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Abstract; Reactive nitrogen (Nr) emissions and nitrogen deposition have increased rapidly and will continue to increase
with the increasing fossil fuel combustion and application of N fertilizer since the industrial revolution. Nitrogen deposition
has led to a series of negative effects on ecosystems such as soil acidification, water eutrophication, and loss of biodiversity
in grasslands and forests. Therefore, atmospheric Nr pollution and deposition induced by excessive anthropogenic Nr have
become an environmental concern worldwide. However, little is known about N deposition in Shanxi Province. The temporal

variation of atmospheric N deposition was quantified using DELTA system, passive samplers, and particulate samplers at Gu
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Cheng, Shanxi Province, in a one year study. Results showed total wet N precipitation was up to 12.43 kg N hm™ a™' in this

>a”") in the North China Plain. During wet precipitation, the

area, which was far below the average value (28.0 kg N hm”
concentration of NO;-N, NH;-N, and dissolved organic N averaged 1.24 mg N/L, 1.27 mg N/L, and 1.26mg N/L,
respectively. In a year, wet precipitation of N showed a distinguished monthly variation due to different monthly rainfall
and 60% of wet deposition occurred from April to October. The major form of dry deposition was NO;-N, the rate of which
was 1.12 times that of NH}-N. As a typical dry land, the rate of dry deposition was 3 times that of wet deposition. The total

'. There was a positive line corelation between NO;-N and NH; -

amount of nitrogen deposition was up to 47.86 kg N hm™ a”
N in rainwater, and that was a power corelation in PM, particulates. However, dissolved C and N showed a positive line
corelation in rainwater and a quadratic polynomial corelation in PM  particulates. All these relationships can provide a way
to determine one of them through another. Such high deposition rates of Nr species in the Shuozhou area indicated a serious

pollution from anthropogenic sources and significant atmospheric N input to croplands.

Key Words: Reactive nitrogen; Dry deposition; Wet deposition; Shuozhou area
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YU E 22 O tH A B ST i IRl

X2 AR BB FE N A R AT P AR ek LA M TR 5 3 B R T R DX A 2 S5, DRI o7 AR A LA R
Y o3 DA BRI SR FEREAN A/ N - R BARE R R R UL B L 1R 80—90 kg N/hm?, 1fif 24
YT L B A R R UL 50 kg N/hm™ ' PRI, oAb U0 R o v RO ZE AR b v 1) 70 P % g />
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DA LU BAEL vy Sl AR R SRAE A5, T ] DELTA R S8  Hh i iU M) SR AR 45 | R A8 258 5 BIE TSR AR RO U TR R
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1.1 RFES

TEEC LG 4 L B L oy 3 R b R T A SR SRR 4 (399267 N, 112°55'E) , I REFMHE KN T 8
URE . RAEWIA 2010 4F 4 A % 2011 4F 3 A, TUIRERH CE—IR . RSN T B Ep fE b, 4F 1
SN 7°C  BERRAE 360 mm A2 A7 (IR T RAMEAR YR i) | J8 A /N 5242 3, B T 24 b2 AL Y 950
FTEE A X8, Al it R A TR,
1.2 TUiRERMES

TUIRERAE R4S DELTA RS it s WO )RR M s Refe s . Hob DELTA RGUREWE A AE
NH, HNO, S kA NH; Fl NOJ , 8% sl RAEA 2 H TG PE AR NO, W 1 R4, Ir R AE 1 H AP I R R F
ARSI KB A TR, TP R R AR R RS PM, IR, A2 5/ TR = T U
T M ORI T & NH-N NO;-N I ME s B, IF-5 r— 7 g S 4 vh Br 2 R0 R s a0 2847 LT
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1.2.1 DELTA £%4

DELTA R4 &0 FE & T 84 A 5K 3CH L ( Centre for Ecology and Hydrology, CEH) F & T Y #UE 5
S ML I F VA K WE I NH, HNO, JBURLAS NH; R NOS R EE M I &= 58, DELTA R T RAPAE
NH, Fl HNO, 530 B 1 40 FEoR AR , A 80 di /b T U8 BEALI VL iR 22 . T2 R G M A AR R, B AT C £
e = RN PR BRI A B T N ARG PR E AN SR KRR N 0.3-0.4 L/
min, %2R S SO AT R 8 RV TR VAt P 5 DR R o T AR 2 VR s R VR R AL ) s = g e
PITIRR T NI IEAR, X6 F DELTA REM TR R WS % S0k . RME e B Tl 1.6 K, i P
A5 Y E AL R 37mm YIS BRI NOS FI NH JURI4) , 13408 R EE T RGO Wl BT R FH 19 25 mm (1)

FE G I RAE A I — A B H i H 003 H K, B ACRAE SRS S RITE 4°C T A7, HAE—
A A WAHT5E ., HNO, AT NOS-N BUki# i 10 Z 7+ 0.05 % H,0,i2 42, NH, Al NH; Boki# i 10 27+ s atikiz
P2 )5 NOS AT NH; 78 AA3 22 810 %€ ( Bran+Luebbe GmbH, Norderstedt, Germany)
122 HiEBRYIR S

SR FHERDU IR AT A Fh it e FURE W) RAE AR R AR R PM, g —UCRAEI[B] 2 24 /NI SRAE A 100L min ™'
B HTERFE TR 5 A H PM, FE 0RO DB IR A 7 S 27 2 I, 8 B SR AR i 7 18 T B 2%
PR (RO 22°C X IR EE :50% ) P-4 24 /N, Z J5 FHE T3 53 2 — 7 RFFREE  CREPREE S B4 S DNk
4fiyK 25 mL, #H PE7% 30 min, F2BURHECA 47 mm Whatman GF/F IEFEAE BT ng s iE . IEMMEAFT
4°C T 1A H WA E A W 2 5 NOSFI NHG 78 AA3 7252 i 81 43 7 {X I 5E ( Bran+Luebbe
GmbH , Norderstedt, Germany )
1.2.3 T RS NO, AR B 3 R BER

KA NO, R e [E B AR AL M 2 (ECN) it AR 1 7 15 BB sl R AR R R A, NO, B Bl R A 28 N TR IR
WA 20% B = LT R0 T IR NO, R IZoRAE A 22 B T REHUTAT 2 m , SRAEMFE] Y 10—14 d, i i) 55
ERBER T, BRERE TR RSP LTI T2 4°C F 47, R ECN G ccn.ac.uk ) 7228 R34
TR AR IE T 125 - HO A8 2 0 i AR 3 1 NO L IR
124 KAOA TR

KRAAEE TR TR I HEWT R | — 2 i (] B N B R SR TR 55 T — B R R AR A R 1
R 5RO ( S TR S ) , AR N

F=CxYV,

K, F 3R —E B RRA TR, € FoR—BIT R RIEERWE, vV, Fon A RS AR

RAE VTR B A R TR AR B BERIR TS | AN [l A 36 PR R AR = 8], S AR TR B A7 7E
BRI . AW BRI R G S BRI IR S A TAG 5, PR IR FH SO T el e 1
FRAAT VIR, HNO, NO, NH, TR A hAS DR R 3R 1, BUR 4 pNO; (pNH;, 14 I7T R 3 42 H
FEE{H 0.24 cm/s,

F1 BESFERATEEE (cm/s)
Table 1 Monthly dry deposition velocities for NH;, HNO; and NO,

U T 2011-  2011-  2011-  2011-  2011-  2011-  2011-  2011-  2011-  2011-  201l- 2011-

Monthly N, deposition velocities o Feb ~ Mar  Apr  May  Jun Jul Aug  Sep Ot Dec  Nov
HNO, 055 073 115 155 151 154 143 122 13 1.02 065 0.55
NH, 035 042 053 061 0.6 0.61 059 055 056 051 04 035
NO, 0.4 048 063 073 072 073 071 066  0.68 0.6 045 0.4
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1.3 BUIRFERSE
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pNO; .pNH; A4 JT R & 4351 A 13.26,3.43 ,15.89 1.
16.1.68 kg N hm™ a™ , R AR TR Sy 35.43 kg

BB RV R

Annual deposition rate in different

Nr species/ (kg N(hm?-a))

NH3 pNH4+ I‘INO3 N02 pNO37
N hm™ o™, J%{EEAR T HILF R F 18 58 kg N/ D
hm? , {H 2 5 — 28 i X9 WA, 40 52 5 R 5519 0L

v Lo o - B1 SESRENEE
Wit 0 28.68 ke N hm2 a1 MHBE, BL T R

“AHAT IR RN, T A /A T Uik o 2
SN, 7T AMRT U SRR, B R Ak
RMASEMEY B 7 A, SRS T U i Lt Bildok , Hed 4 A 3119 H 4R ) — 3% 10
R Z F SR TR R A LL IR T 50% , S38b, — M AR IX NH, B TR i K T NO, 1Y, %15 X Y NO,
VTR IR NH, 1, ELAER 2 0830 U P340 13 5 4 ) HL At b DXORH (BT SR 2 R R AR UL
FERFIEA T AR AT 2Z 18]

Fig.1 Annual deposition rate in different Nr species (kg N hm™>
a™l)

®2 HEMEEHMHRNSESEERFHREN

Table 2 Average concentration of different Nr species at Gucheng and other areas in China( pg N/m?) [5]

Wi Costal area 3.79 4,67 1 2.2 5.06
AHt Rural area 7.93 6.32 1.04 2.11 4.99
ZRIX. Suburbs 11.28 9.61 1.93 3.4 8.89
W City 9.35 9.82 7.79 6.22 13.8

HIR Gucheng 8.08 2.25 1.03 1.55 8.16

2.2 RAIBUORE S ILRE R TCHL A A2 Ak

TR VTR SRR BB VA G , ARIAE Z 18] 22 914K, 2010 4F 4—12 H | RAE S PR 3L 349.2 mm, W85 T
AR IE R RN, B2 (7, 8) AW ERZ , 155 195.5 mm, @i &F KR 50%, RPN, WK
tNO; . NH] A LAY 70504 1.24 1.27 1.26 mg N/L, F&EFRH NO; T NH] HeJ3& (s H 3 AE S |
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6 H T ARG R (EL R W i LRI ) R AR T o o R B o B O AL RV R A1, 2 B 55 v P A W % R
TP R R LG R BRAE T LU AR e, RABUTRE N 12.43 kg N hm > a7 (8] 3) , Hio NH;-N I NO;-N &
A PEAHLE (DON) FAE TR/ 4.17 4.03 4.16 kg N hm ™ a™' . —4EABUIE FE LK A7E 4 3] 10 A
Gy B it LLAC AR T 2Ry 0 e A Bk A/ n] 2006, 55 [ I — SERIF SR 45 SR LE , AR 5 R B DTRRAR T
AL FIR DR LS A A LS ZRY4EEH 27 kg N hm™ a ' 15 kg N hm™ a1 (B [T FRICHL
R = T AR50 S B B I — SR R 25 5, g M AR M JCHLZL NOS-N Hl NH;-N [k B2 4324 0.97 i1 1.20
mg N /L' Gt Ber won , B E R X KA R IR G VIRFRLE 6.6—23.1 kg N hm™ a™ Z[A]12 Jb 75 Hl
X (Al ARdb PEALHIX) RN A S R G 9 R 280 5.1—25.4 kg N hm ™ a™' Z [0 AR 4 %)
2T RAR TR S AR 5, AR 5T X 8 FARDTFE X (<15 kg N hm ™ a™' 1
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Fig.2 Monthly distribution of dry nitrogen deposition Fig.3 Monthly wet nitrogen deposition rate
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[ 2 2 M IEARSE ™ B e S X VR 7S AN RAE RIS LA B b A AR AT AT AR b 7S st st i 45 R 1 3
B PM 0K NH-N T NOS-N 2[RI 2 s 3 O 2R M IE A E ) PV, B0k NH-N Al NO; -
N Z A AR R E 0.86' ) AiXIGAE L (18] 3) RWIMI /K (MW R Z 09 5 4 H ) H NH}-N Fl NO;-N 4%
PEIEAI S, T PM,, BUk: 4 b BURL S NH-N AR ZS NOS-N 22 (B 23 T IEAH G Y 6 2, H Y3k 3] g 35 M 56K
-, BT NHS-N I NOS-N ANEFERR KA 2 PM, BURLA) Al B8 ASE RN 2 & BB 1L & WE U1, A A5
T A LR 25
2.4 FHIKYE PM, BURLY) AT PR SR R AR DE R

BRT N FS, MK PM, R & 1A Z I TC RS2 C, A MR B R R KA P B0REY) TR HL C A
JCE C WS35 21.2 F17.3 pgC/m’ , HA% EXF PM, ORI 0 518k 435010 R 15% F1 5% , it — KA HLR S
VI (SOC) X PM o Uk A STk 5 ik 539%™ A1 56 i 1A 114 45 7%t S/ W 7K o mT o ML R e R R e
PR A A R MBS AR . I, X C RN ZERE KT P, Bk 19 5¢ RBEAT 00T, 18] 4 SR R K AT
BRI R o AR P TE AR O P AR 49 ] 3 P A G S 3 9 R 2T RO AR O, HO K € R N A AR
RPETE 2L f AT C AN USRS E (L G AP AE TR TR RIS PM, UKL | 33 G 2 (58 T3 ao
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