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A B S T R A C T  

A srudy cf the  opera t ing parameters, l i m i t s  of de tec t ion ,  anion in ter ference ,  
and precis ion and accuracy of t h e  analys is  of copper, l ead ,  and z inc  by 
a t c s i c  absorption spectrophotometry a r e  described, Defining the  l i m i t  of 
de tec t i cn  a s  3- above background f luc tua t ion  ( ra the r  than t h e  more con- 
ventional  1% absorption) and def in ing precis ion a s  t h e  c o e f f i c i e n t  of 
va r ia t i cn ,  the  following d a t a  were obtained using a hot aqua r e g i a  leach 
of 1 0  o r  l a s s  grams of sample: 

ELEliIENT LIMIT OF DETECTION COEFFICIENT OF AMOUNT OF ELEMENT 
-.- (amount i n  sample) VARIATION I N  THE SAIQLE 

Cu 1.0 ppm 3.6% 0.25 w t %  

Pb 10.0 ppm 4.2% 0.42 w t %  

Zn 1.0 ppm 4.2% 0.58 w t %  

The above precis ion values inc lude t o t a l  v a r i a t i o n  including sampling. 
The method described is rapid  and well  su i t ed  f o r  t h e  analyses of ores  i n  
a geological  labora tory  i n  which meta l l i c  and matr ix  elements vary widely. 

The method of s tandard add i t ion  a s  applied t o  AAS was a l s o  invest igated.  
The method is w e l l  adapted t o  analyses of occasional  samples f o r  which 
standards and a r o u t i n e  method is not available.  

I N T R O D U C T I O N  

This paper is intended f o r  i n t e r n a l  use by the  Alaska S t a t e  Division of 
Mines and Geology but  may be use fu l  outs ide  of t h e  Division t o  people doing 
s i m i l a r  work. 

The foll-owing descr ibes  t h e  p r inc ip les  of atomic absorpt ion (Abby, 1967, 
and Robinson, 1965) and how t h i s  method r e l a t e s  t o  t h e  work of t h e  Division. 
Atomic abagr2tion spectrophotometry may be viewed a s  a f i g u r a t i v e  mirror 
image of the  o l d e r  and more fami l i a r  methods of o p t i c a l  emission spectro- 
scopy end flame emission photometry. I n  the  o l d e r  methods t h e  var50us 
elements of a sample a r e  "excited" by an energy input  -- carbon arc i n  the  
case of o p t i c a l  emission o r  a flame i n  the case of flame photometry. 
I 1  Excited" means t h a t  one o r  more of the  atom's e l e c t r o n s  a r e  ra i sed  t o  a 
higher than normal energy l eve l .  As t h e . e x c i t e d  e l e c t r o n  r e t u r n s  t o  a lower 
energy l e v e l ,  the  amount of energy input  which i n i t i a l l y  r a i s e d  the  e lec t ron  
t o  i t s  excited state is given o f f  a t  a d i s c r e t e  wave length.  That wave 
length is c h a r a c t e r i s t i c  f o r  t h e  t r a n s i t i o n  involved and i d e n t i f i e s  the  
e l e m e ~ t .  The amount of energy a t  the  c h a r a c t e r i s t i c  wave length  indicates  
t h e  amount of t h e  element present .  During t h e  e x c i t a t i o n  process only a 
small  port ion (estimated less than 1%) of the  atoms a r e  a c t u a l l y  exci ted ,  and 
t h e  o the r  g rea te r  than 99% remain unexcited and a r e  s a i d  t o  be 2.t "ground 
state". 
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Ground s t a t e  atoms a r e  capable of absorbing incident  r a d i a t i o n  a t  a d i s c r e t e  
wave l eng th  known a s  t h e  resonant wave length. Thus, i f  t h e  l i g h t  from an 
element i s  passed through a flame i n t o  which a s o l u t i o n  containing t h a t  
element is being sprayed, a por t ion  of t h e  incident  l i g h t  w i l l  be absorbed 
by t h e  ground s t a t e  atoms of t h e  element from the sprayed solu t ion .  This 
process is termed "atomic absorption". 

An aqueous solu t ion  of the  element i s  not required but i s  t h e  most common 
way of presenting the  sample. The amount of l i g h t  absorbed is a measure 
of t h e  r e l a t i v e  number of the  atoms of  t h a t  element p resen t  i n  t h e  sample. 

I n  the  U S  (atomic absorption spectroscopy) techcique, t h e  inc iden t  l i g h t  
is suppl ied  by a hollow cathode lamp which emits the  c h a r a c t e r i s t i c  spectrum 
of t h e  element i n  ques t ion ,  The ground s t a t e  atoms of t h e  elemental  vapor 
from t h e  sample absorb a por t ion  of t h a t  inc ident  l i g h t .  The amount of t h e  
i n c i d e n t  hollow cathode lamp energy absorbed by the  sample's ground state 
atoms is proport ional  t o  the  number of ground s t a t e  atoms present .  That 
p r i n c i p l e  is used f o r  a q u a n t i t a t i v e  measure. The AAS equipment is designed 
t o  present  a maximam, and reproducible,  number of ground state atoms v i a  a 
sprayed sample so lu t ion  t o  the  hollow cathode lamp beam f o r  subsequent 
absorpt ion  of the  inc ident  beam. 

The resonant  ( c h a r a c t e r i s t i c )  energy of the  element sought is i s o l a t e d  
from t h a t  of the  o the r  elements of t h e  sample so lu t ion  by t h r e e  means: 
1 )  the  bulk of the  i s o l a t i o n  is accomplished by the  c h a r a c t e r i s t i c  energy 
of t h e  hollow cathode lamp, 2) wave length  separa t ion  by a g r a t i n g  o r  a 
prism monochromator resolves  the  ind iv idua l  wave lengths,  and 3) an  in te r -  
rupted o r  pulsed power supply minimizes the  e f f e c t  of continuous r a d i a t i o n  
from t h e  flame by having t h e  photomultipl.ier de tec to r  tuned t o  t h e  i n t e r -  
rupt ion  frequency. 

AAS, of course, has advantages and disadvantages. Arnong t h e  advantages 
a r e :  1 )  high s e n s i t i v i t y  (ppm t o  ppb), 2) high s p e c t r a l  r e s o l u t i o n ,  
3) small interelement e f f e c t s ,  I) wide a n ~ l y 2 c a l  range, and 5) speed of 
analys is .  Disadvantages include:  1 )  t h e  semple must genera l ly  be put  
i n t o  so lu t ion ,  2)  the  sample is  destroyed,  3) the  method is r e l a t i v e  and 
not  absolute ,  4) reagent p u r i t y  and sample contamination are problems 
because of the  high s e n s i t i v i t y  of t h e  method, and 5) approximately 15  
elements a r e  not amenable t o  t h e  AAS technique. 

AAS is  we l l  su i t ed  t o  the  Divis ion ' s  work of rout ine  analyses  o f  p o t e n t i a l  
o r e  samples and is  exce l l en t  f o r  r o u t i n e  geochemical t r a c e  element analyses. 
Its high s e n s i t i v i t y  and s p e c i f i c i t y  makes poss ib le  some t r a c e  element 
analyses without p r i o r  concentra t ion  o r  separet ion.  

The atomic absorption spectrophcineter used by the  Division is  the  standard 
Techtron AA-4. Acetylene f u e l  with a i r  support and a standard Techtron 
AB-41 (10 cm s l o t )  burner wi th  a t e f l o n  th r sa ted  nebl!.l.izer have been used 
t o  date.  



Cer ta in  s tar t -up  e lec t ron ic  problems were experienced, one with t h e  meter 
read-out component and one with t h e  lamp power supply. The e f f e c t s  of 
these  problems were minimized because t h e  modular design of  t h e  Techtron 
AA-4 allowed a "loaner" component t o  be plugged-in while the  f a u l t y  u n i t  
w a s  being repai red  by the  d i s t r i b u t o r .  

M A C H I N E  O P E R A T I N G  P A R A ) . i E T E R S  

Severa l  ope ra t ing  parameters of t h e  AAS u n i t  were t e s t ed  t o  determine t h e  
optimum s e t t i n g s  f o r  rout ine  ana lys i s .  The parameters include: I) slit 
width, 2) lamp cur ren t ,  3) de tec to r  and read-out meter gain,  4) burner 
he ight ,  5) f u e l  and support s e t t i n g s ,  and 6) burner angle. The o b j e c t i v e  
is to  o b t a i n  maximum s e n s i t i v i t y ,  maximum a n a l y t i c a l  range, maximum read- 
o u t  s t a b i l i t y ,  and minimum background. 

The sl i t  width, current ,  and gain  r e l a t i o n s h i p s  were determined by us ing 
each ind iv idua l ly  a s  a va r i ab le  and determining the  optimum s e t t i n g .  The 
proper f u e l  and a i r  s e t t i n g s  were determined by f inding the  s e t t i n g s  which 
y i e l d  maximum absorption and maximum flame s t a b i l i t y .  The optimum burner 
he igh t  was s e l e c t e d  a s  t h a t  g iv ing  maximum absorption. The burner angle  
is c r i t i c a l ,  I f  i t  is p a r a l l e l  t o  t h e  beam i t  gives maximum absorption.  The 
absorpt ion  is decreased a t  o t h e r  angles.  This  f ea tu re  can be used t o  in-  
crease t h e  a n a l y t i c a l  range without  d i l u t i n g  t h e  sample. The r e s u l t s  of 
these  t e s t s  a r e  shown i n  t a b l e  1. The s e t t i n g s  shown i n  t h e  t a b l e  can be 
used rou t ine ly  f o r  analyses. The method of  extending t h e  a n a l y t i c a l  range 
by using a less sensitive absorption l i n e  w a s  not tested. 



TABLE 1 

OPTIMUM MACHINE OPERATING PARAMETERS 

SLIT LAMP GAIN 
ANAL. RANGE PPM 

FUEL SUPPORT BURNER ABSORPTION 
ELE;:IENT WIDTH CURRENT SETTING GAGE GAGE HEIGHT PARALLEL* VERTICAL* LINE 

P mA SETTING SETTING SETTING BURNER BURNER USED, 
- - - 

COPPER 50 4 5 2.50 2 0 5 0.1-10 10-120 3247 

LEAD 200 4 10 2.75 22 8 1.0-30 10-100 2171 

I 
a Z I N C  250 6 14 1.75 22 8 0.1-4 3-50 
I 

2139 

* These values represent  t h e  r e s u l t  of ro ta t ing  t h e  burner 90'. P a r a l l e l  burner means t h e  l eng th  of t h e  
burner i s  p a r a l l e l  t o  t h e  beam path. Ver t ica l  burner means the  length of t h e  burner i s  v e r t i c a l  t o  
the  beam path. 



S A M P L E  A N D  S T A N D A R D  S O L U T I O N  

P R E P A R A T I O N  

Samples analyzed by t h e  Division inc lude  a wide v a r i e t y  of na tura l ly-  
occuring rocks and o res .  The sample i s  reduced t o  minus $ inch i n  a jaw 
crusher and is then f u r t h e r  ground i n  a Braun pu lve r i ze r  t o  p r i n c i p a l l y  
minus 200 mesh. The bas ic  a n a l y t i c a l  procedure is t h a t  developed and 
described by T inda l l  (1965, p 339-340 and 1966, p 140). 

The weight of a sample t o  be leached of i t s  Cu, Pb, and Zn can be adjusted 
according t o  t h e  est imated metal l e v e l  i n  t h e  sample t o  br ing  the  con- 
cen t ra t ion  of metal  i n  t h e  solvent  t o  a convenient a n a l y t i c a l  l e v e l .  
Sample weights normally range from 1.0g t o  O.lg f o r  s e v e r a l  percent metal  
t o  log f o r  the  ppm range. 

The sample i s  leached wi th  hot aqua reg ia ,  urea is  added t o  des t roy t h e  
NO' (which would l ead  t o  flame i n s t a b i l i t y ) ,  t h e  l i q u o r  i s  brought t o  volume, 3 
centr ifuged o r  f i l t e r e d  t o  remove the  s o l i d s ,  and then analyzed by AAS by 
comparing t h e  sample's absorption t o  tha t  of s tandards.  Details of the  
procedure a r e  given i n  a l a t e r  sec t ion .  A t  l e a s t  four  s tandards  a r e  
prepared t o  form the  a n a l y t i c a l  l i n e .  

It has been found t h a t  the  composition of t h e  l i q u o r  has a moderate t o  
s trong e f f e c t  on absorpt ion  a t  a given metal l eve l .  This e f f e c t  was 
t e s t ed  by adding p r e c i s e  amounts of Cu, Pb, and Zn t o  var ious  ac ids  of 
various s t r eng ths  and comparing absorptions. 

Table 2 shows t h e  absorbance obtained from t h e  t h r e e  elements i n  various 
matrices. The table shows there is  a much higher absorpt ion  from a pure 
water matrix than from HC1,  HNO o r  aqua reg ia ,  and a much higher absorption 

3' from those ac ids  than from H2S04. 

A test was made t o  i n d i c a t e  whether the  v a r i a t i o n  i n  absorpt ion  was r e l a t e d  
t o  anion in te r fe rence  o r  a s p i r a t i o n  r a t e  of t h e  analy te .  The a s p i r a t i o n  
r a t e  was t e s t ed  by a s p i r a t i n g  the  four d i f f e r e n t  l i q u i d s  f o r  t h r e e  minutes. 
The a s p i r a t i o n  r a t e s  of t h e  four l i q u i d s  were found t o  vary  s i g n i f i c a n t l y  
and expressed a s  a percentage of t h e  mount of water  a s p i r a t e d  i n  un i t  
time, they were: 

Because the  above r e l a t i o n s h i p s  a r e  s imi la r  t o  t h e  absorbance d a t a  of 
t a b l e  2 we  be l i eve  t h e  v a r i a t i o n  i n  absorption i s  r e l a t e d  t o  t h e  v i s c o s i t y  
of the  l i q u i d  and not  t o  an anion matrix e f f e c t .  This po in t s  out  t h e  
necess i ty  of having t h e  matrix composition of t h e  standard and sample 
solu t ions  s imi la r .  
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The 1:50 H SO4 sample was t e s t e d  i n  order  t o  f ind  the  s ign i f i cance  of 
s u l f a t e  begns introduced i n t o  t h e  l iquor  by s u l f i d e  samples. The 1:50 
H S04:H20 is t h e  maximum amount of s u l f a t e  introduced from a two gram sample 
og galena taken t o  l O O m l  of l iquor .  The r e s u l t  being 100% i n d i c a t e s  t h a t  
no s i g n i f i c a n t  v i s c o s i t y ,  i.e., a s p i r a t i o n  rate, e f f e c t  would be introduced 
by t h e  s u l f i d e  derived from samples themselves. 

Also, no e f f e c t  on absorption w a s  de tec ted  by t h e  add i t ion  of t h r e e  times 
t h e  recommended urea volume. 

TABLE 2 

AQUEOUS MATRIX EFFECTS 

AQUEOUS MATRIX ABSORBANCE OBTAINED ABSORBANCE OBTAINED ABSORBANCE OBTAINED 
TESTED FROM 40 ppm Pb FRO11 20 ppm Cu FRCM 1 0  ppm Zn 

3:1, Aqua Regia 0.432 

H2° 0.482 

P R E C I S I O N  A N D  A C C U R A C Y  

The prec i s ion  of t h e  analyses w a s  measured by the  method of r e p l i c a t i o n  on 
s i x  samples. The prec i s ion  determined is the  t o t a l  v a r i a t i o n  and not 
j u s t  t h e  precis ion r e l a t e d  t o ,  say ,  reading the  value  from t h e  AAS uni t .  
The p rec i s ion  measurement w a s  obtained by taking s i x  a l i q u o t s  of powder 
from one sample and t r e a t i n g  each of t h e  s i x  a s  separa te  specimens through 
a l l  t h e  s t e p s  of t h e  procedures. To ta l  e r r o r s  of weighing, p ipet ing,  
AAS measurements, e t c . ,  a r e  r e f l e c t e d  i n  the  s t a t e d  precis ion.  Further,  
t h e  p rec i s ion  was determined separa te ly  a t  r e l a t i v e l y  low, intermediate,  
and high metal levels .  

Table 3 shows t h e  s t a t i s t i c a l  d a t a  obtained from these  experiments. 



TABLE 3 

PRECISION OF THE EETHOD 

ELEMENT METAL LEVEL 
% I N  SAPIPLE 

STANDARD 
DEVIATION 

COEFFICIENT OF 
VARIATION 

N,  NUMBER OF 
SMPLES 

Accuracy is much more d i f f i c u l t  t o  e s t a b l i s h .  Our accuracy w a s  ind ica ted  
by some comparisons of our analyses  t o  those  made by o the r s .  We analyzed 
a number of samples that were analyzed by one o r  more o the r  l a b o r a t o r i e s  
using va r ious  a n a l y t i c a l  methods. These samples include t h e  Su l f ide  sample 
obtained from the  Canadian Associat ion f o r  Applied Spectroscopy (Webber, 
1968, pp 229-248) and two of t h e  s i x  new s i l i c a t e  reference  samples, 
obtained from the  U .  S. Geological Survey (Flanagan, 1967, p 289-308), 
t h a t  are supplements t o  t h e  G-1 and W - 1  s tandards.  The values  on two 
o the r  samples w e r e  obtained by r e f e r e e  methods from Coast Eldridge,  Ltd. 
of Vancouver, B.C. Table 4 shows our va lues  compared t o  those of t h e  o t h e r  
l a b o r a t o r i e s  and o the r  methods on t h e  above samples. The correspondence 
between t h e  r e s u l t s  of our analyses  and those  of o ther  l a b o r a t o r i e s  and 
of o t h e r  methods seem to  be acceptable.  



TABLE 4 

COMPARISON OF ANALYTICAL VALUES 

SAiQLE COMENT COPPER LEAD ZINC 

OUR OTHER OUR OTHER OUR OTHER 
EESULTS ANALYST RESULTS ANALYST RESULTS ANALYST 

34268 Sample from our 
f i l e s  22.4% 22.3% 2.16% 2.06% 1.03% 0.93% (1) (1) 

20235 Sample from our 
f i l e s  0.25% 0.22% (1) 0.42% 0.45%'~) 0.58% 0.61% (1) 

Sulf ide  CAAS Sulf ide  
Spl. 0.76% 0.83% (2) 0.02% 0 . 0 2 % ( ~ )  0.05% 0.03%(~)  

I 
00 ' GSP-1 U.S.G .S. s i l i c a t e  

sample 43 PPm 50 ppmO) 46 PPm 60 ppm(3) 116 ppm 600 ~ p m ( ~ )  

BCR-1 U.S.G.S. s i l i c a t e  
sample 16 PPm 25 pPm0) 20 PPm 20 ppm(3) 84 ppm 600 ppm(3) 

(1) Referee ana lys i s  by Coast Eldridge, Ltd .  
(2) Mean of a l a r g e  number of analyses by various methods (Webber, 1965, pp 229-248). Ranges from which t h e  

means were determined a r e  Cu, 0.4 t o  1.0%; Pb, 0.020 to  0.030%; Zn, 0.016 t o  0.055%. 
(3) Hean values  obtained by spectrographic analyses from nine  d i f f e r e n t  ana lys t s  a t  t h r e e  d i f f e r e n t  l abora to r ies  

(Flanagan, 1967, pp 289-308). The ranges a r e  GSP-1, Cu, 34 t o  60 ppm; Pb, 50-90 ppm; Zn, not detected.  



THE PROCEDURE 

AAS OF COPPER, LEAD, AND Z I N C  

Weigh minus 200 mesh sample i n t o  a 400 m l  beaker. Sample weight may 
be from 0.1  t o  more than 10 g. Choose an amount of sample, depending 
on t h e  est imated concentrat ion of t h e  element i n  t h e  sample, t o  allow 
a convenient a n a l y t i c a l  range. 

Slowly add 25 m l  of concentrated HC1. 

Cover and p lace  on a 300' C hot p la te .  

After d iges t ing  f o r  15  minutes add 15 m l  of concentrated HNO and 10 
more m l  of concentrated HC1. 3 

Digest f o r  20 minutes. 

Add 25 more m l  of concentrated HC1 and b o i l  f o r  5 minutes. 

Add 10 m l  of 5% (Wt/Vol) urea i n  water.  

Boil f i v e  minutes longer.  

Cool t o  room temperature and bring t o  100 ml i n  a Nessler color  tube 
o r  o ther  volumetric  v e s s e l  with cold H 0. The s o l i d s  must be removed. 2 
This can be done by cent r i fuging o r  by f i l t e r i n g  through No. 2 Whatman 
f i l t e r  paper. 

Liquid from t h e  above sample is analyzed with the  AAS u n i t  a t  appropr ia te  
machine s e t t i n g s  after a 15 minute warm-up per iod  f o r  t h e  machine as 
follows : 

a. Turn the  t h r e e  "operate" switches t o  "on", s e l e c t  the  
des i red  lamp, lamp current ,  s l i t  width, burner he ight ,  
coa r se  ga in ,  wave length,  e t c . ,  for t h e  des i red  ana lys i s  
as is shown i n  t a b l e  1. 

b. Prepare an a l i q u o t  of t h e  sample s o l u t i o n ,  by d i l u t i o n  
i f  necessary,  such tha t  the  t ransmit tance  is preferably  
between 80% and 20% while being a s p i r a t e d  i n t o  t h e  
burner. 

c. Prepare s tandards  (preferably four )  of t h e  element i n  
ques t ion  i n  an acid matrix t o  approximately enclose 
t h e  20% t o  80% transmit tance optimum working range. 
The ac id  composition of the  s tandards  must be s i in i la r  
t o  t h a t  of t h e  sample solu t ion .  Zero and balance t h e  
machine read-out t o  g ive  100% t ransmit tance  while 
a s p i r a t i n g  a blank solu t ion  of s i m i l a r  ac id  composition 
and 0% transmit tance with the  hollow cathode beam 
in te r rup ted  . 



d. Aspirate t h e  standard so lu t ions  and p l o t  t h e  absorbance 
vs. concentrat ion.  This p lo t  should y i e l d  a s t r a i g h t  
l ine .  Absorbances obtained by a s p i r a t i n g  t h e  sample 
so lu t ions  a r e  then compared t o  the  scr ibed a n a l y t i c a l  
l i n e ,  

11. The ppm l e v e l  i n  t h e  sample s o l u t i o n  can be converted d i r e c t l y  t o  
ppm i n  the  s o l i d  sample by r e c a l l i n g  the  weight t o  volume d i l u t i o n  
fac to r .  For example, i f  10  g of sample were used and t h e  f i n a l  sample 
so lu t ion  was 100 m l  t h e  d i l u t i o n  f a c t o r  i s  100 

10  - 10. 

I f  the  sample s o l u t i o n  is found t o  contain f i v e  ppm of meta l ,  t h e  
metal  l e v e l  i n  t h e  o r i g i n a l  sample is 5 x 10 = 50 ppm. 

STANDARD ADDITION IlETHOD 

The method termed "standard addi t ion"  may usually be used: 1 )  when in te r -  
ference  cannot be con t ro l l ed ,  2 )  when t h e  matrix of t h e  sample d i f f e r s  
s i g n i f i c a n t l y  from t h a t  of e a s i l y  prepared standard s o l u t i o n s ,  o r  3) f o r  
occas ional  samples i n  which i n t e r f e r e n c e  and matr ix  e f f e c t s  a r e  unknown. 
There a r e  some matr ix  problems, e.g. molecular absorpt ion  (Robinson, 1966, 
p 8; Bi l l ings ,  1965, p 357-360; Slavin,  1965, p 360-361) t h a t  t h e  standard 
add i t ion  method does not  solve. The method i s  one i n  which a known amount 
of t h e  element sought is added d i r e c t l y  t o  a n  a l i q u o t  of t h e  sample solu t ion .  
The AAS reading from t h e  sample s o l u t i o n  i s  compared t o  t h e  reading from 
t h e  so lu t ion  t o  which a known amount of the  element was added. By "back 
extrapolat ion1'  t h e  amount of element in t he  o r i g i n a l  sample s o l u t i o n  can 
be ca lcula ted  by one of t h e  forms of t h e  bas ic  equation: 

where x = concentra t ion  i n  the  
unknown sample so lu t ion  

a = concentra t ion  added t o  
t h e  unknown sample 
s o l u t i o n  

A1 = absorbance on sample 
s o l u t i o n  

*2 
= absorbance on sample 

s o l u t i o n  t o  which a 
known amount of the  
element has been added 

It is usual ly  advisable  t o  check the  answer by taking two o r  more a l i q u o t s  
of  sample-solution-plus-element a t  d i f f e r e n t  l eve l s .  Equivalent answers, 
of course, should be obtained. The amount of element t o  add should be on 
t h e  order  of one-half t o  twice t h e  amount present i n  t h e  sample solu t ion .  
For example, should t h e  sample s o l u t i o n  contain an est imated 10 ppm Cu, 



t hen  t h e  range  of add i t i on  should be about  5 t o  20 ppm. The s t anda rd  
a d d i t i o n  method presupposes t h a t  a l l  t h e  p o i n t s  t e s t e d  l i e  on  a  s t r a i g h t  
p o r t i o n  of  t h e  curve of absorbance vs .  concent ra t ion ,  and t h a t  t h e  ex t r a -  
po la t ed  l i n e  passes  through zero.  

An example o f  a  determinat ion by s t anda rd  a d d i t i o n  fol lows.  The sample is 
t o  be analyzed f o r  Zn. One gram of t h e  ground sample i s  d i g e s t e d  i n  aqua 
r e g i a  accord ing  t o  t he  procedure p rev ious ly  descr ibed ,  wi th  t h e  f i n a l  
s o l u t i o n  brought t o  100 m l .  Because o f  h igh  Zn concent ra t ion  t h e  s o l u t i o n  
is  d i l u t e d  1/100. Three 9 m l  a l i q u o t s  of t h e  s o l u t i o n  a r e  taken and t o  
one, 1 m l  o f  0  pprn Zn i s  added, t o  t h e  second 1 m l  of 10  pprn An i s  added, 
and t o  t h e  t h i r d  1 m l  of 20 ppm Zn is  added. Adding 1 m l  of 1 0  pprn Zn t o  
9 m l  of sample s o l u t i o n  makes a t o t a l  o f  10 m l  and i n  e f f e c t  adds 1 pprn t o  
t h e  e n t i r e  1 0  m l  of s o l u t i o n ,  and s i m i l a r l y  with the  o t h e r  s o l u t i o n s  s o  
t h a t  t h e  t h r e e  samples a r e  now inczeased  by 0 ,  1, and 2 pprn Zn. Absorbances 
read a r e  as fo l lows:  

0  pprn added = 0.089 
1 pprn added = 0.171 
2 pprn added = 0.256 

The equa t ion  x - - *1 is rear ranged  t o  s o l v e  f o r  x as fo l lows:  
xi-a A2 

The va lues  are s u b s t i t u t e d  i n  the equat ion  g iv ing  t h e  fo l lowing  r e s u l t s :  

1 pprn added = 1.08 pprn i n  t h e  o r i g i n a l  sample s o l u t i o n  
2 pprn added = 1.06 pprn i n  t h e  o r i g i n a l  sample s o l u t i o n  

This  is good agreement 
sample t o  s o l u t i o n  i s  
1 0  r e s u l t i n g  from t h e  - 

b tween t h e  two. F i n a l l y ,  t h e  d i l u t i o n  f a c t o r  from X 10  r e s u l t i n g  dur ing  d i g e s t i o n  and d i l u t i o n ,  t imes  
s tandard  a d d i t i o n  d i l u t i o n .  Therefore,  t h e  answers are: 

9 
4 1 0  (1.08)(10 ) (  = 12,000 pprn and ( 1 . 0 6 ) ( 1 0 4 ) ( 9 )  -; 11,777 ppm, which is 1.20% 

and 1.18% Zn i n  t h e  sample. . 
A number of  samples have been analyzed f o r  Cu, Pb, and Zn by both t h e  
s t anda rd  a d d i t i o n  method and by comparing t o  an  a n a l y t i c a l  l i n e .  Comparable 
a n a l y t i c a l  r e s u l t s  were obtained.  We have found by r e p l i c a t i o n ,  a n a l y s i s  
by s t anda rd  a d d i t i o n  is  u s a a l l y  b e t t e r  t h a n  10% of t h e  va lue  and very  h igh  
p r e c i s i o n  and accuracy a r e  poss ib l e .  
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