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Precise analysis of Mg/Ca and Sr/Ca ratios of aragonite
using graphite furnace-atomic absorption spectrometry

Yohei TADA!, Hideki WADA? and Tsuyoshi ISHIKAWA?

Abstract A technique for analyzing concentrations of Mg, Ca and Sr in small aragonite sam-
ples is developed. Samples are rinced with hot alkaline peroxide and decomposed by HNO:;.
The trace element concentrations are analyzed by graphite furnace-atomic absorption spec-
trometry (GF-AAS) and determined using calibration line. The detection limits for this
method are <0.27pg for Mg, <1.1pg for Sr and <75pg for Ca. This study adopted matrix-
matching model to correct errors of measurement values. As a result, analytical errors are
reduced to less than 5%6. We could obtain reliable trace element ratios of aragonite samples
even if the sample amounts are too small (<100 g). This technique enables us to make
trace element analysis using small samples and it is useful for high-resolution
paleoenvironmental reconstruction along the growth of coral and molluscan shells.
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Fig. 1 Blank measurements of the centrifuging tubes
after the varied duration of acid treatment.
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Table 1 Analytical conditions for GF-AAS.

Mg Ca Sr
Wavclength (nm) 285.2 4227 460.7
Stit width (nm) 1.30 0.40 1.30
Lamp current (mA) 1.5 7.5 10.0
Background correction Zeeman None None
Injection volume (ul) 20 3 10

IS5 774 MEOMET TS5 203, & (drying),
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Table 2 Heating programs for GF-AAS.

Mg
Temperature ('C) Duration  Flow rate of
Stage Start  End (sec) flushing gas (ml/min)
Drying 80 140 40 200
Ashing 500 500 30 200
Atomization 2000 2000 10 30
Burn-olf 2200 2200 4 200
Cooling 5 200
Ca
Temperature ('C) Duration Flow rate of
Stage Start  End (sec) flushing gas (ml/min)
Drying 80 140 40 200
Ashing 600 600 30 200
Atomization 2600 2600 10 60
Burn-off 2800 2800 10 200
Cooling 5 200
Sr
Temperature ('C) Duration  Flow rate of
Stage Start  End (sec) flushing gas (ml/min)
Drying 80 140 40 200
Ashing 700 700 30 200
Atomization 2400 2400 10 30
Burn-off 2800 2800 10 200
Cooling 5 200
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Fig. 2 Calibration line for each element. Filled circles show the data inside the dynamic range, and open circles

show those out of dynamic range.
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Table 3 Detection limit and dynamic range for each
element.

Detection limit Dynamic range

(rg) lower limit upper limit
Mg 0.27 0.014 ppb 5 ppb
Ca 75 0.025 ppm 5 ppm
Sr 1.1 0.11  ppb 20 ppb

4 BEBRFRADRBEE

Table 4 Standard solutions for calibration line.

Element Standard 0 Standard 1 Standard 2 Standard 3
Mg (pph) 0 1.48 1.98 2.97
Ca (ppm) 0 0.48 0.8 1.19
St (ppb) 0 7.77 15.5 19.6
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Fig. 3 The measured element concentration in artifi
cial aragonite solutions compared with the calculated
value.
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Fig. 5 Measurement results of Mg/Ca and Sr/Ca ra-
tios for standard sample JCp-1.
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Table 5 Analytical results for standard sample JCp-1.

Sample Concentration in 25ml samples solution

weight Mg (ppb) Ca (ppm) Sr(ppb) ~ Mg/Ca Sr/Ca
(ug) Ave. 1s Ave. 1s Ave. 1s (x103) (x103)
This study
without pre-treatment #1 40 129 0.01 053 002 102 04 242 191
#2 116 414 003 1.68 004 315 07 247 187
#3 327 1.02 003 041 001 827 055 249 202
#4 30 095 0.01 039 o0.01 737 031 247 19.1
Ave. 246 193
with pre-treatment #1 79 061 002 029 0.02 6.65 022 210 227
by alkaline peroxide #2 87 086 0.02 042 001 986 033 204 233
#3 73 073 001 037 002 797 005 197 216
#4 111 121 002 058 004 11.7 0.1 2.11 204
Ave. 205 220
254 19.1

Okai et al . (2000)
(without pre-treatment)
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