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Enhanced Nitrogen Removal in Eutrophic Water by Carbon Felt-Plant Floating
Bed and the Driving Mechanism of Denitrifying Bacterial Community
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Abstract:In view of the increasing eutrophication of rivers and lakes and the limited effect of traditional methods on
nitrogen removal in water bodies, this paper constructed a new ecological floating bed using carbon felt as a matrix material
to study its enhanced nitrogen removal effect and microbial mechanism. The results showed that in low-concentration
eutrophicated water( the total nitrogen content is about 2.00 mg+L™") ,the addition of carbon felt(0.043 g-L™") significantly
increased the removal rates of the total nitrogen and NO;-N,and the total nitrogen concentration in the carbon felt-plant
treatment group was the lowest (0.2 mg+L™") ,which was lower than that of the plant group(0.95 mg-L™") , carbon felt group
(0.52 mg-L™") and control group (0.67 mg-L™") ;The NO;-N removal efficiency of the carbon felt-plant treatment group
reached about 80% on the first day of the experiment,which was significantly higher than that of the non-carbon felt group
(the removal rates of the control group and the plant group were only 8.3% and 5.6% ,respectively) (P<0.05) ,which may
be due to the significant increase in narG,nirS and nosZ gene abundance in the carbon felt-plant treatment group,which
promoted the rapid initiation of denitrification. This study showed that due to the rapid adsorption effect of carbon felt and

the optimization of the microenvironment of the plant rhizosphere ,narG ,nirS and nosZ denitrifying bacteria( Burkholderia ,
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Paracoccus ,Alicycliphilus , Thauera ) in the floating bed of carbon felt-plant were enriched, and the water denitrification
efficiency water was significantly enhanced.

Key words: floating bed , carbon felt, enhanced denitrification, microbial community, functional gene analysis
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1.1 EIigit

SR K AR (500%380%320 mm ) #5#AE TR IR R4, WA 1
JE7R. BRESIA TV 7N T L B AR BRA |, B2 4y
Sk (5 1:>98% ) , HA =i ZALINREE ), EL R AL 1 300
m” g™ R R B K BRI T, JF BN 2 TR AR R
I, ISR P B R, BB I A 29 0.043 ¢- L7 SEBGAEY)
ST 3 D UL - S AR R R 3 3 (%% 44« Brassica rapa L. var.
chinensis ) , WA T4 M 52T 3. SCE0 /K IREH 19578 R BHBE K 3
VIR KAATEAR R B A (TN) 1.87 mg- L™ B8 (TP)0.063 mg-L™",
NH;-N 0.049 mg-L™" \NO;-N 0.71 mg-L™" ¥t (DO) 4.1 mg-L™"
pH 7.6 L 3% (EC) 379 ps-cm™. Bl RREEREE

igﬁﬁﬁ 3 /I\ﬂ‘figﬂ *E% gﬂ( Bra, {R%i) \ﬁi}%%( CF, 11677)% Fig. 1 Experimental installation diagram
) BRH Y (CF-Bra, BEEL+T5 32 ) , B 1 X HARL (CK, CARES ORI ) , B4 3 A~ EE. LK A 2022 4F
6 7 HIFM, =7 H 3 HEHR. 529 1.3.5.7.9. 1113 KA HIRAE. BEUIBERT#b 7880 2 4005 K 2] 46
IR ARMEZE AR . F BT T 58, R4 3.5.8 R Il 4 4K R kb e i MR 81 0.1732 g, LIBIL L 5210 &
BRI R R RSk i 7
1.2 H#HmEE

SR TS AR 100 mL K ARE , 2t B85 AR A7 T 4 C kAR, T R /K 8 b (pH L T . DO
EC TN NH;-N NO;-N). [FIB}, 7ESEH 5 1,713 K430 JC TR B S fl BORE BR AR 2 B 100 mL /K44, 28
0.22 pm JEAEITIE I , 76 -80 CARAE, FH T RUE W RETE K IRE L /b, SCO0 45 A5 , FH JG TR BY 70 LA Ak 3
HEFRRAS ¢, A 0.1 mol-L™" PBS Z& i #8745 Pk % 10 min, F1£8 0.22 pm JEER U8, I8 RARAF T
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-80 °C, I Ti2E4 DNA $2HL.
1.3 ShAE

K FEdE bR pH /KR DO EC S5 3L I 5 ; TN >R 880 M o 4 12 490 90 fifk 4% A1 43 D6 O BE ¥ (HT 636 -
2012 ) K s Al R 22 020 Y6 BE 2 (HI/T 346-2007 ) #4778 120 BT 5 2 2R T 40 FG AR 570 40 6 6 B 12
(HJ 535—2009) % f2EH DNA #2805 PCR 9738 iy i R ZRAEYRHHA R AR 2. £1%F narG nirS |
nosZ REFEHBEH-E FE1Y , RALH 762 & PCR M@ 456K E . =38 & PR A MiSeq 5, R4
OTU A FATHEE 25 A Z RETE 20 H

T Y BRI

(C+Cyxn=C;) XV

- (C.+Cyxn) XV,
Hep C, HEFERB IR ,mg- L™ 5 C, WRIIRWREE  ;mg- L5 C, IR mg- L7 sn R FRERTRIINK
BV IRHRAKARAREL, L V RIS IR AR5 KRR L 15 Y tifar L5736, %.
1.4 HiE4IE

K SPSS 27 HEATHE T3 M A7 2243 Hr, R A Duncan ¥ HCAS AN R AL FRL4H 2% 53 (P<0.05). B £
Origin 2021 2x1i]. MiSeq il FEHE L QUME WA AT R A5 6] OTU RT3 108 HHH o 2SR
% ( Chaol ,ACE ,Shannon ,Simpson %) . SR R &8 S AEKIIF#E4T Mantel K:585347.
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B2 (a)SRWRTREM(b) LWEHE
Fig.2 (a)Carbon felt before the experiment and(b) carbon felt after the experiment
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FORHE, BB B A 23X K AR PRI pH 3 i B0 30, BB A AL BREH vh DO ¥R (9.5 mg-L7") B3
RTXFHRZH (13 mg- L") , iXFHELG T RE S A AR 2 A9 A6 A R S W 003 P O ) A R 1 P
RSO TATBRE — A A BT SR (475 s em”!) 3 X BEAL (400 pseem™) (P<0.05) , REHIRE
AIATT RERESR T RGP MERE. X 5 AR S51E 2, Ghanam 5" FI FIf i fE ly MFC FHAR , & 3K
FUR IR B AN K T i 235 R P e P 0 35 (2 1 r 3% P A B 40 2 R P, D 88 0 8 1. R T IR vl E 2
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80% , i 5 5 T IChREE 2H ( Bra 411 CK ZHAYH 5.6% 1 8.3% ) (P<0.05) , 7 B BREL B N A S & 5 Ak T V7 R
ARG AR L. X0 RE S RRE 1T LALE /NS A ML A3 B0 A DR S DI, Ay i 1 4 1 8 3 v - it A )
F G P SR T 4 22 T B A 5 v I 4 AT LA £ 3o H, 1 2420

ZE b B A PRy B R R R A SR B b IR 0 T AR R RS R, i CF-Bra 417 S 50 iy 401 R AT
Je Bl R AR I SRR ) TN 2B, 3 T B 55 A B A Ak P 308 5 Fl 2 24 DO 4% BB A A5 32 L T3 K, XA Ny
AL R 1 T RS 5 TR Bt AR 1 i 2R A B 7 o X A R R AR B AR, MR T LA
SN, CK 20 JCHE RIS, (H TN MR o A — e R R e, i nT B8 5 A /K R TR i A= 9 9 A
VA (R TRAE P B e — SRS AE B K AR DT R S s B RIVE T B A B AR T B R B ) A 5617,
2.3 ﬁi%ﬁ,ﬁﬂ’]&m EEE SR EFHEXMED
2.3.1 HMAMBEEL

o T 2 %%‘%Hﬂ,%é}ﬁ E3815 narG . nirS Ml nosZ $:[H OTU 0050 2 297.8 839 Al 14 427
%, R 1V EAERT W CF-Bra 41 narG .nirS 1 nosZ FH ) OTU im ¥ F CK 41 A1 Bra 41, 329 CF-Bra 41
T LR VA E & M REE B B

F1 {AEHOTUHE
Table 1 Number of OTU in each processing group

OTU %t
Kb HRZH narG nirS nosZ
PN LTS TR A Rk 7K A ey
Bra 460.00+22.65% 508.00+24.43% 421.00+59.03% 538.67+38.00° 566.00+63.38° 661.67+79.39"
CF-Bra 530.00£69.74* 515.67+4.93" 536.00+62.48* 546.00+96.95" 576.67+10.21° 765.33+9.07"
CK 412.33+£37.45" / 310.33+67.01" / 366.00+70.66" /

RPANF/ING BT AR IR AN R AL BLEH S5 57 2 57 35 (P<0.05) .

HE 6 FIHL LE A narG FEF LR BRI b AT TR & (Angustibacter ) TEAR 2 WA =F B B AR FAR 2R
BRI KA1 (P<0.05) /A5 B TR S ( Burkholderia ) AT FEEAESCIRAE 7 RAHELF LI5S 1 RKIEREAR 24
FIM 2R 15 181 )& ( Donghicola ) 7 CF-Bra AbFRZH AR FAHE TR ) Ak 30 (0 AE D = B2 B W 3 hn (P<0.05). 7E
A nirS FEFRRAGE R, CF AL KA b )77 B A% 17 G TR R ( Vogesella ) AR =F B b 25 /&5 T HAth b 28
2H (P<0.05) ; i BALE & (Sulfuricaulis ) TERIPIAEFEZH TN CF-Bra ZbFHZHHS ZAHXT = B2 B S i T4 2 8] L 7k A
FIXF HRLH (P<0.05) 5 75 8 5.0 1 )& ( Pelomonas ) TEAR Y FI CF-Bra AbFHZH rf i AH X6 = 32 BH 85 X6 IR 4 ( P<
0.05). 7E&A nosZ FERI I F R B A VG IR IR Y 1 )& (Alicycliphilus ) 7F CF-Bra AbHEZHAR & b A X =R
Bt v T AR R B KR B, X A AL B A B A B B B R R T (P<0.05) ; R AT R
(Janthinobacterium ) FNZT 40 # )& ( Rhodobacter ) 1 CF-Bra AbFRAH H 55655 1 R 2R BT 7K A4 A B A X 32 3 4t
T AR LA BRLEL ) 1708 A MRS T 8 ( Bradyrhizobium ) W1 AR T HABIZH (P<0.05) .
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Fig. 6 Horizontal community structure of(a)narG,(b)nirS and( c¢)nosZ denitrifying bacteria
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TEDL W @ J7 1, CF-Bra 41 Z F & 1 i ¢ 8 I fil 1k 8 @ 3% £, W0 Burkholderia . Paracoccus .
Alicycliphilus , Thauera %5 , 3% 6 J& B S S b ok S it 2 , 7E RSB R A JFad A Pl s /R A 0 1o
FEHRG SR A B VI, WA, 1L narG B RAEALHE T o LU 38 IR E ( Burkholderia ) | BT 14 J&
(Angustibacter ) %5 (54 s nirS FIREVE v 338 81 BR 16 )& ( Paracoccus ) AR HME T8 & ( Pseudomonas ) 55 Sk 3 B
P E s nosZ BIFEVE TH LI & W I8 AW 1 & (Alicycliphilus ) FR 98 T8 J& ( Bradyrhizobium ) 55k 3. 33X B4
BREF 5 CF-Bra 2095 A0 2045 5 — 2L

Hi % 2 AJ A1, CF-Bra 4 narG .nirS Fl nosZ B ASAL AN B o« ZREMEFE PRI T Bra 411 CK 41, %K
HERE & E 5. RITE CF-Bra 2 /KIAFIHE R Y Chaol | Ace ,Shannon 8505 A 4% 2H fe /=1 , i Simpson 8
O A, VIS narG nirS Rl nosZ RAFEH (A W EVE £ & 1 5 ZRE MK Mieke %1
WF9E R B, Te A0 Ssiic B B b DB i R4 0, R o5 42 & 2R TS X SAIESE CF-Bra 4RGN MY T
B2 1 S AL T M R S5 5R — 2. X T RE R T B — A ) Ak B e ) B A S v 0 4 3 [ A
H AR narG (nirS T nosZ F S ABALRFAIGTE 5 DRIk, s AL TR R AL R 5 B A LR, ks
) B FL A B T, AR S e A B 7 R e AR IR 3 5 LI 347 ) e e B 1 B 2 o7 skt v R SR A
PG S, NI IR E Wi TR R R RE . 3 R I R R B R R IR B AN TR
IR SR AT, 308 3 - F X 4 R 22 L s ) 45 1) 7 R 2 R EBORN P~ B 25 0 T K- 2k W A 3, DT i 25 it
AL AE PRI I A

R 2 narG nirS F nosZ B R HE N o SEEHEH

Table 2 « diversity index of narG ,nirS and nosZ denitrifying bacteria

Index
TREsE A I I iSEiEE]
Observed species Chaol ACE Shannon Simpson Coverage
Bra 460.000 641.057 615.883 1.916 0.316 0.997
PN CF-Bra 530.000 717.067 704.997 2.378 0.188 0.997
narG CK 412.333 528.954 526.987 1.807 0.377 0.998
W Bra 508.000 620.516 626.913 2.565 0.175 0.998
CF-Bra 515.667 663.239 646.404 2.658 0.145 0.997
Bra 421.000 651.560 670.871 3.170 0.094 0.996
pINN CF-Bra 536.000 829.914 861.353 3.303 0.075 0.995
nirS CK 310.333 459.616 522.098 2.938 0.105 0.997
W Bra 538.667 883.732 938.107 3.266 0.084 0.994
CF-Bra 546.000 904.995 969.506 3.142 0.094 0.994
Bra 566.000 871.960 897.228 3.348 0.075 0.996
pINS CF-Bra 582.500 1 052.849 1 180.591 3.084 0.103 0.995
nosZ CK 366.000 540.966 583.465 2.528 0.168 0.997
W Bra 661.667 1 142.908 1 224.009 2.418 0.274 0.994
CF-Bra 769.500 1 363.763 1 456.820 2.769 0.189 0.993

232 AR S REE XS

7 R mantel 23H71 %} narG .nirS Fl nosZ YRS AL A0 18 BE V% 5 858 I 78 & gE AT B X6 He e, o
EAERT 8 PRSI T Z A AR SEME. d AT, TN 5 NH-N A4, TP 5 pH {E R G5
=, pH BRIV 480 DO IRBEAR DGR RS 54 DO ARSCHERS . 2 T MR 1 = FioAS Il i S s Ak
IRe R WA TR 58— 385 K 7 Z 18] i) mantel FHeM, 7] AF H TN 5 narG . nirS # nosZ % 2 ik
B REVE A (P<0.05) ,NH-N 5 narG Hl nirS 8 S iS4k 40 T BEVE i 2540 5¢ (P<0.05) .

Re R FEE M 7~ , CF-Bra ¥ narG . nirS 1 nosZ 3R £ F B #FH 5 T HALAH (P<0.05) , In#E T
SRR A 3. FRBE 7 AH S B 3R B, TN NH-N DL & pH 555 3 BV 45 b A7 4 I 35 A DG b
(P<0.05) , BLEA DI RESL VR 101808 SR AR AP B U1 OCHR. 256k kS YR & R HAE
T BRI E SR S AR T BRI B RON . g — 7 T AR AR B ' AR H ) R R R B
BT WA LY, 5 b S [6) 1 i 4 — i S0 S B J3E . 3k S 55 A 0 T 2 AU A R i 200 i ) A K s
B ARHE T narG nirS Fl nosZ B AEAL TR AE Y S5 5 DU RER AL, E T oAk TR R AR I 5 BA %
BRSPS CF-Bra 4R PR narG  nirS il nosZ BUBFEE LS W, —2 005 T EE SHIMIAR R A6
PG b i P ] B S5 .
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Fig.7 Analysis of narG,nirS ,and nosZ denitrifying bacterial communities and environmental factors
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8.30% (P<0.05) . 3% T AT ot 15 UM BRAY U P B2 S A S A

(2) BRE I ADLAL T AE )7 RAR PR A TER 5, S Sl A T Bk 1T v 28y v 1 A Job IR, (2 0 T i i
R0 R AT

(3) WH TF IR R G narG \nirS Fl nosZ RITIREFE R = B I 5 #2 55 (P<0.05) , 2 BB T 42 7F A G I
TS AT A P i) A 5 B, I 1 8 G AR 0 )3 305 W) SRl A B 2 AR B AR T R G I AR
FREsgom ) 5 B IR AR MGR BERA B A9 S

PEARGBA TR T B R I5E AR RN R K TR B0 SRk, AT — 2D s B LA 16 L5 i 5
W B R , B A [ S8 BUAR W) DA AR B — A W B B =05 B Im) A T 5 45 4 T BRIt B SR J
HLL AR A SRR R AR T AR 0. IOk BB 17 AR 7T 5 N T3 AP A Rl R b S AR
A TP RIRG IR RS, Lhid 1 T 2 5ok i 7K it 5 AR oK.
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