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Effect of Dissolved Oxygen on the Vertical Distribution
of Nitrifying Bacteria in Tidal River Sediment
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Abstract: The aim of this study was to investigate the effect of dissolved oxygen (DO) on nitrifying bac-
terial abundance and vertical distribution in sediment of Pearl River ( Guangzhou section). Vertical dis-
tributions of sediment physical-chemical properties ( grain size distribution, concentrations of total organic
carbon, total nitrogen, nitrate, ammonium, DO) and nitrifying bacteria abundance were characterized u-
sing sediment cores. The experiments were conducted to cultivate bacteria using local bacteria and differ-
ent DO concentrations. The results showed that DO concentrations decreased from 0.26 to 0.02 mg -
L~ within sediment depths of 0 to 10 ¢cm, which was attributable to the sandy sediment and perturbation
of benthic macrofauna. The nitrifying bacteria were inhibited by low DO condition, resulting in ammoni-
um accumulation in subsurface sediment. With DO < 0.03 mg + L.™", the abundance of ammonia oxidi-
zing bacteria was greater than that of nitrite oxidizing bacteria.
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Fig. 1 Vertical distribution of dissolved oxygen in sediment
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Fig. 2 Grain size distribution of sediment core

328 Uik TOC, TN, NH, - N Fl
NO; - N #yEEm 434, A UL TOC 5 TN BlETR B 5
AL, AR S WA EH (R =0.936, Sig. =
0.064) . B AL FENTE 8.8 ~ 1.0 Z ], JTH
Prd NH, - N R BEI & 7 NOy — N B2, H 3
MAFAEZE R NH) - N 7EDUR Y i L2 PR
ik, BIREZE (2.4 ~3.6 em) MBI RIEE, K5
BETRBE ARG I AHLLZ T NOy — N [y 2 ] A8 fk
AKX (0.22 ~0.35 mg/kg) . NO, — N FEARYIIRY)
HIR T H PR
2.2 WHUHENEBRST

ML 40 4 AOB il NOB, H:3fe i) 43 A 40 [
4, AOB: 7£0 cm &b R YRIE(E 9.8 x 10* MPN/g; 1
~5 cm TV@JWB@&@, TE 8 cm B BH I 34 75 ik 2
Wl ,; M EE L E o 0.8 x 10* ~ 33.6 x 10
MPN/gQ NOB: 7E 0 cm 4b 4 B {E 65.2 x 10°
MPN/g; 1 em J5 | RS8R 1.8 x 10* ~8.8 x
10* MPN/g; 7£2 ~5 em H%E L NOB 1, {HE
8 cm AOB % i 1 ek, NOB % %A i % 7%
ko
2.3 DO BEEMAAREEFIE

AOB F1 NOB % 5 DO CRWME 5, 4
DO 760 ~2 mg/L WG, AOB Fl NOB it %k &
B, Hrp2i DO < 1 mg/L i, AOB (%R N
NOB ) 8 £%, 1fi DO > 1 mg/L i}, W Z NOB £F
AOB, DO 72 ~6 mg/L [, AOB 1 NOB 9%

WA A T VAL OB ) o VA S K A A T 3 1] 3 A1 P9 5 93
TOC/(g kg™) TN/(g'kg™)
18 20 72 1.0 1.5 2.0 2.5
0 —I—TOC - —A—TN
2 -
g 4 I
S
{ﬁ\;( 6
8 /
10 1 ——
HO] [
O -
' \ /
g —~O— o,
S 4t -
6 o} Yy
81 —o-nHN \ [ NN
10 —O— I —e—
80 120 160 200 0.1 0.2 0.3 0.4

w(NH,*-N)/(mg-kg ™) w(NO,-N)/(mg-kg ™)

K3 YiBWyH TOC, TN, NH,” =N MINO; - N faefi A
Fig. 3 Vertical distributions of TOC, TN, NH,” - N

and NO; — N in sediment core

or <o - -
R
N
2 - &7
-
> 7
: ’
g 4 A
=
%6
1
F
'
8 7 <
\
r\ -O- AOB
o kv & v NOB
. 1 . 1 N
0 25 50 75

NS /(10 MPN-g™)

K4 DU PR A AR S R
A AN ) T 7 73 A
Fig. 4 Vertical distributions of ammonia oxidizing

bacteria and nitrite oxidizing bacteria in sediment core

HARB R B IR B ORAE, b NOB B W o f 5,
5 AOB [y 14 4%, >4 DO (M 6 ~8 mg/L i, AOB
55 NOB (i % &A1Y, ﬁ%‘ﬁﬁﬁﬁﬂfﬂ SR UL,
NOB 7£ DO /NT 3 mg/L Iit, % DO ({50 L, AOB
HR,



94 R E e (HARBHERR)

552 4%

60
v,
T
Z 40 - D SN
& ; DN
= N
% 30 F I,’ G vy
& 20 |
= 0
g ; -o- AOB
: = 7 NOB
OO - - <&
0 Lz L 1 1 1 1 L
0 1 2 3 4 5 6 7 8
DO/(mg-L™")

IS e S 5T A A A0 e ) B
Fig. 5 Abundance of nitrifying bacteria under various

dissolved oxygen concentration gradient

30 ik
LI, DO WKEEAETURY S om BT

F RTABEFE S AETE G 10 em J38R4 DO
(OFEAE (P 1) o S R PR 5 AR P LA 4 R
FUK ARSI TE 45 5 . Hauels 251" 75 3% [
Severn ] T A9BFFE 2 B, DO 0] 38 i fb Ji e AR 47 1)
ZALEERII T, WA ST EZ (0 ~10
em) LM RS (R 2), B RD YR AR B K
(0.002 ~0.2 mm), A F|F DO {3 [ T I b 1%
5341, Satoh 21 ST K B2 AK AR B 3R 5
TEVUR AL S TR . AR SCUTR o R
BRI R SRR A 15 em, HAR 7T
(77 AE T K DO B B e TR R A LR .
e, DO RS, i LA i A AR T 4%
. WP 3 "R K - BURR RS R KR RS 1
UNETA, 768 em REEALL LT AOB [y $ it U6,
Satoh 25 % B K B JFE A 20 7 1 < BE 1A AOB ¢
AT SURIFZ M L. Dollhopt' " A ¥ 1E Al 1
SR TR TR Bl 14 B 3 VA R 1 TE AR
%,

DO 6 X RS PL A0 B A % 3 i ™
BS AT, fEAE DO SR (HAb A AR
AOB I NOB #54b T4 il ik 245, oA fig ik 2 4 K 10
W, LT R LA B ZE DR ALK Z (DO %5
VIRWIE) P ER R, R T IR
WIFREE Ik DO 4544 F (0 ~1 mg/L), AOB [
NOB L o g F e, HUJSUR 2 AOB B 801 il
WL (Ky=0.04 ~0.48 mg/L) /N NOB 418
FHEE (Ky=0.7~5.3 mg/L) ", M4 RG 40 FAK
DO e i 1, i DO % NOB {400 i & i &, DO

5 NOB iy [u) 73 A i ZAHK (R =0.958, Sig. <
0.001) o 4 F 2 b fhleack 4R S AL Ao 2 1 S 46
HER B E DO HeE (0.84 mg/L) 2fefli NO,
-NFRER; NH - N B84 & — P i e,
DO R A M NH - N /9 L BR; RUIRER
DO R 1~ AOB BiE M, A SCHESE Y S5 R AH [R5
FHINHERITEAR DO Z5 T A A1) 352 B AR A AL
AL . Laanbroek 25" i RIFFE fi 1 ) Bf Py 45
TR Mgl E R AR A KBRS, Nitrosomona euro-
paea (AOB) . Nitrobacter winogradskyi (NOB) 2
P SRRy, RN R R £,

TESEBR TR P B85 v [R) R A7 A2 5 AL A R,
M6 AT UL, DO Hi % mf, AOB iy % £ T
NOB (i, HAMALAERRG T, idE
HAE PR S R ER ], B LUAH A 40 R 25 TP AR
SOAMAHILTES ", LAl %, AOB 1 NOB 41
AR EYSE N DO W EE, 24 DO ¥ T 0. 03 mg/L
AT NOB By A1 S Y DO & & &
Il 0. 03 mg/L I} N B A F] T AOB fyA: K Troka-
wa S5 HEFEFM, K DO R, AOB 3 5 i i
P, wME T i T B R NS S R R, R
A B Beh NHY - NS AL R 52 210 W 5840
Bollmann I Laanbroek ‘2" BiF 5% 3/E — 4 22 BH 78 Bl 01K
BT, WA AR RE R T AOB X} DO ByEFI
71%¢ NOB 5#

4 AOB/NOB

AOB/NOB
w

0.00  0.05 O.IIO 0.1I5 0.120 0.25
DO/(mg-L™)
K6 A A w5
A ERER AL T R [
Fig. 6 Ratios of ammonia oxidizing bacteria and nitrite
oxidizing bacteria abundance under various

dissolved oxygen concentration

SR, BARIETHER T 52 DO R[] 2 %
FILABEREE 50 me, Wk $hEE. pH, %
SRR A HURR T P B A H SR i 3w



%5 19

P ERGAE S I AL TR Hh s i 00 e 240 B 1) A P S 95

WATURHIR) TOC TN A 580 (A M L A B
FBRAE, AT LA S YR Y K - S
oI TAHEGRR DO, SR ANTEIGEER, 1555
WEf LR, WETSRERBRAR . HEAE1~5 em T
By, DO BRI T, B2 5 098 77 B0l 5
TR IR, TN R A SR, eI
JEXE SR DO {5 ab T o e, B R R
K. BEERBERIHTI, DO WeBEARLE T, REMN
PREIET 1 AOB £ 52 S P IR BLAL#, K i
PE L I R e S A 2 (AN = @ VALY & E R
Z BRI ACHE R e TR pH U S 3 5
NH," = N AR A 250 R 56 W B AL ST I 3 > Bk
AUIRWIBER L pH B0 R R, (H NH - N L
i, ARl T AOB [R5, AF I, AOB {4k
THPARZS, NHS - N BB, iR )2 /1
FATTRIR . BN, ERE 8 ~ 10 em YUY,
NOB %I A4 AOB MRS K, X5 NOB %4 2%
FIPEARA 565 SR, b NO, — N AR T4 i FR,
SRR B TR 2 1) 25 B3k T RE 55 e i 10 S A A A
K, AR5, ABTEESRIER, 5T
B Z LA M T DO e fr ik, MMiE s AOB
RIPLH, SRR ERR; BARTIBW ] fefr
TERAREICAE T RE A, 2 A% B A TR AE TR

4 745 .

1) DO EEEDURYIHBETR AR, 15 10 em
A5 0. 02 mg/L, EEGTURRY) MHLK AN
WS PIRG4S TR S L AN A7 1

2) AHALA e TR 17 o A E 22 DO S, H
H NOB 5 DO [T ] 73 4 i 5 455 AOB Lt NOB
AR AP, ETRAR IR DO Z51F T AOB %0
k£ NOB K.

3) TEUIRIIAR DO Z&A4F T, AHALAEAL T
RLRAS, AR T 2 BRI, o U W3R 2=
NH; - N 2],

4) FEHERZTIRYH, BR AOB X
NOB K, {HNO, —-NIFRHME,

SE 3k

(1] ARZL S0, BT, BT 5. BRIL () NI BY) 322 TR
T SR BT 3 AT RAE S AE T PP (], W R R
2%, 2008, 27(4) :348 —351.

[2] HUANG X P, HUANG L M, YUE W Z. The characteris-
tics of nutrients and eutrophication in the Pearl River es-

tuary, South China [J].

Marine Pollution Bulletin,

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

2003, 47(1/2/3/4/5/6) : 30 - 36.
JENKINS M C, KEMP W M. The coupling of nitrification
and denitrification in two estuarine sediments [ J]. Lim-
nology and Oceanography, 1984, 29(3) :609 —619.
VEJMELKOVA D, SOROKIN D Y, ABBAS B, et al. A-
nalysis of ammonia-oxidizing bacteria dominating in lab-
scale bioreactors with high ammonium bicarbonate loading
[J]. Applied Microbiology and Biotechnology, 2012, 93
(1) .401 -410.
YANG X, HUANG S, WU Q, et al. Nitrate reduction
coupled with microbial oxidation of sulfide in river sedi-
ment [ J]. Journal of Soils and Sediments, 2012, 12
(9) :1435 - 1444.
F AR PR T WK R K FIUURR W b R R A
AW AT RFIE [T ] PR 22 2 4, 2012, 32(12)
2943 -2950.
USSR B &/ s VL B | 5 e Sl B S A 0 o
2005.
2K Hi , G ARAL, FEALH. AS[R) S G R R WA DU
AR AT E LS B A [T ). BREERL 2 5T, 2007,
20(3) .52 -57.
R, B K B, IR . S RS A W E Sk
[ M. b5 Bbo iR, 2009,
ALTMANN D, STIEF P, AMANN R, et al. In situ dis-
tribution and activity of nitrifying bacteria in freshwater
sediment [ J]. Environmental Microbiology, 2003, 5
(9):798 - 803.
HAUBELS R, KLENKE T, KROPP J, et al. Investiga-
tions on the influence of pore-space geometry on concen-
tration patterns and transportation properties of dissolved
oxygen in a bioactive sandy sediment by a lattice Boltz-
mann automaton model [ J]. Hydrological Processes,
2001,15(1): 81 -96 .
SATOH H, NAKAMURA Y, OKABE S. Influences of
infaunal burrows on the community structure and activity
of ammonia-oxidizing bacteria in intertidal sediments
[J]. Applied and Environmental Microbiology, 2007,
73(4) . 1341 - 1348.
FEHE BT JE 2, 45 BRITT M BURAG S i
VAR ] R E R I, 2011, 27(5) -
69 -72.
DOLLHOPF, S L, HYUN J H, SMITH A C, et al.
Quantification of ammonia-oxidizing bacteria and factors
controlling nitrification in salt marsh sediments [ J].
Applied and Environmental Microbiology, 2005, 71
(1) 240 -246.
BELLUCCI M, OFITERU I D, GRAHAM D W, et al.
Low-dissolved-oxygen nitrifying systems exploit ammo-

nia-oxidizing bacteria with unusually high yields [J].



96

R E e (HARBHERR)

552 4%

[16]

[17]

[18]

[19]

[20]

(21]

Applied and Environmental Microbiology, 2011, 77
(21): 7787 -7796.

BLACKBURNE R, YUAN Z, KELLER J. Partial nitri-
fication to nitrite using low dissolved oxygen concentra-

tion as the main selection factor [ J]. Biodegradation,

2008, 19(2) :303 - 312.
B, B O, SR AR, 4F. Wl H IR DO Als; pH JE
FERALIE R FEL T ] KA FEEA, 2008, 34(12) :19
-23.

LAANBROEK H J, GERARDS S. Competition for limit-
ing amounts of oxygen between Nitrosomonas europaea
and Nitrobacter winogradskyi grown in mixed continuous
cultures [ J]. Archives of Microbiology, 1993, 159
(5):453 - 459.

SLIEKERS A O, HAAIJER S C M, STAFSNES M H,
et al. Competition and coexistence of aerobic ammonium
and nitrite-oxidizing bacteria at low oxygen concentra-
tions [ J].
2005, 68(6) :808 - 817.

ITOKAWA H, HANAKI K, MATSUO T. Nitrous oxide

Applied Microbiology and Biotechnology,

production in high-loading biological nitrogen removal
process under low COD/N ratio condition [ J]. Water
Research, 2001, 35(3): 657 —664.

BOLLMANN A, LAANBROEK H J. Influence of oxygen

(22]

[23]

[24]

[25]

partial pressure and salinity on the community composi-
tion of ammonia-oxidizing bacteria in the Schelde estuary
[J]. Aquatic Microbial Ecology, 2002, 28(3) : 239 —
247 .

KIM J H, GUO X,PARK H S. Comparison study of the
effects of temperature and free ammonia concentration on
nitrification and nitrite accumulation [ J]. Process Bio-
chemistry, 2008, 43(2): 154 - 160.

STRAUSS E A, MITCHELL N L, LAMBERTI G A.
Factors regulating nitrification in aquatic sediments:
effects of organic carbon, nitrogen availability, and pH
[J]. Canadian Journal of Fisheries and Aquatic Sci-
ences, 2002, 59(3) : 554 - 563.

SAMPEI Y, MATSUMOTO E. C/N ratios in a sediment
core from Nakaumi Lagoon, southwest Japan-usefulness
as an organic indicator [ J]. Geochemical Journal,
2001, 35(3) . 189 - 205.

ISNANSETYO A, THIEN N D, SEGUCHI M, et al.
Nitrification potential of mud sediment of the Ariake Sea
tidal flat and the individual effect of temperature, pH,
salinity and ammonium concentration on its nitrification
rate [J].
Sciences, 2011, 3(5) . 587 —599.

Research Journal of Environmental and Earth

R e e S e e A e e U U=

(_E3%56 90 50)

(6]

(7]

(8]

(9]

KARBAUSKAITE R, KURASOVA O, DZEMYDA G. Se-
lection of the number of neighbors of each data point for
the locally linear embedding algorithm [ J]. Information
Technology and Control, 2007, 36 359 —364.
VALENCIA-AGUIRRE J, ALVAREZ-MESA A, DAZA-
SANTACOLOMA G. Automatic choice of the number of
nearest neighbors in locally linear embedding [ C ]//
CIARP, 2009.77 - 84.

WEN G, JIANG L, WEN ], et al. Performing locally lin-
ear embedding with adaptable neighborhood size on mani-
fold [ C]// 9th Pacific Rim International Conference on
Artificial Intelligence, Springer Verlag, 2006 ; 985 —989.
WU S, QUAN X W, CHEN X C. CN-isomap algorithm
for nonlinear dimensionality reduction of sparse data [ J].
Mathematics in Practice and Theory, 2010, 17(40) ; 182
- 188.

[10]

[11]

(12]

[13]

[14]

SONG X, YE S W. Data dimensionality reduction algo-
rithm when source data is spare [ J]. Computer Engi-
neering and Application, 2007, 43(28) . 181 - 183.
ZHAN D C, ZHOU Z H. Neighbor line-based locally
linear embedding [ J]. PAKDD, Springer Verlag, 2006 :
806 - 815.

SANDWELL D T. Biharmonic spline interpolation of
GEOS-3 and SEASAT altimeter data [ J]. Geophysical
Research Letters, 1987, 2. 139 — 142.

ZHANG T H, TAOD C, LI X L. A unifying framework
for spectral analysis based dimentionality reduction
[ C]//International Joint Conference Neural Networks,
2008 : 1670 —1677.

WANG Y T, DONG L F, NI K. Image morphing algo-
rithm based on Biharmonic spline interpolation and its
implementation [ J]. Journal of Image and Graphics,

2007, 12(12) : 2189 —2194.





