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Abstract— The occurrence and potential adverse effects of select semivolatile organic compounds
(SVOCs) in streambed sediment were assessed at 536 sites in 20 major river basins across the United States
from 1992-95. Fifty-six SVOCs were detected at one or more sites and one or more SVOCs were detected at
71% of sites. The northeastern and Great Lakes regions and large metropolitan areas have the highest SVOC
concentrations. Polycyclic aromatic hydrocarbons (PAHs) were detected most frequently and at the highest
concentrations. Concentrations of PAHs and phthalates were about 10 times higher at sites influenced by
urban activities than at sites in other land-use areas. SVOCs were significantly (0:=0.05) correlated with land
use and population density, and PAHs also correlated with physical/chemical properties. On the basis of
sediment-quality guidelines, adverse effects are probable at 7.5% and possible at 16.2% of the sites. Most of
the potential for adverse effects is due to PAHs. The median percentage of urban land use was 8% at sites
with possible adverse effects and 16% at sites with probable adverse effects. Urbanization profoundly

affects sediment quality, even though it comprised a small percentage of most drainage basins.
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INTRODUCTION

One long-term objective of the U.S. Geological Survey’s National Water-Quality Assessment (NAWQA)
Program is to assess the quality of sediment in the Nation's streams [1]. Bed sediment from streams in major
river basins across the United States is being assessed for the occurrence and distribution of semivolatile
organic compounds (SVOCs), organochlorine pesticides and polychlorinated biphenyls [2], and trace
elements [3]. In general, these are hydrophobic compounds that preferentially distribute into hydrophobic
organic phases, such as sediment organic carbon and lipids in animal tissue. Streams were sampled in
drainage basins with different land uses, including basins that are relatively unaffected by human activities,
to assess the quality of sediment in a variety of environments. Sites with known localized contamination
were not targeted because the emphasis is to characterize concentrations that occur over large geographic
areas. The major river basins in the United States are organized into three groups such that most regions of
the Nation are represented in each group. During a 9-year cycle, the three groups rotate through 3-year
phases of intensive data collection. The quality of stream sediment in a variety of land-use settings will be
well represented when the first cycle of assessments is completed in 2001.

This paper summarizes the occurrence and potential adverse effects of select SVOCs in the first group of
20 major river basins (Fig. 1). The 65 selected SVOCs includes 27 polycyclic aromatic hydrocarbons
(PAHs), 11 halogenated compounds, 7 azaarenes, 6 phthalates, 6 phenols, 6 nitrogenated compounds, 1
quinone, and 1 cyclic ketone. By definition, SVOCs have low to moderate vapor pressures [4]. SVOCs are
operationally defined as solvent-extractable organic compounds that can be determined by gas
chromatography/mass spectrometry [5]. Many of the SVOCs that were analyzed are Priority Pollutants,
which are compounds that received special attention when the process of setting water-quality standards and
effluent limits were initiated in the 1970's [6]. Many of the Priority Pollutants are toxic compounds that are
commonly associated with industrial activities and processes and are referenced in the Clean Water Act of
1977. Priority Pollutants that are SVOCs include phthalates used in plastics, phenols used in disinfectants
and in manufacturing chemicals, and PAHs. PAHs and azaarenes are comprised of fused benzene rings that

form during the incomplete combustion of organic matter, including wood and fossil fuels, such as gasoline,
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coal, and fuel oil [7]. Azaarenes are distinguished from PAHs by having a nitrogen atom substituted for a
carbon atom in the fused-ring structure. Azaarenes covary strongly with PAHs in bed-sediment samples [8]
because fossil fuel combustion is the predominant source of PAHs and azaarenes. However, natural or
anthropogenic introduction of uncombusted oil and coal and industrial use of PAHs in dye and plastic
industries also could introduce PAHs to sediments [9, 10].

Some PAHs, phthalates, and phenols are probable human carcinogens and endocrine disruptors [11].
Endocrine disruptors can alter the hormone chemistry of certain species and endanger their long-term
survival by affecting metabolic, developmental, and reproductive functions [12]. The primary routes of
human exposure to SVOCs are ingestion of contaminated food and inhalation of contaminated air [7, 11].
Although concentrations may be low, contaminants often occur together in the environment [13] and they
can have additive toxic effects. For example, some PAHs and the pesticide chlorpyrifos co-occur in dust
around homes and have additive effects on acetylcholinesterase activity [14].

SVOCs may accumulate in sediment to concentrations that are toxic to benthic organisms [15, 16]. To
protect ecosystems from sediment contamination, sediment-quality guidelines (SQGs) have been developed
for many contaminants and for total PAHs [17, 18]. SQGs are contaminant concentrations based on
sediment dry weight or sediment organic carbon. Bioconcentration factors in fish and water fleas for most of
the 65 SVOC:s are between 10 and 1,000 [19]. In contrast, many organochlorine pesticides and
polychlorinated biphenyls are less readily metabolized by organisms and have bioconcentration factors
between 1,000 and 100,000. This explains why SQGs generally are higher for SVOCs than for

organochlorine pesticides and polychlorinated biphenyls.

STUDY METHODS
Streambed-sediment samples
Streambed-sediment samples were collected from 536 sites in the 20 major river basins between August
1992 and September 1995. Replicate samples were collected at 52 of these sites. All streambed-sediment

samples and replicates were collected using consistent methods [20] to determine which constituents are



associated with different land uses over a wide geographic area. The sampling protocol targeted depositional
zones with fine-grained, organic carbon-rich sediment [20]. At each sampling site, 5 to 10 samples were
collected from depositional zones in a 100-m reach of a stream, composited, and then sieved to <2 mm using
a stainless steel sieve. Only the surficial 2 to 3 cm of streambed sediment were sampled in order to
characterize concentrations of SVOCs in recently deposited sediments. Samples were placed in precleaned,
glass jars with Teflon-lined lids, shipped to the laboratory on ice, and stored frozen until analysis. Some
sites were sampled more than once, in which case the first sample collected at the site was used in this
analysis. The number of sites sampled in each river basin (Fig. 1) ranged from 13 to 55 with a median of 24.
The drainage basin upstream from sampled sites had a median area of 700 km®.

Agriculture was the targeted land use in the first 20 river basins. Agriculture and forest comprised 80% or
more of the land use in the drainage basin at about 60% of the sites. Urban and rangeland comprised
substantial percentages of the land use at most other sites. Agriculture, forest, urban, and rangeland

comprised about 80% or more of the land use in the drainage basins at about 90% of the sites.

Chemical analysis

The analytical procedure and method performance are described in detail by Furlong et al. [5]. Briefly,
streambed-sediment samples were extracted with dichloromethane in a Soxhlet apparatus for at least 12
hours. The extract was concentrated and SVOCs were then partially isolated from humic-type compounds
and elemental sulfur by an automated gel permeation chromatography system. Internal standards were added
to the concentrated SVOC extract, and the extract analyzed by gas chromatography/mass spectrometry. The
mass spectrometer was operated in full-scan mode with electron-impact ionization. The mean method
detection limit, calculated according to the protocol of the U.S. Environmental Protection Agency’s

(USEPA) [21], is 30 ug/kg with a standard deviation of 13 pg/kg. When not detected, all SVOCs were

censored at the lowest daily calibration standard of 50 pg/kg for a target sample of 25 grams.



An independent check of method performance was provided by analysis of Standard Reference Material
(SRM) 1941, an estuarine sediment with 18 PAH concentrations certified by the National Institute of
Standards and Technology (NIST). Recoveries of PAHs from SRM 1941 ranged from 51 to 120%, with a
mean of 83%. The relative standard deviation of recovery ranged from 20 to 104%, with a mean of 53%.
The mean and standard deviations of recoveries compared well with values provided by NIST, indicating
the method performs similarly to the method used by NIST. SRM 1941 also is included in each set of
sample analyses as part of laboratory quality control. SRM recoveries during 1992-95 compared well with
values provided by NIST, indicating the method performed well throughout the study.

In sediment samples spiked at 800 pg/kg, recoveries of the 65 SVOCs ranged from 18 to 120% with a
mean of 79%. At 2,000 ug/kg, spike recoveries ranged from 6.8 to 70% with a mean of 57%. PAHs,
azaarenes, phenols, dimethyl phthalate, and diethyl phthalate comprised most of the compounds that had
recoveries greater than 80% when spiked at 800 pg/kg. Chlorinated compounds, bis(2-ethylhexyl) phthalate,
and di-n-octyl phthalate comprised most of the compounds that had recoveries <50%. Detected
concentrations in environmental samples were not corrected for recovery.

Five compounds were detected in 30 to 80% and 60 compounds were detected in O to 3% of 68
laboratory blank samples [5]. For this paper, laboratory contamination was corrected by subtracting the 95th
percentile concentration of laboratory blank samples analyzed between 1992-1995 from the concentration
detected in environmental samples. Differences <50 pg/kg were censored. The five SVOCs frequently
detected in laboratory blanks and their 95th percentile concentrations of laboratory blank samples are:
phenol (27 pg/kg), diethyl phthalate (25 pg/kg), di-n-butyl phthalate (54 pg/kg), butylbenzyl phthalate (64

ug/kg), and bis(2-ethylhexyl) phthalate (100 ug/kg).

Replicate samples
Except for naphthalene, sign-rank tests indicated no significant difference in SVOC concentrations

between replicate samples. If both replicates had detected concentrations greater than 50 pug/kg, then the



percent difference between replicates was calculated by dividing the difference by the average of the two
concentrations and multiplying by 100. The median difference in naphthalene concentrations was 12%
(n=6). Median differences were 14% for PAHs (n=304), 12% for azaarenes (n=22), 18% for phthalates
(n=61), and 18% for phenols (n=29). Lack of a significant difference between replicate samples, except for

naphthalene, and the low percent differences indicate that results are reproducible.

Data analysis

Detection frequencies and percentiles of SVOC concentrations were computed at the censoring level of
50 ug/kg. Sums of SVOCs were computed assuming censored concentrations were equal to zero. In most
data analyses, nonparametric statistics were used because results are not affected by extreme values or
conventions of handling censored values [22]. A sign-rank test was performed using data from the 52
replicate samples to determine if results of sampling and chemical analyses are reproducible. Spearman rank
correlations were used to determine relations among SVOC concentrations and relations between SVOC and
sediment organic carbon concentrations. The Kruskal-Wallis test was used to compare concentrations
among river basins and among sites influenced by a single land use, sites with a mixture of land uses, and
point sources. Forest and reference sites are relatively undisturbed by human activities. Statistical results
were considered significant at o0 = 0.05.

To evaluate the potential for adverse effects, screening values were chosen from among the SQGs to
distinguish stream sites where the toxicity of sediments to aquatic organisms is unlikely, possible, or
probable. Survival was the most common endpoint used to develop SQGs, however, growth, reproduction,
deformities, and luminescence also were measured [18]. Adverse effects are unlikely for concentrations less
than the lower screening value and probable for concentrations greater than the upper screening values.
Adverse effects are possible for sediment concentrations between the lower and upper screening values.
However, these screening values may be under- or over-protective of aquatic biota depending on site-

specific conditions, and some of the screening values were developed for marine sediments. First,



consensus-based freshwater SQGs [18] were chosen for certain individual PAHs and total PAHs.
Consensus-based SQGs were evaluated using sediment chemistry and toxicity data from freshwater
ecosystems in the United States. More than 75% of sediments were non-toxic when concentrations were less
than the lower screening value, and more than 75% were toxic when concentrations were greater than the
upper screening value [18]. Second, screening values for other SVOCs were selected from among marine
SQGs using the same procedure as USEPA [17]. Briefly, the lower screening value is the lowest of as many
as 4 values including the effects range-low, apparent effects threshold-low, sediment quality advisory level,
and threshold effects level. The upper screening value is the second lowest of the effects range-median,
apparent effects threshold-high, sediment quality advisory level, and the probable effects level. SQGs are
based on dry sediment weight except the sediment quality advisory level, which has units of |1g/g organic
carbon. The sediment quality advisory level was compared to other SQGs assuming 1% sediment organic
carbon. Only 1 SQG is needed for a compound in order to select a lower screening value and at least 2
SQGs are needed to select an upper screening value. A total of 20 upper screening values and 35 lower
screening values were compared to SVOC concentrations in streambed sediments.

PAHs usually are present as a mixture, and their toxicity is additive [23]. Therefore, proposed sediment
quality criteria for individual PAHs may under-protect benthic organisms. In recognition of the common co-
occurrence and additive toxicity of PAHs, USEPA has withdrawn proposed sediment quality criteria for
individual PAHs and may develop sediment quality criteria for total PAHs or mixtures of PAHs [23]. In
order to develop sediment quality criteria for specific PAH mixtures, it is necessary to know which PAHs
commonly co-occur. Therefore, a nonparametric cluster analysis [24] was performed using all positive
detections to determine commonly co-occurring PAHs in streambed sediment. This cluster analysis uses
binary data, such as detection or nondetection of a compound, to group observations that are similar. The
degree of similarity among the observations is measured by the r* value. An r* value of 1.0 indicates a high

degree of co-occurrence and -1.0 indicates an absence of co-occurrence.



Comparison studies

Results from NAWQA were compared to 3 other studies of sediment quality with a National scope,
including the Environmental Monitoring and Assessment Program-Estuaries (EMAP-E) [25, 26], the
National Status and Trends (NST) Program [27, 28], and the National Sediment Quality Survey (NSQS)
[17]. The EMAP-E and NST studies focused solely on estuarine or marine sediments. The USEPA EMAP-E
used a random sampling design to assess estuarine sediment quality and was not biased towards
contaminated areas. In contrast, the National Oceanic and Atmospheric Administration’s (NOAA) NST
assessed marine sediments from mostly urban coastal waterways. EMAP-E and NST sediment samples were
not sieved, but samples had about 99% sand size (2 mm) and finer, which is the size fraction that was
analyzed in sieved streambed-sediment samples [EMAP-E data were retrieved from

http://www.epa.gov/emap/ in April 1999; NST data were retrieved from http://www-

orca.nos.noaa.gov/projects/msandt/rawdata.html in April 1999]. The NSQS compiled freshwater and marine

sediment data from many monitoring programs and compared data to SQGs to determine where
contamination has unlikely, possible, and probable adverse effects on aquatic ecosystems and humans [17].
Adverse effects were probable or possible at about 75% of the 21,096 sites evaluated [17], most of which
are east of the Mississippi River or in California and Washington. The high percentage of sites with
probable or possible adverse effects reflects the focus of monitoring programs on areas of known or
suspected contamination, which is consistent with the objective of the NSQS. However, because geographic
regions and uncontaminated sites are not evenly represented, the NSQS can not be used to "accurately make
inferences regarding the overall condition of the Nation's sediment, or characterize the "percent

contamination"” of the Nation’s sediment [17].

OCCURRENCE OF SVOCs
Of the 65 SVOCs measured, 56 were detected above the censoring level at one or more sites (Table 1).
The PAH fluoranthene, detected at 39.8% of sites, was the most frequently detected SVOC. Thus, median

concentrations for all SVOCs were <50 pg/kg. Detection frequencies for halogenated and nitrogenated
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compounds ranged from 0 to 1.2% with maximum concentrations of <50 to 190 pg/kg. One or more SVOCs
were detected at or above the censoring level at 71% of the sites. The median number of SVOCs detected in
a sample was 2 and the maximum number of detections was 42. The sum of all SVOCs had a median
concentration of 260 pg/kg, ranged from 0 to 180,000 pg/kg, and PAHs comprised most of the sum. The
median sum of concentrations was 61 pg/kg for PAHs and 0 pg/kg for all other classes of SVOCs.

The Kruskal-Wallis test indicated that the sum of all SVOC concentrations in the Connecticut,
Housatonic, and Thames River Basins (CONN) and Hudson River Basin (HDSN) (Fig. 1) are similar and
higher than the other 18 river basins. Six river basins—the Lower Susquehana River Basin (LSUS), Nevada
Basin and Range (NVBR), Potomac River Basin (POTO), South Platte Basin (SPLT), White River Basin
(WHIT), and West Lake Michigan Drainage (WMIC)—have similar sums of SVOCs that are intermediate
between the high concentrations in the CONN and HDSN and the other 12 river basins. High and
intermediate SVOC concentrations occur mostly in the urban and industrial northeastern and Great Lakes
regions and in river basins with large metropolitan areas such as Denver, Colorado (SPLT), and Las Vegas,

Nevada (NVBR).

SVOCs and organic carbon

Organic carbon in streambed sediment had a median concentration of 1.6% and ranged from 0.14 to 23%.
Marine sediments had slightly lower sediment organic carbon concentrations. Median and maximum
sediment organic carbon concentrations were 1.2% and 13.7%, respectively, for NST sites and 1.0% and
17%, respectively, for EMAP-E sites. Rank correlations were significant and weak (r°<0.4) or not
significant between sediment organic carbon and individual SVOCs, the sum of all SVOCs, and the number
of SVOCs detected. Rank correlations between sediment organic carbon and the sum of all SVOCs were
significant and fair (0.4<r’<0.7) in 6 and not significant in 14 river basins. River basins with fair correlations
were the CONN, HDSN, WHIT, Ozark Plateaus (OZRK), Red River of the North Basin (REDN), and the

San Joaquin-Tulare Basins (SANIJ). In comparison, rank correlations between the sum of PAHs and
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sediment organic carbon were significant and fair in the Carolinian and Virginian EMAP-E study areas and
for NST sites; the correlation was significant and weak in the Louisiana EMAP-E study area. It is difficult to
explain generally lower correlations in streams compared to marine environments because the grain size and
sediment organic carbon concentrations were similar. Although organic carbon content has been suggested
as a primary variable controlling sedimentary SVOC concentrations [4], it is not the only factor that can
affect sediment SVOC concentrations [29]. In this paper, SVOC concentrations were not normalized for

organic carbon because correlations generally were weak or not significant.

PAHs and Azaarenes

The frequency of detection ranged from 0.6 to 39.8% for the 27 PAHs and from 0.4 to 12.6% for the 7
azaarenes [Table 1]. Fluoranthene was the most frequently detected PAH and also had the highest
concentration (26,000 pg/kg) of all SVOCs. The compound 9H-carbazole was the most frequently detected
azaarene and had the highest concentration among the azaarenes (1,400 pg/kg). Most rank correlations
among individual PAHs, azaarenes, and sum of PAHs were significant and strong (r>>0.7). The strong
relations indicate a source that is common to various areas of the United States, which is likely the
incomplete combustion of organic matter.

Within each class of SVOCs, higher molecular weight organic compounds generally have higher
octanol-water and organic-carbon partition coefficients, lower water solubilities and Henry’s Law constants,
and take longer to degrade than lighter compounds [19]. Among PAHs, azaarenes, phthalates, and phenols,
PAHs are the most hydrophobic and persistent class of compounds [19]. The physical/chemical properties of
PAHs and the widespread use of fossil fuels likely account for the frequent detection of PAHs in streambed
sediment. Percent detection of PAHs had significant and fair to strong positive rank correlations with
molecular weight, the aerobic degradation half life (Fig. 2a), and the organic-carbon (Fig. 2b) and octanol-

water partition coefficients. Percent detection of PAHs had fair to strong inverse rank correlations with
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water solubility and Henry’s Law constant (Fig. 2c,d). These are the expected relations and are evidence that
physical/chemical properties are important factors affecting the detection of SVOCs.

The substitution of a nitrogen atom in the fused-ring structure has a large effect on the physical/chemical
properties of azaarenes. For example, quinoline, an azaarene, and naphthalene, a PAH, are the simplest
compounds in each class and differ only by a nitrogen atom in the two fused benzene rings. However, the
solubility of quinoline is about 200 times greater than the solubility of naphthalene [19]. Their higher
solubility could explain why azaarenes were detected less frequently in streambed sediment than PAHs.
PAHs were the only SVOCs that significantly correlated with physical/chemical properties, which could be
because most other classes of SVOCs had only 6 or 7 compounds to calculate correlations and the 11
halogenated compounds were detected at <2% of the sites.

The spatial distribution of PAHs (Fig. 3a) and azaarenes is similar to that of the sum of all SVOCs with
highest concentrations in the northeast and Great Lakes regions and large metropolitan areas. The median
sum of PAHs was highest in the CONN (6,100 pg/kg) and HDSN (3,200 pg/kg) and <50 pg/kg in 8 river
basins in the southeast, central, and western regions of the United States. The highest sum of PAHs (170,000
ng/kg) was measured near Milwaukee, Wisconsin, in the WMIC. The median sum of azaarenes was highest
in the POTO (120 pg/kg) and CONN (55 pg/kg) and <50 pg/kg in all other river basins. The highest sum of
azaarenes (2,300 pug/kg) was measured near Albany, New York, in the HDSN.

The Kruskal-Wallis test indicated that sites influenced by urban land use had significantly higher PAH
concentrations, by about a factor of 10, than other land uses except point sources (Fig. 4a). This is consistent
with NST data, which found PAH concentrations in urban waterways that are intermediate between the
urban stream sites and all NAWQA and EMAP-E sites (Fig 5). The sum of PAHs in streambed sediment
also had significant and fair correlations with urban-related factors such as population density in the
drainage basin and within certain radii of the sites (Table 2). PAH concentrations begin to increase when
urban land use is about 1 to 3% of the drainage basin and population density is about 10 to 20 people/km*

(Fig. 6a,b). Concentrations increase the most between about 3 and 20% urban land use and about 20 and 200
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Table 2. Rank correlations among semivolatile organic compounds (SVOCs) in streambed
sediment, percentage of land use, and population density [PAHs, polycyclic aromatic

hydrocarbons; *, not significant at oo = 0.05]

Variable Sum of all Sum of Sum of Sum of
SVOCs PAHs phthalates phenols
Sum of PAHs 0.89 --- --- ---
Sum of phthalates 0.68 0.62 - -
Sum of phenols 0.51 0.27 0.26
Land Use in Drainage Basin

Urban 0.48 0.52 0.42 0.08*
Agriculture -0.18 -0.18 -0.17 -0.11
Rangeland and pasture -0.13 -0.17 -0.09 -0.06*
Forest 0.04* 0.04* 0.02* 0.03*

Population Density in Drainage Basin and within Radius of Sample Site

Drainage basin 0.49 0.54 0.44 0.04*
5-km radius 0.50 0.56 0.42 0.07*
10-km radius 0.49 0.56 0.42 0.05*
25-km radius 0.45 0.51 0.41 0.02*
50-km radius 0.42 0.50 0.39 -0.05%*

100-km radius 0.37 0.46 0.32 -0.08*
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people/km” and increase little with greater percentages of urban land use or population density. Rank
correlations between the sum of PAHs and population density in the drainage basin and within a radius of 5-
km and 10-km of the sample site are similar. Correlations decrease with radii greater than 10 km around
sample sites, indicating that local activities in and near the drainage basin affect sediment quality. The high
PAH concentrations, significant correlations with urban-related factors, and low percentage of urban land
use that results in contaminated sediment indicate that urban areas profoundly affect sediment quality.
Approximately two-thirds of all metropolitan areas are in the eastern third of the country [30]. The large
density of industry and urbanization likely explains the high PAH concentrations in the northeast and Great

Lakes regions.

Phthalates

Blank corrected concentrations of 5 of the 6 phthalates were detected above the censoring level at one or
more sites. Bis(2-ethylhexyl) phthalate was the most frequently detected phthalate (30.0%) and had the
highest concentration (17,000 pg/kg). Most correlations among phthalates and between the sums of
phthalates and PAHs were significant and fair to strong.

Similar to PAHs, the sums of phthalates were highest in the northeast and Great Lakes regions and in
large metropolitan areas (Fig 3b). The median sum of phthalates was <50 pg/kg in 15 river basins, and the
highest concentration (20,000 pg/kg) was measured near Yonkers, New York, in the HDSN. Phthalate
concentrations also were about 10 times higher at sites influenced by urban land use and point sources
compared to other land uses (Fig 4b), and concentrations had significant and fair correlations with the
percentage of urban land use and population density (Table 2). The similar spatial distribution and
correlations between the phthalates and PAHs may result from these compounds being ubiquitous
contaminants associated with urban activities [7, 9], and that similar processes transport and accumulate
phthalates and PAHSs in streambed sediment. Phthalates are used in plastics, which are primarily used in

urban areas.
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Phenols

The most frequently detected phenols were p-cresol (37.8%) and phenol (10.1%). All other phenolic
compounds were detected at <1% of sites. p-Cresol and phenol had maximum concentrations of 210 and
4,800 pg/kg, respectively. Concentrations of p-cresol and phenol were significantly correlated, and
concentrations significantly correlated with the sum of PAHs and phthalates (Table 2). All correlations were
weak.

In contrast to PAHs and phthalates, no spatial relation was apparent for the sum of phenols (Fig 3¢). The
median sum of phenols was <50 pg/kg in 14 river basins, and the highest sum of phenols (4,900 pg/kg) was
measured near Milwaukee, Wisconsin. The Kruskal-Wallis test indicated that sums of phenols were
significantly different only between urban land use and mixed, agriculture, and forest/reference land uses
(Fig 4¢). The only significant correlation between the sum of phenols and land use and population density
was a weak inverse correlation with the percentage of agriculture. The lack of a spatial relation and little
difference in concentrations among land uses may reflect widespread use and(or) natural sources of phenols.
Phenols are extensively used in industrial, agricultural, and sanitary applications [31] and occur in vehicle

exhaust, coal, petroleum, wood, and runoff from reference areas [32].

POTENTIAL ADVERSE EFFECTS
Screening values indicated adverse effects of SVOCs on aquatic biota are probable at 7.5% of sites
(Table 3). Sites with probable adverse effects are in 9 river basins—CONN, HDSN, LSUS, POTO, SPLT,
WHIT, WMIC, Georgia-Florida Coastal Plain (GAFL), and the Willamette Basin (WILL). Adverse effects
are possible at 16.2% of sites; one or more of these sites are in each of the river basins except Central
Nebraska Basins (CNBR), Rio Grande Valley (RIOG), and Upper Snake River Basin (USNK). A median of
6 SVOCs exceeded the upper screening value at sites with probable adverse effects, and a median of 2

SVOCs exceeded the lower screening value at sites with possible adverse effects. Adverse effects are



Table 3. Exceedence of sediment quality screening values [N, number of sites

exceeding screening value; ---, does not exist or apply]

Compound Lower Screening Value Upper Screening Value
Name ung/kg N ug/kg N
Polycyclic aromatic hydrocarbons

Acenaphthene® 6.71 53 500

Acenaphthylene® 5.87 69 640 4
Anthracene” 57.2 106 845 14
Benz[a] anthracene” 108 108 1,050 28
Benzo[b]fluoranthene® 3,600 5 --- ---
Benzo[k]fluoranthene® 3,600 5 --- ---
Benzo[a]pyreneb 150 101 1,450 17
Benzo[ghi]perylene® 720 15 - -
Chrysene® 166 111 1,290 31
Dibenz[a, h]anthracene® 33.0 101 260 26
Fluoranthene” 423 78 2,230 27
Fluorene” 77.4 40 536 3
Indeno[1,2,3-cd]pyrene® 690 25 --- -
Naphthalene” 176 9 561 1
Phenanthrene” 204 82 1,170 31
Pyrene® 195 104 1,520 33
Total PAHs" 1610 105 22,800 14

Phthalates

Bis(2-Ethylhexyl)phthalate® 182 101 2,650 6
Butylbenzylphthalate® 900 1 11,000 0
Di-n-butylphthalate® 1,400 0 11,000 0
Diethylphthalate® 200 0 630" 0
Dimethylphthalate® 160 0 - ---
Di-n-octylphthalate® 6,200 0 - ---



Phenols

p —Cresol” 670 31 — —
Phenol® 420 0 — —
Pentachlorophenol® 360 4 - —--
Halo- and Nitroso- Compounds
4-Bromophenyl-phenylether” 1300° 0 - —-
1,2-Dichlorobenzene® 50 3 340¢ 0
1,3-Dichlorobenzene® 1700 0
1,4-Dichlorobenzene® 110 2 350¢ 0
Hexachlorobenzene® 22 0 - —
Hexachlorobutadiene® 11 0 - —
Hexachloroethane® 1000 0 - —
N-Nitrosodiphenylamine® 28 7 —- —--
1,2,4-Trichlorobenzene® 51 1 9200¢ 0
Total N out of 536 - 127 - 40

aMarine sediment quality guidelines [17]

b Freshwater sediment quality guidelines [18]

¢ Lower screening value is freshwater and upper screening value is marine sediment quality guideline

d Screening value assuming 1% organic carbon
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unlikely at 76.3% of sites. However, 2 upper and 6 lower screening values are less than the censoring level
used in this study, so the percentage of sites with probable or possible adverse effects could be
underestimated. NSQS found adverse effects were probable at 26% of sites, possible at 49% of sites, and
unlikely at 25% of sites. NSQS distinguished sites using screening values for pesticides and trace elements
in addition to SVOC:s. Including screening values for these contaminants would likely increase the
percentage of NAWQA sites where adverse effects are probable or possible.

A rank-sum test indicated that sites with either probable or possible adverse effects have significantly
greater urban land use than other sites. Sites with probable adverse effects have a median of 16% urban land
use and sites with possible adverse effects have a median of 8% urban land use. In comparison, sites with
unlikely adverse effects have a median of 2% urban land use. The low percentage of urban land use that
results in probable or possible adverse effects is consistent with NSQS findings. NSQS found the percentage
of sediment contaminated with PAHs increased sharply when urban land use comprised 5% or more of a
drainage basin [17].

PAHs and bis(2-ethylhexyl) phthalate accounted for most exceedences of screening values. Probable
adverse effects were mostly due to 6 PAHs— benz[a]anthracene, chrysene, dibenz[a,h]anthracene,
fluoranthene, phenanthrene, and pyrene (Table 3). Six other PAHs, total PAHs, and bis(2-ethylhexyl)
phthalate exceeded upper screening values at 17 or few sites. Exceedences of the upper screening value for
individual PAHs is about twice that for total PAHs. This difference indicates that an SQC only for total
PAHSs may under-protect aquatic biota. Cluster analysis using PAH detections determined that 19 PAH
mixtures with 2 to 9 compounds had R-squared values of 0.7 or greater (Table 4). Eight of these mixtures
have one or more of the 6 PAHs that most commonly exceeded their upper screening value. Studies of the
toxicity of PAH mixtures may want to focus on these commonly co-occurring PAHs.

p-Cresol exceeded the lower screening value at 31 sites and phenol did not exceed the lower screening
value at any site. Sites with possible adverse effects due to p-cresol are in CONN, GAFL, HDSN, NVBR,
OZRK, POTO, REDN, RIOG, USNK, WILL, WMIC, Apalachicola-Chatahoochee-Flint River Basin

(ACFB), and the Central Columbia Plateau (CCPT). Goodbred et al. [33] found a significant parametric,



Table 4. Commonly co-occurring polycyclic aromatic hydrocarbons (PAHs) in streambed sediment in
the United States [rz, correlation coefficient; *, PAHs that most commonly exceeded their upper

screening value]

r PAHs

1.00 Benzo[b]fluoranthene; Benzo[k]fluoranthene

1.00 Fluoranthene*; Pyrene*

1.00 Benzo[a]anthracene*; Chrysene*

0.99 Anthracene; Phenanthrene*

0.98 Benzo[b]fluoranthene; Benzo[k]fluoranthene; Benzo[a]pyrene

0.97 1-Methylphenanthrene; 4,5-Methylphenanthrene

0.96 1-Methylpyrene; 2-Methylanthracene

0.95 Benzo[ghi]perylene; Dibenzo[a, h]anthracene*

0.93 Benzo[a]anthracene*; Benzo[b]fluoranthene; Benzo[k]fluoranthene; Benzo[a]pyrene; Chrysene*

0.92 1,6-Dimethylnaphthalene; 2,3,6-Trimethylnaphthalene

0.90 O9H-Fluorene; Acenaphthene

0.88 Anthracene; Fluoranthene*; Phenanthrene*; Pyrene*

0.86 Dibenzothiophene; 1-Methylphenanthrene; 4,5-Methylphenanthrene

0.84 O9H-Fluorene; Acenaphthene; Acenaphthylene

0.82 1,2-Dimethylnaphthalene; 2-Ethylnaphthalane

0.80 Benzo[ghi]perylene; Dibenzo[a,h]anthracene*; Indeno[1,2,3-cd]pyrene

0.77 1-Methyl-9H-Fluorene; Naphthalene

0.75 Dibenzothiophene; 2-Methylanthracene; 1-Methylphenanthrene; 4,5-Methylphenanthrene;
1-Methylpyrene

0.72 Anthracene; Benzo|a]anthracene*; Benzo[b]fluoranthene; Benzo| k]fluoranthene;

Benzo[a]pyrene; Chrysene*; Fluoranthene*; Phenanthrene*; Pyrene*
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inverse correlation between the sum of phenols and 11-ketotestosterone in male carp at a subset of the
streambed sites from this study. p-Cresol did not exceed the lower screening value at this subset of sites
indicating that SQGs may not identify sites with possible endocrine disruption. Bis-phenol A is the only
phenolic compound identified as an endocrine disruptor [11] and was not measured in streambed-sediment
samples. Some phthalates and PAHs are endocrine disruptors, however, correlations between biomarkers in

carp and the sum of PAHs and sum of phthalates were not significant.

SUMMARY

The occurrence and potential adverse effects of select SVOCs in streambed sediment were assessed at
536 sites in 20 major river basins across the United States from 1992-95. Fifty-six SVOCs were detected at
one or more sites and one or more SVOCs were detected at 71% of sites. The northeastern and Great Lakes
regions, which have large populations, and large metropolitan areas such as Las Vegas, Nevada, and
Denver, Colorado, have the highest SVOC concentrations.

PAHs were detected most frequently and at the highest concentrations, and their detection frequencies
significantly correlated with physical/chemical properties. Concentrations of PAHs and phthalates were
about 10 times higher at sites influenced by urban activities than at sites in agricultural, rangeland/pasture,
and relatively undisturbed areas. SVOCs were positively correlated with the percentage of urban land use
and population density in the drainage basin. PAH concentrations begin to increase when urban land use is
about 1 to 3% of the drainage basin and population density is about 10 to 20 people/km®. Correlations
between the sum of PAHs and population density decrease with distances greater than 10 km around sample
sites, indicating that urban activities near sample sites affect sediment quality.

Adverse effects to aquatic organisms are probable at 7.5% and possible at 16.2% of the sites. Most of the
potential for adverse effects is due to PAHs. The median percentage of urban land use was 8% at sites with
possible adverse effects and 16% at sites with probable adverse effects. Urbanization profoundly affects

sediment quality, even though it comprised a small percentage of most drainage basins.
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FIGURES

. Location of U.S. Geological Survey National Water-Quality Assessment study areas and
streambed sediment sites, 1992-95.

. Relations between physical/chemical properties and percent detection of PAHs.

. Ranges in the sum of SVOCs in 20 major river basins.

. Ranges in the sum of SVOCs as a function of land use. Only values less than about the 75"
percentile for urban land use are shown for easier comparison.

. Comparison of the sum of PAHs in bed sediment among three National studies. National Water-
Quality Assessment (NAWQA) data are streambed sediment. Environmental Monitoring and
Assessment Program-Estuaries (EMAP-E) data and National Status and Trends (NST) program
are marine sediments. PAHs were summed at a censoring level of 50 pg/kg for equal
comparison among studies. Only values <15,000 pug/kg are shown for easier comparison.

. Relations between the population density and percentage of urban land use in sampled drainage

basins and the sum of PAHs. Locally weighted scatterplot smoothing was used to draw lines.



