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Spatial-temporal variability of dry and wet deposition of atmospheric nitrogen in

different ecological regions of Shaanxi

LIANG Ting', TONG Yan’an" ", LIN Wen', QIAO Li*, LIU Xuejun®, BAI Shuicheng®, YANG Xianlong'
1 College of Resources and Environmental Sciences, Northwest A&F University, Yangling Shaanxi 712100, China

2 Weather Bureau of Shaanxi Province, Xi'an 710014, China

3 China Agricultural University, Beijing 100094, China

4 Weather Bureau of Chang'an District, Xi'an, 710100, China

Abstract: The objective of this experiment was to study the spatial-temporal variability of dry and wet deposition of
atmospheric nitrogen in different ecological regions of Shaanxi Province. Measurements were made at five monitoring sites in
four different ecological regions from November 2009 to October 2010. The amounts of total inorganic nitrogen ( TIN)
deposition were 4.7 kg/hm” at Yulin, 11.9 kg/hm’ at Luochuan, 25.8 kg/hm® at Xi’an, 31.9 kg/hm’ at Yangling, and
19. 2 kg/hm’ at Ankang. Wet deposition accounted for 62 to 96% of the TIN deposition, ranging from 2.9 kg/hm” at Yulin,
10.4 kg/hm® at Luochuan, 24.8 kg/hm” at Xi’an, 27.7 kg/hm’ at Yangling, and 16.3 kg/hm’ at Ankang. Dry deposition
accounted for 4 to 38% of the TIN deposition, ranging from 1.8 kg/hm” at Yulin, 1.5 kg/hm* at Luochuan, 1.0 kg/hm” at
Xi'an, 4.1 kg/hm’ at Yangling, and 2.9 kg/hm’ at Ankang. Wet deposition and rainfall were positively correlated , whereas
dry deposition and rainfall were negatively correlated. Ammonium nitrogen ( NH;-N) deposition amounts were 2.0 kg/hm” at
Yulin, 6.4 kg/hm’ at Luochuan, 17.0 kg/hm’ at Xi’an, 17.2 kg/hm’ at Yangling, and 11.0 kg/hm’ at Ankang. These
amounts accounted for 44 to 66% of the TIN deposition. Nitrate nitrogen (NO;-N) amounts were 2.6 kg/hm” at Yulin, 5.5
kg/hm” at Luochuan, 8.8 kg/hm” at Xi’an, 14.7 kg/hm’ at Yangling, and 7.3 kg/hm’ at Ankang. These amounts made up

EEWH : [FRK A ARSI H (40675006)
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34 to 56% of the TIN deposition. Nitrogen deposition is mainly in the form of NH;-N in all regions except Yulin.

Key Words: atmospheric nitrogen deposition; different ecological regions; dry deposition; wet deposition
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Fig.1 Location of the five monitoring sites( Yulin, Luochuan,

Xi'an, Yangling and Ankang) in Shaanxi Province
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Table 1 Introduction of the atmospheric nitrogen deposition monitoring sites in different ecological regions of Shaanxi

I TEAL XS/ m SFER R C AR PRI i/ mm

Sites Location Average elevation Average temperature Precipitation

bk 38°10'N, 109°28'E 1300 8.1 414

ol 35°45'N, 109°25'E 1072 9.2 622

(RS 34°26'N, 108°58'E 400 13.3 600

L3 34°17'N, 108°0'E 520 12.9 632

g3 32°41'N, 109°02'E 793 15.6 1007

MR, ZAUAR A ORI, 1247 TSRS  BEORIERT 1 85% ; TR TIN HHRYCH 1.8.1.5.1.0.4.1 12.9

RAKKE R LS, AL X B K B R R 0.2
mm/hFR 3, FERR & 2B B [ 34T 9F 455 1k 10 min 5 A
SOCH , FE A Z R U B g, YR UTRE
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9000 45, R 4 BB WY K 4 A7, M R B S B
50mL A, T 4°CIRAERFIN . TR IS AR B 7 U 4R
FENINA 70 mlL 2~ 100 mL Z818 K IR AW,
FHLLARIIEAR PR | 3hE e P A 2 AR 400 il 200 1 5
B 1 KR 8.00 IR REA SRR HIZEMKZ IR
PRUEDTREAR R SRR — I B AR A 4%, OF
Wedi AR 50 mL, T 4CARFERR

K4 B 3l 8] W7 1k 27 20 BT 4L Cleverchem?200
ERESH NOS-N NH]-N & &8, BICHLA (TIN) Uik
o NH;-N 1 NO;-N JifEE2Z A,
1.3 HdEab

DU AT KR N F, =P, xp, /100, R b F %
RV R Z B & (kg/hm®) , P, F /R K (mm) |
p AN IR S AR B BT R (me/L)

K H] Excel 2007 #Fb 3EE A K

2 HR5ITR

21 AFAESKKIAR RIS

2009 4F 11 J1 % 2010 4% 10 A BEPE B AR A&
DR W25 3L (3 2) SR, 45 Wa I i 7 4 o R 3t 7
181—1173 mm Z [H], Gy AK 3 )11 V628 A7 g Fn e B
X R R STTRE TIN 524351k 4.7 .11.9,25.8 .31.9
F119.2 kg/hm? , A% 1 b DX TR 2 de R, AR L 3% )11 b
DXARXF AL/

MR X E bk I8 P82 v g iR
X FR LR TIN AKX R 2.9 .10.4 24,8 .27.7 Al
16. 3 kg/hm?, 739 5 B TR 62% 88% ,96% .87%

125 5

kg/hm?*, 43 5l b7 U0 F% ) 38% . 12% 4% . 13% FlI
15% ., #HX KR UIHE FZ LR TR 0 £,
AP pg e X0 o 2 YRR LA 3k 96%

MWEEILERKTE Mk &)1 PU% v FIEE R
X NH-N UK N 2.0.6.4,17.0,17.2 F
11.9 kg/hm?, 7390 5 S TR 44% .54% ,66% \54%
1 62% ; NO3-N JLFE S AKX A 2.6.5.5,8.8,14.6 Fil
7.3 kg/hm?*, 4350 5 B UTRE Y 56% . 46% 34% 46%
1 38% , ARIARANIE )1 ML X NH-N IR AR X3/
Hofl 3 AN H XA K 45 X NOS-N PR LB —
1 M X 22 S5 1, v A 2 b X 1 LAt 4 A
HX

RAPESAE EE Rk A L R MR E %
RS AR LD S N AL BT R A
REFEZR A T IE S AR ERSWHE S N 1 A&
AAeCinTHdn) ", AS A S LT UE BT A
RAR U = I 2 A2 2 b T AL TG S AR5
AR, AT T A AKHL X NOS-N TR & b
NH;-N =i 299% , vl RE A&t Tz X 7= B2 I F &
FERFFH b A 1 BT — 2 A Tl i 5 9 )1 il X
W= 2 AR 7= TN & 38 P % Mg e db 18
WA AR AR S X, O30 4 IR, 2 B TE
Al 5 Ay 38 1 11X 5 22 B b DX, 2 B P 45 2 1
Aealb =X, F2 BEAEY R KRG AN S 3 DU A i X
FHXS & TR ARl 16 Bt ok T AU Y K it , NH -
N VTR B35 3] 54% 66% 54% F 62% .

ANFIH XSG 25 AR TR & AR
KA HA-AE T TSR 2 51X 2 R R S BRI
MRS aI22 5 A LRI AR PR X 11
KPR A E] 35. 57 F138. 4 kg -hm 22”22,
YLV 43 BB IR L AR 3 9 A2 AMORT 25 R A A v | B
T Uk A 43 51 75 35 60. 6 kg -hm ™ a™ 1 57.0

http ; //www.ecologica.cn



3 Rt 2 PRV A RS XOCTUR R TR A I 2 A8 5 741
kg -hm™a™ 2 AP AR TR RS R T AN RIRATIENTEER 28.0 kg-hm™a™' ! X 54

AW g5 5

VLV LT3 X RS TIN LR &l

31.4 kg-hm ™ a™' Y ARALF AR FAES RGERA

WFFE H PG 2 Az 12 RIS s DX UL &8 SR AT

R2 BAEARESEASEEZTERRE

Table 2 Amount of atmospheric dry and wet nitrogen deposition in different ecological regions of Shaanxi

\ ML/ (kg -hm >a") FHLHE/ (kg -hm2a") B (kg-hm2a ')
eSS [/ mm o . ) .
Wet deposition Dry deposition Total deposition

Sites Rainfall

NH}-N NO3-N TIN NH;-N NO3-N TIN NH;-N NO3-N TIN
TGN 181.0 1.9 1.0 2.9 0.1 1.7 1.8 2.0 2.6 4.7
eIll| 414.4 5.8 4.6 10.4 0.6 0.9 1.5 6.4 5.5 11.9
[iiE2S 532.3 16.7 8.1 24.8 0.3 0.7 1. 17.0 8.8 25.8
v 620.5 15.8 11.9 27.7 1.3 2.8 4.1 17.2 14.7 31.9
-3 1173.6 9.7 6.6 16.3 22 0.7 2.9 11.9 7.3 19.2
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Fig.2 Monthly dynamic change of wet nitrogen deposition in each monitoring site
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Fig.3 Monthly dynamic change of dry nitrogen deposition in each monitoring site
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AR AE , 3% 25 2 b 25 W DU R 30 o8 <A 5%

BN R T sl B UIAH G

TR B+t S AT RS R R R,
T Fsf B35 [va) 0, 7 75 of ol e 0, P L0 AR F
TR PTG n, fRHLs E R A
R R 3G, R I AL R ]
ETF,2009 AR EAE . VI Y TN e X
FEAGRECN R IA, 5 2008 AEHH L, T 22 F 22 R IR
TUFEH NOS-N LRI 4 B3I 63% 42% Wi Hi X
TRITREH NO;-N JURER 73 038 i 28% 148% ., ik
5 LIUCY Ay RIS AR 1 R G A VUF
(1 EZIE N, 5 2008 4FL5 AT, 381 L Wk
V22 Ml X R R BT TIN H NH-N 205134
T 74% 98% 88% Fl 19% , ihi W3 A4 I 3 sh % KA IR
B8 5 W R OAC R, MRS A IR 7= A ARl 75 B, 4%
KR Zfi NH,-N DiRF Rk,

£3 BALGTRESEAEXSRETRAEIS LIS

Table 3 Comparison of atmospheric nitrogen dry and wet deposition in different ecological regions of Shaanxi over the years!'#15:1%]

BT “hm2a"! i o hm 2a”! .
s M B e e BITR
Sites Time Rainfall -
NH}-N NO;3-N TIN NH}-N NO;3-N TIN deposition TIN
Hibk 2007-06—2008- 05 379.0 — — 21.1 — — 1.1 22.2
2008 373.9 2.8 3.8 6.6 0.3 1.4 1.7 8.3
EN S 181.0 1.9 1.0 2.9 0.1 1.7 1.8 4.7
wI 2006-06—2007-05 579.5 — — 11.4 — — 1.2 12.7
2007-06—2008-06 545.0 — — 15.3 — — 1.6 16.6
2008 333.7 3.3 6.0 9.3 0.4 1.6 1.9 11.2
AH5E 414.4 5.8 4.6 10.4 0.6 0.9 1.5 11.9
9% 2008 585.7 8.1 5.0 13.1 0.5 1.3 1.8 14.9
AT 532.3 16.7 8.1 24.8 0.3 0.7 1.0 25.8
A 2006 507.8 — — 19.1 — — 1.5 20.6
2008 509.8 8.6 4.8 13.4 0.6 2.2 2.7 16.1
AHESE 620.5 15.8 11.9 27.7 1.3 2.8 4.1 31.9
B 2008 1020.9 9.8 4.7 14.4 0.2 1.0 1.2 15.6
EN TS 1173.6 9.7 6.6 16.3 2.2 0.7 2.9 19.2

3 T AR R 40 Ay W 00 P 2 e 5

3 NG

(1) W oy, A AR 38 11 P2 A% e FN 2 e
XA K BT TIN 55390k 4.7 11.9 .25.87 .31.9 Fl
19.2 kg/hm? , £ X KA DT 2 LR TR TE 0
343 b TR 62% 88% \96% 87% F1 85% .,
B ARt X A0, oAt X NH -N U & & T NOS-N,

(2) 5 Hb DX 3 W DU R 1t 5 e T i 22 (1] 28 T AH

KB BEFE K 3G £ TIN F1 NH;-N . NO;-N JLF%
iAW UK H S AR S RN
BATERE HRTERYIN, 45 WX 52 N6 3 T 4w
A2,

(3) B E AL S U R T, N R T 3l o A5 A8 5
IS IRBOR SRR . JARR , VH 4 i Al e b X R
SAVIRE RIS OE S Hrb NHI-N NO;-N JifE 1Y
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YRR R VIR S AR, Ak, T8 E A Uik
W5t B % 4 56 H A LA VIR, Zhang' ™' % 2005—
2009 4E XN A5 5 o, 42 32 A ul A T A LA
DR 1.01—19.7 kg - hm 2+ a™ , SF M Jy 6.84
kg +hm™a™" 3K B & R BUTHE S 1Y 28% ; Fang' ™' %
TERE 7 $HE BRARBIE 58 25 3R 7R, 2004—2005 4T F %
KA A LA N 32—34 kg -hm ™ a™ | Hop
NI E] 2005 4F 0] FEA HLA E IS 18 kg -hm ™ a™';
JTMNBR N HBIX 2008 2009 A3 HLA & #4351 H 8.1,
8.4 kg -hm™a™ , i B EUIFE AN 17—21% , ]
W ANEIERTATED N ILEAR AN,
Tt RS MUEDTRE A58 AN DO 4 T AN KA
ARV B A FH A, A B2 4 i PF M K
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