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ABSTRACT

This study aims to prepare a technical protocol for identifying the source of nitrate in water using nitrogen (5'°N)
and oxygen (5'0) stable isotope ratios. The technical processes for nitrate sources identification are composed of site
investigation, sample collection and analysis, isotope analysis, source identification using isotope characteristics, and
source apportionment for multiple potential sources with the Bayesian isotope mixing model. Characteristics of various
nitrate potential sources are reviewed, and their typical ranges of §'"°N and §'80 are comparatively analyzed and
summarized. This study also summarizes the current knowledge on the dual-isotope approach and how to correlate the
field-relevant information such as land use and hydrochemical data to the nitrate source identification.
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Fig. 1. Point and non-point sources of potential nitrate contaminants.
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Fig. 2. Isotope fractionation of nitrogen (§'°N) and oxygen (5'*0) stable isotope.
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al., 2020; Yu et al., 2020; Zhang et al., 2020).
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Fig. 3. Procedure for identification and apportionment of nitrate
sources in water using nitrogen (8'°N) and oxygen (8'30) isotope
ratio.
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Fig. 4. Site investigation for climate information and land use of contaminated site.
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Ma et al., 2019; Yu et al, 2020). & =43Eo o
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EA59 TDS F55 F9H A99 TDS &2} Blali
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Fig. 5. On-site measurement and laboratory analysis of water samples.
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EFEu)AE% (Bacterial denitrification methodyS =]
QoA dg o]8HI Jv BAlE U A die] A
2 2 2k oFESYA B W S Shue|t(Sigman
et al, 2001; Lim et al, 2017, Martinelli et al., 2018).
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23.2. 2ol ¥ A

50 w3 $=X} (Anion exchange resin method) 5=
g FielellA de] ARREE AR W A 24
Ak W ke HEIs B F shuoltkila
et al, 2000; Nam et al, 2019; Chen et al, 2020).
AFE BARS B Aael Fskert =
3t 472 ¥ (Bio-Rad, 200400 mesh, AGI-X8, Anion
exchange resin)oll T3}, Wk F=xjol] A ALS
FSEARG F5E A A4S 3M HCEE: o83}
492171 H, &3] SN(Elution solution)®l] = 2+s}HE
(Ag0)E YolFo] pH7} 5.5-67) H== Z24sle] HNO,
Fe|Z FtEl= AS PA|SkSilva et al., 2000).

L Lol 1w

HCI + HNO; +Ag,0 — AgCl(s) + AgNO; +H,0

AgO FY 5 & W BEE= AgCl HH=3 Ag,0
FHFE-S Whatman No.l &ZAE o]&sle] A A3}
o7l F YR= FHAXTIE ol83l] AgNOsE &
ez 42 F §°N-NO;y 4% /\]Li ALE-3Hc}
AgNOs= "ol ¥IZksE7] wiel] Yo k3= As
As}3lloF dHk(Silva et al., 2000). Uru1x] ojujelo] 1M
BaCLE T3l &9 Wl SO E= PO,/ 9 22 o
2 Fejo) PaE TP o122 AL ©f Yol
A E = Bay(SO,), EE BaPO, I WEL Whatman
No.l AFAE o]&sle] AA}. HFHQA AR
o]2 wW3X|(Bio-Rad, 100200 mesh, AG 50W X8,
Cation exchange resin)= ©]-83}>] Ba*'9} Agol2-S A
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Fig. 6. Boxplot with §'"N-NO5~ or §"*0-NO;~ values (%o) for the maximum and minimum values of 8"°N-NO;~ or §'*0-NO5~ of (a)
atmospheric deposition, (b) NOs™ fertilizer, (c) NH," fertilizer, (d) soil N and (¢) manure and sewage. Min, 25th, 75th, max percentile,
mean, median and outliers are reported.
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a1, 80/'%09] 739 Vienna Standard Mean Ocean Water
(VSMOW)Z AF&-3ITH(Chen et al, 2020; Yu et al,
2020). 9] 21 B3l BAIE U ZAHd Aae] A K
FLAH](3°N-NO; )¢} A4 SH5-9U41](5'%0-NO; )
£ AR, o5 FaEdelx] 4 gzl s,
EQF A, di7I3A B 7SRl QP E e an]
(3"°N-NO5, 8'%0-NO;") M9 (Fig. 6 Fa1)9} vlws}o]
FQ 94YS I §PN-NO; Y] WelE 5%0-NO;
o] M7 AR B A4, NH, BIE, Bx 2 S
2 FEsR= ARSI, §'%0-NOs 2] M9 §N-NOs
o] ®97t ¥k NOy HIES) tir] AAHES RSk
d] AF8-EtH(Yang and Toor, 2016).

wrih A oR ARREHE 7 2HdUEY] §UN-
NO; ¢} 3"0-NOs9] Hejoll zfel7} e} o= A%
AUPEE ARIEA, 715, AR Fo] PgEda 739
3gS vx)7] wEo]tk(Nikolenko et al., 2018; Zhang
et al, 2019). dlE &°], F7143 318 HIES] §"°N-NO;
o] MYE FFTITh 4~ +4%0, —8 ~+7%0, —6~+6%0
Z zpo)7} Uth(Kendall, 1998; Xue et al., 2009). w=}
A, £ ATE 201695 F 2020900 Barg (97 Ee]
A ARSEE A Hid dA 9]l NH, HIE,
NO;y HIE, EY Ad, = 2 o, ti7] 3H=Y 4
2 B4 P ERdAaHY HeE AT Ma et
2016; Matiatos et al, 2016; Yang and Toor,
2016; Minet et al., 2017; Soldatova et al., 2017; Yi
et al, 2017; Liu et al., 2018; Meghdadi and Javar,
2018; Yang et al, 2018; Hu et al., 2019; Ogrinc et
al.,, 2019; Peters et al., 2019; Shi et al, 2019; Zhao
et al., 2019; Zhang et al, 2019; Chen et al.,, 2020;
Yang et al, 2020; Yu et al, 2020; Zhang et al., 2020).
TN Ae ZF 2999 §°N-NOs <} §'%0-NOs™ i
o] Aagd HigkS AR FH HER(Boxplotys
olgsle] AF|E 1Y, Hawk, TUw, okEelo], KR
A BB ARESTE EASIATHFig. 6 Fan). HE7t
o] sl Fig. 60l AANE SIE, AHEESS =2 3
ARESIT T T ol8sl 24 29U §°N-NOsy
o} §"%0-NO;” I A &+ St} & JF= Fig. 6
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8"N-NO; ¢} §"*0-NOs 9] & Fig. 73 o] Albst
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Fig. 7. The ranges of §'"N-NO;™ and §'"30-NO;™ values (%o) for
potential nitrate sources such as atmospheric deposition, NO;~
fertilizer, NH," fertilizer, soil N and manure and sewage using
average values of maximum or minimum values of & "N-NO;~
and §'30-NO;~ from previous studies.

24.1. EY Ao} B Bl 3k

2 350 A T2 f71E FEHY AR EA)
3t §PN-NO; ¢ §"®0-NO; ¢ W= 47 +3.7~
+27.8%03 -8 ~+13%0(Fig. 7)E, 8"N-NO; ¢ ®H+=
3'%0-NO;~ 97} 418 NH,' HIEe} EQF AA4e} H)

H
EURSE S

Ete] Ble WS zH=tH(Zhang et al.,, 2020). ¥31o]
me} =9} 2] §N-NO;™ HH7F +4 ~ +25%0(Xue

et al, 2009; Gaouzi et al., 2013), +8~+25%o(Kendall,
1998; Widory et al., 2005), +5~+58%0(Ma et al., 201,6)
2 g, ol tdgt Edo] EfHe 9t a5
9] &4 7]Q18k Aoltk(Yang and Toor, 2016). 32]
A% alz) A2E Bo) 499 v} A2 st
slEoE FRtEo], tkst Edo] o4de] & 9
THCarey et al., 2013; De and Toor, 2015). =41 3kF
olME FF N E Bt f7148 i IEH
2 2HAR7|= SFk(Baker et al, 2001; Kojima, et al.,
2011). AFA A ol e 22 ele

220)

o v
713 Mineralizationys 3, 3}2] 24 A oA
o] FH7|= dH(Yang and Toor, 2016). 32 A
NAEE 7159 BAlge) Be S e we
Z 9tk Zhao 520190 w29 7)o 179} Uyt
21 Al71el| mlgl B4 FFOR s o 7]H=rt
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Fig. 8. Proportional contribution of NO5;-N sources analyzed by Bayesian mixing model (SIAR) in the vegetable cultivation area (VCA)
and grain cultivation area (GCA) modified from Yu et al. (2020). 50th, 75", and 95th percentile in boxplot are colored from dark to light.
Abbreviations of potential sources are denoted as follows: Atmospheric deposition, AD; Soil nitrogen, SN; Chemical fertilizer, CF;

Manure and sewage, M&S.
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