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Discharge process of groundwater with highly
concentrated nitrogen to the beach

Masaki HAYASHI*, Shin-ichi ONODERA*, Tsutomu TAKEI**, Takaki MINE**,
Mitsuyo SAITO**, Toyomitsu SHIGE-EDA**and Koji YOSHIDA™**

* Faculty of Integrated Arts and Sciences, Hiroshima University
** Graduate School of Biosphere Sciences, Hiroshima University

Abstract: To clarify discharge process of groundwater with highly concentrated nitrogen into the
sea, we observed subsurface flow and nitrate flux with tidal variation, using piezometer method.
We installed a pair of piezometers with various depths at 3 plots on a relatively slopy beach in
Tkuchijima Island, measured hydraulic head and collected water at all piezometers and a well at
distance of 100m to landward from the shoreline inland area at two hours interval from 6-am to 6-
pm on June 6, 2004. Water samples were analyzed for Cl- and DN(Dissolved Nitrogen),
respectively. Groundwater discharge was confirmed at the vicinity of shoreline, mixing with
seawater. Because it stopped during the high tide, groundwater contribution ratio increased
below the shoreslope. Nitrogen concentration in groundwater at the landward well was high,
whereas, it declined in the subsurface water below the shoreline. We estimated the DN
concentration of beach subsurface water, based on the mixing process of inland groundwater with
seawater. The calculated one was extremely higher than actual one. These results suggest
denitrification on the beach. In addition, based on this research, the difference between
calculated and actual ones was large in stagnant subsurface water with high groundwater
contribution ratio during the high tide. We confirmed the dynamics of nitrate decline and two

types of water mixing processes with tidal variation.
Keywords: discharge process, dissolved nitrogen, groundwater, slopy beach
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&SRO RFIRCHEWOIAET, KEZCEKREEL L2 D720 TR, ARBRICKIETTREL
HTREV, —IC, B . BASMAKIERZ & o E BT, RBEHENE? O EENCRA T
HTETHIZRIENDZ ENHESN TS (Burt et al., 1993), EEIHOWEEEBIEIX, K
BORPOIJINC E DM NEIETH 5205, I FKOREHEEORENIIIKI bEEBEETHD Z
LD, HUFKDNMHEASS 72 b TRBEBEOEN N R TO R 2V H D, Z OB EHER
i ST 2% (Zektser and Loaiciga, 1993) ., % D7 W/E it 12 B3 2 M F Kk D& E| 2B & 28T
LTWS ZEBBETHD (B H, 2000 ; Burnett et al., 2001 ; Taniguchi, 2002) . Hi¥T TiL, )1
WX 2MHE S TKIZEDHRHEDO T V ZRERFT I TS (Onodera et al., 2004a ; Z5HE S |
200472 &),

—, EERCP R AR 2 BT 50 EBOM TR TIIMEEERO BRI () BEs, £
7o, WERETCTORZEL, WK LHEKEDEABICBWTHEETH D Z L BRREIN TS (Howard,
1985 ; Uchiyama et al., 2000 ; Ueda, 2003 ; Saito et al., 2004) . #&F ToOM FAKFEENL, WIHLZE LI
Ko THRAK—MHARDREDPRESE I D T EPEMFHHICL > THE SN TEY (Ataie-Ashtiani,
1999), ZHUT X o T HFICHI KOOSR & 2 Z LR FRINSE UNFFED, 2003), T7h2bbH,
ZOYFEEOFET, WREHRICBWTRENELSCT < D EBEILNE., LIL, ZOWMNES
LW FEEFE RBAWMBICER L, BEREOMFIIINE TIT b Ty, Zhid, hFREK
R WTEIREDOHBIEERPIMRIF SN TNDIIEEND R, ZORO BRI EZMEET 2 Z & RgL
PolclehThD, LL, SARBREZ S OWFEICB W THBEERITREL 220 b L T
WA ZERHERZANTUVWS (Onodera et al., 2004b) . 7 HEM AN A <, HRICELE 28]
% b HHUT K OBEIK AR IR E W ICR W TEH TRk —KESRICRBWTL H 2 BREOEEE
DM ERIMFF SN TV DR H 0 . WG 72 &2 LI ZAENC &b 72 5 B 28 FE D 258
THERTHZENFRETH D L2 D,

Z ORI T, AR & < RIS 2R &2 b O R ICR W T, BEEER O K

(BEtt F7K) ICEEN D EBEOEZOTHNRE, K OZENLICXT 2MW OE (JEEFIRE)
ERLNCTHIEEHME LT,

I. HEMRVRELE

AERH, R RESEEEE S BT (ENE) ORBEICET 2290 8 (ERE0. 38) i L
TETH S (K1), AT fEREP525, WENETTHOEPIEFICKE <, KPR
TGOS A mit <IZEL., /NBITH2.5mb b, IS (2004) OARBIZIIT 2 EIRME R TOH
B OFERT, WHECTORTROERERHIZIZE A LR, HKRNBIO% L FREES LIIREE TR L T
W5 ZEaRL TS, 37205, WKPREROM TKICEZ 2ZEPEFTICRENEEZEZLND,
Fio, RBHOBEZIE, FEENELSMAL TW5, RERECIIEFESLEOERIER 2G4 25 72
W, MTIKFORTFEFZREERE L, ITTKEZNIZEL RS BHEORHBRELZAL TS Z LT
WLIZHTE Wz 5,

ARG TIZ, HTFKOMENZATE T 2720, HAKBHRICZEEO Y=Y A —F —HE2RET D,
E#EY (Freeze and Cherry, 1979) ZH iz, Y'Y A —% — L X LS KRUER K S Lz EO
RNWPZEOEDZ LT, HARBIITLIRAATERICEND KED»S, TOEEROENFT ¥ x v

(FES7KER) 22 Z LR TE D, BRITIITFEEEOITHR? b NN X £13mRE T, 3 &,
Yoy A —&—f (P 1~P 3HH) ZFREL (K2), Rl B E TERE TH D e, Hifd
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1 0.01

1 0.005
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Time
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E2 BG—#TFKAEEL

PNIB BRI LR TSR, HLVOP 1 T EERLL - TV, &HSITIZAMEL7Tm

(P£E13mm) Db E=— L 3 FZEEESOm & 100emiZ 4 2 4, TNEFNENRT v v LVRER &
BAKICERE Lz, BHZITOICHIz> T, WIWITE bRWKED LTI 57D, ®igA 7ok
USRI BT D L 912 TOMER L 2B IR o7z, A TOREGITERNICKIFARRN & &
TR HIROELE=— % THOY a4 v k2,

BUNX, 20044F 6 AoH, 9 ADOKE - /MEICAT R o7z, T3S (2004) 12 Xaud, HEloi
FERDPFEGMEM LRI Z LD, T2 TIHE6 ADRKELRY, 2B, &EFE0MRIT3EE bRIFET
Botz, BROBRF20044-6 H6 HD 6 100 (Fi#) ~18:00 (F#) CaFTT, 2B X1
BEHETEART V> ¥ VORIE & FBHCERKZITV, E 2R BRI 2 5 100m A AN A7 & 3 2 H
B OFFEQ., K2) Tk FKROEAKEIT- 2.
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WELIZEART VX Vv EHEIRESZ b Lo, KERT Uy VAR L, BT KORE 2 HEE
Lz, 70, AR LUZAKRENT0. 20umA v T L7 4 Vv F—EHWTIEER L 721, 10053 L, A
Frrm< 777 (GEEUER) ZHAWTEMD A A U BEZREL GE2 £ 10mgl LI, K
& DAL A A RO b TR F HRERKD e, T T, BIEREARKE L TRED -
TH,HEROBREMFAIT0. 1% OFEA L 20, HREFERTIBITITEETE b0 L Lz, Rk
IC10fEAIR L 7ol &2 W CeB IR EF (TOC-V, BERER) CIRTFEREE (DNE) OFE
& (RZX0.0lmgl") b1To7z.

. HREBF

M—1 BRAOHTKFEHBEE

WHAE D SITRICT COH T REAEDOE(L & ZOREOMN A& 2K 2 18T, 22T, T
KEAELIE, %R O I TRD 7 M T /KRR & MK AR B 0O 78 & 55 O SR & ITHR & ORERET
BRLICO D TH D, W EAIC K> THURKEAERMET, £ 28T FREIC K - THl R KE 2R
DEALTNWDZ EFERTE S, MR /KEARIZRMEI B THNC 1T TO0. 0134250, 035 & k& <%
fbL. B/hemARTIMFICET D, LLED XS TN AEE B T ARRHICEEL 52 TWD Z L20R
hiz,

Wz, KERT VXY VA OEE L B T REFSRONMOEER 2 ThEnK 3. LUK 4
WRLTe, ZZTH3HORITHTKROREIFMEZR LD THD, 2B, MO ES) %
EETHET, ZERBOTH (18:00) Z—FEHOTH (6 :00) LREEOMHEEZRT L2 HEE
L7z, P1~P 30O&EMHICITHEAHDHE (6 :00, 8 :00, 14:00, 16 : 00) x., THATORT
VX VT ERE T, MTFAKITITHRAI TR L TWD Z L3R TE 5, TSR - T
Pt TAKEFERPME L oo TWD Z e h, B T /AKITHEK S IRA LR Ll E~HHL TV
ZEDHERTE D, BB, 16: 001 P 1 TREREMEIVRSN TS, ZHIE, ZOHTITEKE
DEWZDIT, BIKARNBRKELZoTWVDLEOTHDL EEZILND,

THID SIEENC T T (6 :00~12:00). ¥ FICALET 2 HE TIERT V¥ Y VIT TR E OFiE)
ERL TS, MO EFRIC X o THAPEEIEAL TWD EEX LD 8 1 00iCid, [ T~k
FTEHRITZNULENCHERT IR > TWA, ZAUCK L TI0 : 0022514 : 00F TiE, R k% 5%
1310%7%° H44% ~ L FREfMZR L TW5S, 22T, P 3 TiE 10 : 003 ABICEKAE /N E <
20, HEITHED D WRENTEREN 2R, F 07, BRI S ORI AN Z OTICERTEZ LT
AR E 7214 1 00 T, BEM T KFGEREALIbDEEZ LN,

M—2 AEERAHBE

£ 12, ZFHEAKROERLICE T 2BEFERBEE, KOWE L AFREREELRT, 22T &
KU TZF B 6 ERICHIE L 2EFESE (DN) BEZERDNREE & U, CURE D bR 7 =R
HTARELGR (%) LHFOODNEE (21.2mglh) »OHETE LIZBEELHEEDNEE L5, 2B,
WEAKDDNIEE I ZIZIZE0 & L, HEEDNIEE L, 212X M FARF 5L 1008 3 ETE 5, HEEDNE
FEVX 0 ~9. 43mgl ' ChH D DIkt L, ERIDNEEE IR BARME (0. 0lmgl™) LATF~2.63mgl & K\
EERL, SEAICEREESHEEERE Z FTE-> TW5a, Ziud, HTAPOREEHEITEA & DR
B EBHRUSNOER ZZ T TIRFL TWA Z & ZRL TV 5,

fEdke, FBODPRAELE S DWEEIICR W T, MK EHITKE DIREE, (N KL —A v T =)
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®1 B[R - BRCBETLIBREERRE. RUKELE-AEERRE
Sampling

DNmes. concentration(mgl™)

point Depth(m) ¢ .00 .00  10:00 12:00 14:00 16: 00
WellD 21.2
50 - - - 0.2 - -
P3 100 % - - 0. 42 - —
- 50 0.29 - - 1.33 2.63 -
100 0.73 0.05 0.36 1.23 0.72 -
- 50 1.23 - 0. 26 0.25 0.05 —
100 - - - 0. 22 0.48 -
DNeal. concentration(mgl™)
6:00 8:00 10:00 12:00 14:00 16:00
ps 50 6.72 1.66 2.28 2.57 5.13 2.99
100 % 2.26 6.08 8. 46 9.43 3. 46
- 50 2.46 0.55 4.65 2.8 6. 06 3.37
100 3.9 1.5 7.96 3.1 2.28 2. 65
- 50 1.8 1. 44 2.39 2.65 7.47 7.73
100 2.32 4.94 0. 64 9.16 3.37 3.39

KATBRAKARTAT, — 3R HIRA (0. 0lmg/L) AT Z2%KT

T, MHERMEEFRO BRI (W) PEZ 26253 EINTEY ., SEOFEBRHIZENTHIREEKT
FEEDOIERBR E TV D EHERITE 5, WK E DIREIC X 2MIRUSNOIERIC X > T L 72DNi
VX, HEEDNIEREE L ERDNEBEDZE TR T Z LN TE 5, HEEDNEE & ERDNEE DD 54
51277, 6 100405 8 1 00/ LAz ko T, ITHRE & B ITIREEZE D K & WEIFH SRR
L, FRIC14 0042516 @ 00ITEINL FREIC - THERNCBEN L TRV . WINEENC X - TRLE
BETLZEERLTND,

Fio, P LHAA T, 12:00~16 : 00ICHEEIRE & ZHREOZEITRKE < Lo TS, A TIX
P2—P 1#S0M GFRFOHK95mHlR) ZEICHERM A E 2 DR HEICE L TR Y, g
FEKMEDNE S, KOBEEHDVEBELENLD, JVETHRENTERTIRELAELRLTNESE
b5,

M6z, P3 (Bl OBEEE100emIZ 1T 2 el Tk %5 L ERERE (HEEDNIEE — EHDN
) OREZE b Z, FAGHE & bIoRd. K, WMEREORIE (10 1 00~14 : 00) (CHEEHRE
CERBEE L OERRLRELSRoTNDZ RS 0D5, Fic, HETEE & RRPEEOEIK X VEE
I TR HZOBVEEH 2 I1EIE—H L TV 5, IO EFIC Lo T, MEICER L kg 7K
HEROBWHTARPRTEE TICRWT, BERINCE > TDNEBEEAKTI®LEEILND.
PAE, ABFFE T, WIS & 5 fied THERIFFMOMICK £ 2, WERRICE D LBDbIDIATFESR
OWIEEE R 2RNHELMICR o7,

S, LOFEMAREZRBER PO 7 2 2H LT 57201, MERBEZOL DO AT S &
b, XY IERICH T KR - R A RIET 2 7O ICHRIE OB K RIS TR E O RE—
0, MR EE DM OIBEITRO ZEBUETH 5,
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V. £ &8

AFRTIE, WINEEPAKE <, BRICEREDER 25 L N KBEET 2 28R 2RI\ T,
RT ¥ X VE R OBRAK L TZBREOFFEROEE LTV, HT KR S IEFEERREITOWTEL
ToOZEEHLMTL T,

1) JIEHLS O & 2 I IR 1C, R THW R T AT SR AR L, Zhud. WI6E

O EFITE b RNRTIRBENICEE L 2035, iR, B MBI L TE T

KNI S LD Z L 2R LTINS,

2) FHEOREGFEFRE L, B T KOREERRE L FERIVMEE L LBE L VKL, BE
SO KGR IV THEKIC X 2 AR O ERIEFIBFE DR S Ao, R ICRIRIT#E O
FHFIC B W TE WM TR T 5ER 2R LSRR TERHERELPRKE VWL WS, JEERE RERHE
T ZH SN LT, BITED L 24, ZOBRHFEFRREOKR TAMEIC LSO THL EELXZD
"o,
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