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Abstract; In this study, through two series of simulation experiments [ vigorous growth period ( August) and slow
growth period ( October to November) ], four types of aquatic plants ( Eichhornia crassipes, Trapa, Nymphaea tetragona,

Hydrilla verticillata) were compared in terms of their ability to remove NH,-N, NO;-N and total nitrogen (TN) , their in-

fluence on gas production through microbial activities (e.
e#e B #:2015-05-05 g. N,0 and N, via nitrification and/or denitrification) , as
ESWE: HEARP ARG IUH (41471415) s TLIRE RHCC T
XI5 (BE2013436) 5 Y1954 B 2 A SV RHE BB H (5
AH:2014-323) s VEIRE A BHE A F QRSB E [ CX

well as their influence on physicochemical factors in water.
According to the results, the removal efficiency of TN in

water by all treatments was significantly higher in August

1,E%ﬁﬂ:9;l4);fo(9l3;89_) A TN BRI BRI N than that in the period of October—November. E. crassipes
IKARFRIEIFSE ;. (E-mail) fangznjust@ 163. com, 5 fE N4t showed the highest nitrogen removal rates. The reduction
[ —1E# rates of TN and NO;-N in water were the highest in treat-
BIWEE: & A, (E-mail) jaas. gaoyan@ yahoo. com; B %%, (E- ments with E. crassipes, which were followed by Trapa,

ail) wytane@ nius . .. .
mail) wytang@ njust. edu. en N. tetragona and H. verticillata. The gas production fol-
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lowed the order of H. wverticillata>N. tetragona=no-plant ( CK) >Trapa>E. crassipes. The ability of the four aquatic plants

to regulate the environmental factors of eutrophic water varied, which indirectly led to the various abilities to regulate micro-

bial nitrogen transformation processes.
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1 MRSk

1.1 KB RAKEEY

TEIBOE 7574 i DY ety 2= R e 28 1 4 FpoA []
AT B R AR K A A AR S e o, BRI, R
K AAL W) R 3% ( Eichhornia crassipes) , X 44 7K &
PR BVLIAE LR ARG 2 5 5 BRI E K ; 77
HAEMIZE 1 (Trapa) >R ATLIRE RO FFA B B
o s LKA A3 ( Hydrilla verticillata) , % B {LINE

aquatic plant; eutrophic water; nitrogen; phytoremediation; denitrification

MV B2 B 7N A e b % 3 2245 A R IR ) B
( Nymphaea tetragona) , K FI VL8 A Bk B ma Ml
KIE,
1.2 REAEEFLAKIE

KN TBCE /5K A6 BRI — & &
) KNO; \NaH, PO, | Hi %8 , MK IRH A A (NOS-N)
N 10 mg/L, B (TP) &84 2 mg/L, M A HL
W& 5o 20 mg/L,
1.3 gt

RIS 2 B BT, 43 T 8 H A Fit10-11
A4, o3 SR A P A A E 00 Rk 9 2 B
S E I, BE R 4 FhoK ARSI 4 AP
FARFAE K A AP X IR, &AL BREE A 4 9K, SR FH B
MLIX A5 HES] , RETE 20 NS K T kAT,
KA 152 em, T 137 em, ¥R 120 cm, DY R A
A SR B KA, I AT 30 em JREJETE, Wi
JETASIEAE R  BA (TN) SN 4.5 mg/g, TP & i
M 1.3 mg/g, AHL S N 41.3 mg/g, pH HH
7.05, AT 4 FOKER YIRS, 8 A PR KTF
TR A A FRAR ) 7 55 B2 R 100%
1.4 HIEBREMSH

RIS FF U AT BRI FH TS K i 7K o R R
RIS B MA TR A 5] UK G e — Bt
A1), BROKARE AR 25 P AR I LG . T
TG W) 145 T b 1 28 AU s DR SR SRR Ry
W BO/KJG 12 h 24 h 48 h &1 KE 2 )54
B 1 d B JOKEE BORE RS 100 ml, HURE 7 N
Z SR, T 5 L INR IR PR S, B YRR
100 ml 77 [ 32t 56 2 57 B 4% 25 A0 (NHG-N) |
NO;-N TN %, NO;-N &=l e R M 2 ot
W NH-N 2 820 e SR FH A0 (DG B TN 7%
T R R SR k- SR A e

P 8] - [ 5 I 1E] (R P4 2 00) FHZ ZhE
KB E AL ( YSI ProPlus ) Bl 5 #% A UK (A 2
(KELLF S em) FKEEZ (JKJE L 5 em) SRS
BB (T) BRI (pH) A (DO)WRE ]

FERSMEIRISRAET B0 2 d REE 1 IRSUE,
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ASCI 5 7K PR R 1 8 B N, (N, 0 1 0, 5543
i, ARt ks RS0k 12] ([ 13] [ 14 ],
1.5 HiR4bE

J Excel Fl Spass18. 0 #4445 B 3 AN )5 22 7347,
H Sigmaplot YEK], GeiTHa5: i & MR P<0. 05,
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2.1 ARREIZEBKEEYIKEREREE NN
mE 1 s, 76 2 SR H B (8 Ay 10-11

) A0 HE NH;-N i B8 52k sh A8 Ak (R 50 45

i, YA S TR, 8 A Oy A A RE B i

NH;-N£r it (mg/L)

0 =" " J
08-03 0808 08-13 0818 08-23 0828

F39 O3-FD)

By bR b BESE AL PR AY NH:-N ¥ ¥ JEA R3S 5 v,
ARNE M (2.94+0. 48) mg/LZE (1.32+0.22) mg/L,
HREZE AP, 20N (2.11£0. 06) mg/L =
(0.38+0. 06) mg/L, AEALBE A (2.06+0. 44) mg/L
% (0.16+0.01) mg/L, X HE°A (1.82+0.43) mg/L
%(0.22+0.01) mg/L, XUHR % 40 # NH;-N ¥ & 48
&4 (1.00+0.12) mg/L%E (0.15+0.01) mg/L, B
LB RAR, 10-11 H7Emy 0], il ot #
MEEAD Y NH;-N o BEAK TH 5, 280 R (4. 72+
0.27) mg/LZE (1.240.27) mg/L, HU %t e il 2
WAL PR AR HE 4359 R (1.91£0.73) mg/L%E (0.22+
0.03) mg/LFI(1.58+0.18) mg/LZ (0.24+0.04)
mg/ L, 25 1 FIRUIR 35 A0 3 25 S5 AN K, P NHG-N ik
S 52(398

NH;-N& i (mg/L)

¥ ‘ —~3 T b
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FH (3-F)
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a:8 A;b:10-11 A,
1 MEREKEEYKES NH-NSETL

Fig.1 Changes of NH}-N concentrations in the water with or without cultivation of different types of aquatic plants

E 2 Ha] LA A 2 AN RER B, 45 Ab LY
NO;-N ¥ BE #3856 TF 4R B A B o A0 1, 49 1) 2 i
15 d P9,NO;-N VB FHERT Y 10 me/ LZEAT FEARE /N
F2 mg/L, 2TV, 2 MR B h,8
385 HEBE NOS-N W JE#E 10-11 A4 F RS ,8 A4
6 d NAALHE NOS-N W EEFEREI/NT 2 mg/L,10-11
AGTE 15 d WFER) 2 me/LLLF ; [ 8 H 1345 4b B
NO;-N VAR BEdL LE 10-11 ARk,

16 2 AMRIGRY B, 4540 BEA] NOS-N ¥R JEE A RRAR
HRNEERIMH RN S (B 2), 8 Hfy,2 d
N, RURR 3 AL 3 A9 NOS-N ¥ 5 & fe b, [ &
(0.67+0.25) mg/L,ZJ5#a T V5, 2B 0E R (9. 26+
0.88) mg/L% (0.45+0.14) mg/L; HYK 235 ff ik
T B b SR R A NO;S-N Y BE B AR R dR /),

NO;-N ¥ B 43 il B A 2 (5.23 £0.84) mg/L Al
(4.43£0.89) mg/L, fixt & AF R 43 5~ (13.65 +
1.80) mg/LZ (0.58+0.20) mg/LFI(9.37+0.77)
mg/LZ (0. 54+0.26) mg/L, 10-11 A2 d N, A
AR b P A NOS-N ¥ BT R e bR, B %) (0. 87 =
0.19) mg/L, HUREMEZEL B, FEATE](1. 03£0. 21)
me/L, AL EE 2 d NREAGE] (2. 99£0.92) mg/L,
Xof PR AIG B B 12,2 d AR AIR 21 (4,86 +0.82)
me/L, T2/ KEF T, Z MR NO;-N AKX
HORA/N,2 d NREIRE] (5. 66+0.01) mg/L, 434l
1E 8 A1 10-11 A il s 45 it , & 4L 2 NOS-N
T2k BRI — o 1 22 5, RUHR 3% 40 3 Y
NO;-NIg 23k B2 ¥ 51, 735124 (0. 45+0. 14) mg/L
H1(0.55+0.15) mg/L,
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Fig.2 Changes of NO3-N concentrations in the water with or without cultivation of different types of aquatic plants

A3 o 7R 2 A B B, 45 Ab B TN Uk
AR TT by 5 R B AIG, Z 5 kTP Fa, 8 Ay
AL PR TN e BN B R T 10-11 Ay, 782
ARG B, 4% A B ] TN M B (0 IR ok % I A8 s
KM EMES, 8 A, REHHE 2 4, KUR
AL TN MR T R, BRARE] (2.12£0. 16)
mg/L, HoR 2 22 A Ab B, BEARE] (2.3420.21)
mg/ L, BB T XF BR A TN I B AR 19 8 R B /)
10-11H {53, JKUHR FE AR B G TN e B AR R ek,

20
15

TN4& & (mg/L)

F39 (H-FD

E3 MEREKEEMKERER(TN) HEEETL

FEARE] (1.35£0. 14) mg/L, FUR 2 BA 3 b 3| A1
F| (3.18+0.24) mg/L, XF I8 FRAG 3 Ko /N, 43 51
168 AUy 10-11 H O3 25 s it , 4 4b B TN F%
ZRBEB RIS — 1Y 25 57, RUIR AL PR TN $
Lk ¥ K, 4k (0.98+0.21) mg/L Al
(1.16+0. 11) mg/L, HoAth &b 3 ] 25 58 K| Fe 4k
FES A (1.140.16) mg/LZE (1.91+0.88) mg/L
M1 (1.46+0.10) mg/L%E (3.1422.01) mg/L,
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Fig.3 Changes of total nitrogen concentrations in the water with or without cultivation of different types of aquatic plants
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ml, AR N . X IR B AL B 25 f AL B K
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A A B SR R ok A, 8 A e Ak
KHE I B 275 T 10-11 AR K8 (P<
0.05) , [R]—Jak5 B BEAS ) Ak B[] B e 4% 2R AR A
W AFTEAR K22 5%, b R ab B AE 2 M0 B Bt
RIS SR 3 2 ol B ok, KU 3 fe /N, 8 A
145 Ab B N, 38 2 /NI Sy - L 98 Kb P > e 3%

F1 FREFBKEEYLEBERERIHSELERERER

AR FRS XA S22 M AL B > KUIR SEAL B 10- 11 A {7 4%
AL N, L O, 38 5 R /NI B A o P8 3 A 3 > Xt
W S 25 1 A0b 3 > e S b PR S JRUHR SZE D B, 8 ) 1y 45 Ak
BEHL 0, (N, O 3 & K/ 25 A« B i A > Xof HE >
S AL FHE > 225 A A 3> IRUNR A 35 10- 11 H 17 4% 4b
PR N,O il o225,

Table 1 The amount, concentrations and flux of gas released by four types of aquatic plants in two growth periods

L R e TR AR
Bk
Y A (ml) 0, N, N,0 0, N, N,0
e (%) (%) (ul/L) [mg/(m® -h)] [mg/(m®-h)] [pg/(m®-h)]
8H 10-11 A 84 10-11 H 8 H 10-11 3 8 A 10-11 4 8H 10-11H 8H 1011 H 8H 10-11 H

3 500.44  263.07 9.80 18.65 60.48 53.49 2.17 1.45 1.89 1.25 17.96 3.10 0.04 0.01
A3 1120.10 175.99 9.43 16.40 68.70  57.52 1.06 1.40 5.42 0.71 37.24 2.30 0.09 0.01
JRUIR 3% 60.71 34.87 11.79 17.14  76.46 57.70 1.30 1.23 0.35 0.16 1.29 0.57 0 0
B 3272.68 1487.91 19.08 24.99  64.81 57.60 1.48 0.94  28.65 15.98 57.66  26.93 0.22 0.08
Xt R 1221.29 315.87 19.66 16.63 57.60  55.36 1.49 1.10 7.35 1.38 30.25 3.99 0.13 0.01

2.3 ARFEBKEEY XK EIBHISFRHIR I

8 H M /KIRRZAKIZIRE BRE (pH) %
f#E (Do) #B T 10-11 A4y (£ 2), 2 MRKH
B[] —Ab B K A 3 22 R 2 T B TG Wt 22 931) , AN TR
WFRZ BRI R I —E 22 5, 768 iy, B
Qb B K AR 2 KR 5 %o R 3 2 R AT, S IR
3514 31,03 CHI31.23 °C, 3 HY W& m T Hitl
AEBE(P<0. 05) 3 JXUHR 3% Ak B fry 7K 1A 26 J2 T P Fe 1K
SEHA R B N 29.42 °C, WL AR T H A AL 3 (P<
0.05) ; FIAEK AE ALY /K AR G2 IR B (27.3 ~30.6
C) B ELT X A KRR 2B (31.23 C) (P<
0.05), 10-11 A4y, SACFR R K IR 2% TR B3 (P>
0.05) .

1E 2 MRK BB, A — b HUK R R 2 DO Wk JE
BIRETIRZ . ANFEAHEREIKE DO 80 B

®2 AREFEBKEEYAERKERE BRERE pH BEHEL

25 5,8 AR B/KIRRZ DO YR EEF-1128 10. 41
mg/L, i & & T 2 i AL B R 2 DO YK E (P<
0.05) , 7KIRFEIZ DO M B AR/INIUT A . %) > B i ek
HH S35 A A0 P ~ [ 32 Ab 3 > JXUHR AL B R 2 DO ¥k
FE RN 7 2 X6F HE > R 3 Ab B > IRUHR 32 Ak P > 35 )
ACFESHEELL R 10-11 A6y, & MMEHER 2 AR )2
DO e B R /INI X5 4 X 1R > 25 1 A PR > B2 i b B >
JRUHIR 32 A2 FH > P 3 b B

8 Ay /KIEEZFEZ pH #5F 10-11 A4,
[ — b PR IR R )Z pH HA A4 & TR 2,8 H 4R
WALIERZE pH EMHE R 9. 72, KE R 8. 17, 8 H
0y, SRR AL R 3 2 AR JZ K AR pH 5 %I 25 3R
K, BE AL RN IR 5 b 2 T RUIR S A 3 25 A A
PRI A S A B 77 JRURR S A B 32 7 A 2310 R 3 ALk L
()22 B A2 8] pH (H2E R AR B3

Table 2 Changes of temperature, dissolved oxygen (DO) and pH value of water with four types of aquatic plants

W (C) R EE (mg/L) pH

k7 i 8 H 10-11 A 8 H 10-11 A 8 H 10-11 A

ES 2 e Ji9= #)2 7 e 97 #)2 97 #)2 7
£ 30.11  29.30  16.42  16.33 0.93 0.19 6.18 5.34 7.24 7.10 7.60 7.62
R 30.11  29.30  16.13  16.07 0.89 0.03 1.13 0.73 7.17 6.99 7.72 7.53
RUHR S 29.42  29.08 16.14  16.17 0.58 0.30 3.21 2.87 7.01 6.91 7.78 7.53
M 31.03  29.33  15.82  15.66 6.99 1.14 4.16 1.57 9.72 8.17 8.74 8.53
it R 31.23  30.43  16.28  16.17  10.41 6.15 8.60 7.42 9.20 8.74 8.60 8.76
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EEIE A R S 7 AR 25 A RS | TR A ) 2R
A BOK A Y X B E IR KK H TN NOS-N
NH;-N #4 AS [R) A B i AR /E . SR R Al A K
AR PSSR S RWE RS (A
T AR BH A T AR K AR AR AR AR T IH
TR, AP K A A K i = 2l i A
WS A A BB A E Y KA TR
RN ZBRAE ) SHWA B 10 AR 2 R R AR A2
A O, W RUHR 3% A g B b 4y BE ARG, AR 1
PR, R TR A R 2R 5 K A A % fk v RRAR KU fifi A
X KR TP R R R CRE T R, RUHR 5 X
IR R 2L 25 B e g i, HLRE MR SR v B 1Y
AE"™ i HXERES) TR & RS i Ik
15, ZEMZE LKA REFR, 57K 32 fil i £
L NI O 1 UL EWA R G O [E B RE A1
W RIRE, BT, A FHZEMEE S ERK
PRI TR, 22407 (8] it AR U8 H 0 i
RBEFR 5T, BEARIIC e PR 7 43 BT AU (25 R
Gk, R AFIAR 2% 44 T8Ik SE BRALAR Ak b sk 4T
i LIRS B 51 Uk I5 e g KU . SR AR
AL TR, FPARTTT 7K, 5K A 22 Ak i ALl
BER (H BB UK AR E FR TR IR B s e
HFR ST, R BEAL PR K A5 43 ) WO RE T3 IR T 22
. RBEEMEGS, &5 10, R TR, i
HRAE IR HLANES , J& S BN T sk LA IS 3 X B e K A
FEY) o V7 AR A BIE SE 55 2E AR 2L (E A 25 AR R 2
MR, WAG PR B RRDTAE K, SUREERR R MR T H
W Ry, T DL K R Y BE T 5555

4 FhIKAEAE PR KA TR s A | S A Ak 7
WAVEFA R R R B0 & KR A R eRe 2=
SR 55— SRR AR5 e B O ik B Ak
(A 25 Tl A 2 S R A SR, & IR R AR ] K A
) ) 7K AR AR 1 s A SR 2 73 (N, N,
0.0,) MR HGE 1 HA RN, Sk EoK R A
A7 A T R /NI Sy < B 35 A 3 > e 52 Ah 3 ~ %
FESZEMACFE S KR SEAL PR AEBR DL T KT, g
LG AE T KRB CAR | $8 5 K  rp  k
A AE B 2, TG I T A AR <A
(e B A SRR 4 (N, U N, 0,0, ) B REJHE 5

MR |25 A SRR S A it 7 5 T oK I, il K A rp
G 7 IR B ) Al KA A 4, T 0K A
AR S A Rk L R ) RUIR R | BB A el
KPR R B SURI AR, ke 2 A R P R
B AVE IR AR LA D SO XUHR 2 11
P/ NSNS TS o

FRAE 7K A A 4 i Ak 3 RS AL RO AR AR IR
B A=Y LL N, o 32, N, O Hi ) 7= 4 vk AR
K, X S5 A S RS HOR &= AR N,0 1Y
TEHUANE] ) B A B K PR BRI N, 3 i
T H A AN B P ARFL TR e IR TR A A
WK RS R BT BT e
T AR T I H SR A I L AR N T KR R G I
AR R A 0t IR R S0 0 ) 431, ik i it 4R
RSO SRS A A 02T AR 2R 8 5 A 08 o s it Ak
VEF R U, el 8 OB St R ) -7k S T [ 7
fifb-Shil A i B , S R 5 i Al ko B2, £E A g iF
SIS SRS AL R A VR 20 48 59 4, SR b B
M3 R, ZEM A R D A K R A R L T R
GrEREE R AR — B R ARk M
SRS o XU 322 Ak B PR R0 N, 38 o e
AN AR A A 3R 5 At A 3 3 5 KU 32 412
PERCRAAE T A S5 e M, 1 1T R 2 DR oA JRUHR 5%
B PR R AR AR, BELAR K A A AR A
e, KR 7= A SR TE TR B VOK HHE S {8 XUIR
HEHA IR A AL, A S R R B
RIKMGERH L KR gL SO b B = A R
RnlpE Sl WAL s SR YL, B RE
SRR AR IR R WK RS A 35 A RS It &
IR EY I A BUE S K AR B 7 AR RS N, O Al
CH, P 55 —J5 1 vl fg e i T AR 56 2 # A B4
SEIG, W KARTC AR ZURM 78, JRUHR S IR A5 7 1 2
KPP FE 3 ~5 d IR KA ) SRS R
INF 1 mg/L, FERAY R EAAFE A T AR
i B PR AL SO R R N R I, A
A AL B i Ak 8 B 9 206 TN 2 B3 A9 o1 K de
JIN. AR S B SR O0) /K T EL A B S ) a9
VER (0B 38 R 55 %% B AR T RUIR 2, HAR R
FLTIRVE, RERSAE U Ve A his AL | R i fEAE
LA 2 A X K A R e A A ot 2R A 1) 3 s 5
FIRUHR 3

ARG & BN [F] 28 B K AR A A0 PR 2 1Y 52
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M A7 i 2257, KU S BE W f FARK AR B9 DO ¥k pH
EANRRE , KRB S R e Z2E s K
& DO WP ZE T ZE KR OB E R R
SE QSR WY o i FE 4, RUIR 32 7 388 DY A
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