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Production, Characterization, and Effects on Tomato of Humic
Acid-like Polymerin Metal Derivatives from Olive Oil Mill Waste
Waters
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The dark polymeric organic fraction rich in potassium recovered from olive oil mill waste waters
(OMWW) and named polymerin and the potassium salified deglycosylated polymerin derivative (K-
SDpolymerin) were easily transformed into their metal derivatives by saturation with various metals,
including Na, Cu, Zn, Mn, Fe, and Al. Saturated metal polymerins were characterized by diffuse
reflectance infrared Fourier transform spectroscopy and atomic absorption spectrometry. Tests on
tomato plants of the various polymerins showed that only the soluble polymerin, K-SDpolymerin,
and the insoluble Mn-SDpolymerin were significantly toxic. The toxic effects of OMWW on tomato at
the original concentration and diluted 1:10 were much stronger than those of any polymerin. The
possible exploitation of polymerins as bioamendments and/or metal biointegrators as a functon of
their phytotoxic effects, their humic acid-like nature, and their richness in macro- and micronutrient
metals is also discussed.
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INTRODUCTION ment of this biomaterial in agriculture as a bioamendment and/
or metal biointegrator is motivated by its humic acid-like nature
and its richness in macro- and micronutrients such as K and, to
a lesser extent, Ca, Mg, Fe, and Zn.

The present paper describes (a) the production of metal
polymerins obtained separately by saturation of polymerin with
various micronutrients (Cu, Zn, Mn, and Fe) and other metals

properties of OMWW, as documented by the high chemical of interest (Na and Al) and (b) their characterization by di
; : y diffuse
oxygen demand (COD) and biological oxygen demand (BOD) reflectance infrared Fourier transform spectroscopy (DRIFTS)

(9), render inadequate this material to be discharged into sewage

plants, but it can be spread on the soil according to the laws of and atomic a_bso_rptlon spectrometry (.AAS)' .
various producing countries Another objective of this paper is to illustrate the production

. . . and characterization of the metal Cu, Zn, Mn, Fe, and Al salts
In the framework of studies of ecological and useful disposal ¢ deglycosylated polymerin (Me-SDpolymerins), obtained
processes, we recently founél)(that metal cations naturally

o ) ' separately by saturation of a potassium salt of deglycosylated
occurring in OMWW were mainly bound to the organic polymerin (K-SDpolymerin) (10).
;)(ﬂlyme(;lc_ frgctlon a_nd th:;t K t\)N acs: thﬁ/l m?\lst azbunI(:JIant rgect:al, In view of the possibile application of these biomaterials, their
oflowed, in rtlacreasmg oraer, by far’r 9, Na, zn, | e, arll IUI effects on tomatol(ycopersicon esculentuin) cuttings were
:jn addmo(r;,.t € COD.and B_OhDho t |sfb;]omatené1Mmar edly studied compared with the effect of raw OMWW. Finally, the
ecrease. |n. comparison with those of the raw WA ( ~ possible exploitation of these materials is discussed in relation
These findings prompted the recovery of the metal polymeric {5 their humic acid-type nature and natural presence of nutrient
organic fraction, which was named polymerin, with the aim of mnetals.

studying its possible recycling in agriculture and use in
environmental technology processgf) The potential employ-  \ ATERIALS AND METHODS

Recycling of olive oil mill waste waters (OMWW) as an
amendment in agriculture, either in raw form or after various
treatment (1—5), and recovery of their organic components for
use in agriculture and in industn6{8) are the approaches
commonly proposed for their disposal. The high polluting

Materials. Samples of OMWW were supplied by a pressure
* Author to whom correspondence should be addressed (telephone

+390817885205; fax-390817755130; e-mail capasso@unina.it). processing plant located in Monteroduni (Isernia, Italy) and were kept
 Dipartimento di Scienze del Suolo, della Pianta e dell’Ambiente. refrigerated at-20 °C in tightly closed PVC vessels until use. Solvents
* Dipartimento di Arboricoltura, Botanica e Patologia Vegetale. were of HPLC grade and reagents of analytical grade. High-quality
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Figure 1. Scheme of preparation of Me-polymerins and Me-SDpolymerins
from polymerin and K-SDpolymerin, respectively.

water (hqw), obtained using a Milli-Q system (Millipore), was used
throughout the experiments.

Production of Metal—Polymerins (Me-polymerins) from Poly-
merin and of Metal-Deglycosylated Polymerins (Me-SDpolymerins)
from K-SDpolymerin. Polymerin and K-SDpolymerin were first
prepared according to the procedure previously descriti@dAliquots
of 100 mg of either polymerin or K-SDpolymerin were mixed separately
with each saturated solution (10 mL) of NaCl, Cy&nCk, MnCly,
FeCk, and AICk and left overnight under magnetic stirring, at room
temperature. The mixture was then transferred to an ultrafiltration cell
(200 mL), equipped with a magnetic stirrer and a membrane having a
cutoff of 1000 Da. The cell was placed under a nitrogen flow and

connected to an hqw reservoir (1000 mL). The operating pressure inside

the cell was regulated at 3.5 bar.
The ultrafiltration process was performed to eliminate the excess
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DRIFT Spectroscopy. For DRIFT analysis 0.2 mg of each sample
was mixed with 200 mg of KBr (FTIR grade, Aldrich Chemical Co.,
Milwaukee, WI), ground in an agate mortar, pressed surface smoothed
with a microscope glass slide, and finally transferred to a sample holder.
The DRIFT spectra were obtained using a Perkin-Elmer 1720 X FT-
IR spectrophotometer and a diffuse-reflectance device (Perkin-Elmer).
The diffuse-reflectance cell containing the samples was flushed with
N2 gas for 10 min before scanning to remove atmosphes(@ tapor
and CQ. The resolution of 1 cmt was used in recording all spectra.

Phytotoxicity Test of OMWW. The phytotoxicity of OMWW at
the original concentration and diluted 1:10 was tested on cv. Marmande
tomato plants using the following procedure: 10 young tomato plantlet
cuttings were dipped with each cut end in 1 mL of the test solution
and stored at 28C; necrosis symptoms were evaluated in a range of
5—96 h and rated on a8 necrosis index scale, where=125%, 2=
50%, 3= 75%, and 4= 100% of plant necrotized.

Phytotoxicity Test of Polymerins The phytotoxicity of polymerin
and Me-polymerins (Me= Na, Cu, Zn, Mn, Fe, and Al) was tested on
cv. Marmande tomato plants at a concentration of ZN§ and 5 mg/

mL (30 uM), considering an average molecular weight of 150 kDa
(10), whereas a concentration of 0.2 (@) or 1 mg/mL (150uM),
considering an average molecular weight of 6.3 kD@)( was used
for K-SDpolymerin and Me-SDpolymerins (M& Cu, Zn, Mn, Fe,
and Al).

The following procedure was used: 10 young plantlet cuttings were
dipped with each cut end in 1 mL of the test solution and stored at 25
°C; the phytotoxicity was thus estimated in a range 05 h as the
percentage of wilted plantlets.

RESULTS AND DISCUSSION

Metal —Polymerins. Metal—polymerins were prepared from
polymerin (10) according to the scheme reportedrigure 1.

Their composition is reported imable 1, and their DRIFT
spectra are shown iRigure 2 and Table 3.

With respect to polymerin in Na-polymerin the concentration
of K decreased-5-fold while the concentration of Na increased

metal cations, which were not adsorbed on the polymerins, and wasand the concentration of Ca and Mg decreased much more than
stopped when no metal was detected by AAS in the permeated fraction.in the other polymerins. The concentration of Cu and Zn
The nonpermeated fraction, which mainly consisted of a brown collapsed to 0.00, indicating that the two metals were completely
precipitate, except for the very soluble Na-polymerin, was removed removed by Na. The concentration of Fe(lll) presented only a
from the cell and lyophilized. A residual brown material was obtained gmall change. Mn and Al were detected only in Mn- and Al-
Wi_th a yield of 95% for Me-polymerins and 93% for Me-SDpolymerins polymerins, but not in polymerin, Na-polymerin, or all the other
(Figure 1). Me-polymerins.

Metal Determination by AAS. Metal cations were determined by nC | in. K d &-10-fold with tt
a Perkin-Elmer model 3030 B atomic absorption spectrometer equipped n u.-po ymerln, . ecrease -fold - wi . respect to
polymerin, while Cu increased. The concentration of Ca, Mg,

with deuterium-arc background correction. Either—aicetylene or ' '
nitrous oxide—acetylene flames were used as the atomization source@nNd Fe(lll) decreased, due to the exchange with Cu, with an
Measurements were performed using the manufacturer's recommendeceXtent lower than that observed for K because of the higher
operating parameters. The spectrometer was controlled by AA Winlab stability of Ca, Mg, and Fe(lll), chelated with the carboxylate
software (Perkin-Elmer, Norwalk, CT). Background correction (AA- anions and OH, SH, and NHyroups occurring in polymerin
BG) was used for lower wavelength elements (Zn, Mn, Fe, and Cu), (10). The concentration of Zn was higher than in polymerin,
which could be more susceptible to interferences from molecular nossibly because of small Zn impurities in the Cu salt utilized
absorbance. The average and standard deviation of three absorptioqor the exchange. The concentration of Na remained surprisingly
meflnsuremems were recorded for each sample. . constant, despite the single charge of this ion. This peculiar
glassware, plasticware, and storage bottles used were previously . - . .
immersed for several hours in a solution containing 10% w/v behavior, which was algo observed _|n other .polymerlns, may
concentrated HCI and 20% wiv concentrated HNXCarlo Erba, Milan, be related to the small size of Na, which remained entrapped in
ltaly), to avoid any kind of contamination, and air-dried before use. Small sterically hindered sites.
Stock standard solutions of each metal cation (18 were obtained In Zn-polymerin the concentration of K was close to that of
from BDH Reagents (Poole, U.K.). Cu-polymerin and the concentration of Zn correspondingly
Aliquots of 100 mg of polymerin and its derivatives Na-polymerin, increased, indicating the similar physicochemical behaviors of
Cu-polymerin, Zn-polymerin, Mn-polymerin, Fe-polymerin, and Al- the 7n and Cu cations with respect to K. Similar to Cu-
polymerin and of K-SDpolymerin and its metal derivatives Cu- polymerin, the concentration of Ca, Mg, Fe(lll), and Cu,
decreased only slightly, compared with that of polymerin,

SDpolymerin, Zn-SDpolymerin, Mn-SDpolymerin, Fe-SDpolymerin,
d Al-SDpol i digested with 8 mL of H 5% w/ . .

an D e dgesied Wi ML of HNQ6S% wiv) suggesting the same explanation reported above for Cu-

polymerin.

and 2 mL of HCIQ (72% w/v) on a heating sand bath at 8D. Once
In Mn-polymerin, the concentration of K showed a value

dried, samples were added with 5% HCI solution, then filtered through
a Whatman No. 40 paper filte@ 12.5 cm, and finally raised to a
similar to that of Zn-polymerin and the concentration of Mn

volume of 50 mL with 5% HCI.



4020 J. Agric. Food Chem., Vol. 50, No. 14, 2002 Capasso et al.
i S E T
Tcn ;' é ‘éc IL Lc‘n: £ Polymerin
£ | x x < S|luadwost~©
o | i N XX S|
8 H %NH'\U’ > OO oo oOooOoo .
g S Tred = Na-polymerin
=Ap SHH [
g S fl Mmoo S
Elxo88883 [N
3 MO NS SS9
O scoococococo . Cu-polymerin
|
f=>)
clg  msys| |5|288%85%
| o i o O O M~
2 § ] § § § § == Zn-polymerin
gl qAHHH S
HEEEEEEE
ElSSsoss33a . Mn-polymerin
|
[=2] n
IS -
o
“ o o g
? VB ANT, g % ?I Fe-polymerin
5|5855852 | |3|3338888
OO oo oo
Slanaanad|_ £ W Al-polymerin
FegaILEI8 |[= e —
- glsssesass 3700 3300 2900 2500 2100 1700 1300 900 500
= T < em”!
j=2) .
e < . . .
- 0 oS Slooootoo Figure 2. DRIFT spectra of polymerin and Me-polymerins (Me = Na,
g£|lggsgses >l222222S Cu, Zn, Mn, Fe, or Al).
— o + 1S
= S| HHAHHH
E 2|SO58488 correspondingly increased. The concentrations of Ca, Mg, Fe-
& e - (i, Zn, Cu, and Na were similar to those in Zn-polymerin
= o - E ] and Cu-polymerin.
[ . .
= = § 83 S g § g S b In Fe-polymerin, the concentration of K showed a more
- o d = . .
IS g|lsssssse z|888888% marked decrease and the concentration of Fe correspondingly
3 Zlaumreroa |_|E increased more than in the other metpblymerins considered
< g gececegee (< above. This behavior is consistent with the trivalent charge of
=z 8 - Fe(lll). The concentrations of Na, Ca, and Mg showed the same
= I D =y ] trend observed in the above-considered mepalymerins. The
£ ‘zE» 3388388 Slssssssa concentration of Cu remained constant, whereas Zn was
“E; 8 PRl p|oSSoSo completely replaced by Fe(lll).
S > BYINEREH Finally, in Al-polymerin the concentration of K showed the
o E|locoococococo . . .
5 . greatest decrease in comparison with that of the above-
, ~ . . .
= o|dSne S considered metal—polymerins and the concentration of Al
K=} — cldgaddga o : .
g ‘g 2.28899 S § § § § § S § increased much more than the other metals, such as for Na in
= g|s28338383S = HHHHHGH Na-polymerin. The concentration of Na remained constant, and
2 R B zl2882388 that of all the other metals Ca, Mg, Cu, Zn, and Fe showed a
= g|S8ESSES |, |F|T°T°°°° marked decrease compared with those observed in the other
% s E . metal—-polymerins. The peculiar behavior of Al can be attributed
b=} T leggse. . to t_wo factors: the hlgh charge gnd the small S|z_e_qf this ion,
2 R So3=883 glse223932 which allow an easy site occupation and the possibility to form
£ ElScsSsoo S| HHHHHHH chelates.
o A ([T AT O MDD
b S|+ +H HH A A H Y R A R k=R =] . . .
?2, e ENE R RR Y glgocococws Ger_1era||y, the metal content in me{ﬂiolymerl_ns, in terms
Qa g|lereccoee of weight percentage, decreased from 11.06 in polymerin to
= 4.96 in Al-polymerin, whereas the sum in milliequivalents
[«5) - N ©O [Te} . . .
= N ‘A Igv S g 8 percentage showed very similar values except for Na-polymerin,
j=2] .
£ | BRYSS S| 292 as shown in the last two columns dhble 1.
- S|58888 x x S|9 929 ) .
S S Sccococex z|le wo<w In brief, the production of Na-, Cu-, Zn-, Mn-, Fe-, and Al-
= S| ™ o I . . o . .
b= Slrelaaas HEEEEEEE polymerins by saturation of polymerin with the corresponding
“E; g glgz2s22222 |¢ E|lescecsses metals occurred mainly through replacement of K, which was
S not only the most highly concentrated but also the most
- - o Tle 5.8 removable metal, due to its single charge and large size.
— > . .
s 2185488382 Elg =23c Correspondingly, there was a large increase of the metals added
= o OO OO OoOOoOo 8 H +|+|+I . . . . . .
B S|+ 44+ S|hoite o and substitution of those native in polymerin, that is, Cu, Ca,
é > § E '§ § E § g gl@zszgygsss Mg, Zn, and Fe(lll). The total replacement of Cu occurred only
S by Na in Na-polymerin, whereas that of Zn by Na, Fe, and Al
(_) 1 il 1
Ei cecEe. ccefe. :E):Scuergislélrl Na-polymerin, Fe-polymerin, and Al-polymerin,
TS o 5= 5S35 = .
= c22B22% sg2gEEs pecively. . . _
- g EE%E—Q% 2 ggig—gg AII_ o_f the considered Me-polymerins were esser_mally solid
2 &S &SI H T precipitates except for the very soluble polymerin and Na-
] SZON=LI QSZO0ON=L I . . . .
[ polymerin, and their DRIFT spectra showed that their chemical



Metal and Metal-Deglycosylated Polymerin Phototoxic Effects J. Agric. Food Chem., Vol. 50, No. 14, 2002 4021

nature was similar to that of polymerifrigure 2 and Table
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o
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% - g oo F%' SoSssa In particular, the main features of DRIFT spectra are as
g|leceeceeS g follows: (a) strong absorptions observed in the range between
= oo oooo 1] . .
3 W 3273 and 3413 cmt due to alcoholic and phenolic OH and
peptide NH; (b) medium absorption bands in the 2922 and 2932
T o . cm! region attributed to saturated CH stretching; (c) medium-
E ?l Elaxgs 318 intensity bands in the range between 1720 and 1741'cm
=18 ~8888 S|eeweseo attributed to the stretching of a C=0 methyl ester bond and
S € C—0-C linkage stretching weak bands in the range between
1240 and 1257 cmi; the latter overlap those due to the
TleSeat T - stretching of the d_iphenyl ether bond occurring_in_the melanin
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o Qe o S h
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Table 3. DRIFT Spectral Data of Polymerin and K-SDpolymerin and Their Corresponding Metal Derivatives

DRIFT 2 (cm™Y)

stretching

C=0 ammidic, c-0-C C-OH alcohol bending

saturated Cc=0 COO-symmetric, and COO- ester and ether (sugar and amino acid) melanin

OH, NH CH ester C=C aromatic nucleus asymmetric and C—OH phenol and C—NH, amino acid nucleus

polymerin 3387 (s) 2922 (m) 1735 (m) 1627 (s) 1401 (w) 1240 (w) 1096 (s) 678 (s)
Na-polymerin 3401 (s) 2929 (m) 1736 (m) 1617 (s) 1416 (w) 1256 (w) 1075 (s)
Cu-polymerin 3339(s) 2927 (m) 1738 (m) 1627 () 1398 (w) 1241 (w) 1083 (s)
Zn-polymerin 3413 (s) 2925 (m) 1741 (m) 1627 (s) 1413 (w) 1257 (w) 1075 (s)
Mn-polymerin 3274 (s) 2932 (m) 1720 (m) 1601 (s) 1417 (w) 1262 (w) 1074 (s)
Fe-polymerin 3352 (s) 2925 (m) 1736 (m) 1606 (s) 1418 (w) 1226 (w) 1097 (s)
Al-polymerin 3365(s) 2928 (m) 1736 (m) 1635 (s) 1456 (w) 1243 (w) 1024 (s)

K-SDpolymerin 3394 (s) 2926 (m) 1719 (w) 1601 (s) 1395 (m) 1279 (m) 1071 (w) 658 (W)

Cu-SDpolymerin 3397 (s) 2927 (m) 1725 (w) 1604 (s) 1386 (m) 1262 (m) 1076 (w) 670 (s)

Zn-SDpolymerin 3345 (s) 2926 (m) 1720 (w) 1604 (s) 1383 (m) 1283 (m) 1058 w) 604 (m)

Mn-SDpolymerin 3381 (s) 2922 (m) 1718 (w) 1589 (s) 1407 (m) 1281 (m) 1077 (w) 670 (s)

Fe-SDpolymerin 3357 () 2924 (m) 1711 (w) 1605 (s) 1384 (m) 1270 (m) 1084 (w) 570 (s)

Al-SDpolymerin 3381 (s) 2924 (m) 1728 (w) 1604 (s) 1406 (m) 1265 (m) 1071 (w) 670 (s)

25 = strong, m = medium, w = weak.
) Na remained almost constant; in addition, Fe and, in particular,
ot K K-SDpolymerin Al strongly replaced the other metals, as has been also observed
AN s N in Me-polymerins, due to the small size of the first metal ion,
1995 1m0 the high charge of the second, and both the small size and high
Cu-SDpolymetin charge of the third metal ion, respectively.

Similar to Me-polymerins, Me-SDpolymerins were substan-

tially obtained as solid precipitates, except for K-SDpolymerin,
Mn-SDpolymetin and their chemical nature also appeared similar from DRIFT
spectra analysis (Figure @ndTable 3).
W Fe-SDpolymerin The DRIFT spectra of K-DS- and Me-SDpolymerifisdure
3 andTable 3) showed some significant differences from those

of polymerin and Me-polymerinRigure 2 and Table 3). In
particular, a strong decrease of the bands in the 30084
cm~1 region is observed. This result can be attributed to the
W Zn-SDpolymetin stretching of C—OH groups of residual sugars that remained in
K-SDpolymerins, and consequently in the Me-SDpolymerins,

Al-SDpolymerin

o0 B0 W0 B0 M0 20 WO 0 X0 4N after the hydrolysis of polymerin for the preparation of K-
Figure 3. DRIFT spectra of K-SDpolymerin and Me-SDpolymerins (Me SDpolymerin (10). A further significant difference was the
= Cu, Zn, Mn, Fe, or Al). appearance of Me-SDpolymerins of absorptions between 570

and 670 cm?, due to the bending of aromatic rings of the

consequence of the replacement of Ca, Mg, and Zn, the melaqin system, which was previously identified in K-SDpo-
concentrations of which decreased. lymerin (10).

Finally, in Al-SDpolymerin the concentration of K decreased ~ The only significant DRIFT difference of the Me-SDpoly-
and that of Al increased markedly as a consequence of the morgmerin aggregates compared with K-SDpolymerin is the enlarge-
extended replacement not only of K but also of Ca, Mg, Zn, ment of the band in the 30881000 cn1* region (Figure 3),
and, surprisingly, Fe(lll). which can be attributed to their macroaggregation as a conse-

Interestingly, Al and Na confirm in the Me-SDpolymerins quence of the chelating effect of the metals.
the same peculiar behavior observed in Me-polymerins with  Effects on Tomato Plants.As previouly reported (10) the
respect to the other metals. DRIFT spectra of K-SDpolymerin and, consequently, those of

Generally, the content of metal in the Me-SDpolymerins, the Me-SDpolymerins are very similar to the DRIFT spectra of
expressed in terms of weight percentage, decreased from 6.1MNa- and Cu-humate reported previously by Piccolo and Conte
in K-SDpolymerin to 3.36 in Al-SDpolymerin, whereas the sum (11). The humic acid-like nature of polymerirlQ), Me-
in terms of milliequivalents percentage shows very similar polymerins, K-SDpolymerin, and Me-SDpolymerins suggests
values, as shown in the last two columngable 2. This means these materials can be exploited as potential bioamendments
that the number of negative sites which linked the metals in and biointegrators in agriculture. In this perspective their effects
the considered Me-SDpolymerins remained substantially con- on tomato plants with cut stems were tested at laboratory scale,
stant with respect to K-SDpolymerins after the metal exchange. and the data obtained are summarizedigure 4.

In brief, the production of Me-SDpolymerins occurred mainly In particular, the completely soluble polymerin at concentra-
by replacement of K and, to lesser extent, Ca, Mg, Zn, and Fe, tions of both 30 and G:M caused the wilting of all plants
naturally occurring in the Me-SDpolymerins. The total replace- (100%) after 5 h Figure 4a). However, at the concentration
ment of Zn and Mg was performed by Al in the corresponding of 6 uM, the plants recovered progressively until total re-
Al-SDpolymerin, whereas the total replacement of Zn was covery after 96 h. In contrast, plants treated with a concentration
performed only by Fe in Fe-SDpolymerin. In Me-SDpolymerins of 30 uM remained wilted until 48 h; but after 96 h,
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Figure 4. Effects on tomato cuttings in a 5—-96 h period at 25 °C of polymerin (a), Na-polymerin (b), Cu-polymerin (c), Zn-polymerin (d), K-SDpolymerin
(e), Mn-SDpolymerin (f), and OMWW (g). The dotted rectangles in panel f indicate that the leaves have been also affected by necrosis in a 20-96 h
period. The necrosis index of OMWW (g) was measured on all 10 plantlet cuttings. Different letters distinguish different means for p < 0.05.

three recovered (30%) and the remaining seven wilted (70%). h (Figure 4c,d). The temporary wilting of the plants could
These data suggested that polymerin obstructed mechanicallydepend on the residual solubility of these Me-polymerins, which
the water flow through the xylem mainly at the level of the were absorbed from the plants at very low concentrations and
leaf petiole, because the wilting essentially affected the leaveswere consequently more easily disaggregated. Finally, Mn-, Fe-,
and this obstruction may have been caused by the high moleculaand Al-polymerin were shown to be inactive, possibly due to
sizes of polymerin. However, the plants were capable of their total insolubility and, consequently, they were not able to
metabolizing the polysaccharide and/or the protein componentsphe ahsorbed from the plant.

of the polymerin, causing the disaggregation of the polymeric
mixture and, consequently, removing the obstruction more easily 3
at a lower concentration (M), but with more difficulty at a
higher concentration (30M).

The completely soluble Na-polymerin caused the wilting of
all the plants afte5 h atboth concentrations, but after 48 h
they all recoveredHRigure 4b). Possibly, the small size of Na
caused a marked volume contraction of Na-polymerin with -
respect to polymerin, with a consequently easier removal of the at 1eaf petiole after 96 h.
xylem pathway obstruction at both concentrations. None of the other Me-SDpolymerins showed any activity

Cu- and Zn-polymerin caused symptoms of wilting only at at either concentration except for Mn-SDpolymerfigure
30u«M and until 48 h, whereas all the plants recovered after 96 4f), which, at a concentration of 36M, caused symptoms

The very soluble K-SDpolymerin caused the wilting of
0% of the plants after only 20 h at a concentration of ABD
(Figure 4e). This result suggested the obstruction of the leaf
petiole xylem pathways, which occurred at a concentration 5
times higher than the concentration (8M) that caused the
wilting of 30% of the plants after 96 h. Possibly, at this latter
concentration the accumulation of the K-SDpolymerin occurred
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of wilting in 30% of tomato plants starting from 20 h after the
beginning of the experiment, whereas at a concentration of 150
uM showed, in addition to wilting, leaf necrosis, possibly caused
by interference of Mn with the plant cell redox system.

In general, K-SDpolymerin showed weaker wilting effects
at 150 uM than polymerin at 30uM (Figure 4a,e). This
behavior may be explained by the 25 times smaller (6.3 kDa)
molecular size with respect to polymerin (150 kDa). Hence,
the latter obstructs the xylem pathways of leaf petioles more
efficiently.

In conclusion, the soluble polymerin and its derivative
K-SDpolymerin and the insoluble Mn-SDpolymerin were only
significantly toxic among the considered polymerins. However,
the wilting effect of the soluble polymerins can be attributed to
a mechanical obstruction of xylem pathways of tomato, whereas
that of Mn-SDpolymerin may be related to the interference with
the plant metabolism.

Possible Exploitation of Polymerins.On the basis of these
results, the strong phytotoxicity of OMWW on tomato observed
at both original and diluted 1:10 concentratioidglire 4g)
may be ascribed mainly to a synergistic effect of polyphenols,
which act on plant metabolism (123), and, to a much more
lesser extent, to the polymeric fraction (polymerin), which acts
through a mechanical obstruction apparent only at relatively high
concentrations.

In a previous study9) the COD and BOD of the OMWW
polymeric fraction appeared to be strongly reduced with respect
to the whole waste waters. In addition, the results of the present
study show that polymerins are only in part phytotoxic. These
findings, their humic acid characteristics, and the presence of
macronutrient (K, Mg, and Ca) and micronutrient (Cu, Zn, Fe,
and Mn) metals suggest their promising exploitation as bio-

amendments and/or metal-biointegrators. However, the possible

employment of Me-polymerins with respect to Me-SDpoly-
merins is likely of greater interest, as their simpler and less

expensive production process appears to be much more con-

venient (Figure 1).
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