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Effects of submarine groundwater discharge on nutrient concentrations
in the western part of Nanao Bay in summer
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B & % DIPHERIZIRTE D &5 O DIPAE & & HIEKBARHODIPIREL LA S ¢ 5% 2425 —7, DINMHRIZHE
WX BRI OEHERE 2RI G LB E DD D 2 EARBE NI,

Nutrient input through submarine groundwater discharge (SGD) may play a significant role in nutrient cycling in
coastal seas. In this study, we have evaluated the effects of SGD-derived nutrients on benthic nutrient concentrations in
the western part of Nanao Bay by using *’Rn isotope as a geochemical SGD tracer. Distribution of **’Rn concentration
in the bottom waters showed clear spatial pattern, which was higher in the shallower region but lower in the deeper re-
gion. Mixing plot of salinity and **’Rn concentrations showed that *’Rn in the bottom layer was supplied from ground-
water. Although nutrient concentrations were higher in the shallower region, there was no clear relationship between
22Rn and nutrient concentrations. Concentrations of dissolved inorganic nitrogen (DIN) and phosphorous (DIP) in
the bottom layer were mainly controlled by dissolved oxygen (DO) concentrations. This means that major nutrient
sources in the bottom layer were not SGD-derived nutrients but in situ regenerated nutrients. However, there were non-
negligible effects of SGD on the benthic nutrient concentrations. We found that SGD-derived nutrients into the hypoxic
bottom waters may promote DIP accumulation as well as DIP release from the sediments and mitigate DIN deficit due
to denitrification.
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R BT 2 BRI, W1 % 8 L C Rl R
B OPEESNARBEHBEICL DL IAPKREVEEZD
NTE7 L LAY HEE, HFKRSITEBICE DX
TF AL, DR ERROMRHCES L Tw b et
A E N T WD (Paerl, 1997; Taniguchi et al., 2002). #
TR AR I R 2 R AR T 2 1B W, #£
J@K % 7% RAEEOMAGHIFT & 3 AWK & 527 5 45k
% ¥#> (Slomp and Van Cappellen, 2004). 5§12, iFFIHO
JEAEERERDOMEFCR E B E RIZFL TS 2 LA
ENTWABH (Waska and Kim, 2011), W JIIK & 24D,
it L B8 BT D M5 A 2SR 70 3 TR AN R o0 B A i st A %
WEEBRBERE I T L T BB OEBIT L b o Tw
e,

RIS 3B ) 2 e T /K H 0 S REHE IR R0 5 Al 2
79729012, BURMERMITTHETH 5 Rn (7 F V) YA
Nz b L= =L LTHWSNTWS (Burnett and Dulaio-
va, 2003; Hosono et al., 2012; 3 JI 13 %, 2013). **Rnid 7
7 Y RINCIE L, PRa% BB E 32 NG LA A AT
HDH. KPICHEFRELTHS 2R3 H S ORGHEZLE, b L
CIEKREANDERD AL o ThRbN S 720, MFEKIZI
R, PRaEEZLELEACHEL TV IRHOREVWILTK
HIZ2 3 ETNDL T ENL V. D20, BRI
DRKOHLZ WD 26, WA OATIEIRFTE %
MoK E M TROEEGZ5HET 22 LT HETDH
L. F PRoFEREARALEL, VT NVE A A
TOWTAFHFMICHEHL 72V —VTH5B.

AWEGEsnt g & ¢ 5 CREIE, BB ERICAE T 5 MM
HEOBANNETH Y, JLE - WHE - B3O R D
(Fig. 1). b EIICAET 251X, HARBHRKO A
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FoOFEEERE LTSN, BERIIZIZ LD E Lz
LORBIFOMEVEEENZHZTVELEEZ LN
TWwb, T/, LREEWEBORETIZH T RO HEN 2B
BB NDEE, T KERSEERGTCHL (B - %Ik
1970). F 72, WHEMEEBICB T 5 ZENSELE T 5 IR
AL T, W25 OMT KA U, EEHT KD
sz (B - %I 1970). Z OB TKIE,
TCREBHEBICHIB LTV LN SN LD, FO%ERE
5 ho Twawn, 2 TAIETIE, BEIRETLE
ZOLRBWEBICBVT, #TFAKNL—%—TdH 5 *Rn
HLRE 7 S M T KR O FERE 2 22 RIS EE L, @k o
KA I T HE R L .

Bills L UPR

20124F9 H6 HIZ, LREWEZMEET S X H I 11
%> (Fig. 1), CTD (RINKO-Profiler ASTD102, JFE Advan-
tech) Z V>, 0.1 mHFE CTEME 2 5K E TOKIE, o,
WA (DO), Z7un 7 4 VaeallE L7, KiE
Kix, KEBHDOCLNY U FKEGEZHCTIRL 72, £
7z, FABIZIHAT 2 ADMITH 2 HERIB L OFEEE
BOFEAREMTFARICEHL TS, Rn & KEEHORR %
FIBRICERIN L 72, $RICL 72580K1%, *2RoiBEEMEH & L
T250mlDH T AEMITHE L7z, KO —HI, $RIL
BT CIC08umDE VT —ATEF— 74 VT —Tilk
WAL, FOWKERFEERENEN & L CRRLIEAD
S50m/OFRY) T EL Y (PP) A7 HII30m/ D
PPEZIIENENIEL 2.

kS FR (NOy), WMRREER (NOy), YV Vg
v (PO}) &, +— b7+ 74 % — (TRAACS 800, Bran
Luebbe) % W7 HEI G 24772, 7 v E=THEER
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Figure 1. Bathymetry and sampling locations (circles) in the western part of Nanao Bay. Square and stars are sam-
pling locations for river water and spring water/groundwater, respectively.
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(NH;) 1%, Holmes etal. (1999) IZHEVH#IIGEERT (Trilogy,
Turner Design) % JWCHlE L7z, A#TIE, NO;, NO,,
NH; D &at % BB E  (Dissolved inorganic nitrogen:
DIN), PO} = A REMEHE ) ~ (Dissolved inorganic phos-
phorous: DIP) & L TwW5.

T AR O PR, PRI 5 24 R LA BL
To@EYE L EERBICTERICTHELEKE, A
LT fif 24 1 (RAD H,0, Durridge) % i\ Ca K d o
*PRn i & PSR T H 2 5K O PR i O B FARR
BEMED, SHT O RaRER V) O v AR
(RAD7, Durridge) 12 & - CT#llsg L7z, @ RIE, Ak
2 S WRN ORI 7 & Y 7 VREUER 20 5 D
SO B & ZE L T PR EOMIEZToTwWh.

= R

FERKF DR EB L OV REHEE % Table 1 12787
KK TH DR D Rn (69.6 Bqm™>) 12X, K
(93092 Bqm™) ®HT K (5595.1 Bqm™>) O **RnifiEid
100512 Emid o 72, BER)I O DINHEEEIX 73 uM & 72>

7225, HEAKEHTKODINWRERR, SuMELT &Ko7z,
—75, DIPIEEEIZRERINAS0.7 uMFEEE T - 7225, HK -
WTAKIZ2uMEL o7z, ZD720, RFKDIER
NNEY TR FE2EE (DIN: DIP=99.1) ZDIZxfL,
HERLOBEBK-BTFRIERZICERY V&
(DIN : DIP=1.2-1.7) T» 7.

LRBVEEOKEAKFICBI 5K, 5, DO, *2Rn
B X ORI L DKo % Fig. 21289, BHIH oK
ik, 28.7°C 725 30.8°C & &RMIZHWEHITNICH D, FEIC
BRI OFEMIRT30°C % Ll > Tz, FEERHEE IO
B (FETE & OBERAE) THIZ33 LT LK h o 7295,
LB D HVEERIEBIS AT TORE (>5m) T332
FEREWEINICH o 72, DO PHE 4TS mg L' B
T L, RIS ORI T3 mg L7 LT O &M FE KL
MWIRDSo Tz, Fiz, BEIIIKEIS RV, K
1S 20m AT ISR 2 BHERBEP R INTEY, K
JE KIS L 72 > T 72,

JEREARH O 2R JEFEIE 23345 172.9 Bq m ™ O Fi A % 7R~
L, A0 (96.6 Bgm™) IZAEARII (69.6 Bqm™)

Table 1. ??’Rn and nutrients concentrations in river water, spring water, and groundwater.

2Rn (Bqm™®) NH; (uM) NO, (uM) NO; (uM) DIP (uM)
River Water (RW) 69.6 2.44 0.31 70.04 0.73
Spring Water (SW) 9309.2 0.01 0.51 3.53 2.32
Ground Water (GW) 5595.1 <0.01 0.32 2.90 2.65

Figure 2. Spatial distributions of temperature, salinity, dissolved oxygen (DO), **’Rn, dissolved inorganic nitrogen

(DIN) and phosphorous (DIP) in the bottom waters.
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Figure 3. >*’Rn concentrations plotted versus salinity. Dashed
and solid lines are the conservative mixing lines from
groundwater to oceanic water (Stn. 8) and river water to
oceanic water (Stn. 8), respectively.
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Figure 4. Relationships among nutrients, DO and **’Rn concen-
trations.

DLDOED LEMh o7z PRaGAIE, W33 T KK
GBS T 5 X)) ICHIREL 7o TH Y, BRI
FNOMETRDEWEZ /R L7, Fig 312H5 & 22Rn i
EOMRR, B X OESAERIZIE U2 FEY 2 2°Rn D AT
MRAEM A RS, EREAKH ORI, HTFK -5
KEFEDK (SMSDJEREK) OIFI ¥y 7I4 v kI
oy FENTEY, WIKTIER L, T APLREEN
BOKEATIZPRn 2 ML T0E I LERLTWS.
DINFEEEIE, 23 uM 25 154 M OB THAA L THB Y,
BR AL L L7z T dh - 72 (Fig. 2).
DIPEJEIZ 03 MP S 12 MO EH Z R L, BRI T
1uM L E & BRI CTH > 72 (Fig. 2). DOMREDEWEH
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Figure 5. Apparent oxygen utilization vs. DIN and DIP concen-
trations. Dashed lines are nutrient/AOU ratio of Redfield
stoichiometry.

JIRDPEERTIX, DIN,DIP & b ICIKRETH 72, T 72
DIN:DIP L, 46-13.5TH D, L'y F7 14— NI (RFI,
DIN:DIP=16) £ 0 3% L { k2> 72, Fig. 41T REBHE R
JEEDOB L PR ED MR E RS, FEMEREL,
DO R EED WA - TN T @M H - 72, FFIZDIP
1%, DOREE & WA DMHBMBR (7=0.74) 258D HN7-.
—7J7, IR & PRniR B & O IS B 2 B AR X
AD LN (Fig. 4).

%z B

W AT A LRBEVEEOREKFIIE, kLD
DEREOZPRaVEINTBY, BLHOMBTAI»LD
2RO B FRD 57z (Figs.2and 3). FFIZEI
DD 6 Z OVEIIEE & Hl & 3 2 BRI ORI T Z
DEIZENEINC B > 72, BFH - 5% (1970) &, Z&
DT B RIRIAHE T, 125 O FARBEIENAE T
TWALIEZHMELTEY, DX REE TR E
BRI L T b0 LRI NS, T2, HFKEH
OFEE LT, A7) 7R (spring) | & [BAH LM
(seepage) | D235 — U AMEAET 5 (FARIEA, 2007),
PRGN S DT R, KW /HNy— %
RLTWBZENLE [BAHLE] 12X LRSS
Na. 2o [BARHELE] I2onwTiE, [AFY v 7]
DEHRVEHPHTHICAZ 21384 DRI R VDS,
Z OFE AP AL < T & o vokad &AW E DN
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Figure 6. Deviations of DIN and DIP concentrations from the
nutrient/AOU ratio at Stn. 9 and Stn. 10.

EFEIMLTWwB EHEM ST 5 (Taniguchi et al., 2002).
ZNW X, VEEOH T KL RE K o SRR 12
bHEERIZLTVL RS H L. LA LA, HR
RSB K O DOMEELIZI <, DO T ITHE 9 AR L
OWIERAEAD SNDEZ L5, DOMEIIHE) HaE
WHOBEEORENEHTE 2.

Fig. SIZH2 1 L OMEFEIH# & (Apparent oxygen utiliza-
tion: AOU) & DINB X U'DIPIREDOMFEZRT. Mo
WL, Y WS F 2 F ) DRFHICHE S TH
RIS L8 LR, FERIICAE R S L5 SRR e
DOIETH Y, 1mgL™ OMRFEN#E TDINIE3.62uM, DIP
12023 MG 2 (BT - BEJRL, 2007). Z O PLGHfE & E
W% L3 5 &, DINIZHGM L D SRV ET A H 2 0
WZxf L, DIPEHIEfEE F4E, b LdZRLD b Ev i
M3 - 72 (Fig.5). SOX ) RRFEPLHERE SN S H
Al e ERMEO A GERFILKS) &, BEREl - ik
o7t 20 ERELT—RICEFHHEN TS
(Bl z1E, B - B, 2007). F72, LREMEIIKENEL,
Hr 3t 75 > 27 b 2 X 5 %3850 GARH AL Tw
HIEDBMEENDY, ZOMPERFIESICEETNS
729, FERFIHGE2E X HHE121E, ToBidEdlT
&%, CLRERBWEOYS, DINIZHEGME D AV E" IS
HBHIEDPOLREICZX ZErZ, DIPIZHEGHMEE D b &
5 2 LA SIERY S DEIIC X 2B N2 LS
AEENL, RERPHITECERE T TEICELL et
A THY, DOBEIME (AQURENE ) 3L, €0

REPRKEW RS, 1984; 8 - B, 2007). 2 F b,
DO MBI 28 WSRO LN WICH D 5T, JERF
WA CE N AR SN, TSR E I AL oA S 2
DT T AHPRFEHRRE L RITL T 5 2 &R
END. EE, WHBERIEOSN 9L Sn. 10 TlE, DOMRE
(Stn. 9=2.71 mg L™, Stn. 10=2.69 mg L") Z3& W\ 2572 W (2
LEHLT, ERFIKSICKE R ATiBd 5N s (Fig
6). TH 5D HIZIZ PR E (Stn. 9=172.9 Bgm >,
Stn. 10=91.1 Bqm™>) IZWEZE WD H S T L5, JERF
oI TR & 2 R PG O BB KA TV L H D
LHEEIND. PRnEEOE VSN, 91T L, JERF G
IEIDIPTREL, DINT/HNE ol O, MK
12X %5 DINB XUDIPHED, MEFIZLLKPrLDE
FOBREERRSEL—HT, UV ronhe L bICH#BE
KB TODIPER ZRAET 25 E0H L L 2 REL T
W5, Bz, CREEEREOEAKRLBTKIEDIPIZEA
THY (Table 1), ERICHRT) YHBOREIKE 2>
T2boLIfELRING.

FEH

AT, CREWBEICHEIT LT RERD, EKEK
T ORFBIEREICRATTHEL, WKL —H—Th3
PRaABEMII L7z & 2 A, WEEEE BRI, ZEIhO
i) &I KB OEE;RD bz T
IR A E TR FAL L 72K O SR AR BB\ ST 530
Z, BF% )V - BROERRIOMELIZLEZA,
JEHL T A I & % DIP R IZIERE D S DO DIPE & & b
WIEKFODIPHRELZ FA I LW &% 35—, DIN
PRI E I X AR RTOREREZRIR S LB X )8
HoHILpREEIN S%IE X0 EREL 2R
ST FEERR) AN, T K RO E R % 5 N R AEN
BEAND BB 21T > T LB D 5.
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