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Abstract: Submarine Groundwater Discharge (SGD) is an important pathway for dissolved inorganic carbon
(DIC) and total alkalinity (TA) transport from land to ocean. However, understanding of the role of SGD on

carbonate systems in receiving waters, especially pH is very limited. In this study, to examine the effect of SGD
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on DIC budget and acidification, we investigate the distributions of carbonate system and radium in the
seawater through two cruises in the Jiaozhou bay (January and April 2021), and in the groundwater, rivers and
wastewater treatment plants during different seasons by seven field survey sampling. The results showed that
the average values of DIC and TA in groundwater were (5696+3528) pmol/kg and (4981+3359) umol/kg,
respectively, about two-fold higher than that in seawater. The SGD flux in Jiaozhou Bay was estimated to be
(0.73+0.12)x10” m’/d, and SGD transported DIC and TA fluxes were (2.54+0.41)x10" mol/d and (2.12+
0.3»6)X107 mol/d, respectively. SGD is one of the major DIC sources in the Jiaozhou bay, and its transport flux
is one order of magnitude higher than that from wastewater discharge. SGD is characteristic with high DIC and
low pH [mean (7.09+0.46)] and input will thereby reduce the buffering capacity and pH of the baywater.
Submarine Fresh Groundwater Discharge (SFGD) input to the Jiaozhou bay will lower the pH by 0.001 ~ 0.035
and aggravate ocean acidification by using a two end-member mixing model. SGD is an important component
of the carbon balance in the Jiaozhou bay and plays an important role in the regulation of coastal ocean
acidification and buffering capacity.
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Fig. 2 Distribution of temperature and salinity in the Jiaozhou bay during spring and winter
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Fig. 7 DIC transport across interfaces in spring water of Jiaozhou bay
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Tab.l1 Global values of TA/DIC in groundwater and seawater in different study regions

s TR SGDTA/DIC 37K TA/DIC e
JiE v S S i3t 0.64 ~ 1.07 1.07 AHFFE
LR R 0.75 ~ 0.89 1.07 ~ 1.19 [11]
- gE s LHPEE 0.80 ~ 1.01 1.1 [10]
LAY 3L 0.68 1.06 ~ 1.08 [6]
% ARG AR PE R Fili R0 0.42~1.03 1.12 [5]
57 SINE| e 1.09 ~1.20 1.15 [4]
73 € CImEARY EAR PN 0.72 1.08 [35]
EIRN:VISAR YN FARZIV N 1.51 1.14 [36]
TRIRSCTTLIR AR EARZCPN 1.37 1.09 [36]
JREK A6 50 S £T AR EARCIY N 0.95 1 [36]
HEAS A T R R ZT A AR FARZIV N 0.14 1.05 [36]
JulLin A eI 0.85 0.99 ~ 1.03 (8]
= fERE 0.97 1.06 71
B e (o e T 0.95~0.96 N.A [37]
iR T 0.32 0.68 [38]
BB R 2m W 0.19 N.A [39]
BN T 1.03 1.20 [40]
RAFHERITIE 214 AR EAR P 0.87 1.15 [41]
TE: NAN A

31.69, LIl 9a L (A B2 41 ), SEGD i A\ 25
i P AR, BRI 55 9 K 2% vhBE 1. Ak,
SFGD i~ HAT 8K pH U4#E, SFGD fif N2 F#AIX
NS pHo Y BNV B KT 20 B, SFGD i
N pH U FEAR; 4R EE R 2 20 J5, pH PR
JEFFURAEE .
2.5 ERPEAE SFGD Xf pH B

FETHISCGER, M SRR R S5
416 7K i N T A2 35 V5 K Fl SFGD., Yang 21
WFFE K I, 15 7K N 2 B AT M 7S 2R L 38 it X
B pHo 76 HETS TR, 75 K i N ] (il i N 125
pH F#AK 0.09; 7378 B HEVS 11 X 38k, 15 7K A4 52 i v]
ZWE AR . H T Yang 251 FRfHE 935 K 5 W
10 [ DL A G R B A8, 728 2 A X drp
45 K i N RS A () A7 2 ZEALHE ST, S2. S16.,
S19, S18.

1 R VR A B LLAE, 15 K R AT DL Z AN
T, B, AR % X 8 K 3 5% 3] SFGD
FAMEIR A RIS . SFGD %1% X I8, pH Y 52

TP 15, LAAME S IC(S11) Xt R iy
pH 15 A3 S 85, R4 SFGD FANEE P i T
R4 i DIC F1 TA, i 1] CO2SYS ™ H-2 A 1
pH; ), SME pH 545 5 fiim oIk A pH 22 (H
i SFGD % pH W FEAIRE . SFGD 4% A\ i
75 pH F&A% T 0.001 ~ 0.035( & 10) . pH [ &%
Z LR S20 w7, FEAR B /D AU 7 A S9 U
o T P pHFEAL K T 40, o7 B8 2 N
SFGD i it K FiE4MNIrak . SFGD A5 K fin NAR
BEARS T J M 25 /K AAS G pHL e T R Ak
2.6 SGD X FRILIIZEA FE A

SGD i J2 e M 1% 85 5 4 vy 7 3ok I,
SGD %1 1% 8 3% £ 2 0 7F e M S 1 00 Ak 7, T
#E DIC, Jh = pHo M2 SGD fii ik 1% i
TCHLA(DIN) | %6 M (DRP) | % fiftfit (DS1)
{14 38 5 43 51 4 (0.96 ~ 1.44) x10° mol/d. (0.93 ~
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DRP 2 JI 725 90 4 A 7 11 3 2 BR 4 14 2 Y,
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