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networks was presented in [5]. The results show that the back
propagation neural network can be used to solve the waste
Abstract— Water pollution is the main problem that effects orwater problems of the nonlinear systems.
the community in Thailand. The Pollution Control Department in The water quality problems have widely studied in many
Thailand has indexed the water quality using eight parameters. In tBi§untries. Wai Cheung IP and Heung Wong [6] applied new

paper, the main propose is to reduce eight parameters of water qu . : . .
index(WQI) to four parameters which are dissolved oxygen (DO, fmula to evaluate water quality of Hang Jiang river, China.

total solid (TS), biological oxygen demand (BOD), and suspended!®Y focused on Wuhan segment during years 1992 to 1998.
solid (SS). The factor analysis, correlation analysis and fourier serieBis method provides finer grading of the water quality.
are used to simulate the data. The data obtained from Tha Chin rif¢ohaned Fahim Hassan [7] studied the water quality control in
during 2002 - 2007 is used in this model. The genetic algorithm igreams with time delays and system constraints. The parallel
applied to find the weight of each parameter. The resuit shows tﬁ“bcessing was used to save the execution time. The results
the modified WQI using four parameters provides the same resujt . . .

obtained from the model using eight parameters. show that this technique can solve the water quality control

problems.

The physical model and water quality model were coupled
together for the simulation of the Satilla river estuary, Georgia
[8]. The impact of physical, chemical and biogeochemical

|. INTRODUCTION processes were investigated in this work. Stefano Marsili-
ATER is one of the most important things for human.ibelli and Elisabetta Giusti [9] proposed the water quality
life, animal, plants, and microbe. Water is also th&odel for small river basins. The model in a small river is
main factor for the development of the country. Nowadayeften considered from economic viewpoint. Moreover, there
every country has to deal with the water pollution problenare many researchers have used the mathematical modelling
The polluted water come from many sources such as wat@estudy the water quality problems [10], [11], [12], [13].
water from household, industry, agriculture, and businessesThe water quality of the Landzu River was studied in
The impact of the water pollution can harm wildlife, fishNigeria [14]. The results show that the Water Quality Index
human life and whole ecosystems [1], [2]. (WQI) was lower than drinking water standard. The water

Many researchers in the world have tried to treat arfguality index is the useful tool for water quality management.
improve the water quality. Some researchers do in the expdfi-India, the water quality index was used to measure the
ments but some use the simulation. The mathematical modeuglity of the Ravi River [15]. A modified water quality index
are used to simulate the problems. lordache et al. [3] use@s proposed based on several parameters to compute WQI
computer simulation to improve the municipal waste watéy monthly data during three years. It was found that the
treatment system in Romania. The new solution for watgtain factor that effect the WQI in Ravi River is the dissolved
treatment process was proposed in this work. The new methaxygen. Moreover, the software was developed to analyze the
used to treat the waste water in the sewage system was &luglity of water in Ramganga River, India using WQI[16]. The
proposed in [4]. The mathematical modeling and numericd/Q! applied eight parameters which are pH, total hardness,
simulation were presented in this paper. The results show tB&®D, total alkalinity, dissolved oxygen, total solids, total
the aerobic and anaerobic areas should have alternate arcgigpended solids and chloride. It was found that water quality
60 meter. The nonlinear continuous-time model of the wagdéthe upstream is better than downstream. Furthermore, there
water biodegradation process identification based on neuag¢ many other researches have been studied based on WQI

in order to measure the quality of water [17], [18], [19], [20],
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TABLE |

are also effect to the quality of water.
FACTOR LOADING VALUES USED TO GROUP THE VARIABLES

In general, nine parameters are used to compute the WQI
which are pH, dissolved oxygen (DO), total solid (TS), fe-

cal coliform bacteria (FCB), nitride, total phosphorus (TP), component
. : ) I 2 3 4

suspended solids (SS), temperature and biological oxygen

demand(BOD). However, the temperature of water and air in - NO; (mg/1) 0.985 0.015 0.043  0.024
Thailand has a small change. Therefore, the Pollution Control ggén"(bg/l)/l) 8-??2 8-231 '8-??8 8-85‘3‘
Departm_ent of Thalland_ applies or_1|y eight parameters to |nd_ex TS (mg/1) -0.065 0875 0001 -0125
the quality of water. This paper aims to compute the WQI in  pH 0.220 0.082 0.903 -0.144
order to identify the water quality standard. The mathematical DO (mg/i) -0.313 0.112 0.798  0.273

SS (mg/1) -0.083  -0.362  -0.084 0.841

model is used to reduce parameters of the WQI. The factor g (MPN/100ml)  -0.214 -0.434 0227 0675

analysis technique and fourier series are applied to reduce
parameters. Genetic algorithm is used to compute the weight
of each parameter of the index that most fit to the real data.

This paper aims to construct a completed mathematicalstelo 2 : Analyze the factors using principal component

model to predict the WQI. The rest of the paper is organiz%q]awsis (PCA) method. In this step, we will get the factor
as follows. Section 2 describes the materials and methogg;ging @)

factor analysis, correlation analysis, fourier series, and geneti
algorithm. The results are also presented in this secti
Finally, Section 3 describes the conclusions.

Cstep 3 : Consider the absolute value of the factor loading
cf'};j). If a variable has the factor loading value close to one
then this variable is set to that factor. If a variable has the
factor loading value in between 0.4-0.6 then the factor rotation
1. MATERIALS AND METHODS technique will be used. The orthogonal rotation using Varimax
In this section, the factor analysis is applied to redudgsethod is applied in this work.
the number of parameters from eight to four. The selectedstep 4 : Consider the value df; obtained from step 2-3,
parameters are analyzed based on the real data set colles®atral factors will be formed. These factors will be used in
from Tha Chin river between 2002 and 2007. Three seasarext Section.

are considered, which are The Tha Chin river data set used in this study is collected

from 2002 to 2007. The factor loadings computed from this
1. Summer, start from mid-February to mid-May. data set are shown in Table I. From Table I, we can organize
2. Rainy, start from mid-May to mid-October. variables into four groups :

3. Winter, start from mid-October to mid-February.
Group 1 :NO;z and TP

The season information described above refers to Thaigroup 2 : DO and pH
Meteorological Department in 2007. Group 3 : TS and BOD
In order to compute the WQI, the mathematical model is Group 4 : FCB and SS.
developed based on the genetic algorithm. The final formulas
are used to compute the WQI and compared with the valulﬁs

X . the next step, the representation of each group is
computed by the Pollution Control Department of Thailand b P group

selected based on the value of coefficients of decisiof.(
This value shows the relation between water quality index
A. Factor Analysis and each parameter. The parameter that has the strongest

This technique is used to group the variables. The variablreeslfmon will be selected.

that have strong relations will be grouped together in the same
factor. Their relations can be positive or negative. However, _ _
all variables in the same factor will have the same directidh Correlation Analysis

(positive or negative). There are weak or no relations betweenThe degree of relationship between two variables can be
variables in different factors. The computation steps are Sho‘%‘mpute by using the correlation analysis method. In this

below. ) _ _work, the coefficients of decisionkf) are computed based
step 1 : Apply the KMO (Kaiser-Meger-Olkin) equationy, 55) The parameter that has the maximum valueRaf

shown below to compute the degree of relations amogg he selected in each group. The results are shown in Table

parameters. Il. Therefore, the representation of group 1 is TP, which has
2 R? 46.6 %. DO is the representation of group 2, which has
KMO = . (1) R?29.8%. BOD is the representation of group 3, which has

2 ' ~ ;
217 + 2 (partial correlation)? R? 2.8% and group 4 belongs to SS, which h&3 14.3%.

where 0 <= KMO <= 1 andr; is the coefficient of = There are several techniques used to forecast coefficients of
correlation. If KMO is greater than 0.5 then the factor analysthe parameters in the model. One of those techniques is fourier
technique can be used. series which will be used in this paper.
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TABLE Il
THE VALUE OF R? OF EACH PARAMETER

ParameterGroups TP (1) NO; (1) DO(@2) pH(@2 BOD(@3) TS(3) FCB(4) SS@)

R? 0.466 0.413 0.298 0.185 0.028 0.019 0.005 0.143
% 46.6 41.3 29.8 18.5 2.8 1.9 0.5 14.3
TABLE IV

C. Fourier Series

The fourier series are the series which are applied in many
applications. In this research, we use this series to predict the

: THE R2 AND RMSEOF DO, BOD, TP,AND SS.

trend of the data. The fourier series equation is shown below. DO  BOD TP 35S
(o)
_ R? 09491 09542 0.9891  0.999998
f(@) = ag+ Y aisin(wz) + bicos(wz), 2 RMSE 02725 0.3508 0.07649  0.0659

=1
where ag, a1, as, ..., b1, ba, b3, ... are the coefficients com-
puted by non-linear least squares method. In this work, we set
i =1,..,6 to equation2. and let = 1,2, 3, ... which is the
index that represents the season of each year i.e. 1 represents
the winter of year 2002—-2003, 2 represents the summer of
year 2003, 3 represents the rainy year 2003,... consequenty

TABLE V
: THE PREDICTED VALUES OFDO, BOD, TPAND SSSINCE RAINY
SEASON YEAR2007UNTIL WINTER YEAR 2010.

Equation 2 can be reduced to DO(mg/l) BOD(mg/l) TP(mg/l) SS(mg/l)
6 Jan.07-Sep07  2.171241 2.982873 0.166228 68.57532
f(z) =aog+ Z a;sin(wzx) + bicos(wz). (3) Oct.07-Jan.08  1.135449 0.833389 0.257767 13.7175
= Feb.08-May.08  1.734325 2.578293 0.082124 19.87823
o Jun.08-Sep.09 2.13859 2.936531 0.646132 16.7814
From the real data of the Tha Chin river between 2002—0ct.09-Jan.10 1.62073 0.915038 1.229692 48.44357
; ; eb.10-May.10  2.555251 2.242338 0.428152 21.0307
2007, the Pollution Contrp! Department.of Thailand anglyzeqiun'lo_Sepllo > 610974 5145068 0173967 3981221
and Computed the coefficient of equatlon 3 as explalned INOct. 10-Jan.11 2. 664743 3.83332 0.377013 33.81221

table 1. After fourier series are applie®? and RMSE are
calculated and shown in Table IV. The relation level between

the calculated values and the real values is very high as

described in Figure 1-4. From all the above information, w&e will apply these four parameters to calculate the WQI in
can conclude that the predicted values of four parametersthe next step.

accurate and correct as described in table 11l

TABLE Il D. Water Quality Index, WQI

PARAMETERS USED IN THE FOURIER SERIES . . . .
In Thailand, the WQI is set as a standard index. It is set by

the Department of Environmental Quality Promotion (DEQP),
Ministry of Natural Resources and Environment. The criteria

DO BOD TP SS . - . )
used to classify the index are described in Table VI. Table

ap 2207 211 0.3637  43.83 VII shows the taking advantage of water resources in each
ar 005041  0.05985 -0.1749  -11.64 category. The WQI scores computed from the data using eight
az 01134  -0.4699  0.1403  -25.01 . .
as 01525  -0.4331 -0.01149  20.46 parameters are transformed to values in between 0-100 using
ay -0.09492  1.064  -0.07036 3.121 the formulas shown in table VIII. The equation that is used to
a5 0.05234 -0.4552  0.0961  -23.54 i
o 00 00 00 Ay calculate the score is shown below
b1 -0.4723 0.06906 0.06241  -31.20 . -
b, 01806 1398 01766  13.57 wQI = \/(pH)(DO)(TS)(FCB)(NO3 J(T'P)(SS)(BOD).
by 01403  -1528  0.1742 1579 (4)
by 008196 -0.6309 -0.1341  -15.49 : : :
bs  -0.3059 1218 01097 4571 In this paper, the WQI is calculated_usmg o_nly four param-
be 0 0 0 15.2 eters selected using the factor analysis technique described in
w 0484 09087 04737  1.939 previous sections. The model is created using the equation

shown below.

The RMSEs shown in Table IV are low. This means that
the predicted values are very close to the real data. Thereforep W QI = wo + w1 DO + ws BOD + w3T P + wySS, (5)
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Fig. 1. The DO values calculated from the proposed model compare to the real data.
4.00
3.50 *
.00 —
_ 2.50 ¢ .
2200 — i s , 0@ ¥ P
150 @ - 5
1.00 *
0.50 + DATA
0.00 ; : ; : ; ; : : : ; : ; : i ¥ Forecase
= & P = = = = e =
= =
£ 22 : 22 E 25 E 25 2 g
g & 2 € 4 2 T v £ B £ =2 B
e : = = = a : = = = axy =
g £ £ 3 5 2 & 5 2 38 5 & 3 3
= = : = : = =
Seasons

Fig. 2. The BOD values calculated from the proposed model compare to the real data.

TABLE VII
THE TAKING ADVANTAGE OF WATER RESOURCES IN EACH CATEGORYSOURCE THE DEPARTMENT OFENVIRONMENT QUALITY, PROMOTION,
MINISTRY OF NATURAL RESOURCES ANDENVIRONMENT, THAILAND ).

Type of water quality  Detail

Water can be used to propagate the basic nature of life and conservation of aquatic ecosystems.

Water can be used to conserve the fishery, swimming and water sports. The consumer must be sterile.

Water can be used for agriculture. The consumer must be sterile and generally improve water quality through the process before.
Water for industrial use. The consumer must be sterile and generally improve water quality through the process before.

Water can be used for transportation.

O wWN R
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Fig. 4. The TP values calculated from the proposed model compare to the real data.

where wg, wy, wa, w3, wy are the weight of the parameters.
These weights are computed using the genetic algorithm
explained in the next section.

TABLE VI
THE CRITERIA USED TO MEASURE THE QUALITY OF WATER COMPARED TO
THE SCORE OF THEWQI.
E. Genetic Algorithm

The genetic algorithm method can be divided into five parts.
1. Finding the pattern of chromosome that shows genetic

WQI value  Water quality Type of water quality

85-100 Excellent 1 representation. The pattern of chromosome in this work is the
70-84 Very good 2 weight values.

50-69 Good 3 2 Initial ti lati in thi it i

20-49 Bad 2 . Initial generation or population, in this case, it is param-
0-19 Very bad 5 eters of the WQI.

3. Evaluation of fitness function, in this case, it is the group
of weight values that provide the lowest RMSE.
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TABLE VI
FORMULA USED TO CALCULATE THE SCORE OF EACH PARAMETER

Parameters Condition Formula
pH <=16 2
1.6-7.1 —0.089pH?3 + 3.0018pH? — 3.533pH + 0.2901
7.1-12.45 —0.2286pH* — 10.45pH3 — 174.05pH? + 1231.6pH — 3038.7
> 12.45 2
DO(mg/l) < 0.105 2
0.105-4.15 0.2677DO? — 1.4538DO? 4 14.496 DO + 0.5
4.15-7.69 —0.3171D0O3 + 3.7511D02 + 2.915DO
7.69-13.8 0.1506 D03 — 4.7806 D02 + 40.856 DO
> 13.8 2
TS(mg/l) 0-120 —0.00147°S? 4 0.1863T'S + 80
120-500 —0.000017°S2 — 0.1338T'S + 97.5
> 500 20
FCB(MPN/100ml) 0-1200 2-107°FCB? — 0.0563FCB + 100
1200-12000 2.10""FCB? — 0.005FCB + 66.417
12000-100000 —4-10""FCB3 +9-10"°FCB? — 0.0008FCB + 43.367
> 100000 2
TP(mg/l) 0-1.48 100 - e=2:5TPF
> 1.48 2
NOj (mg/l) 0-23 100 - ¢~ 016N
> 23 2
SS(mg/l) 0-4 100
4-75 0.00435S52 — 1.16875S + 105.03
75-230 0.00075S52 — 0.46475S + 72.208
>= 230 2
BOD(mg/l) 0-27.1 —0.0069BOD? + 0.4766 BOD? — 11.464BOD + 100
> 27.1 2

4. Generation Operation for the next generation, which at@ find the weight of each parameter in the WQIs. The results
selection, crossover, and mutation. show that modified WQI can be used to check the quality of
5. Define parameter values used to find the genetic resultater in Thailand. Moreover, the water quality of Tha Chin

Figure 5 shows the best fitness function and the mean fitneiser is found to be in a good level. However, the water quality
function of each chromosome. The weight values computaded to be improved continually.
using the genetic algorithm are, = 3.571, w; = 0.585,
wo = 0.273, w3 = 0.108 andw, = 0.171. Acknowledgements: This research project is supported by
Table IX shows the WQI collected between October 20daentre of Excellence in Mathematics, CHE, Thailand. The au-
and May 2007 from the Tha Chin River compared to thigors would like to thank Water Quality Management Bureau,
computed mWQI from the algorithm. Figure 6 shows thBollution Control Department for the data.
percentage of the error between WQI and mWQI. The results
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Fig. 5. The fitness values of the genetic algorithm.
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Fig. 6. The percentage error between WQI and mWQl.
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