


INTERFERENCE FROM CALCIUM, IRON, AND MAmJBSIUM 
ON LEAD, ZIMC, AND SILVER AAS ANALYSES 

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

I n  1965 Bill ings (p 357-361) reported what is probably the ".... f i r s t  
t rue  rcatrix absorption" f 3 AAS analyses (Capecho-Delgado and Sprague , 
1965, p 364). Bkllings reported tha t  Ca, Mg, Na, R, and Fe in te r fere  
with the analyses of B i ,  Cu, &, Zn, Ba, Fa, Ca, Cd, N i ,  and Pb. He found 
that Ca and Mg were the  strongest interferents ,  followed by Fe. Bill ingat 
interpretat ion was t ha t  the interfer ing elements gave rise t o  absorption 
bands from such species as CaOH which were not fu l ly  vaporized i n  the fm. 
This causes l i g h t  scat ter ing which is registered on the AA read-out aa 
absorption. Capacho-Delgado and Sprague (1965, p 364) confirmed Bill ings ' 
r e su l t s  and suggested that  a much higher temperature flame, such as t ha t  
from nitrous oxide, might elimiriate the  problem by vaporizing the inter-  
fer ing species. 

The interference problem Is signif icant  only i n  t race or  very high accuacy  
analyses. Geochemical analyses a r e  t race element analyses and the magnitude 
of the interference tha t  is suggested is significant.  We have noticed 
the  interference while running geochedclzl analyses f o r  Pb, Zn, and Ag ou 
carbonate and f e r r u g i ~ s u s  sanples. This report  covers our investigation of 
the mgoitvde of the interference from Ca, Mg, and Fe on Pb, Zn, and Ag, 
and a szggestion of a method of ccntrol. We have a l so  found a strong 
interference of Fe on Au, which is not investigated i n  t h i s  study. This 
interference prevents the accurate analysis fo r  gold on Fe-containing 
s~:larpl€? 8 o l ~ t i o n s .  Iron interference is controlled i n  our gold analyse8 
by e x t r a c t h g  the 801d into the o.=gm~ic reagent methyl isobutyl ketone 
and then r aov ing  frcn f ren  t h o ,  csgmic with a 0.1 N HCI, wash. 

E X P E R I M E N T A L  

Matthsy "Spec Pure" rr-agents were used t o  form master solutions of Ca, 
Mg, and Fe. The concer,trcti~its were eesigued t o  represent the  nwchum 
of ear,% of thsse elernent~ that w;ould be prasent i n  solutions from calcite 
(Ca)  , dolomite (Mg) , c r  hsmatZte (Fe) . A se r i e s  of di lut ions of the master 
solutfons fosmd s o l t ~ t i a ~ l s  sf diminishing content of each interfer ing 
element. AT1 there solutions shnald be essent ial ly  f r e e  from Pb, Zn, or 
Ag because of t2e high purity of the reagents used, and so any registered 
absorbence OD thue ;lnalytf,zel l i nes  w a ~ l d  represent interference. 



Each solution was asperated on the analytical lines of Pb, Zn, and Ag to 
determine the magnitude of the interference. Table 1 shows the comp~~itiona 
of the solutions, the absorbence read, and apparent ppm concentration caused 
by the interfering element. The apparent concentrations shown in table 1 
are the concentrations that would be indicated to be in the sample (10 
gram sample in 100 ml of liquor) when actually there were none of the 
elements present. That is, concentrations indicated solely because of the 
positive interference of the matrix elements. Table 1 shows that the mag- 
nitude of the interference is significant for geochemical analyses. A 
pure hematite sample would indicate 27.5 ppm Zn, 9.0 ppm Pb, and 1.4 ppm Ag 
with none of those elements present. A pure calcite sample would indicate 
2.9 ppm Zn, 15 ppm Pb, and 1.7 ppm Ag with none of those elements present. 
A dolomite sample would indicate 8.2 ppm Pb and 1.7 ppm Ag from the Mg 
content of dolorjite. The Mg solutions were accidently destroyed before 
the Zn interference could be determined, but we guess it would be about 
balf the magnitude of calcium, or about 1.5 ppm indicated Zn at maximum 
Mg from dol.omite. 

C O N T R O L  O F  T H E  I N T E R F E R E N C E S  

Billing8 (1965, p 360) found that for some of the elements a nearby non- 
absorbing line for the element could be used to control the interference. 
By measuring the absorbence on a nonabsorbing line the level of interference 
is indicated. This is true because on a nonabsorbing line there should be 
zero absorbence. Capacho-Delgado and Sprague pointed out that the non- 
absorbing line must be near the absorbing line because the streagth of the 
interference absorption band varies across the spectrum (p 363, fig 1). 
For Ag and Zn no nearby nonabsorbing lines exist. 

We have devised a method which, though not precise, is an a p p r o ~ t i o u  
for the needed correction. To correct for the presence of Fe we make a 
visual estimate of the iron concentration by comparing the color of the 
solution to solutions of known iron concentration. From the data of 
table 1 a plot of the correction needed vs iron concentration can be formed 
(fig 2). The presence of high Ca in the analyte is readily detected becam 
the flame assmes a red color. For Ca correction we detetmine the ab- 
sorbance on the Zn 3074A nonabsorbing line, and from that absorbence make 
an estimate of the calcium level from a graph oE absorbence on 30741 WI 
vs calcium concentration (fig 1). 

For example, if significant iron is present but no significant calcium, We 
estimate the iron concentration by liquor color and then apply the correction 
indicated in figure 2 for each of the eleinents, I$ significant calcium is 
present we determine the absorption on the En 3074A line and use figure 1 
to estimate the Cn conce~trstion. Knowing the Ca concentration, figure 2 i8 
then used to arrive at a correction. An added complication, uncaPrmon but 
entirely possible, is when both Fe and Ca are present at significant levels. 
In such a case the iron can be estimated visually, the iron curve of figure 
1 used to subtract the absorbence due to iron and the remaining absorbence 
attributed to Ca to determine the Ca level. Any Mg interference in this 
scheme is read as Ca and introduces some error. 



The only samples tha t  need the above treatment are those tha t  are ra ther  
high i n  Pe and/or Ca. Generally, the high calcium samples w i l l  not a l so  be 
high i n  Fe, and so only one of the corrections need be applied. Table 2 
shows some minimum chemical and mineralogic compositions tha t  would lead t o  
"significant" interference and represent compositions above which we would 
be inclined t o  apply the correction procedure f o r  geochemical samples. For 
lead, f o r  example, we  would apply a correction above 26% hematite and 16% 
calcite. Table 2 shows other minimums beyond which we w u l d  apply the 
correction f o r  geochem samples. 

Our suggested method f o r  correcting the interference is nei ther  elegant 
nor precise but i t  does help and may be precise enough f o r  geochemical 
applications. W e  are looking f o r  a be t t e r  method short  of haviag t o  d p ~ e  
separately t o  determine the  concentrations of the  in te r fe r ing  e l a e n t s .  



Table 1 
ABSORBENCE AND APPARENT CONCENTRATION DATA 

* The "apparent" concentration is the metal level indicated to be 
the sample considering a 10 gram sample taken to 100 ml of solution. - 

f 
1NI)ERFERENT ABSORBEN- APPAREN!L' PPM IN SAMPLE 

AND 
CONCENTRATION 

PPM 

Ca 40,000 

20,000 

10,000 

5,000 

2,500 

625 

312 

I* 15,000 

7, SO0 

3,750 

1,875 

937 

468 

Zn LIgE 
2139A 

0.055 

0,050 

0.040 

0,025 

0,020 

----- 
0 005 

Sample 

Solution 

Lost 

Fe 70,000 

35,000 

17,500 

8,750 

4,375 

2,187 

1,093 

546 

273 

APPAREXT* 
PPM Zn 

2 ,9 

2.6 

2.0 

1.3 

1.0 

-.-- 

0-2 

0.47 

0.32 

0,195 

0,140 

Om100 

0,065 

----- 
0,050 

0.030 

Pb LINE 
2833g 

0 045 

0,025 

0,010 

0,008 

0.005 

0,003 

0.000 

0,025 

0.015 

0,010 

0,002 

0,000 

.---- 

27.5 

18 -9 

11.2 

8.0 

5.8 

304 

--I 

1.6 

1.0 

A P P W *  
PPM Ag 

1.7 

0.7 

0.3 

0.2 

0.1 

0.0 

0-3 

0-0 

APPARENT* 
PPM Pb 

15 .O 

8-0 

3.0 

2.5 

1.5 

0.7 

0.0 

8.2 

5.0 

3.0 

0.7 

0.0 

--- 

0,027 

0,015 

0,010 

0,005 

----- 
----- 
0,002 

0,000 

Ag LItE 
328l.A 

0,055 

Om020 

0,010 

0,007 

0,005 

0,000 

Ow010 

0,000 

9-0 

5.0 

3.1 

1.5 

--- 
--- 
0.7 

0.0 

0,045 

0,030 

0,015 

0,005 

0.000 

1.4 

1.0 

0.5 

Ow2 

0-0 

L 
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FIGURE 1. Absorbence vs. congentration of 
Ca, Mg and Fe on the 3074A Zn line. 
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Estimated concentration of Ca or Fe, PPM Solution. 

FIGURE 2. Correction for interference of 
Ca and Fe on Pb, Zn and Ag. 



Table 2 
MINIi4UM UEVEL OF SIGNIFICANT INTERFERENCE 

* This column means the weight per cent of the element 
i n  the sample t h a t  is  soluble i n  hot aqua regia. 

** This column s t a t e s  the weight per cent of hematite o r  
calcite i n  the sample t h a t  would give high enough i ron 
or calcium t o  in te r fe re  "significantly".  

WTOX, SOLUBLE*" 
MINERaL - 

26% hematite 

26% hematite 

6.5 hematite 

------------ 

16% c a l c i t e  

8% c a l c i t e  

LEVEL OF 
IHTERFERENCE 

fo r  Zn, 14 ppm 

for Pb,3.5 ppm 

fo r  Ag,O.l ppm 

fo r  Zn, cor- 
rect ion is  not 
necessary; 100% 
c a l c i t e  indi- 
cates  3 ppm Zn 

fo r  Pb, 4.6 ppm 

fo r  Ag, 0.1 pprn 

E 1 
CONCENTRATION 

I N  SOLUTION 

20,000 

20,000 

5,000 

------ 

10,000 

5,000 

INTERFERING 
E x a M E N T  

Fe 

Fe 

Fe 

Ca and I~ig 

Ca and 1% 

Ca and big 

WT% SOLUBLE* 
IN SAMPLE - 

20% 

20% 

5% 

--- 

10% 

5% 
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