[JCTA, 9(22), 2016, pp. 57-65
© International SciencePress

Predictive Modeling for Biological Oxy-
gen Demand in Ground Water

A.Udaya* M.Kumaran**

Abstract : In this article we describe a scientific method to predict one of the most significant water quality
characteristic-the biological oxygen demand (BOD) using advanced stochastic modeling techniques. The study
is based on data about 21 variables on water quality and related soil and location characteristics. The data on
some of the variables are directly measured, while the others are measured through the laboratory analysis of
the soil and water samples collected from 167 locations selected at random in the district of Kasaragod. We
use multiple regression models to predict the level of BOD in ground water in terms of soil and water source
location characteristics. The significant feature of the modd is that it enables to predict the BOD of water in
a location based on a set of soil and location characteristics. One of the important uses of the modd is that it
helps in fixing the locations for waste dump area, septic tank, digging well etc. in town planning, designing
residential layouts, industrial layouts, hospital/hostd construction etc.

Keywords : Biological Oxygen Demand (BOD), Generalized Linear Modd, Multiple Regression Model,
Prediction, Stochastic Moddl, Water Quality.

1. INTRODUCTION

Thequality of water isdescribed in termsof about adozen characteristicsidentifiable by meansof labtests of
water samples. Asper WHO standard the quality of water isdescribed inthree categoriesmicrobid, physica and
chemical. Themicrobia parametersinclude Escherichiacoli (E. coli) and coliformorganisms, physical parameters
incdludetemperature, smell, taste, colour and turbidity and chemica parametersinclude pH, dissolved oxygen(DO),
biologica oxygen demand (BOD), total dissolved solids(TDS), tota hardness(TH), chlorides (Cl), sulphates
(S0O,), fluorides(F), nitrates (NO,), calcium(Ca), magnesium(Mg), iron (Fe), etc. Each of these characterigtics
has different impact onwater quality. Inthis paper we consder estimation of biologica oxygendemand (BOD) in
water that would be available in alocation in terms of several related soil and location characteristics. BOD is
described intermsof theamount of oxygen that isrequired in oneliter of water for decomposing the organic waste
inthewater. If thewater contains more organic wasteit requiresmore BOD. Thustheleve of water pollutiondue
to organic waste can be identified based onthelevel of BOD.

Only afew studieswerereported so far on BOD inwater. Mehtaet al.[1975] (Y conducted astudy to identify
thetime dependenceof BOD, dissolved oxygenand temperature and built autoregressiveintegrated moving average
(Arima) models. However they found that Arimamodel for BOD isnot capable of giving satisfactory results. Brill
J. et a.[1984]!? studied theimportance of potential water quality impact interms of BOD of transferable discharge
permit(TDP) program. Carmichael et al.[2000][¥ conducted a study to understand the usefulness of multiple
pollutant management techniquesby comparing singleand multiple-pollutant lesst cost gpproach. Singh et al.[2004](4,
Jhaet a.[2012]!5] and Chen et al.[2014] (€ described the temporal and spatid variations of water quality using
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cluster analysis, factor analysisand principal component analysis. Yang et al.[2009] [/ used the Near Infrared
Region Spectrumto study the smultaneous determination of BOD and chemica oxygenon demand(COD). Yahya
et al.[2012]!8] developed simplelinear regression model for water quality characteristics including BOD and
studied the seasond variation inwater quality characterigtics. Hur et al.[2012]°! studied the correl ation between
thewater quality parametersBOD, COD and tota nitrogen and explanatory variables UV absorptionvauesat
220nm, protein-like organic substances and microbial humic group. Walegaet a.[2014][19 developed asimple
linear regression model to predict the level of BOD based on time of infiltration through a soil bed. Obaid et
al.[2015]M% developed multiple regresson mode! for predicting BOD during festival and rainy days based on 34
yearsrainfal, temperature and sewer flow data. Hsieh et al.[2016]!12 developed amultiple regression mode! for
BOD determination using density of the biosensor microbia fuel cell.

It isclear that water pollution dueto BOD ismainly because of lack of scientific management of industrial and
domestic waste, increased use of pesticidesand chemical fertilizersin agriculture, poor sanitation facilities etc.
Many factorscan affect the quality of thewater in an ecosystemincluding discharges of industrial and agricultura
wastes, domestic and ingtitutional wastes, contamination fromleakages from septic tanks, proximity to garbage
disposa stesetc. Theexisting practicefor fixing the location for drinking water collectionis mainly based onthe
surface distance of the water source location from the location of waste disposal. Field observations and soil
testing allow usto assessthelinks between land useand its effectsonwater quality. Thusthereissufficient reason
to suspect strong correlation between soil gructureand water quality characteristics. Survey of literatureindicates
that no scientific study were done so far for the estimation of BOD in ground water using advanced stochastic
models based onlocation and soil characterigticsat nationd or internationa levels. Inthisstudy our main objective
isto measurethe correlation of BOD with several soil and water source location characteristicsand exploit the
sameto estimate thelevel of BOD in ground water inalocation.

Thisstudy isconducted inthe district of Kasaragod of Kerala State. Data has been collected by the method
of stratified random sampling by dividing the areainto 6 stratanamely Agricultural land (Pesticide using area),
Coadtd area, Forest area, Hospital area, Market placesand Waste dump area depending on the possible levels of
contamination of ground water. Sncewel water isthe main source of drinking water inthedigrict, weconfined our
study on well water. As many as 167 well water sources were selected at random ranging 25 to 35 from the
neighborhood of each stratum. Soil and water samples were collected from these locations. The location
characteristics observed aredistance of well from septic tank, slope of well from septic tank, number of septic
tanksnear tothewell, distance of well fromnearest stratumboundary, dope of well fromnearest stratum boundary
and depth of thewell. The soil characteristics measured are porosity, pH, electrical conductivity, organic carbon,
texture, iron, sulphur, phosphorus, calcium, magnesium, copper, zinc, manganese and potassium. All these
characteristics combined together we call as water source location characteristics. BOD in water and soil
characterigticsisidentified by testing water and soil samplesinthelaboratory.

Inthisarticlewedescribe the procedure of estimating BOD inground water using multipleregresson models.
Themodd utilizeseffectively the benefit of the relationship of BOD with water sourcelocation characteristics. The
whole anaysesweredone using SPSS.

Theremaining part of thisarticleisorganized asfollows: section 2 describes brie y some of the advanced
gatistica concepts based on which the study is made. Basic statisticd characteristics of the dataunder study are
presented inthefirst sub section of section 3 and the model building processand itsfeaturesarediscussed inthe
next sub section. Thearticle closes with aconclusion, acknowledgement and thelist of references.

2.STATISTICAL/MATHEMATICAL BACKGROUND

Following the terminology and conventioningeneral linear modeling weregard the BOD inground water as
theresponsevariable and water sourcelocation characteristicsasthe explanatory variables. Frst of al weidentified
the statistical properties satisfied by the response variable and explanatory variables so asto decide the kind of
model and type of analysisto be performed. For this purpose descriptive statistical analysis (mean, standard
deviation, skewness and kurtoss) were done. Congtructing the correation matrix between theresponse variable
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and set of explanatory variables, weidentified the highly correlated water sourcelocation characteristics. Since
response variableiscontinuous scale variable, multiple regresson model isappropriateinthis case.

A multipleregresson model isamode belonging to the classof genera linear models. A detailed description
of themodel choice, fitting and the variousfeatures of the modelsare availablein standard text bookssuch asYule
and Kendall[1922] (23], K outsoyiannis[1973] (%4, Draper and Smith[1998] (%, Hosmer and L emeshow[2000] (16,
Montgomery, Peck and Vining[2003](7], etc,.

Thefunctiond formof amultipleregresson mode (generd linear moddl) is,

Y = XB +¢; @
whereY istheresponsevariable, X isthe column vector of explanatory variables, 3 isthe column vector of the
regression coefficientsand ¢ istherandomerror.

For the validity of the multiple regresson models the variablesin the model are to satisfy the following
assumptions

Theerror must follow normal digribution with zero mean and constant variance (Gaussian and homoscedadtic).
Explanatory variablesmust be non correlated (no multicollinearity).

Theregression coefficientsare estimated using method of least squares. Theleast squaresestimeatesare

B o= XXXV 2

provided that (X'X) ! exists.

In(2), X denotesthe observation matrix on explanatory variablesand'Y the column vector of observationson
theresponsevariable.

Infitting the above model oneimportant element is selecting the explanatory variables for inclusoninthe
model. Normally all those explanatory variablesthat are highly correlated with the response variableare to be
included. Thereare severd statistical proceduresfor selecting variablesfor inclusion inthe modd such asstepwise
regression, forward selection, backward dimination etc. Adequacy of thefitted mode isassessed usngAnalysis of
Variance (ANOVA) techniqueswhich performsaF- test for the overall adequacy of the mode and providesthe
coefficient of determination R? (higher thevalue of R? moreappropriatethefitted model). The significanceof each
regression coefficientscan dso betested using individud t -test provided the model assumptionsare satisfied. Even
after fitting themodel as described abovethere are severd techniquesto verify themodel adequacy aswell asthe
extent to which the modd assumptionsare satisfied (post-hoc tests). Finally the model adequacy can bevdidated
using about 10% of thereal data. Further detailsonestimatesand their properties can be had fromthe sandard
references.

3.RESULTSAND DISCUSSION
4. PRELIMINARY ANALYSS

Table (1) and Table (2) present the basic satistical characteristics of the observed variables.
Table 1. Biological Oxygen Demand in mg/I

Mean 3.74
95% Confidencelnterval for Mean (3.47,4.01)
Median 3.50
Variance 3.16
Minimum 0.55
Maximum 7.80
Skewness 0.26

Kurtoss -0.74
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Table2. Water Source Location Characteristics

Variable Minimum Maximum Mean Variance
Distance of well from nearest stratum boundary in meters 0.50 500.00 122.86 18045.72
Slope of wel from nearest stratum boundary angle in degrees -50.50 63.40 -1.95 209.29
Depth of wdl in meters 4.00 20.00 10.65 1321
Distance of well from nearest septic tank in meters 5.00 110.00 13.74 14311
Slope of well from nearest Septic tank in degrees -2.80 46.80 3.60 77.62
Number of septic tanks near to the well 1.00 10.00 2.00 592
Soil pH 3.08 7.56 5.93 0.84
Soil EC in micro Siemens 1.00 50.00 15.33 86.69
Soil organic carbonin % 0.06 581 292 293
Soil Potassium in kg/hector 49.28 1736.00 274.83 48678.73
Soil Sulphur in kg/hector 0.00 42.65 354 62.47
Soil Phosphorusin kg/hector o1 159.60 34.84 1362.77
Soil Porosity in % 20.00 61.55 35.68 96.05
Soil Manganese in kg/hector 0.00 146.50 33.98 1653.09
Soil Zinc in kg/hector 0.00 102.56 27.85 579.73
Soil Copper in kg/hector 0.00 99.68 14.45 255.33
Soail Iron in kg/hector 8.00 611.52 110.26 8068.28
Soil Calciumin kg/hector 25.76 2251200 3199.93 11823201.08
Soil Magnesium in kg/hector 45.14 206.45 104.23 1005.06

Asper the WHO guidelinesthe water quality is good when BOD islessthan 2 mg/l. Table (3) givesthe
classification of wellsin terms of WHO standard.

Table 3. Classfication of Wellsin Termsof WHO Sandard

Biological Oxygen Demand Frequency Percentage
2 37 22.16%
>2 130 77.84%

Asindicated by Table (3) morethan 77% of thewell water sourcesinthe study areaare contaminated.

TheaverageBOD level at each stratum and their diagrammatic representationsare givenin Table (4) and
Figure (1) respectively. Theresultsindicate that only water in the wellsaround the forest areameet the WHO
gandard.

Table4. Comparison of Mean BOD in VariousL ocations

Location Average BOD
Forest Area 132
Pesticide Using Area 253
Coastal Area 4.10
Market Places 4.54
Waste Dump Area 451

Hospital Area 483
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Fig. 1. Comparison of Mean BOD in Various L ocations.

For comparing average BOD invarious stratumlocationswe used ANOVA technique. Before conducting the
ANOVA we haveto check the normality of BOD and thisisbeing done using Normal P-PPlot.

Normal P-P Plot of Biclogical Oxygen Demand
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00 02 04 06 08 10
Observed Cum Prob

Fig. 2. Normal P-P Plot.

Figure (2), revealsthat BOD data satisfies normality assumption approximately so that ANOVA can be
performed.

Table5. ANOVA Tablefor ComparingtheMean BOD in Various Strata

Source of Variation SS df MS F P-Value.
Strata 2240.90 5 48.18 27.30 0.00
Error 284.11 161 177
Totd 525.01 166

The P-value corresponding to the F-test in the ANOVA being highly significant we concludethat the average
BOD level differssgnificantly over the strata

Advanced model based analysis are performed as described below.
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3.2. Model Based Analysis

Let usfirst examine the smplecorrelations between BOD level and each of the explanatory variablesunder

sudy.

Table6. Correlation M atrix

Explanatory Variables Water BOD
Distance of well from nearest stratum boundary inmeters -0.47+*
Slope of well from nearest sratum boundary anglein degrees 0.20*
Depth of well inmeters -0.16
Digtance of well from nearest septic tank in meters -011
Slope of well from nearest Septictank in degrees -0.12
Number of septic tanks near to the well 0.50**
Digtance of well from nearest owing water body in meters 0.38**
Soil pH 0.19*
Soil EC 0.33**
Soil Organic Carbon 0.37**
Soil Potassum -0.03
Soil Sulphur 0.40**
Soil Phosphorus 0.37**
Soil Porosity -0.16
Soil Manganese 0.33**
Sail Zinc 0.26**
Soil Copper 0.09
Sail Iron 0.16
Soil Cdcium 0.23**
Soil Magnesum 0.25**

** indicatessgnificant correlationwith BOD at 5% level of significance.
* indicatessignificant correlationwith BOD at 1 % leve of sgnificance.

Table(6) revedsthat out of the 20 explanatory variablesunder study, 13 exhibit Sgnificant smplecorrelaions
withtheresponsevariable. Thisprovidesjustificationto useamultiple regresson model, however, it doesnot x the
explanatory variablesto beincluded inthe modd. Thisisdueto thefact that rather than theindividual influence
some of thevariablesmay have joint influence on the response. We describe below the appropriate model selection
and itsfeatures.

3.2.1. Multiple Regression Model Fitting

Stepwise regression technique is used to develop the model for BOD asit allows a free choice for each
variablefor inclusonor exit from themodel depending on the corresponding influence. Out of the 20 explanatory
variablesused inthe study 10 are included in thefinal model for predicting BOD. Thefitted modd informetionis
presented in Table (7). Col.(1) of Table(7) containsthe 10 explanatory variablesfinaly included in the model,
col.(2) the corresponding regression coefficients and their standard errors. Col. (3) and (4) provide the t-test
statistics and the corresponding p-valuestesting the significance of each regression coefficient. Note that the
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stepwise regresson method retains only those variableswith significant regression coefficient (p-value <.05), no
meatter whether thevariable individualy have sgnificant correlationwith theresponseor not. Theentriesinthelast
column arethe varianceinflation factor (VI1F) which reflectsthe extent of multicollinearity present among the
explanatory variables.

Table 7. Variablesand Their Coefficientsin the Regression M odel

Variables Coefficients t P-value VIF
Sd. Error

(Constant) 5.787 0.464 12.483 0.000

Number of septic tanks near to the well (X,) 0.093 0.055 1.683 0.095 2435

Distance of well from nearest stratum boundary 0.004 0,001 6.074 0.000 1201

in meters (X,)

Soil Porosity in % (X,) -0.042 0.010 -4.231 0.000 1.222

Slope of well from nearest stratum

boundary angle in degrees (X, 0.015 0.004 3.812 0.000 1.164

Soil Organic Carbonin % (Xy) 0.274 0.058 4.763 0.000 1372
Soil Sulphur inkg/hector (X ) 0.059 0.015 3.988 0.000 1.718
Soil Manganese in kg/hector (X-) 0.007 0.002 4.204 0.000 1530
Soil Potassiumin kg/hector (X) -0.001 0.000 -2.912 0.004 1.170
Soil Magnesiumin kg/hector (X ) 0010  0.004 2842 0005 1745
Soil Phosphorusin kg/hector (X ) 0.007 0.003 2510 0.013 1.366

SinceVIFislessthan 10 (very closeto 1) thereisprobably no causefor multicollinearity concern. Substituting
the values of regression coefficientsin equation (1) wewill get theregressonmode as,

Y = 5.787 +0.093X, —0.004X,—0.042X , + 0.015X , + 0.274X
+0.059X + 0.007X,—0.001X,—0.010X, + 0.007X ;, + &
whereY —Biological Oxygen Demandinmg/|
The mode accuracy measure R? and the overall significancetest results of themodel are presentedin Tables
(8) and (9) respectively.
Table8. Model Summary

R Square Adjusted R Square Sd. Error of the Estimate
0.69 0.66 0.94

Table9. ANOVA Tablefor Testing Overall Significance of Regression M odel

Source of Variation SS df MS F P-value
Regression 206.80 10 20.68 34.44 0.00
Resdua 93.66 156 0.60

Totd 300.46 166
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Table 10. M oddl Validation Using Randomly Selected L ocation Valuesfor Well Water Sources

S.N. X, X, X, X, X X X, Xg X, X0 BOD
Actual Predicted Relative
Variation
1 1 2 56 175 18 084 000 8064 5566 269 350 336 3.96%
2 1 20 4965 -3460 038 098 1001 17248 &3 o1 240 243 137%
3 1 6 5/20 006 18 090 7997 44800 10427 1258 420 3.9 5.67%
4 10 5 4304 005 109 3024 10774 25760 17472 10203 750 6.43 14.21%
5 10 5 3B3IB 006 258 4266 10948 44800 20645 11268 7.8 756 303%
6 0 10 3H61 059 24 BB 6289 47488 11245 8749 760 7.61 0.11%
7 8 5 4241 1250 208 2604 2845 3808 17472 8747 525 5.67 7.94%
8 2 120 3789 625 106 358 4502 43008 1208 7325 460 452 181%
9 1 B 4187 -1050 14 014 3450 83480 815 9.86 265 279 521%
10 1 40 4768 55 104 000 000 9184 8624 4.26 148 1% 5.07%
u 1 140 285/ 350 390 042 000 22400 10618 5768 400 4.38 9.60%
12 1 220 R -1740 066 244 248 7168 846 1456 250 293 17.02%
13 1 12 525 125 091 025 1380 10076 8781 ol 280 278 0.65%
14 1 300 HB73 -1060 1A 235 35 12096 15680 1245 18 1% 6.05%
15 1 60 2541 620 490 017 000 20460 8019 4287 500 513 252%
16 1 1% 412 4070 118 021 5940 39200 11045 450 365 3.3 7.371%
17 2 10 3B8& 160 58 042 7213 25084 3R88 2643 565 5.76 1.88%

Thetables(7)-(9) together reveal that among the 20 explanatory variablesused only the 10 included in the
fitted mode have significant influence on BOD and the included variablesdo not exhibit any seriousmulticollinearity.
Thefitted modéd is capable of explaining up to 69% of variationin BOD and the modd isvery highly significant.
Table (10) presentstheillustration of modd vaidation. Therelative percentage variation entriesinthelast column
of thistableare computed as,

RdativeVaration = (JActud Vaue—Predicted|/(Actud Vaue))* 100

Therelative variationinthelast column of Table (10) revedsthat except in 2 casesthe valueislessthan 10%
and 2 casesexceeding 10% have rdativevariation of magnitude 14% and 17% only. Admitting about 10% variation
we concludethat 15 out of 17 casesagree withthe model asindicated in Table (11).

Table 11. M odel Validation Using Relative Variation

Relative Variation (%) Frequency Percentage
10% 15 88.24
> 10% 2 11.76

5. CONCLUSION

Though everybody will admit that the water qudity very much dependson the soil and location characteristics
thisisthefirst scientific study to highlight their actual impacts. Starting from 20 suspected soil and location
characterigticswe establish here the sgnificant influenceof 10 of themonBOD, oneof thevery sgnificant determinants
of water qudity. The magnitudes of theregression coefficientsinthefitted mode reveal that amongthe 10 influential
characterigtics, organic carbon, number of septic tanksaround and sulphur content in the soil have relatively major
postiveinfluenceon BOD. Whilethreemore components, dope of theregion, manganese and phosphorus contents
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inthe soil dso have positive contribution, all other components, distance from stratum boundary (market place,
hospital area, waste dump area, etc.), soil porosity, potassium and magnesium contentsin soil have negative
influence. Themost significant feature of the model developed hereisthat using it one can determine thequdity (in
termsof BOD) of thewater in alocation by observing the set of 10 water source characteristics. Thisknowledge
can beusedto fix thelocationsfor digging wells, waste dumping, market placesetc. while planning resdential and
industria lay outs, town planning etc. Similar models can also bederived for severd other important water quaity
characterigtics.
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