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Olive oil mill wastewaters (OMWSs) show significant polluting properties due to their content of organic
substances, and because of their high toxicity toward several biological systems. Wastewaters’ toxicity
has been attributed to their phenolic constituents. A chemical study of wastewaters from a Ligurian
oil mill characterized phenolic products such as 1,2-dihydroxybenzene (catechol), derivatives of benzoic
acid, phenylacetic acid, phenylethanol, and cinnamic acid. The OMWs were fractioned by ultrafiltration
and reverse osmosis techniques and tested for toxicity on aquatic organisms from different trophic
levels: the alga Pseudokirchneriella subcapitata (formerly known as Selenastrum capricornutum);
the rotifer Brachionus calyciflorus; and two crustaceans, the cladoceran Daphnia magna and the
anostracan Thamnocephalus platyurus. The fraction most toxic to the test organisms was that from
reverse osmosis containing compounds of low molecular weight (<350 Da), and this was especially
due to the presence of catechol and hydroxytyrosol, the most abundant components of the fraction.
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INTRODUCTION bodies by using microrganisms and chemical or physicochemical
methods (7-11). However, at present, Italian regulations allow
the spreading of OMWSs on agricultural soil, subject to certain

'limitations (12), because of the expense of new technologies
for pretreatments and the difficulty of conventional treatment
methods. This practice causes extensive pollution of the soil
and even transfers harmful compounds into other media, such
as groundwaters and surface waters. Recently, Aliotta et3. (
reported the phytotoxicity of polyphenols from OMWSs on seed
germination, and Yesilada and Sadw reported their toxic

The disposal of olive oil mill wastewaters (OMWSs) is one
of the main environmental problems in the Mediterranean area
where the greatest quantities of olive oil are produced with a
large volume of wastewaters within only a few months (from
November to February). The high polluting activity of OMWs
is linked with their high content of organic molecules, especially
polyphenolic mixtures (310 g/L) with different molecular
weights (1), as well as their acidity and high concentrations of

e s oo oves i s, STECs on h i baceriSelomonas aruginadauonly
P ' 9 ' a few studies have reported the toxic potential of this matrix

including nitrogen compounds, sugars, organic acids, and pectins : ; :
(5. 6), that increase their organic load (CGB80—200 gL on the typical organisms of the freshwater food chdib—-

_ N . . 17). In this study, small-scale toxicity tests, incorporated into a
Er% Er)ac?eri(t)icsloo? (%/II\;I{)VSFL;rrtger;Tr?é?,v;?g b?ehyzgoggsmlcﬂn multitrophic battery of organisms (producers and consumers of
S > . . » dep 9 carbon), were used to measure the effects that may occur if
climatic conditions, olive cultivars, degree of fruit maturation,

. ; OMWs reach surface waters.
storage time, and extraction procedure.

. . . The aim of this investigation was to determine the toxicity
Because of these characterlstlcg, the d|spos_al of OMWs in of the entire OMW matrix and its several fractions obtained by
urban sewage treatment plants is not practicable. Several

ireat t techni h b ked out t d th microfiltration (MF), ultrafiltrations on different cutoff mem-
pretreatment techniques have been worked out o reduce g, - oo (UF1 and UF2), nanofiltration (NF), and reverse osmosis
impact of OMWs on municipal plants and on the receiving water

(RO) processes on the indicated biota of receiving environments.

Furthermore, for the highest toxic potential of the reverse
* Corresponding  author  (telephone+39 0823274565, fax  osmosis fraction, the toxic effects of individual low-molecular-

3 Soei%%?ls;“l\}e%r?; 'CI,irr,lfg'pnoa}i'_'s'don@un'naz"t)' weight polyphenols isolated from this fraction were also
* Universita Federico 1. evaluated.
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MATERIALS AND METHODS

Chemicals.4-Hydroxyphenylacetic acid, 3,4-dihydroxyphenylacetic
acid, 4-hydroxy-3,5-dimethoxybenzoic acid (syringic acid), 3,4-dihy-
droxycinnamic acid (caffeic acid), 4-hydroxycinnamic agetcbumaric
acid), 4-hydroxy-3-methoxycinnamic acid (ferulic acid), 4-hydroxy-
3,5-dimethoxycinnamic acid (sinapic acid), 4-hydroxy-3-methoxyben-
zoic acid (vanillic acid), and 4-hydroxy-3-methoxyphenylacetic acid
(homovanillic acid) were obtained commercially (Aldrich Chemical
Co.).

General Experimental Procedures.Nuclear magnetic resonance
(NMR) spectra were recorded at 500 MHz fit and 125 MHz for
13C on a Varian 500 Fourier transform NMR spectrometer. Electronic
impact mass spectra (EI-MS) were obtained with a HP 6890 spectrom-
eter equipped with an MS 5973 N detector. Infrared spectra were
determined on a Perkin-Elmer 1740 FT-IR spectrometer. UV/vis spectra
were recorded in ethanol on a Perkin-Elmer Lambda 7 spectropho-
tometer. The analytical HPLC apparatus consisted of a System Gold
127 pump (Beckman), a System Gold 166 UV detector (Beckman),

and a Chromatopac C-R6A recorder (Shimadzu). The column was a

250 mmx 4.6 mm i.d., S5um Hibar LiChrosorb RP-18 (Merck). The
preparative HPLC apparatus consisted of a Shimadzu LC-10AD pump,
a Shimadzu RID-10A refractive index detector, and a Shimadzu
Chromatopac C-R6A recorder. Preparative HPLC was performed using
a 250-mmx 10-mm-i.d., 10-um Luna RP-8 column (Phenomenex).
Analytical TLC was performed on Kieselgel 6@for RP-18 k4 plates

with 0.2 mm layer thickness (Merck). Spots were visualized by UV
light or by spraying with HSO/AcOH/H,O (1:20:4). The plates were
then heated for 5 min at 11TC. Preparative TLC was performed on
Kieselgel 60 Es4 plates with 0.5 or 1 mm film thickness (Merck). Flash
column chromatography (FCC) was performed on Kieselgel 60;-230
400 mesh (Merck), at medium pressure. Column chromatography (CC)
was performed on Kieselgel 60, 7240 mesh (Merck), or on Sephadex
LH-20 (Pharmacia).

Chemical Parameters of OMWs.Chemical oxygen demand (COD)
was determined by the open reflux methd®), Biochemical oxygen
demand (BOE) was determined by a 5-day BOD ted9]. Phenols
were determined spectrophotometrically (HeligdJnicam, Cambridge,
UK) with 4-aminoanti-pyrine by sample distillation (20).

Isolation of Low-Molecular-Weight Phenols from OMWs. Olive
oil mill wastewaters were collected from a mill located in Liguria, Italy.
The sludge-free olive oil mill wastewaters were supplied by Prof.
Canepa (Universita di Genova), who separated them into five fractions,
on the basis of the molecular weight of the components, by microfil-
tration (MF), ultrafiltrations on different cutoff membranes (UF1 and
UF2), nanofiltration (NF), and reverse osmosis (RO) proceskgs (
Three types of polysulfone membranes (cutoffs 8000, 20 000, and
200 000) were used at Z&« and 300 kPa to obtain the ultrafiltrated
and nanofiltered fractions. The RO fraction was obtained from an

Fiorentino et al.

method using a RP-18 column. The column was equilibrated with a
9:1 (v/v) mixture of A (HO containing 1% CHCOOH) and B (MeOH
containing 1% CHCOOH) and was used with the following program:
isocratic run for 25 min, followed by an increase of B up to 60% in 30
min and a decrease to 10% in 5 min. The identification of phenolic
compounds was performed by comparison with authentic standards.

Toxicity Testing. The acute toxicity of fresh sludge-free OMWSs
and their fractions was determined on the crustacean anostracan
Thamnocephalus platyurand on the rotifeBrachionus calyciflorus

All the compounds isolated from RO were tested for their toxicity
on the same organisms and on the crustacean clado@aphnia
magna. All the test organisms were provided in cryptobiotic stages by
Creasel (Deinze, Belgium). A chronic toxicity test on the green alga
Pseudokirchneriella subcapitatéformerly known asSelenastrum
capricornutumand Raphidocelis subcapitata) was added to the acute
bioassays using microalgae immobilized on an alginate matrix, also
supplied by Creasel. All the tests were performed in compliance with
international standard organizations (U.S. Environmental Protection
Agency, Organization for European Cooperation and Development,
European Economic Community, American Society for Testing and
Materials) (21—26).

For bioassays, chemicals isolated in small quantities from OMWs
were purchased. A range-finding test was performed to determine the
tolerance range of organisms to sludge-free OMWSs, their fractions, and
pure chemicals before definitive tests were carried out to determine
the 50% threshold effect.

All bioassays were conducted under static conditions, with no
renewal of the test solution, measuring dissolved oxygen and pH in
each sample both at the start and at the end of testing.

Briefly, juveniles (age 6-2 h) of the rotiferBrachionus calyciflorus,
hatched from cysts, were exposed to the test sample in reconstituted
freshwater (moderately hard EPA medium). Tests were run in 36-well
plates with five organisms in each well, containing 0.3 mL of test
solution at five concentrations, in six replicates per concentration and
a negative control. Organisms were exposed to the toxicants for 24 h
at 25°C. The test endpoint was mortality (k-

The bioassay with the anostracan crustac&@amnocephalus
platyuruswas conducted in a similar manner, using second and third
instars fairy shrimp larvae. Tests were performed in 24-well plates with
10 larvae in each well, containing 1.0 mL of test solution at five
concentrations, in three replicates per concentration and a negative
control. Organisms were exposed to the toxicants for 24 h &C25
The test endpoint was mortality (ls€}.

The procedure for the test witbaphnia magnéStraus was similar,
with differences as follows. Glass beakers were used instead of the
multiwell plates, and the test volume was 10 mL. The reconstituted
freshwater, aerated before use, was the ISO hard medium (hardness
250 mg/L expressed as Cag)OFive organisms (age less than 24 h)

apparatus containing cellulose acetate and cellulose nitrate membranesvere added to each container of test solution in four replicates for each

at 5870 kPa.

The phenol components of the RO fraction have been previously
isolated and characterized by Della Greca et@). An aliquot (250
mL) of the fraction obtained from reverse osmosis, containing phenols
with molecular weight<350, was extracted in a separator funnel using
ethyl acetate. The organic layer was dried with${@, and concentrated
under vacuum, yielding 400 mg of residual material. The extract was
chromatographed on Sephadex LH-20 under low pressure, eluting with
different mixtures of MeOH/KHO. Chromatographic processes led to
pure catechol I, 50 mg), 4-hydroxybenzoic acid2,( 3 mg), 3,4-
dihydroxybenzoic acid (protocatechuic acg],3 mg), 4-hydroxyphe-
nylethanol (tyrosol9, 40 mg), 3,4-dihydroxyphenylethanol (hydrox-
ytyrosol, 10, 35 mg), 3,4-dihydroxyphenylethyleneglycol (20, mg),
4-hydroxycinnamic acid G@oumaric acid,12, 5 mg), 4-hydroxy-3-
methoxycinnamic acid (ferulic acid,4, 3 mg), and 4-hydroxy-3,5-
dimethoxycinnamic acid (sinapic acitl5, 1 mg).

4-Hydroxy-3-methoxybenzoic acid (vanillic aci), 4-hydroxy-3,5-
dimethoxybenzoic acid (syringic acil), 4-hydroxyphenylacetic acid
(6), 3,4-dihydroxyphenylacetic acid), 4-hydroxy-3-methoxypheny-
lacetic acid (homovanillic acidd), and 3,4-dihydroxycinnamic acid
(caffeic acid,13) were detected directly in the OMWs with a HPLC

of five concentrations and the negative control. Juveniles hatched from
ephippia were exposed to the samples for 24 h at@0and the test
endpoint was immobilization (Ef). An organism was considered to
be immobilized if it was not able to swim after gentle agitation of the
liquid in 15 s of observation, even if it still moved its antennag)(

The algal growth inhibition test was run for 72 h, using the OECD
reconstituted freshwater (25) as dilution water for the test solutions.
The alga, de-immobilized from the beads of alginate, was inoculated
(1 x 10* cells/mL) in 25 mL of test solution, prepared in three replicates
for each of five concentrations and control. The cell density was
measured at time 0 and every 24 h for 3 days by an electronic particle
dual-threshold counter (Coulter Counter Z2, 10@ capillary), and
from these data the algal growth inhibition was calculated by integrating
the mean values frory = 20 tot;z (area under the curve) (236).

Data Analysis.Raw data for all bioassays, except for the algal test,
were analyzed using Toxcal@7). The L(E)Go endpoints and 95%
confidence intervals were calculated using probit or trimmed Spear-
man—Karber method, as appropriate. The algal growth inhibition,
estimated by integrating the mean values from time 0 to 72 h (area
under the curve), was reported against log-transformed data of
concentrations (umol/L) to calculate the median inhibitionsgGn
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Table 1. Toxic Units (TU) of OMW Fractions on T. platyurus R COOH
(Crustacean) and B. calyciflorus (Rotifer)2 COOH
fraction B. calyciflorus T. platyurus HO HO HO
sludge-free OMW 106 78 OH R R
(SF) (92-112) (59-94) —R' = -
microfiltrate MW > 120 000 Da 21 21 1 % s =F§)H l?a' =H 9 % =|-é)|-|
(MF) (17-26) (17-26) 4 R=OMe R =H 8 R=0OMe
ultrafiltrate MW 120 000—-20 000 Da 18 10 5 R=R'=0OMe
(UF1) (14-22) (7-14)
ultrafiltrate MW 20 000-1000 Da 17 9
(UF2) (14-21) (8-11) R
nanofiltrate MW 1000-350 Da 17 29 R . _COOH
(NF) (14-20) (25-34) OH
reverse osmosis MW < 350 Da 52 37
(RO) (35-79) (29-46) HO HO
R R’
295% confidence interval in parentheses. 9 R=R'=H 12 R=R' = H
10 R=0OH R'=H 13 R=0OHR'=
umol/L) for the pure chemicals, and this value was transformed into 11 R=R'=0H ?lg gf SM'eORI\'/I; H

toxic units (TU) with the formula 1/16; x 100 for the OMW fractions
(28). Figure 1. Phenolic compounds isolated from RO fraction.

Table 2. Median Effective Concentration Expressed as ECsg (in «M)
for Cladocerans, LCs, for Rotifers and Anostracans, and ICs, for Algae
of Phenols from RO Fraction?

RESULTS AND DISCUSSION

The fresh OMWs were collected from a mill in Liguria, Italy,
and separated into five fractions on the basis of the molecular

weight by ultrafiltration and reverse osmosis techniques. The oneeTe - ,
MF fraction was constituted by compounds over 120 000 Da; _°™Pd _ D-magna  T.playuus B calyciforus P, subcapitata
the UF1 fraction by compounds ranging from 120 000 to 20000 ! 10 8 17 34
Da, the UF2 fraction by compounds ranging from 20 000 to 5 ‘(15‘31;14) é;;lo) (122;21) (2225g55)
1000 Da, the NF fraction by compounds ranging from 1000 to (340-585) (961-1005) (179-283) (221-311)
350 Da, and the RO fraction by molecule850 Da. The sludge- 3 413 589 385 344
free OMW (SF) was characterized by pH 4.2, COD= 150 (381-446) (563-616) (301~492) (320-391)
g/L, BOD = 80 g/L, and total phenols: 1.2 g/L. The SF was (353§f416) (3;‘;’}465) (10 2 (2525300)
immediately tested for its toxic potential to avoid a loss of simple 5 177 97 141 214
phenolic compounds due to the phenomenon of polymerization (116-270) (80-118) (119-167) (164-307)
(29). It was tested on the rotifeB. calyciflorus and the 6 391 689 273 486
crustacean anostracah. platyurus because of their high (299-511)  (559-737) (239-300) (463-511)
sensitivity and rapidity of response (time from hatching to ! (24353E446) (3§fﬂ442) (12132153) (283340)
scoring of results<48 h). The results are reported Tiable 1 ) 268 299 407 440

in toxic units (TU) with their confidence limitgp(< 0.05). The (214-336) (253-346) (290-572) (416-465)
SF showed high toxicity values for both organisms. In the 9 861 296 47 210
literature, toxic effects of OMWs were also found for amphibian 10 (67?111091) (265;331) (32;67) (121325603)
tadpoles, a bactericidal activity for Gram-positive and -negative (9-15) (3-5) (8-10) (66-296)
bacteria, and a genotoxic effect fBrosophila melanogaster 11 208 65 144 137
(15, 30). The TUs obtained in this sample represented the (145-297) (54-81) (121-170) (101-188)
response of interactions between additive, synergistic, or 12 290 591 108 225
antagonistic effects, and therefore they were not the sumof TU ;5 (22‘2?11) (4%%719) (83‘;;142) (1%5242)
values of all the other fractions, as previously reportg) ( (274-388)  (554-710) (272-473) (106-136)
Among the fractions, RO was the most toxic, with an impact 14 249 300 247 413
on total toxicity of about 50%, although the results fbr (165-377)  (228-325) (212-286) (375-432)
platyurusdid not show a significant difference from TUs of 15 (1728§25 4 (4§§§860) (323337) (zggfy 4

the nanofiltered fraction. Rotifers were more sensitive than
crustaceans for both SF and RO. This latter fraction contained

. . . @95% confidence interval in parentheses.
phenols with molecular weight less than 350 Da, and it was

found to be inhibitory also for seed germination and algal growth (11)], and four cinnamic acidgpfcoumaric acid 12), caffeic
(13, 17). acid (13), ferulic acid {4), and sinapic acidL6)] and are shown
The separation of this fraction by chromatographic methods in Figure 1.

allowed us to obtain 15 phenols as the major components of All individual compounds were tested for their toxicity on
RO. All the phenols were identified bjH and 13C NMR the green alg&. subcapitata, the rotifeB. calyciflorus, the
analyses as catechol (1), four benzoic acids [4-hydroxybenzoiccrustacean cladocerdh magna and the anostracan platyu-
acid (2), protocatechuic acid (3), vanillic acid (4), and syringic rus, and the results are summarizedTiable 2. For all test
acid (5)], three phenylacetic acids [4-hydroxyphenylacetic acid organisms, the most toxic compound was catecAdlwith
(6), 3,4-dihydroxyphenylacetic acid7), and 4-hydroxy-3- ICs0's ranging from 8uM for T. platyurusto 34 uM for P.
methoxybenzoic acid8]], three phenylethanols [tyroso), subcapitata. Hydroxytyrosol (10yvas almost as toxic as,
hydroxytyrosol (10), and 3,4-dihydroxyphenylethylene glycol except onP. subcapitatalCso = 120 uM). Data for catechol
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Figure 2. Toxicity (in «M) of phenolic compounds from RO fraction.

agreed with previous investigations that showed a strong of benzoic acids increased when methoxy groups were present
phytotoxicity of this compound on seed germinatiorRapha- in the structure, as did the toxicity of phenylacetic acids for
nus sativusaandTriticum durum(13), Lycopersicon esculentum  both crustaceans. In contrast, for the phenylacetic acids, the less
and Cucurbita pepo(31), and on the algankistrodesmus  evolved organisms, such as rotifers and algae, were especially
braunii (17), and a deterrent activity on oviposition of the olive affected by the presence of a further hydroxyl group, ag.in

fly Bactrocera olea€32). These data assume a particular value The number of hydroxyl groups in the aromatic ring and the
if it is considered that catechol is the most abundant chemical side chain influenced the toxicity of phenylethanols. Compound
in the RO fraction. High variability existed among species, so 10 showed the highest toxicity for this class of compounds, as
it was difficult to compare relative toxicity for the different  previously indicated. No structureactivity relationship was
species unless the differences in toxicity were very great. An found for the cinnamic acids, which did not seem to be affected
example was vanillic acid4), which was found to be the most by the presence of a hydroxyl group, exceptRorsubcapitata
active in this investigation, but only for rotifers (&= 1 uM). (23).

For this reason, an analysis closely related to struetactivity As the results showed, all of these compounds had a strong
among the compounds was chosen. The identified chemicalstoxic potential on different trophic levels in the aquatic system.
were grouped in five compound classes: catechpll{enzoic The sensitivity comparison of algal, rotifer, and crustacean
acids @—5), phenylacetic acids(-8), phenylethanols9—11), bioassays confirmed the need for a battery of organisms in
and cinnamic acidsl@—15). As shown irFFigure 2, the toxicity aquatic toxicity testing because no one organism was uniquely
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sensitive to the chemicals tested. The results obtained indicated (16) Paixdo, S. M.; MendgracPicado, A.; Anselmo, A. M. Acute

that the great RO toxicity was mainly due to the presence of
catechol and hydroxytyrosol, two of the most abundant phenols

in RO, which are largely present in all the OMWs cited in the
literature.

ACKNOWLEDGMENT

The authors thank Prof. Pietro Canepa of Universita di Genova

for kindly supplying the OMW fractions.

NOTE ADDED AFTER ASAP

This article was released ASAP on 1/4/2003 before final
corrections were made. In two instanced) was incorrectly
used as mM. The correct version was posted on 1/10/03.

LITERATURE CITED

(1) Hamdi, M. Toxicity and biodegradability of olive mill waste-
waters in batch anaerobic digestid@ppl. Biochem. Biotechnol.
1992,37, 155—163.

(2) Arienzo, M.; Capasso, R. Analysis of metal cations and inorganic
anions in olive oil mill wastewaters by atomic absorption

spectroscopy and ion chromatography. Detection of metals bound

to the organic polymeric fractionl. Agric. Food Chem2000,
48, 1405—1410.

(3) Juven, B.; Henis, Y. Studies on the antimicrobial activity of olive
phenolic compoundsl. Appl. Bacteriol.1970,33, 721—722.

(4) Federici, F.; Bongi, G. Improved method for isolation of bacterial
inhibitors from oleuropein hydrolysigppl. Erviron. Microbiol.
1983,46, 509—-510.

(5) Di Giovacchino, L.; Mascolo, A.; Seghetti L. On the character-
istics of olive oil mills effluents. Note IIRiv. Ital. Sostanze
Grasse.1988,65, 481—488.

(6) Della Greca, M.; Fiorentino, A.; Monaco, P.; Previtera, L.;
Temussi, F. Phenolic components of olive mill wastewatses.
Prod. Lett.2000,14, 429—434.

(7) D’Annibale, A.; Crestini, C.; Vinciguerra, V.; Giovannozzi
Sermanni, G. Biodegradation of recalcitrant effluents from an
olive mill by a white-rot fungusJ. Biotechnol1998,61, 145—
156.

(8) Vigo, F.; Giordani, M.; Capannelli, G. Ultrafiltrazione di acque
di vegetazione da frantoi di oliveRiv. Ital. Sostanze Grasse
1981,58, 70-73.

(9) Rivas, F. J.; Beltran, F. J.; Gimeno, O.; Frades, J. Treatment of

olive mill wastewater by Fenton’s reagedt Agric. Food Chem.
2001,49, 1873-1880.

(10) Della Monica, M.; Agostiniano, A.; Ceglie, A. An electrochemi-
cal sewage treatment proceds.Appl. Electrochem1980, 10,
527—533.

(11) Canepa, P.; Marignetti, N.; Gagliardi, A. Trattamento delle acque
di vegetazione mediante processi a membramguinamento
1987,13, 73-77.

(12) D.Lvo no. 258, 18 Agosto 2000. Disposizioni correttive e
integrative del decreto legislativo 11 maggio 1999, no. 152, in
materia di tutela delle acque dall'inquinamento, a norma
dell'articolo 1, comma 4, della legge 24 aprile 1998, no. 128.

(13) Aliotta, G.; Fiorentino, A.; Oliva, A.; Temussi, F. Olive oil mill
wastewater: Isolation of polyphenols and their phytotoxicity in
vitro. Allelopathy J.2002,9, 9-17.

(14) Yesilada, Q Sam, M. Toxic effects of biodegraded and
detoxified olive oil mill wastewater on the growth Bseudomo-
nas aeruginosaloxicol. Environ. Chem1998,65, 87-94.

(15) Yesilada, E.; @men, M.; Yesilada, OStudies on the toxic and
genotoxic effect of olive oil mill wastewateffresenius Eniron.
Bull. 1999,8, 732—739.

toxicity evaluation of olive oil mill wastewaters: A comparative
study on three aquatic organisniviron. Toxicol.1999, 14,
263—269.

(17) DellaGreca, M.; Monaco, P.; Pinto, G.; Pollio, A.; Previtera, L.;
Temussi, F. Phytotoxicity of low molecular weight phenols from
olive mill waste watersBull. Enziron. Contam. ToxicoR001,

67, 3562—357.

(18) Open Reflux Method, 5220 Btandard Methods for examination
of water and wastewaterd8th ed.; American Public Health
Association: Washington, DC, 1992.

(19) 5-Day BOD test, 5210 BStandard Methods for examination of
water and wastewatersl8th ed.; American Public Health
Association: Washington, DC, 1992.

(20) Direct Photometric Method, 5530 [Btandard Methods for
examination of water and wastewatgt8th ed.; American Public
Health Association: Washington, DC, 1992.

(21) Water Quality—Determination of the inhibition of the mobility
of Daphnia magna Straus (Cladocera, CrustaceAgute toxicity
test; ISO/6341; International Organization for Standardization:
Geneva, Switzerland, 1996.

(22) Standard guide for acute toxicity with the rotifer Brachionus.
Annual Book of ASTM Standardsmerican Society for Testing
and Materials: West Conshohocken, PA, 1996.

(23) Methods for measuring the acute toxicity of effluents and
receiving waters to freshwater and marine organisdith ed.;
U.S. Environmental Protection Agency: Washington, DC, 1993.

(24) Daphnia sp., Acute Immobilization Test and Reproduction; Test
OECD Guideline 202; Organization for Economic Co-operation
and Development: Paris, France, 1984.

(25) Algal Growth Inhibition TestOECD Guideline 201; Organization
for Economic Co-operation and Development: Paris, France,
1984.

(26) Water Quality—Algal Growth Inhibition TestSO/DIS 8692;
International Organization for Standardization: Geneva, Swit-
zerland, 1987.

(27) Toxicity Data Analysis and Database Softwakersion 5.0;
Tidepool Scientific Software and Michael A. Ives: Mckin-
leyville, CA, 1996.

(28) Sprague, J. B.; Ramsey, B. A. Lethal levels of mixed copper
zinc solutions for juvenile salmod. Fish Res. Board Cari965
22, 425—-432.

(29) Assas, N.; Ayed, L.; Marouani, L.; Hamdi, M. Decolorization
of fresh and stored-black olive mill wastewaters®gotrichum
candidum.Process Biochen2002,38, 361—365.

(30) Capasso, R.; Evidente, A.; Schivo, L.; Orru, G.; Marcialis, M.
A.; Cristinzio, G. Antibacterial polyphenols from olive oil mill
waste watersJ. Appl. Bacteriol.1995,79 (4), 393—398.

(31) Capasso, R.; Cristinzio, G.; Evidente, A.; Scognamiglio, F.
Isolation, spectroscopy and selective phytotoxic effects of
polyphenols from vegetable wastewatd?hytochemistry 992,

31 (12), 4125—-4128.

(32) Capasso, R.; Evidente, A.; Tremblay, E.; Sala, A.; Santoro, C.;
Cristinzio, G.; Scognamiglio, F. Direct and mediated effects on
Bactrocera oleae(Gmelin) (Diptera; Tephritidae) of natural
polyphenols and some of related synthetic compounds: strtcture
activity relationshipsJ. Chem. Ecol1994,20, 1189—1199.

Received for review August 13, 2002. Revised manuscript received
November 1, 2002. Accepted November 4, 2002. This work was
supported by MIUR (L. 488/92) in the frame of the project P2
“Ambiente terrestre: Chimica per I'Ambiente” (Cluster 11-A) of
Consorzio Interuniversitario “La Chimica per I'Ambiente”. NMR
experiments were performed on 500 MHz instrument supplied by INCA
(Consorzio Interuniversitario “la Chimica per ’Ambiente”, L. 488/92),
project PO.

JF020887D



