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J A N MEDVEĎ* — E D U A R D P L g K O * * 

RELIABILITY OF SPECTROCHEMICAL DETERMINATION OF TRACE 
ELEMENTS IN CARBONATE STANDARD REFERENCE MATERIALS 

(Tabs. 3) 

A b s t r a c t s : I n t h e p a p e r t h e a u t h o r s p r e s e n t t h e r e s u l t s of l o n g - t e r m 
o b s e r v a t i o n of s p e c t r o c h e m i c a l d e t e r m i n a t i o n r e l i a b i l i t y of t r a c e e l e m e n t s 
in c a r b o n a t e r o c k s s t a n d a r d r e f e r e n c e m a t e r i a l s Z G I - K H ( l i m e s t o n e ) , 
G F S - 4 0 1 ( l i m e s t o n e ) , I U - E A - L L L 1 ( l i m e s t o n e ) , N B S - l b ( a r g i l l a c e o u s l i ­
m e s t o n e ) , N B S - 8 8 a ( d o l o m i t i c l i m e s t o n e ) , G F S - 4 0 0 ( d o l o m i t e ) , I U - E A -
- A D T ( d o l o m i t e ) a n d M K ( m a g n e s i t e ) . D e t e r m i n a t i o n s of i n d i v i d u a l 
e l e m e n t s in e x a m i n e d s t a n d a r d r e f e r e n c e m a t e r i a l s w e r e p e r f o r m e d i n 
t h e c o u r s e of r o u t i n e a n a l y s e s of g e o l o g i c a l m a t e r i a l s i n t h e p e r i o d f r o m 
1973 u p t o 1983 u s i n g d i f f e r e n t s y n t h e t i c c a l i b r a t i o n s t a n d a r d s a n d s p e c ­
t r o c h e m i c a l a d d i t i v e s w i t h r e f e r e n c e e l e m e n t s p r e p a r e d d u r i n g t h e a b o v e -
- m e n t i o n e d p e r i o d t o o . T h e o b t a i n e d a n a l y t i c a l d a t a h a v e b e e n s t a t i s t i ­
c a l l y e v a l u a t e d a n d c o m p a r e d w i t h v a l u e s g a i n e d b y o t h e r a u t h o r s . O n 
t h e b a s i s of p r e s e n t s t u d y a h i g h t e m p o r a l s t a b i l i t y of r e s u l t s o b t a i n e d 
in o u r l a b o r a t o r y h a s b e e n e s t a b l i s h e d . 

P e 3 lo M e: B CTaTbe auľopbi I I | )HBO;IHT pe3yjibTaTbi MHorojieTnero i iavie/io-
B3HHH TOMHQCTH CIIOKTpOXIIM HMCCKOrO Olipe/UYICIIIISI MHKp03JieMeHTOB H CTaiI-
iiapTHbix oí3pa3tiax cocTaBa KaipfíoHaTHbix r o p n w x nopozí Z G I - K H (n3Becr-
H « K ) . G F S - 4 0 1 (H3B6CTH5IK). I U - E A - L L L ! (II;ÍBĽCTHHK) , N B S - l b (Mepire-
.iHCTbiň II3BCCTMS1K), N B S - 8 8 a (;IO.-IOMHTOBHI"[ 1I3BCCTMHK). G F S - 4 . 0 0 (ao.no-
MiiT), I U - E A - A D T (.10,-iOMHT) ii M K (inarHesHT). Onpe;ic.icniiH 0T/iejib«bix 
a.ieMenTOB B ncc.'RuoBaiiHbix CTaiiiiap'rubix o C p a 3 u a x c o c r a B a 6M.>IH Bbinoji-
iicHbi B TeieuHii nopMajibHbi.x ana.iH30B rco.'ioniqťCKHx MaTepnajiOB B nepiio/ic 
c 1973 r. no 1983 r. iipiiMensui pa3nwe CHHTeTiiiecKHe rpanynpoBOMiHbíc 
c T a i u a p T i j H cneKTpoxHMHwecKHe npiiMCCH c s/ievieH-raMii cpaBHeHHsi TaioKe 
iio.'iroTOB.'ieHiiuMii B BbiLuenpHBe/ieHHOM n e p n o j i v l lpno6peTeHHbie aiia/iiiTii-
qecKiie .laiiiibie óbi.-iu cTaniCTiiiicKH oôpa6oTaHbi H cpaBi-ieiibi co 3HaqeHHHMn 
.locTiirHyTbiMii .'ipyniMii aiiTopaMii. H a o c n o n e Ha.CTOíimero HCOieflOBanHH 
óbiJia onpe/ie.'iciia BbicoKasi ispeMCUHas! CTaÓHJibHOCTb pwy.n.ľaTOB i ipnoGpe-
TeilHbix B iiauieii . ' laóonaTopun. 

Introduction 

V e r i f i c a t i o n of a c c u r a c y of r e s u l t s , i. e. t h e i r a g r e e m e n t w i t h t r u e v a l u e , 

w h i c h in m a j o r i t y of c a s e s is u n k n o w n , c a n b e , a s a r u l e , c a r r i e d o u t b y t w o 

w a y s . P r i m a r i l y , t h e g i v e n m a t e r i a l is a n a l y s e d b y t w o or m o r e i n d e p e n d e n t 

m e t h o d s . S i n c e t h i s a p p r o a c h is c u m b e r s o m e , t h e s t a n d a r d r e f e r e n c e m a t e r i a l s 

h a v e b e e n u s e d i n c r e a s i n g l y for t h e v e r i f i c a t i o n of r e l i a b i l i t y of a n a l y t i c a l r e ­

s u l t s l a t e l y . 

F o r a l o n g t i m e w e h a v e b e e n p a y i n g a n a t t e n t i o n t o d e t e r m i n a t i o n of t r a c e 

e l e m e n t s in g e o l o g i c a l m a t e r i a l s i n o u r l a b o r a t o r y , w h e r e b y w e h a v e b e e n u s i n g 

* RNDr. J. M e d v e ď. C S c . Geological Ins t i tu te of the Slovak A c a d e m y of Scien­
ces, D ú b r a v s k á cesta 9, 814 73 Brat i s lava. 

** Prof. Ing. E. P l š k o , D r S c , Geological Ins t i tu te of Comenius University, Za­
duna j ská 15. 851 01 Brat i s lava . 

http://ao.no


246 MEDVEĎ - P L S K O 

various existing s tandard reference mater ia ls to a great extent. The results of 
long-term observation of spectrochemical analysis reliability of trace elements 
in s tandard reference mater ia ls of silicate rocks have been already published 
(M e d v e ď—P 1 š k o, 1982). In the present work a survey of results obtained 
when analysing the s tandard reference mater ia ls of carbonate rocks is given. 

T a b l e 1 

Working conditions 

Spectrograph 

Spectral ranges 

Illumination 
Intermediate diaphragm 
Slit width 
Electrode material 
Sample bearing electrode 
Counter electrode 
Ratio of dilution 
sample: graphite: Li^CO;, 
Electrode gap 
Emulsion 
Developer 
Excitation 

Voltage 
Current 
Exposure time 

PGS 2, simple transition 
m = 1 

from 210 up to 390 ran (a = 5.65) and 
from 330 up to 500 nm (a = 7.86) 
three-lens with intermediate stop 
3.2 mm 
0.020 mm 
graphite. Elektrokarbon Topoľčany 
SU 219 
SG 359 

3 : 6 : 1 
3 mm 
ORWO WU 3 
ORWO R 09 (dil. 1 : 20) 
D. C. arc, anodic polarization of sample 
bearing electrode 
220 V 
6 A 
120 s 

Experimental part 

Spectrochemical procedures worked out in our Inst i tute in co-operation with 
J. J a r k o v s k ý (1969), E. M a r t i n y (1969), J. K u b o v á and E. P l š k o 
(1979) have been used for determinat ion of trace elements in s tandard reference 
mater ia ls and, at the same time, we have come out mainly from the works of 
W e b e r (1964), M a t h e r n y (1965), I n g a m e 11 s - S u h r (1967). N o v á 
(1969), T h o m p s o n - B a n k s t o n - P a s 1 e y (1970) and others. 

During the analyses of t race elements in carbonate rocks several unfavour­
able effects occur, viz.: 

1. matrix-effect — caused by variabil ity of macrooomponents, mainly Ca. 
Mg and Si; 

2. intense decomposition dur ing the arcing; 
3. difference of the s t ructure of synthetic matr ix and natura l samples. 
Problem of matrix-effect has been solved by classification of analysed stan­

dard reference materials in the certain groups corresponding to a given type 
of geological materials, e. g. limestones, dolomites and magnesites. then by di­
lution of these samples with sipectrochemical additives — graphite powder and 
lithium carbonate. 
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O ' í 1 t~ Ĉ l H (M CC CO H -rf o ; 

o 
< 

1 CO T-l ^H ^H 

I f I I I 
.-H O O CO i-( 

I I I I I I 

o o i t— co <N E— T—i M m a j L O i n 
CO CN] ^-, t> _ ! c: O N x c x o 

o o © o o o o o o o o o 

t O D - M o i n r o m t D c - o c o o c; o H o M 
c t - i n ^ ^ T f t - i c ^ ^ t - c c ? : i* r-1 -<ř «-i 
CNI 'Tp CO If t ^ (SI C-1 CO ^ CO!D O H l ň ^ T-H Tf< 
c o c > a c < i T ř c o ^ r o ř S i r o c S i T t , c o c o T j * C ' " i ro co 

J3 
? 
C 

0) 
B i 
C 
si 

r̂  
u 

:-.-, 
C 
:l) 
CJ 
C 

-u 

u < 
CO 

71 

C 
OJ 

G 
OJ 
(U 
i ) 

c 

-. 
UJ 

— 

— 
ft 
OJ 

o 
3~ 

c H 
aj 

o 
01 

c 

3 

cfl 

p 
3 
0) 

T I 

• 

CO 

3 
— 

" J 

p 
ň. 
n) 
o 

D 

CJ 
o 

•5 >> 
.2 ^ 

HE 
H ~ 

T3 ^J 
— OJ 
a TJ 
co a) 
aj-° 
> c 

^ C3 
c3 C J 

a < cn in 
O •_ 3 r ; — x> •_ . _ ' 3 01 T3 
U U U S 2 M f l H > U O P H 

d 

= O 

n 

03 
3 
— 
> 

e TI n 
U 
H 

C 



248 M E D V E Ď - P L S K O 

CC C3 ICi C 
IT! CO 7 0 c o ; 
CM ( M CM 

LtO C D I—I T—* 

O L- W l > C 
m M 1—1 H 

v 

in cc o 
iň oi c : 

;— ~^ -v^ Q > — 1 
0 3 LO CC *C* 
L- Ľ- r-

CO —< OD CM ( M tSl t — Č : 

- í i ó i r i - f d 
CM O l d 

( M -M LO —. — 
CT CC H X W 

( M csl r>l 

ft 
G. 

M O CO CD - ^ O 
O i O -* O 

CO CO c-1 CD 1 

C 

X? 
C- C - i-H t - O 

L . O CO 

2 « ^ 
~ ' ŕ O 
w c ó d 

ft 
OJ 

C/3 
I 

vv ' v 

^ T f O ^ C 

I 

CD LO r-H l ň O 

3 
< 

3 

V 

! N H M Q 

cd 

— 

3 

O 

cq 

cu 
-Q 

c. 
'J} 

K 

o 

C 
o 
y, 
cu 

E 

0 = ~ m o 
•-1 C - L- C D 
C - CD 5 

> ^H o ~ x; 

O0 r- O-l CD o 

W D ^ Q 
Tt̂  in ^H iô o 

3 
* " 3 

> 
CU 

c 
™ 

CC L C H C 

I M l - O Ľ - O 

Ľ -

[ ^ cv; O CO d 

O 

-v 
W 
O 

0) 

c 

: 
E 

to ^ CD O 
(M -ť °* ^ O 

V 

CO c-i O CN] o 

T ť CD ^ CO 
t - T f CIC x f 

J 
< 

d; 
r, 

•r 
OJ 

b 

-r 
CM 

j v . t > CS] CC c o 

CO •-< CM r H O 

.̂ 
0 1 

r^. 
cc 

ro 
( M 

•AJ 

CM 

-r 
0 

- f 

0 

CO 

CM 

n 
0 1 

C-3 

— 

CD 
O 

O 

- Q 

m 
03 
S 
OJ 

c 

t> 
L.O 

t -
70 

CO 

I C 

0 5 

-r 

CM 

^ 

O l 

O 

cM 
l O 

CC 

- ľ 

— = 

-r 
m 

— CC 

<M m H o —' 
- m d có d g 

c 
Tf m c LT 

< -1 ' 

(Ľ 

B 

< 

CU 

T3 

in CO o 
in CD CD CD o 

'v v 

( M H - C O 

CM ( M •—< 

^ ^ I ^ 
V V V 

V v 

V ' V 

C N X C 

V V ' V ' 

O oj vcn 'OJD w C O C3 W 'CÍ r/] C U cd w M M 
C Q, -



SPECTROCHEMICAL DETERMINATION OF TRACE ELEMENTS 

XI 
cd t - r ť c - o 

O b O h C 

V 

CM I Q CO r H 

m i > H N d 
^ C « Ľ ) 

O t - CM Ľ— O 

V 

m -^ c- co ^ 
w ä r- ^ i o 

. LO r ^ [ > fSl ( M L O CO LO O 

CTÍ CO O CO O 

^ H CD c-1 c : 

X ! 

O H 

3 
CJ3 

3 
< 
I V V V 

2 i n t - M cc 
i o i o H t n 

•s. 
Ú 
M O 
3 CO 

CO " * ' i CO o -r 
- i 

< 
o c: CD o: 
LO LO LO 
r H r H r H 

M IM 0 3 r -
^ 6 CO CM \^- O 

LO CC O CO r-1 

H | > CO I > c 

3 

O 

u 

._. r] 

< 
3 
> 
C 

m 

CM L— 

Csl CM O 

V 

CO 

CO ( M CO 
' - , CM CM 
CM CM 

CM 

O ] 

CM 
CM 

r H 

O 

LO 
O 

o 

•£ 

(5 
> 

c 

••o 'A 
CM CM C CM O 

LO 

CM CO O 

LO LO LO 

C5 

0 5 
1—1 

D, 

< 
> 
S 

H 
Z 
0) 
c 
z 
'A 

s 

c» ,_, c-
LO T J Í O - ^ : 

v" 

v v 

w 
2 
o 
c 
o 

CM C<1 CD CM < 

v 

E -

H 
D 
< 
< 
H 

C2 
^ H Tt* 10 o L O o 

c : [ > o >-* o 
cu CO LO CM LO 

c eä —i r i "-i 

M 

c 
'CO) 

cd 

I O r f t f - ^ C 

CM* c\Í O CM CD 

B fi O l O O 

'V v v v 

3 

C 

t - OS C5 (M H C O r H C 
t - • * O •» O 

v vv 
" 2 12 1 

V V 
I 2 I 2 I 
V V 

CC co o cc o 
L> O rA O CD 

CC 

V V V VV ' V f ' v ' v 
LO LO T-i LO CD 

O O CD CD O 

Y, 
tu 

— 
L ) Cd W CLO LO C U cd tn tsO c/í c U cd u i OJO i í i C L l c3 o i M Ä 



250 MEDVEĎ - PLSKO 

Intense decomposition of carbonate samples during the arcing has been sub­
dued part ly by addition of the above-mentioned spectrochemical additives, partly 
by selection of suitable electrode shapes. 

Errors resulting from difference of the s t ructure of synthetic matrices pre­
pared for the standardization, and of the natura l samples have been in our 
case removed by preparat ion of synthetic limestone, dolomite and magnesite 
matrices little differing structural ly from t h e natura l samples. 

The working conditions under which the spectra of carbonate rociks s tandard 
reference materials have been taken are listed in Tab. 1. 

Results and discussion 

Precision of determination expressed by relative s tandard deviation (s rp) of 
individual elements has been calculated for each procedure from the results of 
parallel measurements performed on 40 samples of corresponding types of car­
bonate rocks and s tandard reference mater ia ls with changing content of element 
in question. Results of calculation of relative s tandard deviation for one taking 
are given in Tab. 2 for individual elements in corresponding rocks. Besides 
the results the wavelengths of the used analytical a n d reference lines, as well 
as the concentration range A C, in which the elements can be determined by 
the described spectrochemical procedures, are listed in Tab. 2. The lower limit 
of the range A C represents practically attainable limit of determination. All 
data on contents are given in ppm. 

Accuracy of analytical results of oarbonate rocks s tandard reference mate­
rials has been checked by the comparison of obtained results with recommended 
ones presented by I n g a m e 11 s—S u h r (1967), T ho m p s o n—B a n k s t o n— 
P a s l e y (1970), G r a s s m a n (1972), S c h i n d l e r (1972), F l a n a g a n 
(1973). S c h r o l l (1983) and others. 

Statistically t reated data on trace element contents in s tandard reference 
mater ia ls - l imestones Z G ľ - K H , GFS--401. IU-EA-LLL l 3, NBS' '- lb: do­
lomites NBS''-88a, GFS'--400, IU-EA-ADT 1 and magnesite MK"' obtained 
during the period of about 10 years in our Inst i tute as well as recommended 
values of element contents presented by the above-mentioned authors are listed 
in Tab. 3. Evaluating the obtained results, in majority of samples a good agre­
ement with recommended values has been reached. 

In some cases the analytical results, mainly of Ti and Ba are loaded by 
a considerable error, though the results are accurate. On the other hand, diffe­
rent values of e. g. Ba, Cr and Ni from recommended ones are acquired in some 
standard reference materials. On the basis of this fact, it can be stated, that 
the recommended values of these elements in examined s tandard reference 
materials are not yet enough reliable. It can be documented on an example of 

1 ZGI - Zentrales Geologisches Institut, Berlin, GDR. 
- GFS — G. Frederick Smith Chemical Company, Columbus. Ohio. USA. 
:l IU-EA-LLL 1 and IU-EA-ADT - Geotechnisches Institut. Vienna. Austria. 
• NBS - National Bureau of Standards, Washington D. C, USA. 
•"> MK — Ustav nerostných surovin (Institute of Mineral Raw Materials), Kutná 

Hora, ČSSR. 
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Austrian s tandard reference materials of l imestone IU-EA-LLL 1 and dolomite 
IU-EA-ADT. in which these values have been indicated as questionable by the 
author S c h r o 1 1 (1983) himself. 

In conclusion it can be stated that the spectrochemical methods worked out 
in our laboratory provide long-term reliable results, which may be fully 
applied to determination and verification of composition even of further stan­
dard reference materials used for verification of accuracy of analytical proce­
dures serving for chemical characterization of trace elements in geological ma­
terials of a similar type. 

The authors acknowledge Mrs. H. B e l i č k o v á for performing analyses. 
Translated by O. Mišániová 
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