
This is a repository copy of Direct analysis of metal ions in solutions with high salt 
concentrations by total reflection x-ray fluorescence.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/164794/

Version: Supplemental Material

Article:

Regadío, M., Riaño, S., Binnemans, K. et al. (1 more author) (2017) Direct analysis of 
metal ions in solutions with high salt concentrations by total reflection x-ray fluorescence. 
Analytical Chemistry, 89 (8). pp. 4595-4603. ISSN 0003-2700 

https://doi.org/10.1021/acs.analchem.7b00097

This document is the Accepted Manuscript version of a Published Work that appeared in 
final form in Analytical Chemistry, copyright © American Chemical Society after peer 
review and technical editing by the publisher. To access the final edited and published 
work see https://doi.org/10.1021/acs.analchem.7b00097

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/


S-1 

 

 

mailto:Tom.Vanderhoogerstraete@%20kuleuven.be


 

S-2 

 

TŚĞ ƐĞŶƐŝƚŝǀŝƚǇ ĨĂĐƚŽƌƐ ;ܵ௜Ϳ ǁĞƌĞ ĐĂůĐƵůĂƚĞĚ ĂĐĐŽƌĚŝŶŐ ƚŽ ƚŚĞ EƋ͘ ;SϭͿ͕ ǁŚĞƌĞ ܥூௌ ŝƐ ƚŚĞ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ŽĨ 

ƚŚĞ ŝŶƚĞƌŶĂů ƐƚĂŶĚĂƌĚ ;ϭϬϬ ŵŐ LͲϭ ŽĨ ŐĂůůŝƵŵͿ͕ ௜ܰ ŝƐ ƚŚĞ ŶĞƚ ƉƵůƐĞ ŶƵŵďĞƌ ŽĨ ĐŽƵŶƚƐ ŝŶ ƚŚĞ ŵĞĂƐƵƌĞĚ 

ƐƉĞĐƚƌƵŵ ŽĨ ƚŚĞ ĂŶĂůǇƚĞ ;ĐŽƵŶƚƐͿ͕ ܵூௌ ŝƐ ƚŚĞ ƌĞůĂƚŝǀĞ ƐĞŶƐŝƚŝǀŝƚǇ ŽĨ ƚŚĞ ŝŶƚĞƌŶĂů ƐƚĂŶĚĂƌĚ ĞůĞŵĞŶƚ ;ϭ ďǇ 

ĐŽŶǀĞŶƚŝŽŶͿ ூܰௌ ŝƐ ƚŚĞ ŶĞƚ ƉƵůƐĞ ŶƵŵďĞƌ ŝŶ ƚŚĞ ŵĞĂƐƵƌĞĚ ƐƉĞĐƚƌƵŵ ŽĨ ƚŚĞ ŝŶƚĞƌŶĂů ƐƚĂŶĚĂƌĚ ;ĐŽƵŶƚƐͿ ĂŶĚ ܥ௜ ŝƐ ƚŚĞ ŵĞĂƐƵƌĞĚ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ŽĨ ƚŚĞ ĂŶĂůǇƚĞ TŚĞ ŝŶƉƵƚ ĚĂƚĂ ĐĂŵĞ ĨƌŽŵ ŵĞĂƐƵƌŝŶŐ ϭϬ ĐĂůŝďƌĂƚŝŽŶ 

ƐŽůƵƚŝŽŶƐ ŝŶ ĚƵƉůŝĐĂƚĞ͕ ǁŚŝĐŚ ǁĞƌĞ ĞƋƵĂůůǇ ƉƌĞƉĂƌĞĚ ƚǁŽ ďǇ ƚǁŽ͖ ŝ͘Ğ͕͘ ĨŝǀĞ ĚŝĨĨĞƌĞŶƚ ĐĂůŝďƌĂƚŝŽŶ ƉŽŝŶƚƐ͘ 

TŚĞƐĞ ĐĂůŝďƌĂƚŝŽŶ ƐŽůƵƚŝŽŶƐ ĐŽŶƐŝƐƚĞĚ ŽĨ ŵƵůƚŝͲĞůĞŵĞŶƚ ƐƚĂŶĚĂƌĚƐ ĐŽŶƚĂŝŶŝŶŐ ŝŶ Ăůů ƚŚĞ ƐŽůƵƚŝŽŶƐ ϭϬϬ ŵŐ 

LͲϭŽĨ ŐĂůůŝƵŵ ĂŶĚ ŝŶ ĞĂĐŚ ŽŶĞ ŽĨ ƚŚĞ ĐĂůŝďƌĂƚŝŽŶ ƐŽůƵƚŝŽŶƐ ϱ͕ ϭϱ͕ ϱϬ͕ ϭϬϬ Žƌ ϮϬϬ ŵŐ LͲϭ͕ ƌĞƐƉĞĐƚŝǀĞůǇ͘ 

TŚĞƌĞĨŽƌĞ͕ ƚŚĞ ĐĂůĐƵůĂƚĞĚ ܵ௜ ǁĞƌĞ ŽďƚĂŝŶĞĚ ďǇ Ă ϰͲĚĂƚĂ ĂǀĞƌĂŐĞ ĨŽƌ ĞĂĐŚ ĨŝǀĞ ĐĂůŝďƌĂƚŝŽŶ ƉŽŝŶƚ͘ Aůů 

ŵĞĂƐƵƌĞŵĞŶƚƐ ůĂƐƚĞĚ ĨŽƌ ϭϬϬϬ Ɛ͘  

 ܵ௜ ൌ  ஼಺ೄ ൉ ே೔ ൉ ௌ಺ೄே಺ೄ ൉ ஼೔
AƐ ƉĂƌƚ ŽĨ ƚŚĞ ĐĂůŝďƌĂƚŝŽŶ͕ ƚŚĞ ĞůĞŵĞŶƚĂů ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ ŽďƚĂŝŶĞĚ ĂĨƚĞƌ ŵĞĂƐƵƌŝŶŐ ;ܥ௜Ϳ ǁĞƌĞ ŶŽƌŵĂůŝǌĞĚ 

ே௜Ϳ ďǇ ĚŝǀŝĚŝŶŐ ƚŚĞŵ ďǇ Ă ĐŽƌƌĞĐƚŝŽŶ ĨĂĐƚŽƌ͕ܥ;  ĐĂůĐƵůĂƚĞĚ ĂƐ ƚŚĞ ĂǀĞƌĂŐĞ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ŽĨ ƚŚĞ ĂŶĂůǇƚĞ 

ŵĞĂƐƵƌĞĚ ŝŶ ƚŚĞ ĐŽƌƌĞƐƉŽŶĚŝŶŐ ďůĂŶŬƐ ;ܥ஻Ϳ ĚŝǀŝĚĞĚ ďǇ ƚŚĞ ĐĂůĐƵůĂƚĞĚ ƚŚĞŽƌĞƚŝĐĂů ĐŽŶĐĞŶƚƌĂƚŝŽŶ ŽĨ ƚŚĞ 

ĂŶĂůǇƚĞ ;்ܥǡ஻Ϳ ;EƋ͘ SϮͿ͘ 

ே௜ܥ  ൌ  ஼೔ ஼ಳ ஼೅ ǡಳൗ
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Figure S1. Number of counts depicted in the spectra of the 5 ȝL-solution sampled on the carrier when 

dissolving with a) MilliQ water or b) an aqueous solution of TritonTM X-100, 53.50 g L-1. The final 

composition is 0.005 M of 20 analyte elements with 0.980 molar ratio between the matrix element 

CaCl2 and the analytes (27.75 g L-1 of CaCl2). 
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a) Solution of 53.5 g L-1 of TritonTM X-100.  Solution without TritonTM X-100 

 

 

 

b) Solution with 53.5 g L-1 of TritonTM X-100 

Figure S2. a) Appearance of the dried 5-ʅL ƐĂŵƉůĞ deposited on the carriers after TXRF measurements 

with and without a 53.5 g L-1 solution of TritonTM X-100 in water. b) The matrix is uniformly distributed 

over a bigger (top b)) and thinner (bottom b)) surface on the carrier when using TritonTM X-100, 

obtaining reproducible drops on the carrier.
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Table S1. Recovery rates (average from duplicates) of 20 elements using nine different internal standards with no matrix of CaCl2. 

The solution contains in total 0.005 M of 20 elements from standard solutions: 50 mg L-1 of Cr, Mn, Co, Ga and Sr, and 10 mg L-1 of 

La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y. No TritonTM X-100 was added in the internal standardization. 

іAŶĂůǇƚĞ, X-ray  

 radiation               Internal 
          standard, IS  

(X-ƌĂǇ ƌĂĚŝĂƚŝŽŶͿљ 

Cr ;Kɲ ϱ͘ϰϭϰϳϮͿ 

Mn ;Kɲ ϱ͘ϴϵϴϳϱͿ 

Co ;Kɲ ϲ͘ϵϯϬϯϮͿ 

Ga ;Kɲ ϵ͘ϮϱϭϳϰͿ 

Sr ;Kɲ ϭϰ͘ϭϲϱͿ 

Pr ;Lɲ ϱ͘ϬϯϯϳͿ 

 

Nd (LĮ 5.2304) 

 

Ho (LĮ 6.720) 

Er (LĮ 6.949) 

 

 

Cr  
KĮ 

5.41472 

n.d. 

102 

105 

105 

116 

94 

104 

114 

102 

n.d., not detected.  

Mn  
KĮ 

5.89875 

94 

n.d. 

98 

98 

108 

88 

97 

107 

95 

Co  
KĮ 

6.93032 

99 

106 

n.d. 

103 

114 

92 

102 

112 

100 

Ga  
KĮ 

9.25174 

97 

100 

101 

n.d. 

112 

91 

100 

110 

98 

Sr  
KĮ 

14.165 

89 

95 

92 

93 

n.d. 

83 

92 

101 

90 

 

La  
LĮ 

4.65097 

102 

103 

106 

106 

117 

95 

105 

115 

103 

 

Ce  
LĮ 

4.8402 

91 

106 

95 

95 

105 

85 

94 

103 

92 

 

Pr 
LĮ  

5.0337 

107 

110 

111 

112 

123 

n.d. 

111 

121 

108 

 

Nd 
LĮ 

5.2304 

97 

109 

101 

101 

111 

90 

n.d. 

110 

98 

 

Sm 
LĮ 

5.636 

108 

95 

113 

113 

124 

101 

112 

122 

110 

Average ± standard deviation of all: 99.4 ± 10.7% 

Eu 
LĮ 

5.846 

69 

87 

72 

72 

79 

64 

71 

78 

70 

Gd 
LĮ 

6.057 

96 

100 

99 

100 

110 

89 

99 

108 

97 

Tb 
LĮ 

6.273 

92 

104 

95 

95 

105 

85 

95 

103 

93 

Dy 
LĮ 

6.495 

103 

109 

106 

107 

118 

96 

106 

116 

104 

Ho 
LĮ 

6.720 

89 

94 

92 

92 

102 

83 

91 

n.d. 

90 

Er 
LĮ 

6.949 

99 

106 

103 

103 

114 

92 

102 

112 

n.d. 

Tm 
LĮ 

7.180 

99 

105 

103 

103 

114 

92 

102 

112 

100 

Yb 
LĮ 

7.416 

99 

105 

103 

103 

114 

93 

102 

112 

100 

Lu 
LĮ 

7.656 

90 

95 

93 

93 

103 

83 

92 

101 

90 

Y 
LĮ 

14.958 

86 

92 

90 

90 

99 

80 

89 

97 

87 
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Table S2. Recovery rates average from duplicates of 20 elements (50 mg L-1 of Cr, Mn, Co, Ga and Sr, and 10 mg L-1 of La, 

Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y) using nine of them as internal standards; in a 5.55 g L-1 CaCl2 

(0.910 mole fraction). No TritonTM X-100 was added in the internal standardization. 

іAŶĂůǇƚĞ, X-ray  

 radiation  
                   Internal 
            standard, IS  

   (X-ƌĂǇ ĂĚŝĂƚŝŽŶͿљ 

Cr ;Kɲ ϱ͘ϰϭϰϳϮͿ 

Mn ;Kɲ ϱ͘ϴϵϴϳϱͿ 

Co ;Kɲ ϲ͘ϵϯϬϯϮͿ 

Ga ;Kɲ ϵ͘ϮϱϭϳϰͿ 

Sr ;Kɲ ϭϰ͘ϭϲϱͿ 

Pr ;Lɲ ϱ͘ϬϯϯϳͿ 

 
Nd (LĮ 5.2304) 

 
Ho (LĮ 6.720) 

Er (LĮ 6.949) 

 
 

Cr  
KĮ 

5.41472 

n.d. 

90 

69 

60 

56 

107 

107 

75 

60 

n.d., not detected. 

Mn  
KĮ 

5.89875 

116 

n.d. 

78 

66 

62 

122 

122 

84 

67 

Co  
KĮ 

6.93032 

157 

137 

n.d. 

85 

79 

167 

167 

111 

88 

Ga  
KĮ 

9.25174 

200 

172 

127 

n.d. 

91 

216 

216 

137 

106 

Sr  
KĮ 

14.165 

235 

201 

146 

114 

n.d. 

256 

256 

159 

122 

 

La  
LĮ 

4.65097 

73 

65 

52 

47 

45 

74 

74 

56 

46 

 

Ce  
LĮ 

4.8402 

75 

67 

52 

46 

44 

78 

78 

56 

46 

 

Pr 
LĮ  

5.0337 

96 

85 

66 

58 

55 

0 

100 

71 

58 

 

Nd 
LĮ 

5.2304 

96 

85 

66 

58 

55 

100 

0 

72 

58 

 Average ± standard deviation of all: 110.6 ± 49.5% 

Sm 
LĮ 

5.636 

137 

120 

92 

78 

73 

144 

144 

99 

79 

Eu 
LĮ 

5.846 

90 

80 

62 

54 

51 

94 

94 

67 

54 

Gd 
LĮ 

6.057 

119 

104 

78 

65 

60 

126 

126 

84 

67 

Tb 
LĮ 

6.273 

121 

106 

81 

69 

64 

128 

128 

88 

70 

Dy 
LĮ 

6.495 

147 

129 

98 

82 

76 

155 

156 

105 

84 

Ho 
LĮ 

6.720 

141 

123 

93 

77 

71 

149 

150 

0 

79 

Er 
LĮ 

6.949 

182 

158 

118 

97 

89 

195 

195 

128 

0 

Tm 
LĮ 

7.180 

161 

140 

106 

88 

81 

170 

171 

114 

90 

Yb 
LĮ 

7.416 

173 

150 

113 

94 

87 

184 

184 

122 

96 

Lu 
LĮ 

7.656 

191 

164 

121 

97 

88 

205 

206 

131 

102 

Y 
LĮ 

14.958 

233 

199 

145 

113 

101 

253 

253 

157 

121 
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Table S3. Recovery rates average from duplicates of 20 elements (50 mg L-1 of Cr, Mn, Co, Ga and Sr, and 10 mg L-1 of La, 

Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y), using nine of them as internal standards; in a 55.49 g L-1 CaCl2 

(0.990 mole fraction). No TritonTM X-100 was added in the internal standardization. 

іAŶĂůǇƚĞ, X-ray  
 Radiation 

                    Internal 
           standard, IS  

 (X-ƌĂǇ ƌĂĚŝĂƚŝŽŶͿљ 

Cr ;Kɲ ϱ͘ϰϭϰϳϮͿ 

Mn ;Kɲ ϱ͘ϴϵϴϳϱͿ 

Co ;Kɲ ϲ͘ϵϯϬϯϮͿ 

Ga ;Kɲ ϵ͘ϮϱϭϳϰͿ 

Sr ;Kɲ ϭϰ͘ϭϲϱͿ 

Pr ;Lɲ ϱ͘ϬϯϯϳͿ 

 
Nd (LĮ 5.2304) 

 
Ho (LĮ 6.720) 

Er (LĮ 6.949) 

 

 

Cr  
KĮ 

5.41472 

n.d. 

81 

46 

17 

8 

n.d. 

n.d. 

73 

38 

n.d., not detected. 

Mn  
KĮ 

5.89875 

129 

n.d. 

58 

21 

10 

n.d. 

n.d. 

93 

49 

Co  
KĮ 

6.93032 

227 

179 

n.d. 

37 

18 

n.d. 

n.d. 

162 

86 

Ga  
KĮ 

9.25174 

624 

495 

282 

n.d. 

49 

n.d. 

n.d. 

447 

236 

Sr  
KĮ 

14.165 

1300 

1029 

587 

211 

n.d. 

n.d. 

n.d. 

931 

492 

 

La  
LĮ 

4.65097 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

 

Ce  
LĮ 

4.8402 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

 

Pr 
LĮ  

5.0337 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

 

Nd 
LĮ 

5.2304 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Average ± standard deviation of all: 93.9 ± 192.4%  

  

Sm 
LĮ 

5.636 

68 

50 

30 

11 

5 

n.d. 

n.d. 

49 

27 

Eu 
LĮ 

5.846 

143 

105 

62 

23 

11 

n.d. 

n.d. 

103 

57 

Gd 
LĮ 

6.057 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Tb 
LĮ 

6.273 

106 

84 

48 

17 

8 

n.d. 

n.d. 

76 

40 

Dy 
LĮ 

6.495 

71 

57 

32 

12 

6 

n.d. 

n.d. 

51 

27 

Ho 
LĮ 

6.720 

140 

111 

63 

23 

11 

n.d. 

n.d. 

n.d. 

53 

Er 
LĮ 

6.949 

265 

211 

120 

43 

21 

n.d. 

n.d. 

190 

n.d. 

Tm 
LĮ 

7.180 

255 

205 

116 

42 

20 

n.d. 

n.d. 

183 

96 

Yb 
LĮ 

7.416 

182 

148 

83 

30 

14 

n.d. 

n.d. 

131 

68 

Lu 
LĮ 

7.656 

252 

201 

114 

41 

20 

n.d. 

n.d. 

181 

95 

Y 
LĮ 

14.958 

820 

649 

371 

133 

64 

n.d. 

n.d. 

588 

311 
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Table S4. Recovery rates average from duplicates of 20 elements (50 mg L-1 of Cr, Mn, Co, Ga and Sr, and 10 mg L-1 of La, 

Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y), using nine of them as internal standards; in a 97.11 g L-1 CaCl2 

(0.994 mole fraction). No TritonTM X-100 was added in the internal standardization. 

іAŶĂůǇƚĞ, X-ray  
 Radiation 

                    Internal 
           standard, IS  

 (X-ƌĂǇ ƌĂĚŝĂƚŝŽŶͿљ 

Cr ;Kɲ ϱ͘ϰϭϰϳϮͿ 

Mn ;Kɲ ϱ͘ϴϵϴϳϱͿ 

Co ;Kɲ ϲ͘ϵϯϬϯϮͿ 

Ga ;Kɲ 9.25174) 

Sr ;Kɲ ϭϰ͘ϭϲϱͿ 

Pr ;Lɲ ϱ͘ϬϯϯϳͿ 

 
Nd (LĮ 5.2304) 

 
Ho (LĮ 6.720) 

Er (LĮ 6.949) 

 
 

Cr  
KĮ 

5.41472 

99 

91 

47 

16 

7 

n.d. 

n.d. 

51 

152 

n.d., not detected. 

Cr  
KĮ 

5.41472 

111 

102 

53 

18 

9 

n.d. 

n.d. 

58 

160 

Mn  
KĮ 

5.89875 

214 

197 

102 

35 

16 

n.d. 

n.d. 

111 

335 

Co  
KĮ 

6.93032 

628 

579 

300 

102 

47 

n.d. 

n.d. 

327 

995 

Ga  
KĮ 

9.25174 

1385 

0 

663 

224 

101 

n.d. 

n.d. 

728 

2346 

 

Sr  
KĮ 

14.165 

n.d. 

0 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

 

La  
LĮ 

4.65097 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

 

Ce  
LĮ 

4.8402 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

 

Pr 
LĮ  

5.0337 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Average ± standard deviation of all: 105.0 ± 255.4% 

Nd 
LĮ 

5.2304 

121 

122 

56 

19 

8 

n.d. 

n.d. 

68 

453 

Sm 
LĮ 

5.636 

91 

82 

45 

15 

6 

n.d. 

n.d. 

48 

39 

Eu 
LĮ 

5.846 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Gd 
LĮ 

6.057 

116 

112 

56 

18 

8 

n.d. 

n.d. 

64 

268 

Tb 
LĮ 

6.273 

163 

145 

80 

27 

13 

n.d. 

n.d. 

83 

71 

Dy 
LĮ 

6.495 

194 

0 

93 

32 

15 

n.d. 

n.d. 

n.d. 

280 

Ho 
LĮ 

6.720 

230 

0 

111 

38 

19 

n.d. 

n.d. 

114 

n.d. 

Er 
LĮ 

6.949 

179 

0 

84 

29 

14 

n.d. 

n.d. 

93 

388 

Tm 
LĮ 

7.180 

261 

0 

124 

43 

20 

n.d. 

n.d. 

135 

422 

Yb 
LĮ 

7.416 

259 

0 

125 

42 

19 

n.d. 

n.d. 

136 

382 

Lu 
LĮ 

7.656 

424 

0 

203 

68 

30 

n.d. 

n.d. 

227 

821 
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Table S5. Recovery rates average from duplicates of 20 elements (50 mg L-1 of Cr, Mn, Co, Ga and Sr, and 10 mg L-1 of La, 

Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y), using nine of them as internal standards; in a 138.73 g L-1 CaCl2 

(0.996 mole fraction). No TritonTM X-100 was added in the internal standardization. 

іAŶĂůǇƚĞ, X-ray  
 Radiation 

                    Internal 
              standard, IS  

 (X-ƌĂǇ ƌĂĚŝĂƚŝŽŶͿљ 

Cr ;Kɲ ϱ͘ϰϭϰϳϮͿ 

Mn ;Kɲ ϱ͘ϴϵϴϳϱͿ 

Co ;Kɲ ϲ͘ϵϯϬϯϮͿ 

Ga ;Kɲ ϵ͘ϮϱϭϳϰͿ 

Sr ;Kɲ ϭϰ͘ϭϲϱͿ 

Pr ;Lɲ ϱ͘ϬϯϯϳͿ 

 
Nd (LĮ 5.2304) 

 
Ho (LĮ 6.720) 

Er (LĮ 6.949) 

 
 

Cr  
KĮ 

5.41472 

101 

99 

49 

18 

8 

n.d. 

n.d. 

401 

n.d. 

n.d., not detected. 

Mn  
KĮ 

5.89875 

109 

99 

50 

18 

7 

n.d. 

n.d. 

455 

n.d. 

Co  
KĮ 

6.93032 

223 

0 

102 

37 

15 

n.d. 

n.d. 

894 

n.d. 

Ga  
KĮ 

9.25174 

622 

563 

283 

101 

894 

n.d. 

n.d. 

2581 

n.d. 

Sr  
KĮ 

14.165 

1527 

0 

689 

245 

101 

n.d. 

n.d. 

6736 

n.d. 

 

La  
LĮ 

4.65097 

n.d. 

0 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

 

Ce  
LĮ 

4.8402 

160 

224 

107 

41 

18 

n.d. 

n.d. 

475 

n.d. 

 

Pr 
LĮ  

5.0337 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

 

Nd 
LĮ 

5.2304 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

 

Sm 
LĮ 

5.636 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Average ± standard deviation of all: 157.1 ± 599.9% 

Eu 
LĮ 

5.846 

120 

94 

46 

17 

7 

n.d. 

n.d. 

45 

n.d. 

Gd 
LĮ 

6.057 

113 

159 

76 

29 

13 

n.d. 

n.d. 

336 

n.d. 

Tb 
LĮ 

6.273 

105 

80 

43 

14 

5 

n.d. 

n.d. 

899 

n.d. 

Dy 
LĮ 

6.495 

144 

113 

55 

20 

9 

n.d. 

n.d. 

54 

n.d. 

Ho 
LĮ 

6.720 

267 

0 

102 

37 

16 

n.d. 

n.d. 

n.d. 

n.d. 

Er 
LĮ 

6.949 

n.d. 

0 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

Tm 
LĮ 

7.180 

189 

0 

86 

31 

13 

n.d. 

n.d. 

698 

n.d. 

Yb 
LĮ 

7.416 

226 

0 

120 

44 

19 

n.d. 

n.d. 

809 

n.d. 

Lu 
LĮ 

7.656 

241 

0 

109 

39 

16 

n.d. 

n.d. 

984 

n.d. 

Y 
LĮ 

14.958 

455 

0 

203 

72 

30 

n.d. 

n.d. 

1913 

n.d. 

  


