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 PAHs and phthalates.

e Indoor and outdoor concentrations for PM;; and PM, .

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

" arsenic, cadmium, chromium, beryllium, and manganese.

s Air exchange rate measurements.

* Results from the time/activity survey.

Except for the air samples for PAHs 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 limit, 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

e — —

Analysis Objective

Primary Type of Statistical
Models/Analysis

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

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

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

Weighted univariate statistics® 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 contribution to indoor
concentration in each home using simple indoor
air model. Unweighted univariate statistics on

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). results.
5. To correlate PAH and phthalate Unweighted correlations among compound
concentration values with other pollutant concentrations.

data collected on PTEAM.

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

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

Mean concentrations calculated for homes with
various sources. Differences tested for
significance.

Mean concentrations 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.

W
# 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
évaluate whether PAH and phthalate exposures are principally from indoor or outdoor
microenvironments, unweighted Spearman’s rank correlations between indoor and outdoor
samples were calculated. Univariate statistics (like those indicated above) were also
calculated for the ratio of indoor to outdoor air concentrations. In addition, indoor source
strengths for PAHs and phthalates were calculated 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 calculated for these estimates.

To study the relationship between different compounds (Objective 5), unweighted
Spearman’s rank correlations were calculated for all four sample types (indoor/night,
indoor/day, outdoor/night, and outdoor/ day). Correlations were performed for the PAH
and phthalate concentrations measured in this substudy as well as the particulate and metal
concentrations measured as part of the main study. Similar correlations were caiculated for
indoor air concentrations of PAHs in homes with tobacco smoking during the monitoring
period.

To invéstigate the possible sources and activities contributing to residential indoor
levels of PAHs 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
r:lonexposed 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).

82  METHOD QUANTIFIABLE LIMITS

The method quantifiable limit (MQL) is the minimum concentration at which a
chemical can be quantitatively measured in a sémple 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 vaﬁabiﬁty 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 molecular weight
I;AHS, MQL values were estimated based on the lowest calibration samples.

For the analysis of PAHs 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 mass (ng) -

(81
sample volume (m?

MQL (ng/m®) =

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 this
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
thh 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 BKkF 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 PHTHALATES
MQL (ng/m?3)
Compound n? 10th percentile median 90th percentile maximum
PAHs
3-Rings
Acenaphthylene 339 0.89 1.0 1.3 2.0
Phenanthrene 339 24 28 36 53
Anthracene 339 0.15 0.18 0.23 0.34
4-Rings
Fluoranthene 339 0.91 1.1 14 20
Pyrene 339 0.48 0.57 0.72 1.1
Benzo[aJanthracene 339 0.09 0.11 0.13 020
Chrysene 339 0.08 0.09 0.12 0.17
5-Rings
Benzo[k]fluoranthene 339 0.07 0.08 0.11 0.16
Benzole]pyrene 339 0.07 0.08 0.11 0.16
Benzo[a]pyrene 339 0.07 0.08 0.11 0.16
6-Rings
Indeno[1,23-cdlpyrene 339 0.19 0.22 029 042
Benzo[ghilperylene 339 0.13 0.15 0.19 0.29
Z-Rings
Coronene 339 021 0.24 0.31 046
PHTHALATES
Diethylphthalate 339 63 80 100 150
Di-n-butylphthalate 339 12 14 18 - 27
Butylbenzylphthalate 339 43 51 64 9.6
Di-2-ethylhexylphthalate 339 21 24 31 46
Di-p-octylphthalate 339 28 32 41 6.1
e = ———

# 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.

83  COMPOUND PREVALENCE

The percentage of samples with air concentrations above the MOQL (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 PAHs 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[alanthracene, in outdoor/daytime
samples. With the exception of benzo[alanthracene, all of the 3- and 4-ringed PAHs 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 vc;xlues, whereas outdoor/daytime s#mples showed the

lowest.
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TABLE 8-3. WEIGHTED PERCENT OF SAMPLES WITH REPORTED AIR CONCENTRATIONS
ABOVE THE METHOD QUANTIFIABLE LIMIT

F e e e e e e e

Percent Quantifiable
__Indoor Qutdoor
Compound Night Day Night Day

PAHs

3-Rings

Acenaphthylene 763 779 86.8 675

Phenanthrene 989 100 90.1 927

Anthracene 87.6 86.4 732 695

4-Rings

Fluoranthene 810 80.8 903 730

Pyrene 989 984 953 . 927

Benzo[aJanthracene 563 491 564 448

Chrysene 847 803 887 897

5-Rings

Benzo[k}fluoranthene* 339 394 386 235

Benzolejpyrene 743 728 882 695

Benzo[alpyrene 75.0 681 81.7 492

6-Rings

Indeno(1,2,3-cd]pyrene 686 685 534 484

Benzo[ghilperylene 877 894 100 79.9

7-Rings

Coronene 774 775 846 60.1
PHTHALATES

Diethylphthalate 98.4 949 170 142

Di-n-butyiphthalate 990 100 615 526

Butylbenzylphthalate 957 938 110 119

Di-2-ethylhexylphthalate 90 100.0 258 610

Di-n-octylphthalate 305 36.1 18 18
Sample Size 113 115 53 42

* Unweighted estimate.



In evaluating the percent measurable results, it should be kept in mind that all of the
iarget PAHs 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 PAHs should
also be present. During the combustion process, the volatile 3- and 4-ringed PAHs 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 arise primarily from indoor sources and that most of the exposure to
airborne phthalates will occur indoors.

84  CONCENTRATION STATISTICS

Based on the relativity high percent quantifiable values calculated above, weighted
descriptive statistics for measured air concentrations were calculated for all of the target
PAHs and the phthalates (except BkKF). 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 84. WEIGHTED DESCRIPTIVE STATISTICS FOR NIGHTTIME OUTDOOR AIR CONCENTRATIONS (ng/m>

= — e e —— o 3
Percentiles
Arithmetic Geometric
Median »
Compound n* MQL  Mean  SEP Mean SE. 10th  25th  S50th  75th 90th Maximum®
PAHs '
3-Rings
Acenaphthylene 52 1.0 13 24 58 18 N 18 6.9 19 35 54
Phenanthrene 53 28 13 14 10 18 41 75 12 16 22 39
Anthracene 53 0.18 071 0.10 043 0.09 NQ NQ 057 1.0 16 27
4-Rings
Fluoranthene 53 1.1 24 0.21 20 0.23 NQ 18 23 29 41 63
Pyrene 53 057 23 0.20 19 020 059 15 20 28 40 6.6
Benzolalanthracene 53 on 0.21 0.03 012 0.02 NQ NQ 013 0.36 0.56 090
Chrysene 53 0.09 041 0.05 0.27 0.03 NQ 0.4 0.21 0.64 1.0 15
5-Rings .
Benzolelpyrene 53 0.08 0.35 0.04 023 0.03 NQ 010 022 0.55 0.85 13
Benzofa]pyrene 53 0.08 0.44 0.07 023 0.04 NQ 008 0.19 0.66 14 24
6-Rings
Indeno(1,2,3-cd]pyrene 52 0.22 0.67 0.09 0.34 0.07 NQ NQ 034 11 16 35
Benzo{ghilperylene 53 0.15 14 0.19 0.81 012 0.24 0.33 0.83 21 a 79
7-Rings ;
Coronene 53 024 1.2 0.17 0.69 0.10 NQ 031 055 19 29 69
PHTHALATES ' '
Diethylphthalate 53 80 99 56 NQ - NQ NQ NQ NQ 140 3300
Di-n-butylphthalate 53 14 37 13 16 3.2 NQ NQ 18 38 57 630
Butylbenzylphthalate 53 5.1 NQ - NQ - NQ NQ NQ NQ 6.7 47
Di-2-ethylhexylphthalate 53 24 NQ - NQ - NQ NQ NQ 26 38 95

Di-n-octylphthalate 53 32 NQ - NQ . NQ NQ NQ NQ NQ 34

* 1 = Number of observations.
bgE = Standard Error.

¢ Sample maximum, not weighted.
4 NQ = Not quantifiable (below the method quantifiable limit).
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TABLE 85. WEIGHTED DESCRIPTIVE STATISTICS FOR DAYTIME OUTDOOR AIR CONCENTRATIONS (ng/m®)

Percentiles

Median Arithmetic Geometric
18
Compound n* MQL  Mean _ SEY Mean SE 10th _ 25th__ 50th ___ 75th 90th  Maximum¢
PAHs
3-Ringed
Acenaphthylene 4 10 38 093 23 059 NQ4 11 18 48 12 18
Phenanthrene 42 28 10 15 83 15 30 50 88 13 20 32
Anthracene 42 018 042 0.06 0.32 007 NQ 018 036 059 085 12
4-Ringed
Fluoranthene 42 11 26 0.40 21 039 NQ 13 22 33 48 88
Pyrene vVl 057 21 0.33 17 032 068 099 18 28 41 63
Benzo(a)anthracene 42 011 0.15 0.03 NQ - NQ NQ NQ 02 037 050
Chrysene 42 009 036 0.07 0.27 005 010 015 024 048 0.84 14
5-Ringed
Benzo(e)pyrene 42 008 022 0.04 0.16 003 NQ 008 013 033 059 069
Benzo(a)pyrene 42 008 017 0.04 0.11 002 NQ NQ 009 022 035 094
6-Ringed
Indeno(1,2,3-cd)pyrene 39 022 040 0.09 NQ - NQ NQ NQ 054 12 15
Benzo(ghi)perylene 41 015 072 0.14 042 010 NQ 017 03 11 15 29
7-Ringed
Coronene 42 024 057 012 0.34 008 NQ NQ 036 094 12 23
PHTHALATES
Diethylphthalate 42 80 NQ - NQ - NQ NQ NQ NQ 110 660
Di-n-butylphthalate 42 14 19 42 NQ - NQ NQ 16 24 33 110
Butylbenzylphthalate 42 5.1 NQ - NQ - NQ NQ NQ NQ 53 1
Di-2-ethylhexylphthalate 42 24 42 98 28 38 NQ NQ 28 51 65 570
Di-n-octylphthalate 42 32 NQ - NQ - NQ NQ NQ NQ NQ 41
e s = - —~— . - - ot 1o~ - -~ .~ - - - - - s e e etetvedtel e - - e e e e = = 3

* n = Number of observations.
b S.E. = Standard Error.

¢ Sample maximum, not weighted.

d NQ = Not quantifiable (below the method quantifiable limit).
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TABLE 86 WEIGHTED DESCRIPTIVE STATISTICS FOR NIGHTTIME INDOOR AIR CONCENTRATIONS (ng/m?

Arithmetic Geometric

Percentiles

Median
Compound n* MQL Mean SEP " Mean SE. 10th 25th  50th  75th  90th  Maximum®
PAHs
3-Rings
Acenaphthylene 109 10 31 24 29 0.80 NQd NQ 38 89 16 2900
Phenanthrene , 113 28 17 15 15 11 81 11 15 20 28 140
Anthracene m 0.18 1.2 047 0.44 0.06 NQ 0.28 0.47 0.75 1.2 30
4-Rings
Fluoranthene 113 11 20 0.30 16 013 NQ 11 1.6 23 28 34
Pyrene 113 0.57 26 066 1.7 013 0.83 1.2 16 22 27 79
Benzo{alanthracene 103 on 0.16 0.02 NQ . NQ NQ on 0.15 0.32 23
Chrysene 106 0.09 0.29 0.03 0.18 0.02 NQ 0.11 017 0.30 0.61 30
5-Rings
Benzole]pyrene 110 0.08 038 0.15 0.14 002 NQ NQ 0.15 0.31 0.47 19
Benzolalpyrene 112 0.08 0.77 0.45 017 0.02 NQ NQ 0.20 0.40 0.70 56
6-Rings
Indenol1,2,3cd]pyrene 110 022 11 051 031 0.06 NQ NQ 0.39 078 14 64
Benzo[ghilperylene m 0.15 24 14 0.62 0.10 NQ 0.28 0.61 15 23 170
7-Rings 7 .
Coronene 113 0.24 1.7 0.75 058 0.09 NQ 0.30 0.61 13 23 96
PHTHALATES

Diethylphthalate 113 80 420 38 320 K| 140 190 340 510 810 2100
Di-n-butylphthalate 113 14 580 110 410 64 160 260 390 640 1500 2200
Butyibenzylphthalate 113 5.1 51 44 30 38 8.7 17 35 69 120 250
Di-2-ethylhexylphthalate 113 24 100 74 91 6.3 51 68 93 120 170 330

~_r_\_-octylphthalate 110 3.2 70 NQ - NQ NQ NQ NQ NQ 46 180

* n = Number of observations

b SE. = Standard Error.

€ Sample maximum, not weighted.

4 NQ = Not quantifiable (below the method quanﬁﬁable limit).
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TABLE 8-7 WEIGHTED DESCRIPTIVE STATISTICS FOR DAYTIME INDOOR AIR CONCENTRATIONS (ng/m*

Arithmetic Geometric Percentiles
Median
Compound n* MQL Mean  SEP Mean SE. 10th 25th 50th  75th  90%th  Maximum®
PAHs
3-Rings
Acenaphthylene 13 10 1n 44 27 0.77 Ngd NQ 35 76 15 530
Phenanthrene 114 28 19 17 16 1.3 85 12 16 21 32 150
Anthracene m 0.18 0.86 023 0.38 0.05 NQ 0.25 0.41 0.68 10 24
4-Rings
Fluoranthene 113 11 23 0.38 18 0.18 NQ 13 1.7 25 a1 40
Pyrene 114 0.57 29 0.75 19 0.16 0.93 1.3 18 23 36 92
Benzolalanthracene 109 o1 0.16 003 NQ - NQ NQ NQ 0.17 038 23
Chrysene 107 0.09 0.28 0.04 0.18 0.02 NQ on 0.16 0.27 0.63 29
5-Rings . . .
Benzole]lpyrene 110 0.08 037 0.12 0.16 002 NQ 0.08 017 0.32 060 - 15
Benzolalpyrene 110 0.08 0.52 024 0.14 0.02 NQ NQ 0.14 0.32 0.77 30
6-Rings
Indenol{1,2,3-cd]pyrene 107 0.22 1.1 0.39 0.3 0.08 NQ NQ 042 0.87 17 19
Benzolghi]perylene 115 0.15 21 0.89 0.69 on 0.16 031 074 16 a5 120
Z-Rings .
Coronene 115 0.24 15 047 0.64 0.09 NQ 0.28 068 16 23 63
PHTHALATES ' |
Diethylphthalate 114 80 450 47 340 k7] 130 200 340 530 840 2800
Di-n-butylphthalate 114 14 630 97 460 56 190 260 420 740 1300 3100
Butylbenzylphthalate 115 51 62 78 36 45 85 17 34 85 140 390
Di-2-ethylhexylphthalate 115 24 140 12 110 86 59 71 110 170 240 1000

Di-n-octylphthalate 110 32 16 5.7 NQ - NQ NQ NQ 5.1 9.7 560

* n = Number of observations,

b SE. = Standard Error.

¢ Sample Maximum, not weighted.

4 NQ = Not quantifiable (below the method quantifiable limit).
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TABLE 8-8. WEIGHTED DESCRIPTIVE STATISTICS FOR COMBINED DAYTIME/NIGHTTIME
OUTDOOR AIR CONCENTRATIONS (ng/m?

Arithmetic Geometric Percentiles

Median
Compound n* MQL  Mean  SEY Mean  SE. 10th  25th  50th  75h  S0th
PAHS
3-Rings
Acenapthylene 34 1.0 7.7 21 42 1.6 NQ*¢ 20 44 99 21
Phenanthrene 36 28 11 18 94 2 34 6.4 11 15 18
Anthracene 36 0.18 855 . 010 041 0.11 NQ 0.21 055 0.74 10
4-Rings
Fluoranthene 36 1.1 25 0.36 2.1 037 NQ 1.5 22 3.2 45
Pyrene 36 057 22 031 19 0.31 098 14 20 25 39
Benzolalanthracene 36 o1n 0.18 0.35 0.12 003 NQ NQ NQ 026 0.46
Chrysene 36 0.09 0.39 0.06 0.28 0.05 0.2 0.16 0.22 056 095
5-Rings
Benzole]pyrene 36 0.08 0.28 0.05 0.20 0.03 NQ 01 018 042 0.60
Benzolalpyrene 36 0.08 0.30 0.06 0.18 0.04 NQ 0.09 0.16 0.49 084
6-Rings
Indeno(1,2,3-cd}pyrene 32 0.22 051 0.11 0.29 0.09 NQ NQ 0.30 0.68 12
Benzo{ghilperylene 35 015 1.0 0.20 0.66 014 0.20 0.30 0.69 13 20
7-Rings '
Coronene 36 0.24 083 010 054 0.10 NQ 0.29 0.46 12 20
PHTHALATES

Diethylphthalate 36 g - 8 43 NQ - NQ NQ NQ NQ 120
Di-n-butylphthalate 36 14 34 12 19 45 NQ NQ 18 33 47
Butylbenzylphthalate . 36 5.1 NQ - NQ . NQ  NQ NQ NQ NQ
Di-2-ethylhexylphthalate 36 24 30 54 NQ - NQ NQ NQ 39 45
Di-n-octylphthalate 36 32 NQ - NQ - NQ NQ NQ NQ NQ

2 n = Number of observations,
b5 E. = Standard Error.
¢ NQ = Not quantifiable (below the method quantifiable limit).
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TABLE 89. WEIGHTED DESCRIPTIVE STATISTICS FOR COMBINED DAYTIME-NIGHTTIME
INDOOR AIR CONCENTRATIONS (ng/m?

Arithmetic Geometric Percentiles

Median
Compound - n* MQL  Mean  SEP Mean SE. 10th  25th  50th  75h  90th
PAHS -
3-Rings
Acenapthylene 101 1.0 22 16 32 0.81 NQ* 14 39 80 n
Phenanthrene 104 28 18 1.7 16 1.2 85 1 15 20 30
Anthracene 100 0.18 0.1 0.32 047 062 NQ 030 049 066 11
4-Rings
Fluoranthene 103 11 22 0.37 17 0.16 NQ 13 16 22 28
Pyrene 104 057 28 0.78 18 0.15 090 13 18 22 28
Benzola}anthracene 91 0.1 0.16 0.02 0.11 0.01 NQ NQ 0.11 018 0.30
Chrysene 9 0.09 030 0.03 020 002 NQ 012 018 033 058
5-Rings
Benzole]pyrene 98 0.08 0.39 0.15 017 002 NQ 008 015 032 051
Benzola|pyrene 100 0.08 0.70 0.40 018 003 NQ 008 019 03% 065
6-Rings
Indenof1,2,3-cd]pyrene 97 0.22 11 052 039 007 NQ 020 039 082 14
Benzo|ghilperylene 103 0.15 24 13 072 o011 019 035 . 084 14 23
7-Rings
Coronene 105 0.24 17 0.68 065  0.10 NQ 031 075 13 20
PHTHALATES

Diethylphthalate 104 80 430 1 350 30 150 210 350 540 850
Di-n-butylphthalate 104 14 620 110 470 64 180 300 410 720 1500
Butylbenzylphthalate 105 51 56 56 37 39 98 18 35 73 140
Di-2-ethylhexylphthalate 105 24 120 1 110 79 59 75 103 150 215
Di-n-octylphthalate 102 32 1 46 NQ NQ NQ NQ NQ 41 67

D - = 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 benzola]pyrene are summarized graphically in Figure 8-1
which shows estimated air concentrations in each of the four sample types.

PAH data show several interesting trends. First, relative air concentrations for the
individual PAH 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/md) followed by acenaphthylene (1.8 to 6.9 ng/ m?), fluoranthene (1 6 to 2.3
ng/m?>), and pyrene (1.6 to 2.0 ng/m?). 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[alpyrene (0.09 to 0.20 ng/m?) and benzo[e]pyrene (0.13 to 0.22 ng/m>).

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 woodstoves and fireplaces which are considered
one of the primary sources of indéor air PAHs. In addition, less than 30% of the homes

reported any smoking.
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TABLE 8-10. UNWEIGHTED AIR CONCENTRATION STATISTICS FOR BENZO[KJFLUORANTHENE - -
QUANTIFIABLE VALUES ONLY

Concentration (ng/m%?*

Statistic Indoor Outdoor
Arithmetic Mean 1.7 12
Standard Deviation 48 0.99
Percentiles

10th 022 0.26

25th 032 041

SOth 0.62 0.76

75th 11 19

90th 30 28
Range 009-35 014-34
Number of samples 90 ' 33

* Day and night concentration data combined.
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TABLE 8-11. WEIGHTED MEDIAN AIR CONCENTRATIONS (ng/m® FOR PAHs AND PHTHALATES

. A A — o =
Compound Indoor-Day Indoor-Night  Outdoor-Day  Outdoor-Night
PAHSs
3-Rings
Acenaphthylene 35 38 18 69
Phenanthrene 16 15 88 12
Anthracene 041 047 . 036 057
4-Rings
FRuoranthene 17 16 22 23
Pyrene 18 16 18 20
Benzofajanthracene NQ* 0.11 NQ 013
Chrysene 0.16 017 0.24 021
5-Rings
Benzolejpyrene 017 0.15 0.13 022
Benzo[alpyrene 0.14 0.20 0.09 0.19
6-Rings '
Indeno{1,2,3-cd]pyrene 042 039 NQ 034
Benzo[ghi]perylene 0.74 0.61 036 0.83
7-Rings
Coronene 068 0.61 0.36 055
PHTHALATES
Diethylphthalate 340 340 NQ NQ
Di-p-butyiphthalate 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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Figure 8-1. Weighted Distributions for Benzo[a]pyrene Concentrations in Indoor
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The most striking trend in the concentration data is the considerably higher nighttime
éoncentrations reported for outdoor samples compared to the daytime samples. For example,
the median nighttime/outdoor air concentration for BaP was 0.19 ng/ m> while the
corresponding daytime concentration was less than half that value at 0.09 ng/m®. 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 calculated 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, PAH 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 PAH fluoranthene showed a geometric mean ratio greater than
0.90 with many compounds giving low daytime/nighttime ratios. Acenaphthylene gave the
lowest mean (arithmetic -0.25, geometric 0.39) and median (0.26) 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.
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TABLE 8-12. THE RATIO OF DAYTIME TO NIGHTTIME AIR CONCENTRATIONS FOR WEIGHTED DESCRIPTIVE STATISTICS

Mean Percentiles

Compound Arithmetric ~ Geometric 10th 25th 50th 75th 90th
INDOORS
PAHs
3-Rings
Acenaphthylene 0.35 093 NQ* NQ 0.92 0.85 094
Phenanthrene 11 1.1 10 11 1.1 11 1.1
Anthracene 0.72 0.86 NQ 0.89 0.87 091 0.83
4Rings
Fluoranthene 1.2 11 NQ 1.2 1.1 11 11
Pyrene 11 11 11 11 11 10 13
Benzolalanthracene 10 NQ NQ NQ NQ 1.1 1.2
Chrysene 097 1.0 NQ 10 094 090 10
5-Rings
Benzolelpyrene 097 11 NQ NQ 11 10 13
Benzola]pyrene 0.68 0.82 NQ NQ 0.70 08 11
6-Rings
Indenol1,2,3-cd]pyrene 10 1.0 NQ NQ 1.1 1.1 1.2
Benzolghilperylene 0.88 11 NQ 11 12 11 15
7-Rings
Coronene 088 11 NQ 093 1.1 1.2 10
PHTHALATES _
Diethylphthalate 11 11 093 11 1.0 10 10
Di-n-butylphthalate 1.1 1.1 1.2 1.0 1.1 12 0.87
Butylbenzylphthalate 12 1.2 098 17 097 1.2 12
Di-2-ethylhexylphthalate 14 12 1.2 1.0 1.2 14 14
Di-n-octylphthalate 22 NQ NQ NQ NQ NQ 21

(continued)
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TABLE 8-12. (continued)

Mean Percentiles
Compound Arithmetric  Geometric 10th 25th 50th 75th 90th
OUTDOORS
PAHs
3-Rings
Acenaphthylene 0.29 0.39 NQ 061 0.26 0.25 0.34
Fhenanthrene 0.76 0.83 0.73 0.66 093 0.81 09
Anthracene 0.59 0.74 NQ NQ 0.63 059 0.53
4-Rings
Fluoranthene 1.1 1.1 NQ 081 0.96 1.1 1.2
Pyrene 0.91 090 1.2 0.66 0.90 1.0 10
Benzolalanthracene 07 NQ NQ NQ NQ 072 0.66
Chrysene 0.87 10 NQ 11 1.1 0.75 0.84
5-Rings V
Benzolelpyrene 063 0.70 NQ 0.80 059 0.66 0.69
Benzolalpyrene 0.38 0.48 NQ NQ 047 0.33 0.25
6-Rings
Indenol1,2,3-cd]pyrene 0.59 NQ NQ NQ NQ 0.49 0.75
Benzolghilperylene 0.51 052 NQ 051 0.43 052 0.48
Z-Rings
Coronene 048 0.49 NQ NQ 0.65 049 0.41
PHTHALATES
Diethylphthalate NQ NQ NQ NQ NQ NQ 0.79
Di-n-butylphthaiate 0.51 NQ NQ NQ 0.88 0.63 0.58
Butylbenzylphthalate NQ NQ NQ NQ NQ NQ 0.79

Di-2-ethylhexylphthalate NQ NQ NQ NQ NQ 20 17

* Values for indoor or outdoor concentration statistic below the MQL.



This outdoor daytime/nighttime concentration effect could have occurred for several
x:easons. First, since automobiles may be the primary source of PAHs in Riverside, elevated
nighttime PAH 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 PM,, and PM, 5 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, PAHs 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
atmospheric 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 PAH concentrations in indoor air samples, tw;o
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 PAHs 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/m% 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 55

4-Rings

Fluoranthene 40 34 11 13

Pyrene 92 79 22 23

Benzo[alanthracene 23 23 09 0.86

Chrysene 29 3.0 12 14

5-Rings

Benzolk]fluoranthracene 26 35 .67 58

Benzole]pyrene . 15 19 3.7 29

Benzolalpyrene 30 56 79 49

6-Rings

Indenol1,2,3-cd]pyrene 49 64 75 70

Benzo[ghi]perylene 124 170 17 15

7-Rings

Coronene 63 9% 12 84
PHTHALATES

Diethylphthalate ' 320 320 160 120

Di-n-butylphthalate 340 220 150 97

Butylbenzyiphthalate 17 16 15 12

Di-2-ethylhexylphthalate 62 65 79 84

Di-n-octylphthalate NQ? NQ NQ 49
PM,o® (ng/m%) 150 150 124 81
PM, * (ug/m® 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
.;moking (~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 PAHs. 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 PAH
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/ m? over a
70-year exposure period will result in a 10 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
(ng/m3. This unit risk value implies that exposure to an air concentration of 0.9 ng/m?> of
BaP over 70 years would give 10 excess cancer risk.

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

0.3 ng/m? concentration. Percentages of samples that exceed 2 times (0.6 ng/m?), 5 times
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TABLE 8-14. PAH AIR CONCENTRATIONS REPORTED ON THIS STUDY AND
COMPARED TO PREVIOUS STUDIES

Reported Concentration Range (ng/m?)

Riverside Wilson (5) Offerman (15)
Compound Outdoor Indoor Outdoor Indoor Outdoor Indoor
Acenaphthylene NQP-35  NQ-16 15-22 41-23 41-19 12 - 46
Phenanthrene 30-22 81-32 18- 70 17 - 69 54 -51 29 - 81
Anthracene NQ-16 NQ-12 047 -33 05-26 03-6.1 2-52
Fluoranthene NQ-48 NQ-31 46-15 26-17 13-22 19-199
Pyrene 0.68 - 4.1 08-36 19-11 15-75 09-11 10-29
Benzofalanthracene ~ NQ-056  NQ-23 018-17 014-076 NQ-28 019-64
Chrysene NQ-10 NQ-29 038-24 024-11 003 - 4.6 0.08-36
Benzofelpyrene NQ-085 NQ-0.60 033-5 022-11  NQ-060 021-22
Benzolajpyrene NQ-14 NQ-077 012-16  0097-12 002-043  NQ-51
Indenol1,2,3cdlpyrene NQ-16 NQ-17 015-23 086-14 NQ-038  007-40
Benzo[ghi}perylene NQ-31 NQ-35 031-81 034-45 NQ-080 013-10
Coronene NQ-29  03-23 033-63 024-37 NQ-1.1 NQ-3.1
= er——— — ——— — S—

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

Sample Type 503 ng/m’ 506 ng/m’ 515 ng/m? S 30 ng/m®
Indoor-day 252 124 17 13
Indoor-night 397 120 19 13
Indoor-24 hr 293 134 15 15
Outdoor-day 158 391 0 0
OQutdoor-night 376 252 76 0
Outdoor-24 hr 26.7 138 0 0
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(1.5 ng/m?), and 10 times (3.0 ng/ m® this level have also been given. Results show that a
sﬁbstantial fraction of the population may be exposed to BaP concentrations above the 0.3
ng/m° 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/ m? 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-n-butylphthalate showed the
highest indoor air concentrations with median daytime concentrations of 340 and 420 ng/ m°,
respectively. Median outdoor air levels for the phthalates were at least an order of
magnitude lower than the corresponding indoor levels. Di-n-octylphthalate showed median
concentration levels below the quantifiable limit (3.2 ng/m?) for all four sample types. Since
phthalates are plasticizers, all plastic materials in a home could be potential sources.

8.5  INDOOR/OUTDOOR RELATIONSHIPS

8.5.1 Indoor/QOutdoor Air Concentration Ratios

As a first step in studying the relationship of the target PAHs 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 PAHs, the highest geometric mean ratios for indoor/outdoor air
concentrations were calculated for acenaphthene (2.6), phenanthrene (2.0), and
benzolalpyrene (1.8) in daytime samples. The highest median indoor/cutdoor 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 POR THE INDOOR/OUTDOOR AIR CONCENTRATION RATIO -
QUANTIFIABLE AMOUNT ONLY

Indoor/Outdoor Air Concentration Ratio

Geometric Percentiles
Compound n* Mean S.E 10th 25th 50th 75th 90th Maximum
NIGHTTIME
PAHs
3-Rings 4
Acenaphthylene 28 0.62 13 0.17 030 0.45 1.2 42 74
Phenanthrene Q 1.2° 1 0.69 0.86 13 17 24 64
Anthracene k74 091 12 030 0.39 0.66 17 34 bz
4-Rings
Fluoranthene 7] 082 11 0.42 0.56 0.75 11 15 83
Pyrene “u 0.85 11 036 0.50 079 13 17 16
Benzolalanthracene 17 0.85 13 0.26 0.52 0.65 23 43 69
Chrysene 3% on’ 12 023 0.46 0.66 1.0 21 55
S-Rings
Benzole]pyrene 32 0.77 1.2 028 041 0.67 1.0 18 4
Benzolalpyrene 2 0.87 13 0.26 0.39 0.64 13 37 53
6-Rings
Indeno[1,2,3-cd)pyrene 25 093 13 029 053 0.83 11 25 %
Benzolghi]perylene 40 0.82 1.2 037 047 0.68 12 17 2
Z-Rings -
Coronene | 0.89 12 037 053 085 13 17 24
PHTHALATES V
Diethylphthalate 8 23 1.6 0.15 16 32 5 8.4 8.4
Di-n-butylphthalate z 15 12 45 85 15 28 n 110
Butylbenzylphthalate 5 5.5 18 0.85 24 8.9 1] 19 19
Di-2-ethylhexylphthalate 12 28 11 17 21 31 38 42 5.1
Di-p-octylphthalate 1 0.85 - 0.85 0.85 0.85 085 0385 0.85

(continued)
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TABLE 8-16. (continued)

Geometric Percentiles
Compound n* Mean SEP 10th 25th 50th 75th 90th Maximum
DAYTIME
PAHs
3-Rinps
Acenaphthylene 2 2.6 13 072 1.0 15 43 25 /)
Phenanthrene 37 20 11 10 13 19 2.7 36 9.0
Anthracene n 14 12 0.55 0.69 1.1 22 5.0 19
4 Ringed
Fuoranthene 30 0.88 1.1 048 0.57 0.76 12 22 7.8
Pyrene 37 1.2 11 0.52 0.70 1.1 1.5 29 18
Benzola]anthracene 9 17 13 0.70 0.92 19 24 6.2 6.2
Chrysene 2 0.79 12 033 0.50 072 1.5 19 40
5-Ringed
Benzole]pyrene 21 1.3 13 0.43 0.76 11 1.5 45 25
Benzofalpyrene 15 1.8 14 043 070 1.2 36 8.9 86
6-Ringed
Indenol1,23-cd]pyrene 13 1.6 1.3 0.77 0.80 1.2 1.7 54 k¢l
Benzolghilperylene 2 14 12 055 077 1.3 14 71 4
Z-Rin
Coronene B 1.4 2 064 0.78 1.4 1.9 24 z
PHTHALATES
Diethylphthalate 6 30 15 0.86 11 43 5.7 74 74
Di-n-butylphthalate 19 16* 12 53 8.8 14 34 56 100
Butylbenzylphthalate 5 4.6° 1.2 3.0 35 43 51 87 8.7
Di-2-ethylhexylphthalate 19 22 12 1.0 14 17 44 5.7 15
Di-n-octylphthalate 1 14 - 14 14 1.4 1.4 1.4 1.4

W
* n = number of sample pairs,
b Significantly different from one at the 0.05 level.




daytime samples. As with the concentration data, a daytime/nighttime trend is seen for
fhese calculated indoor/outdoor concentration ratios. For daytime samples, all the target
PAHs 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 PAHs 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 (maximum 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 PAHs and phthalates.
Correlation is a measure of the linear relationship between two variables (in this case indoor
and outdoor air concentration), thh 1.00 showing a perfect direct correlatlon and -1.00
showing a perfect inverse relationship. If there is no relatlonslup 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 thé concentration values. This tends to counteract the effects of
éxtreme concentration values or a skewed distribution.

Table 8-17 shows Spgarman'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 monitéring period. Highest correlations are seen for the 5-, 6-, and 7-ringed
particulate-bound PAHs. 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 PAHs 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.

8.53 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

shouid be stressed that due to the many assumptions that must be made and the uncertainty
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TABLE 817. SPEARMAN’S RANK CORRELATION BETWEEN INDOOR AND

OUTDOOR AIR SAMPLES*
L e e e e e e ]
Daytime Samples Nighttime Samples
Compound n® Correlation n Correlation
PAHs
3-Rings .
Acenaphthylene 39 0.58° 47 051¢
Phenanthrene 40 0.54° 48 0.60°
Anthracene 39 030 47 037
4-Rings
Fluoranthene 40 0.55¢ 48 0.59¢
Pyrene 40 052 48 0.44
Benzolalanthracene 38 051 46 052¢
Chrysene 35 0.62¢ 45 059°
S-Rings
Benzole]pyrene 39 0.71¢ 47 0.66°
Benzo[a]pyrene 38 0.72¢ 48 0.6%
6-Rings
Indeno(1,2,3-cd)pyrene 34 0.69¢ 48 0.79¢
Benzo(ghi)perylene 39 0.82¢ 45 0.78¢
Z-Rings
Coronene 40 0.80° 47 0.76°
PHTHALATES
Diethylphthalate 40 055 48 052
Di-n-butyiphthalate 40 0.20 47 011
Butylbenzylphthalate 40 0.16 48 0.16
Di-2-ethylhexylphthalate 40 0.16 48 028
Di-n-octylphthalate 40 028 46 031
W-
* Computed using all samples.
® Number of sample pairs.

© 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
Ee 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)
5SS =mV (a + k) C; - mVfaC (82)

where:

SS = source strength, pg/h

3

V = house volume, m

m = air mixing between zones

a = air exchange rate, h’!

k = pollutant decay rate, h’!

C; = indoor concentration, pg/m?>

f = fractional penetration of outdoor concentration
C, = outdoor concentraﬁon, pg/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
G, C, 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

SS§ = VaC; - f VaC or (8-3)
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S§=Va(C,-fC) (8-4)
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 PAHs f was set
equal to 0.5 to reflect their particle-phase distribution. The second approach estimated f for
the PAHs from the monitoring data. When there are no sources in the home (S5=0), equation

8-3 rearranges to

f= ! (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. C; and C, are the PAH 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 INDOOR/OUTDOOR

CONCENTRATION RATIOS
T ——
Compound Estimated
3-Rings
Acenaphthylene 04
Phenanthrene 1.3b
Anthracene ' 0.6
4-Rings
Fluoranthene 0.6
Pyrene 0.7
Benzo[alanthracene 0.7
Chrysene 05
5-Rings
Benzole]pyrene 0.5
Benza[a]pyrene 0.6
6-Rings ‘
Indeno[1,2,3-cd]pyrene - 0.6
Benzol[ghi]perylene 0.6
7-Rings
Coronene 0.6

2 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
s;trength 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 PAHs 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 phfhalates showed much higher calculated
source strengths indicating strong indoor sources. Di-n-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)

Indoor Air concentration = indoor sources * outdoor source

c. N 5§ . ‘e

1 Va [
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TABLE 8-19. 24-HOUR TIME WEIGHTED AVERAGE SOURCE STRENGTH (pg/h) VALUES

Source Strength (ug/h)

Compound n* b Mean 25th 50th 75th Maximum
PAHS
Assumed f Value
3-Rings
Acenaphthylene z 0.5 15 0.00 0.00 0.70 370
Phenanthrene 30 05 35 1.2 20 36 p74
Anthracene 28 05 0.24 0.00 0.04 0.04 36
&Rings :
Fluoranthene 30 05 045 0.02 0.07 0.24 7.0
Pyrene 30 05 0.96 0.05 0.16 0.37 17
Benzo{alanthracene 26 05 0.04 0.00 0.00 0.02 0.42
Chrysene Y1} 05 0.06 0.00 0.00 0.08 0.53
SRings
Benzole]pyrene 29 0.5 0.16 0.00 0.00 0.02 34
Benzo{a]pyrene 28 0.5 0.40 0.00 0.01 0.03 8.8
6-Rings
Indeno[1,2,3-cd]pyrene 25 05 0.62 0.00 0.00 0.10 11
Benzolghi}perylene z 05 1.3 0.00 0.03 0.09 29
7-Rings '
Coronene _ 30 05 0.67 0.00 0.02 011 16
PHTHALATES .
Diethylphthalate 30 1.0 B4 M 55 130 410
Di-n-butylphthalate 30 1.0 145 65 74 180 530

(continued)
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TABLE 8-19. (continued)

Source Strength (pg/h)

Compound n* b Mean 25th 50th 75th Maximum
Butylbenzylphthalate ‘ 30 1.0 13 3.0 70 20 89
Di-2-ethylhexylphthalate 30 1.0 21 : 12 17 24 110
Di-n-octylphthalate » 1.0 0.64 0.00 024 0.65 84

Estimated f Value

3-Rings

Acenaphthylene z 04 16 NAS 007 091 370
Phenanthrene 30 06 32 NA 19 31 z
Anthracene 28 0.6 023 NA 0.8 0.08 36
4Rings

Fluoranthene 30 06 034 NA 0., 0.18 69
Pyrene 30 07 085 NA 0.07 028 17
Benzolalanthracene 26 07 0.3 NA 0.00 0.02 0.40
Chrysene % 05 0.06 NA 0.00 0m 053
5-Rings

Benzole]pyrene 2 05 0.16 NA 0.01 0.02 34
Benzolalpyrene 28 0.6 0.39 NA 001 0.8 8.8
6-Rings

Indeno{1,2,3,cd]pyrene 25 0.6 0.61 NA 0.00 0.08 1
Benzolghi]perylene z 06 13 NA oo 0.06 2
Z-Rings

Coronene 30 0.6 0.65 NA 0.01 0.09 16

¢ = Number of observations.
b ¢ = penetration factor.
€ NA = Not applicable; f was estimated assuming the source strength for the home at the 25th percentile was zero.




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

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

as

F.=_2"° (8-7)

Summary statistics for F; are given in Table 8-20. As with the source strength
calculations, 24-hour time weighted averages were used here. Median F; 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_; <0.25) come from outdoor sources. As discussed above, many assumptions have
been made in order to calculate an F; 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 PAHs and the phthalates
measured as part of this chemical characterization study but also for PM]O,.PMZ 5 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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TABLE 8-20. FRACTIONAL CONTRIBUTION OF OUTDOOR POLLUTANT SOURCES TO INDOOR AIR CONCENTRATION (F,)

Fractional Contribution

25th 50th 75th
Compound n* i Min Percentile Percentile Percentile Maximum
PAHs
Assumed f Value
SRings _
Acenaphthylene zn 0.5 o 0.23 0.97 1.0 1.0
Phenanthrene 30 05 0w 0.20 031 0.40 0.75
Anthracene B 05 0.04 017 0.52 0.86 10
4Rings
Fluoranthene % 0.5 0.06 0.50 0.64 083 10
Pyrene 2 05 029 039 053 on 1.0
Benzofa]anthracene n 05 0.10 038 047 072 1.0
Chrysene y <] 05 0.13 0.56 0.74 1.0 1.0
S-Rings
Benzofe]pyrene 28 05 0.03 0.53 0.75 1.0 1.0
Benzo{alpyrene 26 05 0.2 037 0.55 0.85 10
SRings
Indeno{1,2,3-cd]pyrene 1 1.0 0. 034 0.63 081 10
Benzolghilperylene z 05 om 0.38 070 0.83 1.0
Z-Rings
Coronene » 05 0.00 036 065 0.89 1.0
PHTHALATES
Diethylphthalate 18 10 0.012 0.04 0.1 021 1.0
Di-n-buthylphthalate 28 10 001 0@ 0.04 0.09 086

Butylbenzylphthalate 2% 10 0.8 003 0.07 0.19 10
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Table 8-20. (continued)

Fractional Contribution

25th 50th 75th
Compound n* P Min Percentile Percentile Percentile Maximum
Di-2-ethylhexylphthalate 3 1.0 0.m 0.10 025 0.38 1.0
Di-n-octylphthalate 17 1.0 0.01 0.08 0.19 028 0.87
Estimated f Value
3-Rings
Acenaphthylene n 04 0.01 0.19 077 NA NA
Phenanthrene a0 0.6 0.09 0.24 0.38 NA NA
Anthracene 3 06 0.05 0.20 0.62 NA NA
4Rings
Fluoranthene 30 06 0.08 0.60 083 NA NA
Pyrene 30 07 0.04 0.56 0.74 NA NA
Benzo[a)anthracene 2 07 0.14 0.54 0.66 NA NA
Chrysene 3 0.5 013 0.56 0.74 NA NA
SRings
Benzole]pyrene 23 05 0.03 0.53 0.75 NA NA
Benzo{a]pyrene 26 0.6 0.2 0.44 0.66 NA NA
&Rings
Indeno(1,23,cd]pyrene 21 0.6 0.03 0.41 0.82 NA NA
Benzo{ghi]perylene ¥/ 0.6 0.02 0.46 084 NA NA
Z-Rings
Coronene » 06 0.04 0.43 0.78 NA NA
 Number of samples.

b { = Penetration factor.
€ Not applicable, estimates for f were made based on the assumption that there was no indoor source therefore F,; would be equal to 1.




Spearman’s rank correlations among PAHs in outdoor air samples (Table 8-21) were
iﬂgh 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 PAHs. 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 PAHs, 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 PAHs 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 AMONG PAHs IN OUTDOOR AIR SAMPLES®

22 S S N T T e e S ST

3rings 4-rings 5-rings 6 rings Zrings
Acena- Phenan-  Anthra-  Fluor- Benzofa)- Benzofe]l- Benzola)- Indeno- Benzo|ghl}-
COMPOUND phthylene  threne cene anthene - Pyrene  anthracene  Chrysene  pyrene pyrene  [123-cd]lpyrene  perylene Coronene

Srings
Acenaphthylene 76 78 68 74 72 60 59 51 62 64 63
Phenanthrene 88 90 89 v 69 57 51 56 56 53
Anthracene 79 82 67 61 57 53 57 60 56
Arings '
Fluoranthene 85 85 73 70 71 75 69
Pyrene 83 73 70 71 75 69
Benzo{a]anthracene 97 89 89 74 81 78
Chrysene 9 9 73 81 78
Srings

E Benzolelpyrene 95 83 9 88
Benzolalpyrene 78 . .85
§rings
Indeno{1,2,3-cd]pyrene 88 87
Benzo{ghilperylene 97
Z.rings

Coronene

‘ Computed using all samples. For samples sizes 1sed on this study, all correlations greater than 0.30 are significantly greater than zero at the 0.05 level.
mﬁts lnu:haded awamfor nigh eaampla,oﬂmnumbmymfordayﬁme g:p!a & 4
aforda ytime samples, n = 38 to 42 .
- for ntghttime samples, n = 52 to 53




5

TABLE 8-22. SPEARMAN'S RANK CORRELATIONS® AMONG PAHS IN INDOOR AIR SAMPLES®

R R SRR R S e e

COMPOUND

4rings

Srings

6-rings

7-rings

Puor-
anthene  Pyrene  anthracene  Chrysene

Benzofa)-

Benzole)-
pyrene

Benzola)-
pyrene

Indeno-
{123-cd]pyrene

Benzo},

ghtl-
perylene

Coronene

3rings
Acenaphthylene
Phenanthrene
Anthracene
&rings
Fluoranthene
Pyrene °
Benzo{alanthracene
Chrysene
Srings
Benzofe]pyrene
Benzofalpyrene
§rings

Indeno{1,2 3-cd]pyrene

Benzo{ghilperylene
Z-rings
Coronene

A6
72
52

A48
25

.55
26

51
28
31

51
28
27

* Computed using all samples, For samples sizes used on this study, all 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 daytime samples, n = 101 to 114

- for nighttime samples, n = 100 to 113

52
23
36

41
39
52
57

52
23
26
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correlations compared to the outdoor samples. Poorest correlations were computed for
;;henanthrene.

If outdoor sources provide the primary contribution to indoor PAHs then different
penetration factors (f) among compounds could result in poorer correlations. Alternatively,
the indoor decay term (k) could be different for different PAHs and thus affect the degree of
association. To further investigate this phenomenon, Spearman’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 di-n-butylphthalate and between di-n-octylphthate and di-2-ethylhexylphthalate.

Correlations computed for daytime and nighttime samples were generally the same.
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TABLE 823. ADDITIONAL CORRELATIONS COMPUTED FOR PAHS IN AIR SAMPLES

Correlation Results
Spearman’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, correlations were greater than 0.97. Only
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 moment* - samples Indoor air - results similar to those computed using Pearson
with quantifiable amounts only correlations - all samples.

Cutdoor air - similar to results reported for Spearman’s rank
correlations.

* Computed using actual measured concentrations.
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TABLE 8-24. SPEARMAN’S RANK CORRELATIONS® AMONG PHTHALATES IN INDOOR AND OUTDOOR AIR SAMPLES®

Compound Di-n- - Di2 Dimn-
Diethylphthalate  butylphthalate  Butylbenzylphthalate  ethylhexylphthalate octylphthalate

INDOORS
Diethylphthalate 27 .07
Di-n-butylphthalate 18 04
Butylbenzylphthalate 38 28
Di-2- 61
ethylhexylphthalate
Di-n-octylphthalate 53

£ ourpoors
Diethylphthalate 42 31 19 .30
Di-n-butylphthalate 54 46
Butylbenzylphthalate .67 .64

Di-2- 62

ethylhexylphthalate
Di-n-octylphthalate

2 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




Correlations computed for outdoor air samples were higher than thqse found indoors.
éutylbenzylphthalate 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 PAHs, 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 pm 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 PAHs were seen for the less
volatile PAHs in nighttime samples and with the 10 um fraction of the elemental

samples.
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TABLE 8-25. SPEARMAN’S RANK CORRELATIONS* AMONG PTEAM POLLUTANTS AND PAHS

IN OUTDOOR AIR SAMPLES
Particulates Lead Manganese
Compound PMia PM, ¢ Pb,o Pby e Mn,q Mn, e
Night Day Night Day Night Day Night Day Night Day  Night D ‘

3-rings

Acenaphthylene 5 a5 43 28 61 55 45 50 69 03 65 16
Phenanthrene 62 22 62 3 62 60 54 49 53 15 A6 22
Anthracene A1 1 a5 23 51 35 40 45 57 13 52 18
4-rings

Fluoranthene : 58 22 56 21 66 53 50 40 49 18 A7 21
Pyrene 43 21 42 18 54 53 41 A2 48 17 49 22
Benzolalanthracene 43 20 36 22 60 55 A3 47 66 22 70 29
Chrysene 50 26 42 24 67 52 50 41 66 k) 70 37
5-rings

Benzole]pyrene 49 3 40 22 63 A2 51 44 70 44 74 48
Benzola]pyrene 38 24 .28 08 51 A2 39 39 65 43 73 40
6-rings

lrgggnou,z,a-cdlpy- 50 14 40 07 63 51 A48 43 66 21 76 33
Benzolghilperylene 49 27 41 12 60 44 53 43 70 39 71 44
7-rings

Coronene ) A8 25 39 14 59 41 50 38 .62 36 70 A1

* Computed using all samples. For samples sizes used on this study, all correlations greater than 0.30 are significantly greater than zero at the 0.05 level.

- for daytime samples, n = 40 to 42
- for nighttime samples, n = 46 to 47
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TABLE 8-26. SPEARMAN'S RANK CORRELATIONS* AMONG PTEAM POLLUTANTS AND PAHS
IN INDOOR AIR SAMPLES

Compo und PM_m PM,¢ Pbm Pb,¢ Mnlm Mn, ¢

Night Day Night Day Night Day - Night Day Night Day Night Day

3-rings

Acenaphthylene 34 06 40 19 42 27 33 17 51 15 49 18

Phenanthrene )| 01 29 12 23 13 13 18 17 A2 19 11

Anthracene a7 22 39 27 25 17 20 06 30 11 21 08

4-rings

Fluoranthene 49 a3 52 39 43 38 33 21 40 19 37 29

Pyrene 42 16 47 25 a7 21 24 1 29 05 36 24

Benzolalanthracene 67 47 61 53 57 A4 40 28 60 30 . 48 35

Chrysene 66 A9 65 50 55 39 .45 25 62 35 56 44

5-rings

Benzole]pyrene 58 33 55 a7 64 A3 53 42 68 32 - 64 52

Benzolalpyrene 34 2n 48 24 56 .29 43 39 66 26 57

6-rings

Irgggnolmﬁ-cdlpy- 50 25 47 32 59 3 49 35 59 27 57

Benzolghilperylene 48 45 48 19 63 | 53 36 61 25 65 A7

7-rings

Coronene 50 15 A7 17 65 32 54 33 63 28 64 44

* Computed using all samples. For samples sizes used on this study, all correlations greater than 0.20 are significantly greater than zero at the 0.05 level.
- for daytime samples, n = 102 to 111
- for nighttime samples, n = 93 to 104




(3) Few strong correlations were observed between the PAHs and particulate
samples. Only phenanthrene in nighttime samples gave correlation coefficients
greater than 0.60.

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

samples. Correlation of PAHs with PM,; and PM, 5 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 PAHs 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 PM,, and PM, 5 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 currently unknown.

8.7  ANALYSIS OF QUESTIONNAIRE DATA

Selected questions from the study questionnaire were analyzed to determine if certain
activities were related to elevated levels of PAHs 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 METALS AND PARTICULATES*?

Particulates Lead Manganese
Compound PM;, PM, s Pbo Pby s Mn,, Mn, ¢

* Computed using all samples. Only homes associated with the substudy were used for
calculation. For the sample sizes used on this study, all outdoor correlations greater than
030 and all indoor correlations greater than 0.20 are significantly greater than zero at the
0.05 level. '
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/dayttime samples, n = 40 to 42

- for outdoor/nighttime samples, n = 46 to 47
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TABLE 8-28. QUESTIONS AND REPORTED FREQUENCIES FOR POTENTIAL POLLUTANT SOURCES

— ——

Number of Homes*
Day Night
Category Question Yes No Yes No
Busy Road Is the house located within 100 yards of a busy 42 55 39 56
roadway?
Cooking Did you do any indoor cooking, grilling or 46 69 28 &
frying while you were at home? Was any
cooking, grilling, or frying done in your home by
someone else?
Smoking Were any cigarettes, pipefuls of tobacco, and/or 18 94 22 90
cigars smoked in your house during this period?
Other Smoke  Were there any other sources of smoke present 6 107 10 102
in the home during this period such as burnt
food or candles?
Car Start Was a vehicle started or run in a garage attached 18 83 5 9
to your home during this period?
Other® Was natural ventilation open doors or windows 96 27 79 45
used in your home during the period?
Was central air conditioning or heating used in 23 101 19 105
your home during this period?
Was a whole house or attic fan used in your 2 122 3 121
home during this period?
Was an ultrasonic or cool mist humidifier used 4 120 1 122
in your home during this period?
Was a filtration system (including filters, 0 124 0 124
ionizers, and electrostatic precipitators) used in
your home during this period?
Was an unvented kerosene heater used in your 0 124 0 124
home during this period?
Was a fireplace used in your home during this 1 123 1 123
period?
Was a wood-burning stove used in your home 0 124 0 124
during this pericd?

bt ___————

* 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.
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determined for the two groups identified from questionnaire responses (i.e., homes with and
{;dthout 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 PAH 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 chemical