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F1 89%~ 92% 1) DOC % it & H1 SGD 3K 3l . 7E)7 P4
5 1 2T BRIV, SGD #ii% (9 DIC Al DOC i i %
/b IR R O B9 PRI AE L i 5P )2 T DIC A DOC
SORTR ) 70% LA M FH T SE RO AT 12 148,
N TT T — L2 B Ak SGD BB SY, H B
TE 8 FR 0 1 AR, X TRk Y S TR s,

]V RIS TS N A G R R I R LR ARG R
T AR 5 KB TR TS £ AR AR R, A G SGD i 4 1Y) B i i
W R LR o A SCHE T2 Rn 1Y J5 B SP ATARRY 5A
T SGD i3 % [ HH#E 74 1) DIC #1 DOC i i, Jf-%f
TRV T A A0 1 DR AL SR A T PP A, LA Xof ML 76 2T A AR
X Al WA ST B 4 5 ek ) Bk B

2 CRIRDKCHURITT

2.1 FRRXIE

BRI AL T T V4 By 3k s T B 4l X (&L 1), 9 T 5
T =l OV RE T R B AR VD S, R BTl B
Hok &, fIT 0 530 AHZE, 0779829 3.5 km, 1
BRI 46 km, 15 AN 94.2 km?, B ERTE A 2K
RIDIVE R4 AW 3, 2857 41 22 2.2 m, 55 oK 22
5.1 m. BIRIEJE T PO 2 WA, 4R 1 20
22.5°C, AR R R 2 220 mmPY, HETES AT
SEALEA, AR IR TR 7.67 40 m* s B ERTE JE E
RPLARMRAR R G AR XS R4 XY
WXz —, B NA & E R 7 LR ARG A
TR K BV VS LD AR o %3 X AT 20 A 10.68 km?,
AT T OR AP IX LD R AR R 83.8%11,
22 WARFE
2.2.1 *Rn {34 22 WL

ASBIF 5T 3 B2 BR T N R HE 2 HUAE S R 2 oK
2R 1RSI (TS, 21°3328.5"N, 108°09'29.6"E,
B 1c). 3% S WL st [R] AL 2019 4E 1 A 19 H 10:50 £

108.14° 108.18°

108.22°  108.26°E

1 J1 20 H 15:20, ¥ /K58 o [E & 76K R 0.5 m 2245 1
K 5N 5E A RAD-AQUA F 4, 1 A~ &3 Bk (1Y
RAD7 £ #% 5 30 min [ Zh FREL— W& 1e), LA
WNBEALIR 2 B, S IR, R R E SR
P 0 AR T K 2R B 1 22 2 80K N 4 A ( TROLL
600, Aqua) B} 15 min [ 3J 48 HCEC 3, 7K B8 A XU
(DCFM8906, General Tools & Instruments ) % /)N it T35
Mo o YK AT I, 3 K SO 2R T BE 5K/
25 AT R BN o AHTRAS B0 K HH R 16 B, TR R
ﬁﬂT:
C=aC,,, (1)
K, C, o e BFZISAH 2R 5 B, 108 i RAD7 1Y
fr H 2 M C Ol B 200 K P PR T BE (R
Bq/m®), a J*Rn £ 7K /25 S 43 B R 5L, 5 31 B FR
BEA R, TR AR
=BT /273.15, (2

o, TR/RKIE (A7 K), B8 Bunsen 250, B &R
JE RN R BE 0 R, TR FR 1R ML Schubert 252 3 F Hp
TR (3),
2.2.2 HbUR ZKRATT 7K 2R B SR A AT

AHIF AR AL T B K (PW) 4 A4S, H ok (GW) i
JK(RW) 2 1A~ (] 1b), RFEAF B TE LK 1. 1] Push-
point SR AFE S 7E 0.5~ 1.5 m ¥R B2 i 1o ¥ I 1 K 1a] B 7K
2% 1 A 250 mL 3¢ 55 P, B ik *2Rn k3R B 725
rprs20.24 - JR K ORITA] 7K RE i 38 23 AL B SR K R 4
17 2 5 AR A SR K A DRSS A 5 2 A5 AR A UGS, )
BE S R o SR AE T 250 mL BB A9 Rn £
& i 3 RAD7 I % 4% ( Durridge) A H: RAD AQUA fi¢
PF5E 5T -
223 *RafEHESHHr

22Rn 3% S W0 9 1) 4 B 3 h SR HE K RE SO L #E AT
20Ra 43T, FF K RE LL/NT 1 Limin (4 37 30 i 4 47 4

F Bk A K b
* LG X K -
21 610 FARLIN
N
21.58° 4
21.55° 1
a
21.52° 4
For 5]
o
pIRUS I
21.49° -
Bl 1 g s (), SRAR s 0 (b) F1E S I 35 3 47 15 ()
Fig. 1 Study area (a), sampling stations (b), and the continuous monitoring system in the field (c)
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Table 1 The salinity, ?Rn activities, DIC and DOC concentrations in groundwater and river water collected along the coast

of the Zhenzhu Bay
bAYIA ZLGRE R K /m B 5 /m Rn/Bq'm~  DOC/mol-m”* DIC/mol'm™
PW1 21.617 8°N, 108.252 8°E 27.0 0.5 0 1 083+175 0.16 1.50
PW2 21.584 4°N, 108.137 8°E 28.8 0.5 0 1 064+169 0.19 1.23
PW3 21.559 2°N, 108.140 0°E 19.3 0.6 0 2 4104256 0.06 0.82
PW4 21.053 2°N, 108.186 4°E - 1.0 0 35654292 0.08 2.37
GW 21.508 6°N, 108.221 4°E 0.3 L.5 100 8 050472 0.08 1.02
RW 21.594 2°N, 108.221 4°E 0.6 - - 640+122 0.08 0.13

TE: —FRoR AR .

FE, fiff Ra 7043 & S B AR 27 48 I, F Milli-Q 7K % 2= it
) RN ER 43, 45 S K LR T5%RY, SR A AT Y
HE2 B AR T 20 d, B f22Rn B H 1k 5 2Ra 15 5
SEAF, FILH RADT7 SEATI R0, Sk T 4 v 3 25 R 11
HERf P, M ) EAE 10h DL b
224 VUYL 5

V5 AT FoF o 35 52 W00 T 35l a1 B 0 R 4R V8 IR U R )
100 g 1 500 mL 7 7K & T HE I 2% £, 55 5% 30 d LAHf
PG 18] B K b (%22Rn A _E BT K 922 Ra 35 B P
firen, SR 5K 1 K B B 250 mL %3 I RAD7
I 2SS 2 ATt , AT A 50222 Rn ATTCAR W 1) 1 3
K9 G
2.2.5 DIC il DOC ## fil A R 4 Fini 2

F)2MGK (BRI 3 h — %), bR K FR[ 7K 45 2R
£E DIC 1 DOC # iy, i B AL B, V3 VR R AF 5 i (8]
S5 & 4y . DIC A fh il 2 UIC JE 18 42 &, DOC

B i ok S LRk 43 A AL (TOC-VCPH, £ it ) #E 47
I,
2.2.6 **Rn Jii T A A

22Rn [T P AR AL AN 1] 2 B, 38 a5 R
K A& v 2R i A A YR I3 AL 35045 21 22Ra () SGD i
o Rn TEZK A R BT P O AR T e (X B
AR I B 35 Bg/(m?+h)):

Foop+Foy+ Fiut Fog+Fog—F o= Fomn—Fse—Foix=AF,  (3)
o, Fo Bl Fogp 43 9 275 100 3 FI SGD BT A, Fa F
Foo 50 B R 7R VA R A2 Ra UL Y9 8O DTk, F, Al
F o 53 ) 328 705 K30 B A1V 7K 1% i A\ TR 2R 801 B VS A vl 7K
)5t Fuo 1 F,, 50 90 3278 H B U P AR FI RS
eI R, L Fon 5 TR B K BUR G R,
AF F7R AR A 0] B2 R PR 25 57
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HHIN Fr

HEIRH FKHE Foan

KA F o,

22Rp ﬁ%}i /ﬁ\ﬂ{;ﬁiﬂie
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P2 il X SGD 3 ik A7 R Jo7 k- i 462 7
Fig. 2 The conceptual model of the **Rn mass balance used to estimate submarine groundwater discharge in coastal zones

LT 57 I AC F VI, T4 AR 0I5 452 H Burnett Al Dulaioval®!

Red arrows: sources, black arrows: sinks; modified from Burnett and Dulaiova’

[28]
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Ao, Ar SB[ 6] B (BARZ: h), TH222Rn JEAE, E LN
2Rn 1 B (B Bg/m®) FIK IR HOAL: m) FTRF
I=Am(OH ), (5
o, A () FVH () 53 537 ¢ B 20172 Ra 16 B2 FIZK R
K Fogn B LAML R 7K 3 70 H1 2R 16 B2, 31545
| SGD K (A7 : m/d):

0= Fsap

= Cor” 6)

3 4

3.1 #EHE MR E 8K F R iE E X H DIC, DOC

RETHME

TEFRAT 0 3% S0 I 0T ), 2R 2K A IR L R
JE KGR FI2Rn 1 FE AR A AN 3a PR o o, IR
ARG A 15.2~17.4°C, Hi T K B4R IR, WK 8w iR
B HBLAE 12:00-16:00, £ AR fLE B R 14.1~
30.4, Jk i B R BE N 1401 38 K 3 30.4, 1B 1) BF £R B A
30.4 FREF] 17.7, *Rn B9 B H Ry 50~ 403 Bg/m’
CF¥1E: (151+84) Ba/m?®), Jik ] B 376 B R A1, 12 1 A
T EERE N, 22K b DIC Fl DOC ¥k F 114 75 4k, [l
43514 0.79~ 1.41 mol/m® A1 0.09~0.13 mol/m’, **Rn
1 BE 1 DOC ¥k i 5 7K o7 522 67 AH ¢, 22 0 B g 2 i 3%
3K 2y (1) DOC ¥ B K i #1157k 5 DOC ¥ B2 =i A ¥ 7K

00 18 . . 600 16
YRJE - R - PRn— KV, -
. s
-'.r \.‘ o .
Bp st {400 £14
o £ g
2 =R
# |3 | | 2
20 12, | 5L 1200 £ |2
ol 9 - - - - o Jo
10:00 16:00 22:00 04:00 10:00 16:00
I} ]
16
—— DIC DOC— 7K
1.5 |4
{012
£ Bl .
_— =) =
£ E| B
9 10r Joow8 | ®
a 212

0.5 . . . . 0.06
10:00 16:00 22:00 04:00 10:00 16:00
I i)
3 LU A 2R W6 IR B R DIC I
DOC ¥ B2 KK TR Bt 8] 2% £k
Fig. 3 Temporal variation of *?Rn activities, temperature, sa-
linity, DIC and DOC concentrations versus water depth during

the time series observation

J SGD ¥ AR AR EE N E . i DIC 5K A 3K
B, RN BEAF AR AR R, A v BT Y D1 2E
FREH LA ST BEAFLE kR £6 5 5L 5T, o) i e g K T
AN o AEHAB LR AR A S R G2 A AH O SGD s U
ZER] T AL AR A 00
3.2 /KA 7k 2R i& B R H DIC.DOC iR E

BERTE Ui H R K K A 4 S8 % 1 PR .
MR K Y R B AR R Y R 0.3~ 28.8, 2R {if JiE 10 [l
4 1.06x10°~ 8.05x10° Bg/m’®, “F- ¥ iif JiF ( 3.23+2.89) x
10° Bq/m’, # 7K H122Rn {% B i 25 15 T 3R 2 W 7K ]
K, # W SGD £ BRI ™Rn 1Y H Z R JE . R
DIC F1 DOC 1~ 259k J& 43531 4 (1.39+0.60) mol/m* Fl
(0.110.06) mol/m’, & /& T V1] 7K H DIC(0.13 mol/m*)
1 DOC ¥ J¥ (0.08 mol/m?).
33 BIRE™Rn WIRIC
331 A

I XIS PN T 3 ) A I 2 B e R AN, AR TR Y
AT AR Ak 5 B TR 497 AR Al B A — B, WU (4-9 1) 720
A RAER TR 75%~ 85%, YT -VTAE - 142
Wi 7.67 42 m?, 5 VTV U1 8530 1 97 3 7 T 7R SR A
20T [ RN i Y 4 A B R i Y 20%( hitp:/tjj.gxzf.
gov.cn/tjsj/tjnj/2019/indexch.htm), P It 31 58 H R ¥ 1
[ YA 3042 i R 9.73 m/s. K RT  IE R S ER R
FE B ] 7K v 2R (Y 35 B2 A SR 1T LA B FL, O (0.24+
0.04) Bg/(m*h),
332 W%

TE 7K H2Rn I BE 52 47 5 ZU A IR, 2R 7675 18
s e T 7K DTS PN 1) SR, =z, B T ) i A T K
AV KA . % A 45 Y 2R 38 5 0] B R 2K
TR,

H1+Ar_Hz o
Fo= = (bC+(1=b)Cr), (7
H-H,.,
Fou= : = tcz’ (8
At

oA, Ho FUH, 2R 00 R H A L ¢ B 20 B9 K IR, L
Co 73 991 & 7% 7K FE b 2R (1) 5 ¥ 35 B F0 46 i K o
2R I BE, C, 2 S UL 4 18] 44 B[] ] B 7K 1
H22Rn (76 B, b TR T, A 2 B[] [E] B o

R — A~ T JE 40 P9 >R 19 328 22 I, 25 P K AR v
22Rn {29 BE R (151484) Bg/m®, 3T Moore 4562
(BRI, b 1H AT 3T AL 1 K A4 Hh 18 K i 6 72 F 5% X
38 P ) TR EG B, T AL A B O 3 i K R B A SF- 1
{8 22.4 R LLANE KR FE 30.409, [ I b=0.74. LL& S
T B 7K A 2R 35 BE 50 Bg/m® AR 3 4 i 2*Rn i
fH, WX MK (8, F, M F, 50 5 K 3.74~
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49.90 Bg/(m?-h) 1 1.96~75.54 Bg/(m*h).
333 RA#EkIR
2R S — PR T K IR, X5 W AR Ak T AP i
AR, AT DAFE K =28 SO0 b Ag e, KAk i i
(F ) AT LLFR R A AR5,
Fun=k(C,—C.y), €D
Ao, kB AR AL i R (B s m/s), FH 7 B S 50 T
AR A KB E S, C, F C,, 3 BRIz S
2Rn WG EE . K== A H Y H0E & F,, FEZR
K 26 3R BE & RP2Rn 15 BE AR A SE A . AR IR 3% 20
i A KO AR 1 om/s 247, SR /N T 1.5 mys
F, kR H %2 0.91 emyst, 3L 30 (9), ARBFFE H F,, A2
fEJE A 0.49~3.18 Bg/(m*-h).
334 IRV YYECE 5
2R il 33 YRR P —oK BT 0 B HGE & (F,) 1T L
T 2R AR
Foy = (AgD,) " (Coy = Cy), (10
D, =107 (75+1%) (1D
P, 2 S22 Rn 1Y 3248 40(0.181 d), o Z VKT
WALBR R, D, 20> TV B R, C, 2 Vi 5L 1 fs
2 i 6 IS DA AL BRK Th 2R 1938 B, C, & LK
rheRRn (4 B, JHEAE Sy S0 O I 34 [ v 7K 3% 1Y) S
i, TIR7KIE (BRA7: °C) . I UTFR A 0 AL B R
@ J& 038, D, A8 1Ly Bl A 1.02x107~ 1.15x10° cm?/s,
TOFR W) - A7 52 50 235 T B 7K A 2R 1 3 B2 O (2364
60) Bg/m’, 1515 2 TR FL BRK 1 22Ra 1Y 15 FE Ry
(7 453+1 895) Bq/m™*, T3 (10) 153 F, B985 1k
B 0.74~0.77 Bg/(m*-h).,
3.3.5 KR f#>Ra TR
S I #>Ra S HF02Rn 38 & F,y 7] AR5
Fs=ACron6H. 12>
T 220 H 2 Ra T B AR £k 43.41~8.18 Bg/m’®, Al
I >*Ra BT#k N 0.04~0.18 Bg/(m>-h).
3.3.6 *Rn EAEMK
MR A 5 AR, 2R 40 % v %R 5L
Fie =A% [C, (1-¢™)] x H. (13>
Ry 2 T WA L (3.83 d), f T 0 A A ) ]
BN, A F A8 A W BN Ty 8.47x107°~
3.07x107 Bg/(m*-h), il % 7] L Z W A 1T
3.3.7 A AR SGD bk iY**Rn
AT SGE AR, W TR, KRRk, I
WP 8, 7 ff A5 2°Ra 51 #k F1 2R 505 P 5 A8 L OE
Ji ) 4% 19 2*Rn R 1502 Rn 38 5 (F,,), B SGD i &
(Fyon) FIRA R (F,) KV o FATEE F YR

1B CIEL 4 vh T 73S 19 K 42) VB S AR B s ) [1] B 1) TR 5 43
KAl F,, 250, X FE BT F 2 PRSF ARG, L,
F,.. M 5.93~150.44 Bg/(m*-h), SGD o7 ik f)*Rn i
H Fo 5 Fo Z A, GR5FAL 38 3 SGD A92°Rn 38
0~ 168 Bg/(m*h).,

150 ¢

100 |

—-100

—150
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o il
4 SRR (97508 & F, O AR E)
FNR AR Fop QI 6 L) BN 8] 22 fk
Fig. 4 Net *’Rn flux (rectangles) and mixing loss of *Rn

(dotted line) versus time based on continuous ?Rn observation

B RS (922 R T & A0 2 T, Hh oAl 2
22Rn I H SGD i A WK B A DR
T AFIEEARa BTG 5 SRR 61.63%. 37.00%.
0.95%. 0.30% F1 0.11%; 1M Y1351 H IR & 41 2K | 3R ) it
By b R ACHE R AN BB AR K 43 [ 55.24%.
43.27%. 1.47% F10.02%.

4 g

4.1 ILIKE SGD R HE

Hb T 7K i 7 1 3 B R K R BRI S Y — AN
B IR, [A) R A B SGD B RN E B ) A
RO LSRRI ST, — 2 XS R K HE R AT AR
WG B W T Tl B, RIBR K 2R (9956 BEAE A i
JCA FI T SGD 1 4l 55038 — BEfJF 58 S PR SFAG I, B
B 3% S i B 7R T R R ) KA SR i e A
B FRE B R A 1R 3 )2 K R [R] A4 18] B K 244
Ry S o0 ACHIESE B R) B K S BEAE 1 064~
3565 Bq/m® Z [u], H /K& FE#L =i 0 8 050 Bg/m’s Wi
Hb R 7K 2R 3 BE AR AR 8K Y D TR AT RE R I R 2
YRR S IORE TR . b B TN & S S KR R G
A RO AR ORI I S K R ] AR [ R K 2
0 R K S oe, a3 (6) A 1S B ER TS SGD
PR R (0.3620.36) m/d. 55 3 IH 44 T 55 H A X 45
LIRS R G0 SGD WA G 58 508, Bk 1ok F,
BATBT AL e R ERARGE AT 2 19(0.03~0.47 m/d),
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&2 2019 F 1 BEIRE R BRI
Table2 The sources and sinks of *’Rn in the Zhenzhu Bay

during January 2019
2 Rnjf##/Bg-m 2h ! T DTHR
HHR
TR A 0.24+0.04 0.30%
Tk A 29.52+14.09 37.00%
WA RaTTHR 0.090.05 0.11%
JEHRIURR I 1 0.76+0.01 0.95%
SGD#i A 49.16+49.09 61.63%
O
B 38.83+21.91 43.27%
KAk 1.3240.79 1.47%
PRnpEAR 0.02+0.01 0.02%
HEREE TN 49.57+37.39 55.24%

#z3 SIKRHBIKMKESRELS SGD XX HIETH
DIC #1 DOC B &
Table 3 SGD rates and associated DIC and DOC fluxes from

previous study in typical mangroves ecosystems worldwide

SGD  SGDfii%rDIC SGDfii%krDOC

PFERA fem-d”' HFE/mol'm >-d” WHE/mol-m >-d”
WA R i - 0.25 0.024
?ﬁkﬂﬂgfgzﬁm? 6.7~27  0.13~045 0~0.025
75@:7’%2%%% 44 0.16 0.036
PRI R 355 - -
WRFI R O 47 0.69 0.54
hESIEEREY 20~36 0.25~0.70 0.25~0.31
Hﬁ'ﬂﬁ{%ﬁ%gm% 31~71  0.35~0.68 0.021~0.068
Y 0.079 0.035
LT 62 0.01 0.008
THE) T R 36 0.50 0.04

TE: R A

AL F 8 @ KT TELMRAES RS rh SGD 2%
PG PR K 32 02, PR B I K T2 2 A
TR, ARHIF S SRAE A 1R] 0 25 52K (29 4 m) 7] fig
L ERTE SGD HUREL = i R 22—, PR K i 25
A DL B8 i i 23 RO b 9K Bh vl Kk i AT R S OK 2
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Influence of submarine groundwater discharge in the blue carbon budget of
typical mangrove: A case study from the Zhenzhu Bay, Guangxi

Wang Yali', Zhang Fenfen', Chen Xiaogang', LiLinwei', Wang Xilong?, Lao Yanling®*, Du Jinzhou"*

(1. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200241, China; 2. Guangxi Key
Laboratory of Marine Disaster in the Beibu Gulf, Beibu Gulf University, Qinzhou 535011, China; 3. College of Resource and Environment,
Beibu Gulf University, Qinzhou 535011, China; 4. Institute of Eco-Chongming, Shanghai 202162, China)

Abstract: As one of the forms of land-ocean interactions, submarine groundwater discharge (SGD) can release
solutes into the coastal sea and has a significant impact on the nutrients budget in coastal seawater. Here, using
*22Rn tracer, the SGD and the associated dissolved inorganic carbon (DIC) and dissolved organic carbon (DOC) in-
putted to the Zhenzhu Bay, a typical mangrove-dominated bay, were quantified. The results show that the average
concentrations of *?Rn, DIC and DOC in groundwater are relatively higher than those in river water and surface sea
water. A *’Rn mass balance implies that SGD rate is (0.36+0.36) m/d during January 2019. And SGD-derived DIC
and DOC fluxes are estimated to be (2.41+2.63)x10” mol/d and (1.96+2.20)x10° mol/d. It confirmed that SGD-de-
rived carbon is the most important carbon source in this bay, with 91% DIC and 89% DOC of the total input fluxes
by SGD, respectively. Our results highlight the importance of groundwater-derived carbon fluxes in the Zhenzhu
Bay, especially in the blue carbon assessments and biogeochemical process in tidal zones such as mangrove ecosys-

tems.

Key words: submarine groundwater discharge; **Rn; mangrove; carbon budget; blue carbon



