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Table 1 Experimental design and treatments
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RS A &=, DO FfEE PreSens 234 =AY
NTH-PSt1-L5-TS-NS40/0.4-YOP %! DO i H1 4z ]
5E, pH FH PH110 {45 PH/orp 11HM5E, 4(&CKH
IR, ARCR LML, BAECRA
B BRI S AL 224N e kL
1.4 BIEDHFHIE

B % T Excel 2007 2 SPSS 16.0 Ziit4k
PFo IEDAFEAR PN AEA T #56, JEIEZS
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Fig.1 Change trend of DO and pH between different treatments
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Fig.2 Change trend of nitrogen in open and close system
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Table 2 P value of nitrogen removal T test between different

water treatments
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2 c

A Pinid 1 0.626 0.008%**
2 0.008%**

Bk 1 0.089 0.578

2 0.128
A FFik 1 0.001%* 0.008**
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2 0.001%*

Bk 1 0.168 0.110

2 0.079

e MREERDE, REERNEE,; a L Mann-Whitney U
G P AE

k-2 SR, AXTE AR R A A
FES (0=0.01, P=0.008) , UiHIPIE KA
HIFA, FECT AR B SRR A, T
[ I 2 R 2B

WE KA pH (E & PE, BAR k-1 F1 k-2 fY DO 22
AR, B pH (E AR, 4330 F 9.35~10.03
F19.40~9.95, X/EF HAER SRR BRI FE T, B
IREENCAE I FE AR RIS Y COy, 2R T /KA
ff) CO,-HCOy-COs™ 4™, fikiAk pH THE; k-c
1) pH {HA T 7.42~7.81, R k-c SRR MR
KoK, (Aol ft R sl dad A K s < E
TARS, 2 S M DO RN,
MAERE S S B 2 S ) CO, fliK A4 pH {HRE
. WFFE M, R AT LA E MK L R K
AR HAERREBREA pH SR E
TEASEREL BT LA pH (MR R k-1 A1 k-2 SRR
AT pH ERALAY k-c.

MIE 2-b HETLAR H, B R G4 b PR K 0 IR
HAG RS, oS RS AY 3P A BRBH 1
TRREKR, FrplE pH 8 /KAAEE 1 A2 frsz
M A A R

R ERRRE TR L2 AN, " AEML
TR BV R IR RS 5L AN . AR 2-a HrmT
DIEH, BEESLRMIELT, T RGES I AR
TR, HE 2 ROBIRER K, MmigELE
552 RBIERE I, BEEHRRRE. MR
AR IR TR U B, TSR I0 ) 45 A P A 4
FRAET 0.01 mg L', ATLIZMEAT:, FrLAas &
B B TREERE A . X TR RS
BACH, FARS RS, MRERS R A
i, X UL AR R A HLAFE R T 2 A .

X FALRE k-1, FAMHELE (0.55mg L") K
TREE N WA R NE (027 mg L"), 43 k-2,
AN LR (039 mgL") {UHIEE TR A%k
AR (037 mg L), BEEMANIE k-1 510
pH (10.03 ) W& TALRE k-2 (9.95), %R rkik
pH AR FRAMEL, (DEXTRS LA TR = A 4
YEH . B8, k-1 F1 k-2 ZbFH DO 25 = KRR
W% 4.07 mg-L" F10.13 mg L' (K 1-a), ik
ARMIER I FITRANER, Bkl k-1 1 k-2
PR A B S R AR R AR R 0 0.62
mg- L 1 0.55 mg- L™, X BE k-c, FEEUIE N 0.58
mg L") KFRAMERE (032mgL"), X
Xif B R R TR U AL N A R 2T 25 B
Bl. Z A 7E% DO (8.26~12.36 mgL') FlE pH
(9.35~10.0) &M, FHEUREEIEL ML,
M7E(% DO ( 8.17~8.63 mg-L™" ) Hl pH ( 7.42~7.81 ),
TR S R TR X & BR .

222 R R R EEAL R AR R RAEAL

M 2 AT LR HY, RO 22 505 1 A

IR —Eotas, A0 PR R ik oK E)/MK



760

AR B 19 B5E 4 01 (201044 7))

PR RESIK AL B 2>7K A0 3] 1, HAR I Z [ AE
P25 (3R 2) o MR T I Ef
MARGHAI IR Z 22w A e (£ 3) , BIAH
R BRI SE G R G TFIECE A TE G, R
KA FH i A1 I 2 A A A T Al G

®3 FAHMHARGEFLEREN THRE PE
Table 3 P value of nutrient removal T test between open

and close systems
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2 0.001%*
c 0.148

T MR F B, LR TP, a {K Mann-Whitney U £
5% PAH

Fis A AE P 1 5k 553 3 A2 i A A A7 1 3 P AR
FHIR 2 A0 vk Bk . miFoe 2P, ik
B HBGE B pH AT 7.9~9.0M, XFBRAY pH 4
T 7.42~7.88 Z[A], AHXSTAEFE 1 (9.35~10.05) F7
ARFR 2 (19.40~9.97 ) ol TRHILAR R AE K . S5,
SR A TR, AL EI IS

AR AL R RN E S RS RV E R A OG,
W SR SAE A E R Z A R . BT
B, DO Fl pH J&s I A S Al AL B A 2 S
B, — Ak SR A A R 5 B DO KA F 2~6
mg-L™", DO st 75 i (249 2 Tl o 2 1 4355 e i 5
(31 R DRAT A B i RS B P2 T ) S R A AN 52
DO AKFAysmt b A Al A K pH A
6.5~10.5" ) & pH A 8.0M . A 526 Xt g
(8.17~8.63 mg'L™") . AbPE 1 (8.26~13.40 mgL™")
FALFR 2( 8.14~8.63 mg-L™ i) DO #KTF 6 mgL™',
FR 2 ab 3 1, Mxtig pH /v T 7.42~7.88, 4b3 1
F 9.35~10.05, AbFE 2 /T 9.40~10.03, ZEE54)
Mrs AL BEAYG DO HT pH HEI, X BEAHXTIE T i ik
YEFRIUEA T, AbBE 2 R, AbBE 1 FeANiE T ROmfh
P AEAE . SR BRI 5 Ab PRAEAE SO A At 1R, I
FAHAAE FHA AR A S BN A7
223 E R FIRER A IR

TE L ZR G 45 Ak PSR 25 B 1 R B/ IMEK IR R
k-1>k-2>k-c. k-1 fl k-2 5 k-c @A EREZAM
W ER, IR T RAERREZ N %2
o M k-1 5 k2 AAERERZMERALEE, H
MAEREZ AR EENZES, B k-1 BE

)RR B AR k-2, KA A S
LRI R E WA AL A2 NoO 85 N, 1
FBi o 2.2.2 AN HH 45 Ah PG - S S i AP R
HCA R 1 R IE TR AL AN B A A A
FIFLL k-1 A EHEET k-2, FEAETEEANER
MEmTEE. 2.2.1 I IRR, k-1 B9
RIERF(0.55 mg L YRT k-2 B2 A5 &5 0.39
mgL" ).,

HH ARG TSN E AT K, (AR
M) i 260 ) S SR S Ak o (EL 3 A 2R 49 170 Wi i i
B, f1. £2 FOXEAR foc X RVARM BB AR, FL%
WA 22 AR B (3 2), X Wit TEE A 25N,
SN FAR LTS o rLAS A RGN RAEAE A HL
R R A Z A R, mEOFA
HIFH B SLIG 250, Rk, AbRE 1 FIAbEE 2 BT
ORI R G0 B AR PR R 2 S (£ 3),
XF HR A T RN B R G MR B R 2 0 22 5 A
R N o B R ) 2 R 3R R LA R R A T
AR, HEEEHFBRAMA.,
3 #Hig

PR BRI EAE LR T /KRR DO A1 pH /K
S Rk T R G E AR, AP T A
R N SCE A AN PR T o

TFik RS R AR DO (8.26~12.36 mgL™)
A pH (9.35~10.0) 2040 F, FEUEAHELM
X £, M7EML DO (8.17~8.63 mg'L') fl pH
(7.42~7.81), FEDIERAL M A LT EBR .

BALF DO KT 8.26 mg' L™, FHMIZ LN
(pH9.35~10.05 ) FREEAFI T AE AL AN TR 1A 715 , BT LA
DA G S A AR AR 55 B N7

B R Goal ol B Lk 2 R AR T R A
EBrir, HEIFAEmRE AR

S 30k -

(1] Sk, DRZRGN, BUEE, % AKAERTIXT & B I KK T e
WIE[T]. iRBUEI2ARITSE, 2001, 19(4): 299-303.

WU Zhenbin, QIU Dongru, HE Feng, et al. Studies on eutrophicated
water quality improvement by means of aquatic macrophytes[J]. Jour-
nal of Wuhan Botanical Research, 2001, 19(4): 299-303.

[2] JAMES W F, BARKO J W, BUTLER M G. Shear stress and sediment
resuspension in relation to submersed macrophyte biomass[J]. Hydro-
biologia, 2004, 515: 181-191.

[3] GULATI R D, VAN DONK E. Lakes in the Netherlands, their origin,
eutrophication and restoration: state-of-the-art review[J]. Hydrobiolo-
gia, 2002, 478: 73-106.

[4] HILT S, GROSS E M, HUPFER M, et al. Restoration of submerged
vegetation in shallow eutrophic lakes-a guideline and state of the art in
Germany[J]. Linmologica-Ecology and Management of Inland Water,

2006, 36(3): 155-171.



AL PR AR B 5 SRR AR AR U AL B 5 )

761

(3]

TEEM, ROE, O A, SF. ORMIUTK RN AR R K PR AL
MFFE[I]. HEASFREE, 2006, 15(2): 239-243.

LEI Zexiang, XU Delan, HUANG Peisheng, et al. Submersed and
floating-leaved macrophytes in Taihu Lake and their water environ-

mental effect[J]. Ecology and Environment, 2006, 15(2): 239-243.

[6] AR, FLAREN, B, &5 UUKARY T & B IROR R RBEE IR

(7]

(8]

(9]

(10]

KR [T]. R AR 2244, 2003, 14(8): 1351-1353.

WU Zhenbin, QIU Dongru, HE Feng, et al. Effects of rehabilitation of
submerged macrophytes on nutrient level of a eutrophic lake[J]. Chi-
nese Journal of Applied Ecology, 2003, 14(8): 1351-1353.
NURDOGAN Y, OSWALD W J. Enhanced nutrient removal in
high-rate ponds[J]. Water Science and Technology, 1995, 31(12):
33-43.

BOON, RES. IS TUKE TR B S TP ROE I 774
i), 1994, 14(4): 334-337.

HUANG Wencheng, XU Tingzhi. On effect of using submerged plants
to harness the inner lake of Dianchi Lake[J]. Guihaia, 1994, 14(4):
334-337

SORRELL B K, ARMSTRONG W. On the difficulties of measuring
oxygen release by root systems of wetland plants[J]. Journal of Ecol-
ogy, 1994, 82: 177-183.

E A SR, KRR M AT 57 [M]. 55 4 Wi Jbatr
[ BREERL A, 2002: 254-279.

State of Environmental Protection Agency. Methods of Monitoring and
Analyzing Water and Wastewater[M]. 4th edition. Beijing: China En-
vironmental Science Press, 2002: 254-279.

[11] CAMARGO VALERO M A, MARA D D. Nitrogen removal via am-

monia volatilization in maturation ponds[J]. Water Science and Tech-

nology, 2007, 55(11): 87-92.

[12] ZHOU Q, HE S L, HUANG X F, et al. Nutrient removal mechanism in

high algal pond treating rural domestic sewage in East China[J]. Water
Science and Technology ,Water Supply, 2006, 6(6): 43-50.

[13] PICOT B, MOERSIDIK S, CASELLAS C, et al. Using diumal varia-

[14

tion in a high rate algal pond for management pattern[J]. Water Sci-
ence and Technology, 1993, 28(10): 169-175.

EHh, FLKEE, &8, . pH (E SR RL A R R
WALY]. fEE AT R 2k, 2003, 21(5): 319-322.

WaANG Xinwei, KONG Qingxin, JIN Min, et al. Effect of pH and
aeration on nitrification of nitrobacteria[J]. Journal of Preventive

Medicine of Chinese People’s Liberation Army, 2003, 21(5): 319-322.

[15] HUANG H K, TSENG S K. Nitrate reduction by citrobacter diversus

under aerobic environment[J]. Applied Microbiology and Biotechnol-

ogy, 2001, 55: 90-94.

[16] PATUREAU D, BERNET N, DELGENES J P, et al. Effect of dis-

[17]

solved oxygen and carbon nitrogen loads on denitrification by an
aerobic consortium[J]. Applied Microbiology and Biotechnology, 2000,
54: 535-542.

RANE, IME, RABRE, . R AR RT]. B
Hid4R, 2008, 24(5): 727-730, 737.

WU Songwei, SUN Hua, WU Weixiang, et al. The study progress of
nitrogen removal by aerobic denitrification process[J]. Bulletin of

Science and Technology, 2008, 24(5): 727-730.

[18] GUPTA S K, GUPTA A B. Thiosphaera pantotroph a sulphur bacterium

capable of simultaneous heterotrophic nitrification and aerobic denitri-

fication[J]. Enzyme and Microbile Technology, 1997, 21(8): 589-595.

Effect of photosynthesis oxygen evolution of submerged macrophyte

Elodea nuttallii on nitrogen transformation in water

ZHAO Annal’z, FENG Muhual, LI Wenchaol, PAN Jizhengl, KE Fan'?

1. State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of Science, Nanjing 210008,

China; 2. Graduate school of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Open and close experiments were carried out in light incubator to study the effect of photosynthesis oxygen evolution of

submerged macrophyte Elodea nuttallii on nitrogen transformation in water, and its consequent influence on nitrogen purification

effect and mechanism by using polyethylene vessel. The results showed that, the photosynthesis oxygen evolution of Elodea nuttallii

caused high water DO and pH, which accelerated ammonia volatilization in open system, meanwhile, low ammonia nitrogen content

and high pH inhibited the transformation of ammonia to nitrate. In addition, high DO and pH didn’t favor the survival of denitrifica-

tion bacteria, which made denitrification weak or inexistent.

Key words: submerged macrophyte; Elodea nuttallii; photosynthetic oxygen evolution; nitrogen transformation; purification effect;

purification mechanism
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