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Abstract: Spatio-temporal distributions and sources of atmospheric nitrogen (N) in precipitation were examined for Jiulong River Watershed
(JRW), an agricultural-dominated watershed located in southeastern China with a drainage area of 1.47 x 10* km’ . During 2004 ~ 2005, 847
rain samples were collected in seventeen sites and analyzed for ammonium N, nitrate N and dissolved total N (DTN) followed by filtration
through 0.45 pm nucleopore membranes. Atmospheric N deposition flux was calculated using GIS interpolation technique ( Universal Kriging
method for precipitation, Inverse distance weighted technique for N) based on measured N value and precipitation data from eight weather
stations located in the JRW. ArcView GIS 3.2 was used for surface analysis, interpolation and statistical work. It was found that mean DTN
concentration in all sites ranged between 2.20 + 1.69 and 3.26 + 1.37 mg*L"" . Ammonium, nitrate and dissolved organic N formed 39% ,
25% and 36% of DTN, respectively. N concentration decreased with precipitation intensity as a result of dilution, and showed a significant
difference between dry season and wet season. The low isotope value of nitrate 5 ° N ranging between — 7.48%0 and — 0.27%0 (mean: —
3.61%0) indicated that the increasing agricultural and soil emissions together with fossil combustions contributed to atmospheric nitrate sources.
The annual wet deposition of atmospheric N flux amounted to 9.9 kg*hm ™, which accounts for 66% of total atmospheric N deposition flux
(14.9 kg*hm™>). About 91% of wet atmospheric deposition occurred in spring and summer. The spatio-temporal variation of atmospheric N
deposition indicated that intensive precipitation, higher ammonia volatilization from fertilizer application in the growing season, and livestock
productions together provided the larger N source.
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Fig.1 Site map for wet deposition of atmospheric nitrogen
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Fig.2  Frequency graph of DTN concentration in precipitation
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Table 1  Summary on DIN concentration of rain samples/mg*L ™!
3l 1 1A 2 A 3 A 4 A 5H 6 H
AH 4.71+1.20(2) 4.39+2.72(7) 4.23+1.32(11)  2.84+1.49(9) 3.59+1.87(14)  2.62+0.95(12)
CX 5.29 +1.74(4) 2.77 +1.46(9) 4.19+1.55(5) 3.45+2.43(5) 2.50+2.03(12)  1.97+0.73(5)
DX 3.54(1D) 5.50+2.57(4) 2.56+1.14(7) 1.00+0.54(2) 1.22+0.76(2)
HA 2.03+0.14(6) 3.34+0.62(9) 6.96+0.64(8) 2.97 +2.56(9) 1.79 +0.46(6)
JH 2.69+0.48(4) 4.12+1.10(4) 3.79+0.47(3) 4.46 +2.70(6) 5.18+2.39(2)
LJ 3.21+1.10(8) 2.94+0.86(4) 1.68+0.57(3)
LS 3.54+1.63(7) 5.34+2.95(4) 5.08+2.47(3)
NJ 7.89(1) 2.92+2.47(6) 3.75+2.44(5) 4.21+1.90(9) 1.56 +1.02(6) 3.92+1.46(5)
NK 3.41+0.45(5) 2.94(1) 3.93+1.32(4) 2.35+1.27(5) 2.26+1.68(10)  3.45+1.55(6)
QT 1.8(D 2.93+1.98(100 2.61+1.12C11)  2.69+1.53(7) 2.04 +1.26(6) 4.80+0.73(3)
SY 2.99+0.19(3) 2.21+1.31(6) 3.35+2.20(100  3.97 +2.51(8) 1.98 +1.80(9) 1.72+0.87(8)
TS 3.66(1) 3.60+£0.75(2) 3.93(1) 4.29(1)
wC 2.66+0.08(2) 4.5+0.79(2) 3.57+1.17(4) 2.9+2.80(4) 2.94+0.63(2)
XM 3.58(1) 1.81+0.29(3) 4.26+1.27(7) 3.56+1.75(4) 1.74+0.16(2) 2.24(1)
YC 5.61 +1.67(9) 1.96 +0.73(2) 3.59+1.72(8) 3.24+2.26(14)  1.69+1.98(100  2.90+1.61(8)
YS 2.20+0.36(2) 1.44+0.30(4) 2.62+0.81(4) 2.17+0.81(7) 1.64(1) 1.92+0.62(3)
VA 2.29+0.00(2) 3.39+0.70(4) 5.09+2.74(4) 2.36+1.36(6) 3.25+0.84(3)
i 4.42+1.79029)  2.69+1.68(62) 3.64+1.53(104) 3.63+2.12(104) 2.59+2.07C104) 2.75+1.47(67)
3l 71 8 1] 9J] 10 JJ 11 J] 12 ] Y
AH 1.94+1.24(14)  2.67+1.69(7) 3.15+1.75(76)
CX 2.26+0.98(12)  2.98+0.89(14)  3.07 +1.40(14) 1.81C1) 4.23(1) 0.49(1) 2.92+1.59(83)
DX 1.77+£0.81C13)  3.35+0.70C(11)  3.58 +2.26(7) 2.83+1.71(47)
HA 1.02+£0.74(15)  1.72+1.08(10)  2.35+0.37(8) 2.63+2.03(71)
JH 3.27 +1.94(8) 1.93+0.61(5) 1.14 +1.26(9) 2.97 £2.05(41)
LJ 3.01+1.29(5) 2.87 +1.10(20)
1S 2.72+2.47(4) 4.01+2.87(18)
NJ 2.18+0.37C100  2.07+1.26(12)  1.62+0.70(11) 6.92(1) 1.02(1) 2.74 +1.87(67)
NK 2.24+1.69(13)  3.47+2.60(13)  2.24+1.22(6) 2.83+1.79(63)
QT 1.36+0.62(4) 2.01+2.08(6) 2.04+1.61(6) 2.50 +1.59(54)
SY 1.16+0.54(12)  1.35+1.06(13)  2.46+0.35(5) 2.20+1.69(74)
TS 3.34+1.63(3) 2.26+1.99(3) 3.26+1.37C11)
wC 1.54+1.31(8) 1.95+0.46(7) 1.51£0.51(5) 1.08C1) 2.31+1.45(35)
XM 2.06+0.37(4) 2.34+0.77(4) 2.67+0.29(2) 2.92 +1.32(28)
YC 2.21+1.28(100  2.42+0.87(6) 2.41+£0.87C11) 8.8(1) 2.95(1> 3.04 +£2.01(80)
YS 3.39 +1.46(3) 3.21+£2.97(2) 4.85+3.64(2) 1.49 +0.20(2) 2.42 +1.40€30)
7] 1.79+1.01C12)  2.06+1.02(5) 2.52+0.71C10) 6.95+0.06(2) 1.46(1) 2.75+1.65(49)
REZ] 1.97+1.27C147)  2.44+1.49(118) 2.36+1.37(99) 1.81C1) 5.26+2.90(7) 1.4+0.93(5) 2.79 +1.79(847)
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Table 2 Concentration and species composition of nitrogen in precipitation

Fes Bl A DIN/mg*L~! NH; -N/mg*L="  NO; -N/mg*1."! DON/mg-L=!  NHj -N/% NOj -N/%  DON/%
1 HA 2.63+2.03 1.01+0.79 0.65+0.53 0.98+0.72 38.3 24.6 37.1
2 L 2.88+1.10 1.05+0.48 0.56+0.38 1.27+0.50 36.5 19.4 4.1
3 IS 4.01+2.87 1.71+1.31 0.70+0.62 1.61+1.10 4.5 17.5 40.0
4 TS 3.26+1.37 1.31+0.63 0.66+0.28 1.29+0.82 40.2 20.3 39.5
5 YS 2.42+1.40 0.97+0.59 0.43+0.28 1.02+0.81 40.0 17.8 2.1
[ ] 2.83+1.94 1.11+0.82 0.60 +0.47 1.12+0.79 39.2 21.2 39.6

6 AH 3.15+1.75 1.18+0.81 0.85+0.50 1.12+0.56 37.4 27.0 35.6
7 cX 2.92+1.59 1.15+0.66 0.81+0.56 0.96+0.51 39.4 27.9 32.7
8 JH 2.98+2.04 1.11+0.78 0.75+0.55 1.12+0.77 37.3 25.0 37.8
9 NJ 2.74+1.87 1.11+0.85 0.67+0.65 0.96+0.66 40.4 24.6 35.0
10 NK 2.83+1.79 1.09+0.69 0.69+0.52 1.06+0.70 38.4 24 .4 37.3
11 SY 2.20+1.69 0.92+0.71 0.54+0.47 0.74+0.59 41.9 24.4 33.7
12 wC 2.31+1.45 0.94+0.64 0.48+0.29 0.89+0.70 40.8 20.8 38.4
13 YC 3.05+2.00 1.28+0.93 0.80 +0.66 0.96+0.60 2.1 26.4 31.4
14 7) 2.75+1.65 1.05+0.64 0.70 +0.50 1.00+0.59 38.2 25.5 36.3
i 2.80+1.79 1.11+0.76 0.72+0.55 0.97 +0.63 39.6 25.6 34.8

15 DX 2.83+1.71 1.05+0.56 0.77+0.63 1.01+0.64 37.3 27.2 35.6
16 QT 2.50+1.59 0.95+0.61 0.67 +0.47 0.88+0.66 38.0 26.7 35.3
17 XM 2.92+1.32 1.11+0.73 0.72+0.45 1.09+0.53 38.0 24.6 37.4
[ 1 2.71+1.58 1.02+0.62 0.72+0.53 0.97+0.63 37.7 26.4 35.9

s¥uN B 2.79+1.79 1.10+0.75 0.70+0.54 1.00+0.66 39.3 24.9 35.8
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Fig.4 Decrease of DTN concentration in continuous rainfall
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Fig.5 Relationship between DTN concentration and precipitation intensity
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Table 3 Isotope value of nitrate in rain from Jiulong River Watershed
PREAER ] i 15 bR AT DTN/mg*L"~" NO; -N/mg*L~! NH;' -N/mg*L~! 8 BN/%o
2005-05-09 XMCUE ] b s| 1.15 0.37 0.45 -3.14
2005-06-02 XMCE DD H 1.08 0.55 0.27 -4.50
2005-06-22 XMUE T S| — 0.51 0.67 -3.09
2005-07-29 XMCUE T S| 1.55 0.25 0.14 -3.05
2005-08-13 XMUE DD S| 0.66 0.21 0.45 -7.48
2005-05-29 WCCH D T 2.72 0.88 1.31 -0.27
2005-06-02 TBCRED i 1.36 0.66 0.61 -3.74
Py 1.42 0.49 0.56 -3.61
1D —R AW
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Fig.7 Isotope value of nitrate from various sources
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Fig.8 Spatial distribution of deposition flux of atmospheric nitrogen in Jiulong River Watershed
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Table 4 Comparison of wet deposition flux of

atmospheric nitrogen by season (2004)
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Table 5 Summary of total deposition flux of atmospheric nitrogen

in Jiulong River Watershed
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