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 CONVERSION FACTORS AND ABBREVIATED SOIL- AND AIR-QUALITY UNITS

 Multiply  By  To obtain

 Length

 inch (in.)  2.54  centimeter
 foot (ft)  0.3048  meter
 mile (mi)  1.609  kilometer

 Area

 acre  0.4047  hectare
 square foot (ft2)  0.09290  square meter
 square mile (mi2)  2.590  square kilometer

 Mass

 ounce, avoirdupois (oz)  28.35  gram

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
 °F = (1.8 x °C) + 32

Abbreviated soil- and air-quality units: Chemical concentration is given in metric units. Chemical 
concentration is given in micrograms per kilogram (µg/Kg) and in micrograms per cubic meter
(µg/m3). Micrograms per kilogram is a unit expressing the concentration of chemical constituents as 
weight (micrograms) of the constituent per unit mass (kilogram) of soil. One milligram equals 1,000 
micrograms. Micrograms per cubic meter is a unit expressing the concentration of chemical constitu-
ents as weight (micrograms) of the constituent per unit volume (cubic meter) of air.

Abbreviations:
µg/L micrograms per liter
mg/Kg milligrams per kilogram
VContents





Concentrations of Polynuclear Aromatic Hydrocarbons 
and Inorganic Constituents in Ambient Surface Soils, 
Chicago, Illinois: 2001-02
By Robert T. Kay, Terri L. Arnold, William F. Cannon, David Graham, Eric Morton, and Raymond Bienert
Abstract

Polynuclear aromatic hydrocarbon (PAH) 
compounds are ubiquitous in ambient surface 
soils in the city of Chicago, Illinois. PAH 
concentrations in samples collected in June 2001 
and January 2002 were typically in the following 
order from highest to lowest: fl uoranthene, pyrene, 
benzo(b)fl uoranthene, phenanthrene, benzo(a)pyrene, 
chrysene, benzo(a)anthracene, benzo(k)fl uoranthene, 
indeno(1,2,3-cd)pyrene, benzo(g,h,i)perylene, 
dibenzo(a,h)anthracene, and anthracene. 
Naphthalene, acenaphthene, acenaphthylene, 
and fl uorene were consistently at the lowest 
concentrations in each sample.

Concentrations of the PAH compounds 
showed variable correlation. Concentrations of PAH 
compounds with higher molecular weights typically 
show a higher degree of correlation with other PAH 
compounds of higher molecular weight, whereas 
PAH compounds with lower molecular weights 
tended to show a lower degree of correlation with all 
other PAH compounds. These differences indicate 
that high and low molecular-weight PAHs behave 
differently once released into the environment.

Concentrations of individual PAH compounds 
in soils typically varied by at least three orders of 
magnitude across the city and varied by more than 
an order of magnitude over a distance of about 1,000 
feet. Concentrations of a given PAH in ambient 
surface soils are affected by a variety of site-specifi c 
factors, and may be affected by proximity to 
industrial areas. Concentrations of a given PAH in 
ambient surface soils did not appear to be affected by 
the organic carbon content of the soil, proximity to 
non-industrial land use, or proximity to a roadway.

The concentration of the different PAH 
compounds in ambient surface soils appears 
to be affected by the propensity for the PAH 
compound to be in the vapor or particulate phase 
in the atmosphere. Lower molecular-weight PAH 
compounds, which are primarily in the vapor 
phase in the atmosphere, were detected in lower 
concentrations in the surface soils. Higher molecular-
weight PAH compounds, which are present primarily 
in the particulate phase in the atmosphere, tended to 
be in higher concentrations in the surface soils. The 
apparent effect of the PAH phase in the atmosphere 
on the concentration of a PAH in ambient surface 
soils indicates that atmospheric settling of particulate 
matter is an important source of the PAH compounds 
in ambient surface soils in Chicago.

The distribution of PAH compounds within the 
city was complex. Comparatively high concentrations 
were detected near Lake Michigan in the northern 
part of the city, in much of the western part of the 
city, and in isolated areas in the southern part of 
the city. Concentrations were lower in much of the 
northwestern, south-central, southwestern, and far 
southern parts of the city.

The arithmetic mean concentration of arsenic, 
mercury, calcium, magnesium, phosphorus, copper, 
molybdenum, zinc, and selenium was from 2 to 6 
times higher in ambient surface soils in the city of 
Chicago than in soils from surrounding agricultural 
areas. The arithmetic mean concentration of 
lead in Chicago soils was about 20 times higher. 
Concentrations of calcium and magnesium above 
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those of surrounding agricultural areas appear to 
be related to the effects of dolomite bedrock on 
the chemical composition of the soil. Elevated 
concentrations of the remaining elements listed above 
indicate a potential anthropogenic source(s) of these 
elements in Chicago soils.

INTRODUCTION

Polynuclear aromatic hydrocarbon compounds 
(PAHs) are a family of fused ring hydrocarbon 
compounds derived primarily from the incomplete 
combustion of organic material including wood, 
coal, oil, gasoline, and garbage and from leaching 
from coal-tar products such as asphalt and roofi ng 
shingles. PAHs also are derived from natural sources 
such as foeswst 
2 Concentrations of Polynuclear Aromatic Hydrocarbons
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Figure 1. Land use within the city of Chicago, Illinois.



ompoundsenesge)-ion 
0.028 .5impound 
to ground water), and the type of activity leading to 
the exposure (resident or site-construction worker). 
Because the city of Chicago derives its water supply 
entirely from Lake Michigan and city ordinances 
prohibit the use of ground water wells for potable 
water use, TACO remedial objectives pertaining to 
potential for migration to ground water will not be 
discussed in this report.

The TACO cleanup objectives for a compound 
are based on assessment of the risk or hazard it poses 
to human health and the environment and do not 
automatically take its ambient concentration into 
account. The site-specifi c cleanup goals governed by 
the TACO guidance are intended to allow property 
remediation of hazardous compounds present as a 
result of historical operations, based on the site’s 
future use, not to remove compounds present as a 
result of ambient (background) deposition. Therefore, 
the TACO guidance does allow for an interested 
party to calculate the background concentration of 
a compound in soil, which then can be used as the 
remediation objective.

Without an accurate determination of the 
ambient concentrations of PAH compounds in urban 
soils, it can be diffi cult to determine if concentrations 
of PAH compounds encountered in soils during 
site remediation are the result of contamination 
or ambient effects. Soil remediation may include 
excavation and disposal of contaminated soil to an 
appropriate waste-disposal facility or installation 
of an engineered barrier (clean soils, pavement, 
buildings) to prevent human contact. Often, excess 
soil removed during construction projects containing 
PAH compounds at concentrations similar to ambient 
concentrations but above site-remediation objectives 
must be disposed of in local landfi lls at additional 
cost. Therefore, the absence of values for the ambient 
concentrations of PAH compounds in surface soils 
in the city of Chicago may result in increased site-
remediation costs associated with unnecessary 
soil excavation and disposal and installation and 
maintenance of unnecessary engineered barriers. 
Site-specifi c removal of soils containing ambient 
concentrations of PAH compounds also is unlikely 
to result in an improvement to human health and 
the environment. Development of a scientifi cally 
valid assessment of ambient concentrations of 
PAH compounds in surface soils and identifi cation 
of the factors that affect PAH concentrations in 
4 Concentrations of Polynuclear Aromatic Hydrocarbons
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surface soils has the potential to substantially help 
project managers and site investigators increase the 
effectiveness of remediation at waste-disposal sites in 
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Purpose and Scope

This report describes the results of an 
investigation that used stratifi ed random sampling 
techniques and geographic information system 
(GIS) analysis to characterize the concentration of 
PAH compounds in ambient surface soils in the city 
of Chicago. In addition, a preliminary assessment 
is provided of the concentrations of inorganic 
constituents in these soils. This report presents 
the results of soil-quality sampling for PAHs and 
inorganic constituents at 57 randomly selected sites. 
It also presents statistical and GIS analysis of the soil 
PAH data. This report provides summary statistics 
of the concentrations of the PAH compounds, 
including the mean concentration of the individual 
PAH compounds. A summary of the concentrations 
of inorganic constituents is given. Potential sources 
of PAH compounds and inorganic constituents are 
identifi ed, along with some of the factors that may 
affect the concentrations of these constituents in 
ambient soils.

Acknowledgments
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Figure 2. Locations of (A) subareas, (B) vertical strips, and (C) equal-area cells used for selection of random sample loca-
tions, Chicago, Illinois.





sampled. Because of the distribution of potential 
sites, not every cell had enough points for the 
program to select two alternate sites from each cell.

Historical land use at each of the sample 
locations was evaluated by the Chicago Department 
of Environment (CDOE) to determine if PAH 
compounds derived from industrial activities or 
waste-disposal operations at the site might be 
present. Evaluation of historical land use consisted 
of reviewing available Sanborn Fire Insurance maps 
and aerial photographs. Within each cell, the primary 
location was the preferred sampling location unless 
it was deemed unsuitable based on the historical 
evaluation. For example, if the historical analysis 
indicated that land use at a particular location could 
have resulted in PAH contamination specifi c to the 
property, an alternative location within the cell was 
considered.

Following the historical review, the CDOE 
performed an inspection of the potential sampling 
sites. Sampling sites were rejected if there were 
8 Concentrations of Polynuclear Aromatic Hydrocarbons
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Figure 4. Locations of surface-soil sampling sites, Chicago, Illinois.



spectrometry (ICP-AES). The technique yields 
quantitative data for 28 elements (appendix 2); 
the remaining 12 have all or most analyses below 
the detection limit. In addition, total carbon was 
determined by an automated carbon analyzer 
and carbonate carbon was determined as carbon 
dioxide by coulometric titration. Organic carbon 
was calculated as the difference between total and 
carbonate carbon. Total sulfur was determined 
using an automated sulfur analyzer and mercury 
was determined by cold-vapor atomic absorption 
spectrometry. Arsenic and selenium were analyzed by 
hydride generation atomic absorption spectrometry.

Calibration of the inorganic samples was 
performed by standardizing with digested rock 
reference materials and a series of multi-element 
solution standards. Data were deemed acceptable 
if recovery for all was ±15 percent at fi ve times 
the Lower Limit of Determination (LOD) and the 
calculated Relative Standard Deviation (RSD) of 
duplicate samples was no greater than 15 percent for 
all elements except mercury, arsenic, and selenium. 
For these elements, ±20 percent recovery and an RSD 
no greater than 20 percent was considered acceptable.

Field and internal laboratory quality controls 
were performed to determine the precision, accuracy, 
completeness, representativeness, and comparability 
of the data. To assist in this effort, one fi eld duplicate 
sample was collected for every 10 investigative 
samples. One matrix spike/matrix spike duplicate 
PAH sample was collected for every 20 investigative 
samples. The laboratory prepared one PAH method 
blank sample for every 20 investigative samples. All 
data for both PAH and inorganic constituents were 
reviewed following quality-assurance/quality-control 
(QA/QC) procedures.

Statistical Analysis of Uncensored 
Polynuclear Aromatic Hydrocarbon Data

Benzo(a)anthracene, benzo(b)fl uoranthene, 
benzo(k)fl uoranthene, benzo(g,h,i)perylene, 
benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, 
fl uoranthene, indeno(1,2,3-cd)pyrene, phenanthrene, 
and pyrene were detected in each of the samples 
collected (table 3). As a consequence, the actual 
reported concentrations were used in the statistical 
analysis for these compounds (uncensored data). 
For sites where duplicate samples were collected, 
10 Concentrations of Polynuclear Aromatic Hydrocarbon
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the average value was used for all analyses. 
Concentrations of all of the PAH compounds in 
sample PAH-CE-19 except acenaphthylene were 
substantially higher than in the remaining samples 
(table 3). Because sampling location PAH-CE-19 was 
considered a potential outlier, most of the preliminary 
statistical analyses were performed both with and 
without this data point.
s and Inorganic Constituents in Ambient Surface Soils, 



was used to test if the one population contained larger 
or smaller values than the other. If the results of the 
test showed the populations likely were similar, then 
data from the city of Chicago and Commonwealth 
Edison properties could be combined into one dataset 
for further analysis. The null hypothesis was that 
the values in the two populations were similar and 
the alternate hypothesis was that the values from 
one population were larger or smaller than the other 
population. A 95-percent confi dence interval (alpha 
of 0.05) was used for the Wilcoxon-Rank-Sum test. 
The Wilcoxon-Rank-Sum test was performed with 
and without sample PAH-CE-19.

Test for Lognormal Distribution

PAH concentrations were transformed in SAS 
(SAS Institute, Inc, 1999) by applying the natural 
logarithm (log transformation). The transformed 
data then were evaluated for lognormality using 
the Shapiro-Wilk test in SAS interactive data 
analysis with a signifi cance level (alpha) of 0.1 
as recommended by Helsel and Hirsch (1995) for 
normality tests. The Shapiro-Wilk test was performed 
with and without the data from sample PAH-CE-19.

Graphical Analysis

The raw uncensored data initially were 
investigated using graphical exploratory data 
techniques, including boxplots, histograms, and 
normal probability plots. Boxplots, histograms, and 
normal probability plots were graphed using Data 
Desk (Data Description, Inc., 1996). Natural-log 
transformed uncensored data also were explored 
using boxplots and normal probability plots graphed 
in Data Desk with and without the data from sample 
PAH-CE-19.

Descriptive Statistics

Standard descriptive statistics were calculated 
using interactive data analysis in SAS (SAS Institute, 
Inc, 1999). Descriptive statistics were calculated 
for raw and natural-log transformed data both with 
and without the data from sample PAH-CE-19. 
Calculated statistics (not all of which are presented 
in this report) include: mean, standard deviation, 
standard error, variance, number of observations, 
minimum, maximum, median, range of values, sum, 
corrected and uncorrected sum of squares, coeffi cient 
of variation, skewness, and kurtosis.

Outlier Test

A data point is classifi ed as a mild outlier if the 
value is more than 1 step above the 75th percentile 
and classifi ed as an extreme outlier if the value is 
more than 2 steps above the 75th percentile. A step is 
equal to 1.5 times the interquartile range (Helsel and 
Hirsch, 1995). To evaluate for an extreme outlier, the 
interquartile range and number of steps between the 
75th percentile and the highest value were calculated. 
The interquartile range was calculated by subtracting 
the 25th percentile from the 75th percentile. The 
number of steps was calculated by subtracting the 
75th percentile from the maximum value and dividing 
the result by 1.5 times the interquartile range. The 
outlier test was performed with the suspected outlier, 
PAH-CE-19, included.

To further determine if PAH-CE-19 is an 
outlier, the magnitude of the difference between the 
concentration of the PAH compound in this sample 
(the maximum value) and the next lowest value was 
examined using the number of standard deviations 
between them. The number of standard deviations 
between the maximum and next lowest value was 
calculated by subtracting the next lowest from 
the maximum value and dividing the result by the 
standard deviation.

95th Percentile, 95-Percent Confidence
Interval For The Mean, and Geometric Mean 

The 95th percentile and 95-percent confi dence 
interval for the mean of the natural-log transformed 
data were calculated using interactive data analysis 
in SAS (SAS Institute, Inc, 1999). For natural-log 
transformed PAH concentrations, the geometric 
mean was calculated in Microsoft Excel (Microsoft 
Corporation, 2000) by taking the anti-log of the 
mean. The data from sample PAH-CE-19 were not 
included in these calculations. 

Relation Between Polynuclear Aromatic 
Hydrocarbon Concentrations and Land Use

Various analyses were performed to determine 
if PAH concentrations in ambient surface soils were 
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affected by nearby land use. For the purposes of 
this discussion, land use also includes the distance 
between the sampling point and the middle of the 
nearest roadway.

The Northeastern Illinois Planning 
Commission’s 1990 land-use summary (Northeastern 
Illinois Planning Commission, 1994) was used to 
identify the current land use for each sample location. 
Chicago’s land-use code is broadly classifi ed as 
urban, built-up land (85 percent), agricultural (less 
than 1 percent), open space (7 percent), vacant and 
wetland (6 percent), water (less than 2 percent), and 
unclassifi ed (less than 1 percent). Urban, built-up 
12 Concentrations of Polynuclear Aromatic Hydrocarbons
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warehousing, and wholesale; transportation, 
communication, and utilities; open space; and vacant 
and wetland (table 6). The Shapiro-Wilk test in 
S-Plus (MathSoft, 2000) was used to verify that the 
natural-log transformed PAH concentrations for those 
land uses with fi ve or more samples (vacant and 
wetland; transportation, communication and utilities; 
commercial and service; industrial, warehousing, and 
wholesale; and residential) were normally distributed. 
To test if mean log-transformed PAH concentrations 
varied for different land uses, a one-way unbalanced 
analysis-of-variance (ANOVA) was performed 
for each uncensored PAH using S-Plus. The null 
hypothesis was that the mean natural-log transformed 
values statistically were the same for each land use. 
The alternate hypothesis was that at least one of 
the means differed with land use. An alpha value 
of 0.05 was used for the test. The data from sample 
PAH-CE-19 were not included in the ANOVA.

The distance between the sampling locations 
and the roadway were grouped into fi ve categories: 
10 ft or less (20 data points), 11 to 30 ft (15 data 
points), 31 to 50 ft (9 data points), 51 to 100 ft (6 data 
points), and greater than 100 ft (6 data points). The 
Shapiro-Wilk test in S-Plus was used to verify that 
the natural-log transformed PAH concentrations for 
distances were normally distributed. To test if mean 
log-transformed PAH concentrations varied with 
distance from the roadway, a one-way unbalanced 
ANOVA was performed for each uncensored PAH 
using S-Plus. The null hypothesis was that the mean 
natural-log transformed values statistically were 
the same for each distance category. The alternate 
hypothesis was that at least one of the means differed 
with distance. An alpha value of 0.05 was used for 
the test. The data from sample PAH-CE-19 were not 
included in the ANOVA.

Geospatial Analyses of Benzo(a)pyrene 
Concentrations

ArcMap Geostatistical Analyst, (Environmental 
Systems Research Institute, 2001b) was used to 
spatially evaluate variations in benzo(a)pyrene 
concentrations with land use and location. 
Benzo(a)pyrene was used because it typically is 
the compound of greatest concern. To obtain the 
spatial distribution of benzo(a)pyrene concentrations, 
the natural-log transformed data was kriged 
using geospatial statistics in the GIS. Kriging is a 
geostatistical method used to statistically predict 
values at unsampled location based on the theory 
that points closer together are more similar than 
those farther apart. Kriging compares the values at 
pairs of sampling points (called bins) and considers 
the distance the points are from each other. The 
distribution of the bins were fi t visually to a 
spherical spatial model using a semivariogram. A 
semivariogram graphs the variance in values with the 
distance that separates each pair of points. 

Statistical Analysis of Censored Polynuclear 
Aromatic Hydrocarbon Data

Concentrations of naphthalene, acenaphthylene, 
acenaphthene, fl uorene, and anthracene were 
below the detection limit in some of the samples 
(appendix 1) (table 3). Each of these compounds 
had multiple detection limits (the data are censored 
at multiple levels). Because concentrations for all of 
the samples are not known, assumptions about the 
presence of a normal or lognormal data distribution 
cannot be verifi ed for the censored PAH compounds, 
which is a requirement for the use of parametric 
analytical techniques. As a consequence, the 
censored data were analyzed using nonparametric 
techniques described in Helsel and Hirsch (1995), 
Helsel and Cohn (1988), and Cohn (1988). Censored 
data were analyzed statistically as follows: test for 
two independent samples from the same population, 
graphical exploratory techniques, calculation of 
limited descriptive statistics, graphical analysis 
of lognormal distribution, test for outliers, and 
calculation of the 95th percentile and geometric 
mean. As was the case for the uncensored data, 
results of duplicate samples were averaged.

Graphical Analysis

Boxplots of raw and natural-log transformed 
censored data were made using Data Desk (Data 
Description, Inc., 1996). For construction of the 
boxplots, the censored values were used to create 
the portions of the box below the median. However, 
during visual analysis of the boxes, the highest 
censoring level of each PAH was considered and the 
parts of the box below that highest censored value 
were ignored. Boxplots were drawn with and without 
the data from sample PAH-CE-19.
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Normal probability plots also were utilized 
during exploratory graphical analysis. Plotting 
positions for normal probability plots were calculated 
using a C program (Dave Lorenz, U.S. Geological 
Survey, written commun., 2002), which utilizes the 
methods outlined in Helsel and Cohn (1988). The 
program input is a specifi cally formatted ASCII fi le 
of the natural-log transformed data above and below 
14 Concentrations of Polynuclear Aromatic Hydrocarbons
Chicago, Illinois: 2001-02
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of two-thirds the detection limit. Results from 
site PAH-CE-19 were used for correlation of the 
inorganic constituents.
ANALYSIS OF POLYNUCLDc/R
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Figure 7. Normal probability plots of natural-log transformed (A) uncensored and (B) censored polynuclear aromatic hydrocarbon 
concentrations in ambient surface soils, Chicago, Illinois.



Figure 7. Normal probability plots of natural-log transformed (A) uncensored and (B) censored polynuclear aromatic hydrocarbon 
concentrations in ambient surface soils, Chicago, Illinois—Continued.
Estimates of mean and standard deviation were 
obtained by use of the log-probability regression, and 
estimates of percentiles were obtained by use of the 
maximum-likelihood regression (Helsel and Hirsch, 
1995).

Outlier testing indicates that with the exception 
of acenaphthylene, concentrations of all of the 
PAHs in the sample from site PAH-CE-19 were fi ve 
or more standard deviations greater than the next 
highest concentration, indicating that the PAH data 
from sample PAH-CE-19 are a statistical outlier 
(Helsel and Hirsch, 1995) (table 9). Therefore, the 
results from site PAH-CE-19 were omitted from all 
statistical analyses of the PAH compounds, including 
kriging of the benzo(a)pyrene distribution. As a 
consequence, the distribution of the uncensored PAH 
compounds in the surface soils could be considered 
lognormal, and reliably described by parametric 
statistical analyses (table 10). 

The two-sided Wilcoxon-Rank-Sum test 
resulted in a p-value greater than the alpha value of 
0.05, indicating that the null hypothesis, that the data 
A

from the city of Chicago and Commonwealth Edison 
properties represented a similar population, was 
acceptable (table 11). As a consequence, combination 
of all of the data (excluding the outlier sample from 
site PAH-CE-19) into one dataset for analysis was 
acceptable.

The Pearson product moment correlation 
coeffi cients for the natural-log transformed 
concentrations of the PAH compounds were 0.70 
or greater (table 12), indicating a high degree of 
correlation. Naphthalene and acenaphthylene, the 
PAH compounds with the lowest molecular weights 
(table 13), were the only PAHs that did not show a 
correlation coeffi cient of 0.90 or higher with at least 
one other PAH. Naphthalene, the PAH compound 
with the lowest molecular weight (table 13), was the 
only PAH that did not show a correlation coeffi cient 
of 0.80 or higher with at least one other PAH. 

The Pearson product moment correlation 
coeffi cients showed a low degree of positive 
correlation between the natural-log transformed 
concentrations of PAHs and the natural-log 
21nalysis of Polynuclear Aromatic Hydrocarbon Data



transformed concentration of total organic carbon, 
with the value of the correlation coeffi cient typically 
about 0.50 (table 12). This positive correlation may 
indicate that the PAH compounds attach to organic 
matter in the soil. However, the low value of the 
correlation coeffi cient indicated that the organic 
carbon content of the soil does not have a substantial 
limiting effect on PAH concentrations.

As would be expected of PAH compounds 
that tend to show a high degree of correlation, the 
concentrations of the various PAH compounds in 
soils tended to show similar patterns (appendix 1). 
Samples with high concentrations of one compound 
tended to have high concentrations of all compounds. 
Samples with low concentrations of one compound 
tended to have low concentrations of all compounds.

The distribution of PAH compounds at 
concentrations below the detection limit showed 
similar patterns. In all samples in which anthracene 
was not detected, acenaphthylene, fl uorene, 
acenaphthene, and naphthalene also were not 
detected. In all samples in which fl
22 Concentrations of Polynuclear Aromatic Hydrocarbon
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The comparatively low correlation coeffi cient 
for the PAHs with low molecular weight, the 
frequency of detection of the PAH compounds 
in the soils, and the lack of correlation between 
the concentration of PAH compound in the 
atmosphere and in the ambient soils indicate that the 
concentration of PAH compounds in surface soils 
in the city of Chicago was affected by the physical 
properties of the compound. There are two aspects to 
this relation. First, the stability of a PAH compound 
A
 23nalysis of Polynuclear Aromatic Hydrocarbon Data
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Figure 9. (A) Kriged concentrations of benzo(a)pyrene in ambient surface soils, Chicago, Illinois and (B) standard errors of 
predicted concentrations.



 f t -1.d o
with all coeffi cients of determination (R2) less than 
0.02. An analysis of variance did not indicate that 
mean concentrations of the uncensored PAHs differ 
in a statistically signifi cant manner with distance 
from the roadway (table 15). These analyses indicate 
either that distance from roadways does not have a 
substantial affect on PAH concentrations in ambient 
soils in the city of Chicago or that other factors, 
such as the amount of traffi c and the prevailing wind 
direction, need to be considered. 

Analysis was performed to determine if PAH 
concentrations are related to land use. Results of the 
multiple-population tests for comparing the natural-
log transformed concentrations of individual PAH 
compounds indicate that there are no statistically 
signifi

should be cautioned that the unequal sample sizes or 
“lack of balance” in the statistical tests can result in 
low power, or diminished capability of the tests to 
correctly reject the null hypothesis that the means of 
the land-use categories are not statistically different 
when the null hypothesis is false. 

Linear regression of natural-log transformed 
PAH concentrations with the percent industrial 
land use within a 1-mi radius of the sampling 
location yields a t-statistic for the slope coeffi

of natural-log transformed PAH concentrations 
with percent industrial land use within a 0.5-mi 
radius of the sampling location yields a t-statistic 
for the slope coeffi cient greater than 2 for each 
PAH except dibenzo(a,h)anthracene. Regressions 
using percentages of transportation, commercial, 
vacant, and residential land use showed no relation. 
A t-statistic for the slope coeffi cient greater than 
2 indicates a statistically signifi cant direct linear 
relation between the amount of industrial land use 
in the area and the PAH concentration in the sample 
(Helsel and Hirsch, 1995) (table 18). The t-statistic 
for the slope coeffi cient was near two for each 
compound and the linear correlation coeffi

concentration is less than 0.10, indicating that this 
correlation (if present) is weak. Linear regression of 
natural-log transformed PAH concentrations with 
percent industrial land use within a 0.25-mi radius 
of the sampling location yielded a t-statistic for the 
slope coeffi cient less than 2 for each PAH. This 
result indicates no statistically signifi
linear relation between the amount of industrial 
land use within 0.25 mi of the sample and the 
PAH concentration in the sample. Simple linear 
regressions of mean distance to industrial land use 
and concentrations of uncensored PAH compounds 
did not show a relation. These data are insuffi

concentrations and percent industrial land use is 

density in industrial areas, or some other source. 
ANALYSIS OF INORGANIC DATA

Surface soils in the city of Chicago are 
composed of a mixture of compounds, and 34 of the 
45 inorganic constituents were detected in more than 
75 percent of the samples collected. This frequency 
of detection allowed the arithmetic mean, standard 
deviation, and ranges for these analytes to be 
calculated (table 19). An additional 11 constituents 

 able because all or many samples 
contained less than the lower limit of detection 
(LOD). Those elements, with their LOD, are silver 
(2 mg/Kg), gold (8 mg/Kg), beryllium (1 mg/Kg), 
50 mg/Kg), cadmium (2 mg/Kg), europium 
2 mg/Kg), holmium (4 mg/Kg), tin (50 mg/Kg), 
40 mg/Kg), uranium (100 mg/Kg), and 
1 mg/Kg).

The arithmetic mean of the concentration TJ
-cK8on
25Analysis of Inorganic Data



Concentrations of all of the major element 
compositions, except for sodium, and many of 
the trace elements showed trends consistent with 
naturally developed soils. Bedrock beneath and 
near Chicago is composed of dolomite (a calcium, 
magnesium carbonate) and shale, a rock composed 
largely of clays, which are alumino-silicate minerals 
often rich in aluminum and potassium. The high 
(r2 greater than 0.98) Pearson product moment 
correlation coeffi cients among calcium, magnesium, 
and carbonate carbon refl ect the widespread 
distribution of dolomite in the soils. The lack of other 
highly correlated elements further suggests that the 
dolomite does not contain appreciable amounts of 
other trace elements. Likewise, high correlations 
(r2 greater than 0.70) between aluminum and other 
clay-borne elements such as potassium and trace 
constituents expected in clays including barium, 
cerium, gallium, lanthanum, lithium, neodymium, 
scandium, titanium, vanadium, and yttrium 
26 Concentrations of Polynuclear Aromatic Hydrocarbon
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samples indicate that PAH concentrations typically 
varied by less than a factor of two over a distance 
of a few feet. Variations in the concentrations of a 
given PAH in ambient surface soils may be affected 
by proximity to industrial areas. Variations in the 
concentrations of a given PAH in ambient surface 
soils did not appear to be affected by proximity to 
roadways or non-industrial land uses and did not 
appear to be strongly affected by the organic carbon 
content of the soil.

The concentration of the different PAH 
compounds in ambient surface soils appears to 
have been affected by the physical properties of 
the compound, which are affected by its molecular 
weight. Lower molecular-weight PAH compounds, 
which were in lower concentrations in the soils, 
were primarily in the vapor phase in the atmosphere. 
Higher molecular-weight PAH compounds, which 
often were in higher concentrations in the soils, were 
primarily in the particulate phase in the atmosphere. 
The apparent effect of the phase of the PAH in the 
atmosphere on the concentration of a PAH in ambient 
surface soils indicated that atmospheric settling of 
particulate matter is an important source of the PAH 
compounds in ambient Chicago soils.

The distribution of benzo(a)pyrene, which 
approximated the distribution of the remaining PAH 
compounds within the city, was complex. Elevated 
concentrations (greater than 4,084 micrograms per 
kilogram) were detected near Lake Michigan in the 
northern part of the city, in much of the western 
part of the city, and in isolated areas in the southern 
part of the city. Comparatively low concentrations 
(less than 419 micrograms per kilogram) were 
detected in much of the northwestern, south-central, 
southwestern, and far southern parts of the city.

Concentrations of various inorganic constituents 
in surface soils in the city of Chicago appeared to 
be affected by the natural development of the soils. 
The arithmetic mean concentration of arsenic, 
mercury, calcium, magnesium, phosphorus, tic mean con
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Table 2. Soil-sampling site data collected during the investigation, Chicago, Illinois
[D, duplicate sample; USGS, U.S. Geological Survey]

Sample number 
(location shown 

in figure 4) Latitude Longitude
USGS site

identification number Land use at site

Distance from 
nearest

roadway 
(feet)

Date of 
sample 

collection

PAH-CE-1 42o00’35” 87o46’20” 420003508746201 Commercial 25 1/24/2002

PAH-CE-2 41o58’46” 87o48’25” 415846087482501 Transportation 40 1/24/2002

PAH-CE-3 41o57’40” 87o42’41” 415740087424101 Commercial 61 1/24/2002

PAH-CE-4 41o54’04” 87o38’18” 415404087381801 Commercial 190 1/24/2002

PAH-CE-4D 41o54’04” 87o38’18” 415404087381802 Commercial 190 1/24/2002

PAH-CE-5 41o53’16” 87o40’11” 415316087401101 Industrial 118 1/24/2002

PAH-CE-6 41o51’07” 87o42’14” 415107087421401 Commercial 7 1/24/2002

PAH-CE-7 41o50’42” 87o37’31” 415042087373101 Industrial 74 1/24/2002

PAH-CE-8 41o49’17” 87o36’38” 414917087363801 Residential 78 1/24/2002

PAH-CE-9 41o47’43” 87o37’41” 414743087374101 Vacant or wetland 125 1/24/2002

PAH-CE-10 41o43’24” 87o36’16” 414324087361601 Transportation 16 1/24/2002

PAH-CE-11 41o44’57” 87o40’37” 414457087403701 Industrial 221 1/24/2002

PAH-CE-12 41o45’18” 87o42’51” 414518087425101 Residential 37 1/24/2002

PAH-CE-13 41o45’51” 87o44’12” 414551087441201 Industrial 626 1/24/2002

PAH-CE-14 41o46’42” 87o44’26” 414642087442601 Commercial 41 1/24/2002

PAH-CE-15 41o42’11” 87o39’13” 414211087391301 Industrial 140 1/25/2002

PAH-CE-15D 41o42’11” 87o39’13” 414211087391302 Industrial 140 1/25/2002

PAH-CE-16 41o42’49” 87o32’45” 414249087324501 Vacant or wetland 85 1/25/2002

PAH-CE-17 41o42’15” 87o31’33” 414215087313301 Transportation 69 1/25/2002

PAH-CE-18 41o44’42” 87o38’37” 414442087383701 Commercial 69 1/25/2002

PAH-CE-19 41o46’52” 87o37’08” 414652087370801 Vacant or wetland 120 1/25/2002

PAH-SS-01 41o55’57” 87o43’37” 415557087435701 Industrial 30 6/5/2001

PAH-SS-02 41o55’15” 87o41’50” 415515087415001 Commercial 10 6/5/2001

PAH-SS-03 41o54’33” 87o46’08” 415433087460801 Commercial 10 6/5/2001

PAH-SS-04 41o56’20” 87o45’00” 415620087450001 Commercial 45 6/5/2001

PAH-SS-05 41o55’25” 87o48’02” 415525087480201 Commercial 35 6/5/2001

PAH-SS-06 41o56’42” 87o48’57” 415642087485701 Residential 1 6/5/2001

PAH-SS-07 41o57’05” 87o48’26” 415705087482601 Commercial 45 6/5/2001

PAH-SS-08 41o58’37” 87o50’12” 415837087501201 Residential 16 6/5/2001

PAH-SS-09 41o59’31” 87o47’54” 415931087475401 Open space 22 6/5/2001

PAH-SS-10 41o58’27” 87o45’59” 415827087455901 Commercial 32 6/5/2001

PAH-SS-11 41o41’35” 87o42’03” 414135087420301 Commercial 30 6/5/2001

PAH-SS-12 41o42’18” 87o39’24” 414218087392401 Transportation 25 6/5/2001

PAH-SS-13 41o41’14” 87o37’18” 414114087371801 Commercial 20 6/5/2001

PAH-SS-14 41o40’36” 87o31’21” 414036087312101 Residential 10 6/5/2001
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Table 2. Soil-sampling site data collected during the investigation, Chicago, Illinois—Continued
[D, duplicate sample; USGS, U.S. Geological Survey]

Sample number 
(location shown 

in figure 4) Latitude Longitude
USGS site

identification number Land use at site

Distance from 
nearest

roadway 
(feet)

Date of 
sample 

collection

PAH-SS-15 41o39’19” 87o35’50” 413919087355001 Commercial 50 6/5/2001

PAH-SS-16 41o39’34” 87o32’55” 413934087325501 Vacant or wetland 10 6/5/2001

PAH-SS-17 41o40’58” 87o32’24” 414058087322401 Vacant or wetland 23 6/5/2001

PAH-SS-17D 41o40’58” 87o32’24” 414058087322402 Vacant or wetland 23 6/5/2001

PAH-SS-18 41o43’35” 87o33’00” 414335087330001 Vacant or wetland 10 6/5/2001

PAH-SS-19 41o45’06” 87o34’38” 414506087343801 Commercial 20 6/5/2001

PAH-SS-20 41o45’44” 87o33’50” 414544087335001 Res 9 137Tj
9 0 0 9 19

PAH-97TD
[(P)92(AH-SS-20)-4168.8(41)]TJ
5.247 0 0 5.247 134.6921557.994 Tm
(o)Tj
9 0 0 9 137.315 554.997 42.9540’58” 87

Dateg56.9(10 197.315 554.997 Tm
[(33’50”)-2882.4(47)]TJ
5.2473m
(o))a8
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Table 4. Mean distance from sample locations to nearby major land-use categories, Chicago, Illinois
[--, no data]

Sample 
number 

(location 
shown in 
figure 4)

Mean
distance 

to unclas-
sified 

land use

Mean
distance 
to resi-
dential 

land use

Mean 
distance 
to com-
mercial 
land use

Mean 
distance 
to insti-
tutional 
land use

Mean
distance

to
industrial, 

ware-
housing, 

and 
whole-

sale 
land use

Mean 
distance 
to trans-

portation, 
com-

munica-
tion, and 
utilities 
land use

Mean
distance 

to agricul-
tural land 

use

Mean 
distance 
to open 
space 

land use

Mean
distance 
to vacant 

or
wetland 
land use

Mean 
distance 
to water

(feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet)

PAH-CE-1 -- 4,356 4,265 5,216 2,395 8,144 -- 4,936 6,384 --

PAH-CE-2 5,253 3,403 2,645 3,441 -- 1,970 -- 2,294 1,361 --

PAH-CE-3 -- 4,911 4,974 6,659 6,082 6,244 -- 5,373 6,979 5,111

PAH-CE-4 -- 4,967 5,055 4,288 4,737 4,944 -- 5,459 3,786 5,235

PAH-CE-5 -- 5,073 4,787 6,209 3,516 4,838 -- 4,939 3,947 --

PAH-CE-6 -- 3,767 3,531 3,957 4,944 4,428 -- 2,922 4,585 6,241

PAH-CE-7 -- 5,086 5,436 3,846 5,595 5,536 -- 5,017 5,503 6,224

PAH-CE-8 -- 4,727 4,621 4,601 6,503 5,926 -- 5,385 3,801 --

PAH-CE-9 -- 4,479 4,415 4,592 6,564 3,681 -- 4,572 3,907 --

PAH-CE-10 -- 4,973 5,277 4,041 5,024 5,901 -- 7,191 6,299 --

PAH-CE-11 9,308 4,924 4,597 4,531 3,720 3,549 -- 5,767 5,197 --

PAH-CE-12 10,330 5,321 5,448 7,313 2,457 3,294 -- 4,829 3,933 4,874

PAH-CE-13 4,376 4,523 4,736 2,909 2,531 2,102 -- 2,320 2,054 --

PAH-CE-14 11,084 9,809 9,386 10,373 10,686 5,856 -- 8,757 5,353 --

PAH-CE-15 10,271 5,054 4,971 5,196 6,916 5,514 -- 5,525 7,751 --

PAH-CE-16 -- 4,386 3,752 5,079 3,195 5,434 -- 5,964 6,269 2,825

PAH-CE-17 -- 2,963 1,882 3,162 1,260 1,939 -- 4,104 2,331 --

PAH-CE-18 -- 4,829 4,670 4,213 3,401 4,642 -- 4,908 4,800 --

PAH-CE-19 -- 5,081 4,985 5,618 2,469 3,748 -- 6,244 4,103 4,854

PAH-SS-01 -- 4,130 3,963 3,865 4,061 5,186 -- 3,497 5,280 --

PAH-SS-02 -- 4,772 5,106 5,193 6,193 5,571 -- 4,559 5,644 6,288

PAH-SS-03 4,951 3,904 4,059 4,690 3,946 3,012 -- 4,016 3,757 --

PAH-SS-04 -- 4,269 4,200 4,708 3,253 5,039 -- 4,270 3,086 --

PAH-SS-05 5,112 4,083 4,035 3,988 3,297 5,758 -- 4,542 3,632 --

PAH-SS-06 3,942 3,482 4,513 5,343 9,768 -- -- 7,798 5,695 9,734

PAH-SS-07 4,008 4,556 3,244 3,868 4,659 -- -- 4,504 5,144 --

PAH-SS-08 6,461 8,073 7,135 14,488 19,612 19,974 25,114 6,211 19,443 13,079

PAH-SS-09 12,046 6,017 5,384 4,158 3,059 4,909 -- 4,396 6,918 --

PAH-SS-10 6,691 4,678 3,765 4,720 4,678 4,054 -- 5,734 7,861 --
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Table 4. Mean distance from sample locations to nearby major land-use categories, Chicago, Illinois—Continued
[--, no data]

Sample 
number 

(location 
shown in 
figure 4)

Mean
distance 

to unclas-
sified 

land use

Mean
distance 
to resi-
dential 

land use

Mean 
distance 
to com-
mercial 
land use

Mean 
distance 
to insti-
tutional 
land use

Mean
distance

to
industrial, 

ware-
housing, 

and 
whole-

sale 
land use

Mean 
distance 
to trans-

portation, 
com-

munica-
tion, and 
utilities 
land use

Mean
distance 

to agricul-
tural land 

use

Mean 
distance 
to open 
space 

land use

Mean
distance 
to vacant 

or
wetland 
land use

Mean 
distance 
to water

(feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet)

PAH-SS-11 7,930 5,957 6,824 5,864 9,956 7,545 5,100 4,773 9,022 8,472

PAH-SS-12 9,651 5,263 6,921 4,228 4,723 3,305 -- 5,157 4,614 --
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45Table 6

Table 7. Shapiro-Wilk test statistic for normal distribution of natural-log-transformed polynuclear aromatic 
hydrocarbon data in ambient surface soils, Chicago, Illinois
[Alpha = 0.1. Null hypothesis (Ho) is that the distribution is lognormal.]

Shapiro-Wilk test statistic

Excluding sample PAH-CE-19 Including sample PAH-CE-19

Constituent
(natural-log transformed) Value p-value Conclusion Value p-value Conclusion
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Table 8. Statistical summary of log-transformed polynuclear aromatic hydrocarbon data for censored compounds in ambient 
surface soils, Chicago, Illinois
[Bold denotes retained estimates]

Constituent
(natural-log
transformed)

Number
of 

samples

Number 
less than 
detection 

limit

Number 
of

detection 
limits

Maximum 
detection 

limit Mean
Standard 
deviation

Value of 
25th

percentile Median

Value of 
75th

percentile

(micro-
grams per 
kilogram)

(micro-
grams per 
kilogram)

(micro-
grams per 
kilogram)

(micro-
grams per 
kilogram)

(micro-
grams per 
kilogram)

(micro-
grams per 
kilogram)

Estimates using log-probability regression of samples with concentrations greater than the detection limit

All Samples

Acenaphthene 57  7  5  3.05  4.24  1.86  2.41  4.44  5.63

Acenaphthylene 57  16  6  3.18  3.22  1.55  1.91  2.83  4.18

Anthracene 57  3  3  3.05  5.22  1.89  3.68  5.39  6.48

Fluorene 57  7  5  3.05  4.36  1.88  2.53  4.51  5.75

Naphthalene 57  22  7  3.18  3.56  1.44  2.42  3.00  4.54

Excluding Sample PAH-CE-19

Acenaphthene 56  7  5  3.05  4.14  1.65  2.45  4.44  5.52

Acenaphthylene 56  16  6  3.18  3.16  1.47  1.90  2.80  4.10

Anthracene 56  3  3  3.05  5.10  1.69  3.66  5.32  6.44

Fluorene 56  7  5  3.05  4.25  1.69  2.53  4.43  5.72

Naphthalene 56  22  7  3.18  3.51  1.30  2.46  2.97  4.49

Estimates using adjusted lognormal maximum likelihood regression of samples with concentrations above the detection limit

All Samples

Acenaphthene 57  7  5  3.05  4.26  2.32  2.66  4.44  5.63

Acenaphthylene 57  16  6  3.18  3.22  1.76  2.00  2.83  4.18

Anthracene 57  3  3  3.05  5.24  2.15  3.68  5.39  6.48

Fluorene 57  7  5  3.05  4.38  2.27  2.79  4.51  5.75

Naphthalene 57  22  7  3.18  3.51  1.65  2.35  3.18  4.54

Excluding Sample PAH-CE-19

Acenaphthene 56  7  5  3.05  4.15  2.17  2.64  4.44  5.52

Acenaphthylene 56  16  6  3.18  3.16  1.68  1.99  2.79  4.10

Anthracene 56  3  3  3.05  5.13  2.02  3.66  5.32  6.44

Fluorene 56  7  5  3.05  4.27  2.13  2.78  4.43  5.72

Naphthalene 56  22  7  3.18  3.44  1.54  2.36  3.14  4.49
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Table 11. Results of Wilcoxon-Rank-Sum test comparing 
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Table 13. Physical properties of select polynuclear aromatic hydrocarbons
[°C, degrees Celsius]

Constituent

Molecular 
weight 

(grams per 
mole)

Solubility in 
water at 25°C 
(micrograms 

per liter)

Octonal-water 
partition coefficient 

(dimensionless)

Organic carbon 
partition coefficient 
(milliliters water per 

gram carbon)

Henry’s Law Constant 
(cubic meters 

atmosphere per 
mole)

Acenaphthene  154  3,930.  9,600  4,600 1.40E-04

Acenaphthylene  154  3,420.   5,300  2,500 1.45E-03

Anthracene  178  59.   14,000  28,000 5.87E-05

Benzo(a)anthracene  228  11.  410,000  200,000 3.01E-06

Benzo(b)fluoranthene  252  2.4  1,100,000  550,000 1.22E-05

Benzo(k)fluoranthene  252  2.4  1,150,000  550,000 7.48E-07

Benzo(g,h,i)perylene  276  .3  3,200,000  1,600,000 1.44E-07

Benzo(a)pyrene  252  3.8  1,550,000  5,500,000 1.28E-09

Chrysene  228  1.9  410,000  200,000 8.45E-05

Dibenzo(a,h)anthracene  278  .4  6,900,000  3,300,000 1.33E-08

Fluoranthene  202  260.  79,000  38,000 1.45E-05

Fluorene  166  800.  15,000  7,300 5.74E-05

Indeno(1,2,3-cd)pyrene  276  .5  3,200,000  1,600,000 6.95E-08

Naphthalene  128  12,500.  2,344  1,290 1.08E-03

Phenanthrene  178  435.  28,000  14,000 1.45E-04

Pyrene  202  133.  80,000  38,000 9.92E-06
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Table 15. Results of one-way analysis of variance of polynuclear aromatic hydrocarbon concentrations and 
distance from nearest roadway, Chicago, Illinois
[Alpha = 0.05. Null hypothesis (Ho) is that all means are equal.]

Constituent
(natural-log transformed) F value Probability of (F)1 Conclusion

Benzo(a)anthracene  0.31  0.93 Fail to reject H
o

Benzo(a)pyrene  .29  .94 Fail to reject H
o

Benzo(b)fluoranthene  .36  .90 Fail to reject H
o

Benzo(g,h,i)perylene  .34  .91 Fail to reject H
o

Benzo(k)fluoranthene  .32  .93 Fail to reject H
o

Chrysene  .42  .86 Fail to reject H
o

Dibenzo(a,h)anthracene  .39  .88 Fail to reject H
o

Fluoranthene  .31  .93 Fail to reject H
o

Indeno(1,2,3-cd)pyrene  .56  .76 Fail to reject H
o

Phenanthrene  .26  .95 Fail to reject H
o

Pyrene  .43  .86 Fail to reject H
o

1
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Table 16. Statistical description of polynuclear aromatic hydrocarbons in ambient soils for different land-use categories, Chicago, 
Illinois—Continued
[Bold denotes rejection of the assumption of normal distribution for the constituent. %, percent]

Constituent
(natural-log transformed) Mean

Standard 
deviation

Lowest 
value
(0%)

First
quartile

(25%)
Median

(50%)

Third
quartile

(75%)

Highest 
value
(100%)

Shapiro-
Wilk test 
(p-value)

Industrial, Warehousing, and Wholesale (5 cases)

Phenanthrene  7.15  1.28  5.19  6.55  7.65  8.10  8.27  0.34

Fluoranthene  7.91  1.14  6.13  7.44  8.40  8.70  8.87  .28

Pyrene  7.55  1.14  6.06  6.72  7.74  8.56  8.68  .48

Benzo(a)anthracene  7.00  1.17  5.35  6.40  7.09  8.07  8.10  .49

Chrysene  7.04  1.10  5.39  6.58  7.17  7.97  8.07  .52

Benzo(b)fluoranthene  7.37  1.01  5.86  6.91  7.63  8.13  8.34  .57

Benzo(k)fluoranthene  6.95  1.13  5.44  6.11  7.33  7.90  7.97  .31

Benzo(a)pyrene  7.18  1.08  5.60  6.63  7.41  8.07  8.19  .51

Dibenzo(a,h)anthracene  5.07  1.01  3.30  5.25  5.39  5.56  5.83  .03

Benzo(g,h,i)perylene  6.35  1.02  4.70  6.02  6.84  7.09  7.09  .12

Indeno(1,2,3-cd)pyrene  6.59  0.98  5.08  6.15  7.04  7.31  7.38  .21

Residential (9 cases)

Phenanthrene  7.33  1.77  4.87  5.48  7.60  8.67  9.68  0.40

Fluoranthene  8.03  1.61  5.70  6.48  8.37  9.39  9.90  .33

Pyrene  7.65  1.63  5.52  5.86  8.24  8.73  9.74  .22

Benzo(a)anthracene  7.10  1.64  4.94  5.35  7.44  8.54  9.12  .24

Chrysene  7.14  1.64  5.08  5.39  7.44  8.67  9.31  .27

Benzo(b)fluoranthene  7.38  1.61  5.25  5.91  7.55  8.88  9.55  .47

Benzo(k)fluoranthene  6.91  1.52  4.61  5.67  7.17  8.29  9.11  .82

Benzo(a)pyrene  7.24  1.60  5.08  5.67  7.50  8.73  9.39  .45

Dibenzo(a,h)anthracene  5.28  1.21  3.33  4.44  5.30  6.23  7.00  .82

Benzo(g,h,i)perylene  6.52  1.51  4.79  5.14  6.59  7.60  8.84  .41

Indeno(1,2,3-cd)pyrene  6.81  1.54  4.87  5.39  6.82  8.37  9.00  .37
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Table 17. Results of analysis of variance of uncensored polynuclear aromatic 
hydrocarbon concentrations in ambient soil by land use, Chicago, Illinois
[Alpha = 0.05. Null hypothesis (Ho) is that mean concentrations are not significantly different among 
land-use categories.]

Constituent
(natural-log
transformed) F value Probability1 Conclusion

Benzo(a)anthracene  0.92  0.49 Fail to reject H
o
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Table 20. Comparison of arithmetic mean concentrations of select inorganic 
constituents in ambient surface soils, Chicago, Illinois with mean concentra-
tions from surrounding agricultural soils
[Bold denotes analytes concentrated by a factor of two or more;  mg/Kg, milligrams per kilogram]

Constituent

Arithmetic 
mean

concentration 
in 57 Chicago 
soil samples

Arithmetic 
mean

concentration
in 106 soil 
samples 

collected 
within 500 

kilometers of 
Chicago

Concentration 
factor in

Chicago soils 
relative to 

soils within 
500 kilometers 

of Chicago

Aluminum (weight percent)  4.8  4.86  0.99

Arsenic (mg/Kg)  19.5  6.56  2.97

Barium (mg/Kg)  427.3  499.3  .86

Beryllium (mg/Kg)  2.2  1.2  1.83

Calcium (weight percent)  4.06  .82  4.95

Total Carbon (weight percent)  7.61  2.55  2.98

Chromium (mg/Kg)  71.2  44.1  1.61

Cobalt (mg/Kg)  11.  8.51  1.29

Copper (mg/Kg)  150.5  18.4  8.18

Gallium (mg/Kg)  13.9  12.8  1.09

Iron (weight percent)  3.3  1.85  1.78

Lanthanum (mg/Kg)  25.7  36.2  .71

Lead (mg/Kg)  395.3  19.4  20.38

Lithium (mg/Kg)  31.3  19.74  1.59

Magnesium (weight percent)  2.47  .4  6.18

Manganese (mg/Kg)  583.4  460.4  1.27

Mercury (mg/Kg)  .64  .14  4.57

Molybdenum (mg/Kg)  5.74  2.46  2.33

Nickel (mg/Kg)  36.44  15.95  2.28

Phosphorus (weight percent)  .086  .043  2.00

Potassium (weight percent)  1.75  1.56  1.12

Scandium (mg/Kg)  8.6  8.2  1.05

Selenium (mg/Kg)  1.  .46  2.17

Sodium (weight percent)  .52  .73  .71

Strontium (mg/Kg)  113.6  122.1  .93

Thorium (mg/Kg)  9.  8.2  1.10

Titanium (weight percent)  .22  .27  .81

Vanadium (mg/Kg)  76.5  61.1  1.25

Yttrium (mg/Kg)  15.8  20.8  .76

Zinc (mg/Kg)  396.68  53.57  7.40
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Table 21. Pearson product-moment correlation coefficients for selected inorganic constituents in ambient surface soils, Chicago, 
Illinois
[Positive coefficients greater than 0.70 in bold]
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CALCIUM  -.73  .07  -.71  1.00
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CARBON  -.75  .07  -.73  .99  1.00
ORGANIC

CARBON  .02  .19  .13  -.17  -.26  1.00
CERIUM  .94  -.17  .69  -.62  -.62  -.14  1.00



59Table 21





61Appendix 1

Appendix 1. Polynuclear aromatic hydrocarbons in
 ambient surface soils, Chicago, Illinois.
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Appendix 1. Polynuclear aromatic hydrocarbons in ambient surface soils, Chicago, Illinois
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Appendix 1. Polynuclear aromatic hydrocarbons in ambient surface soils, Chicago, Illinois—Continued
[µg/Kg, micrograms per kilogram; 15 U, constituent not detected and detection limit; J, estimated; D, duplicate sample]

Sample 
Number

Constituent

Benzo(a)-
anthracene

(µg/Kg)
Chrysene
(µg/Kg)

Benzo(b)-
fluoranthene

(µg/Kg)

Benzo(k)-
fluoranthene

(µg/Kg)

Benzo(a)-
pyrene
(µg/Kg)

Dibenzo-
(a,h)anthra-

cene
(µg/Kg)

Benzo-
(g,h,i)-

perylene
(µg/Kg)

Indeno-
(1,2,3-cd)-

pyrene
(µg/Kg)

PAH-SS-01  600  720  1,000  450  760  190  410  470  

PAH-SS-02  200  250  340  220  260  93  200  210  

PAH-SS-03  720  800  920  650  850  140  430  500  

PAH-SS-04  740  910  1,100  900  1,000  150  490  610  

PAH-SS-05  510  650  760  530  680  110  360  430  

PAH-SS-06  9,100  11,000  14,000  9,000  12,000  770  6,900  8,100  

PAH-SS-07  47  54  100  53  81  68  120  110  

PAH-SS-08  180  220  260  220  250  96  170  200  

PAH-SS-09  2,700  2,900  3,000  2,200  3,000  290  1,000  1,300  

PAH-SS-10  26  31  40  36  39  62  110  98  

PAH-SS-11  43  61  63  59  66  62  100  110  

PAH-SS-12  110  120  150  95  130  68  130  140  

PAH-SS-13  3,400  3,500  4,000  1,900  3,700  640  1,300  1,500  

PAH-SS-14  5,100  5,800  7,200  4,400  6,200  510  2,000  4,300  

PAH-SS-15  160  180  240  140  200  82  160  170  

PAH-SS-16  59  79  97  58  81  69  120  130  

PAH-SS-17  10,000  9,300  13,000  7,100  11,000  870  7,100  8,100  

PAH-SS-17D  8,400  8,200  9,400  8,600  9,700  780  5,500  6,100  

PAH-SS-18  4,900  5,500  6,800  3,600  5,600  520  3,700  4,100  

PAH-SS-19  77  99  99  70  95  70  130  140  

PAH-SS-20  140  160  190  100  160  28  120  130  

PAH-SS-21  210  230  300  170  250  44  180  210  

PAH-SS-21D  230  260  330  190  280  52  200  240  

PAH-SS-22  16,000  15,000  18,000  10,000  17,000  1,600  8,100  9,900  

PAH-SS-23  880  980  970  1,000  1,000  110  490  620  

PAH-SS-24  2,500  2,600  3,700  2,000  3,000  290  1,500  1,800  

PAH-SS-25  240  280  340  210  280  59  210  250  

PAH-SS-25D  280  330  380  270  340  70  230  280  

PAH-SS-26  550  540  530  340  570  71  280  370  

PAH-SS-27  3,800  4,200  5,700  2,900  4,200  760  3,200  3,800  

PAH-SS-28  2,000  1,900  2,600  1,300  2,100  280  920  1,100  

PAH-SS-29  1,700  1,700  1,900  1,300  1,800  200  730  920  

PAH-SS-30  1,700  1,600  1,600  1,500  1,600  280  640  830  

PAH-SS-31  2,400  2,500  3,000  1,700  2,400  370  930  1,200  

PAH-SS-32  6,400  6,600  6,000  6,300  6,600  940  3,600  4,600  

PAH-SS-33  1,300  1,300  1,300  1,400  1,400  220  570  700  
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Appendix 1. Polynuclear aromatic hydrocarbons in ambient surface soils, Chicago, Illinois—Continued
[µg/Kg, micrograms per kilogram; 15 U, constituent not detected and detection limit; J, estimated; D, duplicate sample]

Sample 
Number

Constituent

Naphthalene
(µg/Kg)

Acenaph-
thylene
(µg/Kg)

Acenaph-
thene

(µg/Kg)
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Appendix 1. Polynuclear aromatic hydrocarbons in ambient surface soils, Chicago, Illinois—Continued
[µg/Kg, micrograms per kilogram; 15 U, constituent not detected and detection limit; J, estimated; D, duplicate sample]

Sample 
Number

Constituent

Benzo(a)-
anthracene

(µg/Kg)
Chrysene
(µg/Kg)

Benzo(b)-
fluoranthene

(µg/Kg)

Benzo(k)-
fluoranthene

(µg/Kg)

Benzo(a)-
pyrene
(µg/Kg)

Dibenzo-
(a,h)anthra-

cene
(µg/Kg)

Benzo-
(g,h,i)-

perylene
(µg/Kg)

Indeno-
(1,2,3-cd)-

pyrene
(µg/Kg)

PAH-SS-33D  1,300  1,300  1,700  950  1,400  220  540  700  

PAH-SS-34  1,500  1,600  2,100  720  1,600  220  920  1,200  

PAH-SS-35  8,100  7,800  9,000  4,000  7,500  1,100  4,100  5,000  

PAH-SS-36  6,100  6,400  8,500  3,900  6,600  1,100  4,000  5,200  

PAH-SS-37  1,800 J  1,500  2,600  1,300  1,700  130  570  870 J

PAH-SS-38  300 J  310  440 J  490  490  140  220  360 J 

PAH-CE-1  320  380  480  330  410  38  200  270  

PAH-CE-2  30  35  50  36  41  8 J  24  33  

PAH-CE-3  430  430  550  410  480  48  200  260  

PAH-CE-4  1,400  1,400  1,800  1,400  1,600  120  560  790  

PAH-CE-4D  1,000  1,000  1,300  950 J  1,200  130 J  560  770  

PAH-CE-5  3,200  2,900  3,400  2,900  3,600  260 J  1,200  1,500  

PAH-CE-6  880  850  1,200  820  950  120  580  700  

PAH-CE-7  3,300  3,200  4,200  2,700  3,200  340 J  1,200  1,600  

PAH-CE-8  830  730  830  620  780  78  290  410  

PAH-CE-9  28  36  50  44  45  10 J  24  31  

PAH-CE-10  210  200  320  200  250  27  99  130  

PAH-CE-11  210  220  350  230  270  27  110  160  

PAH-CE-12  210 J  200  370 J  290  290  85  130  220 J 

PAH-CE-13  1,800 J  1,800  3,900  2,900  3,500  200  820 J  1,200  

PAH-CE-14  1,300 J  1,300  2,100  1,800  1,600  200  390  580 J

PAH-CE-15  1,600 J  1,800 J  2,600  2,100  2,100  220 J  1,300 J  1,500 J 

PAH-CE-15D  810 J  790  1,500 J  960  1,200  220  560  780 J

PAH-CE-16  240 J  260  430 J  380  430  130  310  300 J 

PAH-CE-17  360 J  360  540 J  580  550  160  430  470  

PAH-CE-18  4,100  3,700  4,000  3,200  4,100  980  2,100  3,100  

PAH-CE-19  370,000  350,000 J  550,000  280,000  460,000  41,000  290,000  370,000  
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Appendix 2. Inorganic constituents in ambient surface soils,
 Chicago, Illinois.
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Appendix 2. Inorganic constituents in ambient surface soils, Chicago, Illinois
[percent, percent-weight; D, duplicate sample; <50, constituent not detected and detection limit]

Sample Number

Constituent

Carbon
Dioxide

(percent)

Carbonate 
Carbon

(percent)

Total Car-
bon

(percent)

Total 
Organic 
Carbon

(percent)
Aluminum
(percent)

Calcium
(percent)

Iron
(percent)

Magnesium
(percent)

PAH-SS-01  0.91  0.25  6.01  5.76  5.66  1.27  2.78  0.92

PAH-SS-02  2.02  .55  4.50  3.95  5.83  1.77  2.29  1.16

PAH-SS-03  2.38  .65  5.64  4.99  6.90  1.94  3.50  1.47

PAH-SS-04  3.77  1.03  6.79  5.76  5.68  2.65  2.63  1.77

PAH-SS-05  16.30  4.45  7.77  3.32  4.33  7.95  2.57  5.25

PAH-SS-06  16.40  4.48  11.50  7.02  4.58  8.95  3.19  5.65

PAH-SS-07  1.97  .54  2.49  1.95  7.13  1.68  3.23  1.43

PAH-SS-08  1.54  .42  4.85  4.43  6.26  1.48  2.90  1.18

PAH-SS-09  1.88  .51  5.99  5.48  5.89  1.70  2.97  1.23

PAH-SS-10  .14  .04  2.21  2.17  6.04  .62  2.99  .59

PAH-SS-11  2.76  0.75  4.88  4.13  5.54  2.34  2.83  1.39

PAH-SS-12  .35  .10  2.39  2.29  6.12  .86  2.88  .74

PAH-SS-13  3.15  .86  5.13  4.27  6.74  2.64  3.63  1.71

PAH-SS-14  3.38  .92  6.95  6.03  6.52  2.77  3.94  1.68

PAH-SS-15  3.49  .95  3.50  2.55  6.39  2.66  3.30  1.67

PAH-SS-16  1.46  0.40  3.32  2.92  6.48  1.67  3.21  1.04

PAH-SS-17  4.40  1.20  8.26  7.06  5.42  4.15  5.27  1.82

PAH-SS-17D  4.54  1.24  7.94  6.70  5.32  4.58  5.61  1.82

PAH-SS-18  3.85  1.05  16.00  14.95  3.78  3.43  14.50  1.52

PAH-SS-19  1.33  .36  2.62  2.26  6.49  1.32  3.05  1.16

PAH-SS-20  4.23  1.15  9.30  8.15  4.58  3.30  3.83  1.76

PAH-SS-21  .76  .21  3.21  3.00  6.71  1.15  3.00  .94

PAH-SS-21D  .80  .22  3.16  2.94  6.78  1.18  3.02  .98

PAH-SS-22  15.10  4.12  7.93  3.81  4.82  8.55  2.76  4.58

PAH-SS-23  1.83  .50  5.91  5.41  5.86  1.80  3.07  1.09

PAH-SS-24  0.61  0.17  5.69  5.52  6.26  1.15  3.19  0.94

PAH-SS-25  .90  .25  3.55  3.30  5.78  1.15  2.63  .86

PAH-SS-25D  .94  .26  3.56  3.30  5.83  1.23  2.70  .95

PAH-SS-26  6.97  1.90  7.98  6.08  4.92  4.42  2.75  2.53

PAH-SS-27  9.55  2.61  10.50  7.89  4.73  5.45  4.18  3.46

PAH-SS-28  2.18  0.59  6.07  5.48  7.00  1.89  3.98  1.67

PAH-SS-29  26.90  7.34  9.77  2.43  3.09  12.90  2.24  8.06

PAH-SS-30  1.97  .54  4.73  4.19  6.44  1.79  4.28  1.22

PAH-SS-31  3.07  .84  10.90  10.06  4.56  2.41  5.75  1.39

PAH-SS-32  5.49  1.50  8.99  7.49  5.89  3.96  3.67  2.09
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Appendix 2. Inorganic constituents in ambient surface soils, Chicago, Illinois—Continued
[percent, percent-weight; D, duplicate sample; <50, constituent not detected and detection limit]

Sample Number

Constituent

Carbon
Dioxide

(percent)

Carbonate 
Carbon

(percent)

Total Car-
bon

(percent)

Total 
Organic 
Carbon

(percent)
Aluminum
(percent)

Calcium
(percent)

Iron
(percent)

Magnesium
(percent)

PAH-SS-33  4.25  1.16  8.38  7.22  5.97  3.10  3.36  1.95

PAH-SS-33D  4.30  1.17  8.34  7.17  5.86  3.18  3.31  1.94

PAH-SS-34  6.89  1.88  5.53  3.65  5.44  3.85  2.79  2.82

PAH-SS-35  5.68  1.55  11.50  9.95  7.46  4.55  5.51  1.94

PAH-SS-36  6.97  1.90  11.80  9.90  4.30  4.53  4.32  2.59

PAH-SS-37  7.35  2.01  6.94  4.93  2.60  3.89  2.15  2.16

PAH-SS-38  .65  .18  7.35  7.17  5.26  1.23  2.44  .81

PAH-CE-01  16.00  4.37  13.40  9.03  2.33  7.38  1.23  4.60

PAH-CE-02  29.20  7.97  8.19  .22  1.21  12.30  .56  7.84

PAH-CE-03  18.40  5.02  9.11  4.09  3.44  8.10  2.38  5.44

PAH-CE-04  40.00  10.92  12.10  1.18  0.83  15.90  0.80  10.80
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Appendix 2. Inorganic constituents in ambient surface soils, Chicago, Illinois—Continued
[percent, percent-weight; D, duplicate sample; <50, constituent not detected and detection limit]

Sample Number

Constituent

Phosphorus
(percent)

Potassium
(percent)

Sodium
(percent)

Sulfur
(percent)

Titanium
(percent)

Arsenic
(milligrams 

per
kilogram)

Barium
(milligrams 

per
kilogram)

Beryllium
(milligrams 

per
kilogram)

PAH-SS-01  0.080  2.04  0.56  0.08  0.273  15  445  2

PAH-SS-02  .090  1.84  .74  .05  .273  <10  449  1

PAH-SS-03  .070  2.45  .47  .09  .278  16  453  2

PAH-SS-04  .175  2.19  .49  .10  .247  10  403  2

PAH-SS-05  .070  1.71  .56  .06  .210  12  278  1

PAH-SS-06  0.090  1.62  0.67  0.12  0.221  12  403  2

PAH-SS-07  .055  2.63  .59  .05  .305  11  475  2

PAH-SS-08  .085  2.31  .76  .06  .284  <10  481  2

PAH-SS-09  .110  2.24  .70  .08  .252  11  463  2

PAH-SS-10  .065  1.98  .81  <0.05  .305  13  540  1

PAH-SS-11  0.095  1.84  0.61  0.05  0.268  11  499  1

PAH-SS-12  .065  1.88  .69  <0.05  .310  10  543  1

PAH-SS-13  .210  2.60  .51  .09  .257  20  572  2

PAH-SS-14  .100  2.28  .54  .13  .268  12  666  3

PAH-SS-15  .055  2.34  .52  .05  .289  17  442  2

PAH-SS-16  .070  2.43  0.53  0.05  0.326  15  485  2

PAH-SS-17  .120  1.91  .45  .16  .252  <10  426  2

PAH-SS-17D  .130  1.87  .44  .14  .247  <10  436  2

PAH-SS-18  .240  .94  .64  .30  .200  25  477  3

PAH-SS-19  .060  2.45  .58  <0.05  .305  13  505  2

PAH-SS-20  0.140  1.55  0.70  0.14  0.210  19  397  2
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Appendix 2. Inorganic constituents in ambient surface soils, Chicago, Illinois—Continued
[percent, percent-weight; D, duplicate sample; <50, constituent not detected and detection limit]

Sample Number

Constituent

Bismuth
(milligrams 

per
kilogram)

Cadmium
(milligrams 

per
kilogram)

Cesium
(milligrams 

per
kilogram)

Chromium
(milligrams 

per
kilogram)

Cobalt
(milligrams 

per
kilogram)

Copper
(milligrams 

per
kilogram)

Europium
(milligrams 

per
kilogram)

Gallium
(milligrams 

per
kilogram)

PAH-SS-01  <50  <2  63  65  11  43  <2  14

PAH-SS-02  <50  <2  61  53  10  37  <2  15

PAH-SS-03  <50  <2  63  75  13  57  <2  18

PAH-SS-04  <50  3  54  66  11  69  <2  17

PAH-SS-05  <50  <2  41  44  9  51  <2  16

PAH-SS-06  <50  6  44  78  12  343  <2  17

PAH-SS-07  <50  <2  72  70  14  39  <2  19

PAH-SS-08  <50  <2  62  64  12  35  <2  16

PAH-SS-09  <50  <2  61  64  11  43  <2  16

PAH-SS-10  <50  <2  64  54  11  28  <2  13

PAH-SS-11  <50  <2  61  56  9  36  <2  16

PAH-SS-12  <50  <2  71  68  11  38  <2  15

PAH-SS-13  <50  <2  69  78  14  66  <2  20

PAH-SS-14  <50  <2  67  102  13  73  <2  17

PAH-SS-15  <50  <2  68  63  14  42  <2  16

PAH-SS-16  <50  <2  75  66  15  36  <2  15

PAH-SS-17  <50  <2  55  340  11  75  <2  16

PAH-SS-17D  <50  <2  60  387  11  76  <2  13

PAH-SS-18  <50  7  38  192  16  395  <2  14

PAH-SS-19  <50  <2  69  61  12  42  <2  16

PAH-SS-20  <50  <2  43  66  11  67  <2  13

PAH-SS-21  <50  <2  70  76  11  44  <2  18

PAH-SS-21D  <50  <2  73  72  12  47  <2  17

PAH-SS-22  <50  <2  46  57  13  89  <2  15

PAH-SS-23  <50  <2  63  69  12  74  <2  16

PAH-SS-24  <50  <2  64  73  13  57  <2  17

PAH-SS-25  <50  <2  58  59  10  35  <2  16

PAH-SS-25D  <50  <2  63  61  10  37  <2  14

PAH-SS-26  <50  <2  51  64  11  48  <2  10

PAH-SS-27  <50  5  48  94  12  2,780  <2  14

PAH-SS-28  <50  2  70  78  16  117  <2  23

PAH-SS-29  <50  3  33  50  9  208  <2  8

PAH-SS-30  <50  <2  66  76  14  99  <2  18

PAH-SS-31  <50  <2  44  82  13  214  <2  17

PAH-SS-32  <50  <2  60  79  14  134  <2  18
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Appendix 2. Inorganic constituents in ambient surface soils, Chicago, Illinois—Continued
[percent, percent-weight; D, duplicate sample; <50, constituent not detected and detection limit]

Sample Number

Constituent

Bismuth
(milligrams 

per
kilogram)

Cadmium
(milligrams 

per
kilogram)

Cesium
(milligrams 

per
kilogram)

Chromium
(milligrams 

per
kilogram)

Cobalt
(milligrams 

per
kilogram)

Copper
(milligrams 

per
kilogram)

Europium
(milligrams 

per
kilogram)

Gallium
(milligrams 

per
kilogram)

PAH-SS-33  <50  <2  60  77  12  84  <2  17

PAH-SS-33D  <50  <2  59  81  14  83  <2  18

PAH-SS-34  <50  <2  54  61  11  46  <2  16

PAH-SS-35  <50  3  104  129  26  234  3  23

PAH-SS-36  <50  7  45  118  12  355  <2  17

PAH-SS-37  <50  3  15  67  7  73  <2  7

PAH-SS-38  57  <2  52  45  12  35  <2  13

PAH-CE-01  <50  3  19  29  8  47  <2  6

PAH-CE-02  <50  <2  <5  8  5  9  <2  <4

PAH-CE-03  <50  4  23  90  10  66  <2  10

PAH-CE-04  <50  3  <5  20  5  98  <2  <4

PAH-CE-04D  <50  2  <5  17  4  77  <2  <4

PAH-CE-05  <50  7  23  131  14  475  <2  11

PAH-CE-06  <50  6  8  87  5  419  <2  6

PAH-CE-07  <50  7  16  88  14  484  <2  11

PAH-CE-08  <50  <2  11  19  5  12  <2  7

PAH-CE-09  <50  <2  60  55  13  25  <2  17

PAH-CE-10  <50  <2  18  31  4  24  <2  8

PAH-CE-11  <50  <2  13  23  5  24  <2  <4

PAH-CE-12  <50  <2  47  54  13  78  <2  15

PAH-CE-13  <50  5  13  82  16  45  <2  11

PAH-CE-14  <50  <2  29  45  10  63  <2  9

PAH-CE-15  <50  <2  41  43  11  46  <2  12

PAH-CE-15D  <50  <2  38  42  9  42  <2  11

PAH-CE-16  <50  <2  16  26  6  13  <2  6

PAH-CE-17  <50  <2  25  56  6  59  <2  8

PAH-CE-18  <50  3  30  45  9  200  <2  11

PAH-CE-19  <50  3  6  26  5  59  <2  5
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Appendix 2. Inorganic constituents in ambient surface soils, Chicago, Illinois—Continued
[percent, percent-weight; D, duplicate sample; <50, constituent not detected and detection limit]

Sample Number

Constituent

Gold
(milligrams 

per
kilogram)

Holmium
(milligrams 

per
kilogram)

Lanthanum
(milligrams 

per
kilogram)

Lead
(milligrams 

per
kilogram)

Lithium
(milligrams 

per
kilogram)

Manganese
(milligrams 

per
kilogram)

Mercury
(milligrams 

per
kilogram)

Molybde-
num

(milligrams 
per

kilogram)

PAH-SS-01  <8  <4  32  93  36  561  0.11  4

PAH-SS-02  <8  <4  33  40  32  327  .09  2

PAH-SS-03  <8  <4  34  198  52  461  .86  5

PAH-SS-04  <8  <4  30  283  43  365  .31  4

PAH-SS-05  <8  <4  23  150  29  433  .17  4

PAH-SS-06  <8  <4  25  654  37  628  0.32  6

PAH-SS-07  <8  <4  35  42  52  390  .07  5

PAH-SS-08  <8  <4  33  87  40  507  .09  3

PAH-SS-09  <8  <4  31  224  38  582  .38  3

PAH-SS-10  <8  <4  34  27  28  751  .08  3

PAH-SS-11  <8  <4  33  35  30  699  0.08  3

PAH-SS-12  <8  <4  36  39  29  651  .19  2

PAH-SS-13  <8  <4  34  323  51  524  1.89  6

PAH-SS-14  <8  <4  33  504  55  821  .33  6

PAH-SS-15  <8  <4  34  47  42  694  .07  5

PAH-SS-16  <8  <4  36  65  44  795  0.08  5

PAH-SS-17  <8  <4  30  240  39  3,250  .18  15

PAH-SS-17D  <8  <4  33  246  38  4,090  .16  17

PAH-SS-18  <8  <4  21  1,690  28  2,330  .93  14

PAH-SS-19  <8  <4  35  44  43  634  .07  3

PAH-SS-20  <8  <4  24  239  25  802  0.25  4

PAH-SS-21  <8  <4  34  72  51  427  .27  3

PAH-SS-21D  <8  <4  35  70  51  420  .59  3

PAH-SS-22  <8  <4  25  303  36  541  1.91  6

PAH-SS-23  <8  <4  33  198  39  442  .28  5

PAH-SS-24  <8  <4  34  109  38  683  0.17  5

PAH-SS-25  <8  <4  31  82  33  471  .06  2

PAH-SS-25D  <8  <4  33  90  35  549  .06  3

PAH-SS-26  <8  <4  27  105  31  459  .14  6

PAH-SS-27  <8  <4  24  1,310  33  697  1.65  11

PAH-SS-28  <8  <4  35  275  49  415  0.39  7

PAH-SS-29  <8  <4  18  473  25  512  .70  5

PAH-SS-30  <8  <4  34  355  42  544  .25  6

PAH-SS-31  <8  <4  24  469  26  631  .31  7

PAH-SS-32  <8  <4  29  528  42  495  .21  7
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Appendix 2. Inorganic constituents in ambient surface soils, Chicago, Illinois—Continued
[percent, percent-weight; D, duplicate sample; <50, constituent not detected and detection limit]

Sample Number

Constituent

Gold
(milligrams 

per
kilogram)

Holmium
(milligrams 

per
kilogram)

Lanthanum
(milligrams 

per
kilogram)

Lead
(milligrams 

per
kilogram)

Lithium
(milligrams 

per
kilogram)

Manganese
(milligrams 

per
kilogram)

Mercury
(milligrams 

per
kilogram)

Molybde-
num

(milligrams 
per

kilogram)

PAH-SS-33  <8  <4  31  281  46  411  0.44  6

PAH-SS-33D  <8  <4  31  283  45  405  .43  6

PAH-SS-34  <8  <4  28  175  36  533  .12  4

PAH-SS-35  <8  <4  52  1,270  67  710  5.13  12

PAH-SS-36  <8  <4  24  1,910  28  642  .75  6

PAH-SS-37  <8  <4  13  1,000  12  390  0.25  4

PAH-SS-38  <8  <4  28  85  32  484  .08  3

PAH-CE-01  <8  <4  13  260  13  240  .12  2

PAH-CE-02  <8  <4  10  13  7  196  <0.02  <2

PAH-CE-03  <8  <4  18  886  24  335  13.10  5

PAH-CE-04  <8  <4  7  270  5  166  0.08  <2

PAH-CE-04D  <8  <4  6  200  5  150  .12  <2

PAH-CE-05  <8  <4  19  1,450  20  415  .38  13

PAH-CE-06  <8  <4  11  1,500  8  327  .21  6

PAH-CE-07  <8  <4  17  1,680  17  517  .41  15

PAH-CE-08  <8  <4  12  70  7  276  0.03  <2

PAH-CE-09  <8  <4  32  30  42  479  .03  3

PAH-CE-10  <8  <4  12  98  8  241  .28  <2

PAH-CE-11  <8  <4  13  66  15  236  .02  2

PAH-CE-12  <8  <4  28  167  40  368  .06  6

PAH-CE-13  <8  <4  21  49  32  579  0.03  17

PAH-CE-14  <8  <4  18  977  22  405  .11  6

PAH-CE-15  <8  <4  23  135  32  346  .10  6

PAH-CE-15D  <8  <4  22  114  32  333  .07  6

PAH-CE-16  <8  <4  11  30  8  311  .03  2

PAH-CE-17  <8  <4  17  332  14  954  0.48  4

PAH-CE-18  <8  <4  20  428  22  414  .44  3

PAH-CE-19  <8  <4  10  90  7  320  .09  <2
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Appendix 2. Inorganic constituents in ambient surface soils, Chicago, Illinois—Continued
[percent, percent-weight; D, duplicate sample; <50, constituent not detected and detection limit]

Sample Number

Constituent

Niobium
(milligrams 

per
kilogram)

Neodymium
(milligrams 

per
kilogram)

Nickel
(milligrams 

per
kilogram)

Scandium
(milligrams 

per
kilogram)

Selenium
(milligrams 

per
kilogram)

Silver
(milligrams 

per
kilogram)

Strontium
(milligrams 

per
kilogram)

Tantalum
(milligrams 

per
kilogram)

PAH-SS-01  9  27  29  10  0.7  <2  98  <40

PAH-SS-02  7  31  27  9  .7  <2  102  <40

PAH-SS-03  7  30  41  12  1.0  <2  100  <40

PAH-SS-04  8  27  37  10  .8  <2  125  <40

PAH-SS-05  10  24  26  7  .6  <2  100  <40

PAH-SS-06  11  24  52  8  0.9  <2  123  <40

PAH-SS-07  6  29  38  13  .5  <2  98  <40

PAH-SS-08  8  30  30  11  .7  <2  99  <40

PAH-SS-09  6  32  29  10  .8  <2  107  <40

PAH-SS-10  10  32  25  9  .7  <2  98  <40

PAH-SS-11  7  28  24  9  0.7  <2  122  <40

PAH-SS-12  10  31  27  10  .6  <2  99  <40

PAH-SS-13  12  33  41  13  1.2  <2  106  <40

PAH-SS-14  13  31  45  12  1.3  <2  106  <40

PAH-SS-15  9  30  32  11  .8  <2  104  <40

PAH-SS-16  10  32  31  12  0.9  <2  94  <40
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Appendix 2. Inorganic constituents in ambient surface soils, Chicago, Illinois
[percent, percent-weight; D, duplicate sample; <50, constituent not detected and detection limit]

Sample Number

Constituent

Thorium
(milligrams 

per
kilogram)

Tin
(milligrams 

per
kilogram)

Uranium
(milligrams 

per
kilogram)

Vanadium
(milligrams 

per
kilogram)

Ytterbium
(milligrams 

per
kilogram)

Yttrium
(milligrams 

per
kilogram)

Zinc
(milligrams 

per
kilogram)

PAH-SS-33  8  <50  <100  91  2  18  348

PAH-SS-33D  8  <50  <100  88  2  18  339

PAH-SS-34  <6  <50  <100  81  2  17  191

PAH-SS-35  13  <50  <100  145  3  38  1,500

PAH-SS-36  <6  <50  <100  79  1  16  1,140

PAH-SS-37  6  <50  <100  42  1  9  431

PAH-SS-38  11  <50  <100  71  2  16  133

PAH-CE-01  7  <50  <100  35  <1  9  606

PAH-CE-02  10  <50  <100  24  <1  6  100

PAH-CE-03  8  101  <100  62  1  13  930

PAH-CE-04  8  <50  <100  34  <1  7  242

PAH-CE-04D  <6  <50  <100  32  <1  8  187

PAH-CE-05  11  <50  <100  73  2  16  1,260

PAH-CE-06  10  <50  <100  38  <1  8  1,400

PAH-CE-07  8  51  <100  70  1  14  1,690

PAH-CE-08  11  <50  <100  27  <1  7  83

PAH-CE-09  10  <50  <100  88  3  17  80

PAH-CE-10  8  <50  <100  30  <1  7  106

PAH-CE-11  <6  <50  <100  34  <1  9  142

PAH-CE-12  13  <50  <100  82  2  15  174

PAH-CE-13  8  <50  <100  124  3  26  490

PAH-CE-14  7  <50  <100  58  2  13  251

PAH-CE-15  11  <50  <100  65  2  14  163

PAH-CE-15D  12  <50  <100  63  2  14  158

PAH-CE-16  10  <50  <100  34  <1  8  89

PAH-CE-17  12  <50  <100  50  2  11  528

PAH-CE-18  7  <50  <100  53  2  13  371

PAH-CE-19  6  <50  <100  34  <1  7  264
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