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Influence of phosphorus management at two wide area sewage treatment plants on water
quality in the inner section of Mikawa Bay during the winter season from 2017 to 2018
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Abstract : We investigated the influence of phosphorus, whose consentration is thought to have increased
in local water bodies between November 2017 and March 2018 due to test operations. It is discharged from
Yahagigawa and Toyogawa wide area sewage treatment plants located the coast of Mikawa Bay into the
sea area. The accumulation phosphorus discharged from Yahagigawa sewage treatment plant was 4.1 times
as greater than the corresponding period for previous year, and the phosphorus load form Yahagigawa
sewage treatment plant was estimated to be 0.8 times to 1.7 times higher than the load from the
Yahagigawa River. The dissolved inorganic phosphorus proportion of the total phosphorus load increased
to 82.0% compared with 44.0% in October 2017 before the test operation. The accumulation phosphorus
discharged from Toyogawa sewage treatment plant was 2.0 times as greater than the corresponding period
for previous year, and the phosphorus load form Toyogawa sewage treatment plant was estimated to be 0.1
times to 1.3 times higher than the load from the Toyogawa River. The dissolved inorganic phosphorus
proportion of the total phosphorus load increased to 63.0% compared with 44.3% in October 2017 before
the test operation. The supply of dissolved inorganic phosphorus, which in beneficial to laver seaweed and
phytoplankton, was drastically increased by the test operations at the two wide area sewage treatment

plants.
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Fig. 1 Location of the study area in Chita Bay and the

inner section of Atsumi Bay, which is part of Mikawa
Bay. Solid circles show the sampling stations
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Fig. 2 Time series variations for the (A) concentrations
and (B) the amount of TP effluent from the Yahagigawa
wide area sewage treatment plant. Dotted line represents
October 2016 to April 2017. Solid line represents October
2017 to April 2018
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Fig. 3 Time series variations for (A) the concentrations and
(B) the amount of TN effluent from the Yahagigawa wide
area sewage treatment plant. Dotted line represents October
2016 to April 2017. Solid line represents October 2017 to
April 2018
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Fig.4 Time series variations for the TP, PQOas-P
concentrations, and the PO4-P/TP ratio at the closest plase
of discharge port(St.Y-1) of the Yahagigawa wide area
sewage treatment plant. Black and total bars represent the
POs-P and TP concentrations, respectively. Solid line
represents the PO4-P/TP ratio
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Fig. 5 Time series variations for the TN, DIN concentrations,
and the DIN/TN ratio at the closest place of discharge
port(St.Y-1) of the Yahagigawa wide area sewage treatment
plant. Black, gray, stripe and total bars represent the NO2-N,
NOs-N, NH4-N and the TN concentrations, respectively. Solid
line represents the DIN/TN ratio
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Fig. 6 Time series variations for (A) the TP, (B) the

PO4-P, (C) the TN and (D) the DIN concentrations at the

closest place of discharge port(St.Y-1), the around of

discharge port(St.Y-2~6) of the Yahagigawa wide area

sewage treatment plant and the fishing grounds(St.Y-7~

10). Solid circles, solid squares and solid triangles

represent the closest place, the around and the fishing

grounds, respectively
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Fig. 7 Time series variations for (A) the SiOz, (B) the PON
and (C) the Chl-a concentrations at the closest place of
discharge port(St.Y-1), the around of discharge port(St.Y-2~
6) of the Yahagigawa wide area sewage treatment plant and the
fishing grounds(St.Y-7~10). Solid circles, solid squares and
solid triangles represent the closest place, the around and the
fishing grounds, respectively
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Fig.8 Horizontal distributions of the POs-P
concentrations (ug/L) in the surface water taken in the
Yahagigawa area between October 2017 and March 2018
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Fig. 9 Horizontal distributions of the DIN concentrations
(Mg/L) in the surface water taken in the Yahagigawa area
between October 2017 and March 2018
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Fig. 10  Horizontal distributions of the Chl-a
concentrations (pg/L) in the surface water taken in the
Yahagigawa area between October 2017 and March 2018

.‘ V/E%J{ omuo /;;%’ \/{ uouu.zon

g 1>

Thom

~,:y\ "’K
» / -.:/ \ /
ey /A o \)‘,/
e <r e <
.‘\\_-"./.gm / & ‘ \ / f FF/ l
&S [ oemany ~ fEE /[ nasion
"= N o S
o /H\ =\
s =
HA " /
_/ \'A\,‘; "-‘\\‘U,
hom L™ <

5= e 5
R ’:‘@-J : reul.zolls "'"—j//'"’w/-{“‘”'ml’
- =l (i

2 S

Fig.11  Horizontal distributions of the SiO2
concentrations (pg/L) in the surface water taken in the

Yahagigawa area between October 2017 and March 2018
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Table 1 Dominant of phytoplankton around the Yahagigawa
wide area sewage treatment plant
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Fig. 12 Time series variations for the (A) concentrations
and (B) the amount of TP effluent from the Toyogawa
wide area sewage treatment plant. Dotted line represents
October 2016 to April 2017. Solid line represents October
2017 to April 2018
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Fig. 13 Time series variations for (A) the concentrations and
(B) the amount of TN effluent from the Toyogawa wide area
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to April 2017. Solid line represents October 2017 to April

2018



3 A OB O TN JREE X H 7 9,701 ng/L TRAEE
AfTEIL 658.1t Th o7, RIFERIFEHICIIT S TN RE
O H )L 8,849 pg/L T, RIEAMRIL 5294t ThH o7z
Z 0D, RBRES I IR ATAE & He, PRI 11
2, BRAMNEITL12{EE 2> T WV,
BAROEEDOKE ; &)t ¥ — 5B
(St.T-1, LA FME) IZ817 2D TP, POsP DORER LW
PO4-PITP DEIA DIRERFIZAL % Fig.14 1ZR LTz, RERE
R O EBEIA 1T 63.9% TH 0, SBGERRTO 10 A )
44.3% D 145 ThH o7, RBUELE%Z D 4 A 24 HIZ TP,
POs-P & & 3BRERL T & ﬁ%iﬁ?m%ﬁ?f&; Y, PO4-P/TP
DEIES 87.7% & mroTo, i AETIZHITS TN B
L U'DIN (NO2-N, NOz-N, NHs-N) @Y)}%};f, DIN /TN O
B & OWRYIZEb % Figd5 (2R L1z, TN (3@ EE T
b D T OFE & FIRRE AR (Figl3) ThY, Hk
TEEET O TN I 5 DIN OFEHEIEIE 73.0%T, &AF

400 100

- 80
300 -

- 60
200

Ratio (%)

- 40

TP-PO,-P (pg/L)

100 A
20

0 - 0
W) RIS SR A T TN 3 NI G  AR ARG S
& @\\ @\w S &x »;»\’L ) \,}\\ \,y\'» NN N\@ AP A A P

Before Under management After
the test the test

Fig.14 Time series variations for the TP, POs-P
concentrations, and the PO4-P/TP ratio at the closest place
of discharge port(St.T-1) of the Toyogawa wide area
sewage treatment plant. Black and total bars represent the
POs-P and TP concentrations, respectively. Solid line
represents the PO4-P/TP ratio
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Fig.15 Time series variations for the TN, DIN
concentrations, and the DIN/TN ratio at the closest place of
discharge port(St.Y-1) of the Toyogawa wide area sewage
treatment plant. Black, gray, stripe and total bars represent
the NO2-N, NOs-N, NHs-N and the TN concentrations,
respectively. Solid line represents the DIN/TN ratio
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Fig. 16 Time series variations for (A) the TP, (B) the POs-P, (C)

the TN and (D) the DIN concentrations at the closest place of
discharge port(St.T-1), the around of discharge port(St.T-2~6)
of the Toyogawa wide area sewage treatment plant, the Rokujo
tidal flats(St.T-8,9) and the Toyogawa river(St.T-7). Solid
circles, solid squares, solid triangles and open circles represent
the closest place, the around, the Rokujo tidal flats and the

Toyogawa river, respectively
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BEEEN 2,000 cellsimL DL b &= ilim—7 o 7 U
%/~ L72, 10 A 10 H X Skeletonema spp.73, 11 H 13 H
VNSRS E N E VB BT L 7> Tz 11 A 28
H3& X112 A 6 H % Chaetoceros spp. & Skeletonema spp.
PESLTWE, 1ASGH, 19H, 31H, 2H8HB L
TN 26 H1IZ Chaetoceros spp. 3 & S FE L 22> TNz, 4 A

A3/ MR B ME 5 LT,

Table 2 Dominant of phytoplankton around the Toyogawa

wide area sewage treatment plant
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Fig. 17 Time series variations for (A) the SiO2, (B) PON and
(C) Chl-a concentrations at the closest place of discharge
port(St.T-1), the around of discharge port(St.T-2~6) of the
Toyogawa wide area sewage treatment plant, the Rokujo tidal
flats(St.T-8,9) and the Toyogawa river(St.T-7). Solid circles,
solid squares, solid triangles and open circles represent the
closest place, the around, the Rokujo tidal flats and the

Toyogawa river, respectively

cells/mL
Month/day |St. Small Chaetoceros |Skeletonema
flagellate spp. Spp.
2 2,500 4575
10/10 s a5
11/13 2 2,750

2 3,080 4,270
11/28 7 2060
8 2,450

12/6 8 2,200 2.490
2 3,550
1/5 7 8,100
8 12,450
2 6,500
1719 7 13,400
8 5,650
2 3575
1/31 7 6.800
8 4875
2 6,550
2/8 7 2,600
8 2,267
2/26 2 3,530

4/17 2 8,900
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Fig. 18 Horizontal distributions of the POs-P
concentrations (ug/L) in the surface water taken in the
Toyogawa area between October 2017 and March 2018
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Fig. 19 Horizontal distributions of the DIN concentrations
(ug/L) in the surface water taken in the Toyogawa area
between October 2017 and March 2018
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Fig.20 Horizontal distributions of the Chl-a
concentrations (ug/L) in the surface water taken in the
Toyogawa area between October 2017 and March 2018
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Fig. 21 Horizontal distributions of the SiO2 concentrations
(Mg/L) in the surface water taken in the Toyogawa area
between October 2017 and March 2018
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Fig. 22 Time series variations for (A) the DIN/POs-P and (B)
TN/TP at the closest place to discharge port(St.Y-1) and the
around of discharge port(St.Y-2~6) of Yahagigawa wide area
sewage treatment plant, and fishing grounds(St.Y-7,8,9,10).
Solid circles, solid squares, solid triangles represent the closest
place, the around, and the fishing grounds, respectively. Dotted

straight line represents that the N:P ratio is 16
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Fig. 23 Time series variations for the DSi/DIN at the closest
place of discharge port(St.Y-1) and the around of discharge
port(St.Y-2~6) of Yahagigawa wide area sewage treatment
plant, and fishing grounds(St.Y-7,8,9,10). Solid circles, solid
squares, solid triangles represent the closest place, the
around, and the fishing grounds, respectively. Dotted straight

line represents that the DSi:DIN ratio is 1
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Fig. 24 Time series variations for (A) the DIN/PO4-P and
(B) TN/TP at the closest place of discharge port(St.T-1)
and the around of discharge port(St.T-2~6) of Toyogawa
wide area sewage treatment plant, the Rokujo tidal
flats(St.T-8,9) and the Toyogawa river(St.T-7). Solid
circles, solid squares, solid triangles and open circles
represent the closest place, the around, the Rokujo tidal
flats and the Toyogawa river, respectively. Dotted
straight line represents that the N:P ratio is 16
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Fig. 25 Time series variations for the DSi/DIN at the
closest place of discharge port(St.T-1) and the around of
discharge port(St.T-2~6) at Toyogawa wide area sewage
treatment plant, the Rokujo tidal flats(St.T-8,9) and the
Toyogawa river(St.T-7). Solid circles, solid squares, solid
triangles and open circles represent the closest place, the
around, the Rokujo tidal flats and the Toyogawa river,
respectively. Dotted straight line represents that the
DSi:DIN ratio is 1

KOO TP B L NTN ORFEICE L CATTRERH
L7z INB IO Z =050 TP B LN TN &
BIZOWT, RKE)IHX % Table.3 (Z8)I[H1[X % Table.4
IZENZEIUR LTz, REBGEIRANICB W T, REIHX
TR TP AR RIZR L CH b v =5 TP A
TRIT 0.47 1%, EJIHIK TIX 024 5 TH - T=DITHIL,
FRBRIE L TP T R AR HIX G 0.75~1.68 1%, &)I[HIX T
130.09~1.28 (5 Td o7z, FHTINIK DR R T 5
12~2 A DORAENNHIX TIE 1.01~1.68 {5, 12 A D& )I[Hh
KTiL128f5L7oThkY, ¥kt 2 —0bD TP A
FIITFAAKD TP AR EEZRKE < ER->TWe, £z,

RBEIRANC BV TE, RAFNHIK TR TN Aff
Bl LTk 2 =050 TN AW RIL 0.33 1%, &
JIHK TIE 0.7 5 T > 72 DIk L, RBRES: F 3 R AR

Table 3 Monthly average river flow between October and
April from 2006 to 2016, the estimated concentrations and
the amount of TP and TN in the Yahagigawa river and the
amount of effluent TP and TN produced by the Yahagigawa
wide area sewage treatment plant from October 2017 to April
2018

River

Monthly river i
Season Month v 3 W_ater. concentration River load| Sewer load B/A
flow (m®)  [quality list A(kg) B (kg)
(Hg/L)

Before the test 10 142,120,656 Ll 35.3 5017 23501 0.47
TN 810.5] 115,189 37,737|  0.33
TP 44.2 4,199 3,840, 0.91

11 95,004,443 - y
TN 837.8 79,595 35,056 0.44
12 65,078,748 TP 57.8 3,762] 5351 1.42
TN 860.9 56,026 43,003 0.77,
Under 1 53,672,083 TP 87.7 4,707 4,736) 1.01
management TN 1/452.4 77,953 44,952 0.58]
Py 67981014 TP 41.6 2,828 4741) 168
TN 876.0 59,551 41582| 0.70
TP 57.4] 7,156 5348 0.75

3 124,675,643 - :
N 1,264.3| 157,627 45,705 0.29
After the test 4 119,261,984 L 1159.3 138,260 2763 002
TN 11,822.4| 1,409,963 43,869 0.03]

Table 4 Monthly average river flow between October and
April from 2006 to 2016, the estimated concentrations and
the amount of TP and TN in the Toyogawa river and the
amount of effluent TP and TN produced by the Toyogawa
wide area sewage treatment plant from October 2017 to Apr
2018

. River .
Monthly river
Season Month b 5 W.ater- concentration River load| Sewer load B/A
flow (m?)  |quality list Akg) | B(kg)
(/L)

Before the test 10 89,420,047 TP 59.6 5,329 1283 0.24
TN 1338.3] 119,671 20,588 0.17
TP 290.6 15,806 1,495 0.09

48 A :
n R 4,745.2] 258,102 18932[ 0.07
1 3203263817 415 1,329 1,706] 1.28]
TN 1,785.0 57,178, 18419 0.32
Under 1 21295724 TP 162.8 3,467 1,743  0.50]
management TN 2,628.0 55,965 21613| 0.39
TP 241.5 9,504 1502| 0.16

2 39,354,318 - -
[N 5999.9| 236,122 18,616 0.08
3 65033906 TP 83.4 5/424] 1,733] 0.32
N 1,685.3] 109,602 21,786 0.20]
After the test 4 71,159,944 L 752 5351 1061 0.20
TN 972.1 69,175 18,767) 0.27
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