Tome 6 Aot 1968 Numéro 3

A 43 4 8 A
H &4 & # % £

La Société franco-japonaise
d’oceanographie
Tokyo, Japon



ERE  ON B CREARAR) SRS _

- EBET GIEA®) Sk £ GEEAEAD) BB BEST) BH OE G
) KERNR GRLFPRA sl ( V,-ﬁnm %zm@; (A RS
BERZ GERAY) BAEE GREZSAE) F5 % GoAskE s
ELERRTD - ' | :

i
i

2 B B B

L BXOBRBRAL L ThezBItR S,

2, Eﬁm@@mb%ﬂ%’<”§,@%2%®twm&~11m«— %ﬁéﬁﬂ&?ﬁaﬁ%i,
ERATREZYERAE 2-3 BILEER BULERELRERESIGES

3. WEZESN, FRCIVEROFAOMBRITERTRIZLb5.

4 BNTIELTHENRORINEHE OB B L, ;

. HBITRRILELLOOAKIRD, MixTOF IR TICRD L3 CEREBEL THIBICE ¥
7TEE, BXOREIUVFTIELATEX (FREAX) o3z oda I, :

6. FRIRRIL LTEENTR D

f- ?ﬁ}*‘d\_&i LG DESOMO BRI & Sk CE S E a».?”?vo _ﬂlihﬂﬁﬁﬁ Tk, ER GEE
&) #ENT 5.

Rédacteur en chef Yutaka IMAMURA (Tokye University of Fisheries)

Comité de rédaction Michihei HosHINO (Tokai University) Makoto INOUE (Tokye University

of Fisheries) Yutaka KAwWARADA (Meteorclogical Agency) Minoru
NisHIMURA (Tokai University) Gohachiro Osiites (Institute of Physical
and Chemical Resesarch) Yoshioc SUGIURA (Meteorological Research
Institute) Kazunori TAKAGI (Tokyo University of Fisheries) Kenzo
TakaNo (University of Tokyo)} Masahide TomiNaca (Tokyo Gakugei
University) Yutaka UNG (Tokyo University of Fisheries) Seiichi
WATANABE (Institute of Physical and Chemical Research)

: RE@GMMANDA'HONS A L'USAGE DES AUTEURS

I. Les auteurs doivent étre, en principe, des Membres de la Société franco-japonaise d’océanographie.
Néanmoins, les notes des savants étrangers 4 la Société seront acceptées, si elles sont présentées
par un Membre, - : T

2. Les notes ne peuvent dépasser douze pages. Les manuscrits, dactylographiés sur papier fort,
doivent é&tre envoyés au Comité de rédaction de la Société franco-japonaise d’ oceanograp}ne, clo
Maison franco-japonaise, 2-3 Kanda, Surx.gach.:, Chlyoda-ku, Tokye.

3. Le Comité de rédaction se réserve le droit d’apporter, le cas échéant, des modzﬁcatxons mineuses
aux ‘manuscrits ainsi que de demander aux auteurs de les corriger.

4. Des résumés en langue japonaise ou langue francaise sont obligatoires.

5. Les figures au  trait seront traces i l'encre de Chine noire sur papxer blanc ou sur calque.
Les légendes des ﬁvures et des tableaux sont indispensables.. -

6. Les premiéres épreuves seront corrigées, en principe, par les auteurs,

7.-Un tu'age 4 part des articles en cinquante exemplaires est offert gratuitement aux auteurs. - Ceux
qui en désirent un plus grand nombre peuvent les faire étabhr a leurs frais.

s S,

e A



La mer (Bulletin de la Société franco-japonaise d’océanographie)
Tome 6, N° 3, Aott 1968

Scattering Functions for Deep Sea Water of the Kuroshio*

Tadayoshi SASAKI**, Noboru OKAMI*** and Satsuki MATSUMURA*#%%

Abstract: The volume scattering functions of deep sea water sampled in the Kuroshio region
were measured by a light-scattering photometer. The measurement was made between 30° and
150° of the scattering angle in steps of 10°. Scattering function curve obtained by the measure-
ment was compared with that theoretically obtained by applying Mie theory to the light scatter-
ing due to suspended particles in deep sea water. It is found that the angular distribution curves
obtained by measurements are larger than theoretical curves at the backward scattering but two
curves are much similar at the forward scattering. Total scattering coefficient of deep sea water
calculated from the theoretical volume scattering function curve having a resemblance to the

measured curve is in a range of 0.0068 m~'~0.0312m™".

!, From the theoretical curve, the

modal diameter of suspended particles in deep sea water and their number are estimated. The
modal diameter of these particles found is less than 1 # and their number is 10*~10° per ml.

1. Introduction

The measurement of angular distribution of
scattered light by sea water iz situ in the ocean
is not only important for determining values of
volume scattering function and total scattering
coefficient as optical properties of sea water but
also can serve for assuming particle size, con-
centration, etc. of suspended particles in sea
water, since the light scattering in sea water is
much influenced by suspended particles.

Previously we measured the angular distribution
of scattered light by projecting monochromatic
light beam (546 mg) on samples of deep sea
water collected during Japan Trench Expedition
in 1958 performed by the ‘‘Bathyscaphe’’, the
French Navy’s underwater expedition vessel
(SASAKI et al., 1960, 1962). We assumed
particle size and number in unit volume of
suspended particles in deep sea water by com-
paring the angular distribution curve obtained
by the measurement with that theoretically
determined by applying Mie theory to the scat-

* Received April 30, 1968
JEDS Contribution No. 84
** Tokyo University of Fisheries, The Institute of
Physical and Chemical Research
*** The Institute of Physical and Chemical Research
*¥¥* Visibility Laboratory, Scripps Institution of
Oceanography, University of California. On
leave from Tokyo University of Fisheries

tering of suspended particles.

In case of the applicatien of Mie theory we
assumed that the suspended particles in deep sea
water samples are spherical particles of homo-
geneity and equal diameter having no absorption
and thinly dispersed in a unit volume.

But, afterwards we measured the angular dis-
tribution of scattered light using a number of
samples of deep sea water and there appeared
lots of angular distribution curves which could
not compare with the theoretical curve in case
the suspended particles in deep sea water are
assumed to be particles of monodisperse-system.
The reason thinkable in the first place, is that
in fact the suspended particles in sea water are
not of monodisperse-system but of polydisperse-
system consisting of particles of widely different
qualities such as mineral particles and organic
particles. Therefore the suspended particles in
sea water can be assumed to be of monodisperse-
system only in case particles of a certain sub-
stance are suspended in a very much larger
quantity in comparison with those of other sub-
stances and the width of particles size distribution
curve is sharp.

Using the Mie theory and assuming that the
suspended particles in sea water are the com-
bination of three or four monodisperse-system,
SPILHAUS (1965) explained the form of the

volume scattering function curve. In accounting
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166 La mer, Tome 6, N° 3 (1968)

suspension to be polydispersed, OCHAKOVSKY
(1965) computed the volume scattering function
of sea water using a formula which is analogous
to that suggested by ROCARD. And he reported
that accounting suspension to be polydispersed
is more promising than attempts to compare the
measured volume scattering functions with those
computed for monodispered suspension.

In this paper we assumed that the suspended
particles in deep sea water are particles of poly-
disperse system of homogeneity having a certain
particle size distribution and calculated the volume
scattering functions by sea water which contains
these particles. And we compared the volume
scattering function obtained from the measure-
ment of sea water sampled in deep sea of the
Kuroshio region with that of theoretically deter-
mined.

2. Theoretical treatment of light scattering by
sea water

In case of the theoretical treatment of scattered
light generated by projecting a parallel beam on
the sea water sampled in situ of the ocean we
assume that the intensity of scattered light is a
sum of term due to sea water itself and that
We apply density
fluctuation theory, where we take the anisotropy

due to suspended particles.

of water molecules into consideration to the former
term and Mie theory, where we assume the
suspended particles to be homogenous non-
absorbing spherical particles thinly dispersed to
the latter term.

If I, be the intensity of non-polarized beam
per unit area falling on unit volume of sea water,
the intensity I(#), of the scattered light in unit
solid angle going out in to the direction of scat-
tered angle # will be expressed in the following
equation.

1) =1.(0)+1,(0), (1)

where 1,(8) is the scattered light intensity per
unit volume of water itself and 7,(0) is the
scattered light intensity of suspended particles
per unit volume of sea water.

Then, we consider that ¢(#) is that volume
scattering function of sea water, ¢1(f) is the
volume scattering function of sea water itself
and 02(8) is the scattering function of suspended

particles into that unit volume of sea water.
o(0)=01(0) +0:(0) (2)
0:(0) will be expressed in the following
equation by applying Einstein-Smolukowsky
theory, wherein anisotropy is also assumed.

51(0) =" = gt = D2+ 2)?

0
6(1+5)< 1—6
oL 279 ostl 3
6—75 \IT 155 s ) (35

where 7 is the isothermal compressibility. K is
Boltzmann’s constants, 7" is the abolute tempera-
ture, m, is the refractive index of sea water, o
is the polarization defect and 4, is the wave
length of incident light. In case the suspended
particles are those of monodisperse-system, a((#)
of the equation (2) is given by Mie theory as
follows:

@y =" BN G i,

1, 8z

where A(=4,/m,) is the wave length of incident
light in sea water, N is the number of particles
in unit volume. The intensity function, 7; and
72 in equation (3), are proportional to the in-
tensities of the two incoherent, plane-polarized
components of light scattered by a single illumi-
nated particle. These are complex function be-

. =D : .
tween size parameter == (D is the diameter

of particles) and relative refractive index m of
the particle to sea water.

In case of assuming the suspended particles in
sea water to be homogeneous non-absorbing
spherical particles of polydisperse-system having
a certain particle size distribution ¢2(6) of
equation (2) is expressed in the following
equation:

52 o
na)= o, | Crio-dn (5)

dn=C-f()-dr, (6)
where dr is the number of particles per unit
volume with radii between » and r+dr, f(r)
is the particle size distribution function and C is
the normalization “constant. So, total particles
number per unit volume of sea water N is
defined by the following equation:

N= J “Coredr, (7

r
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where ¢ is the radius of the smallest particle.

It is not too much to say that we have almost
no knowledge on particle size distribution of
suspended particles in deep sea water. As only
one report relating to the particle size distribution
there is a paper by KULLENBERG (1953) in
which the size distribution is assumed from fine
sediments on the sea bottom. He presumed
that large fraction of the matter carried in
suspension by mid-ocean water has diameter
below 1pg from the distribution particle size in
North Pacific red clay. JERLOV (1955) counted
the number of suspended particles down to a
diameter of 0.5p under microscope in surface
of Gullman Fjord.
From his microscopic counts, it is clear that the
small sizes predom nate BuUrT
(1955) assumed that the suspended particles in
sea water have logarithmic normal distribution
on the basis of the particle size distribution of
natural dust, smoke and fine sediments.

In the present report we adopted a function
form, which HELLER and WALLACH (1963)
used in the particle size distribution of an emul-
sion of benzene-water system and is expressed
by following equation as the function of particle
size distribution of suspended particles in deep

water sampled at Borné

in number.

sea water:

Sy =@ —=ry exp {—=[r—r)/bL*}, (8)

where b is the modulus parameter.

Now, the modal radius 7, is the radius at the
peak of the particle size distribution curve and
rn is defined by the following equation:

7"711—:)’0‘*'3-“3'[7 (9)

Fig. 1 shows a particle size distribution curve
in case of minimum distribution curve in case
of minimum diameter D;=0.13¢ and modal
diameter D, =0.40x. The point, where the
curve inclines to the smaller particle size has a
resemblance to that of logarithmic normal dis-
tribution.

. A 2
Now if »= A, 7y=——a and b :;,2* qo»
T

2

2% 2

the distribution function f(») of the equation (8)
will be as follows:

. A
S = (a—ap) exp {(—[a—a)/q]*}  (10)
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Fig. 1. Particle size distribution curve.
S =G—ro)X exp [—{(r—r0)/b}*]
Do : minimum diameter, Dm: modal diameter.
Since equation (6) becomes
cr? .
dn="0 (=) exp (—[(a—ay/g)]7) dn,
an

equation (5) is expressed as function of size

parameter a in the following equation:
Cit (= . .
Uz(ﬁ):S—Z;;Sag(n-Hz)o‘(Of—ao)
xexp {—[(a—ag)/qo]%} +du 12

The total number of particles N is expressed in
the following equation:

. Ca(e -
N:ZE;S (a—ap) exp {—[(a—ay)/qo:*} - da
13)

Therefore if @y and ¢, of equation (12) be suitably
fixed, the angular distribution of various scattered
light in sea water containing particles of polydis-
perse-system for the incident light of given wave
length will be obtained by equations (2), (3)
and (12).

3. Numerical calculation and theoretical curve

In the case of numerical calculation of ¢,(#),
we used following values: m,=1.33, 7=4.95
X 107" dyn-tcm?, & =1.38 X 107'¢ erg deg-!,

)
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T=298°K, 2,=436 mg and §=0.1.

And in case of numerical calculation of ¢o(),
we carried out the calculation with respect to
individual relative indices m=1.15, m=1.20 and
m=1.25 (for incident light of the wave length
Ay=436 my and 1,=546 my).

The value of (i1+142)p necessary for the cal-
culation of 63(f) was obtain from the Table of
Light Scattering Function fo Spherical Particles
calculated by PAGNOIS and HELLER (1960).

Fig. 2 shows angular distribution curves in
case of projecting a wave length of 2,=436 mu
onto a disperse-system of m=1.15, ay=1 and
qo=3, (Dy=0.10 g, Dn=0.32p) in polydisperse-
system. With increase in the number of particles
the forward scattering become gradually larger,
however, the backward scattering becomes smaller
on the contrary. The shape of the curve is dif-
ferent from that in monodisperse-system and
even without roughness. In order to compare
with the shape of curves with each other, we
show angular distribution curves in the case of
monodisperse-system in Fig. 3. In Figs. 2,3,4
and 5 the dotted broken line shows the angular
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Fig. 2. Scattering functions computed {rom the
Mie theory for polydispersed non-absorbing
spherical particles with m=1.15, D¢=0.10 2
and Dm=0.32 ¢ for 10* 10° and 10%/cm® of
particle number..

1000
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100 m=1.20  A;=546mu-
a=5(D=0.65x) 3

50 AN=10%om
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Fig. 3. Scattering functions computed from the
Mie theory for monodispersed non-absorbing
spherical particles with 10, 10° and 10%/cm?®
of particle number.

distribution in case of pure water and broken line
shows that in case of particles alone. In Fig. 2,
the reason why the backward scattering of A
and B curves approaches the backward scattering
of pure water is because in case of the number
of particles amount to 10*~10° the scattering
effect of pure water has considerable influences
upon the backward scattering.

Fig. 4 shows angular distribution curves in
case of assuming the relative refractive index to
be m=1.20, where ay=1 and ¢y=3 as in case
of Fig. 2. In comparison with the case of the
same number of particles the forward scattering
in case of m=1.15 becomes slightly larger but
the backward scattering is larger in case of m=
1.20. The scattering angle, where the minimum
appears, is slightly different.

Fig. 5 shows angnlar distribution curves in
case of a disperse-system of ay=1 and ¢,=6
(Dy=0.10p¢ and Dn=0.54p). With increase
of Du the forward scattering becomes larger and
the inclination of the curve in the neighbourhood
of the scattering angle of 30° becomes steeper
and of larger unevenness, which is not so distinct
as in case of the monodisperse-system.

C4)
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Fig. 4. Scattering functions computed from the

Mie theory for polydispersed non-absorbing
spherical particles with m=1.20, D¢=0.10 p
and Dn=0.32 ¢ for 10%, 10° and 10°/cm® of
particle number.
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Fig. 5. Scattering functions computed from the
Mie theory for polydispersed non-absorbing
spherical particles with m=1.15, ¢=0.10 ¢
and Dn=0.54 ¢ for 10°, 10%, 10° and 10%/cm?®
of particle number.

Scattering meters capabale of directly measur-
ing angular distribution of scattered light in sea
water in situ in the ocean were respectively
devised by JERLOV (1961) and TYLER et al.
(1958) and results measurements of surface sea
water respectively in East North Atlantic and
Pacific Ocean (TYLER, 1961) were reported.
We selected from a number of angular distribu-
tion curves obtained by theoretical calculation
those having the most resemblance to the results
of measurement obtained by JERLOV and TYLER.
The solid line of Fig. 6 is a theoretical curve
with respect to Dn=0.65 ¢ and N=3.5X10%/cm?
corresponding to the value of Jerlov’s measure-
ment (mark o shows wave length ;=465 mp).
The forward scattering of our theoretical value has
a considerable resemblance that of Jerlov’s mea-
surement, however, the measured value of the
backward scattering at a scattering angle above
120° is considerably larger than the theoretical
value. It is considered that this reason is because
particles of opaque material larger than 0.9 p,
which is the maximal particle size in the theoret-
ical calculation, are contained in sea water and

1000 4
500k 3
East North Atfantic Water |
{N.G. Jerlov) Ao=465mu
- 100 £ $=0.0370m" —
2 E © m=1.15  Ay=436mu B!
2 50 (o= <{o=6) 7
& - Dm=0654 N=350X10%m?
g’ 5=0.0861m" 1
£ 10p
s F
@ 5
@ B
>
4; -
3
oz [ —
05~ ‘
- 1
0. ' ‘ | ' -
0 30 60 80 120 150 180

g°
Fig. 6. Scattering function of water sample of
the East North Atlantic (JERLOV, 1961 mark
o) and the theoretical function calculated on

the assumption of m=1.15, Dn=0.65 g and
N=3.50X%10°/cm®.
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. Pacific coastal water ]
(J.E. Ty\er) Ao=522mu -

s=00142 m |
m=120 Ao=546mu ]
(0e=1 qo=5) 1
Dm=0.58u N=4.28X10%m3 |

5=0.0242m

Relative scattering function
TTT

10}~ .
5 .
I 3 OO
.
.51 §
A ' —_—
o3 30 80 90 120 150 18C

Fig. 7. Scattering function for water sample of
the Pacific (TYLER, 1961 mark °) and the
theoretical function calculated on the assump-
tion of m=1.20, Dn=0.58 ¢ and N=4.28
X 10%/cm®,

geometrical reflected light from the large particles
is added to scattered light from small particles.
JERLOV assumes the mean particle size in this sea
water to be about 10 . The scattering cofficient
found by JERLOV is s=0.0370 m~?, the theoretical
value is s=0.0861 m~! and therefore the theoreti-
cal value is larger.

The solid line of Fig. 7 is a theoretical curve
with respect to D =0.58 2 and N=4.28 X 10*/cm?®
in case of m=1.20 and ;=546 ¢ corresponding
to the value of Tyler's measurement (mark
shows wave length 522 mg). Both forward and
backward scatterings are considerably similar to
Tyler’s measurement. Comparing both scatter-
ing cofficients with each other our theoretical
value is $=0.0242m~! while that found by
TYLER is s=0.0142m-!. These are somewhat
similar.

4. Apparatus and water samples

The basic principle of the light-scattering
photometer used in the measurement is similar
to that described by BRICE, HALWER and
SPEISER (1950). Fig. 8 shows the outline of

At Mercury famp D1,0;,D3: Limiting diaphragms in

Ly Condenser lens primary beam

L2 Collimating lens Da,Ds ¢ Limiting diaphragms in
St Shit receiving system
Sh:Shutter C ¢ Cell

i Neutral filter T @ Light trap

F2t Monochromatic filter My, Mz Multiplier photo tube

k30 Working standara filter

Fig. 8. Diagrammatic sketch of optical system of
the apparatus.

a light-scattering photometer. As light source
a high pressure mercury lamp is used. The
light from the light source is made a parallel
beam through lens and diaphragm and projected
on a cell filled with sampled sea water. The
incident light is made into monochromatic light
by means of an interference-filter (wave length
of 546 mp or 436 mg) inserted into the light
pass. The scattered light from the sampled sea
water is received by a multiplier phototube of
the receiver. The receiver can rotate around
the cell, the angle of rotation being from 30°~
150°. The output of the receiver is recorded by
an electronic balance type recorder through direct
current amplifier. In this apparatus the output
from the receiver can directly be read on the
galvanometer by change-over of switch. The
cell filled with sampled sea water is a cylindrical
shape made of pylex glass and the capacity
is about 70 ml. In the present study all the
data were arranged by the relative scattering
function at a scattering angle of 90°. A
factor of sin@ was applied to the observed
scatter to correct increase in the scattering
volume. It is found that the deviation from
sinf of Fy/Fy in the range of the scattering
angle from 30° to 150° is within 2% from
fluorescein test.  Reflections at the air-glass
interface of the cell make corrections necessary.
At the flat exit window of the cell nearly 4 %
of the transmitted primary beam is reflected,
and scattered light from this redirected beam

(6)
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Fig. 9. Chart showing loeation of the stations
where observations were made.

appears to be added to that scattered from the
primary beam at the supplementary angle. In
order to correct these effect we used following
equation:

Go' =Gog—Grgory,

where Gy’ is the corrected value, Gy and G.-y
are observed signals at the scattering angles of
# and 7= —@ respectively, and r; is the correction
factor of Fresnel reflection. We used »,=0.045
in this study.

Fig. 9 shows four stations in the Kuroshio
region, where deep sea water was collected during
JEDS 10 and 11 (Japanese Expedition of Deep-
Sea, Nos. 10 and 11). Each sample is 600 m/
of sea water collected at each layer down to the
depth of 4,000 m. The samples were kept in a
dark cool place until they were measured. The
time from sampling to measurement was about
15 days.

5. Results of measurements and discussion

Angular distribution of scattering functions

1600 S —
500F —
100§ - Stn.i Depth:2,000m

B m=1.20  Ag= 436mu
501

log=3 qo=2 c=i0®)
D= 0461 N=4.89X10%m?

Relative scattering function

0.1 - ‘ ; L -
0 30 50 30 120 150 180
5
Fig. 10. Scattering function observed on the

water sampled at the depth of 2,000m at
Station 1 and calculated on the assumption of
m=1.20, Dn=0.46 £ and N=4.89%10*/cm?.

obtained from the measurements made on the
water sampled at a depth of 2,000 m at Stn. 1
is shown in Fig. 10, where mark - shows the
measured value and the solid line shows a
theoretical curve having the most resembrance
to the measured values in case of relative re-
fractive index is m=1.20, and a;=3, ¢y=2 and
C=10",
30° and 150° of the scattering angle in steps of
10°. The measured values at scattering angles
of 507, 130° and 140° lie slightly away from
the theoretical curve, however, other measured
values have a considerably resemblance to the
theoretical values. Accordingly it can be as-
sumed that the modal diameter of suspended
particles in this water is Dn=0.46 ¢ and the
total particle number is N=4.89X10*/cm?.

Fig. 11 shows measured values using water
sampled at a depth of 1,000 m at Stn. 2 and a
theoretical curve having a resemblance to the

The measurement was made between

measured values. From this it can be assumed
that suspended particles in this sample has such
values as modal diameter D,=0.32 ¢ and total
particle number N=1.10X10%/cm?®.

Fig. 12 shows the values measured using sea
water sampled at a depth of 4,000m of the

C79
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Tig. 11. Scattering function observed on the

water sampled at the depth of 1,000 m at
Station 2 and calculated on the assumption of
m=1.15, Dn=0.32 2 and N=1.10X10?/cm®.
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Fig. 12. Scattering function observed on the

water sampled at the depth of 4,000 m at
Station 2 and calculated on the assumption of
m=1.15, Dn=0.61 2z and N=3.90X10*/cm®.

- same Stn.

2. The forward scattering has a
considerable resemblance to the theoretical curve,
however, measured value from the scattering
angle of 130° in the backward scattering is
larger than the theoretical values. We consider
that this reason is because as described above
large opaque particles are mingled in small
particles and reflected light due to these large
particles is added to the scattered light. The
total particle number assumed from the theoretical
value lies in the order of 10*/cm?® and is smaller
by one order in comparison with that at the
upper layer, however, the value of modal diame-
ter, Dn=0.61 ¢ is larger than that of the upper
layer. From the value of ¢y=7 it is seen that
the width of the particle size distribution is
considerable wider.

Figs. 13, 14 and 15 show values measured
using samples collected at depths of 1,000 m,
2,000 m and 4,000 m respectively at Stn. 3. In
the suspended particles of sea water sampled
from upper layer at Stn. 3 both modal diameter
and total particle number are not varied and it
was assumed that the former lies in the range
of 0.32~0.39 ¢ and the latter lies in the order

1000 : : ‘ .
5001 -
), .
100 Stn. 3 Depth:1000m -
s F m=L15 Ag=436mu |
5 S0 (0to=1 qg=4 C=10")]
5 r Dm=033 N=193X10%em |
o . N =
£
5 10
] C
g 5k
S OF
o &
2z
3
& I
05}~
L ‘ ]
0. 1 w 1 ‘ J
0 30 60 30 120 150 180
9?
Fig. 13. Scattering function observed on the

water sampled at the depth of 1,000 m at
Station 3 and calculated on the assumption of
m=1.15, Dm=0.39 p# and N=1.93%x10°/cm®.
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Fig. 14. Scattering function observed on the

Fig.

100% Stn.3 Depth: 4000m
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water sampled at the depth of 2,000 m at
Station 3 and calculated on the assumption of
m=1.15, Dm=0.39 £ and N=1.93X10°/cm®.
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0.5

0.1 ‘ !
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o
15. Scattering function observed on the
water sampled at the depth of 4,000m at
Station 3 and calculated on the assumption of
m=1.15, Du=0.39 ¢ and N=1.93X10°/cm®.

of 10*/cm® Also at this Stn. 3 the measured
values from the neighbourhood of the scattering
angle of 130° in the backward scattering are
larger than the theoretical values. But with
increase in the depth the measured values ap-
The reason why
the measured values approach the theoretical
values with increase in the depth may be con-
sidered to be because larger size particles decrease
with increase in the depth.

proach the theoretical values.

Fig. 16 shows theoretical values using sea
water sampled at a depth of 1,000 m at Stn. 4
near Izu Oshima and a theoretical curve having
As seen
from the figure this sample has a considerable
smaller forward Accordingly the
total particle number lies in the order of 10°
which is the same as that at upper layer, how-
the modal diameter is Dn=0.20 ¢ and
considerably smaller than that of upper layer.
From the value of gy=1 it is considered that
the width of the particle size distribution of the
suspended particles in this sea water is narrow.

In Tables 1 and 2 there are shown relative
refractive index m, modal diameter D, half-

a resemblance to the measured values.

scattering.

ever,

1000 T T T T

Ll u}

5001

00 Stn.4 Depth:1000m
b m=115 Ao=436mu
- (g=2 qo=1 C=10")]
r Dm=0.20u N=122X10%cm?

sl

w
=

o

Relative scattering function
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Fig. 16. Scattering function observed on' the

water sampled at the depth of 1,000 m at
Station 4 and calculated on the assumption of
m=1.15, Dm=0.20 # and N=1.22X10°/cm?,
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Table 1. The vertical distribution of refractive
index, modal diameter, half spread and total
particle number of suspended particles and
scattering coefficient and dissymmetry factor
of sea water at Stations 1 and 2

Stn. 1: Lat. 29°36'N, Long. 137°25'E

Depth | Dm |Dn—Di
G Gy Tt e \ ()

500\ 115 0.39  0.29

Z

\
|
1. 93)(105 0.0312 2.12
1, OO()‘ 1. la 0.39 ‘ 0.29 |1.93X10° 0.0312 ; 2.81
2, OOO 1.20 0.46  0.15 | 4.89x10*| 0.0177 \ 2.27

4,000/ 1.20 0.46 } 0.15 |4.89x10*| 0.0177 | ‘ 2.77

Stn. 2: Lat. 31°02'N, Long. 136°26'E

Depth | Dn Du—Di N |,
(m) | (0 (em™) (m"‘) |

500 1.15 0.32 1 0.22 | 1.10X10° 0.0115 | 2.40
1,000 1.15] 032 0.22 | 1.10X10° 0.0115  2.12
1,500 1,15 0.39  0.20 |1.93X10° 0.0312 3.77
2,000/1.15 0.47 087 2.77X10° | 0.0098 | 1.23
3,0001.15 0.46  0.15 4.89x10° 0.0124 150
4,000 1,15 0.61  0.51 3.90><1<)4j<).o147 1.69

Table 2. "The vertical distribution of refractive
index, modal diameter, half spread and total
particle number of suspended particles and
scattering coefficient and dissymmetry factor
of sea water at Stations 3 and 4.

Stn. 3: Lat. 32°29'N, Long. 137°36'E

Depth | Dn ‘DW—DO? N s
(m)E g w () (em™) i (m™) !
500 1.15 0.32 0.2 | 1.10X10° 0.0115  1.83
1,0001.151 0.39  0.20  1.93X10° 0.0312 | 2.70
1,500 1.15 0.32 0.22 | 1.10X10° 0.0115 2.07
2,000 115/ 0.39 | 0.20  1.93X10° 0.0312 | 3.22
0
0

Z

3000115‘039‘ .29 193><10°‘00317w3.12

\
4, 000 1. 15 0.39 \ .29 ‘1.93><10"‘ 0.0312 . 2.72

Stn. 4: Lat. 34°57'N, Long. 139°23'E

Depth!

(m) ™ (#)\ D)

500 1. 15\ 0.61 0.5
1,0001.15 0.28 | 0.08

ij Dn-Di N | s
em | ) 7

3. ()0><1()4 0.0147  1.86
11.22X10" | 0.0068 i 1.81

spread (Dn—D,), total particle number N and
scattering coefficient of sea water calculated from
the theoretical values of volume scattering func-
tion. The value of m at depths of 2,000 m and
4,000 m at Stn. 1 is 1.20, however, that at all
other stations is 1.15. At all the stations except
Stn. 3 the particle size at lower layers is slightly
larger than that at upper layers, while the particle
number at lower layer is less than that at upper
layers. The scattering coefficient of deep sea
water in the Kuroshio region found in the
present report in a range of 0.0068 m~!~0.0312
m-! and not so different from the value of the
scattering coefficient measured by TYLER in the
Pacific offshore water except that of water
sampled at a depth of 1,000 m off Izu Oshima,
which is 0.0068 m~!

Using a light-scattering photometer similar to
our instrument, MOREL (1965) measured the
volume scattering function of sea water sampled
from the Tyrrhenian Sea and the Mediterranean
Sea. And, in order to compare the dissymmetry
of the volume scattering function curve he
computed the value of the dissymmetry  factor
Z=0(45)/9(135) for these samples. According
to his results the value of the dissymmetry factor
is Z=4.45 and Z=2.95 for the samples collected
at a depth of 800 m at Mediterranean Sea and
7=2.25 for the sample collected at a depth of
2,500 m at Tyrrhenian Sea, and largest value
obtained in surface layer is Z=11.40.

In Tables 1 and 2 there are shown values of
dissymmetry factor Z found by present measure-
ments of the Kuroshio region. As seen from the
table these values lie in a range of 3.77~1.23
and are considerably smaller than that of surface
layer at Mediterranean Sea which has been
measured by MOREL. But in deep layer there
is no large difference between the Kuroshio region
and Mediterranean Sea.

6. Conclusion

Comparing the measured scattering function
curve with that theoretically found the measured
forward scattering has a considerable resemblance
to that theoretically found, however, in most
cases the measured values of the backward
scattering are larger than those theoretically
found.

(10
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FUKUDA (1964) calculated the shape of the
scattering function curves for polyhedric large
particles by means of geometrical optics and
statistics. It is found that scattered light becomes
very large from the angle of about 40° at small
scattering angle but backward scattered light is
not so much change by the scattering angle. So
we' consider that large backward scattering found
by measurements is not due to the effect of the
transperent particles larger than 1 g, and that it
is caused by reflected light due to the opaque
particles larger than 12 mingled into the trans-
perent particles. However, since the backward
scattering is considerably smaller than the forward
scattering, the error from the theoretical value of
total scattering coefficient assumed that suspended
particles is transperent particle seem to be not so
large. Also we consider that since particle
number of these large opaque particles are not so
much than transperent particles, the modal
diameter of suspended particles found in the deep
sea water at several depths in the Kuroshio
region is less than 1y and the number of particles
is 104/cm®~10%/cm3.
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Distribution du fer et de P'aluminium a la mer du Japon et

leur signification océanographique

Yoshio SUGIURA et Katsumi YAMAMOTO

Résumé:

Alors que les distributions du fer et de I’aluminium sont similaires I’une 4 I'autre
a la mer du Japon, elles en sont trés différentes de la distribution de la chlorinité.
s’expliquera facilement si le fer et l’aluminium existent en particule.
plus haute & la partie sud qu’a la partie nord de la mer du Japon.

Cette différence
Leur concentration est
Elle est plus haute a ’ouest

qu’a D’est en couches de surface a la partie sud, tandis qu’elle est plus haute a ’est qu’a 'ouest
en couches de surface & la partie nord. Elle est généralement haute en surface et basse en pro-

fondeur.

Une discussion porte, au moyen de ces faits,

L’irrégularité de la distribution est plus remarquable en surface qu’en profondeur.
sur le mouvement de ’eau de la mer du Japon.

Il est possible qu’augmentent les dimensions et la densité des matiéres comprenant le fer ou

I’aluminium.

. B LME
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Fig. 4. Vertical distribution of aluminum in the surface water at the southern
side of the Japan Sea. Figures by solid circles show the station number.
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FEA R AL i L k5, Fig. 4, 5%, FEMl
DIKICNT, FhFN AL L Fe 0&BEAEZT]
CRLIESDTHD, chiestl T, Jefloko
Al Fe &8 ESHic RLtDR, Fig. 6,
7 ThbH, ZhblU-oOHE & T5HL, Al &
Fe o niconwtTd, 50pg/l Vo EEE
ik, JEllok X D EMOKC T EiE - TE
2BRIEhTWDZ bbb, KE, %
(50 wg/l PIE) &KL, CORCHLER
FERIRL, SEEONE L HEAMEOBKRY R
3T Ll ThEihsb s, HEAKRLTIE, 13
DHED 5 B INFT, MBEIAEREIN TN D,
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Fig. 8. Patches of the higher concentration of
aluminum. Figures show the aluminum con-
centration in Mg/l
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FD5HLDOAPHTE, EIO0m» 10m b5k
L DMAFCENT, EHRED 18.85% T T, »
OIEFEOERCE CEEEN S, ZOC
L, EBEOHB AEKCRET D 2 L RRER
LTwbI5ehzb, JLlTCx, 1200505
B AT TEBEENEIIS T 5, LIk, Ml
WER R T, EBEABOMRNEIC L DR
WEZATIhEE W, I Bl Ems RHT
ZENTED T, THICBEL TEWEER
LOWRRDZ EThhH, DT, EHED 1 ALK
Hov¥ =B Fic B 2 KEER%, RBRED
P PE RIS BT, KD B RHBE D448 % #il

1955), # Dk %, ¥ =BEOF S 150km 75

Fe pg /1

100 50 50

m

depth

400 . .

500

TFig. 9. Patches of the higher concentration of
iron. Figures show the iron concentration
in pg/l.

A 6%k H35 (1968); HILMEHEF LR

1,300 km LT, brd & Fig. 8,9
R Al Fe BEO L 5 Wik’ =41 7R
ADELIR T, F 2T BRI CE I DU
Thn &, BENRLOME ZIRRT 2 ONRET
BHote UL, ~BEFBCHY®RTD L, &
BB OMERIT S 5 FECH - THRL T D
N s, ARED Fe, Al o443, b
ry) EI i3,

iz, BRI oW TRk, Fe, Al 8B4
HHANTAAD, BX 200m 25 500m Tk & 5
ERBo E#cit, Fig. 4,5, 6, 7 TR LD L8
BB HEE L TNHZ Ebh T, Tibb,
EEEOMBHERIPEIE M TE ., LIA
7, 500m DRI b b, DX 5 eEANED
Biisus, FEAL & IS T BERN & ho
T, TR % £RL o D Table 1 &
Table 2 THh %, BT, HERC I HXHEE
AR EE, >200m) ¥ XL 4L T,
hid (EE, 200~500m) & #JE (F &, >500
m) 2z Ltc, SHUE, R0 S Bk A
ERLTDOZEThD,

Table 1 1%, T AOBR LD EETHDLN,
Table 2 Tk, BEERSH® 2SIl @3- LT,
FnFEnokoBhies LT, Al Fe oknko
COWT, fEEEE O MBI ma$<T 100
B XS EHBELBELCHS, ChIZX T,
FTRENOKDOBERIC KT B EIEE o SR
H# L3 <ls 5 T %, Table 2 @ X g,

1) #B (EX, 0~200m) Tk, B0 CEEE

HEBRER S E
(2 hE (FEX, 200~500m) T, PEHITEE

B HEERNE
@) ZEE (EZx, 500m LIl T, #Elkedbic

T R R E L,

Table 1 % 5% &, Ei#EE (>50pg/D) OHBL
HERPENAK T, 0~50 pg/l O FEEHFIC 1)
5 KPRy o B O WRICOWTA TS,
BRI EBER SO NS Enibind,
2F D, ZofA, FEHBREOHEKLRDLEO
D, R~ — 7 ENTEBEOFRSORICHHD
T <, RNCEEN G, LW H o R R
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Table 1. Frequency of occurrence of waters with the concentration within each concentration
range at the southern and the northern side of three layers of the Japan Sea.

Conc’n Surface (0-200 m) Intermediate (200-500 m) Deep (>500 m)
range South North South North South North S+N
He/l Al Fe Al Fe Al Fe Al Fe Al Fe Al Fe Al Fe

0- 10 0 24 0 38 0 6 0 12 0 1 0 29 0 30
10- 20 23 44 38 44 4 18 10 21 5 18 30 35 35 53
20— 30 40 13 35 12 11 5 13 3 17 7 28 11 45 18
30- 40 14 9 14 3 4 0 7 2

50~ 60 4 2 2 0 2 0 2 0 0 1 1 2 1 3
60— 70 2 2 1 1 0 1 0 0 0 0 0 1 0 1
70- 80 0 1 1 1 1 0 0 0 0 0 0 0 0 0
80— 90 1 3 1 0 1 1 0 0 0 0 0 0 0 0
90-100 3 2 0 0 1 G 0 0 0 0 0 0 0 0
100-150 10 5 0 1 1 0 0 0 0 0 0 0 0 0
150200 3 0 0 0 0 0 0 0 0 0 0 0 0 0
05 0306 020200000101 0301 0 4

200-250 124 116

Total 109 112 93 100 29 33 33 39 28 28 69 83 97 111

Table 2. Percent frequency of occurrence of waters with the concentration within each of two
concentration ranges at the southern and the northern side of three layers of the

Japan Sea.
Conc’n Surface (0-200 m) Intermediate (200-500 m) Deep (>500 m)
range South North South North South North S+N

Mg/l Al Fe Al Fe Al Fe Al Fe Al Fe Al Fe Al Fe

0-50 78 86 95 97 79 94 94 100 100 96 99 96 99 96
>50 22 14 5 3 21 6 6 0 0 4 1 4 1 4

Table 3. Averages and standard deviations of Al and Fe concentration at the southern and the
northern side of three layers of the Japan Sea in the case where the data of the
higher concentration (>50 #g/l) were included.

Al Ueg/l Fe Ha/l
Layer South North South North
Surface 45.8 +42.07 25.0+12.42 29.5::33.44 16.5+15.59
Intermediate 36.2+23.00 26.3+-11.08 21.5+18.34 15.1+ 8.99
Deep 25.9+ 7.93 22,84 7.97 18.8+% 9.12 16.4-12.33
bLTWh, ZOUDHEELRHRT % Lo, BEBN LIt ZORRTHDL, Chxhb L,

Table 3 * 4 ##iF 7%, Table 3 {3, EEECL HEEAYANL S EARE VWL, AT,
BadediEfLchh, Table 4 13, HEEOK SEMEOBIKO KBTI BN 2k Db b
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184 5 A H6FE H3ET (1963); HILEHYRE
Table 4. Averages of Al and Fe concentration BThbHZ &, UEoRBCTOMERL, Eflod

at the southern and the northern side of three
layers of the Japan Sea in the case where the
data of the higher concentration (>50 ¢g/D)
were excluded.

Al pg/l Fe pg/l
Layer South North South North
Surface ,28.2:, ZZ 6 18. 4 14 2
Intermediate  27.6 24.1 17.5 15.1
Deep 25.9 22.3 17.6 14.8

o ZCTC, FEHITANE LT,

1) ZBEEOLE T, BEOEEE ERTE)
i, EELRECR T, BLT, RECKT
S ED B EN,

(2 BREAMHT, MUTE b E v EEEs
NS

(8) MEHEE(EET, mCE, K- EEo
Iz W)Lm “Bo JbMTin, mERNE YRR T
B LCh, RIRCOMEMARUL D D b

5, D=ED2ThH

ol _/r\Lv‘JWf{%}}i S ELIBARIEE D
A7&E%:‘?§@T& COMMBEX L L
LK T 52 Lk, B & Lo~k
WL Z L H R D

3)  EVEHNCID - 7o Al Fe 4345 0 $eik

M, JEE ThZnBEEC ZH L, #X9T
DWTEK « 1« O LIPEE A ko B4,

Table 5 1ic/k4, “hwkck T, XED Fe, Al
BRICAE, PGPS AL, R C i B s v

B, Jefiod « BB OWTEEDHRLHD, o
=0, FEMOBEECEEHLEVWE S ARLD
Z&, XTI, EENESL D OPEBE CH
ERHEBN LISt ok, 2EONERI S
W f«ké& EETCOBHP TR EL 2 L%
oA
4) Al Fe ol -FIREMHIRRED LI
D feERBoERT 5 Al Fe HELEERS
A7 D N
WHHFEROME, BE20m kb FHTR, $H
AL TR O BT h - -0 (18.85%) #
L B0, Fe, Al 0BG DI, A £ Tlotbhy
Licd s, Wb iss, ooz ki, i
TEMRVERLATHD, EHREWT - EEck
W, WehEIAT—ElE L DD, Bkl
O REPEREEREC 55 KEHEME L
LN ThbH, —2DERBEOKD, o
AERERBE DK E E TS i & &l - Th b &Th

W, £ O RS OEENEAYEPD Z LY
RTHbH, ZZTHRERLEGOZ, 8

@E;ﬂéh BIh, HFEELE Fe, Al Licous

T—HLIWATHhHD, Tibb, HERETE

RS 200m XD ECARNEN DY, +
DF D JETHEEE N & KEH Eic &3 T~

EEA & > THL DI LT, Fe, Al 12 21T
(%, Table 3, 5 W/RT X 510, FEEBED LE T
e RIS TREEND T <, KEF i\
b, BN 7 A RD BTV S

Table 5. Average concentration of Al and Fe at the castern and the western part of the
northern and the southern side of three layers of the Japan Sea.
South North
Layer West East West East
Al Fe Al Fe Al Fe Al Fe
o rg/l g/ Z, bg/l Pg/l /lg/l #g/l e/l P/l
Suria(,e 57. 7j (50) 37.0 (50) 38.8 (50) 22.2 (50) 22. 4 (44) 14.6 (51) 29.1 (40) 20.8 (40)
Intermediate  42.1 (16) 26.9 (16) 28.9 (13) 14.9 (13) 21.6 (12) 13.0 (17) 34.6 (11) 19.7 (11)
Deep 24.2 (2) 11.8 ( Z) 26.0 (26) 19.3 (26) 19.4 (78) 16.7 (40) 26.2 (30) 17.65 (35)
Average 41.3; 25.2 31.2 18.8 21.1 14.8 30.0 19.4
Note: Figures in parentheses show the number of samples under consideration.
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NAEICRBT S8 s TA I =Y LONE

Fe, Al 73, , 100% "Ik E U CHRIET
mbm,%@ﬁ%mﬁiﬁ@«n&~ﬂbmﬁh
b, BHEHEEN Z OB T 5 0
Fe, Al 5 100% 8% & Citis <, H4DEID,
A set LT 88 EH Ml Mg % & SR IR TF
T DI, LRELNRD,

i) B RITH Fe, Al 545 & HFER /KD
#L

Table 6 13, RBICRT 5 %ﬁﬁ%@%&%
R i L, HMEROZIFEES M
XD TAiR, MiLHFmZKE v &#bﬁ»
%, Table 6 oftZ% Table 5 & i35 2 ik
BIEZE, HPHOZL, JLAITE, HERICOWL
T 0.16%Tdh b DIz, Al ¢ 23.0%, Fe T 29.8
%, BN, HEEBEwIOWT, 0.05%, Al T
32.8%, Fe T 40.0% &, TR LEHFEREDOHN
oz T, Al Fe 0ENE LD TREWT
LA LT\ 5, Fe, Al Ri-IRCHEET 5 &K
ETRUE, WA HE S CR T EIEE L, kL
O REFHEDAVEESTLH, ZORDRED
BRI T 5 & LC, Table 5, 6 OfER
HHMTH I ENTE A, Table 5 kT, &
cth e EBOTNTHREL T Ao EEHEAER
HICEPT 5 2 ki, Al Fe opfic X 2i8E
NOMEREE R L T b

S kBT, HEEFICR S BEELN, Al Fe
EHRNTOWLBORE LT, REBOBRELL
WTEL TR TIENETTH %, #E» T, Tabled

Table 6. Chlorinity at the depth of 50 m

in the Japan Sea.

South North
West East West East
Sta. Cl Sta. Cl Sta. Cl Sta. Cl
No. %o No. %o No. Y00 No. Yoo

18.96 22 19.12 10 18.81 17 18.77
19.06 1 19.14 11 18.83 21 18.79
19.07 13 19.02 23 18.81 16 18.81
19.16 14 19.05 24 18.85 19 138.81
19.11 15 19.13 9 18.83 20 18.81
19.11 18 19.05 8 18.85 — —

N Sy U R W

Av. 19.07s 19.08s 18.830 18.79

Z OWFEEER 185

DFEG, MRS B, JEfIT
FREHDBZ EHRLTND
HAA, WD BIET T oAb o 76 5
%, b CHE Eﬁ%L<E5u EEEETDH L,
F—REOK TR, BELL, B, KA
TOoODMEREYELC, SBEERKEARE TR
ATHIEOKTHAD, LELbNDY UL
D X 51, Fe, Al o546, ko ER) & &
BEEpaxdos EBH B s T,
5) Al, Fe 53#5 & B AR /KO EHE)

AA¥E L, KEDHTH 200m 2 HF 0k X
5T, HATTRTARTSER N, WhIERET
»HhH, Fig. 10 WRT I mlEE2THL I,
Eifdhsnic Y D 03T Hh OB, RHEUD

H B HOAFT FhER A O OEEMN
DNTW D, FHOEAGHHT 5, RAKELEDOOD
LEAL, fiodnbi#Elds, ToFxLidb
CKROFMAFRT D &, FETHKOTIEE HD
KRG —L r B+, CokEHEOAE Ll
WD, ORERBRETATHA S, UL, b
ECTHEL FRTENTHA S, HMOEDEEDT-
SThbdH, AXREOD - BECKITSL ko8 &
L, BEXLZIDI5bDTHAS,

WeH-T, the BROKCEHT S L, RiFoK
DRI IS, F AARBCHA LT, B
IROFE %8 D K CHih3z - TP <, Lol
oz 3" Al Fe oORmpBEI RS, 2084, L1,

NES: Wbl
o wﬂﬂ'@ﬂiﬁﬁci, ES

| —_ /ngw
warm —/—> yw ="
water ‘——J
cooling
Fig. 10. A model of the circulation in the Japan

Sea.
* :;h&/fﬂl Ufbam 2, BAYERE AR O AOU 05y
HH LTS (i, 1968).
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R K2, e EEOKEZSCEILLT
VB E Uik, REKDHBIZ K < VBT,
th« ZEEToO Fe, Al OEELENTEL Cr < #H
WTIENEE L b D, kb, Table 5 OFgMH
BEEKCONTH D &, PRI CHEECIWw
C RAFMER BTV, T7bb, Al Fe O
W, PR OWE LA T D B CHIEA R RAA
The SO &L, HEAKPREKI DTN
SAFECFHE blckmo, WRACKLTAT
DI HEEL & - TAEF LTS C L%
KT HDThbH, 52, HIEKNERKCH
LT, RO LT 2itls b 5o
i, Table 5 o bEIOPIHT, Al ORRE
BEFC BTHED DL > TEVWC EThb,
Al Fe oA 2 AP T, BEAD
ISR IR L D e B, Fhie b, 5
— DDA 24 % JLNHEBT b RO = &V
HERhTL I, L, o2 CRpROKOHEE A
v, KO R RIERE DGE TR, B0
HEIHR L3, Tiobh, COBRRICE
T, FEM O SR A O H I i S h,
Toliz, SHLIERENLOETYNMb DD
BESAE DO THD, HCBMLT, ¥
EtEAEEA LS

BRATARC kT 2 Al Fe oK@ difg Lo
B0 B R TR, RN R B s
WETRE, RIS L AL L c BT e R
BERE AL EREL T hE D AEA

TRV, LS. ERieniE, Table 5 0¥
EWC LT, TRINLILMESORF KR AL
Fe @1,
42.1
Al: 99 1X-22=91.2 ug/l
1: 29 ><57.75 78/
Fe: %%8X26£):153ﬂgﬂ

37.0
LD SIS LT, B0 Y%, Table 5
otk s, Al © 34.6, Fe © 19.7 pg/l Th
Bk, Foi, Al: 13.4pg/l, Fe: 4.4 pg/l %,
ElbREbAETRIID EEZL BbID,

7ok, HEKOREEF R BROFE, Fig. 11
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Fig. 11. Comparison of the vertical distributions

of water temperature between at the eastern

and at the western part of the northern side

of the Japan Sea.
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FHEE R BT IS Eb b, it
kg (fz & ziE, FUKUOKA, 1965) I X % &,
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T, =0 Al, Fe 8%, £E» bo Al Fe
DE T L DU e, - BRI S
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Fig. 12. Distributions of average and standard
deviation of Al and Fe concentrations at
intermediate and deep layers in the Japan Sea.
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B+ s g colifts, th.¥dodic®E 5D
XTI T s ERE OB T, fl < AR,
FTTCRRTER L) IeEmNTBD b fee L2
L, HEAEARD Ay — VTR E 2L HHA
- BEOBEIEC EL L nhE bt
5%%2C, Table 3 #4 % &, HEHETWL Al T
DnTh Fewownwtd, PREBTS LD, W
CEABBETHL I b D, BAE, HA
BAKE L Co=FoYIgBEL,

Al pg/l Fe pg/l
*K g 35.4 23.0
g 31.3 18.3
R 24.4 17.6

Thhb, SOZEN, [MEERT LN, RCH
2 TCTHRTNN,

WE, KOO IRERERBL L 5. %
g, BEBEOENH AL ET 5, oMK
o FiHAEL T, KRICABRT ORI
% Vi, BEY C, L, TFlZE#EL TR
LHRTOURBKOHSE V, BErY C tLE5,
ERIRE T

CV.=C,+V,

Tl ruiinb, #-7C, L, V<V, Th
LERETE, Cu>C bish, 2%h, BHE
KRBWTMLHOREICE Y, RECETL LD
LR OLBEEENBRT D 2 ERbIVE, B
CHTHEEEPBCRT S EBELVESTL X
Vo DX S, BEOMMSME L EIMES RS
HZrizkb, Fe, Al &k 7ol EE O
LA HET D LNTE D,

K T- DL G, KOMMEREAKRE - &
<, MENETIHTF O BENRKEFHEH L
Do WKORMEGREWE, Hor L L bwL, KR
DIETF & &b iEd, £, RKEDOEME & i,
b TRbLLNMET T 5, 5, K, KHED
MEORTIL, KEOFENL - L Rk&EWV, L
MU, WEBBE L35 BREORIE LRE LTk
KIEZE T 1°CEBLTT, ST X DR
FHOZEIHL TP 3B EETHDL, Lk, o
DYt, EBRCTOMMEEEThELVEL, -
T, MMRED 2T E T, EETChE

HALE PR 2248

I OB TS S Lieln b, -0, Bl
LOHEHFD L 5T, WREEEREDIVIFAIC
i3, BTORZEIHLDLVEEEOTIRD, Fio
ARSI LR, Titbb, Kfokh:
16d B\ NI HEM R EBEC R C{ilthbh b &
THiE, EEREBCRS-CEBCOBEIHED
BB/ Eh2:0 I DEND I le b,

4. #& v

HA&EDE KD Al, Fe 57RICik, IROKEN
Bdb b,

D) BEECENDDOATNDD, HEHHE
BT, BEAE O &b,

2) Lal, BHREKE ILMREKE LTS
&, BEE (O>50 ug/D) O HBIHERCTEEEE
L, FLOWERD D, Tibb, MATE.
BERKCW, EEE HEERS FEBRE L K,

3) Al Fe oV, ML TEREELDRECS
WTEL, BBETE Y, &R HHLT, FER
FEVEFEMIC R,

4) BEEOSEERZET, BLT, E-od BB
M 73 5

5) HAMAKE LTS L E,
x b - EEOMEICIET T %,

6) EFED Fe, Al B, BMAICHZRE, It
MCHEEEEKTH D, h - BELE IR
CHES L, i, BMERE CHESHEED
fEED 5 bbb,

7) ARG G e, SR P R0 M
B T, BB R A BENKBICR
% EEDE D ITEE .

VI Eosfakttic o, Al Felx, 27
DES DR FIRCIEET H &, AAME DR E S
#Bﬁﬁ?éﬁE%Fmﬁ Al Fe 0 7c h £ &

CHARBICECAA TS 2 &, SEBRREOBEN
fJH Al, Fe ofns, mRlot « R D F
WTWD D&, SHEIER KD T D OEESY A,
BRI L, o C EFEOKRBRAL
JbfliA 5T b 2 &, ZOERBR KT SR
ROBFIE, HEKCLFEH/IN TN &,
JLFED AT R EBRERE X D 3D, Al Fe &

RIAZY: 34 b

(24



HAMICR T D8k « T3 =0 AD5rfi & 2 OREEFE % 189

northern side

southern side -

Fig. 13. A schematic drawing of the distribution
of Al and Fe in the Japan Sea. Distribution
density of dots stands for the approximate
trend in the relative concentration of iron or
aluminum.
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Etude de I’effet du fen dans la péche et de son opération (III)

Yutaka IMAMURA

Résumé :

Dans le but d’examiner Ieffet du feu, nous analysons I’opération de la pache a la

perche et de la piche & la ligne du maquereau et celle de la p2che au cordeau & main du

parapripoma trilineatum et de la bréme.

Il est montré par quelques exemples que 'intensité

lumineuse du feu devrait &tre déterminée en [onction des température et transparence de ’eau

et des profondeur et moeurs du poisson.
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[Fig. 47. Hand gear for mackerel. S means a sinker,
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Fig. 48. Calculation form of illuminated water
by the lamps situated over the water.
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Iig. 49. Hand gear for squid. S means
a sinker and H hooks.

0ALSHBWTH D, MRCITRRANT ZEH A %
%ﬁﬁ@n—ﬁﬁobfbéo%%wm#, @
B, AR EAEEL 05,

) Wk EREHRIARBCEEL, 9
A MWL E 7S A > TR B » T T,
EADTRE, MR TEHCEPERBETEL X
50 £ 5 TRBMHLAALKINER, #cwl T
BETHLOICED D, A=y v iibds
ITLUTHRERX I LD D, BEGHROREANKH
AT S LB A AT —iRMh 4~5 B
HHTLHEEN DD, BEEBBTREKCH
oo Tiifshh T 5%

(2) A4Ha89h Tk

COWEOKLIIE L, Lk, TOLFTWA
WAHEE S TAREE - Twbh, Ticbhb, 7
MYk, Ak, 7aeFv v HATHIE 2 B
b, FRCAADLS TN TELESRDIET -
oo COBEOHATIPINICKLIT THSD
COEEOEET ONINT o KRB ORI L
MR R K & < I AN, BHA, 0
BEORAT ONRNIM AT X - T, DKM
HELTCNANSLT, 2~10KWic e - Tnb,

w

B OB L - TELEBTHDLA,
CETCHRoEREYBHIT L 5L, AT T&
FID A0 BB A X 5 ety B L T
Bo BAIIIEORENDUE LB E, Kp~D
Bl LT DD B EF A S TR # -
T b

W%%htw WHERT, 4 HOfFER R L
LEMRTBHERDE S Thotoo A HiFAKPTHR
W BO I YBERERICR LS, A B ETFT58
ghicmd » TR 2 HA, $9# o 50~100cm
LT ATBE, A MEEER ED, IROBRME -
LK PEETROE DD, S DEE, A HEPEAE
LT B, ZOXSICEHICHED 571 BT
PR EBED I CHE Y A b a2 inh T R
B bk, — RIS, A AT KOEWR,
BIOONTIORECREELSEEDL L5, L
ML, ZOHBATLS AR MOSL T 0 B 5

i, B XCJOCOBES T AKEAE BT T, < 0if
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Fig. 50. Diagrammatic view of squid fishing with
a lamp. The area circled with dot shows
shaded area by the lamp.

(33)



198 5 A BeXk HE3T (1968); A{LEREYALE

Tichb, A PPMOKERL OHIFOY 5 T,
A ADRELL CELMERTWLE, FOWHLX L
P ROBIERIH L OMEERE W shc3 52 &
PIFETH D,

4) YO hEhaE

(1) WmEOHE

S DWIREREEEMC, BT, sl &
M OKETIEBNTY 0E LG v ias
STIRSFHVDOIETH D, - OfFETHER
10 48 (1935) A1 n k%%ﬂﬁf%&mﬁ*
Wz b, OB A07F A
TR o T h, - OWHET Z)/M*E’
1965 AEBIZ BTk 0RO s ki 75
T6 % DT, & OWEED AN O BT« A
5<kb,mhﬂokvw@%ﬁ%@k¥%£®
T2, 1B REHE MO KNk - T
B D3, *ﬂbfso LB WTH D, ZD
EDHRHNTFIE L 7o DU 58 2 A DI o = &
TH b, _@ﬁx@ﬂniﬁ%rﬂﬁMﬁM@@
ELHRTORLTI VI WS 2 L Th b,
72, WHEOBIEDTHUIMD B - T ,;aiﬁ 55T
bHHi S I LThb, ZDRETIEOHEEN
<, whiwm'moﬁ%mn“(u o &
DR LD 5,

:@@%m@@wﬁ%mﬁ#Aﬁ%¢@v@$

ST, AR KB S b Lo
L\ i im%wﬂﬁtﬁ#qf%i§%lf

S Thebh, JofETs E COD{QJLF‘?@/\QG
/Mﬁb/fil/\ﬂ%ﬁi@’évz%06L I Te s Tes 1
ﬁi,%oﬁbbkﬁtﬁ%&ﬁo,ﬁﬁkﬁﬁ
A AR RIT A ST B, £, AEUE

A R CREFZEL, AR LI bR
1k, HEERT LI baoE Fafid, $AT
ROEIWCIS U TWAR EE LI b T2 B
T 5o BB, BICEHTHLICOIERK, 2
ELTL 2 EHATT R DT —FICEY (B
RED) B L, HATEAIEMT T B D

o, HEEETSH, SO, B EREC)

?Ivm#qfv015’%%@fﬁm,%¢v
e BIET 5, COX 5 TBINT 5 L, Mt
L& — %‘%VHJ CELTHND y@iﬁ%%, #9

NI Ui A BRI B < A Beic s 5 = &
MTE D, FEROFEA BB L CHEREIE
T& 5
CDWEDEEE T IS0, AR, fHEE,
HERE, RBEOINC - TwWh, ZOHEDA
B DiENel: & WEBARE L D% 5 F < F
HLizdoThs
COBRETHEYELLOT, W 0.9~1.8m
D THhD, Fi, $I%1E 0.4~0.2mm DF 4
PYART, TORSIPEOEILBERLTH
Bo BIRDOEMMMKE L ZMT, FORKAES
7 A 30~40 cm %i@f(%%&)&bfﬁﬁ
Bo ZODOABT 7 AEMATR LTRG-S DN
ZHEHES R T, #9813 3.6~5em o & #,
MED2EENACOR TS, 208 Bxis
Ty WFEKC T D, $HCEET LAl 14 v
Yy TADEDYH A A SEIY Y, Ao
T ECHENT S,

FEOBRMEE,  FPIKEL < AE LN E TH,
mrﬁ#%om Mo THEHEL TS AT Y
NI ENBBRU DS, F L L o B

Fig. 51.

Mackerel fishing grounds in the
Japan Sea and the China Sea.

A : Saishuto ground. B: Off Senzaki
ground C: Tsugaru Straits
D: China Sea ground. E:
channel ground

ground.
Satsunan
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Table 47. Elements and catch of mackerel pole and line fishing at the Saishuts fishing ground.

| T .
! Water Name of Fishing [*Image of }Number of Nnmber ofJ Catch per one operaétﬁgr;
Month | temperature | . 3 . l YT
C) \\ boat lamp | fish finder operatien J‘ angler ’ Mean | Min. Max.
g Enoshima . thick 6 20 3,067 | 1,500 | 6,000
June \ 20.5~22.5 | maru | 500Wx22 | thin 4 20 930 | 600 | 1,600
| | | non |4 20 9%| 20| 200
Enoshima thick 12 20 3,348 | 1,200 | 5,800
i maru 500W X 22  thin 12 20 1,242 0| 2,800
non 0 — — I — —
July 22.4~28.4 - — e
Shirasagi | thick | 0 12 393 240 | 800
maru 100W X 12 | thin 6 12 334 180 ‘\ 600
t non 12 } — —
. S B - - e
i Enoshima " thick 9 20 4,533 | 1,200 | 7,200
| maru 500W X 22 | thin ! 20 1,340 40 | 3,600
i i
non | 2 20 60 | 0] 120
August 23.8~29.8 —— — : ! !
Maizury | thick | 4 | 15 | 318 130| 50
maru 200W X 18 | thin } 0 ‘ — — | — —
non | 15 0| 0| 0
——— [ i —— - = - ‘ I ‘
| Enoshima thick | 21 20 3,745 | 1,600 | 5,600
| maru 500W X 22 | thin 1 20 1,600 —
! non 0 i — ’ — | — -
—_— S L N S {
" Maizuru " thick 2 15 950 ¢ -
September | 23.4~27.8 maru 200W X 18 | thin 1 15 760 ~ —
non i 0 — - -
Shyoyo thick 0 — — —
maru 60W X12  thin 1 0 0 0 0
non i 0 — — — —
I i N I .
! Enoshima thick 0 — — —
October 23.2~25.4 ‘ maru 500W x22 : thin 11 20 1,380 | 80 | 3,600
! | non 2 20 10 20! 200
*

Density of fish school estimates from the thickness of the recorded image of fish finders, and

the images

are divided into three stages of density, here; thick, thin and non.

M 5~3em Tl » R AT TS E s, T
Z DFNE D P S B A R L Is A
LAYRFCHBRARSBRDOEDTH D,
— B OBED BB D DEZFRNE € i,

b,

ZD
ZD

PRI X - T 1A LB 7 b oL 400
~500kg CHETIHEROFVAETH S,
(2) Behagyy kot s oBAR

ZOWBEOBREI KNI L 5 TRESEASH
(35)

70)(} % :‘ VC\‘J
L TR,
1951~1955 4T 7% 2518 o Kpgid bty o #

C ok kKL DBRAIRD X5

HEROF APy D IRELFYHE N, TOND
(A BEME:REEDRS, (B) 1[0 RARE o
DY, (C) Bk Lo, (D) ®BX
wimows, (E) BRERXO #HklconT

Eox DRI ST ADOYER L Kb L BRAY
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BRRET Lice BRI T Fig. 51 w3y
(A) BNBEREOME —ofRBTBRELL
SHABEROFEN S Table 47 ZIER L, 2D
ErbbhD L5 L& AERARO D
LV BWHAREHEOKCHACES, AR
HIBIE 3B e > Ty SO L EDITOBAD
FAIT I 500W X12 Th - 1o, BEEA O BIELH
A DEROERVHEC RINTTEd » 72,
CDE EDERTIE 200WX18 Th 72, HI X
SO L00W X 12, [R2EH O HE 1T 60W
X12Th »tco BHE EMN, BEADRAT IO
B BBAICERELSHm - T HE &
M, FREMND RO AN R TH D DI,
COMAADEAIT DN TINEL 5§\ e HE T
VABEDLL N RETH B L DR L,
LOBHOELENS, ABOFEI ELS, L1

4 Hex W/3E

(1968); RILMAEFE AR

Table 48. Seasonal variation of the occurrence of
thick recorded images by the fish finder of
the Enoshima maru.
assumed as mackerel.

These images were

Recorded image of
Month fish finder — B/A (%)
Thick image'!
Total (A) (B) |
June I 14 } 6 43
July 25 | 12 48
August | 22 9 41
September | 22 21 9%
October 13 0 0
Total 9 48 50

LIBEDEZ D » A DOENN s B X (D &
Table 48 WWiRFT L H51Clch, ZODOEIMBbMA

Table 49. Elements and catch of mackerel pole and line fishing at the Senzaki fishing ground.

Water Name of Fishing
Month temperature |
°C) boat - lamp
] Nisshin : 200W x4 |
maru i
May 18.2~20.1
Z Omifima w7
maru
Gisshi
Nisshin 200W X 4
‘ maru
June 1 18.3~22.6 1
. fiime \
OmImE 0w x7 |
" maru ! }
] Nisshin 20W x4 |
“ maru }
July 121.4~27.8 \
Omiiima
e 200W X7
maru
Nisshin N
August 25.3~28.6 200W x4
| maru
Nisshi |
September  24.2~26.7 o 200W x4 |
maru 1
| Nisshin 200W x4
| maru
QOctober 1 20.5~24.4
‘ Omiii
muma 200W X 7
maru

Image of = Number of | Catch per one operation (kg)
fish finder } operation Mean Min. ‘ Max.
with* 0 - — .
i i
non 1 12 } — —
with 4 * 15 20 12
non | 0 3 — I —
with 6 137 420 44
non 17 81 | 400 0
with 14 121 920 0
non : 6 84 210 20
with 16 95 250 8
non 5 102 280 12
with 11 135 350 0
i
non { 1 0 —
with 9 132 320 9
non 3 61 120 8
with 11 | 36 92 0
non 0 — — —
with 2 2 2 0
non 0 0 — —
with 2 250 300 200
non 0 - — —

*  ““With”> means the recorded image of fish-finder.
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L5, ABCBECRORLENH L E AT WET
i 50% ThHH, 9 AimEAED 95%, 10 A
CHMED 0 3 CTun b, Lichh o T, MK T
10 ARIBE DY) 0% FE S LTk h o
B D 2 e bbb, BELE Y OfER
BB IO 61%, 0k ExOERT
DI BEBAIILOEBHID 32.7% 03T &k
ST Tl b, AT ORTIN 500W X125
200WX18 Dk 5w 1/3 DIFo@gd+2 L1
B4 OMBRIBLZ1/6EDIL T, #
BT O FCAS EH (100W X12), JEPER
(60W x12) DOEAIT S4HRIZ R W THRA TSI
HRDHZ LI EDLDOTHREED X 5 Thb, Lich
- T S DOMAD BB D I AR Dl 7
dDLELZDbND, UNEXROV SO RBERE TS
T4 @B L CAKIET 50~80m T, FHIEICHT
DEALBHZ BN DD, EilE 60m < H LAV YIGK
DFADEHEOEXTh - T

(B) Al b & o sy

C ORI L B oflikic X T Table
49 ZER LTz SORDN L, 5~6 Ho KK
73 23°C LITF o440 Bk CGERIT i 200W X
4 oRfDRETIEE A CRAINE 200W x7)
iZH, Table 49 % k¢ Fig. 52 /RS N5 &
SwEhich/hN& i, b, Lnl, 9~10 H,
MBI O KRS THLIE L o5 ik B

201
1601
kg
O
O
énm o a
:
2 gof e
S |
= |
S gof 0
O
00 . e m O
May Jun. July Aug. Sept. Oct. Nov.
TFig. 52. Comparison of the catch between the

operations with the aid of a fish finder
(shown with marks of O and ! ) and with
no aid of it (shown with marks of @ and
M) in the fishings of the Omijima-maru
(with circle) and the Nisshin-maru (with
square),

FADHAR TH Y Rt b D FIEHD LT
Who IO L, oW KEBEOWEF
X THADEBEIN b EL Do &
LD, BB L2 Ao ES &
Sl & DR A HAlc#§~2% & Table 50 o X
SWREN D, LXK O+t 5~8 AD

Table 50. Frequency of the fishing by the aid of fish finders in the operations of
two mackerel pole and line fishing boats.

Name of boat | Nisshin maru

Omijima maru

/ | Number of glpli:rgz‘iegnolfay the B/A(%) A B 1 B/AC%)
Month | 9pe,rﬁtlé)£) | aid of fish finder ! T ‘ ‘ | / ©
(na ‘ (B) 1 - |
May i 1 0 0 4 1 4 100
June 23 6 26 20 ‘ 14 70
July 21 19 76 20 11 55
August 13 9 69 - — —
September 11 11 100 — — -
October | 2 2 100 | 2 2 100
Mean 62 il v 80




202 5 B B6% B3T (1968); HILMGEF A

=3

Table 51. Elements and catch of mackerel pole and line fishing at the Tsugaru Straits fishing ground.

T T T i
Water ! Name of | Fishing 1 Image of [Number of Number 0[‘ Catch per one ()peraitllioyr;
Month temperature | : | |—— S K8/
o) boat lamp fish finder }opcration iangler i Mean ‘ Min. | Max.
" Enoshima 1 withx 3 22| 3,333 1,200 6,000
500W X 22 } ‘
maru 0 — e
August 20.6~22.0 | Oyashio thick 2 10 940 610 | 1,270
maru 200WX7  thin ‘ 1 10 259 |
o . | 0 R I S B
Enoshima ~ o with 14 | 22 1,569 400 © 5,400
500W X 22 :
| maru 3 22 573 200 800
September  19.8~22.6 | Oyashio thick 5 10 771 | 0 1,310
’ maru 200WX7  thin 5 0 158 0 430
1 0 — — — —
Enoshima with 3 22 1,013 440 1,400
) 500W X 22 _ | _
maru
- o1 | |
October 15.4~19.2 1 Oyashio thick |1 0 | L,140  — -
| maru 200Wx22 | thin | 4 10 | 240 1L 430
‘ ‘ 0 — | — -
*

B, Lk hEsEs, Lrl, Zolicku
THBALT DN FT D Zc X o T Hefh e b Ak
NREDBLIT W, Tiobb, BRI OXIIOK
VBB THARILHEO T FE S B
81 % % 5o DIt LT, Hih Tk 62%
W Eihote, HELIDU D OFLHEER L %
SR EOMBITBHATHER 9k L
BFULEEoRIE 55kg WL T\, SHICH
N, HEBATEER 115ke Rt UM L
DEE 58kg Th -7 SO LY, BEFALE
Y, THRAIT OO RLE 0 5 CH
feo Tne b ELTEIWTHA D, BERDOFE
T, AL B U THFADOKAL (200W x4)
I v BEEADOERT (200WXT7) OJn ¥
ST A HEARZ TSN TN Z bbb, L
2L, 9~10 AL R\ T, TivbhbYiEXD
MY S Tl O EC LD REND 2
LI Te 5 T, 4K ORI
KESATFEEL, F_oREEIhCHAIL TS
5o T s,

(C) BEEBEALE WS

“ With > means the recorded image of fish-finder.

WM CHREL Lo B CEAT, 500W X
22) SR (b, 200W X 7) o#¥alEA
Table 51 R,

AR O IEDIREL IS &, OB TR, &
BB BUS P B 7c R o S [ 8 & el
Lot 2629 Th - T, KIS EA TR
HELTEBELTCOIED o fo, 1o OB 9
Hhe 3 a2 mBEO PSS o F F #EL T
 HLIOWBER D Tt B OBIEIITO
BHEFARC LN CDRBEORISIC X » T i
LT, B RBECKISA ST
BT TEF L B0 BRI T,

YHER DY SO A B A0 MR T 7% <
7o Td, TDlcd, BHEHOBEL L D kI
(200W X7) Th ¥~ L TR @
TwWictEzbhb, BEIRYY OREETA
IO F I X B k& LTz, Fic
b, ILOBRIRIED D - 7 A ed -ty
BT RIL ST R ST, B
R IGOER O EED 81 10 TRIN T,
oG, BELINEHORERE SR 4
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Table 52.
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Elements and catch of mackerel pole and line fishing in the East China sea.

% Water . Name of 1 Fishing

\
Image of Number ofNumber o

f Catch per one operation

Month | temperature | ‘ o )
} o | boat lamp | fish finder ! operation | angler Mean l Min. ‘ Max.
Shyoyo thick 0 — — - —
September = 24~25 moru 60W X 12 thin 1 20 0 — —
| non 6 23 21 16 28
Shyoyo thick 3 20 2,167 1,800 2,400
October 21~21.8 maru 60W X 12 thin 0 — — — —
non 1 23 23 —— —
Shyoyo thick 1 20 3,200 — —
November 19.5~20.1 maru 60W X 12 thin 4 23 1,250 400 2,000
non 0 — — -
1 TRE N, ORI EHEMAL L DRAIT DL AN EMARIES SFEER TR E D DD M
Jilkex, 801, WifpofH 1 EY ) oRERO L bho ZOBKRICEEL KB ORBINOBREL
3L, Cin e T, WX T, I8 bk Table 53 ik T/ b, REL (M

L7, AEE D
X HMBEROEIIFLEAE
K%,“ﬁ%@%x@igﬁ
BT I T

Hw%mb%XKﬁd<
M CH AT D T
Bobnle{ich,
EAKET 15~40m oEI K
726

(D) e D )

OB KR bR 27~29 H, B 123~125
&@%W%%?o:®@éfﬁﬁbt%#ﬂ®'
FE D Table 52 ZfERR Lic, & & DHFEN
DOEHIE 60W X12 Th » e ZDOMOEET,

9 At b o e DL AR SN o b

RCHAT, RIS CTH BT REN D LR

S ot, LA, 10~11 Bicie b &, e
BUSPH 7284 ORET B TREL R T 5, 10
~11 Hho #BEC BT, Kbﬁﬁ e T

Wis 4 o, 1 ESEE O E R 2.43X
ng%b&Eﬁﬁfht4@@&%@l@¥ﬁ
DR 1.25% 108 kg TI3IE HIE O
Tntee BERIEHA I »7c b EDBRETIE, %

Pl

o 1EEEOrEEL 80ke, Tiobhb, EUWK
IS T B OB ER O T 4 % T i 5

Foo KB EIL 10 § 2 A, K 200C <
BLECETFLCABIELED LS Thib
(E) B o by

SEX DY A NE B R L O ARER PN ST

KT, 100WX8), & & CRALT, 100Wx12).
B LD (AT, 100W x24+60W x9). ¥k

OHLO B (HAAT, 500W X 22) D% 11 3kic >
THFATzo MBRICHT HEMOMET, Ml

PEHIB O G2 38 T b 3T 33 [, S
;uubf.&\z‘? ‘4;@}%\;‘{2 i5 ]—](D/H\f\_ﬁ &m%;ﬁ&)

7B AOBELAD B ADOBELDO LAY
DREEDOHIZR R 2 1 i, Tniz, &
oL b ) ORMERIL 5~6 A7 BT
B o tee RER CTHEALT DN 10WHH100W

DEBSWCREL D &, THITLIAGRERT
TIN5 &5 2 Eideh o 7

(3) kotozhi

FIEO BB R THEL e & o HEL
DWT, AT OYHN L & &,_muﬂf
%l & DM BB A T,

(A) WHNBLED R

Z DB B A0 E L 6~10 F o1
M, AERARORKE,DHETE 60m L b
R, 6~10 Ho, Y#EX 0 BHE L Bkt

20 m <“¢)\/ VCX;) o Lf\_y]‘ , L_@Zﬂj[}(h_j’o
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HéW@mmwﬁ,u@Li—B:n% <h
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Table 53. Elements and catch of mackerel pole and line-fishing at the Satsunan fishing ground.
T ] 1 . e
Water Name of Fishing Image of Number of Number of' Catch per one oper<1<tli(>7r>1
Month | temperature ‘ ...
J} o) boat lamp | fish finder joperation | angler i Mean ! Min. ! Max.
Hy thi 20 263 121 520
March  21.3~21.6 &0 100W X 8 n | _
maru non 20 28 ! 0 56
‘ Hyog ith 2 20 344 72 615
April 92.9~23.8 8¢ 100Wxg
maru non 0 — — —
. Shirasagi thick 1 1,100 —
L oTasagl 100W X 12 8 8
. maru thin 1 i 8 1, 888 — —
May 20.0~22.8 -
- Enoshi vith 7 21 9()3 12 4,000
~ Enoshima E0OW %22, wi 1, 0 0
maru non 0 — — — —
' Shirasagi thick = 4 15 1,373 562 2,650
irasagi LOOW X 12 %c 5 5
maru thin 8 15 ! 42 — —
June 22, 7~26.0 o | 7
Otori 60§1><9 thick 3 16 2,635 106 4,200
: maru 100W X2 thin 16 2,300 - —
Hyog . thick 20 500 — —
September 24.8~26.0 87 Bowxz ¢ , _
maru thin 20 180 0 360
Lﬁ&%vf KR 60m DESIAR LT B FCRWWT, r=55~35m Thb, L i

‘/%‘?&ﬁi ’%JLLT%’{ IUX(1~10) ODHJ] HE%

Y51 d, Ig;f)u———l'vl()lux. 1'260 m. ‘u:0.08
607
OV 008560 —
(1~10) x - (1.33)° ¢

C=24.7x10*% (cd)
CIEGEEER D 500W @EH (9600 Im) A% T %L
Lg% L BAL M OILE, Cofiiid 3.06x10°
ThhHNb,
(2.47 % 10*7%) + (3.06 X 10?) =8~80
41 o, 500W O AERA K ESOLEE LT
JT U e A KA F60 mo & & A T1~10 luxd
% XA MRS B oo ictE, S500W o g AEE Bk 8~80
LI SR LTl iR L - C
THRT B, L, ILOBHOER LT
m5meg@ sk 11 Ea Rk 1lm & i
L, 2F224T# T LT, e, ool
ﬁﬂ(wfﬂ ORI & 2 HA 0 BALARH
N OO
(3.06X10®) x22=6.7%x10* (ed)
e, S OWET 1~10lux DA ST

T, LOBAOHEALC Llux o K KE T
55m, 10lux DA XK F 35m X DikbHh
i 2 AHLH D, SOLNDHART, 60m DB

IWHBL T A falficd L, LoBiol
IO EREL Tnc b vwr b, HEALOH
FUT (200W X18) % 060 & LT, skt 1o L
FotoBaHo C offitk 11.4x10%ced TH D, L
7o 5T, ZORBEBCTEREL 1LY
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Production of the Stable Sea Foam and its Transport at a Seashore

Tomosaburo ABE and Naoki FUKUCHI

Abstract: For past ten years, one ol the authors (ABE) has made a study on the formation
and the various physical properties of the extraordinary stable sea foam produced along the
Fukura shoreline, Yamagata Prefecture, during the season of prevailing westerly winds. Then
he obtained the following results: The examination of the liquid which was obtained when
the stable sea foam had decayed showed that it contained enormous amounts of coastal
phytoplankton and small fragments of sea weed. Apparently these substances were surface active
materials which caused the production of the stable foam when the water was in foaming
states at the shoreline.

In this paper, the following articles are mainly investigated and discussed. The data of three
vears 7. e. 1965, 66 and ’67 are treated as a tentative analysis.

1. The feature of the production and transport of the stable sea foam. The grades of
the transport are divided into 3 groups for convenience’ sake, that is, Large scale, Medium
scale and Small scale transport. Their probabilities of occurrences, and seasonal changes of
them are discussed (2, A).

2. The size distribution of transported foam masses in an atmosphere. Data are obtained
with a still and movie camera. The foam size is indicated by diameter of sphere whose volume
is equal to that of an amorphous shape of foam masses. The range of the size is from several
cm in diameter up to 22 cm, and the mode of it is 6 cm, the amount of transport of the foam
masses by wind will invarially occur at velocities greater than 7~8m/s. 1t will be considered
that the feature of the transport depends not only on the air temperature, the wind velocity,
its change, /. ¢. the wind structure, but the physical properties of the liquid ol membrane of a
bubble (2, B).

3. The wind and the production of stable foam. In the case of the production, there are
two types of wind structure, @ and S respectively (3).

4. The production of the foam and the disturbance of water masses near the shore.
Previously ABE has introduced a certain physical index ‘‘Foaming Factor’” (het), where & and
7 are the initial height of [oam layer and the half life respectively, in order to evaluate the
degree of a production of whitecaps on waves. Subsequently the Factor is also valid in
analysis of underwater foam conditions, and there are some posibilities indicating movements of
sea water masses containing more or less surface active materials. It is analysed fairly good by
the Factor that amounts of surface active materials are gradually increased in the sea by wind
and wave actions, and at last stable foam appears there (4).

FeH 3 A BE R AKERC W T BIG e E
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2. REFKEBRORHK

9, BREiKEERERKOBERN FHikC
EDXS ThAD TN THh D, FAERERE &
FDHBFEE & /REE Table 1. D L&D TH5H
2T, /AINRET S Small Scale Transport (B8 L
TS, ofFad ohicib ) LikiERE»bEE
PR E CRUC X D kil CR& S ¢
) BRI NIBAETH D, hFERE Medium
Scale Transport & it EHE ¢ C#EINT AT
b, KHBMRE Large Scale Transport & itk

Table 1. Transport of stable foam masses of sea water, its frequency and grade (Fukura).
T T 7
Month Sep. ‘Q Oct. Nov. ‘I Dec. ]an. [ Fel) ‘ Mar. Apr.
Day Year ’65 b6 67 !’65 66 67 ’65 bb 67 65’66 67 "65 66 67 J’G% Gb 67 65 66 67 ’bs 66’ 67
1 L M S S S L }
2 S L L M M| L .S
3 S S L S S S
4 S L L M
5 MM M L S
6 I ML S | M
7 M L | L L
8 S s Ss| M M
9 S L M LS S| M
10 M S L M S | M
11 M M S M
12 | S S M
13 L S i
14 SSS L M
15 SLS LS S M L
16 ‘ LS S| S L
17 M L : S M L L
18 T LM L
19 : L L M S
20 | S | L L
21 L L s | L S M
22 L i S M M
23 I L L
24 S M S ML
25 ; M S 'L M S M
26 ' L L ‘ M
27 LS S M M
28 | L L
29 \ \ L | S
30 1 \ S M ; M L
- i e [ | .
31 ‘ { j ‘
Notes S : Small Scale Transport L. * Large Scale Transport

M . Medium Scale Transport
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Fig. 2-A. Transport of stable foam masses
of sea water (Fukura).
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Transport of stable foam masses of
sea water (Fukura).
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Table 2. Size distribution of transported foam

masses of sea water (Fukura).

Range of dia. | Number of‘ Percentage ‘ %
 (em) | case (%)
0.0~ 0.9 | o | 0.0 0
1.0~ 1.9 4 3.0 } _
2.0~ 2.9 6 4.5 | :
3.0~ 3.9 9 8.8
4.0~ 4.9 9 6.8 } 13.6
5.0~ 5.9 18 13.4 .
6.0~ 6.9 18 13,4 } 26.8
7.0~ 7.9 8 6.0 .
8.0~ 8.9 14 10.5 } 16.5
9.0~ 9.9 12 9.0
10.0~10. 9 7 5.2 } 14.2
11.0~11.9 3 2.2 } 50
12.0~12.9 5 3.7 ‘
13.0~13.9 4 3.0 } A5
14.0~14.9 2 1.5 :
15.0~15.9 1 0.7 } 5 o
16.0~16.9 2 1.5 2.2
17.0~17.9 5 3.7 } 6.7
18.0~18.9 4 3.0 :
19.0~19.9 0 0.0 } 0.7
20.0~20. 9 1 0.7 B
21.0~21.9 1 0.7 } v
22.0~22.9 1 0.7 :
Total — 134 100. 0 100. 0
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Fig. 4. Size distribution of transported stable
foam masses (Fukura).
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1. BERKROBE LBREK

IhE COBERUBROREN D, BRIk
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EDBKNET LD EZ 2T,

A, BEROBE ORI RO MRSk & i
RO BRBIR oA L Tike, —H, #
DU THIGEAERR O B D HE L £ DIREKIC
DN TCHEBRIC DG L YR F.F. % flligl ¢
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B LvEASZ IR ZERCH L, WA DVAER & L H Mechanism DT | &7,
Table 3. Calculation of foaming factor (F.F,) of sea water.
] ‘ w w ! =
| Water ‘ Water 0’-9  hos'  hoe tTo’ T’ " FF.  Wind m/s | Sea state,
No Date | temp. #°C | temp. 0°°C ‘ stable foam
in situ | in bottle °C  mm ., mm sec sec K mmesec mean production

2" 20/Dec. 10.9 10.9 0.0 11.0 11.0 3.2 3.2 35.2 SE-0.9 Quasi-calm

2 11.2 0.3 12.0 11.9 2.8 2.8 33.2

3 10.7 —0.2 13.0 13.0 3.0 3.0 39.0 None

3’ 11.0 0.1 18.0 18.0 2.3 2.3 41.4

6 20/Dec. 12.3 13.9 1.6 12.0 11.7 3.2 3.1 26.3 SW-1.4 Quasi-calm,
7 12.9 1.6 18.0 17.7 2.4 2.3 40.7

8’ 12.9 1.6 12.0 11.7 4.1 4.00 46.8 None

9 13.5 1.2 17.0 16.8 2.9 2.9 49.7

11 23/Dec. 9.3 5.3 —4.0 16.0 16.7 2.4 2.6 43.4 N-7.0 Quasi-storm,
117 4.8 —4.5 14.0 14.8 2.5 2.7 40.0

12 5.6 —3.7 13.0 13.7 4.6 4.8 65.8 None

127 5.2 —4.1 19.0 19.7 2.0 2.2 43.4

31 24/Dec.! 10.0 5.3 —4.7 20.0 20.9 5.8 6.0 125. N-8.0 Quasi-storm,
32 5.0 —5.0 17.0 17.9 4.0 4.2 75.2

327 4.6 —5.4 18.0 19.0 5.5 5.7 108. Occur

33 4.4 —5.6 23.0 24.0 5.1 5.4 130.

The following emprical formulae are used,
dhog’

do
To=Tgr—0.0455(0"—0),

hoo=h9e’ +

(0"—=0)=hog’—0.185(0" 1)

where h0s and hos’ are initial mean height of foam layer at #° and #°°C respectively, and
symbol T4 is a mean half life at 4°C when a foam layer decays.
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I'able 4. Change of the foaming factor (het) of sea water (Fukura).
. i i Air temp. Water temp. ; Wind . Value of F.F. ; Stable foam
Time, day | °C (shore) °C direction-m/s Sea state mm-sec { production

1020, 20/Dec, | 7.0 109 SE-0.9 | QuasiCalm | 37.1 i none

1220, 20/Dec. { 10.0 12.3 SW-1.4 ‘ Quasi-Calm l 43.4 l none

1000, 23/Dec. 1.6 11.0 | N-7.0 ; Quasi-Storm i 48.2 1 none

1000, 24/Dec. 2.1 9.3 | N-8.0 Quasi-Storm | 109.4 | oceur
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kDR L DFHE L,

hoo =hog’ + ﬁ‘:hf’L 6'—8)

shaker 1= X
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Deux travaux des océanographes francais

Bk

ROMANOVSKY, V.: Etude des couches d’eau prés du
fond dans les grandes profondeurs méditerrannes.
Disposal of Radioactive wastes into seas, oceans and
surface waters, International Atomic Energy Agency,
Vienna, (1966)
COWIIEY 4 — AR T D EEE T 4 L —

I8V T 1966 42 ROMANOVSKY K L2L DT,

ERomEHEEICER Sz, ROMANOVSKY X Centre

de Recherches et d’Etude Oceanographlquei(ﬁ&ﬁ??ﬁﬁﬁ
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**  Masahide TOMINAGA BRUZEEZER% Université de
Gakugei, Tokyo
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(a) 0~500mDOWEE | EOFIUTLILLE . Fisk
7 20cem/s Bz 32 L o7,

(b) 500m~1,500m DWE © FHi < Sk
D, KA 2em/s 7oL 10 em/s ORI & HEITE L < %)
L7z,

Ce) 1,500m~2,200m O | w5 < 0cm/s
~5cm/s.

(d) 2,200m PAEOUHE | SRBEICH L TR
e ZOWSE TIRFFICEEICE L OlE 21774 - 720
LT, ZOEBEOEMND 150 cm DO S F Tl idiiw
“CEJEJV‘%‘J%LU) shear BFET5 L9 Th b

iz 5{11!031’%7&7k%% EAAFZ O TEOK L, EERER
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N ) Dl . =
é&)&@\ EE 10em 30cm 50cm 70cm 100 em
- *(_ — T
50m 7.4 7.6 7.8 7.8 7.8
90 m 8.1 8.1 8.2 8.2 8.2
750m 4.1 4.7 4.8 4.8 4.9
1,750m 2.1 2.5 2.7 3.2 3.9
2,200m 2.6 4.6 5.2 5.8 6.1
2,600m 4.3 4.8 5.2 5.6 5.7

BALEHEK 10 RoB#EE % mg TFRb Lk, EEE
TIE2 78 D THEARERD gradient D LN D, 1
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TEIKOKU SANSO K.K.

(Filiale de L’AIR LIQUIDE, Paris)

Ses 23 Usines, 23 Agences et Bureaux de vente, 22 filiales,
100 distributeurs produisent et distribuent:

Gaz Industriels: Oxygéne, Azote, Acétyléne dissous, Argon,

Néon, Hélium, Xénon, Krypton, Propane, Butane.
Matériels et produits pour la soudure ;
Installations de séparation et de purification de gaz & basse
température

Son Département Développement représente au Japon les procédés
de nombreuses sociétés. entre autres,

L’AIR LIQUIDE

Société Chimique de la GRANDE PAROISSE

Société d’Electro-chimie, d’Electro-métallurgie et des Aciéries
électriques d'UGINE :
Compagnie de Filage des Métaux et des Joints Curty (CEFILAC)
Compagnie PECHINEY-SAINT-GOBAIN '

Compagnie de Produits Chimiques et Electro-métallurgiques PECHINEY
Société KLEBER-COLOMBES

Le Méthane Liquide

Société des Trés Basses Températures

Société PRAT-DANIEL

Institut Frangais du Pétrole .

Compagnie Générale de Télégraphie Sans Fil

Compagnie des Compteurs

Société POCLAIN

Société HISPANO-SUIZA

Société NADELLA

Société GURY

Société HYDRO-MECA

Société de Forgeage de Rive de Gier

~te. etc....

22/1 Takamatsu-cho, Hyogo-ku, Kobe, Japan .~
P.O. BOX No. 522, KOBE PORT JAPAN
(Siége Légal: Nihon Gas Kyokai Bldg. 38, Kotohira-cho, Shibo,)
Minato-ku, Tokyo, Japan
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PRECISION ECHO SOUNDER
FOR DEEP SEA RESEARCH

12, 000 meters below the sea surface can be sounded
with a good accuracy.

This equipment is for sounding
sea bottom as deep as 12,000
meters from a marine research
ship with very high accuracy.

It has various ranges of scale;
however, the scale range is
automatically shifted from one
to another with the sudden cha-
nge of depth. The recorder
is so designed that it can co-
work with other equipments for
recording various kinds of data.
especially with sonar pinger.
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PRECISION ECHO SOUNDER
FOR SHALLOW

for surveying shallow sea, harbors,
lakes, dames, rivers.
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3)

5)

6)

The special transmitting system and the ma-
gnification of range scale enable the operator
to take direct reading from the record.

The self contained crystal watch improves
the accuracy of recording.

The recording device has three ranges, O to
1, 000 meters, O to 6,000 meters, and Oto
12,000 meters. Their full range scales make
reading of the change of depth easy.
Multiple number of recorders can be opera-
ted in parallel.

486 mm width dry type recording paper is
adopted, which makes reading easy.

The transmitter and the receiver can be
installed in consol or in seperated areasas
desired.
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Protected

Unprotected

Patented parallax-free back scale, opal glass
back sheath enable precise measurements.
Write for details

Ns %Shino Keiki CO. Stamjlard Thermometer

Precise Thermometer
1.14, NISHIGAHARA KITA-KU Mercury Barometer
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Direct-Reading Current Meter
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Products :

ET-5 : Flectric Meter of Water
Temperature
Catalogues are to be sent immediately ECT-5 : Salinity Detector

upon receipt of your order.

- WE-=2 : Pressure Type Wave Gauge

TOHO DENTAN CO.,LTD.

Office : 1-309, Kugayama, Suginami-ku, Tokyo Tel. Tokyo (334)3451~3
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Koden Radio Navigation Instruments
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Morse Teletype Converter
Morse Code Selector

O Koden Eloctionior Cs. L1
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Tel: Tokyo 441-1131
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