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The migration and transformation of nitrogen under different
microbial communities in sediment-water system of drainage pipe
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Abstract In order to explore the effect of microbial community on the migration and
transformation of nitrogen in the sediment-water system of drainage pipeline, the microbial
communities in intervention group. control group and original sediments were studied, the law of
nitrogen migration and transformation at different components in the sediment water-system of
drainage pipeline was explored and the variation was calculated in this paper. The results showed that
the relative abundance of Gammaproteobacteria and Bacteroidia were greater in the control group,
Clostridia and Synergistia were more dominant in the intervention group. Under the joint influence
of concentration difference and biological effects, the concentration of NH,-N increased in overlying
water in the intervention group. The nitrification of Gammaproteobacteria resulted in the decrease of
NH,"-N concentration and the increase of NO; -N and NO, -N concentration in the overlying water
of the control group. At high or low concentrations of overlying water, NH,'-N was released from

sediment to overlying water. At low concentrations, the release flux of NH,"-N was greater, and the
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highest value was 536.76 mg-m 2-d"". In the system, the release flux of NO; -N was very small.

Keywords drain pipe, sediment, nitrogen, microbial community, migration, release flux.
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T, HR43E Ui 45 T8 A Tk D RN 43 T R K A AR O ) ELEEHE A 2, S EUAL B AR AT K AR, i T
TRAR B & B SRR, WEFE T G e HEK A T8 DR K R G b B iE B i AR B A, X IPAh A8 18 UL AR W ity o
B g ok LA IE s T A B X

ROEEIENE SOCHERMXZZ —, HEOSHEK S B WA T T35 A A, 5
RAEWN, HEKE B DR ) B Ak R 258 1 3 P AR a7 W3S e oirL . AL AL b . A= %
R TETG K T R ar 4 AR IR 288, FETE 45 R AR W, 38 A W s i A, AT DASE ALY
FBRY, PRIV 7K A8 T8 AT AR A By s SR A 90 80 e ARAR 100 TS DI OR A0 3, 35 7K A5 T rh i 3 A= 4 LA
A VLA AR, R E A AR E =Y, A AU, UITCHLAEAE b Z R, R H 2 A& FA L
WEEE T HEA LA, BRTEED KR, 48 18 b R EOME — & TR EE b2 BR IS A SO, T2k DA s 5 R AR
AT AL G LA = A 0 R A = ) 2 Bk [Tk v, S B0 T8 rh i A LY & S .

ARV A PR 2 6 HE K AE T8 TR R B At AR FE B . S SR, AR IE TR ] SRR ] L AT R
ITHY 3 Fh T HE 2 HE A 18 A AR E R 0, LA T R B R [RIET, 45738 B WL AR T
9, pASTE TR AN SUFT IR 49 . B8 SR TR AN AT DU SE A AL ) 4 U, T -8 T TR A L SRS TR ) L i AL
UEGE TR 1R m T A AL An 2 B, AT DI A A, e AR AE AR S0 5 AR S i B HE K A
TR & B C/N B I, Sl 2 A AT 1 7 2, A AT RS A0 s i 2EA 7. Zhang 5500 & 8H, VA & &
BRI, BB SR WM Caldisericia 49 BIARXT = BE UL . B IR A6 I A b 5 M X 1 A Tl TR I
W, EEDSASESPEMAEN ., EEFRRNEIEMC, 5 2R EHN . 52 FHH 2 A,

LA W AEHE KA T8 N ) o i b i B S A VR TR — S iR FEHE K A B DT K R 4¢
WA ZH 53 (K L T K FTTAR ) i, B W0 e AR S Akt 38E, A S A e o B9 VR 0 ot
55, AFFEBAUHE K AS B N ISR, 3748 T N AR YR ETR 1) 22 S 06 T RBAETTRR Y K R e h i B i Ak iy 5
i, )20 313 R AR DU -/K 22 45 (6] 9 R S o . R A By 1 S0 HE 7K 487 3 rh TR A - 7K 22 [) 2807 A8 8k
AR, AR E O IS Y s T K A4 1 1 G B e e B AR AR

1 MRLE )7 (Materials and methods)

1.1 A E

AR AT B A IR HE A T TP DU -k R G AR5 BT LRI B T B S5 K G, B
S DU A1 IR A, SBR MR A 22 W e 3 M Wiy, —3R oy L8 ¥ ST, £ 30 °C FHESh A
il RIS 72 WO RIBHSH B, R AT HUTR”, 75— RVEAL B, B Ry R UTF .

R BRI 43 A 12 4 1000 mL BERR H (RSB 2 500 mL LAY, FEAA 500 mL |
K, BCE T TR AR TR e bR 20 B FR T B Fne X BT, b 37K ik B 528 AN [ b X 1)
V5K B, SR A L AR RR R B I N TBC K, V5 e ik B L 26 1.

R LTS

Table 1 Composition of overlying water

LN R EADK/(mg L) Rk BE K/ (mg L)
Index High concentration overlying water Low concentration overlying water
it A e 430 120
2R 46 20
HER 5 0.5
sy 10 2
FHLLH, 6 AEEARELA BV LK, B5h 6 M AMRHERE L BK, X BRI . [, i

I3 4 2, o e T VTR s e B BBDK < T IR DTR HIRA B EAK XS IR TR
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Yy+im e B2 B BDK X IR TR HIR IR B BADKY, B4 6 DRRAR. 1B, T AR AR I 55T
FRoe B, WLIET 1. 2 7RSS K B NI O, 6] PVC PR e IR 55 B AT 11, (H B A S I 5 R AUAH. 78
PRI B BE, A5 S 6 2 P i i e ok BESEANARTR], 2970 0.41—0.92 mg L7 381, BR T 5 5MT BTSN, 3
BT TR

@ T
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— bEK
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(a) X HRA; (b) 1L
Fig.1 Simulation test device

(a) Control group; (b) Intervention group

1.2 HORE K

4 {5 0 KAE IHBSHRIBURE, 55 4 KA 285 AR IR, LAZIEHE, 26 20 RAE 6#5E R IURE . BURE
B, 7EBEAR T E 7K 60—80 mL, YTARMIFE  100—120 mL. JTELH) &4 BURE X 38k e AR 4 - /K S 1T LA
T 0—20 mm Y32 [ AR DX A1,

KA TR A R 5 T3 2R P COKORIEZ 7K A6 0 43 BT 77 6 ) (RS DU R R A 7 v 8L WA AL
2SR5 BR FHAN FG 0 0 e B ik L N-(1-2838) -2 i IR YO Tk L AN ok ik
HEATIAE .

PO FE S AE 5000 r-min~' £544 T 50 20 min, 158 F1ER, PR 0.45 um JEEE, [RIFE R L vk
D BRI 2L RS A AL AL

SR FHAh ST 7 S 10V IV S o AR U T, 43 M URR A b i 25 TR S . SR R B — B B £ 250 52 17T
W ) Z 32 25 A (Amino acid nitrogen, AAN), FI @ EIE BRI P A A . WS R .
BAJE, K5 EEACH R 7L SE 7 e
1.3 AW REVR S R e

FESS 20 KA, 78T T2 Fwt BEZH rb 43 S 3 S TORR P A i 204 7 v 8 000 43 A RO R A kA 7 3
21 DNA fili $2, 38 i 20 5 3 J1 51 4% 338F-806R 4" 14 41 B 16StRNA 3 [K iy V3+V4 X s, F| F] ABI
GeneAmp® 9700 % PCR ¥ 5¢ i PCR JZ b7, #% PCR =¥ FH| QuantiFluorTM -ST % {4 2% Y6 i & R G171
K 52 5, FH Mlumina MiScq £ A & 547 i 38 520 5.

2 ZER 5408 (Results and discussion)

2.1 TR WIRETE SR o3 b

N T REWEYAE R B 5 A AFE R, 20 AR 286 5 SR MR v 25 40 22 1) A S IBe 1, TE 1
ANFE BB« A2 50 U RR A I A W R E TR A 1R 2 A3 i WA DURR Y 5 20 d S5 R RRZE . T R4 T
T b B Sk W BT AE <9 7K AT BT EL. 20 d 5, T T2 O B2 v TR I B P R R 4
¥ i 22 S5, IZH DR B9 4R B 49 ( Clostridia) (%% P<0.001) | p-Z8 T 7 24 ( Gammaproteobacteria)
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(*0.01 <P <0.05) . KT # 4 ( Bacteroidia) (*0.01 < P < 0.05) . H.*& 5% i 9N ( Synergistia) (¥0.01 < P <
0.05) . Syntrophia 4 (***P<0.001) . Caldisericia 4 (*0.01 < P <0.05) . i &% I# 4X ( Desulfobulbia) ( ***P<

0.001) BYARXT = FEAF 7 B P25 57 (18] 2a).

(a)
3 %f 4 Control group

Clostridiq [ —

= T4l Intervention group

95% confidence intervals

—o—

#k 0.0007128

Gammaproteobacteria [ —— o+  *  0.01698
Bacteroidia EE==—=—=_——, | —e— 001736
Actinobacteriq = HeH 0.3542
Anaerolineae E=m I—.—:i 0.07361
Synergistio == e * 0.02761
Alphaproteobacteria E==, I—b—i 0.4205 .
Thermoleophilia = e 0.2558
Bacilli = ol 0.993
Syntrophia B e #x 0.0004461
Caldisericia B d * 0.02869
Desulfobulbia h D #k 0.00005296
Chlorofiexia B ) 0.08266
Syntrophorhabdia B a 0.07945
Vicinamibactria b ‘ei 0.08788
i O A e it T Y L 1 1 1 1 1 1
0 4 8 12 16 2024 -20 -15 -10 -5 0 5 10
Proportion/% Difference between proportions/%
® = HIEEUTFAY) Original sediments
"= T4 Intervention group 95% confidence intervals
Clostridia o ——— —e— : #0.001347
Gammaproteobacteria \om— He— 02212
Bacteroidia o !-:—9—! 0.1012
Actinobacteria | mm— P—p—| 0.3969
Synergistia \ommm —e+— 0.3875
Bacilli gr— —e— 0318
Anaerolineae [ el * 00294
Alphaproteobacieria (o HeH 0.02953 o,
Thermoleophilia g 2] 0.6207
Campylobacteria f— —o— 0.05223
Caldisericia [ Cl 0.179
Syntrophia F ® *0.02546
Chloroflexia [ QI *0.04452
Desulfabul/)ia F (IE 0.005944
Syntrophorhabdia | [} 0.6701
O T T T A Y B B B T S T T Y H T
0 4 8 12 16 2024 -20-15-10-5 0 5 10 15 20
Proportion/% Difference between proportions/%

©
3 FHi4l Intervention group

v . |
Gammaproteobacteria | ]

Bacteroidia ————
Clostridia F———
Actinobacteric ——
Bacilli BF5——
Alphaproteobacteria F——
Synergistia =
Anaerolineae —4
Thermoleophilia F=3
Campylobacteria fF—
Syntrophia 4
Desulfobulbia B
Vicinamibacteria 8
Syntrophorhabdia B
Caldisericia B

| S IS N N N N S N —

= FIEAITARY) Original sediments

95% confidence intervals

L 1 1 L

0 4 8 12 16
Proportion/%

&2

=20 -15
Difference between proportions/%

DU AR A A 207K Y B
(a) T 14 5% BRLL (b) AR TR 5 T AL (o) WAL 15 % B

0.1285
0.1356
0.6416
0.888
0.3177
0.6049
0.4774
0.3705
0.4228
0.05258
0.003334
0.349
0.9696
0.2064
0.6767

¥k

-10 -5 0 5 10

(*0.01 < P<0.05, **0.001 < P<0.01, *** P<0.001)

Fig.2 Comparison of microbial composition in sediments at the "class" level

(a)Intervention group and control group(b)Original sediments and intervention group(c)Original sediments and control group (* 0.01 <P <
0.05, ** 0.001 <P <0.01, *** P<0.001)
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S5 H TR YA, 20 d J5 T 4 TP AR B 49 H B IR 8 0 ($%0.001 < P<0.01), FH 12.29% 34 =
24.86%, LI W . AT T Syntrophia o5 A BT /b (] 2b) 5 X BRZHL A (%) p-Z8 08 T 40 AT T 49
7 FEARA BT N (P 2¢) . ARSI, FREA 4N . FUURT B 40 -2 T B8 AW AE = 2l UL v 3 O S T
MIIRE LUk, AR 40 | $EUFT B AR T LAGE 1A HL 9 o i, AR R &S0, T p-AR T B AN AT LA & A A
RER, i @ A AL M E AR WA AR, XU Y R AE VTR K R iR AR 5 &
BVEH.

22 ULRW-/K R G0 hAS R 4 o0 R VR B2 AR Ak 43 Bt
221 LBEUKHARMMEA L

K3 oR TR . P4 AR RIE SR EEK P Ak B B 0. 7ERTI (0—8 ), P& A
ARSI T L T RS I BT B K S A R K 2 R R 22, B 0T LA R] B K 1) 1 7 KT RS
HFEI(8—20 d), T Hid Z R Ak SE LT, Xt RELLAT BT T B, i T 720 o A7 A R B 4 A X =
e (] 3), REME o it K b A AL UG T o &0, 6 BE A POk ) =F B 4 i 1 -7 I TR AW T Ak 2
FU(E 3), o] L&A RS F R, R S R A R S R A A A, R &R 48 A A R A A
W BE XA B . T S A A R I i A RO B U B RS, AR RN R I SR S5 Ak, B KR IR vk
JERS R, 20 d AL A R B HR BEAR SR B .

—a— K High concentration --y-- fE3%E Low concentration
300r (o) 3000 ()
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B3 EAEUKPARIESRREZL
(a) %R (b) T
Fig.3 Concentration changes of different forms of nitrogen in overlying water

(a) Control group ; (b) Intervention group
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4 %65 Lo T 2L T B K R AN TR 285 R e B AR A1 0. ok BR 2D A 2 SR A5 BT i 3, (EL R A
AN A . — T3 T Te] B K R o UK LR IR AR R _EBEOK, 5 — T TR B2 H A DI B AR S SRR R
ZNFN - TR AN, T R U DA R TR AR - TR AN, SUURT R A AR e AR BE A A A Y, 7 A
R, M0y R R AL O, TH AR RRL, 2207 AR N 65 2 A B sl (H -+ AL s e B T 2 0%
A ETE RS T AR d B K 1 R B OK RS, AR BT AS 5 1A S, b B Kok B2 i ] Bt 7K o
AW TT 1. T3 50, e P LI A7 AR FR 73 B A FHC, ol o 25 20 2 /8 . o TS 2 T i 25
oo BT, LEDK S RIBUK Z MR BOR U 22, B0 WA A5 2 LKL A% 2 [l BUK i+ T2
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Fig.4 Concentration changes of different forms of nitrogen in interstitial water
(a) Control group ; (b) Intervention grou
group group
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Fig.5 Concentration changes of different forms of nitrogen in sediments

(a) Control group; (b) Intervention group
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X BEZH TP BRI AS AL AR BN W] WA T RS, T 14 4 Fh vk AR K. - I8
G AT PR AN AT B rhoRE o B, AR TR AN . ELE SR B AN T A o L3, AT AR L BR e
NS SRR 93 AT AR R S A R A i, TR R IR S5 A ) 25 R R BN A Th A AR L E
JIEASTR]. X BRAE rh, i KR EE R, A BRI AR A T R T ]
2.3 PIBRWI-K R Ge b AR GE &Y Ao B

TURRY) - /K U 1H 25 T2 28 A BB % 1A 2 (D P ##- 1 7HA

poACY
At

X, PAR(EA . AR NBHGER, mgm2d; ACHSE n X FEKTERSE 0 KA HRE 2,
mg L VAR BRI, m®s 4 B iR R T AR, m?s ¢ S 3SR ], d. THR S R A O IE (A,
TR AU I B ARG 5 h UE, Fon A i EEKAETTRY) .
231 RAAERGHE R

K6 Wos T AR EE T ERK b 2 B AG B B3 1A~ HURE IR [R] e A B GH . L IR BT,
PR A 530) v 2 1) R A 44 A TE AL, 196 BH 2 R R TR ) K B, iX 5 Yang 5P ZE WA TTAR
YR B F IR S50 2L, & L AR T, T AL B GE SN, FEES 8 K JE M T A, 1 X IR
ZH WU R/ BB 3 D B Ry A T YRR TR AR TR T B A LR A A, AR TR B HR 2k
Hu R A RE T, ek R bR R B 1Y - AR T B A A LR R AR AE I, T AR T TURRY) TR A VA
et 4530 e TR DN R AR EE T, O REZE R T2 2 R R G T A TE 0—4 d A B R (E, Hi,
T U B G B 43 ) A 3 489.19 mg-m 2-d ! Al 536.76 mg-m 2-d !, iR IS A b K & Ak E AT 3
BT -/K F GE 2 18] g v 2 22, T ELBF 92 3R I, ORI rh a0 v ) R S B I 1) S 3 K s
TR E P AR R 28 i) vy, ARV B2 R S A B Gl f BEK, iX e RV EE T EEK S BK Z R 2 A
MR BE 25 5. LA T i, . AR R T i K & R 0 R B 4 51k 74.71—212.94 mg-L™' il
29.12—205.59 mg-L'( &l 3b), [] B 7K Ay ¥ FE 3 Fl 4 %1 J& 167.35—201.18 mg-L™' Fll 146.76 —
186.47 mg-L'([&] 4b), Mk B2 T [ /K 5 [ B 7K =Z 8] i vk B 25 00 K, S 3Rk B2 1 i AR W 1) b /KR,
M BREZ.

(D

] x¥pg#AControl group

[ ] F¥i4dlintervention group

800 (a) 800 (b)

T 600 TS 600
s 'z
ES g
< 400 < 400}
= =
L [}
& 4
3 3
2 200 H K} 200 H

0 ou

Mo ARt
(a) IR K (D) IRIRE 8K
Fig.6 Release flux of NH,'-N
(a) High concentration overlying water; (b) Low concentration overlying water
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[] ##@4iControl group F i Intervention group
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L L
T sl 7 soF
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& &
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Fig.7 Release flux of NO;-N

(a) High concentration overlying water; (b) Low concentration overlying water

3 458 (Conclusion)

(1) fey e A 0 1 2 B, MR AT 44 L JDURT T A -2 02 TR A9 3 AL TURA v 35 & T IR 35 i . -2
T2 T A ATUUAT 1 20 7 Xk B ZH PP AR 0T 2 B Ay, AR L L SR B A T T P o

(2) T BB P & 05 A I, X SR AE AR B AW A 2 ALV E A 5¢, X BRAL P g -2
R 2 DK P ER T R, S A AR S B AR T TURY) K R 58 B =
R i DURR 1) KR, R B R R, B R (A B T 536.76 mgem-d ™, fHLil 48 BER [H]
BTN

(3) T AR BELL v, AN [a] _E 8 i e B 52 i (] Bt K vh i A5 A IE R O 1w, TR, Sz i A A A
[T B 7K FP il 2 S80S A T A T2 R, AR 40 A S R R G B AR
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