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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 current method by which geological materials are analyzed for silver, cadmium and lead on a
large scale at the Geological Survey of Canada is based upon their determination by atomic absorption
spectrometry dfter a “total” decomposition procedure producing a digestate which is also used for the
determination of a suite of other trace elements by IC P-emission spectrometry. Presented here is an
efficient and reliable preconcentration method employing extraction of Ag, Cd and Pb as their iodide
complexes into an organic medium (Aliquat 336/ IBMK) from the same digestate. The extraction
significantly lowers the detection levels of these metals; such improvement is demonstrated by
application of the procedure to the anahsts of international re/erence materials. The limits of deter-
mination are: 0.3ug g for Ag: 0.2ug g for Cd; and 3 ug g for Pb.

Résumé

La méthode actuellement utilisée a la Commission géologique du Canada pour doser l'argent, le
cadmium et le plomb dans de nombreux échantillons géologiques fait appel a la spectrométrie
d'absorption atomique aprés une décomposition « totale »; on obtient ainsi un digesté dans lequel
on dose également une série d'éléments en traces par spectrométrie d'émission en plasma a couplage
inductif. Dans la présente communication, on présente une méthode efficace et fiable de précon-
centration comportant l'extraction sous forme de complexes iodés dans un solvant organique (Aliquat
336/IBMK) de I'Ag, du Cd et du Pb contenus dans ce méme digesté. L'extraction permet d'abaisser
considérablement la limite de détection de ces matériaux; cet avantage est illustré par lapplication de
cette méthode a l'analyse de matériaux de reference diffusés a /echelle internationale. Vozcz les limites
de détection de cette méthode : 0,3 ug.g™' pour I'Ag, 0,2 ug.g”" pour le Cd et 3 ug.g”' pour le Pb.

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/HCIO,/
HNO,;/HCI) and fusion of any residue with lithium
metaborate, 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 100 produced by the
digestion scheme creates inadequate limits of detection
for these elements in certain geochemlcal studles These
determmatlon limits are: S ug g~ for Ag; 3 ug g~ ! for Cd;
and 20 ug g~ 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 geological
matrices.

Solvent extraction, as a method of preconcentration,
was particularly appealing due to the enhanced nebuli-
zation 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 IBMK (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 does 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 analyzing both the aqueous phase and IBMK phase of



digested international reference materials. Accuracy was
also tested by application of the methodology to these
materials.

EXPERIMENTAL
Reagents

All chemicals used were of analytical reagent grade. The
aqueous reagent solutions were prepared with distilled,
deionised water, Standards were prepared by serial dilution
from stock solutions with hydrochloric acid; the presence
of nitrate ions was avoided as they deactivate the exchange
sites on Aliquat 336. Tricaprylyl methyl ammonium
chloride, the quaternary amine known as Aliquat 336,
was obtained from General Mills Chemical Division,
Minneapolis, MN, U.S.A.

Instrumentation

A Perkin-Elmer 3030 atomic absorption spectrophoto-
meter, equipped with background correction and conven-
tional hollow-cathode lamps, was used for all measurements.
A single slot 10 cm burner was employed to support an
air-acetylene flame. The wavelengths monitored for the
analytes were as follows: Ag, 328.1 nm; Cd, 228.8 nm;
and Pb, 217.0 nm. Parameters such as flame conditions
and burner position were optimized using analyte
standards in both aqueous and organic solvent media.

Procedure

The sample decomposition procedure has been described
in detail previously (Hall er a/., 1987) and is that used
routinely at the Geological Survey of Canada to determine
trace elements in various geological media by ICP-ES.
Briefly, a 1000 mg sample is digested with the acids, HF,
HCI, HNO, and HCIO,; any residue remaining is rendered
soluble by fusion with 0.5 g LiBO,. Nitric acid is removed
by evaporation with HCIO,; its presence would otherwise
inhibit the later extraction of the anlytes as their iodide
complexes. The digestate is made up to a final volume of
100 mL and is 1.2 M in HCI concentration.

To a 20.0 mL aliquot of this sample solution in a
separatory funnel, 8 mL of 12 M HCI are added, together
with 4 mL of an aqueous solution containing the reducing
agent, 309% m/V ascorbic acid, and 15% m/V KI. The
flask is well shaken and allowed to stand for 30 min. A
6.0 mL aliquot of a solution containing 10% V/V
Aliquot 336 in IBMK is added and shaken for 5 minutes
on a mechanical oscillator. The organic phase is separated
off and analyzed by AAS for Ag, Cd and Pb.

Calibration standards are made by adding appropriate
amounts of stock solutions (uL quantities) to 20.0 mL
volumes of “blank” 1.2 M HC], derived from the decom-
position procedure, and treated in an identical manner
to the unknown sample solutions.

Shown in Table | are the concentrations of the mixed
standards used for calibration, calculated as equivalent

to a sample taken 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 than 20 ug g~ Ag and Cd or
200 ug g~' Pb, the extracted solutions would be diluted
with 10% Aliquat 336 in IBMK or the aqueous solutions
in 1.2 M HCI would be analyzed directly, using similar
standards. The solution employed for washing between
samples during analysis is 10% Aliquat 336 in IBMK,
equilibrated previously by shaking with 3.6 M HCI.

RESULTS AND DISCUSSION

The extraction efficiency for all 3 analytes was in the range
98-100% at the HCI concentration used (3.8 M) in the
aqueous phase, in agreement with Viets er al (1984) and
O’Leary and Viets (1986). For 2 samples, stream sediments
GSD-5 and GSD-7, an emulsicn appeared to form imme-
diately upon shaking. However, after allowing the organic
layer to settle, this did not interfere with the analysis and
results obtained by direct calibration were verified by
the method of standard additions. Difficulties reported
by Viets er al. (1984), where precipitation of Pb and Ag
iodides would occur, were not encountered in this work
due to low concentrations of the analytes; for high levels,
the metals are best determined by analysis of the aqueous
phase.

In order to demonstrate the increased sensitivity and
improved precision obtained by analyte preconcentration
(factor of 3.3) and enhanced nebulization efficiency of an
organic solvent, various geological reference materials
were analyzed both in the aqueous phase (1.2 M HCI) and
in the IMBK phase after solvent extraction. These data
are shown in Tables 2, 3 and 4 for Ag, Cd and Pb, respec-
tively. The samples designated LKSD, STSD and TILL
belong to a suite of 12 reference materials soon to be
released as geochemical reference samples 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 and, within analytical error, the
mean values agree well for all 3 elements. The precision of
measurement, however, is far superior for the organic
phase, generally by ten-fold, and more at the lower levels.
Comparison of aqueous and organic solvent calibration
standards indicates an improvement in sensitivity by a
factor of 10 to 15.

Five 20 mL aliquots of a blank solution representative
of the reagents used in the sample decomposition pro-
cedure, were carried through the extraction process and
analyzed. The equivalent analyte concentrations of these
blank solutions and their standard deviations are as
follows: Ag, 0.046 +0.035 ug g™'; Cd 0.046 +0.021 ugg;
and Pb, 0.52+0.31 ug g . Thus, the detection limits,
defined as 3 times the standard deviation of the blank, are
0.10 ug g Ag, 0.06 ug g’ Cd, and 0.9 ug g' Pb.
However, a more realistic lower limit which would take
into account variabilities introduced in the decomposition



Table 1.

Equivatent concentrations of calibration
standards used in the analysis by solvent extraction

Table 2. Analysis of the aqueous phase vs. analysis
of the solvent-extracted phase in 7 reference materials

atomic absorption spectrometry. for Ag.
ug g’ Ag/ug g™
Standard Ag Cd Pb Sample 12 M HCI phase | IBMK phase
0 0 0 0 mean + SD mean + SD
1 0.5 0.5 10 ?s)é?f)z 173 + 14 16.92 + 0.10
2 1.0 1.0 25 GXR4
3 25 25 50 (copper millhead) 31+03 3.01 + 0.02
4 33 3.3 75 GXR-5
5 10 10 100 (soil) 06 +£03 0.71 + 0.02
6 20 20 200 LKSD-2
(lake sediment) 06 £03 0.71 + 0.03
LKSD-3
(lake sediment) 23+ 06 2.52 £ 0.04
STSD-2
(stream sediment) 05+ 04 0.53 + 0.02
i 13406 | 151+ 006
gD: Standard deviation based on 5 measurements of 1 s
uration.

Table 3. Analysis of the aqueous phase vs. analysis

of the solvent-extracted phase in 10 reference

materials for Cd.

Table 4. Analysis of the aqueous phase vs. analysis
of the solvent-extracted phase in 11 reference

materials for Pb.

| Cd/ug g!
Sample 1.2 M HCI phase | IBMK phase
mean + SD mean + SD
BCSS-1
(marine sediment) 02 +04 0.25 + 0.01
MESS-1
(marine sediment) 0.5+04 0.65 + 0.01
(o) 0202 | 044+ 002
(ool 3403 | 381+ 003
GXR-4
(copper millhead) 02 + 04 0.30 = 0.01
?g/r\;r\llite) 18 £ 02 192 + 0.02
GSD-6
(lake sediment) 03 +03 0.40 + 0.01
LKSD-2
(lake sediment) 06 + 04 0.71 + 0.0
LKSD-3
(lake sediment) 0.5+ 04 0.60 + 0.01
STSD-2
(stream sediment) 06 + 04 068 + 0.01

SD: Standard deviation based on 5 measurements of 1 s

duration.

(stream sediment)

Pb/ug g

Sample 1.2 M HCI phase | 1BMK phase

mean + SD mean = SD

?rggrsi;ﬂe sediment) 2 £2 231 +£02
?fﬂEaSriSr;; sediment) 3 +1 342 £ 05
o) 16 + 3 6.1 + 02
(Gc)é%-:er millhead) 4 + 4 469 + 06
o) 14+ 6 153 + 04
?sst?égm sediment) 29 +3 305 + 03
?sStrDe-gm sediment) 28 +2 208 + 0.1
loranite) 29 + 2 32+ 02
(LI';EE -gediment) a7+ 4 474 + 03
hgﬁg_gediment) B+3 328 + 04
b 7 +3 732 + 05

duration.

SD: Standard deviation based on 5 measurements of 1j




Table 5. Results of analyses by the proposed procedure of standard reference materiais; 3 extractions performed per

decomposition.

Concentrations in ug g

(iron-formation)

Ag Pb

Sample ‘ Literature . Literature _ Literature

This method value This method value This method value
o cediment) <03 027 £ 004 025° 23 + 1 27
oo ediment) <03 067+ 005  059° 3+ 2 a4
o rizon soil) <03 <® 04601 03400 61 U5
s 17407  18+3  38+01  41+04° 500 670 % 50°
b omer millnead) 324011 32408 032+006 052+022° 48+3 44
o zon ol 063 +02 0932025 <02  020:00° 17+2  156% 16
oo sediment 030 = 008 036+ 004 081 +007 08 +007° 118+1 112+ 1%
e sediment <03 0360042 045+009 043004 30+1 275
e sediment 11201  105+000° 11£01 105008 351=5 350+ 26°
) 0.89 + 0.19 > 20 + 01 2 31 + 1 29°
ke cediment 069+ 008 08  074+014 06 48 + 1 44°
LKSD-2
oarate decompositio] 0.63 + 0.08 072 + 0.06 47 + 1
ke vediment) 25 + 02 27° 058+ 007  <05° 32 =+ 1 30°
LKSD-3
(separate decomposition) 25+ 02 048 + 012 B
S1S0-2 048+009 05  065+007 06 74 + 1 66°
(stream sediment) R ’ e ) -
STS0-2
(separate decomposition) 049 = 007 061 +005 A
s 14 %02 16° <02 <05° 19 + 1 16°
o ormation) <03 02 <02 03561 8= 615
e ormation) <03 03 <02 027,68 51 513
e <03 <02 02061 51 716

a Govindaraju, (1984)

b Gladney et al., (1985)
c Gladney et al., (1984)
d Xuejing et al., (1985)

f Abbey et al., (1983)

e Lynch (pers. comm., 1987)




itself is thought to be about 3 times this figure. Hence the
suggested determination hmlts are 0.3 ug g ' for Ag,
0.2 ug g~ for Cd and 3 ug g for Pb by this procedure.
Care must be taken when changing to different lot
numbers of acids or reagents such as K1, because we have
found significant changes to ‘blank’ levels, particularly
for Pb.

Seventeen reference materials were decomposed and
each solution 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 39449 Fe,O; were also analyzed by
the method of standard additions for each element and the
values agreed with those obtained by direct calibration,
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 only 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 available 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 ( 1986)
for example, Cd in GXR- 2 (38 ug g™ vs. 3 85 ug g,
Cd in GXR4 (032 ug g vs. 0.38 b8 g") and Ag in
GXR-5 (0.63 ug g' vs. 0.72 ug g "), and these values
are somewhat lower than the ‘literature values’ for these
samples reported by Gladney et al., (1984). There are few
literature values for the Ag content of the granite MA-N,
and this may explam the dlscrepancy between our value
of 0.89 ug g "and the 2 ug g ' quoted in Table 5 which
is a proposed rather than recommended value. The pre-
cision indicated by the standard deviation shown for each
mean result reflects only the variability due to the extrac-
tion and analysis, 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 analyses
for these elements, particularly Ag, and the values cited
for reference in Table 5 are “probable” rather than
“proposed”. This also applies to the FeR series of rocks
where comparatively few results have been published;
these samples were included to demonstrate the ability
of the procedure to effectively analyse 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 geological materials can be improved approximately
by ten-fold, while still using the digestate suitable for
other multi-element determinations. The method is
applicable to samples contammg the elements m the
concentration ranges 03-20ugg ' Ag,0.2-20pugg ' Cd
and 3 - 200 ug g”' Pb. Once the samples have been decom-
posed, it is estimated that 80 per day could be extracted
and analyzed for all 3 elements. This productivity will
increase dramatically when the extraction procedure
becomes automated by flow injection, a project currently
under investigation.
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