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ABSTRACT 

Introduction: Aluminium exposure and toxicity are uncommon in humans. However it may occur in 

patients on long term haemodialysis (HD) due to water exposure during treatment. We retrospectively 

assessed the extent of aluminium exposure in our HD and peritoneal dialysis (PD) patients from 2002 

to 2008. Materials and Methods: The study population included 43 HD patients and 77 PD patients 

whose blood samples were collected at four monthly intervals. In addition, HD patients were also inter-

viewed on lifestyle factors (aluminium cookware, diet, aluminium-containing medications and tap water 

consumption) that may impact on serum aluminium levels. Reverse osmosis (RO) water aluminium 

levels were also collected during this timeframe. Results: More patients on HD had readings above the 

accepted range (>0.01mg/L) than peritoneal dialysis (36.9% vs. 23.8%). The mean aluminium values 

for HD and PD patients were 63.35 ± 34.69µg/L and 38.34 ± 17.02µg/L respectively (p<0.05). Use of 

aluminium cookware was identified as a risk factor for high aluminium readings in HD patients. The 

trend of serum aluminium correlated with that of RO water aluminium during the studied period. There 

was no evidence of clinical toxicity in our patients during follow up. Conclusion: The study showed 

that HD patients are at a higher risk of aluminium toxicity compared to PD patients. Treated RO water 

aluminium should be analysed on a regular basis to prevent aluminium toxicity in HD patients. Lifestyle 

factors may have an impact on aluminium levels in patients with renal disease. 

 

 

Keywords: Complications, dialysis, metal toxicity, risk factors 

INTRODUCTION 

Aluminium compounds are distributed ubiqui-

tously and comprise about 8% of the earth’s 
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crust. 1 Aluminum toxicity in humans is un-

common; however it may occur in patients 

with renal insufficiency and those on long 

term dialysis. 2, 3 In the 1970s and 1980s, 

aluminum toxicity was a major cause of mor-

bidity and mortality in dialysis patients be-

cause of the use of aluminium-containing 



phosphate binders and water used in dialy-

sate preparation. This had since decreased 

following improvement in water treatment 

standards and use of non aluminium-based 

phosphate binders. 4 

 

 Aluminum toxicity still occurs in other 

geographical areas of the world where the 

water source has a high aluminium level due 

to the incessant rains and use of alum for 

water purification. Addition of alum to im-

prove water quality can sometimes produce 

aluminum concentration as high as 100 to 

600µg/L (normal less than 10µg/L). 5 Usually, 

despite a daily intake of about 5 to 10mg, 

very little aluminum (less than 1%) is ab-

sorbed. 6 Aluminum is usually readily excret-

ed in people with normal renal function. Pa-

tients with impaired renal function are espe-

cially susceptible as the kidneys are not effi-

cient enough to eliminate excess aluminium. 

This is especially true in patients with end 

stage renal failure who have very little resid-

ual renal function. 7 

 

 Aluminium poisoning may lead to alu-

minium-induced bone disorders, microcytic 

anaemia and neurological dysfunction. 8,  9 

Individuals with normal renal function can be 

also inadvertently exposed to aluminium tox-

icity via use of antacids, antiperspirants and 

aluminium cookware. 10-12 The threshold for 

symptoms can be extremely variable but typ-

ically, patients will developed neurological 

symptoms if serum levels exceed 400µg/L. 13, 

14  The main aims of this retrospective obser-

vational study were to assess the degree of 

aluminum exposure in both our haemodialysis 

(HD) and peritoneal dialysis (PD) patients as 

well as factors that may be associated with 

increased exposure. 

MATERIALS AND METHODS 

Patients: All HD patients from the Suri Seri 

Begawan Hospital (Kuala Belait) and PD pa-

tients from the Rimba Dialysis Centre were 

recruited for the study. Routine aluminium 

blood results for HD and PD patients between 

2002 and 2008 were analysed.  

 

 As part of their routine management, 

all patients have serum aluminium levels 

checked at four monthly intervals. High level 

of water aluminium was defined as >0.01 

mg/L (10µg/L) in accordance with AAMI 

standards. 15  NKF-KDOQI guidelines state the 

base line of the serum aluminium at begin-

ning of dialysis should be less than 20µg/L 

and toxicity can occur at any level above 60 

µg/L. 16  Readings of reverse osmosis (RO) 

water aluminium levels during the study peri-

od were also recorded. 

 

 HD patients were also invited to par-

ticipate in a survey regarding their day to day 

habits to elicit information on factors that 

may contribute to high serum aluminium lev-

els. Questionnaires enquiring about co-

existing medical conditions, tap water usage, 

use of aluminium cookware, food intake and 

supplements intake were distributed in 2008. 

 

 PD patients served as control for 

comparison as they had not been exposed to 

dialysis water with high aluminium content.  

 

 Data were analysed using the Statisti-

cal Package for Social Sciences (SPSS, Ver-

sion 10.0, Chicago Il, USA). Mann-Whitney 

and Chi Square or Fisher’s Exact tests were 

used where appropriate. A p value of less 

than 0.05 was taken as significant. 
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RESULTS 

A total of 43 HD and 77 PD patients were re-

cruited into the study. The patients’ demo-

graphic details and tests performed are sum-

marised in Table 1. HD patients had more 

positive aluminium test results as well as 

higher median level when compared to PD 

patients. 

 

 The distribution of potential factors 

that may contribute to increase in serum alu-

minium levels in HD patients are summarised 

in Table 2. All the patients reported using tap 

water for daily consumption and ingestion of 

Vitamin C and histamine-2 receptor antago-

nists, the two medications which were rou-

tinely prescribed during the study period. 

 

 A   general  downward   trend  in  the 

DISCUSSION 

Our study revealed that HD patients’ serum 

aluminium levels may be linked to RO water 

aluminium levels. This had coincided with the 

time when the RO water supply to the centre 

under study had been affected by the frequent 

use of alum to treat contaminated water 

(during periods of heavy rainfall). HD patients 

are exposed extensively to the contaminants 

in water during dialysis treatment as water 

exposure usually amounts to around 120 L per 

  Haemodialysis (n=43) Peritoneal Dialysis (n=77) 

Renal replacement therapy duration (Months) 39 ± 33 39 ± 33 

Mean age (Years) 50 ± 24 42 ± 16 

Sex (Male : Female) 19 : 24 40 : 37 

Diabetes mellitus 11/43 23/77 

Number of tests 560 134 

Number of  positive test  207 (36.9%) 32 (23.8%) 

Mean value of aluminium levels  63.35 ± 34.69 µg/L 38.34 ± 17.02 µg/L 

Median value of aluminium levels 54.7 µg/L 31.34 µg/L 

Table 1: Comparisons of the demographic between haemodialysis and peritoneal dialysis 

  Risk factors    N (%) 

Diabetes mellitus 11 (25.6) 

Aluminium cookware 25 (58.1) 

Tap water for drinking/cooking 43 (100) 

Vitamin C supplements 43 (100) 

Histamine-2 receptor antagonists 43 (100) 

  High  
serum level 

Normal  
serum level Total 

Diabetes mellitus 

    Yes 

    No 

  

6 

20 

  

5 

12 

  

11 

32 

Al cookware 

   Yes 

   No 

  

19 

2 

  

6 

16 

  

25 

18 
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Table 3: Serum aluminium levels between 

different risk factors.  

Table 2: Distribution of risk factors  

for elevated aluminium levels.  

serum aluminum level for all patients was ob-

served over the study period (Figure 1). The 

mean serum aluminium levels decreased from 

2002 to 2008 (Table 3). RO water aluminium 

levels also revealed a downward trend during 

the study period (Figure 2).  

Aluminium cookware 



             2002           2003          2004           2005          2006           2007          2008 

Serum aluminium level (µg/L)  

Fig. 1: Trend of serum aluminium levels for all 43 HD patients over the seven year period (2002-2008). 

session and 500L per week. Depending on 

the size of the contaminant, transfer across 

the membrane can occur resulting in toxicity.  

 

 This is particularly important in areas 

where there may be unusually high levels of 

contaminants or chemicals that are not rou-

tinely removed by standard water purification 

procedures. The results of this study has 

raised our awareness of the possible link be-

tween high aluminium content in RO water 

and serum levels in patients from the dialysis 

centre. We have since converted to a new 

water treatment system for the dialysis cen-

tre. This has successfully reduced the alumin-

ium content of RO dialysis water and the se-

rum aluminium levels. Single use dialyser 

practice and high flux dialysers were also uti-

lised for patients with persistent high serum 

levels. Additionally, we also instigated the 

practice of discouraging use of high alumini-

um containing substances (aluminium based 

binders), educating patients on avoidance of 

high aluminium-containing food and avoid– 

ance of supplements that can increase alu-

minium absorption (citrus products, vitamin 

C). Fortunately, none of our patients dis-

played any signs or symptoms of aluminium 

toxicity. As well as exposure from RO water, 

we also noted that use of aluminium 

cookware may have contributed to high alu-

minium levels in HD patients. This may be a 

result of aluminium leaching from the 

cookware into food. 12 Since all patients were 

exposed to the risk factors comparisons of 

the impact of these risk factors cannot be 

made. It is likely that our PD patients were 

RANGASAMI et al. Brunei Int Med J. 2012; 8 (4): 176 

300 

Year 

200 

150 

100 

50 

0 

250 

Year Serum aluminium levels (µg/L) 

2002 92.77 ± 52.54 

2003 68.26 ± 29.36 

2004 69.98 ± 25.33 

2005 58.57 ± 23.01 

2006 54.54 ± 36.06 

2007 53.65 ± 28.38 

2008 45.69 ± 15.02 

Table  3: Mean serum aluminium level over 

the seven years. 



exposed to similar amounts of aluminium in 

their daily food and water consumption as 

that for an average person but impaired abil-

ity to excrete aluminium caused by kidney 

dysfunction may have contributed to alumini-

um accumulation in our patients. However, 

there were proportionately higher aluminium 

readings in HD patients (36.9%) than PD pa-

tients (23.8%), which could be explained by 

dialysate water exposure in the former group. 

 

 We acknowledge that there are some 

limitations in this observational study. A con-

trol group of patients without renal impair-

ment and who would have been exposed to a 

similar environment (e.g. drinking water) 

would have been desirable. This would have 

enabled us to assess whether aluminium ex-

posure is predominantly related to impaired 

clearance from the kidneys or whether other 

external factors have contributed to the high 

aluminium levels. We would also have pre-

ferred to include all PD patients in the lifestyle 

survey to ascertain the impact of the dis-

cussed risk factors on this group of patients. 

 

 In conclusion, our study showed that 

aluminium exposure is still present and is 

higher in HD than PD patients. We hope our 

study has raised awareness of aluminium ex– 

posure in dialysis patients. Whilst exposure to 

aluminium contaminated dialysate is an obvi-

ous cause, patients with kidney failure are 

also prone to aluminium accumulation from 

other sources. Based on our observations, 

alterations of HD practice and provision of 

specific dietary and lifestyle advice can help to 

reduce serum aluminium levels. When using 

RO water, the aluminum level should be ana-

lysed on a regular basis to prevent accumula-

tion of aluminium in HD patients. 
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Fig. 2: Trend in the levels of  

aluminum in the reverse osmosis 

water used for dialysis over the 

study period (2002 to 2008) 
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It was not just all work for the Brunei Healthcare staff but they also had time for some social events. 

Group picture of the healthcare staff involved in a friendly badminton tournament between Brunei 

General Hospital and Kuala Belait Hospital held on the 12th October 1953. Included in the picture is 

Hj Ahmed Yunos Bin Hassan, a dresser (second from the right in white top).  

(Picture courtesy of Dayangku Dr Siti Nur’Ashikin Bte Pengiran Tengah). 


