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Abstract

In this study, we have investigated waste incinerators which are one of the major HAPs emission sources. In

order to obtain more reliable HAPs emission data from waste incinerators, direct sampling for the possible pollu-

tants from the stack was carried out and the analysis was performed. The purpose of study was to understand the

emission status from waste incinerators and recognize the problems and finally to set up a strategy to reduce the

HAPs emissions from waste incinerators. The emission concentrations of 8 species of heavy metals and 16 species

of PAHs have been analyzed for the first time in Korea. Not only the emission characteristics of HAPs from waste

incinerators were identified, but also the analysis of reduction efficiencies for control devices such as BF and wet

scrubbing systems was carried out.
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Table 1. Characteristics of selected waste incinerators
for field test.

- Capacity .
Emissions (ton/day) Control devices
Cement Al 768 BF
kiln A2 2.4 BF+SNCR
i Bi 40.8 Cyclone+DR+BF
Hazardous gy 150  ESP+VS+WS+SCR
o B3 33.6  SDR+Cyclone+BF
Infective Ct 45 SDR+DR+BF
waste C2 21.6 Cyclone+VS+Bag filter
Municipal DI 279.6 SNCR+SDR+CR+BF
waste D2 16 SDS+BF

*BF: Bag filter, SNCR: Selective Non Catalytic Reduction, ESP: Elec-
trostatic Precipitation, SCR: Selective Catalytic Reduction, CR: Carbon
Rejection, SDS: Semt dry scrubber. VS : Venturi Scrubber
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Table 2. Target substances for field test.

Metals

Compounds

Numbers

Cd, Pb, Cr, Ni, Be, Co, Zn, Cu

8

PAHs

Naphthalene, Acenaphthylene,
Acenaphthene, Fluorene, Anthracene,
Phenanthrene, Fluoranthene,

Pyrene (PYR), Benzo(a)anthracene,

Chrysene, Benzo(b)fluoranthene,
Benzo(k)fluoranthene, Benzo(a)pyrene,

Indeno(1, 2, 3-cd)pyrene,
Dibenz(a, hanthracene,
Benzo(g, h, i)perylene
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Fig. 1. Field test point at the front of control device.
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I Filter

Add HNO; (1+1), 60 mL
H,0,(30%), 10 mL

l Reflux condensing (2 hours) I

Add H,0,(30%), 10 mL
2 times

| Filtering (by 5A filter paper) |

—‘——‘ Rinse with HNO5(2+98) I

Heating in the water bath
(5~ 10 minutes)

' Adjusting volume H Add HNO; (2+98) ,

‘ Analysis by AA ]

—‘ Add HNO; (1+4), 10 mL [

Fig. 2. Heavy metals sample preparation procedure.

AdsHA S&EFez A3 F3AE Amber-
lite XAD-247) (Supelco 1-0357)8 Ab&-akg] 3 ARL-
Aell ol E+FFH(1+1), oME, 74 (23]), o}
HES ol 43l Zt7} 3087 =891 AA F 30°C
ol3te] AFZz7INAM ZAxd F AR YAt
A PAHSE £437] 912 4EReIAE 24470
Z1o] Whatman 2814432-& A}23}93 31 850°CellA] 2
AlZE Ztdgt £ o E o %‘r lo=z 247t 3087
239 44T G A3 F AHeshch

234 BAS dRE /10 TINDY (AR
2002)& Estda B E A olAkshd 5
2] g4 BAe] REE s Aak-Fakseis
o WHHIE 2). TFE FEE st AHEEE A
oFL {ElFIEEANL SFe= HNO;9 Hy0,(30
%) 59 AlokE AMgstdon AAeH EME AR
= YAEFF33 =4 (Spectra AA, Varian, USA)YS AL-§-
stof BHskg T BNEAS % do) viehisle

2.2.3 PAHse| &M

arbade] AN Aes Foeld 2% 9
23 olx], XAD 422 747} US EPA TO-13A (US
EPA, 1999)e] Z3ted Axje]stele). Eole ol
2] 109l 3} Hexaneo 2 F W of-of 323}
.o XAD 429} 2453 A= Dichloromethane

78I A A23P A2z

-9

i}

Table 3. AA condition for heavy metals.
Condition for AA-GTA

=Slit width: 0.1~ 1.0 (nm)
-Wavelength: 180~990 (nm)
-Tube: Coated GTA
—Temperature: 40~ 3,000°C

—Instrument: Spectra AA

~Gas supplies: 3 L/min
(acethylene)

—Lamp current: EDL ~20 (mA)

Table 4. GC/MSD condition for PAHs.

Parameter Condition
GC model HP 6890
Column DB-5MS (60 m X 0.32 mm X 0.25 um)
Inj. temp. 280°C
Inj. mode Splitless/split (closed 3 min)
Oven temp. 50°C to l(gO"C at _20°C/rrlin, _
then 310°C (4 min) at 3°C/min
MS model HP 5973
Toniization mode EI
Ionization energy 70eV
MS Source temp. 230°C
Ton mode SIM
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Table 5. Average heavy metal concentration int the inlet and outlet flue gas.

#7842 d e fdr) ed A wieBd dF 187

(Unit: mg/m®)

Types Emissions  Sampling site Zn Pb Cu Cd Co Ni Be Cr
Al Inlet 12.198 6.074 0.984 0.143 0.383 0.673 0.049  1.303

Cement Outlet 0.005 0.002 N.D N.D N.D N.D N.D N.D
kiln A2 Inlet 18.561 30.605 3.447 0.637 0.597 0.99] 0.108  1.547
Outlet N.D N.D N.D N.D N.D 0.004 ND  0.006
B Inlet 146.092 239.111 22.580 22.094 3.219 2.815 0.007  2.596
Outlet 0.112 N.D 0.013 N.D 0.001 0.084 ND  0.038
Hazardous B2 [nlet 110.295 3.056 37.414 0.128 0.241 0.520 N.D  0.706
waste Outlet 0.185 0.019 0.034 0.002 0.012 0.020 ND  0.002
B3 Inlet 42.190 12.861 34.869 0.348 0.014 0.140 ND  0.029
Outlet 0.027 0.012 0.109 0.004 0.002 0.014 N.D  0.007
ci Inlet 92.139 2.118 6.625 0.174 0.010 0.022 ND  0.022

Infective Outlet 0.005 N.D N.D N.D 0.002 N.D N.D N.D
waste @ Inlet 39.909 9.967 5.539 0.352 0.023 0.091 N.D 1.398
Outlet 0.246 0.028 N.D N.D 0.005 0.015 N.D  0.057
DI Inlet 9.803 3.483 10.683 0.238 0.021 0.129 N.D  0.065

Municipal Outlet 0.006 N.D N.D N.D 0.001 N.D N.D N.D
waste D2 Inlet 1.994 2.506 0.534 0.158 0.020 0.025 ND  0.022
Outlet 0.011 N.D N.D N.D 0.004 0.004 N.D N.D

N.D : Not Detected.
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Table 6. Actual measurement data of PAHs concentrations. (Unit: pg/m?®)
Al A2 Bl B2 B3
PAHs
Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet
NAP 341.177 17.547 100.581 16.565 12.881 1.957 1352.410  3.905 390.369 3.772
ACEN 0.089 0.075 0.085 0.099 N.D. N.D. N.D. N.D. N.D. 0.071
ACE 0.089 0.017 0.085 0.038 0.031 0.010 N.D. 0.008 0.138 0.039
FL 0.312 0.070 N.D. N.D. N.D. N.D. 0.160 0.008 0.276 0.086
PHEN 5.897 1.100 8.535 0.303 0.123 0.040 1.284 0.040 3.455 0.550
ANT 5.107 0.034 17.532 0.592 1.262 0.251 9.495 0.900 63.303 2.664
FLU 1.035 0.294 16.051 0.031 0.031 0.058 N.D. 0.008 0.138 0.063
PYR 0.445 0.358 18.057 0.033 0.031 N.D. N.D. 0.016 0.829 0.039
BaA 0.045 N.D. 3.120 N.D. N.D. N.D. N.D. 0.016 0.138 N.D
CHR 0.134 0.005 3.669 N.D. N.D. N.D. N.D. N.D. N.D. N.D
BbF 0.100 N.D. 9.197 0.086 0.893 0.017 N.D. 0.064 1.520 0.063
BKF 0.946 N.D. 10.388 0.095 1.293 0.105 0.483 0.008 0.829 0.03]
BaP 0.200 N.D. 6.582 0.320 1.108 0.083 N.D. 0.215 4.976 0.204
IcdP N.D. N.D. 6.519 N.D. N.D. N.D. N.D. 0.008 N.D. N.D.
DahA N.D. N.D. 0.128 0.002 0.062 N.D. N.D. 0.016 N.D. N.D.
BghiP N.D. N.D. 5.581 N.D. N.D. N.D. N.D. 0.016 N.D. N.D.
YPAHs 356.576 19.500 208.110 18.164 18.715 2.521 1,365.832 5.228 468.971 7.582
Cl C2 Di D2
PAHs
Inlet Outlet Inlet Outlet Inlet Qutlet Inlet Outlet

NAP 253.442 20515 617.033 18.552 217.698  3.420 301972 24.884

ACEN 1.187 0.042 0.137 0.071 N.D. 0.064 N.D. N.D.

ACE N.D. 0.013 0.141 0.043 0.077 0.036 N.D. N.D.

FL 0.069 0.013 0.276 0.115 0.154 0.078 N.D. 0.013

PHEN 0.626 0.079 0.967 0.404 1.929 0.499 0.140 0.039

ANT 14.202 0.785 0.965 0.310 35.355 2.415 12.556 0.905

FLU 0.418 0.024 0.024 0.114 0.077 0.057 0.000 0.026

PYR 0.070 0.013 0.106 0.106 0.463 0.036 0.140 0.052

BaA N.D. 0.013 0.046 0.011 0.077 N.D. 0.057 0.026

CHR N.D. N.D. 0.044 0.004 N.D. N.D. N.D. 0.026

BbF 0.836 0.065 0.041 0.008 0.850 0.057 0.367 0.091

BkF N.D. N.D. 0.911 0.105 0.463 0.028 N.D. 0.039

BaP 2.438 0.170 N.D. 0.003 2779 0.185 1.933 0.207

IedP N.D. N.D. N.D. N.D. N.D. N.D. 0.057 0.039

DahA N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

BghiP N.D. N.D. N.D. N.D. N.D. N.D. 0.057 0.052

YPAHs 274.288 21.732 022.691 19.846 260.922 6.875 319.279 26.399

N.D : Not Detected

% NAP: Naphthalene, ACE: Acenaphthylene, ACEN: Acenaphthene, FL: Fluorene, ANT: Anthracene, PHEN: Phenanthrene. FLU: Fluoranthene.
PYR: Pyrene, BaA: Benzo(a)anthracene, CHR: Chrysene, BbF: Benzo(b)fluoranthene, BKF: Benzo(k)fluoranthene, BaP: Benzo(a)pyrene, IcdP:
Indeno(1. 2, 3-cd)pyrene, DahA: Dibenz(a, h)anthracene, BghiP: Benzo(g, h, i)perylenc
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Table 7. Mass distribution of PAH-homologue in the stack flue gas of various industrial process (%).

PAHs Al A2 Bl B2 B3 Cl C2 Dl D2
2-ring 90.0 912 77.6 74.7 494 94.4 935 49.7 943
3-ring 1.4 1.1 0.4 1.3 6.9 1.0 1.0 6.2 1.0
4-ring 45.6 5.7 15.0 3.1 1.5 5.1 233 1.5 12.8
S-ring - 8.9 1.4 9.4 20.2 4.6 0.5 18.0 29
6-ring - - - 0.3 - - - - 1.8
LMW 91.4 92.3 78.0 76.0 56.3 95.4 94.5 56.0 95.3
MMW 45.6 5.7 15.0 3.1 1.5 5.1 233 1.5 12.8
HMW - 8.9 1.4 9.8 20.2 4.6 0.5 18.0 4.7
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Fig. 3. The concentration, phase distribution and compo-
sition of total PAHs.
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