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Abstract

Background: Today, issues such as water shortage, difficulties and costs related to supplying safe water, and
anomalous concentrations of heavy metals in groundwater and surface water resources, doubled the necessity
of access to technical methods on removing these pollutants from water resources.

Methods: In this lab study, cationic resin Purolite S-930 (with co-polymer styrene di-vinyl benzene structure)
was used for lead removal from drinking water containing up to 22 pg/L. Using statistical analysis and
designing a full factorial experiment are the most important effective parameters on lead removal obtained
through ion exchange process.

Results: Analysis of response and interaction parameters of ion exchange showed that the resin column
height has maximum and pH value has minimum effect on the efficiency of lead removal from aquatic
environment. Trinary interaction of “effective size, flow rate, resin column high” has the most important for
lead removal efficiency in this system. So the maximum efficiency was obtained at the mesh = 40, bed height
=1.6 meter, and pH= 6.5. At the best operation conditions, ability to remove 95.42% of lead concentration
can be achieved.

Conclusion: Using the resin Purolite S-930 during 21-day service with 91.12% of mean lead removal ratio
from drinking water is an economic and technical feasibility.
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Introduction

Concurrent with the environmental changes such as so-
ciety industrialization, effluent wastewater may result in
entering the toxic substances and harmful pollutants such
as heavy metals in water resources (1,2).

Also water extraction from the aquifers and watershed
containing metal formations which cause the presence
of abnormal amounts of heavy metals are considered as
serious threats to human health. So, before consumption
of drinking water, it is important to ensure about remov-
ing pollutant agents which are attainable through various
treatment operations. One of the strategies associated
with this process is ion exchange. During this mecha-
nism which is in fact a form of adsorption phenomenon,
liquid phase components are in contact with solid phase
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adsorbent isolation. In this mechanism, one of the forms
of adsorption phenomenon, some components which are
present in the liquid phase are isolated in contact with
the adsorbent’s solid phase (3-5). In other words , ion ex-
change is a reversible process during which foreign ions
in water are absorbed to functional groups on polymer
network (solid phase), and any ionic impurities of water
removes. After saturation of the functional groups, the
system is under recovery and chemical cleaning operation
and re-used. An ion-exchange resin or ion-exchange poly-
mer is an insoluble matrix (or support structure) normally
in the form of small (0.5-1 mm diameter) beads, usually
white or yellowish, fabricated from an organic polymer
substrate. The beads are typically porous, providing a high
surface area. The trapping of ions occurs with concomi-
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tant releasing of other ions; thus the process is called ion-
exchange. The ion exchange is selectively characterized as
the gradual elimination of specific ion and then the coeffi-
cient will selectively fluctuate by resin type, ionic strength,
the relative amounts of different ions and water tempera-
ture. Resin selection is a very important factor in the re-
generation process, for example the sodium element in the
lower concentration of 1000 mg/L excels, but in most con-
centrations the convertor prefers sodium ion to calcium
ion, so it must be regenerated with the salt. The exchanger
resins are normally shaped beads with approximately 0.1
to 1 mm diagonal, and according to the exchangeable ion,
are classified into two groups of anions and cations (6).
Cation resins are able to remove cations, and Anionic res-
ins are able to remove anions available in solution. The
cationic resins are divided into two groups of strong acid
and weak acid. The concept of strong and weak is enlarge-
ment and small degrees of ionization. In weak form resin
there is functional groups of COOH and in the strong res-
in there is SO,H functional groups. Resins are formed by
three dimensional cross-linking polymer (matrix) (7-9).
The matrix often containing polystyrene has a cross-link-
ing with di-vinyl benzene, and charged functional groups
are attached to the matrix by covalent bonding. In recent
years, special attention has been paid to the ion exchanger
functional groups containing iminodiacetic acid. Presence
of two carboxyl group and a tertiary nitrogen atom is the
special cause of handling this type of resin for separation
of species metals (10-14). Chemical structure of this resin
was present in below properties (Table 1).

Resin used in this research project is a chelating resin
called Purolite S-930. This type of resin contains styrene
di-vinyl benzene structure with functional groups con-
taining iminodiacetic acid. These functional groups as
chelating ligands, have been linked to the porous body
made of poly styrene di-vinyl benzene cross bridges. The
resin Purolite S-930 has a tendency to bond with alkaline
earth metals and transitions. The selectivity of the bond
with metals at neutral pH is shown below (15).

Cr*> In**> Fe*> Hg*> Cu** > Pb*>Ni**> Zn*> Cd**>
Co*> Fe**>Mn*> Be*> Ca?*> Na*

The apparent selectivity of the resin for a particular metal
depends on the metal concentration, pH and presence of
other species. For this reason, it is very difficult to deter-

Table 1. Chemical properties of resin Purolite S- 930

Macroporous-styrene divinylbenzene Polymeric structure

Iminodiacetic acid Function group

>90% lon exchange percent
<20% Reversible swelling (H*>N*)
14-52 Particle size range

65%-66% (H*)% Residual moisture
1.17 Wet H* (density)
Form Na*: 1.29 Capacity (meq /wet)

Form N*: 6-11 pH range

mine the absolute selectivity, and so preliminary labora-
tory operations for selective removal of one or more types
of metal is essential. The reaction base of resin Purolite
S-930 so that iminodiacetic acid functional groups (as
well as Na* and H*) are made chelating with heavy met-
als through interaction of di-carboxylic acid with nitrogen
atoms electron donor.

Methods

This lab study was performed at Azad University of Gor-
gan with the following conditions.

Resin column selection: Three PET container with 1800 ml
volume were provided which benefit from an exit barrier
filter to avoid resin beads (Figure 1).

Effect of flow rate: Feed flow rate was calculated based on
the proportion of bulk resin column and considering the
type of experiment. Evaluation was set on the rate of 2,
2.75, and 3.5 ml/s which was regulated by the peristaltic
pump.

Effect of resin column height: To evaluate the effect of resin
volume, changes in the height of resin column was applied
and was adjusted with proportionality constant volume
and surface area of the column height in range of 1.2, 1.4
and 1.6 liters.

Effect of resin particle size: To understand the impact of
resin effective size on the ion exchange functioning, dif-
ferential sizing of resin was done and in each container
1500 ml (1219 g) of resin were cast separately with meshes
of 25, 30 and 40.

Experiment: By taking 30 minutes retention time in any
format of ion exchange and sampling from resin column
effluent water and analysis of them, lead concentration by
atomic absorption spectroscopy was performed using a
Perkin Elmer model 2380. For regeneration of resin bed,
in each frequency sampling, a vertical washing by 2 liters
of NaOH was done.

Data analysis: After basing the experimental design com-
pletely on randomized factorial, minitab version 16 was
used to achieve optimum performance analysis, where the
statistical normal distributions such as ANOVA in level
95% was used in order to evaluate the best conditions for
maximum efficiency using the analysis of time series. This
analysis consists of main risk factors associated with the

Cation exchange
resin

Pump

Feed tank

Figure 1. Schematic eliminate lead pilot system
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lead removal from water (pH, flow, effective size, height of
resin column). Totally 53 samples (32 designing samples
and 21 service functions samples) were analyzed, and at
the end of each stage, lead removal efficiency was calcu-
lated with the following equation.

Efficiency = [(A-B) /A) ]x 100

Results

In Figure 2, the effects of main parameters including pH
value, flow rate, resin size, and height of resin column on
response (the removal ratio of lead) as well as the interac-
tions and the interferences are shown. Since in most cases,
the lines of two levels are almost parallel, and factors are
independent and apart, there is no interaction between
them. Regarding the steep and intersecting lines, severe
interaction between two factors (between pH and flow
rate, and between size and resin column height) was ob-
served in the form of interacting factors.

The next step was to compare the interaction effects and
also statistically evaluate the significance of results, using
the half-normal plot. In Figure 3 it can be seen that three
of the four main effects (B), resin size (C), and height (D)
with the interaction of three pH * flow * height (A.B.D)
has the maximum distance from the base line, and there-
fore has the maximum effect between the main and inter-
active effects. The direction of effects was also found in
this diagram, as a result of the D and the interactive effects
A.B.D have a positive impact on levels of removed lead.
While the effects of B and C have a negative impact on the
rate of elimination. So lead removal efficiency increases
due to changes including increasing the resin column
height, increasing the interactive effect between pH * flow
* height, reducing the flow rate through the column, and
reducing resin particle size. The blue line represents the
expected path of insignificant effects. In the half normal
effects plot between major factors affecting the lead re-
moval (Figure 3) appears that the bed height is greatest
elongation positive effect, and this means that if the resin
bed height or resin volume increases, (ratio 3 <) the capa-
bility of the lead removal from aqueous solution will be
increased further.
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Figure 2. Diagram of main effects results including pH, flow, size
and height of resin column on the lead removal
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Figure 3. Diagram of half normal effects for lead removal
efficiency

The feature is effective for removal of lead from aqueous
solution. Therefore, the first step should be to enhance the
removal of bed height increase. On the other hand the ef-
fect of particle size reduction (C) and flow (B) will appear
in the second and third order of effects.

In this diagram, the interaction of pH factor faces a very
minor impact on the flow rate and bed height , so changes
in the defined range (6.5 and 7.5) will not be very effective
in lead removal.

Any effect amount of which exceeds from the line to the
right is statistically significant at 95% level. This graph
confirms the predominance of flow effects (effect B), resin
particle size (effect C) and height (effect D) with the in-
teraction of three pH * Flow * height (effect A.B.D). Level
diagram of the same time interaction between flow and
column height shows that it has been selected when the
pH value is 6.5 and the size of resin is fine. Despite the
insignificance of the same effects as a result of 1.6 meter
height and negligible unit effects, which corresponds to
the loss of efficiency in the flow of 3.4 ml/s, due to the
interaction between the main factors on each other, the
best results of removing lead is achieved in flow of 2 ml
and height of 1.6 meter (Figure 4). The level chart related
to resin height and pH effects on lead removal when flow
rate sets on 2 ml/s and the resin sizes are kept at small

Contour Plot of % Removal vs Height, Flow
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Figure 4. Level chart of simultaneity resin height and flow the
lead removal
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Contour Plot of % Removal vs Height, pH
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Figure 5. Level chart of simultaneity pH and resin height on the
lead removal
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Figure 6. Level chart of optimized pH and flow effects on the lead
removal

case (Figure 5). In this diagram it is evident that the effect
of simultaneity coincidence of two factors occurs when
the darkest green color is shown as the most appropriate
height is equivalent to 1.6 meter, although the extent of
distribution of 1.4 and 1.5 in height is more. Indeed the
best result (96.03%) was obtained when pHset to 6.5 and
the height of bed to 1.6 meter. However distribution area
at the height of 1.4 and 1.5 is more common. For the val-
ues in the column height of 1.6 and kept fine mesh mode,
the level chart of simultaneity effects of pH and flow was
shown in figure 6. As color differs it is clear that best result
appear.

Discussion

There is a significant positive relationship between re-
moval efficiency and increasing the resin column height,
also a significant negative relationship between the reduc-
ing flow rate and resin particle size reduction. Following
the response analyzes it can be inferred that none of the
binary and ternary interactions, had no noticeable effect
on the removal of lead. It is described as an example at
Figure 4, while placing fixed rate flow and size of resin,

effects of pH, and bed height fluctuation factors on the
removal of lead from the response surface analysis of si-
multaneous effect of both factors, expressing the positive
affect of bed height and negative affect of pH. The maxi-
mum process response was achieved at the pH of 6.5 and
the bed height of 1.6 meters.

In study of factors affecting lead removal (pH, flow, resin
particle size, height) process from water in a completely
randomized design through factorial arrangement, with a
plotted model of action levels for lead removal efficiency
versus the fitted values, the constant of proportionality (r?)
equals to 0.928, (P= 0.001), the existence of a linear rela-
tionship between the experimental values and the fitted
values by model is implied. In a totally software observa-
tion it has been shown that when the resin particle size
is smaller and the flow rate through the resin column is
lower, lead removal operations will be more efficient. In
the study of Jha et al the maximum lead absorption by the
cationic resin PS-EDTA occurs at pH=>5.5 uptake was lin-
early increased to 50 mg/L (16). Demircivi et al and Kho-
dadadi et al found that there was a liner relation between
lead removal efficiency by cationic resin Amberlite IR120
and the lead concentration (17,18). After determining the
optimum pilot system operating conditions, the concen-
tration of lead in water was measured during continuous
service (19). Results monitored until 21 days. In all charts,
a significant relationship was found after the lead concen-
tration in the output system during the days of continu-
ous operation (P<5%). The maximum rate of declining
concentration of lead in the 96.03% occurred at third day
service. Indeed in a selective competing of ion exchange
resin at bed, soluble and non-lead ions success contin-
ued until the third day. This process is continued until
the eighteenth day when the amount of sodium replaced
with resin has gone to above drinking limit (10 ug/L). Al-
though the variation trend of lead concentration and ion
exchange efficiency has gone by balanced state. Accord-
ingly variable one-way analyses has shown that operation
of resin regeneration on the eighteenth day (before start
up resin inefficiency) is required.

Ternary simultaneity interaction of “pH * flow * high”
with lead removal efficiency was significant, but had no
noticeable effect on the removal of lead through binary
and ternary interaction parameters. The most appropriate
format for lead removal from aqueous solution contain-
ing concentrations of 22 pg/L in the column mode of pilot
study was obtained as follows: flow rate of feed water = 2
ml/s, height of resin bed = 1.6 meter, effective size of resin

Conclusion

Based on this research, it is concluded that Purolite S-930
is a chelating resin which has the ability to remove 96.03%
of soluble lead concentration in drinking water. In opti-
mized condition during a 21 consecutive days of service
period, the mean removal ratio for lead removal from wa-
ter was equal to 91.27% (up to 22 pg/L). This number has
both economic feasibility and technical justification. Us-
ing a full factorial experimental design and statistical anal-
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ysis, the most important effective parameters on the lead
removal efficiency was obtained through ion exchange
process. Analysis of the responses indicated that height
of resin column have the maximum and pH values have
minimal effects on the lead removal efficiency in aqueous
solution respectively.
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