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DETERMINATION OF COBALT, NICKEL AND LEAD IN ARSENIC MINERALS
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New methods for determination of Co, Ni and Pb in arsenic minerals realgar and orpiment by Zeeman electro-
thermal atomic absorption spectrometry have been proposed. To eliminate matrix interferences an extraction separa-
tion of investigated elements was suggested. Optimal conditions for the extraction separation of Co, Ni and Pb from
arsenic were determined. After the dissolution of mineral samples, Co, Ni and Pb were extracted with sodium di-

ethyldithiocarbamate into methylisobutyl ketone from a medium of pH =6.0 (Co and Ni) and pH = 10 (Pb). High ex-

traction recovery of Co, Ni, and Pb is obtained if the extraction is performed into carbon tetrachloride from a medium
of pH = 6. Instrumental conditions (temperature and time) for the determination of Co, Ni and Pb from organic phase
by Zeeman electrothermal atomic absorption spectrometry were established. The procedures were verified by method
of standard additions and by analyzing referent standard samples. Calibration curves were made using the proposed
extraction procedures for standard solutions of Co, Ni and Pb.

Investigated minerals (realgar and orpiment) originate from the AlSar mine, Republic of Macedonia. It was
found that the content of Co, Ni and Pb in realgar ranges from 0.1 to 3.2 f!g"g-1and in orpiment from 0.1 to 5 f!g"g-l.
The detection limit for Co, Ni and Pb in arsenic minerals, calculated as 3 standard deviation of the blank, was found
to be 2.0 ng"g-l.
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INTRODUCTION

The minerallorandite (TlAsS2)present in the
AlSardeposit, Republic of Macedonia, can be used
as solarneutrino detector [1] measuring the content
of 20sPbisotope produced by the nuclear reaction
between solar neutrino and 20sTlaccumulated in
lorandite [2, 3]. For this purpose, the mineral
should be separated without contamination and
therefore, knowledge of lorandite and associated
mineral chemical composition is very important.
The presence of Pb in the minerals indicates a po-
tential target for the generation of 20sPbresulting
from natural radioactivity. The most frequently
occurring arsenic minerals in the Alsar location
associated with lorandite are realgar (AS4S4)and
orpiment (As2S3)' Investigation of Pb in these
minerals can be used as monitors for determining
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contribution of background reactions, which origi-
nate from natural radioactivity, on condition that
they are genetically formed at the same period as
the lorandite [4]. The examinations on the other
element contents will contribute to obtaining im-
portant knowledge of the mine geochemistry and
explanation of the background radiation of the lo-
cation [5].

There are a number of papers concerningof co-
balt, nickel and lead determinations in geological
samples by ETAAS. Some authors have suggested
direct determinationof Co [6-10], Ni [7, 11, 12] and
Pb [13-20] from the solutions of dissolved samples
or by introducing solid samples [21-25]. In a part of
presented paper for Co [7,26-28], for Ni [27-29] or
for Pb [27, 28, 30, 31], the results of investigation
of matrix interference are given.
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Stafilov et al. [31] showed that the arsenic in
mass ratio with lead over 5000: 1 decrease lead ab-

sorbance when examinations are performed by
ETAAS. In the case of Co [26] and Ni [29], arsenic
had no influence when 1 g of realgar or orpiment
samples were dissolved and made to volume of 50
ml with redistilled water into flask. Zelentsova and
Yudelevich [32] showed that arsenic in mass con-
centration below of 20 mg.mr! has not influence
on the appears of analytical signals of Co and Ni
and below of 10 mg.mr! for Pb using ETAAS.
Also, it was showed [33] that detection limits for
Co, Ni and Pb determination in ultrapure arsenic
using Zeeman ETAAS are in the order of 10-50
ng'g-!, without the use of preliminary separation or
concentration procedures. To overcome interfer-

ences, an addition of different matrix modifier for
Co [6, 7] and Ni [7] was suggested. There exist
several few methods for separation and extraction
of the investigated elements from the matrix before
its determination by ETAAS [34-36].

In this paper, new extraction methods for
lead, cobalt and nickel by sodium diethyldithiocar-
bamate (Na-DDTC) in CCl4 and methylisobutyl
ketone (MIBK) from medium of dissolved arsenic
minerals are presented. By an intensive testing the
optimal conditions for the extraction separation of
Co, Ni and Pb from arsenic were obtained and
found the possibility of successful extraction of the
investigated elements in CCl4 [37, 38] and in
MIBK as a new organic solvent for Co and Ni.

Instrumentation

EXPERIMENTAL

Reagents and samples

A Varian SpectrAA 640Z Zeeman atomic ab-
sorption spectrophotometer equipped with a Varian
PSD-100 Autosampler was used. Light sources
were cobalt, nickel and lead hollow cathode lamps.
Pyrolytically coated graphite tubes were used. The
instrumental parameters for determination of Co,
Ni and Pb are given in Table 1.

Table 1

Instrumental parameters for determination
of Co, Ni and Pb by ETAAS

Parameters

Wavelength, nm
Slit,nm
Lamp current, mA
Calibration mode
13.<l~~g~~~I1~c;~Frt:~tiC?11

Co
240.7

0.2
7

Pb
283.3

0.5
5

Ni
232.0

0.2
4

Peak height
Zeeman

Medium
Element

Temperature, QC
Time, s
Gas

DRY

Inorganic
Co Ni Pb

85; 95; 120
5; 40; 10

3
PYROLYSIS

750 800 400 400 400 400
5;1;2 5;20;2

0
ATOMIZING

2300 2400 2100 2300
1.1;2 1.1;2 1;2 1.1;2

- _9.;9.
CLEAN

:2400 2100 2100
. 2

3

Llmin

MIBK/CC14
Co Ni Pb

75; 95; 120
5; 45; 10

3

Temperature,
Time, s

Llmin

Temperature, QC
Time, s
Gas flow. Llmin

2400 2100
1.1;2 1;2

0

Temperature, QC
Time, s
Gas flow, Llmin
GAS

2300 2400 2100
2
3

Argon

All reagents and standards were of analytical
grade. Stock solutions of cobalt, nickel and lead
were prepared by dissolving of high-purity
CoCh.6H2O, Ni metal and Pb(N03h. The mass
concentrations of elements in these solutions were

1000 mg.l, from which all diluted solutions were
prepared. Mineral specimens of realgar and orpi-
ment were taken from the AlSar mine, Crven Dol
locality, adit No 21 [39, 40]. Mineral specimens
were carefully selected from ore samples using
microscope, and then ground to powder.

Procedures

0.1 g of powdered sample was dissolved in 10
ml concentrated HN03 and 1 ml of H202 (30 %).
The solution was evaporated almost to dryness.
The residue was dissolved in 2 ml concentrated

HCI with a minimum of boiling and 13 ml of bidis-
tilled water were added. The solution was filtered
and transferred into a separatory funnel.

Extraction with MIBK. The pH value of the
solution was adjusted to 6 with NaOH for Co and
Ni and 10 for Pb extraction. Then,S ml 0.2 % Na-
DDTC solution were added and the mixture was
shaken for 1 min. After 15 min, 5 ml of the organic
solvent MIBK were added. The mixture was
shaken for 3 min and Co, Ni and Pb were deter-
mined in the organic layer by ETAAS.

Extraction with CCl4.The pH value of the so-
lution was adjusted to 6. Then,S ml of 0.2 % Na-
DDTC solution were added and the mixture was
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shaken for 1 min. After 15 min, 5 ml CCl4 were

added. The organic layer was separated, evapora-
ted to dryness and the residue dissolved in 2 ml of
concentrated HN03 and 5 ml bidistilled water. Co,

Ni and Pb were determined by ETAAS using ali-
quots of 20 mm3 that were introduced in the graph-
ite furnace.

RESULTS AND DISCUSSION

Previous investigations [2, 4, 5, 26, 29, 41-
43] showed very low Co, Ni and Pb content in the
investigated minerals. These facts pointed out to
the necessity of prior concentration of Co, Ni and
Pb and its separation from the arsenic before the
determination by ETAAS. Bode [37] found that
Co, Ni and Pb could be satisfactorily extracted
with Na-DDTC in CCl4 in pH range of 5-11. Keil
[38] showed that lead was successfully extracted
with Na-DDTC in CCl4 in alkaline medium. On the
other side, there is data [44] about lead extraction
from As(V) in HF-HN03 medium in MIBK.

A satisfactory extraction rate of Co, Ni and
Pb from dissolved arsenic mineral in hydrochloric
acid solution is obtained using Na-DDTC in CCl4
extraction at pH 6. We also found that this extrac-
tion can be performed using MIBK at pH 6 for Co
and Ni, and at pH 10 for Pb. It is also found that
the determination of investigated elements can be
performed after evaporation of organic solvent and
dissolution of the residue by nitric acid.

To check whether As coextracted with cobalt,

nickel and lead, aliquote of organic layer after ex-
traction by the proposed procedures (with MIBK
and CCI4) were separated, evaporated to dryness
and the residue dissolved in 2 ml of concentrated

HCl. Using flame AAS, it was found that extracted
amount of As can not interfere on Pb determination

by ETAAS. For the same reason, samples with
equal concentration of examined elements with and
without arsenic were prepared. Interferences on the
element absorbance were not found.

To verify the method, some samples of real-
gar and orpiment minerals with standard addition
of Co, Ni and Pb, were prepared and treated by
using the proposed procedure.

The results given in Table 2 and in Tables 3
show that satisfactory recovery results were ob-
tained.

The determination of Co, Ni and Pb were also

performed in reference standards SU-1, SU-1a, and
UM-1 (sulfide ore samples) and NR-3 (Cu concen-
trate). The results of measured and certified values
of examined elements for these standard samples
are given in Table 4. As it can be seen (Table 4),
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the contents for cobalt, nickel and lead obtained
using the proposed methods are very close to the
certified values.

Table 2

Determination of Co, Ni and Pb in realgar

by method of standard additions (in Jig.g-l)

Sample Added Calculated Recovery I %Found

MIBK

.m m m m m___m

Nickel

.--m m_mm_m mmm m mm_m--_-

Lead

100.3

98.1

100.3

95.1
--m m__mm m_m m mm m--m m__m_m

Nickel

1

2

3

1.76

12.86

22.48

104.7

98.6

10.52

21.03

12.28

22.79
m_m m m_-- mm m m --m--mm--_mmmm

Lead

Cobalt

1 0.00 0.13

3 6.45 6.58 6.94 105.5

I 0.00 - 0.80

2 5.88 6.68 7.12 106.6

I 0.00 0.81

2 21.50 22.31 21.66 97.1

1 -- 0.82

2 19.59 20.41 19.93 97.6

I -- 0.75

2 19.72 20.47 20.34 99.4

1 -- 1.02

2 10.75 11.77 11.80

CCl4

Cobalt

1 0.10

2 3.04 3.14 3.08

3 6.15 6.25 6.27

1 0.00 0.38

2 6.52 6.90 6.56

I -- - 0.29

2 10.25 10.54 10.40 98.7

1 -- - 3.16

2 5.09 8.25 8.12 98.4

3 10.87 14.03 14.71 104.8
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Table 3

Determination of Co, Ni and Pb in orpiment by
method of standard additions (in f..l.g'g-1)

Sample Found Recovery / %Added Calculated

MIBK

m m mm mmnmmm--'_-----

Nickel

m n m m.......-

Lead

.m m mm '---'-'--'-' m-

Nickel

2

3

1.42

12.50 103.1

100.1

10.70

20.32

12.12

21.74 21.76
m m m m mmm_n.._mm.

Lead

Table 4

Determination of Co, Ni and Pb in referent stan.
dards samples (given in %)

Ref. Co Ni Pb

Using these methods, Co, Ni and Pb were de-
termined in various samples of the investigated
minerals from the AlSar mine (Table 5). It was
found that the content of Co, Ni and Pb in realgar
ranges from 0.1 to 3.2 ).lg'g-J and in orpiment from
0.1 to 5 ).lg'g~J. These values are in agreement with
those obtained for the same minerals by other au-
thors (Table 5), Palme et al. [5] and Frantz et at.
[42] by neutron activation analysis, Todth [2],
Boev et al. [41] and Frantz et at. [42] by mass
spectrometry and Stafilov et at. [43] obtained by
ET AAS.

Table 5

Measured content levels for Co, Ni and Pb
in realgar and orpiment from the AlSar mine

(given in f..l.gg-1)

Mineral /
Element

Co Ni Pb

Realgar

< 0.08 [5]

< 1 [39]

< 4.0 [40]

0.103 - 0.80*

0.38 [2]

< 10 [5] 1.654 -- 6.2 [41]

0.754 - 1.763* 2 [39]
0.007 - 0.08 [40]
0.294 - 3.162*

Orpiment

11.6 [2]

< 0.41 [5] 5.3 - 9.4 [41]
< 30 [5]

<7 [40] 0.8 [39]
1.291 - 4.856*

0.086 - 1.164* 0.072 -- 0.41 [40]

1.654 - 3.726*

*This work
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Cobalt

1 - - 0.086

2 6.28 6.366 6.30 99.0

1 -- 0.19

2 3.16 3.35 3.21 95.8

1.29

3 19.78 21.07 20.40 96.8

I 4.86 -

2 10.36 15.22 14.45 94.9

3 21.98 26.84 25.96 96.7

1 - - 1.66

2 5.18 6.84 6.95 101.6

3 10.99 12.65 13.19 104.3

1 -- -- 1.74 -

2 10.47 12.21 11.68 95.7

CCI4

Cobalt

1 -- - 1.16

3 6.10 7.26 7.72 106.3

1 - -- 0.18

2 3.04 3.22 3.35 104.0

3 6.19 6.37 6.67 104.7

2.08

2 5.07 7.15 6.97 97.5

3 10.31 12.39 12.76 103.0

1 -- -- 3.73 --

2 10.30 14.03 14.91 106.3

Standard Certified Found Certified Found Certified Found

MIBK

Su-l 0.063 0.084 1.51 1.46 0.01 om I

Su-la 0.041 0.040 1.233 1.040

UM-l 0.035 0.037 0.88 0.95

NR-3 0.074 0.084 0.04 0.040

CCI4

Su-l 0.063 0.063 1.51 1.36 0.01 0.012

Su-la 0.041 -- 1.233 1.180

UM--l 0.035 0.036 0.88 1.02

NR-3 0.074 0.081 0.04 0.040
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Calibration curves for cobalt, nickel and lead
were made using the proposed extraction proce-
dures for their standard solutions. The detection

limit for Co, Ni and Pb, calculated as 3 standard

deviations of the blank, was found to be 2.0 ng'g-1.
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Pe311Me

OIIPE,1J,EJIYBAILEHA KOEAJIT, HIIKEJI II OJIOBO BO APCEHCKII MIIHEPAJIII
CO ZEEMAN-OBA EJIEKTPOTEPMlIqKA ATOMCKA AIICOPIIIJ;IIOHA CIIEKTPOMETPIIJA

AHHa JIa3apy 1I Tpaj'le CTa<fiHJIOB

HHci11ui11yi11aa xeMuja, llpUpooHo-Mai11eMai11U'tKU cjJaKYJli11ei11, YHuBepaufuei11 "CB. KupuJI U Mei11oouj",
U. cjJax 162,MK-IOOl CKouje, Peuy6J1uKa MaKeooHuja

KJIY'lHH36opOBH:K06anT;HlIKen;onOBo;onpe~enYBafue;peanrap;ayplInlIMeHT,Zeeman-OBa
eneKTpOTepMlI'IKa aTOMCKaancopnl\lIOHa cneKTpoMeTplIja; PY~HlIKAmnap

TIpegnmKeH e HOBMeTO~ 3a onpegenYBafue Ha Co,
Ni 1I Pb BO apceHcKlI MlIHepanlI co Zeeman-OB a eneKTpo-
TepMlI'IKa aTOMCKa ancOpnl\lIOHa cneKTpoMeTplIja. 3a
enlIMlIHal\lIja Ha BnlIjaHlIjaTa Ha MaTplIKcOT e BprneHa
eKcTpaKl\lIOHa cenapal\lIja Ha lIcnlITYBaHlITe eneMeHTlI.
3a Taa lIen 1f3BprneHlI ce lICTI!UYBafua 3a onpegenYBafue
Ha onTlIManHlITe ycnoBlI 3a eKCTpal\lIOHOTOcenaplIpafue
Ha Co, Ni 1I Pb o~ apceHoT. TIo pacTBopafueTO Ha MlIHe-
panHlITe 06paCl\1I ce BprnlI eKCTpaKl\lIja Ha Co, Ni 1I Pb co
HaTplIYM ~lIeTlInglITlIoKap6aMaT nplI pH =6 (3a Co 1I Ni),

OgHoCHOpH = 10 (3a Pb) BO MeTlIn1I306YTlIn KeTOH 1I BO
jarnepog TeTpaxnoplIg nplI pH = 6. YTBpgeHlI ce 1I lIH-
cTpYMeHTanHlITe ycnoBlI (TeMnepaTypa If BpeMe) 3a on-

pegenYBafueTO Ha Co, Ni 1I Pb BO opraHcKaTa cpa3a co
Zeeman-OBa aTOMCKaanCopnl\lIOHa cneKTpoMeTplIja, TIo-
CTanKaTa e npoBepeHa co MeTogoT Ha cTaHgap~HlI goga-
TOl\lI 1I co nplIMeHa Ha MeTO~OT 3a onpegenYBafue Ha lIC-
nlITYBaHlITe eneMeHTlI BO pecpepeHTHlI CTaH~apgHlI
06paCl\1I. JiIcnlITYBaHlITe MlIHepanlI (peanrap 1I ayplInlIr-
MeHT) nOTeKHYBaaT og pygHlIKOT Anrnap, Peny6nlIKa
MaKegoHlIja. HajgeHo e geKa cogp)[(lIHaTa Ha Co, Ni 1I Pb
BO peanrap ce gBlI)[(lI og 0,1 ~o 3,2 flg'g-l, a BO ayplInlIr-
MeHT og 0,1 ~o 5 flg'g-l. fpaHlIl\aTa Ha geTeKl\lIja 3a lIcnlf-

TYBaHlue eneMeHTlI BO apceHcKlI MlIHepanlI 1f3HecYBa2,0
ng'g-l.
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