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ƳƛŘƛŜǊƻƴ Ŝƴ Ŝƭ ǊŀƴƎƻ ŘŜ ǘŀƳŀƷƻ ŘŜ мт ƴƳ ȅ мл mƳ ǳǎŀƴŘƻ ǳƴ LƳǇŀŎǘŀŘƻǊ 9ƭŞŎǘǊƛŎƻ ŘŜ .ŀƧŀ tǊŜǎƛƽƴ 

ό9[tLҌύΦ !ŘƛŎƛƻƴŀƭƳŜƴǘŜΣ ǎŜ ǳǝƭƛȊƽ ǳƴ ƛƳǇŀŎǘŀŘƻǊ Ŝƴ ŎŀǎŎŀŘŀ bƻƴπ±ƛŀōƭŜ !ƴŘŜǊǎŜƴ ǇŀǊŀ ŘŜǘŜǊƳƛƴŀǊ 

ƭŀ ŘƛǎǘǊƛōǳŎƛƽƴ ŘŜ ǘŀƳŀƷƻ Ŝƴ Ƴŀǎŀ ȅ ǊŜŎƻƭŜŎǘŀǊ ƳǳŜǎǘǊŀǎ ǎŜƎǊŜƎŀŘŀǎ Ŝƴ ƴǳŜǾŜ ŜǘŀǇŀǎ ŜƴǘǊŜ лΦм ȅ ф 

mƳΣ ǇŀǊŀ ŘŜǘŜǊƳƛƴŀǊ Ŝƭ ŎƻƴǘŜƴƛŘƻ ŘŜ ŎŀǊōƻƴƻ ƻǊƎłƴƛŎƻΣ ŎŀǊōƻƴƻ ŜƭŜƳŜƴǘŀƭ Ŝ ƛƻƴŜǎ ǎƻƭǳōƭŜǎ Ŝƴ 

ŀƎǳŀ ŘŜ ƭŀǎ ǇŀǊǟŎǳƭŀǎ ƛƴƘŀƭŀōƭŜǎΦ 

[ƻǎ ƘŀƭƭŀȊƎƻǎ ŘŜ ŜǎǘŜ ŜǎǘǳŘƛƻ ǊŜǾŜƭŀǊƻƴ ǉǳŜ Ŝƭ łǊŜŀ ŘŜ ŦƻƴŘƻ ǳǊōŀƴƻ ŘŜ .ƻƎƻǘł ǘŜƴƝŀ ǳƴŀ 

ŎƻƴŎŜƴǘǊŀŎƛƽƴ ǇǊƻƳŜŘƛƻ ŘŜ ǇŀǊǟŎǳƭŀǎ Ƴłǎ ŀƭǘŀ όоΣу Ȅмло ІκŎƳоύ ǉǳŜ Ŝƭ łǊŜŀ Ƴłǎ ŀŦŜŎǘŀŘŀ ǇƻǊ ƭŀǎ 

ŜƳƛǎƛƻƴŜǎ ŘŜ ƭƻǎ ŀǳǘƻƳƽǾƛƭŜǎ όнΣу Ȅмло ІκŎƳоύΦ [ŀ ŘƛǎǘǊƛōǳŎƛƽƴ ŘŜƭ ǘŀƳŀƷƻ ŘŜ ǇŀǊǟŎǳƭŀǎ Ŝƴ ƴǵƳŜǊƻ 

ŦǳŜ ǳƴƛƳƻŘŀƭ Ŝƴ ƭŀ ŜǎǘŀŎƛƽƴ ŘŜ ŎŀƭƛŘŀŘ ŘŜƭ ŀƛǊŜ ά[ŀǎ CŜǊƛŀǎέΣ ǇǊƛƴŎƛǇŀƭƳŜƴǘŜ ŀŦŜŎǘŀŘŀ ǇƻǊ ŜƳƛǎƛƻƴŜǎ 

ŘŜ ǘǊłŬŎƻ ǾŜƘƛŎǳƭŀǊΣ Ŏƻƴ ǳƴ ŘƛłƳŜǘǊƻ ŎŜƴǘǊŀŘƻ Ŝƴ мнл ƴƳΣ ƭƻ ǉǳŜ ŜǾƛŘŜƴŎƛƽ ǉǳŜ ƭŀǎ ǇŀǊǟŎǳƭŀǎ ǎŜ 

ŦƻǊƳŀƴ ȅ ŎǊŜŎŜƴ ŀ ǘǊŀǾŞǎ ŘŜ ǇǊƻŎŜǎƻǎ ŀǘƳƻǎŦŞǊƛŎƻǎ ŘŜƭ ŜƴǘƻǊƴƻΦ tƻǊ ƻǘǊƻ ƭŀŘƻΣ Ŝƭ łǊŜŀ ŘŜ ŦƻƴŘƻ 

ǳǊōŀƴƻ ŜȄƘƛōƛƽ ǳƴŀ ŘƛǎǘǊƛōǳŎƛƽƴ ōƛƳƻŘŀƭΣ Ŏƻƴ ǳƴ ŘƛłƳŜǘǊƻ ƳƻŘŀƭ ŘŜ мнл ƴƳ ȅ ǳƴ ǎŜƎǳƴŘƻ ƳƻŘƻ 

ŎŜƴǘǊŀŘŀ Ŝƴ ол ƴƳ ŘŜ ŘƛłƳŜǘǊƻΣ ƭŀ Ŏǳŀƭ Ŝǎ Ƴłǎ ǊŜƭŜǾŀƴǘŜ Ŝƴ ƭŀǎ ƘƻǊŀǎ ǇƛŎƻ ŘŜ ƭŀ ƳŀƷŀƴŀΦ 

9ƭ #ǊŜŀ ŘŜ ǎǳǇŜǊŬŎƛŜ ŘŜ ŘŜǇƻǎƛŎƛƽƴ ǇǳƭƳƻƴŀǊ ό[5{!ύ ǎŜ ŜǎǝƳƽ ŀ ǇŀǊǝǊ ŘŜ ƭŀ ƛƴǘŜǊŀŎŎƛƽƴ ŜƴǘǊŜ ƭŀ 

ŘƛǎǘǊƛōǳŎƛƽƴ ŘŜƭ ǘŀƳŀƷƻ ŘŜ ƭŀǎ ǇŀǊǟŎǳƭŀǎ ȅ Ŝƭ ƳƻŘŜƭƻ ŘŜ ŘŜǇƻǎƛŎƛƽƴ ŘŜ ǇŀǊǟŎǳƭŀǎ Ŝƴ Ŝƭ ǎƛǎǘŜƳŀ 

ǊŜǎǇƛǊŀǘƻǊƛƻ ǇǳōƭƛŎŀŘƻ ǇƻǊ ƭŀ /ƻƳƛǎƛƽƴ ŘŜ tǊƻǘŜŎŎƛƽƴ wŀŘƛƻƭƽƎƛŎŀ όLw/tύ όL/wtΣ мффпύΦ 9ƴ ŜǎǘŜ 

ŜǎǘǳŘƛƻΣ Ŝƭ łǊŜŀ ŘŜ ŦƻƴŘƻ ǳǊōŀƴƻ ƳƻǎǘǊƻ ŎƻƴŎŜƴǘǊŀŎƛƻƴŜǎ Ƴłǎ ŀƭǘŀǎ ǉǳŜ Ŝƭ łǊŜŀ ŀŦŜŎǘŀŘŀ ǇƻǊ ƭŀǎ 

ŜƳƛǎƛƻƴŜǎ ŘŜ ǘǊłŬŎƻ Ŝƴ .ƻƎƻǘłΣ ȅ ƻǘǊƻǎ ŀƳōƛŜƴǘŜǎ ǎƛƳƛƭŀǊŜǎ ǊŜǇƻǊǘŀŘƻǎ Ŝƴ ƭŀ ƭƛǘŜǊŀǘǳǊŀ ŎƛŜƴǟŬŎŀΦ 
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[ŀǎ ǇŀǊǟŎǳƭŀǎ ǎǳōƳƛŎǊƻƳŞǘǊƛŎŀǎ taмΣ ǉǳŜ ǇǳŜŘŜƴ ƛƴƎǊŜǎŀǊ ŀ ƭŀ ǊŜƎƛƽƴ ŀƭǾŜƻƭŀǊ ŘŜƭ ǎƛǎǘŜƳŀ 

ǊŜǎǇƛǊŀǘƻǊƛƻ ƘǳƳŀƴƻΣ ŦǳŜ ŘŜ нлΣу mƎκƳо Ŝƴ .ƻƎƻǘł ȅ моΣу mƎκƳо Ŝƴ tŀƭƳƛǊŀΦ [ŀ ŘƛǎǘǊƛōǳŎƛƽƴ ŘŜ 

ǘŀƳŀƷƻ ŘŜ Ƴŀǎŀ ŜȄƘƛōŜ ǳƴŀ ŘƛǎǘǊƛōǳŎƛƽƴ ōƛƳƻŘŀƭ ǉǳŜ Ŝǎǘł ƛƎǳŀƭƳŜƴǘŜ ŎŜƴǘǊŀŘŀ ŜƴǘǊŜ лΦпо ȅ мΦм 

mƳΣ ȅ пΦт ȅ фΦл mƳΦ 5Ŝ ŀŎǳŜǊŘƻ Ŏƻƴ ƭŀ ŎƻƳǇƻǎƛŎƛƽƴ ǉǳƝƳƛŎŀ ǎŜǇŀǊŀŘŀ ǇƻǊ ǘŀƳŀƷƻΣ Ŝƭ ŎŀǊōƻƴƻ 

ŜƭŜƳŜƴǘŀƭ ǎŜ ŀŎǳƳǳƭƽ Ŝƴ ƭŀ ŦǊŀŎŎƛƽƴ Ŭƴŀ ŘŜ taнΦм Ŝƴ .ƻƎƻǘł ŀ ǳƴŀ ǘŀǎŀ ŘŜƭ тн҈Σ ŦǊŜƴǘŜ ŀƭ рт҈ Ŝƴ 

tŀƭƳƛǊŀΦ tƻǊ ƻǘǊƻ ƭŀŘƻΣ Ŝƭ ŎŀǊōƻƴƻ ƻǊƎłƴƛŎƻ ǎŜ ŘƛǎǘǊƛōǳȅƽ Ƴłǎ ǳƴƛŦƻǊƳŜƳŜƴǘŜ Ŝƴ ƭŀ ŦǊŀŎŎƛƽƴ Ŭƴŀ ȅ 

ƎǊǳŜǎŀΦ 9ƭ ƛƻƴ ǎǳƭŦŀǘƻ ŦǳŜ ǳƴƻ ŘŜ ƭƻǎ ƛƻƴŜǎ ǎƻƭǳōƭŜǎ Ŝƴ ŀƎǳŀ Ƴłǎ ŀōǳƴŘŀƴǘŜǎ Ŝƴ Řƻǎ ǎƛǝƻǎΣ ǇŜǊƻ ƭŀ 

ŘƛǎǘǊƛōǳŎƛƽƴ ŘŜ ǘŀƳŀƷƻǎ ŦǳŜ ŘƛŦŜǊŜƴǘŜΣ ƳƛŜƴǘǊŀǎ ǉǳŜ Ŝƴ tŀƭƳƛǊŀ ǎŜ ŀŎǳƳǳƭƽ ǇǊƛƴŎƛǇŀƭƳŜƴǘŜ Ŝƴ 

ƳƻŘƻ ŬƴƻΣ Ŝƴ .ƻƎƻǘł ǎŜ ŘƛǎǇŜǊǎƽ Ŝƴ ƭŀ ŦǊŀŎŎƛƽƴ ŘŜ Řƻǎ ǘŀƳŀƷƻǎΦ 

 

tŀƭŀōǊŀǎ ŎƭŀǾŜΥ /ƻƴŎŜƴǘǊŀŎƛƽƴ ŘŜ ƴŀƴƻǇŀǊǟŎǳƭŀǎΤ 5ƛǎǘǊƛōǳŎƛƽƴ ŘŜ ǘŀƳŀƷƻ ŘŜ ǇŀǊǟŎǳƭŀΤ 

/ƻƳǇƻǎƛŎƛƽƴ vǳƝƳƛŎŀ ŘŜ ƳŀǘŜǊƛŀƭ tŀǊǝŎǳƭŀŘƻΤ ŦǊŀŎŎƛƽƴ ŘŜ ŘŜǇƻǎƛŎƛƽƴ ǇǳƭƳƻƴŀǊ ŘŜ ǇŀǊǟŎǳƭŀǎ  
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Abstract 

¢ƘŜ /ƻƭƻƳōƛŀƴ !ƛǊ vǳŀƭƛǘȅ bŀǝƻƴŀƭ {ǘǊŀǘŜƎȅ ƘŀǾŜ ŜǎǘŀōƭƛǎƘŜŘ ǘƘŀǘ ǇǊŜǾŜƴǝƻƴ ŀŎǝƻƴǎΣ ǊŜŘǳŎǝƻƴΣ 

ŀƴŘ ŎƻƴǘǊƻƭ ŜƳƛǎǎƛƻƴǎ ǎƘƻǳƭŘ ōŜ ŦƻŎǳǎŜŘ Ƴŀƛƴƭȅ ƻƴ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊΣ taмл ŀƴŘ taнΦрΣ ŘǳŜ ǘƻ ǘƘŜ 

ŎƻƴǎƛǎǘŜƴǘ ŜȄŎŜŜŘŀƴŎŜǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŀƛǊ ǉǳŀƭƛǘȅ ƎǳƛŘŜƭƛƴŜǎ ǎǳƎƎŜǎǘ ōȅ ǘƘŜ ²ƻǊƭŘ IŜŀƭǘƘ 

hǊƎŀƴƛȊŀǝƻƴ ŀƴŘ ǘƘŜ !ƛǊ vǳŀƭƛǘȅ bŀǝƻƴŀƭ {ǘŀƴŘŀǊŘ ƛƴ ǳǊōŀƴ ŀǊŜŀǎΦ Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ ƘŀǊƳŦǳƭ ŜũŜŎǘǎ 

ƛƴ ǇǳōƭƛŎ ƘŜŀƭǘƘ ƻŦ ǇƻǇǳƭŀǝƻƴ ŜȄǇƻǎŜŘ ǘƻ ŀƛǊōƻǊƴŜ ǇŀǊǝŎƭŜǎΦ ¢ƘŜǊŜŦƻǊŜΣ ƻƴŜ ƻŦ ǘƘŜ ŀƛƳǎ ƻŦ ǘƘŜ 

{ǘǊŀǘŜƎȅ ƛǎ ŜƴŎƻǳǊŀƎƛƴƎ ǘƘŜ ǎŎƛŜƴǝŬŎ ƪƴƻǿƭŜŘƎŜ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ƴŀǝƻƴŀƭ ŀƛǊ ǉǳŀƭƛǘȅ ƳŀƴŀƎŜƳŜƴǘΦ  

¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ŀƛƳ ƻŦ  ǘƘƛǎ ŘƛǎǎŜǊǘŀǝƻƴϥǎ ƛǎ ǘƻ ŦǳǊǘƘŜǊ ƪƴƻǿƭŜŘƎŜ ƻŦ ǇŀǊǝŎƭŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ όt{5ύ 

ƻŦ ŀŜǊƻǎƻƭǎ ƛƴ ǳǊōŀƴ ŀǊŜŀǎ ƛƴ /ƻƭƻƳōƛŀƴΣ ƭƛƴƪƛƴƎ ǘƘŜ ƭƻŎŀƭ ŀƴŘ ǊŜƎƛƻƴŀƭ ǎƻǳǊŎŜǎ ƻŦ ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ ŀƴŘ 

ǘƘŜ ƭƻŎŀƭ ǿŜŀǘƘŜǊ ǇŀǧŜǊƴǎΦ ¢ƘŜ ǎǘǳŘȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘǿƻ ǇƭŀŎŜǎ ƻŦ /ƻƭƻƳōƛŀΥ .ƻƎƻǘł ŀƴŘ tŀƭƳƛǊŀ 

ό/ŀǳŎŀΩǎ ±ŀƭƭŜȅύΦ ¢ƘŜ ŀƛǊōƻǊƴŜ ŀŜǊƻǎƻƭǎ ǿŜǊŜ ƛƴǾŜǎǝƎŀǘŜŘ ǳǝƭƛȊƛƴƎ ƛƳǇŀŎǘƻǊǎ ŎŀǎŎŀŘŜǎ ǘƻ ƳŜŀǎǳǊŜ 

ǘƘŜ ǎƛȊŜ ƻŦ ƛƴƘŀƭŜ ǇŀǊǝŎƭŜǎΦ ¢ƘŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ŀƴŘ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ 

ǿŜǊŜ ƳŜŀǎǳǊŜŘ ƛƴ ǘƘŜ ǎƛȊŜ ǊŀƴƎŜ ŦǊƻƳ мт ƴƳ ŀƴŘ мл ƳƳ ǳǎƛƴƎ ŀƴ 9ƭŜŎǘǊƛŎŀƭ [ƻǿπtǊŜǎǎǳǊŜ LƳǇŀŎǘƻǊ 

ό9[tLҌύΦ !ƭǎƻΣ ǿŀǎ ǳǎŜŘ ŀƴ !ƴŘŜǊǎŜƴ bƻƴπǾƛŀōƭŜ LƳǇŀŎǘƻǊ /ŀǎŎŀŘŜ ǘƻ ŘŜǘŜǊƳƛƴŀǘŜ ǘƘŜ Ƴŀǎǎ ǎƛȊŜ 

ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ŎƻƭƭŜŎǘ ǎŀƳǇƭŜǎ ǎƛȊŜ ǎŜƎǊŜƎŀǘŜŘ ƛƴ ƴƛƴŜ ǎǘŀƎŜǎ ōŜǘǿŜŜƴ лΦм ǘƻ ф mƳΣ ǘƻ ŘŜǘŜǊƳƛƴŜ 

ǘƘŜ ŎƻƴǘŀƛƴŜŘ ƻŦ ƻǊƎŀƴƛŎ ŎŀǊōƻƴΣ ŜƭŜƳŜƴǘŀƭ ŎŀǊōƻƴΣ ŀƴŘ ǿŀǘŜǊπǎƻƭǳōƭŜ ƛƻƴǎ ƛƴ ŀƛǊōƻǊƴŜ ƛƴƘŀƭŀōƭŜ 

ǇŀǊǝŎƭŜǎΦ  

¢ƘŜ ŬƴŘƛƴƎǎ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǊŜǾŜŀƭŜŘ ǘƘŀǘ .ƻƎƻǘłϥǎ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ ŀǊŜŀ ƘŀŘ ŀ ƘƛƎƘŜǊ ŀǾŜǊŀƎŜ 

ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ όоΦу Ȅмло ІκŎƳоύ ǘƘŀƴ ǘƘŜ ŀǊŜŀ ǘƘŀǘ ǿŀǎ Ƴƻǎǘ ŀŘǾŜǊǎŜƭȅ ŀũŜŎǘŜŘ ōȅ 

ŀǳǘƻƳƻōƛƭŜ ŜƳƛǎǎƛƻƴǎ όнΦу Ȅмло ІκŎƳоΦ ¢ƘŜ ƴǳƳōŜǊ ǇŀǊǝŎƭŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ǿŀǎ ǳƴƛƳƻŘŀƭ ƛƴ ǘƘŜ 

ǘǊŀŶŎ ǎǘŀǝƻƴ ƻŦ ά[ŀǎ CŜǊƛŀǎέ ǿƛǘƘ ŀ ŘƛŀƳŜǘŜǊ ŎŜƴǘŜǊŜŘ ƛƴ мнл ƴƳΣ ǿƘƛŎƘ ŜǾƛŘŜƴŎŜǎ ǘƘŜ ǇŀǊǝŎƭŜǎ ŀǊŜ 

ŦƻǊƳŜŘ ŀƴŘ ƎǊƻǿ ǘƘǊƻǳƎƘ ŀǘƳƻǎǇƘŜǊƛŎ ǇǊƻŎŜǎǎΦ Lƴ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ ŀǊŜŀ 

ŜȄƘƛōƛǘŜŘ ŀ ōƛƳƻŘŀƭ ŘƛǎǘǊƛōǳǝƻƴΣ ǿƛǘƘ ŀ ƭŀǊƎŜǊ ƳƻŘŜ ŎŜƴǘŜǊŜŘ ƛƴ ǇŀǊǝŎƭŜǎ ƻŦ мнл ƴƳ ƻŦ ŘƛŀƳŜǘŜǊ 

ǿƛǘƘ ŀ ǎŜŎƻƴŘ ƳƻŘŜ ŎŜƴǘŜǊŜŘ ƛƴ ол ƴƳ ƻŦ ŘƛŀƳŜǘŜǊΣ ǿƘƛŎƘ ƛǎ ƳƻǊŜ ǊŜƭŜǾŀƴǘ ƛƴ ƳƻǊƴƛƴƎ ǊǳǎƘ ǘǊŀŶŎ 
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Introduction 

Introduction 

 

Seven million people die every year because of the negativeôs effects on health of be exposed 

to air pollution; more than 90% of these deaths happen in developing countries (World Health 

Organization, 2021)(Kumar et al., 2018). That is the reason why clean air is in one of the main 

environmental challenges of humankind, and governments and multinational entities around 

the world, especially in places with high population density ï megacities, promote strategies 

to achieve the reduction of contaminants from industrial, domestic and transportation activities. 

In urban areas, air pollution is frequently caused by high concentrations of ozone, nitrogen 

dioxide and sulfur dioxide, besides particulate matter (PM) suspended in the air, from 

combustion of fuels.   

 

In Colombia, PM is the atmospheric pollutant that exceeds frequently (Ministerio de Ambiente 

y Desarrollo Sostenible, 2017) the concentration limit established by National Regulation ï 

Resolution 2254 of 2017 (Res. No 2254, 2017), exceeding the Recommendations of World 

Health Organization (World Health Organization, 2005). Therefore, many studies have been 

developed to establish the association between atmospheric concentrations of PM10 (particles 

with diameter less to 10 mm) and PM2.5 (particles with diameter less to 2.5 mm) and the rate of 

diseases on population health. One of the recent studies was made by Rodriguez et al. 

(Rodriguez et al., 2018), who reported an increase of the percentage of visits to emergency 

rooms of health institutions due to cardiovascular diseases (5.61 %), cerebrovascular diseases 

(7.17%) in adults over 60 year and by respiratory diseases (8.23%) in children less than 9 

years of age. This behavior was associated to the increase of 5 mg/m3 of PM2.5. Similar increase 

percentages were observed for 10 mg/m3 of PM10. In the country, epidemiological studies 

associating concentrations of ultrafine particles (particles with diameter less to 100 nm) with 

the rate of diseases on the population have not been reported.   

 

Despite the reduction of PM10 and PM2.5 concentrations in the monitoring stations of Local 

Environmental Authorities in Colombia, efforts are still needed to achieve the goals for 2030, 

which are, 30 mg/m3 for of PM10 and 15 mg/m3 for PM2.5 for an annual period (Res. No 2254, 

2017). To improve the air quality should recognize the local emissions factors of the major 
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sources, the impact of daily cycles and weather patterns of pollutants concentration and 

implement urban air quality prediction models to apply successful contingent plans on critical 

periods of air pollution (Kumar et al., 2018). Hence, it is important to make high-quality 

measurements on the ground and get full understanding of physical and chemical properties 

of pollutants and atmospheric processes.   

  

The particles size and it's chemical composition are important properties to identify the source, 

their dynamics behavior on the atmosphere and fate (Kulkarni et al., 2004). The particles could 

have a wide range of size, from a few nanometers to several micrometers (since 1 x 10-9 to 1 

x 10-4 meter). Knowing the size of particles, size distribution and their temporal variability is of 

great importance to identify the source of particles, the ability to penetrate deeply into the lung 

and effects on the climate (Vu et al., 2015).  

 

The chemical composition of particulate matter depends on the sources as well as the 

atmospheric process more relevant in each site. The chemical substances predominantly 

found in PM2.5 include a carbonaceous fraction (organic matter and elemental carbon) and 

inorganic ions (sulfate, ammonium, nitrates mainly). The crustal species (calcium, magnesium, 

aluminum and iron) are usually into PM10 (Seinfeld & Pandis, 2006). There are more than 40 

tracer elementals that could arise from different sources including combustion of coal, diesel, 

petrol, biomass burning, road dust, soil or pavement erosion and brake wear. The chemical 

composition of PM have been used widely to link receptors and sources using statistical tools 

and receptor models, like show Hopke in his review (Hopke, 2016).  

 

Studies to understand the temporal and spatial variations of PM10 and PM2.5 in Colombia 

were conducted using mass concentration monitoring (Ministerio de Ambiente y Desarrollo 

Sostenible, 2017). A few studies based on the chemical composition of PM10 and PM2.5 have 

been developed to identify the main sources of emissions of PM (Vargas et al., 2012)(Ram²rez 

et al., 2018)(Universidad de los Andes; Alcaldia de Bogota, 2009)(Pachon et al., 2014). The 

most of this research used short-term sample campaigns, which prevents taking into account 

regional weather trends. Also, it took months or even years to finish the chemical analysis of 

the samples, so the results were published significantly later. Therefore, the remote sensing 

has being applied since 2015 through Aeronet (AErosol RObotic NETwork), but the consistent 

cloudy disrupt the daily data time series (Hernandez, 2016)(Llorente Valbuena, 2017) and the 

size distribution obtained from Aeronet have been scarce. Up to now, there are not scientific 

literature or reports about the size distribution of atmospheric particle matter in urban areas in 

Colombia.  
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This study aims to understand the Particle Size Distribution (PSD) of aerosols in urban areas 

in Colombian, linking the local and regional sources of air pollutants and the local weather 

patterns. The PSD of airborne aerosols was studied in two locations in Colombia: one was 

Bogotá City, an urban area mainly influenced by traffic emissions, where were chosen three 

zones; the first corresponded to an urban background station in west of the city, the second 

was a traffic station, located in the center of the city and third was located at the west of the 

city, heavily influenced by traffic emissions of cars and trucks as well as industrial emissions. 

The second location is in the municipality of Palmira, in the Cauca River Valley Department, 

an agro-industrial area with a significant number of activities related to the harvest and 

industrial processing of sugar cane, including the production of alcohol, sugar, and electricity 

through cogeneration from sugarcane bagasse. In Palmira, there is also a significant amount 

of road transportation associated with agro-industrial activities, serving as a vital vehicle 

crossing point between the country west and other rural areas. 

 

In the urban background and the central traffic station in Bogota was studied the Particle 

Number Concentration (PNC), Number Particle Size Distribution (PNSD), and Lung Deposited 

Surface Area (LDSA). On other hand, in the place located in the western of Bogotá and the 

site located in Palmira was understood the Mass Particle Size distribution (MPSD) and their 

chemical composition using two approaches: one was to recognize the main chemical 

components, such as water-soluble ions (WSIôs), organic carbon (OC) and elemental carbon 

(EC), size segregated in nine stages in the range from 30 to 0.1 mm. The second method 

involved analyzing the chemical speciation of bulk PM2.5 samples, which also included WSI's, 

OC, and EC species as well as organic species such carbohydrates, PAHs, and n-alkanes. 

These findings were analyzed to determine the number of particles, mass concentration, and 

chemical composition of airborne aerosol that can reach and deposit in the human respiratory 

system. 

 

Hence, the aim of this research was measurement, analyze and compare the size distribution 

and chemical composition of airborne aerosols in various urban environments throughout 

Colombia, in order to determine the potential of the PM to accumulate in the respiratory 

systems of those exposed to each urban site. 

 

Consequently, the following are the study's specific goals: 

 

- To evaluate the temporal and spatial variability of the particle number concentration 

and particle number size distribution at two urban areas with different characteristics. 
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- To determinate the chemical composition of inhaling particles based on their size 

distribution.  

- To assess the potential of airborne particle matter deposition into the various parts of 

the human respiratory system. 

- To evaluate the chemical compositions of fine particulate matter from integrated bulk 

PM2.5 samples. 

- To infer the air pollutants sources from the particles size distribution and chemical 

composition of ambient inhaling particulate matter. 

 
This dissertation has four chapters that present the study findings. The first chapter shows the 

results of the instrumental intercomparison of the Electric Low-Pressure Impactor ELPI+ with a 

reference instrument to measure number particle concentrations and size distribution, created 

at the World Center Calibration for Aerosols Physics (WCCAP) in the Institute for Tropospheric 

Research ï TROPOS's. The aim of this chapter is provided accuracy of the data set collected 

from the ELPI+, which was used to measure Particle Number Concentrations and Particle Size 

Distribution in the two urban areas of Bogotá. This chapter displays the sequence to convert 

the raw current signal recorded by the ELPIôs electrometers into number of airborne particles 

in size range of 17 nm to 10 mm.  

 

The second chapter shows the spatial and temporal variability of the particles number 

concentration and the number and volume size distribution in two stations of air quality network 

of Bogotá located in the east and center of the city. The number particle size distribution was 

linked to the model of the particle deposition in the respiratory system published by the 

Commission on Radiological Protection (IRCP) (ICRP, 1994) to assess the Lung Deposition 

Surface Area LDSA in both stations.   

 

The third chapter is focused on the mass size distribution of particles and their size segregated 

chemical composition. This chapter reveals the mass size distribution in one location in Bogotá 

with high traffic vehicular impact and surrounds of small and medium industrial activities. 

Additionally, was studied a location in Palmira, Cauca River Valley Department, where there 

is combination of the typical urban sources, such as, vehicular traffic emissions, with agro 

industrial emissions, specially derived from a sugarcane harvest. The mass size distribution is 

segregated into nine stages, allowing simulate the human respiratory tract and recognize the 

characteristics of particles that could penetrate the upper respiratory airways parts, bronchi 

and alveoli of people exposed to these. 
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The results of an extensive chemical characterization of PM2.5 samples obtained in Palmira 

are detailed in the research article published and reproduced, as part of the fourth chapter of 

a study article. The sampling place, located in Cauca River valley region, is characterized by 

the harvest of sugarcane and the agroindustry produced from this crop. In this chapter reveals 

the concentration of water-soluble ions, trace metals, and organic and elemental carbon. 

Additionally, are included organic species like n-alkanes, polycycle aromatic hydrocarbons 

(HAPs), and carbohydrates. This chapter contributes to our understanding of the relative 

abundance of each chemical species and reveals the estimated PM2.5 toxicity level based on 

HAP and tracer metal concentrations. 

 

The outcomes of this study will contribute to understanding the effects of long-term exposure 

to aerosols on human health at both locations, inferring the major sources of aerosol 

emissions, and establishing effective methods to lessen the impact on population. 
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мΦ 9ƭŜŎǘǊƛŎŀƭ [ƻǿπtǊŜǎǎǳǊŜ LƳǇŀŎǘƻǊ ό9[tLҌύ ǇŜǊŦƻǊƳŀƴŎŜ 
ŀǎǎŜǎǎƳŜƴǘΦ 

1.1. Introduction 

 

The atmospheric particle size is a crucial factor to recognize the impact of aerosols on 

respiratory health hazards, visibility reduction, deposition velocity into surfaces, 

transport process modeling of and impact on regional and global climate. Therefore, 

measuring and interpretation of the atmosphere's particle size distributions are 

necessary for a holistic comprehension of the origin and impacts of atmospheric 

particles. Atmospheric particle size depends on several factors, including location, 

meteorological conditions, photochemical activity of the atmosphere, which modify the 

particle size from the originally emitted. In addition, to know the size of particles is 

helpful to infer the chemical composition and origin of ambient aerosol.  

Airborne particles range in size from a few nanometers to several micrometers. The 

size ranges covered nuclei, Aitken, accumulation, and coarse modes. The nuclei mode 

is in the size range 5 ï 20 nm, Aitken mode from 20 ï 100 nm, accumulation mode 

from 0.1 to 2 mm, and a coarse mode greater than 2 mm (Walter, 2011). Different 

techniques can be used to measure particle size and understand aerosol dynamics in 

a wide size range. Some of them are based on the particle optical properties, others 

on their aerodynamic behavior, or their electrical mobility.  

 

The appropriate particle size definition depends primarily on principle used to classified 

by size. Hence, for example, the aerodynamic diameter would be used to analyze the 

data from a cyclone, a cascade impactor, or an Aerodynamic Particle Sizer (APS). The 

diffusive diameter would be used for a diffusion battery measurement, the mobility 
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diameter for a differential mobility analyzer and the optical diameter with an optical 

particle counter (Walter, 2011). 

According to the measured property, the particle diameter can be reported as optical 

diameter, stokes diameter, mobility diameter or aerodynamic diameter. Optical sizes 

are determined by measuring the amount of light scattered by individual particles, 

which depends on the particles reflective index, shape, and size. The aerodynamic 

size is a function of the time of flight in the nozzles of a cascade impactor and is 

estimated from a balance between drag and gravitational forces to find specific 

terminal settling velocity. It reports the particle diameter as that of a spherical water 

droplet (density of r = 1 g/cm3). The Stokes diameter is equivalent to the diameter of 

the spherical particle with the same terminal settling velocity and density that the 

measured particles . Finally, the electrical mobility diameter, or simply mobility 

diameter, is based on the behavior of charged particles in an electric field, which 

depend on the particles cross section which is proportional to the surface area 

(Khlystov et al., 2004). The conversion from one measure of size to another typically 

involves uncertainties that may be significant (Mcmurry, 2000).  

Larger particles, with a size larger than 0.5 mm, can follow the flow stream with 

noticeable inertia, therefore they are better described using the aerodynamic diameter. 

When a particle is smaller than 0.5 mm, it moves in a Brownian motion and is identified 

by its diffusive diameter, which is the diameter of a particle with the same diffusion 

coefficient as the one in question. 

The instruments that use the inertial classification of particles principle are based upon 

the fact that particles move in a gas streamline and are captured by a surface when 

the inertial of the particles is smaller than the gas where they are flowing. Typically, 

the instruments that use impactors cascade could classify the particles up to downsize 

of 0.05 mm, and to cover small sizes are used techniques known as low pressure 

impactors or micro-orifice impactors. However, when particles are subjected to low 

pressures, such as 0.03 atm (30 mbar), they undergo size reduction due to the 

evaporation process. This is more likely to happen if the particles' components are 

volatile, such as VOCs, are volatile. Consequently, a cascade impactor that operates 

at low pressures can be employed instead of a large size range, from 50 mm to 5 nm 

(Kulkarni et al., 2004). The main drawbacks of inertial impactors include interstage 
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losses, overloading of collect particles deposited on the impaction plates, and particle 

bounce from the collection surface. 

 
Aerodynamic Particle Sizers (APS), Differential Mobility Analyzers (DMA), and 

Scanning Mobility Particle Sizers (SMPS) (Holubļ²k et al., 2021; Shen et al., 2002). 

These instruments use two different sizing principles to measure particle size: electrical 

mobility and aerodynamic mobility. 

 

1.1.1 The Electrical Low-Pressure Impactor (ELPI+) 

 

The Electrical Low-Pressure Impactor (ELPI+) determines an aerosol size distribution 

in real-time, by combining of 13 cascade impactor stages in the range of 17 nm - 10 

mm, and a filter stage. Each impactor stage is connected to an electrometer that detect 

the currents induced by charged particles. The ELPI+ operates in a wide range of size 

particles and  number particle concentrations, as shown in . 

Table 1-1, which indicates the diameters geometric mean of each channel (Di), the 

cut-off diameters (D50%) correspond to the size of particles collected with a 50% 

efficiency in each stage, and the minimum and maximum number of particles detected 

according to currents limit detection in each stage by the electrometers. 

¢ŀōƭŜ мπмΦ 5ŀǘŀ ǎƘŜŜǘ ƻŦ ŎŀǎŎŀŘŜ ƛƳǇŀŎǘƻǊ ƛƴ 9[tLҌ ŦƻǊ ŜŀŎƘ ǎǘŀƎŜΦ 

Stage Di (mm) D 50% [mm] Number min [1/cm3] Number max [1/cm3] 

15 
 

10 
  

14 8.25 6.8 0.1 2.4 x 104 

13 5.47 4.4 0.1 2.4 x 104 

12 3.32 2.5 0.15 5.4 x 104 

11 2.00 1.6 0.3 1.1 x 105 

10 1.26 1 0.5 1.9 x 105 

9 0.80 0.64 1 3.5 x 105 

8 0.51 0.4 2 6.4 x 105 

7 0.32 0.26 3 1.2 x 106 

6 0.21 0.17 5 2.1 x 106 
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Stage Di (mm) D 50% [mm] Number min [1/cm3] Number max [1/cm3] 

5 0.14 0.108 10 3.7 x 106 

4 0.08 0.06 20 7.3 x 106 

3 0.042 0.03 50 1.7 x 107 

2 0.022 0.017 100 3.5 x 107 

1 0.010 0.006 250 8.3 x 107 

 

 

The ELPI+ consists of three parts: a unipolar diffusion chamber, 13-stage cascade 

impactor and the filter stage, and a set of electrometers connected to each impaction 

stage, as show in Figure 1-1a. The unipolar diffusion chamber has a corona charger 

(a needle) that produces a positive high voltage (3.5 kV), constant discharge of 1 mA 

towards the aerosol particles flowing through it. The released flow of ions produces 

particles with a known positive charge that is stable under different operation 

conditions and is high enough to ensure detection by electrometers. The aerosol then 

flows through a voltage trap, formed by two concentric cones with a potential difference 

of 20 V ° 2V, which produces a static direct current (DC) field, removing the charged 

particles that have a smaller size than the measuring range of the instrument before 

they enter the impactor (Marjama et al., 2000). It is essential to highlight that the 

unipolar charging of ELPI+ is related to the active surface area for smaller particles, 

thus the primary signal of electrometers corresponding to the size distribution of the 

particleôs surface area (Pagels et al., 2007). Figure 1-1b displays a photo of the ELPI+ 

instrument utilized in this study, which was shot during the intercomparison conducted 

at Leibniz Institute for Tropospheric Research. The operational parameter that 

guarantees the proper operation of ELPI+ is summarized in Table 1-4, showing the 

respective reference values.  

 

The cascade impactor of ELPI+ is used to classify and collect the particles according 

to the aerodynamic diameter in the 6 nm - 10 mm range. Thus, stage 15 has a cut-off 

diameter of 10 mm and subsequent stages have smaller cut diameters, down to stage 

2, with a cut-off diameter of 17 nm, as shown in . 

Table 1-1. Stage 1 or filter stage, consists of multiple layers of fine mesh that traps 

particles smaller than 17 nm, for a cut-off diameter of 6 nm.  
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a)

 

b) 

 

 

Figure 1-1. a). Schematic of the components and operating principle of the Electrical Low-
Pressure Impactor (ELPI+). Source: (DEKATI, 2016). b) Photo of ELPI+ during the 
intercomparison with SMPS in Leibniz Institute for tropospheric research.   

The electrical current that the particles release as they collide with the impactor 

surfaces is measured by electrometers. Each electrometer can measure current 

signals with a resolution of fA between 0 and 500 pA (DEKATI, 2012). Through 

correlations between the currents detected, particle properties, such as shape (on 

under assumption of spherical particles), the bulk density (”), and operational 

conditions, such as flow rate, these currents are converted to particle surface area, 

number, volume, and mass size distributions. 

 

The accuracy of ELPI+ôs measuring is determined by the charger efficiency function, 

the  bulk density, the interstage losses and the particles bounced.  

 

ü Regarding to the charger efficiency function, it depends on the operational 

conditions, such as the air flow rate and the pressure under the first stage, in 

addition to the sizes of the nozzles that affect the cut-off diameter values.  

 

ü The particleôs charge in ELPI+ is based on the mobility diameter and then are 

separated, by inertia, according to the aerodynamic diameter. When the 
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electrically charged particles is deposited on the impaction stage in the ELPI+, 

an electrical current is generated, and the particles are accounted for. 

Therefore, the particle number concentration detected in each stage uses the 

two particle diameters concepts, and the conversion between these requires 

the knowledge of density to convert on into the other, as shown in  Ὠ

 Ὠ …   Equation 1-2 (Charvet et al., 2015). Thus, the 

aerodynamic diameter is proportional to the particle density and for this reason, 

also depends on particle chemical composition.  

 

ü The diffusion in the impactor causes that are smaller particles than the cut-off 

diameter of an impaction surface to be collected to some extent. This 

phenomenon has little impact on the outcome in gravimetric impactors since 

the smaller particles' mass is frequently tiny in comparison to the coarser 

particles. However, the effect can be large when the particles are detected by 

electrical charge because the electrometers are more sensitive to it (DEKATI, 

2012).  

 

ü At cascade impactors a fraction of particles could bounce over the impactor 

collection plate and cause an overestimation of electrical charge measured, and 

therefore of the number of particles. To reduce the particle's bounce, the 

collection substrate of each impactor needs to be greased to the particle's stuck 

once is impacted and sensed. Nevertheless, the filter stage of the cascade 

impactor in ELPI+ does not have a substrate to be greased, therefore it can 

cause particle bounce and overestimation of the particles in the range of 17 to 

6 nm.  

 

¢ƘŜ ŎƻƭƭŜŎǝƻƴ ŜŶŎƛŜƴŎȅ ŎǳǊǾŜǎ ŀǊŜ ǳǎŜŘ ǘƻ ƻũǎŜǘ ǘƘŜ ōƻǳƴŎŜ ŀƴŘ Řƛũǳǎƛƻƴ ǇƘŜƴƻƳŜƴŀ ŀƴŘ ǘƻ 

ŘŜǘŜǊƳƛƴŜ ŀŎŎǳǊŀǘŜƭȅ ǘƘŜ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ƻŦ ŜŀŎƘ ǎǘŀƎŜ Σ ǿƘƛŎƘ ƘŀǾŜ ŀƴ ǎπǎƘŀǇŜŘ 

ŦǳƴŎǝƻƴΦ ¢Ƙƛǎ ŀƭƭƻǿǎ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ǘƘŜ ƭƻǿŜǊ ŀƴŘ ǳǇǇŜǊ ǘŀƛƭǎ ƻŦ ǘƘŜ ǇŀǊǝŎƭŜ ǎƛȊŜ ǎŜƴǎŜŘ ƛƴ 

ŜŀŎƘ ǎǘŀƎŜΦ ¢ƘŜ ŎƻƭƭŜŎǝƻƴ ŜŶŎƛŜƴŎȅ ŎǳǊǾŜǎ ŀǊŜ ŘŜǎŎǊƛōŜ ōȅ aŀǊƧŀƳŀ Ŝǘ ŀƭΦΣ όнлллύΦ  
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1.1.2  The scanning mobility particle sizer  

 

Figure 1-2 shows the two main components of a SMPS, which consists of an 

electrostatic size classification (Differential Mobility Analyzer or DMA), typically 

followed by a condensation nuclei counter (CNC), or condensation particle counter 

(CPC). Entering particles are charged by a Krypton 85 radioactive device before 

entering the region between two coaxial cylinders held at different electric potential. 

Charged particles migrate toward one cylinder. Depending on the voltage, particles of 

a certain size enter a gap in the cylinder and directed into a CPC, where they grow by 

the  humidification with butanol and then are counted optically. By varying the voltage, 

particles of different sizes will pass through the gap and be counted (Wallace, 2009). 

a)

 

b) 

 

C) 
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Figure 1-2. Schematic of the of the components and operating principle of the SMPS. a) 
corresponding to schema of DMA, b) CPC taken from Kuang, (2016) and c) is a photo of 
SMPS used during the intercomparison with ELPI+. 

1.1.3 Comparisons of ELPI+ with other instruments  

 

Due to the air quality current legislation in most countries requiring mass concentration 

of PM10 and PM2.5 size fraction and not particle number concentration and size 

distribution, the instruments with emphasis on the measurement of an ambient number 

of particles does not have calibration standards available to ensure the accuracy of the 

measurement in the submicrometric size range. Therefore, the common method to 

calibrate the instruments such as ELPI+, has been the intercomparison with electrical 

mobility analyzers (Charvet et al., 2015; Held et al., 2008; Järvinen et al., 2014a; Yli-

ojanper, 2012).  

 

In the first version of ELPI, the instrument measured particles in range from 30 nm to 

10 mm, and then was extended the electrically measured size range down to 7 nm by 

adding a new impactor stage and a filter stage, in the flow direction of the device. The 

new version of the instrument is recognized as ELPI+ (Marjama et al., 2000). Thus, the 

measurements of nanoparticles in range of 10 ï 20 nm improves in the ELPI+, showing 

a collection efficiency of 97% for particles of these size range and better response of 
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the inversion algorithms to estimate the nanoparticles concentrations (Järvinen et al., 

2014b; Yli-ojanperä et al., 2010).  

 

Several air quality monitoring studies (Charvet et al., 2015; Gouriou et al., 2004; Held 

et al., 2008; Li et al., 2018; Lingard et al., 2006) compare measurement performed by 

instruments with different measurement principles. Thus, it is important to know the 

uncertainty and precision of measurements in different size ranges to compere results 

obtained from different instruments. For instance, Price, et al. (Price et al., 2014) 

compared Aerodynamic Particle Sizers (APS), Fast Mobility Particle Sizers (FMPS), 

SMPS and ELPI, using particles generated with different size, morphology and 

chemical composition. They found good agreement among all instruments in the 50 ï 

300 nm range, independently if the instrument sensed aerodynamic diameter (APS, 

ELPI) or electrical mobility diameter (FMPS and SMPS). Particularly, ELPI showed 

better agreement with SMPS and FMPS for particles of soot in range of 7 to 28 nm 

and overestimation of particles of TiO2, NaCl and fumed silica in the same size range. 

This discrepancy has been attributed to a high impaction velocity on lower ranking 

range of the ELPI, which caused particleôs bounce and therefore, increasing the 

electrometers signal produced by the corresponding size bin (Kulmala et al., 2010; 

Leskinen et al., 2012). Otherwise, for particles larger than 1 mm, the ELPI can just be 

compared with the APS, and higher concentrations were measured with the ELPI. In 

summary, ELPI generally measures higher particle numbers than other instruments in 

the upper and lower size limits (stages 15 and 1, respectively). The intercomparison 

carried out with ambient particles by Held, et al. (Held et al., 2008) shows a good 

agreement with other instruments, such as SMPS (rank correlation coefficient of r = 

0.7 ï 0.95).  

 

To compare particle number concentrations (PNC) measured by an instrument based 

on impaction with those measured by an instrument based on electrical mobility, the 

bulk particle density must be taken into consideration. Charvet et al., (2015) 

demonstrated that assuming a standard density of 1 g/cm3 in the conversion could 

overestimate the PCN by a factor of 1.5. Therefore, choosing density appropriately is 

relevant. 
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Table 1-2. Comparison of sampling instruments used in this study 

Instrument Particle 
size 

range 

Advantages Disadvantages References of the 
use to air quality 

studies.  

ELPI+ 

7 nm ï 

10 mm 

Wide size range 
 
Good time resolution 
(ca. 1 second) 
 
Measures PNC, 
PNSD, PM1, PM2.5, 
PM10 
 
Long time operation 

PSD at low 
resolution 
 
Inability to 
measure very 
small particles 

(Held et al., 
2008)(Klejnowski 
et al., 
2013)(Lingard et 
al., 2006) 

SMPS 

14 nm 
ï 800 
nm 

PSD at high 
resolution 
 
Ability to measure 
very small particles 
 
Long time operation 

Low time 
resolution 
(minutes) 

(Zhang et al., 
2005) 

BAM 

PM1, 
PM2.5, 
PM10 

Wide size range 
 
Long time operation 
 

Limited Size 
Range 
 
Unsuitable for 
submicrometric 
particles 

(Duc et al., 
2020)(Instituto 
de Salud Carlos 
III et al., 2013) 
  

 

This chapter shows the results of the performance assessment of the ELPI+ by 

intercomparing it to other instruments that measure particle number concentration, 

particle size distribution, and mass concentration of ambient aerosols. The Particle 

Number Concentration (PNC) and Particle Number and Volume Size Distributions 

(PNSD and PVSD) measured with ELPI+ were compared with an SMPS, whereas 

ELPI+ mass concentrations (PM10 and PM2.5) were compared with those performed by 

a Beta Attenuation Monitor (BAM). 
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1.2 Methodology 

1.2.1 Particle number concentration and size distribution 
assessment 

¢ƘŜ ƛƴǘŜǊŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ 9[tLҌ ǳǎŜŘ ƛƴ ǘƘƛǎ ŘƻŎǘƻǊŀƭ ǊŜǎŜŀǊŎƘ ŀƴŘ ŀ ǊŜŦŜǊŜƴŎŜ SMPS ǿŀǎ 

ŎƻƴŘǳŎǘŜŘ ŀǘ ǘƘŜ ²ƻǊƭŘ /ŀƭƛōǊŀǝƻƴ /ŜƴǘŜǊ ŦƻǊ !ŜǊƻǎƻƭ tƘȅǎƛŎǎ ŀǘ ǘƘŜ [ŜƛōƴƛȊ LƴǎǝǘǳǘŜ ŦƻǊ 

¢ǊƻǇƻǎǇƘŜǊƛŎ wŜǎŜŀǊŎƘ ƛƴ [ŜƛǇȊƛƎΣ DŜǊƳŀƴȅΦ .ƻǘƘ ƛƴǎǘǊǳƳŜƴǘǎ ǿŜǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ǎƛƴƎƭŜ ƭƛƴŜ 

ǎŀƳǇƭƛƴƎ ŀƳōƛŜƴǘ ŀŜǊƻǎƻƭΣ ŀƴŘ ǘƘŜ ƳŜǘǊƛŎǎ ŦƻǊ ŎƻƳǇŀǊƛǎƻƴ ǿŜǊŜ tŀǊǝŎƭŜ bǳƳōŜǊ 

/ƻƴŎŜƴǘǊŀǝƻƴ όtb/ύ ŀƴŘ tŀǊǝŎƭŜ bǳƳōŜǊ {ƛȊŜ 5ƛǎǘǊƛōǳǝƻƴ όtb{5ύΦ ¢ƘŜ ƛƴǘŜǊŎƻƳǇŀǊƛǎƻƴ ǿŀǎ 

ǇŜǊŦƻǊƳŜŘ ŦƻǊ ƻƴŜ ǿŜŜƪΣ тǘƘ ς мрǘƘ aŀǊŎƘ нлмфΦ 9ƭŜŎǘǊƻƳŜǘŜǊǎ ǿŜǊŜ ȊŜǊƻŜŘ ŀƴŘ Řŀǘŀ ǿŜǊŜ 

ŘƻǿƴƭƻŀŘ ŜŀŎƘ нп ƘƻǳǊǎΦ Lƴ ǘƻǘŀƭΣ ннрп Řŀǘŀ ŦǊƻƳ ǘƘŜ 9[tLҌ ŀƴŘ нпуо Řŀǘŀ ŦǊƻƳ ǘƘŜ SMPS 

ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ, segmented in short term periods, as indicated in ¢ŀōƭŜ {м. 

 

Figure 1-3. Diagram of the experimental setup to compare Particle Number Concentration 
(PNC) and Particle Number Size Distribution (PNSD). 

 

¢ƘŜ 9[tLҌ ǎŀƳǇƭŜŘ ŀƳōƛŜƴǘ ŀƛǊ ŀǘ ŀ ƴƻƳƛƴŀƭ ƅƻǿǊŀǘŜ ƻŦ фΦур ƭƛǘŜǊǎ ǇŜǊ ƳƛƴǳǘŜΦ DǊŜŀǎŜŘ 

ŀƭǳƳƛƴǳƳ ŦƻƛƭǎΣ ǇǊƻǾƛŘŜŘ ōȅ 5ŜƪŀǝϯΣ ǿŜǊŜ ǳǎŜŘ ŀǎ ŎƻƭƭŜŎǝƻƴ ǎǳōǎǘǊŀǘŜǎΣ ǘƻ ƳƛƴƛƳƛȊŜ ǇŀǊǝŎƭŜ 

ōƻǳƴŎŜΦ ¢ƘŜ ǎŀƳǇƭŜ ǿŀǎ ŎƻƴŘƛǝƻƴŜŘ ǘƻ пл҈ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ŀƴŘ нн ȏ/ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜ 
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ǇǊŜǎǎǳǊŜ ǳƴŘŜǊ ǘƘŜ ŬƭǘŜǊ ǎǘŀƎŜ ǿŀǎ ƳŀƛƴǘŀƛƴŜŘ ŀǘ оуΦо ƳōŀǊΦ ¢ƘŜ ŎƘŀǊƎŜǊ ǾƻƭǘŀƎŜ ό¦ύ ǿŀǎ орлл 

ƪ± ° осΦт ƪ± ŀƴŘ ǘƘŜ ŎƘŀǊƎŜǊ ŎǳǊǊŜƴǘ όLύ ǿŀǎ ŎƻƴǎƛǎǘŜƴǘ ŀǘ м m! ° лΦллп ƪ±Φ ¢ƘŜ ǘǊŀǇ ǾƻƭǘŀƎŜ 

ǿŀǎ ƪŜǇǘ ŀǘ нл ± ° лΦлл ±Φ ¢ƘŜ ǝƳŜ ǊŜǎƻƭǳǝƻƴ ƻŦ Řŀǘŀ ǎŀǾƛƴƎ ǿŀǎ м ƳƛƴǳǘŜΦ 

!ƳōƛŜƴǘ ŀŜǊƻǎƻƭ ƅƻǿ ǘƘǊƻǳƎƘ ǘƘŜ {at{ ǿŀǎ пΦл [κƳƛƴΦ ¢ƘŜ ƛƴǎǘǊǳƳŜƴǘ ǝƳŜ ǊŜǎƻƭǳǝƻƴ ǿŀǎ р 

ƳƛƴǳǘŜǎ ŀƴŘ ƛǘǎ ǎƛȊŜ ƛƴǘŜǊǾŀƭ ŎƻǾŜǊŜŘ ŦǊƻƳ уΦт ƴƳ ǘƻ уор ƴƳΣ ǿƘƛŎƘ ƻǾŜǊƭŀǇǎ ǿƛǘƘ 9[tLҌ ǎǘŀƎŜǎ 

м ǘƻ млΣ ǿƛǘƘ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊǎ ǊŀƴƎƛƴƎ ŦǊƻƳ с ƴƳ ǘƻ мллл ƴƳΦ 

¢ƘŜ ŎƻƴǾŜǊǎƛƻƴ ƻŦ ŀŜǊƻŘȅƴŀƳƛŎ ǘƻ Ƴƻōƛƭƛǘȅ ŘƛŀƳŜǘŜǊ ǿŀǎ ōŀǎŜŘ ƻƴ ǳǎŜŘ ōȅ YƘƭȅǎǘƻǾ Ŝǘ ŀƭΦΣ 

όнллпύΤ ϧ {ƘŜƴ Ŝǘ ŀƭΦΣ όнллнύ ƛƴ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ŀ ŎƻǳǇƭŜŘ ǎȅǎǘŜƳ ƻŦ {at{ ŀƴŘ !t{ ǿƛǘƘ 

¢9haΣ ah¦5L ŀƴŘ tŀǊǝǎƻƭΦ Lƴ ǘƘƛǎ Ŝǉǳŀǝƻƴ Ὠ  is the geometrical midpoint of each ELPI 

stage, ” is the density assumed for sampled particles, ” is the unit density (1 g/cm3), 

ὅόis the Cunningham slip correction factor, which represents the modification to 

drag in the transition and free molecular regimes, and … is the shape factor, which is 

function of the diameter and the particleôs morphology (Decarlo et al., 2004). Given 

there was no available information about morphological properties, such as mass and 

volume of ambient aerosol; particles were assumed to be perfect spheres (… ρ) with 

an effective density of ” ρȢφ ὫȾὧά.  

Previous studies, ōŀǎŜŘ ƻƴ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǳǊōŀƴ ŀƳōƛŜƴǘ ǇŀǊǝŎƭŜǎΣ ƘŀǾŜ ŦƻǳƴŘ 

ŘŜƴǎƛǘȅ ǾŀƭǳŜǎ ƛƴ ǘƘŜ мΦр ς мΦс ƎκŎƳо ǊŀƴƎŜ όIŜƭŘ Ŝǘ ŀƭΦΣ нллуΤ Iǳ Ŝǘ ŀƭΦΣ нлмнΤ YƘƭȅǎǘƻǾ Ŝǘ ŀƭΦΣ 

нллпΤ ½ƘŀƴƎ Ŝǘ ŀƭΦΣ нллрύΣ ŀǎ ǿŜƭƭ ŀǎ … values in the 1 - 2.5 range, based on the morphology 

and type of aggregation of components. Spherical and compact (with minimum internal 

space) particles can be modeled with a value of  … º 1, limiting the equivalence 

between Ὠ  and Ὠ  to the factor = 0.8 for this study. Irregular particles, even 

more with internal voids, have …  1 and therefore Ὠ ḻ Ὠ  (Decarlo et al., 2004). 

The Cunningham slip factor was calculated using ὅό ρ ‌ ‍Ὡὼὴ
Ⱦ

 9ǉǳŀǝƻƴ мπм, where the parameters were ‗ ρȾχφΣ ‌ φȢσςΣ ‍ ςȢπρ ŀƴŘ ‎

πȢςρωπ ŦƻǊ Ὠ ǘŀƪŜƴ ŀǎ ǘƘŜ Ŏǳǘ ŘƛŀƳŜǘŜǊΣ 5рл҈Σ ƻŦ ŜŀŎƘ ǎǘŀƎŜ ό59Y!¢LΣ нлмнύΦ 

  ὅό ρ ‌ ‍Ὡὼὴ
Ⱦ

 Equation 1-1 
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Ὠ  Ὠ …   Equation 1-2 

The equivalent mobility diameters calculated by the and Ὠ  Ὠ …

  Equation мπн resulted in a range from 4 nm to 775 nm, as shown Figure 1-4Φ 

  Figure 1-4. Equivalence between aerodynamic diameters by stage of ELPI+ and mobility 

diameters assuming a r = 1.6 g/cm3 and spherical ambient particles. 

 

The procedure to compare PNC obtained with SMPS and ELPI+ required converting 

ELPI+ raw data, corresponding to electrical currents measured for each stage, into 

particle number concentrations. This procedure was carried out in four steps. First, raw 

current values and ELPI+ operating parameters were examined to assure that the 

instrument had operated correctly. Table 1-4 shows the parameters that describe 

appropriate operation. Second, the aerodynamic diameter was converted to electric 

mobility diameter for each stage. Third, the ELPI+ charge function was evaluated to 

convert currents in each stage to particle number. Fourth, particles number 

concentrations and number and volume particle size distribution were compared with 

those from the SMPS. 

 
¢ƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ŦƻǊ ŜŀŎƘ ƛƳǇŀŎǘƻǊ ǎǘŀƎŜΣ ǘƘŜ ŎƘŀǊƎƛƴƎ ŜŶŎƛŜƴŎȅ 

ŀǎ ŀ ŦǳƴŎǝƻƴ ŀ ǇŀǊǝŎƭŜ ǎƛȊŜ Ƴǳǎǘ ōŜ ƪƴƻǿƴΦ ¢ƘŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ŀǘ ŀ ƪƴƻǿƴ 

ǇŀǊǝŎƭŜ ǎƛȊŜ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ŎǳǊǊŜƴǘǎ ƳŜŀǎǳǊŜŘ ōȅ ŜŀŎƘ ŜƭŜŎǘǊƻƳŜǘŜǊ όLύ ŘƛǾƛŘŜŘ ōȅ 
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ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ǇŜƴŜǘǊŀǝƻƴ όtύΣ ŀǾŜǊŀƎŜ ƴǳƳōŜǊ ƻŦ ŜƭŜƳŜƴǘŀǊȅ ŎƘŀǊƎŜǎ ǇŜǊ ǇŀǊǝŎƭŜ όƴύ 

ƳǳƭǝǇƭƛŜŘ ōȅ ǘƘŜ ŎƘŀǊƎŜ ƻŦ ŀƴ ŜƭŜŎǘǊƻƴ Ŝ όмΦслн Ȅ млπмф /ύ ŀƴŘ ǘƘŜ ŀƛǊ ƅƻǿ ǊŀǘŜ ǘƘǊƻǳƎƘ ǘƘŜ 

ŎƘŀǊƎŜǊ όvύΣ ŀǎ ƛƴŘƛŎŀǘŜ ǘƘŜ 9ǉǳŀǝƻƴ мπоΣ b ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ 

ŎƻƴŎŜƴǘǊŀǝƻƴ όІ ŎƳπоύ όWŅǊǾƛƴŜƴ Ŝǘ ŀƭΦΣ нлмпōΤ aŀǊƧŀƳŀ Ŝǘ ŀƭΦΣ нлллύΦ  

N   Equation 1-3 

¢ƘŜƴΣ ǘƘŜ ŎǳǊǊŜƴǘ ǾŀƭǳŜǎ ŀǊŜ ƳǳƭǝǇƭƛŜŘ ōȅ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ŦŀŎǘƻǊǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ¢ŀōƭŜ мπо ǘƻ 

ƻōǘŀƛƴ ƴǳƳōŜǊΣ ŘƛŀƳŜǘŜǊΣ ŀǊŜŀΣ ǾƻƭǳƳŜΣ ŀƴŘ Ƴŀǎǎ ŦƻǊ ŜŀŎƘ ǎǘŀƎŜ ƻŦ ǘƘŜ ŎŀǎŎŀŘŜ ƛƳǇŀŎǘƻǊΦ 

9[tLҌΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ǿŀǎ ŀǎǎŜǎǎŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ tb/ ƳŜŀǎǳǊŜŘ ōȅ ǘƘŜ 9[tLҌ ƛƴ ǘƘŜ 

с ƴƳ ς м mƳ ǎƛȊŜ ǊŀƴƎŜ ŀƴŘ ōȅ ǘƘŜ {at{ ƛƴ ǘƘŜ уΦт ƴƳ ς уор ƴƳ. Additionally, PNSD from 

both instruments was compared to examine their agreement. 

¢ƘŜ 5ŜƳƛƴƎ ǘƻǘŀƭ ƭŜŀǎǘ ǎǉǳŀǊŜ ǊŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ό¢ƘŜǊƴŜŀǳΣ нлмуύ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ ǘƘŜ 

5ŜƳƛƴƎ ǇŀŎƪŀƎŜ ƻŦ ǘƘŜ w ǎƻƊǿŀǊŜΣ ǘƻ ŎƻƳǇŀǊŜ Řŀǘŀ ŦǊƻƳ ōƻǘƘ ƛƴǎǘǊǳƳŜƴǘǎΣ ŀŎŎƻǳƴǝƴƎ  ŦƻǊ 

ǘƘŜ ƛƴŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜ ŜǊǊƻǊǎ ŦǊƻƳ ŜŀŎƘ ƛƴǎǘǊǳƳŜƴǘΦ ¢ƘŜ ǊŜƎǊŜǎǎƛƻƴ ƻŦ ŀ ǾŀǊƛŀōƭŜ ǘƻ ƻǘƘŜǊ όȄ 

Ϥ ȅύ ƳƛƴƛƳƛȊŜǎ ǘƘŜ ǎǳƳ ƻŦ ǎǉǳŀǊŜŘ ƘƻǊƛȊƻƴǘŀƭ ŀƴŘ ǾŜǊǝŎŀƭ ŘƛǎǘŀƴŎŜǎ ǘƻ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ǾŀƭǳŜǎΦ 

{ƭƻǇŜΣ ƛƴǘŜǊŎŜǇǘΣ ǊŜƎǊŜǎǎƛƻƴ ŎƻŜŶŎƛŜƴǘΣ ŀƴŘ ǊƻƻǘπƳŜŀƴπǎǉǳŀǊŜ ŘƛũŜǊŜƴŎŜ όwa{ύ ƻŦ ǘƘŜ 

ŎƻǊǊŜƭŀǝƻƴ ǿŜǊŜ ǳǎŜŘ ŀǎ ǘƻƻƭǎ ƻŦ ŎƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ ǘǿƻ ƛƴǎǘǊǳƳŜƴǘǎΦ 
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Table 1-3. Conversion vectors used to calculate current, number, diameter, area, volume, and 
mass from the charge sensed by the electrometer at each stage of ELPI+. Source: (DEKATI, 
2012) 

/ƻƴǾŜǊǎƛƻƴ ǾŜŎǘƻǊǎ 
9[tLҌ ǎǘŀƎŜ м н о п р с т у ф мл мм 

5ŀ όƴƳύ лΦллс лΦлмт лΦлну лΦлрр лΦлфо лΦмрр лΦнсо лΦоуо лΦсмр лΦфрм мΦслл 

5ƛ όƴƳύ лΦллфф лΦлнмо лΦлоуф лΦлтмп лΦммфу лΦнлмф лΦомтп лΦпуро лΦтспу мΦноор мΦфрфс 

Ř[ƻƎ5Ǉ лΦпп лΦнн лΦол лΦно лΦнн лΦно лΦмс лΦнм лΦмф лΦно лΦму 

/ǳǊǊŜƴǘ L ώŦ!ϐ мΦллл мΦллл мΦллл мΦллл мΦллл мΦллл мΦллл мΦллл мΦллл мΦллл мΦллл 

bǳƳōŜǊ b ώмκŎƳшϐ нлфΦптс тсΦсоп опΦррт мрΦпфу тΦунт оΦфну нΦмсм мΦноо лΦстс лΦосл лΦмфр 

5ƛŀƳŜǘŜǊ 5 ώҡƳκŎƳшϐ нΦлуп мΦсон мΦопр мΦмлт лΦфоу лΦтфо лΦсус лΦрфу лΦрмт лΦппп лΦоун 

!ǊŜŀ ! ώҡƳчκŎƳшϐ лΦлср лΦмлф лΦмср лΦнпу лΦоро лΦрло лΦсуп лΦфмн мΦнпо мΦтмф нΦорп 

±ƻƭǳƳŜ ± ώҡƳшκŎƳшϐ лΦллл лΦллл лΦллм лΦлло лΦллт лΦлмт лΦлос лΦлтп лΦмру лΦоро лΦтсф 

aŀǎǎ a ώƳƎκƳшϐ лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллм 

/ǳǊǊŜƴǘ ŘLκŘƭƻƎ5Ǉ ώŦ!ϐ нΦнтс пΦрлу оΦомо пΦпор пΦптл пΦорр сΦмнс пΦусн рΦнун пΦпнс рΦстф 

bǳƳōŜǊ ŘbκŘƭƻƎ5Ǉ ώмκŎƳшϐ птсΦулр опрΦпос ммпΦпфт суΦтоф опΦфур мтΦмлс моΦноу рΦффр оΦртн мΦрфн мΦмлу 

5ƛŀƳŜǘŜǊ Ř5κŘƭƻƎ5Ǉ ώҡƳκŎƳшϐ пΦтпп тΦору пΦпрт пΦфмл пΦмфм оΦпрп пΦнлн нΦфмл нΦтон мΦфсо нΦмтм 

!ǊŜŀ Ř!κŘƭƻƎ5Ǉ ώҡƳчκŎƳшϐ лΦмпу лΦпфн лΦрпр мΦмлн мΦрту нΦмфм пΦмуф пΦпос сΦрсп тΦслф моΦост 

±ƻƭǳƳŜ Ř±κŘƭƻƎ5Ǉ ώҡƳшκŎƳшϐ лΦллл лΦллн лΦллп лΦлмо лΦлом лΦлтп лΦннн лΦорф лΦуот мΦрсп пΦосс 

aŀǎǎ ŘaκŘƭƻƎ5Ǉ ώƳƎκƳшϐ лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллм лΦллн лΦллп 

 

1.2.2 Particle number concentration assessment 

 

¢ƘŜ ǇŀǊǝŎƭŜ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴ ŀǎǎŜǎǎƳŜƴǘ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘǿƻ ǎƛǘŜǎ ƻŦ .ƻƎƻǘŀΩǎ !ƛǊ vǳŀƭƛǘȅ 

aƻƴƛǘƻǊƛƴƎ bŜǘǿƻǊƪ όCƛƎǳǊŜ мπрύΦ ¢ƘŜ ŬǊǎǘ ǎƛǘŜ ǿŀǎ ά[ŀǎ CŜǊƛŀǎέΣ ŎƭƻǎŜ ǘƻ ǘƘŜ ƎŜƻƎǊŀǇƘƛŎŀƭ 

ŎŜƴǘǊƻƛŘ ƻŦ ǘƘŜ Ŏƛǘȅ ό[ŀǘΥ пȏ ппΩфΦмнέ bΤ [ƻƴΥ тпȏ пΩрсΦфпέ ²ύΣ ǿƘƛŎƘ ƛǎ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ƻŦ ŀƴ 

ǳǊōŀƴ ŀǊŜŀ ǇǊƛƳŀǊƛƭȅ ŀũŜŎǘŜŘ ōȅ ǘǊŀŶŎ ŜƳƛǎǎƛƻƴǎΦ ¢ƘŜ ǎŜŎƻƴŘ ǎƛǘŜ ǿŀǎ ά{ŀƴ /Ǌƛǎǘƻōŀƭέ ό[ŀǘΥ пȏ 

опΩнмΦмфέ bΤ [ƻƴΥ тпȏ рΩ мΦтоέ ²ύΣ ǿƘƛŎƘ ƛǎ ŀ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ƻŦ ŀ ǎǳōǳǊōŀƴ ŀǊŜŀ ƛƴ ǘƘŜ 

ǎƻǳǘƘŜŀǎǘ ƻŦ ǘƘŜ ŎƛǘȅΣ ǳǇǿƛƴŘ ŦǊƻƳ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ ǳǊōŀƴ Ǉƻƭƭǳǘŀƴǘǎ ǘƘŀǘ ƘŀǾŜ ŀ 

Ŏƻƴǝƴǳƻǳǎ ƛƳǇŀŎǘ ƻƴ .ƻƎƻǘłΩǎ ŀƛǊ ǉǳŀƭƛǘȅΦ 

[ŀǎ CŜǊƛŀǎ ŀƴŘ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎƛǘŜǎ ƘŀǾŜ .Ŝǘŀ !ǧŜƴǳŀǝƻƴ aƻƴƛǘƻǊǎ ό.!aύ ǘƻ ǇǊƻŘǳŎŜ ƘƻǳǊƭȅ 

ǾŀƭǳŜǎ ƻŦ taмл ŀƴŘ taнΦрΦ {ƛƳǳƭǘŀƴŜƻǳǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿƛǘƘ .!a ŀƴŘ 9[tLҌ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ 

ŦƻǊ мо ŎƻƴǎŜŎǳǝǾŜ Řŀȅǎ ƛƴ [ŀǎ CŜǊƛŀǎ όно WǳƴŜ ŀƴŘ р Wǳƭȅ нлмтύ ŀƴŘ мп Řŀȅǎ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ όол 

!ǳƎǳǎǘ ς мм {ŜǇǘŜƳōŜǊ ŀƴŘ нт {ŜǇǘŜƳōŜǊ ǘƻ мл hŎǘƻōŜǊ нлмтύΦ .!a ƳŜŀǎǳǊŜƳŜƴǘǎ ƘƻǳǊƭȅ 

taмл ŀƴŘ taнΦр ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ƘƻǳǊƭȅ taмл ŀƴŘ taнΦр ŜǎǝƳŀǘŜŘ ŦǊƻƳ 
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9[tLҌΣ ŀǾŜǊŀƎŜŘ ŦǊƻƳ ǎŜŎƻƴŘπōȅπǎŜŎƻƴŘ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ .ƻǘƘ ƛƴǎǘǊǳƳŜƴǘǎϥ ƛƴƭŜǘǎ ǿŜǊŜ 

ǎƛǘǳŀǘŜŘ ŀǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ пΦс Ƴ ŀƴŘ пΦл ƳΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ŦǊƻƳ ǘƘŜ ƎǊƻǳƴŘ ό{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ 

ŘŜ !ƳōƛŜƴǘŜ ό{5!ύΣ нлмтύΦ 

taмл ŀƴŘ taнΦр ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ 9ǉǳŀǝƻƴ мπп ŀƴŘ 9ǉǳŀǝƻƴ мπрΣ ǊŜǎǇŜŎǝǾŜƭȅΦ taмл ǿŀǎ 

ƻōǘŀƛƴŜŘ ŀǎ ǘƘŜ ǎǳƳ ƻŦ ǇŀǊǝŎƭŜ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ōŜǘǿŜŜƴ ǎǘŀƎŜǎ м ǘƻ мрΣ ǎƛƴŎŜ ǎǘŀƎŜ мр 

Ƙŀǎ ŀ Ŏǳǘ ŘƛŀƳŜǘŜǊ ƻŦ мл mƳΦ [ƛƪŜǿƛǎŜΣ taнΦр ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ǘƘŜ ǎǳƳ ƻŦ ǇŀǊǝŎƭŜ Ƴŀǎǎ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ōŜǘǿŜŜƴ ǎǘŀƎŜǎ м ǘƻ мнΣ ǎƛƴŎŜ ǎǘŀƎŜ мн Ƙŀǎ ŀ Ŏǳǘ ŘƛŀƳŜǘŜǊ ƻŦ нΦр mƳΦ ¢ƘŜ Ƴŀǎǎ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ŦƻǊ ŜŀŎƘ ǎǘŀƎŜ ǿŀǎ ŜǎǝƳŀǘŜŘ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǘƘŜ ŘŜƴǎƛǘȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀŜǊƻǎƻƭǎ όмΦс ƎκŎƳоύΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊǝŎƭŜǎ ŎƻǳƴǘŜŘ ƛƴ ŜŀŎƘ ǎǘŀƎŜ ŀƴŘ ǘƘŜ 

ŎǳōŜŘ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊΦ  

Equation 1-4  ὖὓ В άὥίί ὧέὲὧὩὸὶὥὧὭέὲ Ὥὲ ίὸὥὫὩ Ὥ   В Π ὴὥὶὸὭὧὰὩί ὧά   

Equation 1-5  ὖὓȢ В άὥίί ὧέὲὧὩὸὶὥὧὭέὲ Ὥὲ ίὸὥὫὩ Ὥ
ρς
Ὥρ
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ὥὩὶέίέὰ
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ὴὥ
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CƛƎǳǊŜ мπрΦ 9ȄǇŜǊƛƳŜƴǘŀƭ ǎŜǘǳǇ ǎŎƘŜƳŜ ǘƻ ŎƻƳǇŀǊŜ taмл ŀƴŘ taнΦр ŜǎǝƳŀǘŜŘ ōȅ 9[tLҌ ŀƴŘ 

ƳŜŀǎǳǊŜŘ ǿƛǘƘ .!aΦ 
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!ǎ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ŎƻƳǇŀǊƛǎƻƴǎΣ ǘƘŜ 5ŜƳƛƴƎ ǘƻǘŀƭ ƭŜŀǎǘ ǎǉǳŀǊŜ 

ǊŜƎǊŜǎǎƛƻƴ ŀƴŀƭȅǎƛǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ŦƻǊ ǇŀǊǝŎƭŜ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴ ŎƻƳǇŀǊƛǎƻƴǎ ό¢ƘŜǊƴŜŀǳΣ 

нлмуύΦ 

1.3 Results 

wŜǎǳƭǘǎ ŦǊƻƳ ǘǿƻ ƳŜŀǎǳǊŜƳŜƴǘ ƛƴǘŜǊŎƻƳǇŀǊƛǎƻƴ ŎŀƳǇŀƛƎƴǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ōŜƭƻǿΦ ¢ƘŜ 

ƛƴǘŜǊŎƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ ŀƴŘ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ 

ŘŜǊƛǾŜŘ ŦǊƻƳ ǎƛƳǳƭǘŀƴŜƻǳǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ŀƛǊōƻǊƴŜ ǇŀǊǝŎƭŜǎ ŎŀǊǊƛŜŘ ƻǳǘ ǿƛǘƘ 9[tLҌ ŀƴŘ 

{at{ ƛƴ DŜǊƳŀƴȅΣ ŀƴŘ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ taмл ŀƴŘ taнΦр Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŜǎǝƳŀǘŜŘ ŦǊƻƳ 

9[tLҌ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀƴŘ ƳŀŘŜ ǿƛǘƘ .!aǎ ƛƴǎǘŀƭƭŜŘ ƛƴ .ƻƎƻǘŀΩǎ !ƛǊ vǳŀƭƛǘȅ aƻƴƛǘƻǊƛƴƎ 

bŜǘǿƻǊƪΦ ¢ƘŜ 9[tLҌ ƻǇŜǊŀǝƻƴ ǇŀǊŀƳŜǘŜǊǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ǉǳŀƭƛǘȅ ŀǎǎǳǊŀƴŎŜ ƻŦ Řŀǘŀ ŀǊŜ ƛƴŎƭǳŘŜŘ 

ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΦ 

1.3.1 ELPI+ raw data examination 

9[tLҌ ƻǇŜǊŀǝƴƎ ǇŀǊŀƳŜǘŜǊǎ ǊŜŎƻǊŘŜŘ ŘǳǊƛƴƎ ǘƘŜ ƛƴǘŜǊŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǘƘŜ {at{ ŀǊŜ 

ǎǳƳƳŀǊƛȊŜŘ ƛƴ ¢ŀōƭŜ мπп ŀƴŘ ǇƭƻǧŜŘ ƛƴ CƛƎǳǊŜ {мΣ ŘŜƳƻƴǎǘǊŀǝƴƎ ǘƘŀǘ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘ ƻǇŜǊŀǘŜŘ 

ŎƻǊǊŜŎǘƭȅ ŘǳǊƛƴƎ ǘƘŜ ƛƴǘŜǊŎƻƳǇŀǊƛǎƻƴ ǇŜǊƛƻŘΦ hƴƭȅ ǎǘŀƎŜǎ м ς мл ƻŦ ǘƘŜ 9[tLҌ όǊŀƴƎŜ ƻŦ 

ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ŦǊƻƳ мл ƴƳ ǘƻ мΦн mƳύ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ǘƘƛǎ ƛƴǘŜǊŎƻƳǇŀǊƛǎƻƴ 

ōŜŎŀǳǎŜ ǘƘŜ {at{ ŘƛŀƳŜǘŜǊ ǊŀƴƎŜ ǿŀǎ уΦт ƴƳ ς уор ƴƳ όлΦуор mƳύΦ hǾŜǊ фт҈ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ 

ǿŀǎ ƳŜŀǎǳǊŜŘ ƛƴ ǘƘŜ ŬǊǎǘ ǘŜƴ ǎǘŀƎŜǎΣ ǿƘƛŎƘ ƛƳǇƭƛŜǎ ǘƘŀǘ ǘƘŜ ǎŀƳŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ǇŀǊǝŎƭŜǎ 

ƘŀǾŜ ŀƴ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ōŜǘǿŜŜƴ мл ƴƳ ŀƴŘ мΦн mƳΦ CƛƎǳǊŜ мπс ŘƛǎǇƭŀȅǎ ǘƘŀǘ ǘƘŜ 

ŜƭŜŎǘǊƻƳŜǘŜǊ ƻŦ ǎǘŀƎŜǎ ǿƛǘƘ ŀƴ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘǊƛŎ ƭŀǊƎŜǊ ǘƘŀƴ м mƳ ƘŀŘ ŎǳǊǊŜƴǘǎ ƭƻǿŜǊ 

ǘƘŀƴ н Ŧ!Σ ǿƘƛƭŜ ǎǘŀƎŜǎ нΣ о ŀƴŘ т ƳŜŀǎǳǊŜŘ ǘƘŜ ƳŀȄƛƳǳƳ ŎǳǊǊŜƴǘ ƛƴǘŜƴǎƛǝŜǎΣ ŀǊƻǳƴŘ мнΣрΣ фΦн 

ŀƴŘ фΦт Ŧ!Φ 
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Table 1-4. Operating parameters of ELPI+ during its intercomparison with SMPS 

Parameter Reference 
value  

Average ± 
sd 

Relative sd 
(%) 

Charger U (kV) 3.5 ° 0.5 3.512 ± 0.036 1.1% 

Charger I (mA) 1 1 ± 0 0.4 

Trap U (V) 20 ° 2 20 ± 0 0.0 

Pressure at first stage 
(mbar) 

40 ° 5 38.3 ±0.25 0.7 

Air flow (Liters per minute) 10 9.85  
Ambient Pressure (mbar)  1226.61 0.5 

 

 

Figure 1-6. Average currents measured by electrometers in ELPI+ as a function of 
aerodynamic diameter. 

hƴŎŜ 9[tLҌ ƻǇŜǊŀǝƴƎ ǇŀǊŀƳŜǘŜǊǎ ŦǊƻƳ ŀƭƭ ƳŜŀǎǳǊŜƳŜƴǘ ǎŜǊƛŜǎ ǿŜǊŜ ŜȄŀƳƛƴŜŘΣ ǘƘŜ ǇŀǊǝŎƭŜ 

ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǘƘŜ лΦм ƴƳ ς мΦн mƳ ǊŀƎŜ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘƻǎŜ ƻōǘŀƛƴŜŘ 

ŦǊƻƳ {at{ ƛƴ ǘƘŜ уΦт ƴƳ ς уор ƴƳ ǊŀƴƎŜΦ 

1.3.2 Particle number concentrations 

 

tŀǊǝŎƭŜ bǳƳōŜǊ /ƻƴŎŜƴǘǊŀǝƻƴǎ όtb/ύ ƛƴ ŀƳōƛŜƴǘ ŀƛǊ ƳŜŀǎǳǊŜŘ ǿƛǘƘ 9[tLҌ ŀƴŘ {at{ ŀǊŜ 

ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ мπтŀΦ Lǘ ƛǎ ƴƻǘŀōƭŜ ǘƘŀǘ tb/ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŀŘŘƛƴƎ ǘƘŜ ŬǊǎǘ ǘŜƴ ǎǘŀƎŜǎ ƻŦ 9[tLҌ 

όŦǊƻƳ с ƴƳ ǘƻ м mƳ ƻŦ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊύ ǿŜǊŜ ƘƛƎƘŜǊ ǘƘŀƴ tb/ ƳŜŀǎǳǊŜŘ ōȅ {at{ όуΦт 

ƴƳ ς уор ƴƳ Ƴƻōƛƭƛǘȅ ŘƛŀƳŜǘŜǊύΣ ǿƘƛƭŜ 9[tLҌ tb/ ŜȄŎƭǳŘƛƴƎ ǘƘŜ ŬǊǎǘ ǎǘŀƎŜ ǎƘƻǿǎ ōŜǧŜǊ 

ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ {at{ tb/Φ ¢ƘŜ {ǇŜŀǊƳŀƴ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ tb/ ƳŜŀǎǳǊŜƳŜƴǘ ǿƛǘƘ {at{ 

ŀƴŘ 9[tLҌ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ǘŜƴ ŬǊǎǘ ǎǘŀƎŜǎ ǿŀǎ Ǌн Ґ лΦтмΣ ǿƘƛƭŜ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ŜȄŎƭǳŘƛƴƎ ǘƘŜ ŬǊǎǘ 

ǎǘŀƎŜ ǿŀǎ Ǌн Ґ лΦунΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ мπтōΦ IƛƎƘŜǊ ŎƻǊǊŜƭŀǝƻƴǎ ǿŜǊŜ ǊŜǇƻǊǘŜŘ ōȅ όIŜƭŘ Ŝǘ ŀƭΦΣ 
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нллуύΣ ǿƛǘƘ ŀ ŎƻǊǊŜƭŀǝƻƴ ŎƻŜŶŎƛŜƴǘ ƻŦ Ǌн Ґ лΦфп ōŜǘǿŜŜƴ ŀƴŘ 9[tLҌ ŀƴŘ {at{Φ Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ 

ƭƛƴŜŀǊ ŎƻǊǊŜƭŀǝƻƴ ǎƘƻǿŜŘ ŀ ǇƻǎƛǝǾŜ ōƛŀǎ ƻŦ рлу ǇŀǊǝŎƭŜǎκŎƳо ǿƘŜƴ ǘƘŜ ŬǊǎǘ ǎǘŀƎŜ ǿŀǎ 

ƛƴŎƭǳŘŜŘΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ŀǾŜǊŀƎŜ ƻǾŜǊŜǎǝƳŀǝƻƴ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ tb/ ǝƳŜ ǎŜǊƛŜǎ όCƛƎǳǊŜ мπтŀύΣ 

ǿƘŜǊŜŀǎ ƻƳƛǩƴƎ ǘƘŜ ŬǊǎǘ ǎǘŀƎŜΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ мт ƴƳ ς м mƳ ǎƛȊŜ ǊŀƴƎŜ ƛƴ 9[tLҌΣ 

ǇǊƻŘǳŎŜŘ ŀ ƴŜƎŀǝǾŜ ōƛŀǎ ƻŦ нф ІκŎƳоΦ 

¢ƘŜ t/b ƻǾŜǊŜǎǝƳŀǝƻƴ ƳŜŀǎǳǊŜŘ ǿƛǘƘ 9[tLҌ ǿŀǎ Ƴŀƛƴƭȅ ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŬǊǎǘ ǎǘŀƎŜΣ ƛƴ ǘƘŜ с 

ς мт ƴƳ ǎƛȊŜ ǊŀƴƎŜΦ ¢Ƙƛǎ ǎǘŀƎŜ Ƙŀǎ ŀ ǊŜƭŜǾŀƴǘ ǊƻƭŜ ƛƴ tb/ ōŜŎŀǳǎŜ ƛǘ ƳŜŀǎǳǊŜŘ птΦс҈ ҕ мсΦф҈ 

ƻŦ ǎǳōƳƛŎǊƻƳŜǘǊƛŎ ǇŀǊǝŎƭŜǎΦ hǘƘŜǊ ǊŜƭŜǾŀƴǘ ǎǘŀƎŜǎ ǿŜǊŜ ǎǘŀƎŜ н όмт ƴƳ ς ол ƴƳύ ǿƛǘƘ нпΦт҈ ҕ 

тΦт҈Σ ǎǘŀƎŜ о όол ς сл ƴƳύ ǿƛǘƘ моΦн ҕ млΦл҈Σ ŀƴŘ ǎǘŀƎŜ п όсл ƴƳ ς млу ƴƳύ ǿƛǘƘ сΦр ҕ рΦн҈ 

ƻŦ ǎǳōƳƛŎǊƻƳŜǘǊƛŎ ǇŀǊǝŎƭŜǎΦ ¢Ƙŀǘ ƳŜŀƴǎ ǘƘŀǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ фн҈ ƻŦ tb/ ǿŜǊŜ ŜǎǝƳŀǘŜŘ ƛƴ ǘƘŜ 

с ƴƳ π млл ƴƳ ǊŀƴƎŜΦ tŀǊǝŎǳƭŀǊƭȅΣ ǘƘŜ ƘƛƎƘŜǊ ǘƘŜ tb/Σ ǘƘŜ ƭŀǊƎŜǊ ǘƘŜ ƻǾŜǊŜǎǝƳŀǝƻƴ ǇǊƻŘǳŎŜŘ 

ōȅ ǘƘŜ ŬǊǎǘ ǎǘŀƎŜ ƻŦ 9[tLҌΦ 

Lƴ ŀŘŘƛǝƻƴΣ ǘƘŜ нпπƘ ŀǾŜǊŀƎŜ tb/ ǝƳŜ ǎŜǊƛŜǎ ŀƭǎƻ ǎƘƻǿ ǘƘŜ ƻǾŜǊŜǎǝƳŀǝƻƴ ƻōǘŀƛƴŜŘ ōȅ ǘƘŜ 

9[tLҌ ǿƘŜƴ ǎǘŀƎŜ м ǿŀǎ ƛƴŎƭǳŘŜŘΣ ǿƘŜǊŜŀǎ ŀ ōŜǧŜǊ ŀƎǊŜŜƳŜƴǘ ǿŀǎ ŦƻǳƴŘ ŜȄŎƭǳŘƛƴƎ ƛǘΣ ŀǎ 

ƻōǎŜǊǾŜŘ ƛƴ CƛƎǳǊŜ мπтŘΦ !ǘ ǘƘŜ ǘǊŀŶŎ ǊǳǎƘ ƘƻǳǊ όсΥлл ŀƴŘ муΥлл ƘύΣ 9[tLҌ tb/ ƛƴŎƭǳŘƛƴƎ ǎǘŀƎŜ 

м ƘŀŘ ŀ ƭŀǊƎŜǊ ŘƛũŜǊŜƴŎŜ ǘƘŀƴ 9[tLҌ ta/ ŜȄŎƭǳŘƛƴƎ ƛǘΦ ¢ƘŜ ǊŜƭŀǝǾŜ ŜǊǊƻǊ όǊƳǎύ ōŜǘǿŜŜƴ t/b ƻŦ 

9[tLҌ ŜȄŎƭǳŘƛƴƎ ǘƘŜ ŬǊǎǘ ǎǘŀƎŜ ŀƴŘ {at{ ǿŀǎ пмпΦо ІκŎƳоΦ 
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Figure 1-7. Comparison of PNC obtained with ELPI+ and SMPS (10 min averages) in Leipzig ς 
Germany (N=615 pairs of variables considered). A) Time series of PNC measured with ELPI+ 
including stage 1 in red, excluding stage 1 in purple, with SMPS between 8.7 nm and 835 nm 
in blue. B) Linear fit between PNC measured in SMPS and ELPI+ including stage 1 in red crosses 
and excluding stage 1 in purple circles. C) Time series of the percentage of PNC determined in 
stages of ELPI+. D) Time variation plot comparing the hourly variation of ELPI+ PNC including 
stage 1 in red, and excluding stage 1 in purple, with SMPS (8.7 nm ς 835) in blue. 

Lƴ ǎǳƳƳŀǊȅΣ ǘƘŜ ŬǊǎǘ ǎǘŀƎŜ ƻŦ ǘƘŜ ŎŀǎŎŀŘŜ ƛƳǇŀŎǘƻǊΣ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǇŀǊǝŎƭŜǎ ƛƴ ǘƘŜ 

с ƴƳ ς мт ƴƳ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ǊŀƴƎŜΣ ǇǊƻŘǳŎŜǎ ŀ ƭŀǊƎŜ ōƛŀǎ ŀƴŘ ǎƘƻǳƭŘ ƴƻǘ ōŜ ǘŀƪŜƴ ƛƴǘƻ 

ŎƻƴǎƛŘŜǊŀǝƻƴ ǿƘŜƴ ŜǎǝƳŀǝƴƎ ŀƳōƛŜƴǘ ŀƛǊ tb/ ǿƛǘƘ 9[tLҌΦ ¢Ƙƛǎ Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǘƻ ƘŀǇǇŜƴ 

ƛƴ ŀǘƳƻǎǇƘŜǊƛŎ ŀŜǊƻǎƻƭ ōȅ όIŜƭŘ Ŝǘ ŀƭΦΣ нллуύΦ ¢ƻ ŀǾƻƛŘ ŀǊǝŬŎƛŀƭ ƳŀȄƛƳŀ ŀǘ ǘƘŜ ƭƻǿŜǊ ŜƴŘ ƻŦ ǘƘŜ 

ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊǝŎƭŜǎ ŜǎǝƳŀǘŜŘ ōȅ ǘƘƛǎ ǎǘŀƎŜ ƻŦ 9[tLҌ ǎƘƻǳƭŘ ōŜ ŜȄŎƭǳŘŜŘΦ 

1.3.3 Particle number size distribution 

tb{5 ƳŜŀǎǳǊŜŘ ǿƛǘƘ 9[tLҌ ŀƴŘ {at{ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ƻƴ ŀ нпπƘ ŀǾŜǊŀƎŜ ōŀǎƛǎΦ tb/ ƎŜƴŜǊŀƭƭȅ 

ŘŜŎǊŜŀǎŜǎ ǿƛǘƘ ƛƴŎǊŜŀǎƛƴƎ ǇŀǊǝŎƭŜ ŘƛŀƳŜǘŜǊΦ {at{ ǎƘƻǿǎ Ƴƻǎǘƭȅ ǘǿƻ ƳƻŘŜǎΣ ƻƴŜ ŦǊƻƳ мл ǘƻ 

млл ƴƳ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ŦǊƻƳ млл ƴƳ ǘƻ м mƳΦ ¢ƘŜ ŬǊǎǘ ƳƻŘŜ ǊŜŀŎƘŜŘ ƻǾŜǊ мȄмло ІκŎƳо ŀƴŘ ǘƘŜ 

ǎŜŎƻƴŘ ǿŀǎ ōŜǘǿŜŜƴ мȄмлн ς мȄмло ІκŎƳоΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ tb{5 ƳŜŀǎǳǊŜŘ ōȅ 9[tLҌ ǿŀǎ 

ǳƴƛƳƻŘŀƭ ŀƴŘ ŎŜƴǘŜǊŜŘ ƛƴ ǘƘŜ ǎŜŎƻƴŘ ǎǘŀƎŜΣ ŀǊƻǳƴŘ нм ƴƳΦ CƛƎǳǊŜ мπу ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ 

ŎƻƳǇŀǊƛǎƻƴ ƻŦ ŀǾŜǊŀƎŜ tb{5 ƳŜŀǎǳǊŜŘ ǿƛǘƘ 9[tLҌ ŀƴŘ {at{ ŦǊƻƳ ŀƳōƛŜƴǘ ŀƛǊ ƛƴ ŀ ǎǳōǳǊōŀƴ 

ŀǊŜŀ ƻŦ [ŜƛǇȊƛƎΣ DŜǊƳŀƴȅΦ 
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CƛƎǳǊŜ мπуΦ bǳƳōŜǊ tŀǊǝŎƭŜ {ƛȊŜ 5ƛǎǘǊƛōǳǝƻƴ όtb{5ύ ƳŜŀǎǳǊŜŘ ǿƛǘƘ {at{ ŀƴŘ 9[tLҌ ŦǊƻƳ 

ŀƳōƛŜƴǘ ŀƛǊ ƛƴ [ŜƛǇȊƛƎΦ tǳǊǇƭŜ ŘŀǎƘŜŘ ƭƛƴŜ ƛǎ ǘƘŜ tb{5 ƻŦ 9[tLҌΣ ǘƘŜ ōƭǳŜ ƭƛƴŜ ƛǎ ǘƘŜ tb{5 ƻŦ 

{at{ ŀƴŘ ƎǊŜȅ ǎƻƭƛŘ ƭƛƴŜ ƛǎ tb{5 ōȅ 9[tL ǎǘŀƎŜǎΦ  

 

¢ƘŜ tb/ ƻǾŜǊŜǎǝƳŀǝƻƴ ǇǊƻŘǳŎŜŘ ƛƴ ǎǘŀƎŜ м ƻŦ 9[tLҌ ƎŜƴŜǊŀǘŜŘ ŀƴ ŀǊǝŬŎƛŀƭ ƳŀȄƛƳǳƳ ŦƻǊ 

ǇŀǊǝŎƭŜ ŘƛŀƳŜǘŜǊǎ ōŜƭƻǿ мл ƴƳΦ ¢ƘŜǊŜŦƻǊŜΣ tb/ ŜǎǝƳŀǘŜŘ ƛƴ ǘƘƛǎ ǎǘŀƎŜ ǿŀǎ ƴƻǘ ŎƻƴǎƛŘŜǊŜŘ ƛƴ 

ǘƘƛǎ ǎǘǳŘȅ ǘƻ ŀǎǎŜǎǎ tb{5Φ ¢ƘŜ ŀǾŜǊŀƎŜ ƳŀȄƛƳǳƳ ƴǳƳōŜǊ ƻŦ ǇŀǊǝŎƭŜǎ ǊŜŎƻǊŘŜŘ ōȅ ǘƘŜ {at{ 

ǿŀǎ носн ҕ смф ό/±Υ нс҈ύ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ нт ҕ р ƴƳΣ ǿƘƛƭŜ ǘƘŜ ŀǾŜǊŀƎŜ ƳŀȄƛƳǳƳ ƴǳƳōŜǊ ƻŦ 

ǇŀǊǝŎƭŜǎ ǊŜŎƻǊŘŜŘ ǿƛǘƘ 9[tLҌ ǿŀǎ плто ҕ мпум ό/± Ґ ос҈ύ ŎŜƴǘŜǊŜŘ ƛƴ ǎǘŀƎŜ н ŦƻǊ ŀƭƭ 

ƳŜŀǎǳǊŜƳŜƴǘ ǎŜǊƛŜǎΣ ƛƴ ǘƘŜ мт ς но ƴƳ ǇŀǊǝŎƭŜ ǎƛȊŜ ǊŀƴƎŜΦ ! ǇƻǎƛǝǾŜ ŬƴŘƛƴƎ ǿŀǎ ǘƘŀǘ ǘƘŜ 

ŘƛŀƳŜǘŜǊ ǿƘŜǊŜ ǘƘŜ ƳŀȄƛƳǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ǇŀǊǝŎƭŜǎ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ƛƴ 9[tLҌ ŀƴŘ {at{ 

ǿŜǊŜ ǎƛƳƛƭŀǊΦ IƻǿŜǾŜǊΣ ǘƘŜ ƳŀȄƛƳǳƳ tb/ ƘŀŘ ŀ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ōƻǘƘ 

ƛƴǎǘǊǳƳŜƴǘǎ όŀ ŦŀŎǘƻǊ Ϥн ƭŀǊƎŜǊ ǿƛǘƘ 9[tLҌύΦ 
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1.3.4 Volume particle size distribution 

¢ƘŜ ǇŀǊǝŎƭŜ ǾƻƭǳƳŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŦǊƻƳ {at{ ǎƘƻǿŜŘ ŀ ǳƴƛƳƻŘŀƭ ŘƛǎǘǊƛōǳǝƻƴΣ ŎŜƴǘŜǊŜŘ 

ŀǊƻǳƴŘ мфл ƴƳΣ ǿƘƛŎƘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǎǘŀƎŜ с ƻŦ 9[tLҌ ό5рл҈ Ґ мтл ƴƳύΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ 

мπфΦ ¢ƘŜ t±{5 ƳŜŀǎǳǊŜŘ ōȅ 9[tLҌ ƘŀŘ ŀ ƘƛƎƘŜǊ ǇŜŀƪ ǘƘŀƴ ǘƘŜ ƻƴŜ ƳŜŀǎǳǊŜŘ ōȅ {at{Σ 

ǎǇŜŎƛŬŎŀƭƭȅ ƴƻǝŎŜŀōƭŜ ŀǘ ǘƘŜ ŘƛŀƳŜǘŜǊ ǿƘŜǊŜ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƛǎ ŎŜƴǘŜǊŜŘΣ ōǳǘ ǿƛǘƘ ǎƛƳƛƭŀǊ 

ǿƛŘǘƘ όƻǊ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴύ ŀƴŘ ŀ ƭƻǿŜǊ ǘŀƛƭΣ ǎƘƻǿƛƴƎ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ǘƘŜ ƭƛǧƭŜ ǾƻƭǳƳŜ ƻŦ 

ŬƴŜ ǇŀǊǝŎƭŜǎΦ 

 

Figure 1-9. Volume Particle Size Distribution (VPSD) measured with SMPS and ELPI+ from 
ambient air in Leipzig. Purple dashed line is the VPSD of ELPI+, the blue line is the VPSD of 
SMPS and grey solid line is VNSD by ELPI+ stages.  

1.3.5 PM10 and PM2.5 mass concentration 

CƛƎǳǊŜ мπмл ŜȄƘƛōƛǘ ƘƻǳǊƭȅ taмл ŀƴŘ taнΦр Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻōǘŀƛƴŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ .!a 

ƻōǎŜǊǾŀǝƻƴǎ ŀƴŘ ŜǎǝƳŀǘŜŘ ŦǊƻƳ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊǝŎƭŜǎ ƳŜŀǎǳǊŜŘ ǿƛǘƘ 9[tLҌΦ taмл 

ŎƻƴŎŜƴǘǊŀǝƻƴ ŜǎǝƳŀǘŜŘ ōȅ 9[tLҌ ƛƴ [ŀǎ CŜǊƛŀǎ ǊŜǾŜŀƭŜŘ ƳǳŎƘ ƭŀǊƎŜǊ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ 

ƻǾŜǊŜǎǝƳŀǝƻƴ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ taмл ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǊŜǇƻǊǘŜŘ ōȅ .!a όCƛƎǳǊŜ мπмлŀύΦ ! 

ōŜǧŜǊ ǊŜǎǳƭǘ ǿŀǎ ƻōǘŀƛƴŜŘ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŦƻǊ taмлΣ ǿƘŜǊŜ ǘƘŜ ǝƳŜ ǎŜǊƛŜǎ ŜǎǝƳŀǘŜŘ ŦǊƻƳ 
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9[tLҌ ŦƻƭƭƻǿŜŘ ǘƘŜ .!a ǊŜǇƻǊǘŜŘ ǾŀǊƛŀǝƻƴǎ όCƛƎǳǊŜ мπмлōύΦ !ŘŘƛǝƻƴŀƭƭȅΣ 9[tLҌ ǘŜƴŘŜŘ ǘƻ 

ǳƴŘŜǊŜǎǝƳŀǘŜ taмл ŀǘ ƭƻǿ ƭƻŀŘǎ όғнр mƎκƳоύΣ ŀƴŘ ŘƛŘ ƴƻǘ ǎƘƻǿ ŀ ǎŀǝǎŦŀŎǘƻǊȅ ŀƎǊŜŜƳŜƴǘ ŀǘ 

ƘƛƎƘŜǊ ƭƻŀŘǎΣ ŀǎ ǎƘƻǿ ƛƴ CƛƎǳǊŜ мπммŀΦ 

!ǘ ōƻǘƘ ǎƛǘŜǎΣ ǘƘŜ ƭƛƴŜŀǊ Ŭǘ ōŜǘǿŜŜƴ taнΦр .!a ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿƛǘƘ ǘƘƻǎŜ ŜǎǝƳŀǘŜŘ ōȅ 9[tLҌ 

ǿŀǎ ōŜǧŜǊ ǘƘŀƴ ǘƘŀǘ ŦƻǊ taмлΦ !ǘ [ŀǎ CŜǊƛŀǎΣ ƛǘ ƘŀŘ ŀ ōŜǧŜǊ ƭƛƴŜŀǊ Ŭǘ όǎƭƻǇŜ ϤмύΣ ŘŜǎǇƛǘŜ ƘŀǾƛƴƎ 

ƳƻǊŜ ŘƛǎǇŜǊǎƛƻƴ όǊнΥлΦснύΦ !ǘ {ŀƴ /ǊƛǎǘƻōŀƭΣ ǘƘŜ ŘƛǎǇŜǊǎƛƻƴ ǿŀǎ ƭƻǿŜǊ όǊн Ґ лΦтύΣ ōǳǘ ŀ ǎƭƻǇŜ ƻŦ 

ǘƘŜ ƭƛƴŜŀǊ ǊŜƎǊŜǎǎƛƻƴ ƻŦ лΦпр ǊŜǾŜƭǎ ǘƘŀǘ 9[tLҌ ǳƴŘŜǊŜǎǝƳŀǘŜŘ taнΦр ŎƻƴŎŜƴǘǊŀǝƻƴǎ ōȅ ŀ ŦŀŎǘƻǊ 

ƻŦ Ϥн όCƛƎǳǊŜ мπммōύΦ 

 

 

Figure 1-10. PM10 (mg/m3) and PM2.5 (mg/m3) hourly mass concentrations measured with BAM 
(green line) and with ELPI+ όǇǳǊǇƭŜ ƭƛƴŜύ ƛƴ [ŀǎ CŜǊƛŀǎ ŀƴŘ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎƛǘŜǎ ƻŦ .ƻƎƻǘłΩǎ !ƛǊ 
Quality Monitoring Network. 
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Figure 1-11. Correlation of hourly concentrations of a) PM10 (mg/m3) and b) PM2.5 (mg/m3) 
measured with BAM and ELPI+ in Las Ferias (circle green) and in San Cristobal (orange 
diamonds).  

1.4 Conclusions 

¢ƘŜ ŎƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ 9[tLҌ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ǘǿƻ ƛƴǎǘǊǳƳŜƴǘǎ ǳǎŜŘ ŀǎ ǊŜŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ taмл ŀƴŘ taнΦр Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ όtb/ύΣ 
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ŀƴŘ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ όtb{5ύΣ ǿŀǎ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΦ ! Ƴƻōƛƭƛǘȅ ǇŀǊǝŎƭŜǎ 

ǎƛȊŜ ǎǇŜŎǘǊƻƳŜǘŜǊ ό{at{ύ ŀƴŘ ŀ ōŜǘŀ ƳƻƴƛǘƻǊ ŀǧŜƴǳŀǝƻƴ ό.!aύΣ ōƻǘƘ ŜƳǇƭƻȅƛƴƎ ŀƳōƛŜƴǘ ŀƛǊΣ 

ǿŜǊŜ ǳǎŜŘ ŀǎ ǘƘŜ ǊŜŦŜǊŜƴŎŜ ƛƴǎǘǊǳƳŜƴǘǎΦ  

As a result, when considering the fourteen stages of ELPI+ in the range of 6 nm to 1 

mm was counted on average 508 #/cm3 more than in the SMPS. The better fit of PNC 

measured with ELPI+ was obtained by neglecting the filter stage and just considering 

the stages two up to ten of this instrument. Therefore, the size range of PNC measured 

with ELPI+ in this study was between 17 nm up to 1 mm, assuming an underestimation 

of 29 #/cm3. The PNC overestimation obtained on the filter stage could happened by 

the bounce of particle.    

PNSD was assessed in the 17 nm ï 1 mm size range. 9[tLҌ showed a unimodal 

distribution centered an aerodynamic diameter size of 21 nm, while the reference 

instrument had a bimodal distribution, centered at 25 nm and 130 nm. ELPI+ did not 

show the second mode detected by the reference instrument. The variability of PNSD 

was 1811 Ñ 1160 #/cm3 in average (min: 525 #/cm3 - max:4453 #/cm3) around the same 

mode diameter. An advantage of this intercomparison was that the diameter in the 

highest mode of NPSD reported by ELPI+ was similar to that reported by SMPS, but 

the drawback was that the maximum number of particles in the center diameter of 

ELPI+ was a factor 2 of the observed by the SMPS.   

PVSD of an ambient aerosol measured with the 9[tLҌ and the reference instrument had 

similar distribution modes: 291 nm Ñ 31 nm with the SMPS and 260 nm with the 9[tLҌ. 

The modal geometric standard deviation was around 1.5 for both instruments. 

However, the maximum particle volume concentration estimated from ELPI+ was twice 

as high as that measured by SMPS. 

The results of this intercomparison highlight the importance of assessing the 9[tLҌ 

performance and cross-validating data from 9[tLҌ with those obtained from other 

instruments. ¢ƘŜ ǳƴŎŜǊǘŀƛƴǘȅ ƻŦ Řŀǘŀ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9[tLҌ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ŎƻǳƭŘ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻ 

ǘƘŜ ǳǎŜ ƻŦ ŀƳōƛŜƴǘ ŀƛǊΣ ǿƘƛŎƘ Ƙŀǎ ǇŀǊǝŎƭŜǎ ƛƴ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǎƛȊŜǎΣ ǿƛǘƘ ŘƛũŜǊŜƴǘ ƳƻǊǇƘƻƭƻƎȅΣ 

ŀƴŘ ǾŀǊƛŀōƭŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴΣ ǿƘƛŎƘ ŀũŜŎǘǎ ǘƘŜ ōǳƭƪ ǇŀǊǝŎƭŜ ŘŜƴǎƛǘȅΤ ōŜǎƛŘŜǎ ŘƛũŜǊŜƴŎŜǎ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ŜŀŎƘ ƛƴǎǘǊǳƳŜƴǘΩǎ ƳŜŀǎǳǊŜƳŜƴǘ ǇǊƛƴŎƛǇƭŜΦ 
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As part of future work, it is recommended to determine the bulk particle density through 

simultaneous measurements of PVSD and particle mass size distribution. In addition, 

assessing the impact of ambient particleôs morphology and shape factor (… on the 

equivalence of aerodynamic and mobility diameter would be a significant contribution. 
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YǳŀƴƎΣ /ΦΥ {ŎŀƴƴƛƴƎ aƻōƛƭƛǘȅ tŀǊǝŎƭŜ {ǇŜŎǘǊƻƳŜǘŜǊ LƴǎǘǊǳƳŜƴǘ IŀƴŘōƻƻƪΦΣ нлмсΦ 

YǳƭƪŀǊƴƛΣ tΦΣ .ŀǊƻƴΣ tΦ ŀƴŘ ²ƛƭƭƭŜƪŜΣ YΦΥ !ŜǊƻǎƻƭ aŜŀǎǳǊŜƳŜƴǘǎΦ tǊƛƴŎƛǇƭŜǎΣ ¢ŜŎƘƛƴƛǉǳŜǎ ŀƴŘ 
!ǇǇƭƛŎŀǝƻƴǎΣ ¢ƘƛǊŘ 9ŘƛǘΦΣ ŜŘƛǘŜŘ ōȅ tΦ YǳƭƪŀǊƴƛΣ tΦ .ŀǊƻƴΣ ŀƴŘ YΦ ²ƛƭƭƭŜƪŜΣ ²ƛƭŜȅΦΣ нллпΦ 

YǳƭƳŀƭŀΣ aΦΣ ²ƻǊǎƴƻǇΣ 5Φ wΦΣ [ŀŀƪǎƻƴŜƴΣ !ΦΣ IƻƭƻǇŀƛƴŜƴΣ WΦ YΦ ŀƴŘ tƻΣ ¦ΦΥ !ƴ ŀƳƻǊǇƘƻǳǎ ǎƻƭƛŘ 
ǎǘŀǘŜ ƻŦ ōƛƻƎŜƴƛŎ ǎŜŎƻƴŘŀǊȅ ƻǊƎŀƴƛŎ ŀŜǊƻǎƻƭ ǇŀǊǝŎƭŜǎΣ bŀǘǳǊŜΣ пстΣ унпςунтΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлоуκƴŀǘǳǊŜлфпррΣ нлмлΦ 

[ŜǎƪƛƴŜƴΣ WΦΣ WƻǳǘǎŜƴǎŀŀǊƛΣ WΦΣ [ȅȅǊŀΣ WΦΣ YƻƛǾƛǎǘƻΣ WΦΣ wǳǳǎǳƴŜƴΣ WΦΣ WŀΣ aΦΣ !ǳǾƛƴŜƴΣ !ΦΣ WƻƪƛƴƛŜƳƛΣ 
WΦΣ ¢ǳƻƳƛΣ ¢Φ ŀƴŘ IŀΣ YΦΥ /ƻƳǇŀǊƛǎƻƴ ƻŦ ƴŀƴƻǇŀǊǝŎƭŜ ƳŜŀǎǳǊŜƳŜƴǘ ƛƴǎǘǊǳƳŜƴǘǎ ŦƻǊ 
ƻŎŎǳǇŀǝƻƴŀƭ ƘŜŀƭǘƘ ŀǇǇƭƛŎŀǝƻƴǎΣ Σ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎммлрмπлмнπлтмуπтΣ нлмнΦ 

[ƛΣ ½ΦΣ ²ŜƛΣ ¸Φ ŀƴŘ ½ƘŀƴƎΣ ¸ΦΥ wŜǘǊƛŜǾŀƭ ƻŦ !ǘƳƻǎǇƘŜǊƛŎ CƛƴŜ tŀǊǝŎǳƭŀǘŜ 5Ŝƴǎƛǘȅ .ŀǎŜŘ ƻƴ aŜǊƎƛƴƎ 
tŀǊǝŎƭŜ {ƛȊŜ 5ƛǎǘǊƛōǳǝƻƴ aŜŀǎǳǊŜƳŜƴǘǎ Υ aǳƭǝπƛƴǎǘǊǳƳŜƴǘ hōǎŜǊǾŀǝƻƴ ŀƴŘ vǳŀƭƛǘȅ /ƻƴǘǊƻƭ 
ŀǘ {ƘƻǳȄƛŀƴΣ WΦ DŜƻǇƘȅǎΦ wŜǎΦ !ǘƳƻǎΦΣ мноόмнύΣ птпςпууΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнфκнлмуW5лнуфрсΣ нлмуΦ 

[ƛƴƎŀǊŘΣ WΦ WΦ bΦΣ !ƎǳǎΣ 9Φ [ΦΣ ¸ƻǳƴƎΣ 5Φ ¢ΦΣ !ƴŘǊŜǿǎΣ 9Φ ŀƴŘ ¢ƻƳƭƛƴΣ !Φ {ΦΥ hōǎŜǊǾŀǝƻƴǎ ƻŦ ǳǊōŀƴ 
ŀƛǊōƻǊƴŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŘǳǊƛƴƎ ǊǳǎƘπƘƻǳǊ ŎƻƴŘƛǝƻƴǎ Υ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ƴǳƳōŜǊ 
ōŀǎŜŘ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ŀƴŘ ƳƻŘŀƭ ǇŀǊŀƳŜǘŜǊǎΣ Σ мнлоςмнмуΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлофκōсммптфōΣ нллсΦ 

aŀǊƧŀƳŀΣ aΦΣ YŜǎƪƛƴŜƴΣ wΦ WΦΣ /ƘŜƴΣ {Φ !Φ 5Φ ŀƴŘ tǳƛΣ 5Φ ¸Φ IΦΥ tŜǊŦƻǊƳŀƴŎŜ ŜǾŀƭǳŀǝƻƴ ƻŦ ǘƘŜ 
ŜƭŜŎǘǊƛŎŀƭ ƭƻǿ ǇǊŜǎǎǳǊŜ ƛƳǇŀŎǘƻǊ ό9[tLύΣ WΦ !ŜǊƻǎƻƭ {ŎƛΦΣ омόнύΣ нпфςнсмΣ нлллΦ 

aŎƳǳǊǊȅΣ tΦ IΦΥ ! ǊŜǾƛŜǿ ƻŦ ŀǘƳƻǎǇƘŜǊƛŎ ŀŜǊƻǎƻƭ ƳŜŀǎǳǊŜƳŜƴǘǎ Σ Σ опΣ нлллΦ 

tŀƎŜƭǎΣ WΦΣ DǳŘƳǳƴŘǎǎƻƴΣ !ΦΣ DǳǎǘŀǾǎǎƻƴΣ 9ΦΣ !ǎƪƛƴƎΣ [ΦΣ .ƻƘƎŀǊŘΣ aΦΣ tŀƎŜƭǎΣ WΦΣ DǳŘƳǳƴŘǎǎƻƴΣ 
!ΦΣ DǳǎǘŀǾǎǎƻƴΣ 9ΦΣ !ǎƪƛƴƎΣ [Φ ŀƴŘ .ƻƘƎŀǊŘΣ aΦΥ 9Ǿŀƭǳŀǝƻƴ ƻŦ !ŜǊƻŘȅƴŀƳƛŎ tŀǊǝŎƭŜ {ƛȊŜǊ ŀƴŘ 
9ƭŜŎǘǊƛŎŀƭ [ƻǿπtǊŜǎǎǳǊŜ LƳǇŀŎǘƻǊ ŦƻǊ ¦ƴƛƳƻŘŀƭ ŀƴŘ .ƛƳƻŘŀƭ aŀǎǎπ²ŜƛƎƘǘŜŘ {ƛȊŜ 5ƛǎǘǊƛōǳǝƻƴǎ 
9Ǿŀƭǳŀǝƻƴ ƻŦ !ŜǊƻŘȅƴŀƳƛŎ tŀǊǝŎƭŜ {ƛȊŜǊ ŀƴŘ 9ƭŜŎǘǊƛŎŀƭ [ƻǿπtǊŜǎǎǳǊŜ LƳǇŀŎǘƻǊ ŦƻǊ ¦ƴƛƳƻŘŀƭ 
ŀƴŘ .ƛƳƻŘŀƭ aŀǎǎπ²ŜƛƎƘǘŜŘ {ƛΣ Σ сунсΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκлнтусунлрллнфрсттΣ нллтΦ 

tǊƛŎŜΣ IΦ 5ΦΣ {ǘŀƘƭƳŜŎƪŜΣ .ΦΣ !ǊǘƘǳǊΣ wΦΣ YŀƳƛƴǎƪƛΣ IΦΣ [ƛƴŘŜǊƳŀƴƴΣ WΦΣ 5ŅǳōŜǊΣ 9ΦΣ !ǎōŀŎƘΣ /ΦΣ 
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YǳƘƭōǳǎŎƘΣ ¢Φ !Φ WΦΣ .ŞǊǳōŞΣ YΦ !Φ ŀƴŘ WƻƴŜǎΣ ¢Φ tΦΥ /ƻƳǇŀǊƛǎƻƴ ƻŦ ƛƴǎǘǊǳƳŜƴǘǎ ŦƻǊ ǇŀǊǝŎƭŜ 
ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ ŀƛǊ ǉǳŀƭƛǘȅ ƳƻƴƛǘƻǊƛƴƎΣ WΦ !ŜǊƻǎƻƭ {ŎƛΦΣ тсΣ пуςррΣ 
нлмпΦ 

{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜ ό{5!ύΥ LƴŦƻǊƳŜ ŀƴǳŀƭ ŘŜ ŎŀƭƛŘŀŘ ŘŜƭ ŀƛǊŜ Ŝƴ .ƻƎƻǘł нлмтΣ 
.ƻƎƻǘł 5Φ/Φ ƘǧǇΥκκǊƳŎŀōΦŀƳōƛŜƴǘŜōƻƎƻǘŀΦƎƻǾΦŎƻκtŀƎŜǎŬƭŜǎκмулслмψLƴŦƻǊƳŜ !ƴǳŀƭ 
нлмтψ±сΦǇŘŦΣ нлмтΦ 

{ŜƛƴŦŜƭŘΣ WΦ IΦ ŀƴŘ tŀƴŘƛǎΣ {Φ bΦΥ !ǘƳƻǎǇƘŜǊƛŎ CǊƻƳ !ƛǊ tƻƭƭǳǝƻƴ ǘƻ /ƭƛƳŀǘŜ /ƘŀƴƎŜΣ н ƴŘΦΣ нллсΦ 

{ƘŜƴΣ {ΦΣ WŀǉǳŜǎΣ tΦ !ΦΣ ½ƘǳΣ ¸ΦΣ DŜƭƭŜǊΣ aΦ 5Φ ŀƴŘ {ƛƻǳǘŀǎΣ /ΦΥ 9Ǿŀƭǳŀǝƻƴ ƻŦ ǘƘŜ {at{π!t{ ǎȅǎǘŜƳ 
ŀǎ ŀ Ŏƻƴǝƴǳƻǳǎ ƳƻƴƛǘƻǊ ŦƻǊ ƳŜŀǎǳǊƛƴƎ taнΦрΣ taмл ŀƴŘ ŎƻŀǊǎŜ όtaнΦрπмлύ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ 
!ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ осόнпύΣ офофςофрлΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{морнπномлόлнύллоолπуΣ нллнΦ 

¢ƘŜǊƴŜŀǳΣ ¢ΦΥ ¢ƻǘŀƭ [Ŝŀǎǘ {ǉǳŀǊŜǎ Υ 5ŜƳƛƴƎ Σ ¢ƘŜƛƭπ{Ŝƴ Σ ŀƴŘ tŀǎǎƛƴƎπ.ŀōƭƻŎƪ wŜƎǊŜǎǎƛƻƴ 
DŜƴŜǊŀƭƛȊŜŘ 5ŜƳƛƴƎ ǊŜƎǊŜǎǎƛƻƴΦΣ нлмуΦ 

²ŀƭƭŀŎŜΣ [ΦΥ ¦ƭǘǊŀŬƴŜ tŀǊǝŎƭŜǎ Υ ! wŜǾƛŜǿΦΣ нллфΦ 

²ŀƭǘŜǊΣ WΦΥ {ƛȊŜ 5ƛǎǘǊƛōǳǝƻƴ /ƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ !ŜǊƻǎƻƭǎΣ ƛƴ !ŜǊƻǎƻƭ aŜŀǎǳǊŜƳŜƴǘΥ tǊƛƴŎƛǇƭŜǎΣ 
¢ŜŎƘƴƛǉǳŜǎΣ ŀƴŘ !ǇǇƭƛŎŀǝƻƴǎΥ ¢ƘƛǊŘ 9ŘƛǝƻƴΣ ǇǇΦ пмςрпΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκфтумммуллмсупΦŎƘпΣ Σ нлммΦ 

¸ƭƛπƻƧŀƴǇŜǊΣ WΦΥ /ŀƭƛōǊŀǝƻƴ ƻŦ !ŜǊƻǎƻƭ LƴǎǘǊǳƳŜƴǘǎ ƛƴ ŀ ²ƛŘŜ tŀǊǝŎƭŜ {ƛȊŜ wŀƴƎŜΣ ¢ŀƳǇŜǊŜ 
¦ƴƛǾŜǊǎƛǘȅ ƻŦ ¢ŜŎƘƴƻƭƻƎȅΣ нлмнΦ 

¸ƭƛπƻƧŀƴǇŜǊŅΣ WΦΣ YŀƴƴƻǎǘƻΣ WΦΣ aŀǊƧŀƳŅƪƛΣ aΦ ŀƴŘ YŜǎƪƛƴŜƴΣ WΦΥ LƳǇǊƻǾƛƴƎ ǘƘŜ bŀƴƻǇŀǊǝŎƭŜ 
wŜǎƻƭǳǝƻƴ ƻŦ ǘƘŜ 9[tLΣ Σ ослςоссΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦпнлфκŀŀǉǊΦнллфΦмлΦллслΣ нлмлΦ 

½ƘŀƴƎΣ vΦΣ /ŀƴŀƎŀǊŀǘƴŀΣ aΦ wΦΣ WŀȅƴŜΣ WΦ ¢Φ ŀƴŘ ²ƻǊǎƴƻǇΣ 5Φ wΦΥ ¢ƛƳŜπ ŀƴŘ ǎƛȊŜπǊŜǎƻƭǾŜŘ 
ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǎǳōƳƛŎǊƻƴ ǇŀǊǝŎƭŜǎ ƛƴ tƛǧǎōǳǊƎƘ Υ LƳǇƭƛŎŀǝƻƴǎ ŦƻǊ ŀŜǊƻǎƻƭ ǎƻǳǊŎŜǎ 
ŀƴŘ ǇǊƻŎŜǎǎŜǎΣ Σ ммлΣ мςмфΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнфκнллпW5ллпспфΣ нллрΦ 
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1.6 Supplementary information  

Table S1. Time periods during the intercomparison between ELPI+ and SMPS. 

# Item Start date End date No rows ELPI No rows SMPS Diameter

1 07/03/2019 21:00 07/03/2019 23:00 148 36 Aerodynamic

2 08/03/2019 0:01 08/03/2019 8:00 536 108 Aerodynamic

3 11/03/2019 16:00 11/03/2019 23:00 472 96 Stockes

4 12/03/2019 0:01 12/03/2019 8:00 535 108 Stockes

5 12/03/2019 11:00 12/03/2019 21:00 654 131 Stockes

6 13/03/2019 0:01 13/03/2019 8:00 535 108 Stockes

7 13/03/2019 10:00 13/03/2019 23:00 833 168 Stockes

8 14/03/2019 0:01 14/03/2019 8:00 535 108 Stockes

9 14/03/2019 10:00 14/03/2019 23:00 833 168 Aerodynamic

10 15/03/2019 0:01 14/03/2019 14:00 860 179 Aerodynamic

PERIODS OF INTERCOMPARISON

 

 

Figure S1. ELPI+ operating parameter 
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нΦ bǳƳōŜǊ /ƻƴŎŜƴǘǊŀǝƻƴΣ {ƛȊŜ 5ƛǎǘǊƛōǳǝƻƴ ŀƴŘ [ǳƴƎπ5ŜǇƻǎƛǘŜŘ 
{ǳǊŦŀŎŜ !ǊŜŀ ƻŦ !ƳōƛŜƴǘ tŀǊǝŎƭŜǎ ƛƴ ¦Ǌōŀƴ !ǊŜŀǎ ƻŦ .ƻƎƻǘł π 
/ƻƭƻƳōƛŀ 

2.1. Introduction 

!ƴŀƭȅȊƛƴƎ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŀŜǊƻǎƻƭǎ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 

ǘƘŜƛǊ ŜũŜŎǘǎ ƻƴ ōƻǘƘ ƘǳƳŀƴ ƘŜŀƭǘƘ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ 5ŜǇŜƴŘƛƴƎ ƻƴ ƛǘǎ ǎƛȊŜ ŀƴŘ ŎƻƳǇƻǎƛǝƻƴΣ 

ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ Ƴŀȅ ƛƳǇŀŎǘ ƘǳƳŀƴ ƘŜŀƭǘƘ ǘƘǊƻǳƎƘ ŎƘŀƴƎŜǎ ƛƴ мύ ǘƘŜ ŀǳǘƻƴƻƳƛŎ ƴŜǊǾƻǳǎ ǎȅǎǘŜƳϥǎ 

ŦǳƴŎǝƻƴǎΣ нύ ǇǳƭƳƻƴŀǊȅ ŦǳƴŎǝƻƴΣ оύ ǘƘŜ ǝǎǎǳŜǎ ŀƴŘ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ƭǳƴƎǎΣ ŀƴŘ пύ ǘƘŜ ǊŜǎǇƛǊŀǘƻǊȅ 

ǎȅǎǘŜƳϥǎ ŘŜŦŜƴǎŜ ƳŜŎƘŀƴƛǎƳǎ Ƴŀȅ ƘŀǾŜ ŀƴ ƛƳǇŀŎǘ ƻƴ ǇƻǇǳƭŀǝƻƴ ƘŜŀƭǘƘ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ ǇǊŜƳŀǘǳǊŜ 

ƳƻǊǘŀƭƛǘȅ ŀƴŘ ǘƘŜ ŜȄŀŎŜǊōŀǝƻƴ ƻŦ ǊŜǎǇƛǊŀǘƻǊȅ ŀƴŘ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜǎΦ 

! ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ƘŀǾŜ ŦƻŎǳǎŜŘ ƻƴ ǊŜƭŀǝƴƎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ŬƴŜ όŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ 

ƭŜǎǎ ǘƘŀƴ нΦр mƳύ ŀƴŘ ǳƭǘǊŀŬƴŜ όŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ƭŜǎǎ ǘƘŀƴ млл ƴƳύ ǇŀǊǝŎƭŜǎ ǿƛǘƘ ƳƻǊǘŀƭƛǘȅ ŀƴŘ 

ƳƻǊōƛŘƛǘȅ ǊŀǘŜǎ ƻŦ ǘƘŜ ǇƻǇǳƭŀǝƻƴΣ ŘŜƳƻƴǎǘǊŀǝƴƎ ǘƘŀǘ ŬƴŜ ǇŀǊǝŎƭŜǎ ƘŀǾŜ ǎƘƻǊǘ ǘŜǊƳ ƘŜŀƭǘƘ ŜũŜŎǘǎ ŀƴŘ 

ǳƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜǎ ƘŀǾŜ ƭƻƴƎπǘŜǊƳ ŜũŜŎǘǎ aƻǊŀǿǎƪŀ Ŝǘ ŀƭΦΣ нллпΤ tŜƪƪŀƴŜƴ Ŝǘ ŀƭΦΣ нлллύΦ tŀǊǘ ƻŦ ǘƘŜ 

ǎƘƻǊǘπǘŜǊƳ ƛƳǇŀŎǘǎ ŀǊŜ ŘŜŀǘƘ ŀƴŘ ǊŜǎǇƛǊŀǘƻǊȅ ŘƛǎŜŀǎŜǎΣ ǿƘƛƭŜ ƭƻƴƎπǘŜǊƳ ŜũŜŎǘǎ ƛƴŎƭǳŘŜ ǊŜǎǇƛǊŀǘƻǊȅ ŀƴŘ 

ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŘƛǎŜŀǎŜǎΦ 

!ƛǊōƻǊƴŜ ŀŜǊƻǎƻƭǎ Ŏŀƴ ōŜ ŎŀǘŜƎƻǊƛȊŜŘ ƛƴǘƻ ŦƻǳǊ ƳƻŘŜǎΥ ƴǳŎƭŜƛΣ !ƛǘƪŜƴΣ ŀŎŎǳƳǳƭŀǝƻƴΣ ŀƴŘ ŎƻŀǊǎŜ ƳƻŘŜǎΣ 

ōŀǎŜŘ ƛƴ ǘƘŜ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ǎƛȊŜΣ ŀǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ CƛƎǳǊŜ нπмΦ {ƻǳǊŎŜǎΣ ǘƻǇƻƎǊŀǇƘȅΣ ŀƴŘ 

ŀǘƳƻǎǇƘŜǊƛŎ ŎƻƴŘƛǝƻƴǎ ƛƴƅǳŜƴŎŜ ǘƘŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŀƛǊōƻǊƴŜ ǇŀǊǝŎƭŜǎΦ {ƻƳŜ ƻŦ ǘƘŜ ŦŀŎǘƻǊǎ 

ŀũŜŎǝƴƎ ǘƘŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŀƛǊōƻǊƴŜ ŀŜǊƻǎƻƭǎ ŀǊŜΥ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǇƻǊΣ ŎƻŀƎǳƭŀǝƻƴ ŀƴŘ 

ŎƻƴŘŜƴǎŀǝƻƴ ǇǊƻŎŜǎǎŜǎΣ ŀƎƎǊŜƎŀǘŜ ŦƻǊƳŀǝƻƴΣ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻŎŜǎǎŜǎΣ ǇǊŜŎƛǇƛǘŀǝƻƴ ǿŀǎƘƻǳǘ ŀƴŘ 

ǎŜŘƛƳŜƴǘŀǝƻƴ ό{ŜƛƴŦŜƭŘ ŀƴŘ tŀƴŘƛǎΣ нллсύΦ  
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Figure 2-1. Multimodal distribution of aerosols in ambient air weighted by number, surface area and 
particle mass size distribution. Source (Lefol et al., 2015).  

¢ƘŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŀƳōƛŜƴǘ ŀŜǊƻǎƻƭ ōŀǎŜŘ ƻƴ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ƛǎ ŘƛũŜǊŜƴǘ ŦǊƻƳ ǘƘŀǘ ōŀǎŜŘ ƻƴ 

ǎǳǊŦŀŎŜ ŀǊŜŀΣ ǾƻƭǳƳŜ ƻǊ ƳŀǎǎΦ tŀǊǝŎƭŜǎ ǎƳŀƭƭŜǊ ǘƘŀƴ лΦм mƳ ƘƛƎƘƭȅ ŀũŜŎǘ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ōǳǘ ƛǘǎ ŜũŜŎǘ 

ƻƴ ǾƻƭǳƳŜ ŀƴŘ Ƴŀǎǎ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ƛǎ ƴŜƎƭƛƎƛōƭŜΣ ŀǎ ƛƴŘƛŎŀǘŜŘ ǿƛǘƘ ǘƘŜ ǎƻƭƛŘ ōƭǳŜ ƭƛƴŜ όƴǳƳōŜǊ ǎƛȊŜ 

ŘƛǎǘǊƛōǳǝƻƴύ ŀƴŘ ōƭŀŎƪ ŘƻǧŜŘ ƭƛƴŜ όƳŀǎǎ ŘƛǎǘǊƛōǳǝƻƴύΦ ¢ƘŜ ƴǳŎƭŜƛ ƳƻŘŜ όǇŀǊǝŎƭŜǎ ǊŀƴƎŜ ƛƴ ŘƛŀƳŜǘŜǊ 

ŦǊƻƳ р ǘƻ нл ƴƳύΣ ŀƴŘ ǘƘŜ !ƛǘƪŜƴ ƳƻŘŜ όǇŀǊǝŎƭŜǎ ǊŀƴƎŜ ƛƴ ŘƛŀƳŜǘŜǊ ƻŦ нл ǘƻ млл ƴƳύ ŘƻƳƛƴŀǘŜ ǘƘŜ 

ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΣ ǿƘŜǊŜŀǎ ŀŎŎǳƳǳƭŀǝƻƴ ŀƴŘ ŎƻŀǊǎŜ ƳƻŘŜǎ ƎƻǾŜǊƴ ǾƻƭǳƳŜ ŀƴŘ Ƴŀǎǎ ǎƛȊŜ 

ŘƛǎǘǊƛōǳǝƻƴǎΦ 

bǳŎƭŜƛ ƳƻŘŜ ǇŀǊǝŎƭŜǎ ŀǊŜ ǳǎǳŀƭƭȅ ŦǊŜǎƘ ŀŜǊƻǎƻƭǎ ŎǊŜŀǘŜŘ ƛƴ ǎƛǘǳ ŦǊƻƳ ǘƘŜ Ǝŀǎ ǇƘŀǎŜ ōȅ ƴǳŎƭŜŀǝƻƴΣ ŀƴŘ 

ǘƘŜƛǊ ǇǊŜǎŜƴŎŜ ŘŜǇŜƴŘǎ ƻƴ ŀǘƳƻǎǇƘŜǊƛŎ ŎƻƴŘƛǝƻƴǎΦ ¢ƘŜ !ƛǘƪŜƴ ƳƻŘŜ ǎǘŀǊǘǎ ŀǎ ǇǊƛƳŀǊȅ ǇŀǊǝŎƭŜǎ ŀƴŘ 

ǎŜŎƻƴŘŀǊȅ ƳŀǘŜǊƛŀƭ ŎƻƴŘŜƴǎŜŘ ƻƴǘƻ ŜȄƛǎǝƴƎ ǇŀǊǝŎƭŜǎΦ [ŀǊƎŜǊ !ƛǘƪŜƴ ǇŀǊǝŎƭŜǎ ŀǊŜ ǎǳǎŎŜǇǝōƭŜ ǘƻ ƎǊƻǿ 

ŀƴŘ ŦƻǊƳ ǇŀǊǘ ƻŦ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƳƻŘŜ ƻŦ ǘƘŜ Ƴŀǎǎ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΦ ¢ƘŜ Ƴŀƛƴ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ǇŀǊǝŎƭŜ 

ƎǊƻǿǘƘ ŀǊŜ ŎƻŀƎǳƭŀǝƻƴ ŀƴŘ ŎƻƴŘŜƴǎŀǝƻƴ ƻŦ ǾŀǇƻǊǎΦ /ƻŀƎǳƭŀǝƻƴ ƛǎ ŀ ǎƭƻǿ ǇǊƻŎŜǎǎ ŀƴŘ ŘƻŜǎ ƴƻǘ 

ǊŜǇǊŜǎŜƴǘ ǘƘŜ Ƴŀƛƴ ƳŜǘƘƻŘ ǘƻ ǘǊŀƴǎŦŜǊ !ƛǘƪŜƴπƳƻŘŜ ǇŀǊǝŎƭŜǎ ǘƻ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƳƻŘŜ ό{ŜƛƴŦŜƭŘ ŀƴŘ 

tŀƴŘƛǎΣ нллсύΦ 
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¢ƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƳƻŘŜ ǊŀƴƎŜǎ ƛƴ ǎƛȊŜ ŦǊƻƳ ǊƻǳƎƘƭȅ млл ǘƻ мллл ƴƳ όм mƳύΦ ¢ƘŜǎŜ ǇŀǊǝŎƭŜǎ ŀǊŜ ŘŜǊƛǾŜŘ 

ŦǊƻƳ !ƛǘƪŜƴπƳƻŘŜ ǇŀǊǝŎƭŜǎ ǘƘŀǘ ƎǊƻǿ ōȅ ƘŜǘŜǊƻƎŜƴƻǳǎ ŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴǎΦ ¢ƘŜ ǊŜǎƛŘŜƴŎŜ ǝƳŜ ƻŦ 

ŀŎŎǳƳǳƭŀǝƻƴ ǇŀǊǝŎƭŜǎ ƛǎ ƭŀǊƎŜǊ ǘƘŀƴ bǳŎƭŜƛ ŀƴŘ !ƛǘƪŜƴ ǇŀǊǝŎƭŜǎΣ ǘƘŜǊŜŦƻǊŜΣ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǳƴŘǎ 

ŜȄƛǎǝƴƎ ƛƴ ǘƘŜǎŜ ǇŀǊǝŎƭŜǎ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ǘǊŀŎŜǊǎ ƻŦ ǎǇŜŎƛŬŎ ǎƻǳǊŎŜǎ ƻƴ ŎƻƴǘŀƳƛƴŀǝƻƴ ōȅ ŀǘƳƻǎǇƘŜǊƛŎ 

ǘǊŀƴǎōƻǳƴŘŀǊȅΦ ¢ƘŜ ŎƻŀǊǎŜ ƳƻŘŜ Ŏƻƴǎƛǎǘǎ ƻŦ ǇŀǊǝŎƭŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ŀōƻǳǘ м Ƴ˃Φ ¢ƘŜǎŜ ǊŜƭŀǝǾŜƭȅ ƭŀǊƎŜ 

ǇŀǊǝŎƭŜǎ ŀǊŜ ŦƻǊƳŜŘ ōȅ ǎƻƛƭ ŜǊƻǎƛƻƴ ŀƴŘ ƳŀǊƛƴŜ ŀŜǊƻǎƻƭǎΦ /ƻŀǊǎŜ ƳƻŘŜ ŎƻƴǘǊƛōǳǘŜǎ ƴŜƎƭƛƎƛōƭŜ ƛƴ ǘƘŜ 

ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ōǳǘ ƴƻǘŜǿƻǊǘƘȅ ƛƴ ǾƻƭǳƳŜ ŀƴŘ Ƴŀǎǎ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΦ ¢ƘŜ ǇŀǊŀƳŜǘŜǊǎ ǘƻ 

ŘŜǎŎǊƛōŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŀǊŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ όbƛύΣ ƳŜŘƛŀƴ ŘƛŀƳŜǘŜǊ ό5Ǉƛύ ŀƴŘ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴ 

ƻŦ ǘƘŜ ƭƻƎƴƻǊƳŀƭ ƳƻŘŜ όsύΦ  

 

ǎƘƻǿǎ ǘƘŜ ǎƛȊŜ ǊŀƴƎŜ ŘŜŬƴƛǝƻƴǎ ŦƻǊ ŀǘƳƻǎǇƘŜǊƛŎ ǇŀǊǝŎƭŜǎΦ ¢ƘǳǎΣ ǇŀǊǝŎƭŜǎ ƭŀǊƎŜǊ ǘƘŀƴ нΦр mƳ ŀǊŜ ŎŀƭƭŜŘ 

ŀǎ ŎƻŀǊǎŜ ǇŀǊǝŎƭŜǎ όtaмл πнΦрύΣ ŀƴŘ ǘƘƻǎŜ ǎƳŀƭƭŜǊ ǘƘŀƴ ǘƘƛǎ ǎƛȊŜ ŀǊŜ ŎƭŀǎǎƛŬŜŘ ŀǎ ŬƴŜ ǇŀǊǝŎƭŜǎ όtaнΦрύΦ 

tŀǊǝŎƭŜǎ ǿƛǘƘ ŘƛŀƳŜǘŜǊǎ ǎƳŀƭƭŜǊ ǘƘŀƴ лΦм mƳΣ ŀǊŜ ŎƭŀǎǎƛŬŜŘ ŀǎ ǳƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜǎ όtaлΦмύΦ CƛƴŜ ǇŀǊǝŎƭŜǎ 

ƛƴŎƭǳŘŜ Ƴƻǎǘ ƻŦ ǘƘŜ ǘƻǘŀƭ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŀƴŘ ǎǳǊŦŀŎŜ ŀǊŜŀΦ 

 

/ƻŀǊǎŜ ǇŀǊǝŎƭŜǎ ŀǊŜ Ƴŀƛƴƭȅ ǇǊƻŘǳŎŜŘ ōȅ ƳŜŎƘŀƴƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ŀƴŘ Ŏƻƴǎƛǎǘ ƻŦ ǎƻƛƭ ŘǳǎǘΣ ǎŜŀ ǎŀƭǘΣ ƅȅ ŀǎƘΣ 

ǝǊŜ ŀƴŘ ōǊŜŀƪ ǿŜŀǊ ǇŀǊǝŎƭŜǎΦ ¢ƘŜ !ƛǘƪŜƴ ŀƴŘ ŀŎŎǳƳǳƭŀǝƻƴ ǇŀǊǝŎƭŜǎ Ŏƻƴǘŀƛƴ ǇǊƛƳŀǊȅ ǇŀǊǝŎƭŜǎ ŦǊƻƳ 

ŎƻƳōǳǎǝƻƴ ǎƻǳǊŎŜǎ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ŀŜǊƻǎƻƭ ƳŀǘŜǊƛŀƭǎ όǎǳƭŦŀǘŜΣ ƴƛǘǊŀǘŜΣ ŀƳƳƻƴƛǳƳΣ ǎŜŎƻƴŘŀǊȅ ƻǊƎŀƴƛŎǎύ 

ŦƻǊƳŜŘ ōȅ ŎƘŜƳƛŎŀƭ ǊŜŀŎǝƻƴǎ ǊŜǎǳƭǝƴƎ ŦǊƻƳ Ǝŀǎ ǘƻ ǇŀǊǝŎƭŜ ŎƻƴǾŜǊǎƛƻƴ ό{ŜƛƴŦŜƭŘ ŀƴŘ tŀƴŘƛǎΣ нллсύΦ 

 

¦ƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜǎ ƘŀǾŜ ŀ ƘƛƎƘŜǊ ǎǳǊŦŀŎŜ ŀǊŜŀ ǇŜǊ ǳƴƛǘ ǾƻƭǳƳŜ ǘƘŀƴ ƭŀǊƎŜǊ ǇŀǊǝŎƭŜǎΣ ƳŀƪƛƴƎ ǘƘŜƳ ƳƻǊŜ 

ŀōƭŜ ǘƻ ŀŘǎƻǊō ƻǊƎŀƴƛŎ ŎƘŜƳƛŎŀƭǎΣ ǎƻƳŜ ƻŦ ǿƘƛŎƘ Ƴŀȅ ōŜ ŎŀǊŎƛƴƻƎŜƴƛŎΣ ŀƴŘ Ŏŀƴ ōŜ Ŝŀǎƛƭȅ ŀōǎƻǊōŜŘ ŀƴŘ 

ŘŜǇƻǎƛǘŜŘ ƛƴ ǘƘŜ ŘŜŜǇŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ǊŜǎǇƛǊŀǘƻǊȅ ǘǊŀŎǘǎΣ ƛΦŜΦΣ ŀƭǾŜƻƭƛ όYǳƳŀǊ Ŝǘ ŀƭΦΣ нлмлύΦ 5ǳŜ ǘƻ ǘƘŜ 

ƘŜŀƭǘƘ ƛƳǇƭƛŎŀǝƻƴǎ ƻŦ ǳƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜǎΣ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜƛǊ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ Ƙŀǎ ƛƳǇǊƻǾŜŘ 

ŎƻƴǎƛŘŜǊŀōƭȅ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘΣ ŀǎ ǎƘƻǿǎ όYǳƭƳŀƭŀ Ŝǘ ŀƭΦΣ нллпύΦ ¢Ƙƛǎ Ƙŀǎ ƭŜŘ ǘƻ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ 

ǎǘŀƴŘŀǊŘǎ ŦƻǊ ŀǳǘƻƳƻǝǾŜ ŜƳƛǎǎƛƻƴǎΦ IƻǿŜǾŜǊΣ ƴƻ ƎǳƛŘŜƭƛƴŜǎ ƻǊ ǊŜƎǳƭŀǘƻǊȅ ƭƛƳƛǘǎ ŦƻǊ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ŀƳōƛŜƴǘ ŀƛǊ ƘŀǾŜ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘΦ ¢ƘŜ ƭŀŎƪ ƻŦ ǎǘŀƴŘŀǊŘ ǇǊƻŎŜŘǳǊŜǎ ŀƴŘ ŜǉǳƛǇƳŜƴǘΣ 

ŀǎ ǿŜƭƭ ŀǎ ǳƴŎŜǊǘŀƛƴǘȅ ƛƴ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ǊŜǇŜŀǘŀōƛƭƛǘȅ ŀƴŘ ǊŜǇǊƻŘǳŎƛōƛƭƛǘȅΣ ŀƴŘ ƛƴǎǳŶŎƛŜƴǘ ƭƻƴƎ ǘŜǊƳ 

ƳƻƴƛǘƻǊƛƴƎ ǎǘǳŘƛŜǎΣ ŀǊŜ ǎƻƳŜ ƻŦ ǘƘŜ ƳŀƧƻǊ ǘŜŎƘƴƛŎŀƭ ƭƛƳƛǘŀǝƻƴǎ ǘƻ ŘŜŬƴŜ ǎǘŀƴŘŀǊŘǎ ŦƻǊ ǳƭǘǊŀŬƴŜ 

ǇŀǊǝŎƭŜǎ ƛƴ ŀƳōƛŜƴǘ ŀƛǊΦ [ƻŎŀƭ ǘŀǊƎŜǘ ǾŀƭǳŜǎΣ ŜǎǘŀōƭƛǎƘŜŘ ōȅ ƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƎŜƴŎƛŜǎΣ ƳƛƎƘǘ ōŜ 

ƘŜƭǇŦǳƭ ŀǎ ŀ ǘŜƳǇƻǊŀǊȅ ƳŜŀǎǳǊŜ ŦƻǊ Ǉƻƭƭǳǘŀƴǘǎ ǘƘŀǘ ŀǊŜ ƴƻǘ ȅŜǘ ǎǳōƧŜŎǘ ǘƻ ǊŜƎǳƭŀǝƻƴ ό9ǳǊƻǇŜŀƴ 

/ƻƳƳƛǎǎƛƻƴΣ нлнмύΦ 
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¢ƘŜ ǘƻȄƛŎƛǘȅ ƻŦ ŎƘŜƳƛŎŀƭ ŎƻƴǎǝǘǳŜƴǘǎ ŀƴŘ ǘƘŜ ǇŀǊǝŎƭŜϥǎ ŀōƛƭƛǘȅ ǘƻ ŜƴǘŜǊ ǘƘŜ ŀƭǾŜƻƭŀǊ ǊŜƎƛƻƴ ƻŦ ǘƘŜ ƭǳƴƎǎ 

ŘŜǘŜǊƳƛƴŜ Ƙƻǿ ƘŀǊƳŦǳƭ ǘƘŜ ǇŀǊǝŎƭŜǎ ŀǊŜΣ ōŜŎŀǳǎŜ ǘƘƛǎ ǿŀȅ ǘƘŜ ǘƻȄƛŎ ŎƻƴǎǝǘǳŜƴǘǎ Ŏŀƴ ŜƴǘŜǊ ǘƘŜ 

ŎƛǊŎǳƭŀǘƻǊȅ ǎȅǎǘŜƳ ŀƴŘ ŘƛǎǎŜƳƛƴŀǘŜ ǘƻ ƻǊƎŀƴǎ ƭƛƪŜ ǘƘŜ ōǊŀƛƴΦ Lƴ ǘƘƛǎ ǊŜƎŀǊŘΣ ǘƘŜ LƴǘŜǊƴŀǝƻƴŀƭ /ƻƳƳƛǎǎƛƻƴ 

ƻƴ wŀŘƛƻƭƻƎȅ tǊƻǘŜŎǝƻƴ όLw/tύ Ƙŀǎ ǇǳōƭƛǎƘŜŘ ǘƘŜ ǊŀǘŜ ŘŜǇƻǎƛǝƻƴ ŦǊŀŎǝƻƴ ƻŦ ǇŀǊǝŎƭŜǎ ŦƻǊ ǘƘŜ ƘǳƳŀƴ 

ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳ ƛƴ ǘƘŜ ƘŜŀŘ ŀƛǊǿŀȅǎΣ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭΣ ŀƴŘ ŀƭǾŜƻƭŀǊ ŀǊŜŀΣ όCƛƎǳǊŜ { нπмύΦ ¢ƘŜ ǘƻǘŀƭ 

ŘŜǇƻǎƛǝƻƴ ŦǊŀŎǝƻƴΣ ǿƘƛŎƘ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ōƭǳŜ ƭƛƴŜ ƛƴ CƛƎǳǊŜ нπмΣ ƛǎ ǘƘŜ ǎǳƳ ƻŦ ǘƘŜǎŜ ǘƘǊŜŜ 

ŦǊŀŎǝƻƴǎ ŀƴŘ Ƙŀǎ ŀ ƳƛƴƛƳǳƳ ǇŀǊǝŎƭŜ ǎƛȊŜ ƻŦ ōŜǘǿŜŜƴ лΦн ŀƴŘ лΦо mƳΣ ǿƘŜǊŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ол҈ ƻŦ ǘƘŜ 

ǇŀǊǝŎƭŜǎ ŀǊŜ ŘŜǇƻǎƛǘŜŘ ƛƴ ǘƘŜ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳ ǊŜŎŜƛǾŜǎ 

ƳƻǊŜ ǘƘŀƴ ƘŀƭŦ ƻŦ ǇŀǊǝŎƭŜǎ ǿƛǘƘ ŘƛŀƳŜǘŜǊǎ ƭŀǊƎŜǊ ǘƘŀƴ н mƳ ŀƴŘ ƭŜǎǎ ǘƘŀƴ рл ƴƳΦ  

 

¢ƘŜ ǇŀǊǝŎƭŜ ǎǳǊŦŀŎŜ ŀǊŜŀ ƛǎ ǊŜƭŜǾŀƴǘ ŘǳŜ ǘƻ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŀōǎƻǊō ŀƴŘ ǘǊŀƴǎǇƻǊǘ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻƴŜƴǘǎ 

ό!ǎōŀŎƘ Ŝǘ ŀƭΦΣ нллфΤ .Ǌƻǿƴ Ŝǘ ŀƭΦΣ нллмΤ hōŜǊŘǀǊǎǘŜǊ Ŝǘ ŀƭΦΣ нллрύ ŀƴŘ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜ ŎŜƭƭǎ ǘƻ ŎǊŜŀǘŜ 

ǊŜŀŎǝǾŜ ƻȄȅƎŜƴ ǎǇŜŎƛŜǎ όwh{ύΣ ǿƘƛŎƘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ƻȄƛŘŀǝǾŜ ǇƻǘŜƴǝŀƭ όhtύ ƻŦ ǘƘŜ ǇŀǊǝŎƭŜǎ ŀƴŘ ŀǊŜ 

ŎƻƴǎƛŘŜǊŜŘ ŎŜƴǘǊŀƭ ŦƻǊ ŀ ƳŜŎƘŀƴƛǎǝŎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ Ƴŀƴȅ ŀŘǾŜǊǎŜ ƘŜŀƭǘƘ ŜũŜŎǘǎ ό½ƘŀƴƎ Ŝǘ ŀƭΦΣ нлннύΦ 

¢ƘŜǊŜŦƻǊŜΣ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ǘƘŜ [ǳƴƎ 5ŜǇƻǎƛǝƻƴ {ǳǊŦŀŎŜ !ǊŜŀ ό[5{!ύ ŀǎ ŀ ǎŜƴǎƛōƭŜ ƳŜǘǊƛŎ ǘƻ ŎƻƳōƛƴŜ 

ǘƘŜ ƭǳƴƎ ŘŜǇƻǎƛǝƻƴ ƻŦ ǇŀǊǝŎƭŜǎ ǿƛǘƘ ǘƘŜ ŀǊŜŀ ǎǳǊŦŀŎŜ ƻŦ ǇŀǊǝŎƭŜǎΦ  

 

wŜƭŀǝǾŜƭȅ ŦŜǿ ǘŜŎƘƴƛǉǳŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ŀŜǊƻǎƻƭΩǎ ǎǳǊŦŀŎŜ ŀǊŜŀΦ hƴŜ ƻŦ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘǎ 

ƛǎ ǘƘŜ bŀƴƻǇŀǊǝŎƭŜ {ǳǊŦŀŎŜ !ǊŜŀ aƻƴƛǘƻǊ όb{!aύ ƻŦ ¢{LϯΣ ǿƘƛŎƘ Ŏƻƴǎƛǎǘ ƻŦ ŀ ǳƴƛǇƻƭŀǊ ŎƘŀǊƎŜǊΣ ǘƘŀǘ 

ŀǎǎƻŎƛŀǘŜ ǘƘŜ ǎǳǊŦŀŎŜ ŀǊŜŀ ƻŦ ǇŀǊǝŎƭŜǎ ǘƻ ŎǳǊǊŜƴǘǎ ǎŜƴǎŜŘ ǿƛǘƘ ŜƭŜŎǘǊƻƳŜǘŜǊǎ ό{Ƙƛƴ Ŝǘ ŀƭΦΣ нллтύΦ ¢Ƙƛǎ 

ƛƴǎǘǊǳƳŜƴǘ ƛǎ ƭƛƳƛǘŜŘ ǘƻ ǘƘŜ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ŀƴŘ ŀƭǾŜƻƭŀǊ ƭǳƴƎ ǊŜƎƛƻƴǎ όмл π мллл ƴƳύ ōǳǘ Ƙŀǎ ǘƘŜ 

ŀŘǾŀƴǘŀƎŜ ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ ƛƴ ǘƘŜ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ƻŎŎǳǇŀǝƻƴŀƭ ŜȄǇƻǎǳǊŜΦ hǘƘŜǊ ǎǘǳŘƛŜǎ ƘŀǾŜ ŜǎǝƳŀǘŜŘ 

[5{! ǳǎƛƴƎ ƘŀƴŘƘŜƭŘ ŘŜǾƛŎŜǎΣ ǎǳŎƘ ŀǎ ǘƘŜ Ƴƛƴƛ5ƛǎŎ όCƛŜǊȊ Ŝǘ ŀƭΦΣ нлммΤ aƛƭƭǎ Ŝǘ ŀƭΦΣ нлмоύΣ ǘƘŜ !ŜǊŀǎŜƴǎŜ 

bŀƴƻǘǊŀŎŜǊ όaŀǊǊŀΣ нлммύΣ ŀƴŘ tŀǊǘŜŎǘƻǊ όCƛŜǊȊ Ŝǘ ŀƭΦΣ нлмпύΦ wƻōǳǎǘ ƛƴǎǘǊǳƳŜƴǘǎ ǘƻ ƳŜŀǎǳǊŜ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇŀǊǝŎƭŜǎ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ŀƴŘ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΣ ǎǳŎƘ ŀǎ 9[tLҌ ŀƴŘ {at{Σ Ƨƻƛƴǘ ǘƻ 

ŀǾŜǊŀƎŜ ŘŜǇƻǎƛǝƻƴ ǊŀǘŜǎ ǇǳōƭƛǎƘŜŘ ōȅ ǘƘŜ LƴǘŜǊƴŀǝƻƴŀƭ /ƻƳƳƛǎǎƛƻƴ ƻƴ wŀŘƛƻƭƻƎƛŎŀƭ tǊƻǘŜŎǝƻƴΣ όнлмрύ 

ŀƭǎƻ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ǘƻ ŜǎǝƳŀǘŜ ǘƘŜ [5{! ōȅ ό/ƘŀƭǾŀǘȊŀƪƛ Ŝǘ ŀƭΦΣ нлннΤ YǳǳƭǳǾŀƛƴŜƴ Ŝǘ ŀƭΦΣ нлмсύΦ  

 

{ǘǳŘƛŜǎ ƻŦ ǘƘŜ ƴǳƳōŜǊ ǇŀǊǝŎƭŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ōŀǎŜŘ ƻƴ ƎǊƻǳƴŘ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ƘŀǾŜ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ ŦƻǊ ŀ ǾŜǊȅ ƭƻƴƎ ǝƳŜΣ ǇǊƛƳŀǊƛƭȅ ƛƴ 9ǳǊƻǇŜ όIƻǾƻǊƪŀ Ŝǘ ŀƭΦΣ нлмуΤ YƭŜƧƴƻǿǎƪƛ Ŝǘ ŀƭΦΣ 

нлмоŀΤ wƛǾŀǎ Ŝǘ ŀƭΦΣ нлнлΤ ±ǳ Ŝǘ ŀƭΦΣ нлмсύΣ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƴŘ /ŀƴŀŘŀ όYŀǎǳƳōŀ Ŝǘ ŀƭΦΣ нллфΤ hƎǳƭŜƛ 

Ŝǘ ŀƭΦΣ нллтύ ŀƴŘ ǎƻƳŜ !ǎƛŀƴ ŎƻǳƴǘǊƛŜǎ όDŀƴƛ Ŝǘ ŀƭΦΣ нлнлΤ [ŜŜ Ŝǘ ŀƭΦΣ нлнмΤ [ƛŀƴƎ Ŝǘ ŀƭΦΣ нлнлΤ ²ŀƴƎ Ŝǘ 

ŀƭΦΣ нлмоύΦ aŀƴȅ ǎǘǳŘƛŜǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ƻǾŜǊ ǊŜƭŀǝǾŜƭȅ ǎƘƻǊǘ ǇŜǊƛƻŘǎ ƻŦ ǝƳŜΣ ǿƘƛŎƘ ŜǎǘŀōƭƛǎƘ ŀ 
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ǊŜǎǘǊƛŎǝƻƴ ǘƻ ǊŜŎƻƎƴƛȊŜ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǘƘŜ ƳŜǘŜƻǊƻƭƻƎȅ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǇŀǊǝŎƭŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ 

ό[ƻǊŜƭŜƛ ŘŜ WŜǎǳǎ Ŝǘ ŀƭΦΣ нлнлύΦ CŜǿ ŀƴŘ ǊŜŎŜƴǘ ǎǘǳŘƛŜǎ ƘŀǾŜ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴ ƛƴ [ŀǝƴ !ƳŜǊƛŎŀΣ ǎǳŎƘ ŀǎ 

ǘƘƻǎŜ ƛƴ .ǊŀȊƛƭ ό!ƎǳŘŜƭƻπŎŀǎǘŀƷŜŘŀ Ŝǘ ŀƭΦΣ нлмуΤ aƻƴǘŜƛǊƻ 5ƻǎ {ŀƴǘƻǎ Ŝǘ ŀƭΦΣ нлнмύΣ /ƘƛƭŜ όCǳƭǘǎ Ŝǘ ŀƭΦΣ 

нлмфΤ aŀƴȊŀƴƻ Ŝǘ ŀƭΦΣ нлнмύ ŀƴŘ ŀƛǊŎǊŀƊ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴ aŜȄƛŎƻ όYƭŜƛƴƳŀƴ Ŝǘ ŀƭΦΣ нллфύΦ Lƴ /ƻƭƻƳōƛŀΣ 

ǘƘŜ ǾŀǊƛŀǝƻƴǎ ƻŦ ǘƘŜ ǳƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ƳƛŎǊƻŜƴǾƛǊƻƴƳŜƴǘǎ ƘŀǾŜ ōŜŜƴ 

ǎǘǳŘƛŜŘ ōȅ !Ǿƛƭŀ tǊŀŘŀΣ όнлмсύΣ ǿƘƻ ǊŜǾŜŀƭŜŘ ŀƴ ŜȄǇƻǎǳǊŜ ǿƛǘƘ ŀ ǊŀƴƎŜ ƻŦ мΦт π мΦл Ȅ млр ǇŀǊǝŎƭŜǎκŎƳо 

ŦƻǊ ŎƻƳƳǳǘŜǊǎ ǿƘƻ ǳǝƭƛȊŜ ōƛŎȅŎƭŜǎΣ ŎŀǊǎΣ ōǳǎŜǎΣ ŀƴŘ ǿŀƭƪƛƴƎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǾƻƭǳƳŜ ǇŀǊǝŎƭŜ ǎƛȊŜ 

ŘƛǎǘǊƛōǳǝƻƴ ό±t{5ύ ǿŀǎ ǊŜƳƻǘŜƭȅ ǎŜƴǎŜŘΣ ǳǎƛƴƎ ǘƘŜ ŀŜǊƻǎƻƭ ƻǇǝŎŀƭ ŘŜǇǘƘ ŀǎ ǘƘŜ ŦǳƴŎǝƻƴ ƻŦ ǿŀǾŜƭŜƴƎǘƘΦ 

! ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ŘƛǎǘǊƛōǳǝƻƴǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ǘƘŜ ƭƻƴƎπǘŜǊƳ ƻōǎŜǊǾŀǝƻƴǎΣ ŘǳŜ 

ǘƻ ǘƘŜ ŎƭƻǳŘȅ ŎƻƴŘƛǝƻƴǎ ƛƴ ǘƘŜ ǎƛǘŜǎ όIŜǊƴŀƴŘŜȊΣ нлмсΤ IŜǊƴŀƴŘŜȊ ±ƛƭƭŀƳƛȊŀǊΣ нлмфύΦ !ǎ ǊŜǎǳƭǘΣ ǘƘŜ ±t{5 

ƛƴ .ƻƎƻǘł ǿŀǎ ƻōǎŜǊǾŜŘ ŀǘ ǎǳƴǊƛǎŜ ŀƴŘ ǎǳƴǎŜǘΣ ŬƴŘƛƴƎ ǘƘŜ ŬƴŜ ŀ ŎƻŀǊǎŜ ƳƻŘŜ ŎŜƴǘŜǊŜŘ лΦмс ŀƴŘ оΦл 

mƳΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ƭǳƴƎ ŘŜǇƻǎƛǝƻƴ ŦǊŀŎǝƻƴ ǿŀǎ ŀǎǎŜǎǎŜŘ ōȅ aŀǊǝƴǎ Ŝǘ ŀƭΦΣ όнлмлύ ƛƴ .ǊŀȊƛƭ ǳǎƛƴƎ ǘƘŜ 

ǇŀǊǝŎƭŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ǘƘŜ ƳƻŘŜƭ ƳǳƭǝǇƭŜ ǇŀǘƘ ǇŀǊǝŎƭŜ ŘƻǎƛƳŜǘǊȅ ƳƻŘŜƭ όatt5ύΣ ǎƘƻǿƛƴƎ ŀ 

ǎƛƎƴƛŬŎŀƴǘ ŘŜǇƻǎƛǝƻƴ ŦǊŀŎǝƻƴ ƛƴ ǇǳƭƳƻƴŀǊȅ ǊŜƎƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ǘǊŀŶŎ ǊǳǎƘ ǝƳŜ ƘƻǳǊǎ όуΥллύ ƻŦ ǇŀǊǝŎƭŜǎ 

ǿƛǘƘ ŀ ǎƛȊŜ ƻŦ по ƴƳΦ bƻ ǎǘǳŘƛŜǎ ŀōƻǳǘ ƭǳƴƎ ŘŜǇƻǎƛǝƻƴ ǎǳǊŦŀŎŜ ŀǊŜŀ ǿŜǊŜ ƛŘŜƴǝŬŜŘ ǘƻ ƘŀǾŜ ōŜŜƴ 

ŎƻƴŘǳŎǘŜŘ ƛƴ /ƻƭƻƳōƛŀΣ ƳŀȅōŜ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŦǊƛƎƘǘŜƴŜŘ ƛƴǾŜǎǝƎŀǝƻƴǎ ŀōƻǳǘ ǘƘŜ ŀƳōƛŜƴǘ ƴǳƳōŜǊ ƻŦ 

ǇŀǊǝŎƭŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ǘƘŜƛǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ǘƘƛǎ ǊŜƎƛƻƴΦ  

.ŜŎŀǳǎŜ ƻŦ ǘƘƛǎΣ ǘƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ƛǎ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ǇŀǊǝŎƭŜ 

ƴǳƳōŜǊ ŀƴŘ ǾƻƭǳƳŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ǘǿƻ ŘƛũŜǊŜƴǘ ƳƻŘŜǊŀǘŜƭȅ ǇƻƭƭǳǘŜŘ ŀǊŜŀǎ ƻŦ .ƻƎƻǘŀ π /ƻƭƻƳōƛŀΦ 

¢ƘŜ ŦƻŎǳǎ ƛǎ ƻƴ ŎƻƳǇŀǊƛƴƎ ŀǾŜǊŀƎŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ǇŀǊǝŎƭŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΣ ōǳǘ ŀƭǎƻ ƛƴǘŜǊŜǎǘŜŘ ƛƴ 

ŜǎǝƳŀǘŜŘ ǘƘŜ ǇǳƭƳƻƴŀǊȅ ŘŜǇƻǎƛǝƻƴ ƻŦ ǇŀǊǝŎƭŜǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ŘƛǎŎǳǎǎŜŘ ōŜƭƻǿ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ŬǊǎǘ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎŀǊǊƛŜŘ ƻǳǘ ƻƴ ƎǊƻǳƴŘ ƭŜǾŜƭ ƛƴ .ƻƎƻǘŀΦ  

2.2. Methodology 

2.1.1 Monitoring sites 

!ƛǊōƻǊƴŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ŀƴŘ ǇŀǊǝŎƭŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ƛƴ ǘǿƻ ǎƛǘŜǎ ƻŦ 

.ƻƎƻǘłΣ /ƻƭƻƳōƛŀΦ [ŀǎ CŜǊƛŀǎ ό[ŀǘΥ пΦсффлооȏΤ [ƻƴƎΥ πтпΦлунпуоȏύ ŀƴŘ {ŀƴ /Ǌƛǎǘƻōŀƭ ό[ŀǘΥ пΦртнрро ȏΤ 

[ƻƴƎΥ πтпΦлуоумп ȏύ ǎƛǘŜǎ ŀǊŜ ǇŀǊǘ ƻŦ ǘƘŜ !ƛǊ vǳŀƭƛǘȅ bŜǘǿƻǊƪ .ƻƎƻǘł ό{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜ 

ό{5!ύΣ нлмуύΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нπнΦ [ŀǎ CŜǊƛŀǎ ƛǎ ƘƛƎƘƭȅ ƛƴƅǳŜƴŎŜŘ ōȅ ǾŜƘƛŎǳƭŀǊ ŜƳƛǎǎƛƻƴǎ ƭƻŎŀǘŜŘ ƛƴ 

ǘƘŜ ƎŜƻƎǊŀǇƘƛŎ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ŎƛǘȅΦ Lǘ ƛǎ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ƛƴǎǘǊǳƳŜƴǘǎ ǘƻ ǊŜƎƛǎǘŜǊ ƘƻǳǊƭȅ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ 

ŎƻƴŘƛǝƻƴǎ όŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜΣ ƘǳƳƛŘƛǘȅΣ ǊŜƭŀǝǾŜ ǇǊŜǎǎǳǊŜΣ ǇǊŜŎƛǇƛǘŀǝƻƴΣ ŀƴŘ ǎǇŜŜŘ ŀƴŘ ŘƛǊŜŎǝƻƴ 

ǿƛƴŘǎύΣ ŀƴŘ 9t! ǊŜŦŜǊŜƴŎŜ ƛƴǎǘǊǳƳŜƴǘǎ ǘƻ ƳŜŀǎǳǊŜ ŎǊƛǘŜǊƛŀ Ǉƻƭƭǳǘŀƴǘǎ όbhΣ bhнΣ bhȄΣ /hΣ hоΣ taмлΣ ŀƴŘ 

taнΦрύΦ  {ŀƳǇƭƛƴƎ ƛƴƭŜǘǎ ŀǊŜ ŀǘ ŀ пΦс Ƴ ƘŜƛƎƘǘ ƻǾŜǊ ƎǊƻǳƴŘ ƭŜǾŜƭΦ 
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{ŀƴ /Ǌƛǎǘƻōŀƭ ƛǎ ŀƴ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ ǎƛǘŜΣ ƭƻŎŀǘŜŘ ƛƴ ŀ ǇŀǊƪ ǎƻǳǘƘŜŀǎǘ ƻŦ ǘƘŜ ŎƛǘȅΦ ¢Ƙƛǎ ǎǘŀǝƻƴ Ƙŀǎ 

ƛƴǎǘǊǳƳŜƴǘǎ ǘƻ ǊŜƎƛǎǘŜǊ ƘƻǳǊƭȅ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ όŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜΣ ƘǳƳƛŘƛǘȅΣ ǎƻƭŀǊ 

ǊŀŘƛŀǝƻƴΣ ǇǊŜŎƛǇƛǘŀǝƻƴ ŀƴŘ ǎǇŜŜŘΣ ŀƴŘ ŘƛǊŜŎǝƻƴ ǿƛƴŘǎύ ŀƴŘ ǎƻƳŜ ŎǊƛǘŜǊƛŀ Ǉƻƭƭǳǘŀƴǘǎ όtaмлΣ taнΦр ŀƴŘ 

hоύΦ {ŀƳǇƭƛƴƎ ƛƴƭŜǘǎ ŀǊŜ ǇƭŀŎŜŘ ŀǘ п Ƴ ŀōƻǾŜ ƎǊƻǳƴŘ ƭŜǾŜƭΦ  

¢ƘŜ ƛƴǎǘǊǳƳŜƴǘ ǳǎŜŘ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ŀƴŘ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ǿŀǎ ǘƘŜ 

9ƭŜŎǘǊƛŎŀƭ [ƻǿπtǊŜǎǎǳǊŜ LƳǇŀŎǘƻǊ ό9[tLҌύΣ ǿƘƛŎƘ ŎƻƴǎƛǎǘŜƴǘ ƛƴ ŀ ǳƴƛǇƻƭŀǊ ŎƻǊƻƴŀ ŎƘŀǊƎŜǊΣ ŀ ŎŀǎŎŀŘŜ 

ƛƳǇŀŎǘƻǊ ǿƛǘƘ мп ǎǘŀƎŜǎ ƻŦ ǎƛȊŜ ŎƭŀǎǎƛŬŎŀǝƻƴ ǿƛǘƘ ŀƴŘ ŀŘŘƛǝƻƴŀƭ ŬƭǘŜǊ ǎǘŀƎŜΣ ŀƴŘ ŀ ǎŜǘ ƻŦ ŜƭŜŎǘǊƻƳŜǘŜǊǎ 

ǘƻ ǎŜƴǎŜ ŘŜ ŎǳǊǊŜƴǘ ƻŦ ŜŀŎƘ ǇŀǊǝŎƭŜ ǿƘŜƴ ƛƳǇŀŎǘ ƻǾŜǊ ŜŀŎƘ ǎǘŀƎŜΦ /ƘŀǇǘŜǊ м ƻŦ ǘƘƛǎ ǇǳōƭƛŎŀǝƻƴ ǇǊƻǾƛŘŜǎ 

ƳƻǊŜ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǘƘŜ ƻǇŜǊŀǝƻƴ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ŎŀƭƛōǊŀǝƻƴ ǎǘŀǘǳǎ ƻŦ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘ ŜƳǇƭƻȅŜŘΦ 

aŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ōŜǘǿŜŜƴ но WǳƴŜ ŀƴŘ р Wǳƭȅ нлмт ŀǘ [ŀǎ CŜǊƛŀǎΣ ŀƴŘ ōŜǘǿŜŜƴ ол !ǳƎǳǎǘ 

ς мм {ŜǇǘŜƳōŜǊ ŀƴŘ нт {ŜǇǘŜƳōŜǊ ǘƻ мл hŎǘƻōŜǊ нлмт ŀǘ {ŀƴ /Ǌƛǎǘƻōŀƭ όb ҐотрроύΦ ¢ƘŜ ŎǳǊǊŜƴǘǎ 

ǊŜŎƻǊŘŜŘ ŀǘ ŜŀŎƘ 9[tLҌ ǎǘŀƎŜǎ ǿŜǊŜ ǎŀǾŜŘ ōȅ ǎŜŎƻƴŘ όмтсоп Řŀǘŀ ǎŀǾŜŘ ƛƴ [ŀǎ CŜǊƛŀǎ ŀƴŘ отрро Řŀǘŀ 

ǎŀǾŜŘ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭύ ŀƴŘ ƭŀǘŜǊ ŀǾŜǊŀƎŜŘ ǘƻ м ƘƻǳǊΦ  tb/ ǿŀǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ 

ŎƻƴŘƛǝƻƴǎ ŀƴŘ ŎǊƛǘŜǊƛŀ Ǉƻƭƭǳǘŀƴǘǎ ǘƻ ŜǎǘŀōƭƛǎƘ ǘƘŜ ǎƛƳƛƭƛǘǳŘŜǎ ƻǊ ŘƛũŜǊŜƴŎŜǎ ǿƛǘƘ ǘƘŜ taнΦр 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƳƻƴƛǘƻǊŜŘ ƛƴ ŜŀŎƘ ǎǘŀǝƻƴΦ 
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Map of Bogotá Air Quality 

Network in 2017. The ID station 

and name of each one is listed 

below the map. The red triangles 

on the map correspond to the 

location of air quality sites. The 

orange square is the location of 

Las Ferias site, and the green 

square corresponds to the 

location of San Cristobal site. The 

red and yellow arrows indicate 

average wind speed and direction. 

PM2.5 annual average 

concentration in 2017 in each 

station is shown ins a bold number 

next to each one.   

B1. 

 

B2. 

 
Figure 2-2. Measurement location of atmospheric number particles and size distribution in Bogotá ς 
Colombia. A) Map of Bogotá Air Quality Network in 2017 (Secretaría Distrital de Ambiente, 2018). 
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Pictures of Las Ferias station (B1) and San Cristobal (B2). Pictures of representative areas that 
surrounded Las Ferias station (C1) and San Cristobal (C2). 

2.2.1. Particles number concentration and size distribution 
measurement. 

 

¢ƘŜ 9ƭŜŎǘǊƛŎŀƭ [ƻǿπtǊŜǎǎǳǊŜ LƳǇŀŎǘƻǊ ό9[tLҌΣ 59Y!¢LΣ CƛƴƭŀƴŘύ ǿŀǎ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƴǳƳōŜǊ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ŀƴŘ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΦ 9[tLҌ ƛǎ ǳǎŜŘ ǿƻǊƭŘǿƛŘŜ ƛƴ Ŏƻƴǝƴǳƻǳǎ ŀƛǊ ǉǳŀƭƛǘȅ 

ƳƻƴƛǘƻǊƛƴƎ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ta ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ta ŎƻƴŎŜƴǘǊŀǝƻƴǎ όIŜƭŘ Ŝǘ ŀƭΦΣ нллуΤ YƭŜƧƴƻǿǎƪƛ Ŝǘ 

ŀƭΦΣ нлмоōύΦ Lƴ ŀŘŘƛǝƻƴΣ 9[tLҌ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǘƻ ŜǎǝƳŀǘŜŘ [5{! όYǳǳƭǳǾŀƛƴŜƴ Ŝǘ ŀƭΦΣ нлмсύΦ ¢ƘŜ 

ŘŜǎŎǊƛǇǝƻƴ ƻŦ 9[tLҌ ǿŀǎ ŘŜǘŀƛƭŜŘ ƛƴ {ŜŎǝƻƴ мΦмΦмΦ 

 

¢ƘŜ ǎǘŀǝǎǝŎŀƭ ƻǇŜǊŀǝƻƴ ǇŀǊŀƳŜǘŜǊǎ ƻŦ 9[tLҌ ǊŜŎƻǊŘŜŘ ŘǳǊƛƴƎ ǘƘŜ ŀǘƳƻǎǇƘŜǊƛŎ ǇŀǊǝŎƭŜǎ ǎŀƳǇƭƛƴƎ 

ǇŜǊƛƻŘ ǝƳŜ ƛƴ [ŀǎ CŜǊƛŀǎ ŀƴŘ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎƛǘŜǎ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ƛƴ ¢ŀōƭŜ нπмΦ ¢ƘŜ ŎǳǊǊŜƴǘ ƻƴ ǘƘŜ ŎƻǊƻƴŀ 

ŎƘŀǊƎŜǊ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŎǊǳŎƛŀƭ ŜƭŜƳŜƴǘǎ ǘƻ ŜƴǎǳǊŜ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ƻǇŜǊŀǝƻƴ ƻŦ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΣ 

ŜƴŀōƭƛƴƎ ŀ ƅǳŎǘǳŀǝƻƴ ŦǊƻƳ м Y± ǘƻ ǘƘŜ ǎŜǘǳǇ ǾŀƭǳŜ ƻŦ оΦр Y±Σ ƛǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŎǊǳŎƛŀƭ ŜƭŜƳŜƴǘǎΦ ¢ƘŜ 

ŎƻǊƻƴŀ ŎƘŀǊƎŜǊ ŜȄƘƛōƛǘǎ ǘƘŜ Ƴƻǎǘ ǾŀǊƛŀǝƻƴ ŀŎǊƻǎǎ ŀƭƭ ǇŀǊŀƳŜǘŜǊǎ ƛƴ ǘƘƛǎ ƛƴǾŜǎǝƎŀǝƻƴΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ 

{ нπнΣ ǿƛǘƘ ŀ ǘŜƴŘŜƴŎȅ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŎǳǊǊŜƴǘ ƛƴ [ŀǎ CŜǊƛŀǎ ŦǊƻƳ ослл ǳǇ ǘƻ ǘƘŜ ƭƻǿŜǊ ǾŀƭǳŜ ƻŦ олрл Y±Σ 

ǿƘƛƭŜ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ǘƘŜǊŜ ǿŀǎ ŀ ǎƭƛƎƘǘ ŘǊƛƊ ƛƴ ǘƘŜ ŎƻǊƻƴŀ ŎƘŀǊƎŜǊΩǎ ŎǳǊǊŜƴǘǎ ŦǊƻƳ нфрл ǘƻ онулΦ 5ǳǊƛƴƎ 

ŀƭƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ǇŜǊƛƻŘΣ ǘƘŜ ŎƻǊƻƴŀ ŎƘŀǊƎŜǊ ǿŀǎ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ ǾŀƭǳŜǎ ŀŎŎŜǇǘŀōƭŜ ǘƻ ŎƻƴǎƛŘŜǊ ŀ ǇǊƻǇŜǊ 

ƻǇŜǊŀǝƻƴ ƻŦ 9[tLҌΦ ¢ƘŜ ǊŜƭŀǝǾŜ ǎǘŀƴŘŀǊŘ ŘŜǾƛŀǝƻƴǎ ƎƛǾŜƴ ƛƴ ¢ŀōƭŜ нπм ǎƘƻǿ ǘƘŀǘ ƻǘƘŜǊ ǇŀǊŀƳŜǘŜǊǎ 

ŜȄƘƛōƛǘŜŘ ƭŜǎǎ ǾŀǊƛŀǝƻƴ ŦǊƻƳ ǘƘŜ ǎŜǘǳǇ ŀǊǊŀƴƎŜƳŜƴǘΦ  

 

Table 2-1. Operating parameters of ELPI+ recorded during the sampling period time in Las Ferias and 
San Cristobal site in Bogotá.  

 Las Ferias San Cristobal 
Parameter Reference value Average ± sd Relative sd (%) Average ± sd Relative sd (%) 

Charger U (KV) 3.5 ° 0.5 3320 ± 127 3.8 3242± 30.93 0.95 

Charger I (mA) 1 1.041± 0.004 0.43 1.054± 0.004 0.45 

Trap U (V) 20 ° 2 19.20±0.003 0.001 19.99±0.005 0.02 

Pressure at first stage 
(mbar) 

40 ° 5 39.11±0.269 0.67 38.73±12.7 32.7 

Air flow (Liters per minute) 10 10 10 
Ambient Pressure (mbar)  742±5.11 0.17 737.6±5.22 0.71 

 

aŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƛƴ [ŀǎ CŜǊƛŀǎ ōŜǘǿŜŜƴ но WǳƴŜ ŀƴŘ р Wǳƭȅ нлмтΣ ǎŀǾƛƴƎ Řŀǘŀ ƻŦ ŜŀŎƘ 

ǎǘŀƎŜ ƻŦ ǘƘŜ 9[tLҌ ŜǾŜǊȅ ǎŜŎƻƴŘ ŀƴŘ ǘƘŜƴ ŀǾŜǊŀƎŜŘ  ƘƻǳǊƭȅ ǘƻ ŎƻƳōƛƴŜ ŀƴŘ ŀƴŀƭȅȊŜ ǘƘŜƳ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ 

ŎƻƴŘƛǝƻƴǎ ŀƴŘ ŎǊƛǘŜǊƛŀ ǇƻƭƭǳǘŀƴǘǎΦ  
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2.2.2. Lung Deposition Surface Area.  

aŜŀǎǳǊƛƴƎ ǘƘŜ [ǳƴƎ 5ŜǇƻǎƛǝƻƴ {ǳǊŦŀŎŜ !ǊŜŀ ό[5{!ύ ǊŜǉǳƛǊŜǎ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǘƘŜ ŜƴǝǊŜ ǇŀǊǝŎƭŜ 

ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŦƻƭƭƻǿŜŘ ōȅ ŀ ǎǳƳ ƻŦ ǇŀǊǝŎƭŜǎ ǎǳǊŦŀŎŜ ƛƴ ŜŀŎƘ ǎƛȊŜ ǎǘŀƎŜΣ ǿŜƛƎƘǘŜŘ ōȅ ǘƘŜ ƭǳƴƎπ

ŘŜǇƻǎƛǝƻƴ ŜŶŎƛŜƴŎȅΣ ŀǎ ƛƴŘƛŎŀǘŜŘ ǘƘŜ 9ǉǳŀǝƻƴ нπмΦ  

Equation 2-1.   LDSA = (surface area) x (alveolar deposition efficiency)   

Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŜ ŀƭǾŜƻƭŀǊ ŘŜǇƻǎƛǝƻƴ ŜŶŎƛŜƴŎȅ ǿŀǎ ŜǎǝƳŀǘŜŘ ōȅ ƛƴǘŜǊǇƻƭŀǝƻƴΣ ǳǎƛƴƎ ǘƘŜ ƎŜƻƳŜǘǊƛŎ 

ƳŜŀƴ ƻŦ ŜŀŎƘ ǎǘŀƎŜΩǎ Ŏǳǘπƻũ ŘƛŀƳŜǘŜǊ ƻŦ ǘƘŜ 9[tLҌΣ ŀƴŘ ǘƘŜ ŦǳƴŎǝƻƴ ƻŦ ǊŜƎƛƻƴŀƭ ƭǳƴƎ ŘŜǇƻǎƛǝƻƴ ƻŦ 

ǇŀǊǝŎƭŜǎ ƛƴ ŀƭǾŜƻƭŀǊπƛƴǘŜǊǎǝǝŀƭ ό!Lύ ŀƛǊǿŀȅǎ ǇǊŜǎŜƴǘŜŘ ƛƴ L/wtΣ όмффпύΦ CƛƎǳǊŜ нπо ǎƘƻǿǎ ǘƘŜ !ƭǾŜƻƭŀǊ 

5ŜǇƻǎƛǝƻƴ 9ŶŎƛŜƴŎȅ ōȅ ǇŀǊǝŎƭŜ ŘƛŀƳŜǘŜǊ όōƭŀŎƪ ƭƛƴŜύΣ ŀǎ ǎƘƻǿƴ ƛƴ L/wt όмффпύΣ ŀƴŘ ǘƘŜ !ƭǾŜƻƭŀǊ 

5ŜǇƻǎƛǝƻƴ 9ŶŎƛŜƴŎȅ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŜŀŎƘ ƎŜƻƳŜǘǊƛŎ ƳŜŀƴ ŘƛŀƳŜǘŜǊ ƻŦ 9[tLҌ όōƭǳŜ ǎǉǳŀǊŜǎύΦ 

 

CƛƎǳǊŜ нπоΦ tŀǊǝŎƭŜ ŘŜǇƻǎƛǝƻƴ ŜŶŎƛŜƴŎȅ ƛƴ ǘƘŜ ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ ǘǊŀŎǘ ŀǎ ŀ ŦǳƴŎǝƻƴ ƻŦ ǇŀǊǝŎƭŜ ǎƛȊŜ 

ŀŎŎƻǊŘƛƴƎ ǘƻ L/wt όōƭŀŎƪ ƭƛƴŜύ ŀƴŘ ǘƘŜ ŦǊŀŎǝƻƴ ƛƴǘŜǊǇƻƭŀǘŜŘ ŦƻǊ ƎŜƻƳŜǘǊƛŎ ƳŜŀƴ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ 

ƻŦ ŜŀŎƘ ǎǘŀƎŜ ƻŦ 9[tLҌ όōƭǳŜ ǎǉǳŀǊŜǎύΦ 

 

tŀǊǝŎƭŜ ǎǳǊŦŀŎŜ ŀǊŜŀ ǿŀǎ ŜǎǝƳŀǘŜŘ ǿƛǘƘ ǘƘŜ ŀǎǎǳƳǇǝƻƴ ǘƘŀǘ ǇŀǊǝŎƭŜǎ ŀǊŜ ǎǇƘŜǊƛŎŀƭ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜ 

ǎǳǊŦŀŎŜ ŀǊŜŀ ŎƻǳƭŘ ōŜ ŜǎǝƳŀǘŜŘ ǳǎƛƴƎ ŘŜ 9ǉǳŀǝƻƴ нπнΣ ǿƘŜǊŜ 5ƛŀ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ƎŜƻƳŜǘǊƛŎ ƳŜŀƴ ƻŦ 

ŜŀŎƘ ǎǘŀƎŜ ὲ ƻŦ ǘƘŜ 9[tLҌΦ ¢ƘŜ ƘƻǳǊƭȅ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ǇŀǊǝŎƭŜǎ ǎǳǊŦŀŎŜ ŀǊŜŀ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ǿƛǘƘ ǘƘŜ 

9ǉǳŀǝƻƴ нπоΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǎǳƳ ƻŦ ǘƘŜ ǎǳǊŦŀŎŜ ŀǊŜŀ ŦƻǊ ǘƘŜ ǎǘŀƎŜǎ н ǘƻ мп ƻŦ 9[tLҌΦ 
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9ǉǳŀǝƻƴ нπнΦ  ÓÕÒÆÁÃÅ ÁÒÅÁ ὔόάὦὩὶ έὪ ὴὥὶὸὭὧὰὩί Ͻ Ὀ Ͻ“   όmƳнκŎƳоύ 

9ǉǳŀǝƻƴ нπоΦ  Ὕέὸὥὰ ίόὶὪὥὧὩ ὥὶὩὥ В ίόὶὪὥὧὩ ὥὶὩὥ    όmƳнκŎƳоύΦ  

2.3. Results 

¢ƘŜ ƪŜȅ ǊŜǎǳƭǘǎ ŦǊƻƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǇŀǊǝŎƭŜǎ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ ƴǳƳōŜǊ ŀƴŘ ǾƻƭǳƳŜ ǇŀǊǝŎƭŜ 

ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ƭǳƴƎ ŘŜǇƻǎƛǘŜŘ ǎǳǊŦŀŎŜ ŀǊŜŀΣ ƛƴ ǘǿƻ ǳǊōŀƴ ǎƛǘŜǎ ƛƴ .ƻƎƻǘł π /ƻƭƻƳōƛŀΣ ŀǊŜ ǇǊŜǎŜƴǘŜŘ 

ŀƴŘ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘƛǎ ǎŜŎǝƻƴΦ  

2.3.1. Meteorological conditions at the study sites. 

¢ƘŜ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ ǊŜƎƛǎǘŜǊŜŘ ōȅ ǘƘŜ ŀƛǊ ǉǳŀƭƛǘȅ ǎǘŀǝƻƴǎ [ŀǎ CŜǊƛŀǎ ŀƴŘ {ŀƴ /Ǌƛǎǘƻōŀƭ ōȅ ǘƘŜ 

wa/!. ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ǝƳŜ ƻŦ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊǝŎƭŜǎ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƛƴ ¢ŀōƭŜ нπнΦ 

¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ όwI҈ύ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƘƛƎƘŜǊ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ǘƘŀƴ 

ƛƴ [ŀǎ CŜǊƛŀǎ όǇ ǾŀƭǳŜ ғ лΦлллмύΣ ǇŀǊǝŎǳƭŀǊƭȅ ŘǳǊƛƴƎ ǘƘŜ ŬǊǎǘ ƘƻǳǊǎ ƻŦ ǘƘŜ Řŀȅ όōŜǘǿŜŜƴ лΥлл ǘƻ сΥлл IύΣ 

ǿƘŜƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ǊŜƎƛǎǘŜǊŜŘ wI҈ ŀōƻǾŜ тл҈Σ ǿƘƛƭŜ ƛƴ [ŀǎ CŜǊƛŀǎ ǘƘƛǎ ǊŀƴƎŜ ǾŀƭǳŜǎ ǿŀǎ ƻōǎŜǊǾŜŘ ƻƴƭȅ 

ōŜǘǿŜŜƴ пΥлл ǘƻ сΥллΦ !ǘ ƳƛŘŘŀȅ ǿŀǎ ƻōǎŜǊǾŜŘ ŀ ŘŜŎǊŜŀǎŜŘ ƻŦ wI҈ ǊŜǇƻǊǝƴƎ ǾŀƭǳŜǎ ƭŜǎǎ ǘƘŀƴ рр҈ ŀǘ 

моΥлл ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŀƴŘ ōŜǘǿŜŜƴ мнΥлл I ŀƴŘ мтΥллI ƛƴ [ŀǎ CŜǊƛŀǎ όǎŜŜ CƛƎǳǊŜ { нπоŀύΦ  

tŜǊǘŀƛƴƛƴƎ ǘƻ ǿƛƴŘ ǎǇŜŜŘΣ ǿŀǎ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ ƛƴ ǘƘŜ ǘǿƻ ǎƛǘŜǎΣ ǿƛǘƘ ŀƴ ƘƻǳǊƭȅ ŀǾŜǊŀƎŜ ƻŦ мΦф 

Ƴκǎ ƛƴ [ŀǎ CŜǊƛŀǎ ŀƴŘ мΦт Ƴκǎ ƛƴ {ŀƴ /ǊƛǎǘƻōŀƭΦ ²ƛƴŘǎ ŎƻƳŜ Ƴŀƛƴƭȅ ŦǊƻƳ ǘƘŜ 9ŀǎǘ ƛƴ {ŀƴ /ǊƛǎǘƻōŀƭΣ ǿƘƛƭŜ 

ǘƘŜǊŜ ǿŜǊŜ ǿƛƴŘǎ ŦǊƻƳ ǘƘŜ ǎƻǳǘƘŜŀǎǘ ŘǳǊƛƴƎ ǘƘŜ ŘŀȅƭƛƎƘǘ ƛƴ [ŀǎ CŜǊƛŀǎΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ 

ǘƘŜ ŜƳƛǎǎƛƻƴǎ ƻŦ ŀ ǊƻŀŘ ǿƛǘƘ ƘƛƎƘ ǾŜƘƛŎǳƭŀǊ ǘǊŀŶŎ όǎŜŜ CƛƎǳǊŜ { нπоŎύΦ ¢ƘŜ ƘƻǳǊƭȅ ǾŀǊƛŀǝƻƴ ƻŦ ǿƛƴŘ ǎǇŜŜŘ 

όCƛƎǳǊŜ { нπоōύ ǎƘƻǿǎ ŀ ƳŀȄƛƳǳƳ ōŜǘǿŜŜƴ мнΥлл ŀƴŘ мтΥлл I ƛƴ ōƻǘƘ ǎƛǘŜǎ όнΦл ς нΦр Ƴ ǎπмύ ŀƴŘ ŀ 

ƳƛƴƛƳǳƳ ŀǘ уΥлл I όлΦт Ƴ ǎπмύ ƛƴ {ŀƴ /ǊƛǎǘƻōŀƭΣ Ǉƻǎǎƛōƭȅ ŀǎǎƻŎƛŀǘŜŘ ǘƻ ǘƘŜ ƳƛƴƛƳǳƳ ōƻǳƴŘŀǊȅ ƭŀȅŜǊ 

ƘŜƛƎƘǘ όhǊǝȊ 5ǳǊŀƴΣ нлмсύΦ ¢ƘŜ ƳƛƴƛƳǳƳ ǿƛƴŘ ǎǇŜŜŘ ƛƴ [ŀǎ CŜǊƛŀǎ ǿŀǎ ǊŜƎƛǎǘŜǊŜŘ ŀǘ пΥлл I όлΦф Ƴ ǎπмύΦ  

bƻ ǇǊŜŎƛǇƛǘŀǝƻƴ ŜǾŜƴǘǎ ǿŜǊŜ ǊŜƎƛǎǘŜǊŜŘ ƛƴ [ŀǎ CŜǊƛŀǎΣ ǿƘƛƭŜ {ŀƴ /Ǌƛǎǘƻōŀƭ ǊŜƎƛǎǘŜǊŜŘ ǇǊŜŎƛǇƛǘŀǝƻƴǎ 

ōŜƭƻǿ р ƳƳ ǇŜǊ Řŀȅ ƻƴ !ǳƎǳǎǘ ол ŀƴŘ омΣ ŀƴŘ {ŜǇǘŜƳōŜǊ уΣ млΣ ŀƴŘ му όCƛƎǳǊŜ { нπоŘύΦ !ǘƳƻǎǇƘŜǊƛŎ 

ǇǊŜǎǎǳǊŜ ǿŀǎ ƳŜŀǎǳǊŜŘ Ƨǳǎǘ ƛƴ [ŀǎ CŜǊƛŀǎ όCƛƎǳǊŜ { нπоŜύΣ ǿƘƛƭŜ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴ ǿŀǎ ƳŜŀǎǳǊŜŘ ƻƴƭȅ ƛƴ 

{ŀƴ /Ǌƛǎǘƻōŀƭ ΣǿƛǘƘ ŀ ƳŀȄƛƳǳƳ ŀǘ ммΥлл IΣ ŀƴ ŀǾŜǊŀƎŜ ƻŦ тун ²κƳн ŀƴŘ ƳƛƴƛƳǳƳ ŀǘ мтΥлл I ƻŦ от 

²κƳн όCƛƎǳǊŜ { нπоŦΦύ 

¢ŀōƭŜ нπн ǎƘƻǿǎ ƘƻǳǊƭȅ ŀǾŜǊŀƎŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ŎǊƛǘŜǊƛŀ ƎŀǎŜǎ ŀƴŘ ǇŀǊǝŎƭŜǎ όtaмл ŀƴŘ taнΦрύΦ ¢ƘŜǊŜ 

ǿŜǊŜ ƴƻ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜǎ ƛƴ ƘƻǳǊƭȅ taмл ŀƴŘ taнΦр ōŜǘǿŜŜƴ ǘƘŜǎŜ ǘǿƻ ǎƛǘŜǎΦ CƛƎǳǊŜ нπп ŘƛǎǇƭŀȅǎ 

ǘƘŜ ŘƛǳǊƴŀƭ ǾŀǊƛŀǝƻƴ ƻŦ taнΦр ŀƴŘ taмлΣ ǿƛǘƘ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǘƘŜ ŜǾŜƴƛƴƎ ǊǳǎƘ ƘƻǳǊ όмс mƎκƳ 

ŀǘ муΥлл Iύ ǘƘŀƴ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎ ǊǳǎƘ ƘƻǳǊ όмн mƎκƳ ŀǘ уΥлл Iύ ƛƴ {ŀƴ /ǊƛǎǘƻōŀƭΦ .ƻǘƘ taнΦр ǇŜŀƪǎ ǿŜǊŜ 
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ǎƛƳƛƭŀǊ ƛƴ [ŀǎ CŜǊƛŀǎ όмо mƎκƳоύΦ taмл ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ƘƛƎƘŜǊ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎ όпл ŀƴŘ оп mƎκƳо ŀǘ 

уΥлл I ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŀƴŘ [ŀǎ CŜǊƛŀǎΣ ǊŜǎǇŜŎǝǾŜƭȅύ ǘƘŀƴ ƛƴ ǘƘŜ ŜǾŜƴƛƴƎ όнп ŀƴŘ ом mƎκƳо ŀǘ мфΥлл I ƛƴ 

{ŀƴ /Ǌƛǎǘƻōŀƭ ŀƴŘ [ŀǎ CŜǊƛŀǎΣ ǊŜǎǇŜŎǝǾŜƭȅύΦ  

¢ŀōƭŜ нπнΦ 5ŀǘŀ ǊŜƎƛǎǘŜǊŜŘ ŘǳǊƛƴƎ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ǇŜǊƛƻŘ ƻŦ ǘƘŜ ƴǳƳōŜǊ ǇŀǊǝŎƭŜǎ ƛƴ [ŀǎ CŜǊƛŀǎ ŀƴŘ 

{ŀƴ /Ǌƛǎǘƻōŀƭ ǎƛǘŜǎΦ ¢ƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ǇŀǊǝŎƭŜǎ ƴǳƳōŜǊ ƛƴ [ŀǎ CŜǊƛŀǎ ǿŀǎ но WǳƴŜ ς р Wǳƭȅ нлмтΣ ǿƘƛƭŜ 

ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ǘǿƻ ǇŜǊƛƻŘǎ !ǳƎǳǎǘ ол π  {ŜǇǘŜƳōŜǊ ммΣ ŀƴŘ {ŜǇǘ нт π hŎǘƻōŜǊ ммΣ 

нлмтΦ 

 
Variable 

Las Ferias San Cristobal 

Relative Humidity (%) 59.5 ± 9.36 64.1 ± 10.9 
Wind speed (m s-1) 1.9 ± 0.8 1.7 ± 0.9 
Daylight Solar radiation (W m-2)  373 
Pressure (mm Hg) 565 ± 0.7  

PM10 (mg m-3) 22.6 ± 18.6 24.4 ± 17.2 

PM2.5 (mg m-3) 10.7 ± 9.1 10.3 ± 8.0 

NOx (ppb) 28.26 ± 20.1  
CO (ppm) 0.41 ± 0.2  
O3 (ppb) 13.5 ± 3.3 17.3 ±7.6 

 

 

  
Figure 2-4. PM2.5 and PM10 concentrations registered in Las Ferias and San Cristobal site during the 
measurement campaign.  

2.3.2. Particle Number Concentration 

 

¢ƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊǝŎƭŜǎ ƳŜŀǎǳǊŜŘ ǿƛǘƘ 9[tLҌ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ƛƴ [ŀǎ CŜǊƛŀǎ ŀƴŘ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎƛǘŜǎΣ ŜǾŜǊȅ 

ǎŜŎƻƴŘ ŀƴŘ ǘƘŜƴ ŀǾŜǊŀƎŜŘ ǘƻ м ƘƻǳǊΦ ¢ƘŜ ōŀǎƛŎ ŘŜǎŎǊƛǇǝǾŜ ǎǘŀǝǎǝŎǎ ŦƻǊ ƘƻǳǊƭȅ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŦƻǊ ōƻǘƘ ǎƛǘŜǎ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƛƴ CƛƎǳǊŜ нπрΣ ǿƘƛŎƘ ŘƛǎǇƭŀȅǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜ 

ōŜǘǿŜŜƴ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŀƴŘ [ŀǎ CŜǊƛŀǎ όǇ ǾŀƭǳŜΥ лΦллмύΦ {ŀƴ /Ǌƛǎǘƻōŀƭ 

ŜȄƘƛōƛǘŜŘ ŀ ƘƛƎƘŜǊ ƴǳƳōŜǊ ƻŦ ǇŀǊǝŎƭŜǎ ǿƛǘƘ ŀƴ ƘƻǳǊƭȅ ŀǾŜǊŀƎŜ ƻŦ оΦу Ȅ мло ҕ оΦо Ȅ мло ІκŎƳо όƳƛƴΥ 

оΦоȄмлн ІκŎƳо ŀƴŘ ƳŀȄΥ нΦнȄмлр ІκŎƳоύΣ ǿƘƛƭŜ ƛƴ [ŀǎ CŜǊƛŀǎ ƘŀŘ ŀƴ ƘƻǳǊƭȅ ŀǾŜǊŀƎŜ ƻŦ нΦуȄмло ҕ нΦтȄмло 

ІκŎƳо όƳƛƴΥ мΦт Ȅмлн ІκŎƳо ŀƴŘ ƳŀȄΥ мΦо Ȅмлр ІκŎƳоύΦ уоΦп҈ ƻŦ ǇŀǊǝŎƭŜǎ ƛƴ [ŀǎ CŜǊƛŀǎ ŀƴŘ тфΦу҈ ƻŦ 

ǇŀǊǝŎƭŜǎ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ǿŜǊŜ ƛƴ ǎƛȊŜ ǊŀƴƎŜ ƻŦ ǘƘŜ ƴŀƴƻǇŀǊǝŎƭŜǎ ό5ŀ ғ млп ƴƳύΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƘƻǳǊƭȅ 
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ŀǾŜǊŀƎŜ ƴŀƴƻǇŀǊǝŎƭŜ ƴǳƳōŜǊ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŀƴŘ [ŀǎ CŜǊƛŀǎ ǿŜǊŜ оΦлȄмло ҕ нΦс Ȅмло ŀƴŘ нΦоȄмло ҕ нΦн 

ȄмлоΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ǘƘŀǘ Ŏŀƴ ƛƴƅǳŜƴŎŜ ǘƘŜ ŘƛũŜǊŜƴŎŜ ƛƴ tb/ ŦƻǊ ōƻǘƘ ǎƛǘŜǎ ŀǊŜ ǘƘŀǘ 

ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ƴƻǘ ŎƻƴŘǳŎǘŜŘ ǎȅƴŎƘǊƻƴƻǳǎƭȅΤ ǘƘŜǊŜŦƻǊŜΣ ƭƻŎŀƭΣ ŀƴŘ ǊŜƎƛƻƴŀƭ ŜǾŜƴǘǎΣ ŀǎ ǿŜƭƭ 

ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ Ŏŀƴ ŀũŜŎǘ ǘƘŜ ǊŜǎǳƭǘǎΦ    

¢ƘŜ tb/ ƻōǘŀƛƴŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ƻǘƘŜǊ ǎǘǳŘƛŜǎ ƛƴ /ƻƭƻƳōƛŀΣ [ŀǝƴ !ƳŜǊƛŎŀΣ ŀƴŘ 

ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘΦ 5ƝŀȊ CƻƴǎŜŎŀ όнлнмύ ŦƻǳƴŘ ŀ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ƴŀƴƻǇŀǊǝŎƭŜǎ όϤ  пл ǝƳŜǎ ŀǎ 

ƘƛƎƘύ ƛƴ ŀ ǎƛŘŜǿŀƭƪ ƭƻŎŀǘŜŘ ƴŜȄǘ ǘƻ ŀ ǊƻŀŘ ƘƛƎƘǿŀȅ ǘƘŀƴ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ 

¢ƘŜ tb/ ŦƻǳƴŘ ƛƴ .ƻƎƻǘŀ ǿŀǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘƻǎŜ ŦƻǳƴŘ ƛƴ !ǘƭŀƴǘŀ ό¦{!ύΣ .ǊƛǎōŀƴŜ ό!ǳǎǘǊŀƭƛŀύΣ [ƻƴŘƻƴ ό¦YύΣ 

½ǳǊƛŎƘ ό{ǿƛǘȊŜǊƭŀƴŘύΣ {ǘƻŎƪƘƻƭƳ ό{ǿŜŘŜƴύΣ  .ŀǊŎŜƭƻƴŀ ό{ǇŀƛƴύΣ wƻƳŜ ŀƴŘ aƛƭŀƴ όLǘŀƭȅύΣ ǿƘƛŎƘ ǊŜǇƻǊǘŜŘ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ōŜǘǿŜŜƴ мȄмлп ŀƴŘ фΦтȄмлп І ǇŀǊǝŎƭŜǎκŎƳо όYƭŜƧƴƻǿǎƪƛ Ŝǘ ŀƭΦΣ нлмоŀύΣ ǿƘƛƭŜ ½ŀōǊȊŜ 

όtƻƭŀƴŘύΣ ±ƛŜƴƴŀ ό!ǳǎǘǊƛŀύΣ tǊŀƎǳŜ ό/ȊŜŎƘ wŜǇǳōƭƛŎύ ŀƴŘ IƻƘŜƴǇŜƛ.ŜƴōŜǊƎ όDŜǊƳŀƴȅύ ǊŜǇƻǊǘŜŘ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ мΦмȄмло ǘƻ уΦлȄмло  І ǇŀǊǝŎƭŜǎκŎƳоΦ  

 

Figure 2-5. Box plot of hourly particle number concentration estimated in the sites Las Ferias (N=295) 
and San Cristobal (N=631) in Bogota. The aerodynamic diameter range of particles counted were 

counted in the range of 10 nm to 10 mm.  

2.3.3.  Hourly variation of Particles Number Concentration 

 

¢ƘŜ tb/ ƳŜŀǎǳǊŜƳŜƴǘǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ōƻǘƘ ǎƛǘŜǎ ƛƴ .ƻƎƻǘŀ ǊŜǾŜŀƭŜŘ ŀ Řŀƛƭȅ ǇǊƻŬƭŜ ƻŦ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ǇŀǊǝŎƭŜǎΦ ! ǇŜŀƪ ƻŦ ǘƘŜ ƴǳƳōŜǊ ǇŀǊǝŎƭŜǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎΣ ōŜǘǿŜŜƴ рΥлл 

ǘƻ фΥлл ƘƻǳǊΦ ¢Ƙƛǎ ǇŜŀƪ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǊǳǎƘ ƘƻǳǊ ŜƳƛǎǎƛƻƴǎ ό{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜ ό{5!ύΣ 

нлннύ ƛƴǘŜƴǎƛŬŜŘ ōȅ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ƛƴƅǳŜƴŎŜ ǘƘŜ ōƻǳƴŘŀǊȅ ƭŀȅŜǊ ƘŜƛƎƘǘ όƳƛȄƛƴƎ ƭŀȅŜǊύΦ 

¢ȅǇƛŎŀƭƭȅΣ ǘƘŜ ƳƛƴƛƳŀƭ ƘŜƛƎƘǘ ƻŦ ƳƛȄƛƴƎ ƭŀȅŜǊ ƛǎ ǊŜƎƛǎǘŜǊŜŘ ŀǘ сΥлл πтΥлл I όaŀƴǳŜƭ wƛƴŎƽƴπwƛǾŜǊƻǎ Ŝǘ ŀƭΦΣ 

нлнлύΣ ǿƘƛŎƘ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ǎǘŀƎƴŀǝƻƴ ƻŦ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ǘƘŀǘ ǇǊŜǾŜƴǘǎ ǇŀǊǝŎƭŜ ŘƛǎǇŜǊǎƛƻƴ ƛƴ ǘƘŜ ŀƛǊΦ 
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!ƊŜǊ уΥол π фΥлл IΣ ǘƘŜ ƳƛȄƛƴƎ ƭŀȅŜǊ ŜȄǇŀƴŘǎ ƻǾŜǊ ǘƘŜ ƘŜƛƎƘǘ ƻŦ ǘƘŜ ŜŀǎǘŜǊƴ Ƴƻǳƴǘŀƛƴ ǊŀƴƎŜΣ ŦŀŎƛƭƛǘŀǝƴƎ 

ǘƘŜ ŘƛǎǇŜǊǎƛƻƴ ŀƴŘΣ ƘŜƴŎŜΣ ǊŜŘǳŎƛƴƎ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴΦ  

¢ƘŜ ƳŀȄƛƳǳƳ tb/ǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ŀǘ сΥллI ς тΥллI ƛƴ ōƻǘƘ ǎƛǘŜǎΣ ǿƛǘƘ уΦнȄмло ІκŎƳо ŀƴŘ рΦуȄмло 

ІκŎƳо ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŀƴŘ [ŀǎ CŜǊƛŀǎΣ ǊŜǎǇŜŎǝǾŜƭȅΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ƳƛƴƛƳǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴ ǿŀǎ 

ƻōǎŜǊǾŜŘ ŀǘ ƳƛŘƴƛƎƘǘ лΥлл I ς мΥлл IΣ ǿƛǘƘ нΦл Ȅмло ŀƴŘ мΦс Ȅмло  ІκŎƳо Σ ǊŜǎǇŜŎǝǾŜƭȅΦ CƛƎǳǊŜ нπсŀ 

ŘƛǎǇƭŀȅǎ ǘƘŜ Řŀƛƭȅ ǇǊƻŬƭŜ ƻŦ ǘƘŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ  

¢ƘŜ tb/ ƘŀŘ ŀ ǿŜŜƪƭȅ ǇǊƻŬƭŜ ǿƛǘƘ ƘƛƎƘŜǊ ǾŀƭǳŜǎ ƻƴ ǿŜŜƪŘŀȅǎ ǘƘŀƴ ƻƴ ǿŜŜƪŜƴŘǎΦ ²ŜŜƪŘŀȅǎ ƘŀŘ ŀ 

ƎǊŜŀǘŜǊ ƛƳǇŀŎǘ ƻƴ [ŀǎ CŜǊƛŀǎ όǇ ǾŀƭǳŜΥ ғнȄмлπмсύ ǘƘŀƴ {ŀƴ /Ǌƛǎǘƻōŀƭ όǇ ǾŀƭǳŜ пΦно ȄмлπтύΦ ¢ƘŜ tb/ Řŀƛƭȅ 

ǇŀǧŜǊƴ ƛƴ [ŀǎ CŜǊƛŀǎ ŜȄƘƛōƛǘŜŘ ǎƛƎƴƛŬŎŀƴǘƭȅ όǇ ǾŀƭǳŜΥ м Ȅмлπмсύ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻƴ ǿŜŜƪŘŀȅǎ 

όоΦсȄмло ІκŎƳо ƻƴ ŀǾŜǊŀƎŜύ ǘƘŀƴ ƻƴ ǿŜŜƪŜƴŘǎ όмΦнȄмло ІκŎƳоύΦ Lƴ {ŀƴ /ǊƛǎǘƻōŀƭΣ ǘƘŜ ǿŜŜƪŜƴŘ ǊŜŘǳŎǝƻƴ 

ǿŀǎ ǎƳŀƭƭŜǊ όнΦтȄмло ІκŎƳо ƻƴ ǿŜŜƪŜƴŘǎ  ŀƴŘ пΦнȄмло ІκŎƳо ƻƴ ǿŜŜƪŘŀȅǎύΦ {ǳƴŘŀȅΩǎ tb/ ǿŀǎ Ƨǳǎǘ ƻƴŜ 

ǘƘƛǊŘ ƻŦ ǿŜŜƪŘŀȅǎΩ tb/ ƛƴ ƛƴ [ŀǎ CŜǊƛŀǎΣ ŀƴŘ ƘŀƭŦ ƛƴ {ŀƴ /ǊƛǎǘƻōŀƭΦ 
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Figure 2-6. Seasonal variation of particles number concentration in ambient air of two sites in 
Bogotá. a) daily variation, b) weekly profile had a differences  

2.3.4. Number Particle Size Distribution 

¢ƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ƘƻǳǊƭȅ ŀǾŜǊŀƎŜ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ όtb{5ύ ŦƻǊ ōƻǘƘ ǎƛǘŜǎ ƛǎ ǇǊŜǎŜƴǘŜŘ 

ƛƴ CƛƎǳǊŜ нπтΦ ¢ƘŜ tb{5 ǿŀǎ ǳƴƛƳƻŘŀƭ ƛƴ [ŀǎ CŜǊƛŀǎ ŀƴŘ Ŏŀƴ ōŜ ƛƴŦŜǊ ŀ ōƛƳƻŘŀƭ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ {ŀƴ 

/ǊƛǎǘƻōŀƭΦ ¢ƘŜ ƳŀȄƛƳǳƳ ƻŦ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŎŎǳǊǊŜŘ ŦƻǊ ǘƘŜ мнл ƴƳ ƻŦ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊΦ  

¢ƘŜ tb{5 ƛƴ [ŀǎ CŜǊƛŀǎ ǿŀǎ ǊŜƳŀǊƪŀōƭȅ ǳƴƛƳƻŘŀƭΣ ǿƛǘƘ ŀ ƳŀȄƛƳǳƳ ƻŦ рΦмн Ȅ мло ІκŎƳо ƛƴ ǘƘŜ ŘƛŀƳŜǘŜǊ 

ǊŀƴƎŜ ƻŦ сл ǘƻ млу ƴƳΦ ²ƘƛƭŜΣ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎƘƻǿǎ ŀ ōƛƳƻŘŀƭ ǎƘŀǇŜΣ ǿƛǘƘ ŀ ƳƻŘŜ ŎƻƳǇƭŜǘŜƭȅ ŘŜŬƴŜŘ 

ƛƴ ǘƘŜ ǎŀƳŜ ŘƛŀƳŜǘŜǊ ǊŀƴƎŜ ŀƴŘ ŀ ƳŀȄƛƳǳƳ ƻŦ пΦу Ȅ мло ІκŎƳоΦ ¢ƘŜ ƛƴǎǘǊǳƳŜƴǘ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǎƘƻǿǎ 

ŀ ǘŜƴŘŜƴŎȅ ǘƻ ƻǾŜǊŜǎǝƳŀǘŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǇŀǊǝŎƭŜǎ ŎƻǳƴǘŜŘ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ с ǘƻ мт ƴƳ όǎŜŜ ŎƻƴŎƭǳǎƛƻƴǎ 

ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘΩǎ ŬǊǎǘ ŎƘŀǇǘŜǊύΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ŬƴŜǎǘ ƳƻŘŜ ƻōǎŜǊǾŀōƭŜ ƛƴ ǘƘŜ tb{5 ƻŦ {ŀƴ /Ǌƛǎǘƻōŀƭ 

Ŏŀƴƴƻǘ ōŜ ŎƻƳǇƭŜǘŜƭȅ ǘǊǳǎǘǿƻǊǘƘȅ ŘǳŜ ǘƻ ƛƴǎǘǊǳƳŜƴǘŀƭ ƭƛƳƛǘŀǝƻƴǎ ƛƴ ǘƘŜ ƳƛƴƛƳǳƳ ŘƛŀƳŜǘŜǊ ƻŦ Ŏǳǘ ƻũΦ 

¢ƘŜ tb{5 ƻŦ ōƻǘƘ ǎƛǘŜǎ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜ ƳŀȄƛƳǳƳ ƴǳƳōŜǊ Ŧŀƭƭǎ ƛƴǘƻ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƳƻŘŜ Σ ǿƛǘƘ ŀƴ 

ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ōŜǘǿŜŜƴ млл ǘƻ мллл ƴƳύΦ ¢ƘŜ tb{5 ƛǎ ŘȅƴŀƳƛŎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŘŀȅΣ ŀǎ ǎƘƻǿƴ 

ƛƴ CƛƎǳǊŜ нπуΣ ǊŜƅŜŎǝƴƎ ǘƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ŜƳƛǎǎƛƻƴ ǎƻǳǊŎŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎΣ ǇŀǊǝŎƭŜ 

ŦƻǊƳŀǝƻƴΣ ǘǊŀƴǎŦƻǊƳŀǝƻƴΣ ŀƴŘ ǘǊŀƴǎǇƻǊǘ ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ό.ƻƻƎŀŀǊŘ Ŝǘ ŀƭΦΣ нлмлΤ 5ŀƭ aŀǎƻ Ŝǘ ŀƭΦΣ 

нллрΤ YƭŜƧƴƻǿǎƪƛ Ŝǘ ŀƭΦΣ нлмоŀύΦ  



63 

 

 

Figure 2-7. Particle number size distribution in Las Ferias (June 23 ςJuly 5, 2017) and San Cristobal 
(August 30 ςSeptember 11 and September 27 - October 11, 2017).  

 

! ƳŀȄƛƳǳƳ ƻŦ ƴǳŎƭŜŀǝƻƴ ƳƻŘŜ ǇŀǊǝŎƭŜǎ όǿƛǘƘ ŀƴ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ǎƳŀƭƭŜǊ ǘƘŀƴ млл ƴƳύ ǿŀǎ 

ƻōǎŜǊǾŀōƭŜ ƻƴƭȅ ƛƴ {ŀƴ /ǊƛǎǘƻōŀƭΣ ǊŜŀŎƘƛƴƎ уΦпȄмло ǇŀǊǝŎƭŜǎ ƛƴ ǘƘŜ мт ς ол ƴƳ ǊŀƴƎŜΣ ǿƘƛƭŜ ƛǘ ǿŀǎ ƴƻǘ 

ƻǾŜǊ нΦф Ȅмло ǇŀǊǝŎƭŜǎ ƛƴ ǘƘŜ ǎŀƳŜ ǊŀƴƎŜ ƛƴ [ŀǎ CŜǊƛŀǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǎƘƻǿ ǘƘŀǘ 

{ŀƴ /Ǌƛǎǘƻōŀƭ Ŏŀƴ ǊŜŀŎƘ ǘƘǊŜŜ ǝƳŜǎ ƳƻǊŜ ǳƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜǎ ŀǘ ǊǳǎƘ ǘǊŀŶŎ ƘƻǳǊǎ όсΥлл  ǘƻ фΥлл Iύ ǘƘŀƴ 

[ŀǎ CŜǊƛŀǎΦ ¢ƘŜ ƛƴŎǊŜŀǎŜ ƻŦ ƴǳŎƭŜŀǝƻƴ ǇŀǊǝŎƭŜǎ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎǳƎƎŜǎǘǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǇǊŜŎǳǊǎƻǊǎ ǘƘŀǘ 

ǎǳũŜǊ ŎƘŜƳƛŎŀƭ ŀƴŘ ǇƘȅǎƛŎŀƭ ǇǊƻŎŜǎǎŜǎΣ ǎǳŎƘ ŀǎΣ ƴǳŎƭŜŀǝƻƴ ŀƴŘ ŎƻƴŘŜƴǎŀǝƻƴ ƻŦ ǎǳǇŜǊǎŀǘǳǊŀǘŜŘ ǾŀǇƻǊǎΦ 

¢ƘǳǎΣ ƴǳŎƭŜŀǝƻƴπƳƻŘŜ ǇŀǊǝŎƭŜǎ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ƳƛƎƘǘ ƘŀǾŜ ǊŜǎǳƭǘŜŘ ŦǊƻƳ ǾŀǇƻǊǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ 

ŎƻƳōǳǎǝƻƴ ǇǊƻŎŜǎǎΣ ƛƴǘŜƴǎƛŬŜŘ ŘǳǊƛƴƎ ǘƘŜ ǊǳǎƘ ǘǊŀŶŎ ƘƻǳǊǎ ŀǎ ǿŜƭƭ ŀǎ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ 

ŀũŜŎǘ ǘƘŜ ōƻǳƴŘŀǊȅ ƭŜǾŜƭ ƘŜƛƎƘǘΦ 

¢ƘŜ ƳŀȄƛƳŀ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ όрΦмн Ȅ мло ІκŎƳо ƛƴ [ŀǎ CŜǊƛŀǎ ŀƴŘ рΦмн Ȅ мло ІκŎƳо {ŀƴ 

/Ǌƛǎǘƻōŀƭύ ǿŜǊŜ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ǳǊōŀƴ ŀǊŜŀ ƻŦ .ŜƛƧƛƴƎ ŘǳǊƛƴƎ ǘƘŜ hƭȅƳǇƛŎǎ όмΦо Ȅ млп 

ІκŎƳоύΣ ǿƘŜƴ ǿŜǊŜ ŀǇǇƭƛŜŘ ǘƘŜ ƳŀƧƻǊǎ ŎƻƴǘǊƻƭ ƳŜŀǎǳǊŜǎ ǘƻ ŀǾƻƛŘ ƘƛƎƘ ƭŜǾŜƭǎ ƻŦ ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ ŀƴŘ ǿŀǎ 

ŎŜƴǘŜǊŜŘ ƛƴ ǇŀǊǝŎƭŜ ǎƛȊŜ ƭŀǊƎŜǊ ǘƘŀƴ ƛƴ .ŜƛƧƛƴƎ όтл ς млл ƴƳύ ό²ŀƴƎ Ŝǘ ŀƭΦΣ нлмоύΦ hƴ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ 

ƳƻŘŜ ǇŀǊǝŎƭŜǎ ǎƛȊŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ǳǊōŀƴ ŀǊŜŀǎ ƛƴ tƻƭŀƴŘ ǿŜǊŜ ǳƴƛƳƻŘŀƭ ŀƴŘ ǿŀǎ ŎŜƴǘŜǊŜŘ ƛƴǘƻ ǘƘŜ 

ŀŎŎǳƳǳƭŀǝƻƴ ƳƻŘŜ ǇŀǊǝŎƭŜǎ όмрт ς нсо ƴƳύ όYƭŜƧƴƻǿǎƪƛ Ŝǘ ŀƭΦΣ нлмоŀύ ǘƘŀƴ ǘƘŜ ŦƻǳƴŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ  
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tǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ƘŀǾŜ ǎƘƻǿŜŘ ǘƘŀǘ bt{5 ƳŜŀǎǳǊŜƳŜƴǘ ǇǊƻȄƛƳƛǘȅ ǘƻ ǘƘŜ ǊƻŀŘǿŀȅǎ ŀũŜŎǘŜŘ ǘƻ ƘƛƎƘ ƭŜǾŜƭ 

ƻŦ ǘǊŀŶŎ ǊŀǘŜ ŜȄƘƛōƛǘ ŀ ŘƛǎǘǊƛōǳǝƻƴ ŎŜƴǘŜǊ ƛƴ ŀƴ !ƛǘƪŜƴ ƳƻŘŜ ŎŜƴǘŜǊŜŘ Ϥ тр ƴƳ όwƻǎŜ Ŝǘ ŀƭΦΣ нллсΤ 

±ƛǊǘŀƴŜƴ Ŝǘ ŀƭΦΣ нллсύΦ tŀǊǝŎǳƭŀǊƭȅΣ ǘƘŜ bt{5 ƻŦ ŘƛŜǎŜƭ ŜȄƘŀǳǎǘ ŜƳƛǎǎƛƻƴǎ ƘŀǾŜ ǊŜǾŜŀƭŜŘ ŀ ǳƴƛƳƻŘŀƭ 

ŘƛǎǘǊƛōǳǝƻƴ ŎŜƴǘŜǊŜŘ ƛƴ уу ƴƳ ŘǳǊƛƴƎ ǘƘŜ ǘǊŀƴǎƛŜƴǘ ŎȅŎƭŜǎΣ ǿƘƛƭŜ ƛƴ ǘƘŜ ƛŘƭƛƴƎ ƻǇŜǊŀǝƻƴ ŜȄƘƛōƛǘŜŘ ǘǿƻ 

ƳƻŘŜǎΣ ŀ ŘƻƳƛƴŀƴǘ ŀŎŎǳƳǳƭŀǝƻƴ ƳƻŘŜ ŎŜƴǘŜǊŜŘ ƛƴ мс ƴƳ ŀƴŘ ŀ ǎŜŎƻƴŘ ƳƻŘŜ ŎŜƴǘŜǊŜŘ ƛƴ Ϥ тр ƴƳΦ Lǘ 

Ŏŀƴ ǎǳƎƎŜǎǘ ǘƘŀǘ ǘƘŜ ŘƛŜǎŜƭ ŜȄƘŀǳǎǘ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ ŀƴ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ ƳƻŘŜ ŎƻƳǇƻǎŜŘ 

ƻŦ ŀƎƎƭƻƳŜǊŀǘŜŘ ǎƻƻǘ ǇŀǊǝŎƭŜǎ ŦƻǊƳŜŘ ōȅ ŀǘ ƘƛƎƘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎ ŘǳǊƛƴƎ ǘƘŜ ƛƴŎƻƳǇƭŜǘŜ ŎƻƳōǳǎǝƻƴ 

ǇǊƻŎŜǎǎ όwƛǎǎƭŜǊ Ŝǘ ŀƭΦΣ нлмнύΦ IŜƴŎŜΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ƘȅǇƻǘƘŜǎƛȊŜ ǘƘŀǘ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ǇŀǊǝŎƭŜǎ 

ƻōǎŜǊǾŜŘ ƛƴ [ŀǎ CŜǊƛŀǎ ŀƴŘ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŎƻǳƭŘ ōŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ǾŜƘƛŎǳƭŀǊ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǘƘŀǘ ƭŀǘŜǊ 

ǎƘƛƊŜŘ ǘƻ ōƛƎƎŜǊ ǎƛȊŜ ŘǳŜ ǘƻ ǘƘŜ ŀƎƎƭƻƳŜǊŀǝƻƴ ǇǊƻŎŜǎǎ ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ 

!ƛǘƪŜƴ ƳƻŘŜ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎ ǘǊŀŶŎ ǊǳǎƘ ƘƻǳǊ {ŀƴ /Ǌƛǎǘƻōŀƭ ǊŜǾŜƭŜŘ ǘƘŜ ǇǊƻŘǳŎǝƻƴ ƻŦ ŦǊŜǎƘ 

ǇŀǊǝŎƭŜǎ ŦǊƻƳ ǘƘŜ ŎƻƳōǳǎǝƻƴ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ŦǊƻƳ ǇŀǊǝŎƭŜ ƎǊƻǿǘƘ ǇǊƻŎŜǎǎ όIŀƳŀ Ŝǘ ŀƭΦΣ нлмтύΦ 
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Figure 2-8. 1-hour average Number Particle Size Distribution in a) Las Ferias and b) San Cristobal sites.  

2.3.5. Lung Deposited Area Surface 

 

¢ƘŜ ŀǾŜǊŀƎŜ [5{! ǿŀǎ ƘƛƎƘŜǊ ƛƴ ǘƘŜ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎƛǘŜ ǘƘŀƴ ƛƴ [ŀǎ CŜǊƛŀǎΣ ǿƛǘƘ [5{! ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ 

пуΦм ŀƴŘ опΦн mƳнκŎƳоΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ [5{! ŜǎǝƳŀǘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǿŜǊŜ ƴƻǘŀōƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŀǘ 

ŦƻǳƴŘ ƛƴ ƻǘƘŜǊ ǇƭŀŎŜǎΦ Lƴ ǘƘŜ IŜƭǎƛƴƪƛ aŜǘǊƻǇƻƭƛǘŀƴ ŀǊŜŀΣ ǘƘŜ ŀǾŜǊŀƎŜ [5{! ǿŀǎ нтΦн mƳнκŎƳо ƛƴ ŀ ǎǘǊŜŜǘ 

ŎŀƴȅƻƴΣ моΦс mƳнκŎƳо ƛƴ ŀ ƘƛƎƘǿŀȅ ŀƴŘ нлΦо mƳнκŎƳо ƛƴ ŀ ƘŀǊōƻǊ ό[ŜǇƛǎǘǀ Ŝǘ ŀƭΦΣ нлннύΦ Lƴ ǘƘŜ ǎŀƳŜ 

ŎƛǘȅΣ ǿŀǎ ǊŜƎƛǎǘŜǊŜŘ ŀ [5{! ƻŦ мфΦт mƳнκŎƳо ƛƴ ŀ ǎǘǊŜŜǘ Ŏŀƴȅƻƴ ŀƴŘ ммΦн mƳнκŎƳо ƛƴ ŀƴ ǳǊōŀƴ 

ōŀŎƪƎǊƻǳƴŘ όCǳƴƎ Ŝǘ ŀƭΦΣ нлнмύΦ Lƴ ƻǘƘŜǊ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ ŀǊŜŀǎΣ ǘƘŜ [5{! ŎƻƴŎŜƴǘǊŀǝƻƴ ǿŀǎ ōŜǘǿŜŜƴ 

от ҕ нс mƳнκŎƳо ƛƴ .ŀǊŎŜƭƻƴŀ ό{Ǉŀƛƴύ όwŜŎƘŜ Ŝǘ ŀƭΦΣ нлмрύΣ мн mƳнκŎƳо ƛƴ ŀƴ ŀǊŜŀ ǇŀǊƪΣ мс π ом mƳнκŎƳо 

ƛƴ ǊŜǎƛŘŜƴǝŀƭ ŀǊŜŀǎΣ мр mƳнκŎƳо ƛƴ ŀ ǎǳōǳǊōŀƴ ǊŜǎƛŘŜƴǝŀƭ ŀǊŜŀΣ но mƳнκŎƳо ƛƴ ŀ ǊŜǎƛŘŜƴǝŀƭ ŀǊŜŀ ƴŜŀǊ 

ǘƻ ǘǊŀŶŎ ǎƻǳǊŎŜǎΣ ŀƴŘ фп mƳнκŎƳо ƛƴ ŀ ǘǊŀŶŎ ǎƛǘŜ ƛƴƴŜǊ ŎƛǘȅΣ όYǳǳƭǳǾŀƛƴŜƴ Ŝǘ ŀƭΦΣ нлмсύΦ ¢ƘǳǎΣ ǘƘŜ [5{! 

ǊŜǎǳƭǝƴƎ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƘƛƎƘŜǊ ǘƻ ǊŜǇƻǊǘŜŘ ƛƴ ƻǘƘŜǊ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ ŀǊŜŀǎΦ   

¢ƘŜ [5{! ǎƘƻǿŜŘ ŀ ŘƛǳǊƴŀƭ ǾŀǊƛŀǝƻƴ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŘǳǊƛƴƎ ǘƘŜ ƳƻǊƴƛƴƎ ǊǳǎƘ ƘƻǳǊǎ 

ŦǊƻƳ пΥлл ǘƻ млΥллΣ ǿƛǘƘ ŀ ǇŜŀƪ ŀǘ тΥлл IΣ ŀǎ ǎƘƻǿ ƛƴ CƛƎǳǊŜ нπфΦ ¢ƘŜ ƳŀȄƛƳǳƳ [5{! ŎƻƴŎŜƴǘǊŀǝƻƴǎ 

ǿŜǊŜ ƻƴ ŀǾŜǊŀƎŜ млфΦуф ŀƴŘ ссΦпс mƳнκŎƳо ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŀƴŘ [ŀǎ CŜǊƛŀǎΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎƭȅΦ Lƴ 

ŀŘŘƛǝƻƴΣ ŘǳǊƛƴƎ ǘƘŜ ŀƊŜǊƴƻƻƴΣ [5{! ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ǿƛǘƘ ƳŀȄƛƳǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ 

рпΦтн ŀƴŘ пнΦмс mƳнκŎƳо ŦƻǊ ŜŀŎƘ ǎƛǘŜ ōŜǘǿŜŜƴ муΥлл πмфΥлл IΦ ¢ƘŜ ƘƻǳǊƭȅ ǇŀǧŜǊƴ ƻŦ [5{! 
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ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŀǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŀǘ ƻŦ taнΦр ŎƻƴŎŜƴǘǊŀǝƻƴǎ όCƛƎǳǊŜ нπпŀύ ŦƻǊ ōƻǘƘ ǎƛǘŜǎΣ ǿƘƛŎƘ ǎǳƎƎŜǎǘǎ 

ŀ ƭƛƴƪ ǿƛǘƘ ŎƻƳōǳǎǝƻƴ ŜƳƛǎǎƛƻƴǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘǊŀŶŎ ǊǳǎƘ ƘƻǳǊǎΦ ¢ƘŜ ƳŀȄƛƳǳƳ [5{! ŎƻƴŎŜƴǘǊŀǝƻƴǎ 

ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎ ƘƻǳǊǎ Ŏŀƴ ōŜ ŜȄǇƭŀƛƴŜŘ ōȅ ƘƛƎƘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ǇŀǊǝŎƭŜǎ ŎŀǳǎŜŘ ōȅ ǘƘŜ 

ƳƛƴƛƳǳƳ ƳƛȄƛƴƎ ƭŀȅŜǊ ƘŜƛƎƘǘ ƛƴ ǘƘŜǎŜ ƘƻǳǊǎΦ 

¢ƘŜ [5{! ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ƘƛƎƘŜǊ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ǘƘŀƴ ƛƴ [ŀǎ CŜǊƛŀǎ Ƴƻǎǘ ƻŦ ǘƘŜ ǝƳŜΣ ŜȄŎŜǇǘ ŦƻǊ 

ƳƛŘƴƛƎƘǘ όноΥлл I ς оΥлл IύΣ ǿƘŜƴ [5{! ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ƘƛƎƘŜǊ ƛƴ [ŀǎ CŜǊƛŀǎΦ  

 

Figure 2-9. The average LDSA concentrations in the Las Ferias and San Cristobal sites and during 
different times of the day.  

¢ƘŜ [5{! ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŀǾŜǊŀƎŜ ƻǾŜǊ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘ ǇŜǊƛƻŘǎ ŦƻǊ ŜŀŎƘ ǎƛǘŜ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нπмлΦ 

9ǾŜƴ ǘƘƻǳƎƘ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴǎ ŀǘ ōƻǘƘ ǎƛǘŜǎ ǿŜǊŜ ǳƴƛƳƻŘŀƭ ŎŜƴǘŜǊŜŘ ƛƴ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƳƻŘŜΣ 

ŘƛũŜǊŜƴǘ ƳƻŘŀƭ ŘƛŀƳŜǘŜǊǎ ōŜǘǿŜŜƴ ǎƛǘŜǎ ǿŜǊŜ ƻōǎŜǊǾŜŘΦ Lǘ ǿŀǎ ŎŜƴǘŜǊŜŘ ōŜǘǿŜŜƴ мнл ŀƴŘ нлн ƴƳΣ 

ǿƛǘƘ ŀ ǘŀƛƭ ƻǾŜǊ ōƛƎƎŜǊ ŘƛŀƳŜǘŜǊǎ ŀǘ [ŀǎ CŜǊƛŀǎΣ ŀƴŘ ŀǊƻǳƴŘ ŀ ƭŀǊƎŜǊ ŘƛŀƳŜǘŜǊ όомт ǘƻ пур ƴƳύ ŀǘ {ŀƴ 

/ǊƛǎǘƻōŀƭΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŎƻƳōǳǎǝƻƴ ǎƻǳǊŎŜǎΣ ǎǳŎƘ ŀǎ ǘǊŀŶŎΣ ŀũŜŎǘ [ŀǎ CŜǊƛŀǎ ƳƻǊŜ 

ǎǘǊƻƴƎƭȅ ǘƘŀƴ {ŀƴ /ǊƛǎǘƻōŀƭΣ ǿƘƛŎƘ ǎŜŜƳǎ ǘƻ ƘŀǾŜ ǎƭƛƎƘǘƭȅ ƳƻǊŜ ŀƎŜŘ ŎƻƳōǳǎǝƻƴ ŀŜǊƻǎƻƭǎΦ ¢ƘŜ !ƛǘƪŜƴ 

ƳƻŘŜ ό5Ǉ ғ млл ƴƳύ ǿŀǎ ƴƻǘ ƳŜŀƴƛƴƎŦǳƭ ŦƻǊ [5{!Σ ŀƴŘ ŎƻŀǊǎŜ ǇŀǊǝŎƭŜǎ ǿŜǊŜ ƳƻǊŜ ƛƳǇƻǊǘŀƴǘ ƛƴ {ŀƴ 

/Ǌƛǎǘƻōŀƭ ǘƘŀƴ ƛƴ [ŀǎ CŜǊƛŀǎΣ ǿƛǘƘ ŀ ƳƛƴƻǊ ƳƻŘŜ ŀǘ нΦр mƳΦ ¢ƘŜ ŘƛũŜǊŜƴŎŜ ƛƴ [5{! ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ 

ōŜǘǿŜŜƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŀƴŘ [ŀǎ CŜǊƛŀǎ ƛǎ ǇŀǊǘƭȅ ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜ ŘƛũŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ǎƻǳǊŎŜǎ ŀƴŘ 

ŜƴǾƛǊƻƴƳŜƴǘǎ ǎǳǊǊƻǳƴŘƛƴƎ ŜŀŎƘ ǎƛǘŜΦ ¢ƘǳǎΣ ǿƘƛƭŜ {ŀƴ /Ǌƛǎǘƻōŀƭ ƛǎ ŀƴ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ ǎƛǘŜ ƭƻŎŀǘŜŘ ƛƴ ŀ 

ǇŀǊƪΣ [ŀǎ CŜǊƛŀǎ ƛǎ ŀ ǘǊŀŶŎ ǎƛǘŜ ƭƻŎŀǘŜŘ ŎƭƻǎŜ ǘƻ ŀ ŎǊƻǎǎƛƴƎ ƻŦ ǘǿƻ ōǳǎȅ ǊƻŀŘǎ ƛƴ ǘƘŜ ƛƴƴŜǊ ŎƛǘȅΦ /ƻŀǊǎŜ 

ǇŀǊǝŎƭŜǎ ǿŜǊŜ ƳƻǊŜ ǊŜƭŜǾŀƴǘ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ǘƘŀƴ ƛƴ [ŀǎ CŜǊƛŀǎΣ ǿƛǘƘ ŀ ǎƭƛƎƘǘ ƳƻŘŜ ŀǘ нΦр mƳΦ 

[5{! ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ǎƘƻǿŜŘ ǘƘŜ ǎŀƳŜ ƳƻŘŀƭ ŘƛŀƳŜǘŜǊǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ŘŀȅΦ ¢ƘŜ ƘƛƎƘŜǎǘ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ŀǊƻǳƴŘ ǘƘŜ ƳƻǊƴƛƴƎ ǊǳǎƘ ƘƻǳǊΣ ǊŜŀŎƘƛƴƎ ŀ ǾŀƭǳŜ ƻŦ млсΦрт mƳнκŎƳо ƛƴ 

ƭŀǎ CŜǊƛŀǎ ŀƴŘ мрсΦрп mƳнκŎƳо ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŀǘ тΥлл IΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нπммΦ ¢ƘŜ ƳƛƴƛƳǳƳ [5{! 

ŎƻƴŎŜƴǘǊŀǝƻƴ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ όϤнн mƳнκŎƳоύ ǿŀǎ ƭƻǿŜǊ ǘƘŀƴ ƻōǎŜǊǾŜŘ ƛƴ [ŀǎ CŜǊƛŀǎ όϤнт mƳнκŎƳоύΣ 

ōŜǘǿŜŜƴ ноΥлл ŀƴŘ пΥлл IΦ 
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Figure 2-10. The average LDSA concentrations in the Las Ferias and San Cristobal sites and during 
different times of the day.  

  
Figure 2-11. Average LDSA size distribution in Las Ferias and San Cristobal sites during the different 
times of the day.  

2.3.6.  Relationship between meteorological conditions and PNC 

¢ƻ ŘƛũŜǊŜƴǝŀǘŜ ǿƘŜǘƘŜǊ ǇŀǊǝŎƭŜǎ ŀǊŜ ŦƻǊƳŜŘ ōȅ ǘƘŜ ƴǳŎƭŜŀǝƻƴ ǇǊƻŎŜǎǎ ƻǊ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ǾŜƘƛŎǳƭŀǊ 

ǎƻǳǊŎŜǎΣ ǇƻƭŀǊ Ǉƭƻǘǎ ǎŜƎǊŜƎŀǘŜŘ ōȅ ǇŀǊǝŎƭŜ ǎƛȊŜ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ōȅ bǳŎƭŜƛ ŀƴŘ !ƛǘƪŜƴ ƻǊ ƴŀƴƻǇŀǊǝŎƭŜ 

ƳƻŘŜǎ ŀƴŘ ¢t/Φ CƛƎǳǊŜ нπмнŀ ǎƘƻǿǎ ǘƘŀǘ ƴŀƴƻǇŀǊǝŎƭŜǎ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ¢t/ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ŀƳōƛŜƴǘ ŀƛǊ 

ŀǘ [ŀǎ CŜǊƛŀǎ ǎǘŀǝƻƴΣ ōŜŎŀǳǎŜ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ¢t/ ƛǎ ǘƘŜ ǳƴƛǘ όǊǇŜŀǊǎƻƴ Ґ мύΦ hƴ 

ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ bǳŎƭŜƛ ŀƴŘ ƴŀƴƻǇŀǊǝŎƭŜǎ ƳƻŘŜǎ ǿŀǎ ƴƻǘ ǘƘŜ ǳƴƛǘ ŘǳǊƛƴƎ ǘƘŜ ǿƘƻƭŜ 

ŘŀȅΦ Lƴ ǘƘŜ ǎƻǳǘƘŜŀǎǘ ŘƛǊŜŎǝƻƴ ŀƴŘ ŜǎǇŜŎƛŀƭƭȅ ŘǳǊƛƴƎ ǘƘŜ ƴƛƎƘǘ ǿŀǎ ŬƴŘ ŀ ƭƻǿŜǊ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ 

bǳŎƭŜƛ ŀƴŘ ƴŀƴƻǇŀǊǝŎƭŜǎ όǊǇŜŀǊǎƻƴ ϤлΦрύ όCƛƎǳǊŜ нπмнōύΦ ¢ƘŜ ǇƻƭŀǊ Ǉƭƻǘǎ ŦƻǊ ƴǳŎƭŜƛ ŀƴŘ ƴŀƴƻǇŀǊǝŎƭŜǎ ǎƘƻǿ 

ǘƘŀǘ ǘƘŜ ƘƛƎƘŜǊ ƴŀƴƻǇŀǊǝŎƭŜǎ ŎƻƴŎŜƴǘǊŀǝƻƴ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ ǿŜǎǘ ŀƴŘ ǎƻǳǘƘ ŘƛǊŜŎǝƻƴ ŀǘ ƭƻǿŜǊ ǿƛƴŘ 

ǎǇŜŜŘǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ŘǳǊƛƴƎ ŘŀȅƭƛƎƘǘ όCƛƎǳǊŜ нπмнŘύΦ Lƴ ǘƘƛǎ ŘƛǊŜŎǝƻƴ ƛǎ ǘƘŜ ƘƛƎƘǿŀȅ ŎƭƻǎŜǊ ǘƻ ǘƘŜ CŜǊƛŀǎ 
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ǎǘŀǝƻƴΦ !ƭǎƻΣ ǎƻƳŜ ǇŀǊǘ ƻŦ ǘƘŜ ƴǳŎƭŜƛ ǇŀǊǝŎƭŜǎ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ²ŜǎǘΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ǎƻƳŜ bǳŎƭŜƛ 

ǇŀǊǝŎƭŜǎ ŎƻǳƭŘ ōŜ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ǘǊŀŶŎ ŜƳƛǎǎƛƻƴΦ IƻǿŜǾŜǊΣ ŀ ǎƛƎƴƛŬŎŀƴǘ ǇŀǊǝŎƭŜǎ ŎƻƴŎŜƴǘǊŀǝƻƴ 

ŀǊǊƛǾŜǎ ŦǊƻƳ ǘƘŜ 9ŀǎǘ ŀǘ ƘƛƎƘŜǊ ǿƛƴŘ ǎǇŜŜŘǎΣ ŀǘ ŀƴȅ ǝƳŜ ƻŦ ŘŀȅΦ ¢ƘŜǎŜ ǇŀǊǝŎƭŜǎ ŎƻǳƭŘ ōŜ ǘǊŀƴǎǇƻǊǘŜŘ 

ŦǊƻƳ ǘƘŜ ŜŀǎǘŜǊ ƘƛƎƘǿŀȅǎ ŀƴŘ Ƴƻǳƴǘŀƛƴǎ ǘƘŀǘ ōƻǳƴŘŀǊȅ ǘƘŜ Ŏƛǘȅ ƻǊ ŜǾŜƴ ŦŀǊ ŀǿŀȅ όCƛƎǳǊŜ нπмнŎύΦ   

 a
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e

 

 

CƛƎǳǊŜ нπмнΦ tƻƭŀǊ Ǉƭƻǘ ƻŦ bǳŎƭŜƛΣ ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ¢t/ ŀǘ [ŀǎ CŜǊƛŀǎ ǎǘŀǝƻƴ ƛƴ .ƻƎƻǘł 5Φ/Φ ŦƻǊ но WǳƴŜ 

ǘƻ р Wǳƭȅ нлмт όŎΣ Ř ŀƴŘ Ŝύ ŀƴŘ ǇƻƭŀǊ Ǉƭƻǘ ƻŦ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ bǳŎƭŜƛ ŀƴŘ ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ 

ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ¢t/ όŀ ŀƴŘ ōύΦ    

Lƴ ǘƘŜ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎǘŀǝƻƴ ǿŀǎ ŬƴŘ ŎƻǊǊŜƭŀǝƻƴ ŎƻŜŶŎƛŜƴǘǎ ōŜǘǿŜŜƴ ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ¢t/ ǿŜǊŜ ŎƭƻǎŜǊ 

ǘƻ ǘƘŜ ǳƴƛǘΦ 9ȄŎŜǇǘ ƛƴ ǘƘŜ ǎŜŎƻƴŘ ƳŜŀǎǳǊŜƳŜƴǘ ŎŀƳǇŀƛƎƴΣ ǿƘŜƴ ǘƘŜ ŎƻŜŶŎƛŜƴǘ ŎƻǊǊŜƭŀǝƻƴ ŘŜŎǊŜŀǎŜǎ 

ǳƴǝƭ лΦт ŦƻǊ ǇŀǊǝŎƭŜǎ ǘƘŀǘ ŀǊǊƛǾŜǎ ŦǊƻƳ ǘƘŜ bƻǊǘƘǿŜǎǘ ŘƛǊŜŎǝƻƴΣ ǿƘŜƴ ¢t/ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ƘƛƎƘŜǊ ǘƘŀƴ 
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ƴŀƴƻǇŀǊǝŎƭŜǎΦ ¢ƘŜ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ¢t/ ŀǊǊƛǾŜ ŦǊƻƳ ǘƘŜ ²ŜǎǘΣ bƻǊǘƘ ŀƴŘ 

9ŀǎǘ ŘǳǊƛƴƎ ŘŀȅƭƛƎƘǘΦ ¢ƘŜ ƭƻƴƎπǊŀƴƎŜ ǎƻǳǊŎŜŘ ǇŀǊǝŎǳƭŀǘŜ ŦƻǊ ŀƭƭ ǎƛȊŜǎ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ Ŝŀǎǘ ŀƴŘ ǎƻǳǘƘŜŀǎǘΣ 

ŜǾŜƴ ŘǳǊƛƴƎ ǘƘŜ ƴƛƎƘǩƳŜΦ   

a 

 

b 

 
 

c

 

d

 

e

 

CƛƎǳǊŜ нπмоΦ tƻƭŀǊ Ǉƭƻǘ ƻŦ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ bǳŎƭŜƛ όŎύ Σ ƴŀƴƻǇŀǊǝŎƭŜǎ όŘύ ŀƴŘ ¢t/ όŜύ ŀǘ {ŀƴ 

/Ǌƛǎǘƻōŀƭ ǎǘŀǝƻƴ ƛƴ .ƻƎƻǘł 5Φ/Φ ŦƻǊ ол !ǳƎǳǎǘ нлно ǘƻ мм {ŜǇǘŜƳōŜǊ нлмт ό{ŀƴ /Ǌƛǎǘƻōŀƭ мύ ŀƴŘ ŦǊƻƳ 

нт {ŜǇǘŜƳōŜǊ ǘƻ мл hŎǘƻōŜǊ  нлмт ό{ŀƴ /Ǌƛǎǘƻōŀƭ нύ ŀƴŘ ǇƻƭŀǊ Ǉƭƻǘ ƻŦ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ bǳŎƭŜƛ 

ŀƴŘ ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ¢t/ ŦƻǊ ōƻǘƘ ǇŜǊƛƻŘǎ όŀ ŀƴŘ ōύΦ    

 

!ƭǘƘƻǳƎƘ ǘƘŜ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ό҈wIύ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ǘƘŀƴ ƛƴ ƭŀǎ CŜǊƛŀǎ 

{ǘŀǝƻƴΣ ǘƘƛǎ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ǇŀǊŀƳŜǘŜǊ ŘƛŘ ƴƻǘ ǎƘƻǿ ŀ ǎǘŀǝǎǝŎŀƭ ŎƻǊǊŜƭŀǝƻƴ ǿƛǘƘ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

ǇŀǊǝŎƭŜǎ ƛƴ ǘƘŜ ƴǳŎƭŜƛ ƳƻŘŜΣ ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ¢t/Φ ¢ƘŜ {ǇŜŀǊƳŀƴ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ bǳŎƭŜƛ ƳƻŘŜΣ 
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ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ¢t/ ŀƴŘ ҈Iw ǿŀǎ ƴƻǘ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜƴǘ ŦǊƻƳ ȊŜǊƻ όǊн Ґ лΦлм π лΦмрύΣ ŦƻǊ ǘƘŜ ǘǿƻ 

ǎǘŀǝƻƴǎ ŀƴŘ ǘƘŜ ǘƘǊŜŜ ƳŜŀǎǳǊŜƳŜƴǘ ǇŜǊƛƻŘǎΦ  

 

5ǳŜ ǘƻ ǘƘŜ ҈wI ŎƘŀƴƎŜ ŘǳǊƛƴƎ ǘƘŜ Řŀȅ ǿŀǎ ŜȄǇƭƻǊŜŘ ǘƘŜ ǎǘŀǝǎǝŎŀƭ ŀǎǎƻŎƛŀǝƻƴ ƻŦ ƴǳŎƭŜƛ ƳƻŘŜΣ 

ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ¢t/ ōȅ ǝƳŜ ƻŦ Řŀȅ ŦƻǊ ŜŀŎƘ ǎǘŀǝƻƴ ŀƴŘ ƳŜŀǎǳǊŜƳŜƴǘ ǇŜǊƛƻŘΦ ¢ŀōƭŜ нπо ǎƘƻǿǎ ǘƘŜ 

ǎǉǳŀǊŜ {ǇŜŀǊƳŀƴ ŎƻǊǊŜƭŀǝƻƴ ǎŜƎǊŜƎŀǘŜŘ ōȅ ƘƻǳǊΣ ǎƛȊŜ ƻŦ ǇŀǊǝŎƭŜǎ ŀƴŘ ǎǘŀǝƻƴΦ ! ƘƛƎƘŜǊ ŎƻǊǊŜƭŀǝƻƴ ǿŀǎ 

ŦƻǳƴŘ ŘǳǊƛƴƎ ǘƘŜ ŬǊǎǘ ǇŜǊƛƻŘ ƻŦ ƳŜŀǎǳǊŜƳŜƴǘ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘŜ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎǘŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ҈wI 

ǿƛǘƘ ƴŀƴƻǇŀǊǝŎƭŜǎ ŀƴŘ ¢t/ ƛƴ ǘƘŜ ŀƊŜǊƴƻƻƴ όмоΥллI ς мрΥллIύΦ !ǘ ǘƘƛǎ ǝƳŜ ǿŀǎ ƴƻ ǊǳǎƘπƘƻǳǊ ǘǊŀŶŎ 

ŀƴŘ ǘƘŜ ҈wI ŘŜŎǊŜŀǎŜŘ ǘƻ рл҈Φ ¢ƘŜ ǎǘǊƻƴƎŜǊ ŎƻǊǊŜƭŀǝƻƴ ŎƻŜŶŎƛŜƴǘ ǿŀǎ ƻōǎŜǊǾŜŘ ŀǘ млΥлл I ƛƴ [ŀǎ 

CŜǊƛŀǎ ŦƻǊ ǘƘŜ ǘƘǊŜŜ ǎƛȊŜǎ ƻŦ ǇŀǊǝŎƭŜǎΣ ŀƭǘƘƻǳƎƘ ǘƘŜǊŜ ǿŀǎ ƴƻ ŘƛǎŎŜǊƴƛōƭŜ ǇŀǧŜǊƴ ǎŜŜƴ ŀǊƻǳƴŘ ǘƘƛǎ ǝƳŜΦ 

hǾŜǊŀƭƭΣ ǘƘƛǎ ǎǘǳŘȅ ŎƻǳƭŘ ƴƻǘ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ŘƛũŜǊŜƴŎŜǎ ƛƴ ƴǳŎƭŜƛ ƳƻŘŜΣ ƴŀƴƻǇŀǊǝŎƭŜǎΣ ŀƴŘ tb/ ǎŜŜƴ 

ŘǳǊƛƴƎ ǘƘŜ ǘǿƻ ƻōǎŜǊǾŀǝƻƴ ǇŜǊƛƻŘǎ ƛƴ ǘƘŜ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎǘŀǝƻƴ ǿŜǊŜ ŎŀǳǎŜŘ ōȅ ǾŀǊƛŀǝƻƴǎ ƛƴ ǘƘŜ 

ŀƳōƛŜƴǘ ŀƛǊϥǎ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ό҈wIύΦ {ƛƳƛƭŀǊ ǊŜǎǳƭǘǎ ǿŜǊŜ ŦƻǳƴŘ ōȅ ²ŜƘƴŜǊ ŀƴŘ ²ƛŜŘŜƴǎƻƘƭŜǊΣ όнллоύ 

ǿƛǘƘ ƴƻ ǊŜƭŜǾŀƴǘ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ƘǳƳƛŘƛǘȅ ŀƴŘ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ǇŀǊǝŎƭŜǎ ŦƻǊƳŀǝƻƴΦ  

Table 2-3. Correlation coefficient of Spearman (R2) between Relative Humidity and number of particles 
segregate by aerodynamic diameter for the Nuclei mode (21 ς 38 nm), nanoparticles (21 ς 119 nm) 

and TPC (21 nm ς 10 mm) and time of day.  

 

2.4. Conclusions 

 

¢ƘŜ ŬƴŘƛƴƎǎ ƻŦ ŀ ǇƛƻƴŜŜǊƛƴƎ ǎǘǳŘȅ ƛƴ /ƻƭƻƳōƛŀ ǘƘŀǘ ƳŜŀǎǳǊŜŘ ǘƘŜ ƴǳƳōŜǊ ǇŀǊǝŎƭŜ ŎƻƴŎŜƴǘǊŀǝƻƴΣ 

ƴǳƳōŜǊ ǇŀǊǝŎƭŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΣ ŀƴŘ ƭǳƴƎ ŘŜǇƻǎƛǘŜŘ ǎǳǊŦŀŎŜ ŀǊŜŀ ǿŜǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊΦ ¢Ƙƛǎ 

ƛƴǾŜǎǝƎŀǝƻƴ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘǿƻ ǳǊōŀƴ ǎƛǘŜǎ ƻŦ .ƻƎƻǘłΣ /ƻƭƻƳōƛŀΥ ǘƘŜ ŬǊǎǘ ƛƴ ŀ ƭƻŎŀǝƻƴ ŀũŜŎǘŜŘ ōȅ 

ǘǊŀŶŎ Ǉƻƭƭǳǝƻƴ ό[ŀǎ CŜǊƛŀǎύΣ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ƛƴ ŀ ƭƻŎŀǝƻƴ ŘŜǎƛƎƴŀǘŜŘ ŀǎ ŀƴ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ ǎƛǘŜ ό{ŀƴ 

/ǊƛǎǘƻōŀƭύΦ aŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ƴƻǘ ǇŜǊŦƻǊƳŜŘ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅΣ ōǳǘ ǳƴŘŜǊ ǎƛƳƛƭŀǊ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ 

ŎƻƴŘƛǝƻƴǎ ¢ƘŜȅ ǿŜǊŜ ƳŀŘŜ ǿƛǘƘ ŀ ƘƛƎƘ ǝƳŜ ǊŜǎƻƭǳǝƻƴ όм ǎŜŎƻƴŘύΣ ŀƴŘ ǘƘŜƴ ŀǾŜǊŀƎŜŘ ƘƻǳǊƭȅ ŀƴŘ ŘŀƛƭȅΦ 

²ŜŀǘƘŜǊπǊŜƭŀǘŜŘ ŦŀŎǘƻǊǎΣ taмлΣ taнΦрΣ ŀƴŘ ƻǘƘŜǊ ŎǊƛǘŜǊƛŀ ƎŀǎŜǎΣ ƭƛƪŜ hо ŀƴŘ bhȄΣ ǿŜǊŜ ƳƻƴƛǘƻǊŜŘ ƛƴ ǘƘŜ 

ǎŀƳŜ ǎƛǘŜǎ ƻŦ ǘƘŜ !ƛǊ vǳŀƭƛǘȅ bŜǘǿƻǊƪ ƻŦ .ƻƎƻǘŀΦ 
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¢ƘŜ tŀǊǝŎƭŜ bǳƳōŜǊ /ƻƴŎŜƴǘǊŀǝƻƴ όtb/ύ ƻōǎŜǊǾŜŘ ƛƴ tb/ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ όоΦуȄмло ІκŎƳоύ ǿŀǎ ƘƛƎƘŜǊ 

ǘƘŀƴ ƛƴ [ŀǎ CŜǊƛŀǎ όнΦуȄмло ІκŎƳоύΣ ŘŜǎǇƛǘŜ ǘƘŜ ŀǾŜǊŀƎŜ taнΦр ŎƻƴŎŜƴǘǊŀǝƻƴ ōŜƛƴƎ ǎƛƳƛƭŀǊ ƛƴ ǘƘŜ ǘǿƻ 

ǇƭŀŎŜǎΦ ул҈ ƻŦ ǘƘŜǎŜ ǇŀǊǝŎƭŜǎ ŀǊŜ ƴŀƴƻǇŀǊǝŎƭŜǎΦ ¢ƘŜ tb/ ŦƻǳƴŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ Ƙŀǎ ǎƛƳƛƭŀǊ ƳŀƎƴƛǘǳŘŜ 

ƻǊŘŜǊǎ ǘƻ ǊŜǇƻǊǘ ƛƴ ƻǘƘŜǊ ǘƻ ǘƘƻǎŜ ǎǘǳŘƛŜǎ ŎƻƴŘǳŎǘŜŘ ƛƴ 9ǳǊƻǇŜ ŀƴŘ ¦{ ŎƛǝŜǎΦ Lƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ƘƻǳǊƭȅ 

ǾŀǊƛŀǝƻƴǎΣ ŘǳǊƛƴƎ ƳƻǊƴƛƴƎ ǊǳǎƘ ƘƻǳǊ ǘǊŀŶŎ ǿŀǎ ƻōǎŜǊǾŜŘ ŀǊƻǳƴŘ ǘƘŜ ŘƻǳōƭŜ tb/ ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǘƘŜ 

Řŀƛƭȅ ŀǾŜǊŀƎŜ ƻŦ tb/Σ ǿƘƛƭŜ ǘƘŜ ƳƛƴƛƳǳƳ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ǊŜƎƛǎǘŜǊŜŘ ŀǘ ƳƛŘƴƛƎƘǘ ǿƛǘƘ ƘŀƭŦ ƻŦ ǘƘŜ 

ŀǾŜǊŀƎŜ Řŀƛƭȅ ŎƻƴŎŜƴǘǊŀǝƻƴΦ !ǎ ǿŀǎ ŜȄǇŜŎǘŜŘΣ ŘǳǊƛƴƎ ƻƴ ǘƘŜ ǿŜŜƪŘŀȅǎ ǘƘŜ tb/ ǿŀǎ ƘƛƎƘŜǊ ǘƘŀƴ ƻƴ ǘƘŜ 

ǿŜŜƪŜƴŘǎ ŀƴŘ ǘƘŜǎŜ ŘƛũŜǊŜƴŎŜǎ ǿŜǊŜ Ƴƻǎǘ ƴƻǘŀōƭŜ ƛƴ [ŀǎ CŜǊƛŀǎ ǘƘŀƴ ƛƴ {ŀƴ /ǊƛǎǘƻōŀƭΦ  

¢ƘŜ tŀǊǝŎƭŜǎ bǳƳōŜǊ {ƛȊŜ 5ƛǎǘǊƛōǳǝƻƴ όtb{5ύ ǿŀǎ ǳƴƛƳƻŘŀƭΣ ŎŜƴǘŜǊŜŘ ƛƴ ǘƘŜ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ƻŦ 

мнл ƴƳ ƛƴ [ŀǎ CŜǊƛŀǎ ǎƛǘŜ ŀƴŘ ǘƘŜ ƘƻǳǊƭȅ ǾŀǊƛŀǝƻƴ ǿŀǎ ƴƻǘ ŀũŜŎǘŜŘ ƛƴ ǘƘŜ tb{5Σ ǿƘƛƭŜ ǘƘŜ {ŀƴ /Ǌƛǎǘƻōŀƭ 

ǎƛǘŜ ŜȄƘƛōƛǘŜŘ ŀ ŘƛũŜǊŜƴǘ ǎƘŀǇŜ ƛƴ ǘƘŜ ƳƻǊƴƛƴƎ ǊǳǎƘ ǘǊŀŶŎ ƘƻǳǊΣ ǎƘƻǿƛƴƎ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ŀƴ ǳƭǘǊŀŬƴŜ 

ƳƻŘŜ ŘǳǊƛƴƎ ǘƘŜǎŜ ƘƻǳǊǎΦ ! ƭŀǊƎŜǊ ƳƻŘŜ ǿŀǎ ŦƻǳƴŘ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŎŜƴǘŜǊŜŘ ƛƴ мнл ƴƳ ŀƴŘ ǘƘŜ ŬƴŜǎǘ 

ƳƻŘŜ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ǊŀƴƎŜ ōŜǘǿŜŜƴ мт ŀƴŘ ол ƴƳΦ  

wŜƎŀǊŘƛƴƎ ǘƘŜ [ǳƴƎ 5ŜǇƻǎƛǘŜŘ !ǊŜŀ {ǳǊŦŀŎŜ ό[5{!ύΣ ǘƘƛǎ ǎǘǳŘȅ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ǇŀǊǝŎƭŜǎ ǿƛǘƘ ǘƘŜ Ƴƻǎǘ 

ǎƛƎƴƛŬŎŀƴǘ ǇƻǘŜƴǝŀƭ ǘƻ ƭƻŘƎŜ ƛƴ ǘƘŜ ƭǳƴƎǎ ƘŀŘ ŀ ǎƳŀƭƭŜǊ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ƛƴ [ŀǎ CŜǊƛŀǎ ǘƘŀƴ ƛƴ ǘƘŜ 

{ŀƴ /Ǌƛǎǘƻōŀƭ ǎƛǘŜΣ ŀǧǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǇǊƻȄƛƳƛǘȅ ǘƻ ǘƘŜ ǾŜƘƛŎǳƭŀǊ ŜƳƛǎǎƛƻƴǎΦ IŜƴŎŜΣ ƛƴ [ŀǎ CŜǊƛŀǎ ǘƘŜ 

ǇŀǊǝŎƭŜǎ ǿƛǘƘ ŀƴ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ōŜǘǿŜŜƴ мнл ŀƴŘ нлн ƴƳ ƘŀǾŜ ŀ ƭŀǊƎŜ ƭǳƴƎ ŘŜǇƻǎƛǝƻƴ 

ǇƻǘŜƴǝŀƭΣ ǿƘƛƭŜ ƛƴ {ŀƴ /Ǌƛǎǘƻōŀƭ ŀǊŜ ǘƘŜ ǇŀǊǝŎƭŜǎ ǿƛǘƘ ŀƴ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ōŜǘǿŜŜƴ омт ŀƴŘ пур 

ƴƳΦ  

¢ƘŜ ŀǾŜǊŀƎŜ [5{! ŎƻƴŎŜƴǘǊŀǝƻƴ ǿŀǎ ƳǳŎƘ ƭƻǿŜǊ ƛƴ [ŀǎ CŜǊƛŀǎ ǘƘŀƴ ƛƴ {ŀƴ /ǊƛǎǘƻōŀƭΣ ǿƛǘƘ ŀƴ ŀǾŜǊŀƎŜ ƻŦ 

пуΦм ŀƴŘ опΦн mƳнκŎƳоΣ ŦƻǊ ŜŀŎƘ ǎƛǘŜΣ ŘŜǎǇƛǘŜ ǘƘŜ taнΦр ŀƴŘ taмл ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ƴƻǘ ǎǘŀǝǎǝŎŀƭƭȅ 

ŘƛũŜǊŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǎƛǘŜǎΦ Lƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ƻǘƘŜǊ ǎǘǳŘƛŜǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘǎΣ {ŀƴ 

/Ǌƛǎǘƻōŀƭ ǎƘƻǿŜŘ ƘƛƎƘŜǊ ƭŜǾŜƭǎ ƻŦ [5{!Φ ¢ƘŜ ƘƻǳǊƭȅ [5{! ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƘŀǾŜ ŀ ŘƛũŜǊŜƴǘ ǇŀǧŜǊƴ ǘƘŀƴ 

taнΦр ŎƻƴŎŜƴǘǊŀǝƻƴǎ ōŜŎŀǳǎŜ [5{! ǿŀǎ ƴƻǝŎŜŀōƭȅ ƎǊŜŀǘŜǊ ŘǳǊƛƴƎ ǘƘŜ ƳƻǊƴƛƴƎ ǘǊŀŶŎ ǊǳǎƘ ƘƻǳǊǎ ǿƘƛƭŜ 

taнΦр ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ƳǳŎƘ ƘƛƎƘŜǊ ŘǳǊƛƴƎ ǘƘŜ ŜǾŜƴƛƴƎ ǊǳǎƘ ƘƻǳǊǎΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ {ŀƴ /Ǌƛǎǘƻōŀƭ 

ǎƛǘŜΦ ¢ƘŜ ƘƻǳǊƭȅ [5{! ŀǾŜǊŀƎŜ ƛƴ ōƻǘƘ ǎƛǘŜǎ ǿŀǎ ƛƳǇŀŎǘŜŘ ōȅ ǇŜŀƪ ǘǊŀŶŎ ƘƻǳǊǎΦ 

¢ƘŜ ǾŀǊƛŀǝƻƴǎ ƛƴ ǘƘŜ ǇǊƛƳŀǊȅ ǇŀǊǝŎƭŜ ǎƻǳǊŎŜǎ ǘƘŀǘ ŀǊŜ ǇǊŜǎŜƴǘ ǎǳǊǊƻǳƴŘƛƴƎ ŜŀŎƘ ǎƛǘŜ Ŏŀƴ ōŜ ǎŜŜƴ ƻƴ 

ǘƘŜ [5{!Φ !ǎ ŀ ǊŜǎǳƭǘΣ ƛƴ [ŀǎ CŜǊƛŀǎ ǘƘŜǊŜ ǿŀǎ ŀ ƎǊŜŀǘŜǊ ŜũŜŎǘ ƻƴ ǾŜƘƛŎƭŜ ŜƳƛǎǎƛƻƴǎ ǘƘŀƴ {ŀƴ /ǊƛǎǘƻōŀƭΣ 

ǿƘƛŎƘ ƛǎ ǾƛǎƛōƭŜ ƛƴ ǘƘŜ ǎƛȊŜ ƻŦ ǇŀǊǝŎƭŜǎ ǘƘŀǘ ŀǊŜ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ƭƻŘƎŜ ƛƴ ǘƘŜ ƭǳƴƎǎΦ tŀǊǝŎƭŜǎ ŦǊƻƳ ōƛƻƎŜƴƛŎ 

ŜƳƛǎǎƛƻƴǎΣ ōƻǘƘ ƭƻŎŀƭ ŀƴŘ ŘƛǎǘŀƴǘΣ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ {ŀƴ /Ǌƛǎǘƻōŀƭ ǎƛǘŜΣ ǿƘƛŎƘ ǇǊƻƳƻǘŜǎ ǘƘŜ ŦƻǊƳŀǝƻƴ 

ƻŦ ƴŜǿ ǇŀǊǝŎƭŜǎ ōȅ ŎƻƴŘŜƴǎŀǝƻƴ ƻǾŜǊ ŜȄƛǎǝƴƎ ǇŀǊǝŎƭŜǎ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜȅ ŀǊŜ ƛǘǎ ǎǳōǎŜǉǳŜƴǘ ƎǊƻǿǘƘΦ 
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2.5. References 

!ƎǳŘŜƭƻπŎŀǎǘŀƷŜŘŀΣ 5Φ aΦΣ ¢ŜƛȄŜƛǊŀΣ 9Φ /ΦΣ .ǊŀƎŀΣ aΦΣ wƻƭƛƳΣ {Φ .Φ !ΦΣ {ƛƭǾŀΣ [Φ CΦ hΦΣ .ŜŘŘƻǿǎΣ 5Φ /Φ {ΦΣ 
IŀǊǊƛǎƻƴΣ wΦ aΦ ŀƴŘ vǳŜǊƻƭΣ ·ΦΥ /ƭǳǎǘŜǊ ŀƴŀƭȅǎƛǎ ƻŦ ǳǊōŀƴ ǳƭǘǊŀ Ŭ ƴŜ ǇŀǊǝŎƭŜǎ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎΣ !ǘƳƻǎΦ 
tƻƭƭǳǘΦ wŜǎΦΣ όWǳƴŜύΣ лςмΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇǊΦнлмуΦлсΦллсΣ нлмуΦ 

!ǎōŀŎƘΣ /ΦΣ CƛǎǎŀƴΣ IΦΣ {ǘŀƘƭƳŜŎƪŜΣ .ΦΣ YǳƘƭōǳǎŎƘΣ ¢Φ !Φ WΦ ŀƴŘ tǳƛΣ 5Φ ¸Φ IΦΥ /ƻƴŎŜǇǘǳŀƭ ƭƛƳƛǘŀǝƻƴǎ ŀƴŘ 
ŜȄǘŜƴǎƛƻƴǎ ƻŦ ƭǳƴƎπŘŜǇƻǎƛǘŜŘ bŀƴƻǇŀǊǝŎƭŜ {ǳǊŦŀŎŜ !ǊŜŀ aƻƴƛǘƻǊ όb{!aύΣ WΦ bŀƴƻǇŀǊǝŎƭŜ wŜǎΦΣ ммόмύΣ 
млмςмлфΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎммлрмπллуπфптфπуΣ нллфΦ 

!Ǿƛƭŀ tǊŀŘŀΣ [Φ ¢ΦΥ 5ŜǘŜǊƳƛƴŀŎƛƽƴ ŘŜƭ bƛǾŜƭ ŘŜ 9ȄǇƻǎƛŎƛƽƴ ŘŜ ±ƛŀƧŜǊƻǎ tŜƴŘǳƭŀǊŜǎ ŀ tŀǊǟŎǳƭŀǎ ¦ƭǘǊŀŬƴŀǎ 
{ŜƎǵƴ Ŝƭ aƻŘƻ ŘŜ ¢ǊŀƴǎǇƻǊǘŜ Ŝƴ ƭŀ ŎƛǳŘŀŘ ŘŜ .ƻƎƻǘłΣ ¦ƴƛǾŜǊǎƛŘŀŘ bŀŎƛƻƴŀƭ ŘŜ /ƻƭƻƳōƛŀ 
ƘǧǇǎΥκκǊŜǇƻǎƛǘƻǊƛƻΦǳƴŀƭΦŜŘǳΦŎƻκƘŀƴŘƭŜκǳƴŀƭκрфнумΣ нлмсΦ 

.ƻƻƎŀŀǊŘΣ IΦΣ aƻƴǘŀƎƴŜΣ 5Φ wΦΣ .ǊŀƴŘŜƴōǳǊƎΣ !Φ tΦΣ aŜƭƛŜŦǎǘŜΣ YΦ ŀƴŘ IƻŜƪΣ DΦΥ /ƻƳǇŀǊƛǎƻƴ ƻŦ ǎƘƻǊǘπ
ǘŜǊƳ ŜȄǇƻǎǳǊŜ ǘƻ ǇŀǊǝŎƭŜ ƴǳƳōŜǊΣ taмл ŀƴŘ ǎƻƻǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻƴ ǘƘǊŜŜ όǎǳōύ ǳǊōŀƴ ƭƻŎŀǝƻƴǎΣ {ŎƛΦ 
¢ƻǘŀƭ 9ƴǾƛǊƻƴΦΣ плуόнлύΣ пплоςппммΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǎŎƛǘƻǘŜƴǾΦнлмлΦлсΦлннΣ нлмлΦ 

.ǊƻǿƴΣ 5Φ aΦΣ ²ƛƭǎƻƴΣ aΦ wΦΣ aŀŎbŜŜΣ ²ΦΣ {ǘƻƴŜΣ ±Φ ŀƴŘ 5ƻƴŀƭŘǎƻƴΣ YΦΥ {ƛȊŜπŘŜǇŜƴŘŜƴǘ 
ǇǊƻƛƴƅŀƳƳŀǘƻǊȅ ŜũŜŎǘǎ ƻŦ ǳƭǘǊŀŬƴŜ ǇƻƭȅǎǘȅǊŜƴŜ ǇŀǊǝŎƭŜǎΥ ! ǊƻƭŜ ŦƻǊ ǎǳǊŦŀŎŜ ŀǊŜŀ ŀƴŘ ƻȄƛŘŀǝǾŜ ǎǘǊŜǎǎ 
ƛƴ ǘƘŜ ŜƴƘŀƴŎŜŘ ŀŎǝǾƛǘȅ ƻŦ ǳƭǘǊŀŬƴŜǎΣ ¢ƻȄƛŎƻƭΦ !ǇǇƭΦ tƘŀǊƳŀŎƻƭΦΣ мтрόоύΣ мфмςмффΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллсκǘŀŀǇΦнллмΦфнплΣ нллмΦ 

/ƘŀƭǾŀǘȊŀƪƛΣ 9ΦΣ /ƘŀǘƻǳǘǎƛŘƻǳΣ {Φ 9Φ ŀƴŘ [ŀȊŀǊƛŘƛǎΣ aΦΥ wŜƎƛƻƴŀƭ ŘŜǇƻǎƛǘŜŘ ŘƻǎŜ ƛƴ ǘƘŜ ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ 
ǘǊŀŎǘ ǳǎƛƴƎ ŘƛũŜǊŜƴǘ ǇŀǊǝŎǳƭŀǘŜ ƳŜǘǊƛŎǎΣ WΦ 9ƴǾƛǊƻƴΦ 9ȄǇƻΦ !ǎǎŜǎǎΦΣ мόоύΣ муΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнлрмтκƧŜŜŀΦнлннΦмсΣ нлннΦ 

5ŀƭ aŀǎƻΣ aΦΣ YǳƭƳŀƭŀΣ aΦΣ wƛƛǇƛƴŜƴΣ LΦΣ ²ŀƎƴŜǊΣ wΦΣ IǳǎǎŜƛƴΣ ¢ΦΣ !ŀƭǘƻΣ tΦ tΦ ŀƴŘ [ŜƘǝƴŜƴΣ YΦ 9Φ WΦΥ 
CƻǊƳŀǝƻƴ ŀƴŘ ƎǊƻǿǘƘ ƻŦ ŦǊŜǎƘ ŀǘƳƻǎǇƘŜǊƛŎ ŀŜǊƻǎƻƭǎΥ 9ƛƎƘǘ ȅŜŀǊǎ ƻŦ ŀŜǊƻǎƻƭ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ Řŀǘŀ ŦǊƻƳ 
{a9!w LLΣ IȅȅǝŅƭŅΣ CƛƴƭŀƴŘΣ .ƻǊŜŀƭ 9ƴǾƛǊƻƴΦ wŜǎΦΣ млόрύΣ оноςоосΣ нллрΦ 

5ƝŀȊ CƻƴǎŜŎŀΣ jΦ 5ΦΥ LƳǇŀŎǘƻ ŘŜ ƭŀ ŎƻƴǘŀƳƛƴŀŎƛƽƴ ǇǊƻŘǳŎǘƻ ŘŜƭ ǘǊłŬŎƻ ǾŜƘƛŎǳƭŀǊ ǎƻōǊŜ ƭƻǎ ƴƛǾŜƭŜǎ ŘŜ 
ŎŀǊōƻȄƛƘŜƳƻƎƭƻōƛƴŀ ȅ ƭŀ ǊŜǎǇǳŜǎǘŀ ǊŜǎǇƛǊŀǘƻǊƛŀ Ŝƴ ŎƛŎƭƛǎǘŀǎ ǳǊōŀƴƻǎ ŘŜ ƭŀ ǳƴƛǾŜǊǎƛŘŀŘ ƴŀŎƛƻƴŀƭ ŘŜ 
ŎƻƭƻƳōƛŀςǎŜŘŜ .ƻƎƻǘłΣ ¦ƴƛǾŜǊǎƛŘŀŘ bŀŎƛƻƴŀƭ ŘŜ /ƻƭƻƳōƛŀΣ нлнмΦ 

9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΥ CL¢ Chw C¦¢¦w9 tƭŀǜƻǊƳ hǇƛƴƛƻƴΦ ƘǧǇǎΥκκŜŎΦŜǳǊƻǇŀΦŜǳκƛƴŦƻκƭŀǿκƭŀǿπƳŀƪƛƴƎπ
ǇǊƻŎŜǎǎκŜǾŀƭǳŀǝƴƎπŀƴŘπƛƳǇǊƻǾƛƴƎπŜȄƛǎǝƴƎπƭŀǿǎκǊŜŬǘπƳŀƪƛƴƎπŜǳπƭŀǿπǎƛƳǇƭŜǊπƭŜǎǎπŎƻǎǘƭȅπŀƴŘπŦǳǘǳǊŜπ
ǇǊƻƻŦκŬǘπŦǳǘǳǊŜπǇƭŀǜƻǊƳπŦпŦκŀƴƴǳŀƭπǿƻǊƪπǇǊƻƎǊŀƳƳŜψŜƴΣ нлнмΦ 

CƛŜǊȊΣ aΦΣ IƻǳƭŜΣ /ΦΣ {ǘŜƛƎƳŜƛŜǊΣ tΦ ŀƴŘ .ǳǊǘǎŎƘŜǊΣ IΦΥ 5ŜǎƛƎƴΣ ŎŀƭƛōǊŀǝƻƴΣ ŀƴŘ ŬŜƭŘ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ŀ 
ƳƛƴƛŀǘǳǊŜ Řƛũǳǎƛƻƴ ǎƛȊŜ ŎƭŀǎǎƛŬŜǊΣ !ŜǊƻǎƻƭ {ŎƛΦ ¢ŜŎƘƴƻƭΦΣ прόмύΣ мςмлΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκлнтусунсΦнлмлΦрмснуоΣ нлммΦ 

CƛŜǊȊΣ aΦΣ aŜƛŜǊΣ 5ΦΣ {ǘŜƛƎƳŜƛŜǊΣ tΦ ŀƴŘ .ǳǊǘǎŎƘŜǊΣ IΦΥ !ŜǊƻǎƻƭ ƳŜŀǎǳǊŜƳŜƴǘ ōȅ ƛƴŘǳŎŜŘ ŎǳǊǊŜƴǘǎΣ !ŜǊƻǎƻƭ 
{ŎƛΦ ¢ŜŎƘƴƻƭΦΣ пуόпύΣ орлςортΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκлнтусунсΦнлмоΦутрфумΣ нлмпΦ 

CǳƭǘǎΣ {Φ [ΦΣ aŀǎǎƳŀƴƴΣ !Φ YΦΣ aƻƴǘŜŎƛƴƻǎΣ !ΦΣ !ƴŘǊŜǿǎΣ 9ΦΣ YƛƴƎǎƳƛƭƭΣ 5Φ 9ΦΣ aƛƴŘŜǊΣ WΦ wΦΣ DŀǊǊŜŀǳŘΣ wΦ 5Φ 
ŀƴŘ {ƴƛŘŜǊΣ WΦ wΦΥ ²ƛƴǘŜǊǝƳŜ ŀŜǊƻǎƻƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ŘǳǊƛƴƎ ǘƘŜ /ƘƛƭŜŀƴ /ƻŀǎǘŀƭ hǊƻƎǊŀǇƘƛŎ 
tǊŜŎƛǇƛǘŀǝƻƴ 9ȄǇŜǊƛƳŜƴǘΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ мфόмфύΣ мноттςмнофсΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмфпκŀŎǇπмфπ
мноттπнлмфΣ нлмфΦ 

CǳƴƎΣ tΦ [ΦΣ ½ŀƛŘŀƴΣ aΦ !ΦΣ bƛŜƳƛΣ WΦ ±Σ {ŀǳƪƪƻΣ 9ΦΣ ¢ƛƳƻƴŜƴΣ IΦ ŀƴŘ YƻǳǎŀΣ !ΦΥ LƴǇǳǘπŀŘŀǇǝǾŜ ƭƛƴŜŀǊ ƳƛȄŜŘπ
ŜũŜŎǘǎ ƳƻŘŜƭ ŦƻǊ ŜǎǝƳŀǝƴƎ ŀƭǾŜƻƭŀǊ [ǳƴƎ 5ŜǇƻǎƛǘŜŘ {ǳǊŦŀŎŜ !ǊŜŀ ό [5{! ύ ǳǎƛƴƎ ƳǳƭǝǇƻƭƭǳǘŀƴǘ 
ŘŀǘŀǎŜǘǎΣ Σ όWǳƭȅύΣ мςооΣ нлнмΦ 

DŀƴƛΣ {ΦΣ .ƘŀƴŘŀǊƛΣ {ΦΣ tŀǘŜƭΣ YΦΣ {ŜǊŀƧΣ {ΦΣ {ƻƴƛΣ tΦΣ !ǊǳōΣ ½ΦΣ IŀōƛōΣ DΦΣ IƛƭŘŜōǊŀƴŘǘ wǳƛȊΣ [Φ ŀƴŘ !ǇǘŜΣ WΦ {ΦΥ 
tŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ŀ ǇƻƭƭǳǘŜŘ ƳŜƎŀŎƛǘȅΥ ¢ƘŜ 5ŜƭƘƛ !ŜǊƻǎƻƭ 
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{ǳǇŜǊǎƛǘŜ ǎǘǳŘȅΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ нлόмпύΣ урооςурпфΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмфпκŀŎǇπнлπурооπнлнлΣ 
нлнлΦ 

IŀƳŀΣ {Φ aΦ [ΦΣ aŀΣ bΦΣ /ƻǊŘŜƭƭΣ wΦ [ΦΣ YƻǎΣ DΦ tΦ !ΦΣ ²ƛŜŘŜƴǎƻƘƭŜǊΣ !Φ ŀƴŘ aƻƴƪǎΣ tΦ {ΦΥ [ǳƴƎ ŘŜǇƻǎƛǘŜŘ 
ǎǳǊŦŀŎŜ ŀǊŜŀ ƛƴ [ŜƛŎŜǎǘŜǊ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ ǎƛǘŜκ¦YΥ {ƻǳǊŎŜǎ ŀƴŘ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ƴŜǿ ǇŀǊǝŎƭŜ 
ŦƻǊƳŀǝƻƴΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнлмсΦмнΦллнΣ нлмтΦ 

IŜƭŘΣ !ΦΣ ½ŜǊǊŀǘƘΣ !ΦΣ aŎYŜƻƴΣ ¦ΦΣ CŜƘǊŜƴōŀŎƘΣ ¢ΦΣ bƛŜǎǎƴŜǊΣ wΦΣ tƭŀǎǎπ5ΚΚƭƳŜǊΣ /ΦΣ YŀƳƛƴǎƪƛΣ ¦ΦΣ 
.ŜǊǊŜǎƘŜƛƳΣ IΦ ŀƴŘ tƻǎŎƘƭΣ ¦ΦΥ !ŜǊƻǎƻƭ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ƳŜŀǎǳǊŜŘ ƛƴ ǳǊōŀƴΣ ǊǳǊŀƭ ŀƴŘ ƘƛƎƘπŀƭǇƛƴŜ ŀƛǊ 
ǿƛǘƘ ŀƴ ŜƭŜŎǘǊƛŎŀƭ ƭƻǿ ǇǊŜǎǎǳǊŜ ƛƳǇŀŎǘƻǊ ό9[tLύΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ пнόосύΣ урлнςурмнΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнллуΦлсΦлмрΣ нллуΦ 

IŜǊƴŀƴŘŜȊΣ [Φ !ΦΥ /ŀǊŀŎǘŜǊƛȊŀŎƛƽƴ ŘŜ ƭŀ /ƻƴǘŀƳƛƴŀŎƛƽƴ ǇƻǊ aŀǘŜǊƛŀƭ tŀǊǝŎǳƭŀŘƻ Ŝƴ .ƻƎƻǘł ƳŜŘƛŀƴǘŜ 
CƻǘƻƳŜǘǊƝŀ {ƻƭŀǊ /ŀǊŀŎǘŜǊƛȊŀŎƛƽƴ ŘŜ ƭŀ /ƻƴǘŀƳƛƴŀŎƛƽƴ ǇƻǊ aŀǘŜǊƛŀƭ tŀǊǝŎǳƭŀŘƻ Ŝƴ .ƻƎƻǘł ƳŜŘƛŀƴǘŜ 
CƻǘƻƳŜǘǊƝŀ {ƻƭŀǊΣ нлмсΦ 

IŜǊƴŀƴŘŜȊ ±ƛƭƭŀƳƛȊŀǊΣ !Φ WΦΥ !ǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ƻƴ ŀƛǊ ǉǳŀƭƛǘȅ ƛƴ ǘƘŜ 
/ƻƭƻƳōƛŀƴ hǊƛƴƻŎƻ wƛǾŜǊ .ŀǎƛƴΣ ¦ƴƛǾŜǊǎƛŘŀŘ bŀŎƛƻƴŀƭ ŘŜ /ƻƭƻƳōƛŀ 
ƘǧǇǎΥκκǊŜǇƻǎƛǘƻǊƛƻΦǳƴŀƭΦŜŘǳΦŎƻκƘŀƴŘƭŜκǳƴŀƭκтсфтфΚǎƘƻǿҐŦǳƭƭΣ нлмфΦ 

IƻǾƻǊƪŀΣ WΦΣ aŀǎƛƻƭΣ aΦΣ ¢ƻǇƛƴƪŀΣ WΦΣ [ŜƻƴƛΣ /ΦΣ tƻƪƻǊƴΣ tΦΣ /ƭƛũΣ {ΦΣ aƛƪǳΣ tΦΣ ½ƘŀƻΣ ¸Φ ŀƴŘ YŀƳƛƭΣ YΦΥ {ƻǳǊŎŜ 
ŀǇǇƻǊǝƻƴƳŜƴǘ ƻŦ ŀŜǊƻǎƻƭ ǇŀǊǝŎƭŜǎ ŀǘ ŀ 9ǳǊƻǇŜŀƴ ŀƛǊ Ǉƻƭƭǳǝƻƴ Ƙƻǘ ǎǇƻǘ ǳǎƛƴƎ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ 
ŘƛǎǘǊƛōǳǝƻƴǎ ŀƴŘ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴΣ 9ƴǾƛǊƻƴΦ tƻƭƭǳǘΦΣ нопΣ мпрςмрпΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴǾǇƻƭΦнлмтΦмлΦлфтΣ нлмуΦ 

L/wtΥ IǳƳŀƴ wŜǎǇƛǊŀǘƻǊȅ ¢ǊŀŎǘ aƻŘŜƭ ŦƻǊ wŀŘƛƻƭƻƎƛŎŀƭ tǊƻǘŜŎǝƻƴΦΣ мффпΦ 

LƴǘŜǊƴŀǝƻƴŀƭ /ƻƳƳƛǎǎƛƻƴ ƻƴ wŀŘƛƻƭƻƎƛŎŀƭ tǊƻǘŜŎǝƻƴΥ !ƴƴŀƭǎ ƻŦ ǘƘŜ L/wtΦ ǿǿǿΦƛŎǊǇΦƻǊƎΣ нлмрΦ 

YŀǎǳƳōŀΣ WΦΣ IƻǇƪŜΣ tΦ YΦΣ /ƘŀƭǳǇŀΣ 5Φ /Φ ŀƴŘ ¦ǘŜƭƭΣ aΦ WΦΥ /ƻƳǇŀǊƛǎƻƴ ƻŦ ǎƻǳǊŎŜǎ ƻŦ ǎǳōƳƛŎǊƻƴ ǇŀǊǝŎƭŜ 
ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƳŜŀǎǳǊŜŘ ŀǘ ǘǿƻ ǎƛǘŜǎ ƛƴ wƻŎƘŜǎǘŜǊΣ b¸Σ {ŎƛΦ ¢ƻǘŀƭ 9ƴǾƛǊƻƴΦΣ плтόмуύΣ рлтмςрлупΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǎŎƛǘƻǘŜƴǾΦнллфΦлрΦлплΣ нллфΦ 

YƭŜƛƴƳŀƴΣ [Φ LΦΣ {ǇǊƛƴƎǎǘƻƴΣ {Φ wΦΣ ²ŀƴƎΣ WΦΣ 5ŀǳƳΣ tΦ IΦΣ [ŜŜΣ ¸ΦΣ bǳƴƴŜǊƳŀŎƪŜǊΣ [Φ WΦ ŀƴŘ {ŜƴǳƳΣ DΦ LΦΥ 
ŀƴŘ tƘȅǎƛŎǎ ¢ƘŜ ǝƳŜ ŜǾƻƭǳǝƻƴ ƻŦ ŀŜǊƻǎƻƭ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻǾŜǊ ǘƘŜ aŜȄƛŎƻ /ƛǘȅ ǇƭŀǘŜŀǳΣ Σ пнсмςпнтуΣ 
нллфΦ 

YƭŜƧƴƻǿǎƪƛΣ YΦΣ YǊŀǎŀΣ !ΦΣ .Σ ²Φ wΦ ŀƴŘ .ŀǊōŀǊŀΣ .Φ .ΦΥ bǳƳōŜǊ {ƛȊŜ 5ƛǎǘǊƛōǳǝƻƴ ƻŦ !ƳōƛŜƴǘ tŀǊǝŎƭŜǎ ƛƴ ŀ 
¢ȅǇƛŎŀƭ ¦Ǌōŀƴ {ƛǘŜ Υ ¢ƘŜ CƛǊǎǘ tƻƭƛǎƘ !ǎǎŜǎǎƳŜƴǘ .ŀǎŜŘ ƻƴ [ƻƴƎπ¢ŜǊƳ ό ф aƻƴǘƘǎ ύ aŜŀǎǳǊŜƳŜƴǘǎΣ Σ 
нлмоΣ нлмоŀΦ 

YƭŜƧƴƻǿǎƪƛΣ YΦΣ YǊŀǎŀΣ !ΦΣ wƻƎǳƭŀπYƻȊƱƻǿǎƪŀΣ ²Φ ŀƴŘ .ƱŀǎȊŎȊŀƪΣ .ΦΥ bǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŀƳōƛŜƴǘ 
ǇŀǊǝŎƭŜǎ ƛƴ ŀ ǘȅǇƛŎŀƭ ǳǊōŀƴ ǎƛǘŜΥ ¢ƘŜ ŬǊǎǘ ǇƻƭƛǎƘ ŀǎǎŜǎǎƳŜƴǘ ōŀǎŜŘ ƻƴ ƭƻƴƎπǘŜǊƳ όф ƳƻƴǘƘǎύ 
ƳŜŀǎǳǊŜƳŜƴǘǎΣ {ŎƛΦ ²ƻǊƭŘ WΦΣ нлмоΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦммррκнлмоκрофрсуΣ нлмоōΦ 

YǳƭƳŀƭŀΣ aΦΣ ±ŜƘƪŀƳŅƪƛΣ IΦΣ tŜǘŅƧŅΣ ¢ΦΣ 5ŀƭ aŀǎƻΣ aΦΣ [ŀǳǊƛΣ !ΦΣ YŜǊƳƛƴŜƴΣ ±Φ aΦΣ .ƛǊƳƛƭƛΣ ²Φ ŀƴŘ 
aŎaǳǊǊȅΣ tΦ IΦΥ CƻǊƳŀǝƻƴ ŀƴŘ ƎǊƻǿǘƘ ǊŀǘŜǎ ƻŦ ǳƭǘǊŀŬƴŜ ŀǘƳƻǎǇƘŜǊƛŎ ǇŀǊǝŎƭŜǎΥ ! ǊŜǾƛŜǿ ƻŦ 
ƻōǎŜǊǾŀǝƻƴǎΣ WΦ !ŜǊƻǎƻƭ {ŎƛΦΣ орόнύΣ мпоςмтсΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŀŜǊƻǎŎƛΦнллоΦмлΦллоΣ нллпΦ 

YǳƳŀǊΣ tΦΣ wƻōƛƴǎΣ !ΦΣ ±ŀǊŘƻǳƭŀƪƛǎΣ {Φ ŀƴŘ .ǊƛǧŜǊΣ wΦΥ ! ǊŜǾƛŜǿ ƻŦ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ ƴŀƴƻǇŀǊǝŎƭŜǎ ƛƴ 
ǘƘŜ ǳǊōŀƴ ŀǘƳƻǎǇƘŜǊŜ ŀƴŘ ǘƘŜ ǇǊƻǎǇŜŎǘǎ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ǊŜƎǳƭŀǘƻǊȅ ŎƻƴǘǊƻƭǎΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ мςмуΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнлмлΦлуΦлмсΣ нлмлΦ 

YǳǳƭǳǾŀƛƴŜƴΣ IΦΣ wǀƴƪƪǀΣ ¢ΦΣ WŅǊǾƛƴŜƴΣ !ΦΣ {ŀŀǊƛΣ {ΦΣ YŀǊƧŀƭŀƛƴŜƴΣ tΦΣ [ŅƘŘŜΣ ¢ΦΣ tƛǊƧƻƭŀΣ [ΦΣ bƛŜƳƛΣ WΦ ±ΦΣ 
IƛƭƭŀƳƻΣ wΦ ŀƴŘ YŜǎƪƛƴŜƴΣ WΦΥ [ǳƴƎ ŘŜǇƻǎƛǘŜŘ ǎǳǊŦŀŎŜ ŀǊŜŀ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ƻŦ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ ƛƴ 
ŘƛũŜǊŜƴǘ ǳǊōŀƴ ŀǊŜŀǎΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ мосΣ млрςммоΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнлмсΦлпΦлмфΣ нлмсΦ 
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[ŜŜΣ ¸ΦΣ /ƘƻƛΣ ¸ΦΣ !ƴΣ IΦΣ tŀǊƪΣ WΦ ŀƴŘ {ǳƴƎΣ ¸ΦΥ /ƭǳǎǘŜǊ ŀƴŀƭȅǎƛǎ ƻŦ ŀǘƳƻǎǇƘŜǊƛŎ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ 
ŘƛǎǘǊƛōǳǝƻƴǎ ŀǘ ŀ ǊǳǊŀƭ ǎƛǘŜ ŘƻǿƴǿƛƴŘ ƻŦ {Ŝƻǳƭ Σ YƻǊŜŀΣ !ǘƳƻǎΦ tƻƭƭǳǘΦ wŜǎΦΣ мнόсύΣ млмлусΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇǊΦнлнмΦмлмлусΣ нлнмΦ 

[ŜŦƻƭΣ [ΦΣ DǳŀǊƛŜƛǊƻΣ bΦΣ [ŜŦƻƭΣ !Φ ŀƴŘ DǳŀǊƛŜƛǊƻΣ bΦΥ LƳǇŀŎǘ ƻŦ ǘƘŜ .ƛƻŦǳŜƭǎ .ǳǊƴƛƴƎ ƻƴ tŀǊǝŎƭŜ 9Ƴƛǎǎƛƻƴǎ 
ŦǊƻƳ ǘƘŜ ±ŜƘƛŎǳƭŀǊ 9ȄƘŀǳǎǘΣ ƛƴ .ƛƻŦǳŜƭǎ π {ǘŀǘǳǎ ŀƴŘ tŜǊǎǇŜŎǝǾŜΣ ǇΦ /ƘŀǇǘŜǊ ммΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрттнκслммлΣ Σ нлмрΦ 

[ŜǇƛǎǘǀΣ ¢ΦΣ YǳǳƭǳǾŀƛƴŜƴΣ IΦΣ [ƛƴǘǳǎŀŀǊƛΣ IΦΣ YǳƛǩƴŜƴΣ bΦΣ {ŀƭƻΣ [ΦΣ IŜƭƛƴΣ !ΦΣ bƛŜƳƛΣ WΦ ±ΦΣ aŀƴƴƛƴŜƴΣ IΦ 9ΦΣ 
¢ƛƳƻƴŜƴΣ IΦΣ WŀƭŀǾŀΣ tΦΣ {ŀŀǊƛƪƻǎƪƛΣ {Φ ŀƴŘ wǀƴƪƪǀΣ ¢ΦΥ /ƻƴƴŜŎǝƻƴ ōŜǘǿŜŜƴ ƭǳƴƎ ŘŜǇƻǎƛǘŜŘ ǎǳǊŦŀŎŜ ŀǊŜŀ 
ό[5{!ύ ŀƴŘ ōƭŀŎƪ ŎŀǊōƻƴ ό./ύ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǊƻŀŘ ǘǊŀŶŎ ŀƴŘ ƘŀǊōƻǳǊ ŜƴǾƛǊƻƴƳŜƴǘǎΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ 
нтнό{ŜǇǘŜƳōŜǊ нлнмύΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнлнмΦммуфомΣ нлннΦ 

[ƛŀƴƎΣ /ΦΣ ²ǳΣ IΦΣ [ƛΣ IΦΣ ½ƘŀƴƎΣ vΦΣ [ƛΣ ½Φ ŀƴŘ IŜΣ YΦΥ 9ŶŎƛŜƴǘ Řŀǘŀ ǇǊŜǇǊƻŎŜǎǎƛƴƎΣ ŜǇƛǎƻŘŜ ŎƭŀǎǎƛŬ Ŏŀǝƻƴ 
Σ ŀƴŘ ǎƻǳǊŎŜ ŀǇǇƻǊǝƻƴƳŜƴǘ ƻŦ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ {ŎƛΦ ¢ƻǘŀƭ 9ƴǾƛǊƻƴΦΣ тппΣ мςмтΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǎŎƛǘƻǘŜƴǾΦнлнлΦмплфноΣ нлнлΦ 

[ƻǊŜƭŜƛ ŘŜ WŜǎǳǎΣ !ΦΣ ¢ƘƻƳǇǎƻƴΣ IΦΣ YƴƛōōǎΣ [Φ 5ΦΣ YƻǿŀƭǎƪƛΣ aΦΣ /ȅǊȅǎΣ WΦΣ bƛŜƳƛΣ WΦ ±ΦΣ YƻǳǎŀΣ !ΦΣ ¢ƛƳƻƴŜƴΣ 
IΦΣ [ǳƻƳŀΣ YΦΣ tŜǘŅƧŅΣ ¢ΦΣ .ŜŘŘƻǿǎΣ 5ΦΣ IŀǊǊƛǎƻƴΣ wΦ aΦΣ IƻǇƪŜΣ tΦ ŀƴŘ aƻǊŀǿǎƪŀΣ [ΦΥ [ƻƴƎπǘŜǊƳ ǘǊŜƴŘǎ ƛƴ 
taнΦр Ƴŀǎǎ ŀƴŘ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǳǊōŀƴ ŀƛǊΥ ¢ƘŜ ƛƳǇŀŎǘǎ ƻŦ ƳƛǝƎŀǝƻƴ ƳŜŀǎǳǊŜǎ ŀƴŘ 
ŜȄǘǊŜƳŜ ŜǾŜƴǘǎ ŘǳŜ ǘƻ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜǎΣ 9ƴǾƛǊƻƴΦ tƻƭƭǳǘΦΣ нсоΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴǾǇƻƭΦнлнлΦммпрллΣ нлнлΦ 

aŀƴǳŜƭ wƛƴŎƽƴπwƛǾŜǊƻǎΣ WΦΣ !ƭŜƧŀƴŘǊŀ wƛƴŎƽƴπ/ŀǊƻΣ aΦΣ {ǳƭƭƛǾŀƴΣ !Φ tΦΣ CŜƭƛǇŜ aŜƴŘŜȊπ9ǎǇƛƴƻǎŀΣ WΦΣ /ŀǊƭƻǎ 
.ŜƭŀƭŎŀȊŀǊΣ [ΦΣ vǳƛǊŀƳŀ !ƎǳƛƭŀǊΣ aΦ ŀƴŘ aƻǊŀƭŜǎ .ŜǘŀƴŎƻǳǊǘΣ wΦΥ [ƻƴƎπǘŜǊƳ ōǊƻǿƴ ŎŀǊōƻƴ ŀƴŘ ǎƳƻƪŜ 
ǘǊŀŎŜǊ ƻōǎŜǊǾŀǝƻƴǎ ƛƴ .ƻƎƻǘłΣ /ƻƭƻƳōƛŀΥ !ǎǎƻŎƛŀǝƻƴ ǿƛǘƘ ƳŜŘƛǳƳπǊŀƴƎŜ ǘǊŀƴǎǇƻǊǘ ƻŦ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ 
ǇƭǳƳŜǎΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ нлόмнύΣ тпрфςтптнΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмфпκŀŎǇπнлπтпрфπнлнлΣ нлнлΦ 

aŀƴȊŀƴƻΣ /Φ !ΦΣ [ŜƛǾŀπƎǳȊƳΣ aΦ !ΦΣ {Σ [Φ CΦΣ !Σ aΦ /Φ ŀƴŘ !ǊŀȅŀΣ wΦ ¢ΦΥ ¦Ǌōŀƴ ŀǘƳƻǎǇƘŜǊƛŎ ǇŀǊǝŎƭŜ ǎƛȊŜ 
ŘƛǎǘǊƛōǳǝƻƴ ƛƴ {ŀƴǝŀƎƻ Σ /ƘƛƭŜΣ Σ мнό{ŜǇǘŜƳōŜǊύΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǇǊΦнлнмΦмлмнлмΣ нлнмΦ 

aŀǊǊŀΣ WΦΥ ¦ǎƛƴƎ ǘƘŜ !ŜǊŀǎŜƴǎŜ bŀƴƻ¢ǊŀŎŜǊ ŦƻǊ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ƻōǘŀƛƴƛƴƎ ǎŜǾŜǊŀƭ ǳƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜ 
ŜȄǇƻǎǳǊŜ ƳŜǘǊƛŎǎΣ WΦ tƘȅǎΦ /ƻƴŦΦ {ŜǊΦΣ олпόмύΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлууκмтпнπсрфсκолпκмκлмнлмлΣ нлммΦ 

aŀǊǝƴǎΣ [Φ 5ΦΣ aŀǊǝƴǎΣ WΦ !ΦΣ CǊŜƛǘŀǎΣ 9Φ 5ΦΣ aŀȊȊƻƭƛΣ /Φ wΦΣ DƻƴœŀƭǾŜǎΣ CΦ [Φ ¢ΦΣ ¸ƴƻǳŜΣ wΦ ¸Φ ŀƴŘ IŀƭƭŀƪΣ wΦΥ 
tƻǘŜƴǝŀƭ ƘŜŀƭǘƘ ƛƳǇŀŎǘ ƻŦ ǳƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜǎ ǳƴŘŜǊ ŎƭŜŀƴ ŀƴŘ ǇƻƭƭǳǘŜŘ ǳǊōŀƴ ŀǘƳƻǎǇƘŜǊƛŎ ŎƻƴŘƛǝƻƴǎ Υ 
ŀ ƳƻŘŜƭπōŀǎŜŘ ǎǘǳŘȅΣ !ƛǊ vǳŀƭΦ !ǘƳƻǎΦ IŜŀƭΦΣ оΣ нфςофΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎммусфπллфπллпуπфΣ 
нлмлΦ 

aƛƭƭǎΣ WΦ .ΦΣ tŀǊƪΣ WΦ IΦ ŀƴŘ ŀƴŘ tŜǘŜǊǎΣ ¢Φ aΦΥ /ƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘŜ 5ƛ{/Ƴƛƴƛ ŀŜǊƻǎƻƭ ƳƻƴƛǘƻǊ ǘƻ ŀ ƘŀƴŘƘŜƭŘ 
ŎƻƴŘŜƴǎŀǝƻƴ ǇŀǊǝŎƭŜ ŎƻǳƴǘŜǊ ŀƴŘ ŀ ǎŎŀƴƴƛƴƎ Ƴƻōƛƭƛǘȅ ǇŀǊǝŎƭŜ ǎƛȊŜǊ ŦƻǊ ǎǳōƳƛŎǊƻƳŜǘŜǊ ǎƻŘƛǳƳ ŎƘƭƻǊƛŘŜ 
ŀƴŘ ƳŜǘŀƭ ŀŜǊƻǎƻƭǎΣ hŎŎǳǇ 9ƴǾΦ IȅƎΣ млόрύΣ нрлςнруΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκмрпрфснпΦнлмоΦтсфлттΦ/ƻƳǇŀǊƛǎƻƴΣ нлмоΦ 

aƻƴǘŜƛǊƻ 5ƻǎ {ŀƴǘƻǎΣ 5ΦΣ wƛȊȊƻΣ [Φ ±ΦΣ /ŀǊōƻƴŜΣ {ΦΣ {ŎƘƭŀƎΣ tΦ ŀƴŘ !ǊǘŀȄƻΣ tΦΥ tƘȅǎƛŎŀƭ ŀƴŘ ŎƘŜƳƛŎŀƭ 
ǇǊƻǇŜǊǝŜǎ ƻŦ ǳǊōŀƴ ŀŜǊƻǎƻƭǎ ƛƴ {ńƻ tŀǳƭƻΣ .ǊŀȊƛƭΥ [ƛƴƪǎ ōŜǘǿŜŜƴ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ 
ǎǳōƳƛŎǊƻƴ ǇŀǊǝŎƭŜǎΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ нмόммύΣ утсмςуттоΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмфпκŀŎǇπнмπутсмπ
нлнмΣ нлнмΦ 

hōŜǊŘǀǊǎǘŜǊΣ DΦΣ hōŜǊŘǀǊǎǘŜǊΣ 9Φ ŀƴŘ hōŜǊŘǀǊǎǘŜǊΣ WΦΥ bŀƴƻǘƻȄƛŎƻƭƻƎȅΥ !ƴ ŜƳŜǊƎƛƴƎ ŘƛǎŎƛǇƭƛƴŜ ŜǾƻƭǾƛƴƎ 
ŦǊƻƳ ǎǘǳŘƛŜǎ ƻŦ ǳƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜǎΣ 9ƴǾƛǊƻƴΦ IŜŀƭǘƘ tŜǊǎǇŜŎǘΦΣ ммоόтύΣ уноςуофΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмнуфκŜƘǇΦтоофΣ нллрΦ 

hƎǳƭŜƛΣ 5ΦΣ IƻǇƪŜΣ tΦ YΦΣ CŜǊǊƻΣ !Φ wΦ ŀƴŘ WŀǉǳŜǎΣ tΦ ŀΥ CŀŎǘƻǊ ŀƴŀƭȅǎƛǎ ƻŦ ǎǳōƳƛŎǊƻƴ ǇŀǊǝŎƭŜ ǎƛȊŜ 
ŘƛǎǘǊƛōǳǝƻƴǎ ƴŜŀǊ ŀ ƳŀƧƻǊ ¦ƴƛǘŜŘ {ǘŀǘŜǎπ/ŀƴŀŘŀ ǘǊŀŘŜ ōǊƛŘƎŜΦΣ WΦ !ƛǊ ²ŀǎǘŜ aŀƴŀƎΦ !ǎǎƻŎΦΣ ртόнύΣ мфлς
нлоΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлулκмлптонуфΦнллтΦмлпсромсΣ нллтΦ 
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hǊǝȊ 5ǳǊŀƴΣ 9Φ ¸ΦΥ aŜŘƛŎƛƽƴ ȅ ŎŀǊŀŎǘŜǊƛȊŀŎƛƽƴ ŘŜ ƭŀ ǘǳǊōǳƭŜƴŎƛŀ ŀǘƳƻǎŦŞǊƛŎŀ Ŝƴ .ƻƎƻǘł ȅ ǎǳ ƛƴƅǳŜƴŎƛŀ Ŝƴ 
ƭŀ ŘƛǎǇŜǊǎƛƽƴ ŘŜ ŎƻƴǘŀƳƛƴŀƴǘŜǎΣ ¦ƴƛǾŜǊǎƛŘŀŘ bŀŎƛƻƴŀƭ ŘŜ /ƻƭƻƳōƛŀΣ нлмсΦ 

tŜƪƪŀƴŜƴΣ WΦΣ ¢ƛƳƻƴŜƴΣ YΦΣ ¢ƛƛǧŀƴŜƴΣ tΦΣ ±ŀƭƭƛǳǎΣ aΦΣ [ŀƴƪƛΣ ¢ΦΣ {ƛƴƪƪƻΣ IΦΣ wǳǳǎƪŀƴŜƴΣ WΦΣ aƛǊƳŜΣ !ΦΣ 
YǳƭƳŀƭŀΣ aΦΣ 9Σ ±ΦΣ !Σ .ΦΣ ±ŀƴƴƛƴŜƴΣ 9ΦΣ .ŜǊƴŀǊŘΣ !ΦΣ LōŀƭŘπaǳƭƭƛΣ !ΦΣ ²ǀƭƪŜΣ DΦΣ {ǘŀŘŜƭŜǊΣ aΦΣ ¢ǳŎƘΣ ¢ΦΣ 
YǊŜȅƭƛƴƎΣ ²ΦΣ tŜǘŜǊǎΣ !ΦΣ IŜƛƴǊƛŎƘΣ WΦΣ ŘŜ IŀǊǘƻƎΣ WΦΣ hƭŘŜƴǿŜƴƛƴƎΣ aΦΣ YƻǎΣ DΦΣ ǘŜƴ .ǊƛƴƪΣ IΦΣ YƘƭȅǎǘƻǾΣ !ΦΣ 
Ǿŀƴ ²ƛƧƴŜƴΣ WΦΣ .ǊǳƴŜƪǊŜŜŦΣ .Φ ŀƴŘ ŀƴŘ IƻŜƪΣ DΦΥ 9ȄǇƻǎǳǊŜ ŀƴŘ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ ŦƻǊ ŬƴŜ ŀƴŘ ǳƭǘǊŀŬƴŜ 
ǇŀǊǝŎƭŜǎ ƛƴ ŀƳōƛŜƴǘ ŀƛǊΦ {ǘǳŘȅ Ƴŀƴǳŀƭ ŀƴŘ Řŀǘŀ ōƻƻƪΦ ƘǧǇΥκκǘƘƭонπ
ƪƪΦƭƛōΦƘŜƭǎƛƴƪƛΦŬκōƛǘǎǘǊŜŀƳκƘŀƴŘƭŜκмллнпκтуумтκ¦[¢w! ǎǘǳŘȅψƳŀƴǳŀƭΦǇŘŦΚǎŜǉǳŜƴŎŜҐмΣ нлллΦ 

wŜŎƘŜΣ /ΦΣ ±ƛŀƴŀΣ aΦΣ .ǊƛƴŜǎΣ aΦΣ tŞǊŜȊΣ bΦΣ .ŜŘŘƻǿǎΣ 5ΦΣ !ƭŀǎǘǳŜȅΣ !Φ ŀƴŘ vǳŜǊƻƭΣ ·ΦΥ 5ŜǘŜǊƳƛƴŀƴǘǎ ƻŦ 
ŀŜǊƻǎƻƭ ƭǳƴƎπŘŜǇƻǎƛǘŜŘ ǎǳǊŦŀŎŜ ŀǊŜŀ ǾŀǊƛŀǝƻƴ ƛƴ ŀƴ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘΣ {ŎƛΦ ¢ƻǘŀƭ 9ƴǾƛǊƻƴΦΣ рмтΣ оуςптΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǎŎƛǘƻǘŜƴǾΦнлмрΦлнΦлпфΣ нлмрΦ 

wƛǎǎƭŜǊΣ WΦΣ {ǿƛŜǘƭƛŎƪƛΣ 9ΦΣ .ŜƴƎǘǎǎƻƴΣ !ΦΣ .ƻƳŀƴΣ /ΦΣ tŀƎŜƭǎΣ WΦΣ {ŀƴŘǎǘǊǀƳΣ ¢ΦΣ .ƭƻƳōŜǊƎΣ !Φ ŀƴŘ [ǀƴŘŀƘƭΣ 
WΦΥ 9ȄǇŜǊƛƳŜƴǘŀƭ ŘŜǘŜǊƳƛƴŀǝƻƴ ƻŦ ŘŜǇƻǎƛǝƻƴ ƻŦ ŘƛŜǎŜƭ ŜȄƘŀǳǎǘ ǇŀǊǝŎƭŜǎ ƛƴ ǘƘŜ ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ ǘǊŀŎǘΣ 
WΦ !ŜǊƻǎƻƭ {ŎƛΦΣ пуΣ муςооΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŀŜǊƻǎŎƛΦнлмнΦлмΦллрΣ нлмнΦ 

wƛǾŀǎΣ LΦΣ .ŜŘŘƻǿǎΣ 5Φ /Φ {ΦΣ !ƳŀǘƻΣ CΦΣ DǊŜŜƴΣ 5Φ /ΦΣ WŅǊǾƛΣ [ΦΣ IǳŜƎƭƛƴΣ /ΦΣ wŜŎƘŜΣ /ΦΣ ¢ƛƳƻƴŜƴΣ IΦΣ CǳƭƭŜǊΣ 
DΦ ²ΦΣ bƛŜƳƛΣ WΦ ±Σ tŞǊŜȊΣ bΦΣ !ǳǊŜƭŀΣ aΦΣ IƻǇƪŜΣ tΦ YΦΣ !ƭŀǎǘǳŜȅΣ !ΦΣ YǳƭƳŀƭŀΣ aΦΣ IŀǊǊƛǎƻƴΣ wΦ aΦΣ vǳŜǊƻƭΣ 
·Φ ŀƴŘ YŜƭƭȅΣ CΦ WΦΥ {ƻǳǊŎŜ ŀǇǇƻǊǝƻƴƳŜƴǘ ƻŦ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ ŀƴŘ 
ǘǊŀŶŎ ǎǘŀǝƻƴǎ ƛƴ ŦƻǳǊ 9ǳǊƻǇŜŀƴ ŎƛǝŜǎΣ 9ƴǾƛǊƻƴΦ LƴǘΦΣ морόaŀȅ нлмфύΣ млропрΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴǾƛƴǘΦнлмфΦмлропрΣ нлнлΦ 

wƻǎŜΣ 5ΦΣ ²ŜƘƴŜǊΣ .ΦΣ YŜǘȊŜƭΣ aΦΣ 9ƴƎƭŜǊΣ /Φ ŀƴŘ ±ƻƛƎǘƭΣ WΦΥ !ǘƳƻǎǇƘŜǊƛŎ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ƻŦ ǎƻƻǘ 
ǇŀǊǝŎƭŜǎ ŀƴŘ ŜǎǝƳŀǝƻƴ ƻŦ ŜƳƛǎǎƛƻƴ ŦŀŎǘƻǊǎΣ !ǘƳƻǎǇƘŜǊŜ ό.ŀǎŜƭύΦΣ сΣ млнмςмломΣ нллсΦ 

{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜΥ LƴŦƻǊƳŜ ŀƴǳŀƭ ŘŜ ŎŀƭƛŘŀŘ ŘŜƭ ŀƛǊŜ Ŝƴ .ƻƎƻǘł нлмтΦΣ нлмуΦ 

{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜ ό{5!ύΥ wŜŘ ŘŜ aƻƴƛǘƻǊŜƻ ŘŜ /ŀƭƛŘŀŘ ŘŜƭ !ƛǊŜ ŘŜ .ƻƎƻǘłΣ aŀǇŀǎ ƭŀ wŜŘ 
ƘǧǇΥκκǊƳŎŀōΦŀƳōƛŜƴǘŜōƻƎƻǘŀΦƎƻǾΦŎƻκƘƻƳŜκƳŀǇΣ ƭŀǎǘ ŀŎŎŜǎǎΥ р hŎǘƻōŜǊ нлннΣ нлмуΦ 

{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜ ό{5!ύΥ LƴǾŜƴǘŀǊƛƻ ŘŜ ŜƳƛǎƛƻƴŜǎ ŘŜ .ƻƎƻǘł ŎƻƴǘŀƳƛƴŀƴǘŜǎ ŀǘƳƻǎŦŞǊƛŎƻǎ 
нлнлΣ .ƻƎƻǘł 5Φ/ΦΣ нлннΦ 

{ŜƛƴŦŜƭŘΣ WΦ IΦ ŀƴŘ tŀƴŘƛǎΣ {Φ bΦΥ !ǘƳƻǎǇƘŜǊƛŎ CǊƻƳ !ƛǊ tƻƭƭǳǝƻƴ ǘƻ /ƭƛƳŀǘŜ /ƘŀƴƎŜΣ н ƴŘΦΣ нллсΦ 

{ƘƛƴΣ ²Φ DΦΣ tǳƛΣ 5Φ ¸Φ IΦΣ CƛǎǎŀƴΣ IΦΣ bŜǳƳŀƴƴΣ {Φ ŀƴŘ ¢ǊŀƳǇŜΣ !ΦΥ /ŀƭƛōǊŀǝƻƴ ŀƴŘ ƴǳƳŜǊƛŎŀƭ ǎƛƳǳƭŀǝƻƴ 
ƻŦ bŀƴƻǇŀǊǝŎƭŜ {ǳǊŦŀŎŜ !ǊŜŀ aƻƴƛǘƻǊ ό¢{L aƻŘŜƭ оррл b{!aύΣ WΦ bŀƴƻǇŀǊǝŎƭŜ wŜǎΦΣ фόмύΣ смςсфΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎммлрмπллсπфмроπȅΣ нллтΦ 

±ƛǊǘŀƴŜƴΣ !ΦΣ wƻƴƪƪƻɅΣ ¢ΦΣ YŀƴƴƻǎǘƻΣ WΦΣ wƛǎǝƳŀƪƛΣ WΦΣ aŀƪŜƭŀΣ WΦ aΦΣ YŜǎƪƛƴŜƴΣ WΦΣ tŀƪƪŀƴŜƴΣ ¢ΦΣ IƛƭƭŀƳƻΣ 
wΦΣ tƛǊƧƻƭŀΣ [Φ ŀƴŘ YΦ IŀƳŜǊƛΣ YΦΥ ²ƛƴǘŜǊ ŀƴŘ ǎǳƳƳŜǊ ǝƳŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ŀƴŘ ŘŜƴǎƛǝŜǎ ƻŦ ǘǊŀŶŎπ
ǊŜƭŀǘŜŘ ŀŜǊƻǎƻƭ ǇŀǊǝŎƭŜǎ ŀǘ ŀ ōǳǎȅ ƘƛƎƘǿŀȅ ƛƴ IŜƭǎƛƴƪƛΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ сΣ нпммςнпнмΣ нллсΦ 

±ǳΣ ¢Φ ±ΦΣ .ŜŘŘƻǿǎΣ 5Φ /Φ {ΦΣ 5ŜƭƎŀŘƻπ{ŀōƻǊƛǘΣ WΦ aΦ ŀƴŘ IŀǊǊƛǎƻƴΣ wΦ aΦΥ {ƻǳǊŎŜ ŀǇǇƻǊǝƻƴƳŜƴǘ ƻŦ ǘƘŜ 
ƭǳƴƎ ŘƻǎŜ ƻŦ ŀƳōƛŜƴǘ ǎǳōƳƛŎǊƻƳŜǘǊŜ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊΣ !ŜǊƻǎƻƭ !ƛǊ vǳŀƭΦ wŜǎΦΣ мсόтύΣ мрпуςмрртΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦпнлфκŀŀǉǊΦнлмрΦлфΦлрроΣ нлмсΦ 

²ŀƴƎΣ ½Φ .ΦΣ IǳΣ aΦΣ ²ǳΣ ½Φ WΦΣ ¸ǳŜΣ 5Φ [ΦΣ IŜΣ [Φ ¸ΦΣ IǳŀƴƎΣ ·Φ CΦΣ [ƛǳΣ ·Φ DΦ ŀƴŘ ²ƛŜŘŜƴǎƻƘƭŜǊΣ !ΦΥ [ƻƴƎπ
ǘŜǊƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǇŀǊǝŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ŀƴŘ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇǎ ǿƛǘƘ ŀƛǊ Ƴŀǎǎ ƘƛǎǘƻǊȅ 
ŀƴŘ ǎƻǳǊŎŜ ŀǇǇƻǊǝƻƴƳŜƴǘ ƛƴ ǘƘŜ ǎǳƳƳŜǊ ƻŦ .ŜƛƧƛƴƎΣ Σ млмрфςмлмтлΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмфпκŀŎǇπмоπ
млмрфπнлмоΣ нлмоΦ 

²ŜƘƴŜǊΣ .Φ ŀƴŘ ²ƛŜŘŜƴǎƻƘƭŜǊΣ !ΦΥ ŀƴŘ tƘȅǎƛŎǎ [ƻƴƎ ǘŜǊƳ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ǎǳōƳƛŎǊƻƳŜǘŜǊ ǳǊōŀƴ 
ŀŜǊƻǎƻƭǎ Υ ǎǘŀǝǎǝŎŀƭ ŀƴŀƭȅǎƛǎ ŦƻǊ ŎƻǊǊŜƭŀǝƻƴǎ ǿƛǘƘ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ ŀƴŘ ǘǊŀŎŜ ƎŀǎŜǎΣ !ǘƳƻǎΦ 
/ƘŜƳΦ tƘȅǎΦΣ оόнллмύΣ устςутфΣ нллоΦ 
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½ƘŀƴƎΣ ½Φ IΦΣ IŀǊǘƴŜǊΣ 9ΦΣ ¦ǝƴƎŜǊΣ .ΦΣ DŦŜƭƭŜǊΣ .ΦΣ tŀǳƭΣ !ΦΣ {ƪƭƻǊȊΣ aΦΣ /ȊŜŎƘΣ IΦΣ ¸ŀƴƎΣ .Φ ·ΦΣ {ǳΣ ·Φ ¸ΦΣ WŀƪƻōƛΣ 
DΦΣ hǊŀǎŎƘŜΣ WΦΣ {ŎƘƴŜƭƭŜπYǊŜƛǎΣ WΦΣ WŜƻƴƎΣ {ΦΣ DǊǀƎŜǊΣ ¢ΦΣ tŀǊŘƻΣ aΦΣ IƻƘŀǳǎΣ ¢ΦΣ !ŘŀƳΣ ¢ΦΣ YƛŜƴŘƭŜǊπ{ŎƘŀǊǊΣ 
!ΦΣ wǳŘƛŎƘΣ ¸ΦΣ ½ƛƳƳŜǊƳŀƴƴΣ wΦ ŀƴŘ YŀƭōŜǊŜǊΣ aΦΥ !ǊŜ ǊŜŀŎǝǾŜ ƻȄȅƎŜƴ ǎǇŜŎƛŜǎ όwh{ύ ŀ ǎǳƛǘŀōƭŜ ƳŜǘǊƛŎ ǘƻ 
ǇǊŜŘƛŎǘ ǘƻȄƛŎƛǘȅ ƻŦ ŎŀǊōƻƴŀŎŜƻǳǎ ŀŜǊƻǎƻƭ ǇŀǊǝŎƭŜǎΚΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ ннόоύΣ мтфоςмулфΣ 
ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмфпκŀŎǇπннπмтфоπнлннΣ нлннΦ 
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2.6.  Supplementary information 

 

 

CƛƎǳǊŜ { нπмΦ 5ŜǇƻǎƛǝƻƴ ŦǊŀŎǝƻƴ ŎǳǊǾŜǎ ƛƴ ŀƭǾŜƻƭŀǊΣ ōǊƻƴŎƘƛƻƭŀǊ ŀƴŘ ƘŜŀŘ ŀƛǊǿŀȅǎ ǇǳōƭƛǎƘŜŘ ōȅ 

όLƴǘŜǊƴŀǝƻƴŀƭ /ƻƳƳƛǎǎƛƻƴ ƻƴ wŀŘƛƻƭƻƎƛŎŀƭ tǊƻǘŜŎǝƻƴΣ нлмрύΦ 9ŀŎƘ ŎǳǊǾŜ ŎƻǊǊŜǎǇƻƴŘŜŘ ǘƻ 9¢мΣ ŀƴǘŜǊƛƻǊ 

ƴŀǎŀƭ ǇŀǎǎŀƎŜΤ 9¢нΣ ǇƻǎǘŜǊƛƻǊ ƴŀǎŀƭ ǇŀǎǎŀƎŜΣ ǇƘŀǊȅƴȄΣ ŀƴŘ ƭŀǊȅƴȄΤ ..Σ ōǊƻƴŎƘƛŀƭΤ ōōΣ ōǊƻƴŎƘƛƻƭŀǊΤ !LΣ 

ŀƭǾŜƻƭŀǊ ƛƴǘŜǊǎǝǝŀƭ ŦƻǊ ƳŜŘƛŀƴ ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊΦ 
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Figure S 2-2. Time series of the operational ELPI+ parameters recorded during measurements at Las 
Ferias and San Cristobal (minute average).  
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Figure S 2-3. Meteorological conditions registered by the RMCAB in Las Ferias and San Cristobal sites, 
during the period of the number particles measurements in each site.  
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Figure S 2-4.  Weekly and monthly variation of LDSA observed in Las Ferias and San Cristobal sites.  
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оΦ /ƻƳǇŀǊƛǎƻƴ ƻŦ !ƳōƛŜƴǘ tŀǊǝŎƭŜ aŀǎǎ {ƛȊŜ 5ƛǎǘǊƛōǳǝƻƴ ŀƴŘ {ƛȊŜπ

{ŜƎǊŜƎŀǘŜŘ /ƻƭƻƳōƛŀƴ ¦Ǌōŀƴ !ǊŜŀǎ 

3.1. Introduction 

 

tǊŜƳŀǘǳǊŜ ƳƻǊǘŀƭƛǘȅ Ƙŀǎ ōŜŜƴ ǊŜƭŀǘŜŘ ǘƻ ŀ ǾŀǊƛŜǘȅ ƻŦ ŦŀŎǘƻǊǎΣ ƛƴŎƭǳŘƛƴƎ ǇǊƻƭƻƴƎŜŘ ŜȄǇƻǎǳǊŜ ǘƻ 

ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ ƭƛƪŜ ƻȊƻƴŜ ŀƴŘ ŬƴŜ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ όtaнΦрΣ ǇŀǊǝŎƭŜǎ ƘŀǾƛƴƎ ŀƴ ŀŜǊƻŘȅƴŀƳƛŎ 

ŘƛŀƳŜǘŜǊ ǎƳŀƭƭŜǊ ǘƘŀƴ нΦр mƳύΣ ƛƴ ǘƘŜ ŀǎǎŜǎǎƳŜƴǘǎ ƻŦ ǘƘŜ Ǝƭƻōŀƭ ōǳǊŘŜƴ ƻŦ ŘƛǎŜŀǎŜΦ !ƳōƛŜƴǘ 

taнΦр Ǉƻƭƭǳǝƻƴ ƛǎ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ŀǊƻǳƴŘ оΦо Ƴƛƭƭƛƻƴ ǇǊŜƳŀǘǳǊŜ ŘŜŀǘƘǎ όмΦсм π пΦум Ƴƛƭƭƛƻƴύ ŜŀŎƘ 

ȅŜŀǊ ǿƻǊƭŘǿƛŘŜ ό²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǝƻƴΣ нлмфΤ ²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǝƻƴΣ нлмоΤ aƻǊŀǿǎƪŀ 

Ŝǘ ŀƭΦΣ нллпύΦ [ƛǾƛƴƎ ƛƴ ŀǊŜŀǎ ǿƛǘƘ ǇƻƭƭǳǘŜŘ ŀƛǊ ǊŀƛǎŜǎ ǘƘŜ Ǌƛǎƪ ƻŦ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŀƴŘ ǊŜǎǇƛǊŀǘƻǊȅ 

ǎȅǎǘŜƳ ŘȅǎŦǳƴŎǝƻƴΣ ǿƘƛŎƘ ŘŜŎǊŜŀǎŜǎ ŀ ǇŜǊǎƻƴϥǎ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜΦ 9ȄǇƻǎǳǊŜ ǘƻ ŀƛǊ ǇƻƭƭǳǘŀƴǘǎΣ ŜǾŜƴ 

ŀǘ ƭƻǿ ŎƻƴŎŜƴǘǊŀǝƻƴǎΣ ƛǎ ƭƛƴƪŜŘ ǘƻ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅƳǇǘƻƳǎ ƭƛƪŜ ŀƛǊǿŀȅ ƛǊǊƛǘŀǝƻƴΣ ŎƻǳƎƘƛƴƎΣ ŀƴŘ 

ŘƛŶŎǳƭǘȅ ōǊŜŀǘƘƛƴƎ ŀǎ ǿŜƭƭ ŀǎ ƴƻƴπŦŀǘŀƭ ƘŜŀǊǘ ŀǧŀŎƪǎΣ ƛǊǊŜƎǳƭŀǊ ƘŜŀǊǘōŜŀǘǎΣ ŀǎǘƘƳŀΣ ŘŜŎǊŜŀǎŜŘ 

ƭǳƴƎ ŦǳƴŎǝƻƴΣ ŀƴŘ ŘŜŀǘƘ ƛƴ ǇŜƻǇƭŜ ǿƛǘƘ ƘŜŀǊǘ ŀƴŘ ƭǳƴƎ ŘƛǎŜŀǎŜǎ όI9LΣ нлмоύΦ 

 

tŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ όtaύ ƛǎ ŜƳƛǧŜŘ ōȅ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǎƻǳǊŎŜǎ ƛƴŎƭǳŘƛƴƎ ƳƻǘƻǊ ǾŜƘƛŎƭŜǎΣ 

ƛƴŘǳǎǘǊƛŀƭ ŀŎǝǾƛǝŜǎΣ Řǳǎǘ ǊŜǎǳǎǇŜƴǎƛƻƴΣ ŎƻƴǎǘǊǳŎǝƻƴΣ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎΣ ǾƻƭŎŀƴƻ ŜƳƛǎǎƛƻƴǎΣ ǎƻƛƭ 

ŜǊƻǎƛƻƴΣ ǾŜƎŜǘŀǝƻƴΣ ŀƴŘ ǘƘŜ ƻŎŜŀƴǎΣ ŀƳƻƴƎ ƻǘƘŜǊǎΦ ta Ŏŀƴ ōŜ ŎƭŀǎǎƛŬŜŘ ōȅ ƛǘǎ ǎƛȊŜΤ ǘƘŜ 

ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊ ōŜƛƴƎ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ŀŜǊƻǎƻƭ ǇŜƴŜǘǊŀǝƴƎ ŀōƛƭƛǘȅ ƛƴǘƻ ǘƘŜ 

ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳΦ aƻǎǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƎŜƴŎƛŜǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘ ƘŀǾŜ ǊŜƎǳƭŀǘƻǊȅ ŦǊŀƳŜǿƻǊƪǎ 

ōŀǎŜŘ ƻƴ ǘǿƻ ǎƛȊŜ ŎŀǘŜƎƻǊƛŜǎΣ ƴŀƳŜƭȅ taмл ŀƴŘ taнΦрΦ taмл ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǇŀǊǝŎƭŜǎ ǿƛǘƘ 

ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊǎ ǎƳŀƭƭŜǊ ǘƘŀƴ мл mƳΣ ǿƘŜǊŜŀǎ taнΦр ǊŜŦŜǊ ǘƻ ǇŀǊǝŎƭŜǎ ǎƳŀƭƭŜǊ ǘƘŀƴ нΦр 

mƳ όŬƴŜ ǇŀǊǝŎƭŜǎύΦ tŀǊǝŎƭŜǎ ǿƛǘƘ ǎƛȊŜǎ ōŜǘǿŜŜƴ нΦр ŀƴŘ мл mƳ όtaмл ς taнΦрύ ŀǊŜ ŘŜǎŎǊƛōŜŘ ŀǎ 

ŎƻŀǊǎŜ ǇŀǊǝŎƭŜǎΦ CƛƴŜ ǇŀǊǝŎƭŜǎ ŀǊŜ ŘƛǎǘǊƛōǳǘŜŘ ƛƴ ǘǿƻ ǎƛȊŜ ƎǊƻǳǇǎΥ ŀŎŎǳƳǳƭŀǝƻƴπƳƻŘŜ ǇŀǊǝŎƭŜǎ 

όōŜǘǿŜŜƴ лΦм ŀƴŘ м mƳύΣ ŀƴŘ ǳƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜǎ ό¦CtǎΣ ǎƳŀƭƭŜǊ ǘƘŀƴ лΦм mƳΦ 

 

¢ƘŜ ǇŜƴŜǘǊŀǝƻƴΣ ŘŜǇƻǎƛǝƻƴΣ ŀƴŘ ƛƳǇŀŎǘǎ ƻŦ ŀƳōƛŜƴǘ ta ŘŜǇŜƴŘ ƻƴ ǘƘŜ ŀƴŀǘƻƳȅ ƻŦ ǘƘŜ 

ǊŜǎǇƛǊŀǘƻǊȅ ǘǊŀŎǘΣ ǘƘŜ ŀƛǊƅƻǿ ǇŀǧŜǊƴǎ ƛƴ ǘƘŜ ƭǳƴƎǎΣ ŀƴŘ ta ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ǎǳŎƘ ŀǎ ǎƛȊŜ ŀƴŘ 

ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ό[ǀƴŘŀƘƭ Ŝǘ ŀƭΦΣ нллсύΦ ¢ƘŜ ǎƳŀƭƭŜǎǘ ǇŀǊǝŎƭŜǎ ǿƛƭƭ ǇŜƴŜǘǊŀǘŜ ŀƴŘ ŘŜǇƻǎƛǘ 

ƻƴ ŘŜŜǇŜǊ ǇŀǊǘǎ ƻŦ ǊŜǎǇƛǊŀǘƻǊȅ ǘǊŀŎǘΣ ŀǘ ŀƴ ƛƴŎǊŜŀǎƛƴƎ ǊŀǘŜ όYƛƳ Ŝǘ ŀƭΦΣ нлмрύΦ Lƴ ƴŀǎŀƭ ōǊŜŀǘƘƛƴƎΣ 
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ǘƘŜ ŎƛƭƛŀΣ ŀƴŘ ǘƘŜ ƳǳŎǳǎ ŀŎǘ ŀǎ ŀ ŬƭǘŜǊ ƻŦ ǇŀǊǝŎƭŜǎ ǘƘŀǘ ŜȄŎŜŜŘ мл mƳΦ tŀǊǝŎƭŜǎ ōŜǘǿŜŜƴ р ǘƻ мл 

mƳ ŀǊŜ Ƴƻǎǘ ƭƛƪŜƭȅ ǘƻ ōŜ ŘŜǇƻǎƛǘŜŘ ƛƴ ǘƘŜ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ǘǊŜŜΣ ǿƘƛƭŜ ǘƘƻǎŜ ōŜǘǿŜŜƴ м ŀƴŘ р 

mƳ ŀǊŜ ŘŜǇƻǎƛǘŜŘ ƛƴ ǘƘŜ ōǊƻƴŎƘƛƻƭŜǎΦ taм Ƙŀǎ ŀ ǎƛƳƛƭŀǊ ōŜƘŀǾƛƻǊ ǘƻ ǘƘŀǘ ƻŦ Ǝŀǎ ƳƻƭŜŎǳƭŜǎ ŀƴŘ 

ǇŜƴŜǘǊŀǘŜ ǘƘŜ ŀƭǾŜƻƭƛΣ ǿƘŜǊŜ ƎŀǎŜƻǳǎ ŜȄŎƘŀƴƎŜ ƻŎŎǳǊǎΦ ¦Ctǎ Ŏŀƴ ƘŀǾŜ ŀ ƭŀǊƎŜǊ ǇƻǘŜƴǝŀƭ ŦƻǊ ƭǳƴƎ 

ŘŜǇƻǎƛǝƻƴ ŀƴŘ ŜǎŎŀǇŜ ƛƴǘƻ ǘƘŜ ōƭƻƻŘ ǎǘǊŜŀƳ ǘƻ ƳƛƎǊŀǘŜ ǘƻ ǘƘŜ ŎŜƭƭ ǝǎǎǳŜ ŀƴŘ ǘƘǊƻǳƎƘ ǘƘŜ 

ŎƛǊŎǳƭŀǘƻǊȅ ǎȅǎǘŜƳΦ ¢ƘŜȅ Ŏŀƴ ŀƭǎƻ ŀǊǊƛǾŜ ǘƻ ǘƘŜ ōǊŀƛƴΣ Ǿƛŀ ǘƘŜ ƻƭŦŀŎǘƻǊȅ ƴŜǊǾŜ όYƛƳ Ŝǘ ŀƭΦΣ нлмрύΦ 

CƛƎǳǊŜ оπм ƻǳǘƭƛƴŜŘ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ƛƴƘŀƭŜ ǇŀǊǝŎƭŜǎ ǊŜǘŀƛƴŜŘ ƛƴ ŜŀŎƘ ǇŀǊǘ ƻŦ ǘƘŜ ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ 

ǘǊŀŎǘΦ  

 

 

Figure 3-1. Deposition potential for particles of varying sizes by parts of the human respiratory 
system in accordance with stages of the Andersen Cascade Impactor (Source: 
https://andersencascading.com/about-andersen-cascade-impactor/) 

¢ƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǇŀǊǝŎƭŜǎ ǾŀǊƛŜǎ ǿƛǘƘ ǘƘŜƛǊ ǎƛȊŜΦ hǾŜǊŀƭƭΣ ǳǊōŀƴ ŀŜǊƻǎƻƭǎ ŀǊŜ 

ŎƻƴǎǝǘǳǘŜŘ Ƴŀƛƴƭȅ ōȅ ŀ ŎŀǊōƻƴŀŎŜƻǳǎ ŦǊŀŎǝƻƴ όƻǊƎŀƴƛŎ ƳŀǘŜǊƛŀƭ όhaύ ŀƴŘ ŜƭŜƳŜƴǘŀƭ ŎŀǊōƻƴ 

ό9/ύύΣ ŀƴ ƛƻƴƛŎ ŦǊŀŎǝƻƴ όǎǳƭŦŀǘŜ ό{hп
πнύΣ ƴƛǘǊŀǘŜ όbhо

πύΣ ŀƴŘ ŀƳƳƻƴƛǳƳ όbIп
Ҍύ ǿƛǘƘ ŀ ǎƳŀƭƭŜǊ 

ŦǊŀŎǝƻƴ ƻŦ ƻǘƘŜǊ ƛƴƻǊƎŀƴƛŎ ƛƻƴǎ ό/ŀҌнΣ /ƭπΣ YҌύύΣ ŀƴŘ ǘǊŀŎŜ ŜƭŜƳŜƴǘǎ όCŜΣ ½ƴΣ tōΣ !ƭΣ {ƛΣ /ŀ ŀƴŘ aƎύ 

ό{ŜƛƴŦŜƭŘ ŀƴŘ tŀƴŘƛǎΣ нллсύΦ {ǘǳŘƛŜǎ ōȅ [ƛ Ŝǘ ŀƭΦ όнлмнύ ŀƴŘ ¢ƛŀƴΣ tŀƴΣ ϧ ²ŀƴƎ όнлмсύ ǎƘƻǿŜŘ 

ǘƘŀǘ 9/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴŎǊŜŀǎŜ ŀǎ ǇŀǊǝŎƭŜ ǎƛȊŜ ŘŜŎǊŜŀǎŜΣ ŀƴŘ ǘƘŜ h/κ9/ ǊŀǝƻΣ ŦǊŜǉǳŜƴǘƭȅ ǳǎŜŘ 

ǘƻ ŘŜǘŜǊƳƛƴŀǘŜ ǘƘŜ ǎƻǳǊŎŜǎ ƻŦ ŎŀǊōƻƴŀŎŜƻǳǎ ƳŀǘŜǊƛŀƭΣ Ŏŀƴ ōŜ ōŜǘǿŜŜƴ оΦл ŀƴŘ мнΦнΦ {ŀŀǊƛƪƻǎƪƛΣ 

¢ƛƳƻƴŜƴΣ {ŀŀǊƴƛƻΣ ϧ !ǳǊŜƭŀ όнллуύ ǊŜǇƻǊǘŜŘ ŀƴ h/κ9/ Ǌŀǝƻ ƻŦ лΦтм ŦƻǊ ǘǊŀŶŎ ŜƳƛǎǎƛƻƴǎΣ оΦо ŦƻǊ 
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ǎŜŎƻƴŘŀǊȅ ƻǊƎŀƴƛŎ ŎŀǊōƻƴΣ сΦс ŦƻǊ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ŀƴŘ мн ŦƻǊ ƭƻƴƎπǊŀƴƎŜ ǘǊŀƴǎǇƻǊǘΦ ¢ƘŜ ƛƻƴƛŎ 

ŦǊŀŎǝƻƴ ŘƻƳƛƴŀǘŜŘ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘƘŜ ŬƴŜ ƳƻŘŜΣ ŀǎ ǎƘƻǿƴ ōȅ [ƛ Ŝǘ ŀƭΦ όнлмнύ ŀƴŘ 

¢ƛŀƴ Ŝǘ ŀƭΦ όнлмсύΦ ¢Ƙƛǎ ŦǊŀŎǝƻƴ ŘŜŎǊŜŀǎŜŘ ŀǎ ǇŀǊǝŎƭŜ ǎƛȊŜ ƛƴŎǊŜŀǎŜŘΣ ǿƘŜǊŜŀǎ ŎǊǳǎǘŀƭ ƳŀǘŜǊƛŀƭΣ 

ŜǎǎŜƴǝŀƭƭȅ ŘŜŬƴŜŘ ōȅ ǘǊŀŎŜ ŜƭŜƳŜƴǘǎΣ ŜȄƘƛōƛǘŜŘ ǘƘŜ ƻǇǇƻǎƛǘŜ ǘǊŜƴŘ ό¢ƛŀƴ Ŝǘ ŀƭΦΣ нлмсύΦ 

 

¢ƘŜǊŜ ŀǊŜ ŦŜǿ ǎǘǳŘƛŜǎ ŀŘŘǊŜǎǎƛƴƎ Ƴŀǎǎ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ƛǘǎ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƛƴ [ŀǝƴ 

!ƳŜǊƛŎŀ ŀƴŘ ǘƘŜ /ŀǊƛōōŜŀƴΦ aƻǎǘ ǊŜƭŀǘŜŘ ǎǘǳŘƛŜǎ ƘŀǾŜ ŦƻŎǳǎŜŘ ƻƴ taмл ƻǊ taнΦр ōǳƭƪ ŎƘŜƳƛŎŀƭ 

ŎƻƳǇƻǎƛǝƻƴ ƛƴ ƳŜƎŀŎƛǝŜǎΦ {ǳŎƘ ƛǎ ǘƘŜ ŎŀǎŜ ƻŦ .ƻƎƻǘŀΣ ǘƘŜ ƭŀǊƎŜǎǘ Ŏƛǘȅ ƛƴ bƻǊǘƘŜǊƴ {ƻǳǘƘ 

!ƳŜǊƛŎŀΣ ŦƻŎǳǎƛƴƎ ƻƴ ŀ ōǳƭƪ ƻŦ taмл ό¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ ƭƻǎ !ƴŘŜǎΤ !ƭŎŀƭŘƛŀ ŘŜ .ƻƎƻǘŀΣ нллфΤ  

±ŀǊƎŀǎΣ wƻƧŀǎΣ tŀŎƘƻƴΣ ϧ wǳǎǎŜƭƭ нлмнΤ wŀƳƝǊŜȊ Ŝǘ ŀƭΦΣ нлмуύΦ ¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ ŀ ŦŜǿ ǎǘǳŘƛŜǎ ƻƴ 

taнΦр ό¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ ƭƻǎ !ƴŘŜǎΤ !ƭŎŀƭŘƛŀ ŘŜ .ƻƎƻǘŀΣ нллфύ ƛƴ ŀǊŜŀǎ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ ǊŜǎƛŘŜƴǝŀƭΣ 

ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ƘƛƎƘ ǾŜƘƛŎǳƭŀǊ ǘǊŀŶŎ ȊƻƴŜΦ ¢ƘŜǎŜ ǎǘǳŘƛŜǎ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ŎŀǊōƻƴŀŎŜƻǳǎ ŦǊŀŎǝƻƴ ǿŀǎ 

ǘƘŜ Ƴŀƛƴ ŎƻƴǎǝǘǳŜƴǘ ƻŦ taмл όϤрм҈ ŦƻǊ wŀƳƝǊŜȊ Ŝǘ ŀƭΦ όнлмуύ ŀƴŘ Ϥрр҈ ŦƻǊ ±ŀǊƎŀǎ Ŝǘ ŀƭΦ όнлмнύΦ 

¢ƘŜ h/ ŎƻƴŎŜƴǘǊŀǝƻƴ ǿŀǎ ƘƛƎƘŜǊ ǘƘŀƴ 9/ ŀƴŘ ǘƘŜƛǊ Ǌŀǝƻ όh/κ9/ Ґ н π оύ ƛƴŘƛŎŀǘŜŘ ǘƘŜ ŦƻǊƳŀǝƻƴ 

ƻŦ {ŜŎƻƴŘŀǊȅ hǊƎŀƴƛŎ /ŀǊōƻƴ ό{h/ύΣ ǎǳƎƎŜǎǝƴƎ ǘƘŀǘ ŀƭƭ ŎŀǊōƻƴŀŎŜƻǳǎ ǎǇŜŎƛŜǎ ǿŜǊŜ ƴƻǘ ŜƳƛǧŜŘ 

ōȅ ŀ ŎƻƳƳƻƴ ǎƻǳǊŎŜ όwŀƳƝǊŜȊ Ŝǘ ŀƭΦΣ нлмуύΦ ¢ƻ ŘŀǘŜΣ ǘƘŜ ƛƴŦƻǊƳŀǝƻƴ ŀōƻǳǘ ŎŀǊōƻƴŀŎŜƻǳǎ 

ŦǊŀŎǝƻƴ ŦƻǊ taнΦр ƛǎ ƴƻǘ ŀǾŀƛƭŀōƭŜΦ CƻǊ ¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ ƭƻǎ !ƴŘŜǎ ŀƴŘ ǘƘŜ !ƭŎŀƭŘƛŀ ŘŜ .ƻƎƻǘŀ 

όнллфύΣ ǘƘŜ ƻƴƭȅ ǎǘǳŘȅ ǘƘŀǘ ǇǊŜǎŜƴǘǎ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ƛƻƴǎ ŀƴŘ ƳŜǘŀƭǎ ƛƴ taмл ŀƴŘ 

taнΦр ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ ƛƻƴƛŎ ŦǊŀŎǝƻƴ ŎƻƴǘǊƛōǳǘŜŘ ōŜǘǿŜŜƴ пΦр ǘƻ ф҈ ŦƻǊ taмл ŀƴŘ 

п ǘƻ моΦр҈ ŦƻǊ taнΦрΦ ¢ƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ƛƻƴǎ ǿŜǊŜ {hп
πнΣ bhо

π ŀƴŘ /ƭπ ŦƻǊ ōƻǘƘ ŦǊŀŎǝƻƴǎΦ 

 

wŜŘǳŎƛƴƎ taмл ŀƴŘ taнΦр ŎƻƴŎŜƴǘǊŀǝƻƴǎ Ƙŀǎ ōŜŜƴ ǘƘŜ Ƴŀƛƴ Ǝƻŀƭ ƻŦ /ƻƭƻƳōƛŀƴ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ŀƎŜƴŎƛŜǎ ŦƻǊ ƳƻǊŜ ǘƘŀƴ н ŘŜŎŀŘŜǎΦ ¢ƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ŜƳƛǎǎƛƻƴ ƛƴǾŜƴǘƻǊƛŜǎ ƛƴ ǘƘŜ Ƴŀƛƴ ŎƛǝŜǎ ŀƴŘ 

ƛƴ ǘƘŜ ŎƻǳƴǘǊȅ ŀǎ ŀ ǿƘƻƭŜ ǊŜǇƻǊǘ ǘƘŀǘ Řǳǎǘ ǊŜǎǳǎǇŜƴǎƛƻƴ ŀƴŘ ƳƻǘƻǊ ǾŜƘƛŎƭŜǎ ŀǊŜ ǘƘŜ Ƴŀƛƴ 

ŜƳƛǧŜǊǎ ƻŦ taмл ŀƴŘ taнΦрΦ IƻǿŜǾŜǊΣ ǘƘŜ ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ŘƛũŜǊŜƴǘ ǎƻǳǊŎŜ ǘȅǇŜǎ ǘƻ ǇŀǊǝŎƭŜ 

ǘƻȄƛŎƛǘȅΣ ǿƘƛŎƘ ŘŜǇŜƴŘǎ ƻƴ ta ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΣ ƛǎ ǎǝƭƭ ǳƴŎƭŜŀǊΦ {ƛȊŜπŘŜǇŜƴŘŜƴǘ 

ǘƻȄƛŎƛǘȅ ƻŦ ŀƳōƛŜƴǘ ta ƛǎ ŀƭǎƻ ǳƴŎŜǊǘŀƛƴΦ ¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ŎƘŀǇǘŜǊ ƛǎ ǘƻ ŀŘŘǊŜǎǎ ǘƘƛǎ ǳƴŎŜǊǘŀƛƴǘȅ 

ōȅ ŀƴŀƭȅȊƛƴƎ ǘƘŜ Ƴŀǎǎ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ǎƛȊŜπǎŜƎǊŜƎŀǘŜŘ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǘǿƻ 

/ƻƭƻƳōƛŀƴ ǎƛǘŜǎ ǿƛǘƘ ŘƛũŜǊŜƴǘ ŀƳōƛŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘǎΦ ¢ƘŜ ŬǊǎǘ ǎƛǘŜ ƛǎ .ƻƎƻǘŀΣ ŀ ŘŜƴǎŜƭȅ 

ǇƻǇǳƭŀǘŜŘ ŎƛǘȅΣ Ƴƻǎǘƭȅ ŀũŜŎǘŜŘ ōȅ ǘǊŀŶŎ ǇƻƭƭǳǝƻƴΦ ¢ƘŜ ǎŜŎƻƴŘ ƻƴŜ ƛǎ tŀƭƳƛǊŀΣ ŀ ǎǳōǳǊōŀƴ ŀǊŜŀ 

ƛƴ ǘƘŜ /ŀǳŎŀ wƛǾŜǊ ±ŀƭƭŜȅΣ ǎƻǳǘƘǿŜǎǘ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΣ ƘŜŀǾƛƭȅ ƛƴƅǳŜƴŎŜŘ ōȅ ǎŜǾŜǊŀƭ ŦƻǊƳǎ ƻŦ ŀƛǊ 

Ǉƻƭƭǳǝƻƴ ǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ŀƎǊƻƛƴŘǳǎǘǊȅ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ƳƻǘƻǊ ǾŜƘƛŎƭŜǎΦ ¢Ƙƛǎ ŎƘŀǇǘŜǊ ǎƘƻǿǎ ǘƘŜ 

Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴ ǘƘŀǘ ǇŜƴŜǘǊŀǘŜǎ ŘƛũŜǊŜƴǘ ǇŀǊǘǎ ƻŦ ǘƘŜ ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳ ōŀǎŜŘ ƻƴ 

ǘƘŜ ǇŀǊǝŎƭŜ ŀŜǊƻŘȅƴŀƳƛŎ ǎƛȊŜΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ Ƴŀƛƴ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ Ŏŀƴ ǇŜƴŜǘǊŀǘŜ 
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ǎƻƳŜ ǊŜǎǇƛǊŀǘƻǊȅ ƻǊƎŀƴǎ ŀƴŘ ōŜ ǘǊŀƴǎǇƻǊǘŜŘ ōȅ ǘƘŜ ōƭƻƻŘǎǘǊŜŀƳ ǘƻ ƻǘƘŜǊ ōƻŘȅ ƻǊƎŀƴǎΦ ¢ƘŜ 

ƻǳǘŎƻƳŜǎ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿƛƭƭ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ ŜũŜŎǘǎ ƻŦ ƭƻƴƎπǘŜǊƳ ŜȄǇƻǎǳǊŜ ǘƻ 

ŀŜǊƻǎƻƭǎ ƻƴ ƘǳƳŀƴ ƘŜŀƭǘƘ ŀǘ ōƻǘƘ ƭƻŎŀǝƻƴǎΣ ƛƴŦŜǊǊƛƴƎ ǘƘŜ ƳŀƧƻǊ ǎƻǳǊŎŜǎ ƻŦ ŀŜǊƻǎƻƭ ŜƳƛǎǎƛƻƴǎΣ 

ŀƴŘ ŜǎǘŀōƭƛǎƘƛƴƎ ŜũŜŎǝǾŜ ƳŜǘƘƻŘǎ ǘƻ ƭŜǎǎŜƴ ǘƘŜ ƛƳǇŀŎǘ ƻƴ ǇƻǇǳƭŀǝƻƴΦ 

3.2. Experimental  

3.2.1. Sampling sites 

{ƛȊŜ ǎŜƎǊŜƎŀǘŜŘ ǎŀƳǇƭƛƴƎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ƛƴ ǘǿƻ ǇƭŀŎŜǎ ƻŦ /ƻƭƻƳōƛŀΣ ŦƻǊƳ мп aŀǊŎƘ ǘƻ с WǳƴŜ 

ŀƴŘ п hŎǘƻōŜǊ ǘƻ с bƻǾŜƳōŜǊ нлмуΣ ŀǘ ǘƘŜ ǳǊōŀƴ ŀǊŜŀ ƻŦ .ƻƎƻǘł 5Φ/Τ ŀƴŘ ŦǊƻƳ мп !ǳƎǳǎǘ ǘƻ мс 

{ŜǇǘŜƳōŜǊ нлму ƛƴ ǘƘŜ {ǳōǳǊōŀƴ ŀǊŜŀ ƻŦ tŀƭƳƛǊŀΣ нт ƪƳ ƴƻǊǘƘŜŀǎǘ ŦǊƻƳ ǘƘŜ Ŏƛǘȅ ƻŦ /ŀƭƛΦ 

 

.ƻƎƻǘł 5Φ/Φ ƛǎ ŀ ¢ǊƻǇƛŎŀƭ !ƴŘŜǎ ƳŜƎŀŎƛǘȅ ǿƛǘƘ ƳƻǊŜ ǘƘŀƴ у Ƴƛƭƭƛƻƴ ƛƴƘŀōƛǘŀƴǘǎ ό5!b9Σ нлмуύ ŀƴŘ 

ǊƻǳƴŘ нΦп Ƴƛƭƭƛƻƴ ǾŜƘƛŎƭŜǎ ό{ŜŎǊŜǘŀǊƛŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜ ŘŜ .ƻƎƻǘłΣ нлнлύΦ ¢ƘŜ ǇǊƛƳŀǊȅ 

ǎƻǳǊŎŜǎ ƻŦ ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ ƎŜƴŜǊŀǘŜŘ ƛƴ .ƻƎƻǘł ŀǊŜ ŜƳƛǧŜŘ ŘƛǊŜŎǘƭȅ ōȅ ǘƘŜ ŎƻƳōǳǎǝƻƴ ǇǊƻŎŜǎǎŜǎ 

ƻŦ Ŧƻǎǎƛƭ ƻǊ ƴƻǘ Ŧƻǎǎƛƭ ŦǳŜƭǎΣ ŀƭǎƻ ōȅ ǘƘŜ ǎƻƛƭ ŀƴŘ ǾŜƎŜǘŀǝƻƴ ŜǊƻǎƛƻƴ ǘƘŀǘ ŘƛǎǇŜǊǎŜ ǇŀǊǝŎƭŜǎ ōȅ ǘƘŜ 

ǿƛƴŘ ƛƴǘƻ ǘƘŜ ŀƛǊ ƳŀǎǎŜǎ ŀƴŘ ǘƘŜ ƭŜŀƪǎ ƻǊ ƛǊǊŜƎǳƭŀǊ ǊŜƭŜŀǎŜǎ ƻŦ ƎŀǎŜǎ ƻǊ ǾŀǇƻǊǎ ƻŦ ŎƘŜƳƛŎŀƭ 

ŎƻƳǇƻǳƴŘǎ ǎǘƻǊŜŘ ŀǎ ǇŀǊǘ ƻŦ  ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎŜǎ ό{ŜŎǊŜǘŀǊƛŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜ ŘŜ 

.ƻƎƻǘłΣ нлнлύΦ ¢ƘŜ ǊŜǎǳǎǇŜƴǎƛƻƴ ƻŦ ǇŀǾŜƳŜƴǘǎ ŀƴŘ ƴƻ ǇŀǾŜƳŜƴǘǎ ƘƛƎƘǿŀȅǎ ǿŀǎ ǘƘŜ Ƴŀƛƴ 

ǎƻǳǊŎŜ ƻŦ taнΦр όрс҈ύΣ Ƨƻƛƴǘ ǘƻ ŦǊŜƛƎƘǘ ǾŜƘƛŎƭŜǎ όт҈ύΣ ŎŀƳǇŜǊǎ ŀƴŘ ǘǊǳŎƪǎ όо҈ύ ŀƴŘ ŀǳǘƻƳƻōƛƭŜǎ 

όо҈ύ ŀƴŘ ǘƘŜ ƛƴŘǳǎǘǊȅ ǎŜŎǘƻǊ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ Ŏƻŀƭ ƛƴ ǘƘŜ ōǊƛƴƪǎ ŀƴŘ ǇƻǧŜǊȅ ŦŀŎǘƻǊƛŜǎ όр҈ύ ŦƻǊ ŀ 

ǘƻǘŀƭ фрлм ǘƻƴ ƻŦ taнΦр ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ƛƴǾŜƴǘƻǊȅ ƻŦ нлмуΦ ¢ƘŜǊŜ ŀǊŜ ǎŜŀǎƻƴŀƭ ǇŜŀƪǎ 

ƻŦ taмл ŀƴŘ taнΦр ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŎŀǳǎŜŘ ōȅ ǘǊŀƴǎōƻǳƴŘŀǊȅ Ǉƻƭƭǳǝƻƴ ŀƴŘ ƭƻŎŀƭ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ 

ŎƻƴŘƛǝƻƴǎ όaŜƴŘŜȊπ9ǎǇƛƴƻǎŀΣ .ŜƭŀƭŎŀȊŀǊΣ ϧ .ŜǘŀƴŎƻǳǊǘΣ нлмфύΦ  IƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ta 

ƘŀǾŜ ōŜŜƴ  ǘȅǇƛŎŀƭƭȅ ƻōǎŜǊǾŜŘ ŀǘ ǘƘŜ ǎƻǳǘƘǿŜǎǘ ƻŦ ǘƘŜ ŎƛǘȅΣ ǿƛǘƘ ƳŀȄƛƳǳƳ Řŀƛƭȅ ŎƻƴŎŜƴǘǊŀǝƻƴǎ 

ƻŦ сс mƎκƳо ŦƻǊ taмл ŀƴŘ ну mƎκƳо ŦƻǊ taнΦр ƛƴ нлмт ό{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜΣ нлмуύΦ 

 

tŀƭƳƛǊŀ ƛǎ ƛƴ ǘƘŜ /ŀǳŎŀ wƛǾŜǊ ±ŀƭƭŜȅ ό/w±ύ wŜƎƛƻƴΣ ŀƴ ƛƴǘŜǊπ!ƴŘŜŀƴ ǾŀƭƭŜȅ ƛƴ ǎƻǳǘƘǿŜǎǘŜǊƴ 

/ƻƭƻƳōƛŀΦ tŀƭƳƛǊŀ ƛǎ ƭƻŎŀǘŜŘ ŀǘ  нт ƪƳ ƴƻǊǘƘŜŀǎǘ ƻŦ /ŀƭƛ ŀƴŘ нн ƪƳ ǎƻǳǘƘŜŀǎǘ ƻŦ ¸ǳƳōƻΦ ¢ƘŜ 

tŀŎƛŬŎ hŎŜŀƴ ŎƻŀǎǘƭƛƴŜ ǎǘǊŜǘŎƘŜǎ ŀǘ мнл ƪƳ ŀŎǊƻǎǎ ǘƘŜ ǿŜǎǘŜǊƴ /ƻǊŘƛƭƭŜǊŀΣ ǿƘŜǊŜ ƻƴŜ ƻŦ ǘƘŜ 

ōǳǎƛŜǎǘ ƛƴǘŜǊƴŀǝƻƴŀƭ ǘǊŀŘŜ ǎŜŀǇƻǊǘǎ ƛƴ /ƻƭƻƳōƛŀ ƻǇŜǊŀǘŜǎ ό[ŀǊŀŘŀΣ нлмтύΦ tŀƭƳƛǊŀ ƛǎ омоллл 

ƛƴƘŀōƛǘŀƴǘǎΦ aƻǎǘ ƻŦ ǘƘŜ ŦǊŜƛƎƘǘ ƛǎ ǘǊŀƴǎǇƻǊǘŜŘ ōȅ ŘƛŜǎŜƭπǇƻǿŜǊŜŘ ǘǊǳŎƪǎ όaŀǘŜǳǎπCƻƴǘŜŎƘŀ Ŝǘ 
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ŀƭΦΣ нлннύΦΦ wƻŀŘ ǘǊŀŶŎ ƛǎ ŀƭǎƻ ǎǳōǎǘŀƴǝŀƭ ǿƛǘƘƛƴ ǘƘŜ /w±Σ ǘƻƎŜǘƘŜǊ ǿƛǘƘ .ƻƎƻǘłΣ ŀƴŘ ŀƭƻƴƎ ǘƘŜ 

tŀƴπ!ƳŜǊƛŎŀƴ ƘƛƎƘǿŀȅ ǘƘŀǘ ŎƻƴƴŜŎǘǎ /ƻƭƻƳōƛŀ ǿƛǘƘ ƻǘƘŜǊ {ƻǳǘƘ !ƳŜǊƛŎŀƴ ŎƻǳƴǘǊƛŜǎ όhǊƻȊŎƻ 

Ŝǘ ŀƭΦΣ нлмнύΦ   

 

¢ƘŜ ǎŀƳǇƭƛƴƎ ǎƛǘŜ ƛƴ .ƻƎƻǘł 5Φ/Φ ǿŀǎ ƭƻŎŀǘŜŘ ŀǘ Cƻƴǝōƻƴ 5ƛǎǘǊƛŎǘ CƛǊŜ {ǘŀǝƻƴ όпȏплΩмнΦосέ bΣ 

тпȏуΩнфΦруέ ²Τ нрфм ƳΦŀΦǎΦƭύΣ ƛƴ ǘƘŜ ǿŜǎǘ ƻŦ .ƻƎƻǘŀ όCƛƎǳǊŜ оπнŀύΦ ¢Ƙƛǎ 5ƛǎǘǊƛŎǘ Ƙŀǎ ŀƴ ŜȄǘŜƴǎƛƻƴ 

ƻŦ оо ƪƳн ŀƴŘ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘŜ ƘƛƎƘ ƛƴƅǳŜƴŎŜ ƻŦ ōƻǘƘ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ǾŜƘƛŎǳƭŀǊ ǎƻǳǊŎŜǎ ƻŦ 

ǇƻƭƭǳǘŀƴǘǎΦ Lǘ ƛǎ ƻƴŜ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ ŎŜƴǘŜǊǎ ƻŦ ǘƘŜ ŎƛǘȅΣ ŜǎǇŜŎƛŀƭƭȅ 

ŘǳŜ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛƴŘǳǎǘǊȅ ŀƴŘ ƛƴ ǘŜǊƳǎ ƻŦ ǾŜƘƛŎǳƭŀǊ ƛƴƅǳŜƴŎŜΣ ǘƘƛǎ ȊƻƴŜ ƛƴŎƭǳŘŜǎ ƻƴŜ 

ƻŦ ǘƘŜ ƳŀƧƻǊ ǘǊŀƴǎǇƻǊǘŀǝƻƴ ƴǳŎƭŜƛ ƻŦ ǘƘŜ ŎƛǘȅΦ ¢Ƙƛǎ ŘƛǎǘǊƛŎǘ ŀƭǎƻ Ŏƻƴǘŀƛƴǎ ǘƘŜ ƭŀǊƎŜǎǘ ƛƴǘŜǊƴŀǝƻƴŀƭ 

ŀƛǊǇƻǊǘ ƻŦ /ƻƭƻƳōƛŀΥ 9ƭ 5ƻǊŀŘƻ ŀƴŘ ǘƘŜ ǎŀƳǇƭƛƴƎ ǎƛǘŜ ǿŀǎ нΦтн ƪƳ ŘƛǎǘŀƴŎŜ ŦǊƻƳ ǘƘŜ ŀƛǊǇƻǊǘΦ 

{ŀƳǇƭŜǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŀǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ф Ƴ ŀōƻǾŜ ǘƘŜ ƎǊƻǳƴŘΣ ƻƴ ǘƘŜ ǊƻƻŦ ƻŦ ŀ ōǳƛƭŘƛƴƎΦ 

 

 

Figure 3-2. Location of the sampling sites in Bogotá D.C. and in Palmira, Colombia.  

3.2.2. Meteorology 

¢ƘŜ ƭƻŎŀƭ ƳŜǘŜƻǊƻƭƻƎȅ ǇŀǊŀƳŜǘŜǊǎ ƳƻƴƛǘƻǊŜŘ ǿŜǊŜ ŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜΣ ǇǊŜǎǎǳǊŜΣ ǊŜƭŀǝǾŜ 

ƘǳƳƛŘƛǘȅ όwIύΣ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴΣ ǇǊŜŎƛǇƛǘŀǝƻƴΣ ŀƴŘ ǿƛƴŘ ǎǇŜŜŘ ό²{ύ ŀƴŘ ŘƛǊŜŎǝƻƴ ό²5ύΦ Lƴ .ƻƎƻǘł 
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ǿŀǎ ǳǎŜŘ ǘƘŜ Řŀǘŀ ŦǊƻƳ ǘƘŜ ŀƛǊǇƻǊǘ ǿŜŀǘƘŜǊ ǎǘŀǝƻƴΣ ǊŜǇƻǊǘŜŘ ǘƻ мл Ƴ ŀōƻǾŜ ƎǊƻǳƴŘ ǇǳōƭƛǎƘŜŘ 

ōȅ ǘƘŜ L59!a ǿƛǘƘ ǘƘŜ L5Υ нмнлртфм όL59!aΣ нлмфύΦ¢ƘŜ ǿŜŀǘƘŜǊ ǎǘŀǝƻƴ ƛǎ ƭƻŎŀǘŜŘ ǘƻ нΦт ƪƳ ƻŦ 

ǘƘŜ ǎŀƳǇƭƛƴƎ ǎƛǘŜΦ Lƴ .ƻƎƻǘł ǿŀǎ ǳǎŜŘ ŀ 5ŀǾƛǎ ±ŀƴǘŀƎŜ tǊƻ ǿŜŀǘƘŜǊ ǎǘŀǝƻƴ ŎƻƭƭƻŎŀǘŜŘ ǿƛǘƘ ǘƘŜ 

ƛƴǎǘǊǳƳŜƴǘǎ ǘƻ ŎƻƭƭŜŎǘ ǘƘŜ ǎŀƳǇƭŜǎΦ ¢ƘŜ Řŀǘŀ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ǿƛǘƘ ŀ р Ƴƛƴ ǝƳŜ ǊŜǎƻƭǳǝƻƴ ŘǳǊƛƴƎ 

ŀƭƭ ǎŀƳǇƭƛƴƎ ǇŜǊƛƻŘǎΦ  

3.2.3. Sampling  

! ƴƻƴπǾƛŀōƭŜ !ƴŘŜǊǎŜƴ /ŀǎŎŀŘŜ LƳǇŀŎǘƻǊ ό¢ƛǎŎƘ 9ƴǾƛǊƻƴƳŜƴǘŀƭΣ /ƭŜǾŜǎΣ hIΣ ¦{!ύ ǿŀǎ ǳǎŜŘ ǘƻ 

ŎƻƭƭŜŎǘ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ ƛƴ ƴƛƴŜ ǎƛȊŜ ŦǊŀŎǝƻƴǎΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǇŀǊǝŎƭŜǎΩ ŀŜǊƻŘȅƴŀƳƛŎ 

ŘƛŀƳŜǘŜǊΦ ¢ƘŜ ƛƴŜǊǝŀƭ ƛƳǇŀŎǝƻƴ Ŏǳǘπƻũ ŘƛŀƳŜǘŜǊǎ ŀǊŜ фΦлΣ рΦуΣ пΦтΣ оΦоΣ нΦмΣ мΦмΣ лΦсрΣ ŀƴŘ лΦпо 

mƳΦ ¢ƘŜ ŬƴŜǎǘ ǇŀǊǝŎƭŜǎ ό5Ǉ ғ лΦпо mƳύ Ǉŀǎǎ ǘƘǊƻǳƎƘ ǘƘŜ ǇǊŜǾƛƻǳǎ у ƛƳǇŀŎǝƻƴ ǎǘŀƎŜǎ ŀƴŘ ŀǊŜ 

ŬƭǘŜǊŜŘΦ ¢ƘŜ ǎŀƳǇƭŜŘ ŀƛǊ ƛǎ ŘǊŀǿƴ ǘƘǊƻǳƎƘ ǘƘŜ /ŀǎŎŀŘŜ LƳǇŀŎǘƻǊ ǳǎƛƴƎ ŀ ǾŀŎǳǳƳ ǇǳƳǇ ǿƛǘƘ ŀ 

ƅƻǿ ǊŀǘŜ ƻŦ ну ƭƛǘŜǊǎ ǇŜǊ ƳƛƴǳǘŜ ς [taΦ 

 

vǳŀǊǘȊ ŬƭǘŜǊǎ όумπƳƳ ŘƛŀƳŜǘŜǊΣ ¢9πva!πптΣ ²ƘŀǘƳŀƴϯύ ǿŜǊŜ ǳǎŜŘ ŀǎ ŎƻƭƭŜŎǝƻƴ ǎǳōǎǘǊŀǘŜǎΣ 

ǿƛǘƘ ǘǿƻ ƪƛƴŘǎ ƻŦ ŬƭǘŜǊǎΣ ƻƴŜ ǿƛǘƘ ƻǇŜƴ ŎŜƴǘŜǊǎ ŦƻǊ ǎǘŀƎŜǎ л ŀƴŘ мΣ ŀƴŘ ŀƴƻǘƘŜǊ ǿƛǘƘ ǎƻƭƛŘ ŎŜƴǘŜǊǎ 

ŦƻǊ ǎǘŀƎŜǎ н ǘƻ т ŀƴŘ ǘƘŜ ōŀŎƪ ŬƭǘŜǊΦ CƛƭǘŜǊǎ ǿŜǊŜ ǇǊŜπōŀƪŜŘ ŀǘ сллϲ/ ŦƻǊ у ƘƻǳǊǎ ōŜŦƻǊŜ ǎŀƳǇƭƛƴƎ 

ǘƻ ŜƭƛƳƛƴŀǘŜ ƘȅŘǊƻŎŀǊōƻƴǎΦ ¢ƘŜȅ ǿŜǊŜ ŎƻƴŘƛǝƻƴŜŘ ŀǘ Ŏƻƴǎǘŀƴǘ ƘǳƳƛŘƛǘȅ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ όос҈Σ 

нпϲ/ύ ŦƻǊ нп ƘƻǳǊǎ ōŜŦƻǊŜ ǿŜƛƎƘƛƴƎ ǿƛǘƘ ŀ ƳƛŎǊƻōŀƭŀƴŎŜ ό{ŀǊǘƻǊƛǳǎ wнлл5ύ ǿƛǘƘ ŀ ƳŀȄƛƳǳƳ 

ǊŜŀŘŀōƛƭƛǘȅ ƻŦ лΦлм ƳƎΣ ōŜŦƻǊŜ ŀƴŘ ŀƊŜǊ ǎŀƳǇƭƛƴƎΦ CƛƭǘŜǊǎ ǿŜǊŜ ǘǊŀƴǎǇƻǊǘŜŘ ƛƴ ǎŜŀƭŜŘ tŜǘǊƛ ŘƛǎƘŜǎ 

ǘƻ ǘƘŜ ǎŀƳǇƭƛƴƎ ǎƛǘŜ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ǘƻ ǘƘŜ ƭŀōΦ 

 

bƛƴŜǘŜŜƴ ǎŜǘǎ ƻŦ ǎƛȊŜπǎŜƎǊŜƎŀǘŜŘ ŀƳōƛŜƴǘ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ƻǾŜǊ ǘǿƻ ǇŜǊƛƻŘǎΥ 

aŀǊŎƘ ς WǳƴŜ нлму ŀƴŘ hŎǘƻōŜǊ ǘƻ bƻǾŜƳōŜǊ нлмуΦ {ŀƳǇƭƛƴƎ ǝƳŜ ŦƻǊ ŜŀŎƘ ǎŜǘ ǿŀǎ тн ƻǊ фс 

ƘƻǳǊǎ ƻƴ ǿƻǊƪƛƴƎ ŘŀȅǎΣ ǘƻ ŜƴǎǳǊŜ ŜƴƻǳƎƘ Ƴŀǎǎ ƻǾŜǊ ŜŀŎƘ ŎƻƭƭŜŎǝƻƴ ǎǳōǎǘǊŀǘŜΦ ¢ƘŜ фсπƘƻǳǊ 

ǎŀƳǇƭƛƴƎ ǝƳŜ ǿŀǎ ǳǎŜŘ ŦƻǊ ǇŜǊƛƻŘǎ ǿƛǘƘ Ǌŀƛƴȅ ŘŀȅǎΦ {ŀƳǇƭƛƴƎ ǎǘŀǊǘŜŘ ŀǘ ллΥлл ƻŦ ǘƘŜ ŬǊǎǘ Řŀȅ 

ŀƴŘ ŜƴŘŜŘ ŀǘ ноΥрф ƻƴ ǘƘŜ ǘƘƛǊŘ ƻǊ ŦƻǳǊǘƘ ŘŀȅΣ ŀŎŎƻǊŘƛƴƎƭȅΦ 

3.2.4. Mass size distribution 

aŀǎǎ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ǿŜǊŜ ŘŜǊƛǾŜŘ ōȅ ƻƉƛƴŜ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ ǇŀǊǝŎƭŜ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ 

ŜŀŎƘ ǎŀƳǇƭŜ ǎŜǘΦ aŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ŜŀŎƘ ǉǳŀǊǘȊ ŬƭǘŜǊ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǘƘŜ ŘƛũŜǊŜƴŎŜ 

ōŜǘǿŜŜƴ ǇǊŜπ ŀƴŘ ǇƻǎǘπǿŜƛƎƘƛƴƎΣ ǘƘŜ ǾƻƭǳƳŜ ƅƻǿ ǊŀǘŜ ŀƴŘ ǘƘŜ ǘƻǘŀƭ ǎŀƳǇƭƛƴƎ ǝƳŜΦ aŀǎǎ 
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ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ǘƘŜƴ ŘƛǾƛŘŜŘ ƛƴǘƻ ǘƘŜ ƭƻƎŀǊƛǘƘƳƛŎ ŘƛũŜǊŜƴŎŜ ƻŦ ǘƘŜ ǳǇǇŜǊ ŀƴŘ ƭƻǿŜǊ 

ŜũŜŎǝǾŜ Ŏǳǘπƻũ ŘƛŀƳŜǘŜǊǎ ό9/5ύ ƻŦ ǘƘŜ ǊŜǎǇŜŎǝǾŜ ǎǘŀƎŜ ǘƻ Ǉƭƻǘ ǘƘŜ ǎŜƳƛπƭƻƎƴƻǊƳŀƭ Ƴŀǎǎ 

ŘƛǎǘǊƛōǳǝƻƴ ŀǎ 9/5 Ǿǎ ὨὅὨὒέὫὈ Φ ¢ƻ ƛƴŎƭǳŘŜ ǘƘŜ ōŀŎƪǳǇ ŀƴŘ ǘƻǇ ŬƭǘŜǊǎ ƛƴ ǘƘŜ ǎƛȊŜ 

ŘƛǎǘǊƛōǳǝƻƴǎΣ ŀƴ ŀǊǝŬŎƛŀƭ ƭƻǿŜǊ ŀƴŘ ǳǇǇŜǊ Ŏǳǘ ǎƛȊŜ ƻŦ лΦм ŀƴŘ ол mƳ ǿŀǎ ǳǎŜŘΦ ¢ƘŜǎŜ ǎƛȊŜǎ ǿŜǊŜ 

Ƨǳǎǘ ŘŜŬƴŜŘ ŀǎ ƻǇŜǊŀǝƻƴŀƭ ǇǊƻŎŜŘǳǊŜ ǿƛǘƘƻǳǘ ƛƴƅǳŜƴŎŜ ƻŦ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƻŦ Ƴŀǎǎ ǎƛȊŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ ¢ƘŜ ǎŀƳŜ ǳǇǇŜǊ ŀǊǝŬŎƛŀƭ ǎƛȊŜ Ŏǳǘ ǿŀǎ ǳǎŜŘ ŦƻǊ IƛǘȊŜƴōŜǊƎŜǊ ŀƴŘ ¢ƻƘƴƻΣ όнллмύΦ 

3.2.5. Chemical Analysis   

bƛƴŜǘŜŜƴ ǎŜǘǎ ƻƴ !ƴŘŜǊǎŜƴ LƳǇŀŎǘƻǊ ǎŀƳǇƭŜǊǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ǇŜǊŦƻǊƳ h/κ9/ ŀƴŘ ǿŀǘŜǊπǎƻƭǳōƭŜ 

ƛƻƴǎ ŀƴŀƭȅǎƛǎ ŀǘ ǘƘŜ ŎƘŜƳƛǎǘǊȅ ƭŀō ƻŦ ǘƘŜ [ŜƛōƴƛȊ LƴǎǝǘǳǘŜ ŦƻǊ ¢ǊƻǇƻǎǇƘŜǊƛŎ wŜǎŜŀǊŎƘΣ ¢whth{Φ ! 

ŦǊŀŎǝƻƴ ƻŦ ǘƘŜ ŬƭǘŜǊ ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ƻǊƎŀƴƛŎ ŀƴŘ ŜƭŜƳŜƴǘŀƭ ŎŀǊōƻƴ όh/κ9/ύ ŦƻƭƭƻǿƛƴƎ ǘƘŜ 

ŀƴŀƭȅǝŎŀƭ ǇǊƻŎŜŘǳǊŜ ŘŜǎŎǊƛōŜŘ ōȅ ±ŀƴ tƛƴȄǘŜǊŜƴ Ŝǘ ŀƭΦ όнллфύΣ ǿƘƛŎƘ ŀǇǇƭƛŜǎ ǘƘŜ 

ǘƘŜǊƳƻƎǊŀǾƛƳŜǘǊƛŎΣ ƻǊ ±5LΣ ŀƴŀƭȅǎƛǎ ƳŜǘƘƻŘ ό±5L нпср .ƭŀǧ нΥнлмсπммύ ǿƛǘƘ ŀ /πƳŀǘ ррлл 

ŎŀǊōƻƴ ŀƴŀƭȅǎŜǊ ό{ǘǊƻƘƭŜƛƴΣ DŜǊƳŀƴȅύΦ Lƴ ǘƘŜ ŬǊǎǘ ƘŜŀǝƴƎ ǎǘŜǇΣ h/ ƛǎ ǾƻƭŀǝƭƛȊŜŘ ǳǇ ǘƻ срлȏ/ ŦƻǊ 

у ƳƛƴǳǘŜǎ ǳƴŘŜǊ ŀ ƴƛǘǊƻƎŜƴ ŀǘƳƻǎǇƘŜǊŜ ŀƴŘ ŎƻƴǾŜǊǘŜŘ ǘƻ /hн ǿƛǘƘ ŀ /ǳh Ŏŀǘŀƭȅǎǘ ŀǘ урлȏ/Φ Lƴ 

ǘƘŜ ǎŜŎƻƴŘ ƘŜŀǝƴƎ ǎǘŜǇΣ 9/ ŦǊŀŎǝƻƴǎ ŀǊŜ ōǳǊƴǘ ǘƻ /hн ƻƴ ƻȄȅƎŜƴ ŀǘƳƻǎǇƘŜǊŜ ŀǘ срлȏ/ ŦƻǊ у 

ƳƛƴǳǘŜǎΦ ¢ƘŜ /hн ŦƻǊƳŜŘ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ǿƛǘƘ ŀ b5Lw ŘŜǘŜŎǘƻǊΦ ¢ƘŜ ±5L ƳŜǘƘƻŘ Ƴŀȅ 

ǳƴŘŜǊŜǎǝƳŀǘŜ ǘƘŜ ŦǊŀŎǝƻƴ ƻŦ h/ ŀƴŘ ƻǾŜǊŜǎǝƳŀǘŜ ǘƘŜ ŦǊŀŎǝƻƴ ƻŦ 9/ ŘǳŜ ǘƻ ǘƘŜ ŎƘŀǊǊƛƴƎ ƻŦ ŀ 

ŦǊŀŎǝƻƴ ƻŦ h/ ǘƻ 9/ ŘǳǊƛƴƎ ǘƘŜ ŬǊǎǘ ǎǘŜǇ όbŜǳǎǸǎǎ Ŝǘ ŀƭΦΣ нлллύΦ 

 

²ŀǘŜǊπǎƻƭǳōƭŜ ƛƻƴǎ ǿŜǊŜ ŘŜǘŜǊƳƛƴŜŘ ŦǊƻƳ ŀƴƻǘƘŜǊ ŬƭǘŜǊ ŦǊŀŎǝƻƴ όŀǇǇǊƻȄƛƳŀǘŜƭȅ ол҈ ƻŦ ǘƘŜ 

ŬƭǘŜǊύΣ ǘƘŀǘ ǿŀǎ Ŏǳǘ ƛƴǘƻ ǎƳŀƭƭ ǇƛŜŎŜǎΣ ŀƴŘ ŜȄǘǊŀŎǘŜŘ ƛƴ п Ƴ[ ƻŦ ŘŜƛƻƴƛȊŜŘ ǿŀǘŜǊ όму aҠύ ƛƴ ŀ 

ǎƘŀƪŜǊ ŦƻǊ мнл Ƴƛƴ ŀǘ плл ǊǇƳ ƛƴ ŀƴ ǳƭǘǊŀǎƻƴƛŎ ōŀǘƘΦ ¢ƘŜ ŜȄǘǊŀŎǘ ǿŀǎ ŬƭǘŜǊŜŘ ǘƘǊƻǳƎƘ лΦпр mƳπ

ǇƻǊŜ ǎȅǊƛƴƎŜ ŬƭǘŜǊǎΣ ŀƴŘ ǘƘŜƴ ŀƴŀƭȅǎŜŘ ǳǎƛƴƎ ŀƴ ƛƻƴ ŎƘǊƻƳŀǘƻƎǊŀǇƘ όL/сфлΣ aŜǘǊƻƘƳ !DΣ 

IŜǊƛǎŀǳΣ /Iύ ǘƻ ǉǳŀƴǝŦȅ ǘƘŜ ŎƻƴǘŜƴǘ ƻŦ ŎŀƭŎƛǳƳ ό/ŀҌнύΣ ƳŀƎƴŜǎƛǳƳ όaƎҌнύΣ ŀƳƳƻƴƛǳƳ όbIп
ҌύΣ 

ǎƻŘƛǳƳ όbŀҌύΣ ǇƻǘŀǎǎƛǳƳ όYҌύΣ ǎǳƭǇƘŀǘŜ ό{hп
πнύΣ ƴƛǘǊŀǘŜ όbhо

πύΣ /ƘƭƻǊƛŘŜ ό/ƭπύΣ ƻȄŀƭŀǘŜ ό/нhпπнύΣ 

ƳŜǘƘŀƴŜǎǳƭŦƻƴŀǘŜ ό/Iоhо{πύΣ ǇƘƻǎǇƘŀǘŜ όthп
πоύΣ ƴƛǘǊƛǘŜ όbhн

πύΣ ōǊƻƳƛŘŜ ό.ǊπύΣ ƅǳƻǊƛŘŜ όCπύΣ ŀƴŘ 

ŦƻǊƳŀǘŜ ό/Ihн
πύΦ 
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3.3. Results and discussion 

3.3.1. Meteorology and transport patterns 

CƛƎǳǊŜ оπо ŘŜǇƛŎǘǎ ǘƘŜ ǿŜŀǘƘŜǊ ŎƻƴŘƛǝƻƴǎ ƻōǎŜǊǾŜŘ ŘǳǊƛƴƎ ǘƘŜ ǎŀƳǇƭƛƴƎ ŘŀǘŜǎ ƛƴ .ƻƎƻǘł 5Φ/ΦΣ 

ƛƴŎƭǳŘƛƴƎ ŀƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜΣ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴΣ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅΣ Řŀƛƭȅ ŎǳƳǳƭŀǝǾŜ 

ǇǊŜŎƛǇƛǘŀǝƻƴΣ ǿƛƴŘ ǎǇŜŜŘΣ ŀƴŘ ŘƛǊŜŎǝƻƴΦ !ƳōƛŜƴǘ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ мпΦрȏ/ ҕ оΦн /Σ ǿƛǘƘ ƴƻ 

ƴƻǘŀōƭŜ ǝƳŜ ƅǳŎǘǳŀǝƻƴ ŦǊƻƳ aŀǊŎƘ ǘƻ bƻǾŜƳōŜǊ нлмуΦ ¢ƘŜ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ 

ƻōǎŜǊǾŜŘ ŀǘ ǘƘŜ ƳƛŘŘƭŜ Řŀȅ όмуΦт ȏ/ύ ŀƴŘ ǘƘŜ ƳƛƴƛƳǳƳ ƘŀǇǇŜƴǎ ǘƻ сΥлл I όмлΦуȏ/ύ ό{ŜŜ CƛƎǳǊŜ 

{оπмύΦ {ƻƭŀǊ ǊŀŘƛŀǝƻƴ ǾŀǊƛŜŘ ƳƻǊŜ ŦǊƻƳ ƳƻƴǘƘ ǘƻ ƳƻƴǘƘΣ ǿƛǘƘ ŀǾŜǊŀƎŜ ŘŀȅƭƛƎƘǘ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴ 

ƛƴŎƻƳŜ ōŜƛƴƎ ƘƛƎƘŜǊ ƛƴ aŀǊŎƘ όонт ²ύΣ hŎǘƻōŜǊ όотн ²ύΣ ŀƴŘ bƻǾŜƳōŜǊ όофу ²ύ ǘƘŀƴ ƛƴ !ǇǊƛƭ 

ŀƴŘ WǳƴŜ όннл ²ύ ό{ŜŜ CƛƎǳǊŜ {оπмōύΦ /ƭƻǳŘƛƴŜǎǎ ŀƴŘ ǿŜǘ ǇŀǧŜǊƴǎ ǘȅǇƛŎŀƭ ƻŦ ǘǊƻǇƛŎŀƭ ǇƭŀŎŜǎ ƻǾŜǊ 

ǘƘŜ !ƴŘŜǎ aƻǳƴǘŀƛƴ ǊŀƴƎŜ ŘŜǘŜǊƳƛƴŜ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴ ƛƴŎƻƳŜΦ ¢ƘŜ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ǿŀǎ тс҈ ҕ 

мпΦр҈Σ ǿƛǘƘ ƘƛƎƘŜǊ ǾŀƭǳŜǎ ƛƴ ǘƘŜ Ǌŀƛƴȅ ƳƻƴǘƘǎ ƻŦ !ǇǊƛƭΣ aŀȅΣ hŎǘƻōŜǊΣ ŀƴŘ bƻǾŜƳōŜǊΣ ǿƘŜƴ wI 

ŜȄŎŜŜŘŜŘ ул҈ ŀƴŘ ƭƻǿŜǊ ǾŀƭǳŜǎ ƛƴ aŀǊŎƘΣ ǿƘŜƴ wI ǿŀǎ ǇǊƻȄȅ ǘƻ тр҈Φ ¢ƘŜ ōŜƘŀǾƛƻǳǊ ƻŦ 

ǘŜƳǇŜǊŀǘǳǊŜΣ ǎƻƭŀǊ ǊŀŘƛŀǝƻƴ ŀƴŘ ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ōŜǘǿŜŜƴ aŀǊŎƘ ŀƴŘ bƻǾŜƳōŜǊ ƻŦ нлму ŀǊŜ 

ǎƘƻǿ ƛƴ ǘƘŜ ǇŀƴŜƭ CƛƎǳǊŜ оπоŀΦ ! ƳŀƧƻǊ ǇŀǊǘ ƻŦ ǎŀƳǇƭŜǎΣ ǘǿŜƭǾŜ ƛƴ ǘƻǘŀƭΣ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŘǳǊƛƴƎ 

ǘƘŜ Ǌŀƛƴȅ ǎŜŀǎƻƴ ōŜǘǿŜŜƴ !ǇǊƛƭ ŀƴŘ aŀȅ ŀƴŘ Ƴƻǎǘ ƻŦ hŎǘƻōŜǊ ǘƻ bƻǾŜƳōŜǊΦ CƻǳǊ ǎŜǘǎ ǿŜǊŜ 

ŎƻƭƭŜŎǘŜŘ ŘǳǊƛƴƎ ǘƘŜ ŘǊȅ ǎŜŀǎƻƴ ƛƴ aŀǊŎƘ Ǉƭǳǎ ƻƴŜ ǎŜǘ ƛƴ aŀȅΣ WǳƴŜ ŀƴŘ bƻǾŜƳōŜǊΣ ǊŜǎǇŜŎǝǾŜƭȅΦ 

CƛƎǳǊŜ оπоō ǎƘƻǿǎ ǘƘŜ Řŀƛƭȅ ǇǊŜŎƛǇƛǘŀǝƻƴ ŀǎ ōƭǳŜ ƭƛƴŜǎ ŀƴŘ ǘƘŜ ǎŀƳǇƭƛƴƎ ǇŜǊƛƻŘ ŘǳǊŀǝƻƴ ƻŦ ŜŀŎƘ 

ǎŜǘ ƻŦ ǎŀƳǇƭŜǎ ŎƻƭƭŜŎǘŜŘ ƛƴ ǘƘŜ !ƴŘŜǊǎŜƴ ŎŀǎŎŀŘŜ ƛƳǇŀŎǘƻǊ ōȅ ȅŜƭƭƻǿ ŘŀǊƪ ōŀǊǎΦ ¢ƘŜ ŀǾŜǊŀƎŜ 

ǿƛƴŘ ǎǇŜŜŘ ƻǾŜǊ ǘƘŜ ǎŀƳǇƭƛƴƎ ǇŜǊƛƻŘ ǿŀǎ нΦмн ҕмΦм ƳκǎΣ ǿƛǘƘ ŀ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ ǎǇŜŜŘ ƛƴ !ǇǊƛƭ 

όϤмΦу Ƴκǎύ ǘƘŀƴ ƛƴ aŀǊŎƘ όϤнΦо ƳκǎύΣ ǿƘŜǊŜŀǎ aŀȅΣ hŎǘƻōŜǊΣ ŀƴŘ bƻǾŜƳōŜǊ ǿŜǊŜ ǿƛǘƘƛƴ ǘƘŜ 

ǘȅǇƛŎŀƭ ǊŀƴƎŜΦ ²ƛƴŘǎ ŦǊƻƳ ǘƘŜ ƴƻǊǘƘŜŀǎǘ ƘŀŘ ŀ ŎƻƴǎƛŘŜǊŀōƭŜ ƛƳǇŀŎǘ ƻƴ ǘƘƛǎ ǎƛǘŜΣ ǇǊƛƳŀǊƛƭȅ ƛƴ 

aŀǊŎƘ ŀƴŘ aŀȅΣ ǿƛǘƘ ŀ ƳƛƴƻǊ ƻǊ ƛƴŎƻƴǎŜǉǳŜƴǝŀƭ ƛƴƅǳŜƴŎŜ ŦǊƻƳ ǿƛƴŘǎ ŦǊƻƳ ǘƘŜ ǎƻǳǘƘŜŀǎǘΦ 

²ƛƴŘǎ ŦǊƻƳ ǘƘŜ ǿŜǎǘ ǿŜǊŜ ŎƻƴǎƛǎǘŜƴǘƭȅ ŘŜǘŜŎǘŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ƳƻƴǘƘǎ ǿƘŜƴ ǎŀƳǇƭŜǎ ǿŜǊŜ 

ŎƻƭƭŜŎǘŜŘΦ 

 

¢ƘŜ ƳŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǝƻƴǎ ƛƴ tŀƭƳƛǊŀ ǿŜǊŜ ǎǘŀōƭŜ ŘǳǊƛƴƎ ǘƘŜ ǎŀƳǇƭƛƴƎ ǇŜǊƛƻŘΦ ¢ƘŜ ŀƳōƛŜƴǘ 

ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ƻƴ ŀǾŜǊŀƎŜ нпΦнȏ/ ҕ мΦм ȏ/ ŀƴŘ ǘƘŜ ƳŀȄƛƳǳƳ ǘŜƳǇŜǊŀǘǳǊŜ ǿŀǎ ƻōǎŜǊǾŜŘ ŀǘ 

мрΥлл I ƻŦ нуȏ/ ŀƴŘ ǘƘŜ ƳƛƴƛƳǳƳ ŀǘ лсΥлл I ƻŦ нлȏ/ όCƛƎǳǊŜ {оπнŀύΦ ¢ƘŜ ŀǾŜǊŀƎŜ Řŀƛƭȅ ǎƻƭŀǊ 

ǊŀŘƛŀǝƻƴ ƛƴŎƻƳŜ ǿŀǎ оро ²κƳнΣ ǿƛǘƘ ŀ ƳŀȄƛƳǳƳ ŀǘ ƳƛŘŘƭŜ Řŀȅ ƻŦ тлл ²κƳнΦ  ¢ƘŜ ŀǾŜǊŀƎŜ 

ǊŜƭŀǝǾŜ ƘǳƳƛŘƛǘȅ ǿŀǎ тмΦс҈ ҕ пΦр҈Φ bƻ Ǌŀƛƴ ŜǾŜƴǘǎ ǿŜǊŜ ǊŜƎƛǎǘŜǊŜŘ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ǝƳŜ 

ǎŀƳǇƭƛƴƎΣ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻōǎŜǊǾŜŘ ǿŀǎ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ƻƴƭȅ ƻŦ ǘƘŜ ŘǊȅ 

ǇŜǊƛƻŘ ƛƴ /w±Φ ¢ƘŜ ŀǾŜǊŀƎŜ ǿƛƴŘ ǎǇŜŜŘ ƻƴ ǘƘŜ ǎŀƳǇƭƛƴƎ Ǉƻƛƴǘ ǿŀǎ нΦо ƳκǎΦ ¢ƘŜ ǿƛƴŘ ƻƊŜƴ ōƭŜǿ 
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ŦǊƻƳ ǘƘŜ ƴƻǊǘƘǿŜǎǘ ŀƴŘ ŦǊƻƳ ǘƘŜ ǿŜǎǘ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ǾŜƭƻŎƛǝŜǎ ōƭƻǿƛƴƎ ǿƛƴŘǎΣ ǿƘƛŎƘ ǎǳƎƎŜǎǘ 

ŀƴ ƛƳǇƻǊǘŀƴǘ ƛƴƅǳŜƴŎŜ ƻŦ Ƴƛƭƭ ǎǳƎŀǊ ŦŀŎǘƻǊƛŜǎ ŜƳƛǎǎƛƻƴǎΣ ŜǾŜƴǘǎ ƻŦ ƻǇŜƴπŬŜƭŘ ǎǳƎŀǊŎŀƴŜ 

ōǳǊƴƛƴƎǎ ŀƴŘ ǘƘŜ ƛƴŘǳǎǘǊƛŀƭ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ¸ǳƳōƻ όCǳƴŘŀŎƛƽƴ 9ƳǇǊŜǎŀǊƛŀƭ ǇŀǊŀ Ŝƭ 5ŜǎŀǊǊƻƭƭƻ 

ŘŜ ¸ǳƳōƻΣ нлмрύΦ    
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Figure 3-3. Meteorological conditions registered in El Dorado Airport station (ID: 21205791). a)  
Time series of daily average of ambient temperature, solar radiation and relative humidity, b) 
daily precipitation accumulated represented in blue lines and period time of sampling of each 
set of samples collected in Andersen Impactor cascade and c) wind rose observed month to 
month between March to November in 2018. 

 

 

 

 
Figure 3-4. Meteorological conditions registered in Palmira with an own weather station 
colocalized in the sampling. a)  Time series of daily average of ambient temperature, solar 
radiation and relative humidity, b) wind rose observed during August and September 2018. 
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3.3.2. Coarse and fine mass concentrations: PM9, PM2.1, PM1.1 and 
PM0.43  

 

taфΣ taнΦмΣ taмΦм ŀƴŘ taлΦпо ƳŜŀƴ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǎƛƎƴƛŬŎŀƴǘƭȅ ŘƛũŜǊŜŘ ōŜǘǿŜŜƴ .ƻƎƻǘŀ ŀƴŘ 

tŀƭƳƛǊŀ όǇ ǾŀƭǳŜ ғ  лΦмύΣ ǎǳŎƘ ǘƘŀǘ ŜŀŎƘ ǎƛȊŜ ŦǊŀŎǝƻƴ ƛƴ tŀƭƳƛǊŀ ōŜƛƴƎ ƭƻǿŜǊ ǘƘŀƴ ƛƴ .ƻƎƻǘŀΦ taф 

Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ .ƻƎƻǘŀ ŀƴŘ tŀƭƳƛǊŀ ǿŜǊŜ рфΦу mƎκƳо ŀƴŘ псΦо mƎκƳоΣ ǊŜǎǇŜŎǝǾŜƭȅΦ taнΦм 

Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ нуΦп mƎκƳо ŀƴŘ мфΦн mƎκƳоΣ ǊŜǎǇŜŎǝǾŜƭȅΤ taмΦм Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ 

ǿŜǊŜ нлΦу mƎκƳо ŀƴŘ моΦу mƎκƳоΣ ǊŜǎǇŜŎǝǾŜƭȅΤ ŀƴŘ taлΦпо Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜΣ сΦу mƎκƳо 

ŀƴŘ пΦн mƎκƳоΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ŀǎ ǎƘƻǿ CƛƎǳǊŜ оπрōΦ 

 

taф ŀƴŘ taнΦм ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŦƻǳƴŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǿŜǊŜ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ taмл ŀƴŘ taнΦр 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǊŜǇƻǊǘŜŘ ōȅ ƳƻƴƛǘƻǊƛƴƎ ŎƻƴŘǳŎǘŜŘ ŦƻǊ ǘƘŜ ƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƎŜƴŎƛŜǎ ƛƴ ŜŀŎƘ 

ǊŜƎƛƻƴΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ .ƻƎƻǘŀΣ ǘƘŜ ƭƻŎŀƭ ŀƛǊ ǉǳŀƭƛǘȅ ǎǘŀǝƻƴ1 ŎƭƻǎŜǎǘ ǘƻ ǘƘŜ ǎƛǘŜ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ 

ƛǎ м ƪƳ ŀǿŀȅΣ ǿƘŜǊŜ ǘƘŜ ŀƴƴǳŀƭ ƳŜŀƴ ŦƻǊ taмл ŀƴŘ taнΦр ǿŀǎ отΦм mƎκƳо ŀƴŘ муΦп mƎκƳоΣ 

ǊŜǎǇŜŎǝǾŜƭȅ ƛƴ нлмф ό{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜΣ нлнлύΦ IŜƴŎŜΣ ǘƘŜ taф ŀƴŘ taнΦм 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŜǎǝƳŀǘŜŘ ŦǊƻƳ ǘƘŜ ǎǳƳ ƻŦ ǘƘŜ Ƴŀǎǎ ŀŎŎǳƳǳƭŀǘŜŘ ƛƴ Ƴŀƴȅ ǎǘŀƎŜǎ ƻŦ ǘƘŜ 

!ƴŘŜǊǎŜƴ LƳǇŀŎǘƻǊ ǿŜǊŜ ƘƛƎƘŜǊ ǘƘŀƴ ǊŜǇƻǊǘŜŘ ōȅ ǘƘŜ ŎƭƻǎŜǎǘ ƭƻŎŀƭ ŀƛǊ ǉǳŀƭƛǘȅ ǎǘŀǝƻƴΦ Lǘ ŎƻǳƭŘ ōŜ 

ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜ ǇǊƻȄƛƳƛǘȅ ōŜǘǿŜŜƴ ǘƘŜ ǎŀƳǇƭƛƴƎ Ǉƻƛƴǘ ǘƻ ǘƘŜ ƘƛƎƘπƅƻǿ ǊƻŀŘǎΣ ǿƘƛŎƘ ǿŜǊŜ ƭŜǎǎ 

ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǘƘŀƴ ŦƻǊ ǘƘŜ ƭƻŎŀƭ ŀƛǊ ǉǳŀƭƛǘȅ ǎǘŀǝƻƴΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ tŀƭƳƛǊŀΣ taф ǿŀǎ ŎƻƳǇŀǊŜŘ ǿƛǘƘ 

ǘƘŜ taмл ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ŀ ǊǳǊŀƭ ǎǘŀǝƻƴ ƭƻŎŀǘŜŘ мн ƪƳ ŦǊƻƳ ƻǳǊ ǎŀƳǇƭƛƴƎ ǇƻƛƴǘΣ ǿƘƛŎƘ ǊŜǇƻǊǘŜŘ 

ŀ ос mƎκƳо ƛƴ нлмф ό/ƻǊǇƻǊŀŎƛƽƴ !ǳǘƻƴƻƳŀ wŜƎƛƻƴŀƭ ŘŜƭ ±ŀƭƭŜ ŘŜƭ /ŀǳŎŀ π /Φ±Φ/ΦΣ нлмфύΦ taнΦм 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ tŀƭƳƛǊŀ ŎƻǳƭŘ ƴƻǘ ōŜ ŎƻƳǇŀǊŜŘ ǿƛǘƘ Řŀǘŀ ǊŜǇƻǊǘŜŘ ōȅ ǘƘŜ ƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 

ŀǳǘƘƻǊƛǝŜǎ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƭŀŎƪ ƻŦ ǎǘŀǝƻƴǎ ǿƛǘƘ ǎƛƳǳƭǘŀƴŜƻǳǎ ƳƻƴƛǘƻǊƛƴƎ ƻŦ taнΦрΦ LƴǎǘŜŀŘΣ ǿŜ 

ŜǎǝƳŀǘŜŘ ƎǊŀǾƛƳŜǘǊƛŎ ōǳƭƪ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ taмл ŀƴŘ taнΦр ǎȅƴŎƘǊƻƴƛȊŜŘ ǿƛǘƘ ǘƘŜ !ƴŘŜǊǎŜƴ 

LƳǇŀŎǘƻǊΣ ǊŜǎǳƭǝƴƎ ƛƴ опΦф mƎκƳо ŀƴŘ мпΦп mƎκƳо ǊŜǎǇŜŎǝǾŜƭȅΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ŜǾƛŘŜƴŎŜ ǊŜǾŜŀƭǎ 

ǘƘŀǘ taф ŀƴŘ taнΦм ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŜǎǝƳŀǘŜŘ ŦǊƻƳ ǘƘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƻŦ !ƴŘŜǊǎŜƴ LƳǇŀŎǘƻǊ 

ǎǘŀƎŜǎ ǿŜǊŜ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ taмл ŀƴŘ taнΦр ōǳƭƪ ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ 

 

 
1 This station was installed in October 2018, therefore this concentration corresponding to annual mean concentration 

to 2019.  
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The mass concentration of each size fraction in Bogota fluctuated throughout time. PM9, PM2.1, 

PM1.1 and PM0.43 had the highest concentration in March, followed by the lowest concentrations 

in April and May. Figure 3-5a shows that the samples taken in October and November were 

more consistent, with values similar to the mean campaign concentrations. In Palmira, all PM 

concentrations remained steady around mean values. Compared to other particle sizes, smaller 

particles, PM0.43, showed more time variability (See  

Figure S3-3), however, it does not seem associated with the rain pattern (p value: 0.12). 

Concerning the variability of PM9, PM2.1 and PM1.1 in Bogota, larger particles display a high 

vulnerability to the rain levels, evidenced by the ANOVA test between rain level and PM 

concentrations showing p values of 0.02, 0.02 and 0.009, respectively. On the other hand, no 

noticeable meteorological changes were recorded in Palmira during the sampling period, and 

the PM concentration variance was not higher than in Bogota. 

  

 

 
 

Figure 3-5. PM9, PM2.1, PM1.1 and PM0.43 concentrations in Bogota (urban area) and Palmira 
(suburban area): a) Time series of accumulated concentrations and b) Boxplot of mass 
fractions. 

 

Lƴ .ƻƎƻǘŀΣ ǘƘŜ ŦǊŀŎǝƻƴǎ ƻŦ taнΦмΣ taмΦм ŀƴŘ taлΦпо ǊŜƭŀǝǾŜ ǘƻ taф ǿŜǊŜ птΦм҈ ҕ тΦо҈Σ орΦп҈ ҕ 

сΦм҈ ŀƴŘ ммΦу҈ ҕ оΦм҈Σ ǊŜǎǇŜŎǝǾŜƭȅΦ taлΦпо ŘƛǎǇƭŀȅŜŘ ǘƘŜ ƎǊŜŀǘŜǎǘ ǊŀƴƎŜΣ ǿƛǘƘ ƎǊŜŀǘŜǊ ƭŜǾŜƭǎ ƛƴ 
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ǎƻƳŜ ƳƻƴǘƘǎ όhŎǘƻōŜǊΣ bƻǾŜƳōŜǊΣ ŀƴŘ aŀǊŎƘύ ŀƴŘ ƭƻǿŜǊ ǾŀƭǳŜǎ ƛƴ ƻǘƘŜǊǎ ό!ǇǊƛƭύ όCƛƎǳǊŜ {оπоύΦ 

¢ƘŜǎŜ ŦǊŀŎǝƻƴǎ ǿŜǊŜ ǊŜƭƛŀōƭŜ ŀƭǘƘƻǳƎƘ ǘƘŜ ǇǊŜŎƛǇƛǘŀǝƻƴ ŜǾŜƴǘǎ όǇ ǾŀƭǳŜ Ҕ лΦрύΣ ǘƘŜǊŜŦƻǊŜ ǘƘŜȅ 

Ŏŀƴ ōŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ƭƻŎŀƭ ŜƳƛǎǎƛƻƴǎ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ Ǌŀƛƴ ǇŀǧŜǊƴΦ Lƴ нлмфΣ ǘƘŜ 

wa/!. Cƻƴǝōƻƴ ŀƛǊ ǉǳŀƭƛǘȅ ǎǘŀǝƻƴΣ ǿƘƛŎƘ ƛǎ Ƨǳǎǘ ƻƴŜ ƪƛƭƻƳŜǘŜǊ ŦǊƻƳ ǘƘŜ ǎǘǳŘȅ ǎŀƳǇƭƛƴƎ ǎƛǘŜΣ 

ǊŜŎƻǊŘŜŘ ǘƘŀǘ рнΦс҈ ҕ млΦт҈ ƻŦ taмл ƛǎ taнΦрΦ 

 

Lƴ tŀƭƳƛǊŀΣ ǘƘŜǎŜ ŦǊŀŎǝƻƴǎ ǘƘŜǎŜ ŦǊŀŎǝƻƴǎ ǊŜƳŀƛƴŜŘ ǎǘŀōƭŜ ŀǘ ǊƻǳƎƘƭȅ пмΦр ҕ нΦо҈Σ нфΦу ҕ нΦт҈ 

ŀƴŘ фΦн ҕ оΦс҈ ǊŜǎǇŜŎǝǾŜƭȅ ŦƻǊ taнΦмΣ taмΦм ŀƴŘ taлΦпоΦ ¢ƘŜ ŀƛǊ ǉǳŀƭƛǘȅ ǎǘŀǝƻƴ ƻŦ wa/!. ǳǎŜŘ 

ŀǎ ǊŜŦŜǊŜƴŎŜ ǘƻ ǾŀƭƛŘŀǘŜ ǘƘŜ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴ ǎƛȊŜ ǎŜƎǊŜƎŀǘŜŘ ƘŀǾŜ ǎƘƻǿŜŘ ǘƘŀǘ taнΦр ƛǎ рсΦф 

ҕ мнΦп҈2 ƻŦ taмлΣ ŘŜǎǇƛǘŜ ƭŀǊƎŜ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ǘƘƛǎ ǇŜǊŎŜƴǘŀƎŜΣ ƛǘ ƛǎ ŎƻƳǇŀǊŀōƭŜ ǿƛǘƘ ŦǊŀŎǝƻƴ ƻŦ 

taнΦм ǊŜƭŀǝǾŜ ǘƻ taф ƻōǎŜǊǾŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ !ǘ ǘƘŜ Řŀȅ ƻŦ ǘƘƛǎ ǊŜǇƻǊǘ ŘƛŘ ƴƻǘ ƘŀǾŜ ōŜŜƴ 

ǇǳōƭƛǎƘŜŘ taмл ŀƴŘ taнΦр ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ŎƭƻǎŜ ǘƻ ǎǳōǳǊōŀƴ ŀǊŜŀ ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ 

ǊŜŦŜǊŜƴŎŜ ǘƻ ǾŀƭƛŘŀǘŜ ǘƘŜ ŦǊŀŎǝƻƴ ƻŦ taнΦм ǊŜƭŀǝǾŜ ǘƻ taфΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŀǾŜǊŀƎŜ ŦǊŀŎǝƻƴ 

ƻŦ taнΦм ŀƴŘ taмΦм ǊŜƭŀǝǾŜ ǘƻ taф ǿŜǊŜ ƭƻǿŜǊ ǘƘŀƴ ǘƘƻǎŜ ŦƻǳƴŘ ƛƴ /Ƙƛƴŀ ōȅ [ƛ Ŝǘ ŀƭΦΣ όнлмнύ ŀƴŘ 

ό²ŀƴƎ Ŝǘ ŀƭΦΣ нлмрύ ǿƘƛŎƘ ǿŜǊŜ ƛƴ ǊŀƴƎƛƴƎ ƻŦ рр҈ ǘƻ ст҈Φ  

 

  
Figure 3-6. Boxplot of PM0.43, PM1.1 and PM2.1 fractions contained in PM9 in Bogota and Palmira. 
Precipitation events were registered during sample collection in Bogota. Therefore, fractions 
were categorized by rainy and dry season. Samples collected during the dry season (n= 6), the 
rainy season (n = 11), and in Palmira (n = 5) were collected. 

 

Lƴ /ƻƭƻƳōƛŀΣ ŀǎ Ƴƻǎǘ ƻŦ ƻǘƘŜǊ ŎƻǳƴǘǊƛŜǎΣ ŀƛǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎ Řƻ ƴƻǘ ƛƴŎƭǳŘŜ taм ƳƻƴƛǘƻǊƛƴƎΦ 

¢ƘŜǊŜŦƻǊŜΣ ƛƴŦƻǊƳŀǝƻƴ ƻƴ ǘƘƛǎ ŦǊŀŎǝƻƴ ƛǎ ƴƻƴπŜȄƛǎǘŜƴǘΦ Lƴ ǘƘŜ ǇǊŜǎŜƴǘ ǎǘǳŘȅΣ taмΦм ŎƻƴŎŜƴǘǊŀǝƻƴ 

 
2 Daily mean between October 2018 ï December 2021 
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ǿŀǎ нфΦп mƎκƳо ŀƴŘ мтΦмmƎκƳо ŦƻǊ ŘǊȅ ŀƴŘ ǿŜǘ ǇŀǧŜǊƴǎΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ƳŀȄƛƳǳƳ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ taмΦм ǊŜŀŎƘ ǿŀǎ пфΦо mƎκƳо ƛƴ ŘǊȅ ǇŀǧŜǊƴΦ ¢ƘŜ taмΦм ŎƻƴŎŜƴǘǊŀǝƻƴ ƻōǎŜǊǾŜŘ 

ƛƴ .ƻƎƻǘł ŀǊŜ ƭƻǿŜǊ ǘƘŀƴ ǊŜǇƻǊǘŜŘ ƛƴ .ŜƛƧƛƴƎ όтуΦн mƎκƳоύ ōȅ ½ƘŀƴƎ Ŝǘ ŀƭΦ όнлмуύ ŀƴŘ ƻǘƘŜǊ 

!ǎƛŀǝŎ ǳǊōŀƴ ŀǊŜŀǎ όaŀƧŜǿǎƪƛ Ŝǘ ŀƭΦΣ нлмуύ ŀƴŘ ƛǘ ƘŀŘ ǎƛƳƛƭŀǊ ƳŀƎƴƛǘǳŘŜ ƻǊŘŜǊ ǘƻ taм ƻōǎŜǊǾŜŘ 

ƛƴ 9ǳǊƻǇŜŀƴ ǎǘǳŘƛŜǎ ƛƴ aƛƭŀƴ όϤол mƎκƳо ύό±ŜŎŎƘƛ Ŝǘ ŀƭΦΣ нлмуύΣ .ŀǊŎŜƭƻƴŀ όму ς нм mƎκƳо ύ όbΦ 

tŜǊŜȊ Ŝǘ ŀƭΦΣ нллуύΣ Lǎǘŀƴōǳƭ όт ς ол mƎκƳоύ όhƴŀǘ Ŝǘ ŀƭΦΣ нлмоύΣ ²ŀǊǎŀǿ όмп mƎκƳоύ ŀƳƻƴƎ ƻǘƘŜǊ 

όaŀƧŜǿǎƪƛ Ŝǘ ŀƭΦΣ нлмуύΦ Lƴ [ŀǝƴ !ƳŜǊƛŎŀΣ ǘƘŜ ǎǘǳŘƛŜǎ ǘƘŀǘ ŜȄǇƭƻǊŜ ǘƘŜ taм ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ 

ƛǘǎ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ŀǊŜ ȅŜǘ ǾŜǊȅ ǎŎŀǊŎŜΣ ŀƴŘ Ƨǳǎǘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŦƻǊ /ƛǳŘŀŘ ŘŜ aŜȄƛŎƻ όнтΦу 

mƎκƳоύ ǿŜǊŜ ŦƻǳƴŘ όDǳŜǊǊŜǊƻ Ŝǘ ŀƭΦΣ нлмтύΦ aƻǎǘ ƻŦ ǘƘŜ ǎǘǳŘƛŜǎ ǘƘŀǘ ƛƴŎƭǳŘŜ ǘƘŜ taм 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƘŀǾŜ ōŜŜƴ ŎƻƴŘǳŎǘŜŘ ƛƴ 9ǳǊƻǇŜ ŀƴŘ /ƘƛƴŀΣ ǿƘŜǊŜ taм ŎƻƴŎŜƴǘǊŀǝƻƴ ƛǎ ŀũŜŎǘŜŘ 

ōȅ ǎŜŀǎƻƴŀƭ ǾŀǊƛŀǝƻƴΣ ǎƘƻǿƛƴƎ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ǿƛƴǘŜǊΣ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ōƛƻƳŀǎǎ 

ōǳǊƴƛƴƎ ǘƻ ƘŜŀǝƴƎΣ ǿƘƛƭŜ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǎƘƻǿ ƘƛƎƘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ŘǊȅ ǎŜŀǎƻƴΦ CƛƎǳǊŜ оπр ǎƘƻǿǎ 

ǘƘŜ ǝƳŜ ǎŜǊƛŜǎ ƻŦ taфΣ taнΦм ŀƴŘ taмΦм ŎƻƴŎŜƴǘǊŀǝƻƴ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΦ ¢ƘŜ ŀǾŜǊŀƎŜ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ǎƳŀƭƭŜǊ ǇŀǊǝŎƭŜǎ ǘƘŀƴ лΦпо mƳ ǿŀǎ фΦму mƎκƳо ŀƴŘ рΦно mƎκƳо ŦƻǊ ŘǊȅ ŀƴŘ 

ǿŜǘ ǇŀǧŜǊǎΣ ǊŜǎǇŜŎǝǾŜƭȅΦ 

3.3.3. Mass size distribution 

CƛƎǳǊŜ оπс ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ōƛƳƻŘŀƭ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ ōƻǘƘ .ƻƎƻǘŀ ŀƴŘ 

tŀƭƳƛǊŀΦ ¢ƘŜ ŬƴŜǎǘ ƳƻŘŜ ƛƴ .ƻƎƻǘŀ ǿŀǎ лΦпоςмΦм mƳ ŀƴŘ ƛƴ tŀƭƳƛǊŀ ǿŀǎ лΦпоςлΦср mƳΣ ǿƘŜǊŜŀǎ 

ǘƘŜ ŎƻŀǊǎŜ ƳƻŘŜ ƛƴ ōƻǘƘ ǎƛǘŜǎ ǿŀǎ пΦтςрΦу mƳΦ ¢ƘŜ Ƴŀǎǎ ŦǊŀŎǝƻƴ ŎƻƭƭŜŎǘŜŘ ŀǘ ŜŀŎƘ ǎǘŀƎŜ ǿŀǎ 

ǎƛƳƛƭŀǊΣ ŀŎŎƻǳƴǝƴƎ ŦƻǊ оΦл҈Σ млΦл҈Σ фΦс҈Σ тΦр҈Σ млΦн҈Σ мтΦл҈Σ ноΦп҈Σ мпΦф҈Σ ŀƴŘ тΦн ҈ ƻŦ ǘƻǘŀƭ 

Ƴŀǎǎ ŦƻǊ ǇŀǊǝŎƭŜǎ ǎƳŀƭƭŜǊ ǘƘŀƴ лΦпоΣ лΦсрΣ мΦмΣ нΦмΣ оΦоΣ пΦтΣ рΦуΣ фΣ ŀƴŘ ол mƳΣ ǊŜǎǇŜŎǝǾŜƭȅΦ hƴƭȅ 

ǘƘŜ ǇǊƻǇƻǊǝƻƴ ƻŦ ǇŀǊǝŎƭŜǎ ŎƻƭƭŜŎǘŜŘ ǿƛǘƘ ŀ ŘƛŀƳŜǘŜǊ ƻŦ лΦсрςмΦм mƳ ŘƛũŜǊŜŘ ǎǳōǎǘŀƴǝŀƭƭȅ 

ōŜǘǿŜŜƴ .ƻƎƻǘŀ ŀƴŘ tŀƭƳƛǊŀ όǇ ǾŀƭǳŜΥ лΦлпύΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ ƛƴ .ƻƎƻǘŀ ƘŀŘ ŀ ƎǊŜŀǘŜǊ ǇŜǊŎŜƴǘŀƎŜ 

ǘƘŀƴ tŀƭƳƛǊŀΣ ǿƛǘƘ мл ŀƴŘ т ҈ ŦƻǊ ŜŀŎƘ ƻƴŜΦ ¢ƘŜ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ŦǊŀŎǝƻƴ Ƴŀǎǎ ŘƛǎǘǊƛōǳǝƻƴ ƛǎ ƴŜŀǊƭȅ 

ŘƻǳōƭŜ ƛƴ .ƻƎƻǘŀ ŎƻƳǇŀǊŜŘ ǘƻ tŀƭƳƛǊŀΣ ŜȄŎŜǇǘ ŦƻǊ ǇŀǊǝŎƭŜǎ ǿƛǘƘ ŘƛŀƳŜǘŜǊǎ ōŜǘǿŜŜƴ пΦт ŀƴŘ рΦу 

mƳΣ ƛƴ ǿƘƛŎƘ ǘƘŜǊŜ ƛǎ ŀ ƭŀǊƎŜǊ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ tŀƭƳƛǊŀ ǘƘŀƴ ƛƴ .ƻƎƻǘŀΦ ¢ƘŜ ƻǾŜǊŀƭƭ Ƴŀǎǎ 

ŎƻƴŎŜƴǘǊŀǝƻƴ ŀŎǉǳƛǊŜŘ ŀŎǊƻǎǎ ǘƘŜ ƴƛƴŜ ǎǘŀƎŜǎ ƻŦ ǘƘŜ !ƴŘŜǊǎŜƴ ƛƳǇŀŎǘƻǊ ƘŀŘ ƴƻ ŜũŜŎǘ ƻƴ ǘƘŜ 

Ƴŀǎǎ ŦǊŀŎǝƻƴ ǊŜŎƻǾŜǊȅ ƛƴ ŜŀŎƘ ǎǘŀƎŜΣ ŀǎ ŜǾƛŘŜƴŎŜ ƛƴ CƛƎǳǊŜ {оπпΦ 
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Bogotá Palmira 

 
 

  
 

Figure 3-7. Mass-based particle size distribution and boxplots of mass fractions observed in 
Bogota (Urban area) and Palmira (Suburban area). 

3.3.4. Chemical composition in fine and coarse particles 

/ŀǊōƻƴŀŎŜƻǳǎ ǎǇŜŎƛŜǎ όh/ ŀƴŘ 9/ύ ǿŜǊŜ ǘƘŜ Ƴƻǎǘ ǇǊŜǾŀƭŜƴǘ ƛƴ ǇŀǊǝŎƭŜǎ ǎƛȊŜǎ ǎƳŀƭƭŜǊ ǘƘŀƴ лΦпо 

mƳΦ Lƴ ǘƘŜ ǇŀǊǝŎƭŜǎ taмΣ taнΦм ŀƴŘ taфΣ 9/ ǿŀǎ ƴŀǊǊƻǿƭȅ ǎǳǊǇŀǎǎŜŘ ōȅ {hп
нπ ƛƴ tŀƭƳƛǊŀΦ CƛƎǳǊŜ 

оπу! ŘƛǎǇƭŀȅǎ ǘƘŜ h/ ŀƴŘ 9/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŦƻǊ ŜŀŎƘ ǎƛȊŜ ƻŦ ǇŀǊǝŎƭŜΦ ¢ƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ h/ 

ŀƴŘ 9/ ŀǊŜ ƘƛƎƘŜǊ ŦƻǊ ǎƳŀƭƭŜǊ ǇŀǊǝŎƭŜǎ όǇ ǾŀƭǳŜ Ґ лΦлнύΦ Lƴ .ƻƎƻǘŀΣ h/ ǎǘŀƴŘ ŦƻǊ ннΦуҕрΦт҈Σ 

нтΦоҕуΦр҈Σ нтΦфҕфΦн҈Σ ооΦфҕмоΦл҈ ƻŦ taфΣ taнΦмΣ taмΦм ŀƴŘ taлΦпоΣ ǿƘƛƭŜ 9/ ŀŎŎƻǳƴǘŜŘ ŦƻǊ 

фΦрҕоΦс҈Σ мфΦрҕтΦт҈Σ ннΦфҕфΦо҈Σ осΦпҕмрΦм҈Φ Lƴ ŎƻƳǇŀǊƛǎƻƴΣ ƛƴ tŀƭƳƛǊŀ taфΣ taнΦмΣ taмΦм ŀƴŘ 

taлΦпо ƘŀŘ нфΦнҕтΦф҈Σ офΦлҕсΦм҈Σ пмΦтҕфΦс҈Σ смΦнҕпмΦф҈ ƻŦ h/ ŀƴŘ оΦпҕлΦп҈Σ сΦмҕлΦфΣ 

тΦтҕмΦо҈Σ мрΦрҕмлΦу҈ ƻŦ 9/Σ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢ƘŜ ǾŀǊƛŀƴŎŜ ƛƴ h/ ŀƴŘ 9/ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘŜ ta 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŦƻǊ ŜŀŎƘ ǎƛȊŜ ŎŀǘŜƎƻǊȅ ƛǎ ƴƻǘ ŎƭŜŀǊƭȅ ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜ Ǌŀƛƴȅ ǇŀǧŜǊƴ όǇ ǾŀƭǳŜ Ґ лΦнύΦ 
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CƛƎǳǊŜ оπу. ŘƛǎǇƭŀȅǎ ǘƘŜ ¢ƻǘŀƭ /ŀǊōƻƴ ό¢/ύ ŎƻƴŎŜƴǘǊŀǝƻƴ ŦƻǊ ŜŀŎƘ ǘȅǇŜ ƻŦ ŀǊŜŀΣ ǿƘƛŎƘ ƛǎ 

ŘŜǘŜǊƳƛƴŜŘ ŀǎ ǘƘŜ ǎǳƳ ƻŦ ǘƘŜ 9/ ŀƴŘ h/ ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ CƻǊ ŜŀŎƘ ǎƛȊŜ ŎŀǘŜƎƻǊȅΣ ǎǳŎƘ ŀǎ taфΣ 

taнΦмΣ taмΦм ŀƴŘ taлΦпоΣ ¢/ ǊŜǇǊŜǎŜƴǘǎ оуΦс҈ҕфΦсΤ псΦу҈ҕмрΦлΤ рлΦу҈ҕмтΦр҈ ŀƴŘ тлΦо҈ҕнрΦт҈ 

ƛƴ .ƻƎƻǘŀ ŀƴŘ оуΦу҈ҕтΦф҈Τ прΦн҈ҕрф҈Τ пфΦп҈ҕфΦф҈ ŀƴŘ тсΦт҈ҕрнΦт҈ ƛƴ tŀƭƳƛǊŀΦ 

 

¢ƘŜ όh/κ9/ύ Ǌŀǝƻ ƛǎ ŀ ƳŜǘƘƻŘ ŦƻǊ ƛŘŜƴǝŦȅƛƴƎ ǇǊƛƳŀǊȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅ h/Φ ¢Ƙƛǎ Ǌŀǝƻ ǎƘƻǿǎ ƭƻǿŜǊ 

ǾŀƭǳŜǎ ƛƴ ƭŀǊƎŜǊ ŎƛǝŜǎ ǘƘŀƴ ƛƴ ǎǳōǳǊōŀƴ ŀǊŜŀǎΣ ǿƘƛŎƘ ǘȅǇƛŎŀƭƭȅ ƘŀǾŜ ƭƻǿŜǊ Ǉƻƭƭǳǝƻƴ ƭŜǾŜƭǎΦ ¦Ǌōŀƴ 

ƭƻŎŀǝƻƴǎ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ ƴŜƎŀǝǾŜƭȅ ƛƳǇŀŎǘŜŘ ōȅ ƭƻŎŀƭ ŜƳƛǎǎƛƻƴǎ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƭƻƴƎπŘƛǎǘŀƴŎŜ 

ǊŜƎƛƻƴŀƭ ǘǊŀƴǎǇƻǊǘΣ ǿƘŜǊŜŀǎ ǎǳōǳǊōŀƴ ŀǊŜŀǎ ŎƻƴǎƛǎǘŜƴǘƭȅ ǊŜŎŜƛǾŜ ǊŜƎƛƻƴŀƭ ŎƻƴǘǊƛōǳǝƻƴǎ ƻŦ ŀƎŜŘ 

ŀŜǊƻǎƻƭǎ ǿƛǘƘ ƘƛƎƘŜǊ h/ ǎŜŎƻƴŘŀǊȅ ŎƻƴǘŜƴǘΣ ǊŀƛǎƛƴƎ ǘƘŜ h/κ9/ ǊŀǝƻǎΦ  Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ǘƘŜ όh/κ9/ύ 

Ǌŀǝƻ ōŜǘǿŜŜƴ ǳǊōŀƴ ŀƴŘ ǎǳōǳǊōŀƴ ŀǊŜŀǎ ŘƛũŜǊǎ όǇ ǾŀƭǳŜΥ лΦллмύΦ CƻǊ ŜȄŀƳǇƭŜΣ ŀƭƭ ǇŀǊǝŎƭŜ ǎƛȊŜ 

ŎŀǘŜƎƻǊƛŜǎ ƛƴ tŀƭƳƛǊŀ ƘŀŘ όh/κ9/ύ Ǌŀǝƻǎ ǘƘŀǘ ǿŜǊŜ ǘǿƛŎŜ ŀǎ ƘƛƎƘ ŀǎ ǘƘƻǎŜ ƛƴ .ƻƎƻǘŀ όǎŜŜ CƛƎǳǊŜ 

оπу/ύΣ ƘƛƎƘƭƛƎƘǝƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƛƴŎƻƳǇƭŜǘŜ ŎƻƳōǳǎǝƻƴ ŀǎ ŀ ǎƻǳǊŎŜ ƻŦ ŀŜǊƻǎƻƭǎ ŀƴŘ ǘƘŜ ƴŀǘǳǊŜ 

ƻŦ ŦǊŜǎƘ ŜƳƛǎǎƛƻƴ ƛƴ .ƻƎƻǘŀΦ  

 

¢ƘŜ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ όh/κ9/ύ Ǌŀǝƻ ŦǊƻƳ Ŧƻǎǎƛƭ ŦǳŜƭ ŎƻƳōǳǎǝƻƴ ƛƴ ǊƻŀŘ ǘǊŀƴǎǇƻǊǘ ŘŜǇŜƴŘ ƻƴ ƳǳƭǝǇƭŜ 

ŦŀŎǘƻǊǎ ƭƛƪŜ ǘƘŜ ǘȅǇŜ ƻŦ ŦǳŜƭΣ ǘƘŜ ŘǊƛǾƛƴƎ ŎƻƴŘƛǝƻƴΣ ŀƴŘ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ŎƻƴǘǊƻƭ ǘŜŎƘƴƻƭƻƎȅΦ ¢ƘŜ 

ǇƘƻǘƻŎƘŜƳƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ƛƴ ǘƘŜ ŀƳōƛŜƴǘ ŀƛǊ ǊŜǎǳƭǘ ƛƴ όh/κ9/ύ Ǌŀǝƻǎ ōŜǘǿŜŜƴ м ǘƻ н ƛƴ ǳǊōŀƴ 

ŀǊŜŀǎ ŀũŜŎǘŜŘ ōȅ ǘǊŀŶŎΣ ǿƘƛƭŜ ǘƘƛǎ Ǌŀǝƻ ƛǎ мπп ŦƻǊ taнΦрΣ ŀƴŘ р ŦƻǊ taмл ƛƴ ǊǳǊŀƭ ŀǊŜŀǎΦ Lƴ ǘƘƛǎ 

ǎǘǳŘȅΣ ǎƳŀƭƭŜǊ ǇŀǊǝŎƭŜǎ ƘŀŘ ŀ ƭƻǿŜǊ όh/κ9/ύ ǾŀƭǳŜ ƛƴ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ όtƛƻ Ŝǘ ŀƭΦΣ нлммύΦ Lƴ .ƻƎƻǘŀΣ 

h/κ9/ Ǌŀǝƻǎ ƛƴ taлΦпоΣ taмΦмΣ taнΦмΣ ŀƴŘ taф ǿŜǊŜ мΦнҕлΦфΤ мΦфҕмΦнΤ нΦнҕмΦн ŀƴŘ рΦсҕнΦнΣ 

ǊŜǎǇŜŎǝǾŜƭȅΣ ǿƘƛƭŜ ǘƘŜȅ ǿŜǊŜ пΦлҕлΦсΤ сΦпҕнΦнΤ уΦтҕнΦс ŀƴŘ млΦтҕоΦм ƛƴ tŀƭƳƛǊŀΦ tƛƻ Ŝǘ ŀƭΦΣ όнлммύ 

ǎƘƻǿŜŘ ǘƘǊƻǳƎƘ ŘƛǊŜŎǘ ŘȅƴŀƳƻƳŜǘǊƛŎ ƳŜŀǎǳǊŜƳŜƴǘǎ ǘƘŀǘ ŘƛŜǎŜƭ ǾŜƘƛŎƭŜǎ ƘŀŘ ƘƛƎƘŜǊ 9/ 

ŜƳƛǎǎƛƻƴǎ ǘƘŀƴ ƎŀǎƻƭƛƴŜ ǾŜƘƛŎƭŜǎΣ ǿƛǘƘ h/κ9/ Ǌŀǝƻǎ ƭƻǿŜǊ ǘƘŀƴ м ŦƻǊ ŘƛŜǎŜƭ ǾŜƘƛŎƭŜǎΣ ŀƴŘ ƘƛƎƘŜǊ 

ǘƘŀƴ м ŦƻǊ ƎŀǎƻƭƛƴŜ ǾŜƘƛŎƭŜǎΦ taлΦпо ƛƴ .ƻƎƻǘŀ ǿŜǊŜ ǾŜǊȅ ŎƭƻǎŜ ǘƻ мΣ ǿƘƛŎƘ ǎǳƎƎŜǎǘǎ ŀ ǎƛƳƛƭŀǊ 

ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ŘƛŜǎŜƭ ŀƴŘ ƎŀǎƻƭƛƴŜ ǾŜƘƛŎƭŜ ŜƳƛǎǎƛƻƴǎ ǘƻ 9/κh/ Ǌŀǝƻǎ ƻŦ ŀƳōƛŜƴǘ ǇŀǊǝŎƭŜǎΦ 

{ŀŀǊƛƪƻǎƪƛ Ŝǘ ŀƭΦΣ όнллуύ ǇǊƻǾƛŘŜŘ ǊŜŦŜǊŜƴŎŜǎ ŦƻǊ όh/κ9/ύ Ǌŀǝƻǎ ŦƻǊ ǾŀǊƛƻǳǎ ǎƻǳǊŎŜǎ ǊŜǇƻǊǝƴƎ 

ǾŀƭǳŜǎ ƻŦ оΦо ŦƻǊ ǎŜŎƻƴŘŀǊȅ ƻǊƎŀƴƛŎ ŀŜǊƻǎƻƭΣ сΦс ŦƻǊ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ŀŜǊƻǎƻƭǎΣ ŀƴŘ мн ŦƻǊ ƭƻƴƎπ

ǊŀƴƎŜ ǘǊŀƴǎǇƻǊǘΦ /ƻƳǇŀǊƛƴƎ h/κ9/ ŀǾŜǊŀƎŜ Ǌŀǝƻǎ ŦǊƻƳ ǘƘƛǎ ǎǘǳŘȅ ǘƻ Řŀǘŀ ŦǊƻƳ {ŀŀǊƛƪƻǎƪƛ Ŝǘ ŀƭΦΣ 

όнллуύΣ ƛǘ Ŏŀƴ ōŜ ƛƴŦŜǊǊŜŘ ǘƘŀǘ taнΦм ƛƴ ǳǊōŀƴ ǎƛǘŜǎ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǎŜŎƻƴŘŀǊȅ ƻǊƎŀƴƛŎ 

ŎŀǊōƻƴŀŎŜƻǳǎ ŎƻƳǇƻǳƴŘǎΣ ǿƘŜǊŜŀǎ taнΦм ƛƴ ǎǳōǳǊōŀƴ ŀǊŜŀǎ ƛǎ ƳƻǊŜ ŎƭƻǎŜƭȅ ǊŜƭŀǘŜŘ ǘƻ 

ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎΦ ¢ƘŜ ƛƳǇŀŎǘ ƻŦ ŀŜǊƻǎƻƭ ƭƻƴƎπǊŀƴƎŜ ǘǊŀƴǎǇƻǊǘ Ŏŀƴ ōŜ ŀǧǊƛōǳǘŜŘ 

ŀ ǎƻǳǊŎŜ ƻŦ taф ƛƴ tŀƭƳƛǊŀΦ 
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¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǎƘƻǿ ƭƻǿŜǊ ǾŀƭǳŜǎ ƻŦ ǘƘŜ ŦǊŀŎǝƻƴ ƻŦ 9/ ŦƻǳƴŘ ƛƴ taнΦм όннΦфҕфΦо҈ύ ƛƴ 

ǳǊōŀƴ ŀǊŜŀǎ ǿƘŜƴ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ wa/!. ǊŜǇƻǊǘǎ ƻŦ Ŝ./ ŀƴŘ taнΦр ŀǘ ǘƘŜ Cƻƴǝōƻƴ ǎǘŀǝƻƴΣ 

ǿƘƻǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ плΦсҕуΦм҈ ƻŦ taнΦр ƛǎ ŎƻƳǇƻǎŜŘ ƻŦ ǎƻƻǘΦ 9/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ 

όрΦт ҕ оΦн mƎκƳоύ ŦƻǳƴŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ŦƻǊ taнΦм ǿŜǊŜ ǎƛƳƛƭŀǊ ǘƻ Ŝ./ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƳŜŀǎǳǊŜŘ ƛƴ 

taнΦр ƛƴ Cƻƴǝōƻƴ όрΦф ҕ нΦн mƎκƳоύΦ .ŀǎŜŘ ƻƴ ǘƘƛǎ ǎƛƳƛƭŀǊƛǘȅ ŀƴŘ ǳǎƛƴƎ ǘƘŜ όh/κ9/ύ Ǌŀǝƻ ǊŜǎǳƭǝƴƎ 

ǘƻ taнΦмΣ ŀ ǇǊƻȄȅ ƻŦ h/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ taнΦр ǿŀǎ ŜǎǝƳŀǘŜŘΦ ¢ŀƪƛƴƎ ǘƘŜ ƭƻƴƎπǘŜǊƳ ƳƻƴƛǘƻǊƛƴƎ 

ƻŦ Ŝ./ ŀƴŘ taнΦр ƳŜŀǎǳǊŜŘ ōȅ ǘƘŜ wa/!. ƛƴ CƻƴǝōƻƴΣ h/ ǿŀǎ ǊƻǳƎƘƭȅ мнΦсҕ пΦс mƎκƳо ŀƴŘ 

¢ƻǘŀƭ /ŀǊōƻƴ ǿŀǎ муΦо ҕсΦт mƎκƳо ŦƻǊ ǘƘƛǎ ŀǊŜŀ ƻŦ ǘƘŜ ŎƛǘȅΦ 

 

 

Figure 3-8. Size-segregated boxplots for carbonaceous species in PM0.43, PM1.1, PM2.1, and PM9 

in Bogota and Palmira. A) OC and EC; B) Total carbon (TC); and C) OC/EC ratio. 

 

²ŀǘŜǊ {ƻƭǳōƭŜ Lƻƴǎ ό²{Lǎύ ŀǾŜǊŀƎŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƛƴ taфΣ taнΦмΣ taмΦм ŀƴŘ taлΦпо ǿŜǊŜ тΦуҕрΦл 

mƎκƳоΣ пΦтҕоΦт mƎκƳоΣ оΦпҕнΦу mƎκƳо ŀƴŘ лΦуҕм mƎκƳоΦ ²{Lǎ ǿŜǊŜ мнΦрҕрΦм҈Σ мрΦпҕтΦф҈Σ 

мпΦсҕтΦр҈ ŀƴŘ млΦтҕфΦм҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ta ŎƻƴŎŜƴǘǊŀǝƻƴ ŦƻǊ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎƛȊŜ ƻŦ ǇŀǊǝŎƭŜ 

ŎŀǘŜƎƻǊȅΣ ƛƴ .ƻƎƻǘŀΦ ²ƘƛƭŜΣ ƛƴ tŀƭƳƛǊŀΣ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ŦƻǊ ŜŀŎƘ ǎƛȊŜ ǇŀǊǝŎƭŜ ŎŀǘŜƎƻǊȅ 

ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ рΦфҕмΦс mƎκƳоΣ тΦоҕмΦс mƎκƳоΣ оΦлҕмΦо mƎκƳо ŀƴŘ лΦуҕлΦр mƎκƳоΣ ǿƘƛŎƘ 

ǊŜǇǊŜǎŜƴǘ мнΦуҕоΦр҈Σ мфΦнҕтΦм҈Σ нмΦфҕфΦо҈ ŀƴŘ нуΦфҕорΦу҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ta ŎƻƴŎŜƴǘǊŀǝƻƴΦ ¢ƘŜ 

ǇŜǊŎŜƴǘŀƎŜ ƻŦ ²{L ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘŜ ŬƴŜǎǘ ǇŀǊǝŎƭŜǎ όtaлΦпоύ ǿŀǎ ƘƛƎƘŜǊ ƛƴ tŀƭƳƛǊŀ ǘƘŀƴ ƛƴ .ƻƎƻǘŀΣ 

Ƨǳǎǘ ǘƘŜ ƻǇǇƻǎƛǘŜ ǘƻ ǿƘŀǘ ǿŀǎ ƻōǎŜǊǾŜŘ ŦƻǊ ŎƻŀǊǎŜ ǇŀǊǝŎƭŜǎΦ 
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{hпнπ ŀƴŘ bhо
π ǿŜǊŜ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ƛƻƴǎΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎŜŎƻƴŘŀǊȅ 

ƛƴƻǊƎŀƴƛŎ ŀŜǊƻǎƻƭ ό{L!ύΦ {hп
нπ ǿŀǎ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ƛƴ tŀƭƳƛǊŀ ǘƘŀƴ ƛƴ .ƻƎƻǘŀΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ 

taлΦпо ŀƴŘ taмΦм ŦǊŀŎǝƻƴǎΣ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ ƻōǎŜǊǾŜŘ ƛƴ ŎƻŀǊǎŜ ǇŀǊǝŎƭŜǎΦ Lƴ tŀƭƳƛǊŀΣ {hп
нπ 

ǇƭŀȅŜŘ ŀ ǎǳōǎǘŀƴǝŀƭ ǊƻƭŜ ƛƴ ǇŀǊǝŎƭŜ ŎƻƳǇƻǎƛǝƻƴΣ ƴƻǘŀōƭȅ ƛƴ ǎƳŀƭƭŜǎǘ ŦǊŀŎǝƻƴ όtaлΦпоύΣ ǿƘŜǊŜ ƛǘ 

ŀŎŎƻǳƴǘŜŘ ŦƻǊ мрΦтҕмуΦм҈ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ ta ŎƻƴŎŜƴǘǊŀǝƻƴΦ ¢ƘŜ ŦǊŀŎǝƻƴ ƻŦ {hп
нπ ƎǊŀŘǳŀƭƭȅ 

ŘŜŎǊŜŀǎŜǎ ŦƻǊ ƭŀǊƎŜǊ ǇŀǊǝŎƭŜǎΣ ŎƘŀƴƎƛƴƎ ŦǊƻƳ ммΦоҕрΦм҈ ƛƴ taмΦм ǘƻ фΦтҕпΦл ƛƴ taнΦмΣ ŀƴŘ 

пΦтҕмΦт҈ ƛƴ taфΦ Lƴ .ƻƎƻǘŀΣ ǘƘŜ ŦǊŀŎǝƻƴ ƻŦ {hп
нπ ǿŀǎ ƴƻǘ ƴŜƎƭƛƎƛōƭŜ ŀƴŘ ŀōƻǳǘ ǘƘŜ ǎŀƳŜ ŦƻǊ ŀƭƭ 

ǎƛȊŜǎ ƻŦ ǇŀǊǝŎƭŜǎΦ ¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ {hп
нπ ǿŀǎ ƴƻǘ ŀũŜŎǘŜŘ ōȅ ǘƻǘŀƭ ta ŎƻƴŎŜƴǘǊŀǝƻƴΦ 

 

¢ƘŜ ƭŀǊƎŜǎǘ ²{L ŎƻƴǘǊƛōǳǝƻƴ ǿŀǎ ƻōǎŜǊǾŜŘ ƛƴ tŀƭƳƛǊŀϥǎ taлΦпо ǇŀǊǝŎƭŜǎΦ !ƭƻƴƎ ǿƛǘƘ {hп
нπΤ bhо

π

ϤbIпҌҔ/ŀнҌҔ/нhпнπΣ ŀŎŎƻǳƴǝƴƎ ŦƻǊ Ƴƻǎǘ ƻŦ м҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ta ŎƻƴŎŜƴǘǊŀǝƻƴ ŜŀŎƘ ƻƴŜ ƛƻƴΦ hǘƘŜǊ 

ƛƻƴǎ ǎǳŎƘΣ YҌ Ҕ /Iоhо{πҔ bŀҌ Ҕ /ƭπ Ҕ aƎнҌ ŀƴŘ /Ihн
π ǿŜǊŜ ƭŜǎǎ ŎƻƳƳƻƴ ŀƴŘ ŜŀŎƘ ƻƴŜ ŎƻƴǘǊƛōǳǘŜŘ 

ōŜǘǿŜŜƴ лΦн ŀƴŘ м҈ ƻŦ ǘƘŜ ǘƻǘŀƭ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǘƘŜ ƛƻƴǎ bŀҌ Ҕ thп
оπ Ҕ bhоπ 

ŎƻƴǘǊƛōǳǘŜŘ ƳƻǊŜ ǘƘŀƴ м҈ ƻŦ ǘƘŜ ǘƻǘŀƭ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴ ƛƴ .ƻƎƻǘŀ ŦƻǊ ǇŀǊǝŎƭŜǎ ƻŦ ǘƘŜ ǎŀƳŜ 

ǎƛȊŜΣ ǿƘƛƭŜ /ŀнҌΣ /ƭπΣ bIп
ҌΣ /нhпнπΣ aƎнҌΣ YҌ ŀƴŘ /Ihн

π ǿŜǊŜ ǘƘŜ ƭŜŀǎǘ ŎƻƳƳƻƴ ƛƻƴǎΦ ²ƘƛƭŜ /Iоhо{π 

ǿŀǎ ŀ ǎƛƎƴƛŬŎŀƴǘ ŎƻƳǇƻƴŜƴǘ ƻŦ tŀƭƳƛǊŀϥǎ taлΦпоΣ ƛǘ ƘŀŘ ŀ ƭŜǎǎ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ .ƻƎƻǘŀΦ Lƴ thп
оπ 

ŎƻƴǘǊŀŎǝƴƎ ōŜƘŀǾƛƻǳǊΣ ǿƘƛŎƘ ǿŀǎ ƳƻǊŜ ǇǊŜǾŀƭŜƴǘ ƛƴ .ƻƎƻǘŀ ǘƘŀƴ ƛƴ tŀƭƳƛǊŀΦ bhн
πΣ Cπ ŀƴŘ .Ǌπ 

ǿŜǊŜ ǎŎŀǊŎŜ ŦƻǊ ŀƭƭ ǇŀǊǝŎƭŜ ǎƛȊŜǎ ƛƴ ōƻǘƘ ǎƛǘŜǎΦ  

 

/ƻƴŎŜǊƴƛƴƎ ǿƛǘƘ /Iоhо{πΣ ǘƘƛǎ ƛǎ ǇǊƻŘǳŎŜŘ ōȅ ǘƘŜ ŀǉǳŜƻǳǎ ƻȄƛŘŀǝƻƴ ƻŦ ŘƛƳŜǘƘȅƭ ǎǳƭŬŘŜ ό5a{ύΣ 

ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ǇǊŜǾŀƭŜƴǘ ōƛƻƎŜƴƛŎ ǎǳƭǇƘǳǊ ŎƻƳǇƻǳƴŘǎ ƛƴ ǘƘŜ ǘǊƻǇƻǎǇƘŜǊŜΣ Ƴƻǎǘƭȅ ŦǊƻƳ ǎŜŀ 

ǎŀƭǘ ό¢ŀƴƎ Ŝǘ ŀƭΦΣ нлмфύΣ ŀƴŘ ŀƭǎƻ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ όDƻƴŘǿŜΣ нллпΤ aŜƛƴŀǊŘƛ Ŝǘ 

ŀƭΦΣ нллоΤ {ƻǊƻƻǎƘƛŀƴ Ŝǘ ŀƭΦΣ нлмрΤ {ǘŀƘƭ Ŝǘ ŀƭΦΣ нлнлύΦ ¢ƘŜ ƴŜŀǊōȅ ƻŦ tŀƭƳƛǊŀ ǘƻ ǘƘŜ tŀŎƛŬŎ hŎŜŀƴ 

ŀƴŘ ǘƘŜ ƻƊŜƴ ƻŦ ƻǇŜƴπŬŜƭŘ ǎǳƎŀǊŎŀƴŜ ōǳǊƴƛƴƎǎ ŎƻǳƭŘ ōŜ ŀ ǊŜŀǎƻƴ ǘƻ ŜȄǇƭŀƛƴ ǘƘŜ ƘƛƎƘŜǊ 

ŀōǳƴŘŀƴŎŜ ƻŦ /Iоhо{π ƛƴ tŀƭƳƛǊŀΩǎ ǇŀǊǝŎƭŜǎ ǘƘŀƴ ƛƴ .ƻƎƻǘŀΦ  

 

!ōƻǳǘ taмΦм ƛƴ tŀƭƳƛǊŀΣ bIп
Ҍ ǿŀǎ ƳƻǊŜ ŀōǳƴŘŀƴǘ ǘƘŀƴ bhо

πΦ ¢ƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ /ŀнҌҔ/нhпнπ ǿŜǊŜ 

ŀǘ ŎƻƳǇŀǊŀōƭŜ ƭŜǾŜƭǎ ƛƴ taлΦпоΦ thп
оπ ƘŀŘ ŀ ǎƛƎƴƛŬŎŀƴǘ ƘƛƎƘŜǊ ǇǊƻǇƻǊǝƻƴ ƛƴ taмΦм όлΦт҈ύ ǘƘŀƴ ƛƴ 

taлΦпо όғлΦм҈ύΤ ǿƘƛƭŜ /ƭπ ǿŀǎ ƳƻǊŜ ŀōǳƴŘŀƴǘ ƛƴ ŎƻŀǊǎŜ ǇŀǊǝŎƭŜǎ ǘƘŀƴ ƛƴ taлΦпоΣ ǿƛǘƘ ŀƴ 

ŀōǳƴŘŀƴŎŜ ǎƛƳƛƭŀǊ όϤлΦу҈ύ ƛƴ ǘƘŜ ƭŀǊƎŜǊ ǎƛȊŜ ǇŀǊǝŎƭŜǎ ƻŦ taмΦмΣ taнΦм ŀƴŘ taфΦ 

bŀҌҔYҌҔaŜǘƘŀƴǎǳƭŦƻƴŀǘŜҔaƎнҌ Ҕ /Ihн
π ǿŜǊŜ ƛƴ ǘƘŜ ǎŀƳŜ ǇŜǊŎŜƴǘŀƎŜ ƛƴ taмΦм ŀƴŘ taлΦпо ōƻǘƘΦ 

¢ƘŜ ƻǊŘŜǊ ƻŦ ƛƻƴǎ ŀōǳƴŘŀƴŎŜ ƛƴ taнΦм ƛƴ ǘƘŜ ǎǳōǳǊōŀƴ ŀǊŜŀ ǿŜǊŜ bIп
ҌҔ bhоπҔ /ŀнҌҔ/нhпнπΣ ǿƘƛŎƘ 

ǿŜǊŜ ƛƴ ǊŀƴƎŜ ƻŦ нΦо ς м҈Σ ŦƻƭƭƻǿŜŘ ōȅ /ƭπҔ bŀҌ ҔthпоπҔ YҌ Ҕ /Iоhо{π Ҕ aƎнҌ ŀƴŘ /Ihн
πΣ ƛƴ ǊŀƴƎŜ 
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ƻŦ лΦу ς лΦм҈ ƻŦ ǘƻǘŀƭ ta ŎƻƴŎŜƴǘǊŀǝƻƴΦ ¢ƘŜ ǇǊŜǾŀƭŜƴŎŜ ƻŦ ƛƻƴǎ ƛƴ taф ŜƳǇƘŀǎƛȊŜ ǘƘŜ 

ƛƳǇƻǊǘŀƴŎŜ ƻŦ bhо
πҔ /ŀнҌ ǿƛǘƘ н π м҈ ƻŦ ǘƘŜ ǘƻǘŀƭ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴΣ ǿƘƛƭŜ bIп

Ҍ ŀƴŘ /нhпнπ Ǉƭŀȅ 

ŀ ǎƳŀƭƭŜǊ ǊƻƭŜΣ ŎƻƴǘǊƛōǳǝƴƎ ƭŜǎǎ ǘƘŀƴ м҈Σ ŀƴŘ ōŜƛƴƎ ŦƻƭƭƻǿŜŘ ōȅ bŀҌ ҔthпоπҔ aƎнҌπҔ YҌ Ҕ 

aŜǘƘŀƴŜǎǳƭŦƻƴŀǘŜ Ҕ ŀƴŘ /Ihн
πΦ  

 

Lƴ .ƻƎƻǘŀΣ bŀҌΣ thп
оπΣ bhоπ ŀƴŘ bIп

Ҍ Ǉƭŀȅ ŀ ǊŜƭŜǾŀƴǘ ǊƻƭŜ ƛƴ ǇŀǊǝŎƭŜ ǎƛȊŜǎ taлΦпоΣ taмΦмΣ taнΦмΣ ōǳǘ 

ƴƻǘ ƛƴ taфΣ ǿƘŜǊŜ bIп
Ҍ ǿŀǎ ǳƴŘŜǊ м҈Φ hǘƘŜǊ ƛƻƴǎΣ ǎǳŎƘ ŀǎ /ƭπΣ /ŀнҌΣ /нhпнπΣ aƎнҌΣ YҌ ŀƴŘ /Ihн

πΣ 

ǿŜǊŜ ƛƴ ǊŀƴƎŜ м π лΦм҈ ŜŀŎƘ ƻƴŜΣ ŦƻǊ ŀƭƭ ǎƛȊŜ ǇŀǊǝŎƭŜǎΦ  

 

¢ƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ bIп
ҌΣ /нhпнπ ŀƴŘ YҌ ǿŜǊŜ ŀƭǘŜǊŜŘ ōȅ ǇǊŜŎƛǇƛǘŀǝƻƴ ƭŜǾŜƭǎΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ 

{оπрΣ ǎǳŎƘ ǘƘŀǘΣ ǘƘŜƛǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ƘƛƎƘŜǊ ƛƴ ǎŀƳǇƭŜǎ ǳƴŀũŜŎǘŜŘ ōȅ ǇǊŜŎƛǇƛǘŀǝƻƴ ŜǾŜƴǘǎΦ 

taмΦмΣ taнΦм ŀƴŘ taф ƘŀŘ ŀ ǎƛƎƴƛŬŎŀǝǾŜ ƘƛƎƘŜǊ ŀōǳƴŘŀƴŎŜ ƻŦ /нhпнπ ƛƴ Řŀȅǎ ǿƛǘƘƻǳǘ Ǌŀƛƴǎ όǇ 

ǾŀƭǳŜ ғ лΦллрύΣ ǿƘƛƭŜ ƛƴ taлΦпо ǘƘŜ ŘƛũŜǊŜƴŎŜ ǿŀǎ ƭƻǿŜǊ ǎƛƎƴƛŬŎŀƴǘ όǇ ǾŀƭǳŜ ғ лΦлтύΦ /нhпнπ ǳǎŜŘ 

ǘƻ ōŜ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ǊŀŘƛŎŀƭǎ ƛƴǾƻƭǾŜŘ ƛƴ ŎƘŜƳƛŎŀƭκǇƘƻǘƻŎƘŜƳƛŎŀƭ ƻȄƛŘŀǝƻƴ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ 

ŎƻƳǇƻǳƴŘǎ ό±h/ǎύ ǎǳŎƘ ŀǎ ŜǘƘŜƴŜΣ ǘƻƭǳŜƴŜΣ ƛǎƻǇǊŜƴŜΣ ƛƴ taм ό{ǳƭƭƛǾŀƴ ŀƴŘ tǊŀǘƘŜǊΣ нллтύΦ ¢ƘŜǊŜ 

ǿŀǎ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ /нhпнπ όŦǊƻƳ лΦп ǘƻ лΦт҈ύ ƛƴ taмΦм ƛƴ ŘǊȅ ŘŀȅǎΦ ¢ƘŜ ƻǊƎŀƴƛŎ ƛƻƴǎ /нhпнπ ǘƻƎŜǘƘŜǊ 

ǿƛǘƘ ŦƻǊƳŀǘŜΣ Ǉƭŀȅ ŀ ǊƻƭŜ ƛƴ ǎƻƭǳōƛƭƛǘȅΣ ǇƘƻǘƻŎƘŜƳƛǎǘǊȅ ŀƴŘ ōƛƻŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǘǊŀƴǎƛǝƻƴ ƳŜǘŀƭǎ ƛƴ 

ŀŜǊƻǎƻƭǎ ό5ŜƎǳƛƭƭŀǳƳŜ Ŝǘ ŀƭΦΣ нллрύΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ /нhпнπ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŦŀǾƻǳǊ ǘƘŜ 

ǎƻƭǳōƛƭƛǘȅ ŀƴŘ ōƛƻŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǘǊŀƴǎƛǝƻƴ ƳŜǘŀƭǎ ǎǳŎƘ ŀǎ ƛǊƻƴ όCŜύΣ /ƻǇǇŜǊ ό/ǳύ ŀƴŘ aŀƴƎŀƴŜǎŜ 

όaƎύΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ taлΦпо ǎƘƻǿŜŘ ŀ ƘƛƎƘŜǊ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ bIп
Ҍ ŀƴŘ YҌ όǇ 

ǾŀƭǳŜΥ лΦлмύ ǘƘŀƴ ƭŀǊƎŜǊ ǇŀǊǝŎƭŜǎ όǇ ǾŀƭǳŜ Ҕ лΦмύΣ ŘǳǊƛƴƎ ŘǊȅ ŘŀȅǎΦ ¢ƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ ƻǘƘŜǊ 

ŎƘŜƳƛŎŀƭǎ ǎǇŜŎƛŜǎ ŘƛŘ ƴƻǘ ǎƘƻǿ ŀ ŎƘŀƴƎŜ ŀǎǎƻŎƛŀǘŜŘ ǘƻ Ǌŀƛƴ ǇŀǧŜǊƴǎΦ 
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Figure 3-9. Boxplot of size-segregated concentrations of Water-Soluble Ions (WSIs) in PM0.43, 
PM1.1, PM2.1, and PM9 in Bogota and Palmira. 

3.3.5. Ion balance  

There are two commonly proxy methods to estimate aerosol pH, namely the cation/anion 

equivalent ratio (AE/CE) ς or molar ratio ς and the charge balance, based upon the principle of 

solution electroneutrality concept. In both approaches, the amount of H+ is assumed to balance 

the exceedance of anions, and the [H+] concentrations estimated is assumed to scale inversely 

with the level of the cations relative to anions (Pye et al., 2020). AE/CE ratios higher than 1 

suggest that aerosols are acidic. In this study, average values of the AE/CE ratio were found to 

be higher than 1 for all sizes categories, in both sites. Thus, AE/CE ratios in PM0.43, PM1.1, PM2.1 
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and PM9 were 1.1±0.4, 1.1±0.1, 1.2±0.1 and 1.2±0.1, respectively, which suggest an abundance 

of anion equivalents, considered to be neutralized by the protons [H+], showing the acidic 

characteristic of the particles. In Bogota, PM1.1, PM2.1 and PM9 exhibited AE/CE ratios of 1.2±0.6, 

1.1±0.6, 1.1±0.4, respectively, while PM0.43 showed an AE/CE ratio below 1 (0.9±0.6). These 

results reveal a nature alkaline for PM0.43 and acidic for PM1.1 and PM2.1. 

 

Figure 3-10. Scatterplot of particulate anion and cation equivalents (AE vs CE) in Bogota and 
Palmira. Different colours represent different PM fractions. 

3.3.6. Size distributions of chemical components 

¢ƘŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻƴŜƴǘǎ Ŏŀƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ŜƭǳŎƛŘŀǘŜ ƛƳǇƻǊǘŀƴǘ ƛƴŦƻǊƳŀǝƻƴ 

ŀōƻǳǘ ŀƳōƛŜƴǘ ŀŜǊƻǎƻƭǎΦ Lǘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƛƴŦŜǊ ta ŜƳƛǎǎƛƻƴ ǎƻǳǊŎŜǎΣ ŎƘŜƳƛŎŀƭ ŦƻǊƳŀǝƻƴ 

ƳŜŎƘŀƴƛǎƳǎ όIǳŀƴƎ Ŝǘ ŀƭΦΣ нлмсύΣ ŀƴŘ ǘƘŜ ŦǊŀŎǝƻƴ ǘƘŀǘ Ŏŀƴ ŘŜǇƻǎƛǘ ƻƴ ŘƛũŜǊŜƴǘ ǇŀǊǘǎ ƻŦ ǘƘŜ 

ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳΦ DŜƴŜǊŀƭƭȅΣ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ƻŦ h/Σ 9/Σ {hп
нπΣ bhоπΣ YҌΣ /нhпнπ ŀƴŘ 

ŦƻǊƳŀǘŜ ŜȄƘƛōƛǘŜŘ ōƛƳƻŘŀƭ ǘȅǇŜǎ ƛƴ ǳǊōŀƴ ŀƴŘ ǎǳōǳǊōŀƴ ŀǊŜŀΦ aŜŀƴǿƘƛƭŜΣ bŀҌΣ bIпҌΣ /Iоhо{πΣ 

ŀƴŘ /ƭπ ǎƘƻǿŜŘ ǳƴƛƳƻŘŀƭ ǘȅǇŜǎ ƛƴ ǘƘƛǎ ǎǘǳŘȅΦ hǘƘŜǊ ŎƻƳǇƻǳƴŘǎ ǎƘƻǿŜŘ ŘƛũŜǊŜƴǘ Ƴŀǎǎ ǎƛȊŜ 

ŘƛǎǘǊƛōǳǝƻƴǎ ōŜǘǿŜŜƴ .ƻƎƻǘŀ ŀƴŘ tŀƭƳƛǊŀΣ ǎǳŎƘ ŀǎ /ŀнҌ ŀƴŘ aƎнҌΣ ǿƘƛŎƘ ǿŜǊŜ ǳƴƛƳƻŘŀƭ ƛƴ 

.ƻƎƻǘŀ ŀƴŘ ōƛƳƻŘŀƭ ƛƴ tŀƭƳƛǊŀΦ ¢ƘŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ƻŦ h/Σ 9/ ŀƴŘ ²{L ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ 

оπммΣ ǿƘƛŎƘ ƴƻǘŀōƭȅ ǇŜŀƪŜŘ ŀǘ лΦпоςмΦм Ƴ˃ ƛƴ ǘƘŜ ŬƴŜ ƳƻŘŜΣ ŀƴŘ ŀǘ пΦтςфΦл ˃Ƴ ƛƴ ǘƘŜ ŎƻŀǊǎŜ 

ƳƻŘŜΦ 
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h/ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ǿŀǎ ǾŜǊȅ ǎƛƳƛƭŀǊ ƛƴ ōƻǘƘ ǎƛǘŜǎΣ ǿƛǘƘ ŀ ƘƛƎƘŜǊ Ƴŀǎǎ ƛƴ ǘƘŜ ŎƻŀǊǎŜ ƳƻŘŜΣ 

ǇŜŀƪƛƴƎ ŀǘ пΦтςрΦу Ƴ˃Φ ¢Ƙƛǎ ŎŀǊōƻƴŀŎŜƻǳǎ ŦǊŀŎǝƻƴ ǿŀǎ ǎǘǊƻƴƎƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ǎƛȊŜ 

ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǘƻǘŀƭ Ƴŀǎǎ ŘƛǎǘǊƛōǳǝƻƴ όǊн Ҕ лΦуύΦ !ƭǎƻΣ ǘƘŜ ƻǊƎŀƴƛŎ ƛƻƴ /нhпнπ ǎƘƻǿŜŘ ŀ ǎƛƳƛƭŀǊ 

ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ōƻǘƘ ŀǊŜŀǎΣ ǘƘŜ ƻƴƭȅ ǾŀǊƛŀǝƻƴ ōŜƛƴƎ ǘƘŀǘ tŀƭƳƛǊŀ ǎŀƳǇƭŜǎ ƘŀŘ ŀ ƭƻǿŜǊ ǎƛȊŜ 

ŘƛŀƳŜǘŜǊ ŦƻǊ ǘƘŜ ŬƴŜ ƳƻŘŜ όлΦпо π лΦср Ƴ˃ύ ǘƘŀƴ .ƻƎƻǘŀ ǎŀƳǇƭŜǎ όлΦср π мΦм Ƴ˃ύΦ /ƻƴǎƛŘŜǊƛƴƎ 

ǘƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ ǾŜƎŜǘŀǝƻƴ ƭŀƴŘ ŎƻǾŜǊ ƛƴ tŀƭƳƛǊŀ ŀƴŘ ǘƘŜƛǊ ǇƻǘŜƴǝŀƭ ǘƻ ŜƳƛǘ ±h/ǎ ŀǎ ǇŀǊǘ ƻŦ 

ōƛƻƎŜƴƛŎ ŜƳƛǎǎƛƻƴǎΣ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŘƛǝƻƴǎ ǘƘŀǘ ŦŀǾƻǊ ǘƘŜ ƘȅƎǊƻǎŎƻǇƛŎ ƎǊƻǿǘƘ ƻŦ 

ŎƻƴŘŜƴǎŀǘŜ ǇŀǊǝŎƭŜǎ ƛǎ ŜȄǇŜŎǘŜŘ ŀ ƘƛƎƘŜǊ ŦǊŀŎǝƻƴ ƻŦ /нhпнπ ƛƴ ŬƴŜ ǇŀǊǝŎƭŜǎ ƛƴ tŀƭƳƛǊŀ ǘƘŀƴ ƛƴ 

.ƻƎƻǘŀΦ /IhнπΣ ƻǘƘŜǊ ƻǊƎŀƴƛŎ ǿŀǘŜǊπǎƻƭǳōƭŜ ƛƻƴΣ ǎƘƻǿ ǎƛƳƛƭŀǊ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ōƻǘƘ ƭƻŎŀǝƻƴǎΣ ǿƛǘƘ 

ŀ ƘƛƎƘŜǊ ŬƴŜ ŦǊŀŎǝƻƴ ƛƴ tŀƭƳƛǊŀΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ YҌΣ ǘƘŜ ǇŜŀƪ ǎƛȊŜ ŘƛŀƳŜǘŜǊǎΣ ŦƻǊ ōƻǘƘ ŬƴŜ ŀƴŘ 

ŎƻŀǊǎŜ ƳƻŘŜΣ ǿŜǊŜ ǎƳŀƭƭŜǊ ƛƴ tŀƭƳƛǊŀ ǘƘŀƴ ƛƴ .ƻƎƻǘŀΣ ǎǳƎƎŜǎǝƴƎ ŦǊŜǎƘƭȅ ŜƳƛǧŜŘ ǇŀǊǝŎƭŜǎ ƛƴ 

tŀƭƳƛǊŀ ŀƴŘ ŀƎŜŘ ǇŀǊǝŎƭŜǎ ƛƴ .ƻƎƻǘŀΦ ¢ƘŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ thп
оπ ǿŀǎ ōƛƳƻŘŀƭ ƛƴ tŀƭƳƛǊŀΣ ǿƛǘƘ 

ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǇŀǊǝŎƭŜ ǎƛȊŜǎ ƛƴ .ƻƎƻǘŀ όлΦпо ς ф mƳύ ŀƴŘ ǿƛǘƘƻǳǘ ŀƴ ƛŘŜƴǝŬŀōƭŜ ƳƻŘŜΦ 

 

9/ ƛƴ .ƻƎƻǘŀ ǿŀǎ ǎǘǊƻƴƎƭȅ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ ǘƘŜ ŬƴŜ ƳƻŘŜ όлΦпоςлΦср ˃ƳύΣ ǿƛǘƘ ŀ ƳƛƴƻǊ ŦǊŀŎǝƻƴ 

ƛƴ ǘƘŜ ŎƻŀǊǎŜ ƳƻŘŜ όрΦу ς ф ˃ƳύΦ 9/ ƛƴ tŀƭƳƛǊŀΣ ƛƴ ŎƻƴǘǊŀǎǘΣ ǿŀǎ ōƻǘƘ ƛƴ ǘƘŜ ŎƻŀǊǎŜ ŀƴŘ ǘƘŜ ŬƴŜ 

ƳƻŘŜ ƛƴ ǎƛƳƛƭŀǊ ŦǊŀŎǝƻƴǎΦ ¢Ƙƛǎ ŘƛũŜǊŜƴŎŜ Ŏŀƴ ōŜ ŀǧǊƛōǳǘŜŘ ǘƻΥ мύ ǘƘŜ ǇǊƻȄƛƳƛǘȅ ƻŦ ǎŀƳǇƭƛƴƎ ǎƛǘŜǎ 

ǘƻ ƳŀƧƻǊ ǎƻǳǊŎŜǎ ƻŦ ŜƳƛǎǎƛƻƴǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘǊŀŶŎ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ŎƻƴŎŜƴǘǊŀǘŜŘ 

ŀǊƻǳƴŘ ǘƘŜ ǎŀƳǇƭƛƴƎ Ǉƻƛƴǘ ǿƛǘƘƛƴ ŀ нπƪƛƭƻƳŜǘŜǊ ǊŀŘƛǳǎ ƛƴ .ƻƎƻǘŀΣ ǿƘŜǊŜŀǎ ǘƘŜ ǎŀƳǇƭƛƴƎ ǎƛǘŜ ƛƴ 

tŀƭƳƛǊŀ ǿŀǎ ŀǘ ŀ ƘƛƎƘŜǊ ŜƭŜǾŀǝƻƴ ŦǊƻƳ ǘƘŜ ƎǊƻǳƴŘ ŀƴŘ ǎƘƻǿŜŘ ƘƛƎƘŜǊ ǿƛƴŘ ǎǇŜŜŘǎΣ ƳŀƪƛƴƎ ƛǘ 

ǇƻǎǎƛōƭŜ ŦƻǊ ǘƘƻǎŜ Ǉƻƛƴǘǎ ǘƻ ōŜ ŀũŜŎǘŜŘ ōȅ ǊŜƎƛƻƴŀƭ ŜƳƛǎǎƛƻƴǎΦ !ŘŘƛǝƻƴŀƭ ŦŀŎǘƻǊǎ ǘƘŀǘ ŎƻƴǘǊƛōǳǘŜ 

ǘƻ ǘƘŜ ǾŀǊƛŀƴŎŜ ƛƴ 9/ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƛƴŎƭǳŘŜ ŘŜƴǎƛǘȅΣ ŦǳŜƭ ǘȅǇŜΣ ŀƴŘ ŘǊƛǾƛƴƎ ŘȅƴŀƳƛŎǎ ƛƴ ǘƘŜǎŜ 

ƭƻŎŀǝƻƴǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ǳǊōŀƴ ǎŜǩƴƎǎΣ 9/ ƛǎ ƭŜǎǎ ƭƛƪŜƭȅ ǘƻ ŎƻƴŘŜƴǎŜ ŀƴŘ ƎǊƻǿ ōŜŎŀǳǎŜ ƻŦ ǘƘŜƛǊ 

ǇǊƻȄƛƳƛǘȅ ǘƻ ǊƻŀŘǎΦ 9/ ŎƻƴǘŀƛƴŜŘ ƛƴ ƭŀǊƎŜǊ ǇŀǊǝŎƭŜǎ Ŏŀƴ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǘƻ ǊŜǎǳǎǇŜƴŘŜŘ ǊƻŀŘ ŘǳǎǘΦ 

 

Secondary inorganic ions SO4
2- and nitrate NO3

- showed a bimodal distribution. SO4
2- 

exhibited a stronger fine mode (0.43 ï 0.65 ɛm) in Palmira than in Bogota. In contrast, 

NO3
- displayed a stronger fine mode in Bogota (0.65 ï 1.1 ɛm). NH4

+ is formed from its 

gaseous precursor, NH3, through gas phase and aqueous phase reactions with acidic 

species, such as H2SO4, HNO3 and HCl (Li et al., 2013a). In this research, NH4
+ displays 

an outstanding unimodal distribution in Palmira, biased towards the fine mode (0.43 ï 
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0.65 mm), while there was a minor coarse mode peak (4.7 ï 5.8 mm) in Bogota. The size 

distribution of NH4
+ agrees with that observed in other sites (Li et al., 2013a). 

 

/ƭπ ǿŀǎ ǘƘŜ ƻƴƭȅ ²{L ǿƛǘƘ ŀ ǳƴƛƳƻŘŀƭ ŘƛǎǘǊƛōǳǝƻƴ ƛƴ ōƻǘƘ ǎƛǘŜǎΣ ǿƛǘƘ ŀ ŎƻŀǊǎŜ ƳƻŘŜ ŎŜƴǘŜǊŜŘ ƛƴ 

ǘƘŜ пΦт πрΦу mƳ ǊŀƴƎŜΦ ! ŦǊŀŎǝƻƴ ƻŦ /ƭπ ŀŎŎǳƳǳƭŀǘŜǎ ƛƴ ǘƘŜ ŬƴŜ ƳƻŘŜ ōǳǘ ŘƻŜǎƴΩǘ ǎƘƻǿ ŀ ǎǇŜŎƛŬŎ 

ŘƛŀƳŜǘŜǊ ǊŀƴƎŜΦ !ƭǎƻΣ ǘƘŜǊŜ ǿŀǎ ŀ ƴƻǘŀōƭȅ ƘƛƎƘ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ ǘƘŜ /ƭπ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΦ Lƴ ŎƻƴǘǊŀǎǘΣ 

/Iоhо{π ǿŀǎ ŎƭŜŀǊƭȅ ǳƴƛƳƻŘŀƭ ƛƴ tŀƭƳƛǊŀΣ ŎŜƴǘŜǊŜŘ ƛƴ ǘƘŜ ŬƴŜ ƳƻŘŜ όлΦпо ς лΦср mƳύΣ ǿƘƛƭŜ ƛǘ 

ǎƘƻǿǎ ŀ ōƛƳƻŘŀƭ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ǿƛǘƘ ŀ ƭŀǊƎŜǊ ǎƛȊŜ ƛƴ ǘƘŜ ŬƴŜ ƳƻŘŜ όлΦср ς мΦм mƳύ ŀƴŘ ŀ ƳƛƴƻǊ 

ŦǊŀŎǝƻƴ ƻŦ /Iоhо{π ƛƴ ǘƘŜ ŎƻŀǊǎŜ ƳƻŘŜ όпΦт ς рΦу mƳύ ƛƴ .ƻƎƻǘŀΦ 

 

¢ƘŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ /ŀнҌ ŀƴŘ aƎнҌ ǿŜǊŜ ǳƴƛƳƻŘŀƭ ƛƴ .ƻƎƻǘŀΣ ǿƛǘƘ ŀ ŎƻŀǊǎŜ ƳƻŘŜ ŎŜƴǘŜǊŜŘ 

ƛƴ ǘƘŜ пΦт πрΦу mƳ ǊŀƴƎŜ ŀƴŘ ŀ ǎƳŀƭƭ ŬƴŜ ƳƻŘŜ ƛƴ tŀƭƳƛǊŀ όлΦпо ς лΦср mƳύΦ bŀҌ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ 

ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŀǘ ƻŦ /ŀнҌ ŀƴŘ aƎнҌΤ ƴŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ōƛƳƻŘŀƭ ŘƛǎǘǊƛōǳǝƻƴ ƻōǎŜǊǾŜŘ ƛƴ tŀƭƳƛǊŀ 

ǿŀǎ ƳƻǊŜ ŜǾƛŘŜƴǘΣ ǿƛǘƘ ŀ ǿƛŘŜ ŀŎŎǳƳǳƭŀǝƻƴ ƳƻŘŜ όлΦпо ς нΦм mƳύΦ 

 

¢Ƙƛǎ ǎǘǳŘȅ ǇǊƻǾƛŘŜǎ ŜǾƛŘŜƴŎŜ ǘƘŀǘ taнΦм ǇŀǊǝŎƭŜǎ ƛƴ ǘƘŜ ǳǊōŀƴ ǊŜƎƛƻƴ ŎƻƴǘŀƛƴŜŘ ƳƻǊŜ ǘƘŀƴ тр҈ 

ƻŦ 9/Σ bIпҌ ŀƴŘ /Iоhо{πΣ ǊƻǳƎƘƭȅ рл҈ ƻŦ bhоπΣ thп
оπΣ /нhпнπΣ aƎнҌΣ YҌ ŀƴŘ ол҈ ƻŦ h/Σ {hпнπ bŀҌΣ 

/ŀнҌΣ /ƭπ ŀƴŘ /IhнπΦ ¢Ƙƛǎ ƛǎ ŘŜǇƛŎǘŜŘ ƛƴ CƛƎǳǊŜ {оπсΦ Lƴ tŀƭƳƛǊŀΣ {hпнπΣ thпоπΣ bIпҌ ŀƴŘ /Iоhо{π 

ŀŎŎǳƳǳƭŀǘŜŘ Ƴŀƛƴƭȅ ƛƴ taнΦмΦ ¢Ƙƛǎ ŦǊŀŎǝƻƴ ŀƭǎƻ ŎƻƴǘŀƛƴŜŘ ŀ ǎƛƎƴƛŬŎŀƴǘ ŀƳƻǳƴǘ όϤол π рл҈ύ ƻŦ 

h/Σ 9/Σ bŀҌΣ /ŀнҌΣ /нhпнπΣ aƎнҌΣ YҌΦ ¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ /ƭπ ǿŀǎ ŦƻǳƴŘ ƛƴ ŎƻŀǊǎŜ ǇŀǊǝŎƭŜǎΦ YҌ Ƙŀǎ 

ƳǳƭǝǇƭŜπǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ǎŜŀπǎŀƭǘΣ ǎƻƛƭ ŘŜǊƛǾŜŘ ǇŀǊǝŎƭŜǎ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ŀƴŘ ǾŜƎŜǘŀǝƻƴ ό[ƛ Ŝǘ 

ŀƭΦΣ нлмоōύΦ {ƻƳŜ ǎǘǳŘƛŜǎ ƘŀǾŜ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ YҌ ƛƴ ǎǳōƳƛŎǊƻƴ ǇŀǊǝŎƭŜǎ Ŏŀƴ 

ǎŜǊǾŜ ŀǎ ŀ ŘƛŀƎƴƻǎǝŎ ǘǊŀŎŜǊ ŦƻǊ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ǎƻǳǊŎŜǎ ό!ƴŘǊŜŀŜ Ŝǘ ŀƭΦΣ мффуύΣ ǿƘƛƭŜ ǎŜŀ ǎŀƭǘ 

ŀƴŘ Řǳǎǘ ǎƻǳǊŎŜǎ ŘƻƳƛƴŀǘŜ ǘƘŜ ŎƻŀǊǎŜ ŦǊŀŎǝƻƴ ό{ƘŜƴ Ŝǘ ŀƭΦΣ нллфύΦ Lƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ƛǘ ǿŀǎ 

ǊŜǾŜŀƭŜŘ ǘƘŀǘ пу҈ ŀƴŘ оф҈ ƻŦ YҌ ǿŀǎ ƛƴ ǎǳōƳƛŎǊƻƳŜǘǊƛŎ ǇŀǊǝŎƭŜǎ ƛƴ tŀƭƳƛǊŀ ŀƴŘ .ƻƎƻǘŀΣ 

ǊŜǎǇŜŎǝǾŜƭȅΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƛƴŦŜǊ ǘƘŜ ǊƻƭŜ ǘƘŀǘ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ǇƭŀȅŜŘ ƛƴ ǘƘŜ ƎŜƴŜǊŀǝƻƴ ƻŦ 

ŀŜǊƻǎƻƭǎ ƛƴ ŜŀŎƘ ƭƻŎŀǝƻƴΦ 
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   .ƻƎƻǘŀ           tŀƭƳƛǊŀ 

   .ƻƎƻǘŀ           tŀƭƳƛǊŀ 
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Figure 3-11. Size distribution of OC, EC, main WSIs, and PM mass in Bogota and Palmira. 

3.3.7. Correlation matrix of size-segregated chemical species 

¢ƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ŀƭƭ ǎǇŜŎƛŜǎ ŀƴŀƭȅǎŜŘ Ŏŀƴ ƘŜƭǇ ǘƻ ǳƴŘŜǊǎǘŀƴŘ 

ǇŀǊǝŎƭŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ƛƴŦŜǊ ǘƘŜƛǊ ǎƻǳǊŎŜǎΦ CƛƎǳǊŜ оπмн ǎƘƻǿǎ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ 

ŎƻŜŶŎƛŜƴǘ ŦƻǳƴŘ ōŜǘǿŜŜƴ ŎŀǊōƻƴŀŎŜƻǳǎ ŦǊŀŎǝƻƴǎ όh/ ŀƴŘ 9/ύ ŀƴŘ ²{L ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴ 

taлΦпоΣ taмΦмΣ taнΦм ŀƴŘ taфΦ Lƴ .ƻƎƻǘŀΣ 9/ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŜȄƘƛōƛǘŜŘ ŀ ǎǘǊƻƴƎ ŎƻǊǊŜƭŀǝƻƴ ǿƛǘƘ 

h/ ƛƴ ŀƭƭ ǎƛȊŜ ŎŀǘŜƎƻǊƛŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ taлΦпо ŀƴŘ taф όǊн Ґ лΦуύ ŦƻƭƭƻǿŜŘ ōȅ taмΦм ŀƴŘ taнΦм όǊн Ґ 

лΦтύΣ ǊŜǾŜƭƭƛƴƎ ǘƘŜ ŀǎǎƻŎƛŀǝƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ǘƘŜ ƛƴŎƻƳǇƭŜǘŜ ŎƻƳōǳǎǝƻƴ 

ǇǊƻŎŜǎǎ ƛƴ ŀƭƭ ǎƛȊŜ ŎŀǘŜƎƻǊƛŜǎΦ /нhпнπΣ ǳǎǳŀƭƭȅ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ǿŀǘŜǊπǎƻƭǳōƭŜ ƻǊƎŀƴƛŎ 

ƛƻƴǎΣ ǿŀǎ ǎǘǊƻƴƎƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ h/Σ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ ŎƻŀǊǎŜ ǇŀǊǝŎƭŜǎ όŦǊƻƳ Ǌн Ґ лΦу ŦƻǊ taф ǳǇ 

ǘƻ Ǌн Ґ лΦпр ŦƻǊ taлΦпоύΦ ¢ƘǳǎΣ ǘƘƛǎ ǎǘǳŘȅ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ h/ ƛƴ taлΦпо ŀƴŘ taф ǿŜǊŜ ƭƛƴƪŜŘ ǘƻ 

ƛƴŎƻƳǇƭŜǘŜ ŎƻƳōǳǎǝƻƴΣ ŀƴŘ ǘƘŀǘ h/ ƛƴ ƭŀǊƎŜǊ ǇŀǊǝŎƭŜǎ ŀǊŜ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǎŜŎƻƴŘŀǊȅ 

ƻǊƎŀƴƛŎ ŀŜǊƻǎƻƭǎ ό{h!ύΦ 

 

!ƎǊƛŎǳƭǘǳǊŀƭ ŀŎǝǾƛǝŜǎ ŀǊŜ ƻƴŜ ƻŦ ǘƘŜ Ƴŀƛƴ ǎƻǳǊŎŜ ƻŦ bIоΣ ǇǊŜŎǳǊǎƻǊ ǘƻ ǘƘŜ bIп
Ҍ ό.ŜƘŜǊŀ Ŝǘ ŀƭΦΣ 

нлмоύΣ ƛƴ ŀŘŘƛǝƻƴ ƻŦ ǘƘŜ Ŧƻǎǎƛƭ ŦǳŜƭ ŜȄƘŀǳǎǘ ŦǊƻƳ ǎŜƭŜŎǝǾŜ ŎŀǘŀƭȅǝŎ ǊŜŘǳŎǝƻƴ ό{/wύ ǇǊƻŎŜǎǎŜǎ 

ό/ŀǇŜ Ŝǘ ŀƭΦΣ нллпύΦ Lƴ ǘƘƛǎ ǎǘǳŘȅΣ bIп
Ҍ ǿŀǎ Ƴƻǎǘƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ /нhпнπΣ aƎнҌΣ YҌΣ ŀƴŘ ǎƘƻǿŜŘ 

ƳƻŘŜǊŀǘŜ ŎƻǊǊŜƭŀǝƻƴ ǿƛǘƘ 9/Φ Lǘǎ ŎƻǊǊŜƭŀǝƻƴ ǿƛǘƘ /нhпнπ ǿŀǎ ǎƛƳƛƭŀǊ ƛƴ ŀƭƭ ǇŀǊǝŎƭŜ ǎƛȊŜǎ όǊнҔ лΦу 

ŦƻǊ taнΦмΣ taмΦм ŀƴŘ ǊнΥ лΦт ŦƻǊ taф ŀƴŘ taлΦпоύΣ ǿƘƛƭŜ ƛǘ ǿŀǎ ǎǘǊƻƴƎŜǊ ƛƴ ƭŀǊƎŜǊ ǇŀǊǝŎƭŜǎ ǿƛǘƘ aƎнҌ 

όǊн Ґ лΦу ƛƴ taф ŀƴŘ taнΦмύΣ ŀƴŘ ǎǘǊƻƴƎŜǊ ƛƴ ǎǳōƳƛŎǊƻƳŜǘǊƛŎ ǇŀǊǝŎƭŜǎ ǿƛǘƘ YҌ όǊн Ґ лΦт ƛƴ taлΦпоύΦ 

Lǘǎ ŎƻǊǊŜƭŀǝƻƴ ǿƛǘƘ 9/ ǿŀǎ ƳƻŘŜǊŀǘŜ ƛƴ ǳǇǇŜǊ ƳƛŎǊƻƳŜǘǊƛŎ ǇŀǊǝŎƭŜǎ όǊн Ґ лΦпύΦ !ƭƭ ǘƘŜǎŜ 

ŎƻǊǊŜƭŀǝƻƴǎ Ǉƻƛƴǘ ǘƻ ŀ ŎƻƴƴŜŎǝƻƴ ǿƛǘƘ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǊƻŎŜǎǎŜǎ ǘƘŀǘ ƛƴŎƭǳŘŜ ŀƎǊƛŎǳƭǘǳǊŀƭ ǿŀǎǘŜ 

ōǳǊƴƛƴƎ ŀƴŘ ŜƴŎƻǳǊŀƎŜ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ {h!Φ 
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¢ƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘǿƻ ƳŀƧƻǊ bπŎƻƴǘŀƛƴƛƴƎ ŀŜǊƻǎƻƭǎ ŎƻƳǇƻƴŜƴǘǎΣ bhо
π ŀƴŘ bIп

Ҍ ǿŀǎ 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ ǘƘŜ ǎŀƳŜ ŦƻǊ taмΦмΣ taнΦм ŀƴŘ taф όǊн Ґ лΦсύΣ ǎƭƛƎƘǘƭȅ ǎƳŀƭƭŜǊ ǘƻ taлΦпо όǊн Ґ лΦрύ 

ŀƴŘ ǘƘŜ ƘƛƎƘŜǊ ŎƻǊǊŜƭŀǝƻƴ ǿŀǎ ŦƻǊ taф όǊн Ґ лΦтύΣ ƛƴŘƛŎŀǝƴƎ ǘƘŀǘ Ŏŀƴ ŜȄƛǎǘ ŀ ŎƻƳƳƻƴ ǎƻǳǊŎŜ ŀǎ 

ǇǊŜŎǳǊǎƻǊ ƻŦ ōƻǘƘ ƛƻƴǎΦ ¢ƘŜ ƻȄƛŘŀǝƻƴ ƻŦ ƴƛǘǊƻƎŜƴ ƻȄƛŘŜǎ όbhȄύΣ ŜƳƛǧŜŘ ŦǊƻƳ Ŧƻǎǎƛƭ ŦǳŜƭ 

ŎƻƳōǳǎǝƻƴΣ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎΣ ƭƛƎƘǘŜƴƛƴƎΣ ŀƴŘ ōƛƻƎŜƴƛŎ ǎƻƛƭ ŜƳƛǎǎƛƻƴǎΣ ŀǊŜ ǘƘŜ Ƴŀƛƴ ǇǊŜŎǳǊǎƻǊǎ 

ƻŦ bhо
π ό/ŀǇŜ Ŝǘ ŀƭΦΣ нллпύΦ ¢ƘŜ ŦƻǊƳŀǝƻƴ ǇŀǘƘǿŀȅ ƻŦ bhо

π ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ŎƻƴŘƛǝƻƴ ǘƻ ŦŀǾƻǳǊ 

ǘƘŜ ƻȄƛŘŀǝƻƴ ƻŦ ǘƘŜ ǇǊŜŎǳǊǎƻǊǎ ό{ŜƛƴŦŜƭŘ ŀƴŘ tŀƴŘƛǎΣ нллсύΦ  

 

/нhпнπΣ ŀǎ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ŘƛŎŀǊōƻȄȅƭƛŎ ŀŎƛŘǎ ό5/!ǎύ ǘƘŀǘ Ŏŀƴ ōŜ ŜƳƛǧŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ 

Ŧƻǎǎƛƭ ŦǳŜƭ ŎƻƳōǳǎǝƻƴΣ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎΣ ŀƴŘ ōƛƻƎŜƴƛŎ ŀŎǝǾƛǘȅ ŀƴŘ ŀǎ ǿŜƭƭ ŀǎ ōŜ ŦƻǊƳŜŘ ƛƴ ǘƘŜ 

ŀǘƳƻǎǇƘŜǊŜ Ǿƛŀ ǇƘƻǘƻŎƘŜƳƛŎŀƭ ƻȄƛŘŀǝƻƴ ƻŦ ±h/ ǇǊŜŎǳǊǎƻǊǎ ƻŦ ōƻǘƘ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŀƴŘ ōƛƻƎŜƴƛŎ 

ƻǊƛƎƛƴ όYŜǊƳƛƴŜƴ Ŝǘ ŀƭΦΣ нлллύΦ ¢ƘŜǊŜŦƻǊŜΣ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ /нhпнπ ŀƴŘ 9/ ƘŜƭǇǎ ǘƻ 

ŘƛǎǝƴƎǳƛǎƘ ƛŦ ǘƘŜ ǎƻǳǊŎŜ ƛǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ Ŧƻǎǎƛƭ ŦǳŜƭ ŎƻƳōǳǎǝƻƴ ƻǊ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎΦ Lƴ .ƻƎƻǘŀΣ 

ǘƘƛǎ ǎǘǳŘȅ ŦƻǳƴŘ ŀ ǎƛƎƴƛŬŎŀƴǘ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ /нhпнπ ŀƴŘ 9/ ŦƻǊ ŀƭƭ ǎƛȊŜ ǇŀǊǝŎƭŜǎΣ ƘƛƎƘŜǊ ƛƴ 

taф όǊн Ґ лΦтύ ǘƘŀƴ ƛƴ taнΦм ŀƴŘ taмΦм όǊн Ґ лΦсύΣ ŀƴŘ ƛƴ taлΦпо όǊн Ґ лΦнύΣ ǊŜǾŜŀƭƛƴƎ ǘƘŜ ŀǎǎƻŎƛŀǝƻƴ 

ǿƛǘƘ ƛƴŎƻƳǇƭŜǘŜ ŎƻƳōǳǎǝƻƴΦ YҌ  Ƙŀǎ ƳǳƭǝǇƭŜπǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ǎŜŀπǎŀƭǘΣ ǎƻƛƭ ŘŜǊƛǾŜŘ ǇŀǊǝŎƭŜǎ 

ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ŀƴŘ ǾŜƎŜǘŀǝƻƴ ό[ƛ Ŝǘ ŀƭΦΣ нлмоōύΦ {ƻƳŜ ǎǘǳŘƛŜǎ ƘŀǾŜ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ 

ŀōǳƴŘŀƴŎŜ ƻŦ YҌ ƛƴ ǎǳōƳƛŎǊƻƴ ǇŀǊǝŎƭŜǎ Ŏŀƴ ǎŜǊǾŜ ŀǎ ŀ ŘƛŀƎƴƻǎǝŎ ǘǊŀŎŜǊ ŦƻǊ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ 

ǎƻǳǊŎŜǎ ό!ƴŘǊŜŀŜ Ŝǘ ŀƭΦΣ мффуύΣ ǿƘƛƭŜ ǎŜŀ ǎŀƭǘ ŀƴŘ Řǳǎǘ ǎƻǳǊŎŜǎ ƘŀǾŜ ŘƻƳƛƴŀƴŎŜ ƛƴ ŎƻŀǊǎŜ 

ŦǊŀŎǝƻƴ ό{ƘŜƴ Ŝǘ ŀƭΦΣ нллфύΦ ¢ƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ YҌ ŀƴŘ /нhпнπ ǿŀǎ ƘƛƎƘŜǊ ƛƴ ǘƘŜ ǎƳŀƭƭŜǊ 

ǇŀǊǝŎƭŜǎ taлΦпо όǊн Ґ лΦтрύ ǘƘŀƴ ƛƴ ƭŀǊƎŜǊ ǇŀǊǝŎƭŜǎ όtaфύΦ Lƴ taнΦм όǊн Ґ лΦррύΣ ƛǘ ǎǳƎƎŜǎǘǎ ǘƘŀǘ 

ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ƛǎ ŀ ǎƻǳǊŎŜ ƻŦ /нhпнπ ƛƴ ǎƳŀƭƭŜǊ ǇŀǊǝŎƭŜǎ ƛƴ .ƻƎƻǘŀΣ ǿƘƛŎƘ ƛƴŎǊŜŀǎŜŘ ƛƴ ǘƘŜ ŘǊȅ 

ǎŜŀǎƻƴΦ 

 

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ŦƻǊƳŀǝƻƴ ǇŀǘƘǿŀȅ ƻŦ {hп
нπ ƛƴ ǘƘŜ ŎƻƴǝƴŜƴǘŀƭ ǘǊƻǇƻǎǇƘŜǊŜ ŎƻǊǊŜǎǇƻƴŘǎ 

ǘƻ ǘƘŜ ŀǉǳŜƻǳǎ ƻȄƛŘŀǝƻƴ ƻŦ {hн ό{ŜƛƴŦŜƭŘ ŀƴŘ tŀƴŘƛǎΣ нллсύΣ ƛƴ ŎƻƳƳƻƴ ǿƛǘƘ /нhпнπΣ ōŜŎŀǳǎŜ ƛǘ 

ŎƻƳŜǎ ŦǊƻƳ ƻŦ Ǝŀǎ ǇƘŀǎŜ ƻȄƛŘŀǝƻƴ ƻŦ ǇƻƭȅŎȅŎƭƛŎ ŀǊƻƳŀǝŎ ƘȅŘǊƻŎŀǊōƻƴǎΣ ŎȅŎƭƛŎ ƻƭŜŬƴǎΣ ŀƴŘ 

ŀƭŘŜƘȅŘŜǎ ƛƴ ǇƻƭƭǳǘŜŘ ŎƻƴǝƴŜƴǘŀƭ ŀǊŜŀǎ ό¸ǳ Ŝǘ ŀƭΦΣ нллрύΦ ¢ƘŜ ŎƻǊǊŜƭŀǝƻƴǎ ōŜǘǿŜŜƴ ǘƘŜǎŜ ƛƻƴǎ 

ǿŜǊŜ ƘƛƎƘŜǊ ƛƴ taлΦпо όǊн Ґ лΦуύ ŀƴŘ ŘŜŎǊŜŀǎŜŘ ƛƴ taф όǊн Ґ лΦсύ ƛƴ .ƻƎƻǘŀΦ ¢ƘŜ ŎƻǊǊŜƭŀǝƻƴ 

ōŜǘǿŜŜƴ /нhпнπ ŀƴŘ {hп
нπ Ŏŀƴ ōŜ ǘŀƪŜƴ ŀǎ ŀƴ ƛƴŘƛŎŀǝƻƴ ƻŦ ŀǉǳŜƻǳǎ ǇƘŀǎŜ ŦƻǊƳŀǝƻƴ ƻŦ 5/!ǎ 

ό±ŀƴ tƛƴȄǘŜǊŜƴ Ŝǘ ŀƭΦΣ нлмпύ ƛƴ ǎƳŀƭƭŜǊ ǇŀǊǝŎƭŜǎΦ tǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ƘŀǾŜ ǎƘƻǿƴ ŀ ǇƻǎƛǝǾŜ 

ŎƻǊǊŜƭŀǝƻƴ ƻŦ /нhпнπ ŀƴŘ {hп
нΦ Lƴ .ƻƎƻǘŀΩǎ ǎƳŀƭƭŜǎǘ ǇŀǊǝŎƭŜǎ όtaлΦпоύΣ ǘƘŜǊŜ ǿŀǎ ŀ ǎƛƎƴƛŬŎŀƴǘ 

ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ǘǿƻ ƎǊƻǳǇǎ ƻŦ ƛƻƴǎΥ /ŀнҌΣ aƎнҌΣ thп
оπ όǊн Ґ лΦурύ ŀƴŘ /нhпнπΣ {hп

нπΣ bhо
π όǊн Ґ 

лΦуύΦ 
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¢ƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻƴŜƴǘǎ ŎƻƭƭŜŎǘŜŘ ƛƴ tŀƭƳƛǊŀ ǎƘƻǿŜŘ ǎǘǊƻƴƎŜǊ 

ŎƻǊǊŜƭŀǝƻƴǎ ǘƘŀƴ ƛƴ .ƻƎƻǘŀΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŜȄǇƭŀƛƴŜŘ ōȅ ŀ ƭƻǿŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ǾŀǊƛŀōƛƭƛǘȅΦ CƻǊ 

ƛƴǎǘŀƴŎŜΣ ƛƴ ǇŀǊǝŎƭŜǎ ōŜƭƻǿ лΦпо mƳΣ Ƴƻǎǘ ƻŦ ²{L όbŀҌΣ thп
оπΣ bIп

ҌΣ {hп
нπΣ aŜǘƘŀƴŜǎǳƭŦƻƴŀǘŜΣ 

YҌΣ /нhпнπΣ bhо
πΣ /ŀнҌΣ aƎнҌύ ǎƘƻǿŜŘ ŀ ǎǘǊƻƴƎ ŀǎǎƻŎƛŀǝƻƴ όǊн Ҕ лΦтуύΦ {ǇŜŎƛŬŎŀƭƭȅΣ ǘƘŜ ŎƻǊǊŜƭŀǝƻƴ 

ōŜǘǿŜŜƴ YҌ ŀƴŘ bIп
Ҍ ǿƛǘƘ 9/ όǊн Ґ лΦфр ŀƴŘ лΦурΣ ǊŜǎǇŜŎǝǾŜƭȅύ ǎǳƎƎŜǎǘǎ ŀ ǎǘǊƻƴƎ ŀǎǎƻŎƛŀǝƻƴ 

ōŜǘǿŜŜƴ ƛƴŎƻƳǇƭŜǘŜ ŎƻƳōǳǎǝƻƴ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀŎǝǾƛǝŜǎΣ ǊŜƅŜŎǝƴƎ ǘƘŜ ǎƛƳǳƭǘŀƴŜƻǳǎ 

ŎƻƴǘǊƛōǳǝƻƴ ƻŦ ōƻǘƘ ǎƻǳǊŎŜǎΦ 

 

¢ƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŬƴŘƛƴƎǎ ŦǊƻƳ ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ŎƻǊǊŜƭŀǝƻƴ ƛƴ ǘƘŜ ǘǿƻ ŀƴŀƭȅǎŜŘ ŀǊŜŀǎ ǿŜǊŜ 

ǘƘŀǘ /ŀнҌ ŀƴŘ aƎнҌ ƘŀŘ ǎǘǊƻƴƎ ŎƻǊǊŜƭŀǝƻƴǎ ŦƻǊ ŀƭƭ ǇŀǊǝŎƭŜ ǎƛȊŜǎ ƛƴ ōƻǘƘ ǎƛǘŜǎ όǊн Ҕ лΦуύΣ ǿƘŜǊŜŀǎ 

ƳŜǘƘŀƴŜǎǳƭŦƻƴŀǘŜ ŀƴŘ h/ ǎƘƻǿŜŘ ǾŀǊƛƻǳǎ ƭŜǾŜƭǎ ƻŦ ŀǎǎƻŎƛŀǝƻƴ ƛƴ ōƻǘƘ ƭƻŎŀǝƻƴǎΦ Lƴ ŀƭƭ ǇŀǊǝŎƭŜ 

ǎƛȊŜǎΣ ƳŜǘƘŀƴŜǎǳƭŦƻƴŀǘŜ ŘŜƳƻƴǎǘǊŀǘŜŘ ǎƛƎƴƛŬŎŀƴǘ ŎƻǊǊŜƭŀǝƻƴǎ όǊн Ҕ лΦуύ ǿƛǘƘ bIп
ҌΣ /нhпнπΣ ŀƴŘ 

YҌΦ Lƴ ŀŘŘƛǝƻƴΣ ƛƴ taлΦпоΣ ƳŜǘƘŀƴŜǎǳƭŦƻƴŀǘŜ ŀƭǎƻ ŘƛǎǇƭŀȅŜŘ ǎǘǊƻƴƎ ŎƻǊǊŜƭŀǝƻƴǎ ǿƛǘƘ {hп
нπ όǊн Ҕ 

лΦфύΦ hƴ ŀƴƻǘƘŜǊ ƘŀƴŘΣ ǘƘŜ ƘƛƎƘŜǎǘ ŀǎǎƻŎƛŀǝƻƴǎ ƻŦ ƳŜǘƘŀƴŜǎǳƭŦƻƴŀǘŜ ƛƴ .ƻƎƻǘŀ ƛƴ taлΦпо 

ƻŎŎǳǊǊŜŘ ǿƛǘƘ bhо
π όǊн Ґ лΦтύΣ {hп

нπΣ ŀƴŘ /ƭπ όǊн Ґ лΦсύΣ ŀƴŘ ŀ ǿŜŀƪŜǊ ŎƻǊǊŜƭŀǝƻƴ ǿƛǘƘ aƎнҌΣ /ŀнҌΣ 

bŀҌ ŀƴŘ /нhпнπ όǊн Ґ лΦоύΦ hǘƘŜǊ ŎƻƳǇƻƴŜƴǘ ǘƘŀǘ ŘƛũŜǊǎ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǎƛǘŜǎ ǿŀǎ h/Σ ǿƘƛŎƘ 

ǿŀǎ ƘƛƎƘƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ 9/ ŀƴŘ ²{L ƛƴ .ƻƎƻǘŀΣ ƴƻǘ ōŜƛƴƎ ǘƘŜ ŎŀǎŜ ƛƴ tŀƭƳƛǊŀ όǇ ǾŀƭǳŜǎ Ҕ лΦлрύΦ 

¢ƘŜ ŎƻǊǊŜƭŀǝƻƴ ōŜǘǿŜŜƴ /нhпнπ ŀƴŘ {hп
нπ ǿŀǎ ǎƛƎƴƛŬŎŀƴǘ ƻƴƭȅ ŦƻǊ taлΦпо ƛƴ tŀƭƳƛǊŀΦ 
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.ƻƎƻǘŀΦ 
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tŀƭƳƛǊŀ 

   

Figure 3-12. Correlation matrix of the carbonaceous fraction (OC and EC) and water-soluble ions 
(WSIs) concentrations in different size ranges in Bogota and Palmira. Values inside the matrix 
correspond to the correlation coefficient (r), positive in blue and negative in red. White squares 
represent no significant correlations (the p value threshold was slower than 0.05), therefore 
were not considered in the analysis.  
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3.3.8. Characteristics of PM on the human respiratory system. 

 

ta ŀǾŜǊŀƎŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ǘƘŜƛǊ ŎƘŜƳƛŎŀƭ ǎǇŜŎƛŜǎ ŀǊŜ ŎƻƳǇǊƛǎŜŘ ƛƴ ¢ŀōƭŜ оπмΣ ǎǳƳƳŀǊƛǎŜŘ 

ŀŎŎƻǊŘƛƴƎ ǘƻ ǇŀǊǝŎƭŜ ǎƛȊŜ ŘŜǇƻǎƛǝƻƴ ƻƴǘƻ ŘƛũŜǊŜƴǘ ǇŀǊǘǎ ƻŦ ǘƘŜ ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳΦ ¢ƘǳǎΣ 

ǇŀǊǝŎƭŜǎ ƭŀǊƎŜǊ ǘƘŀƴ ф mƳ ǿŜǊŜ ŎƭŀǎǎƛŬŜŘ ŀǎ ƛƴƘŀƭŜŘ ǇŀǊǝŎƭŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ǊŜǘŀƛƴŜŘ ōȅ ƴŀǎŀƭ ŎƛƭƛŀΦ 

tŀǊǝŎƭŜǎ ōŜǘǿŜŜƴ ф ŀƴŘ пΦт mƳ όǎǘŀƎŜǎ ƻŦ !ƴŘŜǊǎŜƴ ƛƳǇŀŎǘƻǊ ōŜǘǿŜŜƴ фπрΦу mƳ ŀƴŘ рΦуπпΦт 

mƳύ Ŏŀƴ ŘŜǇƻǎƛǘ ƻƴǘƻ ǘƘŜ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ǘǊŜŜΦ tŀǊǝŎƭŜǎ ōŜǘǿŜŜƴ пΦт ŀƴŘ мΦм mƳ Ŏŀƴ ŘŜǇƻǎƛǘ 

ƻƴǘƻ ǘƘŜ ōǊƻƴŎƘƛƻƭŜǎ ό{ǘŀƎŜǎ ƻŦ !ƴŘŜǊǎŜƴ ƛƳǇŀŎǘƻǊ ōŜǘǿŜŜƴ пΦтπоΦоΣ оΦоπнΦм ŀƴŘ нΦмπмΦм mƳύΣ 

ŀƴŘ ǇŀǊǝŎƭŜǎ ǎƳŀƭƭŜǊ ǘƘŀƴ мΦм mƳ ό{ǘŀƎŜǎ !ƴŘŜǊǎŜƴ ƛƳǇŀŎǘƻǊ ōŜǘǿŜŜƴ мΦмπлΦсрΣ лΦсрπлΦпо ŀƴŘ 

5Ǉ ғ лΦпо mƳύ ǿƛƭƭ ǊŜŀŎƘ ǘƘŜ ŀƭǾŜƻƭƛ ŀƴŘΣ ōȅ ǘǊŀƴǎƭƻŎŀǝƻƴΣ ŎŜƭƭ ǝǎǎǳŜ ŀƴŘ ǘƘŜ ŎƛǊŎǳƭŀǘƻǊȅ ǎȅǎǘŜƳΦ 

 

¢ƘŜ ŬƴŘƛƴƎǎ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǎƘƻǿŜŘ ǘƘŀǘ ǘƘŜǊŜ ǿŀǎ ƴƻ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ 

ǇŜǊŎŜƴǘŀƎŜǎ ƻŦ ta ǘƘŀǘ Ŏŀƴ ŜƴǘŜǊΣ ŘŜǇƻǎƛǘΣ ŀƴŘ ōŜ ǊŜǘŀƛƴŜŘ ƛƴ ǘƘŜ ŘƛũŜǊŜƴǘ ǇŀǊǘǎ ƻŦ ǘƘŜ ƘǳƳŀƴ 

ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳ ŦƻǊ ōƻǘƘ ǎƛǘŜǎΦ ¢ƘǳǎΣ мсΦо҈ҕ сΦо҈Σ ноΦо҈ҕнΦо҈Σ омΦт҈ҕпΦп҈ ŀƴŘ нуΦт҈ ҕ 

сΦр҈ ƻŦ ta ōǊŜŀǘƘŜŘ ōȅ ǇŜǊǎƻƴǎ ŜȄǇƻǎŜŘ ǘƻ ƻǳǘŘƻƻǊ ŜƴǾƛǊƻƴƳŜƴǘ Ŏŀƴ ǊŜŀŎƘ ŀƴŘ ŘŜǇƻǎƛǘ ƛƴ ǘƘŜ 

ƴŀǎŀƭ ŎƛƭƛŀΣ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ǘǊŜŜΣ ōǊƻƴŎƘƛƻƭŜǎΣ ŀƴŘ ŀƭǾŜƻƭƛΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ¢Ƙƛǎ ǇŜǊŎŜƴǘŀƎŜ ōŀǊŜƭȅ 

ŎƘŀƴƎŜŘ ŦƻǊ ǘƘŜ ǎŀƳǇƭŜǎ ǘŀƪŜƴ ƛƴ ǘƘŜ .ƻƎƻǘŀ ŀƴŘ tŀƭƳƛǊŀΦ 

 

¢Ƙƛǎ ǎǘǳŘȅ ǊŜǾŜŀƭŜŘ ǘƘŀǘ ƛƴ .ƻƎƻǘŀ ƘŀŘ ŀǾŜǊŀƎŜ ta ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ммΦнн mƎκƳоΣ мсΦсм mƎκƳоΣ 

ннΦот mƎκƳоΣ ŀƴŘ нлΦуо mƎκƳо ǘƘŀǘ Ƴŀȅ ŜƴǘŜǊ ŀƴŘ ŘŜǇƻǎƛǘ ƛƴ ǘƘŜ ƴŀǎŀƭ ŎƛƭƛŀΣ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ 

ǘǊŜŜΣ ōǊƻƴŎƘƛƻƭŜǎΣ ŀƴŘ ŀƭǾŜƻƭƛΣ ǊŜǎǇŜŎǝǾŜƭȅΦ ²ƘŜǊŜŀǎ ƛƴ tŀƭƳƛǊŀΣ ǘƘƻǎŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀǊŜ ммΦнн 

mƎκƳоΣ мсΦсм mƎκƳоΣ ннΦот mƎκƳоΣ ŀƴŘ нлΦуо mƎκƳоΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ŦƻǊ ŜŀŎƘ ǎŜƎƳŜƴǘ ƻŦ ǘƘŜ 

ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ ǘǊŀŎǘΦ 

 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘƻǎŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ǇŜǊŎŜƴǘŀƎŜǎΣ ǘƘŜ ǇƻǇǳƭŀǝƻƴ ƛƴ ōƻǘƘ ǳǊōŀƴ ŀƴŘ ǎǳōǳǊōŀƴ 

ŀǊŜŀǎ Ƙŀǎ ōŜŜƴ Ŏƻƴǝƴǳƻǳǎƭȅ ŜȄǇƻǎŜŘ ǘƻ ŀ ƳƻŘŜǊŀǘŜ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ taΦ ¢ƘŜ ǘƘƛǊŘ ǇŀǊǘ ƻŦ 

ōǊŜŀǘƘŀōƭŜ ǇŀǊǝŎƭŜǎ ƛƴ .ƻƎƻǘł όнфΦф҈ύ Ŏŀƴ ǊŜŀŎƘ ŀƴŘ ŘŜǇƻǎƛǘ ƛƴ ǘƘŜ ŀƭǾŜƻƭƛ ŀƴŘ ƳƻǊŜ ǘƘŀƴ ŀ ƘŀƭŦ 

όслΦм҈ύ ƛƴ ǘƘŜ ōǊƻƴŎƘƛƻƭŜǎ ŀƴŘ ŘŜŜǇŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳΣ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ 

Ǌƛǎƪ ƻŦ ƴŜƎŀǝǾŜ ƘŜŀƭǘƘ ŜũŜŎǘǎΦ Lƴ tŀƭƳƛǊŀΣ ǘƘƻǎŜ ǇŜǊŎŜƴǘŀƎŜǎ ǿŜǊŜ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊΣ нр҈ ƛƴǘƻ ŀƭǾŜƻƭƛ 

ŀƴŘ руΦу҈ ƛƴǘƻ ōǊƻƴŎƘƛƻƭŜǎ ŀƴŘ ŘŜŜǇŜǊ ǇŀǊǘǎΣ ǿƘƛŎƘ ƛǎ ƴƻǘ ŀ ŦŀǾƻǊŀōƭŜ ŬƴŘƛƴƎ ŦƻǊ ǘƘŜ ǇǳōƭƛŎ 

ƘŜŀƭǘƘ ƻŦ ǘƘƻǎŜ ǇƭŀŎŜǎΦ  
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hǊƎŀƴƛŎ /ŀǊōƻƴ όh/ύ ƛǎ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ǎǇŜŎƛŜǎ ŦƻǊ ŀƭƭ ǇŀǊǝŎƭŜ ǎƛȊŜǎΣ ǿƘƛŎƘ ƛƳǇƭƛŜǎ ǘƘŀǘ ŜƛǘƘŜǊ 

ŀƭǾŜƻƭǳǎΣ ōǊƻƴŎƘƛƻƭŜǎΣ ǘƘŜ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ǘǊŜŜΣ ŀƴŘ ǘƘŜ ƴŀǎŀƭ ōǊŜŀǘƘƛƴƎ ŀǊŜŀǎ ǿŜǊŜ ŀǾŀƛƭŀōƭŜ 

ǘƻ ōŜ ƛƳǇŀŎǘŜŘ ōȅ h/Φ IƻǿŜǾŜǊΣ ŘŜŜǇŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳ Ŏƻƴǘŀƛƴ ƘƛƎƘŜǊ ŀƳƻǳƴǘǎΦ 

!ǎ ŀ ǊŜǎǳƭǘΣ ƛƴ ōƻǘƘ ǳǊōŀƴ ŀƴŘ ǎǳōǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘǎΣ он҈ ƻŦ h/ ōǊŜŀǘƘŀōƭŜ Ŏŀƴ ŜƴǘŜǊ ŀƭǾŜƻƭƛΣ 

ом҈ Ŏŀƴ ŀŎŎŜǎǎ ōǊƻƴŎƘƛƻƭŜǎΣ нр҈ ǘƻ ǘƘŜ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ǘǊŜŜΣ ŀƴŘ мм҈ ƛǎ ǊŜǘŀƛƴŜŘ ƛƴ ǘƘŜ ƴŀǎŀƭ 

ōǊŜŀǘƘƛƴƎ ŀǊŜŀΦ ¢ƘŜ ƴŜȄǘ ǎǇŜŎƛŜǎ ǿƛǘƘ ǘƘŜ ƘƛƎƘŜǎǘ ǉǳŀƴǝǝŜǎ ƛǎ ŜƭŜƳŜƴǘŀƭ ŎŀǊōƻƴΣ ƘƻǿŜǾŜǊ 

ōŜŎŀǳǎŜ ƻŦ ƛǘǎ ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǝƻƴ ƛƴ ǎƳŀƭƭŜǊ ǇŀǊǝŎƭŜǎΣ ŀ ƎǊŜŀǘŜǊ ǇǊƻǇƻǊǝƻƴ ƻŦ 9/ ǊŜŀŎƘŜǎ ǘƘŜ 

ŀƭǾŜƻƭƛΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ су҈ ό.ƻƎƻǘŀύ ς ру҈ όtŀƭƳƛǊŀύ ƻŦ 9/ ŜƴǘŜǊ ǘƘŜ ŀƭǾŜƻƭƛΣ нл҈ ǊŜŀŎƘ ǘƘŜ 

ōǊƻƴŎƘƛƻƭŜǎΣ ф҈ όǳǊōŀƴύ ς му҈ όǎǳōǳǊōŀƴύ ǊŜŀŎƘ ǘƘŜ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ǘǊŜŜΣ ŀƴŘ ф҈ όǳǊōŀƴύ ς 

п҈ όǎǳōǳǊōŀƴύ ǊŜŀŎƘ ǘƘŜ ƴŀǎŀƭ ōǊŜŀǘƘƛƴƎ ŀǊŜŀΦ Lƴ ǘƘƛǎ ƛƴǎǘŀƴŎŜΣ ŀ ƭƻǿŜǊ ŀƳƻǳƴǘ ƻŦ 9/ ǊŜŀŎƘŜǎ 

ǘƘŜ ŀƭǾŜƻƭƛΣ ōǳǘ ƳƻǊŜ 9/ ōǳƛƭŘǎ ǳǇ ƛƴ ǘƘŜ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ǘǊŜŜ ƛƴ tŀƭƳƛǊŀ ǘƘŀƴ ƛƴ .ƻƎƻǘŀΦ 

!ŘŘƛǝƻƴŀƭƭȅΣ ǘƘŜǊŜ ŀǊŜ ǾŀǊƛŀǝƻƴǎ ƛƴ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 9/ ƛƴ ƛƴƘŀƭŜŘ ǇŀǊǝŎƭŜǎΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŀǧǊƛōǳǘŜ 

ǘƻ ǘƘŜ ƘƛƎƘ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ 9/ ƛƴ ǊŜǎǳǎǇŜƴŘŜŘ Řǳǎǘ ƛƴ .ƻƎƻǘŀΦ  

 

²L{L ŎƻƳǇǊƛǎŜŘ мнΦп ҕ рΦл҈ ŀƴŘ ммΦп ҕ нΦф҈ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ ƛƴƘŀƭŜ ǇŀǊǝŎƭŜǎ ƛƴ 

.ƻƎƻǘŀ ŀƴŘ tŀƭƳƛǊŀΣ ǊŜǎǇŜŎǝǾŜƭȅΦ !ǘ ōƻǘƘ ǎƛǘŜǎΣ ǎƛƳƛƭŀǊ ŦǊŀŎǝƻƴǎ ƻŦ ²L{L ǿƛƭƭ ŎƻǳƭŘ ŜƴǘŜǊ ǘƻ 

ŘƛũŜǊŜƴǘ ǇŀǊǘǎ ƻŦ ǘƘŜ ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳΣ ōŜŎŀǳǎŜ ǘƘŜǊŜ ǿŀǎ ƴƻ ƴƻǝŎŜŀōƭŜ ŘƛũŜǊŜƴŎŜ 

ōŜǘǿŜŜƴ ǘƘŜǎŜ ŦǊŀŎǝƻƴǎ όǇ Ҕ лΦорύΦ Lƴ .ƻƎƻǘŀΣ пΦпҕнΦс҈Σ пΦлҕнΦн ҈Σ нΦлҕлΦу ҈Σ ŀƴŘ нΦлҕнΦф ҈ ƻŦ 

ǘƻǘŀƭ ǇŀǊǝŎƭŜ Ƴŀǎǎ ƛƴƘŀƭŜŘ Ŏŀƴ ŜƴǘŜǊ ŀƭǾŜƻƭƛΣ ōǊƻƴŎƘƛƻƭŜǎΣ ǘƘŜ ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ǘǊŜŜ ŀƴŘ ǘƘŜ 

ƴŀǎŀƭ ōǊŜŀǘƘƛƴƎ ŀǊŜŀΦ Lƴ tŀƭƳƛǊŀΣ ǘƘƻǎŜ ŦǊŀŎǝƻƴǎ ŎƻǊǊŜǎǇƻƴŘ ǘƻ рΦпҕнΦм҈Σ оΦнҕлΦт҈Σ нΦлҕлΦу҈Σ 

ŀƴŘ лΦуҕлΦн҈Φ 
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Figure 3-13. Boxplot of the chemical species concentrations in Bogota and Palmira, for 
different parts of the human respiratory tract. 

Table 3-1. Average and standard deviation of OC, EC, and WSI concentrations (mg/m3) 
classified by particle size, according to their deposition along the human respiratory tract. 
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[ƻŎŀǝƻƴ {ǇŜŎƛŜǎ 
!ƭǾŜƻƭƛ .ǊƻƴŎƘƛƻƭŜǎ ¢ǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ǘǊŜŜ LƴƘŀƭŜŘ tŀǊǝŎƭŜǎ 

ƳŜŀƴ ǎŘ ƳŜŀƴ ǎŘ ƳŜŀƴ ǎŘ ƳŜŀƴ ǎŘ 

.ƻƎƻǘŀ h/ сΦлтф оΦнрс рΦфпу нΦфм пΦсу мΦтто нΦост мΦнтт 

tŀƭƳƛǊŀ h/ рΦсон лΦррф рΦтпн лΦсмф пΦрлн мΦруф мΦтун лΦнпу 

.ƻƎƻǘŀ 9/ пΦфнп нΦтор мΦпо лΦуфн лΦсон лΦспс лΦоло лΦнфу 

tŀƭƳƛǊŀ 9/ мΦлсф лΦнмф лΦпсо лΦлум лΦосф лΦлуф лΦмуо лΦлу 

.ƻƎƻǘŀ {hпнπ мΦлфф мΦлмп лΦфу лΦсфс лΦрсу лΦосп лΦплн лΦрмс 

tŀƭƳƛǊŀ {hпнπ мΦрст лΦсфф лΦсфм лΦнуп лΦооо лΦмтс лΦмон лΦлрс 

.ƻƎƻǘŀ bhоπ лΦсрс лΦслу лΦоот лΦолф лΦммт лΦмоо лΦммн лΦмпр 

tŀƭƳƛǊŀ bhоπ лΦнтр лΦмпф лΦнтт лΦлтп лΦнсо лΦлфс лΦмтт лΦлсс 

.ƻƎƻǘŀ bŀҌ лΦпсн лΦпсс лΦртп лΦррп лΦноф лΦнмс лΦофс мΦлмс 

tŀƭƳƛǊŀ bŀҌ лΦлфм лΦлрп лΦмлн лΦлоу лΦлрн лΦлро лΦллн л 

tŀƭƳƛǊŀ bIпҌ лΦпмн лΦнмф лΦлр лΦлрн лΦлмм лΦллн лΦллт лΦлло 

.ƻƎƻǘŀ bIпҌ лΦолм лΦпмо лΦлфо лΦмну лΦлнп лΦлуо лΦллн лΦллн 

.ƻƎƻǘŀ thпоπ лΦнтп лΦопф лΦорс лΦрлт лΦмнф лΦмум лΦлро лΦмпс 

tŀƭƳƛǊŀ thпоπ лΦлфт лΦлпр лΦлн лΦлнм лΦлнф лΦлпр л л 

tŀƭƳƛǊŀ /ŀнҌ лΦмфс лΦлсм лΦнмр лΦлмф лΦмнф лΦлму лΦлру лΦлно 

.ƻƎƻǘŀ /ŀнҌ лΦмсу лΦммп лΦноп лΦмпт лΦмрф лΦлфо лΦмпф лΦмтс 

.ƻƎƻǘŀ /ƭπ лΦмуо лΦмпо лΦмсн лΦмло лΦмо лΦлуу лΦмм лΦмму 

tŀƭƳƛǊŀ /ƭπ лΦмлн лΦлрм лΦнпп лΦлпт лΦмс лΦлт лΦлоф лΦлмт 

tŀƭƳƛǊŀ /нhпнπ лΦмрн лΦлро лΦмм лΦлнн лΦлс лΦлмр лΦлнн лΦллп 

.ƻƎƻǘŀ /нhпнπ лΦмнм лΦмлр лΦмлс лΦлсф лΦлру лΦлос лΦлпр лΦлуп 

.ƻƎƻǘŀ YҌ лΦлр лΦлсу лΦлн лΦлнн лΦлмо лΦлнн лΦлнс лΦлту 

tŀƭƳƛǊŀ YҌ лΦлпр лΦлнр лΦлнн лΦлмм лΦлмп лΦллр лΦллу лΦллп 

.ƻƎƻǘŀ aŜǘƘŀƴǎǳƭŦƻƴŀǘŜ лΦллс лΦллт лΦллп лΦллф лΦллн лΦллс лΦллм лΦллн 

tŀƭƳƛǊŀ aŜǘƘŀƴǎǳƭŦƻƴŀǘŜ лΦлоу лΦлмф лΦллп лΦлло л лΦллм л л 

.ƻƎƻǘŀ aƎнҌ лΦлор лΦлом лΦлоу лΦло лΦлмф лΦлмр лΦлмп лΦлнн 

tŀƭƳƛǊŀ aƎнҌ лΦлон лΦллф лΦлпп лΦллу лΦлмф лΦллт лΦллп лΦллн 

.ƻƎƻǘŀ /Ihнπ лΦлн лΦллт лΦлнм лΦллф лΦлн лΦлмп лΦлпо лΦмно 

tŀƭƳƛǊŀ /Ihнπ лΦлнн лΦлм лΦлмт л лΦлмо лΦлло лΦллт лΦлло 
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.ƻƎƻǘŀ bhнπ лΦллн лΦллм лΦлло лΦллн лΦллн лΦллм лΦллп лΦлмн 

tŀƭƳƛǊŀ bhнπ лΦллн лΦллм лΦллр л лΦлло л лΦллн л 

.ƻƎƻǘŀ Cπ лΦллн лΦллн лΦллр лΦллс лΦлло лΦллп лΦлло лΦллф 

tŀƭƳƛǊŀ Cπ лΦллм л лΦллм л л л л л 

.ƻƎƻǘŀ .Ǌπ лΦллм лΦллп л лΦллн л л л л 

tŀƭƳƛǊŀ .Ǌπ л л л л л л л л 

3.3.9. Chemical composition of breathily particles. 

Based on the chemical composition size-segregated was estimated the chemical 

composition of the particles breathable in Bogota and Palmira, establishing the average 

concentrations and percentage of organic carbon, elemental carbon and the major 

water-soluble ions contained in the particles that can reach into the nasal cilia, 

tracheobronchial tree, bronchioles, and alveoli, respectively. The average 

concentrations and percentages of each chemical species present in the particles that 

can enter the various parts of the human respiratory system are shown in Figure 3-14. 

According to the findings of this study, the carbonaceous fraction of OC and EC and the 

WSI's can explain about 70% of the average particle mass concentration that reaches 

alveoli, 44% of particles that enter bronchioles, 42% of particles that reach the 

tracheobronchial area, and 30% of mass. 40.6% and 29.2% of particle mass 

concentrations that reach alveoli corresponds to OC in Palmira and Bogota, 

respectively, while EC represent 7,7% and 23.6% for each site. Despite the percentage 

of OC was notably higher in Palmira, the  average concentration of OC that reach to 

Alveoli was not much different between both places, 5.6 mg/m3 and 6.1 mg/m3 in Bogotá 

and Palmira, respectively. Whereas the concentration of EC in alveoli was significantly 

higher in Bogota (4.9 mg/m3) than Palmira (1.1 mg/m3) as shown in Table 3-1.  
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Figure 3-14. Chemical composition of aerosol particles based on their size and their 
penetration into the human respiratory tract. 

 

The composition of ammonium sulphate ((NH4)2SO4), ammonium nitrate (NH4NO3), 

Organic material (OM), Elemental Carbon (EC) and Particle-bound water (PBW) were 

calculated, according to the size fraction that can penetrate in the different parts of the 

human respiratory system, as simulated by the Andersen impactor. Figure 3-14 shows 

pie plots of the chemical composition of particles that can penetrate the alveoli, bronchi, 

trachea, pharynx and inhalable particles for rainy and dry periods. There was no 

perceptible influence of seasonal variations in the chemical composition of particles. 

The best mass closure was obtained for smaller particles that can penetrate the alveoli 

(Dp < 1.1 mm), which contained 22% elemental carbon, 12% inorganic salts (Ammonium 

nitrate and Ammonium sulfate), 50% organic material, and 3% of particle-bound water 

(PBW). OM was nearly 50% of PM mass in the size fractions that penetrate bronchi, 

trachea, and pharynx; and decreased for inhalable particles. EC gradually decreases, 

being 11% of PM mass concentration that reach the terminal bronchi, 5% in secondary 

bronchi, 4% in trachea & primary bronchi and 3% in pharynx. Besides, inorganic salts 

decrease its proportion in the largest particles. Considering that PBW was estimated 

from concentrations of hygroscopic ions (SO4
2-, NH4 and NO3), its percentage also 
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decreased in larger particles, staying in the range of 1 to 3% of PM mass concentration. 

Conversely, the unreconstructed fraction was higher in larger particles, which can be 

attributed to the fraction associated with traces of elemental oxides and crustal material. 

The unreconstructed fraction of particles that can reach the alveoli was 13%. Previous 

studies about PM1 and their chemical composition conducted in urban areas, with 

similar mass concentrations of PM1, obtained comparable percentages of OM, EC, and 

slightly higher percentages of sulphate and nitrate (Aiken et al., 2009). In those studies, 

components derived from elemental analysis, such as, soil, and trace metals explained 

5% and 3% of mass, respectively, which is in the same range of unreconstructed fraction 

in PM1.1 in this study. 
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Figure 3-15. Chemical composition of aerosol particles based on their size and their 
penetration into the human respiratory tract. 

3.4. Conclusions  

Lƴ ǘƘƛǎ ǎǘǳŘȅΣ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀŜǊƻǎƻƭǎ ŦǊƻƳ ǘǿƻ ǎƛǘŜǎ ƛƴ /ƻƭƻƳōƛŀ ǿŜǊŜ ŜȄŀƳƛƴŜŘ ŦƻǊ ǘƘŜƛǊ ǘƻǘŀƭ 

Ƴŀǎǎ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴΣ ŀǎ ǿŜƭƭ ŀǎ ƻǊƎŀƴƛŎ ŀƴŘ ŜƭŜƳŜƴǘŀƭ ŎŀǊōƻƴΣ ŀƴŘ ǿŀǘŜǊπǎƻƭǳōƭŜ ƛƻƴ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎΦ ¢ƘŜ ŬǊǎǘ ǎƛǘŜΣ ƛƴ ǘƘŜ ƳŜƎŀŎƛǘȅ ƻŦ .ƻƎƻǘŀΣ ǿŀǎ Ƴƻǎǘƭȅ ƛƳǇŀŎǘŜŘ ōȅ ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ 

ǘǊŀŶŎ ŜƳƛǎǎƛƻƴǎΣ ǿƘŜǊŜŀǎ ǘƘŜ ǎŜŎƻƴŘ ǎƛǘŜ ǿŀǎ ƛƴ tŀƭƳƛǊŀΣ ŀƴ ŀƎǊƻπƛƴŘǳǎǘǊƛŀƭ ǘƻǿƴ ƛƳǇŀŎǘŜŘ ōȅ 



117 

 

117 
 

ŀ ŘƛǾŜǊǎƛǘȅ ƻŦ ŀǘƳƻǎǇƘŜǊƛŎ ŜƳƛǎǎƛƻƴ ǎƻǳǊŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ōƻǘƘ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŀƴŘ ōƛƻƎŜƴƛŎ 

ŜƳƛǎǎƛƻƴǎΦ  

¢Ƙƛǎ ǎǘǳŘȅ ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ǘƘŜ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ ƘƛƎƘŜǊ ƛƴ .ƻƎƻǘŀ ǘƘŀƴ ƛƴ tŀƭƳƛǊŀΦ Lƴ 

ǘƘƛǎ ǿŀȅ ŀǾŜǊŀƎŜ taфΣ taнΦмΣ taмΦм ŀƴŘ taлΦпо ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿŜǊŜ рфΦу mƎκƳоΣ нуΦп mƎκƳоΣ 

нлΦу mƎκƳоΣ сΦу mƎκƳоΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ƛƴ .ƻƎƻǘŀΤ псΦо mƎκƳоΣ мфΦн mƎκƳоΣ моΦу mƎκƳоΣ 

пΦн mƎκƳоΣ ǊŜǎǇŜŎǝǾŜƭȅΣ ƛƴ tŀƭƳƛǊŀΦ Lƴ .ƻƎƻǘŀΣ ǇŀǊǝŎǳƭŀǊƭȅΣ ƭŀǊƎŜǊ ǇŀǊǝŎƭŜǎ ƘŀŘ ŀ ǿƛŘŜ ǾŀǊƛŀōƛƭƛǘȅ 

ƻŦ ǘƘŜƛǊ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ǿŜǊŜ ƳƻǊŜ ǎǘǊƻƴƎƭȅ ƛƴƅǳŜƴŎŜŘ ōȅ ǘƘŜ Ǌŀƛƴ ŜǾŜƴǘǎ ƛƴ ŎƻƳǇŀǊƛǎƻƴ 

ǿƛǘƘ ǘƘŜ ǎƳŀƭƭŜǊ ǇŀǊǝŎƭŜǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ taлΦпоκtaфΣ taмΦмκtaф ŀƴŘ taнΦмκtaф ŘƛŘ ƴƻǘ 

ǎƘƻǿ ŀ ǎǳōǎǘŀƴǝŀƭ ŘŜǾƛŀǝƻƴ ŀƴŘ ǿŜǊŜ ǳƴŀũŜŎǘŜŘ ōȅ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǇǊŜŎƛǇƛǘŀǝƻƴΦ  

 

¢ƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǘƻǘŀƭ Ƴŀǎǎ ǎƛȊŜ ǿŀǎ ōƛƳƻŘŀƭ ƛƴ ōƻǘƘ ƭƻŎŀǝƻƴǎΣ ǿƛǘƘ ǇŜŀƪǎ ƛƴ ǘƘŜ ŬƴŜ ƳƻŘŜ 

ŀǘ лΦпоςмΦм˃Ƴ ŀƴŘ ǘƘŜ ŎƻŀǊǎŜ ƳƻŘŜ ŀǘ пΦтςфΦл ˃ƳΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǎŜǧƭŜŘ ǘƘŀǘ но 

ҕммΦо ҈ ƻŦ ta ƛƴƘŀƭŀōƭŜ ŎƻƭƭŜŎǘŜŘ ƛƴ .ƻƎƻǘł ƘŀǾŜ ŀ ǎƛȊŜ ǎƳŀƭƭŜǊ ǘƘŀƴ мΦм Ƴ˃Σ ǿƘƛŎƘ 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻ ǘƘŜ ŦǊŀŎǝƻƴ ƻŦ ta ƛƴƘŀƭŀōƭŜ ǘƘŀǘ Ŏŀƴ ŜƴǘŜǊ ǘƻ ǘƘŜ ŀƭǾŜƻƭƛ ƻŦ ǇŜƻǇƭŜ ŜȄǇƻǎŜŘ 

ƻŦ ŀƛǊ Ǉƻƭƭǳǝƻƴ ƛƴ ǘƘŜ ŀǊŜŀ ǎǘǳŘƛŜŘΦ Lƴ ŎŀǎŜ ƻŦ ǎŀƳǇƭŜǎ ŎƻƭƭŜŎǘŜŘ ƛƴ tŀƭƳƛǊŀΣ ǘƘƛǎ ŦǊŀŎǝƻƴ 

ŎƻǊǊŜǎǇƻƴŘŜŘ ǘƻ моΦу ҕмΦф҈ ƻŦ ta ƛƴƘŀƭŀōƭŜΦ  

 

aƻǎǘ ŎƻƳǇƻƴŜƴǘǎ ŀƴŀƭȅȊŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅΣ ǎǳŎƘ ŀǎ h/Σ 9/Σ {hп
нπΣ bhоπΣ YҌΣ /нhпнπΣ ŀƴŘ ŦƻǊƳŀǘŜ 

ǎƘƻǿŜŘ ōƛƳƻŘŀƭ Ƴŀǎǎ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎ ƛƴ .ƻƎƻǘŀ ŀƴŘ tŀƭƳƛǊŀΣ ǿƘƛƭŜ ƻǘƘŜǊ ǿŀǘŜǊπǎƻƭǳōƭŜ ƛƻƴǎΣ 

ŦƻǊ ƛƴǎǘŀƴŎŜΣ bŀҌΣ bIпҌΣ /Iоhо{πΣ ŀƴŘ /ƭπ ŎƭŜŀǊƭȅ ŘƛǎǇƭŀȅŜŘ ǳƴƛƳƻŘŀƭ ŘƛǎǘǊƛōǳǝƻƴǎΦ ¢ƘŜ Ƴŀǎǎ ǎƛȊŜ 

ŘƛǎǘǊƛōǳǝƻƴǎ ƻŦ ƻǘƘŜǊ ŎƘŜƳƛŎŀƭǎΣ ǎǳŎƘ ŀǎ /ŀнҌ ŀƴŘ aƎнҌ ǿŜǊŜ ŘƛũŜǊŜƴǘ ŦƻǊ ŜŀŎƘ ǎƛǘŜ ǎǘǳŘƛŜŘΦ 

 

tŀǊǝŎƭŜǎ ƛƴ .ƻƎƻǘŀ ƘŀŘ ŀ ŘƛũŜǊŜƴǘ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ 9/ ǘƘŀƴ tŀƭƳƛǊŀΣ ǿƛǘƘ рт҈ ƻŦ 9/ ƛƴ ǘƘŜ ŬƴŜ 

ƳƻŘŜ ό5Ǉ ғ нΦм mƳύ ƛƴ tŀƭƳƛǊŀ ŀƴŘ тн҈ ƛƴ .ƻƎƻǘŀΦ Lƴ ōƻǘƘ ǎƛǘŜǎΣ пн҈ ƻŦ h/ ǿŀǎ ƛƴ ǘƘŜ ŬƴŜ ƳƻŘŜΦ 

! ŎƻƴǎƛŘŜǊŀōƭŜ ŀƳƻǳƴǘ ƻŦ {hпнπΣ ƻƴŜ ƻŦ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ²{Lǎ ƛƴ taΣ ǿŀǎ ŦƻǳƴŘ ƛƴ ǘƘŜ ŬƴŜ 

ƳƻŘŜΣ ǿƛǘƘ ŀ ƴƻǘŀōƭŜ ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜ ǇǊƻǇƻǊǝƻƴ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎƛǘŜΥ сф҈ ƛƴ tŀƭƳƛǊŀ ŀƴŘ 

по҈ ƛƴ .ƻƎƻǘŀΦ bhоπ ǎƘƻǿŜŘ ŀƴ ƻǇǇƻǎƛǘŜ ŘƛǎǘǊƛōǳǝƻƴ ŦƻǊ {hп
нπΣ ŀŎŎǳƳǳƭŀǝƴƎ сн҈ ƛƴ ǘƘŜ ŬƴŜ 

ƳƻŘŜ ƛƴ .ƻƎƻǘŀ ŀƴŘ ос҈ ƛƴ tŀƭƳƛǊŀΦ aƻǊŜ ǘƘŀƴ тр҈ ƻŦ /Iоhо{π ǿŀǎ ƛƴ ǘƘŜ ŬƴŜ ƳƻŘŜΦ 

 

¢ƘŜ ǊŜƭŀǝǾŜ ŀōǳƴŘŀƴŎŜ ƻŦ ǎƻƳŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻƴŜƴǘǎ ƴƻǝŎŜŘ ŘǳǊƛƴƎ ǘƘŜ ƴƻ ǇǊŜŎƛǇƛǘŀǝƻƴǎ Řŀȅǎ 

ƛƴ .ƻƎƻǘłΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ taмΦм ŀƴŘ taнΦмΣ ǊŜǾŜƭŜŘ ǘƘŜ ŦƻǊƳŀǝƻƴ ƻŦ ǎŜŎƻƴŘŀǊȅ ŀŜǊƻǎƻƭǎ ŘǳǊƛƴƎ 
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ǘƘƛǎ ǿŜŀǘƘŜǊ ŎƻƴŘƛǝƻƴǎΦ  ¢ƘŜ ƛƴŎǊŜŀǎŜǎ ƻŦ taмΦм ŀƴŘ taнΦм ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŘǳǊƛƴƎ ǘƘŜ ƴƻ 

ǇǊŜŎƛǇƛǘŀǝƻƴ Řŀȅǎ ŎƻǳƭŘ ōŜ ŀǎǎƻŎƛŀǘŜŘ ǘƻ ŜƳƛǎǎƛƻƴǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ŀƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ƻǇŜƴ ōƛƻƳŀǎǎ 

ōǳǊƛƴƎΣ ŜȄǇƭŀƛƴŜŘ ōȅ ǘƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ /нhпнπΣ YҌΣ ŀƴŘ bIп
ҌΣ ƳŀƛƴƭȅΦ  

 

¢ƘŜ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ta ōǊŜŀǘƘƛƭȅ ǘƘŀǘ Ŏŀƴ ŜƴǘŜǊΣ ŘŜǇƻǎƛǘΣ ŀƴŘ ōŜ ǊŜǘŀƛƴŜŘ ƛƴ ǘƘŜ ƴŀǎŀƭ ŎƛƭƛŀΣ 

ǘǊŀŎƘŜƻōǊƻƴŎƘƛŀƭ ǘǊŜŜΣ ōǊƻƴŎƘƛƻƭŜǎΣ ŀƴŘ ŀƭǾŜƻƭƛ ǿŀǎ ƴƻ ǎƛƎƴƛŬŎŀƴǘ ŘƛũŜǊŜƴǘ ƛƴ .ƻƎƻǘŀ ǘƘŀƴ 

tŀƭƳƛǊŀΣ ŜǉǳƛǾŀƭŜƴǘ ǘƻ мсΦо҈ҕ сΦо҈Σ ноΦо҈ҕнΦо҈Σ омΦт҈ҕпΦп҈ ŀƴŘ нуΦт҈ ҕ сΦр҈Σ ǊŜǎǇŜŎǝǾŜƭȅΦ 

¢ƘŜ ǘƘƛǊŘ ǇŀǊǘ ƻŦ ōǊŜŀǘƘŀōƭŜ ǇŀǊǝŎƭŜǎ ƛƴ .ƻƎƻǘł όнфΦф҈ύ Ŏŀƴ ǊŜŀŎƘ ŀƴŘ ŘŜǇƻǎƛǘ ƛƴ ǘƘŜ ŀƭǾŜƻƭƛ ŀƴŘ 

ƳƻǊŜ ǘƘŀƴ ŀ ƘŀƭŦ όслΦм҈ύ ƛƴ ǘƘŜ ōǊƻƴŎƘƛƻƭŜǎ ŀƴŘ ŘŜŜǇŜǊ ǇŀǊǘǎ ƻŦ ǘƘŜ ƘǳƳŀƴ ǊŜǎǇƛǊŀǘƻǊȅ ǎȅǎǘŜƳΦ 

Lƴ tŀƭƳƛǊŀΣ ǘƘƻǎŜ ǇŜǊŎŜƴǘŀƎŜǎ ǿŜǊŜ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊΣ нр҈ ƛƴǘƻ ŀƭǾŜƻƭƛ ŀƴŘ руΦу҈ ƛƴǘƻ ōǊƻƴŎƘƛƻƭŜǎ 

ŀƴŘ ŘŜŜǇŜǊ ǇŀǊǘǎΦ  

3.5. References 

!ƛƪŜƴΣ !Φ /ΦΣ {ŀƭŎŜŘƻΣ 5ΦΣ /ǳōƛǎƻƴΣ aΦ WΦΣ IǳũƳŀƴΣ WΦ !ΦΣ 5Ŝ/ŀǊƭƻΣ tΦ CΦΣ ¦ƭōǊƛŎƘΣ LΦ aΦΣ 5ƻŎƘŜǊǘȅΣ 

YΦ {ΦΣ {ǳŜǇŜǊΣ 5ΦΣ YƛƳƳŜƭΣ WΦ wΦΣ ²ƻǊǎƴƻǇΣ 5Φ wΦΣ ¢ǊƛƳōƻǊƴΣ !ΦΣ bƻǊǘƘǿŀȅΣ aΦΣ {ǘƻƴŜΣ 9Φ !ΦΣ 

{ŎƘŀǳŜǊΣ WΦ WΦΣ ±ƻƭƪŀƳŜǊΣ wΦ aΦΣ CƻǊǘƴŜǊΣ 9ΦΣ 5Ŝ CƻȅΣ .ΦΣ ²ŀƴƎΣ WΦΣ [ŀǎƪƛƴΣ !ΦΣ {ƘǳǧƘŀƴŀƴŘŀƴΣ ±ΦΣ 

½ƘŜƴƎΣ WΦΣ ½ƘŀƴƎΣ wΦΣ DŀũƴŜȅΣ WΦΣ aŀǊƭŜȅΣ bΦ !ΦΣ tŀǊŜŘŜǎπaƛǊŀƴŘŀΣ DΦΣ !ǊƴƻǧΣ ²Φ tΦΣ aƻƭƛƴŀΣ [Φ ¢ΦΣ 

{ƻǎŀΣ DΦ ŀƴŘ WƛƳŜƴŜȊΣ WΦ [ΦΥ aŜȄƛŎƻ /ƛǘȅ ŀŜǊƻǎƻƭ ŀƴŀƭȅǎƛǎ ŘǳǊƛƴƎ aL[!Dwh ǳǎƛƴƎ ƘƛƎƘ ǊŜǎƻƭǳǝƻƴ 

ŀŜǊƻǎƻƭ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘǊȅ ŀǘ ǘƘŜ ǳǊōŀƴ ǎǳǇŜǊǎƛǘŜ ό¢лύ π tŀǊǘ мΥ CƛƴŜ ǇŀǊǝŎƭŜ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ 

ƻǊƎŀƴƛŎ ǎƻǳǊŎŜ ŀǇǇƻǊǝƻƴƳŜƴǘΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ фόмтύΣ ссооςссроΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмфпκŀŎǇπфπссооπнллфΣ нллфΦ 

!ƴŘǊŜŀŜΣ aΦ hΦΣ !ƴŘǊŜŀŜΣ ¢Φ ²ΦΣ !ƴƴŜƎŀǊƴΣ IΦΣ .ŜŜǊΣ WΦΣ /ŀŎƘƛŜǊΣ IΦΣ [Ŝ /ŀƴǳǘΣ tΦΣ 9ƭōŜǊǘΣ ²ΦΣ 

aŀŜƴƘŀǳǘΣ ²ΦΣ {ŀƭƳŀΣ LΦΣ ²ƛŜƴƘƻƭŘΣ CΦ DΦ ŀƴŘ ½ŜƴƪŜǊΣ ¢ΦΥ !ƛǊōƻǊƴŜ ǎǘǳŘƛŜǎ ƻŦ ŀŜǊƻǎƻƭ ŜƳƛǎǎƛƻƴǎ 

ŦǊƻƳ ǎŀǾŀƴƴŀ ŬǊŜǎ ƛƴ ǎƻǳǘƘŜǊƴ !ŦǊƛŎŀΥ нΦ !ŜǊƻǎƻƭ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴΣ WΦ DŜƻǇƘȅǎΦ wŜǎΦ 

!ǘƳƻǎΦΣ млоό5нпύΣ онммфςонмнуΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнфκфуW5лннулΣ мффуΦ 

.ŜƘŜǊŀΣ {Φ bΦΣ {ƘŀǊƳŀΣ aΦΣ !ƴŜƧŀΣ ±Φ tΦ ŀƴŘ .ŀƭŀǎǳōǊŀƳŀƴƛŀƴΣ wΦΥ !ƳƳƻƴƛŀ ƛƴ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΥ 

! ǊŜǾƛŜǿ ƻƴ ŜƳƛǎǎƛƻƴ ǎƻǳǊŎŜǎΣ ŀǘƳƻǎǇƘŜǊƛŎ ŎƘŜƳƛǎǘǊȅ ŀƴŘ ŘŜǇƻǎƛǝƻƴ ƻƴ ǘŜǊǊŜǎǘǊƛŀƭ ōƻŘƛŜǎΣ 

9ƴǾƛǊƻƴΦ {ŎƛΦ tƻƭƭǳǘΦ wŜǎΦΣ нлόммύΣ улфнςумомΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллтκǎмморсπлмоπнлрмπфΣ 

нлмоΦ 

/ŀǇŜΣ WΦ bΦΣ ¢ŀƴƎΣ ¸Φ {ΦΣ ±ŀƴ 5ƛƧƪΣ bΦΣ [ƻǾŜΣ [ΦΣ {ǳǧƻƴΣ aΦ !Φ ŀƴŘ tŀƭƳŜǊΣ {Φ /Φ CΦΥ /ƻƴŎŜƴǘǊŀǝƻƴǎ 

ƻŦ ŀƳƳƻƴƛŀ ŀƴŘ ƴƛǘǊƻƎŜƴ ŘƛƻȄƛŘŜ ŀǘ ǊƻŀŘǎƛŘŜ ǾŜǊƎŜǎΣ ŀƴŘ ǘƘŜƛǊ ŎƻƴǘǊƛōǳǝƻƴ ǘƻ ƴƛǘǊƻƎŜƴ 

ŘŜǇƻǎƛǝƻƴΣ 9ƴǾƛǊƻƴΦ tƻƭƭǳǘΦΣ монόоύΣ псфςптуΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴǾǇƻƭΦнллпΦлрΦллфΣ 
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нллпΦ 

/ƻǊǇƻǊŀŎƛƽƴ !ǳǘƻƴƻƳŀ wŜƎƛƻƴŀƭ ŘŜƭ ±ŀƭƭŜ ŘŜƭ /ŀǳŎŀ π /Φ±Φ/ΦΥ LƴŦƻǊƳŜ ŘŜ ƭŀ ŎŀƭƛŘŀŘ ŘŜƭ ŀƛǊŜ !Ʒƻ 

нлмуΣ {ŀƴǝŀƎƻ ŘŜ /ŀƭƛΦ ƘǧǇǎΥκκǎƛǘŜǎΦƎƻƻƎƭŜΦŎƻƳκǎƛǘŜκŎǾŎŎŀƭƛŘŀŘŀƛǊŜκƛƴŦƻǊƳŜǎπŎŀƭƛŘŀŘπŘŜπ

ŀƛǊŜκнлмуΣ нлмфΦ 

5!b9Υ .ƻƎƻǘłΦ LƴŘƛŎŀŘƻǊŜǎ ŘŜƳƻƎǊłŬŎƻǎΣ 

ƘǧǇǎΥκκǿǿǿΦŘŀƴŜΦƎƻǾΦŎƻκŬƭŜǎκƛƴǾŜǎǝƎŀŎƛƻƴŜǎκǇƻōƭŀŎƛƻƴκL¢aƻ5ǘƻнллрΦΦΦκ.ƻƎƻǘŀΦȄƭǎΣ ƭŀǎǘ 

ŀŎŎŜǎǎΥ мп aŀȅ нлмуΣ нлмуΦ 

5ŜƎǳƛƭƭŀǳƳŜΣ [ΦΣ [ŜǊƛŎƘŜΣ aΦΣ 5ŜǎōƻŜǳŦǎΣ YΦΣ aŀƛƭƘƻǘΣ DΦΣ DŜƻǊƎŜΣ /Φ ŀƴŘ /ƘŀǳƳŜǊƭƛŀŎΣ bΦΥ 

¢Ǌŀƴǎƛǝƻƴ aŜǘŀƭǎ ƛƴ !ǘƳƻǎǇƘŜǊƛŎ [ƛǉǳƛŘ tƘŀǎŜǎΥ {ƻǳǊŎŜǎΣ wŜŀŎǝǾƛǘȅΣ ŀƴŘ {ŜƴǎƛǝǾŜ tŀǊŀƳŜǘŜǊǎΣ 

/ƘŜƳΦ wŜǾΦΣ млрόфύΣ ооууςопомΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŎǊлплспфŎΣ нллрΦ 

CǳƴŘŀŎƛƽƴ 9ƳǇǊŜǎŀǊƛŀƭ ǇŀǊŀ Ŝƭ 5ŜǎŀǊǊƻƭƭƻ ŘŜ ¸ǳƳōƻΥ [ƛƴŜŀƳƛŜƴǘƻǎ ǇŀǊŀ ŀŘŜƭŀƴǘŀǊ ƭŀ ǊŜǾƛǎƛƽƴ 

ƻǊŘƛƴŀǊƛŀ ŘŜ ŎƻƴǘŜƴƛŘƻǎ ŘŜ ƭŀǊƎƻ ǇƭŀȊƻ ŘŜƭ t.h¢ ŘŜ ¸ǳƳōƻΦΣ нлмрΦ 

DƻƴŘǿŜΣ aΦΥ /ƻƳǇŀǊƛǎƻƴ ƻŦ ƳƻŘŜƭŜŘ ǾŜǊǎǳǎ ƳŜŀǎǳǊŜŘ a{! Υ ƴǎǎ {h Ґ п Ǌŀǝƻǎ Υ ! Ǝƭƻōŀƭ 

ŀƴŀƭȅǎƛǎΣ Dƭƻōŀƭ .ƛƻƎŜƻŎƘŜƳΦ /ȅŎƭŜǎΣ муΣ мςмуΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнфκнллоD.ллнмппΣ нллпΦ 

DǳŜǊǊŜǊƻΣ CΦΣ !ƭǾŀǊŜȊπhǎǇƛƴŀΣ IΦΣ wŜǘŀƳŀΣ !ΦΣ [ƽǇŜȊπaŜŘƛƴŀΣ !ΦΣ /ŀǎǘǊƻΣ ¢Φ ŀƴŘ {ŀƭŎŜŘƻΣ 5ΦΥ 

{Ŝŀǎƻƴŀƭ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ta м ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƴƻǊǘƘ ƻŦ aŜȄƛŎƻ /ƛǘȅΣ !ǘƳƻǎŦŜǊŀΣ олόоύΣ 

нпоςнруΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦнлфотκ!¢aΦнлмтΦолΦлоΦлрΣ нлмтΦ 

I9LΥ I9L tŜǊǎǇŜŎǝǾŜǎ оΥ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ IŜŀƭǘƘ 9ũŜŎǘǎ ƻŦ !ƳōƛŜƴǘ ¦ƭǘǊŀŬƴŜ tŀǊǝŎƭŜǎΦ 

ƘǧǇǎΥκκǿǿǿΦƘŜŀƭǘƘŜũŜŎǘǎΦƻǊƎκǎȅǎǘŜƳκŬƭŜǎκtŜǊǎǇŜŎǝǾŜǎоΦǇŘŦΣ нлмоΦ 

IƛǘȊŜƴōŜǊƎŜǊΣ wΦ ŀƴŘ ¢ƻƘƴƻΣ {ΦΥ /ƻƳǇŀǊƛǎƻƴ ƻŦ ōƭŀŎƪ ŎŀǊōƻƴ ό./ύ ŀŜǊƻǎƻƭǎ ƛƴ ǘǿƻ ǳǊōŀƴ ŀǊŜŀǎ π 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴǎΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ орόмнύΣ нмроςнмстΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{морнπномлόллύллпулπрΣ нллмΦ 

IǳŀƴƎΣ ·ΦΣ [ƛǳΣ ½ΦΣ ½ƘŀƴƎΣ WΦΣ ²ŜƴΣ ¢ΦΣ WƛΣ 5Φ ŀƴŘ ²ŀƴƎΣ ¸ΦΥ {Ŝŀǎƻƴŀƭ ǾŀǊƛŀǝƻƴ ŀƴŘ ǎŜŎƻƴŘŀǊȅ 

ŦƻǊƳŀǝƻƴ ƻŦ ǎƛȊŜπǎŜƎǊŜƎŀǘŜŘ ŀŜǊƻǎƻƭ ǿŀǘŜǊπǎƻƭǳōƭŜ ƛƴƻǊƎŀƴƛŎ ƛƻƴǎ ŘǳǊƛƴƎ Ǉƻƭƭǳǝƻƴ ŜǇƛǎƻŘŜǎ ƛƴ 

.ŜƛƧƛƴƎΣ !ǘƳƻǎΦ wŜǎΦΣ мсуΣ тлςтфΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎǊŜǎΦнлмрΦлуΦлнмΣ нлмсΦ 

L59!aΥ /ƻƴǎǳƭǘŀ ȅ 5ŜǎŎŀǊƎŀ ŘŜ 5ŀǘƻǎ IƛŘǊƻƳŜǘŜƻǊƻƭƽƎƛŎƻǎΣ 

ƘǧǇΥκκŘƘƛƳŜΦƛŘŜŀƳΦƎƻǾΦŎƻκŀǘŜƴŎƛƻƴŎƛǳŘŀŘŀƴƻκΣ ƭŀǎǘ ŀŎŎŜǎǎΥ нл aŀȅ нлмфΣ нлмфΦ 

YŜǊƳƛƴŜƴΣ ±Φ aΦΣ hƧŀƴŜƴΣ /ΦΣ tŀƪƪŀƴŜƴΣ ¢ΦΣ IƛƭƭŀƳƻΣ wΦΣ !ǳǊŜƭŀΣ aΦ ŀƴŘ aŜǊƛƭŅƛƴŜƴΣ WΦΥ [ƻǿπ

ƳƻƭŜŎǳƭŀǊπǿŜƛƎƘǘ ŘƛŎŀǊōƻȄȅƭƛŎ ŀŎƛŘǎ ƛƴ ŀƴ ǳǊōŀƴ ŀƴŘ ǊǳǊŀƭ ŀǘƳƻǎǇƘŜǊŜΣ WΦ !ŜǊƻǎƻƭ {ŎƛΦΣ омόоύΣ 

опфςоснΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκ{ллнмπурлнόффύлллсоπпΣ нлллΦ 
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YƛƳΣ YΦΣ YŀōƛǊΣ 9Φ ŀƴŘ YŀōƛǊΣ {ΦΥ ! ǊŜǾƛŜǿ ƻƴ ǘƘŜ ƘǳƳŀƴ ƘŜŀƭǘƘ ƛƳǇŀŎǘ ƻŦ ŀƛǊōƻǊƴŜ ǇŀǊǝŎǳƭŀǘŜ 

ƳŀǧŜǊΣ 9ƴǾƛǊƻƴΦ LƴǘΦΣ тпΣ мосςмпоΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴǾƛƴǘΦнлмпΦмлΦллрΣ нлмрΦ 

[ŀǊŀŘŀΣ WΦ [ΦΥ ½ƻƴŀ ǇƻǊǘǳŀǊƛŀ ŘŜ .ǳŜƴŀǾŜƴǘǳǊŀ Υ ȅ ǎǳ ƛƳǇƻǊǘŀƴŎƛŀ Ŝƴ /ƻƭƻƳōƛŀ ¢ǊŀōŀƧƻ ŘŜ DǊŀŘƻ 

ǇǊŜǎŜƴǘŀŘƻ ǇŀǊŀ ƻǇǘŀǊ ŀƭ ǟǘǳƭƻ ŘŜ bŜƎƻŎƛŀŘƻǊ LƴǘŜǊƴŀŎƛƻƴŀƭ !ǎŜǎƻǊ Υ bŀƴŎȅ 9ǎǘŜƭƭŀ DǊŀƧŀƭŜǎ 

aƻƴǘƻȅŀ Σ aŀƎƝǎǘŜǊ ό a{Ŏ ύ Ŝƴ DŜǎǝƽƴ ŘŜ ƭŀǎ ƻǊƎŀƴƛȊŀŎƛƻƴŜǎ Φ ¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ {ŀƴ .Σ 

¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ {ŀƴ .ǳŜƴŀǾŜƴǘǳǊŀ /ƻƭƻƳōƛŀ 

ƘǧǇǎΥκκōƛōƭƛƻǘŜŎŀŘƛƎƛǘŀƭΦǳǎōΦŜŘǳΦŎƻκǎŜǊǾŜǊκŀǇƛκŎƻǊŜκōƛǘǎǘǊŜŀƳǎκрплсŦŎōуπтффōπпоŀпπфуŎрπ

умпŘпфппōŀŜŜκŎƻƴǘŜƴǘΣ нлмтΦ 

[ƛΣ ·ΦΣ ²ŀƴƎΣ [ΦΣ ²ŀƴƎΣ ¸ΦΣ ²ŜƴΣ ¢ΦΣ ¸ŀƴƎΣ ¸ΦΣ ½ƘŀƻΣ ¸Φ ŀƴŘ ²ŀƴƎΣ ¸ΦΥ /ƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ 

ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŀƛǊōƻǊƴŜ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊǎ ƛƴ .ŜƛƧƛƴƎ ŘǳǊƛƴƎ ǘƘŜ нллу hƭȅƳǇƛŎǎΣ !ǘƳƻǎΦ 

9ƴǾƛǊƻƴΦΣ рлΣ нтуςнусΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнлммΦмнΦлнмΣ нлмнΦ 

[ƛΣ ·ΦΣ ²ŀƴƎΣ [ΦΣ WƛΣ 5ΦΣ ²ŜƴΣ ¢ΦΣ tŀƴΣ ¸ΦΣ {ǳƴΣ ¸Φ ŀƴŘ ²ŀƴƎΣ ¸ΦΥ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǘƘŜ ǎƛȊŜπ

ǎŜƎǊŜƎŀǘŜŘ ǿŀǘŜǊπǎƻƭǳōƭŜ ƛƴƻǊƎŀƴƛŎ ƛƻƴǎ ƛƴ ǘƘŜ WƛƴƎπWƛƴπWƛ ǳǊōŀƴ ŀƎƎƭƻƳŜǊŀǝƻƴΥ 

{ǇŀǝŀƭκǘŜƳǇƻǊŀƭ ǾŀǊƛŀōƛƭƛǘȅΣ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ǎƻǳǊŎŜǎΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ ттΣ нрлςнрфΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнлмоΦлоΦлпнΣ нлмоŀΦ 

[ƛΣ ·ΦΣ ²ŀƴƎΣ [ΦΣ WƛΣ 5ΦΣ ²ŜƴΣ ¢ΦΣ tŀƴΣ ¸ΦΣ {ǳƴΣ ¸Φ ŀƴŘ ²ŀƴƎΣ ¸ΦΥ /ƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ ǘƘŜ ǎƛȊŜπ

ǎŜƎǊŜƎŀǘŜŘ ǿŀǘŜǊπǎƻƭǳōƭŜ ƛƴƻǊƎŀƴƛŎ ƛƻƴǎ ƛƴ ǘƘŜ WƛƴƎπWƛƴπWƛ ǳǊōŀƴ ŀƎƎƭƻƳŜǊŀǝƻƴΥ 

{ǇŀǝŀƭκǘŜƳǇƻǊŀƭ ǾŀǊƛŀōƛƭƛǘȅΣ ǎƛȊŜ ŘƛǎǘǊƛōǳǝƻƴ ŀƴŘ ǎƻǳǊŎŜǎΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ ттΣ нрлςнрфΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнлмоΦлоΦлпнΣ нлмоōΦ 

[ǀƴŘŀƘƭΣ WΦΣ tŀƎŜƭǎΣ WΦΣ {ǿƛŜǘƭƛŎƪƛΣ 9ΦΣ ½ƘƻǳΣ WΦΣ YŜǘȊŜƭΣ aΦΣ aŀǎǎƭƛƴƎΣ !Φ ŀƴŘ .ƻƘƎŀǊŘΣ aΦΥ ! ǎŜǘπǳǇ 

ŦƻǊ ŬŜƭŘ ǎǘǳŘƛŜǎ ƻŦ ǊŜǎǇƛǊŀǘƻǊȅ ǘǊŀŎǘ ŘŜǇƻǎƛǝƻƴ ƻŦ ŬƴŜ ŀƴŘ ǳƭǘǊŀŬƴŜ ǇŀǊǝŎƭŜǎ ƛƴ ƘǳƳŀƴǎΣ WΦ 

!ŜǊƻǎƻƭ {ŎƛΦΣ отόфύΣ ммрнςммсоΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦƧŀŜǊƻǎŎƛΦнллрΦммΦллпΣ нллсΦ 

aŀƧŜǿǎƪƛΣ DΦΣ wƻƎǳƭŀπYƻȊƱƻǿǎƪŀΣ ²ΦΣ wƻȊōƛŎƪŀΣ YΦΣ wƻƎǳƭŀπYƻǇƛŜŎΣ tΦΣ aŀǘƘŜǿǎΣ .Φ ŀƴŘ .ǊŀƴŘȅƪΣ 

!ΦΥ /ƻƴŎŜƴǘǊŀǝƻƴΣ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ƻǊƛƎƛƴ ƻŦ taмΥ wŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ ŬǊǎǘ ƭƻƴƎπǘŜǊƳ 

ƳŜŀǎǳǊŜƳŜƴǘ ŎŀƳǇŀƛƎƴ ƛƴ ǿŀǊǎŀǿ όtƻƭŀƴŘύΣ !ŜǊƻǎƻƭ !ƛǊ vǳŀƭΦ wŜǎΦΣ муόоύΣ сосςсрпΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦпнлфκŀŀǉǊΦнлмтΦлсΦлннмΣ нлмуΦ 

aŀǘŜǳǎπCƻƴǘŜŎƘŀΣ [ŀŘȅΣ ±ŀǊƎŀǎπ.ǳǊōŀƴƻΣ !ΦΣ WƛƳŜƴŜȊΣ wΦΣ wƻƧŀǎΣ bΦ ¸ΦΣ wǳŜŘŀπ{ŀŀΣ DΦΣ tƛƴȄǘŜǊŜƴΣ 

5Φ ǾŀƴΣ tƛƴȄǘŜǊŜƴΣ aΦ ǾŀƴΣ CƻƳōŀΣ YΦ ²Φ ŀƴŘ IŜǊǊƳŀƴƴΣ IΦΥ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ŀŜǊƻǎƻƭ ŎƻƳǇƻǎƛǝƻƴ 

ƛƴ ŀ ǘǊƻǇƛŎŀƭ ƛƴǘŜǊπ!ƴŘŜŀƴ ǾŀƭƭŜȅ ƛƳǇŀŎǘŜŘ ōȅ ŀƎǊƻπƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ǳǊōŀƴ ŜƳƛǎǎƛƻƴǎΣ !ǘƳƻǎΦ 

/ƘŜƳΦ tƘȅǎΦΣ ннΣ уптоςупфрΣ нлннΦ 

aŜƛƴŀǊŘƛΣ {ΦΣ {ƛƳǇǎƻƴΣ LΦ WΦΣ .ƭŀƪŜΣ bΦ WΦΣ .ƭŀƪŜΣ 5Φ wΦ ŀƴŘ wƻǿƭŀƴŘΣ CΦ {ΦΥ 5ƛƳŜǘƘȅƭ ŘƛǎǳƭŬŘŜ 

ό5a5{ύ ŀƴŘ ŘƛƳŜǘƘȅƭ ǎǳƭŬŘŜ ό5a{ύ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ƛƴ !ǳǎǘǊŀƭƛŀΦΣ нллоΦ 
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aŜƴŘŜȊπŜǎǇƛƴƻǎŀΣ WΦ CΦΣ .ŜƭŀƭŎŀȊŀǊΣ [Φ /Φ ŀƴŘ .ŜǘŀƴŎƻǳǊǘΣ wΦ aΦΥ wŜƎƛƻƴŀƭ ŀƛǊ ǉǳŀƭƛǘȅ ƛƳǇŀŎǘ ƻŦ 

ƴƻǊǘƘŜǊƴ {ƻǳǘƘ !ƳŜǊƛŎŀ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ŜƳƛǎǎƛƻƴǎΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ нлоόCŜōǊǳŀǊȅύΣ момς

мплΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнлмфΦлмΦлпнΣ нлмфΦ 

aƻǊŀǿǎƪŀΣ [ΦΣ aƻƻǊŜΣ aΦ wΦΣ wƛǎǘƻǾǎƪƛΣ ½Φ 5Φ ŀƴŘ wŜǾƛŜǿΣ 5Φ [ΦΥ IŜŀƭǘƘ LƳǇŀŎǘǎ ƻŦ ¦ƭǘǊŀŬƴŜ 

tŀǊǝŎƭŜǎΦ ƘǧǇΥκκǿǿǿΦŜƴǾƛǊƻƴƳŜƴǘΦƎƻǾΦŀǳκŀǘƳƻǎǇƘŜǊŜκŀƛǊǉǳŀƭƛǘȅκǇǳōƭƛŎŀǝƻƴǎκƘŜŀƭǘƘπ

ƛƳǇŀŎǘǎκƛƴŘŜȄΦƘǘƳƭΣ нллпΦ 

bΦ tŜǊŜȊΣ WΦΣ vǳŜǊƻƭΣ tΦΣ !ƭŀǎǘǳŜȅΣ !ΦΣ [ƻǇŜȊΣ WΦ Φ ŀƴŘ ±ƛŀƴŀΣ aΦΥ tŀǊǝǝƻƴƛƴƎ ƻŦ ƳŀƧƻǊ ŀƴŘ ǘǊŀŎŜ 

ŎƻƳǇƻƴŜƴǘǎ ƛƴ ta мл ς ta н Φ р ς ta м ŀǘ ŀƴ ǳǊōŀƴ ǎƛǘŜ ƛƴ {ƻǳǘƘŜǊƴ 9ǳǊƻǇŜΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ 

пнΣ мсттςмсфмΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнллтΦммΦлопΣ нллуΦ 

bŜǳǎǸǎǎΣ /ΦΣ tŜƭȊƛƴƎΣ aΦΣ tƭŜǿƪŀΣ !Φ ŀƴŘ IŜǊǊƳŀƴƴΣ IΦΥ ! ƴŜǿ ŀƴŀƭȅǝŎŀƭ ŀǇǇǊƻŀŎƘ ŦƻǊ ǎƛȊŜπ

ǊŜǎƻƭǾŜŘ ǎǇŜŎƛŀǝƻƴ ƻŦ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƛƴ ŀǘƳƻǎǇƘŜǊƛŎ ŀŜǊƻǎƻƭ ǇŀǊǝŎƭŜǎΥ aŜǘƘƻŘǎ ŀƴŘ ŬǊǎǘ 

ǊŜǎǳƭǘǎΣ WΦ DŜƻǇƘȅǎΦ wŜǎΦ !ǘƳƻǎΦΣ млрό5пύΣ прмоςпрнтΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнфκмфффW5флмлоуΣ 

нлллΦ 

hƴŀǘΣ .ΦΣ {ŀƘƛƴΣ ¦Φ !Φ ŀƴŘ !ƪȅǳȊΣ ¢ΦΥ 9ƭŜƳŜƴǘŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ taнΦр ŀƴŘ taм ƛƴ ŘŜƴǎŜ 

ǘǊŀŶŎ ŀǊŜŀ ƛƴ LǎǘŀƴōǳƭΣ ¢ǳǊƪŜȅΣ !ǘƳƻǎΦ tƻƭƭǳǘΦ wŜǎΦΣ пόмύΣ млмςмлрΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрлфпκ!twΦнлмоΦлмлΣ нлмоΦ 

hǊƻȊŎƻΣ /ΦΣ {ŀƴŀƴŘǊŜǎΣ 9Φ ŀƴŘ aƻƭƛƴŀǊŜǎΣ LΦΥ /ƻƭƻƳōƛŀΣ tŀƴŀƳł ȅ ƭŀ wǳǘŀ tŀƴŀƳŜǊƛŎŀƴŀΥ 

9ƴŎǳŜƴǘǊƻǎ ȅ 5ŜǎŜƴŎǳŜƴǘǊƻǎΣ aŜƳƻǊƛŀǎ wŜǾΦ 5ƛƎƛǘΦ IƛǎǘΦ ȅ !ǊǉǳŜƻƭΦ ŘŜǎŘŜ Ŝƭ /ŀǊƛōŜΣ мсόL{{b 

мтфпπууусύΣ нлмнΦ 

±ŀƴ tƛƴȄǘŜǊŜƴΣ 5ΦΣ .ǊǸƎƎŜƳŀƴƴΣ 9ΦΣ DƴŀǳƪΣ ¢ΦΣ LƛƴǳƳŀΣ ¸ΦΣ aǸƭƭŜǊΣ YΦΣ bƻǿŀƪΣ !ΦΣ !ŎƘǘŜǊǘΣ tΦΣ 

²ƛŜŘŜƴǎƻƘƭŜǊΣ !Φ ŀƴŘ IŜǊǊƳŀƴƴΣ IΦΥ {ƛȊŜπ ŀƴŘ ǝƳŜπǊŜǎƻƭǾŜŘ ŎƘŜƳƛŎŀƭ ǇŀǊǝŎƭŜ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ 

ŘǳǊƛƴƎ ŎŀǊŜōŜƛƧƛƴƎπнллсΥ 5ƛũŜǊŜƴǘ Ǉƻƭƭǳǝƻƴ ǊŜƎƛƳŜǎ ŀƴŘ ŘƛǳǊƴŀƭ ǇǊƻŬƭŜǎΣ WΦ DŜƻǇƘȅǎΦ wŜǎΦ 

!ǘƳƻǎΦΣ ммпόфύΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнфκнллуW5лмлуфлΣ нллфΦ 

±ŀƴ tƛƴȄǘŜǊŜƴΣ 5ΦΣ bŜǳǎǸǖΣ /Φ ŀƴŘ IŜǊǊƳŀƴƴΣ IΦΥ hƴ ǘƘŜ ŀōǳƴŘŀƴŎŜ ŀƴŘ ǎƻǳǊŎŜ ŎƻƴǘǊƛōǳǝƻƴǎ 

ƻŦ ŘƛŎŀǊōƻȄȅƭƛŎ ŀŎƛŘǎ ƛƴ ǎƛȊŜπǊŜǎƻƭǾŜŘ ŀŜǊƻǎƻƭ ǇŀǊǝŎƭŜǎ ŀǘ ŎƻƴǝƴŜƴǘŀƭ ǎƛǘŜǎ ƛƴ ŎŜƴǘǊŀƭ 9ǳǊƻǇŜΣ 

!ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ мпόуύΣ офмоςофнуΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмфпκŀŎǇπмпπофмоπнлмпΣ нлмпΦ 

tƛƻΣ /ΦΣ /ŜǊǉǳŜƛǊŀΣ aΦΣ IŀǊǊƛǎƻƴΣ wΦ aΦΣ bǳƴŜǎΣ ¢ΦΣ aƛǊŀƴǘŜΣ CΦΣ !ƭǾŜǎΣ /ΦΣ hƭƛǾŜƛǊŀΣ /ΦΣ {ŀƴŎƘŜȊ ŘŜ 

ƭŀ /ŀƳǇŀΣ !ΦΣ !ǊǟƷŀƴƻΣ .Φ ŀƴŘ aŀǘƻǎΣ aΦΥ h/κ9/ Ǌŀǝƻ ƻōǎŜǊǾŀǝƻƴǎ ƛƴ 9ǳǊƻǇŜΥ wŜπǘƘƛƴƪƛƴƎ ǘƘŜ 

ŀǇǇǊƻŀŎƘ ŦƻǊ ŀǇǇƻǊǝƻƴƳŜƴǘ ōŜǘǿŜŜƴ ǇǊƛƳŀǊȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ƻǊƎŀƴƛŎ ŎŀǊōƻƴΣ !ǘƳƻǎΦ 

9ƴǾƛǊƻƴΦΣ прόопύΣ смнмςсмонΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнлммΦлуΦлпрΣ нлммΦ 

tȅŜΣ IΦ hΦ ¢ΦΣ bŜƴŜǎΣ !ΦΣ !ƭŜȄŀƴŘŜǊΣ .ΦΣ !ǳƭǘΣ !Φ tΦΣ .ŀǊǘƘΣ aΦ /ΦΣ /ƭŜƎƎΣ {Φ [ΦΣ /ƻƭƭŜǧΣ WΦ [ΦΣ CŀƘŜȅΣ 

YΦ aΦΣ IŜƴƴƛƎŀƴΣ /Φ WΦΣ IŜǊǊƳŀƴƴΣ IΦΣ YŀƴŀƪƛŘƻǳΣ aΦΣ YŜƭƭȅΣ WΦ ¢ΦΣ YǳΣ LΦ ¢ΦΣ CŀȅŜ aŎbŜƛƭƭΣ ±ΦΣ 
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wƛŜƳŜǊΣ bΦΣ {ŎƘŀŜŦŜǊΣ ¢ΦΣ {ƘƛΣ DΦΣ ¢ƛƭƎƴŜǊΣ !ΦΣ ²ŀƭƪŜǊΣ WΦ ¢ΦΣ ²ŀƴƎΣ ¢ΦΣ ²ŜōŜǊΣ wΦΣ ·ƛƴƎΣ WΦΣ ½ŀǾŜǊƛΣ wΦ 

!Φ ŀƴŘ ½ǳŜƴŘΣ !ΦΥ ¢ƘŜ ŀŎƛŘƛǘȅ ƻŦ ŀǘƳƻǎǇƘŜǊƛŎ ǇŀǊǝŎƭŜǎ ŀƴŘ ŎƭƻǳŘǎΦΣ нлнлΦ 

wŀƳƝǊŜȊΣ hΦΣ !ΦaΣ {Φ ŘŜ ƭŀ /ΦΣ !ƳŀǘƻΣ CΦΣ /ŀǘŀŎƻƭƝΣ wΦ !ΦΣ wƻƧŀǎΣ bΦ ¸Φ ŀƴŘ ŘŜ ƭŀ wƻǎŀΣ WΦΥ /ƘŜƳƛŎŀƭ 

ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ǎƻǳǊŎŜ ŀǇǇƻǊǝƻƴƳŜƴǘ ƻŦ ta мл ŀǘ ŀƴ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ ǎƛǘŜ ƛƴ ŀ ƘƛƎƘ Ŝ 

ŀƭǝǘǳŘŜ [ŀǝƴ !ƳŜǊƛŎŀƴ ƳŜƎŀŎƛǘȅΣ Σ нооΣ мпнςмррΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴǾǇƻƭΦнлмтΦмлΦлпрΣ нлмуΦ 

{ŀŀǊƛƪƻǎƪƛΣ {ΦΣ ¢ƛƳƻƴŜƴΣ IΦΣ {ŀŀǊƴƛƻΣ YΦ ŀƴŘ !ǳǊŜƭŀΣ aΦΥ {ƻǳǊŎŜǎ ƻŦ ƻǊƎŀƴƛŎ ŎŀǊōƻƴ ƛƴ ŬƴŜ 

ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ ƛƴ ƴƻǊǘƘŜǊƴ 9ǳǊƻǇŜŀƴ ǳǊōŀƴ ŀƛǊΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ снумςснфрΣ нллуΦ 

{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜΥ LƴŦƻǊƳŜ ŀƴǳŀƭ ŘŜ ŎŀƭƛŘŀŘ ŘŜƭ ŀƛǊŜ Ŝƴ .ƻƎƻǘł нлмтΦΣ нлмуΦ 

{ŜŎǊŜǘŀǊƝŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜΥ LƴŦƻǊƳŜ !ƴǳŀƭ ŘŜ /ŀƭƛŘŀŘ ŘŜƭ ŀƛǊŜ ŘŜ .ƻƎƻǘł π нлмфΦ 

ƘǧǇΥκκǊƳŎŀōΦŀƳōƛŜƴǘŜōƻƎƻǘŀΦƎƻǾΦŎƻκtŀƎŜǎŬƭŜǎκL! нллром LƴŦƻǊƳŜ !ƴǳŀƭ ŘŜ /ŀƭƛŘŀŘ ŘŜƭ !ƛǊŜ 

!Ʒƻ нлмфΦǇŘŦΣ нлнлΦ 

{ŜŎǊŜǘŀǊƛŀ 5ƛǎǘǊƛǘŀƭ ŘŜ !ƳōƛŜƴǘŜ ŘŜ .ƻƎƻǘłΥ LƴǾŜƴǘŀǊƛƻ ŘŜ 9Ƴƛǎƛƻƴǎ ŘŜ .ƻƎƻǘł нлмуΣ .ƻƎƻǘł 

5Φ/Φ 

ƘǧǇǎΥκκǿǿǿΦŀƳōƛŜƴǘŜōƻƎƻǘŀΦƎƻǾΦŎƻκŘƻŎǳƳŜƴǘǎκмлмупκофтлунκLƴǾŜƴǘŀǊƛƻҌŘŜҌ9ƳƛǎƛƻƴŜǎҌŘ

ŜҌ.ƻƎƻǘŀҌǇƻǊǘŀƭҌƴǳŜǾƻΦǇŘŦκфтнффпŜōπтŦруπпнŎнπŀулмπлŦуртффотфмфΣ нлнлΦ 

{ŜƛƴŦŜƭŘΣ WΦ IΦ ŀƴŘ tŀƴŘƛǎΣ {Φ bΦΥ !ǘƳƻǎǇƘŜǊƛŎ CǊƻƳ !ƛǊ tƻƭƭǳǝƻƴ ǘƻ /ƭƛƳŀǘŜ /ƘŀƴƎŜΣ н ƴŘΦΣ 

нллсΦ 

{ƘŜƴΣ ½ΦΣ /ŀƻΣ WΦΣ !ǊƛƳƻǘƻΣ wΦΣ IŀƴΣ ½ΦΣ ½ƘŀƴƎΣ wΦΣ IŀƴΣ ¸ΦΣ [ƛǳΣ {ΦΣ hƪǳŘŀΣ ¢ΦΣ bŀƪŀƻΣ {Φ ŀƴŘ 

¢ŀƴŀƪŀΣ {ΦΥ LƻƴƛŎ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ¢{t ŀƴŘ taнΦр ŘǳǊƛƴƎ Řǳǎǘ ǎǘƻǊƳǎ ŀƴŘ ŀƛǊ Ǉƻƭƭǳǝƻƴ ŜǇƛǎƻŘŜǎ 

ŀǘ ·ƛΩŀƴΣ /ƘƛƴŀΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ поόмуύΣ нфммςнфмуΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнллфΦлоΦллрΣ нллфΦ 

{ƻǊƻƻǎƘƛŀƴΣ !ΦΣ /ǊƻǎōƛŜΣ 9ΦΣ aŀǳŘƭƛƴΣ [Φ /ΦΣ ¸ƻǳƴΣ WΦΣ ²ŀƴƎΣ ½ΦΣ {ƘƛƴƎƭŜǊΣ ¢ΦΣ hǊǘŜƎŀΣ !Φ aΦΣ IŜǊǎŜȅΣ 

{Φ ŀƴŘ ²ƻƻŘǎΣ wΦ YΦΥ {ǳǊŦŀŎŜ ŀƴŘ ŀƛǊōƻǊƴŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƻŦ ƻǊƎŀƴƻǎǳƭŦǳǊ ŀƴŘ 

ƳŜǘƘŀƴŜǎǳƭŦƻƴŀǘŜ ƻǾŜǊ ǘƘŜ ǿŜǎǘŜǊƴ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ŀƴŘ Ŏƻŀǎǘŀƭ ŀǊŜŀǎΣ WΦ DŜƻǇƘȅǎΦ wŜǎΦ !ǘƳƻǎΦΣ 

урорςурпуΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмллнκнлмрW5лноуннΦwŜŎŜƛǾŜŘΣ нлмрΦ 

{ǘŀƘƭΣ /ΦΣ ¢ŜƳǇƭƻƴǳŜǾƻ /ǊǳȊΣ aΦΣ !ƴƎŜƭŀ .ŀƴńƎŀΣ tΦΣ .ŜǝǘƻΣ DΦΣ .ǊŀǳƴΣ wΦ !ΦΣ !ȊŀŘƛ !ƎƘŘŀƳΣ aΦΣ 

hōƛƳƛƴŘŀ /ŀƳōŀƭƛȊŀΣ aΦΣ wƻǎŜ [ƻǊŜƴȊƻΣ DΦΣ aŀŎ5ƻƴŀƭŘΣ !Φ .ΦΣ IƛƭŀǊƛƻΣ aΦ wΦ !ΦΣ /ƻǊŀȊƻƴ 

tŀōǊƻŀΣ tΦΣ wƻōƛƴ ¸ŜŜΣ WΦΣ .ŜǊƴŀǊŘ {ƛƳǇŀǎΣ WΦ ŀƴŘ {ƻǊƻƻǎƘƛŀƴΣ !ΦΥ {ƻǳǊŎŜǎ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎǝŎǎ ƻŦ 

ǎƛȊŜπǊŜǎƻƭǾŜŘ ǇŀǊǝŎǳƭŀǘŜ ƻǊƎŀƴƛŎ ŀŎƛŘǎ ŀƴŘ ƳŜǘƘŀƴŜǎǳƭŦƻƴŀǘŜ ƛƴ ŀ Ŏƻŀǎǘŀƭ ƳŜƎŀŎƛǘȅΥ aŀƴƛƭŀΣ 

tƘƛƭƛǇǇƛƴŜǎΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ нлόнпύΣ мрфлтςмрфорΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмфпκŀŎǇπнлπ

мрфлтπнлнлΣ нлнлΦ 
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{ǳƭƭƛǾŀƴΣ wΦ /Φ ŀƴŘ tǊŀǘƘŜǊΣ YΦ !ΦΥ LƴǾŜǎǝƎŀǝƻƴǎ ƻŦ ǘƘŜ ŘƛǳǊƴŀƭ ŎȅŎƭŜ ŀƴŘ ƳƛȄƛƴƎ ǎǘŀǘŜ ƻŦ ƻȄŀƭƛŎ 

ŀŎƛŘ ƛƴ ƛƴŘƛǾƛŘǳŀƭ ǇŀǊǝŎƭŜǎ ƛƴ !ǎƛŀƴ ŀŜǊƻǎƻƭ ƻǳǜƭƻǿΣ 9ƴǾƛǊƻƴΦ {ŎƛΦ ¢ŜŎƘƴƻƭΦΣ пмόноύΣ улснςулсфΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜǎлтммопƎΣ нллтΦ 

¢ŀƴƎΣ aΦΣ DǳƻΣ [ΦΣ .ŀƛΣ ¸ΦΣ IǳŀƴƎΣ wΦΣ ²ǳΣ ½Φ ŀƴŘ ²ŀƴƎΣ ½ΦΥ LƳǇŀŎǘǎ ƻŦ ƳŜǘƘŀƴŜǎǳƭŦƻƴŀǘŜ ƻƴ ǘƘŜ 

ŎƭƻǳŘ ŎƻƴŘŜƴǎŀǝƻƴ ƴǳŎƭŜŀǝƻƴ ŀŎǝǾƛǘȅ ƻŦ ǎŜŀ ǎŀƭǘ ŀŜǊƻǎƻƭΣ !ǘƳƻǎΦ 9ƴǾƛǊƻƴΦΣ нлмόhŎǘƻōŜǊ 

нлмуύΣ моςмтΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎŜƴǾΦнлмуΦмнΦлопΣ нлмфΦ 

¢ƛŀƴΣ {Φ [ΦΣ tŀƴΣ ¸Φ tΦ ŀƴŘ ²ŀƴƎΣ ¸Φ {ΦΥ {ƛȊŜπǊŜǎƻƭǾŜŘ ǎƻǳǊŎŜ ŀǇǇƻǊǝƻƴƳŜƴǘ ƻŦ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ 

ƛƴ ǳǊōŀƴ .ŜƛƧƛƴƎ ŘǳǊƛƴƎ ƘŀȊŜ ŀƴŘ ƴƻƴπƘŀȊŜ ŜǇƛǎƻŘŜǎΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ мсόмύΣ мςмфΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрмфпκŀŎǇπмсπмπнлмсΣ нлмсΦ 

¦ƴƛǾŜǊǎƛŘŀŘ ŘŜ ƭƻǎ !ƴŘŜǎΤ !ƭŎŀƭŘƛŀ ŘŜ .ƻƎƻǘŀΥ 9ƭŜƳŜƴǘƻǎ ǘŜŎƴƛŎƻǎ Ǉƭŀƴ ŘŜŎŜƴŀƭ ŘŜ 

ŘŜǎŎƻƴǘŀƳƛƴŀŎƛƽƴ ŘŜ .ƻƎƻǘłΣ ƘǧǇΥκκƻŀōнΦŀƳōƛŜƴǘŜōƻƎƻǘŀΦƎƻǾΦŎƻκŜǎκŘƻŎǳƳŜƴǘŀŎƛƻƴπŜπ

ƛƴǾŜǎǝƎŀŎƛƻƴŜǎκǊŜǎǳƭǘŀŘƻπōǳǎǉǳŜŘŀκŜƭŜƳŜƴǘƻǎπǘŜŎƴƛŎƻǎπŘŜƭπǇƭŀƴπŘŜŎŜƴŀƭπŘŜπ

ŘŜǎŎƻƴǘŀƳƛƴŀŎƛƻƴπŘŜπōƻƎƻǘŀπǇŀǊǘŜπмΣ нллфΦ 

±ŀǊƎŀǎΣ CΦ !ΦΣ wƻƧŀǎΣ bΦ ¸ΦΣ tŀŎƘƻƴΣ WΦ 9Φ ŀƴŘ wǳǎǎŜƭƭΣ !Φ DΦΥ taмл ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ŀƴŘ ǎƻǳǊŎŜ 

ŀǇǇƻǊǝƻƴƳŜƴǘ ŀǘ ǘǿƻ ǊŜǎƛŘŜƴǝŀƭ ŀǊŜŀǎ ƛƴ .ƻƎƻǘŀΣ !ǘƳƻǎΦ tƻƭƭǳǘΦ wŜǎΦΣ оόмύΣ тнςулΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦрлфпκ!twΦнлмнΦллсΣ нлмнŀΦ 

±ŀǊƎŀǎΣ CΦ !ΦΣ wƻƧŀǎΣ bΦ ¸ΦΣ tŀŎƘƻƴΣ WΦ 9Φ ŀƴŘ !ǊƳƛǎǘŜŀŘ DΣ wΦΥ taмл ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ŀƴŘ ǎƻǳǊŎŜ 

ŀǇǇƻǊǝƻƴƳŜƴǘŀǘ ǘǿƻ ǊŜǎƛŘŜƴǝŀƭ ŀǊŜŀǎ ƛƴ.ƻƎƻǘŀΣ !ǘƳƻǎΦ tƻƭƭǳǘΦ wŜǎΦΣ оΣ тнςулΣ нлмнōΦ 

±ŜŎŎƘƛΣ wΦΣ .ŜǊƴŀǊŘƻƴƛΣ ±ΦΣ ±ŀƭŜƴǝƴƛΣ {ΦΣ tƛŀȊȊŀƭǳƴƎŀΣ !ΦΣ CŜǊƳƻΣ tΦ ŀƴŘ ±ŀƭƭƛΣ DΦΥ !ǎǎŜǎǎƳŜƴǘ ƻŦ 

ƭƛƎƘǘ ŜȄǝƴŎǝƻƴ ŀǘ ŀ 9ǳǊƻǇŜŀƴ ǇƻƭƭǳǘŜŘ ǳǊōŀƴ ŀǊŜŀ ŘǳǊƛƴƎ ǿƛƴǘŜǊǝƳŜ Υ LƳǇŀŎǘ ƻŦ ta м 

ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ǎƻǳǊŎŜǎ ϝΣ 9ƴǾƛǊƻƴΦ tƻƭƭǳǘΦΣ нооΣ стфςсуфΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŜƴǾǇƻƭΦнлмтΦмлΦлрфΣ нлмуΦ 

²ŀƴƎΣ [ΦΣ ·ƛƴΣ WΦΣ [ƛΣ ·Φ ŀƴŘ ²ŀƴƎΣ ¸ΦΥ ¢ƘŜ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ŀƴŘ ƛǘǎ ƛƴƅǳŜƴŎŜ ƻƴ 

ǊŜƎƛƻƴŀƭ ŀŜǊƻǎƻƭ ǇǊƻǇŜǊǝŜǎ ŘǳǊƛƴƎ ǘƘŜ ǿƘŜŀǘ ƘŀǊǾŜǎǘ ǎŜŀǎƻƴ ƛƴ bƻǊǘƘ /ƘƛƴŀΣ !ǘƳƻǎΦ wŜǎΦΣ мртΣ 

мроςмсоΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦŀǘƳƻǎǊŜǎΦнлмрΦлмΦллфΣ нлмрΦ 

²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǝƻƴΥ wŜǾƛŜǿ ƻŦ ŜǾƛŘŜƴŎŜ ƻƴ ƘŜŀƭǘƘ ŀǎǇŜŎǘǎ ƻŦ ŀƛǊ Ǉƻƭƭǳǝƻƴ ς w9±LI!!t 

tǊƻƧŜŎǘΦ ƘǧǇΥκκǿǿǿΦŜǳǊƻΦǿƘƻΦƛƴǘκŜƴκƘŜŀƭǘƘπǘƻǇƛŎǎκŜƴǾƛǊƻƴƳŜƴǘπŀƴŘπƘŜŀƭǘƘκŀƛǊπ

ǉǳŀƭƛǘȅκǇǳōƭƛŎŀǝƻƴǎκнлмоκǊŜǾƛŜǿπƻŦπŜǾƛŘŜƴŎŜπƻƴπƘŜŀƭǘƘπŀǎǇŜŎǘǎπƻŦπŀƛǊπǇƻƭƭǳǝƻƴπǊŜǾƛƘŀŀǇπ

ǇǊƻƧŜŎǘπŬƴŀƭπǘŜŎƘƴƛŎŀƭπǊŜǇƻǊǘΣ нлмоΦ 

²ƻǊƭŘ IŜŀƭǘƘ hǊƎŀƴƛȊŀǝƻƴΥ !ƛǊ ǇƻƭƭǳǝƻƴΣ ƘǧǇǎΥκκǿǿǿΦǿƘƻΦƛƴǘκŀƛǊǇƻƭƭǳǝƻƴκŜƴκΣ ƭŀǎǘ ŀŎŎŜǎǎΥ ф 

aŀȅ нлмфΣ нлнмΦ 
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¸ǳΣ WΦ ½ΦΣ IǳŀƴƎΣ ·Φ CΦΣ ·ǳΣ WΦ ŀƴŘ IǳΣ aΦΥ ²ƘŜƴ ŀŜǊƻǎƻƭ ǎǳƭŦŀǘŜ ƎƻŜǎ ǳǇΣ ǎƻ ŘƻŜǎ ƻȄŀƭŀǘŜΥ 

LƳǇƭƛŎŀǝƻƴ ŦƻǊ ǘƘŜ ŦƻǊƳŀǝƻƴ ƳŜŎƘŀƴƛǎƳǎ ƻŦ ƻȄŀƭŀǘŜΣ 9ƴǾƛǊƻƴΦ {ŎƛΦ ¢ŜŎƘƴƻƭΦΣ офόмύΣ мнуςмооΣ 

ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлнмκŜǎлпфррфŦΣ нллрΦ 

½ƘŀƴƎΣ ¸ΦΣ [ŀƴƎΣ WΦΣ /ƘŜƴƎΣ {ΦΣ [ƛΣ {ΦΣ ½ƘƻǳΣ ¸ΦΣ /ƘŜƴΣ 5ΦΣ ½ƘŀƴƎΣ IΦ ŀƴŘ ²ŀƴƎΣ IΦΥ /ƘŜƳƛŎŀƭ 

ŎƻƳǇƻǎƛǝƻƴ ŀƴŘ ǎƻǳǊŎŜǎ ƻŦ taм ŀƴŘ taнΦр ƛƴ .ŜƛƧƛƴƎ ƛƴ ŀǳǘǳƳƴΣ {ŎƛΦ ¢ƻǘŀƭ 9ƴǾƛǊƻƴΦΣ солΣ тнς

унΣ ƘǧǇǎΥκκŘƻƛΦƻǊƎκмлΦмлмсκƧΦǎŎƛǘƻǘŜƴǾΦнлмуΦлнΦмрмΣ нлмуΦ 
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3.6. Supplementary material 

 

  
 

a b c 
Figure S3-1Φ aŜǘŜƻǊƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ǊŜƎƛǎǘŜǊŜŘ ƛƴ .ƻƎƻǘł ǳǎƛƴƎ ǘƘŜ ά9ƭ 5ƻǊŀŘƻ !ƛǊǇƻǊǘέ 
weather station (ID: 21205791). a) Hourly average ambient temperature, b) Monthly average 
of daylight solar radiation income and c) Monthly accumulated precipitation between March 
to November of 2018 in Bogotá. 

 

 
a 

 
b 

Figure S3-2. Meteorological conditions registered in Palmira weather station. a) Hourly 
average ambient temperature, b) Monthly average of daylight solar radiation income 

between July to September 2018.  
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Bogotá Palmira 

  

  
 

Figure S3-3. Normalised meaning concentrations of PM9, PM2.1, PM1.1 and PM0.43 and the 
fractions (PM0.43/  PM9), (PM1.1/  PM9), (PM2.1/  PM9) and (PM9/  PM9) in Bogotá and Palmira. 
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Figure S3-4. Boxplot of mass fraction collected in each stage of Andersen Impactor in 
observations carried out in a urban and suburban area in Colombia.  
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Figure S3-5. Percentage of each chemical specie over the total mass concentration of PM9, 
PM2.1, PM1.1 and PM0.43 for samples collected in Bogota. The green boxplots correspond to the 
samples collected on days when rained and the orange boxplots correspond to samples 
collected on days with no rain events.  

 

Bogotá Palmira 

  
Figure S3-6. The plot of the mass fraction accumulated contained in the smaller particles than 

the aerodynamic diameter (mm). The red dotted line divides the fine (PM < 2.1 mm) from the 

coarse (PM > 2.1 mm) modes. the right side of the red dashed line corresponds to coarse 
mode, and the left side to fine mode. Black points show the mass fraction mass accumulated 
relative to each chemical species that were examined in each sample collected in the 
Andersen Cascade Impactor. 
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Table S 3-1. Median concentrations of chemical species (mg/m3) size segregated in aerosol 
particles in Bogotá D.C. 

/ƻƴǎǝǘǳŜƴǘǎ 
5Ǉ ғлΦпо mƳ лΦпо ς лΦср лΦср π мΦм мΦм ς нΦм нΦм πоΦо оΦо πпΦт пΦт ς рΦу рΦу π ф 5ǇҔф mƳ 

ƳŜŀƴ  ǎŘ ƳŜŀƴ ǎŘ ƳŜŀƴ ǎŘ ƳŜŀƴ ǎŘ ƳŜŀƴ ǎŘ ƳŜŀƴ ǎŘ ƳŜŀƴ ǎŘ ƳŜŀƴ ǎŘ ƳŜŀƴ ǎŘ 

ta /ƻƴŎŜƴǘǊŀǝƻƴ тΦмсм оΦртт сΦплт пΦлфн уΦфмф рΦнос тΦслм пΦлнм сΦрпм оΦлрм уΦфнм сΦлмн тΦрсф оΦфум фΦлпо оΦуфр мнΦрор рΦтмп 

h/ нΦнуп мΦлпп мΦтну лΦфст нΦлст мΦотн мΦурс мΦмпр мΦфсс лΦфнф нΦмнт лΦфоу нΦспм лΦфсм нΦлоф лΦутр нΦост мΦнтт 

9/ нΦрмл мΦотл мΦомф лΦфру мΦлфс лΦтуо лΦтон лΦроо лΦоон лΦнмп лΦосс лΦотр лΦоут лΦртр лΦнпп лΦмоо лΦоло лΦнфу 

{hпнπ лΦнлр лΦннт лΦолр лΦнфп лΦрфл лΦрру лΦпоо лΦорм лΦнсо лΦмур лΦнуп лΦннр лΦонп лΦнус лΦнпо лΦмот лΦплн лΦрмс 

bŀҌ лΦмтн лΦнуу лΦммн лΦмнт лΦмту лΦмур лΦнсо лΦптт лΦмрп лΦмол лΦмрт лΦмот лΦмот лΦмпл лΦмло лΦммл лΦофс мΦлмс 

bhоπ лΦмнр лΦмпо лΦмуу лΦмрс лΦопо лΦору лΦмфс лΦнмп лΦлтн лΦлсо лΦлсф лΦлср лΦлср лΦмлл лΦлро лΦлпл лΦммн лΦмпр 

thпоπ лΦмол лΦнфт лΦлтм лΦмлт лΦлто лΦмму лΦмср лΦпоф лΦлфф лΦммс лΦлфн лΦмнл лΦлул лΦмлф лΦлпф лΦмор лΦлро лΦмпс 

/ŀнҌ лΦлро лΦлсн лΦлпм лΦлоо лΦлто лΦлру лΦлус лΦмлм лΦлст лΦлор лΦлум лΦлрр лΦлул лΦлпс лΦлул лΦлсл лΦмпф лΦмтс 

bIпҌ лΦлоп лΦлрм лΦлфл лΦммф лΦмту лΦнту лΦлтф лΦмно лΦллр лΦллт лΦллу лΦлнф лΦлнн лΦлуо лΦллм лΦллм лΦллн лΦллн 

/ƭπ лΦлот лΦлпл лΦлрп лΦлот лΦлфм лΦлфп лΦлсс лΦлрп лΦлпо лΦлом лΦлро лΦлоф лΦлсф лΦлпт лΦлсм лΦлпр лΦммл лΦмму 

/нhп
нπ лΦлну лΦлнр лΦлот лΦлом лΦлрс лΦлрт лΦлпн лΦлон лΦлон лΦлнм лΦлон лΦлнн лΦлор лΦлол лΦлно лΦлмм лΦлпр лΦлуп 

aƎнҌ лΦлмл лΦлмо лΦллф лΦллф лΦлмс лΦлмс лΦлмр лΦлмт лΦлмм лΦллф лΦлмн лΦлмл лΦлмм лΦллф лΦллу лΦллт лΦлмп лΦлнн 

YҌ лΦллт лΦлмл лΦлмн лΦлму лΦлом лΦлрп лΦлмл лΦлмо лΦллп лΦллп лΦллс лΦллу лΦллу лΦлмф лΦллр лΦллр лΦлнс лΦлту 

/Ihн
π лΦллт лΦллр лΦллт лΦллр лΦллт лΦлло лΦллс лΦлло лΦллс лΦллм лΦллф лΦллф лΦллу лΦллр лΦлмо лΦлмп лΦлпо лΦмно 

aŜǘƘŀƴǎǳƭŦƻƴŀǘŜ лΦллм лΦллм лΦллн лΦллп лΦлло лΦллп лΦллн лΦлло лΦллм лΦлло лΦллм лΦлло лΦллн лΦллп лΦллм лΦллн лΦллм лΦллн 

Cπ лΦллл лΦллл лΦллм лΦллм лΦллм лΦллн лΦллм лΦллм лΦллм лΦллн лΦллн лΦлло лΦллн лΦлло лΦллм лΦллн лΦлло лΦллф 

bhнπ лΦллл лΦллм лΦллл лΦллм лΦллм лΦллм лΦллм лΦллм лΦллм лΦллм лΦллм лΦллм лΦллм лΦллм лΦллм лΦллл лΦллп лΦлмн 

.Ǌπ лΦллл лΦллл лΦллл лΦллн лΦллм лΦллн лΦллл лΦллн лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл лΦллл 
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4.  Understanding aerosol composition in a 
tropical inter-Andean valley impacted by 
agro-industrial and urban emissions 

¢ƘŜ ŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ƻŦ taнΦр ŀǘƳƻǎǇƘŜǊƛŎ ǇŀǊǝŎƭŜǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘŜ 

ƳǳƴƛŎƛǇŀƭƛǘȅ ƻŦ tŀƭƳƛǊŀΣ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ /ŀǳŎŀ wƛǾŜǊ ±ŀƭƭŜȅ 5ŜǇŀǊǘƳŜƴǘ ƛƴ /ƻƭƻƳōƛŀΦ ¢ƘŜ 

ǎŀƳǇƭƛƴƎ ŎŀƳǇŀƛƎƴ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ŀǘ ǘƘŜ ŀŘƳƛƴƛǎǘǊŀǝǾŜ ōǳƛƭŘƛƴƎ ŀǘ ǘƘŜ tŀƭƳƛǊŀ /ŀƳǇǳǎ ƻŦ 

¦ƴƛǾŜǊǎƛŘŀŘ bŀŎƛƻƴŀƭ ŘŜ /ƻƭƻƳōƛŀΣ ōŜǘǿŜŜƴ Wǳƭȅ нрǘƘ ŀƴŘ {ŜǇǘŜƳōŜǊ мфǘƘΣ нлмуΣ ǿƛǘƘ ǘƘŜ 

ŎƻƻǇŜǊŀǝƻƴ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ƎǊƻǳǇ ŎƻƭƭŜŀƎǳŜǎ !ƴƎŜƭŀ ±ŀǊƎŀǎ ŀƴŘ DŜǊƳŀƴ wǳŜŘŀ {ŀŀΦ ¢ƘŜ 

ŎƘŜƳƛŎŀƭ ŀƴŀƭȅǎƛǎ ƻŦ taнΦр ǎŀƳǇƭŜǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ŀǘ [ŜƛōƴƛȊ LƴǎǝǘǳǘŜ ŦƻǊ ¢ǊƻǇƻǎǇƘŜǊƛŎ 

wŜǎŜŀǊŎƘΣ ¢whth{Σ ǿƛǘƘ ǘƘŜ ƎǳƛŘŀƴŎŜ ŀƴŘ ǎǳǇǇƻǊǘ ƻŦ 5ƻƳƛƴƛƪ Ǿŀƴ tƛƴȄǘŜǊŜƴΣ aŀƴǳŜƭŀ Ǿŀƴ 

tƛƴȄǘŜǊŜƴ ŀƴŘ YƘŀƴƴŜƘ ²ŀŘƛƴƎŀ CƻƳōŀΦ  

¢ƘŜ ŀƴŀƭȅǎƛǎ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ taнΦр ŎƘŜƳƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛȊŀǝƻƴ ǿŀǎ ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ ƳŀƴǳǎŎǊƛǇǘ 

ǝǘƭŜŘΥ ά¦ƴŘŜǊǎǘŀƴŘƛƴƎ ŀŜǊƻǎƻƭ ŎƻƳǇƻǎƛǝƻƴ ƛƴ ŀ ǘǊƻǇƛŎŀƭ ƛƴǘŜǊπ!ƴŘŜŀƴ ǾŀƭƭŜȅ ƛƳǇŀŎǘŜŘ ōȅ ŀƎǊƻπ

ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ǳǊōŀƴ ŜƳƛǎǎƛƻƴǎέ όaŀǘŜǳǎπCƻƴǘŜŎƘŀ Ŝǘ ŀƭΦΣ нлннύΦ ¢ƘŜ ŀǳǘƘƻǊ ƻŦ ǘƘƛǎ ŘƛǎǎŜǊǘŀǝƻƴ 

ǎŜǘ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘǎΣ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ taнΦр ǎŀƳǇƭƛƴƎΣ ŎŀǊǊƛŜŘ ƻǳǘ ǘƘŜ ǎŀƳǇƭŜ ŎƘŜƳƛŎŀƭ 

ŀƴŀƭȅǎƛǎΣ ŀƴŀƭȅȊŜŘ ǘƘŜ ŎƘŜƳƛŎŀƭ ǊŜǎǳƭǘǎΣ ŀƴŘ ǇǊŜǇŀǊŜŘ ǘƘŜ ŘǊŀƊ ǇŀǇŜǊΣ ǿƛǘƘ ǎǳōǎǘŀƴǝŀƭ 

ŎƻƴǘǊƛōǳǝƻƴǎ ŦǊƻƳ ǘƘŜ ŀŘǾƛǎŜǊ ŀƴŘ ŎƻπŀŘǾƛǎŜǊ ƻŦ ǘƘƛǎ ŘƛǎǎŜǊǘŀǝƻƴΣ bŜǎǘƻǊ wƻƧŀǎ ŀƴŘ wƻŘǊƛƎƻ 

WƛƳŜƴŜȊΣ ǿƘƻ ƭŜŘ ǘƘŜ ǊŜǎŜŀǊŎƘΦ  

aŀǘŜǳǎπCƻƴǘŜŎƘŀΣ [ŀŘȅΣ ±ŀǊƎŀǎπōǳǊōŀƴƻΣ !ΦΣ WƛƳŜƴŜȊΣ wΦ ŀƴŘ wƻƧŀǎΣ bΦ ¸ΦΥ ¦ƴŘŜǊǎǘŀƴŘƛƴƎ 

ŀŜǊƻǎƻƭ ŎƻƳǇƻǎƛǝƻƴ ƛƴ ŀ ǘǊƻǇƛŎŀƭ ƛƴǘŜǊπ!ƴŘŜŀƴ ǾŀƭƭŜȅ ƛƳǇŀŎǘŜŘ ōȅ ŀƎǊƻπƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ǳǊōŀƴ 

ŜƳƛǎǎƛƻƴǎΣ !ǘƳƻǎΦ /ƘŜƳΦ tƘȅǎΦΣ ннΣ уптоςупфрΣ нлннΦ 

¢ƘŜ ǇŀǇŜǊ ƛǎ ǇǊŜǎŜƴǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘƛǎ ŘƛǎǎŜǊǘŀǝƻƴ ŀƴŘ ƛǎ ǊŜǇǊƻŘǳŎŜǎ ōŜƭƻǿΥ 

!ōǎǘǊŀŎǘΦ 

!ƎǊƻπƛƴŘǳǎǘǊƛŀƭ ŀǊŜŀǎ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ ŀũŜŎǘŜŘ ōȅ ǾŀǊƛƻǳǎ ǎƻǳǊŎŜǎ ƻŦ ŀǘƳƻǎǇƘŜǊƛŎ Ǉƻƭƭǳǘŀƴǘǎ ǘƘŀǘ 

ƘŀǾŜ ŀ ƴŜƎŀǝǾŜ ƛƳǇŀŎǘ ƻƴ ǇǳōƭƛŎ ƘŜŀƭǘƘ ŀƴŘ ŜŎƻǎȅǎǘŜƳǎΦ IƻǿŜǾŜǊΣ ŀƛǊ ǉǳŀƭƛǘȅ ƛƴ ǘƘŜǎŜ ŀǊŜŀǎ ƛǎ 

ƛƴŦǊŜǉǳŜƴǘƭȅ ƳƻƴƛǘƻǊŜŘ ōŜŎŀǳǎŜ ƻŦ ǘƘŜƛǊ ǎƳŀƭƭŜǊ ǇƻǇǳƭŀǝƻƴ ŎƻƳǇŀǊŜŘ ǘƻ ƭŀǊƎŜ ŎƛǝŜǎΣ 

ŜǎǇŜŎƛŀƭƭȅ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎΦ ¢ƘŜ /ŀǳŎŀ wƛǾŜǊ ǾŀƭƭŜȅ ό/w±ύ ƛǎ ŀƴ ŀƎǊƻπƛƴŘǳǎǘǊƛŀƭ ǊŜƎƛƻƴ ƛƴ 

ǎƻǳǘƘǿŜǎǘŜǊƴ /ƻƭƻƳōƛŀΣ ǿƘŜǊŜ ŀ ƭŀǊƎŜ ŦǊŀŎǝƻƴ ƻŦ ǘƘŜ ŀǊŜŀ ƛǎ ŘŜǾƻǘŜŘ ǘƻ ǎǳƎŀǊŎŀƴŜ ŀƴŘ 

ƭƛǾŜǎǘƻŎƪ ǇǊƻŘǳŎǝƻƴΦ ¢ƘŜ /w± ƛǎ ŀƭǎƻ ŀũŜŎǘŜŘ ōȅ ǊƻŀŘ ǘǊŀŶŎ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŜƳƛǎǎƛƻƴǎΦ ¢Ƙƛǎ 
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ǎǘǳŘȅ ŀƛƳǎ ǘƻ ŜƭǳŎƛŘŀǘŜ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ ŬƴŜ ƳƻŘŜ όtaнΦрύ ŀƴŘ 

ǘƻ ƛŘŜƴǝŦȅ ǘƘŜ Ƴŀƛƴ Ǉƻƭƭǳǘŀƴǘ ǎƻǳǊŎŜǎ ōŜŦƻǊŜ ǎƻǳǊŎŜ ŀǧǊƛōǳǝƻƴΦ ! ǎŀƳǇƭƛƴƎ ŎŀƳǇŀƛƎƴ ǿŀǎ 

ŎŀǊǊƛŜŘ ƻǳǘ ŀǘ ŀ ǊŜǇǊŜǎŜƴǘŀǝǾŜ ǎƛǘŜ ƛƴ ǘƘŜ /w± ǊŜƎƛƻƴΣ ǿƘŜǊŜ Řŀƛƭȅ ŀǾŜǊŀƎŜŘ Ƴŀǎǎ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ taнΦр ŀƴŘ ǘƘŜ ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƻŦ ǿŀǘŜǊπǎƻƭǳōƭŜ ƛƻƴǎΣ ǘǊŀŎŜ ƳŜǘŀƭǎΣ ƻǊƎŀƴƛŎ 

ŀƴŘ ŜƭŜƳŜƴǘŀƭ ŎŀǊōƻƴΣ ŀƴŘ ǾŀǊƛƻǳǎ ŦǊŀŎǝƻƴǎ ƻŦ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ όŎŀǊōƻƘȅŘǊŀǘŜǎΣ ƴ ŀƭƪŀƴŜǎΣ 

ŀƴŘ ǇƻƭȅŎȅŎƭƛŎ ŀǊƻƳŀǝŎ ƘȅŘǊƻŎŀǊōƻƴǎ ς t!Iǎύ ǿŜǊŜ ƳŜŀǎǳǊŜŘΦ ¢ƘŜ ƳŜŀƴ taнΦр ǿŀǎ мпΦп ҕ пΦп 

mƎ ƳπоΣ ŀƴŘ ǘƘŜ Ƴƻǎǘ ŀōǳƴŘŀƴǘ ŎƻƴǎǝǘǳŜƴǘ ǿŀǎ ƻǊƎŀƴƛŎ ƳŀǘŜǊƛŀƭ όрнΦт҈ ҕ муΦп҈ύΣ ŦƻƭƭƻǿŜŘ ōȅ 

ǎǳƭŦŀǘŜ όмнΦт҈ ҕ нΦу҈ύΣ ŀƴŘ ŜƭŜƳŜƴǘŀƭ ŎŀǊōƻƴ όтΦм҈ ҕ нΦр҈ύΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ 

ǎŜŎƻƴŘŀǊȅ ŀŜǊƻǎƻƭ ŦƻǊƳŀǝƻƴ ŀƴŘ ƛƴŎƻƳǇƭŜǘŜ ŎƻƳōǳǎǝƻƴΦ [ŜǾƻƎƭǳŎƻǎŀƴ ǿŀǎ ǇǊŜǎŜƴǘ ƛƴ ŀƭƭ 

ǎŀƳǇƭŜǎΣ ǿƛǘƘ ŀ ƳŜŀƴ ŎƻƴŎŜƴǘǊŀǝƻƴ ƻŦ όммоΦу ҕ мптΦн ƴƎ ƳπоύΣ ǊŜǾŜŀƭƛƴƎ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ŀǎ ŀ 

ǇŜǊǎƛǎǘŜƴǘ ǎƻǳǊŎŜΦ aŀǎǎ ŎƭƻǎǳǊŜ ǳǎƛƴƎ ǘƘŜ ŜƭŜƳŜƴǘŀƭ ŎŀǊōƻƴ ό9/ύ ǘǊŀŎŜǊ ƳŜǘƘƻŘ ŜȄǇƭŀƛƴŜŘ 

ууΦп҈ ƻŦ taнΦрΣ ǿƘŜǊŜŀǎ ǘƘŜ ƻǊƎŀƴƛŎ ǘǊŀŎŜǊ ƳŜǘƘƻŘ ŜȄǇƭŀƛƴŜŘ тлΦф҈ ƻŦ taнΦрΦ ²Ŝ ŀǧǊƛōǳǘŜ 

ǘƘƛǎ ŘƛũŜǊŜƴŎŜ ǘƻ ǘƘŜ ƭŀŎƪ ƻŦ ƛƴŦƻǊƳŀǝƻƴ ƻŦ ǎǇŜŎƛŬŎ ƻǊƎŀƴƛŎ ǘǊŀŎŜǊǎ ŦƻǊ ǎƻƳŜ ǎƻǳǊŎŜǎΣ ōƻǘƘ 

ǇǊƛƳŀǊȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅΦ hǊƎŀƴƛŎ ƳŀǘŜǊƛŀƭ ŀƴŘ ƛƴƻǊƎŀƴƛŎ ƛƻƴǎ ǿŜǊŜ ǘƘŜ ŘƻƳƛƴŀƴǘ ƎǊƻǳǇǎ ƻŦ 

ǎǇŜŎƛŜǎ όтф҈ ƻŦ taнΦрύΦ haǇǊƛƳ ŀƴŘ haǎŜŎ  ŎƻƴǘǊƛōǳǘŜ нпΦн҈ ŀƴŘ нуΦр҈ ǘƻ taнΦрΦ LƴƻǊƎŀƴƛŎ ƛƻƴǎ 

ŀǎ ǎǳƭŦŀǘŜΣ ƴƛǘǊŀǘŜ ŀƴŘ ŀƳƳƻƴƛŀ ŎƻƴǎǝǘǳǘŜ мфΦл҈Σ 9/ тΦм҈Τ Řǳǎǘ оΦр҈Σ ǇŀǊǝŎƭŜπōƻǳƴŘŜŘ ǿŀǘŜǊ 

όt.²ύ рΦо҈Σ ŀƴŘ ¢9hΣ лΦф҈ ƻŦ taнΦрΦ ¢ƘŜ ŀŜǊƻǎƻƭ ǿŀǎ ŀŎƛŘƛŎΣ ǿƛǘƘ ŀ ǇI ƻŦ нΦр ҕ лΦпΣ Ƴŀƛƴƭȅ 

ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ ƻǊƎŀƴƛŎ ŀƴŘ ǎǳƭŦǳǊ ŎƻƳǇƻǳƴŘǎΦ 5ƛŀƎƴƻǎǝŎ Ǌŀǝƻǎ ŀƴŘ ǘǊŀŎŜǊ 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ƛƴŘƛŎŀǘŜ ǘƘŀǘ Ƴƻǎǘ taнΦр ǿŀǎ ŜƳƛǧŜŘ ƭƻŎŀƭƭȅ ŀƴŘ ƘŀŘ ŎƻƴǘǊƛōǳǝƻƴǎ ƻŦ ōƻǘƘ 

ǇȅǊƻƎŜƴƛŎ ŀƴŘ ǇŜǘǊƻƎŜƴƛŎ ǎƻǳǊŎŜǎΣ ǘƘŀǘ ōƛƻƳŀǎǎ ōǳǊƴƛƴƎ ό..ύ ǿŀǎ ǳōƛǉǳƛǘƻǳǎ ŘǳǊƛƴƎ ǘƘŜ 

ǎŀƳǇƭƛƴƎ ǇŜǊƛƻŘ ŀƴŘ ǿŀǎ ǘƘŜ Ƴŀƛƴ ǎƻǳǊŎŜ ƻŦ t!I{Σ ŀƴŘ ǘƘŀǘ ǘƘŜ ǊŜƭŀǝǾŜƭȅ ƭƻǿ taнΦр 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀƴŘ ƳǳǘŀƎŜƴƛŎ ǇƻǘŜƴǝŀƭǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƭƻǿπƛƴǘŜƴǎƛǘȅΣ ȅŜŀǊπƭƻƴƎ .. ŀƴŘ 

ǎǳƎŀǊŎŀƴŜ tI. ƛƴ /w±Φ 

YŜȅǿƻǊŘǎΥ ŀƎǊƻπƛƴŘǳǎǘǊȅΤ ǇǊŜπƘŀǊǾŜǎǘ ōǳǊƴƛƴƎΤ taнΦрΤ ŎƘŜƳƛŎŀƭ ǎǇŜŎƛŀǝƻƴΤ  bƻǊǘƘŜǊƴ {ƻǳǘƘ 

!ƳŜǊƛŎŀ 

4.1. Introduction  

¦Ǌōŀƴ ŀƴŘ ǎǳōǳǊōŀƴ ƭƻŎŀǝƻƴǎΣ ǿƛǘƘ ƳƻŘŜǊŀǘŜ ǘƻ ƘƛƎƘ ǇƻǇǳƭŀǝƻƴ ŘŜƴǎƛǝŜǎΣ ŀǊŜ ŜȄǇƻǎŜŘ ǘƻ ŀƛǊ 

Ǉƻƭƭǳǘŀƴǘ ŜƳƛǎǎƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ƻŦ ŬƴŜ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ όtaύ ŦǊƻƳ ƛƴŘǳǎǘǊȅΣ ǊƻŀŘ ǘǊŀŶŎΣ ŀƴŘ 

ƻǘƘŜǊ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŀŎǝǾƛǝŜǎΦ {ǳōǳǊōŀƴ ŀǊŜŀǎ Ƴŀȅ ŀƭǎƻ ōŜ ƛƳǇŀŎǘŜŘ ōȅ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ 

ŀƎǊƛŎǳƭǘǳǊŀƭ ŀŎǝǾƛǝŜǎ ό.ŜƎŀƳ Ŝǘ ŀƭΦΣ нлмсύΦ !ƛǊ ǉǳŀƭƛǘȅ ƛƴ ŀǊŜŀǎ ǳƴŘŜǊ ǘƘŜǎŜ ŎƻƴŘƛǝƻƴǎ ƛǎ 

ƛƴŦǊŜǉǳŜƴǘƭȅ ƳƻƴƛǘƻǊŜŘΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎΣ ŘŜǎǇƛǘŜ ǘƘŜ ŜȄǘŜƴǎƛǾŜ ǳǎŜ ƻŦ 

ƘƛƎƘƭȅ ŜƳƛǩƴƎ ǇǊŀŎǝŎŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ƛƴǘŜƴǎƛǾŜ ǳǎŜ ƻŦ ƛƴǎŜŎǝŎƛŘŜǎ ŀƴŘ ǇŜǎǝŎƛŘŜǎΣ ŬǊŜ ŦƻǊ 
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ƭŀƴŘ ŀƴŘ ŎǊƻǇ ƳŀƴŀƎŜƳŜƴǘΣ ŀƴŘ ŘƛŜǎŜƭπōŀǎŜŘ ƳŜŎƘŀƴƛȊŀǝƻƴ ό!ƴŜƧŀ Ŝǘ ŀƭΦΣ нллуΣ нллфύΦ 

!ƎǊƛŎǳƭǘǳǊŀƭ ǎƻǳǊŎŜǎ ŜƳƛǘ ǇƻƭƭǳǘŀƴǘǎΣ ǎǳŎƘ ŀǎ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ǎύΣ ǿƘƛŎƘ ŀǊŜ 

ǇǊŜŎǳǊǎƻǊǎ ƻŦ ǘǊƻǇƻǎǇƘŜǊƛŎ ƻȊƻƴŜ όaŀƧǊŀΣ нлммύΣ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ƻǊƎŀƴƛŎ ŀŜǊƻǎƻƭǎ ό{h!ǎΤ 

όaŀƧǊŀΣ нлммύΦ aƻǎǘ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀŎǝǾƛǝŜǎ ŀƭǎƻ ŜƳƛǘ taнΦр όǎƻƭƛŘ ŀƴŘ ƭƛǉǳƛŘ ǇŀǊǝŎƭŜǎ ǿƛǘƘ 

ŀŜǊƻŘȅƴŀƳƛŎ ŘƛŀƳŜǘŜǊǎ ǎƳŀƭƭŜǊ ǘƘŀƴ нΦр ҡƳύΣ ǿƘƛŎƘ Ƴŀȅ Ŏƻƴǘŀƛƴ ōƭŀŎƪ ŎŀǊōƻƴ ό./ύ ŀƴŘ ǘƻȄƛŎ 

ŀƴŘ ŎŀǊŎƛƴƻƎŜƴƛŎ ǇƻƭƭǳǘŀƴǘǎΣ ŜΦƎΦΣ ǇƻƭȅŎȅŎƭƛŎ ŀǊƻƳŀǝŎ ƘȅŘǊƻŎŀǊōƻƴǎ όt!IǎύΦ hǘƘŜǊ ŀƎǊƛŎǳƭǘǳǊŀƭ 

ŀŎǝǾƛǝŜǎΣ ƛƴŎƭǳŘƛƴƎ ƳŜŎƘŀƴƛȊŜŘ ƭŀƴŘ ǇǊŜǇŀǊŀǝƻƴΣ ǎƻǿƛƴƎ ŀƴŘ ƘŀǊǾŜǎǝƴƎΣ ŎƻƴǎǳƳŜ ǎƛƎƴƛŬŎŀƴǘ 

ǾƻƭǳƳŜǎ ƻŦ Ŧƻǎǎƛƭ ŦǳŜƭǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ŘƛŜǎŜƭΣ ŀƴŘ ŜƳƛǘ ǘǊŀŎŜ ƎŀǎŜǎ όƛƴŎƭǳŘƛƴƎ /hнΣ /hΣ {hнΣ bhȄΣ 

bIо ŀƴŘ ±h/ύ ǘƘŀǘ ŀƭǎƻ ƎŜƴŜǊŀǘŜ hо ŀƴŘ {h!Σ ŀƭƭ ƻŦ ǿƘƛŎƘ ŀũŜŎǘ ƘǳƳŀƴ ƘŜŀƭǘƘ ŀƴŘ ŎƭƛƳŀǘŜ 

ό¸ŀŘŀǾ ŀƴŘ 5ŜǾƛΣ нлмфύΦ CǳǊǘƘŜǊƳƻǊŜΣ ŀƎǊƛŎǳƭǘǳǊŀƭ ƻǇŜǊŀǝƻƴǎ ŀǊŜ ŀ ǎƛƎƴƛŬŎŀƴǘ ǎƻǳǊŎŜ ƻŦ 

ƴƛǘǊƻƎŜƴπŎƻƴǘŀƛƴƛƴƎ ǘǊŀŎŜ ƎŀǎŜǎ όbhнΣ bhΣ bIо ŀƴŘ bнhύ ǘƘŀǘ ŀǊŜ ǊŜƭŜŀǎŜŘ ŦǊƻƳ ŦŜǊǝƭƛȊŜǊǎΣ 

ƭƛǾŜǎǘƻŎƪ ǿŀǎǘŜΣ ŀƴŘ ŦŀǊƳ ƳŀŎƘƛƴŜǊȅ ƛƴǘƻ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜ ό{ǳǧƻƴ Ŝǘ ŀƭΦΣ нлммύΦ !ƭǎƻΣ ǇƻǳƭǘǊȅ 

ŀƴŘ ǇƛƎ ŦŀǊƳƛƴƎ ŀǊŜ ƘƛƎƘ ŜƳƛǧŜǊǎ ƻŦ ǎǳƭŦǳǊ ŎƻƳǇƻǳƴŘǎΣ ǇŀǊǝŎǳƭŀǊƭȅ Iн{Φ 

 ¢ƘŜ /ŀǳŎŀ wƛǾŜǊ ǾŀƭƭŜȅ ό/w±ύ ƛǎ ŀƴ ƛƴǘŜǊπ!ƴŘŜŀƴ ǾŀƭƭŜȅ ƛƴ ǎƻǳǘƘǿŜǎǘŜǊ /ƻƭƻƳōƛŀΣ ǿƛǘƘ ŀ ƅŀǘ 

ŀǊŜŀ ƻŦ рнут ƪƳн όнпу ƪƳ ƭƻƴƎ ōȅ нн ƪƳ ƳŜŀƴ ǿƛŘǘƘύΣ ŀ ƳŜŀƴ ŀƭǝǘǳŘŜ ƻŦ фур Ƴ a{[ όCƛƎǳǊŜ 

мύΦ /w± ƛǎ ōƻǳƴŘŜŘ ōȅ ǘƘŜ /ƻƭƻƳōƛŀƴ !ƴŘŜǎ ²ŜǎǘŜǊƴ ŀƴŘ /ŜƴǘǊŀƭ /ƻǊŘƛƭƭŜǊŀǎΣ ŀƴŘ ƛǎ ƭƻŎŀǘŜŘ ŀǘ 

Ϥмнл ƪƳ ŦǊƻƳ ǘƘŜ tŀŎƛŬŎ hŎŜŀƴΦ /w± ŜƴŎƻƳǇŀǎǎŜǎ ǘƘŜ ŎƛǝŜǎ ƻŦ /ŀƭƛΣ /ƻƭƻƳōƛŀΩǎ ǘƘƛǊŘπƭŀǊƎŜǎǘ 

Ŏƛǘȅ ǿƛǘƘ нΦн Ƴƛƭƭƛƻƴ ƛƴƘŀōƛǘŀƴǘǎ όƛƴƘŀōύΣ ¸ǳƳōƻ όмнф ǘƘƻǳǎŀƴŘ ƛƴƘŀōύΣ ŀƴ ƛƳǇƻǊǘŀƴǘ ƛƴŘǳǎǘǊƛŀƭ 

ƘǳōΣ ŀƴŘ tŀƭƳƛǊŀ όомо ǘƘƻǳǎŀƴŘ ƛƴƘŀōύΣ ŀƴ ƛƳǇƻǊǘŀƴǘ ŀƎǊƻπƛƴŘǳǎǘǊȅ ŎŜƴǘŜǊΦ LƴŘǳǎǘǊȅ ƛǎ ŀƭǎƻ 

ǇǊŜǎŜƴǘ ƛƴ ǘƘŜ ƻǘƘŜǊ ƳŀƧƻǊ /w± ŎƛǝŜǎ ό¢ǳƭǳłΣ /ŀǊǘŀƎƻΣ WŀƳǳƴŘƝΣ ŀƴŘ .ǳƎŀύΦ 

  

/w± Ƙƻǎǘǎ ŀ ƘƛƎƘƭȅ ŜŶŎƛŜƴǘΣ ǊŜǎƻǳǊŎŜπƛƴǘŜƴǎƛǾŜ ǎǳƎŀǊŎŀƴŜ ŀƎǊƻπƛƴŘǳǎǘǊȅ ǿƛǘƘ ƻƴŜ ƻŦ ǘƘŜ 

ƘƛƎƘŜǎǘ ōƛƻƳŀǎǎ ȅƛŜƭŘǎ όǳǇ ǘƻ мнл ǘƻƴ Ƙŀπмύ ŀƴŘ ǘƘŜ ƘƛƎƘŜǎǘ ǎǳƎŀǊ ǇǊƻŘǳŎǝǾƛǝŜǎ ƛƴ ǘƘŜ ǿƻǊƭŘ 

όϤмо ǘƻƴ ǎǳƎŀǊ ǇŜǊ ƘŜŎǘŀǊŜΤ ό!ǎƻŎŀƷŀΣ нлмуΣ нлмфύΦ {ǳƎŀǊŎŀƴŜ ǎƻǿƛƴƎΣ ƘŀǊǾŜǎǝƴƎΣ ŀƴŘ 

ǘǊŀƴǎǇƻǊǘ ǘƻ Ƴƛƭƭǎ ŀǊŜ ŀƭƭ ƳŜŎƘŀƴƛȊŜŘ ŀƴŘ ǳǎŜ ŘƛŜǎŜƭ ŀǎ ŦǳŜƭΦ .ŜǎƛŘŜǎΣ ŀƭƭ ǘƘŜ ǎǳƎŀǊŎŀƴŜ ōŀƎŀǎǎŜ 

ƛǎ ǳǎŜŘΣ ǘƻ ŜƛǘƘŜǊ ǘƻ ǇǊƻŘǳŎŜ ƘŜŀǘ ŀƴŘ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ όŎƻƎŜƴŜǊŀǝƻƴύ ƻǊ ŀǎ ŦŜŜŘǎǘƻŎƪ ǘƻ ǘƘŜ 

ƭƻŎŀƭ ǇŀǇŜǊ ƛƴŘǳǎǘǊȅΦ aƻǊŜƻǾŜǊΣ ŀƭǘƘƻǳƎƘ ǇǊŜπƘŀǊǾŜǎǘ ōǳǊƴƛƴƎ ƛǎ ōŜƛƴƎ ǇƘŀǎŜŘ ƻǳǘ ƛƴ ǘƘŜ /w±Σ 

ƻƴŜπǘƘƛǊŘ ƻŦ ǘƘŜ ǎǳƎŀǊŎŀƴŜ ŀǊŜŀ ƛƴ нлму ǿŀǎ ōǳǊƴŜŘ ǇǊƛƻǊ ǘƻ ƘŀǊǾŜǎǝƴƎΦ /w± ƛǎ ŀƭǎƻ ǘƘŜ ǘƘƛǊŘπ

ƭŀǊƎŜǎǘ ǇƻǳƭǘǊȅ ǇǊƻŘǳŎŜǊ όормΣмлп ǘƻƴ ȅǊπмύΣ ŀƴŘ ǘƘŜ ŬǊǎǘ ŜƎƎ ǇǊƻŘǳŎŜǊ όпррф ȄмлсƳƛƭƭƛƻƴ ǳƴƛǘǎ 

ǇŜǊ ȅŜŀǊύ ƛƴ /ƻƭƻƳōƛŀ όaƛƴΦ!ƎǊƛŎǳƭǘǳǊŀΣ нлнлύΦ Lƴ ŀŘŘƛǝƻƴΣ /w± ǇǊƻŘǳŎŜǎ мрΦм҈ ƻŦ /ƻƭƻƳōƛŀΩǎ 

ǇƻǊƪ ƳŜŀǘ όƻǾŜǊ м Ƴƛƭƭƛƻƴ ǇƛƎǎ ƛƴ ǎǘƻŎƪύ όaƛƴΦ!ƎǊƛŎǳƭǘǳǊŀΣ нлмфύ ŀƴŘ мΦу҈ ƻŦ ƴŀǝƻƴŀƭ ōŜŜŦ 

ǇǊƻŘǳŎǝƻƴ όпстΣтун ƘŜŀŘǎ ƛƴ ǎǘƻŎƪύ όaƛƴΦ!ƎǊƛŎǳƭǘǳǊŀΣ нлмуύΦ tƻǳƭǘǊȅ ŀƴŘ ƭƛǾŜǎǘƻŎƪ ǇǊƻŘǳŎǝƻƴ 

ŀǊŜ ǎƛƎƴƛŬŎŀƴǘ ǎƻǳǊŎŜǎ ƻŦ Iн{ ŀƴŘ bIоΦ .ŜǎƛŘŜǎ ŀ ƭƻƴƎπǝƳŜ ŜǎǘŀōƭƛǎƘŜŘ ŜƴŜǊƎȅπƛƴǘŜƴǎƛǾŜ 

ƛƴŘǳǎǘǊȅΣ ǘƘŜǊŜ ŀǊŜ ŀƭǎƻ ŀ ǾŀǊƛŜǘȅ ƻŦ ǎƳŀƭƭŜǊ ƛƴŘǳǎǘǊƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ōǊƛŎƪ ƪƛƭƴǎΦ wŜƎŀǊŘƛƴƎ ƳƻōƛƭŜ 
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ǎƻǳǊŎŜǎΣ ǘƘŜǊŜ ŀǊŜ ƴŜŀǊƭȅ н Ƴƛƭƭƛƻƴ ǾŜƘƛŎƭŜǎ όмΣфрмΣсоу ǾŜƘƛŎƭŜǎύ ǊŜƎƛǎǘŜǊŜŘ ƛƴ /w± όw¦b¢Σ 

нлнмύΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ǘƘŜ ǎǘŀƴŘŀǊŘ ǳǊōŀƴ ŎŀǘŜƎƻǊƛŜǎ ŀƭƻƴƎ ǿƛǘƘ ƻũπǊƻŀŘ ǳƴǊŜƎǳƭŀǘŜŘ ŦŀǊƳƛƴƎ 

ƳŀŎƘƛƴŜǊȅΦ ¢ƘŜ ǎǳƎŀǊŎŀƴŜ ŀƎǊƻƛƴŘǳǎǘǊȅ ǳǎŜǎ ƳǳƭǝπŎŀǊ ǘǊŀƛƭŜǊǎ ǘƻǿŜŘ ōȅ ŘƛŜǎŜƭπǇƻǿŜǊŜŘ 

ǘǊŀŎǘƻǊǎΣ ǿƛǘƘ ŜƴƻǳƎƘ ŀƴƴǳŀƭ ŀŎǝǾƛǘȅ ǘƻ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀƴ ƛƴŘŜǇŜƴŘŜƴǘ ǎƻǳǊŎŜ όǘƘŜ ŀŎǝǾƛǘȅ ƻŦ 

ǿƘƛŎƘ ƛǎ ǇǊƻǇƻǊǝƻƴŀƭ ǘƻ ǘƘŜ ǎǳƎŀǊŎŀƴŜ ƘŀǊǾŜǎǘŜŘ ŀǊŜŀ ŀƴŘ ǘƘŜ ŘƛǎǘŀƴŎŜ ǘƻ ǎǳƎŀǊ ƳƛƭƭǎύΦ 

hǾŜǊŀƭƭΣ /w± ƳƻōƛƭŜ ǎƻǳǊŎŜǎ ŎƻƴǎǳƳŜŘ ттн Ƴƛƭƭƛƻƴ [ ƻŦ ƎŀǎƻƭƛƴŜ ŀƴŘ рфл Ƴƛƭƭƛƻƴ [ ƻŦ ŘƛŜǎŜƭ ƛƴ 

нлму ό{L/haΣ нлмуύΦ aƻǊŜƻǾŜǊΣ ǘƘŜ ƭƻŎŀƭ ŀƛǊǇƻǊǘΣ ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ƛƴ ǎƻǳǘƘǿŜǎǘ /ƻƭƻƳōƛŀΣ 

ƭƻŎŀǘŜŘ ǾŜǊȅ ŎƭƻǎŜ ǘƻ tŀƭƳƛǊŀΣ ƘŀƴŘƭŜŘ мΦо Ƴƛƭƭƛƻƴ ǇŀǎǎŜƴƎŜǊǎ ƛƴ нлмф ό!ŜǊƻŎƛǾƛƭΣ нлмфύΦ !ƭǎƻΣ 

мсрт Ƙŀ ƻŦ ǎǳƎŀǊŎŀƴŜ ŀƴŘ ŎƻǊƴ ǿŜǊŜ ŦǳƳƛƎŀǘŜŘ ƛƴ нлнл ǳǎƛƴƎ ǎƳŀƭƭ ŀƛǊŎǊŀƊ ό!ŜǊƻŎƛǾƛƭΣ нлнлύΦ  

CƻǊ ǘƘƛǎ ǊŜǎŜŀǊŎƘΣ ǿŜ ǇǊŜǇŀǊŜŘ ŀ ǇǊŜƭƛƳƛƴŀǊȅΣ ŀƎƎǊŜƎŀǘŜŘ taмл ŜƳƛǎǎƛƻƴ ƛƴǾŜƴǘƻǊȅ ŦƻǊ /w± ōȅ 

ǇǳǩƴƎ ǘƻƎŜǘƘŜǊ ŘƛǎǇŀǊŀǘŜ ǎƻǳǊŎŜ ŘŀǘŀΣ ƛƴŎƭǳŘƛƴƎ ŦǊƻƳ ǘƘŜ ǎǘŀǝƻƴŀǊȅ ǎƻǳǊŎŜ ŜƳƛǎǎƛƻƴ 

ƛƴǾŜƴǘƻǊƛŜǎ ƻŦ /w±Ωǎ ǎƛȄ ƭŀǊƎŜǎǘ ŎƛǝŜǎ ό/ŀƭƛΣ ¢ǳƭǳłΣ /ŀǊǘŀƎƻΣ WŀƳǳƴŘƝΣ tŀƭƳƛǊŀΣ ¸ǳƳōƻ ŀƴŘ .ǳƎŀύΣ 

/ŀƭƛΩǎ ŀƴŘ ƻǘƘŜǊ ŎƛǝŜǎΩ ƳƻōƛƭŜ ǎƻǳǊŎŜ ŜƳƛǎǎƛƻƴ ƛƴǾŜƴǘƻǊƛŜǎΣ ŀƴŘ ƻǳǊ ŜǎǝƳŀǝƻƴ ƻŦ ǎǳƎŀǊŎŀƴŜ 

ǇǊŜπƘŀǊǾŜǎǘ ōǳǊƴƛƴƎ όtI.ύ ŀƴŘ ƻǘƘŜǊ ǇƻƛƴǘΣ ƭƛƴŜŀǊ ŀƴŘ ŀǊŜŀ ǎƻǳǊŎŜǎ ό¢ŀōƭŜ {пπмύΦ hǳǊ 

ǇǊŜƭƛƳƛƴŀǊȅ ƛƴǾŜƴǘƻǊȅ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ƛƴŘǳǎǘǊȅ ƛǎ ōȅ ŦŀǊ ǘƘŜ Ƴŀƛƴ taмл 

ŜƳƛǧŜǊ ƛƴ /w±Σ ǿƛǘƘ ŀƴƴǳŀƭ ŜƳƛǎǎƛƻƴǎ ƻŦ ϤммΦп DƎ taмлΦ taмл ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƳƻōƛƭŜ ǎƻǳǊŎŜǎ 

όϤмΦп DƎ taмл ȅǊπмύ ŀƴŘ ƻǇŜƴπŬŜƭŘ ǎǳƎŀǊŎŀƴŜ ǇǊŜπƘŀǊǾŜǎǘ ōǳǊƴƛƴƎ όмΦт DƎ taмл ȅǊπмύ ŀǊŜ ŀ 

ŦŀŎǘƻǊ Ϥр ǎƳŀƭƭŜǊΦ ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ƻŦ ƛƴƻǊƎŀƴƛŎ ŀƴŘ ƻǊƎŀƴƛŎ ǎŜŎƻƴŘŀǊȅ ŀŜǊƻǎƻƭ ǇǊŜŎǳǊǎƻǊǎ ŀǊŜ 

ŀƭǎƻ ǎƛƎƴƛŬŎŀƴǘΦ ²Ŝ ŜǎǝƳŀǘŜ ǘƘŀǘ олΦм DƎ ƻŦ {hн ŀǊŜ ŀƴƴǳŀƭƭȅ ŜƳƛǧŜŘ ƛƴ /w± όпм҈ ŦǊƻƳ ǎǳƎŀǊ 

Ƴƛƭƭǎ ŀƴŘ ƻǘƘŜǊ ŀƎǊƻπƛƴŘǳǎǘǊƛŜǎΣ он҈ ŦǊƻƳ ŦƻƻŘ ƛƴŘǳǎǘǊƛŜǎΣ ŀƴŘ ф҈ ŦǊƻƳ ŎŜƳŜƴǘΣ ŎŜǊŀƳƛŎΣ ŀƴŘ 

ŀǎǇƘŀƭǘ ǇǊƻŘǳŎǝƻƴύΦ 9Ƴƛǎǎƛƻƴǎ ƻŦ ǾƻƭŀǝƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ǎύ ŀǊŜ ǾŜǊȅ ǎƛƳƛƭŀǊ όопΦт DƎ 

ȅǊπмύΦ !ƭǘƘƻǳƎƘ ŀ ǎƛƎƴƛŬŎŀƴǘ ƴǳƳōŜǊ ƻŦ ŎƻŀƭπŬǊŜŘ ōƻƛƭŜǊǎ ƘŀǾŜ ōŜŜƴ ŎƻƴǾŜǊǘŜŘ ǘƻ ƴŀǘǳǊŀƭ ƎŀǎΣ 

/w±Ωǎ ǎǳƭŦǳǊπǊƛŎƘ Ŏƻŀƭ όмΦпπп҈ ǘƻǘŀƭ {ύ ƛǎ ǎǝƭƭ ŀƴ ƛƳǇƻǊǘŀƴǘ ƛƴŘǳǎǘǊƛŀƭ ŦǳŜƭΦ Lǘ Ƴǳǎǘ ōŜ ǎǘǊŜǎǎŜŘ 

ǘƘŀǘ ǘƘƛǎ ƛǎ ŀ ǇǊŜƭƛƳƛƴŀǊȅΣ ƴƻǘ Ŧǳƭƭȅ ǳǇŘŀǘŜŘΣ ǊŜƎƛƻƴŀƭ ƛƴǾŜƴǘƻǊȅΦ ¢ƘŜ ŀǾŀƛƭŀōƭŜ ƛƴŦƻǊƳŀǝƻƴ ǿŀǎ 

ƛƴǎǳŶŎƛŜƴǘ ŦƻǊ ŘƛǎŀƎƎǊŜƎŀǝƴƎ ǘƘŜ ŬƴŜπƳƻŘŜ ta ŜƳƛǎǎƛƻƴǎ όtaнΦрύΦ ¢ƘŜ ƳǳƭǝǇƭƛŎƛǘȅΣ ŘƛǎǇŀǊƛǘȅΣ 

ŀƴŘ ǳƴŎŜǊǘŀƛƴǘȅ ƻŦ ǎƻǳǊŎŜǎ ŀǊŜ ƛƴŘƛŎŀǝǾŜ ƻŦ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜ taнΦр ǎƻǳǊŎŜ ƛŘŜƴǝŬŎŀǝƻƴΣ 

ǉǳŀƴǝŬŎŀǝƻƴΣ ŀƴŘ ƭƻŎŀǝƻƴ ǘŀǎƪǎΦ 

¢ƘŜ ŘŜǘŜǊƳƛƴŀǝƻƴ ƻŦ ǘƘŜ ǇŀǊǝŎǳƭŀǘŜ ƳŀǧŜǊ όtaύ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƛǎ ƛƴǎǘǊǳƳŜƴǘŀƭ ŦƻǊ ǘƘŜ 

ŀǇǇƻǊǝƻƴƳŜƴǘ ƻŦ Ǉƻƭƭǳǘŀƴǘ ǎƻǳǊŎŜǎΦ aƻǎǘ ŬŜƭŘ ƳŜŀǎǳǊŜƳŜƴǘπōŀǎŜŘ ǎǘǳŘƛŜǎ ƘŀǾŜ ōŜŜƴ 

ŎƻƴŘǳŎǘŜŘ ƛƴ bƻǊǘƘ !ƳŜǊƛŎŀΣ 9ǳǊƻǇŜΣ ŀƴŘ !ǎƛŀ όYŀǊŀƎǳƭƛŀƴ Ŝǘ ŀƭΦΣ нлмрύΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ 

ƛƴ [ŀǝƴ !ƳŜǊƛŎŀ ŀƴŘ ǘƘŜ /ŀǊƛōōŜŀƴ ό[!/ύ ƛǎ ƳǳŎƘ ǎƳŀƭƭŜǊ ŀƴŘ ƘŀǾŜ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ŎƘŜƳƛŎŀƭ 

ŎƻƳǇƻǎƛǝƻƴ ƻŦ taмл όtŜǊŜƛǊŀ Ŝǘ ŀƭΦΣ нлмфΤ ±ŀǎŎƻƴŎŜƭƭƻǎ Ŝǘ ŀƭΦΣ нлммύΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ta ǎƻǳǊŎŜ 

ŀǇǇƻǊǝƻƴƳŜƴǘ ƛƴ ǳǊōŀƴ ŀǊŜŀǎ ƻŦ /ƻƭƻƳōƛŀ όwŀƳƝǊŜȊ Ŝǘ ŀƭΦΣ нлмуΤ ±ŀǊƎŀǎ Ŝǘ ŀƭΦΣ нлмнύΣ /ƘƛƭŜ 

όWƻǊǉǳŜǊŀ ŀƴŘ .ŀǊǊŀȊŀΣ нлмнΣ нлмоΤ ±ƛƭƭŀƭƻōƻǎ Ŝǘ ŀƭΦΣ нлмрύΣ /ƻǎǘŀ wƛŎŀ όaǳǊƛƭƭƻ Ŝǘ ŀƭΦΣ нлмоύ ŀƴŘ 
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.ǊŀȊƛƭ όŘŜ !ƴŘǊŀŘŜ Ŝǘ ŀƭΦΣ нлмлύΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ǘƘŀǘ ƛƴǾƻƭǾŜ ŀƎǊƻπƛƴŘǳǎǘǊƛŀƭ ǎƻǳǊŎŜǎ 

ŀƴŘ ǘƘŜƛǊ ƛƳǇŀŎǘ ƻƴ ǎǳōǳǊōŀƴ ŀǊŜŀǎ ƛǎ ǎƳŀƭƭŜǊΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ǘƘŜ LƴŘƻπDŀƴƎŜǝŎ Ǉƭŀƛƴ ό!ƭǾƛ Ŝǘ 

ŀƭΦΣ нлнлύΣ ǘƘŜ {ŀƻ tŀǳƭƻ {ǘŀǘŜ ƛƴ .ǊŀȊƛƭ όDƻƴœŀƭǾŜǎ Ŝǘ ŀƭΦΣ нлмсΤ ¦Ǌōŀƴ Ŝǘ ŀƭΦΣ нлмсύΣ 

hǳŀƎŀŘƻǳƎƻǳ ƛƴ .ǳǊƪƛƴŀ Cŀǎƻ ό.ƻƳŀƴ Ŝǘ ŀƭΦΣ нллфύΣ ǘƘŜ !ƴƘǳƛ tǊƻǾƛƴŎŜ ƛƴ /Ƙƛƴŀ ό[ƛ Ŝǘ ŀƭΦΣ 

нлмпύΣ ŦƻǊ ǿƘƛŎƘ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ taнΦр ŀƴŘ ǎƻƳŜ ƻŦ ƛǘǎ ǎƻǳǊŎŜǎ ƘŀǾŜ ōŜŜƴ 

ƛŘŜƴǝŬŜŘΦ [ƛƪŜǿƛǎŜΣ ǊŜƎƛƻƴǎ ƛƴ {ƻǳǘƘ !ƳŜǊƛŎŀ ǿƛǘƘ ǎǳƎŀǊŎŀƴŜ ŀƎǊƻƛƴŘǳǎǘǊȅΣ ǎǳŎƘ ŀǎ aŜȄƛŎƻ 

όaǳƎƛŎŀπ!ƭǾŀǊŜȊ Ŝǘ ŀƭΦΣ нлмрΤ aǳƎƛŎŀπ#ƭǾŀǊŜȊ Ŝǘ ŀƭΦΣ нлмсΣ нлмуύ ŀƴŘ .ǊŀȊƛƭ όŘŜ !ƴŘǊŀŘŜ Ŝǘ ŀƭΦΣ 

нлмлΤ 5Ŝ !ǎǎǳƴŎŀƻ Ŝǘ ŀƭΦΣ нлмпΤ [ŀǊŀ Ŝǘ ŀƭΦΣ нллрΤ tŜǊŜƛǊŀ Ŝǘ ŀƭΦΣ нлмтύ ƘŀǾŜ ŀƭǎƻ ǊŜǇƻǊǘŜŘ ƻƴ 

ǘƘŜƛǊ ŀƎǊƻπƛƴŘǳǎǘǊȅ ƛƳǇŀŎǘ ƻƴ taнΦр ƭŜǾŜƭǎ ŀǘ ƴŜŀǊōȅ ǇƻǇǳƭŀǝƻƴ ŎŜƴǘŜǊǎΦ ¢ƘŜȅ ŀǊŜ ǾŜǊȅ ŦŜǿ 

ǎǘǳŘƛŜǎ ƻƴ ŀƛǊ Ǉƻƭƭǳǝƻƴ ƛƴ ŀƎǊƻπƛƴŘǳǎǘǊƛŀƭ ŀǊŜŀǎ ƻŦ /ƻƭƻƳōƛŀΦ aƻǎǘ ƴƻǘŀōƭȅΣ wƻƳŜǊƻ Ŝǘ ŀƭΦΣ 

όнлмоύ ƳŜŀǎǳǊŜŘ t!Iǎ ŀƴŘ ƳŜǘŀƭǎ ƛƴ taмлΦ aƻǎǘ ƻŦ ǘƘŜ ǎǘǳŘƛŜǎ ŀōƻǾŜ ƛŘŜƴǝŬŜŘ ōƛƻƳŀǎǎ 

ōǳǊƴƛƴƎ ŀƴŘ Ŧƻǎǎƛƭ ŦǳŜƭ ŎƻƳōǳǎǝƻƴ ŀǎ ǎƛƎƴƛŬŎŀƴǘ ta ǎƻǳǊŎŜǎΣ ŀƴŘ ǎƻƳŜ ŀƭǎƻ ƛŘŜƴǝŬŜŘ 

ƛƴŘǳǎǘǊƛŀƭ ŀƴŘ ŦŜǊǝƭƛȊŜǊ ŀǎ ǊŜƭŜǾŀƴǘΦ 

¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ŀƛƳŜŘ ǘƻ ŎƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǎƛǝƻƴ ƻŦ taнΦр ŀǘ ŀ ǊŜǇǊŜǎŜƴǘŀǝǾŜ 

ƭƻŎŀǝƻƴ ƛƴ ǘƘŜ /w±Σ ƛƴŎƭǳŘƛƴƎ 9/Σ ǇǊƛƳŀǊȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅ h/Σ ƛƻƴǎΣ ǘǊŀŎŜ ƳŜǘŀƭǎΣ ŀƴŘ ǎǇŜŎƛŬŎ 

ƳƻƭŜŎǳƭŀǊ ƳŀǊƪŜǊǎΣ ǎǳŎƘ ŀǎ t!I{Σ ƴπŀƭƪŀƴŜǎΣ ŀƴŘ ŎŀǊōƻƘȅŘǊŀǘŜǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǊŜƭŀǝƻƴǎƘƛǇǎ 

ŀƳƻƴƎ ǘƘŜǎŜ ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ǿƛǘƘ ŜƳƛǎǎƛƻƴ ǎƻǳǊŎŜǎΦ 5ƛŀƎƴƻǎǝŎ Ǌŀǝƻǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ƛŘŜƴǝŦȅ 

ǘƘŜ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ taнΦр ŎƻƳǇƻƴŜƴǘǎ ŀƴŘ ŀǎ ŀ ǘƻƻƭ ŦƻǊ ǇǊŜƭƛƳƛƴŀǊȅ Ǉƻƭƭǳǘŀƴǘ ǎƻǳǊŎŜ 

ŀǧǊƛōǳǝƻƴΣ ƛƴŎƭǳŘƛƴƎ ǇǊƛƳŀǊȅ ŀƴŘ ǎŜŎƻƴŘŀǊȅ ŀŜǊƻǎƻƭǎ ƎŜƴŜǊŀǘŜŘ ōȅ ƻǊ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ 

ǎǳƎŀǊŎŀƴŜ ǇǊŜπƘŀǊǾŜǎǘ ōǳǊƴƛƴƎ tI.Φ ²Ŝ ōŜƭƛŜǾŜ ǘƘŀǘ ƛƴ ǘƘŜ /w± ŎŀǎŜΣ ǘƘƛǎ ŀƴŀƭȅǎƛǎ ƛǎ ƴŜŜŘŜŘ 

ǇǊƛƻǊ ǘƻ ǎƻǳǊŎŜ ŀǇǇƻǊǝƻƴƳŜƴǘ ǿƛǘƘ ǊŜŎŜǇǘƻǊ ƳƻŘŜƭǎ ŦƻǊ ǘƘǊŜŜ ǊŜŀǎƻƴǎΥ мύ ¢Ƙƛǎ ƛǎ ǘƘŜ ŬǊǎǘ 

ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƛƴǾŜǎǝƎŀǝƻƴ ƻŦ ta ŎƻƳǇƻǎƛǝƻƴ ƛƴ ǘƘŜ /w± όǇǊƛƻǊ ǎǘǳŘƛŜǎ ƛƴŎƭǳŘŜŘ ǘǿƻ ǘȅǇŜǎ 

ƻŦ ŎƻƳǇƻƴŜƴǘǎ ŀǘ ƳƻǎǘύΤ нύ ¢ƘŜǊŜ ŀǊŜ ƴƻ ǎǳƛǘŀōƭŜ ŎƘŜƳƛŎŀƭ ǇǊƻŬƭŜǎ ŦƻǊ ǎƻƳŜ Ǉƻƭƭǳǘŀƴǘ ǎƻǳǊŎŜǎΣ 

ǇŀǊǝŎǳƭŀǊƭȅ ǎǳƎŀǊŎŀƴŜ tI.Τ оύ hǳǊ ƳŜŀǎǳǊŜƳŜƴǘǎ ŘŀǘŀǎŜǘ ƛǎ Ƨǳǎǘ ōŀǊŜƭȅ ƭŀǊƎŜ ŜƴƻǳƎƘ ŦƻǊ 

ǇǊƻŬƭŜπŦǊŜŜ ǊŜŎŜǇǘƻǊ ƳƻŘŜƭƛƴƎ όǇƻǎƛǝǾŜ ƳŀǘǊƛȄ ŦŀŎǘƻǊƛȊŀǝƻƴύΦ ²Ŝ ŜȄǇŜŎǘ ǘƘŀǘ ǘƘƛǎ ǎǘǳŘȅ ŀƭǎƻ 

ƳƻǝǾŀǘŜǎ ŦǳǘǳǊŜ ǊŜǎŜŀǊŎƘ ƻƴ ǎƻǳǊŎŜ ŀǇǇƻǊǝƻƴƳŜƴǘ ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ hǳǊ ǊŜǎǳƭǘǎ ŀǊŜ ǇŀǊǝŎǳƭŀǊƭȅ 

ǊŜƭŜǾŀƴǘ ŦƻǊ ǳǊōŀƴ ŎƻƳƳǳƴƛǝŜǎ ŀƴŘ ŀǘƳƻǎǇƘŜǊŜǎ ƛƳǇŀŎǘŜŘ ōȅ ƭŀǊƎŜπǎŎŀƭŜ ƛƴǘŜƴǎƛǾŜ 

ŀƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ƛƴŘǳǎǘǊƛŀƭ ŜƳƛǎǎƛƻƴǎΣ ǇŀǊǝŎǳƭŀǊƭȅ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ [ŀǝƴ 

!ƳŜǊƛŎŀ ǿƘŜǊŜ ta ŎƻƳǇƻǎƛǝƻƴ ƛƴŦƻǊƳŀǝƻƴ ƛǎ ǎǝƭƭ ǎŎŀǊŎŜ ό[ƛŀƴƎ Ŝǘ ŀƭΦΣ нлмсύΦ 
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4.2. Methods  

4.2.1. Description of the sampling site  

¢ƘŜ ǎŀƳǇƭƛƴƎ ǎƛǘŜ ǿŀǎ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ ǊƻƻƊƻǇ ƻŦ ŀƴ уπǎǘƻǊȅ ŀŘƳƛƴƛǎǘǊŀǝǾŜ ōǳƛƭŘƛƴƎ ŀǘ ǘƘŜ 

tŀƭƳƛǊŀ /ŀƳǇǳǎ ƻŦ ¦ƴƛǾŜǊǎƛŘŀŘ bŀŎƛƻƴŀƭ ŘŜ /ƻƭƻƳōƛŀ όоȏолΩппΦнсέ bΤ тсȏмуΩнтΦплέ ²Σ млср 

Ƴ ŀƭǝǘǳŘŜύΣ ŀōƻǳǘ нт Ƴ ŀōƻǾŜ ǘƘŜ ƎǊƻǳƴŘΦ ¢ƘŜ ŎŀƳǇǳǎ ƛǎ ƭƻŎŀǘŜŘ ƻƴ ǘƘŜ ǿŜǎǘŜǊƴ ƻǳǘǎƪƛǊǘǎ ƻŦ 

tŀƭƳƛǊŀΩǎ ǳǊōŀƴ ŀǊŜŀ ŀƴŘ ƛǎ ǎǳǊǊƻǳƴŘŜŘ ōȅ ǎƘƻǊǘ ōǳƛƭŘƛƴƎǎ ƻƴ ǘƘŜ ŜŀǎǘΣ ŀƴŘ ŜȄǘŜƴǎƛǾŜ 

ǎǳƎŀǊŎŀƴŜ ǇƭŀƴǘŀǝƻƴǎΣ ǎŜǾŜǊŀƭ ǎǳƎŀǊ ƳƛƭƭǎΣ ŀƴŘ ƻǘƘŜǊ ƛƴŘǳǎǘǊƛŜǎ ŜƭǎŜǿƘŜǊŜΦ tŀƭƳƛǊŀ ƛǎ ƭƻŎŀǘŜŘ 

ŀǘ Ϥнт ƪƳ ƴƻǊǘƘŜŀǎǘ ƻŦ /ŀƭƛ ŀƴŘ Ϥнн ƪƳ ǎƻǳǘƘŜŀǎǘ ƻŦ ¸ǳƳōƻΣ ŀƴ ƛƳǇƻǊǘŀƴǘ ƛƴŘǳǎǘǊƛŀƭ ƘǳōΦ ¢ƘŜ 

tŀŎƛŬŎ hŎŜŀƴ ŎƻŀǎǘƭƛƴŜ ǎǘǊŜǘŎƘŜǎ ŀǘ Ϥмнл ƪƳ ŀŎǊƻǎǎ ǘƘŜ ²ŜǎǘŜǊƴ /ƻǊŘƛƭƭŜǊŀΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ 

оπмсΣ ǿƘŜǊŜ ƻǇŜǊŀǘŜǎ ƻƴŜ ƻŦ ǘƘŜ ōǳǎƛŜǎǘ ƛƴǘŜǊƴŀǝƻƴŀƭ ǘǊŀŘŜ ǎŜŀǇƻǊǘǎ ƛƴ /ƻƭƻƳōƛŀ  ό[ƽǇŜȊΣ 

нлмтύΦ aƻǎǘ ƻŦ ǘƘŜ ŦǊŜƛƎƘǘ ƛǎ ǘǊŀƴǎǇƻǊǘŜŘ ōȅ ŘƛŜǎŜƭπǇƻǿŜǊŜŘ ǘǊǳŎƪǎΦ wƻŀŘ ǘǊŀŶŎ ƛǎ ŀƭǎƻ 

ǎǳōǎǘŀƴǝŀƭ ǿƛǘƘƛƴ ǘƘŜ /w±Σ ǿƛǘƘ .ƻƎƻǘŀ ŀƴŘ ŀƭƻƴƎ ǘƘŜ tŀƴπ!ƳŜǊƛŎŀƴ ƘƛƎƘǿŀȅ ǘƘŀǘ ŎƻƴƴŜŎǘǎ 

/ƻƭƻƳōƛŀ ǿƛǘƘ ƻǘƘŜǊ {ƻǳǘƘ !ƳŜǊƛŎŀƴ ŎƻǳƴǘǊƛŜǎ όhǊƻȊŎƻ Ŝǘ ŀƭΦΣ нлмнύΦ 
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Figure 3-16. Map of the Cauca River Valley (CRV). The inset shows the location of CRV in 
Colombia and in Northern South America. The map shows the main cities in CRV, including 
Palmira (312 thousand inhabitants), our measurement site, Cali, the largest city in the 
southwest of Colombia, Yumbo, an industrial hub, and the main highways. Sugar mills, which 
produce sugar, bio-ethanol, and electric power are also shown. The dashed-line defined area 
ƛǎ /w±Ωǎ ŦƭŀǘǘŜǎǘ όǎƭƻǇŜ ғ р҈ύ ōƻǘǘƻƳƭŀƴŘΣ where mechanized, intensive sugarcane agriculture 
takes place. Significant diesel combustion emissions occur along the Buenaventura highway 
because it is one of the busiest ports in Colombia.  

 

¢ƘŜ !ƴŘŜǎ /ƻǊŘƛƭƭŜǊŀ ǎǇƭƛǘǎ ƛƴǘƻ ǘƘǊŜŜ ǎƻǳǘƘπǘƻπƴƻǊǘƘ ŘƛǾŜǊƎƛƴƎ Ƴƻǳƴǘŀƛƴ ǊŀƴƎŜǎ ό²ŜǎǘŜǊƴΣ 

/ŜƴǘǊŀƭΣ ŀƴŘ 9ŀǎǘŜǊƴ /ƻǊŘƛƭƭŜǊŀǎύ ƴŜŀǊ ǘƘŜ /ƻƭƻƳōƛŀπ9ŎǳŀŘƻǊ ōƻǊŘŜǊ όCƛƎǳǊŜ оπмсύΦ ¢ƘŜ 
















































































































