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EDX mapping results for the nanoparticle clusters 
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Figure S1. EDX mapping results for the nanoparticle clusters: (a,d) ZnO, (b,e) TiO2 and (c,f) zeolite 

 

Antimicrobial activity evaluation  
Minimal inhibitory concentration 

 

 
Figure S2. Example of microdilution experiment for establish MIC.  Ps aeruginosa - MIC determination 

against nanoparticle solution from sample 4 - DS-TiO2-0.5 to sample 7 - DS-Z-1. 
 
All these microplates were visually interpreted because the nanoparticles solutions became turbid and the 
wells were turbid even in the 5th column, thus being unproper for spectrophotometric reading. 
 



Minimal inhibitory concentration is a quantitative method that determines the minimal concentration 
needed to inhibit a given microorganism. The readings can be made using a spectrophotometer, by 
evaluating the absorbance of the sample, only if the tested solution is homogenous and clear. In this case, 
the obtained absorbance values can be statistically analyzed. If they are not translucent, they can only be 
evaluated by unaided eye. In our case, due to the enriched nanoparticles suspension used, the 
spectrophotometric method cannot be applied. Thus, in our case, these readings were made with the 
unaided eye method, MIC value being the last well without any signs of growth, as described in CLSI 
(Clinical and Laboratory Standards Institute) and the result is rather qualitative, being basically “+” or “-“. 
The MIC values displayed as a percentage value (%), were obtained by dividing the initial solution, 
considered 100%, to the dilution factor (2n). 
 
Our setup was organized as follows: The first column was the BK (blank), representing the culture medium 
(MHb) without microorganisms added and the last column was the Positive control, representing culture 
medium with appropriate volume of microorganism’s suspensions added. The lines were grouped (A and 
B), (C and D), (E and F) and (G and H), and represent the replicates of the same nanoparticle solution, while 
the columns represent the binary dilutions starting with ½ concentration in the second column following 
with the ¼ dilution in the third and so on until 1/1024 in the 11th column. For every nanoparticle solution 
tested we used two 96-wells plates. We repeated these experiments 4 times.  
 

Time-kill tests 
 

 
Figure S3. Time -kill test verification in liquid media (MHb) for E. coli in contact with nanoparticles 

solution (1-7) and three different contact times (3h, 6h and 24 h) 
 

For the time-kill experiment, after first experiment, only few colonies grew. When repeating the 
experiment, we inoculated in parallel on both MHa and MHb media with the same amount of sample 
(nanoparticle solution and appropriate microorganism in PBS). For inoculating in liquid media, a 48-well 
plate was used. Each column represents a different enriched nanoparticle solution, and every 2 lines 
represents a time of incubation.  To observe a possible bacterial metabolism activity, resazurin solution was 
added to each well (10% of the each well volume). The readings were performed after 2 hours after adding 
resazurin and incubation. As can be observed, in columns 1 to 7, the tested enriched nanoparticle solutions 
inhibited metabolic activity of microorganisms in the first 3 h after contact, compared with column 8 that 
represent the microorganism positive control incubated in the same conditions of the test.  Between 
inoculation periods (after 3 h and 6 h of contact) the 48 well plates were kept at 4-8℃ and incubated only 
after the samples at 24 h of contact were added. This parallel experiment was performed to verify the 
accuracy of first set of results. For the samples inoculated on MHa the results were similar between 
repetitions. 
 
 



Summary of the statistical analysis of the decontamination results 
 

 
Statistical analysis for mustard gas (HD) 

Table S1. Statistical data for decontamination degrees (%) of HD obtained for decontamination 
formulations: neat DS and DS containing 0.5% and 1% ZnO nanoparticles 

  
Decontamination degree (%)  ± standard deviation 

2 min 10 min 30 min 1 h 3 h 5 h 24 h 
DS  76.42 ± 0.43 77.20 ± 0.41 79.88 ± 0.36 82.84 ± 0.31 92.69 ± 1.32 96.27 ± 0.99 99.99 ± 0 
DS-ZnO-0.5 66.13 ± 0.61 67.51 ±0.59 76.85 ± 0.42 84.86 ± 0.27 95.21 ± 1.27 96.71 ± 1.15 100 ± 0 
DS-ZnO-1 66.96 ± 0.60 69.64 ± 0.55 78.72 ± 0.38 86.79 ± 0.24 95.73 ± 1.13 97.42 ± 0.90 100 ± 0 
Size sample 3 3 3 3 3 3 3 

 

Table S2. Statistical data for decontamination degrees (%) of HD obtained for decontamination 
formulations: neat DS and DS containing 0.5% and 1% TiO2 nanoparticles 

  
Decontamination degree (%)  ± standard deviation 

2 min 10 min 30 min 60 min 3 h 5 h 24 h 
DS 76.42 ± 0.43 77.20 ± 0.41 79.88 ± 0.36 82.84 ± 0.31 92.69 ± 1.32 96.30 ± 0.98 99.99 ± 0 
DS-TiO2-0.5 94.37 ± 1.01 93.99 ± 1.08 95.45 ± 0.82 96.08 ± 0.71 97.48 ± 0.88 99.03 ± 0.34 100 ± 0 
DS-TiO2-1 94.05 ± 1.07 93.47 ± 1.18 94.65 ± 0.96 95.14 ± 0.88 97.27 ± 0.96 98.64 ± 0.48 100 ± 0 
Size sample 3 3 3 3 3 3 3 

 

Table S3. Statistical data for decontamination degrees (%) of HD obtained for decontamination 
formulations: neat DS and DS containing 0.5% and 1% Zeolite nanoparticles 

  
Decontamination degree (%)  ± standard deviation 

2 min 10 min 30 min 60 min 3 h 5 h 24 h 
DS  76.42 ± 0.43 77.20 ± 0.41 79.88 ± 0.36 82.84 ± 0.31 92.69 ± 1.32 96.27 ± 0.99 99.99 ± 0 
DS-Z-0.5 94.18 ± 1.05 95.21 ± 1.27 96.47 ± 0.94 96.74 ± 0.86 98.46 ± 0.54 99.29 ± 0.25 100 ± 0 
DS-Z-1 94.66 ± 0.96 95.36 ± 1.23 94.68 ± 1.41 96.23 ± 1.00 98.16 ± 0.64 99.19 ± 0.28 100 ± 0 
Size sample 3 3 3 3 3 3 3 

 

 

Table S4. Statistical data comparing the HD remnant concentrations after decontamination with neat DS 
and DS containing ZnO, TiO2 and zeolite nanoparticles in two different concentrations. 

  

DS and 
DS-
ZnO-0.5 

DS and 
DS-
ZnO-1 

DS-
ZnO-0.5 
and DS-
ZnO-1 

DS and 
DS-
TiO2-
0.5 

DS and 
DS-
TiO2-1 

DS-
TiO2-
0.5 and 
DS-
TiO2-1 

DS and 
DS-Z-
0.5 

DS and 
DS-Z-1 

DS-Z-
0.5 and 
DS-Z-1 



Pearson 
Correlation 0.988 0.989 0.999 0.975 0.976 0.999 0.974 0.974 0.999 
Hypothesized 
Mean Difference 0 0 0 0 0 0 0 0 0 
t Stat -1.260 -0.738 3.268 3.242 3.195 -3.266 3.323 3.280 -1.068 

P(T ≤ t) two-tail 0.248 0.484 0.014 0.014 0.015 0.014 0.013 0.013 0.321 
t Critical two-tail 2.365 2.365 2.365 2.365 2.365 2.365 2.365 2.365 2.365 
Observations  8 8 8 8 8 8 8 8 8 
 

Table S5. Mean value and variance for HD remnant concentration for neat DS and DS containing ZnO, 
TiO2 and zeolite nanoparticles in two different concentrations. 

  DS DS-ZnO-0.5 DS-ZnO-1 DS-TiO2-0.5 DS-TiO2-1 DS-Z-0.5 DS-Z-1 
Mean 243.387 265.921 255.919 154.496 158.478 149.571 152.155 
Variance 101479.702 104925.427 106081.303 117166.201 116148.435 118473.062 117779.479 

  

Statistical analysis for soman (GD) 

Table S6. Statistical data for decontamination degrees (%) of GD obtained for decontamination 
formulations: neat DS and DS containing 0.5% and 1% ZnO nanoparticles 

  
Decontamination degree (%)  ± standard deviation 

2 min 10 min 30 min 1 h 
DS  98.93 ± 0.40 99.20 ± 0.30 99.60 ± 0.15 99.91 ± 0.04 
DS-ZnO-0.5 99.75 ± 0.11 99.95 ± 0.02 100 ± 0 100 ± 0 
DS-ZnO-1 99.91 ± 0.04 99.97 ± 0.01 100 ± 0 100 ± 0 
Size sample 3 3 3 3 

 

Table S7. Statistical data for decontamination degrees (%) of GD obtained for decontamination 
formulations: neat DS and DS containing 0.5% and 1% TiO2 nanoparticles 

  
Decontamination degree (%)  ± standard deviation 

2 min 10 min 30 min 60 min 
DS 98.93 ± 0.40 99.20 ± 0.30 99.60 ± 0.15 99.91 ± 0.04 
DS-TiO2-0.5 99.91 ± 0.04 99.96 ± 0.02 100 ± 0 100 ± 0 
DS-TiO2-1 99.87 ± 0.06 99.91 ± 0.04 100 ± 0 100 ± 0 

Size sample 3 3 3 3 
 

Table S8. Statistical data for decontamination degrees (%) of GD obtained for decontamination 
formulations: neat DS and DS containing 0.5% and 1% Zeolite nanoparticles 

  
Decontamination degree (%)  ± standard deviation 

2 min 10 min 30 min 60 min 



DS  98.93 ± 0.40 99.20 ± 0.3 99.60 ± 0.15 99.91 ± 0.04 
DS-Z-0.5 99.94 ± 0.03 99.98 ± 0.01 100 ± 0 100 ± 0 
DS-Z-1 99.93 ± 0.03 99.95 ± 0.02 100 ± 0 100 ± 0 
Size sample 3 3 3 3 

 

Table S9. Statistical data comparing the GD remnant concentrations after decontamination with neat DS 
and DS containing ZnO, TiO2 and zeolite nanoparticles in two different concentrations. 

  

DS and 
DS-
ZnO-0.5 

DS and 
DS-
ZnO-1 

DS-
ZnO-0.5 
and DS-
ZnO-1 

DS and 
DS-
TiO2-
0.5 

DS and 
DS-
TiO2-1 

DS-
TiO2-
0.5 and 
DS-
TiO2-1 

DS and 
DS-Z-
0.5 

DS and 
DS-Z-1 

DS-Z-
0.5 and 
DS-Z-1 

Pearson 
Correlation 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999 0.999 

Hypothesized 
Mean Difference 0 0 0 0 0 0 0 0 0 
t Stat 2.475 2.365 1.152 2.365 2.393 -1.616 2.344 2.350 -1.372 
P(T<=t) two-tail 0.069 0.077 0.313 0.077 0.075 0.181 0.079 0.079 0.242 
t Critical two-tail 2.776 2.776 2.776 2.776 2.776 2.776 2.776 2.776 2.776 
Observations 5 5 5 5 5 5 5 5 5 

 

Table S10. Mean value and variance for HD remnant concentration for neat DS and DS containing ZnO, 
TiO2 and zeolite nanoparticles in two different concentrations. 

  DS DS-ZnO-0.5 DS-ZnO-1 DS-TiO2-0.5 DS-TiO2-1 DS-Z-0.5 DS-Z-1 
Mean 204.720 200.600 200.240 200.260 200.440 200.160 200.240 
Variance 197660.977 199701.175 199880.153 199870.158 199780.383 199920.068 199880.113 

 

 

 

 
 


