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Table 1 Spectral lines used for ICP analysis and detection limit

1 {Cu) W (Zn) 8  (Pb)
& R H IR A HOR B RS E R R HRR R
{nm) {ng/ml) (nm) {ng/ml) (nm) (ng/ml)
o 204.379 10 II 202.548 2.3 1 216.999 43
II 213.598 2.2 I 206.200 3.3 219.934 %)
213.851%) [*213.856 1.0 II 220.353 20
I 219.958 1.8 I 330.259 125 I 261.418 62
I 223.008 2.4 1*334.502 76 I 280.199 70
II 224.700 1.4 I 481.053 125 I 283.306 68
1*324.754 1.0 1*405.783 130
I*327.396 1.8
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Table 2 Chemical composition of archaeological copper or bronze

AR REEESFE  bao - e Avikay 78
PATIEC R §rE AL T No.8 #%K No3
[ A= HIE R VAE S Ty ) T HA
BC3-AD3 1  ADS5-7 #42 BCA4-6 i BC15 42

# (Cu 60.4 88.8 90.9 96.6

2 X (Sn) 24.5 0.34 6.3 0.06

& (PH 4.64 0.096 0.64 0.093

85 (Zn) 0.0038 - 0.057 0.0013

% (Ag) 0.13 - 0.079 0.015

# (Aw - 0.0097 - -

L #(As) 0.33 0.99 0.20 0.75

2,91+ {Co) 0.04 - 0.0025 0.016

% (Fe) 0.091 - 0.25 0.52

2> % (Mn) 0.00067 - 0.00045 0.00072

= w4 N (Ni) 0.10 - 0.03 0.047

7 F %2 (Sh) 0.30 0.058 0.089 0.013

(2)

(3)

(4) (4)

B FLBI00% EL LT VDREDLVEBREFFIN TR ELRHEEI LN D,

FARFER - FRRH(1989)

4.

4—1 ICP BIE&H

4 3—FTLEME SPS1100, ICP
NI AITEE DR HEAEICE &
LB EEGE2E—3TTT,

4—2 HEB®

FH DV FRORBERITIRD L 9
WHERE L 2o 3R B /N & B (#950mg)
YD, EEEPKSCT D CEE, TE
A5 0mEE L L, BEERBRSRTT
b ERCTHRE - TR BN
30mg # 2%, HEE0.5ml THBEL, B
RER2.5ml N 2, By HURHE B
1000ppm THEE 1 ENLBEHE L D L 5

CARL, $30gEKE Lz, BBEXrENREERT 8BS I URRKELEL,

(BYBIMAK 5 (1983)

%

@rERRI (1989)

B&

®—3 AWMARAICEE I N2 2—SPS11000 #I5E
S
Table3 Working condition for SPS1100 plazma
emission spectrometer

H H i E
A 1.3kW
eE 12.0mm
2IRTNTVHAEN 3.5kg/cm?
TNITHAFE 77X°#HA 16 1/m
HiBh A 2, 0.41/m
F7F74HF— 0.4/m
(EH2.2kg/cm?)
REEER 1.3ml/m
BEEs A 1%, 5[
2Ny 7T FRITEAE ERIZ &) RE,
AR B

1000ppm %2k J ICREL 72, Z OEETHEBRB R L o - 72 I HER0. 5m], BIEFEER0.5
ml 2z, WHAT 70 BFRCAN, BEFLV I TnE - BRL 2,

#, AX, $£D ICP MBICIIZNDBEBEZ10E, 5 WIF10EFHRL THWZ2*9, Zofo
THEEFEARERZ ZTOFTITHCTAEL 2, AXEMBIZTZNBBETLRAETE 20 THFR
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EDF v 7 BTS2,
BRI IR)E L, A2, S, FIBEIE oL Tw 5ETLENEMESE
ZIEER, THERE LI EOKICEAERL, BHA9IZ1000ppm DIERRFFETE (1 T VER) 2185 72,

WHE 1 ENVEBRTHERL, 1~10ppm DHiERDEEREL1E- 72,

4—3 TREOBEROENLD

HBHERIELBHE2TT,

@) #1L SR, FESRIMR213.856nm ICHWFEH AT PR ERS TE ), 281, 0ng/
ml &V )RBBEL2RT, L L ZOMICH216.856nm &9 227 F LA R—1 0 &
JICE% 5, D 5 ppm BHILRE ST RNME £ 5 2 5 2%, 1 1000ppm 713 TR
D0.8ppm AL T A MELTL, X ESOEELTIET 3, ::!’L&:ﬁL’C,E%G’)X«*?

x10%
xio? Zn; 206.200 nm
4 Zn;213,85 nm 1o
Zn 50ppm
st Zn 50 ppm
firl
LI | sk
i
pid
1} i
\c" 1000 ppm Cu,Pb, Sn
o / 1000 ppm
213.83 B4 88 86 87 .88 o _:m;.w e o o o
# & (nm)
W £ (hm)

B—1 TSI 5 ppm D 227 F L#§213.856 B—2 FEREHE 5 ppm D222 b L H1206.200
nm {2 §H1000ppm A5 T2 T nm &, A X, $50 & 1000ppm BE IR T X
Spectral interference of 1000ppm copper ~Z AR
on 5 ppm zinc at 213.856 nm. Spectral interference of 1000ppm copper,

tin and lead on 5 ppm zinc at 206.200nm.
x10* x104
8 As;197.197 nm s As;193.696 nm
As 9.4 ppm As 9.4 ppm
&k
6k
L Pb 1000 ppm
gL al
#
2t e
2
o Cu,5n,Zn Pb1000ppm|
187,17 a8 19 20 21 1000 ppm
o
W & (nm) 193.67 .68 .69 .70 .1
# & (am)
E—3 & FEHKY. dppm DAL |} 197,197 B—4 b REWY . dppm D227} L#1193.696

nm & $51000ppm AR HFE
Spectral interference of 1000ppm lead on
9.4ppm arsenic at 197.197nm.

nm &$, #, 2 X, £ 1000ppm B A
RET AT bR
Spectral interference of 1000ppm copper,

tin and zinc on $.4ppm arsenic at
193.696nm.



1980 ICP 4 EIC & 2 SA5LE B BH- T D ZBERTIT 7 47

F L#R206.200nm 2 BW72854E, #, 2 X, $01000ppm BHEIIH—2 D L S ice Bt 5
Zhrol,

(B bFELE, M, A, E3K197.197nm DAY P U IZE51000ppm K TR— 3
DL IICEERZITE, £D726H193.696nm TRNTAB L, I—4D kw7757
PG o7z L LRBEFELNTINEMIET 5 L $81000ppm BEROBEIZIERELL T

RT—4 FEHOTELZEHIBRITEICSZHHE
Spectral interferences of major elements (1,000 ppm) on major, minor and trace
elements in bronze

Element & Observed concn. (ppm) for Interfering lines assigned
wavelength interfering element of 1000ppm and recommended point for
measured Cu Pb Sn Zn Fe background correction {(BGC)
Cu 324.754  -— - - (=) (=) Fe 324.739 & 324.821
224,700  -— - - (=) (H) Sn 224.605, Fe 224.691% & 224.769
327.396 -— - - (=) (=) Fe 327.350 & 327.445
219.958 -— -— 2.1 (=) (=} Sn 219.934 %, Fe 220.04 & 220.07
213.598 -— -— - (=)
Pb 220.353 - = = (=) (=)
216.999 - - =% (=) (+) * BGC at low, Fe 216.95 & 217.05
261.418 e G B € Fe 261.383
Sn 235.484 - - = (=) () Fe 235.45 & 235.49
242.949 - - === (=) (+) Fe 242.90, 242.92, 242.94 & 243.01
283.999 - - = (=) (+) Fe 283.95, 283.98, 284.03 & 284.04
Zn 213.856  0.80 - - (+) Cu 213.851, Fe 213.859
202.548 7.6 - - = (=) Cu 202.434
206.200 - - - = (=)
Ag 328.068 - - = (=) (+) Fe 328.026 & 328.130
338.289 - - - (=) (B Fe 338.241
243.779 (=) (=) (=) (=) () Fe 243.727, 243.767 & 243.818
As 193.696 - 0.25 - - % Flat BG by Pb & Fe 193.680, 193.727
197.197 - 069 - (=) (= BGC at high
228.812 ~ ~ - (=) (=) Fe 228.725 7
Co 238.892 - % - (=) () Pb 238.877, Fe 238.863
228.616 - - - (=) (=)
237.862 - - - (=) (= Fe 237.928 7
Fe 238.204 - - - (=) -
259.940 - - - (=) -
239.562 - - - (=) - ,
Mn 257.610 - - - (=) 0.023  Fe 257.574 & 257.669
259.373 - - - (=) 13 Fe 259.373
260.569 - - - (=) 0.08 Fe 260.565
Ni 221.647 0.14 - - (=) (= Flat BG by Cu 221.458 & 221.565
231.604 - - - (=) (=
341.476 - - - (=) (=
Sb 206.833 - - -+ (=) () Sn 206.858, Fe 206.792
217.581 - 0.46 - (=) (+) Pb 217.558, Fe 217.545
231.147 - - - (=) () Fe 231.133 & 231.203

* Possible interfernce according to the concentration of interfering element. Interfer-
ence sign (—, +} in parentheses were cited from References 11)-14), and not examined in
the present study.
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Table 5 Spectral lines selected after checking the
overlapping lines of major elements of

& 2 ¥ B bronze composition.

1) B, Ml — REREORES I, _ i3 B % e
ICP % sk LTl BASRES Mz TR (nm) (ngg/ml)
)—2, oMt ¥ —(1983)

2) FASK, TR AN AN H R L AR ® o (Cw 1 324.754 1.0
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3) BMAR, TARE TRAY, LHAE g (Pb) Il 261.418 62
FH [RRIALARIEEC & 5 KB 2B RISk A e (Zn) II' 206.200 3.3
B L UGB E S FRHE o8& Lo ok #® {(Ag) I 338.289 2.0
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Basic Study for the Analysis of Archaeological Copper
Objects by the ICP Method

Tetsuo UCHIDA* and Yoshimitsu HIRAO

In the analysis of archaeological copper objects by Inductively Coupled Plasma Atomic
Emission Spectrometry (ICP), the overlapping of spectral lines from different elements
concerned would result in erroneous measurements, particularly for trace constituents.
Therefore, it is quite important to examine the spectral profiles of main elements with the
spectrometer used and to select a best line for each elements. In this report, the effects of
major constituents of bronze (copper, iron, lead, tin and zinc} on minor elements (antimony,
arsenic, cobalt, manganese, nickel, and silver) as well as on major elements were examined
with a SEIKO, Model SPS1100, ICP apparatus. An analysis line free from interference or
susceptible of background correction in the determination of bronze composition is recom-
mended for each element concerned.

* invited researcher, Nagoya Institute of Technology



