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Nitrogen removal in landscape water bodies using a vertical ecological
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Abstract: Increased loading of nitrogen (N) from surface erosion and some sanitary drainage has led to degra-
dation of landscape water bodies in Yuhuang Shannan Fund Town resulting in a negative impact on its land-
scape environment. This study explored total nitrogen (TN) removal prospects by addressing three research
questions: (1) the amount of N the module could remove, (2) the N removal mechanisms in the process, and
(3) the optimal length of the vertical ecological module. A vertical ecological module composed of an emergent
plant module, a submerged plant module, and a biological stuffing module was used. Emergent plant modules
(1.75 m x 1.00 m x 0.20 m) were planted with Typha orientalis, Canna indica, and Lythrum salicaria; sub-
merged plant modules (1.75 m x 1.00 m x 0.50 m) were planted with Myriophyllum verticillatum, Potamogeton
malaianus, and Elodea nuttallit; and biological stuffing modules (1.75 m x 1.00 m x 0.50 m) were planted with
carbon fiber artificial plants and superfine fiber artificial plants, which combined into eighteen vertical ecologi-
cal modules (1.85 m x 1.10 m x 1.40 m) in the order of Emergent plant modules, submerged plant modules
and biological stuffing modules from water surface to underwater by orthogonal design. Results showed that the
vertical ecological modules had favorable TN removal rates distributed between 73.58% and 97.61% with all
being higher than the control group (30.87% ). Except for M. verticillatum and P. malaianus, vegetation and
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biological stuffing selection significantly (P<<0.05) influenced N removal efficiency. Average TN concentra-
tions at the outlet of the restoration modules, excluding the control, reached Level IV (1.50 mg-L™") of the Na-
tional Standard of Environmental Quality in China (GB 3838-2002). When the average TN removal rate was
85.00%, the top three TN removal rate modules had optimal lengths of 1.34 m (7. orientalis-E. nuttallii-carbon
fiber artificial plants module), 1.44 m (C. indica-E. nuitallii-carbon fiber artificial plants module), and 1.64 m
(T. orientalis-E. nuttallii-uperfine fiber artificial plants module). The study could provide scientific basis of
technical design and engineerting application to improve the water quality of landscape water. [Ch, 4 fig. 3

tab. 27 ref. ]
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Figure 1 Geographical location of the experiment
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Table 1 Water quality of Yuhuang Shannan Fund Town before treatment

EiE7N p il (mg-L™) p sl (mg-L7) P sssan/ (mg - L) F

fb 275 A 7 (CODg ) 45.20~75.80 65.80 40 4%V
. H A AL %4t (BODs) 20.20~35.50 30.20 10 4V
B (TN) 3.00~10.00 5.60 2 CAES
AR (NHS-N) 3.00~5.40 3.04 2 CAES
iH A& (NOs-N) 1.01~3.79 1.22

g (DO) 0.80~1.20 1.00 2 CAES
[E AR BT 9 (SS) 95.00~80.00 85.00

il 1 (pH {f) 7.40 6~9

1.3 EHREARET

SRR A AR HEAK A BB | KA AR B B Py BRI S A B, A BT . D3 KA
Wik . WEEUE N Typha orientalis, 3¢ N#E Canna indica, T Jii3¢ Lythrum salicaria, ¥ 3 FhiE /KA
ik, BIHOR/DN: KxFExmh 175 m x 1.00 m x 0.20 m, DIAT4E (1R D=6~8 cm) 3 i, WS
BRI (K 033 m x 5 0.33 m x 5 0.06 m), FARNERARZ (LT 015 m, FHAE 011 m,
#5013 m), FEAENEIBE 0.10 m B FERL, BRRi-F-SARiA2 0 2.2 em, FEYIMORL TAEAIN, RAERE N 16
B e-m2, QUK Y %k BN R i Myriophyllum verticillatum , 7 IRF 3 Potamogeton malaianus ,
IR Elodea nuttallii, ¥y 3 FOTKRIPIBEL . BEHIUE . RKxFEx@ 8 175 m x 1.00 m x 0.50 m, PAAF
(NI D=4~6 cm) 32D, FEARLMAE(100 H), MASHNHETR 0.15 m JE A BERL, FkF R R
22 em, UUKMEYIAAE TR, FRAEH RN 25 ¥h-m™2, QRUE Y HURMB H . 26 IBURR £F 4 75 (Lb 2 i L=
1 000 m? ™), S7AARHEBANZF 4k 75 (£ 1 A1=8 000 m?-m™), FHE 2 AR YRR He AR Wy OB B
KR 175 m x 5§ 1.00 m x & 050 m), HERFATAE (N1 D=4~6 cm)#E 4, N TOKEGBATR N 5%,

W ok 3 R L B AR Yy DR S K A W B e — S K A RS I T 2 B, R A
18 A7 AR SR
14 WHE

18 A p R A SR i, HCE T3 A A AL R T=2 mm) K 4% (K 1.85 m x 9% 1.10 m x
w140 m) P, S EUKIKRE B, 2% T R Sl B S / MERIR XK &R o Horb oK 1AL T SO g — il T
Uity B R, 78 B B ST MR AR SR H K 110 0.30, 0.70 A1 1.85 m b, B S ST A AR 25 A B R
0.25, 0.75 F1 1.10 m &b, R KE (AR d=2.0 cm), 31 94, RAKERNRER LTRSS, kA
JOGRMED, M2 iR, Bk 1 AEEHA,

Filiztt 1.5, 2016 48 5 /1 13 HE MBIk, RGztr 2 M, 2201647 J 12 HE5 4,
#EAK T2 I A AR B SOUL DX Kl 2 R A S, Gl B K T SRR K, AR K
¥ 15.00 m-d™, JKIJyfifay 7.37 med™ AT B RERRAE T UOKEE, 5 13 H 14:00 55 1 YCRKE,
PUGFE 6 d 75 14:00 SRAE 13, HRAE 9 YOKKE . S50 30 7] 3L 37500 7 K e Py pH M AIK G o R AR S5 A9 K
FERCE T RAEM, HPAIK O AAKFEREAKKT, 95 RES BRI HAKKE, 1~3 5 REE I
10.00 mL B =14 0.30 m Ab/K AL, 4~6 5 R AEEHE 10.00 mL IR 4] 4 0.70 m 4K KL, 7~9 S RAEEHIH
10.00 mL {E 2] 1.85 m Ab/KHE o flbFARic it Tk & Wiz 20 2= 47T 0 CURAE N . 24 h W58 U4

FARKAE FEM AR R A BA . S AR pH EGRE) . REE, 285 R SCER[10]
P52, Horb SR P 0 2ok A R B i S5 A 0 6 v B AS ECR IR i e (i, RS ECR
TRRRR MGG, pH AR AR, IR BER IR ST o PRI EE p = (prtpotpste4p)in, H
W p FRoRFUEIRIE, po BE 1 UCREERFE I A BR BRI, po A5 2 YCR KR T INAG B st v i, H
LA SEHE . EBRF=(p i w i) o 1 xx100%.
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Figure 2 Diagram of vertical ecological modules
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21 MERTKBREMHE RO

B2 2 Al SCI AR, HEK R AT BT 5.60 mg- L, SR AESBE, Fi-HE
BB 27 2 B O A AR A SRR VAU B R -1 O 0.13 mg - L, AT A 37 AR A A H (0.22~1.48 mg-
L) K78 (41 (3.87 mg-L7) o 5 -0 IR - 4 2 5 02 & S IR A AR B RO LB 97.61%, & T4
by 7 A A2 AL (73.58%~96.10% ) Je %5 141 (30.87% ) o X TECARIN &, il - RS- 4 4E 5 2 5 5F
PR AR SR K SR BT S R T3 0 0.04 mg- L7, I T HoAth 37 1A A2 A58 8 (0.08~0.88 mg- L) Je s H 4
(1.96 mg-L™) o 7 i - IR B -k 21 2 B0 5 45 S AR AR S B H 1 4 A5 R0OT- 1 25 B R K 98.68% , i 1 Hofth 37 1k
A S (71.05%~97.37%) J2 455 11 (35.53%) o AT, R BRECRAT LA -0 R - P 4T 4 0 52 5 5T
A ST, ZBRRA 96.97%, & T Hofh 37 (4 A AL H (63.93%~93.11% ) I %5 4 (20.50%) .

BEWN (R 2) R SAESHES S S QA M, FER. Z8A . MAAEBRRENEE
2250, T EALY A Y BOR R R R BR A — I o 25 R R U VR T 38 2 R A IR T AL Ak
ABBY(P<0.01), 76 18 NG R ESE e, Bl -0 R 8-k 4T 2 5 (97.64%) , 5 NFE-PPH AR -
BREFAE R (96.02% ) , 7 - B S - ST A 2 21 4 %5 (93.05% )3 Fh I 5 S A A A8 B H SR 25 R RO B
oAb 25 B R A e A B - P R - AT A S S AR A S R Y R BR R A 4L 70.61%, 18 A
SERAR SR B IR B AT A L A AT O R TSR AT AR R - - ST A8 A 2T 4
B NEE N - 2T A | 95 N BT IR R AT A L T SRR SR AT e R T SRR R
BE-STARBANLF T T AN A SRS, HAh & A S AR A S B i 2 22 7 (P<<0.05), X i
AR B A R A ERE AR HE B R 25 B L 1m ELFP SR R PR — e R . il AR A, i pR
IR BE G 1 DK AR A A i A R b R SR 2 B 2 B SO R B 0 35 KR A A e e 8 i S Rk
R LB, HBRIERNE, T SE AR B 2T 4 FOARTHOT S Y 25 B 258 5 T 37 4 88 40 21 4
BRI, X T RS AR B, A VLR 18 A SRR B P 25 R B KO (P<<0.01), i
TP AR - AT 4R R AE 14 AN AR AR B L 5 R AR SR R B R s e . X BRI AN (R A ) K A )
RN A R A PR R LT B R B PR R R o A5 ALY A R 2 BR SOR S A AR A AR e [ R A e 22
Blo 7B 18 AL ARASE | B SR R 5 I 25 25 593k 72.00%,  [R)FE IR AR 9 A0 A 4 SEURL
XS RERFA —EHW

B S IX KR S R VR D B, 43k 3.02~10.87 mg- L, 2B [ o7 44 2k S He (4 vp it
TRTRE J) 25 57 3 o Joem AV R K T i Mk B & ZE A 2016 4F 5 ) 13 H (10.87 mg-L™), a5 (141 BA X
% H19.96%, ~rAKA ST M A LB FEN 66.519%~95.22% , F5 Ik 2 A& 7K BT 5 v B &k A 78 2016 48
5H 20 H(3.02 mg-L™), iz (A EERERERN 2980%, LALLM ER EBREN 62.58%~
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Table 2 Concentration and removal rate of nitrogen in various vertical ecological modules

SA(TN) B35/ (NHS-N) fili & A (NOy-N)

7R A R pauxl P RN pauxl P uwxl RN pauxl P RN
(mg-  (mg- P (mg: (mg- P (mg-  (mg- P

LY L e L L e L L e
= 560 412 2703 <001 3.04 196 3553 <001 122 097 2049 <0.01
T -8 Bl T 4 560 075 86.67 >005 3.04 050 8355 >0.05 122 025 7951 >0.05
T A7 I IR T S - B 4T A 560 093 8352 >005 3.04 088 7105 <00l 122 027 77.87 >0.05
- R - A Y 560 0.3 97.64 <0.01 3.04 0.04 9868 <0.01 122 0.04 9697 <0.01
T 15 - AR - 37 (4 8 240 F 4 560 101 8212 >005 3.04 085 7204 <005 122 035 7131 <0.05
T il -7 W 5 - ST A R 40 2T 2 560 1.19 7899 <001 3.04 085 7204 <005 122 033 7295 <0.05
T T - D AR S-S MO 41 £F 4 560 039 93.05 <001 3.04 015 9507 <001 122 0.10 91.89 <0.01
& N AE-IN R -k £F 4 7 560 080 8582 >0.05 3.04 054 8224 >005 122 022 8197 >0.05
e N FE-P I HIR 1 35 -tk 2T 4 7 560 1.01 82.02 >005 3.04 084 7237 <001 122 037 69.67 <0.01
I NFE-DP IR BT 2T 4 L 560 022 96.02 <0.01 3.04 008 9737 <001 122 0.08 93.11 <0.0lI
2 N HE-II R 8- 37 A8 20 2T 2 560 1.09 80.70 <0.05 3.04 075 7533 <0.05 122 034 7213 <0.05
P NE- IR T3 AR iR 5.60 127 7746 <0.01 3.04 086 7171 <001 122 040 6721 <001
9 N IR - ST AR 40 AT 4t B 560 048 9144 <001 3.04 044 8553 <005 122 0.19 8443 <0.01
Tt 3-8 - T s 560 1.04 81.53 >005 3.04 0.69 7730 >0.05 122 030 7541 >0.05
T -7 i R T 3 -k 2T 2 2 560 122 7842 <0.01 3.04 080 73.68 <0.01 122 035 7131 <0.05
Tt SR A -l 4T 4 B 560 042 9254 <0.01 3.04 035 8849 <001 122 017 86.07 <0.01
Tt - 98- 37 (A% 8 A0 2T 4 o 560 130 77.04 <001 3.04 077 7467 <005 122 044 6393 <001
TP IR F3E- ST BN er4e2s 560 148  73.81 <<0.01 3.04 084 7237 <001 122 040 6721 <0.0I1
T SE- 1 A - ST A A £F 4 B 560 0.68 8797 >0.05 3.04 056 8158 >005 1.22 029 7623 >0.05

94.70% ., XFLLAl L. SR LBRA, BRAS AR 22 BRSNS g X 3 A A B HOGE mAS K  U6BH 57 (R
A SRR BRI BT vhili R RE T, R R U8 Bl A R ) AR AR DR R 1 S BR R

AL, RSO0 DX 75 G S 37 R AR B L S S AR AR, 18 A R AR S S 1 s K T R R
Z i GB3838-2002(th /K M BT B it i ifl ), BRI T i8IV IAOK BARE (1.5 mg-L7) o HH H 7K /K 5T 8 4
i A5 B 28 R KK T bR, — A B ELHE AR 2 fl e 1 AR M OB K o O RISl X, n] DR X
BERFE AA R A ST 2, PN F S a5 oW X I i 22 vy, DAOR B I SOUL XA 2K 5
22 ERASENRERELBKETHEESHW

TR IO B R A R B i Y 3 A (i - PP AR SR -RR AT 4 o . - AR ST A AN AT 2 . 3 N EE-DHR
BE-TR LT 2 A A AR S, BRLTER R W E MK EA .t 3A FE 3B AL Sk
SEHPBA . AR RIRENEIFRIERICZ S, FLHE K 0BG 2 bR Ry . & 3C /s .
R A% ST AR AR S A U VR B AR TR K, (HSL R A A AE 0.70 m 5 B RERE R FEE B L, M
2 HAMS AW RS TR, B2 R G BA MRS T, LA ST FLH A AH
H X SR AR Y SR B RO A R 3] RE R ST A A AR T e A S A R ORISR ) B
fRAE TSGR, fEE T RS B MR A G B il -O R BBk £F 4k 5 52 & 37 AR SR AE 0.30, 0.70 i1 1.85
m P FTIBOKFER B BASA . AR R AR T2 (141, 7 -0 A BE- 7 1A 18 41 2F 2k 50 Fn 55\ #E -
IRBE-TREF AR A T R AR SR, A6 3 D R AE BB AR
23 pHEREY. EWEMNEBRIRRSH

PEC L BRF A w1 3 A (- O SR - 4T 4 5 | A i -OH SR - R R AN AT R 98 A RO OR -
U RG A RSB, 5 pH (HAR b H A F RO B R A L BRSO . B 3D AT L SEEG
SRRy pH 7.15~7.40, %5 HARIE K pHAAE K T 805 T pH 7.39 H. il 472 1k i B2 A 8070
e vty pH AT — & THIE , 1077 i - AR - OR AT AR T | A - AR ST IR AN AT YR RE | 95 N BT AR B AT
YR A S AR AR pH E /N F 25 1, pH (BB KR ¥/IN g B R, LD R AT B8 Sy o7 44 AR AR
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Herp (LK) R UK AL Y 6 R T RE, 38 1 37 PR AR ZS A R AR 2R B AR RE T RN K A 9 06 A A T i A
B P HE AKAR ) RS RN TC K R A B A S s, AR R0, Bk T K= M, S 3 pH HUT
KETH, BT A4 pH A, XAk S50 S B 25 A0, R RS pH (H/)
T pH 7.50, 2 R a4 & 0] LAZME o DACHEWT , 526k AR ST AR AR AR H i U S BRI R R AR
e/ i aiffe . IR\ A EALFIYDCEAER, WHEAEAERFMT, KRR 0 & g — TR —
S ERER M PR A KV AL, & B AL B SA SR N A SR~ WA R EHh—— A A > — AL A A
AL AE R — T BAEFA ST S B~ AR B S A S SR A0 <R ™ L
P FERR B O pH 7.0~8.6, S Ak TR R DR S22 SRR TR BRI Ol pHL 7.0~8.01 ) pH B W I 285 S B
SEARA S pH EHAEIEE N, & A AR AERKER ., RN, B TIHRARK R pH
HE XA, AT R R AR (DO, A WA 28 S Bt S48 DU, SR IR ik BETE A HET

FlARL T AL A A SRR 4 ST AR ZE S B I B RUBCR A s L. BRI . (D7 A A B 1 7K 3
SRR AN Y ORI, RS2 BB, K5 R ] s QO A K S B AR @K
TP ZR | DUKAE YRR P OB D B P A A R AR L T B ™, AR R A Ok S B3 A )
TZ2MEED AR /NS, FETUKAR Y B AR AE PR 25 B 25 TE A EU/NREE , T B AR 40X, AE
T8 B UK AE P R HE K A AR 25 L B S5 I 1 A W OB HUE B R Ak . BB IX

AW SR WG T Bk = A 1.56 m, 6 A4 2.02 m, PHREE 1.45 m, SO0 45 AR R 7 34 bk
FONEW 175 m, 55N 132 m, PR B SN VUK B (K 175 m x 58 1.00 m x 5 0.50
m) 2P 4%, I H /5 F 2016 4E 5 A 27 HAT6 A 17 HHEATICH], AR E R @ s G ERE R ERY
JR BT I A TR K B 1 A T AT AR SO U S BRASCR B AT o HEAKA Y N K R W AL G K AR
TIREVE , Lo — K AR A L BR R AT, XA ER R R . & LR IR B Myriophyllum
spicatum+3E 73 Typha angustifolia W)L ALG R VA . A AN LR 00 53k 52.96% 1 61.74%,
A RUK AR AR A LR R, HERSOR o E . BT, AT Y A KR e T,
B EI R 3 o 25 R, LG 200 & R AT 1 BRI .

HEACHH ) FOUTAAE ) () W5 S8 D) REAE 37 A AE BB A 15 K R R R S BAE o i B A )
HE R FIGTKAR ) 250 ik 4, LR DR S — A RUIX, T B B 0 A XU ik 4 IRAIX, B
S REMA MR AE AR A s K B R S BR R AE AL RO, 5K A IR R R it
T2 i it B AR T2 B Ry AR I AR, B SRR ) R B R P AT Il B HROK R kT 2 AR, AR TR AR A
i, fEHERRARE S . Al . DHREE . SENAE 3 PR A AR R A I SRR ) Y, HAATE R AVE RGNS
ARBEFE A 3 Fp (F ISR . TR 2% RSO AL, R B KE, XrEEX 3 FE AT
TR SR LR AR R m R Z—

AR LR IBUR . S B3, Bl AR P e A 3R 1 B AR R LR P IS, DTG S % 45 7K 1Y
AR, A YRS R I AR AT AR T K R R AR DL A R B AR B[R] AR A T
JE, TERIRAE X, KSR LB FEAER A X IEAT, Bl - RS-k AR 4 v . il - Ok -5 1A
AL AER | 56 NRE-PHRBE-IR A R R B 5 L M AE S A S B R I AR 2%, X5
IR A FAAE P AE AR LG, QB R 2] R K D Ab IS )2 i AR I SEURMBT R Ak T Bl U B, SR SO b 14T A
g v W B A T, AR A S i A B E L SR TR AR I . A RS R AR B BR fr N s Ak 2 g T 8
Dechloromonas FHXT 3= FE 1 35 I AT 68 72 5| 2 SRR} AE 9y 168 B2 g Ak Jd R0 RE ) 4 i R s I IR . O TR T il
A EURE X R R RO, RT RS W A M R R R B AALA A S MRS S LA R
FEAR A
24 ERJEKESHW

MK B2 Z R, K s . YR B R A SE . ARWESE LK Bl pg JE 4 VR R
WK A B, DORRSEKAEY) . DUKAEY) . AR BRSSO Fa il A8 i, AR 75 7K T e 4 B fie A
WK B L2 B R AR AL 5 L S L R B B B B . ] Origin 2017 20 Hr8PF, MR 48 7 AR AR 25 4 e o500 95
KR SEBR BRI, LA - R R AR L - R R AN A e 5 DR
WA ARG S M AESHEIEAA . A . AR LRBEMNKERS, RAA. %A . AR
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Figure 3 TN, NH,;-N, NO;-N concentration and pH change along flow direction in vertical ecological modules
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Figure 4 TN, NH;~N and NO;™-N removal rate change along flow direction in vertical ecological modules
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Table 3 Fitted optimal length of vertical ecological modules for nitrogen removal
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