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Fig. 1 Location of the observation area. The area with horizontal stripes shows the Befunishi area in
Higashiharima Port. The area with dots shows the nori farming area No.13. The open square indicates the
Lower Kakogawa River wastewater treatment center. The open arrow indicates the outlet of treated sewage.
The open circle indicates the outlet of industrial effluent.
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Fig. 2 Relationship between NOs-N concentrations measured by the NO3-N sensor and salinity at StA in 2015.
Note: the axis for salinity is inverted.
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Fig. 5 Relationship between NO3-N concentrations measured by the NO3-N sensor, as well as north and east
component current velocity at StA in 2015.
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Fig. 6 Relationship between NO3-N concentrations
measured by the NO3-N sensor, salinity and current
at StA on Feb. 2—4, 2015 (extracted from Fig. 2 and
Fig. 5). Note: the axis for salinity is inverted.
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Table 1-1. NO3-N, NO>-N NH;s-N and DIN concentrations (M) in the surface water collected at Ikejiri, StB,

StE, Stl and StJ (n = 10).

Sampling station Ikejiri StB StE St StJ
NOs-N 57.7+11.1 40.6+28.6 3.8+39 32+3.0 26+3.1
NO,-N 0.5+0.1 8.2+45 0.8+0.8 06+0.6 05+0.6
NH4-N 0.5+0.6 101.9+61.7 42+27 27+44 09+1.2

DIN 58.8 £+ 11.2 150.7 £ 90.3 8.8+6.8 6.6+6.4 40+3.8

3 /BBICETEH/)DRFERE
FAEHAI RO VDGR (SPAD fH) ONEHME T

StK Tl 7.1-12.5, StL 1% 1.9-10.3 Z7xL7-. £7-,

StL @ SPAD {13 2017 45 1 A 18 H LARE, 202X

L7 (Table 2) . FFAERFD StK & StL @ SPAD fi
DI e UT=AE R, 2017 45 1 A 7 B&EFRWTC,

WTHOFHAERFS StK OfEIE StL OB A EIZE WD
A 2358 H47- (Table 2). DIN JEE 1L, StL 2k
~C StKK THERam W ME A RL, StL TiE 2017 4 1



6

H 18 H LI, GIMIIK T L7 (Fig. 11).
Table 1-2. Comparison of NO3-N, NH4-N and DIN

concentrations in the surface water collected at
Ikejiri, StB, StE, StI and StJ by Tukey's test (n = 10).

lkejii StB StE St StJ

Ikejiri — >0.05<0.05<0.05<0.05
StB — — <0.05<0.05<0.05
StE — — — >0.05>0.05
Stl — — — — >0.05
StJ - - = = =
NH,-N
lkejiri StB StE  Stl  StJ
lkejiri  — <0.05>0.05>0.05>0.05
StB — — <0.05<0.05<0.05
StE — — — >0.05>0.05
Stl — — — — > 0.05
sy - - - = =
DIN
lkejiri StB StE St StJ
lkejiri  — <0.05>0.05<0.05<0.05
StB — — <0.05<0.05<0.05
StE — — — > 0.05>0.05
Stl — — — — > 0.05
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Fig. 7 Average of salinity, NOs3-N and DIN
concentrations in the surface water from StB to StJ
and from StF to StJ in 2010-2012 (rn = 10). The
solid and striped bars respectively indicate NO3-N
and DIN concentrations. The vertical bars
illustrate the standard deviation.
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Table 2. Comparison of chlorophyll meter (SPAD) values of fresh nori from StK and StL by Welch's ¢-test (n =
5). The SPAD values were measured for two-ply (two sheets overlaid) of the thalli.

Dat Dec. 13, Dec.19 Dec. 26 Jan. 7, Jan. 18 Jan. 25 Feb. 2 Feb. 16
ae 2016 2017
SPAD value SIC 120£0.9 11.9£06 125£09 9207 89£04 76£08 95:10 7.1£11
StL 99+11 82+14 103+10 89+09 54+06 50+13 43+06 1.9%07
P <005 <001 <0.01 0562 <0001 <0.01 <0.001 <0.001
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2t VIR BERIEOM BRI (Fig. 9). E6IZ,
0 —— I AT 38 CHE, DNy TR T KSR B 78 X7
2 g N ® g Y eDa T T 1B I B I 7 DIN
R = B HOFRHAKIZES T, 7 1R 2R 8125 DIN 2
a 8o >SS+

Fig. 11 DIN concentrations in surface water at StK
and StL in 2016-2017.

£ 5

I TR O 3 X ORI PR HE X5 2V 5 X5 13
BANELTA EOERICBITLEE O 7,
NO;-N BLO DIN AL, 7 3B KOS /Y
I C, ZNENIER IO O E ABL R
OB (Fig. 7). 2, TNoDT7 A2 EOYE 5y
EREAR I, SREIR A M CHLRBIEE Y KkDTF
TENHERSNT=Z LMD, FEKIZL DR BN RSB
b EEZONTZ. &) OO StF O
NOs-N BEI TGO 1/12 Thol=Zehb,
I DD 72 GE I, T O C o) 17k &
WK DIRA I DA, BILOY O E038k oY~
FUINATEI D E R LS T, W AICEITS DIN
BRI N O F Ik EOB AR 72 055 0385 L HER
ST, — 07, BISTEEEX HISED StIC THFKkED
TR ST, BRIENO SB ITH AT IR
HHDOD, NO3-N B O'DIN 1L, StFDF)3 X
W9 fEThHo7-. iz, StF 15 StH, B O StC 25
StE OFE MUZF1T D NOs-N JRE L2, 2he
NHEBEZZADOFBADNGERO NN, s 2 BED[E
JREAOBE X T RE e o7 (Fig. 10). ZOHRER
1, AR L, Iy IR 7K & B 76 #E X o K
DS IR T D B> NOs-N 1220372
e EB 2 DL, VIRGIXE 13 52T 5 S

FEATE R SN D2 3 i S TR0 (R H - = i,
2017b), [FIVEIE DIN BhREIZ BT~ 8B+ (BT fx
5, 2012) TiZ, Iy IR 7K 36 KO EHs X5
e HE L7z DIN VAT B 3R A5 0 2 ViS5~ 5228873
KENWESN TS, ZNHDZEND, M) )1
BT R NDOF KT, /VIRSGIRE 13 50
FEKI B B2 D) b0 3272 NOs-N 725 T
IZ DIN ff#8TREE 2 BTz, b /)il ~d DIN
AT B 3 2T RS R, VG 13 50
DIN Ji# BEZIZIE, BURFPEHS X AR R E 55 NHa-N
DL EETHVEIHHLOO, A1 K
OBIF T HER NS RERG SHLD DIN N 4G 525
WA IR — 2 O TR 2013224
RITIEThoT- L HkiENS.

StA OEFGFEH TR SN —ED
ERE AR T RIOVRREEDRFHL =24
1%, NO3-N = EED @\ AN TR KSR IT 7E #E X
DAHOYE KD TS LE Y, ARBTG5
BlIEEL CWAZEE R LI REEZ 2D, FT=,
et A — D LS U IRREAK 6 Rk L7
Zeb, By ozl —E3 5. 201541 A 27
BICBLIS L O R 2 — SR 23 1T,
R U720 TR K D 5228 2 — IR 2R < 52 1 7z
HLOEHERIS . FIRS (2012) b, BRI
JIRAN AT R W E AL T ot A, VRIS
13 B ~DOFET/NZDN, T, IS K
RELZIZIRN K DB YIRGIC LIRS R ST %
WAL, Akl Re—ET 5.



TKICED 2V ~D R R 725 B ARG 1T,
fi] | L1 B U 5V CH AR 2 oV — 2 O CHERR S
TS (LTS, 2016) . /ViEIXE 13 B8BTS
EAEELFE R T, W B0 B DRI FED
NOs-N EEZ(LZ Tz T 523 TE. 1€
Sk, WEgo> DIN I BE I3 LI CAR Y MUIZHE 2.
DL, REEBREOMIIEE I2—a
ANCESTHTONTEZ. NOs-N O BN,
MIIGIZEITS DIN BVBA I+ 572 OFEE 72
H R0 15HEE 2 DT,

2017 FEED VA FFH AR ZFHRIL 72 2V i X
%513 50O DIN J2EE1X, 201741 A 7 HOMEET
1%, StK FBEO SIL ELFEEREAL BT/ UICERED
DFEELGL72HEEND 3 uM (K H B, 2001) % L[]
STV, StL @ DIN X 1 A 18 H AR
IZIKRFL, 3 uM % FEISIDZ7/ o7 (Fig. 11). 24,
FREEMEAL N CIXEERED Eucampia zodiacus D3 K
BRAELCRBREZNEL TR, TOREE %)
T DIN RENBBMIIK FLIzEZ 2Nz, — 77,
StK @ DIN 21T — 07K T IEER bicb oo,
FHAHAM 28 C T StL ([ZH_TEWEE 2 #ERF L C
WL E T, YRI5 £ 8 DIN SR E DKy
AV, ) AT G O ¥ 0L e Y FEE A 03 T
ENDHEHOZNZENMBNTND (FH =R,
2017b) . AWFFEIZI1TH— OB I L OE DOfifT
b, StKIT ST D) - D 372 DIN i
FETREE 2 B D NN A 1 38 L OB PE #E XA 23T
<, FEIT T HIREI)N AR LOREE AR D BRI K
IZ DIN ZMEfasnaZiick~C, s @R o
DIN JREME FLIZHAICH, IREDREFSILTD
HEZZ B

StL IZF1F5 /U0 SPAD fHi%, 2017 41 H 18 H
LI DIN O @kl [FFHL T N L7z (Table 2) . —
77, StK @ SPAD fifl LA M 28U T StL J0H
VMEMNZSH -7z, 201741 A 7 B, 12 A FAIED
SHIE HETOM, StK & StL 1235175 DIN #E A
W LR, T E R TR E DR e o]
¥, SPAD fEIZH B 2Nl gL sz (Fig.
11). StK & StL @ SPAD fEMD 751, a5 @i o
DIN JRE3 3 uM BL FIIE FLIZ5A T, Ao
I/ VIBIGIXES 13 5O L0 FERNIE, B0 sk

[ZEE~C DIN B EE OIS AT 7K <251 7
XNBOFEH A, W I > TR IS
NTHY, SKK IZBIT5 V0 B/ iR B
STWDHIEERLTIEREREE 2 BT, 2, B
PEXDOF AR, IR — TR T
VYNH4-N O i< (Table 1-1), StK O YDA
HEFFIZTF B L Q0D EE 2 LS.

W 3D VST, R R A7) SRR DB
ZZ T CVDOETITHER S NAZ EnmE ST
% (ARG, 2012b) . JEH =5 (2018) 1X, W IilC
RV, BIRED DIN 28 Te/KID 8% — E R H
ZFHE VIS TIE, A2 E LT VAR BEDS
ARETHAHEMEL TS, Eiz, HIEF BN RS
7o OBAEIX RSN L TE 720D, JUEERIKD
SPAD fEANEVNEE, OVDOERITEL, SE SR
EEINTWD (BRI, 2007). A RID 7V EFHFHA I,
BT BL TR A E R B2 D000, K I
250D DIN A2 1T 515 T, /YO aRHE
FFEI% (SPAD fENEY) ZEMRBALNE/RD, K0E
DEWIUNZELTERETEDLIENRIBINT-.

S B BB O IR LTI, CDOM
RN E A E~OIENMELL OO, i (LI (5
A, 2013), fE 5 G, 20158, b) BILOLHIR
(JH &R, 2017a) DRI T A8, Heik
HEIRE OB W EITERE T2 ULV I A Undaria
pinnatifida B35 ZBWT, 7L AN —IZ LD #l
RS R OE R L (FARD, 2015; LTS, 2016;
AT, 2016) 728, BUGTONE HFEHINHESN
TUVD, AT IR BT D RE OB
AHEB 2B, KENFERERETIL, 16k &8l
BN Z, A8 B EhBl I 252 15 H L7z s e 8l
WL T, FEMZRIRS O R EBIREN RO IGE
PR (B DI A IEE L, J0I<Cn 7Rifass
BREEZLOEHMIEIG, 2D NEEEOMIICS
IENDZENHEIND, BT COKEEDHEERE, IR
BLOT-0 DGR EH T R RET M ES
BUHEBTOINENHDHIZA).

| 3
ABFTEIT R 25-29 - RE/K EIT Al B 3 26 T 22
PEST 18] D7 O G UGE KRERER | O — L LT



IORATE. SREIZHTZY, 2R I1215->T- 8-
R R A OBRRIUERGH OB A £ 5.
E72, M) N OFE &I B T~ 5 & k2 TR 72 [F
T AZ AR ST R A e A B T T [ S i D
BER, b NCHEICTH AW Y B2 — D/
Lo T EEICEHT 5.

51 A xX ®

B[R 2 - k122 47 - iR A (2006) : 4 ZR 0D B
W NI T Ak Al Lo B BRI, e T
SEE SCAE 53, 1096-1100.

BT R s o2 - LA BEVE - R R R GL « B R — P - v L3
s AR 72 (2012) 0y J1RAT A 38/ U il 451 2
FAFET IO OO RBEMAG O, TARTS
A OSCEE B2 (M T%2) 68, 1116-1120.

RV AR < /MBS - BPOTIE (1999) 78 V2%
A IZ BT D /) Dt R EEAEKEBREEIZD
WL i (L RK ERR BRI A 14, 4-7.

JERIF =54 (2007) : BERKSE 7T (SPAD-502) A FH L 72
JVIERGTIOTGEZWT. TRk 19 4F B K PERFZE
FCEAE ), 117-118.

JRHEFORL = R — P < S RAR = (2015) « F/AKALEE i
R O 2 FE TR A PRI T PED JB O K B 0D VS A7 HE
HERE 72 2% (DIN) Y2 EE OB RE. Tt i UL 57 2 bk Kk
PERANIR A 2o 2 — W Fe s OKPERR) 44, 29—
33,

JEE DL B P4 (2017a) < 3 5 PN SR B
[ZRBITADHEE B — R EMEE A HTIC X
2R P B % A IR L T E A oD b, e Je B ST
MOKEERATR BB Z—FFEH & 1, 22-25.

JE AL 55— (2017b) < 171K 36 L OVHR T Tk
PAD D SR IEMAG NI T 01 JE L Mgk o> /)
W5 2 D5 O KGE. KEWEITIE 81,
222-229.

JECE FNGL « TR B o2+ ) VIR A « 7 il s - 5 il —
P (2018) : HEE K B IOV KLBR i A Z & &
ND VAT RE MERE 28 RO BE AL BN e D /Y
5\ 252 D588, KPEMRENISE 82, 26-35.

M54 (2015a) : AEAtE 2 —DE A 2D T
a2 0, 93.

i FE L (2015b) : fHERME B — I k> TEHIE

9

AUT 7 INTEs PR Y I8 0D i 18 ML U D 2R Bl &l % O
BAfR. RS KATZLD, 96.

JIA & @k iez (2010) : A B R SRR 3 1)
LIRTFIE R REe L VAL ~DOR 2 H
AIKPES 255 76, 849-854.

[ 22 @ KB HE - [ E AR AR T KE R (2014) -
KRS ONE R NT L AL S LT s P
Ly PB4, 8-11.

WP R (2014) : U ADGE L ZFIT 5. S
KAFTZ X0, 91.

EHEE X H (1986) MK FIZE ENDHME
DOROGPEEERE, FOCERRE, 7oT=7, Hiiy
P 35 L OME IR OO [ IR B Bh 0 AT B DWW Tl e
72 62,25-37.

FVEMCT - ok R IE « K 10T - A A B 0L - JER R
T ISR E (2004)  HEMROV R OSLHE BEEY
na” 4L E RIS SPAD fEEOARRBME. Sk
¥ 53, 123-125.

K H IR — - A A RES - R R B R ] E MR
= (2001) : 304 D 15 & M = 22 U IRIE O SR EE
AEAER. T ESTKERBRISIT TS 36, 59—
73.

BEA TR - B FREAE (2016) - SAEE I B3
BT AT DOREFE K ONE FIEIZ DWW T Bk
WK EERFIEHE 16, 11-17.

B (Lo g — BB - 1 B BE K BB (2009 ) : ZE ik 58 &
(SPAD-502) IZ LA LW 58 AT ) DI
moraa” VEEO . SUN RS 62,
90-93.

KB R TFHEFET (1988) : H#kFE i+ SPAD-501
EROWTHIELIZSARDIED /7 aa 7 ¢ )L E .
H AR 25E 70, 488-490.

10 AR T Tk + BN S « R ORI - TR R A - R
e (2012a) < i GE L ZBR AT 20K D IR 23
LV~ D RS . IKPEMREATSE 76,
197-204.

TEARTE TR + 1 K 21+ BINHEE] - IR i 5 « R U
gL+ P R - R A (2012b) < 3R] )1 D IR
FICHR R SN DR BRI IC I D VB OEIE. B
AIKPEFL355 78, 246-255.

AT ik - 1 KR PRS2 - F0 217 (2013) - 4



10

feth oY —&2 - ViR g iE T =20
7. IKEEERIN 5, 159-163.

AT ik TG ARTR T FIfREsZ - F0 2247 (2015) -
et —a AW DRGSR T L AN —
AT LDOBAFE. KEHAM 7, 97-103.

AT Tk (2016) « #adm BT BRI 2R 2 N2 e
REEE=XV 7 LG NERIZOWT. A FIEF
547, 229-235.

BB SR FNGA (2011) - B2 AL~ D% 3R F 41
PR~ KEREE P58 34(A)2, 54-58.

B CE (2015) Wi NG OB SR bl e
PE. NECWOASREMME KFTIAEEE
T QUARRR - R Z3E0R), HANELE, F 0L,
91-128.

A ETE (2009) : B ARICEITD VB IEE SRR
BEDBUR, HELEE AW 181, 141-145.

BRER - BAGR B MARZL M
(2005) : LI BT DR BERIEO L V&
FETREDRE . WEEEW) 158, 238-245.

Yamamoto T. (2003): The Seto Inland Sea-Eutrophic

or oligotrophic? Marine Pollution Bulletin.47, 37—
42

AR (2015) W7 NiEO & R {b—F DJRIA,
TaktA, A=A L, EEOE SRR E
ARIEF T REET | (UARRIR - TEHEZESER),
N FEAE, B, 55-87.

(N ZRwE] - AT R H(2016) R~ D/
VIR C BT DR O T L AN — i D BE 3.
A T 547, 236-241.



11

Bulletin of The Hyogo Prefectural Technology Center for Agriculture, Forestry and Fisheries

Effect of DIN Discharge on Color Tone of Cultivated Nori, as
Demonstrated by Continuous Automatic NOs-N Sensor Measurements

Kazuhiro HARADADYD, Kazutaka MIYAHARAYD and Shusaku KAWASAKI?

1Fisheries Technology Institute, Hyogo Prefectural Technology Center for Agriculture, Forestry and Fisheries,
Akashi, Hyogo 674-0093, Japan
2)Hyogo Prefectural Federation of Fisheries Co-operative Associations, Hyogo Nori Institute, Akashi, Hyogo
674-0093, Japan

Corresponding: Kazuhiro HARADA
TEL: +81-78-941-8601, FAX: +81-78-941-8604, E-mail: kazuhiro_harada@pref.hyogo.lg.jp

In this study we examined the effects of dissolved inorganic nitrogen (DIN) discharged from
land areas to coastal nori farms in the eastern part of the Kako River estuary. NO3-N concentration
measurements were performed using an automatic NOs-N sensor, and a significant positive
correlation between NOs-N and DIN concentrations in the surface water was identified. The NOs-N
concentrations in the surface water of coastal nori farms was related to tidal flows, which were
higher during the ebb tide, and lower during the flood tide. The salinity in the surface water also
changed in phase with the tidal flows. The color tone of fresh nori produced in the coastal nori
farming area was darker than those produced in the offshore area, probably due to the influence of
DIN discharged intermittently from the rivers and port. These results show that intermittent DIN
discharge influences the color tone of fresh nori in the coastal farms of the eastern Kako River

estuary.

Key Words : automatic nitrate sensor, color tone of nori, continuous observation, Neopyropia,
nitrate



