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Component Characteristics of Particulate Matter in Typical Ultra-low Emission Flue Gas

TAN Jin-feng
(Shandong Weifang Eco-environment Monitoring Center, Weifang, Shandong 261041 ,China)

Abstract: To understand the emission status and component characteristics of flue gas particles from industrial sources after ultra-
low emission transformation, from January to May 2020, two waste incineration enterprises and two coal-fired power plants were
selected to investigate the exhaust gas, filterable particulate matter( FPM ) and condensable particulate matter( CPM) were collected
simultaneously, the mass concentration and the components of ions and element were determinded. Statistical evaluation of
concentration range and average value of each component was obtained. The results showed that the average ratios of CPM to FPM
mass concentration in the flue gas discharged from four enterprises were 30.5, 10.3, 3.0 and 0. 94 respectively, and the CPM
emission can not be ignored. lon analysis showed that the water-soluble ions such as ammonium ion and sulfate ion produced in the
flue gas treatment process were not detected in FPM, but in CPM, the concentrations of ammonium ion and sulfate ion are higher.
Element analysis showed that, chromium ( Cr), nickel (Ni) and lead (Pb) were mainly present in FPM, while arsenic ( As) and
mercury (Hg) were mostly present in CPM. Water-soluble ions are the dominant components of CPM, so it is feasible to set water-
soluble ions as controlling factors of exhaust emission.

Key words: Ulira low emission; Coal-fired power plant; Waste incineration power plant; Filterable particulate matter; Condensable

particulate matter

U T

il

BEX T @ FRAT B X A A 8 1 HOk AT [F K

=|

Wt 7 e [ R T e W g o) R s 7 AR 22
A SRR T R TS B B i T X Tl R X
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HER bR b 2R E B9 R TS e R ) R
midestmit B 2018 4E 1 A 1 HRE SR Tk A
R4 | 4 AL R SRR Ak B TR U T ) ik
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TR HE T, — i R W2 ol 58 Bk 5 AR TR T 4 7 v
AR A A T T R i — e
JRAT—A BRI AL (WEGD ) 3 B 50 =0 L BR 42 4%
(WESP) , fi 2 HF 0 i) #8 02 e 82 AR U A0 0, JH: o A
AN A B R SIS R I A I A e AR b A i 2R ) B
IR IRR EL VB ER S5 T AN BE S8 W B R | T 2 Bl A
REARS D, i TR Ry 8 85 55 &k
S ) B RCRD N R 4 T 2 B S OB ) 3%
R 23 UKL ) 9 35 [ 308 =) (US EPA) 5 b ml BEZ
Wik %) ( Condensable Particulate Matter, CPM ) "',
CPM 78 K BRI AR < Lum A9 00K 4), J2 R 5
23 S AR BORLY (PM, ) T8 e ) o ) o2 i A
Y, AW EAE R E R AT S PR %
B A

T [ BUAT 19 [ 7 5 R AT G W HE 8Os v, 4
(RAT5 J W & & HE bR ) (GB 16297—1996) |
Chom TR A5 44 W ik br #E) (GB 13223—
2011) (g R A TS g Wy HE bR ) (GB 13271—
2014) 777 AR IR S BUR )  E T R
I TR i B A B UK ), S BE A A T s
#i#) (Filterable particulate matter, FPM ) , #{8 HE ik
P v B9 S0, % R FPMHE AR AR B (HAE B
T4 T 5K e R R HE B L FPM 45 4] 422 30T A BR 4 35
T UL S A 3 XA AT AR TS G R
fh 5 TXE CPM O HEBCIR B ST Bk . B AT G
HALHERCIR BT CPM g B 58 %2 /0, Li 4512 %
V& BE N SR AR A T 2R AT T IR, SR
i CPM (9 HE B B D 7.9 mg/m”, i S0 BURE
¥ ( Total particulate matter, TPM ) f{] 83. 2% , ¥
USRAVEEE RS RIS 33 N 3
7x CPM HER e FE7E TPM p 5 1 41.4% ~58.7%
PMIAE " Y TR ARHE LT CPM () TR HL A
SR, BB R AR B T (SOLT) i 4 3 T A
PIFIA SRR ST T P AR OB R A A
CPM HECRR 1, & B A 0 =X r B 2B 2% 05 HE O <
th CPM & 2 & 48 £ AL, 78 TPM by [k
76.06% , B R o SO B o7 KR F. WEE
R VORI R T Bk R AR T S AN R R
A7 TR AT — A B R BB A 1/ A 2
i B 2Bt O 47 B CPM, 5 X H: i 47 3 4 A
KA B T A o B, & B WEGD fil WESP Xt
CPM 8w R [ £ % = A AL (S0,) fif
M2 (HNO,) (@A L= (HCL) fa (NH,) | A 8% &

M {EM , 78 WESP if O SO, HCl #1 NH, i i & ¥
JETE 0.4 ~0.7 mg/m’ . | iR F 58 0 L 4 X A
BRI T JF R T X T — 2 v /N BT R
B b, ALHE Tl Al B A LT 5 R DUAH SC ST o

A6 (I 75 G 5% AR vk B JURL ) 1Y) I o
1) (HI 836—2017 ) Fi ( HE A4S 18 v vl B 25 7
ORE Y K I 7 ) (US EPA Method 202, 2017
R T B e B L R SRR AT A
SR T R TR S I, D A HE JE A FPM
FCPM e ik B, LA R Horh gl i 7 (F 7 ) Vel 1
(C17) SO} ASMRARBS F (NO, ) B F (NH, ) |
BB (Na®) BB (K™) BB F(Mg™™) 458
F(Ca’" )3k 9 WK IEMEE F M8k (Be) i (Se) .
BRCAL) VB (V) R (Ag) (8 (Cr) (% (Mn)  B6
(Sb) \#k(Fe) 41 (Mo) 4 (Co) R (Ni) 4 (Cu) .
BPE(Zn) (B (As) 8% (Cd) (81 (Ba) Bk (Ti) . #§
(Pb) Ok (Hg) 3t 20 #h 4 J@ oo R 9 & &, LI BLWE
S T 28 B 9K R g CPM HE ik 7K SF F4H 4 4
it A L R HE IR BT FPM 5 CPM i K
L PEAG 4R CPMHE I 0 B IR R 1 CPM
Hem i o 4 it 2%

1 MRFZX
1.1 #®kE
1.1.1 RRExE

44 US EPA Method 202 (2017 ) F1 ( HJ
836—2017) X & £ 19 225K, | 1 = 4 LA i 4% =X
Reve BE R U & A Bl 2 A, IR TR AP OR 4R
FPM 1 CPM )% & (CPM 8 5 b 19 I B2 A IR T
20 °C, DL B Hb 25 5 SO, (9 F 4, #E S T  E UE
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1.1.2 BG4
1.1.2.1 FPM Ktk

i BRCHT 836—2017 ) v (4 it >R 42 A0 BRI A
Wb b 2, e AT R i . B E BT 1Y
FPM JE 5 FH & BT I BT 1/2, S (I B 25 <
Wiy b oK s EB 7 (LiT (Na® (NH, (K™, Ca’" |
Mg™ ") B sE S F €3 ) (HJ 800—2016) FI{ 3R
o ROWORL Y oK EERT B (F7 L CL (Br
NO*" |NO; \PO;™ \SO3™ [SO;™) il & # F o i¥
) (HJ 799—2016 ) 1 #H 5 25 B il & 7K %5 1% 55
SAATIREE B 172 Z2HCEEMVRY &@ocR
SVHD IO R OB ) (HT 832—2017) il 5 4x
JBICER il
1.1.2.2 CPM B

Fe LLR A0 SRR - O o i v oK AR R (B
JCCPM 3K 17) o K ¥ BE VRO AN 5 B v o O
T AAR 4 R e A 1) 981 S M 45 1 B SRR, AR R K o
VT A B RAE R G 2 K, AL 4G FPM g f5 S Ji5
& CPM I e 2 8] 1) JIr A3 A< I 8 44, b Uk /K 4= 356
WA AT IR R I A bR A AR R . @A
HUAR P BE MR (ARt i CPM 434 27) o Kbt ),
JH TR TR v 35 T ) SR R e A 2 Wk, T OE O
THUE 2 UK, B iy 4 FR WSO A 99 56 HE 4% 1) 0 B O
o A AR S R b AR R VR I . BCPM
R (BRid N “CPM 234 37) , BFE, HE T
H DB S DT R b BB ke 3 il B A L AT
GFbRA .

$i2 18 US EPA Method 202 (2017 4E ) ¥ L) -
CPM Kt S AbBE K CPM,, FI CPM .y, .

CPM ,, FE 8l % CPM Z3FE 1 IR 45 21 53 W
T2k A%y 30 mL IE O ke, B A LA, #
WU 43 8 8, DN 43 WU F T S oK 7K AE VAR T ]
CPM 434 1 J b, S i PR K AR, W 1 2 A D &
A HLAHTA CPM J34F 1, Ntk e 52 2K B3 I, 7K AH
el CPM 23 # 1 Jii, 90 mL A5 #L 2 BL ) & JF
CPM 3 HE 2 oy B A WL WA 1 A0 T A 3% 5
PR TE IR AN R 30 C 8 R T, 76 8 XUHE N
HEAVIZPY ZE AT 10 mL, KA 4
IR B — TS EFREAY 50 mL A4 7E
AR T 30 C CE R 7 XU N kSR R 2
T RG22 e A TC K R A5 1 T 1 4% 0 T
HE 24 h BIHE,

CPM . B K CPM 23R 3 T A BE 57 3% 5 5
B A BORE SR AR Y 25 B T R B K
i AR PR MR (B 40 10 mL 7K ), il AR A I 4 R
TR B 2D 2 min, $EUS KSR AE
BUS AP CPM 204 1 P 852 2 Y4 I, 24
U3 o SRJE HEAT A LA 52 MK CPM g B i A
Rl 50 38 3 A R v, A AR A IE O b (B
10 mLIE & be ) o A U8 B, T A B 75 i Bon]
BT IEC KRR ZE D 2 min, 2 BUS B985 I
AR (CPM 234 2) s B A FR I 2 1K
P2 W

M CPM K B SO mIL ] 77K 9 Mg 1
A, 3 S0 mL [T T IC R o0 Mo R R i
F 3] 500 mL a8 B /N BEA B A8 L AR B 105°C
¥4 7% & ZARFL <10 mL, SR J5 76K T 30C 1Yy
BT, KRG, TETCK B R 85 T 5 2% o T #
24 h 2fEE,
1.2 #HSHoH
1.2.1 #77 &

F B (HJ 836—2017 ) Wl 5 FPM , CPM i 4 ¥
J& ;4% B US EPA Method 202 (2017 4E ) 43 5110 5
CPM, (CPM ., BT & ¥ Ji ; FPM Ji & i 2 55 CPM
i W AR A5 B TPM B R ok B, 2 MR (HD
800—2016) FI{ HJ 799—2016) 43 ¥ FPM .CPM 1 9
FlK RS 5 4170 & i 2 OK T 65 Flioo K 1Y
M HL RS S 55 B A BT ) (HT 700—2014)
3 Hr FPM CPM th ST & 20 73, Horh Hg 2 B (OK
ORI E ¥ I W Wi o3 6 6 BE ¥R ) (HI 597—
2011 ) #AT 534
1.2.2 %k E 50L&

S A AR LA 1,

®1 ZBWEFHMNE

J7 W 9 H A T A5 IR
I F~ €17 SOi" \NO5 \NH | B F @ik 2% [E Thermo
Na* k* Mg** Ca* (1CS1500) |
N N t=} N

2 Be.Se Al.V Ag Cr .Mn.Sb, H/EMHE%EE T 2£HE Thermo
Fe Mo .Co Ni . Cu.Zn As . Cd, PRFHEIL(7700X) /A ]
Ba.Ti.Pb

3 FPM . CPM gy (CPM ., | K % W KR % E OHAUS
(CPA225D) NG|

4 Hg ¥ I W % [E Thermo
W 7R AL N

(LEEMAN LABS)
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1.3 JEifliEk

B R U ST AR E A it A DA CR FE R
Ja T R G AUE MR A IR i <0.3 L/min, @
FELCRFE YR 4K NER  IE O kias A, IR
Mo, W RESTETZ (L85 Rk FE.
QLB E mHrid B BHLEE S T 1 A LR ES
1, ISP A7 R R0 TT R 4 ) D003 1 R % R R
W
1.4 BeARw e

WEENIZIT I ERREN R R AR ER T
A B FRBER T C.DAE RIS 52, A B ¥k
EWN TSN R R m A, A FIK T 7
J2 7300 v/d AR b BB OR 2 A4 R b
AWM AETE B AP A 4 L 1 & 12 MW #E%
KR AEIA;B EERTER 2 & 500 v/d £
R LEY B 1 & 20 MW 595 7 58 AL A
25 MW & B L4, WUk B 3% 31 HE R R ok
20 mg/m”, 35 B L HEEOK A BARE T E K
A= 6 B 3B Be AT ok ) B T2 R R IR B K
Fo CEBEEA, MEREK T 4 x220 v/h 57
TALRER B AN 50 MW K ML A & H T,
WL 15 T HE R B < 20 mg/m’, 3k BB K
HEBAKSF-o D ki, #ikA 2 /5 100 75
MW i It 7 58 75 X BB L4, J50kE 4 15 3 HE i
Ji B B <20 mg/m”, T 2K S E N LS, 4
Ak MH IR B T2 K W I B TR AR R T A D
#®2,

R2 ANBWRERSEEIZMENHEESTR

o, BATRC . JH A R AR A
il /% MR T Z B/m /C /(m - h-l)
A 100 SNCR Ml +°E T g0 130 6 x10*
Wil + T3k + Wk

B 100 gemphf + ARl 80 130 10 x10*

C 90 SNCR i + f1 K4 90 55 21 x 10*
—AH BB + B
NE G BR AR BRA

D 95 SCR A + A KA — 240 48 250 x 10*
AEMEVE + &
A5 A R R+
1 2 L R 2k

2 ZBRE5HSMH

2.1 FPM.CPM 33 R 2%k &
WUk ) o R R W BOHE A 4 R AR 3,
e 3 ] W, & A HE Ry FPM R & ¥k 1Y

<10 mg/m’ {FRAE , CPM i e J& , BRAR I da T D
ZHN, BT 10 mg/m’ e KHE A 2.9 fiF. M
CPM 1 FPM J5t 5t v B 7 ¥ {8 09 LU (B &, $ ] 0%
KHTT A B 452 30.5,10. 3 AR €D 1)
B 50 3..0,0. 94 T 25 VS BUKF-BRK C
JTHAR R CPMHE v BE B L 5 TPM Y L 48] AH X6
D WS, C.D ki ISR S LS
AR RS R KRBT e, A B BARTERIIK
bR B R4S A Z BE B kL i, CPM 1) 5
B TPM 8 T EE A, &k CPM
A AP AT 45 S R, CPM 76 CPM i T o5 Fo 91 4%
flko & & CPM, 4 Fr 45 R 5 [l 7 0. 07 ~
1.0 mg/m’ , i/ 0.27 mg/m’, 5(HJ 836—
2017) 45 % 4 T 2 35 0B 4 A M A HE PR 1.0 mg/m”’
FHELEL , CPM o Kb F A A S . X Ud B, 2R R 0%
o AR K ACHE B FURE P L A BILAE AT D 2

£3 FHYREBRELVHBRITER mg/n’
p(FPM)

p(CPM) p(TPM)
0.5~1.1 0.6 20.5~38.7 18.3 21.5~39.8 26.2
1.7~4.7 2.7 18.2~37.4 27.8 22.9~39.5 31.2

1.8~7.2 4.2 8.2~21.7 12.6 11.8~28.9 18.6
2.4~9.9 5.1 3.6~7.6 4.8 7.2~13.5 9.9

o o = =

2.2 FPM 5 CPM %1 4% 4E
2.2.1 XKEMHBETFARRFALREK

16 FPM iR B A SR A i K W PE B 7. 76 CPM
B b NHS KT AR o NH] Bk
R B b €17 UNOy SO B T A K,
o SO,* 7 i vk B 5 v s CPML A B 8 1 11 3k
g R S A A X0 AR R B S 4 R A
EIHIE . FPM A1 CPM Hpk Y A9 8 22 85 7 ik 15 1% 0
W4,

x4 FPM 1 CPM i HWEEB FRERE

mg/m’
FPM CPM

Al " >
p(NH;) p(S0,°7) p(NHS ) p(50,77)
A <1.0 <1.0 2.5~7.9 4.2~13.3
B <1.0 <1.0 2.0~4.1 1.5~8.1
C <1.0 <1.0~1.9 <1.0~4.0 <1.0~2.6
D <I1.0 <1.0 <1.0~1.1 1.0~2.0
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NH," F1 SO, 3 Bk J5 T 40 < b 3t 72, i
B SO, W) T 20, SO, # st i o 551 vh 1, = A=
ok 92 6 2F T 4 Ak A= RO 198 &, 44 TR 22 B30 W o o
T AR 43 e Z A 7K PR A A HE s B B AR AL G T
M AR R 2R AE I TR, A b ik D RS
SRS G R bR A CHE A .
ol @R ,NH, e S0,°7 NOy kg tk e 7, o
AN REBE IR B RE B, DRI R BE R AR FPM () 5T o VR
B HEAMTEE CPM ) BB MY ., X— )

Tl U BA T 9 B BB A T2 4 B 8 o e <k
CPM [ & 43 57— J5 T, CPM LI K s MBS 7y 1 %
B4, A5 R A K U MBS 0 HE R, SR RT DR B
46l CPM A HE R VEH o
2.2.2  JLE Y5 EAE

1E FPM ks th i) 4 J8 ST R K £, Al Zn \Ba fif
ST 3 i ;78 CPM v 2% Fih 43 J& o0 2 Kt ok i 1 AR
fik. FPM FI CPM kst 19 3 B2 50 3R Joit b vik B2 A 100
WS,

%5 FPM 1 CPM d#& g Al.Zn Ba [REKE mg/m’
FPM CPM

A

p(Al) p(Zn) p(Ba) p(BITH) p(Al) p(Zn) p(Ba) p(HILE)
A 0.4~1.0 1.0~1.4 1.0~1.9 2.5~4.5 <0.01 <0.01 <0.02 0.01 ~0.05
B 1.1~2.1 0.6 ~1.4 0.8~2.1 3.7~4.9 <0.02 <0.02 <0.01 0.01 ~0.07
C 0.3~0.8 0.5~1.5 0.6~1.3 1.6 ~3.0 <0.01 <0.02 <0.01 0.01 ~0.05
D 0.1~0.4 0.1~0.4 0.2~0.8 0.4~1.7 <0.01 <0.01 <0.02 0.02 ~0.03

&4 MES 7] W, FPM & F &8 TED 2.2.3 ABRTERUAPFELR

ALY B, AR R 2 AR CPM U LK
VEVERS T O L b g SO,7T R NH, TR R A
SRR T EEE TAS . WIWARE
TR, 3K BB KT PR R BE R R AR R A
M.

TEHTR 20 Foc R, i FEEBTR
A Cr Ni As Pb Hg 5 Ff , % U R i Wk WL 6,
H 2 6 W] UL, Cr Ni Pb ¢ FPM vk t 19 T o v i
B & & T/ CPM i As Hg 70 3 W 37 2 4 47 7¢
T CPM 1,

#6 FPM# CPM i HW T EFSHETERERE" mg/m’
Wk  &ETE Ak A 1k B 1k C 1k D
FPM p(Cr) 0.000 1 ~0.000 8 0.000 5 ~0.002 1 0.000 1 ~0.000 4 0.000 1 ~0.000 2
p(Ni) ND ~0.000 2 0.000 2 ~0.000 8 0.000 1 ~0.000 5 ND ~0.000 1
p(As) ND ~0.000 1 0.000 4 ~0.026 0 ND ~0.000 1 ND
p(Pb) 0.000 3 ~0.001 5 0.001 8 ~0.002 7 0.000 3 ~0.001 2 0.000 1 ~0.000 8
p(Hg) ND ~0.000 01 ND ~0.000 03 ND ND ~0.000 03
CPM p(Cr) ND ND ~0.000 1 ND ~0.000 2 ND
p(Ni) ND ND ND ~0.000 2 0.000 2 ~0.000 6
p(As) 0.000 6 ~0.002 7 0.001 3 ~0.002 3 0.000 2 ~0.001 3 0.000 3 ~0.002 1
p(Pb) ND 0.000 1 ~0.000 2 0.000 1 ~0.000 4 ND
p(Hg) 0.000 04 ~0.000 14 0.000 05 ~0.000 18 ND ~0.000 05 ND ~0.000 02

@© ND R KA

3 #ig

(D)4 Z Al HE ) p (FPM) <10 mg/m’; Bk
MABERL T D 28k, HoAx 3 4l p (CPM) #5317
10 mg/m*, F KM 2.9 %, M CPM fil FPM Jf &
WP AR WA, RIS K BT A B 1L
{EL73 514 30.5,10. 3, CPM H i B 3t 5 T FPM ;4%
BEH T C.D HAE 2390 O 3.0,0.94 0 DA 4 SR A

WAEA B HEHCIR L, R g R e b, C T
i CPM HEOH FE Je He o TPM () L AR X D
A2, M A B PSR, CPM R HET vk
BORTE TPM b 548 74X 10 S, fE R ES
Qe R AEHE X, 76 AR HERCH 5 F , CPM A HE
TR AN 75 2B o

(2)7E FPM v R AR A K PR B 1. 1
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CPM wr K i B9 NH, i1 SO,” wk g dems . al WL, 4
A4 E R R R AR NH A SO,7 T SR KA T R
T I ANRERH L FPM [ 8 I BH B8, PR AN A S ke
#E FPM [ 5 i v i v

(3)ZE4 FPM Al CPM Hp S HY A9 7K 7 1 8 7 Joi
S 4 JT 2 0T VR B A] UL, FPMOHR 45 il 4
JB TR 1Y A 2H A, K U P 2K A s IR ; CPM
W LK EMEE T8 . DUKEMEE 18 CPM HE
TR R = T AT o

(4) kit i 4:J8 T % Cr Ni As . Pb Hg 1, Cr,
Ni . Pb 3 FocR e FPM At (%) o & ok B2 B & 1b
1£ CPM 2 2 1] As Hg 2 Fh oo 28 U B W 5 2 3
FEAET CPM Zih

(%K)
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