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Fig. 1 Schematic diagram of research area and sampling site
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Table 1 Summary of water depth, SST, SSS, DO concentration, Chl a concentration, DIC concentration, TA, pH and pCO, at Station

C1 during the observations
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Fig. 3 Relationship between pCO, and SST at Station C1 dur-

ing the observations
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Fig. 4 Relationship between SSS and water depth (a) and normalized pCO, and SSS (b) at Station C1 during the observations
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16 5% pCO, W B 25 43 A JU R 2, W W B AT
W8 A RIS A 1 P 25 A i A i o i 1 2 il 72 i i
BB CO, 51 i, F 3 pCO, A8 4L B #, Chl a ¥k JE 1
DO% #f5 J& FAF A W 1% sl 3 55 0 % S Ar . TR AR
1) A A P R A= 0 1 AR AP W A P 3 ik LT 5 R T
#E CO, = COLt:

106C0O,+16NO; + H,PO, + 17H" + 122H,0 —

(CH,0),s(NH;),sH;PO, + 1380, , @)
(CH,0),6(NH3),sH;PO, + 1380, —
106CO, + 16HNO; + H;PO, + 122H,0. (8)

K 5a @78, F2Z Cluh npCO, 5 Chl a ¥t & 2 [8]
H B0 IE A 6 P (R=0.657, n=25, p<0.001), fii
npCO, 5 DO% Z [a] {Y AH PR 455 o % IR Chl a ¥ J&
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Thim R AL A VE ARG 38, $30 pCO, T R, X RS PR
WL &85 SR S 2, I H DO% % Aif 48 Ak i A B 5
(96%~109%), DO ¥k 3 J& A b T 5 KA AHF- 1 1 R
A, WL N E 2 pCO, ) 24 h BHFAE 4L 5 Chl a ¥
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55 Chl a W& FE 19 AH SCHE A X #5255, 15 DO% Z [H] 2
52 0 170 A ¢ (R=—0.826, n=25, p<0.001), DO% i% I}
AT 84%~ 120% Z 8] (8] 5b). Hi &l 2e. K] 261
P 2h R0, 322 0 40T E] C1 3 KA B A SR AE 1 7
ARK, TR [R] FRAE 1 2 8 K, I pCO, fm T 4h,
M N DO% (R TV 4h o SZ AR AR A ) i BT e
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A 4 0 W T AR 38 0 A, R BH K pCO, Fil i DO%,
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Relationship between normalized pCO, and Chl a concentration (a) and normalized pCO, and DO saturation (b) at Station C1 dur-

ing the observations
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FH, M N5 pCO, FIk DO%. pCO, Fll DO% k& %
Yy it B e AR A A i LA A, B 2 0 5 T 2 s T N
4 ok Tt FOAR I et A R KRG o, Y PR K TR L W 22
WA AR ZE 0 K, whIR K B I 1 B Vb e O SR e,
BRI W) O A, KRS B AR, N R T AR W i
1166 1E L, BRI T Y5 N 77 U A 1 R0 R 7
CO, WM. RIS, 37 . b K HE R LA K A 25355 Bl
i B A HLBR (DOC) 38 = 2, Jin 2 i K R A
Bl 1 44 5 AT B 1A W R S A R R, i BE O, TH A
FE KR B CO. B 4b B, R AE SSS
26 7245 B B npCO, M /IME, 2R W1 7E 36 2 1 A1 i 35,
TAJ A IR K A R St R AR IR Ol DX B0 I A
P A K B, S BOR A E R, TS0 K T i
CO, M Z, T pCOMT LN . BKMF, AW 5
S BIF T 13 5 7 pCO, 24 h 3% I AR AL f 5 i [ B 2
il

AR R X pCO, 24 h % I 725 4k 5% i A 7 4 43
Br, B e A . 2 R B R, E A 2 or 2k Il
53T, o3l 37 ZE N 2= C1 i pCO, 5 1

ESICIE =y I
#Z=, pCO, =4242.064 —119.073 x SSS +0.633x
SST, n=25, R=0.841, 9

B, pCO,=2074.953 - 18.649 x SSS —20.894x
SST-2.273xD0, n=25, R=0.897. (10)

42 H.BFXEBIFEICIRINYH
421 HEIHEFESH pCO, ML AL

WRAE 4.1.3 505007, & 2= X I pCO, B A XF K
SR, 1 DO A I 5 R TR A, R
A W) FRE SET R HIL Y B R R X pCO, Y 45
VERI#ESS o FH T K B R &k Ak 27 P 1) 2% v/, A
Ee F K RN KA Z B Y O, F- A, MK 5 KA Z Y
CO, P i ] B, 0 AT B2 5 3 pCO, Fl DO Wk FE 2
R A 26 2R (36 2) AN EH S A JR PR el e St 3k — [ia] i
FATRH Zhai S0 [ 5 X2 (2018 42 4 H) flE
Z= (2018 4FE 8 H ) C1 3 CO, I O, iy i < - 1 i 7]
(o) FEAT 208 B AL

7(CO,) = dy/k(CO,)/s x (DIC/pCO,/RF), (11)

7(0,) = dy /k(05), (12)

K, dy HIRE)ZWE (G B0 K i, 4 A
J93.9m, 8 A 6.3m), 2018 4F 4 J 52 10 m KU K
0.1~9.9 m/s, H ¥4 10 m X Ky (2.51.2) m/s, 8 H 5L
M 10 m X EE S 0~ 8.1 m/s, H F 1 10 m X 3 N
(2.141.2) m/s, K53 B 4 A AT 8 H Y ~F- 357 0L I
SST(23.2°C 1 29.3°C), ¥z M= (6) 43l 115545 3] CO,

Fl O, (1SR A2 38 5 k(20°C [} O, A Schmidt %X 24
hg 5900, Horf 4 H CO, A1 O, 1Y k fE¥125°4 0.44 m/d,
8 H¥145% 036 m/d. CO, % i 5 s. DIC ¥k & . pCO,
387 Sy g — WL B B (4 ~F- 4, 7 4331 24 R 0.030 mol/
(kg-atm) (4 A ). 1 901 umol/kg( 4 A ) 1 588 patm
(4 H ), 0027 mol/( kg-atm) (8 H ), 1 624 pmol/kg
(8 H) 1 548 patm(8 H ), CO, #y 2% vf [ ¥ (RF) -1
5539 °h 12.5(4 A) A1 12.3(8 A ). HEER pCO, B R
JERLI, C1 ¥ # 2= CO, Al O, /) < {43 31290 75 d Fl
9d, EE4 0210 156 d 1 18 d, XK FEF . B2 CO, 1Y
50 O, < {1 8.3 151 8.7 f% . MRE « H A E
SCETRL, L B KUK R 0, kB =R
R ZS i B b, DO 5 H R A (8 A AH XS 22 46 R
1/e( 24 37%) i}, KK ) pCO, 5 K CO, -1 {E 1) AH
X} AE AL 2R 5%, BIF B 8~ 11 patm, i I AT 4fE W7,
CO, Mg~ 38 e 33 F& X 55 25 1 pCO, B B Y 5% il 11,
JEA R

WA B RFSE R WY, AL TR ER BE (Y me VL 38 T 1
Vi3 38 5 2 A K A ) pCO, = B AZ I B RN I i, pCO,
H5RAHEE, &b F CO, FIL M, 454 411751
IR X pCO, 24 h 3B B 22 A 1 52 1 43 A, 45 2 WL 11
pCO, 5 SST Z [0] IE #H M8 4f, S5 MR ™ K
Wang Fll Zhai*! FAFE pCO, Z= 15 1 il FE RN 10 T 7%, 4
il T pCO, i B 2 il ih £k, WLIEl 3, & 2 pCO, WL 45
HLIEIR P51 (58020 ) patmxexp[0.042 3x(SST—23.2°C) |
X P AR A PR TE CL ol Bk 2R (2017 48
11 7)) A4 2=(2018 4F 1 H ) IR 24 h & i I 45
XAk . A2 1% SST AR fb vl B BEAFE 16~19°C, Horp
FkZE SST F-H41E K 18.1°C, 475 SST F-H41E H 17.4°C.,
AN 2 R FE O X pCO, [ 5 m, W38 3k 1 3 g 7k
Tk 0 28 =T R4S B Y & 2R X pCO, T 1 {H I 7E
438~ 469 patm 35 [ 1, #KAK & T KA CO, 43 o
I, e B 2 Bl U AR L & R T RER BN KR
CO, MR, i 2= K FHR, pCO, IR ZL T = 1
LR
4.2.2 HBYHIRA MAEYTE s pCO, HIF

M 412 75 1 43 B eT DLk B, 9 1 O R e
Ul —2 Gl M Y B, pCO, 24 h B AL — R %, 7k
A1) Wy BHR A AE F — 2 R B b mT S BT N 4 pCO, 1Y
23 ) 43 A 22 5, PR, 2R T DX Sl K 141 e i 6 1R &
JIT 6 B 0 2 1k 22 5, DA BE T 4 b B f# pCO, 2
A A AR . JEER S AR AL HR I U =
S VIR ARIR G B K 48 o T E 2T R 2 KRk
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Gy AR BE/NF 28 IR R OK L EREEAT 28~32 IRt A
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W C1 3k 4 25 e Bl AR 5 B2 /K 45, i 52 2 0] =2 U
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YA X LA A 1 552 i A58 /N0, AT T L s Y X 3 ]
1B R R 43 K L F8 bR o X F 2 B KER T R K, TA
1 SSS 2 (1] 5t {3 (W 2 M 1EAH 5%, 2 B P81 il 28 0
6a. FZ SSS AKX ] 30.42~31.19, TA H5 1l
A ZE T AR b B 2 0 TA 4005 4R v 6 i b
HEZE A2 SSS VM (30.81), FH X N7 (4 TA HEAE N
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2200 2000
a b
~ &g 50
Ty 2000 ~1800f .
i) o) B
s y=46.217x+639 g y’4°'961x4'6f.9~-'1\ @
f:,; R=0.993 ¢ = gl |
< 1800} ’ K1600f . =
[ &) a%,.-#
2018 4 4 1 () . 2018 4 4 7 (%)
2018 428 H (B %) 2018 48 H (H %)
1600 L . . . . 1400 L . . . .
22 24 26 28 30 32 22 24 26 28 30 32
SSS SSS
800
C
700 1 y=4765.7x-3 814.6 i
g
5 600}
o)
%
500 -
E4H B
HF8H (HF)
400 ' ' '
0.88 0.90 0.92 0.94 0.96

DIC % J%/TA

Bl 6 WLMIHIE C1 3l TA 55 SSS #Y XK % (a), DIC ¥ 5 SSS G & (b) Fl pCO, 5 DIC e BE/TA HAERIE & (¢)
Fig. 6 Relationship between TA and SSS (a), DIC concentration and SSS (b), and pCO, and DIC concentration/TA ratio (c) at Station C1

during the observations

AH L TA, DIC ¥ B ) B 42 57 A5 0 1 2)) 4 5 R 1
S, A= ) W) 9% A 7 ] T AR DIC, W AR H A R
DIC, M1t HE % DIC 78 3R K IR A o 2 vh & 2 1
A= Yy R A 2E TS IS 2 BRAT N, e DIC BEIS 1) — i
JCAR ST IR A i 22 DL 1E] 6b, 8 BRI K 35t ) TA B AH 45
9 639 pmol/kg il % 2= SSS - 4 {4 ( 30.81) Xf i Ay
DIC ¥ i - 248 (1 901 pmol/kg) 43 BIVE Sy % 7K i il i
IR A 7K (1) DIC %3 JG {8, W] DIC 4 ¥ hin i 25 B vl
ADIC /RN

ADIC = DIC - DIC,,» (13>
A, DIC Jy 52 {E ; DIC,,, AR SFIR A HISH ., &
ADIC>0, 7~ DIC & 4= %3 fill; ADIC<0, 37 DIC & 4
Ebr. Kl 6b Wor, B A= AR 24~ 28 [l N, ADIC

S 249 9 (—35+16) pmol/kg, DL RETS A 77 it 12 &
) DIC Bk M F, 5 pCO, FAR L #a S FE A — 50 #H
S, R BEAE 21~ 24 Y5 [l 4, ADIC V- ¥1{E 29 4 (16+
20) pmol/kg, F WA DIC = A S &AM HI A . Wang Fil
Cail®" %} 3¢ [ Duplin i 1 CO, B3 B il DIC % 1
A AR AL HEAT 5T, 2 < CO, 8 ¥H % (Marsh CO,
Pump)” A 2, & 2 A0 B ER T W1 9 Ak = 3 ik, K
KPR A KR CO, B 5 AR ERTB W) A 77 8
55, PR AE 34 5, f DIC A1 DOC MERTH R G«
F R REOK T, BN LR BT AES
Z2 550 [0k I 308 2 e 3 o T K ) A i K ek HE il
K1t DOC F1 DIC (7K {&, Hh DOC £ A= Hy itk — 20
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B0 NARER T R K R4 51 pCO, IR 2 — ¢

ZEFNE, EEELE TA LI R0 E T,
C1 353 )2 7K DIC ¢ B /TA HAE A9 28 fb th n] 5z ke [X.
B pCO, W ZE AL ML . & 2=, C1 ufi & )2 DIC ¥ &/
TA HAEZEAETE FEIAE 0.914~0.929 2 [, SEH{E M 0.922+
0.004, & 7 DIC ¥ i /TA HAH 28 AL FAH & 2
J7, £ 0.891~0.952 Z [i], “F-HJ{H A 0.918+0.018, fH
& 6¢ AT, . 2 Z& C1 3l pCO, 55 DIC ¥k & /TA 1A
SRR B EIEAI S . M DIC #RFE/TA LK E,
7 YUY R K R 3h 3% DIC ¥ B /TA M 5, i 5
#h iy DIC ¥ FE/TA A XA, 2 W3 3 HCOS T o [ 3]
AH LY 5 R i =, 1 COS I o LG AH LS AR, 3X —
7 TP T AV Y AN R K A B TEHLRR 2
AR, 5 — 5 T AR R AN [R) DX 3 3 5 1 2E ) b BR 1L
S B 25 S AR ARG, R AR A AR 2 4 v K A
i) DIC ¥ BE/TA HLAEL, 17 V7 W AE 9 0 6 A 1E F & B AR
5 AN YT B2 K (4 DIC % B8 /TA M, X SR -
LU B pCO, N i SMIK R 23 A1 4 )R
43 B-RCOo,EBEMHE

R A 20162018 4F A PR 40 76 | 74 A6 i 7 3
VA 355 S 1) KA CO, 43 e, B 2018 47 6 ifg 17 30T e 1
WMAKRCOGHEMFHME(E. EEHNAN
390 patm 1 385 patm). C1 3k —<, CO, i & 1 5. 45
Tha5 5 02 3, 75 28 R0 52 2 L 1 (] Fo, 28 Ak 31 L 43
4 0.2~ 4.0 mmol/( m*d) Fll 0~ 2.8 mmol/(m?*d), H
¥ Feo 53 51 R (11.7+0.8) mmol/( m*-d) 1 ( 1.2+0.8)
mmol/(m*d) (5 3), KWWK B VE LR M1 E . &
ZEH R KR CO, IR

x3 MWNEIE C11E-5 ApCO,. REHME-5 CO, B2
HEESITER
Table 3 Summary of sea-air ApCO,, wind speed and estimated

sea-air CO, flux at Station C1 during the observations

S ] ApCOy/ Rk {Jllo/ "3 COL M F o,/
patm (ms™) (mmol-m2-d™")

201844 1 140~238 0.6~2.9 0.2~4.0
8-—9H (198+27) (1.9£0.5) (1.7+0.8)
(HE)

201848 H 42~363 02~3.4 0~2.8

25-26H (163+83) (1.8+0.7) (1.2+0.8)

(27)

T 5 PO I bR 2 o

F 70 I VI — A R Y B 1 Feo IR T S M TS 01
17.34 mmol/(m>d), & T S8 ff) (—28.3+1.5) mmol/
(m>d), EZEFeo KT BN #(17.7+£2.6 ) mmol/(m>d)

FATT M 7519 () (14.0+20.8) mmol/(m?-d), 7 T K 251
1 (—8.4+7.1) mmol/(m*-d). BT . KL 4 2 pCO,
UL FRA, BKRA CO, 5@, Hodh S 7 2
FHIR £ BE A= P FEET IR (38 8, R R R W AR
k1 CO, B 5 YU 157100 i I VS i /K IR T v R A
5 KA CO, 15T, B 2= pCO, Bl SST A F i Fl 4L
WG AU W ) 398 5 T v, WO R CO, 1Y 5 L
B RRAR, ZZ=HUNTE pCO, 22 LLURIR K 14
RGN, AW R/, 2R 4.1 T A14.2
TS R, B 2 W B A 2R pCO, AR
WA (E > FK R . AR W3 B0 i 280 1 AR Ak 22 R 0 [
T BRI CO, ' A 0 F RN . R,
pCO, ¥ 5 F KA CO, 43 e, ] KA CO,, B8 1)
pCO, X I ALAR Y CO, BETH5H B 32 2L I8 32 JIr 1 ¥ 3 X
R A Qi A1 174 B

T ) R VAL 3 A YT BR VT4 B9 B 3 pCo,
— M2 TR AR A A AL XA R R, 1
BEOF W K AR UE A LY YRR S IE I A R E A 5
TR, O L T 7KV ok B Ay IS R BRI T
A HE TR XK AR T CO, M. T Ah, EhiE L A
L H R K CHE RS 19 B pCO, B AT LA 4k B E U
pCO,, R A HU3n] 37 b Ui [X 38038 % e B b K<L CO, Y
SR, B IHORE X RN B AR, R BT I T i A 1 R
RKIRA X3, LK O A6, & pCO, Ay #hik 7K A
ik pCO, M MK IR A 1 B2 v 32 )2 32300 It #h IR 7K 1
SR B, K H 0 pCO, [ MR K 44 &
i L1 Y URLAS B L RS A AL R SRR,
IR () 2 PRI AE R UL, B TR A, K
38 B R 380, YR AR 0 %, AR TR & A L
R U A ) A I AR K Y CO,, i B W R
fik pCO, WA FH 747, PR B X 1 £ & KR CO, 1Y
L, HEREMEX WL FERRERIT O™
SCAMERSR, 10 Ak K8 & AR RO B R S K
VLU, 2 A IR A ML FE S50 | B TR R 1 125 fige Al
AN T A R RS2 ), A K )RR K TR G X 8 3
BT A ATTRAN, #ICA & pCO, Fil DIC {4 4k
I, KA CO, BIBR IR,

A 5% B 2 2 7K ) 04 8 A 45 S AR S R AR
DL TA] A R K DX 3R B A T XA AN [
VE AR 3 B2 S BT /N RT3, B 2 B 2 = 7K [y
TL R K RT3 HOR 1 R R,
W R B D B SR KR pCO, i TR, Iz ok
A~ CO, 28 3T A of (B e 4, — 7 R B I i 7y 2
WA 77 1R R DL K AR o 4R R ) pCO, BRI 2 RS
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(D). B YIE pCO, 24 h 2 i 25 1k 71 43
)4 530~ 628 patm A1 427~ 748 patm, 72 {F 43 51 Ky
(588+27) patm A1 ( 548+83 ) patm, & 2= pCO,H P XL il
P AN T B A

(2) 3 2 V5 — 22 Bl W T 3l R 2% pCO, 24 h B I A5 1k
F BB 5 e ) 32 L DA A RIS Oy 3, A= 0T
B WA 55, 1 32 2 pCO, X 37 V8 DL K38 o9 1
T HT K SR A A S S (4 2 1 A 7 R0 R AR
AT R 1 i ) g 7 B

S WK -

(3) 3 B 15— L2 Gl s g 3 pCO, A7 7L B B AY Z= 10 1k
Ak, b & ZE R E K THRIKZE %2 &
pCO, MRS, B 2B IR K 1 Py 3R G 3k B2 v 5 i 1Y)
AW HE R DIC S 3 JBRAE T, T N I £EA8 Ak L 3
T8 %A 25 R G IR K i B9 DIC IR INA — %€ /9 5Tk
Ak, F . 22K Al DIC ¥k BE/TA FCAR 9 28 £k A] sz ik
pCO, T Ny . T AMIT Y S 53 A A% ) o

(4) & . UM [H] 16— CO, 38 #E Feo, i A2 £k,
YR 0.2~4.0 mmol/(m?-d ) F1 0~2.8 mmol/(m?-d),
S8 Feo, 535124 (1.7+0.8 ) mmol/(m?-d ) F1( 1.2+0.8 ) mmol/
(m*d), R M2 E . ER=BEKRR
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Hourly variations of partial pressure of CO, in surface sea water
and its controlling mechanisms in the northeastern
Beibu Gulf in spring and summer
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Zhang Weijie "*, Chen Jiyu"?, MaYu">*

(1. South China Sea Marine Survey Center, Ministry of Natural Resources, Guangzhou 510300, China; 2. Key Laboratory of Marine Envir-
onmental Survey Technology and Application, Ministry of Natural Resources, Guangzhou 510300, China; 3. South China Sea Environment-
al Monitoring Center, Ministry of Natural Resources, Guangzhou 510300, China; 4. Nansha Islands Coral Reef Ecosystem National Obser-
vation and Research Station, Hainan, Guangzhou 510300, China)

Abstract: Diurnal observation is necessary for grasping the variability of carbonate system in coastal waters and
sea-air CO, exchange process and is helpful to reduce the uncertainty of assessments for carbon source/sink. Sur-
face carbonate system and related parameters were obtained during twice 24 hours fixed sampling and observation
conducted in April and August 2018 in the Yingluo Bay-Anpu Harbor, located in the northeastern Beibu Gulf. In
this paper, we analyzed the hourly variations of partial pressure of CO, in surface sea water (pCO,) and discussed
the corresponding environment factors controlling pCO, in both seasons. The pCO, values ranged from 530—628
patm in spring to 427—748 patm in summer, with the average sea-air CO, flux in spring and summer for (1.7+0.8)
mmol/(m?-d) and (1.2+£0.8) mmol/(m*-d), respectively. The study area acted as a weak CO, source during both sea-
sons. The hourly changes of pCO, in spring were more significantly affected by temperature effects than in summer.

During summertime, pCO, had more sensibly response to tidal action, enhanced biological production and respira-
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tion with inflow of coastal freshwater such as rivers and submarine groundwater discharge. Water warming domin-
ated the formation of high pCO, in spring. The enhanced biological production during the physical mixing of saline
and fresh water played a role in the drawdown of surface dissolved inorganic carbon (DIC) and the mangroves and
salt marshes ecosystems along the bay had a certain contribution to the addition of DIC on the freshwater end-mem-
ber in summer. The variations of the ratio of DIC concentration and total alkalinity (TA) in the water masses could
imply the overall distribution pattern adjacent to the Yingluo Bay-Anpu Harbor that high values exists in the bay

and lower values exists in offshore water.

Key words: Beibu Gulf; Yingluo Bay-Anpu Harbor; partial pressure of CO,; sea-air CO, flux
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