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Characteristics of nitrous oxide(N,O) emissions and the related factors in Lake Poyang
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Abstract; Surface water surveys were carried out seasonally in Lake Poyang from April 2014 to January 2015. Concentrations of ni-
trous oxide (N,O) in thirteen sampling sites were measured followed by calculation of N, O emission fluxes with interface diffusion
model. The N,O concentration in the surface water of Lake Poyang averaged 32.57+17.35 nmol/L with an average saturation of
256.83% +£129.05% , which implied a state of N, O-supersaturated. The N, O flux from water to air was calculated to be 0.83+0.69
pwmol/(m? + h) on the average. The highest N,O flux appeared in spring with an average level of 1.71 wmol/(m? + h) , followed
by the summer, winter and autumn in a descending order. In spring, N, O emission rates were significantly higher in the north part
of the lake than in the south part. Regression analysis indicated that ammonium in water column had great control effect on N, O
production in summer and winter. About 1.29x107 mol N,O was emitted from Lake Poyang annually, of which 80.40% emission
was in spring and summer. The N, O-N output of Lake Poyang was estimated in 361.93 t per year, and plays an important role in
the N, O distribution in the Poyang basin.
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1 #RF T &

1.1 AERXE

FRFHI (28°11' ~29°51'N, 115°49'~116°46'E) , fv; VLI A L, KL T liEh X, 5#0 P (510,
Bl ABIK 5 Sl R IRl AIBE , PR B 5 &) i AT, RIS Tl g B vl 4y e AR X B AVTOKGE
WA LR, RS WA 0k, W01 R v, 151 DX A S B 2 RS X ARSI RO 17.1°C,1 AR
HEME(5.1°C) ,7 AR IERE (29.5C) . AEFEM LA 1500 mm, H =432 —AYRERN7E 5 2. % FHIBI K
o7 55 B0 0 2 1) T PR AR, S 2 I 5 K R 22 R A S e L i ELA R KK AR S R R R
s B, 4— 6 HEBHHI KR BEIE AR, 7— 9 ARKIIKARIEAFRHSI.
1.2 BRREMDHFE

F 2014 4F 4.7 F1 10 A LIK 2015 4F 1 7 (50 00FRE B BORAZR) ZEBB B IX 13 >80 I 5
(1) REKBE BAREE SRS 3 NEL. HP PY1L~PYS HRGHWIX , PY6~PY13 NALHMWIX. REXKZE
IKEE IR FE G N2 38 ml WY IV b, S S 7™ AR | TR B 78 43 38 48, 45 280 s T 2R RR A 3 A%,
A1 ml 50% Y ZnCL, %W LA S30AE 03 2, g AR IR hek 26 %% . R SR TRLBE G IR AR, 32 1o 920 25 5 R bk o
HE. FZZH0K BTN E L (YST 6600V2, 5 E ) B & 2 )2 /K R  pH EANE f AR 5. fiSAS 2 (NO3-N)
PSR SR B I, WAH AR (NO,-N) ¥R BE R - 28 e BU (0 75 I , B A 280 (NHL -N) R BE R A
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WK R N, O YRR RS TR A 58 . SE TS 220 19 ml (&S0 Z K RE DL B e S5 R FR
7K ,25°C = 1R T HERET IR 30 min 5, BB 30 min SO A B SRS 2 ERRAS. R 1 ml KB
S AT 2 SRR, T A B HE GC-2014C BVSAH @S AP #EAT I , I8 5% N, O 1B JR 43 80 (ppm ) .
AR N,(99.999% ) #EAE TR EE S 60°C , AR R 60°C, B hn A i B 2 350°C. W 4l A% DU 4%
(ECD) JiLEE M 200°C , BN CH,-Ar( CH, ¥ E l 5% ,v/v). N,0 % 80/100Hayesep-D ( 1.0 m) #5055, ¥
ECD K22 (200°C ) . Rl #8355 R A N, O/ N, AR S (B ZAR Y B o o0 ) K2 IE AR 5 A
F14 €003 0 T AR R B T2 SR Y N, O VR BEE. IR Weeiss 41 (46 A0 7 it 2 508l B 28 5000 3 K BE i
fift ) N, O W, B S IRk e fe 7 AT k.
1.3 EBPH# N,O taMERKSZIRBEEHEH X

N,O 1EAIEE R N, O W e B S AH R R B RE 4 N, O FE KA i A v B 0 LU AH, THER A R

N,0,,.
Ry, = N.0. x 100% (1)
N,0,, = k- N,0,, (2)
AN,0=N,0,.-N,0,, (3)
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Fig.1 Distribution of sampling sites in Lake Poyang
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FVE B (nmol/L) 5N, 0, F7R RAf 5 BTN K<
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PATFERE /K R iR N, O HeJ3E 5 AN, O Ry i
N, O Z& 4t (nmol/L) , h 47 S ¥k i 5 °F
i e AR 22 (AT A5
N, O 7K =38 4 i 2 38 35 >R R a7 K
BRI AR
F=AN,0 - ky,, (4)
ko =0.2510%( Sy o /660) % (5)
Seyo=2141.2-152.56T+5.89637°~  (6)
0.124117°+0.0010655T"
K, F A RZKE N, 0 2843l & ((umol/
(m* - h)), kyo B N,O 7EK IR 38R 5
(em/h) . K ARG (39 7 F A6 75 K - 28 4
R A S AR R I B 2 . HX TR
R U L E R R R (> 10 km®) 17
T AR ARG AR A AT AR S S
TETE 3~15 m/s B, Wanninkhof 23 2R Y g 1%
YEBAS 0 AU s f8 o 2560 L SRR 0 ) 85 B
I RGBT 3k 4 m/s, 18 & PE 3 Wanninkhof
AXMGETE W N, O Ay SCH A, ky R
Wanninkhof % IE Ji5 #5 tH B9 4 B A & (A =
(5) ) A5, [RIB 25 iRk e N, O AR AY it
WA RBCGIRENKERA(AK(6)). A,
U 2K ETJ5 10 m & BEAL A XU (m/s)

SSRGS HB 1 B0 B s L1 ) Sl WS Sey o RZK N, O ARG RS FE R AL, T WU -2 ~40°C.
1.4 HiE4biE

ARG HrR A SPSS 20.0 F1 Excel 2013 #44:, B4 [F] 156 52 R A Spearman AHE AT, 25 50 Bk
FH ANOVA(LSD Ki3) (P<0.05) . AN[E)AS 1 9 [B1)H 4387 R F — ook A 7 i, 5 B U &3l 4 ANOVA 54T

2 BERE LM

2.1 KIMBESHETL

B 13 ARE K IR RS A Sk B B 2 AR A 28 7 3 FOhoK R R i M B 22 (30.5°C) IR &2
(9.8°C) . VAR E IR , B, 43510 13.27 1 6.94 mg/L. pH {ELIFA R (9.89) , 25 ik
(7.23). ANFEZEFKAK 3 FICHUAHREE 225 B3, F NO;-N>NH; -N>NO;-N, H = B 15 & Z A Kk ) vk FE i
VR /5 R 1.54,0.84 F10.058 me/L. 3 FICHLATE 5 2= FIRK 22 8 Je 1K, Hoh Bk ZE NOS-N IR E i
fi%(0.80 mg/L) , 2% NH;-N Hl NO,-N V-3 B 451G, 439014 0.43 F10.016 mg/L( 1).
22N, O RESBME

FBBHIM N, O ¥ BEASLIL RN 10.79~106.54 nmol/L, -2k 32.57+17.35 nmol/L. FHZN-HIHefE Jy 51.84+
22.37 nmol/L, B T HALZES (ANOVA, P<0.01) . FKZEF-H7ue A, 9 20.07+4.60 nmol/L. %42 N,0
WS THE K EENMETREZ R AR E (8 2a).

FB AT N,O 100 BE AR AL 5 Bl 88.87% ~738.75% , ¥ 1H K 256.83% £129.05% (&l 2b). 5 N, 0 ¥ JiF
ALK AL, 28 N, O TRFN fe i (415.64% ), BRZEIRAIK(165.28% ). B KA ZE N, O 344 F 43 31
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Tab.1 Environmental variables in water of Lake Poyang
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(AN K/ C pH (& DO/(mg/L)  NO3-N/(mg/L) NH:-N/(mg/L) NO;-N/(mg/L)
HZ 21.5 7.50 9.10 1.16 0.45 0.024
(4 A) (19.1~23.5) (7.32~7.75)  (6.61~11.36)  (0.52~1.97) (0.32~0.68)  (0.003~0.064)
H 30.5 7.23 6.94 0.98 0.43 0.016
(71) (24.3~33.6) (6.53~7.93) (5.33~9.48) (0.77~1.23) (0.10~1.38)  (0.005~0.045)
2 21.6 9.89 13.27 0.80 0.46 0.023
(10 A) (20.2~22.7)  (7.85~11.38) (8.53~18.62)  (0.52~1.38) (0.18~0.84)  (0.004~0.055)
LS 9.8 9.15 10.76 1.54 0.84 0.058
(17) (9.1~10.3) (8.04~10.42)  (9.11~14.30)  (0.75~1.82) (0.21~1.44)  (0.036~0.108)

5 SN V(A 155 B 2 50 S TR R/ IMIE s NHE -N R SR T 2010— 2012 AR AR [l sz P33 2.

4252.67% £70.90% .165.28% +36.38% 1 193.74% +31.42% , & Z=ME B2 F A B (ANOVA,P=0.056). i
RFE BT PY1 S0 N,O ATk EI AT (TR AT K 88.87% ) &b, 4 AZ45 4% S AL N, O HFBE 4 40 T 140
FIRES , 2 W BH 8 2 K< N, O R T

N,Of¢ J&/(nmol/L)
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Fig.2 Seasonal variation of N,O concentration, N,O saturation and N, O flux in Lake Poyang

2.3 N,0 Tl E

FRBAM N,0 S4E A i@ k4 0.83£0.69 wmol/ (m®-h). TLIEEZEY b, B E25 W F,N,0 BB H0E
BHABKNZER (K 3). NEWRE, BHB N0 £EFHTHEREESTSHMET T 2REH
(ANOVA,P<0.01). #7E N,0 P53 #eid f i 5 (1.71 wmol/(m®+h) ), Ak ZE A% (0.40 wmol/(m?+h)).
B EMA VR H@ i /091 0.64 F10.56 wmol/ (m”-h) , HZEFA B3 (ANOVA,P=0.74, & 2¢). N2
[B)3KF 4 DZEN N,0 3SHl & 123 (628 5 R B 33.03% ~54.81% Z 0], HZ PYT Sfac s 2/, N
3.49 wmol/(m’ +h) , 1 PY2 ;54 R 0.70 pwmol/(m*+h) ,#H2ZIE 5 5. FEH 2, PY1 G738 il & i
(1.23 pmol/(m*+h) ) ,PY5 MALHAK(0.23 wmol/ (m?-h) ). T X K5, BZFEALIRW X (PY6~PY13) F-152
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38 (2.18 pmol/ (m*+h) ) BEE TREWIK (PY1~PY5) (ANOVA, P<0.001) , 2R EFEIX 1Y 2 %, T&
VSR ZE TR A2 T B I DX OF- 49 5 40 B 34 i T AR XL iRk 2R (R L X 25 ORI 2 (ANOVA, P=
0.784).
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Fig.3 Annual N,O flux in each sampling site of Lake Poyang
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KRS R S RO AT RS N, O PR AN 25X, 5 pH (i JKIE I SR DL R e R %
IR o e A S KA N, O B (N, O M A BE B DI OE "L Yu S % I O K AR A B 9 2 31
N,O HIFIBE 5 NHI-N ¥k BETR4E 10 25 B AH 26, 5 NOS-N Mk BEAH e PEA B35, A 5, N,0 LRI 5
NO;-N V& BEAA7E 538 M IE A SC . N, O WA S AU B AR OCHE M 28 5 e — @ B U T N, O SRR £
TRPE, RUBE AT g S fb st B ¢, SCRTRE 32 I A fead A il

SR B ASAERBBAMI 13 A SRAE A N,O M FIEE 5 NOS-N NH;-N F1 NOS-N ¥ 3 B0AH AR B35 (18 4)
XA REL SRR S M2 R 56, RIRIZET N,O MR 5 NHS-N Fl NOS-N ¥R B A AE DGR — 3, il gt ik
P T HERIRIZEYT N,0 RIRAZER ). S T RERZT 22 5o HOR AR R | b — 25 43 Hr B~ N, 0 1l
J£5 NO;-N NH;-N W B FUAH G, & BUAE B — 225 N, O 10 B 5 003 3 0 W 5 1) D) S8 7S ) 3 o A 56
M, B R AR KN EIESEARRZT HAME. B2 N,0 WHEES NH;-N Hl NO,-N ¥ L W T
*(r=0.80,P<0.001,n=10;r=0.79,P=0.003,n=10; [ 4) . R[FZE=35 % K Z 50 A B A0 Hr L& 2, Al
PLRILE Z5 NO-N AT NH;-N VB 5 N, O (R B 30 R A 5 25 A EAH G, Xt IR A E 2 N,0 =4 5
NO;-N # NH;-N ¥R A 56, #E—2408r & B, NO; -N 5 NH;-N iR B A7 78 B & W IEAH & (r=0.74,P=0.015,
n=10) {25 NO;-N #e EEA MR .3 (r=0.61,P=0.079,n=10). A LI Jy B 2 NH] -N He B 2520 K
B N,O AR EZ R E , FIERNE R BRI FAH RS (=5.33 mg/L) , AKASSRZUA A £k A 7 AT REAR
T N,O RYFE A bAh, &% N,0 B 5 NH;-N W JE 2 WM (r=0.66,P<0.01) , 5% it {k E
(=9.11 mg/L) WAHFE—ERIER KR (r=0.54,P=0.071) . X FEHRAE IALIE AT RER A TR 1A N, 0 Bk
MIEZRTE . T 24 NH;-N WS N, O 1R EE B 77 A 2 35 1 MG, DR R T NH -N e J3 T AEE
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Fig.4 Relationships between N,O saturation and NH}-N and NO;-N concentrations in water of Lake Poyang

2 2 B N, O HRFIE 5 A KR S JCHLE IR BE Y Spearman A OGS #

Tab.2 Spearman correlation between N, O saturation and DO concentration,

temperature and inorganic nitrogen concentration in water of Lake Poyang

ZY WA Kl NHI-N NO3-N NO3-N  [lJHJ5 72 r? P n
HE 0.26  -0.77*  0.33 0.26 -0.27  y=-96.00T+2490.76 0.55 0.006 13
HZ= -0.14  -0.50 0.80*  0.79* 0.78 % y=5655.19N0;-N+149.43 0.94 0.000 10
y=454.37NH} -N +136.07 0.83 0.000

&S 0.00 -039  -040 -0.26 -0.53 — — 13
B 0.54  -0.56" 0.66* —0.48 -0.21  y=57.19NH}-N-39.75T+522.17  0.77 0.012 10
A4E -0.39 0.13 -0.04 0.15 -0.14 — — — 46

* FRTE a=0.05 KT EA BEM; » TR a=0.01 K TFEA BEE

32N, 0 XHBBES KEEE

TR 4 A~ZT5 N, 32 Hifl i SR A 7E B 38 R PEAI G C R (| 5) . NH;-N NO;-N Fl/K L RE 9%

IR R N, O W FIEE | R0 N, O A2 B k. 2
HEVIRC. ky o8

Y (4) FTHL, N, O SZ4E L 45 ky o HYHK
T H R UG (U) BRI 5 B A5, 3T 78 Wanninkhof( 1992) #6712 Bl <7 73 1T
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4E) 1 EE A (2003 4E) (9 N, O L FTEE K

S H T, TR R B RHI N, O Z T M HEBURFIE 2 (0L T S LTI ( LL AN Colone W) | 1%
Pl HUORAF a2 E MR (R 3) . mTRFIINE S 18 Pl 510 e 8K 5 45500,
T SRR A 1 P22 S T REXT I X N, O BT I — R S . DAL, AR FE) N, O 9 2 A2 AR AL T i

EFZB AW N,0 Z= 122 AL Y52

I8 N, O 22 il fE 187 8k, W1 B H 2014 4EF8 PHIY) P35 28 il fE7F 0.40~ 1.71 wmol/(m* - h) Z
[ 5 — B K A S B R T YA A B, 12 1 AT T S0 A ST 30 ( g PIESAT AT ] ) | B R A AR TR 2
1. 2009 45 ) ({52932 43 B /K S 5 -5 B P9 A A BA A HE , 280 T [ Ah— S KA B 3746 WA ( Lac de Neu-
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chatel WiFI Alpnachersee W) , & 28 4 57 [7] 2515 BY A ( 2009 4F ) Fiil K2 (2008 4F ). MeAb, ARAFFAEEAY 1
H N,O 223 i ZRT 8T 2009 45> 330t [a] 42 5 e 360 PHIS /K 4R N, O 1R AIEE S A a3

3 LM WA Y N, O LA EE A8 fh e

Tab.3 N,O saturations and N,O fluxes in some related rivers and lakes

SR E SRR i) N,O 1R % N,O &3/ (umol/ (m? « h)) £ 30k
Colone 7] F/E/ & — 1.196/0.611/0.285/0.729 [24]
Ay 1—12 407+1010 0.018~ 140 [3]
Bt 90.0~284 0.017~6.2
BRI 7—9 A 201~484 0.10~1.30 [6]
KL 8—10 A 197 0.07~1.46 [28]
Kevaton ] ES — 0.09~0.50 [8]
Yugjiao # 65 <100 -0.14~0.89 [21]
I 2 W94 1A 162 0.19 [28]
ek 1A 152 0.45
N 7—9A 159~246 0.41~0.58 [11]
B FH 4 A 414.20 1.71(0.70~3.49) BT
7H 254.10 0.64(0.23~1.23)
10 A 164.35 0.40(-0.07~0.75)
1 H 192.58 0.56(0.30~0.96)
1) S AT
3.4 BFEH N,O THBER/E
H T 5T N, O B8 I T A7 A L 1 2 4 BRI KA N, O MR A5
PESRAE , A< SCF A 2014 4E 4.7 f1 10 A, L Tab.4 Estimation of N,O emission in water of Lake Poyang
2015 4 1 H B BGE P IE, 45 & AR ZE T N,O Z2#uilifE/  N,O B/

PP SR TR 7 AL A ek T TRV ) (x10° mal)
PRSP R N,0 2925 1.29% 10" mol (£

4) T LA N, 0 M 2 A 2 361.93 1. Ei ;T‘l‘z (1);1‘ ZSZ;‘
H rh 5] B b [T AN = : :
S EENE R N0 RGBS 0e o oo o

AN, O FERCE LY 46.99% Al 33.41%. BRIBIK 4 5 s 0.56 139
A N, O AT R 13 F— LI i Ty 3 0, B R
TR (5.78 O) AR R (29 290 1) IS SR F, ARl 8 B B O R B A N, 0 Bl
PR, 5K B ARV P AR T N, O HERCE B 20T 35 0.296~4.696 wmol/ (m? « h) ) At -4 4F MR BH 4
T M - HER LAY N,O 248 1x10° ~ 15x10° . AL R, B FHISIK M4 N, O B da 2 o5 HL R a9
2.30% ~36.43% . it —% R BN IAALE K Z= AR 22 5 MBI REAAE —E iR 22, (B &/ A5,
ULBABB PRI KR N,O B EAF A BTN 2R 2 —MEEN N,0 BIE , X i N,0 44 & it i
i BAT — RE .

4 #£ig

1) 2014 4% 4 H—20154F 1 A, BEBHM44F N, O F-Euk B AT #4940 A1 B2 43 314 32.57+17.35 nmol/L Fil
256.83% +£129.05% . FLH1 T N,0 VI i 5 (51.84£22.37 nmol/L) , Bk F= AR (20.07+4.60 nmol/L) , &
FHKFEEFADE LT N0 FHWERES TE R AFMESR N,0 WMEZERARE. SN
LB N, O FAAL F i AR R KA N, 0 RO,

2) £ N,O MR SFREE N 2 A4S SR 2 01, IR /KR N, O 4 13 Ry 52 i 3 B4 v 7
FEBMET, F BB A 535 Wi E ik BEXT N, 0 1R Y52 R R 38, B HI4-Z NH,-N 5N,0
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0L 2 B TR DG R N, O PR R R R, AN Ze Ak AR TR /KR N, O 1 BRI,

3) FBFHIH N,O 4E A i@ &84 0.83£0.69 wmol/ (m’ - h) ,FEZT FIZS 8] FAFEfE & 2R, HhHEZE
N,O A HeiE A, o0 171 pmol/ (m® - h) . NASRIRFE , FZ 0K X 34 28 i it 2 5 TR sl X, 15
HHAEY LSRN D E, HEAZET N,0 S8 i, 454 AN 25 /K 80 AR 0450 20 H 385 BH 3 4 45 B
N,O #2247 1.29x10" mol , e AT ZJE N, O BB = W BT, SRR 20 5 4R 1Y 80.40% , 4 4F3f 1
N,O Hith & FE 20 361.93 t, fib /R 6 BH AT X 5 N, O 43 A B it 2 V- iy ELA — 25 M.

HH: TEAFRSEEANARAESRAANAEERFFRER ST T ALL LHRH . ik HET
FUARFA A B B SN 35 LR R AR A0S B | 48 s — SF B
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