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Abstract 
 
Fragranced laundry products emit numerous volatile organic compounds (VOCs), including 
terpenes such as limonene. Fragrance emissions have been associated with adverse health 
effects such as asthma attacks and breathing difficulties. Further, fragrance terpenes are 
primary indoor air pollutants that can react with other compounds and contribute to both 
indoor and outdoor air pollution. This paper examines volatile emissions and exposures from 
fragranced laundry products, and the implications for air quality and health. The paper 
synthesises and analyses data from studies conducted across the United States (US) and 
Australia (AU), providing results in three main themes: adverse health effects associated with 
exposure to fragranced laundry products, volatile emissions from fragranced and fragrance-
free laundry products, and reductions in VOC emissions by switching from fragranced to 
fragrance-free products. Across the US and AU, 12.5% and 6.1% of the general population 
and 28.9% and 12.1% of asthmatics report health problems (respectively) when exposed to 
scented laundry products coming from a dryer vent. Among the volatile emissions from 
products, terpenes were the most prevalent VOCs detected in all fragranced laundry products; 
however, terpenes were absent in all fragrance-free products. By switching from fragranced 
to fragrance-free laundry products, dryer vent emissions of limonene can be reduced up to 
99.7%. As context for significance, switching from fragranced to fragrance-free laundry 
detergent could reduce limonene emissions from dryer vents per household by an estimated 
1.68 grams/year. For the study area of metropolitan Melbourne, this represents a reduction in 
limonene emissions by an estimated 1.58 tons/year. Results from these analyses point to a 
promising way to reduce emissions and exposures to volatile compounds, and create potential 
improvements for air quality and health. 
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Introduction 
 
Emissions from fragranced laundry products, such as terpenes (e.g., limonene and alpha-
pinene), are an important source of both indoor and outdoor air pollution (Steinemann 2015). 
Within indoor environments, such as homes, terpenes are consistently among most abundant 
pollutants (e.g., Goodman et al. 2017; Jia et al. 2008; Wang et al. 2017). Further, terpenes 
react with ozone to generate additional and potentially hazardous pollutants, such as 
formaldehyde and ultrafine particles (Nazaroff and Weschler 2004). In outdoor 
environments, terpenes emitted from laundry products contribute to VOCs (Steinemann et al. 
2013) and the formation of ozone and aerosols (McDonald et al. 2018). 
 
Exposure to fragranced laundry products has been associated with adverse effects on human 
health. Across four countries (the United States, Australia, the United Kingdom, and 
Sweden), an estimated 7.6% of adults, on average (12.5% 6.1% 6.0% 5.6% 7.6%, 
respectively) report health problems when exposed to fragranced laundry products from dryer 
vents (Steinemann 2019). In earlier studies in the US, exposure to fragranced laundry 
products from dryer vents was associated with health problems for 10.9% of the general 
population and 21.2% of asthmatics (Caress and Steinemann 2009). 
 
Ingredients in fragranced laundry products are not required to be fully disclosed, in any 
country (Lunny et al. 2017; Steinemann 2009). Thus, relatively little is known about specific 
chemical emissions and exposures. However, in previous chemical analyses of laundry 
products, terpenes were detected in fragranced laundry products but not in fragrance-free 
laundry products (Steinemann 2015, Nematollahi et al. 2019).  
 
This study investigates the volatile emissions from fragranced laundry products, with a focus 
on dryer vents as a source of air pollutants that is largely unrecognized and unregulated. With 
research from across the United States (US) and Australia (AU), this study synthesizes and 
analyzes data and presents new findings on exposures, emissions, and effects. 
 
The study pursues three main objectives: (a) to determine the frequency and types of health 
problems associated with exposure to fragranced laundry products from dryer vents, (b) to 
assess and compare the VOCs from fragranced and fragrance-free laundry products, and (c) 
to calculate potential reductions in limonene emissions from dryer vents by switching from 
fragranced to fragrance-free laundry products. Results can provide a scientific foundation and 
practical approach to reduce pollutants and potential health risks associated with the use of 
laundry products and their emissions through dryer vents. 
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Results and Discussion 
 
Health effects associated with exposure to fragranced laundry products 
 
Nationally representative population-based surveys were conducted in the US (n=1,136) and 
AU (n=1,098) to assess use of fragranced laundry products, exposures, and reports of health 
effects. Details of the survey methodologies, data, and statistical analyses are provided in 
Steinemann (2016, 2017, 2018, 2019), Steinemann and Goodman (2019), and Steinemann 
and Nematollahi (2020).  Results are presented in this section for the US and AU, 
respectively. 
 
Across the US and AU, 88.4% and 89.3% of adults are exposed to fragranced laundry 
products at least once a week, from their own use (84.1%, 84.30%), others' use (47.4%, 
44.3%) or both (88.4% and 89.3%). 
 
Among the general population in the US and AU, 12.5% and 6.1% of adults report health 
problems when exposed to scented laundry products from dryer vents. Adverse health effects 
include respiratory problems (the most frequently reported, collectively), mucosal symptoms, 
skin problems, asthma attacks, migraine headaches, neurological problems, among others 
(see Tables 1 and 2). 
 
For vulnerable sub-populations, the prevalence of adverse effects is higher (Tables 1 and 2). 
Among asthmatics in the US and AU, 28.9% and 12.1% report adverse effects when exposed 
to scented laundry products from dryer vents, with respiratory problems the most frequently 
reported. Among autistic adults, 71.4% and 51.2% report adverse effects, with immune 
system problems the most frequently reported. Among migraineurs, 40.8% and 29.1% report 
adverse effects, with asthma attacks the most frequently reported.  
 
Volatile emissions from fragranced and fragrance-free laundry products 
 
Using gas chromatography and mass spectrometry (GC/MS) headspace techniques, volatile 
emissions were analyzed from a collection of US and AU fragranced and fragrance-free 
laundry products. Analytical methods and further details are provided in Steinemann et al. 
(2015) and Nematollahi et al. (2019; 2018). 
 
The most prevalent VOCs (in at least 20% of all 35 laundry products) analysed is provided in 
Table 3. Among all the 25 fragranced laundry products, the most common VOCs were 
limonene (92% of products), alpha-pinene (68%), beta-trans-ocimene (64%), eucalyptol 
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(60%) and acetaldehyde (56%). Among all the 10 fragrance-free laundry products, the most 
common VOCs were ethanol (80% of products) and acetaldehyde (60%).  
 
Comparing the VOCs emitted from fragranced laundry products and fragrance-free laundry 
products, all of the fragranced products contained terpenes, but none of the fragrance-free 
products contained terpenes (Table 3).  
 
VOC emissions from dryer vents and potential reductions 
 
Dryer vent emissions from seven households were analyzed for their limonene concentrations 
during three scenarios of laundry product use: fragranced laundry products (households #1-
#4, #7-#8), exclusively fragrance-free laundry products (households #5-#6), and after 
switching from fragranced products to fragrance-free products (households #1-#4). Results 
are provided in Table 4. Analytical methods and further details are provided in Steinemann et 
al. (2013) and Goodman et al. (2019).  
 
In households that switched from fragranced products to fragrance-free products, emissions 
of limonene were reduced within two weeks by up to 99.7% (average 79.1%). As context for 
the significance of switching from fragranced to fragrance-free products, the potential 
reduction in limonene emissions was calculated at both a household and regional level. (See 
Table 4 and Supplementary Material).  
 
During use of fragranced laundry products, limonene emissions from dryer vents per 
household is estimated at 2.13 grams/year. After switching to fragrance-free laundry 
products, the average reduction in limonene emissions per household is estimated at 1.68 
grams/year.  
 
At a regional level, during use of fragranced laundry products, limonene emissions from 
dryer vents across metropolitan Melbourne is estimated at 1.99 tons/year. After switching to 
the fragrance-free laundry products, the average reduction in limonene emissions across 
metropolitan Melbourne is estimated at 1.58 tons/year.  
 
In this same analytical approach, applied to the state of California, limonene emissions from 
dryer vents across the state was estimated at 10.95 tons/year. After switching to fragrance-
free laundry products, the average reduction in limonene emissions across the state was 
estimated at 8.66 tons/year. The state of California is of particular interest because of efforts 
to reduce VOC emissions from use of fragranced consumer products (CARB 2019).  
 
Conclusion 
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This study indicates that fragranced laundry products emitted from dryer vents can be sources 
of indoor and outdoor air pollutants and health risks. The study also indicates that switching 
from fragranced to fragrance-free laundry products can generate potential improvements for 
air quality and health.  
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Table 1. Prevalence of health problems reported from exposure to fragranced laundry products  
 

 Gen Population Asthmatics   Autistic Adults Migraineurs   

  USA AUS USA AUS USA AUS USA AUS 

Total 1137 1098 305 313 49 41 179 110 
  100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Yes 142 67 88 38 35 21 73 32 
  12.5% 6.1% 28.9% 12.1% 71.4% 51.2% 40.8% 29.1% 

No 906 909 193 231 14 18 76 59 
  79.7% 82.8% 63.3% 73.8% 28.6% 43.9% 42.5% 53.6% 
Don't 
know/not 
sure 88 120 24 44 - 2 30 19 
  7.7% 10.9% 7.9% 14.1% - 4.9% 16.8% 17.3% 
Decline to 
answer 1 2 - - - - 0 0 

  0.1% 0.2% - - - - -  -  
   



Table 2. Types and prevalence of adverse health effects reported from exposure to fragranced 
laundry products 
 

 Gen Population Asthmatics  Autistic Adults Migraineurs  

  USA AUS USA AUS USA AUS USA AUS 

Total 142 67 88 38 35 21 73 32 
  100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Migraine headaches 37 14 24 7 9 5 37 14 
  26.1% 20.9% 27.3% 18.4% 25.7% 23.8% 50.7% 43.8% 

Asthma attacks 28 15 27 14 7 8 15 8 
  19.7% 22.4% 30.7% 36.8% 20.0% 38.1% 20.5% 25.0% 
Neurological problems (e.g., 
dizziness, seizures, 24 8 16 8 10 5 16 6 
head pain, fainting, loss of 
coordination) 16.9% 11.9% 18.2% 21.1% 28.6% 23.8% 21.9% 18.8% 
Respiratory problems (e.g., 
difficulty breathing, 46 28 34 16 12 9 24 13 

coughing, shortness of breath) 32.4% 41.8% 38.6% 42.1% 34.3% 42.9% 32.9% 40.6% 
Skin problems (e.g., rashes, 
hives, red skin, 41 23 22 15 14 9 23 9 

tingling skin, dermatitis) 28.9% 34.3% 25.0% 39.5% 40.0% 42.9% 31.5% 28.1% 
Cognitive problems (e.g., 
difficulties thinking, 15 11 9 8 7 7 12 6 

concentrating, or remembering) 10.6% 16.4% 10.2% 21.1% 20.0% 33.3% 16.4% 18.8% 
Mucosal symptoms (e.g., watery 
or red eyes, nasal 48 17 27 13 11 6 27 9 

congestion, sneezing) 33.8% 25.4% 30.7% 34.2% 31.4% 28.6% 37.0% 28.1% 
Immune system problems (e.g., 
swollen lymph 19 20 16 16 13 11 13 12 

glands, fever, fatigue) 13.4% 29.9% 18.2% 42.1% 37.1% 52.4% 17.8% 37.5% 
Gastrointestinal problems (e.g., 
nausea, bloating, 29 13 20 10 13 5 17 6 

cramping, diarrhea) 20.4% 19.4% 22.7% 26.3% 37.1% 23.8% 23.3% 18.8% 
Cardiovascular problems (e.g., 
fast or irregular 15 15 11 13 6 9 10 8 
heartbeat, jitteriness, chest 
discomfort) 10.6% 22.4% 12.5% 34.2% 17.1% 42.9% 13.7% 25.0% 
Musculoskeletal problems (e.g., 
muscle or joint 23 10 21 9 16 8 13 5 

pain, cramps, weakness) 16.2% 14.9% 23.9% 23.7% 45.7% 38.1% 17.8% 15.6% 

Other 4 2 1 - 1 - 3 0 

  2.8% 3.0% 1.1% - 2.9% - 4.1% -  
 
  



Table 3. Most prevalent VOCs emitted from fragranced and fragrance-free laundry products in 
US and AU 
 

Compound CAS # Total 
products 
(n=35) 

Fragranced 
US (n=5) 

Fragranced 
AU (n=20) 

Total 
Fragranced 
(n=25) 

Fragrance-
free US 
(n=6) 

Fragrance-
free AU 
(n=4) 

Total 
Fragrance-
free 
(n=10) 

Limonene* 138-86-3 23 5 18 23 
   

Acetaldehyde** 75-07-0 20 2 12 14 4 2 6 
Ethanol* 64-17-5 20 5 7 12 6 2 8 
alpha-Pinene 80-56-8 17 4 13 17    
beta-trans-
Ocimene 

3779-61-1 16  16 16    

Eucalyptol 470-82-6 15 1 14 15    
beta-Myrcene 123-35-3 12  12 12    
Camphene 79-92-5 10 1 9 10    
Terpinolene 586-62-9 10 2 8 10    
gamma-Terpinene  99-85-4 10 2 8 10    
Acetone* 67-64-1 10 2 5 7 2 1 3 
Dihydromyrcenol  18479-58-8 9  9 9    
beta-Pinene 127-91-3 9 5 4 9    
Methanol**  67-56-1 8 1 3 4 4  4 
beta-Phellandrene 555-10-2 7 1 6 7    
Linalool 78-70-6 7 2 5 7    
Isopropyl alcohol*  67-63-0 7 1 5 6 1  1 

 
Classified as potentially hazardous according to 
* Hazardous Chemical Information System (HCIS), Safe Work Australia (SWA, 2020) 
** Hazardous Air Pollutants (HAPs), United States Environmental Protection Agency (EPA 2017), as well as 
HCIS (SWA, 2020) 
Note: Compounds with total prevalence less than 3 were not included herein. 
 

 
 
 
  



Table 4. Emissions of limonene from dryer vents in US and AU 
 
 Concentration of limonene during use of fragranced and fragrance-free laundry products  
 

Household 
and Product 

Type 

 Dryer Vent Samples 
During use of 
Fragranced 

products 
(μg/m3) 

Emissions of 
Limonene per 

household  
(g/year) 

During use 
of 

Fragrance-
Free 

products 
(μg/m3) 

Emissions of 
Limonene per 

household 
(g/year) 

Percentage reduction in 
d-limonene  

(mass of limonene 
reduced per 

household/year) 

sample (a) estimate (a) sample (b) estimate (b) (a - b)/(b) 
#1 (F to FF) 2.35 0.15 1.50 0.09 36.2% (0.05 g) 
#2 (F to FF) 10.52 0.67 0.13 0.01 98.8% (0.66 g) 
#3 (F to FF) 2.51 0.16 0.46 0.03 81.7% (0.13 g) 
#4 (F to FF) 118 7.54 0.36 0.02 99.7% (7.51 g) 

#5 (FF) - - 0.26 0.02  
#6 (FF) - - 0.24 0.02  
#7 (F) 9.3 0.59    
#8 (F) 14.7 0.93    

F = fragranced laundry products; FF = fragrance-free laundry products  
Household #1-#6 AU; Household #7-#8 US 
 
 
 



Limonene mass estimation for metropolitan Melbourne AU 
 
Calculations assumptions and sources: 
 

Data based on the year 2016 census: 1,832,043 households in Greater Melbourne (ABS, 2017); 

55% of households have clothes dryers (Sustainability Victoria, 2016); dryer vent flow rate = 200 

cfm or 339.8 m3/hour (State of Wisconsin Department of Commerce 2001); 180 loads per year each 

taking approximately 62.5 minutes = 188 hours drying/year per household (Sustainability 
Victoria, 2016); 33.34 µg/m3 emissions of limonene after using fragranced laundry detergent 
(average of each site, 2.35 µg/m3, 10.52 µg/m3, 2.51 µg/m3, and 118 µg/m3 from this study); 
84.3% of households use fragranced laundry products at least once a week (Steinemann, 2017); 
79.1% average reduction in limonene after switching to fragrance-free detergent (Goodman et 
al., 2019).  

 
Calculation of annual mass for metropolitan Melbourne AU:  
 
1,832,043 households x 0.55 x 339.8 m3/h x 188 h x 33.34 µg/m3 (x 1E-6 g) x 0.843 x (1E-6 
tonne) = 1.80 tonne/year or 1.99 tons/year (1,000 kg = 1 tonne; 907.2 kg = 1 ton) 
Reduction in limonene after switch to fragrance-free detergent: 1.58 tons/year. 
 
Calculation of the annual mass of limonene per household for metropolitan Melbourne AU:  

 
339.8 m3/h x 188 h x 33.34 µg/m3 (x 1E-6 g) = 2.13 grams/year 

Reduction in limonene per household after switch to fragrance-free detergent: 1.68 grams/year (i.e., 

79.1% of 2.13 grams/year) 

 

  



Limonene mass estimation for California  

 
Calculations assumptions and sources: 
 

Data based on the 2014–2018 US Census Bureau data: 12,965,435 households in California (US 

Census Bureau, 2020); 83.4% of households have clothes dryers (US Department of Commerce, 

2013); dryer vent flow rate = 200 cfm or 339.8 m3/hour (State of Wisconsin Department of 

Commerce 2001); 268 hours drying/year per household (US DOE, 2009); 12.0 µg/m3 emissions 

of limonene after using fragranced laundry detergent (average of each site, 9.3 µg/m3 and 14.7 
µg/m3 (Steinemann et al. 2013); 84.1% of households use fragranced laundry products at least 
once a week (Steinemann, 2016); 79.1% average reduction in limonene after switching to 
fragrance-free detergent (Goodman et al., 2019).  

 

Calculation of annual mass for California US:  
 

12,965,435 households x 0.834 x 339.8 m3/h x 268 h x 12.34 µg/m3 (x 1E-6 g) x 0.841 x (1E-6 
tonne) = 9.94 tonne/year or 10.95 tons/year.  (1,000 kg = 1 tonne; 907.2 kg = 1 ton) 
Reduction in limonene after switch to fragrance-free detergent: 8.66 tons/year. 
 
Calculation of the annual mass of limonene per household for California US:  
 
339.8 m3/h x 268 h x 12 µg/m3 (x 1E-6 g) = 1.09 grams/year 

Reduction in limonene per household after switch to fragrance-free detergent: 0.86 grams/year (i.e., 

79.1% of 1.09 grams/year) 
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