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ABSTRACT

This poster will analyze a particular set of water samples randomly collected from locations in Orange County,
Florida. Thirty water samples were collected and had their chlorine level, temperature, and pH recorded. A
linear regression analysis was performed on the data collected with several qualitative and quantitative
variables. Water storage time, temperature, time of day, location, pH, and dissolved oxygen level were
designated as the independent variables collected from each water sample. All data collected was analyzed
through various Statistical Analysis System (SAS®) procedures. A partial residual plot was used for each variable
to determine possible relationships between the chlorine level and the independent variables. Stepwise
selection was used to eliminate possible insignificant predictors. From there, several possible models for the
data were selected. F tests were conducted to determine which of the models appears to be the most useful.
There was an analysis of the residual plot, jackknife residuals, leverage values, Cook’s D, PRESS statistic, and
normal probability plot of the residuals. Possible outliers were investigated and the critical values for flagged
observations were stated along with what problems the flagged values indicate.

METHODS

A Linear Regression model will be performed on the data collected with several qualitative and quantitative
variables. Sample storage time, temperature, time of day, location, pH, and dissolved oxygen level will be the
independent variables collected from each water sample. Water age refers to the amount time between when
the water leaves the treatment plant and reaches its point of extraction. The sample storage time variable will
be counted as the number of hours between water sample collection and chlorine level reading. For this
particular analysis, water age will be ignored and sample storage time will be used instead. The time of day
variable will be recorded as the number of minutes since noon. The location was recorded as the Eastern,
Western, or Northern water treatment plant of Orange County, FL from which the water for sample came from.
Two dummy variables will be created, E and W, to represent when the sample was taken from each of the
treatment plants. Partial residual plots will be used to determine possible relationships between the chlorine
level and the independent variables and stepwise selection to eliminate possible insignificant predictors. From
there, several possible models for the data will be selected. F tests will be conducted to determine which of the
models appears to be the most useful. There will also be an analysis of the residual plot, jackknife residuals,
leverage values, Cook’s D, press statistic, and normal probability plot of the residuals. Possible outliers will be
investigated and the critical values for flagged observations will be stated along with what problems the
flagged values indicate.
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In the interest of obtaining a better understanding of what variables affect the levels of chlorine in the water,
this paper will analyze a particular set of water samples randomly collected from locations in Orange County,
Florida. Thirty water samples will be collected and have their chlorine level, temperature, pH, and dissolved
oxygen level recorded. The chlorine levels will be read by a LaMotte Model DC1100 Colorimeter and will output
the amount of chlorine in parts per million (ppm). This colorimeter will read the total chlorine of the sample,
including both free and combined chlorine levels. In this research the variable of interest is the chlorine level of
the water for Orange County, FL.



The first step is to correctly get the data into SAS. The
first variable read in is Location for the treatment
plant, which the water sample came from. A number
one was used to represent water samples from the
Eastern treatment plant of Orange County, a humber
two was used to represent water samples from the
Western treatment plant of Orange County, and the
number three was used to represent water samples
from the Northern treatment plant of Orange County.
The next variable read in is Time, for the time of day
the sample was collected recorded as the number of
minutes since noon. After that the storage time of the
water sample, Storage, will be read in as the number of
hours between collection and testing of the sample.
The temperature of the water sample at time of
sampling in degrees Celsius, Temp, is read in following
Storage. The pH of the water sample is then read in
with the typical 0-14 scale. The dissolved oxygen, in
percent, of the water sample, DO, is read in after the
pH variable. The last variable read in is the chlorine
level, in ppm, under the variable name Chlor. An if-else
statement is then used to create a dummy variable, E,
for those samples from the Eastern water treatment
plant. Another if-else statement is used to create a
second dummy variable, W, for those samples from the
Western water treatment plant.

To Hydrate or Chlorinate:
A Regression Analysis of the Levels of Chlorine in the Public Water Supply

DATA Chlorine;

INPUT Location Time Storage Temp pH DO Chlor;

if Location=1 then E=1;

else E=0;
if Location=2 then W=1;

else W=0;
DATALINES;
115 022.197.847.50 0.83
3105023.947.9710.13 0.89
21200 23.64 8.02 8.04 0.68
3135028.028.017.630.44
11500 26.42 7.97 6.85 0.67
21650 29.197.96 7.40 0.50
3210017.448.039.42 0.34
2255015.438.108.86 0.09
12401 24.567.99 6.68 0.24
33602 24.888.015.840.37
13003 19.937.916.450.06
30321.207.946.50 0.93
2255423.097.418.680.22
22704 23.047.84 8.800.35
21805 20.807.579.06 0.30
...(More data in here)*
33602422.007.518.46 0.00
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RUN;
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this instance, set equal to each independent variable for which the user wants to include in the model.
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GETTING THE DATA INTO SAS
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FINDING THE BEST MODEL

Through the stepwise selection method, the best model for this particular data will be chosen. Stepwise,
backward, and forward selection will all be used to see if they all select the same model. In order to do so,
PROC STEPWISE will be used. For this to work properly the model must have the dependent variable, Chlor, in

The

model is followed by a forward slash and the options of the type of model selection the user would like. For
this analysis, forward selection, backward elimination, and stepwise selection will be used, which means
forward, backward, and stepwise must be included in the options.

PROC STEPWISE;

MODEL Chlor = Time Storage Temp pH DO E W / forward backward stepwise;

RUN;

Variable Number
Vars In  R-Square

Step Entered
Storage
Time
Temp
W

E

pH

= B . I S . B ]

Variable

1

(s T O i TR =S Y S T %

Number

Partial

0.3743
0.1103
0.0660
0.0483
0.0658
0.0254

Partial

Model
R-Square

Summary of Forward Selection

Cip) F Value
0.3743 | 193482

04846 | 13.3516
0.5506 | 105676

0.5995
0.6653
0.6907

Model

Step Removed | Vars In R-5quare R-Square

1 DO
2 pH

Variable Variable | Number
Step Entered Removed VarsIn

1 Storage
Time
Temp
W

E

| |
2R o Lt [

0.0057
0.0254

Summary of Stepwise Selection

1
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|

Partial Model
R-S5quare R-Square

0.3743 0.3743
0.1103 0.4846
0.0660 0.5506
0.04589 0.5995
0.0658 0.6653

9.0232
6.2559
6.4167

Summary of Backward Elimination

16.75
5.78
3.82
3.05
4.72
1.89

Pr=F
0.0003
0.0233
0.0615
0.0929
0.0400
0.1828

C(p) F Value Pr=F

0.6307 | 6.4167
0.6653  B6.2559

042
1.89

Cip) F Value

19.3482
13.3576
10.5676
9.0232
6.2559

16.75
.78
3.82
3.05
4.72

0.5253
0.1828

Pr=F
0.0003
0.0233
0.0615
0.0929
0.0400

The forward selection chose the model containing the storage
time, time of day, temperature of the sample, both dummy
variables and pH. The variable DO was the only variable dropped
from the complete model. From this table in the output, we can
see the p-values for each one of the selected variables. Each has a
p-value below an alpha of 0.10 except for the pH variable, this is
because the forward selection uses an alpha of 0.50.

This summary is telling the user what variables were eliminated
from the model. Therefore, the model that backward elimination
chose contains time of day, storage time, temperature of the
sample, and both dummy variables.

Through the stepwise selection the model containing the storage
time, time of day, temperature, and location dummy variables
were selected. This is the same model that was chosen by
backward elimination. Stepwise selection compares each
variable’s p-value to an alpha of 0.15, which is why pH and DO
were also eliminated from this model.
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PRESS STATISTIC

PARAMETER ESTIMATES

Below are the parameter estimates of the chosen model.

ANALYZING THE CHOSEN MODEL

PROC REG;
model Chlor = Time Storage Temp E W / partial influence VIF;

In order to see if this model is useful we
must check and analyze the conditions
necessary for this to be true. A global F test

Sum of Residuals i

output out=new cookd=cook rstudent=jack h=lev r=resid; 0 77589

Parameter Estimates Sum of Squared Residuals

will be done to see if the model is deemed gyn: B :

_ . . . ’ arameter | Standard Variance _ _
useful. We will also investigate residual PROC PRINT data= new: Variable DF  Estimate Error tValue Pr=[t| Inflation Predicted Residual 55 (PRESS) 1.20403
plots, jackknife re5|dual§, .Ieverage values, RUN: Intercept| 1 021432 031375 068 0.5011 0
Cook'’s | .D, PRESS StatlSthf and normal PROC UNIVARIATE normal plot; —_— | 000108 | 0 00034548 | 313 | 0.0045 | 1 30872 It s |deal. to have a small PRESS Stat.ISt.IC yalue and in
probability plot of the residuals. Possible _ / this particular case the PRESS statistic is 1.20. The
outliers will be flagged based on these Varresid; otorage | 1| 0.01567] 000530 -269)0.025) 1.37402 PRESS statistic is similar to the R-square value in
findings. We will also look into any problems  RUN; Temp 1 002442 001288  1.90 0.0700 1.07351 respect to saying how well the model explains the
with collinearity between the variables. This PROC CORR; E 1 -0.18007  0.08291  -217 0.0400 141762 observed variability.
will all be done using the following code. var Time Storage Temp EW; W 1 -0.21980 0.08128  -270 00124 1.36223

RUN;

As the amount of minutes since noon increases, the
estimated mean chlorine level decreases by
0.00108 ppm.

As the number of hours between sample collection
and testingincreases, the estimated mean chlorine

PREDICTION QUALITY )

Through PROC REG with the previously selected
model one is able to compute the mean square error .
and R-square values of the model to see how well the

FTEST

Through PROC REG with the previously selected
model one is able to perform a global F test on the
model to testits significance.

VIF

The variation inflation factor

| | model predicts values. level decreases by 0.01587 ppm. Variance was attached to the previous
IR T LE TR - Intlation table for the parameter
A —— Root MSE 0.17980 R-Square | 0.6653 = Asthetemperature of the waterincreases, the e P v
um o : : : timates. ma ariance
- = = - S| Thears _ estimated mean chlorine level increases by 0 estim
Mm;rcle 5 1'EI:;; D:E:;: Z:i {;:m Dependent Mean 030333  Adj R-Sq | 0.5956 0.024442 ppm. 20879 Inflation  Factors for all
Qe ; ; ) ] - . .
: Y RP— Coeff Var 23.27342 = |f a sample was from the eastern region, the ' }c/alrllables LT.' tthetrr]nodel, which
rmor : : : : : ells us d ere are no
o : . estimated mean chlorine level is 0.180007 ppm 1.37404 : L
corrected Total | 23| 2 31877 We expect about 95@ of chlorine I.evels to fgll W|th|.n oss problems with collinearity
0.3596 ppm of the fitted regression equation. This ' 1 07951 between the independent
model explains 66.5% of the observed variability in " Ifasample was from the westernregion then the el e
This proposed model was deemed significant at an chlorine levels. This model also explains 59.6% of the estimated mean chlorine level is 0.21980 ppm less. 1.41762

observed variability in the chlorine levels after
adjusting for the sample size of 30 and the 5 variables
in the model.

alpha of 0.01 with an F value of 9.54. 1.36223
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OUTLIERS RESIDUAL PLOTS NORMALITY

Using PROC REG we can also check for possible Residual by Regressors for Chior We want to test to see if the residuals are normally distributed. Using PROC UNIVARIATE we can look at the

outliers. This code is using an output option to extract | ; plots of the residuals and hypothesis tests for normality. e ey
and rename the output of interest for analyzing _ Y - T
residuals. _ _ : o o " Bo o . e ° v _ -
S resid cook lev ]EIC'I'. = o oo & 6 ® . ,° & ° . TEE-tE- .I:I:::Ir Hﬂrmﬂht!‘:l' % 0.08 .
-0.2 o o o x -0.06
1 027010 011341 | 019526 | 1.74439 o ' : ﬂ Test Statistic p"u"alue - J
2 0.20469 0.04639 0.15379 1.25208 N S A e T T T T T |
D e Y e o e O Shapiro-Wilk W 0963015 Pr<W 0.3690 \/
3 023805 0.05082 | 013129 | 1.452%96 e ~lorase cmp /
i ) : : : Kolmogorov-Smirnov | D 0093572 Pr=0D =0.1500 0 2 : : 8 10
I e e / The normal plot of the residuals has a straight-line ; D
: Cramer-von Mises W-5q 0038275 Pr=W-5q =0.2500 . >
20| 018774 | 0.11675 | 0.31667 | 124337 appearance. The plot of the residuals versus . i f 02
20| 0.01290 | 0.00163 | 0.36088 | 0.12873 chlorine level has a vertical band appearance, as do Anderson-Darling A-5q | 0.301686 Pr=A-5q >0.2500 )
the plots of the residuals versus the independent 2 o
There were no observations that were flagged as variables. We conclude that the regression According to both the Shapiro-Wilk and Kolmogorov- i
possible outliers with respect to the dependent or assumptions approximately hold for the most part Smirnov tests for normality, we can say the N
independent variables. with the chlorine model. distribution of the residuals is normal. Both produce : ﬁ
a test statistic with a p-value greater than an alpha of W e T Nomal Quariies TE I £
: : e next look at the histogram and box plot of the
PEARSON CORRELATION COEFEICIENTS 0.15, which means we cannot reject the null . .
—_—————————————————— hypothesis that the residuals are normally residuals to check for normality. We can see that
Another method to check for any collinearity between the variables is by using PROC CORR to create a s srEal both are approximately normal. The points on the
correlation matrix. normal quartiles chart should form a linear shape.
Pearson Correlation Coefficients, N = 30 The points do form a mostly linear shape in the
Prob = |r| under HO: Rho=( graph above.

Each box gives the correlation coefficients between the Time | Storage | Temp E W
two variables and below it the corr.espondmg p-values. | 100000 Foaiare] 0 19650 | 0 12034 | 0 03967 CONCLUSION
A small p-value tells us that the variables are correlated 0.0144

05050 | 0.5264| 0.8643 Most of the assumptions for the regression analysis held for this chlorine model. Based on the data and analysis,

with one another. The following variables are . . : : .
. .r. . 5 : Storage | 0.442154 1.00000 | -0.25474 1 0.144511-0.13728 there was a negative correlation between when a water sample is collected later in the day and the total chlorine
significantly correlated with one another: Time and 0.0144 0.1743 04461  0.4694 _ - , ) _
: level. Overall, there is a positive correlation between a water sample’s temperature and the total chlorine level.
Storage, East and West. Time and Storage could affect Temp | -0.12659 -0.25474 1.00000 -0.04824 -0.03649 , , , ) , ,
. : There is a negative correlation between a water sample’s storage time and the total chlorine level. The western
each other due to the fact that it was easier for a 05050 0.1743 0.8002  0.8482 . . . . :
. : region contains, on average, the least amount of chlorine in comparison to the eastern and northern regions. The
sample to have a long storage time when it was E 012034 014451 -0.04824 1.00000 J-0.50000 , , , , . ;
: . : : 05964 04461 08002 00049 northern region contains higher chlorine levels than the western and eastern regions. Further analysis on the data
collected early in the day. This may be something to fix : : : : , , , , , ,
. L must be done in order to establish a possible cause and effect relationship between the independent and
if further data collectionis done. W -0.03253 | -0.13728 | -0.03643 §-0.500008 1.00000 : : : : ) : . ,
08645 04694 084521 00049 dependent variables. There was no testing of the interaction of the independent variables, which could explain
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FUTURE RESEARCH

A nonparametric regression analysis can be performed for further research of the existing data. A
nonparametric analysis is appropriate if the data contains outlier that may be inaccurate, but there is
insufficient evidence to remove the data points. The parametric and nonparametric regressions will be
compared with each other to see which is a better predictor of the chlorine level. “Seasonal changes in
temperature (as well seasonal changes in precipitation) can contribute to the variability in municipal drinking
water quality” (Dyck, 2015). Data can be collected throughout the year, for a total of 12 months. By doing so,
one can observe any seasonal relationship between the season and the chlorine level. Due to seasonal changes
in temperature and precipitation the levels of chlorine in the water could also be affected. This change is worth
investigating to see if it is significant in the regression model for predicting the chlorine levels. Water systems
try to maintain an effect chlorine level throughout the entire water system. “This requires a much higher
concentration of chlorine at entry than the concentration that is to be achieved at the extremities,” (Fisher,
2015). There can be a measureable difference in chlorine levels between water samples collected near the
water treatment plants and those further away. This could lead to the addition of a distance variable to account
for a water sample’s location in comparison to the water treatment plant. By contacting the water treatment
plants the estimated water age of the samples can be collected and used to see if it is influential in predicting
the levels of chlorine. The interaction between the different independent variables should be investigated in
order to see if these interactions lead to a better understanding of how they affect the chlorine levels. From the
correlation matrix, one can see that adding an interaction between the storage time and the time of day or
possibly of storage time and the temperature of the water sample. One could also test to see if there is a
significant difference between the three different treatment areas. If there is a significant difference, one can
look at each treatment area separately and see if this changes how the independent variables are affecting the
total chlorine.

Chlorine Added

Initial chlorine concentration
added to water

Chlorine Demand

Reactions with organic and
inorganic material, metals,
other compounds present
in water prior to disinfection

l —

Remaining chlorine concentra-

| Total Chlorine

tion after chlorine demand of

water is met

M 5!
- - JlA  Ground Storage Tank e
L - ~;
) 1
31! Nr Quality Contred
\ Chiorine |
! aaaaaa on ‘
' , l L J
| oy
a1 Sulfide ———
! Removal ' Adjustment

88 Well pumps at-Orange County’s water supply facilities draw water from a natural
B underground reservoir called the Floridan Aquifer. After the sulfide is removed, it is
B treated with chlorine, fluoride is added, and the water is pumped to a finished
water tank, awaiting distribution to residential, commercial, and industrial customers.

Combined Chiorine

Concentration of chiornine com-
bined with organic and inorganic
nifrogen compounds in the water,

Not as effective for disinfection

Free Chlorine

Concentration of chiorine
available for disinfection
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