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ABSTRACT

This study was carried to investigate the emission characteristics of mercury from domestic and industrial MSW
(municipal solid waste) incinerator stacks. The mercury concentration levels of flue gas from 32 MSW incinerators
stacks selected were above the criteria level (5 pug/S m®). MSWI facilities exceeding the criteria levels in Korea are due
to the poor units comparison of combustion chamber(CC)-cyclone(CY)-stack. So, the mercury from MSW incinerators
stack were suspected to contaminate the natural system unless the MSW incinerators were properly controlled. Mean-
while, the relationship between mercury concentration and temperature of flue gas in MSW incinerator stacks were
examined at two temperature ranges (Group A : 29.85~327.63°C, Group B : 446.9~848.15°C). The mercury con-
centration in flue gas with high temperature range was higher than that of flue gas with low temperature rage. This mean
that the temperature of flue gas plays an important role in mercury control in MSW incinerator. The emission char-
acteristics of mercury was also evaluated by using the correlation matrix between the mercury and NOx, PM,,, moisture
(MO.) at both low temperature and high temperature flue gas ranges. The mercury concentration was mainly affected
by NOx, PM,,, moisture (MO.) at low temperature range, while the mercury concentration at high temperature flue gas
was mainly affected by NOx, moisture (MO.). From these results, it was suggested that the temperature of cooling sys-
tem and the air pollution control device should be properly regulated in order to control mercury of flue gas in MSWI
incinerator.

Keywords: municipal solid waste(MSW), incinerator, mercury, flue gas, temperature, correlation coefficient matrix
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Table 1. Operating conditions of domestic MSW (municipal solid waste) incinerators

Incinerators Run time (hr) Furnace type Capacity (kg/hr) Facilities process
Dl 8 Fixed bed 130 CC-CY-Stack
D2 4~5 Fixed bed 150 CC-CY-Stack
D3 8 Fixed bed 150 CC-WHB-CY-BF-Stack
D4 8 Fixed bed 120 CC-CY-WS-Stack
D5 8 Fixed bed 120 CC-CY-WS-Stack
D6 4 Fixed bed 80 CC-CY-Stack
D7 8 Fixed bed 95 CC-CY-Stack
D8 8 Stoker 95 CC-CY-Stack
D9 6~8 Fixed bed 95 CC-CY-Stack
D10 8 Fixed bed 95 CC-WHB-CY-SDA-BE-Stack
D11 13 Stoker 1,500 CC-WHB-AP-SDA/BF-Stack
D12 8 Stoker 1,250 CC-WHB-AP-MC-SDA/BF-Stack
D13 8 Stoker 1,000 CC-WHB-CY-SDA/BF-Stack
Di4 5 Stoker 625 CC-WHB-SDA/BF-Stack

note) CC: Combustion Chamber, WHB: Waste Heat Boiler, WS: Wet Scrubber CT: Cooling Tower, CY: Cyclone, SDA: Spray
Dryer Absorber, BF: Bag Filter, AP: Air Pre-heater, MC: Multi Cyclone
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Table 2. Operating conditions of industrial MSW (municipal solid waste) incinerators

Incinerators Run Time (hr) Furnace Type

Capacity (kg/hr)

Facilities Process

I 8 Stoker
12 24 Fixed bed
13 10 Fixed bed
4 4 (2-3 in weekly) Fixed bed
15 8 Fixed bed
16 8 Fixed bed
17 8 Fixed bed
18 8 Fixed bed
19 8 Stoker
110 5 Stoker
11 24 Stoker
112 24 Stoker
113 24 Stoker
114 8 Stoker
115 24 Stoker
116 24 Stoker
17 16 Pyrolysis
18 24 Pyrolysis

95 CC-HE-BF-Stack
195 CC-WHB-BF-Stack
120 CC-WHB-CY-WS- BF-Stack
100 CC-HE-CY-WS-PT-Stack
95 CC-CY-Stack
95 CC-CY-Stack
95 CC-CY-Stack
95 CC-CY-Stack
95 CC-CY-Stack
80 CC-CY-Stack
1,200 CC-CT-SDA/BEF-Stack
1,900 CC-WHB-HE-MC-WS-Stack
1,700 CC-WHB-CY-WS-RS-PT-Stack
866 CC-WHB-MC-EP-Stack
400 CC-WHB-CY-SDA/BF-Stack
1,600 CC--WHB--MC--WS--Stack
450 CC-WHB-WS1-WS2-WS3-Stack
400 CC-WHB-MC-BF-WS-PT-Stack

note) CC: Combustion Chamber, WHB: Waste Heat Boiler, WS: Wet Scrubber CT: Cooling Tower, CY: Cyclone, SDA: Spray
Dryer Absorber, BF: Bag Filter, HE: Heat Exchanger, AP: Air Pre-heater, MC: Multi Cyclone, EP: Electrostatic Precipitator, PT:

Packing Tower, RS: Rotary Scrubber
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Fig. 1. Mercury concentration in emission gas from domestic and industrial MSWI (municipal solid waste incinerator) stacks.
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Table 3. Cormrelationship matrix between mercury and typical air pollutants from MSWI stack

[N=32] Hg Temp. NOx SO, HC1 MO. PM, 0, Co, co
Hg 1
Temp. 0498 1.000
NOx -0.421 —0.174 1.000
SO, -0.040  0.120  -0.290 1.000
HCl -0.085 0.217 0372 -0.130 1.000
MO. 0368  -0.032 0419  -0.120 0.037 1.000
PM,o 0.254 0211 0300 -0.107 -0.164  -0.249 1.000
0, 0.190 0084  —0.582 0.064 0060  -0.498 0.241 1.000
CO, 0.011 0.246 0.380 0.001  -0.007 0308 -0.108  —0.898 1.000
co -0.004 0012 0337 0745 0155 0214 0.099 0.094 0.118 1

note) Temp.: temperature, MO.: moisture
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Fig. 2. Mercury concentration emitted from MSWI stacks according to flue gas temperature.
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Table 4. Correlationship matrix among mercury, air pollutants (NOx, HC, SO,, CO,, CO, PM ), and MO. emitted from MSWI stacks

at Group A (flue gas with low temperature)

Hg NOx MO. PM,o HC1 SO, CO, Cco
Hg 1
NOx -0.587 1.000
MO. -0.390 0.304 1.000
PM,, 0.634 -0.351 —0.239 1.000
HCI —0.064 0.359 —0.134 -0.141 1.000
SO, 0.009 -0.314 -0.230 -0.136 —0.182 1.000
CO, -0.378 0.402 0422 -0.392 —0.056 0.120 1.000
CO 0.148 —0.421 —0.262 —0.038 —0.058 0.794 0.074 1
Note) Temp. : temperature, MO. : moisture
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Fig. 5. Mercury, air pollutants (NOx, HCl, PM,p) and MO. emitted from MSWI stacks at Group B (flue gas with high temperature,

446.9°C~848.15°C).

Table 5. Correlationship matrix among mercury, air pollutants (NOx, HCl, SO,, CO,, CO, PM,4), and MO. emitted from MSWI stacks

at Group B (flue gas with high temperature)

Hg NOx MO. PMy, HCl SO, CO;, (60)

Hg 1

NOx -0.433 1.000

MO. —0.423 0.711 1.000

PM,, —0.094 0.055 —0.120 1.000

HCl -0.287 0.653 0.635 -0.337 1.000

SO, 0.096 -0.026 0.181 0.156 0.349 1.000

CO, -0.080 0.514 0.325 0.272 0.035 -0.433 1.000

co -0.129 0.013 0.020 0.541 -0.502 —0.111 0.507 1
Note) Temp.: temperature, MO.: moisture
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Table 6. Multiple regression formulas using Temp., NOx, PM,o, MO. for Group A and Group B
Y(Me) = Yy + a Temp. + b NOx + ¢ MO. + d PMy, + e HCI

Yy a b c d e
Group A [N=20] 23.90 0.14 -0.282 -0.810 0.03 -0.04
Group B [N=12] 35.20 0.322 -0.607 -9.949 -0.026 -0.59

note) Me: mercury, Temp.: temperature, MO.: moisture
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Fig. 6. Plots of measured versus predicted mercury concentration in Group A and Group B by using multi-regression formulas.

2l & PAYRPM okl AEAS A Q3L TR 85 A2 AHE T
MO.)ZH NOxoll FES W Zos JaEich
vd B8
4. t§7 |2 ¥ EF (NOx, PM,,, HCHI} MO.E 0|25}
Hi7tA =2 olE 2487 ol 2o faide LA o7 A
Table 62 H7|1E AZMAA Hl7EE 26 FES TAEZHE ol delA k. B3, A7E &7

vl o)7] 29 &2 (NOx, PM,O, HCD EMO.)S deMe] gaujEe AR fYsEE oF ¢

o|g3te] A2(Group A) ¥ 3L2(Group B) wi7k: Zlolt}h. #7718 AztAde oulE B dxe= o
FEoA] w7k EEmele] AUAAL T3 =3} 2}

2 Yehidrt. Fig. 6 Temp NOx, PM,;,. MO.$} L A 3o AEHIE 2SR AR d

2 FAAAE o]8% 2 HiEEE GEHS Ve HHE71E AZMAAA S w7t S EE) oyl e

181 ei= M R o @Qﬂ Group Aol 2749 uj IR wi7EE E7IEG pglS mye ZAske &

7k e TR ANE ol g7t dSatate] 4 ZA1do) ke, olelgh Az AL wirk S=A)
o8 AAAFERY) 06867019, L& Wizt J9 o7} A= o] FAAA] 2 Fof 7IQIsT). A
9l Group BAIME 0471424 He®E FAARNEL 2, 2GRN wl7ts pe1EE 28k &
uj7l 42 o 2o oJu) Q= AANE Wit W ZHANAe) TR Q294875 2 ol
A, BAIE HIE A7 wivks 2Edes A 71QFHANNEZA Bl whegt Ao E o] Sl
£(29.85~ 222.10°C) ¥ 31-2(446.9~848.15°C) -7+ 2. TAZE H7|E A7 wlvks AAR wlEE
o2 Ppol2 m, aw wirl29] NOx, PM,, HCI, B 5oL Ae9d(Group A, 29.85°C~327.63°C)
MO.sH 722 40 72 Hjgd S A= .89 (Group B, 446.9°C~848.15°C)o) whe =2
83 AXEYUS & F UALh o) BEARE E ol FAHUY. 53], A w7k 2Ry
2 Hlgro g fojA HNE LZAA Hirts o (Group APIM] 48 wiZEEr}t AL w7k vy

2 99 GESANY A8 A2 e Aol H(Group B) BT & FSFEE by At

Korean Journal of Environmental Health, Vol. 30(5)



S8 22A14 W7ol el

3. H7)1E A7 w7k oo S mRE o
7NAEAE APAFHIE olfdty HrEINS
o, AL w7t ExgddeAE NOx, PM,, T+
(Moisture, MO.) 5¢] #&84o] dAon, 7.& uj7}x
=G HoM= NOx, -5 (Moisture, MO.) 5] #&

dol ATt

R £

Wb, A71% 22pAAel Sem 2 falaol
2 F3%0) wrkez WE
ERREET nnﬂooww Ade) 27t asin,
W7k 22g u

Ak,
=S
1. 4% : hhtp//www.me.goki/, 2004. 7. 159 A,
2. B2 F4Y 27kxd9 Hg, Pb, As, Se HlZEA4
of thet A Mg APTheta Auiehshe Aabske]
=i, 2004.
3.3 ]‘ oltﬂﬂ' A—L;,]—A—\ g;ﬂ:r_ o]x—lz o]\:—l7a] z}—.—-

** Bhx) 8, XHﬂﬁ .EH7l HiZele] 2w EA 2
*}OJ%L. SHEHATURE, 24, 181-200, 2002.

4. Annau, Z. and Cuomo, V. : Mechanisms of neurotox-
icity and their relationship to behavioral change. Tox-
icology, 49, 219-225, 1988.

10.

11.
13.

13.

- A71E, AR

. Schroeder, W. and Munthe, J. :

72 ujEEA 387

. BEF, o) AE, ol g, W3}, Jochen Seier : £7}2

WE7kE & L3818 2714 2 8714 S3k4)
g ol&% F24E% HY. #FH7EE3A, 1903),
300-308, 2002.

L AeA IS AE FHA R
9 Yoz B Oy F £o0 RESY AT @
%X] T-#8h3], 22(3), 233-236, 2001.

. Pirrone, N., Keeler, G. J. and Nriagu, J. O. : Regional

differences in worldwide emissions of mercury to the
atmosphere. Afmospheric Environment, 30(17), 2981-
2987, 1996.

- Kevin, C. G. and Christopher, J. Z. : Mercury speci-

ation in coal combustion and gasfication flue gases.
Environmental Science & Technology, 30(8), 2421-
2426, 1996.

Atmospheric mercury
- An overview. Ammospheric Environment, 32(5), 809-
822, 1998.

Anthony, C. : Mercury from combustion sources: A
review of the chemical species emitted and their
transport in the atmospheric. Water, Air and Soil Pol-
lution, 98, 241-254, 1997

B 2T AN EY. 1993,

Kilgroe, J. : Control of dloxin, furan, and mercury
emissions from municipal waste combustors. Journal
of Hazardous Materials, 47, 163-194, 1996,
Kilgroe, J. : Control of dioxin, furan, and mercury
emissions from municipal waste combustors. Journal
of Hazardous Materials, 47, 163-194, 1996.

Korean Journal of Environmental Health, Vol. 30(5)



