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Occurence of polycyclic aromatic hydrocarbons in PM,,-and gaseous

phases of flue gases emitted from Huainan coal-fired power plant
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Abstract ; In this study, 16 US EPA priority polycyclic aromatic hydrocarbons (PAHs) in PM,, and
gaseous phasescemitted from three coal-fired utility boilers in Huainan, Anhui Province were
analyzed. The partitioning. méchanisms of PAHs between PM ,,-and gaseous phases were investigated.
Results indicate that the concentration ranges of PM,,- and gas-phase PAHs in flue gas are 2.9 to
7.5 pgem ™~ and 6.0+to 15.1 pg+-m™, in addition, they are primarily influenced by boiler capacity
and operation conditions. The removal efficiency of gas phase PAHs through Electrostatic precipitator
(ESP) is lower. PM,,-phase PAHs are predominated by 4- and 5-ring PAHs, accounting for
35.8%—49.3% and 16.2%—27.3% of total PAHs, respectively. Moreover, gas-phase PAHs are
significantly depleted in 4- to 6-ring species and mostly characterized by 2- and 3-ring PAHs. The
wet flue gas desulphurization ( WFGD) had significant effect on the elimination of PAHs in both
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PM,, and gaseous phases, especially for the high molecular weight PAHs. PAH partitioning between
PM,, and gaseous phases was dominated by the absorption behavior. Individual PAHs exhibitd
different dominant distribution due to their different chemical affinities and vapor pressures.

Keywords : coal-fired power plant, gas, PAHs, PM,,, gaseous phases, characteristics.

PRI e 2 — BB IR, o7 3 — IR BE TR 9% B 1Y 70% LA_E. Z3F557 %2 (PAHs) J2—JE
2—T DR AP E ), th THARE A e, I BABUE B AEC AL R AL IR I A2 314
HTIZ I ANl PAHs (13848 . — 24 ASZ PAHSs 15 Y 4 R AR ER 1AM B2 ke 5]
P PAHs V542" . G HGERFFE R UL Befoh PAHSs A9 HR R B RS Iedi ) JRURS: 3o i 5 3 A 56
RSP A Y PAHs 23X LB Z R T A0, 3 UK R 2% | Sl IkAE AL A5 s

B PAHs 20K A T ASRIRM A3 SR AR 7E A IS S IR o A 2R AR Tl B g
JEHERL PAHs (1 FZ R ZED . A RERRS M A4S 20%—30% 1) PAHs 3K [ TRABEER I A5 BLE 1Y
RESRIERIFAER LR T BR DA B, IR LB R AR B8 22 BR 99% LA LAY RIBUAL , {H — S 40 /g JBORE ) (
RAR/NT 10 pm (9 PM,o ) ARELBR. EATANE S AN RIFI R GEW A f6 T ANMRSZSUE AT s 25 , 25
BEHIY) PAHs F2ZJ2 A SO FVBURLAR — &R B A rp e PR e A T 1 A FURIAH L ACUAH HY PAHS 1953
A A5 AE XS T HERR P AR IR I 455 B AR B2

ARG i R AL LA WER T 3 A A DX B A o ) SRS FUORL S i , #4005 A TR BR AR 495 4 Xk 22 34
F5 e HET SN 3 F 58 22 057 Je e vl W A BURE ) R AR v (8 S0 BE ML s o 100 22 007 SR AR AR ) 1 HE
CRFRESR B T —%E ULAR , A B T PG 2230557 S A SIS A BRI S5 AR 5 M) 418 (R Rt X0

1 #5771 ( Materials and methods)

1.1 AR FIAb 2

AR S RAE T LR I 3 MR &) gy (HPA  HPB 1 HPC). MESHESZMN 3 &
JH 6 A~ FLS R (R AR 1R S AR 1Y, 6 A H B b 435 B HPA-1 HPA-2 (HPA-3 HPB-1,HPB-2 fl HPC-1
TR, BB PR A TE YA Hl R O FEAE B 1. 7EBUCRERT, T A 1L JE AR TE 500 CHBSE 5 h, HBR
FREA BRI Y. AN IR ZET S 200 mL 40 4% ( DCM) R [GHR I 48 h J& , F T B9 50§ 4
Be. FIH B sh 55U R A R GENCHENEE SRR SRAE s e BCEE AR [l W F L, 76 R sl A o | SRR SR il A
T XSS 18], (] SR TP R Z R0 7K ( PUF ) WSS S ATRE . 00K AR 5l Y SR S48 FH 49 mm 4%
BB B LT AEDE I, SRFE ST U , PUR AR U 8 VR AT s DY BRI 48 h J5 FFR I, J1 v oR A5 B0k
Wi i, SR e AR T B2 00 A VKA IR AE

R IR PP B RE A B
Table1l Basic information for the CFUBs, flue gas and APCD conditions and flue gas

il o ol i ROTER LN AR
Boiler Boiler type Boiler capacity HH B Flue gas flow rate/ Flue gas
APCDs (m-s™") temperature/ °C
HPA-1 I 300 MW ESP 8.7 69.4
HPA-2 NIAES 300 MW ESP 11.4 67.2
HPA-3 NI 600 MW ESP+WFGD 9.3 72.3
HPB-1 RAE S 600 MW ESP 9.8 74.6
HPB-2 R I F 600 MW ESP+WFGD 7.9 68.5
HPC-1 I A 600 MW ESP+WFGD 10.1 73.8

ESP, e R %8 Electrostatic precipitator; WFGD , TR B2 B Wet method desulfurization
1.2 FES I B
S HI B BT B RS S MLBEA T TR 450 °C. FEZR IRARIET , WAR L &) O EE-D ) s 3] it
UEASF PUF RS . RICHIEE 48 h J5 , AR W 2l 78 2 o v 4 Jo >R AR AL R B B kA T 90 B8 15
Fheke FF AR 43, 05 I A Ay TR SR A B 1 mL, AR5 A0 6355 3% B FH AL, GC6890 and
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MSD6973 ( GC-MS) K 4347, ik 5 4 40 T . DB-5MS 47 35 B 4145 3% 4 (30 mx0.25 mm, & & K
0.25 mm) , FHEFEFF AT :60 C T 3 min, 285 LA S Comin™ (R T 200 °C, FELL 2 °Comin™' T
250 °C, fJaF+H 3 290 °C A 5 min, P B F DAL (SIM) K5, 1wl Ao J kR 203 = 46 He
(V1 mL-min™") , FTREAL B 7 EL IR, B IR 270 °CHLEH 70 eV, HLIEH 350 wA , 45350
5 50—500 m/z,i]’fl{lﬁﬁﬁﬁj\j 1.5 scan-s™.
1.3 B Sl

TR 4 AREF AR — P ATRE S0 28 RTINS DR 7225 1 S50 v 22 2855 8 [ 22 A i 380 45241
K (3%—11% ), AESH bR BSCRAE 68%—105% , PM,, o [BISCR N 719%—113% , J7 A6 I R Ay
0.001—0.004 ng-g™ £ AT HE5Z A5 FBI LA Y.

2 ZEHL 59798 (Results and discussion)

2.1 JRIGER TR PM A PAHS [195R B3 FR1E

F2HIH T 6 BT BRIERY RS TP AR PM, A PAHSs RO RCREE. FHER 2 A%, 16 B PAHS 7F
PM, o FHFIARE F 10 5 e 3 S L 20 31 9 2.9—7.5 g - m >l 6.0—15.1 pg-m S5 4h, 16 Flt PAHs 1E
PM , AH Y S5 B2 /N3 5 HPA-1>HPA-2>HPB-1>HPA-3>HPB-2>HPC- 15 7ECUH Hh A4 o ik ik
KNG HPA-1>HPA-2>HPB-1>HPB-2>HPA-3>HPC-1. A MEI4 2 Wii#ihoe 45 W, iz i vERHE
A G X 50 7. PRIk, PAHSs 9 J5 2 W B 32 R RS P R S 0k b 4% 4 ) 5% il EL A B 2, A
16 Tl PAHs ) PM, #H 5T 55 ¥k B 5 L #E 600 MW 8 S8 5 47 (HPA-3, HPB-1, HPB-2 il HPC-1) 2& 2.9—
5.3 pgem” SARTTEEETEE Y 6.0—11.8 pg-m™ R RAETF 300 MW BRJEH 5 (HPA-1 A1 HPA-2) , H:
PM,  FB R VBRI 6.5—7.5 pg-m™ SRRV M, 129—15.1 pg-m” (WL 2). 3 2 B nTIfG
t Im SRR (HPC-1) BT PAHSs [ vk B ST il S 5 b BRI S s b ) e WL B v s i
17 CHRBE B 7553, AR P PM, AR A thAsefIk. b HPB-1 St HPA-3 il HPB-2 fdr /e
BT OSBRI B SRR PM  AHAY PAHs YR KCEHR R, Hah, K 1 Aia i ef ke
an AT 15 LU SORE PAHS UL R 25 (CBSP ) 7E<AH PAHS T BRACREAIL.

R2MAFER T PM AU PAHS vk &
Table 2 Concentrations of PAHs, PM,,, and gas-phase PHAs for the samples

P PNy, TR O
PAH? - PM,, Phase concentration/ ( pg-m™>) Gas phase concentration/ (pg-m™)

HPA-1 HPA-2. HPA-3 HPB-1 HPB-2 HPC-1 HPA-1 HPA-2 HPA-3 HPB-1 HPB-2 HPC-1
S 0.43 0.29 0.32 0.27 0.22 0.17 7.3 6.1 3.9 5.3 4.9 3.2
)i 0.34 0.32 0.28 0.23 0.26 0.18 1.5 1.2 0.96 0.77 0.72 0.59
—&JE 0.25 0.23 0.19 0.15 0.17 0.13 0.80 0.79 0.29 0.57 0.31 0.28
Vil 0.29 0.18 0.17 0.14 0.14 0.12 0.96 1.1 0.22 0.54 0.96 0.25
ps 0.31 0.31 0.16 0.19 0.20 0.12 1.3 0.96 0.45 1.5 0.38 0.57
E[3 0.17 0.19 0.11 0.16 0.15 0.09 1.2 0.81 0.40 1.7 0.31 0.36
W 0.93 1.0 0.89 0.87 0.61 0.45 0.48 0.52 0.24 0.37 0.18 0.18
4 0.77 0.87 0.69 0.58 0.38 0.28 0.42 0.48 0.22 0.31 0.15 0.18
HKIfF[a] B 0.5 0.36 0.43 0.44 0.37 0.32 0.34 0.31 0.21 0.15 0.13 0.13
J 0.47 0.47 0.22 0.29 0.28 0.18 0.30 0.24 0.13 0.09 0.09 0.09
HIF[b] D 0.63 0.51 0.25 0.38 0.16 0.19 0.11 0.09 0.03 0.09 0.02 0.03
I k]ZETE 0.47 0.37 0.19 0.33 0.18 0.16 0.08 0.11 0.02 0.11 0.03 0.03
HIHlaltk 0.41 0.31 0.13 0.29 0.13 0.10 0.13 0.08 0.03 0.09 0.05 0.05
ZRHF[a,h] B 0.52 0.35 0.16 0.23 0.12 0.11 0.06 0.05 0 0.06 0.03 0.02
EiFf[1,2,3-cd]1E 0.55 0.38 0.16 0.29 0.11 0.14 0.06 0.08 0.03 0.09 0 0
It g,h,i]tE 0.41 0.31 0.17 0.44 0.11 0.12 0.09 0.06 0.02 0.08 0.02 0.02
PAHs & 7.5 6.5 4.5 53 3.6 2.9 15.1 12.9 7.2 11.8 8.3 6.0
PM,,/(mg-m™) 17 17 10 16 11 11
0C/% 5.3 4.5 3.4 4.1 3.6 3.8

EC/% 2.8 3.0 3.0 2.9 2.6 2.6
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Fig.1 Variations of PM ;- and gas-phase PAH concentrations at different sampling sites

2.2 BREEHT IS PM AHFIS A PAHSs (IRAFRFAE

16 F PAHs # FEER BRI AR 43 2—3 34,4 31 H1 5—6 ¥1 PAHs, B 2a 0] 1 PMy A PAHSs
BT (4 3 FNE oy i 5—6 PR (U B EERIR IR [ b ] 980, 4 il i S PAHSs 11 35.8%—
49.3%F1 16.2%—27.3%. WA BIBFFEARA 45 507 PM, A0 P 84> 75 PAHs B 5 e E s .
2b AIHL, 5 PM  AHAA L, SAH PAHs £ AR5 T PAHs, REAAE2—3 34, M 7E 4—6 35 I &
WD (BN . 28 JERTED) . X0 RE RN TE S 2R VR N /N T PAHs RS, S AMER I N &IF
TIORL R TET (19 /N T PAHs 2555 KA Wi ifE A A R 1. U HPA-1, HPA-2 il HPB-1 F Y 25
AN[F],HPA-3,HPB-2 Fll HPC-1 $ 4 A9 B S AN [R], e 8] 2 AT, A0 A AH ALY PAHSs 3 A =X, 15 1 B
W RTITNIRBE S5 XT PAHS 7E PM  AHFN A H 9 73 fiisB i AR/, i 38 2 45581, Be a8 1 A B M A=k B it
HEE ) HPA-3, HPB-2 Il HPC-1 # 4P Bl Hi i PAHs A1 5 3381 6 31 PAHs BB 5 HL BB/, 3% A i iR
S E Y HPA-1,HPA-2 1 HPB-1 889 B 55 43 F 1 PAHs T (5 LLEE R, X — 2510 RN &
RS T T PAHs MUEBRR. Z T2 0 s MR IE 71X — 458 A IE a0 , Blin , 55 #0174 A
BRI T o R PAHs, BB 5 FOR16 PR PAHSs T 5 HLEE Bk 41.8% ) AN OB RR Y H
GV e AR R R B S A K BTG B AR IR e e TR 43 b R T 1 K f PAHs, (5 BRI 74%—
129950 1 HLik —B 4 5 288 3 BRFN 4 2R PAHs 28, 1 76 & 25 40 K B 43 Fp R I 21 () K402
5 B0 6 R PAHs! . A SCK MBI B B R T AR M 9.4 m™ g, W] PAHs AYTH R AT BBt T R B9 AR
2L KA R B 3 A DAL 5 R S T AR SRR e AT — B PAHs ZBRASCR R AlE X T
#4rT A PAHs. {H2 PAHs A9 R BRALERSY T2 B A KA 2 A8 FR 1R« W BN ™ 3 — s AT SR £
H4L. LA, Mt T RS B R PAHSs 1977 A R AL, 75 B — 2 T TAE.

[12-ring @A 3-ring 4-ring /43 5-ring B 6-ring

(a)
1.0 - ===

10 - ==
. - N\ 7, >
09 f % % § % % § 09 2 % 7
sLE BE B 5 E E 08l [ é % %
0.7 L = g § % § < 07 L 2
= o6l N N § \ =06l
:ﬁ( 0.5 L JE( 05 L
¥ r ® r
04| 04
03[ 03k
02| 02|
0.1 — 0.1 -
O HPA1 HPA2 HPAD HPB. HPB2 HPCI O HPA1 mPA2 HPA3 HPBI HPB2 HPC-lI

B2 PM, Ml (a) FIH PAHs (b) e BE AR A
Fig.2 PAH distributions with different rings in a) PM,, phase, and b) gas phase
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2.3 MHAH PAHs 1Y/S-FE A
PAHs F)/C [ AR 73 B AT RAGE S I M BE R K, (m™ g™ ) AL, R4
K, =(C,/PM) /C, (1)
AR C R 5 B ORLY) R UM R PAHS BTV JE (g - m™) | PM 2 B 0 JUORE (9 k¥ 7
(mgem™) , BEATUH PM, o B TR B QLB TR O ) S v
H(2) FR K, 5 PAHs SR MGTIRAIZE IR (P ) FIEE B2 T LR A (Ko, ) ZRTEOCR  Horf
Py ARAZ SRR AG T
IgK, = mlgP) + b, (2)
lgK, =mlgK,, +b (3)
A K AR K m,, m, b0 b K, KNS A WL 1 A K.
Bl 3 KB 1gK, XT 1gPy BOZRE BIAZE R, ARG, B AR N -0.27—-0.32, XK W PM, A K<
I PAHs o3 A AR S5 P AR

i gK,;=0.301l0gP{~4.43 ok 1gK,—0.291gP{~4.43
=32 F 2-0.82 : 7=0.86
-36
TN E}
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> a4k >
-48 |
52 |
PR R T N S N SR N S SRR ]
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?=0.76 L =075
32t 3o
= 40}k
oy -361 z
g 2 I
5 mé -44
= 40 RS
s | = sl .
e 5 48
44 L
L —sabk .
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! 1 1 1 1 | ! | 1 1 1 | -56 1 1 ! | 1 | 1 | 1 | 1 |
—4 -3 -2 -1 0 1 2 -4 -3 -2 -1 0 1 2
1gP{/Pa IgP{/Pa
28 0 - 0
logK,=—0.27logP{'-4.05 logK,=—0.27logP{-4.11
ol . 7=0.77 -32F 0 S . 2=0.79
321
~ =36} ~
w i o
5 -40F &
= L =
35 %
= 44 =
48 .
| HPB-2
52 1 | 1 | 1 1 1 1 1 1 1 | 1 1 1 | 1 | 1 1 1 1 1 |
4 -3 ) -1 0 1 2 -4 -3 -2 -1 0 1 2

1gP{/Pa IgP{/Pa

3 AREERFEAH PAHs 131 1gK Fl Ig P} ARG R

Fig.3 Dependence of IgK, on Ig P! between samples at different sites
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P 3 I U T S P T AN JE M R 32 5 1R 0 P A5 U Z AT PAHSs 23S, X2
HAARBI ST BEHLE S m, AR DIAH DG RO T~ 0.6 52 B 9 BAT i A SR BB A WS o 9 3 3oz, T
RN =1 R BRI B FE T S B SR T ARBERBE ™ A2 1 PAHS , % N FEW Bk i R e
PEA PAHS LR Sl A, TR AR A P PAHs HOAT MM AR, — L R
m Qi 2E 1 =1 BO{EAR AT BE R b T SR A S 18] A4 3 B 28 1, Al 323, SRRt Jrg BIR AP 25 PR 3R 0052 Wi G 7 A=
. RS -1 1 m (EA—E BWRE B AL TARPARRS. i iE, i e R AT 5 A
BILBR =22 5] A BEE DR A DGR T VR A7 O 5 2 b 5 38 T APURI SR 5 e A OG22l 18T 4 AT L P A T
PAHs 7& BC 15 OC B Beit & & Z 8] AR S IE AR O, i S T IR 4k — &5

55 a) _ b
[ ]

50

o 45h y=0.35x+2.37 . 7=0.0722x+2.404
9 =0.74 °g 28 r=0.59 =
40
. 271
35 N
26 ] [ ]
3.0 1 | 1 | 1 | 1 | ! | 1 | 1 1 1 1 1 1 1 1 1 1 1 ]
2 3 4 5 6 7 8 2 3 4 5 6 7 8
PAHSs/(ng-m) PAHSs/(ng-m™)

4 PM  AHH PAHs 5 BC 5 OC.[H] A9AH e
Fig.4 Correlation between PAHs/and BC, OC in PM,, phase

ARFFE RN MR 3 S DL A P AR BOR A 4 F s T S B U R (K, )
Fb Py e S A M AR SO 5 FURLAR 1) 23 AT R0 A28 ik T 1K, Rl 1gK o, Z [HT Y G F , o 1 UM
BT T PAH SRR Ko, . HIES Bz, 2 {ETEH N 0.73 5 0.86, i A 6 A7 s 6 5 B 1E £ 1
AR AN, 33X 26 B A Y )RR (FE RN 0.30—0.35) AR/ T 0.6. 33X — 25 B ik — 40 2 B 12 0 R v i i
YER & 3 .
2.4 S K (E5E5 K (EA R

1 PR R AR T K 5 — 4Ly Rt 4 {5 JOORS o 9 A5 LA 0 T PR T R £ A
PAHs™ . 45 LT RS ) v B I K, TRIRR 5 6T BLA AR A 050

gk p,OM — = lgK,, +lgfoy—11.91 (4)
goa MWOC
, OM+EC fOM 7.2 0A fEc 12K%~\ (5>
Low MW, 10 ¢ 10
1gK,, =— 0.851gP? + 8.94 — lg(998/am) (6)

Ho foe fon= 1.5 foo) Ffc 53 B PM AR FAT B AN T F BRI B0 L 1k 53250 MW o L MW, 435010
U AISEBE R 73 55 5 £ oo 1 L o 23 02 B FISEBE R PAHS (935 BE REG K K, S I FIT R BRI
AU REG A (6) M SV AR SR ( P ) FIOTHR Bk LR (o ) BT K, (8. B IX LE(H 530
SRR (4) F(S) HEEA A K AT OB, FEAP B MW oo/ MW gy = Loo/ Loy = 0tpe/0tye = 11797,
S K A S A5 K (R ] A D LE B P 6 .

HIIEL 6 T LAt 1K, o T 18K oy B85 5200 TgK ELF B 5 064 56 (2 035 LM 0.73 %1 0.86) it
M NgK R 1gK | o Z 0 [T DA 856 0 T 1K, B LgK, oo Z IR R R #H HEGE T 1. & 6 B0 IR
i, %7 (Fluo) , MEBE (Pyr) %5 [ a] B (BaA ) MIAIF [ k] 52 ( Chr) iyl Bl B4R 1gK TR 19K, oy,
%[ a] 86 (BaP) FI I [ g, h,i ] 6 ( BghiP ) (9 1gK (B 32T 1K oype. X EE45 RHE— L UER] T Wk
5 W2 B A o FRAE SRS [ A& 2B I B A PAHs S8 AR 7R AR 32 40 FC AL AT Be 2l T
1 Z IIAN R B A 2 2 F0 0 R RN RS 73 SN HiRIE B, 25 - [ 23 BC WL 1 4716 22 5 1F, AN [R) PAHSs
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FER P R 1 3 R . A, 3K 2 PAHs 77 76 A 7 AR 1) JRUBE AT A2 53— A~ B K, i
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Fig.5 Dependence of IgK, on IgK,,, between samples at different sites

3 758 ( Conclusion)

(1) 16 Flt PAHs 7€ PM, FHF10AH o ) T 2 4k B 6L 0 55108 2.9—7.5 pg - m ™ 1 6.0—15.1 pg-m™.
PAHs 1) 50 W B 52 R B b 0 S5 R A (R s i 143 B 38 LB 2R 25 (ESP) 76 A PAHS T BRAK
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Fig.6 The comparison of logarithms of measured and estimated K between samples at different sites
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