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Toxic Tsunami 
threatening       
California 
By OUR CORRESPONDENT 
Evidence indicates that a 
wave of toxic material  will  
soon be affecting 
California. As many as half 
of all households to be 
exposed to hazards from 
new technology far 
exceeding safety standards.  
Poor most hard hit. 
Thousands likely to die. 



It will wash across the countryside  
exposing more that half California’s population  

to a toxic soup containing 
• Dozens of poisonous organic chemicals known to be 

mutagens, immune system suppressants, severe 
irritants, blood poisons, inflammation agents, central 
nervous system depressants, cilia toxins, endocrine 
disrupters, or neurotoxins. 

• Several other chemicals firmly established as human 
carcinogens. 

• Other toxic inorganic chemicals known to cause 
asphyxiation, stillbirth, infant death, heart disease, and 
severe acute and chronic lung disease. 



The Toxic Tsunami 
• Will be the result of a process that pours this toxic 

soup directly into half of all US homes every day; 
all year; every year. 

• Will expose families to toxic levels much higher 
those of people living on top of toxic waste dumps, 
working in most heavy industries, or residing in the 
dirtiest cities 

• Levels will be than >10x more than set by 
international and national agencies to protect health 

• Insidiously, it will target women and young 
children in these households 



Why would it happen? 
• Because a technology will be widely promoted 

that takes perfectly safe natural material and 
converts 10% of it to toxins in the course of 
functioning.  Sometimes as much as 20% 

• The efficiency of the process is extremely low, 
leading to little human benefit per unit toxin 
created as well as waste of the natural resource. 

• Instead of carefully disposing of this toxic 
material in safe places, this industry will spread 
the toxic soup by air right into neighborhoods 
where people live. 

• All this, in spite of there being well-known 
alternative technologies available producing very 
little toxin. 



What might be the health 
consequences if this happens? 

• An epidemic of a respiratory illness that kills 
children faster than SARS or Avian Flu – 
initiation to death in 2 days in some cases.   

• So fast, that trying to apply medical care is often 
hopeless. 

• Estimates are that soon it would be killing at least 
60 California children a week, 3,000 a year 



What about adults? 

• A growing impact on cardiovascular disease – 
stroke and heart attacks 

• Starting with a rise in blood pressure and changes 
in the heart beat patterns 

• Within a few years, 45 a week would be dying 
prematurely from this toxic mixture 

• More than 16,000 Californians a year 
 



What else? 
• Thousands of poor women would start to have 

their breath taken from them as their lung function 
is slowly eaten away by exposure to the toxins 

• Thus, at tragically young ages they will become 
unable to breathe normally or do common tasks. 

• Alarmingly, once affected, there is no known 
medical therapy to reverse the process. 

• Unless the technology is stopped, in a few years 
more than 16 California women per week, 6000 
per year, would start to die prematurely because 
their lungs would finally give out. 

 



Anything else? 
• There are strong indications that the burden on households 

would include many other insidious diseases, such as 
 
– A major negative impact on babies’ health and survival 

through reductions in growth before birth and 
prematurity  

– Increases in several types of cancer, including lung and 
throat 

– Damage to the eyesight of thousands of women 
– An increase in tuberculosis, one of the most important 

and intransigent of the re-emerging infectious diseases 
– Reduction in child cognitive capacity (learning ability 

or IQ) 
– Several types of birth defects  



What should the response be? 

• Full time coverage on CNN and all other 
news outlets as the disaster unfolds? 

• Governor Brown will mobilize the national 
guard to protect California? 

• Emergency legislation will be passed in 
Sacramento to provide funds for cleaner 
technologies?  

• New laws and regulations will be passed by 
Congress so that it never happens again? 

In fact, nothing will happen  
– no one will notice 
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Household pollution from burning simple solid fuels like wood 

Everything stated about this Toxic Tsunami is 
true, as best we know, except for three aspects: 

 
  1. It is already happening 

  2. In 40% the world’s households, but not in California 
3. Due to lousy technology, but no industry is responsible 

- but rather poverty and apathy 
 
 
 



The three major solid fuels 



Leading cause of disease burden in 2010 by country Population Cooking with Solid Fuels in 2010 (%) 



Or, since wood is mainly just carbon, hydrogen, and oxygen, 
doesn’t it just change to CO2 and H2O when it is  combined  
with oxygen (burned)? 

Reason: the combustion efficiency is far less than 100% 

Woodsmoke is natural – how can it hurt you? 



Energy flows in a well-operating traditional 
wood-fired Indian cooking stove   

Into Pot
2.8 MJ
18%

In PIC
1.2 MJ

8%

Waste Heat
11.3 MJ

74%

Wood: 1 kg
15.3 MJ

Traditional Stove

PIC = products of incomplete combustion = CO, HC, C, etc. 

   15% moisture 

Source: 
Smith, 
et al., 
2000 

A Toxic Waste Factory!! 
 

Typical biomass cookstoves convert 6-20% of the  
fuel carbon to toxic substances 



Toxic Pollutants in Biomass Fuel Smoke 
from Simple (poor) Combustion 

• Small particles, CO, NO2 
• Hydrocarbons 

– 25+ saturated hydrocarbons such as n-hexane 
– 40+ unsaturated hydrocarbons such as 1,3 butadiene 
– 28+ mono-aromatics such as benzene & styrene 
– 20+ polycyclic aromatics such as benzo(α)pyrene  

• Oxygenated organics 
– 20+ aldehydes including formaldehyde & acrolein 
– 25+ alcohols and acids such as methanol 
– 33+ phenols such as catechol & cresol 
– Many quinones such as hydroquinone  
– Semi-quinone-type and other radicals 

• Chlorinated organics such as methylene chloride and dioxin  

Source: Naeher et al, 
J Inhal Tox, 2007 

Typical open cookfire releases 
400 cigarettes per hour 

worth of smoke 



Health-Damaging Air Pollutants From 
Typical Woodfired Cookstove in India. 

10 mg/m3

Carbon Monoxide:
150 mg/m3

0.1 mg/m3

Particles
3.3 mg/m3

0.002 mg/m3

Benzene
0.8 mg/m3

0.0003 mg/m3

1,3-Butadiene
0.15 mg/m3

0.1 mg/m3

Formaldehyde
0.7 mg/m3

Wood: 1.0 kg
Per Hour

in 15 ACH
40 m3 kitchen

Typical Health-based  
Standards Typical Indoor 

Concentrations 

Best single indicator  IARC Group 1 Carcinogens 



First person in human history to  
have her exposure measured 
doing the oldest task in human history 

India, 1981 

  

Emissions and 
concentrations, 
yes, but  
what about 
exposures? ~5000 ug/m3 

during cooking 
>500 ug/m3 24-
hour 



How much PM2.5 is unhealthy? 

• WHO Air Quality Guidelines 
– 10 ug/m3 annual average 
– No public microenvironment, indoor or 

outdoor, should be more than 35 ug/m3 

• National Standards 
– California first and now USEPA: 12 ug/m3 

– China: 35 ug/m3 
– India: 40 ug/m3 



Intent to do Randomized Trial: 
Gold Standard in Health 

• After first measurements in India – 
proposals to do RCT for child pneumonia 

• 17 years later, funding achieved – NIH 
• 10 years after funding, publication of 

primary results 



 
Published Nov 2011 

First randomized controlled trial  
in air pollution history 



RESPIRE: (Randomized Exposure Study of Pollution 
Indoors and Respiratory Effects) 

Traditional 3-stone open fire Plancha chimney wood stove 

Highland 
Guatemala 



Exposure-Response Curves 

• By combining health effects studies of 
outdoor air pollution, secondhand tobacco 
smoke, HAP, and active smoking 

• We now have exposure-response curves for 
5 major diseases caused by combustion 
particle air pollution 

• Including HAP 



Burnett et al., EHP. 2014, Integrated Exposure-Response Functions 

Secondhand 
Tobacco Smoke 

Outdoor Air 
Pollution 

RESPIRE 



Stroke 

Ischemic Heart Disease 

ALRI 

ug/m3 annual average PM2.5 

COPD 
Lung Cancer  



 
 

CRA published on Dec 14, 2012 
 in The Lancet 



In DALYs = 
Years lost to 
premature death 
plus to illness 
 
Disability-adjusted 
Life Year 



Premature Deaths 
HBP -9.3 million 
Tobacco – 5.7 
      SHS-T – 0.6 
House AP – 3.5 
     SHS-C – 0.5 
Overweight – 3.4 
Phys Inactive – 3.2 
Outdoor AP – 3.3 
High Sodium – 3.1 
Alcohol – 3.0 
 
Child malnutr – 1.0 

In DALYs = 
Years lost to 
premature death 
plus to illness 
 
Disability-adjusted 
Life Year 



COPD 

CVD 

Child ALRI 







Large rural areas of poor 
countries have high ambient  
air pollution – much from  
household fuel ~25% in India 

20-month average 
ground-level PM2.5 
from satellite data 



What can be done about  
HAP in poor countries? 

• #1 Wait for development to 
occur? 

• No change in 30 years! 
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What can be done? - continued 

• #2.  Promote clean fuels, e.g. LPG 
• Many countries have had success in 

promoting LPG into poor populations faster 
than  just with population/economic growth 

• Requires financial and policy commitment 
• Programs need to be targeted to poor 
• Not sustainable or affordable to subsidize 

for all 



What can be done? - continued 
• #3.  Promote modern clean technologies, e.g. 

electric induction cookstoves  
• Safer, faster, cleaner, and more efficient than 

any other cooking system 
• Needs electricity – but half of solid-fuel 

households have it 
• Requires less subsidy than LPG 
• Ecuador changing out all households to 

induction stoves by 2017. 
 



What can be done? - continued 
• #4.  Promote advanced combustion biomass 

cookstoves that are cleaner  
• A small number are available today that seem 

sufficiently clean in the lab to try in real 
households 

• All use forced draft -- a small fan  -- but can 
obtain power via solar PV 

• Program costs are lower than LPG or electric  
• But total expected health benefits are also 

lower 



Two major strategies 

• Make the available clean – much better 
combustion of biomass fuels 

• Make the clean available – promote clean 
fuels to poor populations 

• Both approaches needed 



Increasing Prosperity and Development 
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Household Energy Ladder 

How do we help 
people move into 

this realm?  

Advanced Biomass Combustion 



 

Muchas gracias 
 
Publications and presentations 

available on 
 my website  
 
Easiest just to “google” 
Kirk R. Smith 
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