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Introduction of a New Method for Total Organic Carbon and Total Nitrogen Stable Isotope Analysis of
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Abstract  Dissolved organic matter (DOM) is a key component in the biogeochemical cycling in freshwater
ecosystem. However, it has been rarely explored, particularly complex river watershed dominated by natural
and anthropogenic sources, such as various effluent facility and livestock. The current research developed a new
analytical method for TOC/TN (Total Organic Carbon/Total Nitrogen) stable isotope ratio, and distinguish DOM
source using stable isotope value (8" C-DOC) and spectroscopic indices (fluorescence index [FI] and biological
index [BIX]). The TOC/TN-IR/MS analytical system was optimized and precision and accuracy were secured
using two international standards (IAEA-600 Caffein, IAEA-CH-6 Sucrose). As a result of controlling the
instrumental conditions to enable TOC stable isotope analysis even in low-concentration environmental samples
(<1mgC L™), the minimum detection limit was improved. The 12 potential DOM source were collected from
watershed, which includes top-soils, groundwater, plant group (fallen leaves, riparian plants, suspended algae)
and effluent group (pig and cow livestock, agricultural land, urban, industry facility, swine facility and wastewater
treatment facilities). As a result of comparing characteristics between 12 sources using spectroscopic indices
and 8"C-DOC values, it were divided into four groups according to their characteristics as a respective DOM
sources. The current study established the TOC/TN stable isotope analyses system for the first time in Korea, and
found that spectroscopic indices and 8> C-DOC are very useful tool to trace the origin of organic matter in the
aquatic environments through library database.
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e A A g S AR A
DA dFS = 2

Ql A|&HoA Fa3 4TS ok A W fU1E2
2 RRSHAY JAE Aeoln, Aol et &4
7]& (Dissolved Organic Matter, DOM)3} A £7]
& (Particulate Organic Matter, POM)Z &% 4= it}
(Thorp and Delong, 1994). 0] &2 A EZHIE T 4
Algolu Rax R} o] 239 7| 2A4AZHE 7)Y
st fFAE s A4tE = A4AY7] € (autochthonous)
I 9 B EF7IEL 5EAG Zo] FH e r
FH fFdEo Sol2e 95 7]¢ (allochthonous) ] 274
Y FZE Bl IS W=k (Fry, 1984; Owens, 1987).
AFEY {7ES LAFet #E 299 dddeg A&
o] gfow, £&4 §7]E 4 (Dissolved Organic Carbon,
DOC)9 7%, thFet A=t FRANEez tofF &5
] f24tads B 4 o3y djloE Arld H
Ath(Aiken ef al., 2002). 1Y o= &4 AE e
MR A8, B 5O GO o o4 RejEA o
= 29 ¢E34 =4 (Refractory matter)©] 7oyt 3t
12 53 U= 7718 F58 771+ 2 99
62 AEEHI §Jti(Del Castillo et al., 2000; Vignudelli et
al., 2004). 78 gL 9, EY 7142 E 59 AA
7193 27, AE A 5 AEZIYE Be HE, g, B
T FRA 719 23 HFE= steAY e, AYE Ha
7HA] 1 FHA Y| thefst F 29 T ghoto] of 2 &
A Q] FFS WAL Utk A O X &F 0 w9 AT
T gobs YA 718 Y A2l tiet AL A
o|Z & ofF 3l=1|, & 37|84 (Total Organic Carbon, TOC)
= &AW 71949 ARkS ahofsts AC2H, 71E9
)8+ A AbA @ 7FF (Chemical Oxygen Demand, COD)RFS.

o

2 BXo] oj#Yd GEaA4 &3 (Refractory matter)7}
A 2 {718 ANRE Bofd = gle Aol St o]
of whet, At 20139 SR FoA = dEHY =22 =T
o AA f71E =S gosia #Ed ¢ U=E Sh -
Ta BHEA7IE FE Y 7' A=l ds) coD
A TOCZ &, destien, 2020878 +4H &
71E oY WUetez wiE3871E Al CODJA TOC
2 Hgste 5 7= ARtol| digt 719 wkotol] 7hsst
=5 SRR EAHY AYHFAS AAsHH ol A st
A e Y 2 edA o digh Bido] e wF &
71E 719 B A ogd S S AE

Moz YT ek A2 FYNAE £54 D BT
Tz whet TOC 2] et 719 serstus L4

B glo]gH|o]A(DB)E +53 AHIZE 31t (Murphy er
al., 2014). THA Q] F7|8ta 7|9 FH o gt A&
@Wol Mo o}, 2 TOC A9 47 F8 +4
A2l JAA 57|84 (Particulate Organic Carbon, POC)9|
ek 71 B AF7F R EE oIt (Lee et al., 2013; Kim
et al., 2014). FZ, FZAE, DOC/DON 181 d°C %,
SER7IE 719 1f B4 BYE & e EBEAE
£ ©]-83lo] DOC L H¥S F4dt= A7t 2P H izt
At} (Lee et al., 2018, 2020). 4715 719 FEof Qlo] A
FH 49 F sl EdaE 7HE aEA 7
Holzgk & 4 ok A FAEL: 7HE 2 g9 2
29 FFFALLH S o] &=, Ba T H LA
O 0 F7189 719S Hoshe Aol ol o83
th SAAAELS 7159 COE o]8ste] FEdS s,
GrAEY BRode 30 S0t Ye &E EaE
o]-§317] ol g4 AEEFAEL —40~—30%2 7t
HE ZE 7FRX 2L 943 (Rau et al., 1982; Meters, 1994), Cs
AE A EL —35~=22%0, C4 AB AEL —15~— 6%
HYE YEFHTE(Smith and Epstein, 1971; O’Leary, 1988).
2 AFFADLE GNE SAHANA D4 w1
299 $099 719L Wt Ao wol TEHUT
(Meyers, 1997; Tesdal et al., 2013). th7] & A9 8°N

2 0%oln, A el TE YrFe W4E
o] 83H= A1 89 8N 22 0%l 7HZTh(Fry, 1988). 57}
oA wo] o] g3l St RE —5~5%02] 8N F&
ERfin, 7} Bk 10~20%0, 7F oA @Ays om
Yol 3RtEE e 4 HIEE 20~30%0% FAL
S"NE Uetd T glojA A9 719E& FHsHe ATl
853 Itk (Costanzo et al., 2001). & Aol A g3t
TOC/TN-IR/MS (Total Organic Carbon/Nitrogen - Isotope
Ratio Mass Spectrometry, & §7|84/A4 AAESHUL
AFEA7= T 7182 247]9 s a A%=
717t AgE HxY 23 Y F friege 94 3 da
I F YA BA A AH S 2 X (Feferherr et al., 2014),
A 9 F24x 9 AXY Y o] 84 Hol
A TOC 5= 5°C, 5N A5 d2HS FAlo) w2
A &AL 5 e ol ok 22U, obA7HAl =
A= TOC/TN-IR/MS #4719 = o] &3}A] ¢kal, TOC
o ARFAALHE FHAOE FET AW 550 2
Q9 34 7)Y A7 ARE Aol

2 ARAE 54 Y $718 719E 2Ha] st
FTEL FAYL EAo] FAl 7Hsg TOC/TN-IR/MS
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1. TOC/TN-IR/MS (Total Organic Carbon/Nitrogen -
Isotope Ratio Mass Spectrometry, & S7|EtA/

HA OFHEQIRIA WRM|) AT

TOC/TN-IR/MS A|2¥2 TOC/TN 94E47], ¢
HolA W FolUA AFEA7Y A RECE FHEH
(Fig. 1). TOC/TN £4]7] (Vario-isoTOC cube, Elementar)
= I da AR B4 He RER A (HTC-TOC,
High Temperature Combustion), $H8 5 ¢ ¥4 AZFE A7
o] (Isoprime vision plus; Manchester, UK) &Z 0] £-0]3}
TE AN&” REE RN vERE HasE e
H EAZY A FHEa EEAEo] g H3ES]
t}. A]ZE 40 mL borosilicate §-2] H}o]|gof B2 & 327)
9 A=E HT ¢ U= AFAE FY7] (autosampler)]|
sar}. o F woldo] A47t 2UHT BA A5 T
W] F4 71EL AAGT olF 5 mL FAY]
£ 53l o W E (multiway valve)E F3 NPOC (Non-
purgeable organic carbon) ZEZ 4 A|AES] FAHT
HaA] 850°C L2ofA Aba 9 S (Alzte] FH2jo] A
29 Pyl 2t 7F2AHCO,, N2O, NOY L2 7|35
o 650°CollA 2] Y49t vhgste] SAagS AA 2
2 APBHE S No2 HSHA|7IT) o] I oA A AR ob&
B2 ZPAl 227 (air-cooled condenser), &F = AZ
7] (counter-flow membrane dryer) & 8 EZ SoA] A
A"t &, @23} 4 52 AHE (silver woo)E A
A} ol % 74 B W 2871 Bl Hol
(NDIR, nondispersive infrared)& 53l TOC, TN 5 =&
A3k, CO, Ny 7F2E 23 - Rt E4E AlA 2
e ToF= AT OIAE AX AP T YL AFE
244 7] 2 (Isoprime vision 100, Ltd. Manchester, UK) ©]5 5|
H 2FH o2 5°C, 8 N g F Pan] 7} Astgr,

dr

2.

Hl

ZEE2 0|88 TOC/TN-IR/MS 247(7]2|
/s o

0

4
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Table. 1. The TOC/TN-IR/MS instrumental conditions for analysis
of 8"*C-DOC, 8'"°N-DTN stable isotope ratio in aqueous water
samples.

Program CO: N2
Combustion tube temperature 850°C 850°C
Reduction tube temperature 550°C 550°C
Sample concentration ImgCL™ 5mgN L™
Sample Injection volume 1mL 2mL
Trap current 600 600
Analytical time 3hr 4hr
Number of repeated analyzes 10 12
Distilled water wash 3 3

Z (IAEA-600 Caffein (8'°N = 1.0%c), IAEA-CH-6 Sucrose
dPC=—10.449%0)& THF3t =2 (0.1,0.2,03, ..., 1,
2,3,5,7,10,15,20mgC L™ & mgN L™") A 23% 5 7+
7} 103] BA5te] F f7ea 2 F A4 PgsHda|
o] EAFAE AT E5 1A EEEE JAEA-600,
Caffein)yZ 1mgC L™, I0mgNL™'E ¥E2 9= Z 100
3] 9hE BEAst F f71eA 9 AL MY dae &

Al AYATEE s

2 ¥ 0F: SFAR2 HE

1. AE Sk Hslof| M2 FYSHEAH|o| HU - Hel:

o

FAANE U F 4784 2 F AL HFEHds
4 Y5t FAEEEE 2% (JAEA-600 Caffein
8"C = —27.7%., IAEA-CH-6 Sucrose 8'"°C = —10.4%0)&
o] g3to] ThFel F= HY=Z A|xsto 247t 103] vHE 2
Astct E2EA $E7F 47 4~150 mgC L™ H Y9
A EEHAL 02%02 B4 Ad - A E FHHS
L}, 4 ppm 0|39 AFEoAs £40] o5 AL 2l
atglTh (Fig. 2). E£3F A& 3¢9 (0.1 mL~4.8 mL), &4
ZZ (Trap current 200, 400, 600), H]o]22}9] (blank area),
THT TFEAEE LCW), 24 7Fsd FE=(0.1~150
mgC L), 2% &4 d5+313~1038) 5& 123ty g
2E 3 Auh AR 5megC L™ 7|22 7] A|89 £ &
& HEE ey ARE A7) A= AR 1mL,
A 27 (trap 400), BHE- 103] 4, 33] F74 22499
Aol asty B4 AQA7H 37 =4 A

W & A4 5~50mgN L™ BF2HX} 0.5%.2 4749

N AR
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Fig. 1. Schematic diagram of the TC/TN-IR/MS(from Kirkels ez al., 2014).
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Fig. 2. Correlation between Isotope Ratio Mass Spectrometer signals and Total organic carbon isotope ratio according to concentration of

each IAEA standard substance.

Py

Y- A= E FHEIG oY, 5ppm 0|5 %
50 ppm ©]F9] LFEgA = B4 ojfE AS
Aot 3 A2 o8 (0.1 mL~4.8 mL), 24 %7

200, 400, 600), | o] 22}FQ] (blank area), 2H4 5 (ZA|
EZ LCW), 24 7H58 %= (0.1~150mgN L ™),

A 315 (13~103)) 5& 2Esto] HAE 3 AL AR S
mgN L' 71Z2202 17] A5 & A4 Y5 L4y 2
45 A7) YalA= AEF 2mL, B4 2 (trap 600), Bt
5 123] £4,33] R4 2299 240 asin 4
28 A7 4X|7Fo] Itk (Table 1).

AsE 373 A=A Y §E4 79y T4 A
FYaH F4o] 7HEst7] fsiA = TOC &417]7]]
A A& AbstE AAE COy 7kA7) QI H oA F QHY
THEAE BA7|7I2 olFdte B oA &AL Hast
A|AoF gt} B Ao A A=g W2 1) TOC £417]7]

Cy

of QlejHlo]A 7+ A2 243} 2) 2l H 0|29 IRMS At
0] 9] Capillary fused silica 29| Zo] & Y73 =4, 3)
TOC 7]719lA Q1" Ho]AE AX IRMSZE CO, 7HAE &
HEA7]= o84 7k (He)d % 2otk Ak 3
A& B4E flgte] 2471718 HAS & ¢4 Az Y
Z 94 BT HYL S Yot FAREEE 2%
(IAEA-600 Caffein 8"°C = —27.7%0, IAEA-CH-6 Sucrose
dC = —10.4%0)& T}Hekst 5%(0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7,08,09,1,2,3,4,5,6,7, 8,9, 10, 15, 20mgC L™")
A2 Azxste Zrzb 1035 e B4 225 5
=7t ZZF 1 mgC L™ H$Jol A EEHA} 0.1%.2 BE4%
o AP -AY=E FHI o, ZAJMAE Hole A
T 5mgCL oA 0.5mgC L' o2 Fastgct E3 &
Az F wrapE 20004 60022 AFgFalH HAo] 7}
3, A8 FAFE 7|2 1mLolA 3mL7tA] EoEod

l‘

olr
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T =712
0.1ppmEt} B W& FEHE B4 7}%@ 7,ﬂ9_E
AF AT T2, ojoh A2 BA2H S dauy
o #8& E0l1 Y 24 A= 7H‘l"7]' @A 3]
ol FoA7t sty AFe FPARIAE
H%’—_ 240] 7hestE s 2471719 2738 WA
T}, H2EBXEA7F 5mgC L'oA 0.5mgC L7'e2 7
o, =9 A+ AL (Panetta ef al., 2008) A3te}t ¥
S d5e ATl E2HALS BAT & AATEA
X &E4 IAEA-CH-6, Sucrose, 10 ppm &4} A] Germany:
peak intensity 19 nA, NIER: peak intensity 20 nA) (Fig. 3).
FEols §2 §7120) P ALuE B 4
sto] 2L ol4e] B4 W 20 L o 4e] 4 ARE 5 F
U TE UM F EL2 TS B4/ T
AUa AFEA7] (EA-IRMS)E AHgsto] BAs gt
(Ghandi et al., 2004; Lambert et al., 2013). ©] ¥H2 H|-&
o] AFSIARE AJ7ko] go] A= @0 ok 3 &
Az 3L 2LBA=E 34 B8 el A F
T4 stE ® 4R fIskE (R AR 287)) 9
A& 2t F998 EHAEE oF7| gt (Moody,
2020). 231 TOC/TN-IRMSE= A& AAE #A (FZ2A
£) glo] £%FuL &) A= o] &t SPARY F
e B AL YT HARHE A 40 7t
ﬂ‘ji ol dHe SH3L, +8E Ul 2dde &
T e A E471¥ol2 & 4= At} (Federherr
al., 2014).

=

o

>1L
ey}
X of N mm ot

>.
r

O
[*]
—
o

gg

o)

A

i

b

IR

0|

2. 7| Z=AL A 7|Hotol Hjw HE
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£33 W 57159 7192 A 2 A9H V1Yo g U
£ olE HET 4 e ARE F4EGY vsHAA
AFsa. AA71EE Y m=5), 5 EF(O~1cm,
n=3), 4 27 0=2), AstE 0 =2), +HAE (n=5)°]
o, A 71L& A FAH0=3), & FAtn=4), 7

Al (n=3), AALEA (n=8), BB} (n=2), F=A AL

(n=2) ¥ 3FLA YL =504 het & A=
£ FAsH

23 EF AEE U8 A 1%'8}0:1 FHAA Tem
Zo)7}7] 33] zﬂgo}oq FAAZ 3 500um YYE A2
TP ES AASAH Ff 2/E EFIE UEE o1&
sto] st FAAZSIG ¥ AEL Bol2eE
FEHA MATLA o] EAS AATE 52 AxsHA A
22 oAbt G235 ARgste] Bastath ZE §7)
=40 it DOC #&2 EYY A% /e 1:10, 1
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gas

Fig. 3. Intensity comparison of carbon stable isotope ratio in CRM
(IAEA-CH-6, Sucrose, 10 mgC Lfl).

pm°ﬂ/\1 24A7F B3k

409

ot 1:209] Bl &2 T
259 Astgon, ¢ 1:]
= (6A]7F F2tF 450°C) 0.4
& oty YRAEY T
EEE S

2) HLX|E B2

GF/F (47 mm, Whatman) ZE 2 13t +3 A|RE
g Ao H71st & FFEFAE (Carry Eclipse Fluo-
rescence Spectrophotometer, Agilent) ©]-83}o] E43}%
t}. 7] (200~500 nm) ¥ "= (280~550 nm) TA9] §
FYE 292 UL 100m2 DHFACH, 34 27
9] 9k (Raman) 28 EZH 2 350 nme] W&ol A
375~420nm9| L o] BEIE FFA7IE AHES)
At} 33X E2 FI (Fluorescence Index)«= A=35H4 7]
& e RN 277t ow o ol 2ot e
Ed0] WSS AARRITE FI 42 370nme] o7]
o A 450~500 nmof A &) W& FEo| H|E&=2 A4tE
ok (McKnight et al., 2001). BIX (Biological Index)+ U
SAHAY §71B9 M U go2d 237 &
242 H2o) 44 BE 5L YT 7199 SE57]
o] SAFTHE AL LT, of7]5go] 310nmY
WEE 380 nmet 430 nm 9| H] &2 A4S 1T} (Huguet

o Fnh o
9

FL

DOC AIEL m] 2] Fek 7] WE ue]
40 mLoj| Fo} H;PO4 8- 2mL§ H7)3he] pH 29 A
93} Aol A F784 (DIOYE ¢ 3] AAT & 247
A7}2 Y A2 Bastgch 59

A= %=
FAHR 5 AL ofefet k.
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& = [(Rsample / Rytandard) — 11X 1000 £4-9] 8°C-DOC it FASE AFS Hof 257} Hf
R = e 250 IS WL 7HeAS UEhith F4) 537,

’ 2R 5 &9 8°C-DOC e —25.1%0~

dPC BAS 93t #2EA-E IAEA-CH-6 (Sucrose), 8°N
EZE2L IAEA-600 (Caffein)S AR5}
FZFHX+= 0.1%0, 0.3%0°] T}
4 W K712 7| ZA SR
FrIgae 719S F4517] fstq A4A
AR 71 7159 FBARE L 5 &
ol B & 5517t 8¢t
12709 7182 S0 w2t A&, B, b 2 o
52 4" ) 215 E BEREHNT A8 1F0A
SH A5 Y, 2g 259 8°C BYYL g2 fod A}
o] Hth(p<0.01) (Fig. 4). && F7|gae 2874 W
nAE, 2§ 27, FHAE 5 A7 € 9E71Y §
71ENA 711" £l AbEoln thFst ©A 53 H
4 {71E9 7ol weba 1 ga FLYaHE g2
Al el ot (Lee et al., 2017; Godfrey et al., 2021). 334
712ke] zpolof whabA Cs A1 E<] 8"°C-DOCE —33%0~
—24%, C4 AE2] 8°C-DOCE —16%o~ — 10%0 H$ 2|
& z=th(Yoon et al., 2016; Derrien et al., 2018). |-
Ay A& 2859 §”C-DOC g2 TA Aol AA
SHIL Gl C3 4129 87C-DOC gkt fARgE W]t 9l
o 23 EFY §°C-DOC & (—25.3%0) C; A& A4
AolA 7]0E EF7IY f71ET FARE g UEi
QI T} (Lebreton et al., 2016; Lee et al., 2017) (Fig. 4). £3],
B A3l 2o MaAdA 7)™ 47189 8V C-
DOC g2 (—24.5%0) A QoA Hig gkt §fAst
o} (Lambert ez al., 2011). A5}4=9] §°C-DOC S A&,
B 9 stHg gl vl AdHor FAROH, b

-16

18 L 2
-20 A A
=2 0
- a <o
% 261
8 L]
26
o ]
.28 4 v A
30{ ©
-32 T T T T
1.2 1.4 1.6 1.8 2.0

22

—20.4%0% W& W2 YEEten, o= wigs 1+ 7Y
o] 27| f&olth(p<0.05) (Fig. 4). A& AT-olA= Hi
249 3"”C-DOCE Y 4T 4 §1%l7] P&l 8°C-
POCE #4359 DOM9| 7|¥E& F435t= d ==
|9t (Derrien et al., 2018; Lee et al., 2021), 2 AFA=
DOCY| &t FodaHE A3 4T 4 7] 2ol
FH WS, oA E4 A7t 7HssHA H Sl

7w

WEs 18 3 ARFTALY ESE

BIX (1.21)E YEHH S (Fig. 4), °ol= =3t A=

FollA FHg ol nAE Fado]l L3 S
A AV} (Parlanti ef al., 2000). A ©7), A&sts 9
ZAAA 7108 HiEeE =2 FI(1.49~1.68) 3= 2 S
o, o]z WFE FgHEo] ol Z3E U= F71EY
o3} EAL gttt (McKnight et al., 2001). A &
AL & FAF Y ERA AN 7]R0E W& YeE
% FF B2 AHH R F2 FI(1.65~1.82) gt= YE
wom ol 4 f71E0] 4] A e
Uebdith (Fig. 4). A& 1F WolA 942 7 @2 BIX
(0.51) 2 FI(1.28) 3 YeEd, ol F939 DOM
9] ko] o= AL YEFHTH(Chen and Jaffe, 2014).
gzyoz, S A2 B3 7153 DoMY} Fuste
DOMeo| 4o glo] Qlat A &7, A&ste E A4 A9
Al 71909 wiEs 289 S UEFH ST (Leenheer
et al., 2003). 4 2F+ AE7|Ho] fEEol7] f&
o 7H¢ &2 FI g (.01 BRI (Lee et al., 2019), B
E9E BIX (0.67)9F FI(1.34)9] ¥ gk Ho| AE 7|
¥ DOM 3o W2 4 719S Ut Jloth (Fig. 4). A

&%= (BIX =0.87, F1=1.88) Lee ef al. (2019)7} A A3t

>
X

g =3}

-16
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¥ Cow Ivestock effluent
& ] ¢ @ Agricultural land effluent
18 @ Industrial facity effluent
A Swine fadility effluent
@ Wastewater treatment effluent
-20 - A ® Pig iivestock effluent
“é (W] v Soi
~ @ Agae
= 22 ¢ Groundwater
O o A Riparian plants
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Fig. 4. The plot of BIX, FI and §"*C-DOC of 12 end-members.
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