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DISCLAIMER

This report has bean reviewed by the Environmental Protection Agency
Region 10 and is approved for publication. Approvy. does not signify
that the contents necessarily reflect tan views and policies of the
Environmental Protaction Agency nor dces mention of trade names or

cocmercial products constitute endorsement or recommendation for use.
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PREFACE

Under the Clean Air Act of 1970 the U.3. Environmental Prntec’iocn Agence
has established standards for gcarbon monoxide in air external to buildings
to which the publiic has gacesa. In a number of cities, inoluding Seattls,
thess standards have not yst been attained. Flans to achieve the standards
are now required under the Clean Air Act Amendments of 1377 (PL 95-95),

It is hoped that the material presented in this report will asaist in

attainment of the standards.
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PM -

AVC -

AVSxxx~-

3/0 -

e/0 -

Abbreviations and Symbols

The four-hour interval from 10:00 a.m. to 2:00 p.m.
The four-hour interval from 2:00 p.m. to 6:00 p.m.

The sight-hour average CO concentration for the 10:60 a.m. to
6:00 p.m. sample collected at an EPA speaial study site

The eight-hour average CD concentration for the 10:00 a.m. to

6:00 p.m. period from continuous non-dispersive infra-red (NDIR)
measurements at a permanent monitor where "xxx" is an abbreviation
for the particular monitor

"South of"™ as in Second Avenue s/o University Street

"East of" as in Jamea Street e/o Fourth Avanue

R.AVC.AVSx - Ratio of eight-hour averages at the same time for a

JAM -

UNI -

PIK -

SIN -

FIR -

study site and for a permanent monitor (where "x" is the first
letter abbreviation of the abbreviations listed balow)

Permanent monitor on James Streat (north side) e/o Fourth Avenue
(the Municipal Building)

Permanent monitor on Second Avenue (west side) s/o University
Street (near McPhearson's Leather Co.)

Permanent monitor on Fourth Avenue (eaat side) s/o Pike Street
(Fourth and Pike Building)

Permanent monitor on Pike Street (south side) e/o Fourth Avenue
(near Singer's)

Permanent monitor on Second Avenue (west side) s/o Main Street
(Fire Station No. 10 near Pioneer Square)

Exceedence of Standard® - An eight-hour average CO concentration exceeding

9.0 ppm

Violation of Standard - The second eight-hour, non-overlapping, running

average CO concentration in a year to exceed 9.0 ppm

. This report discusses only the standard for the eight-hour average and
does not discuss the standard for one-hour average CO concentrations.
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INTRODUCTION

Carbon monoxide (CO) is a colorless, odorless, tasteless gas that, in most
urban areas, results primarily from exhaust emissions of motor vehicles.
National Ambient Air Quality Standarda for CO concentrations have been
estadblished by EPA for sight-hour and one-hour averages as 9 ppm and

35 ppm, respectively.® Routine continuous monitoring to determine
compliance with these standards has besn conducted in Seattle since

nid-1971.

At the five carbon monoxide monitoring sites in downtown Seattle, which
are operated by the Washington State Department of Ecology, the National
Ambient Air Quality Standards (NAAQS) are frequently violated. For
example, during 1976, the eight-hour standard (9.0 ppm) was exceeded at
the James Street site on about 2U% of the days; the sscond-highest
eight-hour average (15.0 ppm) was nearly 70% more than the standard. The
eight-liour standard was exceeded at the Second and University site (1209
Second Avenue or "UNI") on about 10% of the days with 16.4 ppm as the
second-higheat value. In the University of Washington district, even
higher concentrations than at the downtown sites were observed. However,
at the saveral other zonitors in Seattle, maximum coneentrations wsrs

usually lower than in the downtown central dusiness district.

The purpose of this study was to obtain more information on the severity
of the carbon monoxide problem and its gecgraphical extent to (1) assist

in sslection of candidate sites for routine monitoring and (2) aid

¥ not to be exceeded more than once per year

1



svaluation of the extent to which the higher CO levels at the existing
oonitors represent conditions elsewhere in the area. To address these
neads, EPA engaged a contractor?® to conduct a four-week study to collect
data at 34 outdoor sites simultaneously in the central business district
and near-by {35 sites altogether) during October-November 1977. Some data
were also obtained at indoor locations and along pedesatrian routes. Bag
samples were obtained twice daily; except for the pedestrian routes, each
represented a four-hour average. These were analyzed by an electrochemical
method (Ecolyzer) for carbon monoxide and eight-hour averages ccmputed

where appropriate. (Missing data were not astimated).

While several methods exist by which to compare data from the study sites
and the permanent monitors, two basic approaches are presented in this
report to examine representativeness. The "day-by-day" approach will be
designated Type I and the "entire study period" approach referred to as

Type II.

The first approacn compares data on a day-by-day basis (Type I approach).
Because the study sites waere sampled during just one eight-hour period
{10:00 a.m. to 6:00 p.m.) ea “ day, the same neriod for the permanent
monitors was chosen for comparing the relative concentrations throughout
the study area "simultaneously". For the permanent monitors, data were
also available for other eight-hour periols during the day. This enabled
day-by-day comparisons of the daily maximum eight-hour averages at the

monitors with the study period eight-hour averages (10:00 a.m. to 6:00 p.m.)

% Alsid, Snowden, and Associates, Bellevus, Washingten



in order to examine daily relationships of concentrations frem one period to

another.

The second approach (Type II) compares data from the entire twenty-day study
interval, regardless of whether the compared data are for occurrences on the
same day or not. This type of analyais is useful in examining patterns and
frequencies of concentrations throughout the study area. Data for the study
period (10:00 a.m. to 6:00 p.m.) from study sites and permanent monitors

were compared using this approach.

This report (Part 2) documents the carbon monoxide data obtained during the
Seattle study and discusses the results in detail. A summary report (Part 1)
also presents the results and conclusions o; the investigation, discussing
the results only briefly. All of the four-hour data for ambient sitas
operated by EPA are also avallable on punched IBM cards from the regional
office in Seattle. The state monitoring data may be obtained from the
Washington Stats Department of Ecology (Olympia, Washington). Meteoro-
logical data were available only for sites away from the downtown area
(Portage Bay near the University of Washington and the Seattle-Tacoma
Airport) and were not included in this analysis. The most recently
available traffic data were obtained from the City of Seattle. Traffic
counters were not operated at the temporary monitoring sites, except in a

few instances where the EPA site happened to coincide with a traffic count

location operated for a few days by the city as part of their routine

prograa.



SUMMARY

In 1977, a 20-day study of carbon monoxide levels involving thirty-six
outdoor sites, five indoor sites, and two pedestrian walking routes was
conducted in Seattle during October - November. This is part of the season
when high carbon monoxide levels are expected to ocour frequently. The
purpose of this study was to obtain additional data regarding the magnitude
of the area's carbon monoxide problem and the representativeness of the
permanent monitors in the central business district, and to assist in
selection of candidate sites for routine monitoring. (Representativeness,
as used in this sense, is the extesnt to which data from the permanent
monitors repre- sents higher CO lesvels elsewhere in the central business
district). On each week-day, two four-hour bag samples were collected from
about 10:00 a.m. to 2:00 p.m. (AM sample) and about 2:00 p.m. to 6:00 p.a.
(PM sample) at thirty-

three of the outdoor sites and two or three of the indoor sites simultane-
ously. Technicians collected bag samples of air on two pedestrian walking

routes over two to four hours during the AM and PM periods.

Data are summarized in bar charts of the measurement distribution for each
site and each day of the study period, in histogram-maps showing the spatial
distridution of carbon monoxide, and in tables. Results from the study sites
were compared in several ways with data from the permanent monitors. Com=
parisons were also made between study sites along the same corridor, between
indoor sites and adjacent outdoor sites, and between the two pedestrian

routes. Eight-hour averages were compared with the 9.0 ppm standard.



The study results indicate that the carbon monoxide problem occurs through-
out the dowr .own commercial district, but concentrations are relatively low
at some locations (e.g., where ventilation is good and/or the site is not
on a heavily-travelled street.) Comparisons of the eight-hour averages at
the study sites and the permanent monitors found that the highest

10:00 a.m. to 5:00 p.m. average at the study sites (16.1 ppm) was about the
same as the highest at any of the permanent monitors (15.8 ppm). However,
these did not occur on the same day. Although one study site was nearly
collocated with the maximum permanent monitor, its eight-hour average on
that same day was about 3 ppm lowsr than at the permanent monitor. This
was atypical of the relationship of the data from these nearly collocatad

sites, since their sight-hour averages were usually within 1 ppm.

0f the permanent monitors, the one on Fourth Avenue south of Pike (PIK) had
the highest eight-hour average during the study interval and appeared to be
most nearly representative of the highest concentrations in the study ares.
Although the study site on First Avenue experienced a slightly higher
eight-hour average (on another day), it did not experience as frequent
viclations of the standard. However, even though the permanent monitor on
Fourth Avenue appears generally representative of the higher concentrations,
nore frequent exceedences of the standard than at any of the permanent
monitors may occur at Sixth Avenus south of Union (Site 19) as well as at a
few other sites. CO values exceeded the 9.0 ppm standard at some study
sites on days when the highest eight-hour average of the permanent monitors
measured on that day was (1) below the standard and (2) less than two=thirds

of the highest average observed at the maximum study site on that day.



Increases in carbon monoxide at outdoor sites frequently coincided with
increases at indoor sites. Pedestrians and some of .ne indoor population
may be exposed to concentrations above the standard at times when outdoor

CO concentrations are high.



CONCLUSIONS AND RECOMMENDATIONS

The major conclusions of a 20-day study conducted in Seattle during about

10:00 a.m. to 6:00 p.m. on week-days of October - November 1977 are:

The severity of the carbon monoxide problem in the central business
distrioct as measured by the higheat eight-hour average concentrations
(compared without regard to the day in which they occurred) was
adequately repressented by the permanent aonitor at Fourth Avenue south
of Pike Street. However, the permanent monitoring network did not
represent the highest frequency of exceedences of the eight-hour

standard during the twenty-day period.

- During the study period, tha highest 10:00 a.m. to 6:00 p.m.
average of all the study sites was 16.1 ppm and it cccurred on
QOctober 28 at site 1 on First Avenue south of Pike Strest. This
was esaentially the same as the highest of all the permanent
monitors during the study period (15.8 ppm on October 14th at PIK,

the permanent monitor on Fourth Avenus south of Pike Street).

- About 17% of the study sites (& out of 36) experienced at least one
e'‘ght-hour average concentration within 2.0 ppm of the highest
10:00 a.m. to 6:00 p.m. average of all the permanent monitors.
(Note that these are comparisons of the maximums during the 20-day

study period and did not necessarily occur on the same day.)



- The highest eight-hour average at each of these six study sites
(sites 1, 5, 7, 9, 10, and 19) exceeded the maximum at the Second
and University monitor, 12.8 ppm, which was the next highest
reading from a permanent monitor. (Again, this comparison is of
maxioums during the 20-day study period, regardleas of the day on

which they occurred.)

2. The permanent monitoring network was not representative of the higheat
frequency of exceadences of the 9.0 ppm standard within the study area

for this twenty-day period.

- The eight-hour standard was exceeded at one or more study sites on
80% of the study days (16 out of 20). Exceedences at one or more
of the permanent monitors occurred on 45% (9 out of 20) of the

sampled days.

- The most frequent exceadences of the 9.0 ppm standard were observed
at site 19 on Sixth Avenue south of Union Street (80% of the
days). Considering all study sites, this site had the highest
eight-hour average of the day more frequently than any other site
(on 8 of the 20 days of the study). The highest eight-hour average
at site 19 over the twenty=-day study interval (13.9 ppm on
October 28) was exceeded at only four study sites. These sites (1,
7, 9, and 10) also experienced their highest values of the twenty-
day interval on October 28 (16.1, 4.5, 14,0, and 15.0 ppm,

respectively).



- The frequency of exceedences at the permanent monitors ranged from
0% at the Fire Station on Second Avenue south of Main Street (FIR)
to 40% of the sampled days at the monitoring site on Fourth Avenue

south of Pike (PIK).

- On all but two cays, t.e highest eight-hour concentration of those
measured at the permansnt monitors for 10:00 a.m. to 6:00 p.m. was

exceeded by that at one or more study sites.

- During the survey, the second-highest eight-hour average for
10:00 a.m. to 6:00 p.a. for any permanent monitor (13.6 ppm on
10/28/77 at PIK on Pourth Avenue socuth of Pike Street) was exceeded

by one study site's second-highest average (15.0 ppm on 10/21/77 at

site 10 on Fourth Avenue south of Union).

3. The CO problem occurred throughout the downtown commercial district but

concentrations were lower at some locations.

- Por 47% of the study sites (17 of 36), the 10:00 a.m, to 6:00 p.a.

eight-hour average exceeded the 9.0 ppm standard more than once.

- For 14% of the study sites (5 out of 36), the 10:00 a.a. to
6:00 p.m. eight-hour average equalled or exceaded the 9.0 ppm

standard exactly once.



For 39% of the study sites (14 out of 36) including some locations
in parks and other areas of axpected low concentrations, eight-hour
averages for 10:00 a.m. to 6:00 p.m. did not exceed the 9.0 ppm

standard during the 20-day study.

The highest eight-hour average of the day did not always occur at
the same sites. On 90% of the days (18 of 20), the higheat average
was measured at & study site rather than at a permanent monitor.
Sites 1, 5, 7, 10, 19, 22, 29, and 36 were study sites which were
"maximum® on at least one day considering permanent monitors as
well as study sites. 3Site 19 was highest on 35% of the days and
tied for highest with PIK on 5% of the days; each of the sites 1,
7, 10, and 22 was highest on 10% of the days; and each of the sites
5, 29, and 36 was highest on 5% of the days. The permanent monitor

PIX, was highest on 5% of the days.

Relatively low average concentraticns were observed at sites 18,
21, and 35 which are closer to the freeway than the other study
sites. Por these sites, the averages of all eight-hour values were

4.2, 3.8, and 3.6 ppm respectively.

On four of the days when no violations were observed at the
permanent monifors the maximum study site's eight-hour average
exceaded 9.0 ppm and wus more than 1.5 times greater than at the

maximum permanent monitor.

10
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- When concentrations exceeded the standard at the permanent monitors

they were exceeded at a number of other locations.

Changes in CO concentrations at outdoor sites frequently coincided with
changes in CO concentrations at indoor sites, but the relationship

between indoor and outdoor valuss was not constant.

- Concentrations were usually lowsr indoors than at the selected

ad jacent outdoor site.

- Indoors, the eight-hour average concentration of carbon monoxide
sxcesded 9.0 ppm at one of the five sites (SIN 1) on Fourth Avenue

south of Union Street.

Pedestrians were probably expoaed to averags CO concentrations sxceeding

9.0 ppm over four or more hours at times.

- For sampling periods between two to four hours, concentrations

ranged from 1.1 ppm to 11.9 ppm.

- For sequsntial or nearly sequential sampling periods totalling two
to four or more hours, average concentrations were equal to or
above 9.0 ppm on three of the 20 days. (On most days, sampling was
rot conducted for a consecutive eight-hour interval on the

pedestrian routes as personnel were required for other duties.)

"



It is recomrended that:

1. The carbon monoxide problem in downtown Seattle be considered an
areavide problea in the central business distrioct, as opposed to a few

isolated "hot spots"”.

2. Increased local source emissions be avoided in areas where violations
have been observed unless a reduction in the background concentrations
which i3 more than sufficient to offset the increase and attain and
maintain the National Ambient Air Quality Standards can be demon-

strated.

3. Concentrations at the permanent monitoring network above 9.0 ppm be
considered as indicative of concentrations equally high and possibly
higher elsewhers in the study area at the same time. However,
concentrations at the permanent monitors below the 9.0 ppm standard on a
particular day should not be considered as assurance that air quality

standards are being met throughout the study area on that same day.

4. The permanent monitor on the east side of FPourth Avenue south of Pike

Street (PIK) be considered as a candidate site to represent peak carbon

monoxide concentrations in downtown Seattle for routine monitoring.

S. Planning for future studies to aid development and/or revision of

control strategies to attain the natural ambient air quality standard

12



should consider the possible utility of ancillary data on traffic and

meteorological characteristics to aid data interpretation.



OUTDOOR SITES

The principal effort in this study was directed towards the 'outdoor sam-
pling sites. Thirty-four outdoor sites were simultaneously sampled each
day. Of these, two were moved at the end of two weeks, so that data from
36 study sites total were obtained over the four-week period. Figurs 1
and Appendix A, Table 1 show the locations of the outdoor study sites
sampled by EPA's contractor and the permanent monitors operated by the

Department of Ecology in the central businesas district during the study.

This section discusses the study area characteristics, the study methods,

and the results of this multi-sits outdcor sampling for carbon monoxide.

STUDY AREA CHARACTERISTICS

Topography
Seattle, the largest city in the State of Washington, i3 bounded on the

west by Elliott Bay on the eastern shore of Puget Sound and on the east by
Lake Washington. The terrain hetween thes; two bodies of water is gen-
erally hilly with the major portion of the central busineas district (CBD)
sloping to the west and, less steeply, to the south. The broad, low,
valley of the Duwamish River, south of the CBD, rises sharply to the low
hills of the scuthwest and southeast portions of the city. The Lake Union
Ship Canal, which connects Lake Washington to Puget Sound, lies north of
the CBD restricting access to the central busineas district from the

northern portions of the city to bridges.

14



The complex terrain, urban hcat 1island and land-sea breeze influences are
factors which render evaluation of the local meteorolcgy in the CBD diffi-
cult. Meteorological data are available from Portage Bay, which is north-
east of the CBD, and from the Seattle-Tacoma airport, which is several
miles to the south. More recently, the Department of Ecology has estab-
lished a meteorological station at cne of their downtown carbon monoxide
monitoring sites (the Pire Station on Second Avenue south of Main) to aid
evaluation of meteorological factors on air quality in the central business
district. However, no data from the Department of Ecoclogy station were
available for the period of the survey and other meteorological data (from

the more distant locations) were not analyzed in this report.

The area for this study lies within the central business district. The
general study area i3 roughly eight blocks wide (east-west) and fourteen
blocks long (north-south). The general bounds are Main-Second-Jefferson

on the south, Interstate 5 - Hubbell on the east, Pike-Seventh-0live-Stew=:4%
on the nc..th-with a leg extending north on Fourth Avenue to Lenora, and

Alaskan Way on the west.

Population

The resident population in the general study area was inventoried {n an
effcrt to estimate the number of people exposed to the area’s ambient air
over prolonged periods of time. This population would not include the
numerous transient residents in downtown hotels although it is recognizad
that some of these people may be occupants for several days, weeks, or
even months. The area considered in this study conformed generally to

the combined areas of established census tracts-numbers 81 and 82 plus
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minor additions. Tract 81 i3 bounded by Stewart Street, Sixth Avenue,
Yosler Way, and Alaskan Way, while tract 82 is bounded by Olive Way, Ninth
Avenue, Marion Street and Sixth Avenue. The 1976 estimated total popula-
tion for census tracts 81 and 82 was 3,909 residents occupying 3,075

units.*®

Four sites were outside these two census tracts, but their locations
within the adjoining tracts did not merit including the total population
estimates for these tracts in the total population for the study area.
Therefore, three "legs” extending frcm the nearest boundary of either
tract 8° or 82 to the outlying site were surveyed to determine the
resident population within the "leg's" one to two block swathe. The
estimated resident population was 30 people in 25 housing urits for the
leg inecluding site 13; none for the leg including sites 3 and 20; and 150
people in 120 housing units for the leg including site 18. Thus, the
total estimated resident population for the study area was 4,089 residents

in a total of 3,220 housing units.

According to 1970 Census Bureau statistics, the age distribution of the
population in tracts 81 and 82 differs from that for the County as a whola.
The tracts have a larger proportion of the old and a smaller proportion of
the young age groups than the County. The percentage of persons who are

19 years of age and under for these two tracts is 6% of the total as

®  Central Puget Sound Region, Population and Housing Estimates as of
April 1, 1975, Puget Sound Council of Governments, Seattle,
Washington. April 1, 1977.
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compared to a 36% share for the entire county. Persons 20 to 64 years of
age account for 6U% of the residents of the tracts and 55% of all County
residents. Residents of these tracts who are 65 years of age or older
comprise 30% of the population, in contrast to a county figure of 9%. Age
distribution figures were not available for the areas of the three addi-
tional legs comprising the study area. However, a large portion of this
population would probably fall into the 65 years and older category. It
is thought that this relatively large proportion of elderly people resides
in the study area because of proximity to many social and medical services
and also because of economic considerations. It is ironic that such a
disproportiorate share of the elderly, who as a group are most susceptible
to respiratory and cardiovascular disease, reside in an area of compara-

tively worse air quality as indicated by higher CO levels.

Employment
Estimates for 1970% indicate that nearly 58,000 people were employed 1in

various establishments in tracts 81 and £2. Of these, about 9,900 were
government employees. Employment figures for the three additional legs

are unknown.

Transportation

Traffic volumes generally conform to a dally pattern, increasing markedly
at 7:00 a.m. and continuing at a relatively high level throughout the
day. Traffic activity is usually highest between 4:30 p.m. and 5:30 p.a.

®  Central Puget Sound Region, Fmployment Estimates, 1970, Puget Sound
Governmental Conference, Seattle, Washington, August 7, 1972,
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on the majority of streets. However, events at the Kingdome, south of the
CBD, can influence traffic in that area, particularly in the evening on

week-ends.

The major tranaportation corridors for access to the Central Business
District {CBD) are Interstate 5 on the east and U.S. 99 (the Alaskan Way
viaduoct) on the west. Pigure ) and Appendix E show the streets connected
to these limited access routes and the general pattern of traffic in the

area (most streets are one-way.)

Within the CBD, traffic volumes are typically greater on the north-south
avenues than on the east-wast named streets. (See Appendix E). First,
Second, and Fourth Avenues, carrying the grsatest vehicle traffic - above
15,000 vehicles per day for the Average Weekday Traffic (AWDT) - are

two-way, one-way south, and one-way north, respectively.

Scuthbound traffic on Fifth Avenue was restricted during the study because
of street improvements under construction tetween Pine and Spring. During
the early part of the stuay, the northern three-block section was closed
and after it was re-opened, work commenced on the southern section. Some
congestion on nearbdy streeta suggested disruption of the normal flow of
trarfic in the vicinity. However, alternate south-bound routes were
available and no significant i{ncreases in total traffic on nearby strasets
wers apparent according to the City of Seattle, although traffic counts

were not taker.. Subjectively, the observed congestion appeared to be no
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worse than what often occurs in the same area later in the year during
Christmas shopping or in other areas when similar construction impedes traf-

fic flow.

Reduced traffic volumes (compared to average levels) on Columbia Street near
Site 30 and on Seneca Street near First Avenue probably occurred during the
survey as a result of closure of the Alaskan Way viaduct (0.3. 99) for repair
work. These closures were during working hours on several days, but the
viaduct continued to carry early morning and late afternoon comuter traffic
on most days. Pikes Street improvements were also in progress during the
study, but no traffic restrictions wers necessary and it seems unlikely that

any significant traffic alterations resulted.

Pedestrian Traffic

Based on a 1975 study by the City of Seattle, the average week-day pedes-
trian volume in the study area ranges from fewer than 1,000 persons per day
to a high of 14,900 per day on the south side of Pike Street east of Second
Avenue.® Volumea are generally lightest in the east and south/ south-east
portions of the study area with east-west streets carrying less traffic than
the north-south streets. Pedestrian volumes are heaviest in the sub-area
bounded by Second Avenue, Fifth Avenue, Qlive Way, and University Street
(this includes portions of the shopping and financial districts) and tin the
waterfront area along Alaskan Way south of University. Over 10,000 persons

per day walk the following sireets:

¥ Pedestrian volume map published by the Seattle Transportation
Department.
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south side of Olive Way eaat of Fifth, south side of Pike between Second
and Fourth, east side of Third Avenue south of Pike, west side of Fourth
Avenue between Pine and University, and Alaskan Way south of University.
Pedestrian traffic on the same side of the street as the psrmanent monitor
ranges from 600 per day at the James Street site (JAM) to 8,500 persons
per day at the Pike Building (PIK) on the east side of Fourth Avenue south
of Pike and also at the Singer (SIN) sonitor on the south side of Pike
east of Fourth Avenue.

MATERIALS AND METEOLS

Selection and Evaluation of Study Period

The Washington State Department of Ecology established a permanent NDIR
(non-dispersive infra-red) CO monitoring site at James Street east of
Fourth Avenue in downtown Seattle during 1971. Numerous violations of the
National Ambient Air Quslity Standards (NAAQS) primary standard of 9.0 ppm
C0 have been measured t.ere since that site's inception. Violations have
occurred not only at that site, but also at other sitas established in the
downtown area. Data from two of the Seattle sites, the James Street site
(JAM) and the Second and Univeraity site (UNI), are routinely reportod to
EPA to follow progress with the State implementation plan (SIP) to achieve
the air quality standards. These are not the only sources from which
trends of CO characteristics can be inferred, but were selected for
analysis as it wvas felt they would be fairly representative of conditions

within the study area for the factors considered here,
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The October 1977 study period was selected in anticipation of frequent
days of high carbon monoxide concentrations. This was based on review of
existing data through December 1976. High CO levels ars experienced any
time of yoar, but more severely in the fall and winter months. Within
this interval, October or September usually has the higheat CO concentra-
tions at the James 3treet monitor and December at the Second and University
Strest location. Although October is not usually the month of the year
with the highest incidence of days having at least one eight-hour average
greater than 9.0 ppm (except for 1977 at the Second Avenue and University
Street location), nonetheless, viclations are frequently recorded during
October. The potential for poor ventilation during the selected study
period was also considered. Stable atmoapheric (inversion) conditions
frequently exist in the fall months®. Consequently, October appeared to
be a potentially satisfactory month for sampling to obtain data during at
least a few days of high carbon monoxide levels. Another consideration in
selecting October was that the sampling equipment used in Seattle would be
required for a similar study in Boise during November - December and in

Anchorage during January and February.

The study period included only 10:00 a.m. to 6:00 p.m. on weekdays, Monday
through Friday, because this fiveeconsecutive day interval was thought to
provide the most effective asampling of the maxi=um concentrations during a

seven-day week. Previous state data have indicated that Saturdays and

¥ Ground leve! stable air is prnbably a significant factor in high CO
concentrations. It 1s thought that an urban heat island effect may
create leas atable air at ground-level in the city than in outlying
areas.

21



Sundays usually have the lowest concentrations during the week. The
ssleoted study interval of 10:00 a.m. to 6:00 p.m. (clock hours to
facilitate data ccmparisons with the established permanent monitors) was
based on a desire to approximate the daily maximum eight-hour periud

although this period varies from day-to-day and site-to-site.

Monthly maximum and second-highest CO concentrations at three state sites
(PIX, ONI, and JAM) during 1976 were analyzed to detarmine which eight-hour
interval during a day produced high values. The frequencies of the ending
hours for all monthly maximm and second-high eight-hour averages ware com-
bined. On this basis, the eight-hour period ending at 6:00 p.m. appeared
to moat frequently result in high sight-haur averages at the monitors
located on Pourth Avenue south of Pike and at Sscond Avenue south of
University Strest. The eight-hour interval snding at 5:00 p.m. appeared
somewhat better than the interval ending at 5:00 p.a. for the James Street
site. Practical considerstions led toc prefersnce of the 10:00 a.p. to

§:00 p.a. pericd, because samples wers manually turned off at the end of
the sampling period and could vary by plus or minus 15 minutes from the
designated beginning or ending time. (The variation in total sample

length was restricted to plus or minus 15 minutes.) To minimize variabil-
ities due to the fluctuating traffic, it was desired to encompass the
entire aftsrnoon traffic peak at all sites. This peak often ogcurs some-
time between 4:30 p.a. and 5:30 p.m. Thus, the 10:00 a.m. - 6:00 p.m.
interval was selected. Consecutive four-hour pericds permitted calculation

of eight-hour averages for comparison with the NAAQS, and confined the
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total daily expenditure of the contractor's time and effort to an acceptl-

able period, thereby reducing overall costs.

In retrospect, the 10:00 a.a. - § :00 p.m. period was appropriate from the
standpoint of frequently observing daily maximum or near maximum eight-
hour concentrations at the permanent monitors. At JAM, on ten of the 12
days for which comparisons could be made, the average for this period was
within 1 ppm of that for the maximum period. Purthermore, for 15 of 17
comparable averages at the Second and University site, the concentration
ending at 6:00 p.m. wvas within 1 ppm of the daily maximum eight-hour
value. At the Pourth and Pike monitor, the dailly maximm never exceeded
the eight-hour average ending at 6:00 p.m. by more than 1 ppa during the

study periocd. (All values were rounded to the nearest ppa for comparison.)

Site Selection

The ms jor emphasis on site selection was on those locatiocns expected to
represent relatively high CO concentrations and population exposure in a
portion of the study area. However, some sites wsre chosen simply to pro-
vide data on the distribution of CO within the area or in sub-areas of
interest due to future planning or existing land use (e.g. residential).
Locations were avoided where unusually high CO might ococur due to close
proximity to idling vehicles such as at street corners or near the
entrance/exit to major parking areas. Adherence to this constraint as
well as physical limitations on available points to attach samplers meant
it was not always posaible to place sampling equipment in the prefarred

street block or location within the block.

23



Many of the sites were selected using a modified screening technique
(intended to identify potential "hot spots®) which ineluded physical
inspection of the potential sites. The "hot spot®™ screening guidelines
prepared for EPA consist of a two-stage process®. Initially, all the
traffic volumes must be identified as well as street lane configurations
for various intersections (or traffic speed and lane capacities on certain
roadways). These minimal data enable the user to enter prepared charts
wvhich are based on assumed meteorological conditions, vehicle mixes, and
emission factors and identify sites vhere potential violations may exist.

This procedure completes the first stage of znalysis.

The second stage requires additional input data to enter a second series
of charts that present the potential magnitude of the standards violation
(but not the frequency). Because resources were limited, only the first
stage screening was attempted. Onsite inspections of the general locale
identified the specific sampling point within the general area. Also,
such factors as non-traffic related sources of carbon monoxide, adjacent
land uses, and probable receptors (resident population, office workers,

pedestrians, etc.) were identified. Criteria included:

Distance from intersection -= more than 10 meters
Distance from major parking lot

entrance/exit -- more than 10 meters
Distance from curd -= more than 1 meter
Height — 3 % | zetert®
Distance froz building surfaces = more than 2 meters

¥ EPA - 901/9-76-0301 and 002, Guidelines for Identification and
Evaluation of Localized Violatlons of Carbon Monoxide Standards,
prepared for U.S. EPA, Region I Office, Boston, Massachusatts by
GCA/Technology Division, Bedford, Mass. 01730 (A later version of
these guidelines is now available.)

se Sample inlets were estadlished at 3 } meters.
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Descriptions of the selected cutdoor sitas appear {n Appendix A. Pigure 1
shows the relative locations of all the outdoor sites. Four sites were
designated for 10 days of sampling (rather than 20 days). Two of these
{sites 32 and 33) were on ths extreme west side of the general study area on
the waterfront {Alaskan Way). The other two were on the axtrems eaat side
of the study area, one of these was located within the Fresway Park (site 35)
and the othei was on the east side of the I-5 freeway near a largs apartment

building (site 21).

Sample Collsaction and Analysais

The contractor, using EPA equipment, qollected and analyzed samples twice
daily. At each sits, a small (330 grams), intermittently operating, battery-
powered pump® filled an aluminized mylar bag within a cylindrical plastic
tube at about one liter per hour. The piston pump puised oan approximately
every 10-12 seconds at this sampling rate, Fleid adjustments of the pulse
rate per minutsa are possidble. Power Por several days' operation cams from

one sach 9 V and 1.5 V batteries. After sampling for four hours (about

10:00 a.m. to 2:00 p.m. - AM sample), dags ware removed to a leld labora-
tory for analysis by an electrochemicsl method. Collsction of a second
4~hour =ample (PM) was begun using a differsnt bag within less than a minute

arter collection of the AM sample.

The sampling staticns used during the study were designed %o contain the

pulse pump and bag in a weather=proof shelter in a portables and easily

# Modified Pulse Pump I manufactured by Environmental Measurements, Inc.,
215 Leidesorff Street, San Prancisco, CA 98111 (415) 398-766U.
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removable configuration. Appendix B describes the sampling station consist-
ing of a bag/pump unit which was removed daily and a "permanent” dracket
unit upon which the bag/pump vas mounted. Two types of mounting brackst
units - ons for attachment to light poles (or utility polss) and one for
parking meter poles - were used. The aluminized mylar bag in a 33 inch
long, 4-inch diameter cylinder was connected to the pump by a piece of
flaxible tubing less than eight inches long. Separats bag-cylinder units

were usecd for AM and PM samples.

Two dual-range (0-50 ppm; 0-100 ppm) Bcolyzers® or, in one instance a single
range (0-100 ppm) Ecolyzer, were used for analysis. The manufacturer's
specifications claim a sensitivity of 0.5 ppm, an accuracy of Z1¢ run
scale, and essentially linear response. Although previous studies by others
have found similer Ecolyzers to respond essentially linearly over the range
of the instrument, each instrument was checked. Using the dual-range
Boolyzer, study samples were analyzed on the 0-50 ppm scale, which would
imply 20.5 ppm accurscy according to the manufacturer's specifications.

A l-volt DC recorder®*® provided a record of the contractor's sample analyses,

although the Ecolyzer meter reading was the primary data rscord.

All samples were analyzed within 24 hours of collection. Morning samples
were usually analyzed in the afterncon of the same day and afterncan samples

were analyzed the following morning. The analytical procedure included an

¥ Model 2600 and Model 2100 Ecolyzers manufactured by Energetics Scilence,
Inc., 85 Elmsford Blvd., Elmsford, New York 10523 (914} 592-3010.

8¢ Manufaqtured by Gulton, Ina.
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initial span check using a 20.0 ppm CO (plus or minus 0.2 ppm) in air
primary standard traceable to National Bureau of Standards (NBS). This was
repeated at least every hour or after half of the analyses, whichever came
first. The instrument was electronically zeroed between analyses. After a
series of analyses for AM or PM samples, the instrument zero and span were
again checked. Thesa checks and sample analyses were recorded on a strip
chart as a secondary record, with the actual meter reading of the Ecolyzer

by the instrument operator as the primary record.

Quality Control

The contractor's performance was reviewed in the field as well as by com-
paring strip chart records with data recorded by the operator. Instrument
performance was zonitored through several checks on the air flow, response
time, zero and span drift, and linearity of the instrument. Linearity was
checked several times and appeared to be acceptable in the range of concen-
trations observed during the survey. Various a2ir/CO mixtures, traceable to
the Nailional Bureau of Standards (N3S) were used as standards. One of the
two certified CQ/air mixtures used doth for line=,1ty checks and in daily
span checks was analyzed by the Washington State Department of Ecology after
the survey by nondispersive infra-red analysis. The concentration corres-
ponded to the manufacturer's claimed value within the accuracy of the
measurement technique. This mixture was a primary standard traceable to
NBS, supplied in an aluminum spectroseal cylinder by Scott-Marrin, Ine.,
Riverside, California, and certified dy the manufacturer at 20.0 :

0.2 ppm. The other mixture used in daily span checks, 20.3 + 0.2 ppm, was

coapared with the 20.0 ppm mixture and found t> be satisfactory. Additional
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primary standards from this manufacturer used during this survey to check
irstrument performance were air/CO mixtures at ths following CO concen-
trations: 4.93 X .05 ppm; 9.85 X 0.1 ppm; 38.9 X 0.4 ppm; and 0 ppm
(ultrapure air). NBS standards utilized after the survey were air/C0

mixtures at 43.2, 18.0, 9.53 ppa.

The instrument response to the internal eleotronin zero {recommsnded by the
manufacturer for zeroing the instrument) was essentially the same as to zerg
air ioput, except when loose internal or external hnse connectinns allowed
infiltration of ambient air. This proved a convenisnt check on operataor

set-up of the instrument for sample analysis.

Comparisons of Paired Study Site/Permanent Monitor Data - At three permanent

monitor locations, a study site was selected as close as possible to the
monitoring prote i{nlet. However, ths study equipment was always affixed to
a parking metsr or light pole in order to maintain the same relationship to
the roadway as at other study sites. Consequently, the distance between
inlets rangzd from a few feet to several yards. This complicated compari-
acns of results from the study method (bag sampling/Ecolyzer analyais) with
the routine monitoring method (continuous sampling/NDIR analysis) because
differences dus to different vertical and horizontal placement of the study
sample {nlet and the permansnt monitor probes wars expected. The results ars

discussed in the following sections.

Site 9/Pike Building - At the permanent monitor on Fourth Avenue south of

Pike Street {Pike Building), the study equipment was affixed to the sanme

pole which supported ths permanuat monitoring inlet probe. However, because
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the study equipment was attached in the same manner as at other locationa,
the actual study sample inlet at 3} meters was higher than the permanent
monitoring probe inlet and slightly further removed frcm the lane of
traffic. Nevertheless, this pair of study site/permanent monitor sampling
inlets probably represented the best comparison of sampling methods obtained
during the study because the physical separation of sample inlets was much

less than at other "paired" sites.

Eight-hour averages were compared for the seventeen days when data were
available for both sites. On all but three days, the difference between the
eight-hour averages obtained for site 9 and the Pike Building monitor was
leas than 1.0 ppm. (The difference exceeded 2.0 ppm on two days: October 14
- 3.4 ppm, and on October 11 - 2.1 ppm). Linear regression analysis indi-
cated that eight-hour averages from the two locations were highly correlated,

(R-SQ equalled 0.91 for the linear regression line: AVCz 1.6 « 0.8 x AVSP).

Site 2U/Singer - As another comparison, one study site was selected as close
as possible to the monitoring probe inlet at Pike Street east of Fourth
Avenue. The study equipment was attached to a lamp pole several meters west
of the monitoring probe. The inlet for the study sample was therefore
several meters west, slightly closer to the lane of traffic, and about 0.5
meter higher. Consequently, differences due to horizontal and vertical

concentration gradients were anticipated.

The eight-hour averages from the two locations were correlated: data from

the study site were usually somewhat lower (R-SQ equalled 0.84 for the
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regression line: AVC = -1.7 + 1.1 x AVSP based on 13 data pairs). It is
difficult to determine what the overall effects of differences in probe
locations may have been. Differences may have resulted partially or wholly

froa non=-uniform diatribution of CO vertically and along the strest.

Site 5/Psrmanent Monitor on Second Avenue South of University Street - Data

were also compared for study site 5 and the state monitor (UNI) located on
the west side of Second Avenue south of University. These were not
collocated due to the unavailability near the state sits of a nearby parking
meter or lamp pole. However, site S was established at the closest suitable
location (parking meter 021211) and was several feet south of the state
monitor as well as a few fest closer to the curb. The data were somewhat
correlated (R-SQ = 0.69 for the equation: AVC = 1.0 + .92 x AVSU based on 16

data pairs).

RESULTS AND DISCUSSION

Data were examined for (1) the relative magnitude of carbon monoxide
concentrations at various sites {spatial extent) for the same time period
and (2) the suggested patterns of values. To svaluate the study period, the
State site's data obtained previous to and during the survey were compared.
Several measures of the magnitude of the carbon monoxide problem were
evaluated for the study sites. Maximm and minimum concentrations for each
sample interval (AM, PM, and eight-hour average) for each site, for each
day, and overall for the entire study were examined. Because the National
Amhient Air Quality Standard addresses the second-highest eight-hour

average, this figure was identified for each site as well aa the frequency
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of samples exceeding 9.0 ppm. Comparisons were made with similar measures
for the State's permanent monitors. In addition, ratios of concentrations

at each site to those at the permanent monitors were evaluated. Correlations
between the State's permanent monitors on Second Avenue, Fourth Avenue, Pike
Street, and James Street, and the closest EPA study sites were discussed in
an earlier section of this report. Possible correlations between other

sites located on the same street were investigated. In a later seotion of

this report, comparisons are made with indoor sites.

Magnitude and Spatial Distribution of Carbon Monoxide

Collecting samples during about the same hours at a relatively large number
of sites afforded a view of the carbon monoxide distribution over a rela-
tively wide area for comparison with the permanent monitors. The daily
values for AM, PM, and eight-hour intervals at each site are contained in
Appendix D. Summary statistics have been graphed as box plots and/or as

histograms on a base map (Figures 2 through 14).

Box plots depict for each site the distribution of the calculated eight-hour
averages (Flgure 2) and the measured concentrations for AM and PM samples
(Figures 3 and 4). The range, median, arithmetic mean, and arithmetic
standard deviation for each site were based on nominally 20 days or 10 days
of samples, depending on the site schedule; missing data were not esti-
mated. Por the eight-hour average distributions, each site's second-highest
value is also shown. Other box plots (Figures 10, 11, and 12), show the
distributions of eight-hour, AM, and PM data for each day based on all sites
(34 or fewer) values. Recall that 2 of the 34 sites were relocated after 10

days.
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For each site, histograms on a base map depict the highest eight-hour
average (Figure 5), the frequency of eight-hou ' averages exceeding 9.0 ppm
(Pigure 6), the second-highest eight-hour average (Figure 7), the maximum AM
and PM averages (Figures 8 and 9), and the arithmatic mean of all
eight-hour averages observed during t?e survey (Figure 13). Although
similar statistics also appear on the box plots (with the exception of the
frequency of eight-hour averages greatsr than 9.0 ppm), these histograms/
maps permit easier visualization of the spatial distributicn of values for
the statistics of greatest interest. The last histogram/map (Figure 148)
represents each sits's asight~hour average on the day of the highest overall
average for all sites to show the pattern prevailing on the day when most
sites experienced their maximum concentrations. (Sites 32 and 34, which
were sampled only during the first half of the survey, are not included on

this October 28, 1977 map.)

Maximum Eight-Hour and Four-Hour Averages

High carbon monoxide levels were found not only in the vicinity of the
State's permanent monitors but also at many other sites within the study
area. Figures 2 and 5 and Table 1| show the maximum aight-hour averages for
10:00 a.m. to 6:00 p.m. (AVC) for each site during the study. About 51% of
the 36 sampling sites® experienced one or more days when the eight-hour
average (AVC) equalled or exceeded 9.0 ppm (Pigure 2 and Table 2 }. This is
the level of the Hational Ambient Air Quality Standard for eight hours which
i{s not to be exceeded more than once per year. More 3ites experienced high
carbon monoxide during the PM sampling interval than during the AM interval

(see Pigures 3, 4, 11 and 12, and Tables 1 and 2). For 721 of the

26 out of 36 total sites.
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Max{mum Values from Thirty-Six Sites and FPive Permanent Monitora

Table 1.
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Table 1. {continued)

Maximum AM Maximum PM Maximum AVC £ AVC Ratio.ll/ Ratio.1 Ratio.1 Ratio.! Ratio. 1 Date of
Site 10 AM ~ 2 PM 2PM-6PM 10 AM - 6 PM GT 9.0 James University Singer Pike Fire Station Maximum AVC
30 7.0 9.0 7.9 0.0 0.7 1.3 1.3 0.5 - 10/18/77
3 7.1 7.9 7.2 0.0 1.0 n.8 - 0.8 1.2 10728777
32 5.% 5.2 5.4 0.0 0.6 0.8 0.8 - 1.1 10/10/77
13 5.0 4.5 4.6 0.0 0.5 0.7 0.7 - 0.9 10710777
3y 9.3 11.9 10.3 6.0 - 0.8 0.8 0.8 1.6 10/28/77
35 7.8 5.5 5.7 0.0 - - 0.7 0.7 - 10727771
36 1.6 12.9 1.4 1.0 1.2 1.6 1.7 - 2.3 107107717
Jam2/ 10.0 12.3 M. 27.0 1.0 1.8 1.9 0.7 - 10714777
uNi3/ 1.0 1.5 12.8 15.0 - 1.0 1.0 0.9 2.0 10/28/77
SINY/ 10.8 13.8 12.3 16.0 - 1.0 1.0 0.9 1.9 10/28/77
Pxx%/ 13.5 18.0 15.8 40.0 1.4 2.5 2.7 1.0 - 10/148/777
FIRS/ 6.0 7.8 6.5 0.0 - 0.5 0.5 0.5 .0 10/28/77
=3
Footnotes

1. Ratio.) - Ratio of the maximum eight-hour average at the study site to the eight-hour average at the same time
(and day) at the permanent monitor.

Permanent monitor on James Street east of Fourth Avenue (JAM).

Permanent monitor on Second Avenue south of University Avenue (UNI).

Permanent monitor un Pike east of Fourth Avenue (SIN).

?ermanent monitor on Pourth Avenue south of Pike Street (PIK).

Permanent monitor on Second Avenue south of Main Street (FIR).

VW

NOTE: Eight-hour averages for the permanent monitors were calculated from hourly averages (eight values). No
estimates were made for miasing data.



Range of
Max{mum Carbon
Monoxide, ppm

0 - 2.9
3.0 - 5.9
6.0 - 8.9
9.0 - 1.9
12.0 - 4.9
15.0 - 17.9
8.0 - 21,0

Table 2. Distribution of Maximum Values

from Thirty-Six Sites in Seattle

Percent of Sites Within Range

Maximum AM Maximum PM Maximum AVC

10 AM-2 PM 2 PM~6 PM 10 AM-5 PM
0 0 0
8 1 1"
28 1?7 28
k) 25 42
S 3 14
8 8 5
0 é 0

sites, at least one PM average equalled or exceeded 9.0 ppa, dut only about

64% had an AM average equal to, or greater than 9.0 ppu. Table 2 summarizes

the distributions of the maximum AM, PM, and AVC values for the 36 sample

sites and the five permanent monitors.

For fourteen study sites and one permanent moni-or (2, 6, 13, 14, 18, 20, 2%,

26, 27, 30, 31, 32, 33, 35 and PIR), the maximum 4VC did not exceed 9.0 ppu.

Lower concentrations than at other sites were expected at a number of these

locations due to ventilation and/or remoteness from heavy local traffic. The

smallest maximum eight-hour average concentration, 4.8 ppm, occurred at site

20 in Occidental Park. The next lowest concentrations, 4.5 and 5.4 ppm, were

on the west side of Alaskan Way (site nos. 33 and 32, respectively). Por

comparison, the site within the Freeway Park (Site 35) experienced only a

slignhtly higher maximum AVC (5.7 ppm).
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Of the maximum eight-hour concentrations at each study site for the 10:00 a.m.
tn 6:00 p.o. period (Figure 2), the highest value was about 16.1 ppm. This
was 1.2 to 2.5 times as high as at the permanent monitors for the same time
and day. This occurred on October 28 on Pirst Avenue South of Pike Street
(site 1), which is the street in the study area with the highest average week-
day traffic according to 1975 data. Of the remaining study sitas, the next
highest eight-hour value, 15.1 ppm, was on Fourth Avenue south of Union Street
at site 10 and was 1.1 to 2.3 times as high as at the permanent monitors.
These sites (1 and '0) are on major NW-SE sireets. The maximum eight-hour
concentrations at the permanent monitors ranged from 6.5 ppm at the FIR on
Second Avenue south of Main to 15.8 ppm at the Pike Building site (Pourth

Avenue south of Pike).

The maximum eight-hour averags during the survey very nearly equalled that of
the Pike Building monitor for the 10:00 a.m. to 6:00 p.m. period at only one
study site (site 1). However, five additional study sites (S5, 7, 9, 10, and
19) also had maximum AVC's exceeding that of the Second and University site
(12.8 ppm) which was the next highsst of the permanent monitors. Six addi-
tional sites (4, 11, 17, 22, 23, and 36) also had higher maximum AVC's than
the James Street permanent monitor which {s one of the SIP sites®. Only four
sites (20, 32, 33 and 35) ' 4 maximum AVC's below that of the FPire Station

permanent monitor.

J Hourly cata for SIP sites are reported quarterly to EPA in connection
with tracking the progress of the state implementation plan for attaine
ment of air quality standards. The Second and University site 13 also
an SIP site.

Jé



3%

Table 3. Second-Highest Eight-Hour Averages (10:00 AM to 6:00 PM)
From Thirty-Six Sites and Five Permanent Monitors

Date of Second High Ratlo.21/ Ratio.2 Ratfio.2 Ratio.2 Ratio.2
Site Second High Eight-Hour Average Jamea2’/ Unlversltzl’ Slnserﬂ/ Piked/ Fire StationS/
1 10/27/17 1.7 - - 1.4 1.5 -
2 10/28/117 7.0 - 0.5 0.6 0.5 1.1
3 10/06/77 10.2 1.7 1.0 1.1 1.1 1.7
y 10721717 10.5 2.2 1.0 1.1 0.9 -
5 10/28/77 11.9 - 0.9 1.0 0.9 1.8
6 10710717 7.4 0.8 1.1 1.1 - 1.5
7T 10/10/77 12.9 1.4 1.8 1.9 - 2.6
8 10727717 10.0 - - 1.2 1.3 -
9 10714777 12.4 1.1 2.0 2.1 0.7 -
10 10/21/17 15.0 3.1 1.5 1.5 .2 -
" 10728777 10.8 - 0.8 0.9 0.3 1.7
12 10,706 /77 7.0 1.2 0.7 0.7 0.7 1.2
13 10718777 6.4 0.9 0.9 1.1 1.1 -
14 101477 5.7 0.5 0.9 1.0 0.4 -
15 107177717 9.0 - 1.8 - - -
16 10/18/77 9.7 1.4 1.3 1.7 1.6 -
17 10/28/17 11.6 - 0.9 0.9 0.8 1.8
18 10719777 5.8 0.6 1.3 0.9 0.5 -
19 10712717 13.5 3.3 - - 1.6 -
20 10720777 4.1 0.6 0.5 - 0.5 .7
21 10/27/17 6.7 - - 0.8 0.9 -
22 10/21/17 10.9 2.3 1.0 1.1 0.9 -
23 10/21/777 9.9 2.4 - - 1.2 -
24 10721717 9.6 2.0 0.9 1.0 0.8 -
25 10727717 9.0 - - 1.0 1.2 -
26 i0/11/77 8.0 0.8 1.0 1.1 0.6 2.6
27 10728717 7.1 - 0.6 0.6 0.5 1.1
28 10/07 /17 10.0 1.6 1.7 1.7 2.1 2.9
29 11701777 8.1 - 2.3 - 1.8 h.6
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Table 3. (Cont'd)

Date of Second High Ratio.21/ Ratio.2 Ratio.2 Ratio.2 Ratto.2

Site Second High Eight-Hour Average James2/ Unlveraitxi/ Slngenﬂ/ Pike2/ Fire Stationf/
30 10/19/77 7.4 0.7 1.7 1.2 0.6 -

N 1€/28/77 7.2 - 0.6 0.6 0.5 1.1
32 10/06 /77 5.3 0.7 0.4 0.5 0.4 0.7
33 10/17/77 §.2 - 0.9 - - -

34 10/27/77 8.7 - - 1.0 1.1 -

35 10/28/71 5.1 - 0.4 0.% 0.4 0.8
36 10/14/77 1A 1.0 1.8 1.9 0.7 -
Jam2/ 10/19/77 10.3 1.0 2.3 1.7 0.9 -
UN13/ 10/21/717 10.9 2.3 1.0 1.1 0.9 -
SINE/ 10/21/71 9.8 2.0 0.9 1.0 0.8 -
PIK3/ 10/28/77 13.6 - 1.1 1.1 1.0 2.1
FIR®/ 10/06 /77 6.0 1.0 0.6 0.6 0.6 1.0

Footnotes

1. Ratio.2 - Ratio of the second-highest eight-hour average at the atudy site to the eight-hour average at
the sane time (and Jay) at the permanent monitor.

Permanent monitor on James Street east of Fourth Avenue (JAM)

Permanent monitor on Second Avenue south of University Street (UNI)

Permanent monitor on Plke east of Fourth Avenue (SIN)

Permanent monitor on Fourth Avenue South of Pike Street (PIK)

Permanent monitor on Second Avenue south of Main Street (FIR)

oo &Eswh

.

Note: Efght-hour averages for the permanent monitors were based on averages of eight hourly values.
Missing data were not estimated.



At seventeen sites, the aight-hour standard was sxceeded more than once
and several (1, 5, 7, 9, 10, 11, 17, 19, 22, 28, and 36) experienced
exceedences an over 25% of the sampled days. At the Pike Building perma-
nent monitor, 40% of the 10:00 a.m. to 6:00 p.am. averages (AVS's) exceeded
9.0 ppm. Comparable or greater frequencies were chserved at sites 7, 17,
19, and 36 with the most frequent exceedences at site 19 (80% of the
sampled days). Pigure 6 illustrates the frequency of AVC's greater than

9.0 ppm for each site.

Second-Aighest Bight-Hour Averages (AVC's)

Figures 2 and 7 and Table 3 show the second-highest AVC for each site.
However, the study design did not permit comparison of sites as to the
extent by which the eight-hour standard may have besn violated at each
site during Cotober-November, because only one aight-hour period,

10:00 a.@. to 6:00 p.a., was included esach day. Por example, the AVC for
a site heavily affected by morning peak hour traffic may de low on Figure 2
becauss this peak was not included in the sampling period. However, the

maximum eight-hour period for that site may have encompassed that tims.

The study data indicate that some sites, even with this limited data base,
appear to violate the 3.0 ppm esight~hour standard which i3 not to be ex-
ceeded more than oncs per year. A total of seventeen study sites (1, 3,
4, 5,7, 8,9, 10, 11, 16, 17, 19, 22, 23, 24, 28, and 36) axperienced at
least two days with an sight-hour average over 9.0 ppm. (See Table 3.)
These sites were wideapread through the study area and included sites on
FPirst Avenus (south of Pike and Kashington); Second Avenue {south of Pire

and University); Third Avenue (south of Unicn and Cherry); Pourth Avenue
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(scuth of Pike, Union, and Madison); Sixth Avenue (south of Pine and
Union); Oliva (east of Pifth); Pike (east of Seventh and Pourth and west
of Pirst); and Pine (east of Pifth). Undetected violations may have oo-
curred at other sites or with greater magnitude at these same sites during

the days of the study.

The maximum second-highest AVC, recorded for any sits was ]5.0 ppm at
site 10 on Fourth Avenue south of Union. For comparison, the second-
highest eight-hour averages for the permanent monitors during the study
pariod ranged frow 6.0 ppm at the Pire Station to 13.5 ppm at the Pike
Building (a blook and a half north of site 10). The second-highest
eight-hour average at the Pike Building monitor was equalled or esxceeded

by second-high AVC'as only at site 10.

Comparisons of AM and PM Averages

For each of the state's permanent monitora, the maximum AM average was
lower than the maximum PM average. DBecauss the AM period did not include
the typical morning traffic peak, but the PM period spanned the time of
the usual late afternoon commuter traffic, it was expected that AM average
concentrations a2t most sites would be less than PM avarages. Although
this seemed generally true (Appendix C), the highest aample concentration
for the AM exceeded the highest for the PM at twelve locations (2, 3, 5,
7, 11, 17, 20, 21, 25, 32, 33, and 35). This is shown in Table 3 and
Figures 3, 4, 8, and 9. Although differences were slight in some cases,
the AM maximum was 2 ppa or zore higher than the PM maximunm for six of

these sites (2, 5, 7, 17, 25 and 35).
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On moat days, the AM averages were less than for the PM averages (as shown
by comparison of the composite median of all sites on each day in Figures
11 and 12). BExcept for three days, the highest four-nour average,
conaidering all sitas, occurred in the afternocon. Exceptions were on

October 7, 24, and 27, 1977.

Pigures 10, 11 and 12 also illustrats the unusually high concentrations
which prevailed on October 28 (Friday) and the higher medians on
October 27 (Thursday) for eight-hour and AM averages. The AM averages
weére also generally highest on October 28 (Flgure 11). Low values were

apparent on the very windy days during the last week of the survey.

The higheat AM and PM avsrages of thoss observed at study sites were
higher than corresponding values for any of the permanent monitors. The
highest AM average, 15.4 ppm, occurred on Sixth Avenue south of Pine
(site 17)}. The highest PM average 19.9 ppm, occurred on First Avenue
south of Pike (site 104). In comparison, the saximum AM and PM averages
considering all of the state sites wsre 13.5 and 18.0 ppm at the Piks

Building.

Average of Eight-Hour Values at Each Site

Por two sites, the average of all eight~hour values exceeded 9.0 ppm
(sites 7 on Third south of Unior, and 19 on Sixth south of Union).
Relative averages for all sites appear in Flgure 13. Most of the sites
with low averages were on the periphery of the study arsa; however, not
all sites in the central arsa had high averages. For example, the average

for site 14 in Westlake Mall was relatively low at 4.0 ppm, although that
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for site 9, less than a block away, was over twice as high at 8.7 ppnm.
Average eight-hour values were lowest at site 20 in Occidental Park in the
Ploneer Square area (the southwest porticn of the study area) at 3.1 ppm.
It is interesting to ncte that relatively low averages were observed for
site 18 (4.2 ppm), site 35 (3.6 ppm), and site 21 (3.8 ppm) which are
closer to I-5 than the other study sites, but are not on heavily travelled

streets. (Site 35 ‘s in a park).

Maximum Day

Figure 14 shows the pattern of carbon monoxide concentrations in the study
area on the day when the composite average of eight-hour values was high-
est - October 28, 1977. Most sites sampled on that day experienced their
highest concentrations then (Table 4). On that day, the highest eight-hour
concentration during the survey, 16.1 ppm, was observed at site 1. The
second=highest value during the survey, 15.0 ppm at site 10, occurred on
the same day and again on October 21, Maximums at three of the permanent
monitors also occurred on October 28, 1977 (UNI - 12.8 ppm, SIN -

12.3 ppm, and FIR - 6.5 ppm).

Saventeen of the 29 study sites for which data were obtained on
October 28, 1977, experienced sight-hour average concentrations above
9.0 ppm. This suggests a widespread problem, rather than a faw isolated

hot spots.

Correlations Between Sites on Same Corridor

The relationships between carbon monoxide ccncentrations at sites along

thae same street corridor were of interest. Previous studies elsewhere
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have pointec out that substantial differences can exist between CO at sites
in the same blocks on opposite sides of the street (cross-street pairs)
when winds are acrcss rather than along the street. Eight-hour averages
for sites located along the same street corridor were analyzad by least
squares regression to {nvestigate any correlations between sites along the
corridor. In most cases, correlations were weak or insignificant for fit-
ting a linear first order equation (y=A+B x X)}. Of the eight corridors
examined -- First Avenue, Second Avenue, Third Avenue, Fourth Avenue, Sixth
Avenue, Pike Street, James Street, and Alaskan Way -- only two had atrleast
one pair of sites for which the square of the coefficient of correlation
(R-SQ or index of determination) was greater than or equal to 0.75*. These

were Pike Streset and Sixth Avenue.

Results of the corridor analysis are summarized in Table 4. For the Pike
Street corridor pair, sites 23 and 27, were about seven blocks apart and
the index of determination was 0.88. The other pair, located along the
Sixth Avenue corridor consisted of sites 17 and 18 (also about seven

blocks apart), with an index of 0.78.

In the case of both pairs, members of the pair were relatively far removed
from each other (seven or more blocks), exhibiting dissimilar topographies,

traffic patterns, and volumes, and orientation to meteorological factors.

" R-SQ of 0.75 was picked as a screening level for all corridor pairs
although the confidence interval varies with the number of observations.
For 20 observations, the minimum value of R-SQ for signficance at the
95% confidence level is 0.19. For 10 observations, it is 0.40.
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Table 4. Corridor Analysis

Index
Corridor Site Pair Relative Locations of Sites {R~SQ)*
Pike Street 23/27 Seven blocks apart, east/west - 0.88
street
Sixth Avenue 17/18 Seven bdlocks apart, north/south 0.78
street

* The minimum value of the square of the correlation coefficient for
significance at the 955 confidence level for ten data pairs would be
about 0.40. This means that the confidence interval for R-SQ would
not include zero for values equal to or greatsr than 0.40.

The correlations for these pairs, observed for the relatively abbreviated

sampling interval of twenty days, may be unrelated to their being members

of the same corridor.

Permanent Monitors

Each day, the highest eight-hour average for 10:00 a.m. to 6:00 p.m. at
the five permanent monitors in the downtown area was compared to the
highest AVC at the study sites. The concentration at a permanent monitor
was higher than at any study site on only two days of the study {Table 5).
On most days, the maximum carbon monoxide average at the study site was
less than 1.5 times that at the saximum permanent monitor, but on six days
was over 1.5 times a3z great. On four of theses six days, the value at the
study site exceeded 9.0 ppm but no excesedence was observed at a permanent

monitor.
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TABLE 5. Comparison of Maximum Study Site Each Day and Permanent Monitore by Eight-Hour Averages for 10:00 a.m. to

6:00 p.m.
(CO in ppm)
Max Max Max Max Ratio 2/ Rat'o Ratio Ratio Ratio Ratio
1977 Date  Study Site AVC Perm Mon AVS Y/ AVC/AVS AVC/JAM  AVC/UNI  AVC/SIN  AVC/PIK  AVC/FIR
10/06 /77 19 12.9 UNI 10.6 1.2 2.1 1.2 1.4 1.3 2.1
10/07/17 1 11.6 JAM 6.4 1.8 1.8 2.0 1.9 2.4 3.3
10/10/77 7 12.9 JAM 9.1 1.4 1.4 1.8 1.9 - 2.6
01177 9 1.2 PIK 13.3 .8 1.1 1.4 1.5 .8 3.7
10712777 19 13.5 PIK 8.5 1.6 3.3 - - 1.6 -
10/13/77 19 10.2 PIK 9.9 1.0 1.1 2.7 1.7 1.0 -
10/14/77 19 12.8 PIK 15.8 .8 1.1 2.0 2.2 .8 -
10/1V1/77 36 1.1 UNT 5.9 2.3 - 2.3 - - -
10/18/77 7 10.2 UNI 7.3 1.4 1.5 1.4 1.6 1.7 -
1071977 19 11.5 PIK 11.5 1.0 1.1 2.6 1.9 1.0 -
10/20/77 19 1.3 UNI 8.9 1.3 1.6 1.3 .0 1.3 1.9
10721777 10 15.0 PIK 12.0 1.2 3.1 1.4 1.5 1.2 -
10/24/71 22 8.9 PIK 8.0 1 2.6 1.7 1.4 1.1 3.4
10/25/71 19 8.7 PIR 2.6 3.3 - - - - 3.3
10726 /77 19 9.5 PIK 9.4 1.0 - 1.2 1.4 1) 2.6
10727777 5 13.7 SIN 8.6 1.6 - - 1.6 1.8 -
10728717 1 16.1 PIK 13.6 1.2 - 1.3 t.3 1.2 2.5
10/31/77 22 9.5 PIK 8.3 1.2 - 1.6 1.4 1.2 3.5
11701777 29 8.1 PIK 5.6 1.8 - 2.3 - 1.8 4.6
11/02/71 10 8.1 PIK 7.3 1.1 - 1.7 1.4 1.1 3.6

1. Where AVS {3 the maximum eight-hour value (10:00 a.m. to 6:00 p.m.) of those for the five permanent monitors in the
central business district.

2. Ratio of the maximum study czite eight-hour value (10:00 a.m. to 6:00 p.m.) to the maximum of the permanent monitors.



Concentrations on Sixtn Avenue south of Union Street (site 19) were higher
than at any other study site on & of the 20 days for which comparisons
were poasivle. However, on one of these days {Detober 14) st least one of
the peruanenf moiitors experienced higher concentraticns. The only other
day when the per=anent monitor's eight-hour daily maximum® was higher than
at any stucy site was October 11. Sites 1, 5, 7, 10, 15, 22, 29, and 3§
were study sites which were "maximum® on at least one day considering both
study sites and permanent monitors. Of these, sits 19 was highest on 35%
of the days; each of the sites 1, 7, 10, and 22 was highest on 108 of the
days; and each of the remaining sitss (5, 29 and 36) was highest on 5% of

the days.

Review of the maximum study site esch day {with respect to the eight-hour
average) as coagpared Lo each of the permanent monitors gave an indication
of how well each of the permanent oonitors represented the highest CO
lavels in the study area for the 10:00 a.m. to §:00 p.m. period. On this
basis, the permanent monitor cn the periphery of the study area (7IR the
fire station on Second Avenue scuth of Main Street) was the poorest, as
aight be expected. The maximum study site concentrations for 10:00 a.m.
to 6:00 p.m. always exceeded thoss at FIR, Leing 1.9 to 4.6 times as
great. The permanent ponitor on Fourth Avenue south of Pike (PIX)
appeared to be the Dest since concentrationz at the maximm study site
were usually caly 1.1 to 2.4 times as great. FHowsver, on two days, the
aaximum study site’s AVC was somewhat less than the concentration at PIX

{0.8 times ax great).

% Por any eight consecutive hours.
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Each day's average concentration for the eight-hour period 10:00 a.m. to
6:00 p.m. at each site was also compared to the average at each of the per-
manent amonitors for the same day. For each site, the ratios of the study
site value (AVC) to that of each of the permanent monitors (AVS) was computed

fer each day. These ratios are tabulated in Appendix C.

The average concentration and the ending hour of the daily maximm eight
hour average at the two SIP sites [JAM and UNI) and at the proposed SIP
monitoring site (PIX) were also examined. Most of the time, the average for
the maximm period during the day was no more than | ppm greater than the
average for 10:00 a.m. to 6:00 p.m. This suggests that the selected study
time was effective for comparing data from the study sites to the higher

concentrations of the day at the permanent monitors.

SUMMARY

The most important results from the outdoor site portion of the Seattle

study are summarized below:

1. Only one site (site 1) experienced an eight-hour average from 10:00 a.m.
to 6:00 p.m. (AVC) exceeding the highesat AVS observed during the 20-day study
for that period of the day at the permanent monitor on Fourth south of Pike.

However, the highest AVC at each of six study sites exceeded the saximum AVS
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at the Second and University monitor, 12.8 ppm, which was the next highest

permanent monitor.

2. Concentrations of carbon monoxide were highest on First Avenue south
of Pike Street (site 1) where the 10:00 a.m. to 6:00 p.m. average reached
16.1 ppm on October 14, nearly equal to the maximm at ths permanent mon-
itor on Pourth south of Pike, 15.8 ppm on October 28. The next highest

eight-hour average (AVC) occurred on Pourth Avenue south of Union (sits 10).

3. High concentrations of carbon monoxide were observed most frequently on
Sixth Avenue south of Union (site 19) where the 9.0 ppm standard was

sxceeded on 808 of the sampled days.

4, On the day when the greatest composite average occurred, the majority of
sampled sites (which were widespread through the study area) experienced
efight-hour concentrations above 9.0 ppm, vhich is the standard not be

exceeded more than once per year.
5. The maximum second-high eight-hour average concentration, 15.0 ppm, was
at site 10 (Fourth scuth of Union) and exceeded the maximm second-highest

valus for any of the permanent monitors (13.6 ppm at the Pike Building).

CONCLUSIONS AND RECOMMENDATIONS

Conclusions based on this 20-day study of outdoor sites in downtown Seattle

are:
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1. The magnitude of the carbon monoxide problem for the 10:00 a.m. to 6:00
p.m. period as measured by the maximm eight-hour average during the study

at the study sites was adequately represented by the permanent monitor (PIK).

2. The CO problem was vwidespread throughout the downtown business district.

3. Data from the permanent monitoring network did not represent the highest

frequency of exceedences of the 9.0 ppm standard within the study area.

It is recommended that:

1. The carbon monoxide problem in downtown Seattle be considered a

widespread problem, as opposed to a few "hot spots®,

2. Increased local source emissicns should be avoided in areas where
violations have been observed unless a reduction in the background
concentrations which {s more than sufficient to offset the increase can be

demonstrated.

3. Concentrations at the permanent monitoring network above 9.0 ppm should
be considered as indicative of concentrations equally high and possibdbly
higher elsewhere in the study area. However, concentrations at the
permanent monitors below the 9.0 ppa standard should not be considered as

assurance that air quality standards are being met throughout the studv area.
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4, The permanent monitor on the east side of Fourth Avenue south of Pike
Street should be considered as a candidate site to represent peak carbon

monoxide concentrations in downtown Seattle for routine monitoring.

5. Planning for future studies to aid development and/or revision of
control strategies to attain the standard should consider the need for
ancillary daca on traffic and meteorological characteristics to aid

interpretation.
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INDOOR STTES

Although no standards sxist for exposure of the gensral public to carbon
monoxide in air within duildings, it i{s of interest to inow what levels
exist indoors®. Many people spend significant amounts of time inside.
Consequently, the combinmi effects of exposure both indoors and outside
deserve consideration for a significant portion of the population. Carbon
monoxide levels indoors may be elevated at times due to non-vehicle
sources (e.g., smoking tobacco, incomplete fucl combustion, ete.). How-
ever, several studies in various cities (including a DOE study in Seattle
in 1976) have shown that even in the absence of such sourcea, high carbon

monoxide concentrations indoors may occur when outside levels ars high.

For each of five locations, a brief survey or indoor levels of carbon
monoxide was conducted simultaneously with measurements of outside levels
at a nearby site. This section outlines the methods and results of this
study. Because only thirteen or fewsr days of comparable data pairs were
obtained at any location, statistical correlations with outdoor sites were
not attempted although comparisons made possidle by the limited data were

revieved.

®  Guidelines have been developed for ventilation air quality as ASHRAE
Standard 62-73 which i{s used by architects and engineers. That standard
for maximum allowable contaminant concentrations for ventilation air
establishes an annual arithmetic average (17.5 ppm), and an eight-hour
average not to be axceeded more than once per year (26 ppm). These and
other standards are discussed in EPA-600/7-78-027, Survey of Indoor Alr
Quality Health Criterta and Standards, March 1978,
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METHOD OF STUDY

For two locations at a time, continvous monitoring equipment was placed
indoors in an area remote from potential localized sources of carbon
monoxide (such as cigaretts smokers). Where possible, bag sampling units
were also placed at these locations. However, at one 'location, only the
bag sampling unit was used. Operation was during the same periods as for
the outdoor sites; i.s., weekdays from 10:00 a.m. to 6:00 p.m. with bag
samples from 10:00 a.m. to 2:00 p.m. (AM sample) and from 2:00 p.m. to
6:00 p.m. (PM sample). Determination of carbon monoxide by both methods
provided an internal check on the data and a "back-up" to minimize periods
of unmeasured levels. The bag sampling units were similar to those used

outdoors.

Site Selection

Pigure 15 and Table 6 describe the locations of the indoor sites and
adjacent outdoor sites. Sites included a pharmacy in a large medical
building, a small retail stors, two office locations and a hotel. The
retail store and one of the office sites were in the same block as two of

\
the permanent monitors.

Several factors were considered in site selesotion including: proximity to
an ocutdoor study site, air intakes and ventilation, heating system (fuel
combustion on premises), building uses, and size and height of the build-
ing. Within the building, the sampling equipment was placed to avoid
tobacco smoke and provide convenient access for site attendants in areas
normally used by the building occupants or in areas of air flow frono

normally used areas.
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Site

Address

SINY

SIN2

SIN3

SINY

SINS

Fourth South
of Union
{(westaide)

Pike East of
Fourth
(southaide)

Pike East of
Fourth
{northside)

Pike and Fourth

(Southeast
Corner)

Firth Scuth
of Pine (east
alde)

Table 6. Indoor Site Charaoteristiocs

Business

Medical

Building

Retail Shop

Bank

Of{ice Building

Hotel

Building
Height

High

Low

High

High

Med ium

Sample Exposed

Location Population

Floor 1 Patients, Workers,
Shoppers

Floor 1 Shoppers, Workers

Ploor 2 Workers

Floor S Workers

Floor 3 Residents

1977 Dates
Sampled

10/06 - 11/02

10/06 - 11,02

10/20 - 10/26

10/27 - 11/02

10/27 11/02



Sample Collection and Analysis

For continuous monitoring, one of two modified Ecolyzers (Model 2100 with
0-100 ppm range) was used at sach site with a 0-1 volt DC strip chart
recorder (similar to those used to record analyses of bag samples for out-
door sites). The principal modification of the Ecolyzer was an automatic
electronic zero at about once per hour. The sampling train consisted of a
glass fiber particle filter, a granular charcoal filter, an interference
filter assembly (manufacturer's standard), and a humidity bottle before
the pump inlet. The analyzer was spanned with one of two certified
primary standard carbon monoxide/air gas mixtures (20.3 or 20.0 ppm) and
zerced zanually at least twice daily. After any necessary adjustaents
were made, the equipment vas re-checked a minute or two later. Linearity

was checked on each instrument and appeared to be generally satisfactory.

The indoor bag samples were collected and analyzed using the same type of
equipmant used for outdoor sitss. During part of the survey, the contrac-
tor attended the continuoua monitors, but did not reduce the strip chart
records to average concentrations. EPA personnel also attended the indoor
monitors, manually read each strip chart (tape), and calculated hourly

average concentrations which were the baais for 4-hour AM and PM averages.

RESULTS AND DISCUSSION

Two abjectives of the indoor study were: 1) to compare concentrations
indoors with those at adjacent cutdoor sites; and 2) to determine the
range of indoor concenLrations experisnced at various indoor sites.

Because of the limited scope and duration of the sampling effort,
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indoor/outdoor comparisons wers attempted for only two of the five sites.
Indoor/ocutdoor comparisons of each site's eight-hour averages each day are
shown in Appendix D. FPigure 19 shows indoor/outdoor comparisons and the
hourly averages for the day of the highest eight-hour average for which
continuous analyzer records were available for the site sampled for the
longest period (SIN1) to illustrats the daily patterns. (Concentrations
were rounded to the nearest 0.5 ppm for plotting). Table 7 shows the range
of concentrations at aach indoor site. A summary of hourly data and bag

sample data for each day is also contained in Appendix D.

One of the five indoor sites (SIN1) experienced carbon monoxide concentra-
tions sxceeding the outdoor eight-hour standard of 9.0 ppm. The highest
eight-hour averages were about 1 to 3 ppm below the standard for 3INS,
SIN4, and SINZ2 (the hotel aite, the office building, and the retail store).
Concentrations messured at the bank site (SIN3) 1id not exceed about 3 ppm.
The lowest measured eight-hour averages weres about 2 ppw. The highest
indoor CO eight-hour value occurred on a day when many outdoor sites were
experiencing high concentrations. On Priday October 23, when the maximum
eight-hour average (about 10 ppm) was observed at the medical building
(SIN1), the adjacent outdoor sites eight-hour average concentration was
about 15 ppm. On this day, the indoor hourly average concentration rose
slightly between 11:00 a.m. and noon, then dropped to its lowest level,
sbout 8 ppm, betwsen 3:00 p.m. and U:00 p.m., before rising eventually to
about 14 ppm (between 5:00 p.m». and 6:00 p.m.). Late afternoon increases
were typically observed at this indoor site, with one of the most
pronounced Jccurrences on the day of the second-highest eight-hour average

(Octodber 21, also a Priday). From a low of about S ppm between 2:00 and
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Stte
SIN1d
SIN2
SIN3

SIN4

SINS

Table 7.

Location

Medical
Retail Shop
Bank

Office
Building

Hotel

AM Average

Minimum -~ Maxinum

3.0B _ 10.0B

2.6 T _ 10,18

2.4T _ 3.8T
3.2T _ 7.2T
3.1B _ 7.7B

PM Average

Minimum - Maximum

Range of Concentrations Observed at Seattle Indoor Sites!
(CO in ppm)

8-Hour Average
Minimum - Maximum

2.7B - 11.6T
3.17T - 7.58
2.0T - 3,57

44T _ 8. 9T

1.2B . 5.0B

T - Based on tape record from a continuous analyzer

B - Based on bag sample

2.8B _ 10,18
2.8T _ .88
2.3T - 3.2T
y.2T - 8,07
2.2B _ 6.1B

1. Sampling occurred over different days at thocse sites, 8o ranges are based on various numbers of
samples (from three to 19 samples).

2. AM - 10:00 a.m. to 2:00 p.m.

3. PM -

4. Eight-hour average - 10:00 a.m. to 6:00 p.m.

2:00 p.m. to 6:00 p.m.



3:00 p.m., hourly average concentrations rose to about 18 ppm for the
interval from 4:00 to 5:00 p.m., and decreased only slightly in the suc-
ceeding hour resulting {n an eight-hour average of about 9 ppm. Such a
pattern suggests that vehicle emissions were responsible for the late

afternoon increase in CO within the medical building.

Figure 16 illustrates the comparison between indoor aight-hour averages at
SIN! and outdoor averages at site 10. On most days, the indoor concentra-
tion was more than 2 ppm lower than at the adjacent cutdoor site. However,

about 22 percent of the time indoor and outdoor concentrations were within

1 ppm.

Figure 17 illustrates data for the retall shop site (SIN2) and site 24,

the nearest cutdoor study site which was a few meters west of the permanent
monitor on Pike Street east of Fourth Avenue. (The permanent monitor was
cloger than the study site to the building entrance and this entrance was
probadly the major ventilation). On the day when the highest indoor
concentrations were observed (Friday, October 21), no continuous {ndoor
monitor was operating at this lcecation 3o the pattern of increase is
unknown. On this day, indoor concentrations were also fairly high at the
pedical building site (SIN1 - previously discussed) and at other outdoor
sites, which suggests a widespread phencmencn of higher emissions and/or

less favorable meteorology for dispersion of pollutants.

Unfortunately, rno indoor data were obtained for this site on Qctober 28,
the day when even higher concentrations cccurred at many aites, {ncluding

the maximum eight-hour average at site 24, the adjacent outdoor site. On
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October 2B, the eight-hour average at site 2i was 10.7 ppm. Indoor concen-
trations measured within the store on other days were always within plus or
minus 2 ppm of those at site 2U. Indeed, 73% of the time, the indoor eight-
hour average was within 1 ppm of the outdoor value. This was not surprising,
because it {s thought that the major intake of air to this portion of the

building was froa the shop entrance located only a fev\meters from site 28,

Onily three or four days of eight-hour average data were obtained at each of
the other sites (SIN3, SIN4, and SINS). Average concentrations indoors for
the 10:00 a.z. to 6:00 p.m. period were lower than cutdoors for all compara-
ble samples except one (SINS at 2.2 ppm and site 15 at 1.4 ppm on 11/01/77).
Por the two sites sampled on October 28 (SIN8 and SINS), their highest aver-
ages occurred on that day, which was a day of overal® high values. Indoor

valuas were cach about 60% of the comparable outdoor site averages for the

same eight-hour period.

SUMMARY

The data strongly suggest a close relationship between increases in indoor
concentrations and in outdoor concentrations nearby. For the selected pairs
of study sites, the indoor concentrations for the 10:00 a.m. to §:00 p.m.
pericd were usually lower, occasionally nearly equal, and very rarely
higher. At times, indoor concentrations may nearly equal or exceed the
outdoor standard (3ites SIN? and SINZ). The late afternoon rise in indoor
CO concentrations strongly suggests traffic emission influences as the

principal cause.
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CONCLUSIONS AND RECOMMENDATIONS

The drief study in Seattle at paired outdoor and indoor sites with insig-

nificant indoor generation of CO suggests the following conclusions:

1. Population exposure to carbon monoxide concentrations within buildings
is likely to increase with increased traffic emissions of CO.

2. Frequently the changes in nearby outdoor concentrations are reflected
by changes in indoor concentrations of CO. Concentrations are usually
lower indoors.

3. The relationship of outdoor to indoor concentrations is not constant.
It may vary from site pair to site pair and from day-to-day.

4. Indoors, the eight-hour average concentration of carbon monoxide may

exceed 9.0 ppm at times.

The following recommendation is also based on the indoor/outdoor part of

the atudy:

In assessing the total population expcsure represented by an outdoor
monitor the possibility of similar indocor concentrations within nearby
buildings should be considered. (The variable relationship of ocutdoor to

indoor levels should be kept in mind).
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PEDESTRIAN ROUTES

A minor effort to characterize breathing air of pedestrians within the
Seattls central business area was also undertaken during the survey of
outdoor sites. This section describes the method of study and discusses
results. Because the =ampling periods were variable (two to four hours
long), data are not strictly comparable to data from the outdoor sites in

most cases.

METHOD OF STUDY

Two individuals were instructed to choose separate routes within a defined
area of the city as an ordinary pedestrian might chcose to do. These sep-
arate routes (designated "A" and "B") were generally within the area
between Jackson and Stewart Streets and Sixth Avenue and Alaskan Way but
included the Freeway Park east of Sixth Avenue. On most days, sub-areas
were chosen such that route A was north of Spring Street and Route B was
south of Spring Street. Each {ndividual marked his/her exact route for

each period on a map.

Cardon monoxide levels were obtained by bag sampling for two periods
daily. The "AM" period was generally between 9:45 a.m. through 1:30 p.am.;
the "PM” period was generally between 2:30 p.a. through 5:30 p.m. How-
ever, the length of the sampling period varied between two to four hours
total since, on some days, walking samples were not collected during lunch
or were not collected during the time when personnel were attending the

outdoor stations. Time differences were due to the contractor's need of
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these same sampling personnel for other duties during the day. However,
the study plan had been to collect samples along pedestrian routes at the
sampe time that the outdoor _tations were operating and this, if followed,

#ould have facilitated data evanluations.

Data were obtained by bag sampling using the same type of pump employed at
the stationary cutdoor sites. An integrated air sample was obtained at a
few inches below the breathing level as the person traversed the area.

The pump filled a four-liter bag contained in a backpack. (Bags were of a
five-layer material manufactured by Calibrated Instruments, Inc.) Indi-
viduals were permitted to spend short periods of time inside buildings,
but instructed to aveoid cigarette, pipe, and cigar smoke as these extra-
neous sources of carbon monoxide are unrelated to vehicular emissions. In
some inatances, the sample pump was turned off to avoid such smcke or
simply turned off during lunch. Although locations, times, and routes
were marked as the individual traversed the study area, review of the
field records indicated frequent variations in the total sampling times.
So, although the total length of the sampling period for any particular
sample 1s less than four hours (frequently 2} to 3 hours), averages were
computed of the AM and PM samples as if they were of equal time duration;

i.e., AAV and BAV are unweighted averages of their AM and PM components.

RESULTS AND DISCUSSION

Correlations between Route A and Route B samples for morning (AAM and
BAM), afternoon (APM and BPM), and combined averages of morning and

afterncon samples (AAV and BAY) were examined, Data appear in Table 3.



There was a fair degree of correlation between the combined averages
(Table 9) in view of the differences on each day between the time periocds
and sample routes. The linear regression equation for the daily combined
average of morning and afterncon samples from Route A (AAV) expressed as a
function of the daily combined average from Route B (BAV) explained about
70% of the variation in the data (square of the correlation coefficient =
0.70 for 16 pairs of samples). Correlations betwesn routss for the same
part of the day (AAM vs BAM and APM vs BPM) were greater than between
parts of the day for the "same® route® (AAM vs APM and BAM va BPM). This
suggests that influences such as meteorological and traffic conditions
varied between morming and afternoon in a less consistent manner than such
influences varied within a particular two to four hour period in the
morning (or afternoon) throughout the downtown area. The higher corre-
lation of the combined averages also suggests that variations in carbon
monoxide exposure to pedestrians who travarse this area of downtown Seattle
de'pend more on the particular day (and, perhaps, individual) than upon the

particular route.

Measured concentrations ranged from about 1.1 ppm (Route B - 10/25/77 AM
sample) to 1'.9 ppm {(Route A - 10/28/77 - °PM 3=hour sample). The averages
of morning samples for Route A and Route B seldom differed by more than

1 ppm and exceeded 2 ppm on only two occasions on (10/17 - Route A at

6.3 ppm with Route B at 8.5 ppm; and on 10/31 - Route A at 7.7 ppm and

¥ Routes traversed in the AM period for Route A were not identical to
those in the PM sampling period for Route A, although they were in the
same general sub-arsa. The same {3 true for Route B.
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Table 8. Route A and Route B Sample Data

(Carbon Monoxide Concentrations in ppam)

Day _Date ARM BAM  APM  BPM AV BAV
1 10/06 /77 - - - - - -
2 10/07/77 - 1.0 2.2 8.5 - 9.8
3 10/10/77 1.1 11.0 7.0 7.1 9.1 9.1
8 10714717 4.3 5.7 7.8 8.5 6.1 7.1
5 10/12/77 5.6 4.4 6.8 5.1 6.2 4.8
6 10/13/77 s 4.9 3.3 4.6 4.2 4.8
7 10/14/77 5.1 5.2 7.0 6.5 6.1 5.9
8 10/17/77 5.5 5.7 71 11.2 6.3 8.5
9 10718777 6.9 7.5 - - - -

10 10/19/77 6.0 5.9 7.4 7.5 6.7 6.7
" 10/20/77 - 5.9 5.3 6.4 - 6.2

12 10721777 5.5 4.0 5.5 5.2 5.5 4.6

13 10724777 6.3 4.3 1.3 2.5 3.8 3.4

1] 10725777 4.0 1.1 b.9 6.9 4.5 4.0
15 10726/77 4.5 q.2 h.9 6.6 5.7 5.4

16 10/27/71 8.2 9.0 6.5 6.1 7.4 7.6

17 10728777 6.4 7.3 1.9 10.2 9.1 8.8

18 10/3v/17 9.0 3.9 6.4 5.0 7.7 4.5

19 11/01/77 2.2 1.4 2.3 2.0 2.2 1.7

20 11/02/77 2.0 2.1 4.0 5.3 3.0 3.7

Note: Samples were of two to four hours duration for AAM, BAM, APM,

and BPM,

AAM - Route A "morning®" sample
BAM - Route B "morning® sample
APM - Route A afternocon sample
BPM - Route B afternoon sample
AAV - Unweighted average of AAM and APM
BAV - Unwelighted average of BAM and BPM
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Relationship

No. Regression Eq.
1 AAM =z 3.7+ .33 x

2 BAM =

3 AMM=

4 APM =

5. AAV =

1.7 + .58

[N

2.2 +« .69 x
1.1 « . Tt x

1.8 ¢« .78 x

Table 9 .

APM

BPM

BAM

BPM

BAV

Note:

Samples were not constant duration from day to day.

No.
of Data

Pairs

16
18
17
18
16

Indoxl/
R-39Q

.13
.23
.62
.43

.70

Regression Equations For Pedeatrian

958 cr2/

N.S.

3/

R-SQ

.59
.84
.13
.89

Data

95% cI 958 CI
A B__
2.5-49 0.3-0.2
4. 2.9 0,02 - 1.1
1.8 -2.9 0.4 -1.0
0.1 -2.1 0.3- 1.
0.8 - 2.0 0.5-1.1

The square of the correlation coefficient, R-SQ, for the linear regression equation.

The values for the 95% confidence intervals for R-3Q were interpolated from a table of
confidence intervals for R and based on the number of data pairs used for formulation of
the regresaion equation.

N.3.

AAM
BAM
APM
BPM
AAY
Bav

- Morning samples on Route 4
- Morning samples on Route B
- Afternoon samples on Route A
- Afternoon samples on Route B

- Not significant.

The 95% CI includes zero.

- Average of AAM and APM
~ Average of BAM and BPM



Route B at 4.5 ppm.). This suggasts examination of whether individual

behavior patterns in traversing the area have relatively little effect on

the carbon monoxide axposures.

It should be remembered that the pedestrian samples were not always
collected during the evening peak traffic. Unfortunataely, the variability
in sampling times in this part of the study did not permit easy comperi-
sons. Consistent sampling times would have been possible if a minimum of
two persons and four pumps had been allocated on a full-time basis to
conduct this pedestrian exposure study of two routes. Sampling periods
should have been fixed from day-to=-day and routes well-deflined in advance

as to the amount of time to be spent in a certain area.

For the pedestrian data from the October - November 1977 survey, the most

important conclusions are:

1. For sampling periods ranging from about two to four hours, the carbon
monoxide exposures of individuals acting as ordinary pedestrians

varied from 1.) ppm to 11.9 ppm.

2. On some days the average carbon monoxide exposure for a fours=hour
period may exceed 9.0 ppm for a pedestrian visiting buildings in the
downtown area. This is suggested by averages above 9.C ppm for
sampling periods of two to four hours on each of three days (10/10,

10717, and 10/28).
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RECOMMENDATIONS

If pedestrian exposure is again studied using sma.l pumps and bags,
data should bde odtained in late fall or winter. Periods of expected
traffic congestion from Christmas shopping should be examined as

values would de expected to be high.

Such a study should attempt to characterize carbon monoxide
concentrations on a one-hour (clock-hour basis) so that data may be
correlated with the state’'s permanent monitors. 4 cqonsecutive eight

hours should be examined each day.

Routes should de well-defined in advance both as to location and total
sampling duration while treaversing the route. This will eliminate

these factors as variables.

Pield crew records should be checked daily for completeness and

accuracy by the fleld manager.

Preceding page blank
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SEATTLE CO STUDY - Oct. 6 to Nov. 2, 1977

SITE IDENTIFICATION

SITE ¢ LOCATION SIDB OF STREET
1 1st 8/0 Pike v
2 lat s/o Madison E
3 lst a/o Washiagtonm E
& 2nd a/o Pine W
b] 2nd 8/o University 9
6 2nd s/o University E
7 3rd 8/0 Union v
8 4rh s8/o Pike v
9 4th s8/o Pike E
10 4th 8/0 Union v
11 4ch s/0o Madison v
12 4th a/o Cherry W
13 4th 8/o Lenors E
14 4th 8/o Pine E
15 5th a/o Pine B
16 3rd s/o Cherry v
17 6th s/o Pine E
18 6th s/o Columbia W
19 6th s/o Union E
20 Occidental s/o Weshington ]
21 9th s/0 Union 4
22 Olive e/o 5th 3
23 Pike e/o 7th ]
26 Pike e/o 4th S
25 Pike e/o 4th N
26 Pike e/o Jrd N
27 Pike w/o lst S
28 Union e/o 5th N
29 University e/o 5th S
30 Columbia e/o lat N
3l James e/o 1lst N
32 Alaskan Way s/o Universicty W
33 Alaskan Way s/o Madison W
3% James e/o 4th 5
35 Seneca e¢/o 6th N
36 Pine e/o 5th N

PERMANENT MONITORS (STATE SITES)

JAM JAMES B/0 4TH N
UNL 2ND £/0 UNIVERSITY w
SIN PIKE E/O 4TH S
PIK 4TH S/0 PIKE E
PIR 2ND S/0 MAIN W
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Seattlie Carbon Monoxide
Octaber 6 to November 2, 1977
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Seattle Carbon Monoxide
October 6 to November 2, 1977

FIGURE 11

Characteristics by Day of the Compaosite Range of Carbon Monoxide
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{10.00 A.M. 10 2:00 P.M.)

200y

lSO*T—

woy

7 CONCENTRATION (IN PPM)

e A A

e

A

e I 2 2

.

e

A

—_— Maximura

~— Moan ¢+ one standard deviation

-— Mesn one siandard deviation

— Mwwmum

'} -y 4

10/6 10/7 10710 0/1%  10/12

10/13

10794 10717 10/18  10/19 10/20 10/2} 10/24 10/26 10/26 10/27 10/28 1O/ 11/ 12

DATE (1977)




€8

Seattie Carbon Monoxide

October 6 to November 2, 1977

FICURE 12

Characteristics by Day of the Composite Range of Carbon Monoxide
Concentrations for all Sites During the ‘‘P.M."" Four-Hour Period.
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FIGURLE 15
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FIGURE 17

Seattle Carbon Monoxide
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APPENDIX A
1

SEATTLE CO STUDY -~ Oct. 6 to Rov. 2, 1177
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APPENDIX B
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SAMPLING STATIONS

Bach sampling station used in the survey contained a removadble sample pump
and a bag assembly. These were attached to a mounting arm to extend the
intake of the pump about one meter from a light pole, utility pole, or
parking meter which provided the basio support. These stations are

described as follows:

Sampling Station Parts

The sampler consists of three major parts:

1. The sample pump and bag assembly.

2. The bracket assembly which extends the pump and bag assembly meter
from the mounting unit over the sidewalk.

3. The mounting unit which attaches to a light pole or utility pole
or, with adaptations, to a parking meter. This unit holds the
entire sample pump/bag assembly and acunting arm at three meters

above ground level.

Ceneral

The major components are made of PVC plastic pipe that i3 readily available
from any plumbing supply house. The bag, which the gas samples ars
collected in, 1s made of aluminized mylar, Tedlar or other suitable plastics

compatible with the gas to be collected. The capacity of the bags is
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alightly more than four liters. The pump is an EMI, portable pulse pump,
battery operated and adjusted to collect a gas sample at one/liter hour.
The theory of bag sampling requires pumping the sample of air into the bag
at a constant rate without filling the bag. Based on this theory, flow
ad justments are quite simple and require no flow meters, only visual

inspection to determine the quantity of air in the bag.

le P and Assembl

The support assembly conaists of two J-inch diameter sewage znd drain caps
{Part Nos. 15 and 16) that are held together or *%z edge by two 1/8-inch x
1/8«inch pop rivets. The pump is held in one cap by a 2-inch, 10-32 screw
which fits in the top of the EMI sample pump. To protect the pump, a shield
made of U-inch diameter sewer and drain (S&D) pipe (Part No. 17) is slipped
inte the U-inch cap (Part No. 16). The shield can be removed for access to
the pump. The other G<inch cap fits on top of the bag tube and thereby,

secures the pump to the bag assembly.

The rectangular bag (Part No. 25) is designed to fit into the U-~inch
diameter bag oylinder (Part No. 20) and is held in place 'y a Robert's
valve. Onee-inch high, four-inch long strips of 10-ail, clear, rigid plastic
{available at air supply stores) are placed across the width of the bdag at
four equally spaced places with an additional ones at the top and bottom for
a total of six strips. The strips, secured with double dack tape, are
placed on the valve side of the bag and aid unifcrm collapaing of the bag by

maintaining the bag flat against the side of the cylinder. To provide for
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mount ing the assembly to the bracket, a 1-1/4" diameter sewer and drain pipe
(Part No. 22) ia riveted to the side (Part Ho. 20) wi“h two 1/8™ x 1/8" pop
rivets and washers. If these ars not aligned vertically, the bag assembdly

will "1ist” from the vertical when mounted on tha bdraocket.

A bottom cap (Part No. 21) with a 3/87 hole in the center for draining
moisturs protects the bag from weathsr and vandalism. An eye bolt (Part No.
23), secured in the upper three inches of the tube, is used when moving the
bag/pump unit at heights. A hook at the end of a long, hand-held pole 1is
inserted in the eye bolt to lift and lower the sample pump/bag asseadly when

it 1is mounted above a person's reach.

Bracket Assembly

The bdracket asseambly ccnsists of a triangle structure to extand the sampler
at least one meter froa the curb over the side walk. The triangle is
conutructed of whits, PVC Schedule 40 pipe and fittings as shown in Parts !
through 14, Bonding with PVC cement is required for the following pieces:
S, 6, 7, 9, and 10; 11, 12, and 13; 1 and 14; 2, 3, and 4. No other joints
require cementing. This allows disassembling into four pieces for ease in

storage and transport.

Parts 2, 3 and 4 (cemented together) are required for pole mounting where
the bracket must fit over a one-inch dlameter pipe. Pa-t 24 is substituted
for these when the bracket assembly is dounted on a one-inch Jiameter pole

attached to a parking meter. Part No. 24 is slipped over the one-inch
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diameter pipe attached to the parking meter. The bag assemdly is attached

to “he bracket assembly by Part No. 22 s:.pping over Part No. 8.

Mounting
For oounting on a light pols or any six-inch through twenty-four inch

diameter pole, two Radio Shack "Chimmney TV antenna mounts® with adjustable
straps are required and attached to Part No. 3. Por mounting on a parking
meter, two 5 feet long, steel TV antenna poles (Part No. 28) are required
along with two R-inch gutter mounts. Both are available from Radio Shacl.
Rebending the gutter mounts may be necessary if the parking meter's vertical
pipe is less than four inches in diameter. Fart 28 of the triangle assembly
slips over the 1* pipe. Steel pipe should be used decause aluminum does not

have the desired strength.

To remove the sample pump and bag asseably (with the sample inside) from the
bracket assembly, an eight-foot wooden pole with a hook at the top and a six
inch diameter, plastic collar at twenty-four inches from the top is used.
The collar is slipped around the lower end of the sample bag tude and the
hook is engaged to the eye (Part No. 23). The pump/bag assembly can then be

lifted up over Part No. 8, disengaging it from the bracket assembly.

Two or more bag assemblies ars usually desired for each pump assembly. This
permits nearly continuous 8-hour samples by using two 4-hour bags
sequentially with the same pump assembly. (Changing the dag assembly

requires less than a aminute.)
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APPENDIX C

Outdoor Study Site and Permanent Monitoring Site Data
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RANW DATA SOQTED BY SITE FOR rOUR-HOUR BAG SAMPLES AND CALCULATED EIGHT-HOUR AVERAGES
EPA SIUDY SITES

STUDY (ppm OF CARBON MONOXIDR)

RECNO DATE  SITE AML/pmd/ Avc3/MAIN $1.  CRosS ST. SIDE RATIO AM/PM
1 10 08T? te.8 1a. 11.8 187 $/0 PICE v ..
3 1RIMn 9. 13. 11.0 $T 70 PIKE 7] .?
3 wwie M 1. 10. 10.1 14 Q P '] 1.1
4 191 M 6.3 18. 0.4 T -Q PIxE '] .6
€ 10 13- ?. . . 14 +0 PICE "] g
& 1013 M q. 8. [ B ? /0 PLAE I .
7 10 14.% : L. = T 0P v 1.0
s 13101 NEET) . T 70 PIKK v 9
# 10 18:7? 9. 9.8 9. 1 /0 PIXKE v 1.0
1 10197 6. 7.0 6.3 4 QP v .9
11 16-20/77 . 13. .0 T 70 PIKE '] .0
12 10/°24/? ?. 8.0 8.4 187 70 ®Iki '] 9
13 1024/ ?. ). s. 15¢ 20 PIXE ] 1.9
t4 10/35/M 4.0 9. 6. 18t 70 PIKE u .4
1S 10-26/7? .0 [ B s. 14 70 PIXE '] .8
6 10- M 16.8 12, 11. 1 40 PIKE v 9
7 1028/ 12.4 19.9 16. 14 70 PIKE v .6
8 1031/ .0 9.8 1. 1 70 PIKE "] .$
19 11-01/2? p. 4 d.4 2.0 187 70 PIKE '} .?

20 11/02:77 4. 7.7 6.3 151 70 PIXE ) .6
21 10-86/17 8.6 3.1 4. 34 70 RADTSOM 1.9
2 18/07/7? e. 38 2.9 18t 70 RADISOM .7
1 1en 4.0 8.2 .. 1 70 RADISOH .8
IRt V8;) 3. 3.1 3.4 T 70 RADISON 1.3
S 10/12/1? 3. 4.0 1.9 187 70 RADISON 1.8
6 16-13/17 . 1.8 3.4 187 70 RADISOM .9 2
7 1N 4. 4.2 a“y 1 /0 RADISOM 1.8
28 1017/7 4. 3.8 4.0 1 /0 NAD1SOM 1.1 o
29 101877 2.3 6.0 4.7 187 70 RADISON . - g
¥ 10410/ 3. 4.1 3.6 T 70 RaDISOM .
1 18200 3. 4.8 3.9 T 70 BADISON . g
32 16-28,7? 4. €.1 4.6 4 /Q RADISOM .8
33 1824/ 3. 1.) 2.6 1 70 RADISOM 3.0 o
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S8 1o/ 1M? 4.0 4. 4.5 13° 20 UASHIMNGTON 1.
59 11/81,72 3.0 2. 1.7 157 /0 UASHINGTON 1.3
11-62,77 .3 st 6.9 181 70 UASHINGTON 1.§

1. Average carton monoxide for the 10 A.M. to 2 P.M. pertod.

2, Averdge carbon monoxide for the 2 P.'f, to 6 P.M, period.

3. Averaez carbon monoxide for the 10 A.Il. to 6 P.HM. period, based on average of two four-hou. samples.
NOTE: Any appedrance of zero as a data entry indicates the absence of valid data snd should not be confused with a

reported value of zero. All viable samples during the survey had detectable CO. Values of zero were omitted
from statistical calculzcivua.
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FPOOTNOTE PAGE FOR TABLE C-2

1. Average carbon monoxide (in ppm) for the 10:00
2. Average carbon monoxide (in ppm) for the 10:00
E/O 4th, north eide) perma .- at site.

3. BRatio of values frow footnote 1 to values from
4. Average carbon monoxide (in ppm) for the 10:00
S/0 Univeraity, west side) permanent site.

5. Ratio of values from footnote 1 to valw.es from
6. Average carbon monoxide (in ppm) for the 10:00

south side) permanent eite.
7. Ratio of values from footnote 1 to values from
8. Average carbon monoxide (in ppm) for the 10:00
Pike, east side) permanent site.
9. Ratio of values from footnote 1 to values from
10. Average carbon monoxide (1in ppm) for the 10:00
Main, west eide) permanent aite.
11. Ratio of values from footnote 1 to values from
NOTE:

a.m. to 6:00 p.w.

a.m. to 6:00 p.m.

footnote 2.

a.m. to 6:00 p.m,

footnote 4.

a.m. to 6:00 p.m.

footnote 6.

a.m, to 6;00 p.m.

footnote 8.

a.m. to 6:00 p.m.

footnote 10.

period

period

period

period

period

pericd

at

at

at

at

at

at

each EPA study eite.

the James Street (James

the University Street (2nd

the Singer (Pike E/O 4th,

the Pike Street (4cth S/0

the Fire Station (2nd S/O0

Any appearance of zero as a data entry indicates the absence of valid data and should not be confused

with a reported value of zero. All viable samples during the survey had detectable CO. Values of
zero were omitted from sctatistical calculations.
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TABLE C-3
COHPARISON OF EPA STUDY SITE AVERAGE CARBON HONOXTDE CONCENTRATIONS TO
£V'A STUDY SiIE/PEBMANENT SiTE RATIOS
( SOATED BY SITE AND STUDY SITE AVERAGE )
M0 DaTE sy auch RS IV 2y LN A R Y/ a.c.o"-ucﬁ‘—, ]

1088 ¢. o4 . | B 1.3 1. 1. .
g 10333 138 S I8 B | T B TR i
19-23/7 11.4 1. 11.4 3.0 . 1.9 1t.¢ 2.4 1.
4 10.08/77 11.8 1. i1.€ 1.1 i, i. 1.9 1.2 i
o397 16.9 1. 16.8 5.6 18, 1.4 1¢.9 .4 ie.
t 14em .3 1.4 ). ? 1.3 . i, 0.7 t.8 ).
T 1044 .8 . .8 l.; .8 1. e.8 .4 .8
8 1047 -8 . 1 ] t. .8 . 9.8 -8 .8
0 a2t .4 1. 4 N .4 . 8.4 .? o
s 16,3517 ] . .3 1.3 . 1. 7.3 N ]
11 1821478 6.8 ol .9 1.1 o t. 4.9 4 4.
13 te/26/Mm .8 o N ] N . . 8.6 .8 .
(3 18,10-17 .$ . .$ 1.8 . 1. 6.8 N3 .
14 1L,02/72 .3 . .3 1.3 . 1. 4.2 .9 .
18 1e.26/7 .8 . .8 .? . . §.8 8 .
16 182477 8 1. .8 1.1 . . $.¢ .7 .
1?7 te/i3/17 .2 . .3 i.4 . - $.2 .4 .
s 1L/017 .9 . .9 .8 s ) - 1.9 & .
19 1610/ M N o ] -¢ . . .0 .8 .
20 620 .6 o N ) N} . o4 R} N N
g1 1820 7.4 N 7.4 .9 7.4 . T.4 1.0 1.4
22 167281 1.0 N 7.0 8 7.0 N 7.0 .$ 7.0
2) (848772 4.7 7 4.7 8 4.7 o 4.7 N ) 4.7
21 1800 4.8 & 4.6 .? 4.4 . 4.6 N ] 4.8
2s 1t/ 4.8 t.¢ 4.8 4 4. . 4.8 o4 4.8
% 107067 4.5 " 4.5 .4 4. . 4.8 .$ 4.8
27 1erveen 4.1 ot 4.1 .7 4. . 4. 3 4.1
21 /i vvm 4.0 0 4.0 .8 4. - 4.0 N 4.4
20 11 2oMm 3.9 .2 3.9 .0 3. . 3.9 5 .9
M 16/20-7M 3.0 <5 3.0 .4 3.1 . 3.9 .4 3.0
N tesspM 3.6 4 3.8 .8 3.4 . 3.4 o] N ]
32 ey [ . J.a % ) 3.4 .4 d.4 N 3.4 . 2.4
31 1870212 1.4 4 3.4 9 3.4 o 3.4 " 3.4
3 1es02/77 2.9 .$ 2.9 .$ - of 2.9 N .9
» 10250 t.? .6 2.7 s ) . . 3.7 . .2
36 tes2esT? &.4 N 1.6 N N o4 2.6 . N |
7 1702, 1.8 N ] t.8 N o4 . 1.8 . .9
i 1-U/M 1.4 N ] 1.4 o8 -4 . 1.4 o 4
¥ ti8tm 1.8 N ] 1.2 -] " . 1.2 . 1.2
@9 10267 N ] N} N . . . .9 . .0
41 ssarm 11.¢ N ] i11.9 . 11. « 1.9 . 13.6
42 5006 b 10.0 1.7 0.2 1. 18. 1. te.2 L. 16.2
43 182407 b 8.8 t.8 8.4 B 8. . 1.9 .? -$
44 16211 p 1.2 .. 1.2 .8 T . 1.2 .9 .&
45 11/02-10 d [N} .¢ s.0 L.4 . 1. 6.9 1.0 .9
16 10287 ] 8.4 .4 4.4 .? .4 N .4 .7 -4
A e b 6.3 1.¢ 6.3 ol - . 6.3 .1 > ]
0 10726 0.9 N e . . . 6.0 N ) .9
9 18117 4.8 N ] 4.9 1. 4. . 4.0 .0 4.9
0718-77 4.3 ] 4.3 . 4, . 4.3 .? 4.3
s esi0/M b 4.8 . 4.8 . 4, . 4.2 .0 4.2
82 18/94M 3 4.1 « 4.4 . 4. . 4.1 .3 4.
(3] /4,1 b 4, 1.8 4.1 .8 4. o 4. N 4.’
§1 te3im 3 4. .0 4.4 . 4. . 4. .8 4.1
111 (T84 p 4. N i 4.’ 1. 4. o 4. 4 4.6
€ 1011y 3 3.? N ] ; . . . 3.? «3 N4
(34 (M 1lssd 3.6 N .0 . 3. . 3.0 .8 !..
0 1181/ 7) b 2.? N ] [ 8] . 1. . 2.1 .8 2.7
8 119 N ] N N ] . ] N .4 .4 N )
8 1626/ .0 N . . . ol .4 N N ]

1-10 SEE FOOTHOTE PAGE
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10.

NOTE

FOOTNOTE PAGE FOR TABLES C-3 and C-4&

Average carbon monoxids (in ppm) for tha 10:00 a.m. to 6:00 p.m. period st each EPA study site.

Ratio of study site to James Street (James E/O &th, north side) permanent site,
Same as footnote 1.

fatio of study site to University (2nd $/0 University, weast side) permanent site.
Same as footnote 1.

Ratio of study eite to Singer (Pike B/O 4th, eouth side) permanent site.

Sume as footnote 1.

Ratio of study site to Pike Street (Ath 8/0 Pike, east nide) permanent site.

Same as footnote 1.

Ratio of study site to Fire Stotion (2nd $/0 Main, west side) permanent site.

: Any appearance of zero as a data entry indicates the absence of valid data snd should not be confused

vith a reported value ¢! zero. AL’ viable samples during the survey had detectable CO.
zero were omitted from statistical calculations.

Values of
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TABLE C-5 1/
CONCENTRATIONS OF CARBON HONOXTDE AT THE PERMANENT SITES
(PFM OF CARBON MONOXIDE )

RECMO  BAYE SIT WML MRIE HRID HALSE MRIS RIS MR MRID AMC PRC
‘08 AR . . . . . . . . . . .
10 ” ¢ 1 [ 1 [ ! 8.0
18-37.27 oo 4.0} . I N . N N I X IR
1810-7F Janm . f | [ ] . 1} 18.4 . .4 18, .
10:44/77 Ja 9. . 9.8 10.90 9. 13. 4.4 5. 0. 1. 10,
1033797 JaB 4. 4. 4, 5.9 4. . 4, ;. 4. . 4.
18-13:1  Jan .4 1 6.6 0.0 l:. 1. 1o, . 9. . .9
10-14/.72 Jar 9, 19. 16. . . 18, 11. 8.8 10.6 1} it
10-17.37  Jan . . [] 4. ‘. 6.6 4. v . B
18918/ JAn 6. . 6. 4. -9 1R 1.4 4. ‘. . ?.
16-19/77 Jan 38. . 9. 18, l‘. 1. i) 8. -3 10, l’.
18-28-77 JAn . . 8. 1. . o4 . 4. [ . .
1031027 I 4b 46 8 b 4 A ke eh e g 4l
1624077 Jan 8. 3. ). 3.8 2. 4. ). [ 3. . 3.4
14 16-25/72 Jan . .8 . .$ . . . » . » o
18 10-26.97 I | : N SR T . . N SN T .
lg 18-27,.97 JMA . B . .8 . » . B . . .
17 1020020 Jm 4 8 & 8 ] . . N T :
18 i02-7 o N SR TN S T . N S S .
§ 11-0179) I 8. ;. g. . 2.6 . 3. 3 . g. .
0 11-02:97 Jan . .8 » . 3.4 . 4, 4. -8 . .
1 180617 lll; ‘. 9. 1. 8. 14, 18, 14, 4. [ B l;. 18,
i 18-02/77 N . €. . .. 16.8 $1.86 4. 4.5 . g.
3 10-10.27 nf 18 NN .8 6.0 S0 NS ¢ .
4 1811477 UM $.0 4 1 1.8 . s1.0 16, 4. [ B . 7.1
i 147 Wl 88 2. & 1.6 2.8 120 120 & 8 @& X
2 1041377 M 4. 3e ). 4. 4. “8 $. 3. 3. 4. z.
37 16-14.77 Rl 60 46 8.0 46 64 124 e &8 4. . .
20 186122717 m 4. 4“0 8. . $. . [ B 4.0 4. . 4.
10 1644877 ol 8.0 B8 48 60 106 0.6 1. §s o g
30 101917 4. 4.0 8. 9 4. - g . 4. 4. 4.4
M 102000 Nt 6.0 8.8 146 16 $: 4 e B o af &
2 1021077 W 68 88 1. I ¥ . A4 08 E e gl
3 102491 Nl 108 B8 . €« A et a8 ) a8 e
34 18-26077 U 4. 4. . . I . 11, 13. 4. . -4 .
¥ 182677 i 6.8 6.4 6. . NS INERTH Y S X AT % N
M 10.22/77 N NENTH 8. 19. 1A 15,8 12 5. . . .
37 142070 WM 440 10.6 10.6 108 136 R4 B4 40 1108 146 12
i’ 103N ) 4, g. b 8. B 8. ). 8 .8 I:. 4. 7. J
3P 11007 vl 30 36 28 3. : : : 4 ) . :
:: “’:Eln llt'l. 4. l:. ) :.l 4.. ) 8. . . T. 4. . ‘.1
786s 1. - . .¢ . ). 4 . , . 9. .
2 1001 lu ‘ 4. 1. . 4.% ' ; ! ). = ’ . 8.4
9 1T 4in 0 e 6. . . . 4 &8¢ £ 4
44 161127 Sin . 2.4 8. . .8 . 118 g. . o3 4
€ 101277 sin 88 9. . . . AN B S N S
4 16437 40§10 e 4 0 ¢ . 4§t & : :
P RTAC I LI : . oe & . : S i B
4 161217 §in 8. NI B N I N . IR N T .
40 18907 L] ’. . . 4. B 4 . . . . .
% 18/19.77 N . . . . . . . E : . .
i} 18-26,7% ) . . . . . , 1. . . . .
[ 1 18-31.97 SN 7, , ' . . 13, 1. 1). -3 18 .
§1 10.2477 SIH 160 g . . . : R : :
84 10.26/77 ] . . 4. . . 1. 18, . . . s
8 18-26/72 N 8. . g . . . . . . . T.
S8 10.31/77 M 116 6. . NI N I REETX I . :
€7 te 2t LRI . Iz- 1y. . Ii . . 1). 19. 1). 8.
$8 10,3127 4In 68 0. 4. it B ¥ . Rt R B & : :
9 110177 GtW 6 8 . N S . . i SR TR B
8 116/ n 4. 8. 8. s. s. 8. 1. 9. 4. 7. 6.

1. SLE FOOTNOTE PAGE FOR DETAILS
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FOO'\NOTE PAGE FOR TABLE C-5

1. Plve permanent sites were constldered:

A

"JAH” - denotes the @lte at James E/O Ath on the north side.

“UN1" - denotes the site at 2nd S/0 Universfcty on the weet side,

"SIN" - denotes the uwite at Plke E/O 4th on the south side.

“PIK"” - denotes the site at 4th S/0 Pike on the east side.

“FIK" - denotes the alte at Znd S/0 Main on the west snide.

Data were from hourly averages of continuous NDIR measurements of CO reported by the Washington

Department of Ecology.

for any hour.

NOTE:

Any uppearance of zero as a dsta entry indicates the absence of valid data and should not be
confuscd with a reported value of zero. All viable samples dusing the survey had detectable

Co.

Valuea of gero were omitted from statiastical calculativns.

State

Pour-hour and elght-hour averages were not calculated here if data were missing
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APPE¥DIX D

Seattle CO Survey/Indoor Tape-Indoor Bag-Corresponding
OQutdoor Site Comparisons

TABLE TITLE PAGE

D=1 Indoor Site SIN1: Cobb Medical Building 2

D=2 Indoor Site SIN2: Singer's Retail Store 3

D-3 Indoor Site SIN3: Seattle First National 4
Bank

D-4 Indoor Site SINU: National Park Service 5

D-5 Indoor Site SINS: Central Hotel 5



Table D-1. Seattle CO Survey/Indoor Tape - Indoor Bag - Corresponding Outdoor Site Comparisons
(Results in ppm of Carbon Monoxide)

Indoor Site SIN1: Cobb Medical Building (first floor) on Fourth Avenue south of University

i977 AM PM Eight-Hour Average

Date Jite 10 Indoor Bag Indoor Tape Site 10 Indoor Bag Indoc-~ Tape Site 10 indoor Bag Indoor Tape

10/06 10.0 -— - 12.8 - 8.2 11.8 - -—
10/07 - - - - - - - - -
10710 9.0 - 8.3 8.8 —_— 6.8 8.6 - 7.6
10711 5.6 — - 7.0 T.0 - - - -
10/12 12.5 9.5 7.4 12.2 6.5 5.1 12.3 8.0 6.2
10/13 4.2 5.3 4.9 4.8 6.0 5.9 5.5 5.6 5.5
10/14 5.6 5.1 S.4 5.0 5.9 5.% 5.3 5.5 2.8
10/17 3.8 - - 7.3 7.0 4.4 5.6 - 3.8
10718 7.% - 6.7 11.2 - 6.2 9.8 - 7.6
10/19 4.9 - 5.9 6.1 6.0 6.3 5.5 —-— 6.1
10/20 5.5 6.5 6.0 11.8 6.0 6.5 8.1 6.2 6.2
10/21 12.t 8.0 6.7 17.8 9.0 11.6 15.0 8.5 9.1
10724 9.9 6.1 6.6 5.7 2.9 3.4 7.8 4.5 5.0
10/25 5.8 3.9 4.2 2.8 y.5 6.4 §.3 §.2 5.3
10/26 8.0 5.6 6.1 9.1 4.2 5.2 8.6 8.9 5.6
16/27 13.0 10.0 9.3 8.9 6.0 - 11.0 8.0 -
10/28 .4 9.0 9.0 15.6 11.2 10.6 15.0 10.1 3.8
10/ - 4.8 6.0 9.6 4.9 7.8 9.6 4.8 6.9
11/0% 3.9 3.0 3.0 4.3 2.7 3.9 8.1 2.8 3.8
11/02 5.1 3.2 5.2 11.0 5.0 7.6 8.1 5.1 6.%

NOTES: AM - 10 AM to 2 PM period
PM - 2 PM Lo 6 PM period
8-Hr. Avg. - Average of AM and PM data

[4
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Table D-2. Seattle CO Survey/Indoor Tape - Indoor Bag - Corresponding Outdoor Site Comparisona
(Results in ppm of Carbon Monoxide)

Indoor Site SIN2: Singer's Retail Store (first floor) on Pike east of Fourth Avenue

1977 AM PM _ Eight-Hour Average
Date Site 24 Indoor Bag Indoor Tape Site 24 Indoor Bag Indoor Tape Site 24 Indoor Bag
10706 -- - - 8.0 - - 8.0 -
10,07 6.2 - - 6.1 - - 6.2 -
19710 6.0 - 7.2 5.1 - 6.9 5.6 -
10711 5.0 5.0 5.0 5.1 7.0 - 5.1 6.0
10712 8.4 8.0 - 7.2 7.0 - 7.8 7.5
10713 2.9 4.5 40 3.6 4.5 4.2 3.8 4.5
10/14 3.1 3.9 4.0 4.0 3.9 4.8 3.6 3.9
10/17 3.9 5.8 4.2 7.2 - - 5.6 -
10718 - 5.1 3.7 6.2 5.9 h. 2 - 5.5
10/19 4.y -- 2.6 4.9 - 3.1 8.7 -
10/20 - 5.5 - 5.4 5.8 - 5.8 5.6
10/21 8.1 10.1 - 11.0 7.5 - 9.6 8.8
10/24 5.5 6.2 - 4.6 4.5 - 5.1 5.4
10/25 4.3 4.0 -— 8.2 - - 6.3 -
10/26 5.5 - - 5.9 5.2 - 5.7 -
107217 10.7 8.6 - 6.4 5.9 - 8.8 7.2
10728 9.3 - - 12.0 -— - 10.7 -—
10/31 4.7 6.0 - 7.2 5.2 - 6.0 5.6
11/01 30 2.6 - 3.3 - - 3.2 -
11/02 4.0 3.0 - 6.6 - - 5.3 -

NOTES: AM - 10 AM to 2 PM period
PM - 2 PM to 6 PM perlod
6-Hr. Avg. - Average of AM and PM data

£
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Table D-3. Seattle CO Survey/Indoor Tape - Indoor Bag -~ Corresponding Qutdoor Site Compartisons
(Results in ppm of Carbon Monoxide)

Indoor Site SIN3: Seattle Firat National Bank (’second floor) at Plke east of Fourth Avenue

1977 AM PH Eight-Hour Average
Data Site 25 Indoor Tape Site 25 Indoor Tape Site 25 Indoor Tape
10/20 6.1 3.0 6.2 - 6.2 -
10/21 5.8 3.8 B.0 3.3 6.9 3.2
10/24 5.0 - 3.0 -— 5.0 -
10/25 3.3 2.8 5.2 3.5 4.3 j.2
10/26 4.2 e.u 5.2 2.0 8.7 2.3

NOTES:

AM - 10 AM to 2 PM perlod
PM - 2 PM to 6 PM periocd
8-Hr. Avg. - Average of AM and PM data

Y
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Table D-4. Seattle CO Survey/Indoor Tape - Indoor Bag - Corresponding Outdoor Site Compariscns
(Results 1n ppm of Carbon Monoxide)

Indoor Site SINU: National Park Scrvice (fifth floor of Fourth and Pike Buflding) at souther.st corner of Fourth
Avenue and Pike Street

1977 AM M Eight-Hour Average
Date Site 9 Indour Tape Site 9 Indoor Tape Site 9 Indoor Tape
10/27 10.3 - 6.1 4.6 8.2 --
10/28 10.8 7.2 17.1 8.9 .0 8.0
10/31 9.0 - 8.6 - 8.8 --
11/0% 4.5 3.2 5.2 - 4.9 --
11702 6.2 hoo 8.8 4.4 1.5 4.2

Indoor Site SIN5: Central Hotel {(third floor) on Fifth Avenue south of Pine Street

1977 AM PM Eight-tiour Average
Date Site 15 Indoor Bag Site 15 Indoor Bag Site 15 Indoor Bag
10/27 11.0 - 4.2 3.3 7.6 --
10/28 9.% 1.7 11.1 5.0 10.3 q.1
10/3° 2.9 - 3.% - 3.2 -
11/0% 1.5 3.1 1.3 1.2 1.4 2.2
11702 1.9 3.6 3.9 2.7 2.9 3.2
NOTES: AM - 10 AM to 2 PM periad

PH - 2 PH to 6 PM period
B8-Hr. Avg. - Average of AM and PM data
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NOTE: 24 HOUR AVERAGE WEEKDAY TRAFFIC ADAPTED
FROM MAP PUBLISHED BY CITY OF SEATTLE,
TRAFFIC AND TRANSPORTATION DIVISIUN

« NORIM
“1'» :. . A ai  .m

-

TRAFFIC VOLUME SCALE
(24 Hour Average Weekday Traffic)
UP 10 UP TO UP 1O uUP TO

6,000 10,000 16,000 20,000

. ' - 1"’;.,2;‘ -
w §7" #* %49 CARBON MONOXIDE STUDY
_ TRAFFIC FLOWS
SEATTLE CENTRAL BUSINESS DISTRICT

1976






