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Abstract: The aniline moiety was covalently grafted onto silica gel surface. The
modified silica gel with aniline groups (SiAn) was used for removal of Cu(ll),
Fe(II), and Cr(IIl) ions from aqueous solution and industrial effluents using a batch
adsorption procedure. The maximum adsorption of the transition metal ions took
place at pH 4.5. The adsorption kinetics for all the adsorbates fitted better the
pseudo second-order kinetic model, obtaining the following adsorption rate constants
(ko): 1.233-1072,1.902- 1072, and 8.320-10 > g- mg~ ' min~' for Cr(III), Cu(ID),
and Fe(Ill), respectively. The adsorption of these transition metal ions were fitted to
Langmuir, Freundlich, Sips, and Redlich-Peterson isotherm models; however, the
best isotherm model fitting which presented a lower difference of the q (amount
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adsorbed per gram of adsorbent) calculated by the model from the experimentally
measured, was achieved by using the Sips model for all adsorbates chosen. The
SiAn adsorbent was also employed for the removal of the transition metal ions
Cr(II) (95%), Cu(l) (95%), and Fe(Ill) (94%) from industrial effluents, using the
batch adsorption procedure.

Keywords: Chemically modified silica gel, isotherm models, kinetics of adsorption,
batch adsorption procedure, treatment of effluents

INTRODUCTION

Industrial activity is responsible to generate a large volume of effluents con-
taining hazardous species (1). These hazardous effluents need to be treated
before being delivered into the environment. The species with the most toxi-
cological relevance presented on the industrial effluents are the heavy metals
and semimetals, which are not biodegraded by action of the time, being bioac-
cumulated (1-4). The treatment procedures of industrial effluents aiming at
the metal removal are usually chemical and physical processes (1).

The chemical processes are diverse and depend on the nature of the
effluent. The main disadvantage of these procedures is that they present
high costs, requiring the use of chemicals which could generate other toxic
species in the treated effluent.The most employed procedures for effluent
treatment are:

e The neutralization with the employment of acids and bases, treatment with
chlorine, chemical precipitation, complexation with chelanting agents, elec-
trolysis, and oxidative treatments with oxygen and ozone (1, 3).

The physical processes are simpler and they employ a unitary operation
such as:

e Phase separation with the removal of solid material (decantation, sedimen-
tation, filtration, centrifugation, flotation) (1-4);

e Physical changes to other physical form (distillation, evaporation, physical
precipitation, crystallization) (1);

e The employment of selective membranes to hazardous species, in the hiper-
filtration, ultrafiltration, reverse osmosis and dialysis (5);

e Solid phase extraction utilizing adsorbents able to retain selectively the
species of higher toxicity (6, 7). This procedure is usually employed in
the final treatment of industrial effluents allowing a decreasing of the
toxic specie to a minimal level. This procedure involves the simple
passage of the effluent by a granular media such as sand (1) and activated
charcoal (6) which retains the toxic species by physio-sorption as well as
the use of synthetic adsorbents such as polymeric resins for ion exchange
(7) organic groups grafted on textiles (8), modified silica gel (9-12)
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which are able to selectively retain heavy metals by chelation, ion
exchange, electrostatic forces, and micro- precipitation on the adsorbent
surface.

Among all the treatment procedures for industrial effluents cited above,
the solid phase extraction is one of the most ecologically correct one,
because the transition metal ions are removed from the effluents by a solid
phase. The adsorbent can be regenerated afterwards or kept in a dry place
without direct contact with the environment (2, 9—12). In this context, in
recent years there has been a constant search for new adsorbent materials
with high metal adsorption capacity and selectivity (13—19).

In the last ten years, chemically modified silicas have been the adsorbent
more extensively studied in procedures with environmental interest (20—29).
Chemically modified silica gel is one of the most successful adsorbents,
because the silica support does not swells or shrinks such as the polymeric
resin (7, 29), and unmodified natural occurrence materials (2); the modified
silica may be employed in aqueous and organic solvents media (29); they
present good thermal stability (29) and appropriate accessibility of the ions
to the attached chelating groups; in addition the modified silica gel exhibits
sorption capacities higher than polymeric resins (9-12, 29), because the
number of organic molecules immobilized on the support surface is higher,
allowing higher removal of transition metal ions from the aqueous solution
(9-12, 20-29).

In the present work, the authors studied the use of the aniline grafted silica
gel (SiAn) for removal of Cu(Il), Fe(Ill), and Cr(III) usually present in indus-
trial effluents. The aim of this work was to verify the efficiency of adsorption
process investigating important parameters such as pH, kinetics of adsorption,
and modeling the equilibrium adsorption by fitting different isotherm models.

EXPERIMENTAL
Reagents and Solutions

De-ionized distilled water was employed throughout.

Concentrated nitric acid (Merck) and hydrogen peroxide (Merck) were
analytical reagent grades. Analytical grade sodium hydroxide pellets
(Merck) were also employed.

All glassware and polyethylene materials were stored in a medium con-
taining 1 4+ 9 (v/v) nitric acid solution for at least 24 h and further rinsed
five times with deionized water (30).

Stock standard solutions of metals, Cu (II), Fe(III), and Cr(III) containing
1000 mg 17! of each element were obtained from Tritrisol® standards (Merck)
after appropriate dilution with water. Working metal solutions from 10.00 to
1000.0 mg 1~ ' were prepared from suitable serial dilution of the stock
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solution. The pH adjustments of the solutions were made with aliquots of
1.0mol 17" of HCl and NaOH, utilizing a pH/mV hand-held meter
handylab 1 Schott (Mainz, Germany) provided with combined glass
electrode model Blue-Line 23.

Preparation of SiAn Adsorbent

Silica gel 100 (Merck), 0.02-0.05 mm of particle size was previously
activated at 150°C, under vacuum (10! Torr) for 6 h.

An amount of 50 mmol of aniline was added to 50 mmol of sodium
hydride in 50 ml of a mixture of aprotic solvents (toluene + THF) (1 + 1 v/v)
and this mixture was stirred for 30 minutes in order to remove the proton
linked to the amine group, and then 50 mmol of 3-chloropropyltrimethoxysi-
lane (CPTMS) was added to the reaction mixture. 50 g of activated silica was
then added. The mixture was stirred for 72 h under argon at solvent-reflux
temperature. The resultant modified silica was filtered under argon, washed
with ethanol, and subsequently dried at 100°C for 60 min under vacuum
and used as adsorbent.

Characterization of the SiAn Adsorbent

The elemental analyses of the organic groups, incorporated in the silica
matrix, were carried on a CHN Perkim Elmer M CHNS/O Analyzer, model
2400. The analyses were made in triplicate.

Self-supporting disks of the adsorbents to be analyzed were prepared
from the powder samples in a piston-cylinder system pressed at 55 MPa.
The disks have a cross-sectional diameter of 2.5 cm, weighing ca. 100 mg.
The disk thickness should be sufficiently small to allow the use of the trans-
mission technique. The disks were heated with a heat rate of 3°C minfl, at
100, 200, 300, and 450°C, under vacuum (1072 Torr), during a period of 1
hour at each temperature. The IR cell used in this work was described
elsewhere (9). The equipment used was a Shimadzu FTIR (Kyoto, Japan),
model 8300. The spectra were obtained with a resolution of 4 cm™", with
100 scans.

The nitrogen adsorption-desorption isotherms of previous degassed
solids, at 150°C, were determined at liquid nitrogen boiling point in a
homemade volumetric apparatus (9), with a vacuum line system employing
a turbo molecular Edwards vacuum pump. The pressure measurements were
made using capillary Hg barometer. The specific surface areas of the adsor-
bents were determined from the BET (Brunauer, Emmett, and Teller) (31)
multipoint method and the pore size distribution was obtained using the
BJH (Barret, Joyner, and Halenda) method (32).
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Determination of Transition Metal Ions

The transition metal ions were measured by Perkin Elmer Flame atomic
Absorption Spectrometer model Analyst 200 using air— acetylene flame
(10:2.5 1 min~ ! for Fe and Cu and 7.6:4.3 I min~ ' for Cr). Hollow cathode
lamps of Cr (A = 357.9 nm), Fe (A = 248.3 nm), and Cu (A = 324.7 nm) of
the same manufacturer, were used as radiation source.

Batch Adsorption Procedure of Transition Metal Ions

An aliquot of 25.00 ml of 10.00-1000.0 mg - 17! of Cr (III), Cu(Il), and
Fe(IIl) were added to a 125ml glass erlenmeyer flask containing
200.0 mg of SiAn. The erlenmeyer flasks were capped, in placed horizon-
tally in a Tecnal shaker model TE- 240 (Piracicaba-SP, Brazil), and the
system was shaken for 5 to 480 min. Afterwards, aliquots of 10 ml of the
slurries containing adsorbate and adsorbent were centrifuged using a
FANEM centrifuge model Baby I (Sao Paulo-SP, Brazil), in order to
separate the adsorbent from the aqueous solution, and aliquots of 1-5 ml
of the supernatant were properly diluted to 25.0—100.0 ml in calibrated
flasks using water. The transition metal ions final concentrations were
determined by FAAS, after multiplying the measured concentration value
found in the solution after the adsorption procedure, by the proper
dilution factor.

The removal of transition metal ions from the aqueous solution was
determined by equation (1), and the amount of adsorbate uptaken by the
adsorbent is given in equation (2), and the distribution coefficient of the tran-
sition metal ions by the adsorbent is given in equation (3).

(Co - Cf)

Yoremoval = - 100% (1)
—Cf
_(Co=Ch ©)
m
q
Kp =— 3
p=¢ &)

Where q is the amount of metallic ion uptaken by the adsorbent (mg - g~ ');
Co is the initial-metallic ion concentration put in contact with the adsorbent
(mg - 1Y), C; is the metallic ion concentrations (mg - 1Y) after the batch
adsorption procedure, V is the volume of metallic ion solution (I) put in
contact with the adsorbent, and m is the mass (g) of adsorbent, Ky, is the
distribution coefficient of the transition metal ion between the adsorbent
and the aqueous phase.
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Adsorption Kinetic Study

In order to investigate the adsorption processes of transition metal ions on the
SiAn adsorbent, the pseudo-first order and pseudo second order kinetic models
(34) were experimented.

Pseudo first-order equation, Ln(q, —q,) =Ln g, —k; - t 4)

Where q. is the adsorption capacity in equilibrium (mg - g~ '), q, is the amount
of adsorbate adsorbed at time t (mg- g~ "), k; is the pseudo first-order rate
constant (minfl), t is the time of contact between the adsorbent and
adsorbate (min).

t-ky-q?
Pseudo second-order equation, q, = el (5)
1+t-ky- e
Where k, is the pseudo second-order rate constant (g - mg ™' min™').

Isotherm Modeling

The isotherms models of Langmuir (33), Freundlich (33), Sips (33) and
Redlich-Peterson (34) were fitted to describe the equilibrium adsorption.
These equations of isotherms were given below:

Qmax : KL . Ce

6
1+ KL -Ce ©

Langmuir isotherm, q =
where, Ce is the supernatant concentration after the equilibrium of the system
(mg - 1Y, Kp the Langmuir affinity constant (I - mgfl), and Q. is the
maximum adsorption capacity of the material (mg-g~') assuming a
monolayer of adsorbate uptaken by the adsorbent.

Freundlich isotherm, q = Kg - Ce!/? (7

Where Kg is the Freundlich constant related with adsorption capacity
[mg - gf1 - (mg - 171)71/ "] and n is the Freundlich exponent (dimensionless).

Qmax : Ks : Cel/n

Sips isotherm, q = |+ K. Collm
s~ Le

®)

Where Kg is the Sips constant related with affinity constant (mg - 1~ Hy~V/mand
Qunax is the Sips maximum adsorption capacity (mg - g~ ').
KRp -Ce

Redllich-Peterson isotherm q=-——"—79Z¥—
1+ aRrp CGB

)

Where Kgrp and agp are Redlich-Peterson constants, with the respective
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units: 1-g~ " and (mg-1"")"# and B is the Redlich-Peterson exponent
(dimensionless).

In this work, the Langmuir, Freundlich, Sips, and Redlich-Peterson
isotherms were fitted employing the non-linear fitting method using the
software Microcal Origin 7.0. In addition, the model were also evaluated by
average relative error function (35), which measures the differences of the
amount of transition metal ion uptaken by the adsorbent predicted by the
models and the actual q measured experimentally.

P 2
Fermr — \/ Zi (qi model — i experimental/ q; experimental) (10)

P

Where ¢ model iS €ach value of q predicted by the fitted model and q; experimental
is each value of q measured experimentally, and p is the number of exper-
iments performed.

Industrial Effluent Treatment

The SiAn adsorbent was employed for metal uptaken of industrial tinned food
effluents. An amount of 200 mg of adsorbent were shaken continuously at
150 rpm with 25 ml of industrial effluent, at a pH 4.5, during 3 h. The
solution was then centrifuged, the supernatant suffered an acid digestion
procedure, in order to eliminate the organic matter present in the effluent,
and then the transition metal ions contents were determined by FAAS.

Digestion of Industrial Tinned Food Effluents

For determination of the amount of the transition metal ions from the oily
liquor effluent, a volume of 20 ml of the effluent, was partially digested
using 5 ml of HNO3; + H,O, (1 4 1) mixture. This mixture was heated up to
150°C for 2 h and brought to a volume of 50.0 ml with deionized water. A
blank digest was carried out in the same way.

RESULTS AND DISCUSSION
Synthesis and Characterization of SiAn Adsorbent

Firstly, the organo-silane was obtained and used as a precursor reagent
for the grafting reactions, the 3-aniline-propyltrimethoxisilano (APT) was
synthesized as illustrated in Scheme 1.

The grafting reaction for obtaining the SiAn adsorbent was described in
the Scheme 2.
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NH, NH Na®
OO
ocH;
NHNa NH\/\/S' OCHs 4 Nac
O el — o
OCH;

Scheme 1. Preparation of 3-aniline-propyltrimetoxisilane intermediate.

* OCH3 s\/\/H
At O AR e
—on O

Scheme 2. Synthesis of SiAn adsorbent.

The immobilization of the organic groups on the silica surfaces was
confirmed by the elemental analysis. The degree of functionalization of
silica surface was based on the determination of the nitrogen content. The
organic incorporation value obtained was 0.37 mmol of N per gram of
material. Therefore, it can be inferred that the SiAn presented 0.37 mmol of
aniline group grafted on silica gel.

The infrared spectrum of SiAn adsorbent comparing with pure silica gel is
shown in the Fig. 1. As can be seen, the strong vibrational modes of the aniline
aromatic ring were present around 1600 and 1500 cm™ ', in the SiAn
adsorbent, as observed in (9). On the other hand, the pure silica gel, did not

Aniline grafted silica 1503
---- pure silica

1600

T T T T v T T T T T
900 1800 1700 1600 1500 1400
Wavenumber / cm’

Figure 1. Infrared spectra of SiAn adsorbent and pure silica gel.
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Table 1. Morphological data of adsorbent

BET surface Primary particle
Sample area/m* g ! diameter/nm
Pure silica 280 + 20 110
SiAn 240 + 20 117

present these strong vibrational modes at these wavenumbers. These results
confirm the chemical modification of the silica (9).

From the N, adsorption-desorption isotherms, it was possible to obtain the
specific BET surface areas presented in the Table 1 and the pore size distri-
butions shown in Fig. 2. The found BET surface area values of the
adsorbent was similar to that obtained for pure silica, and from the pore
size distribution curves, a very similar pore dimension was clearly
observed. The maintenance of the primary particle size, the surface area
values, and pore size distributions of the adsorbent, similar to the pure
silica, is evidence that the organic groups were immobilized on the silica
surface, forming a monolayer (36), without formation of agglomerates that
could result in pores blocking or enlargement of particles.

Effect of pH on Adsorption Capacity

One of the more important factors in adsorption studies is the effect of the
acidity of the medium. Different species being adsorbed at different

0.06

---0--- Pure silica
0.05 —u— SjAn

0.04

0.03 H

dvdr' /em® nm

0.02

0.01 4

T v T L T bl T . T 4 T

3 4 5 6 7 8 9 0 M
Pore diameter / nm

Figure 2. Pore size distribution curves of pure silica, and SiAn adsorbent.
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3.04

1 —=—crn o

254  —o-Fe(lll)
—4a—Cu(ll)

2.04

154

0.0

pH

Figure 3. Distribution coefficient of Cr(III), Fe(IlT) and Cu (II) in function of pH
using SiAn as adsorbent. The initial concentrations of the transition metal ions were
52.0, 55.8, and 63.4 mg 1", respectively.

adsorbents will present a different range of optimum pH region for adsorbate
uptaken. In order to verify this parameter, the effect of the pH on metals
sorption on the K,, for each transition metal ion were investigated within
the range 2.5 to 6.5 (Fig. 3). It is notably the difference of the affinity of the
transition metal ion by the SiAn at different pH values. For Cr(IIl) the
better pH region ranged from 4.0 to 4.5, whereas for Fe(IlI) and Cu(Il) the
better pH region ranged from 4.5 to 5.5. It should be stressed that at pH
values lower than 4.0 the excess of H" could make it difficult for the adsorp-
tion of transition metal ions onto a chemically modified silica surface. On the
other hand, at pH higher than 6.0, the transition metal ions could be suffering
from hydrolysis, forming Cr(OH)*", Fe(OH)*", and Cu(OH) " species, which
promotes a diminution of the adsorption capacity, because the diminution of
the formal charge of the metallic ion as described in the literature (37).
Based on the results described above, a possible mechanism for metallic
uptake by SiAn was given in the Scheme 3.

In order to continue this work, all adsorption studies were carried-out at
pH 4.5.

Adsorption Kinetics

The effects of contact time between the adsorbates and adsorbent in the range
5-480 min were performed at pH 4.5 and 25°C, using 200 mg of adsorbent.
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n-1)+
CK {OH O\ (OH I\In(
PN P +H*
d + MY o
oH OH

Scheme 3. Adsorption mechanism of transition metal ions by SiAn.

It was observed that an equilibration time of 180 min was necessary to reach
the equilibration for Cr(Ill), Cu(l), and Fe(IIll). Pseudo first-order and
pseudo secondorder kinetic models were tested (34), where the results
were fitted better to pseudo second-order kinetic model (see Fig. 4). The
values of the pseudo second-order rate constant obtained were depicted in
Table 2.

In further experiments the contact time between the adsorbent and adsor-
bates were fixed at 180 min.

Adsorption Isotherms

The SiAn was employed as adsorbent for Cr(IIl), Fe(Ill), and Cu(II) removal
from aqueous solution using a batch adsorption procedure. In Table 3 were
presented the values of the parameters of the Langmuir (33), Freundlich
(33), Sips (33), and Redlich- Peterson (34) models of isotherms. In order to
evaluate which model was better fitted, the error function was measured.
The lower is the error function, the lower will be the difference of the q cal-
culated by the model from the experimental q measured. For all transition
metal ions the Sips isotherm model presented a lower error function. It was
also observed for Fe(Ill), that although the R2 values of Redlich-Peterson
model was better than the Langmuir, the error function of the Langmuir
model were lower than the Redlich-Peterson isotherm model. Therefore it
can be inferred that just analyzing the R2 of the fitting is not a unique
parameter that should be take into account to verify the best fitting of
isotherm model. In addition, by analyzing this table, it can also be verified
that the sorption capacity of SiAn for the adsorbates were in the following
order: Cr(III) ~ Fe(II) > Cu(I).

In Fig. 5 were shown the Langmuir, Freundlich, Sips, and Redlich-Peter-
sonisotherms for adsorption of Cr(Ill), Cu(Il) and Fe(Ill) using SiAn as
adsorbent. As can be seen, with the exception of the Freundlich model, all
the isotherms presented a behavior similar to Langmuir isotherm.

In Table 4 is presented the maximum adsorption capacities of different
adsorbents for adsorption of Cr(IIl), Fe(IIl) and Cu(Il). The values obtained
in this work were at the same level as the values obtained with other
adsorbents.
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Figure 4. Pseudo-second order kinetic model for adsorption of transition metal ions,

cr(ln

cu(ll)

Fe(lll)

at(mg g™

qimg g™

R. A. Jacques et al.

B Cr(lll} experimental points
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T T T T T T

0 10 200 A0 00 S0

Time {min})

| Cuilly experimental paints

Pseudo second-order kinetic model

T
0 100 20 300

Time {min)

a  Fe(lll) experimental points
— Pseudo second-order kinetic model

T T T M T T T T T T

0 10 20 300 20 00

Time {min)

with initial concentration of 200.0 mg - 17" at 25°C and pH fixed at 4.5.
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Table 2. Pseudo second-order kinetic parameters for the transition metal ions, using
SiAn as adsorbent. Conditions: initial concentration of adsorbate was kept at
200.0 - mg 1™ '; temperature was fixed at 25°C and pH kept at 4.5.

Parameter Cr(IIT) Cu(ID) Fe(IIT)
K> (g-mg ' - min~") 1.233-1072 1.902 - 1072 8.320-1073
ge (mg-g ") 8.88 5.90 8.72

R? 0.9921 0.9810 0.9861

Effluent Treatment

In order to employ the SiAn as an adsorbent for a practical application, an
industrial tinned-food effluent was submitted to a batch adsorption
procedure. First of all, the effluent contents of transition metal ions were
measured, by digesting the samples. After that, a new aliquot of the effluent
(25.00 ml) was agitated with 200.0 mg of SiAn adsorbent. The removal of
the transition metal ions (n = 3) were presented in Table 5. As can be seen,

Table 3. Isotherm parameters

Isotherm Cr(IID) Cu(I) Fe(III)
Langmuir

Qmax (Mg - g™ 16.02 11.18 17.37

K. (1-mg™") 7.490-107°  5.800-107%  4.950-107°

R? 0.9962 0.9977 0.9959

Function error-Feor 2.934.1072 1.620 - 1072 4.613-1072
Freudlich

Kp(mg-g '+ (mg-1"H"'/m 1.4984 0.8046 0.8781

N 2.9617 2.7164 2.3799

R? 0.9271 0.9555 0.9501
Function error-Feyyo, 2364 107" 1.551-107" 1.667 - 107!
Sips

Qumax (Mg - g™ 15.25 11.07 16.39

Ks ((mg-1"1H)~/m) 4.630-1073 5.390-1073 3.310-1073

N 0.8915 0.9819 0.9068

R? 0.9976 0.9978 0.9967

Function error-Fepro, 2.058-1072  1.556-10"2 3.420-1072
Redlich-Peterson

Ker (1-271) 0.1093 6.557-1072 8.181-1072

a, (mg-1")7F 4.800-107°  6.150-107°  3.660-107°

1.000 0.9932 1.000
R? 0.9971 0.9977 0.9961
Function error-Feo; 2.363-1072 1.648 - 1072 4.187 - 1072
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Figure 5. Adsorption isotherms for Cr(III), Cu(II), and Fe(III) at pH 4.5 and 25°C,
and contact time of 180 min.
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Table 4. Comparison of the maximum adsorption capacity (Qu.x) of transition metal
ions on some natural and synthetic adsorbents from aqueous solution

Qmax/ mg - g7
Adsorbent Cr(IID) Cu(Il) Fe(III) Reference
Xanthates 17.68 (14)
Cellulose modified with 10.17 (19)
ethylenediamine
Silica modified with humin 11.44 24)
Carrot residues 45.24 33.04 (38)
Polydiphenylamine resin 22.88 39)
Cocoa shell 2.08 (40)
Cross-linked chitosan 5.72 “41)
3-Aminopropyl silica 25.13 (42)
Lignite 11.73 (43)
Pyrocatechol immobilized cellulose 12.07 6.14 44)
8-Hydroxiquinoline immobilized 40.03 14.52 (45)
cellulose
Salicyldoxime immobilized silica 5.08 2.79 46)
gel
Coir pith 11.44 47)
Aniline grafted silica gel 16.02 11.18 17.37 This work

the SiAn as a good adsorbent for the three chosen transition metal ions,
removing almost completely (>94%) the contents of all of these three
elements from the industrial effluent.

CONCLUSION

The SiAn prepared in this work was an efficient adsorbent for the removal of
Cu(II), Cr(IIT), and Fe(III) from dilute aqueous solutions and wastewater. The

Table 5. Values of removal of transition metal ions
from tinned food industrial effluents employing the
batch adsorption procedure. The values are the aver-
age values + standard deviation (n = 3)

% Batch
Metallic ions adsorption
Cr(III) 95 +£ 0.5
Fe(III) 94 + 1.1
Cu(Il) 95 + 0.7
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maximum adsorption capacities were 16.02, 11.18, and 17.37 mg - g~ ! for Cr
(III), Cu (II), and Fe (III), respectively, obtained from non-linear Langmuir
isotherm fitting. The better pH for adsorption was 4.5 and the kinetic of
adsorption followed a pseudo second-order kinetic model. The SiAn
adsorbent was also employed for successful removal of the contents of the
transition metal ions from an industrial tinned-food effluent.
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