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ABSTRACT
The ability of household Reverse Osmosis system to treat three different water sources has been tested within a period of
time. Water samples were analyzed before and after treatment with the system for physical, chemical and heavy metals
parameters. The results showed that the values of temperature after treatment by Ro household filter increased slightly
(29.88 ºC, 29.78 ºC and 30.66 ºC) in tap water, river water and well water respectively. While the values of pH decreased
after treatment (7.07, 7 and 6.82) tap water, river water and well water respectively. The removal efficiencies of different
parameters that tested during this study in tap water, river water and well water were as following: electrical conductivity
(95.2%, 95.4% and 92.9%), total hardness (94.6%, 95.4% and 96.8%), free residual chlorine (100%), calcium (94.1%,
95.4% and 97.1%), magnesium (94.2%, 97.0% and 96.4%), potassium (88.6%, 72.7% and 84.9%), phosphate (86.4%,
86.8% and 84.3%), nitrite (89.1%, 92.2% and 92.2%), carbonate (100%, 96.9% and 100%), copper (19%, 64.2% and
86.6%), nickel (73.7%, 29.7% and 100%), zinc (38.5%, 83% and 57.6%).
KEYWORDS: reverse osmosis, activated carbon, tap water, river water, well water.

of a polyamide membrane is rough, allowing for many
areas where foulants can be captured and held by the
membrane [9].
E. Post Activated Carbon Filter: to remove compounds
that cause unpleasant taste and odors, including those from
the tank, plastic tubing or any leftover chemicals just
before the water is distributed [10].
F. Grancal Post Filter: It is made from natural healthy
source of granulate calcium, magnesium and carbon that’s
provide a balanced pH adjustment to prevent acid water
corrosion and returning the beneficial minerals calcium and
magnesium to the drinking water [11].
G. Ultra Violet Filter: it ensures product water free from
microbial contamination.

INTRODUCTION
The development of civilization led to increase water
consumption, which negatively affects the quality and
quantity of water sources, therefore to resolve these
problems advanced water treatment technology is needed
such as Reverse osmosis (RO)[1]. In osmosis, water flows
from the lower concentration side of solid to the higher
concentration side through a selective membrane
depending on the naturally occurring osmotic pressure.
While in reverse osmosis an applied pressure force water to
flow in opposite direction leaving behind a concentrated
solution of dissolved solids[2]. The household reverse
osmosis (RO) water treatment system has been spreading
in Iraq, especially in recent years due to deterioration of
water sources. Most RO systems consist of the following
stages.
A. Sediment filter: Polypropylene wound cartridges with
size being of 5μm[3]. It is used to remove fine particles such
as clay, silt and suspended solids[4].
B. Granular activated carbon filter (GAC): Its particles
have sizes ranging from 0.2 to 5 mm[5]. It is able to remove
chlorine, chloramines, and organic chemicals of low
molecular weight such as pesticides, herbicides, and
industrial solvents[4, 6].
C. Block Activated Carbon filter (BAC): finely
powdered (block) carbon that has been bound together into
a rigid solid and it has a relatively smaller particle size
range between 15–25 microns [6, 7]. It is used for taste and
odor control and also effective in removing the organic
precursors that react with chlorine to form harmful THM
compounds after disinfection [8].
D. RO Membrane filter: The spiral wound composite
polyamide membranes are the most widely used types of
membranes for reverse osmosis. The surface morphology

MATERIALS & METHODS
Water samples collected from three different water sources
include: tap water samples collected from the advanced
ecology lap at biology department, river water samples
collected from Tigris River and well water samples
collected from home well at AL-Ghazalia city from about 9
meters below the earth surface. The study period extended
from the beginning of November 2016 to the end of April
2017 in which 25 liters of each water sources were passed
through the RO system and the water samples before and
after treatment were analyzed using different physical,
chemical and heavy metals tests.
Water samples before and after treatment with the RO
system were analyzed for: temperature, pH, Ec, total
hardness, free residual chlorine, Ca, Mg, K, Po4, No2, Co3,
Cu +2, Ni +2, Zn +2. Temperature was measured by HANNA
meter. PH was measured by PH-meter 315i/SET/WTW/
Germany. Electrical conductivity was measured by EC
meter 330i/ST/ WTW/ Germany. Total hardness and Ca
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were measured by titration with 0.01N EDTA. Mg was
measured by the difference between total hardness and
calcium hardness. Free residual chlorine was measured by
lovibond Comparator 2000+ portable meter. NO3, NO2 and
PO4 were measured by ultraviolet spectrophotometric
screening method. CO3 was measured by titration with
H2SO4. K was measured by the flame photometric method.
Heavy metals were measured by flame atomic absorption
spectrometry (FAAS) [12].

RESULTS & DISCUSSION
Temperature: The average values of temperature in inlet
water for tap water, river water and well water were 23.44
ºC, 16.5 ºC, and 17.66 ºC respectively and of outlet water
29.88 ºC, 29.78 ºC and 30.66 ºC respectively. The increase
in water temperature may relate to the low-pressure
mercury vapor lamp emits energy in the form of heat, and
this energy cases warms the water up [14].
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FIGURE 1: Mean Temperature Value (ºC) of Water Samples before/after Treatment
6.82 [13] respectively. The reduction of pH value due to the
desalination process and the elements removal [15]. These
results agreed with the studies of [15, 16].

PH: The results showed that the average values of inlet
water for tap water, river water and well water were 7.8,
7.7 and 7.74[13] respectively and of outlet water 7.07, 7 and
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FIGURE 2: Mean pH Value of Water Samples before/after Treatment
Electrical conductivity: The removal efficiencies of (EC) in
tap water, river water and well water were 95.2%, 95.4%
and 92.9% [13] with average concentrations of inlet water
840.8 µs/cm, 921 µs/cm and 4526 µs/cm respectively and

of outlet water 40.24 µs/cm, 42.02 µs/cm and 318.88
µs/cm[13] respectively. These results agreed with the studies
of [16, 17].
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FIGURE 3: Mean Electrical Conductivity Value (µs/cm) of Water Samples before/after Treatment
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Total hardness: The results showed that the Reverse
Osmosis filter was able to remove (94.6%) of total
hardness in tap water with average concentrations of inlet
water (460.4 ppm) and of outlet water (24.8 ppm). Higher
removal efficiency found in river water (95.4%) with
average concentrations of inlet water (438 ppm) and of
outlet water (20 ppm). The highest removal efficiency was
in well water (96.8% [13]) with average concentrations of

inlet water (1500 ppm) and of outlet water (48 ppm).
Reverse Osmosis membrane is able to reduce water
hardness, but the high level of hardness can adversely
affect RO membrane and reduce its life as it is quickly
fouled by hard water. Therefore, pre-filter must be used
such as activated carbon filter to protect the RO membrane
[18]
.
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FIGURE 4: Mean Total Hardness Value (ppm) of Water Samples before/after Treatment
Free residual chlorine: The removal efficiency of chlorine
by RO household filter in tap water was (100%) with
average concentrations of inlet water (2.52 ppm) and of
outlet water (zero ppm). In both river water and well water,
there is no chlorine in inlet and outlet water. The study of
[19]
showed similar finding. The removal mechanism of AC
involves a chemical reaction of the activated carbon’s
surface being oxidized by chlorine as shown below:

HOCl + Carbon →H+ + Cl– + CO
OCl– + Carbon →Cl– + CO
These reactions occur very quickly in which chlorine
reduced to chloride ion and the site of (AC) after reacting
with chlorine is CO [20].
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FIGURE 5: Mean Free Residual Chlorine Value (ppm) of Water Samples before/after Treatment
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FIGURE 6: Mean Calcium Ions Value (ppm) of Water Samples before/after Treatment
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Calcium (Ca+2): The results of calcium removal in tap
water by the RO household filter showed a high removal
efficiency which reached to (94.1%) with average
concentrations of inlet water (112.2 ppm) and of outlet
water (6.6 ppm). While in river water the removal
efficiency was (95.4%) with average concentrations of
inlet water (133.2 ppm) and of outlet water (6.04 ppm). For
well water the removal efficiency reached to (97.1% [13])
with average concentrations of inlet water (344 ppm) and
of outlet water (9.96 ppm). These results agreed with the
studies of [21, 22].

Magnesium (Mg+2): High concentrations of magnesium
and sulfate in drinking water above 250 mg/l cause a
laxative effect [23]. The current work showed high removal
efficiency for magnesium in tap water, river water and well
water as 94.2%, 97.0% and 96.4% [13] respectively. While
the average concentrations of inlet water were (36.32 ppm,
26.8 ppm and 155.6 ppm) respectively; and the average
concentrations of outlet water were (2.1 ppm, 0.78 ppm,
and 5.56 ppm) respectively. The studies of [24, 25] showed
similar results to this study. The low concentration of Ca+,
Mg and total hardness in RO water attributed to the process
of desalinization which removes the minerals from the raw
water [26].
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FIGURE 7: Mean Magnesium Ions Value (ppm) of Water Samples before/after Treatment
Potassium (K): Consuming drinking-water with unusually
high levels of potassium may cause hyperkalaemia in
individuals especially those in which excretion of
potassium ions might be reduced or compromised,
including those with kidney disease or renal insufficiency,
older individuals and infants with immature kidney
function [27]. Regarding water potassium content, the
results showed that the percent of removal of potassium
from tap water by the RO household filter reached to

(88.6%) with average concentrations of inlet water (3.09
ppm) and of outlet water (0.35 ppm). Lower removal
efficiency founded in river water (72.7%) with average
concentrations of inlet water (2.02 ppm) and of outlet
water (0.5 ppm). Finally, in well water the removal
efficiency (84.9%) with average concentrations of inlet
water (3.32 ppm) and of outlet water (0.5 ppm). Same
results were found in the studies of [28, 29].
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FIGURE 8: Mean Potassium Ions Value (ppm) of Water Samples before/after Treatment
Phosphate (Po4): It has been found that the RO household
filter was able to remove (86.4%) of phosphate from tap
water with average concentrations of inlet water (1.14
ppm) and of outlet water (0.154 ppm). While in river
water, the removal efficiency was (86.8%) with average

concentrations of inlet water (1.22 ppm) and of outlet
water (0.16 ppm). For well water, RO filter was able to
remove (84.3%) with average concentrations of inlet water
(3.96 ppm) and of outlet water (0.62 ppm). The results
obtained in this study agreed with the studies of [24, 30].
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FIGURE 9: Mean Phosphate Ions Value (ppm) of Water Samples before/after Treatment
Nitrite (NO2-): The result showed that the removal
efficiency of nitrite in tap water was (89.1%) with average
concentrations of inlet water (3.06 ppm) and of outlet
water (0.332 ppm). The removal efficiency of RO
household filter in both river water and well water were

(92.2%) with average concentrations of inlet water (3.52
ppm, 7.04 ppm) respectively, and of outlet water (0.274
ppm, 0.548 ppm) respectively. This result agreed with the
result of [31].
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FIGURE 10: Mean Nitrite Ions Value (ppm) of Water Samples before/after Treatment
Carbonate (CO3): The removal efficiency of carbonate in
tap water was (100%) with average concentrations of inlet
water (3.6 ppm) and of outlet water (zero ppm). While in
river water the removal efficiency was (96.9%) with

average concentrations of inlet water (7.2 ppm) and of
outlet water (0.22 ppm). In well water the removal
efficiency was (100%) with average concentrations of inlet
water (7.2 ppm) and of outlet water (Zero ppm).
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FIGURE 11: Mean Carbonate Ions Value (ppm) of Water Samples before/after Treatment
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Copper (Cu+2): High levels of copper in drinking water can
cause vomiting, abdominal pain, nausea; diarrhea and can
cause death by nervous system, liver and kidney failure [23].
The obtained results showed that the Reverse Osmosis
system was able to remove (19%, 64.2% and 86.6%) of
(Cu) from tap water, river water and well water

respectively. The average concentrations of inlet water
were (0.02 ppm, 0.014 ppm and 0.03 ppm) respectively,
and of outlet water (0.0162 ppm, 0.005 ppm and 0.004
ppm) respectively. These results were different from the
study of [24] which found that the RO system was able to
remove (97%) of copper solution.
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FIGURE 12: Mean Copper Value (ppm) of Water Samples before/after Treatment
Nickel (Ni+2): In high quantities Ni can also cause cancer,
respiratory failure, birth defects, allergies, dermatitis,
eczema, nervous system and heart failure [33]. The results
showed that the removal efficiency of RO system to
remove (Ni) from tap water was (73.7%) with average
concentrations of inlet water (0.016 ppm) and of outlet
water (0.0042 ppm). In river water the removal efficiency

was (29.7%) with average concentrations of inlet water
(0.0074 ppm) and of outlet water (0.0052 ppm). In well
water the removal efficiency was (100%) with average
concentrations of inlet water (0.014 ppm) and of outlet
water (Zero ppm). The results disagreed with the study of
[34]
.
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FIGURE 13: Mean Nickel Value (ppm) of Water Samples before/after Treatment
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Zinc (Zn+2): High concentration of zinc cause vomiting,
lethargy abdominal pain, anemia, dizziness and nausea [35].
The removal efficiency of the Reverse Osmosis system in
tap water was (38.5%) with average concentrations of inlet
water (0.042 ppm) and of outlet water (0.0258 ppm). In
river water the removal efficiency (83%) with average
concentrations of inlet water (0.02 ppm) and of outlet
water (0.0054 ppm). In well water the removal efficiency
was (57.6%) with average concentrations of inlet water
(0.052 ppm) and of outlet water (0.022 ppm). [36, 37] reached
to the same results, but disagreed with [38] who found that
the removal rate was 98.2%.
According to the negative charge of RO membrane and the
Donnan potential, the positively charge ions (cations) such
as calcium and magnesium had a higher removal
efficiencies than the negatively charge ions (anions) such
as, nitrite and phosphate [39]. Also, the surface of AC has a
negative charged at high pH value because the numbers of
the hydroxyl ions concentration increase and result in
enhancing the adsorption of cationic contaminants [40].
According to this reason the removal efficiency of cations
group was higher than of anions group except for
potassium because of its low concentration.
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CONCLUSION
The results of this study showed that the Reverse osmosis
system was efficient in removing water contaminants with
a high value. So this type of systems is recommended to
treat water contamination.
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