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Concentrations of Polycyclic Aromatic
Hydrocarbons (PAHs) and Major and Trace
Elements in Simulated Rainfall Runoff From -
Parking Lots, Austin, Texas, 2003

By Barbara J. Mahler, Peter C. Van Metre, and Jennifer T. Wilson

Abstract

Samples of creek bed sediment collected near seal-coated
parking lots in Austin, Texas, by the City of Austin during
2001-02 had unusually elevated concentrations of polycyclic
aromatic hydrocarbons (PAHs). To investigate the possibility
that PAHs from seal-coated parking lots might be transported to
urban creeks, the U.S. Geological Survey, in cooperation with
the City of Austin, sampled runoff and scrapings from four test
plots and 13 urban parking lots. The surfaces sampled comprise
coal-tar-emulsion-sealed, asphalt-emulsion-sealed, unsealed
asphalt, and unsealed concrete. Particulates and filtered water in
runoff and surface scrapings were analyzed for PAHs. In addi-
tion, particulates in runoff were analyzed for major and trace
elements. Samples of all three media from coal-tar-sealed
parking lots had concentrations of PAHs higher than those from
any other types of surface. The average total PAH concentra-
tions in particulates in runoff from parking lots in use were
3,500,000, 620,000, and 54,000 micrograms per kilogram from
coal-tar-sealed, asphalt-sealed, and unsealed (asphalt and con-
crete combined) lots, respectively. The probable effect concen-
tration sediment quality guideline is 22,800 micrograms per

‘kilogram, The average total PAH (sum of detected PAHs)
concentration in filtered water from parking lots in use was
8.6 micrograms per liter for coal-tar-sealed lots; the one sample
analyzed from an asphalt-sealed lot had a concentration of
5.1 micrograms per liter and the one sample analyzed from an
unsealed asphalt lot was 0.24 microgram per liter. The average
total PAH concentration in scrapings was 23,000,000, 820,000,
and 14,000 micrograms per kilogram from coal-tar-sealed,
asphalt-sealed, and unsealed asphalt lots, respectively. Concen-
trations were similar for runoff and scrapings from the test
plots. Concentrations of lead and zinc in particulates in runoff
frequently exceeded the probable effect concentrations, but-
trace element concentrations showed no consistent variation
with parking lot surface type.

Ihtroduction

Contamination of aquatic sediments by polycyclic aro-
matic hydrocarbons (PAHs), which represent the largest class
of suspected carcinogens (Bjorseth and Ramdahl, 1985), has
been increasing over the last 20 to 40 years (Van Metre and
others, 2000). PAHs in the environment largely are a product of
the incomplete combustion of petroleum, oil, coal, and wood
(Edwards, 1983). Suspected sources in the urban environment
include vehicles, home heating with wood and coal, and pow
plants (Sims and Overcash, 1983). v

During 2001-02, samples of creek bed sediment collected
near seal-coated parking lots in Austin, Tex., by the City of
Austin had unusually elevated PAH concentrations (Austin
American Statesman, 2003a). In 2003, sediment collected by
the City of Austin from several parking lot surfaces in Austin
had PAH concentrations that exceeded sediment quality guide-
lines for health of benthic aquatic organisms (MacDonald and
others, 2000) by more than two orders of magnitude, prompting
city staff to theorize that the sealers coating the parking lots
could be the cause (Austin American Statesman, 2003b).

In the United States, sealers are applied to parking lots and
driveways to enhance appearance and to protect the underlying
asphalt pavement. The most commonly used sealers have a
coal-tar-emulsion base, although asphalt-emulsion-based
sealers also are available. Reapplication is recommended about
every 2 to 3 years. City of Austin staff estimate that about
660,000 gallons (2,500 cubic meters) of coal-tar-emulsion-
based sealers are used annually in Austin (City of Austin, 2004).
Although figures on national use are not available, The Blue
Book of Building and Construction, a directory for the construc-
tion industry (Contractors Register, Inc., 2004), lists more than
3,500 pavement sealer companies in 30 states. As an example
of sealer use, one commercial sealer applicator, New England
Sealcoating, estimates that it has sealed more than 325,000,00
square feet (about 30 square kilometers) of pavement (New ~__/
England Sealcoating, 2003).

Although coal-tar-emulsion-based and asphalt-emulsion-
based sealers are both shiny black, they are produced through
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Table 1. Selected characteristics of sites for samplmg simulated rainfall runoff from parklng lots, Austin, Texas, 2003.

[--, not applicable]

USGS site ID

- Site name

Type of site ] Type of surface Date sealant applied
Test plot 301725097415201 " . MON coal-tar-emulsion-sealed August 5-6, 2003
Test plot 301724097415101 "TAR coal-tar-emulsion-sealed August 5-6, 2003
Test plot 301726097415301 PAV asphalt-emulsion-sealed - August 5-6, 2003
Test plot 301724097415201 " ASP unsealed asphalt -
Synoptic/parking lot in use 301'43109.746520] 'CNR coal-tar-emulsion-sealed July 2003
Synoptic/parking lot in use 301705097434001 . LBJ ' coal-tar-emulsion-sealed July 2003
Synoptic/parking lot in use 301622097415801 - OSL coal-tar-emulsion-sealed July 1999
Synoptic/parking lot in use 302337097402601 TCQ . - coal-tar-emulsion-sealed March 2003
Synoptic/parking lot in use 301533097431201 . UNF coal-tar-emulsion-sealed ‘I November 2000
" Synoptic/parking lot in use 301726097441801 ’ UTN coal-tar-emulsion-sealed July 2003
Synoptic/parking lot in use 302640097481601 i SSE asphalt-emulsion-sealed June 2003
Synoptic/parking lot in use 301651097434901_ ~ © SOC asphalt-emulsion-sealed . July 2003
Synoptic/parking lot in use 302724097475761 K o WWB ' -asphalt-emulsion-sealed June 2003
Synoptic/parking lot in use 302700097443101 ; - LAC unsealed concrete -
Synoptic/parking lot in uee . 302153097442301 . - _LdW " unsealed concrete -
Synoptic/parking lotinuse "~ 302003097450301 o . NWR " unsealed asphalt --
Synoptic/parking lot in use 301557097462701 71K . unsealed asphalt -

different processes and have different molecular structures. - ‘_ :
Coal tar is derived from the destructive distillation of coal to
produce coke and gas or gas. Coal tar is 50-percent or more
PAHs by weight (U.S. Department of Health and Human Ser-
vices, 2002), and coal-tar-emulsion-based sealers typically are -
20- to 35-percent coal tar by weight (for example, STAR, Inc.,
1996; Neyra Industries, 2000; SealMaster, 2002). Coal tar is a
known human carcinogen, and wastes containing coal tar are
subject to reporting under the U.S. Environmental Protection -

+

-determine concentrations and loads of PAHs in runoff from dif-
ferent types of parking lot surfaces, and to the extent possible,

to determine to what degree parking lot sealers are a source of

Agency’s hazardous waste disposal rule (U.S. Department of « :*
A Purpose and Scope
derived from the refining of crude petroleum and contains con-, .
centrations of PAHs that are several orders of magmtude less. -

" Health and Human Services, 2002). In contrast, asphalt is

‘than coal tar (Takada and others, 1990) Analyses of C commer—
crally available coal-tar-emulsron-based sealers mdlcated con- ¢
centrations of total PAH (sum of 16 parent PAHs) rangmg from -
'5 to 600 times greater than thosc in asphalt- emulsron-based el
sealers (City ‘of Austin, 2004) : ‘

Data collected by the Crty of Austin indicaté that parkmg
‘lot sealers contain extremely high concentrations of PAHs com-’
" “pared to those in aquatic sednments and compared to sedrment ~+ Immediately before the beginning of the study, a coal-tar-
quality guidelinés. The questions remain, however, whether -
PAHs from parking lot sealers are mobile and whether they

nea,
L

might contribute to the high concentrations of PAHs often

‘found in urban waterways. The purpose of this study was to

urban PAHs. To investigate the possibility that PAHs from

. sealed parking lots might be transported to urban creeks, the

U.S. Geological Survey (USGS), in cooperation with the City of

Austin, sampled runoff and scrapings from four test plots and
~="-13 urban parking lots during August 12-October 6, 2003.

" The purpose of this report isto present samplmg methods
used for this study and the resulting chemical data. Two exper-
.- imental approaches were taken: (1) repeated sampling of four
‘test plots (three newly sealed and one unsealed) not exposed to

:vehicle use, and (2) synoptic sampling of parking lots in use

! ... with different types of surfaces, both sealed and unsealed. The
s test plots were in the parking lot at Robert Mueller Municipal

- Alirport, Austin, Tex., which has not been in use since 1999.

-emulsion sealer was applied to two of the test plots, an asphalt-
"~ emulsion-sealer was applied to one of the test plots, and a

-+ -control site was not sealed (the entire lot was sealed many years

ago, but the sealer appears to have worn off) (table 1). Three
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Figure 1.

times during the 2-month period following application of sealer,
distilled deionized (DI) water was applied to the sites using a
gentle spray and the washoff was sampled. The sites for the
synoptic sampling were in the urban area of Austin (fig. 1).
Coal-tar-emulsion-based sealer was applied to six of the park--
ing lots, asphalt-emulsion-based sealer was applied to three
parking lots, two lots were unsealed asphalt, and two lots were
unsealed concrete (table 1). Each site was sampled once, using
the same approach as that used for the test plots. Because the
- washoff was assumed to contain atmospherically deposited par-
ticulates and, in the case of the parking lots in use, particulates
 from vehicle tires and undercarriages, scrapings of the parking
lot surface from most of the sites were analyzed to determine
. the chemical composition of the surface. Washoff samples were
- analyzed for a suite of PAHs, major elements, and trace ele-
" ments in the particulate phase; the scrapings were analyzed for
the same suite of PAHs. At a subset of sites, PAHs in the dis-
“solved phase also were analyzed.

Location of parking lots for sampling of simulated runoff, Austin,Texa.s, 2003

Site Sele'ct_ion

The test plots were in the parking lot of Robert Mueller
Municipal Au-porl (fig. 1). The airport was closed in 1999,
and the parking lot has been in minimal use since then. Some-
time before 1999, acoal-tar sealer was applied, ‘which appeared
to have worn off by the time of this study. Three of the test plots
are 11- by 11-meter areas that were sealcd during August 5-6,
2004 (table 1). The City of Austin arran ged for a commercial
pavcment—sealmg company to apply acoal- tar sealer (less than
34-percent coal tar by weight) to one site ('I‘AR) and an asphalt
sealer (less than 35-perccnt asphalt resin by wei ight) to one site
(PAV) An off-the-shelf coal-tar sealer (33-percent coal tar
weight), of the type used for homeowner application to residv_/
tial driveways, was applied to one site (MON) by City of Austin

‘staff following the manufacturer’s instructions. No sealer

was applied to the control site (ASP). The test plots received
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virtually no vehicle traffic dunng the 2-month duratmn of the .-
sampling. 4

The parking lots for the synoptic samplmg were chosen by
City of Austin and USGS personnel to represent a range of sur--
face types and sealer ages (table 1). The type of sealerused and

date of sealer application were determined on the basis of infor- :

mation provided by the property owner or manager or from the
company that sealed the parking lot. Parking lots of schools,
government agencies, municipal facilities, and commercial
businesses were chosen to sample various locations in the
Austin urban area (f‘ g 1); all parking lots receive danly vehlclc
" traffic. : .

. Sample Collecuon Methods

Parkmg lots were sprinkled with simulated ramfall follow- -

" PAHs in the Particulate Phase

ing a minimum of 5 dry days. Rainfall runoff was simulated
using 100 liters of DI water sprayed onto a 5- by 10-meter area
- of the test plots and parking lots. The only exception was the

sampling of the test plots on August 12, 2003, when 25 liters of -

" water on a 2.5- by 5-meter area was used on all the test plots -
except TAR, the test plot with a commercially applied coal-tar
sealer (the smaller volume of water was used because it was
immediately obvious that insufficient particulates were avail-

- able for analysis, so samples for analysis of dissolved PAH only "
“were collected). In one instance it rained during the sampling,

. and actual rainfall runoff was collected instead of the simulated

rainfall (TAR test plot, August 26, 2003). To simulate rainfall,

and a plastic hand-held sprayer (spray rate of about 7 liters per
minute) and sprinkled onto the parking lot surface from aheight
of about 0.75 to 1 meter. Water was blocked at the downslope
end of the site either with boards to'which weather-stripping had .
been attached (test plots August 12 and 21, 2003) or with
urethane spill berms (all other samples). The collected runoff

. - was pumped into HDPE carboys through Tygon tubing using a

.second penstaluc pump. Sampling equipment was cleaned

between sites with phosphatc-frce dctcrgent and then rmscd

. with tap water, DI water, and mcthanol

Samples were pre-processed for analysxs at thc USGS lab-

oratory in Austin. Samples were filtered through 0. 45-m1cron .

_pore size, polytetraﬂuoroethy]cne (PTFE) filters followmg lhc

.methods of Mahler and Van Metre (2003). A stainless steel
. plate filter holder was used for filtration of parueulatcs for PAH
analysis. The filters were massaged inside of locking bags to «
remove retained particles, and the recovered particles were -
shipped as chilled slurries in cleaned glass vials to the USGS
National Water Quality Laboratory (NWQL) for analysis. In
some cases the filtrate also was shipped, chilled and in clean . .-
amber glass bottles, to the NWQL for analysis of dissolved

PAH. An acrylic filter holder was used for filtration of particu-_-
lates for major and trace element analysis. The recovered par-: "
ticulates were freeze-dried and ground before submitting to the: -
"NWQL. In all cases, sample-processing equipment was cleaned

between samples with phosphate-free detergent, then rinsed
with tap water followed by DI water. All equipment used for
- processing samples for PAH analysxs was glven a final rinse

: wnh methanol.

- The test plot and parking lot scrapings were obtained by
scraping a small area (less than 0.25 square meter) with a metal
paint scraper. The particulates removed were brushed onto a
piece of new cardstock and then into a cleaned glass jar. The
paint scraper was cleaned between sites in the same manner as
the other sampling equipment, and a new brush was used at each

site.

" Analytical Methods

Samples were prepared by'cxtrdcung about 0. 5 gram dry
weight of sample (mean 0.47 gram, range 0.10 to 1. .36 grams)

. using pressurized liquid extraction at 120 and 200 degrees Cel-

sius with a mixture of water and lsopropyl alcohot (50:50 and
20:80 for the two temperatures, respectively). The samples
were extracted for 40 minutes at each temperature at a pressure
“of 13,790 kxlopascals Surfogate compounds were added to

the sample prior to extraction to verify method recoveries. Fol-
lowing extraction, a buffer was added to the extract, and the

. " extract was cleaned usin lystyrene divinylbenzene and
water was pumped with a peristaltic pump from 50-liter, high- .- & polyshyr Y

density polyethylene (HDPE) carboys through Tygon tubing . .

florisil solid-phase extraction cartridges. The extract was con-

‘centrated, solvent exchanged to ethyl acetate, and diluted to
10 milliliters. An iniernal standard mixture was added to an
-+ aliquot of the extract, and the extract was analyzed by full

scan on a Hewlett-Packard 5973 gas chromatography/mass
- spectrometry (GC/MS) system. Difficult sample matrices were
diluted before the full-scan analysis, and diluted surrogates
were estimated in the samples.

Compound identifications were based on comparison of
gas chromatographic peak retention timies and mass spectra to

. those of authentic standard compounds for the target com-
,pounds Response factors were calculated for each compound
-from a set of calibration standards For many of the alkyl-

_ substituted PAHs, no authcntxc standard compounds were avail-
-, able, so the isomers were xdenuﬁed by matching mass spectra

~m samples with known mass spectra in computenzcd reference

. library software (N: auonal Institute of Standards and Technol-
ogy, 2002). The alkyl-subsmutcd PAHs for wtuch standards

were not available were quantified using response chtors gen-
erated from one of the authentic alkyl-homologue compounds

- in the same alkyl-homologue series. For example, there was no
- authentic standard for the C4-naphthalene homologue group, so
-the response factor generated in the calibration standards for
2,6-dimethylnaphthalene was used for its quantitation. The par-
-ent PAH response factor was used when no authentic standard
-~was available for a related alkyl-substituted compound within
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the same homologue series. Quantitation was done following
the methods of Olson and others (in press).

For PAHs in the particulate phase, the estimated method
reporting level (MRL) is 5 micrograms per kilogram (ng/kg) for
a25-gram sample. If less than 25 grams was extracted, the MRL
was raised accordingly. In some cases, MRLs were raised
because of background interferences.

PAHs in the Dissolved Phase

Samples were analyzed following the method described in
Fishman (1993), with the difference that continuous liquid-
. liquid extraction was substituted for use of the separatory fun-
nel. In brief, 1-liter samples fortified with surrogate compounds
were extracted by continuous liquid-liquid extraction for 6
hours under acidic then basic conditions. Internal standards
were added and sample extracts concentrated to 1 milliliter.
Samples were analyzed by GC/MS in electron i impact mode.
Sample identifications were made by matching retention times
and mass spectra with those of standard compounds. Quantita-
tion involved use of internal standards and calibration curves
generated by standard compounds of known amounts.

-Major and Trace Elements in the Particulate
Phase

For major and trace element analyses, samples were

- freeze-dried and ground to a powder, and elemental concentra-
tions (with the exception of mercury) were determined on con-
centrated-acid digests (nitric-hydrofluoric-perchloric acids) by
inductively coupled plasma/mass spectrometry (ICP/MS)
(Briggs and Meier, 2003). Concentrations of mercury were
determined by cold-vapor atomic adsorption spectroscopy
(Brown and others, 2003).

Quality-Control Samples

‘ Quality-control (QC) samples consist of environmental
QC samples and internal laboratory QC samples. Results of QC
analyses are summarized below, and detailed results are avail-
able from the USGS office in Austin upon request. For this
study, two duplicate samples for analysis of particulate PAH
were collected, one from a site with extremely elevated partic-

“ ulate PAH concentrations (greater than 4,000,000 pg/kg total
paruculate PAH [ZPAH m]) )ZP‘AHP:m is defined here as the
sum of concentrations of 12 parent PAHs (naphthalene,
acenaphthylene, acenaphthene, fluorene, phenanthrene,
anthracene, fluoranthene, pyrene, benz[a]anthracene, chrysene,

_benzo[a]pyrene, and dibenzo[a,h]anthracene) and 2-methyl-
naphthalene (Ingersoll and others, 2000). For one of the dupli-
cate samples, ZPAH,q differed by 8 percent (relative percent

"difference); for the second duplicate (sample with elevated
concentrations), EPAHp,, differed by 54 percent. One equip-

ment blank was analyzed for dissolved PAH. Three parent
PAHs—fluoranthene, phenanthrene, and pyrene—were
detected in the blank, but at concentrations more than an order
of magnitude less than the MRL. The concentrations were about
one-half the concentrations in the environmental sample with

—--

. the Jowest concentrations (ZLK) and less than 1 percent of con-

centrations in the environmental sample with the highest con-
centrations (MON).

Laboratory QC samples for particulate PAH analyses con-
sisted of analysis of spiked samples, blanks, and samples of cer-
tified reference material (CRM). The surrogate, spike, and
CRM values were reported in percent recovered. The method
spike was spiked at 20 pg/kg. Because a custom method was
used, with limited recovery data, QC criteria are provisional.
Representative spike recovery and precision data can be found
in Furlong and others (1996). Recovery of the six spiked sam-
ples ranged from 6 to 107 percent with a median of 76 percent.
For the six laboratory blanks, an analyte was detected in 85 of
336 possible cases, but only 22 detected concentrations were
greater than the MRL. The detected concentrations ranged from
0.1 to 3.5 percent of the lowest concentration for that analyte in
an environmental sample. For the two analyses of CRM, the
recoveries were within the NWQL-established acceptable range
for 83 percent of the cases.

Five duplicate samples were analyzed for major and trace
elements. Median relative percent difference between the dupl
cate and environmental samples was 4 percent, with a 25t P
centile of 1.4 percent and a 75% percentile of 13 percent. Preci=
sion and accuracy of analyses of CRMs, performed internally
by the NWQL, were within acceptable limits established by the
laboratory (Briggs and Meier, 2003).

v

PAHs and Major and Trace Elements in
Simulated Rainfall Runoff

Results for PAHs and major and trace elements in the sim-
ulated rainfall runoff samples are listed in tables 24 (at end of
report). The “E” qualifier preceding a concentration in the
tables indicates that the value is estimated. It is used when QC
criteria continually failed upon rerunning samples or when
compound quantification was questionable because of interfer-
ences. The “E” qualifier also precedes a concentration when it
is less than the MRL, when the analyte failed the lab-spike
criteria, and for all of the alkyl-homologue groups for which
authentic standards are unavailable.

PAHs

Runoff From Test Plots

The test plols were washed off three times dunng the
course of 2 months. Concentrations of ZPAH,,, during the



6 Concentrations of PAHs and Major and Trace Elements in Simulated Rainfall Runoff From Parking Lots, Austin, Texas, 2003

v

5,000,000
4,000,000
3,000,000

2,000,000

CONCENTRATION OF ZPAHpast
{(MICROGRAMS PER KILOGRAM)

1,000,000

EXPLANATION

Sarﬁpllng slite .
and name

-0— MON (coal-tar-sealed)
-B- TAR (coal-tar-sealed)
'@‘ PAV (asphailt-sealed)
—A- ASP {unsealed asphalt)

. SAMPLINGDATE . . | A

Figure 2. Concentratuons of total particulate polycyclic aromatic hydrocarbons (ZPAHpan) in runoff samples from four test plots in Ausnn

Texas, 2003,

three washoff samplings for the four types of surfaces are "~
shown in figure 2. ZPAH,,, concentrations in the simulated
rainfall runoff for each washoff sampling were greater in the
coal-tar-sealed test plots than in the asphalt-sealed and u_nsealed
test plots (table 2). Concentrations at three of the test plots,
including the control site (ASP), decreased during the course
of the three washoff samplings; concentration at one of the

coal-tar-sealed test plots increased then decreased. The proba- -

ble effect concentration (PEC), the concentration above whlch
adverse effects on benthic biota are expected to occur more
often than not (MacDonald and others, 2000), is 22,800 pug/kg

for ZPAH ;. Concentrations of ZPAH,,,; exceeded the PECin

all samples except the final sample collected at the control site.

Concentrations of total dissolved PAH (EPAH 4;q-defined
as the sum of the same PAHs as TPAH,; excluding 2-methyl-
naphthalene) during the three washoff samplmgs are shown in

figure 3. ZPAHd,ss concentrations were about an order of mag-
nitude greater in samples from the coal-tar-sealed test plots than' -

concentrations in samples from the asphalt-sealed test plot,
which in turn were about an order of magnitude greater than .

those from the unsealed test plot (control site ASP). Concentra:

tions decreased over time at all sealed test plots but generally
stayed the same at the control site. Of 17 PAHs analyzed for.
nine were detected (table 3). Four PAHs (acenaphthylene, "+

- acenaphthene, chrysene, and fluorene) were detected only in

s

runoff from the coal-tar-sealed test plots; anthracene was
detected in runoff from all the sealed test plots but not from the
control site. -

|

Runoff From Parking Lots in Use

Concentrations of ZPAHP:m in simulated rainfall runoff
samples from parking lots i inuse are showninfi gure 4, grouped
by type of surface. The average TPAH part concentrations in
runoff from parking lots in use were 3.500 000 jtg/kg (coal-
tar-sealed lots), 620,000 pg/kg (asphalt-sealed lots), and
54,000 pg/kg (unsealed asphalt and concrete : lots combined).
Differences between types of surface were compared using the

nonparametnc Kruskal-Wallrs test; the hypothesis (no differ-

ence between groups) was rejected for p <.1. The concentration

,_}of ZPAH part in runoff samples from coal-tar-sealed parking lots

“was srgmﬁcantly greater than concentrations in samples from

~ other types of surface. Differences between concentrations

» from other groups were not significant in Kruskal-Wallis tests.

The concentrations of ZPAH 5 in runoff samples from parking
lots in use are similar to concentrations in samples from test

- ‘plots with the same type of surface (fig. 4). ZPAH;,, concen-

“""““trations in all runoff samples from parking lots exceeded the
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Figure3. Concentrations of total dissolved polycyclic aromatic hydrocarbons (EPAH ;) in runoff samples from four test plots in Austir
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‘the one sample analyzed from an asphalt-sealed ot had a con-

fluorene were detected in samples from one or more of the coai iy
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Figure 5. Concentrations of total dissolved polycyclic aromatic hydrocarbons {EPAH ;) in runoff samples from test plots and parkmg

‘lots in use, Austin, Texas, 2003. Data for test plots is the average of the three washoff samplmgs ateach sne

PEC (22,800 pg/kg) except in one sample from an unsealed ng/kg, or 28 times the concentration in scrapings from the
asphalt lot (ZLK, table 2). asphalt-sealed lots (820,000 pg/kg), which in turn was 59 times

;. - Concentrations of ZPAH;; were analyzed at seven of the . the concentration in scrapings from the unsealed asphalt lots

13 parking lots in use (fig. 5, table 3). Only one sample from an"- 7 (14,000 ptg/kg). The maximum XPAH hart CONCeNtration
asphalt-sealed lot was analyzed, so the difference between detected (83,000,000 pg/kg, or 8.3 percent by weight) was in

.-sealer types could not be compared statistically. The average  gcrapings of the off-the-shelf coal-tar sealer. ZPAH, concen-

ZPAHg;s concentration in filtered water from parking lotsin - yrations in scrapings from all sealed test plots or parking lots
use was 8.6 micrograms per liter (ug/L) for coal-tar-sealed lots; . | o\ eeded the PEC (22,800 pg/kg), and the average concentra-
-~ + tion in scrapings from coal-tar-sealed lots exceeded the PEC by

" three orders of magnitude. Concentrations in the two samples of
- - scrapings from unsealed asphalt parkmg lots (NWR and ZLK)
were less than the PEC ;

centration of 5.1 pg/L, and the one sample analyzed from an
unsealed asphalt lot was 0.24 pg/L. Similar to PAHs detected in
samples from test plots, acenaphthylenc acenaphthene and’ .

tar-sealed parking lots but were not detected in samples from -

- . the asphalt-sealed or unsealed lots (table 3); however, chrysene Ma]or and Trace Elements (Metals)

was detected in the sample from the asphalt-sealed lot. Concen-
trations of ZPAH; in runoff samples from parking lots in use

-were similar to those from test plots with the same type of - RUﬂOff fl’ om TeSt PlOtS

sealer, except the ZPAH ;. concentration in the runoff samplc

from the asphalt-sealed parking lot, which was about four times = . Major elements in particulates washed off the test plots

greater than the average concentration at the asphalt-sealed test’ : were variable from one washoff samplmg to the next, and there
. o "Was no systematlc difference in concentrations between type of

plot (fig. 5). -
‘ surface (table 4). PECs have been established for eight trace ele-
C . ments—arsenic, cadmium, chromium, copper, lead, mercury,
: - nickel, and zinc (MacDonald and others, 2000). Dunng the

Scrapm gs are grouped by type of surface (coal-tar-sealed three washoff samplings, a PEC was exceeded seven times: the

i

i
¥

Scrapmgs ~

asphalt-sealed, and unsealed asphalt) for comparison of v PEC for cadmium (4.98 milligrams per kilogram [mg/kg]) was

IPAHp, (fig. 6, table 2). The average ZPAHpm concentration ; exceeded in one sample from test plot TAR; the PEC for lead
in scrapings sampled from coal-tar-sealed lots was 23,000,000 (128 mg/kg) was exceeded in one sample each from test plots
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Figure6. Concentrations of total particulate polycyclic aromatic hydrocarbons (ZPAHpan) in scrapings samples from test plot and park-

ing lot surfaces in Austin, Texas, 2003.

ASP, MON, and PAV; and the PEC for zinc (459 mg/kg) was
exceeded in the same samples from ASP, MON, and PAV.

Runoff from Parking Lots in Use

Concentrations of two major elements, calcium and mag-

" nesium, were greater in the particulates washed from unsealed
parking lots than in those from the sealed parking lots (table 4).
Concentrations of other major elements analyzed did not vary
on the basis of type of surface. Similar to the results from the
test plots, lead and zinc were the trace elements most elevated
in particulates washed from the parking lots on the basis of
comparison to PECs. The PEC for lead was exceeded in sam-
ples from some coal-tar-sealed parking lots (TCQ, OSL, LBJ,
and UTN) and in samples from both unsealed concrete lots
(LAC, LOW), but the PEC was not exceeded in any of the sam-
ples from asphalt-sealcd or unsealed asphalt parking lots. The
PEC for zinc was excceded in samp]es from every parking lot
except WWB (asphalt—scaled), ZLK (unsealed asphalt), and
OSL (coal-tar-sealed).

B'eferences Cited

' A'u‘sti'n American-Statesman, 2003a, Toxic chemicals taint
Barton waters (by Kevin Carmody and Mike Ward, January
19, 2003): Austin, p. Al.

Austin American-Statesman, 2003b, Parking lot contaminant
theory explored (by R.K.M. Haurthz February 4, 2003):
Austin, p. A6.

Bjorseth, A., and Ramdahl; T., eds., 1985, Handbook of poly-
cyclic aromatic hydrocarbons—Emission sources and recent
progress in analytical chemxstry, v. 2 New York Marcel
Dekker, 432 p.

Briggs, P.H., and Meier, A.L., 2003, The determination of
forty-two elements in geological materials by inductively

- coupled plasma/mass spectrometry for NAWQA: U.S. Geo-
logical Survey Open-File Report 02-223-1; 16 p. -

Brown, Z.A,, O'Leary, R.M., Hageman, P.L., and Crock, J.G.,
2003, Mercury in water, geologic, and plant materials by con-
tinuous flow/cold vapor/atomic adsorption spectroscopy,
U.S. Geological Survey Open-File Report 02-223-M, 11 p.

City of Austin, 2004, Parking lot sealant forum presentations:
Watershed Protection and Dcvclopmcnt Revxew Department,
accessed February 5, 2004, at URL
http://www.ci.austin.tx.us/watershed/bs_coaltar.htm

Contractors Register, Inc., 2004, The blue book of building and
construction: accessed February 5, 2004, at URL
http://www.thebluebook.com/ i

Edwards, N.T., 1983, Polycyclic aromatic hydrocarbons .
(PAH’s) in the terrestrial environment—A review: Journal on—"
Environmental Quality, v. 12, p. 427-441.

" Fishman, M.J;, 1993, Methods of analysis by the U.S. Geo-

logical Survey National Water Quality Laboratory—



Determination of inorganic and organic constituents in water
and fluvial sediments, U.S. Geological Survey Open-Flle

Report 93-125, 217 p. o

Furlong, E.T., Vaught, D.G., Merten, L.M., Foreman, W.T.,.
and Gates, P.M., 1996, Methods of analysis by the U.S.
. Geological Survey National Water Quahty Laboratory—

Determination of semivolatile organic compounds in bottom

sediment by solvent extraction, gel permeation chromato-

graphic fractionation, and capillary-column chromatogra- e

phy/mass spectrometry: U.S. Geological Survey Open-Filc
Report 95-719, 67 p.

Ingersoll, C.G., MacDonald, D.D., Wang, ng, Crane, J.L
Field, L.J., Haverland, P.S., Kemble, N.E. Lmdskoog, RA.
Severn, Corinne, and Smorong, D.E., 2000, Prediction of
sediment toxicity using conserisus-b'ased freshwater sedi- "~ ~
ment quality guidelines: U.S. Environmental Protection ,
Agency Report EPA 905/R-00/007, 25 p.

MacDonald, D.D., Ingersoll, C.G., and Berger, T.A., 2000,
Development and evaluation of consensus-based quality -
guidelines for freshwater ecosystems: Archives of Environ-
mental Contamination and Toxicology, v. 39, p. 20-31. .

Mahler, B.J., and Van Metre, P.C., 2003, A simplified approach

for monitoring hydrophobic organic contaminants associated -

~with suspended sediment—Methodology and applications:
Archives of Environmental Contamination and Toxicology, - -.
v. 44, no. 4, p. 288-297.
National Institute of Standards and Technology, 2002,

NIST/EPA/NIH Mass Spectral Library with search program -

accessed March 24, 2004, at URL
http://www.nist.gov/srd/nist1a.htm ;
New England Sealcoating, 2003, Sealcoating and stnpmg
accessed February 5, 2004, at URL
httpz//www.newenglandsealcoating.com/sealcoating.htm

10 Concentratiqns of PAHs and Major and Trac_e. Elements in Simqlated Rainfall Runoff From Parking Lots, Austin, Texas, 2003

G netug

- Neyra Industries, 2000, Material safety data sheet for Jennite

* coal tar emulsion: Cmcmnatr, OhIO prepared March 16,
2000.
Olson, M.C., Iverson, J.L., Furlong, E.T., and Schroeder, M. P
in press, Methods of analysis by the U.S. Geological Survey

_ .. National Water Quality Laboratory—Determination of poly-

cyclic aromatic hydrocarbon compounds in sediment by gas
chromatography/mass spectrometry, U.S. Geologrcal Survey
Water-Resources Investigations Report 03-4318. -

" - SealMaster, 2002, Material safety data sheet for SealMaster

. coal tar pavement sealer product no. $1000: Sandusky, Ohio,
prcpared February 21, 2002.

* Sims, R.C., and Overcash, M.R.; 1983, Fate of polynuclear
aromatic compounds (PNAS) in soil-plant systems: New
York, Springer-Verlag New York Inc., Residue Reviews,
v. 88, p. 1-67.

A 'STAR, Inc., 1996, Material safety data sheet for Star Seal

aspha]tpavement sealer: Columbus, Ohio, prepared July 18,
1996.
Takada, Hideshige, Onda, Tomoko, and Ogura, Nono, 1990,

. Determination of polycyclic aromatic hydrocarbons in urban

street dusts and their source materials by capillary gas chro-
matography: Envuonmental Science and 'I‘echnology, v.24,
no. 8, p. 1,179-1,186.

- Texas Natural Resources Informatxon System, 2003, Data
catalog: accessed December 29, 2003, at URL

. http://www.tnris.state.tx.us/DigitalData/data_cat.htm

us. Department of Health and Human Services, 2002, Report

on carcinogens—Tenth edition: Research Triangle Park,
N.C., National Toxicology Program, Public Health Service.

Van Metre, P.C., Mahler, B.J., and Furlong, E.T., 2000, Urban
sprawl leaves its PAH signature: Environmental Science and
Technology, v. 34, no. 19, p. 4,064-4,070.



Table2 Paﬁiculate-phase co'nc.entrations of polycyclic aromatic hydroc'arbons in washoff and scrapings samples from pérking lots, Austi

{In micrograms per kilogram. EPAHp,, total particulate polycyclic aromatic hydrocarbons (for complete definition see text); E, estimated; <, less than, Note: D

available in USGS National Water Information System (NWIS) database.] S~
. C1-1
R I v TP A S o
' . Naphths
- Testplots

MON coal-tar-emulsion-sealed 8/212003 washoff 8022R03238 ‘ l,700,000 E3,000 EI,700‘ 12,000 E7
TAR coal-tar-emulsion-sealed 8/2172003 washoff 8022R03238 1.200.006 E7,100 E2,000 E6,400 E2
PAV asphilt-cmulsion-scaled 872172003 washoff 8022R03238 96,000 E13,000 E2,200 <19,000 <19
ASP unsealed asphalt 872172003 washoff 8022R03238 410,000 E1,300 E690 E2,300 <6
MON" coal-tar-emulsion-sealed 9/9/2003  washoff 8022R03245 530,000 <8,500 <8,500 E5,800 <8
TAR coal-tar-emulsion-sealed 9/9/2003  washoff 8022R03245 4,000,000 ~ <25,000 <25,000 E24,000 <30
PAV asphalt-emulsion-sealed 9/9/2003 washoff 8022R03245 40,000 5,200 E650 ES70 <l
ASP unsealed asphalt 9/9/2003  washoff .8022R03245 25,000 E690 E410 <1,000 <l
MON coal-tar-emulsion-sealed 9/26/2003 was!xoff 8022R03276 460,000 <3,500 <3,500 E2,800 <3
TAR coal-tar-emulsion-sealed 9/26/2003 washoff 8022R03276 .140.000 <3,500 <3,500 <3,500 <3
PAV asphalt-emulsion-sealed - 9/26/2003 washoff 8022R03276 . 28,000 E2,800 <4,000 ‘<4,000 <4
ASP unsealed asphalt 9/26/2003 washoff 8022R03276 14,000 <5,000 <5,000 <5,000 <5
MON coal-tar-emulsion-scaled 8/12/2003 scraping 8022R93245' 83,000,000 E20,000 38,000 4,400,000 Ei;\_/;
TAR coal-tar-emulsion-sealed 8/12/2003 scraping 8022R03245 11,000,000 E7,300 <12,000 64,000 _E32
PAV asphalt-emulsion-sealed 8/12/2003 scraping 8022R03245 110,000 7,300 E1,400 E1,200 <2

' Parking lots in use
TCQ coal-tar-emulsion-sealed 97772003 washoff 8022R03245 2,000,000 <6,800 <6,800 18,000 E7
SSE asphalt-emulsion-sealed 97772003  washoff 8022R03245 260,000 E2,600 <6,800 E4,800 <6
SSE duplicate asphalt-emulsion-sealed 977/2003 washoff 8022R03245 240,000 <5,500 <5,500 E4,200 <5
WWB asphalt-emulsion-sealed 97112003  washoff 8022R03245 830,000 <4,000 <4,000 4,500 E3
unsealed concrete 9/8/2003 washoff 8022R03245 75,000 <2,500 <2,500 E1,500 <

"LAC
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Table2. Particulate-phase concentrations of polycyclic aromatic hydrocarbons in washoff and scrapings samples from parking lots, Austi

[l

, Ci-t
S et SR SRS g omeaGr, g e
., .o ‘ ‘ ” 4 » Naphth:
: - Parking lots in use—Continued

LOW unsealed concrete 9/8/2003  washoff _8022R03245 69,000 <2,000 <2,000 El1,100 <2
NWR unsealed asphalt ' 9./8}2003 washoff 8022R03245 64,000 <4,500 <4,500 E2,900 <4
LBJ coal-tar-emulsion-sealed 9/28/2003 washoff 8022R03281 9,000,000 E19,000 <17,000 E14,000 El9
UTN coal-tar-emulsion-sealed 9/28/2003 washoff 8022R03281 2,000,000 E4,600 <4,500 6,700 <4
soC . asphalt-emulsion-sealed 9/28/2003 washoff 8022R03281 770,000 E14,000 <12,000 <12,000 <12
CNR coal-tar-emulsion-sealed ~ 9/30/2003 washoff 8022R03276 - 1,300,000 E2,200 E1,400 E6,500 <3
OosL coal-tar-emulsion-sealed - 9/30/2003 washoff -8022R03276 520,000 <4,000' <4,000 E1,700 <4
“UNF coal-tar-emulsion-sealed 9/30/2003 . washoff . 8022R03276 7;500.000 E2,900 E2,600 E13,000 ES
UNF duplicate - coal-tar-emulsion-sealed . 9/30/2003 washoff 8022R03276 4,300,000 E2.060 ‘E1,500 E9,000 E3
ZLK unsealed asphalt 9/3072003 washoff 8022R03276 7,200 <2,000 E2,700 <2,000 <
TCQ coal-tar-emulsion-sealed 9/1472003 scraping -8022R03245 25,000,000 <25,000 E10,000 320,000 E160
SSE - asphalt-emulsion-sealed 9/14/2003 scraping - 8022R03245 . 340,000 <12,000 <12,000 E6,000 <12
. WWB asphalt-emulsion-sealed 9/14/2003  scraping 8022R03245 2,000,000 <25,000 <25,000 E17,000 <25
NWR unsealed asphalt 9/1472003 scraping 8022R03245 7,100 E270 <500 <500 <

. e . .
LBJ coal-tar-emulsion-sealed 9282003 scraping 8022R03281 - 15.000,000. E9,300 <8,500 31,000 E89
-UTN - coal-tar-emulsion-sealed 9/28/2003 scraping 8022R03281 11,000,000 E13,000 <12,000 22,000 <12
CNR coal-tar-emulsion-sealed . 10/6/2003 scraping 8022R03281 9,400,000 E13,000 <12,000 22,000 <12
. OSL coal-tar-emulsion-sealed 10/6/2003 scraping . 8022R03281 9,900,000 E12,000 <12,000 17,000 <12
UNF . coal-tar-emulsion-sealed 10/6/2003 scraping 8022R03281 17,000,000 E13,000 <12,000 23,000 <12
ZLK unsealed asphalt 10/6/2003 - scraping ; 8022R03281 20,000 <8,500 <8,500 <8,500 <8



Table2. Particulate-phase concentrations of polycyclic aromatic hydrocarbons in washoff and scrapings samples from parking lots, Austi

16- cz-iza A 1,2- C3-128 236- .(:4-!28 1 )
Site Dimethyl- isomers, ce- Dimethyl- Ace- SOMErS, — rimethyl- 9H- Isomers, methyl- Phenan-
name naph- C2-alkyated d?alz:-e naph- "uf::; C&;I:y:‘a.ted naph- Fluorene CL;?Y::_‘“ 9H- threne
thalene  Naphthalenes Y thalene P thalene P Fluorene
thalenes . thalenes
Test plots ‘
MON E3,200 E5,800 E3,800 <9,000 14,000 <9,000 <9,000 19,000 <15,000 <9,000 310,00
TAR E3,400 E4,100 E5,000 <10,000 ES5,400 <10,000 <10,000 E7,800 <10,000 <10,000 150,00
PAV <19,000 <19,000 <19,000 <19,000 <19,000 <19,000 <19,000  <19,000 <19,000 <19,000 E13,00
ASP <6700  <6,700 E2,900 <6,700 E2,000 <6,700 <6,700 E2,000 <6,700 <6,700 32,00
MON <8,500 <8,500 <8,500 <8,500 E6,300 <8,500 " <8,500 E5,600  <200,000 <8,500 - 66,00
TAR <25,000 <30,000 36000 <25000 31,000 <34,000°  <25,000. 33,000 <800,000 <25,000 470,00
PAV <1,000 <1,500 E490 <1,000 <1,000 <1,000 <1,000 E600 <22,000 <1,000 5,30
ASP <1,000 <1,000 <1,000 '<1,000 <1,000  <1,000 <1,000 E480 <18,000 <1,000 2,20
MON <3,500 <3,500 E1,500 <3,500 <3,500 <3,500 <3,500 E2,200 <61,000 <3,500 66,00
TAR <3,500 <3,500 E1,200 <3,500 <3,500 <3,500 <3,500 E1,600 <58,000 <3,500 12,00 .
PAV <4,000 <4,000 <4,000 <4,000 <4,000 <4,000 <4,000 E1,500 <66,000 <4,000 E2,80
ASP <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <46,000 <5,000 E1,40
MON 120,000  E920,000 48,000 57,000 2,700,000 E520,000 40,000 2,800,000 <6,500,000 88,000 19,00
TAR E11,000  E36,000 19,000 11,000 14,000 E69,000 E11,000 - 210000  <950,000 15,000 2.20\(?.00/
PAV <2,500 <2,500 E1,000 <2,500 E1,200 <2,500 <2,500 E2,300 <52,000 <2,500 20,00
Parking lots in use :
TCQ E6,400 E8,300 12,000 <6,800 15,000 E8,900 <6,800 15,000  <220,000 E4,300 290,00
SSE <6,800 '<6,800 7,500 <6,800 <6,800 <6,800 <6,800 E3,800  <160,000 <6,800 28,00
SSE duplicate  <5,500 <3,500 6,400 <5,500 <5,500 <5,500 <5,500 E3,300  <130,000 <5,500 24,00
wwB <4,000 <4,000 4,900 <4,000 E3,000 <4,000 <4,000 E2,900 <92,000 <4,000 35,00
LAC <2,500 <2,500 2,500 <2,500 <2,500 <2,500 E1,300 <53,000 5,80

E1,600

<2,500



Table2. Particulate-phase concentrations of polycyclic aromatic hydrocarbons in washoff and scrapings samples from parking lots, Austi

~ : . 15 L2z Ace- Voo e, s(c::::nzg 236 is?r:ézras, -

—/ nme  nagh Covksd MO Cpgmeh Coakeg TSNP crage  TgM R
' thalene  Naphthalenes viene thalene thene ﬂ::?::;s thalene N ml:?::;s Fluorene
o _ Parking lots in use—Continued

LOW Q000 <2000 E2000 <2000 EI300  <2,000 <000 ELOO0  <40000  <2,000 5,50
NWR <4500  <4,500 E4200 <4500 <4500 <4,500 <4500  E2200  <90,000  <4,500 6,60
LBJ - <17,000  <17,000 36000 <17,000 31,000 <1000 |, <I7000. 32000 . <340000  E990 960,00
UTN <4500 <4500 - E4300  <4,500  E2,100 <4500 - <3,500 4600 | .<91,000  <4,500 69,00
. soC <12000  <12,000 E7600 <I12000 <I2000  <I2000  <12000  E7900 <230000  <I2,000 88,00
. CNR 3500 . <3500 3800 <3500 EL300 . <3500  <3,500 3600  <65000  -E1400 94,00
OSL <4000  <4,000 E2,800 , <4000 <4000,  <4,000 <4000  E2200  <69,000  <4,000 21,00
UNF <5000 <5000 8900 <5000 E3300 <6000 <5,000 8500  <120000  E2500 310,00
UNF duplicate <3500  <3,500 5600 <3500 E2400 <3500 <3,500 5600  <8L000 <3500 180,00
ZLK Q2000 <2000 Q2000 <2000 <2000 <2000 <2000 <2000  <34000 <2000 ET2
- TCQ . 36000  E150,000 75000 27,000 420,000 E210,000 32000 420000 <1,800,000 37,000  4,500,00
SSE <12000  <12000  <I2000 <12000 E9200  <I2000  <I12000  E7,700  <320000  <12,000 42,00
WWB Q5000  <25,000 Q5000 <25000 EI9000 <5000  <25000 EI6000  <590,000  <25,000 120,00
\,/ NWR <500 <500 <500 <500 <500 <500 <500 E280 <9,500 s 97
LBJ 10,000  E53,000 52,000 . <8500 150,000  E72,000 E4700 120000  <280,000 9,800  2.900,00
UTN <12000  <12,000 15000 <12,000 E7,600  <I2000  <12000 16000 <260,000  E7,700 460,00
CNR <12000  <12,000 18000 <12,000 EIL000  <I2000  <I12000 25000 <420000  E9,400 850,00
OSL <12000  <12,000 26000  <12,000 E5700  <I2,000  <12000 15000 <260000 E7,600 390,00
UNE <12000 | <I2000 18000 <I2000 ES000  <I2000  <12000. 20000  <310,000  E9200 150000
ZLK <8500 = <8500 <8500 <8500 <8500 <8500 <8500  <I5000 <8500 <8,50

Y

<8,500



Table2. Particulate-phase concentrations of polycyclic aromatic hydrocarbohs in washoff and scrapings samples from parking lots, Austi

i5 'scur-nn? _ .czr;m C3-178 4178 .
ns;i:e M:,z:'::f' mle;lyleatsed ph';:::m:m cz'f:rk'yae::;a ”&‘;’:: Pyrene c:;s:l':yle;sted c:;r:;:;d ';’:‘:’e‘:“:" metr
threne Phenanthrene/ Phenanthrene/ . Phenanthrene/  Phenanthrene/ * Puorar
anthracenes anthracgnes anthracenes anthracenes pyrt
Test plots
MON 29,000 EA46,000 9,200 E16,000 510,000 340,000 <9,000 <9,000 E8,300 Ei2
TAR 17,000 E32,000 E7,600 E21,000 320,000 240,000 <20,000 <10,000 E9,600 E9
PAV E6,300 E8,800 <19,000 <19,000 23,000 E17,000 <19,000 <19,000 <19,000 El
ASP E6,700 E11,000 E3,400 E8,600 110,000 85,000 <8,000 <6,700 ES5,100 E4
MON 10,000 E18,000 E5,300 E13,000 160,000 110,000 <12,000 <9,500 E8,000 E3!
TAR 67,000 E120,000 28,000 E89,000 1,100,000 870,000 <82,000 - <46,000 44,000 E34
PAV <1,000 E1,600 <1,000 E1,400 11,000 7.000 <1,500 <1,000 E540 E
ASP <1,000 E1,000 <1,000 <1,000 6,100 4,800 <1,000 <1,000 E460 E
MON E2,500 E9,900 EL,700 E4,400 160,000 97,000 <3,500 <3,500 E2,100 E2
TAR <3,500 E4,400 <3,500 E3,700 38,000 29,000 <3,500 <3,500 E1,900 Ell
PAV <4,000 <4,000 <4,000 <4,000 6,000 4,600 <4,000 <4,000 <4,000 <
ASP <5,000 <5,000 <5,000 <5,000 E3,000 E2,600 <5,000 <35,000 E970 <
MON 1,900,000 E2,700,000 390,000 E680,000 18,000,000 13,000,000 <250,000 <55,000 260,000 E
TAR 240,000 EA20,000 63,000 E220,000 2,800,000 2,200,000 <150,000 <48,000 69,000 \E‘ﬁi/
PAV E1,300 E5,000 <2,500 E4,300 28,000 21,000 <4,000 <2,500 E1,600 E
Parkiftg lotsin use
TCQ 23,000 E53,000 11,000 E35,000 580,000 460,000 <24,000 <12,000 15,000 El14
SSE ES,700 E12,000 E3,800 " E10,000 75,000 41,000 <9,500 <8,000 ES5,600 Eh
SSE duplicate EA4,800 E9,800 E3,300 E8,900 67,000 39,000 <9,000 - <7,000 ES5,000 EL
wwB 6,200 E16,000 4,200 E14,000 270,000 180,000 <12,000 <6,000 6,200 ES!
LAC E2,100 E3,800 E1,300 E3,500 18,000 15,000 <3,200 <2,700 E2,100 ‘Et



Table2. Particulate-phase concentrations of polycyclic aromatic hydrocarbons in washoff and scrapings samples from parking lots, Austi

<8,500

E5,400

<8,500

45 c1-178 . _Cm8 B C4m o

St M UL M ol (R pee  Cooljoud  ealae MO e
threne Phenanthrene/ ) fhenaqmrene/ - Phenanthrene/ Phenanthrene/ . Fuorai

anthracenes %ar??h'r'ac:e'nes i ' anthracenes snthracenes pyn

e d _ Parking lots in use—Continued
Low CEL700 E3200  EL100 ~ E2,700 17000 14000 <2500 2,100 E1,600 E
NWR E3,100  E5400  E2,000 ES5.200 14000 | 12000 <5500 <5,000 E3,200 E
LB) 61,000  E210,000 45,000 E95000 3700000 2000000  <40,000 <17,000 44,000 E321
UTN 12000  E28000 . 7,100 EI8000 520000 420000 °<10000  ° <5000 13000  EI
soC E8300  E30,000 E6,700 : "E20,000 T 260000 160000  <I8000  <i2,000 E11,000 EAi
CNR 9500  E28,000 5300 E23,000 360000 280000  <I5,000 <1500 7300  E9:
OSL E2500  E10,000 E2400 "E9200 ' 140000 100,000 <6,500 <3,500 "4.300 E¥
UNF 50,000  E120,000 32,000 E67000 2200000 1800000  <27,000  <18,000 4400 ES&
UNFduplicats 25000  E64,000 17000 E35000 © - 1300000 1000000  <16,000 <5500 22000  E26
. ZLK 2,000 Q000 . <2000 2000 " ELI00 EL600  <2,000 2,000 <2,000 <
TCQ " 440000  ES10000 140000  E440000 . 6700000 5300000 <260.000  <81,000 160000  E190:
SSE EI1,000  E21,000 E7000  EI9000 . 91,000 73000  <18000  <16,000 E11,000 E2:
WWB 29000  E62000  E18,000 “E57,000 580000 440000  <54000 <3600 20000  EITt
NWR <500 ES00 <500 .., <500 1,500 1300 <500 <500 <500

LBJ " 150000 EA70,000 90,000 E160000 ~ 4500000 3200000  <60,000  <12,000 58000 B4
UTN 1100000 E150,000 46000 E100000 ' 3000000 2400000  <42000 - <i7,000 71000  E6%
CNR 130,000  E260,000 50,000 EI80,000 2,600,000 2000000 <110000  <43,000 64000  ETOM
osL 81,000 E200000 45000 E170,000 *°  2.600000 2100000  <I120000  <30,000 75000  E66i
UNF 210000  E460,000 © 96,000 E190,000 - 5700000 4400000  <67.000 <17,000 97,000 E92!
71K <8,500 <8,500 8,500 ' EA.900 <8500 - <8500 <



\

Table2. Particulate-phase concentrations of polycyclic aromatic hydrocarbons in washoff and scrapings samples from parking lots, Austi

C3-202 L1228 ca202 5202 C2-228isomers,
Site Benz(a)- isomers, n::;"yiie;tse' d. . isomers, isomers, C2-alkylated Benzo(b)- Benzo(k}- Benzole)
name anthra- Chrysene C3-alkylated Benzola)- C4-alkylated  C5-alkylated Benzo(a)- fluoran- fluoran- pyrene
cene Auoranthene/ anthracene/ Fluoranthene/ Flucoranthene/,  anthracene/ thene thene
pyrenes chrysenes pyrenes pyrenes chrysenes
Test plots
MON 110,000 190,000 <9,000 E46,000  <35,000 <9,000 <20,000 160,000 110,000 95,00(
TAR 100,000 180,000 <10,000 E54,000 <30,000 -<10,000 E24,000 180,000 110,000  100,00¢
PAV E9,200 E17,000 <19,000 E8,900  <19,000 <19,000 <19,000 E14,000 E6,900  E10,00(
ASP 44,000 60,000 <6,700 E25,000 <9,000 <6,700 E12,000 61,000 45,000 42,00¢
MON 39,000 70,000 <10,000 E25,000 <22,000 <8,500 <16,000 87,000 48,000 46,00¢
TAR 350,000 570,000 <41,000 E210,000 <120,000 <42,000 E120,000 560,000 410,000 370,00
PAV 1,900 6,000 <1,000 <2,000 <2,000 <1,000 <1,500 5,600 4,500 4,10(
" ASP 2,800 3,700 <1,000 <2,000 <1,000 <1,000 <1,000 4,200 3,600 3,00¢
MON 16,000 80,000 <4,000 E12,000 <22,000 <3,500 <6,500 59,000 39,000 38,00(
TAR 14,000 25,000 <3,500 E8,800 - <5,000 <3,500 <5,500 21,000 16,000 15,00
PAV E2,900 E3,800 <4,000 <4,000 <4,000 <4,000 <4,000 7,600 6,300 5,60(
ASP E2,200 E1,900 <5,000 <5,000 <5,000 <5,000 <5,000 E3,700 E3,300 E2,60(
MON 5,000,000 5,200,000  <140,000 E1,900,000 <450,000 <150,000 <550,000 4,800,000 4,400,000 3,0, \//‘
TAR 940,000 1,100,000 . <30,000 E430,000 <150,000 <45,000 E200,000 1,000,000 730,000 690,00
PAV 10,000 13,000 <2,500 E6,500 <5,000 <4,500 E5,900 12,000 9,800 8,90(
; ' Parking lots in use
TCQ 110,000 310,000 <12,000 E85,000  <77,000 <16,000 <46,000 370,000 170,000 200,00
SSE 15,000 50,000 <8,000 E18,000 <20,000 . <10,000 <16,000 66,000 29,000 40,00¢
SSE duplicate 15,000 47,000 <7,000 E17.,000  <16,000 <8,500 <14,000 76,000 20,000 37,0
WWB 48,000 190,000 E8,000 E45,000  <42,000 <10,000 E25,000 220,000 99,000  100,00(
LAC 6,800 9,800 <2,500 E6,100 <4,500 <3,000 E4,600 12,000 7,900 9,10(



Table2. Particulate-phase concentrations of polyéyclic aromatic hydrocarbons in washoff and scrapings samples from parking lots, Austi

BGiE-)

... C4-202 C5-202 C2-228 isomers,

 sie A Benz(a)- _ ‘i::ar;lze?s, n:::h"y'leartse' d isomers, isomers, C2-alkylated . Benzofb)}-  Benzolk)- Benzole)

" name anthra.-l Chrysene C3-atkylated Benzola) Ca-alkylated C5-alkylated , Benzola} - fluoran- fluoran- pyrene

B cgne Fuoranthene/ snthracens/ Fluoranthene/ Flucoranthene/ - anthracene/ thene thene

pyrenes chrysenes pyrenes pyrenes chrysenes
o = == -=- - Parking lots in use—Continued

Low 5,900 9,300 <2,000 E5100 <3800 <2,100 <3,800 13,000 7,000 8,40(
NWR 7,200 6,800 <4,500 jag,poo <6,000 <5.000 <1,500 12,000 5,800 9,20(
L) 590,000 1,500,000  <34,000 E250,000  <240,000 <39,000 " <95,000 1400000 830,000  820,00(
UTN 180,000 460,000 <9,000 ES5,000  <83,000 <12000 <3400 450,000 260,000  280,00(
soc, 42,000 120000  <14,000 E32000 <30000  <I17000 <2300 100000 68000 66,00
CNR 86000 © 280000 <7000 E70000 <54000  <14,000 E36,000 ‘250,000 150000  160,00(
osL 42,000 120,000 <4,500 E37,000 <30000 <7000 ~ EI9000 ' 100000 71000 72,0
UNF 690,000 1,300,000  <29,000 E370,000  <270,000 <30000 - <140,000 980,000 880,000  740,00(
UNFduplicate 360,000 800,000  <16,000 E190000 <140000  <I8000 - . <72,000 690,000 550,000  480.00(
ZLK <2,000 E9%0 <2,000 <2000 <2000 <2000 <2000 2,400 2300  EL6
TCQ' 1,700000 2,800000  E75,000 E980,000 <450,000  <100,000 E460,000 ~ 2,300,000 1,400,000 1,700,00¢
SSE 28,000 41,000  <I13,000 E26000 <22000  <16,000 <4000 - 48000 . 30,000  37.00C
WWB 170,000 380,000  <32,000 E140,000 . <95,000 <46,000 E§7,000 440000 270000 250,00
NWR 820 870 <500 <100 <500 <500 <600 1200 1,100 82(
LBJ 930,000 1900000  <30000 - E330,000 <270,000 <25000  <120,000 1,600,000 1,300,000 1,100,001
UTN 1200000 1,900,000 . <33,000 EA450,000  <300,000 <44,000 <170,000 1,600,000 1,500,000 1,200,001
CNR' 980,000 1400000  <26,000 EA400,000  <190,000 <53,000  “E220,000 1,300,000 700,000  800,00(
OSL 1200000 1900000  <30000 E530000 <310000 <5200 Q70000 1,700,000 890,000 1,200,00t
UNF 1400000 2,400,000  <46,000 E460,000  <350,000 <46000° - <160000 1,800,000 1,600,000 1,300,00(
ZLK <8,500 <8,500

<8,500

<8,500

'<8,500 <8500 - <8,500 <8500 <8500 E6,30(



Table2 Particulate-phase concentrations of polycyclic aromatic hydrocarbons in washoff and scrapings samples from

i

parking lots, Austi

C3-228

C2-252

C4-228

€3-252

C4-252

5 2
\,

Site isomers, isomers, isomers, Benzo- Indeno- Di(l;e:;o- isomers, isomers, \‘lscl/
name C3-Benzola)- C2-alkylated C4-Benzola)- (ghi} (1,23-cd)- ant'hra- C3-alkylated C4-alkylated C5-be
anthracene/ Benzopyren'el anthracene/ perylene pyrene cens Benzopyrene/ Benzopyrene/ Anth
chrysenes perylenes chrysenes perylenes perylenes chr
Test plots
MON <10,000 <30,000 <9,000 76,000 90,000 18,000 <15,000 <15,000 <9,0
TAR <15,000 <35,000 ! <10,000 86,000 100,000 21,000 <15,000 <11,000 <10,0
PAV <19,000 <19,000 <19,000 E9,100 E8,400 <19,000 <19,000 <19,000 <19,0
ASP <6,700 <20,000 <6,700 42,000 48,000 11,000 <8,500 <6,700 <6,7
MON <14,000 <22,000 <16,000 40,000 E53,000 14,000 <14,000 <12,000 <12,0
TAR E55,000 <170,000 <95,000 340,000 E.280,000 82,000 <80,000 <58,000 <54,0
PAV <1,500 <4,000 <2,000 5,600 4,500 1,600 <3,000 <2,500 <15
ASP <1,000 <3,000 <1,500 3,500 3.400 1,300 <2,500 <2,500 <1,0
MON <1,500 <22,000 <7,500 33,000 35,000 6,000 <5,500 <8,500 <35
TAR <3,500 <9,000 <5,000 16,000 16,000 4,800 <5,000 <5,000 <35
PAV <4,000 <7.000 <4,000 7,900 6400  <4,000 <5,000 <6,000 <40
ASP <5,000 <5,000 <5,000 E3,000 E2400 <5000 <5,000 <5,000 <50
MON <150,000 <980,000 <620,000 3,300,000 E4,800,000 280,000 <300,000 <300.600 < .
TAR <35,000 <300,000 <150,000 660,000 E980,000 64,000 <150,000 <65,000 <\45{
PAV <3,000 <10,000 <5,000 11,000 11,000 <2500 <9,500 <6,500 <4,5
Parking lots in use
TCQ <20,000 " E94,000 <38,000 180,000 E260,000 32,000 <4l,000' <26,000 <16,0
SSE <12,000 <15,000 <12,000 38,000 E45,000 10,000 <18,000 <12,000 <12,0
SSE duplicate . <10,000 <20,000 <14,000 34,000 E37,000 9,800 <14,000 <10,000 <110
WWB E10,000 | E48.000 <22,000 86,000 E92000 19000  <21,000 <14,000 <130
LAC <3,500 <6,500 <4,200 8,300 E8,600 3,600 <5,000 <4,000 <40



Table 2. Particulate-phase concentrations of polycyclic aromatic hydrocarbons in washoff and scrapings samples from parking lots, Austi

c3-228 2252 c4-228 Dibenzo- €3-252 C8-252 o]

Site isomers, isomers, . - isomers, , Benz.o-, ‘- Indeno- '(::f_" isomers, . isomers, isc
name C3-Benzofa)- C2-alkylated C4-Benzola)- {g.h,i)- {1,23-c.d)- anthra- C3-alkylated C4-alkylated C5-be
anthracene/ ©~  Benzopyrene/ - -anthracene/ " - ~perylene pyrene ; : Benzopyrene/ Benzopyrene/ Anth

chrysenes perylenes chry'&eﬁes - o 5 cene perylenes perylenes chr

N Parking lots in use—Continued

LOW <2,600 <5800 <3400 - 8,500 E6,300 2,800 <4,000 <3,200 371
NWR <6,000 <10,000 <6,500 9,800 E12,000 <4,500 <1,500 <6,000 <65
LB} <40,000 <480,000 <130,000 £30,000 90000 170000  <I60000  <140,000 <46,0
UTN <12,000 <150,000 <40000 290,000 320,000 56000  <48,000 <46,000 <14,0
soc <14,000 <52,000 2000 - 76000 76000 23000 <3200 - <30,000 230
CNR <14,000 <82,000 <32,000 160,000 170,000 28000  <30,000 <19,000 <12,0
osL <1.500 | <49,000 <8000 “ 72000 77000 15000  <21,000 <I1,000 <10
UNF <42,000 <370,000 <130000 . 850,000 880,000 220000  <87,000 <17,000 <60
UNF duplicate  <26,000 <21,000 <72,000 520,000 530,000 88000  <52,000 <38,000 <160
ZLK <2,000 3,000 <2,000 100 EL6O <2000 <3000 <2500 20
TCQ <84,000 <760,000 <$20000 1700000 E2500000 350000  <280000  <I80,000 <1100
SSE <17,000 ‘25000 ' <22,000 31,000 E46,000 18000  <21,000 <16,000 <10
WWB " <48,000 <140,000 <76,000 240,000 E240,000 70,000 <78,000 <52,000 <62,0
NWR <500 <1,500 <600 T 980 860 . <S00 <2000 ‘ <1500 <6
LBJ <41,000 <560.000 <150,000 1,000000 1200000 270000  <150,000 <170,000 <410
UTN <46,000 <610,000 <180,000 1,200,000 1200000 260,000  <180,000 <180,000 <52,0
CNR <31,000 <420,000 <140,000 . 820,000 940,000 200000  <160,000 ~ <93,000 <59,0
OSL <44,000 <770,000 210000 ~° 1,100000 1200000 280,000 * <260,000 <220,000 <190
UNF <43,000 <610,000 <160,000 1,200,000 1,300,000 240,000  <160,000 <150,000 <480
ZLK <8,500 <12,000 <8,500 <8,500 <8,500 <8500  <12,000 <13,000 <85




1

Table 3. Dissolved-phase concentrations of polycyclic aromatic hydrocarbons in washoff samples from parking lots, Austin, Texas, 2003,

[Tn micrograms per liter. ZPAHj,,, total dissolved polycyclic hydrocarbons (for complete definition see text); E, estimated; <, less than.]

-~/
Ace- Benza- Benzo- In- .
. . Ace- An- Benzo- Auor-  9H- Nitro-  Phe-
Site Type of surface Sampling ZPAHgies naph- naph-  thra- b (- [a)- Chry- o Ao %™ pen-  nan-
name date thy- fluoran- fluoran- sene py-
thene  cene pyrene thene ene zene threne
lene thene  thene rene
Test plots
MON coal-tar-cmulsion-sealed  8/12/2003 21 E0.56 E0.39 El4 <19 <17 <13 <7 41 E094 <30 <0 11
MON coal-tar-emulsion-sealed  8/21/2003 14 E17 E36 ELO <19 <7 <13 <7 26 E61 <30 <20 73
MON coal-tar-emulsion-scaled  9/26/2003 6.9 E.03 E.05 E29 <19 <L7 <13 E.25 29 E13 <30 <20 El19
TAR coal-tar-emulsion-sealed  8/12/2003 11 E.39 E31 ElLS <19 <17 <13 <7 ElLO E78 <30 <20 55
TAR coal-tar-emulsion-sealed  8/21/2003 73 B35 <18 E77 <19 <17 <13 <7 El.2 E37 <30 <0 2.8
TAR coal-tar-emulsion-sealed ~ 9/26/2003 38 E.l4 BE06 ES6 <19 <17 <13 E05 El2 El4 <30 <0 ELO
PAV  asphalt-emulsion-sealed 8/12/2003 13 <24 <1.8 <20 <19 <17 <13 Q7 E031 <0 <30 <0 E.87
PAV asphalt-emulsion-sealed  8/21/2003 1.2 4 <1.8 E23 <19 <17 <13 <7 E30 <0 <30 <0 ES52
PAV asphalt-emulsion-sealed 9/26/2003 64 <24 <1.8 E09 <19 <1.7 <13 = <27 Bl8 <0 <30 <0 E.18
ASP  unsealed asphalt 8/1212003 16 4 <18 <20 <19 <17 <l3 <7 <4 <20 <30 <0 E.08
ASP  unsealed asphalt 82172003 34 <24 <1.8 <2.0 <19 <17 <13 <27 EO5 <20 <30 <20 E.14
ASP  unsealed asphalt 9/26/2003 A7 <24 <1.8 <0 <19 <17 <13 <7 EO5 <20 <30 <20 E.05
Parking lots in use
CNR coal-tar-emulsion-sealed  9/30/2003 12 E.15 E.04 E85 <19 <17 <13 <7 42 E24 <30 <0 4.6
LBJ coal-tar-emulsion-sealed  9/28/2003 54 <24 BE03- E29 EO06 <17 <L3 E.12 E2.0 E09 <30 <20 B~
OSL  coal-tar-emulsion-sealed  9/30/2003 23 EOS <18 Bl16 <19 <1.7 <13 B4 ElL.l B4 <30 <0 \’/,
- UNPB coal-tar-emulsion-sealed  9/30/2003 16 <24 <L.8 E79 <19 <1.7 <13 <7 8.7 El10 <30 <0 3.6
UTN coal-tar-emulsion-sealed  9/28/2003 7.1 <4 <18 53 E30 <17 <13 E.41 29 EOl <30 <0 ElL1l
SOC asphalt-emulsion-sealed 972812003 5.1 <4 ° <18 42 E09 <17 <13 E.09 EL7 Q0 <30 <0 El1.8
ZLK unsealed asphalt 9/30/2003 24 <24 <1.8 «Q0 <19 <17 <13 <7 E® <0 <30 <0 E.05




Table 4. Particulate- phase concentratlons of ma;or and trace elements in washoff samples from parking Iots Austin, Texas 2003.

T e~ [
[In milligrams per kilogram., Isa msufl' cient sedlment mass for analys:s. - not analyzed Note Data analyzcd by custom method and therefore not nvanlablc inUSGS
. database.]

Site name Type of surface . Date Aluminum Calcium Iron Potassium Magnesium Sodium
: ’ : , Test plots

MON coal-tar emulsion-sealed 8/21/2003 45,000 - 156,000 20,200 71320 5,070 990
TAR . .. coal-tar emulsion-sealed 872172003 16,400 , 23,000 8,720 3,600 8,760 1,310
PAV asphalt-emulsion-sealed 87212003 20,000 110,000 12,500 6,710 51,100 2,510
ASP unsealed asphalt ’ 8/21/2003 14,800 29,200 7,840 3,470 10,500 1,180
MON coal-tar emulsion-sealed  9/9/2003 23,900 39.500 9,400 4,430 13,700 1450
TAR coal-tar emulsion-sealed 9/972003 22'.900 26,700 9,300 3,960 8,300 1,360
PAV asphalt-emulsion-sealed 9/9/2003 £0,300 5,870 11,500 3,980 2,930 727
ASP | unsealed asphalt 9912003 ’ Isa Isa Isa Isa Isa Isa
MON coal-tar emulsion-sealed ' 9/26/2003 79,900 21,800 12,000 4520 9,440 907
TAR ~ ° coal-tar emulsion-sealed 9126/2003 122,000 5,360 13,000 3,840 2,790 - 532
PAV - asphalt-emulsion-sealed 9/26/2003 19,700 50,600 4,300 4,570 23,800 1,250
ASP unsealed asphalt 9/26/2003 12,600 102,000 5,200 6,340 42,200 1,930

, . Parking lotsin use
. TCQ .. coal-tar emulsion-sealed  9/7/2003 24,500 - 73,300 12,600 6,110 10800 2,660

SSE . asphalt-emulsion-sealed 91772003 . 26,800 13,400 . 6,040 2330 4,030 . . 610
WwWWwB asphalt-emulsion-sealed 9/112003 23,600 11,600 4,940 1,700 2,570 ) 325
WWB replicate asphalt—cmulslon-scaled 97772003 21.7‘007 9,130 4,210 1,950 1890 417
WWB replicate asphalt-emulsion-sealed . 97112003 | | 23,400 11,500 4,890 1,670 2.470 312
LAC unsealed concrete 9/8/2003 18,000 147,000 14,200 6,080' 15,300 3,500
LOW unsealed concrete 9/812003 18,206. . 123,000 14,200 5,670 10,900 " ' 2,080
NWR unsealed asphalt 9/82003 11,000 172,000 © 7470 3310 18,800 1,320
LB] - coal-tar emulsion-sealed  9/28/2003 ' 25,000 66,000 13,000 4,400 7,980 1,390
UTN~ : coal-tar emulsion-sealed 9/28/2003 27,000 ' 86,300 © 12,000 . 4,560 7,770 1,510
- soc asphalt-emulsion-sealed 9/28/2003 35,700 " 41,600 12,000 4,860 6,140 - -, 1,480
- SOC replicate asphalt-emulsion-sealed 972872003 35,500 - 41,000 . 12,000 - 4,920 - 5910 - . 1,400
SOC replicate asphalt-emulsion-sealed 9/28/2003 34,100 39,800 12,000 - 4,740 5,890 1,440
CNR coal-tar emulsion-sealed 973072003 27,000 32,800 9,300 3,710 6,950 1,020
OoSsL . coal-tar emulsion-scaled . 9/30/2003 8.67‘(')‘ 11,400 . 2,800 1,480 1,620 585
UNF coal-tar emulsion-sealed 9/30/2003 23.400‘ ) 54,600 ) 11,000 4,100 5,540 1,480
ZLK unsealed asphalt 9/30/2003 15,600 187000 8000 6,160 16,600 2,620

ZLKreplicate  unsealed asphalt 913012003 15,200 192,000 8.200 6010 16,200 - 2,690
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Table4. Particulate-phase concentrations of major and trace elements in washoff samples from parking lots, Austin, Texas, 2003—Contini

Site name Barium Beryllium Cadmium Cobatlt Chromium Copper Mercury Lithium Manganese Nickel Lead $r-"" .

Test plots "‘\J
MON 187 1.4 3.51 6.2 91.6 34.8 0.08 305 238 26.7 85.6 74
TAR 154 5 '5.16 2.6 46.0 61.4 Isa 80 889 21.1 89.8 21
PAV 255 6 2.04 " 4.4 79.1 147 Isa 100 221 325 220 3.
ASP 145 6 1.24 28 364 46.5 .04 76 104 15.6 989 2’
MON 157 .6 .86 31 532 522 Isa 125 137 13.0 114 3.
TAR 195 6 64 30 496 49.0 Isa 134 127 139 82.8 3
PAV 189 8 17 2.5 739 285 .08 I 339 529 16.1 44.7 11.1
ASP Isa Isa Isa Isa Isa Isa Isa Isa Isa Isa Isa Ise
MON 176 9 1.50 42 121 579 Isa 330 112 21.1 228 8.1
TAR 164 1.2 22 27 128 253 .10 50.8 40.2 17.5 96.9 14.
PAV 117 5 57 20 363 29,7 A3 74 111 109 783 2.
ASP 162 4 .88 2.0_ 85.3 335 Isa 44 111 38 246 1’

Parking lots in use
T(fQ 264 32 1.87 4.1 928 69.0 .08 13.7 206 - 209 268 44
SSE 131 4 49 28 51.1 238 .05 14.1 64.9 15.7 119 3.
WWB 160 4 41 1.5 318 346 ° 02 120 36.8 12.6 354 kX
WWB replicate 127 3 36 1.0 26.6 19.1 - 11.1 289 10.6 271.1 27
WWB replicate 160 ] 40 1.5 314 338 - 11.6 370 12,5 348 34
LAC 536 N 81 6.0 164 124 24 8.7 252 55.3 321 248
LOW 246 6 .68 119 385 78.8 .05 " 113 400 35.1 517

NWR 152 3 60 28 384 48.3 03 69 151 26.4 ' 759 R4 ‘
LB} 439 7 2.10 6.0 90.5 143 18 124 188 224 223 EX
"UTN - 257 6 1.90 53 78.1 719 26 12.1 166 17.6 174 4.
soc - 268 - .87 37 68.8 762 09 15.8 132 229 115 5’
SOC replicate 274 .7' .88 38 62.7 799 - 15.8 129 - 2.0 116 4.1
SOC replicate 269 . 7 .89 3.7 65.9 74.0 - 156 129 2.4 116 4.1
CNR 199 5 1.80 42 45.1 46.0 09 127 123 15.3 74.1 3t
OSL 59.8 2 33 11 404 245 - 05 37 43.7 43 135 1.
UNF 174 S5 1.20 9.1 108 65.6 .07 10.1 153 49.2 743 3:
ZLK 184 6 4l 27 24.8 26.9 .05 6.8 213 1.7 372 2
Z1K replicate 178 S5 38 27 779 29.8 .04 6.4 221 126 *34.6 24




