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

(Tabs. 3)

Abstracts: In the paper the authors present the results of long-term
observation of spectrochemical determination reliability of trace elements
in carbonate rocks standard reference materials ZGI-KH (limestone),
GFS-401 (limestone), ITU-EA-LLL 1 (limestone), NBS-1b (argillaceous li-
mestone), NBS-88a (dolomitic limestone), GFS-400 (dolomite), 1U-EA-
-ADT (dolomite) and MK (magnesite). Determinations of individual
elements in examined standard reference materials were performed in
the course of routine analyses of geological materials in the period from
1973 up to 1983 using different synthetic calibration standards and spec-
trochemical additives with reference elements prepared during the above-
-mentioned period too. The obtained analytical data have been statisti-
cally evaluated and compared with values gained by other authors. On
the basis of present study a high temporal stability of results obtained
in our laboratory has been established.

Peszwye: B ocratoe antopsl UpHBOAHT PeavinTaThl MHOTOJETHErO CCae/10-
BAHI TOUHOCTI CHSKTPOXHMIBICCKOrO  OUPEICACHIS MEKPOJICMEHTOB B CTa-
AAPTHLIN 00pasiax cocTasa KapOoHaTibN ropibix nopon ZGI-KH (n3pect-
k), GFS-401 (nasecrusik). TU-EA-LLL | (u3sectusik), NBS-1b (Mepre-
anerpii naseernar), NBS-88a  (1oqaovutonnii nasectnsak)., GFS-400 (1o000-
mit), TU-EA-ADT (noq0mit) o MK (varneset). Onpeieacnis oTaeubix
FICMENTOR B HCCACA0BEHHBIX CTAHAAPTHEIN 00pasiax cocrasa ObLTH BBINOJ-
HCHBL B TCHCINNE HOPMAILHBIN GHAAN30E TCOJI0MMCCKIY MATCPHAA0E B NepHOC
¢ 1973 r. a0 1983 r. npuMeHss  pasnbie CHHTCTHUCCKIC  FPAAYIPOBOUHBIC
CTANAAPTLL I COCKTPONHMIUCCRHE NIPUMCCH € 9JIeMCHTIOME CPABHCHHS  TaKAC
NOATOTOBACHILIMIE B BbULCHpiBeacHior iicpnote. puodperenise anaanri-
HCCKIC JLAHHBIC OLLTH CTATHCTHYCCKN 00pAtOTaHLL 1 CPABHCHBL CO 3HAYCHINMIL
JAOCTHTHYTLME ApyraMit  asTtopasii. Ha  ocuore HacTosinero  HecaeoBanis
ObLa Ofpeleictia BEICORAS BPCMERHAs CTAGIILHOCTL  PeiyVaLTaTOB 1pHodpe-
TEHHLIX B Hatedl JadopaTopiil,

Introduction

Verification of accuracy of results, i. e. their agreement with true value,
which in majority of cases is unknown, can be, as a rule. carried out by two
ways. Primarily, the given material is analysed by two or more independent
methods. Since this approach is cumbersome, the standard reference materials
have been used increasingly for the verification of reliability of analytical re-
sults lately.

For a long time we have been paying an attention to determination of trace
elements in geological materials in our laboratory, whereby we have been using
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various existing standard reference materials to a great extent. The results of
long-term observation of spectrochemical analysis reliability of trace elements
in standard reference materials of silicate rocks have been already published
(Medved—Pl5iko, 1982). In the present work a survey of results obtained
when analysing the standard reference materials of carbonate rocks is given,

Table 1

Working conditions

Spectrograph
i 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

PGS 2, simple transition

m=1
from 210 up to 390 nm (¢ = 5.63) and
from 330 up to 500 nm (« = 7.86)
three-lens with intermediate stop
3.2 mm
0.020 mm
graphite, Elektrokarbon Topoléany
SU 219
SG 339

3601

3 mm

ORWO WU 3

ORWO R 09 (dil. 1 : 20)

D. C. are, anodic polarization of sample
bearing electrode

220 v

6 A

120 s

Exposure time

Experimental part

Spectrochemical procedures worked out in our Institute in co-operation with
J. Jarkovsky (1969), E. Martiny (1969), J. Kubova and E. Pl§ko
(1979) have been used for determination of trace elements in standard reference
materials and, at the same time, we have come out mainly from the works of
Weber (1964), Matherny (1965), Ingamells—Suhr (1967), Nova
(1969), Thompson—-Bankston—Pasley (1970) and others.

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

1. malrix-effect — caused by variability of macrocomponents, mainly Ca.
Mg and Si;

2. intense decomposition during the arcing:

3. difference of the structure of synthetic matrix and natural 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 spectrochemical additives — graphite powder and
lithium carbonate.



247

SPECTROCHEMICAL DETERMINATION OF TRACE ELEMENTS

SJUDLLISIA 2OURIa]A — P A0 ‘N, fsaanpasoad [eanwaydoairads uaa1d sy) Aq paulwalep agq ues sjuaw
U2TM U afuRL UONRIUIDIUOD — DV [SIUIWA[S JO UOHRUILLIIEP [B2IA[RUR JO UONRIASD PIZPURS aATIR[al —

N0e—1
GONT—1
GonI—1
CH0I—¢

00170
19170
101ro
faAN]
qL0°0
0rero
STT°0
a0
FRO0
0ET0

SLO0
FL0°0

g

sajisaudny

0001—¢
000T—=01
01—¢
noeE—¢
00n1—1
0008E—01
noeE—g
0001—1
0001—&
0on1—*£

0001—01
GoeE—1

ov

SajIuoo]

o600
CF10
FLTO
(AN N
800
12170
0110
82170
2LO°0
R0

coro
160°0

dug

000T—&

nonI—01

nooI—01
00e—¢

000T—1
noni—1
NnooI—=
000eE—=00T
000T—01
0GE—1

oV

SauU0)sawIT]

CEG0
LE0°0
GOT 0
EBO0
£L0°0
101
LG0T
eI
HL0°0
L1T0

cel'n
0800

[iF]
1 5

[AeasS
OF 118
T1'CS%e
0F 6G<F
GEBTE
08 808
£L°09F
08" 88T
LFTFE
9¢ 09z
CLvee
IR ¢
5
OF'€ct
CCRET
LL'G¥E
90 8et

i

[Bnpiaiput ayj
suoynun)dry

juawial

widd ur sjuauae adea 1o 9SURL UOIRIUIIUOD PUR UONRUIWIED Jo uoisiald ‘saul] (eapaads paansea

G

afqe.[,



MEDVED — PLSKO

248

Erant
10
ol

0t

8

-

-

1D

St M-S
=

CzO0 0 0910 0600 £60°0 FH0°0 G200 LET'0
18% G011 (S 0FE1 e aF 16 L'AL
(e g161 51 0'F6 A G0 £0 0ee
wHe 0z11 s SFET £e 6t e 08
he 08%1 > gFel L Le £F ¥l
(£861 1SNENY — FLET A[N[ [BAIDJUL WY 1-SEN dU0ISIWI] SNOOR[[1F1Y
8600 Zehn CET'0 CRE0 160°0 CLO0 w900 Fz0'0
L'Fe 1 6 |5 90z i £ e 9 1F
A 68 9’1 81 GF 0] 0 (o) T
LT 1L1 ue 98 1'1% i 9E i L'1F
1 961 9 08 te “C i 6 9
(£861 oqu1dog — GLET YDaBIN [BAJIDIUL dWIY) T TIT-Vi-N1 au0isawi]
170 00 - 99070 TL00 8eo0 £01°0 86070
86l 911 > LF S 9F L'E CRIT
THE 'zl = Lo 90 0 ()] G°¢6
[ttt} a11 £> L'F RS OF 8'c 9FT11
€11 8e1 P> 8¥ 'L > g€ FLOT
(£061 JPquadag — FLET A[NL [RAISJUL DWY) [0F-S D duojsawl]
gron 600 8100 6800 £C0°0 L60°0 LU0 680°0 65070
GEL FOC L 81 699 68 691 ¢ TEG
geg “oF 24y 8¢ 68L 0% 9z 01 T
GeL 90¢ () 881 0LY 16 T'LT Al Gee
n8L 06F L 0% 01L 01 6L F GF
(£861 1aqualdas — gLET J1oquiajdasg [BAIDIUT awWl)) HI-1D7Z 2unysawi]
L g qd IN U np 0 0D ed

wdd ur $3J01 IJRUOQIRD JO S[BLIIBW 2dUJdJal PJIEPURIS Ul S]UIUOD

£ 9lqe L

LFO'0 =
8T 1>
LT -
6742 >

PP >
0> 1>
01> 1>
660°0 -
261 1>
g -
Tz 1>
ez
6L0°0 e
9¢
€9 -

(1S

JUIWA[S B3IV,

1>

15
g

tp
(e}

a5
g

de
:U

ag
dg

5
g

Xapul




249

SPECTROCHEMICAL DETERMINATION OF TRACE ELEMENTS

“BIASP PaBpUE)S — 5, lURaW [ednawyjLie — e, lanjra papuswiwioddr — 0. imjep [BONA[RUR JO Jaquinu — u; ‘suonvupjdry
0F0°0 960°0 G110 8eTN 9800 8F0°0 180°0 090°0 CZT0 G800 100 C80°0 15
cg 86 gL £1 e 1e11 t'e gc il T'F1 808 ¢0 ag
80 9'0% i 0ne £0 0z1 0 80 ] 80 01 s |
cg 001 8 8L 8 LET11 te gc 1 I+l 808 (1] de
6 6ETT %9 ¢ 6% GETT ¢z ¢y €1 L1 gLe ()] 23
(£861 1SNENY 2wy ) M 211saudey g=u
01z°0 0z0°0 ct00 9%0°0 LLO0 e 0FT0 8O0 L 600 — 7 15
Lot 44 Czl 6CT e 0F1 T8 61 £> 9¢ 01> 1> 13
PE 01 911 F'6 90 9Ll 01 0 = 6zl - = ]
| €I jad ¢zl GS1 T oFl e 61 €> LC 01> > de
01 1¢ el (141 il 991 il a0l 5 L0¢ — = o5
(€861 1SNENY — GLET 1AV (AU W) LAV-VA-N1 211WUo[o 6 =u
88170 T0g0 980°0 €810 TET0 CR0n T60°0 10 — 16Z°0 — — 5
L 81% F9¢ 8¢ 4 : [ £ 618 01> > a3
¢z LLt 8'czl i g 90 - 6'8% - = 8
L $0% FLG ¥ Fa LG £> Lge 01> > e
01> A nee £ z o> 1€ e €1 > 05
(€861 15SNSNY — LT [1MdY [BAIDJUT SWiT]) BEE-SHN UOISAW|] 21 IO E=u
2e00 LIT°0 8LO0 = LT 9e0°0 0L0°0 LET'D = 901°0 €1 —
LL 829 ges > (@ 122 i L1 > L1l = 1>
PO (8 04 9'9 = Lo 88z Lo Lo - 6C 01> -
LL T'LY 9¢ £> TT cee 't 921 £ a1 01> 1>
01> €y 9z > > 81¢g 6'¢ > 6'¢ jid ¢1> >
(€861 1SNENY — GL61 111dY [eAIDIUT W) BEE-SEN 2U0ISAWI] 21}IWO[O(] ¢C=u
A 1L 18 ad IN U no 0 0D vd g A xapup

£ °qRL JO uorENUNUOY

‘UONEIAID PIBPUBRYS SANEB[A.L — 1§, juBaw [edLijawonad — 18, juon




250) MEDVED — PLSKO

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

Errors resulting from difference of the structure of synthetic matrices pre-
pared for the standardization, and of the natural samples have been in our
case removed by preparation of synthetic limestone, dolomite and magnesite
matrices little differing structurally from the natural samples.

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

Results and discussion

Precision of determination expressed by relative standard deviation (s;,) 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 standard reference materials with changing content of element
in question. Results of calculation of relative standard deviation for one taking
are given in Tab. 2 for individual elements in corresponding rocks. Besides
the results the wavelengths of the used analytical and 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 carbonate rocks standard reference mate-
rials has been checked by the comparison of obtained results with recommended
ones presented by Ingamells—Suhr (1967), Thompson—Bankston—
Pasley (1970). Grassman (1972), Schindler (1972). Flanagan
(1973), Schroll (1983) and others.

Statistically treated data on trace element contents in standard reference
materials — limestones ZGI-KH, GFS®-401. TU-EA-LLL 1. NBS'-1b: do-
lomites NBS'-88a, GFS®-400, IU-EA-ADT® and magnesite MEK"® obtained
during the period of about 10 years in our Institute 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 standard reference
malterials are not yet enough reliable. It can be documented on an example of

! ZG1 — Zentrales Geologisches Institut, Berlin, GDR.

Y GFS — G. Frederick Smith Chemical Company, Columbus, Ohio, USA.

+IU-EA-LLL 1 and IU-EA-ADT — Geotechnisches Institut, Vienna. Austria.

" WBS — National Bureau of Standards, Washington D. C., USA.

i MK — Ustav nerostnveh surovin (Institute of Mineral Raw Materials), Kutna
Hora, CSSR.
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&

Austrian standard reference materials of limestone IU-EA-LLL 1 and dolomite
IU-EA-ADT. in which these values have been indicated as questionable by the
author Schroll (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. Belié¢kova for performing analyses.
Translated by O. Misaniova
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