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Abstract The effects of excess aluminum on water distribution system and human health were mainly attributable to the presences of
some aluminum species in drinking water. A prediction model for the concentrations of aluminum species was developed using three-
layer front feedback artificial neural network method. Results showed that the reaction rates of both inorganic monomeric aluminum and
soluble aluminum varied with reaction time and water quality parameters such as water temperature pH total aluminum fluoride

phosphate and silicate. Their reaction orders were both three. The reaction kinetic parameters of inorganic monomeric aluminum and
soluble aluminum could be predicted effectively applying artificial neural network the correlation coefficients of k and 1/¢,> between
calculated value and predicted value were both greater than 0. 999. Aluminum species prediction results in the drinking water of City M
showed that when the concentration of total aluminum was less than 0. 05 mg- L" the relative prediction error was large for inorganic
monomeric aluminum. When the concentration of total aluminum was above 0.05 mg: L™' the model could predict inorganic
monomeric aluminum and soluble aluminum concentrations effectively  with relative prediction errors of + 15% and = 10%
respectively.
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1

Table 1 Reaction rate constants and initial values of inorganic monomeric aluminum and soluble aluminum at different water qualities

k 1/¢,? k 1/¢,?

/o omg L7V d T e L2/ omg LN d T g L2
pH=6.5 5.86 x 10° 1.93 x10° 5.18 x 10? 2.84 x 10°
pH=7.0 5.28 x10' 3.21 x 102 4.67 x 10" 2.28 x 10°

11 =20C pH=7.5 6.60 x 10° 2.18 x10? 5.55 x10° 8.32 x 10"
¢p =0.227 mg- L' pH=8.0 4.95 x 10° 9.34 x 10" 4.10 x 10° 4.59 x 10"
pH=8.5 -3.25x10° 4.09 x10' 0.00 x10° 3.05 x 10'
pH=9.0 -2.31 x10° 2.96 x 10" 0. 00 x 10° 2.45 x 10"
11 =5C 3.91 x10' 1.69 x 10° 3.47 x 10" 7.87 x 10"
t1 =10°C 3.63 x10* 1.30 x 10° 1.48 x 10! 5.71 x 10"
pH=8.0 11 =15C 1.75 x 10" 1.11 x10? 9.20 x 10° 5.07 x 10"
¢y =0.205 mg- L' 11 =20C 4.95 x 10° 9.34 x 10" 4.10 x 10° 4.59 x 10"
t1 =25°C 4.10 x 10° 7.51 x 10" 3.80 x 10° 3.74 x10'
F~=0.4mg L' 1.68 x10° 5.77 x10? 2.63 x10° 2.11 x10?
11 =20C pH=6.5 ¢;=0.191 mg- L™' F~ = 1.0 mg- L' 1.41 x 102 1.67 x 10? 8.24 x 10! 1.32 x 102
F~=1.5mg L' 5.08 x 10" 9.07 x 10" 3.00 x 10" 7.23 x 10"
F~=0.4mg L' 3.77 x 10" 2.48 x 10° 3.93 x 10" 1.72 x 10°
11 =20C pH=7.0 ¢, =0.191 mg- L' F~ = 1.0 mg- L' 3.66 x 10" 2.51 x10° 3.80 x10' 1. 65 x 102
F~=1.5mg L' 3.76 x 10! 2.03 x10? 3.60 x 10" 1.54 x10°
F"=0.4mg L' 1.01 x 10" 1.95 x10? 6.90 x10° 6.80 x 10"
11 =20C pH=7.5 ¢, =0.216 mg- L™' F~ = 1.0 mg- L' 1.18 x 10" 1.76 x 10* 7.10 x 10° 8.83 x10'
F"=1.5mg L' 1.16 x 10" 1.56 x 10? 7.25 x10° 7.43 x 10"
11 =20°C pH=6.5 ¢; =0.198 mg- L~' PO;~ = 1.5 mg- L' 0.00 x 10° 6.25 x 10* 0. 00 x 10° 1.00 x 10*
11 =20C pH=7.0 ¢; =0.198 mg- L.”!' PO;” = 1.5 mg- L' 8.28 x 10" 4.47 x 10* 7.09 x 10 3.46 x 10*
11 =20°C pH=7.5 ¢; =0.196 mg- L~' PO;~ = 1.2 mg- L' 8.10 x 10° 5.78 x 10" 4.24 x10° 3.63 x10'
11 =20°C pH=8.0 ¢; =0.196 mg- L™' PO]” = 1.2 mg- L~ -9.85x10! 4.21 x10' -6.70 x10 ! 3.64 x10'
Si0, = 5.0 mg- L' 1.82 x10° 1.26 x 10° 1.99 x 10° 9.25 x 10"
Si0, = 10.0 mg- L~ 1.43 x 10° 7.75 x 10" —-1.47 x10° 5.92 x 10"
11 =20°C pH=7.5 ¢; =0.225 mg- L' Si0, = 15.0 mg- L' 8.60 x10 ! 6.79 x 10" 6.75 x10 ! 4.09 x 10"
Si0, = 20.0 mg- L~ 1.90 x 10° 5.51 x10" 3.15x107! 3.54 x10*
Si0, = 25.0 mg- L~ 4.25x107! 5.10 x 10" -9.95x10"! 3.30 x 10!
¢p =0.100 mg- L' 4.33 x10" 9.58 x10? 4.60 x 10" 1.02 x 10?
¢p =0.300 mg- L7! 9.30 x 10° 2.28 x 10° 8.10 x 10° 7.42 x 10"
11 =20C pH=7.5 ¢p =0.500 mg: L' 1.45 x 10" 1.01 x 10? 1.41 x 10" 2.56 x10'
¢p =1.000 mg- L7 2.19 x 10" 5.37 x 10" 8.30 x 10° 1.18 x 10"
¢p =2.000 mg- L' 1.86 x 10" 4.17 x 10" 3.40 x 10° 2.30 x 10°
3 M <0.05 mg- L'
4 > 0.05
mg- L~
1d
+15% +10%
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2
Table 2 Bias values and weight coefficients of the artificial neural network
-5.2111 -1.0622 0.6788 -10.8914 1.1294 0.5177 0.1348
0.3879 —-0.3423 3.5124 -0.0408 4.6941 0.7169 2.2604
-0.0172 -0.5228 2.0889 -2.1454 0.4754 -0.0768 -0.0264
-1.3328 0.1829 -0.9298 -0.0915 -0.0434 0.0021 -1.4220
-2.7353 - 1.0406 0.9335 0.5506 1.1882 -0.2683 0.4040
-3.4417 -1.0504 -3.1565 0.2830 -0.8171 0.8847 -0.0501
-0. 6847 0.0182 -0.3226 -2.1476 0.4650 -0.6096 -1.7449
7.3580 1.0507 2.0884 -1.0707 -1.9994 -1.1276 -1.689%4
2.2779 0.1387 1.7469 0.0790 0.6107 —-0.4064 0.0639
0.4582 0.2966 -2.8578 3.2129 -4.2058 0.4030 -2.1162
-0.8520 -0.0044 -0.2934 -1.3895 0.2118 -1.1833 -1.4713
3.7756 0.7989 -1.0371 -0.7249 -1.3906 0.3013 -0.2782
-0. 6805 0. 3886 —3.4640 -0.1086 1. 1496 -1.0269 2.3057
1~6 -1.1765 -0.4268 -0.5569 0.2711 2.1738 0.2808 1.7336
-1.9922 4.0161 1.9164 -1.9675 -3.9713 -3.3321 2.8782
1. 6421 2.5675 -0.2641 -0.7644 -2.4158 -2.3293 -2.2310
0. 8702 1. 6502 2. 8096 -3.4849 -1.049%4 -1.4001
7~12 -2.2227 2.4131 1.7138 -0.6601 2.2086 0. 1089
1. 1878 1.9891 -0.3103 1.9011 0.9392 0.9112
0. 1793 -0.239%4 -5.8981 -0.3583 1.2067 0.4836
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Fig.2  Fitting curves of k and 1/¢} between experimental value and prediction value of inorganic monomeric aluminum
3 M
Table 3 Water quality parameters and retention time in the drinking water of City M
/d /C pH /mg- L7} /mg- L7} /mg- L7 /mg- L7}
1 1. 00 10. 6 6.75 0. 035 2.21 0. 059 —
2 1. 00 11 6.88 0. 059 2.34 0. 109 —
3 1. 00 13.2 6. 89 0.036 2.23 0. 054 —
4 1. 00 12.5 6.95 0. 034 2.26 0. 052 —
5 0.50 10.1 7.25 0.138 2.13 0.24 —
6 0. 62 11.3 7.27 0.093 1.92 0. 209 —
7 0.75 10.5 7.27 0. 094 2. 14 0.227 —
8 0.50 12 7.29 0. 107 11.08 0.533 —
9 0.75 11.5 7.45 0.121 2.15 0.242 —
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