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Distribution of CO, and N,O concentrations AN
in surface seawater measured in the Seto Inland Sea Wﬂ
and Shikoku southern offing

/%)) HAYASHI Mitsuru (Kobe Univ.) & YAMASHITA Eiji (Okayama Univ.)

Objective

# To crafty the distributionof .
CO, & N,O concentrations. -
in the seawater p 5y
in the Seto Inland Sea

& around area.

# To understand the factors .~
contributing to =
spatial distribution of NjO.

L The Seto Inland Sea TV A
# The length from east to west is 450km,  # The Yodo River
and from south to north varies has a wide basin area y
from 15 to 55km.  and flows into Osaka Bay |
# The water depth is shallow in most places, through major citie:
the average|depth is 38 m S i
and the greatest depth is 105m. ;
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and it is formed by a
~ major 9 bays and 7 straits. = -
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# It connects to the Pacific Oce gh the Bungo and Kii Channels.

Measuring system

. Calibration line
=
4532

[Concentration in seawater ~, . |

Concentration of carrier gas (ppb)

o s

]
Sa85eos

and exchanged gas (ppb)

oo

Difference between carrier gas

|| # The bubbling method was used for gas exchange.
[} # The gas concentration was measured

using the principle of infrared absorption.
r # The concentration in the seawater
# Salinity was quantified by calibration line.

# Dissolved Oxygen # CO, was also measured by the same method.
#pH CO,: Yamashita et. al.(1993), N,O: Sakamoto et.l. (2013)

# Meteorology

# Water temperature

Background
# CO, & N,O (Nitrous Oxide) are the greenhouse effect gas.
#N,O has low concentration in the atmosphere of 1/1000 of CO,,
however a life time of over 100 years.

Gas Concentration | Life Time | Radiative Forcing| GWP
(ppb) (year) (W/m*ppb) | (100 year)
COy| 379,000 5 1.4x10° 1
N.O 319 114 3.0%103 310 (IPCC)

# The ocean is a large N,O source to the atmosphere
accounting for 10-33% of the global source (Jiang et al., 2007),
and coastal sea account for 35-60% of that (Bange et al., 1998).
# We measured seawater and atmospheric concentrations of
CO, from 1994-2010 and N,O from 2008-2010.

Track chart MJ Additionally,

4 N,O was measured on two cruises.
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Spatial Variation
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Correlation between N,0 and T, S, DO

The correlations show

similar trends in both seasons.
It's just a shift,
no seabonal differences.
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The contributing factors to spatial di rlbunon of each region

were investigated on each cruises.

Akashi Striate ~ Osaka Bay in June 2010

w | Spatial distributions of N,O
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o N R
5 @;:OStrla?e

* | 18 diagram

N,O would have been
supplied at the inner part "

and spread to the west,

and from the bottom layer in Akashi Strait.

N,O-S correlation

#N,O was highest
in the inner part
& of Osaka Bay
li'b and decreased
! toward the west.
# Plots of T-S
was linearly distributed
in Osaka Bay.
# In the inner part
Salinity is lower
& N,O is higher
compare to the west.

i

1
i %"}’ # Slightly higher N,O

& Higher S, lower T
in Akashi Strait
compared to Osaka Bay.

Harima-nada ~ Akashi Striate in June 2010

w | Spatial distributions of N0
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TS diagram
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supplied: .,

from the bottom layer :
in Akashi Strait

and spread to Harima-nada,

and produced by nitrification in Harima-nada.

" AN,0-40U distribution
: .
Nitrification

+ Harima

i »

# N,O decreased
toward Harima
from Akashi.
# Plots of T-S was linearly.
# Slightly higher N,O & S
: in Akashi Strait.
# Nitrification
was occurring.

* TS diagram Open
The plots are #
linearly distributed

between two water
masses

Method of investigation

# In the T-S diagram

the seawater is exchange horizontally
between the water masses.

# The N,0-S correlation was used to determine

fluvial effects (low S & High N,0)

e | Estuary and vertical mixing (High S & High N,0).
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was highest at the river mouth.
Based on the nitrogen budget,
it was presumed

to be produced by nitrification.

which would be

Sewage  denitrification in the sediment.

6 1 ,,« D.epmal
-

The source of N,O
at the inner part of Osaka Bay
not only river water,
but also nitrification
and denitrification in the estuary.

Depth — Time Distribution

Bisan-seto in June 2010

w | Spatial distributions of N,O
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Aki-nada ~ Kurushima Striate ~ Hiuchi&Bingo-nada in June 2010
. Spatial distributions of N,O
Adjacent to
+ Kurushima

#N,O was almost constant
in Bingo&Hiuchi-nada
& high in Aki-nada

Bingo ™ b
&Hiuchia adjacent )
 -nada to Kurushima Striate.
: . g, #Plots of T-S was linearly.
v TSdiagran Aki-nada’ # The salinity in Aki-nada
" " N,0-S correlation . . was lower
LI in the adjacent area
i to Kurushima Strait.
i" a&rs . N,Omay have been
i

supplied

from the bottom layer

e m we w m w Inthe Kurushima Strait
e & spread

to the Aki-nada side.
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~ Summary of the contributing factors
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# N,O supply

from the bottom layer

was not observed in Bisan Seto,

a vertically mixed area.
- # In the central par of the sea,
N,O were produced

by nitrification in summer,

however, not enough
to be a source to the around area,
and it is difficult to explain
- ~ the spatial distribution by
- horizontal seawater exchange.

The source of N,O would be
# River water
to Osaka Bay & Bisan-seto

River W. &
i | "A Production

450 Summary of June 2Q10

o - : T e

£ i i # Nitrification & Denitrification

F3 . River W. & 2 in the estuary

g 2 Nunﬁcmmn 5] )

5 2 | i of the inner part of Osaka Bay
H oY ",' # Nitrification

g Aol 0‘ * 4 . .

P P %.‘ - . ‘ in Bisan-seto & Harima-nada
H ¢ # Bottom water

g ] in Akashi & Kurushima Striate
& Kurushima Akdshi Then, N,O spread from these sources

Aki | Bingo Bisan Harima | Osaka

" " | These are schematically drawn

by horizontal mixing.
| T1 N:Nitrification

: Horizontal exchange
<_Concentration gradient (Unclear Horizontal exchange
e —rr————— | ( Small variation

Summary of the contributing factors
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# The main regions of N,O source
were the straits
and the inner part of Osaka Bay
in all observations.

- # The contribution

of horizontal seawater exchange

to the spatial distribution

of N,O
™1 | is large form Kurushima
1 ification and Akashi Strait
$9 to the open ocean.

- T~
o Smal
variation

Uncleax Horizontal exchange

Conclusion
CO, and N,0O concentrations in surface seawater
were measured in the Seto Inland Sea and Shikoku southern offing.

# It was characteristic both CO, and N,O concentrations in Osaka Bay.

# The main regions of N,O source were the inner part of Osaka Bay & the straits.

# The contribution of horizontal seawater exchange to the spatial distribution of
N,O is large expect the central par of the Seto Inland Sea.

To quantify & clarify the spatial distribution & it’s variation of concentration
of N,O in seawater in the Seto Inland Sea,
it is necessary to correctly estimate
the horizontal and vertical advection of seawater.



