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INTRODUCTION 
 
As a result of their fire-retardant properties, polybrominated 
diphenyl ethers (PBDEs) are commonly used in the industrial 
business. PBDEs are utilised as additives in several sectors, 
including plastics and textiles, where they are mixed with 
polymers to create a new product. Despite this, because they are 
not chemically bonded to the surfaces of plastics or textile goods, 
they have the potential to leach off the surfaces of these items and 
into the environment. PBDEs are widely dispersed in several 
environmental media, including soils, groundwater, groundwater 

sediments, and even the atmosphere, as a result of this discovery. 
A significant health danger to humans arises from the high 
lipotropy of polybrominated diphenyl ethers (PBDEs), which can 
biomagnify in food webs, providing a significant threat to human 
health. Furthermore, due to their aromatic structures and bromide 
substituent groups, some PBDEs are harmful to human health 
and the environment and remain in the environment [1–11]. It is 
necessary to treat industrial wastewaters before releasing them 
into the environment to protect human health and the 
environment from pollution caused by polybrominated diphenyl 
ethers (PBDEs). This is necessary to protect both human health 
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 ABSTRACT 
Numerous papers fail to conduct statistical diagnostics of the nonlinear model that was used, and 
the data may be non-random, which is a need for all parametric statistical evaluation procedures 
that rely on random data. Whenever the diagnostic tests find that the residuals reflect a pattern, 
there is a range of treatments available, such as nonparametric analysis or transferring to a 
different model, which should resolve the issue. To ensure that randomization is satisfied, we 
conduct the Wald–Wolfowitz runs test statistical diagnosis tests. It was decided to conduct this 
study because it was necessary to assess the randomness of the residual for the pseudo-1st order 
kinetic model in the adsorption of the brominated flame retardant 4-bromodiphenyl ether onto 
biochar-immobilized Sphingomonas sp. was carried out using the Wald–Wolfowitz runs test. the 
number of runs was 15, and the predicted number of runs under the premise of randomness was 
8.20, initially suggesting that the residual series had enough runs. The z-value indicates how 
many normal errors the number of runs discovered exceeds the anticipated number of runs, and 
the p-value indicates how severe this z-value is. The significance is the same as with the other 
data on p-values. The null hypothesis that the residuals are random can be rejected if the p-value 
is less than 0.05. However, because the p-value was smaller than 0.05, the null hypothesis was 
dismissed, implying that there is strong evidence of non-randomness of the residues and further 
remedy is needed. 
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and the environment from pollution caused by these compounds. 
Adsorption has been the most widely used method of pollutant 
removal from industrial wastewater in comparison to other 
existing treatment methods. This is owing to the various 
advantages it offers, such as its simplicity, high efficiency, and 
ease of application. One of the most major challenges in the field 
of adsorption is the selection of efficient and cost-effective 
adsorbents, and many different materials have been studied in 
prior research initiatives to solve this problem. At now, 
researchers are concentrating their attention on biochar (a type of 
charcoal created by biomass pyrolysis) as a possible low-cost 
adsorbent for sequestering pollutants and restricting the spread of 
contaminants [11–21]. 

 
With the capacity to restrict biological uptake, storage, and 

absorption of organic pollutants, biochar can reduce the threat to 
an ecosystem's well-being. Four brominated flame retardants 
(BFRs), such as 4-Bromophenyl phenyl ether (4-BE), have been 
used in a variety of consumer and commercial items for many 
years, including apparel and furniture. In recent years, they have 
risen to the rank of a top-priority environmental contaminant on 
a worldwide scale, and they have been found in the tissues of 
nearly everyone who has been examined thus far [22–29].In 
various areas of the world, the chemical 4-Bromophenyl phenyl 
ether has been discovered in raw drinking water, mineral water, 
and river water. The United States Environmental Protection 
Agency (USEPA) advises that the absolute maximum allowable 
level to preserve freshwater aquatic life be 6.2 ug/L to protect 
aquatic life in freshwater. When tested on the aquatic creature 
Daphnia magna (Water flea), it was discovered that the 
concentration that produces 50 per cent mortality (LC50) is 0.36 
mg/L/48 hours at which the organism dies [30]. Research 
utilising activated sludge microorganisms revealed that it should 
not be decreased in any way; nevertheless, a second investigation 
under aerobic conditions revealed that it degrades at extremely 
low concentrations. 

 
It is important to accurately assign the kinetics and 

isotherms of 4-BDE biosorption to have a complete 
understanding of the process of biosorption. This is especially 
true when it comes to the research of endocrine-disrupting 
substances. When linearization is used to smooth out a nonlinear 
curve, the error structure of the data is disturbed, as is the case in 
this example. As a result, evaluating the uncertainty of the kinetic 
parameters, which are often given as a 95 per cent confidence 
interval range, becomes more difficult. In addition, the 
linearization method leads to the introduction of error into the 
independent variable as a result of the linearization procedure 
[31–36]. Additionally, changes in the weights assigned to each 
data point can occur, which typically results in differences in the 
fitted parameter values between the linear and nonlinear versions 
of the kinetics model when compared to the linear version.  

 
It is important, however, that the residuals of the curve be 

naturally distributed in nonlinear regression, as opposed to the 
typical least square’s technique, which requires the residues to be 
normally distributed in linear regression. More significantly, the 
residuals must be random and have identical variance 
(homoscedastic distribution). The Wald–Wolfowitz runs test is 
used to determine whether or not randomization has been 
achieved [37] statistical diagnosis tests. The subject of this study 
is to test for the randomness of the residual for  

 
 
 
 
 

MATERIALS AND METHODS 
Residual data were acquired from a previously published work 
[38].  
 
Residuals 
Residuals are very important in assessing the health of a curve 
from a particular used model. Mathematically, residual for the ith 
observation in a given data set can be defined as follows (Eqn. 
1); 
 

   (Eqn. 1) 
 
where yi denotes the ith response from a given data set while xi is 
the vector of explanatory variables to each set at the ith 
observation corresponding values in the data set. 
 
Runs test 
The runs test [39] was applied to the regression residuals to detect 
nonrandomness. In a given model, it is feasible to create an 
ordered variance of the curve that is either above or below the 
estimate. The run test contrasts a compound's typically negative 
and optimistic sequence of residues to determine if it is 
hazardous. A noteworthy result is often characterised by a shift 
or mixture of shifts or combinations of shifts between the 
negative and positive residual values. The greatest possible 
percentage is frequently used to denote the number of signs runs. 
The running test evaluates if a big number of sign passes are 
likely, or an insufficient number of sign passes are likely. A 
disproportionate number of run signs may suggest a negative 
serial relationship, but a disproportionate number of runs may 
indicate that residues are connected with the same sign or that 
systemic biases exist. 
 
The test statistic is 
 
H0=  the sequence was produced randomly 
Ha= the sequence was not produced randomly 

      (Eqn. 2) 
Where Z is the test statistic,  is the expected number of runs, R 
is the observed number of runs and sR is the standard deviation 
of the runs. The computation of the values of  and sR (n1 is 
positive while n2 is negative signs) is as follows; 

     (Eqn. 3) 

   (Eqn. 4) 
 
As an example  
Test statistic: Z = 3.0 
Significance level: α = 0.05 
Critical value (upper tail): Z1-α/2 = 1.96 
Critical region: Reject H0 if Z > 1.96 
If the test statistical value (Z) is greater than the critical value, 
then the dismissal of the null hypothesis at the significance stage 
of 0.05 implies that the sequence was generated in a non-random 
manner. 
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RESULTS AND DISCUSSION 
 
From Table 1, the number of runs was 15, and the predicted 
number of runs under the premise of randomness was 8.20, 
initially suggesting that the residual series had enough runs. The 
z-value indicates how many normal errors the number of runs 
discovered exceeds the anticipated number of runs, and the p-
value indicates how severe this z-value is. The significance is the 
same as with the other data on p-values. The null hypothesis that 
the residuals are random can be rejected if the p-value is less than 
0.05. However, because the p-value was smaller than 0.05, the 
null hypothesis was dismissed, implying that there is strong 
evidence of non-randomness of the residues and further remedy 
is needed. 

 
Table 1. Runs test data from the pseudo-1st order Kinetic modelling of 
adsorption of the brominated flame retardant 4-bromodiphenyl ether onto 
biochar-immobilized Sphingomonas sp. 
 

Runs test Residual data set 
R= 5 
n0= 6 
n1= 9 
n= 15 
E(R)= 8.20 
Var(R)= 3.19 
StDev(R)= 1.79 
Z= -1.79 
p-value= 0.037 

  
 
The fitting of a mathematical model may be precisely 

diagnosed scientifically by using residual measurements. 
Residuals are the differences between a mathematical model's 
anticipated and actual quantity values. The main idea is that a 
poor model would show a bigger difference between predicted 
and actual values. The run technique is frequently used in time-
series regression models to test for the presence of 
autocorrelation. Specifically, Monte Carlo simulation 
experiments have revealed that the run-time test causes strikingly 
asymmetrical error rates in the two tails, implying that the use of 
run-time autocorrelation research may not be stable and that the 
Durbin-Watson approach will be the preferred method for 
measuring autocorrelation [40].  

 
Previous similar studies based on looking at the randomness 

of the residuals justify the method used in this study. For instance 
the use of the Baranyi-Roberts model in fitting an algae growth 
curve which shows adequacy in the statistics [41], the Buchanan-
three-phase model used in fitting the growth of Paracoccus sp. 
SKG on acetonitrile [42], and Moraxella sp. B on 
monobromoacetic acid (MBA) [43]. The runs tests on the 
residuals for the Sips and Freundlich models for lead (II) 
absorption by alginate gel bead were found to be sufficient in 
biosorption [44]. There are other examples of the use of the runs 
test of residual in the literature in assessing the health of the 
nonlinear regression [45–49]. 
 
CONCLUSION 
 
In this study, a test for the randomness of the residual for the data 
from the pseudo-1st order Kinetic modelling of adsorption of the 
brominated flame retardant 4-bromodiphenyl ether onto biochar-
immobilized Sphingomonas sp. was carried out using the Wald–
Wolfowitz runs test. The number of runs was 15, and the 
expected number of runs under the premise of randomness was 
8.20, implying that the residual series had sufficient runs. The z-
value represents how many normal mistakes were detected when 
the number of runs discovered exceeded the expected number of 
runs, and the p-value indicates how severe this z-value is. The 

significance is the same as with the other p-value data. If the p-
value is less than 0.05, the null hypothesis that the residuals are 
truly random can be rejected. However, because the p-value was 
less than 0.05, the null hypothesis was rejected, suggesting that 
there is significant evidence of non-randomness of the residues 
and that more intervention is required such as the detection of 
potential outliers. 
 
 
REFERENCES 
 
1.  Chen D, Hale RC. A global review of polybrominated 

diphenyl ether flame retardant contamination in birds. 
Environ Int. 2010 Oct;36(7):800–11.  

2.  Meyer T, Muir DCG, Teixeira C, Wang X, Young T, Wania 
F. Deposition of brominated flame retardants to the Devon 
Ice Cap, Nunavut, Canada. Environ Sci Technol. 
2012;46(2):826–33.  

3.  Eguchi A, Isobe T, Ramu K, Tue NM, Sudaryanto A, 
Devanathan G, et al. Soil contamination by brominated 
flame retardants in open waste dumping sites in Asian 
developing countries. Chemosphere. 2013 Mar;90(9):2365–
71.  

4.  Matsukami H, Tue NM, Suzuki G, Someya M, Tuyen LH, 
Viet PH, et al. Flame retardant emission from e-waste 
recycling operation in northern Vietnam: Environmental 
occurrence of emerging organophosphorus esters used as 
alternatives for PBDEs. Sci Total Environ. 2015;514:492–
9.  

5.  Salvadó JA, Sobek A, Carrizo D, Gustafsson Ö. 
Observation-Based Assessment of PBDE Loads in Arctic 
Ocean Waters. Environ Sci Technol. 2016;50(5):2236–45.  

6.  Chang R, Jien S-H, Weng C-H, Lee T-W, Liao C-S. Fast 
removal of polybrominated diphenyl ethers from aqueous 
solutions by using low-cost adsorbents. Sustainability. 2017 
Jan;9(1):102.  

7.  Corsolini S, Ademollo N, Martellini T, Randazzo D, Vacchi 
M, Cincinelli A. Legacy persistent organic pollutants 
including PBDEs in the trophic web of the Ross Sea 
(Antarctica). Chemosphere. 2017;185:699–708.  

8.  Corsolini S, Baroni D, Martellini T, Pala N, Cincinelli A. 
PBDEs and PCBs in terrestrial ecosystems of the Victoria 
Land, Antarctica. Chemosphere. 2019;231:233–9.  

9.  McGrath TJ, Ball AS, Clarke BO. Critical review of soil 
contamination by polybrominated diphenyl ethers (PBDEs) 
and novel brominated flame retardants (NBFRs); 
concentrations, sources and congener profiles. Environ 
Pollut. 2017;230:741–57.  

10.  Li X, Liu H, Jia X, Li G, An T, Gao Y. Novel approach for 
removing brominated flame retardant from aquatic 
environments using Cu/Fe-based metal-organic 
frameworks: A case of hexabromocyclododecane (HBCD). 
Sci Total Environ. 2018 Apr 15;621:1533–41.  

11.  Routti H, Atwood TC, Bechshoft T, Boltunov A, Ciesielski 
TM, Desforges J-P, et al. State of knowledge on current 
exposure, fate and potential health effects of contaminants 
in polar bears from the circumpolar Arctic. Sci Total 
Environ. 2019;664:1063–83.  

12.  Muir DCG, Backus S, Derocher AE, Dietz R, Evans TJ, 
Gabrielsen GW, et al. Brominated flame retardants in polar 
bears (Ursus maritimus) from Alaska, the Canadian Arctic, 
East Greenland, and Svalbard. Environ Sci Technol. 
2006;40(2):449–55.  

13.  Costa LG, Giordano G. Developmental neurotoxicity of 
polybrominated diphenyl ether (PBDE) flame retardants. 
Neurotoxicology. 2007 Nov;28(6):1047–67.  



BSTR, 2021, Vol 9, No 1, 27-31 
 

- 30 - 
This work is licensed under the terms of the Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/). 

 

14.  Qiu X, Marvin CH, Hites RA. Dechlorane plus and other 
flame retardants in a sediment core from Lake Ontario. 
Environ Sci Technol. 2007;41(17):6014–9.  

15.  Law RJ, Herzke D, Harrad S, Morris S, Bersuder P, Allchin 
CR. Levels and trends of HBCD and BDEs in the European 
and Asian environments, with some information for other 
BFRs. Chemosphere. 2008;73(2):223–41.  

16.  Venier M, Hites RA. Flame retardants in the atmosphere 
near the great lakes. Environ Sci Technol. 
2008;42(13):4745–51.  

17.  Wu J-P, Zhang Y, Luo X-J, Wang J, Chen S-J, Guan Y-T, 
et al. Isomer-specific bioaccumulation and trophic transfer 
of dechlorane plus in the freshwater food web from a highly 
contaminated site, South China. Environ Sci Technol. 
2010;44(2):606–11.  

18.  Torres L, Orazio CE, Peterman PH, Patiño R. Effects of 
dietary exposure to brominated flame retardant BDE-47 on 
thyroid condition, gonadal development and growth of 
zebrafish. Fish Physiol Biochem. 2013 Oct 1;39(5):1115–
28.  

19.  Wang J, Liu L, Wang J, Pan B, Fu X, Zhang G, et al. 
Distribution of metals and brominated flame retardants 
(BFRs) in sediments, soils and plants from an informal e-
waste dismantling site, South China. Environ Sci Pollut Res. 
2014;22(2):1020–33.  

20.  Liu K, Li J, Yan S, Zhang W, Li Y, Han D. A review of 
status of tetrabromobisphenol A (TBBPA) in China. 
Chemosphere. 2016;148:8–20.  

21.  McGrath TJ, Ball AS, Clarke BO. Critical review of soil 
contamination by polybrominated diphenyl ethers (PBDEs) 
and novel brominated flame retardants (NBFRs); 
concentrations, sources and congener profiles. Environ 
Pollut. 2017;230:741–57.  

22.  Xu R-K, Zhao A-Z. Effect of biochars on adsorption of 
Cu(II), Pb(II) and Cd(II) by three variable charge soils from 
southern China. Environ Sci Pollut Res. 2013;20(12):8491–
501.  

23.  Du J, Sun P, Feng Z, Zhang X, Zhao Y. The biosorption 
capacity of biochar for 4-bromodiphenyl ether: study of its 
kinetics, mechanism, and use as a carrier for immobilized 
bacteria. Environ Sci Pollut Res. 2016 Feb 1;23(4):3770–
80.  

24.  Akech SRO, Harrison O, Saha A. Removal of a potentially 
hazardous chemical, tetrakis (hydroxymethyl) 
phosphonium chloride from water using biochar as a 
medium of adsorption. Environ Technol Innov. 2018 Nov 
1;12:196–210.  

25.  Xu G, Zhang Z, Deng L. Adsorption behaviors and removal 
efficiencies of inorganic, polymeric and organic phosphates 
from aqueous solution on biochar derived from sewage 
sludge of chemically enhanced primary treatment process. 
Water Switz [Internet]. 2018;10(7). Available from: 
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85049638753&doi=10.3390%2fw10070869&partnerID=4
0&md5=c0f7f300293ac7b07e545bd7009b41cc 

26.  Zhu L, Zhao N, Tong L, Lv Y, Li G. Characterization and 
evaluation of surface modified materials based on porous 
biochar and its adsorption properties for 2,4-
dichlorophenoxyacetic acid. Chemosphere. 2018;210:734–
44.  

27.  Binh QA, Kajitvichyanukul P. Adsorption mechanism of 
dichlorvos onto coconut fibre biochar: The significant 
dependence of H-bonding and the pore-filling mechanism. 
Water Sci Technol. 2019;79(5):866–76.  

28.  Dawood S, Sen TK, Phan C. Performance and dynamic 
modelling of biochar and kaolin packed bed adsorption 

column for aqueous phase methylene blue (MB) dye 
removal. Environ Technol. 2019 Dec 19;40(28):3762–72.  

29.  Hazrati S, Farahbakhsh M, Heydarpoor G, Besalatpour AA. 
Mitigation in availability and toxicity of multi-metal 
contaminated soil by combining soil washing and organic 
amendments stabilization. Ecotoxicol Environ Saf. 2020 
Sep 15;201:110807.  

30.  USEPA. Whole effluent toxicity alternate test procedure—
microtox. Guidelines establishing test procedures for the 
analysis of pollutants under the clean water act. 2004.  

31.  Motulsky HJ, Brown RE. Detecting outliers when fitting 
data with nonlinear regression - A new method based on 
robust nonlinear regression and the false discovery rate. 
BMC Bioinformatics. 2006;7.  

32.  Bolster CH, Hornberger GM. On the use of linearized 
langmuir equations. Soil Sci Soc Am J. 2007;71(6):1796–
806.  

33.  El-Khaiary MI. Least-squares regression of adsorption 
equilibrium data: Comparing the options. J Hazard Mater. 
2008;158(1):73–87.  

34.  Fong Y, Wakefield J, De R, Frahm N. A Robust Bayesian 
Random Effects Model for Nonlinear Calibration Problems. 
Biometrics. 2012;68(4):1103–12.  

35.  Hu W, Xie J, Chau HW, Si BC. Evaluation of parameter 
uncertainties in nonlinear regression using Microsoft Excel 
Spreadsheet. Environ Syst Res. 2015 Mar 24;4(1):4.  

36.  Rout PR, Bhunia P, Dash RR. Evaluation of kinetic and 
statistical models for predicting breakthrough curves of 
phosphate removal using dolochar-packed columns. J Water 
Process Eng. 2017 Jun 1;17:168–80.  

37.  Motulsky HJ, Ransnas LA. Fitting curves to data using 
nonlinear regression: a practical and nonmathematical 
review. FASEB J Off Publ Fed Am Soc Exp Biol. 
1987;1(5):365–74.  

38.  Sha’arani SAW, Khudri MAMRS, Othman AR, Halmi 
MIE, Yasid NA, Shukor MY. Kinetic analysis of the 
adsorption of the brominated flame retardant 4-
bromodiphenyl ether onto biochar-immobilized 
Sphingomonas sp. Bioremediation Sci Technol Res. 2019 
Jul 31;7(1):8–12.  

39.  Draper NR, Smith H. Applied Regression Analysis. Wiley, 
New York; 1981.  

40.  Huitema BE, McKean JW, Zhao J. The runs test for 
autocorrelated errors: unacceptable properties. J Educ 
Behav Stat. 1996;21(4):390–404.  

41.  Halmi MIE, Shukor MS, Johari WLW, Shukor MY. 
Evaluation of several mathematical models for fitting the 
growth of the algae Dunaliella tertiolecta. Asian J Plant 
Biol. 2014;2(1):1–6.  

42.  Gunasekaran B, Shukor MS, Masdor NA, Shamaan NA, 
Shukor MY. Test of randomness of residuals for the 
Buchanan-three-phase model used in the fitting the growth 
of Paracoccus sp. SKG on acetonitrile. J Environ 
Bioremediation Toxicol. 2015;3(1):12–4.  

43.  Sabullah MK, Shukor MS, Masdor NA, Shamaan NA, 
Shukor MY. Test of randomness of residuals for the 
Buchanan-three-phase model used in the fitting the growth 
of Moraxella sp. B on monobromoacetic acid (MBA). Bull 
Environ Sci Manag. 2015;3(1):13–5.  

44.  Cataldo S, Gianguzza A, Merli M, Muratore N, Piazzese D, 
Turco Liveri ML. Experimental and robust modeling 
approach for lead(II) uptake by alginate gel beads: Influence 
of the ionic strength and medium composition. J Colloid 
Interface Sci. 2014 Nov 15;434:77–88.  

45.  Cooper S-M, Baker JS, Eaton ZE, Matthews N. A simple 
multistage field test for the prediction of anaerobic capacity 



BSTR, 2021, Vol 9, No 1, 27-31 
 

- 31 - 
This work is licensed under the terms of the Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/). 

 

in female games players. Br J Sports Med. 2004;38(6):784–
9.  

46.  Worthington AC, Higgs H. Efficiency in the Australian 
stock market, 1875-2006: A note on extreme long-run 
random walk behaviour. Appl Econ Lett. 2009;16(3):301–
6.  

47.  Abu GA, Abachi PT, Oloja-Ojabo ED. Long-run 
relationship between agricultural crop prices and supply 
response in Benue State, Nigeria: 1990-2010. Eur J Soc Sci. 
2011;24(4):565–75.  

48.  Burns RD, Hannon JC, Brusseau TA, Eisenman PA, Shultz 
BB, Saint-Maurice PF, et al. Development of an aerobic 
capacity prediction model from one-mile run/walk 
performance in adolescents aged 13-16 years. J Sports Sci. 
2016;34(1):18–26.  

49.  Gardiner SK, Mansberger SL. Effect of restricting perimetry 
testing algorithms to reliable sensitivities on test-retest 
variability. Invest Ophthalmol Vis Sci. 2016;57(13):5631–
6.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	INTRODUCTION

