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Abstract

BACKGROUND: The carbon (C) isotope ratio (813C) of
dissolved organic C (DOC) is an indicator of water
pollution source. In this study, the potential use of two
pre-treatments for the §"°C analysis, alkaline persulfate
oxidation coupled with carbonate precipitation (precipitation)
and freeze drying (drying), were compared to suggest a
more feasible pre-treatment method.

METHODS AND RESULTS: Two reference materials
with different 6"°C values were used for the experiments;
chemical grade glucose (-12.0+0.02%) and pig manure
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compost extract (-23.3+£0.04%)). In the precipitation
method, the measured 6"C values were consistently lower
than the theoretically calculated values as dissolved CO,
could not be removed due to the alkaline property of the
reagents and the dissolution of air CO, into the alkaline
solution. The drying method also resulted in more negative
§"C than the calculated 13C; however, the difference was
systematic (3.94+0.3 %) and there was a strong correlation (6
PCoateutted=0-87%6"* Crncasurea-0.624, 1°=0.98) between the
calculated and measured §"C. Calibration of §"C using the
relationship between the calculated and the measured §"°C
values produced reliable and accurate §"C values.
CONCLUSION: Our results suggest that the drying method
is more accurate pre-treatment method to minimize the
influence of air CO, compared to the precipitation method
for the determination of §"°C of DOC.
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M E

00o0000(DOC, Dissolved Organic Carbon)d O
00 000 00 000000 0000 000000 00
0000 0000 000, 0000 D000 0000 00
0000 O0OO00 0000 D000 DOOO0O(Tu et al,
2011). 000 OO0 000 0000 D000 DOCO O
0 0ODO0 000 0ODO00 0000 00 0000 000
00 0000 00000 000 DOO(Yoo ef al, 2012).
000,00 OO0 000 00 DOO0 000 DOC 000
0 D00, DOCO 000 000 OO0 000 0000 O
0(Zhou et al, 2006). 100, 00000 0000000
00, 00, D000 0O 000 000000 000 00
0000 0000 00 000 D000 000 00 00
0 000 OO0 OO0O(Ongley ef al, 2010, Sun et al,
2012).

0000 00 000 000 0000 D00 D00 O
00 000 00 000 0O 00000 O 000 00 00
00 000 0000 O0(Choi ef al, 2017). 000 OO
00 00 0 Dooooood®c/Pc, 8°%co oooo O
00 %)0 00 000 0000 00000 00 000
000 000 0 000,00 00 000 C4000 00
0 00 000 0000 D000 00 000 6%CO O
0000 0000 0O000(Yanagi ef al, 2012). 0000
0 C400(0O 00,000 -11.2%, 00000 -13.0%)
0 6°CO C3 0000 00 -29.1%, O 253%)00 O
0 000 (Yanagi ef al, 2012), C4 00 000 OO 00O
0 6°C (-12.6%)0 C3 00 OO0 000 §°C (-26.8%)0
0 00 (Dungait ef al, 2010). 000, 00 0000 OO
00 D00 00D D000 000 000 00000 O
00 00 000 0000 000 §°CO 000 00D O
00 000D DOCO 6"C OO0 oDOO.

DOCO §°C 00 000 0000 00 00000000
(TOC analyzer)l 00000000 OO0OO (Stable Isotope
Ratio Mass Spectrometer, SIRMS)O OO0 000 OO
00 D00 (Kirkels ef al, 2014), 0000 0OO0O00 O
000 00 0D0O0.DOCO §°C 00O 00 000 O
00 DOCO 00 OO0 00000000 0000 OO0
0 CO.0 Gas Chromatography (GC)-SIRMSO 0000
000 (van Geldern et al, 2013; Yu et al, 2015), O O
0 00 OO0 OO0 OO0 O0OO0O 00000 (Elemental
Analyzer) 000 EA-SIRMSO 00000 OO0 O0O.
000, 000 000 0DO0O0 D00 OO0 00G0~6
0C)00 00 0D000D OO0 O EA-SSIRMSO 000D
DOCO 6™CO 0000 (Parker et al, 2010; Tu et al,

2011). 000, 00 00D 00D O DOC OO0 OO O
00, 0000 000 D000 OO0(Amiotte-Suchet ef
al, 2007, Lambert ef aZ, 2011). OO0 OO O00O0O0O OO
0 0000 0000,0000 0000 00 §%C 00 O
OO0 000 0 00 000 0000 00 00 000 00
00 00 OO0 OO0 00 000 000 0o000.

DOCO 00 0000 O 00 000 00000 00
0 000 COo.0 0000 0000 0000 SrCLO 00
000 00000 SrCOs 0000 0000 000 (Harris
et al, 1997). SrCO; U000 00 0ODOOOO(DIC,
Dissolved Inorganic Carbon) OO0 0000 OO0
(Parker et al, 2010; van Geldern et al, 2013), DOCO
§°C D000 OO 000D 00 0D0. D000, 0 000
DOCO §°C OO0 000 0O 00 200 000000 O
00000 00000 0O0-SrCOs 000D 000 OO0
0000 EA-SIRMSD OO0 DOCO §°C 0O DOO
00000 0D0O000.

Mz W dh
2= 23
00O0(Glucose)d 0000 OOOO OO0 DOO O
000 00000 00-SrCOs 0000 00 0000 O
00 DOCO §°C 0000 000DO0. 00000 00O
0 000000,0000 0000 D00 0000 000
00 0000 1:1000 00000 O 000 O 500 mLO
000000 00 000 00000, 0000 000 00
00 000 00000 oooooood®c/“C)d EA-
SIRMS (IsoPrime-EA, Micromass, Manchester, UK)[O
10 00 0DO0OO0 §°C OOO DOoOooo.

I'-I)l

§"C (%) = [(Rs-Rr)/Rr]*1000 (1)

RO Ry OO 0OOD 0ODOOD 0oOOOCDOOO,
00000 Vienna-Pee Dee Belemnite (CaCOs;)00 OO
000000 00112372 °C atom % OO (Choi and Lee,
2012). DO00ODO 000000 6°CO OO0 -12.0+0.02%
0 -23.3+0.04%000.

l(llI

PALZER ALSI-SrCO; 1M & 6°C 2A iy
00000 00-SsrCOs 000 0000 0O §°C oo
0 0000 0000 00 1) 000 6%C (12.0+£0.02%)0
0000 0010 mg C/L)0 000 00(0, 5, 10, 20, 30
mL; 00 O00: Go, Gs, G, G, Gs)00 00000
DOC 00(0, 0.05, 0.1, 02, 0.3 mg Q)0 00 00000
0D0-SrCOs OO0 0000 6°C 0D D00 00oDOO
2) §CO OO0 00000 00000 000 600 OO
0 0000 000 0010 mg C/L)0 0000 DOCH

at

0
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Table 1. Experimental settings for the pre-treatment of glucose samples using alkaline persulfate oxidation method and

freeze-drying method

smple code e e Towl Cadded m S O
G1Co 0.10 0.00 0.10 -12.0
GsCo 0.08 0.02 0.10 -14.3
GeCs 0.06 0.04 0.10 -16.5
GiCe 0.04 0.06 0.10 -18.8
G:Cs 0.02 0.08 0.10 -21.0
GoCio 0.00 0.10 0.10 -233
a) The 613C was calculated using isotope mass balance equation.
§°CO D00 0000 00000 00-5COs 000 O Samples
000 00 §°C 00 0000 00000 (Table 1). OO Go Gs Go Gs Gy  Reference

000 OO0 OO0 00000 000 0185 M KxS:O80
042 M NaOH 000 0000 COOOCOOO(Cabrera
and Beare, 1993), DOC OO0 OO 0O0O0O COs” 0DOo
00 2 N SrCLO 00000 (Harris et al, 1997).

50 mL 000 septa OO OO0 OO0 OO0 OO0
OO0 OO0 10 mL (Cabrera and Beare, 1993), 00O 2 N
SrCl, 2 mLO OO0 O0O0O0 OO OO0 O 000000 O
000 121CO0 3000 00000. 0000 00000
0 0000 0000 000(srCO;)0 0000 65CO0
0000 000 00oo0o0o oo, 00000 V203 5 mgd
000 0O 000 0000 6O 00000, 000 30
g ogo.

00000 00000 00 00 000 §°CO 000
00000 (Isotope mass balance)d OO00 OOOO0O
(Nitschelm et al, 1997).

13 13
8 Cglucose+compost:[(8 Cglucosexcglucose
13
+(6 CcompostXCcompost)]/ Cglucose+compost (2)

13 13 13 L =
8 Cglucose+composf, 6 Cglucose, 6 Ccompost‘f_‘ 7_‘1'7_‘1' =7

=

g
e E| & 2 AR, ST, HHHEY
'E“?*—_}Q’] 6]3C0]_']-_7_, glucose, Ccompost, CglucoseJrcompost’E“ 211_2—11_
o] 50 B Fgolct.

SAAZX § 6°C 2N gy

00000 00-SrCOs 000 00000 000 00
00-00000 00 00 OO0(Table DO OO0 0OOO
0000000. D000 OO0 0000 000 pHO 20
00 000 DICO D000, 00 0000 000 OO0
K:SO, 100 mgd 0O0. 0000 000 000 000
0000 6%CO DoDOO0. 00D 300 000.

S =4
00 000 0000 Homogeneity of variance)d [

S1C (%o)

-30

Fig. 1. The & C of glucose samples processed with
alkaline persulfate digestion coupled with SrCOs
precipitation. 0, 5, 10, 20, and 30 mL of glucose
solution (10 mg C/L) were used for sample
codes, Go, Gs, G, Gao, and Gsg, respectively.
Reference is glucose of which & °C was directly
measured with EA-SIRMS. Vertical bars are
standard errors of the means (n=3). All measured
3 °C for GO~G30 differ from the & °C of
reference (7<0.001).

0 O00(Normality of distribution)d OO Levene’s
testl] Shapiro-Wilk’s testd 000000, 00 000 O
0 000 0000 00000 00 0000 00000d.6
“C DOoo@O 00 0)0 00 OO0 OO0 0000 O O
000 000 000 00000 00 ANOVAO 0000
0.000 00 0000 0000 00000 00 000
00 DO0O0O00. 0000000-SCOo0000 0000
00 OO0 000 6°C 000 FtestD 0O00ODOO. 00 O
0000 SPSS 18.0 (SPSS Inc. Chicago, USA)D 00 [
0 95% (a=0.05) 0000 O0O000.
ot % o
pEMZE ASl-SrCo; ™ & 6°C M Zn}
0000 000 0000 00000 00-SrCOos 00
0 00 000 6°CO -23.8~-174% (00 -19.9%)0 O
00(-120%)0 O 000 DOO(Fg 1). 00, 00000
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Samples
G10Co GgCy GeCy G4C G,Cs  GoCyp
0 - . IR

S1C (%o)
G

B Calculated
@ Measured

-30

Fig. 2. The 3 “C of glucose+compost-extract mixed samples
calculated with isotope mass balance equation
(calculated) and processed with alkaline persulfate
digestion coupled with SrCO; precipitation
(measured). Sample codes are provided in Table 1.
Vertical bars are standard errors of the means (n=
3). All measured 3 “°C differ from the calculated
3 C (P<0.001).

Samples
GG GG GeCy G4Cs G,Cs  GoCyo

SBC (%o)

0O Calculated
25 1 @Measured

Fig. 3. The & “C of glucose+compost-extract mixed samples
calculated with isotope mass balance equation
(calculated) and processed with freeze drying
(measured). Sample codes are provided in Table 1.
Vertical bars are standard errors of the means (n=
3). All measured & °C differ from the calculated
3 °C (P<0.001).

00000 0000000 D000 O 00000 000
0 -232~-120%0000, 0000 -22.6~-20.0%0 O
000 O0O(Fig 2). 000, 00 00 (Fig. 20 CoCio)0
0000, 00000 00-SrCO; 000 00 000 6°C
0 00000 0O00.

00000 OO0 0O DOCO §°C 000 0OOO0 OO
0 pHO 20 000 000 DICO CO,0 000 000 O
000 00O0O(Yu et al, 2015). OO0, DO0OOO OO
SrCO; 00 00000 DOC 000 OO0 000 CO0
0000 OO0 OO0 0000 0000000 000 00
00 00000 DIC 000 00000.000,0 000
00 00 00000000000 0Co0 0000
0000 000 0000 00 000 000 000 00
00 (Harris ef al, 1997). D000 0000 0000 OO
0 00 00 000 00 COo.0 §°CO 00 noood

&63C (%o)-calculated (true value)

-30 -20 -10 0
: : 0

y=0.87x-6.24

(r=0.98, P<0.001, n=6) o

- 10 2

S

el 3

&° F-20 2

¢° g

-30

Fig. 4. Regression analysis between the & “C calculated
(true value) and measured for freeze drying
pre-treatment using data shown in Fig. 3. Vertical
bars are standard errors of the means (n=3).

O -10%0 00000, 0000 OO0 D00 00000 O
00 000 00 00 O Co.0 8°CO -20% 000 00
O O DOO(Choi and Lee, 2012). 0 00000 OOOO
0O 0000 00 D000 000 §%Co -238%0000
(Fig. 1), 00 00 000 0O0O0.

Harris et al. (1997)0 COs"0 SrCLO DO0O0 OO0
SrCO; 0000 0000 EA-SIRMSO 00O §°CO OO
0O 000 SrCOs 0000 00000 00D Co.0 OO0
0O 000 §°CO 000 00,0 00 00 -13.6%0 00
0O 000 000 SrCOs 0000 0000 CO0 §°CO
0000 000 0O 000 000.000,0 000 00
000D 0000 CO0 SrCLO 0000 000 SrCOs
O 000 &§°CO 000 000 Co.0 8°C 00 Do
000. 000, 00000 DO0-SrCOs 000 00 000
§°CO DOOODOO0 000 000 DOC 000 00O
0O 000 OO0 oooao.

SAAHX 5 ¢°C M A

0000 0O 000 8°CO 267~-16.1%0 00000
00-SrCOs 00000 000 8§°C (-23.8~-17.4%)0 O
00 0000, 00000 00-SrCOs 0000 0000
000(-23.3~-12.0%) 00 OO0 (Fig. 3). 000, 000
0 000D 00 00 000 000 00000 0.980
00 0O00(Fig 4), 0000 0000 000 3.9+0.3%0
000 0000 0000 000 000 000 0000
(Systematic error)d OO0 O 00 0000 0000 OO
0 00000. 000, 00000(Fig 40 00000 O
000 0000 00@B9+03%)0 000 00 0000
000 00 6°CO 00 O OO00(Fig. 5).

00 0000 00000 DOCO DOO0O0D 6°Co O
000 000 (Amiotte-Suchet et al, 2007, Lambert et
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S13C (%o)-calculated (true value)

-30 -20 -10 0
L 1 O

O Calibration 1 Cal. 1: y = 0.99x
© Calibration 2 (2 = 0.98, P<0.001, n=6) <«
@]
- -10 @
<
A
L
=3
- -20 o
®
Cal. 22y = 0.99x o

(r2 = 0.96, P<0.001, n=6)
-30

Fig. 5. Regression analysis between the 8 °C calculated
(true value) and calibrated using the regression
equation in Fig. 4 (Calibration 1) and using the
difference (3.9%0) between the calculated and
measured 3 °C for freeze drying pre-treatment.
Vertical bars are standard errors of the means
(n=3).

al,2011), 0000 DOO OO0 DO §°C 000 ODO
0 00 00 000 D000 O00.0 00000 000
00 00 DOCD §“°CO oDOOO0 0DO 00D O 00
0, 6%CO 0000 0000 0000 00000 000
0 00 000 0000 0000 D00 00 000 00
0 00D 0000.

2 %
DOCO §°CO 00 D00 000 000 O 00 0O
000 0D0O0O0.0 DO0O00 00000000 0000
0(EA-SIRMS)D 0000 DOCO §°CO 00O O OO0
00 O 00 0D0000@O00000-SrCos0000 O
0000)0 0000 00 00000. 000000 000
0(6°C; -12.0+0.02%)0 0000 OO0 0OO0O0O0GG
23.3+0.04%)0 0OODO. O00O0DOO0-SrCO000
000 000 00000 00 DIC 000 000 00 O
COo,0 000 OO0 000 0000 00000 ooOoOo
00 0O0O0. 00, 000000 O 000 00 DIC 00
0 00000, 0000 0000 00000 00 00 O
00000 00000 0000 0000 0000 000
0 000 O OO0 000 DO00O0. 000, EA-SIRMSO
0000 DOCO 6°C 000 DOOODOO0 00O 00
000 00000 0000 0000 O 00 000 00
oo.
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