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Dioxin Emission Concentration Measurement Approaches for Municipal

Solid Wastes Incineration Process: A Survey

QIAO Jun-Fei*? GUO Zi-Hao"? TANG Jian"?

Abstract Incineration has significant advantages in the harmless, reduction and recycling treatment of municipal
solid waste (MSW). Dioxins (DXN), a highly toxic and persistent pollutant that is a by-product of the MSW incin-
eration (MSWI) process, is the main cause of the “not in my back yard” effect of incineration plant construction.
The industrial status of DXN emission concentration that is difficult to detect real time online has become a bottle-
neck restricting the optimization of MSWI process operation and municipal environmental pollution control. First,
the generation characteristics and emission control strategies of DXN based on a typical MSWI processes are ana-
lyzed. Then, the DXN emission concentration detection methods are divided into offline direct detection method, in-
dicator/association online indirect detection method, and soft measurement method in terms of measurement prin-
ciple, complexity, and time scale. Further, these methods are reviewed in detail. Thirdly, the development stage and
correlation of these different methods are addressed, and their respective advantages and disadvantages and comple-
mentarity with each other are indicated. Based on the characteristics of MSWI process, the difficulties of DXN
emission concentration soft measurement based on process data are summarized. Moreover, it is refined as a class
intelligent modeling problem based on small sample high dimensional sparse labeled data. Finally, the future re-
search direction and development prospects of DXN emission concentration intelligent soft measurement are suggested.
Key words Municipal solid wastes incineration (MSWI), dioxin (DXN) emission, on-line measurement, small
sample high dimensional data, intelligent soft-measuring

Citation Qiao Jun-Fei, Guo Zi-Hao, Tang Jian. Dioxin emission concentration measurement approaches for muni-
cipal solid wastes incineration process: a survey. Acta Automatica Sinica, 2020, 46(6): 1063—1089

WA H#A 2019-01-03 3 FH H 1 2019-06-06
Manuscript received January 3, 2019; accepted June 6, 2019

W B AR R Y (Municipal solid wastes,

Rb R AR E K E S 50R Bt (2018YFC1900800-5, 2018YF
C1900801), [ 5% B R B2 3 4 (61573364, 61873009, 61703089),
X R R 3 TR E (61890930-5), ALt H AR A # S (41
92009), 1A 1L 1L B B2 ] B E 5 A 26 % M a1 1 3
HlEARIL T E A 536 S (BGRIMM-KZSKL-2018-06) ¥ )
Supported by National Key Research and Development Program
of the Ministry of Science and Technology of China (2018YFC190
0800-5, 2018YFC1900801), National Natural Science Foundation
of China (NSFC) (61573364, 61873009, 61703089), Major Projects
of NSFC (61890930-5), Beijing Natural Science Foundation (4192
009), and National Key Laboratory of Process Automation in Min-

MSW) 725 B RSB 1 1 38 In A fe B 2 K-

ing and Metallurgy and Beijing Key Laboratory of Process Auto-
mation in Mining and Metallurgy (BGRIMM-KZSKL-2018-06)

AL TAEmZE i LA

Recommended by Associate Editor MENG Fan-Li

LoABER Tl K245 B2 dbat 100124 2. iFHE RS HRER S
T E SR & A 100124

1. Faculty of Information Technology, Beijing University of
Technology, Beijing 100124 2. Beijing Key Laboratory of Com-
putational Intelligence and Intelligent System, Beijing 100124



1064 =l 3 1k

¥R 46 %

T 2R E] 8 % HIATERAEHY KR A [H 340 3
MEEHILT IR E R MSW 55 (MSW
incineration, MSWI) 7 H i th 5138 Fl ] 2 %
) MSW AbHEH AP, # % 2016 )R 4EREAH 1 179
FHper ) W MSWI ML ALRAZ WA 1 FrRP.

WA, MSW By # BT g FR RE s 7)) 4
] IR R IR R A EE E RKCRIE E] 70 %- 90 %
FT19 % FEL BT FIAR 7 TH BT IR E
Bl e o B BT A AT L B M, MSWI (¥
IRFARIAE : IS ZE 79.2 % K472 H 100 %- T 5 Sk
I 124.3 kg-CO, Bq/t FEE /774 1 163.1 MJ /1,
Ak 2016 4, 1 E A E R ALS TR 303 EEAE
Ber ] (L HER 220 ) AL BEAE 1A F) 30.4
Jimi/H, b MSW S/ 34 % (& 2)02.

] 2 AT AN, o A b e 2 A i B A AR I
WA, WITTE 2020 4F, MK MSW H &b B
IR R 50 S,

TR, MSW (177 452 2 Fh R R L Rl 52
WISCHk [2] $5 1, FE RN INAKCFRIZE K& 2
SR MSW A (1) 2 BERI K SCHk [13] 8 H MSW
(1) 25 SRR 7= A S Z AR T 4k 2 L B FNBR 58 5%
SCHR [14] A8 MSWI L B 75 2155 FE I 26 Hhb
X Z5F Akt 2 K 2. SCHk [15] 3 MSW 45 HiAE A 4x
2 A A GeHEBU 2 B bRk AL TR
2020 4, HHEE AN F MSW H A3 SR E ] 50 i,
HE MSW B A A ML 5 (60% ~ 70%) Flsi7K 5
EE (50 % LA L) MRE A I B BRI E AT b #E AR
FEARMY, e r [ SR AE (RIS Ak 3B A RN/ 38 5

W A5y TS A H g H AR SR AR E SO L, A7
FEAR 2 m AR g e A i LT JE e i g R Y A ) A
15 BHEBANTE R, B TER M, 5 G £
AP 2 A AR H AR ™. SCHR [4]45
P MSWI PRI T Hm v R MR S HE T 26 32 46 T
TR SRR R, BT AR e
BRI MR A TS TR Z
TEREA I SEBRIRIL, KAk [X 2 5] BESA B
o IR ANEE = JARAEEE (HENEY) m At e b7

~
2
D 40

2 10

2010 2011 2012 2013 2014 2015 2016/4

B 4%

BERR, 34% — ’

T I, 60%
HERE, 2% J
K2 HiE 2010 4F ~ 2016 = MSW AbFERE S Gi it Al
2016 4 MSW AbF L]
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Fig.3  Schematic diagram of the accumulation of DDT
ecological food chain with similar structure and
characteristics as DXN
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2  DXN Itk

W FUER B, FEEeH RS 5 DXN B s
I IP) Er FRT IR SR 7 | S BRA B 5 SRR R =,
HEROW A A B R A B L HCL WK FE AT SO, e %%
5 DXN 0 BA — & B HER 1 MSWI H )it
FEAF f 5 DX [H] 10 B 5 O 28 A ) 52 55 170, 0 &
BIARUR A AR P2 i FE ] AR AR RN, 46X E
PLER IR, SR AR Al v 75 32 %60 3 ARSI 2 st AT
TEGAbTH, LA B AR DR, 6%t ok LUK
TN 2 0O DN F) s ) 3 5 RS 3 2% A 24 M 5 i)
P B AR BT ORERY /TR R Y DXN 7E G A il 77
EAEAR AR — Pl & 7 7%, (X R E R A H
EYRE s — R FRRW /ORI R I 7 B A A
LR HURE S IS AT 20 BT B 4%, Wi SCHik [86] 48 DXN &
LRSI XS 43 BT A 3R 28 B ) R B E L e M R A
M) 7 B[] S 37 R SRR W 2 I 2SR AR vy, — 2 4
TN ) IR IR U T 4% 3 A e B, o H AT Y OE
FE T I3 AT DK ) 28 T SR F8 7R M B A 2 s
WA BT 500 J16; = RX KK /8%
T SRSk R A5 2% 1) 11 o S5 i o 0 4 o8 IR AR AT R
M, 5 F =R R (Ref% CAFD 9 5 A 5K
SRR S A7 i et AR &) 7RI TR R B AR
225, B, RSOl H e h—2 i 5L
o 3ot R AR B S A N B B VA BT X A e Ak,
IR =T A A I B ] () B RGP E A A R /S
B A0 B ROBE B8 ek /I ).

A DXN fr il 3 98 46 Bk vk e

W ) SR IR A 24 18] B AS T vk DA K B vk, dn sl 7
B,

| =g (DXN) HEHOK BERLI7 5]

SRS
(FE LRSI i)

HLH EERN. /eSS
EE ORI A2 [F) Bl i

= DI S
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T

7 DXN SR BRI 75 7> 2K K
Fig.7 Schematic diagram of DXN emission concentra-
tion detection method classification

2.1 B&EIERNE

SCHR [43, 87) Stk WO B VA BTk
A AR A R VA AT T BON VR 45 3R,
LHE AR S A 7 B A 2.

2.1.1 ik

3y 2 [H pR A A DXN (A AR e, o2
HRGC/HRMS 7732, B ROFEIIAFEAR L DXN
W55k FAL R AR ilid: o 5. 500 221k
AT e 5 = o i &, 0 A2 68 2 B B AT
DXN [F] 284 I vHff i, e R I A 9%
SN R RR e & S YNGR
2.1.2  HABRIEE

BB B e 5 T RO IR R g s
53 F IR F 1) oAt 25 745 5, FR A AT (] 5T i
AT R Bk R, HLEIR KR 2B M DXN [F24)
B MR s g i A A i 5E Y AR S I
FEACR A DXN 3R 45 fh HL AR BEWOL PR & &
REWOL B T B o AR, A R TR R
JE£ v B R] 43 B 22 P R R AT AT S AT e 00 Gk
AU T BRI R I DXN [ 2R K6 1 45
4.

2.1.3  F¥%
2131 BENESEIL

B3 75 5 AR 0B I R R 2 AR 5 A & D
DXN #%, BIERAFEIIHFEARSE. DXN 21t
Iy BRI S PR ORI & Bk
B, W HT DXN {5 P r g sk 2 e
JE ARG AR o KB i [ B0 55, R A
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S 46 1

REI HH AR AT IR S A DXIN (R 2R 47 1) A
2.1.3.2 BERGERIMIE

it G2 43 ITi R 2 R PR SR R A
DR S DXN [F2RW0m B 45 A ke, @
G 001 B G %8 7 R DS B DXIN #2 PRI &9 B3R
AAEIIHREA R DXN 4if 5 5. ik E. 6
B PEAEIGE . DXN 2R B4R 4R 05 2 o B
8. Sy W 5E A (3~4 R), B SR ASREN
HAEF DXN [H 25410 B AR Sl 75 B 00 52 A v il
25, FE S BRI 00 X 8 o A R 7 SR G ik gk
1T RGBS, ek [95) MRE 7t R B, 1% 7R HE
R T S i AR
2.1.3.3  RNFREEE

e R B R FH 3 DR TR AR A B FL Bl 4m
P € 2 i TR 5 3 K S gL [N, O 4 3K BRURF
FEANI R Gtk EIR LA R A, Bt— DAl
DXN FRIE LRI, SCEl DXN B 24 B A6 0
HRASEIIAFEA R, DXN 1R 765 il 5
FCAR R AW, IR A RS RN e B,
M AR T R R TR AT R vy A ) B ()
(24 h), SRR H AR DXN [F 24 it H Ak
HAH. STk [97-98) B AL R, Z ik T RS )
S AL, Sk [99]) Kz 7k T e MSWIL

Sk Y A TAT SRR S DXN IREE, FEafr =
5 HRGC-HRMS HIAHAME. SCHR [44] 2Rk 1 i%07
VAR b EIREE KRB SR S, 48 AR
] P 1 B I R T

SCHR [87) MTI A FE  ASHIN B 3 RS Rl A R
5 SO = BNEE 5 AR U A ikt AT T X
e, sk 1 Fiow.
2.1.4 BEE

W VESY NFEET DXN BHAFK I T DXN
EWH AR 2 95, J5# T H LA DXN [F) 28
VIR EE S E, DBRAREIIEA RS, DXN #
B S PLik il 4. DXN 5Hiikss & Dlie e &
R B PR B A LA A R A 1T (5 A A 2%
BURAR, R 2 bR diE & 4 K el A R
FERH DXN [F2R4)%5.
2.1.5 BL&EIZERIIEIRENTENL R

B HERINES T Z R RIRTERL T e
VIR R, 3F B[R E 2 B 8 ST 7 R R AR HE LG
# 2 45H T DXN Rl 1) & e e

IR LR A I 1 43 A 5 2P B S
Kl 8 iR,

SR RN, BAR EEA A A REAE LRI & MSWI
AR DXN HEJBOR .

1 DXN AP A0 s s g
Table 1  Comparison of advantages and disadvantages of DXN bioassay detection method®”
ik Tk REEI (R) R A (3£70) REE (pg/g) LI RN (D)

BRI 3305 5 A {5 3 1 000~1 200 1.000 200 000

fifg G 2 1 e 2 200~900 0.500 200 000

WL e 1 200~900 0.025 200 000

%2 DXN krillbrE K & it
Table 2  Development of DXN detection standards

s bR filiidk A P LR
1 EPA 1613 (3§) [ (7 ARV o )\ Sl 8 T Rk ey 19944E10 A SR (100]
2 EPA 23 (3§) MSWII 2 i 2 S0 2K I R SE I e 19954£12 FEH [101]
3 EPA 8280 (3£) 2 A IR RESORIRI IR 2 AT E , R 2 R v 19964127 ESES| [102]
4 EPA 1668A (%)  @EAPFAFUEMMEAR. . Vi, ke 4l i 2 SO 19994E12 %[ [103]
5 JIS K0311 (H) ?;;;%\’EﬁWBGPCDDs\ PCDFsbL K Co-PCBs < i 15 5 5 FH G 199949 HA [104]
6 EN1948-1 (RKi)  DXNHESSE— bRk 20064 R 8 [105]
LA I TR 2 AR IR M, R AL KRR A R - ] ,
7 HJ/T77-2001 () A B A T 20014F o [ [106]
8  HJ77.3-2008 () A WESESEIME, FALRFRE, B PR G o YR 1R 20084 T [107]
9  HJ/T 365-2007 ()  HE fE R R HE e b B B its — WS HE R i e A B R 20074F o E [108]
10 GB 18485-2001 ()  ARVE SR A eys Yt btk 20014F [ [109]
11 GB 18485-2014 (1) Ak iEhy A Bais i il bk 20144 LHE| [110]

A PEEIHI /T 77-2001654E 00T 32 EMEPA 1613, HI 77.3-2008%04 T £ E WEPA 8280.
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= —“ B FEA i HX WORAR HLE BT
il === oo |
1% g U wE A W DXN RIS Pk B
s i — @ﬂ:%‘?; KAE > R > PUARER e dE > BPEUFE |
ny : I FEAR IS e & |
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4 e | oxx itk e |
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% R i s S
1% | PO W PIA I RIES |
| TE R e D e WAL (e BRI e BRI |
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o gy | ILERAE .| DXN REEI - DXNY - VUVEDD & S Al
FEA FEHL ENES EiIRESE iy S5
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Fig.8 DXN offline direct detection method classification and detection steps summary diagram

2.2 5T/ RERMITE LR EIEAR A

DXN HEJBA FEE 1R 7E 2R A I T 70 BT A3 e 25 B 1)
R R ORGSR B I3 AR SCR A
W I BRI E M. AR 2, Fanw | SRl
AR Gy S AN ERAE S 2 R A M HE AR R
T FH e B A5 200 4 43 31 DXIN HERGR B, 454t
Kl 9 B,

:91

Ik i [ 5 e 1L A

N

mh e ———

A

DXN

TR Rk SOk

)5 DXNIE]
[ o B Y

R IR | 3670 ) 6
Y T

K9 ET et/ R DXN 72k Rl EAa i
Fig.9 Indirect detection method of DXN based on
indicator/associated substance

SCHR [113] K DXN $5- 73 NNy TR TE
L (At SRS FALESE) & /AT Y (R
W 2RO JAURSE) AT R AT (2
WIFIE CH il T W BRI Il Ol kE &
B FRRAE) NP R AN R A LR 4 2K
BT B A AR, SCHR [24, 111) K BE3ET7 58K
AELAS N T 12

2.2.1 &7 (Chlorobenzene, CBz)

JNEIRAT DXN (8] AH 5V 7E 15 1 22 P 55 e
ARG RPN 2 5 Pandelova 251 7E MSW
SRR BRSBTS AR B A AR
SCHR [116] $5 H 2 GBOR L 2 305 12 S0R. &
BROR 2 Fe R B A oA DXN Ao, WF 7R R,
CBz 5 DXN [ L ER B A AR 9 2 A 56 &R
0N 0.98M7 TR [118] KA i/ — 3 (Partial
least squares, PLS) 4% | CBz 5 DXN [8]f) £ 7T
[l AR (H 75 LK S A DU 5 A e AR IE A R T A
SEME. SCHR [51, 119] W] T S2it A CBz [ ik
R, SCHR [120-122) FIHILIRIG 8 2 6 7 g+
RIS CATI A B E HR, I LR R 7w~ )
DXN FEZ A A 75

SCHR [39] X E N & 96 PRI AL R B8 e b 1)
SERRHEBUE B, XA DXN fil CBz & & 3T
K, 5T CBz. PSR AT DXN FIFHE R A AH 5%
P, #37 CBz 5 DXN K E M & ) (1) B By,
i Hh 50 35 B AR A O0 75 B R SRR AR AT, WL
SR EYE N T MSW 4z 17, DXN #i 7
B R ) A B A TSR A S 4

R S SR B AR SR A T SO AR SR 2
P77 )& DXN [H] I AH G R 8. STk [55) 22T BT
JE TRl B LR B, CBz B A B X
65 350~400 C, HAERES O, FEMIELL, FFHt
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TR FEAFE T CBz A DXN [H] [ il S A5 4. 2.2.3 §iE} (Chlorophenols, CP)

SCHR [124] S T4 CBz IS8 A4 A 0.5 /Nt
HHT 7%, JREEAT 7O 3 A H B AR, B
JSE SR X 45 1) DXIN HE T8RN STz B A0 A 58 Joe 7 X
HAK.

SCHR [113] 1 A A E PR RAL IR (Circulating
fluid bed, CFB) ) MSWI it £, Il &Rk R G0k
RATE RARG L A G WL R G0
AR A& EEA R E R CBz M DXN 4,
738t CBz 1 DXN FRFHIE, A4 2 22 Aar il o7 5 8] Fr) Ak
SRR, R DXIN R s A A£G 1 i e
FEL /NI {ELE SRS ASE TR 2605 1 DA A2 A ) 51
gt Tl AR B 5505 TR A 15 T 5635, 0 TR XY
SEHL MSWI 2 T (8] W [R) DAL 42 A 2 S 25
2.2.2  %IFFIZ (Polycyclic aromatic hydrocar-
bons, PAH)

Z I T7 e (PAH) R HBUH A BA B =K L
HIEE g kb ), o5 DNX & U1 H g #
FE 7 A= e 7 TH B AR ] 7. SCHER [50] JE 158
L)% (Polyvinyl chloride, PVC) 7E &S #fi 1
TE R AL A, 45 PAH 5 DXN | 3k 47 (1 5

SCiR [129] 9 ESH CP FAURLAH DXN (8] f)
PLS 8. STk [117) &1 4 FhAS [F] AL R ol [ %
W FCIRAL IR BE e A0 el e 25— fp b o CP A1 DXN
(PIAH P, SCHik [130-131) 23T CBz Al
CP (¥ DXN fE£ Il R 4. WFFLR W, CP 1EN4R
AAIAE DXN WP e AR 55 T CBzl"™ 2. 3¢
Bk [133] 2838 CP £ MSWI A A L 2. 5
CBz [R5k R ANE N RT SR A4 i DXN [KIHLER, Jf:
fit MSWI A2 B SRt o S BUR R / KB
5 DXN [a] A SR AFAE 72 R
2.2.4 HAttigRY

SCHR [134] $R HRIE R A HLK ALY (Low-
volatile organohalogen compounds, LVOH) 4
DXN FFAEACIZ RN A . SCHR [135] $2 il i
oy Hrkagt 2RI DXN WK EEXT MSWI it A2 175 Bk
JECHEAT B

SCHR [136] JT H BIRAEA 73 b7 B8 LARE /N
(1% ] o8 A IR <P A% R B WL (Low-volat-
ile organic chlorine, LVOCL), {15 #:/E A\ A 5ef%
fltith DXN HEBORE, 45 REBH R E B LVOCL

A A BE M 2 A 57 DXIN IR BE Y. STk [128] it F& MSWIIZ4T 50 h 5[ 95 fi%, AL & KRG
T REMESERT AR LR FREE /AT PAH IR T RE AN K 10 Fiow.
A S HELE @100°
A HIER o, JnFaE @100 cl
A
B €5=
| K HL
JHTE P = =
YR -
S e @ >380°C
AR A5 e

(100 kHz, 3.5 kV)

(1
T A

PRE

MR A

K 10
Fig. 10

| -@-I B TR
= |

3 RIEA B (LVOCL) E4 & R G &K

Schematic diagram of on-line measurement system for low volatile organic chlorine (LVOCL)
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10 R 7Zll & RS 2 A A HE DL4E S
. ET1ZARGAE2H LVOCL #87-%) 5 DXN [d]
IS X ZN ppxn = 0.00153pryvoct 34 . HA, ppxw
7~ DXN HEBKRFE, prvoct Fm LVOCL iR EL.

gx Bl A, BT R BRI T i EORAE S
R A5 BB IGUE, (HAE Tk MWSI R4 H 1R
FARCRATY SR 38 75 B3k — B IR A 7T, SCHR [133] 45
H, AR MSWI R4 H S FHIEF BUR R DXN
() PRI AH S 22 SR BRSO i) CP 5 HiAth
AR V6 B e 5 4 FF DXIN P2 AR 2 AN A S0 1) 45
FLIA R AN, FaRW SR BRIA I 2 8 1) vy B2 A
A DAL P R 1% S 07 v AR FH A 75 25 18
(IRl R DR, 2% 2RI 7 VAR R 1) 45 A
S P TR M DA S it 1A AR () 3 i .
23 HMEH

PR P A VR AN ], B &y 4 [e] 9 43
B\ PP N2, WAL R AR AN SCHF IR EATLSE 4 28,
2.3.1  [EVASHE

Hasberg 257 25 B HEBUHE SR E S5 DXN [H] 1)
WG Ok &

PDXN = Ae=TH/BY (3)

Hp, T, RHABUER RS, A =5.2x107,
B; = 40.6.

Hasberg %7 W25 1 7 PCDD 5 CO & Bk
SR &R

2
PPCDDs = peo (4)
kco

Hrb | ppepps #78 PCDDs MR, peo 7 CO KR,
kco NEHL 82 O, MEETLEATET% ~ 9%
i, CO Al DXN f & &1 .

SCHR [117) B 7R B A SE B b R e B AT I B
HEB CO A1 DXN [ B A FHCHE. STk [138] 2T
Tl MSWI (15250 B, RFERT 2 CO HEmuR &
AR DXN S EARLHEAMHCH, HEE5X
FERFZI 3~4 h Z WIS, ZWF R HAE 7 DXN id12
RN IAFAE, RIS T DXN A0 3

Tillman & B 5L 7 # B i 2& 2S
(Excess air, EA) X DXN FHBRIR A B 0. 2
T 17 FEFEBEIP Y 100 > DXN MRFEA, 75 EA #
it 80% KLU R, DXN Hit5=k

poxn = 0.0376ppa — 3.305 (5)

Horp, ppa T B TIKE
SCHR [140] X} Modular F1 Waterwall %8 ¢ 4

AL BRI A& HT AR F 22 Ju Gt Bl VAT 0 A
1E Oy FEN 7% B[] DXN A N
2670.2 — 1.37TEMP + 100.06CO
A Modular 7Y
4754.6 — 5.14TEMP + 103.41CO
BN Waterwall 7Y
(6)
Hot, TEMP %75 Modular %755 2 kb % il
Waterwall 4 P 305
EEXT Oy B8N 7% T400 T B Modular, Waterwall
A RDF 3t 3 P2 B B BEd ) 78 A Fivim b AR B
Qb B 26 B HA T A A TR, SCRR [59] ML T Y DXN
HE T A% A
—423.6119 + 0.0288F LOW + 2.6141CO+
505.6183ESP — 68.1576 DRY
HE B Modular A
148.9954 + 2.2666C O — 0.1565HC L+
445.3134ESP

B BE N Waterwall %Y
—1.2271 + 0.0101TEM PC + 0.0014CO
BN RE Y -

Hr, FLOW FaRE sl %, %ES
S B IS TR A B S SR B O ESP A DRY
FE kAR R B MSWI R 4t b i i v B 2 2%
ARy i Y828 A5 I AU i Ak BB 2R D) A
N1, BWA0; TEMPC KR EJERBE = R .
SCHk [59] 48 H, DXN HEBOR B ATl il 1 S
EAE B VA R SIS ], FF 4 H DT s AR Y
346.4892 — 12.9031STEAM + 0.2369T EM PC
H e dr o Modular 74
1245.5399 — 84.8730FEED — 1.106THCL
IR N Waterwall Y
0.1305 + 0.0016T EM PC + 0.0076 HC L
B ek A RF 2
(8)
i, FEED 7R Modular # {45 /NS #ERLHR
STEAM F/~ Waterwall 4P [ &E /N 287577 A 3R
P 3 T [ A [ 28 ) DXIN F00 000 92 o i 7R
AR, B 5 Bk DL IR DXIN 7724 S5 4oL 3
FIT 25 W AR 2R R
2.3.2 THEMLE
FETSCHR [59] #ELH) Modular. Waterwall #ll
RDF & 3 R i) DXN HECEE, SCHk [60] 9%
BRI S R FH R 2 4 28 I 4% 1 DXIN HE TR0
FEE B B AR AR SOk [141] $8 T b Skt tb
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DXN HEBOKR LRI S 4, SR [62] 2 R gt 4%
FOEARA DXN HEBOK S 1 48 W 25 A Y 1) &5 4 2
. Bk TTEE pRE N 4 BT A R BE HLA M T B
FET/INFEARKAR () DXN HEHOAR BEAR M AR 1345
SE TN BE. XF I, SCHR [63] 42 ook AR Hdfs 1
A7 BB AR P NI INRE AR R, R T i
KA P 2% 1) DXN HE B0 FE TR . Bk J7
TEIGR R PR B AR A IR AL, AXF MSWI
o AR AT AL S A A AR Bk . SR [142] F
FHAERET 4 4 DXN SRR, 2 PaiERe
63 MERIFEAR, R ICHE TR 85 74T 23 A
Sk AR & CRAE S W& 11 Bis) e 13
AMEN NN A A P 2 B B S PR
B (@) EVERTEANINE () e &0 S HFEGR FE
(293)~ BH R HEHR AR HOL WK EE () BRACYIHEBOK
FE (27) 88 1 BRBE IR FE () HEBUE S BIK S
2 (29)~ BRI TR (299)~ B H CO WKE (25)-
HEBUE S RS & (20) IR E EIRFE (290)- EHE
75 VR (2y9)~ B9 0FORHR DO (2, ), IS
REBZEHres 5 DXN HEUR A1 3 MR,
RIS PR IR AN () R I SAR HCOL WK
(z,) ARG IR (100). EITIEAFAERIS A HB L #2
A B AT A AR R TR BT EAE &
INFEAREE . RS Ia AT 18 7 R AT 52538 Bt LA
JOF R ETCHRICHEAZE &5 (5 SR BEAT Y290 45 ] .
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2.3.3 IEfEHRIE

FF3CHk [59] E S DXN HEEdE, SCik [60]
KA BALHFE (Genetic programming, GP) 4%
DXN HEBOA FE R AR LR M3 I AR, 4 R B s

59.775
COxlg KCO_HCL> x1g(4.013xTEM P2)|+
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1.5868
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lg@ +0.09456 A edr Ny RF 24
1000 o)
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Fig. 11

Input and output sampling point diagram for constructing DXN emission concentration model in [142]
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1) BFXF B 2 ATV, Bk ik e 1989 F~
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Table 3 DXN detection method statistics (continued)
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