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Elemental Analysis of Bottom Ash from Municipal Incinerator

by Neutron Activation Analysis
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Abstract

Elemental analysis of bottom ash generated from municipal solid waste incinerator
was performed by neutron activation analysis. For this study, ash samples monthly
collected from incinerator in D city were sieved with 5 mm mesh size, dried,
pulverized by agate mortar and finally re-sieved with 200 gm mesh size. Prepared
samples were irradiated by neutrons using NAA #1 irradiation hole in Korea Atomic
Energy Research Institute. Activated samples were measured by gamma-ray
spectrometer according to the relevant nuclear properties of target nuclides and the
concentration of 33 elements were determined from the collected ash samples. Quality
control was conducted by comparative analysis with two NIST standard reference
materials simultaneously. Mean values and standard deviations of hazardous elements
such as As, Cr, Cu, Fe, Mn, Sb and Zn among the determined elements were 3.8+6.9
mg/kg, 620£184 mg/kg, 0.31+0.12 92, 4.76+0.37 9%, 0.26+0.10 9%, 115+29 mg/kg and
0.71+£0.19 9%, respectively.
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Table 1. Analytical condition of bottom ash using neutron activation analysis.

Nuclide Sample Irradiation  Cooling Counting .
. . . . Nuclides detected
by Half-Life| Wt. (mg) Time Time Time
Al-28, Ba-139, Ca-49, CI-38,
Short 2-5 1 min. 10 minutes 800 sec. Cu-66, Mg-27, Mn-56, Ti-5l,

V-52
As-76, Au-198, Ba-131,
7 - 8 days 5000 sec. Br-82, K-42, La-140, Na-24,
Sm-153, W-187, Yb-175

Medium 50 - 100 1 hrs. Ag-110m, Ce-141, Co-60, Cr-51,

and Long longer than Cs-134, Eu-152, Fe-59, Hf-181,
8000 sec.

15 days Rb-86, Sb-124, Sc—46, Ta-182,

Th-160, Pa-233, Zn-65




Table 2. Analytical Results of NIST SRM 2709-Sanjoaquin Soil by INAA.

(Unit : mg/kg)

Flement  Nuclide  Certified Value This work Relative
(Mean zSD) Error (%)
As As-T6 177 + 08 173 + 021 24
Au Au-198 (0.3) 023 + 003 207
Ba Ba-131 968 + 40 1080 + 64 116
Ce Ce-141 (42) 453 + 04 79
Co Co-60 134 + 07 140 + 01 44
Cr Cr-51 130 + 4 156 + 1 198
Cs Cs-134 (5.3) 64 + 01 20.8
Eu Fu-152 (0.9 0.87 + 003 ~34
Fe Fe-59 35000 + 1100 36000 + 300 2.8
Hf Hi-181 (3.7) 451 + 022 21.9
K K-42 20300 + 600 20000 + 900 13
La La-140 (23) 240 + 03 42
Na Na-24 11600 + 300 11900 + 30 2.2
Rb Rb-86 (96) 108 + 7 129
Sh Sh-124 79 + 06 80 + 04 13
Se Sc-46 (12) 126 + 03 49
Sm Sm-153 (3.8) 386 + 0.14 15
Th Pa-233 (1) 123 + 02 122
Yb Yb-175 (1.6) 171 + 021 7.1
7n 7n-65 106 + 3 16 + 7 9.8




Table 3. NIST SRM 2711-Montana Soil by INAA(Unit : mg/kg)

) o This work Relative
Element Nuclide  Certified Value
(Mean +SD) Error (%)
Ag Ag-110m 463 + 0.39 531 + 123 14.6
Al Al-28 65300 = 900 65500 + 1150 0.4
As As-T76 105 = 8 949 + 35 -9.7
Au Au-198 (0.03 0.027 = 0.003 -8.8
Ba Ba-131 726 £ 38 836 £ 107 151
Br Br-82 ) 486 = 024 -2.8
Ca Ca—49 28800 = 800 28700 £ 1200 -0.3
Ce Ce-141 (69 746 £ 45 8.2
Co Co—60 (10) 103 £ 0.3 3.2
Cr Cr-51 47) 544 + 2 15.7
Cs Cs-134 6.1 756 = 040 239
Eu Eu-152 (LD 1.14 = 0.05 3.8
Fe Fe-59 28900 = 600 29400 + 1000 45
Hf Hf-181 (7.3) 873 = 045 19.5
Hg Hg-203 6.25 + 0.19 6.18 = 045 -1.2
K K-42 24500 £ 800 25600 £ 1040 45
La La-140 (40) 401 = 1.7 0.2
Mg Mg-27 10500 + 300 10780 = 870 2.7
Mn Mn-56 638 £ 28 654 £ 16 25
Na Na-24 11400 + 300 11800 + 450 3.9
Rb Rb-86 (110) 133 = 12 209
Sh Sh-124 194 £ 1.8 193 £ 06 -0.7
Sc Sc—46 9 999 + 028 11.0
Sm Sm-153 5.9 6.09 = 025 3.2
Th Pa-233 (14) 156 £ 0.7 11.3
Ti Ti-561 3060 + 230 3360 + 260 10.0
A% V-52 816 + 29 8718 = 1.2 7.7
W W-187 3) 329 = 065 9.7
Yb Yb-175 (1.6) 171 £ 021 71
Zn Zn-65 106 = 3 116 = 7 9.8
cr Cl-38 2800 + 100 3170 + 80 13.3
Cu” Cu-66 609 £ 27 597 £ 4 -2.0

Note : Values of ClI" and Cu™ are resulted from NIST SRM 1649a-Urban Dust
and 1648-Urban Particulate Matter, respectively



Table 4. Analytical results of bottom ash by INAA(Unit : mg/kg)

El . August  September  October ~ November  December Monthly
ements
(Mean+SD)  (Mean+SD) ~ (Mean+SD)  (Mean*SD) (Mean+SD) Mean + SD

Ag 836+ 010 260+ 378 537+ 070 563+ 161 329+ 042 973+ 928
Al(%) 351085 404+ 099 379+ 042 411+ 071 348+ 016 379+ 029
As 1786+ 32 194+ 22 222+ 37 242+ 23 302+ 38 238+ 69

Au 020+ 054 1.09+ 156 048+ 042 054+ 036 028+ 008 0568+ 030
Ba(%) 016+ 001 018+ 001 015+ 001 015+ 001 009+ 001 015+ 0.03
Br 227+12 469+ 10 386+ 14 458+ 41 363+ 48 387+ 86
Ca(%) 202+08 210+ 23 208+ 23 187+ 19 186+ 14 199+ 11
Ce 417+ 162 272+ 45 34+ 178 264+ 41 301+ 33 322+ 64
Cl(%) 255+022 287+ 027 257+ 045 251+ 027 191+ 009 248+ 0.35

Co 342+69 842+ 596 104+ 92 112+ 97 329+ 163 734+ 378
Cr 470+ 69 8lb+ 92 677+ 47 7bl+ 78 387+ 82 620 £ 183
Cs 076 +013 064+ 008 069+ 021 067+ 012 084+ 017 072+ 008
Cu(%) 032+007 025+ 008 035+ 0.15 048+ 054 017+ 006 031+ 0.11
Eu 064+ 006 082+ 010 072+ 005 074+ 009 079+ 019 074+ 007
Fe(%) 436+ 026 494+ 045 490+ 0.16 521+ 043 437+ 024 476+ 037
Hf 249+ 029 203+ 016 250+ 077 194+ 022 214+ 033 222+ 026
K(®%) 111016 109+ 022 152+ 033 1.21+ 018 106+ 005 120+ 0.19
La 270+ 103 186+ 23 208+ 243 202z 2.8 210+ 3.0 233+ 48
Mg(%) 2.00+ 026 189+ 037 194+ 033 150+ 017 162+ 023 179+ 022
Mn(%) 0.19+0.04 041+ 012 030+ 0.16 027+ 011 013+ 003 026+ 0.11
Na(%) 206+ 0.07 181+ 007 199+ 005 192+ 007 246+ 007 205+ 025

Rb 302+38 260+ 33 315+ 63 247=% 5.0 264+ 53 2718+ 3.0

Sb 7.8+ 100 112+ 5 102+ 15 165+ 62 103+ 12 115+ 29

Sc 206006 195+ 005 193+ 010 187+ 011 199+ 005 196+ 007
Sm 190051 157+ 022 167+ 019 148+ 007 1838+ 006 170+ 018
Ta 316+ 143 370+ 138 289+ 096 142+ 243 247+ 129 529x 501
Th 057+ 010 079+ 013 069+ 015 060+ 014 066+ 011 064+ 010
Th 406+ 0050 502+ 159 370+ 068 328+ 023 378+ 032 397+ 065

Ti(%) 079+ 007 098+ 0.14 1.00+ 0.13 1.09+ 026 078+ 012 093+ 0.14
v 154+ 27 180+ 114 228+ 56 162+ 99 176+ 42 180+ 29
W 48+ 749 192+ 105 136+ 1.7 162+ 44 151+ 89 218+ 131
Yh 053+ 006 053+ 005 063+ 015 056+ 010 065+ 011 0568+ 006

Zn(%) 049+ 003 097+ 008 075+ 002 078+ 004 055+ 005 071+ 0.19
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