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The biodegradation experiment, the TOD analysis and the element analysis for
dispersant, Bunker-C and dispersant/Bunker-C oil mixtures were conducted for the
purposes of evaluating the biodegradability of dispersnat/Bunker-C oil mixtures and
studying the consumption of dissolved oxygen with relation to biodegradation in the
seawater.

The results of biodegradation experiment showed the mixtures with 1:10~5:10 mix
ratios of dispersant to 4mg/l of Bunker-C oil to be 0.34~2.06mg/l of BODs and to be
1.05~5.47mg/l of BODy in natural seawater.

The results of TOD analysis showed 1mg of Bunker-C oil to be 3.16mg of TOD.

The results of element analysis showed the contents of carbon and hydrogen to be 87.3
% and 11.5% for Bunker-C oil, respectively, but nitrogen element was not detected in
Bunker-C oil.

The biodegradability of dispersant/Bunker-C oil mixture shown as the ratio of BODs/
TOD was increased from 3% to 11% as a mix ratio of dispersant to 4mg/ of Bunker-C
oil changed from 1:10 to 5:10, and the mixtures were found to belong in the organic
matter group of low-biodegradability.

The deoxygenation rates(K,) and ultimate oxygen demands(Lo) obtained through the
biodegration experiment and Thomas slope method were found to be 0.072~0.097/day and
1.113~6.746mg/l for the mixtures with 1:10~5:10 mix ratios of dispersant to 4mg/l of
Bunker-C oil, respectively. The ultimate oxygen demand of mixture was increased as a mix
ratio of dispersant to Bunker-C oil changed from 1:10 to 10:5. This means that the more
dispersants are applied to the sea for Bunker-C oil cleanup, the more decreases the
dissolved oxygen level in the seawater.

HKEE, 26(6), 519~528, 1993

Introduction

It was pointed out that the treatment operations
for the oil spilled at sea in Korea were mainly de-
pendent on the oil spill dispersants especially in
case of the large-scale oil spills or the oil pollution
accidents requiring the urgent control(National
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Maritime Police ROK, 1987). 1t is, however, unde-
sirable to use a large quantity of dispersants for
the oil cleanup at sea without discreet considera-
tion(Society for the study of Tanker Oil Pollution,
1976: National Maritime Police ROK, 1987).

In general, it has been known that the applica-
tion rate of dispersants to oil at sea would normally
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be 20~30% of the oil spill quantity(Society for the
study of surfactant, 1986). But the application rates
are different, depending on the types of dispersa-
nts. The treatment rates for oil at sea would nor-
mally be one part dispersant to 2~3 parts of oil
for the conventional hydrocarbon-base dispersant
which may be used undiluted at sea from spray

sets using breaker boards or other suitable means

of application and agitation and the water-dilutable
concentrate dispersant which may be used after di-
lution 1:10 with sea water and sprayed from spray
sets using breaker boards or other suitable means
of application and agitation, or one part of disper-
sant to 20~30 parts of oil for the concentrate dis-
persant which may be used undiluted from aircraft,
ships or on beaches, using appropriate spray gear
(Institute of Petroleum, 1986). While Dewling ef al.
(1971) introduced in their paper the US regula-
tions and the Schedule of dispersants and other
chemicals to treat oil spills published as national
contingency plan in June 1970, which stipulate the
restrictions on use of dispersant for pollution cont-
rol purposes and which prescribe that no disper-
sant shall be applied in quantities exceeding 5 ppm
in the upper 3 feet of water column during 24-hour
period and in no case, except special cases, will the
daily application rate of chemical exceed one-fifth
of total volumn spilled, and they emphasized that
dispersant biodegradability was important when a
dicision was made regarding the use of dispersant
for oil spill cleanup and from the standpoint of wa-
ter quality, there must be concern for the rate of
degradation and ultimate oxygen demand of dispe-
rsant and/or dispersant-oil mixture. However, they
did not present any data regarding the biodegrada-
tion rates and ultimate oxygen demands of disper-
sant-oil mixtures in their paper.

There were considerable studies regarding oils
or dispersants in Korea such as the oil degradabi-
lity by oil-degrading microorganisms in various en-
vironmental conditions(Kim et al, 1987), the com-
position change of Bunker-B oil treated and mixed
with dispersants(National Maritime Police ROK,
1987), the degradation of oil by microorganism(Lee
et al, 1985; National Maritime Police ROK, 1990),
the emulsion of water-in-oil(Kang et al, 1991), etc..
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However, there has not been any study in Korea
regarding the biodegradability of Bunker-C oil
treated with dispersant and its relation with the di-
ssolved oxygen consumption in seawater. Lee ef al.
(1990) also pointed out that the study of oil biode-
gradation rates would be necessary to be made for
the developement of oil biodegradation model.

In an attempt to investigate the biodegradability
of Bunker-C oil treated with dispersant and the di-
ssolved oxygen consumption in relation to the bio-
degradation in seawater, the TOD analysis and the
element analysis were conducted for the dispersant
and the Bunker-C oil which was a main kind of oil
spilled frequently in Korean coastal waters, and the
biodegradation experiment was performed for dis-
persant/Bunker-C oil mixtures in natural seawater
as well.

Materials and Methods

1. Materials
Dispersant
The trade name of dispersant for experiment
was SEAGREEN 805A which passed the test and
was approved to be fit for the criteria of dispersant
efficiency(KMPA, 1979; Korean Industrial Standa-
rds, 1984) by Korea Maritime and Port Authority.
The dispersant, SEAGREEN 805A is referred to as
SG hereinafter.

Bunker-C oil

The properities of Bunker-C oil used in experi-
ment are shown in Table 1. Bunker-C oil is refer-
red to as BC hereinafter.

Surfactant

The trade name of surfactant for experiment was
KONION OA-5, one of nonionic surfactants that
could be a component of dispersant, of which water
content was 0.5%, HLB was 9.1, composition was
Polyoxyethylene oleyl ether and formula was CHs
(CH,);CH=CH(CH,),COO(CH,CH;0)sH. The Su-
rfactant, KONION OA-5 is referred to as OA5 he-
reinafter.

Natural seawater

The natural seawater used in experiment was
sampled off the coast of Busan, Korea in may 1991,
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Table 1. Properies of Bunker-C oil(MF-180) used in experiment

Specific Kinematic Pouring Flash Sulfer Water
gravity viscosity point point content content
(APD (50T, Cst) Q) (© (%) (%)
17.3 170 -2 92 - 0.05
immediately transfered to the laboratory and analy- (BC) under the following conditions.
zed. The properties of natural seawater are given Furnace temperature: 900C
in Table 2. Air Pressure: 27 psig

Carrier gas, primary nitrogen flow: 0.12 CFH
Carrier gas, secondary nitrogen flow: 120 bubb-
les/min.

Table 2. Properties of natural seawater used in . . .
Using 1000mg/l of Potassium biphthalate(CsH,

experiment
(COOK)COOH) stock solution and distilled water,
ltems Values ltems Values .

- standard solutions were made and the concentra-
Temp.(©) 165 NH/NOmgh 030 tions of 50mg/l, 100mg/l, 250mg/l, 500mg/l and 750
pH 81 PO ™-P(mg/) 0.2 mg/l were used for calibration.

Salinity( %) 3421 TSS(mg/D) 4.00 Using 1000mg/ of glucose(CsHi206) stock solu-
NO; " -N(mg/) 0.10 VSS(mg/) 1.10 tion and distilled water, standard solutions were
NO; ™ -N(mg/D) 0.30 COD(mg/) 110 made and the concentrations of 50mg/A, 100mg/l,
250mg/1, 500mg/l and 750mg/! were used for verifi-

cation,
2. Methods The concentrations of samples for OAS5, SG and
1) Determination of biodegradation mixtures in distilled water were 100mg-OA5/I, 100

Prior to experiment, natural seawater was filte-  mg-SG/l, (100mg-OA5+ 100mg-BC)/l, (10mg-SG+
red through 50~60 wn mesh net. Dispersant sam-  100mg-BC)/l, (20mg-SG+ 100mg-BC)/l, (30mg-SG
ples of which concentration was 4.0mg-SG/I in na- +100mg-BC)/l and (50mg-SG+ 100mg-BC)/I, res-

tural seawater were used to determine the biodeg-  pectively for TOD analysis.
radation of dispersant(SG). The samples of disper- 3) Element analysis
sant/Bunker-C oil mixtures(SG+BC) with mix ra- CHN CORDER(YANAGIMOTO Model MT-2)

tios of 1:10, 2:10, 3:10 and 5:10, of which concent- was used for the element analysis of dispersant
rations were (04mg-SG+4.0mg-BC)/l, (0.8mg-SG  (SG), nonionic surfactant(OA5) and Bunker-C oil
+4.0mg-BC)/l, (1.2mg-SG+4.0mg-BC)/i and (20  (BC) under the following conditions.

mg-SG+4.0mg-BC)/l, respectively in natural sea- He rotameter: 180cc/min

water, were used to determine the biodegradation O, rotameter: 7cc/min

of mixtures. The biochemical oxygen demand Heating furnace temperature: 500C

(BOD) was used for the determination of biodeg- Combustion furnace temperature: 800
radation and BOD was obtained by determinig dis- 2.0mg of Antipyrine(CuH1:ON;) standard substa-

solved oxygen in each sample which was stored nce was used for the unit value of calibration(yg/
with blank sample of natural seawater at 20T in mm) and each of samples weighed 1.5mg and was

incubator for 20 days. analysed.
2) TOD analysis 4) Estimation of biodegradability
Total Oxygen Demand Analyzer(IONICS Model Each biodegradability of dispersant(SG) and dis-

225) was used for the TOD analysis of dispersant  persant/Bunker-C mixtures(BC+SG) was expres-
(SG), nonionic surfactant(OA-5) and Bunker-C oil  sed as the ratio of BODs to TOD or BODs/TOD
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(Inoue, 1972).

5) Deoxygenation rate(K;) and ultimate oxy-

gen demand(Lo)

The deoxygenation rates and the ultimate oxygen
demands of dispersant(SG) and dispersant/Bunker-
C mixtures(BC+SG) were calculated using Tho-
mas slope method(Thomas, 1950).

Results and Discussion
1. Biochemical oxygen demand(BOD)
1) Biodegradability by microorganisms in na-

tural seawater

A mixture of 150mg glucose/l and 150mg gluta-
mic acid/! was used as a standard check solution
and its BOD was found to be 217.0mg/l, which was
very similar to 197 + 30.5 ppm shown in Standard
Method (APHA-AWWA-WPCF, 1989) and to 220
10 ppm presented by Takemoto et al.(1978) .

2) BOD of dispersant

The BOD values of 4.0mg-SG/! for 20 days were
shown in Table 3 and Fig. 1 and were converted
in the unit of mg-O,/mg-SG and shown in Table 3
as well. The BODs and BODsy of dispersant(SG)
were 0.595mg-Oy/mg-SG and 0.855mg-Oy/mg-SG,
respectively and were found to be a little higher
than the respective values of 0.410mg-Oy/mg-dispe-
rsant and 0.799mg-Oy/mg-dispersant presented by
Dewling et al(1971). It means that while the dis-
persant is degraded by microorganisms in the sea-
water, plenty of dissolved oxygen can be consumed.

3) BOD of dispersant/Bunker-C oil mixtures

The BOD values of dispersant/Bunker-C oil mix-
tures(SG+BC) with mix ratios of 1:10, 2:10, 3:10
and 5:10 for 20 days were shown in Table 4 and
Fig. 1.

The BOD; values of (0.4mg-SG+4.0mg-BC)/I,
(0.8mg-SG+4.0mg-BC)/I, (12mg-SG+4.0mg-BC)/I
and (2.0mg-SG+4.0mg-BC)/l were 0.34mg/l, 0.94
mg/l, 1.22mg/l and 2.06mg/l, respectively and The
BODy, values of (0.4mg-SG+4.0mg-BC)/I, (0.8mg-
SG+4.0mg-BC)/l, (1.2mg-SG+4.0mg-BC)/! and (2.
Omg-SG+4.0mg-BC)/l were 1.05mg/l, 2.09mg/l, 3.52
mg/l and 547mg/l, respectively.

From Table 3, the BODs and BODy, values of 0.4
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Table 3. Biochemical oxygen demands of dispersant
(4.0mg-SG/1) in mg/l and in mg-O/mg-SG

Day(t)  BODGmgZ)  BOD(mg-Oxmg-5G)
3 151 0.378
5 2.38 0.595
7 2.52 0.630
10 294 0.735
20 342 0.855
6 T T T T T . T T T -1
O 1:10, SG+BC (0.4+4.0) mg/1 v
® 2:10, SG+BC (0.8+4.0) mg/}
5t v 310, SG+BC (1.2+4.0) mg/
¥ 5:10, SG+BC (2.0+4.0) mg/!
® SG 4.0 mg/1

BGD (mg/1)

8
TIME (day)

10 12 14 20

Fig. 1. BOD curves of dispersant(SG) and mixtures
(SG+BC).

mg-SG/l could be induced to 0.238mg/l and 0.342
mg/l and those of 1.2mg-SG/I could be induced to
0.714mg/l and 1.026mg/l, respectively, considering
only dispersant(SG). The BODs and BODy values
of (0.4mg-SG+4.0mg-BC)/I were higher than those
of 0.4mg-SG/! and the BODs and BODy values of
(4.0mg-BC+1.2mg-SG)/l were much higher than
those of 1.2mg-SG/I. This means that the more dis-
persant(SG) is applied to the constant quantity of
Bunker-C 0il(BC) at sea, the more increases the
BOD of mixture(BC+SG) or the more can the le-
vel of dissolved oxygen decrease in the seawater.
The reason is that the BOD value of mixture(BC
+85G) is derived from the combination of BOD for
dispersant and BOD for Bunker-C oil(Gatellier ef
al, 1973).
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Table 4. Biochemical oxygen demands of mixtures(SG+BC) in mg/

Mixtures
10:1 10:2 10:3 10:5
Day(t) SG+BC SG+BC SG+BC SG+BC
(04+4.0) (0.8+4.0) (1.2+4.0) (20+4.0)
mg/l mg/l mg/l mg/l
1 0.13 0.27 0.35 0.54
2 023 0.44 0.66 0.97
3 0.30 0.46 0.84 141
4 0.36 0.78 1.05 144
5 0.34 0.94 122 2.06
6 0.46 1.03 1.36 2.30
7 0.47 113 151 2.39
8 0.54 1.27 177 2.70
20 1.05 2.09 352 547

2. Total oxygen demand(TOD)

The results of TOD analysis for glucose, surfac-
tant(OA5), dispersant(SG) and dispersant/Bunker-
C oil mixtures(SG+BC) were given in Table 5.

The mean TOD values for each 100mg/ of glu-
cose, OA-5 and SG were 107.1lmg/l, 245.1mg/l and
280.0mg/l, respectively. The mean TOD value for
(100mg-OA5+100mg-BC)/l of surfactant/Bunker-C
oil mixture(OA5+BC) was 561.0mg/l. The mean
TOD value of Bunker-C o0il(BC) was obtained from
the calculation which subtracted the mean TOD va-
lue of surfactant(OA5) from that of mixture(OAS
+BC) and the TOD value for 100mg/l of Bunker-
C oil was found to be 315.9mg/l. On the other
hand, The mean TOD values for(10mg-SG+ 100mg-
BO)/I, (20mg-SG+100mg-BC)/I, (30mg-SG+ 100

mg-BC)/I and (50mg-SG+100mg-BC)/I of mixtures
(BC+SG) were 346.1mg/l, 370.6mg/l, 401.5mg/
and 4534mg/l, respectively. The relative error for
all mixtures(SG+BC) with mix ratios of 10:1~10:
5 between the analyzed TOD values and the calcu-
lated TOD values, which were based on the analy-
zed TOD values of dispersant(SG) and Bunker-C
0il(BC), was within the range of 0.6% and this
means that dispersant(SG) and Bunker-C oil(BC)
were well mixed in mixture samples and Bunker-C
oil was dispersed evenly in water by dispersant.
As shown in Fig. 2, the TOD values for each lmg
of glucose, nonionic surfactant(OA5), and disper-
sant(SG) were found to be 1.07mg, 2.45mg, and 2.
80myg, respectively, and the TOD value for Img of
Bunker-C oil was also found to be 3.16mg and to

Table 5. Total oxygen demands of glucose, surfactant(OAB), dispersants(SG), mixture(OA5+BC) and mixtures

(SG+BC) in mg/

Mixture

Glucose  Surfactant  Dispersant Mixtures
10:10 1:10 2:10 3:10 5:10
0A5 SG 0A5+BC SG+BC SG+BC SG+BC SG+SG
100 100 100 (100+100)  (10+1000  (20+1000  (30+100)  (50+100)
mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l
1075 239.5 280.0 557.5 3435 3720 4025 4540
TOD 1065 249.0 2765 565.5 345.0 369.0 402.5 452.5
(mgh) 1072 246.5 283.0 560.0 3485 3705 400.0 4505
1070 245.5 280.5 561.0 3475 3710 401.0 456.5
Mean 107.1 245.1 280.0 561.0 346.1 370.6 4015 4534
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be similar to 3~4mg of oxygen which was required
for the complete oxidation of Img of petroleum hy-
drocarbon to CO. and H,O(ZoBell, 1969; Gatellier
et al, 1973).

The ThOD(Theoretical Oxygen Demand) value
for 1mg of nonionic surfactant(OA5) was calculated
from the formula and found to be 2.42mg, and co-
mparing with 2.45mg of TOD, the relative error of
surfactant(OA5) between ThOD and TOD was
found to be 124%. No difference between TOD
and ThOD was found in glucose. Therefore, It was
possible to suppose that TOD agreed with ThOD
for all samples.

3.5
3.16

™

20

______

101} (mg1

1.07

N\

Bunker-C (1mg

7

¥

SNNNN

Glucose )

Fi

. 2. TOD wvalues per each 1mg of glucose,
surfactant(OAB), dispersant(SG) and Bunker-C
oil.

g

3. Element analysis

The contents of carbon and hydrogen were found
to be 65.26% and 10.28% for surfactant(OA5), 76.
48% and 1223% for dispersant(SG) and 87.30%
and 1152% for Bunker-C oil(BC), respectively,
and nitrogen was not detected in all samples as
shown in Table 6.

The theoretical component percentages which
were calculated from the formula of surfactant(OA
5) were 66.90% for carbon and 10.38% for hydro-
gen, and the relative error between the theoretical
and the analyzed component percentages were
found to be 245% for carbon and 5.08% for hyd-
rogen.

4. Biodegradability
The biodegradabilities for dispersant(SG) and
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Table 6. Element analysis of surfactant(OA5), disper-
sant(SG) and Bunker-C oil(BC)

(Unit: %)
Element OA-5 SG BC
C 65.26 76.48 87.30
H 10.28 12.23 11.52
N ND ND ND

Table 7. Biodegradabilities of dispersant(SG) and
mixtures(SG+BC) shown as BODs/TOD in

unit of %
Dispersant Mixtures
1:10 2:10 3:10 5:10
SG SG+BC SG+BC SG+BC SG+BC
2125 298 6.32 763 11.29

dispersant/Bunker-C oil mixtures(SG+BC) in na-
tural seawater shown as BODs/TOD were presen-
ted in Table 7.

The biodegradability of dispersant(SG) was 21.
25% and dispersant(SG) belonged in the organic
matter group of middle-biodegradability according
to the classification of organic matters defined by
Inoue(1972), who investigated biochemical degra-
dabilities of various organic matters using the BOD
values and classified organic matters into three
groups, or a group of high-biodegradability in case
of the value of BODs/ThOD being more than 40%,
another group of middle-biodegradability in case of
10~40% and the other group of low-biodegradabi-
lity in case of less than 10%.

The biodegradability of (10mg-SG+ 100mg-BC)/!
was 2.98% and similar to that of aniline being 3%
(Okasawa, 1970}, the biodegradabilities of (20mg-
SG+100mg-BC) /I (30mg-SG+ 100mg-BC) /I
were 6.32% and 7.63%, respectively, and similar to
that of cellulose being 7% (Okasawa, 1970), and the
boidegradability of (50mg-SG+100mg-BC)/I was
11.29% and similar to that of methylethylketone
being 13% (Okasawa, 1970) which indicates barely
middle-biodegradability. On the whole, the biodeg-
radabilities for mixtures(SG+BC) with the mix
ratios of 1:10~5:10 were found to be 3~11% and
to be similar to those of urea and benzene investi-

and
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gated by Kim and Park(1982). Generally speaking,
the mixtures with 1:10~5:10 mix ratios of disper-
sant to Bunker-C oil were found to belong in an
organic matter group of low-biodegradability.

The biodegradability for mixture(SG-+BC) was
increased from 298% to 11.29% as the mix ratio
changed from 1:10 to 5:10. The reason was that the
more dispersant was added to Bunker-C oil, the
more were the oil droplets dispersed into seawater
by dispersant, the more were the surface areas of
oil droplets increased and the easier were the oil
droplets degraded by microorganisms(Canevari, 19
69; Tarzwell, 1969; Brown, 1987).

5. Deoxygenation rate(K;) and ultimate oxygen
demand(Lo)

In order to obtain the deoxygenation rates and
ultimate oxygen demands of dispersant(SG) and
dispersant/Bunker-C oil mixtures(BC+SG), based
on the BOD values with time, the regression lines
for Thomas slope method were given in Fig, 3 and
the results were presented in Table 8.

While the deoxygenation rate and ultimate oxy-
gen demand for 4mg-SG/I of dispersant(SG) were
0.171/day and 3.810mg/l, respectively, the deoxyge-
nation rates for mixtures(SG+BC) with mix ratios
of 1:10~5:10 were 0.072~0.097/day and no signi-
ficant differences were found among various mix-
tures with different mix ratios. However, the ulti-
mate oxygen demands for mixtures(SG+BC) were
in the range of 1.113~6.746mg/l and were increa-
sed with mix ratios changing from 10:1 to 10:5.
This means that the more dispersant is applied to
Bunker-C oil spilled at sea, the more is dissolved

oxygen consumed in the seawater(Dewling et al,
1971).

3.4

O 110 SG+BC. (04+4.0) mg/1 - {£/800)" °=2 101+0 034t
32 }‘ @ 2:10 SG+BC, (0.8+4.0) mg/} : (l/BOD)l/3=1.636+0 0251
3.0 -V 310 SG+BC, (1.2+4.0) mg/t : (t/B0D) *=1.476+0.018t -
W 510 SG+BC, {20+40) mg/l : (L/BOD)‘ 3:1.274+0_015L

1/3
28 @ SG 40 mg/): (1/BOD) * =1.154+0.033¢

1/3

2.4 -

22 r

2votoo j

(t/BOD)

1.0 1 1 L 1 1 1 1 i |
t (day)

Fig. 3. Regression lines of dispersant(SG) and
dispersant/Bunker-C 0il(SG+BC) for Thomas
slope methad.

Summary and Conclusion

The biodegradation experiment, the TOD analy-
sis and the element analysis for dispersant(SG),
Bunker-C 0il{BC) and dispersant/Bunker-C oil mi-
xtures(SG+BC) were conducted for the purposes
of evaluating the biodegradability of Bunker-C oil
treated and mixed with dispersant and studying the
consumption of dissolved oxygen with relation to
biodegradation in the seawater.

1mg of Bunker-C oil was found to be equivalent
to 3.16mg of TOD while lmg of dispersant was

Table 8. Deoxygenation rates(K:, day™ '), ultimate oxygen demands(Lo, mg/l), correlation coefficient(r), intercept
(a) and regression coefficient(b) of dispersant(SG) and mixtures(SG+BC)

Dispersant Mixtures

1:10 2:10 3:10 5:10

SG SG+BC SG+BC SG+BC SG+BC

(4.0) (04+4.0) (08+4.0) (12+40) (2.0+40)
mg/l mg/l mg/l mg/l mg/l
Ki 0.171 0.097 0.093 0.073 0.072
Lo 3.810 1.113 2447 4.261 6.746
r 0.994 0.854 0.898 0.892 0.883
a 1.154 2.101 1.636 1476 1.274
b 0.033 0.034 0.025 0.018 0.015
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equivalent to 2.80mg of TOD.

The contents of carbon and hydrogen were 87.3
% and 11.5% for Bunker-C oil, and 76.5% and 12.
2% for dispersant, respectively. The element of ni-
trogen was not detected in dispersant or Bunker-C
oil.

For (0.4mg-SG+4.0mg-BC)/I, (0.8mg-SG+4.0mg-
BC)/I, (12mg-SG+4.0mg-BC)/l and (2.0mg-SG+4.
Omg-BC)/l of dispersant/Bunker-C oil mixtures in
natural seawater, (1) the BODs; and BODz were
found to be 0.34~2.06mg/l and 1.05~547mg/l, res-
pectively, and the BOD value was increased as the
mix ratio of dispersant to Bunker-C oil changed
from 1:10 to 5:10. (2) the biodegradability was
found to be in the range of 3~11% and this
means that the mixtures with mix ratios of 1:10~
5:10 belong in the organic matter group of low-bio-
degradability. The biodegradability was also found
to increase from 3% to 11% as the mix ratio of
dispersant to Bunker-C oil changed from 1:10 to 5:
10. (3) the deoxygenation rate was found to be in
the range of 0.072~0.097/day, and the ultimate ox-
ygen demand was also found to increase from 1.113
mg/l to 6.746mg/l as the mix ratio of dispersant to
Bunker-C oil changed from 10:1 to 10:5.
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Gwang-Su KIM * Chung-Kil PARK and Jong-Gu KM

Hkrrol A JhEE R 2 JHhERER/Bunker-Cil IRE9)
A R O BAEERRIBE o &S pr3e(ID)

— A2 A /Bunker-CH EFE2 LA} §E4LLH] —

A2 A &) §3} - FAE Bunker-CHo) HENES olg A3 e
HE 478 3oz FodM AlF 2 FA2iA 2 T Atdl 3l
FFLIANLY FF L o] R Y& Bunker-CHol W3 TODE X3 YAEHL 3,
E % Bunker-CH/FX2/Al E2d & HANFE o] 43 A& J4¥L Y3 dgs
st o5 2

1. 1mg2l Bunker-C+% 3.16mg9] TODE JEtdle WA 1mgel FX A= 2.80mg
2] TOD#S YEriAL}

2. Bunker-CHE 87.3% 9 ©49 115% 9 #48 /34 ey, FAsAE 765% 2
gaot 122%9 F45 §4390) Bunker-CH9 XA & oL AlBAME
Fa2E A2FA gy

3. HAdF S dAFY Bunker-C-Hmg ol Wity #XIAAE 10:1~10:59]
Egnez2 AU Bunker-CH/FX el EdEd @A Hed, EHEY
BODs= 0.34~2.06mg/I8 3 BODpT= 1.05~547mg/AA Tt E3F &3] &o] F7tgtel
i £ BODE Z7hstgth

EFEL HEHE(BODy/TOD)7F 3~11% 24 Ag BT &atgdh. £ &30

£0) 10:190A4 10:52 ZF7HE] wal EF 29 AR A=s 3%04 1192 F7HatR .

EFE EALAFEKIE 0.072~0.097/dayRon, EFE9 HENLL2TF(Lo)S

1.113mg/1~6.746mgN 2 EFH) &0l S7Hgo wat HF4L8THE st

o
o
r
b
B o
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