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Analysis of Characteristics and Products of Chlorobenzene Degradation with

Dielectric Barrier Discharge
JIANG Li-ying, CAO Shu-ling, ZHU Run-ye, CHEN Jian-meng, SU Fei
(College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310032, China)

Abstract: For non-biodegradable volatile organic compounds ( VOCs) with low water solubility, the tradition biological method can not
achieve a satisfactory removal efficiency, so development of high efficiency pre-treatment technology is a hot issue of research. In this
experiment, using poor biodegradable chlorobenzene as the target pollutant and dielectric barrier discharge (DBD) non-thermal plasma
as the pretreatment technology for biotrickling filter ( BTF), the effect of DBD on the degradation of chlorobenzene was studied by
adjusting the technical parameters of DBD. The effects of the inlet concentration, residence time, humidity and peak voltage on
decomposition efficiency were investigated and the decomposition products of chlorobenzene were analyzed. Experimental results showed
that DBD could effectively remove waste gaseous chlorobenzene, the removal rate of chlorobenzene increased with the increasing peak
voltage. When the peak voltage was =12kV, less effect of residence time on the degradation of chlorobenzene was found. The optimal
humidity range of degradation chlorobenzene was 65%- 75% . Through the analysis of degradation products, the species and
concentrations of degradation products increased with the increase of discharge voltage. The products were mainly consisted of organic
acids and chlorinated hydrocarbons. The water solubility of degradation products was preferable. Furthermore, with the increase of
discharge voltage, the biodegradability of degradation products became higher and higher and the biological toxicity was reduced. It had
a promoting effect on the degradation of chlorobenzene when the voltage reached 20 kV. Meanwhile, the O, concentration increased
with the increasing discharge voltage and also enhanced with the rising humidity under the same voltage.

Key words: dielectric barrier discharge; chlorobenzene; characteristics of degradation; product analysis
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Fig. 2 Effect of inlet concentration on the removal efficiency

of chlorobenzene under different peak voltage

TSR TN AL B (32802 C—C, C—H Al
C—Cl) ik AR5 KA OV 5 53— 7 T, W (B FL R
150, B R T) PN 7= A ) R R MR B R B s o
T = 1 P T 5 R o3 F I Rt AR A 5, (SR
AL SR BT AL i J L3R O 4 i T AR AR, MK
A 20 ) FH 1 Sl 0 S B T AR A B R s ep, 2 R
V(B LR R 7 kV I, 2R 2Bk hy 78% , i
#1110 kV i, BAEE) LR R 2] 90% . A4
FIFH A B TR R S5 6 9 K P [R) b 33 H R | S50 45
R IR IR e B A AR B ARk, R
o AR i A 0 {1 P P T v TS K.

2.1.2 (EEEAETH]

X R — AN B, 15 B e ) £ 2R IR A S
AR RE (. EE T, 157 BE s )i i
FL A 11 1 BB A 0 TR o 55T e ) K A B A L
RGP E SR AR S5 R
B A3 S5 R 5 s R 10 s, SR A HES IR BE S 500
mg-m~ RAEELE 65% ~75% F , W54
o BEL 4 50 R X SRR ) S R AR, & SR an [ 3.

M3 Ha] DUE SR A B B T 3
FBRAHARBE A F R A 3G KM . R 8 kV T
F 14 kV 8,5 s F1 10 s (2 BRF500 M 13. 4% 34
JnE 91. 3% FIM 40% 3 ME) 91.3% 5 {H 10 s B %
FRAFHBLER T 5 s I LBRFE, UHETEHEN 8 kV
F 22 MK (N 26. 6% . TTRERYJEINAG . — 2%
B HRAR, RN A RE R BCAIR, TOIAF T @R i 1
PR A5 BRI ) Y SN B ARy, BRI v
RS &4 0, HO- 2R S Ak Y
SRR B il LR B 2 5 B R[] A 184 o iy 1
KGRI L BR R IE 5. Mo ERFH 14 kv



834 ® o & B % 36 %
100 100
-_;:_:_—E."_""__"
90 b 90 -
80 F 30 -
70 F 70 |
< 60 F s 60F
B 50 € 5L
: :
g0t a0t
30 F 30 -
—m— 35%~45%
20r -5 27F - 65%~75%
10 | —e—10s 10 - —A— 90%AE
0 'l 1 L 1 1 1 L 0 1 1 L 1 1 L L
8 10 12 14 16 18 20 8 10 12 14 16 18 20
DA oL /R V AR LV

B3 1= E R SR AR R0
Fig. 3 Effect of residence time on the removal

efficiency of chlorobenzene

i, EUR B RABIL B 90% LA I, 2 J5 Wi 1) 25 B
AR AT E. X GTHEE" B s
- SN MERIEE A R N S SR N -2 T )
Yk JE < 13 kV-cem ™" IR R i R B 25 AR T
R NITITR A

2.1.3 R

T 7KZEAE DBD %8 h 2 B HO - FiTH -
HO {2z PE AR 6 ik, & 5 @R K E R, Ik
IKFESN 5 B X T R I R A e . ey =X
T

H,0 + e—H-+ HO- + e
H-+ O, —> HO,-
0O-+ HO, —>2 HO- + 0O,

THBCEF T 3 MARFEIREE . 35% ~45% |
65% ~75% F1 90% VL I+, @& A (%) 9] 4f & Bk 500
mg-m RN N 10 s, BRI ELBRAUR K 4
B,

ML 4 0] LIAS L AR L — e i) TR
FEH 35% ~45% T3] 65% ~T75% , Hc )i 8 90% LA
Eab R ORI R B RS R HE KBE S R, (H
90% VA F I EBRR KT 35% ~45% (LR, JRIA
AIRER YW BE FE AR, 7= AR B HO - i b 25 5%
25N, BEAE IR RGN, 7 A R 2 5 RO
HO-iE¥s 2 LBRFAHN IR HHO - k8] —E
WA, BRSSP A 2
HO - AL Z (R BE 5 oAt 7 Fh 225 AR BN, 2 T
RERRR. B BN 8 kV TH3 14 kV, 3 MBS
AR IS 78. 5% . 51. 3% F1 53% , i BH 88 4541
B, LR X SRR Y R BR R R K, R Z BN 1

B4 AEIEERETREN SRR
Fig. 4 Effect of humidity on the removal efficiency

of chlorobenzene under different peak voltages

KV ZJ5 B X IR AR R AR, Guo 4578 1
M B XA o BE A i FL A A R R s e R B, 2R
TS 0. 2% HIZKET, 2RI R BRACR e, Kol
IKITEAESE R T CO, M8k, MR RAE™ R A
A5 BELAS 0 H O 5 A e R v e IR A< 0 B X
TR P 5 M L IS8 A P K A R i 1) B AR
JET AN 0% F130% . 3+ LRSI R0 . SR AE
A 5T BH A4 0 H A8 B8 (A v ) e A R A AR R
FElIE 65% ~75% , 34 nasm /0 B2 # 2= AR AR 1Y
2.2 YR
2.2.1  BERE RIHT

T RENAALE, nTRES X R RGP
A A KA . Wi T R A e
() R MR BETE 0. 06 ~ 0. 12 mg-L ™", %4 ) 7% &
B EBRERA R IEE . ARSI A SR EOR
YU E H 500 mg-m ~ IRE R SHTRETE35% ~
45% . 65% ~75% F190% ,5=FARFE] R 5 s 110 s,
SR FH A VA0 s an ] S

LS Hal LA . 45 B S R AS [) 0 R R0 7
Az BIS(a) 3 MBE T, RE7E R
SebtE R T MK, Yo R 14 kv, RAE7 4
BN, N 1,35, 1.1, 1.4 mg-L™", 4k2: T}
LR O, PR R R MY, Y E—E R RN
90% VU b= iy BAA R £ (10 KV BRAL) |, AT RERY)
JEPR R IR 3] 90% LA b, A8 A R BH 4 5 A i
o 2L B 2 HO - FTO- | T X 2 49 A 7] BE 58
E5ERY RN, N E SR 0, BES A
B0, ES(b) i, [ —REE T, &A™ A A b



34 S PILSEAE . i o SHL P A X SRR 19 g AR 1k S 3 A 835

L4  [135%45% _ (@)5s
BT 65%~75%
" A 90% B 1

e

0.8

KA

>

0.6 |

O3 H:dit/mg-L™!
4

K

A

XX

04

U.Z—E
0

XK
SOSNY

o

L

KX

oy

oo

0 12 14 16 18 20
Ui Pl /Y

Lo L C3s%-as% (b) 10s
B3 65%~75%
12+ Z2)90% Bk
_1o0f vy
0 —
en
é 0.8 v
ﬁ 0.6 7
S ]
0.4 7
02 | V]
.—E&H /
0

8 10 12 14 16 18 20
SR L B kY

Bs5 RE~482
Fig. 5 Production of O,

P FE A T T e, 3K S v 2 T A5 A 45 SR A
oL, G40 A v B B A P b R A i . 2
BT 18 kV I 20 kV I, 5 2 77 A i LT HH 45
FER — T, 540" A B T B 3G R g K.
2.2.2  [EfRESWIR ST

R T 25 A BT A 0T BEL A L R A SR 1Y)
TR S A AR A A Ak T i B B AR i L 8
ST M. RIS, 7R CH R R PO RO
SEAEAL T, SC I e AR v R B RN A P BE S B
CRENIOL Y/ Do T (BB S 1L el s 2 A Bl e 71
£ 500 mgem ~* FEREFEIY 10 s, B EETE 65% ~
75% /0 BIEHCT 8, 14 F120 kV HJE FHES
PEATIR M, 38 2 ST AT AR ARy 12, RS i L e R R T
REr M. W& 1 T DUE 3 MR,
5 B SR E 7= P o 2 Rk 3 A AR ) 22 1.
TE 8 kV B =Wy Fp i b W B FE 14 kV
i, =8 BB 5, ELU e R B R 7E
20 kV B, RS N, BARSS HUE R AT g
Y LR L.

#1 FEBETFEE=Y

Table 1  Degradation products under different voltages

HLE/KV  ATRERYTEH
o 12K TR 1,3- KRR 1,4- K RIR; 2,4-—
SR
" —HAO],; C]; TR, F R hkE;

T bR E bR iR s
20 WL, —FANIR; Alke; L0 PEE-HC biss

21 P E R Y SR R Y. 8 kV
HE T, TR AE A S, REEWI 2RI R o
B H IR C—H 8 (HERE 424.6 kJ-mol 7', E]

A4 T 4.4 eV) Fl C—Cl (5 fiE 406. 1
kJ-mol =", BI4EAS 47 4.20 eV) WL i ¢ =C &t
(5#EAE 801.5 kJ-mol ™', BIEEA/3F 8.4 eV) A S
Wrad, A R B R S, S A B AR
-COOH , -OHAI-Cl F Fh LB, A= g 4 i >
B2 FEL B T, R BB A IR TR K, TR AR RE IR 4K
WK DL L be ke i) C—H 81 C—Cl 8, A4
BAS Tl PR3 X 2 [ R R B S A A
P I SN, A T I, ol A 2 e ) SN W R
2.2.3 HIRIKE

PR KU PR = AR Bl T I = s K
T, A Py L35 2 R R ok = , 1T A &
PRI, SRR 500 mg-m ™ 15 B4
WA A 10 s, HIXHREELE 65% ~75% F il i R4
S, FE TOCVCPH il a2 W Wi Vi /) 8 A3 AL Ak
(TOC) , Z55R WK 6 Frw.

M6 Hal LLE P2 TOC it 2 B 5
FEBFHE 3K, 24 8 kV Al 10 kV B, TOC
HA/N X AE AR L BRRBAL, Rk h
KZR; BEAE BRAZH TS, KBRS, =Y
Fh2EAR &2 %I A= B TOC {Et 2T, T3 16
kV B A3 RME 6.3 mg- L7, Z R it s, X
Ui BH - A0 ST BH 400 H X SRR 1) R A8 7 400 T 7K S 1 3
U, LA Tk R gk S e e A 20 A )
(UNGR
2.2.4 YRRl AR

PRI AL Az AR L BOD,/COD (Bl B/C) M #x%
AR IEM AR, 8% 2L BOD,/COD K 0.3 fE
RVEAIG A S KT 0.3 A Adk, KT



B 36 %

836 AN 5%
7
—N
6 =
S -
0
w 4
£
=
8 3r
=
5 b
| | | |
L
0 1 L L 1 L L L
8 10 12 14 16 18 20

Ui HL kY

6 FEHEIKESE
Fig. 6 Water solubility of the product

0.4 ME A, /NF 0.3 IMEA b, FEESHIE N
500 mg-m {5 A A 10 s, M TE 65% ~T5%
T, i RS, Ml BOD, F1 COD {H, P& 1 kb
HanE 7.

1.0

50 -
{09
45
{08
—e— BOD:

5 “r —¥—COD 197

E’ EEN S —m—B/C - 106

% 30 b ] 053

2 25 L ./ 104

5 -—

S 4l 403
402

0.1

8 0 12 14 16 18 20
B FL

E7 =¥ B/C
Fig. 7 B/C of the product

P 7 Hh iR BOD, Rifi i L LR A T e i v
{EJ2: COD Jifi i BRFEAR. e mitsaiga i B/C (L
JERER R TR AR A, 2 /N F 12 kV BB/
C MME/NT 0. 3, UL IZ HL FE B T 1 =0 vl A A b
25 NTRERE KBRS, YRR 2 B i —
SEHEA P AR S BN MR R TSR T 12 kV
f,B/C HIR KT 0.3, Fmi K2R 0.6, RULEIXHE
FEBC R 7= ] A A PEAR G, SRR PR T R BR R G 42
1o, PRSI 225t B 22 1) T AR 4 5
2.2.5 U REE

P AR BEPE R 5 S T REL A Tk i R AROR Rk

AR RN | (R SE TR . AR
3500 mgem ™, {5 BB E R 10 s, VR JEAE 65% ~
75% KO SR, X/ INER AT 85 5%
EWOCEE 15 25 A 8.

80

—— /hERE R 2(A)

70| —o ANERSK + BERRLEIINE(B) A
—o— /NEREE + 8 KVIRIHE(C) (/f;
60— /NERSE + 14 KVIRHCHE(D) B

—a— /BRI + 20 KVIR () _

ANER S S mg LT

4o
=
T

[}
(=
T

b2
=

0 20 40 60 80 100 120 140

I 6] /h

E8 AEEESYI/IkEERIN
Fig. 8 Effect of the product under different voltage
on the growth of Chlorella

ME8 AT LUE H, A fZE5 /hekie A= K i 22
IRIE A ABTESS 6 d Ik BI/NERSE R B 1Y B K AE, 24
758 mg- L. UEBHBERR 2% npy o T /BRI AR
A R, ] HEBRE R O v RO SRR 45 R 4. B
T2 i 2 /N R 1) A A R 2, L R R v B AN
i 40 mg-L7". FEERAE 8 kV LR FREMA =9
X/ INERBEAE R SE M B il /N Bk R A2 4 T REAS
FIF BTF shigEym A K. RHETRE RSP &
FARFRIRIEY BT, AR BE w5, e AT /N BRsE rY A=
KAFTEINS]. C i g5/ ek A K h 28 K3 —#¢,
FUBTESS 24 ~40 h E], 30— /NBRase vk FERRAIR
PG JE AT RE SR 14 &V HL R A WS W Wi A
A /NBRSEIE A 18 N WSO ) B 7Nk e
B B4 K Z 26 R4 24 h E RN, KR 5
JEORFPIRAS. D ML ET 60 h, /NERE B9 A K AK 50
B ZEZEARZ, NG 60 h JFh, C IR i a3 TT
P 225 /N ek e AR R R 2 O g ORBOR. R B 20 kV
() 7= AR/ INER ) A A T A Il 7 D, B i A2
AINBREERI A K. BITR 2,3 AR E T 7=
WIS T /N ER i A S R 43 5 8 kv IR
14 kV FEARTCF M ,20 kV {EFE7EH.

3 it
(1)DBD %5 & TR [ fifp oK T5 Je it B & &
AR E I, FOR LR RS R H R IR

PR Seli R, IR GR B — MU AR, MR
{EEBRIFIRI A 5 s A 10 s B, DBD X 48 2K 1 [ i 28 1



34 S PILSEAE . i o SHL P A X SRR 19 g AR 1k S 3 A 837

VAT X531 156 FH 5% B sf T X G4 11 R fe 2 T ¢
/. DBD TEREA# AR P AFTE — D iR AR B
[, 4 65% ~75%.

(2) DBD 2 - R B fifp S A B, 0, 1™
A R TR 2 O HAER — R T R
7R A N R B R T 22

(3) SAATE DBD 45 & TR0 R it #
ATRE ™ A 8 o A T AT A AR B, A A
Yy BT S R e JBE T R PR TR B T e T A L O
R, BEMAR 2] DBD R SRR Rk Ae. EFREA
KIEA e B IRAL 2015 W2 59 %)E , 7 DBD
5 BTF B B2 Hefit.

(4) Ed YRR | A A R R
OINTRIL PR KR PR, B T KR 2E T
G A TR A Gl B/C LI o
F/NT 12kV I BB AR ] AR AR 2 AL R =
12 kV i, A A=A PR R 4 B FL TR T e, dBOR B
TEARHL R (/N T 14 kV) BF, R /NERE I A KA —
AR 5 14 KV BREX/ KRBTSR ; e (R
T 14 kV) I R/ NEREE A A R R S AR .
B2k
[ 1] &FHL, BB CTMAB-IZE L MoK il by SR 2k &9

BIPLE——W K B 122 5122 [ ] BBk R 240, 2005,

25(11): 1530-1536.

(2] Z=WisE, RMO, #R%, & T RZE P EORR AP
AL BE[ )], FEERLEENR, 2010, 30(3) : 600-605.

(3] ZEESF, Tk, ZWOT, S5 ks o L S A HAR e i 2
IRAERHLERBTSE[ ], FREERHE, 2011, 24(1) : 1-4.

[4] GuoYY, Li YR, Wang J, et al. Effects of activated carbon
properties on chlorobenzene adsorption and adsorption product
analysis [ J]. Chemical Engineering Journal, 2014, 236. 506-
512.

[ 5] Leethochawalit M, Bustard M T, Wright P C, et al. Novel vapor-
phase biofiltration and catalytic combustion of volatile organic
compounds [ J]. Industrial and Engineering Chemistry Research,
2001, 40(23) ; 5334-5341.

[ 6] Burgess J E, Parsons S A, Stuetz R M. Developments in odour
control and waste gas treatment biotechnology: a review [ J].
Biotechnology Advances, 2001, 19(1) : 35-63.

(7] EM, FEehse, WILE, 45 SADCREMR R G EREARES
PRBRIAE S SR HI[T]. FREERE, 2009, 30(1) : 29-32.

(8] EH, FEshst, WILE, 45 AR LY iE I £ Bk
FORTEREMRIAPLHI L[ J]. FREERY:, 2012, 33(1) : 32-
36.

[9] Scott ] P, Ollis D F. Integration of chemical and biological

water review  and

oxidation  processes  for

Environmental Progress, 1995, 14(2) .

treatment ;
recommendations [ J].

88-103.

[10]

[12]

[14]

[15]

[17]

[19]

[20]

[21]

[22]

Sarria V, Parra S, Invernizzi M, et al. Photochemical-biological
treatment of a real industrial biorecalcitrant wastewater containing
5-amino-6-methyl- 2-benzimidazolone [ J]. Water Science and
Technology, 2001, 44(5) . 93-101.

Bijan L, Mohseni M. Using ozone to reduce recalcitrant
compounds and to enhance biodegradability of pulp and paper
effluents [ J]. Water Science and Technology, 2004, 50 (3) .
173-182.

Bijan L, Mohseni M. Integrated ozone and biotreatment of pulp
mill effluent and changes in biodegradability and molecular weight
distribution of organic compounds [ J]. Water Research, 2005,
39(16) : 3763-3772.

Wang C, Xi J Y, Hu HY, et al. Advantages of combined UV
photodegradation and biofiltration processes to treat gaseous
chlorobenzene [ J]. Journal of Hazardous Materials, 2009, 171
(1-3). 1120-1125.

Mohseni M, Zhao J L. Coupling ultraviolet photolysis and
biofiltration for enhanced degradation of aromatic air pollutants
[J]. Journal of Chemical Technology and Biotechnology, 2006,
81(2): 146-151.

Wang C, Xi J Y, Hu H Y. Chemical identification and acute
biotoxicity assessment of gaseous chlorobenzene photodegradation
products [J]. Chemosphere, 2008, 73(8): 1167-1171.

Koh L H, Kuhn D CS, Mohseni M, et al. Utilizing ultraviolet
photooxidation as a pre-treatment of volatile organic compounds
upstream of a biological gas cleaning operation [ J]. Journal of
Chemical Technology and Biotechnology, 2004, 79 (6): 619-
625.

M B, MR, EAED R 5 R 7 IR HOR & HAE VOGs
AREEFR R[] SRR S A 2005, 18(5) - 26-
29.

Vandenbroucke A M, Morent R, De Geyter N, et al. Non-
thermal plasmas for non-catalytic and catalytic VOC abatement
[J]. Journal of Hazardous Materials, 2011, 195 30-54.

P, 228, QSO A, 3B A g T AR 5 ORI A HY
RAARL)]. FBERREEAR, 2008, 28(11) : 2299-2304.
Aerts R, Tu X, Van Gaens W, et al. Gas purification by
nonthermal plasma; A case study of ethylene [ J]. Environmental
Science and Technology, 2013, 47(12) . 6478-64385.

Kim H, Han B, Hong W, et al. A new combination system using
biotrickling filtration and nonthermal plasma for the treatment of
volatile organic compounds [ J].
Science, 2009, 26(8) : 1289-1297.
Chen ] H, Wang P X. Effect of relative humidity on electron

Environmental Engineering

distribution and ozone production by DC coronas in air [ J].
IEEE Transactions on Plasma Science, 2005, 33(2) . 808-812.
gk, BT, SREnEn, SF. (o SR SR A0 A i D e A T
RYERERTIE[T]. BRI, 2013, 34(12) ; 4669-4674.
W, UV-AEE A B a0 IR 0 T2 KL [ D].
BUM . WL Tl k2%, 2010. 80-81.

FEAC . 3 B F 45 B AR AR i A BB T A LTS e
MBTTEL D], BUM . WK, 2006. 84.



838 wom B % 36 &

[26] 11, B3R, 2R, 55 A58 IRIR G 9K BUR e fif B R Bristrtkrefusm [ )], HIERA 24, 2010, 30(1) : 60-
EAARE 1], P EEEERE, 2008, 28(8) : 699-703. 65.

(277 BRAS, TAbHG, ohaor, S (RSB 14l G OB ik B (317 ZReRk, XA, RE, S5 SUBME Bk s H A 5 BH R
BB UERCE [ ]]. fL T 243, 2012, 63(11) ; 3660-3665. fRGEORFNHZE[ ], hEREERI, 2006, 26(S1) : 23-26.

[28] GuoYF, Ye D Q, Chen K F, et al. Humidity effect on toluene [32] Hem L J, Efraimsen H. Assimilable organic carbon in molecular
decomposition in a wire-plate dielectric barrier discharge reactor weight fractions of natural organic matter [ J]. Water Research,
[J]. Plasma Chemistry and Plasma Processing, 2006, 26 (3) : 2001, 35(4): 1106-1110.
237-249. [33] Kaplan L. A, Bott T L, Reasoner D J. Evaluation and

[29] PMREE, Frkik, B, S5 A5 RS b B A% M fild 1 72 simplification of the assimilable organic carbon nutrient bioassay
R )], ALT2AHL, 2010, 61(2) : 469-476. for bacterial growth in drinking water [ J]. Applied and

[30] Wkim, fEhEE, T, . EUREIMCREM ™ Y3t A Y vk Environmental Microbiology, 1993, 59(5) ; 1532-1539.

oo

Iﬁkw AR AT GE T A, ST o S B A

(MEM=Z)BR BPEREZERBT” RS

2014 49 7 26 H " ERHGE S %ﬁﬁ’*‘fﬂ:?*”
RAH. (HEIRE) 185

13 KSR E R E A
RIIFIZEA TR R bR R kA

AR B < A AR E AR
TIE. ZR R M ALEBG UK LR N RSO M5 LES] AEE A
TR, HATH A R B WA I, N R E R R AN IR EAT

SN AT AR E S A AR ) 3R
AT AR R



HUANJING KEXUE Vol.36  No.3

Environmental Science ( monthly) Mar. 15, 2015

CONTENTS

Simulation and Influencing Factors of Spatial Distribution of PM, 5 Concentrations in Chongging «+-+«sesseeresssssessnnsiininsnnenn WU Jian-sheng, LIAO Xing,PENG Jian,et al. ( 759
YANG Dong-yan, LIU Bao-xian, ZHANG Da-wei, et al. ( 768
JIANG Wen-juan, GUO Zhao-hing, LIU Feng-ling, et al. ( 774
ZHANG Gui-xiang, YAN Yu-long, GUO Li-li, et al. ( 780
+++ LIU Feng-xian, PENG Lin, BAI Hui-ling, et al. ( 787
XUE Wen-bo, WU Wei-ling, FU Fei, et al. ( 794
Meteorological Mechanism for the Formation of a Serious Pollution Case in Beijing in the Background of Northerly Flow at Upper Levels ««+xeseereersereserenenenienenienenninensininennnnen
............................................................................................................................................................ LIAO Xiao-nong, SUN Zhao-bin, TANG Yi-xi, et al. ( 801
QIN Cai-ging, WANG Yong-min, PENG Yu-long, et al. ( 809
Variation Characteristics of Total Gaseous Mercury at Wuzhi Mountain ( Wuzhishan) Background Station in Hainan - LEI Yu-tao,LIU Ming,CHEN Lai-guo, et al. ( 817
Organic and Element Carbon in Foliar Smoke «+«+seseesreresrssennensnininsiiiiss s CHEN Hui-yu, LIU Gang, XU Hui, et al. ( 824
Analysis of Characteristics and Products of Chlorobenzene Degradation with Dielectric Barrier Discharge ««+:++stssssseereessenssescreneeees JIANG Li-ying, CAO Shu-ling, ZHU Run-ye, et al. ( 831
Distribution, Sources and Risk Assessment of Polycyclic Aromatic Hydrocarbons (PAHs) in Surface Sediments of Yangtze Estuary and Zhejiang Coastal Areas —«v+sesereeserersensmssenennenens
MU Qing-lin, FANG Jie, SHAO Jun-ho, et al. ( 839
+++ WANG Kai, LI Kan-zhu, ZHOU Yi-yuan, et al. ( 847
Contamination and Ecological Risk Assessment of Polycyclic Aromatic Hydrocarbons in Surface Sediment in Karst Underground River -+ LAN Jia-cheng, SUN Yu-chuan, SHI Yang, et al. ( 855

Correlation, Seasonal and Temporal Variation of Water-soluble ons of PM, s in Beijing During 2012-2013 -

Characteristics and Sources Apportionment of OC and EC in PM; | from Nanjing

Composition and Variation Characteristics of Atmospheric Carbonaceous Species in PM,  in Taiyuan, China

Characteristics of Organic Carbon and Elemental Carbon in PM, s in Shuozhou City

)
)
)
)
)
)

Satellite Retrieval of a Heavy Pollution Process in January 2013 in China

Concentrations and Deposition Fluxes of Different Mercury Species in Precipitation in Jinyun Mountain, Chongqing

Adsorption Characteristics of Typical PPCPs onto River Sediments and Tts Influencing Factors

Contamination Characteristics and Source Analysis of Polycyclic Aromatic Hydrocarbons in Multimedium in Karst Underground River «+e+seseeeeeseseeresseees LU Li, WANG Zhe, PEI Jian-guo ( 862
Characteristics of Absorption and Fluorescence Spectra of Dissolved Organic Matter from Confluence of Rivers; Case Study of Qujiang River-Jialing River and Fujiang River-Jialing River -+
........................................................................................................................................................................ YAN Jin-long, JIANG Tao, GAO Jie, et al. ( 869 )
Ultraviolet-Visible (UV-Vis) and Fluorescence Spectral Characteristics of Soil Dissolved Organic Matter (DOM) in Typical Agricultural Watershed of Three Gorges Reservoir Region +++++++
.................................................................................................................................................................. WANG Qi-lei, JIANG Tao, ZHAO Zheng, et al. ( 879 )
Absorption and Fluorescence Characteristics of Dissolved Organic Matter (DOM) in Rainwater and Sources Analysis in Summer and Winter Season «+++++ssssesressssnessisninsmnnnniiinens
.................................................................................................................................................................. LIANG Jian, JIANG Tao, WEI Shi-giang, et al. ( 888 )
of Enhanced Coagulation «+:eseeseeeeesemensennsenensn
++ CHENG Tuo, XU Bin, ZHU He-zhen, et al. ( 898
YANG Li-biao, LEI Kun, MENG Wei ( 905

Composition of NOM in Raw Water of Danjiangkou Reservoir of South-to-North Water Diversion Project and Comparison of Efficacy

Denitrification in Water of Daliao River Estuary in Summer and the Effect of Environmental Factors

Sources of Dissolved Organic Carbon and the Bioavailability of Dissolved Carbohydrates in the Tributaries of Lake Tathu «+«+e-eseeeereees YE Lin-lin, WU Xiao-dong, KONG Fan-xiang, et al. ( 914
Canonical Correspondence Analysis of Summer Phytoplankton Community and Its Environmental Factors in Hanfeng Lake «++veeeeeeeeeseseees WANG Yu-fei,ZHAO Xiu-lan, HE Bing-hui,et al. ( 922
Temporal Variation of Trophic Status in Drawdown Area of Hanfeng Lake in the Storage Period of Three Gorges Reservoir in China ~ ++++++++ HUANG Qi, HE Bing-hui, ZHAO Xiu-lan, et ol ( 928

Spatial Distribution Pattern and Stock Estimation of Nutrients During Bloom Season in Lake Taihu -

GOU Ting, MA Qian-li, XU Zhen-cheng, et al. ( 946
Synergistic Effect of Physical and Chironomus plumosus Combined Disturbance on Regeneration and Transformation of Internal Phosphorus -+ SHI Xiao-dan, LI Da-peng, WANG Ren, et al. ( 955
Effect of Light and Temperature on Growth Kinetics of Anabaena flosaquae Under Phosphorus Limitation «+:esseseeseseesrernessessenennsiniinennns YIN Zhi-kun, LI Zhe, WANG Sheng, et al. ( 963
Purification of the Wastewater of Quartz Processing by Mineral-based Porous Granulation Material — «+«+sesessessesseseesesennsenen WANG En-wen, LEI Shao-min, ZHANG Shi-chun, et al. ( 969
Enhanced Reductive Decoloration of Methylene Blue by Polyacrylic Acid Modified Zero-valent Iron Nanoparticles <+ -+ HE Jing, WANG Xiang-yu, WANG Pei, et al. ( 980
SONG Min, ZHANG Lin-ping, ZHONG Yi, et al. ( 989
WANG Kuai-bing, FANG Di, XU Zhi-hui, et al. ( 995 )
Enhanced Nitrogen and Phosphorus Removal of Wastewater by Using Sludge Anaerobic Fermentation Liquid as Carbon Source in a Pilot-scale System —««+s+sseseseessersensenemienennsiiniinnnne
LUO Zhe,ZHOU Guang-jie,LIU Hong-ho, et al. (1000)
Transformation Characteristics of Carbon, Nitrogen, Phosphorus and Sulfur During Thermal Hydrolysis Pretreatment of Sludge with High Solid Content +«+«+sessesseseesssmseneneesineneenns
............................................................................................................................................ ZHUO Yang, HAN Yun, CHENG Yao, et l. (1006)
Characteristics of Nitrogen and Phosphorus Removal and Control of Membrane Fouling in MBR and SMBR -+ GUO Xiao-ma, ZHAO Yan, WANG Kai-yan, et al. (1013)
Influence of Substrate COD on Methane Production in Single-chambered Microbial Electrolysis Cell = «++xeseereeesseserenssinieneneenns TENG Wen-kai, LIU Guang-li, LUO Hai-ping, et al. (1021)
)
)
)

Phytoplankton Community Structure and Eutrophication Risk Assessment of Beijiang River

)
)
)
)
)
* JIN Ying-wei, ZHU Guang-wei, XU Hai, et al. ( 936 )
)
)
)
)
)

Biosynthetic Schwertmannite as Catalyst in Fenton-like Reactions for Degradation of Methyl Orange

HE Yun-hua, LI Hang, LIU Xin-min,et al. (1027
++ LI Yi-meng, MA Jian-hua, LIU De-xin, et al. (1037

Ton Specificity During Ion Exchange Equilibrium in Natural Clinoptilolite

Assessment of Heavy Metal Pollution and Potential Ecological Risks of Urban Soils in Kaifeng City, China

Effects of Different Cultivation Patterns on Soil Aggregates and Organic Carbon Fractions «+-«eeseseessessesesiemenensnninineininenn QIU Xiao-lei, ZONG Liang-gang, LIU Yi-fan, et al. (1045
Effects of Chinese Prickly Ash Orchard on Soil Organic Carbon Mineralization and Labile Organic Carbon in Karst Rocky Desertification Region of Guizhou Provinge +-++sessesreseeresenneneenen
--------------------------------------------------------------------------------------------------------------------------------------------------------- ZHANG Wen-juan, LIAO Hong-kai, LONG Jian, et al. (1053)
Rare Farth Elements Content in Farmland Soils and Crops of the Surrounding Copper Mining and Smelting Plant in Jiangxi Province and Evaluation of Its Ecological Risk +++++eeeesesereeesess
.................................................................................................................................................................. JIN Shu-lan, HUANG Yi—zong,WANC Fei, et al. ( 1()60)
Combined Toxicity of Cadmium and S-metolachlor to Scenedesmus obliquus —+++++++++ssesresreresssesensnmsninieist e ZHANG Xiao-qiang, HU Xiao-na, CHEN Cai-dong, et al. (1069)
Effect of Degradation Succession Process on the Temperature Sensitivity of Ecosystem Respiration in Alpine Potentilla fruticosa Serub Meadow ++++eeesersesessessinnmiiiii,
------------------------------------------------------------------------------------------------------------------------------------------------------------------ LI Dong, LUO Xu-peng, CAO Guang-min, et al. (1075)
Ecological Stoichiometric Characteristics in Leaf and Litter Under Different Vegetation Types of Zhifanggou Watershed on the Loess Plateau, China «eservereeresererenenmeneniinennn

.................................................................................................................................................................. LI Xin, ZENG Quan-chao, AN Shao-shan, et l. ( 1084
Denitration Mechanism of Monoclinic-phase Nano Zirconium Oxide-based Catalysts e YE Fei, LIU Rong, GUAN Hao, et al. (1092

DENG Jia, HU Meng-kun, ZHAO Xiu-lan, et al. (1098

)

)

Characterization of Phosphorus Forms in Different Organic Materials )
Comparative Life Cycle Environmental Assessment Between Electric Taxi and Gasoline Taxi in Befjing «+eseseereeresresesenersiinenennn SHI Xiao-ging, SUN Zhao-xin, LI Xiao-nuo, et al. (1105)
)

)

)

DUAN Lei, MA Zi-zhen, LI Zhen, et al. (1117
CHEN Bao-dong, SUN Yu-qing, ZHANG Xin, et al. (1123
Research Progress on Microbial Properties of Nitrite-Dependent Anaerobic Methane-Oxidising Bacteria ««+s«+++ssseserssersensseseneneninisnsnsninini s SHEN Li-dong ( 1133

Characteristics of Water Soluble Inorganic lons in Fine Particles Emitted from Coal-Fired Power Plants

Underlying Mechanisms of the Heavy Metal Tolerance of Mycorrhizal Fungi



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN

o
%OE. (REREEHT)
3 N iy -
TENL  FAERE FIE F44r H O N H O OF L
=1 N 7. AN RS — =z,
AOKE  XER BWE BRET & S MEH
— =g N N N -
PRFHAZT  BAE 22 Ak AR WEE Bokd &
ya ¥ Y o
WO 6 s O W W W MR
-
w3 ENVIRONMENTAL SCIENCE
( I;'JEJJ{?J‘N;J;;:C;: EETQ(ULT{E) (Monthly Started in 1976)
201543 B 15H #36% H3 Vol.36 No.3 Mar. 15, 2015
e ESp 5 Superintended by Chinese Academy of Sciences
E & i
} s Rl 22 2 A ARIAIE TS s Sponsored by Research Center for Eco-Environmental Sciences, Chinese
£ B PERREBE SRR y
e 7 (USSR RF) Academy of Sciences
B Rl A% FTE 2N 22 Co-Sponsored by Beijing Municipal Research Institute of Environmental
Je s T B BT O A Bl 2 WF 5 B
A = - - Protection
e % WK B T School of Environment, Tsinghua University
. BAREAE) G E RS i:llfzo:;—m o b %EJYE[?(TI(J 'le-}]l:and f Envi tal Sci (HUANJING
. e s s . ite y e Editorial Board of Environmental Science >
JEHTTT 2871 FA (HFE X B It
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn F-mail :hjkx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
It B A AR 7 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
qE 3 =3 Printed by Beijing Bei Lin Printing House
BN R 3 4T JbntdeAkenml
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT 1 & 2ELHARER)S Domestic All Local Post Offices in China
EsEET PEERERRS BAF Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN 0250-3301 o

= ) B:2-
CN 11.1895/X ERBEZNKS: 2-821
120. 00 J© ES&EITRS: M 205

BRSNS FET



	1.pdf
	封面.pdf
	目录.pdf

	2.pdf
	目录.pdf
	封底.pdf




