
 

Required chlorination doses to fulfill the credit value for 
disinfection of enteric viruses in water: A critical review 

Andri Taruna Rachmadi1,2,9, Masaaki Kitajima2, Tsuyoshi Kato3,4,5, Hiroyuki Kato6,7, 
Satoshi Okabe2, Daisuke Sano1,8*

Affiliation and mailing address:

1Department of Frontier Science for Advanced Environment, Graduate School of 
Environmental Studies, Tohoku University, Aoba 6-6-06, Aramaki, Aoba-ku, Sendai, 
Miyagi 980-8579, Japan
2Division of Environmental Engineering, Hokkaido University, North 13, West 8, 
Kita-ku, Sapporo, Hokkaido 060-8628, Japan
3Division of Electronics and Informatics, Faculty of Science and Technology, Gunma 
University, Tenjin-cho 1-5-1, Kiryu, Gunma 376-8515, Japan
4Center for Research on Adoption of NextGen Transportation Systems (CRANTS), 
Gunma University, Aramaki-machi 4-2, Maebashi, Gunma, 371-8510, Japan
5Integrated Institute for Regulatory Science, Waseda University, Tsurumaki-cho 513, 
Shinjuku-ku, Tokyo 162-0041, Japan
6Japan Institute of Wastewater Engineering and Technology, 3-1 Suido-Cho, Shinjuku-
ku, Tokyo 162-0811, Japan
7New Industry Creation Hatchery Center, Tohoku University, Aoba 6-6-10, Aramaki, 
Aoba-ku, Sendai, Miyagi 980-8579, Japan
8Department of Civil and Environmental Engineering, Tohoku University, Aoba 6-6-
06, Aramaki, Aoba-ku, Sendai, Miyagi 980-8579, Japan
9Water Desalination and Reuse Center (WDRC), King Abdullah University of Science 
and Technology (KAUST), Thuwal 23955-6900, Saudi Arabia.

*Corresponding author: Daisuke Sano, Ph.D., Department of Frontier Science for 
Advanced Environment, Graduate School of Environmental Studies, Tohoku 
University, Aoba 6-6-06, Aramaki, Aoba-ku, Sendai, Miyagi 980-8579, Japan
E mail: daisuke.sano.e1@tohoku.ac.jp

Supplementary Materials for

Containing:
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Partly duplicate citations from google scholar and NCBI  (n = 5958) Search until 
January, 2018

Figure S1. The flowchart of systematic review process used to select the appropriate 
studies
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Data from whole wastewater treatment process 

including chlorine (n = 26)

Articles eligibles for further 
regression  modelling  (n=16) In

cl
ud

ed

Murine norovirus (n=3)
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Articles eligible for 
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Inactivation data is available but chlorine 
decay can not be determined (n = 8)     
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Figure S2. Linear regression model residuals for free chlorine inactivation of murine 
norovirus. Residuals are described as the different between observed and predicted values.  
Figures A and B represent the first  and second dataset respectively.    
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Figure S3. Linear regression model residuals for monochloramine inactivation of murine 
norovirus. Residuals are described as the different between observed and predicted values. 
Residuals are described as the different between observed and predicted values. Figures A 
and B represent the first (15° C) and second dataset (5° C) respectively. 
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Figure S4. Residuals plots for adenovirus inactivation using free chlorine (A) (Figure 2A) and 
monochloramine at 5◦ C and pH 6,7 , and 8 respectively (Figure 2.B1, B2, and B3) regression 
model. Residuals are described as the different between observed and predicted values. 
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Figure S5. (A)Linear regression model residuals for free chlorine inactivation of echovirus 
from Figure 3A. Residuals are described as the different between observed and predicted 
values. Figures B and C, represent linear regression model residuals for monochloramine 
inactivation of echovirus at 15° C and 5° C, respectively (Figure 3B). 
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Figure S6.Linear regression model residuals for free chlorine inactivation of 
coxsakievirus.  (Figure 4A). Residuals are described as the different between observed and 
predicted values. Figures A and B represent the first (pH 7.5) and second dataset (pH 9) 
respectively. 

R
es

id
ua

ls
 

Fitted Values

0.01

4.0

R
es

id
ua

ls
 

B

0.005

0.000

-0.005

0.02

0.00

-0.02

-0.04

2.52 3.0 3.5

4.02.52 3.0 3.5

S6



 

A

B

Figure S7. Linear regression model residuals for monochloramine inactivation of 
coxsakievirus (Figure 4B). Residuals are described as the different between observed and 
predicted values. Figures A and B represent the first (15° C) and second dataset (5° C) 
respectively. 

Fitted Values 

R
es

id
ua

l
R

es
id

ua
l

S7



 

Figure S8. Linear regression model quantile – quantile plot of residuals and fitted value 
generated from MNV inactivation with free chlorine first  data set (figure 1A).     
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Figure S9. Tobit regression model quantile – quantile plot of residuals and fitted value 
generated from MNV inactivation with free chlorine second data set (figure 1A).     
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Figure S10. Linear regression model quantile – quantile plot of residuals and fitted value 
generated from MNV inactivation with monochloramine data set (5 C) from figure 1B 
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Figure S11. Linear regression model quantile – quantile plot of residuals and fitted value 
generated from AdV inactivation with free chlorine data set from figure 2A. 

S11



 

Figure S12. Linear regression model quantile – quantile plot of residuals and fitted value 
generated from AdV inactivation with monochloramine data set  from figure 2B1 (A),       
B2 (B), and B3 (C). 
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Figure S13. Linear regression model quantile – quantile plot of residuals and fitted value 
generated from echovirus inactivation with free chlorine data set from figure 3A. 
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Figure S14. Linear regression model quantile – quantile plot of residuals and fitted value 
generated from echovirus inactivation with monochloramine data set  from figure 3B at 
temperature of 5 °C (A) and 15°C (B). 

A

B

S14



 

Figure S15. Linear regression model quantile – quantile plot of residuals and fitted value 
generated from coxsackievirus inactivation with free chlorine data set  from figure 4A at pH 
7.5 (A) and 9 (B). 
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Figure S16. Linear regression model quantile – quantile plot of residuals and fitted value 
generated from coxsackievirus inactivation with free chlorine data set from figure 4B at 
temperature of 5°C (A) and 15°C (B). S16



 

SI17. R code for statistical analysis 
R code for Tobit 
Install the require packages: 
• ggplot2
• GGally
• VGAM
• After the installment, add the data set and then 

insert the following codes
• Summary(m <- vglm (dependent variable ~ 

independent variable 1 + …, tobit , data=”file 
name”)

R code for Ancova
• mod1 <- aov(log10~ Ct*buffer, data=mydata)
• mod2 <- aov(log10~ Ct+buffer, data=mydata)
• anova(mod1, mod2) 
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