
from Fig. 5B, we can see that abundant particles were captured on the top
surface of the BDCA-RNM, whereas no particles were observed on the
bottom surface, and the membranes also well maintain their structural in-
tegrity during the filtration process with high airflow. To further visually
evaluate the filtration capacity, we estimated the filtration quality factor
(QF) of BDCA-RNM with different basis weight (Fig. 5C). The BDCA-
RNM with1/10of the basis weight exhibited the comparable QF values with
current commercialized filtration materials, indicating the promising
potential for protective applications (51,52).

As a proof of concept for bioprotective PPE application, the charged
BDCA-RNM (1 hour of daylight irradiation) was stuck to the typical res-
pirator and protective suit as a covering layer to bring the desired biocidal
functions. It is well known that the transmission of pathogens contained
in aerosol droplets plays a significant contribution to the spread of

airborne diseases, and the surgical masks were suggested as the major in-
halational barrier to protect HCWs (8, 10). As shown in Fig. 5D, 1 × 106

CFU ofE. coli–containing aerosols with the diameter of 1 to 5mm were
prepared as model infection aerosols, which was similar to the size of
aerosols generated by a human sneezing or coughing. A charged
BDCA-RNM with a size of 2 × 2 cm2 was stuck on the right side of a
3M N100 respirator, and the respirator was exposed to a 0.2 ml min� 1of
aerosols flow for 30 s. After standing for 30 min, the population of the
living bacteria on the three representative areas—control area, BDCA-
RNM area, and the covered area—were harvested and measured (Fig.
5E). As shown in Fig. 5F, theE. coliloaded on the control area exhibited
high activity with free growth and proliferation, which was due to the
nonbiological function of the traditional nonwoven materials. In con-
trast, no live bacteria were detected on the BDCA-RNM area or the

Fig. 5. Bioprotection performance of BDCA-RNMs.(A) Filtration efficiency and pressure drop of BDCA-RNM as a function of airflow. (B) SEM images of the top and bottom
surface of BDCA-RNM after filtration (airflow of 90 liter min� 1, testing for 5 min). (C) QF values of selected fibrous filter materials with various basis weights. (D) Bacterial aerosol
generation apparatus and the interception test by N100 mask. (E and F) Three selected test areas on the mask (E) and the relevant CFU count ofE. coli(F). (G) Photograph
showing the protective suit was loaded with T7 phage. (H and I) Three selected test areas on the protective suit (H) and the relevant PFU count of T7 phages (I).

S C I E N C E A D V A N C E S| R E S E A R C H A R T I C L E

Si et al., Sci. Adv.2018;4 :eaar5931 16 March 2018 8 of 12

 on N
ovem

ber 19, 2018
http://advances.sciencem

ag.org/
D

ow
nloaded from

 


