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Influence of DIN derived from ports and treated sewage effluent on
nori (Pyropia) farms of the northeastern part of Harima Nada

Kazuhiro Harapa' T, Katsuyuki ABo?, Shusaku Kawasakr’, Fumihiro Takesako® and Kazutaka MryAHARA'
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Dynamics of dissolved inorganic nitrogen (DIN) in relation to the color of fresh nori (Pyropia) were examined
around nori farms in the coastal waters of the northeastern part of Harima Nada (off the coast of Akashi City and Hari-
ma Town in Hyogo Prefecture). DIN concentration in surface water was higher inside the ports due to industrial efflu-
ent and rivers, and around the outfall of treated sewage effluent. Horizontal distribution of high DIN concentration in
surface water extended in the east-west direction along the coastline. On the other hand, offshore concentrations were
lower. The dynamics of salinity and NH,~N concentration suggest that during the ebb tide (eastward flow in this area),
discharge from ports and treated sewage effluent in the western area can influence the coastal nori farms east of this
study area. Also, the numerical simulation method results showed that DIN supplied from the treated sewage effluent
flowed eastward during the ebb tide, and reached the coastal nori farms. The quality of fresh nori produced in the east-
ward coastal nori farms from this study area was better than that from the offshore area, presumably influenced by the
nutrients discharged from the ports and the treated sewage effluent.

Key words: Pyropia, DIN, water of ports, treated sewage effluent, industrial effluent, Nori culture
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ZDXHI, DY EME, TEEEFOEFHLRENB
JUOWAEHE LTIESEBLTEBY, ThEHz b/
(Pyropia) FEFHIZEINOKEFEITB W CEE R HEMET
HbH. EH ) DEFEFEMEID L BRERALTVEHD
O, FOEEREP X OWE IZAERER S OBREEELDE
BhzITRe W, TN TIE, o XENL (Yama-
moto, 2003; BEJE, 2011; LA, 2015) (2B, SRICEAFRE
R 2% (DIN) ORRETHELSL ) OmESICRNT 5
AL, LIFLIERAELTH Y (ERIEA, 2005;
BT, 2009; FAIE A, 2009; FIPEIT 2, 2009), Z D5
BIMEHEOAL LT, OYONT, FEEFICOPERT
HREGPEEEZ ONL. RO KBIEREOLHICS.
A BLEMIIERA TH DD, FRFAL IR H 5 EFED
WP NHED 2 ) T, WK, EFEPEKE X OTF AL
HUKSE OB EM A, BEZDINSHAHICR > Tnb L%
AbNhn Ol - w&st, 2010, BIEEIZ 2y, 2012; mAIE D
2012a, 2012b, 2013; J5LH - &5, 2017). /) oS oxt
IS L LT, WA AW 2 ) T, A
(GE, 2007; & A - HEP%, 2009; K H A, 2013), K iE
O T RIS BT 2 KA EHER (22T, &%
A X B HHMEN CO SR M ER 2 59, W
2008; JEHEA>, 2015; E)IEA, 2015), MG~k (Il
AUEA, 2011 {BHIED, 2016), HEEHHEEEB X O 00hh
5N (BCH - JEH, 2011), AAMKTH:12 X % DIN
PHEARIR SN TV 5.
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&I, Mo ) otuiiziiEdT s EIlkoT, £
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ETBEAETON ], AME LTI SEAET 7V ] ity
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Figure 1. Location of the study area in the northeastern part of
Harima Nada. Broken lines show the nori farming areas.
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Figure 2. a) Solid circles indicate the sampling stations around
the nori farming areas from May 2014 to Mar. 2015. b) Lo-
cation of the sampling stations. StD: Station of continuous
measurement of salinity and nutrients on Oct. 29, 2015, Jan.
26, Feb. 26, and Mar. 28, 2016. StE and StF: Observation
stations for the color of fresh nori from 2016 to 2017. Bro-
ken lines show the nori farming areas. ¢) Observation sta-
tions for salinity and nutrients on Oct. 19, Nov. 17, 2016 and
Feb. 28, 2017. Broken lines show the nori farming areas.

7z, F£7, FFFICDINGATHICEE S X OKEA (K L
Im) ZERIL72. DINZHTBROHEIT X Y 547 L7
/) OEREAE

W OEIZETND 7 TT 7 Vi EE % i 20 IR
WCHE T & B EERRERHE, BIEYORBZHEICHV O
TWwah, I=h 37V BOEREINE, BHKES BE
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Figure 3. Horizontal distributions of DIN concentration (M) in surface water from May 2014 to Mar. 2015. Broken lines show the nori
farming areas. The data for station StB in Feb. 2015, is excluded in the isolines for high concentration. “H” or “L” in the figure indi-

cate high or low DIN concentration, respectively.
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Figure 4. Horizontal distributions of NH,~N concentration (uM) in surface water from May 2014 to Mar. 2015. Broken lines show the
nori farming areas. The data for station StB in Feb. 2015, is excluded in the isolines for high concentration. “H” or “L” in the figure in-

dicate high or low NH,~N concentration, respectively.
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Figure 5. Horizontal distributions of salinity in surface water from May 2014 to Mar. 2015. Broken lines show the nori farming areas.

“H” or “L” in the figure indicate high or low salinity, respectively.

TR KB ITE S (StB) B X OSIC THRWVELZRT
BB Eh otz BESNE, AR 72RO
HVE 1A R VIR EERASIAAS D, A OB BRI AR LS
& -7z (Figs.3,4). ¥imid, StAB X TR OFE D
D5E R TRNEIIZH > 72 (Fig. 5)

TRE L Y 5 =T, 2014B X U2015FEE L BB
tria10 HHiy—4 H TSR BIAE BE R EE S h i
BT R ORLEEK O DINEEE 1L, 388 &l 28 i i iin
MR HICE < 2 2 EHIA 25720 5, DINORERK H NH,-N
FHRNERECELTEY, /LY ¥ —12BIT5
TEfR 7 (REALIDHER) (2P 5 2 b2 123wz
(Fig. 6).

FREfRRAE

A I B 0 SR T WL (Fig. 1) (2B 2 AR O
WAL (http://hyogo-kouwan.info/jsp/, 2017 £ 7 H 7 H)
% Fig. 7-alZR L7z, W OFA TS TR o By
W2, FE, KR LD RIFEIREIC R THE S 2K T L,
NH, N L5 2 @258 b, £EONHN
WAL, B S UM oERREICAMIC ERA T 50
2, TRTCOPETHER SN (Fig. 7-b). Tz, Bl
NH,-NREIZIZH B ADOMBE A - 72 (Fig. 8, Pearson
OFBEHREL, P<0.001).
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Figure 6. DIN concentration in treated sewage effluent of the
Futami sewage treatment plant. Open, solid, and striped bars
respectively indicate NH,—N, NO,—N and NO;—N concentra-
tions.

ELT20164E11 H17HOWMAR R EZRT. RIFHKICS
JFBEMT A v EORENES AL, Ste, TDA Y \ZHis T
o> s SHREICRRD SIS, TR Z 0 X ) oA
IHERRTE L o7 (Fig.9). 72, St7,8 TldKE, K
&b EIFEIRECH 25 <, NH,-N AR W2 B -
7278, FUFEIRHEIE G AMET U O NH,-NIREEAS RA-3 59K
PLIZHR U7z (Fig. 10). —77, NOyNi#id, NHN® X
) RBAE B EALEII RO SN otz Fo, HIRES
PREHEXPY (St1) T, o B B NH,-N i
DR L, MRV ETIIcH - 72 (Fig. 10).



R
~

180
160
140
120

Oct. 29, 2015

80

60 — T T T T T T
8 9 10 11 12 13 14 15 16 17 18

180 ¢ Jan. 26, 2016

160 |
140
120
100 p

80

60 — T 7T 7T
10 11 12 13 14 15 16 17 18

180 r
160 |
140
120 f
100

80

60 — T T T T T T
10 11 12 13 14 15 16 17 18

Feb. 26,2016

Tidal level (cm)

180 r
160
140
120 |
100 F

80

60 — T T T T T
9 10 11 12 13 14 15 16 17 18

Mar. 28, 2016

oo

Time

NH,-N (uM)

31.8
31.6
{ 314
1 312
4 31
) 308
{ 306
{ 304
0 ———————————— 30.2
(=== R e e I e i e I o B o I = i - I - i =l
NOMNONONODNONO N O
FSSoddaaxEang
8 Jan. 26,2016 | 2
{318
6T 1 316
{ 314
4 .
{ 312
2 131
N 1 308
0 —r———v—T—T—T————— 306
S
gt 2
B
12 .8
<
10 %))
8
6
4
2
0
16
14
12 E O—F3
10 F
8 L
6 L
4 L
2 -
0

9:35 |

Figure 7. a) The tidal level of Higashifutami tide gauge station. b) Salinity and NH,~N concentration at StD. Solid circles indicate
NH,—N concentration of surface water. Solid squares indicate NH,—N concentration of bottom water. Open circles indicate salinity of

surface water. Open squares indicate salinity of bottom water.
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Figure 8. The relationship between salinity and NH,~N concen-
tration at StD.
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Figure 9. Vertical distribution of salinity from Stl to St8 on
Nov. 17, 2016.

VEIX O DIN LI FESEHRE OB XY, R
NRTE L UEH - B, 2017), €O THFFICNH,-N#
EREWZ EPRFHNTH D (201149 H-20124E2 H i
A 1 EHI L 72 NH,~N, NO,-N, NO;-N i B O -3 1l 1%,
NH,~N : 11.1%4.3 uM, NO,-N : 1.7+1.0 uM, NO,-N : 5.4
3.7uM), GlOFRAEREOEXNIZB T 5 KE b RO ME
MTHo/zeMIND, —F, FARHEABGE LD
I 4 VA & R B 2 B R 2 o NH,-N 38 B
(&, A AR X D H K< (2016 4F 10 H 12 H 0.6-0.7 1M,
2016 4 11 A 14 H 0.4-1.0 uM, 2017 43 A 1 H 0.9-1.2 uM,
LK BERA & > & — F 72 3L RO N, R,
FRESEHVEHITICH > 72 (20164F10 H 12 H 4%
32.08-32.21, 20164E 11 F 14 H #i4:32.37-32.60, 201743
H 1 H#A31.49-31.63, LERKERML Y ¥ —F 72138k
FEFLHGEG R, RIEER). ThooZ s, FARMEK
WO IE B D 5 4~ FAED St7, 8 R A5 1H e i AF TRERE X
N8 A 9 NH-NIREE B X O oZ21uiE, T
WIREIZAZVE 5\ CALiE T 2 880 CRIBEEIFEX B L U
JEUIXEE) 706 OFRS RS b v & — AR AS, 1
VFIRE V2V AT IR SV FH R 9 2 KBRS 244 ¥ 3 | S

LHILERLIEREEZONS. T2, FERERHAT
W2 ONIERFREORBITB T 2 NHNREOS#MZ E
A, AR O NHNBRE?» HE 2 5 & bt~



PEERR TARBKICE T A DIN A3 ) 351252 % 8

7 —BK DB X B EALZ R L2 ek, 85
12, ZHREbE vy —HKOBAICET 2 HEY I 2
L—2a uhb, RSN MBKIE TSR, Y
WX A9, 105 DWEMITWE R T HHERIPBEOLNT VS,
INLBEBORERBEBLOEMEY I 21— a vik 5
RNTRE R SAEA IR 2 &, SRR E 3
%7 ) HGIXE9, 105 ORISR REM T, FIFmikRg,
155 W NN i BE AN B0 70 VR VA 7K CRUH 5 V0% 1) 9% X,
B E) 2o IR bt v ¥ —ADKICHKT 5
KILDEEE ZIT T b LHfEgsn. /2, Rkt
U F —OREEINERRIC X DR L8R, UK

7 —©-Flood tide 6
6 —-Ebb tide 5
o5 | ~
Nl e
3
2
Zz2r 4
1 F 1
0 — T 0 — T
Scgao3Toes® S g 2TV LesS R
A A A nnRnANAN R Rz R 2 R 2R
Sampling station
4 -
3
=3 =
3 3
= &)
z 2 Z
o o
Z 1 z 1
0 — 0
S d9oTLE8ER S d9aTLLeER
n nwnn v n.nn nn n v NN ununwnvn wn nn n
325
32
315
> 2
E £
3 3
30.5 — T 31 —
T2 TLLS R 29328 ER
nhnnDDDHDDONDDND AR A ANDAAANA
Surface Bottom
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Figure 11. DIN concentrations in the surface water at StE and

StF.

Table 1. Comparison of chlorophyll meter (SPAD) values of fresh nori from StE and StF by Welch's #-test (#=5). The SPAD values

were measured for two-ply (two sheets overlaid) of the thalli.

Dec. 13 Dec. 19 Dec. 26 Jan. 7 Jan. 18 Jan. 25 Feb. 2 Feb. 16
Date
2016 2017
SPAD value StE 13.7%0.5 12.7+0.3 11.7£0.5 14.1£0.6 12.4%1.2 11.5+£0.9 13.1%0.8 8.4+1.3
StF 8.9+0.8 10.7+1.3 11.9+0.6 9.1%£0.7 8.6+0.6 4.9%0.5 4.4+0.4 0.6+0.2
P <0.001 <0.05 0.600 <0.001 <0.001 <0.001 <0.001 <0.001
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Figure 12. Results of numeral simulation on the behavior of
treated sewage effluent discharged from Futami sewage
treatment plant. a) Ebb tide; b) Flood tide; ¢c) Ebb tide; d)
Reversal current (change from ebb tide to flood tide). Bro-
ken lines show the nori farming areas.
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