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Atmospheric nitrogen deposition in Danjiangkou Reservoir area of Northwest
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Abstract; Atmospheric nitrogen ( N) deposition includes wet and dry deposition of both inorganic and organic, or
dissoluble and particle N forms. For agricultural ecosystem, atmospheric N deposition is an important way by which the lost
N from the soil-plant system goes back to the agricultural fields. Whereas increasing atmospheric N deposition may not only
affect human and ecosystem health, greenhouse gas balance and biodiversity, but also become one of the important causes of
surface water eutrophication. Since the beginning of this century, the atmospheric N deposition and its effects on agricultural
land, forestry, grasslands, watershed and city ecosystems were all conducted in China. However, information on the
magnitude and environmental impact of N deposition in China is still limited. Danjiangkou Reservoir, which locates where
the Hubei and Henan provinces meet and has a drainage area of 95200 km®, is the source of water for the Middle Route
Project which is part of the South-to-North Water Transfer Scheme. Recent monitored results showed that, high
concentration of total N in some branch catchment rivers is one of the main water environment problems facing Danjiangkou
Reservoir. However, the atmospheric N deposition and its effects on water quality in this area are not clear. In this study,
the atmospheric N deposition in Danjiangkou Reservoir area of northwest Hubei province from 2009 to 2011 was monitored.

Results showed that, the monthly averaged concentration of total nitrogen (TN) in bulk atmospheric deposition ranged from
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(3.70+£0.89) mg/L to (10.36+10.68) mg/L, which was significantly negatively correlated to the corresponding monthly
rainfall (R=-0.592"" ,n=32). The seasonal averaged concentration of TN was ordered as: Winter ( (8.21+2.71) mg/L)
> Spring ((3.94+1.99) mg/L) > Autumn ( (3.23+1.52) mg/L) > Summer ( (2.70+0.72) mg/L). The annual averaged
concentration of TN was (3.70+0.93) mg/L. The bulk atmospheric TN deposition rates from 2009 to 2011 averaged
(26.53+5.44) kg/hm’, among which the dry deposition rate was (7.80x1.23) kg/hm® or 29.4% , and the wet deposition
rate was (18.73+4.20) kg/hm’ or 70.6%. The seasonal percentage of TN in bulk deposition was ordered as: Summer
((31.2+6.2)%) > Autumn ((29.9+12.3)%) > Spring ((28.5+11.6)%) >> Winter ((10.4+4.2)%). In the
atmospheric dry deposition, NH;-N, NO;-N, dissoluble organic nitrogen ( DON) and particle nitrogen ( PN) in TN
accounted for 22.1%, 16.8%, 37.2% and 23.9%, respectively. In the atmospheric wet deposition, NH,-N, NO;-N, DON
and PN in TN was 36.6%, 34.4% , 12.9% and 16.1% , respectively. The above results may serve as a scientific basis for
agricultural field fertilization, ecosystem environment treatment and water resource protection in Danjiangkou Reservoir

area, as well as for the study on spatial and temporal variations of atmospheric N deposition in China.
Key Words: atmospheric nitrogen deposition; dry deposition; wet deposition; nitrogen forms; Danjiangkou Reservoir area
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Fig.3 Monthly dynamics of total N concentration in wet and dry Fig. 4 Seasonal dynamics of total N concentration in bulk
deposition deposition
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Fig.5 Monthly rate of total N in wet and dry deposition
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(34.4£5.6) % . (12.9+2.5) %1 (16.1£4.8) %, FHILAT UL, MUTRE rhAS [FE 248 A DURE R/ NIUT 2 NH, -N>
NO;-N>PN>DON, TN Jif# & H DTN ) Hfilik 83.9% , H DTN H X Lk DIN B NH;-N+NO;-N by 32 ; FUTFEH A
[FTE 2 R TR R/ NMIUT i DONSPN>NH -N>NOS-N, UUREIE S5 DTN £ (76.1%) B S5BITHF AL,
DTN Lk DON F (& e filg i, H PN AE Uik T b7 Lo il b AR SR TR R BT o b s 1 7.8 AN B 4 a5 5 b,
TCW REAEIB U B T U RN RTE SR TR EAE TN thF b7 H B 4R AR 53 R/ 34 8 PN>DON >
NO;-N>NH}-N, [iRZ5REW e PN Il DON U 50 A 5 52 B4 Fh D Z B9
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Fig.6 Seasonal distribution of total N in bulk deposition ( %)

F1 FREXBIESERTEERELLS

Table 1 Rate and the ratio of atmospheric N deposition from different type and form

VIRERR  TRERER  AERET TR/ (kg/hm?) d B ALl %

O peposition No.of  Annual Deposition rate Percentage in TN
Yer pe  Sampling minfall/mm TN NHGN NO:N DON PN TN NH:-N NO;-N  DON PN
2009 25 8158  31.68 1049 874 579 6.6 100 33.1 27.6 183 21.0
+ 8.96 159 117 329 291 100 17.7 13.1 367 325
1% 272 890 757 250 3.5 100 392 333 1.0 165
2010 & 26 854.1 2085 7.2 551 358 4.64 100 34.1 26.4 172 222
T 6.51 1.67 130 1.86 1.68 100 257 200 285 259
ol 1434 545 421 173 2.95 100 380 294 120 206
2011 & 32 6555  27.07 806  9.14 668  3.19 100 298 338 247 118
+ 7.94 183 139 3.67 1.06 100 23.0 175 463 134
ol 1913 623 775 3.0l 2.13 100 326 405 157 111
T A 28 7751 2653 856  7.80 535  4.83 100 323 293 200 184
Mean  F 7.80 170 129 2.94 1.88 100 2.1 168 372 239
) 1873 686 651 2.41 2.95 100 36.6 344 129 161

TN Total nitrogen, DON: Dissoluble organic nitrogen, PN Particle nitrogen

3 [E&ENR

3.1 KRAAEET TR B AN [R] DX T e LA

TUTREE & e AEAE T AR T, S B 25 0 75 075 G 3 0 A sl IR o 17 =X 45 B 76 T 4R i A
Pkt b, sy EERAER(NO,N,0,NH, %) 5 & AR UL RS R BURAEREM (&) P R 4E, K&
HNO, , i85 —2%8 NH;-N fIniEEAHLE > FORESEhR LR 7350 =55 % bbb ) T
WP G AR 0 s PR VR T v S B bt A 1 A i TR, PR R OTRR I IX 4 32 B2 A X R AR T &, T
FURARG ) | FLBORLIS 1, A58 S e 2 B I 4 SRE 32, KR R R TR DUR TR S B B TR 2 b7 B
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DU 1 60.1%—73.0%" "> > 23 A5 #F 55 F W, RAE M T 1 DR 2 R BOM &) 58 28 L i 4 i
KU BRI g R I AR LT A R IR TR BT i 1 Lo (51 52 [ TR B A S I B ERR K B N A Y 7—8
Ry W UTRE B o5 1 L e, e R R AR A A 4y SR TR R o5 Y LU e R R LR R T R H 2T
A Y, U & TARKELBI, FEARBFZE rh | B 2 E /K IR DT R BT (5 BB AR X 241K (5—6 H it 8—10 H
SEXIN 66.1%) ,2—4 A 7 AR 11—12 AWEXE N 77.3% , 12 AR ITREFT 5 el ik 93.8% , ml fig 5 HF5%
DX IR A UURE PR IR 5 AT JFOR R AG 56 A R T R KA A 00 g 5 Wl I A TR AR

R T 7 R B T P A2 AR AR TR T ) M I 25 SR8 13k 2, S5 ARR I i R Rl — XK
NAEB RS AR KIRBH R AE SRS b [/ — X Rl — 2 S RGN R B, R BRI R AR R
E5 . NEFETEREIE , LA AR 6 2520 B e ik b X1 PN i X A i e XS e P G P I A AR L 45
NTE S LI T A S RE N B & T HEAESRS, A, 21 il 10 48, KK R TE
TRUTMR T 2002 419 28.1 kg/hm* BEAN %] 2011 4E14 56.2 kg/hm* " ) W81 T —3F , KA FIBIIECD K
HRWE SRR AR EEORIEZ — Y RIS AR P A M X 2 A R DR AR R R, WA
B, RAAIRA DU 1] 5 0 2 A a3, DA 1980 4E—2010 4E 1Y 30 4E ], ZUR A VIR 2 A4
B 0.41 kg/hm* 5 7E 20 tH40 80 4R A FEAFEH EIR A VIR N 13.2 ke/hm?, 21 480 EFHF] 21.1 kg/hm?,
BN 8 kg/hm*(60% ) , #Eit 2% 30 4FHp [R]—A™ DX 8k o8 W 2 A AR A ARG LSRR , 9T LA LT A5 T I A 34 o
FEJE R KR R B G e

x2 AHRMEEBAIRFRSANESILE
Table 2 Comparison of atmospheric nitrogen deposition among some regions over China

BRI AT/ (kg/hm?)

Mol B B S ARG Annual mean atmospheric nitrogen deposition FORR IR
Location Monitoring period Ecosystem type FUUKE Dry dep.  EULEE Wel dep. G UCFE Bulk dep. Reference
RGP HL A X 2009.1.—2011.12. ek 7.80 18.73 26.53 KNS
TR ) 1l DX A Ay 2001-06—2003-05 4 27.0 [10]
K 7K 3k 2002-07—2003-06 WA 28.1 [11]
K I8, 2009-08—2010-07 I 46.5 [12]
K 7K sk 2011-01—2011-11 A 33.5 56.2 89.7 [13]
AN (R 2004-12—2005-11 4 H 31.9 30.7 62.6 [16]
JINZRAERB 2011-04—2012-03 Ak 23.85 [18]
SR 2004-07—2005-06 {4l 7.57 [22]
bR 2003-01—2004-12 & K}/ 1mR8/ 28.0 [30]
bt AR AbE 2003-01—2004-12 %% 19.2 26.3 [30]
KX 2009-01—2010-12  HKH7 32.3 [25]
T 5 I X 2007-01—2010-12 i 25.2 [29]
g 1998-01—2003-12 {1 58.1 [6]
(3 2007-11—2008-10 7 X/ T %8/ LXK 78.42 [28]
R TTAR 2005-06—2006-05  JHARLEAF 43.9 66.0 109.9 [27]
eIl 2008-12—2011-11 4 H 12.7 [17]
LT 2004-01—2004-12 4kl 3.41—7.63 9.90 [23, 24]
AR T X 85K 2004-02—2005-01 I/ BRT X 53.0 [31]
DU AR 2005-06—2006- 12 ARHHK 2.36 [21]
i Rt B/ LR/ RIX 40.1—51.9 [26]

3.2 RAADUEF A RDIE S AL
RADUFE NH-N 20k AL TE ), L35 AURHI F 26 b NH, B4 K, U Y 0] s Ao 5% iR #
I HL A o i, LA B A7 AR R ORE B R PR A 2 R N, HE R e R AT B BE R R
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(<100 km) " *:NO;-N FEE R [ TN HIEGMAED A AER AP X AR T HERERERA
S0l AR B RR, WA LT A BB R A ML AA IR R —H R R, Bk A T 4
KT AEARERIN B HEMEA (0 #7E J2VE 2 ) A W AR B tho v 38 e 48 s R 42 0 O o i) RAHERCE LR,
A R E T R AT P (1) 40/ NBURLE PR ), A58 DT b (4 L1148 150 (23.9% ) , B 0T R IR (16.1% )
XA EUB A X 43 H B 6k Z 5%

T/NAEN B FT R BT, KA A S R GBI B NHE-N NO;-N #1 DON #J L] 53 51 N 47.6% |
35.1%F1 17.4% , Hor NH;-N FE 20k {2 1A 10 2035 & ; [ PG Jb A AR S R R DR f A A&, NH;-N |

NO;-N F1 DON 5 TN i F 535K 43.77% ,24.78% F1 31.45% ") ; 8 PRI UL+ NH]-N NO;-N 1 DON
TN HLA 35104 44.9% 27.4% H1 27.5% ) ;76 % & DON F§ 5L T, = V11 500 A 28 R GBI TN 194k,
PATCHLAS A (TIN) R 3 (51.38%—98.96% ) , TIN X LA NH;-N Fil NO;-N & NH;-N £ HAMNG i
FERW RE X EIRUTE S DON (5 DTN B9 HAG A 119%—56% , R, 405X % & NH-N I NO;-N(NO;-N
FLBAL /N 8 20T ZIB DT R R B IR AL . AR LR VLR R A T IR 3 Bl 2 B8 NH-N |
NO;-N F1 DON, 7351 i B TR 31% 24%F 45% > | JTPGLLIER A A5 248 DON 5 TN (1) 12.6% ' ; 1fij
R T AR AR S R G KA AV DON 5 e 19 54.0% 77

ASBIFGR X3 Ay T8 () S A R A3 R B R — R TR G TR A 5 R G G AT 8 o3 b, ) | ] PRl 4 T (e H
R ) BUIE FE 2R IRIR S B PR 2, ELA IR S B FH R iy , RT3 OTE K it A AR IR 5E , T AR AT
FEA R NHG-N EZ0k B SR IGsh, TEA%E PN AT, KBTS NH;-N NO;-N F1 DON [ kb
1535k 43.6% 41.0% K1 15.4% , 5 K4 A8 R GB VIR AR — 5 ; R T VIR NH;-N NO;-N Al
DON f Hu A543 311K 29.0% 22.19% F11 48.9% , S 4R E U IT sk A b A 25 2R 48 T TR AR Fe s B ™ K
TR EVIRET DON i TN [ ELfilhy 24.5% , KAFEIT VG AR A S R G000 2 A5, i g e MK T i i 3
MAESRG Y, LRGIRRI] A& W (SRl ) A4 25 R GRS AU A TE 245 41 R SOR L, & BE Sk Tk
SUTREMRIE , e — e R R T KA R B
3.3 KRAAEDIRE IR E SR SO A S AL

MAEYE T E AR , KRR UEA E EEWBE L, B EAMER HAES RE R Z RN EZIRR
Z 0 A R R G AR 2 R N E B A ORI . MoK TP AL MR B A OSSR, IR 5
GRS I A N VTR SN z8 ) | ok NSRS 11 o= 55 w0 I = 7 95 A € (27 o N N ) L L S
RAAFEVRERN 26.53 kg/hm’ A TAEL M A T 57.67 kg/hm? FRE , 783 FIH & XSy — Lok [ A=
BRGE, KRV R R T AR B, Q0K VT o R 2 e X Rk, A FIH RS AR
DU IFIE ek > A 25 2R 40 it R e — (A A A A ) A

55 U RIS, TR AT Ry 1 T A, A DX Sk R RN R AT E TN MR (2.64—4.33 mg/L) |, LW 4 et [ R b o
FOK AL it ARt (GB3838—2002 ) A A2 = A 16 1K FH 7K b 32 /K U b — GO 4P X AR (1.0 mg/L) |, BFFEIX
BAES R T VIR R SR R VORISR T , IR TR LT 0 LR TR AY 2 £512 IR R R DR PR
FK PEZK BT & B AL A DT (B AR B RR A9 . B AR - i DR K AR & 38 F Ak et B T 92 Tl 2
K SR FNA TG 157K AR FE AR I 45 5 b U 1 R VR ) A A 1) AR A A, I A % RS R SRR, SR B
VI 9 1L 2 (ST NG RN N TP 4 3T A S ENTE - 2 AN

4 it

PRI X KA EUTE S ,2000—2011 4F H ¥ TN ¥4 (3.70+£0.89) —(10.36+10.68 ) mg/L, 524 A [%
MR E R RA I (R=-0.592"" ,n=32) ; ¥ TN W JE N4 2 ((8.21£2.71) mg/L) >FH 2= ((3.94=
1.99)mg/L) >FkZ( (3.23£1.52) mg/L) >H Z=( (2.70£0.72) mg/L) ; 444 TN ¥ # 4 (3.70+0.93) mg/L,,

KAAEZEY TR N (26.53+5.44) kg/hm® , Horp T30 A (7.80+1.23 ) kg/hm? , i B0 [ & ()
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29.4% ; {RUUR% A (18.73+4.20) kg/hm* | (5 B ULREE ) 70.6% . T 10 2 DTRE & 09 235 40 i LL 6 o B 2=
(31.2%) >FkZE(29.9% ) >H 7 (28.5%) >>4Z%(10.4% ) . TULFEH NH;-N NO;-N DON Fil PN 433 5 TN )
(22.124.1)% . (16.8+3.5) % . (37.2+8.9) % H1(23.9£9.7) % ; IR UL EA 14351 4 TN 19 (36.6+3.5) % . (34.4+
5.6)% .(12.942.5) %H1(16.1+4.8) %,
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