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A Characteristics of Hg, Pb, As and Se Emitted from Small and Medium Size Waste
Incinerator Stacks

Han-Kook Lee' - Bu-Shik Moon* - Dong-Hoon Lee*

Korea Environment and Merchandise Testing Institute - *Department of Environmental Engineering, University of Seoul

ABSTRACT : This study was carried out to investigate the emission characteristics of volatite metais(Hg, As, Se) and semi volatile metals
such as Pb from small and medium size municipal solid waste incinerators(MSWIs). The concentrations of Hg, Pb, As and Se in emi-
ssion gas from small size waste incinerators were higher than those of medium size waste incinerators. This is probably due to less air
pollutant control devices and high emission gas temperature of the small size waste incinerators relative to the medium size waste inci-
nerators. Emission gas temperature from small and medium size waste incinerators were divided into 2 groups. The first group was about
100°C and the second group in the range of 400~700°C. The concentrations of emission gas at the second group were Hg 70.43 pg/Sm

Pb 0.94 mg/Sm’, As 9.83 pg/Sm’ and Se 5.05 pg/Sm’. The concentrations of Hg, Pb, As and Se at the first group were lower than
those found at the second group. Besides, the removal efficiencies of Hg in medium size waste incinerators were 55.2~95.9%. Emission
gas temperature reduction from waste heat boiler(WHB) contribute to control of Hg. Based on above results, we postulate that the tem-
perature of flue gas should play a very important role in volatile metal control in small and medium size MSWIs. In order to improve

the volatile metals removal efficiency, the temperature of cooling system must be controlled and the air pollution control device should be
operated properly.

Key Words : Municipal Solid Waste Incinerator(MSWI), Hg, Pb, As, Se, Temperature, Waste Heat Boiler(WHE)
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Table 1. Operating conditions of small and medium size waste incinerators

=3

2

,w HlA, A9 wjless 1207

Incinerators Run Time (hr) Type C(T(I;ﬁgy Facilities Process Waste Type lncg;::::tor

MRI1 13 Stoker 1,500 CC-WHB-AP-CY-SDA/BF-Stack

MR2 8 Stoker 1,250 CC-WHB-AP-MC-SDA/BF-Stack o
Residential

MR3 8 Stoker 1,000 CC-WHB-CY-SDA/BF-Stack

MR4 5 Stoker 625 CC-WHB-SDA/BF-Stack

MG1 24 Stoker 1,200 CC-CT-SDA/BF-Stack

MG2 24 Stoker 1,900 CC-WHB-HE-MC-WS-Stack

MG3 24 Stoker 1,700 CC-WHB-CY-WS-RS-PT-Stack

MG4 8 Stoker 866 CC-WHB-MC-EP-Stack General

MGS 24 Stoker 400 CC-WHB-CY-SDA/BF-Stack Industrial Medium

MG6 24 Stoker 1,600 CC-WHB-MC-WS-Stack size

MG7 16 Pyrolysis 450 CC-WHB-WS1-WS2-WS3-Stack

MG8 24 Pyrolysis 400 CC-WHB-MC-BF-WS-PT-Stack

MS1 24 Rotary kiln 1,950 CC-AP-CT-EP-Stack

MS2 24 Stoker 1,830 CC-WHB-SDA/BF-Stack

MS3 24 Spray combustion 460 CC-WHB-AP-CY-VS-PT-Stack

MS4 23 Rotary kiln 1,000 CC-WHB-HE-CY-VS-PT-Stack Special

MS3 16 Rotary kiln 400 CC-WHB-AP-CY-ST-VS-WS-Stack Industrial

MS6 16 Stoker 500 CC-WHB-AP-CY-SDA/BF-Stack

MS7 24 Pyrolysis 250 CC-HE-MC-WS1-WS2-Stack

MS8 24 Rotary kiln 1,700 CC-CT-CY-SDA/BF-WS-PT-Stack

SR1 8 Fixed bed 130 CC-CY-Stack

SR2 4~5 Fixed bed 150 CC-CY-Stack

SR3 8 Fixed bed 150 CC-WHB-CY-BF-Stack

SR4 8 Fixed bed 120 CC-CY-WS-Stack

SR3 8 Fixed bed 120 CC-CY-WS-Stack L
Residential

SR6 4 Fixed bed 80 CC-CY-Stack

SR7 8 Fixed bed 95 CC-CY-Stack

SR8 8 Stoker 95 CC-CY-Stack

SR9 6~8 Fixed bed 95 CC-CY-Stack

SR10 8 Fixed bed 95 CC-WHB-CY-SDA-BF-Stack

SG1 8 Stoker 95 CC-HE-BF-Stack

SG2 24 Fixed bed 195 CC-WHB-BF-Stack

SG3 10 Fixed bed 120 CC-WHB-CY-WS- BF-Stack

SG4 4 (2-3 in eekly) Fixed bed 100 CC-HE-CY-WS-PT-Stack

SGS 8 Fixed bed 95 CC-CY-Stack General Small

8G6 8 Fixed bed 95 CC-CY-Stack Industrial size

SG7 8 Fixed bed 95 CC-CY-Stack

SG8 8 Fixed bed 95 CC-CY-Stack

5G9 8 Stoker 95 CC-CY-Stack

SG10 5 Stoker 80 CC-CY-Stack

SS1 5 Stoker 190 CC-WHB-SDA-BF-Stack

SS2 6-7 Stoker 190 CC-WHB-SDA-BF-Stack

883 18 Fixed bed 190 CC-CY-SDA-BF-Stack

SS4 10 Fixed bed 180 CC-WHB-HE-BF-CY-WS-Stack

SS5 4 Fixed bed 50 CC-CY-WS-Stack Special

$S6 24 Spray combustion 125 CC-WHB-AP-WS-Stack Industrial

SS7 8 Fixed bed 95 CC-CY-Stack

SS8 8 Fixed bed 95 CC-CY-Stack

SS9 8 Stoker 40 CC-CY-Stack

SS10 8 Fixed bed 60 CC-CY-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, VS: Venturi Scrubber, RS:

Rotary Scrubber

fioteta 5o 279 112, 20053 11
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Fig. 1. Sampling train for volatile metals in emission gas.
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Table 2. Statistics data of Hg, Pb, As and Se in emission gas from medium size waste incinerators

Pb Conc.éug/Sm’) -
@ Y

g

00

in emission

Se Conc.(ug/Sm>)
4

C 23 ANE AT MERE FE,

W, vl AR AEEA

MS1

MS5
MS6
MS7
MS8

MRI1

jtie]

2
=

MR3

—

as

mg/Sm3§
Aok e
- 215 pgSm’, AH9E LukH 71 E ND~0.83 pg/Sm’, A
2 A4 #A7)1E ND~9.57 ng/Sm’ B9z wjE=Hgct B2#
e A8V E, ARG 49TE, AR AFAE
A 7zt 0.61 pg/Sm’, 0.12 pg/Sm’, 2.07 pg/Sm’E ALY

Z A7 BN A WEHAT AA(Se)d

rom

| ol &= o0t

<]
=
medium size

2ol %

g
=
w

H]2x(As) <]

e

[SRanhy

aste incinerators.

—
%-’*1_

1209

HolA dgto, AR Ante]7) &l
A& 71& ND

3

¥ 7]E ND~0.28 pgSm’, AF93 vt 718 ND~0.96
pg/Sm’, A 2 A H 718 ND~0.88 pg/Sm’ M2 wZ

vk B

= 9

A
T

ol

) i
lOl:—-‘—l_.

L RERE e

=% =2 fEHAT 53
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ARHFENA ZF2 0.13 pgSm’, 020 pgSm’, 0.27 pg/Sm’

A71E 2ZA2 7k

ole) FEE Uehgith.

Unit : Hg, As, Se is ug/Sm except for Pb is mg/Sm’
Medium size Residental General Industry Special Industry
Total MSWI MSWI MSWI MSWI
Ave | Max | Min Sd Ave | Max | Min Sd Ave | Max | Min Sd Ave | Max | Min | Sd
Medium Hg | 224 8.73 | ND 3.06 442 | 870 | 1.69 | 3.23 | 050 | 0.95 ND 033 | 2.89 | 8.73 | ND | 3.77
size Pb 0.29 092 | ND | 037 0.25 092 | ND 0.45 | 032 | 0.84 ND 0.41 | 027 | 091 | ND | 035
MSWI As 1.00 9.57 | ND 232 0.61 215 | ND 1.04 | 012 | 0283 ND 029 | 207 | 957 | ND | 3.43
(N=20) | se | 021 | 096 | ND | 028 | 013 028 [ ND | 05 020 | 096 | ND | 032 | 027 | 088 | ND | 0.29
note) MSWI : municipal solid waste incinerator
Ave. @ average, Max : Maximum, Min : Minimum, S8d : Standard Deviation, ND : Not Detected
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s and Se in emission gas from small size waste incinerators.

$&, g, HA, A Aoz} o]FoAA F2 ALE A}
29T £Hg)d S5 AFH 7B 0.67~252.82 pg/Sm’,
A4 gut #7128 ND~15449 pg/Sm’, A4g 2397
2 Nd - 3294 pg/Sm’ W92 MEIAT YEEEe 4
FH71E, AGF QutEIE, A9 AZE BN T
76.44 pug/Sm’, 32.96 pg/Sm’, 1037 pg/Sm’z ¥ HIE

AONAF o) ARHAINE LAALGA A WEHAT
G(Ph)9] FEL AEFYIE ND~2.18 mgSm’, AHGF o
w718 ND~1.89 mg/Sm’, Atg3 AA#H7]E ND~0.80
mg/Sm® W2 WS FEEEE A8ANE, AHF
At 71 &, A9F ABANEANAN 247 091 mg/Sm’, 0.76
mg/Sm’, 0.45 mg/Sm 2 AZHNE AFAENA L E
A w2k vii(As)9] BEE AEHY|E ND~14.72

Table 3. Statistics data of Hg, Pb, As and Se in emission gas from small size waste incinerators

Unit : Hg, As, Se is pg/Sm3 except for Pb is mg/Sm3
Small size Residental General Industry Special Industry
Total MSWI MSWI MSWI MSWI
Ave | Max | Min | Sd Ave Max Min Sd Ave Max Min Sd Ave | Max | Min | Sd
Hg |39.93 | 252.82 | ND | 64.06 | 76.44 | 252.82 | 0.67 |90.43 |32.96 | 15449 | ND | 48.90 | 10.37 | 32.94 | ND ; 12.14
Small size]"p "0 60 | 218 | ND | 0.62 | 091 | 208 | ND | 0.69 | 0.76 | 189 | ND | 069 | 038 | 0.80 | 0.04 | 0.30
Xli?g) As | 638 | 21.58 | ND | 6.67 | 5.89 | 1472 | ND | 5.16 | 490 | 12.66 | ND | 482 | 858 | 21.58 | ND | 9.55
Se | 2.19 | 2448 | ND | 487 | 252 | 12.00 | ND | 3.62 | 3.62 | 2448 | ND | 754 | 042 | 222 | ND | 0.75
note) MSWI : municipal solid waste incinerator
Ave. : average, Max.: Maximum, Min : Minimum, Sd : Standard Deviation, ND : Not Detected
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Fig. 4. Volatile metals concentrations(Mercury, Lead, Arsenic and Selenium) VS emission gas temperature in small and

medium size waste incinerators.
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Table 4. Statistics data for volatile matals(Hg, Pb, As, Se} VS temperature in low temperature(about 1007T) and high tem-
perature(about 500, 400~7007C) flue gas emitted from MSWI

(P) < 0.05
Hg-Temp. Pb-Temp. As-Temp. Se-Temp.

] 0.45 0.24 0.32 0.06

Low Temp. P 0.039 0.4 0.16 0.8
{about 1007) under level 95% 0.11 0 0 0

upper level 95% 3.96 54.45 491 10.34

(r) 0.46 0.39 0.48 0.27

High Temp. ) P 0.017 0.044 0.011 0.17
(about 200~700C under level 95% 0.29 3.61 4.16 0

upper level 95% 2.66 256.9 29.38 28.82

Note) Temp. : temperature, (r) : correlation coefficient P : significance level
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Table 5. Removal efficiencies of Hg from medium size waste incinerators

CC-output WHB-output Stack
Incinerator Facilities Process Cone. Temp. Cone. Temp. Conc. Temp.
(gSm’) | (C) | (gbm) | (0 @gsm) | (0
CC-WHB-
‘ : . . 8.70 100
MR2 AP-MC-SDA/BF-Stack 198.03 906 15.97 220
CC-WHB-
3 . . 512 97
MR CY-SDA/BE-Stack 22.00 848 7.89 195
CC-WHB-
. . 0.92 87
MGS CY-SDA/BF-Stack 18.74 1014 6 28 140
CC-WHB-
. . 1.73 29
MG6 MC-WS-Stack 3.87 812 3.01 190
CC-WHB-
S5 . . 0.60 48
M AP-CY-ST-VS-WS-Stack 14.72 1029 4.70 255
Average 51.47 922 7.57 200 3.42 72
1500 - 100 100
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i <
= ) -
s 5 2 60
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MR2
Fig. 5. Removal efficiency of mercury by cooling effect in waste heat boiler.
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