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Abstract— The separation of the chromium(III)
dissolved in a tanning wastewater was studied by
means of precipitation with calcium carbonate, re-
verse osmosis with polyamide membrane and ad-
sorption on activated carbon. All tests were carried
out at laboratory scale with a wastewater obtained
from a unique typical tannage process. In a first
stage, the original effluent was treated by sieving and
ultrafiltration to perform a partial removal of fats
and denaturalized proteins. The separation of chro-
mium(III) by precipitation, reverse osmosis and ad-
sorption was performed with the tanning wastewater
so treated. The precipitation efficiency was deter-
mined by taking into account the chromium(III) con-
tent of the supernatant with the reaction time and
with the alkali amount added. The polyamide mem-
brane behavior used was established by the perme-
ate flux and by the rejection of each species. The ad-
sorption valuation involved the determination of the
adsorbed amounts of chromium(IIl), sodium, chlo-
ride and sulfate. Under optimum conditions estab-
lished for each process, the following results were
obtained: a supernatant with less than 3.0 mg L™ of
chromium(III) by precipitation, a permeate with less
than 2.0 mg L™ of chromium(III) by reverse osmosis
and an equilibrium solution with less than 6.0 mg L™
of chromium(IIl) by adsorption. To conclude, the
main physicochemical characteristics of the three
processes used to remove chromium(III) dissolved in
the industrial effluent were analyzed.

Keywords— chromium(III); tanning wastewater;
precipitation; reverse osmosis; adsorption.

I. INTRODUCTION

The separation of chromium(IIl) dissolved in a tanning
wastewater and the subsequent discharge of the effluent
treated are complementary activities in the leather in-
dustry that demand a very important attention of the
productive sector (Heidemann, 1993; Alexander et al.,
1992; Rutland, 1991; Prasad, 1991; Bienkiewicz, 1983).
The environmental impact produced by the chromium
discharge from tanneries has been subject of extensive
scientific and technical dispute, without the existence of
a unique criterion at the present time for fixing regula-
tory limits. Thus, diverse countries of the world have
established total chromium maximum values that vary
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between 0.05-10 mg L™ for discharges into water bodies
(direct discharge) and 1-50 mg L™ for discharge into
sewage systems (indirect discharge) (Bosnic et al.,
2000).

Besides the place in which the discharge of liquid ef-
fluents containing chromium is made, it results useful to
consider the metal oxidation state. Although chro-
mium(III) oxidation to chromium(VI) occurs under en-
vironmental specific conditions (Milac¢i¢ and Stupar,
1995; Eary and Rai, 1987; Bartlett and James, 1979),
special attention is devoted to this transformation be-
cause chromium(VI) causes adverse effects for the hu-
man health (Committee on Biologic Effects of Atmos-
pheric Pollutants, 1974). Even when the tanning waste-
water has chromium only in trivalent form since the
tannage process does not generate chromium(VI), some
countries fixed regulatory limits for the two species.
This criterion appears from the assumption that the oxi-
dation would be produced during storage and subse-
quent treatment of the liquid effluent to reduce its total
chromium content. In Buenos Aires Province, Argentine
district with an important activity of tanneries, maxi-
mum values established are the same for both types of
discharge but they differ with the oxidation state: 0.2
mg L™ for chromium(VI) and 2.0 mg L™ for total chro-
mium.

The most important processes to remove the chro-
mium(IIl) from the tanning wastewater are: precipita-
tion, reverse osmosis and adsorption. The chromium(III)
precipitation is frequently carried out in tanneries. Sub-
stances used habitually to promote the precipitation are:
calcium hydroxide, sodium hydroxide, magnesium ox-
ide or calcium magnesium carbonate. The liquid efflu-
ent is heated at 60-90 °C and after the addition of the
alkaline substance (denominated in generic form "al-
kali") it is maintained with stirring at pH 7.0-9.0. With
this methodology, a supernatant free of chromium(III)
(with abundant calcium/sodium or magnesium chloride)
and a precipitate of chromium(IIl) hydroxide (contain-
ing diverse impurities) are obtained.

The added alkali determines the formation of reac-
tion products that affect the later chromium(IIIl) reuse.
When the precipitation is carried out with calcium hy-
droxide (or carbonate), the sulfate present in the tanning
wastewater is combined with the alkaline cation to form
calcium sulfate. The anion of the organic acid (formic,
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acetic or lactic) used as chromium(Ill) complexing
agent, also reacts with the alkali. Both reaction products
together with fats and denaturalized proteins, substances
released from the skin in significant amounts during the
tannage process, are the main impurities that co-
precipitate with chromium (Rutkouski et al., 1998;
Toprak, 1994). Calcium salts are harmful for the leather
(Christner, 1993), while fats and denaturalized proteins
difficult the tannage process (Heidemann, 1991). An
adequate selection of operative variables (ratio alkali—
effluent and reaction time) allows to control the calcium
co-precipitation. The effluent ultrafiltration before alkali
addition was the alternative used to decrease the pres-
ence of fats and denaturalized proteins in the chro-
mium(III) precipitate (Fabiani ef al., 1996).

The alkaline substance is not recovered at the pre-
cipitation end, so it is necessary to have a continuous
provision of such raw material. In order to select the
alkaline substance, it is useful to take into account the
cost as the easiness for its obtention, storage and ma-
nipulation. The calcium (magnesium or sodium) car-
bonate has these conditions although its reaction with
the chromium(III) occurs less directly than with hydrox-
ide or oxide. Of the three alkalis, the calcium carbonate
requires larger attention in the selection of operative
variables for the precipitation process.

Recently it was established that the chromium(III)
separation by reverse osmosis has some significant op-
erative advantages with relation to the precipitation with
alkalis (Pérez Padilla and Tavani, 1999; Aloy and
Vulliermet, 1998, Galan ef al., 1991). Reverse osmosis
is a process in which a semipermeable membrane is
used to retain species of low molecular weight and a
pressure is applied as driving force to revert the solvent
natural tendency of passing from a more diluted solution
to another more concentrated one. The phase that passes
through the membrane is named "permeate" and con-
tains water with very small amount of dissolved salts.
Meanwhile, the phase that does not pass through the
membrane is called "concentrate" and has almost the
totality of dissolved salts (Medina San Juan, 2000;
Farifias Iglesias, 1999; Cheryan, 1998). The semiperme-
able membrane is a thin film that is constructed by dif-
ferent materials and it is assembled in order to support a
high transmembrane pressure. Important removals of
chromium(IIT) dissolved in tanning wastewaters were
obtained with a polyamide semipermeable membrane
(Pérez Padilla and Tavani, 1999; Galan et al., 1991).

The presence of proteins in the industrial effluent af-
fects the permeate flux obtained by reverse osmosis.
When the protein concentration in the feed is high, a
layer of rejected molecules is formed over the mem-
brane surface (gel layer). Such gel layer adds an addi-
tional resistance to the mass transport through the mem-
brane, causing a lower permeate flux (Kerkhof , 1998;
Fernandez-Sempere ef al., 1996). The previous removal
of proteins must be made to avoid this problem. A sepa-
ration higher than 75% of protein materials contained in
the tanning wastewater was obtained by sieving and
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ultrafiltration (Pérez Padilla and Tavani, 1999).

The adsorption is a process that makes it possible the
accumulation of a liquid or gas (adsorbate) on the sur-
face of a solid (adsorbent). When the adsorption is used
for the removal of substances dissolved in a liquid me-
dium, acceptable results are obtained with solid adsorb-
ents of high specific surface. The soluble substance is
accumulated on the solid surface from the liquid that
surrounds it. Thus, a change in the concentration of
some system components is originated by effect of such
mass transfer between both phases. During the treatment
of the tanning wastewater, the chromium(Ill) is trans-
ported from the liquid medium to the solid surface
through the respective interface. The reagent addition is
not necessary to perform the adsorption.

Chromium(III) adsorption was made only at labora-
tory scale up to the present time. Acceptable results
were achieved with several adsorbents: synthetic zeolite
in its sodic form (Barros et al., 2003), activated carbon
(Leyva-Ramos et al., 1995) and smectite (natural clay)
(Volzone and Tavani, 1995). Tests were carried out by
using solutions prepared with nonahydrated chro-
mium(IIl) nitrate (Cr(NOs);.9H,0) for the synthetic
zeolite and the activated carbon, while a tanning waste-
water was used for the smectite. The higher adsorption
was obtained with the synthetic zeolite in contact with a
solution whose concentration was 260 mg L™ of chro-
mium(IIT). Notwithstanding the higher yield of the syn-
thetic zeolite, it was considered as appropriate to ana-
lyze the behavior of the activated carbon because it is an
adsorbent widely used in applications of the environ-
ment (LaGrega ef al., 1994).

The quantitative comparison of chromium(III) sepa-
ration processes must be made with a unique tanning
wastewater. The presence of other substances in solu-
tion can originate interactions among the diverse species
present in each case and they can change the physico-
chemical behavior of the system. Consequently, the
comparison performed by using different solutions has
inherent errors and results useful only as a qualitative
reference. According to the mentioned facts, the pur-
pose of this work was to study the chromium(III) sepa-
ration from the same tanning wastewater by precipita-
tion with calcium carbonate, reverse osmosis with poly-
amide membrane and adsorption on activated carbon.

II. EXPERIMENTAL
The wastewater was obtained from a typical tannage
process. It was established that by means of a combined
operation of sieving (sieves N° 20, 200 and 325) fol-
lowed by ultrafiltration (filter Pellicon Cassette with
polysulfone membrane PTHKO00005 of 100.000
NMWL), fats and denaturalized proteins are removed
efficiently from the effluent. The tanning wastewater
had initially 1.18 g L of fats and 1.33 g L of denatu-
ralized proteins. After sieving, such values were re-
duced to 0.53 g L' of fats and 0.76 g L™ of denatural-
ized proteins. Removal of mentioned substances was
completed by ultrafiltration. Chemical analysis of tan-
ning wastewater after using both operations for separa-
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tion of fats and denaturalized proteins is shown in Table
1. Chromium was found in the liquid effluent only in
trivalent state.

Table 1. Chemical analysis of the tanning wastewater with low
content of fats and denaturalized proteins

Component gL’

Chloride 9.57
Sulfate 10.36
Sodium 11.10
Chromium(IIT) 1.09
Fats 0.20
Proteins 0.40
pH 342

The chromium(IIl) precipitation was carried out at
~80 °C in closed flasks with mechanical stirring and
reflux by addition of commercial calcium carbonate
(Anedra, item 6452) to 0.5 L of the tanning wastewater.
The process evolution was analyzed in two different
ways. Firstly, the precipitation was performed as a func-
tion of reaction time for the alkali stoichiometric
amount. Secondly, the alkali amount was the process
variable but now, reaction time was maintained con-
stant. Results obtained are shown in Figures 1 and 2.
The alkali was added in a period of time shorter than 1
min once the effluent was at 80°C. During the corre-
sponding time for each test, such temperature and an
energetic stirring of the liquid medium (180-230 rpm)
were maintained.

The stoichiometric amount of calcium carbonate (r=
1.00) necessary to obtain the complete precipitation of
chromium(IIl) was calculated from the chemical com-
position of the effluent. Alkali amounts used for precipi-
tation tests were: r= 0.75 (1179 mg); 1.00 (1572 mg)
and 1.25 (1965 mg). When the precipitation was fin-
ished, the suspension was cooled abruptly up to surpass
slightly the room temperature. Then, the supernatant
was separated from the solid phase by filtration with
paper Schleicher & Schuell white ribbon (type 589/2)
and red ribbon (type 589/5). Precipitates obtained were
dried at room temperature for their evaluation by means
of chemical analyses, X-ray diffraction (XRD), differen-
tial thermal analysis (DTA) and thermogravimetric
analysis (TGA).

Tests of reverse osmosis were carried out with an
equipment Osmo Econopure 19E-HR500 with polyam-
ide membrane Osmo 192-HR (high rejection) of spiral
wound, 1.49 m* surface and operable between pH= 3.0
and 11.0. The design characteristics of the equipment
used allowed us to work with a maximum transmem-
brane pressure of 15 atm and with recycling flow of 300
L h'. A 24 L volume of the tanning wastewater with
low content of fats and denaturalized proteins was
treated using 15 atm at 25-32 °C. The membrane behav-
ior was established from the permeate flux (J) and the
rejection (R) of the system majority components. In
order to value both aspects, 10 permeate samples of 1.8
L and 10 concentrate samples of 0.075 L were extracted
(aliquots chosen arbitrarily). All solutions were ana-
lyzed to determine the concentrations of chromium(III),
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sodium, chloride and sulfate.

The cleaning of the membranes of polysulfone (ul-
trafiltration) and polyamide (reverse osmosis) was made
with: water free from salts as well as chlorine, H;PO,
solution at pH 2.0-2.5, NaOH solution at pH 11.0-11.5
and sodium lauryl sulfate solution 0.001 w/w.

The determination of the chromium(IIl) adsorption
isotherm was performed with commercial activated car-
bon (Anedra, item 6494). Previous to its use, the ad-
sorbent was washed with distilled water and dried in
furnace at 105 °C for 24 h. In all tests, the adsorbent
was dispersed in distilled water (5% w/w) and under
this condition it was added slowly to nine solutions that
had different chromium(III) content: 30 (A), 60 (B); 90
(C); 130 (D); 170 (E); 260 (F); 430 (G); 690 (H) and
1090 (I) mg L™

Solutions A-H were prepared by dilution of the
original effluent with distilled water without changing
the proportion of its components. In order to carry out
each dilution, the distilled water volume present in the
activated carbon dispersion was taken into account.
Meanwhile, the most concentrated solution (I) was ob-
tained by distillation at reduced pressure (p <50 mmHg
and 30 °C) of the original effluent until collecting a lig-
uid volume equal to the distilled water of the dispersion.

Adsorptions were made with a ratio activated car-
bon/aqueous solution of 2.5 g L™\ These suspensions
were stirred and maintained at constant temperature (30
°C) for 60 min. Once the contact time was finished, the
adsorbent was separated from the corresponding equi-
librium solution by filtration with paper Whatman 40.
Then, the adsorbent was washed with distilled water to
remove soluble salts. Solids so obtained were dried at
room temperature for their chemical analysis. The phys-
icochemical characterization of the original effluent and
equilibrium solutions was performed by chemical analy-
sis and pH measurement.

Chemical analyses were carried out by atomic ab-
sorption/emission (AA/EA), volumetry and gravimetry.
Analyses by AA/EA were made with a Jarell Ash in-
strument. Chromium(IIl) was determined by atomic
absorption when the concentration was lower than 10
mg L and by volumetry for concentrations higher than
such value. Chromium(VI) presence was analyzed by
colorimetric measurement in the original effluent as
well as in solutions obtained from each process (Keith,
1996).

Analyses by XRD were performed with a Philips 3
kW X'Pert equipment, using Cu Ka radiation and Ni
filter. Thermal analyses (DTA and TGA) were carried
out simultaneously in a Netzsch STA 409 equipment,
with a heating rate of 10 °C min'. Samples were placed
in platinum crucibles, a-Al,O; (0—alumina) was used as
reference substance and tests were made in nitrogen
dynamic atmosphere with a flow rate of 0.013 L min™.
The pH was measured by means of two pH-meters:
Radiometer PHM201 with combined electrode pH3005
(precipitation—adsorption) and Orion 720—A with elec-
trode Ross EL 81 (reverse osmosis).
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The physicochemical characterization of the acti-
vated carbon involved the valuation of specific surface
BET, pore volume and point of zero charge (PZC). Spe-
cific surface BET was measured with a Micromeritics
Accusorb 2100E equipment by means of nitrogen ad-
sorption. The pore volume was evaluated with the po-
rosimeter Carlo Erba, model Porosimeter 2000, by mer-
cury intrusion. PZC was determined by a method very
similar to that one used to study a clay by Avena and De
Pauli (1998). Activated carbon aliquots of 0.5 g were
dispersed in 100 mL of a KCl solution, at different elec-
trolyte concentrations: 0.01; 0.1 and 1.0 M. For each
KCI concentration, 0.1 M HCI or 0.1 M KOH was
added in an alternate way up to obtain a starting pH ca.
3 or 10. The pH so obtained gradually changes with
time and the two curves that show these variations as-
ymptotically approach to a limit value, which corre-
sponds to the PZC. Values measured by this method
were 8.5, 8.3 and 8.2 for 0.01, 0.1 and 1.0 M KCI solu-
tions, respectively. The other physicochemical charac-
teristics of the activated carbon were: 573 m* g of spe-
cific surface BET-N, and 1.58 cm® g! of pore volume.

II1. RESULTS AND DISCUSSION

A. Precipitation with calcium carbonate

Calcium carbonate is a salt scarcely soluble (Ksp= 4.8 x
10), which in aqueous medium is dissociated in car-
bonate and calcium ions. The reaction between the car-
bonate anion and an acid substance occurs with release
of carbon dioxide.
COY +H,0" - HCO; +H,0" - CO,(MH+H,0 (1)
When calcium carbonate is added to the tanning
wastewater its reaction with protons (hydronium) of the
medium and the belonging pH increase are produced.
The carbonate anion excess that remains in the effluent
is combined with water and a slightly basic reaction of
the liquid phase occurs (Eq. (2)). Subsequently, hydrox-
yls formed during hydrolysis are bound with chro-
mium(IIl) and they produce the cation precipitation.
Chromium(III) hydroxide has an extremely low solubil-
ity (Ksp= 6.3 x 10", in consequence, chromium(III)
initially dissolved precipitates as hydroxyls are formed.
This sequence of reactions is maintained while there is
chromium(III) to be removed from tanning wastewater.
The release of carbon dioxide and the fast combination
of hydroxyls formed determine a shift to the right (Le
Chatelier principle) of the two reactions in which the
carbonate anion participates. In this way, new hydroxyls
are surely formed.
CO¥ +H,0 — HCO; +OH" 2
The separation (removal) R of a tanning wastewater
component is the relative change in its concentration
from the effluent (before treatment by alkaline precipi-
tation) to the supernatant. The R value for each species i
was determined with the expression

Ri(%) = (1 - C‘”)mo
Cwi

where: Csi (g L) is the concentration of the species i in

€)
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the supernatant and Cwi (g L") is the concentration of
the same species in the tanning wastewater. Table 2
shows separations of chromium(III), sulfate, sodium and
chloride for a precipitation performed with the
stoichiometic amount of commercial calcium carbonate
at 80 °C and 12 h. The chromium(II) was the unique
system component that changed its concentration in a
substantial way during the precipitation. Whereas, the
other three system components had small separations
and their concentrations in the supernatant were similar
to the ones of the tanning wastewater.

Table 2. Separations of chromium(IIl), sulfate, sodium and
chloride for a precipitation carried out with the stoichiometric
amount of commercial calcium carbonate at 80 °C and 12 h.

Component R%

Chromium(IIT) 99.73
Sulfate 12.74
Sodium 6.22
Chloride 3.24

Figures 1 and 2 show the variation of the chro-
mium(III) content of the supernatant with the reaction
time for the alkali stoichiometric amount r= 1.00 and
with the alkali amount added for a constant reaction
time of 2 h. A significant decrease of chromium(III)
content of the supernatant was achieved with a pro-
longed reaction time, for example 2.9 mg L' at 12 h
(Fig. 1). In order to evaluate the effect of the alkali
amount added on the chromium(IIT) removal, tests were
made with different ratio (r) alkali—effluent using with
each value a same reaction time.
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Figure 1. Chromium(III) content of the supernatant in relation
to the reaction time for r=1.00

Figure 2 shows that chromium(IIl) content of the
supernatant had a minimum decrease (~13%) when r
increased from 1.00 to 1.25 for a reaction time of 2 h.
The analysis of precipitates obtained under these opera-
tive conditions revealed a higher presence of calcium
when r= 1.25 was used (Table 3). A similar behavior
was established for a reaction time of 4 h, in which the
chromium(IIl) content of the supernatant decreased
from 8.5 (r= 1.00) to 7.6 mg L' (r= 1.25) and the pre-
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cipitated calcium amount increased from 12.55 (r= 1.00)
to 14.09% w/w (r= 1.25). These results show that when
increasing the ratio alkali—effluent from 1.00 to 1.25 a
reaction time slightly lower is necessary to achieve
equal chromium(Ill) removal, with the inconvenience
that the calcium precipitation increases.
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Figure 2. Chromium(III) content of the supernatant in relation
to the alkali amount added for t=2 h at 80 °C.

The analysis by XRD of precipitates allowed us to
identify the calcium sulfate hydrate (CaSO,.2H,0) as
unique crystalline substance. The weight loss obtained
at 250 °C was ~25% w/w (DTA-TGA). Such weight
loss would correspond to hydration (combined) water
released from calcium sulfate hydrate and chro-
mium(I1I) hydroxide.

Precipitate separation performed by filtration with
paper Schleicher & Schuell white ribbon was incom-
plete in some supernatants, for this reason the chro-
mium(IIl) content had an appreciable variation for tests
carried out under the same operative conditions. In such
cases, a substantial improvement was achieved in the
precipitate separation when a second filtration was
made using paper red ribbon. With this consecutive fil-
tration, a variation of results lower than 1 mg L of
chromium(IIIT) was obtained for duplicated tests.

B. Reverse osmosis with polyamide membrane
The permeate flux J (L m'zh'l) is the rate of solvent (wa-
ter) transported per unit of membrane surface and its
value was calculated with the equation
Vv (4)
tS
where: V (L) is the permeate volume that passes
through the membrane during a time t (h) and S is the
membrane effective surface (1.49 m?). In order to calcu-
late each J value, the required time to obtain /= 1.8 L of
permeate was measured. The calculation of J flux with
this methodology does not consider the permeate vol-
ume obtained in previous measurements and its possible
effect on the membrane fouling. Taking into account
this situation, each Jn value was expressed as a function
of the permeate total volume obtained up to that meas-
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urement (Vpermeate = VI1+V2+-+Vn). Ten (10) deter-
minations of permeate flux were made during treatment
of 24 L of tanning wastewater. The permeate total vol-
ume obtained after the last measurement was 18 L
(10x1.8 L) and represents 75% of the effluent initial
volume. Figure 3 shows the J flux variation as a func-
tion of the permeate volume.

Table 3. Chemical analysis of precipitates obtained with r=
0.75, 1.00 and 1.25 of calcium carbonate for a constant reac-
tion time of 2 h at 80 °C.

Component =075 =100 =125
% wW/w
Chromium(III) 14.11 12.97 12.25
Sulfate 13.90 14.11 15.53
Sodium 6.78 739 7.80
Chloride 311 3.35 3.48
Calcium 10.34 12.39 13.82

Weight of each precipitate: (a) 3818 mg; (b) 4162 mg; (c)
4411 mg

The permeate flux was low and decreased during the
test. The highest decrease was observed when the per-
meate volume raised from 7.2 to 12.6 L (J =2.26 - 1.46
L m?h"), while the other flux values showed lesser
changes. With the purpose to verify that the J flux de-
crease was produced by the membrane fouling, the con-
centrate was replaced by distilled water without per-
forming other system modifications. Under these condi-
tions, the distilled water flux was near 0.4 times the
value measured at the treatment beginning by reverse
osmosis. The permeate flux recovery was achieved after
performing the membrane chemical cleaning.

Membranes are not completely semipermeable, and
this fact produces the occurrence of alternative mecha-
nisms that make it possible the solute passage to perme-
ate. Consequently, the permeate can have a content of
ions larger than the expected one. The rejection (separa-
tion) R of the membrane for each species i is referred to
the same concept mentioned in alkaline precipitation,
this is the relative change in the solute concentration
from the feed to the permeate. For its calculation, equa-
tion (3) is used, indicating with Cpi (g L™) the concen-
tration of species 7 in the permeate and Cfi (g L) the
concentration of the same species in the feed (tanning
wastewater or concentrate) (Ri= (1-Cpi/C1i)100).

The rejection of a chemical species during treatment
by reverse osmosis is a function of the chemical affinity
of the solution components and the membrane, of the
solutes-solvent interaction and of the obtained permeate
volume. According to these facts, it was possible to de-
termine the rejection of chromium(I1I), sodium, chloride
and sulfate as a function of the permeate volume. Table
4 shows the rejections for the aliquots 1 (treatment be-
ginning: 1.8 L permeate), 4 (40% treatment: 7.2 L per-
meate), 7 (70% treatment: 12.6 L permeate) and 10
(treatment end: 18.0 L permeate).

The chromium(IIl) was the system component that
presented the highest rejection and remained almost
unchanged with the permeate volume. The sulfate rejec-
tion was very important and its variation with the per-



B. H. HINTERMEYER, N. A. LACOUR, A. PEREZ PADILLA, E. L. TAVANI

meate volume acquired a certain relevance at the treat-
ment end. Monovalent ions had a lower rejection be-
tween the four system components that were analyzed
and their variation with the permeate volume was more
important for the chloride than for sodium.
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Figure 3. Evolution of permeate flux as a function of the per-
meate volume.

Table 4. Rejections of chromium(IIl), sulfate, sodium and
chloride for aliquots of the reverse osmosis treatment.

Aliquot Rejection %

Chromium(III)  Sulfate  Sodium Chloride
1 99.97 98.01 85.55 68.90
4 99.94 97.06 71.87 50.67
7 99.88 95.27 68.00 35.08
10 99.81 92.86 67.02 21.41

C. Adsorption on activated carbon

An adsorption isotherm describes the ratio between the
adsorbed amount of a substance and its equilibrium
concentration at a constant temperature. Figure 4 shows
the chromium(III) adsorption isotherm on commercial
activated carbon at 30 °C. Such isotherm describes an
irregular behavior with the cation concentration in the
equilibrium solution. In the first part of the curve (di-
luted equilibrium solutions), a quick rise of the adsorbed
chromium(III) on activated carbon is observed while its
equilibrium concentration increases. For concentrated
equilibrium solutions (second part of the curve), the
increase tendency is reverted resulting in a decrease of
the adsorbed chromium(IIl). In order to evaluate this
behavior, the pH of the successive aliquots A—I before
and after each adsorption was measured (Table 5).

The pH increase of the equilibrium solutions with
respect to the one corresponding initial solutions consti-
tutes an experimental evidence that besides the chro-
mium(IIl) adsorption, a concentration decrease of pro-
tons (hydronium) in the liquid medium occurred. Such
decrease would be produced by the adsorption of pro-
tons on the activated carbon. Although equilibrium solu-
tions A-E had a high pH, the chromium(III) precipita-
tion was not observed after finishing the respective ad-
sorption tests.
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Figure 4. Chromium(III) adsorption isotherm at 30 °C on acti-
vated carbon.

Table 5. pH of solutions before (initial) and after (equilibrium)
of each adsorption test at 30 °C

Solution pH solution
Initial Equilibrium

A 3.96 7.67
B 3.72 7.14
C 3.69 6.89
D 3.67 6.27
E 3.65 5.58
F 3.63 5.21
G 3.55 4.83
H 3.50 4.39
I 3.42 4.00

The formic acid (HCOOH) was the complexing
agent added in the tannage process from which the
wastewater used was collected. This monocarboxylic
acid has a very important dissociation degree to pH >
6.0 (Kd = 1.77 10™). The HCOO™ anion coming from
the dissociation is exchanged with water ligand present
initially in the chromium(IIl) complex ions. The new
species so formed are sufficiently stable and their aver-
age life is higher than 6 h when the sulfate anion is as
bridge between two chromium(IIl). The chromium(III)
dimer with a sulfate bridge and two hydroxo bridges is
the majority species present in the tanning liquor (Hei-
demann, 1993; Bienkiewicz, 1983). Due to the stabilizer
effect of the formate, a quick cation precipitation was
not produced as it would be expected at high pH values.
After maintaining at rest the totality of equilibrium solu-
tions for 7 days, the formation of chromium(III) precipi-
tates occurred in the five samples of higher pH (A—E).

The insertion of hydroxyl groups into the chro-
mium(IIl) coordination sphere is favored with the pH
increase of the liquid medium. This insertion mecha-
nism comprehends the decomposition of a water mole-
cule in a hydroxyl and a proton. The hydroxyl remains
in the complex ion, while the proton is released to the
liquid medium (—-H,0 — —OH+ H'). In general, the
referred hydroxyl ligand formation is sufficiently rapid
and such group serve as hydroxo bridge between two
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chromium(III) cations. The prosecution of this decom-
position reaction leads to the chromium(IIl) precipita-
tion (Heidemann, 1993; Bienkiewicz, 1983).

Adsorption of sodium, sulfate and chloride were de-
termined in all activated carbon samples. Table 6 shows
the amounts of each ionic species that were retained in
samples A (lower chromium(IIl) concentration in the
equilibrium solution), E (maximum chromium(III) ad-
sorption) and I (higher chromium(III) concentration in
the equilibrium solution). The chromium(III) adsorption
was included in three aliquots as reference value.

The sulfate adsorption was significant and showed a
variation with its equilibrium concentration similar to
the one of chromium(III). In this case, it must be taken
into account that the sulfate anion is a species present in
the liquid medium that can enter also into the chro-
mium(Ill) complex ion (Heidemann, 1993; Bien-
kiewicz, 1983). Then, it was supposed that the sulfate
anion is part of complex ions with positive net charge
and that such cationic species are absorbed on the acti-
vated carbon.

The sodium adsorbed amount was negligible in all
activated carbon samples. The different adsorption of
chromium(II) and sodium was explained from the den-
sity of superficial electric charge of each complex ion
present in the liquid medium (cation electric
charge/cation external surface, coulombs nm?). By
means of specific studies, it was established that at low
pH the chromium(IIl) complex ion was adsorbed par-
tially dehydrated (with lesser water molecules than in
the soluble complex ion) (Koppelman et al., 1980). On
the basis of such interaction mechanism, the fixation of
chromium(IIT) would be carried out through a partial
substitution of the water ligand by the surface electric
charge of the activated carbon.

Table 6. Adsorbed amounts of chromium(III), sulfate, sodium
and chloride on activated carbon, expressed in mg g of ad-
sorbent
Activated Chromium(III) Sulfate
carbon

Sodium Chloride

mg g’
A 9.8 23 0.5 0.4
E 33.1 10.1 0.5 0.6
I 10.6 9.1 0.7 0.9

In the dimer with two hydroxo bridges and a sulfate
bridge (most abundant species of the tanning wastewa-
ter), each chromium(IIl) has a positive electric charge
+1 (1.60 107" coulombs) (Heidemann, 1993) and its
separation from the adsorbent surface could be consid-
ered as equivalent to the dehydrated cation radius 0.053
nm. Meanwhile, the sodium cation has an electric
charge +1 (1.60 10" coulombs) and the dehydrated
cation radius is 0.098 nm. The comparison of these val-
ues allows us to state that the density of surface electric
charge of chromium(IIl) (~4.53 10™"® coulombs nm™)
triplicates in excess the one of sodium (~1.32 10™"® cou-
lombs nm?). This density difference could justify the
highest chromium(I1I) adsorption on activated carbon.

The chloride adsorbed amount was very similar to
the one of sodium. Taking into account this similarity, it
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is possible to assume that the chloride retention would
be made through an association with such cation. The
presence of sodium soluble salts on the activated carbon
was discarded since the adsorbent was washed with dis-
tilled water before performing each chemical analysis.

PZC supplies an alternative explanation about the ir-
regular form of chromium(IIl) adsorption isotherm on
activated carbon. PZC value changed with the support
electrolyte concentration used for the measurement.
When increasing the support electrolyte concentration,
the PZC shifted to lower pH value. In clay minerals, this
behavior is attributed to the combined effect of variable
charges and structural negative charges (Avena and De
Pauli, 1998). The activated carbon has variable electric
charges resultant of the association—dissociation of am-
photeric surface groups (Babi¢ et al., 1999) and oxy-
gen—free Cr sites that can adsorb protons from solution
(Leon y Leon et al., 1992). With a practical criterion, it
can be stated that the type of electric charge present in
the activated carbon could have certain resemblance
with that of clay minerals.

The adsorption of protons on Crx sites changes the
pH in an ostensible way in the most diluted equilibrium
solutions (Table 5). It is well known that the net charge
on the carbon surface is positive at a solution pH lower
than that corresponding to the PZC and is negative at a
solution pH higher than PZC (Ayranci and Bayram,
2005). The adsorption of protons causes that more di-
luted equilibrium solutions (A-E) take a pH near to
PZC of activated carbon, favoring the chromium(III)
adsorption just as it was observed in the first part of the
curve. The contrary case corresponds to more concen-
trated equilibrium solutions (F-I), whose pH are found
far away from the PZC and under this condition the
chromium(IIT) adsorption decreases. The PZC selection
to make each comparison was made taking as reference
the value determined with the KCl electrolyte concen-
tration nearer to the respective equilibrium solution.

The maximum adsorption of chromium(IIl) per
gram of activated carbon was 33.1 mg (solution E) and
according to this value 32.9 g of adsorbent are required
to treat each liter of the tanning wastewater. On the
other hand, 5.5 mg L was the lowest chromium con-
centration in an equilibrium solution (solution A). A
new adsorption test (30 °C, 60 min) was carried out
with a ratio activated carbon/aqueous solution of 35 g L~
! determining that the chromium(III) final content in
the equilibrium solution was 5.7 mg L. Separations
calculated applying Eq. (3) are indicated in Table 7.

Table 7. Separations of chromium(Ill), sulfate, sodium and
chloride by adsorption on activated carbon with a ratio ad-
sorbent/aqueous solution of 35 g L™,

Component R %

Chromium(III) 99.48
Sulfate 7.82
Sodium 1.62
Chloride 1.58




B. H. HINTERMEYER, N. A. LACOUR, A. PEREZ PADILLA, E. L. TAVANI

IV. CONCLUSIONS

The content of fats and denaturalized proteins of the
tanning wastewater was reduced considerably by siev-
ing and ultrafiltration. The diverse aspects affecting the
separation of the chromium(III) dissolved in the effluent
partially free from fats and denaturalized proteins were
analyzed by means of precipitation with calcium car-
bonate, reverse osmosis with polyamide membrane and
adsorption on activated carbon.

The chromium(IIl) precipitation was higher than
99.73% and the cation final content in the supernatant
was lower than 3.0 m g L. In such supernatant the con-
centrations of sodium, chloride and sulfate were main-
tained almost without changes with relation to the tan-
ning wastewater.

The separation (rejection) of chromium(IIl) by re-
verse osmosis with polyamide membrane varied be-
tween 99.97 (treatment beginning) and 99.81% (treat-
ment end), thus obtaining a cation average content in the
permeate lower than 2.0 mg L. A separation quite ap-
preciable of the three ionic species present in the per-
meate was also produced with a yield lower than the one
of chromium(III). The rejection was: sulfate > sodium >
chloride. The principal inconvenience of reverse osmo-
sis was the quick decrease of the permeate flux; this fact
would be produced by the membrane fouling.

The lowest chromium(III) content in an equilibrium
solution was 5.5 mg L' (R= 99.48%), while the other
ionic species remained without important changes. The
maximum adsorption of chromium(III) was 33.1 mg per
gram of activated carbon, so more than 30 g of adsorb-
ent were necessary to perform the treatment of each liter
of the tanning wastewater used.

ACKNOWLEDGEMENTS

Authors thank Ing. D. Squarisi (Universidad Tec-
nologica Nacional) by the supply of the tanning waste-
water. This work was financially supported by "Comi-
sion de Investigaciones Cientificas de la Provincia de
Buenos Aires" and "Facultad de Quimica Bioquimica y
Farmacia de la Universidad Nacional de San Luis".

REFERENCES

Alexander, K.T.W., D.R. Corning, N.J. Cory, V..
Donohue and R.L. Sykes, “Environmental &
safety issues—clean technology and environmental
auditing,” J. Soc. Leather Technol. Chem., 76, 17-
23 (1992).

Aloy, M. and B. Vulliermet, “Membrane technologies
for the treatment of tannery residual floats,” J. Soc.
Leather Technol. Chem., 82, 140-142 (1998).

Avena, M.J. and C.P. De Pauli, “Proton adsorption and
electrokinetics of an Argentinean montmorillo-
nite,” J. Colloid Interface Sci., 202, 195-204
(1998).

Ayranci, E. and E. Bayram, “Adsorption of phthalic
acid and its esters onto high-area activated carbon-
cloth studied by in situ UV-spectroscopy,” J. Haz-
ard. Mater., B122, 147-153 (2005).

70

Babi¢, B.M., S.K. Milonji¢, M.J. Polovina and B.V.
Kaludierovi¢, “Point of zero charge and intrinsic
equilibrium constants of activated carbon cloth,”
Carbon, 37, 477-481 (1999).

Bartlett, R. and B. James, “Behaviour of chromium in
soils. III: Oxidation,” J. Environ. Qual., 8, 31-35
(1979).

Barros, M.A.S., LF. Araujo Jr., P.A. Arroyo, E.F.
Sousa-Aguiar and C.R.G. Tavares, “Multicompo-
nent ion exchange isotherms in NaX zeolite,” Lat.
Am. Appl. Res., 33, 339-344 (2003).

Bienkiewicz, K.J., Physical Chemistry of Leather Mak-
ing, R.E. Krieger Publishing Co, Florida (1983).

Bosnic, M., J. Buljan and R.P. Daniels, Pollutants in
tannery effluents, United Nations Industrial Devel-
opment Organization, US/RAS/92/120, Vienna
(2000).

Cheryan, M., Ultrafiltration and Microfiltration, Tech-
nomic Publishing Co., Lancaster (1998).

Christner, J., “How to prevent leather defects caused by
calcium and iron ions,” Proc. XXII Congress of the
International Union of Leather Technologists and
Chemists Societies, Porto Alegre, Brazil, 87-92
(1993).

Committee on Biologic Effects of Atmospheric Pollut-
ants, Chromium, National Academy of Sciences,
Washington, DC (1974).

Eary, L.E. and D. Rai, “Kinetics of chromium(III) oxi-
dation to chromium(VI) by reaction with manga-
nese dioxide,” Environ. Sci. Technol., 21, 1187-
1193 (1987).

Fabiani, C., F. Ruscio, M. Spadoni and M. Pizzichini,
“Chromium(III) salts recovery process from tan-
nery wastewaters,” Desalination, 108, 183-191
(1996).

Farinas Iglesias, M., Osmosis Inversa: Fundamentos,
Tecnologia y Aplicaciones, McGraw-Hill, Madrid
(1999).

Fernandez-Sempere, J.,, F. Ruiz-Bevida and M.J.
Fernandez-Torres, “The study of concentration po-
larization in ultrafiltration processes,” Lat. Am.
Appl. Res., 26, 157-166 (1996).

Galan, M., C. Gonzalez, J. Llorens and C. Mans, “Estu-
dio sobre la efectividad de las membranas de 0Os-
mosis inversa de poliamida en la recuperacion de
Cr(Ill) en curticion,” Proc. XXI Congress of the
International Union of Leather Technologists and
Chemists Societies, Barcelona, 557-571 (1991).

Heidemann, E., Fundamentals of Leather Manufacture,
Eduard Roether KG, Darmstadt (1993).

Heidemann, E., “Disposal and recycling of chrome-
tanned materials,” J. Amer. Leather Chem. Ass.,
86, 331-333 (1991).

LaGrega, M.D., P.L. Buckingham and J.C. Evans, Haz-
ardous Waste Management, McGraw-Hill, New
York (1994).

Leon y Leon, C.A., J.M. Solar, V. Calemma and L.R.



Latin American Applied Research

Radovic, “Evidence for the protonation of basal
plane sites on carbon,” Carbon, 30, 797-811
(1992).

Leyva-Ramos, R., L. Fuentes-Rubio, R.M. Guerrero-
Coronado and J. Mendoza-Barron, “Adsorption of
trivalent chromium from aqueous solutions onto
activated carbon,” J. Chem. Tech. Biotechnol., 62,
64-67 (1995).

Keith, L.H. (Editor), Compilation of EPA’s sampling
and analysis methods, CRC Press Inc, Boca Raton,
Florida (1996).

Kerkhof, P.JJAM., “New developments in membrane
transport phenomena,” Lat. Am. Appl. Res., 28, 15-
24 (1998).

Koppelman, M.H., A.B. Emerson and J.G. Dillard, “Ad-
sorbed Cr(IIT) on chlorite, illite, and kaolinite: an
X-ray photoelectron spectroscopic study,” Clays
Clay Miner., 28, 119-124 (1980).

Medina San Juan, J.A., Desalacion de Aguas Salobres y
Aguas de Mar: Osmosis Inversa, Mundi-Prensa,
Madrid (2000).

Milaci¢, R. and J. Stupar, “Fractionation and oxidation
of chromium in tannery waste-and sewage sludge-
amended soils,” Environ. Sci. Technol., 29, 506-
514 (1995).

Pérez Padilla, A. and E.L. Tavani, “Treatment of an
industrial effluent by reverse osmosis,” Desalina-
tion, 126, 219-226 (1999).

Prasad, B.G.S., “Treatment and disposal of waste water
for a tannery processing wet-blues to suede,” J.
Amer. Leather Chem. Ass., 86, 87-92 (1991).

Rutkouski, J.R., K. Kosinska and M. Urbaniak, “Studies
on the application of recovered chromium in
chrome tanning,” J. Soc. Leather Technol. Chem.,
82, 114-116 (1998).

Rutland, F.H., “Environmental compatibility of chro-
mium-containing tannery and other leather product
wastes and land disposal sites,” J. Amer. Leather
Chem. Ass., 86, 364-375 (1991).

Toprak, H., “Comparison of efficiences and costs of
chromium recovery methods,” J. Amer. Leather
Chem. Ass., 89, 339-351 (1994).

Volzone, C. and E.L. Tavani, “Chromium (III) adsorp-
tion on smectite from a tanning wastewater,” J.
Soc. Leather Technol. Chem., 79, 148-152 (1995).

71

38:63-71 (2008)

Received: October 25, 2006.
Accepted: May 22, 2007.
Recommended by Subject Editor Ricardo Gomez.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




