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Abstract: This study determinated the polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs and
DFs) in fly ash and bottom ash of industrial waste incinerators. Experimental results showed that average
PCDDs and DFs concentrations in fly ash were 4.5063 and 13.004 ng-TEQ/g, and in bottom ash were 0.2367
and 0.0993 ng-TEQ/g, respectively. Predominant congener in TEQ of PCDDs/DFs from fly ash were
1,2,3,4,6,7,8-HpCDD, OCDD, 2,3,4,6,7,8-HxCDF, 2,3,4,7,8-PeCDF and in bottom ash were 1,2,3,7,8-PeCDD
and 2,3,4,7,8-PeCDF.

2 ok 278 2zbge) vakAel ubA o)A PCDDs9t DFsZ =733k A3, v]AkA]ol A PCDDs$}
DFsJ FTEE 247 450637 13.004 ng-TEQ/ge] AL vl=tAloll A= 0.23673F 0.0993 ng-TEQ/g2] T3
< BT B]AA] Eoll= 1.2,3,4,6,7,8- HpCDD, OCDD, 2,3,4,6,7,8-HxCDF, 2,3,4,7,8-PeCDF 5547} T}

& SREIRA vl = 1,2,3,7,8-PeCDDS} 2,3,4,7,8-PeCDF7F B9ktt.

Key words: industrial waste incinerator, fly ash, bottom ash, PCDDs/DFs

.M B AEH 7B A A28 B Adrs v
sto] Zfolg Mol eFekont Akedw 71 EE 20124

Rl

lo
¢

AR NoRdE A= #H7E G4 B A ol 145,390 E/Q = 2011'A % thH](137,961 &/Y)
A3t B oshd! 2012 % 1Y HVE F 54% S71e o2 RAFHY. H71E A2 Y
A 382,009 EL R A Axs} HlaLste] 2|43 AAME HAd = wfgell ok M7} o 5ol
 S7HE Hole ZoZ RIFL. F HANE F | Zlo] 20109 S WA= AL &zt 9

% Corresponding author
Phone : +82-(0)52-7030-871 Fax : +82-(0)52-7030-335
E-mail : k0810@kosha.net

~347 -



348 Ki-Woong Kim, Yong Lim Won, Kyung Sun Ko, Yoon Jung Choi and Sung Kwang Lee

3 AY7t F7HE 0] 2012d B0l AA HANE F
84.4%7F AL, 8.8%7F Ml H, 6% 7t 2ztel oJgk W
WO AHe AoE RIHTH

olglg AR #7l= Anlde et vt
o] FEUAS 3 FA o] Ao o3 At B
AR FFol= &G} 2zt &% At St
g Aoz st A&gol og #H71E A= 2ot
A 2 AT DA ot Azt o3 H7)E A
g 270 THiE FEE0lY a7t ellA] Ay
= polychlorinated dibenzo-p-dioxins % polychlorinated
dibenzofurans (PCDDs$} DFs) 5 #7343} Ao F&
nAE B frelEde] 2AE 5 7] Wi
312 FA7F Bk 20019 % 1190l a4 2
FRH7IE A PA ZEAF 6 BolA “FAZEE
WA E AL o]F 1 o] Abgsto] ALRH FAS
o7 Aol tE ARl Attt 20121d #A -2t
o 71 EH YA E 9,059 AMoln o] F Ak
= APAFE 5740 N2 A 63% A=
A 3L = AR B HJTHEH -, 2013).
£ dAY Z2AFE 10 o9 o F Aoz
BHH ol ZEAY] AUREE 9T tF viE
A EURCA=

ol
ol
R

4]

i)

s
2 e

Table 2. GS/MS analysis condition
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Table 1. Flowchart of pre-treatment method for dioxin analysis

l HCl treatment ‘

‘ Filtration ‘

‘ Extraction, subsampling and analysis ‘

- Liquid/liquid extraction (toluene 100 rri/sanple 1 L)
- Extraction by Soxhlet(solvent: toluene 250 mL)

‘ Condensation |

- Rotary Evaporator (90 mbar, 50 °C),

Add internal standard for| below 1 pl condensed by nitrogen
refinement (1 ng) — add internal standard solution(1 ng)

Sulfuric acid treatment (if necessary)

- Concentrated sulfuric acid 15 mL(5 times)
- Wash with washing solution 100 mL
‘ Refine using multilayer silica gel column -Ag/N/A(44%)/N/Basic(30%)/N ‘
- 130 °C, baking more than 18 hours with
n-Hexane 150 mL
[ Refine by alumina column ‘
- Baking more than 8 hours at 500 °C
- Store at 130 °C
- 2% MeCl; 70 mL, 50% MeCl; 120 mL
Refine by charcoal column (if necessary)
- 25% MeCl; 200 mL, Toluene 250 mL
‘ Final condensation ‘
- Rotary Evaporator (340 mbar, 45 °C)
- Exchange the solvent for Nonane below 1 mL
Add intemal standard (1 ng) —| - Nitrogen concentration below 40 pL
\ GC/MS Anaysis |

Gas Chromatography

Column SP2331 [60 m x 0.32mm ID x 0.2 pum Film Thickness]
Oven Ramp 10 °C/min 3 °C/min 20 °C/min
100 °C(1 min) — 200°C (1 min) — 260 °C (19 min) — 270 °C (2.5 min)
Injector Tem. 260 °C
Injection Mode Splitless
Carrier Gas Helium
MS Spectrometer : Autospec Premier
Principle Double Focusing Type
Instrument Autospec Premier (Waters, United states)
Resolution more than 10,000 (10% Valley)
Detection Selected Ion Monitoring

Ionization method
Tonization condition

Electron Ionization, 35 eV
Trap Current 500 pA, Temperature : 260 °C
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Table 3. Characteristics of the industrial waste incinerators
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Fig. 1. Congener profiles of PCDD/DF species in fly ash
and bottom ash of industrial waste incinerator.

Companies Capacity (ton/day) Furnace type Furnace Temp.(°C) Waste type
A 10 Stoker 950-1,000 ISW
B 96 Rotary kiln 1,100-1,200 ISW, ILW
C 100 Rotary kiln 950-1,200 ISW, ILW
D 200 Stoker 950-1,100 ISwW

ISW, industrial solid waste; ILW, industrial liquid waste.
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Table 4. PCDDs and DFs concentrations in bottom ash and fly ash

Ki-Woong Kim, Yong Lim Won, Kyung Sun Ko, Yoon Jung Choi and Sung Kwang Lee

PCDD/DF species

Fly, mean(range, median)

PCDDs
2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD
TEQ(ng-TEQ/g)

PCDFs
2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
OCDF
TEQ(ng-TEQ/g)

0.1407(0.0040-0.4030, 0.0150)
0.3760(0.0070-1.0860, 0.0350)
0.2647(0.0020-0.7800, 0.0120)
0.6870(0.0080-2.0260, 0.0270)
0.2867(0.0040-0.8310, 0.0250)
1.9257(0.0120-5.7130, 0.0520)
0.8257(0.0040-2.4530, 0.0200)
4.5063(0.0410-13.291, 0.1860)

0.1107(0.0010-0.3200, 0.0110)
0.1300(0.0010-0.3770, 0.0120)
2.4993(0.0240-7.1800, 0.2940)
0.9193(0.0050-2.6830, 0.0700)
1.6127(0.0090-4.6950, 0.1340)
3.9837(0.0260-11.606, 0.3190)
0.4133(0.0010-1.2140, 0.0250)
1.6563(0.0070-4.8270, 0.1350)
0.6453(0.0020-1.9090, 0.0250)
1.0580(0.0010-3.1460, 0.0270)
13.004(0.0040-37.957, 1.0520)

Ash
TEF
Bottom, mean(range, median)

h 0.0057(0.0030-0.0080, 0.0060) 1
0.0093(0.0060-0.0130, 0.0090) 0.5
0.0013(0.0010-0.0020, 0.0010) 0.1
0.0023(0.0010-0.0040, 0.0020) 0.1
0.0020(0.0010-0.0030, 0.0020) 0.1
0.0023(0.0010-0.0030, 0.0030) 0.01
0.0010(0.0010-0.0010, 0.0010) 0.001
0.2367(0.0180-0.0340, 0.0190) -
0.0047(0.0040-0.0050, 0.0050) 0.1
0.0030(0.0030-0.0030, 0.0030) 0.05
0.0470(0.0420-0.0500, 0.0490) 0.5
0.0067(0.0050-0.0080, 0.0070) 0.1
0.0133(0.0100-0.0160, 0.0140) 0.1
0.0157(0.0090-0.0200, 0.0180) 0.1
0.0013(0.0010-0.0020, 0.0010) 0.1
0.0060(0.0020-0.0090, 0.0070) 0.01
0.0010(0.0000-0.0020, 0.0010) 0.01
0.0007(0.0000-0.0020, 0.0000) 0.001

0.0993(0.0770-0.1130, 0.1080)

PCDDs+PCDFs TEQ

17.535(0.1180-51.249, 1.2380)

0.1230(0.0960-0.1420, 0.1310)

2,3,7,8-TCDD, 2,3,7,8-Tetrachlorodibenzo-p-dioxin; 1,2,3,7,8-PeCDD, 1,2,3,7,8,-pentachlorodibenzo-p-dioxin; 1,2,3,4,7,8-HxCDD, 1,2,3,
4,7,8-hexachlorodibenzo-p-dioxin; 1,2,3,6,7,8-HxCDD, 1,2,3,6,7,8-hexachlorodibenzo-p-dioxin; 1,2,3,7,8,9-HxCDD, hexachlorodibenzo-
p-dioxin; 1,2,3,4,6,7,8-HpCDD, 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin; OCDD, 1,2,3,4,6,7,8,9-octachrolodibenzo-p-dioxin; 2,3,7,8-TCDF,
2,3,7,8-tetrachlorodibenzofuran; 1,2,3,7,8-PeCDF, 1,2,3,7,8-pentachlorodibenzofuran; 2,3,4,7,8-PeCDF, 2,3,4,7,8-pentachlorodibenzofuran;
1,2,3,4,7,8-HXCDF, 1,2,3,4,7,8-hexachlorodibenzofuran; 1,2,3,6,7,8-HXCDF, 1,2,3,6,7,8-hexachlorodibenzofuran; 2,3,4,6,7,8-HxCDF, 2,3,4.,6,

7,8-hexa-chlorodibenzofuran; 1,2,3,7,8,9-HxCDF, 1,2,3,7,8,9-hexachlorodibenzofuran; 1,2,3,4,6,7,8-HpCDF,

1,2,3,4,6,7,8-hepta-chlorodibenzo-

furan; 1,2,3,4,7,8,9-HpCDF, 1,2,3.4,7,8,9-heptachlorodibenzofuran; OCDF, 1,2,3,4,6,7,8,9-octachloro-dibenzofuran; TEF, toxic equivalent factor.
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