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ABSTRACT
In the spring of 2020, the Alaska Native Tribal Health Consortium (ANTHC) designed and built a 
sanitizing treatment system to address shortages of filtering facepiece respirators (FFRs). The 
design criteria included sanitizing large numbers of FFRs, repeatedly achieving FFR fit test 
requirements, and deactivating enveloped respiratory viruses, such as SARS-CoV-2. The outcome 
was the Mobile Sanitizing Trailer (MST), a 20 by 8-foot modified trailer designed to process up to 
1,000 FFRs during a standard heat cycle. This paper reports on the MST’s ability to: (1) sustain a 
target temperature, (2) produce tolerable conditions for FFRs as measured by fit factor and (3) 
successfully deactivate an infectious model virus. We found that the MST reliably and uniformly 
produced 75 degrees Celsius in the treatment chamber for the prescribed periods. Quantitative 
analysis showed that the FFRs achieved acceptable post-treatment fit factor even after 18, 60- 
minute heat cycles. Finally, the treated FFR materials had at least a log 3.0 reduction in viral RNA 
and no viable virus after 30, 60 or 90 minutes of heat treatment. As a sanitizing treatment during 
supply shortages, we found the MST a viable option for deactivation of virus and extending the 
usable life of FFRs. 
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Background

In late 2019, a novel coronavirus, SARS-CoV-2 the aetio
logical agent of coronavirus disease (COVID-19), spread 
worldwide. It was first detected in Alaska in March 2020. 
After initially being controlled, COVID19 cases began to 
increase in July 2020. By the end of 2020, the State 
Department of Health and Social Services reported 
46,037 cases, 1035 hospitalisations [1], and 245 deaths 
[2], along with growing burden on the Alaska health 
system [3]. COVID-19 is both a respiratory and inflam
matory disease, with a significantly higher age-adjusted 
mortality (1.8-fold risk) in Alaska Native and American 
Indian populations [4].

Throughout the first two years of the pandemic in 
Alaska, there were shortages of medical supplies includ
ing the disposable personal protective equipment (PPE) 
critical for hospitals and first responders. Of particular 

concern, was the shortage of N-95s, filtering face piece 
respirator (FFR) that met the National Institute for 
Occupational Safety and Health standard for filtering 
at least 95% of the airborne particles [5].

The Alaska Native Medical Centre (ANMC) is a 173- 
bed hospital located in Anchorage, Alaska. It is the 
largest hospital serving Alaska Native and American 
Indian peoples in the USA. On a typical day, at ANMC, 
about 3000 FFRs are donned and discarded by medical 
staff. During the early months of

2020, the demand for FFRs increased, which resulted 
in shortages in Alaska and globally. The U.S. Centres for 
Disease Control (CDC), recognising that alternative stra
tegies were needed to preserve limited supplies and 
provide protection for frontline health workers, devel
oped new “crisis capacity” guidance allowing for the 
“reuse or decontamination” of FFRs [6].
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In March 2020, ANMC began implementing a reuse 
policy based on the CDC guidance, instructing staff to 
wear the same mask or FFR up to five times before 
disposal. This helped to extend use but with COVID-19 
cases rising, there was a need for other strategies to 
help ensure that there would be adequate supply in the 
coming months.

In April 2020, the Alaska Native Tribal Health 
Consortium (ANTHC) assembled an interdisciplinary 
team including engineers, environmental health and 
safety professionals, skilled labourers, physicians, and 
nurses as a task force to develop methods for FFR 
decontamination. The goal was to design, build test, 
and operationalise a system that could meet five key 
criteria: (1) sanitise large volumes of FFRs, (2) utilise 
materials currently available in Alaska, (3) be scalable 
for use in rural hospitals, (4) repeatedly achieve the fit 
requirements for FFRs and (5) be effective at sanitising 
FFRs potentially contaminated with SARS-CoV-2.

At the time, the CDC “Crisis Capacity” guidance 
recognised three approaches for the decontamination 
of FFRs: (1) ultraviolet germicidal irradiation (UVGI), (2) 
vaporous hydrogen peroxide and (3) moist heat. The 
first approach, building a UVGI system, was not viable 
because the required lighting bulbs and ballasts were 
not available in Alaska. The second, vaporous hydrogen 
peroxide was in use at ANMC to sterilise medical equip
ment. There were, however, safety concerns for FFR 
decontamination related to vapours and the possibility 
of skin or respiratory reactions. The third approach 

using heat seemed achievable, scalable and the best 
option for meeting both the design criteria and the 
urgent time frame.

SARS-CoV-2 is one of the group of viruses that can 
be deactivated by exposure to moderate temperatures. 
A study by Heimbuch et al. found that 99.9% of a model 
H1N1, was inactivated when FFRs were heated to 
a temperature of 60°C for 15–30 minutes [7]. Darnell 
et al. found that heat treatment for 45 minutes at 75°C 
resulted in complete inactivation of SARS-CoV [8]. Price 
et al. was able to preserve the respiratory efficiency of 
FFRs for up to 20 cycles, using a temperature of 70°C for 
30 minutes, indicating that FFRs could sustain repeated 
heating at these temperatures [9].

ANTHC was proposing a novel design (Figure 1) and 
there were no published articles describing test results 
using large-scale dry heat treatment units. The CDC 
crisis capacity strategy allows reuse of the same FFR 
up to five times. The goal for the ANTHC was to 
develop an approach that would allow the FFRs to be 
sanitised up to ten times if necessary. Both virological 
and FFR fit testing were considered necessary to 
demonstrate the effectiveness of the process and to 
earn the confidence of health care workers in the clin
ical setting.

Construction of the MST began on 9 April 2020 and 
involved the retrofit of a 6 × 2 metre utility trailer. The 
trailer was durable, mobile and could accommodate 
enough shelf space to process 1000 masks per run 
cycle. Specifications included high temperature 

Figure 1. Schematic drawing of Mobil sanitising trailer (MST).
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insulation, stainless steel walls, sauna grade stainless 
steel heaters and fans, and heat-resistant electronics. 
Wood shelving was used instead of steel to preserve 
electrostatic charge, an inherent feature used to 
improve the filtration properties of N-95 respirators 
[10]. The MST was operational at ANMC on 
23 April 2020 (Figure 2).

The next steps were to (1) demonstrate that the MST 
could achieve and sustain a 75°C target temperature; (2) 
that the FFRs could tolerate repeated heat treatments 
in this unit; and 3) the heat treatments could deactivate 
the model viruses.

Methods

Testing MST ability to achieve prescribed 
temperatures

The MST operations experiment involved testing the 
unit to reliably and uniformly achieve target tempera
ture and duration. Based on the Darnell et al. paper, 
75°C was selected as the target operational tempera
ture for a 60-min cycle [8]. The MST utilised program
mable controls and six temperature sensors that were 
actively monitored throughout the process. Packaging 
the FFRs for repeated use involved placing each FFR 
into an individual paper bag, labelled for return to the 
same user. This was done to emulate the method used 
in clinical applications, one user per FFR to reduce the 
risk of pathogen transmission between medical staff. 
Temperature measurements in the MST were collected 
in three ways: using electronic sensors for the ambient 
temperatures inside the MST, using heat activated tem
perature labels adhered to the outside of each bag, and 
electronic data loggers to record the temperatures 
inside the paper bags. Relative humidity in the MST 

was also measured using electronic data loggers. The 
MST heating proceeded as follows: temperatures were 
increased until the sensors averaged 49°C. Heating was 
then paused for 10 minutes to allow temperatures to 
equalise throughout the enclosure. This was done again 
at 60°C and then the temperature was ramped up to 
the operational temperature of 75°C. The heat cycle was 
then initiated based on the prescribed time period.

Testing treated FFRs for fit factor

Testing the resilience of FFRs to the treatment process 
involved repeat heating and then measurement of fit 
factor using three models of medical N-95 FFRs. Testing 
was done in mid-June of 2020. The aim was to test the 
FFRs until fit test failure. To determine fit factor, ANTHC 
performed a series of quantitative tests using a TSI 
PortaCount Respirator Fit Tester, model 8038 (see 
Figure 3). The PortaCount uses an

Occupational Safety and Health Agency (OSHA) 
approved method to quantitatively fit test a respirator 
[11]. This allowed the evaluator to assess the filtration 
properties of the respirator and limit ambiguities from 
the process, which is partially intended to assess the 
ability of the wearer to properly don the respirator.

The method uses an ambient aerosol condensation 
nuclei counter. A fit factor is calculated by dividing the 
outside particle concentration by the particle concen
tration inside the respirator [12]. When using the 
PortaCount on respirators with less than 99% efficiency 
(e.g. an N95 respirator with 95% efficiency), PortaCount 
uses the “N95 Companion” mode. In this mode, the 
maximum fit factor that can be reported is 200. 

Figure 2. MST on site at Alaska native medical centre. Figure 3. Fit test of N-95 respirator.
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Anything above 200 is reported as “200+” [13]. Two 
tests were performed on each respirator type, the first 
on a new respirator, which was used as the baseline 
measurement, and the second on a respirator, that had 
been heat-treated. The FFR models included those com
monly used in the ANMC hospital: the Kimberlee Clark – 
K300 Fluid Shield, 3 M 1860 Health Care Particulate 
Respirator and Surgical Mask, and 3 M 1870 Health 
Care Particulate Respirator and Surgical mask (see 
Figure 4). A total of 18 heat cycles and 18 fit tests 
were completed before the leased PortaCount instru
ment had to be returned.

Testing treated FFR materials for viral 
inactivation

The virology experiment involved the model virus, 
inoculated respirator samples from four types of FFRs, 
heat treatment in the MST for different timeframes, and 
analysis for infectious virus and residual viral RNA. Heat 
inactivation of enveloped RNA viruses like SARS-CoV-2, 
had been widely used for decades. To analyse the 
effects on an authentic infectious RNA virus inoculated 
into different FFR materials, we employed influenza 
virus A/WSN/33 (H1N1) (WSN), a well-established 
model respiratory virus used at the University of 
Alaska Anchorage, Biosafety Level 2 (BSL2) Bortz 
Laboratory [14]. Like animal coronaviruses, influenza 
viruses exhibit similar heat deactivation profiles as 
SARS-CoV-2, but

WSN lacks human infectivity, according to data 
reported in peer-reviewed literature and preprints 
[15,16]. For this reason, handling of WSN does not 
require the Biosafety Level 3 (BSl-3) precautions, 
required for microbes that can cause serious or acute 
disease through inhalation. For example, avian, human 
H3N2, and human H1N1 influenza A viruses and influ
enza B virus are deactivated after heat treatment at

55.6°C (132.1°F) for 30 minutes, with evidence of 
inactivation for shorter times and at higher tempera
tures [17–20].

This experiment tested heat deactivation of FFR 
materials using a consistent temperature of 75°C, for 
either 30, 60 or 90 minutes. Samples of the sectioned 
FFR materials were inoculated with influenza virus

WSN. The test materials were from four FFR mod
els: 1) 3 M 1870 Health Care Particulate Respirator and 
Surgical Mask 2) Kimberlee Clark – K300 Fluid Shield, 3) 
3 M 1860 Health Care Particulate Respirator and 
Surgical Mask, and 4) 3 M 8200 Industrial Particulate 
Respirator. Three different materials were prepared 
from each FFR, including the strap, the metal used on 
the nose bridge, and the filter fabric. These components 
were cut into approximately 1 cm2 pieces, placed on 
sterile 12-well tissue culture treated plates and UV- 
sterilised for 10 minutes. Each well was treated with 
250 µL of phosphate-buffered saline (PBS) to help main
tain a constant pH, and inoculated with a 10 µL aliquot 
of influenza A/WSN/33 (H1N1) virus containing 5 × 104 

infectious units (I.U.) total. The plates were then incu
bated at room temperature for 15 minutes before draw
ing the resulting supernatant liquid and wrapping the 
plates with parafilm sealant to maintain sterility during 
transport to the MST. WSN inocula were derived from 
aliquots of a stock WSN titre of 5 × 103 I.U./µL (5x106 I. 
U./mL, a titre corresponding to a typical high-titre 
respiratory droplet with titre calculated by 10-fold serial 
limiting dilution assay (LDA) in 96-well plates (concen
tration range of 10°–10− [8]). In LDA, I.U. of samples 
diluted in 50 µL of OptiMEM (Gibco) were quantified by 
1-h inoculation of cells in 250ul PBS at 37°C in a 5% CO2 

sterile humidified tissue culture incubator, replaced 
with complete growth medium (DMEM, 10% FBS, sup
plemented with antibiotics), and growth for 1 day, on 
monolayers of human lung adenocarcinoma cells 
(A549). The titre of WSN in inocula and experiments, 
measured in I.U., was back-calculated by visualisation of 
cytopathic effect (C.P.E.) and immunoflourescent quan
tification of WSN nucleoprotein (NP) infectious centres 
labelled using monoclonal antibody AA5H 
(ThermoFisher Scientific), as described previously [14]. 
To calculate I.U., immunofluorescent infectious centres 
were enumerated in duplicate for N = 8 tenfold serial 
dilutions of the input inoculum, and back calculated to 
quantify original inoculum titre (dividing the average 
number of immunofluorescent infectious centres by 
10−N, where N is the serial dilution step).

To serve as non-heat treated controls, a set of virus- 
positive and virus-negative plates were incubated at 
room temperature for one-hour post-inoculation, and 
then stored at −80°C. Inoculated samples for heat Figure 4. Three N-95 models used for fit test experiment.
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treatment were sealed in gas-permeable sterile flasks 
and packed into a Styrofoam carrying case for transport 
to the MST, about a ½ hour drive from the lab.

Prior to loading any samples, the MST was heated to 
38°C for at least a half hour to minimise any spatial 
temperature variation. The prepared sample plates (see 
Figure 5) were then transferred into individual brown 
paper bags to mimic the procedure used for treatment 
of FFRs. The temperature sensitive labels were placed 
on the exterior of each bag as an indicator of the 
maximum temperature achieved, and the temperature 
and humidity data loggers (also in brown paper bags) 
were placed adjacent to the sample bags to provide 
environmental data for each test zone (see Figure 6). 
Finally, the door was closed and the treatment cycle 
initiated.

After treatment, a waiting period of 24 hours was 
applied at ambient temperatures to mimic the time 
required to return FFRs to clinical staff. This procedure 

was applied for inoculated and uninoculated samples. 
Performance of the analyses to detect both residual 
virus RNA and infectious (surviving) virus used estab
lished methods, as described in detail previously [14]. 
Briefly, these included: (1) LDA for measuring infectious 
influenza virus as described above, (2) reverse transcrip
tion polymerase chain reaction (RT-PCR) to detect viral 
RNA by measuring influenza M gene, using 
a standardised protocol validated in the Bortz lab at 
UAA [14] as follows: total RNA was purified using 
RNeasy Viral RNA/DNA kit

(Qiagen) eluted in 50ul ddH2O, and preserved at 
−80°C. Normalised RNA aliquots (5 µl, or 1/10th of the

RNA sample) were analysed in duplicate by qRT-PCR 
using Superscript III One-Step (ThermoFisher), on 
a BioRad CXF96 PCR machine to determine threshold 
cycle (Ct). Primers binding sites in influenza M gene 
were: Fwd(+25) AGATGAGTCTTCTAACCGAGGTCG, Rev 
(−124) TGCAAAAACATCTTCAAGTCTCTG, with Probe 
(+64) 6-FAM-TCAGGCCCCCTCAAAGCCGA-BHQ-1 (IDT, 
Coralville, IA). Ct values were averaged and statistically 
analysed in comparison to negative and positive con
trol inocula by two-tailed Student t-test for significance. 
Difference in viral RNA quantity between untreated (0’ 
timepoint) and treated samples was estimated by mea
sured as 2−del.Ct fold change that is 2-to-the power of 
the difference in PCR cycles.

All post-treatment analyses were conducted under 
clean lab (BSL-2) conditions.

Results

Testing MST ability to achieve prescribed 
temperature

Test operation of the MST was performed on 8– 
9 July 2020. On 8 July, the 60-min cycle was performed. 
The conditions were rainy with ambient temperatures 
between 12 and 13.8 degrees Celsius. The 30- and 90- 
min cycles were run on 9th July. The weather was cloudy 
with ambient temperatures between 13.8 and 18.8 
degrees Celsius. Inside the MST, the target temperature 
(75°C) was achieved for each of the three periods. 
However, the data loggers indicated that the periods at 
target temperature inside the paper bags were different. 
For the 60-min run, temperatures were plus or minus 2 
degrees of 75°C for a total of 61 minutes, one minute 
over the goal. For the 30-min test, the data logger 
recorded temperatures ± minus 2°C for 23 minutes. For 
the 90-min test, the data logger was within ± 2 degrees 
of 75°C for 84 minutes. The humidity was uncontrolled 
but monitored during each cycle. Relative humidity var
ied from 13% to 23%, dropping as the temperature 

Figure 5. Sample plate setup with FFR components.

Figure 6. Preparing samples for heat treatment.
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inside the MST rose. The graph below (Figure 7) shows 
the compiled data for the 60-min test run. The red line 
shows the rise of average temperature during ramp up 
and then levelling off for the 60-min run time. The 
brown line shows the data logger temperature profile 
(inside bag) with the dots indicating ± 2 degrees period. 
The blue line represents percent relative humidity.

Testing treated FFRs for fit factor

The FFRs tested for fit check using the PortaCount 
instrument went through a total 18 heat cycles in the 
MST. All of the baseline (new untreated) respirators 
achieved a maximum real-time fit factor of 200 + . The 
MST treated respirators also achieved a maximum real- 
time fit factor of 200+ for each of the tested cycles, 
demonstrating not just the resilience of the FFRs to 

Figure 7. MST average temperature, data logger temperature and relative humidity for 60-minute cycle.

Figure 8. FFR cloth samples (M1-M4, x-axis) were inoculated with 5 × 104 infectious units (I.U.) (see Methods) of influenza A/WSN/ 
33 (H1N1) virus (WSN Titre, y-axis) and heat treated at 75°C for 0, 30, 60, or 90 minutes followed by 24 hr. at ambient room 
temperature, and recovered in PBS. Control samples were inoculated for the indicated times, and then left untreated for 24 hours at 
ambient room temperature. WSN titres were analysed by limiting dilution assay on A549 cells (I.U.). FFR types included 3 M 1870 
(M1), KC 46827 (M2), 3 M 1860S (M3), and 3 M 8200 (M4). WSN virus was inactivated in all samples treated with heat for 30, 60 and 
90 minutes.
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repeated heating, but also that there was no measur
able effect on fit factor.

Testing treated FFR materials for viral 
inactivation

We subsequently tested the unit’s ability to heat- 
inactivate infectious virus in filter materials (Figure 8).

The FFS materials tested included 3 M 1870 (labelled 
M1 in Figure 8), KC 46827 (labelled M2), 3 M 1860s 
(labelled M3), or 3 M 8200 (labelled M4), using infec
tious influenza virus WSN as a model enveloped respira
tory virus. FFS mask materials were inoculated with 
a titre of 5 × 104 infectious units (I.U.) of WSN virus 
and heat treated for 0’, 30’, 60’, or 90’, then held for 
24 hours at ambient room temperature, and recovered 
in phosphate buffered saline for quantification of virus 
titre (Figure 8). After 30, 60 or 90 minutes of heating at 
75°C, the infectious WSN virus was completely inacti
vated in all four filter (cloth) materials. A period of 
23 minutes was also sufficient to inactivate infectious 
WSN virus. In fact, all heat periods longer than 23 min
utes achieved complete viral inactivation.

To understand how virus infectivity was degraded, we 
also analysed residual viral RNA on different FFR materials 
after 60 minutes of heat treatment at 75°C. The 3 M 8200 
and the 3 M 1860 filter material retained viral RNA, and 
other cloth/filter materials exhibited greater than eight
fold degradation of intact viral RNA as measured by 

quantitative RT-PCR (Figure 9); range of fold RNA reduc
tion, 3–89). Viral RNA was significantly degraded in all FFR 
materials (metal nose clip, strap) other than the filter 
fabric of two of the materials. No infectious virus was 
recovered from any cloth/filter material.

Discussion

Testing MST ability to achieve prescribed 
temperature

As measured by the temperature sensors, the MST was 
successful at maintaining inside temperatures of

75°C for 30, 60 and 90 minutes. However, the data 
loggers inside the paper bags achieved 75°C for 28, 61, 
and 84 minutes. This may reflect the variation in tempera
ture sensor readings, thermal inertia of the data loggers, or 
the insulation properties of the paper bags. Despite varia
bility in temperature/periods inside the bags, time at tem
peratures where viral deactivation can occur was actually 
longer. The MST warm-up period provided heating safety 
factor. Note: some studies show evidence of viral deactiva
tion at temperatures as low as 60°C [7]. A standing ques
tion is the ability of the MST to achieve temperature 
parameters in different seasons and outdoor temperatures. 
On the test days, the temperatures outside the MST aver
aged about 15 degrees Celsius (59 degrees Fahrenheit). 
The system is heavily insulated and designed for use in 
cold and subzero conditions. Evaluation of MST perfor
mance under winter conditions is a topic for future study.

Figure 9. FFR materials (y-axis) were inoculated with 5 × 104 infectious units (I.U.) of influenza A/WSN/33 (H1N1) virus, and left 
untreated for 24 hr., or heat treated at 75°C for 60 minutes followed by 24 hr. at ambient room temperature. RNA was recovered 
and residual WSN viral RNA was measured by quantitative Spackman M-probe RT-PCR in comparison to control (0’, untreated) for 
each FFR material; fold (log base 2del.Ct) difference in PCR cycle threshold value (number of cycles difference between 0’ untreated 
and treated for each material yields delta Ct, 2del.Ctn displayed on, x-axis), corresponding to 2 n loss of WSN viral RNA signal.
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Testing treated FFRs for fit factor

After 18 cycles of heating, there was no measurable effect 
on fit factor in tested N-95 FFRs. The materials including 
fabric, fasteners, and straps demonstrated resilience to 
repeated heating. However, the testing did not include 
medical staff actually wearing these FFRs during work. 
The FFRs were only donned for testing. The performance 
with repeat heating and the added impact from transfers, 
donning, doffing and normal wear is a subject for further 
study. Future testing should consider using the evalua
tion NIOSH uses when approving respirators (42 CFR 84).

Testing treated FFR materials for viral inactivation

In this experiment, we also tested the efficacy of the MST 
for deactivation of infectious virus. The effectiveness gen
erally of heat treatment on single-stranded RNA viruses is 
well established. Avian, human H3N2, and human H1N1 
influenza A viruses and influenza B virus are deactivated 
after heat treatment at 55.6°C (132.1°F) for 30 minutes, 
with evidence of inactivation for shorter times and at 
higher temperatures [17,20]. Influenza A virus WSN was 
used as a surrogate virus because it mimics the general 
biophysical characteristics for heat inactivation of an 
enveloped RNA virus. It should be noted that no infectious 
virus was recovered from any cloth/filter material in this 
study, suggesting that heat treatment was highly effective 
at inactivating enveloped RNA viruses, including the sur
rogate WSN virus and as reported in the peer-reviewed 
literature and preprints, coronaviruses including SARS- 
CoV-2 [15,16]. The test where samples inside paper bags 
were heated at 75°C for 23 minutes (plus ramp-up time) 
demonstrated that even the shortest heating test period 
in the MST was sufficient to inactivate infectious WSN 
virus. A topic for further study is effectiveness against 
other pathogens, and testing of other types of personal 
protective equipment (caps, gowns, gloves, etc.) also vul
nerable to supply shortages.

Conclusion

Overall, the MST functioned as intended, reliably gen
erating the temperatures needed and resulting in FFRs 
that were free of infectious virus and capable of repeat
edly meeting fit requirements.

Decontamination of FFRs is only a crisis capacity strat
egy but the MST is a resource that can be utilised at ANMC 
in the event of future shortages. The capacity is adequate 
to meet the daily needs of the hospital, and the design 
would accommodate scaling down for smaller hospitals 
or clinics. In addition to the targeted use of the MST for 
viral deactivation, and requirements for use in only crisis 

capacity situations, the limitations to the MST include 
construction and operational cost. The material cost was 
almost $60,000.00 and it required many hours of labour to 
design and construct. However, this may not be as sig
nificant given the high costs of standard hospital equip
ment and the premium placed on FFRs and other PPE 
during shortages. Consideration, however, should be 
given to the operational costs, which include labour for 
one operator, assistants to help with loading and unload
ing, and the cost for fuelling and renting or purchasing 
a diesel generator. Counted among the benefits, the abil
ity to provide FFRs that are virus free and the peace of 
mind this provides to hospital staff knowing that their FFR 
were sanitised between shifts. In conclusion, we recognise 
that sterilisation as opposed to sanitising as a method is 
preferable. However, given the situation at hand and the 
need for a local solution, dry heat treatment combined 
with sanitising protocols can provide the Alaska Native 
Medical Centre with an effective approach to extend FFR 
supply in a crisis capacity situation.
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