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International peace conference in The 
Hague,1899 represented by 26 countries 

including Germany. 

       In Germany, the most ardent advocate 
was Fritz Haber, a brilliant chemist. He 

personally orchestrated the April 1915 

attack at Ypres.  Born on 9th December 

1868 in Breslau, Prussia

[now Poland] and studied 
under Robert Bunsen (after 

whom Bunsen burner is 

named). His breakthrough 

came in 1909, when he and 

Carl Bosch discovered a 

way to fix atmospheric N2  
with H2  using high pressure 

and  temperature and iron 

as catalyst. The result was 

synthesized ammonia (NH3), 

a precursor for fertilizers and freed 
Germany from its previous dependence on 

imported  Chilean nitrites.  

      In late 1914, he emerged as the person 
who suggested the use of clouds of air    

dispersed chlorine gas  on battlefield to 

drive enemy soldier from their trenches. 

In 22nd April, 1915 his idea got green light 

At around 6 P.M. on April 22, 1915, a four 

mile wide wall of yellow green vapour 

rode the evening breeze across the no-

manõs land towards the Allied line at 

Ypres, Belgium. And descend over the 

trenches occupied by the unsuspecting 

French and Algerian soldiers. In an 

instant the troops starts coughing and 

experience stabbing pain in their chest 

and collapsed in agony. The first major 

poison attack of World War 2 has began. 
The use of òpoison or poison weaponsó 

inspite being banned under the       

The Father of Chemical Warfare  

Sophia: the First Robo -Citizen. 

Sophia is the latest and  most ad-

vanced social òhumanoid   robotó 

developed by Hong Kong-based com-

pany Handson Robotics.Sophia created 

history on October 2017 when she 

became the first non-human to be 
granted full citizenship in Saudi Ara-

bia. 

Sophia is an evolving genius machine. 
Her incredible human likeness, ex-

pressiveness and remarkable story as 

an awakening robot over time makes 

her fascinating front-page technology 

story. 

Sophia  is a highly sought after speaker 
in business and shows her powers and 

great potential across many industries. 

She has met face to face with key deci-

sion makers in banking, insurance, auto 

manufacturing, media, entertain-
ment and various other indus-

tries. Her reputation extends 

beyond business into a global 

social arena. She was named the 

worldõs first United Nation Inno-
vation Champion by United Na-

tions Development Program

(UNDP) and will have an official 

role in working with UNDP to promote sustainable 

development and safeguard of human rights and 

equality. 
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  Fritz abandoned his grieving 13 year old 

son, after the suicide of his wife Chala 
Immerwahr (the first women to get PhD 

from University of Breslau) to resume his 

work on deployment and development of 

other poisonous agent such as Phosgene 

and Mustard gas, eventually killing about 
90,000 soldiers and 1.3 million casualties 

in World War 1. To be fair , Haber did not 

start the Chemical Warfare, the honour 

goes to the French, who first developed 

the Xylyl Bromide (Tear gas). Haber 
claimed that he believed chemical attacks 

would bring the war to a speedy and 

decisive end. In November 1919, he was 

awarded Nobel Prize in Chemistry for his 

work on synthesizing NH3. In 1933, he 

resigned from his research institute in 
protest of Hitlerõs anti Semitic regulations 

and spend his final days roaming across 

Europe before dying of heart failure in 

1934 at age of 65. 

    Biographer Daniel Charles described 

Fritz Haber as both a hero and a villain as 

he made choices that shows the capacity 

of science to destroy lives.    
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A CHEMICAL APPROACH TO CLASSIFY FOOD ON BASIS OF 
THEIR ACIDITY AND ALKALINITY 

Gene Editing  

òTwo individuals share 

as much as 99.9%of the 

same genetic material 

and differ in only 0.1%

of itó 

'ÅÎÏÍÅ ÅÄÉÔÉÎÇ ÏÒ ÇÅÎÏÍÅ ÅÎÇÉÎÅÅÒÉÎÇ ÉÓ Á ÔÙÐÅ ÏÆ ÇÅÎÅÔÉÃ ÅÎÇÉÎÅÅÒÉÎÇ ÉÎ ×ÈÉÃÈ $.! ÉÓ ÉÎÓÅÒÔÅÄȟ 
ÄÅÌÅÔÅÄȟ ÍÏÄÉПÉÅÄȟ ÏÒ ÒÅÐÌÁÃÅÄ ÉÎ ÔÈÅ ÇÅÎÏÍÅ ÏÆ Á ÌÉÖÉÎÇ ÏÒÇÁÎÉÓÍȢ )Î ςπρψȟ ÔÈÅ ÃÏÍÍÏÎ ÍÅÔÈÏÄÓ ÆÏÒ 
ÓÕÃÈ ÅÄÉÔÉÎÇ ÕÓÅÄ ÅÎÇÉÎÅÅÒÅÄ ÎÕÃÌÅÁÓÅÓȟ   ÏÒ   ȰÍÏÌÅÃÕÌÁÒ ÓÃÉÓÓÏÒÓȱȢ 4ÈÅÓÅ ÎÕÃÌÅÁÓÅÓ ÃÒÅÁÔÅ ÓÉÔÅ- ÓÐÅȤ
ÃÉПÉÃ ÄÏÕÂÌÅ-ÓÔÒÁÎÄ ÂÒÅÁËÓ ɉ$3"3Ɋ ÁÔ ÄÅÓÉÒÅÄ ÌÏÃÁÔÉÏÎÓ ÉÎ ÔÈÅ ÇÅÎÏÍÅȢ 4ÈÅ ÉÎÄÕÃÅÄ ÄÏÕÂÌÅ- ÓÔÒÁÎÄ 
ÂÒÅÁËÓ ÁÒÅ ÒÅÐÁÉÒÅÄ ÔÈÒÏÕÇÈ ÎÏÎ ÈÏÍÏÌÏÇÏÕÓ ÅÎÄ ÊÏÉÎÉÎÇ ɉ.(%*Ɋ ÏÒ ÈÏÍÏÌÏÇÏÕÓ ÒÅÃÏÍÂÉÎÁÔÉÏÎ 
ɉ(2Ɋȟ ÒÅÓÕÌÔÉÎÇ ÉÎ ÔÁÒÇÅÔÅÄ ÍÕÔÁÔÉÏÎÓ ɉȰÅÄÉÔȱɊȢ 
                !Ó ÏÆ ςπρυ ÆÏÕÒ ÆÁÍÉÌÉÅÓ ÏÆ ÅÎÇÉÎÅÅÒÅÄ ÎÕÃÌÅÁÓÅÓ ×ÅÒÅ ÕÓÅÄȡ ÍÅÇÁ ÎÕÃÌÅÁÓÅÓȟ ÚÉÎÃ ПÉÎÇÅÒ 
ÎÕÃÌÅÁÓÅÓ ɉ:&.ȭ3Ɋȟ ÔÒÁÎÓÃÒÉÐÔÉÏÎ ÁÃÔÉÖÁÔÏÒ-ÌÉËÅ ÅÆÆÅÃÔÏÒÓɀÂÁÓÅÄ ÎÕÃÌÅÁÓÅÓ ɉ4!,%.Ɋȟ ÁÎÄ ÔÈÅ ÃÌÕÓȤ
ÔÅÒÅÄ ÒÅÇÕÌÁÒÌÙ ÉÎÔÅÒÓÐÁÃÅÄ ÓÈÏÒÔ ÐÁÌÉÎÄÒÏÍÉÃ ÒÅÐÅÁÔÓ ɉ#2)302Ⱦ#!3ωɊ ÓÙÓÔÅÍȢ .ÉÎÅ ÇÅÎÏÍÅ ÅÄÉÔÏÒÓ 
×ÅÒÅ ÁÖÁÉÌÁÂÌÅ ÁÓ ÏÆ ςπρχȢ  
    'ÅÎÏÍÅ ÅÄÉÔÉÎÇ ×ÁÓ ÓÅÌÅÃÔÅÄ ÂÙ .ÁÔÕÒÅ -ÅÔÈÏÄÓ ÁÓ ÔÈÅ ςπρρ -ÅÔÈÏÄ ÏÆ ÔÈÅ ÙÅÁÒȢ 4ÈÅ #2) 302-#ÁÓ 
ÓÙÓÔÅÍ ×ÁÓ ÓÅÌÅÃÔÅÄ ÂÙ ÓÃÉÅÎÃÅ ÁÓ ςπρυ "ÒÅÁËÔÈÒÏÕÇÈ ÏÆ ÔÈÅ ÙÅÁÒȢ 

 
!00,)#!4)/.3 
 
%ÆПÉÃÉÅÎÔ ÇÅÎÏÍÅ ÅÄÉÔÉÎÇ ÈÁÄ ÂÅÅÎ ÄÅÖÅÌÏÐÅÄ ÆÏÒ Á ×ÉÄÅ ÒÁÎÇÅ ÏÆ ÅØÐÅÒÉÍÅÎÔÁÌ ÓÙÓÔÅÍÓ ÒÁÎÇÉÎÇ 
ÆÒÏÍ ÐÌÁÎÔÓ ÔÏ ÁÎÉÍÁÌÓ ÁÎÄ ÎÅÁÒÓ ÂÅÃÏÍÉÎÇ Á ÓÔÁÎÄÁÒÄ ÅØÐÅÒÉÍÅÎÔÁÌ ÓÔÒÁÔÅÇÙ ÉÎ ÒÅÓÅÁÒÃÈ ÌÁÂÓȢ 4ÈÅ 
ÒÅÃÅÎÔ ÇÅÎÅÒÁÔÉÏÎ ÏÆ ÒÁÔȟ ÚÅÂÒÁ ПÉÓÈȟ ÍÁÉÚÅ ÁÎÄ ÔÏÂÁÃÃÏ :&.- ÍÅÄÉÁÔÅÄ ÍÕÔÁÎÔÓ ÁÎÄ ÔÈÅ ÉÍÐÒÏÖÅȤ
ÍÅÎÔÓ ÉÎ 4!,%.-ÂÁÓÅÄ ÁÐÐÒÏÁÃÈÅÓ ÔÅÓÔÉÆÙ ÔÏ ÔÈÅ ÓÉÇÎÉПÉÃÁÎÃÅ ÏÆ ÔÈÅ ÍÅÔÈÏÄÓ ȟ ÁÎÄ ÔÈÅ ÌÉÓÔ ÉÓ ÅØÐÁÎÄȤ
ÉÎÇ ÒÁÐÉÄÌÙȢ 'ÅÎÏÍÅ ÅÄÉÔÉÎÇ ×ÉÔÈ ÅÎÇÉÎÅÅÒÅÄ ÎÕÃÌÅÁÓÅÓ ×ÉÌÌ ÌÉËÅÌÙ ÃÏÎÔÒÉÂÕÔÅ ÔÏ ÍÁÎÙ ПÉÅÌÄÓ ÏÆ ÌÉÆÅ 
ÓÃÉÅÎÃÅÓ ÆÒÏÍ ÓÔÕÄÙÉÎÇ ÇÅÎÅ ÆÕÎÃÔÉÏÎÓ ÉÎ ÐÌÁÎÔÓ ÁÎÄ ÁÎÉÍÁÌÓ ÔÏ ÇÅÎÅ ÔÈÅÒÁÐÙ ÉÎ ÈÕÍÁÎÓȢ &ÏÒ ÉÎȤ
ÓÔÁÎÃÅȟ ÔÈÅ ПÉÅÌÄ ÏÆ ÓÙÎÔÈÅÔÉÃ ÂÉÏÌÏÇÙ ×ÈÉÃÈ ÁÉÍÓ ÔÏ ÅÎÇÉÎÅÅÒ ÃÅÌÌÓ ÁÎÄ ÏÒÇÁÎÉÓÍ ÔÏ ÐÅÒÆÏÒÍ ÎÏÖÅÌ 
ÆÕÎÃÔÉÏÎ ÉÓ ÌÉËÅÌÙ ÔÏ ÂÅÎÅПÉÔ ÆÒÏÍ ÔÈÅ ÁÂÉÌÉÔÙ ÏÆ ÅÎÇÉÎÅÅÒÅÄ ÎÕÃÌÅÁÓÅ ÔÏ ÁÄÄ ÏÒ ÒÅÍÏÖÅ ÇÅÎÏÍÉÃ ÅÌÅȤ
ÍÅÎÔÓ ÁÎÄ ÔÈÅÒÅÆÏÒÅ ÃÒÅÁÔÅ ÃÏÍÐÌÅØ ÓÙÓÔÅÍÓȢ )Î 
ÁÄÄÉÔÉÏÎȟ ÇÅÎÅ ÆÕÎÃÔÉÏÎÓ ÃÁÎ ÂÅ ÓÔÕÄÉÅÄ ÕÓÉÎÇ 
ÓÔÅÍ ÃÅÌÌÓ ×ÉÔÈ ÅÎÇÉÎÅÅÒÅÄ ÎÕÃÌÅÁÓÅÓȢ 
3ÏÍÅ ÓÐÅÃÉПÉÃ ÔÁÓËÓ ÔÈÉÓ ÍÅÔÈÏÄ ÃÁÎ ÂÅ ÃÁÒÒÙ 
ÏÕÔȡ 
-4ÁÒÇÅÔ ÇÅÎÅ ÍÕÔÁÔÉÏÎȢ 
-'ÅÎÅ ÔÈÅÒÁÐÙȢ 
-#ÒÅÁÔÉÎÇ ÃÈÒÏÍÏÓÏÍÅ ÒÅÁÒÒÁÎÇÅÍÅÎÔȢ 
-4ÒÁÎÓÇÅÎÉÃ ÁÎÉÍÁÌÓȢ 
-3ÔÕÄÙ ÇÅÎÅ ÆÕÎÃÔÉÏÎ ×ÉÔÈ ÓÔÅÍ ÃÅÌÌÓȢ 
-%ÎÄÏÇÅÎÏÕÓ ÇÅÎÅ ÌÁÂÅÌÌÉÎÇȢ 
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 CHEMICAL BASIS:  
 
! ƘŜŀƭǘƘȅ ƻǊƎŀƴƛǎƳ ƛǎ ƛƴ ŀ ƭƛƎƘǘ ōŀǎŜ ŎƻƴŘƛǝƻƴ ǿƛǘƘ ŀ ǇI-ǾŀƭǳŜ ƻŦ тΦор ǘƻ тΦпрΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ ŀǊŜ ǇŀǊǘǎ ƛƴ 
ǘƘŜ ōƻŘȅΣ ǿƘŜǊŜ ŀƴƻǘƘŜǊ ƳƛƭƛŜǳ ǇǊŜŘƻƳƛƴŀǘŜǎΦ ¢Ƙǳǎ ǘƘŜ ǎǘƻƳŀŎƘ ƛǎ ƴŀǘǳǊŀƭƭȅ ǾŜǊȅ ŀŎƛŘƛŎ όŦǊƻƳ ǎǘƻƳŀŎƘ 
ŀŎƛŘύ ǿƘƛƭŜ ǘƘŜ ǎŜŎǊŜǝƻƴ ƻŦ ǘƘŜ ǇŀƴŎǊŜŀǎ ƛǎ ŀƭƪŀƭƛƴŜ ŀƴŘ ƴŜǳǘǊŀƭƛȊŜǎ ǘƘŜ ŀŎƛŘƛŎ ŎƘȅƳŜ ƛƴ ǘƘŜ ǎƳŀƭƭ ƛƴǘŜǎπ
ǝƴŜΦ  

  ǘƘŜ ŀŎƛŘǎΤ ǘƘŜ ǝǎǎǳŜ ōŜŎƻƳŜǎ ƳƻǊŜ ŀŎƛŘƛŎΣ ŀƴŘ ŀ ǾŀǊƛŜǘȅ ƻŦ ƳŜŘƛŎŀƭ ŎƻƳǇƭŀƛƴǘǎ ŀƴŘ ŘƛǎŜŀǎŜǎ 
Ŏŀƴ ƻŎŎǳǊΦ 
LŦ ŀƴ ŀŎƛŘ ƳƻƭŜŎǳƭŜ Ƙƛǘǎ ŀ ōŀǎŜ ƳƻƭŜŎǳƭŜΣ ŀ ƴŜǳǘǊŀƭ ǎŀƭǘ ƳƻƭŜŎǳƭŜ ƛǎ ŦƻǊƳŜŘ ǘƘŀǘ Ŏŀƴ ōŜ ŜȄŎǊŜǘŜŘ ǿƛǘƘƻǳǘ 
ŀƴȅ ƘŀǊƳΦ IƻǿŜǾŜǊΣ ƛŦ ǘƘŜǊŜ ŀǊŜ ƳƻǊŜ ŀŎƛŘǎ ǘƘŀƴ ōŀǎŜǎ ƛƴ ǘƘŜ ōƻŘȅΣ ǘƘŜ ƻǊƎŀƴƛǎƳ ǿƻƴϥǘ ƎŜǘ ǊƛŘ ƻŦ ǘƘŜ   
ŀŎƛŘǎΤ ǘƘŜ ǝǎǎǳŜ ōŜŎƻƳŜǎ ƳƻǊŜ ŀŎƛŘƛŎΣ ŀƴŘ ŀ ǾŀǊƛŜǘȅ ƻŦ ƳŜŘƛŎŀƭ ŎƻƳǇƭŀƛƴǘǎ ŀƴŘ ŘƛǎŜŀǎŜǎ Ŏŀƴ ƻŎŎǳǊΦ 

INTRODUCTION: 
 

hǳǊ ōƻŘȅ ƻǊƎŀƴƛȊŀǝƻƴ Ŏŀƴ ƻƴƭȅ ŦǳƴŎǝƻƴ ǇǊƻǇŜǊƭȅ ƛŦ ƛǘ ƛǎ ƛƴ ŀŎƛŘ-ōŀǎŜ ōŀƭŀƴŎŜΦ ¢ƘŜ ǳƴƛǘ ƻŦ ŀŎƛŘǎ ŀƴŘ ōŀǎŜǎ ƛǎ ǘƘŜ ǇI-ǾŀƭǳŜΦ ¢ƘŜ 

ƳŜŀǎǳǊŜƳŜƴǘ ǎŎŀƭŜ ǊŀƴƎŜǎ м ǘƻ мпΦ м ƳŜŀƴǎ ǎǘǊƻƴƎŜǎǘ ŀŎƛŘƛŎΣ мп ƳŜŀƴ ƳŀȄƛƳǳƳ ōŀǎŜ ǾŀƭǳŜΦ ¢ƘŜ ƴŜǳǘǊŀƭ ǾŀƭǳŜ ƛǎ ŀǘ тΦ 
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Volume 1, Issue 1 

Ýɖɽ ɴʇɿɴʁɸɼɴɽʃ ʃɷɰʃ 

involves attaching 

electrodes to a lemon 

can create a battery 

that produces 

electricity. Several 

lemon batteries can 

power a small digital 

ʆɰʃɲɷ.Þ 
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 CLASSIFICATION:  
 

ǿŜ ŘƛũŜǊŜƴǝŀǘŜ ōŜǘǿŜŜƴ ŦƻƻŘǎ ǘƘŀǘ ŀǊŜ ƴŀǘǳǊŀƭƭȅ ŀŎƛŘƛŎ ŀƴŘ ǘƘƻǎŜ ǘƘŀǘ ǇǊƻŘǳŎŜ ŘƛƎŜǎǝǾŜ ŀŎƛŘΦ ¢ƘŜ ǎƻǳǊ ǘŀǎǘŜ 
ƻŦ ŦƻƻŘ ŘƻŜǎ ƴƻǘ ƳŀǧŜǊΦ CƻǊ ŜȄŀƳǇƭŜΣ ƭŜƳƻƴǎ ǘŀǎǘŜ ǎƻǳǊ ōǳǘ ǿƛƭƭ ōŜ ƳŜǘŀōƻƭƛȊŜŘ ŀǎ ōŀǎŜ ƛƴ ǘƘŜ ōƻŘȅΦ hƴŜ 
ŎŀƴΩǘ ƧǳŘƎŜ ǘƘŜ ŀŎƛŘ-ŦƻǊƳƛƴƎ ŀƴŘ ōŀǎƛŎκŀƭƪŀƭƛƴŜ-ŦƻǊƳƛƴƎ ǇǊƻǇŜǊǝŜǎ ƻŦ ŀ ŦƻƻŘ ōȅ ǘƘŜ ŀŎǘǳŀƭ ŀŎƛŘƛǘȅ ƻŦ ǘƘŜ ŦƻƻŘ 
ƛǘǎŜƭŦΦ   
²Ƙŀǘ ŘŜǘŜǊƳƛƴŜǎ ŀ ŦƻƻŘΩǎ ŀŎƛŘƛǘȅ ƻǊ ŀƭƪŀƭƛƴƛǘȅ ƛǎ Ƙƻǿ ƛǘ ōǊŜŀƪǎ Řƻǿƴ ǿƘŜƴ ŘƛƎŜǎǘŜŘΦ  
aƻǎǘ ƻŦ ǘƘŜ ŦƻƻŘǎ ǘƘŀǘ Ŏƻƴǘŀƛƴ ŜȄŎƭǳǎƛǾŜƭȅ ǇǊƻǘŜƛƴ ǘŜƴŘ ǘƻ ōŜ ƘƛƎƘ ƛƴ ǎǳƭǇƘǳǊ-ŎƻƴǘŀƛƴƛƴƎ ŀƳƛƴƻ ŀŎƛŘǎΦ ¢ƘŜǎŜ 
ŀƳƛƴƻ ŀŎƛŘǎ ŀǊŜ ƳŜǘŀōƻƭƛȊŜŘ ǘƻǿŀǊŘ ǎǳƭǇƘǳǊƛŎ ŀŎƛŘΦ  
aƻǎǘ ƻŦ ǘƘŜ Ǉƭŀƴǘ ŦƻƻŘǎ ŘƻƴΩǘ Ŏƻƴǘŀƛƴ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ǎǳƭǇƘǳǊ-ŎƻƴǘŀƛƴƛƴƎ ŀƳƛƴƻ ŀŎƛŘǎ ŀƴŘ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ŀƭƪŀƭƛƴŜ-
ŦƻǊƳƛƴƎΦ ¢ƘŜ ŀƭƪŀƭƛƴŜ ŦƻǊƳƛƴƎ Ǉƭŀƴǘ ŦƻƻŘǎ ƘŜƭǇ ǘƻ ƴŜǳǘǊŀƭƛȊŜ ǘƘŜ ŀŎƛŘ-ŦƻǊƳƛƴƎ ǇǊƻǘŜƛƴ ŦƻƻŘǎΦ  
¢ƘŜ ƎŜƴŜǊŀƭ ŎƭŀǎǎƛŬŎŀǝƻƴ ƛǎ ƎƛǾŜƴ ōŜƭƻǿΥ  

 
 
 
 
 
 
 
 
 
/hb/[¦{LhbΥ  
 
²Ŝ Řƻƴϥǘ ŘŜŀƭ ǿƛǘƘ ƘƛƎƘ ōŀǎƛŎƛǘȅ ǳƴƭƛƪŜ ƘƛƎƘ ŀŎƛŘƛǘȅ ƛƴ ƳŜŘƛŎƛƴŜ ōŜŎŀǳǎŜ ƛǘ ƛǎ ƛƴŎƻƳǇŀǝōƭŜ ǿƛǘƘ ƭƛŦŜΦ hǳǊ ōƻŘȅ 
Ƙŀǎ ŀ ŘŜǘŜǊƳƛƴŜŘ ǇI ǾŀƭǳŜ ǿƘƛŎƘ ƛǎ ƳƻǊŜ ƻǊ ƭŜǎǎ ŀŎƛŘƛŎΦ Lǘ ƛǎ ƛƳǇŜǊŀǝǾŜ ǘƘŀǘ ǘƘƛǎ ƛǎ ǎƻ ōŜŎŀǳǎŜ ŜƴȊȅƳŜǎ ƛƴ ƻǳǊ 
ōƻŘȅ ǊŜǉǳƛǊŜ ǎǘǊƛŎǘ ŎƻƴŘƛǝƻƴǎ ǘƻ ǿƻǊƪ ǇǊƻǇŜǊƭȅΦ  
 hǳǊ ǎƪƛƴ ƴŜŜŘǎ ǘƻ ōŜ ŀŎƛŘƛŎ ŦƻǊ ŀƴǝōŀŎǘŜǊƛŀƭ ŘŜŦŜƴŎŜ ŀƴŘ ƻǳǊ ǎǘƻƳŀŎƘ ǘƘŜ ǎŀƳŜ ōǳǘ ŦƻǊ ŘŜƎǊŀŘŀǝƻƴ ƻŦ ǇǊƻπ
ǘŜƛƴǎ ǘƘŀǘ ǿŜ ŎƻƴǎǳƳŜΦ ¢ƘŜ ŘǳƻŘŜƴǳƳΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǎƳŀƭƭ ƛƴǘŜǎǝƴŜǎ ƘƻǿŜǾŜǊΣ ƴŜŜŘǎ ǘƻ ōŜ ŀ ōƛǘ 
ōŀǎƛŎ ŦƻǊ ŘŜƎǊŀŘŀǝƻƴ ƻŦ ŦŀǘΦ ¢ƘŜ ōƭƻƻŘ ƛǎ ŀōǎƻƭǳǘŜƭȅ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǘƻ ōŜ ƘŜƭŘ ƛƴ ŀ ŘŜǘŜǊƳƛƴŜŘ ǇI ƛƴǘŜǊǾŀƭ 
ŦǊƻƳ тΦо-тΦпΦ LŦ ǘƘŀǘ ƛǎ ǎƻƳŜƘƻǿ ŎƻƳǇǊƻƳƛǎŜŘ ǘƘŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ŀǊŜ ǉǳƛǘŜ ǎŜǊƛƻǳǎΦ !ƴŘ ǿƘƛƭŜ ǘƘŜ ōƭƻƻŘ ŎƻǳƭŘ 
ōŜ ƭƛǧƭŜ ƳƻǊŜ ŀŎƛŘƛŎ ōŜŦƻǊŜ ŘŜŀǘƘ ƻŎŎǳǊǎΣ ōŀǎƛŎƛǘȅ ƻŦ ōƭƻƻŘ ǿƛƭƭ ƪƛƭƭ ƻƴŜ ƳǳŎƘ ǎƻƻƴŜǊΦ CƻǊ ǘƘŀǘ ǊŜŀǎƻƴ ōŀǎƛŎƛǘȅ ƛǎ 
ƴƻǘ ƻƊŜƴ ƳŜƴǝƻƴŜŘ ƛƴ ǇǊŀŎǝŎŀƭ ƳŜŘƛŎƛƴŜΦ  
5ǳŜ ǘƻ ŦƻƻŘ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǿŜŀƭǘƘ όŀƳƻƴƎ ƻǘƘŜǊ ǊŜŀǎƻƴǎύΣ Ƴƻǎǘ ŘƛŜǘǎ ǘŜƴŘ ǘƻ ōŜ ŀŎƛŘƛŎΦ ¢Ƙƛǎ ƛǎ 
ŀƭǎƻ ŘǳŜ ǘƻ ǘƘŜ ƘƛƎƘ ƛƴǘŀƪŜ ƻŦ ŘŀƛǊȅ ŦƻƻŘǎΣ ƎǊŀƛƴǎ ŀƴŘ ƳŜŀǘǎΦ DŜƴŜǊŀƭƭȅΣ ǘƘŜ ƛƴǘŀƪŜ ƻŦ ǘƘŜǎŜ ŀŎƛŘ-ŦƻǊƳƛƴƎ ŦƻƻŘǎ 
ƛǎƴΩǘ ōŀƭŀƴŎŜŘ ǿƛǘƘ ŀŘŜǉǳŀǘŜ ǾŜƎŜǘŀōƭŜ ŀƴŘ ŦǊǳƛǘ ƛƴǘŀƪŜ όŀƭƪŀƭƛƴŜ-ŦƻǊƳƛƴƎ ŦƻƻŘǎύΦ    

!/L5L/ Chh5  b9¦¢w![ Chh5 .!{L/ Chh5 

±ŜƎŜǘŀōƭŜǎ hƛƭǎ aŜŀǘ  

{ŀƭŀŘǎ .ǳǧŜǊ {ŀǳǎŀƎŜǎ 

CǊǳƛǘǎ {ƻƳŜ ƴǳǘ ŀƴŘ ǾŀǊƛŜǝŜǎ CƛǎƘ 

IŜǊōǎ ²ŀǘŜǊ tƻǳƭǘǊȅ 

 
Chemistry of Coffee - How Coffee Keeps Us Awake  
 
/ƘŜƳƛǎǘǊȅ ƛǎ ŀƴ ƛƴǘŜƎǊŀƭ ǇŀǊǘ ƻŦ ƭƛŦŜΦ ²Ŝ Ƴƻǎǘƭȅ Ŧŀƛƭ ǘƻ ǊŜŎƻƎƴƛȊŜ ǘƘŜƳΣ ōǳǘ ŜǾŜǊȅǘƘƛƴƎ ŦǊƻƳ ƻǳǊ ŜȄƛǎǘŜƴŎŜ ǘƻ ƘŀǇǇŜƴƛƴƎǎ ƛƴ ŀƴŘ ŀǊƻǳƴŘ ǳǎ  Ŏƻƴǎǝπ

ǘǳǘŜǎ ƻŦ ŎƘŜƳƛŎŀƭǎ ŀƴŘ ǊŜŀŎǝƻƴǎΦ /ƘŜƳƛǎǘǊȅ ƛǎ ŀƴ ƛƴǘŜƎǊŀƭ ǇŀǊǘ ƻŦ ǾŀǊƛƻǳǎ ƭƛŦŜ ǇǊƻŎŜǎǎŜǎΦ Lǎƴϥǘ ƛǘ ƛƴǘŜǊŜǎǝƴƎ ǘƘŀǘ ŜǾŜƴ ƻǳǊ ǎƭŜŜǇƛƴƎ ǎȅǎǘŜƳ ǿƻǊƪǎ 
ŘǳŜ ǘƻ ŀ Ŏƻ-ƻǊŘƛƴŀǘŜŘ ŎƘŜƳƛŎŀƭ ǇǊƻŎŜǎǎ Κ [Ŝǘǎ ǎŜŜ  Ƙƻǿ ƛǘ ǿƻǊƪǎ- 
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¢ƘŜǊŜ ƛǎ ŀ ōǊŀƛƴ ŎƘŜƳƛŎŀƭ ŎŀƭƭŜŘ !ŘŜƴƻǎƛƴŜΦ ¢ƘŜ ōƛƴŘƛƴƎ ƻŦ ŀŘŜƴƻǎƛƴŜ ǿƛǘƘ ǘƘŜ ōǊŀƛƴ ŎŀǳǎŜǎ ŘǊƻǿǎƛƴŜǎǎ ōȅ 
ǎƭƻǿƛƴƎ Řƻǿƴ ƴŜǊǾŜ ŎŜƭƭ ŀŎǝǾƛǘȅΦ Lƴ ǘƘŜ ōǊŀƛƴΣ ŀŘŜƴƻǎƛƴŜ ōƛƴŘƛƴƎ ŀƭǎƻ ŎŀǳǎŜǎ ōƭƻƻŘ ǾŜǎǎŜƭǎ ǘƻ ŘƛƭŀǘŜ 
όǇǊŜǎǳƳŀōƭȅ ǘƻ ƭŜǘ ƳƻǊŜ ƻȄȅƎŜƴ ƛƴ ŘǳǊƛƴƎ ǎƭŜŜǇύΦ !ŘŜƴƻǎƛƴŜ ŀǊŜ ǇǊƻŘǳŎŜŘ ōȅ ƻǳǊ Řŀƛƭȅ ŀŎǝǾƛǘȅΦ /ŀũŜƛƴŜ 
ǇǊŜǎŜƴǘ ƛƴ ŎƻũŜŜ ǿƻǊƪǎ ōȅ ŎƘŀƴƎƛƴƎ ǘƘŜ ŎƘŜƳƛǎǘǊȅ ƻŦ ǘƘŜ ōǊŀƛƴΦ Lǘ ōƭƻŎƪǎ ǘƘŜ ŀŎǝƻƴ ƻŦ ŀ ƴŀǘǳǊŀƭ ōǊŀƛƴ 
ŎƘŜƳƛŎŀƭΣ ŀŘŜƴƻǎƛƴŜΣ ǘƘŀǘ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎƭŜŜǇ 
 

/ŀũŜƛƴŜ ŀƴŘ ŀŘŜƴƻǎƛƴŜ ƭƻƻƪǎ ǎƛƳƛƭŀǊΦ /ŀũŜƛƴŜΣ ǘƘŜǊŜŦƻǊŜΣ 
ōƛƴŘǎ ǘƻ ǘƘŜ ŀŘŜƴƻǎƛƴŜ ǊŜŎŜǇǘƻǊǎΦ IƻǿŜǾŜǊΣ ƛǘ ŘƻŜǎƴΩǘ ǎƭƻǿ 
Řƻǿƴ ǘƘŜ ŎŜƭƭΩǎ ŀŎǝǾƛǘȅ ŀǎ ŀŘŜƴƻǎƛƴŜ ǿƻǳƭŘΦ ¢ƘŜ ŎŜƭƭǎ Ŏŀƴƴƻǘ 
ǎŜƴǎŜ ŀŘŜƴƻǎƛƴŜ ŀƴȅƳƻǊŜ ōŜŎŀǳǎŜ ŎŀũŜƛƴŜ ƛǎ ǘŀƪƛƴƎ ǳǇ ŀƭƭ 
ǘƘŜ ǊŜŎŜǇǘƻǊǎ ŀŘŜƴƻǎƛƴŜ ōƛƴŘǎ ǘƻΦ {ƻ ƛƴǎǘŜŀŘ ƻŦ ǎƭƻǿƛƴƎ Řƻǿƴ 
ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŀŘŜƴƻǎƛƴŜ ƭŜǾŜƭΣ ǘƘŜ ŎŜƭƭǎ ǎǇŜŜŘ ǳǇΦ /ŀũŜƛƴŜ 
ŀƭǎƻ ŎŀǳǎŜǎ ǘƘŜ ōǊŀƛƴΩǎ ōƭƻƻŘ ǾŜǎǎŜƭǎ ǘƻ ŎƻƴǎǘǊƛŎǘΣ ōŜŎŀǳǎŜ ƛǘ 
ōƭƻŎƪǎ ŀŘŜƴƻǎƛƴŜΩǎ ŀōƛƭƛǘȅ ǘƻ ƻǇŜƴ ǘƘŜƳ ǳǇΦ ¢Ƙƛǎ ŜũŜŎǘ ƛǎ ǿƘȅ 
ǎƻƳŜ ƘŜŀŘŀŎƘŜ ƳŜŘƛŎƛƴŜǎΣ ƭƛƪŜ !ƴŀŎƛƴΣ Ŏƻƴǘŀƛƴ ŎŀũŜƛƴŜ - ƛŦ 
ȅƻǳ ƘŀǾŜ ŀ ǾŀǎŎǳƭŀǊ ƘŜŀŘŀŎƘŜΣ ǘƘŜ ŎŀũŜƛƴŜ ǿƛƭƭ ŎƭƻǎŜ Řƻǿƴ 
ǘƘŜ ōƭƻƻŘ ǾŜǎǎŜƭǎ ŀƴŘ ǊŜƭƛŜǾŜ ƛǘΦ 
 
²ƛǘƘ ŎŀũŜƛƴŜ ōƭƻŎƪƛƴƎ ǘƘŜ ŀŘŜƴƻǎƛƴŜΣ ȅƻǳ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ 

ƴŜǳǊƻƴ ŬǊƛƴƎ ƛƴ ǘƘŜ ōǊŀƛƴΦ ¢ƘŜ ǇƛǘǳƛǘŀǊȅ ƎƭŀƴŘ ǎŜŜǎ ŀƭƭ ƻŦ ǘƘŜ ŀŎǝǾƛǘȅ ŀƴŘ ǘƘƛƴƪǎ ǎƻƳŜ ǎƻǊǘ ƻŦ ŜƳŜǊƎŜƴŎȅ 
Ƴǳǎǘ ōŜ ƻŎŎǳǊǊƛƴƎΣ ǎƻ ƛǘ ǊŜƭŜŀǎŜǎ ƘƻǊƳƻƴŜǎ ǘƘŀǘ ǘŜƭƭ ǘƘŜ ŀŘǊŜƴŀƭ ƎƭŀƴŘǎ ǘƻ ǇǊƻŘǳŎŜ ŀŘǊŜƴŀƭƛƴŜ 
όŜǇƛƴŜǇƘǊƛƴŜύΦ !ŘǊŜƴŀƭƛƴŜ ƛǎΣ ƻŦ ŎƻǳǊǎŜΣ ǘƘŜ ΨŬƎƘǘ ƻǊ ƅƛƎƘǘΩ ƘƻǊƳƻƴŜ ŀƴŘ ƛǘ Ƙŀǎ ŀ ƴǳƳōŜǊ ƻŦ ŜũŜŎǘǎ ƻƴ ȅƻǳǊ 
ōƻŘȅΦ 
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¢ƘŜ bƻōŜƭ ǇǊƛȊŜ ƛƴ ŎƘŜƳƛǎǘǊȅ нлмт ƛǎ ŀǿŀǊŘŜŘ ǘƻ WŀŎǉǳŜǎ 5ǳōƻŎƪŜǘΣ WƻŀŎƛƴ CǊŀƴƪ ŀƴŘ wƛŎƘŀǊŘ IŀƴŘŜǊǎƻƴ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŎǊȅƻ-ŜƭŜŎǘǊƻƴ 

ƳƛŎǊƻǎŎƻǇȅΣ ǿƘƛŎƘ ōƻǘƘ ǎƛƳǇƭƛŬŜǎ ŀƴŘ ƛƳǇǊƻǾŜǎ ǘƘŜ ƛƳŀƎƛƴƎ ƻŦ ōƛƻ ƳƻƭŜŎǳƭŜǎΦ ¢Ƙƛǎ ƳŜǘƘƻŘ Ƙŀǎ ƳƻǾŜŘ ōƛƻŎƘŜƳƛǎǘǊȅ ƛƴǘƻ ŀ ƴŜǿ ŜǊŀΦ ! ǇƛŎǘǳǊŜ ƛǎ 

ŀ ƪŜȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǎŎƛŜƴǝŬŎ ōǊŜŀƪǘƘǊƻǳƎƘǎ ƻƊŜƴ ōǳƛƭŘ ǳǇƻƴ ǘƘŜ ǎǳŎŎŜǎǎŦǳƭ Ǿƛǎǳŀƭƛǎŀǝƻƴ ƻŦ ƻōƧŜŎǘǎ ƛƴǾƛǎƛōƭŜ ǘƻ ƘǳƳŀƴ ŜȅŜΦ IƻǿŜǾŜǊ ōƛƻπ

ŎƘŜƳƛŎŀƭ ƳŀǇǎ ƘŀǾŜ ƭƻƴƎ ōŜŜƴ ŬƭƭŜŘ ǿƛǘƘ ōƭŀƴƪ ǎǇŀŎŜǎ ōŜŎŀǳǎŜ ǘƘŜ ŀǾŀƛƭŀōƭŜ ǘŜŎƘƴƻƭƻƎȅ Ƙŀǎ ƘŀŘ ŘƛŶŎǳƭǘȅ ƎŜƴŜǊŀǝƴƎ ƛƳŀƎŜǎ ƻŦ ƳǳŎƘ ƻŦ ƭƛŦŜΩǎ 

ƳƻƭŜŎǳƭŀǊ ƳŀŎƘƛƴŜǊȅΦ /Ǌȅƻ-ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ŎƘŀƴƎŜǎ ŀƭƭ ƻŦ ǘƘƛǎΦ wŜǎŜŀǊŎƘŜǊǎ Ŏŀƴ ƴƻǿ ŦǊŜŜȊŜ ōƛƻ ƳƻƭŜŎǳƭŜ ƳƛŘ ƳƻǾŜƳŜƴǘ ŀƴŘ ǾƛǎǳŀƭƛǎŜ ǇǊƻπ

ŎŜǎǎ ǘƘŜȅ ƘŀǾŜ ƴŜǾŜǊ ǇǊŜǾƛƻǳǎƭȅ ǎŜŜƴΣ ǿƘƛŎƘ ƛǎ ŘŜŎƛǎƛǾŜ ŦƻǊ ōƻǘƘ ǘƘŜ ōŀǎƛŎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ƭƛŦŜΩǎ ŎƘŜƳƛǎǘǊȅ ŀƴŘ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǇƘŀǊƳŀπ

ŎŜǳǝŎŀƭǎΦƛƴмффлΣ wƛŎƘŀǊŘ IŜƴŘŜǊǎƻƴ ǎǳŎŎŜŜŘŜŘ ƛƴ ǳǎƛƴƎ ŀƴ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇŜ ǘƻ ƎŜƴŜǊŀǘŜ ŀ ǘƘǊŜŜ ŘƛƳŜƴǎƛƻƴŀƭ ƛƳŀƎŜ ƻŦ ŀ ǇǊƻǘŜƛƴ ŀǘ ŀǘƻƳƛŎ 

ǊŜǎƻƭǳǝƻƴ Φ .ŜǘǿŜŜƴ мфтр ŀƴŘ мфус WƻŀŎƛƴ CǊŀƴƪ ŘŜǾŜƭƻǇŜŘ ŀƴ ƛƳŀƎŜ ǇǊƻŎŜǎǎƛƴƎ ƳŜǘƘƻŘ ƛƴ ǿƘƛŎƘ ǘƘŜ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇŜΩǎ ŦǳȊȊȅ ǘǿƻ ŘƛƳŜƴπ

ǎƛƻƴŀƭ ƛƳŀƎŜǎ ŀ ŀƴŀƭȅǎŜŘ ŀƴŘ ƳŜǊƎŜŘ ǘƻ ǊŜǾŜŀƭ ǎƘŀǊǇ ƛƴ о5 ǎǘǊǳŎǘǳǊŜǎΦ WŀŎǉǳŜǎ 5ǳōƻŎƘŜǘ ŀŘŘŜŘ ǿŀǘŜǊ ǘƻ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇƛŎΦ Lƴ ŜŀǊƭȅ мфулΩǎ Σ 

ƘŜ ǎǳŎŎŜŜŘŜŘ ƛƴ ǾƛǘǊƛŦȅƛƴƎ ǿŀǘŜǊ-ƘŜ ŎƻƻƭŜŘ ǿŀǘŜǊ ǎƻ ǊŀǇƛŘƭȅ ǘƘŀǘ ƛǘ ǎƻƭƛŘƛŬŜŘ ƛƴ ƛǘǎ ƭƛǉǳƛŘ ŦƻǊƳ ŀǊƻǳƴŘ ŀ ōƛƻƭƻƎƛŎŀƭ ǎŀƳǇƭŜΣ ŀƭƭƻǿƛƴƎ ǘƘŜ ōƛƻƳƻƭŜπ

ŎǳƭŜǎ ǘƻ ǊŜǘŀƛƴ ǘƘŜƛǊ ŀŎǘǳŀƭ ǎƘŀǇŜ ŜǾŜƴ ƛƴ ǾŀŎŎǳƳΦ ¢ƘŜ ŘŜǎƛǊŜŘ ŀǘƻƳƛŎ ǊŜǎƻƭǳǝƻƴ ǿŀǎ ǊŜŀŎƘŜŘ ƛƴ нлмо ŀƴŘ ǊŜǎŜŀǊŎƘŜǊǎ Ŏŀƴ ƴƻǿ ǇǊƻŘǳŎŜ о5 

ǎǘǊǳŎǘǳǊŜ ƻŦ ōƛƻ ƳƻƭŜŎǳƭŜΦ 

.ÏÂÅÌ 0ÒÉÚÅ ÉÎ #ÈÅÍÉÓÔÒÙ ςπρχ 
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.9¸hb5 59t9b59b/¸Η 
¢ƘŜ 5ŀǿƴ ƻŦ ǘƘŜ bŜǿ  aƛƭƭŜƴƴƛǳƳ  

     tŀƴŘƛǘ WŀǿŀƘŀǊƭŀƭ bŜƘǊǳΣ ŦƻǊƳŜǊ LƴŘƛŀƴ tǊƛƳŜ aƛƴƛǎǘŜǊ ƻƴ Ƙƛǎ ŀŘŘǊŜǎǎ ǘƻ ǘƘŜ нпǘƘ LƴŘƛŀƴ {ŎƛŜƴŎŜ 

/ƻƴƎǊŜǎǎΣ мфот ǉǳƻǘŜŘ ά¢ƘŜ ŦǳǘǳǊŜ ōŜƭƻƴƎǎ ǘƻ ǎŎƛŜƴŎŜ ŀƴŘ ǘƘƻǎŜ ǿƘƻ ƳŀƪŜ ŦǊƛŜƴŘǎ ǿƛǘƘ ǎŎƛŜƴŎŜέΦ {ƛƴŎŜ 

ƛƴŘŜǇŜƴŘŜƴŎŜΣ ŘǳŜ ǘƻ ŀǊŜŀǎ ƻŦ ŘŀǊƪƴŜǎǎΣ ŘŜǎǇƛǘŜ ǎŜǾŜǊŀƭ ŀǧŜƳǇǘǎ ǘƘŜ ƎŀǇ ōŜǘǿŜŜƴ LƴŘƛŀ ŀƴŘ ǘƘŜ ŀŘπ

ǾŀƴŎŜŘ ŎƻǳƴǘǊƛŜǎ ƛƴ ǘƘŜ ŬŜƭŘ ƻŦ ǎŎƛŜƴŎŜ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘΦ .ǳǘΣ ƛƴ ǘƘŜ ƭŀǎǘ ǘǿƻ ŘŜŎŀŘŜǎ ǘƘŜ ǳƴǇǊŜŎŜŘŜƴǘŜŘ 

ǘǊŀƴǎŦƻǊƳŀǝƻƴǎ ŀƴŘ ǳǇ ƎǊŀŘŀǝƻƴǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǎŜŜƴ ƛƴ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŬŜƭŘǎ ƻŦ LƴŘƛŀ ōǊƛƴƎǎ ƴŜǿ 

ƘƻǇŜ ƭŜŀŘƛƴƎ ǘƘŜ ǎƘƛƊ ŦǊƻƳ ǿŜǎǘŜǊƴ ǿƻǊƭŘ ǘƻ ǘƘŜ Ŝŀǎǘ ŀǎ ŀ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƘǳōΦ  

             {ŎƛŜƴŎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ŀƴ ƛƴǘŜƎǊŀƭ ǇŀǊǘ ƻŦ ǘƘŜ ǎƻŎƛƻ-ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴȅ ŎƻǳƴǘǊȅΦ  

¢ƻŘŀȅ LƴŘƛŀ Ƙŀǎ ōŜŎƻƳŜ ŀ ǎŜƭŦ ǎǳŶŎƛŜƴǘ ƴŀǝƻƴ ƛƴ ǘŜǊƳǎ ƻŦ ŦƻƻŘ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŜΦ ¢ƘŜ ŦƻƻŘ ǎǳǊǇƭǳǎ ǎǘŀǘǳǎ 

ǿŀǎ ŀŎƘƛŜǾŜŘ ŀƊŜǊ ǘƘŜ DǊŜŜƴ wŜǾƻƭǳǝƻƴ ƛƴ LƴŘƛŀΣ ǿƘŜǊŜ ƳƻŘŜǊƴ ǎŎƛŜƴǝŬŎ ƳŜǘƘƻŘǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ 

ǿŜǊŜ ŀŘƻǇǘŜŘ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇǊƻŘǳŎǝǾƛǘȅ ƻŦ ŀƎǊƛŎǳƭǘǳǊŜ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ŎƻƴǝƴǳŜ ǇǊƻŘǳŎǝƻƴ ŜǾŜƴ ƛƴ ƻŘŘ 

ǎŜŀǎƻƴΦ 

         ²ƘŜƴ ǘƘŜ DƭƻōŜ ƛǎ ŀŦǊŀƛŘ ǘƻ ŬƎƘǘ ǘƘŜ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ LƴŘƛŀ ƛǎ ŀŎǘǳŀƭƭȅ ǘƘŜ ŬǊǎǘ ŎƻǳƴǘǊȅ ǿƛǘƘ ŀ ŎƻƳǇƭŜǘŜ ŜƴǾƛǊƻƴƳŜƴǘ ŦǊƛŜƴŘƭȅ ŀƛǊǇƻǊǘΦ    
/ƻŎƘƛƴ LƴǘŜǊƴŀǝƻƴŀƭ !ƛǊǇƻǊǘΣ ǘƘŜ тǘƘ ōǳǎƛŜǎǘ ŀƛǊǇƻǊǘ ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΣ Ƙŀǎ ōŜŎƻƳŜ ǘƘŜ ǿƻǊƭŘΩǎ ƻƴƭȅ ŀƛǊǇƻǊǘ ǘƻ Ǌǳƴ ŜƴǝǊŜƭȅ ƻƴ ǎƻƭŀǊ ǇƻǿŜǊΦ  
         ¢ƘŜ ΨaŀƪŜ ƛƴ LƴŘƛŀΩ ƛƴƛǝŀǝǾŜ ōȅ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘ ƛǎ ŦƻŎǳǎƛƴƎ ƛǘǎ ŜũƻǊǘǎ ƻƴ ƛƴŎǊŜŀǎƛƴƎ ƛƴŘƛƎŜƴƻǳǎ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ōŜŎƻƳƛƴƎ ǎŜƭŦ-ǊŜƭƛŀƴǘ 
ǘƘǊƻǳƎƘ ƛƴƴƻǾŀǝƻƴΦ ¢ƘŜ Ƴƻǎǘ ǇǊƻƳƛƴŜƴǘ ǎŜŎǘƻǊǎ ǿƘŜǊŜ ǘǊŀƧŜŎǘƻǊȅ  ƎǊƻǿǘƘ  Ƙŀǎ ōŜŜƴ ƴƻǘŜŘ ƛǎ  L¢ ŀƴŘ ŘŜŦŜƴŎŜΦ wŜŎŜƴǘƭȅΣ ŀ ǊŜǇƻǊǘ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ 
LƴŘƛŀ Ƙŀǎ ŜƳŜǊƎŜŘ ŀǎ ǘƘŜ ǎŜŎƻƴŘ ƭŀǊƎŜǎǘ ƳƻōƛƭŜ ǇƘƻƴŜ ǇǊƻŘǳŎƛƴƎ ŎƻǳƴǘǊȅ ŀƊŜǊ ŎƘƛƴŀΦ !ƎŀƛƴΣ ǘƘŜ ƴŜǿƭȅ  ŦƻǊƳŜŘ ΨCŀǎǘ ¢ǊŀŎƪ ¢ŀǎƪ CƻǊŎŜΩ ǎŜǘǎ 
ǘŀǊƎŜǘ ǘƻ ƳǳƭǝǇƭȅ ǘƘŜ ǇǊƻŘǳŎǝƻƴ рл ǝƳŜǎ ōȅ нлмфΦ !ǎ ǇǳōƭƛǎƘŜŘ ƛƴ {ǘƻŎƪƘƻƭƳ LƴǘŜǊƴŀǝƻƴŀƭ tŜŀŎŜ wŜǎŜŀǊŎƘ LƴǎǝǘǳǘŜΣ LƴŘƛŀ ǘƻǇǎ ǘƘŜ ƭƛǎǘ ƻŦ ŀǊƳ 
ƛƳǇƻǊǘŜǊǎ ƻŦ ǘƘŜ ǿƻǊƭŘΦ .ǳǘ ǊŜŎŜƴǘ ƛƴƴƻǾŀǝƻƴǎ ƛƴ ŘŜŦŜƴŎŜ ǘŜŎƘƴƻƭƻƎȅΤ ƛƴŎƭǳŘƛƴƎ ƳƛǎǎƛƭŜǎΣ ŀƛǊŎǊŀƊ ŜƴƎƛƴŜǎ ŀƴŘ ǎǳōƳŀǊƛƴŜǎΤ ƛǎ ƪŜŜƴ ǘƻ ƳŀƪŜ ǘƘŜ 
ƭƛǎǘ ŀǎ ǘƻǇ ŜȄǇƻǊǘŜǊǎ ƻŦ ǘƘŜ ǿƻǊƭŘ ōȅ нлнр  

         {ƛƴŎŜ ƛǘǎ ƭŀǳƴŎƘ ƛƴ мфсфΣ LƴŘƛŀƴ {ǇŀŎŜ wŜǎŜŀǊŎƘ hǊƎŀƴƛǎŀǝƻƴ όL{whύ Ƙŀǎ ƘŀŘ Ƴŀƴȅ ǊŜƳŀǊƪŀōƭŜ ƳƛƭŜǎǘƻƴŜǎΦ ¢ƘŜȅ ƘŀǾŜ ǝƳŜ ŀƴŘ ŀƎŀƛƴ 
ǇǊƻǾŜŘ ǘƘŀǘ ǘƘŜȅ ŎƻƳǇƭŜǘŜƭȅ ǎǘŀƴŘ ōȅ ǘƘŜƛǊ Ǿƛǎƛƻƴ ǘƻ ΨΩƘŀǊƴŜǎǎ ǎǇŀŎŜ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ƴŀǝƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴǘΩΩΦ Ψ!ƴǘǊƛȄΩΣ ǘƘŜ  ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ƳŀǊπ
ƪŜǝƴƎ ŀǊƳ ƻŦ L{wh ƛǎ ŀƭǎƻ ŜƴƎŀƎŜŘ ƛƴ ǇǊƻǾƛŘƛƴƎ ǎǇŀŎŜ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǎŜǊǾƛŎŜǎ ǘƻ ƛƴǘŜǊƴŀǝƻƴŀƭ ŎǳǎǘƻƳŜǊǎ ǿƻǊƭŘǿƛŘŜΦ !ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜ Řŀǘŀ 
ŦǊƻƳ LƴŘƛŀƴ ǊŜƳƻǘŜ ǎŜƴǎƛƴƎ ǎŀǘŜƭƭƛǘŜǎ ŀǊŜ ŎƻƳƳŜǊŎƛŀƭƭȅ ŘƛǎǎŜƳƛƴŀǘŜŘ ǘƻ ǳǎŜǊǎ ƎƭƻōŀƭƭȅΦ         Φ 
         ¢ƘŜ ƭŜƎƛǝƳŀǘŜ ǊƻƭŜ ƻŦ ǎŎƛŜƴŎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǎƻŎƛŀƭ ǇǊƻƎǊŜǎǎ ƳŀƪŜǎ ƛǘ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǘƘŜ ƴŀǝƻƴ ōǳƛƭŘƛƴƎ 

ǇǊƻŎŜǎǎΦ ¢ƘŜ ǘƘƛǊǎǘ ŦƻǊ ǎŎƛŜƴǝŬŎ ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŀǝƻƴ ǎƘƻǳƭŘ ōŜ ƎŜƴŜǊŀǘŜŘ ŀƳƻƴƎ ǘƘŜ ȅƻǳǘƘ ǘƻ ƳŀƪŜ LƴŘƛŀ ǎǳǎǘŀƛƴŀōƭŜ ƛƴ ǘƘŜ bŜǿ 

aƛƭƭŜƴƴƛǳƳΦ 
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A Brief History Of The Brightest Star  

{ǘŜǇƘŜƴ ²ƛƭƭƛŀƳ IŀǿƪƛƴƎ ǿŀǎ ŀƴ 9ƴƎƭƛǎƘ ǘƘŜƻǊŜǝŎŀƭ ǇƘȅǎƛπ
ŎƛǎǘΣ ŎƻǎƳƻƭƻƎƛǎǘΣ ŀǳǘƘƻǊ ŀƴŘ 5ƛǊŜŎǘƻǊ ƻŦ wŜǎŜŀǊŎƘ ŀǘ ǘƘŜ 
/ŜƴǘǊŜ ƻŦ ¢ƘŜƻǊŜǝŎŀƭ ŎƻǎƳƻƭƻƎȅ ǿƛǘƘƛƴ ǘƘŜ ά¦ƴƛǾŜǊǎƛǘȅ ƻŦ 
/ŀƳōǊƛŘƎŜέ ΦIƛǎ ǎŎƛŜƴǝŬŎ ǿƻǊƪǎ ƛƴŎƭǳŘŜŘ ŀ ŎƻƭƭŀōƻǊŀǝƻƴ 
ǿƛǘƘ wƻƎŜǊ tŜƴǊƻǎŜ ƻƴ DǊŀǾƛǘŀǝƻƴŀƭ ǎƛƴƎǳƭŀǊƛǘȅ ǘƘŜƻǊŜƳǎ ƛƴ 
ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƻŦ ƎŜƴŜǊŀƭ ǊŜƭŀǝǾƛǘȅ ŀƴŘ ǘƘŜ ǘƘŜƻǊŜǝŎŀƭ ǇǊŜπ
ŘƛŎǝƻƴ ǘƘŀǘ .ƭŀŎƪ IƻƭŜǎ ŜƳƛǘ ǊŀŘƛŀǝƻƴǎΣ ƻƊŜƴ ŎŀƭƭŜŘ 
άIŀǿƪƛƴƎ wŀŘƛŀǝƻƴέΦ IŀǿƪƛƴƎ ǿŀǎ ǘƘŜ ŬǊǎǘ ǘƻ ǎŜǘ ƻǳǘ ŀ ǘƘŜπ
ƻǊȅ ƻŦ ŎƻǎƳƻƭƻƎȅ ŜȄǇƭŀƛƴŜŘ ōȅ ŀ ǳƴƛƻƴ ƻŦ ǘƘŜ ƎŜƴŜǊŀƭ ǘƘŜƻǊȅ 
ƻŦ ǊŜƭŀǝǾƛǘȅ ŀƴŘ ǉǳŀƴǘǳƳ ƳŜŎƘŀƴƛŎǎΦ IŜ ǿŀǎ ŀ ǾƛƎƻǊƻǳǎ 

ǎǳǇǇƻǊǘŜǊ ƻŦ ǘƘŜ Ƴŀƴȅ- ǿƻǊƭŘ ƛƴǘŜǊǇǊŜǘŀǝƻƴ ƻŦ ǉǳŀƴǘǳƳ ƳŜŎƘŀƴƛŎǎΦ !ƊŜǊ ƎŀƛƴƛƴƎ Ƙƛǎ tƘΦ5Φόмфсрύ ǿƛǘƘ 
Ƙƛǎ ǘƘŜǎƛǎ ǝǘƭŜŘ άtǊƻǇŜǊǝŜǎ ƻŦ 9ȄǇŀƴŘƛƴƎ ¦ƴƛǾŜǊǎŜǎέΣ ƘŜ ōŜŎŀƳŜΣ ŬǊǎǘΣ ŀ ǊŜǎŜŀǊŎƘ ŦŜƭƭƻǿ όмфсрύ ǘƘŜƴ ŦŜƭπ
ƭƻǿ ŦƻǊ 5ƛǎǝƴŎǝƻƴ ƛƴ {ŎƛŜƴŎŜ όмфсфύ ŀǘ DƻƴǾƛƭƭŜ ŀƴŘ /ŀƛǳǎ /ƻƭƭŜƎŜΦ Lƴ мфсс ƘŜ ǿƻƴ ǘƘŜ !ŘŀƳǎ ǇǊƛȊŜ ŦƻǊ 
Ƙƛǎ Ŝǎǎŀȅ ά{ƛƴƎǳƭŀǊƛǝŜǎ ŀƴŘ ǘƘŜ DŜƻƳŜǘǊȅ ƻŦ {ǇŀŎŜ-¢ƛƳŜέΦ 
                                 tǊƻŦŜǎǎƻǊ {ǘŜǇƘŜƴ IŀǿƪƛƴƎ ǊŜŎŜƛǾŜŘ ǘƘƛǊǘŜŜƴ ƘƻƴƻǊŀǊȅ ŘŜƎǊŜŜǎΦ IŜ ǿŀǎ ŀǿŀǊŘŜŘ /.9 
όмфунύΣ /ƻƳǇŀƴƛƻƴ ƻŦ IƻƴƻǳǊ όмфуфύ ŀƴŘ ǘƘŜ tǊŜǎƛŘŜƴǝŀƭ aŜŘŀƭ ƻŦ CǊŜŜŘƻƳ όнллфύΦ IŜ ǿŀǎ ǘƘŜ ǊŜŎƛǇƛŜƴǘ 
ƻŦ Ƴŀƴȅ ŀǿŀǊŘǎΣ ƳŜŘŀƭǎ ŀƴŘ ǇǊƛȊŜǎΣ Ƴƻǎǘ ƴƻǘŀōƭȅ ¢ƘŜ CǳƴŘŀƳŜƴǘŀƭ tƘȅǎƛŎǎ tǊƛȊŜ όнлмоύΣ /ƻǇƭŜȅ aŜŘŀƭ 
όнллсύ ŀƴŘ ¢ƘŜ ²ƻƭŦ-ŦƻǳƴŘŀǝƻƴ ǇǊƛȊŜ όмфууύΦ IŜ ǿŀǎ ŀ CŜƭƭƻǿ ƻŦ ǘƘŜ wƻȅŀƭ {ƻŎƛŜǘȅ ŀƴŘ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ 
¦{ bŀǝƻƴŀƭ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎ ŀƴŘ ¢ƘŜ tƻƴǝŬŎŀƭ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎΦ 
                                  Iƛǎ Ƴŀƴȅ ǇǳōƭƛŎŀǝƻƴǎ ƛƴŎƭǳŘŜŘ ¢ƘŜ [ŀǊƎŜ {ŎŀƭŜ ǎǘǊǳŎǘǳǊŜ ƻŦ {ǇŀŎŜ ǝƳŜ ǿƛǘƘ D C w 
9ƭƭƛǎΣ DŜƴŜǊŀƭ wŜƭŀǝǾƛǘȅΥ !ƴ 9ƛƴǎǘŜƛƴ /ŜƴǘŜƴŀǊȅ {ǳǊǾŜȅΣ ǿƛǘƘ ² LǎǊŀŜƭΣ ŀƴŘ олл ¸ŜŀǊǎ ƻŦ DǊŀǾƛǘŀǝƻƴΣ ǿƛǘƘ 
² LǎǊŀŜƭΦ !ƳƻƴƎ ǘƘŜ ǇƻǇǳƭŀǊ ōƻƻƪǎΣ {ǘŜǇƘŜƴ IŀǿƪƛƴƎ ǇǳōƭƛǎƘŜŘ ŀǊŜ Ƙƛǎ ōŜǎǘ ǎŜƭƭŜǊ ά! .ǊƛŜŦ IƛǎǘƻǊȅ hŦ 
¢ƛƳŜέΣ ά.ƭŀŎƪ IƻƭŜǎέ ŀƴŘ ά.ŀōȅ ¦ƴƛǾŜǊǎŜǎέ ŀƴŘ ƻǘƘŜǊ ŜǎǎŀȅǎΦ ¢ƘŜ ¦ƴƛǾŜǊǎŜ ƛƴ ŀ bǳǘǎƘŜƭƭΣ ¢ƘŜ DǊŀƴŘ 5Ŝπ
ǎƛƎƴ ŀƴŘ aȅ .ǊƛŜŦ IƛǎǘƻǊȅ  
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ANTIBIOTIC RESISTANCE 

!ƭŜȄŀƴŜǊ CƭŜƳƛƴƎΣ ƛƴ мфнфΣ ŘƛǎŎƻǾŜǊŜŘ ǘƘŜ ŬǊǎǘ ŀƴǝōƛƻǝŎ άtŜƴƛŎƛƭƛƴέ ŀƴŘ ǎƛƴŎŜ ǘƘŜƴΣ ŀƴǝōƛƻǝŎǎ ŀǊŜ ōŜπ
ƛƴƎ ŜȄǘŜƴǎƛǾŜƭȅ ǳǎŜŘ ŀƭƭ ƻǾŜǊ ǘƘŜ ǿƻǊƭŘΦ !ƴǝōƛƻǝŎǎΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ŀƴǝƳƛŎǊƻōƛŀƭ ŘǊǳƎǎΣ ŀǊŜ ǘƘŜ ŘǊǳƎǎ ǘƘŀǘ 

ŬƎƘǘ ƛƴŦŜŎǝƻƴǎ ŎŀǳǎŜŘ ōȅ ōŀŎǘŜǊƛŀ ƛƴ ōƻǘƘ ƘǳƳŀƴǎ ŀƴŘ ŀƴƛƳŀƭǎΦ !ƴǝōƛƻǝŎǎ ŬƎƘǘ ǘƘŜǎŜ ƛƴŦŜŎǝƻƴǎ ŜƛǘƘŜǊ 

ōȅ ƪƛƭƭƛƴƎ ǘƘŜ ōŀŎǘŜǊƛŀ ƻǊ ƳŀƪƛƴƎ ƛǘ ŘƛŶŎǳƭǘ ŦƻǊ ǘƘŜ ōŀŎǘŜǊƛŀ ǘƻ ƎǊƻǿ ƻǊ ƳǳƭǝǇƭȅΦ 

WHAT IS ANTIBIOTIC RESISTANCE? 

 !ƴǝōƛƻǝŎ ǊŜǎƛǎǘŀƴŎŜ ƛǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ  ōŀŎǘŜǊƛŀ ǘƻ ǊŜǎƛǎǘ ǘƘŜ ŜũŜŎǘǎ ƻŦ ŀƴ ŀƴǝōƛƻǝŎΦ ¢ƘŜǎŜ ǊŜǎƛǎǘŀƴǘ ōŀŎǘŜπ
Ǌƛŀ ƘŀǾŜ ŜǾƻƭǾŜŘ ǘƻ ōŜŎƻƳŜ ƛƳǇŜǊǾƛƻǳǎ ǘƻ ōŜƛƴƎ ƪƛƭƭŜŘ ōȅ ŀƴǝōƛƻǝŎǎΦ !ƴǝōƛƻǝŎ-ǊŜǎƛǎǘŀƴǘ ōŀŎǘŜǊƛŀ ŀǊŜ 
ƪƴƻǿƴ ŀǎ άǎǳǇŜǊōǳƎǎέΦ ¢ƘŜǎŜ ǎǳǇŜǊōǳƎǎ Ŏŀƴ ǎǇǊŜŀŘ ǘƘŜƛǊ ƎŜƴŜǎ ǘƻ ƻǘƘŜǊ ōŀŎǘŜǊƛŀ ŀǎ ǘƘŜȅ Ŏƻƴǎǘŀƴǘƭȅ 
ŀŘŀǇǘ ǘƻ ǎǘŀȅ ƻƴŜ ǎǘŜǇ ŀƘŜŀŘ ƻŦ ǘƘŜ ŀƴǝōƛƻǝŎǎ ŘŜǎƛƎƴŜŘ ǘƻ ǘŀǊƎŜǘ ǘƘŜƳΦ  
                          hǾŜǊǳǎŜ ŀƴŘ ƳƛǎǳǎŜ ƻŦ ŀƴǝōƛƻǝŎǎ Ŏŀƴ ǇǊƻƳƻǘŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴǝōƛƻǝŎ-ǊŜǎƛǎǘŀƴǘ 
ōŀŎǘŜǊƛŀΦ 9ǾŜǊȅ ǝƳŜ ŀ ǇŜǊǎƻƴ ǘŀƪŜǎ ŀƴǝōƛƻǝŎǎΣ ǎŜƴǎƛǝǾŜ ōŀŎǘŜǊƛŀ όōŀŎǘŜǊƛŀ ǘƘŀǘ ŀƴǝōƛƻǝŎǎ Ŏŀƴ ǎǝƭƭ 
ŀǧŀŎƪύ ŀǊŜ ƪƛƭƭŜŘΣ ōǳǘ ǊŜǎƛǎǘŀƴǘ ōŀŎǘŜǊƛŀ ŀǊŜ ƭŜƊ ǘƻ ƎǊƻǿ ŀƴŘ ƳǳƭǝǇƭȅΦ ¢Ƙƛǎ ƛǎ Ƙƻǿ ǊŜǇŜŀǘŜŘ ǳǎŜ ƻŦ ŀƴǝōƛπ
ƻǝŎǎ Ŏŀƴ ƛƴŎǊŜŀǎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŘǊǳƎ-ǊŜǎƛǎǘŀƴǘ ōŀŎǘŜǊƛŀ  

HOW DO THEY BECOME  RESISTANCE? 
 
.ŀŎǘŜǊƛŀ ŀǊŜ ŀōƭŜ ǘƻ ŬƎƘǘ ŀƴǝōƛƻǝŎǎ ōȅ ŀ ǾŀǊƛŜǘȅ ƻŦ ƳŜǘƘƻŘǎΥ 

§ ¢ƘŜȅ ōǳƛƭŘ ǎǘǊƻƴƎŜǊ ŎŜƭƭ ǿŀƭƭǎ ǘƻ ǎǘƻǇ ǘƘŜ ŘǊǳƎǎ ŦǊƻƳ ŜƴǘŜǊƛƴƎ 

§ ¢ƘŜȅ ŀŎǝǾŜƭȅ ǎǇƛǘ ǘƘŜƳ ƻǳǘ ǎƻ ǘƘŜ ŀƴǝōƛƻǝŎ ŎŀƴΩǘ ǊŜŀŎƘ ŀ ƭŜǘƘŀƭ ŎƻƴŎŜƴǘǊŀǝƻƴ ƛƴǎƛŘŜ 
ǘƘŜ ŎŜƭƭ 

§ ¢ƘŜȅ ǇǊƻŘǳŎŜ ŜƴȊȅƳŜǎ ǘƘŀǘ ƳƻŘƛŦȅ ŀƴŘ ƛƴŀŎǝǾŀǘŜ ǘƘŜ ŀƴǝōƛƻǝŎǎ ŀƴŘ 

§ ¢ƘŜȅ ŀƭǘŜǊ ǘƘŜ ǘŀǊƎŜǘ ƻŦ ǘƘŜ ŀƴǝōƛƻǝŎ ƻ ƛǘ ƴƻ ƭƻƴƎŜǊ ƛƴǘŜǊŀŎǘǎ ǿƛǘƘ ǘƘŜ ŘǊǳƎΦ 
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hƴŜ ƻǊ ƳƻǊŜ ƻŦ ǘƘŜǎŜ ǊŜǎƛǎǘŀƴŎŜ ƳŜŎƘŀƴƛǎƳǎ Ƴŀȅ ŀƭǊŜŀŘȅ ōŜ ƴŀǘǳǊŀƭƭȅ ǇǊŜǎŜƴǘ ƛƴ ŀ ǾŜǊȅ ǎƳŀƭƭ ŦǊŀŎǝƻƴ ƻŦ ǘƘŜ 
Ƴƛƭƭƛƻƴǎ ƻŦ ōŀŎǘŜǊƛŀ ŜȄǇƻǎŜŘ ǘƻ ŀƴ ŀƴǝōƛƻǝŎΦ ¢Ƙƛǎ ƛǎ ŎŀƭƭŜŘ άƛƴƴŀǘŜ ǊŜǎƛǎǘŀƴŎŜέΦ aƻǎǘ ƻŦ ǘƘŜ ōŀŎǘŜǊƛŀ ŀǊŜ ƪƛƭƭŜŘΣ 
ōǳǘ ǘƘƛǎ ǎƳŀƭƭ ǇƻǇǳƭŀǝƻƴ ǎǳǊǾƛǾŜǎ ŀƴŘ ƎǊƻǿǎΦ Lƴ ƻǘƘŜǊ ŎŀǎŜǎΣ ǊŜǎƛǎǘŀƴŎŜ ŘŜǾŜƭƻǇǎ ǘƘǊƻǳƎƘ ŜǾƻƭǳǝƻƴ όŀ ǇǊƻŎŜǎǎ 
ƪƴƻǿƴ ŀǎ άƛƴŘǳŎŜŘ ǊŜǎƛǎǘŀƴŎŜέύΦ .ŀŎǘŜǊƛŀ ƎǊƻǿ ǊŀǇƛŘƭȅΦ ¦ƴŘŜǊ ƻǇǝƳŀƭ ŎƻƴŘƛǝƻƴǎ ǘƘŜ ǇƻǇǳƭŀǝƻƴ Ŏŀƴ ŘƻǳōƭŜ ƛƴ 
ŀǎ ŦŜǿ ŀǎ мр-ол ƳƛƴǳǘŜǎΦ ²ƘŜƴ ŜȄǇƻǎŜŘ ǘƻ ǎǳō-ƭŜǘƘŀƭ ŘƻǎŜǎ ƻŦ ŀƴǝōƛƻǝŎΣ ōŀŎǘŜǊƛŀ Ŏŀƴ ōŜŎƻƳŜ ǘƻƭŜǊŀƴǘΦ ¢ƘŜȅ 
ŀŎŎǳƳǳƭŀǘŜ ōŜƴŜŬŎƛŀƭ Ƴǳǘŀǝƻƴǎ ƻǾŜǊ ƳǳƭǝǇƭŜ ƎŜƴŜǊŀǝƻƴǎΦ ¢ƘŜȅ ǘƘŜƴ Ǉŀǎǎ ƻƴ ǘƘƛǎ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ǘƘŜƛǊ ǇǊƻƎŜƴȅ 
ǿƘŜƴ ǘƘŜȅ ŘƛǾƛŘŜΦ ¢ƘŜȅ ŜȄŎƘŀƴƎŜ ǇƛŜŎŜǎ ƻŦ ƎŜƴŜǝŎ ƳŀǘŜǊƛŀƭ όǇƭŀǎƳƛŘǎύ ǘƘŀǘ ŎŀǊǊȅ ǘƘŜ ŎƻŘŜǎ ŦƻǊ ǊŜǎƛǎǘŀƴŎŜΦ ¢Ƙƛǎ 
ŀƭƭƻǿǎ ŦƻǊ ǘƘŜ ǊŀǇƛŘ ǎǇǊŜŀŘ ƻŦ ǊŜǎƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ŘƛũŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ōŀŎǘŜǊƛŀΦ!ƴ ŜȄŀƳǇƭŜ ƛǎ ƘƛƎƘƭƛƎƘǘŜŘ ōȅ ǊŜŎŜƴǘ ƴŜǿǎ ǊŜǇƻǊǘǎ ƻŦ ǊŜǎƛǎǘŀƴŎŜ ǘƻ 
ŀ άƭŀǎǘ ǊŜǎƻǊǘέ ŀƴǝōƛƻǝŎΣ ŎƻƭƛǎǝƴΦ ! ƎŜƴŜ ŎŀƭƭŜŘ ƳŎǊ-м όƳƻōƛƭƛȊŜŘ Ŏƻƭƛǎǝƴ ǊŜǎƛǎǘŀƴŎŜύ ǿŀǎ ŦƻǳƴŘ ǘƻ ōŜ ŎƻƴǘŀƛƴŜŘ ƛƴ ǇƭŀǎƳƛŘǎ ƛƴ 9Φ Ŏƻƭƛ ōŀŎǘŜǊƛŀ 
ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ /ƘƛƴŜǎŜ ǇƛƎ ŦŀǊƳǎ ƛƴ нлмм όǘƘƻǳƎƘ ƛǘ ǿŀǎ ƴƻǘ ǊŜǇƻǊǘŜŘ ǳƴǝƭ нлмрύΦ²ƘƛƭŜ Ŏƻƭƛǎǝƴ ǊŜǎƛǎǘŀƴŎŜ ǿŀǎ ŀƭǊŜŀŘȅ ƪƴƻǿƴΣ ǘƘŜ ǇƻǘŜƴǝŀƭ ŦƻǊ 
ǊŜǎƛǎǘŀƴŎŜ ǘƻ ōŜ ǉǳƛŎƪƭȅ ǎǇǊŜŀŘ ōȅ ǘƘƛǎ ƴŜǿ ƳŜŎƘŀƴƛǎƳ ƛǎ ƻŦ ƎǊŜŀǘ ŎƻƴŎŜǊƴΦ CƻǊ ǎƻƳŜ ƛƴŦŜŎǝƻƴǎΣ Ŏƻƭƛǎǝƴ ƛǎ ǘƘŜ ƻƴƭȅ ŀƴǝōƛƻǝŎ ǘƘŀǘ ǎǝƭƭ ǿƻǊƪǎΦ 
LƴŘŜŜŘΣ ǘƘŜ ƳŎǊ-м ƎŜƴŜ Ƙŀǎ ƴƻǿ ōŜŜƴ ŦƻǳƴŘ ƛƴ ƳǳƭǝǇƭŜ ǘȅǇŜǎ ƻŦ ōŀŎǘŜǊƛŀ ƛƴ ƳƻǊŜ ǘƘŀƴ ол ŎƻǳƴǘǊƛŜǎ όƛƴŎƭǳŘƛƴƎ ŀ ǇŀǝŜƴǘ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƛƴ 
нлмсύΦ 
!ŎŎƻǊŘƛƴƎ ǘƻ ŀ ǊŜǇƻǊǘ ƻŦ b./ bŜǿǎΣ ǘƘŜǎŜ ǎǳǇŜǊōǳƎǎ ŀǊŜ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŘŜŀǘƘǎ ŀǊƻǳƴŘ ноΣллл ¦{ ǊŜǎƛŘŜƴǘǎ ŜŀŎƘ ȅŜŀǊΦ 

CƛƎƘǘ ŀƎŀƛƴǎǘ ǎǳǇŜǊōǳƎǎΥ 
LǘΩǎ ƴƻǘ ŀƭƭ ŘƻƻƳ ŀƴŘ ƎƭƻƻƳΦ bŀǝƻƴǎ ŀƴŘ ƛƴǘŜǊƴŀǝƻƴŀƭ ƻǊƎŀƴƛǎŀǝƻƴǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ ŘŜǾƻǝƴƎ ŀǧŜƴǝƻƴ ŀƴŘ ǊŜǎƻǳǊŎŜǎ ǘƻ ŬƎƘǘ ǘƘŜ ǊƛǎŜ ƻŦ ŀƴǝπ
ōƛƻǝŎ ǊŜǎƛǎǘŀƴŎŜΦ {ǘǊŀǘŜƎƛŜǎ ƛƴŎƭǳŘŜ ƳƻǊŜ ǎǇŀǊƛƴƎ ǳǎŜ ƻŦ ŜȄƛǎǝƴƎ ŀƴǝōƛƻǝŎǎΣ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘ ŀƴŘ ƛƴŎŜƴǝǾŜǎ ǘƻ ŘŜǾŜƭƻǇ ŘƛŀƎƴƻǎǝŎǎ ǘƘŀǘ Ŏŀƴ 
ŘŜŎƛŘŜ ǿƘŜƴ ŀƴǝōƛƻǝŎǎ ŀǊŜ ƴŜŜŘŜŘΦbƻƴ-ŀƴǝōƛƻǝŎ ŀǇǇǊƻŀŎƘŜǎΣ ǎǳŎƘ ŀǎ ǾŀŎŎƛƴŜǎΣ ǇƘŀƎŜ ǘƘŜǊŀǇȅΣ ŀƴŘ ƳƛŎǊƻōƛƻƳŜ ƳŀƴƛǇǳƭŀǝƻƴΣ ŀǊŜ ƎŀǊƴŜǊƛƴƎ 
ƛƴŎǊŜŀǎŜŘ ŎƻƴǎƛŘŜǊŀǝƻƴΦ LƴƛǝŀǝǾŜǎ ǘƻ ǊŜ-ƛƴǾƛƎƻǊŀǘŜ ǘƘŜ ŘƛǎŎƻǾŜǊȅ ƻŦ ƴŜǿ ŀƴǝōƛƻǝŎǎ ƛƴŎƭǳŘŜ ŜũƻǊǘǎ ǎǳŎƘ ŀǎ ¢ƘŜ Dƭƻōŀƭ !ƴǝōƛƻǝŎ wŜǎŜŀǊŎƘ ϧ 
5ŜǾŜƭƻǇƳŜƴǘ tŀǊǘƴŜǊǎƘƛǇΣ ǘƘŜ /ƻƳōŀǝƴƎ !ƴǝōƛƻǝŎ wŜǎƛǎǘŀƴǘ .ŀŎǘŜǊƛŀ .ƛƻǇƘŀǊƳŀŎŜǳǝŎŀƭ !ŎŎŜƭŜǊŀǘƻǊΣ ŀƴŘ !ǳǎǘǊŀƭƛŀΩǎ ƻǿƴ Ǝƭƻōŀƭ ŜũƻǊǘ ǘƻ 
ŎǊƻǿŘǎƻǳǊŎŜ ŀƴǝōƛƻǝŎǎ ŦǊƻƳ ƛƴǘŜǊƴŀǝƻƴŀƭ ŎƘŜƳƛǎǘǎΣ ¢ƘŜ /ƻƳƳǳƴƛǘȅ ŦƻǊ hǇŜƴ !ƴǝƳƛŎǊƻōƛŀƭ 5ǊǳƎ 5ƛǎŎƻǾŜǊȅΦ 
IŜǊŜ ŀǊŜ ǎƻƳŜ Ǉƻƛƴǘǎ ǘƘŀǘ ƻƴŜ Ŏŀƴ Ŧƻƭƭƻǿ ƻƴ ŀ ǇŜǊǎƻƴŀƭ ƭŜǾŜƭ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜƳǎŜƭǾŜǎ ŦǊƻƴ ǘƘƛǎ Ǝƭƻōŀƭ ŎŀǘŀǎǘǊƻǇƘŜΥ 

§ ¢Ŝƭƭ ȅƻǳǊ ƘŜŀƭǘƘŎŀǊŜ ǇǊƻŦŜǎǎƛƻƴŀƭ ȅƻǳ ŀǊŜ ŎƻƴŎŜǊƴŜŘ ŀōƻǳǘ ŀƴǝōƛƻǝŎ ǊŜǎƛǎǘŀƴŎŜΦ 

§ !ǎƪ ȅƻǳǊ ƘŜŀƭǘƘŎŀǊŜ ǇǊƻŦŜǎǎƛƻƴŀƭ ƛŦ ǘƘŜǊŜ ŀǊŜ ǎǘŜǇǎ ȅƻǳ Ŏŀƴ ǘŀƪŜ ǘƻ ŦŜŜƭ ōŜǧŜǊ ŀƴŘ ƎŜǘ ǎȅƳǇǘƻƳŀǝŎ ǊŜƭƛŜŦ ǿƛǘƘƻǳǘ ǳǎƛƴƎ ŀƴǝōƛƻǝŎǎΦ 

§ ¢ŀƪŜ ǘƘŜ ǇǊŜǎŎǊƛōŜŘ ŀƴǝōƛƻǝŎ ŜȄŀŎǘƭȅ ŀǎ ȅƻǳǊ ƘŜŀƭǘƘŎŀǊŜ ǇǊƻŦŜǎǎƛƻƴŀƭ ǘŜƭƭǎ ȅƻǳΦ 

§ 5ƛǎŎŀǊŘ ŀƴȅ ƭŜƊƻǾŜǊ ƳŜŘƛŎŀǝƻƴΦ 

§ !ǎƪ ȅƻǳǊ ƘŜŀƭǘƘŎŀǊŜ ǇǊƻŦŜǎǎƛƻƴŀƭ ŀōƻǳǘ ǾŀŎŎƛƴŜǎ ǊŜŎƻƳƳŜƴŘŜŘ ŦƻǊ ȅƻǳ ŀƴŘ ȅƻǳǊ ŦŀƳƛƭȅ ǘƻ ǇǊŜǾŜƴǘ ƛƴŦŜŎǝƻƴǎ ǘƘŀǘ Ƴŀȅ ǊŜǉǳƛǊŜ ŀƴ ŀƴǝōƛπ
ƻǝŎΦ 

§ bŜǾŜǊ ǘŀƪŜ ŀƴ ŀƴǝōƛƻǝŎ ŦƻǊ ŀ ǾƛǊŀƭ ƛƴŦŜŎǝƻƴ ƭƛƪŜ ŀ ŎƻƭŘ ƻǊ ǘƘŜ ƅǳΦ 

§ bŜǾŜǊ ǘŀƪŜ ŀƴǝōƛƻǝŎǎ ǇǊŜǎŎǊƛōŜŘ ŦƻǊ ǎƻƳŜƻƴŜ ŜƭǎŜΦ 

§ ¦ǎŜ ƻŦ ƘƻƳŜ ǊŜƳŜŘƛŜǎ ƻǊ !ȅǳǊǾŜŘƛŎ ƳŜŘƛŎǝƻƴΦ 

aŀƴƎŀƭȅŀŀƴ ƛǎ LƴŘƛŀΩǎ CƛǊǎǘ {ǇŀŎŜ aƛǎǎƛƻƴ ǘƻ aŀǊǎΦ ¢ƘŜ ƭƛǘŜǊŀƭ ƳŜŀƴƛƴƎ ƻŦ aŀƴƎŀƭȅŀŀƴ ƛǎ aŀǊǎ-ŎǊŀƊΦ   

aŀƴƎŀƭȅŀŀƴ Ƙŀǎ ŀƭǎƻ ōŜŜƴ LƴŘƛŀΩǎ Ƴƻǎǘ ŎƘŀƭƭŜƴƎƛƴƎ ǎǇŀŎŜ Ƴƛǎǎƛƻƴ ǎƻ ŦŀǊΦ ¢Ƙƛǎ ƛǎ ŀƭǎƻ ŎŀƭƭŜŘ ǘƘŜ aŀǊǎ 
hǊōƛǘŜǊ aƛǎǎƛƻƴ όahaύΦ Lƴ LƴŘƛŀΣ ƛǘ ƛǎ ǘƘŜ LƴŘƛŀƴ {ǇŀŎŜ wŜǎŜŀǊŎƘ hǊƎŀƴƛȊŀǝƻƴ όL{whύ ǘƘŀǘ ǿƻǊƪǎ ǘƻ ǎŜƴŘ 
ǊƻŎƪŜǘǎ ŀƴŘ ǎŀǘŜƭƭƛǘŜǎ ƛƴ ǘƘŜ ǎǇŀŎŜΦ L{wh ŎǊŜŀǘŜŘ ƘƛǎǘƻǊȅ ōȅ ǎŜƴŘƛƴƎ ǘƘŜ aŀƴƎŀƭȅŀŀƴ ǘƻ ǘƘŜ aŀǊǎ ƛƴ ǘƘŜ 
ǾŜǊȅ ŬǊǎǘ ŀǧŜƳǇǘ 

²ƛǘƘ ǘƘŜ ƘŜƭǇ ƻŦ aŀƴƎŀƭȅŀŀƴΣ ǎŎƛŜƴǝǎǘǎ ŀǊŜ ŀōƭŜ ǘƻ ƪƴƻǿ 
ƳƻǊŜ ŀōƻǳǘ aŀǊǎ ŀƴŘ ƛǘǎ ŀǘƳƻǎǇƘŜǊŜΦ ¢ƘŜ ǎŎƛŜƴǝǎǘǎ ŀŎǊƻǎǎ 
ǘƘŜ ǿƻǊƭŘ ŀǊŜ ǘǊȅƛƴƎ ǘƻ ǎǘǳŘȅ ƳŀǊǎ ǘƘǊƻǳƎƘ ǘƘƛǎ ƛƴŦƻǊƳŀǝƻƴ 
ŀƴŘ ƛƳŀƎŜǊȅΦ   
¢ƘŜ ǎǳŎŎŜǎǎŦǳƭ ŜȄŜŎǳǝƻƴ ƻŦ ǘƘŜ aŀǊǎ hǊōƛǘ aƛǎǎƛƻƴ ǎƛƎƴƛŬŜǎ 
ǘƘŜ ŀŘǾŀƴŎŜƳŜƴǘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅ ǘƻǿŀǊŘǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ 
ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǊŜǉǳƛǊŜŘ ŦƻǊŘŜǎƛƎƴƛƴƎΣ ǇƭŀƴƴƛƴƎΣ ƳŀƴŀƎŜπ
ƳŜƴǘ ŀƴŘ  
ƻǇŜǊŀǝƻƴǎ ƻŦ ŀƴ ƛƴǘŜǊǇƭŀƴŜǘŀǊȅ ƳƛǎǎƛƻƴΦ ¢ƘŜ ƪƴƻǿƭŜŘƎŜ ǊŜƭŀǘπ
ŜŘ ǘƻ ǘƘŜ aŀǊǎΩ ǎǳǊŦŀŎŜ ŦŜŀǘǳǊŜǎΣ ƳƻǊǇƘƻƭƻƎȅΣ ƳƛƴŜǊŀƭƻƎȅ ŀƴŘ 
ŀǘƳƻǎǇƘŜǊŜ ǿƻǳƭŘ ōŜ ǾŜǊȅ ŎǊǳŎƛŀƭ ǘƻ ŘŜǾŜƭƻǇ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 
ŀōƻǳǘ ǘƘŜ ǇƭŀƴŜǘΦ   

hƴŜ ƻŦ ǘƘŜ ǊŜƳŀǊƪŀōƭŜ ŀŎƘƛŜǾŜƳŜƴǘǎ ƻŦ ǘƘƛǎ Ƴƛǎǎƛƻƴ Ƙŀǎ ōŜŜƴ ƛǘǎ Ŏƻǎǘ ŜũŜŎǝǾŜƴŜǎǎΦ ¢ƘŜ ǘƻǘŀƭ Ŏƻǎǘ ƻŦ ǘƘŜ Ƴƛǎπ
ǎƛƻƴ ǿŀǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ прл /ǊƻǊŜ ǿƘƛŎƘ ƛǎ ǿŀȅ ƭŜǎǎ ǘƘŀƴ ǘƘŜ Ŏƻǎǘǎ ƻŦ ƻǘƘŜǊ ǎƛƳƛƭŀǊ Ƴƛǎǎƛƻƴǎ ǿƻǊƭŘǿƛŘŜΦ   
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