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Problems of Al in drinking waterProblems of Al in drinking water

• Suspected connection with Alzheimer’s disease 
and other neurological disorders.

• MCL < 0.2 mg/L (WHO; EU).

•Water supply problems: increase of turbidity, 
interference with disinfection, deposition on pipe 
walls (decrease in carrying capacity).



ObjectivesObjectives

• To study the Al levels in drinking waters from 
public water supplies considering:

• Geographical distribution

• Al speciation and complexation by inorganic and 
organic ligands.

• Correlated parameters.

• Obtain information to improve the treatment 
process.



The study areaThe study area

• Councils studied: 35

• Waters analysed: 68
• Period: November 1997 – December 2002.

Sampling points Basins



Water compositionWater composition
Site pH NTU Al DOC SO4

2- NO3
- Cl - Ca Mg Na K Silica 

Ponteceso 5.6 0.21 0.162 1.99 4.6 6.1 38.1 1.7 2.7 25.0 0.5 7.4 
Sanxenxo 6.8 0.72 0.049 2.78 7.3 4.6 16.4 2.3 1.1 13.0 1.3 4.1 
Vilalba 6.4 0.34 0.034 2.09 2.4 2.3 7.4 1.7 0.5 3.7 0.3 4.9 
Vilagarcía 6.7 0.22 0.009 1.53 2.2 1.6 11.8 2.7 0.7 7.1 0.3 7.3 
Ames 5.9 0.69 0.051 1.6 3.4 1.6 9.3 3.0 0.8 8.0 0.6 10.5 
Vilanova 5.6 0.89 0.091 1.8 5.4 4.3 11.9 3.9 0.6 13.1 0.7 9.8 
Melide 5.8 0.34 0.070 2.1 1.5 2.3 8.4 2.7 2.9 8.3 0.3 10.9 
Padrón 5.2 0.17 0.040 1.8 10.4 3.4 9.4 3.8 2.1 8.1 0.6 9.4 
Allariz 6.3 0.63 0.030 2.7 2.0 2.5 8.2 2.8 1.0 9.9 1.3 6.9 
San Cibrao 7.0 0.21 0.008 0.50 13.2 1.6 5.9 14.1 4.2 5.8 0.9 2.4 
Muros 6.4 0.05 0.030 0.40 3.9 3.0 10.2 3.5 0.9 9.5 0.5 2.8 
Vilagarcía2 6.8 0.28 0.020 0.30 2.9 1.5 9.7 1.2 0.8 8.9 0.2 5.6 
Baiona 7.5 0.39 0.070 2.10 1.8 1.7 11.4 1.0 0.9 10.7 0.3 2.8 
Burela 6.8 0.44 0.110 4.70 19.5 2.6 15.2 0.7 0.8 18.4 0.8 4.1 
Vilalba2 7.2 0.39 0.090 1.40 2.3 2.0 6.1 1.0 0.3 9.5 0.3 3.0 
Melide2 7.0 0.58 0.050 0.39 1.1 2.7 7.4 2.3 2.6 6.5 0.5 7.5 
Ordes 7.0 0.85 0.030 1.10 3.5 5.5 10.4 2.3 1.2 12.3 0.8 8.1 
Brión 6.8 0.25 0.040 0.70 3.6 3.0 6.4 1.1 0.7 10.6 0.9 3.9 
Gondomar 6.7 0.82 0.084 1.29 1.5 4.3 4.8 1.1 0.8 7.7 0.7 5.1 
Baiona2 6.5 0.80 0.066 2.09 1.7 2.2 11.1 0.8 0.7 7.7 0.4 2.4 
Sanxenxo 7.1 0.60 0.059 1.51 6.3 4.6 16.0 2.5 1.0 10.4 0.9 6.2 
Vilagarcía3 5.8 0.50 0.088 0.49 3.0 2.4 10.0 1.4 0.7 8.8 0.5 5.6 
Padrón2 7.2 1.10 0.098 1.19 11.0 3.4 9.6 4.8 2.5 6.8 0.9 5.8 
Milladoiro 6.9 1.10 0.111 1.32 3.1 2.2 9.2 4.7 1.6 8.7 0.9 6.6 
Muros2 7.4 1.00 0.124 4.6 4.0 4.1 8.2 3.1 0.6 9.6 0.6 2.1 
Bertamiráns 6.7 1.10 0.062 0.59 4.1 3.0 19.0 1.7 0.8 8.7 0.8 5.6 
Allariz2 7.0 0.63 0.076 0.31 2.2 3.6 8.0 2.4 0.7 7.8 1.3 4.5 
Lalín 7.3 0.50 0.016 1.62 5.8 2.6 12.0 2.6 1.2 7.3 0.8 4.3 
Silleda 6.7 0.60 0.033 0.68 1.0 2.8 7.6 2.5 0.6 3.9 0.3 3.4 
Miño 6.9 0.62 0.030 2.41 2.7 2.8 10.6 1.9 0.8 6.9 0.9 4.9 
Coirós 7.0 0.48 0.050 1.75 2.9 4.1 12.8 1.6 0.9 8.2 1.1 5.4 
Tordoia 7.2 0.91 0.030 5.07 3.1 4.1 11.7 5.4 2.0 7.9 0.6 9.0 
Corme 7.0 0.80 0.130 ND 7.9 1.8 58.2 2.9 3.2 29.0 1.6 5.3 
Negreira 7.1 0.59 0.030 ND 2.9 3.7 9.8 2.7 0.8 6.7 0.9 6.4 
Lalín2 6.7 1.00 0.066 2.43 1.7 4.6 17.5 2.2 1.0 7.7 0.8 4.9 

 

Site pH NTU Al DOC SO4
2- NO3

- Cl - Ca Mg Na K Silica 
Bandeira 7.3 0.57 0.124 1.26 1.4 7.4 9.0 1.6 1.2 7.9 0.7 9.8 
Vilagarcía4 7.3 0.75 0.077 1.30 2.0 2.1 11.9 1.6 0.7 7.6 0.4 9.2 
Burela2 5.3 2.61 0.541 5.23 6.6 5.3 16.2 1.4 1.3 11.7 0.8 4.5 
Lourenzá 6.7 1.12 0.034 2.62 6.0 5.2 16.1 15.1 2.0 9.5 0.8 9.2 
Ponteceso2 6.0 0.57 0.650 5.39 3.9 4.1 31.1 1.8 2.1 20.5 0.4 4.7 
Muros3 6.3 0.64 0.160 3.88 6.3 4.0 12.0 2.4 0.7 11.2 0.6 2.1 
Padrón3 6.4 0.83 0.401 7.14 8.8 5.0 11.6 4.2 2.6 9.3 1.0 8.1 
Vilanova 6.8 0.68 0.278 6.71 3.2 6.8 12.8 2.8 1.9 10.7 0.8 12.6 
A Illa 6.7 0.67 0.303 7.13 5.2 3.7 12.8 3.4 0.9 12.6 1.0 8.1 
Ordes2 6.5 1.31 0.350 6.27 5.5 3.8 13.7 4.5 0.7 12.8 1.0 7.1 
Vilalba3 6.7 0.84 0.076 10.15 2.2 1.5 6.4 1.5 0.6 6.5 0.5 3.0 
Melide3 6.7 0.74 0.265 7.41 1.9 4.2 10.6 3.4 3.4 9.4 0.7 9.6 
Miño2 6.1 0.51 0.051 1.94 0.8 4.1 11.6 4.0 0.7 6.3 0.7 5.0 
Baiona3 6.2 0.68 0.586 2.59 0.6 3.5 13.2 0.9 0.7 6.9 0.4 6.1 
Sanxenxo2 6.5 0.60 0.456 2.18 1.5 5.1 14.3 3.0 1.0 9.1 1.0 4.2 
Vilagarcía5 6.7 0.73 0.384 1.95 1.4 4.3 11.6 2.2 0.8 11.6 0.7 6.0 
Ames2 6.6 0.77 0.037 2.21 1.4 4.2 11.5 2.3 0.9 8.3 0.9 6.5 
Milladoiro2 6.5 0.99 0.108 1.84 1.7 4.3 13.8 4.4 1.5 7.9 1.0 5.6 
Allariz3 6.6 0.63 0.042 3.26 0.7 4.8 9.2 2.6 0.9 9.5 1.3 6.5 
San 
Cibrao2 

6.7 0.49 0.017 7.19 4.9 3.7 6.6 10.9 1.6 2.4 1.0 2.2 

Taboadela 7.0 0.81 0.049 3.21 0.7 3.7 9.9 2.3 0.9 9.1 1.4 6.0 
Cerceda 6.3 0.58 0.200 1.99 45.9 3.1 30.4 11.6 5.0 21.6 1.4 6.7 
Toques 6.8 0.82 0.071 2.08 1.1 2.0 9.2 0.7 0.5 11.0 0.6 6.8 
Palas de 
Rei 

6.6 0.52 0.018 2.10 5.9 3.0 8.1 0.6 0.6 10.7 0.7 7.6 

Monterroso 6.8 0.86 0.127 0.49 1.8 1.9 12.5 1.2 0.9 13.1 1.2 8 
Gondomar2 6.8 0.53 0.033 2.78 2.5 2.4 11.3 0.5 0.7 12.2 0.9 6.5 
Vilagarcía6 6.9 0.56 0.082 1.63 7.6 2.7 12.0 1.0 0.7 16.8 1.0 6.3 
Cruces 5.6 0.20 0.327 1.30 1.7 3.9 5.8 0.4 0.5 1.9 0.1 3.0 
Merza 6.0 0.50 0.037 1.30 2.4 8.5 24.5 2.7 1.0 5.4 1.4 3.1 
Carnota 6.8 0.20 0.197 0.40 2.7 4.1 14.6 1.4 0.6 5.4 0.6 2.2 
Lalín3 6.8 0.50 0.024 1.50 6.4 3.3 7.4 1.5 0.7 4.1 0.8 5.0 
Silleda 5.8 0.50 0.113 0.60 0.6 1.9 5.8 0.8 0.5 1.7 0.2 3.5 
Burela 3 6.0 1.00 0.211 1.70 5.8 2.4 19.2 0.8 0.7 5.7 0.8 4.5 
Average 6.6 0.67 0.126 2.44 5.2 3.3 12.9 2.8 1.2 9.2 0.7 5.8 
Max 7.5 2.61 0.650 10.15 45.9 8.5 58.2 15.1 5.0 29.0 1.6 10.9 
Min 5.2 0.05 0.008 ND 0.6 1.5 4.8 0.4 0.3 1.7 0.1 2.1 
Referenced 
values 

6.5 
-7.9 

- 0.022-
0.065 

- 1.9 -
8.4 

0.7-
4.3 

2.8-
12 

0.6-
2.1 

0.3-
5.5 

3.1-
8.5 

0.2 – 
1.0 

1.6-
10.8 

Data in mg/L 



Aluminum concentrationsAluminum concentrations
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19%

15%
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Geographical distributionGeographical distribution

Coast-Galicia

57%
23%

20%

< 0.1
0.1 - 0.2
> 0.2

Mean = 0.154 mg/L

Inner-Galicia

79%

13%
8%

< 0.1
0.1 - 0.2
> 0.2

Mean = 0.075 mg/L



Time dependency of Al levelsTime dependency of Al levels

Trend in Al concentration (Vilagarcía, 1997-
2002)
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Influence of GeologyInfluence of Geology

ACID ROCKS
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Correlated parameters: pH and 
turbidity

Correlated parameters: pH and 
turbidity
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AlTOT (all samples) vs pH + NTU R = 0.4827 (p <0.001)

AlTOT (>0.1) vs pH + NTU R = 0.4835 (p <0.05)

AlTOT (>0.2) vs pH + NTU R = 0.7249 (p <0.001)



Aluminum speciation (WHAM model)Aluminum speciation (WHAM model)

Labile–Al vs pH + DOM R2 = 0.693 (p <0.001)

Aluminum complexed by dissolved organic matter (DOM) calculated using the WHAM model (Tipping, 1994) for selected drinking 

waters. Fractional distribution (as % of non complexed Al) of inorganic Al species and labile-Al concentration are also shown. 

Site AlT
a 

(mg/L) 
pH Al-DOM 

(%) 
Al(OH)2

+ 

(%) 
Al(OH)4

- 

(%) 
Al3+ 

(%) 
AlF2+ 

(%) 
AlF2

+ 

(%) 
AlF3 

(%) 
AlOH2+ 

(%) 
AlSO4

+ 

(%) 
Lab-Al 
(µM)b 

Burela 2 0.541 5.3 75.06 8.13 0.10 13.65 55.25 9.97 0.05 11.96 0.89 1.030 
Ponteceso 2 0.650 6.0 98.04 43.74 23.22 1.54 15.16 6.83 0.09 9.36 0.06 0.036 
Padrón 3 0.401 6.4 98.01 18.69 78.67 0.08 0.79 0.37 0.01 1.38 0.01 0.033 
Vilanova 0.278 6.8 93.61 3.25 96.63 <0.01 0.02 0.01 <0.01 0.09 <0.01 0.075 
A Illa 0.303 6.7 95.02 4.54 95.26 <0.01 0.04 0.02 <0.01 0.15 <0.01 0.066 
Ordes 2 0.350 6.5 51.60 18.72 78.84 0.07 0.71 0.31 <0.01 1.35 0.01 0.028 
Melide 3 0.265 6.7 96.82 6.95 92.61 0.01 0.10 0.04 <0.01 0.29 <0.01 0.045 
Baiona 3 0.586 6.2 68.56 42.67 37.43 0.78 8.44 3.94 0.05 6.69 0.01 0.024 
Sanxenxo 2 0.456 6.5 96.42 24.07 71.20 0.16 1.61 0.73 0.01 2.22 <0.01 0.022 
Vilagarcía 5 0.384 6.7 94.29 11.72 87.11 0.03 0.31 0.14 <0.01 0.68 <0.01 0.028 
Cerceda 0.200 6.3 94.54 28.50 64.52 0.27 2.44 1.03 0.01 3.13 0.09 0.026 
Cruces 0.327 5.6 52.38 6.10 0.20 3.54 51.67 32.50 0.62 5.31 0.07 0.702 
Burela 3 0.211 6.0 89.93 18.84 3.89 1.88 36.50 31.25 0.83 6.72 0.11 0.091 
San Cibrao 0.008 7.0 62.49 4.18 95.62 <0.01 0.04 0.02 <0.01 0.15 <0.01 0.044 
Muros 2 0.124 7.4 81.67 0.42 99.57 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.153 
aTotal reactive Al (waters acidified with concentrated HNO3 at pH ?1. 
bLabi-Al (labile Al): Sum of free-Al, hydroxo, fluoride and sulfate complexes. Critical concentration for labile-Al = 4 µM. 



ConclusionsConclusions

• Undesirable high Al concentrations (above MCL) 
were detected in several drinking waters of Galicia. 

•Probable origin: treatment of slightly acidic waters 
with Al salts.

• Al concentrations can be explained considering 
water pH and turbidity.

• Speciation showed that most Al was DOM-
complexed (less toxic). Labile –Al levels can be 
explained as a function of pH and DOM.



RecommendationsRecommendations

• Control water pH: Neutralization 
stage.

• Improve the filtration step in drinking
water treatment.

• Speciation, based on toxicological 
data, must be considered by 
regulatory agencies (Concentration of 
labile –Al)


