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Olive oil mill wastewaters (OOMW) are not suited for direct biological treatment because of their
nonbiodegradable and phytotoxic compound (such as polyphenols) content. Advanced technologies
for treatment of OOMW consider mainly the use of solid catalysts in processes that can be operated
at room conditions. A system based on combined actions of catalytic oxidations and microbial
technologies was studied. The wet hydrogen peroxide catalytic oxidation (WHPCO) process is one
of the new emerging oxidation processes particularly attractive for the pretreatment of highly polluted
OOMW containing polyphenols that are not suited for classical treatments. In this work, the
biodegradability of OOMW was evaluated before and after treating the wastewater samples by the
WHPCO process using a metal-organic framework (MOF) as a catalyst. This material, containing Cu
and prepared with benzene-1,3,5-tricarboxylic acid (BTC), is a robust metal-organic polymer with a
microporous structure that is reminiscent of the topology of zeolite frameworks.

KEYWORDS: Fenton's reagent; olive oil mill wastewater; biodegradation; copper; metal-organic
framework; heterogeneous catalysis

INTRODUCTION using heterogeneous Fenton-type catalysts, with minimal, if any,

Olive oil mill wastewaters (OOMW) have a high seasonal Ieachlng. of the transition metal.. -
pollution potential, especially in the Mediterranean region. The ~ The aim of the present work is to develop an efficient het-
annual OOMW production in this region is estimated to be over €rogeneous catal_ytlc pretreatment that can be used to increase
107 m? (1). The phytotoxicity and antimicrobiality of OOMw, ~ the biodegradability of the OOMW, to make possible the
mainly determined by its phenolic content, usually make the Subsequent biological oxidation. In this work, the nonbiode-
direct biological treatment difficult for OOMW. Among the ~ 9radable compounds presentin OOMW are oxidized by means
different chemical technologies studied to treat polyphenol Of wet hydrogen peroxide catalytic oxidation (WHPCO), and
containing model effluents or real OOMW (such as noncatalytic the catalyst used is a metal-organic framework (MOF) com-
and catalytic wet oxidation, ozonation, solar light photocatalysis, Pound containing copper, @BTC),(Hz0); (BTC = benzene
etc.), the combination of catalytic oxidation pretreatment with 1,3,5-tricarboxylic acid). The high micropore volume, large pore
biological posttreatment (aerobic or anaerobic) is an attractive Sizes, crystallinity, and high metal content render this new and
solution. In recent studies, great attention has been focused orfMerging class of porous materials very interesting as catalysts
the Fenton reagent, a homogeneous catalytic system Comprising%or reactions catalyzed at low temperatures, such as liquid-phase
hydrogen peroxide (HP) and a ferrous sat6). Iron-catalyzed ~ transformation (8). The efficiency of the WHPCO of polyphe-
HP decomposition determines the formation of highly reactive NOIS was evaluated by a complete characterization of the
free hydroxyl radicals (HOs), second only to fluorine radicals b!odggradablllw of fresh and treated samples. Biological aero.blc
in terms of oxidizing power, that are capable of oxidizing many klnet|c§ of the OOMW organic substrate was evaluated using
organic pollutants to lower molecular weight compounds and &" activated sludge taken from the wastewater treatment plant

eventually to carbon dioxide and watef)( The main disad- ~ ©f Montalto Uffugo (Calabria, South Italy).
vantage of Fenton and Fenton-like reagents is the need of
recovering iron or other transition metal used after the catalytic EXPERIMENTAL INVESTIGATION

treatment (4). These drawbacks can be overcome in principle ) ]
Analytical Methods. Analyses of total chemical oxygen demand
(CODror), soluble COD (COMRor), NHs*—N, NO; —N, NO; —N,
* Author to whom correspondence should be addressed. Tel: 3—_ . .
+39.0984.496712; fax-39.0984.496655; e-mail: granato@unicalit. & _P.SST, and SSV were determined using standard metBds (
t Dipartimento di Difesa del Suolo “V. Marone”. The CODyoy, in particular, was measured by means of a flocculation

* Dipartimento di Ingegneria Chimica e dei Materiali. pretreatment, as proposed by Mamais et®0)(To avoid the positive
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Table 1. Chemical Parameters of OOMW WHPCO Test. The Cu—BTC sample was used as a catalyst to
oxidize the polyphenols contained in the OOMW sample in a
parameters unit values thermostated stirred batch reactor. A catalyst amount of 243 mg was
CODror gLt 714 introduced into 250 mL of OOMW at room temperature and atmo-
CODsoL gLt 57.7 spheric pressure. An amount of 113.2 mg/L of HP (solution 30% w/w)
polyphenols gLt 2.65 was added in aliquots of 10 mL every 2 minutes. Then, the reaction
sugars gLt 20.6 time was started. After 27 h, the catalyst was recovered from the
NH4"=N mg L~? 70 reaction mixture by decantation.
NO,™—N mg L™t 8.6 The change of the polyphenol concentration during the oxidation
NO33:—N mg L:i a reaction was measured utilizing the Folin-Ciocalteau reagent, while the
22\4/ i gﬁh 225.0 concentration of the HP at various reaction times was determined by a

SST gLt 504 modified iodometric titration method. The temperature and pH of the
pH 358 reaction mixture were continuously monitored. Aliquots of the reaction
mixture after 3 h and 27 h (final reaction mixture) were analyzed with
respect to BCOD, RBCOD, and SBCOD.

interference derived from the presence of HP in COD measurement
(11, 12), the residual HP was eliminated by an adequate thermal RESULTS AND DISCUSSION

treatment of the samples prior to the analysis. o .
The total reducing sugar content was determined by the ADNS Characterization of the OOMW. The chemical parameters

spectrophotometric method at 550 nd8). The polyphenol content ~ Of fresh OOMW are reported ifiable 1. The OOMW used in
was determined by using a UWis spectrophotometer at 710 nm and  this work was characterized by an elevated Gobvalue and
after removing sugars. This method utilizes a reagent (Folin-Ciocalteau’s @ high fraction of CORo. (which is 77.6% of CORor). For
phenol reagent) that in the presence of polyphenols or sugar forms asamples having a high CQP. fraction, as in the studied case,
blue compound. To determine the exact amount of polyphenols in the the catalytic oxidation pretreatment could be an attractive
OOMW, the interferences due to the sugar molecules have beensolution. The concentration of ammonium nitrogen and reactive
ehq']::aa;?:sﬁsall:g ?reiigdcg(u)rl:]/lrc/\l(lsi)rﬁples were analyzed with respectphosphorus was low if compared to C@R. The low content
+_ 3—_ i ;

to the biodegradable COD (BCOD), the rapidly biodegradable COD cr::oir;li':‘rln a’:dagﬁo;:%orusp ;;ﬁgtz)s i]tg\?enae(é:%srzg)l/e:g ?c?r?v:gion
(RBCOD), and the slowly biodegradable COD (SBCOD) by respiro- . . . : o

of the biodegradable organic substrate by biological oxidation

metric methods (1516). The respirometric tests were done by means - - )
of a Chemitec S250 OUR test, which consists of a thermostated and€actions in wastewater treatment plants. As it can be observed

aerated (without oxygen exchange with ambient) batch reactor of 500 from the concentration of the total suspended solids, a settling
cm?, continuously stirred and provided of a probe for the measurement pretreatment was not advantageous.

of the dissolved oxygen and temperature. The biological aerobic kinetics ~ Characterization of the Cu—BTC Catalyst. In Figure 1,

was evaluated by adding 280 mL of OOMW (diluited 10-fold) to the XRD pattern and SEM image of the €BTC catalyst are
480—470 cr of activated sludge, continuously stirred and aerated, to reported. As expected from the indication reported by Wang et
maintain the dissolved oxygen amount at abet? ppm. The activated al. (17), the Cu—BTC sample synthesized under hydrothermal

sludge was preaerated for 5 hremove its own COD. Every 30 min, - jiions was obtained as cube-shaped crystals having a
an aliquot of 15 mL of mixed liquor was taken from the batch reactor, . - .
crystal-size dimension of 10—3@m.

filtered at 0.45um, and analyzed by the direct COD measurement. i ) .
Catalyst Synthesis and CharacterizationThe synthesis procedure The fully hydrated as-synthesized €BTC material contains

for the preparation of MOF material was taken from literatu@)( about 20 wt % of water and is stable up to 573 K.

and it is a synthesis process for large-scale manufacture resulting from  WHPCO of the OOMW. The chemical pretreatment oxida-

an optimization of literature recipe&, 19). The as-made sample isa  tion process on the OOMW was carried out at room temperature

powder of intense blue crystals of €BTC. The postsynthesis  and atmospheric pressure, using a catalyst amount of 0.97 g-cat

tfe?Lmegt COQTS(i:Sted of Idr)’/ing t:le s:;t(mple ;%383:( K C’(‘)’(eF;g?ht- " L~ The HP amount used was 113.2 mg/L, determined choosing
€ ~u=b 'L samples powder 2-ray diiraction ) patiemns  hhenol as probe molecule of the total COD and considering an

were obtained using a Philips PW 1710 diffractometer with Qu K HP/phenol initial molar ratio of 10 (substoichiometric). The

radiation. Scanning electron microscope (SEM) images were obtained idati ted to be | diat d hiahl th .
using a Cambridge Stereoscan 360 SEM, and copper content of theOXldation was expected to be iImmediate and nighly exothermic

samples were measured by an electron-dispersive X-ray (EDAX) (11), @nd so to prevent excessive heating, HP was added in
analysis in the SEM chamber. Thermal analysis was performed by a aliquots. The temperature of the reaction mixture reached, after
Netzsch STA 409 instrument in air flow (5 mL/min) between 293 and 3 h, the highest value of 306 K. The pH of the reaction mixture,

1123 K at a heating rate of 10 K/min (TG-DTG-DSC). during the HP adding, decreased rapidly to 3.9; for 60 min, the
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Figure 1. Cu-BTC: (A) XRD pattern; (B) SEM image.
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polyphenols present in OOMW. Figure 4. BCOD removing kinetic tests on the fresh and treated OOMW
I~ samples.

the nonbiodegradable COD fraction is 48% of CR@P

(Table 2).
After the WHPCO pretreatment, the biodegradability of the
OOMW increased from 52 to 84.5%, with a C@f3 re-
duction of 18%. This is an interesting result, because it indi-
cates the selectivity of HP with respect to nonbiodegradable
| ,
2 3 27

-
(5]

HP consumption (%)
o =

compounds. The increase of RBCOD (from 16 to 30.8
gL™Y suggests that, after the chemical oxidation, the transfor-
mation of complex organic molecules into rapidly biodegrad-

Time (hours) able organic acids took place. This is confirmed by the reduction
Figure 3. HP consumption versus reaction time in WHPCO of polyphenols of the pH during the reaction tesFigure 2). The SBCOD
present in OOMW. fraction remained almost equal (at 34%) after the WHPCO
pretreatment.
Table 2. COD Fractions of the Fresh and Treated OOMW After 3.5 h of chemical oxidation, an aliquot of the reaction
mixture was analyzed with respect to C@Jp, and the obtained

CODror  CODso. BCOD RBCOD SBCOD  nonbiod. COD ) . .
(gLff;T (gl_ff;L ) @) LY non(g;_,l) value was 58.0 gtl. This value is practically equal to that

measured after 27 h. From this result, it can be concluded that

gﬁiﬂa ;3:2 g;; 32232 12:80 22:;2 gg:g the oxidation reaction time of about 3.5 h is sufficient to obtain
treated  60.8 560 143 11.0 33 465 the maximum oxidation efficiency. As noted before, the HP
treated?  60.8 560 514 30.8 206 9.4 consumption occurred only during the fir8 h of reaction
(Figure 3).
a\With ammonium sulfate and potassium phospate bihydrate. In Figure 4, the results of kinetic tests for the BCOD

removing are reported. The maximum specific growth rate
pH value was stable and, finally, it decreased again down to (#may) and the half-saturation coefficient {Kwere evaluated
3.4 after 27 h Eigure 2). by means of an interpolation on the basis of the Monod ki-
HP consumption at various reaction times was measured andnetics (20). The value Qimax for the fresh sample was 1.12
the obtained results are reportedfigure 3. It can be seen  d~! and for the treated sample was 1.62,dso the obtained
that the highest amount of HP was consumed during the third increase after the oxidation treatment was at 45%. A posi-
hour of treatment, while from the 3rd to the 27th hour of the tive effect was also obtained fifs, which for the fresh sam-
WHPCO there was only a 3.5% residual increase of HP ple was at 200 mgBCOD/L and for the treated sample was
consumption. at 105 mgBCOD/L (with a reduction of about 50%). The
The polyphenol content after 27 h of oxidation decreased half-saturation coefficient decrease suggests that the content
down to 0.10 g L2, with a reduction with respect to fresh  of toxic substances was reduced after the oxidation treat-
sample of 96%. ment. This hypothesis can be verified carrying out inhibition
The recovery of catalyst was made by settling, but the amount tests. The BCOD removing rate was increased bothuky
of recovered catalyst available was too small for the “after increase as well as bigs decrease. For instance, to obtain a
reaction” characterization. 80 mg L reduction of BCOD, the fresh sample needs a
COD Measurements and Kinetic TestsAfter the WHPCO 2-h treatment while for the treated sample 1-h treatment is
of polyphenols, the catalyst-free reaction mixture was reanalyzed enough.
with respect to COR,r, CODso, BCOD, RBCOD, and This positive result can be observedHigure 5; the reaction
SBCOD. Both fresh and treated OOMW were also analyzed rate is higher for the treated sample and, in particular, the
after setting the COR1/N/P ratio at the optimal value by  asymptotic value for the fresh sample was at 180 mg BCOD/
adding ammonium sulfate and potassium phospate bihydrate.Lh, while after the oxidation treatment this value is at 280 mg
The obtained results are reportedTiable 2. BCOD/Lh. This result is directly correlated to the necessary
As expected, the respirometric results obtained on sam- biological treatment time, which is significantly reduced in the
ples confirm the effective necessity of the addition of nitro- case of the treated sample.
gen and phosphorus to achieve complete biological oxida- In conclusion, the experimental results showed that with the
tion; however, the fresh OOMW sample, also after the nutrient WHPCO process it is possible to improve significantly the
addition, shows a low biodegradability, and as matter of fact, biodegradability of the OOMW and that the Cu-MOF cat-
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Figure 5. Monod kinetics rate for the fresh and treated OOMW samples.

alyst is selective with respect to nonbiodegradable com-
pounds. In fact, this process increased the BCOD fraction
from 52.0 to 84.5%, with a polyphenol abatement of 96%,
and it showed also a significant reduction of other nonbiode-
gradable compounds and a small reduction of G&{18%).

The kinetic tests showed that, after the WHPCO, the BCOD
fraction removing rate increased. This means that the bio-
logical treatment time is significantly reduced and that the
OOMW can be sent to the biological treatment plant. The

principal advantage of the use of the Cu-MOF heterogeneous
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