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Chapter 6—Inhalation Rates  
the end of the simulation, the results for all 10,000 
iterations were summarized into frequency 
histograms. The mean, standard deviation, and 
percentiles were calculated based on the frequency 
counts. 

Inhalation rates for male construction workers 
were represented by a log normal distribution, with a 
mean rate of 1.40 ± 0.51 m3/hour. Hourly inhalation 
rates for female construction workers were scaled 
down from those of their male counterparts, based on 
relative awake-time inhalation rates for men and 
women in the general public. Inhalation rates for 
female construction workers were also represented by 
a log normal distribution, with a mean rate of 1.25 ± 
0.66 m3/hour. Construction trade-specific scaling 
factors were developed and ranged from 0.78 for 
electricians to 1.11 for ironworkers. 

An advantage of this study is that it provides 
estimated inhalation rates for a population of 
construction workers. A limitation of this study is that 
the construction workers in this study were solely 
male construction workers; no females were among 
the cohorts monitored. 

6.5. REFERENCES FOR CHAPTER 6 
Adams, WC. (1993). Measurement of breathing rate 

and volume in routinely performed daily 
activities [final report]. Adams, WC. 

Allan, M; Jones-Otazo, H; Richardson, GM. (2009). 
Inhalation rates for risk assessments 
involving construction workers in Canada. 
Hum Ecol Risk Assess 15: 371-387. 
http://dx.doi.org/10.1080/108070309027614 
45. 

Arcus-Arth, A; Blaisdell, RJ. (2007). Statistical 
distributions of daily breathing rates for 
narrow age groups of infants and children. 
Risk Anal 27: 97-110. 
http://dx.doi.org/10.1111/j.1539
6924.2006.00862.x. 

Basiotis, PP; Thomas, RG; Kelsay, JL; Mertz, W. 
(1989). Sources of variation in energy intake 
by men and women as determined from one 
year's daily dietary records. Am J Clin Nutr 
50: 448-453. 

Bates, DV. (1989). [Excerpt]. In Respiratory function 
in disease (3rd ed.). Philadelphia, PA: W.B. 
Saunders Company. 

Bennett, WD; Zeman, KL. (2004). Effect of body 
size on breathing pattern and fine-particle 
deposition in children. J Appl Physiol 97: 
821-826. 
http://dx.doi.org/10.1152/japplphysiol.01403 
.2003. 

Bennett, WD; Zeman, KL; Jarabek, AM. (2008). 
Nasal contribution to breathing and fine 
particle deposition in children versus adults. 
J Toxicol Environ Health A 71: 227-237. 
http://dx.doi.org/10.1080/152873907015982 
00. 

Brochu, P; Ducre-Robitaille, JF; Brodeur, J. (2006a). 
Physiological daily inhalation rates for free-
living pregnant and lactating adolescents 
and women aged 11 to 55 years, using data 
from doubly labeled water measurements for 
use in health risk assessment. Hum Ecol 
Risk Assess 12: 702-735. 
http://dx.doi.org/10.1080/108070306008015 
92. 

Brochu, P; Ducré-Robitaille, JF; Brodeur, J. (2006b). 
Physiological daily inhalation rates for free-
living individuals aged 1 month to 96 years, 
using data from doubly labeled water 
measurements: A proposal for air quality 
criteria, standard calculations and health risk 
assessment. Hum Ecol Risk Assess 12: 675
701. 
http://dx.doi.org/10.1080/108070306008015 
50. 

Cherniack, RM; Cherniack, L; Naimark, A. (1972). 
Respiration in health and disease (2nd ed.). 
Philadelphia, PA: W.B. Saunders Company. 

FASEB/LSRO (Federation of American Societies for 
Experimental Biology, Life Sciences 
Research Office). (1995). Joint policy on 
variance estimation and statistical standards 
on NHANES III and CSFII reports 
(Appendix III). In Third report on nutrition 
monitoring in the United States. 
Washington, DC: Interagency Board for 
Nutrition Monitoring and Related Research. 

Foos, B; Marty, M; Schwartz, J; Bennett, W; Moya, 
J; Jarabek, AM; Salmon, AG. (2008). 
Focusing on children's inhalation dosimetry 
and health effects for risk assessment: An 
introduction. J Toxicol Environ Health A 71: 
149-165. 
http://dx.doi.org/10.1080/152873907015978 
71. 

Foos, B; Sonawane, B. (2008). Overview: Workshop 
on children's inhalation dosimetry and health 
effects for risk assessment. J Toxicol 
Environ Health A 71: 147-148. 
http://dx.doi.org/10.1080/152873907015978 
55. 

Forster, RE; DuBois, AB; Briscoe, WA; Fisher, AB. 
(1986). The Lung: Physiologic basis of 
pulmonary function tests (3rd ed.). Chicago, 
IL: Year Book Medical Publishers. 

Exposure Factors Handbook Page
 
September 2011 6-21 


http://hero.epa.gov/index.cfm?action=search.view&reference_id=77086
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060870
http://dx.doi.org/10.1080/10807030902761445
http://dx.doi.org/10.1080/10807030902761445
http://hero.epa.gov/index.cfm?action=search.view&reference_id=730505
http://dx.doi.org/10.1111/j.1539-6924.2006.00862.x
http://dx.doi.org/10.1111/j.1539-6924.2006.00862.x
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060484
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1061253
http://hero.epa.gov/index.cfm?action=search.view&reference_id=155686
http://dx.doi.org/10.1152/japplphysiol.01403.2003
http://dx.doi.org/10.1152/japplphysiol.01403.2003
http://hero.epa.gov/index.cfm?action=search.view&reference_id=156269
http://dx.doi.org/10.1080/15287390701598200
http://dx.doi.org/10.1080/15287390701598200
http://hero.epa.gov/index.cfm?action=search.view&reference_id=456081
http://dx.doi.org/10.1080/10807030600801592
http://dx.doi.org/10.1080/10807030600801592
http://hero.epa.gov/index.cfm?action=search.view&reference_id=684995
http://dx.doi.org/10.1080/10807030600801550
http://dx.doi.org/10.1080/10807030600801550
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1061277
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1061816
http://hero.epa.gov/index.cfm?action=search.view&reference_id=605817
http://hero.epa.gov/index.cfm?action=search.view&reference_id=605817
http://dx.doi.org/10.1080/15287390701597871
http://dx.doi.org/10.1080/15287390701597871
http://hero.epa.gov/index.cfm?action=search.view&reference_id=723534
http://dx.doi.org/10.1080/15287390701597855
http://dx.doi.org/10.1080/15287390701597855
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1061819


 
 

 

 
 

 
   

  
  

  
   

  
 

 
   

   
 

 
    

    
  

   

   
  

 
  

   
  

  
 

  
 

  
  

 
   

  
  

  
 

    
 

 

 

  
 

  
  

 
  

   
  

   
 

  
  

  
 

   
 

  
  

  
  

  
   

  
  

 
 

 
   

  
 

 
 

  
   
  

  
  

  
  

 
  

 

 

 
 

    

 
 

  
 

 
  

 
 

Exposure Factors Handbook 


Chapter 6—Inhalation Rates
 

ICRP (International Commission on Radiological 
Protection). (1981). Report of the task group 
on reference man. ICRP publication 23. 
New York, NY: Pergammon Press. 

Layton, DW. (1993). Metabolically consistent 
breathing rates for use in dose assessments. 
Health Phys 64: 23-36. 

Lifeline Group. (2006). Physiological parameters for 
PBPK modeling version 1.3 (P3M) 
[Computer Program]. Retrieved from 
http://www.thelifelinegroup.org/p3m/index.p 
hp 

Linn, WS; Shamoo, DA; Hackney, JD. (1992). 
Documentation of activity patterns in 'high
risk' groups exposed to ozone in the Los 
Angeles area. In RL Berglund (Ed.), 
Tropospheric ozone and the environment II: 
Effects, modeling and control (pp. 701-712). 
Pittsburgh, PA: Air and Waste Management 
Association. 

Linn, WS; Spier, CE; Hackney, JD. (1993). Activity 
patterns in ozone-exposed construction 
workers. J Occup Med Toxicol 2: 1-14. 

Najjar, MF; Rowland, M. (1987). Anthropometric 
reference data and prevalence of overweight, 
United States, 1976-80. 1-73. 

Phalen, PD; Landau, LI; Olinsky, A. (1990). 
Respiratory illness in children (3rd ed.). 
Oxford, United Kingdom: Blackwell 
Scientific Publishers. 

Price, PS; Conolly, RB; Chaisson, CF; Gross, EA; 
Young, JS; Mathis, ET; Tedder, DR. (2003). 
Modeling interindividual variation in 
physiological factors used in PBPK models 
of humans. Crit Rev Toxicol 33: 469-503. 
http://dx.doi.org/10.1080/104084403902423 
24. 

Ridley, K; Ainsworth, BE; Olds, TS. (2008). 
Development of a compendium of energy 
expenditures for youth. Int J Behav Nutr 
Phys Activ 5: 45. 
http://dx.doi.org/10.1186/1479-5868-5-45. 

Ridley, K; Olds, TS. (2008). Assigning energy costs 
to activities in children: a review and 
synthesis. Med Sci Sports Exerc 40: 1439
1446. 
http://dx.doi.org/10.1249/MSS.0b013e31817 
279ef. 

Rusconi, F; Castagneto, M; Gagliardi, L; Leo, G; 
Pellegatta, A; Porta, N; Razon, S; Braga, M. 
(1994). Reference values for respiratory rate 
in the first 3 years of life. Pediatrics 94: 350
355. 

Sallis, JF; Haskell, WL; Wood, PD; Fortmann, SP; 
Rogers, T; Blair, SN; Paffenbarger, RS. 

(1985). Physical activity assessment 
methodology in the Five-City Project. Am J 
Epidemiol 121: 91-106. 

Scrimshaw, NS; Waterlow, JC; Schurch, B. (1996). 
Energy and protein requirements: 
Proceedings of an IDECG workshop. In NS 
Scrimshaw; JC Waterlow; B Schurch (Eds.). 
Basingstoke, UK: Stockton Press. 

Shamoo, DA; Johnson, TR; Trim, SC; Little, DE; 
Linn, WS; Hackney, JD. (1991). Activity 
patterns in a panel of outdoor workers 
exposed to oxidant pollution. J Expo Sci 
Environ Epidemiol 1: 423-438. 

Shamoo, DA; Trim, SC; Little, DE; Linn, WS; 
Hackney, JD. (1990). Improved quantitation 
of air pollution dose rates by improved 
estimation of ventilation rate. In Total 
exposure assessment methodology: A new 
horizon. Pittsburgh, PA: Air and Waste 
Management Association. 

Shamoo, DA; Trim, SC; Little, DE; Whynot, JD; 
Linn, WS. (1992). Effectiveness of training 
subjects to estimate their level of ventilation. 
J Occup Med Toxicol (US) 1: 55-62. 

Speakman, JR; Selman, C. (2003). Physical activity 
and resting metabolic rate. Proc Nutr Soc 
62: 621-634. 
http://dx.doi.org/10.1079/PNS2003282. 

Spier, CE; Little, DE; Trim, SC; Johnson, TR; Linn, 
WS; Hackney, JD. (1992). Activity patterns 
in elementary and high school students 
exposed to oxidant pollution. J Expo Sci 
Environ Epidemiol 2: 277-293. 

Stifelman, M. (2003). Letter to the editor [Letter]. 
Risk Anal 23: 859-860. 
http://dx.doi.org/10.1111/1539-6924.00363. 

Stifelman, M. (2007). Using doubly-labeled water 
measurements of human energy expenditure 
to estimate inhalation rates. Sci Total 
Environ 373: 585-590. 
http://dx.doi.org/10.1016/j.scitotenv.2006.11 
.041. 

Thompson, CM; Johns, DO; Sonawane, B; Barton, 
HA; Hattis, D; Tardiff, R; Krishnan, K. 
(2009). Database for physiologically based 
pharmacokinetic (PBPK) modeling: 
physiological data for healthy and health-
impaired elderly. J Toxicol Environ Health B 
Crit Rev 12: 1-24. 
http://dx.doi.org/10.1080/109374008025450 
60. 

U.S. EPA (U.S. Environmental Protection Agency). 
(1985). Development of statistical 
distributions or ranges of standard factors 
used in exposure assessments. 

Page Exposure Factors Handbook 
6-22 September 2011 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1065890
http://hero.epa.gov/index.cfm?action=search.view&reference_id=28448
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1064963
http://www.thelifelinegroup.org/p3m/index.php
http://www.thelifelinegroup.org/p3m/index.php
http://hero.epa.gov/index.cfm?action=search.view&reference_id=12266
http://hero.epa.gov/index.cfm?action=search.view&reference_id=69222
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060564
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1065009
http://hero.epa.gov/index.cfm?action=search.view&reference_id=684941
http://hero.epa.gov/index.cfm?action=search.view&reference_id=684941
http://dx.doi.org/10.1080/10408440390242324
http://dx.doi.org/10.1080/10408440390242324
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060503
http://dx.doi.org/10.1186/1479-5868-5-45
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060505
http://dx.doi.org/10.1249/MSS.0b013e31817279ef
http://dx.doi.org/10.1249/MSS.0b013e31817279ef
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060555
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060555
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060560
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060560
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1061872
http://hero.epa.gov/index.cfm?action=search.view&reference_id=69221
http://hero.epa.gov/index.cfm?action=search.view&reference_id=69221
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1061890
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1061890
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1061892
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1061892
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060518
http://dx.doi.org/10.1079/PNS2003282
http://hero.epa.gov/index.cfm?action=search.view&reference_id=12262
http://hero.epa.gov/index.cfm?action=search.view&reference_id=12262
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1062780
http://dx.doi.org/10.1111/1539-6924.00363
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1005715
http://dx.doi.org/10.1016/j.scitotenv.2006.11.041
http://dx.doi.org/10.1016/j.scitotenv.2006.11.041
http://hero.epa.gov/index.cfm?action=search.view&reference_id=194727
http://hero.epa.gov/index.cfm?action=search.view&reference_id=194727
http://dx.doi.org/10.1080/10937400802545060
http://dx.doi.org/10.1080/10937400802545060
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1005783


 
 

Exposure Factors Handbook 

Chapter 6—Inhalation Rates 

 Exposure Factors Handbook Page
 
September 2011 6-23 


(EPA600885010).  
http://www.ntis.gov/search/product.aspx?A 
BBR=PB85242667.  

U.S. EPA  (U.S. Environmental Protection Agency).  
(1992). Guidelines  for exposure assessment.  
(EPA/600/Z-92/001). Washington, DC: U.S. 
Environmental Protection Agency, Risk  
Assessment Forum.  
http://cfpub.epa.gov/ncea/cfm/recordisplay.c 
fm?deid=15263.  

U.S. EPA  (U.S. Environmental Protection Agency).  
(1994). Methods for derivation of inhalation  
reference concentrations and application of  
inhalation dosimetry. (EPA/600/8-90/066F).  
Research  Triangle Park, NC:  U.S.  
Environmental Protection  Agency, Office of  
Research and Development, Office of  
Health and Environmental  Assessment,  
Environmental Criteria  and Assessment 
Office.  
http://cfpub.epa.gov/ncea/cfm/recordisplay.c 
fm?deid=71993.  

U.S. EPA  (U.S. Environmental Protection Agency).  
(1997). Exposure factors handbook (final  
report). (EPA/600/P-95/002Fa-c).  
Washington, DC: U.S. Environmental 
Protection  Agency, Office of  Research and  
Development, National Center for  
Environmental Assessment.  
http://cfpub.epa.gov/ncea/cfm/recordisplay.c 
fm?deid=12464.  

U.S. EPA  (U.S. Environmental Protection Agency).  
(2005a). Guidance on selecting age groups  
for  monitoring and assessing childhood 
exposures to environmental contaminants  
(final). (EPA/630/P-03/003F). Washington,  
DC: U.S. Environmental Protection  Agency,  
Risk Assessment  Forum.  
http://www.epa.gov/raf/publications/guidanc 
e-on-selecting-age-groups.htm.  

U.S. EPA  (U.S. Environmental Protection Agency).  
(2005b). Supplemental guidance for  
assessing susceptibility  from early-life  
exposure to carcinogens. (EPA/630/R

03/003F).  Washington, DC: U.S.  
Environmental Protection Agency, Risk  
Assessment Forum.  
http://www.epa.gov/cancerguidelines/guideli 
nes-carcinogen-supplement.htm.  

U.S. EPA  (U.S. Environmental Protection Agency).  
(2009a). Metabolically derived human  
ventilation rates:  A revised approach based  
upon oxygen consumption rates (final  
report) [EPA Report]. (EPA/600/R-06/129F).  
Washington, DC.  
http://cfpub.epa.gov/ncea/cfm/recordisplay.c 
fm?deid=202543.  

U.S. EPA  (U.S. Environmental Protection Agency).  
(2009b). Risk assessment guidance for  
superfund volume I: Human he alth  
evaluation  manual (Part F, supplemental 
guidance  for inhalation risk assessment): 
Final. (EPA/540/-R-070/002). Washington,  
DC: U.S. Environmental Protection  Agency,  
Office of Superfund Remediation and  
Technology Innovation.  
http://www.epa.gov/oswer/riskassessment/ra 
gsf/index.htm.  

West, JB.  (2008a). Pulmonary pa thophysiology:  the  
essentials: Lippincott Williams  & Wilkins.   

West, JB.  (2008b). Respiratory physiology: the  
essentials: Lippincott Williams  & Wilkins.   

Westerterp, KR.  (2003). Impacts of vigorous and 
non-vigorous activity on daily energy  
expenditure. Proc Nutr Soc 62: 645-650.  
http://dx.doi.org/10.1079/PNS2003279.  

WHO  (World Health Organization). (1986).  
Principles for evaluating health risks  from  
chemicals during infancy and early  
childhood:  The need for a special approach  
[WHO EHC] (pp.  55). Geneva, Switzerland.  
http://www.inchem.org/documents/ehc/ehc/e 
hc59.htm.  

 
 
 

 

http://www.ntis.gov/search/product.aspx?ABBR=PB85242667
http://www.ntis.gov/search/product.aspx?ABBR=PB85242667
http://hero.epa.gov/index.cfm?action=search.view&reference_id=90324
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=15263
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=15263
http://hero.epa.gov/index.cfm?action=search.view&reference_id=6488
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=71993
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=71993
http://hero.epa.gov/index.cfm?action=search.view&reference_id=594981
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=12464
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=12464
http://hero.epa.gov/index.cfm?action=search.view&reference_id=201614
http://www.epa.gov/raf/publications/guidance-on-selecting-age-groups.htm
http://www.epa.gov/raf/publications/guidance-on-selecting-age-groups.htm
http://hero.epa.gov/index.cfm?action=search.view&reference_id=88823
http://www.epa.gov/cancerguidelines/guidelines-carcinogen-supplement.htm
http://www.epa.gov/cancerguidelines/guidelines-carcinogen-supplement.htm
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1005729
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=202543
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=202543
http://hero.epa.gov/index.cfm?action=search.view&reference_id=399222
http://www.epa.gov/oswer/riskassessment/ragsf/index.htm
http://www.epa.gov/oswer/riskassessment/ragsf/index.htm
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060809
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060808
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060905
http://dx.doi.org/10.1079/PNS2003279
http://hero.epa.gov/index.cfm?action=search.view&reference_id=27308
http://www.inchem.org/documents/ehc/ehc/ehc59.htm
http://www.inchem.org/documents/ehc/ehc/ehc59.htm



