
Taguchi optimization for Cd(II) removal from aqueous solutions using oyster
shell powders

Hsing Yuan Yen

Department of Chemical and Biochemical Engineering, Kao Yuan University, No. 1821, Zhongshan Rd., Lujhu Dist., Kaohsiung
City 82151, Taiwan, Tel. +886 7 6077800; Fax: +886 7 6077050; email: t50031@cc.kyu.edu.tw

Received 21 July 2015; Accepted 13 October 2015

ABSTRACT

Waste oyster shells cause great environmental concerns and cadmium is a harmful heavy
metal. Therefore, in this study, the Taguchi method was applied for removing Cd(II) from
aqueous solutions using oyster shell powders (OSP) to optimize the controllable factors,
which included pH (P), OSP-calcined temperature (T), Cd(II) concentration (C), OSP dose
(D), and contact time (t). The percentage contribution of each factor in descending order
was P (57.01%) > T (23.35%) > C (9.10%) > D (5.85%) > t (1.92%). The optimum removal
conditions were pH of 10 and an OSP-calcined temperature of 900˚C, which resulted in a
removal efficiency of 99.7%. At the higher OSP-calcined temperature of 900˚C, more adsorp-
tion occurred due to the large number of porosities created, as evident from the scanning
electron microscope (SEM) observations. These porosities generated a large number of cavi-
ties, which significantly increased the surface area for adsorption. Further, a multiple linear
regression equation was developed to correlate Cd(II) removal with the controllable factors:
Cd IIð Þ removal %ð Þ ¼ 9:4 � P þ 0:047 � T � 1:28 � C þ 19:58 � D þ 0:08 � t � 52:4. The
equation reasonably predicted the Cd(II) removal, and it could be used for estimating
Cd(II) removal by OSP in the design stage.
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1. Introduction

Wastewater produced from the processes of weld-
ing, smelting, electroplating, and making alkaline bat-
teries usually contains heavy metals, such as Cd(II)
[1,2]. Cd(II) is harmful to both the environment and
human health. Hence, wastewater containing Cd(II) is
prohibited from discharging directly into rivers unless
the effluent meets Taiwan’s strictly enforced effluent
standard regulation of 0.03 mg/L.

Cd(II) is one of the most difficult heavy metals to
remove from wastewater by adsorption. Numerous

adsorbents have been examined for its removal; some
are efficient at high concentrations of Cd(II) and in
high pH regions, and some are good at lower concen-
trations, even in acidic conditions [3]. Recently,
removal technology of heavy metal ions by biosorp-
tion using agricultural waste is becoming popular
because of the need for further environmental protec-
tion. For example, Cd(II) adsorption by orange peel
powder [4], Cr(VI) adsorption by coir pith [5] and
tobacco-leaf residuals [6], and Cu(II) adsorption by
coconut shell [7] and gooseberry fruit [8] have been
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investigated. Moreover, Cd(II), Zn(II), Pb(II), and
Cu(II) adsorption by spent coffee grounds has also
been evaluated [9–11].

In addition to agricultural waste, mariculture
waste also poses environmental concerns due to the
rapid expansion of mariculture worldwide resulting
from the depletion of natural marine resources.
Among the various types of mariculture, oyster farms
are popular in Asia; consequently, an enormous
amount of oyster shells is produced. In Taiwan alone,
the amount of oyster shells produced exceeds
0.16 million tons per year. Currently, oyster shell
waste is dumped into coastal waters, land filled, or
used as limestone in fertilizers and chicken feed.
Hence, the applications of oyster shell waste as an
adsorbent for heavy metals to benefit both mariculture
and the environment were explored [12–15].

For oyster shells, most of the studies in the litera-
ture focused on the biological treatment, such as aer-
ated filter medium treatment of municipal wastewater
[16], nutrient and eutrophication control [17–19]. And
for oyster shell powders (OSP), the studies on heavy
metal adsorption were conducted [12,13,15]. However,
none of them focused on the process optimization of
OSP for heavy metal removal.

For process optimization, the Taguchi method
established by Genichi Taguchi has been generally
adopted because it can significantly reduce the overall
testing cost and time. This method uses a specially
designed orthogonal array consisting of controllable
factors and their variation levels to optimize the
experimental conditions [20]. It has been used in
wastewater treatment, including modified mesoporous
carbon for heavy metal adsorption [21], guava seed
carbon for acid dye adsorption [22], zeolite fixed bed
reactor for color removal [23], and vacuum membrane
distillation for phenolic removal [24].

In this study, the Taguchi method was applied to
establish the optimum conditions for the removal of
Cd(II) from aqueous solutions. The controllable factors
included the pH, the calcined temperature of OSP, the
initial Cd(II) concentration, the OSP dose, and the con-
tact time. The percentage contribution of each factor
was also determined. Further, a multiple linear regres-
sion equation correlated with Cd(II) removal was
developed for the purpose of prediction.

2. Material and methods

2.1. OSP preparation

Oyster shells were obtained from a local seashore
area in Tainan City, Taiwan. The shells were cleaned
with brushes after discarding the attached fresh

remnant; they were then washed with deionized water
(DI water), air-dried, and pulverized in a grinder (Yue
Cherh, Taiwan). Then, the pulverized powders were
sieved by a 42 mesh sieve to obtain the OSP for subse-
quent experiments. The OSP was calcined in a pro-
grammable furnace (DF-202, Deng Yng, Taiwan) at
300, 600, or 900˚C for 2 h. The resulting powders were
designated as OSP300, OSP600, and OSP900, respec-
tively. The surface structure of the OSP was analyzed
by a scanning electron microscope (SEM) (S-3000 N,
Hitachi, Japan).

2.2. Experimental procedure

Batch experiments were performed in a sealed,
250 mL conical flask at 150 rpm in a temperature-con-
trolled mechanical shaking incubator (SB-7D Model,
Deng Yng, Taiwan). The pH was controlled by either
NaOH or HNO3. The flask contained 200 mL of a Cd
(II) solution. Each experiment was repeated three
times, and the average value of the Cd(II) removal (%)
was calculated. Prior to measuring the concentration of
Cd(II), the water samples were centrifuged (CN-1040,
Hsiangtai, Taiwan) and filtered through a 0.45 μm
cellulose acetate membrane filter (ADVANTEC®,
Japan). The stock solutions of Cd(II) (1,000 mg/L) were
obtained from Merck (Germany) and diluted with DI
water to the necessary concentration. The concentration
of Cd(II) was measured by atomic absorption spec-
trometry (Hitachi, Z-8200, Japan).

2.3. Design of experiments using the Taguchi method

The Taguchi method applies an orthogonal array
for experimental design and the signal to noise (S/N)
ratio for quality assessment. In this study, five pro-
cess-controllable factors were examined: pH, OSP-cal-
cined temperature, Cd(II) concentration, OSP dose,
and contact time, which were denoted by P, T, C, D,
and t, respectively. By assigning three levels for each
controllable factor, an L18 orthogonal array was devel-
oped as shown in Table 1. The levels in Table 1 indi-
cate that the values were 5, 8, and 10 for P; 300, 600,
and 900˚C for T; 5, 10, and 20 mg/L for C; 0.25, 0.5,
and 1 g/L for D; and 30, 60, and 120 min for t.

The details of the L18 experiments are shown in
Table 2. With the L18 array, only 18 tests, rather than
243 (i.e. 35) full experimental runs, were conducted for
the five controllable factors with three levels each, rep-
resenting a great reduction in time and cost. The
numerals 1, 2, and 3 in Table 2 denote Levels 1, 2, and
3, respectively.

The removal of Cd(II) is given by Eq. (1) as
follows:
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Cd(II) removalð%Þ ¼ C0 � Ce

C0

� �
� 100 (1)

where C0 and Ce are the initial and equilibrium
concentrations of Cd(II) (mg/L), respectively. In the
Taguchi method, quality characteristics are categorized
into larger-the-better, nominal-the-best, and smaller-
the-better types. As the goal of this study was to
remove Cd(II) from wastewater by OSP, the larger the
better quality characteristic was selected. The related
S/N ratio is given by Eq. (2):

S=NLB ¼ �10 log

Pn
i¼1

1
y2
i

n
(2)

where the subscript LB represents “larger-the-better”,
n is the number of repetitions under the same

experimental conditions, and yi is the result of each
repeated measurement. In this study, each test was
repeated three times, namely n was 3.

2.4. Optimization evaluation by analysis of means
(ANOM)

The statistical approach begins with evaluating the
average S/N ratio of factor F at level i, denoted by
MF

i , as shown in Eq. (3) [21,25].

MF
i ¼

PnFi
j¼1½ðS=NÞFi �j

nFi
(3)

where ðS=NÞFi represents the S/N ratio of the test for
factor F at the ith level; the subscript j is the jth
appearance of the ith level. In this study, each factor
had three levels. For the 18 tests, each level for every
factor appeared 6 times as shown in Table 2. Hence, j
was, respectively, equal to 1, 2, 3, 4, 5, and nFi = 6. The
optimum process condition for the maximum Cd(II)
removal was identified based on the particular level
for factor F with the maximum average S/N ratio.

2.5. Percentage contribution of each factor by analysis of
variance (ANOVA)

ANOVA involves determining the percentage con-
tribution of each controllable factor on Cd(II) removal,
ρF, as given by Eq. (4) [21,23]:

qF ¼
SSF � DoFF � VERð Þ

SST

� �
� 100 (4)

In the equation above, DoFF signifies the degree of
freedom for factor F. The sum of squares for factor F,
SSF, is given by Eq. (5):

SSF ¼ mn

L

XL
i¼1
ðRF

i � RTÞ2 (5)

Table 1
Controllable factors and associated levels

Factor Description Level 1 Level 2 Level 3

P pH 5 8 10
T OSP-calcined temperature 300˚C, 2 h (OSP300) 600˚C, 2 h (OSP600) 900˚C, 2 h (OSP900)
C Cd(II) (mg/L) 5 10 20
D OSP dose (g/L) 0.25 0.5 1
t Time (min) 30 60 120

Table 2
Design of the experiments

Test identification

Factor

P T C D t

Test 1 1 1 1 1 1
Test 2 1 2 2 2 2
Test 3 1 3 3 3 3
Test 4 2 1 1 2 2
Test 5 2 2 2 3 3
Test 6 2 3 3 1 1
Test 7 3 1 2 1 3
Test 8 3 2 3 2 1
Test 9 3 3 1 3 2
Test 10 1 1 3 3 2
Test 11 1 2 1 1 3
Test 12 1 3 2 2 1
Test 13 2 1 2 3 1
Test 14 2 2 3 1 2
Test 15 2 3 1 2 3
Test 16 3 1 3 2 3
Test 17 3 2 1 3 1
Test 18 3 3 2 1 2
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where the symbols m, n, and L denote the total
number of all experiments (i.e. 18), the number of rep-
etitions (i.e. 3), and the number of levels (i.e. 3) of
each factor, respectively. The symbol RT represents the
comprehensive average of Cd(II) removal for all of the
tests and was computed by Eq. (6):

RT ¼
Pm

j¼1ð
Pn

i¼1 RiÞj
mn

(6)

where Ri is the Cd(II) removal obtained in the ith rep-
etition of each test. Moreover, RF

i denotes the average
value of Ni(II) removal realized during the tests for
factor F in the ith level and was evaluated by Eq. (7):

RF
i ¼

1

nFi

XnFi
j¼1
½ðRAÞFi �j (7)

where ðRAÞFi represents the average Cd(II) removal of
the test of factor F in the ith level and its correspond-
ing jth appearance is represented as ½ðRAÞFi �j. Hence,
the total sum of squares SST of Eq. (4) was calculated
by Eq. (8):

SST ¼
Xm
j¼1

Xn
i¼1

R2
i

 !
j

�mnðRTÞ2 (8)

Finally, the variance of error, VER, of Eq. (4) was calcu-
lated by Eq. (9):

VER ¼ ðSST �
Xt
F¼P

SSFÞ=½m n� 1ð Þ� (9)

3. Results and discussion

3.1. Optimization

The results of the 18 experiments are tabulated in
Table 3. The average removal shown in Table 3 was
the average of three repeated experiments, which were
denoted by R1, R2, and R3. The S/N ratios were cal-
culated by Eq. (2). The results showed that the average
removal of Cd(II) varied from 17.5 to 99.7% and that
the S/N ratios varied from 24.84 to 39.97, depending
on the combination of the controllable factors. Subse-
quently, the S/N ratios were substituted into Eq. (3) to
calculate the mean S/N ratio of factor F in the ith
level, MF

i . The results of MF
i given in Table 4 showed

that the best levels for each controllable factors were
Level 3 for P, Level 3 for T, Level 1 for C, Level 3 for
D, and Level 3 for t. Additionally, the average
removal of each level for controllable factor F, denoted
by RF

i (given by Eq. (7) and tabulated in Table 4)
revealed that the best levels for each controllable fac-
tor were exactly the same as those for MF

i . These best

Table 3
Cd(II) removal and S/N ratio

Tests

Factor Removal (%) Average
removal
(%) Std.

S/N
ratioP T C D t R1 R2 R3

Test 1 5 300 5 0.25 30 17.1 17.5 17.8 17.5 0.29 24.84
Test 2 5 600 10 0.5 60 21.0 21.7 21.7 21.5 0.33 26.63
Test 3 5 900 20 1.0 120 45.2 44.6 46.4 45.4 0.75 33.14
Test 4 8 300 5 0.5 60 43.2 44.1 43.7 43.7 0.37 32.80
Test 5 8 600 10 1.0 120 52.3 51.5 52.1 52.0 0.34 34.31
Test 6 8 900 20 0.25 30 34.5 34.0 33.8 34.1 0.29 30.65
Test 7 10 300 10 0.25 120 54.1 54.7 55.4 54.7 0.53 34.76
Test 8 10 600 20 0.5 30 46.7 47.5 47.8 47.3 0.46 33.50
Test 9 10 900 5 1.0 60 99.8 99.5 99.7 99.7 0.12 39.97
Test 10 5 300 20 1.0 60 20.1 21.0 18.9 20.0 0.86 26.00
Test 11 5 600 5 0.25 120 17.7 18.3 19.2 18.4 0.62 25.28
Test 12 5 900 10 0.5 30 41.3 42.4 42.6 42.1 0.57 32.48
Test 13 8 300 10 1.0 30 39.2 37.9 39.0 38.7 0.57 31.75
Test 14 8 600 20 0.25 60 30.4 31.0 31.5 31.0 0.45 29.82
Test 15 8 900 5 0.5 120 87.4 86.2 88.3 87.3 0.86 38.82
Test 16 10 300 20 0.5 120 61.8 62.5 62.2 62.2 0.29 35.87
Test 17 10 600 5 1.0 30 91.2 90.5 91.1 90.9 0.31 39.17
Test 18 10 900 10 0.25 60 98.6 99.1 98.9 98.9 0.21 39.90

Note: std.: Standard Deviation.
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levels are presented in boldface in Table 4. For each
controllable factor, the best levels for maximum Cd(II)
removal were pH 10, OSP900, Cd(II) 5 mg/L, OSP dose
1 g/L, and contact time 120 min.

3.2. Effect of controllable factors on Cd(II) removal

From the above averages, the associated S/N ratio
for each level of every controllable factor is presented
in Fig. 1. It can be observed that the variation of the
S/N ratios of pH is the largest, whereas that of the
contact time is the smallest. Therefore, the most
significant controllable factor was pH, while the least
significant factor was contact time.

The significance of each controllable factor could
be further quantified by the range of the S/N ratio
(maximum S/N minus the minimum S/N) given in
Table 5. A larger range indicated that the factor was
more significant and should be utilized first. The
range in descending order was P > T > C > D > t. It
should also be noted that the range for P was the most
significant among the variables.

To evaluate the percentage contribution of each
controllable factor, ANOVA was performed using
SPSS 17.0 to obtain SSF (sum of square of individual
controllable factor, Eq. (5)) and ρF (percentage contri-
bution of each controllable factor, Eq. (4)). The results,
which are also tabulated in Table 5, showed exactly
the same order of influence of the controllable factors
on Cd(II) removal as that indicated by the range of
the S/N ratio. Moreover, as seen in Table 3, the
optimum operating conditions for the present study,

illustrated by the maximum Cd(II) removal of 99.7%,
were P3, T3, C1, D3, and t2, which correspond to pH
10, Cd(II) concentration of 5 mg/L, OSP dose of 1 g,
OSP900, and contact time of 60 min.

3.3. Mechanism of Cd(II) removal by adsorption and
precipitation

The solution pH is an important factor in govern-
ing adsorption or precipitation for metal removal. The
dominant metal species are MðOHÞ2 for pH > 6.0 and
M2+ and M(OHÞþ for pH < 6.0 [26,27]. Literature
reviews revealed that the optimum pH for Cd(II)
adsorption is 5, including for absorption by sawdust
[28], granular biomass [29] and modified chitosan
[30,31]. The decreased Cd(II) adsorption caused by
increasing pH is due to the formation of cadmium
hydroxide, as illustrated by the following chemical
precipitation [32,33]:

Table 4
S/N ratio and Cd(II) removal response table

Factor/Level

½ðS=NÞFi �j
MF

i

½ðRAÞFi �j
RF
ij = 1 j = 2 j = 3 j = 4 j = 5 j = 6 j = 1 j = 2 j = 3 j = 4 j = 5 j = 6

P/1 24.84 26.63 33.14 26.00 25.28 32.48 28.06 17.5 21.5 45.5 20.0 18.4 42.1 27.50
P/2 32.80 34.31 30.65 31.75 29.82 38.82 33.03 43.7 52.0 34.1 38.7 31.0 87.3 47.80
P/3 34.76 33.50 39.97 35.87 39.17 39.90 37.20 54.7 47.3 99.7 62.2 90.9 98.9 75.62
T/1 24.84 32.80 34.76 26.00 31.75 35.87 31.00 17.5 43.7 54.7 20.0 38.7 62.2 39.47
T/2 26.63 34.31 33.50 25.28 29.82 39.17 31.45 21.5 52.0 47.3 18.4 31.0 90.9 43.52
T/3 33.14 30.65 39.97 32.48 38.82 39.90 35.83 45.4 34.1 99.7 42.1 87.3 98.9 67.92
C/1 24.84 32.80 39.97 25.28 38.82 39.17 33.48 17.5 43.7 99.7 18.4 87.3 90.9 59.58
C/2 26.63 34.31 34.76 32.48 31.75 39.90 33.31 21.5 52.0 54.7 42.1 38.7 98.9 51.32
C/3 33.14 30.65 33.50 26.00 29.82 35.87 31.50 45.4 34.1 47.3 20.0 31.0 62.2 40.00
D/1 24.84 30.65 34.76 25.28 29.82 39.90 30.88 17.5 34.1 54.7 18.4 31.0 98.9 42.43
D/2 26.63 32.80 33.50 32.48 38.82 35.87 33.35 21.5 43.7 47.3 42.1 87.3 62.2 50.68
D/3 33.14 34.31 39.97 26.00 31.75 39.17 34.06 45.4 52.0 99.7 20.0 38.7 90.9 57.78
t/1 24.84 30.65 33.50 32.48 31.75 39.17 32.07 17.5 34.1 47.3 42.1 38.7 90.9 45.10
t/2 26.63 32.80 39.97 26.00 29.82 39.90 32.52 21.5 43.7 99.7 20.0 31.0 98.9 52.47
t/3 33.14 34.31 34.76 25.28 38.82 35.87 33.70 45.4 52.0 54.7 18.4 87.3 62.2 53.33

26 
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P1 P2 P3 T1 T2 T3 C1 C2 C3 D1 D2 D3 t1 t2 t3

S/
N

 r
at

io

pH               Temperature          Concentration           Dose                Time

Controllable factors

Fig. 1. Response distributions of S/N ratios.
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Cd2þ þ OH� !Ksp
Cd(OH)þ þ OH� !Cd(OH)2ðsÞ

ksp ¼ 2 � 10�14

(10)

For solutions with a pH above 7, Cd(II) began to pre-
cipitate out from the solution. The increased Cd(II)

removal for pH > 7 may result from a combination of
both adsorption and precipitation on the surface of
the adsorbent (Naiya et al.).

Based on the Taguchi results and the descriptions
presented above, it was clear that pH is important fac-
tor in Cd(II) removal. However, it was not clear
whether pH affected the adsorption and/or precipita-
tion during Cd(II) removal by OSP. Therefore, further
experiments were conducted to clarify this issue using
a Cd(II) concentration of 10 mg/L, an OSP of 0.5 g/L,
and a contact time of 2 h. The results shown in Fig. 2
obviously indicate that higher Cd(II) removal occurred
with higher pH and higher calcined OSP temperature.
From the data presented in Fig. 2, the relative propor-
tions of adsorption and precipitation to Cd(II) removal
were calculated by assuming that Cd(II) was removed
by adsorption only at pH 5. The calculated results are
tabulated in Table 6 in terms of mg of Cd(II) removal
per g of OSP. It is clear that at pH 8 and pH 10, Cd(II)
was removed by both adsorption and precipitation.
Conversely, adsorption dominated at pH 8, and
precipitation dominated at pH 10 except for OSP900,
which will be discussed later in terms of SEM photos.
Additionally, two features could be observed: as the

Table 5
Response table of S/N ratios and contribution of each controllable factor

P T C D t

Level 1 28.06 31.00 33.48 30.88 32.07
Level 2 33.03 31.45 33.31 33.35 32.52
Level 3 37.20 35.83 31.50 34.06 33.701
Range 9.14 4.82 1.99 3.18 1.63
SSF 21,030.74 8,525.63 3,477.41 2,126.07 733.03
ρF (%) 57.01 23.35 9.10 5.85 1.92
Rank 1 2 3 4 5
p 0.000a 0.000a 0.000a 0.000a 0.033
Significance Yes Yes Yes Yes No

ap < 0.001.
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)

pH=5
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Fig. 2. The effect of pH and calcined OSP temperature on
Cd(II) removal.

Table 6
Relative proportions of adsorption and precipitation

OSP Proportion (mg Cd(II)/g OSP) pH 5 pH 8 pH 10

OSP300 Total removal 0.732 0.892 1.992
Adsorption 0.732 (100%) 0.732 (81.7%) 0.732 (36.7%)
Precipitation 0 (0%) 0.160 (18.3%) 1.260 (63.3%)

OSP600 Total removal 1.140 1.368 2.732
Adsorption 1.140 (100%) 1.140 (83.3%) 1.140 (41.7%)
Precipitation 0 (0%) 0.228 (16.7%) 1.592 (58.3%)

OSP900 Total removal 2.728 3.016 3.992
Adsorption 2.728 (100%) 2.728 (90.5%) 2.728 (68.3%)
Precipitation 0 (0%) 0.288 (9.5%) 1.264 (31.7%)

Note: (): proportion in percentage.
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pH increased, the precipitation of Cd(II) increased,
and as the calcined OSP temperature increased, the
adsorption also increased.

3.4. SEM observations

The 2000X surface micrographs of OSP300, OSP600,
and OSP900 analyzed by SEM are shown in Fig. 3(a),

(b), and (c) for 300, 600, and (c) 900˚C, respectively,
for sample calcination for 2 h. As illustrated in
Fig. 3(a), the surface of OSP300 consisted of fragments
without any porosity, indicating that metal adsorption
was limited to only a thin surface layer. At a calcina-
tion temperature of 600˚C, as shown in Fig. 3(b), some
surface protrusions and small holes were created,
which increased the adsorption surface, as illustrated
in Fig. 2. In contrast, at 900˚C, a large number of
porosities were created, as shown in Fig. 3(c). These
porosities created a large number of cavities, which
significantly increased the surface area for adsorption.
Thus, metal adsorption increased dramatically, as
portrayed in Fig. 2.

3.5. Statistical regression modeling

A multiple linear regression equation was devel-
oped to correlate Cd(II) removal with the controllable
factors under each experimental test using SPSS 17.0
statistical software. The mathematical model for Cd(II)
removal through the statistical analysis is given by
Eq. (11) (R = 0.95):

Cd IIð Þ removal %ð Þ ¼ 9:4 � P þ 0:047 � T � 1:28 � C
þ 19:58 � D þ 0:08 � t � 52:4

(11)

The predictability of Eq. (11) was compared with the
experimental results, as depicted in Fig. 4. It can be
seen from this figure that the model reasonably pre-
dicted the Cd(II) removal, considering the simplifica-
tion of the Taguchi experimental design using a small
number of experiments. Thus, the developed model
could be used for Cd(II) removal estimations during
the design stage of Cd(II) removal by OSP.

(a)

(b) 

(c)

Fig. 3. SEM images of OSP (2,000×). (a) SEM image of
OSP300, (b) SEM images of OSP600, and (c) SEM images of
OSP900.
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Fig. 4. Comparison of the predicted and experimental
Cd(II) removal results.
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4. Conclusions

This study evaluated the feasibility of employing
OSP for Cd(II) removal using the Taguchi method for
process optimization. The average removal of the
eighteen experimental results varied from 17.5 to
99.7%, depending on the combination of the control-
lable factors. The influence of the controllable factors
in descending order was P > T > C > D > t. It is clear
that pH was the most effective removal factor,
followed by the calcined temperature of OSP; the least
effective removal factor was the contact time. Both
adsorption and precipitation mechanisms were
observed in the removal process; their relative merits
depended on the pH and the calcined temperature of
OSP. The removal was best at pH 10 and OSP900. The
equation derived from the linear regression predicted
the Cd(II) removal by OSP reasonably well and could
be used as a tool for process evaluation.
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