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Sources analysis of dissolved organic carbon in water using carbon isotope method
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Abstract: Background, aim, and scope Carbon in aquatic ecosystems is an important part of the global
biogeochemical cycle and has profound effects on global carbon cycles. The carbon in the water includes
dissolved inorganic carbon, particulate inorganic carbon, dissolved organic carbon and particulate organic carbon.
Dissolved organic carbon (DOC) is the largest organic carbon pool in water and one of the largest activated

carbon pools on the planet. Additionally, DOC is affected by both nature and humans. Any slight fluctuations
may break the balance between carbon pools. The changes in the DOC content and isotope values also reflect
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the effects of the natural environment and human activities on the biogeochemical system. Therefore, DOC has
important research significance. At present, the global warming situation is still severe. The carbon emission
and sequestration process and the entire carbon cycle process have attracted the attention of many scholars.
The DOC carries many signals of natural and human activities and constantly enters and exits the major carbon
pools. Especially in the water carbon pool, the turnover time of DOC is fast, and the variation of DOC is diverse.
Therefore, distinguishing the source of DOC will help to understand the role of the “carbon source” and “carbon
sink” of water bodies and reveal the impact of environmental and human activities on carbon behavior. We hope
to find a reliable way to trace the carbon sources of water and confirm the feasibility of this approach. Materials
and methods Because of the different properties of light and heavy isotopes, different carbon behaviors and
carbon cycle processes have different carbon isotope characteristics in biogeochemical processes, and carbon
from different sources can be traced by carbon isotopes. However, a single 6" °C value does not enable effective
recognition of DOC in water. Many sources have overlapping signals and are difficult to distinguish. In recent
years, with the rapid development of accelerator mass spectrometry (AMS) analysis and testing technology, the
radioactive carbon isotope A'“C has gradually begun to be applied in carbon analysis. The combination of A"C
and ¢0"°C values enables high-resolution analysis of organic matter sources. When measuring the carbon isotope
value of the DOC of a sample, we first need to extract the DOC from the sample, which is basically divided into
two steps: oxidation of DOC to CO, and reduction of CO, to graphite. We have improved the process on the basis
of persulfate oxidation. After enriching the sample DOC, the oxidant made from potassium persulfate was mixed
with the sample, subjected to vacuum at 5X 10 torr (1 torr=133.322 Pa) , heated in a 98°C. water bath for 1 h,
and cooled after completion of the reaction. The reaction mixture was cooled to room temperature, water was
removed with isopropanol and liquid nitrogen, and the gas was removed to obtain relatively pure CO,. Some of
the CO, was detected by a MAT251 stable isotope mass spectrometer to detect the " °C value; another part of CO,
was reduced to graphite, where Zn was used as a reducing agent and Fe was used as a catalyst. The A'*C value
of the graphite target was then detected by AMS. Results We compared the persulfate oxidation method with the
high-temperature catalytic oxidation method and found that they have good consistency, and the obtained carbon
isotope values have no isotopic fractionation effect, which indicates the reliability of the wet chemical oxidation
method. Discussion We have found that carbon isotopes can reveal algae activity, land-source input, pore water
surges and natural or humanmade events such as submarine volcanic eruptions, oil spills, and nuclear explosions
through several studies using carbon isotope tracing of DOC sources in oceans and lakes. Conclusions At present,
the carbon isotope method is one of the most effective methods for studying the source of water DOC. Comparing
the carbon isotope data of the water body and the source end can be used to obtain the source information.
IsoSource software can demonstrate the contribution ratio of each source end element. Recommendations
and perspectives Constraining the source of carbon helps to further understand the carbon cycle process and
provide a detailed scientific basis for regional carbon budgets. As a reliable source analysis method, the carbon
isotope tracing method will provide scientific data and evidence in the research process to further enhance the
understanding of the relationship between humans and the environment.

. . 13 14
Key words: dissolved organic carbon; sources; 0 "C; A"C

e A Y ERAL R EA h B A A IR 2 (POC) WIEAAFLE. S/KIETCHLERAH L, ALK
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DOC S 7K il Ry TG BRI ZH 43, AT LA 3 £L
£ 0.2 um (Raymond and Bauer, 2001) . 0.45 um
( Aiken et al, 1996; Z 4%, 2013 ) 1{ 0.7 um
(Bauer et al, 2001; Zigah et al, 2012a; /145,
2014; B4, 2017; Chen et al, 2018) [y
JEXT K REREA TR 008, 0 S A A o ) i i T O e
MIMiZAF DOC, gt R LR DOC LA
FIWE, HEATSE, MBTERRIER) DOC i 7E 700 Gt
LA Iw (Hansell and Calson, 1998; Ogawa and
Tanoue, 2003 ), 2L EANIHRKAET90% ( Carlson
etal, 1994; Song, 2010) , DOC 1 2 ¥ I /K &
1 B A HLAK JE (Jaoetal, 2010) , B4EH 4
0.015 Gt DOC 7& #] 11 T L ( X1 — 2 Fl 47 #E,
2012) , HA—EmEBAER] . 7EmRS RHBARA 1
b A I T S 0B I A K P A R T
I REABNARER KRR, AR TR, A4S
RGNS REA E25Em (KEE, 2010; &
BEAE, 2017; AR IHAE, 2018) o TEBKIAIE
A7 7720, POC W] AR R % 1L DOC B
>k, DIC Al Lt &R iE e e DOC (Yu
etal, 2007 ) , JEid [ A A AR ARPE AT LI i 2
MG HFTREE (EP R, 2011) o DOC J2/K Ik
TSI AR, AR TR A s Sk T
R YRR R SRR B R E . EAFSE, 13%
(g PR DOC 32 HE T 30% —65% FY 41 B A K AT
&SN (Kragh et al, 2006) , Hitt, DOC 7Ef#
JCR HEFRERN YR AR A28 R
Ay b v ( Spyres et al, 2000; Bade et al, 2007) .
IAh, DOC Y& i EEAER TR IR P A L
TSR, RAEKIRZ IS YRR, B Sl 1
NN ST IR (Spyres et al, 2000; 25 H
20105 FIoRTAF, 2012; AREHSE, 2013; &)
A, 2016) o HEAE, ENAMTVFZ WA KRR
DOC & AWK ( Freeman et al, 2001; Driscoll
et al, 2003; Worrall et al, 2004a; Worrall et al,
2004b; Worrall et al, 2007; Nara et al, 2010) ,
XA G R TR E IR E RSN, $HH DOC
R PN Bl X S PR B [ R i B 2L, DOC 1EH
IR AAR T B R A AT WL J R KL o R ) 3 e S
Z—, ARMIRUN R B ShE A AT RE TR A IR 2
Vi) P P, S e R[] 57 3R (L 198 228 A A A sz
T ARMEL S NI S R Y kA RGN
M (BRF5 BAE, 20115 UL, 2013) o HFT4Ek
AR T BATI IR TR, ik A HE TR [ Ao 8 D) R

AR LR 5| 35 R 2 FE A TE5E, DOC
HoHi A R F AR 5 AR S5 S AN IBr L 45K
e, JLHAE KRR IEF, DOC fFAE Ak 2
[ Ac e H R e, B R, Al 54
BRIIEFR, DOC MR B T X3 % DOC &7
AE ST B9 R BR, T DOC ZE/K A TR ) v A A7 AR 1
ST KA R PR BE 1. X453 DOC Ak IR
P B THSE AR IR 5 “mil” A,
FFHE/R ASRIE 5 A6 St 7oA i 520 .
DOC WRIRE 2%, KECAT U5k NI RSP
Fidh, 7EWHFHEFRIZ, DOC FEK H T DIC %
b AR YA N T A A ST s . AT
P W] 15 R AT A A 5 S AR A ( Druffel
et al, 1992; Wang et al, 2004; McNichol and
Aluwihare, 2007; Walker et al, 2011; Follett et al,
2014; Zigah et al, 2017a) , Tfi ¥ i DOC K ik
[] 57 28 18 7T DL 48 7 M IS DTRR 0 . o i B 55 A
#k >k JE ( Druffel and Griffin, 1999; Lang et al,
2006; McCarthy et al, 2010) . ¥ i % DOC N
U5 EZERARTR F POC R A sl Inl I N PR AR )
YN RELE DOC, AN 322025k [ 0] 7 %t &)
PREE A2 1k bR AR DOC, A SR I EH Ay K
IR DOC DI R R FEK . N A (157K 4HE
L RS AE ) g (E R R A, 20115 B
75 B4, 20115 kK4, 2012; T 4%, 2016;
AW, 2017) . WEEENE, m/KAEEY
R DOC 25 5 W MR P A, XA R 5
KA PC W, SRBORBURE M2 (Spitzy
and Leenheer, 1990; T %55, 2015; AR,
2017) o AIA R Rl b AR 7S 2R Sk A B A R
gy, JEZ NIRE W i KA e AR BB %, AR
FLAGREECA . R . T, TN RS
A LR fiE Sk A=A A 7246 ( Sinsabaugh et al,
2003; MRS, 2011; Zigahetal, 2012a, 2012b;
Kang and Mitchell, 2013; EFHL, 2014; #HS}
4, 2014; mHHkHESE, 2015a; HEHERHESE, 2015b;
Zigah et al, 2017a) , AMEASIAEE R R 2EUN
R B AR A AT BB 23 5 R T BB R RN AR (R ¥
FAE, 2007 ), DA 52 M St P i [l 57 R AR il
V5 AW PR MRS A EZ )y X, B
A"C ] LU EE VR B SEHIIA P 0S5 AR MR FH A
S AE VTR Y (Urban et al, 2005; Keaveney
etal, 2015) . X T B 3R A4% A7 H A #h 25 B9 0
T, AHERIEE 2R, QA 1R KRN T8I
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( Holzbecher and Niitzmann, 2000 ) .

FIRT, %K1k DOC AR B ETE . I3
FEIA YA ¥ e, XK R G 22K & DOC B R4
WEFTHT R IS SEIER, B R /K AR BRATG 21 5 IX sl i
BRI EA S DN S o/ WM CE o S = s O
G BRBRAIG PR R A 1 M BR AL 2 916 B A 0F 5 HL A B
B SR, BRI A AL TRAE B, T
W LA — AN A T SRR, AR E
A5 T I EE kK
1 BREIMEMNE R ZE
1.1 BREMEMNEF EN LR

RAE—H 2400, SUA2=#IF G 17X DOC 1)
¢, M5 Greek #MfE DOC HI &R M 1 mg- L'
(REWRMEEK, 1992), &2
(1) % &, DOC WWF 58 I s AWk, iz 23k
ik, AW E S Y. C/NH., TTEHMF
J7 i N A MUROR TR, (BRI AT
Ay FRAE, T [ B O 3k T L A 2
B RFE R, ORI, TR
pUN 28 LI 4 1 M TIR) 2o sk s il = R U <l i K VA9 ]
SR, AT Llis R R R 7 ks s ( B A,
2006) o FAE 20 42 60 4EACELA BT 5T & 6°C
HS5ANTREA K, TR, ERVEELAAR
R, ASFEAETE AT A1 B A PR
AP 7 ORTE], [ 3R & R AR R R B 9 401
I A RIZE R AR ) B ARG 0°C (H ( ZH1R%,
2015) , HFRGIEA VLB 5T IRA I 2 2% % (Park
and Epstein, 1960) . FEEWFFEHITRA, BOREZ
UG 6 C (HHERAE Tk, HUZH T DOC HATk
W)z T RXESERE S, —1Y 6 C [EIF R
SEH KR DOC WA ARG, 4L imoc iR f1efs
SEA, MU (K1) o ek, REE N
Jii 3% 4L (accelerator mass spectrometry, AMS ) 43
B AR pY R R, B R ATC &
W G FERR M Hr 7 AR BN . AMC Y sh ARk
IX ] (—1000%0 —+250%0 ) & K T A #HLJE 6°C 1
ARALIERE, HR5) 32 )5 A HLR 25 R el TR,
PR T RISEMCR IR G S, AR TR,
Wt UC AR, AT AR AR A A7 B ] L 4y
AR B (iR, 2016) , ¥ AYC Y
OVC (HIA I FHA R0l T {5 S AN, M
ST MR M BT A MBI IR, R, AMC 5
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Fig.1 Stable carbon isotope composition distribution of DOC

from different sources (data from Liu C Q (2007); He W et al
(2016); Yang H Q (2016))
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AL F)— LA P-ALO, A EEW T, iR s
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W, LAY, X DOC S s KRR B
ZRUEME, JUIHXFE R RS ] B 2 s A
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RZE R, AMERE. b E iR i
ATk, HERBRTOHUR G (R BRRAS T I A
HI N ASE] CO,, H FMEILFIA BRI . =
PREP . PBRPRERAE, — i B R PR ASCRAR XS B4
ZOTIRERERE, FERTRD, BRFEHME, AR
Gy MR SE G, T R BIG 35 Y S0 I
I B DASRE s SR AL RR B RORE . (R & A RIS TRk
1992; FVLHSE, 1999; ik, 2009; 2=H,
2010; 4RIMESE, 2015) .

A SCHE A 2= AL B A I T ctE . KR
LR KRR, MRILAL PSR DL BRI LR,
T 25 R AR AR D LA s A LR i DOC, it A
AR, SR JeR K BE B0 T 75 AL
TSI 10 mg Na,S,05 (4l 99.99% ) # T 300 mL
gk g, O 0.6 mL B (4l Bl 85% )
JEAR A 12 h, R E N 95C, 53] Tk
K, HU4 g Na,S,0, (4l FE 99.99% ) % T 100 mL
Totwokrr, 1REEM] AR SRS A SR
P ELZS )3k 5X 10 torr (1 torr =133.322 Pa)
Db, 98C/K A 1 h, M ZEMERANEE
B, S NERAWARKE LA, 52
A CO,, ek .

SR B 12 A S g A R R R A AR Rl R
S, VLR iR C A SR S A BRI (B R
DAULASER A . HRbHE . WO e s, & iEtT
AR R, BRI A CO, Rk —
BB b RL 27 B b BRI BE I 5% Ur ReE Rl v R A=
bR AL 7 5256 2 MAT251 Fa & [a) 137 2 3 33 4
80 CHH, Y —#5y CO, L) Zn Kk 55|, LA Fe
AL S5 R B, A SRS TR VY
ARG O IR ER P (AMS) JE AC fH.
MER LS R 1 PR {BAL2= A AR 4 i [
A7 R 5 R 5 AR (A B0 1 — ek, 1531
PRy [F) 67 28 (B FEAS AN AEAE [ 28 434, UEH T
b2 AT B AT S S KT I A ) T 2 TS ] 4
HARIE TR AL o8 2, X AR AL E Ak R
N1
2 EAREMEREHITRIES T

TEAT K ATk [R) 37 28 PT B2 5 ok i oT
A CI A B R0 N = I N € S TR = PN e
PRAGACTR . BRI R KR DOC A i B 1
WERAXS B/, BRI, LHERN,
AR ST R LIS A8 . TSR PUBHE (27.53°N,

29 89°W ) | Lk ¥ (13°N, 52°W) | Jb K
- FE (319N, 159°W) | db K 78 ¥ (31°50'N,
63°60'W ) . IR (54°S. 176°W ) & X I (1) fiff
58 R IR R R i R ERpR ORI (2. 3) , &
R7K A DOC Yy AYC i 5L BT i IR 2 L 322 D f
PG, #)Z 6 C B IR X HE, X Fpia
FEARSF Pt 2 = TR R IC S a R, Zead ik
[ R {E LR 2B, )2 DOC £ ZORIE T b
£ RREIE DOC ., MR AE AW DOC K ifg i+ ftiZk
o R A, TR DOC WIB DLW . IR
W5 & o B AA . TRV A P R ) BTk ( MeNichol
and Aluwihare, 2007; Walker et al, 2017; Zigah
etal, 2017b) o BR[FI 238 T LR R KA H ) ik S
WA, Zigah et al (2017b) 7EJL K P ALOHA
uli (22°45'N. 158°W ) SRAEIXILAYZK T 1000 m
TV, & DOC 6°C, A“C{EM W Wi,
W5 Loihi ¥ LW A& my il R G Paass, iXFh
o T AR A DOC AT fi 7 4 TR o7 R ARAE, 6°C
{H2 —34.5%o 1] A'C {E ] ik —835%0 ( Lang et al,
2006; McCarthy et al, 2010 ) , Walker et al
(2017 ) 7FSBVPGHEFE Macondo 11 A & =R &
) 6"°Cpoc Fl A¥Cpoc [T H W, AR 2010 452
PG 51 DWH ( The Deepwater Horizon ) 7 i it s
F R R A A O A AR A DOC
B, XN ER A TR AR AR A SR T3
N B R T BOR AT HARAREE T By s R I8 7
At , 38 [FAFR AR 53 A5 0 S50 W] LR AR
THXT R A PR 5

R 1 JHBAL R A 2 AR R R 1

Tab.1 Carbon isotope values determined by persulfate oxidation

37C /%o A" C/%o
R SME RREEE SSME bl
Sample Measured Standard Measured Standard
values values values values
111 L iR —27.788 —828.29
Potassium —27.912 —27.939 —828.61 —829.25
sorbate —28.030 —830.27
b —12.142 1.65
Custer sugar —12.045 —12.101 —1.58 1.02
—11.799 3.16
AP Al —21.170 —994.54
Saccharin —21.352 —21.149 —994.99 —992.23
Sodium —21.492 -991.14

Bl [l (37 3R A DR 229 LA £0.1%o0.

The error range of carbon isotope value is +0.1%o.

DOI: 10.7515/JEE192050



440 H BRI 4R

A"C /%o
6600 =500 -400 =300 =200 -100 0
1000
£ 2000
=
53
8 3000 -
H
S 4000 — JL X4 North Atlantic
— Jn#htkiE  Caribbean
BYGEHE Gulf of Mexico
5000 F — FK¥  Southern Ocean
— JLAR ¥ North Pacific
— ALOHAU  ALOHA station
6000

E2 JLAMEREKIR DOC ) AMCH M (iR IET
McNichol and Aluwihare (2007 ) ; Walker etal (2017 ) ;
Zigah etal (2017a) )
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Walker et al (2017); Zigah et al (2017a))
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Fig.3 Distribution of 6"°C value from several ocean stations
(data from Walker et al (2017); Zigah et al (2017a))

Fili b A= 25 2R G I 2 A BRI AR BA P B S 2 1Y
B IE, AR R A A R G B KR, ok
JE 52 FAR RN XUE 2 WA R A2 2= 5
Wi A& F IR MAE R F 00 =, AEBIEA PR TRk
W1 A4 1A 40 Superior 1] 7h, TR H K A AR XS 1
—, RO RS AR AW iE S R
0L A BAR DOC, 3R )2 KA 6°Croc A X MR
G A" Cpoc ARXH R IE, i JZ KA T B 32 2] F5~
AR ALBK Bl DU EE . WR S
S, FRILA 6" Cpoe AHX R 1E AT A™Cpoc HH X
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it ( Zigah et al, 2012a) , 519 2 AR A 1E A 5k ]
P ZAE BN N SEAZ R D5 . A AR R K
Tk A AYC 15 A A R RS, 0 AR BB SR K
fhrp, BERAE RIS, 785 A &R 115 Al
TS B R AR B A A R IE 59 A" Cpoc 1H
[IAREAL T H A G 5% 28 FAR Bl 7 o R A v b DX 1)
Towada i A1 Kasumigaura i, T HEH T #385% 4
Tk 95 A, & IR A Kasumigaura i) AH X
T 458 3%15) Towada ] A 5 f 15 1Y A Cpoc 1H,
{3 T AE 5 B Bl 5w A R il Jis iE — 2P A
Fi Y58 e A\ 2 5 e W T A DI 4 B T R
ST ik [ 47 2R 1 52 ) T B L L e DS T B S
Towada i Fll Kasumigaura i % [7) v 2 {6 /8 T
AH 3 %) ki VR A5 A HLAR PV, FEHERR T iR R 3h
F. VKRR S5 B9S2 0 R, Towada 5 18 6" Cpoc
H A" Croc 18 5 Fili 585 7 5 8% [R] 37 B (6°C (5 Ry
—29.0%0——27.8%0, A"™C {8 i —750%0——514%o )
AEARL, PRI Bty Y52 7 5 5 /2 Towada 17K 14 DOC 1)
FF kR (Nara et al, 2010) . Kasumigaura i 7K
& DOC Rk [Fl v ZRAEFELE G T AT It O 57 Ay ke [7)
N ZAH (6"Cpoc TH N —25.9%0——25.4%0, A"Cpoc
1B A —355%0——221%0 ) FI P U5 38 25 7= A 19 i 1E
DOC J5hfmtn, HEMMHBEMENZS, Hi
1 0°C (8 H —26.0%0——25.4%0, A“C {H K
0—10%o0, Xf/KI& DOC Bk [F] 7 2 (8 5T kA K,
U W Bl VR ORI, B R K A B ik T
Z Wt R 2w T BE R DOC #E AW ( Nara
etal, 2007) o BEEARIEAE—ERRE L B/R T W
TR BRI L, B T A 4 ok AYC (E
) DOC, FI AN MR Pt 2ok H 38 A
TR BT A KR T, R R AR AN A
B ERAR . K PR ERRE ) 22 09 by U AR R R R
X
AR SCAE B P 48 PG 4 T RRAR IX 2 DB 8 el 2%

1 (34°15'23"N, 108°58'46"E ) % M8 i) 1 £ 1 43
BT 3A AL, PRUE SRR B R A A R
BEES DAWD T4, ERE AN 1 m A2 m KR
AbRAEIKHEE, R ATIA AL By b AT 50 80, A
5"Cpoc Al ACpoc 1 ( F 2) o 1E R RIFEAETE K
IR TR R E SR, AT A
24 PRI AR X T J] FEAY 1 7 i 2 AT A 50 N 7 1
W, IR A Cpoc (B 24PRMIMET
iy A PG G T PN 52 5 XA T T v R
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W2, KSR, MR, EARFEK
T ORFFREL, ok B HE . A KU R R i AR X
B, EXATRERFE A Cpoc HERMFERE Z —,
LB 67 Croc 85 3CHPHE S Y HA 1 22 5 R
K, R4 T Towada I fiti I8 8 4 B (1) 6°°C {H,
B A¥Cpoc (A BARIE (E 4) , T TZEBE
M %) Superior A ARG TR . 38 U5 i A BH S 1) = 8
FRRIEIA Kasumigaura i, R TERIT 24 DA HL
R R B W] DL B A R R . R UR L TR R A
HFHM. MK EERMFBER R, BEERIT
A7 R AMC i IE B T RS FECS BRI K AR
A" Cpoc MIXHmIE . BEAL, 24PCHI AL VG 227 3

BRI AR, WA 2B, 2 AR
THCE, A PE XA K R A A i) 2 Y
AR, AR ARG, Al
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30 —26.34 42.6+4
Superior 1 fun. 2009 127340 26.48 4124
uperior . ’ ’ Zigah. et al, 2012a
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30—40 —26.06 45.5+4
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127—340 —25.36 34.4+4
200646 4 A 0 —28.3 —612
30 —284 —665
Apr. 2006
85 —28.7 —677
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. Jun. 2006
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Nara et al, 2010
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2006 4F 10 1 0 8 oz
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2003 4% 5
X ) ¥ . ¢200f —24.7 —99.34
i a
. ESI;émgaufa 200323 o5 Nara et al, 2007
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£ -25.8 —203.3
Sep. 2003
1585 2006 4 10 H -165.1 R, 2007
Daihai Lake Oct. 2006 9 —206.69 (WuY H et al, 2007 )
IS 2009 —93.66 NS, 2016
Qinghai Lake —83.45 ( Cheng P et al, 2016 )
1 —28.419 —16.806
25 2 —29.042 —32.183
2019 42
PR 1 —28.715 —5.537
N Feb. 2019 A
Xingging Lake 2 —29.212 —11.604 This study
1 —28.101 18.336
2 —28.605 6.652
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