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Analysis of PCBs Contamination of Sediment in
the Coastal Waters of the Seto Inland Sea”

Yasushi Hira1zumi**, Takehiko MANABE***,

Mieko TAKAHASHI®*,

Kyohei NISHIDA**,

Hisashi Jou*®*** and Hajime NISHIMURA**

Abstract: PCBs contaminations of the sediment, surface water, plankton and fishes were

investigated in Harimanada and Osaka Bay.

The same horizontal distribution of PCBs con-

tamination was observed in the sediment, the surface water, plankton and fishes. PCBs

contamination in the fine particle fraction of the sediments were found to proportionate to
the continuous influx of PCBs into Harimanada and Osaka Bay. The biological magnification
coefficient of PCBs based on the water quality was estimated in situ.

1. Introduction

In waters where the sediments are contami-
nated with PCBs, the PCBs contaminations are
also recognized empirically on the fishes and
other organisms.

At Beppu Bay in August of 1972, we have
found that the sediments are significantly con-
taminated with PCBs in the waters where PCBs
are emitted as terrestrial effluents and wastes,
and that PCBs concentration in the sediment
of some locations isolated from the sources is
rather higher than that of the surrounding area
(HIRATZUMI and NISHIMURA, 1973).

These suggest that much of PCBs precipitate
to form serious contamination of the sediment
in accordance with the oceanographic and the

* Received September 25, 1975

Presented at the spring meeting of Oceanog-

raphical Society of Japan, 1974 and 1975, at

the autumn meeting of Society of Chemical

Engineers of Japan, 1974, at the annual meeting

of Society of Chemical Engineers of Japan, 1974

Department of Chemical Engineering, Univer-

sity of Tokyo, Hongo, Bunkyo-ku, Tokyo, 113

Japan

*#*% Hyogo Prefectural Fisheries Experimental Sta-
tion, Nakasaki-cho, Akashi-shi, Hyogo-ken, 673
Japan

#kk Ogaka Prefectural Fisheries Experimental Sta-
tion, Misaki-cho, Sennan-gun, Osaka-fu, 599-03
Japan

*k

bottom conditions.

We made further observations on the same
subject in the other regions; in Harimanada and
Osaka Bay of the Seto Inland Sea in 1973 and
1974.

This report deals to make clear regularities
governing PCBs contamination of the sediments
in relation to the continuous influx of PCBs
from the terrestrial sources, and the relation-
ship between contamination of the sediments
and that of marine organisms.

2. Methods
1. Sampling

Samples from Harimanada on June 23 and 24
in 1973 were collected at 21 stations (Fig. 1).
Surface water samples, collected with van Dorn
samplers. Plankton samples in the surface
water, collected with the plankton net of XX
13 (approximately 95 micron in mesh diameter).
Sediment samples, collected with SK type
bottom samplers.
2. Analytical procedure

1) PCBs content in the surface water

The method of NOSE (1972) was applied;
following extraction, PCBs were separated
flushing out the solvent n-hexane, and chlori-
nation of the collected PCBs reduced every PCBs
totally to deca-chloride. The total amount of
PCBs were analyzed in the form of decachlori-
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Fig. 1. Distribution of PCBs in sediment
of Harimanada.
Continuous line: PCBs in the whole sediment
(ppm).
Dotted line: PCBs in fine particle fraction of
the sediment (ppm).
Small circles indicate the sampling stations.

= Amagasaki

Fig. 2. Distribution of PCBs in sediment of
Osaka Bay in 1973. Numerals indicate the
PCBs concentration in the bed sediment in

ppm.

nated biphenyl using electron capture (%Ni) gas
chromatography.

2) PCBs in the sediment

Dried sediment samples were used for the
analysis (NOSE, 1972). PCBs content was
calculated by the method of MANABE (1974).

3) PCBs in plankton

Plankton samples dried at reduced pressure
and room temperature in desiccators, were used

Fig. 3. Distribution of PCBs (ppm) in sediment
of Osaka Bay in 1974.

for the analysis (The Environment Agency,
1972). PCBs content was calculated by the
method of MANABE (1974).
3. Samples from Osaka Bay on July 30 and
August 1 in 1973
Sediment samples were collected at 41 stations
(Fig. 2), which distribute in all around the bay.
The sediment samples were collected by Ekman
Birge bottom sampler. The bottom samples
were dried at the room temperature, followed
by the analysis of PCBs content applying the
method of NOSE (1972).
4. Samples from Osaka Bay on August 20 to
August 23 in 1974
Sampling were made at the same station of
1973 (Fig. 3). However, samples were analyzed
by the method of the Environment Agency of
Japan (1972) and PCBs content was calculated
by the method of UKAWA et al. (1973).

3. Results

The distribution of PCBs contamination of
the sediments in Harimanada in 1973 (Fig. 1),
shows that the contamination extended to the
northern coastal waters of Harimanada directly
from the sources located at the northern coast,
and that a highly contaminated area was iso-
lated in the far offshore from the sources at the
coast. Moreover, as was previously observed
(HIRAIZUMI et al., 1975a), PCBs tend to con-
centrate ubiquitously to the fine particle fraction
of the sediment.
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Fig. 4. Distribution of PCBs (ppb) in the surface
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Fig. 5. PCBs concentration (ppm) of the
plankton in the surface water of Harima-
nada in June 23, 24 of 1973.

PCBs concentration in the fine particle fraction
of the sediment were observed to be the highest
at the northern region, and to be lower at the
region more distant from the sources, i.e., the
highest at the coast of Takasago city and the
lowest at the southern part of Harimanada.
The PCBs contamination of the sediments in
Harimanada, therefore, originated in the PCBs
outflux at the northern coast.

In Osaka Bay in 1973, PCBs in the sediment
were the highest at the estuaries of River Yodo
and River Kanzaki, based on the data of our
own observation and those of Environment
agency of Japan (Fig. 2).

OSAKA BAY 1974

{ppm }

© PCB
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0SAKA BAY 19737 ® .
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Fig. 6. Correlation between PCBs concentration
in the sediment and PCBs dispersed area
bounded by the contour in Osaka Bay.

The distribution in 1974 was the same as
that observed in 1973 (Fig. 3).

A distribution of PCBs in the surface waters
of Harimanada in June of 1973 is shown in
Fig. 4, which is drawn with the data obtained
both in June 23 and 24. Thus, the distribution
might not exactly represent simultaneous profile
of the pollutant in the whole area, but the
PCBs distribution in Fig. 4 could indicate
approximate profile, because the data at each
station can be educed as representatives dué to
minor variations of oceanographic data being
recognized usually between every two neigh-
boring stations in such a short period as our
sampling period, two days.

PCBs distribution of the plankton was similar
to that of the surface water (Fig. 5).

4, Discussion
1. Regularities governing the contamination of

the sediment

The relationship between PCBs concentration
and PCBs distribution in the sediment, i.e.,
the PCBs concentration in the bed sediment as
the function of the area bounded by the contour
of the same concentration, is shown in Fig. 6.
Two distributions of PCBs in the sediment of
Osaka Bay in 1973 and 1974 have the same
property and the same gradient.

However, a method difference can be observed
between the PCBs concentrations obtained in
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1973 and 1974, which might be attributed to
the difference of the analytical methods, i.e.,
the yield by the alkali decomposition method
two- or threefold greater than that by the total
chlorination method of NOSE (1972). According
to the official conclusion assured by the Task
Force of the Ministry of Health and Welfare
for the identification of environmental analytical
procedure, it may be appropriate to estimate
twofold amount of the measured dechlorinated
biphenyl as the amount of total PCBs (Ministry
of Health and Welfare, 1972).

To have this amendment makes the PCBs
lines in 1973 and 1974 to be one line of 1974.
It will probably mean that the sediment con-
tamination with PCBs have changed little for
these years.

As PCBs have been estimated to flow into
the coastal waters via various kinds of routes
and ways as components of effluents and
wastes, the influx rates are estimated to be
approximately 12 (kg/day) into Osaka Bay and
about 6 (kg/day) into Harimanada (HIRAIZUMI,
1975b).

Normalization of PCBs concentration by its
daily influx weight may produced a correlation
between the normalized concentration in the
sediment and the pollutant dispersed area as an
index of the pollutant distribution. The same
kinds of the correlation as PCBs have been
confirmed for heavy metals, COD and oil of
the sediment (HIRAIZUMI et al., 1975a). Over-
lapping the correlations of PCBs and of heavy

—

_
£y
g i
g
S
2
X
€
&
a
bl
ow+ o
o Heavy metal inOsaketoy, o
L Harimana o o
o

Z| o f@ n e ey S oo o
€
o ‘ A

i A OB in Harimande ® &L

L o
[ —— D1 S

i 105 (km?) 100 1000

Fig. 7. Normalized concentration of heavy
metals and PCBs in the sediment as a
function of the dispersed area bounded by
contour of the same concentration.

metals (Fig. 7) deduces the correlations as more
generalized ones.

This confirms that the equation proposed in
the previous paper (HIRAIZUMI et al., 1975a),

Cm/ M= A X 5706

Cr: estimated pollutant concentration in the
fine particle fraction of the sediment
(ppm)

M: pollutant influx weight (kg/day)
S contaminated area bounded by the con-
tour line of the same PCBs concen-
tration Cp (km?)

A: constant
must be applicable to every kind pollution of
the sediment.

2. Contamination of the marine ecosystem

Using the data of the PCBs contamination of
fish (Hyogo Prefecture, 1973), the maximum
PCBs concentration in the tissue of fishes
among several species which were caught at
each area, is shown in Fig. 8 apparently. This
distribution is similar to those of the sediments,
water and plankton.

The relationship between the PCBs concen-
tration and the dispersed area shows that the
gradients of every distribution are almost equal
each other. (Fig. 9) This means that PCBs
contaminations of the most biological and non-

) BT
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Fig. 8. PCBs concentration (ppm) in the edible
tissue of the most polluted fish among the
catches at each fishing area.
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biological organisms must be related each other,
and that the dispersion of effluents and par-
ticles contaminated with PCBs mainly governs
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Fig. 9. PCBs concentration variation as a
function of the dispersed area in Harimanada.
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Fig. 10. Relationship between PCBs concen-

tration of fishes and that of the sediments
in Harimanada and Osaka Bay.

Tanago: Acheilognathus moriokae
Konoshiro:  Clupanodon punctatus
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the contamination of a ecosystem. This as-
sumption is being confirmed by our following
works (in preparation).

Using simply the surface water quality as the
basis in Fig. 9, the in situ biological magnifi-
cation coefficient (B. M. C.) can be estimated.
For example, B.M.C. for fishes is about 15,000.
The same estimation is also feasible for plank-
ton. These educed results are well coincident
with the in wvitro results by the other workers
(HANSEN, 1971).

The figure, on the other hand, suggests that
the contamination of ecosystems must intimately
relate to that of the sediment. Thus, the degree
of contamination of the sediment must be useful
as a contamination index for an ecosystem, as
little affected by other factors in the ecosystem.
One of the examples can be seen in the relation-
ship between the contamination of fishes and
that of the sediment in Harimanada and Osaka
Bay (Fig. 10). This regularities may be ex-
panded as the general rule in any water.

The same relationship between the contami-

‘n tissue of tish (ppm)
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Fig. 11.
concentrations

Relationship between the PCBs maximum
in tissue of fishes and PCBs
concentrations in the sediment over the whole
coastal regions of Japan.

Eel: Anguilla japonica

Goby: Acanthogobius flavimanus
Short-necked-clam: Tapes (Amygdala) japonica
Ark-shell: Anadara (Scaphara) broughtonii



168 - La mer, Tome 13, N° 4 (1975)

nation of marine resources and that of the
sediment is shown in Fig. 11, using the data
over the whole coastal regions of Japan by the
Fisheries Agency of Japan (Fisheries Agency,
1974). A special term of index ‘‘the maximum
concentration’’ means the maximum value of
the PCBs concentration in a certain tissue of
individual fish among catches of the same
species being caught in the waters with the
same contamination degree. In this case, the
contamination in tissue of fishes were so much
different each other due to such individual
peculiarities as age of fishes, body weight and
length, and to the environment. Thus, the
approach was only possible by using the maxi-
mum PCBs concentration in tissue of fishes
without using the singularities of individual
fishes and circumstances.

Furthermore, Figs. 10 and 11 clarifies that
each species of marine organisms has its own
specific degree of the PCBs contamination in
every location.

5. Conclusion

Regularity govening the sediment contami-
nation with PCBs is clarified to be similar to
those caused by the other pollutant, i.e., heavy
metals, COD and oils. This fact assures that
a formula is generally applicable to predict the
degree and intensity of the sediment contami-
nation by estimating the continuous influx of
PCBs from the input on the coast.

A quantitative correlation between the con-
tamination of an environment and of biclogical
organisms, especially each species of principal
fishes, was observed in the ecosystem.

These findings make us possible to predict
the environmental pollution and the contami-
nation of the aquatic resources caused by the
industrial and urban activities. These finding
might also be applicable to the pollution caused
by any other man-made organic compound.
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On the Relation between Color of Forel and Ule’s Standard
Solution and Color of Sea

Noboru OxkaMI and Motoaki KISHINO

Abstract: Spectral transmittance of Forel and Ule’s standard color solution was measured
with a spectrophotometer. From the data of the spectral transmittance, the color of these
solutions under the irradiation of CIE standard light source C which is an approximate
representation of average daylight, were calculated on CIE chromaticity diagram.

From the data of the spectral energy distribution for upward irradiance just below the
surface measured by a spectral irradiance meter, the color observed above the sea was
calculated. Comparison between the estimated colors of the sea and the colors of the solu-
tion was attempted.

It is found that the differences of the purity between the Forel solution and the calcu-
lated colors of the sea is not so great and the conformity of hue between them is good. In
contrast, the differences of both purity and hue between the Ule scale and the estimated
color is great. This discrepancy is considered to be due to the small difference of the hue
in the Ule scale and also considerable difference of the lightness between an actual sea and
the solution.

It is suggested that when one classify the color of the sea by means of these scales,
resultant error assumed to be, more or less one number in the Forel scale for clear water,
and two or three numbers in the Ule scale for turbid water unless one carefully compare
with each other.
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Table 1. Chromaticity coordinates, dominant wavelength, purity and color scale.
Upward Purity Color scale
v x y 2 Zo(nm)
radiance %) Calculated Observed
Off Oshima 34°39'N Ly 0.210 0.244 0.546 481.6 49.7 3 3
139°47'E Lo 0.213 0.246 0.541 481.6 48.4
Off Atami 35°05'N Ly 0.240 0.373 0.387 497.3 29.4 5 6
139°07’E Lo 0.247 0.348 0.405 494.0 28.8
Mikawa Bay 34°47'N Ly 0.386 0.456 0.158 568.8 53.5 13 16
137°15’E Ly 0.365 0.425 0.210 567.0 37.7
Discoverer St. 23 25°45'N Ly 0.149 0.112 0.739 472.8 84.7 1 o
(Sargasso Sea) 74°10'W Lo 0.158 0.126 0.716 477.3 80.5
Discoverer St. 15 4°30'N Lu 0.174 0.217 0.609 481.3 64.2 3 N
82°55'"W Ly 0.181 0.222 0.597 481.6 61.2

(North east of Galapagos Is.)
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Fig. 9. CIE chromaticity diagram of Forel and
Ule color scales and observed colors of the sea.
A: off Atami, O: off Oshima,
M: Mikawa Bay, D1: Discoverer St. 15,
D2: Discoverer St. 23.
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Fig. 91z, MOREL (1973)® 2% A4 v J — ¥
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Table 2. Brightness of the sea surface and color Solution for three stations

Station Off Oshima Off Atami Mikawa Bay
Surface illuminance (Lux) 90, 000 67,000 50, 000
Brightness of the sea (cd/m? 565 191 210
Brightness of standard color solution (cd/m?2) 7,260 6,730 5,580
® 6 a3)

Remark: Parenthesized numerals show Forel and Ule color scale number.
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Fig. 10. Range of dominant wavelength for Forel and Ule color scales.

Fig. 10 3BT 5 ORMN X BEERICH &5 7
D7 5 ~vi by —UDKEFHD ZKEEST
B ERECHBA NI TH %,

Mhbbnb k5, &,7cH3ERCRCH
NTEKBESOXHEREAN HERMCHE L
Tuh, G- T, HEKOIEREENLZDLIR
Lpud, BB L2 H KA RESR
B 1 EBOBWAEC HAFEENS L, LLL,
EFOHOEAENRNDT ZDZ LaHENDD
T ERTERE ST,

5 B W

74—k~ oKBaERFEOEY CIER
mRTRL, EBhicBrktsrAeThliEL .
K & E T CElRE L EA T A RE O A
7 WS B RS ICKBEFEB LIS, TOH
Bl bk, 71— VUAKBEOKINLD RS
—FF B0, v — vAKBEOHIE MEORERT
pie D DREND 5 T, OMEEE, Y- viKa
Hir a0 MR E L, BEROA S, TWAFT A
HLHAONMBETAEEL TCHE LW ETOR
WLEDDKEES OBERN H—DBICEA S
C e, MOBEOHSLE LEBEROHL ST M
DDENDD - ECEER LD TR E BX

5¥ (5N

—F, 71— vAKEEFIEONEIR, K
BREDHEC BN LT EDENL
18T, FRAUEES ZLERWTHA D,

W=

KD EHBREIHRFKERFEOER L& EA
EKERBED “LLRR7 L, Tl
HECEBHTE » cBREDERC LD EH
T5, Fio, KEEEROBMECY L, TLEES
Homtp S E B, Ko, AFRCEYE L@
B A TE 5 b 2 T 28 B FEPR R R ENTE
B, NPEUEMERBECRHOBRYRTH, £/,
AR i A T b R KK EEF D R
B AL Bh 42 I G EUKEER ¥ DR BT
R#OBEHFET D, 108, Z OFFFEO—HL, XE
ERZPFRBC L, TUTbhicZ Ex AR %,

&

X [y

SMITH, R.C, J.E. TYLER and C.R. GOLDMAN
(1973): Optical properties and color of Lake
Taho and Creater Lake. Limnol. Oceanog., 18,
189-199.

MOREL, A. and L. CALOUMENOS (1974): Vari-
abilité de le répartition spectral de I’énergie
photosynthétique. Tethys, 6, 93-104.

D

2

(15D



3)

4)

5)

6)

178

SUGIHARA, S. and N. INOUE: Measurements of
spectral energy distribution in the sea. Sci. Pap.

Phys. Chem. Res. (in press)

SUGINOHARA, S. (1969): The color of the sea

in the Sound between Denmark and Sweden with

a new colorimeter. Rep. Inst. Fisk Oceanog.

Copenhagen, No. 8, 1-8.

PrEEER (1952): WEHRRBIR O Z I ET B E

RIS DR, R, 4(6), 268-324.

TAYLOR, A.H. and G.P. KERR (1971): The

)]

8

(16)

5 & H13% W4E (1975); HILEEFELH

distribution energy in the visible of daylight. J.
Opt. Soc. Amer., 31, 3-8.

King, L. V. (1913): On the scattering and ab-
sorption of light in Gaseous Media, with appli-
cations to the intensity of sky radiation. Phil.
Trans. Roy. Soc. (A), 212, 375-433.

MOREL, A. (1973):
and total radiant flux. Data Rep. Discoverer
Expedition, Scripps Inst. Oceanog. Ref. 73-16,
Section F.

Measurements of spectral



La mer (Bulletin de la Société franco-japonaise d’océanographie)

Tome 13, N° 4, pp. 179 & 182, Novembre 1975

H OO
TN

B

Propagation verticale de Ponde acoustique dans un ocean

Sawa MATSUYAMA et Kenzo TAKANO

Résumé:

Le passage de 'onde acoustique 2
fond vers la surface est calculé par la loi de Snell.

partir de la surface vers le fond ou a partir du

La température et la salinité données

en fonction de la profondeur permettent de calculer la distribution verticale de la vitesse de

propagation.

lieu que si le rayon émit est presque horizontal.
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A titre d’indication, plusieurs exemples sont illustrés.

La réflexion totale n’a
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Vv 1

sinf  siné’

N T ARVASY /NP
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Fig. 1.

Method of calculation.
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A SR E 7 5 HEil R,
MR ESMITREFINTL 5,
BZEOREREF L. BFRYDEHTERINE
BORBEEZN DD N DIHRD DR TE R, FFHY¥
PZEENCHERR AT DR THRBEFEREA Uiz, HATH
WENMERAM T e, BURBEE: (IHKEET DI
WEERO XS bivie, TR0 BRI AKRD
L%@xf%ﬁ%a%ﬁﬁ/bbﬁ,io*kﬁm*ﬁ
c*ﬁ%é L TH D, TDDIIREYOWE, REE
Cnl, EHEURBHEOFEEBERL, ABICHERS
h%%ﬁ,ﬁWWUCﬁkﬁ* BRIEDRN S DR A ET
D, P CRIBCETT DK, B oW & oY
REEZOMMCE RS, 5 ARAl, T0%, HRR
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ShakE-

LT, 7LCO
5. pEOE
O, ERVERS O EMCE L,

o < b EELY Eh,mr_xfékb LT EERND, —
fcmEORMIZEA L AR TTb 0 D, T O
REETHEUL TWS, HAOEEDXSEEDK
NERER UM TH &L bhTW 5, BEOKE
DL IR T,

I) IMPALING GEAR
(O HANDLING GEAR
a) Spear
b) Harpoon
c¢) Bow and arrow
d) Rake
@ ANGLING GEAR
A) a) Hand and line gear
b) Fish spcon
) Jib
d) Baited hook
B) a) Trawling gear (longline gear®
b) Towing hook
¢) Pole and line gear
II) ENTANGLING NET
a) Gill net
b) Drift net

¢) Trammel net

III) ENCIRCLING NET

a) Beach seine

b) Stop seine
¢) Purse seine
IV) TOWED NET

a) Sailing trawl
b) Two boat trawl

c) Otter traw!
d) Beam trawl

e) Dredge
V) SCOOPING NET
a) Dip net

)

b) Scoop net
) Fish wheel
d) Reef net

e) Branket net

VI) MISCELLANEOUS GEAR

O X% Figs. 1~17 /33, (Commercial fish-
ing gear of the United States & X %, United States
Fish and Wildlife Service, Washington, 1961)

Fig. 1. By hand.

=) ;ﬂ{—s}(f

Fig. 2. Opyster nippers.
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Fig. 3. Frog grab.

Fig. 4. Spear.

Fig. 5.

s
Fig. 11. Great Lakes lift net.

Fig. 12. Gill net.

Fig. 7. Pushnets.

Fig. 8. Opyster dredge. Fig. 13. Shrimp pot.
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3) STUPEFYING METHODS::-Fishing with poison,
Electrical fishing

4) HOOK AND LINE METHOD

5) TRAPPING METHODS

6) METHOD FOR JUMPING FISH

7) BAGNET METHODS

8) DRAGGING METHODS

9) SEININGS METHODS
Fig. 14. Reef net. 10) SURROUNDING AND ENCIRCLING METHODS
11) DIP OR LIFT NET METHODS
12) FALLING NET METHODS - Casting net, Cover net
13) GILL NET METHODS
14) TANGLE-NET METHODS

a) With one net wall

b) With several net wall

c) Trammel net

LRSS SR LTS D L EEOREIRIR
DEICRKHTE D,

FREDEE 1 BN, (1) MEHTEIOBER, (2 AR
£, BAHOFE, WABOMIEOMMICKEIII TS
2,

HICH\WT, 2 D% 1 BEESEIRENCiTbR 57 b,
BOHMRE BB ORERINZELATINWTES S,
DI 2 BRI EOBRBEBOFRLE L TR X 3R

Fig. 15. Tuna troll line.

b,
3 I) 1) CLIPPING METHOD (12& A& %)
c & . oz X il =2
Fig. 16. Halibut longline. 2) STABBING METHOD (EZHIF)

3) STRIPPING METHOD (&R Z73)
4) HOOKING METHOD (B| - 2313 %)
5) SHOOTING METHODS (%)
ID #HoR%
1) COVERING METHODS (#.5% %)
2) DIPPING METHODS (3 {\& %)
3) ENTANGLING METHODS (rBHE 8 5)
4) FILTERING METHODS (Z L & %)
5) ENCIRCLING METHODS (&#A & %)

2. EHRICDNT

1. JHEOBEHR

BEOBSENROBEE LTHWOREL 5 e
BEREDFRICLI-TKR S LZdDIKK, A Von DRMERIOFMTH - o, FEHEPFIDTINE R L2

Fig. 17. Two-pole tuna fishing.

BRANDT D43 AIRICIRT . DIZ19354F, UKD KEXTNOBEFRIR—EZrLTH
1) FISHING WITHOUT SPECIFIC GEAR 5o FEEEEBERT I AEOFEELRZ TR I N
2) WOUNDING METHODS::-Shooting, Harpooning WED & & T, FEE TR < 235 Fishing method 233
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H0DES ThH-Tc, HATRAEEMHEL L THERFOE
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Fish-catching &I 1Tz,
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PR 5 A, BROBEEBESRM W TEHT
%O %Y (Fishing method) &5 - T3, fif- T,
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LT AREOTE, i, BEBAR, W3, ROoER
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B, #BEOREE, EAREDA,D SR SHEOR
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DEYM:, FEHOEEEZID, INLDTERAEREIND
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B, bbROEETEHOBEZMZRCH L MITL,
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KED B D ROBIEEZIRRIC DV IRD L ST~ T
Wa,
FISHING METHODOLOGY

1) STUDIES ON THE FISH-BEIIAVIOR

a) Behavior of fish-schools

b) Development of means attraction and repul-

sion towards the fish

2) STUDIES ON THE INFLUENCE OF FISHING ON
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THE STOCK
3) STUDIES ON THE FISHING-METHODS AND
SELECTIVITY OF FISHING GEAR
2. BRONH
BERZBOHZRAICDONT, ADITEI i,
TRRHEE OMWHEGRTE T a2 e A b %
D, BARENC B2 KR b BT 2 2 TR T3 %,
COEMKNARFRELC EER LEBRE LRSS
1) [# ik (Tactical fishing methods)
CHRBEELFOBDOERE®RT S iDL, i
BIELF R T B b O R L,ﬁ%ﬁﬁ
DHNBEZEDDLRDDFETH D, Haﬁﬁz%\?jﬂ"i RO K
SRBOBET bR D,
(1) #EBT#AYE Blocking methods

k475 Threning methods

1% Luring methods
(4) HRFEIA: Trapping methods

E#ay: (Fishing methods)
EEREZROBEY Th D,

(1) #%#1(s+ 2 7 )y (Clipping methods)

(1975); BILMEFEFAGE

2) #Z=( b+ ) E (Stabbing methods)
3) #IMe( N7 )ik (Stripping methods)

(4) #9851 (a4 ») ¥ (Hocking methods)
(6) $£8 (Y = 77 #)ifiik (Shooting methods)

PEodoR&DEEEL ML LREETE D,

6) g (F 7+ = 7Ok (Dipping with net)
(7) FE#9(5 = v )ik (Entanglement with net)
8) @ (o #) i (Filtering with net)

D ERAR TR E T HRETDH D, TORPTE
FRIEEE LTRO L b 00d 5,

(1) Bk (Electric shock), (2) #Myk (Physi-
cal shock), (3) {kZ 7k (Chemical shock), (4) BA|
3% (Pumping methods),
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