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KEY FINDINGS

What was air quality like in 
Thailand in 2021?

The measured 2021 annual mean PM2.5 
ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĨŽƌ�ĞĂĐŚ�ƉƌŽǀŝŶĐĞ�ŝŶĐůƵĚĞĚ�
ŝŶ�ƚŚŝƐ�ƌĞƉŽƌƚ�ƌĂŶŐĞ�ĨƌŽŵ�ϭϮ͘ϳ�ƚŽ�ϯϭ͘ϳ�
µg/mϯ͘��ĐƌŽƐƐ�ƚŚĞ�ǁŚŽůĞ�ƉŽƉƵůĂƟŽŶ�
included in the study the weighted annual 
mean PM2.5�ĞǆƉŽƐƵƌĞ�ǁĂƐ�Ϯϭ͘ϯ�ђŐͬŵ

ϯ, 
ŵŽƌĞ�ƚŚĂŶ�ĨŽƵƌ�ƟŵĞƐ�ŚŝŐŚĞƌ�ƚŚĂŶ�ƚŚĞ��ŝƌ�
Quality Guideline recommended by the 
tŽƌůĚ�,ĞĂůƚŚ�KƌŐĂŶŝǌĂƟŽŶ�;t,KͿ͘

What were the health impacts?

/ƚ�ŝƐ�ĞƐƟŵĂƚĞĚ�ƚŚĂƚ�ůŽŶŐͲƚĞƌŵ�ĞǆƉŽƐƵƌĞ�ƚŽ�
PM2.5 in the provinces included in this 
study contributed to 29,000 premature 
deaths during 2021. 

Had PM2.5��ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŝŶ�ƚŚĞƐĞ�
ůŽĐĂƟŽŶƐ�ŵĞƚ�ƚŚĞ�t,K�ŐƵŝĚĞůŝŶĞ͕�ƚŚĞ�
ŶƵŵďĞƌ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĂƩƌŝďƵƚĂďůĞ�
to PM2.5�ƉŽůůƵƟŽŶ�ĐŽƵůĚ�ŚĂǀĞ�ďĞĞŶ�
ƌĞĚƵĐĞĚ�ďǇ�ϳϳй͕�ƐĂǀŝŶŐ�ĂŶ�ĞƐƟŵĂƚĞĚ�
22,000 lives each year.

,Žǁ�ĚŽ�ĚĞĂƚŚƐ�ĨƌŽŵ�Ăŝƌ�ƉŽůůƵƟŽŶ�
ĐŽŵƉĂƌĞ�ƚŽ�ĨĂƚĂůŝƟĞƐ�ĨƌŽŵ�ŽƚŚĞƌ�
causes?

Across the provinces included in this 
ƌĞƉŽƌƚ͕�ƚŚĞƌĞ�ǁĞƌĞ�ĂŶ�ĞƐƟŵĂƚĞĚ�Ϯϵ͕ϬϬϬ�
ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĂƩƌŝďƵƚĂďůĞ�ƚŽ�WD2.5 
ĞǆƉŽƐƵƌĞ�ŝŶ�ϮϬϮϭ͘�WĞƌ�ĐĂƉŝƚĂ͕�ƚŚŝƐ�ĨĂƚĂůŝƚǇ�
ƌĂƚĞ�ŝƐ�ŐƌĞĂƚĞƌ�ƚŚĂŶ�ƚŚĞ�ĐŽŵďŝŶĞĚ�ƌĂƚĞ�ŽĨ�
ĨĂƚĂůŝƟĞƐ�ĨƌŽŵ�ƌŽĂĚ�ĂĐĐŝĚĞŶƚƐ͕�ĚƌƵŐ�ƵƐĞ�
and homicide in Thailand. 

tŚĂƚ�ƟŵĞ�ŽĨ�ǇĞĂƌ�ŚĂƐ�ƚŚĞ�ǁŽƌƐƚ�Ăŝƌ�
ƉŽůůƵƟŽŶ͍

Exposure to PM2.5�ĚƵƌŝŶŐ�ƚŚĞ�ŵŽŶƚŚƐ�ŽĨ�
:ĂŶƵĂƌǇ͕ �&ĞďƌƵĂƌǇ�ĂŶĚ�DĂƌĐŚ�ĂĐĐŽƵŶƚĞĚ�ĨŽƌ�
ĂůŵŽƐƚ�ϱϬй�ŽĨ�ƚŚĞ�ĞǆƉŽƐƵƌĞ�ĚƵƌŝŶŐ�ϮϬϮϭ͘�
During these three months weather 
ĐŽŶĚŝƟŽŶƐ�ĂŶĚ��ĂŐƌŝĐƵůƚƵƌĂů�ďƵƌŶŝŶŐ�
compound the air quality problems that are 
ĐƌĞĂƚĞĚ�ďǇ�ƌŽĂĚ�ƚƌĂĸĐ͕�ŝŶĚƵƐƚƌǇ�ĂŶĚ�ŽƚŚĞƌ�
ƵƐĞƐ�ŽĨ�ĨŽƐƐŝů�ĨƵĞůƐ͘�

How can air quality in Thailand be 
improved?

��ĐŽŵŵŝƚŵĞŶƚ�ĨƌŽŵ�ƚŚĞ�dŚĂŝ�ŐŽǀĞƌŶŵĞŶƚ�
ƚŽ�ĨŽůůŽǁ�ƚŚĞ�t,K Ɛ͛�ŶĞǁ��ŝƌ�YƵĂůŝƚǇ�
'ƵŝĚĞůŝŶĞƐ�ǁŝƚŚ�ƟŵĞ�ďŽƵŶĚ�ƐƚƌĂƚĞŐŝĞƐ�ĂŶĚ�
ƉůĂŶƐ͘�/ƚ�ƐŚŽƵůĚ�ŝŶĐůƵĚĞ�ĞůŝŵŝŶĂƟŶŐ�WD2.5 
ƐŽƵƌĐĞƐ�ďǇ�ƉŚĂƐŝŶŐͲŽƵƚ�ĐŽĂů�ĂŶĚ�ĨŽƐƐŝů�ĨƵĞůƐ͕�
ƚƌĂŶƐŝƟŽŶŝŶŐ�ƚŽ�ƌĞŶĞǁĂďůĞ�ĞŶĞƌŐǇ͕ ��ƚĂĐŬůŝŶŐ�
transboundary maize-haze, applying 
ƐƵƐƚĂŝŶĂďůĞ�ƵƌďĂŶ�ĚĞƐŝŐŶ�ĂŶĚ�ƐĞƫŶŐ�ƚŚĞ�
PM2.5�ŶĂƟŽŶĂů�ƐƚĂŶĚĂƌĚ�ƚŽ�ŵĞĞƚ�ƚŚĞ�t,K�
ŐƵŝĚĞůŝŶĞƐ�ƚŽ�ƉƌŽƚĞĐƚ�ĐŝƟǌĞŶ Ɛ͛�ůŝǀĞƐ͘

Bangkok Choking on Toxic Smog
Ξ��ƌŶĂƵĚ�sŝƩĞƚ�ͬ�'ƌĞĞŶƉĞĂĐĞ� 1



INTRODUCTION

͞dŚĞ�ŐůŽďĂů�ďƵƌĚĞŶ�ŽĨ�ĚŝƐĞĂƐĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�Ăŝƌ�ƉŽůůƵƟŽŶ�ĞǆƉŽƐƵƌĞ�ĞǆĂĐƚƐ�Ă�
ŵĂƐƐŝǀĞ�ƚŽůů�ŽŶ�ŚƵŵĂŶ�ŚĞĂůƚŚ�ǁŽƌůĚǁŝĚĞ͗�ĞǆƉŽƐƵƌĞ�ƚŽ�Ăŝƌ�ƉŽůůƵƟŽŶ�ŝƐ�
ĞƐƟŵĂƚĞĚ�ƚŽ�ĐĂƵƐĞ�ŵŝůůŝŽŶƐ�ŽĨ�ĚĞĂƚŚƐ�ĂŶĚ�ůŽƐƚ�ǇĞĂƌƐ�ŽĨ�ŚĞĂůƚŚǇ�ůŝĨĞ�ĂŶŶƵĂůůǇ͘�
dŚĞ�ďƵƌĚĞŶ�ŽĨ�ĚŝƐĞĂƐĞ�ĂƩƌŝďƵƚĂďůĞ�ƚŽ�Ăŝƌ�ƉŽůůƵƟŽŶ�ŝƐ�ŶŽǁ�ĞƐƟŵĂƚĞĚ�ƚŽ�ďĞ�ŽŶ�Ă�
ƉĂƌ�ǁŝƚŚ�ŽƚŚĞƌ�ŵĂũŽƌ�ŐůŽďĂů�ŚĞĂůƚŚ�ƌŝƐŬƐ�ƐƵĐŚ�ĂƐ�ƵŶŚĞĂůƚŚǇ�ĚŝĞƚ�ĂŶĚ�ƚŽďĂĐĐŽ�
ƐŵŽŬŝŶŐ͕�ĂŶĚ�Ăŝƌ�ƉŽůůƵƟŽŶ�ŝƐ�ŶŽǁ�ƌĞĐŽŐŶŝǌĞĚ�ĂƐ�ƚŚĞ�ƐŝŶŐůĞ�ďŝŐŐĞƐƚ�
ĞŶǀŝƌŽŶŵĞŶƚĂů�ƚŚƌĞĂƚ�ƚŽ�ŚƵŵĂŶ�ŚĞĂůƚŚ͘͟

dŚĞ�tŽƌůĚ�,ĞĂůƚŚ�KƌŐĂŶŝǌĂƟŽŶ�;t,K͕�ϮϬϮϭͿ

ĂĐƌŽƐƐ�Ăůů�ƵƌďĂŶ�ĂƌĞĂƐ�ŝŶ�dŚĂŝůĂŶĚ�ŝƐ�Ϯϳ�ʅŐͬŵϯ 
;t,K͕�ϮϬϭϲ͕�ŝŶ��ŶŶĞǆ�ϭͿ�ĂŶĚ�ƚŚĂƚ�ŝŶ�ϮϬϭϮ͕�ϭϳй�
ŽĨ�Ăůů�ƚŚĞ�ĚĞĂƚŚƐ�ŽĨ�dŚĂŝ�ƉĞŽƉůĞ�ĨƌŽŵ�ĂĐƌŽƐƐ�ƚŚĞ�
ĐŽƵŶƚƌǇ�ĂŐĞĚ�ϭϰ�ĂŶĚ�ŽůĚĞƌ�ĐŽƵůĚ�ďĞ�ĂƩƌŝďƵƚĞĚ�
to long term exposure to PM2.5�ĨƌŽŵ�
ĨŽƐƐŝůͲĨƵĞů�ĐŽŵďƵƐƟŽŶ�;sŽŚƌĂ�Ğƚ�Ăů͕͘�ϮϬϮϭͿ͘

This report uses ground level monitoring data 
ƚŽ� ĞƐƟŵĂƚĞ� ƚŚĞ� ŶƵŵďĞƌ� ŽĨ� ƉƌĞŵĂƚƵƌĞ� ĚĞĂƚŚƐ�
ƚŚĂƚ�ĐĂŶ�ďĞ�ĂƩƌŝďƵƚĞĚ�ƚŽ�ĮŶĞ�ƉĂƌƟĐƵůĂƚĞ�

EŽƚ�ŽŶůǇ�ĂƌĞ�ƚŚĞ�ĐŽŶƐĞƋƵĞŶĐĞƐ�ŽĨ�ĞǆƉŽƐƵƌĞ�ƚŽ�
Ăŝƌ�ƉŽůůƵƟŽŶ�ƚƌĂŐŝĐ�ĨŽƌ�ƚŚĞ�ŝŶĚŝǀŝĚƵĂůƐ�ĂīĞĐƚĞĚ͕�
ďƵƚ�ƚŚĞǇ�ĂůƐŽ�ŚĂǀĞ�ǁŝĚĞƌ�ŝŵƉůŝĐĂƟŽŶƐ�ĨŽƌ�ŽƵƌ�
society and the economy. It leads to shortened 
lives, increased medical costs, and reduced 
ƉƌŽĚƵĐƟǀŝƚǇ�ƚŚƌŽƵŐŚ�ůŽƐƚ�ǁŽƌŬŝŶŐ�ĚĂǇƐ
�;,Z�W/�͕�ϮϬϭϯͿ͘

Computer modelling has projected that the 
ĂŶŶƵĂů�ƉŽƉƵůĂƟŽŶͲǁĞŝŐŚƚĞĚ�ĞǆƉŽƐƵƌĞ�ƚŽ�WD2.5

�ŝƌ�WŽůůƵƟŽŶ�ŝŶ��ĂŶŐŬŽŬ
© Chanklang Kanthong / Greenpeace
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Box 1: What is PM2.5?

WĂƌƟĐƵůĂƚĞ�ŵĂƩĞƌ�;WDͿ�ŝƐ�
ƉŽůůƵƟŽŶ�ŝŶ�ƚŚĞ�ĨŽƌŵ�ŽĨ�
small liquid or solid 
ƉĂƌƟĐůĞƐ�ƐƵƐƉĞŶĚĞĚ�ŝŶ�ƚŚĞ�
ĂƚŵŽƐƉŚĞƌĞ͘�WD�ƉŽůůƵƟŽŶ�
is described according to 
ƚŚĞ�ƐŝǌĞ�ŽĨ�ƚŚĞ�ƉĂƌƟĐůĞƐ͕�
rather than the chemicals 
within them.  

PM2.5�ƌĞĨĞƌƐ�ƚŽ�ĂŶǇ�ƉĂƌƟĐůĞ�
that is less than 2.5 
micrometres across; it is 
ƐŽŵĞƟŵĞƐ�ŬŶŽǁŶ�ĂƐ�͚ĮŶĞ�
ƉĂƌƟĐƵůĂƚĞ�ŵĂƩĞƌ͛�Žƌ�͚ĮŶĞ�
ƐƵƐƉĞŶĚĞĚ�ƉĂƌƟĐůĞƐ͛�
;&^WͿ͘�WD2.5��ƉĂƌƟĐůĞƐ�ĂƌĞ�
small enough to penetrate 
deep into the lungs to the 
gas-exchange region 
;DŽƌĂŬŝŶǇŽ�Ğƚ�Ăů͕͘�ϮϬϭϲͿ͘

ŵĂƩĞƌ�Ăŝƌ�ƉŽůůƵƟŽŶ�;WD2.5͕�ƐĞĞ��Žǆ�ϭͿ͘�>ŽŶŐͲƚĞƌŵ�ĞǆƉŽƐƵƌĞ�ƚŽ�
PM2.5�ƉŽůůƵƟŽŶ�ŝƐ�ĐŽŶƐŝĚĞƌĞĚ�ŝŶ��ĂŶŐŬŽŬ�ĂŶĚ�ϯϬ�ŽƵƚ�ŽĨ�ƚŚĞ�ϳϲ�
dŚĂŝ�ƉƌŽǀŝŶĐĞƐ͘�KŶůǇ�ƚŚŽƐĞ�ƉƌŽǀŝŶĐĞƐ�ĨŽƌ�ǁŚŝĐŚ�WD2.5 data are 
ĂǀĂŝůĂďůĞ�ĂƌĞ�ŝŶĐůƵĚĞĚ͕�ƚŚĞƐĞ�ĂƌĞĂƐ�ĂƌĞ�ŚŽŵĞ�ƚŽ�ĂďŽƵƚ�ŚĂůĨ�ŽĨ�
dŚĂŝůĂŶĚ Ɛ͛�ƉŽƉƵůĂƟŽŶ͘��ŽŵƉĂƌŝƐŽŶ�ŝƐ�ĂůƐŽ�ŵĂĚĞ�ĂŐĂŝŶƐƚ�ĨŽƵƌ�
ŵĂũŽƌ�ĐŝƚǇ�ƌĞŐŝŽŶƐ͕�EĞǁ�zŽƌŬ͕��ĞůŚŝ͕�<ƵĂůĂ�>ƵŵƉƵƌ�ĂŶĚ�^ĞŽƵů͘

dŚĞ�Ăŝƌ�ƉŽůůƵƟŽŶ�ƉƌŽďůĞŵƐ�ĨĂĐŝŶŐ�ƐŽĐŝĞƚǇ�ƚŽĚĂǇ�ĂƌĞ�ĐůŽƐĞůǇ�ůŝŶŬĞĚ�
ƚŽ�ƚŚĞ�ĐůŝŵĂƚĞ�ĐƌŝƐŝƐ�ƚŚƌŽƵŐŚ�Ă�ĐŽŵŵŽŶ�ĐĂƵƐĞ͕�ƚŚĞ�ĐŽŵďƵƐƟŽŶ�ŽĨ�
ĨŽƐƐŝů��ĨƵĞůƐ�ĂŶĚ�ƵŶƐƵƐƚĂŝŶĂďůĞ�ĂŐƌŝĐƵůƚƵƌĂů�ƉƌĂĐƟĐĞƐ͘�dŚĞ�
/ŶƚĞƌŐŽǀĞƌŶŵĞŶƚĂů�WĂŶĞů�ŽŶ��ůŝŵĂƚĞ��ŚĂŶŐĞ�;/W��Ϳ�ƌĞƉŽƌƚĞĚ�ŝŶ�
ϮϬϮϮ�ƚŚĂƚ�Ă�ƐƵďƐƚĂŶƟĂů�ƌĞĚƵĐƟŽŶ�ŝŶ�ĨŽƐƐŝů�ĨƵĞů�ƵƐĞ�ŝƐ�ƌĞƋƵŝƌĞĚ�ƚŽ�
ƌĞĚƵĐĞ�ĞŵŝƐƐŝŽŶƐ�ŽĨ�ŐƌĞĞŶŚŽƵƐĞ�ŐĂƐĞƐ�ĂŶĚ�Ăŝƌ�ƉŽůůƵƚĂŶƚƐ͕�ĂŶĚ�
ƚŚĂƚ�ďĞĐĂƵƐĞ�ƚŚĞ�ĐŽƐƚ�ŽĨ�ůŽǁͲĞŵŝƐƐŝŽŶ�ĞŶĞƌŐǇ�ŚĂƐ�ĚƌĂŵĂƟĐĂůůǇ�
reduced it can now be more costly to maintain emission-
ŝŶƚĞŶƐŝǀĞ�ŝŶĨƌĂƐƚƌƵĐƚƵƌĞ�ƚŚĂŶ�ƚŽ�ƚƌĂŶƐŝƟŽŶ�ƚŽ�ƌĞŶĞǁĂďůĞ�ĞŶĞƌŐǇ�
;/W��͕�ϮϬϮϮͿ͘

dŚĞ�tŽƌůĚ�,ĞĂůƚŚ�KƌŐĂŶŝǌĂƟŽŶ�;t,KͿ�ƉƵďůŝƐŚĞƐ�ŐƵŝĚĞůŝŶĞƐ�ĨŽƌ�Ăŝƌ�
quality which are designed to protect public health. The WHO Air 
YƵĂůŝƚǇ�'ƵŝĚĞůŝŶĞƐ�ĂƌĞ�ĚĞƚĞƌŵŝŶĞĚ�ƚŚƌŽƵŐŚ�ĚĞƚĂŝůĞĚ�ƌĞǀŝĞǁƐ�ŽĨ�
ƚŚĞ�ůĂƚĞƐƚ�ƐĐŝĞŶƟĮĐ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ĂƉƉůǇ�ƚŽ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�
ĚŝīĞƌĞŶƚ�Ăŝƌ�ƉŽůůƵƚĂŶƚƐ�ŽǀĞƌ�ĚŝīĞƌŝŶŐ�ĂǀĞƌĂŐŝŶŐ�ƉĞƌŝŽĚƐ͘�/Ŷ�ŵĂŶǇ�
ĐŽƵŶƚƌŝĞƐ͕�ŝŶĐůƵĚŝŶŐ�dŚĂŝůĂŶĚ͕�ƚŚĞƌĞ�ĂƌĞ�ĂůƐŽ�ŶĂƟŽŶĂů�Ăŝƌ�ƉŽůůƵƟŽŶ�
ƐƚĂŶĚĂƌĚƐ͘�,ŽǁĞǀĞƌ͕ �ŝŶ�dŚĂŝůĂŶĚ͕�ƚŚĞ�ŶĂƟŽŶĂů�ƐƚĂŶĚĂƌĚƐ�ĂƌĞ�
ƐƵďƐƚĂŶƟĂůůǇ�ǁĞĂŬĞƌ�ƚŚĂŶ�ƚŚĞ�t,K Ɛ͛��ŝƌ�YƵĂůŝƚǇ�'ƵŝĚĞůŝŶĞƐ�;dĂďůĞ�
ϭͿ͘�dŽ�ĞŶĐŽƵƌĂŐĞ�ƉƌŽŐƌĞƐƐ�ŝŶ�ůŽĐĂƟŽŶƐ�ǁŚĞƌĞ�ĞǆŝƐƟŶŐ�ƐƚĂŶĚĂƌĚƐ�
ĂŶĚ�ƉŽůůƵƟŽŶ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ƐŝŐŶŝĮĐĂŶƚůǇ�ĞǆĐĞĞĚ�ƚŚĞ�t,K�
ŐƵŝĚĞůŝŶĞ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ͕�ŝŶƚĞƌŝŵ�ƚĂƌŐĞƚƐ�ĂƌĞ�ĂůƐŽ�ƐƵŐŐĞƐƚĞĚ�ďǇ�
the WHO. The WHO guideline, selected interim targets and the 
ĐƵƌƌĞŶƚ�ŶĂƟŽŶĂů�ƐƚĂŶĚĂƌĚƐ�ĨŽƌ�ĂŶŶƵĂů�ŵĞĂŶ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�
PM2.5 are shown in Table 1.

^ŽƵƌĐĞ͗�t,K�;ϮϬϮϭͿ͕�<ƵƚůĂƌ�:ŽƐƐ�Ğƚ�Ăů͘�;ϮϬϭϳͿ

dĂďůĞ�ϭ͗�dŚĞ�tŽƌůĚ�,ĞĂůƚŚ�KƌŐĂŶŝǌĂƟŽŶ��ŝƌ�YƵĂůŝƚǇ�'ƵŝĚĞůŝŶĞƐ�ĂŶĚ�
dŚĂŝ�ŶĂƟŽŶĂů�Ăŝƌ�ƋƵĂůŝƚǇ�ƐƚĂŶĚĂƌĚƐ�ĨŽƌ�ĂŶŶƵĂů�ĂǀĞƌĂŐĞ�
ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŽĨ�WD2.5. 
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INTRODUCTION

Annual mean PM2.5 
ĐŽŶĐĞŶƚƌĂƟŽŶ�;ђŐͬŵ3)

25

25

15

5

EĂƟŽŶĂů�^ƚĂŶĚĂƌĚ�ŝŶ�dŚĂŝůĂŶĚ

t,K�/ŶƚĞƌŝŵ�dĂƌŐĞƚ�Ϯ�;/dͲϮͿ

t,K�/ŶƚĞƌŝŵ�dĂƌŐĞƚ�ϯ�;/dͲϯͿ

t,K��ŝƌ�YƵĂůŝƚǇ�'ƵŝĚĞůŝŶĞ



METHODS
dŚĞ�ŶƵŵďĞƌ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ƚŚĂƚ�ĐĂŶ�ďĞ�ĂƩƌŝďƵƚĞĚ�ƚŽ�ůŽŶŐͲƚĞƌŵ�
PM2.5�ĞǆƉŽƐƵƌĞ�ĂƌĞ�ĞƐƟŵĂƚĞĚ�ƵƐŝŶŐ�ŐƌŽƵŶĚͲůĞǀĞů�Ăŝƌ�ƋƵĂůŝƚǇ�
ŵĞĂƐƵƌĞŵĞŶƚƐ�ĨŽƌ�ϮϬϮϭ͘�dŚĞ�ŵĞĂƐƵƌĞĚ�ĂŶŶƵĂů�ĂǀĞƌĂŐĞ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�
ŽĨ�WD2.5�ĂƌĞ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ƉŽƉƵůĂƟŽŶ�ĨŽƌ�ĞĂĐŚ�ůŽĐĂƟŽŶ�ĂŶĚ�
ĐŽƵŶƚƌǇͲǁŝĚĞ�ƉƵďůŝĐ�ŚĞĂůƚŚ�ĚĂƚĂ�ĨŽƌ�dŚĂŝůĂŶĚ͘�^ĐŝĞŶƟĮĐ�ƌŝƐŬ�ŵŽĚĞůƐ�ĂƌĞ�
ƚŚĞŶ�ĂƉƉůŝĞĚ�ƚŽ�ƚŚĞ�ĚĂƚĂ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ƋƵĂŶƟƚĂƟǀĞůǇ�ĞƐƟŵĂƚĞ�ƚŚĞ�ŚĞĂůƚŚ�
ĂŶĚ�ĞĐŽŶŽŵŝĐ�ĐŽƐƚƐ�ŽĨ�ĞǆƉŽƐƵƌĞ�ƚŽ�WD2.5�Ăŝƌ�ƉŽůůƵƟŽŶ�ŝŶ�ĞĂĐŚ�ůŽĐĂƟŽŶ͘�
/Ŷ�ĂĚĚŝƟŽŶ�ƚŽ�ƚŚĞ�ĂĐƚƵĂůůǇ�ŵĞĂƐƵƌĞĚ�WD2.5�ĞǆƉŽƐƵƌĞ͕�Ă�ĨƵƌƚŚĞƌ�ƚŚƌĞĞ�
ƐĐĞŶĂƌŝŽƐ�ĂƌĞ�ĞǆĂŵŝŶĞĚ�ďǇ�ƚŚĞ�ĂŶĂůǇƐŝƐ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĞƐƟŵĂƚĞ�ƚŚĞ�
ƉŽƚĞŶƟĂů�ŚĞĂůƚŚ�ďĞŶĞĮƚ�ĨƌŽŵ�ŝŵƉƌŽǀŝŶŐ�Ăŝƌ�ƋƵĂůŝƚǇ�ŝŶ�dŚĂŝůĂŶĚ�;dĂďůĞ�
ϮͿ͘�

dŚŝƐ�ƌĞƉŽƌƚ�ŽŶůǇ�ĂƐƐĞƐƐĞƐ�ƉƌĞŵĂƚƵƌĞ�ŵŽƌƚĂůŝƚǇ͘ �KŶůǇ�ƚŚŽƐĞ�ĐĂƵƐĞƐ�ŽĨ�
ŵŽƌƚĂůŝƚǇ�ǁŚĞƌĞ�ƌŽďƵƐƚůǇ�ƋƵĂŶƟĮĂďůĞ�ƌĞůĂƟŽŶƐŚŝƉƐ�ǁŝƚŚ�Ăŝƌ�ƉŽůůƵƟŽŶ�
have been established in the literature and where epidemiological data 
ĂƌĞ�ĂǀĂŝůĂďůĞ�ĨŽƌ�dŚĂŝůĂŶĚ�ŝŶ�ƚŚĞ�'ůŽďĂů��ƵƌĚĞŶ�ŽĨ��ŝƐĞĂƐĞ�;'��͕�ϮϬϭϵͿ�
ĐĂƚĂůŽŐƵĞ�ĂƌĞ�ŝŶĐůƵĚĞĚ�;dĂďůĞ�ϯͿ͘�DĂŶǇ�ŵŽƌĞ�ŚĞĂůƚŚ�ŝŵƉĂĐƚƐ�ĐĂŶ�ďĞ�
ĂƩƌŝďƵƚĞĚ�ƚŽ�WD2.5 exposure, including non-lethal health outcomes 
ƐƵĐŚ�ĂƐ�ůŽǁ�ďŝƌƚŚ�ǁĞŝŐŚƚ�;�ĂĚǀĂŶĚ�Ğƚ�Ăů͕͘�ϮϬϭϯͿ͕�ƉƌĞƚĞƌŵ�ďŝƌƚŚ�
;dƌĂƐĂŶĚĞ�Ğƚ�Ăů͕͘�ϮϬϭϲͿ͕�ŝŶĐƌĞĂƐĞ�ŝŶ�ĂƐƚŚŵĂ�ƐǇŵƉƚŽŵƐ�;,Z�W/�͕�ϮϬϭϯͿ͕�
increase in hospital admissions and emergency room visits due to 
ĂƐƚŚŵĂ�;�ŚĞŶŐ�Ğƚ�Ăů͕͘�ϮϬϭϱͿ͕�ĂŶĚ�ŵĞŶƚĂů�ŚĞĂůƚŚ�ŝƐƐƵĞƐ�;�ƌĂŝƚŚǁĂŝƚĞ�Ğƚ�
Ăů͕͘�ϮϬϭϵͿ͘�

dĂďůĞ�Ϯ͗�^ĐĞŶĂƌŝŽƐ�

dŚĞ�ďƵƌĚĞŶ�ŽĨ�Ăŝƌ�ƉŽůůƵƟŽŶ�
in Thailand 20214

�ĞƐĐƌŝƉƟŽŶ

A

B

C

D

2021 Actual

EĂƟŽŶĂů�
Standard in 
Thailand
;с�t,K�/dͲϮͿ

WHO IT-3

WHO 
Guideline

�ĞƐĐƌŝƉƟŽŶ

�ƐƐĞƐƐŵĞŶƚ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĂƩƌŝďƵƚĂďůĞ�
to PM2.5 exposure for measured annual mean 
PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĚƵƌŝŶŐ�ϮϬϮϭ

�ƐƐĞƐƐŵĞŶƚ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĂƩƌŝďƵƚĂďůĞ�
to annual mean PM2.5 exposure had WHO IT-2 
been achieved in all places where it was not 
actually achieved

�ƐƐĞƐƐŵĞŶƚ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĂƩƌŝďƵƚĂďůĞ�
to annual mean PM2.5 exposure had WHO IT-3 
been achieved in all places where it was not 
actually achieved

�ƐƐĞƐƐŵĞŶƚ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĂƩƌŝďƵƚĂďůĞ�
to annual mean PM2.5 exposure had the WHO 
Guideline been achieved in all places.

^ĐĞŶĂƌŝŽ



ZĞĂůͲǁŽƌůĚ�Ăŝƌ�ƉŽůůƵƟŽŶ�ĚĂƚĂƐĞƚƐ�ĂƌĞ�ƌĂƌĞůǇ�
complete. Outages during maintenance and 
ƚĞĐŚŶŝĐĂů�ĨĂƵůƚƐ�ƌĞƐƵůƚ�ŝŶ�ŵŝƐƐŝŶŐ�ĚĂƚĂ͘�dŽ�
ĞŶƐƵƌĞ�ƚŚĂƚ�ƐǇƐƚĞŵĂƟĐ�ďŝĂƐ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�
ĚŝƵƌŶĂů�Žƌ�ƐĞĂƐŽŶĂů�ƉĂƩĞƌŶƐ�ŝŶ�WD2.5 
ĐŽŶĐĞŶƚƌĂƟŽŶ�ĂƌĞ�ŵŝŶŝŵŝƐĞĚ͕�ĚĂƚĂ�ĂƌĞ�ŽŶůǇ�
ŝŶĐůƵĚĞĚ�ǁŚĞƌĞ�ŽďƐĞƌǀĂƟŽŶƐ�ĂƌĞ�ĂǀĂŝůĂďůĞ�ĨŽƌ�
Ăƚ�ůĞĂƐƚ�ϵϬй�ŽĨ�ƚŚĞ�ŚŽƵƌƐ�ĂŶĚ�ŽŶ�Ăƚ�ůĞĂƐƚ�ϵϬй�
ŽĨ�ĚĂǇƐ�ĚƵƌŝŶŐ�ϮϬϮϭ͘�

Health Impact Assessment
ƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ĞǆƉŽƐƵƌĞ�ƚŽ�
PM2.5�ĂƌĞ�ĂƐƐĞƐƐĞĚ�ĨŽƌ�ƚŚĞ�ĨŽƵƌ�ƉŽůůƵƟŽŶ�
ƐĐĞŶĂƌŝŽƐ�ůŝƐƚĞĚ�ŝŶ�dĂďůĞ�Ϯ͘�dŚĞ�ĨŽůůŽǁŝŶŐ�
ĐĂƵƐĞƐ�ŽĨ�ŵŽƌƚĂůŝƚǇ�ĂƌĞ�ŝŶĐůƵĚĞĚ͗�ƉƌĞŵĂƚƵƌĞ�
ŵŽƌƚĂůŝƚǇ�ĨƌŽŵ�Ăůů�ĐĂƵƐĞƐ�ĂŶĚ�Ă�ďƌĞĂŬĚŽǁŶ�ďǇ�
Ă�ƐĞůĞĐƟŽŶ�ŽĨ�ƐƉĞĐŝĮĐ�ĐĂƵƐĞƐ͕�ŶĂŵĞůǇ�ƐƚƌŽŬĞ�
ĂŶĚ�ŽƚŚĞƌ�ĐĞƌĞďƌŽǀĂƐĐƵůĂƌ�ĚŝƐĞĂƐĞƐ�;�Ğs�Ϳ͕�
ĚŝĂďĞƚĞƐ͕�ŝƐĐŚĂĞŵŝĐ�ŚĞĂƌƚ�ĚŝƐĞĂƐĞ�;/,�Ϳ͕�ůƵŶŐ�
ĐĂŶĐĞƌ�;>�Ϳ͕�ůŽǁĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�ŝŶĨĞĐƟŽŶƐ�;>Z/Ϳ�
ĂŶĚ�ĐŚƌŽŶŝĐ�ŽďƐƚƌƵĐƟǀĞ�ƉƵůŵŽŶĂƌǇ�ĚŝƐĞĂƐĞ�
;�KW�Ϳ͘

/ŶĐŝĚĞŶĐĞ�ƌĂƚĞƐ�ĨŽƌ�ĚĞĂƚŚƐ�ďǇ�ƚŚĞƐĞ�ĐĂƵƐĞƐ�ĨŽƌ�
dŚĂŝůĂŶĚ͕�ĂŶĚ�ʹ�ĨŽƌ�ĐŽŵƉĂƌŝƐŽŶ�ʹ�ĨŽƌ�EĞǁ�zŽƌŬ�
ƐƚĂƚĞ͕�/ŶĚŝĂ͕�DĂůĂǇƐŝĂ�ĂŶĚ�^ŽƵƚŚ�<ŽƌĞĂ�ĂƌĞ�
ƚĂŬĞŶ�ĨƌŽŵ�ƚŚĞ�'ůŽďĂů��ƵƌĚĞŶ�ŽĨ��ŝƐĞĂƐĞ�
ĐĂƚĂůŽŐƵĞ�;'��͕�ϮϬϭϵͿ͘�

ZŝƐŬ�ĨƵŶĐƟŽŶƐ�ĂƌĞ�ƵƐĞĚ�ƚŽ�ĞƐƟŵĂƚĞ�ƚŚĞ�
ŝŶĐŝĚĞŶĐĞ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ŵŽƌƚĂůŝƚǇ�ĂƩƌŝďƵƚĂďůĞ�
to PM2.5�ƉŽůůƵƟŽŶ�Ăƚ�Ă�ŐŝǀĞŶ�ĐŽŶĐĞŶƚƌĂƟŽŶ͘�
dĂďůĞ�ϰ�ƐŚŽǁƐ�ƚŚĞ�ƌĞůĂƟǀĞ�ƌŝƐŬ�ĨŽƌ�Ă�ϭϬ�ђŐͬŵϯ 
increase in annual mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ͘�
ZŝƐŬ�ƌĂƟŽƐ�ĂŶĚ�ŝŶĐŝĚĞŶĐĞ�ƌĂƚĞƐ�ĂƌĞ�ĐŽŵďŝŶĞĚ�
ǁŝƚŚ�ƚŚĞ�ƉŽƉƵůĂƟŽŶ�ŶƵŵďĞƌ�ŽĨ�ĞĂĐŚ�ůŽĐĂƟŽŶ�
ĂƐ�ƌĞĐŽƌĚĞĚ�ďǇ�dŚĂŝůĂŶĚ Ɛ͛�EĂƟŽŶĂů�^ƚĂƟƐƟĐĂů�
KĸĐĞ�;E^K͕�ϮϬϮϮͿ�;ƐĞĞ�dĂďůĞ�ϱͿ�ƚŽ�ĐŽŶǀĞƌƚ�
death rates to absolute death numbers per 
province.

WŽƉƵůĂƟŽŶ�ĚĂƚĂ�ĨŽƌ�ĞĂĐŚ�ŽĨ�ƚŚĞ�ĨŽƵƌ�ƌĞĨĞƌĞŶĐĞ�
ĐŝƟĞƐ�ŝƐ�ĂĚŽƉƚĞĚ�ĨƌŽŵ�/Y�ŝƌ�;ϮϬϮϭͿ͘

The actual incidence N�ŽĨ�ĞĂĐŚ�ĐĂƵƐĞ�ŽĨ�
ŵŽƌƚĂůŝƚǇ�ŝƐ�ĞƐƟŵĂƚĞĚ�ĨŽƌ�ĞĂĐŚ�ƉƌŽǀŝŶĐĞ�ƵƐŝŶŐ�

Ground-level Air Quality 
Measurements
The analysis uses measured annual and 
monthly mean PM2.5�ŽďƐĞƌǀĂƟŽŶƐ�ŝŶ�dŚĂŝůĂŶĚ�
ĂŐŐƌĞŐĂƚĞĚ�ďǇ�ƉƌŽǀŝŶĐĞ�ĨƌŽŵ�/Y�ŝƌ�ĂŶĚ�
published in their 2021 World Air Quality 
ZĞƉŽƌƚ�;/Y�ŝƌ͕ �ϮϬϮϭͿ͘�dŚĞ�ĚĂƚĂ�ŝŶĐůƵĚĞ�ƚŚĂƚ�
ĨƌŽŵ�ŐŽǀĞƌŶŵĞŶƚĂů�ĂŶĚ�ƌĞŐƵůĂƚŽƌǇ�ŵŽŶŝƚŽƌŝŶŐ�
ƐƚĂƟŽŶƐ͕�ĂƐ�ǁĞůů�ĂƐ�ŶŽŶͲƌĞŐƵůĂƚŽƌǇ�ƐƚĂƟŽŶƐ�
ŽƉĞƌĂƚĞĚ�ďǇ�ŝŶĚŝǀŝĚƵĂůƐ͕�ĞĚƵĐĂƟŽŶĂů�
ŝŶƐƟƚƵƟŽŶƐ͕�ĂŶĚ�ŶŽŶͲƉƌŽĮƚ�ŽƌŐĂŶŝƐĂƟŽŶƐ͘�

Monitors operated by non-governmental 
ŽƌŐĂŶŝƐĂƟŽŶƐ�ĂŶĚ�ŝŶĚŝǀŝĚƵĂůƐ�ƵŶĚĞƌǁĞŶƚ�
ƋƵĂůŝƚǇ�ĐŚĞĐŬƐ�ďǇ�/Y�ŝƌ�ďĞĨŽƌĞ�ďĞŝŶŐ�ŝŶĐůƵĚĞĚ�
ŝŶ�ƚŚĞ�ϮϬϮϭ�tŽƌůĚ��ŝƌ�YƵĂůŝƚǇ�ZĞƉŽƌƚ�;/Y�ŝƌ͕ �
ϮϬϮϭͿ͘�WŚŽƚŽ�ƐƵďŵŝƐƐŝŽŶƐ�ĂƌĞ�ƵƐĞĚ�ƚŽ�ǀĞƌŝĨǇ�
that the sensor is in a suitable, sheltered, 
ŽƵƚĚŽŽƌ�ůŽĐĂƟŽŶ͘�/Y�ŝƌ�ĐŽŶƟŶƵŽƵƐůǇ�ĐŚĞĐŬƐ�
ƚŚĂƚ�ƚŚĞ�ĐĂƌďŽŶͲĚŝŽǆŝĚĞ�;�KϮͿ�ĐŽŶĐĞŶƚƌĂƟŽŶ͕�
ŚƵŵŝĚŝƚǇ�ĂŶĚ�ƚĞŵƉĞƌĂƚƵƌĞ�ƌĞĂĚŝŶŐƐ�ƌĞŇĞĐƚ�
ŽƵƚĚŽŽƌ�ĐŽŶĚŝƟŽŶƐ�ĚƵƌŝŶŐ�ŽƉĞƌĂƟŽŶ͘�dŚĞ�ĚĂƚĂ�
ĂƌĞ�ĂůƐŽ�ƐĐƌĞĞŶĞĚ�ĨŽƌ��ŽƵƚůǇŝŶŐ�ĚĂƚĂ�ƉŽŝŶƚƐ�
when compared with neighbouring monitoring 
ƐƚĂƟŽŶƐ�ĚƵƌŝŶŐ�/Y�ŝƌ Ɛ͛�ƋƵĂůŝƚǇ�ĂƐƐƵƌĂŶĐĞ�
ĐŚĞĐŬƐ�;/Y�ŝƌ͕ �ƉƌŝǀĂƚĞ�ĐŽŵŵƵŶŝĐĂƟŽŶͿ͘

dŚĞ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ĨƌŽŵ�ŝŶĚŝǀŝĚƵĂů�ŵŽŶŝƚŽƌŝŶŐ�
ƐƚĂƟŽŶƐ�ĂƌĞ�ŐƌŽƵƉĞĚ�ďǇ�ƚŚĞ�ƉƌŽǀŝŶĐĞ�ŝŶ�ǁŚŝĐŚ�
ƚŚĞǇ�ĂƌĞ�ůŽĐĂƚĞĚ͘�/Y�ŝƌ�ƵƐĞƐ�ƚŚĞ�ĂǀĞƌĂŐĞ�ŽĨ�
ĞĂĐŚ�ŝŶĚŝǀŝĚƵĂů�ƐƚĂƟŽŶ�ǁŝƚŚŝŶ�ƚŚĞ�ƐĂŵĞ�
province to determine an annual mean PM2.5 

ĐŽŶĐĞŶƚƌĂƟŽŶ�ĨŽƌ�ƚŚĂƚ�ƉƌŽǀŝŶĐĞ͘�dŚŝƐ�ƉƌŽǀŝĚĞƐ�
ĂŶ�ĂƉƉƌŽǆŝŵĂƟŽŶ�ŽĨ�ƚŚĞ�ƉƌŽǀŝŶĐĞͲǁŝĚĞ�ĂŶŶƵĂů�
average PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ͘�dŚĞ�ĚŝƐƚƌŝďƵƟŽŶ�
ŽĨ�ŵŽŶŝƚŽƌƐ�ǁŝƚŚŝŶ�ĞĂĐŚ�ƉƌŽǀŝŶĐĞ�ŝƐ�ŶŽƚ�
ĐŽŶƐŝĚĞƌĞĚ�ĂŶĚ�ŝĨ�ƚŚĞ�ŵŽŶŝƚŽƌƐ�ĂƌĞ�
ƉƌĞĨĞƌĞŶƟĂůůǇ�ůŽĐĂƚĞĚ�ŝŶ�ŚĞĂǀŝůǇ�Žƌ�ůŝŐŚƚůǇ�
polluted areas the PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ�
ĐĂůĐƵůĂƚĞĚ�ŵĂǇ�ŽǀĞƌ�Žƌ�ƵŶĚĞƌͲĞƐƟŵĂƚĞ�ƚŚĞ�
true province wide average. However, since 
monitors are usually located where people 
live, we assume that the data provide a good 
ĂƉƉƌŽǆŝŵĂƟŽŶ�ĨŽƌ�ƚŚĞ�ƉŽƉƵůĂƟŽŶ Ɛ͛�ĂǀĞƌĂŐĞ�
exposure.
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METHODS



ƚŚĞ�ůŽĐĂƟŽŶ Ɛ͛�ƉŽƉƵůĂƟŽŶ�P�ĂŶĚ�ŶĂƟŽŶĂů�;Žƌ�
ƐƚĂƚĞ͕�ĨŽƌ�EĞǁ�zŽƌŬͿ�ŝŶĐŝĚĞŶĐĞ�ƌĂƚĞ�na.

N = P × na

dŚĞ�ƌĞůĂƟǀĞ�ƌŝƐŬ�RR�ŽĨ�ĞĂĐŚ�ĐĂƵƐĞ�ŽĨ�
ŵŽƌƚĂůŝƚǇ�ĨŽƌ�Ă�ŐŝǀĞŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�ĂŶŶƵĂů�ŵĞĂŶ�
PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŝƐ�ĞƐƟŵĂƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�ƌŝƐŬ�
ƌĂƟŽ�r0��;ƌĞůĂƟǀĞ�ƌŝƐŬ�Ăƚ�ϭϬ�ђŐͬŵ

ϯ�ŝŶĐƌĞĂƐĞͿ�
ĂŶĚ�ƉŽůůƵƚĂŶƚ�ĐŽŶĐĞŶƚƌĂƟŽŶ͕�c.

RR = r0
(c/c0),

with c0=10 µg/mϯ͘�dŚĞ�ŝŶĐŝĚĞŶĐĞ�ŽĨ�ĞĂĐŚ�
ĐĂƵƐĞ�ŽĨ�ŵŽƌƚĂůŝƚǇ�ĨŽƌ�Ă�ŚǇƉŽƚŚĞƟĐĂů�ƐĐĞŶĂƌŝŽ�
ǁŝƚŚ�ĐŽŵƉůĞƚĞůǇ�ĐůĞĂŶ�Ăŝƌ�ŝƐ�ĞƐƟŵĂƚĞĚ�ďǇ͕

N0 =N / RR

dŚĞ�ŝŶĐŝĚĞŶĐĞ�ĂƩƌŝďƵƚĂďůĞ�ƚŽ�ƚŚĞ�ŵĞĂƐƵƌĞĚ�
annual mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ�ĐĂŶ�
ƚŚĞƌĞĨŽƌĞ�ďĞ�ĐĂůĐƵůĂƚĞĚ�ďǇ�ƐƵďƚƌĂĐƟŶŐ�ƚŚĞ�
ĂĐƚƵĂů�ŝŶĐŝĚĞŶĐĞ�ĂŶĚ�ƚŚĂƚ�ǁŚŝĐŚ�ŝƐ�ĞƐƟŵĂƚĞĚ�
ƚŽ�ŽĐĐƵƌ�ŝŶ�ƚŚĞ�ĐůĞĂŶ�Ăŝƌ�ƐĐĞŶĂƌŝŽ͘�dŽ�ĞƐƟŵĂƚĞ�
ƚŚĞ�ŝŶĐŝĚĞŶĐĞ�ĨŽƌ�ĞĂĐŚ�ƐƵďƐĞƋƵĞŶ�ƐĐĞŶĂƌŝŽ�
ǁŚĞƌĞ�ĚŝīĞƌĞŶƚ�WD2.5�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�cS are 
achieved, Ns, the incidence in clean air is 
ƌĞůĂƚĞĚ�ƚŽ�ƚŚĞ�ƌĞůĂƟǀĞ�ƌŝƐŬ�ďǇ�

Ns = N0 × (r0
(cS/c0)-1).

/Ŷ�ƉůĂĐĞƐ�ǁŚĞƌĞ�Ă�ƐĐĞŶĂƌŝŽ Ɛ͛�ŐŽĂů�ǁĂƐ�ĂůƌĞĂĚǇ�
achieved in 2021, the actually measured 
annual mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŝƐ�ƵƐĞĚ�;ŝ͘�Ğ͘�
ƚŚĞ�Ăŝƌ�ƋƵĂůŝƚǇ�ǁĂƐ�ŶŽƚ�ǁŽƌƐĞŶĞĚ�ŝŶ�ĂŶǇ�ŽĨ�ƚŚĞ�
ƐĐĞŶĂƌŝŽƐͿ͘

Uncertainty
dŚĞ�ƉƌĞŵĂƚƵƌĞ�ŵŽƌƚĂůŝƚǇ�ĮŐƵƌĞƐ�ƉƌĞƐĞŶƚĞĚ�
ŚĞƌĞ�ƌĞƉƌĞƐĞŶƚ�ƵƐĞĨƵů�ĞƐƟŵĂƚĞƐ�ŽĨ�ƚŚĞ�
ƌĞĂůͲǁŽƌůĚ�ĞīĞĐƚ�ŽĨ�Ăŝƌ�ƉŽůůƵƟŽŶ�ďĂƐĞĚ�ŽŶ�
ĐƵƌƌĞŶƚůǇ�ĂǀĂŝůĂďůĞ�ƐĐŝĞŶƟĮĐ�ŬŶŽǁůĞĚŐĞ�ĂŶĚ�
ĚĂƚĂ͘�>ŝŬĞ�Ăůů�ƌĞƐĞĂƌĐŚ͕�ƚŚĞ�ĚĂƚĂ�ĂŶĚ�ŵĞƚŚŽĚ�
used contain uncertainty. This uncertainty 

ƌĞůĂƚĞƐ�ƚŽ�ƚŚĞ�ƉƌĞĐŝƐŝŽŶ�ĂŶĚ�ƌĞƉƌĞƐĞŶƚĂƟǀĞŶĞƐƐ�
ŽĨ�ƉŽůůƵƟŽŶ�ŵĞĂƐƵƌĞŵĞŶƚ�ĚĂƚĂ͕�ĚĞŵŽŐƌĂƉŚŝĐ�
ĂŶĚ�ĞƉŝĚĞŵŝŽůŽŐŝĐĂů�ĚĂƚĂ͘�^ĐŝĞŶƟĮĐ�
ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ƚŚĞ�ƌĞůĂƟŽŶ�ďĞƚǁĞĞŶ�
ĞǆƉŽƐƵƌĞ�ƚŽ�Ăŝƌ�ƉŽůůƵƟŽŶ�ĂŶĚ�ƚŚĞ�ĂƐƐŽĐŝĂƚĞĚ�
ƌŝƐŬƐ�ĨŽƌ�ŚĞĂůƚŚ�ŝƐ�ĂŶ�ĂĐƟǀĞ�ĂƌĞĂ�ŽĨ�ƌĞƐĞĂƌĐŚ͘�
dŚĞ�ĞƐƟŵĂƚĞƐ�ĂĐĐŽƵŶƚ�ŽŶůǇ�ĨŽƌ�ůŽŶŐͲƚĞƌŵ�
exposure to PM2.5�ĂŶĚ�ŶŽƚ�ĨŽƌ�ŽƚŚĞƌ�Ăŝƌ�
ƉŽůůƵƚĂŶƚƐ�ǁŚŝĐŚ�ĂƌĞ�ĂůƐŽ�ŬŶŽǁŶ�ƚŽ�ŚĂǀĞ�
ŶĞŐĂƟǀĞ�ŚĞĂůƚŚ�ŝŵƉĂĐƚƐ͘�

WŽůůƵƚĂŶƚƐ�ƐƵĐŚ�ĂƐ�ŶŝƚƌŽŐĞŶ�ĚŝŽǆŝĚĞ�;EK2Ϳ͕�
ŽǌŽŶĞ�;KϯͿ�ĂŶĚ�ƐƵůƉŚƵƌͲĚŝŽǆŝĚĞ�;^K2Ϳ�ƚǇƉŝĐĂůůǇ�
have poorer data availability than PM2.5. 
&ƵƌƚŚĞƌŵŽƌĞ͕�ŚĞĂůƚŚ�ŝŵƉĂĐƚƐ�ĨƌŽŵ�ƌĞĂĐƟǀĞ�
species such as NO2 are not included in our 
results because these pollutants tend to have 
ŚŝŐŚ�ƐƉĂƟĂů�ǀĂƌŝĂďŝůŝƚǇ�ĂŶĚ�ƚŚƵƐ�ƚŚĞ�ĚĂƚĂ�ĨƌŽŵ�
ƉŽŝŶƚ�ŵĞĂƐƵƌĞŵĞŶƚƐ�ĂƌĞ�ůĞƐƐ�ƌĞƉƌĞƐĞŶƚĂƟǀĞ�
ĨŽƌ�ƚŚĞ�ǁŚŽůĞ�ƉƌŽǀŝŶĐĞ͘

dŚĞ�ƵŶĐĞƌƚĂŝŶƚǇ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ƚŚĞ�ƌŝƐŬ�ƌĂƟŽƐ�
ĂŶĚ�ďĂĐŬŐƌŽƵŶĚ�ŝŶĐŝĚĞŶĐĞ�ƌĂƚĞƐ�ĂƌĞ�ƉƌĞƐĞŶƚĞĚ�
ŝŶ�dĂďůĞƐ�ϯ�ĂŶĚ�ϰ͘

dŚĞ�ďƵƌĚĞŶ�ŽĨ�Ăŝƌ�ƉŽůůƵƟŽŶ�
in Thailand 20216

METHODS



dĂďůĞ�ϯ͘�ZĞůĂƟǀĞ�ƵŶĐĞƌƚĂŝŶƟĞƐ�ŝŶ�ƚŚĞ�ďĂĐŬŐƌŽƵŶĚ�ŝŶĐŝĚĞŶĐĞ�ƌĂƚĞƐ�;ϭͬϭϬϬ͕ϬϬϬͬǇĞĂƌͿ�ƵƐĞĚ�ŝŶ�ƚŚĞ�
health impact assessment.
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Value 
central

Value 
low

Value 
high ^ŽƵƌĐĞ Downward 

uncertainty
Upward 

uncertainty
premature death

;Ăůů�ĐĂƵƐĞƐͿ

premature death
;�Ğs�Ϳ

premature death
;ĚŝĂďĞƚĞƐͿ

premature death
;/,�Ϳ

premature death
;>�Ϳ

premature death
;>Z/Ϳ

premature death
;�KW�Ϳ

1.062

1.110

1.130

1.140

1.142

1.120

1.128

1.040

1.050

1.020

1.100

ϭ͘Ϭϱϳ

1.030

ϭ͘Ϭϳϳ

1.083

ϭ͘ϭϳϬ

ϭ͘ϮϲϬ

1.180

1.234

1.300

1.182

-35%

-55%

-85%

-29%

ͲϲϬй

Ͳϳϱй

-40%

34%

55%

100%

29%

ϲϱй

150%

42%

HRAPIE 2013

Pope 2015

Pope 2015

Pope 2015

Krewski 2009

Mehta 2011

Krewski 2009

dĂďůĞ�ϰ͘�ZŝƐŬ�ƌĂƟŽƐ�;ZZƐͿ�ĂŶĚ�ƚŚĞŝƌ�ƌĞůĂƟǀĞ�ƵŶĐĞƌƚĂŝŶƚǇ�ƵƐĞĚ�ĨŽƌ�ƚŚĞ�ŚĞĂůƚŚ�ŝŵƉĂĐƚ�ĂƐƐĞƐƐŵĞŶƚ͕�ĨŽƌ�Ă�
ϭϬ�ђŐͬŵϯ�ĐŚĂŶŐĞ�ŝŶ�ĂŶŶƵĂů�ĂǀĞƌĂŐĞ�ƉŽůůƵƚĂŶƚ�ĐŽŶĐĞŶƚƌĂƟŽŶ͘

844

675

597

562

731

606

576

463

963

750

618

679

Ͳϭϯй

ͲϭϬй

Ͳϯй

Ͳϭϴй

ϭϰй

ϭϭй

ϰй

Ϯϭй

New York City

Delhi

^ĞŽƵů

<ƵĂůĂ�>ƵŵƉƵƌ

All causesall causes

central low high downward 
uncertainty

upward 
uncertainty

Name of cause in 
'���;ϮϬϭϵͿ
All causes
^ƚƌŽŬĞ

Diabetes mellitus

Ischemic heart 
disease

Tracheal, bronchus, 
and lung cancer

>ŽǁĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�
ŝŶĨĞĐƟŽŶƐ

�ŚƌŽŶŝĐ�ŽďƐƚƌƵĐƟǀĞ�
pulmonary disease

ϳϭϬ
ϳϯ

28

555
55

21

ϴϵϲ
94

ϯϲ

-22%
ͲϮϰй

ͲϮϱй

Ϯϲй
Ϯϴй

ϯϬй

Ϯϳй

ϯϬй

ϯϭй

ϯϭй

ͲϮϰй

ͲϮϰй

Ͳϯϴй

ͲϮϱй

94

ϰϯ

58

ϯϲ

56

25

Ϯϳ

21

ϳϰ

ϯϯ

44

Ϯϳ

all causes
�Ğs�

Diabetes

IHD

>�

>Z/

COPD

/ŶĐŝĚĞŶĐĞ�ƉĞƌ�ϭϬϬ͕ϬϬϬ�;ϵϱйͲĐŽŶĮĚĞŶĐĞ�ŝŶƚĞƌǀĂůͿ
Risk factor>ŽĐĂƟŽŶ

Thailand



ƚŚĞ�ůŽĐĂƟŽŶ Ɛ͛�ƉŽƉƵůĂƟŽŶ�P�ĂŶĚ�ŶĂƟŽŶĂů�;Žƌ�
ƐƚĂƚĞ͕�ĨŽƌ�EĞǁ�zŽƌŬͿ�ŝŶĐŝĚĞŶĐĞ�ƌĂƚĞ�na.

N = P × na

dŚĞ�ƌĞůĂƟǀĞ�ƌŝƐŬ�RR�ŽĨ�ĞĂĐŚ�ĐĂƵƐĞ�ŽĨ�
ŵŽƌƚĂůŝƚǇ�ĨŽƌ�Ă�ŐŝǀĞŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�ĂŶŶƵĂů�ŵĞĂŶ�
PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŝƐ�ĞƐƟŵĂƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�ƌŝƐŬ�
ƌĂƟŽ�r0��;ƌĞůĂƟǀĞ�ƌŝƐŬ�Ăƚ�ϭϬ�ђŐͬŵ

ϯ�ŝŶĐƌĞĂƐĞͿ�
ĂŶĚ�ƉŽůůƵƚĂŶƚ�ĐŽŶĐĞŶƚƌĂƟŽŶ͕�c.

RR = r0
(c/c0),

with c0=10 µg/mϯ͘�dŚĞ�ŝŶĐŝĚĞŶĐĞ�ŽĨ�ĞĂĐŚ�
ĐĂƵƐĞ�ŽĨ�ŵŽƌƚĂůŝƚǇ�ĨŽƌ�Ă�ŚǇƉŽƚŚĞƟĐĂů�ƐĐĞŶĂƌŝŽ�
ǁŝƚŚ�ĐŽŵƉůĞƚĞůǇ�ĐůĞĂŶ�Ăŝƌ�ŝƐ�ĞƐƟŵĂƚĞĚ�ďǇ͕

N0 =N / RR

dŚĞ�ŝŶĐŝĚĞŶĐĞ�ĂƩƌŝďƵƚĂďůĞ�ƚŽ�ƚŚĞ�ŵĞĂƐƵƌĞĚ�
annual mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ�ĐĂŶ�
ƚŚĞƌĞĨŽƌĞ�ďĞ�ĐĂůĐƵůĂƚĞĚ�ďǇ�ƐƵďƚƌĂĐƟŶŐ�ƚŚĞ�
ĂĐƚƵĂů�ŝŶĐŝĚĞŶĐĞ�ĂŶĚ�ƚŚĂƚ�ǁŚŝĐŚ�ŝƐ�ĞƐƟŵĂƚĞĚ�
ƚŽ�ŽĐĐƵƌ�ŝŶ�ƚŚĞ�ĐůĞĂŶ�Ăŝƌ�ƐĐĞŶĂƌŝŽ͘�dŽ�ĞƐƟŵĂƚĞ�
ƚŚĞ�ŝŶĐŝĚĞŶĐĞ�ĨŽƌ�ĞĂĐŚ�ƐƵďƐĞƋƵĞŶ�ƐĐĞŶĂƌŝŽ�
ǁŚĞƌĞ�ĚŝīĞƌĞŶƚ�WD2.5�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�cS are 
achieved, Ns, the incidence in clean air is 
ƌĞůĂƚĞĚ�ƚŽ�ƚŚĞ�ƌĞůĂƟǀĞ�ƌŝƐŬ�ďǇ�

Ns = N0 × (r0
(cS/c0)-1).

/Ŷ�ƉůĂĐĞƐ�ǁŚĞƌĞ�Ă�ƐĐĞŶĂƌŝŽ Ɛ͛�ŐŽĂů�ǁĂƐ�ĂůƌĞĂĚǇ�
achieved in 2021, the actually measured 
annual mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŝƐ�ƵƐĞĚ�;ŝ͘�Ğ͘�
ƚŚĞ�Ăŝƌ�ƋƵĂůŝƚǇ�ǁĂƐ�ŶŽƚ�ǁŽƌƐĞŶĞĚ�ŝŶ�ĂŶǇ�ŽĨ�ƚŚĞ�
ƐĐĞŶĂƌŝŽƐͿ͘

Uncertainty
dŚĞ�ƉƌĞŵĂƚƵƌĞ�ŵŽƌƚĂůŝƚǇ�ĮŐƵƌĞƐ�ƉƌĞƐĞŶƚĞĚ�
ŚĞƌĞ�ƌĞƉƌĞƐĞŶƚ�ƵƐĞĨƵů�ĞƐƟŵĂƚĞƐ�ŽĨ�ƚŚĞ�
ƌĞĂůͲǁŽƌůĚ�ĞīĞĐƚ�ŽĨ�Ăŝƌ�ƉŽůůƵƟŽŶ�ďĂƐĞĚ�ŽŶ�
ĐƵƌƌĞŶƚůǇ�ĂǀĂŝůĂďůĞ�ƐĐŝĞŶƟĮĐ�ŬŶŽǁůĞĚŐĞ�ĂŶĚ�
ĚĂƚĂ͘�>ŝŬĞ�Ăůů�ƌĞƐĞĂƌĐŚ͕�ƚŚĞ�ĚĂƚĂ�ĂŶĚ�ŵĞƚŚŽĚ�
used contain uncertainty. This uncertainty 

RESULTS
The measured 2021 annual mean PM2.5 ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĨŽƌ�ĞĂĐŚ�
ƉƌŽǀŝŶĐĞ�ŝŶĐůƵĚĞĚ�ŝŶ�ƚŚŝƐ�ƌĞƉŽƌƚ�ƌĂŶŐĞ�ĨƌŽŵ�ϭϮ͘ϳ�ƚŽ�ϯϭ͘ϳ�ђŐͬŵϯ 
;dĂďůĞ�ϱ͕�&ŝŐƵƌĞ�ϭͿ͘�dŚĞ�ƉŽƉƵůĂƟŽŶͲǁĞŝŐŚƚĞĚ�ĂŶŶƵĂů�ŵĞĂŶ�WD2.5 
ĐŽŶĐĞŶƚƌĂƟŽŶ�ǁĂƐ�Ϯϭ͘ϯ�ђŐͬŵϯ.1�tŚŝůĞ�ƚŚŝƐ�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŝƐ�
ǁŝƚŚŝŶ�ƚŚĞ�EĂƟŽŶĂů�^ƚĂŶĚĂƌĚ�ŝŶ�dŚĂŝůĂŶĚ�;Ϯϱ�ђŐͬŵϯͿ͕�ŝƚ�ŝƐ�ŵŽƌĞ�
ƚŚĂŶ�ĨŽƵƌ�ƟŵĞƐ�ŚŝŐŚĞƌ�ƚŚĂŶ�ƚŚĞ�ŚĞĂůƚŚ�ďĂƐĞĚ��ŝƌ�YƵĂůŝƚǇ�
'ƵŝĚĞůŝŶĞ�ƌĞĐŽŵŵĞŶĚĞĚ�ďǇ�ƚŚĞ�t,K�;dĂďůĞ�ϭͿ͘��ǆƉŽƐƵƌĞ�ƚŽ�
PM2.5�Ăŝƌ�ƉŽůůƵƟŽŶ�Ăƚ�ƚŚĞƐĞ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŝŶĐƌĞĂƐĞƐ�ƚŚĞ�ƌŝƐŬ�ŽĨ�
ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚ�ďǇ�ĂďŽƵƚ�ϭϰй�;ϵйͲϭϵй2͖�,Z�W/�͕�ϮϬϭϯͿ͘

/ŵƉŽƌƚĂŶƚ��ƐŽƵƌĐĞƐ�ŽĨ�ƉĂƌƟĐƵůĂƚĞ�ŵĂƩĞƌ�ŝŶĐůƵĚĞ�ǀĞŚŝĐůĞƐ�ĂŶĚ�
ďŝŽŵĂƐƐ�ďƵƌŶŝŶŐ�;<ĂŶĐŚĂŶĂƐƵƚĂ�Ğƚ�Ăů͘�ϮϬϮϬͿ͘�^ĞĂƐŽŶĂů�ǁĞĂƚŚĞƌ�
ĐŽŶĚŝƟŽŶƐ�ƐƵĐŚ�ĂƐ�ƌĂŝŶĨĂůů�ĐĂŶ�ƌĞŵŽǀĞ�ƚŚĞƐĞ�ƉŽůůƵƚĂŶƚƐ͕�ďƵƚ�ŽƚŚĞƌ�
ĐŽŶĚŝƟŽŶƐ�ŝŶĐůƵĚŝŶŐ�ĂƚŵŽƐƉŚĞƌŝĐ�ƚĞŵƉĞƌĂƚƵƌĞ�ŝŶǀĞƌƐŝŽŶƐ�ĐĂŶ�
ƉƌĞǀĞŶƚ�ƉŽůůƵƚĂŶƚ�ĚŝƐƉĞƌƐŝŽŶ�;&ŽůĚ�Ğƚ�Ăů�ϮϬϮϬͿ͘�dŚĞƐĞ�ƐĞĂƐŽŶĂů�
ĞīĞĐƚƐ�ŵĞĂŶ�ƚŚĂƚ�ŝŶ�ƚŚĞ�ƉƌŽǀŝŶĐĞƐ�ƐƚƵĚŝĞĚ�ŚĞƌĞ͕�ϰϵй�ŽĨ�ƚŚĞ�ƚŽƚĂů�
2021 exposure to PM2.5�ŚĂƉƉĞŶĞĚ�ŝŶ�ũƵƐƚ�ƚŚƌĞĞ�ŵŽŶƚŚƐ�ĨƌŽŵ�
:ĂŶƵĂƌǇ�ƚŽ�DĂƌĐŚ�;&ŝŐƵƌĞ�ϮͿ͘��ƵƌŝŶŐ�ƚŚĞƐĞ�ŵŽŶƚŚƐ�ƚŚĞ�ĐŽŵďŝŶĞĚ

Figure 1: >ĞŌ: Annual mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĚƵƌŝŶŐ�ϮϬϮϭ�ƉĞƌ�ƉƌŽǀŝŶĐĞ͘�Right: Increase in 
ƌĞůĂƟǀĞ�ƌŝƐŬ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚ�ĂƩƌŝďƵƚĂďůĞ�ƚŽ�ĂŶŶƵĂů�ŵĞĂŶ�WD2.5�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĚƵƌŝŶŐ�ϮϬϮϭ�ƉĞƌ�
ƉƌŽǀŝŶĐĞ͘�WƌŽǀŝŶĐĞƐ�ŶŽƚ�ŝŶĐůƵĚĞĚ�ŝŶ�ƚŚĞ�ƐƚƵĚǇ�ĚƵĞ�ƚŽ�ŝŶƐƵĸĐŝĞŶƚ�ĚĂƚĂ�ĂƌĞ�ůĞŌ�ďůĂŶŬ͘

1  /Y�ŝƌ�;ϮϬϮϮͿ�ƌĞƉŽƌƚƐ�Ă�
ƉŽƉƵůĂƟŽŶͲǁĞŝŐŚƚĞĚ�ĂŶŶƵĂů�
ŵĞĂŶ�ŽĨ��ϮϬ͘Ϯ�ђŐͬŵϯ�ĨŽƌ�
dŚĂŝůĂŶĚ͘�dŚĞ�ĚŝīĞƌĞŶĐĞ�ĂƌŝƐĞƐ�
ĨƌŽŵ�ĚŝīĞƌĞŶƚ�ƉŽƉƵůĂƟŽŶ�
numbers used in the weight-
ing. This report uses 
ƉŽƉƵůĂƟŽŶ�ŶƵŵďĞƌƐ�ĨŽƌ�
dŚĂŝůĂŶĚ�ĨƌŽŵ�ƚŚĞ�dŚĂŝůĂŶĚ�
^ƚĂƟƐƟĐĂů�KĸĐĞ�;E^K͕�ϮϬϮϮͿ͘

2  ϵϱйͲĐŽŶĮĚĞŶĐĞ�ŝŶƚĞƌǀĂů

dŚĞ�ďƵƌĚĞŶ�ŽĨ�Ăŝƌ�ƉŽůůƵƟŽŶ�
in Thailand 20218



Figure 2: Monthly mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĚƵƌŝŶŐ�ϮϬϮϭ�ŝŶ�ƚŚĞ�ĐŽƵŶƚƌǇͲǁŝĚĞ�ĂǀĞƌĂŐĞ�;ůĞŌͿ�ĂŶĚ�ŝŶ�
�ĂŶŐŬŽŬ�;ƌŝŐŚƚͿ͘
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ĞīĞĐƚ�ŽĨ�ǁĞĂƚŚĞƌ�ĐŽŶĚŝƟŽŶƐ�ĂŶĚ�ƐĞĂƐŽŶĂů�ƉŽůůƵƚĂŶƚ�ĞŵŝƐƐŝŽŶƐ�
ƐƵĐŚ�ĂƐ�ĂŐƌŝĐƵůƚƵƌĂů�ďƵƌŶŝŶŐ�ĐŽŵƉŽƵŶĚ�ƚŚĞ�Ăŝƌ�ƉŽůůƵƟŽŶ�ƉƌŽďůĞŵ�
ƚŚĂƚ�ĞǆŝƐƚƐ�ǇĞĂƌͲƌŽƵŶĚ�ĂƐ�Ă�ƌĞƐƵůƚ�ŽĨ�ƉŽůůƵƟŽŶ�ƐŽƵƌĐĞƐ�ůŝŬĞ�ƌŽĂĚ�
ƚƌĂĸĐ͘��ĞƐƉŝƚĞ�ƚŚĞ�ƐƚƌŽŶŐ�ƐĞĂƐŽŶĂů�ƚƌĞŶĚ͕�ŵĞĂƐƵƌĞĚ�ŵŽŶƚŚůǇ�
mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŝŶ��ĂŶŐŬŽŬ�ƌĞŵĂŝŶ�ĂďŽǀĞ�ƚŚĞ�t,K�
ĂŶŶƵĂů�ŵĞĂŶ�ŐƵŝĚĞůŝŶĞ�ŽĨ�ϱ�ђŐͬŵϯ�ŝŶ�ĞǀĞƌǇ�ŵŽŶƚŚ�ŽĨ�ƚŚĞ�ǇĞĂƌ͘

/ƚ�ŝƐ�ĞƐƟŵĂƚĞĚ�ƚŚĂƚ�ůŽŶŐͲƚĞƌŵ�ĞǆƉŽƐƵƌĞ�ƚŽ�WD2.5 in the provinces 
included in this study contributed to 29,000 premature deaths 
ĚƵƌŝŶŐ�ϮϬϮϭ�;dĂďůĞ�ϱͿ͘�/Ŷ��ĂŶŐŬŽŬ�ǁŚĞƌĞ�ƚŚĞ�ŵĞĂƐƵƌĞĚ�ĂŶŶƵĂů�
mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ�ǁĂƐ�ϮϬ�ђŐͬŵ

ϯ͕�ƚŚĞ�ƌŝƐŬ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�
ĚĞĂƚŚ�ĨƌŽŵ�ĞǆƉŽƐƵƌĞ�ƚŽ�ƚŚŝƐ�ƉŽůůƵƚĂŶƚ�ǁĂƐ�ĞƐƟŵĂƚĞĚ�ƚŽ�ďĞ�ϭϯй�
ŚŝŐŚĞƌ�ƚŚĂŶ�ǁŽƵůĚ�ďĞ�ƚŚĞ�ĐĂƐĞ�ǁŝƚŚ�ĐůĞĂŶ�Ăŝƌ͘ �dŚĞ�ŝŶĐƌĞĂƐĞĚ�ƌŝƐŬ�
ĐŽƌƌĞƐƉŽŶĚƐ�ƚŽ�ĂŶ�ĞƐƟŵĂƚĞĚ�ϰ͕ϰϬϬ�ĂĚĚŝƟŽŶĂů�ĚĞĂƚŚƐ�ĚƵƌŝŶŐ�
ϮϬϮϭ͘�ZŝƐŬƐ�ĂŶĚ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĨŽƌ�ƚŚĞ�ŽƚŚĞƌ�ƉƌŽǀŝŶĐĞƐ�
included in the study are provided in Table 5.

�ƵĞ�ƚŽ�ŝƚƐ�ůĂƌŐĞ�ƉŽƉƵůĂƟŽŶ͕�ƚŚĞ�ĞƐƟŵĂƚĞĚ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĂƌĞ�
ŵŽƐƚ�ŶƵŵĞƌŽƵƐ�ŝŶ��ĂŶŐŬŽŬ�;&ŝŐƵƌĞ�ϯͿ͘�,ŽǁĞǀĞƌ͕ �ǁŚĞŶ�ĂĚũƵƐƟŶŐ�
ĨŽƌ�ƉŽƉƵůĂƟŽŶ͕�ƚŚĞ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚ�ƌĂƚĞ�ǁŚŝĐŚ�ĐĂŶ�ďĞ�ĂƩƌŝďƵƚĞĚ�
to long-term exposure to PM2.5 is greatest in Phrae where the 
annual mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ�ŝƐ�ƚŚĞ�ŚŝŐŚĞƐƚ�ŽĨ�Ăůů�ƉƌŽǀŝŶĐĞƐ�
ŝŶĐůƵĚĞĚ͘���ƚ�ϯϭ͘ϳ�ђŐͬŵϯ the annual mean in Phrae is more than 
ϲ�ƟŵĞƐ�ƚŚĞ�t,K�ŐƵŝĚĞůŝŶĞ�ĂŶĚ�ƐŝŐŶŝĮĐĂŶƚůǇ�ďƌĞĂĐŚĞƐ�ƚŚĞ�
EĂƟŽŶĂů�^ƚĂŶĚĂƌĚ�ŝŶ�dŚĂŝůĂŶĚ�;&ŝŐƵƌĞ�ϰͿ͘

RESULTS

�ĂŶŐŬŽŬ�ŽƵŶƚƌǇͲǁŝĚĞ�ĂǀĞƌĂŐĞ�;ƉŽƉƵůĂƟŽŶͲǁĞŝŐŚƚĞĚͿ



Table 5: Measured annual mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ĚƵƌŝŶŐ�ϮϬϮϭ͕�ĂƐƐŽĐŝĂƚĞĚ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƌŝƐŬ�ŽĨ�
ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚ�ĂŶĚ�ŶƵŵďĞƌ�ŽĨ�ĂŶŶƵĂů�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĂƩƌŝďƵƚĂďůĞ�ƚŽ�ƚŚŝƐ�ĂŵŽƵŶƚ�ŽĨ�WD2.5 
ƉŽůůƵƟŽŶ͘�dŽƚĂůƐ�ĨŽƌ�WD2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ƌŝƐŬ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚ�ĂƌĞ�
ƉŽƉƵůĂƟŽŶͲǁĞŝŐŚƚĞĚ͘
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RESULTS

Total
Bangkok

Nakhon Ratchasima
Khon Kaen
Chiang Mai
Chon Buri

Udon Thani
^ŽŶŐŬŚůĂ

^ĂŵƵƚ�WƌĂŬĂŶ
Chiang Rai
Nonthaburi

Pathum Thani
^ƵƌĂƚ�dŚĂŶŝ

EĂŬŚŽŶ�^ĂǁĂŶ
Kanchanaburi

Ratchaburi
Phitsanulok

WŚƌĂ�EĂŬŚŽŶ�^ŝ��ǇƵƩŚĂǇĂ
Narathiwat

Rayong
Kamphaeng Phet

^ĂƌĂďƵƌŝ
^ĂŵƵƚ�^ĂŬŚŽŶ

Yala
Phayao
hƩĂƌĂĚŝƚ

Phrae
Phuket

>ĂŵƉŚƵŶ
Uthai Thani

^ĂƚƵŶ
^ĂŵƵƚ�^ŽŶŐŬŚƌĂŵ

34,047,570
ϱ͕ϱϮϳ͕ϵϵϰ
Ϯ͕ϲϯϰ͕ϭϱϰ
ϭ͕ϳϵϬ͕ϴϲϯ
ϭ͕ϳϴϵ͕ϯϴϱ
ϭ͕ϱϴϯ͕ϲϳϮ
ϭ͕ϱϲϲ͕ϱϭϬ
ϭ͕ϰϯϭ͕ϱϯϲ
ϭ͕ϯϱϲ͕ϰϰϵ
ϭ͕Ϯϵϴ͕ϰϮϱ
ϭ͕Ϯϴϴ͕ϲϯϳ
ϭ͕ϭϵϬ͕ϬϲϬ
ϭ͕ϬϳϮ͕ϰϲϰ
ϭ͕Ϭϯϱ͕ϬϮϴ
ϴϵϰ͕Ϭϱϰ
ϴϲϴ͕Ϯϴϭ
ϴϰϳ͕ϯϴϰ
ϴϮϬ͕ϱϭϮ
ϴϬϵ͕ϲϲϬ
ϳϱϭ͕ϯϰϯ
ϳϭϮ͕ϭϰϯ
ϲϰϯ͕ϵϲϯ
ϱϴϲ͕ϳϴϵ
ϱϰϮ͕ϯϭϰ
ϰϲϰ͕ϱϬϱ
ϰϰϲ͕ϭϰϴ
ϰϯϰ͕ϱϴϬ
ϰϭϴ͕ϳϴϱ
ϰϬϭ͕ϭϯϵ
ϯϮϱ͕ϭϭϲ
ϯϮϰ͕ϴϯϱ
ϭϵϬ͕ϴϰϮ

Ϯϭ͘ϲ
20.0
20.3
22.6
24.9
21.7
24.1
12.7
21.1
27.1
20.8
17.5
18.9
22.9
19.4
21.6
25.0
21.7
13.7
17.4
22.0
26.1
23.3
14.0
28.9
23.9
31.7
17.4
28.0
23.9
12.7
24.4

+14%
+13%
+13%
+15%
нϭϲй
+14%
нϭϲй

+8%
+14%
+18%
+13%
+11%
+12%
+15%
+12%
+14%
нϭϲй
+14%

+9%
+11%
+14%
нϭϳй
+15%

+9%
+19%
+15%
+21%
+11%
+18%
+15%

+8%
нϭϲй

Ϯϴ͕ϴϯϭ
ϰ͕ϰϰϲ
Ϯ͕ϭϰϵ
ϭ͕ϲϭϱ
ϭ͕ϳϲϲ
ϭ͕ϯϳϱ
ϭ͕ϱϬϬ

747
ϭ͕ϭϰϳ
ϭ͕ϯϴϲ
ϭ͕Ϭϳϱ

844
818
945
699
751
840
712
454
530
626
664
545
311
526
424
535
295
441
309
170
185

WŽƉƵůĂƟŽŶ PM
2.5 

;ђŐͬŵ3)
Increased risk of 
premature death

Premature deaths 
due to PM2.5

Province
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&ŝŐƵƌĞ�ϯ͗�EƵŵďĞƌ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ƚŚĂƚ�ĐĂŶ�ďĞ�ĂƩƌŝďƵƚĞĚ�ƚŽ�ůŽŶŐͲƚĞƌŵ�
exposure to PM2.5 during 2021.

&ŝŐƵƌĞ�ϰ͗�WƌĞŵĂƚƵƌĞ�ĚĞĂƚŚ�ƌĂƚĞ�ƉĞƌ�ϭϬϬ͕ϬϬϬ�ƉĞŽƉůĞ�ƚŚĂƚ�ĐĂŶ�ďĞ�ĂƩƌŝďƵƚĞĚ�ƚŽ�
ůŽŶŐͲƚĞƌŵ�ĞǆƉŽƐƵƌĞ�ƚŽ�WD2.5 during 2021.

RESULTS

Annual premature deaths due to PM2.5�ƉŽůůƵƟŽŶ

Annual premature deaths per 100,000
due to PM2.5�ƉŽůůƵƟŽŶ
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tĞ�ĞƐƟŵĂƚĞ�ƚŚĂƚ�ϭϮй�ŽĨ�Ăůů�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�
that occured in 2021 in the provinces studied 
ĐĂŶ�ďĞ�ĂƩƌŝďƵƚĞĚ�ƚŽ�ĞǆƉŽƐƵƌĞ�ƚŽ�WD2.5 
ƉŽůůƵƟŽŶ͘�/Ŷ�ƉĂƌƟĐƵůĂƌ͕ �ϮϬй�ŽĨ�ƉƌĞŵĂƚƵƌĞ�
ĚĞĂƚŚƐ�ĨƌŽŵ�ƐƚƌŽŬĞ�ĂŶĚ�ŽƚŚĞƌ�ĐĞƌĞďƌŽǀĂƐĐƵůĂƌ�
ĚŝƐĞĂƐĞƐ͕�Ϯϯй�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĨƌŽŵ�
ĚŝĂďĞƚĞƐ͕�Ϯϰй�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĨƌŽŵ�ďŽƚŚ�
ŝƐĐŚĂĞŵŝĐ�ŚĞĂƌƚ�ĚŝƐĞĂƐĞ�Žƌ�ůƵŶŐ�ĐĂŶĐĞƌ͕ �Ϯϭй�ŽĨ�
ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĨƌŽŵ�ůŽǁĞƌ�ƌĞƐƉŝƌĂƚŽƌǇ�
ŝŶĨĞĐƟŽŶƐ�ĂŶĚ�ϮϮй�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ĨƌŽŵ�
�KW��ŝŶ�ƚŚĞ�ƉƌŽǀŝŶĐĞƐ�ƐƚƵĚŝĞĚ�ĂƌĞ�ĂƩƌŝďƵƚĂďůĞ�
to PM2.5�Ăŝƌ�ƉŽůůƵƟŽŶ�;dĂďůĞ�ϲͿ͘�

/Ŷ�ϮϬϮϭ�Ăůů�ďƵƚ�ĮǀĞ�ŽĨ�ƚŚĞ�ϯϲ�ƉƌŽǀŝŶĐĞƐ�ƐƚƵĚŝĞĚ�
complied with the WHO Interim Target 2 and 
dŚĂŝ�ŶĂƟŽŶĂů�ƚĂƌŐĞƚ�ǁŚŝĐŚ�ďŽƚŚ�ůŝŵŝƚ�ĂŶŶƵĂů�
PM2.5�ƉŽůůƵƟŽŶ�ƚŽ�Ϯϱ�ђŐͬŵ

ϯ͘�/Ĩ�Ăůů�ϯϲ�ƉƌŽǀŝŶĐĞƐ�
ŚĂĚ�ĐŽŵƉůŝĞĚ͕�ĂƌŽƵŶĚ�ϰϬϬ�ŽĨ�ƚŚĞ�Ϯϵ͕ϬϬϬ�
PM2.5-related premature deaths would have 
ďĞĞŶ�ĂǀŽŝĚĞĚ�;dĂďůĞ�ϲ͕�^ĐĞŶĂƌŝŽ��Ϳ͘�,ĂĚ�ĞĂĐŚ�
ůŽĐĂƟŽŶ�ĐŽŵƉůŝĞĚ�ǁŝƚŚ�t,K�/ŶƚĞƌŝŵ�dĂƌŐĞƚ�ϯ͕�
ĂƌŽƵŶĚ�ϵ͕ϬϬϬ�ŽĨ�ƚŚĞ�Ϯϵ͕ϬϬϬ�WD2.5-related 
premature deaths would have been avoided 
;dĂďůĞ�ϲ͕�^ĐĞŶĂƌŝŽ��Ϳ͘

dŚĞ�dŚĂŝ�ŶĂƟŽŶĂů�ƚĂƌŐĞƚ�ŽĨ�Ϯϱ�ђŐͬŵϯ�ŝƐ�ϱ�ƟŵĞƐ�
ĂƐ�ŚŝŐŚ�ĂƐ�ƚŚĞ�t,K Ɛ͛��ŝƌ�YƵĂůŝƚǇ�'ƵŝĚĞůŝŶĞ�ĨŽƌ�
annual mean PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶ͘��ůů�ŽĨ�ƚŚĞ�
ƉƌŽǀŝŶĐĞƐ�ƐƚƵĚŝĞĚ�ĨĂŝůĞĚ�ƚŽ�ŵĞĞƚ�ƚŚĞ�t,K�
ŐƵŝĚĞůŝŶĞ�ŝŶ�ϮϬϮϭ͘�/Ĩ�Ăůů�ƚŚĞƐĞ�ƉƌŽǀŝŶĐĞƐ�ǁĞƌĞ�
to comply with the WHO guideline, this would 
ƌĞĚƵĐĞ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�
ĂƩƌŝďƵƚĂďůĞ�ƚŽ�WD2.5�ƉŽůůƵƟŽŶ�ƚŽ�ĂďŽƵƚ�ϲ͕ϬϬϬ�
ƉĞƌ�ǇĞĂƌ͕ �ĂǀŽŝĚŝŶŐ�ϳϳй�ŽĨ�ƚŚĞ�ƉƌĞŵĂƚƵƌĞ�
deaths and thus saving 22,000 lives in these 
ƉƌŽǀŝŶĐĞƐ�ĞĂĐŚ�ǇĞĂƌ�;dĂďůĞ�ϲ͕�^ĐĞŶĂƌŝŽ��Ϳ͘�dŚŝƐ�
ŝƐ�ƌŽƵŐŚůǇ�ƚŚĞ�ĂŶŶƵĂů�ŶƵŵďĞƌ�ŽĨ�ƌŽĂĚ�ƚƌĂĸĐ�
ĨĂƚĂůŝƟĞƐ�ŝŶ�Ăůů�ŽĨ�dŚĂŝůĂŶĚ�;t,K͕�ϮϬϭϴͿ͘��Ɛ�ƚŚĞ�
provinces studied in the report cover only 
ĂďŽƵƚ�ŚĂůĨ�ƚŚĞ�ƉŽƉƵůĂƟŽŶ�ŽĨ�dŚĂŝůĂŶĚ�;ϯϰ�
ŵŝůůŝŽŶͿ͕�ƐŽŵĞŽŶĞ�ůŝǀŝŶŐ�ŝŶ�ƚŚĞ�ƌĞŐŝŽŶƐ�ŽĨ�
Thailand included in this study is more than 
ƚǁŝĐĞ�ĂƐ�ůŝŬĞůǇ�ƚŽ�ĚŝĞ�ĨƌŽŵ�ĞǆƉŽƐƵƌĞ�ƚŽ�WD2.5 
ƉŽůůƵƟŽŶ�ĂƐ�ĨƌŽŵ�Ă�ƌŽĂĚ�ĂĐĐŝĚĞŶƚ�;dĂďůĞ�ϳ͕�
&ŝŐƵƌĞ�ϱͿ͘�/Ŷ�ĨĂĐƚ͕�ƚŚĞ�ƌŝƐŬ�ŽĨ�ĚǇŝŶŐ�ĨƌŽŵ�WD2.5 
Ăŝƌ�ƉŽůůƵƟŽŶ�ŝƐ�ĐƵƌƌĞŶƚůǇ�ĞǀĞŶ�ƐƵďƐƚĂŶƟĂůůǇ�
ŚŝŐŚĞƌ�ŝŶ�dŚĂŝůĂŶĚ�ƚŚĂŶ�ƚŚĞ�ƌŝƐŬƐ�ŽĨ�ĚǇŝŶŐ�ĨƌŽŵ�
Ă�ƌŽĂĚ�ĂĐĐŝĚĞŶƚ͕�ĚƌƵŐ�ƵƐĞ�Žƌ�ŝŶƚĞŶƟŽŶĂů�
homicide combined.

Table 6: Results of the Health Impact Assessment for 2021: Total number of premature deaths and 
breakdown by some of the causes.

RESULTS

ϲ͕ϰϵϳ

ϭ͕Ϭϲϱ

ϰϲϯ

ϭ͕Ϯϴϳ

582

ϲϵϮ

448

ϭϵ͕ϴϰϵ

ϯ͕ϯϮϲ

ϭ͕ϰϱϵ

ϰ͕Ϭϳϰ

ϭ͕ϴϰϱ

Ϯ͕ϭϳϭ

ϭ͕ϰϭϭ

Ϯϴ͕ϰϯϲ

ϰ͕ϴϮϳ

Ϯ͕ϭϮϴ

ϱ͕ϵϱϴ

Ϯ͕ϳϬϬ

ϯ͕ϭϱϴ

Ϯ͕Ϭϱϴ

Ϯϴ͕ϴϯϭ

ϰ͕ϴϵϲ

Ϯ͕ϭϱϵ

ϲ͕Ϭϰϲ

Ϯ͕ϳϯϵ

ϯ͕ϮϬϰ

Ϯ͕Ϭϴϴ

premature death
;Ăůů�ĐĂƵƐĞƐͿ

premature death
;�Ğs�Ϳ

premature death
;ĚŝĂďĞƚĞƐͿ

premature death
;/,�Ϳ

premature death
;>�Ϳ

premature death
;>Z/Ϳ

premature death
;�KW�Ϳ

^ĐĞŶĂƌŝŽ��

Actual

^ĐĞŶĂƌŝŽ��

WHO 2021 IT-2

^ĐĞŶĂƌŝŽ��

WHO 2021 IT-3
^ĐĞŶĂƌŝŽ��

WHO guideline
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RESULTS

&ŝŐƵƌĞ�ϱ͗��ŽŵƉĂƌŝƐŽŶ�ŽĨ�ĚĞĂƚŚƐ�ƉĞƌ�ϭϬϬ͕ϬϬϬ�ƉĞŽƉůĞ�ƚŚĂƚ�ĐĂŶ�ďĞ�ĂƩƌŝďƵƚĞĚ�ƚŽ�ůŽŶŐͲƚĞƌŵ�ĞǆƉŽƐƵƌĞ�
to PM2.5�ĚƵƌŝŶŐ�ϮϬϮϭ�ĨŽƌ�^ĐĞŶĂƌŝŽƐ��͕��͕���ĂŶĚ���;ƌĞĚͿ�ĂŶĚ�ŽƚŚĞƌ�ĐĂƵƐĞƐ�;ŐƌĞǇͿ͘

Table 7. Various causes of premature deaths in Thailand.

t,K�;ϮϬϭϴͿ

'���;ϮϬϭϵͿ

tŽƌůĚ��ĂŶŬ�;ϮϬϮϮͿ

Road accidents

Drug use

/ŶƚĞŶƟŽŶĂů�ŚŽŵŝĐŝĚĞ

Sum of 
road accidents, drug use, homicide

Rate per 
ϭϬϬ͕ϬϬϬ

85

84

58

19

34

16

3

53

Ϯϴ͕ϴϯϭ

Ϯϴ͕ϰϯϲ

ϭϵ͕ϴϰϵ

ϲ͕ϰϵϳ

ϮϮ͕ϰϵϭ

ϭϬ͕ϲϳϰ

ϭ͕ϴϬϬ

34.0

34.0

34.0

34.0

ϲϲ͘Ϯ

ϲϲ͘Ϯ

ϲϲ͘Ϯ

Scenario A – actual

Scenario B – current 
ŶĂƟŽŶĂů�ƐƚĂŶĚĂƌĚ

Scenario C – WHO IT-3

WHO guideline

Exposure 
to PM2.5 
ƉŽůůƵƟŽŶ

Value ^ŽƵƌĐĞ
Exposed 
ƉŽƉƵůĂƟŽŶ
;ŵŝůůŝŽŶƐͿ

This report

Annual deaths per 100,000 capita



dŚĞ�ďƵƌĚĞŶ�ŽĨ�Ăŝƌ�ƉŽůůƵƟŽŶ�
in Thailand 202114

��ĐŽŵƉĂƌŝƐŽŶ�ŽĨ��ĂŶŐŬŽŬ�ǁŝƚŚ�ƚŚĞ�ĨŽƵƌ�ŵĂũŽƌ�ĐŝƚǇ�ƌĞŐŝŽŶƐ�ŽĨ�EĞǁ�
zŽƌŬ͕��ĞůŚŝ͕�^ĞŽƵů�ĂŶĚ�<ƵĂůĂ�>ƵŵƉƵƌ�ƌĞǀĞĂůƐ�ƚŚĂƚ�ƚŚĞ�ƌŝƐŬ�ŽĨ�
ƉƌĞŵĂƚƵƌĞ�ĚĞĂƚŚƐ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ůŽŶŐͲƚĞƌŵ�WD2.5 exposure is 
ƐŝŵŝůĂƌ�ŝŶ�^ĞŽƵů�ĂŶĚ�<ƵĂůĂ�>ƵŵƉƵƌ�;dĂďůĞ�ϴͿ͘�/Ŷ�EĞǁ�zŽƌŬ͕�ǁŚĞƌĞ�
PM2.5�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ŝŶ�ϮϬϮϭ�ǁĞƌĞ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϱϬй�ŽĨ�ƚŚŽƐĞ�
ŵĞĂƐƵƌĞĚ�ŝŶ��ĂŶŐŬŽŬ͕�ƚŚĞ�ƌŝƐŬ�ŝƐ�ĂůƐŽ�ĞƐƟŵĂƚĞĚ�ƚŽ�ďĞ�
ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϱϬй�ůŽǁĞƌ͘ �/Ŷ�ĐŽŶƚƌĂƐƚ͕��ĞůŚŝ͕�ǁŚŝĐŚ�ĞǆƉĞƌŝĞŶĐĞƐ�Ă�
much higher PM2.5�ďƵƌĚĞŶ͕�ŚĂƐ�Ă�ŵƵĐŚ�ŚŝŐŚĞƌ�ƌŝƐŬ�ŽĨ�ƉƌĞŵĂƚƵƌĞ�
ĚĞĂƚŚƐ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ůŽŶŐͲƚĞƌŵ�WD2.5 exposure.

RESULTS

dĂďůĞ�ϴ͘��ŽŵƉĂƌŝƐŽŶ�ǁŝƚŚ�tŽƌůĚ��ŝƟĞƐ

WŽƉƵůĂƟŽŶ

ϱ͕ϱϮϳ͕ϵϵϰ

ϭϴ͕ϳϭϯ͕ϮϮϬ

Ϯϵ͕ϲϭϳ͕ϬϬϬ

Ϯϭ͕ϳϵϰ͕ϬϬϬ

ϴ͕Ϯϴϱ͕ϬϬϬ

PM2.5 
;ђŐͬŵ3)

20.0

10.0

ϵϲ͘ϰ

ϭϵ͘ϳ

ϭϴ͘ϲKuala Lumpur

City region

Bangkok

New York City

Delhi

Seoul

ϰ͕ϰϰϲ

ϵ͕Ϯϭϳ

ϴϴ͕ϬϭϬ

ϭϰ͕ϱϯϯ

ϰ͕ϵϮϴ

Increased risk of 
premature death

+13%

нϲй

нϳϵй

+13%

+12%

Premature deaths 
due to PM2.5

�ŝƌ�WŽůůƵƟŽŶ�ŝŶ��ĂŶŐŬŽŬ
© Chanklang Kanthong / Greenpeace



CONCLUSION

ĞŶǀŝƌŽŶŵĞŶƚ�ĂŶĚ�ĞĐŽŶŽŵǇ�;h^��W�͕�ϮϬϭϭͿ͘�dŚĞ�
ŚĞĂůƚŚ�ďƵƌĚĞŶ�ĨĞůƚ�ƚŽĚĂǇ�ĚĞŵĂŶĚƐ�Ă�ĨŽĐƵƐ�ŽŶ�
ĚŝƌĞĐƚ�ƌĞĚƵĐƟŽŶ�ŽĨ�ƉŽůůƵƚĂŶƚ�ĞŵŝƐƐŝŽŶƐ�Ăƚ�
ƐŽƵƌĐĞ͘��ĚĚƌĞƐƐŝŶŐ�ƚŚĞ�ƐŽƵƌĐĞƐ�ŽĨ�ŐƌĞĞŶŚŽƵƐĞ�
gas emissions can achieve improvements to air 
ƋƵĂůŝƚǇ�ǁŝƚŚŝŶ�ǇĞĂƌƐ�;/W��͕�ϮϬϮϭͿ͕�ǁŚŝůĞ�
ƐƵƐƚĂŝŶĂďůĞ�ƵƌďĂŶ�ĚĞƐŝŐŶ�ĐĂŶ�ďĞ�ĞīĞĐƟǀĞ�ŝŶ�
ƉƌŽƚĞĐƟŶŐ�ƉŽƉƵůĂƟŽŶƐ�ĂŐĂŝŶƐƚ�ĐůŝŵĂƚĞ�ĐŚĂŶŐĞ�
ĂŶĚ�Ăŝƌ�ƉŽůůƵƟŽŶ�;/W��͕�ϮϬϮϮͿ͘

dŚĞ�dŚĂŝ�ŐŽǀĞƌŶŵĞŶƚ�ƐŚŽƵůĚ�ĐŽŵŵŝƚ�ƚŽ�ĨŽůůŽǁ�
ƚŚĞ�t,K Ɛ͛�ŶĞǁ��ŝƌ�YƵĂůŝƚǇ�'ƵŝĚĞůŝŶĞƐ�ǁŝƚŚ�
ƟŵĞͲďŽƵŶĚĞĚ�ƐƚƌĂƚĞŐŝĞƐ�ĂŶĚ�ƉůĂŶƐ͘�dŚĞƐĞ�
ƉůĂŶƐ�ƐŚŽƵůĚ�ŝŶĐůƵĚĞ�ĞůŝŵŝŶĂƟŶŐ�WD2.5 sources 
ďǇ�ƉŚĂƐŝŶŐͲŽƵƚ�ĐŽĂů�ĂŶĚ�ĨŽƐƐŝů�ĨƵĞůƐ͕�
ƚƌĂŶƐŝƟŽŶŝŶŐ�ƚŽ�ƌĞŶĞǁĂďůĞ�ĞŶĞƌŐǇ͕ �ƚĂĐŬůŝŶŐ�
transboundary maize-haze, applying 
ƐƵƐƚĂŝŶĂďůĞ�ƵƌďĂŶ�ĚĞƐŝŐŶ�ĂŶĚ�ƐĞƫŶŐ�ƚŚĞ�WD2.5 
ŶĂƟŽŶĂů�ƐƚĂŶĚĂƌĚ�ƚŽ�ŵĞĞƚ�ƚŚĞ�t,K�ŐƵŝĚĞůŝŶĞƐ��
ƚŽ�ƉƌŽƚĞĐƚ�ĐŝƟǌĞŶ Ɛ͛�ůŝǀĞƐ͘�

There has never been more evidence that air 
ƉŽůůƵƟŽŶ�ĂīĞĐƚƐ�ŚĞĂůƚŚ͕�ĂŶĚ�ǁĞ�ŬŶŽǁ�ƚŚĂƚ�
ƚŚĞƐĞ�ĞīĞĐƚƐ�ĐĂŶ�ŽĐĐƵƌ�ĞǀĞŶ�Ăƚ�ůŽǁ�
ĐŽŶĐĞŶƚƌĂƟŽŶƐ�;t,K͕�ϮϬϮϭͿ͘�dŚĞ�ĮŶĚŝŶŐƐ�ŽĨ�
ƚŚŝƐ�ƐƚƵĚǇ�ĚĞŵŽŶƐƚƌĂƚĞ�ƚŚĂƚ�ĂĐƟŽŶ�ŝƐ�ƵƌŐĞŶƚůǇ�
ŶĞĞĚĞĚ�ƚŽ�ĂĚĚƌĞƐƐ�ƚŚĞ�ƉƌŽďůĞŵ�ŽĨ�WD2.5 
ƉŽůůƵƟŽŶ�ŝŶ�dŚĂŝůĂŶĚ�ƚŽ�ƉƌŽƚĞĐƚ�ƚŚĞ�ŚĞĂůƚŚ�ŽĨ�
ƚŚĞ�dŚĂŝ�ƉŽƉƵůĂƟŽŶ͘�

dŚŝƐ�ǇĞĂƌ͕ �ƚŚĞ�/W���ĨŽƵŶĚ�ǁŝƚŚ�ŚŝŐŚ�ĐŽŶĮĚĞŶĐĞ�
that measures that reduce greenhouse gas and 
air pollutant emissions including demand 
ƌĞĚƵĐƟŽŶ͕�ĂŶĚ�ůŽǁ�ĞŵŝƐƐŝŽŶ�ƚƌĂŶƐƉŽƌƚ�ŵŽĚĞƐ�
ŚĂǀĞ�ƚŚĞ�ƉŽƚĞŶƟĂů�ƚŽ�ĚĞůŝǀĞƌ�ďŽƚŚ�Ăŝƌ�ƋƵĂůŝƚǇ�
ŝŵƉƌŽǀĞŵĞŶƚƐ�ĂŶĚ�ŚĞĂůƚŚ�ďĞŶĞĮƚƐ�ǁŚŝůƐƚ�ĂůƐŽ�
ĐŽŶƚƌŝďƵƟŶŐ�ƚŽ�ƚŚĞ�ŵŝƟŐĂƟŽŶ�ŽĨ�ĐůŝŵĂƚĞ�
ĐŚĂŶŐĞ�;/W��͕�ϮϬϮϮͿ͘�

�īŽƌƚƐ�ƚŽ�ŝŵƉƌŽǀĞ�Ăŝƌ�ƋƵĂůŝƚǇ�ŚĂǀĞ�Ă�ƚƌĂĐŬ�
ƌĞĐŽƌĚ�ŽĨ�ĚĞůŝǀĞƌŝŶŐ�ďĞŶĞĮƚƐ�ƚŽ�ŽƵƌ�ŚĞĂůƚŚ͕�

Clean Air Law Suit Thailand
© Panumas Sanguanwong / Greenpeace
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