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Abstract : This study was carried out to estimate leaching characteristics of incineration residues from municipal
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solid waste incinerators, and determine organic compounds in raw ash, leaching water and leaching residue.
A total of 44 organic compounds, which were analyzed by GC/MSD and identified by wiley library search,
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were contained in bottom ashes. A total of 17 organic compounds were contained in fly ashes. Bottom ash

and fly ash were found to contain a wide range of organic compounds such as aliphatic compounds and aromatic

compounds. Organic compounds such as Ethenylbenzene, Benzaldehyde, 1-Phenyl-Ethanone and 1,4-

Benzenedicarboxylic acid dimethyl ester were detected in raw ash, leaching water and residues (from bottom

ash). Organic compounds such as Naphthalene, Dodecane, 1,2,3,5-Tetrachlorobenzene, Tetradecane, Hexadecane

and Pentachlorobenzene were detected in raw ash, leaching water and residues (from fly ash). Through the

leaching characteristics of incineration residue, it was represented that the open dumping of incineration residue

can contaminate the soil and undergroundwater. In order to prevent environmental contamination that derived

from extremely toxic substances in the incineration residues, it is particularly important that the incineration

residues should be treated before disposal the incineration residues. Further study and proper management about

leaching characteristics of organic compounds might be required.

Key words : MSWI, Bottom ash, Fly ash, Organic compounds
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*Note : WHB : Waste Heat Boiler ,

EP : Electrostatic Precipitator

SCR : Selective Catalytic Reduction, WS : Wet Scrubber

Fig. 1. Schematic diagrams of incineration processes to be studied.
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Table 1. Analytical condition of organic compounds by GC/MS

Items Analytical Condition
GC/MS HP6890/HP5973
Injector Temp 270°C

Injector Mode Splitless mode

Ultra-5(60 m><0.3 mm ID><0.25 um

o thickness)

Oven 50°C(1 min, 4°C/min)—260°C(1min,
1°C/min)—290°C(5 min)

Carrier Gas He, 1.0 ml/min

Ionization Mode EI

Ion Source Temp ~ 250°C

Interface Temp 280°C

Resolution

Monitoring Mode ~ Scan

FZE41E Wakorle] PCBZH#52FF Dichloromethane
5,000 AH&EIRANL, 7+7Fe] FEAS UG FF7I
(BUCHI, Rovapor R124)Z 3~5ml J=E FFH3 &
AAa7taE Bl Yol I1mlE F53te Ado= 3}
ATk HA-L Table 1] 274 GCHP 6890)/MSD
(HP 5972 Mass selective Detector)2 4] 3} Tt} o]
2t Ao st AAHQA BAE= Fig. 290 VERY
At

T3t Fo] & 2 nkE ¥ (Total lTon Chromatogram)
o] 7t g3l st FGEAL 7 FAZRE FoiA
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|Raw ash(50g)| «Ash+Anhydrous Sodium sulfate

Leaching (300g)

l

Leaching
Water(1L)

Soxhlet «DIchloromethane L/L

Concentrate «—Concentration | Concentrate
extract about 5ml extract
| <Nz gas 1ml |
GC/MS GC/MS
analysis analysis

Residue |<Ash+Anhydrous
(50g) Sodium sulfate

«Dichloromethane Soxhlet |<Dichloromethane

Extraction 300 ml, 16~24 hr Extraction |3 time(60 ml/1 time)| Extraction | 300 ml, 16-24 hr
«(Collect and Combine

Extracts
«Concentration | Concentrate | «Concentration
about 5ml extract about 5ml
<Nz gas 1 ml | <Nz gas 1ml
GC/MS
analysis

Fig. 2. Flowchart of analytical methods for organic compounds in incineration residues.
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Table 2. Library-searched organic compounds, contained in bottom ash of MSW Incinerator

Botton ash Peak R.T min MW Formula Compounds Mat;:;) ;{ate
7 16.74 170 CoHye Dodecane 95
8 17.06 144  C¢HgO,4 1,4:3,6-Dianhydro-.Alpha.-d-glucopyranose 98
9 18.38 113 C¢H1NO Caprolactam 93
14 23.43 198  Ci4H; Tetradecane 95
16 28.41 200  Cp;pHp40,  Dodecanoic acid 98
18 33.00 228  Ci4Hp30, Tridecanoic acid,12-methyl ester 96
20 33.63 154  C;H(N,O, hexahydro-pyrrolo[1,2-a]pyrazine-1,4-dione 93
21 33.96 228 C4H230, Tetradecanoic acid 92
23 38.18 270 C7H3,0, Hexadecanoic acid, methyl ester 93
24 38.43 194  CjoH14N,O, 3.,9-Diazatricyclo[7.3.0.0(3,7)]dodecan-2,8-dione 94
25 39.08 228  Ci4Hy30, Tetradecanoic acid 92
27 42.19 294  C9H3,0, 9,12-Octadecadienoic acid, methyl ester 94
Aliphatic 28 42.38 296 C9H360, 9-Octadecenoic acid (Z), methyl ester 95
compounds 29 4291 298  CoH350, Octadecanoic acid, methyl ester 92
30 43.07 280  C3H30, 9,12-Octadecadienoic acid (Z,7)-,methyl ester 98
31 43.23 282  Cy3H3,0, 9-Octadecenoic acid (E)- 97
32 43.71 284  Ci3H;z60, Octadecanoic acid 94
33 43.85 282 CygH3,0,  Oleic acid 93
35 4451 310 CypHye Docosane 94
36 46.65 212 CsHs, Pentadecane 95
37 48.71 338 Co4Hsg Tetracosane 93
38 50.67 240 C7Hs6 Heptadecane 92
40 52.58 366 CoeHsy Hexacosane 95
41 54.47 380 Cy7Hse Heptacosane 98
42 56.63 254 CgHsg Octadecane 96
43 59.09 268 CoHyg Nonacosane 95
1 6.58 106  CgHyg Ethenylbenzene 95
2 8.56 106 C;HO Benzaldehyde 90
3 12.07 120 C3HgO 1-Phenyl-ethanone 95
4 12.42 108 C;HgO 4-Methyl-Phenol 97
5 13.08 136  CgHgzO, Benzoic acid, methyl ester 94
6 16.20 128  CyoHg Naphthalene 98
10 20.66 148  CgH404 Phthalic anhydride 91
11 21.22 121 C;H;NO Benzamide 92
Aromatic 12 22.17 161 CoH;NO,  4-Cyanbenzoic acid methyl ester 92
compounds 13 22.8 154 CjHyo Biphenyl 93
15 26.58 194 CioH 00,4 1,4-Benzenedicarboxylic acid dimethyl ester 91
17 31.04 196  CysHye benzene, 1,1-(1,3-Propanediyl)Bis- 90
19 33.27 194  CisHys 1,1-Diphenyl-1-propene 93
22 34.46 178  CyHyo Phenanthrene 95
26 39.84 208  CysHp;O 1,3-Diphenyl-2-propen-1-one 92
34 44.13 228  Cy5Hi60, 4,4-(1-methylethylidene)Bis-phenol 93
39 51.67 390  CyyH330, Di-n-octyl phthalate 94
44 59.99 306 CyHpg 1,1:3,1-Terphenyl, 5-phenyl- 95

Analytical Science & Technology
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Table 3. Library-searched organic compounds, contained in fly ash of MSW Incinerator
Fly ash Peak R.T min MW Formula Compounds Mat?:/l )R ate
0
5 9.78 142 CyoHa Decane 93
6 10.79 136 CioHig 1-methyl-4-cyclohexene 97
o 7 13.23 156 C1Hyy Undecane 94
Alipatic
d 10 16.74 170 C,Hog Dodecane 98
compounds
P 11 20.16 184 Cy3Hag Tridecane 95
14 23.43 198 Ci4Hzo Ttradecane 94
16 29.49 226 Ci6Hsy Hexadecane 93
1 5.82 106 CgHjo Ethylbenzene 95
2 5.95 106 CgHio 1,4-Dimethyl-benzene 98
3 6.58 106 CgHyo 1,3-Dimethyl-benzene 96
4 9.62 120 CoH» 1,3,5-Trimethyl-benzene 94
Aromatic 8 15.96 120 CoH» 1,2,3-Trimethyl-benzene 98
compounds 9 16.21 128 CoHg Naphthalene 98
12 20.66 148 CgH,O4 Phthalic anhydride 95
13 22.78 214 C¢H,Cl, 1,2,3,5-Tetrachloro-benzene 94
15 27.20 248 C¢HCls Pentachloro-benzene 98
17 32.67 282 CeCly Hexachlorobenzene 98
"
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Fig. 3. GC/MSD extraction ion chromatograms of residues from Municipal Solid Wastes Incinerator.

WHekE 319HE-91 Naphthalene, Phenanthrene!$2°g- 2H¢l
AL, A871E XS E WIS sgEdd

Ethenylbenzene, Benzaldehyde, 1-Phenyl-ethanone, 4-
Methyl-Phenol, Phthalic
anhydride, Benzamide, 4-Cyanobenzoic acid methyl ester,

Benzoic acid,methyl ester,
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Biphenyl, 1,4-Benzenedicarboxylic acid dimethyl ester,
benzene, 1,1-(1,3-Propanediyl)Bis-ester, 1,1-Diphenyl-1-
propene, 1,3-Diphenyl-2-propen-1-one, Phenol, 4,4'-(1-
methylethylidene)Bis-, Di-n-octyl phthalate, 1,1:3,1-
Terphenyl,5-phenyl-, Ethylbenzene, 1,4-Dimethylbenzene,
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Fig. 4. Total Ton Chromatogram of raw ashes, leaching water and residues from bottom ash.
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Table 4. Toxicity of orgnic compounds, detected in leaching water on bottom ash
Peak orgnic compound Critical Effect Experiment Dose UF MF RfD
Red blood cell and liver 2x 107"
21 AEL : 2 kg- 1 1
1 Ethenylbenzene effects NO 00 mg/kg-day 000 (mg/kg-day)
Forestomach lesions. 110"
2 > . g
2 Benzaldehyde Kidney toxicity NOEL : 143 mg/kg-day 1000 1 (mg/ke-day)
Squamous hyperplasia 3% 107
3 1-Phenyl-Ethanone® of the nasal respiratory LOAEL (HEC) : 0.03 mg/m* 1000 1 (mg/m’)
epithelium g
1,4-Benzenedicarboxylic S . . ) <107
acid, dimethyl ester® Chronic kidney inflammation LOAEL : 125 mg/kg-day 1000 1 (mg/kg-day)
UF : Uncertainty Factors, MF : Modifying Factors, RfD : The oral Reference Dose
Abundance 1 2
140000 | ‘|° Raw ash
E |
I
E 3 4 |I ’ " |
| s 15
b -"|i [ 7 | | 1 17
LRI 1 | |s|| 1 13“ l
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| 16
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i
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Fig. 5. Total lon Chromatogram of raw ashes, leaching water and residues from fly ash.

E2Q vty AEE =34 ") decane 22 3L Pentachlorobenzene® ztz} 3= 9, 10,
27 F B Y 252 A S4E & 13, 14, 15 12|51 16WA B4 A=A &&54
A, §EN, FEIAY F AREIR S HFEFE A F71SFEAE it SaidS Brtaelr] gk =4
ZHE 2 vwste] zhzhel (71838 Ed S 8ol AFE Table 59 YERRATE.
Fig. 50 YeRA AT o) Foll A e} 7ol H7|E AZAAHZRE B EE
Hl*}xﬁ |29, FEZANA FARIS7E 90%017d H2bA 8} vl & vlY o8 ﬂilﬁ}‘ﬁiﬂl A A
7188540 F AR ETRS v 2k 43 & d ZAstlA g oM E5E T d= FAlA
ZHogHE &£&FH /7]33E2 2 Naphthalene, f718 e ol ek AAEA]L FHI Ao oWl =
Dodecane, 1,2,3,5-Tetrachlorobenzene, Tetradecane, Hexa- Fo G713 EA R Qs 0 HY o= o]lEL H
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Table 5. Toxicity of orgnic compounds, detected in leaching water on fly ash

Peak  orgnic compound Critical Effect Experiment Dose UF MF Ffd
Decreased mean terminal 2X1072
o o AEL (ADJ): 71 mg/kg- 1
9  Naphthalene body weight in males NO (ADJ): 71 mg/kg-day 3000 (mg/kg-day)
3x107
13 Tetrachlorobenzene?®® Kindey lesions NOAEL : 0.34 mg/kg-da 1000 1
Y ghe-day (mg/kg-day)
15 Pentachlorobenzene®” Liver and kidney toxicity = LOAEL : 8.3 mg/kg-day 1000 1 8x10°*
o (mg/kg-day)

2 AT = AL E LA A BlE 5=
ahe) 9 AR ERE feY 1SR A
8254 A4 L B Gstel, WA 7HE
29 08 AR E 27 AR50/ vl
3 E GOoR frlse RS BF U 8%
54 58 GC/MS(Gas chromatography/Mass selective
Detector) 2 F/dwA 8t thg3 2> 4ES 48
F AATH

1. 2712 & vleAle] f71skeEl ok g8
A3, AW 33HEZ Dodecane, 1,4:3,6-Dianhydro-
Alpha-d-glucopyranose, Caprolactam, Dodecanoic acid,
Tetradecane, Tridecanoic acid,methyl ester, hexahydro-
pyrrolo[1,2-a]pyrazine-1,4-dione, ~ Tetradecanoic  acid,
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