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Effect of the Coke Oven Waste Water on the Growth
of Marine Phytoplankton

By
Arao TsURUTA and Machiko YAMADA

Effect of the coke oven waste water on the growth in twenty-four species of
marine phytoplankton was examined under the condition of water temperature 15
and 26°C. The coke oven waste water is one of the main waste waters discharged
into Dokai Bay, northern Kyushu. The phytoplankton used were isolated from the
waters of Dokai Bay and Kanmon Strait of northern Kyushu, the Seas of Hibiki-
nada, Suho-nada and Harima-nada and Tokuyama Bay of Seto Inland Sea, and
England Strait. Most species were not tolerant to or tended to be interrupted in
growth by the waste water. Of these, the following seven species were significantly
tolerant : the red tide species of Skelefonema costatum, Olisthodiscus sp., Chlamydo-
monas sp. and an unidentified brackish blue-green algae from Dokai Bay, Asferionella
japonica from Kanmon Strait, Thalassiosiva male from Suho-nada, and Dunaliclla
tertivlecta from England Strait. Moreover, the growth of the red tide species from
Dokai Bay, and the phytoplankton from Kanmon Strait and Suho-nada mentioned
above were accelerated at the concentration of the waste water 0.0001 to 3.2% and
water temperature 26°C, and 0.01 to 10% and 15°C, respectively. Skeletonema
costatum and Olisthodiscus sp. in Dokai Bay seem to grow up into the local forms or
ecotypes, because these two forms are clearly distinguished from the species of the
other waters in respect of the strong tolerance to the coke oven waste water.
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Fig.1 Effect of the coke oven waste water on the growth of Skeletonema costatum

isolated from three different areas.

one experiment.

Data points are the means of counts from
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Table 1. Growth of the phytoplankton in each concentration of the coke oven waste at 26°C.

g

N

Isolated area and Control Concentration (%)
. cells/m/ .
phytoplankton species 5 a5 day 0.00010.01 0.1 0.52 1.0 32 10 32 10
Dokai Bay Y l o
Blue green algae 5x105  9.0x106 2.09 W ek E ok ok £k -
Chlamydomonas sp. 1x104  1.0x105 1.66 + #  w  a o b ox -
Olisthodiscus $p. 5x10%  2.6%x10¢4 1.20 o+ o+ # o + E -
Skeletonema costatum 5x10%  4.4x105 322 % 4w # o4k -
Rhizosolenia delicatula  5x10%2  1.3x104 232 + + + & % & =
Chaeloceros curvisetus 5%102 / / A R A A A A
Eucampia zoodiacus 5x102 / / A Y A A A
England Strait
Dunaliella tertiolecta 1x10%  .2.1x105 2,19 + 4 o b b X -
Tokuyama Bay
Olisthodiscus sp. 5x103  3.7x104 146 + + + & o+ E L& -
Harima-nada
Hornellia sp. 1x102  5.6%x10%2 1.283 + + o+ +x & -
Kanmon Strait
Skeletonema costatum 5x10%8  6.3%x105 347 <+ o+ o+ 4 4k k -
Coscinodiscus wailessii ~ 1x10 / / [ A
Asterionella japonica 5x10%2 8.3x104 368 + o+ o+ £ & -~
Suho-nada
Skelelonema coslatum 5x103  3.4x10% 3.05 + o+ o+ xkox -
Leptocylindrus danieus ~ 5x103 / / A A A
Stephanopyzis palmeriana 5%x10 / / AR AR A Y A
Thalasstosira mala 5x103  3.3x%105 3.02 + o+ o+ 4z ox & -
T. rotula 5x10%2 1.7x104 252 + & oz &£ & -
A
R delicatula 5x102 1.3x104 232 o+ o+ & Ex -
Chaetoceros didymus 5x%102 / / /-
Nitzschia seriala 1x103 / / VA A A A A
Eucampia zoodiacus 5x102 / / /-
Ditylum brightwellit 5x10 / / TR Y Y A A

*

1

Ch
K= 7= loga 77

The values shown {means of three replicates) are growth rates for the first 48 hours at 26°C.

+, growth was stimulated significantly (p<<0.05};
+, no effect was observed (p<0.05) ;

+, growth was inhibited significantly (p<<0.05);

/.

, whole cells were killed.

number of cells was not counted, but still a

alive.

. where /=time in days and C/, and C/, are cell counts at time f; and #;.
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Table 2. Growth of the phytoplankton in each concentration of the coke oven waste water at 15°C.

Isolated area and ce]ls(/:x::'tml . Concentration (%)
phytoplankton species g === K 0010.01 0.1 082 1.0 3.2 10 32 100
Dokai Bay tooT T T
Blue green algae 1x105  7.0x105 086 + + o+ o+ oz & %k k-
Chlamydomonas sp. 5%10%  1.7x104 0.60 + o+ % w4+ ok -
Olisthodiscus sp. 1x10%  4.1x103 066 + + + + ozt & -
Skeletonema costatum 5%10%  5.1x10% 222  « 4+ o+ 4+ sk -
Rhizosolenta delicatula 5x102  2.1x104 1.69 + o+ 4 &z x -
Chaetoceros curvisetus 5% 102 / / /-
Eucampia zoodiacus 5x102 / / /R Y A R
England Strait
Dunaliella tertivlecta 1x104  1.7x105 1.36 + o+ 4w # o oxoE -
Tokuyama Bay
Olisthodiscus sp. 1108 4.7x108 073 + + + 4+ & x x -
Harima-nada
Hornellia sp. 1x10%  1.6x10% 023 + + + + & % -
Kanmon Strait
Skeletonema costatum 5x108  1.5%x105 276 + o+ o+ o+ % x -
Coscinodiscus waslessii - 1x10 / / A
Asterionella japonica 5x10%¢  1.3x104 202 + 4 o E E E -
Suho-nada
Skeletonema costatum 5x10%  57x105 229 o+ 4+ o+ oz oz -
Leptocylindrus danicus 1x10%  4.9x104 166 + + o+ o+ & %
Stephanopyxis palmeriana 5%10 / / AR R A A A
Thalassiostra mala 5x10%  4.4x101 1.02  + o+ w4 oz % 2 -
T. rotula 5%102  4.1x10% 149 + 4+ 4+ o+ x & 4 -
Rhizosolenia delicatula  5x102  1.7x10% 106 + + + x + & -
Encampia zoodiacus 5%102 / / [ A A Y A A
Ditylum brightwellii 5x10 / / [ -

* Calculation method of K is the same as that in Table 1, and the values shown (means of three
replicates) are growth rates for the first 72 hours at 15°C.
Symbols are the same as those in Table 1.

B o 7 b ORIk, T2 APKE BidksE oy Thalassiosira mala 3 & U A %) A ik
WOIE to 364 2 e FRlh B s &, TRMEIE &, HEAkEE BEDFEFRI D Dunaliella tertiolecta @ TR T H -
5. 6%“_me’fj‘{f LTt ﬂl’r)ﬂv 4, HE R Fro SHLSOBIEIE D — 2 ZAHEAGREE0.0001~1.0

9% THEFE L T o TRk oy (7”’/”' L, MR 9% TR RAE U 72 IAIRR S U B 001k, 3
S N R AR A Tz), PEARIBIE1% E BRI IE26°C TR IEIE 3. 2% LA L, 16°C T ik

IHSE L o HERR AR O 3 S — IR A EEL1.0~1.8%LLETH -T2,
ZEMTE, B. tEiHEek L3 Olisthodiscus sp., 1

A, SEECTRUEIISE R o Pl 0y Skeletonema costatum, Coscinodiscus

Chlamydomonas sp.,  Olisthodiscus sp.,  Skeletonema watlessit, ¥ Skeletonema costatiom, Lepto-
costatuwm , [HMMEEERE T Asterionella japonica, F cvlindrus  danicus,  Stephanopyxis palmeriana,
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Fig. 2

Relationship between concentration of the coke oven waste water and ratio of
cell density of phytoplankton at 15 and 26°C.

«vs,mesured in terms of cell counts for the first 72 hours at 15°C.
—o— mesured in terms of cell counts for the first 48 hours at 26°C.

Data points are the means of counts from three replicates, and are represented
in per cent of the control count.
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Fig. 3. Relationship between concentration of the coke oven waste water and ratio
of cell density of phytoplankton at 15 and 26°C.
Symbols are the same as those in Fig. 2.

Data points are the means of counts from three replicates, and are represented

in percent of the control count.
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. EIRRIE15C O A I HARIITEL R Sk
1& "”H‘ﬂ ik oo kBP0 Asterionella
Japonica k. JAEEE0 Thalassiosiva mala DH:FEE
2 R HIE Lz, # A8 OO PER IR
Wi, 0.1~0.32% 3 & U°0.01~0.1% & Fhiny
Pedn o e,

3+3 ME{L L 1 AR O AR

MR R L/ swm@; & Skeletonema costatum,
Chaetoceros curvisetus 3 X Ui Skelelone-
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% Table 3 7710 72,
S BT (exponential phase) D 1 H¥ D D
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7 szjx(/)/ T v b R ORI THIE )
vk, WEEEO Skelefonema costatum Tix109%L4
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nema costatum O &, FARBIEO 1~1.0% O
Byl i,
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Table 3. Growth of the three axenic phytoplankton in each concentration of the coke oven waste

water at 25°C

Control
Isolated area and oniro Concentration (%)
h lankton species cells/m! K*
C1€8
phytoplaniton spec Oday  2nd day 0 001 01 10 10

Dokai bay

Skeletonema costatum 5x10%  1.3x105 235 100 110 172* 258"  4.0%

Chacetoceros curvisetus 1x103  1.8x104 2.06 100 110 147 26 0
Suho-nada

Skeletonema costatum 5x10%  3.3x105 3.01 100 94.1 80.8 1150

* Calculation method of K is the same as that in Table 1, and the values shown (means of three
replicates) are growth rates for the first 48 hours at 25°C.
Symbols are the same as those in Table 1.
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