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!
(#&+'!3$-#,+!
5,6'%47,-4!$1!S,4,%'-.!(11'&%.!
!
I,--+!3$%-'@&,!
A?$44!8,'#49!'-)!A'1,4+!>'%L,4&-@!
!
D,-T'7&-!I;!3$P#&-@!
J9,!<-&=,%.&4+!$1!8$-@!O$-@!
!
O'49,%&-,!3$2!
(7,%&?'-!0,),%'4&$-!$1!A4'4,U!

3$/-4+!'-)!>/-&?&6'#!
:76#$+,,. ""

!
>'%+'--!5V(#,..'-)%$!
N'4&$-'#!B,%.$-'#!B%$4,?4&=,!
! J,?9-$#$@+!F'C$%'4$%+!
!
I$9-!5,?L,%!
N'4&$-'#!E-.4&4/4,!1$%!

R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
!
:-T$#&!5,"%'..,!
E-4,%-'4&$-'#!D%$49,%9$$)!$1!

J,'7.4,%.!
!
!

F&.'!5,#'-,+!
N'4&$-'#!E-.4&4/4,!1$%!

R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
!
O'+!5,##&-@,%!
R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
! ()7&-&.4%'4&$-!
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*((&/5)6#7# !8 #
#
5$-'#)!5$-'9/,!
B$4$7'?!E-.4&4/4,!1$%!B$#&?+!
! A4/)&,.!
!
A4,=,-!5/11!
F$/&.!>;!",%.$-!3$;!
!
M&?9!5/11+!
E-4,%-'4&$-'#!(..$?&'4&$-!$1!0&%,!

0&@94,%.!
!
('%$-!:'@'-!
S,4,%'-.!8,'#49!(11'&%.!
!
I/)+!:.4,6!
E-.4&4/4,!$1!>,)&?&-,!!
!
M$C,%4!"'%=,+!
R??/6'4&$-'#!A'1,4+!'-)!8,'#49!

()7&-&.4%'4&$-!
!
M$C,%4'!",'%9'%)4!
IWJ!(66#&?'4&$-.U!E-?;!
!
J%$+I,--,-,!"&CC.!
3&4+!$1!(#,2'-)%&'!0&%,!

5,6'%47,-4!
!
5'-&,#!"#/?L.7'-!
E-4,%-'4&$-'#!A'1,4+!:Q/&67,-4!
! (..$?&'4&$-!
!
:=,#+-!"$)P&-!
"$)P&-!3$-./#4&-@!"%$/6!
!
"'+#,!"$11!
<;A;!N'=+!
!
!
!

F,P&.!M;!"$#)1%'-L!
N,P!X$%L!<-&=,%.&4+!A?9$$#!$1!
! >,)&?&-,!
!
N'-?+!8'&#6,%!
(..$?&'4&$-!1$%!B%$1,..&$-'#.!&-!
! E-1,?4&$-!3$-4%$#!'-)!
! :6&),7&$#$@+!
!
:#&.,!8'-),#7'-!
R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
! ()7&-&.4%'4&$-!
!
F$%%'&-,!8'%L'=+!
D&$7,)&?'#!()='-?,)!M,.,'%?9!
! '-)!5,=,#$67,-4!(/49$%&4+!
!
J%'?+!8'%%&.!
E-.4&4/4,!$1!>,)&?&-,!!
!
N'-?+!8'/4,%!
R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
! ()7&-&.4%'4&$-!
!
0%'-L!I;!8,'%#!
N'4&$-'#!E-.4&4/4,!1$%!

R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
!
"%,@!8,#7'-!!
DN(!B/C#&?'4&$-.!
!
D$--&,!8,-%+!
D%&4&.9!3$#/7C&'!3,-4%,!1$%!
! 5&.,'.,!3$-4%$#!
!
>&?9',#!8$)@.$-!
S,4,%'-.!8,'#49!()7&-&.4%'4&$-!
!
A,?$-)'!8$##&-@,%!
<;A;!N'=+!



!9# %&'()%*+,%-#(%,+&.+),/#0, %#1&*2+1.*%&#3,%4&%' #
#
E-@%&)!8$6,!
5,6'%7,-4!$1!8$7,#'-)!A,?/%&4+!
!
I'7,.!8$%-.4,&-!
>$#),2*>,4%&?U!E-?;!
!
N'-?+!8/@9,.!
(7,%&?'-!N/%.,.!(..$?&'4&$-!!
!
M$C,%4!E%P&-!
3,-4,%.!1$%!5&.,'.,!3$-4%$#!'-)!
! B%,=,-4&$-!
!
(#,2'-),%!E.'L$=!
:7$%+!<-&=,%.&4+!
!
3'%$#+-!I'?L.$-!
E-1,?4&$-!B%,=,-4&$-!'-)!3$-4%$#!
!
I'7,.!I'7,.!
(7,%&?'-!>,)&?'#!(..$?&'4&$-!
!
A/-)'%,.'-!I'+'%'7'-!
",$%@&'!E-.4&4/4,!$1!J,?9-$#$@+!
!
(#+'9!O9'-!
E-.&),!RA8(!
!
I'7,.!O&%LP$$)!
(..$?&'4&$-!$1!A4'4,!'-)!

J,%%&4$%&'#!8,'#49!R11&?&'#.!
!
K&##&'7!O$T$#'!
(0F*3ER!
!
O,=&-!F'-)L%$9-!
R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
! ()7&-&.4%'4&$-!
!
!

5'=&)!F,"%'-),!
3$77/-&?'4&$-.!K$%L,%.!$1!
! (7,%&?'!
!

"'%+!F,.?'##,44!
<;A;!5,6'%47,-4!$1!F'C$%!
!

X$##'!F,=&44!
H>!
!

K&##&'7!";!F&-).#,+!
N'4&$-'#!E-.4&4/4,!1$%!

R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
!
I'-,!F&6.?$7C!
<-&=,%.&4+!$1!>'%+#'-)!D'#4&7$%,!
!
3'49+!F&=,%7'-!
E-.4&4/4,!$1!>,)&?&-,!!
!
"'+#,!F$='4$!
E-$='!F$/)$/-!8$.6&4'#!
!
M'&-'!>'?E-4+%,!
<-&=,%.&4+!$1!N,P!A$/49!K'#,.!
!
D%/?,!>'9'-!
!
A'%'!>'%L#,*:#),%!
(0F*3ER!
!
I'7,.!>?5,=&44!
8'%='%)!A?9$$#!$1!B/C#&?!8,'#49!
!
M$-!>?"%'P!
E-4,%-'4&$-'#!(..$?&'4&$-!$1!0&%,!
! 0&@94,%.!
!
(7'-)'!>?J&,%!
<;A;!5,6'%47,-4!$1!F'C$%!
!



*((&/5)6#7# !: #
#
3'%4,%!>,?9,%!
N'4&$-'#!A,?/%&4+!3$/-?&#!
!
I'7,.!>,#&/.!
F'C$%,%.!8,'#49!Y!A'1,4+!0/-)!$1!
! N$%49!(7,%&?'!
!
J$C+!F;!>,%#&-!
3,-4,%.!1$%!5&.,'.,!3$-4%$#!'-)!
! B%,=,-4&$-!!
!
F,$-'%)!>,%7,#!
M9$),!E.#'-)!8$.6&4'#!
!
(/C%,+!>&##,%!
0$$)!'-)!5%/@!()7&-&.4%'4&$-!
!
M&?9'%)!>&##,%!
3$77&44,,!$-!:)/?'4&$-!'-)!

F'C$%U!<;A;!8$/.,!$1!
M,6%,.,-4'4&=,.!

!
M&?9'%)!>&##,%!
<;A;!A,?%,4!A,%=&?,!
!
M/..,##!>&##,%!!
<-&=,%.&4+!$1!<4'9!
!
5$-'#)!>&#4$-!
<-&=,%.&4+!$1!>'%+#'-)!
!
A9,&#'!(;!>/%69,+!
0$$)!'-)!5%/@!()7&-&.4%'4&$-!
!
D$C!N')$#.L&!
:7$%+!<-&=,%.&4+!
!
>'%L!N&?'.!
<-&=,%.&4+!$1!3'#&1$%-&'U!D,%L,#,+!
!

5'=&)!R9'+$-!
J%&$.+-!3$%6$%'4&$-!
!
A$-T'!I;!R#.,-!
3,-4,%.!1$%!5&.,'.,!3$-4%$#!'-)!
! B%,=,-4&$-!
!
B,4,%!B'#,.,!
>$/-4!A&-'&!A?9$$#!$1!>,)&?&-,!
!
J%&.9!>;!B,%#!
I$9-.!8$6L&-.!<-&=,%.&4+!A?9$$#!
! $1!>,)&?&-,!
!
3'%7,7!B,..$'!),!A&#='!
K$%#)!8,'#49!R%@'-&G'4&$-!!
!
A'##+!I;!B9&##&6.!
(@,-?+!1$%!8,'#49?'%,!M,.,'%?9!
! '-)!Z/'#&4+!!
!
(-)%,P!B$6,!
E-.4&4/4,!$1!>,)&?&-,!!
!
J&'!B$P,##!
>$-4,1&$%,*:&-.4,&-!3,-4,%!1$%!
!!D&$,49&?.!
!
F,P&.!I;!M')$-$=&?9!
S,4,%'-.!8,'#49!()7&-&.4%'4&$-!
!
3'%$#!M'69',#!
S&.&4&-@!N/%.,!A,%=&?,!$1!N,P!
! X$%L!
!
I'-!M$)$#1$!
3'#&1$%-&'!N/%.,.!(..$?&'4&$-!
!
!
!



";# %&'()%*+,%-#(%,+&.+),/#0, %#1&*2+1.*%&#3,%4&%' #
#
>;:;!D$--&,!M$@,%.!!
<-&=,%.&4+!$1!N$%49!3'%$#&-'!!
!!A?9$$#!$1!B/C#&?!8,'#49!
!
8'%%&,4!M/C,-.4,&-!
8,'#49!B%$1,..&$-'#.!Y!(##&,)!
! :76#$+,,.!
!
O&7C,%#+!M/76&-@!
S,4,%'-.!8,'#49!()7&-&.4%'4&$-!
!
S&?L,-!A'%L&..&'-!
!
M$C,%4!A?9-,&),%!
5,6'%47,-4!$1!8$7,#'-)!A,?/%&4+!
!
M$.#+-,!A?9/#7'-!
(7,%&?'-!8$.6&4'#!(..$?&'4&$-!
!
B,@!A,7&-'%&$!
(0F*3ER!
!
O,--,49!E;!A9&-,!
<-&=,%.&4+!$1!J,2'.!
!
5&2&,!A-&),%!
3,-4,%.!1$%!5&.,'.,!3$-4%$#!'-)!
! B%,=,-4&$-!
!
M$.,7'%+!A$L'.!
R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
! ()7&-&.4%'4&$-!
!
N&4'!A$$)!
8,'#49!M,.$/%?,.!'-)!A,%=&?,.!

()7&-&.4%'4&$-!
!
8,&)&!A6#,4,!
E>!N,P.!
!

A9'%$-!A4'-#,+!
(7,%&?'-!M,)!3%$..!
!
:#+!AP,%)#&-!
F$@&?!>,)&?'#!FF3!
!
I$-'49'-!AP,%)#&-!
>>!8,%7'-!Y!(..$?&'4,.!FF3!
!
B'/#!(-'-49!J'7C+'9!
N'4&$-'#!<-&=,%.&4+!$1!A&-@'6$%,!
!
F&.'!J$7#&-.$-!
(..$?&'4&$-!1$%!B%$1,..&$-'#.!&-!
! E-1,?4&$-!3$-4%$#!'-)!
! :6&),7&$#$@+!
!
K'='!J%/.?$44!
O&7C,%#+!3#'%L!3$%6;!
!
I$.,69!S,#4%&!
"#'2$A7&49O#&-,!
!
:7&#+!K'#L,%!
>,)B'@,!J$)'+!
!
A9'+#'!K'#L,%!
<;A;!5,6'%47,-4!$1!:-,%@+!
!
5$--'!K'#.9!
0$$)!'-)!5%/@!()7&-&.4%'4&$-!!
!
:#&!K'%-$?L!
3,-4,%.!1$%!5&.,'.,!3$-4%$#!'-)!
! B%,=,-4&$-!
!
39%&.4&-'!K,&-C,%@!
K,&-!B%$)/?4.U!E-?;!
!
!



*((&/5)6#7# "<#
#
A4'-!K,&-C,%@!
K,&-!B%$)/?4.U!E-?;!
!
5'=&)!K,&..7'-!
N'4&$-'#!E-.4&4/4,!1$%!

R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
!
M'+!K9'4#,+!
(#,2'-)%&'!0&%,!5,6'%47,-4!
!
"'7/-/!K&T,4/-@,!
<;A;!5,6'%47,-4!$1
! J%'-.6$%4'4&$-!
!
S,%-$-!K&#L,.!
S,4,%'-.!8,'#49!()7&-&.4%'4&$-!
! !
5&$--,!K&##&'7.!
R??/6'4&$-'#!A'1,4+!'-)!8,'#49!
! ()7&-&.4%'4&$-!
!
J9,$)$%,!X,,!
<;A;!5,6'%47,-4!$1!F'C$%!



!



! !
"

#$%&'()*$+(,"-./0+*/1"
%2"!%33$00//"4/35/'1"

!
!
"
"
"
"
"
"

678879:";<"-:;87="4<><" "Chair#$!%&!'()*+,%-)!.%*)!/012*)3345!645!
7)13,0!8661%5&!46!,0)!92%-)5&%,:!46!;)(1&!<:&,)=$!>0%*0!4-)5&))&!,0)!&%(!
92%-)5&%,:! 46! ;)(1&! 0)13,0! %2&,%,+,%42&$! %2*3+?%2@! =)?%*13$! ?)2,13$! 12?!
A+B3%*!0)13,0!&*0443&C!7)!%&!,0)!645=)5!D5)&%?)2,!46!,0)!E2&,%,+,)!46!F)?%G
*%2)!"EHF#!1,!,0)!I1,%4213!8*1?)=%)&$!12?!>1&!,0)!64+2?%2@!J%5)*,45!46!
,0)! K8IJ! /)2,)5! 645! J4=)&,%*! 12?! E2,)521,%4213! 7)13,0! <)*+5%,:C! J5C!
<0%2)!%&!D546)&&45!46!F)?%*%2)!'=)5%,+&!1,!,0)!92%-)5&%,:!46!/13%6452%1$!
L4&!82@)3)&!"9/L8#!<*0443!46!F)?%*%2)$!>0)5)!0)!&)5-)?!1&!?)12!12?!
A54-4&,!A5%45! ,4!0%&!1AA4%2,=)2,!1,!,0)!EHFC!8!*15?%434@%&,!12?!A0:&%G
434@%&,$! 0)! 01&! 12! 8CMC! %2! B%4*0)=%*13! &*%)2*)&! 654=! 715-15?! /433)@)!
12?!12!FCJC!654=!715-15?!F)?%*13!<*0443C!7)!%&!1!N)334>!46!,0)!8=)5%G
*12!/433)@)!46!/15?%434@:!12?!8=)5%*12!/433)@)!46!D0:&%*%12&!12?!%&!1!
=)=B)5! 46! =12:! 4,0)5! 0424515:! 12?!1*1?)=%*! &4*%),%)&$! %2*3+?%2@! ,0)!
E2&,%,+,)!46!F)?%*%2)C!7)!&)5-)?!1&!/01%5=12!46!,0)!/4+2*%3!46!J)12&!46!
,0)!8&&4*%1,%42!46!8=)5%*12!F)?%*13!/433)@)&!654=!OPPOQOPPR$!12?!>1&!
D5)&%?)2,! 46! ,0)! 8=)5%*12! 7)15,! 8&&4*%1,%42! 654=! OPSTQOPSUC! J5C!
<0%2)V&!=12:!A+B3%*1,%42&!15)!24,!423:!%2!,0)!6%)3?!46!*15?%434@:!B+,!13&4!
42!%&&+)&!46!=)?%*13!5)&)15*0$!A+B3%*!0)13,0$!12?!A+B3%*!A43%*:C!7)!01&!
&)5-)?!1&!12!1?-%&45!,4!=12:!21,%4213!*4==%&&%42&!12?!*01%5)?!1!2+=B)5!
46!EHF!&,+?%)&C!
!
4<" 7<" #?88;7" @?A7@-=" >'<B:=" !?:8C-=" D88!=" EFF8 ! "Vice 
Chair#!%&!12!1&&4*%1,)!A546)&&45!46!2+5&%2@!12?!A+B3%*!0)13,0!12?!?%5)*,45!
46! ,0)! I45,0! /1543%21! H**+A1,%4213! <16),:! 12?! 7)13,0! '?+*1,%42! 12?!
K)&)15*0! /)2,)5! 12?! ,0)! H**+A1,%4213! 7)13,0! I+5&%2@! D54@51=! 1,! ,0)!
92%-)5&%,:!46!I45,0!/1543%21$!<*0443!46!D+B3%*!7)13,0$!/01A)3!7%33C!J5C!
K4@)5&! 5)*)%-)?! 0)5! ?%A34=1! %2! 2+5&%2@! 654=! ,0)! W1&0%2@,42!74&A%,13!
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54 RESPIRATORY PROTECTION FOR HEALTHCARE WORKERS 
!
/)2,)5!<*0443!46!I+5&%2@$!W1&0%2@,42$!J/X!0)5!B1**131+5)1,)!%2!2+5&%2@!
654=! Y)45@)! F1&42! 92%-)5&%,:$! <*0443! 46! I+5&%2@$! N1%561($! .%5@%2%1X!
12?! 0)5! =1&,)5! 46! A+B3%*! 0)13,0! ?)@5))! 12?! ?4*,451,)! %2! A+B3%*! 0)13,0!
654=! ,0)! Z402&! 74A[%2&! 92%-)5&%,:! <*0443! 46! 7:@%)2)! 12?! D+B3%*!
7)13,0C!J5C!K4@)5&!>1&!1!-%&%,%2@!&*04315!1,! ,0)!71&,%2@!/)2,)5!%2!I)>!
\45[!12?!%&!12!),0%*&!*42&+3,12,C!<0)!%&!*)5,%6%)?!%2!4**+A1,%4213!0)13,0!
2+5&%2@! 12?! 1&! 1! 3)@13! 2+5&)! *42&+3,12,C! J5C! K4@)5&! %&! 1! 6)334>! %2! ,0)!
8=)5%*12!8*1?)=:!46!I+5&%2@!12?!,0)!8=)5%*12!8&&4*%1,%42!46!H**+G
A1,%4213!7)13,0!I+5&)&C!J5C!K4@)5&!&)5-)&!1&!*01%5A)5&42!46!,0)!IEH<7!
I1,%4213! H**+A1,%4213! K)&)15*0! 8@)2?1! L%1%&42! /4==%,,))C! <0)! 01&!
&)5-)?! 42! 2+=)54+&! E2&,%,+,)! 46! F)?%*%2)! *4==%,,))&! %2*3+?%2@! ,0)!
/4==%,,))! 42! D)5&4213! D54,)*,%-)! ']+%A=)2,! 645! 7)13,0*15)! W45[)5&!
J+5%2@!12!E263+)2^1!D12?)=%*!12?!42!,0)!EHF!<,12?%2@!/4==%,,))!42!
D)5&4213! D54,)*,%-)! ']+%A=)2,! 645! W45[A31*)! <16),:! 12?! 7)13,0C! J5C!
K4@)5&!01&!&)5-)?!%2!3)1?)5&0%A!A4&%,%42&!645!4**+A1,%4213!0)13,0!A546)&G
&%4213!&4*%),%)&!12?!%&!A1&,!A5)&%?)2,!46!,0)!8=)5%*12!8&&4*%1,%42!46!H*G
*+A1,%4213! 7)13,0! I+5&)&! 12?! ,0)! 8&&4*%1,%42! 46! H**+A1,%4213! 12?!
'2-%542=)2,13! /3%2%*&C! <0)! %&! *+55)2,3:! .%*)! D5)&%?)2,! 46! ,0)! E2,)521G
,%4213!/4==%&&%42!42!H**+A1,%4213!7)13,0C!!
"
AD?@;F" F>>?CFG78-H=" 4<><=" 4<B<:<=! %&! ,0)! J%5)*,45! 46! 7)13,0!
645! N1%561(! /4+2,:C! E2! ,0%&! *1A1*%,:! &0)! A54-%?)&! 4-)5133! ?%5)*,%42! 645!
A+B3%*!0)13,0!A54@51=&!%2!,0)!*4+2,:$!%2*3+?%2@!)=)5@)2*:!A5)A15)?2)&&C!
<0)!01&!3)?!N1%561(!/4+2,:V&!*4=A5)0)2&%-)!A12?)=%*!%263+)2^1!A5)A15G
)?2)&&! )6645,&!12?! )2@1@)?!1!>%?)!512@)!46! *4==+2%,:!&,1[)043?)5&!%2!
,0)! A54*)&&C! 8&! A1&,! /01%5! 46! ,0)!F),54A43%,12! W1&0%2@,42! /4+2*%3! 46!
Y4-)52=)2,&!7)13,0!H66%*%13&!/4==%,,))$!&0)!61*%3%,1,)?!%2%,%13!*445?%21G
,%42! 46! ,0)! I1,%4213! /1A%,13! K)@%42V&! A12?)=%*! A3122%2@! %2! R__UC! J5C!
8??4G8:)2&+! %&! %2,)5)&,)?! %2! %2,)521,%4213! 0)13,0! 12?! 01&! &)5-)?! 1&! 1!
*42&+3,12,!,4!5)&)15*0!12?!A+B3%*!0)13,0!A54@51=&!%2!Y0121C!
"
:?IF@>"J<"!?:78="B*<><= !%&!A546)&&45!)=)5%,+&!"645=)53:!A546)&&45!
12?!*01%5!46!,0)!H**+A1,%4213!<16),:!12?!7)13,0!J)A15,=)2,#!1,!,0)!92%G
-)5&%,:! 46! I)>! 71-)2C! 7)! %&! 12! 1&&4*%1,)! "1?`+2*,#! A546)&&45! 1,! \13)!
92%-)5&%,:V&! ?)A15,=)2,! 46! H**+A1,%4213! 12?! '2-%542=)2,13! F)?%*%2)C!
7)!645=)53:!>1&!,0)!=121@)5!46!%2?+&,5%13!0:@%)2)!1,!,0)!H3%2!/45A451G
,%42!12?!)?%,45!%2!*0%)6!46!,0)!American Industrial Hygiene Association 
(AIHA) JournalC!7)!%&!1!@51?+1,)!46!M4&,42!92%-)5&%,:!>0)5)!0)!5)*)%-)?!
1!MC8C!?)@5))!%2!B%434@:C!J5C!/40)2!5)*)%-)?!0%&!=1&,)5!46!A+B3%*!0)13,0!
12?!?4*,451,)!46!A0%34&4A0:!?)@5))&!%2!%2?+&,5%13!0)13,0!654=!,0)!92%-)5G
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&%,:!46!F%*0%@12C!7)!%&!*)5,%6%)?!%2!,0)!*4=A5)0)2&%-)!A51*,%*)!46!%2?+&G
,5%13!0:@%)2)!B:!,0)!8=)5%*12!M415?!46!E2?+&,5%13!7:@%)2)C!J5C!/40)2!%&!
,0)! 645=)5! *01%5! 46! ,0)! 8=)5%*12!I1,%4213! <,12?15?&! E2&,%,+,)! aSSCR!
*4==%,,))!42!5)&A%51,45:!A54,)*,%42!12?!1!*+55)2,!=)=B)5!46!,0)!)?%,4G
5%13!B415?!46! ,0)!Journal of Occupational and Environmental HygieneC!
7)!%&! ,0)!A1&,! *01%5!46! ,0)!8E78V&!5)&A%51,45:!A54,)*,%42! *4==%,,))$!1!
A1&,!A5)&%?)2,!46!,0)!/422)*,%*+,!K%-)5!.133):!/01A,)5!46!,0)!8=)5%*12!
E2?+&,5%13! 7:@%)2)! 8&&4*%1,%42$! 12?! 1! A1&,! 466%*)5! 12?! ,5)1&+5)5! 46! ,0)!
8=)5%*12! M415?! 46! E2?+&,5%13! 7:@%)2)C! J5C! /40)2! &)5-)?! 42! ,0)! EHF!
/4==%,,))! 42! D)5&4213! D54,)*,%-)! ']+%A=)2,! 645! 7)13,0*15)! W45[)5&!
J+5%2@!12!E263+)2^1!D12?)=%*!12?!42!,0)!EHF!<,12?%2@!/4==%,,))!42!
D)5&4213!D54,)*,%-)! ']+%A=)2,!645!W45[A31*)!<16),:!12?!7)13,0C!7)!%&!
*+55)2,3:!>45[%2@!1&!1!*42&+3,12,!,4!,0)!.),)512&!8?=%2%&,51,%42V&!I45,0!
N345%?1b<4+,0! Y)45@%1! /)2,)5! 645! H**+A1,%4213! <16),:! 12?! E26)*,%4+&!
J%&)1&)! "42! ,0)! 1?-%&45:! B415?! 12?! 1&&%&,%2@! 42! 12! +A*4=%2@! *3%2%*13!
&,+?:!46!%263+)2^1#C!J5C! /40)2!%&!13&4!1! *42&+3,12,! ,4!1!A015=1*)+,%*13!
*4=A12:!,01,!01&!?)-)34A)?!,0)!6%5&,!NJ8bIEH<7!*)5,%6%)?!12,%-%513!IPT!
&+5@%*13!5)&A%51,45C!
"
D7I;-" @<" A?D>E@F86=" 4<><" K;?4L=" %&! A546)&&45! 12?! *01%5! 46!
)=)5@)2*:! =)?%*%2)$! I)>! \45[! 92%-)5&%,:! <*0443!46! F)?%*%2)C! 7)! %&!
,0)!=)?%*13!?%5)*,45!46! ,0)! I)>! \45[! /%,:!D4%&42! /42,543! /)2,)5C!J5C!
Y43?6512[! &)5-)?! 1&! A5)&%?)2,! 46! ,0)! <4*%),:! 46! 8*1?)=%*! '=)5@)2*:!
F)?%*%2)! 12?! *01%5)?! ,0)! 8=)5%*12! M415?! 46! '=)5@)2*:! F)?%*%2)V&!
<+BB415?!42!F)?%*13!;4(%*434@:C!7)!%&!*4)?%,45!46!,0)!Agency for Toxic 
Substances and Disease Registry�’s Medical Guidelines for Managing 
Hazmat Incidents$! 12?! &)2%45! )?%,45! 46!Goldfrank�’s Toxicologic Emer-
gencies$!1!&,12?15?!,)(,!%2!=)?%*13!,4(%*434@:C!J5C!Y43?6512[!%&!1!=)=G
B)5!46!,0)!EHF!12?!*01%5)?!B4,0!,0)!EHF!/4==%,,))!42!K)&A42?%2@!,4!
,0)! D&:*0434@%*13! /42&)]+)2*)&! 46! ;)5545%&=! 12?! ,0)! EHF! <,12?%2@!
/4==%,,))!42!D)5&4213!D54,)*,%-)!']+%A=)2,!645!W45[A31*)!<16),:!12?!
7)13,0C!7)!5)*)2,3:!*01%5)?!,0)!EHF!/4==%,,))!42!D)5&4213!D54,)*,%-)!
']+%A=)2,! 645! 7)13,0*15)! W45[)5&! J+5%2@! 12! E263+)2^1! D12?)=%*C! 7)!
*+55)2,3:! *01%5&! ,0)!N45+=!42!F)?%*13!12?!D+B3%*!7)13,0!D5)A15)?2)&&!
645!/1,1&,54A0%*!'-)2,&C!
"
-H8>F@7-F8"JFGF@F4F8="B*<><= !%&!1!A546)&&45!%2!,0)!<*0443!46!
D43:=)5$! ;)(,%3)!12?!N%B)5! '2@%2))5%2@!12?!%2! ,0)! /433)@)!46!F121@)G
=)2,!1,!,0)!Y)45@%1!E2&,%,+,)!46!;)*02434@:!%2!8,312,1$!Y)45@%1C!7)!12?!
0%&! 5)&)15*0! &,+?)2,&! 01-)! =1?)! &%@2%6%*12,! *42,5%B+,%42&! %2! )2,)5A5%&)!
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!
15*0%,)*,+5)!12?!=4?)3%2@!=),04?434@%)&!645!%2645=1,%42!&:&,)=&X!)2@%G
2))5%2@!?)&%@2!46!%2,)33%@)2,!,)(,%3)!&,5+*,+5)&!12?!A54*)&&)&X!12?!?)&%@2!
12?! ?)-)34A=)2,! 46! [24>3)?@)GB1&)?! &:&,)=&! 645! ,)(,%3)&! 12?! 1AA15)3C!
7%&!@54+AV&!5)&)15*0!01&!5)&+3,)?!%2! ,0)! 5)13%^1,%42!46! ,0)! >453?V&!6%5&,!
W)151B3)! F4,0)5B415?c! 45! <=15,! <0%5,C! 7)! %&! *+55)2,3:! )2@1@)?! %2!
&,+?:%2@! ,0)! 543)! 46! =121@)=)2,! 12?! ,)*02434@:! %224-1,%42! %2! 0)13,0!
*15)C!7)!5)*)%-)?!0%&!D0CJC!?)@5))!654=!I45,0!/1543%21!<,1,)!92%-)5&%,:$!
%2! OPSd$! 12?! ,0)! FC;)*0C! 12?! MC;)*0C! ?)@5))&! 654=! ,0)! 92%-)5&%,:! 46!
F1?51&$!E2?%1$!%2!OPeS!12?!OPeU$!5)&A)*,%-)3:C!7)!>1&!%2-43-)?!%2! ,0)!
?)&%@2! 12?! ?)-)34A=)2,! 46! ;fg<43-)5$! ,0)! 6%5&,! )]+1,%42G&43-%2@! A54G
@51=! 654=! <46,>15)! 85,&$! E2*C$! /1=B5%?@)$! F1&&1*0+&),,&C! J5C! Z1:151G
=12!>45[)?!1&!1!A54?+*,!=121@)5!1,!<46,>15)!85,&$!E2*C$!12?!1,!L4,+&!
J)-)34A=)2,! /45A451,%42$! /1=B5%?@)$! F1&&1*0+&),,&$! B)645)! `4%2%2@!
Y)45@%1!;)*0!%2! ,0)!6133!46!OPSTC!D546)&&45!Z1:151=12!%&!1!5)*%A%)2,!46!
,0)!OPSP!D5)&%?)2,%13!\4+2@!E2-)&,%@1,45!8>15?!654=!,0)! I1,%4213!<*%G
)2*)!N4+2?1,%42!645!0%&!5)&)15*0!%2!,0)!15)1!46!*4=A+,)5G1%?)?!=12+61*G
,+5%2@!12?! )2,)5A5%&)!15*0%,)*,+5)C!7)!01&!&)5-)?!42!&)-)513!E2&,%,+,)!46!
F)?%*%2)! 12?! I1,%4213! K)&)15*0! /4+2*%3! *4==%,,))&! %2*3+?%2@! ,0)!
/4==%,,))! 42! D)5&4213! D54,)*,%-)! ']+%A=)2,! 645! 7)13,0*15)! W45[)5&!
J+5%2@! 12! E263+)2^1! D12?)=%*$! ,0)! EHF! <,12?%2@! /4==%,,))! 42! D)5G
&4213! D54,)*,%-)! ']+%A=)2,! 645! W45[A31*)! <16),:! 12?! 7)13,0$!12?! ,0)!
M415?!42!F12+61*,+5%2@!12?!'2@%2))5%2@!J)&%@2C!
!
I;DD;F4" :<" 6?J?DF=" 4<-<= ! %&! ,0)! E2?+&,5%13! 7:@%)2%&,! 645! ,0)!
8=)5%*12!N)?)51,%42!46!L1B45!12?!/42@5)&&!46!E2?+&,5%13!H5@12%^1,%42&!
"8NLG/EH#!J)A15,=)2,!46!H**+A1,%4213!<16),:!12?!7)13,0C!7%&!)(A)5%G
)2*)!%2!0)13,0!12?!&16),:!&A12&!=45)!,012!RT!:)15&C!J+5%2@!,01,!,%=)$!F5C!
f4`431!01&!B))2!,0)!J%5)*,45!46!,0)!H**+A1,%4213!<16),:!12?!7)13,0!J%G
-%&%42!46!,0)!L1B45)5&!7)13,0!12?!<16),:!N+2?!46!I45,0!8=)5%*1$!12!4*G
*+A1,%4213!&16),:!12?!0)13,0!&A)*%13%&,!645!,0)!E2,)521,%4213!M54,0)5044?!
46!M4%3)5=1[)5&$!12?!?%5)*,45!46!&16),:!12?!0)13,0!645!,0)!92%,)?!/)=)2,$!
L%=)$!Y:A&+=!12?!833%)?!W45[)5&!E2,)521,%4213!92%42C!D5%45!,4!,0%&$!0)!
>1&!1!0)13,0!5)&)15*0!&*%)2,%&,!1,!,0)!92%-)5&%,:!46!E33%24%&!<*0443!46!D+BG
3%*!7)13,0$!&,+?:%2@!,0)!0+=12!0)13,0!)66)*,&!46!1%5!12?!>1,)5!A433+,12,&C!
W%,0! ,0)!8NLG/EH$!M%33! f4`431!%&!5)&A42&%B3)!645!?)-)34A%2@!&,51,)@%)&!
645!&)*+5%2@!2)>!&16),:!12?!0)13,0!A54,)*,%42&!,054+@0!6)?)513!12?!&,1,)!
5)@+31,%42&$! *445?%21,%2@! >%,0! 166%3%1,)&! 42! 12?! 3)1?%2@! 1! +2%6%)?! 31B45!
5)&A42&)!,4!A54A4&)?!H<78!5)@+31,%42&$!12?!5)A5)&)2,%2@!,0)!8NLG/EH!
B)645)!@4-)52=)2,!5)@+31,45:!1@)2*%)&!42!6)?)513!1?-%&45:!*4==%,,))&$!
12?! *42&)2&+&! &,12?15?! &),,%2@! )6645,&C! 7)! 13&4! A54-%?)&! ,)*02%*13! 12?!
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&,51,)@%*! &+AA45,! ,4! 45@12%^%2@! *1=A1%@2&! 42! &16),:! 12?! 0)13,0! %&&+)&C!
F5C!f4`431!043?&!1!MC<C!?)@5))!%2!B%434@:!12?!12!FC<C!?)@5))!%2!@)2),%*&!
654=!,0)!92%-)5&%,:!46!F%22)&4,1$!12?!&,+?%)?!,4(%*434@:!12?!%2?+&,5%13!
0:@%)2)!1,!,0)!92%-)5&%,:!46!E33%24%&!<*0443!46!D+B3%*!7)13,0C!
"
@F;8F" 4(+;89G@7=" 4##-" K:%M1L=" 4" F))" 7)$N=" E@F!B="
EFEB:4="B*<><=!%&!7)1?!46!,0)!<*0443!46!D+B3%*!7)13,0!12?!/4==+G
2%,:!F)?%*%2)!1,!,0)!92%-)5&%,:!46!I)>!<4+,0!W13)&$!8+&,513%1$!12?!D54G
6)&&45!46!E26)*,%4+&!J%&)1&)&! 'A%?)=%434@:C!<0)!5+2&!1!0%@03:!&,51,)@%*!
5)&)15*0! A54@51=! &A122%2@! )A%?)=%434@:$! -1**%2434@:$! =1,0)=1,%*13!
=4?)33%2@$! A+B3%*! 0)13,0$! 12?! *3%2%*13! ,5%13&! %2! %26)*,%4+&! ?%&)1&)&C! <0)!
,51%2)?! %2! %2,)5213! =)?%*%2)$! )A%?)=%434@:! 12?! A+B3%*! 0)13,0C! 7)5! 5)G
&)15*0!%&!&+AA45,)?!B:! I7FK/!12?!8K/!@512,&$!12?!&0)!01&!5)*)%-)?!
%2,)521,%4213!5)*4@2%,%42!B:!>1:!46!1!=1`45!1>15?$!,0)!<%5!7)25:!W)33G
*4=)!F)?13!12?!D5%^)$!654=! ,0)!9C<C!=%3%,15:!%2!R__e!645!0)5!>45[!42!
B%4,)5545%&=C!<0)!01&!13&4!>42!,0)!8+&,513%12!<4*%),:!645!E26)*,%4+&!J%&G
)1&)&!8>15?!645!8?-12*)?!K)&)15*0!%2!E26)*,%4+&!J%&)1&)&C!<0)!%&!B)&,!
[24>2!645!5)&)15*0!%2!,0)!?),1%3)?!+2?)5&,12?%2@!46!,0)!,512&=%&&%42!?:G
21=%*&! 12?! A5)-)2,%42! 46! %26)*,%4+&! ?%&)1&)&$! A15,%*+3153:! 5)&A%51,45:!
A1,04@)2&!&+*0!1&!%263+)2^1$!,+B)5*+34&%&$!12?!4,0)5!-1**%2)GA5)-)2,1B3)!
%26)*,%42&C!<0)!01&!1!A15,%*+315!%2,)5)&,!%2!1?+3,!-1**%21,%42!>%,0!1!64*+&!
42!,0)!)3?)53:$!12?!%2!,0)!+&)!46!61*)!=1&[&!12?!5)&A%51,45&!%2!,0)!A5)-)2G
,%42!46!*3%2%*13!5)&A%51,45:!-%513!%26)*,%42&C!<0)!01&!4-)5!OR_!A+B3%*1,%42&!
%2!A))5!5)-%)>)?!`4+5213&!12?!&)5-)&!42!,0)!<*%)2,%6%*!E263+)2^1!8?-%&45:!
Y54+A!,4!,0)!/0%)6!F)?%*13!H66%*)5!46!8+&,513%1C!<0)!%&!12!8&&4*%1,)!'?%G
,45!645!'A%?)=%434@:!12?!E26)*,%42C!
!
4F@6"8;!F-="B*<><="4<B<:<="!;:= !%&!8?`+2*,!D546)&&45!46!'2-%542G
=)2,13!7)13,0!<*%)2*)&$!12?!J%5)*,45!46!,0)!E2?+&,5%13!7:@%)2)!D54@51=$!
%2! ,0)! J%-%&%42! 46! '2-%542=)2,13! 7)13,0! <*%)2*)&$! <*0443! 46! D+B3%*!
7)13,0$! 92%-)5&%,:! 46! /13%6452%1$! M)5[)3):C! J5C! I%*1&! 01&! ,>4! A5%=15:!
5)&)15*0!15)1&C!N%5&,$!0)!?)-)34A&!A54B1B%3%,:!=4?)3&!645!A1,04@)2!%26)*G
,%42! -%1! 5)3)-12,! )(A4&+5)! A1,0>1:&! %2*3+?%2@! %20131,%42$! &+561*)G,4G
012?G,4G61*)!*42,1*,$!12?!?54A3),!&A51:C!7)!01&!1AA3%)?!1!=+3,%A3)!A1,0G
>1:! )(A4&+5)! =4?)3! ,4! )(1=%2)! ,0)!5)31,%-)! *42,5%B+,%42! 46! ?%66)5)2,!
A1,0>1:&! ,4!%263+)2^1! -%5+&!%26)*,%42!5%&[C!<)*42?$!0)!?)-)34A&!=1,0)G
=1,%*13!=4?)3&!,4!)&,%=1,)!)(A4&+5)!%2,)2&%,:!,4!1%5B452)!*0)=%*13!,4(%G
*12,&$!B4,0!A15,%*+31,)!12?!@1&GA01&)C!<+*0!=4?)3&!*42&%?)5!,0)!A433+,12,!
)=%&&%42! 51,)! 12?! ,0)! ?%&A)5&%42! A1,,)52! %2! 1%5C! D1&,! 5)&)15*0! %2-43-)?!
A54B1B%3%,:!=4?)3%2@!46!-15%1B%3%,:!%2!,0)!)66%*1*:!46!A)5&4213!5)&A%51,45:!
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!
A54,)*,%42$! 12?! 5%&[! 1213:&)&! 645!M. tuberculosis! %26)*,%42! 12?! ?%&)1&)!
%2*%?)2*)!1=42@!0)13,0*15)!>45[)5&C!J5C!I%*1&!5)*)%-)?!1!MC<C!%2!M%43G
4@:b/0)=%&,5:!654=!,0)! /%,:! /433)@)!46!I)>! \45[$!1!FC<C!%2!Y)2),%*&!
654=! ,0)!92%-)5&%,:!46!W%&*42&%2$!12?!FCDC7C!12?!D0CJC!?)@5))&!654=!
,0)!92%-)5&%,:!46!/13%6452%1$!M)5[)3):C!7)!%&!12!)?%,45%13!B415?!=)=B)5!
46! ,0)!Journal of Occupational and Environmental Hygiene! 12?! ,0)!
Journal of Applied Biosafety$!1!5)*%A%)2,!46!,0)!'?>15?!ZC!M1%)5!;)*02%G
*13!8*0%)-)=)2,!8>15?!654=!,0)!8=)5%*12!E2?+&,5%13!7:@%)2)!8&&4*%1G
,%42$!12?!1!N)334>!46!,01,!&1=)!1&&4*%1,%42C!
"
B797@"BFD7-7="B*<><="%&!1!D546)&&45!46!F%*54B%434@:!12?! /01%5!46!
,0)!J)A15,=)2,!46!F%*54B%434@:!1,!,0)!F4+2,!<%21%!<*0443!46!F)?%*%2)!
%2!I)>!\45[C!7%&!&*%)2,%6%*!A+B3%*1,%42&!%2*3+?)!5)&)15*0!42!,0)!5)A3%*1G
,%42! 46! KI8G*42,1%2%2@! -%5+&)&! >%,0! 1! &A)*%13! )=A01&%&! 42! %263+)2^1!
-%5+&)&$!>0%*0!15)!2)@1,%-)G&,512?!KI8! -%5+&)&C!<A)*%6%*133:$!0)! )&,1BG
3%&0)?!,0)!6%5&,!@)2),%*!=1A&!645!%263+)2^1!8$!M$!12?!/!-%5+&)&$!%?)2,%6%)?!
,0)!6+2*,%42!46!&)-)513!-%513!@)2)&$!12?!?)6%2)?!,0)!=)*012%&=!46!2)+51G
=%2%?1&)!%20%B%,45&!">0%*0!15)!24>!NJ8G1AA54-)?!12,%-%513&#C!J5C!D13)&)!
13&4!A%42))5)?!,0)!6%)3?!46!5)-)5&)!@)2),%*&!645!2)@1,%-)!&,512?!KI8!-%G
5+&)&$! >0%*0! 1334>&! ,0)! %2,54?+*,%42! 46! &%,)G&A)*%6%*! =+,1,%42&! %2,4! ,0)!
@)24=)&!46! ,0)&)! -%5+&)&C!;0%&!,)*02%]+)!%&!*5+*%13!645! ,0)!&,+?:!46! ,0)!
&,5+*,+5)b6+2*,%42!5)31,%42&0%A&!46! -%513!@)2)&$!645!%2-)&,%@1,%42!46! -%513!
A1,04@)2%*%,:$!12?!645!?)-)34A=)2,!12?!=12+61*,+5)!46!%263+)2^1! -%5+&!
-1**%2)&C!E2!1??%,%42$!12!%=A54-)=)2,!46! ,0)! ,)*02%]+)!01&!B))2! )66)*G
,%-)3:!+&)?!,4!5)*42&,5+*,!12?!&,+?:!,0)!A1,04@)2%*%,:!46!,0)!0%@03:!-%5+G
3)2,! B+,! )(,%2*,! OPOS! A12?)=%*! %263+)2^1! -%5+&C! 7%&! 5)*)2,! >45[! %2!
*4331B451,%42!>%,0!Y15*%1G<1&,5)!01&!5)-)13)?! ,01,!=4&,!2)@1,%-)!&,512?!
KI8! -%5+&)&! A4&&)&&! A54,)%2&! >%,0! %2,)56)542! 12,1@42%&,! 1*,%-%,:$! )21G
B3%2@!,0)=! ,4!*4+2,)51*,! ,0)!12,%-%513!5)&A42&)!46! ,0)!%26)*,)?!04&,C!J5C!
D13)&)!>1&!)3)*,)?!,4!,0)!I1,%4213!8*1?)=:!46!<*%)2*)&!%2!R___!645!0%&!
&)=%213!&,+?%)&!42!%263+)2^1!-%5+&)&C!8,!A5)&)2,!0)!&)5-)&!42!,0)!)?%,45%13!
B415?!645!,0)!Proceedings of the National Academy of Sciences 12?!1&!12!
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