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Abs trac t: In th is pape r. the met hods fo r determinat ion by ato mic abso rp tion spec trometry of iron , ma nga nese, copper, ch romium a nd nickel in 
arsenic (rea lgar and orpimcnt ), an timo ny (s t ibnitc) and iron (marcasi te, excep t Fe) sulfide minerals and do lomite a nd re sult s are presented. The 
investigat ion o f the inte rfe rcn res sho w tha t it is possib le 10 de termine manganese a nd iro n direc tly from the obtained solutions by flame , and 
copp er, chr om ium and nickel , and manganese and iron in so me mine rals, by electrot her ma l atomic ab sorption spectrometry. Using these method s, 
iron . mang anese, copp er, Chromium and nickel were de termined in so me mineral samples from the Alsar deposit, Macedonia. 
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INT ROD UCTION 

Th e LOREX project is based on the idea that the reactions which produce 205Pb. Also , detection of these 
mineral lorandite (TIAsS2) from Alsar deposit elements and their con centrations in the ore and 
(Macedoni a) could be used as a solar neut rino detector mineral samples help s to establish the conditions in 
(Freedman ct. al., 1976), The aim of this project is to which these elements have been formed, e.g., it helps to 
determine the content of 2f"Pb acc umulated in the broaden the known geology of the Alsar mine. Until 
thallium minerals from Alsar, especially in lorand ite, now, there have been very few recorded assess ements 
which is pr odu ced in the nuclear reaction between sola r of such analyses (Palme et al., 1988). 
neutrinos and 2°'T l: There are a number of investigations concerning 

the determination of elements investigated in similar 
geological samples by atomic absorption spectrometry 
(ETAAS). Some authors have investigated the 

Therefore, it is necessary to det ermine exactly the possibili ty of the determination of these elements 
lead content in the thallium or other minerals (Todt , W., directly from the sample solutions, by flame AAS 
1988, Palme et al. 1988, Stafilov ct al., 1990a, 1990b, (Beccaluva and Venturelli, 1971, Rubeska and 
1990e, 1993), the content of thallium in nonthallium Miksovsky, 1974, Srivastava, 1977, Bichova and 
minerals (Stafilov et al. 1993b), but it is also necessary Kherebenko, 1978, Alvin and Gardner, 1986, Zorkin 
to determine the content of the other clements in these and Zubova, 1990), or by ETAAS (Schweizer, 1975, 
minerals present in Alsar deposit, such as: realgar Zelentzova and Yudelevich, 1983, Taddia and Lanza, 
(AS4S 4) , orpiment (As1S.1), stibnite (Sb1S3), marcasite 1984, Nak amura et al., 1988). However, in most cases, 
(FcS2), dolomite (CaMg(CO.1h) etc. the influence of interfering elements was of particular 

For the application of th is experiment it is very interest: in the flame AAS determination (Otaway et al., 
important to determine the cont ent of the other 1970, Sundberg, 1973, Hannaker and Hughes, 1977, 
elem ents, such as: Fe, Mn, Cu, Cr, Ni, Bi, U, Th , Hg ect., Robinson, 1980, Marabini et aI., 1982, Wang, 1980, 
especially those which are involved in background Eideckerand Jackwerth, 1988) or in the ETAAS 
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determination (Matsusaki et al., 1981, Zclcntzova and 
Yud elcvich, 1983, Tominaga and U rnczaki, 1983, Danz 
and Ja ckwerth, 1986, Subramanian, 1988). To overcome 
such interferences, the addition of different mat rix 
modifiers was suggested in Dame (Otaway et al., 1970, 
Robinson, 1980), or in ETAAS determin ation 
(Williams et al., 1986, Burba and Willrner, 1( 87), or the 
separation and concentration of these element s from 
the matr ix and their determination by Dame AAS 
(Ha nnaker and Hughes, 1977, Robinson, 1980, 

Marabini et :al., 1982, Wang, 1980, Eidecker and 
J ackwerth, 1988, Danz and Jackwerth, 1986, Williams 
et al., 1986, Burba and Willmer,.1987,Donaldson, 1989). 
or by ETAAS (Subr amanian, 1988, Isshiki et al., 1989) 

In this work we pr opose a method for the Fe, Mn, 
Cu, Cr and Ni determination by atomic absorption 
spectrometry. It was suggested that it is possible to 
determine these elements directly from the obtained 
solution of the investigated minerals. 

EXP ERIMENTAL 

Instnunentation 

A Perkin-Elmer 703 and 303 atomi c absor ption 
spectrophotometer and an HGA-400 and HGA- 72 and 
M56 recorder were used. A hollow cathode lamp was 
used as a source. Op eratin g conditions for the 
determination of Fe, Mn, Cu, Cr and Ni arc given in 
Table 1. 

T abl e 1 
Ins trum ental parameters f or dctenn ination of
 

Fe, Mn, c ; Cr and Ni by ETAAS
 

Pa ram et e r, 

Wavele ngh t, nrn 

Fe 

279.5 

Mn 

279.5 

Cr 

358.0 

Cu 

324.7 
D 

232.0 

Slit, nrn 0.2 0.2 0.7 0.7 0.7 

La mp curren t, 20 10 25 15 25 
mA 

Ca lib ra tio n mode Ab sorbance. peak he ight 

DRY 

Tempc rarurc. Y' 120 120 120 120 120 

T ime .s 30 30 30 30 30 

Ra mp time, s 2 2 2 2 2 

( 
I 

CHAR 

I Temperatu re. X, 1100 1100 1300 1200 900 

Ti me . s 30 30 30 30 30 

Ra mp time, s 1 1 1 1 1 

ATOMIZ E 

Tempe rature.X' 2400 2400 2500 2500 2400 

II
Ti me , s 5 5 5 5 5 

Ramp time, s 0 a 0 0 0 

CLEAN 

Temperature. X' 2700 2700 2700 2700 2700 

T ime , s 3 3 3 3 3 

Ramp time, s 1 1 1 1 1 

GAS Argon 

Procedure 

1. Realgar and orpiment 

0.1 to 1.0 gof powdered samples of realgar or 
orpiment were dissolved in 5 em" concentrated HN03. 
The solution was evaporated to dryness, and then the 
residue was dissolved in 10 cm' of concentrated HCI 
and a few dr ops of Hz0 2with a minimum of boiling . The 
solution was the transferred to a volumetric flask of 25 
(50) ern . From this solution a volume of 20 mm was 
introdu ced to a graphite furnace. 

2. Stibnit e and dolomite 

0.1 to 1.0 g of powdered mineral samples were 
dissolved in 5 cm3 concentrated HCI, 1 cm3 conc en 
trated HN03and a few drops of H202. The solution was 
evaporated to dryness, and then the residue was taken 
up in 10 em' of concentrated HCI. 

3. Marcasite 

0.1 to 1.0 g of powd ered mineral samples were 
3 3dissolved in 5 cm concentrated HCI, 5 cm 

concentrated RN03 and a few drops of H202. The 
solution was evaporated to dryness, and then the 
residue was taken up in 10 em" of concentrated HCI. 

4. Lorandit e 

0.1 to 1.0 g of powdered mineral samples were 
3dissolved in t5 cm concentrated HCI, 3 cnr' 

concentrated HNOJ and a few drops of H202. Th e 
solution was evaporated to dryness, and then the 
residue was taken up in 15 cnr' of concentrated HCI. 
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Tabl e II 

Results from the matrix interferences investigation in the determination of Fe and Mn 
byflam e atomic absorption spectrometry 

No. IllM/m g cM/nlg Mass ratio AMn NAcM=O '100 AFe NAcM=O'100 

[ em" m;Vl nWe):m;V l 

M= As 
I 

1 0 0 1:00 0.1475 100.0 0.0419 100.0 

2 50 I 
I I 1:200 0.1480 100 .3 0.0428 102.1 

3 100 2 1:400 0.1475 100.0 0.0425 101.4 

4 150 3 1:600 0.1475 100.0 0.0429 102.3 

5 200 4 1:800 0.14!i3 99.2 0.0444 106.0 

6 300 Ii 1:1200 0.1475 100.0 0.0444 106.0 

M = Sb 

1 0 0 1:0 0.1475 100.0 0.068 100.0 

2 50 1 1:200 0.1475 100.0 0.0663 97.5 

3 100 2 1:400 0.14!i3 99.2 0.0671 98.7 

4 150 3 I:(,QO 0.1463 99.2 0.0671 97.8 

5 200 4 1:800 0.1463 99.1 

6 300 6 1:1200 0.1475 100.0 

M= Mg 

1 0 0 1:0 0.0657 100.0 0.0391 100.0 

4 10 0.2 1:200 0.0662 100.8 0.0391 100.0 

5 35 0.6 1:600 0.0665 101.2 0.0391 100.0 

6 50 1.0 1:100 0.0651 99.1 0.0391 100.0 

7 liO 1.2 1:1200 0.0639 97.3 0.0391 100.0 

M=Ca 

1 0 0 1:0 0.0400 100.0 0.0657 100.0 

2 10 0.2 1:200 0.0400 100.0 0.0651 99.1 

3 30 0.6 L:600 0.0400 100.0 0.0656 99.7 

4 60 1.2 I: 1200 0.0400 100.0 0.0659 100.3 

: M= Fc 
, 
ii 
i 

1 0 0 1:0 0.1574 100.0 

3 50 1 1:200 0.1574 99.1 

4 100 2 1:400 0.1574 100.0 

5 150 3 1:1200 0.1574 100.0 

M =TI 

1 0 0 1:0 0.1624 100.0 0.0605 100.0 

2 10 0.2 1:40 0.1624 100.0 0.0595 98.3 

3 20 0.4 1:80 0.1612 99.2 0.0665 101.0 

4 50 1 1:200 0.15999 98.4 0.0615 101.6 

5 100 2 1:400 0.1624 100.0 0.0635 104.9 

6 200 4 1:800 0.1624 100.0 0.0615 101.0 

7 300 6 1:1200 0.1624 100.0 
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Table III 

Influence of A s, Sb, Fe, Ca and Mg on the determination of Cu, Cr and Ni by ETAAS 

r No. mv / mg m MI :m M 

~ 

Ac" /\c,,1Au' 100 Ac­ Acr/Ao '1 00 A Ni ANi/Ao'100 

M =As 

I 1 0 1:0 0.0750 0. 1819 0.0595 -
2 1000 1:4000 0.0810 108.0 0.1823 100.2 0.0540 90.76 

3 200 1:8000 0.078(, 104.8 0.1832 100.7 0.0573 96.30 

4 350 1: 14000 0.0786 104.8 0.18.47 101.5 0.0540 90.76 

5 600 1:24000 0.0713 9S.1 0.1761 98.6 I 
I 0.0577 95.29 

6 700 1:28000 0.0630 84.0 0.1668 91.7 0.0547 91.93 

M= Sb 

1 

2 100 1:4000 0.08 12 100.5 0.1647 99.00 0.0441 100.68 

3 200 1:8000 0.0786 97.7 0.1668 100.2 0.0451 102.96 

4 350 1:14000 0.8(,3 106.8 0.1692 101.7 0.0452 103.19 

5 700 1:28000 0.867 107.3 0.1684 101.2 0.0564 128.76 

M = f'c 

1 0 1:0 0.0778 - 0.1810 - 01339 . 

I 2 50 1:2000 0.0722 92.8 0.1763 97.4 0.1304 97.38 

3 100 1:4000 0.074 1 95.2 0.1741 96.2 0.1379 102.98 

I 4 200 1:8000 0.0710 91.2 0.1772 97.9 0.1326 99.02 

5 250 1:10000 0.0692 88.9 0.1708 97.3 0.0349 100.74 

M =Ca 

1 0 1:0 0.0750 . 0. 1582 - 0.0345 -
3 50 1:2000 0.0705 94.0 0.1574 99.5 0.0344 99.71 

I 
4 100 IAOOO 0.0726 96.8 0.1524 96.3 0.0284 82.29 

5 200 1:8000 0.0603 80.4 0.1381 87.3 0.0289 86.38 

M= Mg 

1 0 1:0 0.0750 - 0.1958 - 0.0345 -
2 50 1:2000 0.0756 100.8 0.1967 100.4 0.0345 100.00 

3 100 1:4000 0.0720 96.0 0.1941 99.1 0.0345 100.00 

4 200 1:8000 0.1942 99.1 0.0355 102.89 
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Ta b I e IV 

Influence ofAs, Sb, Fe, Ca, Mg and Tl on the determination ofFe and Mn 

No. 

M=As 

l11M/l11g I11Fc,Mn:l11M AFc A1AcM~O'100 AMn A1AcM~O'100 

1 0 1:0 0.0419 100.0 0.1101 -
2 

3 

50 

100 

1:200 

1:400 

0.0428 

0.0425 

102.1 

101.4 

0.1071 r:r7.27 

4 

5 

6 

150 

200 

300 

1:600 

1:800 

1:1200 

0.0429 

0.0444 

0.0444 

102.3 

106.0 

106.0 

0.1024 

0.1104 

93.01 

100.27 

91.7 

M=Sb 

1 0 1:0 0.0680 100.0 0.1792 -
2 

3 

4 

5 

6 

7 

M=Mg 

1 

2 

20 

50 

100 

150 

200 

300 

0 

10 

1:80 

1:200 

1:400 

1:600 

1:800 

1:1200 

1:0 

1:200 

OJJW6 

0.0663 

0.0671 

0.0671 

0.0657 

0.0662 

102.3 

97.5 

98.7 

98.7 

100.0 

100.8 

0.1792 

0.1936 

100.00 

108.03 

i 

3 

4 

35 

50 

1:600 

1:1000 

0.0665 

0.0651 

101.2 

99.1 

M=Ca 

1 

2 

3 

4 

0 

10 

35 

50 

1:0 

1:200 

1:600 

1:1000 

0.0657 

0.0651 

0.0655 

0.0659 

100.0 

99.1 

99.7 

100.3 

M=TI 

,-
I 

! 

-
1 

3 

4 

5 

6 

0 

20 

50 

100 

200 

1:0 

1:80 

1:200 

1:400 

1:800 

0.0605 

0.0665 

0.0615 

0.0635 

0.0615 

100.0 

101.0 

101.6 

104.9 

101.0 

0.1314 

0.1373 

0.1335 

0.1841 

0.0888 

-
104.49 

101.6099.1 

140.10 

67.60 
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T a ble V 

The results oj detcn nlnation oj Fe, Mil, 0; ell and Ni 
ill lorandi te, realgar, orpim cnt, stibnite and dolomite. 

Minera l mmineral/g W/Ilg'g'
l 

Fc \ 1n C r C u '\: 

! Lorandi ie 

pure 0.0620 645 .2 < 1.0 < 1.0 

nonpure 0.2500 6760 .0 5U, < 1.0 63. 73 62 

Rcf. 10 205- 2100 2-74 0.5-10 200 -360 < 10 

Orpimc nt 

x-SOO-1 0.250 %.0 5.0 < 1.0 9.1 < 1.0 

x-SOO-2 0.250 tvz.o I 'iA <1.0 4.4 < 1.0 
I 
j 

x-SOO -3 0.250 490 .0 14.4 32.6 7.4 41. 0.0 

x-800-4 0.250 150 620 .0 28.3 < 1.0 6.5 115.1 II 

Re f. 10 <200 100 < 100 < 300 < 30 

Real ga r 

x-800-1 0. 1935 365 .6 7004 < 1.0 < 1.0 <1.0 I 

x-800-2 0. 14(>1 14 10.0 30 7.2 < 1.0 < 1.0 6.9 

x-800-'3 0.1374 3400 954 .9 < 1.0 < 1.0 7.4 

from o rp imcn t 0.0292 - < 1.0 < 1.0 < 1.0 

P-21-1 0.2500 :WOO 48 .6 < 1.0 4.7 3.4 

P-21-2 0.25 00 36500.0 56 1.2 < 1.0 < 1.0 6.4 

P-21-3 0.2500 33500 .0 1034 .8 < 1.0 < 1.0 6.4 

P-21-4 0.2500 5550 .0 1887.0 < 1.0 < 1.0 1.9 

Re f. 10 <10 <1200 <30 

Stibni te 

1 1.0000 - 4.0 1.8 9.6 

I Dolomi te 
I' 

x-SOO-1 0.21340 287 .4 2 16.3 < 1.0 < 1.0 16.2 

x-800-2 0.2610 386.6 385.3 < 1.0 < 1.0 17.6 

x-SOO-] 0.200S 450 .7 431.6 < 1.0 < 1.0 13.4 

'i Ma rca si te 

[ 
i 

1 

2 

1.0000 

0.2 146 -
-
-

1.2 

4.9 

-
30.2 

-
84 .3 
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RESULTS AND DIS CUSSION 

In most papers on the determination of 
investigated elements by ET AAS in different geological 
samples, acid digestion is suggested for sa mple 
dissoluti on. However, these soluti ons contain differ ent 
ions of elements dissolved from the sample matri x, 
which may interfer e with the de terminations. 
Therefore, it is necessary to investigate this possible 
cause if interference. 

Th e interferences of matrix clements of the 
minerals studied (As, Sb, TI, Fe, Ca and Mg) on the 
determination of Fe , Mn, Cu, Cr and Ni, were 
investigated by preparing a se ries or solutions with the 
same conce ntration of investigated c lements and 
different concentrations of interfering clements with 
concentrations similar to the con centrations in the 
sample solutions. Because of the higher concentration 
of iron and manganese in realgar , orpiment , loranditc, 
stibnite and dolomite, it was possible to det ermin e these 
clements by flame AAS. In the case or copper. 
chromium and nickel it was necessary to usc 
electroth ermal AAS. Th e results of this interferences in 
the determination of iron and manganese by flame AAS 
arc present ed in T able II. The results of this 
interference in the determination by electrother mal 
AAS, of copper, chromium and nickel arc presented in 
Table III , and for iron and manganese in Table IV. 

As can be see n from Table II, ther e is very little 
interfer ence from As, Sb, Ca and Fe on the 
determinat ion of Fe and Mn by flame AAS up to the 

mass rat io which corresponds to the mass of 0.5 g of 
investigated miner als, so that it is not necessary to 
sepa rate these element s from the matrix if we take this 
mass of minerals. From the results given in the Tables 
III and IV it can be seen that all the investigated 
element s can be determined from arsenic minerals, 
stibnite and marcasite when 1 g of mass is used , and in 
the case of dolomite 500 mg and for lorandite not more 
than 250 mg. 

Using these pr ocedures, samples of lorandite, 
realgar , or piment, stibnite and dolomite (without and 
with sta nda rd additions) were dissolved , extr acted and 
Fe, Mn, Cu, Cr and Ni were determined . The results are 
givcn in Table V. It can be seen from these resuits that 
thc content of iron has high values probably from the 
presence of mar casite and pyrite as inpu ritie s. Th ese 
values are especially high in realgar . Manganese is also 
present as a high content in realgar. The content of 
copper, chromium and nickel is usually low, and in most 
case it is below 10 fjg' g', or precisely below 1 ug-g" , 
The obtained values for the content of these elements 
in the investigated minerals compa red with those of 
Palme et a!. (1988) arc many pr ecise and in mor e cases 
they are in the same range. 

Th e methods were checked by the method of 
standard addition for all elements and minerals and 
values of the recovery in a range of 95.5 - 103.8 % were 
obta ined. 

CO NCLUSION 

Iro n, manganese, copper, chromium and nickel 
can be determined by atomic absorption spec trometry 
in some miner als (rea lgar, or pimcnt, lorand ite, stibnitc, 
marcasite and dolomite) from the Alsar mine, 
Maced onia. Iron and manganese can be ana lyzed by 
flame, and copper, chromium and nickel by 

electrothermal atomic absorption spectrometry. The 
content of these element in the invest igated minerals 
var ies from below 1 ppm for copper, nickel and 
chro mium, to some perc ent for iron in some samples of 
nonpurc realgar. 
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