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- Sea water 600 ml + Fueloit A3 ml/1 Fbeaker <!
Ultrasonic treatment (ultrasonic cleaner) 15 min
 Leave to stand 10 min -
Collect 350 m1 from the bottom of the container -~

. Sea water .

Dilute (x 1, 3,:10,- 30)
| o e
Measure oil content (TOC method, Fluorophotometry)

- Fig. 16 Method of determining the oil content in sea water containing
dispersed oil by the TOC method and by fluorephotometry

Measurement conditions

Slit width . ..~ . : excitation 10 nm, fluorescence 10 nm =
Excitation wavelength : 310 nm. '
Fluorescence wavelength : 343.nm -

(3) Results and Discussion _ . . .
(3)-1  Determination of optimum excitation and fluorescence wavelengths

The results of scanning excitation and fluorescence wavelengths show that, for fuel
oil A, the optimum wavelengths are:

Excitation wavelength : 310 nm
Fluorescence wavelength : 343 nm
(See Fig. 17)

However, since the blank isooctane also has peaks at the optimum excitation. and

fluorescence wavelengths of 310 nm and 343 nm, compensation for the blank is
essential (Figure 18).
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Experimental Resuits
The resulting calibration curves are shown in Figs, 19 ~ 25,

Range of concentrations susceptible to measurement

In the case of Fuel oil Type A, the measurability of concentrations of the order of 10
ppb to 50 ppm was confirmed.

For concentrations less than about 10 ppb, although detection as fluorescent intensity
is possible, there are large errors which do not fall on a straight line (See Figs. 1.19
~ 24, We also confirmed that concentrations over about 50 ppm plot off the

straight line and the bias tends to reach a peak (See Fig. 25.
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Fig. 19 Fuel oil A fluorophotometry calibration curve (1)
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" (3)-3 Study"df extraction method with actual samples

1 Study of quantity of isooctane used for extraction (Table 3)

The more isoqctahe used for extraction, the :higher the test material extraction
‘efficiency. However, too much extraction solvent could be considered inconvenient to
handie.

Bearmg in mind that the extraction efficiency is not ideal, here we have declded to use
10 ml in future, '

" o Table_j | Quanttty of added isaoc_tan'e and gil. content extraction rate

Added isooctane Fluorescent™! 0il content"‘“_ Extraction™>3
[ml] B intehsity - ' ~ [ppm] - rate [%]
5 0.147 0.69 | 49
10 0185 103 74
20 0.219 140 - 100

*1.3.1 : Readings with medium voltage

"‘1.3 2 : Fuel oil A calibration curves were used to convert fluorescent intensity
" readings to ol content values (after compensation for the blank in the sea

. . water)... L

*1.3.3 The oil content extracted with 20 ml of added isooctane was made 100%.

2) Repetitwe extractmn study (Table 4)
Almost all the oil content was collected in the first extraction operation, Subsequent
' extraction operations collected hardly any oil and the ml content extracted in the third
operation was u.ndetectable. '

- From these resu]l_:s, and in view of the trouble invelved in the operation, it can be
. considered that the first of the repetitive extractions is adequate.
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Table 4 Repetitive extraction and oil content detection-_(Extraction

isooctane quantity = 10 ml)
Repetitive extraction Fluorescent mtensity"“" Oil content [ppm] K
number- .-
1 0180 : 0.9"1' 7
2 0.085 0.02
3 0078 e
*1.4.1 : Readings with medium voltage

*1.4.2

_Fuel oil A calibration curves were used to convert fluorescent intensity

readings to il content values (al‘ter compensatmn for the blank in the sea

- water).

3) Study of. the necessity for cleanmg the mner wall of the separatmg funnel after

collecting the lsooctane layer (Table 5).

Almest all the oil content was collected in the first extractlon operation. After the
test material had been collected, no oil could be detected in the washlngs from the

inner wall of the separating funnel.

Consequently, we can say that there is no necessnty to wash the inner wall of the
separatlng funnel after the iscoctane layer has been collected. - '

Table 5 Study of the necessity to wash the inner wall of the separatmg
" funnel after collectmg the isooctane layer o

(Extraction isooctane quantlty 10ml) :

Fluorescent o " Qil content™?*
intenalty ISR " [ppm]
First extraction test material o o B 039 .
Inner wall washing test material 0.077 0 |

*1.5.1 : Readmgs with medium voltage E
#1.5.2 : Fuel oil A calibration curves were used to convert fluomcent mtenslty readmgs
to oil content values (after compensation for the blank in the sea water),
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(3)-4 - Experimental Results -

We _extractcd sea water with isooctane and compared the patterns obtained on
scannmg the exéitation'and_ﬂuorescence wavelengths and the fluorescent intensity

 ‘measurements under the same conditions with those for isooctane. The results
confirmed that, although the 'ql'lantity was minute, material which produced
finorescence was ﬁlso preseht in the sea water.

Conséi]ueritly, when measuring sea water containing dispersed oil, a blank
compensation is necessary.

It is possible that these fluorescence producing materials in sea water are amino acids.

Table 6 Results of measuring fluorescent materials in se.a water

Tmpressed voltag_é | Fluorescent intensity | Fuel oil A concentration
' | conversion™*!
High 0.976 116ppb
Medium | 0.081 170ppb ‘
Low 0.008 | 0.2ppm

*1.6.1 : Fuel ofl A calibratioh curves were used to ¢0nvei'i fluorescent intensity
o readings to oil content values (after compensation for the blank in the sea
water). o B '

3)-5 .Reproduction check
The results of repeated reproduction investigations with the same sample confirm that

reproducibility is excellent and the method of measurement is
highly reliable. '
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Table 7 Results of ﬂuorophotometry measurements of the oil content in .

sea water containing dispersed oil
Measurement nmnhe‘r o Fluorescent intenslty‘1 SR B _on. cdnte‘“t;[pb"'h]’l.‘l.z |
2 A '7"_-0'._170 R R Y R
s | eam 08
a4 | em ol ase
5 | ol | ess
A_‘re_l‘#ge — ._.0.171 R EE S 087
o | e | om

*1.7.1 : “Readings with medium voltage ' :
%172 : Fuel oil A calibratlon curves were used to convert ﬂuorescent intensity
rea_dlngs to oil content values (after- compensatlon for the blank in the sea
‘water), | ' ¥ | |

3)-6 Expertmental Results

In thls expenment, in respect of test material wlth oil contents up. to 7.5 ppm, there
was a linear relationshlp between the ﬂuorophotometry and the correspondmg
average measuretnents by the TOC method, the correlation bemg

TOC Method / ﬂuorophotometry = 0.6

(However the values measured by the TOC method showed a scatter of 1 1 to 3 1
ppm.) ‘

In test material with an oil concentration of 25 ppm, 'as‘ Vdeterm'ined by
fluorophotometry, the average of the values measured by the TOC method was 8.3
ppm, which is a wndely dlft‘erent ratio of 0.3 (See Flg 26, Table 8)

The reason for this is thought to be as follows. With high oil concentrations, even if

R
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the oil droplets in the test material are microscopic and float up extremely slowly, as
they collide with each other they grow larger and float up to the surface of the test
material with increasing speed. Since these surface can be captured by the TOC
method,' which measures the oil content within the test material, the ratio of oil
content 'meﬁsurement_s obtained by the TOC method to oil content measurements
obtailie_d fluorophotometry is less than for test materials with lower oil concentrations,

Since thtzz quantity of test material used for one measurement with the TOC method is
only several tens of microliters, errors can arise readily because of the small number
of oil droplets which can be captured, particularly when the oil concentration in the

 test material is low. Conversely, when the oil concentration is high, one can believe

that part of the oil content in the test material floats out to the surface and escapes
capture by the TOC method. So, it is understandable that measured values will be
less than the true oil content. ' '

In the case of the fluorophotometric method, 3 major disadvantage is the time and

trouble involved comparéd to the TOC method, which means that large quantities of
test materials can not be tested in a limited time.

However, the quantlty of test material used for the measurement is much greater than

that required for the TOC method and, since the measurements are made after
extracting the oil content, the above mentioned disadvantages of the TOC method
are avoided and the results are extremely reliable, as shown in Table 7 of this report,

Consequently, in order to obtain highly reliable results, we believe the usage of
fluorophotometry is preferable to the TOC method.
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Table8 Measurement of oil coutent in oil—sea water dlspersmns o
at various concentrations ' '

Oil-sea water | Oil content [ppm] ~ |TOC/Fluorescence™
dispersion - . ' :
. Fluorescence . - [TOC method™*
method A _ _ _
x 1 (undituted) 25 | 83 03
diluted x 3 7.5 6 | 06
diluted x 10 24 | 15 0.6 s
diluted x 30 0.9 06 0.7

*1.8.1 : TOC values are averages of three measurements for each sample
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Y] Conclusmn
* Concentration is supported from about 10 ppb to 50 ppm.
Extraction conditions for oil-sea water dispersions have been established.
chroducibility of the measured values is extraordinarily good.
* Since a certain amount of flucrescent material is present in sea water, compensation

is needed in the case of test material measurements. -
* There is a correlation with the TOC method if the oil content concentration in the
oil-sea water dispersion is low but this correlation disappears when the
. concentration exceeds a certain limit. -

: -'I_‘hé.re’sults of studying this method show fhat, when using fuel oil A, it is feasible from
19 ppb to 50 ppm where the reproducibility is high and the background is low. Also,
the amount of sample required is comparatively small at 50 ml.

Since the aromatic ring content varies according to type of oil used, this has a bearing
on th_e sensitivity of the measurements according to the oil type but, if the oil type is
constant, this is not a problem.

- 2. Comparison of various measurement methods

The results of studying various methods of measurement are shown below:

Correlation

IR (simple oil content meter)/TOC method : Approx 1.5 (TOC oil content studied
between 25 and 560 ppm)

IR (JIS method)/TOC method : Approx 1.8 (TOC oil content studied between 3 and
9 ppm) |

GC/TOC Method : No correlation (TOC oil content studied between 1 and 13 ppm)
Fluorescence/TOC method : Approx 1.6 (TOC oil content studied between 1 and §
ppm)

Measurement ranges

IR (simple oil content meter) : 0.25 ppin to ... (published data)
IR (JIS method) : 1 ppm (with 1 litre of sample) to ...
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TOC : 100 ppb to ... (smallest graduation on SWCC TOC meter)
Gas chromatography : 5 ppm (with 1 liter of sample) (RN
Fluorophntometry 10 ppb to 50 ppm -

. IR data are denved fmm a literature search. - R T :
. Actually, lack of good quality carbon tetrachlonde at SWC(, makes IR apphcatmns
difficult. - : o , ‘ B , _

The v'ar_ious' methods of oil content ‘measurement are summarized in Table 9. For actual
measurements, the TOC ‘method was used for beaker scale experiments where large
quantities of samples were not available. - ‘Fluorophotometry was appliéd in other cases.
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Table 9 Comparison of various oil content measurement methods

" Method

‘General appraisal

“Advantages . Disadvantages of implementation
’ - : 2t SWCC #
1etniversal -Lo¥ sensitivity i
n-hexane *Established technology -Long measuring time (several |
{¥ass method) ' tens of ainutes per sample) X
' “[+Lov boiling points oils
"| evaporate
1
Carbon tetrachloride [+Universal -Large samples needed
extraction = i *Established technology (1 liter for 1 ppa).
.. (IR methed) SR +lack of good carbon tetra-
: ' chioride at SWCC gave high X
backgrownd . .. . :
‘Long measuring time (several
tens of minutes per sample)
Simple.oi) content |[-Quick (5 minutes per +Data reliability questionable
' sample),” simple -Lack of good carbon tetra- X
B o _chioride at SKCC gave high
background '
*Small sasples (several ‘High background in sea vater
SosL tens ‘of microliters) *sasples gives lower detection
TOC wmethod Quick {10 minutes per limit of several ppm A
: sanple), simple *Poor reproducibility ia SKCC
' : | equipment  (due to manuai
injection 7)
-Nothing special ‘Lo¥ sensitivity (lover
GC method - : detection limit 5 ppa) X
: «Long measuring time (several
tens of minutes per sampie}
[+High sensitivity (lover |-Complex operation O
: detection limit 10 ppb) |+Needs large samptes (50 ml)
Fluorophotometry  |+High reliability
*Good- reproducibility A ~x
‘Quick (10 minutes per - {Beaker scale)
sample) :

¥ X no good

/N applicable in some case

- O good
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3. Summary

1) This research was characterized by the extremely low oil contents measured
and the extremely large number of samples, which necessitated the establishment of a
method of measurement which is sensitive and quick. As a result of studying several
methods of measurement, TOC and fluorophotometry were selected for this research.

2) The TOC method is quick and comparatively sensitive and it requires small
samples but the background from inorganic carbon in sea water is high.

3) Quick and sensitive with good reproducibility, fluorophotometry is the most
suitable method for this study. However, comparatively large samples (50 ml) are
required and it is not suitable for beaker scale experiments.

4. References:

(1.1) Japan Industrial Standards JIS K0102 59-64, 1993, Japan Industrial Standards
Committee o

(1.2) Japan Industrial Standards JIS K0102 65466, 1993, Japan Industrial Standards
Committee

(1.3) Shimadzu Corporation TOC~5000 User Manual
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L.: Selection of Method
1.1 Comparison with Other Methods

1 ObJectlve _
To study the effectlveness of the ceagulatlon filtration method as a means of removing
- oil from oil-dispersed sea water, . . '

- (2) - Experimental Method
. Appa n Rea ents

Ultrasonic homogenlzer (Ultrasonlc Engmeermg USH—BOOZZOS)
Peristalic pump (Tokyo Rikakiki RP-1000)
Glass column (Shibata Kagaku HLC~20S; ¢ 2 cm, L= 30 cm)
TOC analysis gauge (Shimadzu TOC-500) -
Silicon tube
Ferric chloride (Flsher, Anhydrous purified grade)
Sea water - '
Fuel 0il A _

" Sand (0.6 mm)

o Oll Content Measuring Mgthod
- TOC method

'--P_roseslusg'

. The fo!lowing procedures were carried out.

1) Preparation of oil-dispersed sea water
~ * While circulating 1 L of sea water inside an ultrasonic homogemzer with a
. peristalic pump, 2.5 ml of fuel oil A was injected into the silicon tube containing the
~ sea water and the sampled water was then subjected to 10 minutes of ultrasonic
treatment. .
.* The concentration of oil in the rich ml-dlspersed water thus obtamed was adjusted
- to about 30 ppm by diluting with sea water.

2) Evalnatibn of oil~removing capability

. When Coagulant Was Not Used -
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. Oil-dispersed sea water dlluted to about 10 ppm was passed through a sand-filled
glass mini column by means of the peristalic pump, and the coneentration of oll was

‘measured at the inlet and outlet of the column. -

When Coa, lantW S sed

* * Ferric chloride was added to oil-dlspersed sea water that had been diluted to about
30 ppm. The sample water was stirred for 1- minute at high speed (about 100 rpm)

and then for 30 minutes at slow speed (about 40 rpm).
* While contmnmg the slow stirring, the ‘above sample water was passed through a

sand-filled, glass_ mini column by means of the _penstalic pump, and the

concentration of oil was measured at the inlet and outlet of the column.

Exmﬁmengl Conditions

Column size : ¢ 2em,L=30cm’

Filter medium : Sand (0.6 mm)
Height of filter medium ~ : 20 em BT
Flow rate : 3.1 L/hr. (LVIOmfhr,SVSO/hr)

Results and Discussions

There are various ways of treating oily waste water, but there are so many types of

oily waste water that the method of treatment is more or less selected on the basis of -

such general factors as the required properties and quality of the processed waste
water and the cost. With waste water in which oil is already floating or in which oil
will in time float to the top, or in other words, with waste water in which the oil and
water are easily separated, it is relatively simple to remové the oil cohtent. In this
case, in order to improve separation efficiency, the main obJectlve in treatment is to
find a way to enlarge the size of the oil droplets to make them float more quickly to
the top. For mstance, when the oil droplets are big; treatment is possible by simply
Ietting the water stand or by natural separation of API, CPI, etc.. The limit of the
size of the oil droplets that can be treated in this way, however is said to be somewhere
from 100 £ mm to 30 Zmm. When the size of the oil droplets are: larger than this,
they are given a ‘coarsening’ treatment usmg such equlpment as:a coalescer, etc..
When this is done, however, the lower Hmit of the oil droplet size that can be removed
is said to be 10 K mm. ‘

In the case of dispersed oil which consists of small droplets, or of-e'mulsifyihg oil and

-
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soluble oil which have many su_fface active agents, the oil can be separated either by

salting it out with the addition of large quantities of salt, by adding acid and making
the oil emulsion break, or by adding inorganic or high~polymer coagulants.

Oily waste water in the emulsion state has conventionally been treated by the
coagulation method. This process entails destroying the emulsified state by adding
inorganic coagulants such as iron salt, aluminum salt or highly dispersive silicic acid,
and, at the same time, removing the oil by coagulating it with metal hydroxides. The
floc obtained by this means is separated by coagulation sedimentation, coagulation
floatation, coagulation filtration, and other methods.

As a pretreatment system in an actual plant, the coagulﬁtion filtration method, that
was mentioned in 1.2 "Pretreatment Sys’teﬁi in Actual Plant", is employed. Here the
objéct of the pretreatment is not the removal of oil but removal of suspended matter
that exists in sea _watér. Although there has_. been no report of the coagulation
filtration method being used to remove oil dispersed in sea water, if the coagulation
filtration method can be applied to this treatment, the pretreatment facilities of actual

| plants can be put to efTective use. -

 Fig. 1 shows the difference in oil removal when a coagulant is used and when it is not.

As can be seen, oil removal capability was much higher when a coagulant was used
than when it was not. The reason for this is believed to be that when a coagulant was

not used, oil removal was limited to the oil droplets in the test sample that adhered to

the sand, whereas when a coagulant was used, the floc created by the addition of

- _coagulant captured practically all of the oil droplets, and the floc was then removed by

the sand.

By -coniparlng the-tivo,zit is believed that although the capability of the oil droplets

alone to adhere to the filter medium is not that good, the droplets are susceptible to
being captured by floc.

.Fr'om the i‘esults of this experiment, it is clear that the coagulation filtration method is

an extremely effective way of removing oil from oil-dispersed sea water.
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Fig.1  Oil Removal by' Sand Filtration (Mini Column)

1.2 . Pretreatment System in Actiial Plant

1)

2

Objective - L R , ol
From the results of documented studies, it is believed that thc-coagulati'onwtreatmen_t

- employed in this research is a suitable méthod for treating oil. Although this method

is already being employed in actual plants, it is not being used for removing oil.
Instead it is being used for the removal of the suspended matter that exists in sea

- ‘'water.. Here we will examine the pretreatment systems being employed with-acmal |

equipment.

Results

'SWCC operates § reverse osmosis sea water desalination Plants on the Red Sea coast. |

1. Al Birk 2275 m’ Commenced operating in March 1983

2. Umm Luji 4400 m® Commenced operating in March 1986
3. Jeddah-1 56800 m° ~  Commenced operating in April 1989
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4. Duba - 4400m’ Commenced operating in June 1989
5. Haql 4400 m’ Commenced operating in Oct. 1989

As shown in Ta_ble 1, the water intakes of all of the above 5§ plants are located in at

.watei' Idepth ‘of 4 - 12 m. After disinfecting with chlorine, the sea water is
~ pretreated by coagulation filtration. As shown here, SWCC employs a coagulation
?' ﬁlt_ra_tlon method that uses inorganic coagulants to pretreat the sea water.

_Ferﬁc chloride 1.2 - 1.3 ppm (as Fe’*); ferrous sulfate 0.57 and 3 ppm (as Fe™*), and
‘Magniflée 573C 2.3 ppm, are used as coagulants. Anthracite (0.85 - 2.5 mm) and

sand'(0.45 ~ 1.35 mm) are used as filter media in pressurized double layer filtration
and g_ravity-—ty'pe sand filtration. To remove tiny particles of about 5§ - 20 Zmm in

size that the sand filtration equipment can not remove cartridge filters are also
. provided in the after—stage of the filtration equipment, -

T'hel"et‘ol_'e,_if it can be co'n'ﬁrm_ed that coagulation filtration is an effective method for

'removing oil from sea water, and that even when there is an actual oil spill at sea,

existing _fac_ilii:ies can be used to deal with it.
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2. Study of Oil Removal by Coagulation Filtration

2.1 Comparison of Coagulants (Comparison of Ferric Chloride and Ferrous Sulfate)

N Objective : : : : .
To select the coagulant to be used in coagulation ﬁltratlon.
1In 1991, a Jolt_lt SWCC-JICA research project was conducted to study coagulants.
The resulfs of' the research indicated that ferric chloride and ferrous sulfate were
effective. Therefore, a comparative study was conducted on these two coagulants.

2) Experimental Mefho'd
" Apparatus and Reagents
Ultrasonic cleaner (Blackstone T-1. 9 SA, 0.6kVA)
'I_‘OC analysis gauge (Shimadzu TOC-500)
Jar tester (Philips & Bird)
Glass funnel
Beaker -
O © - Pipette
C  Conical flask (1 L) -
- Glass wool (Pyrex fiber glass, sliver 8 mlcron)
Fuel oil A
- Sea water-
Ferric chloride (Fisher, Anhydrous purified grade)
Ferrous sulfate (BDH, Technical grade)

Qil-Content Measuring' Method
TOC method :

_ _ Procedure o
' _ 1) Preparation of oil-dispersed sea water
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Oﬂ*diswrﬁed sea water was prepared by -thé'pro'ccdure 'sho‘wn' in Fig. 2.~

Sea water 1 L (using 1 L Erlenmeyer ﬂask)
- |+ Fuel ol A 5 ml
Ultrasonic treatment (ultrasonic washer) 20 minutes B
' Leave standing for 10 minittes =~
" Collect 650 ml from bottom 'of_re'ceptaél_e'.'? '
. ) o
Leave standing for 60 minutes
"-*Measu_r’e TOC

Dilute with sea water -
Fig.2 Method of Preparing Oil-Dispersed Sea water

2) Coagulation Flltratlon Test S
Coagulation fi ltratmn tests were: performed by the procedure shown in Flg. 3.

Oil—dispersed sea water 600 ml/1 L beaker _
: } < Ferric chloride or ferrous sulfate
' 0.5,1,1.5 ppm (as Fe*) -
Rapid stirring (100 rpm for 1 minute)
Slow stirring (40 rpm for 20 minutes)
_ yo
Filtered 125 ml through glass wool (0.18 g)

TOC measurements
Fig.3 Coagulation Filtration Test Procedure

(3) Results and Discussions

Fig. 4 shows the relationship of the Fe** concentration in th@'respect_iv_e coagulants and
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oil removal rate. As the coagulating reaction consisted of hydration of the Fe3+ in
the coagulant in the water and its transformation into floc induced by femc hydmxide
hydrates, the comparison was done here on Fe3+ concentration.

- By _adding about '1-,-.-5 1.7 ppm as Fe_?f, both ferric chioride and ferrous sulfateremoved
" about 80% or more of the oit, and there was relatively little difference between them.

Presently, both are being used in actual plants. Since ferric chloride is a material
that is already furnished and available at the site, however, we decided to use ferric

" chloride in this study
R Coagulant: Ferric 'Ch'_lq.ridze :
— 80 | | '
® .
3 o60F / B * 0.5 ppm
<
5 a0l | 1.0 ppm
3 * 1.7 ppm
20 '
0 1 i i -1 ".‘1 PR | L —d J
0 5 10 15 20 25 30 35 40 45
Qil before coagulation [ppm]
. Coagulant: Ferrous Sulfate
— 30 } : n\w\; |
'§'60- : . O.Sppm
‘ 0 :' . 1. 1 i i — - L 1 1 —k J

0 5 30 15 20 25 30 35 40 45
Oil before coagulation [ppm}

Fig.4 Relationshlp of Amount of Coagulant Added (Converted to Fea+)
R toOIIRemovalRate TR .
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22 Study Using Mini-Coiumn SRR

1) Objective . _ . A SR
To study with a small-scale expenmental system whether or not oil was eﬂ'ectively
: .-.removed when the coagulation filtration method was applied to Temove oii from oil- @
dlspersedseawater = Gt o .

@ Experim’ental Method' -
| Apparatus and Rggg nts
Ultrasonic homogenizer (Ultrasonic Engineering USH—3002205)
~ Peristalic pump (Tokyo Rikakiki RP-1000) L :
Glass column (Shibata Kagaku HLC-20S: ¢ 2 cm, L = 30 cm)
TOC analysis gauge (Shnnadzu TOC-500) =
Slllcon tube '
Sea water
Fuel oil A
Anthracite (1.0 mm) .
High polymer filter medium (1.0 mm) _ : - - @
Ferric chloride (Fisher, Anhydrous purified grade).

Qi l—-g;onlgnt Measuring Method '

TOC method

Procedure . .
The following procedures were carried out.

1) Preparation of oil-dispersed sea water _
* While circulating 1 L of sea water inside an ultrasonic homogenizer with the
peristalic pump, 2.5 ml of fuel oil A was mjected into the silicon tube containing
the sea water, and the sample water was then subjected to 10 mlnutes of ' @
ultrasonic treatment, ‘
* The rich oil-dispersed water thus obtained was dlluted with sea water to a
concentration of about 30 ppm

2) Evaluation of oil-removal capahlllty : :
* 3 ppm of ferric chloride (as FeCl13) was added to oil—dispersed sea water wllich'

:10.
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had been diluted to about 30 ppm by the above method. The sample water
~ was subjé'cted to 1 minute of rapid stirring (about 100 rpm) and then to 30
minutes of slow stirring (about 40 rpm). '
* While continuing the slow stirring, the above oil-dispersed sea water was passed
“through a glaSs mini column filled with each of the adsorbents by means of the
peristalic pump, and the oil concentration was measured at the inlet and outlet
~ of the column. '

Expe ri_mental'-Conditions :
Column size : ¢ 2em,L=30cm
Filter medium :  Sand (0.6 mm)
Filter medium height : 20cm
Flow rate : 3. L/hr. (LV 10 m/hr., SV 50/hr.)

Experimental Results
As shown in Fig.' 5, no matter which filter medium was used, the oil content of

.- approximately 30 ppm drupped.tu about 1 - 2 ppm, proving that the method was

extremely effective. However, because the scale of this test was small and accurate oil

~ content measurements by fluorophotometry could not be made, the difference in the

oil-removal capabilities of the respective filter media was not clear. We believe that
more detailed- data can be obtained by carrying out large—scale tests and making
measurements by means of ﬂuorophotometry

. At any rate, from these results we believe that bench-scale oil removal tests using

. pretreatment facilities to carry out coagulation filiration can also be expected to be

fully effective.

11



0il Content [ppm}

o N b oo O

 (8.12.B)
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Feed  Sand .‘Ant}:{faci_tc_ o Pbiym_c:r

Fig. § Coagulation.F_iItral_:ion Using Mini Column - |
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3.. Study for the Optimization of Coagulation Conditions
3.1 Experiment with a Beaker Scale

s (1) Background and Objectives - -
To remove oil efficiently with the coagulating filtration method, it is considered
necessary to sufficiently coagulate the oil (il drops) in oil-dispersed sea water as flocs,
To remove dispersed ofl more efficiently, this experiment examined the optlmlzatlon
of coagulatlon conditions such as the concentration of coagulant and the reaction time
was examined using a beaker scale, for the purpose of removing dispersed oil
efficiently. |

) Experimental Methed
- . Apparatus and Reagents
Ultrasonic cleaner _ :
o Fluomphotometer (Nlppnn Bunko FP—770)
- Microscope (Olympus BHS-PC-B-SW) -
' ' Jar tester
Separating funnel (100 ml)
Glass funnel -
Separating funnel shaker (Iwaki KM-SHAKER, Y~-SN)
Filter paper (Advantec 5A, 11 cm)
Measturing flask (25 ml)
- Sea water
 Fuel oil A
Ferric chlorlde {Sankei Kasei)
Isooctane (Kanto Chemical, for fluorométric analysis)
. Sulfuric anhydride natorium (Wako, superior quality)

. _ oo Ol Contenf_ Measuring Method
. Fluorophotometry

.. Procedures : o :

n Preparatlnn of ml—dlspersed sea water : :
Oll-dlspersed sea water of -about 10ppm was . prepared with the procedures
mdlcated in Flg. 6. ~ ; : o

13
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. (s.i.zln) :

© 600 mL sea water (A 1 L conical flask was used.) B
| l< 3mLfuelola
Ultrasonic treatment (ultrasonic washer) for 15 minutes _' .
“Leave standing for 10 minutes - .- -0 0o S | &
" Took 400 ml from the bottom of the container
" Diluted with sea water to about 10 ppm . |

: Fig. 6 Preparation of Oil-Disperéed Sea Water

2) Examination of the conditions of coagulation treatment. - e :
« Ferric chloride (as FeCl3) was added to about 300 ml oil-dispersed ‘sea water of
_about 10 ppm at the concentration of 5 - 50 ppm. IRRREEIC T
* After qulck agitation (100 rpm, 1 minute), the solution: was slowly agltated
o rpm) and the floc size and the transparency of the test water were checked '

o

Measu ring Conditions . .
Siit width - Excltatmn 10 nm, Fluorescence 10 nm -
Excitation wavelength : 310 nm'.
Fluorescence wavelength  : 343 nm

Results and Discussions :

Figures 7 and 8 indicate the relation of the coagulation reaction time and the floc size,

and the relation of the coagulation reaction time and the transparency of the test

water at various concentrations of coagulant. - : _
When the reaction time was about 10 minutes, the concent-ration of coagulant had to

be at least 20ppm for the coagulation reaction to progress sufficiently.

There is a high correlation between the floc size and the _t'ranspare_ncyf of the test @
water; when the floc size becomes about D5 (1.5-2.25 mm), the test water becomes = -
very transparent. With the floc size at of this level, almost all oil drops are contained

in the flocs. Even at this level, however, some oil drops do remain isolated in the
water. It is not possible to completely remove these isolated oil drops. " _ _
This is because no collision of flocs and isolated oil drops has been observed Itis
estimated that when the concentration of coagulant is increased further, when the

14
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:reactlon time is further extended, or when the agitation eﬁ'iciency is raised, the

- problem of isolated oil drops will be solved. If these measures are taken, however,

: .._the cost will increase because the frequency of backwash will have to be raised due to
. the increase of flocs, and the amount of water required for backwash will increase.
. 'th'seq'uen't'ly,f the balance between the inconveniences caused by taking measures to

. completely remove isolated oil drops and the beneficial effects achieved by the
~ improvement in the quality of the pretreated water will have to be consndered when .
N determmmg the target level for the coagulatlon reactlon

15
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-Floc size
D1t 0.3-0.5 ma
D21 0.5-0.75 mm
D3 ¢ 0.75-1.0 mm
D41 1.0-1.5 mm
D5 1 135-2.25 mm

No floc s€——s — —— | Tt 20ppm
o 5 10 15 2 25 30 |
Reaction Time [min. ] : -

50ppm

Fig,7  Relation of the Coagulation Reactlon Time and the Floc Size
(Coagulant : FeCI3) '

- Transparency
0 : bad
1. : somewhat good
2 :good '
3 : very good

- Sppm

”“'4}_f_ 10ppm

— 20ppn1
- 1 ] J —— Soppm .
0 5 10 15 20 25 30

Reaction Time (ppm] '

Fig.8  Relation of the Coagulatlon Reaction Time and Transparency
(Coagulant FeCB)
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3.2 Experiment with ._a Bench Scale

-3.21 Examination of the Flocculation Method

i)

@

- Objectives |

When coagulating filtration was conducted using pretreat-ment equipment, it became
clear that flocs generated by coagulation treatment are very fragile and are pulverized
by the shearing force that they are sﬁbjected to as they travel through the liquid feed
pump. It is estimated that coagulating filtration will not be conducted effectively

- when flocs are pulverized. Examination of a flocculation method applicable to this

equipment was, therefore, carried out.

Experimental Method = - .
Apparat_ug and. Reagents L
_Oil-adding and -adjusting devme
. Qll—adsorbmg and -removing device.
Fluorophotometer (Nippon Bunko FP-770)
Microscope (Olympus BHS~PC-B-SW).
Separating funnel (100 ml).
‘Glass funnel ‘ - _
' Separating funnel shaker (Iwaki KM-SHAKER, V~SN)

. Filter paper (Advantec 5A, S11cm)

Measunng flask (25 ml)
_.Sea water
Fuel oil A _ , .
Isooctane (Kanto Chemlcal for flunrometric analysis)
~Sulfuric anhydnde natorium (Wako superior quahty) _
Sand (0.6 mm)
_Ferric chloride (Sankei Kasel)

Oil Content Measuring Method

Fluorophotometry

Procedures _
Procedures taken are as follows:

17



1) Preparation of oil—disbersed sea water

SeaWater 100 L/hr.  Fuel ofl A 1.7 mVmin.(100 mbhr) =
(P-2, sea water Tank) (P—3,__ Oi! Pump) o - .
e ——— " e g
";:Mixedin-P-z B I LR e SR - |
Utrasonic treatment (100 L/hr) - Sea Water 2 m/hr; = -
(UH-I Ultrasomc Homogemzer) R (5 O Puml’) -
‘Mixed in 'I_‘K‘—S (Preparation Tank)
Floating oil was removed -
in TK-4 (_Float'a_tian Tank) =

Oil-dlspersed sea water of: about lﬂppm

Fig.9 Preparation of Oil-Dispersed Sea Waterwin - ®
an Oil Addmg and Adjusting Device ’ ST

2) Examination of the coagulant-adding method - _ S .
After adding coagulant (ferric chloride) to the oll—dlspersed sea water prepared
with the above-—mentloned procedures, the sea water was fed- through a sand

filtration column, Then, the change in the concentration of the oil brought about
with time was measured at the inlet and the outlet of the column. :

The following two fypes of coaguiant-adding'methods We_ré examined, ' (Fig. 10)

18
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Coagulant

0i14dispersed—>|4—> SN
sea water . : ' &i

Rav water tank Liguid feed
.. (and coagulation . pump
. reaction ‘tank)

o R B ‘Sand filtration
" 'Case 1 ° " column

_Cbaéulant

- 0il-dispersed —

. sea water
: ' Raw water fank Liquid
' feed pump
'Aggfuti4 Sand
- nation © filtration
reaction column
 colum Case 2

_Fig; 10 Examined Flows of Coagulant-Adding Method

- Experimental Conditions

- Column size. . = . .+ S10.cm, L 100 cm

Filtermedia = .~ : Sand
Height of filter media - - -+ 80 cm .
Water travel speed ...t 80L/hr. (LV 10m/hr., SV 20/hr.)
Coagulant _ . .1 Ferric chloride

Concentration of _coagulant_ added : 10 ppm (as FeCI3)

{(Conditions for Case 2 only) : o _
: Coaglilation reaction column - : S10cm, L 100 cm; one colurnn
,Coa'gulat_iun'reaction time St 9 minuté_s (time required for water to reach
' - the inlet of the sand filtration column)

... Shitwidth ~ . . . :-Excitation10 nm, Fluorescence 10 nm

19..
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Excitation wevelength ~: 30nm
Fluorescence anelength : 3430m

Results and Discussions

When coagulant was added upstream of the liquid feed pump (Case 1), flocs grew
suﬂ'iclently in the raw ‘water tank (and coagulatlon reactlon tank)(Fig 11), but the
flocs were pu]verized by the next liquid feed pump and renched the inlet of the sand

filtration column as very fine flocs (Fig. 12). The reason- for this is estimated to be
that the flocs formed by the addition of the coagulant to the oil-—dispersed sea water

were very weak in mechamcal strength and’ were easnly destroyed by the shearing

force in the liquid feed pump The pulvenzed ﬂocs then reach the ﬁlter media before

they regrow.,

Increase in the size of flocs was confirmed at the inlet of the sand filtration _

column when eoagulant was added just upstream of the liquid feed pump and pump-
mixing was then carried out, and when an coagulation reaction column was installed
brfore the sand filtration column (Case 2),(Fig. 13). The reason for this is estimated

to be that the flocs grew while the oil-dispersed sea water which was mixed with the
coagulant in the liquid feed pump travelled through the _coagulation reaction column. o

In the flow of "Case 1" of Fig. 3.10, the concentration of oil in the water at the outlet |

of the sand filtration column began rising about 3 hours after_ water started travelling.

In the flow of "Case 2" of Fig: 3.10, however, the concentration of the oil at the outlet - |

hardly changed for about 5 hours (Fig. 14). This indicates that Wheu flocs are too
small, the penetratlon of ﬂocs (+ oil drops) through the filter media starts too early,
and effective coagulating filtration cannot be achieved. o -

It is estimated that in the flow of "Case 2", the flocs larger to some extent and that
most of the floes (+ oil drops) were kept in the void of the filter media. The
penetration of the flocs, therefore, did not start as early as in the case of smali flocs.

Based on the results of 'Figures. 12 - 14, it is cons_idere_d best to aﬂd'_ooagulant Just '

upstream the liquid feed pump (parentheses as in Case 2), to then have flocs formed

~ by letting water travel through the coagulatlon reaction tower after pump—mmng,

and then to carry out filtration. Under the present condltions, however, flocs at the

inlet of the filtration column do not become as large as the flocs in the raw water tank

- 20
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Fig. 14 Sand Filtration by Two Types of Coagulant Addition
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3.2.2. Examination of Agglomeration Conditions

@®

@)

Objectives

~Based on the coagulation optlm:zing conditions ascertained from the results of "3. 1..

Examination with a Beaker Scale"; coagulating i‘iltratlon was camed out using a
10cm coinmn to check the oil-removmg capacity. '

Experimentai Method _

A_pparatlis and Reagents
Oii—_éddil_lg and ~adjusting device
Oil-adsorbing and -removing device =
Fluorophotometer (Nippon Bunko FP-770)
Microscope (Olympus BHS-PC-B-SW)
Separating funnel (100 ml) '
Glass funnel
Separatmg funnel shaker (Iwaki KM SHAKER, V—SN)
Filter paper (Advantec 5A, Sll cm)
Measuring flask (25 ml)
Sea water
Fuel oil A |
Iscoctane (Kantn Chemical, for fluorescencé analysis)
Sulfuric anhydride natorium (Wako superior quality)
Sand (0.6 mm)
Anthracite (1.0 mm)
Ferric chloride (Sankei Kasei)

Oil Content Measuring Method
Fluorophotometry

Procedures .
Procedures taken are as follows:
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1) Preparation of oil‘—dispersed.sea water -

 Seawater 100 L/hr.  Fuel oil A 1.7 mV/min.(100 ml/hr.)

(P-2, sea water Tank) (P--3, Oil Pump)
© Mixed in P-2
Ultrasonic treatment (100 L/hr.) Sea Water 2 mi/hr.
. (UH-1, Ultrasonic Homogenizer) (P-1, Pump)
| 2t
§ - -

Mixed in TK-3 (Preparation Tank)
-
Floating oil was removed in TK-4
(Floatation Tank)

_ _ . _ :
Oil-dispersed sea water of about 10 ppm

Fig. 15  Preparation of Oll-Dlspersed Sea Water with Od—Addmg and -Adjusting
.- Device . . : -

: .Coagulant was added to the prepared oil- dlspersed sea water, and the following items

- were examined.

Common Experimental Conditions -
' Column size : 810 ¢m, L. 100 cm :
‘Water travel speed : 80 L/hr.(LV 10 m/hr., SV 20/hr.) and
' 40 L/hr.(LV 5 m/hr., SV 10 hr.)
Coagulant :  Ferric chloride
" Concentration of the coagulant added : 10, 20 ppm (as FeCl3)

2) Coagulation Effect Achieved by the Addition of Coagulant
* Soon after adding 10 or 20 ppm coagulant (ferric chloride) to oil-dispersed sea
water prepared using the above-mentioned procedures, the water was mixed
by a liquid feed pump and fed through three empty 10 cm-colmns (Fig. 16).
The reaction time in each column was adjusted by changing the flow velocity.
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* The size of the flocs was checked in each column. .

~ Coagulant

Qil- d1spersed >

3ea water

Rav water tank  Liquid feed pump

: coagulatlon reactlon columns (10cm columns)

: Flg. 16 Flow of Flocculation Experiment with
.Coagulation Reaction Column Unit

Experimental Conditions- - - - o o
coagulation reaction column : $10 cm, L 100 cm; 3 columns
coagulation reaction time : §5,10,15 mir'uite_s_(LV 10 m/hr.,SV 20/hr.) _
e - and 10, 20, 30 minutes (LY 5 m/hr.,SV 10/hr.)

) Oil-remnving capacity depending on coagulatlon condmons Cle _

* Soon after ‘adding 10 or 20 ppm coagulant (ferric chlonde) to oil- dlspersed sea

~ water prepared using the above-mentioned procedures, the water was mixed
by a liquid feed pump and fed travel through a 10cm cohtmn unit (Flg 17). The
first column was used as an coagulation reaction column. - The second and the
third columns were used as coagulating filtration columns. T'hé reaction time
in each column was adjusted by changing the flow velocity. - |

* Samples were taken at the outlets of each of the columns respectively and the oil
content of each sample was measured, '

o
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Rav water tank

“Liquid feed pump

Coagulation reaction column Fi}tra;ion'column(Z)
: Filtration column(i) {sand)
(anthracite)

10cm column unit

Fig. 17  Flow of Oil-Removing Experiment by

Coagulating Filtration Method

Experimental Conditions
Filter media
Height of filter media :

coagulation reaction time :

'. Measuring Conditions

Slit width o :
Excitation wavelength :

.Fluorescence wavelength

(3) Results and Discussions

anthracite (1.0 mm), sand (0.6 nmm)
S0cm

9 minutes (LV 10 m/hr.,SV 20/hr.) and
15 minutes (LV .5 m/hr.,SY 10/hr.)

Excitation 10 nm, Fluorescence 10 nm

310 nm

343 nm

B Co_agulation Effect -A_chiéved by the Addition of Coagulant
- - Fig. 18 shows the relation of the reaction time and the maximum floc size observed for

‘each concentration of coagulant.  As long as the reaction time was the same,

S maxir_num floc observed was larger when coagulant of 20 ppm was used, than the
when coagulant of 10 ppm was used. 'This indicates that the coagulation effect is
larger when the concentration of coagulant is higher.

".As the flocs o_b'sefved in this experiment were extremely fine, however, the influence of

- the .concentration of coagulant. or of the reaction time was not confirmed. It is
-estimated that the flocs becaine so fine for the following reasons.. When a column is
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used as an coagulation' reaction column, oil-dispersed sea water and coagulant flow in_
the column just like- laminar flow, and the probabllity that a floc will come into
contact with: another is much lower than when a beaker is used for coagulatlon'
reaction Flocs do not, therefore, grow in the column. As the dlameter of pipes

which connect columns is smaller ‘than that of the columns, the streamline flow _ @
"velocity rises and causes ‘an increase of shearmg force, And this shearmg force '
pulvenzes the flocs. o ' '
o ops . o
_ * ‘ 10ppm -
'8 D4 :
‘@ : ~——L0-—— FeCi3 '
g D3 = e
D1 / '
very fine
no floc O e !
" 20 25 30
' Reaction time [min.] R ERE _ @
*: The floc size indicated above is that of the maximum floc observed in the :

sample. (Irrespective of the con tlon of coagulant or the reaction time, most -

flocs were very fine.)

Fig. 18  Relation of the Concentration of Coagulant and the Reactlon Tlme
with the Floc Size (Coagulation Reaction Column was Used. ) -

2) Oil-renioving capacity depending on coagulation conditions : :
Fig. 19 shows oil-removing capacity under varied opefation conditions (coagulation
conditions). Under any condltlon, oil-removmg capaclty ‘hardly ﬂuctuated By
coagulating filtration, about 1 to 2 ppm oil content was removed, but ne more could
be removed. When a large amount of coagulant is used, the cost increases and the _
necessity for more frequent backwashes in -~ arises because the amount of floes @ :
generated increases and the penetration time is shortened: by the coagulant. It is,
therefore, considered better to add 10 ppm coagulant than to add 20 ppm. .-
When samples were observed by a microscope, a large number of flocs with large
quantities of oil attached to them observed: in the: sample taken at:the inlet were
removed, and no oil drops were observed in the samples taken at the outlet of the first
- filtration (anthracite) and the second filtration columns (sand) (Flg 20 22)
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[J Feed
Anthracite out

[d Sand out

0il {ppm]
Q“ — N L. Bt Oh _-.J.oa:_\o by

" FeCl3 10ppm FeCl3 20ppm - FeCl3 20ppm

LV=10 m/hr. LV=10mhr.  LV=5m/hr.

- Fig. 19 = Comparison of Oil-Removing Capacity under Different Coagulation

: Conditiohs

Fig; 20 - Iniet.of the F iltraﬁ_on Column (1) (x100}
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Fig, 21

Fig. 22  Outlet of the Filtration Celumn (2) (x100)
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From the above results, the following are estimated.

* When fuel oil A is dispersed, the components of the oil are separated as dispersed oil
and soluble oil. These two types of oil exist in sea water at a certain ratio.
Dlsperscd oil is observed as ml drops by a mlcmscope, but soluble oil cannot be

: ~ observed. - : :

. *By coagulatlon reaction, most dlspersed oil is caught in the flocs of ferric hydroxide

' generated by coagulant (ferric chloride).

* * Oil drops (dispersed oil) caught by flocs are removed in the anthracite column, but

- -soluble oil is riot removed. - Soluble oil is not removed. even in the next sand
filtration column, . L _ '

+ It is impossible to remove soluble oil by the coagulating filtration method.
Removal of soluble oil is beyond the capacity of the method.

To verify the above series of_hypotheses, the following confirmation measures are
required. '

* Separate soluble oil from various oll in ml—dlspersed sea water, measure the ratio of
soluble oil, and confirm that the ratio of soluble oil is constant.

* Measure the amount of soluble oil in the sample of every step in the coagulating

~filtration treatment, -and confirm that most oil contained in the sample after
coagulation filtration treatment is soluble oil.

31



4.

. (1)

@

- (8.12.B)

Assessment of soluble oil

ObJectlves | - L O B . ¥

- We assumed, as a result of examining the. ﬂocculant ﬁltration process. for - removing
oil from onl—_dlsp_er_sed sea water, that there was unremovable oil even under opﬁmum
direct filtration conditions. . We further assumed that most unremovabie oil is soluble
oil. : _ o .

oy i
Qg\g

In order to conf' irm the above asssumptlon, we examined the propertles of soluble oll -
aﬂer dispersed oil was removed by a membrane filtration process.. o

Experimental Method -
~Apparatus and reg' gents
GC-MS analyzer -
Fluorophotometer (Shimadzu RF—1501)
~ Microscope (Olympus VANOX-S, AH2) L
.- Ultrasonic homogenizer (Ultrasomc Engmeering USH—3002208) _ .
* Shaker (Yamato Scientific SA-31) . . - D L I @
| Separating funnel (100ml) '
Glass funnel
Filter-paper (Advantec 5A, ¢ 11 crn)
Volumetric flask (25ml)
Beaker
Plpet
Membrane filter (Milipoa, ¢ 47 mm, Matenal' polycarbonate,
pore sizes 0.4, 0.2 ¢ mm)
Filter holder (Milipoa, for ¢ 47mm filter, Material: polypropylene)
Syringe (50ml, - Material: polypropylene) | o
Kuderna-Danish Concentrator _ ' - o
Sea water _ ;‘;
Diesel oil No.2 , ' : .
Anhydrous sodium sulfate (Kanto Chemical, special grade)
Isooctane (Fisher Science, HPLC grade)
Carbeon tetrachloride (BDH, analysis grade)
Methyl chloride (Fisher, Optima grade)

32



Iﬂ.

(8.1.2.B)

Oil content measuring methgg'

- Fluorophotometry

GC-MS analytical conditions

Analyzer ' :  HP'5880-GC-MSD HP 59708
: _Recoder R :- HP plotter 7475A
Columm . ¢ .HP 1, 25m capillary
S Quantlty of lmected volume =~ - : 3ml '
- Temperature of column oven : 50C
Temperature of interface : 280°C
- Injection temperature - . . : 250C _ R
- Gradient of column temperature : 1) Initial. . : 50°C, 3 min.

2) Gradient : 10°C/min.
3) Finishing ~: 280%C, 10 min.

Measu_rihg‘ Conditions

. Slit width * T -+t Excitation 10nm, fluorescence 10nm
- Excitation wavelength | - 305nm
. Fluo:_‘escence wavelength : 336nm
" Procedure

1) Preparation of oil-dispersed sea water
* While circulating one liter of sea water in an ultrasonic homogenizer with a
: -péristaltic puinp, inject 2,5ml of diesel oil into the silicone tube through which
the sea water is circulating and continue the ultrasonic treatment for 10
minutes. |
* Dilute the resulting concentrated oil dispersion with sea water to the
concentration to be tested.

2) Selection of membrane filter :
. Prepare 10 ppm oil-dispersed sea water accordmg to 1).

-+ 'While shaking 50ml of above ml—dlspersed sea water, extract with syringe from
. the bottom of the container. :

<= * Connect syringe to the filter housing which is equlpped with membrane filter,
and apply pressure ﬁltration '
- Observe precautions not to use excessive pressure which might resuit in forcing
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oil drops into the filtrate. R T 5
* Measure and compare oil content before and after the ﬁltration by
ﬂuorophotometry '

3) Analysis of soluble oil characterlstics o _
The diameter of oil drops in dlspersed sea water, prepared wnth the ultrasonic
wave method were approximately 1 to 3 #m. This dispersion was fi Itered
through a 0.2 ¢ m pore diameter membrane filter. ‘We consider the filtrate to
contain soluble oil, : R o

* Using the procedure outlined in 1), prepare 10ppm oil-.-di_spersed sea water.

* The oil-dispersed sea water from above is filtered through the 0.2 ‘&m pore

" diameter membrane filter chosen in 2) while using suction filtration equipment.
. ¢ Analyze the component distribution by GC-MS

4) Determining the abundance ratio of soluble oil in oil—dispemed sea water. -
* Prepare 10 ppm oil-dispersed sea water according to 1). e :
~ + Shake 50ml of above oil—-dispersed sea water, extract with synnge from the - s
bottom of the container. : Rt
* Connect syringe to the filter housmg whlch is equipped with membrane fiiter
and apply pressure filtration. : :
Observe precautlons not to use cxcessnve pressure whlch mlght result in forcing
oil drops into the filtrate. . R S .
'« Measure and compare oil . content before and after  the fi ltration by |
fluorophotometry. '

(3)  Results and Discussion -

1) Selection of membrane filter : .
In Table 2, oil contents before and after filtration using membrane filters with two @
pore diameters is shown. = From this and the domestic experiments’ results, we found
that there was not much difference in exiting oil, both the 0.2 u m and 0.4 £ m pore
diameter filters can filter out soluble oil. However, when excesswe pressure is used in -
the filtration process, there is a possibility for oil drops to form and go through the
membrane. Therefore, we decided to use pore diameter 0.2 ¢#m as the possibility of
this occurring was determined to be lower if a smaller pore diameter filter was used.
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Table2 . Filtration of oil-dispersed sea water by membrane filters

Filter pore (il c'ontent before filtration {0il content after filtration
diameter [m] - [ppm] (ppn]

0.4 13 :‘ 0.6

0.2 13 0.8

2) Component analysis of soluble oil _
In Fig. 23, chromatography by GC-MS on oil-dispersed sea-w'ater, after filtration
through a 0.2 £ m pore diameter membrane filter, compared to normal sea water.
It was confirmed _thai, most oil is removed from oil-dispersed sea water by using
membrane filtration; however some components can not be r.e'moved.
By- identiﬁcation, only a few components appeared to exist, those were, xylene and
'niethyl naphthalene which are low molecular aromatic compounds. This was
' because the absolute vdlume of the sample was not sufficient. ' '
1Whe_n the same experiment was conducted domestically with fuel oil A, components
other than xylene and methyl naphthalene were found after filtration, These
substances were trimethyl benzene, naphthalene, and dimethyl naphthalene. These
were _also found in this experiment (Fig. 23).
These are all low molecular aromatic compounds and the larger the number of carbon
~ atoms in -the structure the lower the solubility. However, Table 3 shows, the
solubility of aromatic compounds is much greater than the paraffin series even if they
.sha’i'é the same number of ca'_rbons.:. Therefore, the compounds detected in this
- expé'riment can be considered soluble compounds.
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 Table3  Solubility of some hydrocarbons™

Chemical Compound |No. Carbon Atoms |Solubility [mg/1]
benzene 6 1780 R
toluene _ T - . 5lb I : @3
xylene g 8 175 : ' -
Aromatics | naphthalene - | 10 B0
' phenantoren 1 14 ' Lo
- anthracene 14 S 0..075
chrysene . 18 -~ 0,002
methane R | S
n-hexane T 9.5
Paraffin | n-dodecane 12 |- 0.0037
n-octadecane : 18 _ 0. 6021
n-triacontane L300 : 0.002

3) ‘Determining the abundancy ratm of soluble oil in oll-dlspersed sea water. :

By filtering the ml—dispersed sea water through the membrane filter selected for thls
experiment (assummg the oil in the filtrate was solubie oil) it become clear that the

ratio of the oil content in the filtrate to the oil content in oil-dispersed sea water was
nearly the same, approximately 10% (Table 4). This result was verified for the most
part by the results in the domestic experiment.(Table 7) _
Excepting that most of the soluble oil in sea water, which also exists in diesel oil,
contains aromatics as mentioned in a preceding _clhuse, the calibration curve for

-

quantitative analysis was measured by florophotometry with the reference being diesel
oil. The fluorescence intensity ratio of chrysene and other crude olls is shown in
Table 5. This table shows that the ratios differ for each type of oil. In additlon, ihé
ratio for aromatic compounds like chrysene is significantly higher than in mixtures
of hydrocarbons. Therefore, this ofl, which we consider to be soluble, shows a
comparatively high fluorescence intensnty value, '
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Table 4 - Filtration of oil-dispersed sea water with membrane filter

0il [ppm] _
_ _ _After/Before filtration
Before filtration | After filtration o '
61 06 | o0
6.3 T Y
7.8 ' _ 0. .8. | 0011
8.1 R '_ 00T
8.1 Lo
Average | | 0.09

Table 5 Relative fluorescent intensity of crude oil

compared to chrysene*®
0il (variety) Fluorescent Intensity Ratio
thysene - 1. 000
franian Iig.ht crude - D 150'7
Arabian heavy crude 0. 152
Oman crude 0. 145
Minas (Sumat.ra) crude 0. 140
Taching (China)_ crude | 0. 160
Fuel oil A | | | 0..046
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' -(Referénce) - Experiment Results in Japan -~ -
(D Experimental Method

Apparatus and Reagents
Gas chromatugraphy spectrometer

Fluorophntomet_er (Nihon bunko FP-770)
Microscope (Olympus 'BHSQ-PC—:SW)
Ultrasonic cleaner (Branson B5200 47khz, 120w)
Separating funnel (100mi)
Glass funnel ' _
* Separating funnel shaker (Iwaki KM-SHAKER, U-SN)
_ Filter-paper (Advantec 5A, ¢ 1lcm)
Volumetric flask (25ml)
Erlenmeyer flask (lL)
Beaker '
Pipet N :
Membrane filter (Milipoa, ¢ 47mm, Material: PTFE,
| pore size: 1.0,0.4,0.2 2Zm) - . -
Filter holder (Milipoa, for ¢ 47mm filter)
Syringe (50ml) -
Sea water |
Fuel oil A :
Isooctane (Kanto Chemical for fluorescent analyms)
Anhydrous sodium sulfate (Wako, special grade)

Oil content measuring method

Fluorophotometry
Procedure

1) Preparation of oil-dispersed sea water
Prepare oil~dispersed sea water according to Fig. 24 -
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| Sea water- 600 m! in 1L erlenmeyer flask - -

R ,k’i‘;}lel_pi‘_l A 3l

Ultrasonic treatment (in ultrasonic ¢leaner) 15 minutes
Leaﬂre;standing for-10 _m_inutes__, e

Collect 400ml from the bottom of the 'flask_.

K—Add 400n1 of sea water

v

Ultrasonic treatment- (in ultrasonic cleaner) 15 minutes.
Leave standing for 10 minutes

0

~ Collect 400n! from the bottom of the flask

. vy
oil-dispersed sea water

Fig.24  Method for preparing oil-dispereed‘ sea water

'2) Selection of membrane filter
. Prepare 10 ppm oil-dispersed sea water according to 1).
. Dllute above oil- dispersed sea water fo each concentration. While shaking, collect
50 ml of sample from the bottom of the container with a syringe,
* Connect syringe to the filter housmg whlch is eqmpped with membrane ﬁlter, and
~ apply pressure filtration. -

Observe precautions not to use excessive pressure which mlght result in forcing vil
drops into the filtrate. '

3) Analysis of soluble oil characteristics
~ The dlameter of oil drops in dispersed sea water, prepared with the ultrasonic method
were. approximately 1 to 3 u m. “This dlspersion was filtered through a 0.2 ¢ m pore
' dlamet_er membrane filter. ‘We consider the filtrate to contain soluble oil.
In th_is eXperiment we directly filtered oil-dispersed sea water through a 0.2 #m
membrane filter, we ‘used carbon tetrachloride in the extraction, 'and analyzed

A



compon'ents by a variety of GC methods.

4) Determine the abundance ratio of soluble ofl in ofl—dispersed sea water.
* Prepare oil-dispersed sea water accordingto1). .
* Dilute above oll-clispersed sea water to each concentratlon

(8.1.2.B)

While shaking, collect

50 ml of sample from the bottom of the container with a syrmge _
. Connect syringe to the ﬁlter housing whlch is equipped with membrane ﬁlter, and

apply pressure ﬁltratlon.

. Observe precautions not to use excesslve pressure whlch might result in forcmg oil

drops into the filirate.

e Measure and compare oil before and after ﬁltration by ﬂuorophotometry

GC measurigg-conditions B

1)

GC-D

- Device Model

2)

3)

‘Detector Model

Column Type

Carrier Gas Type and Flow Rate
Oven Temp Program .

Oven Temp Program Rate

GC-AED

Detector Type

Column Type

Oven Temp Program )
Oven Temp Program Rate
Carrier Gas Type

Split Ratio

GC-~MS ( Quadruple Type MS )
Detector Type - -
~Column Type . - . . |
Oven Temp Program
Oven Temp Program Rate -
Carrier Gas Type -

o L1 (1)

a4

MSD (Mass Selective Detector) -
~ DB~-1 (30m x 0.25mm x 0.25 7 m)

Shimadzu GC—9A

FID

1m x 2.6mm. 0V—101 5. 80/100 mesh

N2 50ml/min

.50 to340°C -

10°C/min.

AED (AtOmic:Emission—Detector) -
HP-1 (25m x O2mm x 0.5 & m)

- 50C t0280C.

10C/min. -

-He

95:1

: . 50C to280°C
: 10°C/min.

42
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Split Ratio' ' : 1 T70:1

4): GC-MS (Magnetlc Field Type MS) Co :
Detector Type : MSD (Mass Selective Detector)

. Column Type .~ : : - DB=1 (30m x 0.25mm x 0.25 u m)
. OvenTempProgram =~~~ :: 80C to 280°C '

. Oven Temp Program Rate . : . 8C/min, -
~ Carrier Gas Type : He .

. Split Ratio : 70:1

Measuring Conditions

. Sli_t- width . -~ . - i . Excitation 10nm, fluorescence 10nm
‘Excitation wavelength . 3. 310nm i
- Fluorescence wavelength - . : . 343nm -

(2) _'Exp_eﬁ_mental Results a_n_ﬂ Analysis

1) Sele_#tion of membrane filter

In Table 6, oil contents before and after filtration using membrane filters with three
different pore sizes is shown. From these results, we found that there was not much
difference in exiting oil by pore diameter, and that the three pore diameters can
effec'tively filter out soluble oil from oil-dispersed water. However, when excessive

. pressure is used in the filtration process, there is a possibility for oil drops to form and
go through the membrane. Therefore, we decided to use pore diameter 0.2 4m as
the possibility of this occurring was considered to be lower if a smaller pores dimeter
filter was used.

Table 6  Filtration of oil-dispersed sea water by membrane filter

Filter pore | Oil before filtration | 0l after filtration
diameter [um] (ppn] (ppm]
Lo N 1.1 0.2
04 1 | 0.2
'__0.2' . L 0.1
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2) Component analysis of soluble oil
We found a marked difference, as shown in Fig. 25 when comparing the dlstributlon :

of components before and after filtration. It was; also found that some substances
- peaked at low bowling points. :

As a result of: .analyzing . ofl components in these filtrates, it: became clear that the _

" majority of the components were from the naphthalene series. The bmlmg point

range for these was about 220 to 260 © C, which is also about: the same as fuel oil A.

These were not found in the ongmal sea water sample, 50 it was assumed that they
were from fuel oil A. ' S Co

The solubility of naphthalene is not very hlgh at 50ppm, but sllght amounts of these
compounds were detected,

These components are soluble in sea water and can not be removed by direct filtration. '

From results of the GC—AED the unknown component in Fig 26 was found to contain
oxygen and it was determined to be an ester with a molar weight of 284. Following
results of the GC-MS determined that is was C18H2804 however the structure could
not be confirmed. This component could be ester phthalate a eontaminant which
.entered during the expenmental procedure (Fig. 27, 28)
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=3 Determining the abundance ratio of soluble oil in oil-dispersed sea water

(')il. concentrations before and after filtration are shown in Table 7. The

concentration of oil in the filtrate is consistent with the concentration before filtration,
- about 10% of the original concentration. This indicates that certain portions of
- dispersed fuel oll A are soluble oil. Lo o

Fﬁrther, because the fluorescent method, which was one of our oil measuring methods,

measures fluorescence readily emanated by aromatics, it would measure higher than

the actual oil in the case that the sample contained many aromatics. - Actual oil would

" be lower than this. : - SR R

Téble 7 il concentrations before and after membrane filtration
' of oil-dispersed sea water

- 0il [ppm]) ' _ :
r———— o EE— a— After/Before filtration
.- Before filtration After filtration
Ll 0.1 | 0. 09
52 0.6 | 0. 12
7.0 _ 0.7 0.10
'=359.0 8.7 : 0. 06
A_\‘fér_age. _ | _ 0.09 _
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S, Study of filter materials' resurgent back washmg (determination of back: washing flow

: (1)

@)

3

rate)

ObJectlves AT - : S
To determine the optlmum back washmg ﬂow rate and filter matenal to evaluate its

: resurgent capacity

Exnel_'imental method_ A

Apparatus and Reagents
Oil obsorb_ing and removing equipment
Sand (0.6mm) . |
Anthracite (1 0mm) -
- Polymer (Chemceptor CM 121, 1 Omm)

Prdéedure = ‘

* Put varieties of filter materials (mcludmg actlvated charcual) mto the filter column
in oil absorbing and remov:ng equipment.

* Let tap water run down into the filter column for each LV rate.

* Measure the height of filter matenals_ in the part where developed and find the
relation between LV and the percentage of development.

Results .
The optimum percentage of development for the filter layer depends on the void ratio
(&) of the filter materials before back washing. The optimum percentage of
development is shown in the following formula; '

Optimum peréentage of development = (0.6 - £ )/0.4 X 100

Table 8 shows the LV rates for each filter material based by calculating the optimum

percentage of development from the void ratio of each filter material. If resurging of
filter materials by back washing is desired, do back washing with LVs shown below.

Except when the temperature of water deviates from 20 C, it must be multiplied by '

the figures shown in Table 3.8.

50
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~ Table8  The optimum percentage of development for each

filter material and LVs

}_‘.i_ltef nia._terial__ Opt”ium percentage Ly [m_/hr.]‘
of development %1 :

Sand 30 50

Anthracite- 30 30
Polymer .} %0 | 10

Table 9 Temperature of water and multiplier figures

for back washing

Temperature of -water -(°(‘.)_ Hul t_ipl jer figures-
20 1 o
30 - B | | .1.08
" | LIS

. 51
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6. Conclusion

1) As a result of each examination, it was confirmed that the direct filtration

2)

3)

method using ferric chloride is the most generally effective procedure for pre-
treatment. In beaker scale experiments, it was also confirmed that any filter materials
can remove oil satisfactory.

In bench scale, the floc which was formed by adding ﬂoéculants is physically

very frﬁgile, and the time before deterioration is very short as it can be destroyed by
pumped water alone. By using an empty column as an agglutination column, it
inereases floc and makes effective direct filtration possible.

In the case of filtering oil-dispersed sea water with membrane filters, compared

to prior to filtration extremely small components remain in the filtrate, Also the
before and after distribution of the components changes. The majority of the
components after filtration are aromatic compounds and are considered to be soluble
substances from their molar weight and structure. These were determined to account
for the very small amount of soluble oil which exists in oil-dispersed sea water and
were fractionated by membrane filters.
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Chlorine is irﬁeci:ed-tb prev'elit'the blocking of the intake of sea water desalination plants
with the adherence of shellfish in the vicinity of the intake. However, the chlorine may
cause a chemical reaction of certain types of organic matter in the sea water, forming
trihalomethane, a caréinogenlc substance. Using such sea water in the untreated state in a
sea water desalination plant may cause a problem. This document examines the formation
and elimination of trihalomethane in oil-polluted sea water.

1. Fermation of Triha_lomethéne in Oil-poliuted Sea Water
1.1 Background and Purpose -

It is already known that trihalomethane (THM) is formed when sea water taken into a sea
water desalination plant is chlorinated. It is interesting to see what changes occur when sea

~ water polluted with oil is treated with chiorine. Here we made a study of the formation of

THM when oil-diffused sea water was chlorinated.
1.2 Experimental Method

Apparatus and Reagents
‘GC-ECD analyzer

TOC analysis gauge (Shimazu TOC-500)
Ultrasonic washer (Blackstone HT-1.9, 5A, 0.6kVA)
Beaker SRR o
Pipette.
Conical flask (1 L)

-Fuel oil ‘A’
Sea water

“Analytical Methods _
Oil content measuring method -  : - TOC method

THM analytical method -+ +'s+  Purge trap method

- THM Analysis Conditions: SR
Analyzer | : HP-5880 (with 63Ni EC detector)

Purge trap auto_'injector ¢ Tekmer Model LSC-2

Adsorption column - 27 Tenax column
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: _F“Sﬂl'siliéa capillary column -

- Separation column - :

N  DBS (30m x 0.5mmid) -
_ Qubntity‘ of sample volmim oow Sml
. Temperature of adsorptmn_ - 3180C
. Carriergas . - - . 3. He

.Make-upgaS' oy N2 .

Temperature of injector .t 2000

Temperature of detector -~ . " 250°C.

Gradient of column temper_ature :  1Initial . 40_°_C,3t|iit|.
' ' 2)Gradient : 8C/min.. = -
3)Finishing : 150°C

- - . THM:Reaction Conditions.

:-Room temperature -

‘.. .

. Reaction temperature
Reaction itluminance :. ‘Laboratory lighting
Procedure SR C .
1) Preparation of oil-dispersed sea water : ' o 8

Qil-dispersed sea water was prepared by the pmcedure shown in Flg 1.

Sea Water 1L (using1L conical flask)
' } = Fuel oil - ‘A’ 5ml
Ultrasonic treatment (ultrasonic washer) 20 minutes
{ | |
Leave standing for 10 minutes
l. .
Collect 650 mi from bottom of receptacle

!
Leave standing for 60 minutes

MeésureTO_C R L | %
!

Dilute with sea water (approx. 1-10 'pp'm),

Fig.1 Method of Preparing Oii-Depersed Sea Water-
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2) THM Formmg Reaction ' _ : : :
At an actual plant,: about 10 minutes is required to reach the desalination step
- after water is taken in and disinfected with chlorine. - Because of this, we had
._ initiailj_ scheduled the reaction time for 10 minutes after chlorination, however,
" results of preliminary ‘study showed that the time was too short as there was
practically no consumption of chlorine in the reaction time of 10 minutes.
Accordingly, we decided to check the formation of THM by making the reaction
time longer. For this, we made two types of oil-dispersed: sea -water of
concentrations of approximately 1-~10 ppm, one with an initial chlorine additive of

‘low concentration (1.6 ppm) and the other of high concentration (9 ppm).

'NaOCI (1.6 ppm and 9 ppm) was added to the cil-dispersed sea water prepared as
in 1) above, and chlorine reac'tion_ alldwed to take place (for 96 hours). At this
time, the reaction liquid was kept away from contact with air by filling it in a glass

~ container (capacity 70 ml).

The reaction liquid was collected by the purge trap method and THM analyzed

with the GC-ECD.

1.3 Results and Comments

Fig. 2 and Fig; 3 show THM formed in each of the two chlorine concentrations. In all test
samples, the concentration of CHBr,, the final substance formed in the series of THM
formation reactions, was the highest among the various trihalomethanes,

In each test sample, the quantities of the respective THM compositions changed together
with the reaction time, showing that the formation of THM is a chain reaction*. Moreover,
~ there was a tendency for the THMs in each test sample to increase as higher the oil content of
the sea water and longer the reaction time. The following causes are supposed for this
- reaction: There is a liigher content of organic substances that reacted with the chlorine as
higher the oil content in the sea water, and the formation of THM increased the longer the
reaction time. '

Furthermore, the formation of CHBr; ceased once there was no more residual chlorine (in
Fig. 2, the concentration of the residual chlorine after 24 hours, when the initial oil content in
th_e samples was 3.3, 6.0 and 10.4 ppm, was respectively 0.18 ppm, ND and ND, after which
“the concentration of CHBr, became more or less constant). On the other hand, in Fig, 3,
the conéentratioti of the residual chlorine in the samples after 48 hours, when the initial oil



812.0) _' 3

content in the samples was 2.4, 4.5 and 12 6 ppm, was respectively 4. 1 4 0-and 3.0 ppm and

the formatlon of CHBr, increased together with the reaction time, - - -

Note that in some of the samples, the CHB'r3 con’ee'ntration decreased despite the fact that the
reaction: time . became longer, but - this ‘is . beheved to-be caused hy some of the CHBr,‘

evaporating dunng the time measurements were bemg made.

Sequence of THM formatmn. _
-CHCl, — HCl,Br — CHCIBr, -+ CI-IBl'3 SR
The ﬁnally formed substance, CHBr,, is extremely. stable. SR
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2. Effect of Oil Content Removal Treatment to Reduce the Formation of Trihalomethane
2.1 Objectives

When oil removal treatment inchuding activated carbon treatment is conducted on oil-
~ dispersed sea water, even the soluble oil content is removed by: the activated carbon, it is
expected that the amount of trihalomethane formed in -oil-dispersed sea water after oil
removal treatment (after activated carbon treatment) will decrease compared to the case
where the removal treatment has not been conducted. In order to verify this, we
im?estigated the_formati_on of trihalomethane in samples of oil-dispersed sea water which
~ had been subjected to oil removal treatment.

2.2 Experimental Method

Apparatus and Reagents
GC-ECD analyzer

TOC analysis gauge (Shlmazu TOC-500) :
Ultrasonic homogenizer (Ultrasonic Engineering USH-300Z205)
Peristaltic pump (Tokyo Rikakiki RP-1000) |
" Glass column (Shibata Kagaku HLC-20S: ¢ 2 cm, L=30cm) -
Beaker _
- Pipette - .. -
- Conical flask (1 L)
. Silicon tube. -
Fuel oil ‘A’
Sea water -
Sand (0.6 mm)
 Anthracite (1.0 mm)
High polymer filter medium (Chemceptor CM 121, 1.0 mm)
Ferric chl_orid_e "(FiSher_,:Anhydrous purified grade) -

al tlcalMetho o
Oil content. measunng method 2 TOC method
‘THM analytical method S .- 2 - Purge trap method -



8120

"THM Analysis Con

Analyzer : HP-5880 (with 63Ni EC detector) -
' Purge trap auto injector : Tekmer Model LSC=2
Adsorption column : Tcnax column :
‘Separatlon-colurnn--- e b Spelco, Vocol, Fusedsillca, 30m :
*-Quantity of sample volume -~ 'z -Sml .
: ”Temperature of adsorption: ' X -180°C
Carriergas oo e Hers
- Make-up gas - Sl s 2ON2 o e
-Temperature of injector 1 2000
Temperature of detector | s 250C - -

1) Initial : 33%C, 3 min.
2) Gradient : 4C/min.
3) Finishing : 150°C

~ Gradient of column temperature

THM Reaction Conditions

Reaction temperature '+~ Room temperature -
‘Reaction illuminance . =~ - Laboratory lightmg
Procedure

1) Preparation of oil-dispersed sea water - o _
- While circulating 1 L of sea water inside the ultrasonic homogenizer with the
peristaltic pump, 2.5 ml of fuel oil 'A’ was injected into the silicon tube in which |
- the sea water was circulating, and then, in that state, sub_]ccted to 10 mmutes of
uitrasonic (reatment. ' s |
- The rich oil-dispersed water thus obtained was adJusted to: the oil content
concentratlons to be tested by dllutmg with sea water., :

2) Preparation of samples - o o
- 3 ppm of ferric chloride was added to the diluted oii-dispersed sea water, which
was then subjected to 1 minute of rapid agitation (of about 100 rpm) and then
to 30 minutes of slow agitation (of about 40 rpm). e '
- The above sample water, while bemg ‘agitated: slowly, ‘was pumped by the
peristaltic pump through glass columns connected in series and filled with each

type of absorbent, and samples were collected from the inlets and outlets of the
columns,

.J»i I
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.= Together with'me.asurin'g the oil concentration in the collected samples, NAOCI
R ppm) was added and chlorine reaction was made to take place (for 72 hours).
At this tim'e-, the reaction. liquid was kept away from contact with air by filling
it in a glass container (capacity 70 ml). -
- The reaction liquid was collected by the purge trap method and THM analyzed
with the GC-ECD.

- Oil Removal Treatment Conditions - -
- Column size RN -2 2 em, L.=30 cm -
Filter media : 1st stage: High polymer,
: 2nd stage: Sand, 3rd stage: Activated carbon
Filter media height : 20 cm L |
‘Flow rate of water : 3.1 L/hr, (LV 10 m/hr.,, SV 50 m/hr.)

2.3 Test Results

Oil concentrations after each treatment are shown in Table 1 and the respective formation of
trihalomethane in Fig.4. '

_Praétically all the oil content was removed by the high polymer column, and analysis by GC-
‘MS, conducted as a double-check - in addition to the TOC method, showed the oil
concentration to be below the detectable limit (about l'ppm) (Table 1).

- Table1l - Qil Content at Each Pretreatment Stage

0il Content (ppm]
T0C GC-MS
oil-dispersed sea water | 21.1 30.3
After high pol_ymer 1.2 Nil
“After sand filtration - | 0.5 Nil
After atptiﬁated éarbon 0.3 Nil
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‘After the activated carbon treatme‘nt, the amount of bromoform fomedby-reacting with

chlorine for reaction time. of 24 hours or more = was less than in the case of other samples..

Also, while the quantity of bromoform formed in sea water after 10 minutes of reaction time

was less than that formed respectlvely in oil--dispersed sea water, after high’ polymer, and

after sand filtration, it was praetically the same:in the case of reaction time of 24 hours or
more (Flg 4) P

Almost all ni! content was removed by coagulating filtration, and, finally by. actlvated carbon

treatment, it is believed that not only the soluble oil content but such THM precursors as the
humin matter in sea water were also removed, and the amourit of THM (mamly bromoform)
formed in each sample was expected to be as follows:

After activated carbun < sea water <. aﬁer sand filtration = after highi polymer << ‘o_il-
dlspersed sea water : ' ‘

However, the results of this experiment did not completely coincide with that.
In the results of "1.1 Formation of Trihalomethane in OiI-PoIluted sea wa_tee"- the amount of

trihalomethane formed in oil-dispersed sea water increased together with the duration of
reacting with chlorine, and, after 96 hours, became more than 400 ppb. For this time

however, subsequent to 24 hours, no tendency could be seen for the formed amount to-

increase in keeping with the reaction time, maintaining practically the same level (about.120

ppb) as in the case where only sea water Was involved (Fig.5). F‘rom the analysis results
(Fig.5) showing that the oil component distribution of th'e fuel oil 'A" used this time of
experiment had shifted more to the high molecular side than in the previously-used fuel oil

'Al, it is supposed that this sort of resuit was obtained possibly because there was less of the
components of small molecular weight that are apt to be attacked by chlorine. ,
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