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Net Anthropogenic Nitrogen Accumulation in the Beijing Metropolitan Region in

2003 to 2007

HAN Yu-guo', LI Xu-yong', NAN Zhe', LI Bo’

(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. Beijing Hydrologic Center, Beijing 100089, China)

Abstract : Nitrogen input and accumulation caused by human activities potentially influences the regional environment, especially the
water environment. This paper introduces the concept of “net anthropogenic nitrogen accumulation”, NANA and defines it as the
difference between N input and N output caused by human activities, which are estimated from the accumulation in atmospheric N
deposition, N fertilizer use, N accumulation of human food and animal feed, N fixation and riverine N accumulation. It is found in the
study that NANA in Beijing has a downward trend from 12 557 kg« (km®-a) ™" in 2003 to 11 606 kg (km®+a) ~' in 2007, but still 2-5
times that of other countries. The distribution of NANA is closely associated with the population distribution and land use type. The
change of NANA is mainly related to the population density and the amount of applied fertilizer. As to the whole Beijing area,
atmospheric N deposition is the largest source of N, accounting for 51% of NANA, which is followed by fertilizer use of 37. 4% and
human food and animal feed of 16. 6% . The population density and the amount of applied fertilizer are main factors affecting NANA.
The accumulated N is mainly distributed in soil, water system, body of animal and plant as well as the atmosphere. The effect of N on
the environment can be effectively prevented by controlling the sources and proliferation of N.

Key words : anthropogenic; nitrogen accumulation; atmospheric deposition; nitrogen fertilizer use; food production; nitrogen fixation
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Table 1 Land and population characteristics of Beijing metropolitan region
/Y
/km? x10°/ -
1368. 30 1012.30 19. 17 13.74 2.03 59.50 5.56
1 993. 80 28. 60 20. 05 62.99 7.12 6.43 3.41
2122.60 31. 60 12.48 60. 82 18.47 5.46 2.79
2229.50 44.90 19. 09 49.30 14.90 6.64 10. 07
1343. 50 89. 60 19. 41 47.83 3.69 24.75 4.33
1019.90 73. 60 48.67 8.31 6.21 27.94 8.88
950. 10 42. 40 37.42 34.56 11. 14 12. 10 4.78
1 450.70 27.00 3.94 70. 05 18.21 6.28 1.52
906. 30 96. 50 53.39 5.67 1.04 28.29 11. 62
1989. 50 88.70 20. 69 36. 62 21.87 16.70 4.12
1 036. 30 97. 80 57.16 5.39 3.23 27.35 6.87
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W T Table 2 Each animal or human of N consumption and excretion
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Table 4  Riverine N accumulation
x10° /kg 1. 84 11.23 0 0. 04 11.28
2006 x10° /kg 0.17 0 138.99 8. 81 0
x10°/kg 1167 +11.23 ~138.99 -8.77 +11.28 ~123.58
x10°/kg 1.51 10.92 0 0. 04 8.94
2007 x10° /kg 0.55 0 178. 15 10. 68 0
x10° /kg +0.96 +10. 92 -178. 15 -10. 64 +8.94 -167.98
x10° /kg 2.08 10. 26 0 0.25 13. 07
2008 x10° /kg 4.20 0 178.29 7.12 0
x10° /kg -2.12 +10. 26 -178.29 -6.87 +13.07 —-163.94
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Table 5 NANA in different year
NANA/ kg- (km?-a) ~!

2003 2004 2005 2006 2007 2007 2003
24 671 24 849 24991 25413 25787 25142 1115
12 495 12 542 12 102 11723 12510 12 275 15
8260 7 605 7533 7 445 7650 7699 -610
10 408 10 366 11254 10 348 9817 10 439 -591
7657 6902 9188 8120 7078 7789 -579
24 080 23244 21756 22363 20 256 22 340 -3824
10 115 8 286 8 435 7938 7757 8 506 -2358
6735 5094 4 605 4708 4019 5032 -2716
20 623 22 388 23205 26 993 21 140 22 870 518
10 741 11516 11 405 10 693 10 632 10997 -109
11 873 11947 10 680 10015 8031 10 509 -3842
12 557 12323 12 309 12 269 11 606 12213 -951
. , NANA , NANA
. NANA . 51% , .
, 38423824 2716 kg-(km’-a) . N
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2007 ,  NANA NANA

, 6. , , NANA 91.9% ; N



1542 32
3 s ; 7
NANA , ,
6 2007 NANA
Table 6  Composition of NANA in 2007
N NANA ) NANA NANA ey NANA NANA
/kge (km? -a) ! /% g (km-a) /% . /% g (kni"-a) /% /kge(km?-a) ") /%
/kg+(km” -a)
5730 22.2 23 698 91.9 103 0.4 -3739 -14.5
5940 47.5 5042 40.3 651 5.2 538 4.3 338 2.7
5940 77.6 1087 14.2 15 0.2 413 5.4 199 2.6
5940 60. 5 2111 21.5 1129 11.5 442 4.5 196 2.0
5940 83.9 2343 33.1 2180 30. 8 354 5.0 -3737 -52.8
5940 29.3 13916 68.7 -122 -0.6 324 1.6 203 1.0
5940 76. 6 2250 29.0 -272 -3.5 473 6.1 -636 -8.2
5940 147. 8 518 12.9 -3195 -79.5 414 10.3 342 8.5
5940 28. 1 19 428 91.9 - 867 -4.1 381 1.8 -3742 -17.7
5940 55.8 4433 41.7 -85 -0.8 340 3.2 11 0.1
5940 74.0 7059 87.9 -1574 -19.6 337 4.2 -3734 -46.5
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Fig.4 Compositive analysis of NANA in 2003 and 2007
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Table 7 Stepwise linear regression
R? F P
11 087. 189 0. 818 3692. 807 0. 00
4.010
6618. 387 0.931 5567. 425 0. 00
4.207
8.735
p=0.000 p=0.05 y
(NANA)  x,( ) %, ( )
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Table 8 NANA studies conducted in other parts of the world 3.4.2
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3170 [24]
4850 [25]
6 820 [26]
, 2040 [27] >

13 251

[29]

50% ,

NO



[ 1] Asadov D A. Strategy of healthcare reforms of world countries
from the World Health Organization positionbl [ J]. Uzbekiston
Tibbiet Zhumali, 2009, 3: 47-51.

[2] Asman W A H, Sutton M A, Schjorring J K. Ammonia:

emission, atmospheric transport and deposition [ J]. New

[21]

[22]

1544 32
N . Phytologist, 1998, 139 . 27-48.
[3] [M]. , 2001.
F 30] X ’ 54-57.
[4] Townsend M A, Young D P. Assessment of Nitrate-Nitrogen
’ N ’ Distribution in Kansan Groundwater, 1990-1998 [ J]. Natural
) Resources Research, 2000, 2(9) :125-133.
(31] . [5] Hewett C J M, Quinn P F, Heathwaite A L. A multi-scale
framework for strategic management of diffuse pollution [ J].
' ’ Environmental Modelling & Software, 2009, 24(1) ;. 74-85.
’ X [6] Chen LD, FuB]J, Zhang S R. A comparative study on nitrogen
’ concentration dynamic in surface water in Heterogeneous
Landscape [ J]. Environmental Geology, 2002, 42 (4):424-
(2) 432,
[7] Jordan T E, Weller D E. Human contributions to terrestrial
nitrogen flux [ J]. Bioscience, 1996, 46 :655-664.
X [ 8 ] Van Breemen N. Where did all the nitrogen go? Fate of nitrogen
inputs to large watersheds in the northeastern U. S. A. [ J].
Biogeochemistry, 2002, 57:267-293.
, , [ 9] Mclsaac G F, David M B, Gertner G Z. Goolsby. Nitrate flux in
B2 the Mississippi River [J]. Nature, 2001, 414 166-167.
N.P 04% (10] (.
2005, 1: 30-33.
X A ’ A [11] , . [A].
» ) “ »
4 [c]. : ,2001. 37-38.
[12] Liu X J, Ju X T, Zhang Y, et al. Nitrogen deposition in
( 1 ) 2003 ~2007 s NANA agroecosystems in the Beijing area [ J]. Agriculture Ecosystems
, 2003 12 557 & Environment, 2006, 113 (4)‘; 370-377. '
kg' ( km? - a) 1 2007 11 606 [13] Battye R, Battye W, Overcash C. Development and selection of
) 1 ammonia emission factors[ R]. Final Report prepared by EC/R
kg ) ( km- a) : Incorporated for EPA  Atmospheric Research and Exposure
,NANA Assessment Lab 1994 ; EPA Contract Number 68-D3-0034.
: [14]
. NANA [D]. : , 2005.
[15] Van Horn H H. Factors affecting manure quantity, quality, and
use [ A]. In: Texas Animal Nutrition Council. Proceedings of
(2) NANA the Mid-South Ruminant Nutrition Conference[ C]. Dallas-Ft;
’ NANA 3%, Texas Animal Nutrition Council publication, 1998. 113-125.
. N [16] [M]. : ,
. 2003 ~ 2007 , NANA 2003. 183.
12 213 kg, ( kmz ,a) -1 , [17] Bumns R C, Hardy R W F. Nitrogen fixation in bacteria and
2.6 _NANA . higher plants [J]. Soil Science, 1975, 122 126-135.
[18] [M]. , 1989. 22.
A ’ [19] , ,
[J]. , 2005, 16(7) :1366-1369.
[20] Yan P, Ma K M. Expanding process of urban areas at different

scales: a case study in Beijing region [ J]. Acta Ecologica
Sinica, 2007, 27:2137-2144.
[R].
, 2006. 11.
[R].
, 2007.11.



for the sub-tropical Richmond River catchment, Australia [ J].

6 2003 ~2007 1545
[23] [R]. Biogeochemistry, 2000, 50 207-239.
, 2008. 13. [28] s . [M].
[24] Jaworski N A, Goffman P M, Keller A A. A watershed nitrogen , 1992, 267-287.
and phosphorous balance: The upper Potomac river basin [J]. [29] Schlesinger W H. On the fate of anthropogenic nitrogen [ J].
Estuaries, 1992, 15: 83-95. Proceedings of the National Academy of Sciences of the United
[25] Lowrance R R, Leonard R A, Asmussen L. E. Nutrient budgets States of America, 2009, 106(1) ; 203-208.
for agricultural watersheds in the southeastern coastal plain [ J]. [30] 0.
Ecology, 1985, 66 287-296.
. 2000, 19(3) . 102-104.
[26] Billen F, Somville M, Debecker E, et al. A nitrogen budget of
the Scheldt hydrographical basin [ J]. Netherlands Journal of Sea [31] ’
Research, 1985, 19 223-230. [J]. - 2002, 22(3) : 291-299.
[27] Lester J, Mc K, Bradley D E. Nitrogen and phosphorus budgets [32] ) ) (] ’

2003, 12(3) : 349-352.





