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Variations of River N,O Saturations and Emission Factors in Relation to Nitrogen Levels in China
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(1.Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China ; 2.Graduate U-
niversity of the Chinese Academy of Sciences, Beijing 100049, China; 3.College of the Environment & Ecology, Xiamen University, Fujian
Provincial Key Lab for Coastal Ecology and Environmental Studies, Xiamen 361005, China ; 4.Municipal Bureau of Land—Environment and
Resources, Sanya City 572000, China)

Abstract: Nitrous oxide(N,0) is a potent greenhouse gas that contributes the climate changes and stratospheric ozone depletion. An increase

of active nitrogen(N) loading resulting from human activities to watersheds makes river systems a potentially important source of N,O. Here,
we present the results of spatial and temporal variations of river N,O saturations and emissions in relation to N levels from rivers among three

watersheds with multiple land uses in China, and we also assess the emission factors based on the Intergovernmental Panel on Climate

Changes(IPCC) guidelines. The results showed that nitrate and ammonium concentrations ranged from 0.023 to 5.24 (average 1.29+0.822)

mg+ L and from 0.020 to 40.3 (average 2.54+5.47) mg N+ L™, respectively; Correspondingly, N,O saturations and emissions ranged from 90%

to 8213% (average 407%=+1010%) and from 0.250 to 1960 ( average 58.3+221) pg N-m=-h", respectively among the rivers. Our study

demonstrated all the rivers were sources of N,O to the atmosphere. There existed significant differences of ammonium concentrations, N,O
saturations and emissions for rivers in these watersheds, and the highest mean values of ammonium concentrations, N,0 saturations and emis—

sions were (12.5£6.10) mg N-L, 1760%+2620% and (363+548) g N-m=2-h, respectively, which were observed in Nanfei River receiving

urban wastewaters. We found N,O saturations from study rivers (except for the Nanfei River) were positively related to nitrate concentra—
tions, demonstrating that rivers with increased nitrate levels can results in more N,O production. On the basis of the IPCC definition of "emis—

sion factor", the measured emission factor ranged from 0.05% to 0.87%, with an average of 0.2%, very close to IPCC given value of 0.25%.
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However, our study suggests that the revised "actual" emission factor with an average value of 0.1% is more appropriate instead of IPCC val-

ue.

Keywords: river; N,O; saturation; emission; emission factor; nitrate; ammonium
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Figure 1 The location of the three watersheds and the sampling stations
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Table 1 Mean of physical and chemical characteristics of the study rivers
/ DIN/mg- 1"
km? E N /km /m /m  NO-N  NHi-N !
— 1 118°28' 31°43' 5926 1780 15 1.74 0.05
1 710 000 1 117°48' 30°56' 5776 1540 15 1.45 —
— 1 117°02' 30°31' 5650 1310 14 0.86 0.30
1 333 200 1 114°4’ 30°38' 5264 980 24 1.94 0.17
— 1 108°25' 30045’ 4226 750 90 1.56 0.06
866 560 1 106°36’ 29°37' 3905 760 20 1.49 0.05
159 000 2 111°29' 28°54' 1570 270 53 3.09 0.14
160 200 2 106°25' 29°51' 1119 172 26 1.75 0.11
1618 1 117°22' 31°49' 65 170 3 0.514 12.54
2070 1 117°16' 31°31' 139 120 2 0.732 0.274
142 2 117°36' 24°43' 10 40 0.5 3.45 0.297
9554 1 117°47' 24°31’ 226 420 7.0 2.38 0.451
3772 1 117°31' 24°34' 60 210 2.5 2.02 0.317
(D : , NH: ; : o
2, 1.2 N
N,O o Fisher 60 mL N,O
KOH 10 mLL
° 3 N N °
N ° 10
DO . min 4 h . N0
pH.  NH: . NO; /
2

Table 2 Information diagrams of sampling time and monitoring items

2009 6 12 N0 NO3 (NH: | N
2009 6 12
2011 10 11
! 2009 8 20 22
2009 10 26 28
2009 6 12
2011 10 11 N,O NO; \NH: | R

2006 1 12 N0 NO5 NH: | N
2009 6 12

2010 1 12 N,O NO; \NH: | N

1 6h 1 60 h,
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Figure 2 Distribution of N,O and N level of various kinds of rivers
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Table 3 N,O saturations in various kinds of rivers in the world
AT N0 1 FIEE (Mean) Z:7% 30k
10 streams in Canada 276%~303%(290%) [20]
Grand River 150%~8000%(216%) [21]
Eramosa River 90%~140%(115%) [21]
Speed River 90%~800%( 350%) 21]
Ohio River 160%~740%(230%) [22]
Kalamazoo River 45%~1358%(236%) [23]
LIl River 201%~404%(302%) [24]
Millstone River 104%~123%(110%) [25]
Iroquois River 102%~209%(151%) [25]
Colne River 272%+32.1% [26]
Hudson River 185%+43.0% [5]
KAL) 129%~140%( 135%) [14]
RKITCRE) 168%+26.9% [15]
S 216%=54.2% A3
JURTTIK &R 144%~967%(311%) AL
K FR 90%~8213%( 1 826%) '

BT BT AT T 3 AT N0 7E
K-S AR (] 2b) o Herp  PERVE T 30,
NLO B 128 A a el A 11.8~49.8(H{E 19.3+10.3)
pg Nem?-h™, AR FER TR WE-T0 11 X, AN [R) 25
N,O B A2 A5 B Ay 0.680~36.9(H4{H 15.3+9.31)
pg Nom™h MIFERITRIE K S0k, N0 B
FRRIFEEH 1.91~14.7 (918 7.56£3.09) pg N+ m2+h,
FE ST, R NO R Y AR Ak A
0.370~1960( {8 363+548) wg N-m>2-h™', FIEA N,O
BB 784630 FE R 0.250~86.8 (1{H 28.8+23.8) g
Nem?h™, FEJUIR IR, VIR N,O Bt i A2 1k
[l 5.48~67.8 (M 24.2+18.1) pg N-m=2-h"  #Ti%
N,O B (A AL TG R 4.27~18.2(¥91H 9.50+4.44)
pg N-m?-h™' JBIE NO B A2 ALIE il 3.59~
53.9(¥{H 18.0+17.2) wg N-m2-h™, JafAk I+, 3 s
T NO B A AE AL Ll 0.250~1960({H 58.3+

221) g N-m2-h™, FEIER NO Bl i (MIME IR
363+548 wg N-m2-h?) .
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Figure 3 Relationship between N,O saturations and N,O emissions
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Figure 5 Diurnal variation of N,O saturations and water temperatures in the Changjiang River
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Table 4 Regression analysis between N,O saturations and concentrations of NO; and NH;
T TR PRI A7 [Epigcs R? P n
R KT N2O T FH NO; y=65.1x+139 0.335 0.000 142
NH; y=—184x+274 0.159 0.001 64
b R0 koY [aplihe) N.O Y i NO: y=(1.76x+1.12) x10° 0.033 0.431 21
NH; y=—1.612+3.65x10° 0.142 0.044 29
Bt N,O T NO: y=(1.36x10°) x-605 0.368 0.001 25
NH; y=-T19x+573 0.121 0.069 28
JUIR LIk [} NO A1 NO;3 y=-69.6x+681 0.170 0.208 11
NH; y=—130x+479 0.029 0.619 11
g N:O Y fipE NO; y=—44.5x+324 0.282 0.093 11
NH; y==72.7x+251 0.304 0.079 11
bz NO Y A1 NO;3 y=-5.99x+286 0.001 0.912 11
NH; y=—176x+330 0.150 0.239 11
3.2 IPCC e, B R B ZE T NO W™ 525 NOS Y [

ANFIZERITTI NLO (R FR RN BE ARl A AR R
2550, UL NoO WA A AEAR KA AN 2 1%
IPCC $2 H—/MI N,O B R (EFs.) IREE kA
SRR NO (i & TPCC FIK EF, T N
0.75%,2006 4F-& 1T R 0.25%7*4, AR WAR , XTIl 2
5 A S| IR (=1 AN DR LI EE R 3 '
A I NLO BRI o R, X1 IPCC # th iy
B R BE, A ik, 5 T ARz ¢
B‘E [20,23-24] o

B FEAL AT N,O BERCR B (EFs,) A2 A0E
FEI 4 : 0.050%~33.8%( )1 0.881%=3.72%) (& 7a) , A~
ARV Y EFs., 22 5 9E % 3 (ANOVA , a=0.05,
P=0.000) . XFHH IPCC R ER B E A R 2 A ]
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