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Abstract: The ratio of NH, -N /NO, -N and natural N abundance of NH," (3" NH," ) in rainfall in Hangzhou of Zhejiang
province, China was determined between June 2003 and July 2005 using customized manual rainwater sampler. Our
measurements indicated a similar seasonal variation in the NH, -N/NO, -N ratio and 3" NH," value in rainfall; peaks of
NH," -N/NO, -N ratio in rainfall occurred when the farmland received fertilizers, followed by gradual decline to a lower level
when the crop was harvested or the fertilizer application was terminated. In contrary, the 8°NH, value stayed negative
when N - substances were applied to the crop, and then turned to positive when the crop was harvested or field was in
fallow. Both NH, -N/NO, -N ratio and 3" NH,' value in rain precipitation were evidently correlated with the chemical
nitrogen fertilizer application during various crop growth stages, the alternation of seasonal transitions, and NH,
volatilization from other NH, emission sources. Therefore, they could be regarded as an indicator in determining the
sources, forms and composition of N in atmospheric wet deposition as well as the intensity of various NH, emission sources

from the land.
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FEAFHEL, b TR BB AR L h IR AR BV DL R & S HE ) SRS AT AR BRI K B R 32
S RS HE & BAL A Y (NH R NOy ) 0¥, SBR S AVIREREON " . £IREETFEIIR K EDRR
{95 P Rk 43.47 TgN-a ™' (1Tg =10"g) , TTME B LR 1 95 MERGA 27 TeN-a ™' 2% 2002 4, KIT =4 M
ZHRMARREL2.94 TgN-a ™', By E - Em A AR (291 kgN-hm > a™") R4 EFHKFH 4.5
1%, B o RV A S B (224 kgN-hm > a ™) LR T4 B A IR, i & T AL R P B R E R K
KEBAFARIE SR A K, 2002 SR ZMAETFX T BAR1.66~1.95 TeN-a ', BAMARE0.99 ~
1.28 TgN-a ™', ATRABUAL, K =M S5 KE R IR RS BT R EIRE RS

BAKSARIBIIRANE TR A F AR, B 518 — R0 04 25508 U8, U044 2 RE 1
5B RN NEAE S R AR R SRR EE R LIRS A T R

RN F=E S RS AR R B BRI RS 1.8 ~2.71 Te) ™ B R R AR A M EER
7 BB EIE R AR R R 14% ~23% ) & F 35 K B EZE RS P B4, AT RS KSR
TIT G 285 HERCUR , M T 5 B A S L TS S HE R 45 8 0 4 X (4 BRIt K< RAE TR 3% 63. 5 Tg) V'™ o
WARSATHSRBEEEEFENXRR, FRESMHREN . BHEER SRR AT HRES LR
HEIAE o A, B TR BT B BRG], AR A S, E BT E

Y FFR/KH I NH, -N/NO; -N HRFEEZ R H R ERE (8°NH, ) fH A6 AT LUR BEFR K H R RIFE S R
A {3 NH, HERGR BRI AN . i, T 2003 4E 6 H 2 2005 487 A [EXIHM FIZK H ) NH, -N/NO; -
N HERA 8 NH, (E#ET T @R RS BREE I , R 3 T MK o NH, -N/NO; -N H3H1 8" NH, fHiZE
WAL, XX SRS AR K F NH, #2640 SGHAT T R
1 #REHE
1.1 R A PR AT

TR 5 (ZR 28 120°25°01", 3645 30°26704") {37 T 7L A4 B0 M T AR J6 A (3% Hb X S 7K A -/ 32 35 3 46 e b
IX) , WiTLAS R MB35 00, 1) 50 7K A% B 5 FE Ak Ak o 1 00 3 A ZE0 6% R JROIR A8 IR G
P, DO ] SR e P R S B R K , W0 5 2 Ak BRI A3 & HE M B AR AE IR 74 (REFERIBESEAR #E ) NH, 4%
R (JE B TR A AR 1 T 15 U8 o %X 2438, 4R FHS0R 16 ~ 17°C (i 2 AR OR
-7.2°C, BESIR41.2°C) , 2003 ~2005 £EREKE 1201 ~ 1139 mm, J& W PG PR XU I8, ek B84
HIE3 ~8 AHy,9~2 A TE(EL),
1.2 WL

FRZK H B NH, -N 3225k 15 4% G P £ 4 2% 8008 B A R0 31 4 1+ Ttk 490 26 8 U8 HE ik B K < B9 NH,
NO; -N FEk A Tl FASEEHNL A BB TR I F i B K S H 9 NOy . Fizk NH, -N/NO; -N [,
R EEGWAH NH, &8 (B NHHEO) 2R %0, FA NH, -N/NO; -N f 28 1k ML o i 3t 7]
T 25 SRR 4L B, N SRR LA R B3 o AT AR R AT AT 9 o

— TR, WSS SR AN, AT B8 N AR AR R AP, LAE NH, 9 8N SEE%
TR N, MAAME(RE -1.12 = 1.44 ;%% - 0.98 = 1.42) ™) | T2 AL M35 sh i mi ) + 4 K &= NH,
) 8'SN 38 % Ky IEE (FHIWAZK 19.31 ~28. 28, KK 7K 6.52 ~21.86) ™) | Heaton'™ 454 Z ¥kt : W
7K 8" N-NH, -N(%0) :0 ~ —15;Ti7K 8°N-NO; -N(%0) : +2 ~ —12; + A HLA:0 ~ +8;NO, -N iEk}: -5 ~
+7;NH, -N fEE8}: -6 ~ +5;BEIRETFKER: +8 ~ +22,

B e, ZE RS E AR R 8 NH, B s AU AR R T K R ] NH, SR AT47H
1.3 FRZKAESLREE 54007

2003 456 A% 2005 457 A, 7ERS HREUEUR S ARSI M 6] 25 b 2R R K IR A% (R R TR Ui
ASIRAEEE ) T KIRERFHO0.5 m”, 5 1.2 m, ERTIETK.
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W H ) Investigating date

BT BN A 2003 4F 6 A ~2005 47 A i H FEK &5
Fig.1 Daily rainfall distribution during the period of June 2003 to July 2005 at Hangzhou

BE 100 mL 2247, BF - 20°CAR7E, LAk NH, -N Fil NO; -N & &4 #1. 4047 8°NH, (R KB ESTE
2000 mL, KA B RS r HrEsR )ik N 824 1 ~2 mg NH, -N, ik 6 KRE & A AL R AL FE AT, SREE HIIK
7 B SE T P S AR R YR 48 R B, A 2 mol - ™" HCL R, - 4°CHR7E, 4k 8P NH," 40477,

KA S E) NH, -N/NO; -N Ho 3504 : SR F B A Byt UVmini- 1240 B 5N 30000 BE T, T 5E W KA i
o NH,' -N 1 NO; -N & & , XK 220 nm H1 275 nm FEMIE NO; , Sfel ik B4 )5 it (635 nm K )
5E NH, -N {UZAEBEE £0.005 Abs (OBEE) o MK THLAS &40 : FiZKAE & Y NH, -N I NO; -N S &5
R 7K B IR BUE ; /KB & P IS 8 NH, B34 : R 2% & Finnigan-MAT251 X %% [F) 2 B4 , 43
Brinz k0.2 8°N K ETE 0. 005% A o
1.4 BdEab

K FAH B Microsoft Excel 2003 245 /EAH IR B4 ; R FEINACE- B85+ BRI K H-F-3) NH, -N.NO, -N Y& i
FRRIIRETCHL N E& , BUEUIBCF3HME + SD R,
2 ZR5H5MH
2.1 W/KH NH,-N/NO; -N L ZH 28k

N 2 fias , FER G SR E A A (R 2 BEMA ) , 7K H 9 NH, -N/NO; -N o #%5m ,NH, -N/
NO; -N HAE R Zh A2 54K H KRS A Bisik i A= EUIE G A i [ B A ) o

FE7KH# NH, -N/NO, -N R ERBIES KX R AT UNE 1 FERHBRIERE. R 1 Fix,2003 46
AJE ~9 A _LAAEREKH# NH, -N/NO, -N H 3R 2 15K 2. 03, 1A ) 1F {8 B 25 F R 2R SR 1 48 Hh it
JEHA , RN R Fe 4 K B & 2608 A& HE = W3 5 T 2003 4E 9 A R AJE 11 A 40 /KR Ak K5 A A 2 3% i
23 PRI, DRy iR A 138 B3R ACH 0. 9452003 4R 11 A i) 3| 2004 48 4 A hFEAEFIBRSRE P EAEE, T
7K NH; -N/NO; -N FL3R IR 1.57 ~2.26;11 2004 4£ 5 H 2] 9 A N HZERgEE SE AL 8 AR 4 i A A , o
PRIk 1. 77 s B/5AAE 12 A T2 2005 48 1 A MZE MG SRE it AL HA H] l 3 1, HAREEH NG
8F 1, HER: MK NH -N/NO; -N L3 54 H i A 3h 7 2% VI 5CHK 5 [R50, I i A ) L 3R 1B K
BRINHR 2 ~4 £5, W 5KBFF T E RN (R? =0.0129)
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BRI SR NH, -N/NO; -N H 3 i 222454 (2003-06 ~2005-07)
Fig.2 Seasonal dynamics of the ratio of NH," -N/NOj; -N in rain falling at Hangzhou during the period of June 2003 to July 2005
B Sk RORRE/ X/ B R VY I RIEAE L iF1R]  The arrow head in the figure denotes the N fertilization date on crops

F1 HMAMKS NH -N/NO; -N T 5REFHHXES T
Table 1 Relationship between the ratio of NH; -N/NO; -N in rain falling and farming activities at Hangzhou

2005-05-22
2005-06-0
2005-06-15

M7k NH, -N/NO; -N +SD

T
Ahs H M S5 H -1 LR AR TR (FERED) ¢ AR AL IS S RHE Average air
Beginning date End date Ratio and relative ratio of NH;"-N/  Farming activities temperature
NO; -N +SD in rain falling( range) ()
ARG SHNE B E (2008-06-30 i AEEE
JIE 50 kgN - hm =2 ; 2003-08-30 2 3z3LAE 100
b 2. 0. e =2
2003-06-30 2003-09-28 2032121 3.74 kgN-hm ™ ; 2003-09-25 BERHIEAL 0 kgN-hm 26.57
(1.3 ~4.4) FERSEIBAE 50 kgN+hm ~?) Fertilization in rice
and vegetables ( applied 50, 100, 50, 50
kgN+hm =2 in rice and vegetables)
2003-09-28 2003-11-10 0.94 0. 15 1.73 KRS Je B0 B 3 R % Later stage of rice 20.85
(0.8~1.2) growing season
FZAEFBEIHENLEE 1 (2003-12-10 /N5
1.57 +0.97 JBAEFNEESEB IR 150 kgN - hm =2 ) Abundant
2003-11-10 2004-01-19 (0.7 ~3.4) 2.88 fertilization in wheat and vegetables ( applied 9.60
150 kgN-hm =2 in rice and vegetables)
FAEMGEIHENCLE P (2004-02-27 /N8
2.26 £0.67 JIEF 25 3238 B 150 keN - hm =2 ) Abundant
2004-01-19 2004-04-25 (1.8 ~3.8) 4.15 fertilization in wheat and vegetable ( applied 12.65
150 kgN+hm =2 in wheat and vegetables)
FTRR B SEILNE FIIENE (2004-05-28 HfE
AT 50 kgN«hm 2 ; 2004-08-20 B F it AT
he -2, 0. =
2004-04-25 2004-09-24 1.77 £0.90 3.25 50 kgN+hm =2 ; 2004-09 1.5.Hﬁég§ﬂlﬂ.$uféﬁ% 26.03
(0.90 ~4.30) FBAE 150 kgN - hm =2 ) Fertilization in rice and
vegetables (applied 50, 50,150 kgN+hm 2 in
rice and vegetables)
1.01 £0.93 FEWCFP £ 913 End of rice growing season and
2004-09-24 2004-11-20 (0.3~1.2) 1.86 fallow before wheat growing 12.5
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g
MiZkH NH; -N/NO; -N = SD R
Foyal=g:c] 5 H M TR LR A L F (FER) AR e L 75 Bh R AE Average air
Beginning date End date Ratio and relative ratio of NH; -N/  Farming activities temperature
NO; -N +8D in rain falling( range) (<€)

FAFFBE SRS T3 (2004-11-22 /N 3k
186 +1.56 i 50 kgN-hm =2 ; 2004-12-24 /NZE3E B FIEE
2004-11-20 2005-01-28 (0.6 ~4.6) 3.41 FIBAE 150 kgN+hm =2 ) Abundant fertilization 4.30
in wheat and vegetables ( applied 50, 150
kgN+hm 2 in wheat and vegetables)

2005-01-28 2005-02-17 (()062 i(l)' ?(; 1.19 Z EH3Y] middle in wheat growing season 4.95
0.92 +0.31 )

2005-02-17 2005-05-18 (0.3 ~1.9) 1.69 #Z1EJ5 3 Later stage of wheat growing season 10.3

2005-05-18 2005-06-29 0.54 £0.18 1.00 Elﬂ[ﬂlﬁ Hi Eﬂ wheat harvesting and fallow 2255
(0.2 ~0.8) before rice growing

JNAE1{E Mean 1.29

w FXT R R DAL HEZ 0.54 2 1 31545 The relative ratio was estimated on the basis of the minimum ratio (0.54) as 1

AR BA R A S RS FI/K Y NH, -N/NO; -N 38 5 5 800k BE X AR FH it HE 5 3l i 52 e FIAR FH 4 %
ROA —EWRIEE Lo
2.2 HUNEIZK N BT REE

BN VLI 5 2003 4 6 A ~2005 48 7 H [E /K H NH, -N/NO; -N - F-#{E ) 1. 29, NH, -N BF & T
NO; -N,ix FZ 2 i TH MM S AL T 2 456 MR ZRIREM X, SEHE N & (GEid ik 400 ~ 500
kg-hm™*a™ ") B FAEZE R H (200 ~300 kg-hm ™ *a™ ') , AL FRREUL 2 FREZ R H , SEMAK HFHNH, -N
VRS o AR LI A 4 KM i 4 T /KA A 18 i K SR /K AR 3 TEHL N B 30. 9 kg-hm™ % a™ ' (Fi/KH
NH, -N ¥ 1.198mg-L ™" ,NO; -N ¥ EH 0.928mg-L "' ,n =107),
2.3 Wik 8°NH, {HMAE LA

H1E 3 FI% 2 AT LA, UM ORI s R K o 87 NH, (B B B T A i 4. 2003 £ 6 A TFHE9
H LA, B Ry R g SR M4 AR , Wik b 8°NH, (3@ % N fl, P30 1.54; 9 Avha) ~11 A
JIEAE(CFE +6.55) , R i IEERSVE IR AR A2 IR ; 2003 4 12 A %2004 424 A hEES5 LR
SEMER T HEAES , SO RE (P2 -3.08) ;4 A TR 2 S5 AR ZEEEARERTZ WS, HiOLH BLIEE (OF
¥k +3.74) ;6 Adf) ~9 A LA X R EAE SEE S eE 3, MO i E (P2 -1.53) ;9 AT A] ~
12 A EA)RE R SRR, SO EE (0 +18.9) ; M5 ik A ZFE6E e 4 T At , B il
(-1.08~ -2.83), @SR, Wizkep 8°NH, fH N HE SRR shA RIFHEHE,
3 itig
3.1 WiKHH NH; -N/NO; -N b

HHE, — DX T ASEIE K NOFEHER A A R I ZE1L, T NH, 3 HE 3 &2 W) <52 & B &AL F <RI
SN R AR BR8N, B NH, 22 RS P 1 B B B] 46, AN AT R 5 R RUZ MR A T B HER , 2 T LA TR
TR R R HEOIR S A i3 X . TFZK H ) NH, -N/NO, -N E#AT ABUR FZK 9 NH, & 8 &1

AR BARAESRETRKMRARRE FEREASA , HAF VY NH, -N/NO; -N 3K 1.29(F
Do ZHFBRE I ERERBEKHEZREFWWERA: EEYERSN 4 A ~11 AGH) K, FAF
NH, -N/NO; -N W F 2 PR B = 8K 0 1, B (4 ~5 A 7E0.6 £, HZF(6 ~9 AM)fEL |k
TLRKA(10 ~ 11 A 43) XFERN 0.3 LATF o MR A A R FH TG E B AR, M ST KB A LR RS, i
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2003-10-21

2003-11-20
2003-12-20
2004-01-19
2004-02-18 |-
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2004-04-18 +—
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&3 AN ( 2003-06 ~2005-07) WL 5 FE K K 8 NH, 8 (%o)
Fig.3 Seasonal dynamics in the 8" NH, value (%o) in rain falling at Hangzhou during the period of June 2003 to July 2005
P i Sk RRAE/ /B REEY i REAE ML Bf 8] The arrow head in the figure denotes the fertilization date on crops

®2 HMAFKRSUNH, EMNELSREEMEBESHT
Table 2 Relationship between the 3'SNH," value in rain falling and farming activities at Hangzhou

7K HhF-1) 8 NH,
+SD (¥ N
A E ey DU e
Beginning Date End date verage 4 Farming activities
value + SD
in rainfalling (range)
1.54 £4.64 BAZERE 5 5K S0 4 1 (2003-06-30 BEASEAE 50 kgN+hm =2 ; 2003-08-30 i
2003-06-29 2003-09-4 ( _ 4.3~ 7 2) AL 100 kgN - hm =2 ) Abundant fertilization in rice and vegetables ( applied 50,
’ ’ 100kgN -hm =2 in rice and vegetables as basal fertilizer)
2003-09-4 2003-11-19 6.55+£4.70 FEE Eﬂ 5 22 i 25 IH ] Later stage of rice growing season and fallow before
((1.8~13) wheat sowing
~3.08 +1.80 F AR SN S ) 2003-12-10 /)32 536 JE 025 338 AL 150 kgN - hm ™2
2003-11-19 2004-04-13 ( _0' 4- _.5 6) 2004-02-27 /NZE 3B B A1 25 38 A8 150 kgN « hm -2 Abundant fertilization in wheat
' ' and vegetables( applied 150, 150kgN+-hm ~2 in wheat and vegetables)

2004-04-13 2004-05-28 3.74 +1.36 i{’ﬁ}é%ﬁ 5 fﬁ i 25 I Later stage of wheat growing season and fallow before

(1.7~5.1) rice transplanting
Cls3az0s CEERUSHAMGIESE I (2004-05-28 BATHAE SO kN« hm %5 2004-08-20 i
2004-05-28 2004-09-6 ( _ 61 7) FEMEAE 50 kgN+hm ~2) Abundant fertilization in rice and vegetables ( applied 50, 50

) kgN+hm =2 in late rice)
2004-09-06 2004-12-13 18.9 +3.85 BIER % 55 % Hij 25 [N ] Later stage of rice growing season and fallow before
(14.5~22.7) wheat sowing
—2.83 +4.55 A S5 SRR 4 0 2004-12-24 /N B HEFIBESEIEIE 150 keN-hm =2 ; 2005-
2004-12-13 2005-05-09 ( _'9 1 ~8. 3) 04-13 /N3 38 B F 25 3238 B 150 kgN - hm =2 Abundant fertilization in wheat and
’ ’ vegetables (applied 150,150 kgN+hm =2 in wheat and vegetables)

2005-05-09 2005-06-19 4.1+3.58 i{’ﬁ}é%ﬁ 5 fﬁ i 25 I Later stage of wheat growing season and fallow before

(1~8.2) rice transplanting
ogsdas  PETRIESONGILLE I (2005-07- 10 KA NE AN ZE S 150 keN - hm 2
2005-06-19 2005-07-20 ( _'3 6 ~4) Abundant fertilization in rice and vegetables ( applied 150 kgN - hm~2 in rice and

vegetables)
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S I R TR AT ANB I B SR TE AT JFUR A S RGP LI A R BR R EAESRGH
7K R L SRS RT3, S A TR R RIS A 2. 0 4% AT AE B R AR S AT b 32,
BBRMVIERRMESA 79% .

5 _FIRWFST S FAE B RS - TR T 1998 ~ 2003 4 8] 76 b M T IR X AR X X6 EL AR 4R 3T X A
44 AT S HVRI B, YK Tk A N YRR ,6 a TR/KF-3 NO; -N ¥ 2.59 mg- L' NH, -N ¥
B 2.16 mg-L~" ,NO; -N J& NH, -N ff) 1.20 %, NH,' -N/NO; -N FL&AL N 0. 834, R Tk 388 HE I %tk
SRR TR B2
3.2 TRk N HTTREE

AL 5 B RS K AR TEHL N S0 30.9 kgehm ™ >a™ ' T ER &R EA™ L TRRIL =AW
RSB B AE S RGP L N W 1.92 mg-L™ ' 5 N UTFEE N 38.4 kgN-hm ™% a™ ', I Y
AL ES I X RS MK N YRR SZ A S LR 7235 3 B S IR 38 B SRR VT = f D AR AE S R G AR Y, T A% T
Tk 35 54 B X (1998 ~ 2003 4F 13T IX BIX B EL R AR BT X 1 44 0000 A
FH:6 a KIBVTEZEE TN 58. 1 kg-hm >a™'  Hd1 NO; -N (5 54% )"

3.3 TE/KH 8°NH, (RS fLALE

BT, FUFTE KR NO; 9 B 4R 3 B A (LB 98 L S AL 7 SRR Bk 9 NO B 4R a8 ™, (B i T Ak
NH, F R BT NH, 38R AR B M

Freyer'™ %3, & Julich HuX FE/KH 9 8 °N-NO; -N fZHitAsfk, BIRK KB E (-4~ +7) B B
K(0 ~ —10) o BRAEE BUREAR L6 B9 13808 NO, . 7ERTIE Pretoria i X L7 0L HOZ5 51 . WK P 10 57
N-NO; -N NERKZMH -7 ~ +6 2RI FHE 10 ~ 11 AHE +2.5 ~ - 17, X 7] B R KSR 5185 K EIHE
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B MR ZET AL BB R, B, TTARE O AR R b2 FAE AL B HE 4 L 035 Sk ik R b A WL
Wb 8 NH, E AR AL IR , FIRTRE T S At K b NH, BRI
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