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(AS) ANIMAL SCIENCES 
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(BE) BEHAVIORAL AND SOCIAL SCIENCES 

                    8 BE202  
          

Piper, Bailey; Power, Julia   

Williamsburg Middle School 

Teacher: Bell 

!

The Effect of Type of Music on Memory 

Y#5('/L-+/(0$/)$-0$#))#0+/-,$%-'+$(*$,/*#;$*'(5$7(4+(')$+($5/77,#$)4"((,$)+&7#0+);$.&+$/+$5-A$0(+$
4(5#$#-)/,A6$Y-0A$)+&7#0+)$,/)+#0$+($5&)/4$3"/,#$)+&7A/02;$.&+$7(#)$/+$-4+&-,,A$"#,%_$<*$)(;$3"-+$
2#0'#$)"(&,7$+"#A$,/)+#0$+(_$!"/)$#8%#'/5#0+$)(&2"+$+($-0)3#'$+"#)#$J&#)+/(0)$.A$+#)+/02$+"#$
"A%(+"#)/)$+"-+$%-'+/4/%-0+)$3"($,/)+#0$+($4,-))/4-,$5&)/4$3/,,$)4('#$"/2"#'$(0$5#5('A$+#)+)6$

F@$%-'+/4/%-0+)$+((G$D$7/**#'#0+$5#5('A$+#)+);$(0#$*('$+"#$4(0+'(,$R0($5&)/4W;$-07$(0#$*('$%(%;$
4,-))/4-,;$'(4G;$-07$O-LL6$!"#)#$+#)+)$-,,$"-7$+"#$)-5#$+#0$)"-%#);$.&+$/0$1-'/#7$('7#'$*('$#-4"$
2#0'#6$T-'+/4/%-0+)$3#'#$2/1#0$D$5/0&+#)$+($5#5('/L#$+"#$('7#'$(*$)"-%#)$3"/,#$,/)+#0/02$+($-$
4(''#)%(07/02$2#0'#6$!"#0;$+"#$+#)+)$3#'#$+-G#0$-3-A$-07$%-'+/4/%-0+)$"-7$?$5/0&+#)$+($7($-0A$
-4+/1/+A$(*$+"#/'$4"(/4#6$T-'+/4/%-0+)$3#'#$2/1#0$=D$5/0&+#)$+($+-G#$%-'+$+3($(*$+"#$+#)+$3"/4"$"-7$
+"#5$'#4-,,$+"#$('7#'$(*$+"#$)"-%#)6$!"/)$3-)$'#%#
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(BE) BEHAVIORAL AND SOCIAL SCIENCES 

                    9 BE203  
          

Jones, Ingrid  

Alexandria City High School 

Teacher: Matthews 

!

The Age of Climate Change: Are Younger People More Educated and 
Opinionated on Climate-Related Issues? 

Y-0A$%'(.,#5)$*-4#$+"#$"&5-0$'-4#$+(7-A;$)(5#$7#*/0/+#,A$5('#$%'(5/0#0+$+"-0$(+"#')6$d&+$-$
4(0)+-0+$/))&#$+"-+$/)$%'(2'#))/1#,A$2#++/02$3(')#$4(0+/0&#)$+($.#$4,/5-+#$4"-02#6$<0*('5-+/(0$
)%'#-7);$.&+$/+$0#1#'$)##5)$J&/+#$J&/4G,A$#0(&2";$-07$+"#$J&#)+/(0$(*$3"($'#-,,A$G0(3)$3"-+$
+"#A$-'#$+-,G/02$-.(&+$-'/)#)$(*+#06$!"#$%&'%()#$(*$5A$%'(O#4+$3-)$+($+#)+$3/7#$-2#$'-02#)$(*$

J&#)+



 

NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2022 11 

 

(BE) BEHAVIORAL AND SOCIAL SCIENCES 

                    10 BE204  
          

Christino, Ruth  

Alexandria City High School 

Teacher: Breistanksy 

!

Correlational Study: Height and Success of NWSL Goalkeepers in the 2019 
Regular Season 

M$5&,+/+&7#$(*$7/**#'#0+$+"/02)$4-0$2/1#$-+",#+#)$-71-0+-2#)$/0$+"#/'$)%('+$f$3"-+$5#+"(7)$+"#A$
&)#$+($+'-/0;$3"($+"#A$+'-/0$3/+";$3"-+$)(4/(>#4(0(5/4$)+-+&)$+"#A$2'#3$&%$/0;$/0+'/0)/4$R('$
#8+'/0)/4W$5(+/1-+/(0$g$O&)+$+($0-5#$-$*#36$Y-0A;$"(3#1#';$-++'/.&+#$-+",#+/4$)&44#))$('$*-/,&'#$
+($0-+&'-,$.(7A$4(5%()/+/(06$M,,$)%('+)$-07$$%()/+/(0)$
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(BE) BEHAVIORAL AND SOCIAL SCIENCES 

                    10 BE205  
          

Imlay, Bennett   

Alexandria City High School 

Teacher: Lay 

!

Speech Quality and Performance 

!"#$7-+-$)&%%('+)$+"#$/7#-$+"-+$)/5%,A$&)/02$5('#$3('7)$/0$1#'.-,$/0)+'&4+/(0)$4-&)#)$%#(%,#$+($
)%#07$5('#$+/5#$*(,,(3/02$+"#$/0)+'&4+/(0)6$R!"#$#8%#'/5#0+$3-)$0(+$1#'A$,-'2#;$"(3#1#';$-07$
5('#$'#)#-'4"$)"(&,7$.#$4(07&4+#7$+($.-4G$+"/)$&%6W$!"#$"A%(+"#)/)>>+"-+$%-'+/4/%-0+)$"#-'/02$
,(02$,/0#)$3(&,7$+-G#;$(0$-1#'-2#;$5('#$+/5#$+($4(5%,#+#$+"#$+-)G$2/1#0$+($+"#5>>3-)$
)&%%('+#76$T-'+/4/%-0+)$"#-'/02$,(02$,/0#)$+((G$-0$-1#'-2#$(*$=?6b$)#4(07)$+($4(5%,#+#$+"#$
+-)G;$3"/,#$%-'+/4/%-0+)$"#-'/02$)"('+$,/0#)$+((G$-0$-1#'-2#$(*$(0,A$\6D$)#4(07)6$[#)&,+)$5-A$
"-1#$.##0$-**#4+#7$.A$+"#$#01/'(05#0+$/0$3"/4"$)+&7#0+)$%-'+/4/%-+#76$!"#$4,-))'((5$-07$
"-,,3-A$-+$-0A$2/1#0$5(5#0+$3#'#$*/,,#7$3/+"$7/**#'#0+$-4+/1/+/#)$+"-+$4(&,7$"-1#$/5%-4+#7$+"#$
+"(&2"+>%'(4#))$(*$%-'+/4/%-0+)$)/20/*/4-0+,A6$!"#$,/0#)$4(&,7$-,)($"-1#$.##0$'#4/+#7$
/04(0)/)+#0+,A$R#86$)-A/02$+"#$,(02$,/0#)$-+$-$*-)+#'$%-4#$+"-0$+"#$)"('+$,/0#)W6$!"/)$#8%#'/5#0+;$/*$
4(07&4+#7$-2-/0;$3(&,7$.#$/5%'(1#7$3/+"$5('#$%,-00/02$-07$+/5#$+-G#0$+($#0)&'#$,-'2#'$
%-'+/4/%-0+$+&'0(&+)$-07$5('#$4(0)+-0+$1-'/-.,#)6$

$ $
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(BI) BIOCHEMISTRY 

                    9 BI300  
          

Babic, Harlow  

Alexandria City High School 

Teacher: Matthews 

!

How Does Glycerol Affect The Flexibility of Bioplastic? 

<0$+"/)$#8%#'/5#0+;$<$+#)+#7$"(3$+"#$-5(&0+$(*$2,A4#'(,$R-G-6$2,A4#'/0;$2,A4#'/0#W$-**#4+)$+"#$
*,#8/./,/+A$(*$-$4('0)+-'4"$./(%,-)+/46$<$5-7#$+"#$./(%,-)+/4;$)3-%%/02$(&+$+"#$-5(&0+$(*$2,A4#'(,;$
-07$+#)+#7$+"#$*,#8/./,/+A$.A$.#07/02$+"#$4((,#7$%,-)+/4;$-07$5#-)&'/02$+"#$-02,#$-+$3"/4"$/+$.#0+6$
Q&'$7-+-$)"(3#7$+"-+$+"#$./(%,-)+/4$3/+"$+3($+#-)%((0)$(*$2,A4#'(,$3-)$+"#$5()+$*,#8/.,#$-07$
+"-+$+"#$./(%,-)+/4$3/+"$0($2,A4#'(,$3-)$/0*,#8/.,#$-07$.-'#,A$*&04+/(0-,6$j07#')+-07/02$"(3$+"#$
1-'/-.,#)$/0$./(%,-)+/4$4-0$-**#4+$/+)$+#8+&'#$3/,,$"#,%$(+"#')$&07#')+-07$"(3$+($%#'"-%)$5-G#$/+$
*('$+"#5)#,1#);$4-&)/02$+"#5$+($&)#$,#))$%#+'(,#&5$%,-)+/4;$3"/4"$/0$+&'0$4'#-+#)$,#))$-/'$-07$
#-'+"$%(,,&+/(06$$

$ $
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(BI) BIOCHEMISTRY 

                    9 BI301  
          

Bowen, Natalie   

Alexandria City High School 

Teacher: Matthews 

!

Can You Create a Novel Pesticide That Targets Transcription Factors? 

Y/,,/(0)$(*$%#(%,#$-'#$/0*#4+#7$3/+"$5()J&/+(>.('0#$/,,0#))#)$#-4"$A#-'6$!($+'A$-07$4(5.-+$
+"#)#$/,,0#))#)$<$7#4/7#7$+($)+&7A$+'-0)4'/%+/(0$*-4+(')$/0$1#4+('$5()J&/+(#)$+"-+$4(&,7$.#$&)#7$
-)$+-'2#+)$*('$5()J&/+($G/,,/02$%#)+/4/7#)6$!"#$5()J&/+($)%#4/#)$<$)+&7/#7$3#'#$M0(%"#,#)$
2-5./-#;$M#7#)$-#2A%+/;$-07$S&,#8$J&/0J&#*-)4/-+&)6$!($.#++#'$)+&7A$+"#)#$5()J&/+($)%#4/#)$<$
&)#7$k'()(%"/,-$5#,-0(2-)+#'$-)$-$'#*#'#04#$)%#4/#)$7&#$+($+"#$4(%/(&)$-5(&0+)$(*$'#)#-'4"$
+"-+$"-)$.##0$7(0#$(0$/+6$<$/7#0+/*/#7$-$%'(+#/0$'#*#''#7$+($-)$+-/,,#)$/0$k'()(%"/,-$+"-+$'#2&,-+#)$
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(BI) BIOCHEMISTRY 

                    9 BI303  
          

Ortuno, Evelyn  

Washington-Liberty High School 

Teacher: Sotomayor 

!

Average Mass (g) of Beef Liver Dissolved in Different pH Levels 

!"#$(1#'-,,$%&'%()#$(*$+"#$)+&7A$3-)$+($*/07$(&+$3"/4"$%N$,#1#,$.#)+$7/))(,1#7$+"#$.##*$,/1#'6$
!"'##$%N$,#1#,)$+"-+$3#'#$+#)+#7$-'#$1/0#2-'$3/+"$-$%N$(*$F6D;$.,#-4"$3/+"$-$%N$(*$=?$-07$
3-+#'R4(0+'(,W$3/+"$-$%N$,#1#,$(*$c6$K+&7/#)$"-1#$/07/4-+#7$+"-+;$1/0#2-'$"-)$+"#$%(+#0+/-,$+($
7/))(,1#$*((76$<0$-77/+/(0;$1/0#2-'$/)$)"(30$+($"-1#$-$)/5/,-'$%N$,#1#,$-)$)+(5-4"$-4/7$R]"#,-0;$
FE=`W6$!"#$"A%(+"#)/)$3-)$/*$+"#$.##*$,/1#'$/)$%,-4#7$/0$1/0#2-';$+"#0$+"#$.##*$,/1#'$3/,,$"-1#$+"#$
,#-)+$-5(&0+$(*$5-))$,#*+6$=E$+'/-,)$3#'#$7(0#$*('$#-4"$%N$,#1#,6$!"#$)+&7A$4(5%'/)#7$(*$?E$
7/8/#$4&%)$3/+"$D$2'-5)$(*$.##*$,/1#'$/0$#-4"$4&%$-07$-$+-.,#)%((0$(*$#-4"$,/J&/76$!"#$5-O('$
*/07/02)$('$+'#07)$*(&07$-'#$+"#$F$,(3#'$%N$,#1#,)$7/))(,1#7$+"#$5()+$5#-+6$N(3#1#';$+"#$
-0-,A)/)$/)$+"#$1/0#2-'$-07$3-+#'$"-7$0($)+-+/)+/4-,$7/**#'#04#6$!"#$-4/7/4$-07$0#&+'-,$)(,&+/(0)$
7/))(,1#7$5('#$5#-+$+"-0$+"#$.-)/4$)(,&+/(06$$

$ $
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(CH) CHEMISTRY
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(CH) CHEMISTRY 

                    7 CH404  
          

Wielechowski, 
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(CH) CHEMISTRY 

                    8 CH406  
          

Coppenbarger, Sarah  

Kenmore Middle School 

Teacher: Brown 

!

The Effects of Sand and Salt on Ice Melting Time 

K+&7/#)$"-1#$)"(30$+"-+$+"#$-77/+/(0$(*$)-,+)$-07$)-07$+($/4#$7#4'#-)#)$/+)$5#,+/02$+/5#;$.&+$
3"/4"$(0#$/)$+"#$*-)+#)+_$!"/)$%'(O#4+$,((G)$/0+($+"#$/5%-4+)$(*$/(7/L#7$)-,+$R<KW;$'(4G$)-,+$R[KW;$
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(CH) CHEMISTRY 

                    8 CH407  
          

Islam, Adam   

Kenmore Middle School 

Teacher: Brown 

!

The Effect of the Type of Solution on pH Level 

!"#$%&'%()#$(*$+"/)$#8%#'/5#0+$/)$+($/01#)+/2-+#$3"/4"$(*$+"#$*(,,(3/02$7'/0G)$RY-'G#+$T-0+'Ap$
,#5(0-7#;$!-02p$('-02#$O&/4#;$Y(++^)p$-%%,#$O&/4#;$-07$T#%)/pW$/)$+"#$5()+$-4/7/46$!"#$
"A%(+"#)/)$3-)$+"-+$/*$+"#$7'/0G)$-'#$+#)+#7$*('$%N;$,#5(0-7#$3(&,7$"-1#$+"#$,(3#)+$%N6$!"#$
/07#%#07#0+$1-'/-.,#$3-)$+"#$+A%#$(*$7'/0G$&)#76$!"#$7#%#07#0+$1-'/-.,#$3-)$+"#$%N$,#1#,$(*$
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(CH) CHEMISTRY 

                    8 CH410  
          

Musa, Zara  

Williamsburg Middle School 

Teacher: Warden 

!

The Effect of Acidity on the Time it Takes for a Banana to Oxidize 

!"#$'-+/(0-,#$*('$+"/)$#8%#'/5#0+$/)$+($5(7#,$"(3$*'&/+)$-07$1#2#+-.,#)$4-0$.#$%'#)#'1#76$!"/)$/)$
(*$2'#-+$/5%('+-04#$+($/07&)+'/#)$)&4"$-)$+"#$"('+/4&,+&'#$-07$%'(7&4#$/07&)+'/#)6$X0LA5-+/4$
.'(30/02$(44&')$/0$5-0A$1/4+&-,);$)&4"$-)$.-0-0-);$,#++&4#;$-07$-%%,#)6$X0LA5-+/4$.'(30/02$
7(302'-7#)$+"#$+-4+/,#$-07$1/)&-,$%'(%#'+/#)$(*$-$*'&/+$('$1#2#+-.,#$m$/+$4-0$#1#0$7#1-,&#$+"#$*'&/+$
('$1#2#+-.,#;$5-G/02$/+$4"#-%#'6$d'(30/02$4-0$-,)($7#4'#-)#$+"#$0&+'/+/(0-,$4(0+#0+$(*$*'&/+)$-07$
1#2#+-.,#)m$-,+"(&2"$+"/)$7(#)0no?`m+$5-G#$+"#$*'&/+$('$1#2#+-.,#$/0#7/.,#;$4(0+'-'A$+($%(%&,-'$
.#,/#*6$!"/)$4-&)#)$+"#$4(55(0$4(0)&5#'$+($+"'(3$-3-A$+"#)#$*'&/+)$-07$1#2#+-.,#)$,#-7/02$+($
*/0-04/-,$,())6$X0LA5-+/4$.'(30/02$-,)($4-&)#)$#4(0(5/4$"-'5$*('$*-'5#')$+"-+$2'(3$1/4+&-,)$
+"-+$&07#'2($+"#$%'(4#))$(*$#0LA5-+/4$.'(30/026$$

!"/)$)+&7A$#8-5/0#7$"(3$,(02$/+$+((G$*('$-$.-0-0-$),/4#$+($(8/7/L#$.-)#7$(0$+"#$,#1#,$(*$-4/7/+A$
(*$,/J&/7$3"/4"$3-)$%,-4#7$(0$/+6$<+$3-)$"A%(+"#)/L#7$+"-+$,/5#$O&/4#$3(&,7$%'#)#'1#$+"#$.-0-0-)$
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(CH) CHEMISTRY 

                    8 CH411  
          

Scally, Abbie   

Dorothy Hamm Middle School 

Teacher: Kennedy 

!

The Effect of Deicer Ingredients on the Amount of Time it Takes Ice to Melt 
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(CH) CHEMISTRY 

                    9 CH412  
          

Freeman, Anna  

Washington-Liberty High School 

Teacher: Sotomayor 

!

The Effect of the Amount of Heavy Cream on the Density of Caramels 

!"#$%&'%()#$(*$+"/)$#8%#'/5"
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(CH) CHEMISTRY 

                    9 CH413  
          

Patrick, Victoria   

Alexandria City High School 

Teacher: Holmes 

!

Which Powder Lifts Fingerprints the Best? 

!"#$%&'%()#$(*$5A$'#)#-'4"$%'(O#4+$3-)$+($7#+#'5/0#$/*$./>4"'(5-+/4$%(37#'$/)$+"#$.#)+$%(37#'$
+($&)#$+($,/*+$*/02#'%'/0+)6$YA$"A%(+"#)/)$3-)$/*$./>4"'(5-+/4$%(37#'$/)$&)#7;$+"#0$+"#$*/02#'%'/0+)$
3/,,$4(5#$(**$+"#$.#)+6$<0$5A$#8%#'/5#0+;$<$*(&07$+"-+$/*$./>4"'(5-+/4$%(37#'$5-7#$.#++#';$4,#-'#'$
*/02#'%'/0+)6$d/>4"'(5-+/4$%(37#'$,/*+#7$*/02#'%'/0+)$3/+"$-0$-1#'-2#$(*$bba$-44&'-4A$3"#'#-)$
5-20#+/4$%(37#'$"-7$Fba$-44&'-4A$-07$.(+"$.-G/02$%(37#'$-07$+-,4&5$%(37#'$"-7$-0$
-1#'-2#$(*$Ea$-44&'-4A6$K/04#$.(+"$+-,4&5$-07$.-G/02$%(37#'$-.)('.$5(/)+&'#;$+"#$,(3$
-44&'-4A$4(&,7$"-1#$4-&)#7$.(+"$%(37#')$+($-.)('.$+"#$5(/)+&'#$/0$+"#$*/02#'%'/0+)6$!"#$,(3$
-44&'-4A$(*$5-20#+/4$%(37#'$/)$,/G#,A$.#4-&)#$+"#$%(37#'$/)$5&4"$5('#$4(-')#$+"-0$(+"#'$
%(37#'$&)#7$/0$+"/)$#8%#'/5#0+6$<*$+"#)#$%(37#')$3#'#$#84"-02#7$*('$5('#$0#&+'-,$-07$*/0#'$
%(37#');$+"#$'#)&,+)$5()+$,/G#,A$3(&,7$"-1#$.##0$5('#$#1#06$<*$./>4"'(5-+/4$%(37#'$/)$&)#7;$
+"#0$+"#$*/02#'%'/0+)$3/,,$.#$,/*+#7$+"#$5()+$-44&'-+#,A6$!"/)$"A%(+"#)/)$3-)$+'&#$3/+"$-,,$(*$+"#$
7-+-$)&%%('+/02$/+6$!"#$/07#%#07#0+$1-'/-.,#$3-)$#-4"$+A%#$(*$%(37#'$&)#7$-07$+"#$7#%#07#0+$
1-'/-.,#$3-)$"(3$3#,,$+"#$*/02#'%'/0+)$3#'#$,/*+#7;$+"#'#$3-)$0($4"-02#$4'#-+#76$YA$'#)&,+)$5-A$
"-1#$.##0$7/**#'#0+$+"-0$<$"A%(+"#)/L#7$/*$5A$%(37#')$3#'#0P+$5(/)+&'#>-.)('./02$-2#0+)$('$/*$
+"#A$3#'#$,#))$4(-')#6$M$*#3$/5%'(1#5#0+)$*('$+"#$#8%#'/5#0+$-'#$+($,#+$+"#$*/02#'%'/0+$)/+$3/+"$
+"#$%(37#'$(0$/+$*('$(1#'$`E$)#4(07)$.#*('#$7&)+/02$/+$-07$+($&)#$-$4,#-'#'$+-%#$3"#0$,/*+/02$
+"#56$

$ $
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(CH) CHEMISTRY 

                    10 CH414  
          

Baasansukh, Haley  

Washington-Liberty High School 

Teacher: Fretts 

!

The Effect of Different Solvents on the Retention Factor of Photosynthetic 
Plant Pigments 

!"#$%&'%()#$(*$+"/)$#8%#'/5#0+$3-)$+($+#)+$/*$1-'/(&)$)(,1#0+)$3(&,7$/0*,&#04#$+"#$)#%-'-+/(0$(*$
)#1#'-,$%/25#0+)$*(&07$/0$)%/0-4"$,#-1#)$+"'(&2"$+"#$5#-)&'#5#0+$(*$+"#$'#+#0+/(0$*-4+('6$
[#+#0+/(0$*-4+('$/)$5#-)&'#7$+"'(&2"$+"#$7/)+-04#$+'-1#,,#7$.A$-$%/25#0+$(1#'$+"#$7/)+-04#$+"#$
)(,1#0+$+'-1#,,#7;$)"(3/02$"(3$5&4"$(*$+"#$%/25#0+$"-)$7/))(,1#76$S"'(5-+(2'-%"A$/)$&)#7$+($
-/7$/0$+"#$)#%-'-+/(0$(*$)&.)+-04#)6$K(,1#0+)$3(&,7$-/7$/0$+"#$)#%-'-+/(0$(*$%,-0+$%/25#0+);$
3"#'#$4-%/,,-'A$-4+/(0$3(&,7$-,,(3$+"#$%/25#0+)$+($.#$4-''/#7$-,(02$+"#$%-%#'6$<+$3-)$
"A%(+"#)/L#7$+"-+$/*$+"#$/)(%'(%A,$-,4("(,$/)$+#)+#7;$+"-+$,#1#,$3/,,$.#$+"#$5()+$#**#4+/1#$/0$+"#$
)#%-'-+/(0$(*$%/25#0+);$7&#$+($4",('(%"A,,$-07$4-'(+#0(/7)$.#/02$/0)(,&.,#$/0$3-+#';$3/+"$+"#$
/)(%'(%A,$-,4("(,$"-1/02$+"#$,(3#)+$3-+#'$4(0+#0+6$!"#$0&,,$"A%(+"#)/)$*('$+"/)$#8%#'/5#0+$/)$+"-+$
/*$7/**#'#0+$)(,1#0+)$3#'#$+#)+#7;$+"#0$+"#'#$/)$0($#**#4+$(*$+"#$)#%-'-+/(0$(*$+"#$%/25#0+)$)%/0-4"$
,#-1#)^$%/25#0+)6$:'(5$+"#$7-+-$4(,,#4+#7;$/+$3-)$4(04,&7#7$+"-+$+"#$/)(%'(%A,$-,4("(,$3-)$5()+$
#**#4+/1#$/0$+"#$)#%-'-+/(0$(*$1-'/(&)$%/25#0+)$#8+'-4+#7$*'(5$)%/0-4"$,#-1#);$3/+"$5#-0$
'#+#0+/(0$*-4+('$1-,&#)$(*$E6=?F$*('$4",('(%"A,,$M;$E6@DF$*('$4",('(%"A,,$d;$-07$E6cFD$*('$
4-'(+#0#6$!"#$7-+-$)&%%('+)$+"#$"A%(+"#)/)$+"-+$3-)$+#)+#76$K+-+/)+/4-,$+#)+)$3#'#$7(0#$+($
7#+#'5/0#$+"#$)+-+/)+/4-,$)/20/*/4-04#$(*$+"#$7-+-;$3/+"$.(+"$-0$-0-,A)/)$(*$1-'/-04#$RMBQCMW$+#)+$
-07$+"'##$!>+#)+)$(0$-,,$#8%#'/5#0+$2'(&%);$A/#,7/02$%>1-,&#)$(*$,#))$+"-0$+"#$4'/+/4-,$1-,&#$(*$
E6ED6$
$

$ $
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(CH) CHEMISTRY 
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(CH) CHEMISTRY 

                    10 CH421  
          

Gerardi, Mara; Danaceau, Ellie   

Washington-Liberty High School 

Teacher: Fretts 

!

The Effect of the Type of Oil on the Force Required to Break Hair Exposed 
to UV Radiation 

!"#$%&'%()#$(*$+"/)$#8%#'/5#0+$3-)$+($7#+#'5/0#$+"#$#**#4+$(*$4#'+-/0$+A%#)$(*$(/,$(0$+"#$)+'#02+"$
(*$"-/'$#8%()#7$+($&,+'-1/(,#+$'-7/-+/(06$!"#$"A%(+"#)/)$)+-+#)$+"-+$/*$4"/4G#0$(/,$/)$-%%,/#7$+($+"#$
"-/';$+"#0$+"#$-1#'-2#$*('4#$'#J&/'#7$+($.'#-G$+"#$"-/'$-*+#'$#8%()&'#$+($jC$'-7/-+/(0$3/,,$.#$+"#$
2'#-+#)+$.#4-&)#$/+$"-)$+"#$"/2"#)+$,#1#,$(*$&0)-+&'-+#7$*-+)$-07$+"#'#*('#;$+"#$"/2"#)+$jC$
-.)('%+/(0$'-+#6$!"#$/07#%#07#0+$1-'/-.,#$3-)$+"#$+A%#$(*$(/,$-07$+"#$7#%#07#0+$1-'/-.,#$3-)$
+"#$*('4#$'#J&/'#7$+($.'#-G$+"#$"-/'$R/0$B#3+(0)W6$!"#$,#1#,)$(*$<C$/04,&7#7$4"/4G#0$(/,;$
2'(&070&+$(/,;$-07$4(4(0&+$(/,;$/0$-77/+/(0$+($+"#$4(0+'(,6$X-4"$(/,$3-)$-%%,/#7$+($2'(&%)$(*$+#0$
"-/')6$!"#)#$"-/')$3#'#$+"#0$#8%()#7$+($&,+'-1/(,#+$,/2"+$*('$)/8+A$5/0&+#)6$!"#$*('4#$'#J&/'#7$+($
.'#-G$+"#$"-/'$3-)$5#-)&'#7$&)/02$-$)%'/02$)4-,#$-07$+"#$7-+-$3-)$-0-,AL#76$!"#$"A%(+"#)/)$
3-)$'#O#4+#76$M0$MBQCM$+#)+$3-)$4(07&4+#7$-07$+"#$0&,,$"A%(+"#)/)$3-)$-44#%+#7;$-)$+"#$
'#)&,+/02$%$1-,&#$RE6=FDW$3-)$2'#-+#'$+"-0$+"#$4'/+/4-,$1-,&#$(*$E6ED;$/07/4-+/02$+"-+$+"#$7-+-$3-)$
0(+$)+-+/)+/4-,,A$)/20/*/4-0+6$!"#$/04(04,&)/1#$7-+-$4(&,7$.#$-++'/.&+#7$+($+"#$+/5#$)%#0+$#8%()#7$
+($jC;$3"/4"$3-)$-$0(+-.,#$,/5/+-+/(06$N-/'$"#-,+"$%,-A)$-$1/+-,$'(,#$/0$%#(%,#^)$)#,*$/5-2#$-07$
"A2/#0#;$)($/+$/)$/5%('+-0+$+($4(0+/0&#$+($'#)#-'4"$-07$+#)+$5#+"(7)$(*$%'(+#4+/(06$$

$ $
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(EN) ENGINEERING 

                    7 EN500  
          

Borisov, Camila   

Kenmore Middle School 

Teacher: Gantenbein 

!

The Effects of Building Materials on Structural Stability During Earthquakes 

<0$+"/)$#8%#'/5#0+$+"#$%&'%()#$3-)$+($7#+#'5/0#$3"/4"$(*$+"#$+"'##$4(55(0$.&/,7/02$5-+#'/-,)$>$
3((7;$4,-A$-07$4(04'#+#$>$/)$.#++#'$-+$3/+")+-07/02$#-'+"J&-G#)6$$!"#$"A%(+"#)/)$3-)$+"-+$
4(04'#+#$3(&,7$.#$+"#$.#)+$5-+#'/-,$(*$+"#$+"'##;$)/04#$/+$/)$)+&'7/#'$+"-0$3((7$-07$4,-A6$$!($+#)+$
+"#$"A%(+"#)/);$+"'##$5/0/-+&'#$"(&)#)$3#'#$.&/,+$(&+$(*$+"#)#$5-+#'/-,)$-07$+"#0$)&.O#4+#7$+($
1/.'-+/(0$3"/4"$3(&,7$)/5&,-+#$-0$#-'+"J&-G#6$$M*+#'$.#/02$)&.O#4+#7$+($1/.'-+/(0;$+"#$3((7$
"(&)#$"-7$0($)+'&4+&'-,$7-5-2#m$+"#$4,-A$"(&)#$$"-7$)(5#$4'-4G)$5-/0,A$-'(&07$+"#$O(/0+)m$-07$
+"#$4(04'#+#$"(&)#$4(,,-%)#7$#0+/'#,A$#-',A$/0+($+"#$#8%#'/5#0+6$$!"#$"A%(+"#)/)$3-)$0(+$
)&%%('+#7;$+"#$4#5#0+$"(&)#$3-)$+"#$,#-)+$-.,#$+($3/+")+-07$1/.'-+/(0;$-07$+"#$3((7$"(&)#$
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(EN) ENGINEERING 

                    7 EN501  
          

Mohamed, Ryan  

Thomas Jefferson Middle School 





 

NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2022 44 

 

(EN) ENGINEERING 
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(EN) ENGINEERING 
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(EN) ENGINEERING 

                    8 EN506  
          

Dawson, Zachariah  

H-B Woodlawn Secondary Program 

Teacher: Boyle 

!

How Electrical Currents Work: Demonstrated Through An Arc of Electricity 

!"/)$%'(O#4+$/)$-$5(7#,$(*$-0$#,#4+'/4-,$4(07&4+('$+"-+$4-0$%'(7&4#$-0$-'4$(*$#,#4+'/4/+A6$<+$)"(3)$
+"#$%'(4#))$&)#7$+($5-G#$+"#$4(07&4+('$-07$#8%,-/0)$+"#$)4/#04#$.#"/07$"(3$/+$3('G)6$!"#$
4(07&4+('$7#5(0)+'-+#)$-0$#,#4+'(4"#5/4-,$'#-4+/(06$M0$#,#4+'(4"#5/4-,$'#-4+/(0$/)$+"#$
%-))-2#$(*$-0$#,#4+'/4$4&''#0+;$/01(,1/02$+"#$+'-0)*#'$(*$#,#4+'(0)$.#+3##0$+3($)&.)+-04#)f(0#$
-$)(,/7$-07$+"#$(+"#'$-$,/J&/76$!"#$'#-4+/(0$"-%%#0)$/0)/7#$-$.-++#'A$-07$+"#$#,#4+'/4$4&''#0+$/)$
+'-0)*#''#7$+($-0$#,#4+'/4$4/'4&/+$+"-+$4'#-+#)$-$)5-,,$.'/72#$(*$#,#4+'/4/+A$.#+3##0$+3($3/'#)6$

$ $
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(EN) ENGINEERING 

                    8 EN508  
          

Gupta, Krish  

Swanson Middle School 

Teacher: Seliskar 

!

Herbal Clay-Based Water Filters 

U-4G$(*$-44#))$+($4,#-0$3-+#'$/)$-$2,(.-,$/))&#$+"-+$/)$,#-7/02$4-&)#$(*$1-'/(&)$7/)#-)#)$-07$
5('+-,/+A6$[#2&,-'$3-+#'$*/,+#')$'#,A$(0$+"#$%'/04/%,#)$(*$-7)('%+/(0$3"#'#$7/'+$%-'+/4,#)$-7"#'#$+($
)(,/7$)&'*-4#);$/5%'(1/02$J&-,/+A$(*$3-+#'6$!"#$2(-,$(*$+"/)$%'(O#4+$3-)$+($*&'+"#'$/5%'(1#$(0$(&'$
%'#1/(&),A$7#)/20#7$,(3>4()+$"#'.-,$*/,+#'$.A$&+/,/L/02$4,-A>.-)#7$.-,,)$5/8#7$3/+"$"#'.)$/0)+#-7$
(*$%(37#'#7$*('5$(*$"#'.)$-07$4"#4G$*('$'#5(1-,$(*$4(55(0$3-+#'$4(0+-5/0-0+)$3"/,#$+'A/02$+($
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(EN) ENGINEERING 
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(EN) ENGINEERING 

                    11 EN516  
          

Sanchez, Raphael  

Washington-Liberty High School 

Teacher: Cook 

!

The Effect of Tuned Mass Dampers on Super-Slender Towers Affected by 
Vortex Shedding 

!"#$%&'%()#$(*$+"/)$)+&7A$3-)$+($+#)+$"(3$5&4"$.&/,7/02$)3-A$(0$)&%#'>),#07#'$+(3#')$*'(5$
1('+#8$)"#77/02$/)$'#7&4#7$3"#0$-$%#07&,&5$!&0#7$Y-))$k-5%#'$R!YkW$3-)$.#/02$&)#76$!"#$
/07#%#07#0+$1-'/-.,#$3-)$+"#$-5(&0+$(*$7-5%/026$!"#$#8%#'/5#0+-,$2'(&%$3-)$+"#$.&/,7/02$3/+"$
+"#$%#07&,&5$!Yk6$!"#$4(0+'(,$2'(&%$3-)$+"#$.&/,7/02$3/+"(&+$+"#$%#07&,&5$!Yk6$!"#$
7#%#07#0+$1-'/-.,#$3-)$+"#$.&/,7/02$)3-A;$-)$5#-)&'#7$.A$-0$-4BT 0.0038 Tc 51 (3)$
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(EN) ENGINEERING 

                    11 EN517  
          

Sartori, Colin  

Yorktown High School 

Teacher: Hessler 

!

A Further Study of Clean Energy Harvesting Using Piezoelectric 
Transducers in Footwear for Sustained Power 

!"#$2(-,$(*$+"/)$%'(O#4+$3-)$+($7#)/20$-07$.&/,7$-$)"(#$&)/02$%/#L(#,#4+'/4$+'-0)7&4#')$+"-+$
3(&,7$2#0#'-+#$)&)+-/0#7$%(3#'$3"/,#$3-,G/02$-07$O(22/026$T/#L(#,#4+'/4$+'-0)7&4#')$-'#$
4#'-5/4)$('$4'A)+-,)$+"-+$%'(7&4#$#,#4+'/4/+A$3"#0$*('4#$('$)+'#))$/)$-%%,/#76$!($-4"/#1#$
)&)+-/0#7$%(3#';$C(,+-2#$Y&,+/%,/#')$3#'#$&)#76$

!"/)$%'(O#4+$"-7$*(&'$%"-)#)9$S-%-4/+('$K#,#4+/(0;$<0)(,#$k#)/20;$Y#+'(0(5#$!#)+/02;$-07$
!'#-75/,,$!#)+/026$C(,+-2#;$4&''#0+;$-07$%(3#'$3#'#$'#4('7#7$/0$#-4"6$Q*$+"#$)/8$4-%-4/+(')$
+#)+#7;$+"#$F6F$&:$"-7$+"#$,(02#)+$7&'-+/(0$(*$4"-'2#;$)($/+$3-)$4"()#0$-)$+"#$4-%-4/+('$)/L#$*('$
+"#$C(,+-2#$Y&,+/%,/#')$/0$+"#$0#8+$%"-)#)6$Q*$+"#$*(&'$/0)#'+)$+#)+#7;$<0)#'+$=$"-7$+"#$,-'2#)+$
%#-G$%(3#'$-07$<0)#'+$@$"-7$+"#$,(02#)+$7&'-+/(0$(*$4"-'2#;$)($.(+"$3#'#$&)#7$/0$+"#$0#8+$
%"-)#6$<0$+"#$Y#+'(0(5#$!#)+/02$%"-)#;$+"#$+'-0)7&4#')$3#'#$+-%%#7$-+$3-,G/02$RDE$dTYW$-07$
O(22/02$Rbb$dTYW$%-4#)$/0$?E$)#4(07$/0+#'1-,)6$<0)#'+$=$"-7$-$"/2"#'$)&)+-/0#7$%(3#'$+"-0$
<0)#'+$@$-+$.(+"$3-,G/02$-07$O(22/02$%-4#);$)($/+$3-)$4"()#0$*('$+"#$0#8+$%"-)#6$<0$+"#$!'#-75/,,$
!#)+/02$%"-)#;$+"#$4&''#0+$3-)$)5-,,#'$+"-0$+"#$%'#1/(&)$%"-)#;$'#)&,+/02$/0$-$7#4'#-)#$/0$
%(3#';$3"/4"$/)$)/5/,-'$+($+"#$*/0-,$'#)&,+)$/0$+"#$%'#1/(&)$#8%#'/5#0+6$!"'(&2"$*&'+"#'$)+&7/#);$
+"#$%(3#'$(&+%&+$4(&,7$.#$/04'#-)#7$&)/02$)+-4G)$(*$+'-0)7&4#')6$]/+"$+"/)$+#4"0(,(2A$
/5%,#5#0+#7;$/07/1/7&-,)$3(&,7$.#$-.,#$+($%'(7&4#$+"#/'$(30$#0#'2A$+"'(&2"$3-,G/02$-07$
#8#'4/)#$-07$"#,%$+"#$3(',7$+(3-'7$+"#$2(-,$(*$L#'($4-'.(0$#5/))/(0)6$

$ $
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(EV) ENVIRONMENTAL AND EARTH SCIENCES 
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(EV) ENVIRONMENTAL AND EARTH SCIENCES 

                    8 EV603  
          

Mantler, Zella   

Swanson Middle School 

Teacher: Swanson 

!

Testing Ventilation in Swanson Middle School During the Era of COVID-19 

<$+#)+#7$+"#$#**#4+$(*$+"#$
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(EV) ENVIRONMENTAL AND EARTH SCIENCES 

                    9 EV608  
          

Jemaneh, Zechariah  

Alexandria City High School 

Teacher: Matthews 

!

How Does Temperature Affect Bread Mold Growth? 

]/+"$5(,7$"-1/02$)&4"$-$7'-5-+/4$#**#4+$(0$"(3$-07$3"#0$.'#-7$4-0$.#$#-+#0;$HY()+$4(55(0$
)(&'4#$(*$5/4'(./-,$)%(/,-2#$/)$7&#$+($5(,7$2'(3+"I;$R[-1/5-00-0$#+$-,6$FE=\W$-07$3/+"$+"#$
%())/./,/+A$(*$"-1/02$,(02#'$)"#,*$,/*#$(*$.'#-7$3/+"$)5-,,$4"-02#)$/0$3"#'#$.'#-7$/)$,(4-+#7;$-07$
5('#$)%#4/*/4-,,A$+"#$+#5%#'-+&'#$(*$+"#$#01/'(05#0+)$/+$/)$/0;$+"#$/7#-$*('$+"#$#8%#'/5#0+$4-5#$
-.(&+6$!($.#$4,#-';$+"#$"A%(+"#)/)$/01#)+/2-+#7$3-)$H<*$.'#-7$/)$G#%+$/0$+"#$*'##L#';$+"#0$/+$3/,,$
)"(3$+"#$,#-)+$5(,7$2'(3+"6I$<0$('7#'$+($+#)+$+"/)$"A%(+"#)/);$<$%&+$3"/+#$.'#-7$),/4#)$/0+($%,-)+/4$
.-2);$-07$)+('#7$+"#5$/0$7/**#'#0+$+#5%#'-+&'#$#01/'(05#0+)$*('$=@$+($)##$"(3$+#5%#'-+&'#$
-**#4+)$/+66$YA$<C$3-)$+"#$+#5%#'-+&'#$(*$+"#$#01/'(05#0+;$5A$kC$3-)$5(,7$R-5(&0+W;$-07$5A$
4(0+'(,$2'(&%$3-)$+"#$'((5$+#5%#'-+&'#$)#++/026$u?$U#1#,)9$[((5$!#5%#'-+&'#;$[#*'/2#'-+('$
R@E:W$-07$:'##L#'$RE:Wv$M*+#'$4(07&4+/02$+"#$#8%#'/5#0+$?$+/5#);$+"#$7-+-$4(,,#4+#7$)&%%('+#7$
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(EV) ENVIRONMENTAL AND EARTH SCIENCES 
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(EV) ENVIRONMENTAL AND EARTH SCIENCES
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(EV) ENVIRONMENTAL AND EARTH SCIENCES 

                    10 EV614  
          

Stroud, Lanyi   

Yorktown High School 

Teacher: Lovrencic 

!

The Impact of Xylem Filter Thickness on the Effectiveness of Water 
Filtration 

M44#))$+($4,#-0$3-+#'$/)$,/5/+#7$/0$5-0A$7#1#,(%/02$-'#-)6$!"#'#*('#;$*/,+'-+/(0$+#4"0(,(2/#)$+"-+$
-'#$-44#))/.,#$-07$4-0$.#$,(4-,,A$%'(7&4#7$)"(&,7$.#$/01#)+/2-+#76$M$'#4#0+,A>7#1#,(%#7$*/,+#'$/)$
+"#$8A,#5$3-+#'$*/,+#';$3"/4"$/)$'#,-+/1#,A$/0#8%#0)/1#$-07$&+/,/L#)$+"#$8A,#5$+/))&#$3/+"/0$
2A50()%#'5$+'##)$+($*/,+#'$(&+$4(0+-5/0-0+)$/0$3-+#'6$Q%+/5/L-+/(0$(*$+"#$*/,+#'$+($#0)&'#$#**/4/#0+$
&)#$(*$'#)(&'4#)$4(&,7$"#,%$/04'#-)#$-44#))/./,/+A$-07$%#'*('5-04#6$U/+#'-+&'#$"-)$)&22#)+#7$
+"-+$8A,#5$*/,+#')$5-A$.#$-)$+"/0$-)$E6\$45$3/+"(&+$4(5%'(5/)/02$+"#$*/,+'-+/(0$-./,/+A6$

<0$5A$%'(O#4+;$<$)+&7A$+"#$/5%-4+$(*$8A,#5$*/,+#'$+"/4G0#))$(0$+"#$#**#4+/1#0#))$(*$3-+#'$*/,+'-+/(0;$
-)$5#-)&'#7$.A$+&'./7/+A6$!"'##$7/**#'#0+$*/,+#'$+"/4G0#))#)$(*$E6D$45;$=$45;$-07$=6D$45$3#'#$
+#)+#76$<$*(07$+"-+$+"#'#$3-)$-$7/'#4+$'#,-+/(0)"/%$.#+3##0$*/,+#'$+"/4G0#))$-07$+&'./7/+A9$-)$*/,+#'$
+"/4G0#))$/04'#-)#7;$+&'./7/+A$/04'#-)#76$Q0$-1#'-2#;$+"#$+&'./7/+A$(*$+"#$3-+#'$*/,+#'#7$/0$+"#$E6D$
45$2'(&%$3-)$E6?DD$B!j$3"/,#$+"#$+&'./7/+A$/0$+"#$=6D$45$2'(&%$3-)$b6Fb`$B!j6$<$-,)($
(.)#'1#7$+"-+$/04'#-)#7$*/,+#'$+"/4G0#))$4-&)#7$+"#$*/,+#'#7$3-+#'$+($.#$+/0+#7$A#,,(36$<$.#,/#1#$
+"/)$5-A$.#$4-&)#7$.A$0-+&'-,$%-'+/4,#)$3/+"/0$+"#$3((7$/+)#,*$+"-+$#07#7$&%$4(0+-5/0-+/02$+"#$
*/,+#'#7$3-+#'6$!"#$+"/4G#'$+"#$*/,+#';$+"#$5('#$4(0+-5/0-0+)$*'(5$+"#$3((7$+"-+$3#'#$/0+'(7&4#7$
/0+($+"#$3-+#'6$

d#4-&)#$+"#$+"/00#)+$*/,+#'$,#1#,$(*$E6D$45$3-)$#**#4+/1#$-+$.(+"$,(3#'/02$+&'./7/+A$-07$%'(7&4/02$
4,#-';$0(0>+/0+#7$3-+#';$<$4(04,&7#$+"-+$&)/02$-$+"/0$8A,#5$*/,+#'$3(&,7$.#$5()+$#**#4+/1#$-+$3-+#'$
*/,+'-+/(06$

$ $
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(EV) ENVIRONMENTAL AND EARTH SCIENCES 

                    10 EV615  
          

Sullivan
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(EV) ENVIRONMENTAL AND EARTH SCIENCES 

                    10 EV617  
          

Holguin, Veronica; Baron, Bridget  

Alexandria City High School 

Teacher: Lay 

!

CO2 in Class  

<*$-/'$J&-,/+A$/)$+#)+#7$/0$7/**#'#0+,A$)/L#7$4,-))'((5)$O&)+$.#*('#$+"#$)+-'+$(*$-0$-4+/1#$)4"((,$7-A;$
-07$+"#0$/55#7/-+#,A$-*+#'$+"#$)4"((,$7-A;$+"#0$+"#$SQF$4(04#0+'-+/(0$/0$)5-,,#'$4,-))'((5)$
3/,,$.#$"/2"#'6$

$ $
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(EV) ENVIRONMENTAL AND EARTH SCIENCES 

                    11 EV619  
          

Dorsey, Jonathan  

Yorktown High School 

Teacher: Mower 

!

An Investigation on Changing Ocean Currents as They Relate to the 
Diffusion Times of Varying Salinity Solutions and Water Temperatures 
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(EV) ENVIRONMENTAL AND EARTH SCIENCES 

                    11 EV620  
          

Felker, Kara  

Washington-Liberty High School 

Teacher: Hedderly 

!

What is the Correlation Between the Temperature Anomaly in Virginia and 
the Occurrence of Brown-headed Nuthatches (+(**%!,#$(--%) in Virginia? 

!"#$%&'%()#$(*$+"/)$)+&7A$3-)$+($)##$/*$K6$%&)/,,-$-'#$'#-4+/02$+($"/2"#'$+#5%#'-+&'#)$4-&)#7$.A$
4,/5-+#$4"-02#$.A$)"/*+/02$+"#/'$'-02#$0('+"6$!"#$/07#%#07#0+$1-'/-.,#$3-)$+"#$(44&''#04#$(*$K6$
%&)/,,-$/0$C/'2/0/-$R0&5.#'$%#'$4(&0+W6$!"#'#$3-)$0($4(0+'(,$2'(&%6$!"#$4(0)+-0+)$3#'#$+"#$
7-+-.-)#)$&)#7$*('$+"#$/07#%#07#0+$-07$7#%#07#0+$1-'/-.,#);$-07$+"#$5(0+"$*('$3"/4"$+"#$7-+-$
3-)$4(,,#4+#76$!"#$7#%#07#0+$1-'/-.,#$3-)$+"#$+#5%#'-+&'#$-0(5-,A$/0$C/'2/0/-$R(SW6$!"#$
"A%(+"#)/)$3-)9$<*$K6$%&)/,,-$(44&''#04#$/0$C/'2/0/-$(1#'$+/5#$/)$4(5%-'#7$+($C/'2/0/-$
+#5%#'-+&'#$-0(5-,/#)$(1#'$+/5#;$+"#0$-)$+"#$+#5%#'-+&'#$-0(5-,/#)$/04'#-)#;$+"#$K6$%&)/,,-$
(44&'#04#$3/,,$/04'#-)#;$7#5(0)+'-+/02$-$0('+"3-'7$'-02#$)"/*+6$!"#$0&,,$"A%(+"#)/)$3-)9$K6$
%&)/,,-$(44&''#04#$3/,,$'#5-/0$4(0)+-0+$/0$C/'2/0/-;$#1#0$-)$+#5%#'-+&'#$-0(5-,/#)$/04'#-)#6$
!"#$)+&7A$3-)$/5%('+-0+$.#4-&)#$/+$%'(1/7#7$/0)/2"+$/0+($"(3$('2-0/)5)$-'#$'#-4+/02$+($4,/5-+#$
4"-02#;$3"/4"$4(&,7$"#,%$%'(+#4+$(+"#'$('2-0/)5)$/0$+"#$*&+&'#6$!"#$)+&7A$3-)$4(5%,#+#7$.A$
4(5%/,/02$+"#$K6$%&)/,,-$(44&''#04#$7-+-$-07$+"#$+#5%#'-+&'#$-0(5-,A$7-+-$/0+($-0$#84#,$)"##+6$
!"#$/07#%#07#0+$1-'/-.,#$3-)$4-,4&,-+#7$&)/02$+"#$#J&-+/(09$0&5.#'$%#'$4(&0+$w$0&5.#'$(*$K6$
%&)/,,-$'#%('+#7$x$0&5.#'$(*$4(&0+)$'#%('+/02$K6$%&)/,,-6$M$,/0#$2'-%"$-07$)4-++#'$%,(+$3#'#$5-7#$
+($'#%'#)#0+$+"#$'#,-+/(0)"/%$.#+3##0$K6$%&)/,,-$(44&''#04#$-07$+#5%#'-+&'#$-0(5-,Am$-$
K%#-'5-0^)$[-0G$S(''#,-+/(0$!#)+$3-)$'&06$!"#$7-+-$)"(3#7$,/++,#$4(''#,-+/(0$.#+3##0$+"#$
1-'/-.,#)6$:&'+"#'$)+&7A$/)$0##7#7$+($-44#%+$('$'#O#4+$+"#$"A%(+"#)/)6$ 

$

$ $
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(EV) ENVIRONMENTAL AND EARTH SCIENCES 

                    12 EV621  
          

Shiells, Katherine  

Bishop O'Connell High School 

Teacher: O'Connor 

!

A Study of the Chemical Properties of Leachate from Artificial Turf Infills 

S(04#'0)$"-1#$
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(MC) MATHEMATICS AND COMPUTER SCIENCES 
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(MC) MATHEMATICS AND COMPUTER SCIENCES 
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(MC) MATHEMATICS AND COMPUTER SCIENCES 

                    8 MC702  
          

Dick, Kellan  

Dorothy Hamm Middle School 

Teacher: Kennedy 

!

Decoding the EEG with Machine Learning 

N#'#$<$)+&7A$+"#$4(''#,-+/(0$.#+3##0$-$%#')(0P)$XXV$-07$+"#/'$)4('#$(0$-$)#'/#)$(*$%-++#'0$
'#4(20/+/(0$+#)+)6$<$+((G$-$4,()#$,((G$-+$%'(5/0#0+$4(''#,-+/(0)$-07$3"A$+"#A$5/2"+$.#6$k&'/02$
+"/)$)+-2#;$<$*(&07$+"-+$d#+-;$M,%"-;$k#,+-;$-07$!"#+-$J&-0+/+/#)$.#"-1#7$/0$3-A)$+"-+$5-7#$
)#0)#$2/1#0$+"#/'$%'(%#'+/#)6$V-55-$]-1#)$-,)($*&04+/(0#7$-,(02$#8%#4+#7$,/0#)$.&+$1-'/-./,/+A$
3-)$"/2"$#0(&2"$+"-+$<$7/)4-'7#7$/+)$%'(5/0#04#6$<0$+"#$)#4(07$)+-2#;$<$3'/+#$4(7#$+($%'#7/4+$
+"#)#$)4('#)6$!"#$4(7#$7/7$0(+$+&'0$(&+$+($.#$'#,/-.,#$-2-/0)+$+"#$-1#'-2#$.&+$7/7$%'(1#$
)&.)+-0+/-,,A$.#++#'$+"-0$2&#))/026$

$ $
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(MC) MATHEMATICS AND COMPUTER SCIENCES 
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(MC) MATHEMATICS AND COMPUTER SCIENCES 

                    8 MC704  
          

Kambhampaty, Keda   

Williamsburg Middle School 

Teacher: Thomas 

!

The Effect of Photo Size on the Accuracy of a Facial Detection Program 

!"/)$%'(O#4+$#8%,('#)$+"#$#**#4+$(*$%"(+(2'-%"$R%"(+(W$)/L#$(0$+"#$-44&'-4A$(*$-$*-4/-,$7#+#4+/(0$
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(MC) MATHEMATICS AND COMPUTER SCIENCES 

                    9 MC707  
          

Gavri, Ethan  

Alexandria City High School 

Teacher: Matthews 

!

Chi-Square Analysis Helps Determine the Next MLB Hall of Fame Player 

!"/)$#8%#'/5#0+$3-)$4(07&4+#7$*('$-$0&5.#'$(*$'#-)(0)6$Q0#$(*$+"#5$3-)$+($/7#0+/*A$-$4,#-'$
7/**#'#04#$.#+3##0$N-,,$(*$:-5#')$-07$'#2&,-'$%,-A#')6$!"/)$3-)$.#4-&)#$+"/)$7/**#'#04#$3(&,7$
%'(1/7#$2'(&07)$*('$4&''#0+$%,-A#')$3"($)##5#7$,/G#$+"#A$3#'#$(0$+"#$.'/0G$(*$5-G/02$+"#$N-,,$
(*$:-5#;$.&+$-+$+"#$)-5#$+/5#$,((G#7$,/G#$+"#A$7/70^+$"-1#$#0(&2"6$!"-+$,#-7)$+($+"#$)#4(07$
(.O#4+/1#$3"/4"$3-)$+($/7#0+/*A$-$&0/+$(*$5#-)&'#5#0+$+"-+$+#,,)$&)$/*$-$%,-A#'$/)$-$N-,,$(*$:-5#>
4-,/.#'$%,-A#'6$<$/7#0+/*/#7$+"#$%(/0+)$)A)+#5$-)$-$5#-)&'#5#0+$-)$/+$'#*,#4+#7$"(3$5&4"$(0#$
"-)$-44(5%,/)"#7$(1#'$+"#$4(&')#$(*$+"#/'$4-'##'6$<$-%%'(-4"#7$+"/)$#8%#'/5#0+$.A$&)/02$
-1#'-2#)$-+$*/')+6$<$+"#0$7/)4(1#'#7$+"#$4"/>)J&-'#$+#)+;$3"/4"$/)$.#++#'$-+$4(5%-'/02$#0+/+/#)6$
K(5#$G#A$'#)&,+)$<$"-7$3#'#$3"#0$<$*(&07$+"#$%#'4#0+-2#)$(*$(&+%#'*('5-04#6$!"/)$,#7$5#$/0+($
.#,/#1/02$+"-+$/+$3-)$"-'7#'$+($&07#'%#'*('5$+"-0$(1#'%'#*('5$.#4-&)#$(*$+"#$5#7/(4'#$)+-+)$
)(5#$%,-A#')$%&+$&%6$

$ $
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(MC) MATHEMATICS AND COMPUTER SCIENCES 

                    9 MC710  
          

Thomason, Katherine  

Alexandria City High School 

Teacher: Paul 

!
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(MC) MATHEMATICS AND COMPUTER SCIENCES 

                    10 MC711  
          

Angel, Teddy  

Wakefield High School 

Teacher: El-Gamal 

!

Password Security: How Secure Is Your Password? 

!"#$T&'%()#$(*$+"/)$%'(O#4+$3-)$+($(.)#'1#$2#0#'-,$+'#07)$/0$3"-+$5-G#)$-$%-))3('7$)#4&'#$
-07$%(+#0+/-,,A$7#.&0G$-0A$%-))3('7$)#4&'/+A$5A+")6$!"#$%-))3('7$+"-+$/)$/0)#'+#7$/)$+"#$
/07#%#07#0+$1-'/-.,#6$!"#$7#%#07#0+$1-'/-.,#$/)$+"#$+/5#$/+$+-G#)$*('$+"#$4(5%&+#'$+($2&#))$+"#$
%-))3('7)6$!"#$NA%(+"#)/)$3-)$+"-+$+"#$4(5%&+#'$3/,,$+-G#$F>?$5/0&+#)$(0$-1#'-2#$+($2&#))$
5A$%-))3('7);$3"/,#$+"#$(1#'-,,$5/))/(0$)+-+#5#0+$3-)$+($(.)#'1#$+'#07)$/0$%-))3('7$
)#4&'/+A6$$$$$$
$
!"#$%'(O#4+$3-)$7(0#$.A$4(0)+'&4+/02$-$TA+"(0$%'(2'-5$+"-+$3(&,7$2&#))$#-4"$%-))3('7$/0$-$
4#'+-/0$-5(&0+$(*$+/5#6$X-4"$%-))3('7$3(&,7$+"#0$.#$%,&22#7$/0+($+"#$4(7#$R+#5%,-+#$%'(1/7#7$
.A$K4/#04#d&77/#)6('2W$/0$('7#'$+($2#0#'-+#$+"#$-5(&0+$(*$+/5#$0##7#7$+($H4'-4GI$+"#$
%-))3('76$Q04#$-,,$(*$+"#$+/5#)$+($H4'-4GI$#-4"$%-))4(7#$3#'#$4(,,#4+#7;$)4-++#'$%,(+)$-07$(+"#'$
2'-%")$3(&,7$.#$&)#7$+($-0-,AL#$+"#$7-+-6$$$$$$
$
<+$3-)$*(&07$+"-
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(MC) MATHEMATICS AND COMPUTER SCIENCES 

                    10 MC712  
          

Bolte, Aidan   

Alexandria City High School 

Teacher: Daigle 

!

Storage Speeds of Hard Drives 

<0$+"#$#8%#'/5#0+;$+"'##$"-'7$7'/1#)$3#'#$+#)+#7$=E$+/5#)$#-4"$&)/02$S'A)+-,k/)GY-'G6$<+$3-)$
*(&07$+"-+$+"#$"-'7$7'/1#)$2(+$-%%'(8/5-+#,A$FE$5.i)$*-)+#'$#1#'A$+3($A#-')6$

$ $









 

NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2022 97 

 

(ME) MEDICAL AND HEALTH SCIENCES 

                    7 ME801  
          

Smith, Anise; Tavares-Bryant, Malia   

H-B Woodlawn Secondary Program 

Teacher: Taggart 

!

The Effect of Moisturizer on Skin 

]"-+$/)$(0#$(*$+"#$5()+$/5%('+-0+$+"/02)$+($7($3"#0$+-G/02$4-'#$(*$A(&'$)G/0_$Y(/)+&'/L/026$<0$
+"/)$%'(O#4+$3#$/01#)+/2-+#7$+"#$#**#4+)$(*$7/**#'#0+$+A%#)$(*$5(/)+&'/L#')$(0$2#,-+/0;$3"/4"$3#$
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(ME) MEDICAL AND HEALTH SCIENCES 

                    8 ME802  
          

Kunic, Taylor   

H-B Woodlawn Secondary Program 

Teacher: Boyle 

!
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(ME) MEDICAL AND HEALTH SCIENCES 

                    8 ME803  
          

Lach-Hab, Nadia   

Dorothy Hamm Middle School 

Teacher: Marszalek 

!

Microplastic, Macro Problem: The Effect of the Amount of Microplastics on 
the Survival Rate of .%,/)(%!'%0)% 

Y/4'(%,-)+/4)$-'#$#1#'A3"#'#;$*'(5$+"#$3-+#'$3#$7'/0G$+($+"#$.(++(5$(*$(&'$(4#-0)6$!"#$%&'%()#$
(*$+"/)$#8%#'/5#0+$3-)$+($)+/5&,-+#$"(3$5/4'(%,-)+/4)$4-0$-**#4+$+"#$)&'1/1-,$'-+#$(*$-J&-+/4$
('2-0/)5)6$]"/,#$'#)#-'4"/02;$<$*(&07$+"-+$5/4'(%,-)+/4)$4-0$"-1#$7#+'/5#0+-,$#**#4+)$+($(+"#'$
('2-0/)5);$)($<$3-0+#7$+($)##$"(3$+"#$-5(&0+$(*$5/4'(%,-)+/4$3(&,7$-**#4+$+"#$)&'1/1-,$'-+#$(*$-$
5(7#,$/01#'+#.'-+#;$k-%"0/-$5-20-6$<+$3-)$"A%(+"#)/L#7$+"-+$+"#$2'(&%$(*$k-%"0/-$3/+"$+"#$
5()+$5/4'(%,-)+/4$3(&,7$"-1#$+"#$,(3#)+$)&'1/1-,$'-+#$.#4-&)#$5/4'(%,-)+/4$4-0$/0+(8/4-+#$-07$
#1#0$G/,,$(+"#'$-J&-+/4$('2-0/)5)$3"($-'#$#8%()#7$+($5/4'(%,-)+/46$!($+#)+$+"#$"A%(+"#)/);$<$)#+$
&%$+"'##$7/**#'#0+$#4()A)+#5)9$(0#$3/+"$0($5/4'(%,-)+/4;$-0(+"#'$3/+"$E6D$5,$(*$5/4'(%,-)+/4);$
-07$-$+"/'7$3/+"$F$5,$(*$5/4'(%,-)+/4)6$<$"-7$+"'##$+'/-,)$-07$%&+$+"#$)-5#$-5(&0+$(*$k-%"0/-$
5-20-$/0$#-4"$#4()A)+#56$!"#$)&'1/1-,$'-+#)$(*$+"#$k-%"0/-$3#'#$5(0/+('#7$&0+/,$-,,$(*$+"#$
k-%"0/-$5-20-$7/#7$(&+6$!"#$'#)#-'4"#'^)$"A%(+"#)/)$3-)$)&%%('+#79$+"#$2'(&%$3/+"$+"#$
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(ME) MEDICAL AND HEALTH SCIENCES 

                    9 ME805  
          

Carr, Mariel   

Alexandria City High School 

Teacher: Johnson 

!

After-School Activity versus Blood Oxygen Level  

!"#$J&#)+/(0$<$3-)$'#)#-'4"/02$*('$+"/)$%'(O#4+$3-);$3"-+$-*+#'$)4"((,$-4+/1/+A$"-)$+"#$5()+$
%()/+/1#$#**#4+$(0$)(5#(0#P)$.,((7$(8A2#0$,#1#,_$<$&)#7$+"'##$2'(&%)$(*$=D$)+&7#0+)$2'-7#)$b>
=F$+($4(,,#4+$7-+-6$!"#$*/')+$2'(&%$3-)$%#(%,#$3"($%,-A$)(44#'$(0$-$'#2&,-'$.-)/)6$:('$+"/)$2'(&%$
<$&)#7$%#(%,#$(0$5A$)(44#'$+#-56$!"#$)#4(07$2'(&%$3-)$%#(%,#$3"($)/02$(0$-$'#2&,-'$.-)/)$
R4"(/'$)+&7#0+)W$-07$+"#$+"/'7$2'(&%$3-)$%#(%,#$3"($7($0#/+"#'$)(44#'$0('$)/02/02$(0$-$'#2&,-'$
.-)/)6$<$+((G$.,((7$(8A2#0$5#-)&'#5#0+)$&)/02$-$%&,)#$(8/5#+#'6$!"#$7-+-$<$4(,,#4+#7$*'(5$-,,$
+"'##$2'(&%)$3-)$1#'A$)/5/,-'6$k#%#07/02$(0$+"#$3-A$<$-1#'-2#$+"#$7-+-;$7/**#'#0+$-*+#'$)4"((,$
-4+/1/+/#)$)##5$+($"-1#$-$"/2"#'$.,((7$(8A2#0$,#1#,6$]"#0$+"#$=D$7-+-$%(/0+)$*'(5$#-4"$2'(&%$
-'#$-1#'-2#7$.A$*/07/02$+"#$5#-0$3/+"$(0#$7-+-$%(/0+$'#5(1#7$-)$-0$(&+,/#';$+"#$('7#'$(*$
-4+/1/+/#)$*'(5$"/2"#)+$+($,(3#)+$K%QF$/)$)(44#';$)/02/02;$-07$+"#0$4(0+'(,$2'(&%6N(3#1#';$/*$A(&$
-1#'-2#$+"#$7-+-$.A$+-G/02$+"#$5#7/-0$(*$#-4"$2'(&%;$+"#$)/02/02$-07$)(44#'$2'(&%)$.(+"$"-1#$
-$`b$-1#'-2#$K%QF$-07$+"#$4(0+'(,$R0#/+"#'W$"-)$+"#$"/2"#)+$-+$``$K%QF6$d#4-&)#$+"#$7-+-$
%(/0+)$)"(3$0($7#*/0/+#$('7#'$(*$+"#$-4+/1/+/#)$*'(5$"/2"#)+$+($,(3#)+$K%QF;$<$4-0$4(04,&7#$+"-+$
+"#'#$/)$0($7/)4#'0/.,#$'#,-+/(0)"/%$.#+3##0$-*+#')4"((,$-4+/1/+/#)$-07$d,((7$Q8A2#0$,#1#,)6$

$ $
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(ME) MEDICAL AND HEALTH SCIENCES 
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(ME) MEDICAL AND HEALTH SCIENCES 

                    10 ME808  
          

Cura, Marina   

Wakefield High School 

Teacher: Muñoz González  

!

The Effect of tACS Neurostimulation on Alpha Brainwaves 

]#$-'#$#07&'/02$-$3(',73/7#$4'/)/)$(*$5#0+-,$/,,0#))#)$-**#4+/02$#1#'A$"&5-0$#/+"#'$7/'#4+,A$('$
/07/'#4+,A6$K4/#0+/)+)$-'#$7#)%#'-+#,A$,((G/02$*('$)(,&+/(0)$+($+"/)$2'(3/02$%'(.,#5;$/+P)$%())/.,#$
+"-+$0#&'()+/5&,-+/(0$3/,,$)(,1#$/+6$$
$
!"#$+MSK$0#&'()+/5&,-+/(0$R!'-0)4'-0/-,$M,+#'0-+/02$S&''#0+$K+/5&,-+/(0W$)%#4/*/4-,,A$/)$.#/02$
/01#)+/2-+#76$!"#$7/**#'#04#$.#+3##0$+MSK$-07$(+"#'$+#4"0(,(2/#)$/)$+"-+$/+^)$-$0(0>/01-)/1#$
5#+"(7$+"-+$-%%,/#)$-$3#-G$#8+#'0-,$4&''#0+$)+/5&,-+/02$(0#$0#&'(0-,$4#,,;$3"/4"$)+/5&,-+#)$+"#$
0#8+;$#+46$&0+/,$+'-0)*('5/02$/0+($-$0#3$.'-/03-1#6$K4/#0+/)+)$"-1#$%'(1#0$+"-+$/07&4/02$M,%"-$
.'-/0$3-1#)$&)/02$+MSK$/)$.#0#*/4/-,$/0$,(02>+#'5$+'#-+5#0+$(*$5#0+-,$/,,0#))#)6$!"#$J&#)+/(0$
#8%,('#7$3-)9$]"/4"$*'#J&#04A$.#)+$-'+/*/4/-,,A$/07&4#)$M,%"-$.'-/0$3-1#)_$<*$-$'#)#-'4"#'$&)#)$
+MSK$+#4"0(,(2A$-+$+"#$/7#-,$)+'#02+";$+"#0$+"#A$3/,,$.#$-.,#$+($/07&4#$-0$-,%"-$.'-/0$)+-+#$-07$
+#)+$/+$&)/02$-0$XXV6$$
$
<0$+"/)$'#)#-'4"$-0-,A)/);$#8%#'/5#0+)$3/+"$1-'/#7$%-'+/4/%-0+)$3"($'#4#/1#7$)+/5&,-+/(0$*'(5$-$
./"#5/)%"#'/4$+MSK$4-%$3#'#$)+&7/#76$$
$
!"()#$'#)&,+)$#8%,-/0#7$+"-+$-$*'#J&#04A$(*$=E$NL$3-)$/7#-,$*('$/07&4/02$-0$M,%"-$3-1#6$M+$+"-+$
*'#J&#04A;$+"#$%-'+/4/%-0+)$"-7$,#))$4(0+'(,$(*$4(5%,#8$./5-0&-,$-4+/(0);$)%##7;$-07$-$"/2"$
#''('$'-+#6$!"#)#$3#'#$-,,$)/20)$(*$,(3$4(20/+/(0;$3"/4"$3-)$7#)/'#7$+($(.+-/0$-$)+-+#$(*$+'-04#$('$
/0+#0)#$+'-0J&/,/+A6$[#)#-'4"$)4/#0+/)+)$-07$#02/0##')$5&)+$3('G$/0$"-'5(0A$+($4'#-+#$-$0#3$
#**#4+/1#$0#&'()+/5&,-+/(0$+'#-+5#0+6 
$ $
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(ME) MEDICAL AND HEALTH SCIENCES 

                    11 ME810  
          



 

NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2022 107 

 

(MI) MICROBIOLOGY 

                    7 MI900  
          

Piedrahita, Julie   

Williamsburg Middle School 

Teacher: Willet 

!

The Effect of Place in School on Number of Bacteria Colonies 

!"#$%&'%()#$(*$+"/)$#8%#'/5#0+$3-)$+($/7#0+/*A$+"#$7/'+/#)+$)&'*-4#$/0$+"#$)4"((,6$]/+"$SQC<k$
1-'/-0+)$4(5/02$+"/)$/0*('5)$"(3$+($-1(/7$2#++/02$)/4G;$)($3/+"$+"/)$-07$+"#$%,-4#)$/0$-$)4"((,$+($
+-G#$#8+'-$%'#4-&+/(0)6$!"#$)&'*-4#)$)3-..#7$3#'#$+"#$7(('$"-07,#);$+(/,#+$)#-+);$)/0G$"-07,#);$
/T-7$)4'##0);$-07$,(4G#'$,(4G)6$<+$3-)$"A%(+"#)/L#7$+"-+$/*$+"#$7(('$"-07,#)$3#'#$)3-..#7;$+"#0$
+"#A$3(&,7$2'(3$+"#$5()+$.-4+#'/-;$.#4-&)#$G/7)$+#07$+($0(+$3-)"$+"#/'$"-07)$-*+#'$1-'/(&)$
-4+/1/+/#)$+"-+$3(&,7$2-+"#'$2#'5);$-07$-'#$+"#0$%-))/02$(0$)-/7$2#'5)$+($+"#$7(('$"-07,#)6$!"#$
#8%#'/5#0+$3-)$4(07&4+#7$(1#'$+"'##$7-A)$/0$-$'#)#-'4"$,-.;$#1#'A+"/02$3-)$)-0/+/L#7$+($5-G#$
#0)&'#$0($4'())>4(0+-5/0-+/(06$!"#$-2-'$3-)$-&+(4,-1#7$-07$3-)$+"#0$%(&'#7$/0+($@D$)#%-'-+#$
T#+'/$7/)"#)$3"/4"$3#'#$,#*+$+($4((,$(1#'0/2"+6$Q04#$4((,$#-4"$)-5%,#$3-)$)+'#-G#7$+"'##$+/5#);$
-07$3-)$+"#0$/04&.-+#7$*('$F@$"(&')$-+$?c$7#2'##)$S#,)/&)6$!"#$)+-+#7$"A%(+"#)/)$3-)$'#O#4+#7$
.#4-&)#$+"#$,(4G#'$,(4G)$-4+&-,,A$2'#3$+"#$5()+$.-4+#'/-$3/+"$c$4(,(0/#);$-07$+"#$+(/,#+$)#-+)$
2'#3$+"#$,#-)+$3/+"$E$4(,(0/#)6$!"#$2'#-+#)+$'-02#$3-)$/0$+"#$/T-7$)4'##0)$3"/4"$"-7$-$'-02#$/0$
7-+-$(*$=?$4(,(0/#);$-07$+"#$,#-)+$'-02#$3-)$+"#$+(/,#+$)#-+)$3/+"$-$7-+-$'-02#$(*$E6$
T())/.,#$%,-4#)$3"#'#$#''('$4(&,7^1#$(44&''#7$/04,&7#$4'())$4(0+-5/0-+/(0$(*$+"#$)-5%,#);$
/04(0)/)+#0+$)3-../02$(*$+"#$)&'*-4#);$-07$/04(0)/)+#0+$/0(4&,-+/02$(*$+"#$%,-+#)6$]-A)$+($
#8+#07$+"/)$#8%#'/5#0+$4(&,7$/04,&7#$7#+#'5/0/02$+"#$+A%#R)W$(*$.-4+#'/-$+"-+$3#'#$2'(306$$

$ $
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(MI) MICROBIOLOGY 
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(MI) MICROBIOLOGY 

                    8 MI903  
          

South, Caroline   

Dorothy Hamm Middle School 

Teacher: Marszalek 

!

The Effect of Over-the-Counter Medicine Coating on the Release Time of 
the Medicine in a Low pH Environment 

!A,#0(,$"-)$7/**#'#0+$4(-+/02$+A%#);$5-G/02$+"#$5#7/4/0#$#-)/#'$+($)3-,,(36$<$3-0+#7$+($+#)+$+"#$
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(MI) MICROBIOLOGY 

                    8 MI904  
          

Zurita, Lilian   

Gunston Middle School 

Teacher: Robles 

!

The Effect of Cleaning Products on Bacterial Growth 
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(MI) MICROBIOLOGY 

                    9 MI909  
          

O’Toole, Gabriel  

Yorktown High School 

Teacher: Paz-Soldan 

!

The Effect of the Duration of Ultraviolet Radiation Exposure on Bacteria 
Growth 

<0$-$3(',7$*&,,$(*$"-'5*&,$2#'5);$.-4+#'/-;$-07$7/)#-)#;$)4/#0+/)+)$-'#$4(0)+-0+,A$)#-'4"/02$*('$
#**/4/#0+$3-A)$+($5-/0+-/0$4,#-0;$)+#'/,#$#01/'(05#0+)6$j,+'-1/(,#+$'-7/-+/(0$"-)$.##0$&)#7$*('$
7#4-7#)$+($7/)/0*#4+$3-+#';$)&'*-4#);$-07$+"#$-/'6$!"#$+A%#$(*$&,+'-1/(,#+$'-A$.#)+$)&/+#7$*('$
#'-7/4-+/02$%-+"(2#0)$/)$G0(30$-)$jC>S6$jCS$/)$4(55(0,A$&)#7$/0$"()%/+-,);$,-.);$-07$#1#0$
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(MI) MICROBIOLOGY 

                    11 MI911  
          

Brodsky, Julia  

H-B Woodlawn Secondary Program 

Teacher: Young 

!

Anti-biofilm Activity of Isolated Bacteriophages for the Treatment of 
Multidrug Resistant Pulmonary Infections  

M$'/)#$/0$+"#$%'#1-,#04#$(*$-0+/./(+/4>'#)/)+-0+$/0*#4+/(0)$"-)$.#2&0$-$)#-'4"$*('$-,+#'0-+/1#$
5#+"(7)$+($4(5.-+$.-4+#'/-$/0$+"#$"&5-0$.(7A6$d-4+#'/(%"-2#)$R('$H%"-2#)I$*('$)"('+W$-'#$-$
+A%#$(*$1/'&)$+"-+$4-0$G/,,$)%#4/*/4$)+'-/0)$(*$.-4+#'/-;$-07$3#'#$*/')+$(.)#'1#7$/0$+"#$#-',A$FE+"$
4#0+&'A;$O&)+$.#*('#$+"#$7/)4(1#'A$(*$%#0/4/,,/06$!"#$7/**/4&,+A$-))(4/-+#7$3/+"$*/07/02$%"-2#)$
+-'2#+#7$+($-$)%#4/*/4$/0*#4+/(0$/)$(0#$'#-)(0$+"#$+'#-+5#0+$/)$&)#7$'#,-+/1#,A$/0*'#J&#0+,A6$!"#$
%'()%#4+$(*$%#')(0-,/L/02$%"-2#$+'#-+5#0+$.A$/)(,-+/02$0#3$)%#4/#)$*('$/07/1/7&-,$/0*#4+/(0)$/)$
%'(5/)/026$!"/)$)+&7A$-/5#7$+($/)(,-+#$%"-2#$)%#4/#)$*('$5&,+/>7'&2$'#)/)+-0+$)+'-/0)$(*$
T)#&7(5(0-)$-#'&2/0()-$-07$K+-%"A,(4(44&)$-&'#&);$+"#$5()+$4(55(0$4-&)#)$(*$4"'(0/4$
/0*#4+/(0)$/0$%-+/#0+)$3/+"$4A)+/4$*/.'()/)6$!"'##$)-5%,#)$(*$"&5-0$*#4-,$5-++#';$(0#$)-5%,#$(*$
*#,/0#$*#4-,$5-++#';$-07$(0#$)-5%,#$(*$'/4"$)(/,$3#'#$+#)+#7$*('$+"#$%'#)#04#$(*$.(+"$K6$-&'#&)>$
-07$T6$-#'&2/0()->"()+#7$%"-2#)6$j)/02$+"#$7(&.,#$-2-'$(1#',-A$5#+"(7$(*$%"-2#$
#0&5#'-+/(0;$/+$3-)$*(&07$+"-+$)/8$(*$+"#$+#0$)+(4G)$4(0+-/0#7$.-4+#'/(%"-2#);$-+$+/+#')$'-02/02$
*'(5$?6`8=E|@$%*&i5U$+($F6b8=E|c$%*&i5U6$!"#$%(+#04A$(*$+"#$T)#&7(5(0-)>"()+#7$/)(,-+#)$/0$
#'-7/4-+/02$./(*/,5)$3-)$4(5%-'#7$+($+"#$#**/4-4A$(*$-0$-0+/./(+/4$4(4G+-/,$-07$+"#$#0LA5#$
4#,,&,-)#$+"'(&2"$-0$/0$1/+'($'#)-L&'/0$4#,,$1/-./,/+A$-))-A6$X-4"$+'#-+5#0+$3-)$%#'*('5#7$/0$
)#8+&%,/4-+#6$Y#+-.(,/4$'#7&4+/(0$(*$'#)-L&'/0$+($'#)('&*/0$R3"/4"$%'(4##7)$/0$+"#$%'#)#04#$(*$
,/1#$4#,,)W$3-)$J&-0+/*/#7$-+$F@$-07$@b$"(&')$(*$2'(3+"$&)/02$-$5/4'(%,-+#$'#-7#'$)#+$+($5#-)&'#$
-.)('.-04#$-+$.(+"$DcE05$-07$D`D056 

$

$ $
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(MI) MICROBIOLOGY 

                    11 MI912  
          

Ermovick, Ryan  

Yorktown High School 

Teacher: Amarasinghe 

!

The Effect of Different Methods of Water Treatment on the Growth of 
Microorganism Colonies 

!"/)$#8%#'/5#0+$3-)$4(07&4+#7$+($4(5%-'#$+"#$#**#4+$(*$7/**#'#0+$3-+#'$+'#-+5#0+$5#+"(7)$(0$
+"#$2'(3+"$(*$5/4'(('2-0/)5$4(,(0/#)$/0$3-+#'6$!"#$"A%(+"#)/)$/)$+"-+$H<*$+"#$5#+"(7$(*$3-+#'$
+'#-+5#0+$/)$-$jC$,/2"+;$+"#0$+"#$,#-)+$-5(&0+$(*$5/4'(('2-0/)5)$3/,,$2'(3$.#4-&)#$+"#$
k#(8A'/.(0&4,#/4$-4/7$RkBMW$(*$+"#$4#,,$/)$7/)'&%+#76I$:('$+"/)$#8%#'/5#0+;$3-+#'$3-)$4(,,#4+#7$
*'(5$-$%(07$/0$M',/02+(0;$CM$-07$+'#-+#7$&)/02$*(&'$7/**#'#0+$5#+"(7)$(*$3-+#'$+'#-+5#0+9$+3($
4",('/0#>.-)#7;$(0#$/(7/0#>.-)#7;$-07$(0#$&)/02$-$jC$,/2"+6$M$*/*+"$,#1#,$3-)$0(+$+'#-+#7;$3"/4"$
3-)$+"#$4(0+'(,6$!"#$3-+#'$)-5%,#)$3#'#$/04&.-+#7$(0$M2-'$T,-+#)$*('$@b>"(&');$-07$+"#$
'#)&,+/02$0&5.#'$(*$5/4'(('2-0/)5$4(,(0/#)$3#'#$4(&0+#7;$-07$+"#$-1#'-2#$0&5.#'$(*$#-4"$
5#+"(7$(*$+'#-+5#0+$3#'#$4-,4&,-+#76$!"#$"A%(+"#)/)$3-)$'#O#4+#7;$-)$+"#$5()+$#**#4+/1#$
5#+"(7$(*$3-+#'$+'#-+5#0+$+#)+#7$3-)$-$S",('/0#>.-)#7$5#+"(7;$0(+$+"#$jC$U/2"+$5#+"(76$!"#$
0&,,$"A%(+"#)/);$3"/4"$3-)$+"-+$+"#'#$/)$0($#**#4+$(*$+"#$+A%#$(*$3-+#'$+'#-+#7$(0$+"#$2'(3+"$(*$
5/4'(('2-0/)5$4(,(0/#)$3-)$'#O#4+#76$M$Q0#
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(MI) MICROBIOLOGY 

                    11 MI913  
          

Sharma, Ambica 

Washington-Liberty High School 

Teacher: Hedderly 

!

The Effect of Nicotine and Lead on Dopaminergic Neuron Morphology, 
Function, and Alpha-Synuclein Levels in a 7%2)43/%86(*($!2-20%)$ Model 

M0$#,#4+'(0/4$4/2-'#++#$/)$-$7#1/4#$+"-+$)/5&,-+#)$4/2-'#++#$('$+(.-44($)5(G/02$.A$-+(5/L/02$-$
,/J&/7$/0+($-0$/0"-,-.,#$1-%('6$<+$/)$(*+#0$./,,#7$-)$-$)5(G/02$4#))-+/(0$7#1/4#;$)-*#'$+"-0$
4/2-'#++#$)5(G/02m$"(3#1#';$+"#)#$7#1/4#)$-'#$*#-'#7$+($3('G$/01#')#,A$-)$-$2-+#3-A$+($
4/2-'#++#$)5(G/02$+"'(&2"$0/4(+/0#$-77/4+/(06$<0$-77/+/(0$+($+"#$7-02#'$*'(5$#>4/2-'#++#$/0O&'A$
-07$7#-+";$+"#'#$-'#$-,)($0#&'(,(2/4-,$/5%,/4-+/(0)$+($&)/02$-0$#
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(PH) PHYSICS AND ASTRONOMY 
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(PH) PHYSICS AND ASTRONOMY 
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(PH) PHYSICS AND ASTRONOMY 

                    7 PH1003  
          

Clemence, Idris; Salo, Kai  

George Washington Middle School 

Teacher: Thomas 

!

Observing Black Holes with Magnets 

Q&'$%&'%()#$3-)$+($)##$/*$3#$4-0$7#5(0)+'-+#$+"#$3-A$-)+'(,(2/)+)$4-0$7#+#4+$.,-4G$"(,#)$
&)/02$5-20#+)6$B($(0#$)"(&,7$4-'#$-.(&+$(&'$%'(O#4+;$-)$/+$7/70P+$3('G$-07$A(&$4-00(+$&)#$+"/)$
/0*('5-+/(06$!"/)$/)$0(+$)(5#+"/02$+"-+$)"(&,7$4-&)#$%#(%,#$+($4"-02#$+"#$3-A$+"#A$2($-.(&+$
,/*#_$M)$3#$5-7#$-0$/0-44&'-+#$"A%(+"#)/)$-07$(&'$7-+-$7/7$0(+$-77$&%6$!"/)$3-)$0(+$-$2'#-+$
#8%#'/5#0+$-07$/+$3-)$5('#$(*$-$*&0$#8%#'/5#0+$-07$0(+$-$)4/#04#$*-/'$%'(O#4+6$

T'(.,#59$]#$7/7$0(+$"-1#$-$%'(.,#5$.&+$3#$7/7$"-1#$-$%&'%()#6$M07$+"-+$3-)$+($)##$/*$3#$4-0$
7#5(0)+'-+#$+"#$3-A$M)+'()/)+)$4-0$7#+#4+$.,-4G$"(,#)$&)/02$5-20#+)$-07$3#$2(+$/0+($+"-+$-07$
(&'$%'(O#4+$3-)$/04(04,&)/1#6$$

T'(4#7&'#9$]#$"-7$-$%'#++A$7/'#4+$-%%'(-4"$+"-+$3-)$+($)#+$&%$-0$#01/'(05#0+$+($)/5&,-+#$-)$/*$
3#$3#'#$/0$)%-4#$M07$3#$&)#$5-20#+)$+($7#5(0)+'-+#$+"#$.,-4G$"(,#$-07$+"#$+"/02)$.#/02$
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(PH) PHYSICS AND ASTRONOMY 

                    8 PH1005  
          

Din, Kai   

H-B Woodlawn Secondary Program 
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(PH) PHYSICS AND ASTRONOMY 

                    8 PH1009  
          

Monroy, Sebastian   

Dorothy Hamm Middle School 

Teacher: Marszalek 

!

The Effect of Nerf Gun Angle on Dart Distance
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(PH) PHYSICS AND ASTRONOMY 

                    9 PH1014  
          

Dawit, Danie  

Alexandria City High School 

Teacher: Matthews 

!

Which Material Best Stops the Decay of Radioactive Material? 

YA$'#)#-'4"$(.O#4+/1#$3-)$+($*/07$+"#$5-+#'/-,$+"-+$.#)+$)+(%)$+"#$7#4-A$(*$'-7/(-4+/1#$5-+#'/-,6$
<$-%%'(-4"#7$+"/)$.A$+#)+/02$M5#'/4/&5$F@=RM5>F@=W$/0$?$7/**#'#0+$5-+#'/-,)$3"/4"$3#'#$%-%#';$
-,&5/0&5$*(/,;$-07$4,(+"m$<$-,)($+#)+#7$+"#$M5>F@=$.A$/+)#,*$3/+"$0($5-+#'/-,)$4(1#'/02$/+$-)$-$
4(0)+-0+6$<$3-)$+#)+/02$*('$3"/4"$5-+#'/-,$"-7$+"#$,#-)+$0&5.#'$(*$+'-4G)$-07$)5-,,#)+$)/L#$/0$
4#0+/5#+#')6$!"#$%-%#'$"-7$+"#$,(3#)+$0&5.#'$(*$+'-4G)$-+$=F$-07$-,&5/0&5$*(/,$"-7$+"#$
)5-,,#)+$+'-4G)$-+$F6??$4#0+/5#+#')6$<$4(04,&7#7$+"-+$.(+"$-,&5/0&5$*(/,$-07$%-%#'$3#'#$+"#$.#)+$
(0#)$+($4"(()#$*'(56$$

$ $



 

NORTHERN VIRGINIA REGIONAL SCIENCE AND ENGINEERING FAIR 2022 137 

 

(PH) PHYSICS AND ASTRONOMY 

                    9 PH1015  
          

Gordon, Shira  

Alexandria City High School 

Teacher: Riley 

!

3D Printing Model Rockets 

!"#$%&'%()#$(*$5A$%'(O#4+$3-)$+($)##$/*$?7$%'/0+#7$TUM$'(4G#+)$4-0$*,A$.#++#'$+"-0$+'-7/+/(0-,$
5(7#,$'(4G#+)6$!"/)$/)$)/20/*/4-0+$.#4-&)#$TUM$'(4G#+)$-'#$5('#$7&'-.,#$-07$4"#-%#';$5-G/02$
+"#5$-$.#++#'$(%+/(0$+($&)#6$!"/)$'#)#-'4"$/)$%(+#0+/-,,A$1#'A$/5%('+-0+$.#4-&)#$/+$4(&,7$4"-02#$
+"#$#0+/'#$5(7#,$'(4G#+'A$1/#36$:('$#8-5%,#;$/0)+#-7$(*$&)/02$5()+,A$4-'7.(-'7$'(4G#+);$%#(%,#$
4(&,7$)+-'+$%'/0+/02$+"#/'$(30$'(4G#+)$('$.&A/02$TUM$'(4G#+)6$!"#$-%%'(-4"$*('$+"/)$#8%#'/5#0+$
3-)$+($4'#-+#$-$'(4G#+$+"-+$*,#3;$<$"-7$,/++,#$G0(3,#72#$(*$'(4G#+'A6$!"#$%'(4#7&'#$*('$+"/)$
#8%#'/5#0+$3-)$+($*/')+$*,A$+"#$X)+#)$'(4G#+;$+($"-1#$)(5#+"/02$+($4(5%-'#$+"#$?7$%'/0+#7$
'(4G#+P)$'#)&,+)$+(6$�=$-07$�F$3#'#$+"#0$7#)/20#7$-07$*,(30$-07$0#3$'(4G#+$7#)/20)$3#'#$
4'#-+#7;$%'/0+#7;$-07$#1#0+&-,,A$*,(306$!"'(&2"(&+$-$,(+$(*$+'/-,$-07$#''(';$+"#$'#)&,+)$4(04,&7#7$
+"-+$�c$%#'*('5#7$+"#$.#)+;$3/+"$-44#,#'-+/(0$-07$)%##7$+"-+$4(5%-'#7$+($+"#$X)+#)$'(4G#+6$<*$
7#)/20#7$-07$#8%#'/5#0+#7$3/+";$-$?7$%'/0+#7$'(4G#+$4-0$%#'*('5$.#++#'$+"-0$-0$X)+#)$'(4G#+6$

$ $
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(PH) PHYSICS AND ASTRONOMY 

                    10 PH1016  
          

Bartrum, Olivia 

Wakefield High School 

Teacher: El-Gamal 

!

Analyzing the Efficacy of Inorganic UV Filters on Their Ability to Block UV-A 
Light 

!"#$#8%#'/5#0+$3-)$&07#'2(0#$/0$-0$-++#5%+$+($7#+#'5/0#$/*$4#'+-/0$/0('2-0/4$4(5%(&07)$3#'#$
5('#$#**#4+/1#$/0$+"#$.,(4G/02$(*$jC>M$'-7/-+/(06$!"#$/07#%#07#0+$1-'/-.,#)$/0$#8%#'/5#0+-+/(0$
3#'#$+"#$7/**#'#0+$/0('2-0/4$4(5%(&07)$&)#7;$.#/02$!/+-0/&5$k/(8/7#$-07$�/04$Q8/7#6$!"#$
7#%#07#0+$1-'/-.,#$3-)$+"#$jC$/0+#0)/+A$-*+#'$+"#$-%%,/4-+/(0$(*$!/+-0/&5$k/(8/7#$-07$�/04$
Q8/7#;$5#-)&'#7$/0$�]i45�6$K#1#'-,$4(0+'(,$2'(&%)$3#'#$/0)+/+&+#7$+($-1(/7$+"#$7#1#,(%5#0+$(*$
%(+#0+/-,$4(0*(&07/02$1-'/-.,#);$-44(&0+/02$*('$(&+)/7#$*-4+(')$+"-+$5-A$"-1#$/5%-4+#7$+"#$
'#,/-./,/+A$(*$+"#$7-+-6$<+$3-)$"A%(+"#)/L#7$+"-+$/*$-$jC>M$,/2"+$3-)$%,-4#7$&07#'$�/04$Q8/7#;$/+$
3(&,7$.#$-.,#$+($,/5/+$+"#$+'-0)5/))/(0$(*$jC$,/2"+$+($+"#$2'#-+#)+$#8+#0+;$'#)&,+/02$*'(5$�/04$
Q8/7#^)$%"(+()+-./,/+A6$!($+#)+$+"/);$(0#$2'-5$(*$#-4"$/0('2-0/4$4(5%(&07$3-)$%,-4#7$(0$
)#%-'-+#$)"##+)$(*$J&-'+L$2,-));$3"/4"$3#'#$'-/)#7$+3($/04"#)$-.(1#$+"#$2'(&076$M$jC$/0+#0)/+A$
5#+#'$3-)$%,-4#7$&07#'0#-+"$#-4"$)"##+;$3/+"$-$jC>M$,/2"+$%,-4#7$-%%'(8/5-+#,A$b$/04"#)$
-.(1#$+"#$J&-'+L$2,-))6$X/2"+$+'/-,)$3#'#$&07#'2(0#6$!"#$'#)&,+)$)"(3#7$+"-+$(0$-1#'-2#;$�/04$
Q8/7#$3-)$-.,#$+($5()+$#**#4+/1#,A$,/5/+$+"#$+'-0)5/))/(0$(*$jC>M$'-7/-+/(0;$3/+"$-0$-1#'-2#$jC$
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(PS) PLANT SCIENCES 

                    7 PS1100  
          

Ayscue, Quincy  

Kenmore Middle School 

Teacher: Schnappinger 

!

The Effect of Roundup on Aquatic Plants 

]"#0$4"#5/4-,)$-'#$)%'-A#7$(0$A-'7)$-07$*-'5);$'-/0$4-0$3-)"$+"()#$4"#5/4-,)$/0+($
3-+#'3-A)$-07$.(7/#)$(*$3-+#'$3"#'#$/+$4-0$"-'5$-J&-+/4$%,-0+)$-07$(+"#'$,/*#6$<+$/)$/5%('+-0+$+($
G0(3$3"-+$4(04#0+'-+/(0$(*$4"#5/4-,)$4-0$4-&)#$7-5-2#$+($+"#$#4()A)+#56$$!"#$%&'%()#$(*$
+"/)$%'(O#4+$3-)$+($7#+#'5/0#$3"-+$4(04#0+'-+/(0$(*$+(8/4$'&0(**$G/,,)$-J&-+/4$%,-0+)6$Q0#$)&4"$
%,-0+$/)$7&4G3##76$k&4G3##7$(8A2#0-+#)$+"#$3-+#'$-07$%'(1/7#)$0&+'/#0+)$*('$-J&-+/4$,/*#6$<+$/)$
-))&5#7$+"-+$"/2"#'$4(04#0+'-+/(0)$(*$4"#5/4-,)$4-&)#$/04'#-)#7$%,-0+$7#-+"6$<0$+"/)$%'(O#4+$
k&4G3##7$3-)$%,-4#7$/0$@$7/**#'#0+$O-')$(*$-J&-'/&5$3-+#';$#-4"$3/+"$7/**#'#0+$4(04#0+'-+/(0)$(*$
+"#$"#'./4/7#;$[(&07&%$RE44;$=E44;$=D44;$-07$FD44$#-4"W6$<+$3-)$"A%(+"#)/L#7$+"-+$-+$,#-)+$FD44$
(*$[(&07&%$/0$\EE44$(*$3-+#'$3(&,7$4-&)#$-+$,#-)+$FEa$%,-0+$7#-+"6$B(+#)$3#'#$+-G#0$&)/02$
(.)#'1-+/(0)$-07$4(55(0$G0(3,#72#$(*$%,-0+$-07$3-+#'$4(,('-+/(0$+($5#-)&'#$+"#$1/-./,/+A$(*$
+"#$k&4G3##7$(1#'$+/5#6$M*+#'$-$3##G$(*$4(07&4+/02$+"#$#8%#'/5#0+;$+"#$7-+-$%&+$/0+($+-.,#)$
-07$2'-%"#76$M+$+"#$4(04,&)/(0$(*$+"#$%'(O#4+;$/+$3-)$)"(30$+"-+$+"#$('/2/0-,$"A%(+"#)/)$3-)$
)&%%('+#7;$)/04#$+"#$4(04#0+'-+/(0$(*$FD44$'#7&4#7$+"#$1/-./,/+A$(*$+"#$7&4G3##7$.A$-+$,#-)+$
FEa6$

$ $
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(PS) PLANT SCIENCES 

                    10 PS1110  
          

Keng, Amelia   

Washington-Liberty High School 

Teacher: Bohn 

!

The Effect of Different Types of Composted Organic Waste On Bean Plant 
Growth Speed 

k/7$A(&$G0(3$+"-+$4(5%()+/02$7(2$3-)+#$-07$4(3$5-0&'#$4-0$.#$1/+-,$+($%'#1#0+$%(,,&+/(0_$!"#$
%&'%()#$(*$+"/)$#8%#'/5#0+$3-)$+($7#+#'5/0#$+"#$#**#4+)$(*$4(5%()+#7$7(2$3-)+#;$4(3$5-0&'#;$
-07$1#2#+-.,#$%##,/02)$(0$+"#$2'(3+"$)%##7$(*$-$.#-0$%,-0+6$!"#$"A%(+"#)/)$(*$+"/)$#8%#'/5#0+$
3-)$/*$.#-0$%,-0+)$-'#$+'#-+#7$3/+"$7/**#'#0+$+A%#)$(*$4(5%()+#7$('2-0/4$3-)+#;$+"#0$+"()#$
+'#-+#7$3/+"$7(2$3-)+#$4(5%()+$3/,,$2'(3$+"#$*-)+#)+$.#4-&)#$/+$)&%%,/#)$
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(PS) PLANT SCIENCES 

                    11 PS1111  
          

Wayman, Elizabeth   

Yorktown High School 

Teacher: Parent 

!

The Effect of Hydroponic Growing Medium on Growth of Swiss Chard 

!"/)$#8%#'/5#0+P)$%&'%()#$/)$+($+#)+$"(3$7/**#'#0+$+A%#)$(*$2'(3/02$5#7/&5)$&)#7$/0$-$
"A7'(%(0/4$)A)+#5$4-0$/5%-4+$+"#$%'(7&4+/(0$(*$K3/))$4"-'76$!"#$'#)&,+)$(*$+"/)$#8%#'/5#0+$
"#,%)$-+>"(5#$2-'7#0#');$%'(*#))/(0-,$*-'5#');$-07$#02/0##')$7#4/7#$/*$+"#$+A%#$(*$2'(3/02$
5#7/&5$+"#A$&)#$/0$-$"A7'(%(0/4$)A)+#5$3/,,$-**#4+$+"#/'$%,-0+^)$2'(3+"6$!"#$"A%(+"#)/)$3-)$+"-+$
/*$+"#$+A%#$(*$2'(3/02$5#7/&5$/)$4(4($4(/';$+"#0$%,-0+$2'(3+"$3/,,$.#$+"#$2'#-+#)+$.#4-&)#$/+$"-)$
-$5#7/&5$%('()/+A$/0$4(5%-'/)(0$+($'(4G$3((,$-07$4,-A$%#..,#)6$!"/)$3-)$"A%(+"#)/L#7$
.#4-&)#$.-4G2'(&07$'#)#-'4"$)"(3)$+"-+$%,-0+)$0##7$-$2'(3/02$5#7/&5$3/+"$#0(&2"$-/'$
%(4G#+)$+($G##%$+"#/'$'((+)$*'(5$7'(30/02$7&#$+($-$,-4G$(*$(8A2#06$!($+#)+$+"#$"A%(+"#)/);$F=$


