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Abstract. The absence of comprehensive programs in regulating release of lead to the environment in
growing cities situated in developing countries results to widespread intrusion of lead bioaccumulation in
their primary sources of food. As a result, a significant increase in lead related diseases continually grows in
many low income regions. In an attempt to provide a means of minimizing lead bioaccumulation, we test
the extent to which Moringaoleifera seeds (MOS) removes lead (II) ions in aqueous solution. A box-
behnken experimental design was used to obtain the optimal conditions in the lead (I1) removal process.
MOS dosage, initial lead (I1) concentration, and pH were found to have significant effects on the percent
removal of lead (I1) in solution. Actual values of these independent variables were chosen on the basis of
preliminary experimental results. Optimum conditions were found to be: MOS dosage 10.0 g/L, initial lead
(1) concentration 20.0 ppm, and pH at 5.5. Lead removal using MOS was also performed at optimal
conditions. In conclusion, a high lead (I1) removal using MOS strongly suggests its potential to be used as a
means of treating liquids highly contaminated with lead.

1 Introduction

Rapid urbanization has been identified as a primary
driving force that induces heavy metal contamination in
the environment. Due to a significant increase in
construction activities fuelled by economic growth and
expansion, the volume of construction and demolition
wastes (CDW) produced has grown exponentially. The
European Union alone produces nearly 850 million tons
of CDW annually [1]. Similarly, in 2014, the United
States also produced CDW with the same magnitude [2].
It is estimated that with this cumulative amount of CDW,
landfills would be filled to about 40% of their capacities
[3]. The piling up of CDW in landfills, as a result, has
driven the occurrence of heavy metal contamination in
these dumping sites. Currently, toxic heavy metals (i.e.
Pb) in the leachate of landfills were found to be present
at concentrations beyond 100 ppm [4].If these toxic
pollutants would remain at concentrations beyond
threshold limits, areas near the perimeter of the dumping
site and pristine matrices beneath the landfill would be at
serious risks to heavy metal pollution.

Developing countries are seen to be most susceptible
to heavy metal pollution. Since the economic growth of
these countries relies heavily on the boom of the
construction industry, an increase in the volume of CDW
would also be expected. As a consequence, intrusion of
heavy metals in the water distribution systems of these
countries has been evident. For example, lead content of
water sources in Metro Manila (Philippines) alone have
doubled in just two years [5-6]. The observed abrupt
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increase in lead concentrations can be attributed to the
fact that lead contaminated leachates readily migrate
from an open dumping site to pristine sources of water
(i.e. groundwater)[7]. Due to the intake of leachate
contaminated drinking water sources, about 21% of the
children from pre-identified health districts all over the
Philippines had elevated blood lead levels (>10 pg/dl)
[8]. Collectively, these facts establish that the occurrence
of heavy metal pollution can be directly linked to the
economic development of a country [9]. Hence, a
developing country needs to equip itself with adaptable
and realistic measures to mitigate the negative impacts of
its economic development and sustain its economic
growth.

The use of Moringa olefeira (MO) seed extract has
been identified as a water treatment technology suitable
to the landscape of a developing country [10]. It has
been demonstrated in literature that MO seeds contain
active agents which have the capacity to sequestrate a
variety of pollutants in water [11-12].Suarez et al. [13]
have shown that the MO seed has the ability to inactive
bacteria and flocculate other organic matter in water. In a
different study, Ravikumar and Sheeja [14] have also
noted that MO seeds can also sequestrate heavy metals
in water. Although the use MO seed has been
extensively used in water purification, its application as
a treatment method to heavy metal contaminated
leachates has been very limited. We contribute to
research by investigating the capacity of MO seeds to
treat leachates contaminated with lead metal. In the
present work, we test the extent to which extracts from
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MO seeds can effectively remove lead ions in synthetic
lead leachate solution. To assess the efficacy of MO seed
use, we implemented a box-behnken experimental
design to optimize lead removal in solution.

2 Materials and methods

2.1 Materials and reagents

Moringa oleifera seeds used in this study were
purchased from local suppliers in Pangasinan,
Philippines. Seeds of good quality were selected
according to a criteria described in literature [15-16].
Shells and wings of the moringa seed were removed
manually and the seed kernels collected were stored in a
clean and dry box at room temperature. Seed kernels
were powdered using a domestic blender on the day of
each test to ensure the freshness of the seed. Chemical
reagents (AR grade) used to prepare the synthetic
leachate solution were purchased from Belman
Laboratories. PbCl, (AR grade) used was acquired
separately from Yana Chemodities. Distilled water was
used in all experiments.

2.2 Preparation of Moringa oleifera seed extract

Moringa extract stock solution (5% w/w) was prepared
using a procedure combining methodologies described in
published literature [17-18]. 10 g of powdered moringa
seeds were partially wetted and mixed with 200 mL of 1
M NaCl solution. The resulting paste was then diluted
with 800 mL of 1 M NaCl solution and moderately
stirred for 1 hour at room temperature. After mixing, the
suspension was left undisturbed for another hour to
allow free settling of heavy matter. The supernatant was
then filtered and a clear white liquid was obtained. The
filtrate  collected was immediately used for
experimentation to ensure full coagulant activity of the
extract.

2.3 Preparation of synthetic lead leachate
solution

Synthetic leachate was prepared to achieve a realistic
COD: TN: TP ratio. The composition of the synthetic
leachate was adopted from published literature [19-20].
Based on a 1-liter solution, the following amounts were
added into water: 44.37 mg K,HPO;, 967.96 mg
KHCO3, 707.30 mg K»COs3, 199.20 mg NaCl, 319.26 mg
CaCl,, 317.85 mg MgCl,'éH20, 160.73 mg
MgSO4-7H,0, 8190.8 mg NH4HCO;, and 714.36 mg
NaHCOs. The mixture was stirred until equilibrium was
reached. Once the prepared leachate is equilibrated,
known volumes of lead solution (PbCl, and distilled
water) were added into the mixture to achieve lead
concentrations of 2, 11, and 20 ppm. Aqueous
concentrations of lead were checked using a Perkin
Elmer Lambda 45 UV-Vis spectrophotometer. Lead ions
in solution were detected at a wavelength of 211 nm
[21]. On the day of each test, fresh lead leachate

solutions were used to minimize the effects of leachate
age.

2.4 Experimental design

A box-behnken experimental design (see Table 1 and
Table 2) generated using Stat-Ease design expert
software was implemented to investigate the influence of
independent variables (coagulant dosage g/L; pH; initial
lead concentration ppm) in optimizing the desired
response (lead removal %). All experimental runs were
performed in duplicates.

Table 1. Independent Variables Influencing Lead Removal

Factor Unit Factor Ie\-/el

Low High

Coagulant Dosage g/L 10 100
Initial Lead Concentration ppm 2 20
pH - 2 9

Table 2. Box-Behnken Design Experimental Runs

Run Factor 1 A: Factor 2 B: Initial Factor 3
Coagulant Lead C:pH
Dosage (g/L) Concentration
(ppm)

1 55 20 2
2 55 2 2
3 55 11 55
4 55 11 55
5 10 11 2
6 100 11 2
7 55 11 5.5
8 55 2 9
9 100 2 5.5
10 10 20 55
11 55 11 55
12 10 2 5.5
13 100 11 9
14 10 11 9
15 55 11 5.5
16 100 20 55
17 55 20 9

3 Results and discussion

3.1 Preliminary experimental tests

Factor levels used in the box-behnken experimental
design were based on the chemical characteristics of lead
contaminated leachate [5-6, 19-20]. A one-factor-at-a-
time (OFAT) approach was used to determine whether
these selected values can be replicated in controlled
conditions. To test whether lead can be flocculated by
MOS, trials were performed at an initial lead
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concentration of 2 and 20 ppm. As shown in Figure 1,
MOS readily removed lead in the leachate solutions
dosed with lead contamination. It is noted however that
percent lead removal decreases as coagulant dosage
decreases. The saturation of MO coagulants in solution
may have induced electrostatic repulsion between lead
and MO coagulant molecules alike [22]. Hence,
optimum solution conditions to achieve maximum
percent lead removal may likely be at lower dosages of
MOS.

H2ppm =20ppm
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Table 3. Values of Coefficients in the Empirical Model
Coefficient

Term Values p-value Remarks
Intercept 1.6610 - -
A 0.1271 <0.0001 Significant
B -0.07958 1.0000 Not Significant
C 2.0000 0.0001 Significant
AB 0.001124 <0.0001 Significant
AC 0.006479 <0.0001 Significant
BC 5.863x 10  1.0000 Not Significant
A? 0.0006177  <0.0001 Significant
B? 0.001042  <0.0001 Significant
c? -0.1362 <0.0001 Significant
A’B -0.0001030  <0.0001 Significant
AB? 0.0003555  <0.0001 Significant

Table 4. Observed and Predicted Values from the Box-
Behnken Experimental Design

Figure 1. Results of Preliminary Experiments; temperature
25°C; mixing time 30 minutes; solution volume 300 mL 3.2
Statistical Tests and Mathematical Model Building

3.2 Statistical tests and mathematical model
Building

A 12-run box-behnken experimental design with three
factors was used to develop an appropriate empirical
model which would predict lead removal at any desired
factor level combinations. 5 center points were added to
capture the stability and inherent variability in the
removal lead in solution using MOS. Design Expert 11
Software® (Stat-Ease, USA) was used to generate a
second-order response empirical equation. This model
(p-value<0.0001) with the actual factors is given in Eq.
1.
% removal

"100- %removal
= Intercept + (;A + C;B
+GC+CAB+ CAC+CGBC (1)
+ C;A% + CgB* + CyC?
+Cy,A’B + Cy,AB?

where A corresponds to the factor coagulant dosage
(g/L), B is the factor initial lead concentration (ppm), C
is the factor pH, and C; to Ci; are coefficients with
values summarized in Table 3.

As shown in Table 4, the predicted values are in
close agreement with the observed values. To test
whether the developed empirical model was sound,
Design Expert 11 Software® was used to statistically
analyze the validity of the model.

Run A B C Observed Predicted %Error
1 101 0 99.99 99.99 0.00
2 1 -1 0 99.99 100.00 0.01
3 -1 1 0 99.99 99.99 0.01
4 1 1 0 84.55 99.99 18.28
5 -1 0 -1 99.41 99.73 0.32
6 1 0 -1 69.38 99.98 44.10
7 -1 0 1 99.99 99.99 0.00
8 1 0 1 69.38 99.99 44.14
9 0 101 99.99 99.97 -0.02

10 0 1 -1 99.99 99.99 0.01
11 0 -1 1 99.99 99.99 0.01
12 0 1 1 99.99 100.00 0.01
13 0 0 0 99.99 99.99 0.01
14 0 0 0 99.99 99.99 0.01
15 0 0 0 99.99 99.99 0.01
16 0 0 0 99.99 99.99 0.01
17 0 0 0 99.99 99.99 0.01

As presented in Table 5, an R? value that is close to
unity indicates a good fit of the model. Furthermore, the
adjusted and predicted R? are in good agreement with
each other. This strongly suggests that there is a strong
correlation between the predicted outcomes and the
observed values.

Table 5. Statistical Fit of the Empirical Model

Fit Statistics

Std. Dev. 0.4406 R? 0.9872
Mean 7.5416 Adjusted R? 0.9808
CV.% 5.8412 Predicted R? 0.9595
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3.3 Optimization of lead removal

With the empirical model validated, percent lead
removal was then maximized. Since it was previously
noted that percent lead removal decreased as MOS
dosage is increased, the percent lead removal was
maximized at a coagulant dosage of 10 g/L and at an
initial lead concentration of 20 ppm. As shown in Figure
2, a lower coagulant dosage was predicted to still give
high percent removal of lead. Further, based on the 3D
surface given in Figure 3,99.99% lead removal would be
expected with the given factor combinations. To confirm
this predicted response, confirmatory experimental runs
werealso done at the given factor level combinations.
Based from the results of these runs, an error of less than
1% was noted between the majority of the predicted and
observed results. However, the obtained model does not
predict well at higher coagulant dosages (i.e. 100 g/L).
Recorded errors for trials dosed at 100 g/L of MOS were
very high which ranged from 40-50%. These results
were parallel to the previously observed behavior noted
in the preliminary experiments performed. Nevertheless,
a good agreement between the predicted and observed
response persists and this further strengthens the validity
of the generated empirical model.

4 Conclusion

Utilization of MOS in removing lead contaminated
leachate is a viable alternative method that can be
administered in developing countries. With the MO trees
being relatively abundant in the tropics, it is somehow
strategically placed in these low-income regions. We
contribute to research by providing evidences that MOS
can effectively sequester lead in leachate solutions.

T

10 100 2 20

Acoagulant dosge = 10 Biinitial lead concentration = 20

%

2 9 66.02 99.99

CpH =55 percent removal = 99.99

%

Figure 2. Factor Level Combination to Predict Maximum Lead
Removal

percent removal

90 A: coagulant dosge (g/L)
20 " 100 g ge (g/b)

Figure 3. 3D Response Surface for Percent Lead Removal

These findings suggest that higher dosages of MOS
have a negative uptake on the percent removal of lead in
solution. We then presented an empirical model wherein
percent lead removal is maximized at low dosages of
MOS. Optimum conditions we found in this study were:
coagulant dosage 10 g/L; pH 5.5; and initial
concentration of lead 20 ppm.

We would like to thank Bicol University College of Science for
allowing us to use their UV-Vis spectrophotometer and Bicol
University College of Engineering — Chemical Engineering
Department for granting us permission to use their facilities.
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