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Abstract  

This study assessed physicochemical parameters and selected trace/heavy metals in 

water before and after reverse osmosis (RO) treatment at the main dialysis center 

in Kirkuk, Iraq, and compared results with WHO reference values and applicable 

AAMI/ANSI/ISO requirements. Water samples were collected from the RO inlet 

(In) and outlet (Out) at two-week intervals from early April to mid-May 2024 using 

0.5-L polyethylene bottles and stored at approximately 8 °C before analysis. pH, 

total dissolved solids (TDS), electrical conductivity (EC), Na, K, Ca, Mg, and selected 

trace metals were determined using pH/TDS/EC meters, flame photometry, flame 

atomic absorption spectrometry, and ICP-OES. pH decreased from 7.60 ± 0.0493 to 

6.50 ± 0.0950. TDS decreased from 688.3 ± 1.528 to 6.00 ± 0.800 mg/L, while EC 

declined from 1459 ± 2.646 to 13.00 ± 1.00 µS/cm (P < 0.0001). Na remained below 

its applicable limit. K decreased from 9.439 ± 0.1063 to 4.053 ± 0.02292 mg/L (P = 

0.0002). Ca and Mg decreased to 39.08 ± 0.02235 and 21.70 ± 0.1865 mg/L, 

respectively, but remained above applicable limits (P < 0.0001). Zn, Pb, and Cd 

decreased after RO but remained above their respective limits. Cr decreased from 

0.0200 ± 0.0006 mg/L (P = 0.004) to undetectable levels. Fe decreased from 0.1044 

± 0.0001 to 0.09550 ± 0.0002 mg/L. Al, Be, Ba, As, Ag, Sb, Se, Tl, Co, Ni, Mn, and Cu 

were undetected. RO substantially improved water quality but failed to achieve 

chemical compliance for Ca, Mg, Zn, Pb, and Cd, supporting routine monitoring and 

systematic evaluation of pretreatment, membrane condition, storage, and 

distribution components. 
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INTRODUCTION  

Chronic kidney disease (CKD) is a major global health 

problem, and hemodialysis is a widely used renal 

replacement therapy. Because water is the major 

component of dialysate, the chemical and 

microbiological quality of water used in hemodialysis 

is critical to patient safety. During a hemodialysis 

session, patients are exposed indirectly to large 

volumes of water through the dialysate; therefore, 

contaminants that remain after water treatment 

may become clinically relevant. Reverse osmosis (RO) 

is a central component of dialysis-water treatment 

because it reduces dissolved ions and other 

contaminants before the water is used to prepare 

dialysis fluids. Treatment performance, however, 

depends on source-water quality, pretreatment, 

membrane condition, storage, distribution materials, 

and maintenance practices [37,38]. 

 

 

 
 

Figure 1. Hemodialysis system. 
 

The dialyzer pumps blood from the patient through 

semipermeable membrane fibers, while dialysate 

flows on the opposite side of the membrane. Solutes 

and waste products diffuse across the membrane 

according to concentration gradients. 

 

Chemical contaminants in dialysis water are of 

particular concern because the dialysis membrane 

permits exchange between blood and dialysate. 

Previous studies in Iraq and other countries have 

documented chemical and microbiological deviations 

from dialysis-water quality requirements [10–

12,17,27,39–41]. These findings support the need for 

site-specific monitoring rather than assuming that 

treatment performance is uniform among dialysis 

centers. 

 

Among the contaminants of concern, lead, cadmium, 

chromium, zinc, and aluminum have recognized 

toxicological relevance when exposure is repeated. 

In dialysis facilities, persistent contamination may 

arise from incomplete treatment, deterioration of 

treatment components, or materials in contact with 

the water. Therefore, comparing  
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water at the RO inlet and outlet can help identify 

parameters that are not adequately removed and can 

provide a baseline for subsequent longitudinal 

monitoring [19,21–25,39]. 

 

The objective of this study was to assess 

physicochemical parameters and selected 

trace/heavy metals in water before and after the 

RO treatment system at the main dialysis center in 

Kirkuk, Iraq, and to compare the measured 

concentrations with WHO drinking-water reference 

values and the applicable AAMI/ANSI/ISO 

requirements for dialysis water. The study provides 

center-specific baseline data that can support local 

quality monitoring and future longitudinal 

assessment of treatment performance. 

 

HYPOTHESIS 

We hypothesized that RO treatment would 

significantly reduce selected physicochemical 

parameters and trace/heavy-metal concentrations 

between the inlet (In) and outlet (Out) sampling 

points. We further hypothesized that some 

contaminants, particularly Ca, Mg, Zn, Pb, and Cd, 

could remain above the applicable dialysis-water 

limits after treatment if removal was incomplete or 

if additional contributions occurred within the 

treatment or distribution system. 

 

MATERIALS AND METHODS 

1. Study site: 

Al-Amal Dialysis Center is the main dialysis center in 

Kirkuk, Iraq. The center was opened in December 

2022 and serves 63 dialysis patients. It includes a 

water-treatment plant supplied by the local piped-

water network and groundwater from a well located 

in the center courtyard. The center’s water-

distribution system is connected to the network 

used for drinking and other medical purposes. The 

present study focused on the water-treatment 

pathway serving the dialysis unit. 

 

 

 

 
Figure 2. Map of Kirkuk City, Iraq [28]. 
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2. Sampling: 

Water samples were collected from the beginning of April 

to mid-May 2024 at two-week intervals. Before each 

collection, the sampling ports were rinsed with the water 

being sampled for five minutes. Samples were collected in 

0.5-L polyethylene bottles after the bottles were 

thoroughly rinsed with the corresponding sample water. 

Two sampling points were investigated: (In), water leaving 

the main tank immediately before the RO system; and 

(Out), water collected after the RO system. The collected 

samples were stored in polyethylene bottles under 

refrigerated conditions at approximately 8 °C until the 

analytical measurements were performed. For pH, TDS, 

and EC, three consecutive analytical readings were 

obtained for each sample and averaged. The exact number 

of independent sampling rounds and the number of 

analytical replicates used for FAAS and ICP-OES were not 

explicitly recorded in the available study documentation 

and are therefore not inferred here. 

 

 

 

 

3. Measurement of pH: 

pH was measured using a JENWAY-3310 pH meter after 

calibration with buffer solutions of known pH. The 

reported value was based on the mean of three consecutive 

readings for each sample. 

 

4. Measurement of total dissolved solids TDS: 

TDS was measured using a TDS meter after the electrode 

was rinsed several times with deionized water. The 

reported value was based on the mean of three consecutive 

readings for each sample. 

 

5. Measurement of electrical conductivity EC: 

Electrical conductivity (EC) was measured using an EC 

meter, model BC3020. The reported value was based on 

the mean of three consecutive readings for each sample. 

 

6. Measurement of sodium, potassium and calcium 

concentrations: 

Sodium (Na), potassium (K), and calcium (Ca) were analyzed 

using a flame photometer, model CL 26D (India). 

Calibration curves were prepared before analysis. 

 

 

 
Figure 3. Calibration curves for sodium, potassium, and calcium. 
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7. Measurement of heavy metal concentrations: 

The concentrations of Fe, Cr, Co, Ni, Zn, Cu, Pb, Cd, 

and Mn were determined by flame atomic absorption 

spectrometry (FAAS) using a SHIMADZU AA-6200 

(Japan). Ag, Al, As, Ba, Be, Sb, Se, Th, and Mg were 

determined using ICP-OES (Varian 730-ES). 

Calibration curves were prepared for the measured 

analytes before analysis. The type of RO membrane, 

operating pressure, and water flow rate were not 

documented in the available study records and 

therefore are not reported. 

 

 
Figure 4. Calibration curves for the analyzed heavy metals. 

 

8. statistical analysis: 

Statistical analysis was performed using GraphPad 

Prism 9. Results are presented as mean ± standard 

deviation (SD). Comparisons between paired In and 

Out observations were performed using a paired 

two-sample t-test, with statistical significance 

defined as P ≤ 0.05. The measured values were also 

compared with the applicable WHO drinking-water 

reference values and AAMI/ANSI/ISO dialysis-

water limits. The three consecutive readings 

reported for pH, TDS, and EC represent analytical 

repeat measurements for each collected sample and 

should not be interpreted as independent field 

samples. 

 

Results and Discussion 

Results 

The RO system markedly reduced several 

physicochemical parameters and electrolytes. pH 

decreased from 7.60 ± 0.0493 at the inlet to 6.50 ± 

0.0950 at the outlet, remaining within the stated 

6.5–8.5 reference range. TDS decreased from 688.3 

± 1.528 to 6.00 ± 0.800 mg/L, corresponding to an 

approximate 99.1% reduction. EC decreased from 

1459 ± 2.646 to 13.00 ± 1.00 µS/cm (P < 0.0001), an 

approximate 99.1% reduction. Na remained below the 

AAMI/ANSI/ISO maximum level at both points. K 

decreased from 9.439 ± 0.1063 mg/L at the inlet, 
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above the 8.0 mg/L limit, to 4.053 ± 0.02292 mg/L 

after RO (P = 0.0002), below the limit. Ca decreased  

from 85.59 ± 0.1722 to 39.08 ± 0.02235 mg/L and 

Mg from 38.34 ± 0.01413 to 21.70 ± 0.1865 mg/L; 

both remained above their respective 2.0 and 4.0 

mg/L dialysis-water limits (P < 0.0001 for each 

comparison). 

 

For trace/heavy metals, Cr was 0.0200 ± 0.0006 

mg/L at the inlet, exceeding the 0.014 mg/L limit, 

and was not detected after RO at the reported 

analytical level (P = 0.004). Zn decreased from  

 

0.5806 ± 0.0003 to 0.2016 ± 0.0002 mg/L, Pb from 

0.0181 ± 0.0002 to 0.01494 ± 0.0002 mg/L, and Cd 

from 0.02477 ± 0.0002 to 0.01767 ± 0.00015 mg/L; 

despite these reductions, all three remained above 

their respective AAMI/ANSI/ISO maximum levels 

after RO. Fe was detected at 0.1044 ± 0.0001 mg/L 

before RO and 0.09550 ± 0.0002 mg/L after RO; no 

applicable maximum level for Fe was reported in the 

standard used in this study. Al, Be, Ba, As, Ag, Sb, 

Se, Tl, Co, Ni, Mn, and Cu were not detected at the 

reported analytical level. The complete results are 

presented in Tables 1–3. 

 

Table 1. Physicochemical parameters compared with the reference values used in the study 

P-value Reference value Mean ± SD Sample Unit Variable 

NS 6.5-8.5 7.6 ± 0.0493 In - pH 

NS 6.5–8.5 6.5 ± 0.0950 out —  

NS 6.5–8.5 688.3 ± 1.528 In mg/L TDS 

NS 1500 6.000 ± 0.800 out —  

<0.0001* 1500 1459 ± 2.646 In µS/cm EC 

NS 1200 13.00 ± 1.00 out —  

 

Table 2. Electrolyte concentrations compared with the maximum allowable levels of ANSI/AAMI/ISO 23500-

3:2024 

P-value Maximum level 

(mg/L) 

Mean ± SD Sample Unit Variable 

NS 70 67.11 ± 0.5237 In mg/L Na 

NS 23.24 ± 0.2166 Out 

0.0002* 8.0 9.439 ± 0.1063 In mg/L K 

NS 4.053 ± 0.02292 Out 

<0.0001* 2.0 85.59 ± 0.1722 In mg/L Ca 

<0.0001* 39.08 ± 0.02235 Out 

<0.0001* 4.0 38.34 ± 0.01413 In mg/L Mg 

<0.0001* 21.70 ± 0.1865 Out 

 

* P ≤ 0.05; NS = not significant. Values are presented as mean ± SD. 
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Table 3. Trace/heavy-metal concentrations compared with the maximum allowable levels of ANSI/AAMI/ISO 

23500-3:2024 

P-value Maximum level (mg/L) Mean ± SD Sample Variable 

NS 
0.01 

0.0000 ± 0.0000 In 
Al 

NS 0.0000 ± 0.0000 Out 

NS 
0.0004 

0.0000 ± 0.0000 In 
Be 

NS 0.0000 ± 0.0000 Out 

NS 
0.1 

0.0000 ± 0.0000 In 
Ba 

NS 0.0000 ± 0.0000 Out 

NS 
0.005 

0.0000 ± 0.0000 In 
As 

NS 0.0000 ± 0.0000 Out 

NS 
0.005 

0.0000 ± 0.0000 In 
Ag 

NS 0.0000 ± 0.0000 Out 

NS 
0.006 

0.0000 ± 0.0000 In 
Sb 

NS 0.0000 ± 0.0000 Out 

NS 
0.09 

0.0000 ± 0.0000 In 
Se 

NS 0.0000 ± 0.0000 Out 

NS 
0.002 

0.0000 ± 0.0000 In 
Tl 

NS 0.0000 ± 0.0000 Out 

NS 
- 

0.0000 ± 0.0000 In 
Co 

NS 0.0000 ± 0.0000 Out 

NS 
- 

0.1044 ± 0.0001 In 
Fe 

NS 0.09550 ± 0.0002 Out 

0.0040* 
0.014 

0.0200 ± 0.0006 In 
Cr 

NS 0.0000 ± 0.0000 Out 

NS 
- 

0.0000 ± 0.0000 In 
Ni 

NS 0.0000 ± 0.0000 Out 

<0.0001* 
0.1 

0.5806 ± 0.0003 In 
Zn 

<0.0001* 0.2016 ± 0.0002 Out 

<0.0001* 
0.005 

0.0181 ± 0.0002 In 
Pb 

<0.0001* 0.01494 ± 0.0002 Out 

NS 
- 

0.0000 ± 0.0000 In 
Mn 

NS 0.0000 ± 0.0000 Out 

<0.0001* 
0.001 

0.02477 ± 0.0002 In 
Cd 

<0.0001* 0.01767 ± 0.00015 Out 

NS 
0.1 

0.0000 ± 0.0000 In 
Cu 

NS 0.0000 ± 0.0000 Out 

* P ≤ 0.05; NS = not significant. Values are presented as mean ± SD. “—” indicates that no maximum level for 

that element is specified in the cited dialysis-water standard. 
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Discussion  

Dialysis-water quality is a critical component of 

hemodialysis safety because patients may be 

exposed repeatedly to water through the dialysate. 

ANSI/AAMI/ISO 23500-3:2024 specifies minimum 

chemical and microbiological quality requirements 

and emphasizes ongoing monitoring of dialysis-water 

purity [37]. The present study provides center-

specific baseline data from the main dialysis center 

in Kirkuk and identifies parameters that remained 

elevated after RO treatment. 

 

pH: The pH of the inlet and outlet water was 7.60 ± 

0.0493 and 6.50 ± 0.0950, respectively, and both 

values were within the stated 6.5–8.5 reference 

range. The decrease after RO is compatible with 

changes in dissolved ionic constituents during 

membrane treatment; however, pH alone is not 

sufficient to assess dialysis-water quality and should 

be interpreted together with the chemical results 

[31]. 

 

Total dissolved solids (TDS): TDS decreased from 

688.3 ± 1.528 mg/L before RO to 6.00 ± 0.800 mg/L 

after RO, an approximate 99.1% reduction. This 

result indicates effective reduction of dissolved 

material by the treatment system. TDS is reported 

here as a process-performance indicator rather than 

as a health-based WHO compliance parameter. 

 

Electrical conductivity (EC): EC decreased from 

1459 ± 2.646 µS/cm at the inlet to 13.00 ± 1.00 

µS/cm at the outlet (P < 0.0001), an approximate 

99.1% reduction. Because EC reflects the presence 

of dissolved ionic constituents, the marked reduction 

supports substantial removal of ionic material by the 

RO system and demonstrates the value of EC as a 

routine process-monitoring parameter [38,40]. 

 

Electrolytes: Na remained below the applicable 

maximum level at both sampling points. K decreased 

from 9.439 ± 0.1063 mg/L at the inlet to 4.053 ± 

0.02292 mg/L after RO, crossing from above to 

below the 8.0 mg/L limit. In contrast, Ca and Mg 

remained markedly above their respective limits 

after treatment, despite reductions of 

approximately 54.3% and 43.4%, respectively. This 

incomplete removal may be associated with 

pretreatment performance, membrane condition, 

scaling, or contributions from the 

treatment/distribution system. However, because 

intermediate treatment stages and distribution 

materials were not sampled, the present study 

cannot establish the specific source of the residual 

Ca and Mg [34]. 

 

Heavy metals: Zn, Pb, and Cd were reduced after RO 

but remained above their applicable maximum levels. 

The approximate reductions were 65.3% for Zn, 

17.5% for Pb, and 28.7% for Cd. Cr was detected 

above its stated limit at the inlet and was not 

detected after RO at the reported analytical level. 

Fe showed only a small reduction, from 0.1044 ± 

0.0001 to 0.09550 ± 0.0002 mg/L. The persistence 

of Zn, Pb, and Cd may reflect incomplete rejection, 

source-water loading, or contributions from 

materials in contact with the water; these 

mechanisms cannot be distinguished from the 

present two-point design. Previous dialysis-water 

studies have likewise emphasized the importance of 

treatment performance and materials in contact 

with the water [1,39,40]. Importantly, this study did 

not measure patient blood concentrations or clinical 

outcomes; therefore, it does not establish a direct 

causal relationship between the measured water 

contaminants and patient health outcomes. 

 

The findings support continued monitoring of both 

RO inlet and outlet water, together with inspection 

of pretreatment, membrane condition, storage 

tanks, pipelines, connectors, and disinfection 

practices. Where persistent non-compliance is 

confirmed, a second RO stage or another polishing 

step may be considered as an engineering option, but 

the effectiveness of such interventions was not 

evaluated in this study. Chemical monitoring should 

also be complemented by microbiological and 

endotoxin testing because chemical measurements 

alone cannot establish microbiological safety 

[37,40,41]. 
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CONCLUSION 

The RO system substantially reduced several 

physicochemical parameters and measured trace 

elements, but the treated water remained above the 

applicable ANSI/AAMI/ISO limits for Ca, Mg, Zn, 

Pb, and Cd. K decreased from above the applicable 

limit at the inlet to below the limit after RO. Cr 

exceeded its stated limit at the inlet but was not 

detected after RO at the reported analytical level, 

while Fe remained detectable at both sampling 

points. The findings indicate incomplete chemical 

compliance after RO and support routine monitoring, 

preventive maintenance, and systematic evaluation 

of pretreatment, membrane performance, storage, 

and distribution components. Because the study did 

not test corrective interventions, recommendations 

for a second RO stage or additional polishing should 

be regarded as options for engineering evaluation 

rather than demonstrated solutions. Future studies 

should use a clearly defined number of independent 

sampling rounds, include different seasons, 

document RO operating parameters, and incorporate 

microbiological and endotoxin testing. 
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