ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




w % B 3 536 % 411

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2015 411 A 15 H

H &
et R ERAC S W B YRE - A, Guenter Engling, B R, B 7k 7, 232, A4 F , 2 56388 ( 3935 )
JEBURA PM,  SGHEHE SiO, BIAEMITEIE DAL -oveerererree e x| AR E Y SR, 55 E E (3943)
APEC JAIIE 5 B JE R AQL DCIRAFAE R ACTE FAHT overveeeroeens WK A, KB T, %0k, B OO, A% (3952)
2000 ~2014 A=t 5t S0, B 23400 T — IR TG YL T FRATRIT  ovevererer e
..................................................................... PAE KAE, ZSE KRR, 24F,F 0k, WEE, FL(39%1)
FH SPAMS BF55 10 FIETT A B G IR 50 K S TG UL By ] cevevvnreeeemmnmmneeeeemiiinn ettt ettt
........................................................................ }%ﬁfﬁ,fi%jﬁ,ﬁém,ﬁgﬁﬁ,éié,?%,?%5}5,%{%(3972)
RIT=AMNE R RGP R AR oo K, KM, B F A RE M, B %, F A K, #-F(3981)
BRYT. = A IR 75 e 4 Ai5 I LT B RUZERAE -+ cvveeevemmmmmmmr e oo x| # R E(3989)
BTG K P R Z AL BB RS FULELIE, - eeerrreemeeermmmmmnrereem e ARk, BRE, KEN(3999)
S AR M THL 5 AT GBI S IRTTE - vvveeseesem oo P, UL, B W A 9 4 9, vt 2 2 (4005)
PNTRUEL SEU N oL (U TR Dat, KE, RIR, R, BB, U, xR, R R (4013)
SRR DK T SR FE R 2 S0 S TR BRI - oeveeeeeeneeeeenne WAk, B KA, P E(4021)
R IR 75 5K 2 X B 2K - R TR % U B BB oo vy, T, IR, Tk, XX, K, EE(4032)
AN EYIHEAE R AR R EAG R AT B A0 A0 S L ST IR IR < e v e
........................................................................... TER, A, FEE, BEA, 0 EH, R, 2K (4043)
AEJRAGT DX T K PSRN AT B IREA . A EL ] oeeveeseesnessinnennne B, B R, H 5T (4051)
ST LM B FE K B T K TP RS BT oo ETE LA REL HE Y E(4060)
FLLB AR TR R B E I TGEE oooeeeeeeeeeeeeeen R HA, KA, K E B, T AR (4068)
T AR H ] VAR AS S BRSBTS | AR+ oeeeeeeeemmemm
......................................................... ZAER ST GINEN, FEW L LEA KR, B BIE 2 KT (4074)
LIRS ARTE LV T T 2 2 TR KA ARTL  wevveereermmmmmmeesemmi e ERAE IE), Y2 (4081)
[A T S (] 2 T T T VA S S 2 IR IR AR AL L SR +++cvvvvvrreeeenmmmmeeemmnmne ettt ettt ettt
e STER] JNE ] EE K RERE (S EIE 2 KB, BLE (4088)
BRI ILE A RS T RTINS TRAES) wooeeeemeeeeeeeos R R, FER KT, T8, 75 (4005)
WK PRSP IRIO I AREIE -+oeooveeeeeeeeseeesce R, EAB, B4R, BRE, KA, K&, E2F(4103)
R R LR e e Oy G Tru ] 2 RS EAEAR,EF 3%, K (4112)
FB | S BRER P F25 K PR L oo eeeees e Mo, BEE, FER, S, B, HY(4121)
ERARTEVE R TEAL I R AN FESRTRIERD T «ovvvvvvmeeerrmmmmnre et TRY,ERE BRs, E XD, KA (4127)
Ti0, WA G S 2 BOFAEITIPHT - vevoeereememnsemsemeeseenes BRAE, R, INE, B R, L, 2 013 (4135)
$”T”@2%5(WW£I@%7KEP%M”§LE’Jﬁﬁ%ﬁm%ﬂﬁﬂﬁ?ﬁ ............................................................ gﬁﬁ%@ﬁ , ?;ﬁ , EUJ f?ﬁ( 4141)
P B £ ) S I o} T S TR i F B BT A R R R Il v oo emmmmm e e
.................................................................. Tﬁﬁﬁ,i@@ﬁ,%ﬁﬂ%,%/J\%,%ﬂﬁ%,"f?ﬂ?i,FEE?,?&?&WMMS)
PLE AP 2% IR R A T 5 TR R ALk PSS B D AR U ARBITSE - M HE, A, KB IR, X B R PR B F(4154)
IR 7452 B S LD A ST PR CANON JRRFRRIIEI  -oveveeeseoscomeseieneeies To¥ MR, E£T% AHE(416])
FAEXT AOB I TS BB cevverremee e BT B4 HF RE MK (4168)
PRAEUE AU L RAL ML TSRV K o eeveveeeseonsessensnnsn e BB, M, R MR, KA (4174)
12 L S LR £ Bl T 2 PR B BB AL oo voeveveee oo S BB RS A, SR TG, R 4 (4180)
HCO; XA LR R R I B T LI BB - oo R REE,H B, K, KA (4189)
ABR 14 CSTR — AL T. 20 E U 5 Y T AL L RE T B FATZSIIFGE +oeeeeerermmmmmmnnmmmm e e e e e e ettt
................................................................................. ﬁ’%/ﬁ", %Hg_r%, /jﬂiéﬁjc, ?ﬂ %’ EE%, fé%/‘%fP(4195)
WAL BRAR T AT BOS R AR AR -t 50T, BT RSO, TOEH, R TR MR, 4 B4, 4 K R (4202)
URIE AL APBR S S HERE S UGS R RET (ORI oevoeeeeeeeoeens W E A, F R ERE, BT KRR, B H(4208)
TGY G A B AR TGS T TR veererreerree e GH B X AR Bk & K E(4218)
HT Monte Carlo BUDAY + LT G R 25 & M PEAT G IR GITHT ooeeeeeeeeene Wi, RS FG B R R A HE (4225)
R Tl X AR RITR AT coeoeeeeeemereseeee K, R, 2B R, FRE BKE(4232)
2 5 WA R FH 7 20 S R E B R A R oo FH A LK, KA (4241)
SRS AT EHIE A FH T S 4 A0 K - A RV BE R IR RN veeeeeenemeee et ZARHB , A (4252)
AR - R E AR BRI P oo MBI, ERR, FLH, B, K, T4 (4260 )
ANFEA RS AR SERMB S B e Ja 15 e - SERCRAFENE -oeeeeeeeeee B RIS, KRN, B 54 AT, v IE 4 (4268)
ZHC P B X B 35 R B A T 2 PR U HIIIEIY  cevvvererermmmmn e e e ettt
............................................................... %g& ;(Ijﬁﬁ,%i‘rﬁﬂﬂ ,}%ﬂi,ﬂﬁﬁ‘ﬁ,%i%,w%%, g@,f/ﬁﬁé%(4277)
7k$a%ﬂ&§ﬂ_ﬂiigﬂi E%ﬁ@xﬂ-*ﬁ}iﬁuﬁq&%‘% {5 IR PP PP T PR T PP PP PP PP PPR P E%i@k , B2 , F/iﬁﬂ}( 4283)
RPCHIE A AR K f ZIRTFHE TS QR ik S AU Ay oo Fop R, KEL, T, Mm%, A — A (4291)
BB AL B R BE FAL RS oo M, B R, IR, 7L, e, % % T (4302)
EAR PO N 28 T3S IR TR I =" ML MFC AR oveveveeeemsems s e KT, EE(4311)
7 P T 3 SR P SR P R A A BRBE P RIEIELE oo &4, Fok, #EH(4319)

(CERIZENETT A 57 (4224) (SRR MERR AT (4318) % B.(4080,4173 ,4290,4301)



511 wooB B
ENVIRONMENTAL SCIENCE

Vol.36,No. 11
Nov. ,2015

5 VR 4 5 B L -2 M O B AL TR AR5 R
b b B 5%

Mg gLt XUB EAATIL SCRNI T R S 42

(1. WLEHRK = AR B A SRR, WA KR SRR T SR T, 724 3140065 2. THHERKFEAEE,
Jemt 100084 ; 3. B ITE R4 iy SRR BE, LilE 2002345 4. 55 242EBimp I2ERBE , #52%  314001)

TR, SR G R B LA TS M5 (0, -BAC) AP I S5 B U TR — G E AL B K | LA ST T V5 e 25 bR sk
B ZERRM BRSNS 200 mg- L7 B, BIZLEREX O,-BAC Xf COD ., UV, FIEE Y BRF 318 75.9% 2. 1% | 78.8%
+2.9% 1 96.8% +0.9% ,AbH K COD FEAMFFEAE 100 mg-L~'LLF, @EALT 40 £, 1 £ GB 16889-2008 HEZE K ; Mijsa
9% 0,-BAC Xt COD, UV, MIALFE Y ZBRFRIM5H 68.2% +1.3% | 69.7% +0.5% F192.5% = 1. 1% ,RbBRH 7K COD {4y
SR 150 mg-L ™' F160 £, NREIXBNHER K. #4 0,-BAC 7F 290 mg-L ™' RARINE T , A HEA B H I 0,-BAC 7F 200
mg- L AR T A5 4 £ B8O, 1A, g B I 0,-BAC 76 BLE IR 200 mg- L' BF B B £ B RN 63.5% =
4. 4% K EBBRRERETE | mg- L' UUF, HIEH L GB 16889-2008 HEE:R.
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Advanced Treatment of Incineration Leachate with O,-BAC and Double O,-BAC
DU An-jing'”, FAN Ju-hong', LIU Rui', QIU Song-kai' , WEN Xiao-gang"", CHEN Lii-jun'""

(1. Zhejiang Provincial Key Laboratory for Water Science and Technology, Department of Environment, Yangtze Delta Region Institute
of Tsinghua University in Zhejiang, Jiaxing 314006, China; 2. School of Environment, Tsinghua University, Beijing 100084, China;
3. College of Life and Environmental Science, Shanghai Normal University, Shanghai 200234, China; 4. Nanhu College, Jiaxing
University, Jiaxing 314001, China)

Abstract: Ozone-biological activated carbon ( 0,-BAC) process and double O,-BAC process were respectively used for advanced
treatment of the biologically treated effluent of incineration leachate, and their pollutant removal performances were compared. The
results showed that the double O,-BAC removed 75.9% +2. 1% of chemical oxygen demand (COD), 78.8% +2.9% of UV, and
96.8% +0.9% of color at ozone dosage of 200 mg-L~". The treated effluent was with COD of below 100 mg-L ™" and color of below
40 times, meeting the emission requirements of GB 16889-2008. At the same ozone dosage, however, the O,-BAC removed 68.2% =+
1.3% of COD, 69.7% =0.5% of UV,, and 92.5% +1.1% of color. The treated effluent was with COD of around 150 mg-L ™" and
color of about 60 times, failing to meet the emission requirements. Namely, ozone of 290 mg-L ™" was required by O,-BAC in order to
achieve similar pollutant removals as those in double O,-BAC at O, dosage of 200 mg-L~". In double O,-BAC at ozone dosage of 200
mg-L.~", total phosphorus was removed by 63.5% +4.4% , and the phosphorus concentration in the effluent was remained 1 mg-L ™'
or less, directly meeting the emission requirement of GB 16889-2008.

Key words :landfill leachate; ozonation; biological activated carbon; comparative study; removal efficiency
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(biological activated carbon, BAC) , lLEHFSE T HL4%
PRI HER 0,-BAC TE[RIFE Y R A8 S AL I 8] A1 AE )
SRR, TR B Ak PR by R A B B B RCR, L

BB R GE B IR R LA B T2 | R R
FREM S

1 #HR5EFEZE

L1 KoK B AnHE bR v

R AE BB UL WA F < JH 51 + 010k + B
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+ ANUE + B REE SCG FH K R K, Bk
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Table 1 Raw wastewater quality and the

corresponding emission standard

WiH K K B GB 16889-2008 HEj FRAE
pH 7.9~8.0 —
AR/ mg- LY 371 ~434 100
HA/mg-L~! 2.8~4.0 25
HMA/mg- L] 630 ~ 680 40
S/ mg-L ! 2.7~3.5 3
/% 750 ~ 800 40
UV,5,/cm ™! 3.2~3.5 —
Ca’* /mg-L~! 400 ~ 500 —
Mg?* /mg-L~! 200 ~288 —
Cl~/mg-L~! 5439 ~6 127 —

1) R AR

1.2 SAE
1.2.1 B4 0,-BAC

2 0,-BAC SEEAE I 1 fos , F2E44 1
HREKERS (D EMREARAA, CF-G-3-
30g) . 1 /> B4R B %2 X (INUSA, Inc. Mini-
Hicon) | — N RAA A —4 BAC b, JF/KHIE
S A 2 RR A AL [R] s S5 A R T4
b, ZJEHEA K AR (A RLFE R 000 L), Rk gk
AR EFEUG  #EA BAC FRE T A W00 i

=X

—l— [=
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S R R

S AL AR KA

E1 RE-BACEERE
Fig. 1 Schematic diagram of O;-BAC
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SR AR E R A A R IB AT R, OAE R A AR A
PSR, 7 2R 1 SR T e TR PR 4 D S A A
R AR e Eram AL SRR RN 2R PVC
AT = BRI S N 4 , 78 350K TR 1.2 m, A4S A 3K
HHON 31 L, RN =g P R Em o 6:3: 1,4

—

AL E] BT 60 min, SCER BILZETT T 102 d, 1247 30

d i FF 4l A B4, 5 30 ~ 80 d B S AR s BR AL B
A UST B i U o 6 R TR R BN B R 290
mg-L ™' (GEAHES5.0 Lomin ™' 2.3 A, RA N O
WIE89. 4 mg-1L.7") ; 1847 81 ~102 d, N T HH#AK
BB 1 mT AR M 5L BV JE B Ry 200
mg-L ™' (G 3.9 Lomin ™' L 2.0 A, RN O
WRE 79. 8 mg-L~"). BAC A ML EE il A o A 4R
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B 306

Z5EK A% 138 mm, (51 610 mm , DR 01k 3 17
WBIE W BRINIG R, HE 1 ~2 mm, K 4 ~6
mm , IR (EFRLL) J 60% . BAC 1K il
13 L-d ™" 7K I35 BB (HRT) 24 8 h, SUK o 3:
1, KR HI7E 20 ~25°C.

1.2.2  PIZLHREL 0,-BAC

PIZLER IR 0,-BAC 1 S A i 5 BAC b iy
SERY SRR, K& — R R AR T
— R B SEAAEKAE (1000 L) |, ik 4y B S A%
BIG B —2 BAC kb3 K7 T —2% BAC fif
TKER (AR50 L) 5 P2 4 11 — g S A ARt
AP AT PR AR (AR 50 L), B
J 1 Sk A Z 4 BAC Ab3.

BB S B hy 200 mg- L' Hirp— 2 R
AL R A4S 100 mg- L' GBS 1.9
Lemin™', B3 1.5A, R At 10k &k 82.4
mg-L™"). W BAC itk itk 26 L-d~' HRT
Y120 4 h.

1.3 s
pH . HLFFHE R (COD) , EA(NH, -N) | MA
(TN) . BB (TP) 255 LK B HE Bk i I 2 18 Sk

[16]. HT/KFEh GBS VR BEAR iy, 4 SRR B 3
1000 mg-L~" LA NEF COD XF 50 mg-L~", A kil
SERFRA 0. 025 mg- L' MR E M ERRARR. O
K B2 A (B T A SR AR A R A A
SD9011) ; pH >k H & & 1T ( Mettler-Toledo Auto-
Chem, Inc. , LE438); Ca’*  Mg’* | Cl™ B FIRIE
KB F O35 (LA BRAT L ICS-90) 5 UV, K
AN (JEJe ] ( 1) AU A PR A
UV-4802/UV-48028S).

2 @RS

2.1 AHIGGYI BRECR

BRI HR T 0,-BAC X COD Y 2 [ &k 3R
Wi 2 s, B4 0,-BAC S2863Ei24T 7 102 d, %)
WG —A AN S shi, Z J5 5 AP AS T8, 30 ~
80 d A T 1, BAAFMUEE H 290 mg-L7"; 81 ~
102 d o T8 2, AR BE %0 200 mg- L', HL
GNP R 0,-BAC HYJFK 457 3B DE AL 3
TR K, AT A AP 22 A LTS Gk
F, KFETERCE 1 COD 284k 3R AN % DL 2 [ X
AW R DTS G0 B A 0,-BAC™ S2 50 45 21
M/, g 0,-BAC [JE K4 A A ALE COD
A RIERE R, Horh T 1 AL CoD £

FN46. 1% £2.1% . T 2 RAEFA)G COD 2=
FRAN 39. 1% £0. 1% ; R KZE BAC 4b#E
J& COD 153 — 20 LB, T.40 1 AT 2 % COD
22BN 77.5% +1.3% F168.2% +1.3% ,
HTH 1 KA COD A (F2E 517 80% LA 1Y
BFE]) ) BT 100 mg- L' 35 51 1 HE il BR H 9 220K
MM T8 2 HIK ) COD £E 150 mg-L~" 26 47 A ik 5
HEfER . BB E 0,-BAC SL863i817 17 85 d,ia
1725 d Jaili/K COD #aTHasE. Rk — R A A
fLJ5 COD Z25: T 26.9% +4% ,—Z RAA AL H K
22— BAC ZbFR)F COD L5 T 42.0% +6.4% ;
T RA ALK cOD A T IR [, A4k
R AN K, T R A AR K 4 — 9% BAC i —20
KRS COD KRIREE TR, Z5BR T 41.6% £10.1%.
P HBE 0,-BAC XF COD B EBRFE N 75.9% +
2.1% , Hili7K COD WA (F2 g i 1T 87.5% LI I
(R E]) AT 100 mg-L~" 383 T HER R ZER. M
SEHREERATA, Tl 1 A SRR I T 2 1
COD LppRgin, i ah T Tl 1 REZmEL T
2 R TS AR BN R 22 RS AL A P
WL LA T8 1 RAEILE COD /Y B R 2
. PR EK 0,-BAC £5 4 35 5T v 5L 40 4016 AN
BAC X} COD B W4l KB — ) R E A
K ) COD FIXTRRRE , i — G SLAE AL 7K Y COD
Wesh#e K —ZM 2% BAC % COD 1 =R R H#
THRIAE T 40% LA . T H R A A ALY COD £
R HAFGE , JEH T—2 BAC H 7K FE K 4 g
AR, —2% BAC /K iR A 42 S5 T o 1 L A5
W PEARGET KA R S R e T
RAAMMES R, A5 &R MR E b
B YR E B RE A A ML LU o i R E Ak,
MR AR A A, BEds BERY RGNS 57
AR, S SEALESR XK Y COD LBRE/N,
B Z 2 A AR K ERE i B SR A T S A2 )
WM 5, R — 2% BAC X COD 1Y 22 [ R4 v
FO A BA LR 9 R BX 0,-BAC X COD 4 25 &
R ALY 0,-BAC ¥ COD Ay BRI
T AR SR T 2 W HEIE A
A AR COD EBRE A, Hdr, T80 1 T 2
(R R A X COD R BR & E 50 1,13 =
0.03 F11.38 0. 03, B H 1K 0,-BAC I{E R 1. 45
+0.05; AJLURBLPI L H L 0,-BAC M{E R T 140
2, TH2 T L 1. 254 COD MY 2R AL
B EXT COD LBRmaE, R TH 2 L TH 1 B
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—8— JiiK —A— RASAEK
—w— ii7kBAC —O0— CODE B3
450 100
_.} -.-._.\I-I—I—I-I-I—I-I-I-J/. R
400
350 o000~ 00-p-0., 0-g-004 -1 80
- \D‘*n'u‘ﬂ-ﬂﬂz 2
E" 300 | (a) $4£05-BAC -1 60 @
£ A-AA-A ]
% 250 jr_‘_‘_‘_‘_k A-a E
o AhAAAAAAAN 140 2
200 8
T 2
1so - Lt 1 v/,f_'r;,zo

100 Y V. Vg
LTT?Y— ‘T"""u"’ A I"-‘..v-‘l I )
30 40 50 60 70 80 90 100
BT REU

—a— ik —A— RS —v— —#BACHIK
—A— T HREHAK —v— THBACHK —O— CODMEEREEHR

400 100
-2y § B m—N—E—
. ._.} —m—a—m ] —m

350
ot 80

P—qg-o-0-o0—0-0
B ——A—ah

- B
—h—
‘r““‘)\“/‘ A" b) B BOs-BAC | 60

300

250

COD/mg-L™!

200

! A
150 IJ\\QXPZ/%%/ ;le\\qi )

20

CODE B3 /%

100 & V-9-g-Vg_g—v \tV"'v"“‘Vﬂ-%
50 1 1 l 1 1 1 0
30 40 50 60 70 80
BT R Hud

B2 BEFINFA LR 0;-BAC B COD EBRHE
Fig. 2 COD removal by 0;-BAC and double O;-BAC

ARHEE, %P EE 0,-BAC T LB T AW
SRR .
2.2 (AFEH UV, B EBRSCR

BAZR IR HRIBE O,-BAC 0,3 1 25 R AR 0
K3 frs. 9% 0,-BAC SC56 Y R K €8 B 750 ~
800 1%, &8 AL G BB % 2 100 ~ 150 fi%; F4
BAC Ab3S , T4 1 H K 1 €8 B SEAER AR T 40 1,
ikF| GB 16889-2008 HEJ FR A Ay LK M T4 2 1y
KB EELE 70 5B, A A B HECE K. PG R
It 0,-BAC 1, JfuK & — 2 R A AL F1— 2% BAC 4k
PRI KA €6 3 23 SIMIG 2 260 £5 A1 150 1% B4
P LA AL 2 BAC LB K Y 5 2 BRI &
50 5FT 40 £5 LLF, H K B €8 5 8 B T HE ik BR A
FR. HYL 0,-BAC PP T80 X (05 1 B 25 R 43
MK 96.7% £0.4% (T 1) F92.5% 1. 1% (T
W2) I EREE O,-BAC X0 19 22 BR 2R K 96. 8%

—u— ik —A— S ALK
—¥—BAC iliZk  —O0—@ELkEH
i-0-g-0-0-0-0-0-0-0-0-0-0-0-0-0-

~g-0-0-0-1

800 l—_._._._-_.‘I-l—I—I~.,.7.-I-l-.—-~_._._._. — 50

(a)H%05-BAC

°
- - 60
B 700 = %
i) IHl IH2 | a0 B
AAAAs aasaddasArad, ., ¥
100 t-A-A/
420
,/'

N adbAassnsasmsns SIS

]
30 40 50 60 70 80 90 100
BT XK Hd

+0.9%. HEXTEEE 1) B8R, &P EREE O,-
BAC X (0 FF (1 £ B RS T 1 B EBRREEAMIE,
b T 2 M . =3 22 ) oy L AR 2L B B B 1Y
94 2.65+0.02( T 1) . 3.46 0. 06 ( T.1%
2)F13.75 +0. 04 (iR BE 0,-BAC) ; Fe#nl %,
PR IR O,-BAC M(E S T 1oL 2, T 2 i T 1
Bl KT 2 LT 1 REF R, g B
0;-BAC T WG T AN RAA R R m. g
PR O,-BAC H R AU T 00 )38 2 B3 1) s 3 3%
T BAC, RTE L PR BB I G 1), B4
b LA YA BRSO B . B A 2 R 0 B AR
ARGF 2 PR Ry S35 U b 5 R & €6 1) ) I B
A TRAE ) | A0 UG R 1 S B R 5 R &S A
(RO ER RO R 2540 P B N—N B2 5 32 31 B4R 1K
00 T A B U VR R AR AR, LR Y
FBRIEEAR K.

—m— ik —A— HRARUK  —v— —HBACHK

—A— ZHRAGEAK —v— BACT8ik  —O— KRR
800 ],.-‘U'D'D‘UEI—EI—-EI——D———ED___D___.D__EU 100

._
— \ T ——
-am-m—m—n—" 1 g0

(b) P4 ERIO;-BAC
-1 60

e

A _A—A—m
TTA-A-A AA A A A M 40
200 K

y—v—w] 20
100 Y- Voy-yv—y—v—V—w
W S /A"*&——i_\-""%'——-&-———-a——@
=00 -y V—V—y—v——V—G
30 40 50 60 70 80
BT REH

N
& HEL R %

B3 BREFERFEEK 0,-BAC HEBEEBRHR
Fig. 3 Color removal by 0O;-BAC and double O;-BAC



4158 7

Bl 36 &

g3

BALR TN BRI 0,-BAC XF UV,q, 1Y 25 BR R HR
WK 4 Fis. T8 1 JFEIKI UV, 16 3.4 em ™ 247,
Z RSB EME IR R 1.5 em ™' /24, BAC #E—4b
PSR ZE 0. 8 em ™' Aidy, T 1 XF UV, [ Z2BR%E
H78.1% £1.9% . T.H2 JFUKH) UV, 7£3.4 ~3.5
em ' Z ], A RAEMFEEMNE 2.2 em ™ A,
BAC i — b S FEMK 2 1.0 em ™', T 2 Xt
UV, I EBRR N 69.7% +0.5%. PIg R O,-
BAC 256, JFUKAY UV, 7E 3.2 ~3.5 em ™', — %%
B ZE2.5~2.7 em ™' | —%% BAC b3
JEREMEE 1.7 ~2.0 em ™' | & "R R A AR 9

—u— JFk —h— R ALK
—w— BACHIK —0— UV B HEHR

4.0 100

35 b .,l-l—l—l-I—I—I-I—I-I—L—I-I—l-l—l
-mO.m-m-
1.0 1__f\:-u—u-n-ﬂ-u—-n-m-mhgﬂ*mﬂ\ - 80
b-0-0-0-0-1
= 25 [ (2) BBOs-BAC
320 |
—h-h-h-A-A-hA—A-A-A-AAAAA - 40
I TH2

1.0 Il v-V-V-V-¥—Y
IV, vV-yVy-v-v VvV vy 20
05

A-A-A-A-ad 00

UVasaZ:fd/%

-
= 1.5

0 I L I I I L g
30 40 50 60 70 80 90 100

BT REA

BAC it —0 A B 5 H 7K 1) UV, FEAIRZE 0.7 ~ 1.0
em™'. P B R 0,-BAC Xt UV, B0 £ BR R N
78.8% +2.9% M2 0,-BAC W EBRFMEL, 5T
1 B RBRRET S T T2 (9, HE T8 2 1
ZTY 8% ,iE— LR MK AR 0,-BAC T LR
RT M RERM I RE. AR MMBL B 0,-BAC
B SAARXT UV 5, ZRBR IR EAR K, 2R UV,
SR K 7 I RO R i LR R A AL
AP —AFE b, 1005 7 e U Bl % i iy 2L 40
KRR G RESAAL ) B LR A BN UV, 2
o P i AR

—m— Jiik —h— — i RASK —w— —HBACH K
;]&— SHRHSEK —v— Z#BACHK —o— UV354;1;;E%$
35 L (0) FIZRHIKO-BAC

T ——E—E—§—§—m
3.0 _:E:H=U=E;im—-u—-cl-—"1p B N
i A-A.;_“..A—‘——l—f —A——A—A

o0
=

S
- 25
p - 60 i
2 ¥.
E )\_ v—v W
z VYV V—V—y a0 2
5 s Z
P A
L0 G  Aa A—
Ly e — A8 9
s :-v—~v_9_(—}v TV “{J’*——e‘———v—-—w
0 1 1 1 1 1 L U
30 40 50 60 70 80
BT R

B4 BFEFFHPREE 0;,-BAC X UV,,, EBRHR
Fig. 4 Removal of UV,s, by O;-BAC and double O;-BAC

2.3 P 0,-BAC XA, BERY 2= BRaicr

FEEHESE T BRI 9L R G O,-BAC X COD |
UV 5, MV EE () BRI G , GE— 2 B T M
ZHEK 0,-BAC 2R, B EBRBCRFIKE pH
k. T AR B4 BAC 3547, Fr DAY TN
LRRRURAR2E 5 (HIEXT TP LRRBUR AT, R R
63.5% +4.4% , K TP [ EFELE 1 mg- L',
IKE] TP HHE FRAEZEK.

wE s fras, K TP #E2.7 ~3.5 mg- L™ 4 —
P R FEAE IR E 2.0 mg- L' 247, — P RA R
Ab3F TP B9 22BR 3 M 34. 2% +4.3% ; —S RA LML
(7K 26— 2% BAC Ab3S A BB TP 19 2B
EN9.5% +11.3% ,—% BAC KL —HRH
AAb)E TP Mt — 25 KRB i R BRI RN R 1.0 ~
1.2 mg-L™", R R AALXT TP B L FREH
40. 6% +11. 1% ; R F A KL 2 BAC
ETRIE TP RN -8.3% +26.7% , 7 W] BAC
Frmi iy B A BRI 2Bk, SRS 145 -] LA

—u— ik —h— — R RAEHALK —v— —#BACHK
—A— " RHEAK —v— ZHBACHIK —0— TPEER%E
3.5 100
3.0 r/- i _
V'\_._./__.__,_ -
25 F Af oo @
T A —fp—0—>0—0o ®
320 (O i 160%
£ 2 Ad ——@ =
E 15 -4, {408
=
10 B V’%M‘X:X:XT«%
I 420
05 F
0 1 1 L 1 1 l 0
30 40 50 60 70 80
BT R

B 5 MWEE 0,-BAC X TP HEBHRE
Fig. 5 Removal of TP by double O;-BAC

KB, TP e AU AL IR LB, A AR P Ak B 3R
T RERAAK. TP 7E SRR LR SRR &
KB IR AR LS 7 4 PO, L PO 5
K Ca*t R Mg’ 45 A Al Ca, (PO,), FlI



1134 FhZ2F AL . B R % RO R AR - A 0 M TR B AL BRI B B W LTS 4159

Mg, (PO, ), JLHE > I H AW I H FK Y Ca®* I
Mg * W BE 55 i, 43 B AE 400 ~ 500 mg-1.~" il 200 ~
288 mg-L™"; T /KA Ca* AU EE I/ 246 PR LA
T, Mg B e B A /NI R R AE 195 ~ 233
mg-L~'. UESET TP 7R R AU AL IRy SR e
SRR WA ML R A A A ) PO Sk
Ca’" Fl Mg® " 85 G AE AN TOK I DTIEY.  thob, ik
R BRUE ISR R S5 YR LG, it — 20 DN T IR S T
TP 76 SRR T K BR R m n IR L A= b B A
T TP 2B RAK, A2 PR B A 2 B e i) 0 22
FURIE A AL T IR A5 4 88 & i 38 (1
BAC bR — FL AL T WS MR 5 AR R T i B
HEAT e RN 8 1) A AL R, BIr LA BAC X TP 1 2
R, I—Z %% BAC X TP 2[5 AR e IR Y
B 7T A AR MR B 0k sh K A i LB
A I K BR AR AR EE 2 o 5 (Rs K b TP AR
2. M LT PR R 80T BAC Z2B% TP i
Jir= IS . OBAC 776 Jm B IR 480 5 4 S se #F
X, PRAR55 A SR 58 A DX v (18 sl A 400 00 4 Bl R A Tl
P EEAC RO, 7K il 2B, @BAC A K iy
PRI B K H el DI RS T /K T B iy & it fHZE
IR A A 3] — 2 B B I 2 T8 v AT 185 kv i
250
2.4 Wi 0,-BAC FF/K I pH 784k

IR pH ARA R W sl 2 0 1 3 2 T EL B g 5L
AAASCR. SR W T R B 0,-BAC X5
KA pH 24k, W& 6 frzR. JEK pH 7.9 ~8.0,
— P RAEF R ETHF] 8.0 ~8. 2,4 —Z BAC
YERJG#E— F T % 8.5 ~8.7; R RE AT,
pH FFIRE 7.2 ~8.2, Fi4 %% BAC A5, pH
BrEFES 5 ~8.8. ML, “HRAAT &
IR pH AR AME B b — R E A B R Gt — S
4 BAC ZbBR)S K9 pH 34 ff L7+ S8
PR A A SE K pH AR IE I, W Rg 5 LR
PR G OIFEK B 7 T2 5, BR W 2% b fig ) %2
l—2% BAC FYALEE H /K58, @ % R A ALk
K (BI—4% BAC H7K) B pH e JE K&, 385 #Y pH
AR T3t [ R Wi A IR AL
J1ik , Bes SO DL AL B B (R A AL A
s | TE2EAE) A AL R I BT o (W R TR 2 W o, ik
2 T RAEIGE KR pH T IR B e — R4
FALIE K. ZidWigk BAC 2B S pH ETF, AT RE
JE DR SLARU SR 77 A 1) B2 TR 28 S5 R M ) ST 9 BAC
SR GRY/E A

—a— ik —A— Rk —y— —EBACHIK
—o— TR —v— THBACHIK

88 |-
Su"vb"{v 7 A R e o7
o I8 v ;J? w? Vv: i; v ;w:,’v \‘i
: "¥ v v“’
84

pH

30 40 50 60 70 80
TR

B 6 WZEE 0,-BAC HIIGTE pH Tk

Fig. 6 Variation of pH with double O;-BAC

3 it

(1) 705 FH R 9 ER B O,-BAC TR BE A 28
BB U8 W G b B K, X COD | A
UV o, B ZBRFEATHN 232540 bl — 5 5L 48R
. LUK COD A 2% 1&, PR X 0,-BAC
TE R AN A 200 mg- L Y55 F, B3k T #4
0,-BAC 7€ &L B 4 290 mg-L~" B 9 i 7K 7K
JiT R B T AR B 3 T Y i bR ) (GB
16889-2008 ).

(2) MBAZR AP H3 16 O,-BAC BA{v KL 48 1 Xt
COD Fia B L BRAAE , S e i 5L 48 A AR X AR Y S
SR B v VAR O R AR R, o R R
A T e B R AR

(3) B FI P R B O,-BAC T Ab B 1 1% 95
U WA R K, R R 0,-BAC X} TN 22
BRACR 22 | X TP BRACR LT, H SR bR m ik
63.5% +4.4% , 7K TP ¥ B AR T HE R FRAEZEK .
BFX TN ()25 6% ) 0L, R A0 2 467 0k — A 3 o e i Ak
A= Pt S Tt i — 2D RS R AR

(4) FEFIFH I P 2 A= 0 10 V8 Ak 37 3 95 D
Wt R ARSI G, anfar B 1k B8R 25 IR A R
PE— 2 RARFFE. A GBI K AR AR 4G | B
T 7R SRR K T B IR BEDTTE 5 T 208
Wi ER AR

SE Lk

[ 1] Assamoi B, Lawryshyn Y. The environmental comparison of
landfilling vs. incineration of MSW accounting for waste diversion
[J]. Waste Management, 2012, 32(5) : 1019-1030.

[2] Coban A, Demir G, Okten H E, et al. Advanced treatment of



4160

® b

B

2% 36 &

[4]

[5]

[6]

[7]

[13]

[14]

leachate by using aerobic/anoxic MBR system followed by a

nanofiltration process. A case study in Istanbul komurcuoda

[T
Engineering, 2012, 38(3) . 57-64.
Ye ] X, Mu Y J, Cheng X, et al. Treatment of fresh leachate

leachate treatment  plant Environment  Protection

with high-strength organics and calcium from municipal solid
waste incineration plant using UASB reactor [ J]. Bioresource
Technology, 2011, 102(9) ; 5498-5503.

Renou S, Givaudan J G, Poulain S, et al. Landfill leachate
treatment: Review and opportunity [ J]. Journal of Hazardous
Materials, 2008, 150(3) : 468-493.

%5, XIEE, FAL, 5. BRI DOM B FRAE K AR
FELI]. FEERE, 2009, 30(3) ; 834-839.

Malaeb L, Ayoub G M. Reverse osmosis technology for water
treatment ; State of the art review[ J]. Desalination, 2011, 267
(1):1-8.

ar, Jdar, WA, S REEA B BRI BIRE BT
FfE)]. BRI, 2011, 32(10) : 2966-2970.

RRKEE, BRIERT, E, % REMCEMTIE B AR
WoEHEEL)]. /L THERE, 2014, 33(4): 1010-1014, 1034.
Weavers L. K, Malmstadt N, Hoffmann M R. Kinetics and
mechanism of pentachlorophenol degradation by sonication,
ozonation , and sonolytic ozonation[ J]. Environmental Science &
Technology, 2000, 34(7) . 1280-1285.

Cui J Q, Wang X J, Yuan Y L, et al. Combined ozone oxidation
and biological aerated filter processes for treatment of cyanide
containing electroplating wastewater [ J ]. Chemical Engineering
Journal, 2014, 241 184-189.

A, X8, K, % 0,-BAF WAL AL B K it e
YRR T]. FREERI, 2013, 34(3) : 974-978.

He Y Z, Wang X J, Xu J L, et al. Application of integrated
ozone biological aerated filters and membrane filtration in water
reuse of lextile effluents [ J]. Bioresource Technology, 2013,
133. 150-157.

Yang L. H, Zhang Y M, Bai Q, et al. Intimately coupling of
photolysis accelerates nitrobenzene biodegradation, but sequential
coupling slows biodegradation [ J ]. Journal of Hazardous
Materials, 2015, 287 . 252-258.

Svenson A, Hynning P A. Increased aquatic toxicity following

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[26]

photolytic conversion of an organochlorine pollutant [ J ].
Chemosphere, 1997, 34(8) . 1685-1692.

ERFATIL, JEALT, BT, S5, RAA-DRUA Wb R A 2
RO BERRBUSHOAT AT DTS (], P EERSERL, 2014, 34
(10) : 2513-2521.

E RO SR, AU K MW a3 B [ M. (S5
B, dbat, W EFRBERNE AL, 2002, 211-213, 254-257,
243-245, 276-281, 21-124, 516-524, 227-231.

Beltran F J. Ozone reaction kinetics for water and wastewater
systems| M]. Boca Raton: Lewis Publishers, 2004. 96-97.
Kurniawan T A, Lo W H, Chan G Y S. Radicals-catalyzed
oxidation reactions for degradation of recalcitrant compounds from
landfill leachate[ J]. Chemical Engineering Journal, 2006, 125
(1):35-57.

WuJJ, Wua CC, MaHW, et al. Treatment of landfill leachate
by ozone-based advanced oxidation processes[ J]. Chemosphere,
2004, 54(7): 997-1003.

Wang F, El-Din M G, Smith D W. Oxidation of aged raw landfill
leachate with O; only and O;/H,0, : treatment efficiency and
molecular size distribution analysis [ J ]. Ozone Science &
Engineering: The Journal of the International Ozone Association,
2004, 26(3) ; 287-298.

XN, REK, FHEE, & RAE-BUEYIRbLAa T2
AREE AL Z G K B IR BR BE S ()], FRBERLAE, 2014, 35
(2): 651-656.

B, WL, B, A REAML TG KA T A
PEHERFFEL ). R, 2010, 31(2) : 363-367.

TR, IV, KREE, L EREILEOR B T HLBE R
At R ()], FEE RS PR, 2006, 28(5): 361-
364.

HITUHN, S, BUE, 4. RS AR BR R0 B B
SEHRAFIE[T]. MERLEAAR, 2011, 31(8) ; 1647-1652.
Beltran F J, Garcia-Araya ] F, Alvarez P M. pH sequential
ozonation of domestic and wine-distillery wastewaters[ J]. Water
Research, 2001, 35(4) : 929-936.

Zhang X B, Dong W Y, Sun F Y, et al. Degradation efficiency
and mechanism of azo dye RR2 by a novel ozone aerated internal
micro-electrolysis filter [ J ]. Journal of Hazardous Materials,

2014, 276 77-87.



HUANJING KEXUE Vol.36  No. 11

Environmental Science ( monthly) Nov. 15, 2015

CONTENTS

Composition and Source Apportionments of Saccharides in Atmospheric Particulate Matter in Beijing = +:eovesvereeesseerssesenennens LIANG Lin-lin, Guenter Engling, DUAN Feng-kui, et al. (3935)
Comparing Cell Toxicity of Schizosaccharomyces pombe Exposure to Airborne PM, s from Beijing and Inert Particle Si0, ++esveeereereeseseeens LIU Meng-jiao, HUANG Yi, WEN Hang, et al. (3943)
Analysis on Regional Characteristics of Air Quality Index and Weather Situation in Beijing and lts Surrounding Cities During the APEC -+ GAO Qing-xian, LIU Jun-rong, WANG Ning, et al. (3952)
Analysis About Spatial and Temporal Distribution of SO, and An Ambient SO, Pollution Process in Beijing During 2000-2014  «-+- CHENG Nian-liang, ZHANG Da-wei, LI Yun-ting, et al. (3961 )
Characteristics and Formation Mechanism of a Multi-Day Haze in the Winter of Shijiazhuang Using a Single Particle Aerosol Mass Spectrometer( SPAMS) -
............................................................................................................................................................... ZHOU Jingbo, REN Yi-bin, HONG Gang, et al. (3972)
Modeling Study of A Typical Summer Ozone Pollution Event over Yanglze River Delta «++eeoeeerereresvsssineniinininnine ZHANG Liang, ZHU Bin, GAO Jin-hui, e al. (3981)
Distribution of Regional Pollution and the Characteristics of Vertical Wind Field in the Pearl River Delta ++-veeeveeresreresresennensininiiiinineinnnen LIU Jian, WU Dui, FAN Shao-jia (3989 )
Distribution Characteristics of Urea and Constitution of Dissolved Nitrogen in the Bohai Sea and the Huanghai Sea in Spring «««+seesseseeereeee LI Zhi-lin, SHI Xiao-yong,ZHANG Chuang-song (3999 )
Relationship Between Agricultural Land and Water Quality of Inflow River in Erhai Lake Basin =~ «ereeoeeeereeessssmssensiiiniiiinen PANG Yan, XIANG Song, CHU Zhao-sheng, et al. (4005)
Input Characteristics and Pollution Assessment of Nutrients Pollution in the Primary Pollution Source of the Daliao River + MA Ying-qun, ZHANG Lei, ZHAO Yan-min, et al. (4013)

Temporal and Spatial Distribution of Nutrients in Daning River Sediments and Their Correlations with Chlorophyll in the Three Gorges Reservoir Area +«esseseeeesessessesssenensnnsmncnennens
............................................................................................................................................................ ZHANG Yong-sheng, LI Hai-ying, REN Jia-ying, et al. (4021)

Summer Greenhouse Gases Exchange Flux across Water-air Interface in Three Water Reservoirs Located in Different Geologic Setting in Guangxi, China «++s+-eseseerereesesenenennienienene
.................................................................................................................................................................. 11 Jian-hong, PU Jun-hing, SUN Ping-an, et al. (4032)
Distribution of Redox Zone at Different Water Layers in the Presence of Periphyton and the Responsible Microorganisms ««+:++«+sssseeeereers WANG Feng-wu, LIU Wei, WAN Juan-juan, et al. (4043)

Distribution Characteristics and Source of Fluoride in Groundwater in Lower Plain Area of North China Plain; A Case Study in Nanpi County

............................................................................................................................................................ KONG Xiao-le, WANG Shi-gin, ZHAO Huan, et al. (4051)
Distribution Characteristics of Fluoroquinolones Antibiotics in Surface Water and Groundwater from Typical Areas in A City »++reereeeseereereenees CUI Ya-feng, HE Jiang-tao, SU Si-hui, et al. (4060)
Distribution of Aerobic Ammonia-Oxidizing Microorganisms in Sediments from Adjacent Waters of Rushan Bay —«ereeoeeeeseereresenimmenenninicnenn HE Hui, ZHEN Yu, MI Tie-zhu, et al. (4068 )
Sources, Migration and Conversion of Dissolved Sterols in Qingmuguan Underground River LIANG Zuo-bing, SHEN Li-cheng,SUN Yu-chuan, et al. (4074)
Water-Sediment Partition of Polycyclic Aromatic Hydrocarbons in Karst Underground River -+ ++ LAN Jia-cheng, SUN Yu-chuan, XIAO Shi-zhen ( 4081 )
Variation Characteristics and Sources of Polycyclic Aromatic Hydrocarbons in Karst Subterranean River During Rainfall Events «+-++++++++++ JIANG Ze-li,SUN Yu-chuan, WANG Zun-bo et al. (4088)

Distribution and Transportation Characteristics of Heavy Metals in Nanshan Laolongdong Subterranean River System and Its Capacity of Self-Purification in Chongging ««++«=++sseseesessereereenees
............................................................................................................................................................ REN Kun, LIANG Zuo-bing, YU Zheng-liang, et al. (4095
Distribution of Mercury in Plants at Water-Level-Fluctuating Zone in the Three Gorges Reservoir +-v+eseeseessreessserensienienenennnenne LIANG Li, WANG Yong-min, LI Xian-yuan, et al. (4103
WANG Ren, LI Da-peng, HUANG Yong, et al. (4112
-+« WEI Hong, SHI Jing-zhuan, LI Jia-lin, et al. (4121
WANG Zhong-ming, HUANG Tian-yin, CHEN Jia-bin, et al. (4127

Development of Sediment Micro-Interface Under Physical and Chironomus plumosus Combination Disturbance ++-+*

Norfloxacin Solution Degradation Under Ultrasound, Potassium Persulfate Collaborative System -+

Degradation of Acid Orange 7 with Persulfate Activated by Silver Loaded Granular Activated Carbon -+

Kinetics and Reactive Species Analysis of Dimetridazole Degradation by Ti0, ««+e+rerererrereresrssseserensscnneinsie s CHEN Dong-mei, YU Ze-bin, SUN Lei, et al. (4135
Performance and Mechanism of Ferric Tannate in the Removal of Inorganic Nitrogen from Wastewaler +:«+s«ssessesesesensensssnenenninenennnenenes ZHANG Rui-na, LI Lin, LIU Jun-xin ( 4141
Performance of an Intermittent Aeration Membrane Bioreactor for Removal of Veterinary Antibiotics from Piggery Wastewater «+eeoeeeseeseereeeeees DING Jia-li, LIU Rui, ZHENG Wei, et al. (4148

Advanced Treatment of Incineration Leachate with 05-BAC and Double 05-BAC
Effects of Hydraulic Retention Time and Dissolved Oxygen on a CANON Reactor with Haydite as Carrier

DU An-jing, FAN Ju-hong, LIU Rui, et al. (4154
WANG Hui-fang, FU Kun-ming, ZUO Zao-rong, et al. (4161
CUI Jian-hong, LI Xiang, HUANG Yong, et al. (4168

Inhibiting Form of Ammonium to AOB and Inhibiting Rule

Nitrogen Removal Using ANAMMOX and Denitrification for Treatment of Municipal Sewage «««+«+eseesserseesenenenemienenenninnenens ZHANG Shi-ying, WU Peng, SONG Yin-ling, et al. (4174
Rapid Start-up of Simultaneous Nitrification and Denitrification Coupled Phosphorus Removal Process and lis Performing Characteristics «++++++++++++ LENG Lu, XIN Xin, LU Hang, et al. (4180
Effect of HCO5™ on Nitrogen Removal Efficiency in Partial Nitritation-ANAMMOX Progess +oeseseereseseeessesensnssnniiniiniens LI Xiang, CHENG Zong-heng, HUANG Yong, et al. (4189

Research on Cultivation and Stability of Nitritation Granular Sludge in Integrated ABR-CSTR Reactor - WU Kai-cheng, WU Peng, SHEN Yao-liang, et al. (4195
-+ XU Xin, PU Wen-hong, SHI Ya-fei, et al. (4202
XIE Hai-ying, WANG Xin, LI Mu-yuan, et al. (4208
Research on the Screening Method of Soil Remediation Technology at Contaminated Sites and Tts Application «+««ssereeeerereerensenesieneneneiencnnens BAI Li-ping, LUO Yun, LIU Li, et al. (4218
Comprehensive Risk Assessment of Soil Heavy Metals Based on Monte Carlo Simulation and Case Study = +++«seessereeseseserenenenienenennenes YANG Yang, DAI Dan, CAI Yi-min, et al. (4225
Heavy Metals Pollution in Topsoil from Dagang Industry Area and Its Ecological Risk Assessment ««eseseereereeesererenesenennens ZHANG Qian, CHEN Zong-juan,PENG Chang-sheng, et al. (4232
LI Zeng-quan, JIANG Chang-sheng, HAO Qing-ju (4241
LAN Mu-ling, GAO Ming (4252
(

Influence of the Application of Activated Persulfate on Municipal Sludge Conditioning

Influence of Temperature on the Anaerobic Packed Bed Reactor Performance and Methanogenic Community

Effects of Land Use Type on Soil Microbial Biomass Carhon and Nitrogen in Water-Stable Aggregates in Jinyun Mountain -

Influence of Different Straws Returning with Landfill on Soil Microbial Community Structure Under Dry and Water Farming

Carbon Source Utilization Characteristics of Soil Microbial Community for Apple Orchard with Interplanting Herbage —«++xesvereeseseesnereens DU Yi-fei, FANG Kai-kai, WANG Zhi-kang, et al. (4260
Effects of Different Kinds of Organic Materials on Soil Heavy Metal Phytoremediation Efficiency by Sedum alfredii Hance = «++++++-eeveeeeee YAO Gui-hua, XU Hai-zhou, ZHU Lin-gang, et al. (4268
In-situ Study on Effects of Combined Amendment on Translocation Control of Ph and Cd in Soil-Vegetable System —+««+sesseseeseesessenesnsenenineens ZHU Wei, LIU Li, WU Yan-ming, et al. (4277

Effects of Rice Cultivar and Typical Soil Improvement Measures on the Uptake of Cd in Rice Grains WANG Mei-e, PENG Chi, CHEN Wei-ping ( 4283
Pollution Characteristics and Ecological Risk Assessment of PAHs in Water and Fishes from Daging Lakes * WANG Xiao-di, ZANG Shu-ying, ZHANG Yu-hong, et al. (4291
Depth Profiles of Methane Oxidation Kinetics and the Related Methanotrophic Community in a Simulated Landfill Cover +-+-++esseeeseeeeeees XING Zhi-lin,ZHAO Tian-tao, GAO Yan-hui,et al. (4302
Enhanced Performance of Rolled Membrane Electrode Assembly by Adding Cation Exchange Resin to Anode in Microbial Fuel Cells = «++veseseeeeesesneeeees MEI Zhuo ,ZHANG Zhe, WANG Xin (4311

Development of a Monoclonal Antibody-Based Sensor for Environmental Pyrene and Benzo( a) pyrene Detection +«+++++sssessseesesssssnssnssninnesnnnienenes LI Xin, QIAO Yan, ZHONG Guo-zhen ( 4319

N N N N N s N N N N NI NI N N )



F &K
BlE%Hm. &

CGMEFRZFE)FE 6 RmEE

EREpr
S OMGEI B I

% F. (RUEKREIHET)

Ji

YL EARIE EULE
KE O XEER X B
AT Bt %2 A
OO S

w w #E

(HUANJING KEXUE)

T W Nl
Wi
B i B
WV B

=
A

AN
=

HE @ %
JEI Sl A
KFE WOE

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)

(HT) 1976 4E 8 A4l
20154E11 A 15 H 436% H11H Vol.36  No.11 Nov. 15, 2015
+ & P EPER Superintended by Chinese Academy of Sciences
* B P EBERE A S ETEE 0 Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i g (LABINSeE ) Academy of Sciences
U BT 3 85 5 B B 2 WF 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% FROME 22 B Protection
* % ORI [ i School of Environment, Tsinghua University
% B O(IRBE R ) A E R A Editor-in -Chief OUYANG Zi-yuan
£ 1=
. e Sy N Edited by The Editorial Board of Environmental Science ( HUANJING
JLHCTT 2871 {5 A (T3UE DX XU ’
KEXUE
18 5, HBIBL T : 100085 ) ) _
LT .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1 .010—62849343 ’ Tel ;:010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn E-mail : hjlx@ 'rcees. ac. cn
http:/www. hikx. ac. en http : //www. hjkx. ac. ecn
i BR 44 3 " & i Published by Science Press
bR AR AL 1 6= 16 Donghuangchenggen North Street,
ZIN N B
MR B S . 100717 Beijing 100717, China
BRI 2 3T  dtatdbakepiin— Printed by Beijing Bei Lin Printing House
* 1T 4 4 & K ik Distributed by Science Press
135 .010-64017032 Tel:010-64017032
E-mail : journal @ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT W & 2ELHIHEE Domestic All Local Post Offices in China
EsE&RIT TEREFRERES BN Foreign China International Book Trading Corporation (Guoji
(b5t 399 f546) Shudian) ,P. 0. Box 399, Beijing 100044 , China
= ISSN  0250-3301 N
R EHS 5. 2-821
RERRATIS, Do o030 EREER S,
E M E fi:120.00 ESRITRS: M 205

EMWSRFET



	封面+中文目录.pdf
	20151128.pdf
	英文目录+封底.pdf



