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ABSTRACT

Nitrate (NO5"), a common surface water and groundwater pollutant, poses a serious environmental problem in regions
with intensive agricultural activities and dense population. It is thus important to identify the source of nitrate
contamination to better manage water quality. Due to the distinct isotope compositions of nitrate among different origins,
the dual isotope analysis (8'°N and 8'30) of nitrate has been widely applied to track contamination sources. This paper
provided the underlying backgrounds in the isotope analysis of nitrate, which included typical ranges of 8N and 5'30
from various nitrate sources, isotope fractionation, the analytical methods used to concentrate nitrate from samples, and the
potential limitations of the dual isotope analysis along with the resolutions. To enhance the applicability of the dual isotope
analysis as well as increase the ability to interpret field data, this paper also introduced several case studies. Furthermore,
other environmental tracers including 8''B and CI7/Br™ ratios were discussed to accompany the dual isotope analysis for
better assignment of contamination sources even when microbial transformation of nitrate and/or mixing between

contaminant plumes occur.
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SLARA|CHBenkovitz et al., 1996; Smil, 1999). Y=
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=3 F2 v AYNA 711817 wiie] =
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7Z B (chemical fingerprinting), 2] A|3}sHd 4 5
o] oy Wo] AREEIL QITHBlessing et al., 2009).
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2.1. Addo| SlAxYN
Hohme) Foldimge T HETAT g 4
Q] gro = 1 w92 w1 (%) AM8-SHTh:

o - (Rx*Rreference) « 1,000

. ()

reference

21 (1DPIA RS 7HHE- S99al tigh AL 599
2] B BNMN, B0/0ye LRI, o} Al x
S} reference= 247k A9} =7 AN e
Thok o dEAo] FYUaFA] LuYd wet FEigh
210)E Yepdthd, SH9AEAS B Q9= @
ALS FH3aL LAEH] HiEAVE 4T
ko] A FHAAAZGENYE t7], EY,
HE = HlAE S ue} t2) Fig. 1(a)s TR
A2 Lol A BEE Aol §PN g HoFar
Ak B3 ZF Aol tht BT (percentile)e} o)
Zr(outlier)o] EAIES] Ut} Fig. 1(a)el AXE 2+ 2
Lol gk s8N W= 10 2 90 WRe== 33t
(Xue et al, 2009). Y=F HlF, AiA HE, 24 5
o] 3l o] SN He —6%lA +6%0°1H, FE 0%o
o 7R 3 7HAal Utk(Xue et al, 2009). IEFH
T 2ol gi7I3Ae diAZ —13%14 +13%0
$9] 8N ZES ZH=Th(Xue et al, 2009). EF 7]l
739, 8N ZES 0%oolA] +8%0 WSl E¥ska ok
(Xue et al., 2009). ¥HA, vAdE2] §N k2 +5%0°14
+25%0 2ol Qlo} HE +10%, R} ATHXue et al.,
2009). 3HA, 32 8N 2 +4%0°1A +19%0 Akelell
I3 Xue et al,, 2009). o)x¥ viAED} = o}
£ 2ol nlws)] ez BN7F HalE it o=
v Eolu sle] A, A Ee AEe] dgelx oF
EUokNH;)9] Sio] doju} Holgle dE#H ol
(NH, Yl BN7F H3815]917] wjiZolot. T3t 4= o]
L F% APk (nitrification)ol] 2J3] Z4tH o2 A3}y
7] wiol zhed hRFels Us PN7F F3lETH(Xue et
al., 2009).
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Fig. 1. 8N values of NO;~ from various N sources (a) and 8'*0
values of NO;™ resulting from nitrification, nitrate precipitation,
and nitrate fertilizer (b). In plots, indicated are the 25th, 50th and
75th percentiles, with whiskers corresponding to the 10th and
90th percentiles. Circles are the data outliers. These plots were
modified from Xue et al. (2009).

sl 913 Hr1AEQl =32 AFE"TH(Mayer et al,
2002). 53], AxFAe] Ah FHAYLFAHLS LF9YE A
olof] gt Fox FHE7] wfiel o] FHAALZRA
o g QAU WIS TSI FETHLee et al,
2008; Xue et al, 2009). Fig. 1(bje BE <2o)x
4% A §%0 S AAlskaL Ak g7
slehIs 2 RE FES dEEe] Aoz AAdE A
2K, BESF 71de] Ak, v dE 9 slre] ArdEe
71322 Ak (580 = 425 ~ +75%0)} BetH|ge] A
2FA (B0 = +17 ~ +25%0)} Hlws] ER vke 5180 3hs
7L QIck(Xue et al., 2009). ©]¥ Jjol= HlEe] g
kel o8l APE AAEY AAAEe 4 =
(B0 =-25~+4%oPlX 7 7| 283 tf7] F AHAGRo =
+23.5%0)l1A & 7I7F fFeEligh7] wiiZolth(Hollocher, 1984).
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Fig. 2. Isotope compositions of nitrate from various N sources.
Atmospheric compositions occupy two domains, with each
corresponding to different sampling methods-bacterial denitrifi-
cation method and ion exchange/AgNO; method. This diagram
was modified from Kendall et al. (2007).

EEAAS 7AAZ 4 ATH(Cravotta, 1997; Aravena
and Robertson, 1998). Fig. 2= Z4Fde] A4 @ 2Akk
FTHYARYS 29 et B2 slo= 7t edd
< JHAZE M= e 99 ARk ot SR ES
71de] J9e sshHlge} o] ARy POt oy
2} =Y slkre] YATE FHECH b odd 5
Aol kA A A gt FUazAo] T
ojo} BtH(Kaown et al, 2009; Kaushal et al., 2011).
TS FUAE BT o Fhlde] w5 wet A
olgt AgkS 9& F UtkKendall et al., 2007). 244
oA A8 TSR oR o]ludY vAlE EEHo]
T2 ARED =], oEe o5 29 7] T Zit
A9] FPAEzA o] Aol Fig. 200 & Yehd Q)

LAEAL AslollA 83l 314, I, T3, ARl
Y ke AAES AAEA sETF W ol 7R
o] RSl ZAde] FRint olle}, 1 F9dAaRA
9] Hels zBle THYLE FEZE(isotope fractiona-
tionyS YO 71tH(Kellman, 2005). ¥Fad] &3], 4k &
2t 3 7o AAEL FedA BEEE0] mHlsEAY
iAo Asel F83 9TE A F=ThHXue et al,
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B4 09959 AU 7deEs gy 22 4544
A (mass balance relationshipys AFE3l AXF 4= 3l
TH(Phillips and Koch, 2002):

8N =/£18"N; + £28" Ny + £53"°N3 (4)
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24. SSHL BMH

AFS AlgelA] Hads F5A1717] 8l ok
AgNO; IAE #2802 A8} (Chang et al., 1999;
Silva et al., 2000). X, AlREE S0l WEFA|9} vt
SAA ANAS FHAILE o]FA Fe g0l wd
A= Grb whSAIA ks E2A71aL, o] F Ag09}
HESAIA 8lde] CI o]S AgCIlE IHAA AA
st} HFHoZ zhe] F8AS (TARIAZAIA AgNO;
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A AAE mAE gAY FAIES siast] Sl
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ARE3) oFEARANO O E BHIANT)AL, oFEAkES THA
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S 9ko] A7} "ottt w3 nAE gAY E g
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o] Fo Ut T3+ EXo]g o wE CI/Br
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Fig. 3. Correlation relationships between nitrate concentrations
and its 8"°N values for different periods. Lines correspond to
linear regressions. This figure was modified from Kellman and
Hillaire-Marcel (2003).
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