
SECTION 8 

STATISTICAL ANALYSIS 

8.1 OVERVIEW OF DATA ANALYSIS 

A number of different types of data were available for analysis from this chemical 

characterization substudy and the PTEAM main study. These included: 

• Indoor and outdoor air concentrations for the P AHs and phthalates. 

• Indoor and outdoor concentrations for PM10 and PM2.s· 

• Indoor and outdoor concentrations for selected elements including lead, nickel, 

arsenic, cadmium, chromium, beryllium, and manganese. 

• Air exchange rate measurements. 

• Results from the time/activity survey. 

Except for the air samples for P AHs and phthalates, sample collection was performed at each 

of 178 homes for both daytime and nighttime monitoring periods. Indoor air samples for 

PAHs and phthalates were collected from a subset of -125 homes, while outdoor air samples 

were collected from about half of these. 

Using these data, various types of statistical analysis were conducted to meet the 

specific objectives of this substudy listed in Table 8--1. The types of analyses used to address 

these objectives are also described briefly. To estimate frequency distributions for residential 

indoor and outdoor air concentrations of PAHs and phthalates (Objectives 1 and 2), weighted 

univariate statistics were calculated. These included the percentages of compound 

concentrations above the method quantifiable ~t, arithmetic and geometric mean 

concentrations in air samples and their standard errors, and percentiles of the population 

with distributions of the concentrations. 
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TABLE 8-1. RELATIONSHIP OF STATISTICAL ANALYSIS TO OBJECTIVES 

Primary Type of Statistical 
Analysis Objective Models/Analysis 

1. To estimate frequency distributions for 
residential indoor concentrations of PAHs 
and phthalates in the selected study area 
during a single season (Fall, 1990). 

2. To estimate frequency distributions for 
residential outdoor concentrations of PAHs 
and phthalates in the selected study area 
during a single season (Fall, 1990). 

3. To evaluate whether P AH and phthalate 
exposures are principally from indoor or 
outdoor microenvironments in the selected 
study area during a single season (Fall, 
1990). 

4. To estimate the contribution of outdoor 
levels of PAHs and phthalates to indoor 
levels in the selected study area during a 
single season (Fall, 1990). 

5. To correlate PAH and phthalate 
concentration values with other pollutant 
data collected on PI'EAM. 

6. To investigate the posSJ.ble sources and 
activities contnbuting to residential indoor 
levels of PAHs and phthalates in the 
selected study area during a single season 
(Fall, 1990). 

7. To examine the contnbution of 
environmental tobacco smoke to indoor 
levels of PAHs and phthalates for the 
selected study are.a during that season. 

Weighted univariate statistics3 on indoor air 
concentrations. 

Weighted univariate statistics on outdoor air 
concentrations. 

Unweighted univariate statistics on 
indoor/outdoor air concentration ratios. 
Unweighted correlations between indoor and 
outdoor air concentrations. Calculation of 
source strength in each home. Unweighted 
univariate statistics on source strength. 

Calculation of outdoor contnbution to indoor 
concentration in each home using simple indoor 
air model. Unweighted univariate statistics on 
results. 

Unweighted correlations among compound 
concentrations. 

Mean a>ncentrations calculated for homes with 
various sources. Differences tested for 
significance. 

Mean ooncentrations calculated for homes with 
various sources. Differences tested for 
significance. Calculated and compared 
indoor/outdoor concentration ratios in homes 
with smoking compared to other homes. 

• Univariate statistics include estimates of the mean and standard deviation, selected percentiles 
(including median), and proportions of the population with levels falling into certain ranges. 
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To study the relationships between indoor and outdoor air levels (Objective 3) and to 

evaluate whether P AH and phthalate exposures are principally from indoor or outdoor 

microenvironments, unweighted Spearman's rank correlations between indoor and outdoor 

samples were calru1ated. Univariate statistics (like those indicated above) were also 

calru1ated for the ratio of indoor to outdoor air concentrations. In addition, indoor source 

strengths for PAHs and phthalates were calru1ated for each home using a simple indoor air 

model and the monitoring results for indoor air concentrations, outdoor air concentrations, 

and air exchange rates. Summary statistics were generated for the resulting source strength 

values to determine if strong indoor sources were present for the target chemicals. 

A simple indoor air quality model was also used to estimate the contribution of 

outdoor air levels of PAHs and phthalates (Objective 4) to indoor air concentrations for each 

home where both indoor and outdoor air monitoring data were available. Unweighted 

univariate statistics were then calruJated for these estimates. 

To study the relationship between different compounds (Objective 5), unweighted 

Spearman's rank conelations were calculated for all four sample types (indoor/night, 

indoor/day, outdoor/night, and outdoor/day). Conelations were performed for the PAH 

and phthalate concentrations measured in this substudy as well as the partiru1ate and metal 

concentrations measured as part of the main study. Similar correlations were calculated for 

indoor air concentrations of PAHs in homes with tobacco smoking during the monitoring 

period. 

To investigate the possible sources and activities contributing to residential indoor 

levels of P AHs and phthalates (Objectives 6 and 7), exposed and nonexposed groups were 

defined based on the answers to selected questions in the time/activity survey. Unweighted 

arithmetic and geometric mean concentrations for indoor and outdoor air samples were 
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calculated for each group and then tested (using a t-test) to determine if the exposed and 

nonexposed groups had significantly different mean concentrations. Indoor/outdoor air 

concentration ratios were also calculated and compared for homes with and without 

smoking. 

Weighted statistical analysis was performed using SUDAAN, special-purpose software 

developed for analysis of sample survey data (30). This software allows robust statistical 

inferences to be made based on the sampling distribution of survey statistics generated by 

the known probability sampling design. Statistical analysis weights were used to weight the 

observations inversely to their probabilities of selection and were adjusted to partially 

compensate for survey non-response. Using these procedures, sampling weights were 

adjusted to sum to an estimated 61,520 households in the targeted area of Riverside 

containing at least one non-smoker age 10 or older. Details of the weighting procedures are 

given in Volume 1 of the PTEAM final report (25). 

8.2 METHOD QUANTIFIABLE LIMTIS 

The method quantifiable limit (MQL) is the minimum concentration at which a 

chemical can be quantitatively measured in a sample with acceptable accuracy and precision. 

Factors that effect the MQL value are the sensitivity and precision of the analytical 

measurement system, the variability of the sample collection and processing method, the 

volume of air collected, and the fraction of the air sample that is analyzed. During this 

study, MQLs for most of the PAHs and phthalates were calculated using the approach 

outlined by EPA (29) and used during previous TEAM projects. As described in Section 7, 

most of the MQLs are estimated for this study based on the variability of measured 

concentrations for low levels of target chemicals spiked onto control samples and are 



intended to reflect overall method performance. For some of the higher molerular weight 

PAHs, MQL values were estimated based on the lowest calibration samples. 

For the analysis of P AHs and phthalates, the MQL was defined as a mass (ng) of 

target analyte per sample. The MQL as an air concentration for each sample was then 

calculated as 
MQL (ng/m3) = MQL mass (ng) (8-1) 

sample volume (m3> 

MQL values will therefore vary due to differences in collected air volumes. Table 8-2 

summarizes MQL values by compound for the samples collected and analyzed during th.is 

study. 

Since the range of collected sample volumes was small, the MQL values show little 

variability within each compound. This is shown by the small differences between the 10th, 

median, and 90th percentile values reported in the table. Occasionally, sample pumps would 

shut off during monitoring to give smaller sample volumes and correspondingly higher 

MQLs. The maximum MQL values represent this worst case scenario which occurred in less 

than 5% of the samples. 

GC/MS results for field samples showed a large closely eluting peak that interfered 

with the analysis of benzo(k)fluoranthene (BkF). Although not confirmed, this peak is 

probably a mixture of benzo(j)fluoranthene and benzo(b)fluoranthene. Only when BkF was 

at fairly high concentrations could the two peaks be resolved and quantitation performed. 

As a result of this problem, the MQLs reported in Table 8-2 for BkF are considerably lower 

than the MQLs experienced for actual field samples. Because the size of the interfering peak 

varied between samples, revised MQLs could not be estimated. As a consequence, weighted 

statistics have not been calculated for BkF; rather, unweighted statistics using measured 
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TABLE 8-2. SUMMARY STATISTICS FOR METHOD QUANTIFIABLE LIMITS (MQL) 
FOR PAHS AND PHTHALA TES 

MQL {ng/m3) 

Compound na 10th percentile median 90th percentile maximum 

PAHs 

3-Rings 

Acenaphthylene 339 0.89 1.0 1.3 2.0 
Phenanthrene 339 2.4 2.8 3.6 5.3 
Anthracene 339 0.15 0.18 0.23 0.34 

4-Rings 
Fluoranthene 339 0.91 1.1 1.4 2.0 
Pyrene 339 0.48 0.57 0.7.2 1.1 
Benzo[a]anthracene 339 0.09 0.11 0.13 0.20 
Chrysene 339 o.~ 0.09 0.12 0.17 

5-Rings 
Benzo[k]fluoranthene 339 0.(17 o.~ 0.11 0.16 
Benzo[e]pyrene 339 0.(17 O.f.13 0.11 0.16 
Benzo[a]pyrene 339 0.(17 O.<E 0.11 0.16 

6-Rings 
lndeno[l,2,3-cd}pyrene 339 0.19 0.22 0.29 0.42 
Benzo(ghi]perylene 339 0.13 0.15 0.19 0.29 

7-Rings 
Coronene 339 0.21 0.24 0.31 0.46 

PHTHALATES 

Diethylphthalate 339 68 80 100 150 
Di-n-butylphthalate 339 12 14 18 27 
Butylbenzylphthalate 339 4.3 5.1 6.4 9.6 
Di-2-ethylhexylphthalate 339 21 24 31 46 
Di-.n-octylphthalate 339 2.8 3.2 4.1 6.1 

a n = number of samples. 



concentrations only have been reported. In addition, compound prevalence was not 

calculated. 

All sample concentrations including those measured below the MQL were calculated, 

entered into the data file, and used during statistical analysis. However, only when the 

resulting statistic was above the MQL has it been reported. When there was no instrumental 

signal during analysis, the measured air concentration was reported as zero and this zero 

value was used for statistical analysis. As a single exception to this approach, one eighth of 

the MQL value was substituted for zero during calculation of the geometric mean. This was 

done since the logarithm of zero is undefined. 

8.3 COMPOUND PREVALENCE 

The percentage of samples with air concentrations above the MQL (percent 

quantifiable) was calculated by sample type (indoor/day, indoor/night, outdoor/day, and 

outdoor/night) and compound. With the exception of BkF, sample weights were used for all 

analyses. Results are given in Table 8--3. 

For the P AHs excluding B[k]F, percent quantifiable values ranged from a high of 

100% for phenanthrene in indoor/daytime samples and benzo[ghi]perylene in 

outdoor/nighttime samples to a low of 44.8% for benzo[a)anthracene, in outdoor/daytime 

samples. With the exception of benzo[a]anthracene, all of the 3- and 4-ringed P AHs had high 

percent quantifiable values (>65%) and showed a similar pattern between sample types. On 

the other hand, most of the 5- to 7-ringed PAHs tended to show slightly lower percent 

measurable values. For these latter chemicals, outdoor /nighttime air samples generally gave 

the highest percent measurable values, whereas outdoor/daytime samples showed the 

lowest. 
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TABLE 8-3. WEIGHI'ED PERCENT OF SAMPLES WITH REPORTED AIR CONCENTRATIONS 
ABOVE THE Mm-1OD QUANTIFIABLE LIMIT 

Percent Quantifiable 

Indoor Outdoor 
Compound Night Day Night Day 

PAH.s 

S.Rings 

Acenaphthylene 76.3 77.9 86.8 67.5 
Phenanthrene 98.9 100 90.1 92j 
Anthracene 87.6 86.4 73.2 69.5 

4-Rings 
Fluoranthene 81.0 80.8 90.3 73.0 
Pyrene 98.9 98.4 95.3 92.7 
Benzo(a)anthracene 56.3 49.1 56.4 44.8 
Cluysene 84.7 80.3 88.7 89.1 

5--Rings 
Benzo[k)fluorantheneA 33.9 39.4 38.6 23.S 
Benzo(e)pyrene 74.3 72.8 88.2 69.5 
Benzo(a)pyrene 75.0 68.1 81j 49.2 

6--Rings 
Indeno(l,2.3-cd)pyrene 68.6 68.5 53.4 48.4 
Benzo(ghi]perylene 87.7 89.4 100 79.9 

7-Rings 
Coronene 17.4 17.S 84.6 60.1 

PHTHALA'I'5 

Diethylphthalate 98.4 94.9 17.0 14.2 
l)i...,!!--butylphthalate 99.0 100 615 52.6 
Butylbenzylphthalate 95:J 93.8 11.0 11.9 
Di-2-ethylhexylphthalate 99.0 100.0 25.8 61.0 
Di-J!.-octylphthalate 305 36.1 1.8 1.8 

Sample Size 113 115 53 42 

• Unweighted estimate. 
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In evaluating the percent measurable results, it should be kept in mind that all of the 

target P AHs are generated as a suite of chemicals during the combustion of fossil fuels. 

Thus, theoretically when one PAH is found in a sample, all of the other target P AHs should 

also be present. During the combustion process, the volatile 3- and 4-ringed P AHs are 

formed at much higher concentrations than the less volatile 5- to 7-ringed species (18). 

Differences in percent quantifiable values among chemicals found in this study may be due 

to differences in the relative concentrations for the MQL values estimated here compared to 

the relative concentrations found in air samples. Differences in percent quantifiable values 

may also be due to different source strengths or mechanisms for decay or removal between 

different chemical species. 

With the exception of di-n-octylphthalate, all of the phthalates were ubiquitous in 

indoor air samples with percent quantifiable values greater than 90%. Percent quantifiable 

values for phthalates in outdoor air samples were much lower ranging from a high value of 

61.4% for di-n-butylphthalate in nighttime samples to a low value of 1.8% for di-n­

octylphthalate in both daytime and nighttime samples. These data suggest that indoor 

phthalate concentrations a.rise primarily from indoor sources and that most of the exposure to 

airborne phthalates will occur indoors. 

8.4 CONCENTRATION SfATISTIC:S 

Based on the relativity high percent quantifiable values calculated above1 weighted 

descriptive statistics for measured air concentrations were calculated for all of the target 

PAHs and the phthalates (except BkF). Weighted univariate statistics for measured air 

concentrations are given in Tables 8-4 to 8-9. These include arithmetic and geometric means 

and their standard errors, percentiles, and maximum values. Results are provided separately 
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TABLE 8-4. WEIGHTED DESCRIPTIVE STATISTICS FOR N1GHTIIME OUTIX>OR AIR CONCENTRATIONS (ng/m3> 

Percentiles 
Arithmetic Geometric 

Median 
Compound n• MQL Mean S.E.b Mean S.E. 10th 25th 50th 75th 90th Maximumc 

PAHs 
3-Rings 

Acenaphthylene 
Phenanthrene 

52 
53 

1.0 
2.8 

13 
13 

2.4 
1.4 

5.8 
10 

1.8 
1.8 

Nc:t 
4.1 

1.8 
7.5 

6.9 
12 

19 
16 

35 
22 

54 
39 

Anthracene 53 0.18 0.71 0.10 0.43 0.09 NQ NQ 0.57 1.0 1.6 2.7 

'i°.... 
0 

4-Rings 
Fluoranthene 
Pyrene 
Benzola!anthracene 
Chrysene 

53 
53 
53 
53 

1.1 

0.57 
0.11 
0.09 

2,4 
2.3 
0.21 
0.41 

0.21 
0.20 
0.03 
0.05 

2.0 
1.9 
0.12 
0.27 

0.23 
0.20 
0.02 
0,03 

NQ 
0.59 

NQ 
NQ 

1.6 
1.5 
NQ 

0.14 

2.3 
2.0 
0.13 
0.21 

2.9 
2.8 
0.36 
0.64 

4.1 
4.0 
0.56 
1.0 

6.3 
6.6 
0.90 
1.5 

5-Rings 
Benzo[elpyrene 
Benzo[a)pyrene 

53 
53 

0.08 
0.08 

0.35 
0.44 

0.04 
O.o7 

0.23 
0.23 

0,03 
0.04 

NQ 
NQ 

0.10 
0.08 

0.22 
0.19 

0.55 
0.66 

0.85 
1.4 

1.3 
2.4 

6-Rings 
Ind eno( 1,2,3-cd Jpyrene 
Benzo(ghi)perylene 

52 
53 

0.22 
0.15 

0.67 
1.4 

0.09 
0.19 

0.34 
0.81 

0,07 

0.12 
NQ 

0.24 
NQ 

0.33 
0.34 
0.83 

1.1 
2.1 

1.6 
3.1 

3.5 
7.9 

7-Rings 
Coronene 53 0.24 1.2 0.17 0.69 0.10 NQ 0.31 0.55 1.9 2.9 6.9 

PHTHALATES 

Diethylphthalate 
Di-n.-buty1phtha late 
Dutylbenzylphtha late 
Di-2-ethylhexylphthalate 
Di•,!l"0Ct)'lphthalate 

53 
53 
53 
53 
53 

80 
14 

5.1 
24 
3.2 

99 
37 

NQ 
NQ 
NQ 

56 
13 

NQ 
16 
NQ 
NQ 
NQ 

3.2 
NQ 
NQ 
NQ 
NQ 
NQ 

NQ 
NQ 
NQ 
NQ 
NQ 

NQ 
18 

NQ 
NQ 
NQ 

NQ 
38 

NQ 

26 
NQ 

140 
57 
6.7 

38 
NQ 

3300 
630 

47 
95 
3.4 

• n = Number of observations. 
b S.E. = Standard Error. 
e Sample maximum, not weighted. 
d NQ = Not quantifiable (below the methcxt quantifiable limit). 



TABLE 8-S. WEIGHTED DESCRIPl'IVE STATISTICS FOR DAmME OUTDOOR AIR CONCENTRATIONS (ng/m3> 

Come2und n• 
Median 
M~L 

Arithmetic 

Mean S.E." 

Geometric 

Mean S.E. 10th 25th 

Peramtiles 

50th 75th 90th Maximume 

f.... 

PAH1 

3-Rinpd 

Acenaphthylene 
Phenanthrene 
Anthracene 

4-Ringed 
Pluoranthene 
Pyrene 
Denzo(a)anthracene 
Chrysene 

S..Ringed 
Denzo(e)pyrene 
Denzo(a)pyrene 

6-Rinpd 
lndeno(l,2,3-cd)pyrene 
Denzo(ghl)perylene 

Z-Ringed 
Coronene 

PHTHALATES 

Diethylphthalate 
Di-A-butyJphthalate 
Butylbenzylphthalate 
Di-2-«hylhexylphthalate 
Di-.n,-octylphthaJate 

41 
42 
42 

42 
42 
42 
42 

42 
42 

39 
41 

42 

42-
42 
42 
42 
42 

1.0 
2.8 
0.18 

1.1 
057 
0.11 
0,09 

o.os 
0.08 

0.22 
0.15 

0.24 

80 
14 
5.1 

24 
3.2 

3.8 
10 
0.42 

2.6 
2.1 
0.15 
0.36 

0.22 
0.17 

0.40 
0.72 

057 

NQ 
19 

NQ 
42 

NQ 

0.93 
15 
0.06 

0.40 
0.33 
0.03 
0.07 

0.04 
O.D4 

0.09 
0.14 

0.12 

4.2 

9.8 

2.3 
8.3 
0.32 

2.1 
1.7 
NQ 
0.27 

0.16 
0.11 

NQ 
0.42 

0.34 

NQ 
NQ 
NQ 

28 
NQ 

059 
1.5 
0.07 

0.39 
0.32 

0.05 

0.03 
0.02 

0.10 

0.08 

3.8 

NQ" 
3.0 
NQ 

NQ 
0.68 
NQ 
0.10 

NQ 
NQ 

NQ 
NQ 

NQ 

NQ 
NQ 
NQ 
NQ 
NQ 

1.1 
5.0 
0.18 

1.3 
0.99 
NQ 
0.1S 

0.08 
NQ 

NQ 
0.11 

NQ 

NQ 
NQ 
NQ 
NQ 
NQ 

1.8 
8.8 
0.36 

2.2 
1.8 
NQ 

0.24 

0.13 
0.09 

NQ 
0.36 

0.36 

NQ 
16 

NQ 
28 

NQ 

4.8 
13 
059 

3.3 
2.8 
0.26 
0.48 

0.33 
0.22 

0.54 
1.1 

0.94 

NQ 
24 

NQ 
51 

NQ 

12 
20 
0.85 

4.8 
u 
0.37 
0.84 

0.59 
0.35 

t.2 
15 

1.2 

110 
33 
5.3 

65 
NQ 

18 
32 
1.2 

8.8 
6.3 
0.50 
1.4 

0.69 
0.94 

1.5 
2.9 

2.3 

660 
110 

11 
570 

u 

• n • Number of observations. 
1, S.E. • Standard Enor. 
e Sample maximum, not weighted. 
d NQ "' Not quantifiable (below the method quantifiable limit). 



TABLE 8-6 WEIGHTED DESCRIPTIVE STATISTICS FOR NICHTi1ME INDOOR AIR CONCENTRATIONS (ng/m3) 

Arithmetic Geometric Percentiles 
Median 

Compound n• MQL Mean S.E.b Mean S.E. 10th 25th 50th 75th 90th Maximumc 

PAHs 
3-Rings 

Acenaphthylene 
Phenanthrene 

l(t<) 

113 
1.0 
2.8 

31 
11 

24 
1.5 

2.9 
15 

0.80 
1.1 

Nc;f 
8.1 

NQ 
11 

3,8 
15 

8.9 
20 

16 
28 

2900 
140 

Anthracene 111 0.18 1.2 0.47 0.44 0.06 NQ 0.28 0.47 0.75 1.2 30 

4-Rings 
Fluoranthene 113 1.1 2.0 0.3-0 1.6 0.13 NQ 1.1 1.6 2.3 2.8 34 

qo..... 
N 

Pyrene 
Benzo(a )anthracene 
Otrysene 

5-Rings 
tknzo(e )pyrene 
!k!nzo(a)pyrene 

113 
103 
106 

110 
112 

0.57 
0.11 
0.09 

0.08 
0,08 

Vi 
0.16 
0.29 

0,38 
0.77 

0.66 
0.02 
0.03 

0.15 
0.45 

1.7 
NQ 
0.18 

0.14 
0.17 

0.13 

0.02 

0,02 

0.02 

0.83 
NQ 
NQ 

NQ 
NQ 

1.2 
NQ 
0.11 

NQ 
NQ 

1.6 

0.11 
0.17 

0.15 
0.20 

2.2 
0.15 
0.3-0 

0.31 

0.4D 

2.7 
0.32 
0.61 

0.47 
0.70 

79 
2.3 
3,0 

19 
56 

6-Ring!I 
lndeno(l,2,3-cd)pyrene 
Benzo(ghiJperylene 

110 
111 

0.22 
0.15 

1.1 

2.4 
0.51 
1.4 

0.31 
0.62 

0.06 
0.10 

NQ 
NQ 

NQ 
0.28 

0.39 
0.61 

0.78 
1.5 

1.4 
2.3 

64 
170 

7-Rings 
Coronene 113 0.24 1.7 0.75 0.58 0,09 NQ 0.3-0 0.61 1.3 2.3 96 

PHTHALATBS 

Diethylphthalate 
Di-.n,·butytphthala te 
Butylbenzylphtha late 
Di-2-ethylhexylphthalate 
Di•J!.-«tylphthalate 

113 
113 
113 
113 
110 

80 
14 

5.1 
24 
3.2 

420 
5~ 

51 
100 

7.0 

38 
110 

4.4 
7.4 
NQ 

320 
410 

30 
91 

31 
64 
3.8 
6.3 
NQ 

140 
160 

8.7 
51 

NQ 

190 

260 
17 
68 

NQ 

340 
390 

35 
93 

NQ 

510 
640 

69 
120 

NQ 

810 
1500 

120 
170 

4.6 

2100 
2200 

250 
330 
11:WJ 

• n • Number of observations. 
b S.E. = Standard Enor. 
c Sample maximum, not weighted. · 
d NQ "" Not quantifiable (below the method quantifiable limit). 



TABLE 8-7 WEIGHTED DFSCRIPl'IVB STATlfflCS FOR DAfflME INDOOR AIR CONCENTRATIONS (ng/m3> 

Arithmetic Geometric Percentiles 
Median 

C.ompound n• MQL Mean S.E:1, Mean S.E. 10th 25th 50th 75th 90th Maximumc: 

PAHs 
3-Rings 

Acenaphthylene 
Phenanthrene 

113 
114 

1.0 
2.8 

11 
19 

4.4 
1.7 

2.7 
16 

0.77 
1.3 

Nf.11 
8.5 

NQ 
12 

3.5 
16 

7.6 
21 

15 
32 

530 
150 

Anthracene 111 0.18 0.86 0.23 0.38 0.05 NQ 0.25 0.41 0.68 1.0 24 

!! 
w 

4-Rings 
Fluoranthene 
Pyrene 
Benzola)anthracene 
Chrysene 

5-Rings 
Benzo(eJpyrene 
Benzo(alpyrene 

113 
114 
100 
107 

110 
110 

1.1 
057 
0.11 
0.09 

0.08 
0.08 

2.3 
2.9 
0.16 
0.28 

0.37 
052 

0.38 
0.75 
0.03 
0,04 

0.12 
0.24 

1.8 
1.9 
NQ 
0.18 

0.16 
0.14 

0.18 
0.16 

0.02 

0.02 
0.02 

NQ 
0.93 
NQ 
NQ 

NQ 
NQ 

1.3 
1.3 
NQ 
0.11 

0.08 
NQ 

1.7 
1.8 
NQ 
0.16 

0.17 
0.14 

2.5 
2.3 
0.17 
0.27 

0.32 
0.32 

3.1 
3.6 
0.38 
0.63 

0.60 
0.17 

40 
92 
2.3 
2.9 

15 
30 

6-Ringe 
lndeno(l,2,3-cdlpyrene 
Benzolghl)perylene 

107 
115 

0.22 
0.15 

u 
2.1 

0.39 
0.89 

0.32 
0.69 

0.08 
0.11 

NQ 
0.16 

NQ 
0.31 

0.42 
0.74 

0.87 
1.6 

1.7 
3.5 

49 
120 

7-Rins, 
C.oronene 115 0.24 1.5 0.47 0.64 0.09 NQ 0.28 0.68 1.6 2.3 63 

PHmALATES 

Diethylphthalate 
Di•Jl•butylphthalate 
Butylbenzylphthalate 
Di-2-ethylhexylphthalate 
Di-a«tylphthalate 

114 
114 
us 
115 
110 

80 
14 
5.1 

24 
3.2 

450 
630 

62 
140 
16 

47 
97 
7.8 

12 
5.7 

340 
4(,0 

36 
110 

NQ 

32 
56 
4.5 
8.6 

130 
190 

8.5 
59 
NQ 

200 
260 
17 
71 

NQ 

340 
420 
34 

110 
NQ 

530 
740 
85 

170 
5.1 

840 
1300 
140 
240 

9.7 

28)() 
3100 
390 

1000 
560 

• n • Number of observations. 
" S.E. • Standard Error. 
c Sample Maximum, not weighted. 
d NQ • Not quantifiable (below the method quantifiable limit). 



TABLE~- WElGHTEO DESCRIPTIVE STATISTICS FOR COMBINED DAYTIME/NIGHTIIME 
Otrr[X)()R AIR CONCENTRATIONS Cng/m3> 

Arithmetic Geometric Percentiles 

Median 
Compound n• MQL Mean S.E.b Mean S.E. 10th 25th 50th 75th 90th 

PAHS 

3-Rlngs 

Acenapthylene 
Phenanthrene 
Anthracene 

34 
36 
36 

to 
2.8 
0.18 

7.7 
11 
0.55 

2.1 
1.8 
0.10 

4.2 
9.4 
0,41 

1.6 
2.1 
0.11 

NQc 

3.4 
NQ 

2.0 
6.4 
0.21 

4.4 
11 
0.55 

9.9 
15 
0.74 

21 
18 
1.0 

4-Rlngs 

:f.,.. 

FJuoranthene 
Pyrene 
Benzola)anthracene 
Chrysene 

5-Rings 

36 
36 
36 
36 

1.1 
0.57 
0.11 
0.09 

2,5 
2.2 
0.18 
0.39 

0.36 
0.31 
0.35 
0,06 

2.t 
1.9 
0.12 
0.28 

0.37 
0.31 
0.03 
0.05 

NQ 
0,98 
NQ 
0.12 

1.5 
1.4 
NQ 
0.16 

2.2 
2.0 
NQ 
0.22 

3.2 
2.5 
0.26 
0.56 

4.5 
3.9 
0.46 
0.95 

Benzo!e)pyrene 
Benzo[a)pyrene 

36 
36 

0.08 
0.08 

0.28 
0.30 

0.05 
0.06 

0.20 
0,18 

O.o3 
0.04 

NQ 
NQ 

0.11 
0.09 

0.18 
0.16 

0.42 
0.49 

0,60 
0.84 

6-Rings 

lndeno(l,2,3-cd Jpyrene 
Benzo!ghl]perylene 

32 
35 

0.22 
0.15 

0.51 
1.0 

0.11 
0.20 

0.29 
0.66 

0.09 
0.14 

NQ 
0.20 

NQ 
0.30 

0.30 
0.69 

0.68 
1.3 

1.2 
2.0 

7-Rings 

Coronene 36 0.24 0.83 0.10 0.54 0.10 NQ 0.29 0.46 12 2.0 

PHTHALATES 

Diethylphthalate 
Di-.n,-butylphthalate 
Buty1benzytphthalate 
Dl-2-ethylhexylphthalate 
Dl•,!!...a<:tylphthalate 

36 
36 
36 
36 
36 

80 
14 
5,1 

24 
3.2 

80 
34 
NQ 
30 
NQ 

43 
12 

5.4 

NQ 
19 
NQ 
NQ 
NQ 

4.5 
NQ 
NQ 
NQ 
NQ 
NQ 

NQ 
NQ 
NQ 
NQ 
NQ 

NQ 
18 
NQ 
NQ 
NQ 

NQ 
33 
NQ 
39 
NQ 

120 
47 
NQ 
45 
NQ 

1 n = Number of observations. 
b S.E. = Standard E1TOr. 
c NQ ... Not quantifiable (below the method quantifiable limit). 



TABLE 8-9. WEIGHTED DESCRIPTIVE STATISTICS FOR COMBINED DAYTIME-NJGH1TIME 
INIX)OR AIR CONCENTRATIONS (ng/m3) 

Arithmetic Geometric Percentiles 

Median 
Compound n• MQL Mean S.E.b Mean S.E. 10th 25th 50th 75th 90th 

PAHS 

3-Rings 

Acenapthylene 
Phenanthrene 
Anthracene 

101 
104 
100 

1.0 
2.8 
0.18 

2.2 
18 
0.1 

16 
1.7 
0.32 

3.2 
16 
0.47 

0.81 
1.2 
0.62 

NQC 

8.5 
NQ 

1.4 
11 
0.30 

3.9 
15 
0.49 

8.0 
20 
0.66 

11 

30 

1.1 

4-Rings 

<r>.... 
<.n 

Fluoranthene 
Pyrene 
Benzo(a Janthracene 
Chrysene 

5-Rlngs 

103 
104 
91 
93 

1.1 
0.57 
0.11 
0.09 

2.2 
2.8 
0.16 
0.30 

0.37 
0.78 
0.02 
0,03 

1.7 
1.8 
0.11 
0.20 

0.16 
0.15 
0,01 
0.02 

NQ 
0.90 
NQ 
NQ 

1.3 
1.3 
NQ 
0.12 

1.6 
1.8 
0.11 
0.18 

2.2 
2.2 
0.18 
0.33 

2.8 
2.8 
0.30 
0.58 

Benzol e]pyrene 
Benzo(alpyrene 

98 
100 

0.08 
0.08 

0.39 
0.70 

0.15 
0.40 

0.17 
0.18 

0.02 
0,03 

NQ 
NQ 

0.08 
0.08 

0.15 
0.19 

0.32 
0.36 

0.51 
0.65 

6-Rings 

lndeno{ 1,2,3-cd )pyrene 
Benzo(ghi]perylene 

97 
103 

0.22 
0.15 

1.1 
2.4 

0.52 
1.3 

0.39 
0.72 

0.07 
0.11 

NQ 
0.19 

0.20 
0.35 

0.39 
0.84 

0.82 
1.4 

1.4 
2.3 

7-Rings 

Coronene 105 0.24. 1.7 0.68 0.65 0.10 NQ 0.31 0.75 1.3 2.0 

PHTHALATES 

Diethylphthalate 
Dl-n•butylphthalate 
Butylbenzylphthatate 
Di-2-ethylhexylphthalate 
Di•J!.«tylphthalate 

104 
104 
105 
105 
102 

80 
14 
5.1 

24 
3.2 

4:30 
620 
56 

120 
11 

41 
110 
56 
11 
4.6 

350 
470 
37 

110 
NQ 

30 
64 
3.9 
7.9 
NQ 

150 
180 

9.8 
59 
NQ 

210 
300 
18 
75 
NQ 

350 
410 
35 

103 
NQ 

540 
720 
73 

150 
4.1 

850 
1500 
140 
215 

6.7 

• n • Number of observations. 
b S.E. • Standard Error. 



for outdoor/nighttime (Table 8-4), outdoor/daytime (Table 8-5), indoor/nighttime (Table 8-6), 

and indoor/daytime (Table 8-7) samples. Indoor and outdoor air concentrations combined 

over the daytime and nighttime samples are also given (Tables 8-8 and 8-9). Unweighted 

statistics for benzo[k]fluoranthene are given in Table 8-10 using quantifiable concentrations 

only. Results are compared between sample types in Table 8-11 using weighted median 

concentration values. Results for benzo[a]pyrene are summarized graphically in Figure 8-1 

which shows estimated air concentrations in each of the four sample types. 

P AH data show several interesting trends. First, relative air concentrations for the 

individual P AH species in all four sample types generally show highest concentrations for 

the more volatile, 3- and 4-ringed species and lowest concentrations for the particulate-phase 

5-, 6--, and 7-ringed species. Highest median air concentrations were found for phenanthrene 

{8.8 to 16 ng/m3) followed by acenaphthylene {1.8 to 6.9 ng/m3), fluoranthene {1.6 to 2.3 

ng/m3), and pyrene {1.6 to 20 ng/m3). Lowest median concentrations for the particulate 

phase 5- to 7-ringed species were an order of magnitude lower than highest median 

concentrations for other species with lowest median air concentrations reported for 

benzo[a]pyrene {0.09 to 0.20 ng/m3) and benzo[e]pyrene {0.13 to 0.22 ng/m3). 

Second, indoor air samples showed little or no difference in median or mean air 

concentrations compared to outdoor concentrations. This is not an unexpected result since 

field monitoring was performed in the fall in southern California. The weather was generally 

moderate so homes were open. Based on answers to the study questionnaire, there was little 

use of indoor heating appliances including wood.stoves and fireplaces which are considered 

one of the primary sources of indoor air P AHs. In addition, less than 30% of the homes 

reported. any smoking. 
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TABLE 8-10. UNWEIGHTED AlR CONCENTRATION SfATISTICS FOR BENZO[k)FLUORANTHENE -
QUANTIFIABLE VALUES ONLY 

Concentration (ng/m3>• 

Statistic Indoor Outdoor 

Arithmetic Mean 

Standard Deviation 

Percentiles 
10th 
25th 
50th 
75th 
90th 

Range 

Number of samples 

1.7 

4.8 

0.22 
0.32 
0.62 
1.1 
3.0 

0.09- 3.5 

90 

1.2 

0.99 

0.26 
0.41 
0.76 
1.9 
2.8 

0.14 - 3.4 

33 

• Day and night concentration data combined. 
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TABLE 8-11. WEIGHTED MEDIAN AIR CONCENTRATIONS (ng/m3> FOR PAHs AND PHTHALATES 

Compound Indoor-Day Indoor-Night Outdoor-Day Outdoor-Night 

PAHs 
3-Rings 
Acenaphthylene 35 3.8 1.8 6.9 
Phenanthrene 16 15 8.8 12 
Anthracene 0.41 0.47 0.36 057 

.f.Rings 

Ruoranthene 1J 1.6 2.2 2.3 
Pyrene 1.8 1.6 1.8 2.0 
Benzo(a}anthracene NQA 0.11 NQ 0.13 

Cluysene 0.16 0.17 0.24 0.21 

5-Rings 
Benzo(e]pyrene 0.17 0.15 0.13 0.22 
Benzo[a)pynme 0.14 020 0.09 0.19 

6-Rings 
Indeno[l,2,3-cd]pyrene 0.42 039 NQ 0.34 
Benzo(ghi)peiylene 0.74 0.61 0.36 0.83 

7-Rings 

Coronene 0.68 0.61 0.36 055 

PHTHALATFS 

Diethylphthalate 340 340 NQ NQ 
Di-.!!,-butylphthalate 420 390 16 18 
Butylbenzylphthalate 34 35 NQ NQ 
Di-2--ethylhexylphthalate 110 93 28 NQ 
Di-,n-octylphthalate NQ NQ NQ NQ 

• NQ = Not quantifiable {below the method quantifiable limit). 
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(n • 42) (n • 110) (n =53) (n= 112) 

Figure 8-1. Weighted Distributions for Benzo[a]pyrene Concentrations in Indoor 
and Outd9or Air 



The most striking trend in the concentration data is the considerably higher nighttime 

concentrations reported for outdoor samples compared to the daytime samples. For example, 

the median nighttime/outdoor air concentration for BaP was 0.19 ng/m3 while the 

corresponding daytime concentration was less than half that value at 0.09 ng/m3. This trend 

was seen for all of the particulate phase 5- to 7-ringed PAHs as well as the more volatile 

3-ringed species. 

Daytime/nighttime air concentration ratios were calculated to further examine this 

trend. Table 8-12 gives data for daytime/nighttime air concentration ratios calculated using 

the weighted statistical results (i.e. the ratio for the geometric mean was calculated as the 

daytime geometric mean air concentration divided by the nighttime geometric mean air 

concentration). Ratios were calcu1ated only if both daytime and nighttime statistics had 

quantifiable concentrations. Results for daytime/nighttime concentration ratios are given for 

both indoor and outdoor air samples. Generally, P AH concentration ratios of indoor samples 

are close to one. Ratios for the geometric means ranged from 0.82 to 1.1, with only BaP (0.82) 

anthracene (0.86), and acenaphthylene (0.92) showing ratios less than 1.0. For outdoor 

samples, only the 4-ringed P AH fluoranthene showed a geometric mean ratio greater than 

0.90 with many compounds giving low daytime/nighttime ratios. Acenaphthylene gave the 

lowest mean (arii:lunetic -0.25, geometric 0.39) and median (026) ratios. Arithmetic mean, 

geometric mean, and median ratios for BaP were 0.38, 0.48, and 0.50 indicating that the 

nighttime outdoor concentration was approximately twice as high as the daytime 

concentration. For the phthalates, median daytime/nighttime concentration ratios indoors 

were generally greater than one in all cases. Di-2-ethylhexylphthalate showed the highest 

median ratio (1.2). Phthalates were detected in only a few outdoor samples; thus no 

conclusions should be drawn from these data. 



TABLE 8-12. THE RATIO OF DAYTIME TO NIGHlTIME AIR CONCENTRATIONS FOR WEIGHTED DESCRIPTIVE STATISTICS 

Mean Percentiles 

Compound Arithmetric Geometric 10th 25th 50th 75th 90th 

INDOORS 

PAHs 

3-Rings 
Acenaphthylene 
Phenanthrene 
Anthracene 

0.35 

1.1 
0.72 

0.93 

1.1 
0.86 

NQ8 
1.0 
NQ 

NQ 
1.1 
0.89 

0.92 

1.1 
0.87 

0.85 
1.1 
0.91 

0.94 
1.1 
0.83 

t.... 

4-Rings 
Fluoranthene 

Pyrene 
Benzo(alanthracene 

Chrysene 

1.2 
1.1 
1.0 
0.97 

1.1 
1.1 
NQ 

1.0 

NQ 
1.1 
NQ 
NQ 

1.2 
1.1 
NQ 

1.0 

1.1 
1.1 
NQ 
0.94 

1.1 
1.0 
1.1 
0.90 

1.1 
1.3 
1.2 
1.0 

5-Rings 
Benzo(elpyrene 

Benzo(alpyrene 

0.97 

0.68 
1.1 
0.82 

NQ 
NQ 

NQ 
NQ 

1.1 
0.70 

1.0 
0.8 

13 
1.1 

6-Rings 
lndeno[l,2,3-cd )pyrene 

Benzo(ghilperylene 

1.0 

0.88 
1.0 

1.1 

NQ 
NQ 

NQ 

1.1 

1.1 
1.2 

1.1 
1.1 

1.2 

15 

7-Rings 
Coronene 0.88 1.1 NQ 0.93 1.1 1.2 1.0 

PHTIIALA TES 

Diethylphthalate 

Di-.!!,·butylphthalate 
Butylbenzylphthalate 
Di-2-ethylhexylphthalate 

Di-.!!,-octylphthalate 

1.1 

1.1 
1.2 
1.4 
2.2 

1.1 

1.1 
1.2 

12 
NQ 

0.93 

1.2 

0.98 
1.2 
NQ 

1.1 
1.0 
1.7 
1.0 
NQ 

1.0 

1.1 
0.97 

1.2 
NQ 

1.0 

1.2 

1.2 
1.4 
NQ 

1.0 
0.87 

12 
1.4 
2.1 

(continued} 



TABLE 8--12. (continued) 

Mean Percentiles 

Comp.,und Arithmetric Geometric 10th 25th 50th 75th 90th 

OUTDOORS 

PAHs 
3-Rings 
Acenaphthy1ene 0.29 0.39 NQ 0.61 0.26 0.25 0.34 

Phenanthrene 0.76 0.83 0.73 0.66 0.93 0.81 0.91 

Anthracene 0.59 0.74 NQ NQ 0.63 0.59 0.53 

4-Rings 
Fluoranthene 1.1 1.1 NQ 0.81 0.96 1.1 1.2 

Pyrene 0.91 0.90 1.2 0.66 0.90 1.0 1.0 

Benzo(a)anthracene 0.71 NQ NQ NQ NQ 0.72 0.66 ~ Chrysene 0.87 1.0 NQ 1.1 1.1 0.75 0.84 

5-Rings 
Benzo{e)pyrene 0.63 0.70 NQ 0.80 0.59 0.66 0.69 

Benzo(a)pyrene 0.38 0.48 NQ NQ 0.47 0.33 0.25 

6-Rings 
Indeno[l,2,.3-cd]pyrene 0.59 NQ NQ NQ NQ 0.49 0.75 

Benzo(ghllperylene 0.51 0.52 NQ 0.51 0.43 0.52 0.48 

7-Rings 
Coronene 0.48 0.49 NQ NQ 0.65 0.49 0.41 

PHTHALATES 

Diethytphthalate NQ NQ NQ NQ NQ NQ 0.79 

Di-.n-butylphthalate 0.51 NQ NQ NQ 0.88 0.63 0.58 

Butylbenzylphthalate NQ NQ NQ NQ NQ NQ 0.79 

Di-2-ethylhe,cylphthalate NQ NQ NQ NQ NQ 2.0 1.7 

• Values ror indoor or outdoor concentration statistic below the MQL. 



This outdoor daytime/nighttime concentration effect could have occurred for several 

reasons. First, since automobiles may be the primary source of P AHs in Riverside, elevated 

nighttime P AH levels in air samples could result from increased traffic during that period. 

However, casual observations of traffic patterns by the field monitoring teams suggest that 

there should be little bias toward heavier traffic during either the daytime (- 8 am to 6 pm) 

or the nighttime (- 6 pm to 8 am) sampling periods. Alternatively, weather conditions 

during the monitoring period were substantially different during the day and at night. 

Winds were much higher during the daytime which could have dispersed and, hence, 

diluted PAH concentrations in daytime air samples. However, the outdoor concentrations 

reported for PM10 and PM25 collected at each home during the PTEAM study did not show 

this effect (23). Finally, several of the chemicals may be sensitive to photodegradation. 

Under these conditions, P AHs that are generated at the same rate over a 24-hour period, may 

react with sunlight during the day to effectively reduce daytime concentrations. This 

phenomenon has been reported by other researchers. Atkinson et al. (19) estimated 

abnospheric lifetimes of approximately 1 to 12 hours in the presence of the hydroxy radical. 

Wehry et al. (20) showed that for the particulate phase PAH photoreactivity is influenced by 

-the chemical and physical properties of the particulate. 

Although most of the homes had low P AH concentrations in indoor air samples, two 

homes had substantially elevated levels relative to the other homes in the study. Both of 

these homes had very high indoor air concentrations for all of the target P AHs in both 

daytime and nighttime samples. Indoor air concentration data from these two homes are 

given in Table 8-13. Indoor PAH air concentrations in the home with the next highest 

values were approximately an order of magnitude lower than the results reported for the two 

highest homes. The data for the two highest homes are presented to show the "worst" case 
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TABLE 8-13. MEASURED INDOOR AIR CONCENTRATIONS (ng/m3) TWO HIGHEST HOMES 

House 116 House 167 

Compound Day Night Day Night 

PAHs 
3-Rings 
Acenaphthylene 530 2900 200 130 
Phenanthrene 150 140 45 44 

Anthracene 18 19 6.0 5.5 

4-Rings 
Fluoranthene 40 34 11 13 

Pyrene 92 79 22 23 
Benzo[a)anthracene 2.3 2.3 0.9 0.86 

Chrysene 2.9 3.0 1.2 1.4 

5-Rings 
Benzo[k)fluoranthracene 26 35 6.7 5.8 

Benzo[e)pyrene 15 19 3.7 2.9 
Benzo[a)pyrene 30 56 7.9 4.9 

6--Rings 
Indeno[l,2,3-cd)pyrene 49 64 7.5 7.0 
Benzo[ghi)perylene 124 170 17 15 

7-Rings 
Coronene 63 96 12 8.4 

PHTHALATFS 

Diethylphthalate 320 320 160 120 
Di-.!!,-butylphthalate 340 220 150 97 
Butylbenzylphthalate 17 16 15 12 
Di-2-ethylhexylphthalate 62 65 79 84 
Di-.!!,-octylphthalate Noa NQ NQ 4.9 

PM10b (µg/m3) 150 150 124 81 
P~l(µg/m3> 83 84 63 53 

• NQ = Not quantifiable {below the method quantifiable limit). 
b Measured as part of the PTEAM main study. 
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concentrations found in Riverside during field monitoring. Home 167 reported moderate 

smoking (-10 cigarettes) during each of the two monitoring periods. No other obvious 

combustion activities or sources were reported for either home that would serve as a major 

source for P AHs. An evaluation of indoor particulate levels for these two homes showed 

values for both homes that are at approximately the 85th percentile compared to other homes 

monitored on the PTEAM study. Outdoor PAH air concentrations for these homes were also 

an order of magnitude lower than the measured indoor air concentrations. 

Table 8-14 compares PAH concentration data generated during previous field 

monitoring studies to those reported here. Ranges reported for the 10th and 90th percentile 

on this study were somewhat lower than concentrations reported by Wilson and Chuang (5) 

and Offerman et al. (4). However, this study was intended to represent all homes in 

Riverside while the other two studies selected homes where suspected sources of PAHs 

might be present. 

BaP concentrations were further analyzed as a final evaluation of the reported P AH 

air concentration data. BaP is a carcinogen and is currently under consideration by ARB as a 

toxic air contaminant. It has been estimated that an air concentration of 0.3 ng/~3 over a 

70-year exposure period will result in a lo-6 excess cancer risk (4). The California Office of 

Environmental Health Hazard Assessment has set a preliminary unit risk for BaP as 1.1 x 10-3 

(ng/m3r1• This unit risk value implies that exposure to an air concentration of 0.9 ng/m3 of 

BaP over 70 years would give 1o-6 excess cancer risk. 

Table 8-15 shows the weighted percentage of air samples of each type that exceed the 

0.3 ng/m3 concentration. Percentages of samples that exceed 2 times (0.6 ng/m3), 5 times 
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TABLE 8-14. PAH AlR CONCENTRATIONS REPORTED ON 1HIS STUDY AND 
COMPARED TO PREVIOUS STIJDIES 

Reported Concentration Range (ng/m3) 

Riverside Wilson {52 Offerman {15} 

Compound Outdoor Indoor Outdoor Indoor Outdoor Indoor 

Acenaphthylene Nr:i'-35 NQ-16 15-22 41-23 4.1 - 19 12 - 46 

Phenanthrene 3.0 - 22 8.1 - 32 18-70 17-69 5.4 - 51 29 - 81 

Anthracene NQ-1.6 NQ-1.2 0.47 - 3.3 05 -2.6 0.3 - 6.1 2-52 

l-'1uoranthene NQ-4.8 NQ-3.1 4.6 -15 2.6 - 17 1.3 - 22 1.9 -19.9 

Pyrene 0.68- 4.1 0.8 -3.6 1.9 -11 15 -75 0.9 -11 1.0 - 29 

Benzo(a]anthracene NQ-0.56 NQ-2.3 0.18-1.7 0.14 - 0.76 NQ-2.8 0.19 - 6.4 

Cluysene NQ-1.0 NQ-2.9 0.38-2.4 0.24 -1.1 0.03 - 4.6 0.08- 3.6 

Benzo(eJpyrene NQ-0.85 NQ-0.60 0.33 -5 0.22 -1.1 NQ-0.60 0.21 - 2.2 

Benzo(a]pyrene NQ-1.4 NQ-0.77 0.12 -1.6 0.097 -1.2 0.02 -0.43 NQ-5.1 

lndeno(l,2,,3-cd]pyrene NQ- 1.6 NQ-1.7 0.15-2.3 0.86 -1.4 NQ-0.38 0.07 -4.0 

Benzo[ghi)perylene NQ-3.1 NQ-3.5 0.31-8.1 0.34 -4.S NQ-0.80 0.13 -10 

Coronene NQ-2.9 0.3 - 2.3 0.33 - 6.3 0.24 -3.7 NQ-1.1 NQ-3.1 

a For this study, range is reported as 10th to 90'"..11 percentile. 
b NQ = below the quantifiable limit. 
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TABLE 8-15. WEIGHTED PERCENTILE OF AIR SAMPLES wrrn BaP 
CONCENTRATION EXCEEDING SELECTED LEVELS 

Sample Type >0.3 ng/m3 

Percentage 

>0.6 ng/m3 >15 ng/m3 >30 ng/m3 

Indoor-day 

Indoor-night 

lndoor-24 hr 

25.2 

39.7 

29.3 

12.4 

12.0 

13.4 

1.7 

1.9 

15 

1.3 

1.3 

15 

Outdoor-day 

Outdoor-night 

Outdoor-24 hr 

15.8 

37..6 

26:J 

3.91 

25.2 

13.8 

0 

7.6 

0 

0 

0 

0 
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(1.5 ng/m3), and 10 times (3.0 ng/m3>this level have also been given. Results show that a 

substantial fraction of the population may be exposed to BaP concentrations above the 0.3 

ng/m3 level. The home with the highest BaP levels had indoor air concentrations that are 

approximately two orders of magnitude higher than the 0.3 ng/m3 risk level. 

Evaluation of the air concentration data for the phthalates is straightforward. With 

the exception of di-.n-octylphthalate, all of the phthalates showed high indoor concentrations 

and low outdoor air concentrations. Diethylphthalate and di-,!!.-butylphthalate showed the 

highest indoor air concentrations with median daytime concentrations of 340 and 420 ng/m3
, 

respectively. Median outdoor air levels for the phthalates were at least an order of 

magnitude lower than the corresponding indoor levels; Di-,!!.-octylphthalate showed median 

concentration levels below the quantifiable limit (3.2 ng/m3) for all four sample types. Since 

phthalates are plasticizers, all plastic materials in a home could be potential sources. 

8.5 INDOOR/QUITX)QR RELATIONSHIPS 

8.5.1 Indoor/Outdoor Air Concentration Ratios 

As a first step in studying the relationship of the target P AHs and phthalates between 

indoor and outdoor samples, indoor/outdoor air concentration ratios were calculated for 

sample collected at the same home during the same time period and summary statistics 

generated for these ratios. Unweighted data on indoor/outdoor air concentration ratios are 

provided in Table 8-16. Ratios were calculated. only if both concentrations were quantifiable. 

Results are given for both daytime and nighttime samples. 

For the P AHs, the highest geometric mean ratios for indoor/outdoor air 

concentrations were calculated for acenaphthene (2.6), phenanthrene (2.0), and 

benzo[a]pyrene (1.8) in daytime samples. The highest median indoor/outdoor air 

concentration ratios were calculated. for phenanthrene (1.9) and benzo[a]anthracene (1.9) in 
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TABLE 8-16. UNWEIGHTED SUMMARY STATISTICS FOR TI-IE INDOOR/OUTDOOR AIR CDNCENTRATION RATIO. 
QUANTIFIABLE AMOUNT ONLy 

Indoor/Outdoor Air Concenlt'atlon Ratio 

Geometric Pere-enIlles 

C.ompound n• Mean S.E. 10th 25th 50th 75th 90th Maximum 

NICH1TIME 
PAHs 

3-Rings 

Acmaphthylene 28 0.62 1.3 0.17 0.30 0.45 1.2 4.2 74 

Phenanthrene 42 1.2"b I.I 0.69 0.86 1.3 1.7 2.4 6.4 

Anthracene 32 0.91 1.2 0.30 0.39 0.66 1.7 3.4 23 

4-Rings 
F1uoranthene M 0.82 1.1 0.42 0.56 0.75 1.1 1.5 8.3 

~ Pyrene 44 0.85 1.1 0.36 0.50 0.79 1.3 1.7 16 

Benzo[a)anthrarene 17 0.85 1.3 0.26 0.52 0.65 2.3 4.3 6.9 

Clll')'Sffle 36 0.11· 1.2 0.23 0.46 0.66 1.0 2.1 5.5 

5-Rings 
Benzo[e)pyrene 32 0.77 1.2 0.28 0.41 0.67 1.0 1.8 43 

Benzofalpyrene 32 0.87 1.3 0.26 0.39 0.64 1.3 3.7 53 

6-Rings 
lndeno[l ,2,3-<dJpyrene 25 0.93 1.3 0.29 0.53 0.83 1.1 2.5 36 

Benzo[ghl)perylene 40 0.82 1.2 0.37 0.47 0.68 1.2 t.7 22 

7-Rings 
Coronene 31 0.89 1.2 0.37 0.53 0.85 1.3 1.7 24 

PHlHALATES 

DlethylphthaJate 8 2.3 1.6 0.15 1.6 3.2 5 8.4 8.4 

Dl•!!,-butylphthaJate 'ZJ 1s· . 1.2 4.5 8.5 15 28 7l 110 

Butylbenzylphthalate 5 s.s· t.8 0.85 2.4 8.9 14 19 19 

D1·2-elhylhexylphtba1ate 12 2.a· 1.1 1.7 2.1 3.1 3.8 4.2 5.1 

Dl-!!,-OCtylphthatate 1 0.85 0.85 0.85 0.85 0.85 0.85 0.85 

(continued) 



TABLE S--16. (continued) 

lndoor/OuldOOt" Air Concentratlcm Ratio 

Geometric Percentiles 

Compound n• Mean S.H.b 10th 25th 50th 75th 90th Ma:dmum 

DAYTIME 
PAHs 

3-Rlngs 

Aa!llaphthylene 
Phenanthrene 
Anthracene 

22 
~ 

22 

2.6•b 

2.0" 
1.4 

1.3 

1.1 
1.2 

0.72 
1.0 
0.55 

1.0 
1.3 
0.69 

1.5 
1.9 

1.1 

4.3 
2.7 
2.2 

25 
3.6 
5.0 

92 
9.0 

19 

~ 

4-Rlngaj 
F1uoran thene 

Pyrene 
BenzolaJanthracen e 
Cllrysern! 

S.Rlnged 
Benzo[eJpyrene 
Benzo!alpyrene 

6-Rlnged 
lndeno( 1,2,3-cdJpyrene 
Benzolgh.l)perylene 

7-Rlnged 
Coronene 

30 
~ 

9 

23 

21 
15 

13 

29 

O.M 

1.2 
1.7 
0,79 

1.3 
1.8 

1.6 
1.4 

1.4 

1.1 

1.1 
1.3 
1.2 

1.3 

u 

1.3 
1.2 

2 

0,48 

0.52 
0.70 
0.33 

0.4-1 
OA1 

0.77 
0.55 

0.64 

0.57 
0.70 
0.92 

0.50 

0.76 

0.70 

0.80 
0.77 

0.7B 

0.76 

1.t 
1.9 

0.72 

1.1 

L2 

1.2 
1.3 

1.4 

1.2 

1.5 
2.4 
1.5 

1.5 
3.6 

1.7 
1.4 

1.9 

2.2 
2.9 

6.2 
1.9 

4.5 
8.9 

5.4 
7.1 

2.4 

7.8 

18 
6.2 

4.0 

25 
S6 

33 
41 

PHlHALATES 

Dlethylphthalate 

Dl·!!.•butylphthalate 
Butylbenzylphthalate 

Dl•2-ethylhexylphthalate 
Dl-,!l-odylphthalate 

6 

19 

5 

19 

3,0" 

16· 

4.6· 

2.2• 
u 

1.5 
1.2 
1.2 

1.2 

0.86 

5,3 

3.0 

1.0 
u 

1.1 

8.8 

3.5 

1.4 
1.4 

4.3 

14 
4.3 
1.7 

1.4 

5.7 
34 

5.1 
4.4 
t.4 

7.4 
56 

8.7 
5.7 
1.4 

7.4 
100 

8.7 

15 
1.4 

• 11 = number of sample pal.rs. 
b Slgnlflcandy different from one at the 0.05 level. 



daytime samples. As with the concentration data, a daytime/nighttime trend is seen for 

these calculated indoor/outdoor concentration ratios. For daytime samples, all the target 

P AHs except fluoranthene and chrysene had median and geometric mean indoor/outdoor air 

concentration ratios greater than one indicating higher indoor air concentrations during the 

day. For the nighttime samples, both mean and median indoor/outdoor air concentration 

ratios for all target P AHs except phenanthrene were less than one indicating higher outdoor 

concentrations. Since indoor air concentrations were fairly uniform (Table 8-11) between the 

daytime and nighttime monitoring periods, then these results reflect the substantially lower 

daytime air concentrations measured in outdoor samples. The very high indoor/outdoor air 

concentration ratios (maxi.mum and 90th percentile) indicate that in some homes very high 

concentrations are measured, whereas the range of outdoor air concentration range is 

narrower. 

The phthalates showed indoor/outdoor concentration ratios greater than one 

suggesting relatively strong indoor sources. Highest ratios were calculated for di-n.-butyl­

phthalate (14-16). No conclusions can be drawn about di-n.-octylphthalate because it was 

quantified in so few samples. 

8.5.2 Indoor/Outdoor Correlations 

To further investigate the relationship between indoor and outdoor air samples, 

Spearman's rank correlations were calculated for the target P AHs and phthalates. 

Correlation is a measure of the linear relationship between two variables (in this case indoor 

and outdoor air concentration), with 1.00 showing a perfect direct correlation and -1.00 

showing a perfect inverse relationship. H there is no relationship between the two variables, 

then the correlation will be close to 0.00. Spearman's rank correlation uses the ranks of the 
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concentrations rather than the concentration values. This tends to counteract the effects of 

extreme concentration values or a skewed distribution. 

Table 8-17 shows Spearman's rank correlations between indoor and outdoor air 

concentrations measured for samples collected at the same home during the same time 

period. Data are provided separately for daytime and nighttime samples. The table also 

shows which correlations are significant (i.e., judged to be nonzero) at the 0.05 level. There 

appears to be little difference in the indoor/outdoor correlations for either the daytime or 

nighttime monitoring period. Highest correlations are seen for the 5-, 6-, and 7-ringed 

particulate-bound P AHs. The highest indoor/outdoor correlation was found for 

benzo[ghi]perylene in daytime samples whereas the lowest indoor/outdoor correlation was 

found for anthracene in daytime samples. 

These indoor/outdoor correlations for P AHs are generally higher than those reported 

previously for volatile organic chemicals (21, 22). They are also considerably higher than the 

correlations reported for the phthalates. The strong correlations for PAHs suggests that 

outdoor PAHs may have made a substantial contribution to measured indoor concentrations. 

On the other hand, the high indoor/outdoor concentration ratios for the phthalates and the 

low indoor/outdoor correlations suggests again that indoor phthalates are coming primarily 

from indoor sources and that outdoor sources do not provide a substantial contribution to 

indoor phthalate concentrations. 

8.5.3 Indoor Air Models 

A simple indoor air model was used to evaluate whether indoor exposures to PAHs 

and phthalates were primarily from indoor or outdoor sources. The model was also used to 

estimate the relative contribution to indoor air concentrations from both of these sources. It 

should be stressed that due to the many assumptions that must be made and the uncertainty 
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TABLE 8-17. SPEARMAN'S RANK CORRELATION BETWEEN INDOOR AND 
OUTDOOR AIR SAMPLE.se 

Da!!ime Sam2les Nighttime Sam2Ies 

Compound nb COrTelation n Correlation 

PAHs 

3-Rings 

Acenaphthylene 
Phenanthrene 
Anthracene 

39 
40 
39 

o.ssc 
0.54c: 
0.30 

47 
48 
47 

o.s1c: 
om 
0.37 

4-Rings 
Fluoranthene 
Pyrene 
Benzo[a)anthracene 
Ouysene 

40 
40 
38 
35 

o.ssc: 
0.52 
0.51 
0.6ic 

48 
-48 
46 
45 

o.sge 
0.44 
0.5:ZC: 
o.sge 

5-Rings 
Benzole)pyrene 
Benzo[a)pyrene 

39 
38 

0.11c: 
one 

47 
-48 

0.66c: 
Q.6ge 

6-Rings 
lndeno(l,2.3-cd)pynme 

Benzo(ghi)perylene 
34 
39 

0.6~ 
o.s:zc: 

48 
45 

o.w 
0.7t1-

7-Rings 
Caronene o.soc: 47 0:J6C 

PHTHALATES 
Diethylphthalate 
Di-:9,-butylphthalate 
ButylbenzylphthaJate 
Di-2--ethylhexylphthalate 
Di-:9,-oc:tylphthalate 

40 
40 
40 
40 
40 

0.55 
-0.20 
0.16 
0.16 
0.28 

-48 
47 
-48 
-48 
46 

0.5:ZC: 
0.11 
0.16 
0.28 
0.31 

• Computed using all samples. 
b Number of sample pairs. 
c: Significantly different from zero at the 0.05 level 
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associated using a simple indoor air model, the analysis performed here was not intended to 

be a rigorous treatment of the data. Rather, it was intended to be a preliminary assessment 

that might be used to evaluate trends in the measured air concentration data. 

As a first step, indoor source strength values were computed for each home where 

both indoor and outdoor air monitoring was performed. The relationship between indoor 

and outdoor air concentrations was defined as (31) 

SS = mV (a + k) Ci - mVfaC
0 

(8-2) 

where: 

ss = source strength, µg/h 

V = house volume, m3 

m = air mixing between zones 

a = air exchange rate, h-1 

k = pollutant decay rate, h-1 

½ = indoor concentration, µg/m3 

f = fractional penetration of outdoor concentration 

co = outdoor concentration, µg/m3 

For the analysis here, 24-hour time weighted source strength values were computed 

for each pollutant in each home by using the 24-hour time-weighted arithmetic averages for 

½, CO' and a. However, these calculations require that assumptions be made about m, k, and 

f. In the simplest case, m is set equal to one (complete mixing) and k has been set equal to 

zero (no pollutant decay). Under these conditions equation 8-1 becomes 

(8-3)ss = Vaci - f VaCO OT 
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(8-4)SS = Va (Ci - f C) 

Two approaches have been used to estimate f. For the first approach, f was set equal to 1.0 

for the phthalates which are predominately vapor-phase chemicals. For the P AHs f was set 

equal to 0.5 to reflect their particle-phase distribution. The second approach estimated f for 

the P AHs from the monitoring data. When there are no sources in the home (S5=0), equation 

8-3 rearranges to 

(8-5) 

and the penetration factor is equal to the indoor/outdoor air concentration ratio. Although 

questionnaire data could be used to define homes without indoor sources, indoor/outdoor 

air concentration ratios calculated for many of these "no source" homes were greater than one 

suggesting that, in fact, an unidentified indoor source was present. As an alternative, homes 

with low indoor/outdoor concentration ratios were considered as "no source" homes and f 

was approximated as the indoor/outdoor concentration ratio for the home at the 25th 

percentile of the distribution of ratios which seemed a reasonable selection given the range of 

indoor/outdoor concentration ratios. Table 8-18 lists the penetration factors estimated using 

this approach. Penetration factors were not estimated for phthalates since it was difficult to 

identify no source homes. <; and C0 are the P AH and phthalate air concentrations measured 

as part of this study. Air exchange rates were measured as part of the PTEAM study. 

Information on the air exchange rate calculations and the distribution of air exchange rates 

measured during field monitoring are given in Appendix I. SS was computed using all 

homes where measurements were performed. When a target chemical was not detected in a 
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TABLE 8-18. ESTIMATED PENETRATION FACTORS (f) USING INJXX)R/OUTDOOR 
CONCENTRATION RATIOS 

Compound Estimated f8 

3-Rings 
Acenaphthylene 
Phenanthrene 

0.4 
1.3b 

Anthracene 0.6 

4-Rings 
Fluoranthene 0.6 
Pyrene 0.7 
Benm[a]anthracene 0.7 
Chrysene 0.5 

5-Rings 
Benzo[e]pyrene 0.5 
Benz.a(a]pyrene 0.6 

6-Rinp 
Indeno(l,2,3-cd]pyrene 0.6 
Benzo(ghi]perylene 0.6 

7-Rings 
Coronene 0.6 

a Estimated as the indoor/outdoor air concentration ratios at the 25th percentile. 
b Indoor/outdoor air concentration ratio was greater than 1; an f value identical to anthracene (0.6) 

was used for all subsequent calculations since these are similar chemicals. 
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sample, a concentration equal to one-eight of the MQL was used. Average 24-hour source 

strength terms were used to minimize the effects caused by differences in measured daytime 

and nighttime air concentrations measured outdoors. Unweighted univariate statistics for 

calculated source strength terms are given in Table 8-19. 

Results for the P AHs showed low calculated source strengths relative to the 

phthalates regardless of the f values used in the calculation. Phenanthrene gave the highest 

median source strength values; lowest values were calculated for the 4-, 5-, and 6-ringed 

PAHs. There were only small differences in calculated source strengths using the two 

approaches for estimating f. Results for the phthalates showed much higher calculated 

source strengths indicating strong indoor sources. Di-11-butylphthalate and diethylphthalate 

gave the highest values. Again, this should be considered a preliminary assessment of the 

data; with an understanding that calculated source strength values can change substantially 

depending upon the assumptions made during the calculations. 

Finally, analyses were performed to determine the relative contribution of outdoor 

sources to indoor air concentrations. The relative contribution of indoor and outdoor sources 

to the indoor air concentration is also expressed by the indoor air equation. The simple mass 

indoor air equation can be rearranged where 

,__~ contribution contribution (8-6)Ind00T Air concen1.uu.,on = 'ndoor + -'--
1 sources outu.uur soura 

ss 
= + 

Va 
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TABLE 8-19. 24-HOUR TIME WEIGHTED AVERAGE SOURCE STRENGTI-1 (µg/h) VALUFS 

Source Strength (µg / h) 

Compound n• fb Mean 25th 50th 75th Maximum 

PAHS 
Assumed f Va1ue 

3-Rlnp 

Acenaphthylene 
Phenan threne 
Anthracene 

27 
30 
28 

0.5 
0.5 
0.5 

15 
3.5 
0.24 

0.00 
1.2 
0.00 

0.00 
2.0 
0.04 

0.70 
3.6 
0.04 

370 
27 
3.6 

4-Rlnp 

ex, 
I 

w 
ex, 

Fluoranlhene 

Pyrene 
Benzo{a]anthracene 

O,rysene 

5-Rlnp 

Benzo[e)pyrene 
Beruo(alpyrene 

30 
30 
26 
24 

29 
28 

0.5 
0.5 
0.5 
0.5 

0.5 
0.5 

0.45 

0.96 
O.OI 
0.06 

0.16 
0.40 

0.02 
0.05 
0.00 
0.00 

0.00 
0.00 

0.07 
0.16 
0.00 
0.00 

0.00 
0.01 

0.24 
0.37 

0.02 
o.m 

0.02 
o.m 

7.0 
17 
0.42 
0.53 

3.4 
8.8 

6-Rlnp 

lndeno[l ,2,3-cd) pyrene 
Beruo(ghl)perylene 

25 
27 

0.5 
0.5 

0.62 
1.3 

0.00 
0.00 

0.00 
o.ro 

0.10 
0.09 

11 
29 

7-Rlnp 

Coronene 

PHTI-IALATES 

30 0.5 0.67 0.00 0.02 0.11 16 

Dlethylphthalate 

Dl-n.-butylphthalate 

30 
30 

1.0 

1.0 

84 
145 

34 

65 

55 
92 

130 
180 

410 
530 

(continued) 



TABLB 8-19. (c:mllftued) 

Source Snngth (pg/h) 

Compound n• fb Mean 25th 50th 15th Maximum 

Butylbenzylphthalate 
Dl-2-t!lhylhexylphthalate 
Dl-n.-octylphthalate 

30 
30 
29 

t.0 
1.0 
1.0 

13 
21 
0.64 

3.0 
12 
0.00 

7.0 
17 
0.24 

20 
24 
0.65 

89 
110 

8.4 

Esllmated f Value 

3-Rlnp 

A10enaphthylene 
Phenanthrene 

Anthracene 

27 
30 
28 

0.4 
0.6 

0.6 

16 
3.2 
0.23 

NAC 

NA 
NA 

0,(11 

1.9 
O.ID 

0.91 
3.1 
0.O!I 

370 

'll 
3.6 

4-Rlngs 

0)

•w 
\0 

Fluoranlhene 
Pyrene 
Beru!o(aJanthracene 
Grysene 

30 
30 
26 
24 

0.6 
0.1 
0.1 
0.5 

0.34 
0.85 
o.m 
0.06 

NA 
NA 
NA 
NA 

o.oz 
0.(11 
0.00 
0.00 

0.18 
0.28 
0.172 
o.m 

6.9 
17 
0.40 
0.53 

S.Rlngs 

Benzole)pyrene 
Benzo(a)pyrene 

29 
28 

0.5 
0.6 

0.16 
0.39 

NA 
NA 

0.01 
0.01 

0.172 
0.ID 

3.4 
8.8 

i:B!!!8! 
lndeno(t,2,3,al)pyrene 

Benzolghllperylene 
25 
27 

0.6 
0.6 

0.61 
t.3 

NA 
NA 

0.00 
0.01 

0.O!I 
o.c~ 

ti 
29 

Z:.&!ns! 
Coronene 30 0.6 0.65 NA 0.01 0.09 16 

: =Number of o'b!lervattons. 
f • pe11!b118on factor. 

c NA =Not appllmble; f was esllmated assuming the source strength for lhe home at lhe 25th perc,entlle was :r.ero. 



fC is equal to the contribution of outdoor sources to the indoor air concentration, and the
0 

fractional contribution of outdoor sources to indoor air concentration (Foi) may be calculated 

as 

(8-7) 

Summary statistics for F oi are given in Table 8-20. As with the source strength 

calculations, 24-hour time weighted averages were used here. Median Foi values for the 

PAHs indicate that more than one-half of the indoor air concentrations are generated from 

outdoor sources. Whereas for the phthalates, only a small fraction of indoor air levels 

(median F oi <0.25) come from outdoor sources. As discussed above, many assumptions have 

been made in order to calculate an Foi value. These results should be considered a 

preliminary assessment of the concentration data used to evaluate trends. 

8.6 CORRELATIONS BETWEEN COMPOUNDS 

Correlations between compounds in indoor and outdoor air samples were computed 

to evaluate the degree of association between these compounds. Spearman' s rank 

correlations, using all samples, were computed not only for the P AHs and the phthalates 

measured as part of this chemical characterization study but also for PMH,, PM2.s, and 

selected elements measured as part of the PTEAM study. Only those elements that are 

identified or considered for identification as toxic air contaminants by ARB have been 

considered for analysis here. These include arsenic, cadmium, chromium, lead, manganese, 

mercury, and nickel. Of these seven, only lead and manganese had sufficiently high 

percentage quantifiable values to be included for analysis. Separate analyses were performed 

for all four sample types. 
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TA8LB 8-20. FRACTICNAL CONTRJBUTION OF OUTIXX>R POLLUTANT SOURCES TO INDOOR AIR CONCENTRATION <Fo1) 

Fractional Contrlbudon 

25th 50th 15th 
Compound n• Min Percentile Percentile Percentile Maxi.mum 

PAiu 

Assumed f Value 

3-Rlnp 

Acenaphthylene 22 0.5 O.OI 0.23 0.'17 1.0 1.0 

Phenanthrene 30 0.5 0.111 0.20 0.31 0.40 0.75 

Anthrac:ene 23 0.5 0.04 0.17 0.52 0.86 1.0 

4-Rlnp 

Fluonmlhene 30 0.5 0.06 0.50 0.64 0.83 1.0 

Pyrene 30 0.5 0.29 0.39 0.53 0.71 1.0 

(X) 
I 

.i,. ..... 
Benzola)anthracene 

Oirysene 

22 

23 

0.5 

0.5 

0.10 

0.13 

0.38 

0.56 

0.47 

0.74 

0.72 

1.0 

1.0 

1.0 

S.Rlna 

Benzole)pyrene 28 0.5 o.m 0.53 0.75 1.0 1.0 

Benzola]pyrene 26 0.5 o.az 0.37 0.55 0.85 1.0 

§:..8!!!a. 

lndeno(l,2,3-cd]pyrene 21 1.0 o.az 0.34 0.63 0.81 1.0 

Benzo(ghl]perylene 11 0.5 o.az 0.38 O.i'O 0.83 1.0 

Z::.B!uB! 
Coronene 29 o.s o.m 0.36 0.65 0.89 1.0 

PHIHALATES 

Dlethylphthalate 18 1.0 0.Ol2 0.04 0.11 0.21 1.0 

Dt-!!;-buthylphthalate 28 t.0 0.01 o.az 0.04 0.09 0.86 

Bulylbenzylphthalate 25 1.0 0.(8 o.m 0.111 0.19 1.0 



Table 8-20, (oontlnued) 

Fractional Contribution 

Compound n• ,, 
Mln 

25th 
Percentile 

50th 
PercenWe 

15th 
PercenWe Maximum 

Oi-2-ethylhexytphthalate 29 1.0 0.al 0,10 0.25 0.38 1.0 

Dl-e.-octylphthalate 17 1.0 0.01 0.(8 0.19 0.28 0.87 

Estimated f Value 

3-Rlngs 

Acenaphthylene 

Phenanthrene 

22 

30 

0.4 

0.6 

0.01 

0.09 

0.19 

0.24 

0.71 

0.38 

NA 

NA 

NA 

NA 

Anthracene 23 0.6 o,a; 0.20 0.62 NA NA 

4-Rings 

Fluoranthene 30 0.6 0.0! 0.60 0.83 NA NA 

0, 
I 
~ 
N 

Pyrene 

Benzo(a)anthracene 

Olrysene 

30 

22 

23 

0.7 

0.1 

0.5 

0.04 

0.14 

0.13 

0.56 

0.54 

0.56 

0.74 

0.66 

0.74 

NA 

NA 

NA 

NA 

NA 

NA 

5-R.lnp 

Benzo(eJpyrene 

Benzo[a)pyrene 

28 

26 

0.5 

0.6 

o.m 
o.m 

0.53 

0.44 

0.15 

0.66 

NA 

NA 

NA 

NA 

6-Rlngs 

lndeno[l,2,3,cdJpyrene 

Benzo(ghlJperylene 

21 

'O 

0.6 

0.6 

o.m 

o.m 
0.41 

0.46 

0.82 

0.84 

NA 

NA 

NA 

NA 

Z::.B1D&!. 
Coronene 29 0.6 0.04 0.43 0.'8 NA NA 

1 Number of samples. 
b f = Penetration factor. 
c Not applicable, estimates for f wen made based on the assumption that there was no indoor source therefore P01would be equal tot. 



Spearman's rank correlations among PAHs in outdoor air samples (Table 8-21) were 

high in both daytime and nighttime samples. For the outdoor sample sizes used on this 

study, all correlations greater than 0.30 are significantly greater than zero at the 0.05 level. 

This would include nearly all correlations computed among P AHs. Highest correlations 

(>0.85) occurred among the particulate-phase 5- to 7-ringed PAHs. Most of the other 

compounds showed correlations greater than 0.60. The 3-ringed P AHs, most notably 

phenanthrene, gave the poorest correlations with the particulate-phase species, although 

these 3-ringed species correlate fairly well with each other and the 4-ringed congeners. 

High correlations may suggest a common source for different chemicals. This is 

expected to be the case for the P AHs which are generated principally as combustion products 

of fossil fuels. The reason for the poorer correlation computed for phenanthrene and 

anthracene is unknown. 

Comparison of correlations computed for daytime and nighttime samples showed 

little difference between samples collected during the two monitoring periods. Generally 

where there is a difference, nighttime samples tended to exhibit higher correlations. Again, 

phenanthrene was an exception, with higher correlations for daytime samples. 

Table 8-22 gives Spearman's rank correlations among PAHs computed for indoor air 

samples. For the sample sizes used on this study, all correlations greater than 0.20 are 

significantly greater than zero at the 0.05 level Comparison of these results with those 

generated for outdoor air samples show several interesting trends. First, as with the outdoor 

samples, the particulate phase 5- to 7-ringed PAHs show strong correlations (0.72 to 0.96) 

with each other. In contrast, the vapor-phase 3- and 4-ringed species show much poorer 
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TABLE 8-21. SPEARMAN'S RANK. CORRELATIONS AMCNG PAHi IN OUTDOOR AIR SAMPLFSb 

3-rlnp 4-rlnp 5-rlnHJ!I 6-rlnp 7-rlnp 

Aoena- Phenan- Anthra­ Fluor• Benzo(aJ• Benzo(el• BenzolaJ- lndeno- Benzof9hll-
COMPOUND phthylene threne cene anlhene · Pyrene anthracene pyrene pyrene [1,2,3-cxllpyrene perylene Coronene 

3-rlnp 

Aoenaphthylene .16 .78 .68 .12 .60 .59 .51 .62·"' Phenanthrene .88 .90 .89 .71 .69 .57 .51 .56 

Anthracene .'19 .82 .61 .61 .57 .53 .57 

4-rlnp 

Fluon11thene .91 .85 .85 .73 .70 .71 

Pyrene .86 .83 .73 .70 .71 

Benzo(aJanthrac:ene .'11 .89 .89 .1, 
O.rysene .91 .91 .73 

1:!i9a!. 

t Benzo[e)pyrene .95 .83 

Benzo(aJpyrene .78 

6-rlnp 

lndeno(l,2,3-cdJpyrene 

Benzo(ghllperylene 

7-rlnp 

Coronene 

: Computed uslns all lall'lples. For aamolee sizes used en this study. all correlations greater tllan 0.30 ue slgnlflcantly greater than :mo at the O.«E level 
Numbers In ahacled area are for nighttime samples; other numberi are for daytime samples. 
- for da1,tlme samples, n • 38 to 42 · 
- for nighttime eamples, n • 52 to 5.1 

.64 

.56 

.60 

,75 

.75 

.81 

.81 

.91 

.86 

.88 

.63 

.53 

.56 

.69 

.69 

.78 

.78 

.88 

.85 

.87 

.97 



TABLE 8-22. SPEARMAN'$ RANK CORRELATIONS- AMONG PAHS IN INDOOR AIR SAMPLEs" 

3-rlng 4-rlnl!! 5-rln&'! 6-rtnm 7-rln&! 

Acena- Phman• Anthra- Fluor- Berizo(aJ.. Benzo(eJ- Benw(a}- lndeno- BenzolshlJ-
OOMPOUND f!!th;r:lene lhrene cene anthene !J!ene anduacene Orysene pyrene pyrene 11,2,3-a:l)fl!ene f!!llene Coronene 

; 

3-rlnp 

Acenaphthylene .33 .45 A6 .36 .43 

Phenanlhrene .45 :n .69 .28 

Anthracene .52 .48 .47 

4-rlnp 

.83 .56Fluonmlhene 

ASPyrene 

Benzo{a)anthracene 

Olrysene 

5-rlnp 

Benzo{e)pyrene 

Benzo(a}pynne 

!;!!!!&!. 
lndeno(l.,,3-cd)pyte!!e 

Benzo{ghllpl'fylene 

7-rlnp 

Coronene 

.48 .ss .51 .51 

.25 .26 .28 .28 

38 .34 .31 .27 

.58 .54 .42 .42 

.47 .45 35 .40 

.85 .62 .51 .51 

.19 .69 .64 

,84 

.83 

.52 

.23 

.36 

.41 

39 

.52 

.57 

.91 

.89 

.83 

.52 

.23 

.26 

.40 

35 

.32 

.52 

.85 

.85' 

.80 

.95 

.92 

• Computed using all samples. For samples 9l%es used on !his study, all c:ornlations greater than 0.20 are slgnlfkantly greater than zero al lhe O.!S level. 
b Numbers In 11haded are.a are for nighttime samples; other numbers are for daytime samples. 

• for daytime samples, n ., 1m lo 114 
- for nighttime samples, n • 100 lo 113 
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correlations compared to the outdoor samples. Poorest correlations were computed for 

phenanthrene. 

If outdoor sources provide the primary contribution to indoor P AHs then different 

penetration factors (f) among compounds could result in poorer correlations. Alternatively, 

the indoor decay term (k) could be different for different P AHs and thus affect the degree of 

association. To further investigate this phenomenon, Spearrnan's rank correlations were 

computed for indoor air samples in homes with smoking. These homes were selected since 

they should have a strong indoor source that would minimize the effect of the penetration 

factors on indoor concentrations. Although data are not given here, results for smoking 

homes showed little difference in correlations compared to the results for all homes 

suggesting that different penetration factors are probably not responsible for the observed 

differences. 

As with the outdoor samples, correlations computed for indoor daytime and 

nighttime samples were generally similar. Where there was a difference, nighttime 

correlations among compounds tended to be slightly higher. 

Although the correlations presented here are Spearman' s rank correlations using all 

samples, several other types of correlations were also computed. These analyses and a brief 

summary of these results are given in Table 8-23. 

Table 8-24 gives Spearman's rank correlations among phthalates computed for both 

indoor and outdoor air samples. Most of these correlations, especially in indoor air samples, 

were low. This is not unexpected, since different phthalates would most likely come from 

different source materials. _Highest correlations indoors occurred between diethylphthalate 

and d.i-n-butylphthalate and between d.i-n.-octylphthate and d.i-2-ethylhexylphthalate. 

Correlations computed for daytime and nighttime samples were generally the same. 
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TABLE 8-23. ADOmONAL CORRELATIONS COMPUTED FOR PAHS IN AIR SAMPLES 

Correlation Results 

Speannan's rank• samples with Indoor air- similar to results reported here for all samples. 
quantifiable amount only 

Outdoor air - similar to results reported here. 

Pearson product moment • all samples Indoor air • correlations higher than those reported here; for all 
particulate phase PAHs, ronelations were greater than 0.97. OnJy 
correlations with phenanthrene and anthracene were less than 0.85. 
The measured concentrations from the few high homes dominated 
statistics. 

Outdoor air • simlar to results reported for Spearman's rank 
correlations. 

Pearson product moment8 • samples Indoor air - results similar to those mmputed using Peanon 
with quantifiable amounts only correlations - all samples. 

Outdoor air - similar to results reported for Spearman's rank 
correlations. 

• Computed using actual measured concentrations. 
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TABLE 8-24. SPEARMAN'$ RANK CORRELATIONS11 AMONG PHTHALATES IN INDCXJR AND QUTIXX)R AIR SAMPLESb 

Compound DI-.n.- Di-2- Di-n-
Diethylphthalate butylphthalate Butylbenzylphthalate ethylhexylphthalate octylphthalate 

INDOORS 

Diethylphthalate .43 .08 .27 .07 

Di-,n-butylphthalate .18 .04 

Butylbenzylphthalate .38 .28 

.61Di-2-
ethylhexylphthalate 

Di-n-octylphthalate .53 

OUTDOORS~ 
Diethylphthalate .42 .31 .19 .30 

Di-.n-buty)phthalate .74 .54 .46 

Butylbenzylphthalate .67 .64 

Di-2- .62 
ethylhexylphthalate 

Di-n-octy1phthalate 

a Computed using all samples. For the sample sizes used on this study, all outdoor correlations greater than 0.30 and all indoor 
correlations greater than 0.20 are significantly greater than zero at the 0.05 level. 

b Numbers in shaded area are for nighttime samples; other numbers are for daytime samples. 
- for indoor/daytime samples, n = 113 to 115 
- for indoor/nighttime samples, n = 110 to 113 
- for outdoor/daytime samples, n = 42 

for outdoor/nighttime samples, n = 53 9 



Correlations computed for outdoor air samples were higher than those found indoors. 

Butylbenzylphthalate had high correlations outdoors with all the phthalates except 

diethylphthalate. Again, fairly strong correlations are seen between di-n-octylphthalate and 

di-2-ethylthexylphthalate in indoor air samples. Results for the outdoor samples should be 

viewed with some caution, since only very low levels of the phthalates were measured in 

outdoor samples. Under these conditions, high correlations could be a result of an 

experimental artifact such as background contamination generated during sample processing. 

Spearman's rank correlations for the phthalates with the PAHs, and PTEAM 

pollutants were also computed although these data are not shown. For correlations among 

the phthalates and P AHs, only phenanthrene and diethylphthalate gave correlations greater 

than 0.50. Fairly high correlations were found between these two compounds in 

daytime/indoor (0.62), daytime/outdoor (0.60), and nighttime/outdoor (0.52) samples. In 

contrast, the correlation in daytime/outdoor (0.19) samples was low.. 

Correlations between the phthalates and PTEAM pollutants were less than 0.50 in all 

four sample types. The only exception to this was a correlation coefficient of 0.62 computed 

between butylbenzylphthalate and lead (10 µm fraction) in outdoor/nighttime samples. 

Spearman's rank correlations among PAHs and PTEAM pollutants computed for 

outdoor and indoor air samples are given in Tables 8-25 and 8-26, respectively. Results for 

outdoor samples show several trends, although the reasons for these correlations are 

currently unknown. 

(1) Correlations between the elements and the PAHs were generally high (> 0.50), 

(2) Highest correlations between the elements and P AHs were seen for the less 

volatile P AHs in nighttime samples and with the 10 µm fraction of the elemental 

samples. 
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TABLE S-25. SPEARMAN'S RANK CORRELATIONS1 AMONG PTEAM POLLUTANTS AND PAHS 
IN OUTDOOR AIR SAMPLES 

Particulates Lead Manganese 

PM1a,__ ---™.t.s,__ Pb10--- Pb2.~ Mn10- Mn25
Compound 

Night Day Night Day Night Day Night Day Night Day Night Day 
3-rlngs 
Acenaphthylene .52 .15 .43 .28 .61 .55 .45 .50 .69 .03 .65 .16 
Phenanthrene .62 .22 .62 .31 .62 .60 .54 .49 .53 .15 .46 .22 

Anthracene .41 .11 .35 .23 .51 .35 .40 .45 .57 .13 .52 .18 

4-rings 
Fluornnthene .58 .22 .56 .21 .66 .53 .50 .40 .49 .18 .47 .21 

Pyrene .43 .21 .42 .18 .54 .53 .41 .42 .48 .17 .49 22 

Benzo[a)anthracene .43 .20 .36 .22 .60 .55 .43 .47 .66 .22 .70 .29 

Chrysene .so .26 .42 .24 .67 .52 .50 .41 .66 .31 .70 .37 

5-rings 
Benzo[e)pyrene .49 .31 .40 .22 .63 .42 .51 .44 .70 .44 .74 .48 

~ Benzo[a)pyrene .38 .24 .28 .08 .51 .42 .39 .39 .65 .43 .73 .40 

6-rings 
lndeno{ 1,2,3-cd]py· .50 .14 .40 .07 .63 .51 .48 .43 .66 .21 .76 .33 
rene 
Ben.zo(ghl]perylene .49 .27 .41 .12 .60 .44 .53 .43 .70 .39 .71 .44 

7-rings 
Coronene .48 .25 .39 .14 .59 .41 .50 .38 .62 .36 .70 .41 

• Computed using all samples. For 11.amples sizes used on this study, all correlations greater than 0.30 are significimtly gro1ter than zero at the 0.05 level. 
- for daytime samples, n = 40 to 42 
• for nighttime samples, n "' 46 !o 47 
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TABLE 8-26. SPEARMAN'S RANK CORRELATIONS" AMONG PI'EAM POLLUTANTS AND PAHS 
IN INDOOR AIR SAMPLES 

Particulates Lead Manganese 

™10--- PMu Pb.i\..- f'b.1 s Mn.~ MnzsCompound 
Night Day Night Day Night Day Night Day Night Day Night Day 

3-rlngs 
Acenaphthytene .34 .06 .40 .19 .42 .27 .33 .17 .St .15 .49 .18 
Phenanthnme .21 .01 .29 .12 .23 .13 .13 .18 .17 .42 .19 .11 
Anthracene 31 .22 39 .27 .25 .11 .20 .06 .30 .11 .21 .08 
4-rlngs 
Fluoranthene .49 .33 52 .39 .43 .38 .33 .21 .40 .19 .31 .29 
Pyrene .42 .16 .47 .25 .31 .21 .34 .11 .29 .OS .36 .24 
Denzo(a}anthracene J,1 .47 .61 53 51 .44 .40 .28 .60 .30 - .48 .35 
Otrysene .66 .49 .65 .so .55 .39 .45 .25 .62 .35 .56 .44 
5-rings 
Denzo[e)pyrene 58 .33 55 .37 .64 .43 .S3 .42 .68 .32 .64 .52 ...z: 
Denzo(a)pynne .34 .22 .48 .24 .56 .29 .43 .39 .66 .26 51 .48 
6-rings 

.so .25 .47 .32 .59 .34 .49 .35 .59 :Z7 .57 .50lud1no11,2,3«1Jpy-

Benzo(ghllperylene .48 .45 .48 .19 .63 .31 53 .36 .61 :ZS .65 .47 

7-rlngs 
Coronene .so .15 .47 .11 .65 .32 .54 .33 .63 :Z8 .64 .44 

• Computed U1ing all samples. For •mplet alzes used on thl• atudy, all conelatlona greater than OlO are aignifkantly greater than 7.ero at the 0.05 level. 
- for daytime aamples, n • 102 to l n 
- for nighttime samples, n • 93 to 104 



(3) Few strong correlations were observed between the P AHs and particulate 

samples. Only phenanthrene in nighttime samples gave correlation coefficients 

greater than 0.60. 

(4) Correlations between P AHs and particulates were generally higher in nighttime 

samples. Correlation of P AHs with PM10 and PM25 were generally similar. 

The same general trends were seen for the correlation among pollutants computed for 

indoor samples (Table 8-26). Correlation between the PAHs and particulates were slightly 

higher for indoor samples than outdoor samples, whereas correlations between P AHs and 

manganese were slightly lower for indoor air samples. 

Finally, Spearman's rank correlations among the PTEAM compounds were computed 

and are given in Table 8-27. These were computed only for those homes associated with this 

chemical characterization study. For the indoor air samples, most correlations were greater 

than 0.50 although some of the correlations in the daytime samples were lower. Not 

surprisingly correlations between PM10 and PM25 were very high (> 0.85). Correlations 

between the elements and particulates were generally high in nighttime samples. In daytime 

samples correlation between particulates and manganese were high. However, correlations 

between lead and these species was low. The reason for the low daytime ·correlation between 

lead and other PTEAM pollutants is rurrently unknown. 

8.7 ANALYSIS OF QUFSTIONNAIRE DATA 

Selected questions from the study questionnaire were analyzed to determine if certain 

activities were related to elevated levels of P AHs and phthalates in air samples. Table 8-28 

lists the questions that were asked to evaluate specific sources for the target PAHs and 

phthalates. Frequency distributions for these questions are also given. For each potential 

source category, arithmetic mean air concentrations and their standard errors were 
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TABLE 8-27. CORRELATION BETWEEN METAIS AND PARTICULATESa.b 

Particulates Lead Manganese 

Compound PM10 Pb10 Pbi.s Mn10 Mnz.s 
INDOOKS 

PM10 .86 .63 .29 ·'° .52 

PMi_s 

Pb10 

Pbi.s 
Mn10 

Mnz.s 

.47 

Sl 

.17 

.65 

OUTDOOKS 

.81 .29 .OS GI .65 

PMi_s .49 

PM10 

Pbio .36 

Pbz.s .14 

Mnio .75 

Mnz.s 

\\::::,.,:::.: 

.28 

:i/;ili:::;:::~: 

.06 .31 

.GI .18 

.OS 

• Computed using an samples. Only homes associated with the substudy wae used for 
calmJatian. For the sample mes used on this study, all outdoor correlations greater than 
0.30 and all. indoor conelations greater than 0.20 ue significantly greater than zero at the 
o.os level 

b Numbers in shaded area are for nighttime samples; other numbers are for daytime samples. 
- for indoor/daytime samples, n • 107 to 115 
- for indoor/nighttime samples, n "" 100 to 104 
.. for outdoor/dayttilne samples, n c: 40 to 42 
• for outdoor/nighttime samples, n • 46 to 47 
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TABLE 8-28. QUESTIONS AND REPORTED FREQUENClES FOR POTENTIAL POLLUTANT SOURCES 

Number of HomesA 

Day Night 

Category Question Yes No Yes No 

Busy Road Is the house located within 100 yards of a busy 
roadway? 

42 55 39 56 

Cooking Did you do any indoor cooking, grilling or 
frying while you were at home? Was any 
cooking, grilling, or frying done in your home by 
someone else? 

46 69 28 85 

Smoking Were any cigarettes, pipefuls of tobacco, and/or 
cigars smoked in your house during this period? 

18 94 22 90 

Other Smoke Were there any other sources of smoke present 
in the home during this period such as burnt 
food or candles? 

6 107 10 102 

Car Start 

Other» 

Was a vehicle started or nm in a garage attached 
to your home during this period? 

Was natmal ventilation open doors or windows 
used in your home during the period? 

18 

96 

83 

27 

5 

19 

99 

45 

Was central air conditioning or heating used in 
your home during this period? 

23 101 19 105 

Was a whole house or attic fan used in your 
home during this period? 

2 122 3 121 

Was an ultrasonic or cool mist humidifier used 
in your home during this period? 

4 120 1 122 

Was a filtration system (including filters, 
ionizers, and electrostatic precipitators) used in 
your home during this period? 

0 124 0 124 

Was an unvented kerosene heater used in your 
home during this period? 

0 124 0 124 

Was a fireplace used in your home during this 
period? 

l 123 l 123 

Was a wood-burning stove used in your home 
during this period? 

0 124 0 124 

• Number of homes in each category that had valid data for air concentration measurements and questionnaire 
response. 

b Number of homes in each category that had questionnaire response. 



determined for the two groups identified from questionnaire responses (i.e., homes with and 

without potential sources). Arithmetic means were selected because of the small sample sizes 

for many of the source categories. Data using geometric mean air concentrations are given in 

Appendix J. 

Pairwise t-tests were performed to test for group differences using the arithmetic 

mean air concentrations. Data for geometric mean air concentrations are given in 

Appendix J. Because there were very few homes in each source group and because only a 

small fraction of indoor P AH concentrations appear to be from indoor sources, this analysis 

should only be expected to show a difference in mean air concentrations between source and 

nonsource groups when a very strong source is present. Data from the two homes with the 

very high indoor air concentrations were not used during this analysis since it was felt these 

data would overwhelm any other effects. 

Data relating measured air concentrations to questionnaire results are summarized in 

Tables 8-29 and 8-30. Mean air concentrations calculated for all homes are given for source 

and non-source groups for those chemicals that had higher observed air concentrations for 

the source group in either the daytime or nighttime periods. A compilation of all results is 

given in Appendix J. Air concentrations that were significantly higher for the source group 

at the 0.05 level of significance are also indicated in the tables. 

Table 8-29 evaluates smoking, cooking, other indoor smoke, and a car starting in the 

garage of the home as potential sources for elevated indoor air concentrations. Results for 

smoking show elevated indoor air concentrations for the PAHs in both daytime and 

nighttime samples. Only phenanthrene and anthracene in nighttime samples are exceptions 

to this trend. The greatest relative differences in mean air concentrations are seen for the 

particulate phase 5-, 6-, and 7-ring P AH species. Higher indoor air concentrations for homes 
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TABLE S-29. ARITHMETIC MEAN INDOOR AIR CONCENTRATION OF PAHS AND PHTHALATES 
BY SELECTED QUESTIONNAIRE VARIABLES• 

Arithmetic Mean Air Concentration (ng/m3> 

Chemicals \\;ith Higher Day Night
Concentration for 

Exposure Exposed Group Exposed Not Exposed Exposed Not Exposed 

Smoking 
day (17/93f Acenaphthylene 11..c 5.3 12 4.4 
night (21/85) Pbenanthrene 20 17 -d 

Anthracene 0.85 0.68 
Fluoranthene 2.s· 1.8 2.1· 1.6 
Pyrene 2.8 2.0 2.3 1.8 
Benzo(a)anthracene 0.31'" 0.11 0.21· 0.12 
Chrysene 0.54• 0.20 ·o.4.6· 0.22 
Benzo(e)pyrene 0.4.6· 0.20 o.2s· 0.19 
Benzo[a)pyrene o.s1· 0.20 0.43· 0.25 
Indeno(l,2,.3-cd)pyrene 1.1· 0.56 0.75· 0.47 
Benzo[ghi)perylene 1.9· 1.0 1.3 0.88 
Coronene 1.s· 0.87 1.2 0.80 
Diethylphthalate 650 420 430 410 
Di-,n-butylphthalate 
Di•2--ethylhexylphthalate 220 130 105 104 

Car Start Diethylphthalate 430 410 
day (18/80) Di-.n--butylphthalate 800 580 710 590 
night (5/97) Di-2--ethylhexyphthalate 110 100 

Cooking Fluoranthene 2.1 1.9 1.8 1.7 
day (4.6/67) Pyrene 2.2 2.0 2.0 1.8 
night (28/83) Benzo[a]anthracene 0.15 0.13 0.16 0.13 

Cruysene 0.30 0.23 0.30 0.25 
Benzo[e]pyrene ., 0.24 0.20 
Benzo[a]pyrene 0.30 0.28 
Indeno(l,2,.3-cd]pyrene 0.71 0.61 0.4 052 
Benzo[ghi]perylene 1.0 0.94 
Coronene 0.93 0.87 
Di-.n--butylphthalate 40 570 
Butylbenzylphthalate 60 48 

Other Smoke Acenaphthylene 7.2 6.1 6.1 6.0 
day (5/105) Phenanthrene 25 1.7 
night (10/100) Fluoranthene 2.7 1.9 

Pyrene 4.0 2.0 
Indeno(l,2,.3-cd]pyrene 0.72 0.64 058 052 
Benzo[ghi]perylene 1.2 1.1 1.1 1.0 
Coronene 1.1 1.0 1.2 0.86 
Diethylphthaate 460. 450 
Di-.!!,--butylphthalate 630 580 
Di-2--ethyl hexylphthalate 18) 140 130 100 

: Two homes with highest levels excluded &om analysis. 
Number of samkles in ~/not exposed group. 

~ ~ group d a significantly hig]:ier mean concentration at the 0.05 level. 
Ca culated mean roncentration for the exposed group was lower than the not exposed group. 
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TABLE 8-30. THE EFFECT OF A BUSY ROADWAY ON MEAN AIR CONCENTRATIONS OF 
FAHS AND PHTHALATES1 

Arithmetic Mean Concentration (ng/m3)b 

Outdoor Indoor 

Oaf Night Oaf Night 

Com~und 
Ex~
(n=12)C 

Not Ex~
(n= 3) 

E~
(n=17) 

Not Ex~
(n= 6) 

Ex~
(n=42) 

Not Ex~
(n- ) 

Ex~
(n=40) 

Not Ex,rsroo 
(n= 5) 

PAHs 
3-Rings 
Acenaphthylene 
Phenanthrene 

_d 17 
14 

19 
12 

Anthracene 0.83 0.60 1.9 0.59 

4-Rings 
Fluoranthene 2.8 2.5 25 2.1 

~ 

Pyrene 
BenzolaJanthracene 
Chrysene 0.42 0.34 

2.4 
0.26 
0.48 

2.1 
0.12 
0.31 

2.1 
0.15 
0.29 

2.2 
0.14 
0.23 

0.16 
0.32 

0.10 
0.19 

'J 5-Rings 
Benzole}pyrene 
Benzola}pyrene 

0.42 
0.48 

0.28 
0.38 

0.29 
0.29 

0.21 
0.23 

0.22 
0.31 

0.19 
0.28 

6-Rings 
lndenolt,2,3-cd)pyrene 
Benzolghi)perylene 
7-Rings 
Coronene 

0.73 
1.6 

1.4 

0.53 
1.1 

0.93 

0.70 
1.3 

1.1 

051 
1.1 

1.0 

1.0 

0.93 

1.0 

0.95 

PHTHALATES 

Oiethylphthalate 
Di-,D.·butylphthalate 
Butylbenzylphthalate 
Oi-2-ethylhexylphthalate 
Di-.n-octylphthalate 

63 

3.0 

052 

35 

2.6 

0.41 

205 

19 
0.36 

51 

17 
0.46 

470 
640 

160 
23 

440 
620 

120 
14 

107 
15 

104 
2.4 

1 Two homes with highest levels excluded from analysis. 
b None of the compounds had a significantly higher mean concentration for the exposed group at the 0.05 level. 
c Number of samples. . 
d Mean concentration for the exposed group was lower than the not exposed group. 



where smoking occurred were significant at the 0.05 level for acenaphthylene, fluoranthene, 

benzo[a]anthracene, chrysene, benzo[e]pyrene, benzo[a]pyrene, and indeno[1,2,3-cd}pyrene in 

both daytime and nighttime samples. Significantly higher concentrations were also found for 

benzo[ghi]perylene and coronene in daytime samples. Homes where smoking took place 

also showed elevated indoor concentrations for diethylphthalate, butylbenzylphthalate, and 

di-2-ethylhexylphthalate although the difference was not statistically significantly different at 

the 0.05 level. Homes with cooking and other smoke sources exhibited slightly higher but 

not significant (at the 0.05 level) air concentrations of some of the PAHs and phthalates. An 

automobile starting in an attached garage resulted in higher di-n-butylphthalate air 

concentrations in both daytime and nighttime indoor air samples. No differences in indoor 

air concentrations were evident for any of the PAHs for this source category. 

Table 8-30 examines the effect of proximity to a busy roadway to both indoor and 

outdoor air concentrations at a home. Data are presented for both the daytime and nighttime 

monitoring periods. Outdoor/nighttime samples showed the greatest concentration 

differences· between source and non-source homes for all PAHs. Both daytime and nighttime 

samples showed a slightly higher indoor air concentrations for the particulate phase P AHs, 

although the differences were not significant at the 0.05 level. 

To further evaluate the effect of smoking, indoor/outdoor air concentration ratios 

were calculated for each home where quantifiable values were found in both samples. 

Geometric mean concentration ratios were then calculated for homes with and without 

smoking. Results in Table 8-31 compare concentration ratios for those compounds that had 

higher ratios when smoking was present in the home. Results show only small increases in 

PAH indoor/outdoor concentration ratios in homes where smoking took place. There were 
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TABLE 8-31. THE EFFECT OF SMOKING ON GEOMETRIC MEAN JNDOOR/OUTDOOR AIR 
CONCENTRATION RATIOS FOR PAHS AND PHTHALATES 

Geometric Mean Concentration Ratio• 

Day Night 

Compound Exposed Not Exposed Exposed Not Exposed 

PAHs 

3-Rings 
Acenaphthylene 
Phenanthrene 
Anthracene 

3.3 
.e 

1.6 

(S)o 
(6) 

(4) 

1.8 (25) 

(28) 

0.1 (16) 

057 (6) 
0.6 (6) 
0.92 (6) 

0.45 (22) 

- (34) 

0.78 (24) 

4-Rings 
Fluoranthene 
Pyrene 
Benzo(a]anthracene 
Chrysene 

0.87 

15 
1.1 

(6) 
(6) 

(4) 
(6) 

0.74 (21) 
(28) 

13 (3) 
0.60 (15) 

0.77 (4) 
0.77 (7) 

0.79 (5) 

0.87(5) 

0.73 (3) 
0.75 (35) 

0.65 (10) 
0.61 (29) 

S-Rjngs 
Benzo(e)pyrene 
Benzo(a)pyrene 

1.4 
2.2 

(6) 
(5) 

0.87 (13) 
0.82 (8) 

0.80 (5) 

0.78 (5) 

0.58 (25) 

0.66 (25) 

6-Rings 
Indeno(l,2.3-cd)pyrene 
Benzo(ghi)perylene 

1.3 
1.3 

(4) 
(6) 

.99 (7) 

1.1 (21) 

0.83 (S) 

0.88 (7) 

0.66 (18) 

0.65 (31) 

7-Rings 
Coronene 13 (6) 1.1 (15) 0.83 (6) 0.69 (23) 

Pm'HALATFS 

DiethylphthaJate 
Butylbenzylphthalate 
Di-2-ethylhexylphthalate 

45 

-
11 

(1) 

(11) 

(2) 

3.8 (5) 
(23)-

2.4 (1S) 

• (1) 

• (13) 

3.3 (2) 

(7)-
(24)-

2:J (10) 

• Calculated using quantifiable amounts only. Sample sizes were not adequate for ats of significance. 
b Number of samples; numbers were low because outdoor data were available for less than half the homes; 

questionnaire data were missing and air concentrations were below the MQL. 
c Geometric mean concentration for the exposed group was lower than for the not exposed group. 
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only a very small number of homes in the smoking group that had both indoor and outdoor 

monitoring data. Although all data were used (including air concentrations below the MQL), 

no further analyses were performed with the data. 
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SECTION 9 

QUALITY CONTROlJQUALITY ASSURANCE 

No formal Quality Assurance Project Plan (QAPP) was prepared for this study; 

although a program of Quality Assurance and Quality Control activities was included as a 

part of this research program. A formal QAPP was prepared as part of the EPA PTEAM 

study that incorporated the monitoring activities performed on this study. The activities 

specific to this chemical characterization study included: 

Meeting with project management to discuss QA matters, 

Conducting systems audits of major project components, 

Monitoring situations requiring corrective action, 

Monitoring analysis of QC samples, and 

Submitting reports. 

A Quality Assurance Statement which summarizes audits, reviews, and inspections is 

included in Appendix K. Results for quality control samples and a discussion of 

performance for the P AH and phthalate monitoring method is given in Section 7.2.2. 
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APPENDIX A 

Participant Consent Forms 





Expires: June, 1992 
THE PERSONAL EXPOSURE STUDY OF AIRBORNE PARTICLES IN RIVERSIDE 

Participant Consent For-. 

I understand that the Research Triangle Institute, (RTI) under contract fr011 the 
United States Environmental Protection Agency (EPA), is engaged in a study of the 
potential exposure to certain substances by residents of Southern California living in 
areas having varying levels of these substances in the environment. I understand that 
this study is being conducted in order to help measure the levels of exposure to the 
selected substances in populations environmentally exposed, and is limited to the 
purpose stated. I further understand that the survey is being conducted in 
cooperation with and under co-sponsorship of the California Air Resources Board 
(CARB). 

I do hereby freely consent to participate in this study of potential exposure to 
selected chemical compounds and substances and understand that my participation will 
consist of providing~ 2! all of the following data: (1) answers to questions
related to environmental exposure and work and living conditions, (2) a record of my
activities and locations during the time that I am being 110nitored, (3) responses to 
supplementary questions about activities of interest that I have undertaken, (4)
samples of the air that I breathe collected through the use of a personal exposure
monitor (PEM), and (5) samples of the air inside and outside my home collected through
the use of a fixed location, micro environmental monitor (HEM). 

I understand that an agent of the Research Triangle Institute will administer the 
questionnaire in my home, and at the same time make arrangements regarding collection 
of the environmental samples. I understand that I will receive an incentive payment
of one hundred dollars for my complete participation. I understand that a saall 
number of households will be selected for the collection of duplicate samples (to be 
collected at the same time as the original samples) but that such selection would not 
entitle me to further compensation. 

I understand that my name will not be voluntarily disclosed, and that my name will not 
be referred to in anyway when compiling and evaluating the results of the study. I 
understand that participation in this study may result in no direct benefits to me, 
other than the results of ■y sample analyses which I will receive upon written 
request, and that I am free to withdraw at anytime. It has been explained to me that 
there are no significant risks to me from participation in this study. I further 
understand that while participating in this study I will be free to ask any questions
concerning the study. If I have any further questions about the project, I kn~ that 
I am free to contact: 

Harvey Zelon, RTI ) Telephone, toll-free 1-800-334-8571, or 
Michele Hoffman, RTI 

Lance Wallace, USEPA Telephone (703) 349-8970, or 

Liz Ota, CARB Telephone {916) 323-1503. 

Participant Name: 
(Print) (Signature) 

Participant ID: Date: __!__!__ 

Chemistry ID: (PLACE LABEL HERE) 

Witness: Guardian:-----------





APPENDIX B 

Refusal Documentation and Conversion Form 





---------

----
----------------

-------------

REFUSAL DOCUMENTATION AND CONVERSION FORM 

A. Case Identification: 

1. Respondent's ID: - - - -
2. Respondent's Name: ___________ 

3. Respondent's Address: __________ 

4. Telephone Number: ____________ 

B. Initial Refusal Infonnation: 

1. Date of Contact:_!_!_ 

2. Time of Contact: 

3. Reason for Initial Refusal: 

4. Strength of initial refusal: 

Strong_ Moderate, but firm Moderate, not firm_ Mild 

S. Estimate of probability of success of conversion attempt: 

Medium Low_ 

6. Things to try during recontact:______________ 

7. Things to avoid during recontact: 

8. Disposition (FS USE ONLY): 

_ Recontact by new FI: Assigned to:_______ Date:---
_ Recontact by FS 

_ Recontact by Home Office: Date called to RTI: ____ 

No further contact 



--

C. Recontact Infonnation 

1. Date:_/_/_ 

2. Time:----
3. Result of recontact effort: 

No contact made after several attempts 

Finn refusal at door, no further effort suggested 

Continued refusal after recontact COMPLETE QUESTIONS 4 &5 

Conversion COMPLETE QUESTION 4 

4. Items discussed and infonnation provided during recontact: 

5. Reasons for continued refusal [CHECK ALL THAT APPLY. PROBE FOR EACH 
OF LISTED REASONS IF NOT MENTIONED]: 

_ Fixed monitoring equipment in home:___________ 

_ Wearing the personal monitor:______________ 

_ Multiple Appointments: ________________ 

_ Restrictive Scheduling of appointments: __________ 

_ Can't carry monitor to worlc: ______________ 

_ Other (Specify): __________________ 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON. D.C. 204&0 

September,1990 
OFFICE Of 

Rf.SEAR:H AICJ OEVELOPt.ENTDear Riverside Resident, 

As you may know, smog and haze in Riverside and other areas in the Los 
Angeles basin are harmful to the health and well-being of our citizens. We 
have recently become aware that indoor air pollution can also cause health 
problems. The U.S. Environmental Protection Agency (EPA) and the 
California Air Resources Board (ARB) have joined forces to carry out a 
major study of air pollution in Riverside. This study has the full support
of the Riverside City Council. 

_We are writing to ask for your cooperation in the study. After a brief 
initial interview, some persons will be invited to take part in a second 
phase of the study. If you are invited and choose to participate in the 
second phase, you will receive one hundred dollars ($100) fo~your help. 

Your family has been chosen as one of a small group of families to 
participate in the first part of the study. Each household in Riverside 
was given the same chance of being selected. Because you will be 
representing other families like your own, your participation is vital to 
the success of the study. 

In the next week or two, an interviewer from"ftesearch Triangle
Institute, which is carrying out the study for us, will visit your home and 
ask for your cooperation. The interviewer will be wearing an 
identification badge. This first interview will normally take less than 1S 
minutes. All of the information you provide will be kept confidential. 
The interviewer will be glad to answer all your questions. 

For the second part of the study, one member of some of the sampled
families will be asked to wear a small monitor for 24 hours to measure his 
or her exposure to air pollution, and will be asked to provide information 
on his or her activities during that time. In addition, these families 
will be asked to allow monitors to be placed in their homes to measure 
pollution levels. The 110nitors are completely harmless, and all the 
information obtained will be kept strictly confidential. 

We urge y,u to take part in this important scientific study. Further 
details of the study are given in the enclosed brochure. If you have any
questions, please call one of the numbers given at the end of the brochure. 

f_;,1. ,s~ fL- R../4.t. ◄ --• .. d~~~ 
Erich Bretthauer, Ph.D. 
Assistant Administrator 
Office cf Research 

and Development
US Environmental 

John R. Holmes, Ph.D. 
Chief, Research Division 
California Air 

Resources Board 

Terry/frizzel
Mayor
City of Riverside 

PrwHOt'IR«r"""'""' 
Protection Agency 





WHO IS ShlNSORING THE STUDY? 

The U.S. EPA and the California ARB a>nncled 
wilh Re9earch Trianale lnstitule (R11) and Hanard 
Univeniry School o( Public Health IO carry OUI lhe 
study. Rn is I not-for-pof'II racarch inslitu&o in 
North Carolina 1h11 hu previously conducted IIUdiel 
of people's exposures IO chemicals. The Harv.-d 
University School of Public Heallh iJ world­
renowned for iu wort on indoor lit poUulion Cllned 
by paticlol. 

WILL MY DATA BE KEPT 
CONFIDENTIAL? 

Yea. 1becomncton will keep ID Ibo lnfonnalioa 
you provide complCldJ c:onlidelllilL Only 109 wiD 
recdve dlla about yourself and your home. No one 
ehe, not ewn die 1pon1ortn1 ~ qmclel. 
will ewr bow who panidpllc,d In lhe lbldy. 

WHO DO I CONTA\;T IF I WANT 
MORE INFORMATION? 

If you would lib more lnfonnalion about any pe,1 ol 
die 11Udy, or hive Ill)' questions about the slUdy and 
)Ola' paticipation. pkuo feel free 10 call: 

Mr. u.ve, 7.eJoa 
Project Mlnlga 
Research Trianale Jnaillde 
Tolepbone-ToU free: (800) 334-8'71 

Dr. lmlce Wallace ' · 
EPA Projc,ct Coordinllor 

- U.S. En•iroamc:alal Protecdoa Ase-:, 
Tdepboee - (103) 349-8970 

Ms.UzOII 
ARB Project CoordinalOI' -
Calif'oraiaAlrltaourca BCNll'd 
Telephone. (916) 32:l-1503 

The Personal 
Exposure Study of 

Airbome 
Particles 
•1n 
Riverside 



NHAT IS Th1d STUDY? 

r1tlJ it amajor study of human nposun 10 environ• 
nenlll pollution. Us toal ls lo collttt Information 
,n ptt,p\t•1 actul t:Xpo5Uff1 to selttttd pollututs 
WI that~ U.S. Eavlronmnt.al Prottttlon Al'flKJ 
(EPA) and tht Callfonla Alr Rnourttt Board 
(ARB) cu dntlop tbt best 1tratt1iH for 
prottcd111 pablk btaUll. Similar studies have been 
conducted in citi.et acrou lhe United Swes, indud· 
ing ,even) in California. Th.is i.J the rant b.rge-,cale 
«udy IO mu.sure the amount and k.ind ol parucles 
that people &18 brealhinJ u they go about their 
IIOfflW activiuet. 

WHAT PARTICLES ARE BEING 
MEASURED AND WHY? 

The study will measure lhe tiny particles which are 
typically present in the air Md which Clift be brealhM 
deep I.No the lungs. The5e include d""'-smoke, ,oot. 
l!h, pollen, fungi, and fibe:n. They may contain 
YI000.1 chetnicalJ a.nd meta1s, and I.hey may CatUe 

difficulty brcalhing, c:specw.ly for people with 
Mduna. AlJagicl. lftll other respiralory dittatet 

WHAT Will I BE ASKED TO DO? 

WHY SHOULD I PAn OCIPATE? 

Bec.au,e you have been sekclcd to ,qnsent many of 
your fellow Riverside residenlJ, your partkipatkln is 
very important Lo lhc succeu or lhc study. You wiU 
have the satisf1iction ol k.nowi ng you have coo trib­
u~ to an important sciefttiric slUdy-very few 
people ever have such • chance. Many of our 
pa,ucipants in JRVN)US studie., have sa.id they 
enjoyed participating and kaming about their soon:es 
or exposure. 

We relliie thal yoo wiU need 10 spend ,ome lime 
antwering our questions and wiU be canyin1 a 
rnonilOr &nMmd (or 2A houn - therefore. we will 
&lvt JCHI $100.00 lmatdllttl7 ll'ltr yo. complete 
Ibe •oellori111 ptr lod. You wiU also receive a copy 
of an EPA public.a.tm, Tlw IIUitk Stc,ry, which 
provides many valuable hints about how 10 improve 
the quality of I.he air in your home. MW all the 
samples collecl.ed in the study have boen analyud, 
we will tend yoo the information about the exposures 
measured for you and your home. 

WOULD I BE ASKED TO b ,AY HOME 
FROM WORK OR TO CHANGE MY 
ACTIVmES? 

Quite the contrryl It it imponanc 10 u, thac you 

behaYC exactly u normal oo the day you participllle. 
You can ~ lhe monilOr or keep it nearby dtmJ 
your WOft. ,ocial, and recreational activines. 

WHY DO PEOPLE NEED TO BE 
MONITORED? 

To de&ennine health rub, we must rint undcrstlftll 
people'• ex~ 10 pollut.a.nts. Became peopk n 
mobile, spending lime M home. M wort. in their an, 
5hoppin1, etc., we can oto.in an aoc1r11ie ~ ol 
people's CXpoi5lllCI only by havin& them wear 
pcr,onal moniKn u lhey move •bout durin,: 1he day. 
In addition. srudk:s have shown I.hat the sreatest 
ellposure IO many polluWltJ comes from indoor 
90WttJ and activitie.,, such u sm-Obnt, oookin1, lftll 
eYen dlilting and V11Cwming. Therdore, we want IO 
me.uu:rc the air imidc and oo~de your home to 
comp,ire it to your pcr,onal air samples.. 

PHASE 1 

Bwiry household receiving !hit brochme will be 
vi.tit.t.d by m intervicwtt from Raean::h Triangle 
lnstinae. & scientiflC ~ orpni1.,1ion. The 
initial intcmow will normally Like leu than l5 
minUICS. The lnt.uviewa may then ask or.c 
pcnoo in yoc. hoo.!lchotd to be I puticip111t in 1he 
ICCOOd phase of the IIUdy. 

PHASE2 

tr you or • rnembtt of your household Is invhed to 
partieiplle in lhe secood ptwe or the study. you 
'WiU be asbd 10 well ot eany a smal.l pel'SO\ll 
moni10r for2A hours, as will 174 other residcnu of 
Riven:ide. Similar monitoo will be ptliCCd in 
your living room and ooldoon tor I.he woe time 
period. You will also be med questions thout 
yow acdvilies while you were weann1 the 
monitot, One or IWO days before lhe monilOl'I are 
placed in your hame, • technician will pllce a 
small rube contai.nin1 aharmJess and odorle.u 
material in yoor lune Ill measure lhe amount of 
air movin1 inlO Md out ot your home. 

WHAT ARE THE MONITORS LIKE? 

The person.al monitor u • small. quid. batttty. 
opera~ pump with I small fi11tt at.lC.hed. You c,n 
wear it in I.he hip pack Of s.maJI blicq,eck thll we 
provide. It weighs only• rcw pow,d.t and is perfectly 
safe. The indc:xv' and oot.doot monitcn arc an.all 
boxes with pumps and filtro1. They will be pbad ill 
out-of-the-way places in yoor living area and yard. 
Because lhey are made or lw:mless maittws. no 
~age wiU resull lO you (If your home under Ill)' 
CU'CUmstance.s. You are not liable "lhe rncnilOr SIOpl 

working or is damaged. 

https://eiposu.re
https://collecl.Cd
https://person.al
https://public.a.tm
https://c:specw.ly
https://Eavlronmnt.al
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