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Kuwait Oil Fires

Image by Earth Science and Remote Sensing Unit, NASA Johnson Space Center
Space Mission: STS037-152-91

April 1991

Image taken by Jack Heller, USACHPPM

May 1991

https://eol.jsc.nasa.gov/SearchPhotos/photo.pl?mission=STS037&roll=152&frame=91
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https://eol.jsc.nasa.gov/SearchPhotos/photo.pl?mission=STS037&roll=152&frame=91
https://eol.jsc.nasa.gov/SearchPhotos/photo.pl?mission=STS037&roll=152&frame=91


Kuwait Oil Fires

Timeline
• Air War:   17 Jan 1991
• Ground War:  23 Feb 1991
• Liberation:  28 Feb 1991
• Last Fire Extinguished: 6 Nov 1991

      Scale:
• Oil wells on fire:  ~700 wells
• Oil burned:   ~4 × 10⁶ barrels/day 
    (~$250m/day in today’s money) 

• Particulate matter emission: ~3 × 10⁹ kg
• Total oil released:  ~1-1.5 × 10⁹ barrels
• Total oil on land:  ~25-40 × 10⁶ barrels
• Total oil flowing to sea: ~11 × 10⁶ barrels 
    (twice more than Deepwater Horizon)

DoD – Report on Environmental Exposure of Oil Fires (2000)
John S. Evans – Public Health Impacts of Kuwait Oil Fires (2008)

Kuwait oil fields

Burgan Oil field
(high pressure well)



Kuwait Oil Fires: What’s the Exposure?

Equipment had been stolen or destroyed (except 1 intact in Mansouriya)

John S. Evans – Public Health Impacts of Kuwait Oil Fires (2008)

No measurements during 
first months of fires

High Days ~1000 to 2000 ug/m3

US DOD Used a Model to Estimate Exposure 
of Allied Troops – Harvard obtained results by 
Freedom of Information (FOIA) Request:

PM10

1991

Actual
Wind Direction



Iraq Invasion: Epidemiology

John S. Evans – Public Health Impacts of Kuwait Oil Fires (2008)

Harvard conducted a cohort study:

 ~5000 Kuwaitis 
 Age 50+ yrs on the eve of Iraq’s 

invasion
 Follow up from 1991 to 2003

Survival was 20-30% lower for those 
in Kuwait the entire time 
vs. out of Kuwait during the 
occupation 

This difference was statistically 
significant and persisted after 
control for age, smoking, income 
and education. 



Iraq Invasion: Epidemiology

John S. Evans – Public Health Impacts of Kuwait Oil Fires (2008)

Al-Riggae Center conducted a cohort study:

 ~2000 Kuwaiti Adults
 Follow up from 1993 to 2004

Post Traumatic Stress Disorder (PTSD) 
diagnosed clinically as:

• Troubled by unwanted memories or vivid dreams
• Avoid things which remind you of the past
• Feel emotionally numb
• Irritable or “on edge”

Prevalence of PTSD at Baseline: 
 In Kuwait entire time = 25.2%
 In and Out of Kuwait = 20.5% 
 Out of Kuwait entire time = 14.4%

Cumulative Incidence of Myocardial Infarction 
(Heart Attack) among Kuwaiti Participants
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FAST FORWARD

Kuwait EPA

Environment Protection Law (#42/2014) 
And its Amendment (#99/2015)

Established in 1995 amidst 
the oil lakes cleanup

1995 2015

 Sweeping powers to EPA to 
regulate without Parliament

 Expanding scope: 
• Air, water, soil, biodiversity, 

waste, ecosystem

 Environmental Impact Assessment 
for any new project 

 Hefty penalties 



Air Pollution

• Standards came out in 2017

• Kuwait EPA did not include an annual standard 
for PM2.5 and PM10

Kuwait Air Pollution Standards



Annual average of 
dust deposition 

Kuwait City 

270 
tons/km2/year

One of the highest 
totals of any city in 

the world

Wafra Highway 
 June 17th 2021 at 5pm

Al-Dousari et al., 2013
UN Environment Program, 2016Image by Ali Al-Hemoud

Dust Storms in Kuwait



Air Pollution in Kuwait 

Harvard Custom-designed SamplersHarvard Study 2.0

Alahmad et al. 2021

Ali Sabah Al-Salem, Kuwait
Location #2 
Rooftop of primary care clinic

Largest sampling campaign in the region:
• 2+ years (2017-2020)
• 2 locations 
• 2500+ filters collected 
• Daily PM2.5 + PM10 speciation 

 Root mean squared 
error when compared 
to co-located samplers:

(RMSE for PM2.5) = 
1.14 ug/m3

(RMSE for PM10) = 
13.25 ug/m3

OUTDOORS
Collect Air Pollution samples using 

Custom-designed Harvard Samplers

10 Homes in Kuwait

Outside homeInside home

INDOORS
Collect Air Pollution samples using 

Custom-designed Harvard Samplers



Use a proxy for pollution

Aerosol Optical 
Depth

Visibility
Kuwait International Airport

Ground Truth

Harvard Monitors

US Embassy data (adjusted)

Train Model 
Predicted PM2.5 

For every 1 x 1 km
Every day 2001-2018

Li et al. (Env. Int. 2021); Li et al. (J Expo Sci Environ Epidemiol 2022)

New Database for Air Pollution in Kuwait



Air Pollution Effects on Health in Kuwait 

Respiratory Admissions in Kuwait (2010-2019) Respiratory Admissions in Kuwait (2017-2019)

360 

Excess hospital admissions per year
For 10 ug/m3 in daily PM2.5  

1.6% 
Excess hospital admissions per year
For 10 ug/m3 in daily dust PM2.5  

Colonna et al. (2023); Albahar et al. (2022)



Air Pollution in Kuwait 
Composition of PM2.5 in Kuwait

Alahmad et al. 2021

COMBINED = 

37.4% 
dust factors

COMBINED = 

40.2% 
dust factors

Majority of pollution 
comes from regional oil 
operations + dust 

Kuwait cannot 
eliminate all the air 
pollution alone

Anthropogenic pollution 
comes from Iraq, Iran, 
and Saudi Arabia (+ 
from within Kuwait)
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Dust Sources from Hotspots in Iraq

Al-Dousari et al. 2022; Al-Hemoud et al. 2024
Image by NASA MODIS Rapid Response team
Iraq Dust Storms

https://visibleearth.nasa.gov/images/116791/dust-storms-in-iraq


Toxic Flares: BBC Commissioned Study

• Rumaila oil field (Iraq) is one of the world’s largest flaring sources
• Some pollutants from Iraqi flaring sites (PM2.5, NO2, benzo(a)pyrene) reach northern 

Kuwait at concentrations well above European safety levels.



HEAT IN KUWAIT

Source: Kuwait Meteorological Service



Relative risk of dying from heart disease and 
extremely hot temperatures in Kuwait.

Heat & Heart Disease in Kuwait

Doubling to 
tripling of risk

Analysis of 
DEATH CERTIFICATES

Kuwait (2010-2016)

Alahmad et al. (2020) Circulation



Diabetes Admissions

1.5x increase in risk of diabetes 
admissions

3% increase in risk of diabetes 
admissions for every 10 ug/m3 increase

Alahmad et al. (2024)

All ‘non-planned’ diabetes hospital admissions from 2010 to 2020 from all public hospitals in 
Kuwait [EXCLUDING COVID]

HEAT DUST



Alahmad et al. (2024)

Temp = 41.6 °C
Dust = 85.8 ug/m3

Excess Diabetes Admissions =
12.6/day

Combined Hot & Dusty

This study provides empirical 
evidence that both extreme heat and 
dust storms independently and 
jointly increase hospitalization rates 
for diabetic patients in Kuwait



Climate Change in the Middle East

“ [Heat in MENA] will have important consequences 
for human health and society”

“… climate change [in the Arabian Gulf] is likely to 
severely impact human habitability in the future”

“Mortality risk will increase in distant future to 
8–20 times higher than the historical period”

“… [climate change is] posing significant risks on 
human survivability in the [Arabian] Peninsula ”



Alahmad et al. (2023) Environmental Research Letters

+ 5.54°C

+ 2.57°C
vs. 2000-2009

Kuwait Climate Projections – Temperatures 

vs. 2000-2009



Alahmad et al. (2023) Environmental Research Letters

Kuwait Climate Projections – Deaths 

This could translate into:
14.6 of every 100 deaths in 
Kuwait may be attributable 
to heat from climate change 
by 2099



Moving Forward

Human health exposure 
assessment and reduction 
of air pollutants in Kuwait

3-year $5M
(2024-2027) 

Set air quality 
standards, build 
capacity, and 
transfer technology 
in exposure 
assessment 

Combatting sand and dust 
storms in Iraq and Kuwait

Restore ecosystems, 
Improve resilience in 
the source areas of 
sand and dust 
storms in Iraq & 
Kuwait

4-year $13M
(2023-2027) 

ᶀ᷄ ᶴ ᵨɴ 	γᶀɱ ᵾʃ᷃ ᵨ᷄ ᶾᶬɴᵞ᷄ ᵜ᷄ ᵢᶰγᶾ	ᵥ᷄ ᶸʑ ᶴ ᶰγ	ᵥᵴᶌ ᶱɴᵥ

Kuwait Center of Excellence 
for Environmental & 
Occupational Health 

Create a self-sustained 
leading regional center 
for research and training 
for a resilient workforce

4-year $1M
(2026-2029) 

AWARDED AWARDED Proposal Stage…



Environmental Health in Kuwait

PAST PRESENT FUTURE
Overburdened by one of 

the world’s worst 
environmental disasters

Overshadowed by one of  
highest regional dust + 

manmade pollution

Heating at an alarming 
rate, to the point of  

questioning habitability

Ground Zero for Exposomics Research 



2008 unfunded proposal



2025 Updated Vision
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