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Abstract

Urban treated wastewater is a useful resource for allocation to various non-potable reuses

because its quantity and quality can be controlled and managed by humans, but it has its
limitations. Improper use of these resources without treatment can lead to environmental and
health risks and, as a result, can cause social dissatisfaction and sometimes economic problems.
This paper examines the risks of limitations associated with the use of treated wastewater.
Qualitative information of 26 wastewater treatment plants in the country was collected to create
a proper database for risk assessment of using treated wastewater for agricultural and industrial
application by taking into account the major factors such as environmental, socio-cultural,
economic, and technical. For risks calculation, multiple risks associated with the use of treated
wastewater were identified by reviewing various available publications and categorizing them
according to the above four risk factors. Hierarchical networks were prepared to calculate the
main and the overall risk. Bayesian networks were used to model risk-based structures.
Bayesian relationships are causal and helpful in expressing the links of the nodes in a
probabilistic way. Research results show that the risk of using treated urban wastewater in
agricultural sector is generally higher than its application in industrial use, and hence it will
make it more suitable and more acceptable for industrial use under current treatment. Bayesian
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risk-based agricultural and industrial structures were suitably modeled according to R?, RMSE,
and MAPE indicators. The average values of the above indicators for the calibration of
Bayesian model using treated wastewater in agricultural and industrial risked-based structure
were 0.993, 0.202 and 0.637; 0.988, 0.980 and 2.731, respectively. From this study it can be
concluded that Bayesian networks have a modeling capability in assessing the risk associated
with the use of treated wastewater in agricultural and industrial sectors. The method presented
in this paper can be used by the wastewater treatment plant managers and end users when
assessing the potential risk of using treated effluent for agricultural and industrial applications.
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4. Distribution of treatment plants nationwide
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Table 1. Maximum, min

imum, average and standard deviation of effluent quality parameters

Parameter Maximum Minimum Average Standard deviation
BODs (mg/L) 345 0.1 46.9 54.5
COD (mg/L) 605 6 87.4 95.1
TSS (mg/L) 544.93 1.8 64.0 88.9
Fecal coli. (MPN/100 ml) 3700 0 211.2 277.9
NO; (mg/L) 188.3 1.1 34.2 38.8
PO, (mg/L) 54 0.45 10.5 11.9
As (ug/L) 15.7 0 1.7 3.0
Hg (ug/L) 9.1 0 1.1 1.7
Pb (ug/L) 60 0 7.9 15.1
Cd (ug/L) 40 0 2.6 6.6
SO, (mg/L) 1050 65.7 309.9 179.7
Total Hardness (g/L) 3.55 0.15 0.5 0.5
Alkalinity (mg/L) 690 141 331.3 1155
SAR 22.3 0.2 3.3 3.0
EC (mmhos/cm) 6.110 0.594 1.8 1.0
Oil (mg/L) 22.5 0 3.2 4.3
Detergent (mg/L) 8.6 0 1.3 11
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Table 2. Summary results of Bayesian networks modelling

Calibration Validation

Structure name S;Ll:ggé:e R2  RMSE M&PE R2  RMSE M&PE
1 0991 0.222 0.701 1.000 0.202 0.702

2 0.990 0.191 0.594 1.000 0.186 0.607

Risk of using treated wastewater in 3 0.992 0.216 0.710 1.000 0.191 0.694
agriculture 4 1.000 0.172 0.508 1.000 0.170 0.530
5 0.990 0.210 0.671 1.000 0.215 0.680

Average 0.993 0.202 0.637 1.000 0.193 0.643

1 0.988 0.963 2.648 0.990 0.885 2.994

2 0.990 0.850 1.451 0.995 0.783 1.000

Risk of using treated wastewater in 3 0.986 1.103 3.560 0.976 1.371 3.715
industry 4 0.988 1.134 3.360 0.993 1.106 3.278
5 0.989 0.852 2.637 0972 1.180 3.011

Average 0.988 0.980 2.731 0.985 1.065 2.800
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