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Abstract

Polycyclic aromatic hydrocarbons (PAHs) are a class of >100 chemicals that naturally occur in 

coal tar, crude oil, and gasoline and can be manufactured as part of dyes, plastics, and pesticides. 

PAHs are complex environmental toxicants and exposure to them have been linked to adverse 

health outcomes including cancer, as well as diseases of the skin, liver, and immune system. 

Residents of the environmental justice neighborhood of Manchester, located on Houston’s East 

End, are disproportionally exposed to toxic pollutants from both industry and transportation 

infrastructure. Based on a longstanding community engagement partnership with the research 

team, neighborhood residents sought to better understand their domestic exposure to PAHs. 

Particulate wipes were used to collect dust from a marked area within the entryway of randomly 

selected homes to assess for the presence of PAHs. Nineteen of the 61 PAH analytes, including the 

Environmental Protection Administration’s 16 priority PAHs and the subgroup of 7 probable 

human carcinogens, were found in the sampled homes. Residents of the Houston neighborhood of 

Manchester potentially have significant domestic exposure to PAHs from combustion sources. 

More research is needed to assess the source of the PAHs and to better understand the potential 

health impacts of these exposures.
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Introduction

Complex environmental toxicants such as polycyclic aromatic hydrocarbons (PAHs) can 

have negative impacts on human health. Although prior research has quantified levels of 

exposure and subsequent potential health implications of PAHs in many occupational 

settings (Bosetti, Boffetta, and La Vecchia 2007; Langlois et al. 2013; Lupo et al. 2012; 

O’Brien et al. 2016), more information is needed to quantify domestic exposures and their 

potential health impacts (DellaVale et al. 2016; Deziel et al. 2014; Kang et al. 2015; Kim, 

Jahan, Kabir, and Brown 2013; Kuo, Hsu, and Lee 2003). Settled dust and particulate matter 

within homes can be an important exposure route for individuals, in general, and children, in 

particular. As part of a community-engaged research study coordinated by the Institute for 

Sustainable Communities (IfSC) at Texas A&M University, we worked with Texas 

Environmental Justice Advocacy Services (TEJAS), an environmental justice advocacy 

group representing the residents of Manchester, an environmental justice community in 

Houston, Texas, to collect settled dust in homes and assess it for the presence of PAHs. The 

assessment of PAHs is part of the community’s effort, supported by the IfSC, to obtain a 

more complete picture of resident’s ongoing environmental exposures and their potential 

contribution to health risks.

PAHs are an important group of >100 organic compounds that are composed of carbon and 

hydrogen atoms and contain two or more benzene rings. The majority of PAH production is 

attributed to incomplete combustion of carbon-containing materials such as petroleum 

consumption in transportation or natural processes such as wildfires (Agency for Toxic 

Substances and Disease Registry [ATSDR] 2005; Shen et al. 2013; Zhang and Tao 2009). 

The U.S. Environmental Protection Administration (EPA) classified 16 PAHs as priority 

pollutants in 1976 (ATSDR 2005). The selection criteria included known toxicity to humans, 

occurrence in the environment, and the analytical capabilities that were available in the 

1970s (Keith, 2015). Seven of these priority pollutants— designated by the EPA as Group 

B2—are classified as probable human carcinogens, including (benzo(a)anthracene, 

chrysene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene (National Toxicology Program [NTP] 

2005). More recent research suggests that more PAHs should be included in human health 

assessment studies (Andersson and Achten 2015).

The human health impacts of PAHs are dependent upon the toxicity and concentration of the 

compounds to which an individual is exposed, as well as the period of exposure (chronic vs. 

acute), route of exposure, and individual immunological capacity (ATSDR 2005). The most 

common routes of exposure are inhalation and dermal absorption (Chen and Liao 2006). 

Infants and children are especially prone to dermal contact with contaminants in settled 

household dust, as they typically spend relatively greater periods of time in contact with 

floors and other surfaces where dust accumulates (U.S. Environmental Protection Agency 
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[EPA] 2013). The propensity of children to engage in frequent hand-to-mouth activity may 

also increase the risk of ingestion of dust-bound contaminants (Tulve et al. 2002; Wilson et 

al. 2013). Other means of PAH ingestion include consumption of drinking water and food 

that has become contaminated from environmental sources or exposure to high-temperature 

processing or cooking of certain foods (Kazerouni et al. 2001; Zelinkova and Wenzel 2015).

Prenatal exposure to excess levels of airborne PAHs has been associated with deficits in 

developmental milestones, including reduced nonverbal reasoning ability, mean IQ points 

(Edwards et al. 2010), social competence, and self-regulation (Margolis et al. 2016), as well 

as higher measures of anxiety, depression, and attention problems (Perera et al. 2012). 

Intrauterine exposure to high concentrations of PAHs has also been linked to physical 

impairments, impaired fetal growth (Choi et al. 2012; Jedrychowski et al. 2017), and 

congenital malformations such as gastroschisis (Lupo et al. 2012), craniosynostosis 

(O’Brien et al. 2016), oral clefts (Langlois et al. 2013), and neural tube defects (Ren et al. 

2011). Lasting health effects have been reported in children after fetal PAH exposure, 

including decreased height growth (Jedrychowski et al. 2015) and childhood obesity (Rundle 

et al. 2012). PAH exposure has also been linked to respiratory distress in asthmatic children 

(Gale et al. 2012). Chronic exposure in adults has been linked to the development of breast, 

lung, gastrointestinal, and bladder cancers (Armstrong, Hutchinson, Unwin, and Fletcher 

2004; Bosetti et al. 2007; Mastrangelo, Fadda, and Marzia 1996; Mordukhovich et al. 2016; 

Zhang et al. 2016). Although the majority of studies investigating PAH-associated cancers 

have focused on occupational exposures (Bosetti et al. 2007), a growing body of evidence 

has highlighted the need for additional research in residential settings (DellaVale et al. 2016; 

Deziel et al. 2014; Kang et al. 2015).

Prior research has demonstrated inequitable exposure to environmental risks from the lived 

environmental conditions of low socioeconomic status and minority communities within the 

United States (Anderton et al. 1994; Bullard 2000). Although many research and community 

engagement efforts have attempted to understand and mitigate these discriminatory 

environmental exposures, this process has been slow and the types of observational studies 

that have typically been conducted have at times been viewed as providing inadequate 

evidence by both researchers and affected communities (Bowen 2002). However, there is 

some research addressing the observed linkages between exposure to PAHs and disease in 

environmental justice neighborhoods. Using data from the U.S. National Health and 

Nutrition Examination Survey (NHANES), Tyrrell (2013) demonstrated a significant 

negative association between poverty-to-income ratio and PAH loads present in biological 

samples. PAH exposure, in combination with significant recurrent maternal material 

hardship and high levels of maternal psychological distress, has also been associated with 

reductions in child IQ and neurodevelopmental problems in children (Perera et al. 2013; 

Vishnevetsky et al. 2015).

Methods

Study Location

Manchester, Texas, is a geographically compact primarily Hispanic neighborhood in eastern 

Houston located on the Houston Ship Channel (Fig. 1). Individuals living within this 
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community experience conditions typical to environmental justice communities including 

acute and chronic pollution (Chakraborty et al. 2014), nuisance flooding (Collins, Grineski, 

and Chakraborty 2018; Houston Chronicle 2001), air pollution (Linder, Marko, and Sexton 

2008; Collins et al. 2015; Sexton et al. 2007), and harmful surface water (Sansom et al. 

2016). Houston Ship Channel communities are at particularly high risk of impacts from the 

nexus of exposure to hazardous substances and natural disasters. For example, within 1 mile 

of the Manchester neighborhood, there are 21 facilities that report to the EPA’s Toxic 

Release Inventory: 11 large quantity generators of hazardous waste, 4 facilities that treat, 

store, or dispose of hazardous wastes, 9 major dischargers of air pollution, and eight major 

storm water discharging facilities (EPA 2016). The population of the Manchester Super 

Neighborhood is 98% minority, with a median income that is one-third less than that of the 

City of Houston overall. Only 6% of residents have obtained a Bachelor’s degree (City of 

Houston Planning and Development 2014).

In addition to environmental concerns, observational studies have documented adverse 

health outcomes within this community. A report published by the University of Texas 

Health Science Center found that children living within 2 miles of the Houston Ship Channel 

had a 56% increased risk of contracting acute lymphocytic leukemia associated with 

exposure to emissions of 1,3-butadiene from petrochemical industries (Walker, Coker, 

Symanski, and Lupo 2006). Other studies have shown significant reductions in general 

composite health scores in comparison with the City of Houston and the State of Texas 

(Sansom et al. 2017). The Houston Health Department reports that these community 

members have higher mortality rates for all causes of death and particularly discordant rates 

for coronary heart disease and cancer in comparison with greater Houston (City of Houston 

Department of Health and Human Services 2004).

Site Selection

Utilizing geographic information systems ArcMap (ESRI, Redlands, CA), 25 homes were 

randomly selected within the boundary of the Manchester neighborhood. Community 

partners TEJAS, who were already engaged with ongoing projects with the IfSC at Texas 

A&M University, assisted with data collection to help increase response rates. Five teams of 

four individuals, consisting of trained graduate students from the EpiAssist program at the 

Texas A&M University School of Public Health and TEJAS staff approached each home 

during December of 2016 to obtain consent, complete a survey, and collect samples. Each 

team had at least one Spanish speaker. This project and all related materials were reviewed 

and approved by the Texas A&M University Institutional Review Board (IRB 2016–0698D). 

If a home was completely fenced off or abandoned, or if the resident contacted refused to 

participate, the next nearest home was approached by the team.

Particulate Wipes

A particulate wipe was used to collect settled dust from non-carpeted flooring (tile, wood, or 

linoleum) located in the entryway of each home. Each team measured and marked a 1 m2 

area and took one sample. After aseptically donning powder-free vinyl gloves, each team 

removed a prepared fiber filter cloth from a protective container. Approximately 5 mL of 

100% isopropyl alcohol was applied to the cloth and the floor was cleaned starting at the top 
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of the marked area and moving across and down in one continuous motion. The fiber cloth 

was then returned to the container, placed into a sterile polypropylene plastic resin bag, and 

placed into a cooler for transport. Upon arrival at the laboratory, samples were stored at 

−4 °C before extraction and analysis. These methods have been utilized and well described 

previously (Naspinski et al. 2008; Shalat et al. 2003).

Sample Analysis

Each wipe was processed by pressurized fluid extraction in a Dionex ASE 200 Accelerated 

Solvent Extractor using a modified U.S. EPA Method 3545A (EPA 1998). Extracts were 

analyzed for PAHs using a HP5890 gas chromatograph (HP5890; Hewlett Packard 

Company, Wilmington, DE) coupled with an Agilent 5972 mass spectrometer (GC-MS, 

Agilent 5972; Agilent Technologies, Santa Clara, CA) (McDonald, Wang, McDonald, and 

Brooks 2000). A HP-5MS capillary column (Agilent HP-5MS 60 m long with an interior 

diameter of 0.25 mm and 0.25 mm film thickness, Agilent Technologies) was used to 

chromatographically separate the PAH analytes. Selected ion monitoring mode was used to 

identify and quantify PAH components (Short, Jackson, Larsen, and Wade 1996). Data 

generated by GC-MS were quantified using the ChemStation program (ChemStation 

software, Agilent Technologies). The practical quantitation limit for each analyte was 0.01 

mg per milligram extract. These analyses have been previously well described by McDonald 

et al (2000).

Results

Adult residents who consented to environmental sampling in their home using the wipes 

were also asked to complete a brief, interviewer-administered survey (Table 1). Twenty-five 

surveys and floor wipe samples were completed with an overall cooperation rate (number of 

completed interviews divided by eligible housing units that were contacted) of 61% (25/41). 

Of the respondents, 92% self-identified as Hispanic (n = 23), 4% (n = 1) as white non-

Hispanic, and 4% (n = 1) as other. Sixty-four percent (n = 16) of the respondents preferred 

the survey be completed in English with nine respondents completing it in Spanish. There 

were similar number of male (n = 12; 48%) and female (n = 13; 52%) respondents. The 

median age of respondents was 37 years and the median time living in the home was 17 

years.

Surveys were used to account for potential sources of PAHs within the home. Only 1 of 25 

households reported someone smoking a tobacco product within the home in the last 7 days. 

Forty-four percent of respondents (n = 11) used central air conditioning and 52% (n = 13) 

used an air conditioning window unit. Twelve percent of respondents (n = 3) reported using 

an air purifier. The overall self-reported prevalence of chronic health conditions was high, 

with 72% (n = 18) of respondents reporting having been told by their healthcare provider 

that a member of the household had asthma (16%; n = 4), chronic obstructive pulmonary 

disease (8%, n = 2), any type of cancer (16%; n = 4), kidney disease (8%, n = 2), dermatitis 

(16%, n = 4), or attention deficit disorder/attention deficit hyperactivity disorder (8%, n = 2).
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PAH Surface Loading

Nineteen of the 61 PAH analytes, including the EPA’s 16 priority PAHs and the subgroup of 

7 probable human carcinogens, were found in the sampled homes (Table 2). Eleven of 19 

PAH analytes were present in 100% (n = 25) of the homes sampled. There was a fairly 

consistent total PAH load in all homes (mean: 2.268 mg/m2; median: 1.619 mg/m2, with the 

exception of two outliers with a much higher total mass of PAHs present in the sample 

(range: 0.923 to 11.049 mg/m2) (Table 3). Based on the survey data, there are no obvious 

reasons for the higher readings of the two samples (e.g., smoking in home and exposure 

from place of employment). Although none of the sampled homes exceeded the EPA’s 

Provisional Toxicity Values for Complex Mixtures risk-based screening levels (EPA 2009), 

there are no derived toxicity values for inhalation exposures from most of the priority PAHs. 

This makes it difficult to determine whether or not these results should cause health 

concerns for the residents of the Manchester neighborhood. However, the daily screening 

level for naphthalene, which is available and is 700 ng/m3, is more than the highest level 

recorded in Manchester of 103 ng/m2.

Associations between PAH Surface Loading and Demographic / Household Characteristics

Odds ratios and 95% confidence intervals were calculated using EpiInfo 7.0 (Atlanta, GA) to 

determine whether there were associations between demographic and household 

characteristics and PAH mass present in homes, as measured by quartiles (Table 4). Female 

respondents and household where a member was currently enrolled in school were about 

half as likely to be in the top quartile of PAH measurement. Those who used window units 

versus central air, those whose preferred language was Spanish versus English, and those 

who lived in their home ≥ 17 years were 3.5–4.9 times as likely to have PAH loads in the top 

quartile. Owing to the small sample size, confidence intervals for all associations were 

imprecise and included the null value of 1.0.

Potential Sources of PAHs

To assess the potential sources of PAHs, we calculated the ratios of specific PAHs 

(anthracene/anthracene plus phenanthrene [A/A+P] and fluoranthene/fluoranthene plus 

pyrene [F/F+Py]) found in the wipes. These types of diagnostic ratios can be used to indicate 

either combustion or other origins for the PAHs (Yunker et al. 2002). A/A+P ratio values 

>0.10 and F/F+Py ratios >0.40 indicate combustion as the dominant source. The ratios 

calculated from the filter wipes indicate combustion as the dominant source for the PAHs in 

Manchester (Table 5). Transportation infrastructure is a major potential exposure for 

residents, since the neighborhood of Manchester is bordered by the elevated 8-lane Interstate 

610 Ship Channel Bridge, a 26- lane Union Pacific railyard, and large industrial complexes 

with heavy truck traffic.

Discussion

With the exception of two outliers with a very high mass of PAH present in the sample, there 

was a fairly consistent total PAH load in all homes. Based on the data collected as part of the 

survey, there are no obvious reasons for the higher readings from two samples (e.g., smoking 

in home and exposure from place of employment). Previous studies that have sought to 
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quantify PAH loading in households have reported similar outliers. For example, Naspinski 

et al. (2008) evaluated PAH concentrations in settled household dust collected from 21 

homes located in a rural Texas community, finding a range of total PAH loadings from 0.24 

to 35.30 mg/m2. Differences between households can be attributed to a number of factors, 

including urban land use density and pavement surface type (Mahler et al. 2010), outdoor 

PAH concentrations, home heating type, and age of the residence (Whitehead et al. 2011). 

Human activities such as removing shoes before entering the home (Mahler et al. 2010), the 

use of incense and candles (Mahler et al. 2010), household cleaning (Naspinski et al. 2008), 

and food preparation (Chuang, Mack, Kuhlman, and Wilson 1991) may also affect 

residential PAH levels.

Current toxicological knowledge regarding inhalation exposure toxicity values and risks of 

PAH exposure in domestic settings is limited. Although the PAH levels recorded in 

Manchester homes do not exceed the EPAs toxicity values for complex mixtures, the levels 

are more similar to samples collected from homes with documented risk factors such as 

smoking or proximity to an industrial complex in other studies. For example, Hoh et al. 

(2012) evaluated PAH loading in settled household dust samples collected from smoking (n 

= 88) and nonsmoking (n = 42) residences in Southern California. Although only one 

resident in our study reported smoking inside the home in the prior 7 days, the median load 

of total PAHs observed in Manchester (1.619 mg/m2) was more similar to smoking homes 

(1.650 mg/m2) than nonsmoking homes (0.796 mg/m2). In another study, the total PAHs 

observed in Manchester were more analogous to settled house dust collected in a residential 

area close to an industrial complex in Sumgayit, Azerbaijan (2.9 mg/m2), than in a rural, 

agricultural community in Texas (0.11 mg/m2); however, Manchester PAHs were far lower 

than samples collected in a coal mining city in Shanxi Province, China (162.0 mg/m2) 

(Naspinski et al. 2008). This presents some evidence that the health effects of PAH exposure 

should still be of concern to residents, even if they do not exceed the limited number of 

established risk levels. In addition, risk levels for both inhalational and oral exposure to the 

16 EPA priority PAHs are urgently needed to improve our understanding of the health risks 

associated with chronic exposure.

Since diagnostic ratios consistently indicated combustion sources for the PAHs collected in 

Manchester homes, the location of transportation infrastructure should also be considered as 

a potential source of PAHs. Studies of PAHs in household dust in Germany have attributed 

PAHs in nonsmokers’ homes to vehicular emissions (Fromme et al. 2004). However, 

although the source of the PAHs is likely combustion, this does not indicate that homes are 

directly polluted as a result of proximity to transportation infrastructure. Although 

diagnostic ratios indicate the source of the domestic PAHs was combustion, we do not know 

how they entered the homes. For example, they could be brought into the home on people’s 

shoes. Collection and analysis of outdoor pollution near the home could allow for the 

correlation of indoor and outdoor PAH levels (Mannino and Orecchio 2008).

The effective translation of this type of research to residents, stakeholder groups, and policy 

makers is an essential next step to preventing future negative health impacts from domestic 

exposures to PAHs. The research team plans several avenues for research translation and 

outreach, including meetings with community nonprofits and in-person visits with each 
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household who participated to share results and provide an explanation of the potential 

health consequences of exposure and to present potential interventions. Meetings with 

policy- and decision makers are also planned to present potential interventions. Further data 

collection, including soil, surface water, and biological samples, is also planned.

This study has several important limitations. The size of the sample was small. However, 

Manchester is a very compact neighborhood in East Houston with fewer than 300 occupied 

housing units, so this small sample did include ~10% of the occupied homes in the 

neighborhood. The method used for collection of the samples, while requiring minimal 

equipment and training, does not allow for measurement of contaminant concentration based 

on either the mass of contaminant per mass of dust or the mass of contaminant in a specific 

particle size of dust. The calculation of these types of concentrations is not possible since we 

did not assess the total weight of the sample, allowing for the calculation of a concentration 

of PAH by total mass, but instead collected total PAH loading by area. Although previous 

research suggests that the measurement of PAH concentrations by area may be more suitable 

than quantification by mass in settled household dust since they can provide information 

related to potential sources of contaminants (Hoh et al. 2012), these data cannot be used 

directly in an exposure calculation (Naspinski et al. 2008).

Conclusion

This small pilot study is an important first step in attempting to quantify chronic exposure to 

toxic pollution from industry, including oil refineries, chemical plants, a metal recycling 

facility, and from major transportation infrastructure, including the Interstate 610 Ship 

Channel Bridge and a 26-lane industrial rail yard, in neighborhoods locations near the 

Houston Ship Channel. More prospective research is needed to identify potential causal 

pathways and to translate research findings into effective risk reduction strategies.
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Figure 1. 
Manchester Neighborhood, Houston, Texas
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Table 1.

Respondent Household Characteristics, Manchester Neighborhood, Houston, Texas (n=25)

n (%)

Preferred language

 English 16 (64)

 Spanish 9 (36)

Race/ethnicity

 Hispanic 23 (92)

 White, non-Hispanic 1 (4)

 Other 1 (4)

Employment status

 Employed ≥35 hours per week 14 (56)

 Employed <35 hours per week or unemployed 11 (44)

Source of drinking water

 Municipal water 4 (16)

 Bottled water 21 (84)

Source of air conditioning

 Central air 11 (44)

 Window unit 13 (52)

Environ Justice. Author manuscript; available in PMC 2018 November 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sansom et al. Page 15

Table 2.

Polycyclic Aromatic Hydrocarbon Analytes Found Within Households, Manchester Neighborhood, Houston, 

Texas (n = 25)

PAH No. of homes, n (%)

2-Methylnaphthalene 25 (100)

2-Methylphenanthrene 25 (100)

Acenaphthene 
a 23 (92)

Acenaphthylene 
a 25 (100)

Anthracene 
a 25 (100)

Benz(a)anthracene 
a,b 25 (100)

Benzo(a)pyrene 
a,b 18 (72)

Benzo(b)fluoranthene 
a,b 20 (80)

Benzo(g,h,i)perylene 
a 22 (88)

Benzo(k,j)fluoranthene 
a,b 20 (80)

Chrysene 
a,b 25 (100)

Dibenzo(a,h)anthracene 
a,b 15 (60)

Fluoranthene 
a 25 (100)

Fluorenea 25 (100)

Indeno(1,2,3-c,d)pyrenea,
b 18 (72)

Naphthalene 
a 25 (100)

Phenanthrene 
a 25 (100)

Pyrene 
a 25 (100)

Retene 2 (8)

a
Analytes classified as priority pollutants by U.S. EPA (ATSDR 2005).

b
Classified by U.S. EPA as probable human (B2) carcinogens (NTP 2005).

EPA, Environmental Protection Administration; PAH, polycyclic aromatic hydrocarbon.
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Table 3.

Total Polycyclic Aromatic Hydrocarbons (ng/m2) by Location, Manchester Neighborhood, Houston, Texas (n 

= 25)

Sample no. Total PAH (μg/m2)

 1 2.119

 2 11.049

 3 1.180

 4 2.307

 5 8.503

 6 1.837

 7 1.650

 8 1.460

 9 1.640

10 1.551

11 1.692

12 1.014

13 1.800

14 1.431

15 1.619

16 1.348

17 2.216

18 1.536

19 0.923

20 1.615

21 1.441

22 2.030

23 1.447

24 1.743

25 1.551
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Table 4.

Associations between Household and Demographic Characteristics and Polycyclic Aromatic Hydrocarbon 

Quartile, Odds Ratio, and 95% Confidence Intervals

OR (95% CI) p

Respondent gender

 Male

 Female 0.48 (0.03–5.5) 0.41

Employment status

 <35 hours per week

 ≥35 hours per week 1.23 (0.11–17.6) 0.62

Household member enrolled in school

 No

 Yes 0.64 (0.06–9.8) 0.53

Years living in present home

 <17

 ≥17 4.89 (0.46–51.9) 0.19

Years living in neighborhood

 <17

 ≥17 1.50 (0.20–11.0) 0.54

Air conditioning

 Central air

 Window units 4.00 (0.30–216.3) 0.24

Preferred language

 English

 Spanish 3.50 (0.30–49.6) 0.23

CI, confidence intervals; OR, odds ratio.
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Table 5.

Polycyclic Aromatic Hydrocarbon Ratios, Anthracene/Anthracene Plus Phenanthrene and Fluoranthene/

Fluoranthene Plus Pyrene (μg/m2), Manchester Neighborhood, Houston, Texas (n = 25)

Sample Anthracene Phenanthrene A/A+P Fluoranthene Pyrene F/F+P

 1 0.037 0.235 0.136 0.091 0.063 0.589

 2 0.086 0.288 0.229 0.276 0.231 0.544

 3 0.017 0.086 0.165 0.039 0.044 0.473

 4 0.039 0.128 0.235 0.139 0.103 0.574

 5 0.140 0.325 0.301 0.750 0.541 0.581

 6 0.029 0.130 0.181 0.041 0.0358 0.535

 7 0.038 0.112 0.252 0.064 0.051 0.554

 8 0.023 0.087 0.211 0.023 0.020 0.533

 9 0.028 0.144 0.163 0.093 0.074 0.558

10 0.020 0.098 0.170 0.038 0.034 0.527

11 0.019 0.081 0.192 0.017 0.017 0.494

12 0.044 0.070 0.386 0.066 0.055 0.547

13 0.023 0.087 0.211 0.026 0.024 0.523

14 0.029 0.166 0.150 0.103 0.063 0.620

15 0.020 0.075 0.213 0.043 0.037 0.539

16 0.024 0.094 0.201 0.070 0.073 0.489

17 0.020 0.068 0.224 0.017 0.016 0.510

18 0.018 0.065 0.212 0.022 0.013 0.622

19 0.018 0.092 0.162 0.071 0.054 0.566

20 0.0228 0.102 0.179 0.064 0.057 0.531

21 0.024 0.104 0.187 0.070 0.067 0.514

22 0.021 0.073 0.220 0.053 0.045 0.540

23 0.037 0.134 0.216 0.043 0.037 0.540

24 0.025 0.111 0.184 0.053 0.038 0.581

25 0.0201 0.098 0.170 0.038 0.034 0.527

A/A+P, anthracene/anthracene plus phenanthrene; F/F+P, fluoranthene/fluoranthene plus pyrene.
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