
E
c

S
a

b

a

A
R
R
A

K
I
E
A
C
C
C

1

m
1
t

d
c
i

y
d
k
o
o
t
s
A
c
s

1
d

Chemical Engineering Journal 162 (2010) 127–134

Contents lists available at ScienceDirect

Chemical Engineering Journal

journa l homepage: www.e lsev ier .com/ locate /ce j

mploying the Taguchi method to obtain the optimum conditions of
oagulation–flocculation process in tannery wastewater treatment

. Abera,∗, D. Salarib, M.R. Parsaa

Research Laboratory of Environmental Protection Technology, Department of Applied Chemistry, Faculty of Chemistry, University of Tabriz, Tabriz, Iran
Department of Applied Chemistry, Faculty of Chemistry, University of Tabriz, Tabriz, Iran

r t i c l e i n f o

rticle history:
eceived 5 February 2010
eceived in revised form 6 May 2010
ccepted 8 May 2010

eywords:
ndustrial wastewater
xperimental design
NOVA

a b s t r a c t

In this study a series of jar test experiments, designed using Taguchi method, were carried out to deter-
mine the optimum conditions for tannery wastewater treatment, and the effects of type and dose of
coagulant, type and dose of coagulant aid and pH on the efficiency of coagulation–flocculation process
were evaluated. The goal parameters to find the optimum conditions were each of chemical oxygen
demand (COD), chromium concentration, total dissolved solids (TDS) and turbidity of the wastewater, or
all together, which were used to track the efficiency of the treatment process.

Coagulant type in COD removal, pH in chromium removal, coagulant aid type in TDS removal and
coagulant aid dose in turbidity removal were the most effective factors. The optimum conditions that
oagulant aid
hromium
OD

were obtained for the treatment of the wastewater were: 800 ppm FeCl3 as coagulant, 600 ppm Na2CO3

as coagulant aid and pH 7.5 for COD removal; 1600 ppm FeCl3 as coagulant, 100 ppm CaO as coagulant aid
and pH 7.5 for chromium removal; 1600 ppm FeCl3 as coagulant, pH 9 and 300 ppm Na2SiO3 as coagulant
aid for TDS removal; and 800 ppm PAC (polyaluminum chloride) as coagulant, pH 7.5 and 600 ppm Na2CO3

as coagulant aid for turbidity removal. The optimum conditions found for COD removal, were selected
as optimum conditions for the cases where the removal of aforementioned parameters, all together, is

treatment goal.

. Introduction

The leather tannery industry is an important activity in
any developing countries, “it has been estimated that about

8 billion ft2 of leather are made annually around the world with a
rade value estimated to be approximately US$ 70 billion” [1].
This industry uses the large quantities of water and, in turn, pro-
uces the large quantities of liquid effluents [2]. Tabriz, the capital
ity of east Azarbaijan province in north west of Iran, has approx-
mately 320 tanneries with an estimated wastewater discharge of

Abbreviations: Ai , the sum of all observations of level i of factor A; ANOVA, anal-
sis of variance; BOD, biochemical oxygen demand (mg L−1); COD, chemical oxygen
emand (mg L−1); DOF, the degree of freedom; F, associated F-test of significance;
A , the number of levels of factor A; N, the number of all experiments; n, the number
f repetition done for an experiment; nAi , the number of all observations at level i
f factor A; OAs, orthogonal arrays; P, the percent of contribution of each factor on
he response; PAC, polyaluminum chloride; ppm, parts per million; S/N, the ratio of
ignal to noise; SS, sum of squares/suspended solids; SSA , sum of squares of factor
; SST , sum of squares for all of factors; T, the sum of all observations; TCOD, total
hemical oxygen demand (mg L−1); TDS, total dissolved solids (mg L−1); TSS, total
uspended solids (mg L−1); yi , the performance value of ith experiment.
∗ Corresponding author. Tel.: +98 411 3393153; fax: +98 411 3340191.

E-mail address: soheil aber@yahoo.com (S. Aber).

385-8947/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.cej.2010.05.012
© 2010 Elsevier B.V. All rights reserved.

3.5–4 million L/day that are released, mostly without treatment,
into the environment and cause serious environmental damages.
There are similar problems in other industrial areas with large
number of tanneries in Iran.

In leather tanning, a number of processes are performed using a
large number of chemicals such as surfactants, acids, dyes, natural
or synthetic tanning agents, sulfonated oils, salts, etc., to con-
vert animal skin into an unalterable and incorruptible product
[3]. Considering the application of these low biodegradable chem-
icals, tannery wastewaters cause serious environmental problems.
Some authorities consider the tannery wastewater as one of the
ten most harmful threats for the environment [4]. It uses about
30–40 L of water per kilogram of hide [5]. The large volume of
produced effluent in addition to the high concentrations of COD,
chromium and total suspended and dissolved solids (TSS, TDS),
cause many problems for tanneries. Wastewater treatment com-
panies have considered aforementioned parameters as major ones
in the treatment of tannery wastewaters [6].

The various wastewater treatment methods such as coagula-

tion–flocculation [6], advanced oxidation processes [7,8], biological
treatment [9], ozonation [10] and activated carbon adsorption [11]
have been applied for the treatment of tannery wastewaters. Coag-
ulation is the most widespread process in wastewater treatment.
“Coagulation is usually achieved through the addition of inorganic

dx.doi.org/10.1016/j.cej.2010.05.012
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:soheil_aber@yahoo.com
dx.doi.org/10.1016/j.cej.2010.05.012
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Table 1
Sample values for physico-chemical characteristics of studied tannery wastewater
after sedimentation.

Parameter Concentration

pH 7.5 ± 0.2
COD 3800 ± 5 mg L−1

Total Cr 22 ± 2.5 mg L−1

TSS 573 ± 50 mg L−1

TDS 21,010 ± 100 mg L−1

Cl- 7100 ± 50 mg L−1

Sulfate 600 ± 50 mg L−1

T
T

28 S. Aber et al. / Chemical Engin

oagulants such as aluminum or iron-based salts, and/or synthetic
rganic polymers commonly known as polyelectrolytes” [12]. This
rocess forms the precipitating flocs, which adsorb the pollutants.
he pollutants are removed when the flocs are precipitated. This
ethod is used for the removal of metals, treatment of toxic wastes,

emoval of turbidity and suspended solids and control of color.
nd also it is suitable to enhance the effectiveness of subsequent

reatment and to provide treatment with lower cost [12].
This process is not always perfect and may result in small flocs

hen coagulation takes place at too low temperatures, or fragile
ocs which break up when subjected to physical forces [13]. Floc-
ulation is necessary to overcome these problems and to improve
he coagulation process to obtain a good-quality effluent and rapid
edimentation of the flocs. So various materials, as coagulant aids,
an be used to affect on coagulation or to increase flocs density and
hereby, to improve sedimentation [13]. Coagulant aids are differ-
nt ionic, polymeric or other materials, which can enhance the flocs
uality via various mechanisms. Hence, the selection of suitable
oagulant aid is essential to achieve the coagulation process with
igh efficiency.

The effect of inorganic coagulants dose can be explained by
sing the “coagulation zone” concept. Zone I: not enough coagu-

ant is present for the destabilization of the colloids. Zone II: added
oagulant is sufficient, and in weakly acidic or nearly neutral con-
ition, the dissolved positively charged ions are adsorbed onto the
olloidal particles thus destabilizing the suspension (via decreas-
ng the negative surface charge of the colloidal particles). Zone III:
he excess concentration of coagulant can cause charge reversal
nd re-stabilization of particles. Zone IV: in neutral or basic envi-
onment, the high concentration of coagulant cause oversaturation
ith metal hydroxide precipitations which entrap the colloidal par-

icles and produces very effective sweep coagulation [14].
Some studies have been performed on the treatment of tannery

astewaters by using coagulation method. Garrote et al. [15], used
wo cycles of the treatment by alkaline FeCl3 and Ca(OH)2 to treat
annery wastewater. They obtained a colorless and odorless efflu-
nt with 87% COD removal. Song et al. [6], worked on the treatment
f tannery wastewater by using chemical coagulation. They studied
he influence of pH and coagulant dosage on the coagulation pro-
ess to optimize the conditions to achieve the best removal of COD,
S (suspended solids) and chromium. In the best conditions, the

emoval range of total COD, chromium and SS were 30–37%, 74–99%
nd 38–46%, respectively. Haydar and Aziz [16] also reported 99.7%
urbidity removal, 96.3% TSS removal, 48.3% TCOD (total chemical
xygen demand) removal and 99.7% chromium removal by using
00 mg/L Al2(SO4)3 with 5 mg/L of cationic polymer C-496.

able 2
he studied factors and their levels according to the L16 (45) experimental set.

Exp. no. Control factors

A (coagulant type) B (pH) C (coagulant dose

1 Al2(SO4)3 5 400
2 Al2(SO4)3 7.5 800
3 Al2(SO4)3 9 1200
4 Al2(SO4)3 11 1600
5 FeSO4 5 800
6 FeSO4 7.5 400
7 FeSO4 9 1600
8 FeSO4 11 1200
9 FeCl3 5 1200

10 FeCl3 7.5 1600
11 FeCl3 9 400
12 FeCl3 11 800
13 PACL 5 1600
14 PACL 7.5 1200
15 PACL 9 800
16 PACL 11 400
Conduction 22.6 ± 0.05 mS cm−1

Turbidity 56 ± 1 NTU
Color Dark green 780 ± 1 mg L−1Pt

Taguchi method which established by Dr. Genichi Taguchi [17],
“utilizes orthogonal arrays (OAs) from experimental design the-
ory to study a large number of variables with a small number of
experiments. Using OAs significantly reduces the number of exper-
imental configurations to be studied” [18]. Tippett discovered OAs
in 1934, however, Taguchi simplified their use by providing tab-
ulated sets of standard OAs and corresponding linear graphs to fit
specific projects [18]. In Taguchi method the experimental response
quality is expressed as the ratio of desired factor (signal) compared
to uncountable factors (noise) [19].

The present paper is studying the treatment of a tannery
wastewater using coagulation–flocculation process and is an
attempt to: (1) determine the optimum conditions for the removal
of COD, chromium, TDS and turbidity of tannery wastewater, each
as a treatment goal, (2) determine the optimum conditions for the
removal of COD, chromium, TDS and turbidity of tannery wastewa-
ter, all together, as treatment goal and (3) determine the influence
of each investigated factor including type and dose of coagulant, pH,
and type and dose of coagulant aid, on the removal efficiency. Using
an “experimental design method” makes different the present work
from the literature. “Experimental design method” optimizes the
factors which are effective on the removal of goal parameters and
reduces the number of experiments that are necessary to find the
optimized conditions.

2. Experimental
2.1. Materials and methods

The tannery effluent that was used in this work obtained from
the wastewater collection tank of tannery wastewater treatment

, ppm) D (coagulant aid type) E (coagulant aid dose, ppm)

CaO 100
CaCO3 300
Na2SiO3 600
Na2CO3 800
Na2SiO3 800
Na2CO3 600
CaO 300
CaCO3 100
Na2CO3 300
Na2SiO3 100
CaCO3 800
CaO 600
CaCO3 600
CaO 800
Na2CO3 100
Na2SiO3 300
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Fig. 1. The effect of experimental parameters on the S/N

lant located in Mayan-Tabriz (Northwest of Iran). Samples were
ollected in polyethylene bottles. The samples were preserved by
cidification to pH ≤ 2 using sulfuric acid (H2SO4). The concentra-
ions of chromium, TDS, TSS, chloride, sulfate and nitrate in the
astewater were measured according to standard methods [20].
OD, turbidity and color of the wastewater were analyzed by a Pal-

ntest 7700 (UK) photometer. The PerkinElmer spectrophotometer
Germany), model 550 SE, also was used in this study. All of the
sed chemicals were analytical grade and purchased from Merck
o. (Germany).

.2. Jar tests

The coagulation–flocculation experiments were carried out in a
ar test apparatus (OSK-Japan). The wastewater after a well mix-
ng was allowed to settle for 3 h [21] and the supernatant was
ransferred to a clean container. The main physico-chemical char-
cteristics of the supernatant are shown in Table 1.

Precise doses of coagulants including Al2(SO4)3, FeSO4, FeCl3
nd PACL, and coagulant aids including CaO, Na2CO3, CaCO3 and
a2SiO3, were added to 800-mL jars containing 200 mL of settled

astewater with specified pH values. A series of jar tests were car-

ied out as follows: first rapid mixing stage carried out on jars
t 100 rpm for 2 min and then slow mixing stage carried out at
0 rpm for 20 min and finally the solutions were settled in 250-mL
raduated cylinders for 30 min [6,21]. The produced supernatants
and measured removal percent in the removal of COD.

were used for the measurement of remained COD, Cr, TDS and
turbidity.

2.3. Experimental design

Factors such as type and dose of coagulant, pH, and type and
dose of coagulant aid influence the coagulation–flocculation pro-
cess. In addition to these factors, stirring speed, stirring time,
settling time, and temperature are effective, too. However, in this
work the last ones considered constant and the effect of first ones
investigated. Orthogonal array of L16 (45) type that is a standard
plan of Taguchi method, was used in experimental design. The
tests were conducted at average room temperature of 20 ◦C. The
investigated factors and their levels in this study are shown in
Table 2.

The S/N ratio was selected as the optimization criterion. The S/N
ratios for “the larger the better” situations were calculated for COD,
Cr and TDS removal (experimental results were entered in Taguchi
method as the percent of removal) by the following equation
[22]: ( )

S/N = −10 log

1
n

∑ 1

y2
i

(1)

Eq. (2) which is used to evaluate the S/N ratios for “the smaller the
better” situations [22], were used in turbidity removal (experimen-
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Fig. 2. The effect of experimental parameters on the S/N ra

al results were entered in Taguchi method as the value of residual
urbidity).

/N = −10 log
(

1
n

∑
y2

i

)
(2)

is the number of repetitions for an experiment and yi is the per-
ormance value of ith experiment [22]. In both cases, the larger S/N
atio implies the better achievement of treatment goal.

The optimization of the factors which are effective on the
oagulation–flocculation process using traditional techniques, is a
errible task, which consumes considerable time and cost. But the
aguchi method helps to solve such an optimization problem by
inimum number of experiments.

.4. ANOVA analysis

ANOVA is used to estimate error variance and to determine
he relative importance of various factors. It indicates the effect
f each investigated factor on the optimization criterion. ANOVA
lso demonstrates whether the observed variation in the response
s due to the alteration of level adjustments or experimental stan-
ard errors. In ANOVA analysis, the values of sum of squares, degree
f freedom (DOF), mean square (variance) and associated F-test of
ignificance (F) were calculated. Sum of squares (SS) of factor A is

alculated as follows:

SA =
[

kA∑
i=1

(
A2

i

nAi

)]
− T2

N
(3)
d measured removal percent in the removal of chromium.

kA is the number of levels for factor A (kA = 4 for all factors in this
study), nAi is the number of all observations at level i of factor A
(nAi = 4 in this study), Ai is the sum of all observations of level i of
factor A, N is the number of all experiments and T is the sum of all
observations. P, is the percent of contribution of each factor on the
response (PA = (SSA/SST) × 100) where SST is the sum of squares for
all factors [18].

3. Results and discussion

The resulted S/N ratios and their corresponding measured
removal percents of COD, chromium, TDS and turbidity of the
wastewater are shown in Figs. 1–4 for the experimental condi-
tions proposed by Taguchi method. The S/N ratios show the effect
of each level of each factor on the response, independently. It is
calculated by averaging the S/N ratio values of all the experiments
where that level of that factor has been used. For instance, one
of the levels of factor D (coagulant aid type) is CaO. According to
Table 2, experiments corresponding to this level of coagulant aid
type are numbers 1, 7, 12 and 14. Consequently, the S/N ratio value
of this level of coagulant aid type (CaO), is equal to the average
of the S/N values obtained from those experiments. The measured
removal percents (Figs. 1–4) have been obtained using a similar
manner.
3.1. Optimized conditions for COD removal

Fig. 1 shows that FeCl3 as coagulant, results in maximum COD
removal while Al2SO4 has the minimum efficiency. 7.5 is the
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Fig. 3. The effect of experimental parameters on the S/N

est among pH values and the best COD removal percentage was
btained by Na2CO3 as coagulant aid.

The quality of raw tannery wastewater affects on the effi-
iency of coagulation process [6]. The optimum dose of coagulant is
ependent on the amount of parameters such as TSS, TDS and con-
entration of pollutants (Cr, S2−, N, etc.), so it is better determined
y jar test [6]. In this work, the best levels of the doses of coagu-

ant and coagulant aid were determined equal to 800 and 600 ppm,
espectively, to have the maximum COD removal efficiency. Con-
idering the “zone” concept introduced in the Introduction section,
t was observed that coagulant zone shifted from zone II to zone
II when coagulant dose increased over 800 ppm and consequently
OD removal percent decreased.

.2. Optimized conditions for chromium removal

Fig. 2 shows that FeCl3 has the best efficiency in chromium
emoval compared with other studied coagulants. According to
he figure, pH 7.5 and 9 are more effective in chromium removal
han other studied pH values. High pH values, lead to the forma-
ion of insoluble Cr(OH)3 which is removed as chromium sludge.
herefore, coagulation should be operated at alkaline pH range to
chieve maximum chromium removal [6]. The obtained results for

he effect of pH on the removal efficiency of chromium are in good
greement with previous studies [6].

According to the results, when CaO was used as coagulant aid,
he chromium removal was maximum. The effect of CaO on the
emoval of Cr(III), as the major constituent of the total chromium,
and measured removal percent in the removal of TDS.

is as follows:

CaO + H2O → Ca(OH)2 (4)

2Cr3+ + 3Ca(OH)2 → 2Cr(OH)3 + 3Ca2+ (5)

Coagulant aids are used to achieve the optimum conditions for
coagulation and flocculation process. They are used for faster floc
formation and to produce denser and stronger flocs, decrease the
coagulant dose, broaden the proper pH range, and improve the
removal of turbidity and other impurities [12]. In this study, CaO
was found as the most effective coagulant aid. CaO is an alkaline
coagulant aid. Alkaline coagulant aids must be added to the waters
without sufficient natural alkalinity which is necessary to react
with acidic metallic coagulants to produce good flocs [12].

The optimum level of coagulant dose for chromium removal was
determined equal to 1600 ppm. Alum (Al2(SO4)3) or ferric chlo-
ride (FeCl3) coagulants, in relatively high concentrations, react with
hydroxides [23] to form Al(OH)3 or Fe(OH)3 sediments, respec-
tively. The colloidal particles are entrapped in these sediments
either during floc formation or just after. This type of coagulation by
enmeshment of colloids in flocs is commonly called sweep coagula-
tion [12]. Therefore, with an increasing in coagulant dose, the effect
of sweep coagulation on chromium removal is increased. Also, the
best level of coagulant aid dose was obtained equal to 100 ppm.
3.3. Optimized conditions for TDS removal

Fig. 3 shows the efficiency of the different levels of studied
factors on TDS removal. It can be seen from the figure that FeCl3
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ig. 4. The effect of experimental parameters on the S/N ratio and measured rem
alue of residual turbidity).

as more efficiency than the other coagulants, and increasing the
oagulant dose increases TDS removal which may be due to an
ncreasing in sweep coagulation. The optimum pH for TDS removal

as obtained equal to 9. Also, Na2SiO3 was found as the best coag-
lant aid type with 300 ppm as the best dose for TDS removal.

.4. Optimized conditions for turbidity removal

The optimization of conditions for the removal of turbidity was
one using residual turbidity as treatment goal. Fig. 4 shows that
l2(SO4)3 and PAC coagulants had more efficiency than iron-based
alts in turbidity removal. Samples treated by Al2(SO4)3 and PAC
ere significantly lighter in color than those treated by iron-based

alts. It was observed that at pH 9 and 11 the color of the samples
urned to black when iron-based salts were used. Considering the
esults, PAC was the best coagulant for turbidity removal and max-
mum removal efficiency was obtained at pH 7.5. Also, Na2CO3 was
he best coagulant aid to remove the turbidity and the best levels
or coagulant dose and coagulant aid dose were 800 and 600 ppm,
espectively.

.5. ANOVA results
ANOVA results of the data obtained from jar tests have been pre-
ented in Table 3. The last section in Table 3 shows the percent of
ontribution (P, %) of each factor to response. The percent of con-
ribution shows the influence of one factor on the total observed
ariance in the experiments. A higher value of the percent of contri-
ercent in the removal of turbidity (the S/N ration was calculated according to the

bution means that the factor contributes more to response. It can be
observed that coagulant type has the most contribution (90.712%),
among the factors, on COD removal.

According to Table 3 the factors, which have the most influ-
ence on the removal of chromium, are pH and coagulant aid dose,
respectively. Also in TDS and turbidity removal, the effects of coag-
ulant dose and coagulant aid type are higher than the other factors,
respectively.

The optimum conditions found in Figs. 1–4 for each of COD,
chromium, TDS and turbidity removal are given in Table 4. In
addition, the current grand average of performance, the value of
contribution of each factor and the expected S/N results at opti-
mized conditions, determined by Taguchi method, are shown in
this table.

3.6. Choosing the optimum conditions considering all pollution
parameters as treatment goal

In the past sections, we reported the optimum conditions con-
sidering each of COD, chromium, TDS and turbidity as treatment
goal (Table 4). The effect of each of these optimum conditions on
the removal of studied pollution parameters was as follows.

In the optimum conditions for the removal of COD, 82.6% COD

removal, 81% chromium removal, 36% TDS removal and 85.9% tur-
bidity removal, and using the optimum conditions for the removal
of chromium, 72.5% COD removal, 84.7% chromium removal, 32.2%
TDS removal and 76% turbidity removal were achieved. By using the
optimum conditions for the removal of TDS, 73.3% COD removal,
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Table 3
Analysis of variance (ANOVA) of the data resulted from experimental design.

Factor DOF Sum of squares Variance Pure Sum Percent, P (%)

COD
removal

Cr
removal

TDS
removal

Turbidity
removal

COD
removal

Cr
removal

TDS
removal

Turbidity
removal

COD
removal

Cr
removal

TDS
removal

Turbidity
removal

COD
removal

Cr
removal

TDS
removal

Turbidity
removal

COD
removal

Cr
removal

TDS
removal

Turbidity
removal

Coagulant type 3 3 3 3 117.0 0.3 67.3 165.4 39.0 0.1 22.5 55.2 117.0 0.3 165.4 67.3 90.7 3.5 18.9 27.5
Coagulant dose 3 3 3 3 3 0.5 90.2 7.7 1 0.2 30.1 2.6 3 0.6 7.7 90.2 2.3 7.4 25.2 1.3
Coagulant aid type 3 3 3 3 1.2 0.2 38.3 301.4 0.4 0.1 12.9 100.5 1.2 0.2 301.4 38.3 0.9 2.2 10.7 50
Coagulant aid dose 3 3 3 3 2.2 1.4 75.6 97.7 0.7 0.5 25.2 32.6 2.2 1.4 97.7 75.5 1.7 19.0 21.2 16.2
pH 3 3 3 3 5.6 5 85.5 29.9 1.9 1.7 28.5 10 5.6 5 29.9 85.5 4.4 67.9 24 5
Other/error 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 15 15 15 15 129.0 7.4 356.9 602.1 100.0% 100.0% 100.0% 100.0%

Table 4
Optimum conditions and contribution of each factor in the removal of pollution parameters according to Taguchi method.

Column/factor COD removal Cr removal TDS removal Turbidity removal

aLevel bContribution Level Contribution Level Contribution Level Contribution

Coagulant type FeCl3 2.7 FeCl3 0.1 FeCl3 2 PAC 5.3
Coagulant dose 800 ppm 0.7 1600 ppm 0.2 1600 ppm 2.6 800 ppm 0.7
Coagulant aid type Na2CO3 0.2 CaO 0.1 Na2SiO3 2.0 Na2CO3 6.5
Coagulant aid dose 600 ppm 0.6 100 ppm 0.2 300 ppm 2.7 600 ppm 2.1
pH 7.5 0.9 7.5 0.4 9 3.3 7.5 1.9
Total contribution from all factors 5 1.0 12.6 16.5
Current grand average of performance (S/N) 34.8 37.8 27.4 −26.2
Expected result at optimum conditions (S/N) 39.8 38.9 40 −9.7

a In this table, the “Level” is the amount or the compound that is the optimum one, among the examined ones, in the removal of a pollution parameter such as COD.
b The extent in which a factor influences on the removal of a parameter such as COD. Some factors have more influence on the removal of pollution parameters than the others.
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6.7% chromium removal, 39.7% TDS removal and 32.6% turbidity
emoval, and in the optimum conditions for the removal of tur-
idity, 75.3% COD removal, 73.2% chromium removal, 32.6% TDS
emoval and 91.2% turbidity removal were resulted.

According to the data reported above, it can be seen that the
onditions, which are optimum for COD removal, can cause accept-
ble removal percents for other studied parameters, i.e. chromium,
DS and turbidity. Therefore, these conditions can be considered
s optimum for the removal of all studied pollution parameters, as
reatment goal, in this work.

. Conclusion

The results of this study, designed by Taguchi method, showed
hat coagulation–flocculation process is able to remove COD,
hromium, TDS and turbidity of tannery wastewater. In addition,
t can be concluded that Taguchi experimental design method is
uitable to find the optimum conditions of tannery wastewater
reatment and reduces the cost and the time, which are necessary
o find the optimum conditions. Taguchi method also can be used to
etermine the importance of each of studied factors in wastewater
reatment.
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