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Temporal and Spatial Variations of the Nitrate-nitrogen Sources in an Underground

River Using “N Isotope Technique
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Abstract Groundwater in Qingmuguan underground river was monitored using hydro-chemical and " N isotope techniques to investigate temporal
and spatial variations of nitrate-nitrogen and its possible sources from October 2007 to October 2008. The results show that nitrate
concentrations are 3.20 mg/L of the inlet DI and 20.35 mg/L of the outlet S2  of the underground river. Affected by the fertilizers in
agricultural field and the rainfall flush and dilution nitrate concentrations of groundwater are higher but less stable from April to July 2008 than
that from October 2007 to March 2008. They are elevated during August and September 2008 due to the residual fertilizers and decreased
rainfall events. According to the NO; -8 °N values of —0.857%0+2.01% n =9 the sources of nitrate-nitrogen of D1 are dominated by
residual fertilizers from the paddy fields from October 2007 to March 2008 and from July to October 2008 while the NO; -5 "N values of
2.50%0 +0.29%0 n =3 demonstrate that the mixture of soil organic nitrogen and fertilizers are the sources from April to middle and late
June 2008. And the NO; -8 "N values of — 3.74%oc in late May and 0.52%0 in early June indicate that the nitrate-nitrogen comes from
fertilizers applied in the paddy fields in 2008. The nitrate-nitrogen of S2 is partly from fertilizers in the upper basin and also from fertilizers and
soil organic nitrogen carried by lateral fissure and soil permeation water of forest and farm land in the middle and lower basin. The NO; -8 *N
values of 4.77%0 +0.73%0 n =9 show nitrate-nitrogen of S2 mainly originates from fertilizers from October 2007 to March 2008 and from
July to October 2008 while NO; -8 "N values of 3.16%0 +0.39%0 n =35 explain that the nitrate-nitrogen derives from the mixture of soil
organic nitrogen and fertilizers from April to June 2008.
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Table 1 Data results of the collected water samples from Qingmuguan underground river
t DO Na* K* NOy NOy NH; Cl- SBN
Ic pH fmg L' mg L' mg L' mg L' jpg L' /mg L7 /mg L7 %o
D1-1 2007-10-30 13.40 7.57 — 5.69 12.61 1.55 15.54 0.20 9.54 -2.34
D1-2 2007-11-26 12.70 7.66 — 5.75 8.64 2.38 2.68 n.d. 7.35 -0.82
D1-3 2007-12-14 9.70 7.84 — 5.92 6.76 2.40 6.97 n.d. 7.51 -1.48
D1-4 2008-01-09 7.40 7.56 — 2.66 1.87 1.97 4.47 n.d. 7.84 1.67
D1-5 2008-02-25 7.60 7.55 8.58 5.70 6.09 2.72 41.64 n.d. 8.82 -0.95
D1-6 2008-03-25 16.00 7.74 — 5.15 3.94 3.08 178.12 n.d. 8.66 1.48
D1-7 2008-04-24 15.20 7.65 — 1.71 1.65 5.37 143.60 n.d. 7.84 2.41
D1-8 2008-05-27 22.10 7.32 3.38 4.00 4.70 4.66 51.90 n.d. 8.14 -3.74
D1-9 2008-06-07 20.00 7.70 — 3.03 5.75 9.71 145.80 0.20 5.43 0.52
D1-10 2008-06-19 22.40 7.34 — 2.39 3.29 3.42 128.26 n.d. 2.12 2.83
D1-11 2008-06-30 24.40 7.40 2.04 1.42 2.95 1.16 112.30 n.d. 3.18 2.25
D1-12 2008-07-11 25.70 7.36 2.12 2.92 5.30 1.57 26.39 n.d. 7.86 -0.95
D1-13 2008-08-06 22.30 7.14 2.76 5.51 2.91 2.10 47.50 n.d. 6.46 —
D1-14 2008-09-06 20.60 7.28 — 4.33 9.57 1.97 23.60 n.d. 9.91 -2.24
D1-15 2008-10-11 18.10 7.61 2.24 4.85 12.35 3.94 0.42 n.d. 10.82 -2.07
S2-1 2007-10-30 18.10 7.27 — 6.24 4.13 17.32 9.70 n.d. 7.19 4.56
S2-2 2007-11-26 18.30 7.39 — 6.89 3.84 18.81 n.d. n.d. 7.84 4.10
S2-3 2007-12-14 16.70 7.45 — 6.19 3.30 18.63 4.59 0.20 7.51 4.18
S2-4 2008-01-09 18.10 7.27 — 3.29 1.42 17.20 2.86 n.d. 8.49 4.35
S2-5 2008-02-25 17.00 7.26 8.73 7.45 3.81 17.13 0.05 n.d. 9.80 5.48
S2-6 2008-03-25 18.20 7.72 — 7.44 3.46 18.00 162.15 n.d. 11.24 5.56
S2-7 2008-04-24 17.20 7.25 — 7.01 4.15 19.33 101.70 n.d. 7.09 3.32
S2-8 2008-05-27 18.90 7.40 8.65 6.62 4.90 20.66 11.22 n.d. 12.30 3.55
S2-9 2008-06-07 19.00 7.50 — 6.36 3.25 24.15 27.43 n.d. 8.44 3.32
S2-10 2008-06-19 18.70 7.37 — 5.36 3.06 20.44 177.28 n.d. 6.90 2.78
S2-11 2008-06-30 18.30 7.27 7.85 3.89 2.61 18.90 2.99 n.d. 8.14 2.81
S2-12 2008-07-11 19.70 7.28 — 4.25 3.41 19.41 4.80 0.20 10.80 4.80
S2-13 2008-08-06 20.00 7.23 7.93 10.43 4.32 25.67 0.40 0.00 11.68 —
S2-14 2008-09-06 19.30 7.25 — 8.07 4.20 25.53 25.60 n.d. 12.74 4.83
S2-15 2008-10-11 18.50 7.30 7.40 9.16 4.12 24.04 0.30 n.d. 13.91 5.04
1 n.d. —
Cl- K" Na* 3.2.1
NO; 2
ISN /14N 19 .
2 = 20%0 ~ 30%o0
2007 10 2008 3 NO; -N NO; -8 N
2008 4 = 4%0 ~ 4%o 2%0 ~ 5%o
7 10%0 ~ 20%0 * .
2008 8 9

3.2
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