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ABSTRACT

The relation between compositons and colors of gamma
irradiated tourmaline was investigated. Quantitative analysis of various color
of tourmaline by neutron activation technique showed that the average
contents of color samples were 14.91, 1.13, 0.65 and 0.32 percent, for aluminium,
sodium, manganese and iron, respectively. Zinc, cesium and tantalum were
found as trace elements. Traces of rubidium and thorium were also detected
in some samples.

Colorless tourmaline contained only 10.07 percent of aluminium,
but as high as 7.45 percent of sodium with small contents of most trace
elements (below the average of color tourmaline). High content of iron was
observed in green tourmaline while the pink one contained very less. It can be
concluded that gamma radiation will intensify pink color in tourmaline which

contains small amount of iron.
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Concentration* Confidence interval
No. Element mg/g (significant level 0.05)
mg/g

1 Aluminium 47 44 ~ 51

2 Calcium 163 157 - 174

3 Iron 25,17 25.2 - 26.3

4 Magnesium 11.3 11.0 - 11.8

5 Potassium 12.1 113 - 12.7

6 Silicon 180 169 - 201

7 Sodium 2.4 2.3 - 25

8 Titanium 3.0 2.6 - 3.7

* expressed on a dry-weight basis (constant weight at 105°C)

NOTE The concentration values of the major and minor elements passed all test criteria
for ceritfied values with the exception of one: their confidence interval are larger than
those normally allowed for major components of reference materials, therefore, these

values could not be certified.
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Certified concentation values of trace elements:

Concentration Confidence interval
No. Element Ue/g (significant level 0.05)
Hg/g
1 Antimony L7 14-1.8
2 Arsenic 13.4 12,5 -~ 14,2
3 Cerium 61 50 — 63
4 Cesium 5.4 4.9 - 6.4
5 Chromium 60 49 - 74
6 Cobalt 8.9 8.4 - 10.1
7 Copper 11 9-13
8 Dysprosium 3.9 32-53
9 Europium 1.0 09 - 13
10 Hafnium 5.1 48 — 5.5
11 Holmium* 1.1 (0.8 ; 1.5)
12 Lanthanum : 28 27 - 29
13 Lead 60 55 = 71
14 Manganese 631 604 — 650
15 Neodymium 30 22 — 34
16 Rubidium 51 47 ~ 56
17, Samarium 5.1 4.8 - 5.5
18 Scandium 8.3 6.9 - 9.0
19 Strontium 108 103 - 114
20 Tantalum 0.8 0.6 - 1.0
21 Terbium 0.6 0.5 - 0.9
22 Thorium 8.2 6.5 - 8.7
23 Uranium 2.6 2.2 - 3.3
24 Vanadium 66 50 — 73
25 Ytterbium 2.4 1.9 - 2.6
26 Yttrium 21 15 - 27
27 Zinc 104 101 - 113
28 Zirconium 185 180 - 201

* expressed on a dry-weight basis (constant weight at 195°C)
** only two laboratories provided results. These results are shown in brackets in the place of

confidence limits.
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Sample no. Al Mn Na Fe
(%) (%) (%) (%)
A1 (3uw) 15.66 + 1.54 0.77 + 0.01 1.22 + 0.02 0.04 + 0.00
A2 (Buy \Te) 15.11 + 0.56 0.95 + 0.05 1.15 + 0.01 0.36 + 0.03
As (ladid) 10.07 + 0.30 0.04 + 0.00 8.45 + 0.14 ND
A4 (1197) 15.02 +0.25 0.78 + 0.05 1.10 + 0.04 0.68 + 0.01
A5 (E;NE;FJ'N) 14.42 + 0.27 0.02 + 0.00 1.13 % 0.08 ND
As (1m) 14.37 + 0.01 0.71 + 0.04 1.06 + 0.03 0.54 + 0.00
Average* 14.92 0.65 1.13 0.32
+ fumiadedelusw As
ND - Not Detectable
minfiaz sonauesluimngu
Samp]e no. Cs Rb Ta Th Zn
(ppm) (ppm) (ppm) (ppm) (ppm)
A1 (Buw) 0.78 + 0.12 ND 5.55 + 1.48 048 + 0.03  128.61 + 8.09
Az (BuW \B87)  4.83 £0.13 1769 + 147 8.76 + 2.43 ND 232.42 + 16.78
A3 (1:Jﬁ3) 52.73 + 1.08  78.18 + 0.21 241 + 0.04 ND 70.77 + 0.96
A4 (Fu1) 3.03 + 0.50 ND 5.90 + 0.41 ND 159.79 + 5.50
As (E;NE;EI'N) 3.92 + 1.13 ND 52.00 + 23.75 ND 88.34 + 1.49
A6 (in1) 82.81 + 10.68 78.30 + 22.90  2.07 + 0.3) ND 154.29 + 17.95
Average* 19.07 19.20 14.98 0.10 152.69
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