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Fig. 1 Overall diagram of experimental process.
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Table 1 The *CO, peak areas of different pure water.
#Co, TR %K ZIRZEIRK — ik TCHRGEIK —IRZEIRK SIS AR Atk
1 KIEE (Vs) 2.8 2.8 6.8 1.5 6.6 2.1
552 WINREAA (Vs) 3.0 3.5 5.3 1.6 5.0 23
253 WE(E (Vs) 3.9 2.4 6.2 1.6 5.8 24
FREMRZE (Vs) 0.6 0.6 0.8 0.1 0.8 0.1
A (Vs) 32 29 6.1 1.6 5.8 23
H 5% (um/cm) 0.01 0.01 0.01 0.01 0.1 0.05

SR . JIf BT — 224 DOC & & Ak T
Img/L FE S A L 2 S ke . 7EJe 25k
58, ol FF I TR X K R i il P T RN e v R L, H
T, ASSLHG 2 ARG T 4l 25 P 5 ORI, A
% JE 5 W R AT FIBAEIR 00 9% X 28 (ARSI . 76 R —
A, BT AL R S s T SY, DL
B HE S R R
2.2 DS KA 7 OGS 6 Cpoc 1H
s

FE AT R TR R 2 B S Ak Bk 0 4 RS IE B,
T ZEERR TR 25 AR T SEBRRE A T TR . aX
2 PR SR I 2R 40 i 7 A )R DG I TR ARG
TR R ECTEE 7 i GasBench 11
AT AR T2 A 2B 23 SR, i3 5 ) TS
PN R 7 R T W A AR 7, SRR IE R v RE A
Wi 7K AR DOC AR, FE 0 DL = F 5 5 15k
BE o A o A R 25mg/L AR IR
PR APV TR A T 200, IR Al A 2 A RE S b AT
25 [ W, O OR [R]SF-  Xg SR an 8 2 B, S
B4 I R A A A 2R R AV TR
P2 B CO, e TR S A T -5 R A i A 06 g
(1 2a), X AT BJ& f FAE ARG = R T AT
SRR CO, B RE, T80 A SRR 2
A CO, RT3 2 PR Sk T00 23 R T 3 A< A
FEJ13d K, AFITF CO, MBI, SRRk &y
= HEMCO, Ve AU (K 2a), 3 T fE S N Ry A
L A SR S R AR E A A, T U R A
CO, RBR B/, (EIRI IS I T %5 (1*CO, Wi
FH (I 2b), X A] AELS IR DOC A A AL it i o
Wik o T B FLEE A AR B LA T A A Y
HCO, W h BIEAR— 2, (LR A AT A
“Co, W A E BT (5] 20), X T] BRI S
1B 0% TR A bt 4 o HE SR SRR, DT TR
FERRAN T A SR 5 KO- 5 1 R ) EE AR A TR
— 918 —

PRIt 000 O ot B SR R AU 5 R 9
AR ML T He b 1 0P Cpoc EEBME (& 2¢), H54BHE
CHREH R E S HEMER N NG KT
0" Cpoc THHAA — H R AR E S % HM2Z R AR,
TE B A% S KOT A 4 O 2X0T DLAE S
“Co, W AR [, RFF 07 Cpoc (HEA R AT E
P, TS 0 Croc 52 1555 12 {5 22 18] ) i 22
/e XA IEXT T3S DOC 7 A i i 3K
VR R AT SR AT T S
2.3 DOC FRA 6" Cpoc FEITRZM

FHW X KR DOC & il 4 HAT SRR & 7t
A5 A3 P, FL R % 7E 0.87 ~ 6.89mg/L Z ] 1)
FEMSE [ SR KA 6P Cpoc (HFT, 550 B ZH 25
ReE AR SR s 1 L R, 7R SRt
PR =R (25 56 DOC B4l 6 Cpoc (BTN E 1
A [ RZ I, 3P e v LS 5 o P R A T AR
1E o ARSI 00 3 i filf FH AN ) e B ) 43 2 — Y AR L4 i
HIVE, KO, W i ARFTR2S P10 i US55 48 7K
TR S IR R 1 06 R, 2R [ R G E
0.9982(I&] 3), A< S Heridd B AN [ e 5 g &5 2R — H iR
BV B R 5O, WG LA i B R MESE R,
i 1 4CO, T B /N AT AT H R A HLRR Y
WP, R IHA HLBR vk B F i 2%

XoF TR A AR — P R S e s T R 280
25 FIREIE RS, 6" Cpoc 52 {5 55 1 2 2% (8 10 I 22 4
K, FHE A Img/L, 2mg/L, Smg/L AR " HERE
B VIR 0" Cpoc T 5 1 545 2 2 7% (8 1Y 22 5%
K 2.35%0. 1.48%0. 0.91%0. #R1M, Zeid 28 AR IE T
s 2 BEAIK, 5 05 28 2 25 5 19 I 22 53 51 R 0.66 %o,
0.30%o0. 0.39%0(&] 4). X FKIAZS AL IE 248 = Ik
JEE R SR R P A SRR IR . W T R A
F| 15mg/L F1 25mg/L 114215 2% — B iR S0 B T il 7 L
P 1D 5 45 8 S 5 H A — B W2 {0h
0.15%0 1 0.07%o. X T FH VA VRV JBE vy, 7™ A 11 U TG


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

i
[o)}
&

Mg, G5 WA RE 59 DR PR i g AT LB () 137 2% 2 i PR R E 5

543 4%

220
(a) .
200

180 |

160 |

140 |

120 |

100 |

A7 — H R EAMA TR “CO, IETRIE(VS)

o
(=]

—29.45

© =
-29.50 +

~29.55
~29.60 | o
~29.65 | .

[ 3 ]

- ddq

—29.70

-29.75 + .

AR R AR 613C {E(%o0)

—29.80

Y

A BCEREE Tl i

—29.85

5.0 | (b) 8
45
4.0 F .
35t

<

2.0 .
1.5 =
1.0 \ ) ) )

2% I “CO, WETIE(VS)

235 () v
240 |
245 | .

-25.0 | z

PV 613C {8 (%o)
ee
»

—255

<

i
—26.0 |

Y
L

A BEREFT Tl fL-P R

-26.5

B2 AT, eS8, FaLEEERIE EE T SRR CO, W BURT 0" Cooc TEIIREIR (BT R0 T4 4 4

KRR 4 GrIiARE )

Fig.2 Effects of unbalanced, dual-needle balancing, manual puncture balancing, and airtight needle balancing methods on the *CO,

peak areas and 0'*Cp values of the samples (Each method in the graph is represented by four points, indicating four test samples).
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Influencing Factors of Dissolved Organic Carbon Isotope Determination in
Water Samples of a Karst Area by Wet Oxidation Method

YANG Hui'?, WU Xia"*", YU Jianguo'*, TANG Wei'?, LAN Gaoyong'*

(1. Institute of Karst Geology, Chinese Academy of Geological Sciences; Key Laboratory of Karst Dynamics,
Ministry of National Resources & Guangxi Autonomous; Region/International Research Center on Karst under
the Auspices of UNESCO, Guilin 541004, China;

2. Pingguo Guangxi, Karst Ecosystem, National Observation and Research Station, Pingguo, Guangxi 531406,
China)

HIGHLIGHTS

(1) Phosphoric acid was added to the water sample in a karst area for acidification, and sweeping for an appropriate
period; the test accuracy was better than 0.40%o for the sample with DOC content greater than 2mg/L.

(2) The pressure of the sample gas in the equilibrium headspace vial plays a significant role in enhancing the
intensity of the 6" signal and reducing the bias of the testing results.

(3) The blank peak area, a significant factor produced by low-background pure water, is crucial in affecting the

testing results of water samples with low DOC content.

ABSTRACT: Due to the high content of HCO;, low content of DOC and complex composition in the karst water,
the current wet oxidation method for the determination of ¢"*Cpoc needs to be improved. The study examined the
impact of different pure waters, headspace bottle atmospheric equilibrium methods, DOC content, and the removal
of bicarbonate (HCO;) in water on 0"Cpoc values. The experimental results show significant differences in the
*CO0, peak areas produced by different blank pure waters, with the most prominent peak area being 3.8 times the
smallest. Using a gas-tight syringe for atmospheric equilibrium enhances the sample signal strength and ensures the
optimal internal precision of the sample test results. Acidifying the water samples to pH<3 with phosphoric acid
eliminates the influence of HCO; in karst waters. A nitrogen-blowing apparatus at a 250mL/min flow rate for
5—10min removes the free CO, present after acidification. Under the above experimental conditions, the deviation
between the test results and the calibrated reference values for karst water samples with DOC content greater than
2mg/L is better than 0.40%o after blank correction. The difference in the measured results of 8" Cpoc in karst water
samples measured by the wet oxidation method compared to the total organic carbon analyzer-stable isotope mass
spectrometer online method was less than 0.30 %.. The BRIEF REPORT is available for this paper at
http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykes.202405130108.

KEY WORDS: dissolved organic carbon; HCO;; wet oxidation method; isotope mass spectrometry; blank sample

BRIEF REPORT

Significance: Dissolved Organic Carbon (DOC) is typically an essential indicator for studying the sources and
transformation of materials in the biogeochemical cycle of water bodies such as oceans, rivers, and reservoirs'' . In
a karst watershed, DOC is the main form of organic carbon. Research on the karst carbon cycle processes has found
that karst areas have a significant carbon sequestration potential and are an essential part of the global carbon cycle .
The carbon sink effect generated by different forms of carbon cannot be ignored throughout the carbon cycle process
in the karst area””.. In particular, DOC plays a crucial role in the stability of carbon sinks in the karst water

10-11

ecosystem ') By analyzing the 6"°Cpoc and its mutual transformation with DIC and POC in karst water bodies,
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we can gain a deeper understanding of the processes and mechanisms of karst carbon sinks!'*'*!

[15-16]

, and effectively
reveal the sources of carbon in karst basins and their contribution rates to the carbon cycle

The high-temperature oxidation method of EA-IRMS involves freezing and drying acid-treated DOC water
samples into solids for testing, with a required carbon content of less than one milligram!'*°". This method has high
requirements for sample pretreatment and demands strict operation to ensure the accuracy and reliability of the
analysis results. Researchers have modified the elemental analyzer to achieve an analytical precision better than
1.0%o with just 41nmol of carbon®'l. A laser ablation method on freeze-dried small particle samples requires only
65ng of carbon'**. However, these methods necessitate filtering and concentrating several liters of sample to 1-2mL,
which is time-consuming and requires a large volume of samples. The high-temperature oxidation method produces
high blank values, significantly affecting the analysis of samples with low carbon content and requiring specialized
instruments and consumables'”’). The TOC-IRMS method, which involves online acidification of water samples
followed by conversion of DOC to CO, for analysis with a stable isotope mass spectrometer'”), offers the advantages
of fully automated operation and high-throughput determination for ¢"*Cpoc values in marine and fresh-brackish

#3] However, this analytical system primarily measures DOC, TOC content, and §"°C in water

water samples!
samples, with a relatively narrow scope of test indicators and high experimental costs, which limits its widespread
adoption in laboratories.

The analysis of karst water samples presents unique and complex challenges for dissolved organic carbon
analysis. The high concentration of Ca ions can react with oxidants, forming insoluble precipitates that interfere with
the oxidation process. Additionally, the high DIC can produce a large amount of CO, during wet oxidation, affecting
the accurate determination of 6"°Cpoc values. The low DOC can also hinder the damp oxidation method from
accurately measuring samples with low DOC. These characteristics require the careful optimization of pretreatment
conditions for ¢"*Cpoc determination in karst water samples. In this research, the addition of phosphoric acid
enhances measurement precision (better than 0.40%o). Balancing the pressure of the sample gas in the headspace vial
enhances the 6"°Cpoc signal intensity and reduces deviation. The blank peak area produced by pure water is an
essential factor affecting the test results of water samples with low DOC content.

Methods: The sampling location is in the Gexi watershed of Wanshi Town, Fuyang District, Hangzhou City,
Zhejiang Province. The watershed covers an area of approximately 400km”, with about 15km?* distributed with
carbonate rocks, including all geological ages of carbonate strata in Zhejiang Province. The sample pretreatment
method follows: (DTake 4mL of the sample. @Add ImL of oxidant. @Add 8.5% phosphoric acid until the pH is
less than 3. @Sweep away CO,. (®Heat at 100°C for 1h. ®Cool to room temperature. (DCentrifuge. (8)Prepare for
testing, and after equilibration, use a gas isotope mass spectrometer (MAT253, ThermoFisher Scientific, USA) for
analysis. The calibration process was conducted on two compounds: potassium hydrogen phthalate and glucose,
with 0"°C values of —29.76 %o and —11.09 %o (n=6), respectively. Since the d"°Cpoc value of karst waters mainly

13161 " potassium hydrogen phthalate was selected for subsequent experiments. The

ranges from —20 %o to —30 %o
optimization of experimental conditions includes: (DTesting the background with pure water. @Equilibrating the
pressure. (3Preparing potassium hydrogen phthalate solution to verify the accuracy. @Testing the effectiveness of
HCO; removal. The detection results require blank correction, which can be performed using the mass balance
principle.

Data and Results: The maximum peak area of the six pure water types was 3.8 times the minimum peak area,
indicating that the choice of pure water directly affected the accuracy of test results for low-concentration samples
and subsequent conditional experiments. When purging the headspace vial with helium to remove air, the pressure
inside the vial after purging was higher than before, and this positive pressure affected the oxidation release of DOC
in the water samples, as well as the intensity of the sample and blank signals. The study used a potassium hydrogen
phthalate solution with a carbon content of 25mg/L for experimentation and pure water as a blank sample for blank
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Fig. E.1 Effects of unbalanced, dual-needle balancing, manual puncture balancing, and airtight needle balancing methods on the
#C0, peak area and 0" Cpo values of the samples (Each method in the graph is represented by four points, indicating four

test samples).

monitoring. The results of four different equilibrium methods shown in Fig.E.1, the airtight needle method providing
the best reproducibility of **CO, peak areas and 0"°Cpc values, and the slightest deviation from the calibration
reference value of potassium hydrogen phthalate. The linear regression coefficient between the **CO, peak area
(after subtracting the blank peak area) and the carbon content in potassium hydrogen phthalate solutions with
different concentrations reached 0.9982. Therefore, blank correction is significant for low-concentration samples. In
summary, the wet oxidation method, with its precision, can achieve an accuracy of 6"Cphoc testing within 0.40 %o
when processing samples with DOC content higher than 2mg/L. This method, when using phosphoric acid to acidify
solutions (pH<3) containing 122mg/L of HCO; and 305mg/L of potassium hydrogen phthalate solution, shows

reliable results. Using a nitrogen blowing apparatus at a flow rate of 250mL/min, when the blowing time reached
15min, the 6"*Cpoc in both solutions shows a gradual trend towards positive values, indicating the need to control
the blowing time between 5—10min. The high consistency of the results when comparing the TOC-IRMS and wet

oxidation methods for 8"*Cpoc determination further verifies the reliability of the wet oxidation method.
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