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ABSTRACT

Effluent of the Zawiya Refinery was analyzed for the estimation of oil and organic matter contents, suspended
solid and biological oxygen demand. For reducing the level of above mentioned pollution parameters in the
effluent, some chemical coagulants and coagulation aids were tried. From the experiments it was found that the
Aluminum Sul phate Octadecahydrate in combination with either activated silica or bentonite clay, eachintheratio
of 5 mg/L when added in the effluent samples, brings reduction in the concentration of oil and organic matter
contents, suspended solid and biological oxygen demand up to 90%, 80%, 70% respectively. All the above
experiments were carried out at the laboratory scale.  © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

The principlecontaminantsin therefinery effluent
are organi c substances produced during therefining op-
eration such as(phenols, nitrocompounds, aromatic and
aliphatic sulphur and oxycompounds), somefractions
of didtilled petroleum products, saltsof akaineand d-
kdineearthmetds trangtion metalsandtheir sdts some
color and odor producing substances, and other pol-
lutantswhichincreasesthe biochemica oxygen demand
of thereceivingwater. Some of the above defined pol-
|utants are extremely toxic and having mutagenic and
carcinogenic propertied®151618 and some are less
toxic. Thesubstanceswhich havelesstoxic effect, when
present inlarge quantity produce undesirableeffect on
themarinelife. Ultimately ecological implications of
pollutants are dependent on their concentration, inthe
fina industria dischargeor effluent. These hazardous
substances have al so affectsdirectly or indirectly on
the human beingseither by direct contact with the pol-
lutants or by consuming the marine products by them
asfood (likefishes)*”. The occurrence of the above

mentioned contaminantsinfood, in drinkingwater and
inair areresponsiblefor theabort term and loge term
toxicity. The aquatic pollutants, affectsthe reproduc-
tion processof the marineliving organisms, and have
embryotoxic and taratogenic effect ontheaguatic life?.

Theoil filmsover water disturb the photosynthesis
process of the plant kingdom by reducing the available
sunlight and al so cut off the oxygen supply fromthe
aimospheretothemarinelife. Generdly theoily prod-
uctsof low boiling point found to bemoretoxic than
theheavier fud oils, whilethecrudeitsdf hasinterme-
diatetoxiceffect. Heavier oilsarephyscaly more haz-
ardousthan lighter ones. The oil and dispersant mix-
tures are more toxic than either of them alone. Low
boiling hydrocarbonincludes, benzene, toluene, xylene,
naphthal ene, phenanthrene etc. are water solubleto
some extant and areknown to betoxicto awidevari-
ety of marineorganisms. Higher boiling crudeoil frac-
tionsinclude polycyclic aromaticswhich areproved to
be serioudy damaging long term poi song®919,

Minerd oilsand other plant cuticles, which encour-
agetheadhesion of oil to thevegetation. Oily substances
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obstruct theleaves pores (stomata) and prevent com-
pletely or partialy gasexchangeto therootsand shoots
of plants. Some constitutions of crudeoil affectsdi-
rectly onthe metabolic processesof marinelife. Plants
with large underground vegetation system (the perenni-
als) surviveailing better then those without (the annu-
als), asnew growth can occur from these systems, af-
ter shoots and | eaves have been destroyed. Destruc-
tions of vegetation system of thereceiving water di-
rectly influenceitsecology7.

Our work mainly concern to find out suitable eco-
nomical and efficient coagulantsand coagulation aids
which haveability to coagulateefficiently theabovemen-
tioned pollutants, which normaly are present inthe ef-
fluentinmicrofinedropletsor particles, inorder to pre-
vent theecologica system of thereceiving water from
ther toxic effects. The mentioned pol lutantsare respon-
siblefor biochemical oxygen demand, which reduces
theavailableoxygenfor theliving organismspresent in
thesurrounding. So by decreasi ng the concentration of
thementioned pollutantsinthefind effluent, ether phys-
cdly or chemicdly, helpsto preservetheecological sys-
tem of thereceiving water. Wewill asotry tofind out
the optimal concentration of the used coagulantsand
coagulation ads, in order to achievemaximum results
from theminimum concentration of theused substances.

Reagentsand materials

Thefollowing ACS Grade chemicas(conformsthe
specificationsof the Committeeon Analytica Reagents
of theAmerican Chemica Society) wereused through
out in our work. Sulphuric acid (sp. gr. 1.84), diethyl
ether (99%), aluminum Sul phate octadecahydrate, so-
diumsilicate (Na,,.xSIO, where x = 3-5), bentonite
clay, mono potassium dehydrogen phosphate,
dipottasium hydrogen phosphate, disodium hydrogen
phosphate ammonium chloride, magnesium Sul phate
heptahydrate, calcium chloride and ferric chloride
hexahydrate, sodium hydroxide, sodiumiodide, sodium
azideand sodium thiosul phate. Reagent water conforms
the specification givenintheASTM standard D-1193,
was used throughout thework.

Samplingand preservation

The samplesof the effluent were collected at dif-
ferent timefromthefina dischargeof theail refinery, in
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the clean amber colored 2.5 L capacity glassbottles.
For preventing any changein the composition of the
effluent, 6 ml of conc. Sulphuricacidwasaddedineach
samplebottle at the time of sampling. ThepH of the
effluent after the addition of acid wasbelow 2.

Procedure
Estimation of oil and other organic matter contents

Four portions of effluent, 2.5 L each, have been
taken from the samples collected the first day and
marked themasA1,A2,A3, andA4. SampleAlwas
analyzed for the estimation of oil and organic matter
contents, according to the ASTM standard proce-
dures, immediately, without any trestment. A mixture
of 12.5mg hydrated aluminum Sulphateand 12.5mg
of activated silicawas added inthe sampleA2. Simi-
larly amixtureof 12.5 mg hydrated  uminum Sulphate
and 12.5 mg of bentoniteclay wasaddedinthesample
A3. SampleA4 was processed without addition of any
chemical. SamplesA2,A3, Adwerestoredfor the settle-
ment of the aggregated particlesfor the period of 24
hours. After the expiry of thisperiod, the supernatant
fluid of all the sampleswasanalyzed for oil and other
organic matter contents, according to theASTM stan-
dard procedureé™. Similarly thesampleswhich collected
after threemonthsand six monthswere processed and
analyzed by the procedure mentioned abovefor the
estimation of oil and other organic matter contents.

Estimation of suspended solid

Four portionsof effluent, each of oneliter volume,
havetaken from the samples collected thefirst day and
markedthemasA1,A2, A3, andA4, infour volumet-
ric flasks. The suspended solid contents of the sample
Alwasestimated immediately accordingtotheASTM
standard procedure?. A mixture of 5 mg of hydrated
aluminum Sul phate and 5 mg of activated silicawas
added inthe sampleA2, Similarly amixtureof 5mg
hydrated a uminum Sulphateand 5 mgof bentoniteclay
wasadded inthe sampleA3. ThesampleA4 processed
without addition of any above mentioned chemicals.
SamplesA2, A3, Ad were stored for the period of 24
hours, for the sedimentation of aggregated particles.
After theexpiry of thisperiod supernatant fluid of the
storessampleswere analyzed for the estimation of sus-
pended particulate mattersaccordingtotheASTM stan-
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TABLE 1: Effect of coagulantson the concentration of oil and other organic mattersin refinery effluent after 24 hours
sedimentation

Reduction in concentration

Concentration of oil and other of oil and other organic
organic mattersin mg/l mattersin wt%, in treated
Sample samplestype
no. Infresh In the samples containing 5 mg/l In the samples containing 5
samples hydrated aluminum Sulphate & mg/l hydrated aluminum A) B)
without 5 mg/l activated sodium silicate Sulphate & 5 mg/l bentonite
treatment (treated sampletype A) clay (treated sample type B)
1 3.9 0.4 0.4 89.7 89.7
2 41 0.5 0.5 87.8 87.8
3 3.9 0.4 0.4 89.7 89.7
4 4.0 0.4 0.4 90.0 90.0
5 4.0 0.4 0.4 90.0 90.0
6 4.0 0.4 0.4 90.0 90.0

Average reduction, wt% = (89.9) (89.9)

TABLE 2: Effect of coagulantson the concentration of suspended mattersin refinery effluent after 24 hour ssedimentation

Reduction in concentration
of suspended mattersin
wt%, in treated samples

Concentration of suspended mattersin mg/l

Sample type

no. Infresh In the samples containing 5 mg/I In the samples containing 5
samples hydrated aluminum Sulphate & mg/l hydrated aluminum A) B)

without 5 mg/l activated sodium silicate Sulphate & 5 mg/l bentonite

treatment (treated sampletype A) clay (treated sampletype B)
1 4,478.0 9135 976.2 79.6 78.2
2 4,720.0 939.3 1,014.8 80.1 785
3 3,186.0 627.6 681.8 80.3 78.6
4 4,184.0 8535 907.9 79.6 783
5 4,445.0 897.9 960.1 79.8 78.4
6 3,316.0 646.6 696.4 80.5 79.0

Average reduction, wt% = (79.98) (78.50)

TABLE 3: Effect of coagulantson thebiochemical oxygen demand in refinery effluent after 24 hour ssedimentation

Reduction in Biochemical Oxygen
Biochemical Oxygen Demand (5-days), in mg/l Demand (5-days), in wt%, in
treated samplestype

Sarr]r;ple In the samples containing 5 mg/I In the samples containing 5 mg/l
' Infresh  hydrated aluminum Sulphate & 5 hydrated aluminum Sulphate & 5 A) ®)
samples mg/l activated sodium silicate mg/l bentonite clay
(treated sample type A) (treated sample type B)

1 79.3 23.7 245 70.1 69.1
2 83.4. 25.0 25.8 70.0 69.1
3 83.0 25.0 25.8 69.9 68.9
4 77.8 235 24.3 69.8 68.8
5 779 232 240 70.2 69.2
6 77.6 234 24.3 69.8 68.7

Average reduction, wt% = (69.70) (68.97)

dard procedure™. Similarly thesampleswhich collected  suspended matters, according to the procedure men-
after threemonthsand six monthswere processed of  tioned above.
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Estimation of biochemical oxygen demand
Dilution water

Tenlitersof the highest quality distilled water was
aerated at 20°C with clean compressed air. 10 ml of
each of phosphate buffer, magnesium sulphate, calcium
chlorideandferric chloridesolutions (method of prepa
ration areavailableintheliteraturd®, wereaddedinthe
above prepared agrated distilled water with continuous
dirring.

Seeding

100 ml domestic sewagewascollectedina150 ml
capacity beaker and stored it over night at room tem-
peraturefor the sedimentation of suspended particles.
20 ml of settled sewage wastransferred from the bea-
ker into above mentioned treated dil ution water.

Prepar ation of samples

400 ml of seeded dilution water wastransferredin
each of thethree oneliter capacity marked cylinder A,
B and C. 65 ml fresh refinery effluent from the samples
collected thefirst day wastransferred in each cylinder
A, B and C. After careful mixing, thevolumewasmade
650 ml by the addition of moredilution water. A mix-
ture of 3.25 mg of hydrated aluminum Sul phate and
3.25 mg of activated sodium silicate was added with
continuous stirring in the samplecylinder A and simi-
larly amixtureof 3.25 mg of hydrated al uminum Sul-
phate and 3.25 mg of bentonite clay was added into
samplecylinder B with continuous mixing and sample
cylinder Cwasprocessed without addition of any chemi-
ca substance. A separate blank sol ution was prepared
by mixing 13 ml settled sewagewith sufficient dilution
water to madetotal 650 ml and marked thissolutionas
D. Each of the prepared solution A, B, C and D was
equadly digtributedinto two cleaned, dried and tight cov-
ered BOD bottles, marked A1, A2, B1, B2, C1, C2,
D1 and D2. The sample bottlesA2, B2, C2 and D2
were incubated at 20°C + 1°C for 5 days. The dis-
solved oxygen wasestimatedimmediatdy inthesample
bottlesA1, B1, C1 and Dlaccordind to the procedure
giveninliteraturé. Similarly after theincubation pe-
riod, thedissolved oxygen was estimated in thesample
bottlesA2, B2, C2 and D2. BOD vaueswere calcu-
lated by computation as mentioned in the procedure
givenintheliterature®. Thesamestepswere performed
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for the estimation of BOD intheeffluent samplescol-
lected after threeand six months.

RESULTSAND DISCUSSION

Aluminum Sul phate, calcium hydroxide, calcium
oxide, ferric chloride and sodium auminate have co-
agulating properties. Activated silica, bentoniteclay and
polyd ectrolyteare classified ascoagul ation aids*4. For
obtai ning better results, both coagulant and coagulation
ald areused in combination.

In our work we have chosen hydrated aluminum
Sulphate as coagulant and activated silicaand bento-
nite clay as coagulation aids. From the experimentsit
hasbeen found that hydrated d uminum Sul phatein com-
bination with either activated silicaor bentoniteclay (in
concentration 5 mg/l each) intherefinery effluent, re-
duced the concentration of oil and organic matter con-
tents, suspended solid and biologica oxygen demand
up to 90 wt%, 80 wt%, 70 wt% respectively asshown
intable (1, 2and 3).

Thecoagulation mechanism of hydrated a uminum
Sulphate as mentioned in theliterature*® isbased on
theequationwritten below:

Al(H20)6>* + 3HC O~ AI(OH); solid + 3CO + 6H,0

Intheagueous medium thea uminumion (provided
by aluminum Sulphate) hydrolyzed as shown in the
abovereaction, and by doing so, it consumesakalinity
of themedium and convertintoinsolubleAl(OH).. This
gdatinousprecipitateof duminum hydroxidecarriessus-
pended substances (both of organic and inorganic ori-
gin), whichareresponsiblefor biochemical oxygende-
mand of the medium (effluent) and settled down under
theinfluenceof gravity. Theother possblemechanism
of coagulation asdescribed intheliterature?, the hy-
drated aluminumion dimerisesor polymerisesinthe
aqueous medium as shown below:

4%

O-—T

DAI(H,0),

/
(OHoLAL ,

-0

Thesedimmersand polymerscarry someresidua
charge which attractsthe opposite charged suspended

— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



50 Effect of the chemical coagulation on the outlet of the refinery effluent

ACAIJ, 10(1) 2011

Full Peaper ==

particles present in the medium. Themechanism of ac-
tion of coagulation aidisnot knownindetail. But from
theavailableinformationintheliterature®?, activated
silicaor bentonite clay improvesthe coagulation by
toughening theflock throughionic or e ectronic bond
formation and bridgethe smdler coagulating particles
into bigger particleswhich can easily settledown.

CONCLUSION

Fromthiswork it hasbeen found that the hydrated
auminum Sulphate, incombinationwith elther activeted
slicaor bentonite clay isan efficient, economica and
easy in handling, coagul ating mixture, suitablefor im-
proving thequality of refinery effluent, industrial dis-
chargeand wastewater. 5 mg/l wasfound to beasuit-
able concentration, in which both coagulant and co-
agulation aid, can be added in the effluent or in other
polluted water for obtaining good results.

REFERENCES

[1] J.A.Bevan, Jeremy; ‘Carcinogenic Effects of Some
Organic Compounds’, Essentials of Pharmacology,
39 Edition, Harper and Row Publishers, Inc., 44-45
(1983).

[2] J.O’M.Bockris; ‘Biological and Physical Effects of
MarineQil Pollution’, Environmental Chemistry, Ple-
num Press, Inc., 410-412 (1977).

[3] B.Dicks; ‘The Effect of Refinery Effluents on The
Salt Marsh’, Marine Ecology and Oil Pollution, Ed-
ited by M.B.Janifer, Applied Science Publishers, Ltd.,
227-246 (1976).

[4] D.S.Foster, SE.Ledie; ‘Estimation of Dissolved
Oxygen in Water’, Encyclopedia of Industrial
Chemical Analysis, Inter science publishers, Inc.,
19, 372 (1974a).

[5] D.S.Foger, SE.Ledig; ‘Estimation of Biochemical
Oxygen Demand of The Wastewater Samples’, En-
cyclopediaof Industrial Chemical Andysis, Inter sci-
ence publishers, Inc., 19, 373 (1974b).

[6] B.Koziorowski, JKucharski; ‘Suspended Solids and
Toxic Substances’, Industrial Waste Disposal,
Pergamon Press, Inc., 9-13 (1972).

[7] R.Kuhn, M.Pattard; Water Research, 24(1), 31-38
(1990).

[8] V.S.Norman; ‘Chemical Hazardous Information’,
Handbook of Laboratory Safety, 2 Edition, CRC
Press, Inc., 720-829 (1983).

[9] S.V.GOttaway; ‘Some Physical and Biological Ef-
fectsof Oil FilmsFloating OnWater’, Marine Ecol-
ogy and Qil Pollution Edited by M.B.Janifer, Ap-
plied Science Publishers, Ltd., 255-276 (1976a).

[10] S.V.GOttaway; ‘The Comparative Toxicities of
Crude Oils’, Refined Products and Oil Emulsions,
Marine Ecology and Oil Pollution Edited by
M.B.Janifer, Applied Science Publishers, Ltd., 287-
302 (1976b).

[11] PL.Robert; ‘Test for Solvent Extraction of Organic
Matter FromWater’, Annual Book of ASTM Stan-
dards, D-2778, part 31, 562 (1979).

[12] A.S.Roberta; ‘Test Method for Particulate and Dis-
solved Matter’, Solids or Residue in Water, Annual
Book of ASTM Standards, D-1888, 11(1), 164
(1988).

[13] E.M.Stanley; ‘Surface Sorption by Solids’, Environ-
mental Chemistry, 4" Edition, LewisPublishers, Inc.,
120-122 (1990a).

[14] E.M . Stanley;  Activated Silica, Bentonite Clay and
Polyelectrolyte as Coagul ant Aids and Hydrated So-
dium Aluminate as Coagulant’, Environmental
Chemistry, 4" Edition, LewisPublishers, Inc., 188-
189 (1990b).

[15] E.M.Stanley; ‘Toxic Substances’, Environmental
Chemistry, 4" Edition, LewisPublishers, Inc., 500-
501 (1990c).

[16] W.Helen; Coastal and Shelf Science, 62(1-2), 131-
140 (2005).

[17] L.Uyigue; Global J.of Engineering Research, 1(1),
51-52 (2002).

[18] T.V.Otokunefor, C.Obiukwu; Applied Ecology and
Environmental Research, 3(1), 61-72 (2005).

Hnalytical CHEMISTRY o
A Tndéan W



