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Oxygen isotope analysis of marine dissolved oxygen and its application
to the Changjiang Estuary hypoxia

WANG Qiangian HU Huanting ™
(School of Oceanography, Shanghai Jiao Tong University, Shanghai , 200030, China)

Abstract Marine dissolved oxygen (DO) and its isotopic composition are useful tracers for the
biogeochemical and physical processes in marine oxygen cycling. DO sampling and extraction need
to be performed under strict vacuum conditions, in order to avoid contaminations from the
atmospheric O,. In this study, we describe the detail procedures for DO sampling using vacuum
sample flasks, and its extraction and purification processes using a lab vacuum line. The purified DO
sample is analyzed on a gas mass spectrometer, isotopically corrected, and finally reported versus air.
Based on this method, we performed dark incubation experiments using mixed layer seawater and
basal sediments collected from the Changjiang Estuary. During the course of incubation experiments,

we collected and analyzed the DO isotopic compositions of incubated water. Then, we calculated the
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oxygen isotopic fractionation factors for water column reparation (WCR) and sediment oxygen
respiration (SOR), with values of -20.9%o and -8.8 %o, respectively. These two distinct fractionation
factor endmembers could be used for quantifying the oxygen consumption budget for the Changjiang
Estuary hypoxia. Based on the mass balance of oxygen isotope fractionations during respiration, we
estimate that WCR contributes to about 71% and SOR contributes to about 28% of the total oxygen
consumption at station F6 (126.00°E, 30.60°N) off the Changjiang Estuary. Therefore, we conclude
that WCR is the dominate oxygen consumption process at station F6 during the Changjiang Estuary
hypoxia.

Keywords dissolved oxygen, oxygen isotope, isotope measurement, the Changjiang Estuary,

hypoxia.
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Fig.1 Schematic diagram of isotopic fractionations during marine oxygen cycling
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Fig.2 Vacuum sample flask (a) for dissolved O, collection, and dissolved oxygen bottle for dark incubation experiment (b).
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Table 1 Isotopic correction parameters and precisions

2020.06 — 2020.10 2020.10—2021.03
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S KIE?
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80,/ Ar/%o +0.018 -0.011
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Mass interference slope 30,/Ar — 8N,/0O, —7.958x107 -1.341x10
N 60 54
g = 4\ G E BEb
A URERIE 80 /%o +0.035 £0.035
Precision of air standards
3O,/ Ar /%o +0.4 +0.5
N 7 5
N e ey
?@I{ﬁﬁ?m%# 50 /%o 0.753 0.846
Dissolved gases
30,/Ar /%o -92.7 -90.8
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VOB 1IMH; d NMAURERRE SR

a Mean values of zero enrichments during the same analytical session; b External precisions (1) are established on air standards; ¢ Mean
values of lab equilibrated dissolved gases; d N represents numbers of analyses
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P75 1k B TR 39 1R SRR B MERAPE . B0 1 L 25 BP0k, JInA 400 L 1 A0S Ak R 5 T BEL T A= A 16 o). 7RG
TIBEFEER AR R R S KA IR (22°0) WA /0 24 h, B RE 1 BE Ph s i R RE T, DL B
T A TR A A AR RIIR 2 I S BURE AR R 4B AL FR 5 1.3 RN 1.4 v i i (4 2 0L, BP0 A8 Fnlr W A
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PR K B ZE B RS, H T B a8 4R b 5e R UM 4lifl, BT A B & JeFA D 451
AR 80 1 8O,/Ar (HUNFE 1 iR, 5 22 °C T BYFSIE 0.73%0 F1-93 %015 0500 41, JiF B AR5
JIT A P s A AR IRV 2 B AR AR A 00 52 7 3 S VT AT S 1.

2 R 5318 (Results and discussion)

2.1 IR AR AR IR 3R 00 T AR 2
A AT SR AR BT A 2 T K AR 2 DU AT A IS B 5%, 20l 5E 1T H R Il
£ FH CWCR) F1 It #2492 4/ H ( SOR) E@%ﬁfﬁ%%%%%&fww%D%OR. A A =L (7) ﬂ’ﬁl,
8"0-1n ([0,]/[0a])Z [ YRR B Ay . 38 2 X AN [R]85 77 I PR gk SEORBORE , AR R TE AT 1 AR AR ]
W ARTT R (10 FEAR) , BRI ATHAE R 50% BY— R FURES, JEIIER T3 80 F1 80,/Ar 2L (3 2).
R 2 WIRSCIRIBURE I ] K R 2 e

Table 2 Sampling information and isotopic data of dark incubation experiments

SEARERF St S e E ol
FERITH 550 /%  30,/Ar / %o TRERURILS (umolkg )
Sampling time Dissolved oxygen concentration
2020.08.06* —3.858 29.9 259.4
} } N 2020.08.18 7.474 —401.4 150.8
Aty 5y RS s
2020.08.24 10.638 —484.7 129.8
2020.09.07 11.768 —514.0 1224
2020.09.15° 0.835 -125.9 210.1
2020.09.16 2.848 —293.0 169.9
. . 2020.09.17 4.547 —406.3 142.7
U AR G R %
2020.09.17 4.810 —427.3 137.7
2020.09.18 5.529 —490.9 1224
2020.09.18 6.488 —530.8 112.8

a R R FR LI . a Initial incubation samples (¢;)

A4 IRF TR] 1 A5 A0V i S 8 ] 3 o % 17 19 SO/ Ar fE TR AR 3. S35 /AW Y H T R4 AL,
NV R R P HCE A R A R S (EE Ar BE PR, R Ar 0SB R EZ YR RN
JE 1A AR | KRR AR A A I A S, TN 32 A i AR 1 s ), AR AN B SR S g AR v, iR AR
ST, Ar VR BEORFEANAS, BV LA RN A B2 DR IL, AT DG Jeb K R R RN B, RS AT Ar
WS, FARHE Oy/Ar HUAE, 1A BN K HP AR B . Ar R (pmol-kg ™) THE AN

[Ar]=EXP[Ag + A, Ts + Ay Ts” + AsTs* +S (B + B, Ts + BoT?)] (10
298.15—1\ o ., ‘
Hr, 1y =ln(m), AR F W R (C), SR EL B (%o, PSS), Ap= 2.79150, A, = 3.17609,A, =

4.131116,A; = 4.90379, B, = —6.96233x107, B, = —7.66670x107%, B, = —1.16888x 107, 7 S I fit) 1% 37 S 16 I,
JEh 22°C, IR B R K IR B R 27.84%0, DRI BEE F5 1 N T K 48 B R 35.00%0. HH & T . AKX
(2) B RS Oy/Ar HAE(0.21:0.00934) , BIVAT 3530375 fift S0 A0 R % (umol-kg ™)

[0,] = (10°-50,/Ar + 1) X 22.484 X [Ar] (1D

5, ISR §"%0—1n ([0,]/[0J)WVEE, FARLZR RN R 7318 R A (] 4). BT ASL S, e T H K
FE T A A TP 53 1R R B ewer T -20.9%o0, TTLFR A TR 1) 53188 22 B esor M -8.8%o0. X INE 1 53188 22 B crwen FIT
asor 73R 0.9791 1 0.9912. 7K AE -0 FTFR 4 WP W AR 51 8 J2 i A= 4 0 3 fife A LB #8480,
e T T MR S T R T A ) AR AN, FR A3 TR AN B 2 12%0 Y B S 22 S5 X B T LR T IR FE
ST, SRR B SR AR DA 5 1, A AR DT vh B9 B 25 38 1 Rl 7 32 4018 9 A
FH YRR 25018 R ECh 0.99781, 318 i85 T 32 4 B A F 52 i (8 7K AE W A F 1) aeween (L. 255 T4 1T
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R IR A P AR bRl AR A LI R 1 4 R B 2 BELA S ) SRR AR AR N A
Ty KA. AR AEDURRY) P A AT T 958 AT A8, ARSI AR SR h 58 B S i Le s
W25 T BT AR W AE S UL 53 188 ZR B K2 -10%0 TH s ZE 452 0T 0%o. PRI TTU AR I S0 1 SR WL 70181 2R 8K
AL PRI -10.6%0-5 0%o 2 0] 5 [l 5 4RI 15 O DL AR M HOAT BB &5 8 A9 B i 7 20 Ll 1961, T vy
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7
(a) ;
12 | KRB VLRI 3%
Surface seawater dark incubation 6 Sediment dark incubation
8T 5
= £ 4r
£ 4 £
“w w
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Fig.4 Oxygen isotope fractionation factor of water column respiration and sediment oxygen respiration
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Ph Zhou ZEPICHz (1) F6 3t {7 (126.00°E, 30.60°N) Ay f5il, HFRJZMHEK 1 850 {E 53514 6.834%o0, HH 4
SR AR FE O 160 pmol L. R IZUIR 2 1 /K B0 1R /ﬁﬁ@ﬂﬂé/ﬁﬁff& B2 K IR A2
5 R AR B i 1 A0S, H 80 (B A A VR JBE 43 391 R 0.7 %0 Fl 264 umol L. AR 45 1R & )2 FK )2 1Y
8130 55 HH IV F4 I figk S 10 A AR KB [In ([0,1/[04])] Z BN A RFRAEL, ST H Fo 3 v #E Salad 7 1 26 AR 4R
I Z B enpp =—12.3%0, XTIV app =0.9877. HRHEAZ(13) Kawer = 0.9791 Flasor = 0.9912, THHEAG H KA
FEAUN 5 L2 R 71%, TURRMIFESEN 29%. BEHIKAFEEUR KL H F6 ulhi i iy 32 FE 2 7 =K.

3 458 (Conclusion)

ABESEVEARIA T PR I SR I, 2l A AR 7 3 I R AR. A4 T AR R 3R S U HE{EL Y
HARKIET5 2, I F S 86 2 il 4 1 55 BRI AE 1 75 125 AR PR R AT S . 5 i ol i K LR A7
M B %, AT 50 DN VI R S A KR I R T RR ) P I ) 3488 2R 001 h-20.9 %0 F1-8.8%0. — 75 2
[ F) 2 55 7] g AR A 2 T P M ORE S P 1) i DG (L, 405 5 TR 6 28 o~ A g SO, BP0 e 52 B T 11
S DB S R B AR AT T R R B A AR TR 07 3R o AL, SRR 1 R AR DX AR R S A A
IKAE PR 32 T 9 ik S ) (67 3 A 25 AR S i e v (8 A R i, o R A 7 2 W P SRR B SR 2 i AR A i 2
bRz —, BA BRI N AT
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