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Urban Sprawl Leaves Its PRH
Signature
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The increasing vehicle traffic associated with urban
sprawl inthe United States is frequently linked to degradation
of air quality, but its effect on aquatic sediment is less well-
recognized. This study evaluates trends in PAHs, a

group of contaminants with multiple urban sources, in
sediment cores from 10 reservoirs and lakes in six U.S.
metropolitan areas. The watersheds chosen represent a
range in degree and age of urbanization. Concentrations of
PAHs in all 10 reservoirs and lakes increased during the
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Introduction

Polycyclic aromatic hydrocarbons (PAHS) represent the
largest class of suspected carcinogens (1) and can present a
threat to aquatic life (2). The presence and distribution of
PAHs in the environment are largely a product of the
incomplete combustion of petroleum, oil, coal, and wood
(9. Anthropogenic sources such as vehicles, heating and
power plants, industrial processes, and refuse and open
burning are considered to be the principal sources to the
environment (4). On the basis of 1989 data, vehicles produced
11% of PAH emissions in the United Kingdom, domestic
coal burning produced 84%, and industrial processes pro-
duced 3% (5). Several studies in the 1970s and 1980s reported
decreasing trends in PAH concentrations in the environment
on a regional scale (United States and Europe) since their
peak in the 1950s and 1960s (6—9), on the basis of data from
sediment cores from remote and urbanlakes and rivers, These
reductions have been attributed to reduced use of coal for
home heating, industrial emissions controls, and increased
efficiency of power plants (7, 9—11).
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Reference Lake Sediments across
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A shift in national policy toward stronger environmental
protection began in the United States in about 1970.
Conversely, urban [and use, population, energy consumption,
and vehicle use have increased greatly since then. To
assess the effects of these changes on water quality, the
U.S. Geological Survey used sediment cores to reconstruct
water-quality histories for 38 urban and reference lakes across
the United States. Cores were age-dated, and concentration
profiles of polycyclic aromatic hydrocarbons (PAHs)

and chlorinated hydrocarbons were tested statistically.
Significant trends in total DDT, p,¢’-DDE, and total PCBs
were all downward. Trends in chlordane were split evenly
between upward and downward, and trends in PAHs
were mostly upward. Significant trends did not occur in
about one-half of cases tested. Concentrations of p,p’-DDE,
p.o’-DDD, and PCBs were about one-half as likely to
exceed the probable effect concentration (PEC), a sediment
guality guideline, in sediments deposited in the 1990s as
in 1965—1975, whereas PAHs were twice as likely to exceed
the PEC in the more recently deposited sediments.
Concentrations of all contaminants evaluated correlated
strongly with urban land use. Upward trends in PAH
concentrations, the strong association of PAH with urban
settings, and rapid urbanization occurring in the United
States suggest that PAHs could surpass chlorinated
hydrocarbons in the threat they pose to aquatic biota in
urban streams and lakes.

Introduction

Federal environmental policy in the United States changed
markedly in about 1970 with the establishment of the U.S.
Environmental Protection Agency (1969) and the passage of
the Clean Air Act (1970), the Safe Drinking Water Act (1974),
the Toxic Substances Control Act (1976), and other laws (1).
Improving water guality is one objective of these actions.
Conversely, increases in population, urban development,
energy use, and vehicle use in the United States could lead
to degradation of water quality. Identifying water-quality
trends can provide measures of the success or failure of
mitigation efforts and can provide a warning of unanticipated
degradation. Understanding trends also can improve our
understanding of cause and effect relations between human
activities and water quality and can aid in developing efficient
strategies for reducing adverse human effects on the envi-
ronment,
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The U.S. Geological Survey is using paleolimnology, the
reconstruction of water-quality histories from age-dated
sediment cores, to evaluate water-quality trends across the
United States (2). Organic compounds that are chemically
persistent and strongly hydrophobic often are preserved in
the sediments, thus creating a partial record of historical
water quality. Downward trends in polychlorinated biphenyls
(PCBs) and DDT since the 1960s, for example, have been
documented in a variety of environmental settings (3, 4).
Trends in chlordane and polycyclic aromatic hydrocarbons
(PAHs) have been presented by numerous investigators but
are more variable (5, 6). Many studies have addressed trends
in these hydrophobic organic compounds (HOCs); however,
most are local in scale or focus on only a few water bodies
in one region (e.g., 3—5, 7-9).

This study determined trends in persistent HOCs since
1970 using sediment cores collected from 38 lakes across the
United States. The study was conducted by the U.S. Geological
Survey National Water-Quality Assessment (NAWQA) Pro-
gram (10). The primary objectives were to identify trends in
HOCs in urban and undeveloped reference settings across
the U.S. and, to the extent possible, to determine the causes
of those trends. To our knowledge, this study is the first
attempt to apply a consistent paleolimnological approach to
identifying trends in numerous HOCs across the United
States,

Experimental Section

Study Design. Sediment cores were collected from 38 lakes
in the United States between 1996 and 2001 (28 reservoirs
and 10 natural lakes, hereafter referred to as lakes except
where the distinction is relevant), age dated, analyzed
chemically, and tested for trends (Figure 1; see Supporting
Information for more information on lakes sampled). The
NAWQA design provided a national framework for identifying
potential study areas (10). The selection of urban areas in
this study was based on the combination of NAWQA study
units, metropolitan statistical areas (MSAs) (11), and ecore-
gions (12). Urban arcas were selected to represent a diversity
of ecoregions where a majority of United States cities and
urban populations are located, Lakes in one or more cities
in the five most populous (summing urban population only)
level 1T ecoregions and eight of the 11 most populous
ecoregions were sampled. In some cases, arcas were chosen
for study in less populous ccoregions to better represent the
geographic diversity of the country (e.g., Las Vegas, NV (Lake
Mead) in the Southern Basin and Range was included and
Detroit, MI in the Erie/Ontario Lake Plain was not). Although
itisnot a probabilistic design, it does provide a geographically
diverse coverage of major urban areas of the country,
Lakes were chosen for sampling on the basis of lake and
watershed size, age of the lake (~40 years or more for
reservoirs), and the amount and age of development in the
watershed. The majority oflakes sampled have relatively small
watersheds (74% of the watersheds are less than 100 km?),
although drainage area to lake surface area ratios (DA:SA)
varied greatly, with generally larger ratios for urban lakes
and smaller ratios for reference lakes. This bias was by design,
with an objective in sampling the urban lakes being to
represent historical trends in anthropogenic inputs to urban
streams and an objective in the reference lakes being to
represent historical trends in atmospheric deposition. Con-
taminant inputs to lakes with large DA:SA ratios and
development in the watershed are typically dominated by
fluvial inputs of contaminants from one or a few streams (13,
14). Lakes with small DA:SA ratios often have contaminant
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Tire wear particles

— 175 (av of 3 studies)
Road dust

— 59

Brake lining particles

-9

Alir particles, major
roadway

— 104

Fresh asphalt

-2

Weathered asphalt
-9

Fresh motor oll

-7

Used motor oll

— 726

Diesel engine particles

- 17.5

Gasoline engine particles
- 35

Coal-tar-based pavement
sealcoat (average of 4
products)

— 92,000




Used motor oll
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 Coal-tar-based pavement sealer is made from
high temperature coal-tar pitch.

* High temperature coal-tar pitch goes by many
different names: Road Tar Emulsion Base, Road

Tar, Refined Tar, RT-12 Emulsion Tar, Coal Tar
Pitch, Pavement Sealer Base and RT-12.
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 The fractional distillation of crude coal
tar yields light oil, middle oil, heavy olil, and
anthracene oll; the residue Is called
pitch .

e On further distillation a large number of
substances are obtained, about 200 of
which have been isolated. They are used
as dyes and in medicines.

[Hutchinson Encyclopaedia]




« Coal-tar sealcoat products
contain about 0.5% BaP

(average of four products)

* One of 7 PAHSs classified as benzolajpyrene
probable human
carcinogens (“B2 PAH")

benzo[a]pyrene, benz[a]anthracene, benzo[b]fluoranthene, benzo[k]fluoranthene,
chrysene, dibenzo[a,h]anthracene, and indeno[1,2,3-cd]pyrene







Reilly Site, MN
3,000 max
Black River, OH
1,100

Applied
over coal-
tar-
sealcoated
pavement




Used Oll

730 mg/kg

Tires
80-200 mg/kg

Asphalt
2-10 mg/kg



















2II

iIncluding
Smoking
Incense/candles
Fireplace use
Type of stove/heat
Shoe wear in house
Indoor/outdoor pets

Distance to major
roadway

Intensity of urbanization




IN-CT =25 X In-NCT
Out-CT = 530 x Out-NCT




No coal-tar sealcoat (NCT) Coal-tar sealcoat (CT)
e 15 2,300
e 49 10,300

5,070
0 \ Asphalt- 2,010

6 T pased 591

sealcoat 387

405
11,300
4,760
8,900
6,960

MEDIAN =9 ng/g MEDIAN = 4,760 nmg/g
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“Contribution of PAHSs from Coal-Tar Pavement
Sealcoat and Other Sources to 40 U.S. Lakes”
(Submitted to Science of the Total Environment)
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Coal combustion
— Power plant emissions
— Residential heating
— Coke oven

Vehicle related
Diesel vehicle emissions
Gasoline vehicle emissions
Traffic tunnel air
Used motor oil
Tire particles
Asphalt

Fuel-oil combustion
Wood burning

— Pine-wood soot particles

Coal-tar-sealcoat related
NIST coal tar standard
Sealcoat products
Sealcoat scrapings
Sealcoat dust (average, 6 cities)
Sealcoat dust, Austin










All urban Is not equaggrzE=

Tanasbrook Pond
844 people/km

SPAH 1.34 mg/kg

Decker Lake
2,090 people/km

SPAH 0.76 mg/kg

939 people/km
SPAH 34.1 mg/kg

Lake Anne
2,095 people/km

SPAH 17.0 mg/kg




PAHSs are increasing in urban lakes nationally

Coal-tar-based sealcoat has exceptionally
high PAH concentrations, particles are mobile,
and use is extensive

PAHS in house dust are elevated where coal-
tar-based sealcoat is used

Coal-tar-based sealcoat is the largest
contributor of PAHSs to urban lakes




