Estimating combined health risks of nanoparticles and antibiotics from natural water: A proposed framework
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Table S1 
	Nanoparticles
	Antibiotics
	Nanoparticles-Antibiotics mixture

	Mixture toxicity of ZnO NPs (Chen et al., 2020)
	Mixture toxicity of antibiotics w.r.t human health risk (Kumari and Kumar, 2020)
	This study

	Mixture toxicity (ZnO & CuO) (Ye et al., 2017)
	Mixture toxicity of antibiotics, ecological risk (González-Pleiter et al., 2013)
	

	Engineered NPs and metallic pollutants (Li et al., 2020)
	Binary and ternary mixture toxicity towards bacteria (Wang et al., 2018)
	

	nTiO2 with organic pollutants (Lammel et al., 2019)
	Binary mixtures for green alga (Carusso et al., 2018)
	

	Nanomaterials and chemicals (Naasz et al., 2018)
	
	

	Nanoparticle mixture (Parsai and Kumar, 2021)
	
	


Table S2 Concentration of selected antibiotics (in ng/L) 

	Antibiotics
	Concentration (ng/L)
	Distribution
	Location

	Ciprofloxacin, CIP
	1270
	Mean (n) = 452.36

Variance =502833.4
	Mahmood et al. (2019)

	
	5.6
	
	Ding et al. (2017)

	
	81.5
	
	Yao et al. (2017)

	Norfloxacin, NOR
	277
	Mean (n) = 394.56

Variance = 12831.56
	Yao et al. (2017)

	
	503
	
	Ma et al. (2015)

	
	403.7
	
	Tang et al. (2015)

	Levofloxacin, LEVO
	86 
	Mean (n) = 109.33

Variance = 8872.33
	Khan et al. (2013)

	
	213 
	
	Wang et al. (2015)

	
	29 
	
	Yasojima et al. (2006)

	Ofloxacin, OFX
	11.8
	Mean (n) = 35.23

Variance = 1100.90
	Lin et al. (2015)

	
	20.7
	
	Wang et al. (2015)

	
	73.2
	
	Diwan et al. (2009)


Table S3 Adsorption isotherm data for adsorption of antibiotics by nanoparticles
	
	Nanoparticles

	Antibiotics
	ZnO
	CuO
	TiO2
	Fe3O4

	Ciprofloxacin
	qm (mg/g) or αL 0.16;

KL (L/mg) 1.87

R2 0.958

(Dhiman and Sharma, 2016)
	qm (mg/g) 105;

KL (L/mg) 0.02

RL 0.48

High R2 0.937

Ahmadi et al (2017)
	qm (mg/g) 158.08;

KL (L/mg) 0.045

R2 0.962

(Gan et al., 2019)
	Kf (mg/g) (mg/L)1/n 0.33

n 0.86

R2 0.99

(Rakshit et al., 2013)

	Norfloxacin
	-
	-
	qm (mg/g) 2.06;

KL (L/mg) 0.9

30

R2 0.952

(Li et al., 2016)
	-

	Ofloxacin
	aL(L/g), Langmuir constant 5.43 x 102
KL (L/mg) 5.128

R2 , not mentioned

(Dhiman and Sharma, 2016)
	-
	Langmuir:

Cs max (mg/g) 19

F (mg/L) 118

A 0.025

R2 0.98

(Sturini et al., 2020)

	-


Table S4 Dissolution and absorption rate of antibiotics in GI-tract
	Antibiotics
	Absorption In GI-tract
	Absorption rate (%)
	References

	CIP
	In upper GI tract
	99%
	Harder et al 1990

	NOR
	Least absorbed in lower part of GIT, better absorbed from the stomach
	30-40%
	Bomma et al  2009; www.glowm.com

	OFX
	Absorbed from stomach
	98%
	Cabarga et al., 1991

	LEVO
	In GI tract
	99%
	Fish and Chow, 1997


Table S5 Hazard interaction (HI) values of mixtures 

	Case 1: Antibiotics with metal ions

	Metal Ions (i)
	Antibiotics, ABs (j)
	HQi
	HQj
	HQ add
	HI interaction = ∑(HQi) * ∑ fij Mij ^ Bij *θij

	Zn2+
	OFX
	1.15E-08
	3.38E-08
	4.53E-08
	1.26E-08

	Ti2+
	
	1.44E-11
	6.07E-12
	2.04E-11
	1.64E-11

	Fe3+
	
	2.21E-04
	-
	-
	-

	Cu2+
	
	3.59E-09
	-
	-
	-

	Zn2+
	CIP
	1.15E-08
	3.38E-11
	1.16E-08
	1.56E-09

	Ti2+
	
	1.44E-11
	3.68E-10
	3.82E-10
	6.82E-12

	Fe3+
	
	2.21E-04
	-
	-
	-

	Cu2+
	
	3.59E-09
	1.449E-11
	3.60E-09
	5.68E-10

	Zn2+
	NOR
	1.15E-08
	-
	-
	-

	Ti2+
	
	1.44E-11
	1.902E-12
	1.63E-11
	1.15E-11

	Fe3+
	
	2.21E-04
	-
	-
	-

	Cu2+
	
	3.59E-09
	-
	-
	-

	The HI values for LEVO in combination with any of the metal ions cannot be estimated due to unavailability of data

	Case 2: Antibiotics with nanoparticles

 

	Nanoparticles (i)
	Antibiotics (j)
	HQi
	HQj
	HQ add
	HI interaction = ∑(HQi) * ∑ fij Mij ^ Bij *θij

	ZnO
	OFX
	3.44E-08
	3.38E-08
	6.82E-08
	4.30E-08

	TiO2
	
	3.19E-07
	6.07E-12
	3.19E-07
	3.48E-09

	Fe3O4
	
	2.86E-03
	-
	-
	-

	CuO
	
	2.28E-05
	-
	-
	-

	ZnO
	CIP
	3.44E-08
	3.38E-11
	3.44E-08
	2.69E-09

	TiO2
	
	3.19E-07
	3.68E-10
	3.20E-07
	2.71E-08

	Fe3O4
	
	2.86E-03
	-
	-
	-

	CuO
	
	2.28E-05
	1.449E-11
	2.28E-05
	4.55E-08

	ZnO
	NOR
	3.44E-08
	-
	-
	-

	TiO2
	
	3.19E-07
	1.902E-12
	3.19E-07
	1.95E-09

	Fe3O4
	
	2.86E-03
	-
	-
	-

	CuO
	
	2.28E-05
	-
	-
	-

	The HI values for LEVO in combination with any of nanoparticles cannot be estimated due to unavailability of data

	Case 3: Metal ions and nanoparticles



	Metal ions (i)
	HQi
	Nanopartilces (j)
	HQj
	HQadd
	HI interaction = ∑(HQi) * ∑ fij Mij ^ Bij *θij

	Zn2+
	1.15E-08
	ZnO
	3.44E-08
	4.59E-08
	1.25E-08

	
	
	TiO2
	3.193E-07
	3.31E-07
	5.29E-09

	
	
	Fe3O4
	0.0028584
	2.86E-03
	5.79E-11

	
	
	CuO
	2.285E-05
	2.29E-05
	6.47E-10

	Ti2+

	1.44E-11


	ZnO
	3.44E-08
	3.44E-08
	7.33E-13

	
	
	TiO2
	3.193E-07
	3.19E-07
	2.41E-13

	
	
	Fe3O4
	0.0028584
	2.86E-03
	2.54E-15

	
	
	CuO
	2.285E-05
	2.28E-05
	2.84E-14

	Fe3+

	2.21E-04


	ZnO
	3.44E-08
	2.21E-04
	6.89E-06

	
	
	TiO2
	3.193E-07
	2.21E-04
	2.10E-05

	
	
	Fe3O4
	0.0028584
	3.08E-03
	1.42E-04

	
	
	CuO
	2.285E-05
	2.43E-04
	1.61E-04

	Cu2+

	3.59E-09


	ZnO
	3.44E-08
	3.80E-08
	2.62E-09

	
	
	TiO2
	3.193E-07
	3.23E-07
	9.40E-10

	
	
	Fe3O4
	0.0028584
	2.86E-03
	1.00E-11

	
	
	CuO
	2.285E-05
	2.29E-05
	1.12E-10


Supporting Information, Text T1
HIinteraction for binary mixture of pharmaceutical drugs is evaluated using Eq. (1-3) mentioned below:
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Where, HQi is the hazard quotient of ith compound, HQj is the hazard quotient of jth compound; fij is the toxicity; Mij is the magnitude of interaction; Bij is the score for the strength of evidence (4) and θij is the degree to which the ith and jth compounds are present in the equitoxic amounts.
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