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Abstract: Submarine groundwater discharge (SGD) is a significant yet often overlooked pathway for material
exchange between terrestrial and marine environments, delivering freshwater and nutrients to coastal ecosystems
and influencing mangrove wetland health. Salinity balance and environmental quality are key factors in
maintaining healthy mangrove habitats, yet the role of SGD in shaping these conditions in Dongzhaigang Area,
northeastern Hainan, remains poorly understood. Moreover, the importance of groundwater considerations in
mangrove ecological protection and restoration requires further exploration. This study investigated SGD
characteristics and its ecological impacts on mangrove wetlands in Dongzhaigang Area using radon isotope (***Rn)
as a natural tracer. The spatial and temporal variations of seawater *’Rn activity and its influencing factors were
analyzed. Based on the *’Rn mass-balance model, the fluxes of SGD and the associated nutrients in Dongzhaigang
Area were estimated. The findings indicate that the variation in *’Rn activity is predominantly influenced by the
seasonal rainfall, tidal water level fluctuation, fracture zone structure, and the nature of surface sediments. Using

m’/d and 6.84x10° m*/d in

the wet season and dry season, respectively; SGD-driven nutrient fluxes were estimated by combining the solute

the *’Rn mass balance model for the region, SGD fluxes were estimated to be 8.90x10°

concentrations in groundwater. The fluxes of phosphate, nitrite, and nitrate were estimated to be 6 440 kg/d,
53.44 kg/d, and 1 084 kg/d, respectively, in the wet season—approximately two-thirds of these values in the dry
season. The estimated SGD fluxes of the mangrove wetland in Dongzhaigang Area are comparable to the local
river discharge, and the associated nutrient fluxes carried by the wetland were very significant; the hot and cold
zones of SGD fluxes corresponded to the sparse and lush zones of the mangrove forests, respectively, suggesting
that SGD may negatively affect mangrove wetland habitats in Dongzhaigang Area by reducing mangrove wetland
salinity or environmental quality. This study provides a theoretical basis for the ecological protection and
restoration of mangrove wetlands in Dongzhaigang Area.

Keywords: submarine groundwater discharge; radon isotope; nutrients; mangrove wetland; coast
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Fig. 2 Seawater *’Rn activity variation in Dongzhaigang Area during the wet and dry seasons
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Fig. 4 *’Rn activity variation over a tidal cycle in
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AT AR s R 28 t+AL K /m;

3.2 i

AR R EE R R OK R B ABEE
il o i T HFIEIX 5 A% HEME PR A 2R 28 I I ) A T O ML
BRI /I, VAT T TR 171 7K ST 0 3y, 85 gt = AH G 110
JK SC IR o 5 DX BT A R T S 5 R IR R
ARG F, BIE B R B ZE AR . AT
AN R I AR RO 22 5, RIS T A L I 0
R K AR R A 2 X 5 AT 2 K
TR A T A T AR AT A, 2R L3R 1

R1 ARFANBERER
Table 1 Average rates of runoff to the sea from different rivers
in Dongzhaigang Area

AT THE  FARWPTPRRER  AKIF SR R
Z R /km? /(10* m*-d™) /(10 m*-d™)
=YTI 240.00 121.57 30.39
YR 253.00 128.16 32.04
T AR 76.70 38.85 9.71
EZREST) 350.00 177.30 4432
BEyin) 4527 22.93 5.73

) AT 1 4 4 O T %R 5 3290 9 YT T TR 7K PR
T B T R B A A5 0] 3 2P Rn AN A B, G5 R LK 2,
TR 2R 26 W g /K SZ ] A AR AR il R 1.21x10° Bg/d,
MK R 3.40x10° Bg/d.
2 ARHANRnEBE

Table 2  Statistical of *’Rn fluxes from different river inputs in

Dongzhaigang Area
F2ok ) ERie:l] 7k ik
AT RufiiE PRofiiAR RaifE PRofiAh
/(Bgm™®)  /(10°Bqd') /(Bgm™) /(10°Bqd")
ARG 160.73 1.95 201.53 0.61
YR 351.95 451 376.03 1.20
TH AT 256.28 1.00 310.10 0.30
BRIZ I 147.91 2.62 178.04 0.79
jEiiE) 864.34 1.98 863.54 0.50
At 12.1 3.40

3.2.2 W UR B N AR KA SE $a2Rn 38 1
FETA AR IR B, 7R 28 W V8 W 5 7 A0 il KA W
HEATAC B o K W0 R Y A0 U K ) T P AN 4 A R —
R iy A S, V5 I TSP K TS AR HEE, JE B Rn
WL WY A 9K B A9 2Rn AR (J,) L R R
(o) 73 501 SR 12020,
H o —

Jo= T(wa+(1—b)Coﬂr)S (3
H-H,.,
Jow=———=CS 4
out At

H—RF&HE ¢ N ZK B /m;

Co—ZR FEHE NI /K2R F 375 )2 /(Bqm™) 5
AH=H~H+At——1+At B 205 ¢ B 2] ()38 2 /m;
Co— K 1 S %0 25 V85 DY 119 A1 163 165 7K 2R 305 &/

(Bq'm™);

C—V% W1 B 5 P 1] s A1 HE itk 179 ¥ 7K R 35 3/
(Bq'm™);

b——1Inlyi A ¥

Ar— 25 IF [A] X 7] /h;

SR FE W T YK I T AR km?

FE oK I V5 A T 7K PR F- 15 JEE Ol 249.06 Bg/my’,
Ki 7K #H 8 227.05 Ba/m®s b E 0 75 ZE W s N I8 /K ok
TV A1 K 443 1 B A Y, il RS 9T Y 5 4
Vi V7K R B A b (AR Sy O R o AR SR Y
bR (E, A AV R R B AR R AN R B, A5 B K
W1 b AE A 0.63, Ak A 0.75. LABK I 5 40142 3T 3 i
FF V5 Vg ZKORE R T B2 AR RSN KPR 15 B, =F
K Co 1 138.53 Bq/m’; #li 7K C,r 4 107.5 Bg/m’,

IRFEWE N A KR 22 46 iy 1947 VAR 3y, e L
i 3 347 SR A AR Al i AR Ak . R ORI EOHE A A SR AR
S U PN A1 K R 2 i R T 34 0
() f K 22 (AH=0.8 m) . N9 I (Ar=6h) . A %8
TS VA Y T AR (R L I K T T AR OF Y $=51.855 km?)
LR DL N B BT TS TR RR S ST1 %2R 3F
& e HEME TS AR 75 B, LA B R R
211.53 Bg/m?, #7K ] C, 4 182.57 Bg/m’, F/k M J, N
3.45%x10" Bg/d, J,, M 3.51x10" Bg/d; ik ] J,, H 3.27x
10" Bg/d, J,, 2} 3.31x10" Bg/d.
3.2.3 KA G R K

e — M AR T R, A K T R
N T K BRI, MK KA H A2 Rn 4b
TARFAARAS, R AS Wi 78 7K S5 1 K T ) KA
HOR T, KA T AR 458 % 3 NP,

F,=k(C,—aC,) (5)

@ =0.105 +0.405¢ %" 6)
K Fy— K-SR F I8 3%/ (Bqm > h ') ;
C,— 7K Rn 175 B LT K-S FH 17 Rn
(- 34 2kl 5 /(Bqm®), FE KB C=
249.06 Bg/m®, A7k ¥ C,=227.05 Bg/m’;
C,—— KA ™ Rn 3 F/(Bqm™), B, F
K C=5.4 Bg/m’, i /K] C,=4.8 Bg/m’s
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5534

TR -5 SR ) - 7 542 R (9 53150 5 8
fe——7K T B T DX ST T 3 R/ (emeh ),

LR BN | P L KR AR s
r—<#/ C

AT ke AR LAR 5 a0,

o

-0.5

s.
0.45u‘-6(—‘) u>36
k= 600 ) @D)

0.45u1-6(6%) Y u<36

o, w SRR ZEW I I b XU, AR G 0, 32K
(7 7)) s H S X u=2.4 m/s, iK1 H) 0
7 A S X 0=2.5 m/s. S, J&J0 T 49 ()il 2 R o A0,
S, = 3417.6e %" (8)
Horp, ToRAGR, BEARWI(7 A 0T AR =
29.5 °C, Ak B (1 A 1 A P30 7=19.5 °C.

F= 7K K SFE T PR T 0 08 ROl 117.65
Bq/(m*d), # /K H 75.14 Bg/(m>d) , ZBUE 5 % %
V5 SF- 2 K T T AR ) 3T BRI Sk AR 28 IX K RO T
Rn SR i, FKI J, 8 6.10x10° Ba/d, Al KA
Jx N 3.90x10° Bg/d.

3.2.4  JE Y HGE &

VR 7K 56 5 A T R 0 A B0 Rn 1) TR 25 AR K
2R I BE AT, G E 5T I ) v R R I
[ia) ¥ 7K (7R 37 HGE 100

F, = (AaD,)"’ (Cey = Cy) »
A F—— -1 /K B Rn §780HE %R/ (Bq'm >-d ™)
AR HAR R HUA, A 0181 d7
D—Rn 7r FH WA E/(m*-d™);
Cy—Ji% J5 - 7K S 1 ¥ 7K 2R 3 J /(Bq'm ™),
AHIF 5 v 7R 2 s VK R B AR, B
F 2K PR 1 FE AT
C— AH IR GINA LA IEN T, KT 5K
J5 LB K A 2R 34 21 S L B K
22Rn % BE/(Bqgm™) .

C., DU Rn BHZ(C) R B (p)

JE BT ALBRBEE (n) THEC7:

C, =

Csed X p
n

QL))

O UL AL RE S C,, M 7 683.86 ~ 32 432.14 Bg/m?’,
SF-34{H 4 13 906.36 Bg/m’,

AHRSE 9 PR IO FLISUE Hy 0.44 ~ 0.63, X R 17T
Y D, Tk DLR ¢ R A GRG0,

980
Aot .59)

D, = 8.64n107\ 157 (1

FIKHI D, 5.70x107° ~ 8.21x107° m¥/d, ¥ 41l H
7.01x107° m¥/d; A% 7K ] A 4.69x107° ~ 6.91x107° m¥/d, F
YA 5.67x107° m¥/d.

F2 K 9 A A5 A7 S I 2R By A R 23.49 ~
108.06 Bq/(m*-d), ~F- ¥ {H A 48.54 Bg/(m™>d); 4 /K 11
A 21.41 ~ 95.96 Bq/(m*-d), “F-3I{H K 43.59 Bq/(m*-d) .
L 35941 55 AR 28 W5 - 24 K T i AR e BRI kg AR ZE U IX
U B AR B &, FE KR 2.52x10° Ba/d, Ak
1M 2.26x10° Bg/d.

3.2.5 UM AR B R

R S — R RN, A STEABI A, R

P Ay FE, PR AR PR B
Ji = Iy Agy (12)

Iww=CHS (13)
s LR ZE U K A 7R i /Bgs
C; K AL E ALK Rn 15 E/(Bqgm™);
H——R A 55 AL 7K Rn 2 7K % /m;
CH— A RAE S C 5 H, AR T M
S—7R 2 s = I ) K T T B B4 km?, S=
51.855 km?,
AT, FE K 2R ZE W R (19 [ AR 5 A8 45 2%
1R 3.26x10° Ba/d, A 7K 1 2.97%10° Bg/d,
3.2.6  BEAHUR MR AR A
2R [ 1R 50 K 2Ra 16 AW Hb & A B SR A8 7=
AR, ZRFEUE N RE K 2 Ra [ SR TE7E 7 LR (197 Rn 18
Al At AR e R TA
Jka=864001Ra(1—0.819ss_3w) (14)

Ik, = Ce, HS (15)
K L, R ZE I K IR AF 19 Ra/Bg;
Cra— R FEUEME K > Ra HY 215 B /(Bqm ™) ;
H—RZE W1 2K B/,

Y AR, FoK AR 28 6 K Y Ra B AR A8 51
[’Rn fis AR 5.30x107 Bq/d, HiZK3 2k 5.10x107 Bq/d.
3.2.7 SGD fhE4%

HR 4 DL I 7R 2 Wk U 7K R 19 45 S R 3, 2R
(S A0 R R R AR 25 B 25 (E, F K 6.14x
10° Bq/d, #i 7K 1 7 4.57x10° Bo/d., H  4< 2€ s 1 /K
R WL 25 5L, 7K PR T B AL T 2 A, SR
YEFFHEATGE o MR E AR AL P, R ZEHE K7 Rn
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A K 3 bR A HE M R 1.98%10° ~ 5.09x10° m*/d, HE
HHEE K 0.38 ~ 9.77 em/d., I /K AR 5 Rn 16 B
KA AT K 9 ¥ i b T ZKCHE 38 325 8.90%10° m¥/d,

LN TN S

FKM: 12.61x10°Bg/d (2.71% )

f7K 4. 3.40%10° Bg/d (0.85% )

H TR K S oA A

S FHE R 2k 1,72 em/d; Al 7K 39T T K HE T &2 R
6.84x10° mr/d, - K HEME R H 1.32 eovd, FI TR L A
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Fig. 5 Schematic representation of the source-sink terms of the *’Rn mass balance model in Dongzhaigang Area
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