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Development of analytical method of toxic trace elements discharged from
various processes by ICP-MS for evaluation of environmental effects
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Elements in coal and ash were quantitatively analyzed to discuss the fate of toxic trace
elements in coal combustion prosesses. Mass balances of various elements were discussed, [n
particular, volatile toxic elements under combustion conditions like As and V tended to be
concentrated in fiy ash. :

The method to determine the leaching rate of various elements from coal by acidic aqueous
solution was established. It was found that toxic elements like As were rapidly leached from fly
ash in the early stage under acidic conditions and that the leaching rates were decreased with
leaching time and reached a plateau. In order to environmental effects of these toxic elements
when fly ash is exposed to acid rain, leaching rates must be expressed as functions of pH and
teaching time. Further, leachability should be discussed in relation to process conditions such as
combustion temperature.

Direct introduction of solid sample into a plasma torch by laser ablation method was applied
to quantitatinve analysis of coal and fly ash. The method of sample preparation and analytical
conditions were explored to obtain reproducible results, It was shown that sample preparation via
grinding coal or ash into powder with a diameter of about 1 #m and mixing with Y;0; as 2 internal

standard gave good reproducibility.
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Element Raw Coal Fly Ash Bottom Ash Recovery/% F/B
Li 0.807 0.768 (.465 87.6 1.65
Be 299x107% 3.77Tx107° 242x 1073 117 1.56
B 0,338 1.44 2.056 462 0.70
Na 125 16.3 128 125 1.27
Mg 11.8 14,2 1.2 109 1.27
Al 133 133 125 98.7 1.07
K 842 10.1 9.13 118 1.11
Ca 58.7 784 66.6 130 1.18
Sc 0.024 0.030 0.022 117 1.36
Ti 7.60 8.59 8.00 111 1.07
v 0.298 0.218 0.134 67.4 1.63
Cr 0.035 0.045 0.027 117 1.67
Fe 385 44,0 36.6 11 1.20
Mn 0.481 0.658 (.559 116 1.00
Ni (4.024 3.030 0.015 . 113 2.00
Co 0.024 0.037 0.018 138 2.06
Cu 0.097 0.095 0.043 87.6 2.21
Zn 0.108 (.208 0.046 163 4,52
As 0.056 0.034 5.35x1073 50.0 6.35
Se 4.76x10"3 0.011 6.72x10"* 210 1.64
Sr 1.01 1.10 111 109 0.99
Y 0.031 0.039 0.029 119 1.24
ir 0.073 0.682 0.534 784 .09
Mo 7.82x107° 0.010 381x1073 112 2.62
Cd 5.95%10™1 9.34 %1077 3.13x10™ 136 2.98
Sn 596x107% 0.016 0.013 252 1.23
Ba 2.18 2.04 2.14 94.5 0.96
La 0.031 0.040 3.028 123 1.43
Ce 0.066 0.087 (.057 123 1,53
W .010 8.13x 1079 351x10™9 72.1 231
Hg 0.012 1.43%1078 2.680x107° 13.8 0.55
Pd 0.049 0.074 0.012 127 8.17

Recovery [%]=

[mg/g-ash}

Concentration in fly ash X 0.80-concentration in bottom ash X 0.20

Concentration in raw coal

*x 100
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Li 2.86 Vv 0.64 Sr  21.8

Be 6.83 Cr 457 Y 8.19
B 54.1 Fe 1.04 Mo 120
Na 5.15 Mn 13.1 Cd 6.83
Mg 147 Ni 15.8 Te 751
Al 1.38 Co 5.86 Ba (.88
K 763 Cu 9.04 La 8.30
Ca 41.] Zn 4.03 Ce 717
Se 1.43 As 6.98 Tt 6.27
Ti 0.21 Se 0.03 Pb 0.03
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