Tishreen University Journal for Research and Scientific Studies - Engineering Sciences Series Vol. (45) No. (1) 2023

A Study to Evaluate the Effect of Some Water Quality Parameters on the
Decay of Free Residual Chlorine in the Drinking Water Supply Network
in Latakia City using Python Regression Models

Dr.Raed Jafar”
Dr.Hytham Jnad**
Dr.Adel Awad***
Mai Alfred Naser****

(Received 3/ 10/ 2022. Accepted 1/2/2023)

O ABSTRACT 0O

This study aimed to evaluate the effect of some water quality parameters on the decay of
free residual chlorine in the drinking water supply network in Latakia , Five sampling
points were selected on the main network that feeds the Latakia city, starting from the
treatment plant (Al-Sin) to Al-Montazah tank (Latakia) , These Samples were collected
once a month , The study has lasted for seven months , from June (2021) to December
(2021) , the measurement interval was determined and free residual chlorine concentration
, temperature and pH were measured at the site while (turbidity - phosphates - nitrates -
dissolved solids - electrical conductivity - sodium chloride) in the laboratory. The Python
language was used to determine the correlation coefficient of the free residual chlorine
with the studied parameters, which the correlation was inversely negative .Two models
were built , Multiple linear regression and multivariate adaptive regression to determine
the percentage of variance in free residual chlorine that is explained by the studied
parameters and to evaluate the accuracy of the models.The variance was (86%) and this
(86%) of the decrease in chlorine was related to the regression equation factors and that
(14%) was due to other factors, the (R-squared) value for the first and second models,
respectively, was (R? = 0.81, R? = 0.86) and (MSE = 0.008, MSE = 0.0046) thus based on
the higher (R? value (R?> = 0.86), the best and most suitable model for the data is
multivariate adaptive regression
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import pandas as pd

import numpy as np

import statistics as st

import matplotlib.pyplot as plt
from sklearn.linear_model import LinearRegression
from sklearn.model_selection import train_test_split
from sklearn.metrics import r2_score
import seaborn as sns

DEFINE (X ANDY)

Time_lInterval=[0,58,105,131,141,0,42,80,94,124,0,28,78,98,108,0,21,65,78,88,0,20,73,84,1
00,0,26,80,100,110,0,23,45,65,83].
Water_Temperature=[21.5,23.3,23.5,25.8,23.7,18.7,21.1,22.3,23.3,22.3,18.7,21.2,23.3,23.7,2
3.5,18.7,21.3,22.3,23.5,21.7,17.5,18.7,21.5,23.5,22.5,16.5,16.7,17.7,18.7,18.3,
10.3,10.5,11.5,13.7,12.7].
pH=[7.78,7.63,7.74,7.71,7.82,7.82,8.07,7.52, 7.94,7.88,7.87,7.83,7.88,7.77, 7.88,7.82,
7.74,7.68,7.71,7.82,8.18,8.15,8.17,8.13,8.16,7.78,7.77,7.76,7.78,7.75,7.75,7.76,7.77,7.78,7.7
5].
Turbidity=[1.17,1.38,1.48,1.58,1.73,1.23,1.37,1.53,1.75,1.87,1.35,1.45,1.55,1.68,1.78,2.53,2.
63,2.73,3.15,3.57,2.78,2.88,3.13,3.25,3.37,3.18,3.35,3.58,3.68,3.
88,3.15,3.33,3.75,4.15,4.53].
Phosphate=[0.137,0.281,0.318,0.435,0.453,0.128,0.277,0.313,0.436,0.487,0.127,0.215,0.317,
0.437,0.457,0.138,0.232,0.318,0.438,0.455,0.145,0.215,0.332,0.434,0.413,0.157,0.261,0.355,
0.456,0.415,0.137,0.265,0.356,0.478,0.417].
Nitrate=[2.511,2.512,3.515,3.518,3.555,2.515,2.517,3.518,3.525,3.556,2.525,2.527,3.528,3.5
35,3.558,2.527,2.528,3.527,3.545,3.575,2.535,2.537,3.537,3.547
,3.577,2.537,2.538,3.543,3.557,3.578,2.555,2.557,3.556,3.558, 3.573].
Total_Dissolved_Solids=[221,231,235,237,253,225,235,237,241,255,227,237,243,245,256,2
35,238,247,248,257,237,243,245,247,258,245,247,253,257,273,251,255,257,263,278].
Conductivity=[441,442,443,445,453,443,444,445,453,455,445,446,447,455,457,447,448,453
,457,458,434,445,447,456,455,433,444,445,455,453,435,445,447,453,455].
Nacl=[0.9,0.9,0.9,0.9,0.9,0.9,0.8,0.7,0.8,0.9,0.9,0.8,0.8,0.8,0.8,0.9,0.9,0.9,0.9,0.9,0.8,0.9,0.9,
0.9,0.9,0.8,0.9,0.9, 0.9,0.9,0.8,0.9,0.9,0.9,0.9].
Free_Residual_Chlorine=[0.44,0.32,0.28,0.14,0.12,0.54,0.36,0.32,0.14,0.12,0.35,0.21,0.17,0.
15,0.14,0.80,0.60,0.48,0.41,0.31,0.63,0.53,0.41,0.36,0.24,0.57,0.47,0.35,0.27,0.23,0.78,0.65,
0.43,0.33,0.25].
dictt={'Time_IntervalTime_Interval,'Water_Temperature':Water_Temperature,'pH":pH, Tur
bidity": Turbidity,'Phosphate":Phosphate, Nitrate':Nitrate, Total _Dissolved Solids":Total _Disso
Ived_Solids,'Conductivity':Conductivity, Nacl:Nacl,'Free_Residual_Chlorine':Free_Residual
_Chlorine}
df=pd.DataFrame(dictt)
df
x=df[[ Time_Interval',/Water_Temperature','pH', Turbidity','Phosphate’,'Nitrate’, Total _Dissol
ved_Solids','Conductivity','Nacl]
y=df['Free_Residual_Chlorine']
df.corr()

- g ptal) cliahll) e istl (Correlation Coefficient) (R) Jlisy) Jalea ad qilis (2) ad) Jglaad) g
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IMPORT LIBRARIES

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from sklearn.linear_model import LinearRegression
from sklearn.model_selection import train_test_split
from sklearn.metrics import r2_score

from sklearn.metrics import mean_squared_error

DEFINE (X ANDY)
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x=[[0,21.5,7.78,1.17,0.137,2.511,221,441,0.9],[58,23.3,7.63,1.38,0.281,2.512,231,442,0.9]
[105,23.5,7.74,1.48,0.318,3.515,235,443,0.9],[131,25.8,7.71,1.58,0.435,3.518,237,445,0.9
1.[141,23.7,7.82,1.73,0.453,3.555,253,453,0.9],[0,18.7,7.82,1.23,0.128,2.515,225,443,0.9],
[42,21.1,8.07,1.37,0.277,2.517,235,444,0.8],[80,22.3,752,1.53,0.313,3.518,237,445,0.7],[9
4,23.3,7.94,1.75,0.436,3.525,241,453,0.8],[124,22.3,7.88,1.87,0.487,3.556,255,455,0.9],[0,
18.7,7.87,1.35,0.127,2.525,227,445,0.9],[28,21.2,7.83,1.45,0.215,2.527,237,446,0.8] [ 78,2
3.3,7.88,1.55,0.317,3.528,243,447,0.8],[98,23.7,7.77,1.68,0.437,3.535,245,455,0.8] [ 108, 2
3.5,7.88,1.78,0.457,3.558,256,457,0.8],[0,18.7,7.82,2.53,0.138,2.527,235,447,0.9],[21,21.3
7.74,2.63,0.232,2.528,238,448,0.9],[65,22.3,7.68,2.73,0.318,3.527,247,453,0.9],[78,23.5,7
.71,3.15,0.438,3.545,248,457,0.9],[88,21.7,7.82,3.57,0.455,3.575,257,458,0.9],[0,17.5,8.18
2.78,0.145,2.535,237,434,0.8],[20,18.7,8.15,2.88,0.215,2.537,243,445,0.9],[73,21.5,8.17,3
113,0.332,3.537,245,447,0.9],[84,23.5,8.13,3.25,0.434,3.547,247,456,0.9],[100,22.5,8.16,3.
37,0.413,3.577,258,455,0.9],[0,16.5,7.78,3.18,0.157,2.537,245,433,0.8] ,[26,16.7,7.77,3.35,
0.261,2.538,247,444,0.9],[80,17.7,7.76,3.58,0.355,3.543,253,445,0.9],[100,18.7,7.78,3.68,
0.456,3.557,257,455,0.9],[110,18.3,7.75,3.88,0.415,3.578,273,453,0.9],[0,10.3,7.75,3.15,0.
137,2.555,251,435,0.8],[23,10.5,7.76,3.33,0.265,2.557,255,445,0.9],[45,11.5,7.77,3.75,0.3
56,3.556,257,447,0.9],[65,13.7,7.78,4.15,0.478,3.558,263,453,0.9],[83,12.7,7.75,4.53,0.41
7,3.573,278,455,0.9]

SPLIT THE DATASET IN TRAINING SET AND TEST SET

X_train, X_test, y train, y_test = train_test_split(x, y, test_size = 0.3, random_state = 42).

TRAIN THE MODEL IN THE TRAINING SET

LR = LinearRegression()

LR fit(x_train,y train)

PREDICT THE TEST RESULTS

COMPUTE THE COEFFICIENTS

print(LR.coef )

COMPUTE THE INTERCEPT

print(LR.intercept )

EVALUTE THE MODEL

score=r2_score(y_test,y prediction)

COMPUTE THE MEAN SQUARED ERROR

mean_sqrd_error=mean_squared_error(y_test,y prediction)

Clpiial) e S lasi¥) g dgal .
( Multivariate Adaptive Regression Splines Model )
g paal) 5gEY) JS (PYthon ) o sisbel Ay ciysiciall aaeia (i) jlasi¥) g isall aand) 4580 (4 )ad) Jsaall sy
| MULTIVARIATE ADAPTIVE REGRESSION SPLINES |

IMPORT LIBRARIES

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

from pyearth import Earth

from sklearn.metrics import r2_score
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from sklearn.metrics import mean_squared_error

x=[[0,21.5,7.78,1.17,0.137,2.511,221,441,0.9] ,[58,23.3,7.63,1.38,0.281,2.512,231,442,0.9]
[105,23.5,7.74,1.48,0.318,3.515,235,443,0.9],[131,25.8,7.71,1.58,0.435,3.518,237,445,0.9
1.[141,23.7,7.82,1.73,0.453,3.555,253,453,0.9],[0,18.7,7.82,1.23,0.128,2.515,225,443,0.9],
[42,21.1,8.07,1.37,0.277,2.517,235,444,0.8],[80,22.3,752,1.53,0.313,3.518,237,445,0.7],[9
4,23.3,7.94,1.75,0.436,3.525,241,453,0.8],[124,22.3,7.88,1.87,0.487,3.556,255,455,0.9],[0,
18.7,7.87,1.35,0.127,2.525,227,445,0.9],[28,21.2,7.83,1.45,0.215,2.527,237,446,0.8] [ 78,2
3.3,7.88,1.55,0.317,3.528,243,447,0.8],[98,23.7,7.77,1.68,0.437,3.535,245,455,0.8],[108,2
3.5,7.88,1.78,0.457,3.558,256,457,0.8],[0,18.7,7.82,2.53,0.138,2.527,235,447,0.9],[21,21.3
7.74,2.63,0.232,2.528,238,448,0.9],[65,22.3,7.68,2.73,0.318,3.527,247,453,0.9],[78,23.5,7
71,3.15,0.438,3.545,248,457,0.9],[88,21.7,7.82,3.57,0.455,3.575,257,458,0.9],[0,17.5,8.18
2.78,0.145,2.535,237,434,0.8],[20,18.7,8.15,2.88,0.215,2.537,243,445,0.9],[73,21.5,8.17,3
113,0.332,3.537,245,447,0.9],[84,23.5,8.13,3.25,0.434,3.547,247,456,0.9],[100,22.5,8.16,3.
37,0.413,3.577,258,455,0.9],[0,16.5,7.78,3.18,0.157,2.537,245,433,0.8] ,[26,16.7,7.77,3.35,
0.261,2.538,247,444,0.9],[80,17.7,7.76,3.58,0.355,3.543,253,445,0.9],[100,18.7,7.78,3.68,
0.456,3.557,257,455,0.9],[110,18.3,7.75,3.88,0.415,3.578,273,453,0.9],[0,10.3,7.75,3.15,0.
137,2.555,251,435,0.8],[23,10.5,7.76,3.33,0.265,2.557,255,445,0.9],[45,11.5,7.77,3.75,0.3
56,3.556,257,447,0.9],[65,13.7,7.78,4.15,0.478,3.558,263,453,0.9],[83,12.7,7.75,4.53,0.41
7,3.573,278,455,0.9]]
y=[0.44,0.32,0.28,0.14,0.12,0.54,0.36,0.32,0.14,0.12,0.35,0.21,0.17,0.15,0.14,0.80,0.60,0.
48,0.41,0.31,0.63,0.53,0.41,0.36,0.24,0.57,0.47,0.35,0.27,0.23,0.78,0.65,0.43,0.33,0.25].

FIT THE MODEL

model=Earth()

COMUTE (Y ) PREDICT

y_pred=model.predict(x)

EVALUTE THE MODEL

r2_score(y,y_pred)

COMPUTE THE MEAN SQUARED ERROR

mean_squared_error(y,y_pred)

SUMMARY OF RESULTS

print(model.summary())

Jlyiial) ammia LA Jaai) gigal 5 dmiall Jadl) JlaaiV) g igall il Aija (5 )l Jgoad) g

Compare the results between the two models
MULTIVARIATE
ADAPTIVE
MULTI LINEAR REGREESION REGRESSION
SPLINES

EVALUTE THE

MODEL 0.8172305779858619 0.8625

(R?)
COMPUTE THE 0.008449989261417289 0.0046
MEAN '
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SQUARED
ERROR
( MSE )

* ( MULTI LINEAR REGREESION) z3sei 3 (R?) 4 of 2aadl bl Jsaall (50
(MULTIVARIATE ADAPTIVE i & ( R?) 4ed ofs ( R? = 0.81, MSE=0.008 )
- ( R? = 0.86, MSE=0.0046 ) .» REGRESSION SPLINES )
sa lilll Aadle <Yy Juadl) Z3sall s (R7=10.86) oY) (R?) dad o sl il
( MULTIVARIATE ADAPTIVE REGRESSION SPLINES)
o (86 9% ) ofs el lpiiall Alaulsy sy iy ) i) & il (e (86 % ) of Laadly
o)) WIS o Bl ogpal Jalse () 253 (14 %) ol JlasdY) Aales Jalgay Tafipe slSH 8 (alassy)
il 3 gl 35S JANT ysitie A (e ki) s oy (R?) Ao

tluagilly clalitiuy)

Glaliiigy)
: hila ) duagtl o3
- Ale Ll ABle A paal) el iallly Aid) el I e el ) ddle -1

. (R=-0.820907 ) s}l dbalill o isiall jall sl Llij¥) Jabeo daf caly =2
.(R=-0.735094 ) iliwsill aa il jall o0 Ll ) Jolae ded caly, =3
.(R=-0.66439 ) il go agiall jall oKl iV Jeles 4o caly  —4
(R=-0.577086 ) aslyeSl A8l po aiall all oKl L5V Jales g caly =5

(R =-0.565092 ) s )lyall 4y pe asiall jall 5K Ll VI Jales Ga caly =6
(R*=0.81) & (MULTILINEAR REGREESION) zis 8 (R®) dad -7

(s (MULTIVARIATE ADAPTIVE REGRESSION SPLINES) z3si (i (R?) 48 -8
.R*=0.86)

tsa clilull Aedle SVl Jeadl) zasadl i (RP=0.86) oY) (R?) dad -9

( MULTIVARIATE ADAPTIVE REGRESSION SPLINES)

Aliad) i) Aal sy oy o 2l il 8 ol e (86 %) o) —10

(Al dalse (N apai (14 %) s Jassy) Alslaa Jalgas Jadipe olSH 3 (alia) e (86 %) ¢f - 11
il gl (oS5 JEAY) Ciliia A (e i) it 2y (R?) ded iyl LIS 12

raluagill

ciall all gl e e Laydl saan 2 lall galials Spidly sl @ sys e -1

oSl 28D e ) Ao B A chal -2
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