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INTRODUCTION 

 
Polyethylene glycols (PEGs) are utilized in numerous industrial 

sectors for example cosmetics, lubricants, pharmaceuticals, and 

antifreeze for automobile radiators as well as in the production of 

non-ionic surfactants. PEGs are nephrotoxic. Injured rabbit 

subjected topically to polyethylene glycol-based antimicrobial 

cream model demonstrated proof of nephrotoxicity with signs 

and symptoms of failure. Some of the animals examined died 

within just 1 week of treatment [1]. Several millions of tons of 

PEGs are manufactured globally. Effluents contaminated with 

PEGS usually reach conventional sewage treatment systems 

making them a significant pollutant [2]. PEGs have the common 

structural formula of HO(CH2CH2O)nCH2CH2OH and are water-

soluble polymers but the difference is in their molecular weights. 

From the last three decades, concern has been expressed about 

the fate of these polymers in the environment and several studies 

have been performed on their biodegradability. Biodegradation 

of PEG was first documented in 1965 [3] and further isolations 

of PEG-degrading microorganisms have been reported [2].   

 

Similar to numerous xenobiotics, the growth on this 

toxic substrate display a substantial lag phase because of the 

needs of the cell to endure and trigger detoxification and 

degradation of enzymes upon contact with catechol before 

assimilation can occur. The growth profile displays a number of 

phases in which the specific growth rate begins at the value of 

zero accompanied by a stagnation of the rate linked to the lag 

time (λ). This is followed by acceleration to a maximal value 

(µm) for a given period of time. Finally the growth curves 
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 ABSTRACT 

Polyethylene glycols (PEGs) are employed in numerous sectors. PEGs are nephrotoxic and their 

biodegradation by microbes could be a potential tool for bioremediation. Numerous bacterial 

growth studies neglect primary modelling even though modelling exercises can reveal important 

parameters. Previously, we have utilized several growth models to model the growth of sludge 

microbes on PEG 600. We discovered that the modified Gompertz model via nonlinear 

regression utilizing the least square method was the best model to describe the growth curve. 

However, the use of statistical tests to choose the best model relies heavily on the residuals of the 

curve to be statistically robust. More often than not, the residuals must be tested for the presence 

of outliers (at 95 or 99% of confidence). In this work, the Grubb’s test to detect the presence of 

outlier in the growth model was carried out. The test detected an outlier. This datum point will be 

removed in all future statistical tests such as normality, runs test, tests for homoscedasticity and 

presence of autocorrelation. In addition, remodeling of the data using the modified Gompertz 

model will be carried out. 
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exhibit a final phase where the rate decreases and eventually 

reaches zero or an asymptote (A) [4]. A valuable parameter of 

the growth is the maximum growth rate (µm) [5]. This value is 

important for the development of secondary models such as 

growth kinetics [6]. Previously, we have utilized several growth 

models to model the growth of sludge microbes on PEG 600. 

The data was obtained from the literature. We discovered that 

the modified Gompertz model via nonlinear regression utilizing 

the least square method was the best model to describe the 

growth curve. However, the use of statistical tests to choose the 

best model relies heavily on the residuals of the curve to be 

distributed normally, of equal variance (homoscedastic) and 

random. More often than not, the residuals must be tested for 

the presence of outliers [at 95 or 99% of confidence). This is 

normally done using the Grubb's test. 

 

METARIALS AND METHODS 

In order to process the data, the graphs were scanned and 

electronically processed using WebPlotDigitizer 2.5 [7] which 

helps to digitize scanned plots into table of data with good 

enough precision [4]. Data were acquired from the works of 

Huang et al. [8], from Figure 1 which show the effect of different 

concentrations of the substrate PEG 600 on the growth of sludge 

microbes measured over several days, replotted, and then 

assessed using several growth models where the modified 

Gompertz model was found to be the best (Fig. 1, with 

permission) (Halmi, M,I.E., Shukor, M.S., Shamaan, N.A. and 

Shukor, M.Y. 2015. Evaluation of several mathematical models 

for fitting the growth of sludge microbes on PEG 600. 

Manuscript in preparation).  
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Fig. 1. Growth curves of sludge microbes on PEG 600 fitted by the 
modified Gompertz growth model.  

 

Grubbs’ Statistic 

 

Data distortions by a single data point either the mean or a 

single data point from a triplicate can lead to gross error in the 

fitting of a nonlinear curve. Checking for outlier is thus an 

important part of curve fitting. Grubbs test is used to detect 

outlier in univariate environment and the data is assumed to be 

normally distributed [9]. The test can be applied to the maximal 

or minimal observed data from a Student’s t distribution (Eqn. 

1) and to test for both data simultaneously (Eqn. 2).  
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RESULTS AND DISCUSSION 

 
Statistics of nonlinear regression relies heavily on the use of 

residuals data. Residuals are the difference between predicted 

and observed values of a mathematical model. Statistical tests 

should be carried out to test for the adequacy of the residuals in 

randomness, does not contain outlier, obeying normality and do 

not show autocorrelation. As a rule of thumb, the larger the 

difference between the predicted and observed values, the 

poorer the model [10].  

 

Data distortions by a single data point either the mean or a 

single data point from a triplicate can lead to gross error in the 

fitting of a nonlinear curve. The Grubbs’ test shows the absence 

of outlier for the residual data. Checking for outlier is thus an 

important part of curve fitting [9]. Grubbs' test identifies one 

outlier at any given time. This outlier is expunged from the 

dataset and also the analyze is iterated till no outliers are 

discovered. Nevertheless, numerous iterations alter the 

likelihood of detection, and also the test must not be employed 

for sample sizes of six or less as it regularly tags the majority of 

the points as outliers. 

 

Grubbs’ test was applied in order to identify the outlier(s). 

The Grubbs’ test statistic identifies the largest absolute 

deviation from the sample mean in units of the sample standard 

deviation. In the event the ensuing test statistic g is larger 

compared to the critical value, the related value is usually 

considered to generally be an outlier. The Grubbs’ test indicated 

that the data for day 5 incubation period as an outlier. This 

datum point will be removed in all future statistical tests such as 

normality, runs test, tests for homoscedasticity and presence of 

autocorrelation. In addition, remodeling of the data using the 

modified Gompertz model will be carried out. 

 

A possible outlier is really an extreme data point that the 

investigator tags as improbable in view of a few detailed 

requirements. Much more specifically, an outlier in a sample is 

really an extreme value that is definitely too severe. For 

example, the maximum is considered an outlier when it is 

statistically too big for that distribution on the maximum in the 

population model (Barnett & Lewis, 1996, Saporta, 2011) [11]. 

A simple method to label potential outliers in measurements is 

to use boxplot, while a bit more advanced method is also used 

such as the Chauvenet’s criterion in engineering and the 3-

sigma criterion together with the Z-score in chemometrics. 

Although these methods are simple and quick, a more correct 

method is to use a statistical test for outlier detection. Specific 

tests include the Dixon’s Q-test or Grubbs’ ESD-test for one 

outlier. The main restriction of the Grubbs test would be that the 
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thought quantity of outliers, k, should be described precisely. If 

k is not described properly, this could distort the findings of the 

tests. In the event outliers are multiple or the exact number of 

outliers are not known, the Rosner’s generalized Extreme 

Studentized Deviate or ESD-test is recommended [12]. 

 

In conclusion, the Grubbs’ test indicated that the data for day 5 

incubation period as an outlier. This datum point will be 

removed in all future statistical tests such as normality, runs 

test, tests for homoscedasticity and presence of autocorrelation. 

In addition, remodeling of the data using the modified 

Gompertz model will be carried out. The test is important 

because data distortions by a single data can lead to gross error 

in the fitting of a nonlinear curve. 
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