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Distribution and surface source-sink process of CO in the East China Sea in spring

CHU Lixuan', HOU Wenyu', FUJie', LYU Meng,
ZHANG Jing'?, YANG Guipeng'”
(1.Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, College of Chemistry and Chemical
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Abstract: This study investigated the concentration distribution, photoproduction rate, dark reaction rate,
microbial consumption rate, and sea-to-air flux of carbon monoxide (CO) in the East China Sea, based on a
field survey conducted in the spring of 2023. Results revealed that atmospheric CO mixing ratios ranged from
137 to 364 ppbv, with a mean of (205 + 58) ppbv. In the surface seawater, CO concentrations varied from 0.18 to
3.02 nmol/L, with a mean of (1.4 £ 0.7) nmol/L. The vertical distribution of CO displayed higher concentrations
in the surface layer, decreasing with depth, and exhibited noticeable daily variations across different water
layers. In particular, the surface layer seawater showed CO supersaturation at all sampling stations, indicating

the role of the East China Sea as a net source of atmospheric CO. The findings underscore the significance of
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coastal emissions when assessing global oceanic CO emissions. Moreover, the full-spectrum solar radiation

photoproduction rate of CO in the surface seawater of the East China Sea during spring was calculated to be
(67.67 + 4.38) nmol/(L-d), the dark reaction rate as (3.70 = 0.45) nmol/(L-d), and the microbial depletion rate
constant as (2.34 + 1.04) /d. Notably, the photoproduction of CO in the surface seawater during spring

accounted for (196.96 + 12.75) Gg:(CO-C), while dark reaction production and microbial consumption
contributed (19.62 + 2.04) Gg-(CO-C) and (23.98 + 0.19) Gg-(CO-C), respectively. Combining these results
with sea-to-air diffusive fluxes, it was estimated that the East China Sea released approximately (1.57 +
1.67) Gg:(CO-C) of CO into the atmosphere during spring.
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Sec=-0.055376° +4.382567 — 140.070+ 2134 (4)
Arp: K FEREE (°C) .
[COJeq J2AH XS T A K CO M JE 11 15 fif
CO W&, YR 5K Ay CO ik F P it ™,
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K [CONCx, 1) R SRR K TR x m Ab 1) ThF
K R BE R ) (d), FLHE 0 0 2 % 8 B R
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157K B9 (sea surface temperature, SST) iz [l A
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SEYE (32,96 + 1.51) 5 % f#% %4 ( dissolved
oxygen, DO) Ui il 8.02 ~ 11.01 mg/L, “F-Y41{H Ky
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SEA4E M (0.66 £ 0.2) pmol/L; 24 £h (NH, ) #e Ji
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phosphorus, DIP) ¥ & i il &7 0.12 ~ 0.83 umol/L,
SEH{E A (0.34 £ 0.13) pmol/L; iR £ (dissolved
silicate, DSi) ¥ £ Sl & 1.71 ~ 24.63 umol/L, F
Y{H M (5.57 £ 4.67) umol/L; M2¢ % a(Chl a) ¥
J& Y B h 031 ~ 10.89 pg/L, VI J (1.92 +
2.6) pg/L. W 1 iR, SST Kl B Ay R AR 52 By
LT, 2R SR S IR AR SR WK A
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11.01 mg/L) F1# [# ¥ & (Chl a: 4.71 pg/L, DO:
10.65 mg/L) A = (E B, Lo 26 (i X R BE T
B B SRR A . BRI B SRR K
AR R, AHIZ XK R, I A TN i N
() Rt Yo VDA 4512 IX a1 TURE ) i sh R v
TohRE T, K P A R BH A S el e, 1 R
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HYERAE SO1-8 340 125, M4 T AL Uk AT 249 IR
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R[] o AH E AR A O 25 5, AR
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Horizontal distribution of environmental parameters in the surface waters of the East China Sea in spring

(191 ppbv), & T ILEHESE 2019 4E4 Z P 4
28 BL (483 ppbv) AT 7 H %2009 4F Kk 2 1y i
FH25 (263 ppbv) , 15 TSRS 2012 4 H 5
IR 25 5 (87 ppbv) » BVEERE, Riff 25
KA CO M ARfL BT &, AR BR 22 BR K, A
KA RN & To>FhTE>F E>H R, ARk
i £ AT 35 400 ppbv.,

P T LT 1) b 4 BECR A bR o 26 A B 5T X
B4y AFJE . 10 m, 20 m, 30 m, 50 m, 75 m Fll
100 m )2, A [A 3 B 19 i K b CO ¥k B
([COlym, nmol/L) B AL A, 25 R WKl 2 7R o
AR R, CO MIEH B H R R Z w1
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Horh gk | R Z (A TR IAE S05-6([COgs
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{EEKRIZK)ZN 30 m 22, S K2ZE(H K 3.84 nmol/L,
5t 15 (L PN R AR AR 0 91 HE IR AE. SF-2 3l v (CRAE I
] 2 14:00) F1 S05-3 3k i (R FE B [8] 24 0:00) o
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Fig. 2 Vertical distribution of CO concentration in seawater during day and night, volume ratios of atmospheric CO and CO

concentrations in various layers of seawater of the East China Sea in spring

Fie WECR A B[R] 1 A7 43 41, SR A B E] 6:00
18:00 A H [H] 41, 18:00 ¥k H 6:00 A 7% 0] 41,
Sk B[] 4K BH 8 S K CO e AR A TR 5 Y
fESEVER, H a1 /K)Z MK CO e B i 5 1%
], H [A]2H 2 2 i ik B2 Y L Ry 0.69 ~ 3.02 nmol/L,
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R RAMEE YA I, FR)ZIK T acpom(350) F

PIE R (032 + 0.14) /m, 24 #i i) 8] 12:00 ~

14:00 FY°F-H A BHAR S5 2 (420.5 £ 72.2) Wi,
T 1 1R (E 32 B A2 1 K B R N CDOM 1 ik
JFEF ], N7 (S01-8 FT S04-5) fik w5 {0 2 v
BRI A BAER ST (510 W/m®) FI#L 55 ) CDOM &
1 [acpom(350) = 0.51 /m] FLEIfE i CO HIEAE K
Fr S 28, BeAh, S04-5 v 75 m LAF BY/KZ
D TR CO WY BE . —J7 I, AL TR )2
K AZ BIIGIR « 5 Eh 10 7R Vi R 2 K RN SR K ) TR
KA TR, o F X R R EE S A, SR T
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PEA AR, HETW S 20T MUEPIX CO B THAE =
TR 53—, i A IR ER)Z H BLAE 70 mFff
T, W5 ROV AR LY CO R X — BR 2 A7 76 0 vk 8
iof B IR A A IR IZK h B, X A AR
HIBIFSE, AT 22 AR [COlgy( 1.78 nmol/L)
W AT T 2 75 25071202 1 45 75 25 A ] X 35 Fry 0
{8 (2.07 nmol/L) F1 Yang % ®*2009 4% i) I 2 (i
(2.24 nmol/L), & TH45E 8k 42012 dEH F 4R
{70 4 ( 1.48 nmol/L) . Yang 272007 4 fk &
£ 00 1. 0.68 nmol/L) AL #3625 52019 4 &
ZAMF A E (1.23 nmol/L) » A1, 41

[COLqus Fr H & TRk &2, Hh X DIFRR
o X HEA TR, BRI BT &, 3 TR K
VA By e B A 555, Ml R A I o N B4, 't R[] SE
Ko X E 2, ARMFSECRAERT RS 4 AT AR
5 H LAy, K PEAR SR R 5 2 2R, P9
5, 1 H 2 2R KR AR X 388 &, A W3 Sl HE %,

X} CO MTHFERE IMRIZY . #F 2 F K & 1) R 4E
HT, HBZERIEHEKD CO MW E fiv s, i
CO 1A B a8 28 B8 2 R 345 428 W] e A7 16 1K v 2 12
HE e W A B AR B :JT??M]M\
ki 4 183 38 7F 42 BR CO 6 38 Hh A H 2 A 2
HY.
222 HKRikiBKF COLZIRK
2HT
BERBRIZHIEZEK T DOC. acpom(350)
FVZH B B A I 25 RN 3 s . O T RIE
R 7K T CDOM ¥ BE A AR 9 = BE X CO ¥k
JFE PRI AR R R 0 3, AR SCHs AR BRI IR
TEYIEL . AL RE S5, YR R R)Z K
([COlgurps nmol/L) FlJiE JZ2 1 7K ( [COyer, nmol/L)
1 CO MM E | acpom(350). 40 B 5 LA K3 4y
W1 K SCAEE 2 B0 Spearman AH & PE 43 HT, 45
R 2,
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Fig. 3 Distribution of DOC, acpom(350) and bacterial abundance at each sampling station in East China Sea in spring

FHME T R, 1 PER 2 HUR)ZE CO ik
FEY 5 acpom(350) B REHEIEM KR (FKZER =
0.987, p < 0.0001; &2 R* = 0.656, p < 0.0001), ¥
7K CDOM Ay e i 4 /57, CO ¥ B8l i =7, 14 A
T 7R 16 16 380/ CDOM ] LA AT 2% I i 7= 4= CO.
i F EEMR B S RZEMIKER KD
COMEHEMBENMAIELR(KER =
~0.475, p = 0.001; Ji§ 2 R* = —0.883, p < 0.0001) .,

[COLurr 5 [COLatm E’JE#H;‘@%% WAR B (R =
0.859, p < 0.0001), 3% Jz BRI Ay it ¥ J& K< CO

()T L RARCUR, CO FEM—< A - & A I Z Y
ALY HL, WA, 5T &I [COly 5 Chla
BIEAHE R (R =0.314, p=0.040), Chl a &%
WK ARG A 7= 1 W ELEIEE, w194 e
2: S BUK & d DOC F1 CDOM Ay He B34, M
[ H2 3 B0 CO MM BT+ im; 55 SST R MAAHK IR
(R*=-0.348, p = 0.022), iX & W R I UY 2 3% A
b 1) R R A AIGTRL L  ER Y K AN E S BRI AR
P35 PEE T FRAR CO M M AE =, i B &
TR R e Y, BHAS CO il i 3 B U
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Tab.2 Correlation analysis between CO and acpom(350), bacterial abundance and some marine hydro-environmental parameters in surface

and bottom seawater of the East China Sea in spring

[COlqurs SST SSS DO Chla DOC acpom(350)  MEEE  [COlym
#Z
[COlsue 1.000
SST -0.207 1.000
SSS —0.148 0.708** 1.000
DO 0.243 —0.745%%  —0.720%* 1.000
Chla 0.107 -0.139 -0.293 0.360% 1.000
DOC -0.251 —0.630%*  —(0.549%%  (.438%* 0.156 1.000
acpom(350)  0.987%* —0.185 -0.104 0.197 0.093 —0.257 1.000
YT FRE —0.475%* —0.313* -0.214 0.143 0.253 0.506%* —0.474%* 1.000
[COlam 0.859%* -0.104 —0.140 0.030 0.111 —0.255 0.857%* —0.438%* 1.000
1973
[COlbor 1.000
SST —0.348* 1.000
SSS 0.033 0.582%* 1.000
DO 0.200 —0.741%*  —0.577** 1.000
Chla 0.314* —0.624%*  —0.553%%  (.649%* 1.000
DOC —0.051 —0.420%  —0.529%%  0.394* 0.440* 1.000
acpom(350)  0.656** —0.338* 0.012 0.137 0.223 -0.120 1.000
e —0.883%* 0.306* -0.061 -0.154  —0.314* 0.002 —0.525%* 1.000

T n=43; **FKIRp<0.01; *FK/Rp<0.05

223 KiBECOME-Ay#KiEg

XF 2023 E%?‘KF@ SR A SRR 2 AL Y
CO Ik i ¥ <, F. [COJguss MG () #1 CO
E’J;if@%n%gﬁz(a) EAT o B, 25 SR A&l 4 s o
A3 CO (il EVEFI Y 1.24 ~ 174.31 nmol/
(m’h), F3{H H7(33.66 + 35.75) nmol/(m’h), Tfi
CO Wy AN R AL o O R 1.64 ~ 12.10, *F-H1E
A 7.95 + 2.64, X FHZ X K TR ) CO B
AR . AR CO 1<l Y
e I M B TE 7RI R i 1Y S05-3 3 i, F =
1.24 nmol/(m’+h), 2 & {EL H BLAE 7R 0 ) S02-5 3
£, F=174.31 nmol/(m™h)., M1, i3
52 B MGE AR B 2 AR . — O T, AR
Ao R KU A K [(8.3 £2.7) mis], FEFR)Z
MK IR AEBE AR, B 21 CO BB IR 2 KR
i, R B AR A AR R B R [(18.31 +3.28) C,
B2 mfEl CO 3 Wiz 3y, P 5 %3

I

SIRG; 5 — T, BB K KIR [(17.73 +
2.54) °C] MR Z WK CO [T il B k4%
il CO MY~ 1L
23 R CO MR Z IR Al 5

AL T 6 > uhi o T KRR A, I
R 2 0F 0 & T 3% 2 K 78 34 3% B (PAR,
UVA, UVB) T 1 CO JtA: H R (Kpporo) » 4
W3 3, F£ZEMWAKIE UVB, UVA, PAR A K 4>
61 TR O A% AE B CO Y 3 2643 71 R (21.01 +
8.06) nmol/(L-d). (29.03 = 7.54) nmol/(L-d).
(17.63 £ 3.59) nmol/(L-d) F1(67.67 + 4.38) nmol/
(L-d), TEFRZHKH UVA JE CO YA i
FI K, 4905 26t AE BUER 1Y 43%, HR R
UVB B, 255 31%, PAR I Bt CO A ik
i /N, 2105 26% K HAE AR AR K BH 4 S5 5
T [(411.4 +10.7) W/m’] (43 r%ﬂ%f;‘ﬁﬂc
A CO YOG AE LR R L, It R R i of
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Fig. 4 Instantaneous sea-to-air fluxes of CO, saturation coefficients, wind speed, and surface seawater CO concentrations in

the East China Sea in spring

(S01-2. S02-2 I SF-3) RJZ WK1 Koo H
70.25 nmol/(L-d), LbAMEERAF (7 (S23-1 F1 S05-6)
HPEIIE R 2 S nmol/(L-d). VT acpom(350)
() SF-244E N 0.45 /m, AN RE ALK 0.17 /m.

SR i U N 1 CDOM. A5 35 8 1 ik
N I B CDOM ¥ BE AR 85 &, it LAAE
LA [ 4 K BH 6 S o B2 T, AL 67 B5F (] P R
CO LA R R

F3 FBIHREFETREFEMRZEBKD CO BIFERIEZE(K poro) F1HE L (K gar,)

Tab.3  Photo-production rate (Kq,), dark reaction rate (Kgqr) for surface seawater CO in situ source process incubation stations of the East

China Sea
Kphom/nmol'Lfl'dfl o
by iva (VA= Kgar / nmol-L ™ -d
PAR UVA+PAR UV+PAR UVA UVB
S01-2 123.10°E, 30.00°N 24.08 69.45 74.03 4537 4.59 3.05
S02-2 123.09°E, 29.47°N 15.19 40.95 65.21 25.76 24.26 3.16
SF-3 122.57°E, 29.17°N 19.56 42.48 71.50 22.92 29.02 3.74
$23-1 124.28°E, 28 21°N 13.27 42.06 69.67 28.78 27.61 3.97
S04-3 122.17°E, 27.45°N 18.54 42.93 64.01 24.39 21.07 4.09
S05-6 122.42°E, 26.08°N 15.12 42.08 61.61 26.96 19.52 421
5 & LR s A7 (G 7 S01-2, AMifE S05-6)  CDOM) #EAT AR etk 4 #fr, & B H: 55 38 BE A7 78 1F

[ CO W B 35 7 B 0] R, G046 403 K PR
ST CO B A BRI B2 A B 8% 3% S 56 i £k
PERLA (RFRRI A CO A Bk 2 ) F il A= P T #E
B SR S0 50 0 8 B A (8 B0 4 X (e BRI Dy
CO THAE A H B o 1EJITAT 1Y 15 37 3l A0 B 0L )
2T CO G A 1, 3R 2K CO W [ b
R (K o) BITE LM 3.05 ~ 4.21 nmol/(L-d), -4
{14 (3.70 + 0.45) nmol/(L-d), 75 )2 /K % 2
B CO =i AN S ™ 5 1Y — B, CO 1A i
8 LU SN R — R X Ko 5
HABB PRI S B GRIE . R . Chl a. DOC #l

X R (R =0.685,n=06,p=0.152), MK M5
30 1 5 W A A 0 T FE R AT CDOM . I Jz g =

JIHE R, FE TR e EE K B CO Bk, B B
e AE—E T LA, TR T 2 2 CO Rk
ﬂ%o

ALY CO 22 BRik A8 KE 77 SL 96 1 45 S
P 4. SR F BB R IR AT CO 1%
A= Y THFE B B (ko) TR A 0.82 ~ 3.91 /d,
SEHA{E A (2.34 £ 1.04) /d, FF A 502 ) CO fi4k:
WIS FER A — GRS Bl 12, AR T e A
T 2021 AEF MG ARG keo FIIMH(2.64 /d) .
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5701-2 S()Of'6 F4 FREAHEBREBFREFUBMREEBKP CONBEDHE
[ » ot » " CO A REEB keo)  MAEW AR E(,,)  EARK(R)
0T =3.08c+034 ST y=2.57x0.27 RB-SER(F)
s | B=098 R=0.98 Tab.4 Microbial consumption rate constant (kcp), microbial
T,T; E 4 turnover time (zy,;,), regression coefficients (Rz) and daily
é 4r % 3l sea-to-air fluxes (F) for surface seawater CO in situ removal
g 3t E pathway incubation stations of the East China Sea
O Ot
2t iz G keo/d' 7,/d R Flumol'm™-d’
1t I S01-2 123.10°E, 30.00°N  0.82 226 0.98 1.17
0 o 0-5 1-0 1-5 2'0 0 0 0'5 1'0 1'5 2'0 S02-2 123.09°E, 29.47°N 1.63 1.10 1.00 0.29
Begenfilh e Ft i SF3 122.57°E,29.17°N 391 047 0.90 034
0714 CO ML 061 o comirsi S23-1 124.28°E,28.21°N  2.09 0.71 0.98 0.38
0.6 F 0134029 05 10131023 S04-3 122.17°E,27.45°N 221 046 0.99 0.42
sl - ' S05-6 122.42°E,26.08°N 338  0.68 0.9 2.05
= Z 04
g L g ~ N N e ) AN
£ 0s < HE K 0 CO A P 5 3 5 T 4 2
=03 = FERIG Y BRI 1R CO MR BRI, 454
02 02y RIFTRL(L) K 77 x 10* k) Y, K% ki
ol e ORI S, R 4 R KR
0 05 1.0 15 20 - : . : NN
Bl HEFRI )/ CO M4 &l (196.96 + 12.75) Gg-(CO-C),
141 3 co eyt 231 v o Mk mHE S R R (19.62 + 2.04) Gg(CO-C), T/
By perageron W HE R (23.98 + 0.19) Gg-(CO-C), M~
R>=0.98 2.0
L2p X 2 B M (1.57 £ 1.67) Gg-(CO-C), X—FLLR i
3 £ RIZUE KR CO R R, £ ARG RS
5., S CO MU . P AR IR K 1K 53 F . CDOM,
1.0 PR AR UL N ek P UL ) 1) WS R I, R PR AR
09 y T > RSN NN
N ST T K T A A 1 S A 5 LS O ) U
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Fig. 5 Concentration change curves for photochemical

generation, dark reaction generation, and microbial

depletion incubation experiments for typical station
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