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Treatment and valorization of olive mill wastewaters
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Abstract: This study aims to evaluate the effectiveness of the physicochemical process with lime and ferric
chloride in removing the pollution generated by the olive mill wastewaters (OMW) .The characterization of the
samples has shown that they are acidic, with a black color and a strong organic load due to the presence of
phenolic compounds. The combination of the lime and the ferric chloride allows the removal of 87% of the total
suspended solid (TSs), 58% of chemical oxygen demand (COD) and 75% of Phenolic compounds. After
purification the treated OMW were valorized as wash water or used for irrigation of green spaces and the
generated sludge were dried and used as burning material.
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Introduction

The olive tree is the main fruit planted in
Morocco, it occupies more than 58% of the national
tree areal, the production is estimated at 1.500.000
tons of olives on an area of 933.475 hectares, a
figure that the kingdom aims doubling in 20202, In
terms of production Morocco ranks the fifth place in
the world after Spain, Italy, Tunisia, and Greece 3.

Since ancient times the oil was traditionally
obtained by pressure until the introduction of the
centrifugation in olive mills. In the late 80s in Spain,
after a severe drought and a big increase in
production, the extraction of olive oil was obtained
by the continuous extraction system including a
vertical and horizontal centrifugation  which
separates the olive mixture in three-phase: oil,
pomace and a black liquid effluent called olive mill
wastewaters (OMW) or in two phases: oil and wet
pomace. The two-phase system uses a small amount
of water and therefore a lower dissolution of
phenolic compounds remains in the oil, but who also
make it bitter 4.

The olive mill wastewaters generated from olive
oil extraction causes a major environmental issue
when they are directly discharged into rivers, they
greatly change the quality of surface waters and
produce serious environmental damages and disrupt
the operation of treatment plants when they come
through the sewers. The annual production of this
effluent exceeds 30 million m® per year; pressing
1Kg of olives can generate 0.5-1L of OMW with
modern production modes &”.
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The problem of disposing of OMW was

apprehended in different ways by the Mediterranean
olive-growing countries, which have adopted point
solutions to solve this problem. The difficulty of
treatment of these effluents is due to their poor
biodegradability due to the presence of phenolic
compounds®?, lipids and organic acids.
Taking into account the compaosition and the toxicity
degree of the OMW, simple treatments are not
sufficient to ensure their purification. Some
biological ~ (with  aerobic and  anaerobic
microorganisms) ® ! chemical 2 and physical
treatments have been applied and have proved to be
effective for reduction of the organic content of
OMW. Many solutions of valorization were adopted
to prevent the environmental pollution. The OMW is
proposed as a renewable resource to produce
valuable photochemical compounds, to extract
natural chemicals or to be used as fertilizers'4*°,

This work aims to provide an effective treatment
valid for the different olive extraction systems, able
to reduce or even eliminate the organic matter
contained in the OMW. The treatment proposed is
the physicochemical treatment using the lime and the
ferric chloride followed by a decolourization and
desinfection with chlorine. The capacity of removing
the phenolic compounds, COD and total suspended
solids will be evaluated

The capacity of removing the phenolic
compounds, COD and total suspended solids will be
evaluated, in addition to the valorization of the
treated OMW and recycling the sludge generated.
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Experimental Section

Sampling

The samples of OMW studied were obtained
from a three phase olive oil extraction unit located in
the city of Meknes. The OMW were collected every
day from the storage tank which gathers all the
OMW produced in the industry, namely: Washing
water, OMW generated after extraction and the
rainwater. Samples were analyzed in the laboratory
of the unit.

Physical-chemical analysis of OMW

The color measurement is done using a rotating
disk apparatus (Lovibond Comparator 2000+); the
color of the OMW was compared to the discs with
different colors from white to brown. Once the
colors is close the corresponding value given in
Hazen is taken by taking into account the dilutions.

The pH of the samples was continuously

measured using a pH meter (pH 1100) Eutech
instruments pH/ mv/°C.
Fats were extracted from the OMW by Hexane; the
mixture was evaporated in a rotary evaporator
(Nahita, Rotary Evaporator 9200) at 80°C. Fats were
calculated by weight difference.

The total solid (TS) was determined by

weighting the samples before and after drying at
105°C for 24h.
The total suspended solid (TSs) was determined after
filtering a sample through a filter (0.45um) using
vacuum pump and drying the filtrate obtained at
105°C for 24h.

The mineral matter (MM) was measured after
calcination of the OMW in an oven at 600°C for 4h.
The biological oxygen demand (BODs) is the
amount of oxygen required to oxidize biologically
the organic matter contained in the OMW .The
samples of OMW were diluted and introduced in
DOBs bottles (OxiTop 1S6) containing a bar
magnetic, they were then placed in a thermo
cupboard at 20°C. After 5 days of incubation the
value of BODs was measured taking into account the
dilution factor.

The biochemical oxygen demand is an oxidation
of organic matter by excess of potassium dichromate.
COD of the OMW was calculated from the volume
of salt Mohr used for titration of Mohr’s salt.

Polyphenols are a family of organic molecules
widely present in the OMW they were assayed by
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colorimetric method using tannic acid as a standard
at 725 nm.

All parameters were analyzed in triplicate, and
determined following standard methods 617,

Treatment by Coagulation-Flocculation

The Physico-chemical treatment by coagulation-
flocculation is based on the addition of a reagent to
the mixture to be treated, in order to destabilize the
fine suspended matter by reducing electrostatic
repulsion forces!®1°,

In this work the physicochemical treatment by
coagulation flocculation is based on the use of lime
and ferric chloride.

Samples of OMW were allowed to stand for
1hour until the suspended matter has settled.

In a series of 100 mL beakers, raw OMW were
used without adjusting pH (pH = 4.6) and we
followed this protocol:

e Increasing doses of lime (Purity>92%) were
added (1.5-7.5)g/L on raw OMW to adjust the
acidic pH (pH=4.6) to a pH widely basic (pH =
10) ;

e The mixture was agitated with rapid magnetic
stirring for 3 min at 180rpm followed by slow
mix for 30 min at 30 rpm;

e The ferric chloride (FeCls , 41%) was then added
(0.5-1.5)g/L on the supernatants recovered after
treatment with lime and the mixture was agitated
again by rapid magnetic stirring 3 min at 180 rpm
followed by a slow mix for 30min at 30rpm;

e The mixture must be decanted at least 5 hours to
separate the liquid phase from the particulate
phase;

e After decantation the mixture was filtered over a
filter paper (100 mm) using a vacuum pump.

Reuse of treated OMW

When we need to reuse the treated OMW,
200ml/L of bleach can be added the filtrate obtained.
It allowed the disinfection and the decolourization of
the OMW.

Sludge Treatment

The physicochemical treatment generates sludge
during the various processing steps. The sludge were
collected after clarification and dried in an oven for
4h at 105°C.
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Results and Discussion
Characterization of the OMW

The characteristics of the studied raw OMW are
summarized in the following Table:
Table 1. Characteristics of OMW produced in a
three phase continuous extraction unit

Parameters Values
pH 4.5-5
Conductivity 14
(mS/cm)
Color Brown-Black
Fats 0.6
Total suspended 14.8
solid (TSs) (g/L)
Total solid 23.9
(TS)(g/L)
Mineral matter 4.96
(MM)(g/L)
BODs (g O2/L) 45
COD (g O2/L) 64
Total phenols (g/L) 2.1

The characterization of the studied samples
shows an acidic pH. This low value indicates that the
use of this effluent for irrigation can damages soil %,
except calcareous soils where the equilibrium can be
established (e.g. of the city of Meknes). The
conductivity (14mS/cm) is high compared to other
studies, this is essentially due to the significant
addition of salt to preserve the olives 2?2, The
OMW are brown to brown-blackish, the color
intensifies with the storage time and the oxidation of
phenolic compounds 2. In our case these molecules
are present in low content in comparison with results

reported by S. Azabou et al 2. The OMW are rich in
TSs which may be due to bad separation of OMW
from the olive pomace. In our case the content of fats
is much lower compared to that reported in the
literature 25, the OMW studied were collected from a
storage tank which allowed the removing of the
excess of suspended matter and fats.

The ratio BODs/COD indicates the
biodegradability —of waste water. Industrial
wastewaters which have a ratio higher than 0.3 are
easily biodegradable %6, in our case the biological
treatment can be applied but it will be limited by the
presence of phenolic compounds which inhibits the
microbial activity %.

Treatment of the OMW by Coagulation-
Flocculation

The OMW are unstable in the same day which
requires the use of a treatment highly adaptable to
changes to the effluent.

After a simple decantation, 15% of TSs was
eliminated without affecting the pH. The addition of
the lime (7.5¢/L) allowed the adjustment of the
acidic pH (4.6) to a basic pH (10). Burnt lime (CaO)
is often used for water treatment for its avaibility and
effectiveness The neutralization by lime leads the
transformation of phenols to phenates with the
formation of C¢HsO ions 8 (Fig 1) , the phenolic
compounds obtained lose much of their antibacterial
effect and biological activity can therefore start 2%
30, The percentage of elimination of polyphenols with
lime attain 68%, similar results were reported by E.
S. Aktas and al where they shows that the
precipitation with lime allowed the elimination of
65% of Polyphenols and only 28% of volatile
phenols, the phenolic substances could be removed
totally or partially and some of them were not
affected .

—— C6H50H

C6H50H2+

C6H50-

Figure 1 . Different forms of phenol in different pH

Lime allowed the removal of 57% of TSs and
41% of COD. The treatment with lime removes
suspended matter, grease and oils which causes the

reduction of the COD and forms large aggregations
of floc *2. Figure 2 represents the evolution of the
different parameters of OMW after treatment with
lime.
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Figure 2. Evolution of TSs, COD and Phenols after treatment with lime

Flocculants are always used at low dosage (0.5
to 2g/L) to complete the initial coagulation of
colloids provided by liming. The addition of ferric
chloride as a flocculent allows the removal of
organic matter present in the OMW %, It provides a
good flocculation of the particles contained in the
OMW and promotes the removing of phosphates
coming from fertilizers or agricultural activities 3.
Ferric chloride allows also the elimination of fats

100 4

which remains in the OMW after decantation and
liming. The Percentage of removal of TSs, COD and
polyphenols is respectively 87%, 58% and 75%. The
ferric chloride allows the passage of the dissolved
form of pollutants to an insoluble particulate form
which can be easily retained by simple decantation
and gives settleable floc 3% %, Figure 3 summarizes
the evolution of the characteristics of OMW after
treatment with lime and ferric chloride.
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Figure 3. Evolution of TSs, COD and Phenols after treatment with lime and ferric chloride

The clarification of the treated OMW for at least
5 hours is necessary it allowed the separation of the
liquid phase of the colloids and hydroxide floc which

agglomerate after treatment with ferric chloride %,
Figure 4 summarizes the steps performed for the
removal of organic matter from raw OMW obtained

from the three phase extraction.
Raw OMW > Primary »| Coagulation with > Flocculation
(Three Phases System) Decantation Lime with Ferric
Chloride
h 4
Treated OMW < Clarification

Figure 4. Steps performed for the removal of organic matter from raw OMW
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Reuse of treated OM

The chlorination (Post-chlorination) is an
optional step which can be added when we want to
reuse the treated OMW as water wash .Chlorine
ensures the disinfection and decolourization of the
effluent, the neutralization of the pH (pH=7) and the
removal of organic impurities which are not retained
after clarification 3. The percentage of COD and
decolourization reach respectively 65% and 71%.
The treated OMW remain on their same condition
when they are exposed to light or stored which

BO
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explains that the majority of phenolic compounds,
especially responsible of coloration, were removed.

In our case after chlorination and secondary
decantation we proposed the reuse of the treated
OMW as wash water or for irrigation.

Some tests were performed on raw OMW to
evaluate the effectiveness of the physicochemical
treatment by coagulation-flocculation followed by
chlorination. Figure 5 includes the treatments used
only for decolourization of OMW.

ABe

GAC Ccs LFCC

Figure 5. Treatments tested for Discoloration of the raw OMW
A Be: Adsorption with Activated Bentonite, PAC: Powder Activated Carbon, GAC: Granular Activated Carbon,
CS: charcoal stick, LFC C: Lime+Ferric C +Chlorine

In our study the physicochemical treatment by
coagulation-flocculation using lime and ferric
chloride followed by chlorination after clarification
gave the best discoloration of raw OMW with a
removal percentage reaching 71%.

Sludge treatment

The disadvantage of the physico-chemical
treatment by coagulation-flocculation is the
production of large amounts of sludge and the
difficulty of regeneration of reagents, which increase
the cost of processing and generates another source
of pollution.
In our study we solved the problem of sludge at the
factory as follows:
e The primary decantation produces a fresh
sludge, it represents 20% of the volume (depends on
the retention time) and it usually mixed with the wet
pomace.
e The sludge generated from the treatment with
lime (limed sludge) is conform to legislation; they
are often highly valued by farmers due to their
economic interest®. This sludge can neutralize the
acidic sludge generated after treatment with ferric
chloride.
e The sludge generated after clarification are acid
too on which the burnt lime or limed sludge can be

added to adjust the pH. After drying in for 4 hours,
the dried sludge is recovered in the form of coal and
used for combustion.

Picture 1. Dried sludge
Conclusion

Samples of raw OMW were collected from a
three-phase olive mill to determine the pollutant
responsible of their toxicity. The characterization
shows that they are acidic, rich in organic matter and
phenolic ~ compounds  which  limits  their
biodegradation. The treatment of the OMW by
coagulation flocculation with lime and ferric chloride
allowed a destabilization of colloidal particles and a
transformation of the phenolic compounds, which
facilitated the agglomeration of the hydroxide floc
by simple decantation. Chlorination must be used
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when a reuse of the treated OMW is planned; it
ensures the disinfection and decolourization of the
effluent. The sludge generated after clarification was
dried and used as burning material.
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