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Introduction of Kjeldahl Digestion Method for Nitrogen Stable Isotope Analysis (6'°N-NO; and &'°N-
NH,) and Case Study for Tracing Nitrogen Source. Kim, Min-Seob, Tae-Jin Park', Suk-Hee Yoon, Bo-
La Lim, Kyung-Hoon Shin’, Oh-Sang Kwon? and Won-Seok Lee* (Department of Environmental Mea-
surement & Analysis Center, National Institute of Environmental Research, Incheon 404-708, Korea;
'Department of Fundamental Environment Research, National Institute of Environmental Research,
Incheon 404-708, Korea; *Department of Watershed and Total Load Management Research Division,
National Institute of Environmental Research, Incheon 404-708, Korea; *Department of Marine
Science and Convergence Technology, Hanyang University, Ansan 426-791, Korea)

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 nitrogen 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 Kjeldahl processes, two reference materials
(IAEA-NO-3, N-1) were analyzed repeatedly. Measured the 8'°N-NO3 and 8"°’N-NH, values of IAEA-NO-3
and IAEA-N-1 were 4.7+0.2%0 and 0.4 +0.3%o, respectively, which are within recommended values of
analytical uncertainties. Also, we investigated spatial patterns of 8"°N-NO; and 8'°N-NH, in effluent plumes
from a waste water treatment plant in Han River, Korea. 8'"N-NOs and 8"°N-NH, values are enriched at
downstream areas of water treatment plant suggesting that dissolved nitrogen in effluent plumes should be one
of the main N sources in those areas. The current study clarifies the reliability of Kjeldahl analytical method
and the usefulness of stable isotopic techniques to trace the contamination source of dissolved nitrogen such as
nitrate and ammonia.
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A Aa HEEHEEY AA EAHE R 739
A A Fpe} A5t @ G Frgo] 2-8-Hof gtk (Kohl
et al., 1971; Kellman and Hillaire-Marcel, 2003; Oren et
al., 2004; Choi et al., 2011). A4 9] AAE A4 (8°N)
2L EY7IHEOl 4~ 9%, BBHHE —1~2%0, 7t5HE
I 8~16%02 = UEtHL o] L9 7|¥e st

= Ao &85 31 ) (Deutsch et al., 2006; Chae et al.,
2009; French et al., 2012). S| A& H-49F R 5k2]
Y40 gUS W] 9okl ALY (NS W4 ¢
B4 (O°N) 24S ol §F AT/t APHT Yk
(Choi et al., 2002; Min et al., 2003; Choi et al., 2011; Kim
etal.,2012).

SAOIH GAHBA Ak BPFUPLH FPL B
AZA27F 7bdsla RASE 2o QX9 (Kim et al., 2014),
Y] ol A (NHeN) 2 24H 82 (NOs
N)9| ¢t F Y4t SHLE Aol §olsta] oot
(Sigman et al., 1997; Holmes et al., 1998) S U&= 9
AgEA E53 G Agolth B AFAE o}
4 A (NHAN) 2 244 22 (NO-N)Y P59 AL
242 93 EA AAE PSPl Kjeldahl 3
FHe aviska, AeagolA FofsfoF & AR} (xR
W AR 5) 2 BFAIRANY A&7l disiA 7le
st gt

1. Kjeldahl 22

G A4 dpoz T4
9 myoly ALe HRFEREL

Kjeldahl 5% (Hauck, 1982; Bremner, 1996)& ©]&3]
Atk (Fig. 1). & Ea& 4894 200 mLoj Atstvtad«
(MgO)& H7kste] Z73 F 001N 34 (H.S04)0 g
Yok (NHsY) 259 15mLE 308 SoF =3t 257
S HYst & g 22 A7) Devada alloys FU5H]

=

XA (NOy) 27 15mLE 308 B9 Z3ct =Y
3 AEE 001N $ABIES (NaOH)2E pHE 308
2% & Axste] g2 A 2EE FAU

HEMNZO Z=H|

Kjedahl TFHS 0] &3 IAFALe 4 g
= 9 AGAS FHESH] 95t FAEZ7]T JAEA)
o A/ #ujjsl= IAEA-NO-3 (Potassium nitrate KNO3)

200 mL water

Add 200 mg MgO per
heat at 70 °C for 0.5h

Boiling and evaporatlon ]

Add 200mg Devarda alloy ] 0.01N H,S0O,
Boiling and evaporatlon ]
White powder
pH3 by NaOH ] samples after
T freeze-dry
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I
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[
[
( cottect and Cool down |
|
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Fig. 1. Analytical procedure of Kjeldahl method.

TIAEA-N-1 (Ammonium Sulfate, (NH4),SO0)E ESFA|EZ
ALE-3EATH HAE Y Y4 E47]) (EA-IRMS: Elemental
Analyzer - Isotope Ratio Mass Spectrometry, vario Micro
cube-Isoprime 100, Elementar-Isoprime, U.K.)& ©]-83}
A4 PHEYPLHE ZHsIgon £ 53] vhE Bajs
AT (KNO3-N: 4.7£0.1%0, (NH4)2S04-N: 0.4£0.1%0). ¥
FA|& (IAEA-NO-3, IAEA-N-2)E 32} ZR740 59 ot
¥t 5= H$(0.1,02,03,04,0.5,0.6,0.7,08,09, 1,2,
3,4,5,6,7,8,9,10mg L™)& ZA|3}o] Kjeldahl 7S
Soto] Pojzl ARE 53] B AL APFHALHE
243 AUPoR B A7 AHAEE 2ARG.

AR X

Kjedahl ZFH-& 0]8sto] 4 AGA R A oY

Eolglau] BAS Slo)M AR ARAA B o
B2 W7l o] Basith AlRE HARATI= W
HogEs QEAZ (70°0)%F 27X (—80°C) o] ¢l
on, ML AYE Btol Ao HEAULY LA
Age AZYHES vw 2AFSTH 28 (Oven, Laptec
LDO-150F) A&+ 1~2%49] A|7te] 2REj oY, F
(Freeze Dryer, Ilshin Biobase FD5508) A &&= 4~ 59 9] A]
Zrol 2R it

0

r flo mlo

0.5mg2 A|ZZ ©l (Tin capsule)ol| #-213}o] Y4B A
7]- 5] e LA FE L 7] (EA-IRMS: Elemental Analyzer -
Isotope Ratio Mass Spectrometry, vario Micro cube-Isoprime

100, Elementar-Isoprime, U.K.)E |83} A4 ¢H 59
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A2 BATGT BPFAULIE %2 EHHY b
ARALE ofefet 2,

6 = [(Rsample/RstandaId) - 1] X 1000
R="N/"N

SN E42 93 EZE S IAEA-N-2 (Ammonium Sul-
fide), IAEA-NO-3 (Potassium nitrate)= A3} th. Z+z}
o] B FEHAHE 0.1%0, 0.2%0°]Th.

5. 22AI20l2]

shdolAe] BEAQ WavelY Aoz AAIE
Zre) REEA TotS Slstel WA Aa U Fuyjoby
W49 /)9S Tobste A7E AP AT o
B AR YRA, STl YRAL, SR AR

dAoH & ARE 2
A XHTOWE} XHTFP %° O}Olib—"i o] Rste] A
A2 o]E3 T 47 mm GF/F (Whatman) o] Z}=] o] o] 1}5}
o] Kjedahl ZH¥og AA A4 (PNOs-N) & ¢hmy
oy Az ("NH.-N)9| 59 d4n g BAsHAt.

6. 7|0iE ALt

Ange) AN 7o &E AL Slstel Two-
source mixing model (EPA method, Phillips et al., 2003)<
AL ARG Aol AAA W ool A A
of FFEAYLHE A, sheA e BREe A " o
BUoby W40} FHEUANE B Fstel g
(End-member) 2.2 AA3 & Zpzbo] AAYOoZHE )
FA0 29| 7]ojgS AN

1. Az A=l WE eHFySHalAH|of HEt

Kjeldahl FHHo 2 dojA AAARE FAA
(—80°C)%t 3“747* (70°C)FH o2 HES AAT
AAE (KNO3)Q| A A4 (PNOs-N) 2 Hkgtm
(NH4)2804)9 B Yoty A4 (PNH4-N)S ¢35
28] 9] W3S ST (Table 1). A4HEE AR
24 A7 (Fig. 2)9] F=H A (0.4~10 mg
BAZ Ao —8.1~ —2.0%= 6.1%02 FH3H
AP T YA WIS BolAqh, FAUAX A=
9~ —4.1%02 0.8%02] t|u|3t M-S Belct Ak}

fr o ofr
o

o
to

i)
b

|
N

Table 1. Effects of oven and freeze drying of standard samples (NH4Cl and KNO3) on 8N (%o0).
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BE ARE 0.1~10mg L™ HEHSoIA 2EAZR A9
—1.7~25%= 42%°] FRI A4 s Hdan] ¥
35 HolA|uh, F2AZE Alofl= 0.3~0.9%02 0.6%02]
H|gE H3lE Bttt 5242 AEY 82 AASI=
7HE dubA Q] WH o R HFEHda A A s
(Carabel et al., 2006), LEAZR A] T120] oF3t dH A3z
4 {7159 & 9 w77y o] SR = Utk (Lecea et
al.,2011). ¥ AFofx eBHx, FHAAZRE o|&3 Al
2 Azygyol 8°C, 8N gtoll A9 FFE wAA| o=
Ao 2 B3 A (Bosley and Wainright, 1999; Kaehler
and Pakhomov, 2001), & AFoA= & oA A4
[ ilE]- Brearley (2009)— 60°C oJA+e] 2Z oA AR
Ho| AJRA 3N gho] 7hH YA
= 8, 8PN 7

bt A

WEZo| T

(gaseous ammonia) FEZ =
F9I9ae] BRG] /% Ao ARG FAA
ZHPH. e &3} (sublimation) HEH L Ed4 2L A AT
7 tEe] Fuage BN B AAE 0B2A
o] WA R T A2 9] ehYE Ui WElE 4}
4 gk,

mek N -{>

2. Mz sk Hstof| e o+

Eé&é‘ (KNOs, (NH4)2S04)& 575 =9 0.1 mg
A=

A
5}od Kjeldahl 'ﬂ 0; AYe APt A
¥ ((NH4)2804)2 "NH&-NE 0.1~10mg L' = |
QoA £02% W MES HHL A4HE (KNOs)
BNO3-N& 0.1,02,03mgL™'9] =& A 9]3k3L 0.4~ 10
mg LY HEHYA £0.3%W HES e
o} (Fig. 2). AAH o2 AR E dryohd HAa
("NH+N)E 0.1mgL™'9] @& o e Ao HA
u]- zm]-ﬂeg AAAY A (15N03-N)—}3 0.1~0.3 mg L
9] Ae=olAe HEo] HA AUt Kjeldahl F7H-2
H2zx70A NHSE NH:E F4HAA™, $]4HE NHs=
74 ZAAE AUHEA PZhE o] pH7F B2 0.01N 3
AF(H2SOs)0fl 23 E]o] NH," A= EAs1A €t 11 o]
& NOs; ™+ Devada’s alloyol] ]3] NH,*2 S TH A&

WollAl NH S A FAAZL F NO;™ £40] o]F0i7]

@ NHs
O NOs
6.
Ammonium sulfate
3 ((NH4)2S04)
0.4%o, +0.2%o
£ o] ®e oo ® O
w
-3
O O O
O 0 OovYoVW ~ U0 o YUU
-6/ o Potassium nitrate
° o (KNOs3)
4.7%o, *0.3%0
-9

————— "1
010203040506070809 1 2 3 4 5 6 7 8 9 10
Concentration (mg L™")

Fig. 2. Concentration of standard materials (KNO3 and NH4Cl) and
measured nitrogen isotope ratio.

7] g2l A=A 42 §oldtA e 2R o
A Aszo Al Aatg A2 (PNO-N)oJ B4S 93]
Ae B2 AEFS FEAY vdES o838 24 1|
e ol&slioF gt (Sigman er al., 2001). B v =
Y2 v AR 2~ 10mL)yE A3 W2l 71E
Holl AFEH U™ AR FYE 1/1007H4] #aAlE 4= 9l
on2 okt &4 ARAA 9 45 7HsstAl shaL 9L

7 A %%“32 FoEE AdY 71de
WSt AR, skeAlE BRE, SHR
011/‘1 ANES H-’F‘SPOELKJeldahl BAMoRs i Aa
("NOs-N) & grEyobyd Az ("NH-N)9 HE 914
] 9] oS WA (Fig. 3). FAIH L Aol 2
Abe1 o} PNOx-N, "NHa-N Zto] Az ez 7bgA veh
AT (9.4%o0, 6.5%0), SFA 2] W (20 1%o0, 14.3%0)7}
A= HA 3}HF (18.4%0, 9.8%0) A= < A Hal
t} (Fig. 3). Two-source mixing model (EPA method, Phillips
et al., 2003)& Agato] ©AY (B4R 7129 7)o]
22 FR A3 PRSeIA FYHE Aol e
ZesbRA A WAl 2%, G WAk 85%

¥

77}01'— iﬂ:% Hloh 2094 eddS Hegdn
HHedHo R U 4= glon, Hedddde Ay
L —‘ﬂ—r i—]a]?g} A7 A 7190 7HEE R 5Ol
UL, B e HHoll= FAA A AFESHE Aav|E L A
oA st o2 FYU=E= AAEC] gtk (Camargo et al.,
2006). o]t Tkt AAAY] FFAHAZY e F
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NH4 9.4%0
Upstream
NO3 6.5%0
Sewage NH4 20.1%o0
treatment
plant
NOs3 14.3%0
NH4 18.4%0
Downstream
NOs3 9.8%0

"*NH4-N

NO3-N

Sewage representative values
in this stream

Relative Contribution ratio of nutrients from
sewage waters to downstream water by Two
source model (EPA)

NH4 NOs
85% 42%

Fig. 3. Estimated contribution of dissolved nitrogen from sewage into downstream using two source model (EPA) for the Han River stream

in June 2014.

FLIE TSI A A EETAE, FEAERF, U 4
Al 23 72 dxAPAARLS] FA1-S 2| St} (Shin ef al.,
2000). RGOS Wrh @ mUHPo] 2 A, Q)
2809 FES vhgoz AYHAT 1 $ANL
o= o8& ol AU 22U Kjeldahl F7HS &
|3 A A 9 dEUo] A4 HYE A
ZARME, S shdg 9 - A Hoedd 2
LAY 8= Aol e AR A

o

H 2

B e Kjeldahl 3HHE o] 430 gmyoby A
& B AL Aa9 HHEAEs 24HE st
AR 2 AR = 9 wE 243k W3t
tistel nEsET REANRE BT F& W9 (0.1,02,
0.3,04,05,0.6,0.7,0.8,09,1,2,3,4,5,6,7,8,9,10mg
LHE zA5te] A 9 grujold A b Eda
H] (“NHs-N, "NOs-N)E #4138 27}, "NH,-NE 0.1~ 10
mg L9 F= WY &4 753920 (£0.2%)
PNOs-N& 0.4~ 10mg L'194 = HoloA &4 7158t
9313}(+0 3%0). Kjedahl FFH o2 Qo A|2E AXT

g.‘iﬂx‘— z]/\ o]—x%E_r] _/1\_317} 2.2%0_4 = %E]—
E"W”} FAAZE 0.5%9 FE zpo]E Holma
ol Adstad
A Ao 2 7 A TG T AHAM &
Hd A4 (NHe-N) 2 A4 A4 (NOs-N)9| M5
1€ ol&sto] A9 719E FA3) Bkt A

_EL

ot

a4
4z
Yo

[e)

|

—LI

do

a

=9

ol 7t 2 AR, seAE RS
FE TR 247H9] PNHeN, "NOs-N M5 |
S 243k ARolA BArd 9] PNOs-N, "NH.-N gt
o ZHHA WEhHAIRE (2%0, 8%0), 570l ThE AadetE
O] BFFE= (23%0, 14%0)7F U EBA 3HF (21%0, 11%0)°l
FFE FE= AR AL B A7 Bt s
PNH4-N, "NOs-N SHgF 9 gan] ZAHS AR
FYEE ookt A4 719 gofste] a8 A #
g g T2 ARE AT + AL AR ARH
ok ojet 22 7S H g3 fElMe 25 79 24
Y9 txFt (end member)d] XALE Bt X &H QA A
FZo] o] Fo| Aok & Aol

TS FHe
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