HRIRBE 2006, 15(5): 945-948
Ecology and Environment

000 http://www.cqvip.com|

http://www.jeesci.com
E-mail: editor@)jeesci.com

S8 ALTRMXEIGMOEBRBRIT TSR
GER, XAYS, KHEES, KATS, £E°, THA T

1. PEBERT MHIRIEEFRETE VR FEREATRE, M 510640; 2. PEBZEBREFHEYE, M 510650;
3. EEHE T RFFERESTER, ™M, 510640

RE: PR 7 MAREYECE @HERR YR BH T4 LA THRPRA RN E & A TR A 15 15K BUR . SRR
B, COD(, fl BODs IEBRHEIX 673%, 68.1%, SE(TNNERER 269%, LBHIPWEBRTERAETE LITIK, KBRE
K 81.6%. FRIFIZ(PAHs) T E(Ace). FE(Flu), tE(Py). %I [a]E(BaA). JB(Chr), HEH[bJFKE(BLF). FIf[a]thi(BaP). B
FF[1,2,3-cd]EE(InP) I H g hi)TEBPR)Z FITHKG , £RFEMid 80%, FITHRERID . YHLRFARYIMLKSS PAHs Y %Ex
HMEERABE, S0%F - HKREN(PAES) PAPHE _H M ZBH(DEP) ISP WM — R TER(DIBP) Z2IULIKKE, MEEEEE
FE, AXRYEFBE R (-2 %) CEEDEHP)S B B ER K. BIRAMIZELREY, AREYER EXRMEEEW

EFHARE, BEVERE TITRERBIBEER.

XERE: SHALERY,; BIUSEY: BH5E; SEHRE; BERER

HESES: XI1312 XERARIRE: A

AN TR HAE A — BT . RAERE . 1R
BAS B R 7K A 25 40 B R BB B gt SR 5 R A 4
2 8 N TR N T3 R (— O a SR YY)
A KAER ERKAEAPER, B— g
- Y - BEPESRG, W, REREETHK
B, HEAMUNY . AIFESATEME
BRGEPHEYWEEEARA T EEPEA ML
Y, a9, EMEYR N FiRE, ATLAREE K
WorBIREAYE, R . B, ELJE, PAHs, PAEs
1 TINT 4 P55, B TR/
FHHARDH e RIS mA S B kY, s
KA T AYIS R LT BEEPREN, P,
CODc,. BODs % MBS, PAHs #1 PAEs By
FERRMHER T,

EINFF R (PAHs)FISE 4 — B B BS(PAEs) 215 7K
hE KA RAVIGERR, WHEERBNEE,
XTARE B, BUBMBRZEA, BFHRK, H
& EEILEA T RMEE R RESI AL L
B E L5 R4 sarpl),

AR EIN—NMEEEERA TR 4 M
IR TEA TS 1SK 5T, Wit A TIE s AR [RAE
EE XA SIS KSR (TP), S84 (TN). CODg.
BODs. PAHs Ml PAEs HEBRRR, HEHAEER
RBZEHAR, HREKERRLHEGRHFER R

NERS: 1672-2175 (2006 ) 05-0945-04

1 SCIGHEHE

TR A TR T Ml At e+ E
PR AeEHYREN, REBHATEKEERNERE
EKo St/ 4 MEME (5 mx5 m) AR, &Y
FREIAEER, 5. 6 WATITMAMIK, 7. 8 b
J EATHRAIR, TATRE EATIR® 30 cm. 5. 7
% B Ertiy R R R HE, B4R
BAMY), REDTEKER, FARIMAEDIK,
6. 8 BRIk BIFEYIA S A TigH, A B4
Y5 KAEHE], E AR A TS, FRAYik
YK IRNZRIERIEIATER 20 cm JEMBA R
1100 cm BRI, BNRGEMN 2004 4 AP
HFFEEME, BAISKE 0m® (B 1),
2 SKEHIE
21 HRARRE

AT 20044 428 H, 5 H24 Hfi6 A
11 H 8:00 F#f, B 6h—K, SREHKO AL T
7RSO B M C. EATRH/KE D Ml E AN EE
¥ (E 1), 4510 COD.. BODs. TP ( &8%).
TN ( B8 ). 6 A 11 HREMF—FHE LA R B[]
# 4 YKWEESLIES, AT PAHs #ll PAEs R4
TARREALER
22 SthA*®

COD¢,. BODs. TN. TP 43#f: S BEZRIRHE
JypEttyy

E2ME: BFESEMPIFTEETRI(2002CB410803); I HEBHBEMEE (2003C32201); [ MHBRTHE (200311-C0341); | HREWF

HYEEASREAFEREETH (2005860301001 )

EE®/A: ZEA (1973- ), B, MLHFE, TENFFRLZHR. Tel: +86-20-31971472; E-mail: zgyi@gig.ac.cn

“BIEE: EHW, E-mail wangxm@gig.ac.cn
WA BN 2006-03-08


http://www.cqvip.com

946

000 http://www.cqvip.com|

AAIREE IS EH S (200649 H)

—1/

1 SAEERALERMEHE

Fig. 1 The flowing routine of the combined vertical constructed wetland

1 HEISIR, 2 fhiER, 3 UU3ER, 4AdKki, 5. 6 BHTITHMAY
R, 7. 8 ME LATHAEYIK, 9 HKME, 85k AKFE T, KREHEA
HKBBEMM I, AE BRFEL. 5. 7 PHEYN: EFE (Coix
lacryma ); BAAFE I (Hedychium coronarium); BB ( Pennisetum pur-
pureum ); HHEMEE ( Heliconia latistaha ); B E ( Phaius flavus );
K% (Calla palustris ); B3 ( Colocasia antiguorum ); ¥ (Alocasi
amarorrhiza ); 7K BE ( Hymenocallis speciosa ). 6. 8 PPN . FR
B ( Vetiveria zizanioides ); 757 ( Phragmites australis ); REE( Cyperus
alternifolius ); HIFE ( Cyperus papyrus ); IKPTEE ( Thafia dealbata );
F A (Cannasp.)

PAHs il PAEs 4r#fr: BUKFE 1 L, & H4
EW 3K, BHAYAIERER LN LRSS, %
Jo/K NaSO K, s s - sERCHE, A 50
mL R H LN, GRS e AR R AR

RS TIARR, FIEKUE B 200 pl AT 404, -

BMREEHEMER 3 K, 2% Agilent
6890GC-5973N MSD, i}y HP-5 AEEHME
@i%H, THEFAT 60 ‘C(2 min) -4 °C/min - 280
‘C(30 min), K 6-F ERENIrik ez, 16 F PAHs
IBREFHREM A Supelco(USA), PAEs IRAFAEEA
Ultra Scientific(USA).
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K 689%, 71.6%, WEETRYMLIKH 65.7%,
64.6%, ZLERFH, TE CODc Ml BODS fRigikfE
BAKAT, @ B BRI IS K I R RR X

F 1 TEBEWEA BODs, CODg, TN, TP FiEREE (n=12)
Table 2 Concentration of BODs, COD¢,, TN, TP at different sample sites

FAES BODs/(mgL') CODc/(mgL') TN/(mgL') TP/(mgL")

A 39.7413.6 59.8+15.3 14.1£3.1 1.4+0.5
B 17.616.0 21.245.1 12,1413 1.240.3
C 15.014.8 20.5+8.4 10.6x1.5 0.9+0.2
D 14.146.7 20.5+7.9 11.3¢2.2 0.2+0.0
E 11.346.1 18.6+3.9 94+1.8 0.3+0.2

A K, COD¢ : BODs HHN 1.20~1.64, BEKT
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[0l 7] %3 5 & SN
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%2 AERIESAS PAHs RIREEL (5=3) AL AR RIS Y, T LIS T IR

Table2 Concentration of major PAHSs at different sample sites(n=3)

e,

/ﬁfl-’f?) A B %*iﬁ D E 33 §:§_ *Eé'c'ﬁﬂ‘ﬁﬁ v R
A 46.6455  164.9%12.7 331.5420.1 167.3£15.3 111.5¢13.7 A SARRBUZIA B e — LU G AR ETE 1 55
B ND. ND. ND. ND. ND. B 22 U IR L S IR A% NS vk, U
c 22.143.4 N.D. N.D. N.D. N.D. 5, EHATKEEEREE R E AN, %4 9]
D 600:84 30359  ND. ND. 303437 W, B A 57K R E A K BA B 8 R H 1
E 193.7425.0 222.9+18.8 218.7424.2 154.2420.3 177.824.5 H, 253 A TIBHRII R A BRSS , 15K R T
F 87.3+7.5 145.7£12.4 139.9+20.1 116.0+14.8 119.4+12.0 QQEKB"JTW?F*WEHEM&%% , EE%I%H:‘ :}:ééli}\Tﬁﬂﬁ
G 30704288 429451  N.D. 30443 332434 . e e e .
H  559.4460.5 78.3£10.6 99.0£17.7 67.0£17.0 95.6+20.2 PR ﬁgﬁﬁﬁYG%%%ﬂvﬁ&" #GRK
I 292.6:¢40.7 34344 ND. 196438  N.D. MBI SE I AT AE Y, TSR TATRE, B
] 361.6:37.5 519481  N.D.  305¢74  ND. BETRE, BITKEREMRAKER, 17K
K 11884197 21344  ND. N.D. N.D. S5TF45ERMY, SizEt iR, WHAEES
L N.D. N.D. N.D. N.D. N.D.
M 0624143 ND. ND. ND. ND. F4 BERLHEKR. REZENTRIEH (1=15)
N 32.945.6 ND. ND. ND. ND. Table 3 Increase amount, MCN frequency and PI of Vicia faba
o) N.D. N.D. N.D. N.D. N.D. KA HEKER(g10g) A% %" b S
P 83.9+12.5 N.D. N.D. N.D. N.D. CK 1.50 5.05+0.67 -
SPAHs 2262.14269.4 792.5¢82.4 789.1482.1 585.0+82.9 567.8+77.5 A L1 18.56+1.05 3.68
WY A-PIKIRK: ZE(Na), TER(ACD), TE(Ace), Zi(Fl), FE(Ph), B 1.32 8.25:1.12 1.63
B(An), HE(Flu), TE(Py), £ K (BaA), &(Chr), #3(b) E(BbF), C 1.25 10.08+0.88 2.00
I (KBU(BKF), £t (BaP), FiFF(1,2,3-cdBE(InP), ZFH(a,h) D 1.33 7.14£0.61 141
B(DBA), #3(gh,)FEBPR); SPAHs 3k 16 F PAHs S8 &M, E 1.40 9.22+0.72 1.83
#3 HIPRIES K PAEs RRRETH (n=3)
Table 3 Concentration of major PAEs at different sample sites
weY AR
(ng/L) A B C D E
A 96.0+12.3 95.7+10.7 99.6+11.2 96.2+15.5 98.3£14.2
B 503.5+67.2 404.7+40.5 638.3465.2 525.4+45.8 647.5£75.7
c 487.7£78.0 460.8+57.2 3259.3+308.4 450.378.1 4331.4%341.0
D 1229.4+180.1 1521.9+200.7 1614.0£252.4 1222.1£178.1 1 308.0£201.5
E N.D. N.D. N.D. N.D. N.D.
F 54324334 195.8+20.4 603.0+48.1 213.8+30.6 563.4+40.9
G N.D. N.D. N.D. N.D. N.D.
SPAEs 2859.8+371 2678.94329.5 6214.2+685.3 2507.8+348.1 6 948.6+673.3

Y A-G KK : SE_FR_FROMP), $SE_FR_ZMDEP), $E_FM_5FTR(DIBP), FE_FM_TRDBP), FXE_FH
FFHTHRBBP), PE_FHTQ-ZH)CHRI(DEHP), $FE-FR_FE(DOP); ZPAEs N 7 ' PAEs S REM.
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PE YA Yy A )20 PAHs F1 PAEs FEFHY—1
FEAF, fehh, B R MR
HERK, MHTERRZ YIS, 052
TR AN R A, AR 75 340

PR FATIRE ABR . RIMELRSIIEKRZ
RO GEDEER ., AT RERPITR,
HiE/KPIETF 3.5, NEISYUK, KBS PI
BERETHRE, FAPEIREFRK,
4 g
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AR EBREE MITIRY, FESBRRENG S
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http://www.cqvip.com

000 http://www.cqvip.com|

948 AR A 15 B S W (2006429 H )

FEAREER, AR S A TIBHGEEER [6] HUANG J, RENEAU JR R B, HAGEDORN C. Nitrogen removal in

%ﬁ*ﬁ%gﬁ%xﬂ» Z%%ﬁé&ﬁﬁ%ﬂ@f%&&% o constructed wetlands employed to treat domestic wastewater [J].
3 ) K/%*EJIHJB%X‘T DEHP ﬁl‘%%@’ﬁzﬁﬁﬁ}\ , iZJ\ Water Res, 2000, 34 (9): 2582-2588.

g [7] GIRAUD F, GUIRAUD P, KADRI M, et al. Biodegradation Of
Ii@ﬂx¢ﬁ1& PAEs %A&ﬁ%ﬁg,ﬁzﬁﬁ’ D/E:P iFu Anthracene And Fluoranthene By Fungi Isolated From An Experi-
DiBP i ik BEZE LR A3, DnBP & FA7/KIG

mental Constructed Wetland For Wastewater Treatment [J]. Water

R RIN . PAEs 7E AR EMRYIR AL E Res, 2001, 35(17): 4126-4136.

Rul g SRIYMERNEY R EAE —E X R, [8] MACHATE T, NOLL H, BEHRENS H, et al. Degradation of phe-
4 ) i,‘—‘ﬁ*z ig{ﬁ%{-% , fa é:ﬁﬁ UL(%%%E”F?? nanthrene and hydraulic characteristics in a constructed wetland [J].

PRA KA B, IMEIRRAR DL & Ay aarRes, 197731 3 534390

S— - \ W™ he P 9] ZHOU Q H, WU Z B, CHENG S P, et al. Enzymatic activities in
HUSRIM R B35, #—pRuiAsRg | | eme
. . ] - constructed wetlands and di-n-butyl phthalate (DBP) biodegradation
FIRFHEYA ST E S AN TR KR,

[J]. Soil Biol Biochem, 2005, 37 (8): 1454-1459.
[10] GUERIN T F. Bioremediation of phenols and polycyclic aromatic

%%‘iﬁﬁ hydrocarbons in creosote contaminated soil using ex-situ landtreat-

[1]  KIVAISI A K. The Potential for constructed wetlands for wastewater ment [J]. J Hazard Mater, 1999, B65: 305-315.
treatment and reuse in developing countries: a review [J]. Ecol Eng (11] EHERFEEPR. KHMBEKEMMEE M) SR LT
2001, 16 (4): 545-560. E SRR ik, 2002: 216-219.

2] BaK, FRE, &R ATRBISKLEBRENR KRS China EPA. Analytical Method for Water and Waste Water [M). The
AR EARFERE, 2003, 22(2): 49-55. 4th edition Beijing: Environmental Science Press of China. 2002:
LIANG Jidong, ZHOU Qixing, SUN Tieheng. A research review and 216-219.
technical improvement analysis of constructed wetland systems for [12] KORKUSUZ E A, BEKLIOGLU M, DEMIRER G N. Comparison
wastewater treatment [J]. Chinese Jounal of Ecology, 2003, 22(2): of the treatment performances of blast furmace slag-based and
49-55. gravel-based vertical flow wetlands operated identically for domestic

[3] ZACHRITZ W H, LUNDIE JR L L, WANG H. Benzoic acid degra- wastewater treatment in Turkey[J]. Ecol. Eng., 2005, 24(3): 185-198.
dation by small, pilot-scale artificial wetlands filter (AWF) systems [13] BE, 2R, A4, ¥ HAEARMEENEFREDLR
(7). Ecol Eng, 1996, 7(2): 105-116. BETEANSRIS M) ZREIFREREE, 2002, 21(1): 5-8.

[4] BROWN J R, BEDARD D L, BRENNAN M J. Polychlorinated LIANG Wei, WU Zhengbin, ZHOU Qiaohong, et al. Space distribu-
biphenyl dechlorination in aquatic sediments [J). Science, 1987, 236: tion of microorganisms and substralum enzymes in integrated verti-
709-712. cal constructed wetland [J]. Yunnan Evironmental Science, 2002,

[S] DRIZO A, FROST C A, GRACE J, et al. Phosphate and ammonium 21(1): 5-8.
distribution in a pilot-scale constructed wetland with horizontal sub- [14) KASTNER M, MAHRO B. Microbial degradation of polycyclic
surface flow using shale as a substrate [J]. Water Res, 2000, 34(9), aromatic hydrocarbons in soils affected by the organic matrix of
2483-2490. compost [J]. Appl Microbiol Biotechnol, 1996, 44 (5): 668-675.

Removal of organic pollutants in combined artificial wetland

YI Zhigang', REN Hai’, ZHANG Taiping’, ZHANG Qianmei’, WANG Xinming""
1. State Key Laboratory of Organic Geochemistry//Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China;
2. South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China;
3. Department of Environmental Science and Technology, South China University of Technology, Guangzhou 510640, China

Abstract: A combined artificial wetland was built to treat the wastewater of urban domestic sewage. Two types of plant beds, namely
plant-tamed bed and plant-untamed bed, were incorporated into the wetland, and each bed had a vertical down-flowing bed and a
vertical up-flowing bed. The results demonstrated that 67.3% of COD¢,, 68.1% of BODs, 26.9% of TN and 81.6% of TP were re-
moved after wetland treatment, and TP was removed mainly in up-flowing beds. More than 80% of acenaphthene{Ace), fluoranthene
(Flu), pyrene (Py), benzo[a]anthracene (BaA), chrysene (Chr), benzo[b]fluoranthene (BbF), benzo[a]pyrene (BaP), in-
deno[1,2,3-cd]pyrene (InP) and benzo[g,h,i]perylene (BPR) were removed in down-flowing beds, with little further removal in the
following up-flowing beds. There was no significant difference for removal of PAHs between plant-tamed beds and plant-untamed
beds. Diethyl phthalate (DEP) and diisobutyl phthalate (DiBP) increased significantly in plant-tamed beds, and bis (2-ethyihexyl)
phthalate (DEHP) decreased significantly in plant-untamed beds. The MCN test also showed that there was no significant difference
of MCN frequency between plant-tamed beds and plant-untamed beds. Total toxic organic pollutants were mainly removed in
down-flowing beds.

Key words: combined artificial wetland; oganic pollutants; polycyclic aromatic hydrocarbons; phthalate esters; micronucleus test
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