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Dissimilatory nitrate reduction processes between the sediment-water interface in three
typical wetlands of middle and lower reaches of Yangtze River
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Abstract; Denitrification( DNF) and dissimilation reduction to ammonium( DNRA) are two major pathways for the dissimilatory
nitrate reduction processes. Denitrification is the dominant nitrogen loss process that removes nitrate in the water column, while DN-
RA reduces nitrate to ammonium which is still a biologically available form in aquatic environments. The nitrate served as electron
acceptor during denitrification and DNRA processes, and the balance of two processes depends on environmental factors. The study
on rates of denitrification and DNRA plays an important role in understanding the fate of nitrate and its dynamic. In this study, in-
tact sediment cores were collected in three wetlands of Lake Poyang and Lake Chaohu. Denitrification and DNRA rates were deter-
mined by continuous-flow experiments combined with '*N isotope-tracing techniques to investigate their contributions to total nitrate
reduction. The results showed that denitrification and DNRA rates ranged from (6.36+2.57) to (99.98+14.05) wmol/(m? - h)
and (0.51+0.45) to (79.82+6.08) wmol/(m? - h) , respectively. DNRA rates were enhanced significantly with increasing pollu-
tion degree as well as the DNRA/( DNF+DNRA) ratio, which indicates that the contribution of DNRA to total nitrate reduction in
these wetlands was affected by nitrate loadings. Uncoupled nitrification-denitrification was the dominant nitrogen removal process in

Lake Chaohu, and coupled denitrification was the dominant process in the Lake Poyang.
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Tab.1 General characteristics of the water column in three typical wetlands

3 FpAIE Hh R EAYaiiy KiE/°C DO/(mg/L)  pH{H ORP/mV
TR0 BH TSI 1871 Ktk 29°9'28"N,115°56'42"E, 7.34 8.66 5.78 172
3] 29°11'15"N, 116°0'46"E, 6.60 8.79 6.69 85
rh i b 29°9'16"N,116°0'26"E 9.19 8.61 7.49 169
e 29°11'53"N, 115°58'35"E 8.15 10.03 7.99 127
AT 29°10'47"N, 115°58'59"E, 9.51 7.93 8.33 126
HEVE I 29°12'52"N,115°3'38"E 7.55 9.65 5.51 223
K 29°10'34"N, 116°2'45"E 11.86 10.17 6.04 238
W 29°8'8"N,115°59'2"F 6.95 11.29 6.42 172
i 29°10'40"N, 115°55'6"E. 10.52 7.88 6.72 216
S E SRR R 31°43'58"N,117°19'47"E 9.12 1.93 6.80 102.9
Y imf 31°45'47"N,117°25'55"E 7.58 3.77 7.02 131.5
SR REAR 31°40'22"N,117°22'46"E 5.18 10.53 7.92 112.9
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A, D, WHETE SRS LR BINOS -N I NOS-N SR LR 2 Al DY R S AR 45 ST L e, B
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oA, [ UNH; KR NH, -N W EE g 768 T NH-N EAL T2 2R 19PN, 0N, HEE | Hedb 2 NP NHG 3

R AL AN, |, S NHG FINHG R 2 42N, . Ring, ' °NO3-N 19 DNRA 33, % DNRA &%
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2 BREHMT

2.1 FEKFRIRA BT

TE 3 FRANEHAY K NOS-N IR EETE N 6.15~479.76 wmol/ L, £ 19 55 5 YL n] i 15 b A0 o 75 e b
TAIEHE b K T NOS-N ¥ (374.80+104.96 i1 238.95+38.27 wmol/L, MHE +hrdEw 22, TR .35 55 T %6 bH
WITIE WL (19.94217.68 pumol/L) ( P<0.05) ; T {5 Jei] i 1B Mo 1 A 7K NH; -N ¥ B 450 5 ( 749.05+83.68
pmol/L) , AH bt F 5 {5 YL WA TH T M AN WV M 22 =5 ! 1 40 9% NOS-N YR 5 NOS-N NH; -N iR JE 48 4k
— 3, B IR TE S YA Y b > T T YL T > TR R ( P<0.05) s OB A HLBE & f R AR G iR
N, SIS Y TR L A R R T RUE R (3R 2) .
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Tab.2 Physicochemical parameters of the overlying water and the sediment

AL THEIE 11 G ERCE LR Bt S: A R 7] b BRLTS 1
LAk NO3-N/ Y 6.15~66.03 268.55~479.76 228.95~311.44
( wmol/L) Yol AR 25 19.94+17.68 374.80+104.96 238.95+38.27
NO;-N/ HeRRe| 0.24~3.94 38.98~53.04 0.20~2.81
( wmol/L) P e hrifiE 22 0.94%1.13 44.95+5.93 1.50+1.30
NH;-N/ BieA | 4.36~57.29 630.71~809.29 84.57~92.85
( wmol/L) Pl bR 25 31.7117.40 749.05 + 83.68 88.71+4.14
RKETIH BHFR D/ I 1.83~7.24 6.03~6.84 5.41~8.73
PME bR 25 4.10£1.62 6.46+0.33 7.07+1.66

1) S0 Y5 YL R W A LTS B R UR TSk [ 23],
22 MR -KAREEFHES

UM — /K SR NH -N 458 575 9 -300.24 ~ 286.18 umol/ (m? + h) . B Y5 Y ] 3 3 1 F1 516 35 1 370
FRYIF Iy NH;-N (935, B NH;-N A TTER ) B3 b Kk b, b 8 ¥ e VT i MR T AR NH -N 38
(240.82+88.20 wmol/(m” - h) ) = F IG5 YLWIVEIEHE (107.19+55.78 pmol/ (m® « h) ) ; T BH M BETE 9 15 37T
U NH;-N 5@ & (-106.12£134.69 pmol/ (m® « h) ) HAT K K4 (8] 25 5k, H KR4 BN NH-N AL
NO;-N i1 [FIAE HA B R 2 A 22 53 HE B9 -337.49~ 110.74 wmol/ (m® - h) {HZS[A] 22 M5 NH]-N
A, V5 Y TR R B NOS-N 9 (EE T3 Yo i iR A ) R - 277.27+88.92 pmol/ (m”® + h) , 5
YL IE TR h —337.49+73.44 pmol/ (m® - h) ) ; T BT 15112 3 (48.82£63.55 wmol/ (m® - h) ) A& -
NI A NO;-N AU, Sk T HLE ( DIN) B i 4 NH]-N NO;-N F1 NO;-N = ¥ @ & 2,
-229.91~195.47 pmol/(m® - h) ,3 FhZEARIR L FIAY 43R BN DIN A0, Horp ) F 35 Yo 3l i {8 M (Y DIN 38
H(-221.42+150.02 pmol/ (m® + h) ) @& F H 15 Y WIAE b ( -49.30£20.13 pmol/ (m’® « h) ) FIHETE 1R b
(-39.75£127.26 pmol/(m* - h)) (&l 1).
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Fig.1 Nutrient fluxes between the sediment-water interface in three typical wetlands

2.3 RIELIER BERML RS RMHLEEE DNRA RE

HRAIE S AE A7 ZC AN TR AT LUK SRS A 4 kB & R AL AR RS & RO 1h. B84 BORY Ak RIS A A 1k - il
AR AR, BN BT R AU RSAS R R DU RS AR M 7= A, B & ISP BT 77 R A R B Bk
BT K. S TS e TR 4 SR A o 3R 27 5 T R0 P I AR A T | AP R TS D R s AR
Y RS AL (99.98+14.05 wmol/ (m® + h) ) W T E 15 Y WINTRHL (63.67+12.84 pumol/(m® « h) ) ; il
TE WA Y R AL 33 A 6.36+2.57 pmol/ (m? « h) (P<0.01). ST V5 Y i@ oI AR i D, F1 D,
Y15 T E A M W ( P<0.01; P<0.01) (A EAT7E SO AL R BT o5 ) B B A0 AR K 2800, fE s T 4
T 5 b R Y T S A A R R D 3R ST, 43 7 RIS Y 74% 1 83% , o D, 43l
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4 25.74+6.95 F110.85£1.93 pmol/ (m® - h) ;D 754 74.24+11.13 F1 52.82+10.95 wmol/(m* - h). TTER
TE MBI IR o DX SAH AR S BT K, 7 R AL R A 61% (D, 24 3.99+2.16 wmol/(m* « h) ,D, N
2.64%2.06 pmol/(m* + h) ) (&l 2a).

250 250 ¢ b
EID, 1 DNF
Z200 (mp) =200} [ DNRA
G N@,
H % 150
g 150 £ 5
100 100 |
iy iy
#S 3 L
i 50 & S0
T
0 , L = 0 : B e vee|
g EREYS BT EREYS EREYY W
{3 T8 b T 4, i T 917

2 D, .D,(a) A DNF DNRA(b) %
Fig.2 D,, D (a)and the rates of DNF, DNRA(b)

16 3 PR R AR b BT YT I B S ek 5 958 SR 3 ( DNF+DNRA ) 2 5 T 5 75 44 Wl
TATR M, FLI7 = TSR (& 2b) . 5 DNF SR, R RIZSANR TR i) DNRA #5225 5 i .
TG G ] T AN S Y R M O DNRA 3255 1 B IR b 2 AN 2. o e v Y Tl 3 1 s 1)
DNRA # % (79.82+6.08 wmol/(m® + h) ) B T H 15 Y WII1EHL (63.05£9.80 pmol/(m® + h) ) , Tl BRI )V
MU HY DNRA AU H 0.51+£0.45 wmol/ (m® + h) ( P <0.01).

3 itig
31 MR- KAEEFRLE=E

TG Y T N S YR O K A B B N A AR GE B FBOZ AN HK
AW BB R AT BEA LR LAY 1« 76 5575 Yol b PR R B T Sk o Y AR S8R AR, HLR A k]
RS IR LR A P e 2 RS2 5 F TS Y T O 3 R 575 e WA . D, 78 B Ak BT i e R
H 26% 1 17% , TAERETE IR P 0 A 59% , M T sz e+ 5 ¥ e v b 19 S Ak A FH 32 2000361 5 e, 72 S TS
YR TR K S o DNRA 5o 8 X 20 A - A A — 2 B STRRAE T, Z2 75 S9N WEE H DNRA 385
KFREIE 090, i B35 Y SR Mo T AR R R B0 NH-N A9 I

TE 3 SRR M A NO; -N i it 5 NH,-N il i 1945 (8] 22 5 1F 0 AR 5. FE B V5 el i A R b e 0
TR —/K AU Y NOS-N 38 &0 TUE, S5 RE WINR M AH L, 38K 0 SO A6 L B DNRA 58 26 (A5 245 A 7 )
AR RS I, 76 T 5 H 0 3 R 5 Y5 G T 0, NOS-N RL Y 5 R 54 JR 3 3R ( DNF + DNRA ) 43 1 i
NO;-N ¥l it 19 53% 1 46% ,NO; -N [ 5 57 140 i od A5 02 T ¥ Y 10 A T 5k 25 B 1) B B2 S A1 A T2 T30 b
o FEXT AR AY DNF DL R DNRA 58 28 DL K 388 0 A5 1) il Ak B R 4+ 14 41 19 322 28 R0 b DT AR ik R Bk
NO;-N A,

T T G N L | T T N BT T 3 v S A 2 T AL R B A R R, B R R RO
S TALE AR LB KT BITIR . ZAIEIR S BT ST AR 16 R TR RIS AL B
FRERE IR, DU LA RIR 32 2 Fh R 2 A52 0, NOS -N Al NH; -N 3B &Y 22 5 22 808 e A A
PRAE R RS ARAE FH DNRA R R AL 90 A W i A5 HES e LA B it R A0 0P 11 4 50 4 2 R R Ay s oy 227
32 BERMUESIEBERMEK

3 PR RIS R 1 O AR 0 R A AL =, BRI S Ak 55 AR B B Ak 1% R Xk 2 2 1 TR AR A 7 36 I
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P22 5. 76 3 FRERNE 0 TG RAE AR, D, ST 13K i NO;-N ¥R 2 18] B A Bl B AR R (r=
0.98,P<0.001) (&l 3a). 7ERSIE IR BEE 2K NOS-N MREERANKIE I, 5k T D, 2Ltk sh, D, 78
FCASAEH BT A B L B (D, /Dy ) AW R (r=0.84,P<0.001) (1 3b) , EBEK A NOS-N ¥ B2 4% il ) F 1k
T AP RE PR 2 1 A S E TS Y i TP O A 1S 20 gh R 26 TS Y IR M DR TR A AL R F 2 B
FIHETR D, , X 7] BE RSB D, /D, 5 L BIK NO;-N ¥ 2 M AAEAE W] B4 e R i B RIA.

100 90 r
90 | »=0.19435-0.1578 8ot = 0.8068x + 22.553
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=}
- ;g L oof
£ S50t
= 50 S) °
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3 A 28808 D, (a) BEEAN M D, /D, (b) 5 _ 17K NO;-N HREEZ B i 5
Fig.3 The relationship between the D and NO;-N concentration in overlying water
in all types of wetland(a) , the relationship between the D /D,, and

NO;-N concentration in overlying water in the saucer lake wetland of Lake Poyang(h)
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