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A PROCEDURE TO LOWER THE LIMITS OF DETECTION 
FOR SILVER, CADMIUM AND LEAD IN THE ANALYSIS 

OF GEOLOGICAL MATERIALS BY ATOMIC ABSORPTION 
SPECTOMETRY 

Abstract 

The curre/1/ me1hod hy 1\'hich f(eo logica/ ma1erials are ana!r::ed for sih·er, cadmium and lead on a 
large scale a1 1he Geological Sun•er of' Canada is hased upon !heir de1er111ina1ion hr a!Omic ahsorplion 
.1pec1rome11y a(ier a "101a/" decomposi1ion procedure producing a diges1a1e 11·hich is also usedfor 1he 
de1ermina1ion of' a suile of' O!her /race e/e111e111s hr IC ?-emission spec11w11e11-r. Presemed here is an 
efficie111 and reliahle preconce111ra1ion 111e1hod emploring ex1rauion o/'Ag, Cd and Ph as 1heir iodide 
rnmplexes i1110 an 01ga11ic medium (A liqual 336 / I BM K) .fiwn 1he same digesra/e. The ex1rac1ion 
s(i;11i(i'ca111!1 · /011·ers 1he de1ec1ion le1•els of' 1hese mera/s; such i111pro1 •emen1 is demons1ra1ed hr 
app/icalion of' 1he procedure 10 1he anafrsis of' i111erna1io11al reference 11w1erials. The limils of' de1er-
111ina1ion are: 0.3µ!( g-1 for Ag; 0.2µg g-1 for Cd; and 3 µg g-1 for Ph. 

Resume 

La 111e1hode ac1Uel!e111en1 wilisee a la Commission geologique du Canada pour doser /'arge111, le 
cad111ium el le p/0111h dam de nomhreux echan!illons geolof(iques fail appel a la spec!romerrie 
d'ahsorp1ion a10111ique apres une deco111posi1ion « IO!ale »: on oh1ie111 ainsi un d1;i;es1e dans lequel 
on dose egaleme/1/ une serie d'eleme/1/ .\' en !races par speclromerrie d'emission en plas111a a coup/age 
induui/ Dans la prese/1/e COll1/11lll1ica1io11. on prese/1/e Lille merhode efficace el .flahle de precon
ce/1/ralion co111por1an1 /'e:(franion .1·ous.f(Jr111e de complexes iodes dans w1 so/\'{/11/ organique (Aliqua/ 
336 / I BM K) de /'Ag. du Cd el du Ph co111enus dans ce 111e111e d(i;es1e. Cexrracrion permer d'ahaisser 
comiderahlemenr la limi1e de de1ec1ion de ces mareriaux; cer a1 ·a111age es/ illus/re par /'applica1ion de 
ce11e 111e1hode a /'analrse de 111a1eriaux de reference diffi1ses a /'echelle imemarionale. Voici /es li111i1es 
de de1enio11 de cel/e .merhode: 0.3 µg.g-1 jJOur /'Ag:. O.J µg.g- 1 pour le Cd er 3 µg.g- 1 pour le Ph. 

INTRODUCTION 

Silver, cadmium and lead are determined routinely at the 
Geological Survey of Canada by atomic absorption 
spectrometry (AAS) following a "total" decomposition 
of the sample with an oxidizing acid mixture (HF HCl04 

HN0 3/ HCI) and fusion of any residue with lithium 
mctaborate, LiBO ~. The solution thus generated is 
analyzed by inductively coupled plasma - emission 
spectrometry (ICP-ES) for a suite of trace elements with 
the exceptions of the 3 metals under discussion, since 
their measurement by AAS affords greater sensitivity. 
However, the dilution factor of I 00 produced by the 
digest ion scheme creates inadequate limits of detection 
for these elements in certain geochemical studies. These 
determination limits arc: 5 µg g-1 for Ag: 3 µg g-1 for Cd: 
and 20 µg g- 1 for Pb. Thus. an investigation was initiated 
to design a procedure to improve the detection levels while 
still using the digestate which yields reliable and reproducible 
results when applied to a wide variety of geologica l 
matrices. 

Solvent extraction, as a method of preconccntration, 
was particularly appealing due to the enhanced nebuli
zat ion efficiency of organic solvents compared to aqueous 
solutions (Kirkbright and Sargent, 1974). Extraction of 
the analytes as their iodide complexes into an organic 
solvent containing Aliquat 336 (tricaprylyl methyl ammo
nium chloride) in IBM K (isobutyl methyl ketone) was 
chosen because it is rapid and effective, and separation 
from major elements. especially Fe, is efficiently achieved 
without the additional step of backwashing (Clark and 
Viets, 1981 ). The presence of excess ascorbic acid and 
iodide in the aqueous phase reduces Fe to the +2 valency 
state which docs not extract into the organic phase. 
Sodium. K, Mg, Ca. Al and Si also do not extract into 
this medium. 

The effectiveness of the extraction procedure to 
improve detection levels for Ag, Cd. and Pb was studied 
by ana lyzing both the aqueous phase and I BM K phase of 



digested interna tional refe rence mater ial s. Accuracy was 
a lso tested by application of the methodology to these 
materials . 

EXPERIMENT AL 
Reagents 

A ll chemica ls used were of analytical reagent grade. The 
aqueous reagent solutions were prepared with dist illed, 
deionised water. Standards were prepared by serial dilution 
from stock so lutions with hydrochloric acid; the presence 
of nitrate ions was avoided as they deactivate the exchange 
sites on Aliquat 336. Tricaprylyl meth yl ammonium 
chloride, the quaternary a mine known as Aliquat 336, 
was obtained from Genera l Mills Chemical Division , 
Minneapolis , MN , U.S.A. 

Instrumentation 

A Pe rkin- Elmer 3030 a tomic absorption spectrophoto
meter, eq uipped with background correction and conven
tional ho llow-cath ode lamps, was used for a ll meas urements. 
A single slot 10 cm burner was employed to suppo rt an 
a ir-acetylene name . The wavelengths monitored for the 
ana lytes were as follows: Ag, 328. 1 nm; Cd, 228 .8 nm; 
and Pb, 2 17.0 nm. Parameters such as name conditions 
a nd burner position were opt imi zed using analyte 
standards in both aqueous and organic so lvent media. 

Procedure 

T he sa mple decomposition procedure has been described 
in detail previously ( Ha ll et al. , 1987) and is tha t used 
routinely a t the Geological Survey of Canada to determine 
trace elements in various geo logica l media by IC P-ES. 
Brieny, a 1000 mg sample is digested with the acid s, HF, 
HCI, HN03 a nd HC I04; a ny residue remaining is rendered 
so luble by fusion with 0 .5 g LiB02. Nitric acid is removed 
by evaporation with H C I04 ; its presence wo uld otherwise 
inhibit the la ter ext raction of the a nlytes as their iodide 
complexes. The digestate is made up to a fin a l vo lume of 
100 ml a nd is 1. 2 M in HCI concentration. 

To a 20 .0 ml aliquot o f this sample so lution in a 
separatory funnel , 8 ml of 12 M HCI are added, together 
with 4 ml of a n aqueo us so lution containing the reducing 
age nt , 30% m / V asco rbic acid, and 15% m / V KI. The 
nask is well sha ken and allowed to stand for 30 min. A 
6.0 ml aliquot of a so lution containing 10% V/ V 
Aliquot 336 in IBMK is added and shaken for 5 minutes 
on a mechanica l oscillator. The organic phase is separated 
off and analyzed by AAS for Ag, Cd and Pb. 

Ca lib ration standards are made by adding appropriate 
amounts of stock so lutions (µL quantities) to 20.0 m L 
volumes of "blank" I .2 M HCI , derived from the decom
position procedure, and treated in an identical manner 
to the unknown sample solutions. 

Shown in Table I are the concentrations of the mixed 
standards used for calibration, calculated as equivalent 
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to a sam ple ta ken through the extraction described earlier . 
Absorbance vs. concentration plots show a straight line 
relationship for all 3 analytes, so a total of 3 standards 
should suffice for routine applications. If unknown 
samples contain greater tha n 20 µg g-1 Ag a nd Cd or 
200 µg g- 1 Pb , the extracted so lutions would be diluted 
with 10% Aliquat 336 in IBMK or the aqueous solutions 
in 1.2 M HCI wou ld be ana lyzed directly , using similar 
standa rd s. The so lution employed for washing between 
samples during ana lysis is 10% Aliquat 336 in IBMK, 
eq uilibrated previously by shaking with 3.6 M HCI. 

RESULTS AND DISCUSSION 

The extraction efficiency for a ll 3 a nalytes was in the range 
98-1 00% at the HCI concentration used (3.8 M) in th e 
aqueous phase, in agreement with Viets et al. (1984) and 
O'Leary and Viets (1986) . For 2 samples, strea m sediments 
GSD-5 and GSD-7, an em ulsion appeared to form imme
diately upon shaking. However, after allowing the organic 
laye r to settle, this did not inte rfere with the ana lys is and 
results obtained by direct calib ration were verified by 
the method of standard additions . Difficulties reported 
by Viets et al. ( 1984), where precipi tation of Pb and Ag 
iodides wo uld occur, were not encountered in this work 
due to low concentrations of the analytes; fo r high leve ls, 
the metal s are best determined by analysis of the aqueo us 
phase. 

In order to demonstra te the increased sensiti vity a nd 
improved precision o btained by a na lyte preconcentration 
(factor of 3.3) and enha nced nebu lization effic iency of an 
organic so lvent , various geo logical refe rence material s 
were analyzed both in the aqueo us phase ( 1. 2 M HCI) a nd 
in the IM BK phase after so lvent extraction. These data 
are shown in Tables 2, 3 a nd 4 for Ag, Cd a nd Pb, respec
tively. The samples designated LKSD, STSD a nd T ILL 
belong to a suite of 12 reference materials soon to be 
released as geochemica l reference sa mples by the Geolog
ical Survey of Canada (J .L. Lynch , pers. comm., 1987); 
the others have been well documented (Govindaraju , 
1984). Both phases of each sample were derived from the 
same decomposition a nd , within a nalytical e rror, the 
mean values agree well for all 3 elements. The precision of 
measurement, however, is far superior for the o rga nic 
phase, generally by ten-fold , a nd more at the lower levels. 
Comparison of aqueous and organic so lve nt calibration 
stand a rds indicates an improvement in sensitivity by a 
factor of 10 to 15. 

Five 20 ml aliquots of a blank so lution representative 
of the reagents used in the sample decomposition pro
cedure, were carried through the extraction process and 
ana lyzed . The equivalent analyte concentrations of these 
blank solut ions and their standard deviations are as 

+ -1 c o 6 + o -1 fo llows: Ag, 0.046 _ 0.035 µf g ; d .04 _ .021 µg g ; 
and Pb, 0.52 ± 0.31 µg g- . Thus, the detection limits, 
defined as 3 times the standard deviation of the blank, are 
0. 10 µg g-1 Ag, 0.06 µg g-1 Cd , and 0 .9 µg g-1 Pb. 
However, a more realistic lower limit which would take 
into account variabilities introduced in the decomposition 



Table 1. Equiva lent concentrations of cal ibrati on 
standards used in the analysis by solvent extraction 
atomic absorption spectrometry. 

Standard 
µg g-1 

Ag Cd Pb 
0 0 0 0 
1 0.5 0.5 10 
2 1.0 1.0 25 
3 2.5 2.5 50 
4 3.3 3.3 75 
5 10 10 100 
6 20 20 200 

Table 3. Analys is of the aqueous phase vs. ana lysis 
of the so lvent-extracted phase in 10 reference 
materials for Cd. 

Cd/µg g-1 

Sample 1.2 M HCI phase IBMK phase 
mean ± SD mean ± SD 

BCSS-1 0.2 ± 0.4 025 ± 0.01 (marine sed iment) 
MESS-1 0.5 ± 0.4 0.65 ± 0 01 (marine sediment) 
S0-4 0.2 ± 0.2 0.44 ± 0.02 (so il ) 
GXR-2 3.4 ± 03 3.81 ± 0.03 (soil ) 
GXR-4 0.2 ± 0.4 030 ± 0.01 (copper millhead) 
MA-N 1.8 ± 0.2 1.92 ± 0.02 (granite) 
GSD-6 0.3 ± 0.3 0.40 ± 0.01 
(lake sediment) 
LKSD-2 0.6 ± 0.4 0.71 ± 0.01 
(lake sedi ment) 
LKSD-3 0.5 ± 0.4 0.60 ± 0.01 (l ake sed im ent) 
STSD-2 0.6 ± 0.4 0.68 ± 0.01 (stream sediment) 

SD: Standard deviation based on 5 measurements of 1 s 
duration. 

Table 2. Analys is of the aqueous phase vs. analysis 
of the so lvent-extracted phase in 7 reference materials 
for Ag . 

Ag/µg g-1 

Sample 1.2 M HCI phase IBMK phase 
mean ± SD mean ± SD 

GXR-2 17.3 ± 1.4 1692 ± 0.10 (soi l) 
GXR-4 3. 1 ± 0.3 3.01 ± 0.02 (copper millhead) 
GXR-5 0.6 ± 0.3 0.71 ± 0.02 (soil) 
LKSD-2 0.6 ± 0.3 0.71 ± 0.03 (lake sed iment) 
LKSD-3 23 ± 0.6 2.52 ± 0.04 (lake sed im ent) 
STSD-2 0.5 ± 0.4 0.53 ± 0.02 (stream sediment) 
rl° ILL-3 1.3 ± 0.6 1.51 ± 0.06 (till) 

SD Standard deviation based on 5 measurements of 1 s 
duration. 

Table 4. Ana lys is of the aqueous phase vs. ana lysis 
of the so lvent-extracted phase in 11 reference 
material s for Pb. 

Pb / µg g-1 

Sample 1.2 M HCI phase IBMK phase 
mean ± SD mean ± SD 

BCSS -1 22 ± 2 23.1 ± 0.2 (marine sed iment) 
MESS-1 32 ± 1 34.2 ± 0.5 (marine sediment) 
S0-4 16 ± 3 16.1 ± 0.2 (soil ) 
GXR-4 46 ± 4 46.9 ± 0.6 (copper millhead) 
GXR-5 14 ± 6 153 ± 0.4 (soil ) 
GSD-6 29 ± 3 30.5 ± 0.3 (stream sediment) 
GSD-8 23 ± 2 20.8 ± 0.1 (stream sed iment) 
MA-N 29 ± 2 31.2 ± 0.2 (granite) 
LKSD-2 47 ± 4 47.4 ± 0.3 (lake sed iment) 
LKSD-3 33 ± 3 32.8 ± 0.4 (lake sed imen t) 
STSD-2 71 ± 3 73.2 ± 0.5 (stream sed imen t) 

SD Standard deviation based on 5 measurements of 1 s 
duration. 
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Table 5. Results of analyses by the proposed procedure of standard reference materials ; 3 extractions performed per 
decompos1t1on. 

Concentrations in µg 9- 1
. 

Sample 
Ag Cd Pb 

Literature Literature Literature 
This method value This method value This method value 

BCSS-1 
(marine sediment) < 0.3 0.27 ± 0.04 o.2s· 23 ± 1 22.78 

MESS-1 
(marine sediment) < 03 0.67 ± O.OS 0.S9" 3S ± 2 34• 

S0-4 
(A-horizon soil) < 03 < 2b 0.46 ± 0.11 0.34 ± 0.07b 16 ± 1 14 + Sb 

GXR-2 17.4 ± 0.7 (soil) 18 ± 3c 3.8 ± 0.1 4.1 ± 0.4c > SOD 670 ± soc 

GXR 4 
(copper millhead) 3.2 ± 0.11 3.2 ± 0.8c 032 ± 006 O.S2 ± o.22c 48 ± 3 47 + 4c 

GXR-S 
0.63 ± 0.22 (B-horizon soil) 0.93 ± o.2sc < 0.2 0.20 ± O.Q7c 17 ± 2 1S.6 ± 1.6c 

GSD-S 
030 ± 0.08 (stream sediment) 0.36 ± 0.04d 0.81 ± 0.07 0.82 ± 0.07d 116 ± 1 112 ± 13d 

GSD-6 
(stream sediment) < 0.3 036 ± 0.04d 0.4S ± 0.09 0.43 ± 0.04d 30 ± 1 27 ± sd 

GSD-7 
(stream sediment) 1.1 ± 0.1 1.0S ± 0.09d 1.1 ± 0.1 1.0S ± 0.08d 3S1 ± s 3SO ± 26d 

MAN 0.89 ± 0.19 (granite) 2· 2.0 t 0.1 2· 31 ± 1 29" 

LKSD-2 0.69 ± 0.08 (lake sed iment) 0.8" 0.74 ± 0.14 0.6" 48 ± 1 44• 

LKSD-2 0.63 ± 0.08 (separate decomposition) 0.72 ± 006 47 ± 1 

LKSD-3 
2.5 ± 0.2 (lake sediment) 2.7" 0.S8 ± 0.07 < 0.5" 32 ± 1 30" 

LKSD-3 2.S ± 0.2 (separate decomposition) 0.48 ± 0.12 33 ± 1 

STSD-2 0.48 ± 009 (stream sediment) 0.5" 0.6S ± 0.07 0.6" 74 ± 1 66" 

STSD-2 
0.49 ± 0.07 (separate decomposition) 0.61 ± O.OS 7S ± 1 

rT°ILL-3 1.4 ± 02 (til I) 1.6" < 0.2 < 0.5" 19 ± 1 18" 

FeR-2 
<03 o.t (iron-formation) < 0.2 03S.61 1 8 ± 1 6-1S1 

FeR-3 
< 03 031 

(i ran-formation) < 0.2 0.27,6.81 s ± 1 S- 131 

FeR-4 
< 0.3 (iron-formation) < 0.2 0.20,61 1 s + 1 7- 161 

a Govindaraju, (1984) 
b Gladney et al. , (198S) 
c Gladney et al , (1984) 
d Xuejing et al , (198S) 
le Lynch (pers. comm , 1987) 
~ Abbey et al , (1983) 
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itself is thought to be about 3 times this figure. Hence, the 
suggested determination limits are 0.3 µg g - l for Ag, 
0.2 µg g-1 for Cd and 3 µg g-1 for Pb by this procedure. 
Care must be taken when changing to different lot 
numbers of acids or reagents such as KI, because we have 
found sign ificant changes to 'blank' levels, particularly 
for Pb. 

Seventeen reference materials were decomposed and 
each solu ti on analyzed in triplicate by the proposed 
procedure. The results, together with literature values. 
are given in Table 5. The FeR series of rocks which con
tain Fe in the range 39-44% Fe~03 were also analyzed by 
the method of standard additions for each element and the 
values agreed with those obtained by direct calibrat ion, 
indicating that the quantity of ascorbic acid used was 
sufficient to reduce Fe to the +2 state and thereby prevent 
its extraction. Cadmium and Pb could not be determined 
previously in the aqueous phases of the iron-formation 
samples due to the presence of such high Fe concentrations 
which caused a negative error in the AAS measurement , 
as has also been reported by Clark and Viets (1981) . Thus, 
the solvent extraction procedure has not on ly improved 
detection levels but has also made possible the analysis of 
such troublesome matrices for Cd and Pb. 

There is good agreement between the results obtained 
by this procedure and the compiled values avai lable from 
the literature for the international series such as the GXR 
and GSD samples . The values for the GXR series agree 
well with those reported by O'Leary and Viets (I 986); 
for example. Cd in GXR-2 (3.8 µg g-1 vs. 3.85 µg g- 1

), 

Cd in GXR-4 (0.32 µg g-1 vs. 0.38 µg g- 1
) and Ag in 

GXR-5 (0 .63 µg f 1 vs. 0.72 µg g- 1
). and these va lues 

are somewhat lower than the 'litera ture values' for these 
samples reported by G ladney e1 al .. ( 1984). There are few 
literature values for the Ag content of the granite MA- . 
and this may exp lain the discrepancy between our value 
of 0.89 µg g-; and the 2 µg g- 1 quoted in Table 5 which 
is a proposed rather than recommended va lue. T he pre
cision indicated by the standard deviation shown for each 
mean result reflects only the variabi lity due to the extrac
tion and ana lysis. not to the digestion procedure. An 
appreciation of the precision of the entire decomposition. 
extraction and analysis can be gained by examining the 
data for samples LKSD-2. LKSD-3 and STSD-2 which 
were decomposed in duplicate. The quality in precision 
evidenced here is also seen in the analysis carried out by 
ICP-ES for other trace elements for which this decom
position was designed (G.R. Lachance, pers. comm .. 1987). 
Judgement of the accuracy of these data cannot be made 
at this time because of the limited number of ana lyses 
for these elements, particularly Ag, and the va lues cited 
for reference in Table 5 are "probable" rather than 
"proposed". This also applies to the Fe R series of rocks 
where comparatively few results have been published; 
these sa mples were included to demonstrate the ability 
of the procedure to effectively ana lyse otherwise proble
matic matrices. 

CONCLUSIONS 

A rapid, efficient and precise method has been designed 
and tested by which the detection limits for Ag, Cd and Pb 
in geo logica l materials can be improved approximately 
by ten-fold , while sti ll using the digestate sui table for 
other multi-element determinations. The method is 
applicable to samples containing the elements in the 
concentration ranges 0.3 - 20 µg g- 1 Ag. 0.2 - 20 µg g- 1 Cd 
and 3 - 200 µg g- 1 Pb. Once the samples have been decom
posed, it is estimated that 80 per day could be extracted 
and analyzed for a ll 3 clements. This productivity will 
increase dramatically when the extraction procedure 
becomes automated by flow injection. a project currently 
under investigation. 
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