 

Ld 
1311 
137 
110 i9 

740 30 
32 103 

40 
2.n: 5 0 . i a  152 
t.09 5 0.45 156 -3  

RR , .  

79 50 
110 

'3 

4r 9 
6 -  5m 

1 2  $9 
00 
:Q 

310 
211: 

785 + 15 
28.C T 1.1 
50 t 5 1.2 
3.u 0 3JI 
2.23 2 0.30 

e70 

435 1 7 
i112 5 4 

% 

:;; ; 'Z 55 79 

13.5 I 1.1 

100 
?r 

70 55 t 5 2.1 
2 7 . 5  + 1.0 

i , o i  0.14 35c 
(120 

1130 + 30 

114 + " Pi 4 2 . P  

10.e i o u 
r t u  $ 0 22 

, q c :  

204 



F-062 

F-101 

2187 1 1146 + 40 
2 107.2 7 1.6 

7.58 T O.& 
2 236-8 7. 

5 13.7 f 0.9 
Sum 1511 

2192 1 1 k 8  : 51 
2 163 9 - 3.3 
3 89.5 T 2.1 
4 8.47 7 0.14 
5 18 .5  5 0.9 

sum 1998 

2193 1 1982 53 
2 391 : 9 
3 120.3 3.2 

5 27.5 5 1 .8  
Y 28.9 1 1.0 

S m  2550 

01911 1 1315 110 
2 

a 33.3 1.0 
5 22.5 f 1.2 

S w  19% 

2191 1 1092 f 112 
2 277 F 7 
3 106.5 i 3.1 
4 13.4 + a 9 
5 15.7 5 0.8 

Sum 150: 

1 20% 
2 322 $ ?; 
3 76.2 T 1 . 9  
4 2 7 8  5 1 0  

2190 

5 21.9 I 1.2  
Sum 250C 

E-"? 2263 I 3.93 + 0 ?q 
2 : . t 4  f 0 04 
3 20.0 + 0.f 
il 0.30 T 0.04 

2.49 I 0.25 
s;v 2P 

2: 75 
172 

74 
90 

55 
105 

f 7  85 

30 86 
310 03 
43 75 
60 e4 
t 7  82 

51 k 
93 

115 66 

!5 81 
2 6 6  53 

53 82 
PO $! 

6; 55 
I l t  
60 UU 

46 73 
75 
81 

90 
116 
132 71 
1W 45 

60 33 
71 
68 

75 

86 
50 
60 

127 56 

53 89 
30 85 

103 65 
i m  79 
127 37 

137 85 
120 59 
275 e3 
1000 23 
1wo 20 

110 a 
361 21 

55 
79 
70 153 

i ?; 

153 91 
93 

800 
153 w 28 i 2  

205 



ut.: : 1.4 
622.1: 38.6 

3050 160 

11115 5 17 

314- + i9Y 

1311 35 

21% 511 

4 9 3  5 Ul8 

!cI? 2 1.- 

C L O  5 1.t 

2% f 9 

3% f P 

370 * 4 

1531 : U8 

- 

330 CI 

.. 

.. 

.. 9 i  i.' 
57 
?4 

93 
120 
IC1 h 

L O  99 

I .  

173 

1211 

16 

a- 

s 
If 

51 

t C  

I Z0 

3'40 

43 

3 
:C 

L: 

cz 
e- 
C? 

84 



>-09 Sea. Air 4150 

5 
E-CIIO Fllm 8113 3.56 0.10 x 10 10 72  

L-OU2 3.47 0.09 x 10 1c 98 

E-OU4 3.15 0.09 1 IO5  12 63 

E-OUf 2.91  t 0.08 105 U r n l w n  60 9 
E-W8 2.73 0.08 1 10' 10 7 8  

I-050 2.31 0.09 105 10 411 

2-052 l.w 5 0.13 x Id 15 34 

E - 0 9  1.96 0.09 105 30 2e 

2-056 A 1.71 0.06 105 30 37 

E-051 B 1.81 0.06 105 30 22 

E-OS? 1.w 0.08 l o 5  30 17 

i-OC" 1.31 t 0 . 0  x 16 30 1- 

i-OLZ 1.15 t 0.05 x I O 5  30 21 

i-0L4 I . W ?  0 . ~ 4  105 30 37 

E-OiY 5.17 2 0.26 x 10' 30 55 

E - 0 ' 2  1.89 2 0.19 I 10' 30 75 
r.o:u 6.75 2 0.22 x 10' 90 18 
F.3'1 6.03 0.18 lo4 30 58 
i-2-3 5.93 2 0.24 x Id( 30 33 
E-3'0 5.23 t 0.19 x IO4 30 38 
L-3% 5.411 t 0.20 x 104 30 a1 

E-W' 4.70 0.12 x 104 30 84 
E-@! 4.46 t 0.12 x 104 60 37 
E-WO 5.33 : 0.11 lo4 60 65 

I-042 4.10 0 . 0 ~  10 60 BO 

:.on1 4.49 2 0.08 . IC'' 60 9c 

i-10" 0.41 : 0.10 x 10 60 55 

5 

33 
4 i-Ol. 8.50 $ 0.31 x 10 30 

E-070 7.56 t 0.24 I 10 30 50 4 

i-Ol4 4.85 0.11 x io 30 99 4 

4 

li = ~00" 4.14 2 0.08 x 13 60 65 

60 75 
4.17 2 0.09 x 10 11 

5-00" 
4 

? ~ I  c2 4.13 2 0.09 I IC' 60 70 

207 



E - l W  

E-IO! 

E-IDR 

E-110 

E-112 

E-114 

F-022-1 

F-022.2 

F-022-3 

F-022-4 

F-022.5 

F-02t-2 

F-02'-3 

F-02i-4 

F-025.: 

F-030.5 

P-038.1 

F-036.2 

F-035.3 

F-WZ-I 

F-W5-2 

F-W2-3 

F-Lw2-4 

P-WE-3 

F-W'-U 

G - O I C  

0.013 

;-027 

;-024 

c-o2+ 

3-02c 

0-030 

E-WC 

I-OS" 

2-0-(, 

E-085 

6-MO 

D-W0 

0-050 

" L E .  

? C  

6€ 

66 

66 

f< 

3c 

ec 

63 

30 

60 

20 

30 

30 

E ?  

30 

P I  

30 

30 

tO 

30 

li 
bo 

f 0  

1 0  

3c 

30 

10 

13 

10 

1 ,; 

1 ,', 

33 

1 0  

1.0 

1.c 

i o  

13 

1 ,  

208 



225.1 f 1.8 

111.2 t 2.3 

2.67  f 0.0' 104 

1.00 f 0.01 x 105 

1 . 1 b  f 0.16 x loq 

5.16 t 0.08 lo4 

3.58 x 10' S o l u b i l i t y  Study. 

80.29 2 1.12 
1101 : 12 
159.2 f 1.3 

2.15 f 0.34 x IO4 

z.55 f 0.05 x 104 

7.88  * 0.10 I104 

2.67  f 0.0;  x l o <  
6.01 f 0 . Z I  I IO4 

9 5 3  

120 

10 

10 

10 

10 

5: 

3 9  

7: 

69 

31 

56 

2 2  

$7 

4 8  

6 9  

26 

25 

1 8  

5 0  

209 



sm 1 .1  - 

F-Od2 

F - I #  

2.010 

5-034 

1 280 t 12 
2 161 T 7 
3 Si.' I 1.7 
4 58.6 7 2.1 
c 90." 5 2 u 

3261 

- 17.P 5 1.0 
sum. 705 

1 3.25 i 0.52 
2 5.78  0.50 
3 28.7 i 1.1 
4 u. 4 f 0.61 
6 3.21 0.50 
7 0.3u + 0.22 

I 0.lC r o . 0 9  
? 0 .07  7 0.07 
3 0 . 5 6  = 0.1' 
4 0 . 2 2  7 0 . d  $ 0.18 7 0.09 
1 0.2'4 5 0.12 

1 406 + 9 ~ 

2 0.06 5 0 .oc  
3 4 50 I 0.9 u 0 . l U  + 0.05 

0.33 0 0- 

3263 

Sum 96.22 

3268 

sum 1.4 

3270 

6 0.17 5 0.09 

sun 411 

1 0.34 + 0.111 
2 0 0 1  5 0 0 2  
3 0 . 2 4  = 0.12 
u 0.14 I a.07 
t 0.39 I 0 1; - 0.19 2 0.0s 

I 0.25 0 lj 
2 , .b?  5 0 . 2 c  
3 1 7 3  u 0.21 
f 0.135 ? 0 043 

~-."11i 3271 

sum : . 3  

;-05e 3212 

9.2- 0 1: 
SYn 4.3 

60 
9' 

1090 
f0 
00 

495 

101 
60 
60 

326 
PO 

224 

210 



.1-10t Anderaen 3274 1 
2 
3 

; 
SUU 

1 
2 
3 
4 

3294 

S W  

:.]le 3253 

F-OM Casella 4851 

1 
2 
3 
U 
c 

sum 

1 
2 
3 
4 
5 

S"," 

sm 

drm/amplc ml". 
0.04 + 0.09 90 
0.54 5 0 . 0 4  I l l ?  
1 . 0 6  T 0.12 w: 
0.48 T 0.15 SC 
0.t3 5 0.07 loot 
3 . 0 8  0.42 I , ?  
5.9 
0.01 + 0.03 <C 
0. 0 5 0.17 l2C 

0 . 3 8  T 0.17 10 
0.25 5 0.15  eo 

0.14 + o . m  22u 

0.2R : 0 . 1 4  ,a 

120 
'C 

0.22 z 0.21 
5.12 r 0 . w  

1 . 7  

0.1: 0.09 a3 
0.18 0.06 57L 

0.911 + 0.18 ' 0  
0.11 0 .C  2:: 
1.3 

0 19 + 0.08 120 
0.03 T O . 0 3  12@ 
0.lt 5 0.05 1-5 
0 . o c  + o . w  110 
0.1- I O . O b  200 
0.61 

0 . o t  + 0 w 120 
O . O t  5 0.04 1 2 L  
0.18 i 0.07 120 

102.3  * 2 . 9  213 
0.12 z O . 0 6  120 

103 

1.w 0.19 120 
0.31 + O . l t  120 
2.09 5 0.09 91.5 
0.Uf i O . 1 3  12" 
a o e  5 a.oe 8C 
4.0 

241 
103 
2211 

253 
5 2 . 2  3 ... : 
i 6 . i  + 0.: 
2.39 T 0.40 60 
0.1- 5 a.aF 120 

441 + 11 60 
11.73 5 0.76 118 
12.0 t 1.1 bo 
1.07 T 0.29 60 
3.99 I 0.36  123 

324 

470 

-Lt t 111 101 
c1 .0  3 1 . ' ~  122 
53.u t 1 . 3  l i b  
U.? + 1 . 3  I??  
'.53 0.6,. 63 

r*LlogFaPned Lg 1rctcpeo. 1211 
mc.1 2 0 T  2,5 0 3.E 

175.3 + 13.5  ;, 1211 
366 5 5 l 1 . U  1211 

* 1 . 0  134 
I 1.1 i l t  

33.2  T 1 . l  103 
p.70 5 0 "2 103 

1 0 . 2  5 0 . r  103 

a-q , ~ ,  , . 

453.9 5.: ura;ixm(Flr~: z.,:c : ta~e:  hut'- 203- 
l l i . 5  + 1 . 0  

i n < - '  

1 _, 

41 
-3 
ii' 
U t  

211 
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K-OUE 4930 

4934 

4938 

4937 

i -000; 495' 

1 
i : 
5 

SUQ 

1 
2 
3 
4 
5 

Sw,  

I 
2 
3 
4 
5 

Sw, 

1 
2 
3 
4 
5 

SYrn 

1 
2 
3 
4 
5 

Eum 

1 
2 
3 
4 
5 
sum 

1 
2 
3 
4 

s u m  
1 
2 
3 
4 
5 

S"". 

d P / s m p l e  

22.1 + 1.0 
1 3 W  T e  

0 .q  5 0.14 
a.32 7 0.11 
3.08 I 0.42 

I 1330 

273 + 4 
13.7 7 1.8 
0.6 T 0.w 
0.0- T 0.0;  
0.35 5 0.14 

287 

72.2 + 1.C 
4.98 7 0.65 
0.44 T 0.16 
0.13 5 0 . e  
0.99 5 0.21 

79 

23.7 + I . !  

20.5 i 0 . P  
14.53 5 0.61 

1.72 0.25 

2 . 6 8  + 0.43 
7.48 0.64 

4 yl T 0.90 
b.19 0.60 

22.5 5 0 5 

13 4 + 1.0 

34.1 

0.03 + 0.03 
3.81 T 0.33 
0.  1 i 0 12 

0.75 T 0.13 
5.0 

- 

0.04 + 0 0: 
0.43 T 0.12 
0.C45T 0.032 
0.oc T 0.02 
0.13 T 0 0 9  
0 . E  - 
0.or + 0 Ot 
0.06 T O . O t  
0.05 T 0.05 
0.05 T 0.05 
0 . 0 5 3 T  0.013 
0 . 2 :  

0 E5 T 0:01 

120 74 
120 93 
120 86 
175 7? 
60 82 

120 hP 
120 85 
574 24 
955 4 f  

60 eo 

60 80 
a0 83 
00 70 
120 55 
934 76 

120 79 

2m 49 

2ou 84 

00 35 

132 82 

R i' 

9@ f 9  

21s 



CSI-D-000 

C S I - E - r n  

C S I - F - W O  

CSI-0-ow 

CSI-H-OW 

CSI-1-000 

CSI-N-024 

CSI-N-030 

CSI-LO36 

G 0 5 t  

F-O& 

6-052 

K-OtO 

x-068 

i-my 

K-io0 

C-030 

F-OOC 

F-Ol? 

P-CUZ 

F-078 

F-1:P 

i-miz 
J-om 
J-018 

J-030 

J-OW 

J-01' 

i-102 

1.1111 

I-0i.i 

G O j t  

K-04" 

-oca 

EYI-05 

CO-05 0 

C.02tA 

0-030 

TAS-D 

TAS-I 

TIIS-I1 

?I17 

5199 

5200 

5201 

52W 

5203 

5 2 m  

5195 

5196 

5197 

5C62 

5063 

5095 

5mi 

5774 

509f 

5089 

51 49 

5051 

5053 

5054 

5060 

iOC: 

5035 

5074 

:0?3 

5071 

50'? 

5010 

5072 

50'2 

5m: 

709- 

5rnc 

5113 

81 c3 

eic2 

il l  5' 

01% 

dp./sample 
10.C 2 0 . 5  

5C.l 2 1.4 

l E . C  t 1.2  

173.9 2 27.8 

338 2 l o  
722 31 

92.6 $ 'L.2 

25.3 t 0 . 9  

1: .1  2 0.6 

110.6 t 4.0 

P31 t 3 

4166 2 114 

& t i 5  & 3 0  

it: 4 

123.0 $ 7.11 

30.3 1 .P  

15-4 2 70 

0.39 2 0.19 

51.6 t 2 0  

1 m 4  * e 3  

53% x e  
i . 5a  t O . U I  

923 5 101 

0.90 2 0 24 

t y1 2 0.52 

0 .a i  i 0.05 

1030 : 02 
44.2 2 7 1 

10.311t 0.5s 

1.02i 0.1~' 

0.68: 0.39 

A x 2  5 115 

731 t ;, 
3 2 1  2 3 3  

8 , q :  C.D,XlO@ 

1.79 0 08 X l O i  

1 . 7 9  0 07 XI07 

1 45 - 0 03 x1c7 

mlr 
211 

1w2 

95. 
c o  

co 

23 

12c 

120 

120 

120 

1000 

5c 

bo 

e t  
b 5  

90 

ID 

97 

) le  
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3.33: 0.39 
2.115 0.21 

331 

44.0 T 1.0 
11.5 T 0.6 

385f + 66 

1.2& 0.09 
l.h& 0.20 

4.53 0.22 

3.437 0.2:  
1.05 0.0'3 

3915 - 

13.8 T 0.4 

L34Z 0.10 
24 : 

14114 ,- 
188 + 3 

h3.2  T 1.2 
8 525 0 6t 

1 1 . 5  5 0.f 
1716 

0.12 + 0 . 0 3  
0.14 T 0.0; 

0.06 + 0.03 
0.84 50.0'3 

d". 
30 
9P 
76 
300 
120 

3a 
30 
85 
e& 

125 

373 
14w 
557 
1000 
155 

120 

$2 
e74 
2514 

91 
226 
1690 

,E? 
189 
1016 
2514 
3c6 
340 

1320 
189 
710 
171 
189 

1 1  

911 
1221 

2% 
578 
644 
416 
1339 
615 

:2:: 
156 
75 

l f A  

,016 ;$ 
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IIPPTOX. DCPCC"! 
50 . 
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50 
5- 
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92 
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70 
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77 
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42.7 t 1.0 
3838 z 127 
, la0 2 13 

3358 2 134 
518C i 207 

2902 t 21R 
3.24 f 0.12 x 10' 

5.49 f. 0.26 x 1 6  
6.70 0.4b 105 

1.w * 0.09 I105 
6615 2 265 
9.15 f 0.25Xldl 

'1.92 f 0.35x1a4 

2.29 i 0.06 105 

'1.95 0.21 105 

5.22 0.29 105 

2.w 0.15 I 105 

6.8; 2 0.12~105 

2.24 ~0.13rio5 

1.07 0.05 x IO5 

Q.-- ~ 0 . 3 1 ~ 1 0 ~  

682; 280 

1.56 i 0.07 ;I 105 
3.29 5 0.00 I 105 

6.00 t 0.18 x 105 

2.36 10.17 x 105 

3.9 0.10 x 105 

2.611 0.m x 105 

1.31 2 0.D' x 10: 

Q.90 5 3.58 x lob 

3.79 0.23 1 10- 

125. : 30 
'350 f l i :  

1046 f ' 0  

?Bf i "i 
2 1 9  t 46 
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10.90 0.25 
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3" 
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2% 

60 

60 

15 

60 

ic  
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to 
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60 

EO 

70 
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31 
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15 
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IS 

30 

30 

30 

30 

30 

30 
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3c 

80 

23 

23 

60 

23 

150 

150 

40 

li 
35 

33 
10 

1- 

I3 

?i 

90 

22 
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5 

45 

56 

50 

99 

46 
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60 

55 

65 

45 

45 

42 

10 

75 

71 

5R 

96 

44 

44 
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Stk.95 

stk-96 

Stk-97 
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Stk-99 

st*-1w 
SrU-101 

stv-lm 
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Stk-305 

Stk-306 
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Stk-3@ 
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3511 ., ,, 
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636 2 17 

523 $ 12 

4.94 2 9 
584.2 t 21.8  

1315 $ 33 

1 9 4  $ 4 6  

,672 $ 4 1  

14E $ 3 

1 . 3 9  0.12 

0.59k 0.10 

40.9 2.7 

47 3 i 3 . 2  

27.6 P 5 

125.6 t I 8  

114: t 14 

203 t 5 
148 .3 :  1.4 

u1.a: 3.5 

122 .5  t 2.7 

1.05 : 0.01 x 106 

259 i 3 

2 .32  $ 0.03 x 10' 

7.68 0.05 % IO5 

4.98 + 0.06 x io6 

47 91 
4: 74 
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38 -e 
8e 9e 

60 75 

80 59 

40 37 

60 83 

Rt 91 

371 78 
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(0 
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3315 

3314 

3313 

3 3 m  

3303 

3365 

3365 

3370 
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4 4 
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2 
3 
4 
E 
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6 
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6 
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; 
3 
4 
t 
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5 
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i 
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3 

5 
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: 
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5 
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0.35 t 0.25 
69.6 t 2.3 
14.c + 0.7 
14.72 7 0.01 
30.6 7 0.9 

8.05 z 0.34 
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1.29 10.02 x 104 m?r:im 
471.0 7 14.1 
84.9 7 15.1 
147.2 7 19.4 
300.1 F 7.5  
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1.s~ To4 . 

1.36 i 0.02 x 
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6 36 3 0.35  
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0.38 : ' O r %  
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4 . 3  + n YI 
9.73 I i 6 5  

14.51 i o . 0 1  
11 4 5 0.5 
21.6 7 0 . 9  
0.06 z 0 . m  

61.7 

0.54 r0.18 
0.95 7 0.17 
0 61 3 0.04 
0.34 7 0.06 
0.32 z 0.08 

1 5 . 3  i n . 6  
18.1 

- 

O,% + 0.20 
I ac T 0 19 
0.30  7 0.15 
0.10 z 0.15 
0 .03  50.01 
3.4  

- 

0.16 - 0 . 0 3  
2.69 T 0.30 

0 .93  5 n 3c. 
0 .05  7 0 . 0 5  

0.C5 5 0.05 

4 . 4  - 
0.007 0.020 
0.21 +0.12 
0 21 T 0.03 
0.23 7 a.03 ?.?' z 0 . m  
, .  

2 'I1 * 0 42 
1.50 5 0 . 3 2  
1 . 0 3  70.15 
0.31' 7 0 .15  
1.00 T 0 13 
:.3 

- 

1 08 2 0.13  
C . H T  i O . 1 4  
0 OL z 0 06 
0.51 i 0.13 

2 .  

0 70 + 0 10 
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i ?Z f 0.23 

F . "  

0 04 z 0.05 

0 4'3 5 0 d 
0 ? 1  $0.04 

a n .  
60 
t- 
88 

2689 
180 
2U3 

120 
l i 0  
,005 
loo0 
98C 

1070 

60 
90 
175 
159 
120 
240 

60 
143 

2689 
143 
143 
56f 

60 
120 
1248 
390 
175 
260 

710 
420 
120 
00 

260 

1031 
147 

1031 
75 
7f, 

60 
57 

993 
942 
122 

60 
6.0 

250 
60 

2 t o  

9 2  

60 
60 

2: 

390 
254 
110 
2 9  
1979 

95 
79 
99 

89 
z; 

4 1  
62 
22 
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IC 

51 
85 

91 
69 

% 

85 
85 
92 
89 
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90 
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75 
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78 

93 
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79 

65 
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65 
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57 
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75 
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33,2 

3369 

33711 

3315 

335f 

2700 

2633 
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3050 
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3051 
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3044 

z 
5 

sum 
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2 
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3 
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2 
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P 
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F 
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2 

; 
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1 
1 
3 
4 
5 

SUm 

1 5 7 . 5 2  2.0 
99.6 + 1.2 
26.1 5 0.68 
5.0% 0.14 
3.85 0 49 

292 

zu .2  + 0.9 
1 2 . e  5 0.7 
23.6 7 0.7 

65.3 
10 .4  + 0 . 4  

1.495 0.10 
3.2F 0.28 

i . 0 ~  0.51 
3.1111 0.07 

32.0 2.1 
53.7 
82.5 $ 1.3 

29.4 7 0.9 

1.- 0.07 

120. + 2 .  

3.707 0.26 
11.4 5 0.2 
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25. t 0 74 

1 . 9 9  0.27 

0 . 3 q  0.15 

la.? i 0.6 
78.1 7 1.2 

116 

0.07 +0.01 
o . ~  10.03 
O.,d 3 . 0 7  
0.11 r0.03 
0.17 5o.m 
o e i  

1011 : 49 
2939 5 182 
1211 + sa 
226.8 z 

1410 + 111 

6833 - 
1.63 + 0.21 
0.23 0 . e  
0.17 f 0 1- 
0.01 + 0.03 
0.21 5 0 12 
2.2 

0.95 + 0.06 
0.511 7 0 . 0 9  
3 09 5 0.20 
1.117 t 0 l h  
o 2 1  z 0 08 
b . i  
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15 11 i 0.7 

2 . ~  0.18 

3.5< k o . 2 3  
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275 
2w 
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I t 3  
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420 
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171 
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140 
2683 
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60 

l? 
200 
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7 t  

164 
1110 
122 
300 
120 
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710 
251 
39 0 

12c 
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980 

171 
200 

hO 
60 
57 

1031 
24 0 

?E 

3: 
1% 

2 m 9  

2bO 
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31 
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31 

75 
78 
70 
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51 

78 

5i 

2+ 

-, 

50 
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BM-11 T*S.O 
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8-020 TAS I1 

R-mr 
P-030 
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ARC E (Eallooni 

L 15. P5 

L 1 5 ,  P t  

: 15. r 
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L 20, P t  
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: 23. PL 

3W2 

31117 

3087 
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3095 

3091 

5296 

5296 

5 4 c  

5 4 9  

5342 

5341 
5341 
5301 

8121 

R120 

d d s a n p l c  

233 2 6 

432 = 12 

2252 2 52 

9 . 3 2  0.7 

550.0 2 12.7 
1006 2 48 

m74 2 1 4  

501 2 9.0 

9.70 2 0.42 m 5  

6.43 2 0.24 x105 

1.07 _t 0.02 ri06- 

3.07 2 0.W * I O 5  

2.59 2 0.03 x 10' 
1.89 t 0.02 I 1 0  4 
2.65 7 0.10 I I[* 
1.83 i 0.02 1~ 

3614 t 185 
1.55 2 0.04 I 106 
2.19 0.04 lo7  
5.43 0.12 I 106 
1.81 5 0.11 x 10 6 

3.39 2 o.nx1dl 

2.1, L 0.05 I 105 

2.98 2 0.1Dx104 
9049 961 

127.0 2 5.5 

1.82 t o.oar 104 

L 4 9  f 0.27 x 105 

4.611 2 0.15 x 104 

t.42 2 0.9 r 104 

4.26 f 0.28 r 104 

8.18 5 0.25 x 10' 

5.52 5 0.16 x 101 

4 7.c5 0.92x 10 

3.66 2 0.16 x 10' 

7 9 2  189 

5182 + 192 

loin, 

115 

79 

70 
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10 

20 

20 

20 

IC 

10 
10 
10 

60 

10 

100 

10 

30 
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30 

60 

70 
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60 

10 

10 

30 

30 

bo 

60 

60 

60 

60 

90 
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39 

4u 

79 
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14 
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BP 

82 

51 

86 

ZC 
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91 

82 
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80 
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51 

65 

48 
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79 
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24 
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9924 

9833 

9832 
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333 5 27 

1.54 0 .15  x 10' 

63.87  2 2.45 

35.41 t 3.44 
164.7 2 5 . 3  

%e 5 16 

505 i 12 
331 2 13 

4 .45  0.12 107 

1.57  5 0.02 7. 106 

6.00 2 0.15 r i n6  

6.48 0 .17  x 107 

8 .60  F 0.11 x 107 

7 . 9 0  2 0.23 r IO6 

dm 
CO 

30 

60 

90 

60 

30 
e8 
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1.0 

1.0 

1.0 

10 
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cc 
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e5 

5b 

5' 
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?3 
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5P 
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3: 

21 

19 
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3 
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4994 + 210 
159.6 3.2 

553.6 7 39.1 

2173 5 148 

n o . 9  + 70.9 

;% ; 3 
1568 + 43 
71.6 5 4.3 
12.4 i 0.7 
2.50 T 0.10 
2.20 T 0.26 
1.01 T 0.211 
1664 

1908 134 
49.0 ? 1.8 
25.3 1.1 
6.95 Y 0.55 
3.41 T 0 . 3 1  
1 16 T 0.30 

1989 

671 + 30 
83.3 74.5 
32.7 7 2.4 
12.45 i I.* 
4.3 5 0.43 
3.69 1 0 . 3 :  

807 

1039 - 45 
590 li 1 

21.5  + 1.4 
2.72 5 0.18 

18.4 + 0.9 
5.92 I O . 6 5  

1658 

962 & 12 
102 7 t 
23.5 5 1.0 

12.' + 1.0 
E.53 1 0 . 4 3  

5.40 5 0.26 
1112 
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148.1 3 6.0 
25.9 i 2.2 
9.rv i 0.18 
4.y T 0 . 5 2  
5.99 I c Uf 
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117.7 = 3.0 
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1.83 i O.h9 
3.92 5 0 . 5 6  
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90 

80 
90 
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71 

30 
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1w 
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60 
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2: 
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bo 
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50 
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2 

5 

57 
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20 
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70 
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7 

5"" 

1 
2 
3 
4 
6 
7 

S m  

1 
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2 
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2 
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S"" 
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2 
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5 
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Sum 
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2 
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24 5 
1311 

113 

128.2 5 1.4 
30.0 + 1.4 
12.6% 0.39 
7.36 0.55 

2457 
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11.2 + 0.6 
10.4 T 0.u 
3.5m 0.31 2LF 
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0.1- 0.06 
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90 
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l ? t  l.lG 0.19 
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6111 
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j;_ 285 :: 
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i0 

356 
1% 
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46.2 + 1. 
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0.66 5 0.13 
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216 + c 
34.6 i 1.4 
12.60 T 0.63 
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2.02 5 0 23  Sample Spllleo 

E 6  

858 + 24 
41.4 5 1 1 
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60 

50 
15L 
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:: 
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1% 
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28.5 5 1.1 
50.' + 1.i 
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2.23 0.30 
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sum 
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sum 
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4 
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3 

5 
51111 
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2 
3 
4 

S;" 

5 
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11 
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1 2 6 . 5 5  1.9 
121.1 5 3 2 

2 1 . 2 +  1.0 
6 - 0 1 ?  0.58 
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107.2 5 1 . 6  
236 8 T 7.3 

13.7 z 0.9 

l i 4 t  * uc 

7.585 0.68 

1511 

1648 + 51 
163 9 I 3.3 
89.5 + 2 . 1  

18.5 _T 0.9 
8.47 5 0.14 
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120.3 T 3.2 
28.9 F 1.0 
27.5 f 1.0 

2550 
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2e 
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i? 
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55 
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lM 
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60 
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361 
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