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Preface

This document providginstructions for building boxwith readily available materiab hold UV lamps
that cansanitizemedicalface masks$or reuse This isespecially important dung theCOVIBL9
Pandemiavhenpersonal protection equipment (PPE)n short supply Reuse of masksnormally not
recommendedbut mask sanitization isiuch safethan mask storagefuse withoutsanitization.

UV-C radiation(at 254 nm)hasbeenshownto kill bacteria and viruss includingthe COVIBEL9 virus A
dose of 1J/crhis shown to be adequat® deactivateinfluenzavirusin a 2019 reporcommissioned by
the United States Food and Drug Administratiand a similar design hagén employed for
decontamination of N95s at the University of Nebraska influenza and coronaviruses are similar
singlestranded RNA viruses, we extrapolated the needed energy requirements from the cited report
above to design our unit. This technique econtamination haslso been testeand found adequate
in work done by Smith et dll] with SARE0V2 virus The lampsised in our first prototypavere spare
replacements intended fonse at wastewater treatment facilitieManywastewater treatment facilities
use UV lamsto sterilize water before wastewater is discharged to the environment. Specificaifon
these lampsnay vary.Our design was tested with a UV Radiometer and théreéslosage of 1J/cfn
can be accomplished on the order of hinutes.

¢tKS ! YAGSNERAGE 2F LRIFIK2X Ay I O0O2NRIFIYyOS 6A0GK D2 @SNJ
declaration related to the CID19 pandemic and his March 25, 2020 declaration of Extreme

Emegency, is doing what it can to help the State of Idaho respond to the COpBndemic. As such,

the University of Idaho ideployedits expertise and resources to provide this emergenypyigment.

While we are building this equipment from designs imded to comply with relevantsearch and

standards, this equipment has not been tested or approlgdnythird-party testing agency.

Thanks taa donation from the City of Clarkstowashindgon, andour partnership with thecity of
Lewiston Idahg we hawe a limited supply ofJVlampsto provide forfacilitiesmost needinghem.
Please contact umtrequestiamps or foradditional information.
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SAFETYV Hazard

UV radiation exposure even for shottrétion can be harmfuExposure to UVC and UVB results in
sunburn and pigmentationd 8 S SELJ2 & dzNB (i 2 | oxdeNYGF yii eNBSH dilyii@) dxNB  GiFt |+
term exposure an result inskin cancer angremature aging.

To guard against injury, basidety precautions should be observed, including the following:

1 Never look directly at th&ght while in operationFor buildingand testing box, precautions
similar to those used in anwelding should be followed including use of {gkbtective gloves,
longsleeves, eyewear / welding shieldle recommend no uncovered skin nor uncovered eyes
during design, production, or testing thfis device while UVC bulbs are in operation.

1 Use only as spified by the operating instructions.

1 Do not use this equipment fanything other thardisinfecting surgical or N95 masks.

91 Do not touch surfaces that become hot during operation, including bulbs and inside of chamber.
91 Do not use this product in the presce of flammable or combustible materials.

1 Ensure that the power Liton is easily accessible during use.

9 Ifliquid is spikd inside the unit, disconnect it from the power supply and have it checked by a
competent personEnsure the unit is not wet beferconnecting it to the power supply.

T LG A& (KS dzatGdddydut tNGapprdprihta decoktdnfinétidn if hazardomaterial
is spilled on or inside the equipment.

¢
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hazard due to reaction with the equipment or matrcontained in it.

Caution UV Radiation Hazard. Usely with shielding in place. Protect eyes
and skin from exposure to UV light.



SAFET¥ire Hazard

The lamp acts as the hesburce inside the box at the same wattage as bulb rating. The leeatrated
inside the box must be equal to heat dissipated for steady state operation. We do not assume any
forced convection and assume that box is placed on sml@ted surface.

After cantinuous use, the average temperature of the box is expected ta loe below 40 °C (104°F) for
an ambient temperature is 20 °C (68°F). See appdtidixmore information. This is assuming 130W of
UV lamps inside the standardxdSmaller box with sameattage will have slightly higher temperature.
In any caseDO NOT CZER THE UNIDperate the unit at well ventilated area.

Caution Surfaces can become hot during use, including inside of chamber
and bulbs themselves.



SAFETY: Ozof®rmation fran UV

Some UV lamps may produce Ozowthile ozonehelpswith disirfection, human exposure thigher
level of Ozoneés not considered healthyDne sourc€Oxidationtech.comjeportsthat

1 UV light wavelengths shorter than 240 mill create ozone via photgsis of the oxygen
molecule.

1 UV light wavelengths between 2480 rm will destroy ozone via photolysis of the ozone
molecule.

1 UV light wavelengths between 2815 nm are mostly absorbed by the ozone layer itself.

Ozone in air, drtunately, is unstable mekule andwill convert to oxygen over time. The conversion rate
depends on factors such asrflow, temperature,and humidity Increasedevel of air flow, temperature
and humidity will help lower ozone level rapid[f]. Assafey precaution, we recommend placing the
unit in well ventilated area anldkave the boxaloneafter completion of UV radiatiordor as long as it is
practical.lf used indoorspnited Stats OSHA guidelines recommends a threshold of no more than 0.1
ppm ozme exposure for up to 8 hours of light wodnd no more than 0.@pm for no greater than 2
hours exposurg3]. If these amounts ozone are exceeded by detection with an ozone sensor, the box
may need tdbe deployed outdoors for gater ventilation and reduction of human exposu€. note,
some ommercially availabl&/VCbulbs aredt R 2 LISWbZonebulbs,and we recommend checking

with the manufacturer of bulbs prior to purchage determine what might best suit youreeds.

Ozone Test Re#ts

We tested theOzoneinside the box usiniylQ-131Ozonesensor on a 20minute run. Thesensor was
readingambient airozone levelat 10 ppb.When theUVIlamp turned on, he readngincreasingup to
383 ppb(Parts Per Billion). Roundingup, thisis about0.4 ppm (Parts Per Milliopat the end of20-
minute cycle Theinitial ozone increase rate wdsgher, and the increase rate slowed down as time
passed. Thezone level was stilhcreasing at aboud ppb/min after 20minutes After thelampturned
off, the ozonelevel stated to decreaset about 1 ppb per minute

The test shows thahere is indeed somezone being generated irk the box OSHAiImits ozone
exposire toshort termlimit (STLjor 300 ppb. Therefore we strongly recommenthkingprecautions
such as placing box in well ventilated arkemyving box unopened aftéreatment for as long as
practical Other measure such apening the box, leaving the simdreturning to collect the masks
after a short whilamay also reduce thezone exposure.

" https://shop.cantroleverything.com/products/ozongassensorl 2-bit



https://shop.controleverything.com/products/ozone-gas-sensor-12-bit

Desgn Features
Thesterilizationboxshown in figurebelow has the following features when it is built specification.

=

UV lampselected tosanitize maskin 10to 30 minutes.

Grill rackin the middle to radiate from top and bottom.

Safety swith to turn off UV lamps for accidental lid opening.

Timer switchto control radiation timing30 minutes

Pilot lampto indicate if UV is ON.

Inside surface is made reflective using aluminum tape or glued aluminum foil.

¢KS fAR KI & ok néUViightlfdmlestRoitgy/wWRenitl@sedcINE @S y
Locking systento keep away from unauthorized use.

The usable surface areathie unit“isaboutlo square feet 8¢ ft x 22€). It can holdabout
50marksinabatci2 ¥ pé& E p¢€

© © N Ok wDd

Lid lip to
contain UV light

Reflective inner
surfaces

UV lamps
Safety Switch

Grill rack

Locking
system

Pilot lamp

Timer switch

AC power inlet

A shortassembly video is avallke at https://youtu.be/p6T_cOV7Mhk


https://youtu.be/p6T_c0V7Mhk

Box Sing
This boXA a

wastewater treatment facility Thefinishedboxis 71%a ¢ AR $i n ¢

For other types of U\amp,andfor other sizeof dimension lumber ath plywood hicknesseshe box

RSaA3Iy JoRgUYBMPpEF KE G F AamEYy Of 2a SR udedin cT é
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dimensions may baltered. This dimension can be changkd any width (W)depth(D), and height (H),
dimensions as desired. The cutting instructions are givéM,iD and HThe amount of plywood, lumber

andaluminumfoil will vary degnding on he box size.

Measure the length and diameter of the UV light bulb (Measure the quartz tube light bulb is
encased inside quartz tube). The standard box that is described in this document assumes that the UV

tlYLI Aa

T MOPLEEE MH & ®

For any other sizes, note the following dimensions:

EY @ 0)Xpydond 8FR dza Ay 3
correct proceed as instructed for a standard box. The finished box willdreeeernal dimension of
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Feature Dimension (irch) Recommedation

Desired box width Boxwidth W = (Tubelength +4 12¢.
W = StandardwidthA & T moyé€

Desired box depth D= 18toH n § @I y R AiRstfarn ¢
D= available rack size to place masks

Desired box height H=12tomc.g G YRI CdIdmH £
H = higher.

Plywood thickness T="¢ Xbbard May also useé £
T= tempered hard board.

Actual lumber ssection 2x2dimension lumberX = m oyé

— X —f X =

f dzy o S N.



Radiation Intensit€alculations
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Figurel: Calculated radiation intensity in mW/&imside theboxwith aluminum foil lined baxA bulb above and below design
put this amount of radiation from above and beloictual radiation may be higher.

Calculatedadiation intensitydistributionfrom a single65 WUMWClamptube (with assumption that 50%
of the radation rated wattage in UVC rangplacedp ¢ | 0 2ra@i&lorig khébox widthis shownin
Figure 11f two bulbs are used, one on top and anoth&ow, an equal amount ahdiation will be
applied from underside as welt.was assumed that the box iner islined with shiny side of aluminum
foil. Details of this calculation is given in ApperBliBased on the recommendation froN95 filtering
facepiecerespirator decontamination1J/cn? is recommended4]. To ensure this amount of radiation
we take the lowest radiation of 1 mW/cm®ith thisradiationintensity it will takeat least17 min
(=10001 s)get 1 J/cm. Therefore radiation for 17 min or higher is recommended tdeactivate SARS
Co\f2 virus.

UVTestResuts

The radiation measurements were madsinga UVC Irradiance Meter (Extech SDI'¥}7the sensor was
placed atthe rightmost 1.6 mW/cm? contour line in Figure 1The recoded radiation initially increasel
from about0.9 mW/cn? to about 1.% mW/cn?in a matter ofa minute. Then it stabilized there for
about 5 minutes andlswly decreased to about.& mW/cn?at the end of the 2éminute cycle This
measurement showthat the above raliation calculatios were conservative estimatiomand were

close to measured valuesheradiation intensityshown in figure ill proportionally change with lamp
power. For different shapes tdmp and reflective surfacgou ma/ use the Matlab @de provided in
Appendix B.

i http://www.extech.com/products/SDL470



http://www.extech.com/products/SDL470

PartsList

Most supplies should be available at local hardevstores or through online stores.

Supply DESCRIPTION | QTY.
~ ¢éPlywood 4% 8Q 2
. . 10Qong 6
2x2DimensionLumber ORy Qf 2y 3 7
i
z./fg 1" width 1
Hasp
g 30 min 1
Timer switch
7 & 2
Hinge
Wood Screw “// Linch 120
_ /“&4 2inch 20
WoodScrew N
_ N 6-32¢ 1¢ 10
Flat head rachne screw
" 6-32 nut 10
Nuts and small washer - #10 flat washer 10
Rated for
120V or higher 1
Limit Switch 3Aor higher
120Vrated 1
Pilot lamp(red color preferred,
Aluminum foiroll >40 sq. ft 1
4
¢ #Pipe Stafg ¥4 LIA LIS Ké& & 5 O]
4/ 15 amp rated 1
ComputerPower cord
AC pwer entry module
1

Preferaby with a svitch ’
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OtherSupplies

U\VClamptube w/out quartz sheattand Ballast
(Some available on requéstship, please contacis) 65W 5
any UVC lamabout 50W rangevith 254nm
wavelength should w)

SZAR

\ HNQ

18-gauge straned wire

5 %
PIDG type wire connector

q 6
Wire ruts

| ( 1
Electrical tape
38 AWGnichromewire or Fishing line MnnQ !
ToolsNeeded
W
Pencil - , -k s
MKYye . OAlU
Electric drill

Wood saw

Philip head screwdriver.

— -

£

oyé T

P
- A
Hot gluegun




FabricatiorProcedure

Making theBoards
1. CUuF NRY nQ E vy @sshdivibgiotn2z R 06 2 | NR

N T
gRQ
Part BTM BRD % X a
709 x 234 or (W-2T)" x (D-2T)" TEQ
4 -3
"o X
)
%
1 1
Part FRNBRD Part SUPPLT
70%' x11' " or (W-2T)" X (H-T)" \(\ I8 25
i )
- 25 -—
1
N T f——et15
gRe
Part TOP BRD x %2
7198 x 24" or W" x D" TRO
e R
d w
o O
- 0O
Part BCKBRD
70%' x11' " or (W-2T)" x (H-T)"

Figure2: Two 4x8 plywoodT=3/8¢ iscut as shownStandad boxhas W=71oy¢ I H% ¢ I .Depdnding afgox size adjust
the needed plywood.

2. Cut the holes fothe pilot lamp and timer switch bogn the FRN_BR[Bee figure 2 for reference)
And hole for AC power Entry Module one of the SDE_BRI3 shown belowkor rectangula cutsit
may be easier taise 0.5 hole sawfirst then use regular saw to make the hole rectanguksdjust
the hole sizes for thémer switch and pilot lamp siza hand. Theecommended location below
ensures that the wires on the back Mok below the rack(for safety). For AC power Entry Module,
make thehole on the side most convenient to connect to the power outlet.

|/—Centerline

fFrom Board @Dﬂ '1*_

—Side Board
J

Figure3: Front BoardThe circular hole is for pilot lamp and rectangle hole isifoer switch. Adjust the hole sizes for parts at
hand.
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3. Glue aluminum foibn one side of each plywood panEkel free to usa combination of aluminum
foil with hot glueor aluminum tape. Sethte pane$aside for later use.

Building theFrame
4. CutSix piees d 10 ft longdimension lumbeinto piecesas shownC 2 Néng I@nbergetstwo
BOX_V, twdox M and SCRAP wood from th& Fiece.

LIDS
x LDL ‘ ‘ ‘ ‘ BOXV ‘ ‘ SCRAP

643" or (W—Z_T—AXV%) " 20 or (D- fT-ZX-%)" 11 or (F\LZT)" Save the rest for Support

BOXL BOXM ! BOXV If using8' long lumber
67%£ 0or W-2(T+X)" 20% or (D-2X-2T)" ! 112 or (H-2T)" 7" piece will make parts
! under dotted line

2x

BOXL BOXM BOXM

2x 67%£ or W-2(T+X)" ‘ ‘ 204 or (D-2X-2T)" ‘ ‘ 20V4 or (D-2X-2T)" ‘

Figured: Six10' long2x2 lumber is cut as showldse precalculai@ lengthsasshownfor the standard box or calculate your own
for different sized boas Save longest scrap wosdf aboutH for lid supportMark part names as shown on wouwdth a pencil.

5. Put screws on the middle baiThis step iseededonly if the middk rackis built from nichrome wire
or fishingline. If metal rack is availablef appropriate sizechange the design to hold the rack in
place Take twopieces oBOXM part from Figure4. Pre-drill small pilot holes & n ®dmgdé F NP
andaS wmé | LJ M&owlarifaste12 idchscrews. Please make a note thhetscrews are
not driven allthe wayin. This is to tighe wireto makea mask rack. The spacing between screws
can be adjusted depending on the size of the objbet isbeingsanitized.

0 125_# ,—1"Screw. Leave about 1/8" above the surface.

ﬂ{l.o}-

s

Figure5: The middle ba(Part: BOXM) providesa way to make middle rack using fishline. Fishlines are tied to the small
protruded screw heads

6. Build SIDE FRAME®ake the middle rack ydwuilt in the last gep. Taketwo BOX_\andthe two
BOX_Mparts fromFigure4 to createa side rack likbelow. Use si2é a ONBga FTNBY &ARS
Make two units of thimssembly

Figure6: Buildtwo SIDE FRAMES like this one

13
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7. Complete the frameAddfour BOX_L parts as shown belownStObE FRAME®m the last step Use
2-inchscrews from sides to complete the frame.

Use four BOX_L fo connect two
side frames from the loststep.

Use 2" screws 78" from edges fo hold BOX_Lin place.
Make sure fo avoid collson to screws in side frame.

Figure7: Complée building the frame

Placng Components Together

8. al 1S Gg2 LAf20 K2t Sa ¢ SUPKPLEomyigure R)NSach holedsAG FINGR YA K 2 4
adjacent eges. Then gcure a limit switch using-32 machine screwnut and washeas shown
below. The limit switch is placedothat top of micro switchaligned with top of the support plate.

Figure8: Support platd SUP_PLENd limit switch assebly

Q¢
[eutN
Q.
[atN
(s}
—

9. { SOdzNB adzLJLIR2 NI LX FGS FraasSvyofte FNRY GKS I
The sipports shoul be flush on outside frame as shown below.

14



Box
front

Figure9: Support plate assembly from lastep is attached to the frame

10. Flip theframe upside dowrthen place the bottom board so thatluminum foiledsurface is facig
inside. Secure the board withlé A ONB ga® 9GSyt e L) DRREXONLERSE
about12¢ I LJ- Niosscrewsinystort side.

FigurelO: Flip the frame andcrew the bottom panel with shiny side inside

11. Flipthe frame bak to straight upScrewfront and back panel in the same manner as the bottom
panelwith aluminum foiled surface insid&he panel sbuld be flush with frame all around.

15
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