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EVALUATION OF FOUR METHODS USING GOLD-198 FOR SURFACE LABELING 

SAND AND A NEW TECHNIQUE FOR SIMULATING NASS LABELING 

Nancy H. Stephens 
E. H. Acree 
F. N. Case 

ABSTRACT 

Procedurzs f o r  t agg ing  sand with 198Au t o  be used 
i n  t h e  s tudy of sediment t r a n s p o r t  have been repor ted  but  
not i n  s u f f i c i e n t  d e t a i l  t o  p e m i t  t h e i r  use i n  obta in ing  
reproducible  r e s u l t s  or t o  provide information concerning 
t h e  c h a r a c t e r i s t i c s  of t h e  l a b e l e d  sand. Therefore two 
methods t h a t  were r e p o r t e d ,  one using d i r e c t  reduct ion by 
s+,annous ch lor ide  and t h e  o ther  using displacement of 
s i l v e r  with gold,  were s e l e c t e d  f o r  f u r t h e r  s tudy.  Two 
new techniques,  based on d i r e c t  lirtbeling and reduction- 
displacement by using 2-isopropylbenzaldehyde, were devised 
by t h e  authors .  The four  methods were compared with re-  
spec t  t o  o v e r a l l  tagging e f f i c i e n c y  and adherence of t h e  
gold t o  t h e  sand a f t e r  t h e  samples vere  subjected t o  water 
leaching  and mechanical. abrasion.  
method was t h e  one based on d i r e c t  l a b e l i n g  using p i s o -  
propylbenzaldehyde. 
l a t e  mass l a b e l i n g ;  t h a t  i s ,  t h e  sand w a s  l abe led  i n  such 
a way t h a t  t h e  number of r a d i a t i o n  counts de t ec t ed  per  
u n i t  weight of sand appeared t o  be p ropor t iona l  t o  mass 
r a t h e r  than t o  s u r f a c e  area.  

? 

The most e f f e c t i v e  

This method w a s  a l s o  adapted t o  simu- 

INTRODUCTION 

Many experiments have been conducted t o  o b t a i n  information con- 

cerning t h e  processes  i n  t h e  l i t t o r a l  zone t h a t  cause sediment t r s n s -  

po r t .  

( s a n d ) ,  p l ac ing  t h e  m a t e r i a l  i n  t h e  area t o  be s t u d i e d ,  and surveying 

t h e  area t o  determine movement. 

ing  sand have been developed,’ and a r e  ‘of two genera l  types:  sur face  

l a 5 e l i n g  and mass l abe l ing .  Surface l a b e l i n g  c o n s i s t s  of coa t ing  p a r t i c l e  

s u r f a c e s  with res ins  , p a i n t s ,  and f luorescent  dyes , as r epor t ed  by Kidson 

and Cam2 and by Gibert  and Cordeiro,3 o r  of p l a t i n g  a rad io iso tope  onto 

B r i e f l y ,  t h e s e  experinents  c o n s i s t  i n  l a b e l i n g  sediment m a t e r i a l  

A number of d i f f e r e n t  methods f o r  l a b e l -  



t h e  g ra in  sur faces  (by reduct ion ,  e t c .  ) , as repor ted  by Pe tersen4 ,  

h i s  work with 198Au and "9- sand tagging. 

when t h e  r ad ioac t ive  t a g  i s  propor t iona l  t o  t h e  weight of t h e  p a r t i c l e  

being 'Yagged. One example of mass l a b e l i n g  i s  t h e  133Xe-tagging method 

used i n  a Radioisotopic Sand Tracer Study program d i r ec t ed  by the  U. S. 

Army Corps of Engineers Research Center.6 

i n  

Mass l a b e l i n g  i s  achieved 

A search of t h e  l i t e r a t u r e  showed t h a t  sand s t u d i e s  have been c a r r i e d  

out with ! 9-8Au; however , t h e  labeled-sand c h a r a c t e r i s t i c s  and t h e  l abe l ing  

procedures a r e  not de t a i l ed .  Therefore t h i s  study w a s  i n i t i a t e d  i n  order  

t o  e s t a b l i s h  these  data and t o  compare two repor ted  methods, d i r e c t  re- 

duct ion by stannous ch lor ide4  and displacement of  s i l v e r  5y gold.' 

During t h e  study a quest ion a rose  as t o  whether t h e  gold w a s  reduced 

on t h e  sur face  of t h e  sand p a r t i c l e s  o r  reduced i n  s o l u t i o n  and deposi ted 

on t h e  sand as a p r e c i p i t a t e ,  Repeated t e s t i n g  ind ica t ed  t h a t  much of t h e  

gold i s  depos i ted  as a p r e c i p i t a t e  from the  so lu t ion ,  thereby causing 

poor su r face  adherence. Therefore two new methods -dere developed based 

on t h e  use of E-isopropylbenzaldehyde, which i s  in so lub le  i n  water. 

Since sur face  l a b e l i n g  i s  a func t ion  3f t h e  sur face  a r e a  of t h e  

material t o  be labe led ,  inhomogeneous tagging on a veight  basis w i l l  

occur i n  materials t h a t  have a range of p a r t i c l e  s i z e s .  Therefore a 

second purpose ' fo r  t h e  s tudy was t o  develop a technique whereby sand 

f r a c t i o n s  can be l abe led  so  t h a t  a reasonable approximation t o  mass 

la-oeling can be obtained. 

EXPERIIENTAL PROCEDURE 

The f i r s t  two procedures are e s t ab l i shed  methods found i n  t h e  

l i t e r a tu re .  

benzaldehyde w a s  chosen as t h e  l a b e l i n g  agent because of i t s  i n s o l u b i l i t y  

i n  water, which reduces t h e  p o s s i b i l i t y  of t h e  gold be ing  p - e c i p i t a t e d  i n  

so lu t ion .  I n  a l l  cases  t h e  samples were given f u r t h e r  treatment t o  

determine t h e  e f f e c t  of  hea t ing  on l o s s  of gold by mechanical abrasion 

and leaching.  

method descr ibed.  The t e - t s  cons i s t ed  i n  s t i r r i n g  t h e  sand with a 

mechanical s t irrer i n  a beaker of d i s t i l l e d  water f o r  15-min per iods  u n t i l  

I n  t h e  two new methods, procedures C and D ,  p i s o p r o p y l -  

Leach and abras ion  tes t s  were made on sand tagged by each 
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l o s s  of ac t iv i ty  ceased. 

d e t e c t o r ,  which d i d  not r e q u i r e  s t anda rd iza t ion  s ince  t h e  resu l t s  were 

evaluated on a comparison b a s i s .  I n  a l l  cases  t h e  sand w a s  washed with 

H C 1  t o  des t roy  carbonates .  

The counting w a s  done with a 3-in. NaI c r y s t a i  

Procedure A - Direct  Gold Reduction by Stannous Chloride 

A 30-g sample of sand w a s  t r e a t e d  with an excess of stannous ch lor ide  

so lu t ion .  The mixture was s l u r r i e d  and allowed t o  stand f o r  5 t o  10 min. 

The excess s o l u t i o n  w a s  t hen  decanted, and t h e  sand w a s  washed t h r e e  t imes 

wi th  1 0  t o  1 5  m l  of water. The sand w a s  d r i e d  and lg8Au ch lo r ide  so lu t ion  

w a s  added with s t i r r i n g .  The mixture was allowed t o  s tand  f o r  about 30 

min and w a s  s t i r r e d  occas iona l ly .  The gold s o l u t i o n  w a s  counted before  it 

w a s  added t o  t h e  sand. After s t and ing ,  t h e  so lu t ion  w8s decanted from 

t h e  sand. 3oT;h t h e  sand and decanta te  were counted at t h i s  po in t .  The 

sand w a s  d r i e d  and divided i n t o  t h r e e  p a r t s .  One part. underwent leaching 

tes ts  before  any f u r t h e r  t r ea tmen t ,  one p a r t  w a s  heated i n  a furnace t o  

5OO0C before  l each  t e s t i n g ,  and t h e  t h i r d  po r t ion  w a s  heated t o  1000°C 

before  any t e s t i n g .  

Procedure B - Displacement of S i l v e r  by Gold 

A 30-g sample of sand w a s  t reated with SnC12 as descr ibed i n  ?roce- 

dure A.  S i l v e r  n i t r a t e  so lu t ior .  w a s  added t o  t h e  sand with s t i r r i n g .  

A f t e r  t h e  A g N O 3  t rea tment  t n e  sand w a s  washed once with 1 0  t o  1 5  ml o f  

water and dried.  The d r i e d  sand w a s  t hen  t reated with 198J-u ch lo r ide  

s o i u t i o n  and divided as descr ibed i n  Procedure A .  Decantation and count- 

i n g  techniques were a l s o  t h e  same as those  descr ibed i n  t h e  e a r l i e r  pro- 

cedure. 

Procedure C - S i l v e r  Reduction by 2-Isoprcpylbenzaidehyde Displacement 
of S i l v e r  by Gold 

A s o l u t l o n  of 2.5 t o  3 ml of 2-isopropylbenzaldehyde i n  1 5  al of 

absolu te  e thanol  w a s  aaded t o  30 g of sand. The mixture w a s  allowed t o  

s tand  for 10 t o  1 5  min and t h e  excess s o l u t i o n  w a s  decanted. 

w a s  washed t h r e e  t ines with 10-ml voiumes of e thanol  aqd t h r e e  times 

with w a t e r .  

The sand 

After dry ing ,  t h e  sand was t reated v i t h  an excess of Tollen's 
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s o l u t i o n ,  

deposi ted onto t h e  sand as m e t a l l i c  s i lver .  

was added t o  t h e  sand, which w a s  t h e n  divided as be fo re .  Decantation and 

counting were c a r r i e d  out as previously descr ibed.  

Ag(NH3 )20H, and allowed t o  s t and  f o r  1 0  t o  1 5  min. The Ag' w a s  

Gold-198 ch lo r ide  s o l u t l o n  

Procedure D - Direct  Labeling by 2-Isopropylbenzaldehyde 

A 30-g sample of sand w a s  t reated with a 2-isopropylbenzaldehyde- 

e thano l  s o l u t i o n  as descr ibed i n  Procedure C .  Af te r  t h e  sand w a s  washed 

and d r i e d ,  it w a s  t reated d i r e c t l y  wi th  t h e  gold c h l o r i d e  s o l u t i o n .  

s t and ing  f o r  30 min, t h e  s o l u t i o n  w a s  decanted and t h e  sand w a s  d r ied .  

The d r i e d  sand w a s  d ivided i n t o  t h r e e  p o r t i o n s  f o r  l each  tes t s  as descr ibed 

i n  Procedure A. 

Afte r  

Simulated-Mass-Labeling Technique 

Two l i t e r s  of sand w a s  separated i n t o  va r ious  p a r t i c l e - s i z e  f r a c t i o n s  

by sepea ted  dry  and w e t  s i ev ing .  

propylbenzaldehyde and 138Au c h l o r i d e  s o l u t i o n  as descr ibed i n  Proce2ure D , 
so t h z t  t h e  sane amount of lg8Au p e r  gram of sand w a s  added. 

were s t i r r e d  f requent ly  during a 30-min per iod  and excess s o l u t i o n s  were 

decanted. Both t h e  sand samples and decantates  were counted. 

Each f r a c t i o n  w e s  t reated with 2-iso- 

Tne samples 

FYALUATION OF VARIOUS METHODS 

Surface-Labeling Methods 

O f  t h e  f o u r  methods evaluated t h e  most s a t i s f a c t o r y  one was Proce- 

dure D, us ing  y-isopropylbenzaldehyde. 
be t t e r  t h a n  wi th  t h e  o the r  methods when t h e  sand underwent no h e a t i n g  o r  

h e a t i n g  a t  5OO0C after l a b e l i n g .  

gold adsorp t ion  by t h e  2-isopropylbenzaldehyde-treated sand w a s  15 t o  20% 

higher  t h a n  by any of t h e  o t h e r  methods, There w a s  no marked d i f f e r e n c e  

i n  t h e  r e s i s t a n c e  o f  t h e  gold t o  leaching  and abrasion by any of tne  fou r  

The r e t e n t i o n  of gold w a s  s l i g h t l y  

This w a s  due t o  t h e  f a c t  t h a t  t h e  i n i t i a l  

methods. 

Procedure D showed s i g n i f i c a n t  advantages over t h e  o t h e r  t h r e e  methods. 

However , when t h e  sand w a s  heated t o  1000°C af ter  l a b e l i n g ,  



. .  I ..... I , . ,  

5 

The amount of gold removed from t h e  sand by leaching and abrasion w a s  

10 t o  20% less than  t h a t  removed f r o n  sand l a b e l e d  by t h e  o ther  methods. 

Procedure B, which involved t h e  reduct ion of s i l v e r  by SnC12 followed 

by t h e  displacement of  s i l v e r  by gold,  w a s  u n s a t i s f a c t o r y .  The s i l v e r  w a s  
not reduced when it came i n t o  contac t  with SnC12-treated sand, but  i n s t e a d  

r e a c t e d  wi th  t h e  21- ions present  t o  form AgC1. 

c h l o r i d e  w a s  added t o  t h e  sand, t h e  gold w a s  not reduced by t h e  displace-  

ment of s i l v e r  but  by t h e  Sn2+ ions present .  

Therefore when gold 

No change i n  tagging e f f i c i e n c y  w a s  observed when t h e  mount  of gold 

used w a s  v a r i e d  from 1 0  mg of gold per  1.45 g of sand t o  1.2 g of gold per  

1 4 5  g of sand. 

The e f f e c t  of hea t ing  t h e  sand t o  5OO0C f o r  about 30 min a f t e r  l a b e l -  

i n g  w a s  t o  i n c r e a s e  t h e  r e t e n t i o n  of gold on t h e  sand during abrasion and 

leach  t e s t s , .  Heating t o  1000°C f u r t h e r  increased t h e  r e t e n t i o n  of t h e  gold 

on t h e  sand. Af te r  t h e  sand w a s  l abe led  and heated t o  1000°C it appeared 

t h a t  a l l  t h e  gold was i n  t h e  elemental  s t a t e ,  and washing t h e  sand with 
d i l a t e  H C 1  renoved only a n e g l i g i b l e  amount of a c t i v i t y .  

The methods a r e  compared i n  Table 1, and t h e  e f f e c t s  of h e a t i n g  and 

abrasion a r e  given i n  Tables 2 and 3. 

Table 1. Comparison of Labeling Methodsa 

Ir8Au removed lY8Au r e t e n t i o n , %  Overal l  
Labeling from tagging Af ter  1st Af te r  2ndb process 
method s o l u t i o n ,  % leach leach  e f f i c i e n c y ,  % 

Direct  r educ t ion  
by SnC12 68 63 60 4 1  

Rednction of Ag by 
SnC1, displacement 
by gold 68 63 60 4 1  

Reduction of Ag by 
p i s o p r o p y l b e n z a l -  
dehyde d i s p l a c e - .  
ment 5y gold 62 63 58 36 

Direct  l a b e l i n g  by 
p i s o p r o p y l b e n z a l -  
dehyde 92 65 60 55 - -- __ - _ _  

%ata repor t ed  i n  t a b l e  
b 

represerit  average values .  

No s i g n i f i c a n t  loss a f t e r  t h i r d  leach  t e s t .  
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Simulat ed-Mass-Labeling Technique 

it was found t h a t  simulated mass l a b e l i n g  could be achieved by 

s i e v i n g  t h e  sand i n t o  f r a c t i o n s  and then  l a b e l i n g  each f r a c t i o n  with t h e  

same amount of 19aAu per  gram of sand (Procedure. D ) .  

l abe l ed  f r a c t i o n s  were counted and counts .per  mi l l i g ram of sand were 

When tne  var ious  

c a l c u l a t e d ,  t h e  agreemeit among f r a c t i o n s  w a s  wi th in  t20%. 

su r face  l a b e l i n g ,  t h e r e  i s  a dev ia t ion  of 500 t o  600% between t h e  

l a r g e s t  and t h e  smallest sand p a r t i c l e s .  A comparison of t h %  two types  

of  l a b e l i n g  i s  given i n  Table 4. 
each f r a c t i o n  t h e  l a b e l i n g  w a s  found t o  be uniform. 

dev ia t ion  e x i s t e d  among t h e  counts per  mil l igram of sand,  ca l cu la t ed  

from 1-min counts on s e v e r a l  1-g sanples .  

With s t r i c t  

I n  t h e  simulated mass l a b e l i n g ,  wi th in  

Less than  0 .1% 

Table 2. Ef fec t  of Heating Sand t o  5 O O 0 C  A f t e r  LaSeling 

19% removed l 9 8 ~ u  r e t e n t i o n ,  % Over all 
Labeling from tagging After 1st  After 2nd p r x  e s s 

method s o l u t i o n ,  % l each  leach  e f f i c i e n c y  , % 

Direc t  reduct ion  
by SnC12 68 68 6 3  43 

by gold 68 68 63 43 

Reduction of Ag by 
SnC12 displacement 

Reduction of kg by 
E-isopropylbenzal- 
dehyde displace-  

Di rec t  l a b e l i n g  by 

ment by gold 62 73 73 45 

p i s  op-op:jlbenzal- 
dehyde 92 70 70 6h 

/ o  797574- 
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Table 3. Effect  of Heating Sand t o  1000°C After  Labeling 

8Au removed 8Au r e t e n t i o n  Overal l  
Labeling from t agg ing  a f t e r  1st process  Overal l  

method s o l u t i o n ,  % l e a c h ,  %a e f f i c i e n c y ,  % r e t e n t i o n  

Direct, reduct ion 
by SnC12 68 82 56 82 

Reduction of Ag by 
SnC12 disglacement 
by gold 68 82 56 a 2  

Reduction of kg by 
p i s o p r o p y l b e n z a l -  
dehyde d i sp lace -  
ment by gold 62 83 5 1  a2  

Direct  l a b e l i n g  5y 
pi so2rop-jlbenzal- 
dekjde 92 98 90 93 

a There w a s  no s i g n i f i c a n t  loss after t h e  second, leach .  

Table 4 .  Comparison of Surface- and Simulated-Mass- 
Labeling Methods 

Surface l a b e l i n g  Simdlated mass l a b e l i n g  
P a r t i c l e  s i z e ,  1~ Counts per  mg P a r t i c l e  s i ze ,  u Counts per mg 

+500 

-500 +237 
-297 +210 

-210 +l77 
-177 +149 
-149 +44 

68 

78 
103 

16 4 
235 
312 

+500 
-500 +297 
-297 +250 
-250 +208 
-208 +125 
-125 +88 

462 
Lg6 
554 

553 
592 

578 
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