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Abstract This study focuses on the Danjiangkou reservoir, and investigates the release regulation of total
nitrogen, nitrate, nitrite and ammonia from sediments as a function of temperature, perturbation and aeration
conditions. Moreover, a simulation reactor was set up to explore the elimination of endogenous nitrogen pollution
through high-efficient aerobic denitrification microorganism augmentation. Effects of high-efficient aerobic
denitrification microorganisms on the microbial community structure in the sediments was also evaluated by means
of high-throughput sequencing technology. The results indicated that increasing temperature could promote the
release of nitrate and nitrite from sediments, while inhibiting the release of ammonium. Disturbances of water was
beneficial to nitrogen release from sediments, and the nitrogen amount accumulated in the overlying water was
proportional to the agitation speed. Concentrations of dissolved oxygen had great effects on the nitrogen release
from sediments. It was found that the aeration treatment significantly reduced the release of total nitrogen and
nitrite from sediments, and the subsequent accumulation in water. After addition of the a high-efficient aerobic
denitrification bacteria Pseudomonas stutzeri (PCN-1) into the simulation reactor, concentrations of all the forms
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of nitrogen in the reactor increased at first and then decreased. On the 65th day of the experiment, removal rates of

total nitrogen and nitrate released from sediments were as high as 75.87% and 79.96% respectively, suggesting

effective control of the endogenous nitrogen. The relative abundance of Proteobacteria, Bacteroidetes and

Spirochaetes in sediments was significantly increased after PCN-1 addition, so the microbial community structure

in the sediments was changed by microbial augmentation treatment with PCN-1 as well.
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Table 1 Basic physicochemical properties of overlying water and sediments
Ak
TN/(mg'L™) NO;-N/(mg L™ NH; -N/(mg'L™) NO;-N/(mg'L™) TOC/(mg-L™) pH
1.18 1.09 0.05 0.01 3.85 8.20
JEJe
TN/(mg-kg ™) NO;-N/(mg'kg™) NH;-N/(mg'kg!) NO,-N/(mg'kg™") HHLF/(gke™) TIKEN Y, pH
763.00 0.18 3.97 0.15 7.53 27.10% 7.07
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Table 2 Simulated experiments on nitrogen release
from sediments
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Fig. 1 Diagram of experimental device for enhancing elimi-
nation of endogenous nitrogen pollution with PCN-1
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Fig. 2 Effects of temperature on nitrogen release from sediments
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Fig. 3  Effect of turbulence on nitrogen release from sediments
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Fig. 5 Variations of TN, NO7-N, NO7 -N and NH7-N in overlying water of the aerobic reactor

| g

9
fon 74
=
2
= 6
@)
a
U 54
o 5
P
T 41
—&— TOC
3 —e— pH
—— DO
2 T T T
0 10 20
& 6

30
td

40 50 60 70

FEREHTRMEFR EEK TOC, DO 1 pH BT

Fig. 6 Variations of TOC, DO and pH in overlying water of the aerobic reactor

fift S B R T
2.2.2 AR RAE Y B R SRR

87 5 Rk DA Btk S AR R S AR S, PG
TR (Ro) Fil e 28 Y FF (Raz) 23 1) 45 2 A AL PP 51 50281
150949 55, ¥ V- 2N 476 bp; KL AL IF 51
5 GreenGenes 16S rRNA Bacteria (13.5)8(38 % [t
XF, TE 97% W A AL TR R 2, 4l 3R A5 1546
1667 4~ OTU . R FHXHI T J3 51 47 BE WL AE (9 5
2, BB SRS BT TR SR AR R A R
PEMZ (B 7)o B 70T LA H, PGSR A 7 R
R I 5 A0 B4 i R 3, 1B AN R S AR
THREZBFEARG B, A L REHE S WL H i i
=R S AL

PR BN T 1% 0 & T 1A 1 20 5 28 8,
XT Ro Fl Ry BNE i LT T KP4 7 102 P v 4t 1)
AT (B 8), AP AL LS R T T8 — 3, &
T Proteobacteria (ZEJE W []) . Actinobacteria
(1)), Acidobacteria (FRAT 1), Chloroflexi
(KB ®]). Gemmatimonadetes (ZF R []).
Bacteroidetes ({0 FF (1), Nitrospirae (fi51k12 ¢
1), Firmicutes (J&EEEE])MI Spirochaetes (M2 g
IDEESHRE, HAT4 R0 G e m oK, AR RS
BLLL A1 82.4%~86.3%., i, BAANEHETH E
K /N AR R A2 B 1T (36.21%)> T 2k B 1]
(22.08%)>M AT T 11(14.12%)> 4% B H [1(11.92%).
PR i B ) R AT 2 B2 22 5 4 T 3R W, Ras AR IE

567



RO (A RFEAR) BB 558 B3 201945 A
1600+
1200+
pa
S 8004
=
o
4007 —R,
R33

O T T T T T
0 5000 10000 15000 20000 25000 30000
FFI%

7 R Ry I RBHRERL

Fig. 7 Rarefaction curves of sample Ry and R33

BT SRR IR T TRBRBE AR T 3 Wyl () AR X = B R
TRy, HRTIEMEVMHXEES RAML, 2548
KEA FrFEAL

LT 1 4 R H e R —ANT, s A2 7E T
T ErEERAE R, KPR EIRE A mA
WL, a2 W HLEREE . ATV b
B Nitrosomonas(\V A8 AL B M0 J& ) LA K2 y-Z2 T T
B Vibrionaceae(INEFHH Pseudomonadaceae(fB .
LR RR) A, B AR A 0 O R R AR A A AR
FHE, Aszghep, SN PON-1 R T A5 1]
I Pseudomonas (R S ML &) w1 1&l 8 ml 41, AF
TETE T TR RS A: i V& h i e RSB 1], oAl
it 2 B 7B L B Y 25.74%~46.69%, S5 T T AR T
AT D09 o L340 20.95%, $6] PCN-1 5 4k & 35 b 42
TR TR TR AR 32 B, AT R e P9 TR AT G
R RER B SEH . IR, BIFFE .
FRIRTE P . JERE BRI AR E AR 4 A 11 2025 KA BT

WGP RS R, 505 K Ab B R Rk
A B ERY R TG YIA US43 AR 58
e, 33X 4 AN B T o I U8 B A A HE L B B 1Y
5.29%~10.48%, S5 A5 X AR # /N, e
A RE R RS 8 — b K AR R rh 3R O e 3] — o R
IR

Chen %547 SBR 2 1 4% /1 F PCN 2 51 18 it
XoF W BE A 16 V5 K R A T AR s AL A B, & B AP AR
Je B T E PR TS Ve A IR VR A5, (A PR Y
15K S — % A AARHEI . Zheng PO 5E PCN-
1 Y S AL P I 22 B, PON-1 T8 1] LA 25 1 5
I MRS e i R AL BE T, B AR B K b B 3 R v
NO I N,O [ HEf . Pk, AR SCHh a4 Y
AT B R W VR SR A AR G . B AR
WG, SO T R AT B SR R VR S R, O T A Ok
MSALVE R BsR . 5 —Jr il , WFoR R, R&mt
Yo A i R G b, R TR AR 2 bR R ALK
35%27300 ) ARSI v Bl A A i A I X K AR RS DR B K
R R S BRI IE 75%, Ui AR A: 9 7 4 IS U8 9
JRA WA R EAE . LR g SRR,
fole A A3 I TR A 5 ) ) A2 T S S s A P 38
SR P LR

3 it

D) R AR B E NBAU LI A R R, R
TR R U PR EURI I A A R, AR I D
AR BRIG JLah A M TR P R E R, H3h
R 5 RO UIE FE; R OO TR R R R RO
FER, BEORE R AT LA I M R AR e B R A A

%
R, 47% 19% % | 9% #%pd P
b 6%
%
R, 26% 25% 21% 15%  [8%]|44 |
R%|
o
I I I I 1
0 20 40 60 80 100
HIX /%
[ Nitrospirae  [___] Acidobacteria [_] Spirochactes [JJll] Firmicutes [[] Actinobacteria

] Bacteroidetes [__] Chloroflexi

[ Proteobacteria ] HAth

7] Gemmatimonadetes

8 Ry RyHEmMITAKE EAFEEEEN
Fig. 8 Bacterial community barplots of Ry and Rj33 at phylum level

568



RS

K T JFE U R B G e A Bl A 0 R E 5T

MR AR 2 o

2) T A Wy i A T B G Ui PN T RS G Y S 4
IR, G E A BE Y PCN-1 #fb )5, DI
Y- b B AKAR X060 G Ve R il A B RURN i 2R 25 B 32
Sl 35 75.87% 1 79.96%, 5% B AK A& Hh e A A
BRI E B

3) X S 5 I S U R AR AV 4 R A B T A
PCN-1 B s CAE TR i E W BV 454, 12
B T JE R " Proteobacteria, Bacteroidetes Fl Spiro-
chaetes [ AIXT F= B, T HG 58 1 DUAR Y — b Bk A

A ST, B R AT T RS R A N TR A
7%;’%0

B A EFEKIAMR, EEX, B I
ok B ] S B B, AR R R RO

Sk

[1] Zhao H, Li Z, Wang S, et al. Features and influencing
factors of nitrogen and phosphorus diffusive fluxes at
the sediment-water interface of Erhai Lake. Environ-
mental Science & Pollution Research International,
2018, 25(2): 1-10

[2] Brito D, Ramos T B, Gongalves M C, et al. Integrated
modelling for water quality management in a eutro-
phic reservoir in south-eastern Portugal. Environ-
mental Earth Sciences, 2018, 77(2): 40-60

[3] Cavalcante H, Araujo F, Noyma N P, et al. Phosphorus
fractionation in sediments of tropical semiarid reser-
voirs. Science of the Total Environment, 2018, 619:
1022-1029

[4] Nowlin W H, Evarts J L, Vanni M J. Release rates and
potential fates of nitrogen and phosphorus from sedi-
ments in a eutrophic reservoir. Freshwater Biology,
2005, 50: 301-302

[5] Li T, Chu C, Zhang Y, et al. Contrasting eutrop-
hication risks and countermeasures in different water
bodies: assessments to support targeted watershed
management. International Journal of Environmental
Research & Public Health, 2017, 14(7): 695-713

[6] Mi C X. Study on pollution status of nitrogen and
phosphorus in typical reservoirs in Liaoning Province.
Advanced Materials Research, 2013, 777: 420-423

[71 Marselina M, Burhanudin M. Trophic status assess-
ment of saguling reservoir, Upper Citarum Basin,
Indonesia. Air Soil & Water Research, 2017, 10(38):
1-8

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Cunha D G F, Lima V F D M, Néri A M, et al. Uptake
rates of ammonium and nitrate by phytoplankton
communities in two eutrophic tropical reservoirs.
International Review of Hydrobiology, 2017, 102(2):
125-134

He J, Deng W, Chen C, et al. Ammonia nitrogen
adsorption and release characteristics of surface sedi-
ments in Dianchi Lake, China. Environmental Earth
Sciences, 2015, 74(5): 3917-3927

Liang Z, Liu Z, Zhen S, et al. Phosphorus speciation
and effects of environmental factors on release of
phosphorus from sediments obtained from Taihu
Lake, Tien Lake, and East Lake. Toxicological &
Environmental Chemistry Reviews, 2015, 97(3/4):
335-348

Wang J, Wang S, Jin X, et al. Ammonium release
characteristics of the sediments from the shallow
lakes in the middle and lower reaches of Yangtze
River region, China. Environmental Geology, 2008,
55(1): 37-45

Fukuhara H, Sakamoto M. Enhancement of inorganic
nitrogen and phosphate release from lake sediment by
tubificid worms and chironomid larvae. Copenhagen.
1987, 3(48): 312-320

Li Y, Zhou Y, Zhou Z, et al. Effects of sustained-
release composite on the oxygen levels and sediment
phosphorus fractions of an urban river in Shanghai.
Environmental Technology, 2014, 35: 2176-2182
Kang M, Peng S, Tian Y, et al. Effects of dissolved
oxygen and nutrient loading on phosphorus fluxes at
the sediment—water interface in the Hai River Estuary,
China. Marine Pollution Bulletin, 2018, 130: 132-139
Shi X, Ma W X, Li X, et al. Typical reservoir
pollution source analysis / Huang T, Cheng Y, Cong
H, et al. Water Pollution and Water Quality Control of
Selected Chinese Reservoir Basins. Cham: Springer,
2016: 95-130

WG, BER. NIRRT RERBORIIR R, EBH
Bi2RdR, 2017, 26(3): 514-521

SeRERE . KIEOK FEDLARY) Z 48 L 5 R W i R K4 4k
5595 Yo 45 I B 5E (D). VE A VY 2SR KA
2012

Liu T, Liu S, Zheng M, et al. Performance assessment
of full-scale wastewater treatment plants based on sea-
sonal variability of microbial communities via high-
throughput sequencing. PLOS ONE, 2016, 11(4): 1-
15

569



LR (A SR B2 R

FS5E FH3IM

2019 45 A

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

570

EWE, WA, LW, L WA WIRABES g
Mr 3k RO AE R St R . B Ak 2%, 2011, 30(1):
281-292

Mg £ 58, Bkas, Lo, . FBEAM A8 b X
WO = A B, BER% 58K,
2013, 36(6L): 4144

IhEE R, X EOBL. T b - 0 Ak - R AR VR &
PR %, IR, 2008, 39(6): 1462-1467
ARG W PRI AR P 6 A R BT Sy 1 A5 4L
5%, I T R4, 2014, 8(7): 28702874
BRI NRTTURR Y B SR AR TS YR M ORI
HHFFE[D]. B A WK, 2007

FokE, BRR, WAL, 5. WX RF#EREZE
DU AR R . MR E 5 ER, 2010,
33(8): 41-44

B, AR, KA, & LB KA F xR
T 7K TR 0 R W R R 1 R i A B R 2 A O
2016, 29(12): 1766-1772

SRR, R B R 2 DU RO AT T A B Rt
5E[D]. F&: EEFEKY, 2013

JEL. A 32 15 R 3R R O3 B K 5 R e 3
BAFsR[D]. R BN KA, 2017

BLAUR . BA v KRR AR R Y R e B 5
[D]. P4 Vo4& SR KA, 2009

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

2. R AKX B R K MR Ve BB AL
WY HFFE[D]. BRT: MR T.OR2E, 2014

BIEAR, B REE, SEAERE, SF. KRR R TSGR U
ANEE S T 2 B E ROR R L SE g R gE . oh B 5 A
2#,2012, 32(11): 2032-2038

BT YT IE G U B R R R Al A B TS
[D]. RK#H: KRER2E, 2009

Wik, KEEZ, Hbele, 5. 16S rRNA &l & il 5
AR T K DA M RE T 45 1 B 2 RE 1. SR B
2£,2017, 38(4): 1704-1716

MRIE, SRR, XU, . R E R AL E AL AT
T AL AR TS oK B ST, RO IREERL 4244k, 2016,
35(11): 2154-2162

Chen Q, Ni J, Ma T, et al. Bioaugmentation treatment
of municipal wastewater with heterotrophic-aerobic
nitrogen removal bacteria in a pilot-scale SBR. Bio-
resource Technology, 2015, 183: 25-32

WA, MEE, KRBEE, 5. X SCSC-S/Fe
S RGN AR 0 S U R VR R R S BRI
B2, 2017, 38(5): 2012-2020

Zheng M, He D, Ma T, et al. Reducing NO and N,O
emission during aerobic denitrification by newly
isolated Pseudomonas stutzeri PCN-1. Bioresource
Technology, 2014, 162: 80-88



