Aluminum in Water Treatment
Background Literature

Aluminum is the third most abundant element in the earth's crust after oxygen and silicon. It occurs in nature in combination with other elements such as oxygen, silicon and fluoride. Traditionally aluminum has been considered as nontoxic to humans. However, in recent years, increased attention is being focussed on possible adverse effects of aluminum on human health.

Human exposure to aluminum is from its natural occurrence in the environment i.e. through food, water and air as well as from aluminum deliberately introduced into the environment by man. Aluminum compounds are used in pharmaceuticals (antacids, analgesics, antiperspirants) in water treatment processes (as coagulant) and as metal in consumer products.

Aluminum is present in virtually all plants. Foods naturally high in aluminum include potatoes, spinach and tea. Processed dairy products, flour and infant formula may be high in aluminum, if they contain aluminum compounds as food additives (WHO, 1998).

Aluminum in natural waters depends on the source. It was observed that ground waters had low aluminum levels as compared to surface waters (Miller et al. 1984). At neutral pH, it may range from 0.01 to 0.05 mg/l, except in turbid waters (WHO, 1998). Higher concentrations can be present in acidic water or in the presence of organic compounds even at neutral pH. 

Aluminum sulphate (Alum) is routinely used as coagulant in water treatment units. There are several reports on the increase of total aluminum concentration in treated water as compared to raw water (Miller et al. 1984, Cech and Montera 2000, Lettermann and Driscoll 1988).

The average intake of aluminum per day by an adult may range from 5-14 mg from all exposure routes (WHO 1998, Health Canada, 1997), which comes primarily from food. Drinking water contribution has been estimated to be ranging from 3 to 8% (WHO 1998, Health Canada 1997). Persons, who regularly ingest aluminum containing antacids and buffered analgesics may be consuming as high as 5 g aluminum per day. Contribution of air for the total aluminum exposure is generally negligible.

Health Risk Associated with Aluminum

Aluminum is historically been considered as nontoxic for healthy individuals. However, there is now enough evidence to show that under certain circumstances, excess aluminum can cause a variety of physiological and biological effects in humans (Alfrey 1983). Aluminum compounds can have inhibitory effect on gastrointestinal muscle contraction, resulting well-recognized complications of constipation in patients consuming oral antacid formulations. Pulmonary disease resulting from the inhalation of aluminum and aluminum oxide powder has been reported as an occupational hazard for people working in aluminum industries. Resulting pulmonary fibrosis leads to restrictive and obstructive airway diseases (Alfrey 1983).

Recent interest in aluminum toxicity is due to its possible role in multiple neurological diseases such as parkinson's disease, amylotrophic lateral scalerosis and Alzheimer disease (AD). In 1970's, many reports were published on a specific form of progressive dimentia (dialysis encephalopathy) characterized by speech and behavioral changes, tremors, convulsions in chronic renal patients, who were on dialysis. This was traced to the presence of aluminum in dialysis fluids. Eliminating aluminum in dialysis fluids eliminated the dimentia. These findings proved the neurotoxicity of aluminum. 

Aluminum has been linked with other forms of dimentia and AD in particular. There are several reports, both for and against the hypothesis, that aluminum plays an active role in AD (WHO 1998, Alfrey 1983, Alzheimer Society 2002). A number of theories have been proposed for the onset of AD, which include genetic factors, abnormal proteins, environmental agents etc. Still complex interactions between aging and genetic predisposition and the series of events ultimately leading to the onset of AD is not known. From the available information, evidence linking aluminum and Alzheimers's disease cannot be made with any certainty.

Although large portion (( 90%) of aluminum intake by humans comes from food, presently there is much concern on the presence of aluminum in drinking water. It is proposed that residual aluminum in drinking water after treatment with alum may be in a bioavailable form (Health Canada 1997). Several epidemiological studies have been carried out to assess whether aluminum in drinking water is a risk factor for AD (WHO 1998). Still no conclusion has been drawn on this issue.

Guidelines and Standards for Aluminum in Drinking Water

International Water Quality Standards / Guidelines are given in Table 1. Guideline value of 0.2 mg/l as 'total aluminum,' proposed by WHO (1998), is based mainly on asethetic considerations, as excess aluminum results in discoloration of water.\

Table 1: Drinking Water Quality Standards for Aluminum

	Organization / Government 
	Guideline Level (mg/L)
	Maximum acceptable concentration (mg/L)

	WHO
	0.2
	-

	EEC
	0.05
	0.2

	Sweden 
	-
	0.1

	Switzerland
	-
	0.5

	USEPA
	0.05
	0.2

	Finland
	-
	0.2

	Denmark
	0.05
	0.2

	Austria
	-
	0.2

	Canada
	
	

	BIS
	0.03
	0.2


In the addendum to the guidelines published in 1998, considering the beneficial effects of aluminum as a coagulant in water treatment as well as health concerns about aluminum, a practical level was derived based on optimization of the coagulation process in drinking water plants using aluminum based coagulants, to minimize aluminum levels in the finished water. Thus 0.1 mg/l (for large treatment facilities) is suggested as the achievable concentration, whereas 0.2 mg/l or less is a practical level for the small facilities.

At a meeting, to plan the revision of guidelines, held by WHO in Berlin in June 2000, it was concluded that the guideline document for aluminum did not need to be revised but that aluminum is a candidate for future review, when new data that are being generated on health based issues, become available (WHO 2000). Canada is considering the recommendation of a guideline for aluminum (presently there is no guideline value for maximum acceptable concentration for aluminum in drinking water) based on the free form i.e. soluble unbound form present, not the "total" aluminum that is currently measured and quoted in the reports (Health Canada 1998).

Aluminum in Drinking Water 

1. Alum treated drinking water

The presence of aluminum in water for domestic supplies is due either to the addition of Al salts as coagulants or is caused by low pH value of either surface or ground water. Aluminum salts are traditionally used in drinking water treatment plants to remove turbidity, color and dissolved substances via coagulation processes. Flocculent particles are collected in settling basin and the treated water is passed through rapid sand filters before distribution. Several studies have shown that a portion of alum added to the water is not removed and remains as residual aluminum in the treated water (Miller et al. 1984, Lettermann and Driscoll 1988, WHO 1998, Cech and Montera 2000). Aluminum salts are hydrolyzed to Al (OH)3 which is practically insoluble in the pH range of 6.5 - 8.5. Solubility is enhanced under acidic (pH ( 6) or alkaline pH (( 8.5) and / or in the presence of complexing ligands.

Generally aluminum is measured as 'total' as the guideline / standards require this value. Aluminum exist in different forms in water (Fig 1) 

Different Forms of Aluminum in Water (Ref: Srinivasan et al., 1999)



Aluminum speciation studies have indicated that raw waters generally had aluminum predominantly in particulate form, whereas in the treated water, it often existed as soluble chemically labile form, which are bioavailable (Srinivasan et al., 1999, WSAA report 1994). A number of approaches have been recommended for minimizing residual aluminum concentrations in treated water. These include the use of proper pH, avoiding excessive alum dosage, good mixing at the point of application of the coagulant, optimum paddle speeds for coagulation and efficient filtration step (WHO 1998, Lettermann and Driscoll 1988). Addition of excess alum dosage can lead to the formation of large weak flocs that are not effectively retained by granular bed filters (Lettermann and Driscoll 1988).

2. Aluminum in treated water after defluoridation with alum 

Alum coagulation is used extensively to remove excess fluoride from drinking water (Nawlake et al. 1975). The process is similar to water treatment, except that much higher doses of alum (( 150 mg alum per mg fluoride removal) are required for the defluoridation (RGNDWM 1993, Solsona 1985). Only few reports are available on the level of residual aluminum in defluoridated waters. Residual aluminum level of 0.25 mg/l was reported in treated water after defluoridation with 250-mg/l alum and 15-mg/l lime (after filtration) in pH range of 6.5 - 7.5. Below and above this pH range, there was steep increase in aluminum levels (Culp and Stolenberg 1958). Around 90% of treated water samples (n=34) collected from pilot project areas of Rajasthan, where Nalgonda technique was used at domestic level, had residual aluminum beyond 0.2 mg/l. Since filtration step is not included in the domestic units, some aluminum could be particulate form (Leela Iyengar, 2001)

3. Aluminum in treated Water after Defluoridation with Activated Alumina

Activated alumina technology is extensively used for defluoridation. Presence of certain ligands and /or low pH can leach small quantities of aluminum into water. Laboratory studies on the fluoride uptake at different pH showed that small amounts of soluble fluoro complexes may be formed at pH below 6 (Hao and Huang 1986). Hence it was suggested that activated alumina sorption for fluoride removal should be operated at pH greater than 6 to prevent leaching. There are few reports on aluminum levels in treated waters after defluoridation with activated alumina. In a municipal water supply, aluminum level was around 0.3 mg/l, when treated water was of potable quality with respect to pH and fluoride (Maier ,1953). A level ( 0.1 mg/l in treated water was reported with activated alumina as defluoridating agent after many cycles of regeneration and reuse (Barbier and Mazounie ,1985). Aluminum level in two 'point of use' home units with fresh activated alumina was reported to be below 0.1 mg/l (Svedberg, 1985). There are few reports on aluminum leaching into treated waters, when indigenously manufactured activated alumina was used for defluoridation. Aluminum level of 0.58 mg/l was reported with unwashed fresh activated alumina Catad 2002 (IPCL, Thane) when defluoridation was carried out in batch operation (Ahemad and Chaudhuri 2001).

Aluminum levels in treated waters (n=40) collected from few villages of Dungarpur district, Rajasthan, where pilot project studies were conducted on domestic defluoridation units, was below 0.2 mg/l in 82% samples. Activated alumina G-87 used in these filter units was procured from IPCL, Thane (Iyengar 2001)

REFRENCES

Alfrey A.C. (1983), Aluminium, Advances in Clinical Chemistry, 23,69 

Ahemad,S.N. and Chaudhari, S.(2001). Innovative method for domestic deflouridation  of water,  Proc. Intenational Workshop on flouride in drinking water.  Held in Bhopal. 

P  220

Barbier, B. and Mazounie, P(1985), Flouride removal methods - Filtration through activated alumina. Recommended technique. Special Subject Bulletin

Cech, I and Montera, J. (2000). Spatial Variation in total aluminium concentrations in drinking Water Supplies. Water Research,  34, 2703

Culp R.L. and Stolenberg h.A. (1958), Flouride reduction at La Crosse, Kan,  J.American water Works Assoc.,  50, 427

Hao, O.J. and Huang, C.P.(1986),Adsorbtion Charateristics of flouride onto Hydrous alumina J.Environmental Engineering Div.(ASCE) 112, 1054

Lettermann, R.D. and Driscoll, C.T.(1988), Survey of residual aluminium in filtered water. J. American Water Works Assoc., 80,154

Leela Iyengar (2001), Report submitted to UNICEF (UNICEF contract no.S&P, 2000/009)

Maier, F.J.(1953), Defluoridation of Municipal water Supplies. J.  American Water Works Assoc., 45,874
Miller, R.G.et.al (1984) ,The occurrence of  aluminum in drinking water  J.of American Water working Assoc,  78, 84

Nawlakhe et.al., (1975) ,Deflouridation of water by Nalgonda Technique. Indian J. Environ. Health, 17, 26

RGNDWM (1993), Prevention and Control of Fluorosis in India. Vol.2. published by Rajiv Gandhi National Drinking Water Mission.

Svedberg, G. (1985), Defluoridation of drinking water in home units. Special Subject Bulletin
Srinivasan, P.T., Viraraghavan, T and Subramanyam, K.S. (1999), Aluminium In drinking Water : An Overview. Water SA, 25, 47

Solsona F (1985), Water defluoridation in the rift valley, Ethopia. A report submitted to UNICEF, Ethopia

WHO (1998),Guidelines for drinking water quqlity second edition. Addendum to Vol.2., Published by World Health Organization, Geneva

WEBSITES

Alzheimer Society (2002) Alzheimer disease and aluminium (www.alzheimer.ca/english/disease/causes.alumi.htm)
Health Canada (1997),. Aluminium in drinking Water WHO (2000) Guidelines for aluminium) www.hc- sc.gc.ca/ehp/ehd/catalogue/general/iyh/alwater.htm 

WHO (2000),Guideline for aluminium

WSSA Report (1994), Bioavailability of aluminium from drinking water: (exposure with  foods and beverages) www.fwr.org/WSAA/wsaa,83 htm

Labile (inorganic) monomeric aluminum -Al (OH)3, Al-F and 


Al (SO4)-2 complexes and aquo aluminum 





Non-labile (organic) Aluminum is associated dissolved organic carbon





Particulate Aluminum








Suspended Aluminum





Soluble Aluminum





Particulate Aluminum





Total Aluminum








48
4

