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Studies on Slime-Like Substance Formed in Drainage System
of Refinery Plant—1I.
Bacteria and Other Microorganisms in Slime-Like

Substance, Waste Water and Industrial Water

By
Hiroaki Fuiisawa and Masatada MURAKAMI

In the first paper of this seriesl) | slime-ike substance (the slime, for short), waste
water and industrial water of a refinery plant were investigated chemically and sen-
suously.

In this paper the same materials were biologically investigated, considering the role
played by bacteria and various other microorganisms, namely, Bacillariophyceae, Cy-
anophyceae, Flagellata and Ciliata, in the formation of the slime in the drainage system
of a refinery plant.

The results obtained are summarized as follows:

1. In the slime formed in the drainage system, various or numerous bacteria, Ba-
cillariophyceae and Cyanophyceae were found on the whole, and a few of Flagellata
and Ciliata were detected in all seasons.

The bacterial counts in the slime were mostly 10% ~ 10° cells/g (of wet slime), and
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in that at Station 6 in summer, a bacterium which forms slimy trichomes, Sphaerotilus
was abundantly found.

In all the samples, Bacillariophyceae consisting of 29 genera was found, and of those
genera, Skeletonema, Amphora, Cymbella, Asterionella, Nitzschia, Rhizosolenia, Cos-
cinodiscus and Navicula were frequently detected. Skelefonema and Amphora, particu-
larly, were predominantly found in all seasons. And then, the occurrence state of
Bacillariophyceae was scarcely affected by the station, but was largely affected by season,
for instance, in summer that remarkably decreased in the number of genera and in the
frequency in detection of each genus except Skelefonema and Amphora.

Cyanophyceae consisting of Oscillatoria, Phormidium and Achroonema was found on
the whole, particularly, at Stations 5 and 6 they were abundantly found in all seasons,
and Oscillatoria of them was predominantly found.

Flagellata consisting of Dictyocha, Ceratium and Peridinium, and Ciliata consisting
of Tintinnopsis, Codonellopsis and Paramecium were scanty.

2. Of bacteria, Bacillariophyceae and Cyanophyceae found abundantly in the slime,
Sphaerotilus, Skeletonema, Amphora, Oscillatoria, Phormidium etc. may play an important
role in the formation of the slime. And then, considering their influences upon form,
color and viscosity of that, bacteria and Oscillatoria of them may be the leading part
in the formation of it.

3. In the waste water as in the slime, bacteria, Bacillariophyceae and Cyanophyceae
were considerably abundant, and Flagellata and Ciliata were scanty. And then, in the
industrial water as in the waste water, bacteria and Bacillariophyceae were considerably
abundant, and Cyanophyceae, Flagellata and Ciliata were scanty.

4. As stated above, it was found that bacteria and other microorganisms occurred
equally in the industrial water, though they were less than those in the waste water
and the slime. Therefore, it can be considered that bacteria and other organisms in the
slime and the waste water, were derived from them in the industrial water, namely, the
natural sea water.

Judging from the results of biological and chemical studies, the mechanism of the
formation of the slime is considered as follows:

Bacteria, Bacillariophyceae and Cyanophyceae in the industrial water, namely, the
natural sea water, shift to the waste water rich in nutrients, and they grow in the waste
water, some of them do by means of adhesion to the surfaces of concrete and pipe, or
suspended solids in the drainage cannal or the catchment basin, while the others freely.

Various floating matters consisting of bacteria, other organisms and inanimate matter
in the waste water, catch in the incomplete slime and they entwine each other. In that
case, slimy secretions from bacteria and Cyanophyceae may play an important role.

In such a manner, the size of the slime may enlarge gradually, and that in down or
pellicle of various tints and viscosity, may be completed.
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Table 1. Bacterial counts and relative abundance of other microorganisms in slime-like sub-
stance at various stations in the drainage system of a refinery plant in all seasons.

Organisms Aug. 26, 71 Nov. 9,71 Feb. 28,772 May 29, °72 Aug. 28,72
St.2  St.3 St5 Sté st.2 St5 St.6 St.2 5t.5 St.2 St.5 St.5 St.6
Bacteria:
Total bacteria 3.3 2.4 L7 80 2.2 1.3 13 .0 1.0 6.0 1.2 6.8 2.3
(cells/g) X108 X107 X10® X105 | X10°® X10° X10° | X10® X10° | X10® X10° X10% X10°
Sphaerotilus sp. +H++ P
Bacillariophyceae:
Melosira sp. + T+t
Stephanopyxis sp. +
Skeletonema
costatum A4+ +++ o o o o 4+ ++t+ ++++ At Ftt
Thalassiosira spp. + ++ + + + + - +
Coscinodiscus spp. + ++ + + [FINRFER I + P, T+ +
Asteromphalus sp. +
Lauderia sp. + + L +
Guinardia sp. + + +
Rhizosolenia spp. + At + o+ ++ +
Chaetoceros spp. ++ ++ ++ ++ + ++ + e +
Eucampia sp. ' +
Ditylum sp. +
Hemiaulus sp. + + + ! +
Licmophora sp. +
Synedra sp. + + |+
Thalassionema !
nitzschioides ++ + + + + .
Thalassiothrix spp. + + ++ + ++ bt |
Asterionella
Japonica 4+ ++ B A R +
Cocconels sp. +
Achnanthes sp. +
Mastogloia sp. +
Diploneis sp. + + +
Pleurosigma spp. + A+ o+ + F=Y
Navicula spp. + + + + ++ ++ +4t + ++ ++ bt
Amphora sp. + e e R e e + e At +
Cymbella sp. RRns Ft e et + o+ ot
Amphiprora sp. +
Nitzschia spp. + ++ ++ ++ e+ e+ 4+ +
Bacillaria sp. + +
Cyanophyceae:
Oscillatoria spp. + R e b e o o+ Fhtbt | bbb
Phormidium spp. ++ -t ++ 4+ + + FI bt
Achroonema spp. + e 4 b A
Flagellata:
Dictyocha fibula + + + et -
Peridinium sp. -
Cerativm sp. + + + + St 4 +
Ciliata:
Tintinnopsis sp. + + + +
Codonellopsis sp. + +
Paramecium sp. ++ + +

Note: Spp. after the genus names mean that two or over species weie contained in all the
samples. The frequency in occurrence of organism was graded as follows;
+++++, very abundant.
++++, abundant.
+i++, common.
++, rare.
+, very rare.
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Table 2. Bacterial counts and relative abundance of other microorganisms in waste water at
various stations in the drainage system of a refinery plant in all seasons.

Organisms

Aug. 26, '71

5t2  St.3 Std St

St.6

St.2

Nov. 9, ’71
Std4 St5 Sté

Feb. 28, '72
St2 St4  StS

May 29, '72

St.2

St.4  St.5

Aug. 28,72
St.5 St.é6

Bacteria:
Total bacteria
{cells/ml)

9.8 3.7
X106 X108

1.9
X105

8.9
X104

9.1
»10°

1.8
X106

8.3
x10°

8.8
X104

L1
x10°

7.6
*10+

Bacillariophyceae:
Melosira sp.
Stephanopyxis sp.
Skeletonema

costatum
Thalassiosira spp.
Coscinodiscus spp.
Asteromphalus sp.
Lauderia sp.
Guinardia sp.
Rhizosoleniz spp-
Chaetoceros spp.
Eucampia sp.
Ditylum spp.
Bidduiphia sp.
Hemiaulus sp.
Licmophora sp.
Synedra sp.
Thalassioneima

mitzschioides
Thalassioihrix spp.
Asterionella
japonica

Cocconeis sp.
Achranthes sp.
Diploneis sp.
Pleurosigma spp.
Navicula spp.
Amphora sp.
Nitzschia spp.
Bacillaria sp.

ot ++ EEs 4

L + +

4+

o
++

o+

+

ot

+

bt
++
++

ot o+ o+

++

-

4

e e

e

+ o+ o+
+

+

+ +

+ + ++

A

2.0
X107 X10+ X10°

7.3

+

+

6.0

++

++

++

8.0
X108

1.4
x10°¢

At

o+

o+
++

Cyanophyceae:
Oscillatoria spp.
Phormidiuin sp.
Achroonema sp.

4

+++

++t

-+

it

Flagellata:

Dictyocha

fibula
Prorocentrum sp.
Dinophysis sp.
Pyrophacus

horologicum
Peridinium sp.
Ceratium spp.

T

-+

Exs

++

++

At

bt A

++ +

Ciliata:
Tintinnopsis sp.
Codonellopsis sp.

+

+

=+ +

Note:

Spp. afier the genus names mean that two or

over species were contained in all

samples. The frequency in oceurrence of organisim was graded as follows;
+++++, very abundant.
++++, abundant.
+++, comimon.
++, rare.

+, Very rare.

the
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% Ofh, MERIAL L TDictyocha, Ceratiumds &1 Peridinium @) 3 /&%, $FEhIBL L T Tintinnopsis,

Codonellopsis & L U Paramecium ) 3 JEHEH S h 7247, BIZEBS ORBOHRIZ Dictyocha 5 LT

Ceratium 7<%  WHR L 21 E21%, — MR HBBEE 3 {Er - 72,

Table 3. Bacterial counts and relative abundance of other microorganisms in industrial water at
two stations in a refinery plant in all seasons.

Organisms Aug. 26, 71 Nov. 9, 71 Feb. 28, 72 May 29, 72 Aug. 28, 72
St.1 St.0 St $t.0 St.1 5t.0 St.1 5t.0 St.1
Bacteria:
Total bacteria 4.5 2.6 2.2 9.1 3.2 5.2 1.8 4.6 2.3
(cells/ml) X10° X104 X10° X10+ X10® X10° X103 X10%  X10%
Bacillariophyceae:
Melosira sp. + +
Skeletonema
costatum 4+ At +t At et 4+t +++ +++
Thalassiosira spp. + ++ ++
Coscinodiscus spp. ++ 4+ ++ et ++ ++ +
Rhizosolenia spp. + ++ ++ ++ At + + +
Chaetoceros spp. ++ ++ ++ ++ A + + +
Eucampia sp. ++ +
Ditylum spp. + ++
Biddulphia sp. + +
Hemiaulus sp. + + +
Synedra sp. + +
Thalassionema
nitzschioides + e+
Thalassiothrix sp. + + + + +
Asterionella
Japonica et +4++ bt
Diploneis sp. + + +
Pleurosigma sp. + + +
Navicula spp. + + + + +
Amphora sp.
Nitzschia spp. + ot +4+ ++ ++ ++ + + +
Cyanophyceae:
Oscillatoria sp. + +
Flagellata:
Dictyocha
fibula + + ++ ++ +
Peridinium sp. +
Ceratium sp. T+
Ciliata:
Tintinnopsis sp. + + +

Note: Spp. after the genus names mean that two or over species were contained in all the
samples. The frequency in occurrence of organism was graded as follows;
+4+++4+, very abundant.
++++, abundant.
+++, common.
4+, rare.
+, very rare.
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Explanation of Plates

Photomicrographs of microorganisms (Bacillariophyceae, Cyanophyceae, Flagellata and
Ciliata) found in the slime, the waste water and the industrial water at various stations in
a refinery plant in the four seasons.

Scale bar in all the plates indicates 50 4.

PLATE 1
Fig. 1. Amphora sp. found in the slime at Station 5 in spring.
Fig. 2. Amphora sp. found in the same sample at Station 5 in spring.
Fig. 3. Cymbella sp. found in the same sample at Station 5 in autumn.
Fig. 4. Skeletonema costatum found in the same sample at Station 2 in winter.

Fig. 5. Amphora sp. and Thalassiothrix sp. found in the same sample at Station 5 in
spring.

Fig. 6. Amphora sp. and Asterionella japonica found in the same sample at Station 5
in autumn.
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PLATE I

Fig. 7. Oscillatoria sp. found in the slime at Station 5 in autumn.
Fig. 8. Phormidium sp. found in the same sample at Station 6 in summer.

Fig. 9. Oscillatoria sp. and Phormidium sp. found in the same sample at Station 6 in
autumn.

Fig. 10. Achroonema sp. found in the same sample at Station 5 in spring.

Fig.11. Achroonema sp., Oscillatoria sp. and bacteria found in the same sample at Station
5 in summer.

Fig.12. Oscillatoria sp. and Achroonema sp. found in the same sample at Station 5 in
summer.
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PLATE I

13. Phormidium sp. entwined with Sphaerotilus sp. in the slime at Station 6 in
sumfrer.

14. Oscillatoria sp. entwined with Sphaerotilus sp. in the same sample at Station 6 in
summer.

15. Amphora sp. caught in Oscillatoria sp. in the same sample at Station 5§ in winter.

16. Coscinodiscus sp. caught in Oscillatoria sp. in the same sample at Station 5 in
wintes.

17. Chaetoceros sp. caught in Oscillatoria sp. in the same sample at Station 5 in
winter,

18. Asterionella japonica and Amphora sp. caught in Oscillatoria sp. in the same sample
at Station 5 in winter.
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PLATE 1V

Fig. 19. Skeletonema costatum found in the waste water at Station 2 in autumn.
Fig. 20. Rhizosolenia sp. found in the same sample at Station 2 in autumn.
Fig. 21. Thalassiothrix sp. found in the same sample at Station 2 in winter.

Fig. 22. Pleurosigma sp. and Asterionella japownica found in the same sample at Station 2
in autumn.

Fig. 23. Rhizosolenia sp. and Asterionella japonica found in the same sample at Station 4
in winter.

Fig. 24. Chaetoceros sp. found in the same sample at Station 4 in winter.
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PLATE V

25. Hemiaulus sp. found in the waste water at Station 4 in autumn.
26. Dictyocha fibula found in the same sample at Station 4 in winter.
27. Ceratium spp.found in the same sample at Station 4 in spring.

28. Dinophysis sp. found in the same sample at Station 4 in spring.

29. Skeletonema costatum, Nitzschia sp., Rhizosolenia sp. and Asterionella japonica
found in the same sample at Station 5 in winter.

30. Skeletonema costatum, Ditylum sp. and Asterionella japonica found in the same
sample at Station 5 in winter.
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PLATE VI

31. Coscinodiscus sp. found in the waste water at Station 5 in winter.

32. Coscinodiscus sp- and Asterionella japonica found in the same sample at Station
5 in winter.

33. Skeletonema costatum, Rhizosolenia sp. and Asterionella japonica found in the
same sample at Station 5 in winter.

34. Codonellopsis sp. found in the same sample at Station 5 in spring.
35. Tintinnopsis sp. found in the same sample at Station 6 in autumn.

36. Thalassiosira sp. found in the same sample at Station 6 in autumn.



PLATE VI

H. FUJISAWA & M. MURAKAMI




Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

37.
38.
39.
40.
41.
42.

PLATE VI

Chaetoceros sp. found in the waste water at Station 6 in avtumn.
Chaetoceros sp. found in the same sample at Station 6 in summer.
Navicula sp. found in the same sample at Station 6 in autumn.
Eucampig sp. found in the same sample at Station 6 in autumn.
Melosira sp. found in the same sample at Station 6 in autumn.

Peridinium sp. found in the same sample at Station 6 in autumn.
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PLATE VIHI

43. Asterionella japonica found in the industrial water at Station 0 in winter.
44. Nitzschia sp. found in the same sample at Station 0 in winter.

45. Ditylum sp. found in the same sample at Station 0 in autumn.

46. Biddulphia sp. found in the same sample at Station 0 in autumn.

47. Rhizosolenia sp. and Skeletonema costatum found in the same sample at Station
0 in autumn.

48. Coscinodiscus sp. (side view) found in the same sample at Station 0 in autumn.



H. FuJsyisawa & M

MURAKAMI PLATE Wl




Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

PLATE IX

49. Skeletonema costatum and Asterionella japonica found in the industrial water at
Station 1 in winter.

50. Rhizosolenia sp. and Asterionella japonica found in the same sample at Station 1
in winter.

51. Chaetoceros sp. found in the same sample at Station 1 in summer.

52. Coscinodiscus sp. found in the same sample at Station 1 in winter.

53. Thalassionema nitzschioides and Skeletonema costatum found in the same sample
at Station 1 in autumn.

54. Pleurosigma sp. found in the same sample at Station 1 in autumn.
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