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 Asbestos as an urban area pollutant
 Robert Pitt

 ABSTRACT: A supplemental investigation of asbestos fibers
 was conducted in Castro Valley, California, to characterize as
 bestos fibers in urban stormwater and source area soils and to
 estimate the fate and movement of asbestos fibers in the urban

 areas. The study concluded that large numbers of short asbestos
 fibers can be found throughout an urban area that does not contain
 any appreciable natural asbestos sources. However, the monitored
 asbestos fiber abundance varied appreciably for different local
 source areas and urban area yields were greater than adjacent
 rural area yields, indicating significant local urban asbestos sources.
 / Water Pollut. Control Fed., 60, 1993 (1988).

 KEYWORDS: stormwater, asbestos, nonpoint pollution.

 Recent concerns of nonoccupational asbestos exposure,
 especially for families of asbestos workers and children
 attending schools having extensive asbestos insulation,
 increase the importance of studies that have examined
 typical environmental asbestos fiber characteristics.

 Moreover, nonoccupational asbestos exposure criteria,
 especially for very short asbestos fibers, are very limited.1"3
 Most of the nonoccupational environmental asbestos
 studies conducted have examined asbestos in air4'5 and

 drinking water sources.6 This study examined asbestos fi
 bers in urban stormwater runoff and urban soils. Although
 it is difficult to evaluate the significance of the asbestos
 characteristics of these urban sources, this information
 may be of interest to researchers examining nonoccupa
 tional asbestos exposure problems.

 The Castro Valley Nationwide Urban Runoff Program
 (NURP) project was one of 28 similar multi-year projects
 conducted throughout the country for the U.S. Environ
 mental Protection Agency (EPA).7 The general objectives
 for NURP were to obtain a broad data base covering urban
 stormwater quantity and quality characteristics and to
 provide actual full-scale performance data for urban runoff
 pollutant controls. The Castro Valley project was con
 ducted in a 614-ha urban watershed in the San Francisco

 Bay Area. Detailed urban stormwater quantity and quality
 data was obtained for about 50 storms in Castro Valley
 Creek during 1979 and 1980. The Castro Valley project
 was also one of several NURP projects that investigated
 the effects of street cleaning on urban runoff quality. The
 project therefore also involved the collection and analysis
 of many street surface particulate samples. Street surface
 particulate loading variations observed during the study
 were extensively studied to determine deposition, accu
 mulation, washoff, and fugitive dust loss rates of the street
 surface particulates. Priority pollutant analyses were in
 cluded as part of many of the NURP projects. However,

 the Castro Valley project was selected as the only NURP
 project to evaluate asbestos in urban areas. This paper is
 a summary of these asbestos observations.

 Field and Laboratory Procedures
 A special analytical program was designed that involved

 collecting and analyzing samples of source area particu
 lates and urban runoff for asbestos fibers. The runoff sam

 ples were analyzed to evaluate asbestos fiber characteristics
 representing typical urban runoff, while the source area
 paniculate samples were analyzed to identify locations
 having unusual asbestos characteristics (especially high
 fiber concentrations).

 Particulate sampling procedures. Paved area particu
 lates were sampled using vacuuming procedures developed
 during previous EPA-sponsored research projects.8,9 The
 basic vacuum sampling equipment consisted of two 1.5
 kW stainless steel industrial canister vacuum units con

 nected by a wye connector to a hose 10 m long and 40
 mm in diameter. The hose was connected to a triangular
 aluminum attachment that cleaned strips 200 mm wide
 (about 10 m in length) across the pavement. The strips
 were vacuumed at a velocity of about 0.15 to 0.3 m/s for
 rough pavement and up to 1 m/s for smooth pavement.
 Each sample was composed of 20 to 35 sub-sampling
 strips, depending on the previously measured pavement
 particulate loading variabilities. After each sample was
 obtained, the particulates were carefully transported from
 the canisters to sample bottles and transferred to the lab
 oratory for processing. During the 2-year sampling pro
 gram (1979 through 1980), about 1 000 paved area par
 ticulate samples (and more than 20 000 sub-samples) were
 obtained from the study area.

 Particulate samples from unpaved areas were collected
 from the soil surface using soft bristled paint brushes. This
 restricted the samples to particulates that would be most
 likely eroded during typical rains. Core soil samples would
 not be as indicative of the characteristics of runoff partic
 ulates from the unpaved source areas. Many different types
 of unpaved areas were sampled. Each sample was com
 posed of at least five composite sub-samples from each of
 three to five representative areas for each area type. Six
 creek sediment samples were also obtained, two in the
 rural and four in the urban Castro Valley Creek reaches.
 Each sample was composed of at least five very shallow
 (5 cm in depth) cores in a 10-m stretch of creek.
 Water sampling procedures. Two automatic water

 sampling stations were installed on Castro Valley Creek
 for this urban runoff monitoring project. The upper sam
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 pling station was located at the approximate boundary
 between the urban and rural areas (Seaview) and the lower
 sampling station was located below the urban study area
 (Knox). The lower station therefore captured runoff from
 both the urban and rural areas, while the upper station
 captured runoff from the rural area alone. Each sampling
 station was housed in a semi-permanent enclosure adja
 cent to the creek and contained automatic wastewater
 samplers and connected flow meters for automatic flow
 weighted sampling. The samplers were modified to collect
 the samples in 200-L stainless steel drums, allowing a great
 variety of storms to be sampled, each with large numbers
 of sub-samples. The U.S. Geological Survey (USGS), in
 a cooperative effort, installed concrete control sections in
 the creek, developed stage-discharge rating curves, installed
 and maintained continuous flow measuring equipment
 (manometer surface water level sensors and digital tape
 recorders), and performed the conventional water quality
 analyses. Three recording tipping bucket rain gauges were
 also available close to the study area, two installed and
 maintained by the USGS under a long-term agreement
 with the Corps of Engineer's HEC unit, and the third
 maintained by the Alameda County Flood Control and
 Water Conservation District.

 The water sampling equipment started sampling au
 tomatically when the creek stage exceeded a set value.
 The samplers then collected sub-samples at pre-deter
 mined flow increments. The samplers were set to collect
 about 10 sub-samples during the smallest events sampled
 (corresponding to about a 0.3 mm of rain) and several
 hundred sub-samples during large events. This monitoring
 scheme allowed 47 events to be sampled at each sampling
 location during the 2-year program. These events ac
 counted for about 90% of the total runoff that occurred

 in Castro Valley Creek during the study period.
 Laboratory procedures for asbestos analyses. A two

 phased approach was employed for asbestos sample anal
 yses. Eighty-eight selected composite samples from the
 complete sampling effort were initially analyzed using a
 screening procedure which used both optical and quali
 tative transmission electron microscopic procedures.
 Twenty-two samples that were found to contain asbestos
 were then subjected to more detailed quantitative trans
 mission electron microscopic and selected-area electron
 diffraction (TEM/SAED) procedures to better character
 ize the asbestos. One of the main reasons for using this
 two-phased approach for asbestos analyses was the high
 cost of the quantitative TEM/SAED analyses (about $300
 to $500 per sample in 1980). The screening qualitative
 procedure was substantially less expensive (about $50 per
 sample in 1980) but still included both the important
 transmission electron microscopic analyses and polarized
 light microscopy (PLM) with dispersion staining. The as
 bestos analysis procedures used were based on several
 methodologies published by EPA and other re
 searchers.10"14

 Study Area Description
 Castro Valley is an unincorporated community within

 Alameda County, Calif., about 40 km east of San Fran
 cisco (on the eastern side of South San Francisco Bay).

 The project was conducted in a 614-ha unincorporated
 area characterized primarily by residential and rural land
 uses. The uppermost portion of the watershed (above the
 Seaview Gaging Station) consisted of about 250 ha of rural
 area that was slowly being replaced with suburban resi
 dential housing. The 364-ha urban study area consisted
 mostly of residential land uses (70%) with lot sizes varying
 from 0.05 to 0.1 ha, in addition to some light commercial
 areas (7%), six schools, and a short portion of Interstate
 Highway 580. The remaining land was made up of a mix
 ture of open space and institutional land uses. Develop

 ment along the stream banks in Castro Valley was intense
 and houses were frequently constructed very close to the
 creek bed.

 The climate of the area is characterized by dry summers
 followed by wet winters, with irregularly spaced, frontal
 rainstorms. Over 90% of the annual rain usually occurs
 between October and April. In a normal rain year, there
 are about 63 days of measurable rainfall, and annual rain
 fall is about 53 cm. During the project field activities,
 there were about 60 days/y having measurable rainfall,

 with 46 cm of rain the first year and 65 cm of rain the
 second year.

 Typical base flows at the Seaview (rural) monitoring
 station were about 1 to 2 L/s, but increased to about 3
 to 7 L/s at the Knox (rural plus urban) monitoring station.
 Common peak storm flow rates at Seaview were about 30
 to 300 L/s and increased to about 150 to 3000 L/s at
 Knox.

 There are no known asbestos-containing serpentine
 outcrops of bedrock in the test watershed, but the alluvial
 deposits in the downslope areas of the watershed may
 contain some greatly-diluted serpentine erosion products
 mixed with other local erosion products.15"19

 Asbestos fiber concentrations from the different mu

 nicipal water systems near Castro Valley vary6 with av
 erage chrysotile asbestos concentrations approximately 1
 X 106 fibers/L, and amphibole asbestos fiber concentra
 tions averaged approximately 1 X 105 fibers/L. Although
 some asbestos pipe may be involved, the primary source
 of asbestos in San Francisco Bay Area drinking water is
 the erosion of serpentine rock formations, including res
 ervoir linings.

 Study Results
 Asbestos was found in 69% of the screening samples

 analyzed by electron optics, while polarized light optical
 methods only detected asbestos fibers in about 3% of the
 samples. Most of the particulate samples were mainly
 composed of rock forming minerals and general debris.
 Glass and grass fragments were found more commonly
 in the street surface particulate samples than in the other
 samples.

 Table 1 shows the quantitative asbestos analyses results
 for the 22 samples analyzed by TEM/SAED. The screen
 ing procedure met its objectives in that all samples sub

 mitted for quantitative TEM/SAED had significant as
 bestos fiber concentrations (there were no false positives).
 However, no samples having "no" qualitative asbestos
 fibers observed by the screening procedure were analyzed
 quantitively. Some of these "no" samples may have had

 1994 Journal WPCF, Volume 60, Number 11
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 o Table 1?Results of TEM/SAED quantitative asbestos analyses on selected samples.
 CD
 3
 ?
 CD
 8

 Sample description

 Total asbestos
 fiber

 concentrstion,
 10? fiber/g or
 106 fiber/L

 Chrysotile
 fiber

 concentrstion,
 10e fiber/g or
 106 fiber/L

 Amphibole
 fiber

 concentration,
 106 fiber/g or
 10* fiber/L

 Total asbestos
 fiber mass, nQ
 asbestos/g of

 sample or
 Mg/L

 Median Median
 particle particle
 length, width,
 Mm nm

 Median Number of Detection limit
 aspect fibers for sample,

 ratio, length: counted for 106 fibers/g
 width sample or 10e fibers/L

 Creek water samples
 Runoff?Seaview, 3/7/80 152
 Runoff?Knox, 11 /3/79 22.1
 Runoff?Knox, 3/4/80 114
 Runoff?Knox, 3/7/80 319
 Runoff?Knox, 4/23/80 7.6

 Creek sediment samples
 Rural creek sediment?Seaview confluence 230
 Urban creek sediment?Heyer 39

 Unpaved areas
 Rural vacant lot?1 77
 Urban vacant lot?2 110
 School turf 730
 Unpaved parking lot 54

 Paved playground, parking lot, and
 rooftops

 Paved school playground 830
 Paved parking lot 55
 Rooftop asphalt shingles, less than 1 year
 old 1200
 Rooftop asphalt shingles, greater than 1
 year old 1900
 Rooftop wooden shingles/shakes, 20 years
 old 303
 Rooftop?commercial composite of gravel,
 tar, wood, and asphalt roofs 670

 Street surface particulates"
 Lower area, 250-600 ^m 831
 Middle area, 600-850 nm 431
 Middle area, 106-250 Mm 1300
 Upper area, 850-2000 /?m 385
 Fall, 9/6-10/30/79, 2000-6370 Mm 73

 152
 22.1
 111
 289

 7.6

 230
 39

 77
 110
 730
 54

 830
 54

 1200

 1900

 303

 670

 825
 413
 1270
 363
 73

 <15
 <0.3
 2.7

 30.4
 <0.3

 <12
 <4.8

 <1.8
 <7.9
 <16
 <1.9

 <6.8
 1.2

 <21

 <20

 <4

 <14

 6
 18
 23
 22
 <1.1

 3.2
 0.6
 3.1
 11.2
 5.9

 2.2
 0.27

 1.1
 1.2

 10
 1.8

 16
 1.8

 17.9

 48

 2.9

 8.8

 13.6
 26
 16
 31
 1.2

 1.28
 1.16
 1.39
 1.30
 1.74

 0.99
 0.99

 1.33
 1.17
 0.96
 1.49

 1.26
 1.24

 0.93

 0.86

 0.86

 0.95

 0.98
 0.90
 0.73
 0.89
 1.70

 0.09
 0.09
 0.08
 0.08
 0.08

 0.07
 0.07

 0.07
 0.07
 0.07
 0.08

 0.07
 0.07

 0.07

 0.07

 0.07

 0.07

 0.07
 0.07
 0.07
 0.07
 0.07

 17.0
 14.2
 16.1
 16.7
 21.6

 15.5
 17.8

 18.9
 19.9
 18.3
 21.3

 21.0
 20.5

 15.9

 15.9

 16.0

 16.0

 18.3
 16.6
 12.9
 16.5
 29.9

 9
 40
 41
 38
 25

 20
 8

 44
 14
 45
 24

 121
 46

 55

 98

 69

 48

 143
 95
 112
 102
 66

 15.2
 0.3
 2.7
 7.6
 0.3

 12
 4.8

 1.8
 7.9
 16
 1.9

 6.8
 1.2

 21

 20

 4

 14

 5.8
 4.5
 12
 3.6
 1.1

 S  a Size ranges refer to street dirt particle sizes, and not to asbestos fiber sizes.
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 important detectable asbestos concentrations (false neg
 atives). Because the purpose of the screening tests was to
 identify samples having high probabilities of detectable
 asbestos concentrations for analyses on a limited analytical
 budget, the screening technique was successful.

 The detailed quantitative descriptions contained in Ta
 ble 1 indicated highly variable concentrations of asbestos
 fibers in the water and soil media, but quite consistent
 fiber characteristics for all of the samples analyzed. Almost
 all of the asbestos fibers observed by the TEM/SAED
 quantitative procedure were individual chrysotile fibrils
 or bundles of a few fibrils. Very few large fiber bundles
 were observed. The observed fibers had median lengths
 from 0.7 to 1.7 /?m for all of the samples analyzed, with
 median widths of 0.07 to 0.09 /mi. The median aspects
 (length:width ratio) ranged from 12.9 to 29.9. The asbestos
 concentrations ranged widely, from 7.6 X 106 to 319 X 106
 fibers/L for the five creek water samples analyzed, and

 from 39 X 106 to almost 2 X 109 fibers/g for the 17 par
 ticulate samples. Less than 10% of all asbestos fibers ob
 served were amphibole.

 Chrysotile asbestos is associated with the serpentine
 minerals that are fairly common in the San Francisco Bay
 area. Good quality chrysotile asbestos fibers are silky,
 flexible, and have a high tensile strength. Chrysotile as
 bestos is the most common form of asbestos used in com

 mercial applications.20'21 The amphibole group of asbestos
 includes anthophyllite, cummingtonite-grunerite, trem
 olite-actinolite, and crocidolite asbestos. It is usually found
 with much shorter fiber lengths.22 The relative ingestion
 hazards of the different forms of asbestos are probably
 different. Several researchers2'23,3 feel that physical prop
 erties of asbestos (especially length and width) are much
 more important than the chemical composition of differ
 ent asbestos types in determining their relative toxicities.

 The summarized particle size information presented in

 Table 2?Chrysotile size distribution.

 Sample description

 Fiber lengths, pm

 <0.50 0.50-0.99 1.00-1.49 1.50-1.99 2.00-2.49

 Percent in each category

 >2.49
 Number of
 chrysotile

 fibers
 counted

 Creek water samples
 Runoff?Seaview, 3/7/80 0 13
 Runoff?Knox, 11/3/79 0 38
 Runoff?Knox, 3/4/80 0 34
 Runoff?Knox, 3/7/80 3 29
 Runoff?Knox, 4/23/80 4 20

 Creek sediment samples
 Rural creek sediment?

 Seaview confluence 0 50
 Urban creek sediment?Hayer 0 50

 Unpaved areas
 Rural vacant lot?1 0 30
 Urban vacant lot?2 0 29
 School turf 0 53
 Unpaved parking lot 4 21

 Paved playground, parking
 lot, and rooftops

 Paved school playground 1 35
 Paved parking lot 0 35
 Rooftop asphalt shingles, less

 than 1 year old 5 51
 Rooftop asphalt shingles,

 greater than 1 year old 10 54
 Rooftop wooden shingles/
 shakes, 20 years old 6 59

 Rooftop?commercial
 composite of gravel, tar,
 wood, and asphalt roofs 8 46

 Street surface particulates
 Lower area, 250-600 /?m 11 40
 Middle area, 600-850 /?m 7 53
 Middle area, 105-250 ^m 27 47
 Upper area, 850-2000 /zm 1 61
 Fall, 9/6-10/30/79, 2000

 6370/xm 0 18

 63
 35
 20
 29
 12

 40
 38

 34
 57
 18
 25

 26
 30

 18

 23

 13

 27

 20
 19
 17
 20

 27

 13
 15
 24
 16
 28

 5
 13

 27
 7

 11
 33

 16
 13

 11

 6

 12

 13
 8
 12
 8
 8

 10
 13

 7

 3

 7

 13
 12
 8
 8

 12

 6
 5
 1
 8

 12

 0
 4
 10
 16
 28

 0
 0

 7
 7
 9
 13

 13
 9

 7

 3

 3

 10
 4
 0
 3

 30

 40
 41
 38
 25

 20
 8

 44
 14
 45
 24

 121
 46

 55

 98

 69

 48

 143
 95
 112
 102

 66
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 Table 1 implies a great deal of similarity between the
 chrysotile asbestos fibers observed, irrespective of the
 sampling location. Tables 2 through 4, however, indicate
 some interesting differences in the particle size distribu
 tions associated with the various sampling locations. The
 fibers obtained from the creek water and sediment, and
 from the unpaved areas, were somewhat larger than the
 fibers obtained from the paved areas. Because the paved
 areas (especially the streets and parking areas) experience

 much mechanical disturbance, fibers from those areas may
 undergo abrasive mechanical effects that are sufficient to
 divide any remaining small fiber bundles into individual
 fibrils, or to even break the fibrils into shorter lengths.
 Very small fibers were not generally found in the runoff
 water, possibly because of their preferential loss to the
 atmosphere, or because of the difficulty in finding them
 beneath other sample debris during analyses.

 The detection limits varied according to the amount of
 sample on the filter, but the observed total asbestos fiber
 concentrations were at least ten, and often more than 100
 times the detection limits. The number of asbestos fibers

 counted for each sample was typically between 40 and
 100, but was less than 10 for two of the samples. Again,
 the screening tests enabled the quantitative analyses to be
 optimized, especially when selecting the samples for fur
 ther analyses and in determining the sample quantities
 needed for the quantitative TEM/SAED analyses.

 Conclusions
 The values of the limited asbestos data obtained during

 this study was significantly increased because of the related
 extensive stormwater, rainfall, and urban soils monitoring
 that was simultaneously collected as part of the other tasks
 associated with the Castro Valley NURP project.24 The

 Table 3?Chrysotile size distribution.

 Sample description

 Fiber widths, Mm

 <0.05 0.05-0.09 0.10-0.14 0.15-0.19 0.20-0.24 >0.24

 Percent in each category

 Number of
 chrysotile

 fibers
 counted

 Creek water samples
 Runoff?Seaview, 3/7/80 0 50
 Runoff?Knox, 11/3/79 0 50
 Runoff?Knox, 3/4/80 0 56
 Runoff?Knox, 3/7/80 0 71
 Runoff?Knox, 4/23/80 0 60

 Creek sediment samples
 Rural creek sediment?

 Seaview confluence 0 90
 Urban creek sediment?Hayer 0 88

 Unpaved areas
 Rural vacant lot?1 0 89
 Urban vacant lot?2 0 86
 School turf 4 80
 Unpaved parking lot 13 63

 Paved playground, parking
 lot, and rooftops

 Paved school playground 2 83
 Paved parking lot 7 76
 Rooftop asphalt shingles, less

 than 1 year old 2 75
 Rooftop asphalt shingles,

 greater than 1 year old 1 86
 Rooftop wooden shingles/

 shakes, 20 years old 0 84
 Rooftop?commercial

 composite of gravel, tar,
 wood, and asphalt roofs 2 73

 Street surface particulates
 Lower area, 250-600 Mm 2 90
 Middle area, 600-850 Mm 0 84
 Middle area, 105-250 Mm 3 80
 Upper area, 850-2000 Mm 2 95
 Fall, 9/6-10/30/79, 2000

 6370 Mm 2 91

 50
 45
 41
 16
 36

 10
 13

 11
 14
 13
 17

 14
 11

 20

 8

 10

 21

 3
 4
 12
 3

 9
 40
 41
 38
 25

 20
 8

 44
 14
 45
 24

 121
 46

 55

 98

 48

 143
 95
 112
 102

 66
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 Table 4?Chrysotile size distribution?fiber aspect ratios.

 Sample description

 <10

 Fiber aspect ratios, length:width

 10-19.9  20-29.9  30-39.9  40-49.9

 Percent in each category

 >49.9
 Number of
 chrysotile

 fibers
 counted

 Creek water samples
 Runoff?Seaview, 3/7/80
 Runoff?Knox, 11/3/79
 Runoff?Knox, 3/4/80
 Runoff?Knox, 3/7/80
 Runoff?Knox, 4/23/80

 Creek sediment samples
 Rural creek sediment?

 Seaview confluence
 Urban creek sediment?Hayer

 Unpavedi
 Rural vacant lot?1
 Urban vacant lot?2
 School turf

 Unpaved parking lot

 Paved playground, parking
 lot, and rooftops

 Paved school playground
 Paved parking lot
 Rooftop asphalt shingles, less

 than 1 year old
 Rooftop asphalt shingles,

 greater than 1 year old
 Rooftop wooden shingles/

 shakes, 20 years old
 Rooftop?commercial

 composite of gravel, tar,
 wood, and asphalt roofs

 Street surface particulates
 Lower area, 250-600 pm
 Middle area, 600-850 pm
 Middle area, 105-250 ^m
 Upper area, 850-2000 pm
 Fall, 9/6-10/30/79, 2000

 6370/im

 0
 25
 15
 18
 12

 6
 2

 18

 21

 20

 23

 18
 19
 34
 10

 70
 58
 56
 47
 36

 80
 63

 50
 50
 51
 38

 41
 46

 53

 48

 49

 44

 38
 56
 54
 61

 18

 20
 8
 17
 13
 12

 15
 25

 32
 43
 22
 29

 28
 33

 16

 22

 14

 21

 20
 17
 8
 17

 32

 10
 5
 7

 11
 20

 0
 13

 7
 0
 11
 8

 9
 11

 7

 4

 7

 0
 4
 2
 5
 12

 6
 4

 4

 3

 6

 0
 0

 2
 0
 4
 13

 10
 4

 2

 1

 3

 10
 3
 4
 4

 12

 8
 5
 1
 6

 11

 6
 0
 0
 2

 27

 9
 40
 41
 38
 25

 20
 8

 44
 14
 45
 24

 121
 46

 55

 98

 48

 143
 95
 112
 102

 66

 following conclusions are significantly affected by these
 other monitoring and data analyses activities.

 Analytical procedures. An important aspect of the study
 was to investigate the use of screening procedures (polar
 ized light microscopy and qualitative electron microscopy)
 to identify samples for further quantitative TEM/SAED
 analyses. The light microscopic procedure alone resulted
 in many false negatives, while all samples found to have
 asbestos fibers by qualitative electron microscopic pro
 cedure had asbestos fibers identified during the more de
 tailed quantitative TEM/SAED analyses (no false posi
 tives). This finding confirmed that optical techniques
 alone may be inadequate for the study of small asbestos
 fibers commonly found in environmental samples. Optical
 analysis techniques for asbestos were developed mainly
 for assessing occupational exposures where the enumer
 ation of large fibers (typically greater than 5 pm in length )

 is most important. However, asbestos fibers found in nat
 ural water are generally smaller than the resolving power
 of light microscopes and are often hidden under other
 heavy debris. Others25 also recently reported difficulties
 in using optical microscopy when investigating small fibers
 (less than 0.2 pm in width).
 Asbestos fibers observed in Castro Valley Creek. Table

 5 summarizes the asbestos fiber concentrations observed

 in Castro Valley Creek during 11 runoff periods. Asbestos
 concentrations for samples having no detectable asbestos
 fibers during the screening electron microscopic procedure
 are listed as less than 5 X 106 fibers/L, the approximate
 electron microscopic detection limit during these screening
 tests. Table 5 also shows the monitored creek flows of

 Castro Valley Creek at both the Seaview and Knox stations
 during these monitoring periods.

 Only about 10% of the monitored runoff flows had de

 1998 Journal WPCF, Volume 60, Number 11
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 Table 5?Castro Valley Creek asbestos concentra
 tions and observed flows.

 Asbestos Total
 Runoff period concentration,* period flow,
 starting date 10s fibers/L 10s L

 Knox

 11/3/79 22.1 47.3
 11/17 <5 16.3
 11/30 <5 29.5

 12/21 <5 9.2
 12/26 <5 189.5
 12/31 <5 29.5

 2/25/80 <5 536.2
 2/28 <5 36.4
 3/4 114 21.2
 3/7 319 47.7

 4/23 7.6 4.3
 Minimum flow-weighted concentration = 19 X 106 fibers/L
 Maximum flow-weighted concentration = 24 X 106 fibers/L
 Range of observed concentration = <5 X 106 to 319 X 106

 fibers/L

 Seaview

 11/30/79 <5 0.1
 12/26 <5 16.3
 2/25/80 <5 113.2

 2/28 <5 8.6
 3/4 <5 5.1
 3/7 152 11.5

 Minimum flow-weighted concentration = 11 X 106 fibers/L
 Maximum flow-weighted concentration = 16 X 106 fibers/L
 Range of observed concentration = <5 X 106 to 152 X 106

 fibers/L

 a The <5 X 106 fiber/L concentrations are the approximate de
 tection limits for the qualitative TEM screening procedures.
 These samples were not analyzed using the quantitative TEM/
 SAED procedures, so these more conservative values were
 used for these calculations.

 tectable asbestos fibers. Using this limited data, the flow
 weighted asbestos fiber concentration in the creek water
 was estimated to about 25 X 106 fibers/L. The overall
 range, however, varied from less than 5 X 106 fibers/L
 (the detection limit) to more than 300 X 106 fibers/L.

 The calculated asbestos weight concentrations varied from
 about 3 to 5 Mg/L. The unit fiber weights ranged from
 about 1.3 X 106 to about 50 X 106 fibers/jig, averaging
 about 25 X 106 fibers/Mg for the creek samples. Almost
 all of the asbestos fibers observed were of the chrysotile
 type, with less than 10% of the observed asbestos fibers
 being amphibole asbestos.

 As was shown in Table 5, the calculated flow-weighted
 asbestos concentrations observed are estimated to be about

 19 X 106 to 24 X 106 fibers/L at the Knox station and
 11 X 106 to 16 X 106 fibers/L at the Seaview station. The
 corresponding estimated urban runoff asbestos concen
 trations were calculated using the mass balance (Knox

 mass equals Seaview mass plus urban runoff mass):

 CkFk = C5FS + CUFU, therefore

 \ Cu - (CkFk ? CSFS)/FU
 Where ^*"

 Cu = urban runoff asbestos fiber concentration;
 Ck = asbestos fiber concentration at Knox, 19 X 106

 to 24 X 106 fibers/L;
 Cs = asbestos fiber concentration at Seaview, 11 X 106

 to 16 X 106 fibers/L;
 Fu = urban runoff flow, 967 X 106 L - 155 X 106 L

 = 812X 106L;
 Fk = flow at Knox, 967 X 106 L; and
 Fs = flow at Seaview, 155 X 106 L.

 The estimated flow-weighted urban runoff asbestos
 concentration was therefore between 20 X 106 and 26
 X 106 fibers/L, based on these observations. Individual
 creek asbestos concentrations, as shown on Table 5, vary
 widely, however. Only a few medium sized runoff events
 (5 of the 17 events analyzed using electron optics) con
 tributed most of the asbestos. These concentration esti

 mates can therefore be expected to vary appreciably for
 other periods and locations of monitoring.

 Street surface particulate asbestos observations. About
 65% of all street surface particulate samples collected dur
 ing both years were represented in samples analyzed for
 asbestos using the screening procedure. About 80% of these
 samples had detectable asbestos fiber concentrations, with
 an average weighted concentration (from the quantitative
 TEM/SAED analyses) of approximately 300 X 106 as
 bestos fibers/g total solids. Almost all of the asbestos fibers
 observed were chrysotile, with only about 3% being am
 phibole asbestos. The fiber sizes and unit fiber weights
 were quite similar to those observed in the creek water.

 Most of the asbestos on the street surface particulates
 was associated with street surface particles in the middle
 size ranges (100 to 600 pm), with fewer fibers observed
 associated with the very small or the very large particle
 sizes. There was no appreciable differences in asbestos fiber
 sizes associated with the different street surface particulate
 sizes.

 Street surface asbestos loading values, deposition and
 accumulation rates, and fugitive dust losses were estimated
 based upon the observed average concentration of 300
 X 106 asbestos fibers/g street surface particulates and the
 associated street surface particulate loading and fugitive
 dust loss information presented elsewhere.8'24 The asbestos
 fiber street surface deposition rate is estimated to be about
 8 X 1012 to 16 X 1012 asbestos fibers/curb km-d. The
 accumulation rate is initially high (close to the deposition
 rate) immediately after a major rainfall or street cleaning.
 However, the accumulation rate then decreases (to min
 imum values after 2 or 3 weeks) because of fugitive dust
 losses from the street surface to the air (caused by auto

 mobile and wind turbulence ). The difference between the
 deposition rate and the accumulation rate equals the
 amount which is lost to the air (as fugitive asbestos losses).
 This fugitive loss is very small for the first few days after
 a major storm or a thorough street cleaning. However, it
 could be very large if several months passed with no street
 cleaning or major rains.
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 Previous efforts26"28 have examined vehicle asbestos

 sources in detail. Generally, at least 70% of the asbestos
 lost during braking operations falls directly to the road
 surface.

 Other source area asbestos observations. Particulate
 samples were collected from several additional source
 areas, besides streets, in the Castro Valley basin, and were
 analyzed for asbestos content. Asbestos fibers were ob
 served in about 70% of all source area samples analyzed
 using the screening qualitative electron microscopy pro
 cedure. The average asbestos fiber concentrations were
 found to range from 50 X 106 to 1 X 109 asbestos
 fibers/g total solids during the quantitative TEM/SAED
 analyses. The driveway and parking lot samples had the
 lowest observed asbestos fiber concentrations, while roof
 top particulates had the highest fiber concentrations. Al

 most all of the asbestos fibers observed were chrysotile
 asbestos with only a few amphibole asbestos fibers ob
 served. The unit fiber weights ranged from about 30 X 106
 to 140 X 106 fibers/Mg asbestos. The fiber sizes were quite
 similar to those found in the creek water and street surface

 particulate samples previously described.
 The highest concentrations of asbestos fibers for any

 source area were found on old asphalt shingled roofs, with
 asbestos concentrations of about 2 X 109 fibers/g total
 solids. Particulate material collected from wooden shingled
 and shaked roofs in the Castro Valley area had smaller
 concentrations of asbestos fibers (about 300 X 106
 fibers/g total solids). The commercial composite sample
 included a mixture of roof types such as gravel, tar, wood,
 and ashphalt, and had concentrations of asbestos fibers
 of about 7 X 106 fibers/g total solids. The relative con
 tributions of asbestos fibers from atmospheric dry fallout,
 precipitation, and weathering of the roof material is not
 well known. Some of the roofs sampled were covered with
 asphalt shingles which commonly use imbedded asbestos
 fibers for reinforcement. In addition, many roofing com
 pounds also contain asbestos fibers. Because the asphalt
 roofs had much greater concentrations, it can be expected
 that the erosion of the asphalt roofing materials and
 patching compounds is responsible for much of the ob
 served asbestos fibers on these roofs. The observed asbestos

 fibers were very small (about 1 nm in length and less than
 0.1 Mm in diameter), implying that they were individual
 fibrils and not bundles of asbestos fibers embedded in
 larger particulates.

 Surprisingly high concentrations of asbestos fibers were
 also observed on the school playground pavement and
 turf; however, extensive use of asbestos in the schools was
 not known. Rural soil, vacant lots, and creek sediments
 had much lower observed asbestos concentration. This
 indicates that the natural soils may have relatively small
 asbestos concentrations and that most of the urban runoff

 asbestos fibers remain in suspension in the water and do
 not settle out or become trapped in sediments. The street
 surface particulate sample asbestos concentrations were
 at the approximate mid-point of the range of the asbestos
 fiber concentrations reported for these other source area
 particulate samples.

 Urban area asbestos mobility and fate. This Castro
 Valley study found that most of the asbestos fibers iden

 tified in the creek water, creek sediment, and soils were
 individual fibrils, or small bundles of fibrils, about \pm
 in length and about 0.1 pm in width. These sized fibers
 are very mobile in water and air, but relatively immobile
 in soils.30 However, asbestos fibers mixed with surface soils

 can be easily moved to the more active atmospheric and
 water environments. Natural asbestos sources are not
 likely present in the test watershed, but airborne transport
 could be responsible for moving natural fibers from re
 gional natural sources into the test watershed. The limited
 asbestos data collected during this study cannot be used
 to directly determine the significance of regional redistri
 bution of asbestos fibers. However, the highly variable
 asbestos abundances observed for adjacent source areas
 indicated important local urban sources. The urban runoff
 yield of asbestos was also estimated to be several times
 greater than the rural unit area yield, further implying
 significant urban area asbestos sources.

 Thermal degradation and chemical stability of asbestos
 fibers is not likely to be important under normal envi
 ronmental conditions. Others31 described surface charge
 changes on asbestos fibers and asbestos dissolution and
 resultant adsorption of organic matter on asbestos fibers
 after discharge to receiving waters. This indicated some
 chemical changes of asbestos in natural waters. The sta
 bility of the materials used to bind asbestos fibers in prod
 ucts (especially asbestos cement) is extremely important,
 however. Waters containing high levels of dissolved carbon
 dioxide (carbonic acid), alkalinity, calcium, or hydrogen
 sulfide can degrade the cement binder and release large
 quantities of asbestos fiber into the water.32

 Acknowledgments
 Credits. Gary Shawley and Jack Lindley of the Alameda

 County Flood Control and Water Conservation District
 provided project management and coordination of the
 field crew, which included Fred Wolin, Steve Marsden,
 and Bob Peters. Bernie Tooper of EMS Laboratories,
 Hawthorne, Calif., provided the technical services in
 identification and counting of the asbestos fibers. The
 project was funded by the Alameda County Flood Control
 and Water Conservation District and the Water Planning
 Division of the U.S. Environmental Protection Agency,
 as part of the Nationwide Urban Runoff Program
 (NURP).

 Authors. Robert Pitt is assistant professor in the De
 partment of Civil Engineering at the University of Ala
 bama at Birmingham. Correspondence should be ad
 dressed to Robert Pitt, Department of Civil Engineering,
 University of Alabama, UAB Station, Birmingham, AL
 35294.
 References

 1. U.S. Environ. Protect. Agency, "Ambient Water Quality
 Criteria: Asbestos." PB-297 917, U.S. EPA (1978).

 2. Langer, A. M., et al, "Variations of Properties of Chrysotile
 Asbestos Subjected to Milling." /. Toxico!. Environ. Health,
 4,173(1978).

 3. Kirmeyer, G. J., "Seattle Tolt Water Supply Mixed Asbes
 tiform Removal Study." EPA-600/2-79-125, U.S. EPA
 (1979).

 4. SRI International, "Asbestos: An Information Resource."
 NTIS PB 293736, U.S. Dept. of Health, Educ. and Welfare,

 2000 Journal WPCF, Volume 60, Number 11

This content downloaded from 
�������������131.179.222.9 on Wed, 18 Aug 2021 20:19:07 UTC������������� 

All use subject to https://about.jstor.org/terms



 _Pitt

 Publ. Health Serv., Nati. Inst, of Health, Bethesda, Md.
 (1978).

 5. Suta, B. E., and Levine, R. J., "Nonoccupational Asbestos
 Emissions and Exposures." In "Asbestos Vol. 1 : Properties,
 Applications, and Hazards." L. Michaels and S. S. Chissick,
 (Eds.), John Wiley & Sons, New York, N.Y. (1979).

 6. Millette, J. R., et al, "Exposure to Asbestos from Drinking
 Water in the United States." EPA 600/1-79-028, U.S. EPA,
 Cincinnati, Ohio (1979).

 7. U.S. Environ. Protect. Agency, "Results of the Nationwide
 Urban Runoff Program." PB 84-185552, U.S. EPA, Water
 Planning Division, Washington, D.C. (1983).

 8. Pitt, R., "Demonstration of Nonpoint Pollution Abatement
 through Improved Street Cleaning Practices." EPA-600/2
 79/161, U.S. EPA, Cincinnati, Ohio (1979).

 9. Pitt, R, and Bozeman, M., "Sources of Urban Runoff Pol
 lution and Its Effects on an Urban Creek." EPA-600/S2-82
 090, U.S. EPA, Cincinnati, Ohio (1982).

 10. Garber, C. A., "Problems in Nonmodifying Sample Prepa
 ration." In "Symp. Electron Microscopy of Microfibers." U.S.
 Food and Drug Admin., Washington, D.C. (1976).

 11. Ma?anan, D. A., "Sampling Strategies for Microfibers." In
 "Symposium on Electron Microscopy of Microfibers." U.S.
 Food and Drug Admin., Washington, D.C. (1976).

 12. McCrone, W., "Identification of Asbestos by Polarized Light
 Microscopy." Microscope, 25, 28 (1977).

 13. McCrone, W., "The Asbestos Particle Atlas." Ann Arbor
 Science, Ann Arbor, Mich. (1980).

 14. Anderson, C. H., "Interim EPA Method for Asbestos Analysis
 in Water." In "Workshop on Asbestos: Definitions and Mea
 surement Methods." C. C. G. Gravait, et a!. (Eds.), National
 Bureau of Standards, Special publication 506, Washington,
 D.C, 365(1978).

 15. Davis, F. F., "Mines and Mineral Resources of Alameda
 County, California." Calif. J. Mines Geol, 46, 279 (1950).

 16. Jenkins, O. P., "Geologic Guide Book of the San Francisco
 Bay Counties." State of Calif. Dept. Nat. Resourc, Division
 of Mines, San Francisco, Calif. (1951).

 17. Robinson, G. D, "Geologic Map of the Hayward Quadrangle,
 California." U.S. Geological Survey Map GQ-88, Washing
 ton, D.C. (1956).

 18. Wiebelt, F. J., and Smith, M. C, "A Reconnaissance of As
 bestos Deposits in the Serpentine Belt of Northern California."
 Information Circular 7860, U.S. Dept. of the Int., Bureau of

 Mines, Washington, D.C. (1959).
 19. Perkins, M. E., "Geology and Petrology of the East Bay Out

 liner of the Late Mesozoic Great Valley Sequence, Alameda
 County, California." M.S. thesis, Dept. Geol., University of
 California, Berkeley (1966).

 20. Clark, S. G., and Holt, P. F., "Studies on the Chemical Prop
 erties of Chrysotile in Relation to Asbestos." Ann. Occup.

 Hyg., 3, 22 (1961).
 21. Campbell, W. J., "Selected Silicate Minerals and their As

 bestiform Varieties." U.S. Dept. of the Int., Bureau of Mines,
 Washington, D.C. (1977).

 22. Morgan, A., and Cralley, L. J., "Chemical Characteristics of
 Asbestos and Associated Trace Elements." In "Biological Ef
 fects of Asbestos." Proc. Internat. Agency Res. Cancer Confi,
 Lyons, France, 2 (1972).

 23. Harrington, M. J., "An Investigation of the Use of Asbestos
 Cement Pipe for Public Water Supply and the Incidence of
 Gastrointestinal Cancer in Connecticut, 1935-1973." Am.
 J.Epidemiol, 107,96(1978).

 24. Pitt, R., and Shawley, G, "San Francisco Bay Area National
 Urban Runoff Project?A Demonstration of Nonpoint
 Source Pollution Management on Castro Valley Creek." U.S.
 EPA, Water Planning Division, Washington, D.C, and Ala
 meda Flood Control and Water Conservation District, Hay
 ward, Calif. (1981).

 25. Karaffa, M. A., et al, "Assessment of Assay Methods for
 Evaluating Asbestos Abatement Technology at the Corvallis
 Environmental Research Laboratory." NTIS Report No. PB
 87-110961 /AS, U.S. EPA, Cincinnati, Ohio (1987).

 26. Jacko, M. G, and DuCharme, R. T., "Brake Emissions:
 Emission Measurements from Brake and Gutch Linings from
 Selected Mobile Sources." NTIS Report No. APTD-1557,
 U.S. EPA, Ann Arbor, Mich. (1973).

 27. Murchio, J. C, et al, "Asbestos Fibers in Ambient Air of
 California." Final Report to the California Air Resources
 Board, EHS Report No. 73-2, University of California, Riv
 erside (1973).

 28. Alste, J., et al, "Airborne Asbestos in the Vicinity of a Free
 way." Atmos. Environ., 10, 583 (1976).

 29. Sawyer, R. N., and Spooner, C. M., "Sprayed Asbestos?
 Containing Materials in Buildings: A Guidance Document."
 EPA-450/2-78-014 U.S. EPA, Research Triangle Park, N.C.
 (1978).

 30. Fuller, W. H., "Movement of Selected Metals, Asbestos, and
 Cyanide in Soil." EPA-600/2-77-020, U.S. EPA, Cincinnati,
 Ohio (1977).

 31. Bales, R. G, "Surface Chemical and Physical Behavior of
 Chrysotile Asbestos in Natural Waters and Water Treatment."
 Diss. Abstr. Sei. Eng., 45 (1985).

 32. Machemehl, J. L., et al, "Deterioration of Asbestos Cement
 Sheet Material in the Marine Environment." N.C. State Univ.,

 Dept. of Marine Sei. and Eng., Public. No. 78-6, Nati. Oceanic
 and Atmos. Admin., Rockville, Md. (1978).

 November 1988 2001

This content downloaded from 
�������������131.179.222.9 on Wed, 18 Aug 2021 20:19:07 UTC������������� 

All use subject to https://about.jstor.org/terms


	Contents
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	Issue Table of Contents
	Journal (Water Pollution Control Federation), Vol. 60, No. 11 (Nov., 1988), pp. 1881-2024
	Front Matter
	Editorial
	The Election and Beyond [p. 1884-1884]

	Departments
	Monitor [pp. 1886, 1888, 1890, 1892, 1894, 1896, 1898]

	Correction of Sludge Volumes [p. 1898-1898]
	Departments
	Products [pp. 1902, 1904, 1906]
	Marketplace [p. 1908-1908]
	Books [p. 1911-1911]

	Water Quality
	The Imperatives of Nonpoint Source Pollution Policies [pp. 1912-1921]

	Criteria
	Uncertainty in pH and Temperature Corrections for Ammonia Toxicity [pp. 1922-1929]

	Resources
	Water Reuse Closes Water-Wastewater Loop [pp. 1930-1937]

	Assessment
	Groundwater Quality: A Data Analysis Protocol [pp. 1938-1945]

	Tribute: Thomas R. Camp 1895-1971 [p. 1946-1946]
	Technical Reports
	Full-Scale Land Treatment of Coffee Processing Wastewater [pp. 1948-1952]
	Inhibition by Hazardous Compounds in an Integrated Oil Refinery [pp. 1953-1959]
	Microorganism Levels in Air near Spray Irrigation of Municipal Wastewater: The Lubbock Infection Surveillance Study [pp. 1960-1970]
	Characteristics of Residues from Wet Air Oxidation of Anaerobic Sludges [pp. 1971-1978]
	Feedback Control of Activated Sludge Waste Rate [pp. 1979-1985]
	Bubble-Free Aeration Using Membranes: Process Analysis [pp. 1986-1992]
	Asbestos as an Urban Area Pollutant [pp. 1993-2001]

	Discussion
	A Mathematical Model of the Carbon-Limited Growth of Filamentous and Floc-Forming Organisms in Low F:M Sludge [pp. 2002-2005]

	Departments
	People [p. 2024-2024]

	Back Matter



