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An Estimate of the Permissible Limits of the Number
of Boats Moored in Moroiso Cove
—A calculation based on the evaluation of acute toxicity
of the anti-fouling paint—

Yasuhiro HAYAKAWA
(Ocean Research Institute, University of Tokyo, Tokyo)

Abstract

There had already been such an increase of yachts in Moroiso Cove, southwest of the
Miura Peninsula, Kanagawa Pref., that some limits should have been set to the number of
these vessels, when this study was begun in 1972, aiming at estimation of their permissible
number in this cove.

1) After bio-assay method using Caprella penantis LEACH, Leander serrifer STIMPSON,
and Atherion elymus JORDAN et STARKS as test animals, acute toxicity of the anti-fouling
bottom paint was evaluated. Toxiciy was expressed in terms of TLm (median tolerance
limits) which was denoted by the painted surface area per water volume, i.e., m?/m®, and
estimated by graphical inter-, or extra-polation. For example, 24 hr. “TLm of the paint for
Caprella, Leander, and Atherion was 0.22m?, 1.59 m?, and 2.00 m?® of the surface area per
1m® of sea water, respectively.

2) Some chemical substances on the painted plate after soaking were observed with scan-
ning electron miroscope. By quantitative determination of Zn** and Cu™" released from the
plate, relatively small amounts of these ions were found. Thus it seemed likely that main
cause of acute toxicity of the bottm paint was attributed to not inorganic metals, but organic
chemicals.

3) Tidal exchange of the sea water in this cove was estimated. Chlorinity distributions
were drawn to calculate the water volume (Vi) that was surrounded by the same isohaline
curve at each tide level i. According to calculation, the water volume around the mouth
increased at flood tide and decreased at ebb tide following the change of tide level. But
near the head the situation was reversed; increase in volume at ebb tide and decrease at
flood tide. Then, the followings were assumed:

If increase in volume at tide level i, there is only inflow (W) of more saline water into
the former water volume (Vi-1), and if decrease at the next tide level i+ 1, only outflow
(U) of fresher water from Vi, giving simple equations,

W=V;i-Vi., and U=Vi—Vi.i,
on account of negligible volume of river discharge that has importance, however, to the
chlorinity distribution.

In the water mass, complete mixing is in process and outflow never returns, therefore,
exchange rate is the ratio of the outflow to the water volume (U/V)).

The same exchange pattern is repeated as long as wind drops.

4) Considering both TLm and the exchange rate in this waters, the permissible limits of
the painted surface area of yachts’ bottom, or number of yachts in this cove were estimated.
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Fig. 1. Map showing yachts moored in Moroiso
Cove and the adjacent waters.
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Fig. 2. Cumulative number of moribund skeleton
shrimps (Caprella penantis) poisoned by each
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Table 2. Contents of Vinyl Chloride Resin
Coatings for Steel Ships’ Bottom (no. 2)
used in this study.
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Fig. 16. Tide level during the drift bottle experiments and tracks of drift bottles.
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S: the painted surface area (M%)

Q: time rate of toxic substances per surface
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ai: days corresponding to the releasing peri-
ods of toxic substances at tide level i

r: residual rate



WSS 2 BEOH RREHORE

a;
1cays)
2
20 ax
3y
a, R %
£
[ et A
R
2,
2
" Tt
° ) 2 3 “ 5 6 1 8 8 13 " 13 \Jg:ys
Fig. 22. aj (days corresponding to the releasing

periods of toxic substances at tide level 1)
in waters below Cl 19.04 %s.

conc. of toxic
substances( 5.3}

Conc. of resicual toxic substances &t tide icvel i
xsacpus® R A
oo
waters

a0 below CL.79.04%.

° T T T T ki

5 z ) < 5 5 7 8 s 1 It I Ve
Fig. 23,a. Concentration of residual toxic sub-

stances on tidal cycles Waters below Cl

19.04 %o.

conc.of roxic
substances( 6/m3}

T MMM

waters
cos below CL.15.60%.

T t t T T T T T T T T
¥ : bl B s 6 ? ] a 1 w 2 ey

Fig. 23,b. Concentration of residual toxic sub-

stances on tidal cycles. Waters below Cl

19.00 %o

5. ERILICHIIHFREAER XE
DRE
FREEE O TLm (% Table 117 % e hs, TR Fv
T, HEEOHABMNmEEERIT S, #lELT, =N
IS5 9L %5 D48k TLm {m:fmmggze,i_a L, CI19.04
% DT OKIRICOWTHEZ bR, Fig 24 WWRT

AERE

conc.of exic
substances( G 2)

xSx[x 16t

ez

o

waters
below CL.1B.95%,

e

t t T t t + 1 T T T t t
' H 1 “ 5 6 7 ] 3 0 " i}

Fig. 23, c.
stances on tidal cycles.
18.95 %o.

Vrears
Concentration of residual toxic sub-
Waters below Cl

Cope, of toxic
substances( M)
A .

Conc. of toxic substances
=5Q-a/V% = TLm-days-Q

waters below 19.04%s

o020 “nm (e or capretta. )

conc.of toxic
substances from,
5113»3 cl.r?;

oz

T T T T
7 8 s 1© 1 12 Uaays.

Fig. 24.
surface area.

Estimation of the permissible painted
(calculation of conc. of toxic
substances from S(m® on tidal cycles equiva-
lent to each TLm.)

X 5, 48 TLm J#1Z 0.048(m*/m®) TH B 5, &
% Qlg/m?/day) & LT, 480 (2 B i,
0.048xQx2(g/m%), 3 7xbb, 0.096xQ(g/m*) Dt
B, 1FEMMICE L T35, —J,Fig. 23,a L b,
BAER S(m®) 22 BT 2 YRR 2 AR,
0.0718% 107 x SXQ(g/m®) 75 - TWnb, §E- T48E:
TLm WClfgs 2 BMAER S 12,

0.096 xQ=0.0718X107*XSXQ

FEH19.04% DT ORI R0 % H A (I’Eﬁ) R
LT BT ENRTED, %4 Tlm wIBEL U HFaBA
AREZSEMNEREF S LTS E, 7 iiﬁwm
12 Table 1 ®%24: TLm &, Fig. 23 ® 9~13 H#

YREOEERNTRELE D TH S, .rﬁl:&(i%m\

— 97 —



g0

Table 4 Permissible limits of the painted surface
area or number of yachts in each of waters
of Moroiso Cove.
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Fig. 25. Safety number of yachts and their ar-
rangement in Moroiso Cove.
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