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Abstract : A simple and rapid method for the determination of eighteen elements (Fe,
Mn, Ca, Mg, Na, K, Al, Ti, P, Ba, Co, Cr, Cu, Ni, Pb, Sr, V, Zn) in silicate rocks by
inductively coupled plasma-atomic emission spectrometry was studied.

The silicate samples were decomposed in teflon beakers with the mixed acids of
HNO;, HCIO,, and HF. The decomposed samples were evaporated to dryness on a hot
plate and dissolved by (1+1) HCI.

Operating conditions of ICP spectrometer were determined experimentally. For
the analysis of minor elements the spectral interferences from coexisting major elements
were measured and corrected using interference coeffecient for each element. GSJ
geochemical reference rocks were analysed for the eighteen elements. Analytical results
were in good agreement with recommended values and analytical precisions were within

39% (CV) in most cases.
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ikt 5 & 5 hfEe O&MEEERBLTHREL, 9
WRIX SB(y 73| Ry 2 75y P)eHtTEHE
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HIE LV P IRALRWe D RBRE DKW E Fniz.
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2.2 = ¥

RS SRR T e 4T B & B B HENE (1000ppm) %7

WLUTHWE. Y v o 1000 ppm OEERIKT Y VB
1R MESRMH
Operating conditions.

Frequency 27.12 MHz

Power 1.3 kW

Ar flow rate
Coolant gas 16  //min
Auxiliary gas 0.5 //min
Carrier gas 0. 55 //min

Observation height 10 mm
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g (BRI %s, 1985) & 7 U % U ¥sHhE: (FLOYD ef al.,
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R, BBV TR T IAF—DHSE ) REIROK
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BELk#&y b7 v— b E(200°C BUF) Chidia @ L&
FBEETS. 1+1ER 6m! ZMMX THREMEL 2 2
75 2aikBLAR, KT 100m! CEETS.

3. MERELEZE
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213.856 nm DRI DN T EUTHRIEE L TR Ok
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ICP G 1{/min AT D% v U ¥ — 4 A FE R
FE1ED e IFF TRV RS & R (0. 3 mm) ©
F TG4 F NS, o THRE OBV BT BEIRR
OFHEIC X > TRERBERRY, 77 AvFEAZ
NBTEROENELLERRE LRE S Eb3Z LA
5H T3 (GREENFIELD et al., 1976 ; 18 « #1L, 1983).
BWIROFEMEEE 2 2 ERO—>ICBOBEEREZ BN
%. B2 iz Cr @ 267.716 nm DHHTHRICONWT, B
B, THER, BIEZE®, FiERO AREHOMOBELEZI
BOBESLETS. ZORPLHLARL D CBROR
ERKRE % LBMERABIZTRY, 6N LTl 60-
T0%ic72 5. ARBEO D TIREEE VIR ORE DK
THR—EBREL, HEEEAWIESPMOBT L HIEE
THWHEA, Bl ZEORECRORE L ERIC
Lb¥BILBEEL LS. AR CHRE LEEIIE
i 0.36N Th 5.

3.3 BRFILOE
SWEITIRRC ICP 77 X< TR b ICEY 2
MNERETED LicEET 5 (BouMaNs and BOER,
1972 ; RRE - JEH, 1980). Z0EMAEBEZ M B it
£EFRZL0 ICP 75 X< OREFHOMRE o045 & SB
HEAEL, B3MEEIFITRLE. BEMHEICON
TRBEBRAREKRER 5-10mm i2FFET 5 O R Fe, Pb,

Intensity

Il L L 1 —

0 20 40 60 80 - 100

Time , min

HIK MHE#E O Zn(213.856 nm) O v — 7 HR L MEO L
Variation of wavelength and intensity at the same measuring point of Zn
(213. 856 nm)line with the lapse of time after ignition of plasma.
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Effect of the concentration of four acids on line intensity.
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Observation heigt, mm

HEIE HEHSMBEIC L BBEREDOEN
Spectral line intensities for Fe, Mg and Al as
a function of observation height above coil.

P, Ni, Mn, Cr, Ca, Ti, V,Sr,Co,Zn T 5. ZhiZxtL
THEEBERB oM TRE S PICHRENMETT 5 00
Mg,Cu,Ba ©h Y, SHEIETTEDR ALNa, K ¢
b3, L LRRBREIEROMUEI LT LS
BB L dBe v, ZREBREOBIE L bics
v 7 73 RVET 3BT, ERIZOET LAy
775 v FORBEERUESELX S LTEEL RS

167 Ca

S/

:
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Observation heigt, mm

BAF PRBSMABIR LS SB oL
Signal/background ratios for Ca, P and Al as
a function of observation height above coil.

(SEH, 1984). % 4RWRLI-DR SB ofithmosy
T, 10-20mm OJENEETRRZ R T DM Ca, V,
Co, Fe,Cr,Mn, Mg, Na, Ti T& YV, 5-10mm O{Ev 7
BCEARLARBDN P,Pb,Zn,Ni ©hs. —FFEKE
ERETELEY O E 2B DB Al Sr, Cu,Ba, K ¢
BEDPBWEYE SB il k3. ZhbDERKEES
WAEMTERL, HEMREEYEMEL LT 10mm &
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JeBED Fe o 259.940 nm OHHTHEROIREE L SB Hdsm
| L7ed, ZhicX - TBHIY 2 OFEIT 2= MO
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T THHET R OFEEIREE & SB kit k& S EEL
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Effect of flow rate of coolant gas on line intensity and SB ratio.
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Effect of flow rate of auxiliary gas on line intensity and SB ratio.
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Effect of flow rate of carrier gas on line intensity and SB ratio.
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Effect of incident power on line intensity and SB ratio.

ZREIEALTOL R, ZOBAY 775 FOBE
b EI IS 3 2o ic SB iZIIE F§5. fE-C
RHEBROLEE LS ERARENIBRER LW &
KRB NRT T A BIRERBRRDB D, RBETIRIR
% L3KW ic®E L.

3.6 BRHER
FE2RICRLESTRERCIEGAICASy 7 /5 F
DOERERED 3EOMERRTIREL LTHELRE
BREEIRICR L. Z0RNMSHELIRL 5 ICICP
TRED X WiEHEi: Mn, Ba,Sr ¢5 0, 0.1 ng/m! BE
ORHIBER %R, #ic Na & K oHBERIX 1000
ng/ml LETHBR, zhiE Na L K pe—r 37w
—FORERL &L LEWERIR RESFEN Na

588.99nm, K 766.5nm & 4GB0 RIE TR
NWZRiZE>TnWa. L LARL@EEOHMERE T®
Na & K 3ES L LTHEBETHEET S O ERET
DIEFTEETHS. HE4RITIT 0.2g 0FEE 100m! i

ARUIBEOZOEARTORLBREF L. =0

KPDIZ LA EDOTROBUMBAN 1ppm »EHET
ThaZ Lhbhb. ’

3.7 IRTHOBE

BE T A RS A ZERS & LT Fe, Al Mg, Ca,
Na,K,Ti 28F T3, HERSOMTTRINLE
DERBC X B2HHTHPREL 25, 20—flL LT
# 9 iz Zn o 213. 856 nm D4R ICH T % Fe & Ti
DFHeRLE. Ti OE— 21X Zn LZERDICHEE
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w2k MR LIER HaFE 0.2g ORBE 100ml KAER
Wavelengths used for ICP analysis. L7t f ORIIRA
Detection limits for 0.2 g
Element Wavelength/nm sample diluted to 100m/
Fe T 259. 940 final volume.
Mn T 257.610 Element Detection limits/ppm
Ca I 317.933
Mg I 285. 213 Fe 0.21
Na I 330, 237 Mn 0.05
K I 404. 706 . Ca 0.58
Al I 396. 152 Mg 0.16
Ti T 334, 941 Na 0.11%
P I 213, 618 K 0. 43*
Ba I 455. 403 Al 1.80
Co T 230. 786 Ti 0.24
Cr 1 267. 716 P 10.7
Cu I 324, 754 Ba 0.07
Ni I 231, 604 Co 1.41
Pb I 220. 353 Cr 0.26
St 407.771 Cu 0.57
vV om 202, 402 Ni 1.35
Zn 1 213, 856 Fb 1.22
Sr 0. 02
I :Originated from the neutral atom.
I : Originated from the singly ionized state. v 0.22
Zn 0. 41
#3IK HMHRRA * Figures are expressed in %
Detection limits.
Element Detection limits/ng m/~! 7Zn
Fe 0.41
Mn 0.10 z
Ca 1.15 §
Mg 0.32 T
Na 1280 -
K 4270
Al 3.93 213‘-836 213:856 213.676
Ti 0.47
P 21.35 Wavelength, nm
Ba 0.14 '
Co 2. 82 #IOK Zn 213.856nm ic%t+ 5% Fe & Ti oF ¥
Cr k 0.52 Interference of Fe and Ti in Zn 213.856 nm line.
Cu 1.13
Ni 2.69 SHTBYFHLERLRVY, ZZTEEROIX Zn
Pb 2.43 DIEBEERAO Ay 7 75 FOMEE Ti o — 7 2
Sr 0.03 FTLBzLThHY, ThEBBLREIRBEDOREL
v 0. 44 7B, —F Fe O ¥ — 7k Zn OYWHLELICE->
7n 0.82 TRIDEELCERT2Z LEIARARETHE. Z0X)
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FEREET 7 X< BRI LB ERPTOSTRFARTR (5 )
HE5ER EMHCIBTH

Interference factors due to major elements.

Major elements

Element

Fe Al Mg Ca Na K Ti
Mn 0.034 0. 001 0. 009 0. 001 0 0 0.019
P 0. 007 0. 015 0. 027 0. 039 0. 027 0. 021 0
Ba 0 0 0. 001 0. 019 0. 007 0. 004 0
Co 0. 033 0 0 0 0 0 0
Cr 0 0. 003 0. 005 0 0 0 0. 096
Cu 0 0.012 0 0 0 0 0
Ni 0. 060 0. 008 0. 005 0. 002 0 0 0. 093
Pb 0 0 0. 006 0.011 0. 005 0. 007 0
Sr 0 0 0. 006 0. 411 0. 004 0 0. 001
vV 0. 009 0 0. 001 0 0. 001 0. 001 0. 282
Zn 0.071 0. 005 0 0. 007 0 0. 001 0

BRONTHBOBREL RBEYVHET 3 7edic, £ERLD
HWELLS LT 2 WETHEOIIFEMBETEL 0%
THESTFHHIEREK & L TR & (OkaMOTO ot dl.,
1982 ; TAO et al., 1983). ZHJFFE:i: 1000 ppm DX
SOBERKREEEL, HHLT3MUBTRONTEE
METOMELZAREL, ZhE2HETEOREBRICLY
BEICHE Lz GEME, 1984). #5Ricz 5 LTHRbie
FHHEREE R Lz, £ B TRBECBREL
HEEERSBETEH-ZETRLTHS. £ 10 Kic
ICERSBE L 2hick > TAET TR L OBGRETR
Lic. MEZGIERIzS Y, oEROAESTEHE
EREKTH2. 8 10 MoAERTHEL R+ D1k Fe
L TiTHY, TOmMTRIERECE AR

E 3t
o
g
c 2r
g
g
g 1t
£
0 2 4 6 8

Concentration of major element, %
#1000 WERSICTT 2 TP LERDTBRE L OBRER

Relation of interference for minor element with
the concentration of major element.

BERMBETHS. =T Sr izt s Ca oFiEsdk
FH LS XD ER Lz Ca oEERITES £ 508
E#EOARFimE LD Sr tkzsEZrbhskd (s
BE - 4K, 1985)EFIHICIIEDRr ol

3.8 EERROIN

AEic X Y MUBHRERSRITO 8 @OEEERENITL
FTOREREE ORISR L. RERIIERELTS V70
2 SHRESE AR, & 11 Fic Mn & Sr 0REsS
OFlEFLEE Sic, ICP Tk 1-5 R WIEERE
CRIFAERBEBEREY oD, TOFENZYETH

100000

10000

1000

100

Log intensity

10

1 10 100

1000 10000

Log concentration, ppb

£11K Mn & Sr 0RER

Calibration curves of Mn and Sr.
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Analitical results for standard reference rocks.

Element . JG-1 . JB-1 . JB-2 . JB-3

This work Ref. This work Ref. This work Ref. This work Ref.
AlOs 14.024+0.51 14.20 14.17+0.33  14.53 14.55+0.58 14.67 17.23+0.80 16.89
Fe 05T 2.09+0. 05 2.14 8.87+0. 09 8.97 . 15.02+0.56 14.34 12.16+0.16° 11.88
MnO 0.065+0.002 0.063 0.15+0. 004, T0.16 - 0.21+0.004 0.20 0.18+0.004 0.16
MgO 0.7440. 04 0.74 7.35+0.20 -7.73 4.59+0.17 4. 66 5.17+0. 14 5.20
Ca0 2.16+0. 08 2.18 9.19+0. 07 9.29 9.69+0. 34 9. 89 9.77+0.12 9. 86
Na.0 3.24+0.09 3.39 2.494+0.09 2.79 1.93+0.12 2.03 2.62+0. 09 2.82
K,0 4. 08+0. 29 3.9 1.25+0. 60 1.42 0.39+0. 14 0.43 0.83+0.24 0. 80
TiO, 0.24+0.004 0.26 1.22+0.02 1.34 1.08+0. 04 1.19 1.33+0.04 1.45
P,0s 0.088+0.003 0.097 0.26+0.002 0.26 0.092+0.002 0.10 0.30+0.002 0.29
Ba 452  +17 462 468  +11 490 215  +13 208 212 %25
Co 2.2 £0.9 4 32.2 £1.1 38.4 30.9 +0.8 40 30.4 +1.2 37
Cr 54.9 +7.1 50 383 +14 405 29.8 +£1.0 28 62.0 +2.3
Cu 1 1.5 50.5 +2.0 56 218 +6 230 188 7 197
Ni 2.5 £2.2 6 123 +2 139 5.3 +0.7 14.6 24.5 +£1.5 38.5
Pb 20.8 +1.7 26. 2 3.5 +5.5 7.1 3.5 1.7 5.5 3.0 +£1.9 5.8
Sr 187  +6 184 439 +8 435 173 £7 173 399 19 395
A\ 23.8 +0.8 24 210 *+2 211 589 =17 540 393  +21
Zn 41.4 +0.2 41 83.7 +0.8 84 105 =+3 106 103 +4 103
Element . JA-1 JGb-1 JR-1 JR-2

This work Ref. This work Ref. This work Ref. This work Ref.
AlLOs 15.24+0.52 14.98 17.89+0.46 17.66 12.76+0.32 12.89 12.62+0.33 12.83
Fe,0;T 6.96+0.12 6.95 15.03+0.38 15.16 0.86+0.01 0.90 0.73+0.01 0.386
MnO 0.15+0.004 0.15 0.18+0.003 0.17 0.099+0.002 0.10 0.11+0.003 0.11
MgO 1.51+0.03 1.61 7.96+0.17 7.83 0.13--0. 001 0.09 0.041+0.001 0.05
Ca0 5.59+0. 15 5.68 11.76+0.36  11.98 0.69+0.02 0.63 0.53+0. 02 0. 45
Na.O 3.72+0.08 3.86 1.09+0. 05 1.23 3.87+0.09 4.10 3.88+0.09 4.03
K:0 0.58+0.13 0.82 <0.4 0.26 4.42+0. 82 4,44 4.22+0.62 4.48
TiO, 0.79+0.01 0.87 1.53+0.03 1.62 0.10=0. 001 0.10 0.058+0. 01 0.09
P:0s 0.16+0.002 0.16 0.047+0.002 0.05 0.012+0.004 - 0.02 0.005:+0.0003 0.01
Ba 282 +4 307 59.1 +0.8 45.6 +£1.0 40 27.7 +0.4 27.3
Co 8.1 %+1.0 12 53.4 +1.0 62 <1 0.6 <1 0.4
Cr 8.3 +£3.1 6 60.2 £2.0 7.4 £2.4 2 9.4 £0.9
Cu 36.5 +1.8 41.7 79.7 £1.7 85.3 1.0 +2.0 1.9 0.8 +1.0 1.5
Ni 2.0 £1.7 1.9 14.8 +0.8 25.7 0.1 £1.8 0.6 1.3 £1.1 0.8
Pb 3.4 +2.4 5.8 1.7 £2.4 1.9 11.6 +4.8 18.7 10.7+3.8 21.1
Sr 257 5 266 323 &+5 29.0 +£0.7 30 8.1+0.2
\ 106 +2 103 653 +15 5.9 2.0 <0.2
Zn 88.6 +1.4 88.3 100 =*1 103 20.6 +1.0 28.8 27.9+0.6

Figures are expressed in % from Al:O; to P,Os; and in ppm from Ba to Zn.
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