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Abstract: Attention to atmospheric N deposition, as a nuirient resource and as a part of acid deposition, is increasing with the
accelerdion of global N cycling. However, the informaion on amospheric N deposition, especially the spatial and temporal
variation of N deposition in the intensive agroecosystems within the North China Plain, is still scarce. Therefore, it is essential to
detemine the budges and spatial and temporal variation of amospheric N deposition in North China Plain in tems of the
requirement of integrated N management and the assessment of N deposition effect on surrounding ecosystems.

A monitoring network was established to determine the spatial and temporal variation of atmospheric N deposition in the North
China Plain over a Zyear period. The network included 9 monitoring sites: seven in Beijing city, one in Shandong province and
one in Hebei province. Fxcept one urban monitoring site in Beijing Academy of Agre- Forestry Sciences ( BAAFS), all the other 8
sites were located a typical field areas. Rain gauges ( diameer 20 cm, height 80 an) were installed in all the nine sites for the
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wllection of bulk deposition, and an Automatic Wet only Sampler ( APS- II[ Wuhan Tianhong Inc. ) was installed at Dongbeiwang
site, Beijing, for the collection of wet deposition (the sampler opens only when rainfall happens) . Rainwater was collected,
thoroughly mixed and stored in plastic bottles immediately after each rain event, then was frozen in a refrigerator until analysis by
a Continuous Flow Analyzer (TRACC2000, Germany) within three months. Rain gauges and the wet-only sampler were cleaned by
deionized water just after collection.

Annual bulk deposition of inorganic N in the North China Plain ranged from 19. 2 to 38. 5 kg/hm? and averaged 28. 0 kg/ hm?.
Concentration of NHi=N and NO3-N in rainwater averaged 3. 76 and 1. 85 mg/L, which were significantly higher than the values
in background sites of China. Annual bulk deposition of inorganic N in the Beijing area was as high as 32. 5 kg/ hm?, while lower
annual N deposition of 23.6 kg hm* was found in Shandong and Hebei provinces. Bulk deposition of inorganic N showed
distinguished monthly variation due to monthly change of precipitation, and 60% of bulk deposition occurred from June to
September. Bulk deposition of NH;—N was 2. 0 times of NO3—N deposition in rural monitoring sites. However, the situation was
reversed in an urban monitoring site ( BAAFS). The results suggest that reduced N in precipitation is daminant in rural region but
oxidized N is the major form in urban region. Fuithemore, the positive relaionship between inorganic N deposition and
precipitation can be fitted well by a power equation (= 0.67), showing the inarease of NH;~N and NO; =N inputs with
increased precipitation. Wet deposition of N accounted for 73% of the corresponding bulk deposition, implying that dry deposition
of N particular NH; =N input from dust is important in the North China Plain.

Key words: amospheric deposiion; nitrogen; precipitation; North China Plain; agre- ecosystem

[1~3

' , 5 kg/(hm’*a)'?, 10 kg/ (hm’*a)'?,

7kg/(hrn2‘ a)' Tworsend

el 20 70 80 ( )
[9~ 11]
’ , ’ (2 , _
, 565 kg/ hm” el
[ 1] [15] N20 [ 16] , ,
1
1.1
9 (Y , :
, 8~ 14°C,
3200~ 4500C, 400~ 800 mm, 6~9
1.2
2008 1 , ( 1) APS- 1T
( ), 2003 6



6 : 1635

10 min s

3 (TRACC2000)  NHi-N  NO;=N

1
Table 1 Introduction of the atmospheric nitrogen deposition monitoring sites in the North China Plain

Provinces Monitoring site Location Period of monitoring Monitoring ty pe

Beijing Dongbeiwang 4003 N, 1617 E 2003-01~ 200412 Subutb site
( CEF) 39506N, 11625 E 2003-01~ 200412 Subub sie

Fangshan 3941 N, 11608 E 200404~ 2004-09 Rural site

( BAAFS) 3956 N, 11617 E 200404~ 2004-08 Urban site

Shunyi 4003 N, 11641 E 200404~ 200409 Rural site

Daxing 3935N, 11620 E 200404~ 200409 Rural siie

Y anqing 4026 N, 11555 E 200404~ 2004-09 Rural site

Shandong Huimin 3729 N, 11732 E 2003_01~ 200412 Rural site
Hebei Qulu 365N, 11501 E 2003_01~ 200412 Rural site

CEF  Campus Experimental Farm; BAAFS  Beijing A cademy of Agre-Forestry Sciences

2.1
2003~ 2004 ( ), , (2
384~ 639 mm 19.2kg/(hm’*a)  38.5kg/(hm’*a) 28.0 ke
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1.85 mg/L, 3~5 M, :
5.8 3. 4 [ 18- 21] .
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Table 2 Spatial and temporal variation of atmospheric nitrogen depesition in the North China Plain
(' mm) Concentration ( mg L) Input (kg hm?)
.o . L NH%-N/NO3-N
Monit oring site Year Precipitation NHj-N NO;-N ) NHj-N NO;—N
CEF 2003 483 0 5.19 2 44 763 25.07 11.79 36 86 213
2004 446 2 3.25 218 543 14. 50 9.73 24 23 149
Dongbewang 2003 484 9 5.60 233 793 27.17 11.29 38 46 241
2004 472 8 4.45 195 6 40 21.03 9.23 30 26 228
Huimin 2003 620 5 2.30 0 80 310 14. 26 4. % 1922 2 8
2004 639 4 2.72 1 86 4 58 17. 36 10.75 18 4 16
Quzhou 2003 624 2 2.82 113 39 17. 59 7. 24 63 250
2004 384 1 3.71 213 58 14.25 8.2 22 45 174
2004 04~ 2004-09
CEF 419 8 2.88 210 4 98 12.09 8 & 20 92 137
Dongbewang 443 1 3.83 1 64 547 16. 99 7. 26 24 25 234
Daxing 4350 2.85 135 42 12.41 5. 8 18 27 212
Shunyi 4350 2.09 161 370 908 6. 9 16 07 130
Fangshan 499 3 3.27 175 5@ 16. 32 8 74 25 06 187
Yanqing 398 0 2.15 137 353 8 56 5. 47 14 06 157
BAAFS 361 5 2.10 2 65 475 7 58 9. 60 1718 Q79

2004 4 -~8 Rainwater samples at BAAFS site only includes precipitation during April to August, 2004
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Table 3 Comparison of bulk N deposition and wet N deposition at Dongbeiwang site
Content( mg/ L) Depositon(kg hm?)
Type of deposition No. events sampled NHZ -N NO; -N ¥ NH;-N NO;-N >
2003_06~ 2003_11( rainfall: 370mm)
Bulk deposition 33 5.19 192 7.1 19.21 709 26. 30
Wet deposition 33 3.51 134 4.8 13.00 496 17. %
Difference 1.68 Q058 2.2 6. 21 213 8 34
/ D/D, 0 68
2004_04~ 2004_11( rainfall: 458mm)
Bulk deposition 39 3.95 178 5.7 18. 11 817 26. 28
Wet deposition 39 3.07 143 4.5 14. 05 653 20. 58
Difference 0. 88 035 .23 4. 06 1 64 570
/ D/ Dy 0 78
Dy: Wet deposition; Dy,: Bulk deposition
3 10 O Bulk - 200
- R Wet
%t 8| [ —= Rainfall | 1160 E
2 &< L g
28 kg/hm”, ié%ﬁ 6 120 3
g g
. 60% 6~ E | g
rg 4 s 80
9. <5, lih 2
z 2 40 ¥
’ 9
0 I Pul Rdil P4 R I Bl o
s 2 2004-04 2004-08 2005-07 2005-11
2004-06 2005-05 2005-09
( ) s #E-H Year-month
73%,, 2
, Fig. 2 Relationship between rainfall and nirogen input from bulk or wet
) deposition
2
References:

[ 1] Holland E A, Dentener F J, Braswell BH, et dl. Contemporary and pre-industrial global readive nirogen budgets. Biogeochemisry, 1999, 46: 7~ 43.

[ 2 ). Galloway, J N, Dentener J,F, Capone G D, ¢ al, Nitrogen cycles;, pat, present and future. ,Biogeochemistry, 2004, 70: 153~ 226.



1638 26

[3]
[ 4]
[5]
[6]
[7]
[ 8]

[9]
[ 10]

[11]

[12]

[13]

[ 14]
[ 15]

[16]
[17]
[ 18]
[19]

[20]

[21]
[22]

[23]
[24]
[ 5]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35)

Crutzen P J and Andreae M O. Biomass buming in the tropics: impact on atmospheric chemistry and biogeochemical cycles. Science, 1990, 250: 1669~
1678.

Kaiser J. The other global pollutant: nitrogen proves tough to curb. Science, 2001, 2%: 1268~ 1269.

Egmond K, Bresser T, Bouwman L. The European nittogen case. Ambio, 2002, 31: 72~ 78.

Zheng X H, Fu C B, Xu X K, et a. The Asian Niogen Cycle Case Study. Ambio, 2002, 31: 79~ 87.

Twonsend A R, Braswell B H, Holland E A, et al. Spatial and temporal pattems in terrestrial catbon storage due to deposition of fossil fuel nitrogen.
Ecological A pplications, 1996, 6 804~ 814

Matson P A, McDowell W H, TownsendA R, e a. The globaliztion of N deposition: ewsystem consequences i tropical environments. Biogeochemistry,
199, 46: 67~ 83.

LuR K, ShiT J. The content of plant nutrients of precipitation in Jinhua district of Zhejiang Province. Acta Pedologica Smica, 1979, 16: 81~ 84.

Lu CQ, Cao S Q, Chen G A. Contents of nutrient elements in precipiation of Fujian and Yuman provinces. AdaPedobgica Sinica, 1984, 21: 438~
442.

LiS X, CunD G, Gao Y J, et al. Mineral nitrogen introduced into soil by precipitation onLoess dryland. Agricultural Research in the Arid Areas, 193,
11( Supplement) : 83~ 91.

Zhao J R, Guo Q, Guo J R, @& al. Invesigation and analysis on current status of chemical fertilizer inputs and crop yields in agriculural field of Beijing
Suburb. Joumal of Beijing Agricultural Science, 1997, 15(2): 36~ 38.

Ju XT, LiuX J, Zhang F'S, et al. Nirogen fertiliztion, soil nitrate accumulation, and policy recommendations in several agricultural regions of China.
Ambio, 2004, 33: 300~ 305.

Zhang W L, Tian Z X, Zhang N, et dal. Nitrate pollution of groundwater in northem China. Agriculure Ecosystems & Environment, 199, 59: 223~ 231.
Wang ZH, LiuXJ, uXT, & d, Ammoni volatilization loss fran surface broadcast urea: comparison of vented and closed chamber methods and loss in
winter wheat-summer maie rotation in North China Plain. Communications in Soil Science and Plant Analysis, 2004, 35: 2917~ 2939.

Lu X J, Magaret W, JuX T, @ al. NO and N,O fluxes from agricultural soils n Beijing area. Progress in Natural Science, 2004, 14: 489~ 494.
Wang W X, WangT. On the origin and the trend of acid precipitation in China. Water, Air and Soil Pollution, 1995, 85: 2295~ 2300.

Hara H, Ditamura M, Mori A, et al . Precipitation chemigry in Japan 1989~ 1993. Water, Air and Soil Pollution, 195, 85 2307~ 2312.

Whitall D R and Paerl H W. Spatial varability of wet atmospheric nitrogen deposition to the Neuse River esuary, North Carolina. Journal Environmental
Quality, 1995, 30: 1508~ 1515.

Fahey T J, Willians C J, Roone~Varga J N, @ al . Nirogen deposition in and around an intensive agricultural distrid in Central New York. Jourmal
Environmental Quality, 1999, 28: 1585~ 1600.

The MOLAR water chemity group. The MOLAR projed: atmospheric deposition and lake water chemistry. Joumal of Limmology, 1999, 58 8~ 106.
Wang W X, Ding G A. The geographical distrbution of ion mncentration in precipitation over China. Research of Environmental Sciences, 197, 10(2) :
I~ 7

Brimble ombe P and Seedman D H. Higorical evidence for a dramatic increase in the nitrate omponent of acid rain. Nature, 1982, 298: 460~ 462.
SunZ R, Lu X Q, Yang S C. A study of nitrogen in precipitation and leaching water in Beijing. Soil and Fertdzer, 1993, 2: 8 11.

Zhang X P, GongZ T, Geochemistry features of rainwater, surfacewater and underground water in Southregions of China. In: Special Issue of Soil No.41,
1987,169~ 18I.

Zhu Z L. Nitrogen balance and cycling in agroecosystems of China. In: Nirogen i Soils of China. Dordrechi/ Boston/ London: Kluwer Academic Publishers,
1997.323~ 338.

Wu G, Feng Z W, Wang X K, ¢ al. Nirwgen, P and K recyclings in an agre-forestry ecosystem of Huanghuaihai Plain: with Paulowni elongata
intercropped wheat and maize as an example. Chinese Journal of A pplied Ecology, 1993, 4 141~ 145.

Luo L G, Wen D Z, Shen S M. Nutrient balance in rice field ecosystem of northern China. Chinese Joumal of Applied Ew®logy, 1999, 10: 301~ 304.
LiS Q, LiS X. Nirogen added to ecosystems by wet deposition in Guanzhong Area in Shaanxi. Agricultural Environment Protedion, 1999, 18: 97~ 101.
Liu SH, Yu X X, Yu ZM. Chemical property of precipitation in Pinus tabuleaeformis water resource protection fores in Miyun Reservoir watershed.
Chinese Journal of Applied Ecology, 2001, 12: 697~ 700.

Zhang F Z, Liang H, Zhang H, et al. Bogeochemical cycling of nitrogen, phosphorus and sulfur in pinus-tabulaeformis forest ecosystem in Haihe River
Basin. Acta Scientiae Crcumstantine, 1991, 11 (2): 131~ 141.

Gallovay J N, Zhao D W, Xiong J L, et al. Acid rain: China, United States, and a remote area. Science, 1987, 236: 1559~ 1562.

Owens N J P, Galloway J N, Duce R A. Epsodic atmospheric nitrogen deposition to oligotrophic oceans. Nature, 1992, 357: 397~ 399.

L J Q, Keene W C, Wu G P. Study of precipitation bacground value in Lijiang, China. China Environmental Science, 1993, 13: 246~ 251.

Fowler D, Sutton.M-A, Smith R I, et al. Regional mass budgets of oxidized .and reduced nitmgen and, their reltive centribution to the nitrogen inputs of



6 : 1639

sensitive ecosystems. Envionmental Pollution, 1998, 102(S1): 337~ 342.

[36] Peters N E, Meyers T P, Aulenbanch B T. Status and trends in atmospheric deposition and emssion near Atlanta, Geogia, 1986~ 99. Atmospheric
Environment, 2002, 36: 1577~ 1583.

[37] SanzM ], Garratala A, Gimeno C, et al. Atmospheric nitrogen deposition on the east coast of Spain: relevance of deposition in semi-acid Medit erranean
regions. Environmental Pollution, 2002, 118: 259~ 272

[38] Bartnicki J and Alcamo J. Calculating nitrogen deposition in Europe. Water Air and Soil Pollution, 1989, 39: 378~ 386.

[39] Asman W A H, Sutton M A, Schjring J K. Ammonia: enission, atmospheric transport and deposition. New Phytologist, 1998, 139: 27~ 48.

[9] , . . , 1979, 16: 81~ 84.

[ 10] 5 ) . . , 1984, 21: 438~ 442

[11] , , , . . , 1993, 11( ): 83~91.

[24] ) , . . , 1993, 2: 8~ 1I.

[25] 5 . . ,1987,41  :169~ 181.

[27] \ \ .. N P K — - ) , 1993,
4: 141~ 145

[ 28] 5 , . . , 199, 10: 301~ 304.

[29] ) . . , 199, 18: 97~ 101

[ 30] ) ) . . , 2001, 12: 697~ 700.

[31] ) ) . . , 1991, 11: 131~ 141.

[ 34] , Willian C Keene, ) . , 1993, 13: 246~ 251.



