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Table 1.  Facilities investigated type of waste and ash, and analysis performed
Content analysis
No. Type of furnace Type of waste Type of ash Type O.f ash Date ° f 9 Inorganic Da't eof
cooling sampling Sr 7 leaching test
elements
A-1 . BA Air cool 2012/4/25 O OHF
MSW + Vegetation “ 35% -
A-2 Stoker FA Air cool 2012/4/25 O
A-3 MSW BA Air cool 2011/12/28 @] OHF
A-4 FA Air cool 2011/12/28 O O
B-1 Shaft-type MSW MFA Aircool  2012/1221 O o
gasification-melting
C-1 Stoker MSW FA Air cool 2011/7/27 O O
D-1 Stok DW BA Air cool 2015/8/4 O OHF 2016/10/31
D-2 oxer FA Air cool 2015/8/4 O 0 2016/10/28
L Air cool with

L Solidified-

E-1 lj“luldl.zed—bed. MSW + Vegetation * 50% MFA chelgtg & cc?me}lt 2013/1/8 O O
gasification-melting solidification
E-2 MFA Air cool 2013/1/8 O O
F-1 MSW +DW 7% BA Air cool 2013/2/21 O OHF
F-2 BA Air cool 2013/2/20 @] OHF
M +DW 12%
F-3 Stoker SW W ’ FA Air cool 2013/2/20 O O
F-4 BA Air cool 2012/12/13 O OHF 2016/10/27
+ 0,

F-5 MSW -+ DW 10% FA Air cool 2012/12/13 O O 2016/10/25
G-1 BA Air cool 2012/3/15 O OHF 2016/10/24

Stok MSW + Cool h2.5%
G2 oxer OOIETAs 2.9 FA Air cool 2012/3/15 O OHF 2016/10/21
H-1 Stoker Disaster waste ” (wood 50 % BA Water cool 2013/11/7 O OHF 2016/10/20
H-2 + mixed waste 50 %) FA Air cool 2013/11/7 O OHF 2016/10/18
I-1 DW 52 % + Disaster waste ” BA Air cool 2016/1/14 OHF 2016/11/7

Stoker (demolition wood 31% + .
1-2 mixed waste 17%) FA Air cool 2016/1/14 O 2016/11/4

Abbreviations: MSW: municipal solid waste; DW: decontamination waste, mainly composed of soil and vegetation; cooler ash: ash from incinerator flue
gas cooling system; Disaster waste: combustible materials in tsunami and earthquake debris, house demolition waste and household cleanup waste; BA:
bottom ash; FA: fly ash; MFA: melted fly ash. @ ‘Vegetation” includes fallen or trimmed leaves, grass, twigs, etc., collected after the FDNPP accident, which
had been separated and sequestered due to high radioactivity. ® Wood in the disaster waste came from house demolition and earthquake and tsunami
debris, and mixed waste comprises other combustible materials, including plastics, clothes, and paper. © Cement: 10% of the ash, chelate solution: 28% of
the ash. ¢ “OHF” refers to the alkali fusion with hydrofluoric acid treatment, and ‘O’ refers to the alkali fusion without hydrofluoric acid treatment.
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Table2. Radioactive and stable Sr and Cs content in ash
Water **Sr content r-Cs content 90G/19Cs

No. |Type ofash content Amount Recovery Stable Sr »Sr Amount BiCs B7Cs -Cs

% g % mg/kg Bg/kg g Bq/kg Bg/kg Bq/kg Bg/Bq
A-1 BA 2.1 70.2 75.1 270 3.81+0.20 101.5 1242141 1849+29 3091 0.002
A2 FA - - - - - 250.1 1545042600 20250%1990 35700 -
A-3 BA 0.6 80.0 79.7 320 3.11+0.15 70.5 1590451 202647 3616 0.002
A-4 FA 1.4 50.0 75.3 224 4.14+0.24 66.1 9381174 11572159 20953 0.0004
B-1 MFA 6.9 70.3 76.3 160 1.42+0.13 42.5,42.9 1797%25 3138+22 4935 0.0005
C-1 FA 18.5 40.1 77.3 220 6.80%0.35 102.0 6311472 713440 13445 0.001
D-1 BA 0 20.1 72.2 90 29.05+0.96 72.9 1551352 62368+101 77881 0.0004
D-2 FA <0.1 20.1 79.8 240 53.94#1.23 65.6 1916257 75987135 95149 0.0009
E-1 So]l\i[(;l/fied 8.6 70.3 84.7 330 6.95+0.24 125.5 3787473 6833495 10620 0.0009
E-2 MFA 3.8 70.4 80.7 360 7.74+0.26  47.7,49.3 4325160 7450176 11775 0.001
F-1 BA 0 80.2 75.6 300 6.50%0.23 115.4 659+17 1150+23 1809 0.006
F-2 BA 0 80.0 76.2 280 6.09+%0.22 106.7 927+21 1730429 2657 0.004
F-3 FA 1.2 40.0 76.5 225 7.75+0.35 56.4 991090 18400128 28310 0.0004
F-4 BA <0.1 10.7 91.9 300 9.2%1.1 104.0 1480+26 2540436 4020 0.004
F-5 FA 0.2 10.9 93.7 240 11.0£1.2 100.1 250004109 44400#153 69400 0.0002
G-1 BA 0.03 50.0 82.5 404 7.23+0.29 95.4 662+26 926+32 1588 0.008
G-2 FA 0.8 50.0 80.9 220 2.71+0.20 62.0 605095 8050118 14100 0.0003
H-1 BA 31 80.0 72.5 145 3.19+0.16 168.8 225+10 514+16 739 0.006
H-2 FA 0.6 40.0 62.7 199 3.4910.28 84.5 1140+26 267040 3810 0.001
I-1 BA <0.1 - - - - 95.5 7500483 351004182 42600 -
12 FA 1.4 - - - - 67.1 171004232  79600+507 96700 -

Radioactive decay is corrected to sampling date. °°Sr radioactivity was determined using the ion-exchange column method (F4, F5) or fuming nitric acid
method (other than F4 and F5). “Amount” denotes the amount used in the analysis. ***Cs and **’Cs radioactivity in facilities D and F - | were the dry
content calculated from the radioactivity and water content of non-dried samples, and those of the other facilities and all *°Sr values were the raw values
for dried samples. The values after + refer to the uncertainty obtained in the B or y-ray measurements. r-Cs is the sum of *3*Cs and **’Cs radioactivity. In
B-1 and E-2, **Cs and **'Cs were the averaged values from two ash specimens. The uncertainty was obtained from the uncertainty of each data item
using error propagation law. ***Cs and **’Cs radioactivity for the A-2 specimen was determined using an Nal(Tl) detector. “Recovery” refers to the
recovery of stable Sr in the whole procedure of ®*Sr content analysis. The water content of specimens in Facilities D and F - | were determined in the r-Cs

analysis, and those of other samples were identified before the ®°Sr analysis.
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Fig. 1.  Ratio of the concentration in the FAs and BAs of stable and radioactive Sr and Cs
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Table3.  Leachability of stable Sr and stable and radioactive Cs from selected ash samples

- EC Content in ash Concentration in the leachate Leachability
T
No. ofy:; P Sr Cs s Sr Cs " Cs Sr Cs T Cs
(-) mS/em mg/kg mg/kg amount(g) Bq/kg mg/kg mg/kg  amount(g) Ba/kg % % %
D-1 | BA | 913 0.069 168 4.8 12,7  50078+157 0.038 <0.0002 14.64,14.17 <2.34 0.22 <0.04 <0.05
+
D2 | FA |111 8.6 294 41 242 80091175 5.5 0.0018 14'3144 ;g'gs’ 3(85_)3 19 0.43 048
74+15
F-4 | BA | 111 238 290 14 54.5 2409+23 035 0.0013 14.43,14.31 (1) 1.2 090 31
+
F-5| FA |107 43 243 3.5 275  35017+104 29 0.27 20.03,20.54, 192410 12 77 55
19.87 (42)
+
G-1 | BA | 111 4.9 448 <0.18 376 1129+5 0.86 0.0014 24.68,25.44, 47:05 1.9 = 4.2
25.37 (1)
25.88,25.74, 338+5
% +
G-2| FA |12.0 52 204 2.2 307 830655 7.4 0.13 26.43 (44) 36 58 41
H-1 | BA | 111 16 243 1.5 78.8 461+8 0.50 0.0023 42.36(42.77) 17404 21 1.5 3.7
+
H-2 | FA |124 34 234 5.2 44.7 2729+22 7.0 0.39 36'4?6395'15’ 20(1)_ 4 30 76 74
+
I-1 | BA |103 0.32 227 3.6 571  44097+148 0.072 <0.0002 15'1115; ‘112'04' 2'2(1)0'4 0.32 <0.06 0.050
+
12 | FA |11.2 24 290 3.2 536  84356+102 6.9 0.15 15'0104' 33'76' 24((5:’7_) 18 24 48 29

Decay of radioactivity is corrected to sampling date. Content of **’Cs in the ash samples was obtained from a single measurement, and the values after +
refer to the uncertainty obtained in each y-ray measurement. Concentration of **’Cs in the leachates is the arithmetic mean value from 1-3 measurements,
and the uncertainties were evaluated from the uncertainties of raw data using Gauss'’s error propagation law. Values in brackets refer to corrected sample
standard deviations. In the D-1 leachate, the measured two **’Cs values were both below the detection limit; and for H-1, only 1 of 3 measurements
exceeded the detection limit. Content of non-radioactive species in the F-5 and I-2 ash was obtained from single measurements, and the others were the
mean values of 3 measurements. The concentrations and leachabilities of non-radioactive elements are listed in Tables S1 and S2. All analysis and leaching
tests were performed using dried ash specimens.
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The Fate of Strontium during Waste Incineration and
Leachability from Incineration Residues

YUI Kazuko™, TAKEUCHI Yukio, YAMAMOTO Takashi,
KURAMOCHI Hidetoshi, and OSAKO Masahiro

® Summary e Radioactively-contaminated waste incineration residues were collected from 6 municipal solid waste
incineration plants and 3 disaster waste incineration plants in Fukushima Prefecture and nearby from July 2011 to January
2016 to examine the concentration of *Sr and the leachability of stable strontium from the residues. The wastes examined
included municipal solid waste, disaster waste generated from the earthquake and tsunami that struck in March 2011, and
decontamination waste consisting of soil and vegetation removed from radioactively-contaminated areas of northeastern Japan.
The concentrations and leachabilities of radiocesium, stable strontium, and non-radioactive major-constituent elements were
also determined for selected residues. The concentration ratios of *Sr to '¥’Cs (*°Sr/*¥’Cs, Bq/Bq) were approximately 0.01

t0 0.0001, close to the ratios in soil in contaminated areas. Unlike '*’Cs and '**Cs, *°Sr was not markedly concentrated in fly
ash. Leachabilities of stable (i.e., non-radioactive) Sr from bottom ash was below 2.1%, whereas that from fly ash reached
36%. The leachability of stable Sr was correlated with those of other alkaline earth metals, suggesting that leachability of
Sr can be high if the leachability of other alkaline earth metals from the same ash sample are high.
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