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OVERVIEW 
At Delos, our mission is to serve as the world's leading catalyst for enhanced health and well-being in 
the environments where we live, work, sleep and play. We aim to improve the health and well-being 
of individuals, families and communities via the DARWIN Home Wellness Intelligence network, which 
is engineered to passively enhance indoor environmental quality in real-time. 

In this document, we introduce the importance of physical environments to human health and 
outline Delos’ scientific approach to helping create home environments that are conducive to 
optimal health, well-being, performance and comfort. We then provide an overview of some of the 
key population-level health concerns in the US. Finally, we explain the key components of DARWIN: 

air filtration, water purification, circadian lighting, and enhanced sleep solutions, and detail how 
these components positively impact environmental parameters as well as the potential health and 
well-being outcomes for the residents. 
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1. INTRODUCTION 

1.1. The Built Environment: A Key Determinant of Health 

The physical environment plays an important role in determining our health status.1,2 Although it is 
not often considered as an opportunity for health promotion compared to other determinants such 

as health services, the built environment has a profound impact on our health and well-being and is 
a critical target for efforts to improve population and individual health. The physical environment 
comprises a wide variety of factors which include natural as well as built environments, air and water 
quality, among others (Figure 1).2 

Historically, people have spent most of their lives outdoors, experiencing both the dangers and 
benefits of the natural environment.  



 
 4 

CONFIDENTIAL AND PROPRIETARY. DELOS LIVING LLC © 2019    

Today, in contrast, we spend around 90% of our lives indoors.3 While our transition to indoor 
environments has provided us with many advantages – such as protection against the elements – it 
has also created a fundamental disconnect with the power of nature, and its central impact on our 
biology. Modern living has had a massive, increasingly negative impact on our overall well-being, 

with sedentary lifestyles, unhealthy diets, pollution and nature-deprivation leading to increased 
health concerns, stress, social isolation and loneliness. Our efforts to maintain healthier lifestyles can 
be significantly undermined by seemingly subtle forces such as the quality of indoor air and water, 
thermal comfort and the quality of lighting. Indoor environments can influence almost every aspect 

of our lives – from our moods and energy levels to how well we sleep and how productive we are 
throughout the day. 

The global patterns of disease and their associated risk factors have shifted dramatically in the last 
half century. While the incidence of communicable diseases has decreased, non-communicable 

chronic diseases now play a much larger role in population health. Chronic illnesses, including 
cardiovascular diseases, diabetes and obesity, are among the leading causes of death worldwide. 
Unfortunately, traditional healthcare delivery systems are ill-equipped to prevent these conditions, as 
they often arise due to a lifetime of unhealthy behaviors and, in most cases, are caused by 

modifiable behavioral and environmental risk factors. 

2. POPULATION HEALTH IN  
THE UNITED STATES 
2.1. Healthcare Expenditure in the United States 

US healthcare spending has been on a constant rise over the past several decades, increasing from 
2.4 trillion (or 14.5% of the GDP) in 2005 to 3.3 trillion (or 17.9% of the GDP) in 2016.4 National healthcare 
spending is projected to rise at an average rate of 5.5% per year from 2017 to 2026, reaching $5.7 

trillion by 2026 (Figure 6). 5 
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Figure 6. Projected Health expenditures in the United States (USD). 
Source:  Centers for Medicare & Medicaid Services, Office of the Actuary; US Department of Commerce, Bureau of 
Economic Analysis; and US Bureau of the Census. https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-
Trends-and-Reports/NationalHealthExpendData/NationalHealthAccountsProjected.html  
 

The average household spending on healthcare has increased from $4,612 in 2016 to $4,928 in 2017; 
approximately 7% over the course of a single year.6 US per capita healthcare spending is the highest 
in the world,7 more than double that of most other G20 member countries, according to OECD data 
(Figure 7).4 . However, despite spending more on healthcare, the American population has a shorter 

life expectancy and experiences more injuries and illnesses than populations in other high-income 
countries.8 Indeed, a comparison of life expectancy rates in 2017 between the US and 10 other high-
income countries (the UK, Canada, Germany, Australia, Japan, Sweden, France, Denmark, the 
Netherlands, and Switzerland) shows that life expectancy in the US was the lowest of the 11 countries 

at 78.59 (average of 82.17 years for the 10 remaining countries).9  
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Figure 7. Per capita health expenditure (USD) in the United States in comparison with other G20 countries, in 2017. 
Source: OECD (2018), Health spending (indicator). doi: 10.1787/8643de7e-en (Accessed on 13 December 2018) 

While many factors contribute to the disparity in health outcomes, the U.S. Centers for Disease 

Control and Prevention (CDC) notes that the American population uses preventive services only at 
about half the recommended rate.10 Preventive health interventions can promote health and reduce 
overall healthcare costs by changing the need for expensive treatments. Focusing on preventive 
initiatives is particularly important in the US due to the high prevalence of chronic diseases and their 

substantial cost.11  

According to the CDC, “Chronic diseases, such as heart disease, cancer, and diabetes, are 
responsible for 7 of every 10 deaths among Americans each year and account for 75% of the nation’s 
health spending. These chronic diseases can be largely preventable.”10 
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2.2. Overview of Key Health Issues in the United States  

Chronic Disease 

Chronic disease, a group of diseases that have long-lasting and persistent effects, is the leading cause 
of illness, disability, and death in the United States. In 2017, 10.6% of adults were diagnosed with heart 
disease, 5.6% with coronary heart disease, and 24.5% were diagnosed with hypertension.12 For all three 

conditions, the prevalence was higher among men than women. Other major chronic diseases in the 
US include chronic obstructive pulmonary disease (COPD), low back pain, lung cancer, type 2 
diabetes, and Alzheimer’s disease.13   

Body Weight Status 

Obesity, an excess accumulation of body fat, is a significant risk factor for cardiovascular disease, type 
2 diabetes, musculoskeletal disorders, and some cancers. In the US, the estimated economic cost of 
obesity was over $1.4 trillion annually.14 In 2017, 30.4% of US adults aged 18 and over were obese (BMI 
> 30 kg/m2), and another 34.1% were overweight. Higher rates of obesity were seen in adults who 

were African American, Hispanic or Latino, and American Indian.12  

Hypertension 

Hypertension is a key risk factor for cardiovascular disease, and the risk of disease increases with 
increasing blood pressure levels. In 2015-2016, 29% of US adults had hypertension, with greater rates 

of prevalence in older age groups compared to younger (18-39: 7.5%; 40-59: 33.2%; 60 and over: 
63.1%).15   

Psychological Distress 

Psychological distress is a major risk factor for diseases and conditions including migraine, 

cardiovascular disease, chronic obstructive pulmonary disease, and mood disorders, as well a 
significant risk factor for as risky behaviors. In 2017, 3.4% of US adults reported experiencing serious 
psychological distress during the past 30 days.16  

Tobacco and Alcohol Use 

Lifestyle and behavioral factors including tobacco and alcohol use significantly impact health and 
contribute to chronic disease burden. In 2017, 14% of adults in the US were current smokers, with 
prevalence of smoking found to be significantly higher among men (15.8%) than women (12.2%).17 
Alcohol use is a significant cause of morbidity and mortality in the US; 26.9% of people ages 18 or older 
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reported to have engaged in binge drinking in the past month, and 15.1 million (6.2%) had an alcohol 
use disorder.18 

Physical Activity 

Insufficient physical activity is a major modifiable risk factor for chronic diseases. Most Americans do 

not engage in enough physical activity, with less than 5% of adults reporting participation in at least 
30 minutes of physical activity each day, and only one in three adults engaging in the recommended 
amount of physical activity each week.19 In 2018, 25.6% of adults reported doing no physical activity 
or exercise other than their regular job (within the past 30 days).20  

Nutrition  

Unhealthy diets are responsible for a significant proportion of the chronic disease burden in the 
United States. Throughout the country, high-income groups and people living in more advantaged 
neighborhoods are more likely to eat a healthy and balanced diet, and ultimately have better health 

outcomes. The Dietary Guidelines for Americans 2015-2020 recommends that American adults 
consume 5 servings of vegetables and 2 servings of fruit every day, but over 80% of American adults 
had vegetable intakes below the recommended amount and less than 30% consumed the 
recommended servings of fruit.21 In addition, most Americans exceed the dietary recommendations 

for added sugar, saturated fat, and sodium intake, and overall consume too many calories.21  

Sleep 

Despite recommendations from the National Sleep Foundation that adults sleep seven to nine hours 
a night,22 over one-third of all American adults report not getting enough sleep.23 Various measures 

of sleep, such as timing, duration, efficiency, satisfaction, and alertness, are associated with serious 
adverse health outcomes, including diabetes, hypertension, depression, accidents, coronary heart 
disease, and mortality.24 The timing of sleep is largely determined by a specific part of the brain 
which regulates the 24-hour sleep/wake cycle, otherwise known as a circadian rhythm.25 Although 

sleep is regulated by internal factors (e.g., genetic sleep need, circadian rhythm), it can also be 
influenced by external factors, including an individual’s behaviors/motivations (e.g., staying up late), 
habits (e.g., waking up by an alarm clock), and the environment.26 

35% of Americans do 
not achieve the recommended 
amount of sleep per night 
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3. THE SCIENCE BEHIND DARWIN 

All features of the DARWIN network were carefully curated to create an environment designed to 
improve health and well-being. DARWIN is engineered to passively address indoor environmental 

quality in real-time through building automation systems. 

3.1. How DARWIN Improves Air Quality in the Home 

3.1.1. Health Impacts of Air Pollution 

Clean air is essential for optimal health. Air pollution is considered one of the greatest killers of our 
generation.27 In the United States, air pollution is estimated to contribute to over 100,000 deaths per 
year,28 and is a significant contributor to many noncommunicable diseases.29 In 2015, air pollution 
was responsible for 19% of all cardiovascular deaths, 24% of all deaths caused by ischemic heart 

disease, 21% of all stroke deaths, and 23% of all lung cancer deaths globally.30 

Research suggests that concentrations of toxins, allergens and other pollutants can be two to five 
times higher indoors than they are outside.31 However, the US Environmental Protection Agency 
(EPA) does not regulate indoor air quality,32 and US laws and regulations related to indoor air quality 

are disjointed and do not provide a comprehensive framework that addresses all potential indoor 
harmful exposures. 

Air pollutants can enter the human body through ingestion,33 skin absorption and direct inhalation. 
Once inside the body, pollutants may affect areas that are far from the initial exposure site, traveling 

to multiple cells, tissues, and organs.33 Based on their type, composition and size, different 
contaminants can have different effects on the human body. 

3.1.1.1. Airborne Particles 

Airborne particles, also known as particulate matter (PM), are very small particles of solid or liquid 

matter that can stay suspended in the air and be transported by the wind. PM can be generated 
from a wide variety of sources and can be of varied composition and particle size. Some particles 
are large enough, or in high enough concentration, to be seen with the naked eye, while others are 
too small to be noticed without a microscope. Particles sized 2.5 micrometers (0.0025 millimeters) 

or less (PM2.5) have received the greatest attention from scientists and government agencies due to 
their ability to enter the smallest regions of the lungs and therefore pose serious health concerns.34  



 
 10 

CONFIDENTIAL AND PROPRIETARY. DELOS LIVING LLC © 2019    

PM2.5 contributes to diabetes, COPD, stroke, ischemic heart disease, atherosclerosis, tracheal, 
bronchus and lung cancer, and lower respiratory infections.35 Exposure to PM has also been linked to 
respiratory conditions such as allergy, asthma, airway irritation and inflammation, and tuberculosis.36  

3.1.1.2. Gases & Chemicals 

Both natural gases and gases originating from human activities can have toxic effects on human 
health. Additionally, some complex chemicals, found in many products used in everyday life, can 
emit gases called volatile organic compounds (VOCs) through a process referred to as “chemical 
off-gassing”. These gases can diffuse in the air and may have detrimental effects on human health. 

Some examples of potentially harmful gases include: 

Carbon dioxide: Carbon dioxide is a colorless gas, commonly emitted from the burning of coal, oil, 
gasoline, and natural gas. Elevated concentrations of CO2 can contribute to reduced ability to focus, 
headaches, and dizziness.37  

Formaldehyde: Formaldehyde, commonly used in cleaning products, building materials, and 
furniture, can diffuse in the air. When inhaled it can irritate the skin, eyes, nose, and throat. Long-
term exposure can cause cancer.38 

3.1.2. Indoor Air Quality Concerns within the Home 

In the United States, indoor air quality is subject to pollution originating from both outdoor and 
indoor sources. 

3.1.2.1. Outdoor Sources of Air Pollution 

It is widely acknowledged that indoor air quality (IAQ) is significantly influenced by outdoor air 
quality due to forced ventilation, infiltration, and window operation. Although US air quality has 
significantly improved since the passage of the Clean Air Act in the 1970s, outdoor air pollution 

levels continue to pose a threat to human health.31 Indeed, the EPA estimates that around 79 million 
tons of pollution were emitted in the US in 2017,39 and that around 111 million Americans live in 
counties with pollution levels that exceed at least one of the EPA’s National Ambient Air Quality 
Standards.40 Major sources of pollutants in the US include mobile sources, such as automobiles; 

stationary sources, such as industrial sites; and biogenic sources, such as forest fires.41 The EPA 
states that urban areas, areas near industrial facilities, and areas with high transportation emissions 
are at particularly high risk for hazardous air pollutants.32 
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Figure 9. Sample Daily Maps of PM Air Quality Index (August 18, 2018; December 11, 2018), United States.  
Source: AirNow.gov. https://airnow.gov/index.cfm?action=airnow.mapsarchivecalendar (Accessed on January 29, 2019)42 

3.1.2.2. Special Focus: Wildfires in California 

Recent wildfires in California have garnered significant attention for the large scale and widespread 
destruction they have caused. In July 2018, California experienced the largest wildfire in state history, 

which burned over 450,000 acres.43 It was followed in November 2018 by the Camp Fire, the 
deadliest and most destructive in state history.44 At least 86 people were killed, and nearly 14,000 
homes were destroyed.45 

Wildfire smoke contains a number of airborne gases and particles, which people in areas affected by 

wildfire or where wildfire smoke spreads may be exposed to. Specifically, the US Environmental 
Protection Agency states that fine particles are the principal pollutant of concern for short-term 
exposure.43 Other components of concern include carbon monoxide and VOCs.43,46 Even areas that 
are not directly affected by fires may experience elevated concentrations as smoke spreads.46  

In Northern California, PM2.5 concentration levels during the Camp Fire period rose to levels that are 
considered “very unhealthy” or “hazardous” by the EPA, with 417 µg/m3 reported in Chico, 263 µg/m3 

in Sacramento, and 251 µg/m3 in Yosemite National Park32 (Figure 10). For comparison, average PM2.5 

levels for the ten cities with the highest levels in the world in the last year ranged from 107 to 96 
µg/m3.47 The unhealthy air quality reached as far as the Bay Area, around 150 miles away from the 

fire, where PM2.5 levels reached 247 µg/m3.48 
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As previously discussed, many of these pollutants are harmful to human health. The CDC notes that 

exposure to wildfire smoke can hurt people’s eyes, irritate the respiratory system, and worsen 
chronic heart and lung diseases.50 Systematic reviews indicate that wildfires have been robustly 
linked to increased risk of respiratory diseases, potential increase in the risk of cardiovascular 
problems, as well as general increase of mortality. Populations such as children, pregnant women, 

the elderly, and people with preexisting underlying chronic conditions are particularly 
susceptible.46,51,52 An analysis of a previous period of wildfires in California in 2003 found that 
average PM2.5 increases of 70 µg/m3 were associated with a 34% increase in hospital admissions for 

asthma, as well as increases in other respiratory conditions such as acute bronchitis and COPD.53 
Another analysis of 2015 wildfire events in California found that smoke exposure was associated with 

cardiovascular and cerebrovascular visits to the emergency department, as well as respiratory 
visits.54 

Although it is too soon for a similar formal evaluation of the health impacts of the recent fires, news 
reports indicate that local hospitals have seen an increase in patients with respiratory complaints 

and other concerns known to be associated with poor air quality, particularly among susceptible 

Figure 10. Air Quality Index in 
California During Camp Fire Period.  
Source: AirNow.gov. 

https://airnow.gov/index.cfm?actio
n=airnow.mapsarchivedetail&doma
inid=2&mapdate=20181116&tab=1 
(Accessed on December 18, 2018) 
49 
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populations. Reported symptoms include eye irritation, sore throats, coughing, difficulty breathing, 
exacerbated asthma, exacerbated pneumonia, and heart palpitations.55,56 

Unfortunately, these wildfires are not isolated events. The incidence rate and intensity of wildfires 
has been increasing in the United States – likely due to settlement expansion into peri-urban and 

forested areas, as well as longer, drier, and warmer springs and summers.51,57,58 These trends are 
expected to continue, given their relationship with ongoing climate change59: The 
Intergovernmental Panel on Climate Change anticipates that the window for high forest fire risk will 
increase by 10-30% in North America.60 One study estimates that wildfires contributed 71.3% of total 

PM2.5 on days exceeding regulatory PM2.5 standards from 2004-2009 in the western US, and that 
under future climate change in this area, more than 82 million individuals will experience a 57% 
increase in frequency and 31% increase in intensity of consecutive days with high PM2.5 attributable 
to wildfire.61 

The US EPA recommends that individuals stay indoors during periods of smoke to reduce their 
exposure and keep indoor air as clean as possible. However, some outdoor particles may still enter 
the home (e.g., when people enter and exit the home). As such, indoor air filters and cleaners may be 
beneficial in protecting from adverse effects of smoke.62  

3.1.2.3. Indoor Sources of Air Pollution 

In addition to pollution potentially entering homes from the outdoors, indoor air quality can also 
become compromised due to indoor sources of pollution, including but not limited to the following:  

Building Materials and Furnishings: Paints and paint ingredients are among the thousands of 

chemicals present in building materials. Some paint formulations may include di-isocyanates, volatile 
organic compounds,63,64 cadmium in paint pigments,65 halogenated flame retardants,66 
polyurethanes, and isocyanates.67 These toxicants may have adverse health effects on home owners 
when they are exposed to high levels of the chemical or exposed for an extended period of time. For 

example, exposure to cadmium through inhalation can cause endocrine and respiratory problems, 
including breathing and airway diseases, kidney problems, and even lung cancer in extreme cases.65 
Similarly, volatile organic compounds can have a wide range of health effects, ranging from skin 
irritation to neurological issues, and in extreme cases, cancer.68 

 Gas Appliances: Gas appliances, such as gas stoves, emit carbon monoxide, nitrogen dioxide, and 
PM, each of which may lead to health effects ranging from fatigue and dizziness to asthma attacks 
and even death, depending on the extent of exposure.36,69,70,71  
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Solid Fuel: Household air pollution (HAP) from the combustion of solid fuel, such as wood, is among 
the top five environmental health risks across the globe.72 The World Health Organization estimates 
that 3.8 million premature deaths from noncommunicable diseases, including stroke, ischemic heart 
disease, chronic obstructive pulmonary disease (COPD) and lung cancer, are due to exposure to 

household air pollution each year.72 While HAP is mainly a major concern in low- and middle-income 
countries, where people may rely on solid fuel combustion for heating and cooking, it is estimated 
that in the US solid fuel is the primary heating source for more than 2.5 million households (or 
approximately 6.5 million people).73 Additionally, fireplaces can contribute to indoor air pollution by 

generating particulate matter and carbon monoxide. 

Pets, Pests and Insects: Airborne biological particulate matter from pets, pests, and insects can 
trigger allergic reactions, and may promote infectious diseases, digestive problems, and respiratory 
illnesses.74  

3.1.3. Benefits of the DARWIN Network 

Air Purification 

Air constantly flows into homes and is subject to a wide range of pollutants, both from outdoor air as 
well as from source contaminants found within the home. Effectively managing indoor air quality 
through air filtration can help reduce the concentration of contaminants within the home.  

In the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) 

Standard 52.2, filters are assigned a Minimum Efficiency Reporting Value (MERV). MERV ratings 
range from 1 to 16 and describe the efficiency of removing different size particles at a certain flow 
rate. A MERV 13 filter can remove most indoor particulate matter, such as dust, pollen, and droplet 
nuclei (from sneezes), and can help achieve superior indoor air quality without adding significant 

flow resistance to the central HVAC system. Furthermore, a supplementary activated carbon filter 
can remove many organic and reactive outdoor air contaminants, including TVOCs and ozone. The 
DARWIN network utilizes filtration – with options including MERV8 to MERV16-related filters and/or a 
thermally bonded activated carbon filter – to achieve and maintain improved indoor air quality. 

Further, the DARWIN Air Purification System is designed to keep allergens at bay by filtering out 
particles from outdoor air, to help remove toxins that may be prevalent in building materials and 
furnishings, and to reduce exposure to pathogens that can cause both short- and long-term health 
impacts. The DARWIN network also eliminates unwanted odors, which can improve mood, reduce 

stress, lower heart rate, and improve overall well-being.75  
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Responsive Purification 

The DARWIN network is equipped with indoor air quality sensors that measure the levels of various 
pollutants in real-time, including PM2.5 and CO2. This network uses Delos proprietary algorithms to 
effectively manage indoor air quality, through circulation that helps reduce the concentration of 

contaminants within the home. Upon the detection of pollution spikes, the DARWIN network is 
engineered to modulate the HVAC ventilation rate to remediate the issue in the specific affected 
area(s) of the home (Figure 10).  

 

Figure 11. Overview of the DARWIN HVAC system. 

The thermal environment is ranked as one of the most important contributing factors to overall 
occupant satisfaction with the indoor environment. Over the past several years, multiple studies of 

thermal comfort have highlighted the importance of providing users with control over their indoor 
conditions, and thus thermal comfort. It is important to note that there are differences in thermal 
acceptability between occupants of naturally ventilated buildings versus buildings with air-
conditioning. Users of naturally ventilated buildings are more tolerant of indoor thermal conditions 

than users of air-conditioned buildings.76 DARWIN is equipped with a temperature and relative 
humidity sensor to monitor thermal comfort within the home.  
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3.2. How DARWIN Improves Water Quality in the Home  

3.2.1. Health Impacts of Water Pollution 

Access to water that is clear of inorganic, organic, and biological contaminants is essential for 
maintaining optimal health. Humans are mostly made of water – in fact, water comprises over 50% 

of an adult's body weight.77 Water is vulnerable to pollution by biological, chemical, and mineral 
contaminants that are harmful to both human and environmental health. These contaminants, 
especially in high doses, can be toxic and impair health and overall quality of life.78 When ingested, 

contaminated water can affect many body systems, including digestive, cardiovascular, respiratory, 
nervous, urinary, and integumentary systems.78  

Inorganic Contaminants: Some chemicals that can be found in drinking water – such as asbestos, 
copper, lead, and mercury – can cause adverse health effects particularly with prolonged 

exposure.79 For example, lead and mercury in drinking water can cause developmental delays in 
children and impact their learning ability.80 In adults, toxins in water can contribute to high blood 
pressure and kidney problems. Sources include runoff from industrial and agricultural processes, 
along with mining and other human activities.80 Furthermore, water delivery infrastructure may 

compromise water quality through corrosion, which can lead to the leaching of various metals into 
the water, such as iron, lead, and copper.81  

Pesticides and Herbicides: Pesticides and fertilizers used in farming regularly trickle down into our 
streams and leach into groundwater, making their way into our drinking water. In high doses, these 

contaminants can cause serious health effects, including cancer.82  

Organic Contaminants: Organic contaminants present in water are usually the result of industrial 
activities. Sources of these contaminants include processes related to industrial and chemical runoff 
leaching into surface waters.73 Various volatile organic compounds – such as benzene, 

ethylbenzene, toluene, and xylene – that may be found in water have been linked to health concerns 
including cancer; kidney and liver damage; nervous system problems; respiratory irritation and 
difficulties; and anemia.83-87 

Microbial Contaminants: Water can also be contaminated with pathogens – including viruses, 

bacteria, and parasites – that can lead to waterborne diseases with symptoms such as diarrhea, 
abdominal discomfort, vomiting, fever and headache.80 For example, some of the most common 
causes of outbreaks in US public water systems include Legionella, giardia, norovirus, and hepatitis A 
virus.88 
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Public Water Additives and Byproducts: Chlorination is commonly used as a disinfecting method in 
public water treatment systems.89 However, several toxicological and epidemiological studies 
suggest that trihalomethanes (THMs), one of the main chlorination disinfection byproducts (DBPs), 
may be associated with adverse health effects.90 Maternal exposure to THMs may be associated to 

growth retardation.91 Studies indicate that both oral consumption and inhalation exposure to DBPs 
may result in increased risk of cancer.92  

3.2.2. Water Quality Concerns in the Home 

Humans have developed increasingly sophisticated systems to transport water to our homes. 
However, even today, with our advanced treatment technologies, it is still challenging to ensure that 
everyone has access to water that is free of contaminants. Conventional water treatment does not 

always remove contaminants effectively. Furthermore, in addition to pollution from industry and 
agriculture, the treatment and distribution systems meant to keep drinking water safe can also be 
potential sources of contamination, as pollutants can also be introduced through the water 
distribution infrastructures. 

Although drinking water in the United States is among the safest in the world, in large part due to the 
requirements established by the 1974 Safe Drinking Water Act (SDWA), a number of threats to 
optimal water quality remain. Funding limitations have led to difficulty in maintaining aging and 
deteriorating infrastructure and upgrading to the latest treatment standards. It is also challenging for 

regulations to keep pace with the evolution of scientific knowledge regarding additional water 
contaminants and safe exposure levels. As previously noted, in addition to contaminants from 
source water, contaminants can also enter water through piping – for example, water pipes are 
often made from lead that can leach into water if the pipes are corroded – and EPA regulations do 

not require testing for all such contaminants at point-of-use.93,94 Furthermore, around 10% of 
Americans drink unregulated water that is not subject to SDWA safety standards.95 

As a result, many Americans are at risk for unsafe drinking water with respect to the contaminants 
previously described – which came into the national spotlight recently with Flint, Michigan’s lead-

contaminated water. A National Resources Defense Council analysis found that as of 2015, 18,000 
US community water systems – serving almost 77 million Americans – violated at least one SDWA 
rule, with more than 80,000 total violations. For example, 1,100 water systems serving 3.9 million 
people exceeded the action level established for lead under the SDWA.96 A recent study similarly 

found that 4 to 28% of the US population was affected each year since 1982 by health-based SDWA 
violations (i.e., standards regarding levels of contaminants and disinfectants, and treatment 
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techniques).97 From 2013-2014 alone, 42 drinking water-associated health outbreaks occurred in the 
United States, causing 1006 cases of illness, 124 hospitalizations, and 13 deaths.98 

3.2.3. Benefits of the DARWIN Network 

3.2.3.1. Water Filtration 

Filtration is one of the most effective treatment methods for mitigating water quality concerns, 
including dissolved solids, biological contaminants and chemical contaminants such as residual 

chlorine. In certain specifications of the DARWIN Water Filtration System, the network utilizes a 
variety of options for filtration technologies to remove such contaminants. 

The DARWIN Water solution is customized according to on-site water testing, third-party 
laboratory analysis, and regional specific research dating back 10 years. It is designed to help 
target harmful biological elements, chemicals, and bacteria, for great tasting water that leaves 
hair and skin feeling softer and smoother. 

First, the DARWIN system uses sediment filters to remove sediments of a size as small as 12 microns.  

Second, carbon filters can remove residual chlorine and other trace chemical contaminants such as 

pesticides, other volatile organic compounds, and disinfectant byproducts. Activated carbon filters 
adsorb chemical contaminants from the water as they pass through the filter media. The 
effectiveness of activated carbon in removing chemical contaminants depends on surface area 
among other characteristics, such that a larger surface area equates to better removal rates. For 

example, one pound of activated carbon provides anywhere from 60 to 150 acres of surface area.99 
The pores of activated carbon filters trap macroscopic particles and large organic molecules, while 
the activated surface area adsorbs small organic molecules.99 The carbon filter also helps reduce 
chlorine taste and odor, providing better testing water from any sink in the home.  

Another type of filter offered is ultrafiltration, which effectively removes particles in the size range of 
less than 0.01 to 0.1 micron. Effective removal of these contaminants in a source water results in a 
filtrate well suited for further treatment by downstream reverse osmosis, described in the following 
paragraph.  

Finally, the system may include a Kinetic Degradation Fluxion (KDF) filter, which has the ability to 
filter certain dissolved metals, such as lead, iron, mercury, and inorganic arsenic V. The system may 
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also use a reverse osmosis (RO) filter, which removes particles larger than 0.1 nm, including most 
microorganisms and many dissolved metals, such as arsenic, lead, mercury, iron etc. 

2.3. How DARWIN Improves the Home Lighting Environment 

2.3.1. Health Impacts of Light 

Mounting research evidence indicates that the quality, type, and timing of light exposure can have a 
profound effect on human health, well-being and performance.100 Most mammals, including 
humans, have an internal clock that keeps the sleep-wake rhythm on a roughly 24-hour cycle. The 

human body is naturally programmed to function on a cycle that matches the solar day.101 Known as 
the circadian rhythm, this clock is synchronized by light and controls many aspects of our 
physiology, metabolism, and behavior, including our sleep-wake cycle102 (Figure 11). Multiple body 
functions, including sleep and digestion, are regulated in part by the daily hormonal fluctuations 

prompted by internal circadian clocks. These hormones are released by an area in the brain called 
the hypothalamus.103 The timing of hormone release is based on the timing of light exposure, which 
the brain receives via specialized nerve cells in the eye, called intrinsically photosensitive retinal 
ganglion cells (ipRGCs).  

 

Figure 12. The human circadian rhythm. 
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Within the eye, light is detected by ipRGCs that send signals to the region of the brain in charge of 
vision, as well as the region of the brain controlling our biological clocks and circadian rhythms.104 
These cells are independent of those needed for vision, and the functions of these cells are 
therefore often referred to as non-visual or non-image forming. The main output of ipRGC activation 

is a signal sent to the suprachiasmatic nucleus, the area of the brain responsible for regulation of the 
hormone melatonin, which regulates sleep; the suprachiasmatic nucleus is therefore referred to as 
the brain’s circadian clock.105 Since the body’s natural circadian rhythm does not run on a perfect 24-
hour cycle, we rely on our exposure to light (traditionally sunlight) to synchronize ourselves to the 

regular day, a process referred to as circadian photoentrainment.105-107 

Melatonin is a hormone produced by the brain that plays an important role in the regulation of our 
sleep wake-cycle.108 Melatonin production naturally starts to increase in the evening, preparing us to 
fall asleep; peaks in the middle of the night; and then rapidly declines in the morning, allowing us to 

wake up.101 Exposure to blue light or bright light before bedtime can suppress the release of 
melatonin, which can delay sleep onset and shorten sleep duration. Inversely, exposure to blue-
enriched bright white light in the morning can have an energizing effect.109 There is a direct link 
between light exposure and melatonin suppression, although the nature of the relationship is dose-

dependent upon the quantity (intensity) and quality (spectral output) of the light source.110 Mistimed 
light exposure can therefore lead to negative outcomes, such as sleep disturbance, mood disorders, 
affective conditions, and even circadian gene mutations.111 

In addition to its effect on the sleep-wake cycle, light also affects many other functions of the human 

body, including alertness,109 mood,112 cognition,109 and metabolism.102 Disruption or 
desynchronization of the circadian rhythm and related hormones (e.g., through exposure to bright 
light at night) has been linked to obesity, diabetes, depression, metabolic disorders, and breast 
cancer.113-118 Furthermore, reduced exposure to daylight is associated with depression, cognitive 

function impairment, and poorer work performance.119-123 

Sources of light can vary in terms of color – from warm (orange) to cool (blue) – and in terms of 
intensity – from dim to bright. Lights of different colors and intensities will result in different 
responses from the brain.109 Hence, in addition to the timing of light, the type of light to which we are 

exposed will also determine the effect on our circadian rhythms. Exposure to electric light can 
disrupt our natural circadian rhythm, which can directly impact our health and well-being. Daily, 
regularly-timed light exposure is necessary to maintain a healthy and robust circadian rhythm, called 
“entrainment.”124 
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3.2.2. Lighting Environment in the Home 

Our exposure to light in modern times is very different than it was in the past. Instead of bright, blue-

spectrum sunlight in the morning, followed by warmer light in the evening, and finally total darkness, 
we are exposed to much dimmer levels of electric light throughout all waking hours. This constant 
exposure to electric light can send the wrong signal to the hypothalamus, reducing alertness during 
the day, and delaying or disrupting sleep patterns. Fortunately, simple design strategies, including 

more access to daylight through window design, brighter electric light (in the blue spectrum) during 
the morning and afternoon, followed by access to dimmer, warm-colored light in the evening, can 
help to support the circadian rhythm and promote better sleep. 

Artificial light can also be utilized in beneficial ways. For example, light therapy is effective for certain 

affective (short-term mood) disorders, enhancing sleep quality in young and older adults, and 
improving circadian rhythm alignment.125 

Indoor lighting environments not only impact our ability to perform visual tasks, but it also has non-
visual effects on our comfort, mood, and biological processes through intrinsically photosensitive 

retinal ganglion cells (ipRGCs). Therefore, it is important that non-visual effects of light are included 
in the considerations for lighting design. 

3.2.3. Benefits of the DARWIN Network 

Light influences and regulates our body rhythms, providing the cues to keep our sleep-wake cycle 
aligned each day. Well-designed combinations of natural and artificial light can provide an improved 
lighting environment to help support occupants’ natural circadian rhythms. Special lighting fixtures 

and controls allow indoor electric light to mimic outdoor natural light, mirroring the brightness and 
color of sunlight throughout the course of the day.  

Circadian Lighting 

The DARWIN Circadian Lighting System can simulate natural sunlight indoors to help maintain 

healthy circadian rhythms, and improve energy, mood and productivity. Calibrated to the home’s 
location, the system is programmed to deliver lighting conditions that simulate the light outdoors 
based on the time of day. Residents can live, work, play and sleep knowing that the lighting 
environment automatically adjusts throughout the day to support their health and well-being.  
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Customizable Lighting 

The DARWIN Circadian Lighting System is adjustable and can be personalized by the user. Lights are 
color tunable and dimmable, enabling a variety of lighting environments engineered to evoke 
different moods. Whether to relax before bed or energize in the morning, DARWIN provides 

occupants with the flexibility to adjust lighting according to their personal needs and preferences.  

Energizing Mirror 

Exposure to bright light can help dissipate sleep inertia, making it easier to wake up in the morning 
and stay more alert come evening. Using an energizing light in the bathroom minimizes disruption to 

the morning routine while still allowing for adequate light exposure. 

3.4. How DARWIN Enhances the Sleep Environment 

3.4.1. Health Impacts of Sleep  

Good quality sleep is fundamental to physical and mental well-being. Scientists once believed that 
sleep was a state of inactivity, a time when our brains and bodies shut down during the night in 
preparation for the following day. We now understand that our bodies, and more importantly our 
minds, are quite active while we sleep. As we sleep, we cycle through four stages characterized by 

distinct patterns of activity, in both our brains and bodies. Each stage of sleep makes specific 
contributions to our mental, physical and emotional health and well-being (Figure 12). While research 
into the specific functions of sleep continues to advance, there is one factor all researchers agree 
on: sleep is an absolute necessity required to maintain optimal health and well-being. Sleep plays a 

regenerative role for both the mind and body.  Leading researchers and institutions all agree that 
sleep is one of the most important activities we engage in to maintain peak physical and mental 
performance. In fact, the CDC now states that sleep deprivation is a public health concern.126 
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Figure 13. The stages of the sleep cycle. 

Sleep is essential for overall healthy functioning across our lifespan. Substantial evidence shows that 

cognitive function and performance are particularly impacted by sleep. Sleep loss may result in 
deficits in psychomotor127 and cognitive speed,128 executive129 and vigilant attention,130 working 
memory, and higher-order cognitive abilities such as learning,131,132 decision-making,133,134,135 and 
problem-solving.136,137 On a more devastating scale, insufficient sleep has been associated with 

various hazardous outcomes including medical and other occupational errors, motor vehicle 
crashes, and industrial accidents.138 From a health perspective, prolonged sleep deprivation has 
been linked with myriad chronic diseases and conditions, including diabetes, hypertension, obesity, 
stroke, and increased mortality risk.139 As adults age, insufficient sleep has also been associated with 

an increased risk of falls and decreased overall quality of life.140 Likewise, nearly all mood and anxiety 
disorders are co-morbid with sleep disruptions.141 Sleep has also been shown to impact resiliency in 
individuals facing highly stressful situations or trauma.142 

3.4.2. Sleep Environment in the Home 

Although biological factors such as age can affect sleep,143 the built environment can have a 
significant impact as well. The bedroom plays an instrumental role in the quality of sleep achieved 
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each night. Several parameters of the sleeping environment directly influence the quality and 
duration of sleep. 

Lighting 

Lighting is one of the most powerful external cues for the human body. Increased use of electronic 

devices emitting bright light (TVs, smartphones, computers, tablets) in the hours prior to going to 
sleep,144-147 along with lifestyle trends encouraging people to engage in a 24-hour work cycle,148 
results in exposure to lighting at night that disturbs sleep.149 Inappropriate exposure to light during 
sleep time – even in small quantities – can have dramatic impacts on circadian rhythm150 and lead to 

melatonin suppression,151 the key hormone that signals to the body that it is time to go to sleep. Even 
brief exposures to light at night, especially light that is of short wavelength (in the blue spectrum), 
can disrupt the sleep-wake cycle, making it hard to fall back to sleep, and in turn make it harder to 
wake up early in the morning. Specifically, exposure to artificial light at night has been found to 

result in increased subjective alertness and decreased sleep efficiency and total sleep time.152 In 
addition, research shows that illuminance below 15 lux (at corneal level in the horizontal angle of 
gaze) evokes a minimal melatonin phase shift.153 Light pollution at night has become a major 
concern for human health, particularly in urban settings.154  

Thermal Comfort 

Temperature is one of the key environmental factors contributing to the ability to fall asleep at night, 
as well as the ability to achieve restful sleep.155 Maintenance of thermal comfort throughout the sleep 
cycle is critical for adequate sleep duration and sleep quality. In the 24-hour circadian cycle, core 

body temperature decreases during the onset of sleep and increases close to waking. This rhythm is 
influenced by fluctuations in daily ambient temperature that sends cues to help set the human 
circadian clock appropriately for sleep timing. Lower ambient temperature when going to sleep and 
warmer temperature closer to wake time can help promote alignment to optimal sleep cycles.156,157 In 

addition, ambient temperature also affects the ease of thermoregulation to optimal core body 
temperature.158,159  

Comfort  

Comfort has a direct effect on our physical state as well as our mental state. The use of medium-firm 

or medium-firm plus memory foam mattresses has been associated with various indicators of 
physical discomfort such as musculoskeletal pain and lower back pain and stiffness.160-166 Low back 
pain and other musculoskeletal disorders are among the top ten causes of health loss in the United 
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States, according to the GBD.167 According to National Sleep Foundation surveys, 93% of Americans 
report that they think a comfortable mattress is important for a good night’s sleep.168 

3.4.3. Benefits of the DARWIN Network 

The DARWIN network is programmed to help create a rejuvenating and comfortable sleep 
environment by promoting a natural transition into sleep in the evening, minimizing light pollution 
throughout the night, and enhancing the transition from sleep to wakefulness. Dawn Simulation and 

Prepare for Sleep are two DARWIN schedules which, when paired with other DARWIN features (such 
as the performance mattress), can help provide a more comfortable sleep environment.  

Circadian Lighting Experiences 

The DARWIN network is programmed to provide night lighting that is dim and of a spectrum that 

minimizes light in the blue band, while also providing adequate light levels for safe night-time 
navigation. While indoor lighting can be easily controlled, it is also important to be able to minimize 
exposure to light from the outdoors through fenestrations. Blackout blinds eliminate outdoor light 
pollution, promoting complete darkness and deeper sleep through the night.169 Conversely, as the 

time to wake up approaches, DARWIN gradually increases lighting to help wake up naturally and 
comfortably. 

Performance Mattress 

A heat dissipating natural memory foam mattress provides pressure relief and contouring support 

for maximal comfort.  

Temperature Regulation 

The DARWIN network automatically adjusts the bedroom temperature to provide more comfortable 
sleep conditions, dipping slightly as bedtime approaches and warming up again in the morning, to 

help the body temperature align with the circadian day and night.  

Biophilic Sounds 

DARWIN utilizes nature sounds to recreate a natural morning experience, to wake up more 
peacefully and orient to the start of the day. 
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CONCLUSION 

Delos shares the CDC’s viewpoint that “preventing disease is key to improving America’s health and 
keeping rising health costs under control. When we invest in prevention, the benefits are broadly 

shared. Children grow up in communities, homes, and families that nurture their healthy 
development, and adults are productive and healthy.”10 Preventing illness and improving health and 
well-being is a major challenge that requires us to rethink our healthcare spending, which usually 
employs a reactive approach of addressing health conditions once they arise. A more proactive 

approach to health and well-being may help to reduce the burden of disease and disability by 
preventing (or delaying) their development, allowing people to live healthier for longer.  

Research suggests that the home can be used as a conduit to affect health as both a preventative 
and reactive tool for short-term issues as well as chronic diseases. DARWIN Home Wellness 

Intelligence is designed to support health and well-being within the home, for example by removing 
specific harmful agents in the air and water that may ultimately enter our bodies. Of special note, 
DARWIN utilizes custom-programmed lighting technology to produce specific physiological 
responses based on the time of day and customized to the human condition. This is important to 

enhancing sleep quality, a critical driver of human health, as sleep deficiency can raise the risk for 
chronic health problems. One third of our lives should be dedicated to sleep; however, most 
Americans are not achieving good sleep quality, both in terms of the amount of time spent sleeping, 
or in terms of achieving the full sleep cycle. Environmental factors (including artificial light, outdoor 

light pollution, noise pollution, comfort, temperature, and air quality) have a tremendous influence 
on our ability to obtain a good night’s sleep. DARWIN positively impacts our sleep environment and 
can support our overall health and well-being by eliminating or removing these harmful elements 
from the sleep environment. 

The building and developer communities have long participated in the environmental sustainability 
movement, and an appropriate next step is investing in healthy homes. Offering the DARWIN 
network sends a strong signal that homebuilders care about health and well-being and of the human 
health condition at large. Given that we spend on average 90% of our time indoors,3 Americans now 

have a large and untapped opportunity to use our homes to promote health and well-being. For 
homebuyers, an investment in DARWIN is an investment in supporting health for the whole family. 

For the first time, Delos has created a research-based intelligence network that allows people to use 
their homes as the framework to help support health and wellness. The DARWINTM Home Wellness 
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Intelligence Network is designed to promote wellness in the home and to mitigate environmental 
factors that impact our health, happiness and well-being. As the first-ever wellness intelligence 
network for the home, DARWIN utilizes research-backed science and technology, including 
intelligent algorithms calibrated to the home, to provide an environment designed to support health, 

well-being and performance. 

The DARWIN Home Wellness Intelligence Network is based on the research established to date by 
the scientific community. Delos is committed to furthering this research through an ongoing 
collaboration with the Well Living Lab (in Rochester, Minnesota) and by continuing to apply the latest 

research findings to our industry offerings. 
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