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WHO Air Pollution Guidelines
What are they and why?

Why: > 7M annual premature deaths and life-long 
health effects

What: the US and WHO guidelines

How: air quality evaluation in Albuquerque



The World Health Organization has concluded 

that Air Pollution is a cause of more than

7 million early deaths each year.

Findings: The 312 944 cohort members contributed 4 013 131 
person-years at risk. During follow-up (mean 12·8 years), 2095 incident lung 
cancer cases were diagnosed. The meta-analyses showed a statistically 
significant association between risk for lung cancer and PM10 (hazard ratio 
[HR] 1·22 [95% CI 1·03-1·45] per 10 μg/m(3)). For PM2·5 the HR was 1·18 
(0·96-1·46) per 5 μg/m(3). The same increments of PM10 and PM2·5 were 
associated with HRs for adenocarcinomas of the lung of 1·51 (1·10-2·08) 
and 1·55 (1·05-2·29), respectively. An increase in road traffic of 4000 
vehicle-km per day within 100 m of the residence was associated with an 
HR for lung cancer of 1·09 (0·99-1·21). The results showed no association 
between lung cancer and nitrogen oxides concentration (HR 1·01 
[0·95-1·07] per 20 μg/m(3)) or traffic intensity on the nearest street (HR 1·00 
[0·97-1·04] per 5000 vehicles per day).

Results 5157 participants experienced incident events. A 5 μg/m3 increase in 
estimated annual mean PM

2.5
was associated with a 13% increased risk of coronary 

events (hazard ratio 1.13, 95% confidence interval 0.98 to 1.30), and a 10 
μg/m3 increase in estimated annual mean PM

10
 was associated with a 12% increased 

risk of coronary events (1.12, 1.01 to 1.25) with no evidence of heterogeneity between 
cohorts. Positive associations were detected below the current annual European limit 
value of 25 μg/m3 for PM

2.5
 (1.18, 1.01 to 1.39, for 5 μg/m3 increase in PM

2.5
) and below 

40 μg/m3 for PM
10

 (1.12, 1.00 to 1.27, for 10 μg/m3increase in PM
10

). Positive but 
non-significant associations were found with other pollutants.





A killer stalking us 
throughout life

• Birth Defects
• Premature Births
• Pulmonary Development

• Asthma
• Brain Development
• Learning and Memory
• Childhood cancers

• Stroke and Dementias
• Pulmonary Diseases
• Heart diseases
• Cancer



https://www.who.int/news/item/07-09-2022-who-releases-new-repository-of-resources-for-air-quality-management



Pollutant Type Standard Averaging Time Form
Sulfur dioxide Primary .075 ppm (195 μg/m³) 1-hour 99th Percentile of 1-hour daily maximum concentrations,
(SO

2
)  averaged over 3 years.

Particulate matter Primary 
(PM

10
) 150 μg/m³ 24-hour Not to be exceeded more than once per year on average

over 3 years

Particulate matter Primary 12 μg/m³ annual Annual mean, averaged over 3 years
(PM

2.5
)

Primary 35 μg/m³ 24-hour 98th percentile, averaged over 3 years

Carbon monoxide Primary 35 ppm (40 mg/m³) 1-hour Not to be exceeded more than once per year
(CO) Primary 9 ppm (10 mg/m³) 8-hour Not to be exceeded more than once per year

Ozone Primary  
(O

3
) 0.12 ppm (235 μg/m³) 1-hour expected number of days per calendar year, with maximum 

hourly average concentration greater than 0.12 ppm, is equal 
to or less than 1

Primary
0.070 ppm (140 μg/m³) 8-hour Annual fourth-highest daily maximum 8-hour concentration, 

averaged over 3 years

Nitrogen dioxide Primary  
(NO

2
) 0.053 ppm (100 μg/m³) annual Annual mean

Lead Primary  
(Pb) 0.15 μg/m³ Rolling 3 mo Not to be exceeded

National Ambient Air Quality Standards (NAAQS)
Clean Air Act (1963, 1970 and amendments 1971-2016)

SO
2

500 μg/m3 - 10 min

40 μg/m3  - 24h

PM
10

45 μg/m3 - 24h

15 μg/m3 - annual

PM
2.5

15 μg/m3 - 24h

 5 μg/m3 - annual

CO  100 mg/m3 - 15 min

 35 mg/m3    - 1 h

10 mg/m3     - 8 h

4 mg/m3        - 24 h

O
3

100 μg/m3 - 8h

NO
2

200 μg/m3 - 1h
  

  25 μg/m3 - 24h

10 μg/m3 - annual

WHO



Del Norte HS Jefferson S. Valley Foothills N. Valley

year average 5 11 8 6 11

yr ave <30 5 10 8 5 11

daysPM2.5>5 156 342 264 129 336

daysPM2.5>12 12 93 53 23 131

daysPM2.5>20 2 27 14 3 34

daysPM2.5>35 1 3 2 1 2



Del Norte HS Jefferson S. Valley Foothills N. Valley

year average 23 47 52 19 45
yr ave <100 23 42 46 19 40

daysPM10>15 260 341 334 181 343
daysPM10>20 174 310 314 104 313
daysPM10>50 16 126 143 11 109
daysPM10>100 1 18 25 1 16
daysPM10>150 0 2 4 0 1
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http://aqicn.org/city/usa/new-mexico/south-valley/

C 
PM10

= 49 μg/m3 

• 5% increase risk heart attack (Bañeras el, 2018) 

• 5% increase rate of death (Ortiz et al, 2017)

• chronic 49 μg/m3 -> higher AD risk  (Wu et al, 2017)



Supplement 1: 
Major Measured Pollutants



What is it 
and where does it come from?



3.2 
Billion

1963 Clean Air ACT

7.5 
Billion

2016

× 2.3
1.3 

Billion

2016

× 10

127 M

1963 Clean Air Acthttps://ourfiniteworld.com/2012/03/12/world-energy-consumption-since-1820-in-charts/

Planet of the Carbon Burners



Traffic

Major Human SourcesIndustry

Power Plants

Agriculture, Construction
Fossil Fuel Extraction

Commercial/Institutional
Homes/Buildings
Waste disposal



Volatile Organic 
Compounds (VOC)

(e.g. benzene)
Polycyclic Aromatic
Hydrocarbons (PAH) 

(e.g. benzo[a]pyrene)

NO

2

N
O

C
O SO

2

lead arsenic
mercury

cadmiumnickel

iron Particulate 
Matter

(PM10, PM2,5, PM1)

Respiratory Irritants
Cardiovascular Disease

Carcinogens, neuronal & 
cardiovascular effects,

fetal development effects

Neurologic and 
metabolic  toxins,

carcinogens

All of the above!

O
3 ground level



Anthropogenic Particulate Matter: 
Toxic cocktails• Elemental carbon, gases and salts of sulfur, nitrogen, ammonia, metals, 

benzene, benzo[a]pyrene, toluene and other volatile organic compounds.

• Sizes of <0.1 micrometers can enter the blood circulation via the alveoli, 

macrophages, or GI tract.

• Evidence of PM entering the brain via the olfactory nerve.

Calderón-Garcidueñas et al., 2016 



Supplement 2:
General Health Effects



The 
DATA





(6-10 y.o.)

Biological Psychiatry August 15, 2018; 84:295–303 



Neurodevelopment2618 young  students  (~8.5 y) were tested for 
memory and attention 4 times over 1 year. PM2.5 
was measured during twice over 1-week periods and 
analyzed for source. Traffic-related PM2.5 correlated 
inversely with preformance on the tests. 

2715 young students (7-10 años) showed less 
improvements in cognitive tasks during 1 year if they 
were exposed to the highest levels of  elemental 
carbon, NO

2
, y PM2.5 in the study.



PM

Emboli

Arterioesclerosis

Embolism/
Thrombosis



19,409 US women aged 70 to 81 years. Geographic information was 
used with to estimate recent (1 month) and long-term (7–14 years) 
exposures to PM2.5 and PM10, preceding base-line cognitive testing 
(1995–2001). Higher levels of long-term exposure to both PM10 and 
PM2.5 were associated with significantly faster cognitive decline. 
Two-year decline on a global score was 0.020 standard units worse 
per 10 μg/m3 increment in PM10 exposure and 0.018  units worse per 
10 μg/m3 increment in PM2.5 exposure. 

130,978 adults in London aged 50–79 years with no history of 
dementia. Average NO2, PM2.5 and O3 levels during 2004 were 
estimated.  Traffic intensity, distance from major road and 
night-time noise levels were estimated at the subject postal codes 
and linked to clinical data. Diagnoses of dementia were noted 
during 2005–2013. There was a positive exposure response 
relationship between dementia and all measures of air pollution 
except O3. 



How much is healthy?



“Numerical guideline values, therefore, are 
not to be regarded as separating the acceptable 
from the unacceptable…” 
- WHO

There is no threshold below which a pollutant 
has no effect on health. 
– WHO



All Medicare beneficiaries (60,925,443 persons)min the continental United States from 
the years 2000 through 2012,



Each short-term increase of 10 μg/m3 in PM2.5 (adjusted by ozone) and 10 parts per billion 
(10−9) in warm-season ozone (adjusted by PM2.5) were statistically significantly associated 
with a relative increase of 1.05%(95%CI, 0.95%-1.15%) and 0.51%(95%CI, 0.41%-0.61%) in 
daily mortality rate.









Supplement 3:
Air Quality Guidelines



The World Health Organization has concluded 

that Air Pollution is a cause of more than

7 million early deaths each year.



What are the US air quality standards?



Pollutant Type Standard Averaging Time Form
Sulfur dioxide Primary .075 ppm (195 μg/m³) 1-hour 99th Percentile of 1-hour daily maximum concentrations,
(SO

2
)  averaged over 3 years.

Secondary 0.5 ppm (1,300 μg/m³) 3-hour Not to be exceeded more than once per year

Particulate matter Primary 
(PM

10
) and Secondary 150 μg/m³ 24-hour Not to be exceeded more than once per year on average

over 3 years

Particulate matter Primary 12 μg/m³ annual Annual mean, averaged over 3 years
(PM

2.5
) Secondary 15 μg/m³ annual Annual mean, averaged over 3 years

Primary and 
Secondary 35 μg/m³ 24-hour 98th percentile, averaged over 3 years

Carbon monoxide Primary 35 ppm (40 mg/m³) 1-hour Not to be exceeded more than once per year
(CO) Primary 9 ppm (10 mg/m³) 8-hour Not to be exceeded more than once per year

Ozone Primary and 
(O

3
) Secondary 0.12 ppm (235 μg/m³) 1-hour expected number of days per calendar year, with maximum 

hourly average concentration greater than 0.12 ppm, is equal 
to or less than 1

Primary and 
Secondary 0.070 ppm (140 μg/m³) 8-hour Annual fourth-highest daily maximum 8-hour concentration, 

averaged over 3 years

Nitrogen dioxide Primary and 
(NO

2
) Secondary 0.053 ppm (100 μg/m³) annual Annual mean

Lead Primary and 
(Pb) Secondary 0.15 μg/m³ Rolling 3 mo Not to be exceeded

National Ambient Air Quality Standards (NAAQS)
Clean Air Act (1963, 1970 and amendments 1971-2016)

SO
2

500 μg/m3 - 10 min

20 μg/m3  - 24h

PM
10

50 μg/m3 - 24h

20 μg/m3 - annual

PM
2.5

25 μg/m3 - 24h

10 μg/m3 - annual

CO  100 mg/m3 - 15 min

 35 mg/m3    - 1 h

10 mg/m3     - 8 h

7 mg/m3        - 24 

O
3

100 μg/m3 - 8h

NO
2

200 μg/m3 - 1h

40 μg/m3 - annual

WHO

SO
2

350 μg/m3  -1 h

125 μg/m3   - 24 h

PM
10

50 μg/m3  - 24 h

40 μg/m3  - annual

PM
2.5

25 μg/m3 - annual

CO 10 mg/m3     - 8 h 

O
3

120 μg/m3  - 8 h

NO
2

200 μg/m3 - 1h

40 μg/m3  - annual

Lead 0.5 μg/m3  - annual  

EU



But what is considered “good” air 
in Albuquerque NM USA?



The Air Quality Index?


