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ABSTRACT: Ammonium (NH,") and nitrate (NO5") exist as one of the major N-bearing compounds in hydrosphere,
pedosphere, atmosphere and biosphere. Although both nitrogen and oxygen isotopes of nitrate can be measured
in South Korea, nitrogen isotopes of ammonium cannot be analyzed in South Korea yet. In this study, we first
introduce the method of nitrogen isotope measurement of ammonium using an ammonium diffusion method. It
is called as the ammonium diffusion method that dissolved ammonium ion with high pH (< 11) is converted to
ammonia gas and then it is crystallized into ammonium sulfate in a filter package. During different reaction time
of 1,3, 5,7, and 10 days, samples reacted over 3 days only showed an ammonium recovery rate of over 90%. However,
measured §"°N values of samples reacted for 7 days yielded the most consistent results with certified values. To
evaluate a success of the method developed in this study, two international standards, IAEA-N1 (6"°N = +0.4 +
0.2%) and IAEA-N2 (§"°N =+20.3 + 0.2%,), were used. Measured their §'°N values were +0.4 + 0.3%, (n=10)
for IAEA-N1 and +20.3 £ 0.2% (n=10) for IAEA-N2, respectively, in excellent agreement with recommended
values within the error. The method developed in this study will help people studying nitrogen cycle and tracing
sources of nitrogen in the environment.
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A= AHAA oA F3Hassimilation), FEU oS}
(ammonification), 3K nitrification), ©&3Hde-
nitrification) $3} Z-2 3-A4-& A A thokst Fej o
A B3k R 24T B9, A0 S E 5 R
B O AR ol2e EoRUa 4 HolA Yojihs
2o, sal, AEeH A4S AR AAEE 70 Y
2 3RHE0|tH(Giblin et al.,, 2013). YutA o g ¢bm
35 022 47 Bl PEUol FAAFEE S0
S sl Rl ela) 2Ak] ol Lo 2 AlstElo] &
& FEE BAHA o} 918 ed el ol
Ao gol WAT A9 A9 gm0l Hwt
=oF 4= lthCamargo and Alonso, 2006). A+13}
ol QI7t FEol Ot Q194 A slerEel FAT
27k 57 SN 719 A2 BRE UG
Zatsle] YeRar QI Vitousek et al., 1997; Hastings
etal., 2013). 9|5 &0, PR JE5 A2 554
o] ez Qlsf the3ollA 1~10 mmol /Lo
Yrg o]2o] AE HIoH, TY EEo] U A
o] s Aotz vler7h R sPolA =
2 59 diE o]20] B E ¢t (Christensen
et al., 2001; Heaton et al., 2005). Y o] =2
ZF7He Astke Ao dEFE 713, L=y
P+ o]2o] AEHE Aot AR o] F &
9] 2 FE 714 27| = SHh(Bohlke et al., 2006).

PRE o2 Ha S EHELE =g o9
As H AAEAS Hol= AAAR o] 8E = 3
om A o]Fof gt JRE 2 ¢ e A=t
5724 cloket ok A 2457 YIck(Bohlke et
al., 2006; Norrman et al., 2015). o|2{gt o]-F-2 t}
FE AREY AL FHYA B4l B FHS
t}: 1) Kjeldahl S7H& 0|83 & A4 3994
EH(Velinsky ef al., 1989), 2) =2 A o8
3t B4 ¥ (Fisher and Morrissey, 1985), 3) o] &}
FAE o83t AdRE o2 £2] B4 (Down et
al., 1999), 2 4) indophenol-&- ©]-83+ =& (Dudek
et al., 1986). L&t o] gt EA-2 S-S FX|7H 2
Rl S40] ek AJORS ARG Bekofja} A
o] om0 2.2 717l N5eet A EA AR
of| thgt BAo] offtl= &A7} qlct A= E Sy
(ammonium diffusion)-2 1939 Conway (1939)<]]

Ol 1oty A4 HFEAHOZ o]F Holmes et
al. (1998)%} Sebilo et al. (2004)7} A4 5994 E4
of 2-gsto] Hgt o] & AAY7IR] W A-tollA &
4531 QJthBilly et al., 2010; Zhou et al., 2012). 0]
o 2 AtollM= diE TS o83 Y=E ©]
29 2k FNL BARE st B4 A2
Hely B g5tel 259 FAFAREEL
IAEA-N132} TAEA-N29j| tjgt vREE X ATE A7)
ahaal g,

A HiE]

2. M2 3 24 3
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A ol 29 Wb HHPL2A(6"N-NH) £
4 Sfoiol A2 T8 Yo BPULTHE T2
A2 EZEA(IAEA-NT, IAEA-N2)S =840
2 Az}, 8 ol o} gl iy o] 2.2 5]
4317] $istel ol Ao R iy SRS
4 - B3] ARSIt Holmes et al., 1998; Sebilo
et al., 2004; Hannon and Bohlke, 2008). 2 A& o]
A - BobE W2 723, dRE AP o]
g dEE Z3] Ao sttt 18 12 2
S 73517 Yote] ARG dEE S-S 0]
B3t AE TS Uehdt

=2 X

YEE o] 29 Fa FHUE AR A=

Prepare apparatus and materials

- Combust glass fiber (GF) filter, MgO and, NaCl at 475°C for 4 hours
- Soak incubation bottle for 1 hour at 10% HCI and dry in a furnace at
400°C for 1 hour

Prepare filter package 4\ L

- Cuta GF filter to 10 mm x 5 mm

- Place the GF filter on the polypropylene (PP) filter
- Pipette 20 pL of NaHSO, on the GF filter

- Wrap the GF filter with the PP filter

Load filter package and J\—L

water sample -

- Transfer sample (containing 150 ug-N) to 250 mL incubation bottle
- Pour 150 mL of 35 g/L NaCl solution (ca. pH 2 with H,SO,)

- Place the filter package and magnetic bar in the incubation bottle
- Addca. 1 g of MgO to the bottle and quickly close

iyl

- Put the incubation bottle on the magnetic stirrer
- Slowly stir for 7 days at room temperature
- Dry filter package in a vacuum desiccator for 2 days

Incubation and recovery

Fig. 1. A flow chart showing the ammonium diffusion
method.
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[(NH,):SOy], 8N = +04%:) ZHAEA-N2 ([(NH,),SO4],
PN = +20.3%) 8 AME3HATH & ARS 9is) B
o] 7+ F2EA 414 mgS 100 mL 33} ZFH4:
o] g3jA1# NH," %7} 113 mg/L7t =8 A%
stolch =89 A=A 95% 3HAKTraceSELECT,
Fluka) 20uLE 715t E5899] pHE ~22 %
Ao EN GEF olRo] AA2 A7HA] BREHE
= 3kt

BN

A L=

22 4B =

2214377171 9 A%

Aslo] AHEE Ao W AR FRIE WA
% Sl BH0E 2 astel) $lskel MgO (9%,
YAKUR]I, Japan), NaCl (99.5%, Junsei, Japan)}
A3 F7](10 mm *x 5 mm)Z A2 glass fiber (GF)
filter (GF/D, Whatman, USA)E 475C &X& &
A E&= d4Z(FX-14, Daihan scientific)of| A 4A]7+
<t 713l th. Magnetic bare} 250 mL -2
(borosilicate)-2 10% HCl 4=-8-M-L- o83} A|Z]
e FA00C =2 fAHE da2oA 1At 5
27t gsilek

2.2.2 Filter package A&} 42 E 35

]2]9 GF filter& 2439 polypropylene (PP)
membrane filter (0.1 #m, 25 mm, Sterlitech, USA)
o 2 H3lS o]-§5ke] 20 ul9] 3M NaHSO,
-HyO (99%, Sigma-Aldrich)E GF filtero] H7}st
& PP filter& WEo. 2 Fo] AE3}4t}. Filter pack-
age A2 Nessler AJ9H(K,Hgls, Sigma-Aldrich)
2 ol gsle] YuETIAT AEHA o BHL T
Qg & =3P =| it Magnetic barg 12| Yo &
2 250 mL §2]9o] 1.72 mL 389 IAEA-N1
7} IAEA-N2Z 971 35 g/L NaCl 4-8-9(pH=2)<
150 mL7}#] go] Ehg-He w31t} 9 2
A A|23t filter packages Z¢H89 o HE &
oF1 g MgOE 91 ZA] WE3tgch FY8 MgO
= pHE #ol7] fj2o] T &&= &
Aot GEE o]0 drYol7tARE S &4
= Utk EH-& Nt filter packageS P> 22

AASE 3)-4=(150 rpm)E Z+= magnetic stirrer
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(color squid SAQ, IKA, German)& o]-&3}o] HA
5| Wik AF T ¥REAIZE| WE gRE o2 34
£ A4 FHAULRA W3 o HE gRlsty] 95t
o WReAIZHS 1, 3, 5, 7, 1092 23t = filter
packageS 2]ttt ouf Zt Hk-g-A|Zke] ek A
4L Belely] Sfalo] TL AR S 2ulaY
o E2 B4 A4 SRS Sfotel 7o) B2
oS 77k 1071 ¥HSo] WHEAIZ 79 F filter
packages 3|ot= AES F7HH 2 AAEHA
o} $FA T 719 batch Aol A 3]4=3t filter pack-
agedl ‘FotSli= MgO= SFFE ©]&3t AAgH
T ARG NS HIAAX] ZF ElA[A o] El of 4] 48A]7E
B Ax AFT P AU AFEATIE &
3 A4 5 A B A filter package 952 PP
filter= A)A3}al ammonium sulfate”} ZA3}=]
o] 9= GF filter7hS A| 22 AR} T

EAIHES 0|28 AP =
filter package+=
244 9] PP filter7} NaHSO, - HOE #7135t 24
A9] GF filterE W83t Q= L2 Hof
LA F71E MgOell 93 =2 pH (V1D E
UEhhA Hol Ek-gdo] && dHi2 EAshs
NH," o] 2-2 NH; 7} Fej 2 Satech o] d a7
oM pHE #0171 915t A2 5N NaOH 842>
(Sebilo et al., 2004) pHE] W2 Z715 F4lsle] =
78& 87] A NHs 7k &S 7 E = 7 Wi
o MgO= th A5ttt HES-AIRE 59§71 Wl NHs
7kA= PP filterE 381 filter package?] W&
2 7=, offof] A|AE Hh3-2 o] w2k GF filter
of| 7Fe NaHSO;, - H: 09} ¥H-3-5ke] (NHy):SOs2
2R3}k

2NHj3 + NaHSO,4 + HYO — (NH4)2SO4 + NaOH

ojuf, &M AREH 35 g/L NaCl &8
NH; 9| §3 =5 W51 SH 4RSS ST S
22 BESAIZE E 4t filter package”t 251t JEE
A ¥ =ZE $trH(Hannon and Bohlke, 2008). Holmes
et al. (1998) 2] AP oM = A& W dHE oS NH;
7tA2 AASIA 7]+=1] 2 mol/L HxSO, 8992 A}
L3R oY BEAA] ARE-E= tin capsuled AFSHA|
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A BAEolEo] AFE B 4 9le THsAol A7)
f o] ¥ AL NaHSO, - H:OZ thA|5te]
g5t

24 22EF 0|29 A SAL 24

A gollx sl 2 A7 9] GF filter= 24
Z tin capsule (9 mm x 5 mm, Thermo Scientific) &
o]-g5te] PaE4H7|(elemental analyzer)ol] 3}k
At FUE A5 ga847] Wl 1050C 2 /A

= 14 A (combustion column)& AA 7|8} H
F850C 2 4449 g A (reduction column)S
FahsRA davtiz SUET 98 Aaska
£ 2ERles dAZE HEslda AGEA
(isotopic ratio mass spectrometer) 2 Y= o] A4
FY9azA o] SAHE B Aol A F9Y
2zAe BR7| 2 QAT AA T Yod
4J7](Vario PYRO cube, Elementar, German)$} 2
ZRlo 2 AAH YT YA AFEA 7] (Isoprime
100, Isoprime, UK)E o|-&3}o] EAE it A4
FHEEZRALE o33 o] Airof] A&l vl
5 B WHEA(E)S HEHEn, HER(h)

2 ey ek
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%1000 (%o)
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Fig. 2. 6°N-NH," values of IAEA-N1 and IAEA-N2
according to incubation periods, in which the §
"N-NH, value is consistent after 7 days.

FAE AR A B BAS Slot] = A
Q1SN TAEA-NT (8°N = +0.4%,)ZH JAEA-N2
(6°N = +20.3%,)2 Arg-3}3ct.
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AN EFZEZ IAEA-N13}+ AEA-N29J| tjjgt
HESAIZE 2folof mE A4 FH U4 BEEATE O
20 AAEtH e A Foda B Aatet g
7 WA 2 £ AR o] 3a=g |
3= 19 3] AASHAT 32 7]7] A &
AEH A &Y ol H]|ste] F718k= peak height
£ o]g3to] ALkttt

L dHE 0|29 Fpg2 A Fo s B
o 7H £ FFS F= 9210 2 B E I Holmes
etal., 1998). & Ago)A 1, 3,5,7, 104 2] §H-g-A|7H
ot dHES 3582 IAEA-N17} IAEA-N29
oj5te] ZHzF 71.4%~100.7% 9} 68.4%~97.0% = L}Ef
ok HESAZE 9 3lgo] whE A FHYAR
A o] Wsh= ¥he-A|7H 1Y (IAEA-N1 = -6.5 + 0.6%);
IAEA-N2 = +12.5 + 0.5%)3 3Y(IAEA-N1 = -0.3
+ 0.03%0; TAEA-N2 = +19.2 + 0.4%) 3 A &o||A]
FAgkat & zpolg HoFrh(2d 2). vk A7t
o W2 I]=&0] Hil= Ah FH AL Q] Wt
o vj=3t AFE BYt 2™ 2, 3). ¥RSAIZE 3Y
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Fig. 3. Recovery rate of dissolved ammonium ion in the
TAEA-N1 and IAEA-N2 solutions during incubation
periods. Over 90% of the ammonium ions were col-
lected after 3 days.
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o] A FAPERA T2 -01% ~ +0.8%02) M
2 By on(He +0.4 + 0.3%, n=10), [AEA-N2=
+19.9%0 ~ +20.6%0 9] ¥ 95 WP ScH(E+ +20.3
+0.2%, n=10) (1 4). & AN 2ME Ax 5
ez T2 TAF %4 +0.4% (IAEA-N1)
7} +20.3% (IAEA-N2)I} L3l on, 7]& B
= dA)stghSebilo et al, 2004). waEkA], £
ATFE Foto] YEES Fa FER BAH| A
TAHo2 MAEHYES SIS drEe] A4
S92 B4o] 7HsetA 2oeE2N I di7], &
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Fig. 4. Box-whisker diagram showing 6" °N-NH, " val-
ues of the IAEA-N1 and TAEA-N2 measured in this
study. Certified §°N-NH," values of the IAEA-N1 and
TAEA-N2 are +0.4 +0.2%, and +20.3 £ 0.2 %o, respectively.
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