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Introduction of Denitrification Method for Nitrogen and Oxygen Stable Isotopes (5'°N-NO; and 5'0-
NO;) in Nitrate and Case Study for Tracing Nitrogen Source. Lim, Bo-La (0000-0002-1188-2112), Min-Seob
Kim (0000-0002-0365-7468), Suk-Hee Yoon (0000-0003-2224-8632), Jaeseon Park (0000-0003-2660-5924), Hyunwoo
Park (0000-0003-3658-9497), Hyen-Mi Chung' (0000-0002-9288-5699) and Jong-Woo Choi* (0000-0003-2331-3213)
(Environmental Measurement & Analysis Center, NIER; 'Fundamental Environment Research Department, NIER)

Abstract  Nitrogen (N) loading from domestic, agricultural and industrial sources can lead to excessive
growth of macrophytes or phytoplankton in aquatic environment. Many studies have used stable isotope ratios
to identify anthropogenic nitrogen in aquatic systems as a useful method for studying nitrogen cycle. In this
study to evaluate the precision and accuracy of denitrification bacteria method (Pseudomonas chlororaphis ssp.
Aureofaciens (ATCC® 13985)), three reference (IAEA-NO-3 (Potassium nitrate KNO3), USGS34 (Potassium
nitrate KNO3), USGS35 (Sodium nitrate KNO3)) were analyzed 5 times repeatedly. Measured the §"°N-NO;
and 8'°0-NO; values of IAEA-NO-3, USGS 34 and USGS35 were 8'"°N: 4.7+0.1%0 8'°0: 25.6+0.5%0, 8"°N:
—1.8+0.1%0 8"0: —27.840.4%o, and 8"N: 2.7+0.2%0 8'0: 57.5+0.7%0, respectively, which are within
recommended values of analytical uncertainties. Also, we investigated isotope values of potential nitrogen
source (soil, synthetic fertilizer and organic-animal manures) and temporal patterns of ' °N-NOj; and 8O-
NO; values in river samples during from May to December. 8"°N-NO3 and 8'*0-NOjs values are enriched in
December suggesting that organic-animal manures should be one of the main N sources in those areas. The
current study clarifies the reliability of denitrification bacteria method and the usefulness of stable isotopic
techniques to trace the anthropogenic nitrogen source in freshwater ecosystem.
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2006; Chae et al., 2009; Frnech et al., 2012). I1&E=2 A}
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Fote a9 719 §571 7hestoh B3 Al
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S8 g2 3L A X = A AY (Ammonification and
Denitrification, At 4)0] A ALsE 3H4 (Nitrification, A
ol Ae dadEg ddFes da 59
Han|7h £247] wzolth.

Jeu oheet Aadd da FH9a gol AE fAE
e AR7E o] A 7Y FHY AR o] HuE
(Kellman and Hillaire-Marcel, 2003). |23t EAHS X
&43l7] §i5te] HTole A WA H4 (8°N-NOs)<}
Ab2 (8'°0-NO3) FAENLLE olF o2 AHE3F)
£ 7ol giF= 1 lt}(Fig. 1) (Kendall, 1998; Silva
et al., 2002; Payet et al., 2010; Marconi et al., 2015).
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Fig. 1. Typical range of 8N and 8'°0 values of nitrate from vari-
ous sources (from Kendall, 1998).

2002; Ohte et al., 2004), A8} (Cole et al., 2006; McMahon
and Bohlke, 2006), & 44 (Ostrom et al., 2002; Rock and
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TEM image

SEM image

Fig. 2. TEM and SEM images of P. chlororaphis ssp. aureofaciens (ATCC® 13985).
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1. 0| = (Pseudomonas chlororaphis ssp.
aureofaciens) MEeH

A HAFHU2E PNyl g A7 A sk
el A4 edEdE AEste FAEY 79T AsS
S| st7] fiste] AlE o] gioh Ty o7 2@l &
AN A5, Adoldt e 1+ Zpol7t ghs] =y
U ASE St H2ole oj2iet WE neas] Slatol
Qe el A W Ak FAALE A BAoRE Y
o] (dual isotope analysis)©] AAIZ Q1 A A o]t} (Chae
et al.,2009; Choi et al., 2011).
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Al7bho] A Q E= o] Qlth(Revesz et al., 1997; Silva et
al., 2000; Fukada et al., 2003; Mcllvin and Altabet, 2005).
shARE A A B Ak S E4W (Sigman er al.,
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g4 vty glo} #3F2 Pseudomonas chlororaphis
(ATCC® 43928) @ Pseudomonas chlororaphis ssp. aureo-
faciens (ATCC® 13985)= oFAtsld 4 g9l &4 T4 o)

H=3 Aoz dHA Qth(Sigman et al., 2001; Casciotte
et al.,2002). 3 A W AAHY HA(NOs»)E of4teha
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P. chlororaphis ssp. aureofaciens (ATCC® 13985)2 74
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A€l A P. chlororaphis ssp. aureofaciens (ATCC® 13985)
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MEE 71t vy E A57FH o] E (Shaking Incubator) ]|
A 28°Ce] B2 2~32 B2 vlorstoAct. o o)
2o uad gl Fus Testo] AT vorY]
of 222~ 300 mLe} 7 A7lste] thA] 28°Ce] £=9

A 2~39 Fe = ASFHlolE oA wi ST Wl
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Prepare bacterial culture seed
Grow bacteria aerobically in tryptic soy broth, aliquot into
cryovials with glycerol, freeze

Prepare growth and resuspension media
Combine tryptic soy broth with additional nitrate (growth
medium only), ammonium, and buffer

Grow bacteria
Add thawed seed to growth medium in sealed bottles,
place bottles on shaker for 4-10 days

Prepare bacterial concentrate
Concentrate cells by centrifugation, combine harvested
cells in resuspension medium

Prepare bacterial vials
Dispense cell concentrate into 20-mL headspace vials,
seal, sparge with N, or He

Inject samples
Inject sample volume into bacterial vials, incubate
overnight, freeze for storage if needed

Prepare vials for N,O extraction
Add NaOH and antifoam to vials

Centrifugation

J e

AR/

Sample addition

Gas purge Analyze

Fig. 3. A protocol summary chart for the bacterial denitrification method procedure.

g nAE dAE 50 mL AEZFE FUske] 3000
rpmOl A 158 FF dAEgstgen, 4sds oy
3 oy H skl EE SYAE (glycero) Tt S5t
o 2mL Y4l FE FUT & AL Y5 (Ultra low
temperature freezer, —70°C)ol| E33}tich. v v A=
L 16sRNA §HA B4 (Cosmo Genetech)2 £31o] &
£ 1519 2™, SEM (Scanning Electron Microscope) 3
TEM (Transmission Electron Microscope)= ©]-83}0] HoF
< gelskgith(Fig. 2).
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Fig. 4. The system for automated extraction and preparation of the bacterially produced N>O prior to isotopic analysis by mass spectrome-

try (Alexandra Weigand et al., 2015).

EYGE TYS AA Ul FRE SISIUA A @

W Gio] AR olF BAT AL FetEA oht

SHA2E AT & 7tAaEe] B Eo & ofikEt
<) 1

aw PFIAL AF BA7IZ Yol Ak A 4
& QPYES ULt 2R},

SANYER S o] &3 T HAL B Age
9 S | f5te] FAFEZ7]5E (JAEA) A
gjj 5= TAEA-NO-3 (Potassium nitrate KNOs, 8"°N 4.7%0
880 25.6%0), USGS34 (Potassium nitrate KNO3, 8'°N
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YAEA7] (TG-IRMS : Trace gas Analyzer-Isotope Ratio
Mass Spectrometry, Trace gas-Isoprime 100, UK)E o]
stel A4 APYEAANE BASAT T ALY

= %= EHEEW § A2 oo} 2},
& = [(Rsample / Rsandara) — 1] X 1000
R= 15N/14N 180/170

PN B4 93t EFEZ 2 IAEA-N-2 (Ammonium
Sulfide), IAEA-NO-3 (Potassium nitrate)= AH&-3tE o,
80 BEAL 93 #2EALS VSMOW (Vienna Standard
Mean Ocean Water)S A&t T Zrzte] B4 w&HA}
= 0.1%o0, 0.2%0°] T}.
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). 7HEHE (&, AL R TEolX EH 5)& A
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dhe|2lof WS Z-goto] AAY Ao A d Ak ¢
BEHdanE &4 B3, shH 4 (50413) Al RE
AdER st 247 WA BA(N0s)9] B4 (8°N-
N) Z 4k (8"°0-N) 5 H Y4 B4 313t
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T ZE4 JAEA-NO-3 (Potassium nitrate KNOs, §'°N
4.7%0 8" 0 25.6%0), USGS34 (Potassium nitrate KNO3,
8N —1.8%0 8" 0 —27.9%0), USGS35 (Sodium nitrate
KNOs, 8N 2.7%0 8"0 57.5%0) 2 ZF5=0] =] 001 mg
L7'oA 10mgL™'7b4] 20709 A2 & RHE % s= ]
2 A4 PgEHdane HilE AHEY] $jste &
2 e A8 AYsHATt(Fig. 5). A& 5% 0.01~
20 ppm7HA] HFE A4 EAgko] 1) IAEA-NO-3: 8"N:
47+0.1%0 8'0: 25.6+0.5%0, 2) USGS 34:8"°N: —1.8+

| - BFX
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Fig. 5. Plot of 8'*0 against 8'"°N for IAEA standards.

0.1%0 8"0: —27.8+0.4%0, 3) USGS 35 : 8"°N: 2.7 +0.2%o
8"%0: 57.510.7%:2) ¢ etoA AW - A E s}
L, 001~009 mg L™ FEANE e Hage o
7] ol itk 2t vk 8715 20 mL Hho| o] o 60
mL HFo| S ARESHL A meFS Kot @o] Foste Al
24 Y= EAE FHEsGT 18 B2 TG-IRMSE ©]
L3 BHAR F4 A FHa 001 mgL” 2] HAY A
2 5% HEA £4 A =g FHsg. o] g B4

2 71& F9 A5l 8 Eud gye YA
(Bohlke et al., 2003). ©] &gt AIE F3olo] BAHo| Ay
Ao g PLE NS FRASHAL ol AH o7 &5}
FE A A0 AL} A FHEL FA| B4 o] =
WollA 7hHsai ol whet EAo] 28 =" A7k} v]§
A7 5 AAAQ] ¥ oo o] Aitd Aa LAY
Ao gol &-82 Aol

71&] 339 E A7 F2 Kjedahl THHS &
sto] AAbY Aao] i FHLAHE EA5H4T Kim
etal.(2012)8] A+ Ao W=, 2 AtoA &85 &
Z 572 USGS34 (Potassium nitrate KNOs, §'°N —1.8%0)&
0] &3}to] 0.01~20mgL™" F= HYS EA3 A7} 001~
03mgL A= A&o] FA P 04~20mgL™'9 %
ZoAe £03%9] HAME B ATt ddFer g
o}Ft}. Kjedahl SHHL 12204 NH, S NH:2 3]
AHA71H, BAHE NHse A7 2dAE AYEA 92+
o] pH7} W& 0.0IN HAHH.S0s)0 EFE o] NH,™ A
2 ZA3}A FH} I o]F NO; = Devada’s alloy©] 2]
3 NH,'2 45t A8 YollA NHE WA 34471
T NO;” 40| o]Fo7)7] wjiof AFEoAe] B4
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BolsHA] o= AL R A B AIRE FHlste o
Aol QEAZR 3 FAAZ Ao FHYA 2 %
ol eht 23z nyo %%}u}. BA A7
EHY A (04~10mgL™) LEAZ AJof —8.1~—2.0%0
2 6109 AN A FRENUL) WIHE Kol
U ZAAZR Aol —4.9~—4.1%02 0.8%02] u|u]at H3}

£ 2tk 524z E AE W 2 AASE 7
HhA Q] W o2 g FHdd EA o] Z7stm (Carabel
et al.,2006), LEAZ A 1L oll oFgt Ui Az 9 f
7159 &3 9 m3aAo] 5 UTH (Lecea et al.,
2011). Y AFolA LEAZ, £ o] &% AR
Azwol §°C, 8PN goll A9 dFE nAA F= A
© 2 BI3IF AT (Bosley and Wainright, 1999; Kaehler
and Pakhomov, 2001), €& d3Lo| A= thokst o)A A
AJ8kaL Qlth. Brearley (2009)% 60°C o]AF2] oA A]
25 AXT Ao diREE] ARA §°N gro] 71y
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