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The influence of the dam and sewage treatment plants on the
silicon budget of the Tamagawa River

omo
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3-5-8 Saiwai-cho, Fuchu-shi, Tokyo 183-8509, Japan

UU Present address: Department of Earth and Planetary Sciences,
Faculty of Sciences, 33 Kyushu University
6-10-1 Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan

Silicon, supplied mainly from lands, plays an important role in the primary production in
the oceans. In this study we have conducted the observation of dissolved Si concentration in
river water along the Tamagawa river throughout a year and spotted two zones which showed
statistically significant change in the dissolved Si concentration: the Ogouchi Dam and the dis-
charging zone of treated water from sewage treatment plants. On average, the former removed
0.8 mg/l of Si from the upper stream water containing Si at a concentration of 6.40 mg/l,
whereas the latter added 1.2 mg/l of Si to the river water. The removal of Si in the dam might be
attributed to diatom intake of Si in the dam, although the relation between the Si removal and
its number density was insignificant. The addition of Si by the sewage treatment plants is likely
due to the use of groundwater having a higher concentration of Si in the municipal areas, from
which the treatment plants collected sewage, according to the consistent results of a simple mix-
ing calculation.

The annual removal of Si by the dam is estimated to be 250 ton/year and the annual load by
the six sewage treatment plants is as much as 1,100 ton/year, implying that the anthropogenic
input of Si along the river flow. Considering P and N concentration changes, however, N/Si and
P/Si markedly increased to exceed the Redfield ratio by the addition of the treated water from
the sewage treatment plants. This suggests that the anthropogenic activities along the Tama-
gawa river give an advert effect on diatom in the coastal area with respect to the mutual concen-
tration of the three nutrients.

Key words: silicon, dam, sewage treated water, nitrogen, phosphorus, groundwater use
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Tamagawa joryu treatment plant

Ogouchi dam (No.1)

Akikawa river
Haijima
(Without sewage treated water input )

Kitatama ichigo treatment plant

(No.2)

Minamitama treatment plant

Denenchouhu
(With sewage treated water input)

® Sampling points
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Tabled Concentation of dissolved and particulate Si (mg/l) in the
Tamagawa river water, sewage treated water sampled at the
Tamagawa sewage treatment plants and groundwater.
Treatmet  Treatmet  Treatmet  Treatmet
plant plant plant plant
Date Sitel  Site2  Site3  Sited4  Site5  Site6 No.l No.2 No.3 No.4 Groundwater
Jul-2004 670 6.84 5.03
(0.12)  (0.3)
Aug 6.68 6.74 5.69
(0.12)  (0.27)
Sep 5.39 5.44 5.68 5.61 6.98 7.90 10.4
(0.66)  (0.35) (0.042)
Oct 6.42 6.44 5.55 5.82 638  7.96 9.50
(0.038)
Nov 639 644 5.0l 5.60 714 849 0.56
Dec 646  6.44 5.66 5.38 632 847 9.78
Jan-2005 6.21 6.19 5.82 5.48 5.76 9.18 10.2
Feb 5.96 5.93 5.99 5.57 5.01 9.21 103
Mar 6.33 6.19 5.81 5.48 6.00 8.88 10.2
Apr 628 6.45 5.64 521 522 8.54 10.2
May 6.53 6.66 5.02 4.70 4.73 6.55 9.72
Jun 691 7.01 517 5.21 5.96 7.26 9.61
Jul 5.01 6.21 8.46 9.93
Aug 5.54 6.76 8.61 10.1 10.6 10.6
Sep 1.6 12.3 1.7 15.5
Average 636 6.40 5.56 5.38 6.09 829 9.95 11.1 12.3 1.1 15.5
Standard
variation 039 043 0.32 0.31 0.71 0.78 0.31 0.5 0.6
Concentration of particulate Si (mg/l) is shown in parentheses.
10 8
67 7 - y o
8L 1 o U
77 7
67 7 : i
NN SalN R
—~ 7 ! 1 1
=~ 6 | T 07 u
‘ L
— ) j=Y] ]
2 E 417 ‘
a4l | __ ‘
“r (%2} .
2 8 3 7
7
27
21
| 17 :
0 ‘ ‘ 3 021 AV Z
150 100 50 0 Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
. . 2004 2005
Distance from the River mouth (km)
: _ : . : 70 Inflow [ Outflow|
Figlll Change in the concentration of dissolved Si ’ N
along the Tamagawa river throughout a Figtld Comparison of the concentrations of dis-

year.

The vertical bars on the data are the stan-
dard variation 1o of all the data through-

out a year.

solved Si in river waters before and after
the Ogouchi dam (sites 2 and 3) throughout
ayear.
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Tablel Estimate of decrease and increase in the concentration of dis-
solved Si along the Tamagawa river.

Annual flow(¥ Fi)

(x10° m/year)

Annual concentration (Cr)

Annual amount (Y Fi Ci)

(mg /1) (ton/year)

Inflow 2.81 6.4+0.43 1800
Outflow 2.80 5.6+0.32 1550
Decrease in dam -0.8 -250
Site No.5
(Without sewage treated 432 6.1=0.7 2800
water input)
Sewage treated water load
in Tamagawa river 238 10£0.31 2370
Site No.6
(With sewage treated water 11.0 8.3+0.8 9030
input)
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DSi (mgl™)
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=====|{ith sewage treated water mixing
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The concentration of dissolved Si in treated
sewage water and in river waters after and
before the sewage treated water mixing
(sites 5 and 6), along with the calculated
concentration of dissolved Si in river water
after the sewage treated water mixing as-
suming the simple mixing of river and the
sewage treated waters.
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Figllo  Molar concentration ratios of (a) dissolved

inorganic nitrogen (DIN) to dissolved Si
(DSi) and (b) dissolved inorganic phospho-
rus (DIP) to dissolved Si (DSi). The vertical
bars indicate the variation (1) of the ra-
tios throughout a year (n0 12).

The horizontal bars in figures show the
Redfield ratio for coastal diatoms.

000000 Skeletonema costatum OO0 0000
000000 N/siOP/Sidd0oooononooomd
000000000000 dRaymont, 1980011 O
ooooooooDooooooooooooooo
Oo0ooooooooooooooooooooon
Oo0ooooooooooooooooooooon
Oo0ooO0oooooooooPsiooooooon
OO0OO0O0O0NSIOP/siDOODoDOooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Oooo0oooMnmmoooooooooooog
Ooooooooooooooooooooooon
OO0O0DoOo0oooON/SsiopPsiconoooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon

coooooooooo
oog 0

ooooooooobsibobooooooooo
coooocooboooobooooooboooobooono
O00FrgMOOOOOOOOO0OCDOOOOOO
oooooocooobooooboboOoobooOooooon
coooocooboooobooooooboooobooono
coooocooboooobooooooboooobooono
coooocooboooobooooooboooobooono
coooocooboooobooooooboooobooono
ooooo
cooboooooocoOobooooOooOoboOooooboo
coooocooboooobooooooboooobooono
coooocooboooobooooooboooobooono
coooocoobOoOoOobOOoOoNOPOOOOOOO
coooocooboooobooooooocooooono
cooooOoOoOooooobOoOobooOobooooooo
coooocooboooobooooooocooooono
cooboocoooooooooooooboo

o 0O

cooboooooocoobooooOooOoboOooooo
coooocooboooobooooooocooooono
coooocooboooobooooooocooooono
coooocooboooobooooooocooooono
coooocooboooobooooooocooooono
coooocooboooobooooooocooooono
coooocooboooobooooooocooooono
coooocooboooobooooooocooooono

oooao

DeMaster, D. J. (1981) The supply and accumula-
tion of silica in the marine environment. Geo-
chim. Cosmochim. Acta 45, 1715-1732.

go00ooooOoOoOoOoOoOoOoOoUOOooOoUooo
00o00oooooogogzena+4no

go0O00O0O0O0O0OOQ@ooOoOoOoOoOoooooo
000 NOWPAPO O OUODOUOOOODOOOO
0000000000000 oooog
000 oOoo+Hnoo

Humborg, C., Ittekkot, V., Cociasu, A. and
Bodungen, B. v. (1997) Effect of Dnaube Eiver
dam on Black Sea biogeochemistry and ecosys-



cobobobooobooobooooooooOobooOooobooOoooaon 145

tem structure. Nature 386, 385-388.

Ittekot, V., Humborg, C. and Schafer, P. (2000) Hy-
drological alterations and marine biogeochemis-
try: s silicate issue?, Bio Science 50, 776-782.

Oo00ooooo0mmooomooooooo
O00o0oooooooooooooood

oooopoooooo0mMmoooooooooo
ooooooooo

o0o0oDoooooooooooooomOoaoon
O00o0oooomooooooooooooon
OO0000omo

000000000 oooDoOOOoooomoon
O0000ooooooooooooomo

000000000 oooDo0OOOoooomoon
O0000oo0ooooooooooom+na

Raymont, J. E. G. (1980) Plankton and productivity
in the Oceans (2nd edition): Phytoplankton.
Pergamon Press, pp. 489.

000000000 @Ooooooooooooo
000o0oooooooooooooog

0000000000000 mOOoooooog
0o0o0oMmooooooooooomg

00000000 oDooomMmooooooog
Nollo0O 0 0 OO O OO OOO

00000 o0oOoO0O0OoO0OO0OO0O0O0OUoOooOOo

go000oooOoOoOoOoOoOOoOoUOOoOoOUooo
ooo0ooooUooooooooouoood
3000041100

O00o0ooUooooDmOoooooooooo
00000000000 oogpmmo



