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Abstract

The riverine nitrate stable isotopic compositions characterize its fate and reflect its sources. In this study, the proportional
contribution of riverine nitrate was calculated by Bayesian mixing model based on the dual nitrate isotopes in Liao Rivers,
Northeast of China after considering the isotopic fractionation of nitrogen transformation. The results show the contribution of
nitrogen sources has large variations in different section of rivers. The proportional contribution from synthetic fertilizer
increases after considering impacting for isotopic compositions of nitrate by the key processes at the high flow season. Thus, the
main transformations and isotopic fractionations should be identify when calculate the contribution of sources accurate using the
Bayesian model.
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1. Introduction

Nitrogen is an essential element for organisms that plays an important role in the ecological status of aquatic
systems. High nitrogen level is considered to be harmful to human health in drinking water, it is also considered as
one of significant signal for eutrophication of aquatic ecosystems!). Recognizing the sources and dynamics of
biologically available, dissolved nitrogen in surface water is important for nutrient management and protection .

Dual isotopes of nitrate (N and O) have been successfully used to identify the sources of nitrate in aquatic
systems™™ *.To track the contribution of the different sources, stable isotope analysis in R (SIAR) based on the
Bayesian model was developed and used to quantitative the contributions of different sources to nitrate in aquatic
systems'™. The model can apportion more than three sources when only two isotopes are used. It also considers the
ranges and distributions of the sources instead of using a single signature to represent one source as in the previous
works. In addition, the deviation of stable isotopes caused by fractionation, which may significantly change the
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original signature of the isotopes during transport and transformation processes, can be easily incorporated into this
model [,

Several researches had been carried out on quantitative the contribution of nitrogen source using stable isotope
analysis in R %% 1% However, few studies considered the isotopic fractionation during nitrogen transformations.
Here, a combination of isotopic fractionation of volatilization and denitrification was considered in the SIAR
calculation in Liao River Basin.

2. Sample analysis and SIAR mixing model

Water samples were collected from the main stream and major tributaries of the Liao River Basin during high
and low flow seasons ©°). Water samples were filtered through 0.22 pm cellulose-acetate filters and then placed into
pre-washed polyethylene bottles. The filtrate for isotopic analysis and anions were cooled and kept frozen until
analysis. The dual isotopes of nitrates were measured by an isotope ratio mass spectrometer via quantitative
bacterial reduction of nitrates to nitrous oxide (N,O) based on the denitrifer method "%, The international nitrates
were treated identically with the water samples were used to calibrate the measured sample data. Each sample was
measured in duplicate and the standard error was 0.3%o for 8""N-NO; and 0.5%o for '30-NO; .

The applied mixing model is described by the following equations:
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Where Xj; is the observed isotope value j (8"°N and 5'®0) of the mixture #, in which i=1,2, 3 ....N and j=1, 2 3.0
S« 1s the source value & on isotope j (k=1, 2, 3...K) and is normally distributed with mean s and variance o’ k- Dk 18

the proportion of source k estimated by the SIAR model; gj s refers to concentration of isotope j in source k. Cjk is

the fractionation factor for isotope j on source k and is normally distributed with mean J;; and variance 7’ ke Gk is the

residual error representing the additional inter-observation variance between individual mixtures and is normally

distributed with mean 0 and variance ¢° i Detailed description of this model can be found in Parnell et al. (20101,

Xij =

3. Results based on the Bayesian mixing model

Nitrate sources in river basin include synthetic fertilizers, atmospheric deposition, soil organic nitrogen,
manure, and sewage waste. To estimate the contribution of different NO; sources, the nitrate isotopic composition
(8"N and §"0) from different sources should be chose. The isotopic values of nitrate in unfertilized soil (Table 1)
were used to calculate the contribution of soil organic nitrogen (SON) *!. The synthetic fertilizers (SF) in the study
area were analysed with 5'°N-NO; mean value of 0.0+£0.8%o 1°). Considering the seasonal variation of atmospheric
wet deposition (AT), the average nitrate isotopic values of rain water samples and snow samples collected n Liao
River Basin and other river basin, Songhua River Basin 41 \which close to Liao River Basin, were used for high
flow and low flow season (Table 1), respectively. The 8'°0 values of nitrate nitrified from manure and sewage
related to the isotopic composition of water and O, in the surrounding environment ') Thus the deviation of
880, uer values during two flow seasons can represent the deviation of 8"30,iae. The lowest 8'%0 values in the river
samples may indicate oxygen atom exchange occur between nitrite and water via the nitrification process and also
can represent nitrate derived from the above two sources ', In the present study, these lowest 5'°0 values can
represent the original 5'%0 values via nitrification from manure, fertilizers and sewage. Therefore, the isotope values
of nitrate sources used for calculation were different between different flow seasons.



18

Fu-Jun Yue et al. / Procedia Earth and Planetary Science 13 (2015) 16 — 20

Table 1 Isotopes values of the nitrate reservoirs used in SIAR mixing model

3TN RN 570 570

Sources Flow season mean D mean D
SON"! +6.4 0.6 6.2 0.4
Synthetic high flow season 0.0 0.8 -5.7 1.7
fertilizers'™ low flow season 0.0 0.8 -0.9 1.0
Atmospheric high flow season -4.8 1.6 +60.2 6.7
deposition"¥ low flow season +10.2 43 +87.3 83
Manurel® 17 high flow season +8.9 9.3 -5.7 1.7

low flow season +8.9 9.3 -0.9 1.0
Sewage™ 17 high flow season +24.4 7.7 -5.7 1.7

low flow season +24.4 7.7 -0.9 1.0

Samples were divided by four groups, upstream of Liao River (G1, No.s 6-11) "), tributaries of Liao River (G2,
No.s 12, 14, 18, 22, 23) ¥ main stream of Liao River (G3, No.s 13, 16, 17, 19, 20)""!, Daliao River (G4, No.s 24-28)
1), The proportional contribution of nitrate sources in different section of rivers is listed in Table.2. The results
shown the mean contribution of atmospheric wet deposition was approximately 10%, and slightly higher
contribution in high flow season than low flow season. The main nitrate sources during high flow season are
synthetic fertilizers in group 1 and sewage waste in other three groups. During low flow season, main nitrate source
was sewage waste in group 1 and 4, SON in group 2 and 3, respectively.

Table 2 Mean values of source contributions using SIAR

Source High flow season low flow season
Gl G2 G3 G4 Gl G2 G3 G4
SON 0.24 0.23 0.24 0.19 0.20 0.24 0.26 0.25
SF 0.30 0.18 0.19 0.16 0.20 0.22 0.25 0.21
AT 0.10 0.17 0.09 0.12 0.19 0.12 0.08 0.09
M 0.24 0.16 0.19 0.22 0.20 0.19 0.20 0.18
SW 0.11 0.26 0.29 0.30 0.21 0.23 0.21 0.26

This result ignored the isotopic fractionation during nitrogen transformations. However, the nitrogen entrances
into the river, its original signature may alter by volatilization, nitrification and denitrification ** '™ Thus, it’s
necessary to consider main transformations in terrestrial and aquatic environment. Although, our previous studies
showed no intense denitrification occurs in the Liao Rivers according to the isotopic and chemical data ! To
accurately calculate the contribution of different sources using the Bayesian model, different extends of
denitrification were taken into account for the estimation. In this study, we take an example to compare the result
difference when considered the isotopic fractionation of volatilization and denitrification during high flow season.

4. Discussion
4.1. The calculated results after considering the voltalization

Previous studies shown volatilization process followed Rayleigh distillation equation with an overall
fractionation effect of around —20%, '*". Xing and Zhu (2002) reported the loss N through volatilization for urea was
0.22 in the agriculture land, China **), Based on the conversion factors and Rayleigh fractionation equation and 5'°N
values of nitrogenous fertilizers collected within basin, nitrogen isotopic composition of the residual fertilizer would
be about +5.0%o after considering the volatilization fractionation. The results (Table 3) showed the contribution of
synthetic fertilizers decreased in Group 1, which has the lowest mean average 8'°N values (+4.2+£0.4%o) than other
groups, and increased in three groups. After considering the volatilization, the contribution of atmosphere wet
deposition and manure sources shown less change than SON and sewage waste.

Table 3 Mean values of source contributions using SIAR after considering the isotopic fractionation of volatilization.

Source G1 G2 G3 G4
SON 0.26 0.23 0.23 0.19
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SF 0.28 0.22 0.23 0.19
AT 0.11 0.17 0.09 0.12
M 0.25 0.15 0.19 0.21
SW 0.10 0.23 0.26 0.28

4.2. The calculated results after considering the denitrification

The extent and isotopic fractionation of denitrification all can affect the isotopic compositions of nitrate
sources. The isotopic enrichment factor for N during the microbial denitrification process can vary significantly,
with € values ranging from -5 to nearly -40%o°. For this calculation, -15.9% for >N and -8% for 'O were used ¢
values "%, The calculation result showed in Figure 1, which the extent of denitrification was 10%, 20%, 30%,
respectively. After considering the denitrification, the variation of sources contribution was different for different
groups. The contribution of SON was increased in group 1, 3 and 4 followed the increased extent of denitrification.
However, the contribution of synthetic fertilizers was increased in group 2, 3 and 4 as the increased extent of
denitrification. The contribution decreased in other three sources, especially atmosphere wet deposition and sewage
waste. Large change for the sources contribution was observed in synthetic fertilizers and sewage waste, which has
lightest and heaviest 8'°N values, respectively.
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Figure 1 (a) the calculation of different extent of denitrification during high flow season; (b) the contrast of calculation of isotopic fractionation
based on 20% denitrification; I stands for ignore volatilization and denitrification; D stands for the extent of 20% denitrification; V&D stands for
considering the isotopic fractionation of volatilization and 20% denitrification.

Figure 1b showed the calculated results after considering the volatilization and denitrification with extent 20%
in river basin. Large difference was also observed on the contribution from synthetic fertilizers and sewage waste.
The increased contribution of synthetic fertilizers and decreased contribution of sewage waste were found in group
2, 3 and 4. The increased contribution of synthetic fertilizers between ignoring and considering the transformation
was 15%, 9% and 7% for three groups, respectively. The decreased contributions of sewage waste between ignore
and considering the transformation was 19%, 15% and 11% for three groups, respectively. These large change also
resluted in different main sources. In the high flow seasons, the sewage waste water would contribute small part of
nitrate sources to this large river due to more rain water discharging into rivers. Meanwhile, the monsoonal climate
leads to high humidity and temperature in summer, which would increase the biological activities, such as
denitrification. Thus, the calculated results after considering the key biogeochemical processes might be more
reasonable. Of course, there are many processes under various environments effecting the calculations of nitrate
sources contribution, producing the large uncertainty for the quantitative analysis of nitrate sources.

5. Summary

After considering the isotopic fractionation of nitrogen transformation, the contribution of nitrogen sources
showed great change, especially for sources with the lightest and heaviest 8'°N values. Synthetic fertilizer was also
the main nitrogen source in group 1. The SON and synthetic fertilizers were the main nitrogen sources instead of
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sewage waste in group 2, 3 and 4. To calculate the contribution of sources accurate using the Bayesian model, the
main transformation and isotopic fractionations should be taken into account for estimation. The calculated
proportional contribution of nitrate sources after considering the key processes might stand much closer to nature
and more accurate than just using isotope values.

Acknowledgements

This work is financially supported by National Natural Science Foundation of China (Grant No.41403105,
41130536); China Postdoctoral Science Foundation (2014M552389) and water project of MEP
(2012ZX07503003001).

References

1. Gruber N, Galloway JN. An Earth-system perspective of the global nitrogen cycle. Nature 2008; 451:293-296.

2. Kendall C, Elliott EM, Wankel SD. Tracing anthropogenic inputs of nitrogen to ecosystems. Stable isotopes in ecology and environmental
science 2007; 375-449.

3.Kaushal SS, Groffman PM, Band LE, Elliott EM, Shields CA, Kendall C. Tracking Nonpoint Source Nitrogen Pollution in Human-Impacted
Watersheds. Environ Sci Technol 2011; 45:8225-8232.

4. Mayer B, Boyer EW, Goodale C, Jaworski NA, Van Breemen N, Howarth RW,Seitzinger S, Billen G, Lajtha K, Nadelhoffer K. Sources of
nitrate in rivers draining sixteen watersheds in the northeastern US: Isotopic constraints. Biogeochemistry 2002; 57:171-197.

5. Yue FJ, Li SL, Liu CQ, Zhao ZQ, Hu J. Using dual isotopes to evaluate sources and transformation of nitrogen in the Liao River, northeast
China. Appl Geochem 2013; 36:1-9.

6. Parnell AC, Inger R, Bearhop S, Jackson AL. Source Partitioning Using Stable Isotopes: Coping with Too Much Variation. Plos One 2010;
5:€9672.

7. Xue D, De Baets B, Van Cleemput O, Hennessy C, Berglund M, Boeckx P. Use of a Bayesian isotope mixing model to estimate proportional

contributions of multiple nitrate sources in surface water. Environ Pollut. 2012;161:43-9.

8. Yang LP, Han JP, Xue JL, Zeng LZ, Shi JC, Wu LS, Jiang YH. Nitrate source apportionment in a subtropical watershed using Bayesian model.

Sci Total Environ. 2013;463:340-7.

9. Korth F, Deutsch B, Frey C, Moros C, Voss M. Nitrate source identification in the Baltic Sea using its isotopic ratios in combination with a

Bayesian isotope mixing model. Biogeosciences. 2014;11:4913-24.

10. Ding JT, Xi BD, Gao RT, He LS, Liu HL, Dai XL, Yu Y]J. Identifying diffused nitrate sources in a stream in an agricultural field using a dual

isotopic approach. Sci Total Environ. 2014;484:10-18.

11. Kim K-H, Yun S-T, Mayer B, Lee J-H, Kim T-S, Kim H-K. Quantification of nitrate sources in groundwater using hydrochemical and dual

isotopic data combined with a Bayesian mixing model. Agriculture, Ecosystems & Environment. 2015;199:369-81.

12. Mcllvin MR, Casciotti KL. Technical Updates to the Bacterial Method for Nitrate Isotopic Analyses. Anal Chem 2011; 83:1850-1856.

13. Rock L, Ellen BH. Nitrogen-15 and oxygen-18 natural abundance of potassium chloride extractable soil nitrate using the denitrifier method.
Soil Sci Soc Am J 2007; 71:355-361.

14. Yue FJ, Liu CQ, Li SL, Zhao ZQ, Liu XL, Ding H, Liu BJ, Zhong J. Analysis of 315N and 3180 to identify nitrate sources and
transformations in Songhua River, Northeast China. J Hydrol 2014; 519:329-339.

15. Béttcher J, Strebel O, Voerkelius S, Schmidt HL. Using isotope fractionation of nitrate-nitrogen and nitrate-oxygen for evaluation of
microbial denitrification in a sandy aquifer. J Hydrol 1990; 114:413-424.

16. Kool DM, Miiller C, Wrage N, Oenema O,Van Groenigen JW. Oxygen exchange between nitrogen oxides and H20 can occur during nitrifier

pathways. Soil Biol Biochem 2009; 41:1632-1641.

17. Widory D, Petelet-Giraud E, Brenot A, Bronders J, Tirez K, Boeckx P. Improving the management of nitrate pollution in water by the use of
isotope monitoring: the delta N-15, delta O-18 and delta B-11 triptych. Isot Environ Healt S 2013; 49: 29-47.

18. Wells NS, Baisden WT, Clough TJ. Ammonia volatilisation is not the dominant factor in determining the soil nitrate isotopic composition of
pasture systems. Agric Ecosyst Environ 2015; 199:290-300.

19. Billy C, Billen G, Sebilo M, Birgand F, Tournebize J. Nitrogen isotopic composition of leached nitrate and soil organic matter as an indicator
of denitrification in a sloping drained agricultural plot and adjacent uncultivated riparian buffer strips. Soil Biol Biochem 2010; 42:108-117.

20. Xing GX, Zhu ZL. Regional nitrogen budgets for China and its major watersheds. Biogeochemistry 2002; 57: 405-427.



