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O ABSTRACT 0O

Electrochemical and photo-electrochemecal treatment of O.0.W.W was carried out
to oxidize many of organic components presented in the water. The effect of anodic
oxidation was determined by measuring the COD reduction for each case. The most
considerable effect was reached by using anodes of CuO (65% reduction of COD) and
60% for anodes of Cu-metallic anodes, exceeding 50% for Pb-metallic anodes, compared
to anodes of tin, Sn (about 25% COD reduction .)

Introducing UV-A radiations was of low effect, an additional reduction was obtained
with CuO anodes of 4-5 % only, while no effect had been noticed for other metallic
anodes .
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Introduction:

Electrochemical oxidation technologies , including advanced oxidation , and using
UV-A,B together beside electrochemical oxidation , have been rapidly developed in the
last few years ,to destruct pollutants in waters, waste waters , coming from urban and from
different industries. These processes have been widely spreaded in laboratory scales , as
well as in fields in semi pilot and pilot plants, [ 1,2,3 ]

Olive oil was produced in the Syrian western coast thousands of year ago ,from the
ancient times going back up to 2000 year B.C. Nowadays , Syria produce more than one
million tons of olives , every year . Processing these quantities of olives , needs huge
amount of water ; an about 800000 ton of water a year , to be used in short time ( about 3
months from October November up to the end of December every year). The problem of
polluting the environment , around olive mills,the groundwaters basins etc.. , arises , and
more sharply every year,[4,5,6,7]

See Tab No (1) and No (2) for the General specificat and the content of pollutants
presented in crude O.0.W.W .

In this paper , we have been using a laboratory scale electrochemical cell , low in
cost ,and simple in construction aiming to the reduction of non —biodegradable COD of
olive oil waste water , produced by different mills in the area near city lattakia,
Syria.[8,9,10,11]

The Cells:

Fig -1-
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(The cell,electrochimecal treatmeant + UV-A )
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(COD determination , Digester)
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Tab -1-
General specifications of 0.0.w.w
Colour Black -Brown
Sedimentation / rate ~ 25% V/V after 48 H
Suspensions ratio ~54%
COD 80 -100 gr/lit
Fats 1.8 -2qgr/lit
Tab-2-
Parameters of O0.0.0W.W Technology
Centrifuging Forces Pressing Forces
PH 455 -5.89 4.73 -5.73
Dry matter ( g/l ) 9.5-161.2 15.5 - 266
Specific Weight 1.007 - 1.046 1.02 -1.09
Oil (g/l) 0.41 -29.8 0.12 -11.5
Reducing sugars ( g/l ) 1.6-34.7 9.7 - 67.1
Total polyphenols ( g/l') 04 -7.1 14-14.3
O —diphenols (g/l) 03 -6 0.9 -13.3
Hydroxytyrosol ( mg/l ) 43 - 426 71937
Ash (g/l) 0.4 - 12,5 4 -426
COD (g O, /1) 15.2 - 199.2 42.1 —-339.5
Organic nitrogen ( mg/l) 140 - 966 154 — 1106
Total phosphorus ( mg/l) 42 - 495 157 - 915
Sodium ( mg/l) 18 - 124 38 -285
Potassium ( mg/l ) 630 - 2500 1500 — 5000
Calcium ( mg/l) 47 - 200 58 -408
Magnesium ( mg/l ) 60 - 180 90 — 337
Iron ( mg/l) 8.8 - 31.5 16.4 - 86.4
Copper ( mg/l) 1.16 - 3.42 1.10 -4.75
Zinc (mg/l) 1.42 -4.48 1.60 — 6.50
Manganese ( mg/l) 0.87 - 5.20 2.16 — 8.90
Ni ckel (mg/l) 0.29 - 1.44 0.44 —1.58
Cobalt (mg/l) 0.12-48 0.18 - 0.96
Lead ( mg/l) 0.35 -0.72 0.40 - 1.85

Ref : ( International Councel for olive oil , Madrid , SPAIN )

The Method :

Different designs of electrochemical cells have been used, as figure -1- shows.

Direct current DC densities from a supply unit were used to maintain electro-
chemical oxidation of materials existing in O.0.W.W which was diluted to 10% of original
O0.0.W.W.

The DC voltage was fixed to the values between 2.5-3.5 volts, with current densities
beginning from 37 m A /cm 2 of anode aria.

The procedure of the whole processes was as in fig -2-
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fig -2-

where Q indicate to the proper conditions: nature of anode, anode oxide, UV-A,B
used, electrical charge used.

Determination of COD for each case was performed using laboratory grade of
H.SO, ,K,Cr,07, Ag2SO4, HY2SO, , and distilled water.

Digestion samples have been performed using COD reactor, and Hanna, type
839800. Dichromate is consumed in the oxidation of organic material during digestion
which prolonged up to (3) hours for each case. COD was determined by titrating the
remaining dichromate after digestion, because titrating method has greater accuracy and
sensitivity when compared to other methods.

Results and Discussion :
1- Effect of anode nature on COD reduction :

Table -3 and Fiq -3- show the dependence of ACOD to the quantity of electrical
power passed through the cell , measured in ( a.h). A mixing magnetic bar was used to
sustain continuous stirring to the solution during anodic oxidation of organics contained in
the solution. In all cases, we can find that ACOD is nearly proportional to the amount of
(a.h) passed through the anodes, while it is un-markable for graphite anodes
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(‘and Sn- anodes), it is of high influence when Cu —anodes and Pb-anodes were
used, especially for high values of ( Q). In the last cases ,ACOD= 108 mg, that is
equivalent to 1080 mg, when considering the raw waste water from olive oil mills .Table -
4 and fiq -4- shows the percentage of COD reduction, rising with the electrical power
consumed in the electro- chemical cell. Again we can find very low effect in the case of
Sn—anodes and stainless steel —anodes, while it reaches up to 60% in the case of Pb-, Cu-
anodes in the same conditions.

2- Effect of additional irradiation with UV-A :

A source of UV-A radiation was located or posited above the electro-chemical cell,
(high as15Cm), using a Philips T1 29 D16/ 09N (15 W) lamp with accessories (A=350-380
nm) in such a way that a part of the UV-A beam laminates the opening of the (E.C.C) the
anod section, while the rest of the lamp was covered by black carton, so not to affect the
eyes of the working personnel in the aria. As seen in Table (5-6) and fig -5- and -6- a high
effect of COD reduction was noticed in the case of Cu- , Pb- anodes too, but not exceeding
the values of A(COD) when using these anodes without UV-A in this process, although it
can be assumed that the UV-A power is too low (much less than UV-A found in solar
radiation in the area of Syrian coast, approximately equal to 7-10 w / m? ),for activating the
anodic reaction in the (E.C.C), beside low photonic efficiency of the whole process.

Notes:
1-Caculation of A(COD), when Q (ah) was consumed ,was as per formula:
A(COD)=(COD)Q=0 —-(COD)Q ; Q=Il(@) Xt(h)

2-During the period ( t=0 ; Q= 0.1 (ah) )the system was in changing state from Q=0 to
the Q of power passed it .

3- The strait lines were noticed, only after the value of Q =0.1 (ah) .

Table -3- shows the dependence of ACOD to the quantity of electrical power passed through the cell ,
mesured in( a.h) .

A COD.10° (mg/l)
Q(a.h)
Kind of anodes
S.S-anode | C-anode | Zn - anode Sn - Cu - anode | Pb - anode
anode
9.79 6.6 5.88 22.08 29.02 12.36 0.1
23.52 8.3 18.61 28.32 63.03 55.12 0.2
45.08 8.8 47.73 32.78 77.44 78.96 0.3
54.4 10.92 62.73 36.22 87.24 87.24 0.4
67.74 11.26 77.44 38.06 102.25 100.72 0.5
71.07 12.61 82.34 39.23 114.15 108.07 0.6
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Fig -3- shows the dependence of ACOD to the quantity of electrical power passed through the cell ,
measured in( a.h) .

Table -4- shows the percentage of COD reduction, rising with the electrical power consumed in the
electro-chemical cell.

ACOD % Q(ah)
Kind of anodes
S.S- anode C - anode Zn - anode Sn - anode Cu - anode Pb - anode
4.89 3.3 2.94 11.04 14.51 6.18 0.1
11.76 4.15 9.30 14.16 31.51 27.56 0.2
22.54 4.4 23.8 16.39 38.72 39.48 0.3
27.2 5.46 31.36 18.11 43.62 43.62 0.4
33.82 5.63 38.72 19.03 51.12 50.36 05
35.53 6.30 41.17 19.61 57.1 54.03 0.6
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ACOD %
& pb-anode
70
= Cu-anode
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5 40 -
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y =16.909x + 10.472 20 -
R? = 0.9284
y =81.991x - 4.1487 10 -
R?=0.9615
y =5.8571x+2.8233
R?=0.9723
y =64.011x + 0.2193
R?=0.962

0.6

0.8
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fig -4- shows the percentage of COD reduction, rising with the electrical power consumed in the

electro- chemical cell .

Table -5- Effect of additional irradiation with UV-A

A COD.10% (mg/l)

Kind of anodes

Q(ah)
S.S-anode | C-anode | Zn-anode | Sn-anode | Cu -anode Pb - anode
13.22 6.99 14.22 23.33 43.42 15.15 0.1
30.87 9.03 30.61 30.32 67.94 59.91 0.2
48.03 10.71 53.09 33.78 82.45 84.93 0.3
61.58 10.99 66.54 36.89 89.95 92.12 0.4
67.64 12.61 78.44 38.26 104.7 105.72 0.5
73.52 13.35 83.68 40.28 116.96 113.58 0.6
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Fig -5- Effect of additional irradiation with UV-A
Table -6- - Effect of additional irradiation with UV-A
ACOD %
ah
Kind of anodes Q(@h)
S.S- C - anode Zn - anode Sn - anode Cu-anode | Pb -anode
anode
6.61 3.49 7.11 11.66 21.71 7.57 0.1
15.43 451 15.30 15.61 33.97 29.95 0.2
24.01 5.35 26.54 16.89 41.22 42.46 0.3
30.79 5.49 33.27 18.44 44.97 46.06 0.4
33.82 6.30 39.22 19.13 52 52.86 0.5
36.72 6.67 41.84 20.14 58.48 56.03 0.6
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& pb-anode ACOD %
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R? = 0.9608 0 ' ' '
y = 60.714x + 3.3133 0 0.2 0.4 0.6 0.8
R? = 0.9511 Q (ah)

Fig -6- - Effect of additional irradiation with UV-A

Conclusion :

In summary, we can find that these results are quite promising with respect to the
overall conditions of this anodic oxidation of pollutants in the O.0.W.W coming directly
from these mills in the area. These preliminary results prove the feasibility of the concept,
but require further investigation. It is advisable to run these tests in direct sun light (which
we plan to do in near future ) using suitable photo catalyst, deposited on the anode
surfaces,[12].
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