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LUlSA DE CAPITANI·, AOOSTINO MACCACN I • 

LEAD AND COPPER ABUNDANCE DETERMINATION 
IN PLUTONIC ROCKS BY ANODIC STRIPPING 

VOLTAMMETRY" 

RU.SSUNTO. - £ stato messo a pumo un metodo per l'analisi di piombo e rame nelle 
roccc ignec: mediame La tecniOl della vohametria di rimozione anodica. NeI prescnte lavoro 
SOIlO discusse precisione ed accuratezu del metodo. 

ABS TRACT. - A medxxl of analysing lead and copper has been applied to plutonic 
rocks by means of anodic stripping vohammeny. Accuracy and precision are discussed here. 

Jntroduclion 

The purpose of the present work is to implement a method of analysing lead 
and copper in plutonic rocks by anodic stri pping voltammetry and 10 assess its 
precision and accuracy. This has been done by analysing standard rocks and 
comparing the measured values with those proposed by Fl...ANACAN (1969, 1973) and 
AIIII£Y (1973). 

Till now this technique had not been taken into consideration fo r the analysis 
of rock samples. 

A previous work (KHASC1WAI.E et ai., 1972) considers the determination of Pb 
in minerals and roc ks by a similar technique, i.e. the hanging mercury drop 
electrode voltammetry. 

The technique discussed in this work allows to determine concentrations of 
up to to-10_10' 1! moles/litre of a series of metals among which lead and copper. 

Experimental 

a) Gt!n~a/ princip/t!! 
There are two phases in anodic stripping voltammetry analyses: 

1) electrolytic plating during which the sa mple metallic ions (in solution) are 
reduced to metal on the mercury film of the mercury-graphite electrode (CMGE) 
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which has a negative potential in this pha~. The plating kinetics tends to 
satu ration; after 30' all the metal has praticaJly ~n reduced; 

2) :modic stripping which consists of an inverse electrolysis during which mewis 
are sequcntially stripped out of the electrode and carried back into the solution . 
The stripping is obtained by linearly increasing the potential of the dcctrode on 
which metals has been deposited in the precedi ng phase. In this way, the intensity 
of the current ci rculating in the solution increases proponionaHy to the amount 
of metal reduced during the plating. The current intensity variations afC recorded. 

Fig. I. - SchemalU: of cc:1l holder and cle(Uoocs. 
I) tat clcarodc (C\{GE); 2) counler electrode; 
J) reference clcc:trodc; 4) r yr .... cell; ':) fluiblc 
cell head; 6) bubbler fOf nitrogen. 

tf) Analytical proudure 

b) Apparattu 
W~ used an ESA multiple anodic 

stripping analyzer model 2014. It consists 
of an e1~ctronic unit which controls the 
plating and stripping phases, an analytic 
unit mad~ of four c~ lI s and a pot~ntio
metric r~corder. Each c~ 1I contai ns 3 
e1ectrod~s (s~ Fig. 1): 
1) a count~r platinum e1~ctrod~; 
2) a refer~nc~ Agj AgCl electrode; 
3) a t~st mercury-graphit~ e1ectrod~. 

c) Sampl~ pr~paration 

w~ prepar~d a solutiop. of th~ fol
lowing standard rocks: GRAN ITE 
ZGI-GM, GRANITE NIM-G, GRA
NODIOR ITE GSJ-JGI, DUNITE 
DTS-I, PERIOOTITE peCI with a 
mixture of hydroAuoric and perchloric 
acid according to JEFFERY (1970) by using 
analitically pur~ r~agents. At the same 
tim~ we prepar~d a cblankt solution with 
lh~ reagents only, in order to ~valuate 
th~ Pb and eu cont~nt in them. As shall 
be discussed her~ in below, th~ presenc~ 

of Ph and eu in th~ acids used to dis
sol\l~ the rocks samples strongly affects 
th~ end r~sults. 

Before beginning a s~ ries of analyses it is nec~ssary to plate e1~ctrolytically a 
N 10 micron thick mercury film on the t~st e1~ctrode; the analytical cells are rinsed 
wilh 10 % perchloric acid. 
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The analysis is performed on 1 ml of the hydroAuoric-perchloric solution of 
the rock to which 4 ml of a mixcd I F sodium acetate -02 F sodium chloride solution 
are added. In a previous work BORTOLU ZZI et al. (in press) had noticed that this 

solution introduced amoullls of Pb and 

< 
E 

Pb 

-560 

Cu 

mv 
- 210 

Fit(. 2. - Anodk wipping voh",mmOjnm of 
rock h)"droAuoric·pcrch loric solu tion. 

Each measurement consisted of: 

other metals comparable or greater than 
those introduced by the rock itself. 

We have therefore depurated the 
mixed 1 F NaAc - 0.2 F NaCI solution 
by using a mercury pool electrolytical 
reagent clea ner. 

The electrodes are immersed into the 
cell containing the sample for 30' at a 
plating potential of -760 mV, main
taining a 02 atm nitrogen Aux in the 
cell. The stripping occurs at the fol
lowing operational parameters: initial 
potential -760 mY, sweep rate +40 
mV Jsec., potential upper threshold -SO 
mV. The current variations caused by 
the meta l stripping were of the order of 
0.1-05 mA. At these conditions we were 
able to analyze Cu and Pb, which were 
recorded respectively at - 210 and - 560 
mV (see Fig. 2). 

On each rock sample and the 
~ blank », five measurements of the lead 
and copper concentrations were per
formed. 

I) four recordings of the st rippi ng current of Pb and Cu contained in equal 
quantities of the hydroAuoric-perchloric rock solution, treated as described above; 

2) four recordings of the same solution, la which an amount of a solution of Pb 
and Cu known content was added. We tried to add amounts of metals of the 
same order of magnitude as that presumably present in the tested solution. 
For both Pb and Cu the additions contained in a 10 1-1-1 volume sol ution were 
of 50 or 100 or ISO or 200 ng. 

~) Conc~ntratio" computation 

We evaluated the areas under the recorded peaks by hand integrations (~ 
fig. 2). We computed the amount of meta ls in the sol ution volume by the following 
form ula: 

A • • a 
x. = (I) 

A.-A. 
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where: x. = amount of metal in ng; 
A. mc=all of the areas under the metal peak in the sample; 
a amount of the addition in ng; 
A. me:all of the areas under the metal peak in the sample with ad

dition. 

We evaluated the metal concentration in the rock by the following 

(X~ -XB) . V 
X, (ppm) = 

p • v • 1,000 

where: X8 = amount of metal in the c blank" contained In Vj 

V = volume of the hydroAuoric-perchloric solution; 
v w lution volume; 
p rock powder weight. 

Results and discussion 

TABLE I 

Analytical r~stlJts of /~d und COPP" conuntrat;on 

""~ u,. , 
GRANTTE ZGI - CM 30 . 2 

GRANITE NIM-C 34 . 2 

• GRIINOOIORI'i'E GSJ - JGl 19 . 7 
~ • DUNITJ:: DTS-l' 11.0 

PERU)OTlTE pcc-, ••• 

GRANITE ZGI - CK 14 , 9 

GRANITE NI M- G L. 

• GRANOCIORITE GSJ·Ja l ,. , 
" • • OllNlTE D'l'S·1 •• • • 0 

P£RlDOTITI! ~-, .. , 
It (n) = arithmetic mean in I'I)m (n. of determination.); 

• C = relatiye ~tandard deviation, _ . [00. , 

'0' • , 
'" , .. 16.7 

'" le. S 62 .2 

'" 10. ~ 5S . 5 

'" ••• 40.0 

m , .. 60 . 2 

'" , .. 25 . 8 

'" 
,.. 38 .8 

'" 
,., 88 . 6 

'" 
,.. 

23.6 

'" , .. • •• 
= Slandard deviation; 

formula: 

(2) 

Table 1 shows the mean concentrations of lead and copper, the standard 
deviations, the relative standard deviation for every standard rock. 

a) Prmsion 
The measurements of the areas under the peaks show a good precision, having 

an average relative standard deviation of 10 1)"0. Also the measurements of the metal 
concentrations in the solutions show a good precision, with a relative standard 
deviation ranging from 10 to 30 %, as can be noticed in table 2. 
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The measurements of the metal concentrations in the rocks show a poorer 
precision. We tried to evaluate whether the measurements of the metal 
concentrations in the rock belonged to the s.1me statistical population. To prove this, 
for each rock we plottcd the graph shown in fig. 3. 

For each measu rement these graphs show the maximum and minimum value of 
the metal concentration in the rock depending on the fluctuations (mean value ± I 
stal1~ard deviation) of the measurements of the areas under the peaks of the sample 
and of the sample plus the addition. In all cases we estimated that the measurements 

T ABLE 2 
CompariJon b~tt/Jun the concentration m~aIurem~nt preclSlonJ 

in p(Tch/oric.hydrofitloric Iollltion and in rock 

""" '. '. '. c , .. 
GIVINJTE WI~GH 2 67. 1 25 . 8 .. , 16 . 7 '12. 3 

GAANITE IIIM-G 278 . 0 75 . 2 27 . 0 42 . 2 9 9. 9 

0 
G~ODJORlTE GSJ- JGI 204. 1 4 6 . 2 22 . 6 55 . 5 9 9 . 9 < 

~ 
OUNITE DTS~ 1 1(;8.2 22 . 3 1],3 40 . 0 112. ] 

PERlDOTITE PCC~ I 160 . 9 29 . 3 18 . 2 60. 2 112. 1 

G~ITE ZGI- GM 82 . 6 19.8 23 .9 25 . 8 .. , 
GIVINITE NIM~ G 65 .1 '-' 1 1. 3 38 . 8 46. 2 

• • G~ODIORITE GSJ~JGI 52 . 8 , .. 10.9 88.6 46 . 2 • 
8 DUNlTE DTS~ I 48 . 6 10 . 1 20.7 23 . 6 .. , 

PERlDOTlTE PCC-l 47 . 0 '. 0 .. , ••• .. , 
X. = mean valu..s of concentruion$ in Ihe ~lution (ppb). S. = 51andard de ~ialion in the wlution 
(ppb). C. = rdali~e .tandard deviation of concentrations in the solution (ppb). C, = rdatiye 

standard deviation of concentrations in the rock (ppm). 'X. = mean yalueJ of concentralion. in 
• Blank. (ppb). 

belong to the same population. The relative standard deviations of the Pb 
concentrations in the rock range between 15 and 60 ra. 60 ro of the measurements 

belong to the range ~ ± s, the remaining 40 % to the range ~ ± 2s. The relative 
standard deviations of the Cu concentrations in the rock range between 10 and 90 %; 
72 ro of the measurements fall into the range; ± s, the remaining 28 % in to 

the range ~ ± 2s. The relative standard deviation values we obtai ned fully agree 
with those re-ported by BROOKS et a!. (1978) for measure-me-nu of trace eleme-nt 
concentrations in C l and W I standard rocks. The relative standard de-viation 
computed by using the data reported by FLA NAGAN (1976) for the PCC-l peridotite 
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and for the DTS-} dunite (peCl : 41.6 for Cu, 42.5 for Pb; DTS-l : 573 for Cu, 
46.6 for Pb) is similar to that wc obtained on the same s.1mplcs (~e table I). 

The method is more precise fo r lhe measurements of metal concentration in 
hydroAuoric-perchloric solution than [or lhe measurements of the metal concentration 
in the rock; this can Ix: explained by looking at equation (2) in which the metal 
concentration value in the rocks also depends on the metal concentration value Xo 

in the. blank _. 
In table 2 one ca n actually notice that in those samples where the difference 

x.- Xu is small, the relative standard deviation values of the metal concentration 
in the rock are high . 

....... -

• 

b) Accuracy 

\ , , . . 

I 
i 

o 

• 

1 I 
! I 

, , , . 

DUNITE DTS- l 

I 
i 

, .. 
Fig. 3. - St.:niotinl COnlp<l r;son belween concenlrat;on measurement. 
and .undnd rocks (0 Flanagan value, * Abbey value). 

JEFFERY (1970) proposed to compute: the: accuracy by subtracting the c true: value ') 
from the: me:asure:me:m mean; t he: same author affi rms that the accuracy is difficult 
to e:valuate because: the: c true: value: ') changes with the implementation of more: 
and more pre:cise: me:thods of analysis. 

As it can be noticed in table 3, FUNAGAN (1973) and ABIIEY (1973) give differe:nt 
value:s for the sa me e:kments as results of analyses in the: same rocks. 

FLANAGAN (1973) classifies the concentration values as c rc:comende:d, ave:rage:s, 
magn itudes .; ABBEY (1973) caUs • usable: ') his proposed data, and puts a que:stion 
mark ne:ar the: less rdiable ones. 

Table 3 shows the accuracy val ues, com puted accordi ng to the: data proposed 
by FUNAG AN (1973) and accordi ng to the va lue:s proposed by .ABBEY (1973). It ca n 
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~ noticed that the standard rock values FLANAGAN (1973) proposes for Ph are all in 

the range ;Z ± ~ ; while, as far as Cu i~ concerned, the values referring to NIM-G 
granite and to PCC·l pcridotite do not come into that range. The accuracy of the 
Pb concentration values is therefore higher than the accuracy of the Cu concentration 
values. 

By making use of the c true value . proposed by ABBEY (1973), the concentration 
measurements become more accurate, especially the lead ones. 

TABLE 3 

Comparison b~/wun m~amr~d m~ans and Ji/~alur~ dala 

ROCKS i • , r lana9an X Abbfly A.,., .F1. A.,., . Ab . 

GRAN l tt ZGI - GM 30 . 2 ,., " (~ . ., . ) " .. 0 .2 ..0 . 2 

GRANITE NIM-G H . 2 14. 5 " (ave r . ) '" - 3 . 8 -0.8 

~ 
GRANODIORITt GSJ - JG I 19 . 7 1 0.9 ,. 

'" - •• 3 - •• 3 

DU NlTE OTS-I 11. 0 ••• 14.2 " - ].2 ,., 
PER I DDTI TE pce-\ , .. '-' l3 . l " - 3 . 5 - 0 . 2 

GRANITE ZGI - GM 14 : 9 '"' " (re., . ) " .1. 9 .1. 9 

• GRANITE NIM- G , .. '-' " (a ver . J " -11.. -9 •• 

" • GIlANOOI 0 RI T"E GSJ- JG I .. , .. , 1 . 3(aa<]n . ) " - 2 . 0 - 5 . 7 • 0 
0 OUII IT"E OTS- I ••• '-' , (aver . ) , .. 1.. .. 1. • 

PERIOOTITE pce-\ .., , .. 11. ] " - ] . 0 -2. 7 

Conclu8ion8 

From the obtained results we can draw the concl usion that the anodk stripping 
voltammetry method is quite valuable for determining Pb and Cu concentrations 
in plutonic rocks. 

In particular, the results relating to Pb concentrations are characterized by a 
higher accuracy and lower precision and those rdating to Cu concentrations by a 
lower accuracy and a higher precision. 

Funhcrmorc the preci~ion and detcction threshold of thc method depend upon 
the purity of the hydroAuoric and perchloric acids, which, evcn whcn of analytic 
quality, are not sufficiently pure for this type of analysis. 
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