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Treatment of Petrochemical Secondary Effluent by Ozone-biological Aerated

Filter
LIU Ming-guo'>, WU Chang-yong”, ZHOU Yue-xi’, GAO Zhen’, WANG Pei-chao*, YANG Qi', DONG De’

(1. School of Water Resource and Environment, China University of Geosciences, Beijing 100083, China; 2. Research Center of Water
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Abstract: The advanced treatment of petrochemical secondary wastewater by ozone- aerated biological filter was carried out in this
study. The effect of pH on ozonation and the removal of COD and UV, by the ozone-aerated biological filter combined process were
investigated. In addition, the variation of relative molecular mass distribution of organics and the characteristics of three-dimensional
fluorescence spectra of the wastewater were also investigated. The results showed that the suitable operating conditions of the ozonation
unit were:; ozone dosage 10 mg-L ™", contact time 4 min and slightly alkaline pH. Ozonation can transfer macromolecular organics into
small molecular organics, resulting in a 15% increase in the percentage of the organics with small relative molecular mass (less than
1000). The biodegradability of the petrochemical secondary effluent was significantly improved by ozonation, making it more suitable
for the treatment by aerated biological filter. The removal efficiency of COD and UV, were 40. 8% and 45. 8% when the hydraulic
retention time was 3 hours and the gas to water ratio was 3: 1 for BAF. The average COD of the petrochemical wastewater was 86. 5

! while the average COD of the effluent of the combined process was 49.4 mg+L ™" when it was operated under optimal

mg-L
conditions.
Key words : petrochemical secondary effluent; ozone-biological aerated filter; advanced treatment; relative molecular mass distribution;

three-dimensional fluorescence spectra

AR FERAE AR N T B b O AR AR DR ) L
AR, R IEK BGRB8 KK, B LEUE T (biological aerated filter, BAF) H.
BEPER  ATAEARME 2% RbBEE B R AR A, IS A BN A AL A o, P b BE DR HKOK
et ARk KRR TR X K GE e £
BT HEAT AL B, K — AT R (SR A TS IR B H: 2013-05-17; f&iTHHA: 2013-10-09
IKHERCARMEY (GB 8978-1996) H 1y 3k | ALt 2% & EEWE . FZKRT5 Qe il 5 6 A% KL 3T (20122X07201 -

005) ; EIZK HRFIESRE AT (51208484)

IS Toll B K A B 8 A A s DRI A AR VIS (1988 ~ ), 5 BP0, P37
HHE A | E-mail ; liul mingl guol 1@ 163. com

]ﬁ EI é@ﬁ%%ﬁi I‘EJ @ , E'ﬂﬁ%ﬂ( E]/‘J Y%}_gﬁii E’ }J*Z * JE IR FR A, E-mail ; zhouyuexi@ 263. net



652 AN 5%

B % 35 %

Jaht, r s e i AR R BT E 2 s
IKIRBEAFRF AR 22— B fRIR K g K
T B R 22 XA MR i 1 R4y T AL, IR K 1
AT AR AR PRSI , R R T BAF A0 B ML Y 25 Rk
. ALFEARTT A RO Koy A I FE ik
F/NGS TR AR G K A T A A Ak
A E SRR R, R LA AR SR 1 S A 1 (4
IR JFHLA N 2. 07V, 7E 7K AV HE U 1, AR T
FFREE A o LML) , B0 3% Hh s B WL 1 43 7
Shk R R K A RERES K, 5
AR B B A SRy A Ak Ak B A AL B b — A2 G
PSSR

RA-BESAEYIE A & T2 MR ek
AR, A AR R 25 IR AR T T KR
FEALE M T2 2 — (8 B iR Ao 7K b 3 )
WEFEAE XT3 | 22 B9 i 2 1 X A BRAICR G
XTI BATT R A5 D0, 0 G 2 B 4 Y1 Ak 38X X oA
ff A A — G K BV FH B o 8500 AR BRI IR ST
T LA TN AR A T 58] XA e — 2 KR
JE AN B ROR IO A T A A R KR
Ab B 7 FH R A AR S

1 #B57EE

1.1 ke EAElT T

TR T R S AR RO A A R R
AP AR, SRR AR E A et 1L 2K SE A
AR YG-5 BUBLE A4 R 28 506 A R il
B, AT RN S g-h ™' R4 R AR E
IS (T 1 2 3l /R A W] -2 IDEAL 2000 ) #F A 5L 47
SR AR A AL | SN 25 (4 PN A N T
LT PR RVER B | NS ke A T AL D O R k. SR
() S A A 20% K1 BBk, <k
Yy R A MLBEES &%, A2 10 em, & 200 cm,
SN AR EER 10 em B E — N URE T, OB N TR
PR, K42 0.4 ~0.6 cm , T E N 120 em. F
LD R S L A TR, Tt 1.8 L-h 'L IS
L FAB B, 25— B Bt EEAFSE T pH X R AR
65T (4 5% KR K BT 2% 1 ARG A F 5T 4
R R AN 10 mg- L7, 4% fih & AL i 1A
9 4 min B, BEARIFI R 75. 6% i Y Ez il Ak
BFE R 8 min, 12 min B, 540 A FH 3R 385 i 2 R
K, 5K T7% F179. 3% . COD 1 L BRBETE fi 421k
Fi [ A 6 NI A A ded 9 4t s, EL B b S A8 S
BRI 1 AEER 2 A%, T UL 4 min S2 BN A HL

SN A R], FEAS M 58 45 1 T 2 A% 8 A BB i 7K
KLFEH 0. 84 kW - h. H It i AR ik 10
mg-L ™" JEMlAE] A 4 min, ZBBEILETT 30 d; 2B
CRrBEEM T R ARG T
IBATHEYE 2 W B 2 A5 B A it 1) 45 B I TRD Dy
3 h, 5K R 301, M BEILiE 1T 53 d.
1.2 35 KRR S prilit

AR AR A T 255 KA BT (1) — 2
KRS, i JE K ) 7K COD £ 80 ~ 110
mg-L~" BOD, 7£ 0.85 ~4 mg-L™", UV, 7£ 0.6 ~
0.8 cm ™' NH,; -N ¥ FEFE 2 mg-L™" LR, TN 195
WA 14 mg-L™" 24, pH AT 7 ~8.

AR X H A UV, . COD, pH, DO,
BOD, |, TOC, REMREE | K ALY AR 53 F BT
AT =496 AF. Hod pH A DO SR H 1 [
WTW 340i {45000 (SO 32 ; COD F 5% FR Bk i
WZE 5 BODs S BEAEHCE M A2 ; TOC R H AL
B ] TOC-V gy cpy 7T G E 5 5L AR B2 il
TRIE L B K R A ML R X 43 5 R 4 A
ff, 58 0.45 um BEREUE, SRS LS s /SN 3 )
(0.1 MPa) , R JHIFA7 1 3 A8 8 7 K472, e
HBLES A Millipore 23 F] #Y Models 8400 i JiE A5 LA
N AR AXT 437 43 34 100 x 107, 30 x 107, 10
x10° . 5000, 3000, 1000 &Y H7 Bl F A= 2 £F 4 i,
=475 % HITACHI F-7000 5550 6% B 1k
AT = SR R 5 R S i FE Y
K5 nm POR A FIR S A A3 L R 200 ~
500 nm, 14 0] F& A 10 nm, £33 3 B R 1500

.1
nm-min .

2 HR5ITE

2.1 pH fHX R E AR IT R

pH JEREM R KA FSUR BB S Z —. A
=K pH #E 7 ~ 8 Z (8] # I pH B 43114
MS5.6,7.8.9, 10 i A AT A TT, 5T
pH XHZPRICAL BEACR A 2. 25 S0, pH (X
AT AASITA ILY 0 2B B8 i 52, (8%
TN B LBJLFEA=m (E 1 fE2). nE 1 s
COD ., UV,q, By £ B3R MALFE 5 () BOD,/COD %%
{E¥IB A K pH TR TG R, 4 pH =5 B R4
FEAL BATTXT COD Fl UV,q, B 225834351 9 18% Fil
38% ; 1M 4 JFE/K A pH BN ZE 10 BF & A9 5 BR %5
BIETN A 27% F153% . BIZERGPESRAE T, RA T 4R
XTI LB AT X AR 2 A5 45 SR 02



2 4 XU 45 . B4R AR DI 4L T A B A A G K AR5 653

FUG T T R R A R A B
b, EHAE AL AR R SR, X — LA HLY AN BE
Ak TEBRIE SRR AR FE AT E A, R
(- OH HA7 558 (1 S Akt Ak A Has Bk
N TRGHL T A A= W R A 1) R 43 - A AL B Ak
AR ALK | KR TSRy TR, TR R T
PEAK B ml A Ak A 2 i DU B
K pH AYHE &, B4R 5 PR /K B BOD, L B ey 2.
RIS K IR R AR IS R K TN L3 478
b, 3K TN HRBEFE 10 ~20 mg-L~" Z [A]A8 4k, 3X
SRR R AL TC R 5 2 AL, H B U
—FIE A Ry s — e il

60
CODZEg#
50 |- [ UVasekbia _
0+ —
=
30 L
& 30
# 7]
20 - 7 Z %
11 7
10+ %
7 7
0 i
5 6 7 8 9 10
pH
El1 pH3t COD 1 UV, KBREIF M
Fig. 1 Effect of pH on the removal of COD
and UV,s, during ozonation
0.12
EZA 7k
ot0 L Cssstiedik
0.08 -
jm] —
S .
2 0.06 | —
]
o
a
0.04
7
7 7
0.02 | 7 7 7
0
5 6 7 8 9 10
pH

2 pH EXMEL R AT EL TR
Fig. 2 Effect of pH on the biodegradability of

secondary effluent during ozonation

2.2 AT LN CoD B
A T2 B B, 3K COD ¥ {E
86.5 mg-L™', & R A A5 M COD Hy 68.7

mg- L™ B A AR W) uE K Y COD A 49.4
mg-L~". HE 3 0[5 AL HIT COD W EEREAIR
T4 18 mg-L™", KRR A 18.8% ; Lad &AL
JG BB KIFE A BAF, 25 BAF PN Y A= W 54 , COD
PE— A %800 COD By 1 22. 0% . HE
T2 A AL SITH COD £ RRT, 8 &K
S HATT I RABINE AR, FEE B WAL EA,
H B 2 45 i PR K Rl A Ak v, AR 5 BAF B0 1Y
COD KBRHCE.

120

110
100
90
80 |1
70 |-

COD/mg-L™!

60
50
40

30

BT/

B3 HAFTITEx CODHERBR

Fig. 3 COD removal characteristics of the combined process

2.3 BTN UV, BERR

UV, A] & 1F & /K b 254nm 4 B F C=C,
C =O RS 4 B K B S58 A 1 RV 19 A ALY, an
W, 2050 ST, JF FRE G A RIS
A . RIEADCgT A R, A Ak i el
AHFNEE  BEIRC =C | C =0X4, [N Ik R A BE %
FHRBR UV, ik 4 FoR RESEXT UV, KBRE
FEAEHB A TT, H UV, EBRE N 30.7% , 1

0.9

0.8

BRI
H4 REBSEMETI UV, HER

Fig. 4 UV,s, removal characteristics of the combined process



654 AN 5%

B 35 %

BAF HICXF UV, (25 Bk R B 1 AN 4 5L 40 4R Ak o
JC, R M 15.3% . Al WAEHG T 40, RASR
Pt R 7K H A HILAD 5 ) 1) 50 e ol B A, AT 2 4
o Ak B 1 .
2.4 HAT 2N R AKAN B AR iR oA HL AR R 2 T
JBT H A 145

A EAL A BAF A xof 1% /K o g HL) B AR
TR AR AL W . WK S FR, JEK
FR AT LAY 5 2 4R P e A X 40 F B /N T 1000 AR
F100 x 10°, HAM 51 b7 B9 52% | 26% , 28 55 4
BRI , B K T BOAT AL ARG 2 T i 43 A 45 31 B 5
MIECAE , /N1 000 F) A ALY $ 55  67% , T K T
100 x 10° (A HLYIRE N 8% . PRI R A E AL AT i K

>100%10° 3 000~5 000
E 30X 10°%~100% 10°  EEEE 1 000~3 000
10X 103-30%10° [ <1000
5000~10%10°

A5

NN

26%

12% \\\\\ . 40%
10"/ /

(c) BAF KA YA 41 Bt 43 A

Bs5 AGTZAEIEHREKDENY
x5 FRESHNEL
Fig. 5 Variations of molecular mass distribution

of organics during the treatment

S HNIEAL R N T W, 5 K5 A WL
LU B SR REAIG, /a3 T ALY 9 S 3 . i
AN LA 5 s A= A R R ke IR
AL T IR 82 BAF HoexH iz A VL %
B, X M BAF 5T H 7K 8 HLA AR X 43T T 4
DL T LA Y, 25 BAF BATT L MRSt ) | A
X 43 B /N1 000 F 45 HLA Y L A5 I 67 % BEAIR
F40% . WT BAF HooHi K & B Ak AR
WA T T 32308 53400 T 358 6 ) 457 B B ] PO
oS BT LA 23 0 /N T+ 1 0004 HL4Y)
07 ELBIATE A 40% . K53 HLA) I AR X i v A
A=W, i AT o A 2 A B B ARk
2.5 WE T ZXEAK PP T2 s

YOG AR PR BT W U 2 R
FHPO2 e Re g IRl R AT D6 R 3 B % DK N &
SRR OC R BRSO BT, A HAR A 1Y
SHEBOEIEE B, URRAE 6 I 0 5 R I 5
S8R AR SRy I K T 2V A A WL R R b,
I LA ACRAS R AN A AL T o 9 LU AE, 28 I
PR A8 A s e 2 7K PP A L) i A e A

K6 o B AR5 KT gk, A AL
JKHT BAF H7K 9 =45 . o nl i 32 2
AU, 02 WIADEOEIE Bl A fE E /E,, =230/
345( T | E/E =275/345 (SR IE) B, M4
S FT LR, 16 | RAF AR A m—a JLH0 0L
() BRI TS 5 2S00, U 2 %€ e 32 22 LA R BR
F5NE I 22 BRG4GB 2R P T X A% R = 4ROk
JEEERE S BTN 1 .

F1 BEARSEBEREBECENRE

Table 1 Position and intensity of fluorescence in wastewater samples

Fis  EJE, I
BUk  SURAILIIK  BAF K
1 230/345 6 009 829.4 1143
2 275/345 2681 464.3 788. 8

AL G K TG Y LU AR (5 2/ 1) Oy
0.45, R 2 R A AR, G =N 0. 56 , A 5T
T 2/ 06 1 HO (R BR R 2 W E R A Y TR
JrK 28 RAAVEA S AT AR AL AR B T ER . I
93 20 LSRR R W R A, HLUE 2 RS T 5 ~ 10
nm, W& 1 2T 7 5 ~10 nm. Chen 252 A9 2607,
WS F IR Ko A WL 3l /Ny A DL B
HRIT RN Z NG 3 i R S R Y 5 THZLAS &
B th A b AR AR | R | IUAEE | R SR



24 RIBIES . LI P AL S T LA E = S K R 5T 655

200 8630 e
0

(a) ik

450 1000

2000
400 |

3000
% 150 L 4000
- 5000
100 | lmmu
7000

250 |

200 =
200 250 300 350 400 450 500

500

| ¢ M58 JiE
(b) SLACAAkH K 0
450 | 450.0
900.0
400 |
1350
£ 350 | L1800
=
2200
300 |
250 |

200 250 300 350 400 450 500

4 ot
(c) BAF ik 0
450 5
450.0
400 900.0
_ 1350
§ 350 ft 1 800
2200
300
250 I
- <
200 s ?

200 250 300 350 400 450 500
Eyx/nm

Ee6 Rk, RESNLHKE BAF HKe) =43 EE
Fig. 6 Three-dimensional fluorescence spectra of raw water,

ozonation effluent and BAF effluent during the treatment

SEAFEREMIR LG IE. WAL RRE , RE
SEAAE R T W B AL AL /N o T I, K B 2105
JEI 22 R EEE S LI XU IR | 3 300 T 0 2 O E RS
FIHECIE 55 JEE ) AR, 3 A — BB 070 T 45 rh gk
B RIEFEREMIA SR, R PO 1 /Y
2085, AT R EOK T AP R R
P AR AN — LB 2 IR S, b S N A A B B ) o
80% VA b, 22 it RS WA AL A K i 22 AL
YIkkiks | Be2E R A R BESEYE
T H AR S5 LA T B i DR A B 94 A A B i
PR U M A AR M SR TR

3 it

(1) S EAL A 1b 2 7K, Y5 2 7K R B Bsf
COD ., UV, (I EBRBOR B AF, PR Z | TR f 2.
HTE pH g 8 ~ 10 I B HALRY K A, £ BRACR
AN, H =, 24 pH Sk 10 B, PR 5L 4 4R Ab X I 7K
1 COD W EBRR N 27% , UV, B EBRE N 53% ;
pH {E AT E K 5 BOD, #2517 4 5 A4, X 1
rhR R TR I 1 B v RO W s TR R A AL B
pH (B K i VAU B JLF- B8R 52

(2) RA-ESEYIEM A G T2 A5k
TR K R AT R AL L e R A& 10
mg- L™ AR AR E AL [R] Dy 4 min, BESCA P 8 b 09 45
BEIFIE] A 3 h, K HE 3: 1A, ARG E K 70 ~ 110
mg - L~ A A0 IR K B 31 H 7K COD R 50 mg- L~
LA s XK UV, RBRRIAH] 41. 8% .

(3) At K & B AR E AL, K R AR S 23 o
TR T 100 x 107 K534 BT K HB 53 %% Ak A AR X 43
TR/ T 000H9 /Ny o, 4 K R AR X 23
[ /INT1 0004 L i o5 19 L B8 1 159% , 45 F]
TIREAEA T 2 RBAT ; TENEM Ay A= A R 0 32 BEF
fE RS2/ N B, AR X 43 s & /N T 1 000 YA
BT 7 ELBIRAR T 27% |, it K 50140 AR M B 4%
MRS

(4) 383 = eSO s B A4 K g i v
AP FEEZ T/ E A, 40t RA AR 2R
I A A TS R AR, AR TR T e
ZIRGEE S L DU A5 4 AR K th 25 B iR
FEi & it PR WIR A A YR i i ok R ™ A
AR AR ™) A /D B 5 B S R .

Sk

[ 1] %B&EM. AL TEAGCIEE AN U5 RI)]. 21T
M4 2009, (12): 129-134.

[2] H&R, RIEL, YOG, % ARk R b T 5
AR R DGR [T]. S HIREE Y, 2011, 21(6) « 47-
50.

(3] ZRunsi, PMRIL, ER5). WAk b b B EUPG B2 7K (4 F 5%
[J]. BREERLSE, 1999, 20(4) ; 83-85.

[4] Mann AT, Stephenson T. Modelling biological aerated filters for
wastewater treatment [ J ]. Water Research, 1997, 31 (10):
2443-2448.

(5] kA, A, SR AR orR st 1]. i
“ykHEK, 2002, 18(8) : 26-29.

[ 6] Schepper W D, Dries J, Geuens L, e al. Conventional and
(eco) toxicological assessment of batch partial ozone oxidation

and subsequent biological treatment of a tank truck cleaning



656 wom B % 35 &
generaled concentrate [ J ]. Water Research, 2009, 43 (16): Chemistry, 1985, 24(19) : 2962-2966.
4037-4049. [17] Staehelin J, Hoigne J. Decomposition of ozone in water in
[7] Bamredo D S, Iborra-Clar M I, Bes-Pia A, et al. Study of presence of organic solutes acting as promotors and inhibitors of
preozonation influence on the physical-chemical treatment of radical chain reactions [ J ]. Environmental Science and
textile wastewater [ J . Desalination, 2005, 182 (1-3): 267- Technology, 1985, 19(12) . 1206-1213.
274. (18] EME, D%, HiF, % RATRL/ B ED RS KT
[8] HsuY C, Yang H C, Chen J H. The enhancement of the Jﬁﬂ‘filf#‘ﬁ:ﬂ:%[ﬂ IBMJ&HST, 2006, 26(11) : 32-36.
biodegradability of phenolic solution using preozonation based on [19]  MearAT, HEERE, LRI, 55 40K SLA - AR uE
high ozone utilization [ J]. Chemosphere, 2004, 56 (2): 149- TR AL B RBFFE[J]. ARALBEH A | 2010, 36(8) ; 88-91.
158. [20] Chen W, Westerhoff P, Leenheer J A, et al. Fluorescence
[9] M4, gég%, ik, RAWEA T 2 A TGS YLK J5 K excitation-emission matrix regional integration to quantify spectra
ROFRISE[ )], TR PR K2R ( H AR B2 ) |, 2006, for dissolved organic matter [ J ]. Environmental Science and
22(2); 285-288. Technology, 2003, 37(24) . 5701-5710.
[10]  WREREK, TEWRE, FIFuE. RA-BAEY IR TR A (217 ZEZOM, XSG, KER, S AR g A DL =4k 58
LK I]. BT, 2008, 37(8) : 917-920. FGIERHESTHT[T]. KRR G a# 24, 2006, 1(3):
(1] Wi, REK, FEE, 4 SRR XTa 5K =489 216-221.
AR BT/E PR J]. LT %3], 2013, 64(9) : 3390- [22]  EENI, XISCHE, 2200, . Z4EO0EIEE T S
3305. CODM RS I 53 A0 B HORIR [ 1], FRBERE7 %1l 2006, 26
[12] CJ/T3028. 2-94, e A [RSEFNEIRAEHRAT L ARAE] ST (2):275-279.
[13] WHem, WRF, T 54 gXME SRR aIY (23] ZEDAe, BRESE, EER, S KA Y bR R g K i
FREERFTEL ). FREERLE, 1997, 18(3) : 13-16. AT ()], P ERRE RO R 24, 2008, 38
[14]  BRaEM, WEBR, héfh. REMAEL-BIAEYERTZ (6): 601-608.
REEALBET S A IRBAK [T]. HokEoR, 2008, 27(5) : 40- [24] JEAH, E&f, R&EE, % BE-AY OV & P A L
43. P =He9OEr[J]. T EFREERLE, 2009, 29(3) : 290-
(15] WAk, s, BURAE. R iEih-RAaads 12 295.
PR K RFFE[ T]. SEA R 2%, 2009, 11(3) ; 83- [25] Chen J, Gu B H, LeBoeufet E J, et al. Spectroscopic
84. characterization of the structural and functional properties of
[16] Tomiyasu H, Fukutomi H, Gordon G. Kinetics and mechanism natural organic matter fractions [ J ]. Chemosphere, 2002, 48

of ozone decomposition in basic aqueous solution[ J]. Inorganic

(1): 59-68.



HUANJING KEXUE Vol.35  No.2

Environmental Science ( monthly) Feb. 15, 2014

CONTENTS

Calculation of Allowable Pollution Loads for Lake and Reservoir Based on Bi-direction Algorithm and Iis Case Study »++»eeeseeseerees

Form of the Particulate Matter Ambient Air Standards in China —««esssesreerresmnremntemmmnnin e WANG Shuai, DING Jun-nan, WANG Rui-bin, et al. ( 401 )
Seasonal Variation of Carcinogenic Heavy Metals in PM, 5 and Source Analysis in Befjing «++:toeseseereeesessssnnsinnnen: TAO Jun, ZHANG Ren-jian, DUAN Jing-chun, et al. ( 411)
Temporal and Spatial Distribution of PM, 5 and PM,, Pollution Status and the Correlation of Particulate Matters and Meteorological Factors During Winter and Spring in Beijing ~«+++esereeeee
............................................................................................................................................................... ZHAO Chen-xi, WANG Yun-gi, WANG Yusjie, et al. ( 418 )
Inversion and Spatial-Temporal Distribution Analysis on PMs_ Inhalable Particulate in Beijing —+xeeeeseeesrersssssenmesnmsinniinii s WANG Yan-hui, XIAO Yao ( 428 )
Characterization of Ultrafine Particle Size Distribution in the Urban Atmosphere of Hangzhou in Spring XIE Xiao-fang, SUN Zai, YANG Wen-jun ( 436 )
Size Distributions of Aerosol During the Spring Festival in Nanjing WANG Hong-lei, ZHU Bin, SHEN Li-juan, et al. ( 44
Size Distributions of Organic Carbon and Elemental Carbon in Nanjing Aerosol Particles «e-vesessessesresesrsenenmiesninsinenenns WU Meng-long, GUO Zhao-bing, LIU Feng-ling, et al. ( 451 )
Characterization of Organic and Elemental Carbon in PM ;o in Xinzhou City w«+eeerrererresermresimsinnssnnsnis e SHI Mei-xian, PENG Lin, LIU Xiao-feng, et al. ( 458 )
Seasonal Variation of Concentrations and Distribution Characteristics of PCDD/Fs in Atmosphere of an Industrial Area, Guangzhou ««+:+-seseeseseeseess QING Xian, SU Yuan, SU Qing, et al. ( 464 )
Hazard Evaluation Modeling of Particulate Matters Emitted by Coal-Fired Boilers and Case Analysis «+«++s+seeesessessensensssnsnsnsiinennnnns SHI Yan-ting, DU Qian, GAO Jian-min, et al. ( 470 )
Chemical Characteristics of Precipitation in South China Sea «+:++sevseeeresresnersssnssmiiiniiniiii e XIAO Hong-wei, LONG Ai-min, XIE Lu-hua, et al. ( 475 )
Analysis of Acid Rain Characteristics of Lin’an Regional Background Station Using Long-term Observation Data ** «+++ LI Zheng-quan, MA Hao,MAO Yu-ding, et al. ( 481 )
Characteristics of Atmospheric Nitrogen Wet Deposition in Beijing Urban Area HE Cheng-wu, REN Yu-fen, WANG Xiao-ke, et al. ( 490 )
Studies of Ozone Formation Potentials for Benzene and Ethylbenzene Using a Smog Chamber and Model Simulation «+«++«+xeseeseseessesnessenennsinisneninnenenens JIA Long, XU Yong-fu ( 495 )
Characteristics of Fly Ash Particles Deposition in the Snowpack of Laohugou Glacier No. 12 in Western Qilian Mountains, China ++++++++++-+- DONG Zhi-wen, QIN Da-he, QIN Xiang, et al. ( 504 )
Odor Emission Rate of Municipal Solid Waste from Landfill Working Area «t-eeeseeeeereesesismenenninineninnn e QIANG Ning, WANG Hong-yu,ZHAO Ai-hua,et al. ( 513 )
Gaseous Phenol Removal in a Bio-Trickling Filter ««+«+sessereereereserenenmenienenninninnisi e HE Jue-cong, HUANG Qian-ru, CHEN Zhou-yang, et al. ( 520 )
Particulate Distribution Characteristics of Chinese Phrase V Diesel Engine Based on Butanol-Diesel Blends «+«++«seseereereenseeseneneienicnnens LOU Di-ming, XU Ning, FAN Wen-jia, et al. ( 526 )
Effects of Turning Frequency on Emission of Greenhouse Gas and Ammonia During Swine Manure Windrow Composting ZHAO Chen-yang, LI Hong-mei, WEI Yuan-song, et al. ( 533 )
Oxidation of Mercury by CuBr, Decomposition Under Controlled-Release Membrane Catalysis Condition «++++sssseesessesessenensneessnennensenens HU Lin-gang, QU Zan, YAN Nai-qiang, et al. ( 541 )
Distributions and Influencing Factors of Total Dissolved Inorganic Antimony in the Coastal Area of Zhejiang and Fujian =+++++++++++- ZHANG Xu-zhou, REN Jing-ling, LIU Zong-guang, et al. ( 547 )
)
Risk Assessment of Quaternary Groundwater Contamination in Beijing Plain ( )
Mixing Behavior of Nutrients in Different Seasons at Liaohe Estuary ««+esveereeseeresesmienienmimininn ZHANG Jin-hua, YU Li-xia, YAO Qing-zhen, et al. ( 569 )
Distribution of Nitrogen in the Sediment of Taige South River Estuary «w+eseseeeresersrsemermieminnini e MA Jiu-yuan, WANG Guo-xiang, LI Zhen-guo, et al. ( 577 )
Selection and Purification Potential Evaluation of Woody Plant in Vertical Flow Constructed Wetlands in the Subtropical Area - +++ CHEN Yong-hua, WU Xiao-fu, HAO Jun, et al. ( 585 )
Correlation of Substrate Structure and Hydraulic Characteristics in Subsurface Flow Constructed Wetlands —+-+e«eseseesreseeeeneeees BAI Shao-yuan, SONG Zhi-xin, DING Yan-li, et al. ( 592 )

Impacts of Eichhornia crassipes (Mart. ) Solms Stress on the Growth Characteristics, Microcystins and Nutrients Release of Microcystis aeruginosa =«++++++sssssessssssssssisnunssinnnisniinnens
..................................................................................................................................................................... ZHOU Qing, HAN Shi-qun, YAN Shao-hua, et al. ( 597
Effects of Different Pre-oxidants on DBPs Formation Potential by Chlorination and Chloramination of Yangtze River Raw Water ~-++v+eeereeeeeee TIAN Fu-xiang, XU Bin, RONG Rong, et al. ( 605
Adsorption of Phenanthrene from Aqueous Solution on Cetylpyridinium Bromide ( CPB)-Modified Zeolite -«++x+:+esserererereereseeneneennnensnne LI Jia, LIN Jian-wei, ZHAN Yan-hui, et al. ( 611
SONG Chen-yi, YIN Da-qiang ( 619
FU Shi-yu, LIU Guang-li, LUO Hai-ping, et al. ( 626

Characteristics and Selectivity of Photocatalytic-Degradation of Tetracycline Hydrochloride

)
)
)
)
Characterization of Biocatalysed Sulfate Reduction in a Cathode of Microbial Electrolysis System )
Characteristics of Dissolved Organic Matter in A/DAT-IAT System for Municipal Wastewater Treatment Based on Ecological Safety «+:e+eseeeeeeseeeesees YANG Sai, ZHOU Qi-xing, HUA Tao ( 633 )
LI Bin, WANG Zhi-wei, AN Ying, et al. ( 643 )

*+ LIU Ming-guo, WU Chang-yong, ZHOU Yue=i, et al. ( 651 )

Treatment of Pectin Wastewater by Anaerobic Biological Process CHEN Bing-bing, YANG Chun-ping, LI Xiang, Det al. ( 657 )
(1663 )

(669)

)

)

)

)

)

)

Membrane Surface Fouling Properties in MBRs for High-Salinity Wastewater Treatment

Treatment of Petrochemical Secondary Effluent by Ozone-biological Aerated Filter -

Sorption Mechanism of Ofloxacin by Carbon Nanotubes —«+esssseeseeeserererniinieneninininenins e ZHAO Xing-xing, YU Shui-li, WANG Zhe ( 663
HU Xiao-jing, ZANG Ting-ting, GU Hai-dong, et al. ( 669
WANG Jun, WANG Yao, HUANG Xing, et al. ( 678

Biosorption Characteristics of Cu® * by Spent Substrate of Pleurotus Oyster

Adsorption Dynamics and Breakthrough Characteristics Based on the Fluidization Condition -+

Characteristics of Speciation and Evaluation of Ecological Risk of Heavy Metals in Sewage Sludge of Guangzhou ««+++:=+sessesseseseereess GUO Peng-ran, LEI Yong-ian, CAI Da-chuan, et al. ( 684
Spatial Distribution and Accumulation of Heavy Metal in Arable Land Soil of China =+«+++ssesresesrssreresnenenssnsimnnnesnnnenes ZHANG Xiao-min, ZHANG Xiu-ying, ZHONG Tai-yang, et al. ( 692
Pollution Patterns and Health Risk Assessment for Polychlorinated Biphenyls in Soils from a Capacitor Storage Site ZHOU Ling-li, WU Guang-long, XUE Nan-dong, et al. ( 704
Occurrence and Spatial Differentiation of Polyeyclic Aromatic Hydrocarbons in Surface Soils from Shenzhen, China = +oveseeeeresresnesseneenes ZHANG Di, CAO Shan-ping, SUN Jian-lin, et al. ( 711
Risk Assessment and Countermeasures of Heavy Metals Pollution in Wanquan Segment of Yanghe River «e+ereeeeeereesenersinieniennienne TAN Bing, WANG Tie-yu, ZHU Zhao-yun, et al. ( 719

Effects of Group Matching Curing Agent on Exchangeable Ph, Cd, Zn Contents in the Potted Soils and their Accumulation in Rice Plants +:+sereeseeereererermienienniinin.
........................................................................................................................................................................ ZENG Hui, ZHOU Hang, QIU Qiong-yao, et al. (
Impact of Compounded Chelants on Removal of Heavy Metals and Characteristics of Morphologic Change in Soil from Heavy Metals Contaminated Sites -+ YIN Xue, CHEN Jia-jun, LU Ce ( 733
ZHOU Na-na, BAI Yao-hui, LIANG Jin-song, et al. ( 740
CHEN Zi-ai, CHEN Hui-juan, WEI Ben-ping, et al. (

Characterization of Manganese Oxidation by Pseudomonas sp. QJX-1
Effects of the Ratio of NO; -N to NO, -N on the Removal of Sulfide and Nitrogen by Mixed Culture and Pure Culture

)
)
)
)
Carbon Metaholic Characteristics of Airborne Microbes in Hangzhou GONG Chan-juan, XU Jing, FANG Zhi-guo, et al. ( 753 )
Study on the Backward Extraction of Cellulase in Rhamnolipid Reverse Micelles «+:«+sessesseseesrssessenesmsenenninniinieneninnnns ZHAO Yan-ge, YUAN Xing-zhong, HUANG Hua-jun, et al. ( 759 )
)

)

)

)

)

-+ ZHU Ai-jia, XU Zhan-zhou, LIU Gui-ze, et al. ( 764
WANG Yan, MA Ze-min, WU Shi-jin ( 770

Inner- and Inter-Species Differences of Mercury Concentration in Common Fishes from the Yellow Sea

Study on the Effect of Enzymatic Activity and Acute Toxicity of Three PAEs on Eisenia foetida

Environmental Safety Assessment on the New Super Absorbent Polymers Applied into a Soil-Chinese Cabbage System — «++xteresueresesesnennee LI Xi, HE Ji-zheng, ZHENG Yuan-ming, et al. ( 780
Study on Dynamics of Hydrogen Sulfide and Carbonyl Sulfide Emission Fluxes from Suaeda salsa Marsh in the Yellow River Estuary -+ LI Xin-hua, GUO Hong-hai, YANG Li-ping, et al. ( 786
Key Microbial Processes in Nitrous Oxide Emissions of Agricultural Soil and Mitigation Strategies = «+s+ssesreseeseesesnerenssennenne ZHU Yong-guan, WANG Xiao-hui, YANG Xiao-ru, et al. ( 792



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN
wOE. (FHEREEHT)

JIEIL TR THLE
doAE  AEHE BT
BRFHAZ &5 %2 M

N OO G

w#H A7

(HUANJING KEXUE)

T2
s

TR

H W
i A
T
o AR

M siEZE
Jlssan R
K W OE

ENVIRONMENTAL SCIENCE

(Monthly Started in 1976)

(HH 1976 4E8 HAIH)
0144215 H 35% 521 Vol.35 No.2 Feb.15, 2014
F & TEPER Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (UBHEENFE) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% IR OB 2% R Protection
e % Bk A School of Environment, Tsinghua University
. —;rﬁ (TR BT %) 40 B2 Editor-in -Chief OUYANG Zi-yuan
. . s y ‘ Edited by The Editorial Board of Environmental Science ( HUANJING
BT 2871 {7 (I3 UL i
TN 5} H
. KEXUE
18 5, R4 : 100085 ) ) _
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
B .010-62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn hitp . //swww. hjkx. ac. cn
H KR 44 3 " & m Published by Science Press
LBt 5 Mo AR AL i 16 i 16 Donghuangchenggen North Street,
ZIN N B
tﬂgﬁéﬁﬁ% 100717 Beijirlg 100717,China
BN R 23T dvsdbAkenil)— Printed by Beijing Bei Lin Printing House
% 1T 4% 4 & K i Distributed by Science Press
FE 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
EsrB&EIT hEERERR S SA R 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
CN  11-1895/X

90. 00 7T
B FEIT

ER ALK S 2-821
ESEITR S M 205



	1.pdf
	FM.pdf
	中文目录.pdf

	20140235.pdf
	3.pdf
	英文目录.pdf
	fd.pdf




