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ABSTRACT 
 

Disturbance of trace elements metabolism is one of the many complications observed in patients with renal 
failure. Hemodialysis is the most common method used to treat advanced and permanent renal failure. 
Hemodialysis patients are exposed to large volumes of water in the form of dialysate. Contaminants from the 
dialysate may cross the dialyzer membrane into the blood and have the potential to compromise the adequacy of 
dialysis. Several chemicals found commonly in drinking water have long been known to be toxic to 
hemodialysis patients. Minimum levels of water and dialysate quality have been recommended to protect 
patients from chemical contaminants. This study aims to evaluate possible relationship between levels of some 
trace element (aluminum, copper, iron, and zinc) in tap and reverse osmosis treated dialysis water and their 
levels in the sera of hemodialyzed patients to evaluate the toxic effects of these trace elements and its 
responsibility as a part of trace metal-related problems in dialysis patients. 
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Introduction 
 

Drinking water contains chemical, microbiological, and other contaminants. A healthy adult drinks about 
10-12 liters of water per week, this water goes across a selective barrier of the gastrointestinal tract, and excess 
chemicals are removed by the healthy kidney. In contrast, with a typical three times a week hemodialysis 
protocol, a dialysis patient is exposed to more than 300 liters of water weekly, the water passes through the 
nonselective dialyzer membrane, and there is no kidney to maintain the normal balance of chemicals. Moreover, 
the highly permeable high-flux membrane used today increases the risk of increased load of contaminants 
passing through the membrane and into the blood. Some common contaminants have been shown to be injurious 
to patients. Thus, the water for dialysis must be purified of these contaminants prior to its use by the 
proportioning system of the dialysis machine to make the final dialysate (Ahmed and Suhail, 2013). It is 
therefore clearly important to know and monitor the chemical and microbiological purity of dialysis water.  

Water treatment systems are one of the most important variables in the dialysis treatment equation. They 
also present one of the greatest hazards to patient outcomes if they are not functioning properly. Therefore, it is 
essential to understand the key aspects surrounding water treatment in the dialysis unit including common 
problems, procedures a dialysis clinic can implement to treat its water better, government regulations, current 
technologies in treating water and future trends in water treatment (CKD, 2010). 

 
 

Fig. 1: Dialysis water treatment system schematics 
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Reverse osmosis (RO) is based on a tangential flow filtration process in which water is pumped by high 
pressure through semipermeable membranes that can reject the majority of contaminants: up to 95–98% of 
dissolved salts, and up to 99% of bacteria, endotoxins and substances with a molecular weight of >200 Da are 
removed by this way (Pontoriero et al., 2003). 

A number of studies have reported that patients of chronic kidney disease (CKD) on HD have disturbed 
levels of trace elements (Mumtaz et al., 1999 and Tetiker et al., 1993). Contamination of the dialysis fluids and 
inability to remove these trace elements by dialysis lead to their accumulation to toxic levels in the body (Zima 
et al., 1998). Although the role of the chemical quality of water used for hemodialysis has been emphasized by 
several authors, few standards have been developed such as Association for the Advancement of Medical 
Instrumentation (AAMI) and European Pharmacopeia (Eph), these standards do not take into account all 
relevant parameters (e.g. Iron, Nickel, Manganese and Silicon) (Vorbeck et al., 1999). 
 
Table 1: Chemical Contaminants of Water and Dialysate With Particular Toxicity in Hemodialysis Patient

Contaminant                       Source                                                     * Principal Toxicities                                  References 
s 

Aluminum                Raw water and municipal water           Anemia, bone disease, encephalopathy syndrome        18,29-31,71-74 
Chloramine                         Municipal water                                                  Anemia                                                           8-12 
Copper                                Dialysis facility                                                   Anemia                                                           14-16 
Fluoride                              Municipal water                                                  Cardiovascular                                                50-52 
Nitrate                                 Raw water                                                           Anemia                                                           21,22 
Sulfate                                Raw water                                                     Nausea, vomiting, acidosis                                      54 
Zinc                                    Dialysis facility                                                   Anemia                                                              17 

*Raw water refers to the water used as a source of drinking water before its treatment by a municipality (Richard and Ward 2005). 
 
Materials and Methods 

 
Sampling: 
 
Water samples: 
 

• Tap water. 
• Water treated by reverse osmosis. 
These samples were used for detection of water quality by physico-chemical and microbiological analyses. 

Chemical contaminants of water samples especially those of particular toxicity in hemodialysis patients 
(Aluminum, Copper, Iron and Zinc) were measured. These analyses were done three times over three months' 
period intervals to avoid temporary changes or any other cause of contamination of the trace elements levels. 

 
Patient's sampling: 
 

sixty persons, whose age ranged from 20 to 70 years were classified into two groups 
Group 1: Thirty patients with chronic renal failure maintained on regular hemodialysis for 2 to 18 years, 

they were dialyzed 3 times weekly each was 4 hours. Water used for hemodialysis was subjected to purification 
and water treatment using reverse osmosis (RO). 

Group 2: Control group included thirty healthy individual with no previous disease, which may interfere 
with the parameters analyzed in this study. Both groups' persons were using tap water as main source of 
drinking water. 

All person's sera were examined for trace elements (aluminum, copper, iron, and zinc) which are common 
in dialysis patients toxicity. 

Ten ml venous blood was taken from the persons of the above groups, placed in plane tube (no anti 
coagulant) left for (15 min) at room temperature, then centrifuged (at 3000 rpm) for (20 min) to get serum, 
which is stored at ( -20 C) unless used immediately. 

 
 Methods 
 
Water samples: 

 
Tap and RO treated water samples were analyzed for total bacterial count, total coliforms and faecal 

coliforms. Total bacterial counts were performed on R2A agar plates and incubated at 28°C for 3 to 7 days. 
Total coliform counts were determined using the membrane filtration method. 100 ml of water sample was 
filtered using 0.45 mm pore size, 47 mm diameter filter membranes. The membranes were incubated on m-
Endo-Les agar at 37°C for 24 h. Faecal coliform counts were performed with m-FC agar plates and also filtered 
using the membrane filtration method. The microbiological tests were done in triplicate. Physical parameters 
(Hydrogen ion concentration (pH value) was measured using pH meter (ORION) model 420A, electrical 
conductivity was measured using EC meter (WTW) Inolab, level 1 and total dissolved solids were determined 
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by evaporating filtered water samples in a weighed dish on a steam bath and then dried in an oven at 103 ºC to a 
constant weight. The weight of the residue is the total dissolved solids. Chemical characteristics were also 
measured {anions that were measured by Ion Chromatography (IC, DX-500 chromatography system) and 
cations and trace elements (Aluminum, Copper, Iron and Zinc) were measured by ICP-OES instrument 
(Inductively Coupled Argon Plasma-Optical Emission Spectroscopy) (Perkin Elmer Optima-3000, USA). Water 
samples analyses were carried out according to the Standard Methods for the Examination of Water and 
Wastewater (APHA, 2005). 

 
Patients samples: 
 

Determination of (Aluminum, Copper, iron and Zinc) Concentration in serum was performed by using 
atomic absorption spectrophotometer shchimadzu AA 670 ( Japan ). 

 
Statistical analysis: 

 
Statistical analysis was performed with the SPSS 16.0 (Statistical Package for Social Sciences). Each result 

was calculated as the mean ± standard deviation of the mean (SD). Evaluation of the statistical significance was 
performed using the student t-test. Values of P < 0.05 were considered to represent statistical significance. 

 
Results: 
 
Water samples results: 

 
Table 2: Physical characteristics of water samples (mean values): 

Parameters Tap water Treated  water *ISO 
pH 7.2 6.9 -- 
**EC 
(μmohs/L) 298 26 -- 

TDS 190 18 -- 
*ISO (2009) : International Organization for Standardization 
**EC: Electrical conductivity.                                               
 *** TDS: Total dissolved solids.  

 
Tap and RO treated water samples were collected from dialysis units showed that physical characteristics of 

water were complying to ISO water quality standards as shown in Table (2). 
Tap water may contain considerable amount of trace metals and in the absence of adequate treatment must 

be considered as the main source of trace metal contamination of the dialysis fluid. The acid rain-induced 
increase the natural concentration of some trace elements in water, particularly aluminum, mercury, manganese, 
zinc, nickel, leads and cadmium during the last decennia, is of particular interest (Suhail, 2005). 
 
Table 3: Chemical analyses of water samples (mean values): 

Parameters Tap water RO (Treated water) ISO 
(mg/L) 

Chemicals with known toxicity for hemodialyzed patients 
Al 0.28 0.19 0.01 
Cu 0.785 0.1 0.1 
Zn 4.6 1.4 0.1 
SO 4 14 10 50 
Cloramine <0.01 <0.01 0.1 
F 0.20 0.1 0.20 
Chemicals normally included in dialysate 
Ca 2 2 2 
Mg 4 3 4 
Na 45 11 70 
K 10 1 8 
Chemicals regulated by ISO 
Fe 0.623 0.392 -- 
Mn 0.161 0.148 -- 
Arsenic <0.005 <0.005 0.005 
Ba <0.005 <0.005 0.1 
Pb <0.005 <0.005 0.005 
Ag <0.005 <0.005 0.005 
Cr 0.010 0.008 0.014 
Se <0.01 <0.02 0.09 
Hg <0.001 <0.001 0.002 
Cd <0.001 <0.001 0.001 
Sb <0.006 <0.006 <0.006 
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Fig. 2: Comparison between mean values of abnormal trace elements in all water samples 

 
In that study, chemical analyses of water samples showed normal trace elements mean concentration levels 

except for Aluminum, copper, iron and Zinc. As seen in table (3) and fig (2) Aluminum, copper, iron and zinc 
mean concentration levels of tap water samples are (0.28, 0.785, 0.623 and 4.6 mg/L) respectively while RO 
treated water samples showed (0.19, 0.1, 0.392 and 1.4 mg/L) respectively.  

 
Microbiological analyses: 

 
Results of the micro-biological analyses of the water samples are presented in table (4).  

 
Table 4: Microbiological examination of water samples: 

 Hetertrophic plate count (cfu/ml) Total  Coliform  
(cfu/100ml) 

Fecal   Coliform 
 (cfu/100ml)  

Tap water 50 0 0 
Treated water 12 0 0 
ISO 13959/2009 < 100 -- -- 

 
Water samples were found to comply with Drinking Water Standards as regards to Total Bacterial Count 

(TBC). 
 
Patient's samples results: 

 

 
Fig. 3: Comparison between all studied patient's groups regarding mean Cu,Zn,Fe,Al 

 
Lab parameters control showed that the mean of aluminum concentration ±SD is (12 ± 4 µg/L), mean of 

copper concentration ±SD is (93 ± 11 µg/L), mean of iron concentration ±SD is (94 ± 14 µg/L) and mean of 
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zinc concentration ±SD is (79 ± 14 µg/L) and group (I) patients show that the  mean of aluminum concentration 
±SD is (52 ± 27 µg/L), mean of copper concentration is (72 ± 24 µg/L), mean of iron concentration is (66 ± 4 
µg/L) and mean of zinc concentration is (53 ± 20 µg/L).  

 
Discussion 

 
Treatment modalities for ESRD patients are dialysis and renal transplant. In hemodialysis, large amount of 

water are used for diluting the concentrates to produce dialysis fluid. The water is produced on site by reverse 
osmosis units. Appropriate chemical and microbiological quality of the water is essential for dialysis patients 
(Nystrand, 2008). There is conflict evidence as to the extent and maintenance of tap water contamination by a 
number of trace elements. Municipal water supplies can contain a variety of contaminants that are toxic to 
hemodialysis patients. These contaminants can arise from the source water used by a municipality, or they may 
be added during treatment of the source water to make it potable. To make water healthier and relatively pure, 
water authorities often add chemicals such as fluoride, aluminum, chlorine, and chloramines. This makes water 
unsafe for HD use, because these chemicals have been known to accumulate in dialysis patients leading to 
significant morbidity and mortality. Trace elements can adequately be removed during water treatment provided 
that to in addition to softening. However carrying out this procedure doesn’t necessarily imply the absence of 
these elements in the final dialysis fluids (Zima et al., 1999 and Tetiker et al., 1993) and deionization the water 
is treated by reverse osmosis (RO). Improper purification process of water and aged reverse osmosis membrane 
may lead to release of some trace elements retained from the previous purification process (D´haese, 1996). 
Chemicals leaching from water pipes have also led to chemical intoxications; thus, pipes made of lead, copper, 
or brass zinc are not suitable for delivering water for dialysis (Suhail, 2005). 

In the present study physical characteristics of both water samples (pH, EC and Total dissolved samples) 
were in compliance with water quality standards as in (Table 2).  

Chemical examination of water samples is according to the ISO water quality standards except for some 
trace elements (Aluminum, copper, iron and Zin).  

The results recorded in our study, showed elevated levels of aluminum in tap and RO treated water (Table 3 
and Fig 2). Mean aluminum level in tap water ± SD was 0.28± 0.02 mg/L and mean aluminum level of treated 
RO water ±SD was 0.19±0.007 mg/L, and the relation show non significant changes between tap water and RO 
water. This reveals ineffective removal of the aluminum by RO. The inadequate removal of aluminum from tap 
water by reverse osmosis, (to the level must be adequate for dialysis procedures, and for the use of tap water as 
the main source of drinking water suggest that tap water is considered the main cause of accumulation of 
aluminum in patient´s serum. This results is in agreement with (D´hase, 1996) who found that some domestic 
tap water contains aluminum in high concentrations either naturally or because the element has been added as a 
flocculent in the purification process. Trace elements can adequately be removed during water treatment, 
provided that in addition to softening and deionization the water is treated by reverse osmosis (RO). However, 
carrying out these procedures does not necessarily imply the absence of these elements in the final dialysis fluid. 
Therefore, regular monitoring of aluminum levels of the water at all steps of the water purification process, of 
dialysis fluids and of serum aluminum remains necessary to detect dialysis centers and patients at risk for 
aluminum overload. 

The present study showed that serum mean aluminum concentration ±SD in the control group was 12±4 
µg/L and 52±7 µg/L in group (I) which is highly significant increased (P<0.001)  in the dialyzed patient group 
compared to the control group (Fig 3). This comes in agreement with the water source could have contributed to 
the elevated levels of serum Al in these dialyzed patients (Fenwick  et al., 2005 and Taylor, 2006).  

In the 1970s there were outbreaks of encephalopathy (dementia) in various dialysis units. Research 
identified the inadequate removal of aluminum from water as being the cause (Alfrey A.C. et al., 1974 and Kerr, 
1980). 

Tap water mean copper level ±SD is 0.785±15 mg/L and RO water copper mean ±SD is 0.1 ±0.025 mg/L as 
we can prove that RO treated water contain copper levels within the permissible range and there is highly 
significant (P<0.001) difference between tap water and RO water, accordingly there is effective copper 
elimination from tap water by RO (Table 3 and Fig 2). This result comes in agreement with (Surian et al., 1998) 
after 2 RO treatment system trace elements ( Al, As, Cd, Cr, Cu, Hg, Pb, Se, Zn) and anions (F-, NO2-, NO3-, 
PO4(3-), SO4(2-) were at acceptable levels according to international standards except for Al, Cr, Zn and SO4(2-

) which are significantly decreased.  
Group I patient showed mean copper level ±SD 72±24 µg/L and the control group showed that the mean 

copper level ±SD is 93±11 µg/L this gives a significant (P<0.05) difference with group I (P<0.01). So, patients 
either dialyzed or predialyzed have decreased serum copper as compared with normal control (Fig 3). This result 
is comparable to this is done by (Zima et al., 1999) who showed an elevated copper concentration in dialyzed 
patients. Possible cause of decreased serum Zn and Cu levels in these patients may be excessive loss of trace 
elements in the dialysate. During efficient water purification process, the ultra – low dialysate level of a number 
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of trace elements may lead to deficiency; serum Cu level is significantly low as compared to the healthy controls 
(Anees  et al., 2011). 

Tap water analysis showed high iron content, the mean iron tap water level ±SD is 0.623±0.17 mg/L and 
mean RO treated water iron level ±SD is 0.392±0.03 mg/L this prove that there is a highly significant difference 
(P<0.001) between tap water and RO treated water iron content even there is no iron range included in the 
dialysis quality standard (Table 3 and Fig 2). This result is in agreement with (Binnie et al., 2002) who state that 
reverse osmosis will generally remove salt, manganese, iron, flouride, lead, and calcium  

Plasma concentration of iron showed group (I) mean ±SD is (66±4) which is highly significant decreased 
levels (P< 0.001) as compared with the control group (Fig 3). (Ismail et al., 1996) revealed that iron present in 
dialysis water doesn’t cause acute symptoms in dialysis patients.  

Tap water analysis showed that the mean zinc level ±SD is 4.6±0.25 mg/L, RO water mean zinc level ±SD 
is 1.4 ±1.03 mg/L. statistical high significant difference (P<0.01) between tap water and RO water is detected 
(Table 3 and Fig 2), this can be explained by the ability of the RO membrane to eliminate zin from tap water to 
reach the permissible level. This result is in agreement with (Dvornik et al., 2006) who states that a third 
possible cause of decreased serum Zn and Cu levels in these patients may be excessive loss of trace elements in 
the dialysate. 

Serum zinc concentration mean value ±SD in group I is (53±20 µg/L) and control group mean±SD is 79±14 
µg/L (Fig 3). These results showed highly significant difference (P<0.001) between group I and control group. 
Significant lower Zn levels in HD patients when compared to healthy controls and Duration of dialysis has 
negative correlation with serum Zn level (Anees et al., 2011). 

Our results are in accordance with previous studies in which they documented significantly lower Zn levels 
in HD patients when compared to healthy controls. (Sen et al., 1991) reported that serum Zn and Cu levels in 
patients maintained on HD had serum Zn levels (60.69 ± 1.21) ug/dl which was significantly lower (p < 0.05) 
than the normal controls (93.2 ± 1.8) ug/dl. (Tetiker et al., 1993) found serum Zn levels (83.6 ± 13.1 ug/dl) in 
HD patients that were significantly lower (p < 0.02) than control (92.9 ± 11.5 ug/dl). However other studies 
have reported different results. (Shouman et al., 2009) studied thirty three paediatric HD patients and there was 
no difference in the level of the Cu in HD patients and control subjects.  

Microbiological examination for tap water and RO treated water samples showed total hetrotrophic 
bacterial count of 50 and 12 cfu/ml respectively which is less than 100 cfu/ml, and comply with ISO water 
quality standards and effective water treatment system (Table 4). From the previous results we can conclude that 
elevated trace elements levels in tap water which are decreased after passage through RO treatment system 
while the decrease doesn’t reach the permissive limits in some elements (Al) while other trace elements were 
acceptable according to international standards. Trace elements in patients are potentially important and strongly 
affected by dialysis water trace elements which can lead to toxicity. 

Therefore, the study recommends the following: 
1. Regular monitoring of trace elements levels of the water at all steps of the water purification process. 
2. Maintenance of Reverse Osmosis (RO) plant must be done on regular basis and quality of the product 

water has to be checked on quarterly basis. 
3. Maintenance programs should be set by the Ministry of Health at regular intervals for water quality. 
4. A sufficient chemical water purification treatment system should consist of ion exchange in addition to 

reverse osmosis.  
5. Serum trace elements must be tested regularly to avoid accumulation or depletion of these elements 

which can cause toxicity. 
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