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Abstract

The concern over increasing needs for drinking water and awareness for development of systems to
improve water quality both for drinking purposes and for effluents from wastewater treatment
and industrial facilities have provided incentives to develop new technologies and improve
performance of the existing one. Adsorption technology has many advantages over other treatment
methods such as simple design, low investment cost, limited waste production, etc. Synthetic water
with a dosing of artificial copper solution (Cu Nog) was passed through a PVC column (15 cm
diameter, 100 cm length) containing limestone as a filter media in three different sizes, using three
different hydraulic rates, and three initial influent copper concentrations (7.04, 4.39, 1.72) ppm .For
this study, three experiments have been conducted; continuous batch and field experiment. The up
flow roughing filtration is the suitable technique to recover heavy metals present in aqueous solutions,
without the need of adding further substances. The filtration results demonstrated that the smaller size
of filter media (3.75) mm gave higher removal efficiency (93.75 — 98.80) % than larger filter media
(9.50) mm which gave removal efficiency of (67.61 — 94.0) %. This is due to the large specific surface.
The smaller size of limestone achieved the longer detention time (49) min, so the removal of Cu was
more than (90) % for the (50) min of experiment. At lower flow rate (0.16) L/min, the removal
efficiency was higher than at higher flow rate (0.77) L/min. At high flows, there is a reduced period of
surface contact between the particles and copper solution. This study also involved three different
batch experiments .The removal efficiency was (93- 97) % for the three types of limestone which
indicates the importance of limestone media in the removal process. This also indicates that the
removal efficiency was increasing with the increase of the limestone volume. Field experiment has
been conducted using wastewater from Al- Dura Electric Station on the three types of limestone so that
to ensure the laboratory tests. It was achieved good removal efficiency range from (87.5) % to(97.5) %
at the high adsorbent dose .To calibrate the physical model, a computer program of multiple
regressions is used to assess the relative importance of the predicted variables. The partial correlations
indicate that influent concentration of copper, surface loading (flow rate), and detention time are the
most important variables while the size of limestone is not important as others.
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1. Introduction

Conventional water and wastewater treatment processes have been long established in removing
many chemical and microbial contaminants of concern to public health and the environment,(Zhou
H.(2002)). Treatment methods differ depending on the conditions of the process and properties of
wastewater, (Hosseini S.N. (2010)). For drinking water treatment ,the recent technological
advancements relate to primarily filtration (media filtration and membrane systems), disinfection
processes, ion exchange, and carbon adsorption processes, (Berrin T.(2008)). For wastewater treatment,
removal of heavy metals from wastewater is usually achieved by physical and chemical processes
which include precipitation, coagulation, reduction membrane process, ion exchange and
adsorption,(Norilhamiah Y. and Ahmad F. R.(2010)).

For wastewater treatment, removal of heavy metals from wastewater is usually achieved by
physical and chemical processes which include precipitation, coagulation, reduction membrane
process, ion exchange and adsorption,(Norilhamiah Y. and Ahmad F. R.(2010)).

However, these processes have significant disadvantages including:
-Incomplete metal removal, particularly at low concentrations.
-High operational costs and maintenance costs,(Antonio A. L.(2010)).
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-Some of conventional techniques can not produce effluent that can fulfill discharge water quality
regulations,(Nikola S.(2010)).

For decades, copper has been recognized as an essential trace metal for humans, but there is a
range of intakes that permits optimum health. The primary effect of long-term exposure to excess
copper is its accumulation in the liver, leading to structural and biochemical changes including liver
cirrhosis. Copper levels greater than 5 ppm impart a bitter taste to drinking-water,

(Antonio A. L.(2010)). Potential sources of copper bearing wastes include plating baths, fertilizer
industry, paints and pigments industry, and municipal and storm water runoff,(Hosseini S. N.(2010)).
For wastewater treatment, a significant majority of recent developments relate to biological
processes and advanced treatment technologies such as adsorption,(Berrin T.(2008)).

A number of adsorbent materials have been studied for their ability to remove heavy metals and they
have been sourced from natural materials and biological wastes of industrial processes. These
materials including: activated carbon, chitosan, carrageenan, lignite, kaolinite, ballclay, diatomite,
coconut fiber and limestone,(Onundi Y.B.(2010)). The systems derived to the water and wastewater
treatment is known as Roughing filters.

Various studies have been carried out to remove copper from adsorbent materials. The ability of
activated carbon produced from coconut shell to remove mercury Hg (11), Lead Pb (11) and Copper Cu
(1) from dye effluent was investigated by (Onyeji L.l. (2011)). The activated carbon was produced
through chemical activation processes by using zinc chloride (ZnCl,). The adsorption capacity was
determined as a function of adsorbent dosage. The adsorption Isotherms of the studied metals on
adsorbent were also determined and compared with the Langmair models. The activated carbon
produced showed excellent efficiency in removing Hg (I1) and Pb (1) with percentage removal up to
80 % at low adsorbent dosage of 2g. In contrast, only about 29 % removal of Cu (II) was achieved at
adsorbent dosage of 2g. The study also showed that the adsorption of Hg (1), Pb (11) and Cu (1) by the
activated carbon is dependent on the dosage of the adsorbent and the initial metal concentration. The
use of coconut shell for activated carbon also helps in solving the problem of over abundance of
coconut shell as agricultural waste.

The removal of copper from hazardous waste landfill leachate was investigated by (Norilhamiah Y.
(2010)). Peat was used as absorbent due to its high absorption capacity for the heavy metal. To study
the efficiencies of peat as an absorbent, fresh peat and dried peat which have different characteristics
were used. For each peat type, three parameters that can have effect on absorbent performance were
investigated, including absorbent dose, contact time and the use of hydrochloric acid. Batch kinetic
study was conducted using Jar Tester to determine the optimum conditions of peat absorption for
removal of copper from leachate. The highest removal of copper was obtained using 400g of dried peat
that removed 95% of copper content from its initial concentration. The addition of hydrochloric acid to
fresh peat and dried peat shows that the latter has higher ability to absorb copper compare to the
former. The rate of copper (1) adsorption increases with the quantity of acid added. The highest
percentage of removal rate by the dried peat observed was 95.96 % and 98.7 % for the fresh peat.

Granular activated carbon produced from palm kernel shell was used as adsorbent to remove
copper, nickel and lead ions from a synthesized industrial wastewater (Onundi Y. B.(2010)).
Laboratory experimental investigation was carried out to identify the effect of pH and contact time on
adsorption of lead, copper and nickel from the mixed metals solution. Equilibrium adsorption
experiments at ambient room temperature were carried out and fitted to Langmuir and Freundlich
models. Results showed that pH5 was the most suitable, while the maximum adsorbent capacity was at
a dosage of 1 g¢/L, recording a sorption capacity of 1.337 mg/g for lead, .581 mg/g for copper and
0.130 mg/g for nickel. 1 The percentage metal removal approached equilibrium within 30 min for lead,
75 min for copper and nickel, with lead recording 100%, copper 97% and nickel 55% removal, having

42



Adnan A. Al-Samawi et al. Iragi Journal of Civil Engineering 10(1), 40-53

a trend of Pb** > Cu®* > Ni?* . Langmuir model had higher R2 values of 0.977, 0.817 and 0.978 for
copper, nickel and lead respectively, which fitted the equilibrium adsorption process more than
Freundlich model for the three metals.

The World Health Organization (WHQO) recommended a maximum acceptable concentration of Cu
in drinking water of (1.5) mg/L. Table (1) summarizes copper standards in current Environmental
Protection Agency (EPA) regulations. Therefore, it is essential that potable waters should be given
some treatment to remove copper before domestic supply. There are many different methods for
treating wastewaters.

Table (1): "EPA copper discharge limits".

EPA regulation Limit
Toxic Release Inventory (TRI) 1 mg/L
Clean Water Act (CWA) (daily) 3.39 mg/L
Clean Water Act (CWA) (30-day average) 2.07 mg/L
Safe Drinking Water Act (SDWA) 1.3 mg/L
Superfund Amendments and Reauthorization Act (SARA) 4.5 kglyr

The main objective of the present study is to investigate the suitability of limestone particles to be
used as a filter, capable of attention of heavy metals ,especially copper (cu).The study was carried out
through laboratory trials using both batch experiments and prototype filter system (column
experiments) to test the limestone-based material under aerated natural water conditions, three
parameters have been used in this experiments, surface loading rate, media size and influent copper
concentration. Field trials with batch experiments was carried out to confirm laboratory results.

2. Materials and methods
2.1 Materials

All limestone types used in this study have been examined and prepared as in the following:

- In this studytwo types of limestone have been used, westernred and northern white in
three different sizes which are classified according to the experience of the sieve analysis conducted
on them, as shown in Fig. (1).
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Fig. (1): Types of limestone, (a, b and ¢).

As a result of the sieve analysis tests conducted on the limestone, the adopted three sizes of
diameter of limestone are (3.75) mm western red and (5.0, 9.5) mm northern white respectively which
were used in this study. Common grades of media used in roughing filters are provided by( Wegelin
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(1996) )and shown in Table (2). Due to this table, the limestone used in this research has been
considered as fine grade limestone. The porosity ,void ratio and density of three types of limestone are

listed in Table(3).
Table (2): Different sizes of roughing filter media (Wegelin(1996)).

Roughing Filter ~ First Compartment Second Compartment Third Compartment

Description (mm) (mm) (mm)

Course 24- 16 18-12 12-8

Normal 18-12 12-8 8-4

Fine 12-8 8-4 4-2

Table(3): Physical properties of limestone.

Rock Type Western Red No.2 Northern White No.2 Northern White No.3
porosity 0.365 0.39 0.45

Void ratio 0.575 0.639 0.818
Density(Kg/m®)  1889.8 2008.2 2000

- ASTM C568 (American Society for Testing and Materials) classifies limestone into three
categories based on the bulk density of the limestone as shown in Table (4).
Table (4): Standard Specification for Limestone Dimension Stone (ASTM C568 )

Classification No.  Consistency Degree Density (kg/m°)
Class | Low-density 1760 — 2160
Class Il Medium-density 2160 — 2560
Class 11 High-density greater than 2560

As a result of the density analysis test conducted on the chosen limestone and compare it with
ASTM C-568 “Standard Specification for Limestone Dimension Stone” it is shown that the used
limestone has been within the limited standard (low density).

- Chemical characterization of the limestone used in the copper removal process used in this study
was described in Table (5). The determination of carbonate content can be used to classify chemical-
grade limestone, Table (6). The classification of limestone used in this study is as a medium purity for
northern white limestone and low purity for western red limestone. Many industrial applications of
limestone constrains on the levels of specific impurities (such as SiO2, MgO and Fe,0O3), and therefore

chemical analysis of limestone raw material are necessary to assess the grade of the stone.
Table (5): Chemical characterization of the limestone used in the present study

Components Western Red Northern White
Lime (Ca0) % 46.28 53.00
Silica (SiOy) % 6.88 2.12
Alumina (Al,O3) % 0.88 0.44
MgO % 4.2 1.0
Fe,0O3; % 0.45 0.35
Loss on Ignition (LOD* % 40.64 4191
Purity 88.47 96.53
Table (6): Classification of limestone by calcium carbonate content
Category Percentage CaCOs;
Very high purity More than 98.5
High purity 98.5-97.0

Medium purity  970-985
Low purity 93.5-85.0
Impure Less than 85.0
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- Fourier transform infrared spectroscopy (FTIR)is a technique which is used to obtain
an infrared spectrum of absorption, emission, photoconductivity or Raman scattering of a solid, liquid
or gas . The FTIR analyses of limestone before filtration process for western red and northern white
limestone are shown in Fig. (2) and (3) respectively. FT-IR result shows that limestone has different
functional groups and has characteristic bands of carboxylic, amine, amide acid groups which are able
to react with copper molecules in aqueous solution.

HIMADZU sHimMADZU

Fig. (2): FTIR spectrum for western red Limestone Fig. (3): FTIR spectrum for northern white Limestone

- A synthetic water has been prepared by mixing the effluent from the water tank with the
highest solubility Copper compound (copper nitrate) in three different concentrations (40 mg/L, 24
mg/L and 8 mg/L). A synthetic wastewater has been prepared by dissolving (1, 3, and 5) g of Copper
nitrate into (125) litter of water tank and mixed well for a homogeneous solution and to ensure melting
of copper nitrate in water.

2.2 Methods

Two filter columns each with 150mm diameter were used ,Fig.(4). The upflow filtration model

includes the following components:
*Three Tanks of water for the following purposes:

- Ground tank: mixing water with a salt of copper.

- Top tank: providing a continuous discharge of the system without interruption during the work.

- Middle tank: it placed at about 1.25m above the top of the filter column to achieve a Constant
head (a hydraulic conductivity of (10-2-10-4 ) cm/sec was used for the limestone).
*Water motor to pump water from the ground tank to top tank.
*Pipes with 1/2 inch and two flowmeters.
*Two filtration tube column with length of (1) meter, diameter of (15) cm made of the PVVC material.

Effluent water has been sampled regularly every 15 min for one hour. Five sets of 250-ml samples
have been collected for each try. The mean of them have been adopted in subsequent calculations. The
pH of the effluent water is measured, and samples are analyzed by the atomic absorption
spectrophotometer for copper concentration. The procedure has to be repeated for 27 attempts with 5
effluent samples, so the sums of the all experiments are 135 samples. Details of the design of Cu filter
are given in Table(7).
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Fig.(4): The physical model (filter columns).

Table(7): design data for Cu removal in filtration experiment

Parameter Unit Value
Media Limestone
Type [ western red 0.2 northern white no.2
Density Kg/m3 1889.8 2008.2 2000
Particle size mm 3.75 5.00 9.50
Cu concentration ppm 7.04 4.39 1.72
Input pH 8.0 1.7 7.4
0.16 0.18 0.23
Flow rates L/min 0.235 0.322 0.39
0.40 0.47 0.77
Surface loading rate m3/m2/day 13.05 14.68 18.75
19.16 26.25 31.80
32.61 38.32 62.78
49.0 43.6 34.1
Retention time min 33.3 24.3 20.1
19.6 16.7 10.2

The batch study has been conducted to establish the removal pattern of heavy metals
using limestone. In this experiment, different volumes of limestone calculated based on the weight
(20, 60, 100, 140, and 180) g are used in a specific volume of heavy Cu solution (125 ml of synthetic
Cu solution) which are kept in polyethylene bottles. The experiment has been conducted at different
Cu concentrations (40, 24, and 8) mg/L, which is shaken by an orbital shaker at 300 rpm for 60 min,
which it allows for all the surface area of the adsorbent to come in contact with the model water
containing heavy metals. Afterwards, the solution has then been left to settle for 90 min before testing
Cu concentration by an atomic absorption spectrophotometer.

A field study of copper removal is conducted on a fresh wastewater which was taken from
(Department of Water Treatment Unit in Dora Power Station-lIraq) . The initial copper concentration of
this wastewater was measured and it was 0.4 ppm. A batch study has been conducted for verification
purpose.
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3. Results and discussion
3.1 Physical and chemical characterization of adsorbent

The image of limestone particle cross section analyzed by SEM before and after the experiment is
illustrated in Fig (5). The SEM image reveals the porous structure of the limestone surface. It can be
observed that some Cu has been adsorbed onto the surface of media and some are penetrated through
the media due to absorption.
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(a) before filtration. (b) after filtration.

Fig.(5): Scanning electron image of media.
3.2 Column Experiment Methodology

a- The effect of detention time on removal efficiencies for different types of limestone and for
different influent concentrations of copper (7.04, 4.39 and 1.72) mg/L are as shown in Figure (6). The
removal efficiency increased with the increase of the detention time for all types of limestone as a
result of providing the sufficient time for removal process. It can also be noted that the smallest size of
limestone (western red no.2) with the diameter of (3.75) mm achieved the longer detention time (49)
min because of its small particles. The smaller a particle size the larger its specific surface. The
specific surface is a good indication of the relative influence of electrical forces on the behavior of the
particle. Also it achieved the higher efficiency about (93.75% — 98.80%) especially at the longer
detention time provided to it. The results indicated that (68% — 94%), (72% - 98%) and (78% - 99%)
of cu can be removal based on cu concentration of (7.04, 4.39 and 1.72) mg/L respectively.

b- The effluent Cu concentrations for influent concentration of copper equal to (7.07, 4.39 and
1.72) mg/L are decrease with the increase of detention time for all types of limestone, as shown in
Figure (7). that is because of providing the sufficient time for the limestone to hold the particles form
the solution, so the effluent concentration of copper will be at least about (0.44, 0.10 and 0.02) ppm
respectively for the detention time of (49) min. Also, it was shown that the smallest size of limestone
achieved the minimum effluent concentration of cu because of its high efficiency. The surface charge
of limestone is predicated to be a contributing factor for the removal of cu also, the adsorption
phenomenon. It is noted that at high flows (low detention time), there is a reduced period of surface
contact between the particle and the copper solution as well as higher velocity of flow through the
media increasing the sloughing of precipitate from the media. The removal of cu was more than (90%)
for the (50) min of experiment.
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C- the influent pH was set constant at (7.7) for all experiments with a dosing of artificial copper

solution from (CuNO03). It can be observed from Figure (8) that the average pH of the effluent

increased by range from (7.83) to (8.04) for different cu concentrations, this is due to the presence of

COg in limestone and the amount of limestone has been increased further (alkaline condition). It can be

observed that the increase in metal removal is related to the increase in pH. The removal of cu is

influenced by the pH and not only by the media (limestone and its size).
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d- it was noted that the western red no.2 with 3.75 mm diameter is the most effective type stone with
removal efficiencies of (93.75, 98.77 and 98.83)% and the least value of the effluent copper
concentration (0.44, 0.10 and 0.02) ppm respectively. The higher removal efficiency (98.83) % has
been at the lowest influent concentration (1.72) ppm as shown in Fig. (9). The lowest effluent copper
concentration (0.02) ppm is at the lowest influent copper concentrations (1.72) ppm as shown in Fig.
(10). The percentage removal of cu increases with the decrease in the particle size of limestone, this is
due to the good surface contact between the particle and cu solution.
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3.3 Batch Experiment Methodology

The removal efficiency is increased with the increase of the volume of limestone (calculated based
on the weight) within constant volume solution (125) ml ,Fig.(11). This indicates that the removal of
copper has been influenced by the media specific area (surface area). A trend of increment in
efficiency capacity with increment in adsorbent dosage is observed, the maximum efficiency is at
weight of (180) g used in this experiment. The increment in adsorption capacity with increase in
adsorbent dosage has been expected, since number of adsorbent particles increases and thus more
surface areas were available for metals attachment. It is plausible to suggest that with higher dosage of
adsorbent, there would be great availability of exchangeable sites for metal ions.
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Fig (11): The Effect of volume of limestone on removal efficiency of copper .
3.4 Effective Size of Limestone in Batch Studies

It has been noted that the western red no.2 limestone with diameter of 3.75 is the most effective
size for removal of copper from synthetic solution, Table (8). Also it is noted that the behavior of the
three types of limestone within the three different influent copper concentrations have not been the
same and range from( 90)% to (99)%, this means there is a direct correlation between metal ion
concentration and removal efficiency. So there is a significant difference in removal rate with
decreasing copper concentration from (7.04) ppm to (1.72) ppm.

50



Adnan A. Al-Samawi et al. Iragi Journal of Civil Engineering 10(1), 40-53

Table (8): Ranges of removal efficiency for different size of limestone and influent copper
concentrations.

Influent Copper Concentration (mg/L)

Pa i eI 4w 172
[ 875 79.68%-96.44% 85.64%-97.94% 66.27%-99.41%
5.00 55.53%-97.44% 65.37%-95.21% 61.62%-93.02%
28.97%-93.32% 48.06%-95.16% 54.06%-90.69%
3.5. Field Experiment Methodology

The applicability of the filtration technique process for actual wastewater is validated by
treating an industrial effluent sample, collected from (Department of Water Treatment Unit in Dora
Power Station-Iraq). For a constant influent copper concentration, the removal efficiencies have been
increased as the increased of the limestone weight for the three types of it, that was confirmed by the
field test conducted for these purpose, as shown in Fig. (12).
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Fig. (12): Effect of volume of limestone on the copper removal for different sizes of
limestone, Al-Dura Electrical Station-Iraqg.

3.6. Effect of the Variables on Cu Concentration
In the physical model calibration, a computers program of multiple regressions is used to obtain a
set of coefficients for a linear model, also it is used to assess the relative importance of the predictor

variables (Cn, DL, St and Rt) and how well dose the linear model represent the observed data. The
following regression models are derived for the Cu concentration of the effluent flow.

COUT - Cinl.68 * DIO.Z * SOL.28 * Rt—1.22 (1)

Where:-
Cour  Effluent copper concentration, C,, : Influent copper concentration, D, : Media size, mm, S
. - Surface loading, m3/m2/day, R, : Retention time, min.

The coefficients of determination, R*, standard error of estimate are 0.972 and 0.306 respectively.
There are good agreements between the predicted and measured values of the C,; of the copper,
Fig.(13). The partial correlations indicate that C
D, is less important than the others, Table (9).

s S and R, are the most important variables while
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Table (9): Statistical information for prediction (copper concentration).

Cin DL SL Rt Cout
Cin 1.00 0.00 0.00 0.00 0.80
DL 0.00 1.00 0.40 -0.40 0.19
SL 0.00 0.44 1.00 -1.00 0.55
R 0.00 -0.44 -1.00 1.00 -0.55
Cour 0.80 0.19 0.60 -0.60 1.00
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Fig.( 13 ): Comparison between the Predicted and Measured C(out) in ppm

4. Conclusions
Based on the preliminary results, it can be concluded that :

e The batch experiments show that limestone removed about more than (90) % of copper with
shaking and settling times of (60) and (90) minutes, respectively. The increase in adsorbent dosage
increases the percentage removal of copper due to increase of the volume of limestone (the weight
equal to 180 g).

e In the upflow column, the experimental data showed that lower flow rate resulted in higher removal
efficiency. This is due to the increase in a contact period to surface between the particle and copper
solution. This was further proven in the filtration experiment whereby above (90) % removal of Cu
was achieved at retention time of (49) min, surface-loading rate of (13.05) m3/m2 per day.

¢ During the test it was notice that a decrease in particle size corresponds to an increase in surface area
and therefore an increase in available active sites, suggesting an overall increase in metal removal that
must be investigated.
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e Utilization of limestone for the treatment of water and wastewater containing heavy metals is gaining
attention as a simple, effective and economical method of treatment. Limestone is plentiful,
inexpensive and readily available. The obtained results showed that limestone is good adsorbing
medium for metal ions and had high adsorption yields for the treatment of wastewater containing
copper ions. Adsorption process was among the mechanisms involved during the removal process.

e \When the physical model is calibrated, the partial correlations indicate that influent concentration of
copper, surface loading (flow rate) and detention time are the most important variables while the size
of limestone is not important than the others.

e The smallest particle size (3.75) mm showed the best removal efficiency for all adsorbents, which is
probably because of the larger surface area available, and the increase in the external surface area of
the sorbent available for adsorption.

eThe average pH at the effluent increased by a range from (7.83) to (8.04) for different Cu
concentrations, due to the present of CO3 in limestone and the amount of limestone was increased
further.

e Compared to the removal from synthetic solutions, the removal rates of the studied metal from
wastewater seem to be the same. The higher removal efficiency (97.5) % was achieved by the western
red no.2 limestone.
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