Research

Evaluation of Dialysis Water Quality at Hospitals in
Baghdad, Iraq
Yasamen Raad Humudat,
Saadi Kadhim Al-Naseri

Corresponding author:
Yasamen Raad Humudat
yasmenraad@yahoo.com

Introduction
Water treatment plays a crucial role
in maintaining human health and
welfare.1 Municipal water (tap) is
the main source of water used in
hemodialysis centers. This water passes
through several levels of pretreatment
to get rid of any contaminants.2 Water
contamination can lead to anemia,
changes in blood pressure and acidbase balance, neurological problems,
bone disease, and more, and patients
may experience acute or chronic
problems under standard dialysate.3
In 2018, the Iraqi Ministry of Health
reported that there were 19 dialysis
centers distributed in all provinces
except the Kurdistan region. In
Baghdad alone, there are 11 dialysis
centers with about 320±61 regularly
registered patients. Each center has
an average of 37±8 hemodialysis
machines. The total production
capacity for each center varies between
1.5-4.5 m3/d, depending on the daily
operating hours, ranging from 18 to 24
hours. Units to treat municipal water
in those centers work in the same
manner, using reverse osmosis (RO).
1

The output of this treatment is dialysis
water, which is then mixed with
dialysate for dialysis treatment.
Patient hemodialysis sessions
usually take place 3 times a week for
approximately 3-4 hours a session.4
Consumption is approximately 90-192
L of dialysis water per patient per
session depending on the flow rate
of the dialysate and the percentage of
water rejected during the RO process.3
Dialysis fluid volume rises to 580-860
L per week for hemodialysis patients.
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Ensuring dialysis fluid quality is
an important aspect of this type of
treatment considering the frequent
large quantities used for each patient.5
In particular, contamination with
chemical, bacterial, and associated
endotoxins may threaten the health
of a patient under dialysis, thus
the International Organization
for Standardization (ISO) and a
similar standard from both the
American National Standards
Institute (ANSI) and the Association
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Background. Dialysis water quality is one of the most important factors for ensuring the safe
and effective delivery of hemodialysis. It has been known for over a decade that there might
be hazardous contaminants in the water and concentrates used to prepare dialysis fluid.
Rigorous international standards for the purification of dialysis fluids have been established,
which were used in the present study to compare the quality of dialysis water as there is no
national standard for dialysis water quality in Iraq.
Objectives. There are more than 20 dialysis centers in Iraq, most of which contain similar
units for the processing of dialysis water. The present study evaluated the quality of water
used for dialysis in four dialysis centers located within Baghdad hospitals.
Methods. Physical and chemical tests were carried out in the laboratory after sampling water
from each dialysis center. Water samples were collected from three locations in each dialysis
center. Hospital municipal water samples were collected from the tanks feeding dialysis units;
samples of dialysis water were collected from the dialysis water treatment unit outlets; and
samples of dialysis water were collected from the distribution network in dialysis rooms.
Results. The results showed a fluctuation in the quality of the dialysis water (dialysis water
and water from the dialysis distribution network), indicating that it is unacceptable compared
to international standards. Chemical analysis showed that 75% of the dialysis water had
elevated aluminum concentrations. Chemical analysis also found that dialysis water had
elevated concentrations of free residual chlorine at some dialysis centers.
Conclusions. All hemodialysis centers need careful monitoring and preventive maintenance
to ensure good water quality. In addition, it is important to revise the design of the water
treatment units according to water quality.
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Methods
The sampling process involved the
collection of water samples from
each of the four hemodialysis centers
(Al-Kindi, Baghdad Teaching, AlImamain Al-Kadhimain, and AlYarmouk) during the four seasons
(spring, summer, autumn and winter)
from March 2018 to February 2019.
Samples were collected in a clean 500
mL glass bottle and used for chemical
tests. Samples were transported within
1-2 hours to the laboratories of the
Ministry of Science and Technology in
Baghdad for chemical tests. Another
25 mL was collected in a clean flask
for the on-site examination of several
variables (temperature, pH, electrical
conductivity (EC), total dissolved
solids (TDS), total hardness (TH),
turbidity, and free chlorine).
Sampling locations
Water samples were collected from
three location types in each dialysis
center: 1) municipal water supplied
to the dialysis center by each hospital
was collected from the tank feeding
the unit, 2) dialysis water, and 3)
water from the distribution network
in dialysis rooms. The distribution
network carries the dialysis water to
Humudat, Al-Naseri

Abbreviations

AAMI

ANSI
EC

Association for the
Advancement of Medical
Instrumentation
American National
Standard Institute
		
Electrical conductivity

the patient’s dialysis machines. Sixteen
samples were collected from each type
(4 samples a year from 4 hospitals),
following the sampling procedure
suggested by the Northwest Renal
Network.8
Chemical analysis
All field and laboratory measurements
were conducted using portable
instruments manufactured by the
Hach Company (Loveland, CO, USA).
pH was measured using a portable
pH/ISE meter model SensIon1 with
a platinum series pH electrode, EC
was measured using SensIon5, and
free chlorine was measured using the
N,N-diethyl-p- phenylene-diamine
colorimetric method with DR890
colorimeter. Samples were then
transported to the laboratory for
thorough chemical analysis, including
(calcium (Ca) and magnesium (Mg)).
The measurements were performing
using an atomic absorption
spectrometer.
Statistical analysis
Analysis of variance test (ANOVA)
was used to evaluate the significant
effects of the different parameters
at a significant P-value level of 0.05.
Statistical analysis was carried out
using Microsoft Excel 2010.

ISO

International Organization
for Standardization

RO

Reverse osmosis

TDS
TH

Total dissolved solids
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for the Advancement of Medical
Instrumentation (AAMI) have issued
standards and recommendations to
ensure water quality needed to reduce
chemical hazards for hemodialysis
patients.6,7 These standards were
used to compare the study results to
determine the quality of the dialysis
water and to suggest the best strategy
to ensure that this water complies
with the international standard. The
international standard was considered
as no national dialysis water standards
have yet been issued in Iraq. The
present study evaluated the quality of
water used for dialysis in four dialysis
centers located within Baghdad.

Dialysis Water Quality in Baghdad, Iraq

Total hardness

Results
Four dialysis centers were monitored
for four seasons and water samples
were collected for physical and
chemical analysis. Municipal water
results are presented in Table 1 with
a comparison with Iraqi drinking
water standards.9 Measured values
for dialysis water in treatment units
are shown in Tables 2 and 3 with
a comparison with International
Organization for Standardization/
Association for the Advancement
of Medical Instrumentation (ISO/
ANSI/AAMI)6,7 standard values for
produced dialysis water. The analyses
included most of the AAMI standard
chemical substances plus several
others, including pH, temperature,
EC, turbidity, TDS, TH, free residual
chlorine, Ca, Mg, and aluminum (Al).
The results of the chemical analyses
of municipal water are presented in
Table 1. Statistical analysis showed
no seasonal significant differences
among the different dialysis centers at
(P < 0.05) for water variables except
for temperature and TDS. Electrical
conductivity, pH, turbidity, TH, free
residual chlorine, Ca, Mg, and Al
in water samples were compared to
the recommended concentrations
in Iraqi drinking water standards.
Furthermore, the lowest value of free
chlorine (0 mg/l) was measured in the
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Table 1 — Seasonal Variation in Physiochemical Variables of Municipal Water Across Hospital Dialysis Centers
During the Study Period Compared to Iraqi Drinking Water Standards9
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Table 2 — Seasonal Variation of Physiochemical Variables in Dialysis Water Across Hospital Dialysis Centers
Compared to International Standards During the Study Period6,7
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Table 3 — Seasonal Variation of Physiochemical Variables in Water Samples from Dialysis Distribution Network Hospitals
Compared to International Standards During the Study Period6,7
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summer at Al-Imamain Al-Kadhimain
hospital, while the highest level was
measured in the winter at Al-Yarmouk
hospital and 0.9 mg/l. The Iraqi
standard recommends minimum free
chlorine be no lower than 0.3 mg/l.9

According to Table 2, the statistical
analysis showed no seasonal significant
differences for dialysis water at (P
> 0.05) across the different dialysis
centers in the hospitals for all
variables except water temperature.
Furthermore, free residual chlorine
and Al concentrations exceeded the
maximum level suggested by the
(ANSI/AAMI/ISO) standards by 13%
and 75% in some centers, respectively.
Finally, as seen in Table 3, there were
no seasonal significant differences
for water samples from the dialysis
distribution network at (P > 0.05)
across the different dialysis centers
except for water temperature and
pH at the hospitals during the study
period. However, free residual chlorine
and Al concentrations exceeded the
maximum level suggested by ISO/
AAMI by 13% and 63% in some of the
centers, respectively.6,7

Discussion
The chemical analysis showed
that municipal water quality did
not comply with Iraqi standards
and criteria guidelines for several
substances, including turbidity, free
residual chlorine, Ca and Mg (Table
1). Comparison of the chemical
Humudat, Al-Naseri

analysis results with the quality of
dialysis water and water samples
from the distributed dialysis network
characteristics in Tables 2 and 3
indicates that the units have good
rejection rates, indicating good
performance of RO membranes
(except for Al-Yarmouk hospital,
due to age). Nevertheless, poor
maintenance and seasonal variation of
municipal water quality make onestage RO unsuitable for removing
all chemical pollutants. Al-Yarmouk
hospital showed a high deviation of
free residual chlorine concentration
from the standard value (0.1 mg/l).6,7
The same unit also had the highest TH
and TDS values for water, along with
elevated EC values.
There were significant differences in
hospital municipal water temperatures
across the seasons, with an inverse
effect on the efficiency of the water
treatment units and in turn affecting
the TDS results. This is mainly due to
seasonal differences, and differences
in pipes, storage tanks (tanks type) for
municipal water distribution systems,
and location of tanks in hospitals.10 In
addition, municipal water temperature
affects the integrity of RO and
particle filters, which are set by the
manufacturer to a maximum operating
temperature, usually less than 35ºC.11
In addition, EC value can be a useful
indicator of the performance of the
water treatment unit, because water
with an EC value lower than 25 μS/
cm means a low TDS value for the
same water.12 It should be noted that
patient vomiting and nausea have been
reported to be more frequent when EC
values in dialysis water are increased.10
The present study confirmed that
municipal water in Baghdad dialysis
centers meets the Iraqi standard for
TDS of 1000 mg/l.9 No comparison
was done with World Health
Organization (WHO) guidelines as

there is no guideline value for TDS
because it is “not of health concern at
levels found in drinking water”.13
In general, all the results showed a
reduction in TH levels after dialysis
water treatment. Reverse osmosis is
able to decrease hardness, although
high levels can adversely affect the
RO membrane and decrease its life
as it is quickly fouled by hard water
(water with a high mineral content).14
Therefore, pretreatment must be used
to protect RO membranes in dialysis
units.
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In addition, turbidity, Ca, and
Mg concentrations exceeded the
maximum level suggested by Iraqi
drinking water standards in some
centers by about 19% for both
turbidity and Ca, and 13% for Mg.
However, these differences were nonsignificant, while differences in water
temperature and TDS were significant
across the centers.

Dialysis Water Quality in Baghdad, Iraq

Free chlorine was measured for the
feed and produced dialysis water.
Elevated concentrations of free
chlorine (higher than 0.1 mg/l) in
the produced dialysis water at AlYarmouk hospital were recorded due
to the addition of hypochlorite, which
is widely used in dialysis centers to
disinfect water networks. The lack of
free chlorine in the municipal water
to the dialysis water treatment units
indicated that an insufficient amount
of chlorine was initially added to the
water. The reason for the different
levels in municipal water was possibly
due to municipal water treatment plant
disinfection practices and climatic
conditions during the study period.15
The deviation from other
contaminants (Ca and Mg) was not
significant. It is important to monitor
water hardness after softening in the
treatment unit and to use quality
sodium chloride for regeneration as
inefficient softening will lead to an
increase in the concentration of Ca
and Mg in the RO unit. Accordingly,
failing to comply with international
standards can be attributed to
the aging of the RO membrane.
Nevertheless, softeners should
remove Ca+2 and Mg+2 ions before
the RO membrane, but the results of
the present study indicate that this
treatment was not performing well
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across all seasons.10

A single-stage RO unit was used by all
four dialysis centers. It is clear from
the chemical analysis that one-stage
RO is insufficient, and it is important
to adjust the design of water treatment
systems to include a second-stage RO
unit after the first. The drain of this
stage can be returned to the first stage
water tank and therefore no water
losses will occur. This will reduce the
production capacity of the units but
will make them safer and prevent
an increase in the concentration of
chemical pollutants.

Conclusions
Field monitoring study results showed
that municipal and dialysis water did
not meet the standard requirements
for the international dialysis fluid
specifications. Further studies are
needed to investigate other types of
potential contamination (chemical and
microbial) to assess the overall quality
of dialysis water treatment units in
Baghdad.
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