A TR E/KRBIZER 2N S
AT A4 AMZHET ARFE - 1T

EEkBIZEELE-AS, Ry AL N
K5 AEIZEBELEASTA L7 50002
AT A LHDOBUNEYIZ DWW T

i S N £ R N o SO

Studies on Slime- like Substance Formed in Drainage System
of Refinery Plant-[[.
Slime- like Substance on Slide Glass or Glass Pipe Submerged in
Waste Water and Inhabiting Microorganisms

By
Hiroaki FUJISAWA and Masatada MURAKAMI

In the previous papers of this series?.2) , the slime-like substance (hereinafter called slime)
formed in the drainage system of a refinery plant was investigated chemically and bio-
logically.

The purpose of this paper is to investigate the situation of the formation of slime in
more detail by the following method; (1) Submerging slide glass or glass pipe in the
waste water for a definite period of time in all the seasons in order to obtain the slime
artificially, (2) Quantitative determination of the slime, {3) Microscopic examination of
microorganisms such as Bacillariophyceae, Cyanophyceae, Flagellata etc. in it.

The results are summarized as follows: »

1. The slime accumulated on the slide glass submerged in the waste water (at Station 3,
the catchment basin) much more in winter and autumn than in spring, and only a litile
in summer.
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Microorganisms such as Bacillariophyceae, Cyanophyceae, Flagellata etc. were found
in all the slime examined, and the occurrence of these varied from season to season.
For instance, in summer thers was a remarkable decrease in the number of genera and
in the detection frequency of each genus except Skeletonema and Oscillotoria, while in
winter both the number and the frequency showed an increase.

2. The slime on the glass pipe submerged in the waste water (at Station 2, the drainage
gallery by the disiilling apparatus of crude oil), was considerably more in winter than in
other seasons.

In the slime, microorganisms such as Bacillariophyceae, Cyanophyceae and Flageliata
were found in winter, and Bacillariophyceae was found in autumn, but hardly any were
detected in spring and summer.

3. Judging from the above-mentioned results of both experiments, it is revealed that
the slime will grow abundantly in the drainage system of the refinery plant in seasons,
and pointed oui that the occurrence Ofiﬂlio organisms relates closely io the amount
of slime.

Therefore, it can be consﬂhﬂed.tbat pﬁcrﬂorganﬁrns such as Bacillariophyceae and
Cyanophyceae play an imporiant role in the formation of slime in the drainage system
of the refinery plant.
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Fig. 1. Experimental stations set up in the
drainage system of a refinery plant.

Station 5: Slide glass was submerged at
this station in the catchment basin,

Station 2: Glass pipe was submerged ai
this station in the drainage gallery by the
distilling apparatus of crude oil.

Fig. 3. An apparatus for the experi-
ment in which glass pipe was
submerged in the waste water.

Fig. 2. An apparatus for the experiment in which slide glass
was submerged in the waste water.
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Table 1. Microorganisms in the slime on slide glass submerged in the waste water at Station
5 for a definite period of time in summes.

. Submergence time in days
Organisms
1 3 5 7 10 14

Bacillariophyceae:

Skeletonema costatum R At I T e P

Thalassiosira sp. + +

Coscinodiscus sp. + +

Chaetoceros spp. + e - o e gt

Thalassiothrix sp. + + + +

Navicula spp. + + + +

Amphora sp. +

Nitzschia spp. + + + +
Cyanophyceae :

Oscillatroria sp. + + + ++ +H+ -

Phormidium sp. + + + + +
Fiagellata:

Dictyocha fibula +

Ceratium flisus + + + +
Ciliata:

Parameciuim sp. + + + .

Note: The frequency in occurrence of organism was graded as follows;
++++, very abundant,

3
-, abundant.
++,  common.
++, rare.
+, Very rare.

F72, BB LAMMEOBENGIER Y, 2 TR T~ X8I,
B1IE~FAEPOME DB LI 12, FBHELRATL LHIT, 2% 0 OS5 VIZROERME, BR
JE, WEEEL SomMEMBT E s,



FipkEEl TR BRI ENZ A5 AT 35 - 1.

300

200

(mg, dry weight)

100

Amount of slime on a slide glass

Submergence time in days

Fig. 4. Time couises of the amount of slime on
slide glass submerged in the waste water at Station

5 in all the seasons.

O: Amount of slime on a slide glass in summer.
@: Amount of slime on a slide glass in autumn,
A: Amount of slime on a slide glass in winter.
Amount of slime on a slide glass in spring.

(a) (b)
Fig. 5. The slime on slide glass submerged in the waste water at Station 5 for
a definite period of time in autumn and winter.
(a): The slime formed on slide glass in autumn.
(b): The slime formed on slide glass in winter.
Figure recorded on slide glass represents the elapsed days of submezgence.
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EZE 21k Skeletonema 7%, FZ1212 Skeletonema, Coscinodiscus, Thalassiothriz, Nitzschia,
Oscillatoria LU Achroonema %, XZ1213 Skeletonema, Coscinodiscus, Rhizosolenia, Chaelo-
ceros, Thalassionema, Asierionella, Nitzschiac XU Oscillateria 7°, BZEI1213 Skeletonema,
Coscinodiscus, Thalassiothrix, Amphore, Oscillatoria BXL U Ceratium »°, WEFNLEBICHRL
Fro & LIZ, Skeletoneme \IEEICh - TEBBIZHR L, /-, ZhonESLEERIL, —RISE
B 1~5HOMIZT TIZELCERT 32 LW bh - 72,

EE D3 OEENC T, BB UMM ORER D2, £, Skeletoneme TR &—iRIC
WEIEE KD - 72,

Table 2. Microorganisims in the slime on slide glass submerged in the waste water at Station
5 for a definite period of time in autumn.

Submergence time in days
Organisims
1 3 5 7 10 14
Bacillariophyceae:
Skeletonema costatum - - A A A S
Thalassiosira spp. * + + + -a+
Coscinodiscus spp. + R ++ s S At
Asteromphalus sp. + + >
Lauderia sp. +
Rhizosolenia spp. + + ++ 4> —r e
Chaeitoceros spp. e e i e Tk o
Biddulphia sp. "
Synedra sp. A 4 ++ s T s
Thalassionema nitzschioides =+ + " + Jr o
Thalassiorhrix sp. A+ A e RS PR FETER
Asterionella japonica FEES FEw i N s et
Diploneis sp. + +
Pleurosigma sp. + + - ++ s ++
Navicula spp. o - T+ -t - et
Amphora sp. + + + + + +
Nitzschia spp. + e + e o Ol
Bacillaria sp. +
Cyanophyceae:
Oscillatoria sp. + - +HH+ Y B RN RN
Achroonema sp. + A+t - RN R ARES
Flagellata:
Dictyocha fibula + + +
Ceratium fusus + + +

Note: The frequency in occurrence of organism was graded as follows;
) very abundant.
-+, abundant.
=, common.
=k, rare.
+, Very rare.
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Table 3. Microorganisms in the slime on slide glass submerged in the waste water at Station

5 for a definite period of time in winter.

Organisms Submergence time in days
i 3 5 7 10 14
Bacillariophyceae:
Melosira sp. + + + +
Skeletonema costatum +H+ et et ek At ettt
Thalgssiosira spp. - - 4ot ' e
Coscinodiscus spp. A s i St T b
Asteromphalus sp. + + - +
Lauderia sp. +
Guinardia sp. + +
Rhizosolenia spp. + SRR At NS . ettt
Chaetoceros spp. i - et e NS bt
FEucampia 3p. + A
Biddulphia sp. + +
Hemiaulus sp. + - + +
Synedra sp. + . - - - T
Thalassionema nitzschioides 4t A=t R, IR R R
Thalassiothrix sp. T ey . I J .
Asterionella japonica P FETS I, N ERTREN P
Diploneis sp. + + + +
Pleurosigma spp. + 5 + + + +
Navicula spp. bt el b s et
Amphora sp. + -+ - At NN
Cymbella sp. -
Nitzschia spp. ++ R R it L -
Cyanophyceae:
Oscillatoria sp. s R, I St et -
Phormidium sp. + +
Flagellata:
Dictyocha fibula + + + + + +
Ceratium spp. + + s + o
Ciliata:
Tintinnopsis sp. + + +

Note: The frequency in occurrence of organism was graded as follows;

+H+H very abundant.
- abundant.
common,
rare.

+, Very raie.



Table 4. Microorganisms in the slime on siide glass submerged in the waste water at Station
5 for a definite period of time in spring.

Organisms Submergence time in days
1 3 5 8 10 14

Bacillariophyceae:

Melosira sp. + +

Skeletonema costatum b e - A R ARE A

Thalassiosira spp. + + +

Coscinodiscus spp.  a - - R s

Asteromphalus sp. +

Lauderia sp. + +

Guinardia sp. +

Rhizosolenia spp. + + + +

Chaetoceros spp. ++ ++ + ++ +H ++

Thalassionema nitzschioides ++ -+ i et - e

Thalassiothrix sp. -+ At et SRR et A

Asterionella japonica + +

Cocconeis sp. +

Achnanthes sp. + +

Diploneis sp. +

Pleurosigma spp. + + + + +

Navicula spp. - +H - et i

Amphora sp. A A ottt et R R

Cymbella sp. + +

Nitzschia spp. -+ ++ i +H+ SRR -
Cyanophyceae:

QOscillatoria sp. H+ At A PR A Y

Phormidium sp. At -+ et e At
Flagellata:

Dictvocha fibula + -+ RN ot - A

Dinophysis sp. ++ + + + "

Pyrophacus horologicum +

Ceratium spp. -+ bt A AR e et

MNote: The frequency in occurrence of organism was graded as follows;
+H very abundant.
+H+-, abundant.
++H, common.
+*+, rase.
+, very rare.
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Submergence time in days

Fig. 6. Time cousses of the amount of slime on glass
pipe submerged in the waste water at Station 2
in all the seasons.

Amount of slime on a glass pipe in summet.

Amount of slime on a glass pipe in autumn.

Amount of slime on a glass pipe in winter.

Amount of slime on a glass pipe in spring.

Bpoo

(a) (b)

Fig. 7. The slime on glass pipe submeiged in the waste water at Station 2 for
a definite period of time in autumn and winter.
(2): The slime formed on glass pipe in autumn.
(b): The slime formed on glass pipe in winter.
Tigure recorded on glass pipe represents the elapsed days of submergence.
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625, HIAEIRLZODASA LOBER, BEHE UWHBOBAR AL, BEICH
75]]1g, KFZH 560mg, HEIZH S0ng, EZI2H 0ng Th - T, L|IZFZEENZ <, 7@1&0)53 1zl

Table 5. Microorganisms in the slime on glass pipe submerged in the waste water at Station
2 for a definite period of time in avtumn.

. Submergence time in days
Organisims
1 3 5 7 10 14
Bacillariophyceae:
Skeletonema costatum + ++ + et i} ek
Thalassionema nitzschioides ++ oot ++ ++ o
Thalassiothrix sp. + + + 4 ++
Asterionella japonica + + +
Nitzschia sp. + + A+

MNote: The frequency in occurence of organism was graded as follows;
+H-+, very abundant.
+++ abundant.
4, common.
4+, rare.
4+, very rare.

Table 6. Microorganisms in the slime on glass pipe submerged in the waste waier at Station
2 for a definite period of time in winter.

. Submergence time in days
Organisms
1 3 5 7 10 14

Bacillariophy ceae:

Skeleronewmna cosiaium + ++ RN A RS FEE

Coscinodiscus spp. + + + +

Rhizosolenia spp. + - -

Chaetoceros spp. + + e ot

Thalassionema nitzschioides + 4 -

Thalassiothrix sp. S e bt i

Asterionella japonica = bt - e SRS

Diplowneis sp. -

Naviculg sp. + -

Nitzschia spp. + i RERES F FRT
Cyanophyceae:

Oscillatoria sp. + et - 4
Flagellata:

Dinophysis sp. -

Mote: The frequency in occuitence of organism was giaded as follows:
-4, very abundant.
+++, abundant.
i, common,
=, rare.
+, very rare,
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Explanation of Plates

Photomicrographs of microorganisms (Bacillariophyceae, Cyanophyceae, Flagellata and
Ciliata) in the slime on slide glass submerged in the waste water at Station 5 (catchment
basin) in a refinery plant for a definite period of time in all the seasons.

Scale bar in all the plates indicates 50U and applies to all the figures.

PLATE I

Fig. 1. Skeletonema costatum in the slime on slide glass submerged in the waste water for
a day in summer.

Fig. 2. Coscinodiscus sp. and Skeletonema costatum in the slime on slide glass submerged
in the waste water for a day in summer.

Fig. 3. Ceratium fusus and Skeletonema costatum in the slime on slide glass submerged in
the waste water for three days in summer.

Fig. 4. Paramecium sp. and Skeletonema costatum in the slime on slide glass submerged in
the waste water for five days in summer.

Fig. 5. Phormidium sp. and Skeletonema costatum in the slime on slide glass submerged in
the waste water for seven days in summer.

Fig. 6. Thalassiosira sp. and Skeletonema costatum in the slime on slide glass submerged in
the waste water for ten days in summer.

Fig. 7. Chaetoceros sp. and Skeletonema costatum in the slime on slide glass submerged in
the waste water for fourteen days in summer.

Fig. 8. Nitzschia sp. and Skeletonema costatum in the slime on slide glass submerged in the
waste water for fourteen days in summer.
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PLATE II

Fig. 9. Skeletonema costatum in the slime on slide glass submerged in the waste water for
a day in autumn.

Fig. 10. Asterionella japonica, Thalassiothrix sp. and Chaetoceros sp. in the slime on slide
glass submerged in the waste water for a day in autumn.

Fig. 11. Asterionella japonica in the slime on slide glass submerged in the waste water for
three days in autumn.

Fig. 12. Coscinodiscus sp. (side view) in the slime on slide glass submerged in the waste
water for three days in autumn.

Fig. 13. Rhizosolenia sp. in the slime on slide glass submerged in the waste water for three
days in autumn. '

Fig. 14. Asterionella japonica and Thalassionema nitzschioides in the slime on slide glass
submerged in the waste water for five days in autumn.

Fig. 15. Oscillatoria sp. in the slime on slide glass submerged in the waste water for five
days in autumn.

Fig. 16. Chaetoceros sp. in the slime on slide glass submerged in the waste water for five
days in autumn.
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PLATE [

Fig. 17. Thalassionema nitzschioides in the slime on slide glass submerged in the waste water
for seven days in autumn.

Fig. 18. Ceratium fusus in the slime on slide glass submerged in the waste water for seven
days in autumn.

Fig. 19. Thalassiothrix sp. in the slime on slide glass submerged in the waste water for seven
days in autumn.

Fig. 20. Asteromphalus sp. and Pleurosigma sp. in the slime on slide glass submerged in the
waste water for seven days in autumn,

Fig. 21. Nitzschia sp. and Thalassiothrix sp. in the slime on slide glass submerged in the
waste water for ten days in autumn.

Fig. 22. Oscillatoria sp. and Achroonema sp. in the slime on slide glass submerged in the
waste water for ten days in autumn.

Fig. 23. Oscillatoria sp. and Achroonema sp. in the slime on slide glass submerged in the
waste water for ten days in autumn.

Fig. 24. Coscinodiscus sp. in the slime on slide glass submerged in the waste water for
fourteen days in autumn.
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PLATE N

Fig. 25. Asterionella japonica in the slime on slide glass submerged in the waste water for
a day in winter.

Fig. 26. Coscinodiscus sp. in the slime on slide glass submerged in the waste water for
a day in winter.

Fig. 27. Pleurosigma sp. in the slime on slide glass submerged in the waste water for a day
in winter,

Fig. 28. Chaetoceros sp. in the slime on slide glass submerged in the waste water for a day
in winter.

Fig. 29. Chaetoceros sp. in the slime on slide glass submerged in the waste water for three
days in winter.

Fig. 30. Thalassionema nitzschioides in the slime on slide glass submerged in the waste water
for three days in winter.

Fig. 31. Rhizosolenia sp. in the slime on slide glass submerged in the waste water for three
days in winter.

Fig. 32. Dictyocha fibula in the slime on slide glass submerged in the waste water for three
days in winter.
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PLATE V

Fig. 33. Skeletonema costatum, Thalassiothrix sp. and Asterionella japonica in the slime on
slide glass submerged in the waste water for five days in winter.

Fig. 34. Hemiaulus sp. and Asterionella japonica in the slime on slide glass submerged in the
waste water for five days in winter.

Fig. 35. Eucampia sp. and Asterionella japonica in the slime on slide glass submerged in the
waste water for five days in winter. ’

Fig. 36. Nitzschia sp. in the slime on slide glass submerged in the waste water for five days
in winter.

Fig. 37. Oscillatoria sp. in the slime on slide glass submerged in the waste water for five
days in winter.

Fig. 38. Amphora sp. in the slime on slide glass submerged in the waste water for five days
in winter.

Fig. 39. Asterionella japonica in the slime on slide glass submerged in the waste water for
seven days in winter.

Fig. 40. Rhizosolenia sp. and Oscillatoria sp. in the slime on slide glass submerged in the
waste water for seven days in winter.
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Fig. 41. Nitzschia sp. and Oscillatoria sp. in the slime on slide glass submerged in the
waste water for seven days in winter.

Fig. 42. Thalassiothrix sp. in the slime on slide glass submerged in the waste water for seven
days in winter.

Fig. 43. Ceratium fusus in the slime on slide glass submerged in the waste water for seven
days in winter.

Fig. 44. Ceratium furca in the slime on slide glass submerged in the waste water for seven
days in winter.

Fig. 45. Rhizosolenia sp. in the slime on slide glass submerged in the waste water for seven
days in winter.

Fig. 46. Nitzschia sp. in the slime on slide glass submerged in the waste water for seven days
in winter.

Fig. 47. Thalassionema nitzschioides, Thalassiothrix sp. and Oscillatoria sp. in the slime on
slide glass submerged in the waste water for ten days in winter.

Fig. 48. Oscillatoria sp. in the slime on slide glass submerged in the waste water for ten days
in winter.
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Fig. 49, Oscillatoria sp. in the slime on slide glass submerged in the waste water for fourteen
days in winter.

Fig. 50. Oscillatoria sp. in the slime on slide glass submerged in the waste water for fourteen
days in winter.

Fig. 51. Ceratium sp. and Oscillatoria sp. in the slime on slide glass submerged in the waste
water for fourteen days in winter.

Fig. 52. Skeletonema costatum and Oscillatoria sp. in the slime on slide glass submerged in
the waste water for fourteen days in winter.

Fig. 53. Nitzschia sp. and Oscillatoria sp. in the slime on slide glass submerged in the waste
water for fourteen days in winter.

Fig. 54. Thalassiosira sp. in the slime on slide glass submerged in the waste water for fourteen
days in winter.

Fig. 55. Navicula sp. in the slime on slide glass submerged in the waste water for fourteen
days in winter.

Fig. 56. Melosira sp. in the slime on slide glass submerged in the waste water for fourteen
days in winter.
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Fig. 57. Pleurosigma sp. in the slime on slide galss submerged in the waste water for a day
in spring.

Fig. 58. Pleurosigma sp. in the slime on slide glass submerged in the waste water for a day
in spring.

Fig. 59. Ceratium furca and Skeletonema costatum in the slime on slide glass submerged in
the waste water for a day in spring.

Fig. 60. Ceratium fusus in the slime on slide glass submerged in the waste water for a day
in spring.

Fig. 61. Thalassiothrix sp. and Amphora sp. in the slime on slide glass submerged in the
waste water for three days in spring.

Fig. 62. Nitzschia sp. in the slime on slide glass submerged in the waste water for three days
in spring.

Fig. 63. Navicula sp. in the slime on slide glass submerged in the waste water for three days
in spring.

Fig. 64. Oscillatoria sp. in the slime on slide glass submerged in the waste water for three
days in spring.



H. FUJISAWA & M. MURAKAMI PLATE W




PLATE [X

Fig. 65. Amphora sp. in the slime on slide glass submerged in the waste water for five days
in spring.

Fig. 66. Coscinodiscus sp. in the slime on slide glass submerged in the waste water for five
days in spring.

Fig. 67. Chaetoceros sp. in the slime on slide glass submerged in the waste water for five
days in spring.

Fig. 68. Nitzschia sp. in the slime on slide glass submerged in the waste water for five days
in spring.

Fig. 69. Skeletonema costatum and Oscillatoria sp. in the slime on slide glass submerged in
the waste water for five days in spring.

Fig. 70. Dictyocha fibula in the slime on slide glass submerged in the waste water for five
days in spring.

Fig. 71. Ceratium sp. and Oscillatoria sp. in the slime on slide glass submerged in the waste
water for five days in spring.

Fig. 72. Oscillatoria sp. and Thalassiothrix sp. in the slime on slide glass submerged in the
waste water for five days in spring.
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Fig. 73. Coscinodiscus sp. (side view) in the slime on slide glass submerged in the waste water
for eight days in spring. '

Fig. 74. Oscillatoria sp. in the slime on slide glass submerged in the waste water for eight
days in spring.

Fig. 75. Phormidium sp. in the slime on slide glass submerged in the waste water for ten
days in spring.

Fig. 76. Thalassiothrix sp. in the slime on slide glass submerged in the waste water for ten
days in spring.

Fig. 77. Thalassiothrix sp. in the slime on slide glass submerged in the waste water for fourteen
days in spring.

Fig. 78. Coscinodiscus sp. in the slime on slide glass submerged in the waste water for fourteen
days in spring.

Fig. 79. Oscillatoria sp. and Thalassiothrix sp. in the slime on slide glass submerged in the
waste water for fourteen days in spring.

Fig. 80. Oscillatoria sp. in the slime on slide glass submerged in the waste water for fourteen
days in spring.
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