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Characteristics of nitrous oxide (N,O) emission from a headstream in the upper

Taihu Lake Basin
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100085, China
2 Graduate University of Chinese Academy of Sciences, Beijing 100049 , China

Abstract: Anthropogenic sources of nitrous oxide ( N,0) have received a great deal of attention in recent years.
Agricultural fertilization has been shown to be one of the most important sources of N,0. However, the impact of
urbanization in the agricultural watershed on regional N,O emission is currently not well understood. China has been
undergoing rapid urbanization, which has had a stimulating effect on aquatic N,O emissions. Accordingly, there is an
urgent need for assessment of the regional N,O budget. Therefore, this study was conducted to reveal the N,O emission
characteristics and possible response mechanisms of a typical headstream under the human disturbed landscape gradients.
The specific objectives were to investigate how nitrogen is transported and transformed with landscape gradient, as well as
whether N, O emission fluxes are significant and responsive to the load gradient over spatial and temporal scales in the South
Tiaoxi River (STR), which is the most important headwater stream in the Taihu Lake Basin. N,O emission rates ranged
from —18.11 t0 397.42 pg-m~+h™" and averaged (30.37 + 10.87) mg-m >-h™'. Moreover, the emissions followed a
seasonal pattern, with the lowest values (9.69 = 7.10) wg-m >h™" being observed in winter, moderate values (17.17 =+
17.35) pg+m h™" occurring in summer, and the highest values (125.97 + 90.77) pg-m h™' being recorded during the

flood season. The significantly high N,O emission rates during the flood period were mainly ascribed to the large amount of
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overland runoff input caused by continuous rainfall. N,O emission rates responded to the landscape gradient in the
watershed, gradually increasing along the stream from the upper headwaters region to the lower farmland and urban areas.
Statistical analyses revealed that the nitrate (NO;-N) load predominantly determined the variations in stream N,O emission
rates, while other factors such as phosphorus content, dissolved oxygen, and topography played lesser roles. The South
Tiaoxi River was found to be a net source of N,O to the atmosphere, with total annual N,O emissions from the main stream
of the STR estimated to be as high as 0.38 t/a. This case study demonstrated that allochthonous pollution load inputs might
dramatically stimulate aquatic N,O emissions from a montane headstream with relatively little sediment. Since the exchange
of N,O across the gas—water interface is a complex process that involves river microbial activities, pollution loading, gas-
water exchange dynamic factors as well as river hydrology and hydraulics, its mechanism requires deeper and more extensive

study to enable more accurate estimation of N,O emission fluxes and relevant climate effects at the global scale.

Key Words: headwater stream; release rate; landscape gradient; pollution loading; nitrate nitrogen ( NO;-N); South

Tiaoxi River

AR (N,0) P EA 25 AR 3 | 3R 4802 AR R0, SAE R AR P R A A B RV T 12 52 1))
ZISGEN  BEE A AR PR A BN A i S R, AR N, O B 5 R i 1 L o ke
KU DR BRI AR A S R E AR IZH) N0 BGE BT SH6E L KA S RGN AR
AR Z A I UAF I N, O BN S i B i i, DRI K A S R GR AR AR H H W
L7 FEREIR K A= S R GRS RGN, HRAERR P N, O BUBHCA ] Z 0L, Seitzinger 55 ARG ITCHLA
Ry AR SEATIAL TR LR R P AR A B N, O B, PRI ZR B B T A BROK IR 4 N, 0 B
1 509% ), EISME A AR AR ISR N, O 9 5t K RO o (4R IE , L 46 AERT E AR KR

TSI ] PR 3 2RI v e IR A A S BT ACHE 1Mk o L SR BT R AR R R G 1)
W,

FNEIK ZANE R AR LW KK R A s 9 B 28 W X, BRI A KB 24 30 42 m® KGR, 2 i AKIIK
S 70% o H TR LR K 3R 1 U5 Y OB BUMIR Sk T K T A B R R BT R
G Ab T RUSAEAL SRR 22 rf o SR T TR X I 1% 2 b ) P 25 R I TR I e e R b T IR TS Y TR
TEWEAL R R m i R A AT B 50 R USRI s A R AT iR A Ak T N, O BTG i 2 T BE TS 4 i
T Ak DAmd 3@ AR LLE M i 25 E R ERER N, O BECREE? g m R R 2B A —Efe s
Ph? XA IR R IFASY

VEHCE R NG 2 BE X4 TR IESR I N,O BURRAE S HS i PR Z 9% . % X B a2 i 25 F Ui
WL AR LUK I8 & 23Rk X 2 0 Bei m DA LKA, s HL A R i) £ R AR ST K
AENE V5 e ef FE AR AL, TR S ARARIX DALLNE 3 b3 B oK 2 UK, thiisig il £ 2 Ak
H R, A Z KT, PRI X iAo 22 R+ E, KESRICA RS
KR O FIE AT K, s LB YRS R AR AE LA R N 206 Sh 52 0 (1) 75 Y g 500 34 58 Rty &, 76
AR 523 AR T ST N, O BRI RIS, FLG5 SR AT LU s 1 i I Sk 3 i B 2R LTI N, O Bk e
A1 B JFL 5 G A7 Ao o o7 B B2 (L2 25 40K 4
1 #R5F*

1.1 W5

B BE T IR, b 2, AT X A K IR 2= AT LK T 0 (B 1), REUE S TR R
ST 47,5 km (VSRR ATE S35 B 6%, IR AR 603 km® . R ARATLA_L WA YRR 200 10%0; H5 2 I
LB B RN 6. 7%0; W0 TH X 27 LK B2 R 2. 86%0, T LB /K 22 7K STl Z2 47 5500 g 79 ¥ L i

http ; //www. ecologica. cn



20 FROT A ORISR B A AN, O) BEUCRFIE 6281

SRR RN 14.5 m’/s, i ELROK 2R A e T 32 BAR K K W b, A B 25 1603 7 m*, R LUK
SR BN T A P K PR, I8 B /K EZS 3600 J5 w55l TR 49 1R FEORK RS s Jb i vty 22 WS
i DX, S AR AN, B B T, AR RRK & 1500 mm, 5 AP AIE 7 A oA i, K5 = 10 APk &
I, ZAEFRER H N 161 d, Z4EFEHS R 15.8 C,

1.2 BRIk

Zead X FR Ui e 28 BET L S b % % R i AR AE
o 2 N i o ;1) A E i [ R N R DA VA R . L
BEORFES, 2011 4F 1 A= 9 A, A H i LEE T i
FARIKBE R ASHE . TR RAE s AL B A I 7 7K BT 240
IERAERIZKEE, B AFERESEEM (K 2),
SRR AR A PREE 5 52 RORS) 1—2 min, 38 f 47 5
FETF TR LG FAR A4S B 4—6 min SREE—AHE,
20—25 min WHLREE 5 DM TR E R, B
SR E W ASEEAEDAETAT, BT BE R 2, R
A B 3 A B A S v, PR A SR A TR R

JE 57 7K BT 2 B0 L 5 R BE (°C) (R4 (DO) | pH
.5 R (EC) M E LR T # f7 (ORP), i YSI
Professional Plus fH#X7K B3 Hr {2 ( YSI 24w, L5 ) 3]
i, RIZKEEREG R i2 2 4 1S5k, 24
h P SE RS AT A o TR KRR P e A TR T A 1 )
F(TN) 5885 (TP) | FH SO i 18 e 125 0 5 fb 2 7 et
(CODy,) o FHIEAHE R T AFAR A S 72 A A5 2 (NOS -
N) G L) F a0 2 A8 A (NHG-N) BRI AR 2 —
i o A0, 5 WA S AL (NOS-N) 5 T PE (SRP) il 5E %
FHARBR BT e B ik . FHFR G 15 DU A5 8 8 1 TR )
(TSS) . Bk (TC) G TCHLER (TIC) | A HLAk (TOC)
M1 /% = Elementar 2% 7] TOC €, S ARKE S keG4
feia In b o 5250 2 T — JA 9 58 A e D, SR
N, O ¥ B R A 10 38 H& 1) SAH (A 3% 43 (SP-3410) #E47
WE, EREFALBEAE (2 m,4 mm SN2 ) R 343 B4 (2
m,4 mm #pE) ] Porapad-Q (80—100 H ) H 7, il

-1

E1 BEERERERASH
Fig. 1 Sampling stations in South Tiaoxi River watershed
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FKE R, TP TC 5 N, 0 Bl & 1EA 5 (r=0.266,P=0.085;r=0.327,P=0.073) , DO £ F1 & ) 5 5 &
B (r=-0.353,P=0.092) , HAAEFRER LA R N,0 850 W0,

R®1 HEBREN,OBHEE/ (pg-m>-h")

Table 1 N, O emission fluxes in South Tiaoxi River watershed
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standard error characteristics
3k X Headwaters region 8.46+0.68 7.99 -18.11—48.54 14.5 IKEER s KRB
4% M X Farmland area 31.10+8.41 31.68 6.14—168.36 16.5 rP KR BK
%X Urban area 8.24+1.48 7.47 1.46—13.68 6.4 KBS KIS
& I Maxi tributary 35.74+11.90 28.92 23.62—81.13 0.4 IR AR I
Y 11X Confluence area 33.86+14. 60 26.94 7.17—397.42 0.6 rP KR BK
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AT [MH (STEPWISE 33 #8) . AR T (P<0.0001) BB T (P=0.0103) KB AN F(P=0.0104)
LR N,O BB (R =0.551,P<0.0001,C(p)=1.11) , H il 75 20 7 50 A fif B i 728 S 1)
35.3% , [BlJARERIA] IR A N, 0 il =48. 76+75. S3XAH SR T-21. 60 x5 K F-+21. 80x & H T,
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Table 2 Factor analysis: common factors and original variables

Atk HF 1 K+ 2 AT 3 KT 4 HF s HF6
Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
i fi Elevation -0.15 -0.91 0.03 0.01 0.03 -0.12
W Temperature -0.09 0.00 -0.12 0.91 -0.11 -0.14
% Atmospheric pressure -0.06 0.77 0.12 -0.52 0.08 0.04
B4 DO -0.12 0.20 -0.44 -0.66 0.04 0.05
H1 5% Electrical conductivity 0.11 0.81 0.29 0.06 0.08 0.11
pH -0.51 0.31 -0.37 0.04 0.24 -0.16
MATN 0.27 0.16 0.01 -0.01 0.13 0.90
A A NO3-N 0.89 0.12 -0.04 0.04 -0.23 0.17
AR NH;-N 0.07 0.14 0.42 -0.16 0.77 0.06
WAEZEA NOZ-N 0.05 0.40 0.74 0.00 0.18 -0.13
S TP -0.03 0.15 0.22 0.23 0.10 -0.11
I5 PE# Soluble reactive phosphorus -0.20 0.09 0.70 0.01 0.04 -0.02
L5 A CoDy, 0.00 -0.02 -0.09 -0.04 0.88 0.18
S TGHLA Total inorganic nitrogen 0.87 0.20 0.21 -0.04 0.20 0.19
S L TN/TP ratio 0.13 0.07 -0.18 -0.33 0.20 0.79
TEHLEME L Inorganic nitrogen/phosphorus ratio 0.82 0.01 -0.37 -0.03 0.20 0.03
fift B % Explanatory percentage/% 23.80 19.50 15.40 10.00 6.90 5.90

TOC , TIC( total inorganic carbon) \TC(total carbon) H 3 A FFLRIN & , A K F 24T B e 22 101 43416 15 R 22 A UL 45, A0 He gl A IR 74y
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0.953), L E IR AR, K-S A AR T BR, ol A 00 S 100 6 Mk R A, BN O 30 458 v B4 N, O
W, ZFBOFE SR N0 B Y R EA L,

FER ST (N TR E <1. 4 mg/L) & N,O BGH S8R Neuse TN, AR TOC KKK Y
5N, 0 8 &8 IEA S, HAK PSS A S AR N, O 58 A EZIRSHE 2 i 92 Mg e 12 4/
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K FEAIR AR AERE 27 A KIR/KIR N, O 3 2057, N, O G 52 10728 5 2 ph TR R & m] R
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13. 2 mg/L JE R N AZfE , JEHTRI I I 0K 103 i T A Y (P E{E (5. 1120, 55) mg/L) , NITHZ I =
TS 1% N, O BEHCHE 78 5 i E B R, PITAR R E T N, O SRR AR S5 i, 07 24 255 25 i il 2

#3 ERINTHEN,O BHEELE

Table 3 N, O emission fluxes from the international and domestic rivers

KR 5T X I N, O R 7 Ik
Data source Study area N, O emission fluxes range Method
41 EAGERFS
. Memahon 2(17] South Platte River, nitrogen—rich 90—32600 g N-m™2d™! Closed
International
chamber method
Hendzel %[ 18] Boreal forest reservoirs -3.5—1.0 pg- m 2! {54 Estimation
Garnier 419 Tidal Seine River estuary ( France) 25—60 kg N/d fli
52—140 pg-m >h"' CARIE RS
Clough %5(20) Spring-fed LII river, New Zealand 3o M‘;%m“_‘z'h_l fruﬁ ;;*E %
Beaulieu %£0] Headstream, Michigan -8.9—266.8 ug N-m %h™! 1
Beaulieu %7 Ohio River, cut by 20 dams 12.2—623 ug Nem™%h™! B AR
ESh| e 13 ; YT River:122.5 wg Nem™h™! .
REIEZR4E WK Taihu Lake Basi : B PR 46
Domestic RIS KB Taihu Lake Basin W1 Lake.3.53 pg N-m2h™! AR
Ly r21] S 32 1 Tl 142. 1 wmol s m™d™! .
FEfbpragt R o g
s " WI1:14.0 pmol-m 2 d™! "
o I8 525 4 5.0, 29—8. 41 weem=2-h~! )
AR 1) HJQ/KE,Z?J.UIL Ji. it :0.29—8.41 pg-m L T A
Jurong Reservoir, agricultural watershed JK % Pond:—0.42—16.76 pg-m *h
AR KW, R . o
’ -18.11—397. sm™h" WA
This study Taihu Lake Basin, South Tiaoxi River 18. 11—397. 42 pgrm™h LS

A b, AP AR T NI TR 4G . R ERAE S A B LR RS AT U B R AR
SN PER R REAE BRI R it et B R I, T 2 VTR ARYE R RN B AR A A R A IR SR
AR, A T K A4 5 G S KR i, 8—9 H AR BE 8 (RS A A & IR AR 2 7KF | A ik f
WA, 7 HIHKAR R BB NOG-N & (>4 mg/L) FEE IR | 1 N,O Bl o A, il AE N
HiZH TOC KA, AUH 2. 18 mg/L(4E1 3.07 mg/L)

ZARK SO AR IR R e 2R LR AR I & 24 T30 1,88 {2 m* , Horpr 4—9 AR & i 2 4FE 1
72.5% . MR 11 HZ2B4EN 1 H RS SFERE D 7.3% . I, DL R AR B I3 i
FEIS AR A BRI far B2 N, O i 8 UM BRI ZAL888 oy 255007 7 5 | AR Ve
3.2 AR

R R L2 T ARG P AobR A B IR IXC A = A FH 2R RIS ST 5 b ) 7288 3 XoF 1 ) i i ¥ T v
BT G far R BE 1R UR Sk 2T R AR K AR TN F 4. 28 mg/L 3 % 8.25 mg/L,NO;-N H 1.36 mg/L
HAINZE 4. 14 mg/L NH;-N 1 0.39 mg/L # % 0.89 mg/L,NO;-N H 0. 035 mg/L % 0. 136 mg/L, 7K TIC
MIEH 0.52 mg/L K %2 10. 62 mg/L,TOC J SRP A /Mg . W H N, O Bl i i k3K 1 300%
HR A P 75 AT B A ) 58 Je N, O R & AELAG 5, B T N, O AR R AT 3k 0. 38 v/a, B IR
N, O AR 1,95 kgehm ™ a™ | 553 4 85 J5AR FH 398 20 07 T BUFEHERONT 4 (2. 0—2. 8 kg-hm ™a™") 22,
R F AL R SRR T I/ A K 22 N, 0 P-4 HERGE 5 (80—250 mg-m™h™", KF 7000 kg« hm™
a') P,

Bl 22 R X B LA AL R 1R N, O BTG & i [ 22 T a8 20 T i i ¥ Gt fef Z W G I, 483447
Mo s 3 R 3 R RUE FR B A LR X N, O il i B 50 1 2518 . X B N, O RT3 ot fi 1K 14 B0 52 1
U RT3 X BT R 2R X BT R T A A ™ AR I I N . R IX B s R fH K
WAV T B BRI A B (R G208, ERIZI Bels YL R far 4R S e (H B T B AT i/ K i K 22,
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N BEAR, B A AL S TG PR KO SR 3E N, O B, ASAIFGE iR B XTI N, O 3 2 TG W B30, A A
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VA AL i PR IR R BB A Ak 2 77 28 N, O, R T OB AR AR FHZE B N, O, 285 SRR & N, O RS 2 finsi
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