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Distribution of Heavy Oil-degrading Bacteria
in the Oil-polluted Areas Caused
by the Mizushima Oil Spill Accident

Hiroaki Fujisawa, Masatada Murakami, Bon Kimura,
and Kazuhiko Ohtani

The distribution of heavy oil-degrading bacteria in oil-polluted areas of the Seto Inland
Sea (Bisan Seto) caused by the Mizushima Oil Spill Accident was investigated for one year, for
the purpose of assessing bacteriological self-purification of the areas following this accident.
Heavy oil-degrading bacteria (group A and B) in seawater and bottom sediment in Bisan Seto
were enumerated by means of a membrane filter method using heavy oil of the same quality as
that spilt in this accident. The population densities of heavy oil-degrading bacteria in sea-
water, group A and B, were respectively 10° to 10° and 10° to 10° per m/ and the density of
group A was approximately 10 times as much as that of the group B. The density of the
group A in seawater in the coastal areas near Mizushima and Sakaide, was higher than that of
the same group in the middle of Bisan Seto, but there was not remarkable difference in the
density of the group B in seawater thorughout the surveyed areas. The population densities of
both group A and B in bottom sediment were 10% to 10 per g. On the basis of these results, it
may be said that various heavy oil-degrading bacteria contribute to decomposing the heavy oil
spilt into Bisan Seto.
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Table 1. The population densities of heavy oil-degrading baceria and heterotrophic bacte-
ria in seawater in Bisan Seto (oil-polluted area) after the Mizushima Oil Spill Accident
and in Hibiki Nada (control area)

Heavy oil-degrading bacteria

Station Qil  Heterotrophic
Area Date content bacteria, H Group A, OA OA/H Group B, OB OB/H

No. (ppm)  (cells/ml) (cells/m{) (%) (cells/mi) (%)
1 0.20 4, 410" 2.7x10% 6.1 - -
Feb. 7,75 2 0.17 1.9%10* 1.4x10° 7.4 6.0X10° <0.1
3 0.12 2, 2% 10" 3.6%x10° 16. 4 - -
4 0.10 8.3%10° 7.3%10? 8.8 - -
1 0.17 2.9x10° 1.8x10% 44,8 1.2x10 0.4
1* - 1.1%10° - - 6.0x10° 0.5
1** - 2.0%10° - - 1.6X10° 0.8
2 - 6.3%x10° - - 2.4X10° <01
Bisan Seto Feb. 26,75 3 _ 4.9%10° . . 9. 2% 10! 0.4
4 - 2.3%x10° - - 3.0x10° 0.1
5 - 3.0X10° - - 1.8x10? 0.6
6 0.12 2.1x10° - - 1.8X10} 0.9
6** - 6.0%10° - - 1.3x10? 2.2
8 0.18 3.0Xx10% 4,0x10! 13.8 - -
9 0.23 4.0%10° - - 1.5x10° 0.4
Feb. 14,'75 10 0.40 1.0X10* - - 1.6x10 0.2
11 0.24 7.0%X10° 2.8X10? 40.0 1.8X10° 0.3
12 0.31 1.5%10° 2.2%10% 14.7 2. 0% 10" 1.3
A 0.31 8.9x10% 4.0x10* 4.5 3.1x10! 3.5
B 0.14 5.9%10% 5.8X 101 9.8 5.5x10 9.3
Hibiki Nada ~ Mar. 11,'75 ¢ 0.14 1.0%10° 5,0% 10" 5.0 1. 0X 10 10.0
c* - 2, 2X 10 3.9%10° 1.8 3.5X10° 1.6
c*r - 9. 9x 10 2.0x10 2.0 1.5%10° 0.2
1 0.48 1.4x 10 1.0X10 0.1 5.0x10° <0.1
2 0.09 1.0X10* 3.0%10! 0.3 3.2x10°  <0.1
May 23,75 4 1L00  1.0X10° 2.0x10' 2.0 5.5X10' 5.5
, 6 0.08 1.1x10° 6.0x10° 0.5 1.1x10° 0.1
Bisan Seto
7 0.08 3.6x10° 3.0%10! 0.8 2.0%10° 0.6
May 31,775 10 0.48 4,4%10* 8.0%10° 1.8 7.0 10! 0.2
12 0.24 1,2X%10 5.0%10? 4.2 1.9x10? 0.2
A 0.25 3.6%10 9,010 0.3 1.2X10% 0.3
Hibiki Nada  June 27,75 B 0.20 1.3%10° 6.0x10° 0.5 2.0x10° 0.2
C 0.18 2.0%10° 4.6%x10 2.3 1.1x10 0.6

* Sampling depth was about 10 meters.
** Sampling depth was about 20 meters,
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Table 1. (Continued)
Heavy oil-degrading bacteria
Station 0Oil  Heterotrophic
Area Date ; O%  content bacteria, H Group A, OA OA/H Group B, OB OB/H
o (ppm)  (cells/m/{) (cells/m!?) (%) (cells/m1) (%)
1 0.80 6.1x10° 1.7x10 0.3 2.0X10° <0.1
Aug. 1,775 4 0.72 2.2%10° 2.5X10} 0.1 5.0X10°  <90.1
Bisan Set 6 0.08 1.3%x10° 1.5%10 1.2 3.0x10° 0.2
18801 weto
9 0.10 1.0x10® 5.4%10° 0.5 1.4x10° 0.1
Aug. 8,75 10 0.30 3.6X10% 5. 0% 10% 0.1 1.1X10* <0.1
12 0.18 3.9%10° 5.5X10° 0.1 1.8X100 <01
A 0.17 1.9%10° 1.2X10% 6.3 1.2x10 0.6
Hibiki Nada ~ Sep. 12,°75 B 0.12 1.8x%10° 7.9%10° 4.4 2.0%10° 0.1
C 0.06 1. 4% 10 2.3X10? 1.6 2.2x10" 0.2
1 0.20 1.1x104 3.7X10% 3.4 7.5X10 0.7
Nov. 7.°75 2 0.27 1.3x 10 7.0x10° 0.1 2.0x10° <0.1
o 3 0 0

4 0,07 1.3X10 8.0%X10 0.6 2.1x10 0.2
6 0.03 1.3%10° 1.1x10 0.8 4.5%10° 0.3

Bisan Seto -
7 0. 04 7.0%x10% 6.0%x10° 0.9 5.5X 10! 7.9
Nov. 19. 75 9 0.06 6.0%10° 1.9Xx10° 0.3 1.9x10° 0.3
o 10 0.15 2.6X10° 2,3%10 0.9 6.5% 10" 2.5
12 0.03 1.3%x10° 2.0% 10" 1.5 2.0X10° 0.2
A 0.01 1.2x10 4.1X10% 3.4 2.0x10* 1.7
Hibiki Nada  Dec. 2,75 B 0.02 2.0%10°% 8.0%10° 4.0 1.8x10° 0.9
C 0.07 2.1x10° 1.3x10° 0.6 1.2%x10° 0.6
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Fig. 8. Variations in the population densities of heavy oil-degrading bacteria,
group A and B in seawater in Bisan Seto with the projected distance from
the source of oil spill.

Note: To show the variation with the distance from the source of oil spill,
the following method was adopted;
1) Measured the distance of respective station from St. 1 in the east-

west direction and in the north-south one (Fig. 1),

Estimated the regression line of the latter on the former,

Drew perpendiculars from respective station to this line,

Measured the distance from St. 1 to the feet of them (this distance

was called the projected distance for convenience) ,

And estimated the regression of the population densities of bacteria

on this distance. Solid curve shows the significant quadratic regres-

sion. When the quadratic regression was insignificant, it is shown in
broken curve.
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teria group A and the oil content in seawater in Bisan Seto (oil-polluted

area).
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teria group B and the oil content in seawater in Bisan Seto (oil-polluted
area) .
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Table 2. Correlation coelfficients between the population densities of various
groups of bacteria in seawater in Bisan Seto (oil-polluted area)

Factors log H log OA log OB log A

log OA 0,57%*

log OB 0.40 0.50%

log A 0.79%* 0. 40 0.15

log B 0.74™* 0.57** 0.48** 0.64**
Note: Heeoee heterotrophic bacteria

OA-eere heavy oil-degrading bacteria, group A

OB« heavy oil-degrading bacteria, group B

A index hydrocarbon-oxidizing bacteria, group A (substrate, n-hexadecane)
B index hydrocarbon-oxidizing bacteria, group B (substrate, n-hexadecane)
*  significant at 0. 05 level

* & significant at 0, 01 level
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The population densities of heavy oil-degrading bacteria and heterotrophic bacte-

ria in bottom sediments in Bisan Seto (oil-polluted area) after the Mizushima Oil Spill

Accident and in Hibiki Nada (control area)

Oil Heavy oil-degrading bacteria
. content Heterotrophic -
Station .
Area Date (mg/g of bacteria, H  Group A, OA OA/H Group B, OB OB/H
dry weight) (cells/g) (cells/g) (%) (cells/g) (%)
Feb. 26,75 1 0.27 8,4X10° 5.0x10° 0.6 3.0x10° 0.4
May 23,75 1 0.20 3,5x10* 2.0x10* 57.1 1.0x10° 28,6
Aug. 1,'75 1 0.17 4,7X10° 6. 3% 107 0.1 1.0X10° 0.2
Nov. 7,75 1 0.38 4,8x10° 7, 0% 10 1.5 4.8X10% 0.1
Jan. 30,76 1 0.14 2.3x10° 7.0x10* 30,4 5. 0x10° 21.7
. Nov. 7,°75 2 0.40 2.3X10° 8.0x10° 3.5 L6X10°  <0.1
Bisan Seto , 5 3 3
Jan. 30,76 2 0. 06 3.9%X10 7.0X10 1.8 3.0X10 0.8
Nov. 19, 75 10 0.22 9,5%10° 5.5x10" 5.8 2.9%X10° 3.1
Feb. 14, '76 10 0.08 9. 1%x10° 2.4X10" 2.6 7.5%10% 0.8
May 31,75 12 0.20 1.1%x10° 8.0x 10° 7.3 1.0X10° 0.9
Aug. 8,75 12 0.14 2,6Xx10° 7.5%x10* 0.3 3.0x10 1.2
Nov. 19, '75 12 0.06 5.0%X10° 7.1X10° 1.4 3.0%10° 0.6
Feb. 14,76 12 0.09 3.8x10° 2.7x10 0.7 1.9x10 0.5
Mar. 11, '75 A 0.31 6.4%10° 2.4X10" 3.8 1.4x10* 2.2
Hibiki Nada  June 27,775 A 024 8.8X10° 3.9%10° 4.4 1.0Xx10" L1
Sep. 12,75 A 0.19 4,6X10° 5.0x 10 0.1 2,9x10° <0.1
Dec. 2,75 A 0.17 1.4%10° 6.0x10° 4.3 9,0x10% 0.6




48 N A N I e

LRE S LTORAEREL, Abe TSk
DEREWIC L, $70, Bk ofREabeCH
2%&, A, B, A/H$ XU B/HOWI A%l
& U b T RN 1B 2 H0HE & O L7y
TSR DBIMATIC & ) RO S5 L S h
B, TOMUTDNT BRI BLEND A S

4. B #

KBS TR o Il il T AT I By
D OB 051 & SIS A oM 1 EM, mEICh
Foo THMEL AR E LT, RICEHTLHREHE
720

1. WEEHRGE I B B ok v o HLU A PR AR T A TE B
(OA) 1310°~10% cells/m{, TIPSR B 34 (OB)
14100~ 10% cells/m! T, OAIXOB & h 14— ~Eho
Foo WA OWRPOLBIZBIT S OA B L UL
B () ot s OA DLiE, oEHOMS &
DO & 0 OB S DS WA S Tz,

2. MBMEEICBITAMARTO OA KDV TH, HE
FIRKE, BFHERETE , PRETEVWERTA LN
7295, OBIZDWTIZH & h Rl ERI B & 5k ho

7z, WM O AT B OB oxt o —kEH
RREIRIECH Y, BB ETEE ORI LD
BRI b L E R DD,

3. MWEHUT I BT AlKPOH, OA, OB, {B#R
{EARBALAH AR (A) B & U R L
B## (B) O{BMNREAFAOHEMBTE, OA
ABLUBEHE MM A L B & ORBIFREAT
o f:o

4, ERE I B BIRRH O OA 10°~10* cells/g,
OB 10°~10" cells/g "¢, WD Tid OA #10°~107
cells/g, OB %10°~10" cells/g T~ T, OA, OB & %
WlERRE L L XL Chb, LL, HEHTL0A B
L P OB i, MAMHYEEORE L vy 5UTH W I A5
Stz

X [y

1) R - LIRS - HMEUE | HkEE 44, 91~
104 (1978).

2) FLRIER - BRRESE - JMRGE | HOKEE, 45, 1091~
1098 (1979).

3) HEUGHEB - B LIRS - BORRGE | BOKEE, 45, 1099~
1107 (1979).

4) H. Fujisawa and M, Murakami: J. Shimonoseki Univ.
Fish., 27, 131~146 (1979).

5) MR - o LIEE KRB, 30, 13~24

(1981).

6) WEUUHEEH - A RIEAR - JUARERE ¢ HOKEE, 43, 659~
668 (1977).

7) C. E. ZoBell: in “Proceedings API/FWPCA Confer-
ence on Prevention and Control of Qil Spills”, Amer-
ican Petroleum Institute, Washington, D. C., 1969. pp.
317~326.

8) J. D. Walker and R. R. Colwell: Appl. Environ. Mi-
crobiol., 31, 198~207 (1976).

9) HUBHEM - RTENEME | BoKEE 45, 473~483 (1979).

10) W, Gunkel: in “The Biological Effects of Oil Pollu-
tion on Littoral Communities” (Supplement to Field
Studies, Vol. 2), The Field Studies Council, 1968, pp.
151~158,





