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Simultaneous Removal of Polychlormated leenzo-p d10x1ns/ dlbenzofurans
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K:bstract The removalFefficiencies of typical unlntentlonally p_mduoed persistent organic pollutants ( UP-POPs) from flues gases from
coke gas burnlng were obtained using sélective catalytm teduction ( SCR) equipment installed in a large coking plant. The total
congeners of polyehlorinated dibenzo-p-dioxins/dibenzofurans ( PCDD/Fs) , polychlorinated biphenyls ( PCBs), and polychlorinated
naphthalenes (PCNs) in the flue gases at the inlet and outlet of the SCR equipment and the dustfall were analyzed. The results show
that the removal efficiency of the total PCDD/Fs was the highest (94. 6% ). The removal efficiencies of total PCBs and total PCNs were
74.7% and 78.4% , respectively. The homologue profile of UP-POPs in the flue gases at the inlet of the SCR equipment notably
differed from that at the outlet. Highly chlorinated UP-POPs predominated over the homologue profile of UP-POPs in the inlet flue gas,
while low-chlorinated UP-POPs were predominant in the outlet flue gas. The SCR equipment achieved a better removal efficiency with
respect to highly chlorinated UP-POPs. Catalytic reduction and catalytic oxidation degradation are both important mechanisms for the
removal of UP-POPs from flue gas using SCR equipment.

Key words: persistent organic pollutants ( POPs ) ; dioxins; polychlorinated biphenyls; polychlorinated naphthalenes; selective
catalytic reduction (SCR) ; removal

ISR R R R 5, VR e[RRI 3 U > UP-POPs [ HERL. A W5 &M,
PR R T E R S AR R R R ALY SCR EETE DAY i TR b AT KO R R A Y e
(NO,), W SEE 2@ HRIF s 2 05 B, SCR AR ol 1B A [ 3R 85 8 HE 15
REATFF0EmG (PCDD/Fs, GEFRAN MBS ) | ZEZE Rl 28 0 by 3 S e F — e HE ke 1) e A ]
(PCNs) FIZ@IKA (PCBs ) SR " AL R AMER 4P AR/ AR 55 50 B8 ( BAT/BEP) , {HILBE —
BLIG YW (UP-POPs) ' 771, X8k UP-POPs HLATIREE et (g MLk 14 S 375 A
Frabt | BT R A E B e, TR B 20180607 (54T EH. 2018.07-04
AT 5| g e A A 2 KU A A B AURS: , B IE A ESTE: AR B 2 1) 552 BT R 0197 35 4 55 F

(DICP 77BS201601 ); [H R H 4R B 5 & 4 1 H
W (R TR A A WIS e (4 30 18 B IR BE A (21507132, 21777159 )5 515 1 4% I R F 55 %2 e Bl
LI FiF 255 48 ; kAR f 7 (973) 30 H (2015CB453100)
£o) PRATE: © . WSRO UHOIEARHRRL, BNARIT (00 000 ) e, ML BIE . SRS 085
PRAHALE O i 46 R I R PEAE AL I (SCR) ICPEAT LTS e 9 3 67 J7 1 B 5 4 B 4R, E-mail

NN N [9] S mhren@ dicp. ac. cn
ﬁj({% mﬁ%/{ EF‘ E(J Nox . JHS&* E‘J@}Eﬁl’ﬁ—fﬁﬁé # JEIEVER , E-mail : temc@ sina. com; hjzhang@ dicp. ac. cn



144 7

B 40 %

V,0,-WO,/TiO, 2l Hl i £ 1) —Fi SCR fifk
R FERRINATH A, B AR V,0,-W0,/TiO,
FHEAR ) L 22 7 FH 21030 43 3 i A 30 R B e b 3 R
G, B R EAERINE S SRR AR e, XA
PEIE A I g B BR AR AT ik 90% LA 1170,
HAT, A5 SCR H AR XA BB —
R JI PR ASCR P BIE 5 190 oR DL A AR5 v ad ik
SRAE [ P R — KA R IR SR BE R GE ) SCR
BEE A TR 2 SRR . DL B2 SCR & R R
JK, BT T SCR & 8% A e i O PR AR
IS %% T SCR %¢ B RS b 2 S BEZ A
ZE PRI RRAE 0. 210 Fp R SR A (A | 209 Fh £
SURAAN 75 Fp 2 A 25 A PR B 88 /0 Fr, il e %
Fb SCR Z& & it 11 RS UP-POPs 5344 1Ak 43 A 45
X, R SCR % E X E S UP-POPs 11 Bt KR HL
R AR, LU N IE S NO, Fi UP-POPs 3 [A]
T BR B A Bt A AL S FE A y

1 RS

L1 s | o/
/7 R R (DR B i A
PRGN ), A5 4 B R bt H)77,2-20088"
3—205 @ﬁﬁﬁ:%kﬁ(% T+ Bulchl 7N ﬁj] 4 Waters
'A.utOSHpec Pren}ier %%@?%*ﬁélﬁ-%%@?ﬁlﬁﬁ%ﬁﬁ
1% (HRGCZHRMS )4 T35 6 Waters /4 74 XAD<24#
BERE AL R 4 30 T2 16 Supeleo 2 RIS [
MP,-]éiomedicals INE] s RFRGE O e G e
TR J&T Baker 2~ Al ; AEME (75 ~ 150 wm, fE[E
Merck A F]) , 28 650°C G 1L 4 h; Jo/KBRIREA (5347
aff, KEKR), ECkEAERERT. it
ZHEMR M Z @ bR AR BT & R
Wellington Laboratories 72y F] Fl 3 Cambridge
Isotope Laboratories 23 &, 14 : D C[F {7 Z A5 ic #Y
TR A bR ME Y I MDDF-MDT . EDF- 8999 I
EDF-5999; @A [R] v 2 b i 1Y % 5% A5 i FF 5
DDF-MDT; QIR ZEFric A BB bR i fh 22 75
EDF-9999; @ "C[Fl{ii 2 47 ic i) 2 SR AR IR & b
YU PAS-W-ES | P48-M-ES il P48-RS; ®IE[Ffi &
Pric i) 2 EI R PR E T 275 VK P48-W-CS il P48-M-
CS; @"CIRIN ZFRic iy 2 A ZARHERR K CN-2 | CN-
6 il ECN-5102 (IR G FrkE) ; AR RHbric £
AZEFRUERE S PCN-MXA F1 PCN-MXC. Hh —med
IRBFRER I MDDF-MDT F1 DDF-MDT Hfu & — %
Jf ZESE (DD) AL Ik (DF) .
1.2 BEACREE

e P — KA SR R S

—

SCR 2 A LRI AR AR 3 AN RSN, [FIRFR
££2 4~ SCR B B FEAFEM. IR R SRR RN
17000 m*-h~'. SCR 4k A V,0,-WO0,/TiO, #
FERMEAL A B RS AE R | 3 A ZOKAE N R, 1817
TR 280 ~350°C. JEAUCRAE Jr 1238 R K pw
HJ 77.2-2008"" | RS SR ORAE, SRAEAR Y
KF1L2m’-h™", REERFEIRT 1 h. RS RFE
AIJE , 43 BISRESCR 258 BIREL , 1R )G S 1E %
e A IS = SR WS i 60 H i, FFArHT.
1.3 FESLETARSE

JR SRR AR i V8 R T8 5 in A PC IR 26
FRICH) UP-POPs $EHL 45, R H 250 mL 1E L %E i
TARRE(1:3) IRA AT R G, 48 B a]
18 h; FEMIRBUR AR ZE Rk dnIn it 2 28 &
A, SRITIEC BEUeME, BeME R 2R el 75 & e i
5 AR, SR AR [ HG B I CLbseph 2040 1
HEATUEIE ) At T g | 2 B I 4
SRS IR KRR ISR 2 e | AR
WA N BRI R i, SR PR
L4 G W L A

SR L 25 e P 53 A (03 -1 43 i
B AR (HRGC/HRMS ) 43 51 5347 BE o 17~ g
Yo, ZaR. 25028 | LU DD A DPs (g HE e
Jl Rix-5MS (60 m x0.25 mm ID x0. 25 pm df, 2
Restek 2y 7]) , i dbAl LR h 280°C | &k ki
FE260°C , FEEEIRFR A 1 pL, Rrdeee. —medt
DD Al DF 43§17 B €5 3% A T+ 3R A8 e k. 40 4R iR
120°C (1 min), 43 °C min~' J} %] 220°C (15 min)
2.3 °C +min "' F}#] 250°C , 0.9 °C -min "' F}5] 260°C ,
20 °C +min "' F+#] 310°C (20 min). ZEBE T
A TR R A P14 90°C (2min), 20
°C -min "' F} #| 180°C (15 min), 3 C emin " F} 3]
300°C (15 min). ZRAZE TS THERFE T R .
WIHATREE 90°C (2 min) , 20 °C +min~' F}5] 200°C , 3
°C +min "' F} #] 280°C (5 min), 20 °C +min"" J} #
300°C. Fiik sl &GS TR (ED | BTk
TR 260°C | L fE 37 eV, BEHE T (SIM) |
JTi 43 HE3 =10 000, 4351400 DD F1 DF st 1 i)
M*HI(M+1) ", Zogd | 2 AR £ A28 Pt
MHIM (M +2) "8 (M +2) " FI(M +4) " 15
(o R H G I 1 (R v 2 5 o e 0eg R [R)A7
FARRE BRI S i O R M i
1.5 s

XoF T A AR T SR o 2 R i AT A [ i )
S, FEUFATREITAS AT, A I R s in Y
21 FUChRIC B AR 18 B ChRIC 2 BRI



1 TSR . SCR ZE XTI URSE L U f PCDD/Fs, PCBs il PCNs B B[R] B 145

b, 8 FhUCHRIE 2 S ZE AR B9 DR 3 4 40% ~
90% . 30% ~130% . 40% ~90% Z [a), £F 4 3
EPA S 3L [H SRR .
2 ZER551%
2.1 SCR 2£EXTES T UP-POPs 4 AR I R0
SCR %% 8 XJ 58 be J& < b LA UP-POPs H A 1R
G ERRACR. WE 1 s, ER P aiEe AR
I REY R BIRIE (D PCDDs ) MIATRE A
ﬁ*%a‘#ﬂ%ﬂﬁﬁwﬁifﬂwﬂ > PCDFs ) fE SCR
B8 A A58 109. 0 ng-m 3 F1 685. 4 ng-m 3,
M2 SCR 3 J5 43 i BE & 5.3 ng-m > 1 37.7
ngem ", AR AT I BR 43l R ik 95. 2%
F194.5% , “HEHHYEMA (> PCDD/Fs) BBR% N
94. 6% . YR ey i) [E bR EE M Y & - (1-TEF)
ﬁ%;%—ﬁﬂlﬂ*wﬁm%ﬁ%imﬂlTEQ) SCR
PCEPEH DR TR gAY -TEQ HESy ]
13.84 ng+m *H10.315 ng-m . JiiZ SCR %EFJ&‘
Rl %S’%ITEQ WIEREAL T 97. 7%, (ENANY3

W—FP BESE 1-TEQ W 45 4k @ﬁﬂbﬁﬁ}i/ﬁ
S el mE AR O 4 g

%mf’fﬂi‘%%%&ﬂaﬁﬁﬁw ZPCBS)%Hé
e mj‘%mzlx( > PCNs )y Lfmzr“ft SCR/\D

fesmiy H246.7 ngeih 1 552. 6 rig- m-H X’itﬂ-lﬂﬁi
ﬁz\%'lbb54 7 ng-m 1 119.5 ng- m~* (Y SCR

S kb S PCBs A S PCNs 10 1B B 2 45 5
74.7% F178.4% , BRALFXF > PCDD/Fs (IR
H. SCR % B & 215 YW RR AR Y AN ) 2 35 2
AR T AR E AR AR 26 5] UP-POPs # A X
(1), 78 SCR R EA RSP ARFZS Up-
POPs #H F & & iy &5 B K A9 LT . > PCDFs
> PCBs
(13.9%) > > PCDDs (7.0% ), Tife it F A
LA > PCNs (55.0%) > > PCBs (25.2%) >

(43.8%) > > PCNs (35.3%) >

> PCDFs (17.4%) > > PCDDs (2.4% ) I FF ik
V. W% SCRAE G, K h > PCDD/Fs A%
STEBFEBAL, M D PCBs M1 > PCNs fYHIX &
T E R,
2.2 SCR HE kS AR UP-POPs 7] 22443
AR

AL SCR 2 E A5 R AN F UP-POPs
[ 2 (AT AH IR 53 1 S R AR P B ) 43 A 114 2

1 800

CJ SCREW AN
SCR¥EFH N

1 500 -
1200 -
900

600 -

e

w
=]
T

= L - L
I T

|

0 ] &
Y PCDDs Y PCDFs > PCBs > PCNs
1 SCR K E#HHHOESPARMLE UP-POPs HIRE

Fig. 1  Concentrations of different categories of UP-POPs in the

He JiEmg-m™
=
=

T AN

b
=
I

L=
=
I

>
=
I

flue gases at the inlet and outlet of the SCR equipment

SRR AR EE S — A R g 2

B Z %ﬁﬂ%%ﬁ%ﬁ%ﬁﬁmxﬁﬁzd\ ek
HUG T (OPLS-DA ), 45 2R KM, SCRALEA 1K

SRS CAE OPRSIDA 140 LRI, it
WA LRI B8R UP-POPs H%%Eﬁéﬁﬁ@%
3B e OPLSIDA 0 1 CF 2),
— U MoGDDAFs Fl DiCDD/Fs) J%élﬂl
SURIE A (DI-TeCBs) | BA K = CE i riE o
PeCNs ﬁj\#ﬁr SCRAE T 11— i F 2 e
WU UP-PQPs 431 1 SCR %EADJ&H%WI Wi,
W] SCR 25 05 A, rh s G U R S U UP-POPs
I REBRA T A R BR AR B AN [

SCRIEEF AN I SCREEFH O
06 " Qé:Nsc‘lMoCBs
: TrCBs
04 | , MoCDFs
ocpr HPCDFs : DICNs
@ 02| HxCDDs\HpcODs | D¢ D;‘;;ecas
= DecaCBs OCDD [
% NonaC HxCDFs X MocDb /KDDICBS
= 0 - pecpps. &~ OctaCBs : TrcNs DIiCDFs
% PeCDFs joana TeCNs
= 02 HpCBS ™ % !
© HXCBs“o._PeCBsTrCDDs
04 TCDFs¢ TCDDs 4
—04 L .
HxCN
xCNs TrCDF:s P ;CNs
0.6 |-, I | H ! | |
03 -02  -01 0 0.1 0.2 03
OPLS-DA#E 1

B2 SCR#EitHOESH UP-POPs B R4H)
EXRER/NZFEHIHI 547 (OPLS-DA ) #HifT
Fig. 2 OPLS-DA loading plot of the UP-POPs homologue

in SCR inlet and outlet flue gases

MANE] UP-POPs [R] = P9 4 A #cdl il U, 78
SCR 2 A HJE S i & LS UP-POPs [R] R ¥ 11
TR, XS AL UP-POPs [F R AHE =%
JNEAC IR IF ZEYE (Tr-0¢CDDs) | =& EFEMA T
ZRIF WM (Tr-HpCDFs ) | PO & JU & AR B 78 ( Te-
NoCBs) il = 2 L &A% (Tr-HpCNs ) (Kl 3). TifE



146 7N 55

B 40 %

SCR i RS AR AL UP-POPs F{AH X &5 458 75
(FE3), JuHRE 4t 26 )F mEd (DIiCDDs) | —
SRR Ik i ( DICDFs) . = 404t = 5 9F kg

(TrCDFs) | Di-TeCBs, = &10ZE (TrCNs) AP0 &AL
Z5(TeCNs). SCR ZEE XK UP-POPs [F] Z¥1 1)
J 53 358 2 30 ) I S IR B 3 o i 18 o fr b

90 400
[ SCREF AN
6 L Y SCRAEHE A 300
200 -
v 0T Iﬁ @ 100 -
E
=
.ﬁ ol = |2:_ =
E= ol
6 =
3 =
- | 8 s . \ =
oy oy oy oy oy oy oy D "J] W 'D'] W Wi rm rm (£
) o o o o o o a = [ [ [ [ [ [ a
8 & & & & & & 8§ § 8§ 8§ 8 8 8 8§ &
$ 222z $ 222 gzz?
90 400
60 L 300 -
A_‘ 200 -
T 100 |-
E % & J ] T 1
k) ] 7 50F
§ 5 a0
30 |
20 |
.‘T: 10+
a2 & & & & & 2 Z2 2 Z 2 £ 2z 2z
- 2 3 8 2 %8 8 % g 2 2 8 8 8 & %
= & £ £ £ £ § s 8 = & & £ = £
S 2 2 o
; o, [ A o &
" J ' 7 4 B3 scnfﬂéﬁfy&’%q: UP-POPs [& R4 195 #4531
¢ :l::"'_- o Fig. 3 Homologue f;i’r'o— 1les of UP-POPs in SCR inlet and outlet flue gases
4
2.3 SCR 34 UP-POPs W7k I [/ R 91 4% > PCDFs . > PCBs fll > PCNs 9 % & 43 5l H
AR L
1.8, 4.2, 14.8 Ml 4.1 ng-g”', b > PCBs

JRAMEE SCR 2% B s AR R 5, 78 93
RS BB 239 SCR #EEAAR, TR ; 8
SYPES Y UP-POPs 23 45 W& 2B 14 43 Ui A5 LA DA JE
SRR AP 4 AT, BUREJK > PCDDs |

(59.4%) > > PCDFs (16.9%) > > PCNs
(16.4%) > > PCDDs (7.3% ) W 5 3of b #4
Pl BERE Y 1TEQ &5 0. 14 ngeg

18 8
0 1
15
4 = T —
N 2L = LI = L
a0 = — — — =
& 09
= 9k
=
« 0.6 -
6_
3_H ’—Fm_ ’_”—x_‘ H ﬂ
g[—] 0 l_l!_l‘_‘ f’lﬂ r—‘ ﬂ I;F| ml’_]x—._ ﬁlr—:
gL a2 A RAAAALACLLL L L2 L2 RRBRRRBLELERS 2252 22 2
8890 O O0O0OO0OOCEESEEE8E6886RQ2002Q30QRu008868666866 6
ggwﬁ'«\l uuguuuuggugpgggkgag-dzﬁsggggghﬁ;—'><=.'E
z = FE =5 = o e R~ == = = LI o T == = 7]
] = 2= = = = = Q = £ = C;?c 3

Fig. 4

SCR ¥ B %4 UP-POPs M & BFIE RS T 4HE
Contents and homologue profiles of UP-POPs in SCR dustfall



1 TSR . SCR ZE XTI URSE L U f PCDD/Fs, PCBs il PCNs B B[R] B 147

FE SCR 25 B R, LA SER R IF g
¥ ( PeCDDs Ml HxCDDs ), — 44 — % Jf wk nf
(MoCDFs) | H&G FI7S S AR 8 I 1K g ( PeCDFs F1
HxCDFé) Di-TeCBs, TrCNs Fl TeCNs # & 2 4 %}

- B TR [ R o A S A F RS
Eﬁmu M 2 v 2 G RN 2 S 25 W) R 9 4%
A O R A — 2

3 itig

DL EgE SR | SCR %E B X B2 I R R
T R | 22 IR RN 22 G 28 LA A R B g
1, X R B B BR AR ET 95% . S SEE A
NO, (I E iR, SCR %¢ B Al A & K& 2% &=
QAEMERB R, A SLIE NO, I N, i[RI,
WAl S H 0 UP-POPs & AR HEALIR IR 0. FEA
5, SCR & E A HES T = AW R UP-POPs
AR X 5 B g, T HR 1 R IR I BY UP-
POPs £ i (11 2 R 3) , X Bk &0 b i
UP-POPs 7F SCR i fL#I/E A F &2k T fi b fid 58 %
IV, HEALIR J5E5 S SCR 4 ﬁ%%%mﬁmwm@
BB o | /4 K ’

m%&&%@%Lﬁﬁﬁ %Rwﬁmﬂﬁm
¢Ummmmﬂ%%mfﬁﬁﬁﬁﬁﬂﬁ%ﬂﬂ
o ARBRNT T R, i S i IR SR
A . AR SR, SER ééﬁﬁ_mix
e %mﬁUPmmH%%Kﬁﬁ?ﬁamﬁUP
POPs, H — WS T = UL UP-POPs. X % 0
i, A RN AR A AR S UP-POPs i,
TEANT L MR SR B BR. Ak — 2 T g (R S EUR
UP-POPs FIBRALE], AWF5E o387 1 < rh e
BB A4 DD F1 DF. 45500 <+ DD Ml
DF ¥ & 75 SCR 2% 8 A [TAR 43518 2.8 ng-m > FlI
203.2 ng-m*, FEH EALSIN 1.3 ng-m P F175.9
ngem- (155) SCR %% '8 I O JEA h DD #1 DF Hy
W AR T A HEA, SHES S DD Fl DF
7 SCR AL VE T B AS DI b Ak SR OB, A
TL AL B 2 SCR %€ B I Bk B S UP-POPs 1Y
EEALH]. Heeiik SCR AL FI B i Tio, M
V,05 ¥ EA AL SEALRE T, DR ST UP-POPs
FFLUBE R B T E R A P

SCR % B A (4 433 7 1206 15 < UP-POPs
PIMERR A B BTk, AR 2 AP i OB v B | SCR
e B R AR R R S PR R A R B AN
SCR R E R =AM RN 1.5 kg - h™'. WRIEE
SRIBEZR Y UP-POPs IV 4, SCR 23 B F 4y
XA e | 2R 2 A 25 1 BTk R

&~ u._.-

BULHN 0. 07% . 0. 80% F10.07% . AI WL, FE253
XF A UP-POPs Y BR STHRIR /. |22 TR 9 DD
A1 DF g s o081, HA &8 0.5 ng-g™' Al
14.2 ng-g ' (K 5), ZiilmF—&R 28 i
(MoCDDs) F MoCDFs. 3% A AE 2 K Ay 76 2 <4 il
r e 24 TR 2% T B Y e kAR T i AR R R
SV

410
330 L SCREFA N

S SCR¥EEH N
350 - 18 |

280 15
12 b
210 _
w 9|
140 fﬁ
70 =
-e:-‘-

0.8:=
06 |- T
04 1 l
02 H

0
DD DF DD DF

o -
&S SCR Eﬁtﬂ'u BSR4 R DD 7 DF HREMESE
Flg 57 Convdptratlpm of DD and DF in ECR ili]!e:t

| Rk

H

e i /ng-m ™

= and putlet“ﬂﬁe gas and dustfall |
-‘ e
%Eéﬁ‘xlr ﬂ?7< SCPié%EiXTfED”ﬂﬁ‘nﬂ*Ih

%m*mﬁﬁummm*ﬂTﬁﬁWWH%%ﬂ

Je, N T A AR R SRR T 95% , X &2 G IOR
2 & ZEM BRI R 5 T 70% . SCR 25 A LAl

th FUES T UP-POPs [R) 2R 90114 43 A B USR AN [A]
AR A S BUR 3, Ak R S B o
SCR 24 %) s SR By UP-POPs A5 B 25 14 5 6% 3.
AR A T2 0 A A 48 Ak S I (] B & A & SCR %%
B R SR BRI S R UP-POPs 1Y = AL
RaD AN % S UP-POPs 19t 5 STk Al /).
SEH

[1] Liu G R, Zheng M H, Lv P, et al

characterization of polychlorinated naphthalene emission from

Estimation and

coking industries [ J ].
2010, 44(21) ; 8156-8161.
[2] LiuGR, Zheng M H, Ba T, et al. A preliminary investigation

Environmental Science & Technology,

on emission of polychlorinated dibenzo-p-dioxins/dibenzofurans
and dioxin-like polychlorinated biphenyls from coke plants in
China[ J]. Chemosphere, 2009, 75(5) : 692-695.

[3] LiuGR, Zheng M H, Liu W B, et al. Atmospheric emission of
PCDD/Fs, PCBs, hexachlorobenzene, and pentachlorobenzene
from the coking industry [ J ].
Technology, 2009, 43(24) : 9196-9201.

[4] LuGR, LuW B, Cai Z W, et al. Concentrations, profiles,

and emission factors of unintentionally produced persistent organic

Environmental Science &

pollutants in fly ash from coking processes [ J]. Journal of

Hazardous Materials, 2013, 261, 421-426.



148

w5

2 40 %

[5]

[6]

(7]

[8]

(9]

[10]

[11]

2]

[

[14]

" Calalysf for Slmuhdneous abatement | of PCDD/

IMIBEE, ZEWEHE, AN, A SRS D TRES SR B HE AL
KFPBRFELI]. HEERE, 2014, 35(7) : 2515-2519.

Sun P C, Li X L, Cheng G, et al. Preliminary investigation on
emission of PCDD/Fs and DL-PCBs through flue gas from coke
plants in china[]J]. 2014, 35(7):
2515-2519.

Hsu W T, Liu M C, Hung P C,
combustion and waste incineration [ J ].
, 2016, 318 32-40.

Mokhtar M M, Taib R M, Hassim M H. Measurement of PCDD/

Fs emissions from a coal-fired power plant in Malaysia and

Environmental Science,

et al. PAH emissions from coal
Journal of Hazardous

Materials

establishment of emission factors [ J ].
Research, 2014, 5(3) ;. 388-397.

Wang H C, Hwang J F, Chi K H, et al. Formation and removal
of PCDD/Fs in a municipal waste incinerator during different

2007, 67 (9). S177-

Atmospheric  Pollution

operating periods [ J ].
S184.
Van Caneghem J, De Greef J, Block C, et al. NO, reduction in

waste incinerators by selective catalytic reduction (SCR) instead

Chemosphere,,

of selective non catalytic reduction (SNCR) compared from a life
a case study [ J]. Journal of Cleaner
Production, 2016, 112(Pt 5) ; 4452-4460.

Liu X L, Wang J, Wang X, et al. Simultaneous rem(d}‘y.al-nf PCDD/
Fs and NO, from the flue gas of a municipal solid waste incinerator
with a pilot plant[J]. Chemosphere, 2015, 133: 90-96

Gallastegi- Vtﬂa M, Aranzabal A, Gnnzalez Marcos, ] A "et al.
lallormg dual redox-acid functlonalltles- in VO /TIO;}"ZQMS
MO from
munlC‘{.pq sohd waste incineration”| J ]--‘ Apphéd Qata],ysw
Envifonmentdl, 2017, 205; 310-318. /' 4

Chang M B, “Chi K H, Chang S H et al Destrucbi‘on of PCDD/.
F% by SCRifrom flue gases of munlmpal wasié 1nclnerat0r Jand

cycle perspective :

i metal s:lnehmg plant[ J]. Chemosphere 2007 ,.-ﬁG (6).,-' 11 =

1-122 J ¥

! Chang M B Chl K H, Chang-Chien G P. Eva_luatlon of PCDD/
F congener distributions in MWI flue gas treated with SCR
Chemosphere, 2004, 55(11) . 1457-1467.
Dvorak R, Chlapek P, Jecha D, et al. New approach to common

catalysts[ J].

removal of dioxins and NO, as a contribution to environmental
protection[ J]. Journal of Cleaner Production, 2010, 18 (9) .

881-888.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

JiL]J, Cao X, LuS Y, et al. Catalytic oxidation of PCDD/F on
a V,05-WO5;/TiO, catalyst:
chlorinated phenols[ J].
342, 220-230.

Gallastegi-Villa M, Aranzabal A, Gonzalez-Marcos J A,
Metal-loaded ZSMS zeolites for catalytic purification of dioxin/

effect of chlorinated benzenes and
Journal of Hazardous Materials, 2018,

et al.

furans and NO, containing exhaust gases from MWI plants: effect
of different metal cations [ J ]. Applied Catalysis B:
Environmental , 2016, 184 . 238-245.
YuMF, LiwWW, Li XD, et al. Development of new transition
metal oxide catalysts for the destruction of PCDD/Fs [ J].
Chemosphere, 2016, 156 383-391.
Busca G, Baldi M, Pistarino C, et al. Evaluation of V,05-WO;-
TiO, and alternative SCR catalysts in the abatement of VOCs[J].
Catalysis Today, 1999, 53(4) . 525-533.
Liljelind P, Unsworth J, Maaskant O, et al. Removal of dioxins
and related aromatic hydrocarbons from flue gas streams by
adsorption and catalytic destruction[ J]. Chemosphere, 2001, 42
(5-7): 615-623.
Goemans M, Clarys%e P, Joannes ], ot al” Catalytlc NO,
reduction with simultaneous dioxin ‘and fu'r_ah"r: oxidation [ J ].
Chemosphere 2003,50(4) ; 489-497 %" =
HJ 77. 22008 , Hﬁavﬁll}zm :ﬂﬁm;’?ﬂﬁ@ﬁfﬂu%%
FER AR PO S] 4
HIJ, 77.2- 2008, Ambient air and waste gas Detel'rml_{jatlon of
polychlonn’ated d benzo -p-dioxins ( PCDDs)"and pelychlorinated
cflbehzofurans (PCDl*s) ISOIOpE‘ dilution HRGC- HRMS[ S]
CB 155485 2014, B TR Re S FYP TS ] -‘__ﬂ
GB' 18485 2014, Standard for pollution (‘ontrnl on th muﬁlmpal
golid‘waste 1ncmerat110n[ S]. &
Jones] Ross J R H. The development of suppon‘ed vanadia
catalysts for the combined catalytic removal of the oxides of
nitrogen and of chlorinated hydrocarbons from flue gases [ ] ].
Catalysis Today, 1997, 35(1-2) . 97-105.
Debecker D P, Delaigle R, Hung P C,
PCDD/F oxidation catalysts
molecules with tests on PCDD/F-containing gas stream [ J ].
Chemosphere, 2011, 82(9) . 1337-1342.
Wang Q L, Hung P C, Lu S Y, et al. Catalytic decomposition of
gaseous PCDD/Fs over V,05/TiO,-CNTs catalyst: effect of NO
and NH, addition[ J]. Chemosphere, 2016, 159 . 132-137.

et al. Evaluation of

confronting studies on model



HUANJING KEXUE Vol.40  No.1

Environmental Science ( monthly) Jan. 15, 2019

CONTENTS

Cause and Effect Evaluation of PM, 5 During Three Red Alerts in Beijing from 2015 to 2016
Effects of Emission Reductions of Key Sources on the PM, 5 Concentrations in the Yangtze River Delta

LU Zhe, WEI Wei, ZHOU Ying, etal. ( 1 )
YU Yan, WANG Ze-hua, CUI Xue-dong, et al. ( 11 )

Health Benefit Analyses of the Clean Air Action Plan Implementation in Shanghai =++«+-eseserreresesememenennin DAI Hai-xia, AN Jing-yu, LI Li, etal. ( 24 )
Monitoring and Analysis of the Spatio-temporal Change Characteristics of the PM, 5 Concentration Over Beijing-Tianjin-Hebei and Its Surrounding Regions Based on Remote Sensing »++++++++++
.............................................................................................................................................. CHEN Hui, LI Qing, LI Ying, etal. ( 33 )

Applicability of MODIS C006 Aerosol Products in a Typical Environmental Area of the Beijing-Tianjin-Hebei Region WANG Hai-lin, LIU Qiong, CHEN Yong-hang, et al. ( 44 )
Impact of Meteorological Factors on the Ozone Pollution in Hong Kong «+:esseseeseeeserenermmneninninininie -+ ZHAO Wei, GAO Bo, LIU Ming, et al. ( 55 )
Transport Characteristics of PAN and O in the Lower Atmosphere of the Boundary Layer in Tianjin in Summer YAO Qing, MA Zhi-giang, LIN Wei-li, et al. ( 67 )
Analysis of Pollution Characteristics and Sources of PM, 5 Chemical Components in Chengdu in Winter WU Ming, WU Dan, XIA Jun-rong, et al. ( 76 )
Transport Pathways and Potential Sources of PM, 5 During the Winter in Zhengzhou DUAN Shi-guang, JIANG Nan, YANG Liu-ming, et al. ( 86 )
Characteristics and Sources of Water-soluble Organic Carbon/Nitrogen in PM,, 5 During Spring in Changzhou LI Qing, HUANG Wen-gian, MA Shuai-shuai, et al. ( 94 )
Pollution Characteristics and Emission Factors of VOCs from Vehicle Emissions in the Tianjin Tunnel SUN Lu-na, LIU Yan, ZHAO Jing-bo, et al. ( 104 )
Size Distribution and Carbon Component Characteristics of Atmospheric Particulate Matter from Motor Vehicles MEI De-qing, ZHU Zong-ning, SUN Tian-shuo, et al. ( 114 )
Conversion Characteristics of Combustible Particles from Coal-fired Flue Gas in WFGD and WESP -+ YANG Liu, ZHANG Bin, WANG Kang-hui, et al. ( 121 )
Particle Removal Characteristics of an Ulira-low Emission Coal-fired Power Plant ««+«sssssesseeeeeee - RUAN Ren-hui, TAN Hou-zhang, DUAN Yu-feng, et al. ( 126 )
Spatial and Temporal Distribution Characteristics and Fugitive Dust Emission of Building Sites in Beijing -+ ZHANG Li-kun, LI Ling-jun, JIANG Lei, et al. ( 135 )
Simultaneous Removal of Polychlorinated Dibenzo-p-dioxins/dibenzofurans, Polychlorinated Biphenyls, and Polychlorinated Naphthalenes From Flues Gases From Coke Gas Burning

Using Selective Catalytic Reduction Equipment : e REN Mei-hui, FAN Yun, WANG Sheng, et al. ( 143 )
Space-Time Characteristics and Environmental Significance of the Stable Isotopes in Precipitation in the Gulang River Bagin «+:«+seseeeeeeesereeseees GUI Juan, LI Zong-xing, FENG Qi, et al. ( 149
Spatial Distribution and Degradation of CDOM in the Minjiang River in Summer ««++«+:+sssssssesessessssssninnimninsnsnnnene CHENG Qiong, ZHUANG Wan-e, WANG Hui, et al. ( 157 )
Parallel Factor Analysis of Fluorescence Excitation Emission Matrix Spectroscopy of CDOM from the Mid-culture Period of Shrimp Ponds in a Subtropical Estuary = «seseoreeeeseseserenneennes

........................................................................................................................................................................ ZHU Ai-ju, SUN Dong-yao, TAN Ji, et al. ( 164 )

Spectral Characteristics and Sources of Dissolved Organic Matter With Different Relative Molecular Weight from Rainwater From Summer and Autumn in the Zhoucun Reservoir Based on

UV-Vis and EEMs +oreeeeerssssesennsnnst ZHOU Shi-lei, ZHANG Yi-ran, HUANG Ting-lin, et al. ( 172')
Characteristics and Fouling Potential of Dissolved Organic Matter in a Stratified Source Water Reservoir «+:essesveseeseseressenesenenens LI Kai, WANG Xiao-dong, HUANG Ting-lin, et al. ( 185 )
Water-Air Interface CO, Exchange Flux of Typical Lakes in a Mountainous Area of the Western Chongqing and Their Influencing Factors ++++eseeeereeeeses LUO Jia-chen, NI Mao-fei, LI Si-yue ( 192 )
Reconstruction of Water Hyperspectral Remote Sensing Reflectance Based on Sparse Representation and Its Application - * LI Yuan, LI Yun-mei, GUO Yu-long, et al. ( 200 )

Nitrification Rates and Pollution Characteristics of Sediments with Different Geomorphic Features in the Shiwuli Stream, Chaohu Lake Basin ««+«+seseterereseseneseinseninsinninensinenens

LI Ru-zhong, QUE Feng-xiang, XIONG Hong-bin, et al. ( 211 )

Distribution and Bloaxablhty of Pho%phorus in Surface Sediments in Megalopolis: A Case Study of Chengdu «+«seeereseeresssinsennseiine DING Yao, OUYANG Li-li, SHI Qing, et al. ( 219 )
Distribution and Fluxes of Perfluoroalkyl and Polyfluoroalkyl Substances in the Middle Reaches of the Yellow River ( Weinan-Zhengzhou Section) +++++++sssseresserssssnsssinmsenninisninnsnsnnnnens

............................................................................................................................................................... LI Qi-lu, CHENG Xiang-hui, ZHAO Zhen, et al. ( 228 )

Distribution and Sources of Polycyclic Aromatic Hydrocarbons in a Karst Groundwater System in a Strongly Industrial City +++eseeeerereeeeee MIAO Ying, KONG Xiang-sheng, LI Cheng-zhan ( 239 )

Pollution Characteristic and Risk Assessment of Polycyclic Aromatic Hydrocarbons in the Groundwater of Shen-Fu New City in the Hunhe River Basin ««+«+sessessersesesenenensiinensnnsinns
......................................................................................................................................................... ZHANG Shi-chao, YAO Hong, XIANG Xin-xin, et al. ( 248 )
Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons and Their Derivatives in Wastewater-Receiving Rivers in Beijing ++-++++: FU Lu-jing, LI Yi-bing, QIAO Meng, et al. ( 256 )

Influence of the Coagulation Mechanism on the Coagulation Performances Using New Composite Coagulants: Role of the Raw Water Characteristics =w+«+ssresrerrersenesenenmensninensneenns
++ QU Jiang-dong, XU Hui, XU Jian-kun, et al. ( 263 )
Indirect Photodegradation of Sulfamethoxazole in Water -+ + LI Cong-he, CHE Xiao-wei, BAI Ying, et al. ( 273 )
Fabrication of the Heterojunction Photocatalyst MoS,/BiOl and Its Investigation of Its Photocatalytic Reduction and Oxidation Activities +++++esseseeeeeees R
-+ ZHANG Liang, ZHAO Chao-cheng, GAO Xian
Nanoscale Zero-valent Copper-Activated Molecular Oxygen for the Degradation of Enrofloxacin in Water NI Yong-jiong, CHENG Yong-qing, XU Meng-yuan, et al. ( 293 )
Adsorption of Cr( VI) in Water by Maifanite Modified with Different LDHs Coalings «+++++s+ssssesssssessssssssmessssiiisiiiiiins ZHANG Xiang-ling, DENG Li-chu, FANG Chen-jia, et al. ( 300 )

Preparation of the Silane Monolayer on Magnetite Nanoparticles and Its Performance with Respect to Phosphate Removal from Water «+ceseesseseeresremenenennieniniiines

’

.................................................................................................................... XING Ming-chao, XIE Qiang, CHEN Shou-hui, et al. ( 310
Optimization of Dyeing Wastewater Treatment with New Eco-friendly Polysilicate Ferromanganese ««+-«+:«+xcsserseressenensenesenennenininnenns TANG Li-peng, WEI Qun-shan, LU Qiang, et al. ( 318
Sulfate Reduction and Microbial Community of Autotrophic Biocathode in Response to Externally Applied Voltage ««+:+-«+-ssssseseesseseess HU Jia-ping, ZENG Cui-ping, LUO Hai-ping, et al. ( 327

(310)
(318)
(327)
Effect of Carbon Sources on the Accumulation of Endogenous Polymers and Denitritation in the 0/A-F/F Mode ++ CUI You-wei, JIN Chang-lin, WANG Hao-han, et al. ( )
Effect of the Influent C/P Ratio on the Nutrient Removal Characteristics of the SNEDPR System -+ ZHEN Jian-yuan, YU De-shuang, WANG Xiao-xia, et al. ( )
Effect of Different Sludge Retention Time (SRT) Operations on the Nutrient Removal Characteristics of a SNEDPR System +++++s+seeee: WANG Xiao-xia, ZHEN Jian-yuan, ZHAO Ji, et al. ( 352 )
Denitrification and Phosphorus Removal from Low C/N Urban Sewage Based on a Post-Partial Denitrification AOA-SBR Process *** GONG Xiu-zhen, YU De-shuang, YUAN Meng-fei, et al. ( )
Startup and Stabilization of Nitrosation in an Anoxic-aerobic Continuous-flow Reactor with Granules : LI Dong, GUO Yue-zhou, LAO Hui-mei, et al. ( )
Startup Strategies for the SNAD Granular Sludge Process at Low Temperature : LI Dong, CUI Ya-gian, ZHAO Shi-xun, et al. ( )
Effect of the Sampling Scale and Number on the Heterogeneity of Soil Respiration in a Mixed Broadleaf-conifer Forest «+«seseeseereeresenenneeenes YAN Jun-xia, SUN Qi, LI Jun-jian, et al. ( )
Effects of the Crop Rotation on Greenhouse Gases from Flooded Paddy Fields +«+«+eeevseereessesrsenemensinicnineinicnen FENG Xi, JIANG Chang-sheng, PENG Xiao-le, et al. ( )
Response of the Soil N,0 Emission and Ammonia-oxidizing Microorganism Community to the Maize Straw Return with Reducing Fertilizer in Purple SOil  srererrrermees e
HUANG Rong, GAO Ming, WANG Ying-yan, et al. ( 401 )
Community Structure of CO,-fixing Soil Bacteria from Different Land Use Types in Karst Areas ZHANG Shuang-shuang, JIN Zhen-jiang, JIA Yuan-hang, ef al. ( 412)
Composition and Predictive Functional Analysis of Rhizosphere Bacterial Communities in Riparian Buffer Strips in the Danjiangkou Reservoir, China —«r«seesesrsesssesensssnisiennsien:
s B AR SUN Feng, TIAN Wei, ZHANG Fei, et al. ( 421 )
- JIA Qian-gian, LI Wei, WANG Ya-nan, et al. ( 430 )

Migration and Transformation of Adsorbed Arsenic Mediated by Sulfate Reducing Bacteria -+

Spatial Distribution and Risk Assessment of Heavy Metal Contamination in Surface Farmland Soil Around a Lead and Zinc Smelter

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Yang-yang, LI Fang-fang, WANG Xiao-yang, et al. ( 437 )
Effect of a Mining and Smelting Plant on the Accumulation of Heavy Metals in Soils in Arid Areas in Xinjiang YANG Wei-guang, WANG Mei-e, CHEN Wei-ping ( 445 )
Assessment of the Speciation and Pollution of Heavy Metals in Paddy Soils from the Jiulong River Basin LIN Cheng-qi, HUANG Hua-hin, HU Gong-ren, et al. ( 453 )
Characteristics of Stable Mercury Isotopic Compositions in the Food Web of the Caohai Lake XU Yi-yuan, HE Tian-rong ( 461 )
Interaction of Cd and Zn Affecting the Root Morphology and Accumulation of Heavy Metals in Sedum aizoon *+ GUO Jun-mei, YANG Jun-xing, YANG Jun, et al. ( 470 )
Effects of Different Concentrations of Lanthanum on the Growth and Uptake of Pbh by Maize Grown Under Moderate Lead Stress WANG Qi-fan, GUO Wei, CHANG Qing, et al. ( 480 )

Distribution and Bioaccumulation Characteristics of Cadmium in Fish Species from the Longjiang River in the Guangxi Autonomous Region

------------------------------------------------------------------------------------------------------------------------ WANG Jun-neng, ZHAO Xue-min, HU Guo-cheng, et al. ( 488 )
Influence of Six Digestion Methods on the Determination of Polystyrene Microplastics in Organisms Using the Fluorescence Intensity ++++++++ ZOU Ya-dan, XU Qing-qing, ZHANG Ge, et al. ( 496 )
Preparation of a Nutritional Slow-release Packing Material with Function Microorganisms and Its Characteristics Evaluation +++«+eeeeeeeree FENG Ke, XU Dan-hua, CHENG Zhuo-wei, et al. ( 504 )




	组合
	封面
	中文


