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Abstract 

Little information is available about environmental quality in child care facilities. 
Environmental characteristics and contaminant levels in air and dust were determined in 40 
California early childhood education (ECE) facilities. Average temperature and relative humidity 
were within ASHRAE standards; however, 7.5% of the facilities had ventilation rates below 
recommended levels. Over 40 volatile organic compounds (VOC) were detected in air. Two 
VOCs commonly found in cleaners and personal care products, d-limonene and 
decamethylcyclopentasiloxane, had the highest concentrations compared to other chemical 
groups, with medians of 33 and 51 μg/m3, respectively. For these and most other chemicals, 
health-based dose or exposure benchmarks were not available, but when they were available, 
estimated exposures were usually below levels of concern. However, formaldehyde levels 
exceeded the California 8-hour Reference Exposure Level (REL) and chronic REL in 87.5% of 
facilities. Acetaldehyde concentrations were lower than the California RELs, but exceeded the 
U.S. EPA Reference Concentration (RfC) in 30% of facilities. In most facilities, levels of 
formaldehyde, acetaldehyde, chloroform, benzene, or ethylbenzene exceeded child-specific 
Safe Harbor Levels computed by the report authors based on Proposition 65 guidelines for 
carcinogens. Phthalates, flame retardants, pesticides, perfluorinated compounds, and lead 
were also frequently detected in dust and/or air. Child dose estimates from ingestion of dust for 
two brominated flame retardants (BDE-47 and -99) exceeded the non-cancer U.S. EPA 
reference health dose (RfD) in 10.3% of facilities for children <1 year old. PM10 concentrations 
collected over approximately 8 hours exceeded the level of the 24-hour California Ambient Air 
Quality Standard (CAAQS) in 46% of ECE facilities. The screening risk assessment did not 
consider mixed exposures. Overall, findings suggest that ECE environments are similar to other 
indoor environments such as schools and residences, and that mitigation strategies may be 
warranted to reduce exposures to some chemicals, especially formaldehyde. More research is 
needed to identify sources of toxicants and support outreach efforts to improve environmental 
quality. 

xiv 



 

 

  

             
     

          
        
           

       
        

        
           

    

           
        

          
       

              
      

       
        

         
        

         
      

        
          
          

  

           
        

      
          

         
      

      
        

      
         

          
         

           
  

Executive Summary 

Background 

Many infants and young children spend as much as ten hours per day, five days per week, 
in child care and preschool centers. California, where approximately 1.1 million children five 
years or younger attend child care or preschool, has the largest number of licensed child care 
centers in the United States at 49,000, 80% of which are family-based centers located in 
homes. By the time they enter kindergarten, over 50% of all California children have attended 
some type of licensed child care facility. Additionally, 146,000 staff work in California’s licensed 
child care facilities. Collectively, Early Childhood Education (ECE) facilities are varied and 
include home-based child care providers, private for-profit or non-profit preschools, and 
programs run by government agencies (e.g., preschools in school districts or Head Start) or 
religious institutions. 

Recent studies indicate that ECE environments may contain lead, pesticides, allergens, and 
other contaminants hazardous to children’s health. Because children exhibit exploratory 
behaviors that place them in direct contact with contaminated surfaces, they are likely to be 
exposed to any contaminants present. Children have higher exposures because they breathe 
more air, eat more food, and drink more water per unit of body weight compared to adults. They 
are also less developed immunologically, physiologically, and neurologically and therefore may 
be more susceptible to the adverse effects of chemicals and toxins. This study includes 
development of new concentration and exposure data for young children on several volatile and 
semi-volatile toxic air contaminants (TACs) and other chemicals and particles in California ECE 
environments, an environment with little or no available monitoring data. This study is the first 
and largest to examine particulate matter and a broad spectrum of chemical contaminants, 
including emerging pollutants such as flame retardants, phthalates, and perfluorinated 
compounds, in ECE facilities in California and nationally. This information will help the California 
Air Resources Board (CARB) and other agencies better protect children’s health by identifying 
key exposures that can be reduced through regulations or other approaches. 

Methods 

For this study, levels of specified contaminants were measured in air and dust sampled from 
40 ECE facilities located in Monterey (n=20) and Alameda (n=20) counties. Research activities 
included the development of validated questionnaires and inspection forms to characterize 
environmental quality in ECE facilities. Chemical measurements in indoor air included Volatile 
Organic Compounds (VOCs), aldehydes and acetone, flame retardants, phthalates and 
pesticides. Because the VOC measurement techniques indicated a large number of unknown 
chemicals were also present, National Institute of Science and Technology (NIST) mass 
spectral libraries were used to identify these chemicals. Flame retardants, pesticides, 
perfluorinated compounds (PFCs), phthalates, and metals were also measured in dust. Coarse, 
fine and ultrafine particulate matter (PM) were measured in indoor air. See Table 1 for a 
summary of sampling and laboratory methods. Air exchange rates were also estimated. Finally, 
a screening-level risk assessment was conducted to interpret the health significance of the 
findings. Outdoor air samples were collected at a subset of ECE facility locations. 

xv 



 

 

     

       

      

 
  
 

 
   

    
    

     

         

 
 

 
 

     

      

 

  
 

     

 

  
 

     

       

 
 

     

      
           

           
        

           
    

 

         
       

         
         
          

           
        

      
        

          
        

         
   

         
       

        

Table 1. Sample Collection and Analytical Methods Summary. 

Media Analyte Sampling Method Analytical Method 
Analytical 
Laboratory 

Air VOCs 
Sample tube with 
Tenax-TA sorbent TD-GC/MS LBNL 

Air 
Aldehydes and 

acetone 
XPoSure aldehyde 

sampler HPLC LBNL 

Air PM2.5 and PM10 mass 
SKC® PEM with 

Teflon filter Gravimetric analysis LBNL 

Air Real-time PM2.5 TSI DusTrak Optical detector -

Air 
Real-time ultrafine 

particles 
TSI Condensation 

particle counter Optical detector -

Air PBDE flame retardants PUF cartridge GC/MS/MID Battelle 

Air 

Phthalates, pesticides, 
and other flame 

retardants PUF cartridge GC/MS/MID Battelle 

Dust 

Phthalates, pesticides, 
and other flame 

retardants Vacuum sample GC/MS/MID Battelle 

Dust PBDE flame retardants Vacuum sample GC/MS/SIM NERL 

Dust 
Perfluorinated 
compounds Vacuum sample UPLC-MS/MS NERL 

Dust Metals Vacuum sample ICP-MS UCSC 
GC = gas chromatography; LBNL = Lawrence Berkeley National Laboratory; ICP = inductively 
coupled plasma; MID = modified isotope dilution; MS = mass spectroscopy; U.S. EPA’s NERL = 
National Exposure Research Laboratory; PEM = personal environmental monitor; PUF = 
polyurethane foam; SIM = selective ion monitoring; TD = thermally desorbed; UCSC = University of 
California Santa Cruz; UPLC = ultra performance liquid chromatography. 

Given the relatively small study sample size (n=40 ECE facilities), statistical analyses were 
limited. Data analyses focused on the computation of descriptive statistics of contaminant 
levels, summarizing questionnaire and inspection data such as building type and quality, pest 
infestations, pesticide use, types of furniture, and socio-demographic characteristics of the 
populations served by participating ECE facilities. Correlations of individual target analytes 
measured in both air and dust (i.e., pesticides, flame retardants and phthalates) were examined. 
Differences in contaminant levels stratified on geographic location, license type (center versus 
home-based), and indoor versus outdoor samples were compared. The association between 
contaminant levels and other appropriate variables such as building type and quality, age of 
furnishings, cooking, ventilation, local land use, and nearby traffic density were also evaluated. 
Finally, indoor and outdoor temperature and relative humidity and air exchange rates were 
compared to standards promulgated by the American Society of Heating, Refrigerating and Air-
conditioning Engineers (ASHRAE). 

The screening risk assessment involved several steps. Measured concentrations of indoor 
air pollutants were compared to CAL EPA Office of Environmental Health Hazard Assessment 
(OEHHA) Reference Exposure Levels (RELs) and U.S. EPA Reference Concentrations (RfCs) 
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or, for particulate matter, to the levels of the 24-hour California Ambient Air Quality Standard 
(CAAQS) and the National Ambient Air Quality Standard (NAAQS). Child exposure-dose 
estimates were calculated based on air concentrations, assumptions about inhalation and 
absorption, dust concentrations and non-dietary ingestion from house dust. For non-cancer 
causing compounds, exposure-dose estimates were compared to appropriate health-based 
benchmarks, such as U.S. EPA reference doses (RfDs). Because the health-based reference 
values include safety factors, exposures exceeding these levels are not necessarily likely to 
result in adverse health effects. For potentially carcinogenic compounds, the report authors 
computed child-specific “No Significant Risk Levels” (NSRLs) based on OEHHA’s guidelines to 
define Safe Harbor Levels that account for the increased sensitivity of very young children. 
Age-adjusted NSRLs were calculated for four distinct age groups (i.e., birth to <1 year; 1 to <2 
years; 2 to <3 years; and 3 to <6 years). The NSRL is defined as the daily intake level posing a 
one in 100,000 excess risk of cancer assuming lifetime exposure. To determine whether 
exposures exceeded the Safe Harbor Level, child exposure estimates were compared to the 
age-specific NSRL benchmarks. It was beyond the scope of this study to develop detailed, 
statistically representative exposure-dose estimates. The risk assessment presented in this final 
report provides preliminary information on the potential cancer and non-cancer health risks 
associated with documented exposures. Suggested areas for further investigation and risk 
mitigation are presented. 

Results 

Environmental Quality: The average indoor temperature and relative humidity were within 
ASHRAE standards. The air exchange rates measured in ECE facilities were higher than those 
reported in a recent California study of new homes (median = 1.4 versus 0.26 air changes per 
hour, respectively), and only 3 facilities (7.5%) were below the California Building Code 
assumed minimum ventilation level of 0.35 air changes per hour for residences. Carbon 
monoxide levels (median = 2.2 ppm, max = 4.0 ppm) were well within health-based guidelines. 
Pest problems were common (90% reported at least one pest), and 58% reported using 
pesticides, with 45% using broadcast application methods (e.g., sprays). Mold, rotting wood, or 
water damage was present in 23% of facilities, but no serious problems were observed. Overall, 
although pest problems (mainly ants) were common, the ECE child care environments were in 
good physical condition and well-maintained. 

The VOCs measured in the highest concentrations in indoor air were d-limonene and 
decamethylcyclopentasiloxane with medians (range) = 33 (0.8-82) and 51 (2.6-88) μg/m3, 
respectively. D-limonene is a cyclic terpene often used as a solvent in cleaning products that 
gives a “citrus smell”, and decamethylcyclopentasiloxane is often used as a lubricant in personal 
care products. Levels of d-limonene were higher in the ECE facilities compared to levels 
measured in recent studies in homes. D-limonene, a terpene, may be a respiratory irritant, and 
can, along with other VOCs, react with ozone to form secondary air contaminants. Median 
(range) formaldehyde and acetaldehyde levels were 17.8 µg/m3 (0.7 to 48.8 µg/m3) and 
8.5 µg/m3 (0.7 to 23.3 µg/m3), respectively. Formaldehyde levels exceeded the California 8-hour 
REL and chronic REL in 87.5% of facilities (35 of 40). Acetaldehyde concentrations were lower 
than the California RELs, but exceeded the U.S. EPA RfC in 30% of facilities (12 of 40). 
Formaldehyde and acetaldehyde are known respiratory irritants and carcinogens. Child 
inhalation exposure estimates for five VOCs (benzene, chloroform, ethylbenzene, acetaldehyde, 
or formaldehyde) exceeded age-specific NSRL Safe Harbor Levels for carcinogenicity, based 
on Proposition 65 guidelines computed by the report authors, in most facilities. For 
formaldehyde, the ratio of age-adjusted child dose estimates to the age-specific NSRLs ranged 
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from 12.0 to 107.5 for the four age groups assessed (i.e., birth to <1 year; 1 to <2 years; 2 to <3 
years; and 3 to <6 years). Overall, VOCs were detected more frequently and at significantly 
higher levels indoors compared to outdoors. The indoor VOC levels were also inversely related 
to ventilation rates (for example, the correlation of air exchange rates and formaldehyde 
concentrations was -0.59), confirming that indoor sources were important determinants of the 
VOC levels. Potential adverse health effects from VOC exposure depend on the particular VOC. 
The principal health concerns of VOC exposure are respiratory tract irritation and cancer. 

In addition to the target VOCs, the evaluation of unknown VOCs using the NIST mass 
spectral libraries indicated that over 100 additional VOCs were likely present in the facilities. 
Ranking the toxicological significance and relative importance of each of the chemicals 
identified by the analysis is beyond the scope of this study, but the results highlight the 
importance of expanding the number of VOCs considered in indoor air quality studies and the 
need to determine if any of the compounds have potential health impacts. 

Phthalates are widely used as plasticizers (substances added to plastics to increase their 
flexibility, transparency, durability, and longevity). Phthalate compounds, detected in 100% of 
the air and dust samples, have been shown to disrupt normal hormone function in animals. 
There are no health-based benchmarks to evaluate phthalate levels in air. Of all compounds 
measured in dust, the highest were the phthalates di(2-ethylhexyl) phthalate (DEHP) and butyl 
benzyl phthalate (BBP), with medians of 172.2 and 46.8 μg/g, respectively. Estimated 
exposures to two phthalates that have been evaluated by OEHHA for cancer (DEHP) or 
reproductive risk (dibutyl phthalate [DBP]) were below levels of concern. Additionally, exposures 
to four of the phthalates (BBP, DBP, diethyl phthalate [DEP], and DEHP) with U.S. EPA oral 
references doses were also below levels of concern. Potential adverse health effects from 
phthalate exposure, including effects on reproduction and development, depend on the 
particular phthalate. 

Flame retardants have relatively low vapor pressures. Detection frequencies in air ranged 
from 0-95%. There are no health-based benchmarks to evaluate any of the flame retardant 
levels in air. In this study, levels of organophosphate flame retardants in dust were higher than 
levels of penta- and octa-polybrominated diphenyl ether (PBDE) flame retardants, which were 
recently banned from use in California due to concern about their environmental persistence 
and potential adverse health effects (i.e., endocrine disruption and neurodevelopmental effects). 
Median levels of brominated flame retardants in dust were lower than levels in other studies 
focusing on residential environments, possibly due to the frequent cleaning and vacuuming that 
occurs in child care facilities. Maximum flame retardant levels were similar to the upper-bound 
levels measured in other California studies. Currently, of flame retardants measured in this 
study, only four (BDE-47, -99, -153, and -209) have an oral reference dose. Based on 
measurements of contaminants in dust, child dose estimates for two brominated flame 
retardants (BDE-47 and BDE-99) exceeded their respective non-cancer U.S. EPA RfDs in 
10.3% (4 of 39) of facilities, for the birth to <1 year age group. RfDs for these PBDE congeners 
were established based on adverse neurobehavioral effects in animals. 

Pyrethroid pesticides were detected in all ECE facilities and the levels were higher than 
levels of other measured pesticides. Pyrethroids are neurotoxicants, but less toxic to humans 
compared to organophosphate (OP) pesticides. Diazinon and chlorpyrifos, OP pesticides that 
are no longer approved for indoor use due to their potential neurotoxicity in humans (i.e., 
acetylcholine esterase inhibition), were frequently detected in dust (>90% of facilities). Because 
residues of these pesticides persist for long periods indoors due to low levels of light, moisture, 
and biological activity, it is likely that indoor residues of diazinon and chlorpyrifos were due to 
historical use. Agricultural OP pesticide use may result in indoor contamination; however, levels 
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of diazinon and chlorpyrifos were not higher in ECE facilities located in agricultural compared to 
non-agricultural areas. Dust and air levels of the herbicide dacthal were significantly higher in 
ECE facilities located in agricultural communities. No pesticide exposures exceeded health-
based benchmarks. 

Median indoor and outdoor air levels of PM10 were 47.6 and 28.9 µg/m3, respectively, and 
median indoor and outdoor air levels of PM2.5 were 15.0 and 16.2 µg/m3, respectively. Indoor 
PM10 concentrations were higher than the level of the 24-hour CAAQS in 46% of ECE facilities. 
In four of 35 (11%) of the ECE facilities, indoor PM2.5 concentrations were higher than the level 
of the 24-hour NAAQS standard of 35 µg/m³. Indoor ultrafine particle (UFP) levels were 
generally stable during sampling periods except when cooking with gas stoves occurred; in 
these cases, peak UFP levels increased by up to three orders of magnitude. Median indoor UFP 
levels in center-based facilities (11,997/cubic centimeter [ccm]) were much lower compared to 
median levels in home-based facilities (39,071/ccm), where more cooking near child activity 
areas occurred. The average indoor UFP levels (22,327/ccm) were higher than those reported 
in a recent study of six northern California elementary schools (average = 10,800/ccm indoors). 
In addition, the average indoor UFP levels in the ECE facilities were somewhat higher 
compared to those reported in a study of seven northern California residences 
(17,000/ccm). There are no health-based standards for UFPs. The primary health concerns of 
fine and ultrafine PM exposure are decreased lung function and exacerbation of pre-existing 
respiratory conditions such as asthma. 

Perfluorinated compounds (PFCs) have low vapor pressures, and measurements of PFCs in 
air were not successful. Ten PFC compounds were measured in dust collected from the ECE 
facilities. The most common PFC breakdown compounds, perfluorooctanoic acid (PFOA) and 
perfluorooctane sulfonic acid (PFOS), were detected in 72% and 54% of facilities, respectively. 
PFOA has been associated with increased incidence of liver, Leydig cell and pancreatic tumors 
in rodent bioassays. The compound is currently being tested by the National Toxicology 
Program (NTP) and is under review for possible listing by the OEHHA Carcinogen Identification 
Committee. Currently, there are no health-based benchmarks to evaluate the risk of PFC 
exposures. 

Lead, a ubiquitous metal, was frequently detected in dust (95% of samples), and child lead 
exposure estimates exceeded child-specific cancer NSRL benchmarks computed for this report 
in 95% of facilities. Although lead has been evaluated for cancer risks, the primary concern for 
children’s exposure is developmental toxicity. U.S. EPA has defined a threshold of lead loading 
at 40 µg/square foot for indoor contamination. However, this threshold is based on a wipe 
sample, and therefore is not comparable to the vacuum sampling methods used for this study. 
No U.S. public health agency has defined a threshold for acceptable concentrations of lead in 
house dust. More than 95% of the dust samples in this study were below 400 parts per million, 
the threshold for lead in soil that children directly play in. Because U.S. EPA believes there is no 
safe level of exposure to lead, there is no defined reference dose. 

Potential Sources of Indoor Chemical Contaminants: Sources of many of the measured 
chemicals in air include building materials, furnishings, and consumer products. For example, 
the primary sources of formaldehyde are believed to be composite wood products such as 
medium density fiberboard, particle board, and plywood. Other sources include certain types of 
foam insulation, textiles, paints and sealants, and indoor combustion sources such as unvented 
gas stoves.1 Several VOCs with relatively high levels, such as d-limonene and decamethyl-
cyclopentasiloxane, are often used in cleaners or personal care products. Sources of benzene, 
ethylbenzene and several related VOCs are likely nearby traffic and vehicle fuel evaporation, as 
well as indoor combustion sources, paints, and cleaners containing petroleum distillates. 
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Sources of chloroform include vaporization from chlorinated tap water and consumer products 
containing bleach for sanitization purposes. 

Many of these sources were present in the ECE facilities tested. For example, 88% (35 of 
40) of the facilities contained pressed wood or plywood; 28% of the facilities had indoor gas 
stoves located in child care areas; and two home-based facilities had gas stoves with no 
functioning exhaust fan. Bleach (sodium hypochlorite) was a component of cleaners or 
sanitizers in 26 (65%) of the facilities. Other sources of measured VOCs include consumer 
products used or stored in the facilities. For example, 135 chemical ingredients were identified 
in a variety of consumer products, including personal care products (hand soaps), cleaners, 
sanitizers, air fresheners, paints, pesticides, etc. 

Indoor sources are also important for the less volatile chemicals measured in air, including 
phthalates, flame retardants, and pesticides, all of which were commonly detected in indoor air 
and dust. Phthalates have historically been used in plastics, toys, certain building products, and 
personal care products. Flame retardants are heavily used in furnishings and electronics to 
comply with the California Bureau of Electronic and Appliance Repair, Home Furnishings, and 
Thermal Insulation flammability standards defined in Technical Bulletin 117. Pyrethroid 
pesticides are the most common class of pesticides used indoors since most residential and 
structural uses of diazinon and chlorpyrifos were phased out between 2002 and 2004. It is likely 
that indoor residues of diazinon and chlorpyrifos were due to historical use. Finally, the higher 
levels of dacthal in ECE facilities located in agricultural areas suggest contamination from 
nearby agricultural pesticide use. 

Implications for Regulatory Programs: This study has several implications for regulatory 
programs. Although the levels of formaldehyde and acetaldehyde were slightly lower than levels 
reported in recent studies in California homes and elementary school classrooms, they 
frequently exceeded health-based benchmarks. Regulatory steps have been taken to reduce 
emissions of formaldehyde from composite wood materials (Section 93120-93120.12, Title 17, 
California Code of Regulations), but more action may be needed. In addition to formaldehyde 
and acetaldehyde, exposures to benzene, chloroform, and ethylbenzene in air exceeded the 
child-specific NSRLs computed by the report authors for carcinogenicity. 

Indoor PM10 concentrations were higher than the level of the 24-hour CAAQS in 46% of ECE 
facilities, and indoor PM2.5 levels exceeded the level of the 24-hour NAAQS in 11% of the 
facilities. It should be noted that the measurements in this study were over an 8-10 hour period, 
and do not necessarily represent the levels children were exposed to for a full 24-hour period, 
the duration of the exposure period defined in the air quality standards. However, the monitoring 
suggests that many young children are experiencing a significant portion of total PM exposures 
in child care facilities and that exposure mitigation may be warranted. As noted earlier, UFP 
levels increased dramatically when gas stoves were used for cooking, especially when no 
functioning fan was present. If these high levels are shown to cause respiratory or other health 
problems in young children, CARB may want to consider recommending steps to mitigate these 
exposures. 

Conclusions 

For this study, extensive environmental monitoring in 40 ECE facilities in northern California 
was performed and dozens of toxicants were measured in the air and dust. Overall, levels of 
contaminants were similar to levels in other indoor environments and most exposures were 
below health-based benchmarks when such levels were available. The screening risk 
assessment identified five VOCs (benzene, chloroform, ethylbenzene, acetaldehyde, and 
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formaldehyde) and one metal in dust (lead) that exceeded OEHHA Safe Harbor guidelines for 
cancer. Formaldehyde levels also exceeded the OEHHA 8-hour and chronic RELs for non-
cancer health endpoints and acetaldehyde levels, while lower than the California RELs, 
exceeded the U.S. EPA reference concentration. In addition, estimated exposures to two 
brominated flame retardants (BDE-47 and BDE-99) exceeded the U.S. EPA non-cancer RfD. 
Given the overriding interest in providing safe and healthy environments for young children, 
additional research is needed to identify strategies to reduce indoor sources of these chemicals. 
Additional research is also needed to assess the health risks of elevated UFPs and define 
standards to prevent exposures, if warranted. This information will be important for targeted 
education and outreach efforts to successfully improve the environmental and public health of 
young children receiving child care in California’s ECE facilities. 
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Body of Report 

1 Introduction 

Young children spend up to 90% of their time indoors, mostly at home.2-4 However, many 
infants and young children spend as much as ten hours per day, five days per week, in child 
care and preschool centers.5,6 Nationally, 13 million children, or 65% of all U.S. children, spend 
some portion of the day in child care or preschool.6 California, where approximately 1.1 million 
children five years or younger attend child care or preschool,7 has the largest number of 
licensed child care centers in the United States8 (49,000), 80% of which are family-based 
centers located in homes.9 By the time they enter kindergarten, over 50% of all California 
children have attended some type of licensed child care facility.10 Additionally, 146,000 staff 
work in California’s licensed child care facilities.10 

Collectively, early childhood education (ECE) facilities are varied and include home-based 
child care providers, centers operated like private schools, and programs run by government 
agencies (e.g., preschool in school districts or Head Start) or religious institutions. These 
facilities are located in a variety of building types, including homes, schools, private commercial 
buildings, and portable classrooms. Information on potential pollutant exposures in these 
environments is necessary to assess the potential health risks to children and adult staff, and, if 
warranted, to develop and implement policies to mitigate these exposures. 

Recent studies indicate that ECE environments may contain lead, pesticides, allergens, and 
other contaminants hazardous to children’s health.3,6,11 Because children exhibit exploratory 
behaviors that place them in direct contact with contaminated surfaces, they are likely to be 
exposed to any contaminants present.12,13 Children have higher exposures because they 
breathe more air, eat more food, and drink more water per unit of body weight compared to 
adults. For example, children ages 0-5 years breathe 1.7-2 times more air per unit of body 
weight than adults.14 They are also less developed immunologically, physiologically, and 
neurologically and therefore may be more susceptible to the adverse effects of chemicals and 
toxins.12,13,15 

Child care facilities may be contaminated from multiple sources and media. Until now, 
research concerning exposures of children has been primarily focused on exposures occurring 
in the home, but a larger percentage of children are spending more time in child care.16 Thus, 
children who attend these facilities on a daily basis may be chronically exposed to potentially 
harmful chemicals during critical periods of development. 

To address data gaps in environmental quality data for child care environments, we 
measured several classes of pollutants in indoor air and dust from 40 ECE facilities located in 
two California counties (Alameda and Monterey). Compounds measured in indoor air include 
volatile organic compounds (VOCs), carbonyls, phthalate esters, brominated and chlorinated 
flame retardants, pesticides and particulate matter. Compounds measured in indoor dust 
include lead and other metals, phthalate esters, brominated and chlorinated flame retardants, 
perfluorinated compounds (PFCs), and pesticides. Many of these chemicals have been shown 
to have indoor sources and are potentially associated with health effects in children. 
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1.1 Relevant Research 

Limited information is available on environmental contaminants present in ECE 
environments. However, school environments are known to contribute to children’s exposures to 
several contaminants, including mold, lead, pesticides, and VOCs.6,10,17 These exposures can 
exacerbate asthma and other respiratory illnesses or impair the neurological development of 
children. Beyond preventing children’s exposure to lead, few states have programs or licensing 
regulations that address children’s exposures to environmental contaminants such as VOCs, 
pesticides, and other emerging pollutants in ECE facilities. 

California has examined indoor environmental exposures to contaminants in school settings 
for school-aged children. For example, the 2003 California Portable Classroom Study 
sponsored by the California Air Resource Board (CARB) investigated conditions inside 
traditional and portable classrooms in California public schools.6,10,17 Aldehydes and other 
carbonyls, VOCs, pollens, culturable microorganisms, and indoor-air particles were measured 
over a school day in classrooms. Dust samples were collected for analyses of pesticides, 
metals, polycyclic aromatic hydrocarbons (PAHs), and allergens. Of 15 aldehydes and other 
carbonyls measured in air, formaldehyde and acetaldehyde were detected most often (detection 
frequency >75%). Mean air concentrations of formaldehyde in both portable classrooms 
(15 ppb) and traditional (12 ppb) classrooms were higher than outdoor measurements (3.5 ppb). 
Higher mean formaldehyde levels were also associated with warmer months (spring/summer vs. 
fall/winter), age of classroom, and presence of pressed wood products in the classroom. Mean 
VOC concentrations were similar between portable classrooms and traditional classrooms and 
were also higher than outdoor levels. Particle counts for both PM2.5 and PM10 were higher in 
portable classrooms compared to traditional classrooms, possibly because of the usual 
proximity of portable classrooms to roads and parking lots and the more frequent use of carpets 
in the classrooms. Of the twenty pesticides analyzed in dust samples, six were detected in over 
80% of samples, and the insecticide esfenvalerate, a pyrethroid, had the highest mean dust 
concentration and median loading overall, at 4.5 μg/g and 0.3 ng/cm2, respectively. Dust PAH 
levels were observed to be fairly low. Of 18 metals analyzed, 15 were detected in all dust 
samples. Higher lead levels were observed in traditional classrooms, while portable classrooms 
had higher levels of arsenic. 

Nationally, the First National Environmental Health Survey of Child Care Centers was 
conducted by the U.S. Department of Housing and Urban Development (HUD), the U.S. 
Environmental Protection Agency (U.S. EPA), and the Consumer Products Safety Commission 
(CPSC). The study assessed children’s exposures to lead, allergens, and pesticides in licensed 
U.S. child care centers.18 Twenty-two percent of the facilities had detectable levels of allergens. 
Sixty-three percent reported recent pesticide applications, and an estimated 75% of centers 
reported at least one pesticide application in the last year.6 Pyrethroid and OP pesticides were 
detected in 80% of the centers. However, this survey was limited for several reasons. First, no 
testing was done in home-based child care programs, which in California make up the majority 
of licensed child care facilities. Second, regional data was not available for specific states or 
smaller regions to allow for local projection of exposures. Finally, no testing was conducted for 
other potentially significant pollutants, including VOCs, aldehydes, phthalate esters, PFCs, 
brominated flame retardants, and particles. 

In a pilot study of nine child care centers located in North Carolina, Wilson et al.19 detected 
OP pesticides, pyrethroids, phthalates, and persistent organochlorine compounds in air and 
dust and suggested that exposures in day care environments may constitute a significant 
portion of total child exposures to these chemicals. In a survey of 637 California child care 
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centers, about half reported using sprays or foggers that could leave pesticide residues on 
surfaces and in air.20 Another study found that problems with mold, cockroaches, and other 
factors potentially associated with respiratory disease problems were common.10 In a 2009 
report, The Environmental Working Group 21 described 21 cleaners used in 13 large K-12 
California school districts that, when used as directed, released 457 chemicals; six of which are 
known to trigger asthma (formaldehyde, styrene, methyl methacrylate, ethanolamine, alkyl 
dimethyl benzyl ammonium chloride, and didecyl dimethyl benzyl ammonium chloride); 11 that 
are known, probable, or possible cancer-causing substances in humans (formaldehyde, styrene, 
chloroform, trichloroethylene, benzene, 1-chloro-2,3-epoxypropane, acetaldehyde, N-methyl-N-
nitroso-ethanamine, 2-butoxyethanol, ethylbenzene, and quartz); and hundreds of other 
compounds for which there is little or no hazard information. 

Overall, these studies suggest that ECE facilities may be contaminated from multiple 
sources and media. Until now, research concerning exposures of children has been primarily 
focused on exposures occurring in the home, but a large percentage of children are spending 
more time in child care. Thus, children who attend these facilities on a daily basis may be 
chronically exposed to environmental contaminants during critical periods of development. 

1.2 Health Effects from Environmental Contaminants 

To address data gaps in environmental quality data for child care environments, we 
measured indoor air and dust levels of several classes of pollutants in a sample of California 
ECE facilities, including VOCs, carbonyls, phthalate esters, brominated and chlorinated flame 
retardants, PFCs, lead and other metals, and particulate matter. Many of these chemicals have 
been shown to have indoor sources and are potentially associated with health effects in 
children. These health effects are summarized below. 

A growing body of evidence suggests that indoor exposures are determinants of asthma 
prevalence and morbidity in children.3 In addition to allergens from dust mites, mold, and 
cockroaches, known environmental triggers of asthma include VOCs, combustion by-products, 
and some common home-use pesticides and cleaners and sanitizers.22-38 Exposure to VOCs in 
indoor air, from sources such as newly painted surfaces; cleaning, sanitizing and disinfecting 
products; and room fresheners, has been associated with increased risk of asthma in 
children39,40 and respiratory symptoms including decreased lung function, inflammation, and 
airway obstruction.32,38,41,42 Carbonyls (formaldehyde, acetaldehyde, and acetone) are VOCs 
present in pressed wood and laminated products like shelving, paneling, and furniture and are 
of particular concern in new buildings and homes. Formaldehyde is listed as a Class B1 
compound (probable human carcinogen) by U.S. EPA43 and a Group 1 compound (carcinogenic 
to humans) by the International Agency for Research on Cancer (IARC).44 Acetaldehyde is 
listed by U.S. EPA as a Class B2 (probable human carcinogen) compound45 and by IARC as a 
Group 2B (possibly carcinogenic to humans) compound.46 Numerous rodent studies have 
reported adenocarcinomas and squamous cell carcinomas subsequent to aldehyde 
exposure47-50 while occupational cohort studies have reported associations between 
formaldehyde exposure and lung, nasal, and nasopharyngeal cancer mortality.51-53 Additionally, 
exposure to aldehydes has been associated with adverse respiratory outcomes, including 
increased risk of childhood asthma54 and nocturnal breathlessness.32,55 ARB’s recently 
completed “new home” study found that concentrations of both formaldehyde and acetaldehyde 
exceeded accepted cancer and chronic non-cancer health benchmark levels in nearly all homes 
studied and exceeded benchmarks for acute health effects in most homes.56,57 In the ARB’s 
study of portable classrooms, indoor concentrations of formaldehyde were elevated above 
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OEHHA’s 8-hour REL for acute eye, nose, and lung irritation in 4% of the classrooms. Levels in 
all classrooms exceeded OEHHA’s chronic REL for irritant effects.17 

Exposures in young children to particulate matter (PM2.5 and PM10) have been shown to 
increase allergen sensitization, decrease lung function, and exacerbate pre-existing respiratory 
conditions like asthma.58,59 Prenatal and early-life exposures to PM10 may also adversely affect 
pulmonary function in asthmatic children up through ages of puberty.58,59 Increases in 
respiratory disease of up to 22% and a 5% increase in post neonatal mortality for all causes has 
also been associated with increasing PM10 levels.60 Increases in respiratory disease of up to 
22% and a 5% increase in post neonatal mortality for all causes have also been associated with 
increasing PM10 levels.60 

Three classes of environmental contaminants receiving increasing attention are brominated 
flame retardants (BFRs), phthalate esters, and PFCs. This is the first study to report levels of 
BFRs, phthalates, PFCs, and replacement fire retardants in child care environments. One class 
of BFRs, polybrominated diphenyl ethers (PBDEs), are endocrine disruptors that are persistent 
in the environment. These compounds have been detected in human tissue, serum, and breast 
milk from North America at much higher levels than those reported from Europe, Asia or 
Australia.61-67 Within North America, the body burden of PBDEs has been found to be especially 
high in California, where furniture flammability standards have been among the strictest in the 
U.S.67,68 Measurements of PBDEs in house dust indicate widespread contamination in 
residential environments.69,70 A recent report from the Center for Environmental Research and 
Children’s Health (CERCH), suggests PBDE levels in dust from Oakland and Salinas homes are 
similar to each other but are much higher than levels found elsewhere in the U.S.70 Further, 
children’s PBDE levels in blood have been found to be higher compared to adults, a difference 
likely due to a child’s increased time spent indoors in proximity to house dust containing 
PBDEs.71 

The manufacture, distribution, and processing of products containing two classes of PBDEs, 
pentabrominated and octabrominated diphenyl ethers, is now banned in California as of June 1, 
2006.68 Replacement furniture fire retardants such as chlorinated tris (tris[1,3-dichloro-2-propyl] 
phosphate [TDCPP]) and Firemaster 550 (a proprietary phosphorus-bromine blend formulation 
consisting of bis(2-ethylhexyl)tetrabromophthalate [BEHTBP] and 2-ethylhexyl tetra-
bromobenzoate [EHTBB]) have come into wider use.72 Although TDCPP was used prior to 
1977 in children’s sleepwear as a fire retardant, manufactures voluntarily stopped using it in 
these products after it was found to be mutagenic.73,74 Chlorinated tris (TDCPP) was recently 
listed as a carcinogen on the Proposition 65 list.75 Today TDCPP is a widely used flame 
retardant, commonly detected in furniture foam as well as infant products.76,77 

Phthalate esters are plasticizers used in plastics and personal care products. Phthalate 
compounds are on the Proposition 65 list as developmental toxins and have been found to 
contaminate indoor environments.78-81 Studies have associated phthalate exposures with 
bronchial obstruction, allergies, and asthma in young children, and they are likely endocrine 
disruptors in humans.18,82-86 

PFCs are chemicals used to confer stain- and degradation-resistant properties to a variety 
of products. Such compounds include perfluorooctane sulfonic acid (PFOS) and 
perfluorooctanoic acid (PFOA). Occupational studies have suggested an association between 
exposure to perfluorinated compounds and cancer incidence.87,88 Currently, there are no 
health-based benchmarks to evaluate the risk of PFC exposures. 
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Figure 1. Typical products recorded in the inspection chemical inventory form, including 
pesticides, cleaners, metal polishers, paints, and other items that could affect indoor air 
quality. 

2.4.3 Second Site Visit 

Air samples and measurements were collected during the second Site Visit. Technicians 
typically arrived at the ECE facility 45 minutes before the children to set-up the sampling 
devices. The indoor samplers (Figure 2) were usually started at the beginning of the school day 
when children arrived. The indoor and outdoor samples were run for the whole child care day 
(typically 8 hours). Samplers were deployed around the height of a child’s breathing zone 
(0.6 m to 1 m). Indoor and outdoor samplers were protected by a “kiddie-corral” made of 
untreated wood. After setting up equipment, all extra boxes or carrying cases were removed to 
limit the amount of foreign materials in the room. Sampling technicians were instructed to not 
wear or apply any personal care products with noticeable scents. To improve air exchange rate 
calculations, supplemental CO2 was added to the indoor sampling location when children were 
not present (see Section 3.1.2, below). 

Figure 2. Indoor equipment set-up at an ECE facility. Left image includes the flowmeters 
and integrated samplers. Right image shows real-time devices. 

Outdoor measurements were collected at a subset of locations. The number of outdoor 
measurements varies by the pollutant measured. Due to feasibility and costs, we collected more 
outdoor measurements from real-time devices than integrated samples which require laboratory 
preparation and analysis. For example, we collected outdoor gravimetric PM2.5 and PM10 at 12 
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facilities and DustTrak PM2.5 measurements at 31 facilities. The majority of outdoor 
measurements were collected in the children’s outdoor play area. However, due to electrical 
power constraints or teacher preferences, some outdoor locations were in other areas adjacent 
to the ECE facility. Outdoor collection area was occasionally covered by a portable gazebo to 
protect sampling devices from sunlight and rain. 

A field technician was always present during the air sampling to log room conditions and 
ensure proper function of the equipment. Observational information collected included the 
number of children (0-6 years old), additional children (7-18 years old), child care staff, and 
CERCH staff (see Visit Materials Packet - Appendix F). Field technicians also tracked changes 
in ventilation conditions such as the number and area of outdoor or passage windows and doors 
and the duration they were kept open. Every two hours, flow rates from flow meters were 
recorded to ensure accurate sample volumes. Additional events that could have affected 
sampling results like cooking, heater use, or chemical use were also recorded. 

2.5 Environmental Sampling and Laboratory Analysis Summary 

Environmental sampling was performed by CERCH study staff. VOC, carbonyl, and 
gravimetric PM air sample analysis and air exchange rate modeling were conducted by Dr. 
Randy Maddalena in the Environmental Energy Technologies Division at LBNL. Semi-volatile 
organic compounds, including flame retardants, phthalate esters, and pesticides in air; and 
pesticides, phthalates, and non BDE-flame retardants in dust were measured by Battelle’s 
Memorial Laboratory in Columbus, Ohio. Measurements of PFCs and PBDEs in dust were 
conducted at U.S. EPA’s NERL in Research Triangle Park, North Carolina. Finally, 
measurements of lead and other metals in dust were performed in the laboratory of Dr. Donald 
Smith at University of California, Santa Cruz. Sampling collection and analytical methods 
(Table 4) are described in the following sections. Full sampling and analytical method Standard 
Operating Procedure (SOP) documents are in Appendix G. 
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Table 4. Sample Collection and Analytical Methods Summary 

Media Analyte Sampling Method Analytical Method 
Analytical 
Laboratory 

Air VOCs 
Sample tube with 
Tenax-TA sorbent TD-GC/MS LBNL 

Air 
Aldehydes and 

acetone 
XPoSure aldehyde 

sampler HPLC LBNL 

Air PM2.5 and PM10 mass 
SKC® PEM with 

Teflon filter Gravimetric analysis LBNL 

Air Real-time PM2.5 TSI DusTrak Optical detector -

Air 
Real-time ultrafine 

particles 
TSI Condensation 

particle counter Optical detector -

Air PBDE flame retardants PUF cartridge GC/MS/MID Battelle 

Air 

Phthalates, pesticides, 
and other flame 

retardants PUF cartridge GC/MS/MID Battelle 

Dust 

Phthalates, pesticides, 
and other flame 

retardants Vacuum sample GC/MS/MID Battelle 

Dust PBDE flame retardants Vacuum sample GC/MS/SIM NERL 

Dust 
Perfluorinated 
compounds Vacuum sample UPLC-MS/MS NERL 

Dust Metals Vacuum sample ICP-MS UCSC 
GC = gas chromatography; LBNL = Lawrence Berkeley National Laboratory; ICP = inductively 
coupled plasma; MID = modified isotope dilution; MS = mass spectroscopy; NERL = National 
Exposure Research Laboratory; PEM = personal environmental monitor; PUF = polyurethane foam; 
SIM = selective ion monitoring; TD = thermally desorbed; UCSC = University of California Santa 
Cruz; UPLC = ultra performance liquid chromatography. 

2.5.1 Air Sampling and Laboratory Analysis 

Air samples were collected over an entire school day (6 to 10 hours) and tested for VOCs, 
aldehydes and acetone, flame retardants, phthalates, pesticides, and particulate matter at cut 
points of 2.5 and 10 microns. The air sampling system used a single rotary vane pump installed 
in a stainless steel box lined with foil-faced fiberglass sound insulation to reduce noise. The 
pump was cooled by a fan. The pump’s exhaust system included a muffler to reduce noise and 
a HEPA and carbon filter to eliminate emissions. Air was pulled through a manifold with 10 
taper-tube flowmeters (Key Instruments part #10110_R6, #10310_R5, #10510_R5, and 
#10710_R3 for VOC, Carbonyls, Particle Mass, and SVOCs sampling, respectively). The 
flowmeters selected cover the range of flow rates needed for the target analytes. Calibration 
curves were determined for each flowmeter with sampling cartridges or tubes in-line using a 
Gilibrator® air flow calibrator. Calibration curves were checked at the end of the sampling 
campaign and were consistent with results prior to sampling. 
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Air samples were collected indoors at 40 child care facilities. An extra air PBDE 
measurement was collected at a revisit for ECE 40. The number of valid samples for each 
analyte is presented in Table 5 and indicates how many samples passed quality assurance 
measures. 

Table 5. Integrated Air Sample Counts 

Media Analyte 

Number of Valid Samples 
Collected1 

Field Duplicates Outdoor 

Air VOCs 34 3 20 

Air Aldehydes and acetone 40 12 19 

Air PBDEs 41 2 16 

Air 
Phthalates, pesticides, 

and other flame retardants 40 2 14 

Air PM2.5 mass 35 4 12 

Air PM10 mass 35 4 12 
1Number of valid results include all samples that met QA/QC criteria. 

Table 6 presents average flow rates and total sample volumes for integrated air samples 
although sample volumes and rates varied by facility. Indoor air samplers were set-up and 
deployed prior to outdoor samplers which resulted in a longer sample collection time than 
outdoor samples (473 minutes versus 429 minutes, respectively). Outdoor VOC and carbonyl 
sample rates were collected at a higher rate than indoors to decrease the number of samples 
below the detection limits. 

Table 6. Indoor and Outdoor Average Integrated Air Sample Flow Rates and Sample 
Volumes 

Indoors1 Outdoors2 

Average 
Flow Rate 

(l/min) 
Average Total 

Volume (l) 

Average 
Flow Rate 

(l/min) 
Average Total 

Volume (l) 
VOCs 0.015 7 0.019 8 
Carbonyls 0.25 120 0.29 125 
2 LPM PEMs3 2 946 2 858 
4 LPM PEMs 4 1892 4 1716 
SVOCs 4 1892 4 1716 
1Averge Collection Time = 473 minutes 
2Averge Collection Time = 429 minutes 
3 LPM = liters per minute; PEMs = personal environmental monitors 

“Real-time” measurements of particles in air and of environmental conditions as a function of 
time were collected over the entire school day. In this study, concentrations of PM2.5, UFPs, 
carbon monoxide (CO), carbon dioxide (CO2), temperature, and relative humidity were 
measured in real-time. All real-time machines logged data at 60- second intervals. At a subset 
of facilities, outdoor and duplicate real time measurements were collected (Table 7). While the 
original intention was to collect at least 2 duplicates indoors for both the Condensation Particle 
Counter (CPC) and DustTrak, duplicates for these machines were only collected at our office 
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building for QA/QC purposes to limit the amount of noise our equipment contributed to the child 
care environment. See Appendix A, Table 104 for a list of the real-time devices deployed at 
each facility. 

Table 7. Real-time Sample Count Breakdown 

TYPE Indoor Outdoor 
Indoor 

Duplicate 
CPC 39 28 1 
DustTrak PM2.5 40 31 0 
QTrak 40 30 3 

2.5.1.1 Volatile Organic Compound Sampling and Laboratory Analysis 

Initial sampling methods used sorbent tubes containing both Tenax-TA® and carbosieve. 
However, during pilot tests, analytical problems related to alcohols released by hand sanitizers 
interfered with the analysis (described in Appendix C). Final protocols used separate Tenax-
TA® and CarboTrap™ sorbent tubes (P/N 012347-005-00; Gerstel or equivalent) to sample 
VOCs. Prior to use, the sorbent tubes were conditioned by helium purge (approximately 
10 cc/min) at 275 °C for 60 minutes and sealed in Teflon capped tubes. VOC samples were 
collected onto the sample tubes directly from the room air or outdoor air. Approximately 7 liters 
of air were collected per sample over an 8-hour period (flow rate of 0.015 liters per minute 
[lpm]). After sample collection, the sorbent tubes were re-sealed with Teflon-lined caps and 
stored on blue ice for transportation. Samples were stored in a -20°C freezer until analysis. 

VOC samples were analyzed at LBNL following U.S. EPA Methods TO-17.96 Sorbent tubes 
were thermally desorbed for analysis by gas chromatography/mass spectrometry (TD-GC/MS) 
using a thermodesorption auto-sampler (Model TDSA2; Gerstel), a thermodesorption oven 
(Model TDS3, Gerstel), and a cooled injection system (Model CIS4; Gerstel). The cooled 
injection system is fitted with a Tenax-packed glass liner (P/N 013247-005-00; Gerstel). 
Desorption temperatures of 25 °C with a 0.5-minute delay followed by a 60 °C/min ramp to 
250 °C and a 4-minute hold time were used. The cryogenic trap is held at -10 °C and then 
heated within 0.2 minutes to 270 °C at a rate of 12 °C/s, followed by a 3-minute hold time. 
Analytes were resolved on a GC (Series 6890Plus; Agilent Technologies) equipped with a 
30 meter HP-1701 14% Cyanopropyl Phenyl Methyl column (Model 19091U-233; Agilent 
Technologies) at an initial temperature of 1 °C for 0.5 minutes then ramped to 40 °C at 
25 °C/min, to 115 °C at 3 °C/min and finally to 250 °C at 10oC/min, holding for 10 minutes. The 
resolved analytes were detected using an electron impact MS system (5973; Agilent 
Technologies). The MS was operated in scan mode. All compounds over the MDL (< 1 to 
several ng) were evaluated by library search using the NIST spectral library followed by 
comparison to reference standards, where available. Multipoint calibrations were prepared from 
pure standards for common indoor pollutants and used to quantify target compounds (Table 8). 
All pure standards and analytes were referenced to an internal standard (~120 ng) of 1-bromo-
4-fluorobenzene. During the pilot study, where a pure standard was not available, or the 
compound couldn’t be positively identified, the concentration was estimated based on the total-
ion-current responses using toluene as a surrogate standard. 

Thirty–nine VOCs were analyzed in this study (Table 8). VOC MDLs ranged from 0.03 μg/m³ 
to 1.80 μg/m³ (individual analyte MDLs are presented in Appendix C, Table 111). For four 
compounds (D4 and D5 siloxanes, d-limonene, and 2-butoxyethanol) in 29 cases, the VOC 
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levels were above the calibration high mass. The thermal desorption analysis used for VOCs 
does not allow for dilutions and re-analysis of samples that have chemicals above the 
calibration range because the entire sample is consumed during the analyses. In the cases 
where the mass exceeded the highest calibration point, we report the highest calibration 
concentration for the method. 

Table 8. VOC Analytes Measured in Air 

VOC Analytes 

1,2,3-Trimethylbenzene 
1,2,4-Trimethylbenzene 
2-Butoxyethanol 
2-Ethyl-1-hexanol 
3-Carene 
a-Pinene 
a-Terpineol 
Benzaldehyde 
Benzene 
Butanal 
Butylbenzene 

Carbon tetrachloride 
Chloroform 
Decamethylcyclopentasiloxane3 

Decanal 
Decane 
d-Limonene 
Dodecane 
Ethylbenzene 
g-Terpinene 
Heptanal 
Heptane 

Hexadecane 
Hexamethylcyclotrisiloxane3 

Hexanal 
Hexane 
m/p-Xylene 
Methylene chloride 
Nonanal 
Octamethylcyclotetrasiloxane3 

Octanal 
Octane 
o-Xylene 

Tetrachloroethylene 
Tetradecane 
Toluene 
Texanol1 

TXIB2 

Undecane 

1Texanol is the common name for 2,2,4-trimethyl-1,3-pentanediol monoisobutyrate, an additive used in latex paint. 
2 TXIB is the common name for 2,2,4-trimethyl-1,3-pentanediol diisobutyrate, a plasticizer used in vinyl flooring. 
3 Hexamethylcyclotrisiloxane (D3), Octamethylcyclotetrasiloxane (D4), Decamethylcyclopentasiloxane (D5). 

2.5.1.2 Carbonyl Sampling and Laboratory Analysis 

Carbonyl samples were collected on silica gel cartridges coated with 2,4-dinitrophenyl-
hydrazine (XPoSure Aldehyde Sampler; Waters corporation) with ozone scrubbers (P/N 
WAT054420; Waters) upstream. Approximately 120 liters of air were drawn through the sample 
cartridge over an 8-hour period (0.25 lpm). After use, the sample cartridges were capped, 
sealed individually in foil bags, and stored on blue ice during transport and stored in a -20°C 
freezer until analysis at LBNL. The target analytes in the low molecular weight carbonyl analysis 
include formaldehyde, acetaldehyde, and acetone. 

Samples for formaldehyde, acetaldehyde, and acetone were analyzed by LBNL following 
U.S. EPA Method TO-11.97 Cartridges were extracted by eluting with 2 ml of high-purity 
acetonitrile into 2-ml volumetric flasks. Extracts were analyzed by high-performance liquid 
chromatography (HPLC) (1200 Series; Agilent Technologies) using a C18 reverse phase column 
with 65:35 H2O:acetonitrile mobile phase at 0.35 ml/minute and UV detection at 360 nm. 
Multipoint calibrations were prepared for the target aldehydes using commercially available 
hydrazone derivatives of formaldehyde, acetaldehyde and acetone. The method detection limit 
(MDL) for formaldehyde, acetaldehyde, and acetone were 10, 0.98, and 2.5 ng, respectively. 
Formaldehyde, acetaldehyde, and acetone MDLs in μg/m³ calculated using the average total 
sample volume in this study (0.12 m³) were 0.08, 0.008, and 0.02 μg/m³, respectively. 

2.5.1.3 Semi-Volatile Organic Compound Air Sampling and Laboratory Analysis 

Semi-volatile organic compounds (SVOCs) have a boiling point in the range of 240-400°C.98 

Flame retardants, phthalates, and pesticides are considered SVOCs. Two identical cartridges, 
each containing a polyurethane foam (PUF) plug, were used to collect SVOCs (Figure 3). One 
cartridge was analyzed for selected phthalate esters, chlorinated tris phosphate flame 
retardants, pesticides, and brominated flame retardant constituents of Firemaster 550 and the 
second cartridge was analyzed for selected BDEs. All SVOC analytes analyzed are presented 
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in Table 9. Pre-cleaned (via Soxhlet extraction procedures), BDE-free PUF plugs 22 mm in 
diameter and 76 mm in length were used. A stainless steel punch was used to prepare 19-mm 
filters from Pall A/E glass fiber filter media. The filters and glass cartridges were baked in a 
muffle furnace at 450 °C overnight for cleaning and then assembled (filter, support screen and 
PUF) and sealed with high density polyethylene (HDPE) covers at each end. SVOC samples 
were collected at 4 lpm for the duration of the child-care day. After use, PUF samples were 
capped with aluminum foil and transported on blue ice for storage in a -20°C freezer. PUF 
samples were shipped on dry ice in 5 batches to Battelle Laboratory for analysis. 

Table 9. SVOC Air Analytes Measured with PUF Cartridges 

BDEs Other Flame Retardants 

BDE-47 Tris (2-chloroethyl) phosphate (TCEP) 
BDE-99 Tris (1,3-dichloro-2-propyl) phosphate (TDCPP) 
BDE-100 2-Ethylhexyl tetrabromobenzoate (EHTBB) 
BDE-153 Bis(2-ethylhexyl)tetrabromophthalate (BEHTBP) 
BDE-154 
BDE-209 

Phthalate Esters Pesticides 

Diethyl phthalate (DEP) 
Dibutyl phthalate (DBP) 
Diisobutyl phthalate (DIBP) 
Butyl benzyl phthalate (BBP) 
Di(2-ethylhexyl) phthalate 
(DEHP) 

Chlorpyrifos 
Diazinon 
Dacthal 
Cis-/trans-permethrin 
Cypermethrin 
Cyfluthrin 
Bifenthrin 
Imiprothrin 
Sumithrin 
Piperonyl butoxide 

Figure 3. PUF cartridge used to sample SVOCs with corresponding sample label affixed 
to cartridge. 
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2.5.1.3.1 Brominated Diphenyl Ether Flame Retardant PUF Analysis 

BDE analytes analyzed in the PUFs are listed in Table 9. Blank and spike samples were 
analyzed prior to sampler deployment to verify integrity of the sampling matrix and method 
extraction efficiency. The PUFs were placed in a 22-mL ASE cell, spiked with the surrogate 
recovery standards (SRSs) BDE 126 and 13C12 BDE 209, and extracted at 2000 psi and 
100 °C through three 20-minute cycles using DCM. The extract was concentrated to 10 ml and 
treated with 1 g of 44% acid silica for 2 hours. The extract was combined with three washes of 
the acid silica and concentrated to 1 ml; this concentrate was applied to an alumina SPE 
cartridge that is eluted with 1:1 hexane:DCM. The extract was concentrated to a final volume of 
0.2 ml, spiked with the internal standard, and analyzed using GC/MS/MID in the negative 
chemical ionization (NCI) mode for the BDEs. 

The extracts were analyzed using an Agilent HP 6890 GC interfaced to an Agilent 5973 MS 
detector with negative chemical ionization source and operated using automated ChemStation 
data acquisition and processing software. The extracts were analyzed with a six-point 
calibration curve spanning the linear range of the instrument. Sample extracts with analyte 
concentrations exceeding the calibration range by 15% were diluted and reanalyzed for the 
specific high concentration analyte. The internal standard method of quantification was used. 
The same analysis protocols and checks as described above were applied to these analyses. 
BDE 209 was an original target analyte for air analysis. However, after the first set of PUF 
analysis, the calibration curves and/or its C13-labelled analogue did not meet laboratory QA/QC 
standards. Therefore, only BDE-209 values for the first set of analysis are presented in this 
report. Method detection limits for BDEs were 0.02 ng. Using the average indoor air volume for 
SVOCs (1.9 m³), BDE MDLs as a concentration was 0.01 ng/m³. 

2.5.1.3.2 Phthalate Esters, Pesticide, and Non-BDE Flame Retardant PUF Analysis 

Phthalate esters, pesticides, and non-BDE flame retardants analyzed in PUFs are listed in 
Table 9. The PUFs were placed in a 22-ml accelerated solvent extractor (ASE) cell, spiked with 
the SRS 13C4-di-n-hexyl phthalate and extracted at 2000 psi and 100° C through two 5-minute 
cycles using dichloromethane (DCM). The extract was concentrated to 10 ml, and 1 ml was 
removed, spiked with the internal standard dibromobiphenyl, and analyzed using GC/MS in the 
multiple ion detection (MID) mode for the phthalate esters. MDLs for all phthalate analytes were 
approximately 1 ng, which includes a field matrix blank correction of three times the standard 
deviation. Using the average indoor air volume for SVOCs (1.9 m³), phthalate MDL as a 
concentration was 0.5 ng/m³. 

After phthalate analysis, the remaining 9 ml of extract was applied to an aminopropyl solid 
phase extraction (SPE) cartridge and eluted with additional DCM. The eluent was concentrated 
to 0.2 ml, spiked with the internal standard, and analyzed using GC/MS/MID for the tris 
phosphate flame retardants and the brominated Firemaster 550 flame retardant constituents 
(BEHTBP and EHTBB). In the MID mode, two ions were monitored per analyte, the 
quantification ion and the confirmation ion. 

The extracts were analyzed using an Agilent HP 6890N GC interfaced to an Agilent 5975 
MS detector and operated using automated ChemStation data acquisition and processing 
software. The unknowns were quantified using a six-point calibration curve spanning the linear 
range of the instrument. Sample extracts with analyte concentrations exceeding the calibration 
range by 15% were diluted and re-analyzed for the specific high concentration analyte. The 
internal standard method of quantification was used, where the ratio of the analyte signal to 
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internal standard signal was used for quantification. The calibration data was fitted using linear 
least squares regression analysis. A regression fit of r2>0.99 was required for use of a linear 
calibration curve. Factors used to confirm analyte identification included: correct retention time 
(± 0.02 min), co-maximized quantification and confirmation ions, and the correct ratio of the ion 
intensities for the quantification and confirmation ion (±30% variance). MDLs ranged from 0.2 to 
0.5 ng for the non-BDE flame retardants (See Appendix C, Table 127). Using the average 
indoor air volume for SVOCs (1.9 m³), non-BDE flame retardant MDLs had a range of 0.1 to 
0.3 ng/m³. 

Pesticides in PUFs were analyzed with the same general GC/MS/MID approach described 
for non-BDE flame retardants, above. The extracts were analyzed with a six-point calibration 
curve that spans the linear range of the instrument. Sample extracts with analyte concentrations 
that exceed the calibration range by 15% were diluted and reanalyzed for the specific high 
concentration analyte. The internal standard method of quantification was used. Pesticide MDLs 
were calculated by subtracting three times the standard deviation of field matrix blanks and 
ranged from 0.05-0.5 ng. Using the average indoor air volume for SVOCs (1.9 m³), the MDL as 
a concentration for pesticides ranged from 0.03 to 0.26 ng/m³. 

2.5.1.4 Real-Time Particle and Environmental Measurements 

Real time monitors were deployed at each child care facility. Real-time instruments measure 
parameter of interest (i.e., PM, CO2, temperature) through time. Monitors were set to store one-
minute averages, counts, or concentrations. 

Texas Science Instrument (TSI) 8554 QTraks were used to measure CO2, CO, relative 
humidity, and temperature. The TSI 8554 CO2 sensor uses non-dispersive infrared and has a 
range of 0 to 5000 ppm. The accuracy is ± 3% of reading + 50 ppm) at 25°C with a resolution of 
1 ppm. The CO is read by an electro-chemical sensor with a range of 0-500 ppm. The accuracy 
is ± 3% of reading or 3 ppm, whichever is greater. The resolution is 1 ppm with a response time 
<60 seconds to 90% of final value. The temperature sensor is a thermistor with a range of 0 to 
50°C. A thin-film capacitive sensor measures humidity with a range of 5-95% RH.99 QTraks 
were calibrated in the Spring of 2010 by Texas Science Instruments. 

Ultrafine particles were measured using two TSI 3781 water CPCs. The TSI 3781 detects 
total particle number concentration in the size range of > 3µm down to 6 nm (D50 –detection of 
50% of particles) and concentration of 0 to 5 x 105 particles/cm3. The particle concentration 
accuracy is ± 10% at 5 x 105 particles/cm3. The response time is <2 seconds to 95% in 
response to concentration step change. The device has an aerosol flow rate of 0.12+/-0.012 lpm 
and inlet flow rate of 0.6+/-0.12 lpm.100 Comparison tests were performed between both CPCs 
used prior to deployment in the field. See Appendix C for additional QA/QC information for these 
instruments. 

Real time fine particulate matter was measured with a TSI DustTrak 8520. The DustTrak 
8520 used a 2.5 µm size selective inlet to measure PM2.5 concentrations based on the light 
scattering properties of Arizona Road Dust. The DustTrak 8520 was compared to CARB’s 
Monitoring and Laboratory Division (MLD) ambient air PM2.5 samples collected on Teflon filters 
in Sacramento, California, prior to sampling (See Appendix C for additional QA/QC information). 
The DustTrak 8520 uses a 90° light scattering sensor and has a concentration range of 0.001 to 
100 mg/m³. The resolution is ± 0.1% of reading or 0.001 mg/m³, whichever is greater. The 
factory set flow rate of 3.0 lpm was used.101 An additional DustTrak 8530 was rented from 
Ashtead Technology with a 2.5 μm size selective impactor. The TSI 8530 has an aerosol 

18 

https://0.6+/-0.12


 

 

           
           

            
  

    

            
         
         

        
            

      
          

           
           

          
             

          
         

        
           

 

    

          
          

      
       

        
         

           
        

            
             

        
              

          
         

          
        

            
         

          
           

           
  

concentration range of 0.001 to 400 mg/m³. The resolution is +/-0.1% of reading or 
0.001 mg/m³, whichever is greater. The factory set flow rate of 3.0 lpm was used.101 The 
DustTrak 8530 was calibrated in June 2010 by TSI. Devices were “zeroed” prior to each day of 
sampling. 

2.5.1.5 Gravimetric Particle Sampling and Weighing 

Gravimetric PM2.5 (particles with a diameter less than or equal to 2.5 micrometers) and PM10 

(particles with a diameter less than or equal to 10 micrometers) were collected using SKC® 

Personal Environmental Monitors (PEMs) onto 37mm Teflon filters. The integrated PM2.5 and 
PM10 particle mass concentrations were determined following EPA Method IP-10A.102 Flow rates 
of 2 lpm and 4 lpm were set per the manufacturer’s recommendations, and samples were 
integrated over the period when children were present, typically 8 hours. Each Teflon filter used 
for mass analysis was weighed on two separate occasions both before deployment and after 
recovery using a Sartorius SE-2F balance to confirm accurate weighing and reporting. Because 
Teflon filters do not readily absorb water, they are generally much less sensitive than quartz 
filters to variations in ambient relative humidity. Nevertheless, filters were equilibrated for a 
minimum of 24 hours at temperature = 21±3 °C and relative humidity= 30-40% for at least one 
weighing before and one weighing after sampling. A 100 μg certified standard weight was 
weighed with each group of sample filters to confirm consistent operation of the balance. An 
MDL of 14.4 μg was calculated by computing three times the standard deviation of blank filters. 
Reported data was blank corrected by subtracting the mean blank mass (2.3 μg) from weighed 
particle masses. 

2.5.2 Dust Collection and Laboratory Analysis 

With the exception of one facility where no carpets or floor dust was present, dust samples 
were collected from carpets centrally located in the primary child care room where air sampling 
would take place during the second site visit (n=39). The dust sampling methods followed 
procedures described in the American Society for Testing Materials (ASTM) Standard Practice 
D 5438-05.103,104 These methods have been validated for house dust from carpets, bare floors, 
and furniture by the U.S. EPA105 using the High Volume Surface Sampler (HVS3) (Envirometrics 
Inc.).105 The HVS3 vacuums were thoroughly checked for leaks and normal air flow was verified 
prior to use. The entire sampling train was cleaned with laboratory grade detergent, de-ionized 
water, and isopropanol between each use. Dust samples were collected from at least 1m² into 
cleaned, 250 ml amber glass bottles (I-CHEM, item# 341-0250). Bulk dust was shipped on dry 
ice to Battelle Laboratory where it was sieved to 150 µm using a stainless steel sieve and 
aliquotted. One aliquot was sent to U.S. EPA for PFC and BDE analysis in dust and another 
sent to UCSC for lead analysis. A total of 39 dust samples were collected (Table 10). Dust 
samples were analyzed for pesticides, phthalate esters, PBDE flame retardants, tris phosphate 
flame retardants and Firemaster 550 flame retardants, PFCs, and metals (Tables 11 and 12). 
For QA purposes, SVOC dust samples were also analyzed in duplicate. Both dust 
concentrations (i.e., ng/g) and dust loading (i.e., ng/m²) are presented in this report. Dust 
concentration is the analyte weight of interest (i.e., pesticide) in relation to amount of sieved 
dust analyzed. Dust loading is the analyte weight of interest in relation to the surface area 
vacuumed (m²) by the HVS3. Therefore, dust loading was calculated by multiplying dust 
concentration by total weight of sieved dust and dividing by the area vacuumed. 
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Table 10. Sample and Analysis Counts for Dust 

Media Analyte 

Number of Valid 
Samples for 

Analysis 
Analytical
Duplicates1 

Dust PBDEs 39 1 

Dust Phthalates, pesticides, and 
other flame retardants 

39 2 

Dust PFCs 39 3 

Dust Heavy Metals 382 
4 

1 Analytical duplicates are repeat analyses of dust sample 
2 ECE 45 sample mass too low for metals analysis 

Table 11. BDE, Other Flame Retardants, and Phthalate Esters Dust Sample Target 
Analytes 
BDEs Other Flame retardants Phthalate esters 
BDE-47 Tris (2-chloroethyl) phosphate (TCEP) Diethyl phthalate (DEP) 
BDE-99 Tris (1,3-dichloro-2-propyl) phosphate (TDCPP) Dibutyl phthalate (DBP) 
BDE-100 2-Ethylhexyl tetrabromobenzoate (EHTBB) Diisobutyl phthalate (DIBP) 
BDE-118 Bis(2-ethylhexyl)tetrabromophthalate (BEHTBP) Butyl benzyl phthalate (BBP) 
BDE-153 Di(2-ethylhexyl) phthalate (DEHP) 
BDE-154 
BDE-183 
BDE-190 
BDE-197 
BDE-203 
BDE-205 
BDE-206 
BDE-207 
BDE-209 

Table 12. Pesticide, Metals, and PFCs Dust Sample Target Analytes 

Pesticides Metals PFCs 
Diazinon 
Chlorpyrifos 
Dacthal 
Imiprothrin 
Piperonyl butoxide 
Bifenthrin 
Sumithrin 
cis-Permethrin 
trans-Permethrin 
Cyfluthrin 
Cypermethrin 

Aluminum (Al) 
Cadmium (Cd) 
Chromium (Cr) 
Copper (Cu) 
Iron (Fe) 
Manganese (Mn) 
Lead (Pb) 
Zinc (Zn) 

Perfluorobutyric acid (PFBA) 
Perfluoropentanoic acid (PFPeA) 
Perfluorohexanoic acid (PFHxA) 
Perfluoroheptanoic acid (PFHpA) 
Perfluorooctanoic acid (PFOA) 
Perfluorononanoic acid (PFNA) 
Perfluorodecanoic acid (PFDA) 
Perfluorobutane sulfonate (PFBS) 
Perfluorohexane sulfonate (PFHS) 
Perfluorooctane sulfonic acid (PFOS) 
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UPLC equipped with a Quatro Premier XE triple quadrupole mass spectrometer operated in 
negative electrospray ionisation (ESI) mode. Analytes were separated chromatographically 
using an ethylene bridged hybrid C18 column (2.1 mm i.d. × 50 mm, 1.7 mm; Waters, Milford, 
MA, USA). Ionization and collision cell parameters were optimized for each individual analyte. 
Extracted standard curves were constructed using solvent standards prepared to give a 9-point 
calibration to determine analytes in unknowns. Analytical runs included extracted method 
blanks, duplicate measurement of 10% of the unknown samples and inclusion of standard 
reference materials (SRMs) from NIST equal to 10% of the unknown samples. MDLs for PFCs 
in dust were 5 ng/g. 

2.5.2.4 Metals Dust Analysis 

Sieved dust samples were shipped to Dr. Donald Smith at the University of California Santa 
Cruz. The dust samples were processed based on EPA method 3050b. All plastic ware was 
cleaned using trace metal cleaning procedures, and trace metal grade reagents. 0.5 grams of 
dry dust samples were combined with 50% nitric acid (HNO3) and the samples were shaken 
thoroughly to ensure mixing. The slurries were heated in a water bath at 95oC for 15 minutes. 
The samples were cooled to room temperature and 2.5 ml concentrated HNO3 was added, and 
the mixtures were heated again at 95oC for 2 hours. The samples were cooled and 30% H2O2 

was added. The samples were heated again at 95oC for 2 hours. 

The samples were then cooled to room temperature and centrifuged. The supernatants 
were decanted into a pre-weighed 60 ml Nalgene bottle. 10 ml of water was mixed with the 
residues, and the mixtures were centrifuged again. The supernatants were added to the 
previous volumes, and the total volumes were brought to 50 ml with water. The final solutions 
were weighed. Samples were analyzed on a Perkin Elmer 4300 DV ICP-OES. Standards 
contained 0.5 ppm Cd, Cr, Cu, Mn, Pb, and Zn and 40 ppm Al and Fe (low standard) or 2 ppm 
Cd, Cr, Cu, Mn, Pb, and Zn, and 80 ppm Al and Fe (high standard). Internal standards of 
100 ppm Y and Sc were used to normalize count rates. Concentrations obtained at multiple 
wavelengths for a given element were averaged for the reported concentration. 

Blanks were analyzed 6 times and the method detection limit is (MDL) 3x the standard 
deviation of the blank. MDLs are in µg/ml (ppm) as analyzed. MDLs ranged from 0.1 to 7.5 μg/g 
assuming 0.5 grams of dust sampled extracted into a final volume of 50 ml. See Appendix C for 
additional QA information. 

2.5.3 Ventilation Measurements 

The ventilation rate or air exchange rate (AER, air changes per hour) is an important factor 
for interpretation of indoor sources of pollutants and the relationship between indoor and 
outdoor pollutant levels. Ventilation measurements were estimated using both continuous indoor 
CO2 measurements and the release of CO2 as a tracer gas. The use of continuous indoor CO2 

measurements to estimate air exchange rates is a standard method.106-109 However, when 
piloting the continuous indoor CO2 measurement method for estimating AER, study staff found 
high variability and relatively low CO2 levels indoors at the first facilities. In addition, tracking the 
number of people inside some ECE facilities proved difficult because of the frequency with 
which people entered and exited the child care room being monitored. To address these 
concerns, we released medical grade CO2 (Praxair, Part Number CD M-10, United States 
Pharmacopeia grade) to temporarily increase indoor CO2 levels and use the subsequent decay 
curve as a tracer gas to compute the AER. CO2 was chosen as the tracer gas due to its low 
toxicity, “natural” presence in the existing environment, and acceptability to ECE facility 
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2.7 Data Management and Analysis 

All data was extensively reviewed. For all survey instruments, the performing field 
technician reviewed questionnaire or inspection forms immediately after completing the forms to 
ensure all questions were answered. At the field office, an additional review was completed by a 
second reviewer to ensure consistency and completeness. Fifteen percent of data forms were 
double data entered and range checks were performed using SAS Version 8. If any out-of-scale 
values were present, the forms were individually inspected to confirm recorded information. 
When needed, and approved by Dr. Bradman, participants were contacted to resolve any data 
problems. 

Statistical analysis was performed with STATA statistical software Version 11.2 to calculate 
the descriptive statistics and tests of association (e.g., Spearman Rank Correlation Coefficients, 
Mann-Whitney test, Wilcoxon test). Individual data sets were merged by ECE identification 
numbers to create comprehensive data sets for statistical analysis. Values below the MDL are 
presented as “<MDL” in results tables. Mean, standard deviations (SD), and indoor to outdoor 
ratios are calculated using the MDL divided by square root of 2 for values below the MDL.113 

Non-parametric tests of associations are used in this report due to the small sample size. The 
MDL /√2 for values below the MDL was also used in the tests for associations and to calculate 
relative standard deviations, as described below. R Version 2.13.2 was used to graph Figures 5, 
7, 8, and 10. 

To compare duplicate measurements, the percent relative standard deviation (RSD) is used 
as a measure of precision.114 When duplicate measurements were below the MDL, the RSD is 
the absolute value of coefficient of variation multiplied by 100. 

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 
𝑅𝑆𝐷 (%) = � � ∗ 100 

𝑚𝑒𝑎𝑛 

25 



 

 

 

    

           
         

            
             

          
     

 

   

   
  

 
  

 
 

 
 

 

       
       
       
       
       
       
       
        
       
       
       
       
       
       
       
       
       
       
       
       
        
        
        
       
       
       
       

 

3 Results 

3.1 ECE Facility Characteristics 

Forty facilities serving a total of 1,764 children were sampled. Table 13 describes individual 
characteristics of the ECE facilities. The average attendance was 44 children, with a maximum 
of 200 children and a minimum of four enrolled in a small child care home. Seventy-six percent 
of the children were 3+ years old, 19% were 2-3 years, and 5% were less than 2 years of age. 
Statewide, 6% of children less than 2 years are enrolled in child care,115 suggesting no bias in 
the age structure of the population we sampled. 

Table 13. ECE Facility Characteristics 

ECE# County 
ECE 
Type 

Number of 
Children 

Building 
Type1 

Building 
Age2 

Neighborhood 
Type3 

10 Alameda Home 16 Home (SFD) 1942 Residential 
11 Alameda Center 20 Home (SFD) 1912 Residential 
12 Monterey Center 100 School 2008 Residential 
13 Monterey Center 15 School(P) 1970 Agricultural 
14 Alameda Center 119 School(P) 1976 Residential 
15 Alameda Center 58 Office 1940 Commercial 
16 Alameda Center 25 School . Commercial 
17 Alameda Center 42 School (P) . Commercial 
18 Alameda Center 40 Home (SFD) 1980 Residential 
19 Alameda Home 15 Home (SFD) 1926 Residential 
20 Alameda Center 20 Office . Residential 
21 Alameda Home 14 Home (SFD) 1903 Residential 
22 Alameda Center 97 School 1989 Commercial 
23 Alameda Home 8 Home (SFD) 1939 Commercial 
24 Monterey Center 90 Office . Residential 
25 Monterey Center 200 School 2000 Residential 
26 Monterey Center 31 School . Residential 
27 Monterey Center 40 School 2007 Residential 
28 Monterey Center 24 School 1990 Agricultural 
29 Monterey Center 15 Church 1953 Residential 
30 Monterey Center 24 School (P) . Residential 
31 Monterey Center 50 School (P) . Residential 
32 Alameda Center 85 School (P) 1955 Commercial 
33 Monterey Home 10 Home (SFD) 1950 Residential 
34 Alameda Center 70 School . Residential 
35 Alameda Home 20 Home (SFD) 1963 Residential 
36 Monterey Home 10 Home (SFD) 1977 Residential 
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Table 13 Continued. ECE Facility Characteristics 

ECE# County 
ECE 
Type 

Number of 
Children 

Building
Type1 

Building
Age2 

Neighborhood
Type3 

37 Alameda Center 120 School . Residential 
38 Monterey Home 13 Home (SFD) 2001 Agricultural 
39 Monterey Home 5 Home (SFD) 1999 Agricultural 
40 Alameda Home 11 Home (SFD) 1930 Residential 
41 Monterey Home 6 Home (SFD) 1998 Residential 
42 Alameda Center 77 School 1960 Residential 
43 Alameda Center 28 School (P) 1970 Residential 
44 Monterey Center 40 Home (SFD) 1955 Residential 
45 Alameda Home 4 Home (SFD) 1938 Residential 
46 Monterey Center 34 School (P) 1998 Residential 
47 Monterey Center 48 School 1995 Residential 
48 Monterey Center 55 Church 1971 Rural/Ranch 

49 Monterey Center 65 School (P) 1998 Agricultural 
1 SFD= single family detached; P= portable 
2 Some directors did not know building age 
3 Neighborhood was judged by study staff during inspection 

In the facilities sampled, 95% of the children spent at least 1-2 hours outside, and with some 
spending up to 6 hours outside, depending on the weather (Table 14). Thirty-seven percent 
spent more than 8 hours per day in child care, 41% spent 5-8 hours, and 22% spent less than 
5 hours. Overall, 50% of children received a government subsidy, compared to 39% statewide. 
Among the facilities sampled, 87% had at least one child receiving a government subsidy, with 
up to 100% of children in some facilities. On average, the child care staff working in the facilities 
had some college education. At two facilities, the average education achieved was a high 
school diploma, and at 17 facilities, the average education achieved was at least a college 
degree (Table 15). 

Table 14. Average Time Children Spent Outdoors 

Hours Children Spent 
Outdoors 

Frequency Percent 

Less than one 2 5 
One to two 13 32.5 
Three to four 22 55 
Five to six 3 7.5 

Table 15. Average Education of Child Care Staff 
Education Frequency Percent 
High school diploma 2 5.0 
Some college 21 52.5 
College graduate 17 42.5 
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3.1.1 Building Characteristics 

Half the facilities were in buildings constructed after 1970, with the oldest structure built in 
1903 and the most recent built in 2008 (Table 16). Heating systems were on average 16 years 
old, and in one building was 80 years old. Child care building types included single family 
detached homes (37.5%), traditional school buildings (27.5%), portable school buildings 
(22.5%), office buildings (7.5%), and churches (5%) (Table 17). Twenty-six (65%) of the child 
care facilities were in residential neighborhoods, 8 facilities (20.0%) were in commercial areas, 
five facilities (12.5%) were adjacent to agricultural fields, and one facility (2.5%) was in a 
rural/ranch area. 

Pest problems were common (90% reported at least one pest), and 58% of facilities 
reported using pesticides within the last year, with 45% using broadcast application methods, 
including foggers (n=3 facilities [7.5%]) and sprays (n=17 facilities [43%]). The most common 
unwanted pests reported inside were ants (73%) and then flies (50%). Table 18 shows the 
frequency of unwanted pests. Mold, rotting wood, or water damage was present in 23% of 
facilities, but no serious problems were observed. Overall, although pest problems (mainly 
ants) were common, the ECE child care environments were in good physical condition and well-
maintained. 

Table 16. Child Care Building Descriptive Statistics 

N1 Mean Min 25th % Median 75th % Max 
Year building originally constructed 31 1967 1903 1942 1970 1998 2008 
Age of heating system (years) 28 16 1 4.5 10 20 80 
Age of air conditioning system (years) 16 9.3 1 4.5 10 12 20 
1Not all child care programs knew year of construction or age of heating/air conditioning system and only 
17 facilities had air conditioning. 

Table 17. Child Care Building Type 

Building Type Frequency Percent 
Single family detached home 15 37.5 
School (traditional) 11 27.5 
School (portable) 9 22.5 
Office building 3 7.5 
Church 2 5.0 

Table 18. Unwanted Pests Observed Inside Facility 

Unwanted Pest Reported Frequency Percent 
Ants 29 72.5 
Flies 20 50.0 
Spiders 14 35.0 
Mice or rats 14 35.0 
Head lice 13 32.5 
Termites1 3 7.5 
Cockroaches 2 5.0 
Fleas 2 5.0 
Other pests2 8 21.1 
1One facility did not know if termites were present in facility 
2Other pests included pincher bugs (2), bees (1), mites (1), mosquitos (1), 
skunks/raccoons/deer (1), snakes (1), and yellow jackets (1) 
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3.1.2 Building Parameters 

Environmental parameters were measured using the TSI QTrak 8553 which logs real-time 
CO2, CO, temperature, and relative humidity (RH). Indoor environmental parameters were 
collected at all 40 ECE facilities, while outdoor environmental parameters were collected at 30 
ECE facilities. Duplicate QTrak measurements were averaged together for the final data set. 
Since QTrak measurements were taken every minute, average CO2, CO, temperature, and RH 
statistics were generated for each facility. Indoor CO2 results are not presented due to addition 
of medical grade CO2 for ventilation measurements. Table 19 presents the distribution of 
average indoor CO, temperature, and RH and Table 20 presents average outdoor CO2, CO, 
temperature, and RH. 

Table 19. Summary of Average Indoor Environmental Parameters (n=40) 

Mean SD Min 25th % Median 75th % Max 

CO (ppm) 2.4 0.7 1.3 1.8 2.2 2.7 4.0 

Temperature (°F) 70.0 3.0 60.8 67.8 70.2 71.6 76.2 

RH (%) 49.3 6.9 34.5 44.4 48.2 54.6 62.6 

Table 20. Summary of Average Outdoor Environmental Parameters (n=30) 

Mean SD Min 25th % Median 75th % Max 

CO2 (ppm) 370.5 20.8 336.5 357.4 365.5 384.2 420.4 

CO (ppm) 1.4 0.3 0.9 1.2 1.3 1.5 2.1 

Temperature (°F) 66.3 10.9 51.8 57.6 63.7 73.3 89.1 

RH (%) 49.4 12.0 21.6 41.5 49.4 57.0 74.7 

ASHRAE’s standard 55-1992 provide guidelines for thermal comfort and relative humidity.116 

Under typical humidity and airflow conditions, ASHRAE ‘s acceptable temperature range is 
68.5-74.5°F in the heating season and 73.0-79.0°F in the cooling season. ASHRAE’s standard 
for relative humidity is set at 60% to control mold growth. Average indoor temperature (70.0°F) 
over all child care facilities was within ASHRAE’s standard for acceptable temperature. Relative 
humidity exceeded ASHRAE standards in 5% of facilities. 
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3.1.3 Child Care Air Exchange Rates 

Ventilation measurements were estimated using both continuous indoor CO2 measurements 
and the release of CO2 as a tracer gas. This approach allowed estimation of the full-day 
average air exchange rate (AER) based on the full day of continuous CO2 monitoring which was 
then compared to the shorter term AER computed after the release of CO2 as a tracer gas. We 
used CO2 emission profiles combined with measured indoor and outdoor CO2 concentrations fit 
to a mass balance equation to estimate ventilation rate. The 40 ECE facilities had an average 
AER of 2.01 per hour with a range from 0.28 to 5.63 per hour (Table 21). The air exchange rates 
measured in ECE facilities were higher than rates reported in a recent California study 
(median=1.4 versus 0.26 air changes per hour, respectively), and only 3 facilities (7.5%) were 
below the California Building Code assumed minimum ventilation level of 0.35 air changes per 
hour.117 Due to the moderate climate in Alameda and Monterey Counties, natural ventilation 
such as windows were often used in the ECE facilities measured, especially on warm, often 
breezy, afternoons. 

Table 21. Summary of Average Air Exchange Rates during Air Sampling 

N Mean SD Min 25th % Median 75th % Max 

AER (h-1) 40 2.01 1.41 0.28 0.92 1.43 2.96 5.63 

The following is an example of an AER calculation for ECE 29 (Figure 4). During air 
sampling, a change in the indoor environment (such as a window opened or closed) was noted 
four times and AERs were calculated for these time periods (Table 22) by minimizing the mean-
squared error between the predicted and measured CO2 concentrations. The time-weighted 
average AER was calculated over the sampling period. 
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Figure 4. Figure showing measured and predicted CO2 concentrations at ECE 29. By 
fitting the predicted CO2 model with the measured CO2 levels, air exchange rates were 
calculated for the different time periods when a field technician noted a change in the 
ECE environment (i.e., open window or door). 

Table 22. Calculated AER for Four Time Periods at ECE 29 

AER 
(h-1) Ventilation Notes 

AER 1 1.83 One passage door open 
AER 2 0.87 CO2 release, one passage door 

open 
AER 3 13.05 One entry and passage door open 
AER 4 1.48 One passage door open 
Time-Weighted 
Average 

1.49 
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3.1.4 Chemical Inventory 

Stored chemical products were inventoried during the inspection. Products included 
pesticides, cleaners, paints, solvents, etc. Bleach (sodium hypochlorite) was a component of 
cleaners or sanitizers in 26 (65%) of the facilities. Excluding pesticides (see Section 3.6.5), a 
total of 135 active ingredients were recorded. Note, that the presence of a product does not 
necessarily mean it was used recently or inside. Additionally, some products do not list 
ingredients on the label. Some of the chemicals found in the products were monitored in air or 
dust, but many of the chemicals were not measured. The chemical inventory provides 
information on the presence of different chemicals that a child may be exposed to in a child care 
facility. The range of active ingredients also indicates the need for education about product 
safety and use around children. See Appendix E, Table 153 for an inventory of the active 
ingredients recorded. 

3.2 Volatile Organic Compound Results and Discussion 

As described in Section 2.5.1, a total of 34 VOC measurements were available for analysis. 
Two sorbent tubes (P/N 012347-005-00; Gerstel or equivalent) were used to sample common 
VOCs using separate Tenax-TA® and CarboTrap™ tubes in all facilities except ECE 11. 
ECE 11 was sampled during the pilot stage of the project when sorbent tubes with a primary 
bed of Tenax backed with Carbosieve were used (See VOC QA/QC for further information). 
Silica gel cartridges coated with 2,4-dinitrophenyl-hydrazine (XPoSure Aldehyde Sampler; 
Waters corporation) with an ozone scrubber (P/N WAT054420; Waters) upstream were used to 
measure low-molecular weight carbonyls- formaldehyde, acetaldehyde, and acetone. For the 
results presented below, the 39 target VOC analytes are collectively named VOCs and low 
molecular weight carbonyls are collectively named carbonyls. Table 23 provides a description 
of the VOCs and potential sources. 
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Table 23. VOC Analytes and Sources 

Analyte Sources 
Hexane118 • Gasoline evaporative emissions 

• Cleaning agent in printing, textile, automotive and 
furniture industries 

• Quick-drying glues for crafts and in consumer products 
(shoes, leather) 

Methylene chloride118 • Paint stripper 
• May be found in some aerosol and pesticide products 

Carbon tetrachloride118 • Dry cleaning solvent 
• Previously used as a refrigerant 

Chloroform118 • Water contaminant released during water use 

Benzene118 • Cigarette smoke 
• Gasoline evaporative emissions 

Butanal119 • Used in production of resins, rubber, solvents, 
plasticizers and high molecular weight polymers 

• Naturally occurring in some foods and plants 
Heptane, Octane, 
Butylbenzene118 

• Gasoline evaporative emissions 

Toluene118 • Consumer products including paint, paint thinners, 
lacquers, adhesives and rubber 

• Cigarette smoke 
• Gasoline evaporative emissions 

Hexamethylcyclotrisiloxane, • Manufacturer of silicones 
Octamethylcyclotetrasiloxane, • Personal care products 
Decamethylcyclopentasiloxane120 

• Carriers, lubricants and solvents in commercial 
applications 

Tetrachloroethylene118 • Dry cleaning solvent 
• Some consumer products 

Hexanal, Heptanal, Octanal, 
Nonanal, Decanal, 
Benzaldehyde118 

• Flavors and perfumes 
• Product of secondary reactions between ozone and 

unsaturated compounds 
Ethylbenzene118 • Inks and paints 

• Gasoline evaporative emissions 
m/p-Xylene, o-Xylene118 • Consumer products including cleaning agents, paint 

thinners and varnishes 
• Cigarette smoke 
• Gasoline evaporative emissions 

a-Pinene118 • Fragrance in cleaning products, air fresheners, and 
personal care products 

Decane, Undecane, Dodecane, • Kerosene, diesel and home heating oil evaporative 
Tetradecane, Hexadecane121,122 emissions 

• Solvent 
• Component of paints and varnishes 
• Used in the rubber and paper industry 
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Table 23 Continued. VOC Analytes and Sources 

Analyte Sources 
2-Butoxyethanol118 • Paint thinners and strippers, varnish removers, and herbicide 

• Liquid soaps, cosmetics, commercial and household 
cleaners, and dry cleaning compounds 

• Some ink and spot removers 
3-Carene, g-Terpinene123 • Cologne, perfume, soap, shaving cream, deodorant, air 

freshener 

1,2,3-Trimethylbenzene124 • Fuel evaporative emissions 
• Paints 
• Cleaners 

d-Limonene123 • Fragrance in air fresheners, insecticides, and personal care 
products (hand sanitizers) 

• Solvent for cleaning products 
2-Ethyl-1-hexanol125 • Cleaning products 

• Insecticides 
• Paint related products 
• Rugs and bathmats 
• Sheet vinyl flooring 

a-Terpineol123 • Insecticides 
• Solvents 
• Plasticizers 
• Perfumes 
• Synthetic pine oil 

Texanol126 • Additive to latex paint 

TXIB123 • Plasticizer in resilient vinyl flooring 

Formaldehyde127 • Pressed-Wood Products 
• Urea-formaldehyde foam insulation 
• Combustion sources and environmental tobacco smoke 
• Glues 

Acetaldehyde128 • Incomplete combustion 
• Industrial emissions 
• Environmental tobacco smoke 

Acetone129 • Nail polish remover 
• Paints, varnishes, lacquers 
• Cleaning products 

3.2.1 Volatile Organic Compound QA/QC 

The VOC sampling method initially used dual sorbent sampling tubes containing both 
Tenax-TA® and carbosieve, but high levels of a low molecular weight alcohol caused problems 
with the chromatography during several of the pilot facility tests. We determined that the 
interference was likely due to periodic hand sanitizer use in the facilities, which caused shifts in 
retention times and reduction in the instrument response such that the results from those 
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samples were not valid. To address the problem we switched to a single sorbent sampling tube 
containing Tenax-TA® and a second tube containing a carbon molecular sieve material 
(CarboTrap) for the remainder of the study (See Appendix C for more information). 

For three duplicate VOC samples, the mean relative standard deviation was 11.8% 
(SD=8.3), showing a relatively small error between measurements. Seventeen travel blanks 
were analyzed for possible contamination. Results show little contamination during travel and 
analysis. Of the 39 analytes measured, only two had median blank masses above the method 
detection limit (Hexamethylcyclotrisiloxane - 4.1 ng and benzaldehyde - 1.5 ng). Three Tenax 
travel spikes were used to quantify recovery. For all 39 analytes, average recovery for the travel 
spikes was 96.2% (SD=7.9). 

At five facilities, a second Tenax-TA tube was placed “downstream” from the field sample to 
quantify the amount of an analyte that passes through one Tenax tube, referred to as 
breakthrough. Overall, average breakthrough was minimal, with analyte concentrations below 
1µg/m³. In one sample (ECE 28), the measured VOCs on the breakthrough tube were 
significant. Breakthrough is a function of both contaminant concentration and sample volume 
and occurs when the absorption capacity of a media is exceeded.130 We ruled out breakthrough 
because the breakthrough tube concentrations did not coincide with the primary tube 
concentrations (in some cases the contaminants were higher on the breakthrough tube than the 
primary tube and some chemicals were present on the breakthrough tube that were not on the 
primary tube which is impossible if breakthrough occurred). The tube was used after facility 28 
and the results for subsequent uses were valid (including one breakthrough experiment, one 
indoor measurement and one trip spike). We also ruled out contamination of the tube from the 
home or from another facility. Except for the D3 siloxane, the majority of the contaminants on 
the tube in question are of higher molecular weight so they were not likely taken up by diffusion. 
The elevated D3 siloxane relative to the other two siloxanes is unusual for an environmental 
sample and the chromatogram had a number of other higher order siloxanes not quantified in 
the sample. This was the first time this tube was used in the field; however, when Tenax sorbent 
tubes are purchased they are pre-conditioned, plus all new tubes were conditioned in the lab 
before deployment. From the evidence presented, the elevated breakthrough was either 
because the tube was not originally purged or contaminated by contact with a substance like 
silicone grease. We believe this anomaly does not invalidate any other sample results. Please 
see Appendix C for additional VOC QA/QC information. 

3.2.2 Volatile Organic Compound Air Results 

Thirty-four indoor VOC measurements were available for analysis (six early samples were 
invalid due to alcohol contamination from hand sanitizer use – see above). VOCs 
concentrations were calculated when the analyte mass was above the method detection limit. 
When the mass was not above the MDL, “<MDL” is reported. When duplicate samples were 
collected, an average of the duplicate and field concentrations was computed for final analysis. 
Concentrations above the MDL are reported in Table 24. The two most prominent target VOCs 
measured were d-limonene and decamethylcyclopentasiloxane. Both d-limonene and 
decamethylcyclopentasiloxane analytes were detected in all facilities and had median (range) 
concentrations of 33.1 (0.8-82) and 51 2.6-88) μg/m3, respectively. D-limonene is a cyclic 
terpene often used as a solvent in cleaning products that gives a “citrus smell”. 
Decamethylcyclopentasiloxane is a siloxane often used in cosmetic products. Outdoor VOC 
concentrations were measured at 20 ECE facilities. Outdoor concentrations (Table 25) were 
lower than indoor concentrations and VOCs measured generally had a higher detection 
frequency indoors than outdoors. 
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Table 24. Summary of Indoor VOC Analyte Concentrations (μg/m³) 

Analyte N 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Hexane 34 58.8 0.9 0.9 <MDL <MDL 0.6 1.0 2.5 2.9 3.6 

Methylene chloride 34 2.9 0.3 0.0 <MDL <MDL <MDL <MDL <MDL <MDL 0.5 

Carbon tetrachloride 34 2.9 0.6 0.3 <MDL <MDL <MDL <MDL <MDL <MDL 2.1 

Chloroform 34 38.2 1.3 2.6 <MDL <MDL <MDL 0.8 2.9 7.7 12.6 

Benzene 34 70.6 0.9 0.5 <MDL <MDL 0.9 1.0 1.4 2.0 2.6 

Butanal 34 100.0 0.8 0.4 0.2 0.5 0.7 0.9 1.5 1.6 2.0 

Heptane 34 100.0 3.0 4.1 0.2 0.5 1.5 3.5 8.9 10.9 19.8 

Octane 34 100.0 0.8 0.8 0.3 0.5 0.6 1.1 1.7 1.8 4.3 

Toluene 34 100.0 4.1 3.0 1.0 1.7 3.1 5.5 9.0 11.2 12.4 

Hexamethylcyclotrisiloxane 34 47.1 3.0 2.3 <MDL <MDL <MDL 4.6 6.7 8.0 9.3 

Tetrachloroethylene** 33 51.5 0.4 1.3 <MDL <MDL 0.1 0.2 0.4 1.0 7.8 

Hexanal 34 100.0 7.7 5.4 1.9 3.9 5.7 10.0 16.8 20.9 22.5 

Ethylbenzene 34 100.0 0.7 0.6 0.1 0.3 0.6 1.0 1.6 2.0 2.0 

m/p-Xylene 34 100.0 2.2 1.9 0.3 0.7 1.6 3.0 5.5 6.7 7.1 

a-Pinene 34 100.0 6.4 10.0 0.4 1.7 3.6 6.4 11.4 19.9 57.7 

o-Xylene 34 100.0 1.0 0.8 0.2 0.4 0.8 1.6 2.2 2.7 2.9 

Octamethylcyclotetrasiloxane** 33 90.9 7.4 18.1 <MDL 0.5 0.9 2.9 17.8 70.9* 78.5* 

Heptanal 34 97.1 1.1 0.5 <MDL 0.8 1.0 1.3 1.6 2.1 2.7 

Decane** 33 90.9 0.8 0.9 <MDL 0.4 0.6 1.0 1.3 3.0 4.5 

2-Butoxyethanol 34 100.0 10.9 19.4 1.1 1.8 2.9 8.6 29.9 64.0* 92.4* 
3-Carene 34 82.4 0.5 0.7 <MDL 0.1 0.2 0.6 1.4 1.8 3.0 

Trimethylbenzene (1,2,4) 34 97.1 0.7 0.6 <MDL 0.3 0.5 0.9 1.6 2.3 2.7 

d-Limonene 34 100.0 37.3 28.1 0.8 9.1 33.1 68.7* 72.8* 74.9* 81.5* 

Trimethylbenzene (1,2,3) 34 64.7 0.2 0.2 <MDL <MDL 0.1 0.3 0.6 0.7 1.0 

g-Terpinene 34 61.8 0.7 1.4 <MDL <MDL 0.3 0.4 1.5 4.8 7.1 

Benzaldehyde 34 100.0 3.0 1.7 1.2 2.0 2.4 3.8 5.1 5.7 9.4 

Octanal 34 100.0 2.3 1.0 1.1 1.7 2.1 2.5 3.4 5.3 5.7 
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Table 24 Continued. Summary of Indoor VOC Analyte Concentrations (μg/m³) 

Analyte N 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Undecane 34 85.3 0.9 1.0 <MDL 0.3 0.6 0.9 1.5 3.3 4.6 

Butylbenzene 34 17.7 0.0 0.0 <MDL <MDL <MDL <MDL <MDL 0.1 0.2 

Decamethylcyclopentasiloxane 34 100.0 46.4 28.2 2.6 17.4 51.4 70.8* 76.9* 83.6* 88.2* 

2-Ethyl-1-hexanol 34 100.0 1.9 1.0 0.6 1.1 1.6 2.8 3.5 3.9 3.9 

Nonanal 34 100.0 9.1 3.5 3.9 6.5 8.5 10.3 15.0 15.6 16.0 

Dodecane 34 91.2 1.1 1.1 <MDL 0.4 0.7 1.6 2.6 2.8 5.0 

Decanal 34 94.1 4.3 4.7 <MDL 1.6 2.6 4.7 8.6 18.2 22.0 

a-Terpineol 34 85.3 1.8 4.2 <MDL 0.3 0.4 1.9 3.6 6.4 24.1 

Tetradecane 34 100.0 3.1 3.3 0.3 1.1 1.9 4.0 7.0 7.7 17.3 

Texanol 34 100.0 8.7 12.0 0.9 2.4 4.6 8.6 24.0 32.7 60.7 

Hexadecane 34 100.0 1.0 0.7 0.3 0.6 0.8 1.2 2.0 2.4 4.1 

TXIB 34 100.0 7.7 13.8 0.9 2.3 4.7 7.9 13.0 14.1 82.8 
*Denotes when high calibration range used as analyte mass to calculate sample concentration. Values underestimate the true air 
concentrations. 
**Analytes not measured in pilot study. 
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Table 25. Summary of Outdoor VOC Analyte Concentrations (μg/m³) (n=20) 

Analyte 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Hexane 25.0 0.4 0.3 <MDL <MDL <MDL <MDL 0.7 1.0 1.3 

Methylene chloride 0.0 0.2 0.0 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Carbon tetrachloride 0.0 0.5 0.1 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Chloroform 0.0 0.3 0.1 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Benzene 75.0 0.7 0.3 <MDL <MDL 0.6 0.9 1.1 1.2 1.2 

Butanal 25.0 0.1 0.1 <MDL <MDL <MDL <MDL 0.2 0.2 0.2 

Heptane 85.0 0.6 0.6 <MDL 0.2 0.4 0.9 1.6 1.8 1.9 

Octane 60.0 0.2 0.1 <MDL <MDL 0.1 0.2 0.4 0.5 0.5 

Toluene 100.0 1.5 1.2 0.2 0.7 0.9 2.1 3.7 4.1 4.1 

Hexamethylcyclotrisiloxane 25.0 1.6 0.9 <MDL <MDL <MDL <MDL 2.6 3.9 4.6 

Tetrachloroethylene 30.0 0.1 0.1 <MDL <MDL <MDL 0.1 0.2 0.3 0.4 

Hexanal 80.0 0.2 0.1 <MDL 0.1 0.2 0.2 0.3 0.5 0.6 

Ethylbenzene 65.0 0.2 0.3 <MDL <MDL 0.1 0.3 0.7 0.8 0.9 

m/p-Xylene 95.0 0.9 1.0 <MDL 0.3 0.4 1.1 2.2 3.0 3.8 

a-Pinene 45.0 0.2 0.3 <MDL <MDL <MDL 0.3 0.5 0.9 1.1 

o-Xylene 80.0 0.4 0.4 <MDL 0.1 0.2 0.5 0.9 1.3 1.7 

Octamethylcyclotetrasiloxane 35.0 0.2 0.1 <MDL <MDL <MDL 0.2 0.2 0.3 0.3 

Heptanal 15.0 0.1 0.0 <MDL <MDL <MDL <MDL 0.1 0.1 0.2 

Decane 30.0 0.2 0.1 <MDL <MDL <MDL 0.2 0.4 0.4 0.4 

2-Butoxyethanol 20.0 0.1 0.1 <MDL <MDL <MDL <MDL 0.3 0.4 0.5 

3-Carene 0.0 0.0 0.0 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Trimethylbenzene (1,2,4) 60.0 0.2 0.3 <MDL <MDL 0.1 0.3 0.6 1.0 1.3 

d-Limonene 5.0 0.0 0.0 <MDL <MDL <MDL <MDL <MDL <MDL 0.2 

Trimethylbenzene (1,2,3) 25.0 0.1 0.2 <MDL <MDL <MDL <MDL 0.2 0.5 0.7 

g-Terpinene 0.0 0.0 0.0 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Benzaldehyde 100.0 2.4 1.1 1.2 1.8 2.3 2.7 3.2 4.8 6.3 

Octanal 55.0 0.1 0.1 <MDL <MDL 0.1 0.2 0.2 0.3 0.3 
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Table 25 Continued. Summary of Outdoor VOC Analyte Concentrations (μg/m³) (n=20) 

Analyte 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Undecane 5.0 0.1 0.0 <MDL <MDL <MDL <MDL <MDL 0.1 0.2 

Butylbenzene 0.0 0.0 0.0 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Decamethylcyclopentasiloxane 95.0 0.4 0.4 <MDL 0.2 0.3 0.6 1.0 1.2 1.3 

2-Ethyl-1-hexanol 5.0 0.0 0.0 <MDL <MDL <MDL <MDL <MDL <MDL 0.1 

Nonanal 95.0 0.4 0.3 <MDL 0.2 0.2 0.5 0.7 0.9 1.2 

Dodecane 0.0 0.1 0.0 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Decanal 55.0 0.1 0.1 <MDL <MDL 0.1 0.2 0.3 0.4 0.5 

a-Terpineol 0.0 0.0 0.0 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Tetradecane 10.0 0.0 0.0 <MDL <MDL <MDL <MDL <MDL 0.1 0.1 

Texanol 10.0 0.1 0.1 <MDL <MDL <MDL <MDL <MDL 0.2 0.2 

Hexadecane 5.0 0.0 0.0 <MDL <MDL <MDL <MDL <MDL <MDL 0.1 

TXIB 10.0 0.1 0.2 <MDL <MDL <MDL <MDL <MDL 0.5 0.9 
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Thirty-four of the VOC analytes had significantly higher (Wilcoxon p<0.05) concentrations 
indoors than outdoors (See Appendix A, Table 105). In addition, we calculated indoor to 
outdoor (I/O) concentration ratios (indoor concentration/ outdoor concentration) for each facility. 
Table 26 presents mean and median I/O ratios from the twenty facilities where both 
measurements were collected. The I/O ratios ranged from 1.1 for benzene to 1,604 for d-
limonene. Results indicate that indoor sources were the primary determinants of VOCs within 
the ECE facilities. 
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Table 26. VOC Indoor to Outdoor (I/O) Concentration Ratios (n=20 ECE facilities) 

Analyte Mean SD Min 25th % Median 75th % Max 

Hexane 2.0 2.0 0.6 1.1 1.3 1.9 8.4 

Methylene chloride 1.2 0.2 0.6 1.1 1.1 1.3 1.4 

Carbon tetrachloride 1.2 0.2 0.6 1.1 1.1 1.3 1.4 

Chloroform 6.2 11.1 0.9 1.1 1.3 2.7 38.1 

Benzene 1.1 0.5 0.5 0.8 1.1 1.2 2.7 

Butanal 13.6 9.6 3.9 7.0 11.5 17.2 45.8 

Heptane 4.2 4.3 1.0 1.5 2.2 5.6 17.0 

Octane 8.2 6.1 1.4 3.0 6.9 11.8 21.1 

Toluene 3.4 2.4 1.3 1.9 2.4 3.8 9.7 

Hexamethylcyclotrisiloxane 1.4 1.1 0.4 0.9 1.1 1.4 5.3 

Tetrachloroethylene 1.9 1.6 0.4 1.0 1.3 2.0 6.5 

Hexanal 44.3 31.7 9.3 24.6 35.0 55.1 119.1 

Ethylbenzene 6.7 7.1 1.0 1.6 3.8 8.9 25.4 

m/p-Xylene 5.0 6.6 0.8 1.4 2.0 5.1 27.9 

a-Pinene 59.9 62.8 5.6 13.3 39.9 71.3 230.6 

o-Xylene 5.3 5.7 0.9 1.7 3.5 5.6 21.6 

Octamethylcyclotetrasiloxane 67.3 177.6 0.7 2.3 4.7 40.5 785.5 

Heptanal 26.0 10.2 7.4 21.7 26.9 33.0 43.3 

Decane 9.0 11.5 1.1 2.8 5.6 9.8 48.8 

2-Butoxyethanol 88.4 85.7 23.1 35.3 53.7 121.0 375.0 

3-Carene 24.8 31.5 1.1 6.7 9.0 41.1 126.4 

Trimethylbenzene (1,2,4) 5.5 4.5 0.7 2.3 4.1 7.3 15.5 

d-Limonene 1,603.9 1,481.2 81.7 359.1 708.6 3,119.0 4,015.5 

Trimethylbenzene (1,2,3) 7.1 11.1 0.3 1.0 1.3 7.8 37.6 

g-Terpinene 16.6 24.1 0.9 1.1 4.0 20.7 84.0 

Benzaldehyde 1.3 0.6 0.3 0.9 1.2 1.8 2.5 

Octanal 25.0 13.2 8.8 15.2 18.5 32.9 54.1 

Undecane 6.1 7.3 0.6 1.9 3.9 7.3 29.1 

Butylbenzene 1.4 1.3 0.6 1.1 1.1 1.3 6.7 

Decamethylcyclopentasiloxane 159.8 129.9 28.7 60.5 99.1 279.0 457.0 

2-Ethyl-1-hexanol 41.6 22.9 15.0 28.0 35.8 46.5 101.2 

Nonanal 42.9 36.7 5.6 15.4 37.1 55.2 167.8 

Dodecane 7.7 8.2 0.6 2.7 4.4 10.7 35.0 

Decanal 39.3 35.3 2.7 14.4 22.8 58.6 140.3 

a-Terpineol 34.3 51.1 1.1 3.2 10.7 47.7 172.8 

Tetradecane 59.4 47.2 17.5 23.5 39.1 102.1 164.9 

Texanol 278.7 435.8 6.6 63.2 128.8 240.0 1,832.3 

Hexadecane 19.8 14.6 5.2 10.8 16.4 21.2 62.2 

TXIB 116.6 83.5 11.2 52.0 101.0 143.4 324.5 
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3.2.3 Determinants of Volatile Organic Compounds 

To explore the relationship between indoor and outdoor air pollution in ECE facilities, we 
obtained traffic statistics within a one kilometer (km) radius buffer from the California 
Environmental Health Tracking Program (CEHTP) traffic linkage service (Table 27). The values 
are computed from data recorded in the CalTrans Highway Performance Monitoring System 
(HPMS) 2004.131 The following traffic summary statistics were abstracted: sum of all length-
adjusted traffic volumes (∑LATV), sum of all Gauss-adjusted traffic volumes (∑GATV), and 
length-adjusted traffic volume of the highest segment (heaviest used road; LATV-HS) were 
obtained on July 19th, 2011.131 Length-adjusted traffic volumes are the length of a road segment 
(km) multiplied by the average daily traffic volume (vehicles per hour). Gauss-adjusted traffic 
volumes assume a Gaussian dispersion of airborne exhaust pollution from the traffic segment 
and traffic counts are weighted by a 500 meter (half 1-km total radius) Gaussian curve 
measured from the ECE facility to the center of street.132 Participating programs had a wide 
range of nearby traffic density (Table 27). Differences in traffic metrics between Alameda and 
Monterey County are presented in Table 28. Overall, nearby traffic levels were significantly 
higher in Alameda County, consistent with the higher population and density. 

Table 27. Summary Traffic Metric Statistics (n=40) 

Min 25th % Median 75th % 90th % 95th % Max 

∑LATV (vehicle-km/hr) 31 4,294 7,708.5 14,397 28,063 35,622 52,018 

∑GATV (vehicles/day*) 0 29.5 3,879.5 14,218 29,250 51,817 324,498 
∑LATV -HS (vehicle-
km/hr) 30 1,741.5 2,777.5 6,277 16,479 18,401 20,065 

*Average annual daily traffic 

Table 28. Summary of Traffic Metric Statistics by County 

Monterey Alameda 

∑LATV 
(vehicle-
km/hr) 

∑GATV 
(vehicles/day*) 

∑LATV -
HS 

(vehicle-
km/hr) 

∑LATV 
(vehicle-
km/hr) 

∑GATV 
(vehicles/day*) 

∑LATV -
HS 

(vehicle-
km/hr) 

N 20 20 20 20 20 20 
Min 31 0 30 4,824 0 1,692 
25th % 1,134 3 689.5 8,376 2,636 2,125 
Median 4,420 1,808 1,980 11,256 11,643 4,045 
75th % 6,665 5,259 3,439 24,366 27,177 15,769 
Max 16,004 15,686 7,351 52,018 324,498 20,065 

*Average annual daily traffic 

42 



 

 

         
         

      
        

      
 

       
      

     
          

        
               
               

        
           

          
         

           
            

           
        

       
       

       
       
              

  
        

 
         

        
           

            
            

        
        

A number of VOCs are products of gasoline evaporative emissions. We hypothesized that 
indoor and outdoor concentrations of these VOC may be associated with proximity to traffic. 
Benzene and heptane levels indoors and outdoors were significantly associated (p<0.05) with 
all traffic metrics (Table 29). Overall, outdoor VOC concentrations were more strongly 
associated with proximity to traffic than indoor VOC concentrations. 

Table 29. Association between Indoor and Outdoor VOC Concentrations and Nearby 
Traffic Intensity Tested with Spearman Correlations (rho) 

Indoor (n=34) Outdoor (n=20) 
∑ LATV ∑ GATV LATV -HS ∑ LATV ∑ GATV LATV -HS 

Hexane 0.33 0.32 0.32 0.41 0.71* 0.25 
Benzene 0.39* 0.42* 0.40* 0.52* 0.55* 0.54* 
Heptane 0.38* 0.34* 0.46* 0.52* 0.53* 0.60* 
Octane 0.23 0.25 0.27 0.35 0.62* 0.38 
Toluene 0.25 0.34* 0.29 0.48* 0.44 0.56* 
Ethylbenzene 0.24 0.30 0.29 0.53* 0.57* 0.54* 
m/p-Xylene 0.25 0.28 0.31 0.53* 0.40 0.60* 
o-Xylene 0.25 0.32 0.30 0.49* 0.47* 0.57* 
Decane 0.16 0.53* 0.15 0.46* 0.58* 0.39 
Trimethylbenzene (1,2,4) 0.34 0.37* 0.34 0.44 0.39 0.49* 
Trimethylbenzene (1,2,3) 0.25 0.26 0.30 0.34 0.61* 0.25 
Undecane -0.01 0.20 0.08 -0.06 0.37 -0.23 
Butylbenzene -0.05 -0.07 0.08 NC NC NC 
Dodecane -0.07 0.15 0.10 NC NC NC 
Tetradecane 0.07 0.11 0.26 -0.08 0.25 -0.38 
Hexadecane 0.44* 0.52* 0.53* -0.30 0.09 -0.52* 
*Significant, p<0.05 
NC-Values not calculated. Outdoor concentrations below MDL for these analytes. 

We also hypothesized that air freshener use was associated with increased indoor VOC 
concentrations of analytes found in fragrances. Twenty-two facilities (55%) reported air 
freshener use, seventeen (42.5%) reported no air freshener use, and one facility did not know 
about air freshener use. Of the thirty-four valid VOC measurements, twenty reported no air 
freshener use and fourteen reported air freshener use. Indoor concentrations of hexanal and 
decanal were significantly higher (Mann-Whitney p<0.05) in facilities reporting air freshener use 
compared to facilities not reporting air freshener use (Table 30). 
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Table 30. Difference in VOC Concentrations between Facilities Reporting No Air Freshener Use and Air Freshener Use 

Air Fresheners Not Used (n=20) Air Fresheners Used (n=14) 
>MDL 

(%) 
25th % 
(μg/m³) 

Median 
(μg/m³) 

75th % 
(μg/m³) 

Maximum 
(μg/m³) 

>MDL 
(%) 

25th % 
(μg/m³) 

Median 
(μg/m³) 

75th % 
(μg/m³) 

Maximum 
(μg/m³) 

Hexanal* 100 3.5 4.6 7.8 20.9 100 4.8 9.3 13.7 22.5 

a-Pinene 100 1.8 4.0 6.2 57.7 100 1.7 3.5 6.9 15.7 

Heptanal 92.9 0.7 1.0 1.4 2.7 100 0.9 1.0 1.2 1.6 

3-Carene 85.7 0.1 0.2 0.3 3.0 80.0 0.1 0.4 0.8 1.8 

d-Limonene 100 8.2 17.7 57.2 81.5 100 20.1 54.5 71.3 74.9 

g-Terpinene 71.4 <MDL 0.3 0.5 7.1 55.0 <MDL 0.2 0.4 1.6 

Benzaldehyde 100 2.0 2.4 3.8 9.4 100 2.1 2.5 3.4 5.7 

Octanal 100 1.5 2.1 2.6 5.7 100 1.8 2.3 2.5 3.9 

Nonanal 100 5.8 8.3 11.9 15.6 100 7.3 9.0 9.8 16.0 

Decanal* 100 1.3 2.3 3.9 8.6 90.0 2.4 4.0 7.6 22.0 

a-Terpineol 92.9 0.1 0.3 1.5 6.4 80.0 0.4 0.7 2.3 24.1 

*Significant, p<0.05 
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3.2.4 Identification and Quantification of Unknown VOCs 

In this section, we describe a semi-quantitative approach used to identify and quantify 
unknown peaks in the VOC GC/MS chromatograms using a mass spectral library search and a 
modified toluene equivalent mass calibration. Toluene equivalent mass has long been used in 
reporting total volatile organic compounds (TVOC) for unidentified chemicals.133 To use toluene 
equivalent mass for individual compounds, the peaks in the total ion chromatogram (TIC) must 
be well resolved so that the area under the chromatographic response for the specific 
compound can be related to the mass of toluene using a toluene response factor. However, for 
complex chromatograms that have large numbers of unresolved or partially resolved peaks, 
identifying the area under the TIC that is related to a specific chemical is more challenging. For 
these chemicals, we use a dominant and/or unique fragment ion chromatogram in the mass 
spectra, referred to here as the extracted ion chromatogram (EIC). 

To identify compounds for quantification, we first reviewed a chromatogram from each of the 
facilities tested in the main part of the study. To get an initial estimate of the different chemical 
classes present in the samples, we screened the samples for five ions generally related to a 
specific chemical class. These included siloxanes (m/z = 73), terpenes (m/z = 93), alkyl-
aromatics (m/z = 91), alkoxy (m/z = 45) and alkanes (m/z = 57). Using this information, we 
selected several samples with a wide variety of chemical classes represented to develop the 
compound list for the method. 

For each of the selected chromatograms, each peak was identified using a mass spectral 
library search with the NIST08 database. The chemical name and retention time for each peak 
with a match quality greater than ~80% was added to the compound list in the quantification 
method and used to quantify the next data file. After the next file was quantified and each 
identified peak reviewed to confirm that it was a good match, the chromatogram was carefully 
reviewed for additional unidentified peaks. The mass spectrum from each remaining unidentified 
peak was searched using the NIST08 database and if a good quality match was found, the 
additional chemical was added to the compound list in the method along with the associated 
retention time. This process was repeated with each data file until all peaks greater than about 
5 ng toluene equivalent were identified. The approach resulted in the identification of 173 unique 
chemicals, including overlap with the a priori target analytes where standard calibration curves 
were used. 

To provide a first estimate of the mass of the compounds we started by assigning each 
compound to a chemical class. The relationship between the extracted ion for the particular 
chemical class and that of toluene was determined using surrogate compounds from the 
calibration data collected over the course of the project. For each calibration data file, we 
determined the area of the extracted ion (EIx) and the total ion (TIx) for each chemical (x) and for 
toluene. This was only done when the TIC peaks were separated from other peaks. The 
chemical class, surrogate compounds, individual EIx/TIx ratios and overall surrogate specific 
class EIs/TIs ratio are presented in Appendix D, Table 150. We assume that the TIC response 
for the surrogate compound (toluene) is equal to the TIC response for all chemicals in the 
analysis. With this assumption, the extracted ion response for toluene (EItoluene) was transformed 
to surrogate category response (EIs) and assigned to each chemical (EIx) by, 

𝑇𝐼 𝐸𝐼𝑠 𝐸𝐼𝑡𝑜𝑙𝑢𝑒𝑛𝑒 × × = 𝐸𝐼𝑥 𝐸𝐼𝑡𝑜𝑙𝑢𝑒𝑛𝑒 𝑇𝐼 
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The EIx values were then used to quantify the estimated mass of individual chemicals 
based on the chemical class assignment and the conversion factor determined by the five-point 
toluene calibration curve. Using the final quantification method, each data file was analyzed a 
final time including a careful review of peak identification and integration. There was no attempt 
to distinguish between isomers or confirm the NIST identification with pure standards beyond 
what was included with the initial set of target chemicals. 

In total, 129 additional VOC analytes were determined through the NIST library. To assess 
the quality of the estimated values, we examined the association of the measured versus 
estimated values for those compounds that were included a priori in the standard calibration 
curve (Appendix D, Table 150). The measured and estimated values for all compounds were 
strongly correlated (R2=0.75, p<0.05) (Figure 5). More than 60% of the individual compounds 
had a Spearman correlation >0.8 and more than 70% had a Spearman correlation >0.7 (See 
Appendix D, Table 151). As seen in Figure 5, the semi-quantitative model generally 
underestimated VOC analytes (slope=0.69). Overall, these results indicate that the estimated 
values are a good indicator of the likely concentrations on the NIST identified compounds and 
that the information can be used to identify likely VOC contaminants warranting further study. 
The distributions of the concentrations of the semi-quantitative VOCs are presented in Appendix 
D, Table 152. 

Over 100 unique VOCs were identified in at least 50% of the facilities and/or at levels 
greater than 1 µg/m3. Ranking the toxicological significance and relative importance of each of 
the chemicals identified is beyond the scope of this study but the results highlight the 
importance of expanding the number of VOCs considered in indoor air samples. The list of 
compounds should be screened to determine how many of the compounds have relevant 
health-based exposure guidelines. 
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Figure 5. Relationship between VOC analyte concentrations measured with standard 
calibration curves versus estimated concentrations from semi-quantitative method. Lines 
in graph are the linear regression and one to one slope. 

3.2.5 Carbonyl QA/QC 

Nine field blanks were collected from the 40 ECE facilities (~23%). Median formaldehyde, 
acetaldehyde, and acetone field blank masses were 40.6, 36.6, and 108.6 ng, respectively. 
Overall, levels are very low compared to the measured concentrations, suggesting minimal 
background contamination. Twelve duplicate indoor carbonyl samples were collected for QA/QC 
purposes. The mean RSDs were 3.5% (SD=4.3), 3.2% (SD=3.2), and 3.7% (SD=4.3) for 
formaldehyde, acetaldehyde, and acetone duplicate samples collected, respectively. These 
values indicate good precision for field duplicates. See Appendix C for additional carbonyl 
QA/QC. 
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3.2.6 Carbonyl Air Monitoring Results 

Valid carbonyl measurements were collected from all 40 ECE facilities. Tables 31 and 32 
summarizes results for indoor (n=40) and outdoor (n=19) measurements. In facilities where 
duplicates were collected, we averaged the two measurements to obtain a single concentration. 
Figure 6 compares the distribution of indoor and outdoor carbonyl levels. Wilcoxon matched 
data test was used to assess difference in indoor and outdoor carbonyl concentrations. Overall, 
levels were significantly higher indoors than outdoors (p<0.05) for all three carbonyls, indicating 
that indoor sources are primary contributors to carbonyl concentrations. There were no 
significant differences (Mann-Whitney p>0.05) when carbonyl concentrations were stratified by 
county or ECE type (Table 33). 
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Table 31. Summary of Indoor Carbonyl Concentrations (µg/m³) (n=40) 

Analyte Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Formaldehyde 18.9 10.1 0.7 10.6 17.8 25.0 33.2 37.3 48.8 

Acetaldehyde 8.5 5.4 0.7 4.7 7.6 10.5 17.1 20.2 23.3 

Acetone 58.5 172.4 1.0 11.5 19.9 43.3 70.9 155.7 1,100.9 

Table 32. Summary of Outdoor Carbonyl Concentrations (µg/m³) (n=19) 

Analyte Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Formaldehyde 2.5 0.8 1.5 1.9 2.3 3.1 3.9 4.0 4.0 

Acetaldehyde 2.5 1.5 1.1 1.6 1.8 3.4 4.9 6.5 6.5 

Acetone 4.3 2.4 0.0 3.0 3.9 4.7 8.8 9.9 9.9 
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Figure 6. Box plots of indoor (n=40) vs. outdoor (n=19) formaldehyde, acetaldehyde, and 
acetone concentrations. Acetone box plot does not include ECE 17 as it was an extreme 
outlier. 

Table 33. Summary of Carbonyl Concentrations (µg/m³) by ECE Type 

Formaldehyde Acetaldehyde Acetone 

Center Home Center Home Center Home 

N 28 12 28 12 28 12 

Mean 16.5 24.6 7.9 9.8 74.3 21.8 

SD 7.5 13.2 5.6 5.1 205.0 14.3 

25th % 9.9 13.4 4.3 6.8 10.8 14.4 

Median 17.3 22.6 5.7 8.1 22.0 16.4 

75th % 21.1 35.5 9.5 11.8 53.0 23.8 

Max 30.3 48.8 23.3 21.3 1,100.9 62.1 
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3.2.7 Formaldehyde Concentration Determinants 

Due to off-gassing from pressed wood products, recently constructed buildings have been 
associated with higher formaldehyde concentrations.134 We collected formaldehyde 
measurements from all 40 child care programs but only 31 child care programs knew the age of 
their building. The correlation between formaldehyde concentrations and building age was not 
significant (r=-0.08, p=0.67), however, formaldehyde levels were strongly inversely associated 
with air exchange rates (rho=-0.59, p<0.05). We tested for differences in formaldehyde 
concentrations between portable/manufactured buildings (portable/manufactured buildings, n=9) 
and all other buildings and found no significant differences between building types (Mann-
Whitney, p>0.05). Renovations within the last year (n=23) were not associated with increased 
formaldehyde concentrations (Mann-Whitney, p>0.05). Installing new floor coverings within the 
last year (n=6) was not associated with increased formaldehyde concentrations (Mann-Whitney, 
p>0.05). Pressed-wood furniture present inside thirty-five child care facilities (87.5%) but was 
also not associated with increased formaldehyde concentrations (Mann-Whitney, p>0.05). 

3.2.8 Volatile Organic Compound Discussion 

Thirty-nine VOC compounds were measured in indoor air samples collected from 34 ECE 
facilities. The two highest VOCs measured were d-limonene and decamethyl-
cyclopentasiloxane. Both d-limonene and decamethylcyclopentasiloxane were detected in all 
facilities and had median concentrations of 33 and 51 μg/m3, respectively. D-limonene is a 
cyclic terpene often used as a solvent in cleaning products that gives a “citrus smell”. 
Decamethylcyclopentasiloxane is a siloxane often used in cosmetic products. The mean 
indoor/outdoor (I/O) ratios for d-limonene and decamethylcyclopentasiloxane were 1,603 and 
160 μg/m3, respectively, highlighting indoor consumer product use as the likely source of these 
compounds in ECE facilities. The d-limonene levels in the ECE facilities were significantly 
higher than levels reported in a recent study in California homes (33 vs. 11 μg/m3), likely due to 
frequent use of cleaning products in child care. D-limonene is a potential respiratory irritant and 
can also react with ozone to form formaldehyde and other secondary contaminants.1 

Eighteen other VOC compounds were measured in 100% of indoor air samples with median 
concentrations ranging from a high of 10.9 μg/m3 for 2-butoxyethanol to a low of 0.7 μg/m3 for 
ethylbenzene. The average I/O ratios for these compounds ranged from a high of 279 for 
Texanol and a low of 1.3 for benzaldehyde. Texanol (2,2,4-trimethyl-1,3-pentanediol 
monoisobutyrate) is a commonly used additive in latex paint.126 

Traffic is a known source of benzene. Indoor and outdoor benzene, hexane, and heptane 
levels measured at ECE facilities were positively associated with proximity to traffic. Three of 
the 4 BTEX volatile aromatic compounds typically found in petroleum (benzene, toluene, 
ethylbenzene, and xylenes)135 were detected in 100% of indoor samples; the exception was 
benzene, detected in 70.6% of samples. Average indoor air concentrations of the BTEX 
compounds ranged from 0.7 to 4.1 μg/m³, levels very similar to those reported in previous 
studies of portable classrooms in California.17 

Many VOCs, including the carbonyls formaldehyde, acetaldehyde and acetone, were 
present indoors due to numerous common indoor sources at levels similar to or lower than 
those in other indoor environments. The median indoor air formaldehyde and acetaldehyde 
concentrations (18 μg/m³ and 8.5 μg/m³) were lower in ECE facilities than the levels found in a 
recent study of 103 new single family homes in California (median = 36 μg/m³ and 20 μg/m³).1 

In that study, nearly all homes had formaldehyde concentrations that exceeded guidelines for 
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cancer and chronic irritation, while 59 percent exceeded guidelines for acute irritation.1 Average 
formaldehyde levels (18.9 μg/m³) in ECE facilities were slightly higher than average levels 
measured in studies of classrooms in California (Phase 2 averages = 15 μg/m³ for portable 
classrooms); 12 μg/m³ for traditional classrooms; and 13 μg/m³ for all classrooms).17 Pressed 
wood materials with urea-formaldehyde resins are likely to be the dominant source of 
formaldehyde indoors.136 

All measured VOC concentrations were below acute (immediate effects) risk levels. Two 
carbonyl compounds, acetaldehyde and formaldehyde, were measured at concentrations 
exceeding chronic benchmarks for respiratory irritation. Thirty-five out of 40 ECE facilities 
(87.5%) had formaldehyde concentrations above OEHHA’s 8-hour REL and cREL (9 μg/m³), 
with the highest concentration 5.4 times the RELs. Twelve out of 40 ECE facilities (30%) had 
acetaldehyde concentrations above the chronic RfC (9 μg/m³), with the highest concentration 
2.6 times the RfC.45 

Child inhalation exposure estimates for five potentially carcinogenic VOC compounds 
(benzene, chloroform, ethylbenzene, acetaldehyde, and formaldehyde) exceeded age-specific 
NSRL Safe Harbor Levels computed by the report authors. Thus, many facilities would exceed 
the one in 100,000 excess lifetime cancer risk level for one or more of these compounds if the 
exposures continued for a lifetime. However, the much shorter exposure in ECE facilities 
presents a lower risk. The average indoor air concentrations for these five compounds ranged 
from a high of 18.9 μg/m³ for formaldehyde and a low of 0.7 μg/m³ for ethylbenzene. For 
formaldehyde, a known human carcinogen,137 the ratio of age-adjusted child dose estimates to 
the age-specific NSRL benchmarks ranged from 12.0 to 107.5 for the four age groups assessed 
(i.e., birth to <1 year; 1 to <2 years; 2 to <3 years; and 3 to <6 years). 

The evaluation of unknown VOCs using the NIST mass spectral libraries indicated that ~130 
additional VOCs were likely present in the facilities. Ranking the toxicological significance and 
relative importance of each of the chemicals identified by the analysis is beyond the scope of 
this study but the results highlight the importance of expanding the number of VOCs considered 
in indoor air quality studies and the need to determine if any of the compounds have potential 
health impacts. 

Overall, VOCs were detected more frequently and at significantly higher levels indoors 
compared to outdoors. The indoor VOC levels were also inversely related to ventilation rates 
(for example, the correlation of air exchange rates and formaldehyde concentrations was -0.59), 
confirming that indoor sources were important determinants of the VOC levels. 

3.3 Phthalate Results and Discussion 

We analyzed indoor and outdoor air and dust samples collected from ECE facilities for five 
phthalate esters (diethyl phthalate [DEP], diisobutyl phthalate [DIBP], dibutyl phthalate [DBP], 
butyl benzyl phthalate [BBP], and di(2-ethylhexyl) phthalate [DEHP]). 

3.3.1 Phthalate QA/QC 

Indoor and Outdoor Air . For phthalate analysis in PUF, the average lab matrix spike 
recovery was 112.9% (SD= 14.1). Field matrix spike recoveries averaged 106.2% (SD= 28.5). 
Two duplicate indoor air phthalate measurements were collected at ECE#16 and #40 and 
analyzed for precision between measurements. The average RSD was 42.2% (SD=34.7). 
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Overall, the absolute differences were small, and the higher RSDs were associated with 
concentrations below the detection limit. The RSD for dibutyl phthalate, which was present in 
the air at the highest levels, was low (average=10.4%). For the other phthalates measured in 
air, the duplicate field concentrations were similar to the median levels reported, suggesting that 
reported upper-range values are more reliable. 

Carpet Dust. For phthalate analysis in dust, the average lab matrix spike recovery was 
98.6% (SD=5.4). Three phthalate dust samples were analyzed in duplicate. The average RSD 
was 5.73% (SD=1.4), showing strong precision in phthalate dust analysis. See Appendix C for 
more information. 

3.3.2 Phthalate Air Results 

A total of 40 indoor and 14 outdoor phthalate samples were valid for analysis. Final mass of 
phthalates were calculated by subtracting three-times the standard deviation of field matrix 
blanks. When duplicate samples were taken indoors, the average concentration between the 
two measurements was calculated and reported for that facility. Phthalates were detected more 
often in the indoor environment (Table 34) than the outdoor environment (Table 35). 
Concentrations of DEP, DIBP, and BBP were significantly higher indoors than outdoors 
(Wilcoxon p<0.05). The detection frequencies for DEP and DIBP were also significantly higher 
indoors versus outdoors (McNemar p<0.05). Interestingly, DIBP, a plasticizer often used in 
combination with other high molecular weight phthalates as a gelling aid, was found to be only 
present indoors. The phthalate indoor to outdoor air concentration ratios are summarized in 
Table 36. 
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Table 34. Summary of Indoor Air Phthalate Detection Frequencies and Concentrations (µg/m³) (n=40 ECE Facilities) 

Analyte >MDL (%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Diethyl phthalate 97.5 0.42 0.51 <MDL 0.14 0.21 0.57 0.85 1.34 2.81 

Diisobutyl phthalate 87.5 0.23 0.45 <MDL 0.02 0.10 0.23 0.39 0.98 2.56 

Dibutyl phthalate 100 0.87 0.75 0.05 0.29 0.52 1.43 2.03 2.40 2.65 
Butyl benzyl phthalate 50.0 0.03 0.06 <MDL <MDL <MDL 0.03 0.12 0.19 0.23 

Di(2-ethylhexyl) phthalate 52.5 0.12 0.43 <MDL <MDL 0.01 0.06 0.23 0.38 2.71 

Table 35. Summary of Outdoor Air Phthalate Detection Frequencies and Concentrations (µg/m³) (n=14 ECE Facilities) 

Analyte >MDL (%) Mean SD Min 25th % Median 75th % 90th % Max 

Diethyl phthalate 14.3 0.05 0.13 <MDL <MDL <MDL <MDL 0.25 0.43 

Diisobutyl phthalate 0.0 0.00 0.00 <MDL <MDL <MDL <MDL <MDL <MDL 

Dibutyl phthalate 71.4 4.36 11.21 <MDL <MDL 0.10 0.16 23.40 36.78 
Butyl benzyl phthalate 14.3 0.00 0.00 <MDL <MDL <MDL <MDL 0.01 0.01 

Di(2-ethylhexyl) phthalate 35.7 0.09 0.16 <MDL <MDL <MDL 0.14 0.32 0.52 

Table 36. Summary of Indoor/Outdoor Air Concentrations Ratios for Phthalates (n=14 ECE Facilities) 

Analyte Mean SD Min 25th % Median 75th % Max 

Diethyl phthalate 909.0 1,916.5 0.6 81.0 269.8 627.3 7,339.6 

Diisobutyl phthalate 270.1 342.1 0.5 22.2 120.6 420.9 929.4 

Dibutyl phthalate 124.2 242.8 0.1 1.9 3.1 67.5 759.1 
Butyl benzyl phthalate 49.2 94.3 0.1 0.6 9.1 71.3 354.3 

Di(2-ethylhexyl) phthalate 152.8 237.4 0.0 0.4 1.8 314.4 656.0 
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3.3.3 Phthalate Dust Results 

Five phthalates, a constituent of plastics, personal care, and other consumer products, were 
measured in all 39 dust samples collected. The target analytes were diethyl phthalate (DEP), 
diisobutyl phthalate (DIBP), dibutyl phthalate (DBP), butyl benzyl phthalate (BBP), and di(2-ethyl 
hexyl) phthalate (DEHP). The median BBP and DEHP concentrations (46.8 and 172.2 μg/g) 
were substantially higher than DEP, DIBP, and DBP (medians = 1.4, 9.3, 13.7 μg/g, respectively 
(Table 37). Similarly, loadings of BBP and DEHP were also higher (medians = 135.7 and 
361.7 μg/m2, respectively) than DEP, DIBP, and DBP loadings (medians = 3.5, 26.8, and 
51.1 μg/m2, respectively; see Table 38). 
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Table 37. Summary of Phthalate Dust Concentrations (µg/g) (n=39) 

Analyte 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Diethyl phthalate 100 2.1 1.5 0.5 1.0 1.4 2.7 4.3 4.6 7.9 

Diisobutyl phthalate 100 16.2 25.0 3.5 5.9 9.3 14.4 23.2 81.4 145.8 

Dibutyl phthalate 100 26.9 29.7 2.8 10.3 13.7 31.3 69.9 119.8 138.5 

Butyl benzyl phthalate 100 208.3 343.6 7.1 22.7 46.8 236.9 815.7 1,194.1 1,435.5 

Di(2-ethylhexyl) phthalate 100 221.6 182.8 51.6 113.0 172.2 265.4 408.4 543.9 1,088.1 

Table 38. Summary of Phthalate Dust Loading (µg/m²) (n=39) 

Analyte Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Diethyl phthalate 5.9 6.0 0.2 1.5 3.5 8.5 14.4 22.6 25.3 

Diisobutyl phthalate 38.8 36.0 1.0 7.7 26.8 55.7 99.5 132.3 135.1 

Dibutyl phthalate 72.0 76.3 1.4 13.2 51.1 97.3 201.6 253.4 338.5 

Butyl benzyl phthalate 483.8 790.7 4.5 54.7 135.7 507.9 1,771.8 2,042.2 3,895.8 

Di(2-ethylhexyl) phthalate 722.2 962.0 21.0 160.0 361.7 840.2 1,976.9 2,442.1 5,102.4 
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3.3.4 Phthalate Air and Dust Result Correlations 

We computed Spearman’s rank correlation coefficients to compare the concentrations in 
the air with the concentrations and loadings in dust. Concentrations of DIBP, DBP, and BBP in 
air and dust were moderately to strongly correlated (Spearman r=0.46-0.61, p<0.05; Table 39). 
DEP levels in air and dust were weakly correlated (0.24, p>0.05), whereas DEHP levels were 
not correlated. When examining contaminant loading and air levels, only BBP levels in air were 
significantly correlated. 

Table 39. Spearman Correlation of Phthalate Concentrations 
in Air and Dust Concentrations and Loading (n=39). 

Air to Dust 
Concentration 

(rho) 

Air to Dust 
Loading 

(rho) 
Diethyl phthalate (DEP) 0.24 0.23 

Diisobutyl phthalate (DIBP) 0.47* 0.05 

Dibutyl phthalate (DBP) 0.46* -0.06 

Butyl benzyl phthalate (BBP) 0.61* 0.64* 

Di(2-ethylhexyl) phthalate (DEHP) -0.22 -0.14 

*Spearman, p<0.05 

3.3.5 Phthalate Discussion 

Phthalate esters are semi volatile organic compounds used as plasticizers in plastics and 
personal care products. Phthalate compounds are on the California Proposition 65 list as 
developmental toxins, and have been found to contaminate indoor environments.78-81 Studies 
have associated phthalate exposures with bronchial obstruction, allergies, and asthma in young 
children, and they are likely endocrine disruptors in humans.18,82-86 

Levels of five phthalates were measured in air sampled from 40 ECE facilities located in 
Monterey (n=20) and Alameda (n=20) counties. Dibutyl phthalate was detected in 100% of 
indoor air samples, and was the phthalate measured at the highest concentrations in both 
indoor and outdoor air (median = 0.52 and 0.10 µg/m3, respectively). All five phthalates were 
detected more frequently in the indoor compared to outdoor air. Indoor and outdoor air dibutyl 
phthalate levels were very similar to those measured in a pilot study of nine child care centers 
located in North Carolina (mean=0.49 and 0.07 µg/m3).138 

Of all the compounds measured in dust from ECE facilities, including flame retardants and 
pesticides, the phthalates DEHP and BBP (medians = 172.2 and 46.8 μg/g, respectively) were 
measured in the highest concentrations (n=39 ECE facilities). Air and dust concentrations of 
three phthalates (DIBP, DBP and BBP) were moderately to strongly correlated with each other 
(Spearman rho=0.46-0.71; p<0.05), suggesting deep carpet dust may be an ongoing source of 
phthalates indoors. Increased ventilation and vacuuming could reduce phthalate exposure in 
ECE facilities. 
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In the screening risk assessment, no phthalate compounds were found with dose estimates 
exceeding health-based reference values for any of the four age groups assessed (birth to 
<1 year; 1 to <2 years; 2 to <3 years; and 3 to <6 years). 

3.4 Flame Retardant Results and Discussion 

We analyzed indoor and outdoor air collected from ECE facilities for six polybrominated 
diphenyl ether (PBDE) (i.e., BDE-47, -99, -100, -153, -154, and 209) and four non-BDE flame 
retardants, including two constituents of Firemaster 550 (2-ethylhexyl tetrabromobenzoate 
[EHTBB] and bis[2-ethylhexyl]tetrabromophthalate [BEHTBP]), and two tris phosphate flame 
retardants (tris [2-chloroethyl] phosphate [TCEP] and TDCPP)(Tables 40-42). 

In addition, we analyzed dust samples for 14 PBDE flame retardants (Table 43) and four 
non-BDE flame retardants (EHTBB, BEHTBP, TCEP and TDCPP). 

3.4.1 Flame Retardant QA/ QC 

Indoor and Outdoor Air . Two lab and field matrix spikes were analyzed for PBDE flame 
retardants in PUF by Battelle Laboratories. The average recovery for lab and field matrix spikes 
was 82.0% (SD= 9.2) and 86.2% (SD 16.9), respectively. For two duplicate flame retardant 
measurements in air, the average RSD was 42.1% (SD=41.7). 

Carpet Dust. For flame retardants in dust, three lab spikes were analyzed for recovery. The 
average lab spike recovery was 85.5% (SD=12.6). One dust sample was analyzed in duplicate 
for PBDE flame retardants and two dust samples were analyzed in duplicate for Firemaster 550 
and tris phosphate ester flame retardants. The average RSD for flame retardants analyzed in 
duplicates was 25.6% (SD=31.4). See Appendix C for additional QA/QC information. 

3.4.2 Flame Retardant Air Results 

A total of 40 indoor and 16 outdoor flame retardant results were available for analysis 
(Tables 40 and 41). Three times the standard deviation of the field matrix blank was subtracted 
out of sample masses before analysis. If duplicate indoor samples were collected, an average 
concentration was computed. Concentrations were reported when analyte mass was above the 
MDL. When below the MDL, values were flagged. BDE-209 was only reported from the first 
seven ECE facilities (#10-16) due to laboratory calibration issues (See methods in Section 
2.5.1.3.1). Indoor BDE-209 values for the first seven facilities are reported but BDE-209 was 
excluded from further analysis and no outdoor measurements were analyzed for that congener. 
BDE-47 and BDE-99 were the most common congeners detected indoors and outdoors 
(%>MDL= 90 and 95%, respectively). 

Indoor BDE-99 and TCEP concentrations were significantly higher (p<0.05) compared to 
levels in outdoor air (Wilcoxon p<0.05). Of the facilities where indoor and outdoor flame 
retardant air measurements were collected, the probability of detecting BDE-47 indoors was 
significantly higher than the probability of detecting the compound outdoors (McNemar’s test 
p<0.05). The flame retardant indoor to outdoor air concentration ratios are summarized in 
Table 42. 
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Table 40. Summary of Flame Retardant Indoor Air Concentrations (ng/m³) 

Analyte N 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

BDE-47 40 90.0 0.52 0.67 <MDL 0.07 0.26 0.62 1.60 2.16 2.67 
BDE-99 40 95.0 0.19 0.21 <MDL 0.06 0.12 0.24 0.46 0.67 0.93 

BDE-100 40 37.5 0.01 0.02 <MDL <MDL <MDL 0.01 0.03 0.05 0.08 

BDE-153 40 20.0 0.33 1.24 <MDL <MDL <MDL <MDL 0.87 1.43 7.62 

BDE-154 40 5.0 0.13 0.73 <MDL <MDL <MDL <MDL <MDL 0.09 4.60 

BDE-209* 7 100 1.63 1.31 0.47 0.97 1.39 1.65 4.46 4.46 4.46 

EHTBB 40 15.0 0.58 2.61 <MDL <MDL <MDL <MDL 0.89 2.29 16.23 

BEHTBP 40 17.5 0.23 0.87 <MDL <MDL <MDL <MDL 0.56 0.99 5.39 

TCEP 40 65.0 2.69 3.89 <MDL <MDL 0.91 3.05 8.66 12.94 15.34 

TDCPP 40 90.0 0.59 0.36 <MDL 0.40 0.53 0.72 0.96 1.25 1.99 
* BDE-209 was only analyzed from the first seven ECE facilities sampled. See methods in Section 2.5.1.3.1. 

Table 41. Summary of Flame Retardant Outdoor Air Concentrations (ng/m³) 

Analyte N 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % Max 

BDE-47 16 56.3 1.16 2.67 <MDL <MDL 0.09 0.60 4.08 10.20 
BDE-99 16 75.0 0.06 0.05 <MDL <MDL 0.05 0.09 0.14 0.15 

BDE-100 16 12.5 0.01 0.01 <MDL <MDL <MDL <MDL 0.01 0.03 

BDE-153 16 37.5 0.25 0.60 <MDL <MDL <MDL 0.17 0.62 2.40 

BDE-154 16 0.0 0.01 0.00 <MDL <MDL <MDL <MDL <MDL <MDL 

EHTBB 16 12.5 0.14 0.39 <MDL <MDL <MDL <MDL 0.55 1.53 

BEHTBP 16 12.5 0.30 1.00 <MDL <MDL <MDL <MDL 0.62 4.02 

TCEP* 14 50.0 0.72 0.54 <MDL <MDL 0.19 1.17 1.59 1.60 

TDCPP* 14 100 0.72 1.20 0.06 0.21 0.32 0.39 2.36 4.41 
* Tris-chlorinated flame retardants analyzed in separate PUF cartridges from BDEs and were collected at 14 facilities. 
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Table 42. Summary of Indoor to Outdoor (I/O ratio) Flame Retardant Air Concentrations 

Analyte N Mean SD Min 25th % Median 75th % Max 

BDE-47 16 17.6 21.3 0.1 0.7 12.5 29.7 77.2 
BDE-99 16 10.0 16.5 0.5 1.5 5.2 11.0 68.2 

BDE-100 16 1.2 0.8 0.2 0.8 1.0 1.4 3.3 

BDE-153 16 9.2 24.1 0.0 0.5 0.8 6.3 97.0 

BDE-154 16 0.8 0.2 0.3 0.7 0.8 0.9 1.0 

EHTBB 16 0.7 0.3 0.0 0.6 0.8 0.9 1.0 

BEHTBP 16 2.5 7.2 0.0 0.6 0.8 0.9 29.5 

TCEP 14 6.0 8.7 0.5 0.7 2.7 6.6 31.2 

TDCPP 14 2.6 2.5 0.1 1.3 2.1 2.7 10.5 
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3.4.3 Flame Retardant Dust Results 

Thirty nine dust samples were analyzed for PBDE congeners, TCEP, TDCPP, EHTBB, and 
BEHTBP. Where duplicate samples were measured, the average was used, except for one 
measurement duplicate on an aliquot with 0.25 g of dust. 

Table 43 summarizes flame retardant dust concentrations in the ECE facilities. Total PBDEs 
were calculated by summing all PBDE congeners on a mass basis. PBDEs were detected in 
100% of the dust samples. Median PBDE levels were somewhat lower than medians recently 
reported in California homes;70,139 however, the maximum levels were in the same range. 
Overall, flame retardant levels were higher than levels found in other regions of the U.S., likely 
due to the strict flammability standards promulgated by the California Bureau of Electronic and 
Appliance Repair, Home Furnishings, and Thermal Insulation.70,139 Figures 7a and 7b show the 
relative proportion of each PBDE congener mass in each facility. BDE-209, BDE-47, and BDE-
99 comprised the bulk of the PBDE mass in the dust samples. BDE-47 and BDE-99 were 
banned in 2003; however, furniture and other long-lasting products containing these materials 
are still in use in many buildings. BDE-209 is currently used in plastic electronic casings. In 
many dust samples, BDE-209 is the dominant congener. 

Use of tris phosphate flame retardants (TCEP and TDCPP) is increasing as a replacement 
for PBDEs. These tris phosphate compounds were detected in 100% of the dust samples (Table 
43). The median concentrations of TDCPP (2,265 ng/g) and TCEP (319 ng/g) were similar to or 
higher than any of the median individual PBDE congener levels. Components of the Firemaster 
550 flame retardant mixture (EHTBB and BEHTBP) were also detected in 100% of the dust 
samples, with median levels of 362 and 132 ng/g, respectively. Firemaster 550 is also used as a 
replacement for the banned PBDEs. Flame retardant loading values are presented in Table 44. 
The compounds TDCPP (median= 6,045.8 ng/m²) and BDE-209 (median = 2,923.6 ng/m²) had 
the highest loading values across the flame retardants measured. 
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Table 43. Summary of Flame Retardant Concentrations (ng/g) in Dust (n=39) 

Analyte 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

BDE-47 100 1,717.0 3,085.7 139.6 263.8 768.9 1,326.5 5,786.6 11,699 15,116 

BDE-99 100 2,351.0 4,637.4 225.9 393.5 1,031.1 1,584.7 4,832.4 13,230 25,522 

BDE-100 100 471.2 945.0 53.3 86.8 211.5 330.9 1,047.6 2,010.6 5,525.0 

BDE-118 76.9 25.0 24.3 <MDL 10.0 24.2 26.8 45.4 108.3 121.9 

BDE-153 100 297.1 633.1 34.5 63.8 125.1 177.8 560.6 1,285.8 3,783.3 

BDE-154 100 229.0 498.7 29.1 49.7 94.1 167.8 396.4 914.4 3,031.6 

BDE-183 87.2 26.0 27.7 <MDL 12.4 17.3 27.1 41.6 113.2 139.2 

BDE-190 2.6 14.3 17.2 <MDL <MDL <MDL <MDL <MDL <MDL 16.5 

BDE-197 89.7 24.0 20.0 <MDL 16.1 17.3 20.9 26.4 33.7 70.8 

BDE-203 20.5 16.9 22.5 <MDL <MDL <MDL <MDL 20.1 36.8 69.2 

BDE-205 0.0 15.7 19.4 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

BDE-206 66.7 101.4 176.5 <MDL <MDL 48.3 73.3 164.8 330.7 1,085.5 

BDE-207 100 79.5 86.1 22.8 37.5 46.7 84.1 192.3 282.1 481.1 

BDE-209 100 2,588.4 3,363.1 347.2 882.5 1,442.5 2,635.8 6,863.6 11,369 16,792 
∑ BDE 100 7,956.6 10,671.0 1,225.4 2,197.4 4,205.7 9,455.9 20,981 32,598 55,155 

TCEP 100 935.9 1,580.2 98.3 203.1 319.1 663.5 2,745.2 6,750.7 6,834.9 

TDCPP 100 6,189.4 12,710.5 765.2 1,458.3 2,265.0 5,803.1 9,667.3 36,927 70,931 

EHTBB 100 1,062.3 2,510.1 85.2 216.2 362.4 712.3 1,833.0 6,557.9 14,812 

BEHTBP 100 431.1 1,191.9 28.8 80.6 132.9 327.6 745.2 1,299.3 7,489.7 
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Table 44. Summary of Flame Retardant Loading (ng/m²) in Dust (n=39) 

Analyte Mean SD Min 25th % Median 75th % 90th % 95th % Max 

BDE-47 4,818.8 8,345.7 80.5 541.7 1,534.0 3,843.9 15,306 29,719 39,928 

BDE-99 7,392.1 14,404 107.0 855.6 1,883.8 5,002.2 23,062 45,331 72,995 

BDE-100 1407.1 2,646.7 30.1 172.2 406.6 969.9 3,866.5 7,588.4 13,873 

BDE-118 88.4 99.9 <MDL 10.2 41.6 136.8 285.7 313.2 339.4 

BDE-153 901.6 1,698.2 18.1 99.2 255.7 608.0 2,945.6 4,724.4 8,871.7 

BDE-154 686.0 1,248.9 17.3 83.8 190.6 562.9 2,124.4 3,718.5 6,309.6 

BDE-183 75.1 79.8 <MDL 15.7 38.0 121.3 229.9 268.8 276.7 

BDE-190 41.9 42.4 <MDL <MDL <MDL <MDL <MDL <MDL 24.6 

BDE-197 73.8 71.1 <MDL 15.2 38.5 102.3 203.7 232.0 241.1 

BDE-203 48.6 55.4 <MDL <MDL <MDL <MDL 71.7 162.8 179.8 

BDE-205 44.8 45.1 <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

BDE-206 274.1 443.6 <MDL <MDL 60.0 179.1 675.9 1,545.8 2,281.8 

BDE-207 254.9 372.4 11.5 60.3 104.1 350.9 614.3 1,386.3 1,804.1 

BDE-209 8,437.2 14,569 280.6 1,234.4 2,923.6 8,260.5 28,538 35,882 78,443 

∑ BDE 24,531 42,275 732.4 4,176.4 7,047.1 23,390 51,007 129,908 224,927 

TCEP 5,311.1 15,175 96.7 244.8 837.9 1,590.2 19,669 31,757 88,535 

TDCPP 13,128 21,697 730.7 2,566.0 6,045.8 11,017 37,960 89,044 90,756 

EHTBB 4,216.3 13,989 57.4 396.2 682.8 1,788.0 9,978.1 18,952 86,007 

BEHTBP 1,364.4 3,232.3 32.4 122.3 282.0 742.9 5,596.5 9,583.1 17,040 
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Figure 7a. PBDE congener proportion of total PBDE concentration sorted on BDE-209. 
Each “stacked” bar is a PBDE congener measurement from one ECE facility (n=39). 
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Figure 7b. Color version of the PBDE congener proportion of total PBDE concentration 
sorted on BDE-209. Each “stacked” bar is a PBDE congener measurement from one ECE 
facility (n=39). 

3.4.4 Flame Retardant Air and Dust Result Correlations 

Significant correlations between indoor air and dust concentrations were found for BDE-100, 
TDCPP, and BEHTBP (Table 45). The correlation between BEHTBP loading and air levels was 
the only significant correlation found between indoor air and dust loading. Overall, the 
correlations were weak, consistent with the low vapor pressure of these compounds. 
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Table 45. Spearman Rank Correlation Coefficients Testing the Relationship between 
Flame Retardant Air and Dust Concentrations and Loading in Dust 

Air to Dust 
Concentration 

(rho) 

Air to Dust 
Loading 

(rho) 
BDE-47 0.29 0.29 

BDE-99 0.29 0.28 

BDE-100 0.36* 0.10 

BDE-153 0.12 0.13 

BDE-154 -0.24 -0.18 

TCEP 0.13 0.08 

TDCPP 0.32* 0.09 

EHTBB -0.02 0.15 

BEHTBP 0.30* 0.29* 

*p<0.05. 

3.4.5 Predictors of Flame Retardant Concentrations in Air and Dust 

Due to California’s strict flammability standards, foam furniture contains flame retardants. 
The manufacture, distribution, and processing of products containing pentaBDEs (BDE-47, 
BDE-99, BDE-100, BDE-153, BDE-154, and BDE-183) was banned in California as of June 1, 
2006.68 Replacement furniture fire retardants such as chlorinated tris (tris[1,3-dichloro-2-propyl] 
phosphate [TDCPP]) and Firemaster 550 (a proprietary phosphorus-bromine blend formulation 
consisting of BEHTBP and EHTBB) have come into wider use. 

Twenty-two facilities had upholstered furniture present in rooms where children spend time 
and 17 had napping equipment made out of foam. No significant differences in indoor air flame 
retardant concentrations were found between ECE facilities with and without upholstered 
furniture, or between ECE facilities with and without napping equipment made out of foam. 

Dust concentrations of all of the individual pentaBDE congeners were higher in facilities with 
upholstered furniture present, but were not statistically significantly higher (Table 46). Similarly, 
concentrations of the pentaBDE and several individual and total PBDE flame retardants were 
higher in facilities where foam mattresses were present (Table 47), but the difference was not 
statistically significant. Concentrations of TCEP and TDCPP were significantly higher in 
facilities with napping equipment made out of foam (Table 47). While bromine levels in 
electronics have been associated with decaBDE (BDE-209) levels in dust,140,141 we did not find 
significantly higher BDE-209 dust concentrations in rooms with a computer or television 
(p>0.05). 

In summary, flame retardant concentrations in dust were higher in facilities where 
upholstered furniture or foam napping equipment was present. In many cases the individual 
differences were not statistically significant; however, the overall trend of higher levels, 
especially for the pentaBDE congeners, suggests that these furnishings were associated with 
increased pentaBDE contamination in dust. The lack of statistically significant differences for 
the individual congeners is likely due to the small sample size. 
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Table 46. Comparison of Flame Retardant Dust Concentrations between Facilities with and without Upholstered Furniture 
Present in Child Care Room 

No Upholstered Furniture Present (n=17) Upholstered Furniture Present (n=22) 
>MDL 

(%) 
25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

>MDL 
(%) 

25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

BDE-47 100 292.5 658.0 946.0 11,699 100 263.8 837.3 1,638.6 15,116 
BDE-99 100 412.3 691.7 1,222.2 13,230 100 362.2 1,160.3 3,070.9 25,522 
BDE-100 100 87.6 134.0 257.3 1,983.7 100 80.2 254.9 475.2 5,525.0 
BDE-118 76.5 12.6 23.9 25.9 31.8 77.3 5.1 24.3 28.8 121.9 
BDE-153 100 61.7 85.4 145.1 1,124.4 100 64.1 148.4 299.3 3,783.3 
BDE-154 100 49.7 65.8 104.6 779.5 100 60.1 116.6 251.0 3,031.6 
BDE-183 94.1 14.0 15.2 20.4 43.8 81.8 8.7 19.1 28.1 139.2 
TCEP 100 203.1 352.2 569.0 6,750.7 100 218.5 310.0 780.9 6,834.9 
TDCPP 100 1,513.0 2,533.3 4,827.5 9,667.3 100 1,370.2 2,144.1 5,803.1 70,931 
EHTBB 100 216.2 377.3 618.4 6,557.9 100 218.2 347.2 900.4 14,812 
BEHTBP 100 82.5 132.9 340.4 1,299.3 100 80.6 130.3 259.4 7,490 
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Table 47. Comparison of Flame Retardant Dust Concentrations between Facilities with and without Foam Napping 
Equipment Present in Child Care Room 

No Foam Napping Equipment (n=18) Foam Napping Equipment (n=17) 
>MDL 

(%) 
25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

>MDL 
(%) 

25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

BDE-47 100 232.6 510.6 852.0 2,870.0 100 288.6 939.0 1,175.2 15,116 
BDE-99 100 322.0 677.0 1,260.1 3,909.5 100 395.2 1,118.9 1,631.4 25,522 
BDE-100 100 72.9 140.9 271.5 758.1 100 86.8 257.3 366.2 5,525.0 
BDE-153 100 63.8 85.5 165.4 435.9 100 61.7 145.1 270.9 3,783.3 
BDE-154 100 40.5 67.3 119.9 348.3 100 49.7 106.9 199.0 3,031.6 
BDE-183 100 14.4 17.7 23.8 139.2 70.6 <MDL 13.6 21.3 113.2 
TCEP* 100 175.7 285.3 415.4 2,442.4 100 220.1 642.9 2,139.0 6,835 
TDCPP* 100 1,336.4 1,510.6 3,202.5 70,931 100 2,051.5 2,836.7 6,789.5 36,927 
EHTBB 100 216.2 383.4 712.3 14,812 100 232.9 354.0 656.0 6,557.9 
BEHTBP 100 63.9 115.4 417.6 7,489.7 100 85.2 144.2 235.2 1,299.3 
* Mann-Whitney p-value<0.05 
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3.4.6 Flame Retardant Discussion 

Flame retardants are used in furnishings and electronics to comply with the California 
Bureau of Electronic and Appliance Repair, Home Furnishings, and Thermal Insulation 
flammability standards defined in Technical Bulletin 117. Brominated flame retardants are a 
class of compounds receiving increasing attention due to their persistence in the environment 
and potential adverse health effects. The manufacture, distribution, and processing of products 
containing two classes of polybrominated diphenyl ethers (PBDEs), pentabrominated (BDE-47, -
99, -100) and octabrominated diphenyl ethers (BDE-153, -154, -183), is now banned in 
California as of June 1, 2006.68 Replacement furniture fire retardants such as TDCPP and 
Firemaster 550 (a proprietary phosphorus-bromine blend formulation consisting of BEHTBP and 
EHTBB) have come into wider use. Prior to 1977, TDCPP was used in children’s sleepwear as 
a fire retardant, however, manufacturers voluntarily stopped using it in these products after it 
was found to be mutagenic.73,74 Chlorinated tris (TDCPP) was recently listed as a carcinogen on 
the Proposition 65 list.75 Today TDCPP is a widely used flame retardant, commonly detected in 
furniture foam as well as infant products.76,77 

This is the first study to report air and dust levels of PBDE flame retardants and non-BDE 
replacement fire retardants in child care environments. A total of 40 indoor and 16 outdoor ECE 
facility air samples were analyzed for flame retardant compounds. While only reported in 7 
indoor air samples due to laboratory calibration issues, the deca-BDE compound, BDE-209, 
was measured at detectable levels in all 7 samples analyzed (median=1.4 ng/m3). The penta-
BDE congeners, BDE-47 and BDE-99, were commonly detected indoors (%>MDL = 90 and 
95%, respectively) and outdoors (%>MDL = 56 and 75%, respectively). Levels of BDE-47 and 
BDE-99 were significantly higher indoors compared to outdoors (indoor/outodoor [I/O] ratio = 
17.6 and 10.0, respectively). 

The median levels of two tris phosphate compounds, TDCPP (2,265 ng/g) and TCEP 
(319 ng/g), in dust were similar to or higher than any of the individual PBDE congener levels. 
Overall, the median levels of PBDE flame retardants in dust were lower than levels reported in 
other studies focusing on residential environments in California, possibly due to the frequent 
cleaning that occurs in ECE facilities.70,139 Maximum flame retardant levels in dust were similar 
to the upper-bound levels measured in other California studies. 

Flame retardants have relatively low vapor pressures. Detection frequencies in air ranged 
from 0-95%. Exposure estimates based on air concentrations did not exceed health-based 
benchmarks. However, the estimated non-dietary ingestion of PBDEs in children ages birth to 
<1 year exceeded the U.S. EPA RfDs for PBDE-47 and PBDE-99 in 10.3% (4 of 39) of facilities. 

3.5 Perfluorinated Compounds Results and Discussion 

We analyzed dust samples collected from ECE facilities for ten perfluorinated compounds 
(PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFBS, PFHS, and PFOS). 

3.5.1 Perfluorinated Compounds Dust QA/QC 

CERCH worked with collaborators in the National Exposure Research Laboratory (NERL) at 
the U.S. EPA to analyze washed silica gel (Supelco, part # 21342U) as blanks for possible PFC 
contamination by the HVS3, which contains gaskets and other parts made of Teflon. Before 
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field sampling, washed silica gel was applied to cleaned aluminum foil and vacuumed through 
the HVS3 vacuum into a sampling jar. This procedure was repeated twice. In addition, washed 
silica gel was deposited directly into a clean sample jar. Samples showed only a small peak of 
C11 acid in the first sample blank taken. Two other peaks, PFHpA and PFOA were near 
background levels. The two additional blanks showed no significant peaks. In all, U.S. EPA 
chemists judged dust blanks to be clean and showed the HVS3 contributed little contamination 
to the sample. Four dust samples were analyzed in duplicate by the U.S. EPA to validate the 
precision of the results. The average RSD was 11.1% (SD=11.4). See Appendix C for Dust 
Blank Chromatograms prepared by Dr. Mark Strynar of the U.S. EPA and additional QA 
information. 

3.5.2 Perfluorinated Compounds Dust Results 

Perfluorinated compounds (PFCs) were measured in the dust of 39 child care facilities 
studied (Tables 48 and 49). Perfluorooctanoic acid (PFOA) and PFDA were the PFCs most 
often detected in dust (>MDL (%) = 71.8 and 66.7%, respectively) with median concentrations of 
8.0 and 5.8 ng/g, respectively. 
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Table 48. Summary of PFC Concentrations (ng/g) in Dust (n=39) 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

PFBA 7.7 5.6 9.9 <MDL <MDL <MDL <MDL <MDL 18.0 64.0 

PFPeA 5.1 4.3 2.7 <MDL <MDL <MDL <MDL <MDL 13.7 16.0 

PFHxA 33.3 9.5 17.0 <MDL <MDL <MDL 7.2 16.6 43.0 100.0 

PFHpA 15.4 6.2 9.5 <MDL <MDL <MDL <MDL 10.8 28.4 57.5 

PFOA 71.8 18.6 38.2 <MDL <MDL 8.0 13.2 45.7 58.2 235.0 

PFNA 48.7 28.6 56.6 <MDL <MDL <MDL 15.4 117.0 202.0 252.0 

PFDA 66.7 13.1 32.0 <MDL <MDL 5.8 8.7 29.0 30.9 203.0 

PFBS 10.3 4.9 4.9 <MDL <MDL <MDL <MDL 8.5 19.3 29.1 

PFHS 15.4 7.8 13.3 <MDL <MDL <MDL <MDL 19.5 51.1 69.1 

PFOS 53.9 12.6 14.9 <MDL <MDL 6.2 15.6 42.6 48.0 67.0 

Table 49. Summary of PFC Loading (ng/m²) in Dust (n=39) 

Mean SD Min 25th % Median 75th % 90th % 95th % Max 

PFBA 17.3 27.8 <MDL <MDL <MDL <MDL <MDL 8.9 168.5 

PFPeA 16.8 25.2 <MDL <MDL <MDL <MDL <MDL 12.5 149.8 

PFHxA 32.2 64.6 <MDL <MDL <MDL 13.3 47.4 124.5 388.0 

PFHpA 18.6 21.0 <MDL <MDL <MDL <MDL 24.1 52.5 110.2 

PFOA 60.5 151.7 <MDL <MDL 11.2 49.0 88.9 349.1 911.8 

PFNA 66.5 184.7 <MDL <MDL <MDL 31.3 183.9 240.2 1,137.3 

PFDA 45.3 124.9 <MDL <MDL 8.2 45.0 85.5 116.9 787.6 

PFBS 17.4 29.7 <MDL <MDL <MDL <MDL 3.4 3.7 181.1 

PFHS 35.4 83.8 <MDL <MDL <MDL <MDL 110.9 182.5 476.8 

PFOS 38.4 58.4 <MDL <MDL 7.1 29.3 93.0 146.0 316.3 

71 



 

 

   

          
            

          
            

 
            

        
           

       
       

 
         

          
   

    

          
          

       
          

         
             

       
             

     
 
           

            
          

        
    

      

         
          
             

    
    

 
             

         
          

            
    

3.5.3 Perfluorinated Compounds Discussion 

Perfluorinated chemicals (PFCs) are halogenated persistent organic pollutants that have 
been used widely in consumer products such as Teflon and 3M's Scotchgard since the 1950s. 
These chemicals are currently found at detectable levels in the blood of humans and animals 
across the globe142 and exposure of the general U.S. population to PFCs is widespread.143 

Ten PFCs were measured in dust collected from 39 ECE facilities. The most commonly 
detected PFCs were PFOA, PFDA, and perfluorooctane sulfonic acid (PFOS) (>MDL (%) = 
72%, 67%, and 54% respectively). The other 7 PFCs were detected in 5 to 49% of samples. 
Median PFOA and PFOS concentrations were 8.0 and 6.2 ng/g, respectively, and the maximum 
concentrations were 235 and 67 ng/g, respectively. 

Levels of PFCs have not been reported for California school and child care facilities 
previously. Currently, there are no health-based oral reference values for the PFCs we 
measured. 

3.6 Pesticide Results and Discussion 

Indoor and outdoor air and dust samples were collected from 40 ECE facilities in Alameda 
and Monterey Counties and analyzed for OP and pyrethroid insecticides, as well as piperonyl 
butoxide (a pyrethroid synergist), and chlorthal-dimethyl (dacthal) (a pre-emergent herbicide). 
The OP insecticides chlorpyrifos and diazinon were phased out from indoor and residential uses 
in the U.S. between 2001 and 2004;144 however, residues may persist from historical indoor use 
or due to ingress from nearby agricultural applications. Since the phase out of chlorpyrifos and 
diazinon, pyrethroid pesticides have become the dominant insecticide class used in institutional 
environments. Of the 40 facilities, pyrethroids were stored or used in 14 (35%) of them (see 
Table 61, below). 

Results were compared by the county where facilities were located and by the ECE facility 
types (home- vs. center-based). Fifteen facilities out of the 40 facilities were located in 
agricultural communities within the Salinas Valley of Monterey County. Air and dust pesticide 
concentrations were also compared between the ECE facilities located in agricultural vs. non-
agricultural areas. 

3.6.1 Pesticide Air and Dust Measurement QA/QC 

Indoor and Outdoor Air. Four lab and two field matrix spikes were analyzed to evaluate 
recovery of the pesticide analytes in PUFs. The average lab matrix spike recovery for pesticide 
analytes in air was 74.4% (SD = 13.1). Average field matrix spike recovery was 65.4% 
(SD = 20.7). Two duplicate PUF measurements were collected and the average RSD was 
14.2% (SD = 30.6). 

Carpet Dust. For three lab matrix spikes, the average recovery was 104.1% (SD = 16.9). 
Duplicate pesticide analysis was performed on the two dust samples to assess precision in the 
analytical methods. Duplicate analyses were from dust collected at ECE#10 and 40. Duplicate 
dust analysis showed good precision with an average RSD of 4.3% (SD = 3.9). See Appendix C 
for additional pesticide QA/QC information. 
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3.6.2 Pesticide Air Results 

Forty indoor and 14 outdoor air samples were available for pesticide analysis. Final masses 
of pesticides were calculated by subtracting three times the standard deviation of field matrix 
blanks. When duplicate samples were collected indoors (n=2), the average concentration 
between the two measurements was calculated and reported for that facility. The pesticide 
analytes most often detected in indoor air were trans-permethrin (100%) and chlorpyrifos (95%), 
while for outdoor measurements, trans-permethrin (92.9%) and cis-permethrin (78.6%) were the 
most often detected (Tables 50 and 51). 

Two compounds, diazinon and piperonyl butoxide, had significantly higher concentrations in 
indoor versus outdoor air (Wilcoxon p<0.05); indoor diazinon detection frequencies were also 
significantly higher indoors compared to outdoors (McNemar p<0.05). Indoor air concentrations 
of dacthal were significantly higher (Mann-Whitney p<0.05) in Monterey County compared to 
Alameda County (Table 53). The probability of detecting dacthal was also significantly higher 
(Fischer’s p<0.05) in Monterey County compared to Alameda County. 

Indoor air concentrations were compared between ECE facilities in agricultural (n=15) 
versus non-agricultural (n=25) areas. Dacthal air concentrations measured in ECE facilities 
located in the agricultural Salinas Valley were significantly higher (Mann-Whitney p-value<0.05) 
than the facilities located in non-agricultural areas (Table 54). 

With the exception of dacthal and, to some extent, piperonyl butoxide, the pesticide levels 
between counties, agricultural and non-agricultural areas, and facility type were generally 
similar. As noted above, dacthal is a commonly-used and relatively persistent agricultural 
herbicide. Piperonyl butoxide is a synergist commonly added to pyrethroid pesticide 
formulations. 
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Table 50. Summary of Indoor Air Pesticide Concentrations (ng/m3) (n=40) 

Analyte 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Diazinon 77.5 0.19 0.47 <MDL 0.01 0.05 0.15 0.32 0.46 3.00 

Chlorpyrifos 95.0 0.31 0.23 <MDL 0.17 0.25 0.43 0.57 0.64 1.36 

Dacthal 60.0 0.38 0.49 <MDL <MDL 0.16 0.46 1.13 1.46 1.89 

Imiprothrin 15.0 0.52 1.04 <MDL <MDL <MDL <MDL 1.15 3.02 5.50 

Piperonyl butoxide 42.5 0.19 0.86 <MDL <MDL <MDL 0.03 0.14 0.42 5.45 

Bifenthrin 12.5 0.10 0.07 <MDL <MDL <MDL <MDL 0.19 0.28 0.41 

Sumithrin 5.0 0.09 0.23 <MDL <MDL <MDL <MDL <MDL 0.48 1.16 

cis-Permethrin 60.0 0.11 0.14 <MDL <MDL 0.04 0.16 0.32 0.46 0.57 

trans-Permethrin 100 0.16 0.14 0.03 0.07 0.14 0.22 0.30 0.31 0.88 

Cyfluthrin 0.0 <MDL <MDL <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Cypermethrin 0.0 <MDL <MDL <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Table 51. Summary of Outdoor Air Pesticide Concentrations (ng/m3) (n=14) 

Analyte 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % Max 

Diazinon 35.7 0.13 0.09 <MDL <MDL <MDL 0.03 0.17 0.36 

Chlorpyrifos 64.3 0.29 0.30 <MDL <MDL 0.17 0.30 0.46 1.30 

Dacthal 64.3 0.86 1.95 <MDL <MDL 0.21 0.75 1.21 7.48 

Imiprothrin 21.4 0.70 1.42 <MDL <MDL <MDL <MDL 0.94 5.59 

Piperonyl butoxide 14.3 0.03 0.03 <MDL <MDL <MDL <MDL 0.01 0.11 

Bifenthrin 21.4 0.18 0.15 <MDL <MDL <MDL <MDL 0.50 0.50 

Sumithrin 7.1 0.21 0.56 <MDL <MDL <MDL <MDL <MDL 2.13 

cis-Permethrin 78.6 0.14 0.12 <MDL 0.02 0.11 0.24 0.34 0.39 

trans-Permethrin 92.9 0.13 0.11 <MDL 0.05 0.11 0.17 0.25 0.41 

Cyfluthrin 0.0 <MDL <MDL <MDL <MDL <MDL <MDL <MDL <MDL 

Cypermethrin 0.0 <MDL <MDL <MDL <MDL <MDL <MDL <MDL <MDL 
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Table 52. Summary of Indoor to Outdoor Ratios for Air Pesticide Concentrations (n=14) 

Analyte Mean SD Min 25th % Median 75th % Max 

Diazinon 1.8 2.4 0.2 0.4 0.6 1.7 8.9 

Chlorpyrifos 1.3 0.9 0.5 0.7 1.1 1.4 3.5 

Dacthal 2.8 3.4 0.1 0.6 1.0 4.7 10.8 

Imiprothrin 2.1 5.2 0.1 0.5 0.7 1.0 20.2 

Piperonyl butoxide 3.8 5.4 0.2 0.7 1.0 3.1 14.5 

Bifenthrin 1.0 0.9 0.1 0.6 0.8 1.0 3.9 

Sumithrin 0.7 0.2 0.3 0.6 0.7 1.0 1.0 

cis-Permethrin 2.3 2.5 0.1 0.6 1.2 2.7 8.3 

trans-Permethrin 3.3 4.7 0.1 1.0 1.3 3.8 17.2 

Table 53. Indoor Air Pesticide Concentrations by County 

Analyte 
Alameda (n=20) Monterey (n=20) 

>MDL 
(%) 

25th % 
(ng/m³) 

Median 
(ng/m³) 

75th % 
(ng/m³) 

Max 
(ng/m³) 

>MDL 
(%) 

25th % 
(ng/m³) 

Median 
(ng/m³) 

75th % 
(ng/m³) 

Max 
(ng/m³) 

Diazinon 70.0 <MDL 0.04 0.12 3.00 85.0 0.02 0.07 0.18 0.54 
Chlorpyrifos 95.0 0.14 0.21 0.31 1.36 95.0 0.19 0.26 0.50 0.63 
Dacthal* 20.0 <MDL <MDL <MDL 1.41 100 0.20 0.39 0.98 1.89 
Imiprothrin 15.0 <MDL <MDL <MDL 5.50 15.0 <MDL <MDL <MDL 2.91 
Piperonyl butoxide 25.0 <MDL <MDL 0.01 0.16 60.0 <MDL 0.01 0.08 5.45 
Bifenthrin 10.0 <MDL <MDL <MDL 0.25 15.0 <MDL <MDL <MDL 0.41 
Sumithrin 5.0 <MDL <MDL <MDL 1.16 5.0 <MDL <MDL <MDL 0.95 
cis-Permethrin 55.0 <MDL 0.04 0.14 0.40 65.0 <MDL 0.04 0.18 0.57 
trans-Permethrin 100 0.08 0.15 0.21 0.30 100 0.06 0.11 0.24 0.88 
Cyfluthrin 0.0 <MDL <MDL <MDL <MDL 0.0 <MDL <MDL <MDL <MDL 
Cypermethrin 0.0 <MDL <MDL <MDL <MDL 0.0 <MDL <MDL <MDL <MDL 
* Mann-Whitney p-value <0.05. 
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Table 54. Indoor Air Pesticide Concentrations by Agricultural versus Non-agricultural Area 

Analyte 

Agricultural (n=15) Non-Agricultural (n=25) 
>MDL 

(%) 
25th % 
(ng/m³) 

Median 
(ng/m³) 

75th % 
(ng/m³) 

Max 
(ng/m³) 

>MDL 
(%) 

25th % 
(ng/m³) 

Median 
(ng/m³) 

75th % 
(ng/m³) 

Max 
(ng/m³) 

Diazinon 93.3 0.02 0.05 0.20 0.54 68.0 <MDL 0.04 0.12 3.00 
Chlorpyrifos 100 0.18 0.28 0.51 0.58 92.0 0.14 0.25 0.30 1.36 
Dacthal* 100 0.22 0.41 1.05 1.89 36.0 <MDL <MDL 0.08 1.41 
Imiprothrin 13.3 <MDL <MDL <MDL 1.39 16.0 <MDL <MDL <MDL 5.50 
Piperonyl butoxide 53.3 <MDL 0.01 0.04 0.54 36.0 <MDL <MDL 0.01 5.45 
Bifenthrin 20.0 <MDL <MDL <MDL 0.41 8.0 <MDL <MDL <MDL 0.25 
Sumithrin 6.7 <MDL <MDL <MDL 0.95 4.0 <MDL <MDL <MDL 1.16 
cis-Permethrin 60.0 <MDL 0.01 0.14 0.52 60.0 <MDL 0.06 0.17 0.57 
trans-Permethrin 100 0.05 0.08 0.16 0.88 100 0.08 0.17 0.23 0.31 
Cyfluthrin 0.0 <MDL <MDL <MDL <MDL 0.0 <MDL <MDL <MDL <MDL 
Cypermethrin 0.0 <MDL <MDL <MDL <MDL 0.0 <MDL <MDL <MDL <MDL 
* Mann-Whitney p-value <0.05. 
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3.6.3 Pesticide Dust Results 

Dust samples were collected from 39 ECE facilities. In facilities where laboratory duplicates 
were analyzed, we averaged the two measurements to obtain a single concentration. 

For the information presented below, cyfluthrin and cypermethrin isomer concentrations 
were summed to obtain a single dust concentration for these pesticides. Because the cis- and 
trans- isomers of permethrin have different toxicities, they were considered separately. Cis- and 
trans-permethrin were detected in 100% of samples and had the highest median concentrations 
at 162 and 225 ng/g, respectively (Table 55). Other frequently (>90%) detected pesticides 
included bifenthrin, chlorpyrifos, diazinon, and dacthal, and the synergist piperonyl butoxide. 
Similarly, the highest median loadings were also found for cis- and trans-permethrin (511 and 
752 ng/m2, respectively) (Table 56). 

Cis- and trans- permethrin and bifenthrin dust concentrations were significantly higher 
(Mann-Whitney p-value<0.05) in ECE facilities located in Alameda County versus Monterey 
County (Table 57). Conversely, dust concentrations of dacthal, an agricultural pesticide, were 
much higher in Monterey County compared to Alameda County (p<0.01). No significant 
differences in dust concentrations were found between home- and center-based ECE facilities. 

We also compared dust concentrations among ECE facilities located in agricultural (n=14) 
versus non-agricultural (n=25) areas. We found significantly higher (Mann-Whitney 
p-value<0.05) dacthal concentrations measured in dust from ECE facilities located in the 
agricultural Salinas Valley compared to facilities located in non-agricultural areas (Table 58). 
Conversely, we found significantly higher bifenthrin, cis-permethrin and trans-permethrin 
concentrations measured in dust from ECE facilities located in the non-agricultural compared to 
agricultural areas (p-value<0.05). Piperonyl butoxide was also higher, albeit non-significantly, in 
non-agricultural areas. 

Overall, the findings suggest that pyrethroid insecticides are more prevalent in the non-
agricultural areas. Although dacthal was much higher in dust and air in the agricultural areas, 
levels of chlorpyrifos and diazinon were not significantly different. Agricultural pesticide use did 
not appear to contribute to OP pesticide levels in ECE facilities in the agricultural areas. 
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Table 55. Summary of Pesticide Concentrations (ng/g) in Dust (n=39) 

Analyte 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Diazinon 92.3 8.6 15.1 <MDL 2.8 3.7 5.5 25.8 60.9 74.1 

Chlorpyrifos 92.3 36.7 95.7 <MDL 7.1 10.6 18.8 84.1 217.4 563.4 

Dacthal 92.3 14.4 17.0 <MDL 3.4 6.4 21.2 44.4 51.2 73.8 

Imiprothrin 33.3 186.2 324.9 <MDL <MDL <MDL 222.5 644.2 759.5 1,739.8 

Piperonyl butoxide 94.9 771.2 3,927.7 <MDL 40.6 76.3 145.9 390.7 1,375.7 24,629 

Bifenthrin 92.3 137.7 216.1 <MDL 43.4 56.8 106.3 413.3 896.5 927.6 

Sumithrin 20.5 62.7 217.7 <MDL <MDL <MDL <MDL 229.2 322.6 1,299.0 

cis-Permethrin 100 551.6 2,007.6 47.3 108.2 162.1 261.3 565.7 939.7 12,712 

trans-Permethrin 100 884.6 3,331.4 48.0 141.7 225.3 436.5 980.1 1,500.9 21,058 

Cyfluthrin 5.1 83.8 123.5 <MDL <MDL <MDL <MDL <MDL 434.4 739.2 

Cypermethrin 41.0 1,207.2 5,726.3 <MDL <MDL <MDL 374.7 1,045.5 2,968.6 35,898 

Table 56. Summary of Pesticide Loading (ng/m²) in Dust from ECE Facilities (n=39) 

Analyte Mean SD Min 25th % Median 75th % 90th % 95th % Max 

Diazinon 25.2 41.1 <MDL 1.8 8.0 30.8 66.9 131.8 208.5 

Chlorpyrifos 112.7 287.2 <MDL 9.4 28.2 90.0 214.9 853.5 1,632.9 

Dacthal 63.8 114.9 <MDL 3.9 13.1 66.4 150.5 478.0 531.3 

Imiprothrin 955.1 1,697.8 <MDL <MDL <MDL 1,353.7 4,292.2 4,742.4 6,690.3 

Piperonyl butoxide 8,631.5 51,668 <MDL 74.3 144.8 507.7 1,161.2 2,464.8 323,006 

Bifenthrin 531.6 1,221.6 <MDL 57.2 142.0 512.6 710.8 4,585.7 6,045.7 

Sumithrin 314.4 932.9 <MDL <MDL <MDL <MDL 1,290.6 3,540.9 4,230.6 

cis-Permethrin 903.4 1,637.8 12.6 238.0 511.1 833.1 1,764.8 5,586.7 9,082.9 

trans-Permethrin 1,386.7 2,646.4 18.9 331.0 752.1 1,256.2 2,574.1 9,254.9 14,581.0 

Cyfluthrin 253.0 275.0 <MDL <MDL <MDL <MDL <MDL 324.9 1,340.2 

Cypermethrin 9,301.8 53,701 <MDL <MDL <MDL 809.3 2,812.7 4,557.8 336,004 
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Table 57. Summary of Pesticide Dust Concentrations by County 

Analyte 

Alameda (n=20) Monterey (n=19) 
>MDL 

(%) 
25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

>MDL 
(%) 

25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

Diazinon 95.0 2.4 3.8 9.8 74.1 89.5 3.2 3.7 5.1 27.8 
Chlorpyrifos 90.0 6.8 12.9 26.9 147.6 94.7 7.1 9.8 15.1 563.4 
Dacthal* 85.0 1.6 3.5 6.2 51.2 100 9.6 18.0 31.4 73.8 
Imiprothrin 35.0 <MDL <MDL 199.5 1,739.8 31.6 <MDL <MDL 250.3 714.8 
Piperonyl butoxide 95.0 30.6 101.3 178.4 613.6 94.7 46.2 69.9 106.2 24,629 
Bifenthrin* 95.0 54.7 79.8 203.1 896.5 89.5 25.3 49.2 62.4 927.6 
Sumithrin 15.0 <MDL <MDL <MDL 1,299.0 26.3 <MDL <MDL 33.5 322.6 
cis-Permethrin* 100 152.8 239.9 493.5 12,712 100 95.8 140.6 166.8 692.6 
trans-Permethrin* 100 193.8 327.9 841.0 21,058 100 141.4 188.5 282.6 1,111.8 
Cyfluthrin 5.0 <MDL <MDL <MDL 739.2 5.3 <MDL <MDL <MDL 434.4 
Cypermethrin 25.0 <MDL <MDL 197.4 2,968.6 57.9 <MDL 216.2 374.7 358,980 
* Mann-Whitney p-value <0.05 
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Table 58. Pesticide Dust Concentrations by Agricultural Location 

Analyte 

Agricultural (n=14) Non-Agricultural (n=25) 
>MDL 

(%) 
25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Maximum 
(ng/g) 

>MDL 
(%) 

25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Maximum 
(ng/g) 

Diazinon 100 3.4 4.6 5.4 27.8 88.0 1.9 3.3 5.5 74.1 
Chlorpyrifos 100 9.1 12.7 17.8 563.4 88.0 6.0 9.9 19.6 147.6 
Dacthal* 100 16.8 22.7 38.8 73.8 88.0 1.7 3.6 6.0 51.2 
Imiprothrin 35.7 <MDL <MDL 250.3 644.2 32.0 <MDL <MDL 176.5 1,739.8 
Piperonyl butoxide 100 50.4 68.3 99.9 1,375.7 92.0 34.6 94.6 145.9 24,629 
Bifenthrin* 85.7 24.1 46.8 58.1 927.6 96.0 53.3 75.9 198.0 896.5 
Sumithrin 14.3 <MDL <MDL <MDL 176.1 24.0 <MDL <MDL <MDL 1,299.0 
cis-Permethrin* 100 95.8 130.6 162.1 253.8 100 147.2 216.9 490.2 12,712 
trans-Permethrin* 100 141.4 177.8 199.4 436.5 100 188.5 285.5 822.9 21,058 
Cyfluthrin 7.1 <MDL <MDL <MDL 434.4 4.0 <MDL <MDL <MDL 739.2 
Cypermethrin 71.4 <MDL 249.3 374.7 869.0 24.0 <MDL <MDL <MDL 35,898 
* Mann-Whitney p-value <0.05 

80 



 

 

      

        
         

          
         
        

         
             

   
 

    
     

 

   
  

 

  
  

 
   

    
    

   
    
   
   

    
   

     
    

       
       

    

        
        
          
            

   
          

         
           

        
  
          

         
       

   

3.6.4 Pesticide Air and Dust Result Correlations 

We computed Spearman Rank correlation coefficients to examine associations between air 
and dust concentrations of pesticides, and between pesticides measured in air and their dust 
loading (Table 59). Overall, weak to moderate correlations were observed (rho<0.5). Significant 
correlations between indoor air and dust concentrations were found for diazinon, chlorpyrifos, 
and dacthal. Significant correlations between indoor air and dust loading were found for 
diazinon, chlorpyrifos, dacthal, piperonyl butoxide, and cis-permethrin. These findings suggest 
that indoor air levels are in part derived from the reservoir of pesticides in dust, consistent with 
the semi-volatile properties of these pesticides. 

Table 59. Spearman Rank Correlation Coefficients Testing the Relationship Between 
Pesticide Air Concentrations and Pesticide Concentrations and Loading in Dust 

Analyte 

Air to Dust 
Concentration 

(rho) 

Air to Dust 
Loading

(rho) 
Diazinon 0.34* 0.31 

Chlorpyrifos 0.50* 0.49* 

Dacthal 0.48* 0.36* 

Imiprothrin 0.22 0.28 

Piperonyl butoxide 0.32 0.45* 

Bifenthrin 0.01 0.08 

Sumithrin 0.18 0.19 

cis-Permethrin 0.19 0.38* 

trans-Permethrin 0.26 0.13 

Cyfluthrin NC NC 

Cypermethrin NC NC 
NC: Not calculated because pesticide was not detected in air. 
Significant correlations (p<0.05) are denoted with a star (*) 

3.6.5 Pesticide Concentrations and Self-Reported Pesticide Use 

Pesticide use (indoor or outdoor) in the year before sampling was reported in 57.5% of the 
facilities examined (Table 60). Pesticide use indoors in the year before sampling was reported 
in 17.5% of facilities. Table 61 summarizes the active ingredients in pesticides stored or used in 
the ECE facilities. Pyrethroid sprays were by far the most common class of pesticides used. 

We compared pesticide concentrations measured in air and dust among the ECE facilities 
reporting any pesticide use within the last year to facilities that reported no use. In addition, we 
compared air and dust concentrations between ECE facilities reporting indoor use in the past 
year compared to facilities reporting no indoor use. 

Indoor Air. We did not observe higher airborne pesticide levels in facilities reporting any 
pesticide use (indoors or outdoors) within the past year (Table 62). We did observe higher 
detection frequency of imiprothrin in facilities that reported pesticide use inside the facility within 
the past year (Table 63). 
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Dust.  We found higher dust levels of piperonyl butoxide in facilities reporting any pesticide 
use (indoors or outdoors) within the past year (Table 64). We also found higher imiprothrin and 
sumithrin dust levels in facilities that reported indoor pesticide use within the past year (Table 
65). No other significant differences in dust concentrations were found. 

Table 60. Summary of Reported Pesticide/Insecticide Use within the Past Year 

Any pesticide use indoors or outdoors 
during the year before sampling Frequency Percent 
No 16 40.0 
Yes 23 57.5 
Don’t know 1 2.5 
Any pesticide use during the year 
before sampling inside Frequency Percent 
No 33 82.5 
Yes 7 17.5 
Don’t know 0 0.0 
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Table 61. Active Ingredients in Pesticides Stored Inside Child Care Facilities 

Pesticide Active Ingredient Type of
Pesticide 

Pesticide 
Form 

Freq. Percent1 

D-Allethrin Pyrethroid Spray 5 12.5 

Pyrethrins Pyrethroid Spray/ Stakes 5 12.5 

Cypermethrin Pyrethroid Spray 4 10 

Piperonyl Butoxide Synergist Spray 4 10 

Boric Acid Pesticide Stakes 3 7.5 

Imiprothrin Pyrethroid Spray 3 7.5 

N-Octyl Bicycloheptene Dicarboximide Synergist Spray/ Stakes 3 7.5 

Permethrin Pyrethroid Spray 3 7.5 

Tetramethrin Pyrethroid Spray 2 5 

(S) Methoprene Insecticide Spray 1 2.5 

2,4-D, Isooctyl Ester Herbicide Solid 1 2.5 

Abamectin Insecticide Spray 1 2.5 

Acephate Organophosphate Stakes 1 2.5 

Arsenic Trioxide Pesticide Stakes 1 2.5 

Bifenthrin Pyrethroid Spray 1 2.5 

Brodifacoum Rodenticide Solid 1 2.5 

Bromethalin Rodenticide Solid 1 2.5 

Dicamba Herbicide/ OC Solid 1 2.5 

Diquat Dibromide Herbicide Liquid 1 2.5 

D-Limonene Pesticide Spray 1 2.5 

Glyphosate, Isopropylamine Salt Herbicide Liquid 1 2.5 

Imazapyr, Isopropylamine Salt Herbicide Liquid 1 2.5 

Imidacloprid Insecticide Spray 1 2.5 

Lambda- Cyhalothrin Pyrethroid Spray 1 2.5 

Mecoprop-P Herbicide Solid 1 2.5 

Metaldehyde Pesticide Solid 1 2.5 

Phenothrin Pyrethroid Spray 1 2.5 

Prallethrin Pyrethroid Spray 1 2.5 

Resmethrin Pyrethroid Stakes 1 2.5 

Sulfuramid Pesticide Liquid 1 2.5 

Tralomethrin Pyrethroid Spray 1 2.5 

Triforine Fungicide Stakes 1 2.5 
1Percentages sum to >100% because multiple pesticides found in some facilities. 
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Table 62. Pesticide Usage Inside or Outside within the Last Year and Indoor Air Concentrations 

Pesticides Used 
Within the Past Year? No Reported Pesticide Use (n=16) Yes Reported Pesticide Use (n=23) 

Analyte 
>MDL 

(%) 
25th % 
(ng/m³) 

Median 
(ng/m³) 

75th % 
(ng/m³) 

Maximum 
(ng/m³) 

>MDL 
(%) 

25th % 
(ng/m³) 

Median 
(ng/m³) 

75th % 
(ng/m³) 

Maximum 
(ng/m³) 

Diazinon 75.0 <MDL 0.05 0.13 0.24 78.26 0.01 0.05 0.27 3.00 

Chlorpyrifos 93.8 0.15 0.24 0.31 1.36 95.7 0.18 0.26 0.45 0.64 

Dacthal 50.0 <MDL 0.02 0.30 1.89 65.2 <MDL 0.22 0.91 1.50 

Imiprothrin 6.3 <MDL <MDL <MDL 5.50 17.4 <MDL <MDL <MDL 3.13 

Piperonyl butoxide 31.3 <MDL <MDL 0.01 0.54 52.2 <MDL 0.01 0.04 5.45 

Bifenthrin 12.5 <MDL <MDL <MDL 0.32 13.0 <MDL <MDL <MDL 0.41 

Sumithrin 0.0 <MDL <MDL <MDL <MDL 8.7 <MDL <MDL <MDL 1.16 

cis-Permethrin 62.5 <MDL 0.03 0.11 0.26 56.5 <MDL 0.03 0.21 0.57 

trans-Permethrin 100 0.07 0.14 0.18 0.31 100 0.07 0.15 0.23 0.88 

Cyfluthrin 0.0 <MDL <MDL <MDL <MDL 0.0 <MDL <MDL <MDL <MDL 

Cypermethrin 0.0 <MDL <MDL <MDL <MDL 0.0 <MDL <MDL <MDL <MDL 
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Table 63. Indoor Air Pesticide Concentrations by Reported Indoor Pesticide Use (yes/no) 

Pesticides Used Indoors 
w/in the Past Year? No Reported Pesticide Use (n=33) Yes Reported Pesticide Use (n=7) 

Analyte 
>MDL 

(%) 
25th % 
(ng/m³) 

Median 
(ng/m³) 

75th % 
(ng/m³) 

Max 
(ng/m³) 

>MDL 
(%) 

25th % 
(ng/m³) 

Median 
(ng/m³) 

75th % 
(ng/m³) 

Max 
(ng/m³) 

Diazinon 78.8 0.01 0.05 0.16 3.00 71.4 <MDL 0.07 0.12 0.34 

Chlorpyrifos 93.9 0.16 0.26 0.45 1.36 100 0.18 0.25 0.28 0.30 

Dacthal 63.6 <MDL 0.21 0.66 1.89 42.9 <MDL <MDL 0.08 0.22 

Imiprothrin 9.1 <MDL <MDL <MDL 5.50 42.9 <MDL <MDL 2.91 3.13 

Piperonyl butoxide 42.4 <MDL <MDL 0.03 0.54 42.9 <MDL <MDL 0.04 5.45 

Bifenthrin 15.2 <MDL <MDL <MDL 0.41 0.0 <MDL <MDL <MDL <MDL 

Sumithrin 3.0 <MDL <MDL <MDL 0.95 14.3 <MDL <MDL <MDL 1.16 

cis-Permethrin 60.6 <MDL 0.03 0.14 0.52 57.1 <MDL 0.17 0.40 0.57 

trans-Permethrin 100 0.07 0.13 0.22 0.88 100 0.08 0.17 0.23 0.31 

Cyfluthrin 0.0 <MDL <MDL <MDL <MDL 0.0 <MDL <MDL <MDL <MDL 

Cypermethrin 0.0 <MDL <MDL <MDL <MDL 0.0 <MDL <MDL <MDL <MDL 
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Table 64. Pesticide Usage Inside or Outside within the Last Year and Dust Concentrations 

Pesticides Used 
Within the Past Year? No Pesticide Use (n=16) Yes Pesticide Use (n=22) 

Analyte 
>MDL 

(%) 
25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

>MDL 
(%) 

25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

Diazinon 93.8 2.2 3.1 5.7 60.9 90.9 3.3 4.5 5.5 74.1 

Chlorpyrifos 93.8 6.5 9.1 15.4 217.4 90.9 7.2 12.2 19.6 563.4 

Dacthal 93.8 3.4 7.2 17.6 48.5 90.9 1.7 5.6 21.9 73.8 

Imiprothrin 31.3 <MDL <MDL 168.6 644.2 36.4 <MDL <MDL 252.9 1,739.8 

Piperonyl butoxide* 87.5 24.5 54.0 110.3 613.6 100 67.2 103.0 210.9 24,629 

Bifenthrin 87.5 31.7 53.6 79.8 413.3 95.5 43.6 58.3 208.2 927.6 

Sumithrin 18.8 <MDL <MDL <MDL 267.8 22.7 <MDL <MDL <MDL 1,299.0 

cis-Permethrin 100 122.5 160.6 310.8 939.7 100 108.9 165.9 261.3 12,712 

trans-Permethrin 100 140.3 251.1 442.0 1,500.9 100 168.3 236.6 436.5 21,058 

Cyfluthrin 6.3 <MDL <MDL <MDL 434.4 4.6 <MDL <MDL <MDL 739.2 

Cypermethrin 43.8 <MDL <MDL 384.1 1,506.2 36.4 <MDL <MDL 317.5 35,898 

* Mann-Whitney p-value<0.05 
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Table 65. Pesticide Usage Inside within the Last Year and Dust Concentrations 

Pesticides Used Indoors Within the 
Past Year? No Pesticide Use (n=32) Yes Pesticide Use (n=7) 

Analyte 
>MDL 

(%) 
25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

>MDL 
(%) 

25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

Diazinon 93.8 2.9 3.8 5.4 74.1 85.7 2.0 3.6 13.4 25.8 

Chlorpyrifos 93.8 6.5 10.2 19.2 563.4 85.7 7.2 12.9 18.4 33.0 

Dacthal 93.8 3.4 10.5 22.3 73.8 85.7 1.3 3.7 4.8 21.9 

Imiprothrin* 25.0 <MDL <MDL 80.4 644.2 71.4 <MDL 250.3 759.5 1,739.8 

Piperonyl butoxide 93.8 40.5 93.3 145.9 1,375.7 100 66.6 70.8 126.6 24,629 

Bifenthrin 90.6 42.1 56.5 94.1 927.6 100 43.4 58.6 208.2 896.5 

Sumithrin* 12.5 <MDL <MDL <MDL 267.8 57.1 <MDL 33.5 322.6 1299.0 

cis-Permethrin 100 111.4 160.6 300.6 12,712 100 108.2 188.1 261.3 692.6 

trans-Permethrin 100 140.3 221.0 469.1 21,058 100 162.2 274.4 337.5 1,111.8 

Cyfluthrin 6.3 <MDL <MDL <MDL 739.2 0.0 <MDL <MDL <MDL <MDL 

Cypermethrin 43.8 <MDL <MDL 373.8 2,968.6 28.6 <MDL <MDL 391.6 35,898 

* Mann-Whitney p-value<0.05 
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3.6.6 Pesticide Discussion 

Pesticides were measured in air and dust collected from ECE facilities, including OP and 
pyrethroid insecticides, the insecticide synergist piperonyl butoxide, and the herbicide dacthal 
(chlorthal-dimethyl). The pesticide analytes most often detected in indoor air were trans-
permethrin (100%) and chlorpyrifos (95%), while for outdoor measurements, trans-permethrin 
(92.9%) and cis-permethrin (78.6%) were the most often detected. Pyrethroid pesticides were 
detected in dust from all ECE facilities and at higher levels than other measured pesticides. 
Median pyrethroid levels in dust ranged from <MDL for imiprothrin and sumithrin, to 225 ng/g for 
trans-permethrin. Diazinon and chlorpyrifos, OP pesticides that are no longer approved for 
indoor use, were frequently detected in dust (>90%). Levels of these OPs were not higher in 
ECE facilities in agricultural compared to non-agricultural site locations. Dust and air levels of 
the herbicide dacthal were significantly higher in ECE facilities located in agricultural 
communities. 

Significant correlations between indoor air and dust concentrations were found for diazinon, 
chlorpyrifos, and dacthal. Additionally, significant correlations between indoor air and dust 
loading were found for diazinon, chlorpyrifos, dacthal, piperonyl butoxide, and cis-permethrin. 
These findings suggest that indoor air levels are in part derived from the reservoir of pesticides 
in dust. Air levels are likely to increase significantly after applications, but long-term residues in 
dust are likely to result in low level air contamination and child exposures over time. 

Pest problems were common in the ECE facilities: 90% reported at least one pest, and 58% 
reported using pesticides, with 45% using broadcast application methods (e.g., sprays or 
foggers). Pyrethroid pesticides are the most common class of pesticides used indoors since 
most residential and structural uses of diazinon and chlorpyrifos were phased out between 2002 
and 2004. It is likely that indoor residues of diazinon and chlorpyrifos were due to historical use. 

Several studies have examined OP, pyrethroid and other pesticides in indoor air and house 
dust in Monterey90,103,145 and Alameda145 Counties. Levels of dacthal in dust from Salinas Valley 
homes sampled in these studies were similar to the levels we observed in the ECE facilities in 
agricultural areas (median=16, 22, and 31 ng/g versus 23 ng/g, respectively) but much higher 
than levels in ECE facilities from non-agricultural facilities (3.6 ng/g). 

In all the studies, cis- and trans-permethrin were the most frequently detected pesticides in 
house dust, and had the highest concentrations. Recent studies of homes in Alameda County 
and the Salinas Valley90,145 reported cis- and trans-permethrin concentrations in house dust that 
were generally ~2-4 times higher than levels we observed in the ECE facilities. Similarly, 
concentrations of chlorpyrifos in Salinas Valley homes were ~2-7 times higher than 
concentrations found in the ECE facilities. 

Bradman et al.103 also measured pesticides in air from farmworker homes in the Salinas 
Valley. In that study, chlorpyrifos and diazinon median concentrations in indoor air were higher 
(1.9 and 1.8 ng/m3, respectively) than concentrations measured in the ECE facilities (0.25 and 
0.05 ng/m3, respectively). The median concentration of dacthal in air was also higher in the 
Salinas Valley homes (1.8 ng/m3) compared to the ECE facilities (0.2 ng/m3). Conversely, the 
median concentrations of cis- and trans-permethrin in indoor air were higher in the ECE facilities 
(0.04 and 0.14 ng/m3, respectively) compared to the Salinas Valley homes (<MDL). 
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Overall, where comparable, levels of many pesticides in air and dust were lower in the ECE 
facilities compared to homes sampled in the same regions 4-8 years ago. The higher levels of 
dacthal in ECE facilities located in agricultural areas suggest contamination from nearby 
agricultural pesticide use. 

For the screening risk assessment, child pesticide exposure-dose estimates were compared 
to appropriate health-based benchmarks, such as U.S. EPA reference doses (RfDs). Estimated 
pesticide exposure levels did not exceed oral reference doses. Health-based reference 
concentrations were not available for any of the 11 pesticides measured in air. 

Use of integrated pest management (IPM) practices rather than chemical sprays to treat pest 
infestation would reduce environmental pesticide contamination in ECE facilities. 

3.7 Particle Measurement Results and Discussion 

3.7.1 Real-Time Particle Measurement Results 

We measured concentrations UFPs and fine particles (PM2.5), using real-time instruments. 
Real-time instruments monitor particle concentration through time. One-minute averages are 
particle counts or concentrations for every minute the real-time device was sampling. Child care 
daily averages are the average particle counts or concentrations over the sampling period. 
Sampling periods varied by child care. 

3.7.1.1 Ultrafine Particle Monitoring 

3.7.1.1.1 Ultrafine Particle Monitoring QA/QC 

The CPCs were checked by CARB in Spring 2010 prior to air sampling. To assess 
comparability between the two CPCs used (CPC1 and CPC2), side-by-side measurements 
were collected when field work began in July 2010 and after all field work was completed in May 
2011 (see Appendix C Figure 22). During the first field test, CPC1 and CPC2 were highly 
correlated (R2=0.99). Computed on a minute-by-minute basis, a linear regression produced the 
relationship: CPC1 = -19.5 + 1.04(CPC2) with a standard error of 0.002. The mean RSD was 
1.72% and the standard deviation was 1.34%. After all field sampling was complete, both CPCs 
were run side-by-side in a UC Berkeley office building. In this case the CPC2 took longer – 
about 15 minutes – to warm-up and reach consistent ultrafine concentrations. The mean RSD 
after the CPC stabilized (~15 minutes) was 6.1% and the standard deviation was 1.7. The 
R-squared value was 0.98. Computed on a minute-by-minute basis, a linear regression 
produced the relationship: CPC1 = -176.8 + 0.93(CPC2) with a standard error of 0.007. While 
there was a little drift in precision between the machines during child care sampling, the relative 
differences were small. 

In addition to the QA/QC work done by UC Berkeley, CARB also ran CPC1 and CPC2 side-
by-side with an additional TSI 3781 CPC (labeled ARB3) and a TSI 3787 CPC (labeled CPC 
3787). All four instruments tracked the same concentrations through time. While CPC2 again 
shows small periods of deviation, the pre- and post-sampling QA/QC correlation and bias of 
each instrument indicate that the CPCs used in this study produced precise and comparable 
results. For additional QA results see Appendix C. 
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3.7.1.1.2 Ultrafine Particle Measurement Results 

Indoor UFP concentrations were measured in 39 facilities and outdoor UFP concentrations 
were measured at twenty-eight facilities. Table 66 summarizes the distribution of one-minute 
and child care full day averages for indoor and outdoor UFP concentrations. Levels varied 
widely, with peak one-minute average concentrations (543,000/ccm) up to 25 times higher than 
typical mean concentrations during a day (22,102/ccm). No significant difference between 
indoor and outdoor mean concentrations was observed (Wilcoxon p>0.05). However, above the 
50th percentile, the indoor distribution shows higher concentrations compared to outdoor levels. 
For example, Figure 8 presents a cumulative frequency distribution of the indoor and outdoor 
child care day average UFP concentrations. The cumulative probabilities of both indoor and 
outdoor mean concentrations are similar up to the ~70th percentile where the mean indoor 
concentrations become consistently higher than outdoor concentrations. 

Table 66. Summary of One-Minute and Child Care Day Averages for Indoor and Outdoor 
Ultrafine Concentrations (#/ccm) 

One-Minute Averages Child Care Full Day Averages 

Indoors Outdoors 
I/O 

Ratio Indoors Outdoors 
I/O 

Ratio 
N 18,581 12,464 10,132 39 28 27* 
Mean 22,102 16,155 4.4 22,327 16,531 2.8 
SD 34,358 13,590 17.2 19,672 10,896 7.1 

Minimum 511 108 0.04 1,515 1,260 0.3 
25th % 6,680 7,030 0.5 10,452 9,891 0.7 
Median 11,500 12,400 0.9 14,120 14,054 1.2 
75th % 20,600 20,800 2.0 29,717 19,907 2.0 
90th % 50,700 33,300 5.4 58,663 38,143 3.6 
95th % 83,500 43,100 11.7 69,439 42,096 5.7 
Maximum 543,000 158,000 497.1 75,376 44,618 37.9 
*At one ECE facility, UFPs were measured outdoors but not indoors due to CPC 
malfunction. 
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Figure 8. Cumulative probability of child care day average indoor and outdoor ultrafine 
particle concentrations 

Table 67 presents descriptive statistics for overall mean indoor and outdoor UFP 
concentrations stratified by county (Alameda vs. Monterey). In general, we observed no 
significant differences between Alameda and Monterey County indoor or outdoor ultrafine 
particle concentrations (Mann-Whitney, p>0.05) but Monterey County did have higher indoor 
ultrafine particle concentrations in the higher percentiles. Table 68 presents descriptive statistics 
for mean indoor and outdoor UFP concentrations stratified by ECE type (home versus center). 
Indoor and outdoor mean UFP concentrations were higher at child care homes compared to 
center-licensed facilities (Mann-Whitney p<0.01 and 0.05, respectively). The difference in indoor 
UFP concentrations is most likely due to the greater frequency of combustion sources adjacent 
to sampling rooms in homes (100%) versus in centers (21.4%). 

To test this hypothesis, we evaluated differences in UFP concentrations between child care 
centers with or without a combustion source or adjacent to the room where air sampling 
occurred. When combustion sources were in close proximity, median ultrafine concentrations 
were more than twice the median UFP concentrations in facilities with no nearby combustion 
sources (Mann-Whitney, p<0.05, Table 69). Figure 9 illustrates the real-time trend in ultrafine 
concentrations during the day in a facility without a combustion source (left figure) and in a 
facility with a combustion source used twice (right figure). In this instance, ECE #19 was a 
single family home with a gas stove that was used to prepare breakfast and lunch. Ultrafine 
particle concentrations increased by up to three orders of magnitude during stove use. 

Overall, 18 child care facilities (45%) had a combustion source (i.e., gas cook stove, gas 
water heater, etc.) present or adjacent to the room where air sampling occurred. Eleven (27.5%) 
of the facilities had indoor gas stoves in child care areas; two home-based facilities had gas 
stoves with no functioning fan. 
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Table 67. Distribution of Child Care Full Day Average Indoor 
and Outdoor Ultrafine Concentrations (#/ccm) by County 

Indoors Outdoors 
Alameda Monterey Alameda Monterey 

N 20 19 12 16 
Mean 19,806 24,982 18,755 14,865 
SD 14,618 24,019 10,789 11,018 
Minimum 2,544 1,515 4,824 1,260 
25th % 10,678 9,626 13,387 8,986 
Median 14,292 12,461 16,116 12,705 
75th % 28,603 47,802 22,320 17,199 
90th % 43,504 69,439 31,108 38,143 
Maximum 57,794 75,376 44,618 42,096 

Table 68. Distribution of Child Care Full Day Average 
Indoor and Outdoor Ultrafine Concentrations (#/ccm) by ECE Type 

Indoors Outdoors 
Center Home Center Home 

N 27 12 18 10 
Mean 14,048 40,956 13,572 21,859 
SD 9,891 23,638 9,250 12,062 
Minimum 1,515 9,626 1,260 8,132 
25th % 9,415 20,811 7,040 13,172 
Median 11,997 39,071 12,711 17,938 
75th % 15,596 59,915 17,628 31,108 
90th % 24,579 69,439 23,843 41,381 
Maximum 47,802 75,376 42,096 44,618 

Table 69. Summary of Ultrafine Particle Concentration Means (#/ccm) in 
Child Care Facilities with and without a Combustion Source Present 

Without 
Combustion 

With 
Combustion 

N 21 18 
Mean 12,608 33,666 
SD 8,127 23,120 
Minimum 1,502 9,626 
25th % 8,464 12,218 
Median 11,581 28,603 
75th % 14,653 57,794 
90th % 17,993 69,439 
Maximum 38,817 75,376 
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Figure 9. Comparison of full day ultrafine particle concentrations at two separate ECE 
facilities (ECE 18 and 19). In ECE 18, combustion sources were not present and ultrafine 
concentrations were low. In ECE 19, ultrafine concentrations rose twice due to use of a 
gas stove. 

3.7.1.2 Real-Time PM2.5 Monitoring 

A DustTrak 8520 and 8530 measured real-time PM2.5 concentrations. Indoor PM2.5 was 
measured at all 40 ECE facilities and outdoor PM2.5 was measured at 31 ECE facilities. 
DustTrak 8520 was designated DT1 and the DustTrak 8530 was designated DT2. 

3.7.1.2.1 Real-Time PM2.5 QA/QC 

Prior to sampling, DT1 was compared to CARB’s Monitoring and Laboratory Division (MLD) 
ambient air PM2.5 samples collected on Teflon filters in Sacramento, California. DT1 was run for 
27 hours next to the ambient monitor and hourly PM2.5 data between the two methods was 
compared to assess DT1 performance. The mean relative standard deviation between the 
duplicate measurements was 38.9% and the standard deviation was 32.1%. Results showed a 
bias between measurement techniques with DT1 measuring higher concentrations of PM2.5 than 
the MLD unit. A linear regression comparing the two measurements produced a line, MLD=1.9 + 
0.44(DT1) with a standard error of 0.07. While the two machines follow the same concentration 
trend (R²=0.62), DT1 generally measured higher PM2.5 concentrations than results from MLD 
(Appendix C, Table 139). 

Side-by-side comparisons between the two DustTraks were performed before and after both 
devices were used in a UC Berkeley office building. Side-by-side measurements between DT1 
and DT2 show a strong correlation (R2=0.80); however, there was a consistent bias between 
DT1 and DT2 (linear regression: DT1=-0.001 + 0.89(DT2), standard error=0.03) with an 
average difference in sample concentration of 7 μg/m³. Prior to sampling the mean RSD was 
10.0% and the standard deviation was 1.9%. Post-sampling side-by-side DustTrak 
measurements also correlated well (R2=0.95), but a bias persisted between the machines 
(linear regression: DT1=-0.001 + 0.84(DT2), standard error=0.01). DT1 was approximately 5 
μg/m³ lower than DT2 throughout the sampling period. The post-sampling mean RSD was 
17.4% and the standard deviation was 2.6%. 

93 

https://error=0.01
https://error=0.03


 

 

        
        

           
        

          
          

        

   

         
      
        

       
        
         

         
         
           

   
 

       
 

 

   
 

 
 

 
 

 
 

 
 

 
 

 
       

       
       

       
        

       
       
       
       

       
 

 
 
 

Overall, QA procedures for the DustTrak before and after sampling indicate strong 
correlations between DustTrak 1 and DustTrak 2 real-time PM2.5 measurements, but the 
DustTrak 2 levels averaged 25% higher. Additionally, the DustTrak 1 values averaged 68% 
higher than CARB MLD measurements. Due to DustTrak 1 measuring higher PM2.5 

concentrations than the MLD but lower than the DustTrak 2, DustTrak 2 measurements were 
adjusted downward with a correction offset of -6 μg/m³ to be comparable to the DustTrak 1 
results. See Appendix C for additional DustTrak QA/QC information. 

3.7.1.2.2 Real-time PM2.5 Results 

Forty indoor real-time PM2.5 measurements were collected and 31 outdoor real-time PM2.5 
measurements were collected. Table 70 shows the distribution of DustTrak PM2.5 mean 
concentrations stratified by indoor and outdoor sampling locations. Overall, there were no 
significant differences in the distribution of the child care day averages between indoor and 
outdoor DustTrak PM2.5 concentrations (Wilcoxon>0.05). One-minute and child care day 
average distributions of PM2.5 show similar distributions until the higher percentiles when indoor 
levels exceed outdoor levels (Figure 10). There were no significant differences between child 
care day average DustTrak PM2.5 concentrations when stratified by county or ECE type (Mann-
Whitney p>0.05) (Tables 71 and 72). However, the upper range outdoor levels in Alameda 
County tended to be higher. 

Table 70. Summary of One-Minute and Child Care Day Averages of DustTrak PM2.5 

Concentrations (μg/m³) 

One-Minute Averages Child Care Day Averages 

Indoor Outdoor 
I/O 

Ratios Indoor Outdoor 
I/O 

Ratios 
N 19,061 14,494 - 40 31 -
Mean 20 24 1.6 19 24 1.3 
SD 26 29 3.9 16 28 1.5 

Minimum 0 0 0.0 5 2 0.2 
25th % 9 9 0.5 11 12 0.6 
Median 14 16 0.8 15 17 0.9 
75th % 22 26 1.4 23 25 1.1 
90th % 35 41 2.7 34 38 2.1 
95th % 46 104 4.3 55 108 5.1 
Maximum 372 181 62.2 89 138 7.6 
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Figure 10. Cumulative distribution plots of minute-by-minute (left) and child care day 
averages of PM2.5 (right) concentrations indoors and outdoors 

Table 71. Comparison of Child Care Day Average DustTrak PM2.5 Concentrations (μg/m³) 
by County 

Indoor Outdoor I/O Ratios 

Alameda Monterey Alameda Monterey Alameda Monterey 

N 20 20 13 18 13 18 

Mean 20 19 34 16 0.9 1.6 

SD 15 17 41 10 0.8 1.8 

Minimum 5 6 4 2 0.2 0.5 

25th % 9 12 14 12 0.5 0.8 

Median 16 14 21 14 0.6 1.0 

75th % 27 21 25 19 1.0 1.5 

90th % 41 24 108 30 2.1 5.1 

Maximum 64 89 138 46 2.8 7.6 
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Table 72. Comparison of Child Care Day Average DustTrak PM2.5 Concentrations (μg/m³) 
by ECE Type 

Indoor Outdoor 

Center Home Center Home 

N 28 12 21 10 

Mean 16 26 28 15 

SD 9 25 33 8 

Minimum 5 6 4 2 

25th % 11 11 13 12 

Median 14 17 17 15 

75th % 23 29 25 23 

90th % 28 64 46 26 

Maximum 46 89 138 27 

3.7.2 Gravimetric Particulate Matter Monitoring 

Gravimetric PM2.5 and PM10 were collected using SKC® PEMs onto 37 mm Teflon filters at 
flow rates of 2 and 4 lpm. Samples were collected throughout the child care day (~8 hours). A 
total of 35 PM2.5 and PM10 samples were available for analysis. 

3.7.2.1 Gravimetric PM QA/QC 

Integrated PM was to be sampled only using PEMs with a flow rate of 2 lpm. However, 
during the pilot phase of the project (ECE #10-14), filter contamination occurred due to 
problems with the gaskets in some of the 2 lpm PEM (the gaskets appeared to be failing and 
shedding mass onto the filters during the loading and unloading process). This problem did not 
occur in all the filters but it was not possible, in retrospect, to determine which filters were 
contaminated. Upon discovering the problem, all 2 lpm PEM bodies were reconditioned and it 
was confirmed that the weight change of the filters during loading and unloading was within 
acceptable limits (i.e., less than 3 µg change between measurements). Although the 2 lpm 
PEMs were reconditioned, 4 lpm PEMs were purchased to increase the sample volume and 
accuracy of measurements. Four duplicate measurements were collected indoors for each 
PM2.5 and PM10 for comparison. For PM2.5, the mean RSD was 47.5% and the standard 
deviation was 16.2%. For PM10, the mean RSD was 6.1% and the standard deviation was 3.6%. 
The larger RSDs for PM2.5 are probably due to the measurements being below/close to the 
MDL. The difference in PEMs between duplicate measurements may have also added to the 
variability. 
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3.7.2.2 Gravimetric PM Results 

Thirty-five indoor PM2.5 and PM10 samples along with 12 outdoor PM2.5 and PM10 samples 
were available for analysis. When duplicates were taken, the average PM concentration 
calculated from the duplicates was used. Table 73 presents descriptive statistics for PM2.5 and 
PM10 measurements. The median indoor PM2.5 and PM10 concentrations from gravimetric 
measurements were 15.0 and 47.6 μg/m3, respectively, similar to outdoor median levels (16.2 
and 28.9 μg/m3, respectively). No significant difference was found between indoor and outdoor 
PM2.5 (Wilcoxon p>0.05). Differences between indoor and outdoor PM10 values were moderately 
significant (Wilcoxon p=0.07). Indoor PM10 concentrations tended to be higher than outdoor 
concentrations as presented in the I/O ratios and paired scatter plots (Table 74 and Figure 11). 
Additionally, no significant differences (p>0.05) in indoor or outdoor PM levels were found 
between counties or ECE type (Mann-Whitney, p>0.05) (Tables 75, 76, and Figure 12). 

Table 73. Summary of Indoor and Outdoor PM2.5 and PM10 Concentrations (µg/m³) 
>MDL 

(%) N Mean SD Min 25th % Median 75th % 90th % Max 
Indoor PM2.5 97.1 35 17.9 11.2 <MDL 10.6 15.0 21.5 37.6 53.7 
Outdoor PM2.5 50.0 12 17.9 9.3 <MDL <MDL 16.2 22.1 31.5 36.7 
Indoor PM10 100 35 54.8 32.3 13.8 31.4 47.6 75.2 93.3 172.2 
Outdoor PM10 83.3 12 40.3 27.2 <MDL 23.2 28.9 45.9 94.3 94.4 

Table 74. Distribution of Indoor to Outdoor Gravimetric PM2.5 and PM10 Concentration 
Ratios (n=12) 

Mean SD Min 25th % Median 75th % Max 
PM2.5 1.1 0.5 0.6 0.8 1.0 1.2 2.6 
PM10 2.0 1.4 0.6 1.0 1.8 2.1 4.8 
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Figure 11. Scatter plot of paired indoor and outdoor PM2.5 and PM10 measurements at 12 
ECE facilities. A one-to-one linear line was fit to each graph. 

Table 75. Summary Statistics for Indoor Gravimetric PM2.5 and PM10 Concentrations 
(µg/m³) by County 

PM2.5 PM10 

Alameda Monterey Alameda Monterey 

N 17 18 17 18 
Mean 17.9 17.9 53.5 56.0 
SD 10.0 12.5 37.0 28.3 
Minimum <MDL <MDL 13.8 14.5 
25th % 10.6 10.5 31.4 38.3 
Median 16.0 13.7 47.1 49.3 
75th % 22.8 20.5 65.2 81.3 
90th % 37.6 44.0 84.8 100.7 
Maximum 38.8 53.7 172.2 103.1 
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Table 76. Summary Statistics for Indoor Gravimetric PM2.5 (µg/m³) by ECE Type 

PM2.5 PM10 

Center Home Center Home 

N 24 11 24 11 
Mean 16.4 21.1 56.3 51.5 
SD 10.6 12.1 33.5 30.9 
Minimum <MDL <MDL 17.8 13.8 
25th % 10.5 12.1 33.3 15.8 
Median 14.2 20.2 49.3 47.1 
75th % 19.2 28.8 68.6 81.3 
90th % 23.3 37.6 93.3 84.8 
Maximum 53.7 44.0 172.2 100.7 
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Figure 12. Indoor integrated PM2.5 and PM10 concentrations by county (left figure) and by 
child care type (right figure) 

3.7.3 Correlation of Particle Measurements 

We computed Spearman rank correlations to examine the associations between the 
different real time and gravimetric particle measurements. Mean particle concentrations were 
used to characterize the real time measurements. Table 77 presents the correlation matrix. 
Many of the measurements were significantly positively correlated. As expected, real time and 
gravimetric measures of PM2.5 and PM10 were strongly correlated with each other. Overall, these 
strong correlations validate the quality of the measurements and indicate that the real time 
particle instruments accurately represent cumulative daily PM2.5 and PM10 levels. Indoor and 
outdoor PM2.5 measurements were also strongly correlated, which suggest that outdoor sources 
are significant contributors to fine particulate matter levels indoors. Finally, ultrafine particle 
levels were generally not significantly correlated with PM2.5 and PM10 levels. Indoor and outdoor 
ultrafine particles were weakly correlated and indoor ultrafine was significantly negatively 
correlated with mean outdoor DustTrak PM2.5. These findings suggest that sources of indoor 
ultrafine particles are independent of outdoor sources. As noted in Section 3.7.1.1.2, indoor 
cooking events were a significant source of elevated ultrafine particle levels. 

99 



 

 

        

 
 

 
 

 
  

 
  

 
  

 
  

 
 
 

 
        

          
          
          
          

  
        
 

         
 

Table 77. Pairwise Spearman Rank Correlation (rho) between Particulate Measurements 
Mean Indoor 

Ultrafine 
Mean Outdoor 

Ultrafine 
PEM Indoor 

PM2.5 

PEM Indoor 
PM10 

PEM Outdoor 
PM2.5 

PEM Outdoor 
PM10 

Mean Indoor 
DustTrak PM2.5 

Mean Outdoor 
Ultrafine 0.35 
PEM Indoor PM2.5 0.25 -0.15 
PEM Indoor PM10 0.07 -0.46* 0.79* 
PEM Outdoor PM2.5 -0.30 0.04 0.80* 0.54* 

PEM Outdoor PM10 -0.12 0.38 0.44 0.57 0.61* 
Mean Indoor 
DustTrak PM2.5 0.16 0.04 0.71* 0.67* 0.48 0.69* 
Mean Outdoor 
DustTrak PM2.5 -0.38* 0.04 0.32 0.39* 0.49 0.76* 0.67* 

* p<0.05 
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3.7.4 ECE Facility Proximity to Traffic and Association with Indoor/Outdoor 
Particle Pollution 

Spearman correlation coefficients between particle concentrations indoors and outdoors and 
nearby traffic intensity (Table 78) were computed ( see Section 3.2.3 for a description of traffic 
metrics). DustTrak mean outdoor PM2.5 was significantly correlated with GATV. Indoor and 
outdoor PM2.5 and PM10 levels along with outdoor ultrafine particles were weakly correlated with 
GATV. A larger sample size is necessary to confirm the associations reported. Additionally, 
because these were single-day measurements compared to annual traffic intensity estimates, 
the correlations may underestimate the true association with nearby traffic intensity on the 
monitoring day. 

Table 78. Spearman Correlation Rho Between Traffic Metrics and Particle Concentrations 

Sum 
LATV 

Sum 
GATV 

LATV -
HS 

Indoor Ultrafine (n=39)a -0.09 -0.19 -0.17 

Outdoor Ultrafine (n=28)a 0.26 0.22 0.24 
PEM Indoor PM2.5 (n= 35) -0.07 0.27 -0.13 
PEM Indoor PM10 (n=35) -0.19 0.16 -0.09 
PEM Outdoor PM2.5 (n=12) 0.06 0.54 -0.20 
PEM Outdoor PM10 (n=12) -0.01 0.29 0.16 
Indoor DustTrak PM2.5 (n=40)a -0.01 0.28 -0.04 

Outdoor DustTrak PM2.5 (n=31)a 0.25 0.62** 0.18 
a Child care day averages 
** p-value<0.05 

3.7.5 Correlation between DustTrak and PEM 

As part of an additional QA analysis, mean DustTrak PM2.5 concentration and integrated 
PM2.5 concentrations were compared (Table 79). At 35 ECE facilities, a DustTrak and PEM with 
2.5 µm size selectors were deployed. The average error between duplicate measurements was 
18.6%. Mean and median results across the 35 facilities were consistent. The Spearman rank 
test also indicates a significant correlation between the results (R=0.71, p<0.05). Figure 13 
shows a scatter plot of both measurements with a linear regression calculated: DT2.5=2.95+ 
0.95(PEM) with a standard error of 0.21. 
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Table 79. Summary Comparison of Mean DustTrak PM2.5 and PEM PM2.5 Concentrations 
(μg/m³) 

DustTrak PEM 

N 35 35 

Mean 20.0 17.9 

SD 17.1 11.2 

Min 5.2 5.3 

25th % 10.9 10.6 

Median 14.8 15.0 

75th % 23.8 21.5 

Maximum 89.4 53.7 
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Figure 13. Scatterplot of paired DustTrak and PEM PM2.5 indoor concentrations (n=35). 
DustTrak concentrations are averages over the entire child care day. Line represents 
linear regression between paired results. 

3.7.6 Particulate Matter Discussion 

Particulate matter (PM) is a complex mixture of extremely small particles and liquid droplets. 
It is made up of a number of components, including acids (such as nitrates and sulfates), 
organic chemicals, metals, and soil or dust particles. The size of the particles is directly linked to 
their potential for causing health problems. Particles that are 10 micrometers in diameter or 
smaller (<10 µm) can generally pass through the throat and nose and enter the lungs. Once 
inhaled, these particles can affect the heart and lungs and cause serious health effects. Fine 
particles, such as those found in smoke and haze, are 2.5 micrometers in diameter and smaller 
(<2.5 µm).146 Fine and ultrafine particles (<0.1 µm) can reach the deepest regions of the 
lungs.147,148 Potential effects of PM include asthma exacerbation, difficulty breathing, and 
bronchitis, especially in children and the elderly. Fine PM associated with diesel exhaust is 
listed by CARB as a Toxic Air Contaminant based on its carcinogenic potential.149 

PM10 and PM2.5 levels were measured in indoor air at 35 ECE facilities and in outdoor air at 
12 facilities. Median indoor and outdoor levels of PM10 were 47.6 and 28.9 µg/m3, respectively, 
and levels of PM2.5 were 15.0 and 16.2 µg/m3, respectively. Outdoor PM2.5 levels were higher in 
facilities located in Alameda County, which has more traffic compared to Monterey County 
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(medians = 21 vs. 13 µg/m3). In addition, outdoor PM2.5 levels were significantly correlated with 
traffic intensity metrics (rho=0.62). The strong correlations found between indoor and outdoor 
PM2.5 measurements (rho=0.80) also suggest that outdoor sources were significant contributors 
to PM2.5 levels indoors. 

The ECE facilities’ indoor and outdoor PM2.5 levels were similar to those measured in a 
study of ~120 Los Angeles homes (medians = 14.5 and 16.1 µg/m3, respectively).150 Further, 
outdoor PM10 and PM2.5 levels were similar to or slightly higher than those measured in a study 
of ten San Francisco metropolitan area schools (averages = 30 and 12 µg/m3, respectively).148 

Concentrations of PM10 were compared to the level of the 24-hour average California Ambient 
Air Quality Standard (CAAQS) and PM2.5 concentrations were compared to the level of the 
National Ambient Air Quality Standard (NAAQS). Indoor PM10 concentrations exceeded the 
level of the 24-hour CAAQS in 46% of ECE facilities (16 of 35), and indoor PM2.5 concentrations 
exceeded the level of the 24-hour NAAQS in 11% of ECE facilities (4 of 35; there is no 24-hour 
CAAQS for PM2.5). It should be noted that the measurements in this study were obtained over 
an 8-10 hour period, and do not necessarily represent the levels children were exposed to for a 
full 24-hour period. However, the monitoring suggests many young children are experiencing a 
significant portion of their total PM exposures in child care facilities and that exposure mitigation 
may be warranted. 

Ultrafine particulate matter (UFP) was measured in indoor air for ~8 hours in 39 ECE 
facilities, and in outdoor air at a subset of facilities (n=28). Average ultrafine particle levels were 
22,327/ccm and 16,531/ccm in indoor and outdoor air, respectively. The ECE facility indoor 
levels were higher than those reported in a recent study of six northern California elementary 
schools (average = 10,800/ccm indoors and 18,100/ccm outdoors).151 In addition, the average 
indoor UFP levels in the ECE facilities were somewhat higher compared to those reported in a 
study of seven northern California residences (17,000/ccm indoors).152 Indoor UFP levels were 
generally stable during sampling periods except when cooking with gas stoves occurred; in 
these cases, UFP levels increased by up to three orders of magnitude. Median indoor UFP 
levels in center-based facilities (11,997/ccm) were much lower compared to home-based 
facilities (39,071/ccm), where more cooking near child activity areas occurred. Indoor and 
outdoor UFP levels were weakly correlated (rho=0.35) with each other, and outdoor UFP levels 
were weakly correlated with traffic metrics (rho=0.22-0.26). Together these findings suggest 
nearby traffic is a minor source of indoor UFP in ECE facilities. The average I/O ratio for daily 
UFP was 2.8. The average I/O for UFPs reported in the study of six California elementary 
schools was much lower (0.59).151 There are currently no health-based standards for UPFs. 

3.8 Metals Results and Discussion 

We measured 38 dust samples for the following 8 metals: Aluminum (Al); Cadmium (Cd); 
elemental Chromium (Cr[0]); Copper (Cu); Iron (Fe); Manganese (Mn); Lead (Pb); and Zinc 
(Zn). One dust sample had insufficient mass for metals analysis. 

3.8.1 Metals Dust Results 

Concentrations (μg/g) and loading values were generated for all metals and are presented 
below (Tables 80 and 81). Except for lead (%>MDL= 94.8%), all metals had a detection 
frequency of 100%. The highest median metal concentrations were for aluminum and iron 
(8,004 and 7,682 μg/g). The median lead concentration was 35.7 μg/g. 
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Table 80. Distribution of Metals in Dust (μg/g) (n=38) 

Metal 
>MDL 

(%) Mean SD Min 25th % Median 75th % 90th % 95th % Max 
Al 100 7,822 1,973 4,033 6,455 8,004.5 8,774 9,449 10,489 15,717 
Cd 100 4.3 6.4 0.6 1.4 2.4 4.6 7.8 28.9 30.8 
Cr 100 39.5 11.8 23.1 30.2 38.5 43.6 59.8 63.6 73.4 
Cu 100 106.5 56.1 43.7 67.4 92.8 134.3 174.4 247.2 305.4 
Fe 100 8,113 2,324 4,545 6,713 7,682 9,139 10,971 12,482 17,610 
Mn 100 167.9 55.2 78 135 157 188 239 284 378 
Pb 94.8 77.2 132.1 <MDL 25 35.7 62.2 147.6 234.3 804.9 
Zn 100 667.6 419.0 236 382 556 777 1,195 2,025 2,067 

Table 81. Distribution of Metal Loading (μg/m²) (n=38) 

Metal Mean SD Min 25th % Median 75th % 90th % 95th % Max 
Al 32,448 34,435 724 8,237 15,076 54,516 95,944 112,776 113,199 
Cd 10.8 12.3 0.5 1.9 6 15.7 28.8 33.1 57.5 
Cr 149.9 149.2 4.2 42.9 93.3 211.3 378.4 449.3 561 
Cu 337.1 339.9 19 98.2 201.5 459.5 935.1 1,143 1,367 
Fe 33,378 36,023 699.6 8,419 15,196 47,710 88,412 121,509 131,433 
Mn 717.4 842.6 19.7 172.5 330.4 864.4 1,954.1 2,652.8 3,538 
Pb 229.7 392.8 <MDL 36.7 97.7 235.8 508.9 1,029.9 2,188.6 
Zn 2,120 2,160 69.9 599.9 1,403.2 2,800.8 5,410.1 8,771 8,888 
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Ultrafine particles: The average indoor UFP levels (22,327/ccm) were higher than those 
reported in a recent study of California elementary schools (average=10,800/ccm 
indoors). Ultrafine particle levels were higher indoors and uncorrelated with outdoor sources. 
Median indoor UFP levels in center-based facilities (11,997/ccm) were lower compared to 
home-based facilities (39,071/ccm), where more cooking occurred. UFP levels increased 
dramatically, up to three orders of magnitude, for short periods during gas stove use. Currently, 
there are no health-based standards defining acceptable UFP levels; however, these particles 
may increase lung inflammation and exacerbate asthma. Additional research is needed on the 
health effects and mitigation of ultrafine particles in air. 

Coarse and Fine Particulate Matter (PM): Median indoor and outdoor air levels of PM10 were 
47.6 and 28.9 µg/m3, respectively, and, for PM2.5, were 15.0 and 16.2 µg/m3, respectively. 
Indoor and outdoor PM2.5 levels were strongly correlated, suggesting that indoor PM2.5 levels 
were largely derived from outdoor air. Indoor PM10 concentrations exceeded the 24-hour 
California Ambient Air Quality Standard (CAAQS) in 46% of ECE facilities, while the indoor 
PM2.5 concentrations exceeded the 24-hour National Ambient Air Quality Standard (NAAQS) in 
13% of ECE facilities (there is no 24-hour CAAQS for PM2.5). It should be noted that the 
measurements in this study were conducted over an 8-10 hour period, and do not necessarily 
represent the levels children were exposed to for a full 24-hour period the duration of the 
exposure period defined in the air quality standards. However, the monitoring suggests many 
young children are experiencing a significant portion of total PM10 exposures in child care 
facilities and that exposure mitigation may be warranted. 

Potential Sources of Indoor Chemical Contaminants 

Sources of many of the measured chemicals in air include building materials, furnishings, 
and consumer products. For example, the primary sources of formaldehyde are believed to be 
composite wood products such as medium density fiberboard, particle board, and plywood. 
Other sources include certain types of foam insulation, textiles, paints and sealants, and indoor 
combustion sources such as unvented gas stoves. Several VOCs with relatively high levels, 
such as d-limonene and decamethyl-cyclopentasiloxane, are often used in cleaners or personal 
care products. Sources of benzene, ethylbenzene and several related VOCs are likely due to 
nearby traffic and vehicle fuel evaporation, as well as indoor combustion sources, paints, and 
cleaners containing petroleum distillates. Sources of chloroform include vaporization from 
chlorinated tap water and consumer products containing bleach for sanitization purposes. 

Many of these sources were present in the ECE facilities tested. For example, 88% (35 of 
40) of the facilities contained pressed wood or plywood; 28% of the facilities had indoor gas 
stoves located in child care areas; and two home-based facilities had gas stoves with no 
functioning fan. Bleach (sodium hypochlorite) was a component of cleaners or sanitizers in 26 
(65%) of the facilities. Other sources of measured VOCs include consumer products used or 
stored in the facilities. For example, 135 chemical ingredients were identified in a variety of 
consumer products, including personal care products (hand soaps), cleaners, sanitizers, air 
fresheners, paints, pesticides, etc. 

Indoor sources are also important for the less volatile chemicals measured in air, including 
phthalates, flame retardants, and pesticides, all of which were commonly detected in indoor air 
or dust. Phthalates have historically been used in plastics, toys, certain building products, and 
personal care products. Flame retardants are heavily used in furnishings and electronics to 
comply with the California Bureau of Electronic and Appliance Repair, Home Furnishings, and 
Thermal Insulation flammability standards defined in Technical Bulletin 117. Pyrethroid 
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pesticides are the most common class of pesticides used indoors since most residential and 
structural uses of diazinon and chlorpyrifos were phased out between 2002 and 2004. It is likely 
that indoor residues of diazinon and chlorpyrifos were due to historical use. Finally, the higher 
levels of dacthal in ECE facilities located in agricultural areas suggest contamination from 
nearby agricultural pesticide use. 

Conclusions 

For this study, extensive environmental monitoring of 40 Early Childhood Education (ECE) 
facilities in northern California was performed and dozens of toxicants were measured in the air 
and dust. Overall, levels of contaminants were similar to levels in other indoor environments and 
most exposures were below health-based benchmarks when they were available. For most 
chemicals, however, no health screening information was available. 

The risk evaluation identified five VOCs (benzene, chloroform, ethylbenzene, acetaldehyde, 
and formaldehyde) and one metal in dust (lead) that exceeded age-specific OEHHA Safe 
Harbor guidelines for cancer computed by the report authors. Formaldehyde levels also 
exceeded OEHHA 8-hour and chronic reference exposure levels (RELs). In addition, levels of 
acetaldehyde, while lower than the California RELs, exceeded the U.S. EPA reference 
concentration. Finally, estimated exposures to two brominated flame retardants (BDE-47 and 
BDE-99) exceeded the U.S. EPA non-cancer reference dose (RfD). 

While regulatory steps have been taken to reduce indoor sources of formaldehyde (Section 
93120-93120.12, Title 17, California Code of Regulations), more action may be needed. 
Mitigation measures are also warranted to reduce exposure to other compounds that exceeded 
health-based benchmarks. Additionally, UFP levels were shown to increase dramatically when 
gas stoves were used for cooking, especially when no functioning fan was present. If these high 
levels are shown to cause respiratory or other health problems in young children, CARB may 
want to consider recommending steps to mitigate these exposures. 

In summary, given the overriding interest in providing safe and healthy environments for 
young children, additional research is needed to identify strategies to reduce indoor sources of 
chemicals and particulate matter that may pose hazards. This information will be important for 
targeted education and outreach efforts to successfully improve the public health of young 
children receiving child care in California’s ECE facilities. 

6 Strengths and Limitations 

This study is the first and largest in California and nationally to examine particulate matter 
and a broad spectrum of chemical contaminants, including emerging pollutants such as flame 
retardants, phthalates, and perfluorinated compounds, in ECE facilities. The purpose of the 
study was to obtain a “snapshot” of the environmental quality in ECE facilities in California. Due 
to costs, the sample size was limited to 40 ECE facilities in two counties, which limits the power 
to draw inferences. Another important limitation of the study is that only one day of data was 
collected at each site. Thus, results may not reflect contaminant levels on other days, long-term 
averages, or seasonal variation. 

Challenges in recruitment were another limitation. Participation rates among child care 
centers was less than 5% of those contacted, and the participation rate of home-based child 
care facilities was even lower. Low recruitment rates may have resulted in selection bias in the 

131 

https://93120-93120.12


 

 

            
       
     
        

         
        

       
       

 

     
 

            
           
      

 
      

     
        
     

   
 

        
     

 
         

          
        
        
         

 
             

           
        

 
 

         
      

         
         

      
  

 
        

       
          
        

        
      

study. In general, directors of the enrolled ECE facilities were interested in environmental risks 
to children’s health and may have previously implemented policies to minimize the use of 
contaminant sources. Despite these limitations, the participating centers represent a broad 
cross-section of institutions providing child care in California, including Head Start facilities, 
public school district facilities, private centers, and child care homes; the children were also 
typical of California populations, representing low-income, immigrant, and middle class families. 
Increasing the number of participating ECE facilities and expanding the geographic distribution 
would improve generalizability of the findings to the state as a whole. 

7 Recommendations 

The research team recommends the following, based on the study results: 

1. Additional research on levels of contaminants in indoor air in ECE facilities is warranted, 
including sampling over longer periods to assess long-term averages and trends, 
seasonal impacts, and to identify indoor sources. 

a. If, based on more comprehensive monitoring, cumulative exposures to 
formaldehyde in child care exceed California RELs and/or Proposition 65 No 
Significant Risk (NSRL) Safe Harbor Levels for carcinogenicity, mitigation 
measures beyond current rules (Section 93120-93120.12, Title 17, California 
Code of Regulations) should be considered. 

b. Other VOCs that exceeded the child-specific NSRL should be a priority for future 
research (benzene, chloroform, ethylbenzene, acetaldehyde). 

c. Levels of d-limonene were higher in the ECE facilities compared to levels 
measured in recent studies of homes. D-limonene, a terpene, may be a 
respiratory irritant, and can, along with other VOCs, react with ozone to form 
secondary air contaminants. Additional research is warranted to evaluate the 
contribution of d-limonene to secondary contaminants and potential health risks. 

d. In addition to the a priori target list of VOC analytes in air, hundreds of other 
VOCs were identified as likely present in the ECE facilities. A priority for future 
research should be to measure the levels and potential health risks of these 
contaminants. 

2. Ultrafine particle levels were higher in the ECE facilities compared to elementary 
schools, primarily due to increased levels in home-based facilities with gas stoves. 
Research is needed to assess the health impacts of these exposures. As a 
precautionary step, and given that simple methods are available to reduce these levels 
(e.g., fan use), outreach to increase ventilation when cooking in home-based child care 
facilities should be considered. 

3. Estimated exposures to two brominated flame retardants (BDE-47 and BDE-99) 
exceeded the U.S. EPA non-cancer reference dose (RfD) for some children. These 
congeners of the penta-BDE flame retardant mixture are no longer approved for use in 
California. However, replacement flame retardant chemicals were present in all facilities 
sampled. The potential health risks to children of individual and mixed exposures to the 
brominated and organophosphate flame retardants should be formally assessed. 
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4. Most of the chemicals measured have not been evaluated for potential health impacts 
and no health-based exposure benchmarks were available to assess risks. A screening 
health review of the chemicals present in the ECE facilities should be completed to 
target compounds for further toxicological review. 

5. Given the overriding interest in providing safe and healthy environments for young 
children, outreach to child care providers and professional groups focusing on strategies 
to improve indoor air quality should be increased. 
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Glossary of Terms, Abbreviations, and Symbols 

Acronym Description 
oC Degree Celsius 

[C] Concentration (units vary) 
∑GATV Sum of Gauss-Adjusted Traffic Volume 

∑LATV Sum of Length-Adjusted Traffic Volume 

CAAQS California Ambient Air Quality Standard 

AER Air Exchange Rate 

Al Aluminum 

aREL Acute Reference Exposure Level 
ASHRAE American Society of Heating, Refrigerating and Air-conditioning Engineers 

ASF Age Sensitivity Factor 
ASTM American Society for Testing Materials 

BBP Butyl Benzyl Phthalate 

BDE Brominated Diphenyl Ether 
BEHTBP Bis(2-Ethylhexyl)tetrabromophthalate 

BFR Brominated Flame Retardant 
BTEX Benzene, Toluene, Ethylbenzene, and Xylenes 

BW Body Weight 
CARB California Air Resource Board 

CCLD Community Care Licensing Division 

ccm Cubic Centimeter 
Cd Cadmium 

CDPH California Department of Public Health 

CDSS California Department of Social Services 

CEHTP California’s Environmental Health Tracking Program 

CERCH Center for Environmental Research and Children’s Health 

cRfD Chronic Reference Dose 

CO Carbon Monoxide 

CO₂ Carbon Dioxide 

CPC Condensation Particle Counter 
CPIC Cancer Prevention Institute of California 

CPSC Consumer Products Safety commission 

Cr Chromium 

Cu Copper 
cREL Chronic Reference Exposure Level 
CSEFH US EPA Child-Specific Exposure Factors Handbook Final Report (2008) 
DBP Dibutyl Phthalate 

DEP Diethyl Phthalate 

DEHP Di(2-Ethylhexyl) Phthalate 
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Table 104. List of Real-time Devices Deployed by ECE (Dark Box Indicates Device 
Deployed and Valid Data) 

CPC DustTrak QTrak 

ECE Indoor Outdoor 
Indoor 

Duplicate Indoor Outdoor Indoor Outdoor 
Indoor 

Duplicate 

11 

12 

13 

14 

16 

17 

18 

19 

21 

22 

23 

24 

26 

27 

28 

29 

31 

32 

33 

34 

36 

37 

38 

39 

41 

42 

43 

44 

46 

47 

48 

49 

TOTAL 39 28 1 40 31 40 30 3 
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VOC Supplemental 

Table 105. Results of Wilcoxon Signed Rank Test Comparing Indoor and Outdoor VOC 
Concentrations 

Indoor Concentration 
Greater than Outdoor 

Concentration? 

Analyte 
Wilcoxon 
p-value Significant? 

Hexane 0.015 Yes 

Methylene chloride . No 

Carbon tetrachloride . No 

Chloroform 0.0051 Yes 

Benzene 0.48 No 

Butanal 0.0001 Yes 

Heptane 0.0001 Yes 

Octane 0.0001 Yes 

Toluene 0.0001 Yes 

Hexamethylcyclotrisiloxane 0.42 No 

Tetrachloroethylene 0.0703 No 

Hexanal 0.0001 Yes 

Ethylbenzene 0.0001 Yes 

m/p-Xylene 0.0006 Yes 

a-Pinene 0.0001 Yes 

o-Xylene 0.0002 Yes 

Octamethylcyclotetrasiloxane 0.0002 Yes 

Heptanal 0.0001 Yes 

Decane 0.0001 Yes 

2-Butoxyethanol 0.0001 Yes 

3-Carene 0.0002 Yes 

Trimethylbenzene (1,2,4) 0.0006 Yes 

d-Limonene 0.0001 Yes 

Trimethylbenzene (1,2,3) 0.03 Yes 

g-Terpinene 0.0019 Yes 

Benzaldehyde 0.14 No 

Octanal 0.0001 Yes 

Undecane 0.0002 Yes 

Butylbenzene 0.32 No 

Decamethylcyclopentasiloxane 0.0001 Yes 

2-Ethyl-1-hexanol 0.0001 Yes 

Nonanal 0.0001 Yes 

Dodecane 0.0001 Yes 
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Table 105 Continued. Results of Wilcoxon Signed Rank Test Comparing Indoor and 
Outdoor VOC Concentrations 

Decanal 0.0001 Yes 

a-Terpineol 0.0002 Yes 

Tetradecane 0.0001 Yes 

Texanol 0.0001 Yes 

Hexadecane 0.0001 Yes 

TXIB 0.0001 Yes 

Flame Retardant Supplemental 

Table 106. Mann-Whitney Signed Rank Test Comparing Flame Retardant Indoor Air 
Concentrations by Facilities with Upholstered Furniture and Napping Equipment made 
out of Foam in the Child Care Room 

Question: 

Upholstered 
Furniture 
Present? 

Napping 
Equipment Made 

Out of Foam? 

Analyte p-value p-value 

BDE-47 0.97 0.10 

BDE-99 0.41 0.08 

BDE-100 0.28 0.16 

BDE-153 0.48 0.38 

BDE-154 0.91 0.91 

TCEP 0.69 0.21 

TDCPP 0.25 0.05 

EHTBB 0.78 0.05 

BEHTBP 0.91 0.56 
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Table 107. Mann-Whitney Signed Rank Test Comparing Flame Retardant Dust 
Concentrations by Facilities with Upholstered Furniture and Napping Equipment made 
out of Foam in the Child Care Room 

Question: 

Upholstered
Furniture 
Present? 

Napping 
Equipment Made 

Out of Foam? 

Analyte p-value p-value 

BDE-47 0.38 0.14 

BDE-99 0.36 0.18 

BDE-100 0.27 0.25 

BDE-118 0.59 0.33 

BDE-153 0.27 0.28 

BDE-154 0.17 0.21 

BDE-183 0.61 0.17 

BDE-190 0.38 0.33 

BDE-197 0.84 0.04* 

BDE-203 0.06 0.37 

BDE-206 0.03 0.74 

BDE-207 0.02* 0.79 

BDE-209 0.007* 0.69 
∑ BDE 0.05 0.32 

TCEP 0.76 0.04* 

TDCPP 0.86 0.03* 

EHTBB 0.98 0.95 

BEHTBP 1.00 0.60 

* p-value<0.05 
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Pesticide Supplemental 

Table 108. Comparison of Indoor Air Pesticide Concentrations by ECE Type 

Home (n=12) Center (n=28) 
>MDL 

(%) 
25th % 
(ng/m³) 

Median 
(ng/m³) 

75th % 
(ng/m³) 

Max 
(ng/m³) 

>MDL 
(%) 

25th % 
(ng/m³) 

Median 
(ng/m³) 

75th % 
(ng/m³) 

Max 
(ng/m³) 

Diazinon 66.7 <MDL 0.05 0.11 0.30 82.1 0.01 0.05 0.18 3.00 
Chlorpyrifos 100 0.15 0.27 0.38 0.58 92.9 0.17 0.24 0.47 1.36 
Dacthal 58.3 <MDL 0.10 0.39 1.19 60.7 <MDL 0.20 0.61 1.89 
Imiprothrin 8.3 <MDL <MDL <MDL 2.91 17.9 <MDL <MDL <MDL 5.50 
Piperonyl butoxide 58.3 <MDL 0.01 0.14 5.45 35.7 <MDL <MDL 0.01 0.30 
Bifenthrin 25.0 <MDL <MDL 0.09 0.41 7.1 <MDL <MDL <MDL 0.25 
Sumithrin 16.7 <MDL <MDL <MDL 1.16 0.0 <MDL <MDL <MDL <MDL 
cis-Permethrin 50.0 <MDL 0.05 0.24 0.57 64.3 <MDL 0.04 0.14 0.40 
trans-Permethrin 100 0.08 0.13 0.22 0.88 100 0.07 0.14 0.22 0.31 
Cyfluthrin 0.0 <MDL <MDL <MDL <MDL 0.0 <MDL <MDL <MDL <MDL 
Cypermethrin 0.0 <MDL <MDL <MDL <MDL 0.0 <MDL <MDL <MDL <MDL 
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Table 109. Summary of Pesticide Concentrations in Dust by ECE Type 

Home (n=11) Center (n=28) 
>MDL 

(%) 
25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

>MDL 
(%) 

25th % 
(ng/g) 

Median 
(ng/g) 

75th % 
(ng/g) 

Max 
(ng/g) 

Diazinon 90.9 2.8 5.0 6.3 27.8 92.9 2.7 3.4 5.3 74.1 
Chlorpyrifos 90.9 6.0 9.9 19.6 217.4 92.9 7.1 11.1 18.6 563.4 
Dacthal 72.7 <MDL 3.4 16.8 51.2 100.0 3.7 9.0 22.7 73.8 
Imiprothrin 54.6 <MDL 144.3 222.5 459.5 25.0 <MDL <MDL 125.2 1,739.8 
Piperonyl butoxide 100.0 57.5 145.9 613.6 24,629 92.9 37.6 73.6 115.9 390.7 
Bifenthrin 100.0 44.6 54.6 79.3 106.3 89.3 39.8 60.2 203.1 927.6 
Sumithrin 27.3 <MDL <MDL 41.9 322.6 17.9 <MDL <MDL <MDL 1,299.0 
cis-Permethrin 100.0 104.4 164.9 498.4 939.7 100.0 113.6 160.6 257.5 12,712 
trans-Permethrin 100.0 141.4 247.9 859.2 1,500.9 100.0 155.0 221.0 391.6 21,058 
Cyfluthrin 0.0 <MDL <MDL <MDL <MDL 7.1 <MDL <MDL <MDL 739.2 
Cypermethrin 36.4 <MDL <MDL 317.5 421.0 42.9 <MDL <MDL 383.1 35,898 
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VOC QA/QC 

The VOC MDLs are presented in Table 111 with the calibration range of each VOC analyte. 
Calibration ranges are the low and high masses from laboratory prepared standards. MDL and 
low/high calibration masses are converted to μg/m³ by dividing the mass by the average sample 
volume collected in this study for indoor VOC measurements (~7 liters). VOC MDLs ranged 
from 0.03 μg/m³ to 1.80 μg/m³. For four compounds (D4 and D5 siloxanes, d-limonene, and 2-
butoxyethanol) in 29 cases, the VOC levels were above the calibration high mass. In those 
cases, the mass above the range was substituted with the high calibration mass. Three Tenax 
travel spikes were prepared with a Level 4 calibration standard (~100ng) in 1 μL of methanol 
then purged with 2L of He. Travel spikes were prepared, brought into the field, and returned to 
the laboratory to quantify recovery. 

Table 111. MDL and Calibration Ranges for VOC Analytes 

Analyte 
MDL 

(μg/m³)1 

Low Mass 
Calibration 

(μg/m³) 

High Mass 
Calibration 

(μg/m³) 
Hexane* 0.44 0.9 57 
Methylene Chloride* 0.36 1.0 57 
Carbon tetrachloride* 0.72 1.1 69 

Chloroform* 0.46 1.1 64 
Benzene 0.58 0.9 56 
Butanal 0.06 0.5 74 
Heptane 0.07 0.5 71 
Octane 0.04 0.5 74 
Toluene 0.05 0.5 74 
Hexamethylcyclotrisiloxane 1.80 0.6 92 
Tetrachloroethylene 0.07 0.5 80 
Hexanal 0.07 0.5 74 
Ethylbenzene 0.04 0.5 73 
m/p-Xylene 0.08 0.5 73 
a-Pinene 0.05 0.5 73 
o-Xylene 0.07 0.5 73 
Octamethylcyclotetrasiloxane 0.18 0.5 73 
Heptanal 0.06 0.5 72 
Decane 0.13 0.5 71 
2-Butoxyethanol 0.07 0.5 76 
3-Carene 0.03 0.5 71 
Trimethylbenzene (1,2,4) 0.05 0.5 75 
d-Limonene 0.03 0.5 71 
Trimethylbenzene (1,2,3) 0.04 0.5 75 
g-Terpinene 0.03 0.5 70 
Benzaldehyde 0.27 0.5 74 
Octanal 0.09 0.5 75 

163 









 

 

       
            

            
              

         
             

          
       

  
 

         

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

2.5.3, above). Before implementing the CO2 tracer protocol, we performed a quality assurance 
test to ensure use of the gas did not contribute to contamination in the child care facility. To 
accomplish this, flexible tubing from a CO2 tank gas regulator was fed directly into a Tenax 
sampler for thirty minutes at an average flow rate of 192 cc/min. Analysis results are presented 
in Table 112. When taking into consideration the total room volume and the relatively small 
amount of CO2 released, cylinder test results indicate that the introduction of medical grade CO2 

into ECE facilities contributed minimal contamination. For example, the highest contaminant in 
the medical grade CO2, hexamethylcyclotrisiloxane, would haved added less than 5% error to 
the total analyte measured. 

Table 112. Mass and Concentration from Direct Sampling of Medical Grade CO2 

Analyte 
Mass 
(ng) 

Concentration 
(ng/m3) 

Hexane 3.2 552.7 

Methylene chloride <MDL <MDL 

Carbon tetrachloride <MDL <MDL 

Chloroform <MDL <MDL 

Benzene <MDL <MDL 

Butanal <MDL <MDL 

Heptane 11.6 2,013.2 

Octane 2.6 450.5 

Toluene 1.1 183.7 

Hexamethylcyclotrisiloxane 276.4 47,893 

Tetrachloroethylene <MDL <MDL 

Hexanal 9.3 1618.2 

Ethylbenzene <MDL <MDL 

m/p-Xylene <MDL <MDL 

a-Pinene <MDL <MDL 

o-Xylene <MDL <MDL 

Octamethylcyclotetrasiloxane 8.4 1,458.8 

Heptanal 2.0 353.4 

Decane <MDL <MDL 

2-Butoxyethanol 1.3 220.0 

3-Carene <MDL <MDL 

1,2,4-Trimethylbenzene <MDL <MDL 

d-Limonene 1.5 265.1 

1,2,3-Trimethylbenzene <MDL <MDL 

g-Terpinene <MDL <MDL 

Benzaldehyde 2.1 356.9 

Octanal 3.1 538.8 

Undecane <MDL <MDL 

Butylbenzene <MDL <MDL 

Decamethylcyclopentasiloxane 4.7 816.0 
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Analyte 
Mass 
(ng) 

Concentration 
(ng/m3) 

2-Ethyl-1-hexanol 2.0 343.0 

Nonanal 10.8 1,878.0 

Dodecane <MDL <MDL 

Decanal 3.5 613.3 

a-Terpineol <MDL <MDL 

Tetradecane <MDL <MDL 

Texanol <MDL <MDL 

Hexadecane <MDL <MDL 

Dimethyl phthalate <MDL <MDL 

TXIB <MDL <MDL 

Diethyl phthalate <MDL <MDL 

Dibutyl phthalate <MDL <MDL 

VOC Duplicate, Blank, Spike, and Breakthrough Results 

Three duplicate VOC samples were collected. In one facility, duplicate samples utilized 
sample tubes with Tenax backed by CarboTrap; at the other two, duplicate samples utilized 
Tenax-only sample tubes. For all VOC analytes, the mean relative standard deviation was 
11.8% (SD= 8.3), showing a relatively small error between measurements (Table 113). 
Seventeen travel blanks were analyzed to quantify possible contamination (Table 114). Travel 
blanks are brought to the field but are not opened then brought back to the laboratory for 
analysis. Results show little contamination during travel and analysis. Of the 39 analytes 
measured, only two had median blank masses above the method detection limit 
(Hexamethylcyclotrisiloxane- 4.1 ng and benzaldehyde-1.5 ng). Three Tenax travel spikes were 
prepared with a Level 4 calibration standard (~100 ng) in 1 µL of methanol then purged with 2L 
of He. Travel spikes were prepared and brought into the field and returned to the laboratory to 
quantify recovery. For all 39 analytes, average recovery for the travel spikes was 96.2% (SD= 
7.9) (Table 115). 

Table 113. Summary of RSDs (%) between Field and Duplicate Samples Collected at 
Three Facilities 

Analyte 

Mean 
RSD 
(%) 

Standard 
Deviation 

of RSD 
(%) 

Hexane 12.0 19.8 

Methylene chloride 13.5 16.1 

Carbon tetrachloride 8.9 8.7 

Chloroform 2.6 2.6 

Benzene 6.6 8.8 

Butanal 10.0 9.7 

Heptane 11.6 9.4 
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Analyte 

Mean 
RSD 
(%) 

Standard 
Deviation 

of RSD 
(%) 

Octane 13.1 11.0 

Toluene 12.3 11.2 

Hexamethylcyclotrisiloxane 58.4 71.9 

Tetrachloroethylene* 13.0 14.1 

Hexanal 11.5 10.5 

Ethylbenzene 10.2 11.5 

m/p-Xylene 9.7 11.9 

a-Pinene 9.8 9.8 

o-Xylene 11.5 9.9 

Octamethylcyclotetrasiloxane* 11.4 12.3 

Heptanal 10.0 11.5 

Decane* 14.6 15.3 

2-Butoxyethanol 16.7 13.6 

3-Carene 7.8 10.9 

Trimethylbenzene (1,2,4) 8.6 12.6 

d-Limonene 4.9 4.6 

Trimethylbenzene (1,2,3) 7.7 13.1 

g-Terpinene 6.5 8.0 

Benzaldehyde 7.5 11.1 

Octanal 10.6 9.5 

Undecane 13.4 12.1 

Butylbenzene 19.7 15.1 

Decamethylcyclopentasiloxane 8.5 14.4 

2-Ethyl-1-hexanol 13.7 6.2 

Nonanal 6.8 7.4 

Dodecane 13.8 11.0 

Decanal 11.9 10.4 

a-Terpineol 10.4 10.9 

Tetradecane 9.6 12.7 

Texanol 9.0 7.6 

Hexadecane 8.3 12.3 

TXIB 13.1 17.3 

*Analytes not measured at ECE#11 
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Table 114. Results of VOC Sorbent Tube Travel Blanks 

Analyte N 
Median 

(ng) 
Maximum 

(ng) 
Hexane 17 <MDL 1.1 
Methylene chloride 17 <MDL 3.2 
Carbon tetrachloride 17 <MDL 0.2 
Chloroform 17 <MDL 0.2 
Benzene 17 <MDL 1.9 
Butanal 17 <MDL <MDL 
Heptane 17 <MDL 1.4 
Octane 17 <MDL 1.0 
Toluene 17 <MDL 2.4 
Hexamethylcyclotrisiloxane 17 4.1 46.6 
Tetrachloroethylene 17 <MDL <MDL 
Hexanal 17 <MDL 3.4 
Ethylbenzene 17 <MDL 0.2 
m/p-Xylene 17 <MDL 1.7 
a-Pinene 17 <MDL 5.8 
o-Xylene 17 <MDL 0.3 
Octamethylcyclotetrasiloxane 17 <MDL 2.3 
Heptanal 17 <MDL 0.2 
Decane 17 <MDL 1.6 
2-Butoxyethanol 17 <MDL 5.1 
3-Carene 17 <MDL <MDL 
Trimethylbenzene (1,2,4) 17 <MDL 0.2 
d-Limonene 17 <MDL 6.8 
Trimethylbenzene (1,2,3) 17 <MDL 0.5 
g-Terpinene 17 <MDL <MDL 
Benzaldehyde 17 1.5 4.0 
Octanal 17 <MDL 1.5 
Undecane 17 <MDL 0.3 
Butylbenzene 17 <MDL <MDL 
Decamethylcyclopentasiloxane 17 <MDL 1.5 
2-Ethyl-1-hexanol 17 <MDL 0.5 
Nonanal 17 <MDL 3.9 
Dodecane 17 <MDL 0.4 
Decanal 17 <MDL 2.7 
a-Terpineol 17 <MDL 0.1 
Tetradecane 17 <MDL 0.2 
Texanol 17 <MDL 0.1 
Hexadecane 17 <MDL 0.2 
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Median Maximum 
Analyte N (ng) (ng) 
TXIB 17 <MDL 1.1 

Table 115. VOC Travel Spike Recovery Results 

Analyte 

Spike 01 
Recovery

(%) 

Spike 02 
Recovery

(%) 

Spike 03 
Recovery

(%) 

Average 
Spike 

Recovery
(%) 

Benzene 108.9 88.4 98.1 98.5 

Butanal 105.3 101.6 103.2 103.3 

Heptane 106.5 87.5 96.4 96.8 

Octane 106.5 95.1 101.3 101.0 

Toluene 109.1 95.7 104.4 103.1 

Hexamethylcyclotrisiloxane 106.0 127.8 107.8 113.9 

Tetrachloroethylene 107.9 99.2 104.5 103.9 

Hexanal 98.3 97.1 95.6 97.0 

Ethylbenzene 103.6 96.8 102.9 101.1 

m/p-Xylene 102.4 97.2 102.3 100.6 

a-Pinene 102.8 98.7 102.3 101.3 

o-Xylene 103.7 100.0 104.4 102.7 

Octamethylcyclotetrasiloxane 107.4 111.8 112.4 110.5 

Heptanal 100.6 101.4 100.6 100.9 

Decane 98.1 97.3 98.9 98.1 

2-Butoxyethanol 101.5 101.8 105.2 102.8 

3-Carene 97.2 95.4 98.1 96.9 

1,2,4-Trimethylbenzene 95.2 93.9 97.2 95.4 

d-Limonene 96.0 95.3 97.5 96.3 

1,2,3-Trimethylbenzene 93.0 92.4 95.1 93.5 

g-Terpinene 94.3 94.4 94.3 94.3 

Benzaldehyde 96.8 94.4 99.8 97.0 

Octanal 94.4 93.0 94.6 94.0 

Undecane 92.2 93.4 95.0 93.5 

Butylbenzene 89.9 90.2 92.1 90.8 

Decamethylcyclopentasiloxane 88.1 90.7 90.6 89.8 

2-Ethyl-1-hexanol 92.7 94.3 94.2 93.8 

Nonanal 90.9 92.2 91.0 91.4 

Dodecane 88.8 90.8 91.4 90.4 

Decanal 90.9 92.7 93.0 92.2 

a-Terpineol 90.4 91.6 91.1 91.0 

Tetradecane 84.6 85.7 85.8 85.3 
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Analyte 

Spike 01
Recovery

(%) 

Spike 02
Recovery

(%) 

Spike 03
Recovery

(%) 

Average 
Spike

Recovery
(%) 

Texanol 90.8 93.1 92.3 92.1 

Hexadecane 82.5 83.0 83.3 82.9 

TXIB 72.0 67.9 67.8 69.2 

Table 116. Breakthrough Concentrations (ng/m³) from Five ECE Facilities 

Analyte ECE 28 ECE 40 ECE 41 ECE 45 ECE 47 

Hexane <MDL <MDL <MDL <MDL <MDL 

Methylene chloride <MDL <MDL <MDL <MDL <MDL 

Carbon tetrachloride <MDL <MDL <MDL <MDL <MDL 

Chloroform <MDL <MDL <MDL 0.8 <MDL 

Benzene <MDL <MDL <MDL <MDL <MDL 

Butanal <MDL <MDL 0.2 <MDL 0.4 

Heptane <MDL <MDL <MDL <MDL <MDL 

Octane 0.2 <MDL <MDL <MDL <MDL 

Toluene 0.5 <MDL <MDL <MDL <MDL 

Hexamethylcyclotrisiloxane 89.1 <MDL <MDL <MDL <MDL 

Tetrachloroethylene <MDL <MDL <MDL <MDL <MDL 

Hexanal 3.6 <MDL <MDL <MDL <MDL 

Ethylbenzene 0.2 <MDL <MDL <MDL <MDL 

m/p-Xylene 0.8 <MDL <MDL <MDL <MDL 

a-Pinene 5.6 <MDL <MDL <MDL <MDL 

o-Xylene 0.6 <MDL <MDL <MDL <MDL 

Octamethylcyclotetrasiloxane 4.6 <MDL <MDL <MDL <MDL 

Heptanal <MDL <MDL <MDL <MDL <MDL 

Decane 0.3 <MDL <MDL <MDL <MDL 

2-Butoxyethanol 13.0 <MDL <MDL <MDL <MDL 

3-Carene 0.2 <MDL <MDL <MDL <MDL 

Trimethylbenzene (1,2,4) 1.1 <MDL <MDL <MDL <MDL 

d-Limonene 13.2 <MDL <MDL <MDL <MDL 

Trimethylbenzene (1,2,3) 0.3 <MDL <MDL <MDL <MDL 

g-Terpinene 0.2 <MDL <MDL <MDL <MDL 

Benzaldehyde 1.4 0.3 <MDL 0.4 0.3 

Octanal 2.2 <MDL <MDL 0.2 0.2 

Undecane 2.0 <MDL <MDL <MDL <MDL 

Butylbenzene <MDL <MDL <MDL <MDL <MDL 

Decamethylcyclopentasiloxane 18.8 <MDL <MDL 0.2 <MDL 

2-Ethyl-1-hexanol 2.5 <MDL <MDL <MDL <MDL 

Nonanal 8.0 0.4 0.4 0.8 0.5 
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Analyte ECE 28 ECE 40 ECE 41 ECE 45 ECE 47 

Dodecane 3.7 <MDL <MDL <MDL <MDL 

Decanal 12.4 <MDL 0.1 0.3 <MDL 

a-Terpineol 0.7 <MDL <MDL <MDL <MDL 

Tetradecane 1.4 <MDL <MDL <MDL <MDL 

Texanol 1.5 <MDL <MDL <MDL <MDL 

Hexadecane 0.2 <MDL <MDL <MDL <MDL 

TXIB 3.6 <MDL <MDL <MDL <MDL 

Table 117. Comparison of Field vs. Breakthrough Concentrations at ECE 28 

Field Sample 
(ng/m³) 

Breakthrough 
Sample
(ng/m³) 

Field to 
Breakthrough

Ratio 
Hexane <MDL <MDL . 
Methylene chloride <MDL <MDL . 
Carbon tetrachloride <MDL <MDL . 
Chloroform <MDL <MDL . 
Benzene 0.9 <MDL . 
Butanal 0.6 <MDL . 
Heptane 0.8 <MDL . 
Octane 1.3 0.2 5.6 
Toluene 1.6 0.5 3.5 
Hexamethylcyclotrisiloxane 4.8 89.1 0.1 
Tetrachloroethylene <MDL <MDL . 
Hexanal 3.8 3.6 1.0 
Ethylbenzene 0.1 0.2 0.6 
m/p-Xylene 0.3 0.8 0.4 
a-Pinene 1.9 5.6 0.3 
o-Xylene 0.2 0.6 0.3 
Octamethylcyclotetrasiloxane 2.9 4.6 0.6 
Heptanal 0.6 <MDL . 
Decane <MDL 0.3 . 
2-Butoxyethanol 3.1 13.0 0.2 
3-Carene <MDL 0.2 . 
Trimethylbenzene (1,2,4) <MDL 1.1 . 
d-Limonene 14.8 13.2 1.1 
Trimethylbenzene (1,2,3) <MDL 0.3 . 
g-Terpinene <MDL 0.2 . 
Benzaldehyde 2.4 1.4 1.8 
Octanal 1.3 2.2 0.6 
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Field Sample 
(ng/m³) 

Breakthrough 
Sample
(ng/m³) 

Field to 
Breakthrough

Ratio 
Undecane 0.4 2.0 0.2 
Butylbenzene <MDL <MDL . 
Decamethylcyclopentasiloxane 39.9 18.8 2.1 
2-Ethyl-1-hexanol 1.4 2.5 0.5 
Nonanal 8.4 8.0 1.0 
Dodecane 2.0 3.7 0.5 
Decanal <MDL 12.4 . 
a-Terpineol 0.9 0.7 1.3 
Tetradecane 3.8 1.4 2.7 
Texanol 4.6 1.5 3.1 
Hexadecane 0.7 0.2 3.7 
TXIB 4.4 3.6 1.2 
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Carbonyl QA/QC 

Nine field blanks were collected from the 40 ECE facilities (~23%). Field blanks consisted of 
Xposure samplers brought to the ECE facilities but not mounted on the air sampling lines. 
Median formaldehyde, acetaldehyde, and acetone field blank masses were 40.6, 36.6, and 
108.6 ng, respectively. Table 118 summarizes carbonyl levels measured in the blanks. Overall, 
levels are very low compared to the measured concentrations, suggesting minimal background 
contamination. 

Table 118. Carbonyl Field Blank Summary Statistics 

Formaldehyde 
(ng) 

Acetaldehyde 
(ng) 

Acetone 
(ng) 

Mean 48.8 51.9 106.7 
Median 40.6 36.6 108.6 
Std.Deviation 18.8 28.6 40.6 
Minimum 30.7 28.8 54.4 
Maximum 89.7 114.6 183.5 

A total of twelve duplicate indoor carbonyl samples were collected for QA/QC purposes. 
The duplicate measurements were taken side-by-side and assessed for precision. Duplicate 
precision was assessed by calculating the relative standard deviation (RSD) between the field 
and duplicate carbonyl samples. The mean RSDS were 4.6% (SD=4.3), 4.0% (SD=3.2), and 
4.3% (SD=4.3) for formaldehyde, acetaldehyde, and acetone duplicate samples, respectively 
(Table 119).These values indicate good precision for field duplicate. Tables 120, 121, and 122 
show individual field and duplicate results. 

Table 119. Summary Statistics of the RSD (%) for Duplicate Indoor Samples (n=12) 

Formaldehyde Acetaldehyde Acetone 

Mean RSD 4.6 4.0 4.3 

SD of RSD 4.3 3.2 4.3 
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Table 120. Duplicate Formaldehyde Indoor Measurements 

ECE# 
Field Sample

(µg/m³) 

Duplicate 
Sample
(µg/m³) 

SD 
(µg/m³) 

RSD 
(%) 

11 9.73 8.58 0.82 8.92 

12 8.19 6.95 0.87 11.55 

13 27.29 29.52 1.58 5.55 

14 9.03 9.20 0.12 1.31 

15 8.33 8.43 0.07 0.82 

16 10.33 10.27 0.04 0.36 

18 19.00 17.36 1.16 6.39 

19 33.93 39.89 4.21 11.41 

21 10.60 10.57 0.02 0.22 

23 49.11 48.43 0.48 0.98 

24 13.85 14.19 0.24 1.69 

25 17.82 16.51 0.92 5.38 

Table 121. Duplicate Acetaldehyde Indoor Measurements 

ECE# 
Field Sample 

(µg/m³) 

Duplicate
Sample 
(µg/m³) 

SD 
(µg/m³) 

RSD 
(%) 

11 3.18 2.94 0.17 5.57 

12 3.02 2.60 0.30 10.61 

13 9.90 9.40 0.35 3.62 

14 4.82 4.71 0.08 1.65 

15 2.60 2.68 0.06 2.28 

16 4.11 3.86 0.18 4.42 

18 5.60 5.38 0.16 2.88 

19 11.54 13.22 1.18 9.57 

21 7.46 7.55 0.06 0.78 

23 17.21 16.86 0.25 1.47 

24 7.12 7.24 0.09 1.19 

25 12.63 11.92 0.50 4.10 
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Table 122. Duplicate Acetone Indoor Measurements 

ECE# 
Field Sample

(µg/m³) 

Duplicate
Sample
(µg/m³) 

SD 
(µg/m³) 

RSD 
(%) 

11 7.74 7.79 0.03 0.40 

12 6.42 5.29 0.80 13.68 

13 28.86 27.44 1.00 3.55 

14 10.66 10.73 0.05 0.48 

15 9.06 9.55 0.35 3.74 

16 12.74 11.64 0.78 6.41 

18 19.67 18.31 0.96 5.06 

19 31.97 37.12 3.64 10.54 

21 15.64 15.93 0.20 1.26 

23 62.43 61.86 0.41 0.65 

24 52.13 52.50 0.26 0.49 

25 58.40 54.31 2.89 5.13 
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Phthalate QA/QC 

Four lab matrix spikes and one field matrix spike were analyzed for recovery of phthalate 
analytes. The percent recoveries were calculated after subtracting out the field matrix blank 
values. Lab matrix spike recoveries average was 112.9% (SD=14.1). Field matrix spike 
recoveries average was 106.2% (SD= 28.5) (Table 123). MDLs for all phthalate analytes were 
approximately 1 ng, which includes a field matrix blank correction of three times the standard 
deviation. Using the average indoor air volume for SVOCs (1.9 m³), the MDL as a concentration 
for phthalates was 0.5 ng/m³. Two duplicate indoor air phthalate measurements were collected 
at ECE#16 and #40 and analyzed for precision between measurements. The average RSD was 
42.2% (SD=34.7) (Table 124). 

Table 123. Lab and Field Matrix Spike Recovery Results for Phthalates in PUFs 

Analyte 

Mean Lab 
Matrix Spike 
Recovery (%) 

Mean Field 
Matrix Spike 
Recovery (%) 

MDL 
(ng) 

MDL 
(ng/m³)1 

Diethyl Phthalate 100.4 79.8 1 0.5 

Diisobutyl Phthalate 102.8 94.9 1 0.5 

Dibutyl Phthalate 139.5 73.0 1 0.5 

Butyl Benzyl Phthalate 108.3 113.0 1 0.5 

Di(2-Ethylhexyl) Phthalate 114.8 141.5 1 0.5 

BBP-d42 111.3 135.0 . 
1 MDL in ng/m³ calculated with average total sample volume SVOCs (1.9 m³). 
2 Phthalate surrogate recovery standard. 

Table 124. Summary of RSDs for Two Duplicate Phthalate Indoor Air Measurements 

Analyte 

Mean 
RSD 
(%) 

Standard 
Deviation 

of RSD 
(%) 

Diethyl Phthalate 26.2 6.8 

Diisobutyl Phthalate 16.7 23.7 

Dibutyl Phthalate 10.4 5.1 

Butyl Benzyl Phthalate 88.9 68.6 

Di(2-Ethylhexyl) Phthalate 68.7 97.2 

Three phthalate dust samples were analyzed in duplicate. Table 125 presents the recovery 
and MDL for phthalate dust analysis with the average lab matrix recovery 98.6% (SD=5.4). The 
average RSD was 5.7% (SD=1.4), showing strong precision in phthalate dust analysis (Table 
126). 
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Table 125. Phthalate Recoveries and MDLs in Dust 

Analyte 

Mean Lab 
Matrix 

Recovery (%) 
MDL 

(ng/g) 
Diethyl Phthalate 91.3 20 

Diisobutyl Phthalate 99.4 20 

Dibutyl Phthalate 104.0 20 

Butyl Benzyl Phthalate 103.3 20 

Di(2-ethylhexyl) Phthalate NC1 20 

BBP-d42 95.0 . 
1 Not calculated due to spike too low relative to matrix levels 
2 Phthalate surrogate Recovery Standard 

Table 126. Summary of the RSDs for Three Duplicate Phthalate Dust Analysis 

Analyte 

Mean 
RSD 
(%) 

Standard 
Deviation 

of RSD 
(%) 

Diethyl Phthalate 7.5 7.1 

Diisobutyl Phthalate 5.2 2.7 

Dibutyl Phthalate 3.8 4.0 

Butyl Benzyl Phthalate 5.6 3.5 

Di(2-Ethylhexyl) Phthalate 6.6 5.6 
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Flame Retardant QA/QC 

Two lab and field matrix spikes were analyzed for flame retardants in PUFs by Battelle 
Laboratories. The average recovery for lab matrix spikes was 82.0% (SD=9.2). Average field 
matrix spike recovery was 86.2% (SD=16.9) (Table 127). BDE 209 was an original target 
analyte for air analysis. However, after the first set of PUF analysis, the calibration curves 
and/or its C13-labelled analogue did not meet laboratory QA/QC standards. Therefore, only 
BDE 209 values for the first set of analysis are presented in this report. For the non-BDE flame 
retardants in air, MDLs ranged from 0.2 to 0.5 ng for the non-BDE flame retardants (Table 127). 
Using the average indoor air volume for SVOCs (1.9 m³), the MDL as a concentration for non-
BDE flame retardants had a range of 0.1 to 0.3 ng/m³. BEHTBP was not detected in the spike 
analysis due to sensitivity problems in the EI GC/MS mode. 

Two indoor duplicates air samples were collected at ECE#15 and 40 for BDEs and 
Firemaster 550 constituents and ECE#16 and 40 for tris phosphate flame retardants. Summary 
of the RSDs are presented in Tables 128. The average RSD was 42.1% (SD=41.7). 

BDE dust method detection limits and analytical spike recoveries are presented in Table 
129. Non-BDE flame retardant dust method detection limits and analytical spike recoveries are 
presented in Table 130. For flame retardants in dust, three lab spikes were analyzed for 
recovery. The average lab spike recovery was 85.5% (SD=12.6). One dust sample was 
analyzed in duplicate for BDE flame retardants using measured concentrations of 0.25 g/ml and 
1 g/ml (Table 131).Two dust samples were analyzed in duplicate for Firemaster 550 and tris 
phosphate flame (Table 132). The average RSD for flame retardants analyzed in duplicate was 
25.6% (SD=31.4). 

Table 127. Lab and Field Matrix Spike Recovery and Method Detection Limits for BDE 
Analytes in PUFs 

Analyte 

Mean Lab 
Matrix Spike 
Recovery (%) 

Mean Field 
Matrix Spike 
Recovery (%) 

MDL 
(ng) 

MDL 
(ng/m³)1 

BDE 47 90.4 98.6 0.02 0.01 

BDE 99 87.8 108.6 0.02 0.01 

BDE 100 86.7 96.1 0.02 0.01 

BDE 153 88.2 90.0 0.02 0.01 

BDE 154 83.5 93.5 0.02 0.01 

BDE 1262 87.5 92.4 . . 
TCEP 79.0 59.8 0.5 0.3 

TDCPP 73.2 76.0 0.2 0.1 
EHTBB 62.0 61.0 0.2 0.1 
BEHTBP3 

. . 0.2 0.1 
1 MDL in ng/m³ calculated with average total sample volume SVOCs (1.9 m³) 
2 Surrogate recovery standard 
3 Not detected in spike analysis 
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Table 128. Summary of RSDs for Two Duplicate Indoor Air Flame Retardant 
Measurements 

Analyte 
Mean 
RSD 
(%) 

Standard 
Deviation 

of RSD 
(%) 

BDE 47 48.5 49.5 
BDE 99 49.5 70.0 
BDE 100 22.0 3.7 
BDE 153 0.0 0.0 
BDE 154 59.2 83.8 
EHTBB 137.8 2.0 
BEHTBP 44.2 62.5 

TCEP 8.8 10.3 

TDCPP 9.4 3.9 

Table 129. BDE Recoveries and MDLs in Dust 
Mean Lab 

Matrix Spike 
Recovery (%) 

MDL 
(ng/ml) 

MDL 
(ng/g)1 

BDE-47 80.8 4 6.9 
BDE-99 83.9 4 6.9 
BDE-100 82.9 5 8.6 
BDE-118 83.7 4 6.9 
BDE-153 84.8 5 8.6 
BDE-154 82.7 6 10.3 
BDE-183 77.3 6 10.3 
BDE-190 79.9 8 13.8 
BDE-197 68.7 8 13.8 
BDE-203 70.3 8 13.8 
BDE-205 67.7 9 15.5 
BDE-206 83.1 18 31.0 
BDE-207 77.3 4 6.9 
BDE-209 116.9 17 29.3 
MCDE-86L* 80.7 . . 
BDE-181* 78.4 . . 
BDE-209L* 94.6 . . 
*Surrogate Recovery Standards 
1MDL in ng/g calculated using the average mass of dust used in 
BDE analyses per volume of extract solvent (0.58 g/mL) 
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Table 130. Non-BDE Flame Retardant Recoveries and MDLs in Dust 

Analyte 

Mean Lab 
Matrix Spike 
Recovery (%) 

MDL 
(ng/g) 

TCEP 97.9 1 

TDCPP 107.3 1 

EHTBB 101.1 1 

BEHTBP 95.4 1 

Table 131. Summary of Analytical Duplicate Sample Results for BDE Flame Retardants in 
Dust 

ECE# 38 
Field 

Sample
(ng/g) 

Duplicate 
Sample
(ng/g) 

SD 
(ng/g) 

RSD 
(%) 

BDE-47 1109.2 1241.3 93.4 7.9 

BDE-99 1584.7 1678.0 66.0 4.0 

BDE-100 412.0 320.4 64.8 17.7 

BDE-118 10.1 2.8 5.1 79.6 

BDE-153 313.9 227.9 60.8 22.4 

BDE-154 226.4 171.6 38.7 19.4 

BDE-183 2.6 0.9 1.2 67.2 

BDE-190 5.7 5.7 0.0 0.0 

BDE-197 7.2 26.1 13.4 80.6 

BDE-203 5.4 27.2 15.4 94.3 

BDE-205 6.4 6.4 0.0 0.0 

BDE-206 68.7 77.0 5.9 8.1 

BDE-207 44.7 66.8 15.6 27.9 

BDE-209 1665.2 1721.3 39.6 2.3 
∑ BDE 5462.1 5573.4 78.67 1.4 

Table 132. Summary of the RSDs for Two Duplicate Non-BDE Flame Retardant Dust 
Analysis 

Mean 
RSD 
(%) 

Standard 
Deviation 

of RSD 
(%) 

TCEP 8.7 6.6 

TDCPP 4.8 6.2 

EHTBB 7.6 2.7 

BEHTBP 8.7 2.6 
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Perfluorinated Compound QA/QC 

CERCH worked with collaborators in the National Exposure Research Laboratory (NERL) at 
the US EPA to analyze washed silica gel (Supelco, part # 21342U) as dust blanks for possible 
contamination by the HVS3 Vacuum sampler, which contains some Teflon gaskets. Before field 
sampling, washed silica gel was applied to cleaned aluminum foil and vacuumed through the 
HVS3 vacuum into ICHEM sample container. This procedure was repeated twice. In addition, 
washed silica gel was deposited directly into a clean sample jar. Samples showed only a small 
peak of C11 acid in the first sample blank taken. Two other peaks, PFHpA and PFOA were 
near background levels. The two additional blanks showed no significant peaks. Dust Blank 
Chromatograms prepared by Dr. Mark Strynar are presented in Figures 17-21. In all, US EPA 
chemists judged dust blanks to be clean and showed the HVS3 contributed little contamination 
to the sample. Four dust samples were analyzed in duplicate by the U.S. EPA to validate the 
precision of the results. The average RSD was 11.1% (SD=11.4) (Table 133). 

Table 133. Summary of Four Duplicate PFC Analysis in Dust 

Analyte 
Mean 
RSD 
(%) 

Standard 
Deviation of 

RSD 
(%) 

PFBA 0.0 0.0 

PFPeA 21.9 43.9 

PFHxA 27.7 28.0 

PFHpA 28.9 37.2 

PFOA 4.0 2.7 

PFNA 5.3 6.5 

PFDA 12.2 11.9 

PFBS 0.0 0.0 

PFHS 0.0 0.0 

PFOS 11.3 14.4 

183 



 

 

 
        

 

 
          

  

silica 01 
0513 t O Asa Br.adman b&ank sllca te&t slka 01b 

100· 

• 

4.27 
3: MAM of 15 Channols ES­

TIC 
2.88&5 

0.00 0.50 1.00 1.50 WO 2.50 3.00 3.50 4.00 
Q-1..--~---~~--~----------•,,_._,_ ____ .>,::\~;:....>7-, .;.....:,;i.cxi,,. f I f'~ A, 

4.50 5.00 5.50 6.00 
051310 Asa Bradrnan blaJlk 2>1lca test $ilea 0 1b 2: MAM ol 13 Channels. e:s-

10 3 45 TIC 

·~&J~~l~t;rr ·-.. 

0.00 0.50 1.00 I.SO 2.00 
0513f O Asa Br adman blank siic:a t86t sllca 01b 

silica 02 
051310Aso Braonan blanl< siica t8'>1 silca02b 

ID 

. ... 

0.00 0.50 1.00 1.50 
051310Asa Bradman blaM silica tost sik:a02b 

I 

0.00 0.50 1,00 1.50 
051310Asa Bradman blank silica test siica02b 

2.00 

2.00 

2.50 300 3.50 d.00 

2.50 ~ 3.50 4,00 

2.50 3.00 3.50 4.00 

·~~-~J~~f-

4.50 

4.50 

4.50 

5.00 5.50 6,00 
1 : MAM of 12 Channols ES. 

TIC 
1.06o4 

5.00 5. 50 6.00 
2: MRM ol 13 Channols ES. 

TIC 
1.0284 

5.00 5.50 6.00 
I : MRM ol 12 Channels ES· 

TIC 
7.6303 

- --===~=-========== ==================== Timo 
0.00, ___ o=.so~ -~"=oo~-~'=·50~--2=.oo:~- ~ 2=.50~-~J=oo 3.50 4 00 4.50 .~s.~oo~_~s=.52-Loo __ 

Figure 17. First round of washed silica gel run through HVS3- labeled silica 01 

Figure 18. Second round of washed silica gel run through HVS3- labeled silica 02 
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Figure 20. Lab prepared dust blank- labeled DB 
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Pesticide QA/QC 

Four lab and two field matrix spikes were analyzed to evaluate recovery of the pesticide 
analytes in PUFs (Table 134). The average lab matrix spike recovery for pesticide analytes in 
air was 74.4% (SD=13.1) Average field matrix spike recovery was 65.4% (SD= 20.7). For air 
measurements, pesticide MDLs were calculated by subtracting the three times the standard 
deviation of field matrix blanks and ranged from 0.05-0.4 ng. Using the average indoor air 
volume for SVOCs (1.9 m³), the MDL as a concentration for pesticides ranged from 0.03 to 0.26 
ng/m³. Two duplicate PUF measurements were taken at ECE#16 and 40. Side-by-side 
measurements were collected and analyzed for precision between measured pesticide 
concentrations (Table 135). The average RSD was 14.2 % (SD= 30.6). 

Table 134. Lab and Field Matrix Spike Recovery Results for Pesticides in PUFs 

Analyte 

Mean Lab 
Matrix Spike 
Recovery (%) 

Mean Field 
Matrix Spike 
Recovery (%) 

MDL 
(ng) 

MDL 
(ng/m³)1 

Diazinon 67.9 52.4 0.2 0.11 

Chlorpyrifos 69.3 53.8 0.3 0.16 

Dacthal 65.8 69.3 0.05 0.03 

Imiprothrin 67.3 55.1 0.5 0.26 

Piperonyl butoxide 65.6 77.4 0.05 0.03 

Bifenthrin 77.7 85.1 0.2 0.11 

Sumithrin 80.9 96.4 0.1 0.05 

cis-Permethrin 63.7 68.5 0.05 0.03 

trans-Permethrin 60.5 63.9 0.05 0.03 

Cyfluthrin I 85.1 56.0 0.4 0.21 

Cyfluthrin II 72.8 36.7 0.4 0.21 

Cyfluthrin III 69.1 56.6 0.4 0.21 

Cyfluthrin IV 76.3 44.8 0.4 0.21 

Cypermethrin I 69.0 47.9 0.4 0.21 

Cypermethrin II 65.5 43.6 0.4 0.21 

Cypermethrin III/IV 118.1 59.2 0.4 0.21 

Fenchlorphos* 84.5 105.3 . . 
13C16 trans-Permethrin* 79.4 104.8 . . 
1 MDL in ng/m³ calculated with average total sample volume SVOCs (1.9 m³) 
* Surrogate Recovery Standards 
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Table 135. Summary of RSDs for Two Duplicate Indoor Air Pesticide Measurements 

Mean 
RSD 
(%) 

Standard 
Deviation 

of RSD 
(%) 

Diazinon 74.6 94.4 

Chlorpyrifos 7.1 6.9 

Dacthal 106.1 50.0 
Imiprothrin 0.0 0.0 
Piperonyl butoxide 0.0 0.0 
Bifenthrin 0.0 0.0 
Sumithrin 0.0 0.0 

cis-Permethrin 34.7 49.0 

trans-Permethrin 18.5 23.9 

Cyfluthrin 0.0 0.0 

Cypermethrin 0.0 0.0 

For three lab matrix spikes, the average recovery was 104.1% (SD=16.9). Duplicate 
pesticide analysis was performed on the two dust samples to assess precision in analytical 
methods (Table 136). Duplicate analysis was from dust collected at ECE#10 and 40. Duplicate 
dust analysis showed good precision with an average RSD of 4.3% (SD= 3.9). Pesticide dust 
method detection limits and analytical spike recoveries are presented in Table 137. 

Table 136. Summary of the RSDs for Two Duplicate Pesticide Dust Analysis 

Mean 
RSD 
(%) 

Standard 
Deviation 

of RSD 
(%) 

Diazinon 6.1 8.6 

Chlorpyrifos 5.4 0.5 

Dacthal 4.2 2.8 

Imiprothrin 1.4 2.0 

Piperonyl butoxide 5.5 5.2 

Bifenthrin 7.8 3.3 

Sumithrin 0.0 0.0 

cis-Permethrin 12.6 6.7 

trans-Permethrin 4.2 3.1 

Cyfluthrin 0.0 0.0 

Cypermethrin 0.0 0.0 
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Table 137. Pesticide Lab Matrix Spike Recoveries (n=3) and MDLs in Dust 

Analyte 

Mean Lab 
Matrix Spike 
Recovery (%) 

MDL 
(ng/g) 

Diazinon 96.0 1 

Chlorpyrifos 95.5 1 

Dacthal 95.3 0.3 

Imiprothrin 127.3 50 

Piperonyl butoxide 99.1 0.3 

Bifenthrin 99.6 0.5 

Sumithrin 77.8 0.5 

cis-Permethrin 99.8 1 

trans-Permethrin 97.9 1 

Cyfluthrin I 102.3 20 

Cyfluthrin II 101.7 20 

Cyfluthrin III 138.9 20 

Cyfluthrin IV 147.4 20 

Cypermethrin I 101.4 20 

Cypermethrin II 101.1 20 

Cypermethrin III/IV 103.4 40 

Fenchlorphos * 96.0 1 

13C16 trans-Permethrin* 94.1 1 

* Surrogate Recovery Standard 
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Ultrafine Particle QA/QC 

Figure 22 shows side-by-side measurements between CPCs at the beginning and end of 
the sampling period.  The side-by-side measurements conducted at the beginning of the study 
were extremely close (Figure 22 and Table 138). 
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Figure 22. Side-by-side CPC measurements taken at ECE 12 on 7/8/2010 and taken in 
UCB office building at the conclusion of air sampling campaign on 5/19/2011 

Table 138. Summary of Standard Deviations and RSDs for Side-by-Side CPC 
Measurements at ECE 12 

Jul y 2010
Q A/QC 

M ay 2011
Q A/QC 

SD
1 

(µg/m³) RSD
2 

( %) SD ( µ g/m ³) RSD ( %) 
Mean 32. 5 1. 7 814. 3 6. 1 
Med ian 14. 4 1. 4 848. 5 6. 2 
Ma x im u m 565. 7 9. 2 1909. 2 11. 6 
SD 58. 3 1. 3 227. 7 1. 7 
1,2

Standard deviation and RSD measure variability 
between CPC1 and CPC2 minute-by-minute data points. 
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RealTime PM2.5 QA/Q 

Prior to sampling, DustTrak 1 was compared to CARB’s Monitoring and Laboratory Division 
(MLD) ambient air PM2.5 samples collected on Teflon filters in Sacramento, California. Note, the 
Teflon filter method is intrinsically different from the light scattering method used in the 
DustTrak. Thus, some differences between the two methods are to be expected. DustTrak 1 
was run for 27 hours next to the ambient monitor and hourly PM2.5 data between the two 
methods was compared to assess DustTrak 1 performance. The mean relative standard 
deviation between the duplicate measurements was 38.9% and the standard deviation was 
32.1%. Results showed a bias between measurement techniques with DustTrak 1 measuring 
higher concentrations of PM2.5 than the MLD unit. A linear regression comparing the two 
measurements produced a line, MLD=1.9 + 0.44(DT1) with a standard error of 0.07. The PM2.5 

levels between the two machines were strongly correlated (R²=0.62 [r=0.79]), DustTrak 1 
generally measured higher PM2.5 concentrations than results from MLD (Table 139). Figure 23 
presents the hourly trend between CARB’s MLD and DustTrak 1 PM2.5 measurements along 
with a scatter plot with a linear fit line. Tables 139 and 140 present a summary of the results 
and analysis of precision. 
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Figure 23. Graphs showing hourly trend between MLD and DustTrak 1 PM2.5 

measurements (left) and MLD and DustTrak 1 measurements plotted against each other 
with a linear fit line 

Table 139. Summary of MLD and DustTrak 1 PM2.5 Measurements 

MLD PM2.5 

(µg/m³) 

DustTrak 1 
PM2.5 

(µg/m³) 
Mean 7.2 12.1 
Median 7.0 13.0 
Standard Deviation 4.4 8.0 
Min 0.0 3.0 
Max 22.0 42.0 
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Table 140. Summary of Standard Deviation and RSD between MLD and DustTrak 1 PM2.5 

Measurements 

SD PM2.5 RSD PM2.5 
(µg/m³) (%) 

Mean 3.7 38.9 
SD 3.5 32.1 

DustTrak 2 was rented in January 2011, and was a more recent model (DustTrak 8520) 
Side-by-side comparisons between the two DustTraks were performed in a UC Berkeley office 
building before sending DustTrak 2 into the field and post-sampling. Figure 24 presents the 
side-by-side measurements between DustTrak 1 and DustTrak 2 prior to sampling and post-
sampling. Figure 25 presents a scatter plot of the duplicate measurements fitted with a linear 
line. Tables 141 and 142 present the summary statistics and measurements of precision. Side-
by-side measurements between DustTrak1 and DustTrak2 show a strong correlation (R2=0.80); 
however, there was a consistent bias between DustTrak1 and DustTrak2 (linear regression: 
DT1=-0.001 + 0.89(DT2), standard error=0.03) with an average difference in sample 
concentration of 7 μg/m³. Prior to sampling the mean RSD was 10.0% and the standard 
deviation was 1.9%. Post-sampling side-by-side DustTrak measurements also correlated well 
(R2=0.95), but a bias persisted between the machines (linear regression: DT1=-0.001 + 
0.84(DT2), standard error=0.01). DustTrak 1 was approximately 5 μg/m³ lower than DustTrak 2 
throughout the sampling period. The post-sampling mean RSD was 17.4% and the standard 
deviation was 2.6%. 
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Figure 24. Side-by-Side DustTrak Measurements Taken in UC Office Building on 
1/24/2011 and After Sampling (5/19/2011) 
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Figure 25. Scatter Plots of Pre- and Post-Sampling Side-by-Side DustTrak PM2.5 
 

Table 141. Summary Statistics for Side-by-Side DustTrak Measurements Pre- and Post-
Sampling 

Pre-Sampling Post-Sampling 
DT1  DT2  DT1  DT2  

N (# of minute 
measurements) 247 247 426 426 
Average (μg/m³) 4.9 5.6 1.7 2.2 
Median (μg/m³) 4.8 5.6 1.6 2.0 
Std Dev (μg/m³) 3.0 3.0 3.0 4.0 
Minimum (μg/m³) 4.3 5.0 1.2 1.5 
Maximum (μg/m³) 5.5 6.3 2.8 3.2 
 

Table 142. Summary of Standard Deviations and RSDs for Side-by-Side DustTrak 
Measurements Pre- and Post-Sampling 

Pre-Sampling Post-Sampling 
SD RSD SD RSD 

(μg/m³) (%) (μg/m³) (%) 
N (# of minute 
measurements) 247 247 426 426 
Mean 5.0 10.0 3.0 17.4 
SD 1.0 1.9 1.0 2.6 

 

Gravimetric PM QA/QC 

Field blanks (n=18) were analyzed by LBNL for QA/QC purposes.  Field blanks were 
weighed prior to sampling, taken into the field by a technician without exposing the PEM, and 
then returned to LBNL for post-weighing.  Field blank summary statistics are presented in Table 
143.  An MDL of 14.4 μg was calculated by computing three times the standard deviation of 
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blank filters. For 2 and 4 lpm PEMs and assuming an 8-hour sampling time, total air volume was 
approximately 0.96 and 1.92 m³. Reported data was blank corrected. 

Table 143. Summary Statistics of the of Field Blank Weights 

2 and 4 lpm
PEMs 
(μg) 

Mean 2.3 
Median 1.0 
St. Deviation 4.8 
Max 14.6 

Integrated PM was to be sampled only using 2 lpm PEMs. However, during the pilot stage 
(ECE#10-14) of the project, filter contamination occurred due to the gaskets in some of the 2 
lpm PEM bodies failing and shedding mass onto the filters during the loading and unloading 
process. This did not occur in all the filters but it was not possible, in retrospect, to determine 
which filters were contaminated. Upon finding this flaw, all 2 lpm PEM bodies were 
reconditioned and confirmed that weight change of the filters during loading and unloading was 
within acceptable limits (i.e., less than 3 µg change between measurements). Although the 2 
lpm PEMs were reconditioned, 4 lpm PEMs were purchased to increase the sample volume and 
accuracy of measurements. 

Four duplicate measurements were collected indoors for each PM2.5 and PM10 for 
comparison. Due to flowmeter manifold set-up, the “field samples” were pulled through 4 lpm 
PEMs while “duplicate samples” were pulled through 2 lpm PEMs (Table 144). Standard 
deviations and RSDs were calculated to quantify the precision of measurements. For PM2.5, the 
mean RSD was 47.5% and a standard deviation of 16.2%. For PM10, the mean RSD was 6.1% 
(SD=3.6). The larger RSDs for PM2.5 are probably due the measurements being below/close to 
the MDL. 

Table 144. Field and Duplicate Sample Concentrations with Standard Deviations and 
RSDs for PM2.5 

ECE# 

PM2.5 PM10 

Field 
Conc. 
(µg/m³) 

Duplicate 
Conc. 
(µg/m³) 

SD 
(µg/m³) 

RSD 
(%) 

Field 
Conc. 

(µg/m³) 

Duplicate 
Conc. 

(µg/m³) 
SD 

(µg/m³) 
RSD 
(%) 

45 5.3 10.6 3.7 46.7 15.1 16.6 1.0 6.4 

46 5.3 15.9 7.5 70.5 25.1 29.2 2.9 10.8 

47 16.3 26.7 7.3 34.1 77.4 73.1 3.0 4.0 

49 10.4 18.2 5.5 38.5 50.0 52.0 1.4 2.8 

As part of an additional QA analysis, mean DustTrak PM2.5 concentration and integrated 
PM2.5 concentrations were compared. At 35 ECE facilities, a DustTrak and PEM with a 2.5 µm 
size selectors were deployed. The mean RSD was 24.2% (SD= 21.1). Mean and median 
results across the 35 facilities with both measurements show consistent results (Table 145). The 
spearman rank test also indicates a strong correlation between the results (R=0.73, p<0.00005). 
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Table 145. Summary Comparison of Mean DustTrak PM2.5 and PEM PM2.5 Concentrations 
(μg/m³) 

DustTrak PEM 

N 35 35 

Mean 20.0 19.3 

25th % 10.9 11.7 

Median 14.8 16.2 

75th % 23.8 23.3 

Maximum 89.4 54.9 
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Metals QA/QC 

Table 146 presents the individual metal MDL in μg/ml and in μg/g assuming 0.5 gram dust 
sample extracted into a final volume of 50 ml. 

Table 146. MDLs for Metal Dust Analysis 

MDL 
(μg/ml) 

MDL 
(μg/g) 

Al 0.026 2.6 
Cd 0.001 0.1 
Cr 0.001 0.1 
Cu 0.003 0.3 
Fe 0.029 2.9 
Mn 0.001 0.1 
Pb 0.075 7.5 
Zn 0.006 0.6 

The wavelengths used for metals analysis by ICP-MS were: 

Sc 361.383 nm 
Y 371.029 nm 
Al 308.215, 394.401, and 396.153 nm 
Cd 214.440, 226.502, and 228.802 nm 
Cr 267.716 and 283.563 nm 
Cu 224.700, 324.752, and 327.393 nm 
Fe 238.204, 239.562, and 259.539 nm 
Mn 257.610 and 260.568 nm 
Pb 217.000 and 220.353 nm 
Zn 202.548 and 206.200 nm 

196 



 

 

 

         
        

         
           

           
 

 

 
       

 

      

  
  

   
   

   
 

 
 

 
 

 
 

   
 

    

 
 

 
 

 
 

  

    

 
 

 

  
 

    

QTrak QA/QC 

Both QTraks were calibrated by CARB in Spring 2010 prior to air sampling. In addition, 
duplicate measurements were taken indoors in three facilities to test the precision of the 
measurements. Although the correlation between the two machines is very high (R2=0.98), 
QTrak 1 systematically reported higher levels of CO2 concentrations than QTrak 2 (Table 147). 
The mean RSD between the duplicate measurements was 6.4% (SD=2.9) (Table 148). 

Side-by-Side Duplicate QTrak CO2 Measurements: ECE 11 Side-by-Side Duplicate QTrak CO2 Measurements: ECE 12 
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Figure 26. Side-by-side QTrak measurements at ECE 11, 12, and 13 

Table 147. Summary Statistics for Side-by-Side QTrak CO2 Measurements 

QTrak 
1 

QTrak 
2 

N (# of minute 
measurements) 1537 1537 

Mean (ppm) 621 568 

Median (ppm) 491 447 
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Table 148. Summary of Standard Deviations and RSDs between Duplicate Real-time CO2 

Measurements 

Standard 
Deviation RSD 

(ppm) (%) 
Mean 40.1 6.4 

SD 30.1 2.9 

List of Real-Time Malfunctions 

Three real-time malfunctions occurred during the sampling period (Table 149). CPC 1 did 
not log at one facility (ECE #40); therefore, ultrafine measurements were recorded at a total of 
thirty-nine facilities. Two outdoor QTrak measurements were not logged. This impact was minor 
due to outdoor QTrak measurements only used for CO2 inputted into ventilation calculations. 
For the facilities where the QTrak failed to log, average outdoor CO2 measurements across all 
facilities were used. 

Table 149. Descriptions of Real-time Malfunctions 

ECE Type Description 

40 Outdoor QTrak 2 Outdoor QTrak 2 did not log for unknown reasons. 
46 Indoor CPC 1 Indoor CPC did not log data for unknown reasons. 
49 Outdoor QTrak 2 Outdoor QTrak 2 did not log for unknown reasons. 

198 



 

 

 

APPENDIX D- Analysis of VOC Unknowns 
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Table 150. Surrogate Compounds and EI/TI Conversion Factors 

Class1 Surrogate compound2 3EIx/TIx EIs/TIs 

Average St. Dev 

Aldehydes 

Butanal 
Hexanal 
Heptanal 
Octanal 
Nonanal 
Decanal 

0.33 
0.22 
0.16 
0.11 
0.15 
0.11 

0.12 
0.05 
0.03 
0.02 
0.02 
0.02 

0.19 

Alkanes 

Octane 
Undecane 
Dodecane 
Tetradecane 
Hexadecane 

0.20 
0.29 
0.29 
0.27 
0.25 

0.05 
0.06 
0.06 
0.05 
0.04 

0.26 

Alkoxy 

2-Butoxyethanol 
2-Ethyl-1-hexanol 
Texanol 
TXIB 

0.43 
0.36 

0.26 
0.24 

0.05 
0.06 

0.04 
0.03 

0.36 

Aromatics 

Benzene 
Toluene 
Ethylbenzene 
m/p-Xylene 
o-Xylene 
1,2,4-Trimethylbenzene 
1,2,3-Trimethylbenzene 
Butylbenzene 

0.48 
0.45 
0.43 
0.47 
0.38 
0.27 
0.38 
0.39 

0.11 
0.04 
0.03 
0.02 
0.01 
0.10 
0.01 
0.01 

0.39 

Halogenated Tetrachloroethylene 0.38 0.01 0.17 

Phthalate 
Dimethyl phthalate 
Diethyl phthalate 
Dibutyl phthalate 

0.17 
0.45 
0.41 

0.01 
0.03 
0.03 

0.51 

Siloxane 
D3 
D4 
D5 

0.62 
0.52 
0.33 

0.04 
0.02 
0.09 

0.36 

Terpene 
3-Carene 
d-Limonene 
a-Terpineol 

0.27 
0.23 
0.16 

0.02 
0.02 
0.01 

0.19 

Toluene Toluene 0.43 
1 Dominant classes of chemicals identified in the indoor air. Each chemical was 
assigned to one of these classes. 
2 Chemicals included in the standard calibration method for the project that were 
selected as surrogates for the specific class. 
3 The average (and standard deviation) of all conversion factors for the given 
chemical across all calibration runs preformed during the project. 
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Table 151. Spearman Rank Correlation Test Results for VOC Analyte Concentrations 
Between Quantified and Semi-Quantified Analysis Methods 

Analyte 
Spearman’s 

rho p-value Analyte 
Spearman’s 

rho p-value 

Hexane 0.92 <0.005 1,2,3-Trimethylbenzene 0.82 <0.005 

Benzene 0.91 <0.005 g-Terpinene 0.52 0.002 

Butanal 0.84 <0.005 Benzaldehyde 0.79 <0.005 

Heptane 0.94 <0.005 Octanal 0.86 <0.005 

Octane 0.95 <0.005 Undecane 0.92 <0.005 

Toluene 1.00 <0.005 Butylbenzene 0.27 0.13 

Hexamethylcyclotrisiloxane 0.71 <0.005 Decamethylcyclopentasiloxane 0.89 <0.005 

Tetrachloroethylene 0.90 <0.005 2-Ethyl-1-hexanol 0.29 0.11 

Hexanal 0.73 <0.005 Nonanal 0.98 <0.005 

Ethylbenzene 0.99 <0.005 Dodecane 0.91 <0.005 

m/p-Xylene 0.99 <0.005 Decanal 0.18 0.31 

a-Pinene 0.93 <0.005 a-Terpineol -0.52 0.12 

o-Xylene 0.99 <0.005 Tetradecane 0.72 <0.005 

Octamethylcyclotetrasiloxane 0.99 <0.005 Texanol 0.63 <0.005 

Heptanal 0.97 <0.005 Hexadecane 0.39 0.028 

Decane 0.79 <0.005 Dimethyl phthalate 0.75 <0.005 

2-Butoxyethanol 0.97 <0.005 TXIB 0.88 <0.005 

3-Carene 0.98 <0.005 Diethyl phthalate 0.68 <0.005 

1,2,4-Trimethylbenzene 0.58 <0.005 Dibutyl phthalate 0.86 <0.005 

d-Limonene 0.96 <0.005 
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Table 152. Summary of Unknown VOC Concentrations (ng/m³) Using Semi-Quantitative Method of Analysis 

Analyte 

Det. 
Freq.
(%) N Min 25th % Median 75th % 90th % 95th % Max 

Pentane 54.5 22 0.0 0.0 40.9 95.0 187.5 394.0 417.8 

1,3-Pentadiene, (Z)- 95.5 22 0.0 246.4 367.3 614.3 753.2 951.8 1,959.8 

Ethanol 95.5 22 0.0 82.9 215.6 901.1 2,906.2 3,547.4 8,537.7 

Isopropyl Alcohol 100.0 32 262.9 731.7 1,551.8 3,821.4 6,045.7 12,673.5 485,339 

Hexane, 2-methyl- 100.0 32 50.4 111.9 242.3 598.9 1,100.3 1,532.1 1,858.1 

Cyclohexane 100.0 32 40.3 96.8 221.0 403.9 645.8 1,403.3 1,514.9 

Hexane, 3-methyl- 96.9 32 0.0 141.5 275.3 593.4 1,232.0 1,725.2 1,852.1 

Ethyl Acetate 96.9 32 0.0 143.3 250.5 628.7 2,302.7 3,242.2 3,411.6 

Silanol, trimethyl- 100.0 32 62.4 102.9 140.5 181.3 281.7 1,775.4 2,538.7 

Cyclohexane, methyl- 100.0 32 47.6 95.0 292.5 410.8 905.7 1,118.9 2,372.1 

2-Propanol, 1-methoxy- 71.9 32 0.0 0.0 131.3 319.7 933.4 2,176.0 11,417.8 

1-Butanol 100.0 32 168.6 638.3 847.5 1,316.0 2,115.1 3,504.6 3,949.7 

Pentanal 100.0 32 199.7 331.8 410.9 581.8 896.2 1,156.9 3,697.7 

Acetic acid 87.5 32 0.0 215.4 764.9 1,954.4 4,146.1 7,142.1 10,550.8 

Acetic acid, 2-methylpropyl ester 75.0 32 0.0 13.2 106.5 357.3 505.1 955.7 1,492.4 

Acetic acid, butyl ester 96.9 32 0.0 245.8 389.4 777.2 1,862.1 6,490.0 6,997.0 

Nonane 100.0 32 89.3 147.6 241.2 397.4 635.8 1,017.1 1,102.5 

2-Pentanol, acetate 78.1 32 0.0 23.3 63.5 292.4 450.2 622.1 744.6 

2-Propanol, 1-propoxy- 81.3 32 0.0 77.7 266.8 7,074.4 9,638.5 28,161.6 31,818.5 

Propylene Glycol 100.0 32 1,002.7 4,273.0 7,357.4 15,519.7 17,631.5 24,012.7 25,025.7 

1-Propanol, 2-(1-methylethoxy)- 25.0 32 0.0 0.0 0.0 6.8 97.6 148.7 247.1 

Styrene 100.0 32 44.7 144.8 300.9 568.4 826.0 1,116.4 1,327.9 

Furfural 100.0 32 193.1 428.5 708.7 1,377.5 1,992.0 3,008.2 3,257.6 

Heptanal 100.0 32 260.7 455.5 558.9 726.1 918.3 1,045.8 1,363.4 

Decane 81.3 32 0.0 222.6 529.3 1,006.3 1,807.9 3,110.4 4,814.3 

Bicyclo[3.1.1]heptane, 6,6-dimethyl-2-me 100.0 32 352.8 703.7 1,601.5 3,402.4 7,841.7 10,209.9 25,611.0 
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Table 152 Continued. Summary of Unknown VOC Concentrations (ng/m³) using Semi-Quantitative Method of Analysis 

Analyte 

Det. 
Freq.
(%) N Min 25th % Median 75th % 90th % 95th % Max 

Cyclohexanone 100.0 32 159.9 366.5 517.1 868.0 1,368.5 2,688.7 12,195.6 

beta-Myrcene 90.6 32 0.0 291.3 789.6 2,147.6 3,455.3 6,103.0 7,876.5 

2-Propanol, 1-butoxy- 78.1 32 0.0 28.1 121.4 510.9 1021.1 3,507.9 17,086.2 

Decamethyl Tetrasiloxane 50.0 32 0.0 0.0 17.3 193.8 765.4 6,185.9 68,645.5 

.alpha.-Phellandrene 70.0 10 0.0 0.0 89.1 425.9 470.0 502.5 502.5 

Methyltris(trimethylsiloxy)silane 37.5 32 0.0 0.0 0.0 132.2 752.0 2,915.5 6,185.9 

Trisiloxane, octamethyl- 43.8 32 0.0 0.0 0.0 106.5 1,186.2 1,873.6 81,221.3 

Eucalyptol 100.0 32 83.9 158.6 327.9 1,072.5 1,967.9 2,670.1 66,970.3 

5-Hepten-2-one, 6-methyl- 68.8 32 0.0 0.0 82.8 209.1 446.1 817.2 1,061.8 
1,4-Cyclohexadiene, 1-methyl-4-(1-
methylethyl) 68.8 32 0.0 0.0 484.5 710.0 2,459.4 7,611.5 11,510.7 
2-Propanol, 1-(2-methoxy-1-
methylethoxy) 96.7 30 0.0 125.3 253.6 719.0 1,494.3 2,363.4 2,469.2 

Dipropylene glycol monomethyl ether 96.8 31 0.0 134.9 268.5 803.0 1,525.8 2,542.7 16,100.1 

Benzene, 1-ethyl-3,5-dimethyl- 20.0 5 0.0 0.0 0.0 0.0 172.0 172.0 172.0 

2-Propanol, 1-(2-methoxypropoxy)- 100.0 32 99.4 603.0 1,229.9 5,517.0 6,637.2 11,049.1 27,623.9 

7-Octen-2-ol, 2,6-dimethyl- 100.0 32 163.0 637.9 1,656.7 3,214.4 9,019.4 11,492.5 15,495.2 

3-Octanol, 3,7-dimethyl-, (±)- 65.6 32 0.0 0.0 86.3 217.3 390.2 1,334.0 11,475.8 

1 Octane, 2,6-dimethyl- 0.0 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1,8-Nonanediol, 8-methyl- 100.0 10 126.7 190.0 403.2 518.1 593.0 653.4 653.4 

1-Octanol 100.0 10 1,450.7 2,343.3 2,768.9 3,294.2 4,594.3 4,653.7 4,653.7 

Pentasiloxane, dodecamethyl- 100.0 10 23.7 37.5 139.9 411.1 14,153.5 27,748.0 27,748.0 

Acetophenone 100.0 32 478.3 971.4 1,099.9 1,162.2 1,405.1 1,950.3 2,144.3 

Benzyl Alcohol 100.0 32 72.0 285.4 483.3 894.2 1,226.7 3,339.9 6,853.1 

Ethanol, 2-(hexyloxy)- 75.0 32 0.0 25.9 214.6 1,256.7 1,699.4 4,000.1 8,727.5 

Phenol 93.8 32 0.0 588.9 1,127.8 1,843.2 3,575.8 3,803.4 7,588.3 

Tetradecane, 2,2-dimethyl- 30.0 10 0.0 0.0 0.0 402.0 464.6 478.9 478.9 
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Table 152 Continued. Summary of Unknown VOC Concentrations (ng/m³) using Semi-Quantitative Method of Analysis 

Analyte 

Det. 
Freq.
(%) N Min 25th % Median 75th % 90th % 95th % Max 

Hexadecane, 2,6,10,14-tetramethyl- 50.0 32 0.0 0.0 83.1 343.7 882.8 8,511.7 12,256.0 

1-Octanol, 2,2-dimethyl- 31.8 22 0.0 0.0 0.0 150.8 508.4 3,548.8 5,881.0 

Camphor 93.8 32 0.0 188.6 338.8 696.0 1,126.1 1,689.4 22,410.8 

Octane, 2,3,6,7-tetramethyl- 40.0 10 0.0 0.0 0.0 123.5 2,208.3 2,527.3 2,527.3 
3-Cyclohexen-1-ol, 4-methyl-1-(1-
methylethyl) 50.0 10 0.0 0.0 64.7 2,273.5 3,059.1 3,724.4 3,724.4 

Decane, 2,2,4-trimethyl- 40.6 32 0.0 0.0 0.0 580.9 2,516.4 2,613.5 4,246.3 

Cyclohexasiloxane, dodecamethyl- 100.0 32 291.0 978.5 1,885.5 3,448.6 4,066.4 7,165.8 16,681.6 

Tetradecane, 2,2-dimethyl- 70.0 10 0.0 0.0 236.4 4,857.0 7,736.6 10,297.9 10,297.9 

Acetic acid, phenylmethyl ester 100.0 32 77.9 188.3 366.4 897.3 1,336.9 4,041.6 7,525.1 

Cyclohexanol, 5-methyl-2-(1-methylethyl) 100.0 32 86.4 235.0 466.5 829.1 2,074.7 4,529.4 8,239.4 

Decane, 3,7-dimethyl- 30.0 10 0.0 0.0 0.0 30.0 233.7 391.2 391.2 

Undecane, 6-ethyl- 50.0 10 0.0 0.0 79.6 464.1 1,473.9 2,435.7 2,435.7 

1-Hexacosanol 30.0 10 0.0 0.0 0.0 914.1 1,190.6 1,223.4 1,223.4 

3-Cyclohexene-1-methanol, alpha 87.5 32 0.0 135.8 232.5 870.7 2,069.2 3,467.8 10,565.3 

Naphthalene 96.9 32 0.0 212.5 341.9 572.0 739.5 1,118.0 3,832.8 

Nonane, 2-methyl-5-propyl- 70.0 10 0.0 0.0 1,491.3 2,343.3 3,977.3 5,556.8 5,556.8 

Ethanol, 2-(2-butoxyethoxy)- 62.5 32 0.0 0.0 242.7 924.1 3,656.5 7,118.7 10,793.8 

Tridecane, 3-methyl- 20.0 10 0.0 0.0 0.0 0.0 147.5 198.6 198.6 

Octane, 2,5,6-trimethyl- 46.9 32 0.0 0.0 0.0 424.5 1,698.9 7,674.6 18,279.7 

Undecane, 6,6-dimethyl- 70.0 10 0.0 0.0 470.4 10,105.5 16,802.1 21,933.2 21,933.2 

Octane, 2,6-dimethyl- 80.0 10 0.0 82.0 307.9 4,541.9 7,117.5 9,482.7 9,482.7 

Hexasiloxane, tetradecamethyl- 93.8 32 0.0 64.1 181.7 508.4 1,109.7 1,921.8 10,085.6 

Decane, 2,2,6-trimethyl- 80.0 10 0.0 149.0 366.8 6,275.2 9,410.0 12,489.5 12,489.5 

Hexane, 2,4-dimethyl- 80.0 10 0.0 196.3 324.0 4,553.1 6,812.0 9,054.9 9,054.9 

Dodecane, 5,8-diethyl- 80.0 10 0.0 113.1 346.8 5,342.1 8,056.7 10,746.7 10,746.7 
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Table 152 Continued. Summary of Unknown VOC Concentrations (ng/m³) Using Semi-Quantitative Method of Analysis 

Analyte 

Det. 
Freq.
(%) N Min 25th % Median 75th % 90th % 95th % Max 

Dodecane, 2,6,10-trimethyl- 30.0 10 0.0 0.0 0.0 136.2 1,862.2 3,247.0 3,247.0 

Decane, 2,2,8-trimethyl- 90.0 10 0.0 985.7 2,812.8 5,317.9 7,863.0 9,452.7 9,452.7 

Cyclooctane 90.0 10 0.0 286.7 559.2 1,040.3 1,992.2 2,718.7 2,718.7 

Decane, 2,2,7-trimethyl- 30.0 10 0.0 0.0 0.0 150.7 3,131.4 5,943.0 5,943.0 

Tripropylene glycol (A) 28.1 32 0.0 0.0 0.0 26.1 139.5 5,718.7 10,766.3 

Tripropylene glycol (B) 34.4 32 0.0 0.0 0.0 42.0 3,416.4 5,552.3 10,768.0 

Tripropylene glycol (C) 50.0 32 0.0 0.0 15.2 868.4 2,089.0 5,940.5 6,515.5 

Tripropylene glycol (D) 25.0 32 0.0 0.0 0.0 19.0 176.7 6,095.2 10,769.7 

Ethanol, 2-phenoxy- 100.0 22 57.6 452.8 1,157.3 1,905.8 6,658.4 6,788.6 8,273.7 
2-Propanol, 1-[1-methyl-2-(2-
propenyloxy)-ethoxy] 18.2 22 0.0 0.0 0.0 0.0 31.0 62.6 10,782.2 
2-Propanol, 1-[1-methyl-2-(2-
propenyloxy)-ethoxy] 18.2 22 0.0 0.0 0.0 0.0 66.7 74.2 10,570.6 

Decane, 2,2,9-trimethyl- 20.0 10 0.0 0.0 0.0 0.0 182.0 182.8 182.8 

Dodecane, 2,7,10-trimethyl- 20.0 10 0.0 0.0 0.0 0.0 7,350.8 14,548.0 14,548.0 

Benzaldehyde, 4-methoxy- 70.0 10 0.0 0.0 301.4 493.8 985.2 1,405.1 1,405.1 

Octanol, 2-butyl- 40.0 10 0.0 0.0 0.0 186.1 371.0 489.2 489.2 

Undecane, 2,8-dimethyl- 50.0 10 0.0 0.0 75.0 271.7 663.2 1,012.3 1,012.3 

2-Propenal, 3-phenyl- 70.0 10 0.0 0.0 93.4 159.1 300.6 301.1 301.1 

Caryophyllene 50.0 10 0.0 0.0 16.1 75.1 260.9 263.2 263.2 

3-Methyl-4-isopropylphenol 50.0 10 0.0 0.0 10.5 36.1 577.4 1,073.7 1,073.7 

Heptasiloxane, hexadecamethyl- 96.9 32 0.0 67.4 157.6 451.5 1,218.8 1,728.8 3,257.9 

Benzoic acid, 2-hydroxy-, 3-methylbutyl 100.0 10 240.4 290.5 407.4 651.0 2,237.6 2,866.6 2,866.6 

Pentadecane 100.0 10 646.6 1,209.9 1,646.4 2,453.3 6,693.6 10,837.4 10,837.4 

Texanol(A) 93.8 32 0.0 1,241.4 2,372.8 3,733.0 7,465.7 11,312.6 45,730.9 

Benzene, (1-butylhexyl)- 87.5 32 0.0 39.9 96.2 224.0 324.0 468.9 1,171.9 

Cyclododecane 100.0 10 138.8 340.8 419.6 790.9 1,671.4 2,466.0 2,466.0 
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Table 152 Continued. Summary of Unknown VOC Concentrations (ng/m³) Using Semi-Quantitative Method of Analysis 

Analyte 

Det. 
Freq.
(%) N Min 25th % Median 75th % 90th % 95th % Max 

Benzene, (1-propylheptyl)- 81.3 32 0.0 40.1 79.6 191.8 287.8 1,185.8 2,976.0 

Benzene, (1-ethyloctyl)- 71.9 32 0.0 0.0 50.3 116.7 198.0 1,104.1 2,739.0 

Benzene, (1,1-dimethyldecyl)- 30.0 10 0.0 0.0 0.0 13.9 329.5 645.0 645.0 

Naphthalene, 2-methoxy- 100.0 32 18.7 61.7 105.2 200.2 487.0 533.4 653.1 
1-Penten-3-one, 1-(2,6,6-trimethyl-2-
cyclohexen-1-yl) 90.6 32 0.0 36.5 65.5 130.6 246.4 408.2 506.8 

Heptasiloxane, hexadecamethyl- 20.0 10 0.0 0.0 0.0 0.0 216.9 379.8 379.8 

Benzene, (1-methylnonyl)- 71.9 32 0.0 0.0 60.3 134.9 319.8 2,277.4 5,059.8 

Benzene, (1-pentylhexyl)- 87.5 32 0.0 32.1 102.0 251.5 554.7 1,278.5 2,425.8 

Benzene, (1-butylheptyl)- 87.5 32 0.0 114.9 190.1 332.1 687.2 2,745.1 4,902.4 

Octane, 1,1'-oxybis- 93.8 32 0.0 191.0 511.8 891.7 1,564.6 1,697.1 3,106.2 

Benzene, (1-propyloctyl)- 90.6 32 0.0 50.0 82.6 151.0 301.1 2,321.7 3,907.0 

Benzene, (1-ethylnonyl)- 100.0 32 21.3 43.0 73.6 141.1 230.5 2,386.7 3,510.9 

Benzene, (1,1-dimethylnonyl)- 31.3 32 0.0 0.0 0.0 16.9 24.2 137.0 858.3 

Benzene, (1-methyldecyl)- 96.9 32 0.0 73.0 114.0 207.7 472.6 4,387.5 6,356.5 

Benzene, (1-pentylheptyl)- 100.0 32 24.5 53.8 80.9 132.8 227.6 1,266.0 4,628.2 

Benzene, (1-butyloctyl)- 96.9 32 0.0 54.4 80.1 138.1 229.4 1,266.0 4,584.1 

Benzene, (1-propylnonyl)- 96.9 32 0.0 44.9 67.7 109.2 214.7 1,171.9 3,519.4 

Benzene, (1-ethyldecyl)- 93.8 32 0.0 27.5 57.8 93.6 141.1 989.3 2,659.4 

Tridecane, 2-methyl-2-phenyl- 40.0 10 0.0 0.0 0.0 58.5 535.1 1,008.9 1,008.9 

Benzoic acid, 2-ethylhexyl ester 100.0 32 43.5 100.8 153.0 437.1 1,223.9 3,610.1 8,187.5 

Benzene, (1-methylundecyl)- 90.0 10 0.0 38.3 54.8 82.5 1,951.9 3,812.2 3,812.2 

Benzophenone 100.0 32 126.7 246.1 362.4 796.1 1,072.3 1,361.5 15,529.4 

Benzene, (1-pentyloctyl)- 56.3 32 0.0 0.0 17.7 44.1 89.3 220.0 1,266.2 

Benzene, (1-butylnonyl)- 37.5 32 0.0 0.0 0.0 14.5 52.7 222.8 727.9 

Benzene, (1-propylheptadecyl)- 78.1 32 0.0 13.7 68.0 145.7 301.3 423.4 511.9 
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Table 152 Continued. Summary of Unknown VOC Concentrations (ng/m³) Using Semi-Quantitative Method of Analysis 

Analyte 

Det. 
Freq.
(%) N Min 25th % Median 75th % 90th % 95th % Max 

Nonadecane 100.0 32 54.9 123.0 158.6 209.6 336.4 342.8 450.9 

2-Ethylhexyl salicylate 100.0 32 24.5 207.0 359.5 679.9 2,239.2 2,866.6 5,696.6 

Homosalate 93.8 32 0.0 69.8 164.0 367.3 1,121.6 2,610.3 3,499.5 
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Table 153. Inventory and Frequency of Active Ingredients Found in Products in Child Care 
Facilities 

Active Ingredient Frequency 

Sodium Hypochlorite 37 

N- Alkyl Dimethylbenzyl Ammonium Chloride 31 

Ethanol 20 

Alkyl Dimethylethylbenzyl Ammonium 
Chloride 

14 

Propane 14 

Acetone 11 

Pine Oil 11 

Alkyl Dimethylbenzyl Ammonium Saccharide 9 

Isobutane 9 

Isopropanol 9 

Petroleum Distillate 9 

Didecyldimethylammonium Chloride 8 

Sodium Dicholoro S-Triazinetrione Dihydrate 8 

Butane 6 

Hydrotreated Light Petroleum Distillate 6 

Octyl Decyl Dimethyl Ammonium Chloride 6 

D-Allethrin 5 

D-Limonene 5 

Dioctyl Dimethyl Ammonium Chloride 5 

Pyrethrins 5 

Sodium Dodecylbenzene Sulfonate 5 

2-Butoxyethanol 4 

Calcium Carbonate 4 

Cypermethrin 4 

Diethylene Glycol Monoethyl Ether 4 

Glycol Ether 4 

Hydrogen Chloride 4 

Hydrogen Peroxide 4 

Hydrotreated Heavy Naphthenic 4 

Liquefied Petroleum Gas 4 

Monoethanolamine 4 

Nonoxynol 4 

Piperonyl Butoxide 4 

Sodium Carbonate 4 

Sodium Hydroxide 4 

Sodium Tetra Borate Decahydrate 4 

Xylene 4 

Difluoro Ethane 3 

Ethoxylated Linear Alcohols 3 

Imiprothrin 3 

N-Octyl Bicycloheptene Dicarboximide 3 
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38. What type of air conditioning does this facility 
have? 

Central Air Conditioning............................... 1 

Window Unit ................................................ 2 

Portable/ Stand Alone.................................. 3 

Swamp Cooler............................................. 4 

Other______________________________ __ 

Specify 

[CODE LATER] 
Don’t know 9 

39. How often is the air conditioning unit inspected 
and maintained by a trained professional? 

Never .......................................................... 0 

At least once a year..................................... 1 

Less than once a year ................................ 2 

Don’t know .................................................. 9 

40. Does the air conditioning unit have a separate 
filter from the furnace filter? 

No .............................(43.) .......................... 0 

Yes.............................................................. 1 

Don’t know ................(43.) .......................... 9 

41. When were the air conditioning filters last DATE: __ __ / __ __ __ __ 
changed? MO Year 

CODE 99/999 FOR DO NOT KNOW 

42. How frequently are the air conditioning unit 
filters changed? 

Never .......................................................... 0 

Less than once a year ................................. 1 

Annually ...................................................... 2 

Quarterly ..................................................... 3 

Monthly........................................................ 4 

Don’t know .................................................. 9 
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Figure 2 Connector Locations 

5. Connect the AC cord to an AC source. There is no power switch on the instrument. 
6. WARM-UP- Wait for the WCPC to warm-up and reach operating temperatures. The 

display will show a moving hyphen and the difference between set operation 
temperatures and actual measured temperatures which will tick down to 5.0◦C before 
the instrument leaves warm-up mode. 

7. The “Status” light on the front panel will slowly blink until the final operating 
temperatures are reached, and then will be steady green. 

8. If the “Flow” light on the front panel is off, turn on the pump (button on front panel). 
9. Attach USB cable to WCPC and computer 
10. Open AIM software 
11. Click File3781 WCPC Import/ Logging 
12. Click on “Logging” 
13. Click on “Clear Memory” 
14. Click on “Synchronize” and make sure the time is correct on both the CPC and the 

computer. 
15. Ensure that the “Average Interval (sec)” is set to 1 second 
16. Click “Start” then exit out of that window. 
17. Next to the logging button, an orange “ON” should appear. 
18. Exit out of that window and then you can disconnect the USB cable from the CPC and 

computer. 

To End Sampling and Import Data: 
1. Reconnect the CPC with the computer using the USB cable 
2. Click File3781 WCPC Import/ Logging 
3. Click on “Logging” 
4. Click “Stop” then exit window 
5. Click “Read Memory” 
6. Select appropriate sample then press “Save As…” 
7. Name the file according to the ECE data file naming convention. 
8. All information has been saved and you may disconnect the USB cable. 
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4. After sampling campaign 

Package samples in blue ice and deliver to the following address: 

Marion Russell or Randy Maddalena 
Indoor Environment Department 
Environmental Energy Technologies Division 
Lawrence Berkeley National Lab 
1 Cyclotron Road, room 70-222 
Berkeley CA 94720 

510-486-4924 
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Aldehyde/Acetone Collection Protocol 

1. On-site setup 

1.1. Identify location for collecting sample(s) 

1.1.1. Preferably in child care room where children spend most of their time. 

1.1.2. Avoid drafts if possible. 

1.2. Setup sampler 

1.2.1. Attach sample line to fitting and attach fitting to tripod or stand 

1.2.2. Attach other end of sample line to pump 

1.2.3. > 10 minutes before start of sampling, turn on pump and let warm up 

1.2.4. Install dummy cartridge to sample fitting for flow setting/check 

1.2.4.1. Plug tube inlet with finger to ensure no leaks. 

1.2.4.1.1. Flow should go to zero 

1.2.4.1.2. If not check all fittings an redo leak check 

1.2.4.2. Adjust flow if needed to get to desired value (target volume = 120 L) with 
dummy tube installed record initial sample flow rate on the data log sheet. 
Also check flowmeter level and record on data sheet. 

1.2.5. Remove dummy and install just the Sep-Pak Ozone Scrubber on sample inlet. 

1.2.5.1. Remove and store all caps of Sep-Pak Ozone Scrubber 

1.2.5.2. Place Sep-Pak Ozone Scrubber properly in line 

1.2.6. Flush the system for approximately 15 minutes at desired flow rate. 

2. Sample collection 

2.1. Record details on data log sheets 

2.1.1. Affix sample code label to data log sheet 

2.1.2. Record all other required information 

2.2. When ready to start collecting sample, at start time, remove ozone scrubber and place 
the Waters Xposure Sampler on the sample tube inlet. 

2.2.1. Remove and store all caps to Waters Xposure Sampler 

2.3. Replace ozone scrubber upstream from Sep-Pak Xposure Sampler 

2.4. Affix a sample code label on flexible tubing 

2.5. Record start time on data log sheet 

3. While sampling 

3.1. Check the pump regularly during sampling. 

3.2. At the beginning and every 2 hours, note the rate on the flowmeters for each sample on 
data logs. 

4. After sampling 
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4.1. At the stop time, remove both the Sep-Pak Ozone Scrubber and Waters Xposure 
Sampler. 

4.1.1. Record stop time on data log sheet 

4.1.2. Put the caps back onto both the Waters Xposure Sampler® and Sep-Pak Ozone 
Scrubber® 

4.1.3. Place sampler into metal zip lock bag in which it came 

4.1.4. Attach a sample code label to metal zip lock bag containing Water Xposure 
Sampler® 

4.1.5. Place metal bag into additional zip lock bag. 

4.1.6. Store on blue ice in cooler 

4.2. Return Dummy sampler and ozone scrubber to sample fitting and measure the final 
sample flow rate in triplicate and record average final flow rate on data log sheet 

4.2.1. Ozone scrubber may be used a multiple of times for indoor sampling. Store in 
metal bag in which it came and note date of use. 

4.2.2. Return dummy and scrubber to containers in which they came and store with 
other samples. 

5. After sampling campaign 

5.1. Package all samples on fresh blue ice and FedEx back to LBL. Shipping address is: 

Marion Russell or Randy Maddalena 
Indoor Environment Department 
Environmental Energy Technologies Division 
Lawrence Berkeley National Lab 
1 Cyclotron Road, room 70-222 
Berkeley CA 94720 

510-486-4924 
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Gravimetric PM2.5/ PM10 Collection Protocol 

1. On-site setup 

1.1. Identify location for collecting sample(s) 

1.1.1. Preferably in child care room where children spend most of their time. 

1.1.2. Avoid drafts and strong sunlight if possible 

1.2. Setup sampler 

1.2.1. Attach sample line to fitting and attach fitting to tripod or stand 

1.2.2. Attach other end of sample line to pump 

1.2.3. > 10 minutes before start of sampling, turn on pump and let warm up 

1.2.4. Install dummy Personal Environmental Monitor (PEM) to sample fitting for flow 
setting/check 

1.2.4.1. Attach calibration fitting over PEM inlet. 

1.2.4.2. Verify no leaks by plugging end of inlet tube with finger and seeing if 
flowmeter location drops to 0. 

1.2.4.3. If there is a leak, check all connections and tighten screws on PEM. 

1.2.4.4. Perform leak checks until problem solved. 

1.2.4.5. Adjust flowmeter until flow is set at 2 LPM or 4LPM, depending on PEM 

2. Sample collection 

2.1. Record details on data log sheets. 

2.2. When ready to start collecting sample, at start time, remove dummy and install sample 
PEM in fitting 

2.2.1. Perform leak by plugging inlet to PEM 

2.2.2. The PEM can be facing out (horizontal orientation) or down (vertical orientation) 

2.2.3. Record start time on data log sheet 

2.2.4. Record number inscribed on PEM on data log sheet 

2.2.5. Place a sample code label on flexible 

3. While sampling 

3.1. Check the pump regularly during sampling. 

3.2. At the beginning and every 2 hours, note the location on the flowmeters for each 
sample on data logs. 
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4. After sampling 

4.1. At the stop time, remove the sample PEM and return to plastic bag. Place PEM in 
cooler with other samples to be brought back to LBNL. 

4.2. Record stop time on data log sheet 

4.3. Return Dummy PEM to sample fitting and measure the final sample flow rate in 
triplicate and record average final flow rate on data log sheet 

5. After sampling campaign 

5.1. After all centers are tested, package all samples on fresh blue ice and FedEx back to 
LBL. Shipping address is: 

Marion Russell or Randy Maddalena 
Indoor Environment Department 
Environmental Energy Technologies Division 
Lawrence Berkeley National Lab 
1 Cyclotron Road, room 70-222 
Berkeley CA 94720 
510-486-4924 
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Standard Operating Procedure for Sieving Vacuum Cleaner Dust Prior to 
Analysis 

1.0 Scope and Applicability 
This standard operating procedure (SOP) describes the method for sieving vacuum 
cleaner dust prior to analysis for antigenic microbiologicals, metals, and perfluorinated 
organic compounds. 

2.0 Summary of Method 
Vacuum cleaner bags or dust from bagless vacuums shall be collected from child care 
centers Each dust sample shall be uniquely numbered and placed in a zip top 
polypropylene bag after collection. The samples shall be sent to the laboratory where 
they will be sieved to obtain fractions > 2mm, < 2mm but > 150 μm, and smaller than 
150 μm. Three separate microfugal tubes shall be filled to approximately 25 mm with 
each of > 2mm, < 2mm but > 150 μm, and smaller than 150 μm dust fractions. The 
remaining dust fractions shall be stored in separate trace element-free polypropylene 
bottles in the dark pending analysis. 

3.0 Definition 

3.1 Vacuum Cleaner Dust: Dust collected into sample collection bottles from HVS3 Vacuum. 

4.0 Cautions 
Standard laboratory protective clothing and eye covering is required. All manipulation of 
the dust (e.g., sieving, transferring) shall be conducted in a glove box to minimize 
potential exposures to particulate matter. 

Extreme care must be taken to avoid the use of metal- or Teflon-containing materials 
during this process as they may contaminate the samples. 

5.0 Responsibilities 

5.1 The project staff performing dust processing shall be responsible for obtaining the initial 
dust samples from the study sample coordinator, entering relevant tracking information 
in the laboratory record books (LRB), and sending final processed samples and 
spreadsheet to the collaborators (Battelle Institute and US EPA). 
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6.0 Apparatus and Materials 

6.1.1 Vacuum Cleaner dust samples 

6.1.2 150 m (No. 100) particle sieve, U.S. Standard Stainless Steel, 8 in diameter, 2 inch depth, 
Fisher Scientific Company, Cat. No. 04-881-10X or equivalent. 

6.1.3 Sieve cover, stainless steel, 8 in diameter, Fisher Scientific Company, Cat. No. 04-887A, or 
equivalent. 

6.1.4 Sieve receiver pan, stainless steel, 8 in diameter, 2 in depth, Fisher Scientific Company, Cat. 
No. 04-887B, or equivalent. 

6.1.5 Syntron Jogger J-1 Sieve Shaker, Arthur H. Thomas, Philadelphia, PA, USA, or equivalent. 

6.1.6 250 and 500 ml Polypropylene wide-mouth bottles, Fisher Scientific Company, Cat. No. 02-
896D and 02-896E, acid-cleaned, trace element-free, or equivalent. 

6.1.7 Shipping tubes, Corning Brand Microfuge 2 ml tubes, Fisher Scientific Company, Cat. No. 05-
538-69C with cardboard shipping boxes. 

6.1.8 Laboratory grade detergent, Versa-Clean, Fisher Scientific Company, Cat. No. 04-342, or 
equivalent. 

6.1.9 Permanent marking pen, felt-tip, fine point, such as a Sanford, No. 30001, “Sharpie” brand, fine 
point, black, permanent marker, or equivalent, for marking sample tubes. 

6.1.10 Labels, adhesive or computer-generated, to label sample bottles. 

6.1.11 Methanol, reagent grade, for rinsing sieves. 

6.1.12 Nitrogen, laboratory grade compressed, to assist in sieve drying when needed. 

7.0 Sieving and Sample Transfer Procedure 

7.1. Label and weigh 4 300 mL wide-mouth amber bottles (I-CHEM, item# 341-0250) that will be 
used to store the sieved sample fractions. These bottles shall be labeled for each analyte to be 
analyzed, PBDEs, PFCs, Phthalates, and Pesticides. Weight to the nearest 10 mg. Record the 
sample IDs and weights in the laboratory record book and on a spreadsheet. 

7.2. Bring dust sample bottle to room temperature 

7.3. Weigh the dust sample bottle with dust and record 

7.4. Use a 150μm dust sieve 

7.5. Add dust to sieve screen 

7.6. Cover sieve and sieve for approximately 5 minutes 

7.7. Aliquoting the 4 dust fractions. 

7.7.1. For the BDE Sample, aliquot a total of 1 gram into I-CHEM amber bottle. Label and 
record total weight. 

7.7.2. For the Pesticide, Phthalate, and Other Flame Retardants, a total of 0.5 grams of dust is 
needed for analysis. Label and record total weight. 

7.7.3. For the PFC analysis, a total of .25 grams is needed for analysis. 
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7.7.4. Send the following samples to their appropriate places by 2 day delivery and enclose a 
copy of the sample spreadsheet and chain of custody form. No refrigeration is necessary. 

PFC samples 

Dr. Mark Strynar 
US EPA ORD/ NERL 
Chemical Services, Room E-178 
Building E Loading Dock 
109 Alexander Drive 
RTP, NC 27709 

BDE samples 

Walter Weathers 
US EPA: Human Exposure and Atmospheric Sciences Division 
USEPA Mailroom 
Mail Code E205-04 
Research Triangle Park, NC 27711 

Pesticides/ Phthalates/ Other Flame Retardants 

Marcia Nishioka 
Battelle Memorial Institute 
505 King Ave 
Columbus, OH 43201 

7.7.5. The remaining dust shall be kept in -20°C freezer. 

7.8. Cleanup 

7.8.1. Scrupulous care must be taken to clean the sieve apparatus and all other equipment that 
comes in contact with each sample to assure that the possibility of sample-to-sample 
carryover or contamination is eliminated. All such surfaces shall be washed with a brush 
and mild laboratory grade detergent, thoroughly rinsed with deionized water, and then 
triple rinsed with reagent grade methanol prior to drying by air or with laboratory grade 
nitrogen. 

8 Quality Control and Quality Assurance 

Proper chain of custody records shall be kept documenting the initial receipt of the material by 
all staff handling sampling materials. 

9 Reference 

1. “Chemical Hygiene Plan”, Office of Research and Development, US EPA, RTP, NC 27711, 
Revised June 2001. 
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Standard Operating Procedure For Extracting and Preparing Air 
Samples for Analysis of Pesticides 

1. Scope and Applicability 

This standard operating procedure (SOP) describes the method for extracting air samples for 
pesticides. 

2. Summary of Method 

This method describes the procedures for extracting air samples by accelerated solvent 
extraction using dichloromethane (DCM). The sample is then concentrated to 1 mL by KD 
concentration and then to 0.2 mL by N-evap concentration; the internal standard (IS) is spiked 
into the sample. The solution is transferred into a GC vial and the extract is analyzed. 

3. Cautions 

3.1. Appropriate laboratory safety equipment such as lab coats, safety glasses, and protective 
gloves should be worn when performing these procedures. 

4. Responsibilities 

4.1. The project staff performing the sample extractions will be responsible for obtaining samples 
from the sample coordinator, entering relevant information in the extraction/preparation 
laboratory record books, and sending final extracts for analyses. 

4.2. The Laboratory Team Leader (LTL), the QA Officer or designee, and Task Order Leader 
(TOL) will oversee the sample extraction operation and ensure that SOPs are followed by all 
project staff. 

5. Reagents and Equipment 

5.1. Reagents 

6.1.1 Dichloromethane (DCM); distilled in glass 
6.1.2 Nonane 
6.1.3 Glass wool, muffled 
6.1.4 Sodium sulfate (Na2SO4), analytical grade, muffled 
6.1.5 Accelerated solvent extractor filters 
6.1.6 pre-cleaned XAD-2; Supelco 
6.1.7 27 mm Glass fiber filter (GFF); Pallflex 

5.2. Equipment 

5.2.1. Accelerated solvent extractor (ASE) 
5.2.2. 33-mL ASE cells with end-caps 
5.2.3. ASE collection vials, 60 mL, muffled 
5.2.4. Syringes or pipettes for spiking samples and extracts 
5.2.5. Kuderna-Danish (KD) glassware (25-mL tube, flask, macro and micro Snyder columns) 
5.2.6. Boiling chips, Hengar 
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5.2.7. Air bath capable of maintaining temperature of 60-80 °C 
5.2.8. Concentrator tube, glass, disposable 
5.2.9. Nitrogen Evaporator 
5.2.10. Vortex mixer 

6. Procedure 

6.1. Sample Extraction 

6.1.1. Obtain an air sample (5 g XAD and 1 GFF). Prepare additional QC samples using 5 g 
of pre-cleaned XAD and 1 DCM-rinsed GFF. 

6.1.2. For the matrix spike sample, spike 25 μL of the 0.2/0.4/1.0 µg/mL Pesticide Analyte 
Mix onto the filter (see SOP 6.101). 

6.1.3. For the solvent method blank, use 30 mL of extraction solvent (DCM). 
6.1.4. Obtain 33-mL ASE cells and end-caps. Screw on the bottom end-cap, insert filter. 
6.1.5. Place the air sample in the ASE cell. 
6.1.6. Spike 10 μL of the 0.5 µg/mL Pesticide SRS spiking solution onto the XAD (see SOP 

6.1.1). The spiked level may be adjusted and the exact spiked amounts will be 
recorded in the laboratory record book (LRB). 

7.1.7 Place the ASE cells and the 60 mL muffled collection vials on the ASE unit. 
Pressure: 2000 psi 
Temperature: 100 °C 
Solvent: DCM 
Static: 5 min 
Flush: 100% 
Purge: 60 seconds 
Cycles: 2 

The extraction time for each sample is ~20 mins and the collection volume is 
~40 ml. 

6.2. Concentration 

6.2.1. Transfer extract to KD tube with DCM rinses. 
6.2.2. Add 3-4 boiling chips to the KD apparatus and attach a Snyder column. 
6.2.3. Concentrate the extract to ~1 mL in a 60-65 °C water bath. 
6.2.4. Remove the sample from the bath and allow it to cool to room temperature. 
6.2.5. Remove the Snyder column and rinse the lower joint with DCM allowing the rinse to go 

into the KD tube. 
6.2.6. Remove the KD flask and rinse the lower joint with DCM allowing the rinse to go into 

the KD tube. 
6.2.7. Add 100 μL nonane. 
6.2.8. Spike the extract with 10 μL of 2 µg/mL dibromobiphenyl IS solution (see SOP 6.101). 

Mix on a vortex mixer. 
6.2.9. Transfer the sample from the KD tube to a disposable tube. 
6.2.10. Rinse the KD tube with two 0.5 mL aliquots of DCM; add rinses to the disposable tube. 
6.2.11. Gently N-evap the extract to 0.2 ml. 
6.2.12. Transfer the sample to an autosampler vial. 

6.3. Store at ~-10 °C until analyzed. 

7. Records 

7.1. The samples will be assigned an LRB number; the field sample ID (if applicable) will be 
documented with the LRB number. The QC samples generated in the laboratory will be 
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assigned a laboratory record book number. 

7.2. The date of extraction, the lot numbers of solvents, identification of spike solutions, matrix 
spike volumes, and internal standard volumes will be recorded in the LRB. The extraction 
activities of samples will be also recorded in the LRB. The LRB will be retained until the 
conclusion of the study and will be held for one year after completion of the study. 

8. Quality Control and Quality Assurance 

8.1. Three types of QC samples (laboratory method blank, duplicate sample aliquot, and matrix 
spiked sample) will be processed with the field samples. The laboratory method blank is to 
verify that minimal contamination occurs through sample preparation in the laboratory. The 
duplicate and matrix spiked samples are used for assessing the overall method precision and 
the accuracy, respectively. 

8.2. Surrogate recovery values of 80-120% in blanks and actual samples will be deemed 
acceptable, and no correction to the data will be made. For recoveries less than 80% and or 
greater than 120%, the data will be flagged. 

8.3. If significant target analyte levels (>0.1 μg) are found in the laboratory blanks, the source of 
contamination must be identified and more laboratory blanks and storage blanks will be 
analyzed. 
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Standard Operating Procedure for Extracting and Preparing Dust 
Samples for Analysis of Pesticides 

1. Scope and Applicability 

This standard operating procedure (SOP) describes the method for extracting dust samples for 
pesticides. 

2. Summary of Method 

This method describes the procedures for extracting dust samples by sonication with SPE 
clean-up, derivitization and analysis. An aliquot of dust (0.5 g) is spiked with compound-
specific surrogate recovery standards (SRSs), extracted in dichloromethane and solvent 
exchanged into acetonitrile (ACN). The samples is applied to stacked SPE columns(C18 and 
aminopropyl) and eluted with ACN. The sample is concentrated to 1 mL and the internal 
standard (IS) is spiked into the sample. The solution is transferred into a GC vial and the 
extract is analyzed. 

3. Definitions 

3.1. LRB – laboratory record book 

4. Cautions 

4.1. Appropriate laboratory safety equipment such as lab coats, safety glasses, and protective 
gloves should be worn when performing these procedures. 

5. Responsibilities 

5.1. The project staff performing the sample extractions will be responsible for obtaining samples 
from the sample coordinator, entering relevant information in the extraction/preparation 
laboratory record books, and sending final extracts for analyses. 

5.2. The Laboratory Team Leader (LTL), the QA Officer or designee, and Task Order Leader 
(TOL) will oversee the sample extraction operation and ensure that SOPs are followed by all 
project staff. 

6. Reagents and Equipment 

6.1. Reagents 

6.1.1. Dichloromethane (DCM), distilled in glass 
6.1.2. Acetonitrile (ACN), distilled in glass 
6.1.3. C18 SPE column, 0.5 g, JT baker or equivalent 
6.1.4. Aminopropyl SPE column, 0.5 g, Supelco 

6.2. Equipment 

6.2.1. Centrifuge tubes, 50 mL 
6.2.2. Syringes or pipettes for spiking samples and extracts 
6.2.3. Serological pipette, capable of holding 10 mL of DCM 
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6.2.4. Pipette bulb 
6.2.5. Sonication bath 
6.2.6. Centrifuge, equipped with a rotor for the centrifuge tubes 
6.2.7. TurboVap, low-volume 
6.2.8. Sample collection tubes, 20 mL 
6.2.9. Vortex mixer 

7. Procedure 

7.1. Extraction of Sieved Dust 

7.1.1. Weigh 0.5 g aliquots of each sample into 50-mL centrifuge tubes. Weigh additional 0.5 
g aliquots of a reference dust sample into 50-mL centrifuge tubes for QC samples. 

7.1.2. For the matrix spike sample, spike 50 μL of the 2/4/10 µg/mL Pesticide Analyte Mix 
onto the dust (see SOP 6.101). 

7.1.3. For the solvent method blank, add 12 mL of extraction solvent (DCM) to an empty 
centrifuge tube. 

7.1.4. Spike 50 μL of the 0.5 µg/mL Pesticide SRS spiking solution onto each dust (see SOP 
6.101). The spike level may be adjusted and the exact spike amounts will be 
documented. 

7.1.5. Add 12 mL of extraction solvent (DCM) to the dust sample; shake or vortex mix to wet 
the dust thoroughly. 

7.1.6. Place the tube in a rack in a sonication bath and sonicate for 15 minutes. 
7.1.7. Centrifuge the sample at ~3000 rpm for 10 minutes. 

7.2. Concentration 

7.2.1. Transfer 10 mL of the extract to a TurboVap tube with a line drawn at the 1-mL mark. 
7.2.2. Concentrate to 1 mL in a 45 C TurboVap bath. During the concentration step, 

periodically rinse the inside walls with DCM. 
7.2.3. Add 5 mL ACN. 
7.2.4. Concentrate the extract to 1 mL in a 65 C TurboVap bath. During the concentration 

step, periodically rinse the inside walls with ACN. 
7.2.5. Add 4 mL ACN to bring the volume up to 5 ml. 
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7.3. Solid Phase Extraction (SPE) 

7.3.1. Connect a 0.5 g C18 SPE column to the top of a 0.5 g aminopropyl SPE column. 
7.3.2. Add 5 mL ACN and allow the solvent to pass through the columns and go to waste; the 

liquid level should be just above the sorbent bed. 
7.3.3. Place a collection vial under the stacked SPE columns. 
7.3.4. Add the 5 mL of extract and start collecting effluent. 
7.3.5. Allow the solvent level to nearly reach the C18 sorbent bed. 
7.3.6. Close the stopcock and allow the sample to sit on the column for 3 minutes. 
7.3.7. Rinse the concentrator tube with 3x3 mL ACN. 
7.3.8. Add the rinses to the stacked SPE columns and collect all effluent. 

7.4. Concentration 

7.4.1. Transfer the sample from the collection tube to a TurboVap tube. 
7.4.2. Rinse the collection tube with two 0.5 mL aliquots of ACN; add rinses to the TurboVap 

tube. 
7.4.3. Concentrate the extract to ~1 mL in a 65 C TurboVap bath. 
7.4.4. Spike the extract with 10 μL of 10 µg/mL dibromobiphenyl IS solution (see SOP 6.101). 

Mix on a vortex mixer. 
7.4.5. Transfer the sample to an autosampler vial. 

7.5. Store at ~-10 C until analyzed. 

8. Records 

8.1. The samples will be assigned an LRB number; the field sample ID (if applicable) will be 
documented with the LRB number. The QC samples generated in the laboratory will be 
assigned a laboratory record book number. 

8.2. The date of extraction, the lot numbers of solvents, identification of spike solutions, matrix 
spike volumes, and internal standard volumes will be recorded in the LRB. The extraction 
activities of samples will be also recorded in the LRB. The LRB will be retained until the 
conclusion of the study and will be held for one year after completion of the study. 

9. Quality Control and Quality Assurance 

9.1. Three types of QC samples (laboratory method blank, duplicate sample aliquot, and matrix 
spiked sample) will be processed with the field samples. The laboratory method blank is to 
verify that minimal contamination occurs through sample preparation in the laboratory. The 
duplicate and matrix spiked samples are used for assessing the overall method precision and 
the accuracy, respectively. 

9.2. Surrogate recovery values of 80-120% in blanks and actual samples will be deemed 
acceptable, and no correction to the data will be made. For recoveries less than 80% and or 
greater than 120%, the data will be flagged. 

9.3. If significant target analyte levels (>0.1 μg) are found in the laboratory blanks, the source of 
contamination must be identified and more laboratory blanks and storage blanks will be 
analyzed. 
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Standard Operating Procedure for Determination of Pesticides in Sample 
Extracts by Gas Chromatography/ Mass Spectrometry 

1.0 Scope and Applicability 

This standard operating procedure (SOP) describes the method for detection and quantification 
of pyrethroid pesticides their associated surrogate recovery standard (SRS) by gas 
chromatography/mass spectrometry using multiple ion detection (GC/MS/MID) for sample 
extracts. 

2.0 Summary of Method 

This SOP describes the method used for the GC/MS/MID determination of target analytes in 
sample extracts. The analytical column (ZB-35) is installed in the instrument. The GC 
parameters and acquisition profile are set. A sequence consisting of calibration standards and 
sample extracts is run. The calibration curves for each analyte and surrogate recovery standard 
are obtained using the internal standard method and linear regression. The calibration curves 
are applied to the detected analytes to determine analyte concentration in the extract. 

3.0 Definitions 

3.1 Extract: The sample extract that contains native target analytes, surrogate recovery 
standard, and internal standard. 

3.2 Surrogate Recovery Standard (SRS): The compound used for QA/QC purposes to 
assess the extraction efficiency obtained for individual samples. A known amount of the 
compound is spiked into the sample prior to extraction. The SRS is quantified at the 
time of analysis and its recovery indicates the probable extraction and recovery 
efficiency for native analytes that are structurally similar. The SRS is chosen to be as 
similar as possible to the native analytes of interest, but it must not interfere in the 
analysis. 

3.3 Internal Standard (IS): The compound added to sample extracts prior to GC/MS 
analysis. The ratio of the detector signal of the native analyte to the detector signal of 
the IS is compared to ratios obtained for calibration curve solutions where the IS level 
remains fixed and the native analyte levels vary. The IS is used to correct for minor run-
to-run differences in GC injection, chromatographic behavior, and MS ionization 
efficiency. 
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4.0 Cautions 

4.1 Standard laboratory protective clothing, gloves, and eye covering is required. 

4.2 The toxicity and carcinogenicity of chemicals used in this method has not been 
precisely defined; each chemical should be treated as a potential health hazard, and 
exposure to these chemicals should be minimized. Each laboratory is responsible for 
maintaining awareness of OSHA regulations regarding safe handling of chemicals used 
in this method. Additional references of laboratory safety and MSDS must be available 
for the information of the analyst. 

5.0 Responsibilities 

5.1 The project staff performing the GC/MS analyses will be responsible for obtaining 
sample extracts, analyzing the samples, maintaining instrument control and 
maintenance records, and entering relevant information in the laboratory record books. 

5.2 The Battelle Task Order Leader (TOL), the QA Manager, or designees will oversee 
the sample analysis operations and ensure that SOPs are followed by all project staff. 

6.0 Apparatus and Materials 

6.1 Analytical Column - ZB-35ms (or equivalent), 30 m x 0.25 mm id fused silica, 0.25 
μm film thickness. 

6.2 Gas Chromatograph Mass Spectrometer System: The instrument should be 
operated in multiple ion detection (MID) mode, with a minimum of two ions monitored per 
analyte. The extracts will be analyzed in the MID mode. 

6.2.1 GC/MS:Hewlett Packard 6890 GC equipped with a HP5973 mass 
selective detector and an autosampler or equivalent. 

6.2.2 Operating Parameters: 
Column Flow Rate: 1 mL/min Helium 
Injection Port Temperature: 300 °C 
Injection Volume: 2 μL splitless for 0.75 min 
Oven Temperature Program: 100 C for 1 min; 100-130 @ 25°C/min, 130-

340 @ 6 C/min; hold 340 for 5 min, 42.2 min 
run time 

Transfer Line Temperature: 300 °C 
MS Zone Temperatures: MS Quad – 150°C 

MS Source – 230°C 
Ions Monitored: see Table 1 

The first ion listed is the target ion, which is used for quantitation. Subsequent 
ions are used as qualifier ions to confirm the identification of the analyte. 

6.3. Microliter syringe, 10 μL, for injection of liquid standards and sample extracts into 
GC/MS system. 
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7.0 Procedure 

7.1 GC/MS Instrument Set-Up. (NOTE: The set-up procedure may be different for 
different GC/MS systems). 

7.1.1 The column is installed in the GC oven and the column flow is set. The 
GC column temperature program is set. 
7.1.2 The MS is set according to the manufacturer’s instructions. Once the 
entire GC/MS system has been set up, the system is calibrated as described in 
Section 7.3. 
7.1.3 The autosampler, containing a 100-vial tray, is positioned on the injection 
port of the GC. Settings for the sample volume (1 - 5 μL), number of injections 
per sample (1 - 4), number of sample pre-washes (0 - 10), and number of solvent 
post-washes (0 - 10) are selected through data acquisition software. 

7.2 GC/MS Tuning and Standardization. 

7.2.1 The GC/MS system is tuned, according to the manufacturer’s instructions, 
using the “autotune” function. The instrument is tuned each day a sample 
sequence is set up. 
7.2.2 To tune the GC/MS, FC-43 is introduced directly into the ion source via 
the molecular leak. The instrumental parameters (i.e., lens voltages, resolution, 
etc.) are adjusted to give documented, standard relative abundance as well as 
acceptable resolution (i.e., baseline mass resolution) and Gaussian peak shape. 
If the instrument fails to tune under autotune conditions, then the ion source will 
require cleaning as per the manufacturer’s instructions, or other corrective issues 
must be considered and carried out. 
7.2.3 After tuning is complete, the autotune report is printed and the hard copy 
is placed in that instrument’s autotune record book in the MS laboratory. 

7.3 Calibration of the GC/MS system. 

7.3.1 Before analyzing a sample set on a new column, a shortened column, or 
after the instrument has been vented for cleaning or maintenance, calibration 
runs are performed with one or more calibration standards, under the same 
conditions used to analyze the field samples. 
7.3.2 All ions (quantification and qualifier) are entered into windows in the 
acquisition method. For the GC/MS, the identification window for each analyte is 
set at the RT ± 0.2 min. 
7.3.3 A calibration curve for each analyte will be constructed with a minimum of 
5 calibration standards that will encompass the calibration range. Reference 
Pyrethroids in Dust SOP 1.01 for calibration curve information. 

7.3.3.3 The internal standard is dibromobiphenyl and is present in samples and 
standards at a concentration of 100 ng/ml. 

7.3.4 The calibration curve will be generated using the theoretical analyte 
concentration vs the relative area (analyte area/IS area). The calibration curve 
may be forced through the origin. The correlation coefficient (r2) of the curves 
must be ≥0.98. The % relative error (%RE) for recalculation of each calibration 
standard against the curve must be <25%, except for the lowest level standard, 
which must have a relative error <30%. If the correlation coefficient of any 
analyte is less than 0.98, or the %RE exceeds tolerance, then the calibration 
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curve can be fit to a second order equation, the top calibration point can be 
eliminated (if there are no samples at this level), and/or the GC/MS system is 
checked to determine the sources for this variation. Corrective actions for the 
instrument (i.e., clean source) will be taken and the sample set will be 
reanalyzed. 

7.4 Analysis Sequence: 

7.4.1 A higher level calibration standard is analyzed first to ensure retention 
times in the method are correct. 
7.4.2 One to three standards are analyzed, followed by up to 5 sample extracts 
(some of which may be QC sample extracts). 

7.4.3 A second calibration standard is analyzed. 
7.4.4 Steps 7.4.2 and 7.4.3 are repeated until all samples have been analyzed. 

7.5 Data processing involves: (1) generating a calibration curve for each target analyte 
and SRS compound(s) from the results of the standard analyses, (2) calculating the 
concentrations of target analytes and SRS(s) in the sample extracts and in standards 
with calibration curves using HP ChemStation software, and (3) manually reviewing each 
data file to ensure that the identification and integration of quantified target peaks are 
correct. 

7.6 Analyte ID will be based on the following criteria: correct RT ± 0.02 min, using as a 
guide the RT of the two standards that bracket the sample in the GC/MS run order; 
correct ratio of quantification (quant) ion area to first qualifier (qual) ion area ± 20%; and 
co-maximizing peak shapes for the target ion and first qualifier ion. If the relative 
intensity of the first qual ion (with respect to the quant ion area) is lower than the 
acceptable range, then the ID cannot be confirmed; if the relative intensity of the first 
qual ion is higher than the acceptable range, then the ID may be confirmed using the 
second qualifier ion. 

7.7 Calculations: 

The instrument software will calculate ng/mL of the analytes and SRSs in the sample 
based on the calibration curve. A quantitation report will be generated for each sample 
or standard which will include these concentrations. 

8.0 Records 

8.1 All operations, maintenance, daily mass calibration, ion transmission balance, and 
multiplier gain are stored in each instrument’s logbook. 

8.2 All analytical results are logged in specific study folders. 

8.3 Hardcopy output of QUAN reports will be generated after the qualified analyst 
reviews the data. For each analysis set, one file folder will be used to hold/archive the 
hardcopy output of QUAN reports (samples and standards), the calibration curve, copy 
of the analytical method, and analytical sequence. The QUAN report lists the file name 
and sample name together with the calculated concentrations. 

8.4 All data files are stored on disks or tapes for permanent record. The disks or tapes 
are stored permanently in the GC/MS laboratory as part of the GC/MS laboratory 
records. 
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8.5 Final calculations of the data are performed and/or recorded in the study database. 

8.6 A separate data record will be prepared for each sample analysis as part of the 
electronic data file submitted to the database. Each record must contain, at a minimum, 
the following information: 

8.6.1 The sample ID code. 
8.6.2 The sample analysis date. 

8.6.3 A code to indicate whether this is a reanalysis for a diluted sample 
extracts 
8.6.4 A code to indicate the overall acceptability of the analysis result. 

8.6.5 A code to indicate the type of sample (SMB, DS1, DS2, etc ). 
8.6.6 The analysis result for the surrogate standard(s). 

8.6.7 The percent recovery result for the surrogate standard. 
8.6.8 The analysis result for the target analytes as analyzed in the extract. 

9.0 Quality Control and Quality Assurance 

9.1 The absolute response levels for the internal standard must be recorded for each 
analysis. If IS areas decrease throughout a sample set or if a difference is observed in 
the area of the IS in samples and in standards, but the SRS recoveries in samples 
remain within the acceptance range, then no action will be taken. If IS areas decrease 
or if a difference is observed in the area of the IS in samples and in standards, and the 
SRS recoveries in samples do not remain within the acceptance range, then corrective 
action will be taken. These actions will include: cleaning the GC/MS injector, liner, 
and/or ion source, and removing the first meter of the column, and reanalyzing the 
sample set. 

9.2 Samples will be re-analyzed when the calibration curve data cannot be fit to either a 
first or second order equation with fit parameter r2>0.98 or when the recalculation of the 
standards against the curve does not meet the tolerances set in section 7.3.4. 
Corrective action, as listed in Section 9.1 will be undertaken before samples are 
reanalyzed. 

9.3 Surrogate recovery values of 70-120% in the actual samples will be deemed 
acceptable, and no correction to the data will be made. For recoveries less than the 
minimum goal the data will be flagged. For recoveries greater than the maximum goal, 
the concentration of the surrogate spiking solution will be checked against a calibration 
curve to determine whether inadvertent solvent loss has resulted in higher spike levels. 

10.0 Extract Storage 

Extracts are stored protected from light at -20°C except during analysis. Holding times have not 
been established for sample extracts. 
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Table 1. Analyte List 

Analyte Retention Primary Secondary Ion 
Group Analyte Time, min Ion Ion(s) Ratios 

Pesticides Bifenthrin 23.75 181 165, 166 100, 25, 26 
Chlorpyrifos 17.48 314 316 100, 75 
Cyfluthrin I 28.22 163 226 100, 65 
Cyfluthrin II/III 28.35 163 226 100, 45 
Cyfluthrin IV 28.49 163 226 100, 55 
Cyhalothrin-lambda 25.57 209 197, 181 100, 260, 370 
Cypermethrin I 28.88 163 181 100, 100 
Cypermethrin II/III 29.03 163 181 100, 85 
Cypermethrin IV 29.18 163 181 100, 90 
Diazinon 14.09 276 199, 304 100,210,223 
Imiprothrin 22.90 151 318, 123 100, 10, 650 
Permethrin – cis 27.36 183 163 100, 15 
Permethrin - trans 27.58 183 163 100, 35 
Piperonyl butoxide 23.17 176 177 100, 35 
Sumithrin 25.02 183 123 100, 180 

Internal 
Standard 

Dibromobiphenyl 18.36 312 314 100, 50 

Surrogate 
Standards 

Fenchlorphos 16.37 285 287 100, 70 
Permethrin – trans 13C6 27.56 189 190 100, 10 
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Standard Operating Procedure for Extracting and Preparing Air Samples for 
Analysis of Phthalates 

1. Scope and Applicability 

This standard operating procedure (SOP) describes the method for extracting air samples for 
phthalates. 

2. Summary of Method 

This method describes the procedures for extracting air samples by accelerated solvent 
extraction (ASE) using dichloromethane (DCM). The sample is then concentrated to 2 mL and 
the internal standard (IS) is spiked into the sample. The solution is transferred into a GC vial 
and the extract is analyzed. 

3. Cautions 

3.1. Appropriate laboratory safety equipment such as lab coats, safety glasses, and protective 
gloves should be worn when performing these procedures. 

4. Responsibilities 

4.1. The project staff performing the sample extractions will be responsible for obtaining samples 
from the sample coordinator, entering relevant information in the extraction/preparation 
laboratory record books, and sending final extracts for analyses. 

4.2. The Laboratory Team Leader (LTL), the QA Officer or designee, and Task Order Leader 
(TOL) will oversee the sample extraction operation and ensure that SOPs are followed by all 
project staff. 

5. Reagents and Equipment 

5.1. Reagents 

5.1.1. Dichloromethane (DCM); distilled in glass 
5.1.2. Sodium sulfate (Na2SO4), analytical grade, muffled 
5.1.3. Accelerated solvent extractor filters 
5.1.4. pre-cleaned XAD-2, Supelco 
5.1.5. Glass fiber filter (GFF), DCM rinsed; Pallflex 

5.2. Equipment 

5.2.1. Accelerated solvent extractor (ASE) 
5.2.2. 33-mL ASE cells with end-caps 
5.2.3. ASE collection vials, 60 mL, muffled 
5.2.4. Syringes or pipettes for spiking samples and extracts 
5.2.5. Kuderna-Danish (KD) glassware (25-mL tube, flask, macro and micro Snyder columns) 
5.2.6. Boiling chips, Hengar 
5.2.7. Water bath capable of maintaining temperature of 60-80 °C 
5.2.8. Concentrator tube, glass, disposable 
5.2.9. Nitrogen Evaporator (N-evap) 
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5.2.10. GC autosampler vials 
5.2.11. Vortex mixer 

6. Procedure 

6.1. Sample Extraction 

6.1.1. Obtain air samples (5 g XAD and 1 GFF) for a sample batch (10-20 samples). 
Prepare QC samples (e.g., instrument blank and matrix spike) using 5 g of pre-cleaned 
XAD and 1 DCM-rinsed GFF. 

6.1.2. For the matrix spike sample, spike 10 μL of 0.5 mg/mL Phthalate Analyte Mix onto the 
XAD. [See SOP 6.401 for Phthalate Analyte Mix preparation.] 

6.1.3. For the solvent method blank, use 30 mL of extraction solvent (DCM). 
6.1.4. Obtain 33-mL ASE cells and end-caps. Screw on the bottom end-cap, insert filter. 
6.1.5. Place the air sample in the ASE cell. 
6.1.6. Spike 20 μL of the Phthalate surrogate recovery standard (SRS) spiking solution (5 

μg/mL) onto the sample. The spiked level may be adjusted and the exact spiked 
amounts will be recorded in the laboratory record book (LRB). [See SOP 6.401 for 
Phthalate SRS preparation.] 

7.1.7 Place the ASE cells and the 60 mL muffled collection vials on the ASE unit. Extract 
with the following conditions 

Pressure: 2000 psi 
Temperature: 100 °C 
Solvent: DCM 
Static: 5 min 
Flush: 100% 
Purge: 60 seconds 
Cycles: 2 

The extraction time for each sample is ~20 mins and the collection volume is ~40 
ml. 

6.2. Concentration 
6.2.1. Transfer extract to KD tube with DCM rinses. 
6.2.2. Add 3-4 boiling chips to the KD apparatus and attach a Snyder column. 
6.2.3. Concentrate the extract to ~2 mL in a 60-65 °C water bath. 
6.2.4. Remove the sample from the bath and allow it to cool to room temperature. 
6.2.5. Remove the Snyder column and rinse the lower joint with DCM allowing the rinse to go 

into the KD tube. 
6.2.6. Remove the KD flask and rinse the lower joint with DCM allowing the rinse to go into 

the KD tube. 
6.2.7. Adjust the volume to 2 mL with N-evap. 
6.2.8. Draw off 1.0 mL of the extract to another KD tube. 
6.2.9. Add 5 mL of hexane. 
6.2.10. Concentrate the extract to 1 mL with N-evap. 
6.2.11. Spike the extract with 10 μL of dibromobiphenyl IS solution (10 μg/mL). Mix on a 

vortex mixer. [See SOP 6.401 for Phthalate IS preparation.] 
6.2.12. Transfer the sample to an autosampler vial. 

6.3. Store at ~-10 °C until analyzed. 

7. Records 

7.1. The samples will be assigned an LRB number; the field sample ID (if applicable) will be 
documented with the LRB number. The QC samples generated in the laboratory will be 
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assigned a laboratory record book number. 

7.2. The date of extraction, the lot numbers of solvents, identification of spike solutions, matrix 
spike volumes, and internal standard volumes will be recorded in the LRB. The extraction 
activities of samples will be also recorded in the LRB. The LRB will be retained until the 
conclusion of the study and will be held for one year after completion of the study. 

8. Quality Control and Quality Assurance 

8.1. Three types of QC samples (laboratory method blank, duplicate sample aliquot, and matrix 
spiked sample) will be processed with the field samples. The laboratory method blank is to 
verify that minimal contamination occurs through sample preparation in the laboratory. The 
duplicate and matrix spiked samples are used for assessing the overall method precision and 
the accuracy, respectively. 

8.2. Surrogate recovery values of 80-120% in blanks and actual samples will be deemed 
acceptable, and no correction to the data will be made. For recoveries less than 80% and or 
greater than 120%, the data will be flagged. 

8.3. If significant target analyte levels (>0.1 μg) are found in the laboratory blanks, the source of 
contamination must be identified and more laboratory blanks and storage blanks will be 
analyzed. 

359 



 

 

     
    

 
  

 
         

       
     

 
 

    
 

           
         

       
          

        
       
       

 
  

 
          

    
 
           

          
            

         
              

        
 
              

           
      

            
    

  

Standard Operating Procedure for Determination of Phthalates in Sample 
Extracts by Gas Chromatography/ Mass Spectrometry 

1.0 Scope and Applicability 

This standard operating procedure (SOP) describes the method for detection and quantification 
of phthalates and their associated surrogate recovery standard (SRS) by gas 
chromatography/mass spectrometry using multiple ion detection (GC/MS/MID) for sample 
extracts. 

2.0 Summary of Method 

This SOP describes the method used for the GC/MS/MID determination of target analytes in 
sample extracts. The analytical column (ZB-35) is installed in the instrument. The GC 
parameters and acquisition profile are set. A sequence consisting of calibration standards and 
sample extracts is run. The calibration curves for each analyte and surrogate recovery standard 
are obtained using the internal standard method and linear regression. The calibration curves 
are applied to the detected analytes to determine analyte concentration in the extract. 
Information is also included to quantitate phthalates at high levels. 

3.0 Definitions 

3.1 Extract: The sample extract that contains native target analytes, surrogate recovery 
standard, and internal standard. 

3.2 Surrogate Recovery Standard (SRS): The compound used for QA/QC purposes to assess 
the extraction efficiency obtained for individual samples. A known amount of the compound is 
spiked into the sample prior to extraction. The SRS is quantified at the time of analysis and its 
recovery indicates the probable extraction and recovery efficiency for native analytes that are 
structurally similar. The SRS is chosen to be as similar as possible to the native analytes of 
interest, but it must not interfere in the analysis. 

3.3 Internal Standard (IS): The compound added to sample extracts prior to GC/MS analysis. 
The ratio of the detector signal of the native analyte to the detector signal of the IS is compared 
to ratios obtained for calibration curve solutions where the IS level remains fixed and the native 
analyte levels vary. The IS is used to correct for minor run-to-run differences in GC injection, 
chromatographic behavior, and MS ionization efficiency. 
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4.0 Cautions 

4.1 Standard laboratory protective clothing, gloves, and eye covering is required. 

4.2 The toxicity and carcinogenicity of chemicals used in this method has not been precisely 
defined; each chemical should be treated as a potential health hazard, and exposure to these 
chemicals should be minimized. Each laboratory is responsible for maintaining awareness of 
OSHA regulations regarding safe handling of chemicals used in this method. Additional 
references of laboratory safety and MSDS must be available for the information of the analyst. 

5.0 Responsibilities 

5.1 The project staff performing the GC/MS analyses will be responsible for obtaining sample 
extracts, analyzing the samples, maintaining instrument control and maintenance records, and 
entering relevant information in the laboratory record books. 

5.2 The Battelle Task Order Leader (TOL), the QA Manager, or designees will oversee the 
sample analysis operations and ensure that SOPs are followed by all project staff. 

6.0 Apparatus and Materials 

6.1 Analytical Column - ZB-35ms (or equivalent), 30 m x 0.25 mm id fused silica, 0.25 μm film 
thickness. 

6.2 Gas Chromatograph Mass Spectrometer System: The instrument should be operated in 
multiple ion detection (MID) mode, with a minimum of two ions monitored per analyte. The 
extracts will be analyzed in the MID mode. 

6.2.1 GC/MS:Hewlett Packard 6890 GC equipped with a HP5973 mass selective 
detector and an autosampler or equivalent. 

6.2.2 Operating Parameters: 
Column Flow Rate: 1 mL/min Helium 
Injection Port Temperature: 300 °C 
Injection Volume: 2 μL splitless for 0.75 min 
Oven Temperature Program: 100 °C for 1 min; 100-130 @ 

25 C/min, 130-340 @ 6 
C/min; hold 340 for 5 min, 
42 min run time 

Transfer Line Temperature: 300 °C 
MS Zone Temperatures: MS Quad – 150°C 

MS Source – 230°C 
Ions Monitored: see Table 1 

The first ion listed is the target ion, which is used for quantitation. Subsequent 
ions are used as qualifier ions to confirm the identification of the analyte. 

6.3. Microliter syringe, 10 μL, for injection of liquid standards and sample extracts into 
GC/MS system. 

7.0 Procedure 
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7.1 GC/MS Instrument Set-Up. (NOTE: The set-up procedure may be different for different 
GC/MS systems). 

7.1.1 The column is installed in the GC oven and the column flow is set. The GC 
column temperature program is set. 
7.1.2 The MS is set according to the manufacturer’s instructions. Once the entire 
GC/MS system has been set up, the system is calibrated as described in Section 7.3. 
7.1.3 The autosampler, containing a 100-vial tray, is positioned on the injection port of 
the GC. Settings for the sample volume (1 - 5 μL), number of injections per sample 
(1 - 4), number of sample pre-washes (0 - 10), and number of solvent post-washes 
(0 - 10) are selected through data acquisition software. 

7.2 GC/MS Tuning and Standardization. 

7.2.1 The GC/MS system is tuned, according to the manufacturer’s instructions, using 
the “autotune” function. The instrument is tuned each day a sample sequence is set up. 
7.2.2 To tune the GC/MS, FC-43 is introduced directly into the ion source via the 
molecular leak. The instrumental parameters (i.e., lens voltages, resolution, etc.) are 
adjusted to give documented, standard relative abundance as well as acceptable 
resolution (i.e., baseline mass resolution) and Gaussian peak shape. If the instrument 
fails to tune under autotune conditions, then the ion source will require cleaning as per 
the manufacturer’s instructions, or other corrective issues must be considered and 
carried out. 
7.2.3 After tuning is complete, the autotune report is printed and the hard copy is 
placed in that instrument’s autotune record book in the MS laboratory. 

7.3 Calibration of the GC/MS system. 

7.3.1 Before analyzing a sample set on a new column, a shortened column, or after the 
instrument has been vented for cleaning or maintenance, calibration runs are performed 
with one or more calibration standards, under the same conditions used to analyze the 
field samples. 
7.3.2 All ions (quantification and qualifier) are entered into windows in the acquisition 
method. For the GC/MS, the identification window for each analyte is set at the RT ± 0.2 
min. 
7.3.3 A calibration curve for each analyte will be constructed with a minimum of 5 
calibration standards that will encompass the calibration range. Reference Pyrethroids 
in Dust SOP 1.01 for calibration curve information. 

7.3.3.3 The internal standard is dibromobiphenyl and is present in samples and 
standards at a concentration of 100 ng/ml. 

7.3.4 The calibration curve will be generated using the theoretical analyte 
concentration vs the relative area (analyte area/IS area). The calibration curve may be 
forced through the origin. The correlation coefficient (r2) of the curves must be ≥0.98. 
The % relative error (%RE) for recalculation of each calibration standard against the 
curve must be <25%, except for the lowest level standard, which must have a relative 
error <30%. If the correlation coefficient of any analyte is less than 0.98, or the %RE 
exceeds tolerance, then the calibration curve can be fit to a second order equation, the 
top calibration point can be eliminated (if there are no samples at this level), and/or the 
GC/MS system is checked to determine the sources for this variation. Corrective actions 
for the instrument (i.e., clean source) will be taken and the sample set will be 
reanalyzed. 
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7.4 Analysis Sequence: 

7.4.1 A higher level calibration standard is analyzed first to ensure retention times in 
the method are correct. 
7.4.2 One to three standards are analyzed, followed by up to 5 sample extracts (some 
of which may be QC sample extracts). 
7.4.3 A second calibration standard is analyzed. 
7.4.4 Steps 7.4.2 and 7.4.3 are repeated until all samples have been analyzed. 

7.5 Data processing involves: (1) generating a calibration curve for each target analyte and SRS 
compound(s) from the results of the standard analyses, (2) calculating the concentrations of 
target analytes and SRS(s) in the sample extracts and in standards with calibration curves using 
HP ChemStation software, and (3) manually reviewing each data file to ensure that the 
identification and integration of quantified target peaks are correct. 

7.6 Analyte ID will be based on the following criteria: correct RT ± 0.02 min, using as a guide the 
RT of the two standards that bracket the sample in the GC/MS run order; correct ratio of 
quantification (quant) ion area to first qualifier (qual) ion area ± 20%; and co-maximizing peak 
shapes for the target ion and first qualifier ion. If the relative intensity of the first qual ion (with 
respect to the quant ion area) is lower than the acceptable range, then the ID cannot be 
confirmed; if the relative intensity of the first qual ion is higher than the acceptable range, then 
the ID may be confirmed using the second qualifier ion. 

7.7 Calculations 

The instrument software will calculate ng/mL of the analytes and SRSs in the sample 
based on the calibration curve. A quantitation report will be generated for each sample 
or standard which will include these concentrations. 

Phthalates are sometimes found in samples at high concentrations that may overload 
the analytical column (indicated by peak fronting) or saturate the detector (indicated by 
flat-top peaks). Table 2 lists ions for the phthalates, except the diisononyl and diisodecyl 
phthalates, which have a lower detector response. In the event that column overload or 
detector saturation is observed, the ions listed in this table can be used to quantitate the 
high level of phthalate. 

8.0 Records 

8.1 All operations, maintenance, daily mass calibration, ion transmission balance, and multiplier 
gain are stored in each instrument’s logbook. 

8.2 All analytical results are logged in specific study folders. 

8.3 Hardcopy output of QUAN reports will be generated after the qualified analyst reviews the 
data. For each analysis set, one file folder will be used to hold/archive the hardcopy output of 
QUAN reports (samples and standards), the calibration curve, copy of the analytical method, 
and analytical sequence. The QUAN report lists the file name and sample name together with 
the calculated concentrations. 

8.4 All data files are stored on disks or tapes for permanent record. The disks or tapes are 
stored permanently in the GC/MS laboratory as part of the GC/MS laboratory records. 
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8.5 Final calculations of the data are performed and/or recorded in the study database. 

8.6 A separate data record will be prepared for each sample analysis as part of the electronic 
data file submitted to the database. Each record must contain, at a minimum, the following 
information: 

8.6.1 The sample ID code. 
8.6.2 The sample analysis date. 

8.6.3 A code to indicate whether this is a reanalysis for a diluted sample extracts 
8.6.4 A code to indicate the overall acceptability of the analysis result. 
8.6.5 A code to indicate the type of sample (SMB, DS1, DS2, etc ). 
8.6.6 The analysis result for the surrogate standard(s). 

8.6.7 The percent recovery result for the surrogate standard. 
8.6.8 The analysis result for the target analytes as analyzed in the extract. 

9.0 Quality Control and Quality Assurance 

9.1 The absolute response levels for the internal standard must be recorded for each analysis. 
If IS areas decrease throughout a sample set or if a difference is observed in the area of the IS 
in samples and in standards, but the SRS recoveries in samples remain within the acceptance 
range, then no action will be taken. If IS areas decrease or if a difference is observed in the 
area of the IS in samples and in standards, and the SRS recoveries in samples do not remain 
within the acceptance range, then corrective action will be taken. These actions will include: 
cleaning the GC/MS injector, liner, and/or ion source, and removing the first meter of the 
column, and reanalyzing the sample set. 

9.2 Samples will be re-analyzed when the calibration curve data cannot be fit to either a first or 
second order equation with fit parameter r2>0.98 or when the recalculation of the standards 
against the curve does not meet the tolerances set in section 7.3.4. Corrective action, as listed 
in Section 9.1 will be undertaken before samples are reanalyzed. 

9.3 Surrogate recovery values of 70-120% in the actual samples will be deemed acceptable, 
and no correction to the data will be made. For recoveries less than the minimum goal the data 
will be flagged. For recoveries greater than the maximum goal, the concentration of the 
surrogate spiking solution will be checked against a calibration curve to determine whether 
inadvertent solvent loss has resulted in higher spike levels. 
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Maintain all the records and data generated through the procedure in a laboratory book. Keep 
all the NCI tune files in the Agilent maintenance record book. 

Paper copies of results and spectra will be kept in folders identified by their matrix and day of 
analysis. EMAB staff will keep copies concerning the BDE results from PUF and surface wipes. 
MDAB BFR team will keep the results from dust samples. Electronic quantitative results will be 
stored in a stick drive or sent by email to EMAB staff so the information can be added to a 
database for statistical analysis. 

9.0 Quality Control and Quality Assurance 

Quality assurance and control issues are discussed throughout the procedure. Section 7.0, 
Procedure, discusses the preparation of the standard to be used for the samples and 
calibrations. Preparation of these standards will be documented in laboratory notebooks at 
EPA. Also refer to the Extraction and Cleaning Procedures for Polybrominated Diphenyl 
Ether in Dust (in preparation), Standard Operating Procedures for Extraction of Selected 
Pesticides and Brominated Flame Retardants from Polyurethane Foam Disk (EMAB-SOP-
020), and Standard Operating Procedure for Preparation of Cotton Surface Wipes for 
Pyrethroid, Organophosphate, Bisphenol A, and Brominated Flame Retardant Analysis 
(EMAB-115.0) for specifics on QA/QC for the different matrixes. 

10.0 Waste Management 

All laboratory personnel will keep up to date and follow the recommendations by the Safety, 
Health and Environmental Management (SHEM) training in order to avoid exposure to lab 
particles and chemicals. Proper laboratory personnel protective equipment (goggles, lab coat, 
gloves) will be used at all time. All waste generated will be labeled and dated as waste 
container. Maintain an inventory of all the chemicals being disposed; a log book is located next 
to the fume hood. Always keep the waste on secondary containment. Keep container closed. 
After container is full, complete form 435e and either email to WastePickup@epa.gov, waste 
will be pickup by Chemical Services. 

For more information on Waste Management refer to the SHEM website: 
http :1/intranet.epa.gov/nerlintrlshem/ 

10.0 References 

• Extraction and Cleaning Procedures for Polybrominated Diphenyl Ether in Dust (in 
preparation) 
• Standard Operating Procedures for Extraction of Selected Pesticides and Brominated 
Flame Retardants from Polyurethane Foam Disk (EMAB-SOP-020) 
• Standard Operating Procedure for Preparation of Cotton Surface Wipes for 
Pyrethroid, Organophosphate, Bisphenol A, and Brominated Flame Retardant 
Analysis (EMAB-115.0) 
• Agilent GC/MS Operator's Manual 
• The 5975 inert MSD- Benefits of Enhancements in Chemical Ionization Operation, 
Technical Note; Sandy, Chris; et. al. Agilent Technologies. 
• Safety, Health and Environmental Management (SHEM) Website: 
http://intranet.epa.gov/nerlintr/shemlindex.html 
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