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I. INTRODUCTION

The 1995 Air Quality Summary of ambient air quality in Connecticut is a compilation of air
pollutant measurements made at the official air monitoring network sites operated by the Department
of Environmental Protection (DEP) .

A. OVERVIEW OF AIR POLLUTANT CONCENTRATIONS IN CONNECTICUT

The assessment of ambient air quality in Connecticut is made by comparing the measured
concentrations of a pollutant to each of two Federal air quality standards. The first is the primary
standard which is established to protect public health with an adequate margin of safety. The second is
the secondary standard which is established to protect plants and animals and to prevent economic
damage. The specific air quality standards are listed in Table 1-1 along with the time and data constraints
imposed on each.

The following section briefly describes the status of Connecticut’s air quality for the year 1995.
More detailed discussions of each of the six pollutants are provided in subsequent sections of this Air
Quality Summary. :

1. PARTICULATE MATTER (PMjg)

Revision of the Particulate Matter Standard - In 1971, the federal Environmental Protection
Agency (EPA) promulgated primary and secondary national ambient air quality standards for
particulate matter, measured as total suspended particulates or “TSP.” The primary standards
were set at 260 pg/m3, 24-hour average not to be exceeded more than once per year, and 75
pg/m3, annual geometric mean. The secondary standard was set at 150 pg/m3, 24-hour average
not to be exceeded more than once per year. These standards were adopted by the state of
Connecticut in 1972,

In accordance with sections 108 and 109 of the Clean Air Act, EPA has reviewed and revised
the health and welfare criteria upon which these primary and secondary particulate matter
standards were based. EPA found that a size-specific indicator for primary standards representing
small particles was warranted and that it should include particles of diameter less than or equal to
a nominal 10 micrometers “cut point.” Such a standard would place substantially greater emphasis
on controlling small particles than does a TSP indicator, but would not completely exclude larger
particles from all control.

On March 20, 1984, EPA proposed changes in the standards for particulate matter based on
its review and revision of the health and welfare criteria. On July 1, 1987, EPA announced its final
decisions regarding these changes. They include: (1) replacing TSP as the indicator for particulate
matter for the ambient standards with a new indicator that includes only those particles with an
aerodynamic diameter less than or equal to a nominal 10 micrometers (PM0); (2) replacing the 24-
hour primary TSP standard with a 24-hour PMjo standard of 150 pg/m3 with no more than one
expected exceedance per year; (3) replacing the annual primary TSP standard with a PM g standard
of 50 ug/m3, expected annual arithmetic mean; and (4) replacing the secondary TSP standard with
24-hour and annual PM;g standards that are identical in all respects to the primary standards. On
July 7, 1993 the state of Connecticut adopted these new standards for particulate matter.




Compliance Assessment - Measured PMqg concentrations during 1995 did not exceed the
50 pg/m3 level of the primary and secondary annual standards or the 150 pg/m3 level of the
primary and secondary 24-hour standards at any site. Furthermore, the 24-hour standards were
not violated because the “expected number of exceedances” for the most recent 3 years at each
site did not exceed one per year. The annual standards were also not violated because the
“expected annual mean” for the most recent 3 years at each site did not exceed 50 pg/m3.

2. SULFUR DIOXIDE (505)

Compliance Assessment - None of the air quality standards for sulfur dioxide were
exceeded in Connecticut in 1995. Measured concentrations were below the 80 ug/m3 primary
annual standard, the 365 pg/m3 primary 24-hour standard, and the 1300 png/m3 secondary 3-hour
standard at all monitoring sites.

3. OZONE (03)

National. Ambient Air Quality Standard (NAAQS) - On February 8, 1979, the U.S.
Environmental Protection Agency (EPA) established an ambient air quality standard for ozone of
0.12 ppm for a one-hour average. That level is not to be exceeded more than once per year.
Furthermore, in order to determine compliance with the 0.12 ppm ozone standard, EPA directs the
states to record the number of daily exceedances of 0.12 ppm at a given monitoring site over a
consecutive 3-year period and then calculate the average number of daily exceedances for this
interval. If the resulting average value is less than or equal to 1.0, (that is, if the fourth highest
daily value in a consecutive 3-year period is less than or equal to 0.12 ppm), the ozone standard is
considered to be attained at that site. The definition of the pollutant was also changed, along
with the numerical value of the standard, partly because the instruments used to measure
photochemical oxidants in the air really measure only ozone. Ozone is one of a group of chemicals
which are formed photochemically in the air and are called photochemical oxidants. In the past,
the two terms have often been used interchangeably. This Air Quality Summary uses the term
"ozone" in conjunction with the new NAAQS to reflect the changes in both the numerical value of
- the NAAQS and the definition of the pollutant. '

Compliance Assessment - The primary 1-hour ozone standard was exceeded at all eleven
DEP ozone monitoring sites in 1995 (see Table 1-2). Nonattainment of the standard remains a fact
at all the sites in 1995 because the average number of annual exceedances at each site was greater
than one per year over the period 1993-1995.

4, NITROGEN DIOXIDE (NO3)

Compliance Assessment - The annual average NO; standard of 100 pg/m3 was not
exceeded at any site in Connecticut in 1995.

5. CARBON MONOXIDE (CO)

Compliance Assessment - The primary 8-hour standard of 9 ppm was exceeded once at one
of the five carbon monoxide monitoring sites in Connecticut during 1995. However, the 8-hour
standard was not violated in 1995 because none of the sites experienced two exceedances.



There were no exceedances of the primary 1-hour standard of 35 ppm at any carbon
monoxide monitoring site in Connecticut in 1995.

6. LEAD (Pb)
Compliance Assessment - The primary and secondary ambient air quality standard for lead
is 1.5 pg/m3, maximum arithmetic mean averaged over three consecutive calendar months. As has

been the case since 1980, the lead standard was not exceeded at any site in Connecticut during
1995. ‘

B. AIR MONITORING NETWORK

A computerized Air Monitoring Network consisting of an IBM System 7 computer and numerous
telemetered monitoring sites has operated in Connecticut for several years. In 1985, this data acquisition
system was modernized by installing new data loggers at the monitoring sites and replacing the.
dedicated IBM System 7 computer with a non-dedicated Data General Eclipse MV10000 computer, which
was replaced in 1988 with a MV15000 model. This essentially improved both data accuracy and data
capture. As many as 14 measurement parameters are transmitted from a site via telephone lines to the
Data General unit located in the DEP Hartford office. The data are then compiled three times daily into
24-hour summaries. The telemetered sites are located in the towns of Bridgeport (3), Danbury, East
Hartford (2), East Haven, Enfield, Greenwich, Groton (2), Hartford (3), Madison, Mansfield, Middletown,
New Haven (2), Stafford, Stamford (2), Stratford, Torrington and Waterbury.

Continuously measured parameters include the pollutants sulfur dioxide, particulates (measured as
PM1), carbon monoxide, nitric oxide, total nitrogen oxides and ozone. Meteorological data consists of
wind speed and direction, wind horizontal sigma, temperature, precipitation, barometric pressure, solar
radiation and dew point. Other parameters used for quality assurance and troubleshooting are room
temperature, calibrator oven temperature, line voltage and air flow.

The real-time capabilities of the telemetry network have enabled the Air Monitoring Unit to report
the Pollutant Standards Index for a number of towns on a daily basis while continuously keeping a close
watch for high pollution levels which may occur during adverse weather conditions.

The complete monitoring network used in 1995 consisted of the following:

29 Particulate matter (PM4q) hi-vol samplers
1 Particulate matter (PM1g) analyzer
5 Lead hi-vol samplers
13 Sulfur dioxide analyzers
11 Ozone analyzers
3 Nitrogen dioxide analyzers
5 Carbon monoxide analyzers

A complete description of all permanent air monitoring sites in Connecticut operated by DEP in

1995 is available from the Department of Environmental Protection, Bureau of Air Management,
Monitoring and Radiation Division, 79 EIm Street, Hartford, Connecticut, 06106-5127.

C. POLLUTANT STANDARDS INDEX

The Poliutant Standards Index (PSI) is a daily air quality index recommended for common use in
state and local agencies by the U.S. Environmental Protection Agency. Starting on November 15, 1976,
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Connecticut began reporting the PSI on a 7-day basis, but is currently reporting the PSI on a 5-day basis
(i.e., with predictions for the weekends). The PSI incorporates three pollutants : sulfur dioxide, PM4g and
ozone. The index converts each air pollutant concentration into a normalized number where the
National Ambient Air Quality Standard for each pollutant corresponds to PSI = 100 and the Significant
Harm Level corresponds to PSI = 500.

Figure 1-1 shows the breakdown of index values for the commonly reported pollutants (PM1g, SO>,
and O3) in Connecticut. For the winter of 1995, Connecticut reported the PMqg PS! for the towns of
Bridgeport, Danbury, East Hartford, Enfield, Greenwich, Groton, Hartford, Meriden, Middletown, New
Britain, New Haven, Norwalk, Norwich, Stamford, Torrington, Voluntown, Wallingford, Waterbury and
Willimantic; and reported the sulfur dioxide PSI for the towns of Bridgeport, Danbury, East Hartford, East
Haven, Enfield, Greenwich, Groton, Hartford, Mansfield, New Haven, Stamford, and Waterbury. For the
summer, the ozone PSI was reported for the towns of Bridgeport, Danbury, East Hartford, Greenwich,
Groton, Madison, Middletown, New Haven, Stafford, Stratford and Torrington. Each day, the poliutant
with the highest PSI value of all the pollutants being monitored is reported for each town, along with the
dimensionless PS| number and a descriptor label to characterize the daily air quality. A descriptor label of
each subsequent day’s forecast is also included.

A telephone recording of the PSl is available each afternoon at approximately 3 PM, five days a
week, and can be heard by dialing 424-4167. Predictions for weekends are included on the Friday
recordings. For answers to specific questions, you can call a DEP representative at 424-3029 . The PSI
information, as well as health effects information, is also available to the public during weekdays from
the American Lung Association of Connecticut in East Hartford. The number there is 289-5401 or 1-800-
992-2263.

D. QUALITY ASSURANCE

Quality Assurance requirements for State and Local Air Monitoring Stations (SLAMS) and the
National Air Monitoring Stations (NAMS), as part of the SLAMS network, are specified by the code of
Federal Regulations, Title 40, Part 58, Appendix A.

The regulations were enacted to provide a consistent approach to Quality Assurance activities
across the country so that ambient data with a defined precision and accuracy is produced.

A Quality Assurance program was initiated in Connecticut with written procedures covering, but.
not limited to, the following:

Equipment procurement
Equipment acceptance testing
Equipment installation
Equipment calibration
Equipment operation

Sample analysis

Maintenance checks
Performance audits

Data handling

Data quality assessment

Quality assurance procedures for the above activities were fully operational on January 1, 1981 for
all NAMS monitoring sites. On January 1, 1983 the above procedures were fully operational for all SLAMS
monitoring sites.




Data precision and accuracy values are reported in the form of 95% probability limits as defined by
equations found in Appendix A of the Federal regulations cited above.

1.

PRECISION

Precision is a measure of data repeatability (grouping) and is determined as follows:

a. Manual Samplers (PM 1)

A second (co-located) PM1q hi-vol sampler is placed alongside the regular network
sampler and operated concurrently. The concentration values from the co-located
hi-vol sampler are compared to the network sampler and precision values are
generated from the comparison.

b. Manual Samplers (Lead)

A second (co-located) hi-vol sampler is placed alongside a regular network hi-vol
sampler and operated concurrently. The concentration values from the co-located
hi-vol sampler are compared to those from the network sampler, and precision
values are generated from the comparison. '

C Automated Analyzers (SO,, O3, CO and NO3)

All NAMS and SLAMS analyzers are challenged with a low level pollutant
concentration a minimum of once every two weeks: 8 to 10 ppm for CO and 0.08 to
0.10 ppm for SO, O3 and NO,. The comparison of analyzer response to input
concentration is used to generate automated analyzer precision values.

ACCURACY

Accuracy is an estimate of the closeness of a measured value to a known value and is
determined in the following manner:

a. Manual Methods (PMq)

Accuracy for PMyg is assessed by auditing the flow measurement phase of the
sampling method. In Connecticut, this is accomplished by attaching a secondary
standard calibrated orifice to the hi-vol inlet and comparing the flow rates. A
minimum of 25% of the PM4q network samplers is audited each quarter.

b. Manual Methods (Lead)

Accuracy for lead is assessed in two ways:

(1) By analyzing spiked samples and comparing the known spiked-sample
concentrations with the measured concentrations, and

(2) By auditing the flow, as in 2.a. above.

Accuracy measurements are obtained each quarter.




Automated Analyzers (SO;, O3, CO and NO;)

Automated analyzer data accuracy is determined by challenging each analyzer with
three predetermined concentration levels (four for NO;). Each quarter, accuracy
values are calculated for approximately 25% of the analyzers in a pollutant
sampling network, at each concentration level. The results for each concentration
of a particular pollutant are used to assess automated analyzer accuracy. The audit
concentration levels are as follows:

502, 03, and N02 (PPM) cO (PPM)
0.03to0 0.08 ‘ 3to8
0.15t0 0.20 - 15to0 20
0.35t0 0.45 35to 45
0.80t0 0.90 (NO; only)
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Il. PARTICULATE MATTER

HEALTH EFFECTS

Particulate matter is the generic term for a broad class of chemically and physically diverse
substances that exist as discrete particles (liquid droplets or solids) over a wide range of sizes. Particles
originate from a variety of stationary and mobile sources. They may be emitted directly or formed in the
atmosphere by transformations of gaseous emissions such as sulfur oxides, nitrogen oxides, and volatile
organic substances. The chemical and physical properties of particulate matter vary greatly with time,
region, meteorology and source category.

The major effects associated with high exposures to particulate matter include reduced lung
function; interference with respiratory mechanics; aggravation or potentiation of existing respiratory
and cardiovascular disease, such as chronic bronchitis and emphysema; increased susceptibility to
infection; interference with clearance and other host defense mechanisms; damage to lung tissues;
carcinogenesis and mortality.

Harm may also occur in the form of changes in the human body caused by chemical reactions with.
pollution particles that pass through the lung membranes to poison the blood or be carried by the blood
to other organs. This can happen with inhaled lead, cadmium, beryllium, and other metals, and with
certain complex organic compounds that can cause cancer.

Population subgroups that appear likely to be most sensitive to the effects of particulate matter

include individuals with chronic obstructive pulmonary or cardiovascular disease, individuals with
influenza, asthmatics, the elderly, children, smokers, and mouth or oronasal breathers.

REVISION OF THE PARTICULATE MATTER STANDARD

[n 1971, the federal Environmental Protection Agency (EPA) promulgated primary and secondary
national ambient air quality standards for particulate matter, measured as total suspended particulates
or “TSP.” The primary standards were set at 260 pg/m3, 24-hour average not to be exceeded more than
once per year, and 75 ug/ms3, annual geometric mean. The secondary standard, also measured as TSP, was
set at 150 ng/m3, 24-hour average not to be exceeded more than once per year. These standards were
adopted by the state of Connecticut in 1972. In accordance with sections 108 and 109 of the Clean Air
“Act, EPA has reviewed and revised the health and welfare criteria upon which these primary and
secondary particulate matter standards were based.

The TSP standard directs control efforts towards particles of lower risk to health because of its
inclusion of large particles which can dominate the measured mass concentration, but which are
deposited only in the extrathoracic region. Smaller particles penetrate furthest in the respiratory tract,
settling in the tracheobronchial region and in the deepest portion of the lung, the alveolar region.
Available evidence demonstrates that the risk of adverse health effects associated with deposition of
typical ambient fine and coarse particles in the thorax are markedly greater than those associated with
deposition in the extrathoracic region. EPA found that a size-specific indicator for primary standards
representing small particles was warranted and that it should include particles of diameter less than or
equal to a nominal 10 micrometers “cut point.” Such a standard places substantially greater emphasis on
controlling smaller particles than does a TSP indicator, but doesn’t completely exclude larger particles
from all control.

-10-



On March 20, 1984, EPA proposed changes in the standards for particulate matter based on its
review and revision of the health and welfare criteria. On July 1, 1987, EPA announced its final decisions
regarding these changes. They include: (1) replacing TSP as the indicator for particulate matter for the
ambient standards with a new indicator that includes only those particles with an aerodynamic diameter
less than or equal to a nominal 10 micrometers (PMqp); (2) replacing the 24-hour primary TSP standard
with a 24-hour PMyq standard of 150 pg/m3 with no more than one expected exceedance per year; (3)
replacing the annual primary TSP standard with a PM1g standard of 50 ng/m3, expected annual arithmetic
mean; and (4) replacing the secondary TSP standard with 24-hour and annual PMyq standards that are
identical in all respects to the primary standards. The federal standards became effective on July 31, 1987.
On July 7, 1993, the state of Connecticut adopted these new standards for particulate matter.

CONCLUSIONS

Measured PM1q concentrations during 1995 did not exceed the 50 ng/m3 level of the primary and
secondary annual standards or the 150 pg/m3 level of the primary and secondary 24-hour standards at
any site. Moreover, the 24-hour standards were not violated because the “expected number of
exceedances” for the most recent 3 years at each site did not exceed one per year, and the annual
standards were also not violated anywhere because the “expected annual mean” for the most recent 3
years at each site did not exceed 50 pg/m3. ‘

SAMPLE COLLECTION AND ANALYSIS

High Volume Sampler (Hi-vol) - The high volume sampler resembles a vacuum cleaner in its
operation, with an 8” X 10" piece of fiberglass filter paper replacing the vacuum bag. Hi-vols are
equipped with retractable lids in order to eliminate the passive sampling error. The sampler normally
operates every sixth day (midnight to midnight, standard time).

The matter collected on the filters is analyzed for weight in the case of the PM4o samplers and for
both weight and chemical composition in the case of the hi-vol samplers. The chemical composition of
the suspended particulate matter is determined at each hi-vol site as follows. Two standardized strips of
every filter are cut out and prepared for two different analyses. In the first analysis, a sample is digested
in acid and the resulting solution is analyzed for metals by means of an atomic absorption
spectrophotometer. The results are reported for each individual metal in ug/m3. In the second analysis, a
sample is dissolved in water, filtered and the resulting solution is analyzed by means of wet chemistry
techniques to determine the concentration of certain water soluble components. The results are
reported for each individual constituent of the water soluble fraction in ng/m3.

PMjg Sampler - Before 1988, Connecticut’s particulate sampling network was comprised of
standard high-volume (hi-vol) samplers, whose function was to measure TSP. With the promulgation of a
PMjo standard, hi-vol samplers were needed that could screen out most particles larger than 10 microns.
The samplers also had to be omnidirectional and have a constant inlet velocity so that wind direction and
speed would not affect the amount of material collected.

In anticipation of a PMyq standard being promulgated, Connecticut installed a small number of
PM1g samplers in 1985. The samplers, manufactured by Sierra-Andersen, were the first PMg samplers on
the market. These early samplers were found to have relatively high maintenance requirements and to
be biased towards particles larger than 10 microns. To remedy these problems, the samplers were
physically modified after 1986. In 1987, PM4o samplers by Wedding & Associates came on the market.
These samplers replaced the Andersen samplers in the sampling network in 1988. The Wedding samplers
have demonstrated lower maintenance requirements and greater precision (repeatability) and accuracy
than the Andersen samplers they replaced.
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The PM1q samplers, like the standard hi-vol samplers, operate from midnight to midnight (standard
time) at least every sixth day at all sites. However, PMjq samplers use quartz fiber filters instead of
fiberglass filters, in order to eliminate sulfate artifact formation. And the matter collected on the filter is
analyzed only for weight and sulfates at the present time. The air flow is recorded during sampling. The
weight in micrograms (pg) divided by the volume of air in standard cubic meters (m3) yields the
concentration of PM4g for the day in micrograms per cubic meter.

TEOM Sampler - In addition to the hi-vol samplers for TSP and PM;3 monitoring, Connecticut
operates at the Danbury 123 site a real-time PMjo monitor that employs tapered element oscillating
microbalance (TEOM) technology. The TEOM technique utilizes an exchangeable filter cartridge on the
end of a hollow tapered tube. The other (wider) end of the tube is fixed. Air is passed through the filter,
on which particulate matter deposits, and the filtered air passes through the tapered tube to a flow
controller.

The tapered tube is maintained in oscillation. The frequency of oscillation is dependent upon the
physical characteristics of the tapered tube and the mass on its free end. As particulate matter lands on
the filter, the filter mass change is detected as a frequency change in the oscillation of the tube. The mass
of the particulate matter is then determined directly and inertially. When this mass change is combined
with the flow rate through the system, the device yields an accurate measurement of the particulate
concentration in real time.

Such a continuous particulate monitoring system has advantages over manual systems like the hi-
vol. Not only does TEOM technology provide more detailed information than a 24-hour average, but it
also reduces the amount of labor required for these measurements, since the filter handling procedures
are significantly reduced. \

DISCUSSION OF DATA

Monitoring Network - In 1995, 30 PM;g sampling sites were operated in Connecticut (see Figure 2-
1). Aswas mentioned earlier, the PM1g sampler at the Danbury 123 site employs TEOM technology. One
TSP sampler was operated and it was located at the Stamford 001 site, which was the only designated TSP
site in the State. EPA requires the operation of one TSP site in Connecticut for the sake of historical
continuity. In addition, as part of the 1995 network for monitoring the airborne concentrations of lead,
five hi-vol sampling sites were used to gather information on the chemical composition of TSP in the
state. The locations were Bridgeport 010, East Hartford 004, Hartford 016, New Haven 018 and
Waterbury 123.

Precision and Accuracy - Precision checks were conducted at three PMyq sampling sites which had
co-located samplers. On the basis of 133 precision checks, the 95% probability limits for precision ranged
from -8% to +11%. Accuracy is based on air flow through the monitor. The 95% probability limits for
accuracy, based on 33 audits conducted on the PMq monitoring system network, ranged from 0% to
+8%. (See section L.D. of this Air Quality Summary for a discussion of precision and accuracy.)

Annual Averages - The Federal EPA has established minimum sampling criteria (see Table 1-1) for
use in determining compliance with the primary and secondary annual NAAQS for PM. A site must have
75% of the scheduled samples in each calendar quarter for the the most recent 3 years. Using the EPA
criteria, one finds that a determination of attainment or nonattainment of the 50 ng/m3 primary and
secondary annual standards could be obtained at 17 of the 30 PMyy monitoring sites in Connecticut in
1995. These 17 sites proved to be in attainment of the annual standards. A determination of attainment
or nonattainment could not be obtained at Bridgeport 010, Bridgeport 014, Danbury 123, Greenwich 017,
Hartford 015, Middletown 003, New Britain 012, New Haven 018, New London 004, Stamford 001,
Torrington 001, Voluntown 001 and Waterbury 123, where there were insufficient data at each site in at
least one calendar quarter during the most recent three years. The primary reason for the loss of data at
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many of the these sites was the existence of defects in the filters used in the particulate samplers.
Nevertheless, given the 95 percent confidence limits about the annual mean at these sites (see Table 2-1),
it is likely that attainment was achieved.

A summary of annual average PMjq data for 1993 -1995 is presented in Table 2-1. This table also
includes an indication of whether the aforementioned EPA minimum sampling criteria were met at each
site for each year. If the sampling was insufficient to meet the EPA criteria, an asterisk appears next to the
number of samples. Figure 2-2 illustrates the annual average PM1g concentrations at each site in 1995 in
descending order of magnitude.

Statistical Projections - The statistical projections presented in Table 2-1 are prepared by a DEP
computer program which analyzes data from all sites operated by DEP. Inputs to the program include the
site location, the year, the number of samples (usually a maximum of 61), the annual arithmetic and
geometric mean concentrations, and the arithmetic and geometric standard deviations. For each site, the
program lists the inputs, calculates the 95% confidence limits about the annual arithmetic mean, and
predicts the number of days in each year that the level of the primary and secondary 24-hour standards
(i.e., 150 1g/m3) would have been exceeded if sampling had been conducted every day. For comparison,
Table 2-1 also shows the number of days at each site when the level of the primary and secondary 24-hour
standards was actually exceeded, if any, as demonstrated by actual measurements at the site.

The statistical predictions of the number of days that would have seen an exceedance of the level
of the 24-hour standards are based on the assumption of a lognormal distribution of the data. They
indicate that more frequent PMjg sampling at New Haven 018 and Norwalk 014 in 1994 might have
resulted in an exceedance of the 24-hour standards.

Because manpower and economic limitations dictate that PMjo sampling for particulate matter
cannot be conducted every day, a degree of uncertainty is introduced as to whether the air quality at a
site has either met or exceeded the level of the annual standards. This uncertainty can be expressed by
means of a statistic called a confidence limit. Assuming a normal distribution of the pollutant data, 95%
confidence limits were calculated about the annual arithmetic mean at each site. For example (see Table
2-1), at East Hartford 004 in 1994, 59 samples were analyzed and an arithmetic mean of 21.9 pg/m3 was
then calculated. The columns labeled "95-PCT-LIMITS" show the lower and upper limits of the 95%
confidence interval to be 18.7 and 25.2 pg/m3, respectively. This means that, if sampling were done every
day, there is a 95% chance that the true arithmetic mean would fall between these limits. Since the
upper 95% limit is less than 50 1g/m3, one can be confident that the level of the annual standards was
not exceeded at the site. However, if the upper 95% limit were greater, and the lower limit less, than 50
ng/m3, then one could not be confident that the standard was not exceeded at the site. And if both the
upper and lower 95% limits were greater than 50 pg/m3, then one could assume that the level of the
standards was indeed exceeded sometime during the year. These three possibilities are illustrated in
Figure 2-3. ‘ :

Table 2-2 summarizes the statistical predictions from Table 2-1 regarding compliance with the level
of the annual air quality standards, using the 95% confidence limit criteria. The table shows that the level
of the primary and secondary annual standards was probably achieved at the 26 sites that met the
minimum sampling criteria in 1995. The results for previous years are also tabulated.

It should be noted that the above discussion of statistics does not affect the actual determination
of attainment or nonattainment of the PMjq standards. The promulgated regulations specify the
requirements for making an attainment determination. Those requirements, mentioned in a limited way
in Table 1-1, address the projection of exceedances and the calculation and use of arithmetic means in
ways that are different from the foregoing discussion.

24-Hour Averages - Figure 2-4 presents the maximum 24-hour concentrations recorded at each site.
There were no PM;, concentrations at any site that exceeded the 150 pg/m3 level of the primary and
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secondary 24-hour standards in 1995. Of the 23 sites that had sufficient data in both 1994 and 1995, 9
sites had higher maximum concentrations and 14 sites had lower maximum concentrations. The largest
increase was 25 pg/m3 at Darien 001; the largest decrease was 32 pg/m3 at Willimantic 002

Table 2-3 summarizes the statistical predictions from Table 2-1 regarding the number of sites that
would have seen PM;o concentrations exceeding the level of the 24-hour standards, if sampling had been
conducted every day. In 1995, there were no such sites. The results for the preceding years are also given.
in all cases, results are presented only for those sites that met the minimum sampling criteria for the year.

A determination of actual compliance with the primary and secondary 24-hour standards can be
made for a site only when the minimum sampling criteria are met in each calendar quarter for the most
recent 3 years. Based on these criteria, compliance was achieved at 17 of the 30 sites in 1995. A
determination of compliance could not be made for the 13 sites mentioned earlier because there were
insufficient data at each site in at least one calendar quarter during the most recent three years. But
based upon the data that is available, it is highly improbable that an exceedance would have occurred at
any of these sites. '

Hi-vol Averages - Quarterly and annual averages of the chemical components from the hi-vol
TSP/lead monitors have been computed for 1995 and are presented in Table 2-4. Note that the annual
averages have been weighted according to the sample count.

10 High Days with Wind Data - Table 2-5 lists the 10 highest 24-hour average PM1g readings with
the dates of occurrence for each of the 26 PM1g hi-vol site in Connecticut which complied with EPA’s
minimum sampling criteria in 1995. This table also shows the average wind conditions which occurred on
each of these dates. The resultant wind direction (DIR, in compass degrees clockwise from true north)
and velocity (VEL, in mph), the average wind speed (SPD, in mph), and the ratio between the velocity and
the speed are presented for each of four National Weather Service stations located in or near
Connecticut. The resultant wind direction and velocity are vector quantities and are computed from the
individual wind direction and speed readings in each day. The closer the wind speed ratio is to 1.000, the
more persistent the wind. It should be noted that the Connecticut stations have local influences which
change the speed and shift the direction of the near-surface air flow (e.g., the Bradley Field air flow is
channeled north-south by the Connecticut River Valley and the Bridgeport air flow is frequently subject
to sea breezes).

On a statewide basis, this table shows that approximately 43% of the high PM1q days occur with
winds out of the southwest quadrant and most of those days have relatively persistent winds. This
relationship between southwest winds and high particulate levels has historically been more prevalent in
southwestern Connecticut. However, many of the maximum levels at some urban sites do not occur with
southwest winds, indicating that these sites are possibly influenced by local sources or transport from
different out-of-state sources. As noted above, a large scale southwesterly air flow is often diverted into
a southerly flow up the Connecticut River Valley. At sites in the Connecticut River Valley, many of the
highest PM1g days occur when the winds at Bradley Airport are from the south.

Trends - Pollutant trends can be illustrated in a number of ways. We wish here to portray a PM1g
trend that is both statewide in nature and relevant to one of the ambient air quality standards.
Therefore, we have chosen to average the annual mean PM1q concentrations at a number of sites from
1989 -- the first full year of PMg monitoring -- to the present (see Figure 2-5). In spite of the year-to-year
changes, statewide PMjq levels appear to be trending down over the past 7 years.

Significant changes in annual PM1g levels can be caused by a number of things. Among these are
simple changes of weather; changes in annual fuel use associated with conservation efforts or heating
demand; the frequency of precipitation events, which wash out particulates from the atmosphere;
changes in average wind speed, since higher winds result in greater dilution of emissions; and a change in
the frequency of southwesterly winds, which affect the amount of particulate matter transported into
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Connecticut from the New York City metropolitan area and from other sources of emissions located to
the southwest. In illustrating a trend, these year-to-year effects can be diminished, if not eliminated, by
using a moving average of three years or more. Figure 2-6 illustrates the trend of PMyq using a 3-year
moving average. The trend is clearly down.
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FIGURE 2-2

1995 ANNUAL AVERAGE PM10 CONCENTRATIONS
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* The site has insuff

icient data to satisfy the minimum sampling criteria for the year.
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FIGURE 2-2, continued
1995 ANNUAL AVERAGE PM10 CONCENTRATIONS
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* The site has insufficient data to satisfy the minimum sampling criteria for the year.
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FIGURE 2-2, continued

1995 ANNUAL AVERAGE PM10 CONCENTRATIONS
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FIGURE 2-3

COMPLIANCE WITH THE LEVEL OF THE ANNUAL PM10 STANDARDS
USING 95% CONFIDENCE LIMITS ABOUT
THE ANNUAL ARITHMETIC MEAN CONCENTRATION
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L=The lower limit of the 95% confidence interval about the annual
arithmetic mean concentration.

U=The upper limit of the 95% confidence interval about the annual
arithmetic mean concentration.
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TABLE 2-2

STATISTICALLY PREDICTED NUMBER OF SITES
IN COMPLIANCE WITH THE LEVEL OF THE

ANNUAL PM10 STANDARDS

COMPLIANCE COMPLIANCE STANDARD

ACHIEVED UNCERTAIN EXCEEDED
1985 2 0 | 0
1986 4 0 1
1987 4 0 1
1988 3 0 0
1989 40 0 0
1990 39 0 0
1991 30 0 0
1992 28 0 0
1993 23 0 0
1994 26 0 0
1995 26 0 0

* Using 95% confidence limits about the arithmetic mean concentration at only those sites which had
sufficient data to satisfy the minimum sampling criteria for the year.
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FIGURE 2-4

1995 MAXIMUM 24-HOUR PM10 CONCENTRATIONS
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* The site has insufficient data to satisfy the minimum sampling criteria for the year.
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FIGURE 2-4, continued
1995 MAXIMUM 24-HOUR PM10 CONCENTRATIONS
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* The site has insufficient data to satisfy the minimum sampling criteria for the year.
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FIGURE 2-4, continued
1995 MAXIMUM 24-HOUR PM10 CONCENTRATIONS

-0 50 100 150 200

NEW LONDON-004 7/14
NORWALK-014 2/8 IR e
NORWICH-002 7/14 RS .

STAMFORD-001 7/14

TORRINGTON-001 7/14 “‘-}\\

VOLUNTOWN-001 7114 s
WALLINGFORD-006 7 A
WATERBURY-007 7714 S

WATERBURY-123* 7/14 3

AN

WILLIMANTIC-002 3/4

MAX. CONC., pg/m3

150 pg/m3
24- HOUR
STANDARD

* The site has insufficient data to satisfy the minimum sampling criteria for the year.

-28-




TABLE 2-3

SUMMARY OF THE STATISTICALLY PREDICTED NUMBER OF PM10

SITES EXCEEDING THE LEVEL OF THE 24-HOUR STANDARDS

SITES WITH = 1 DAY
EXCEEDING 150 ng/m3

Percentage

YEAR NO. OF SITES No. of Sites  of All Sites
1985 2 0 0%
1986 5 2 40%
1987 5 1 20%
1988 3 1 33%
1989 40 1 3%
1990 39 0 0%
1991 30 0 0%
1992 28 0 0%
1993 23 0 0%
1994 26 0 0%
1995 26 0 0%

1 Only those sites which had sufficient data to satisfy the minimum sampling criteria for the year.
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TABLE 2-4
QUARTERLY CHEMICAL CHARACTERIZATION OF 1995 HI-VOL TSP

TOWN
BRIDGEPORT

QUARTERLY AVG

AREA
0060

ST
METALS (ng/m3) |
BERYLLIUM <.1
CADMIUM 1.1
CHROMIUM 2
COPPER 40
IRON 680
LEAD 20
MANGANESE 12
NICKEL 5
VANADIUM 10
ZINC . 50

WATER SOLUBLES (ng/m3)

NITRATE 2990
SULFATE 9170
AMMONIUM 150
TSP (ng/m3) 45
SAMPLE COUNT 10b

2ND

<.1

1.5

50
880
20
16

10
60

4510
10010
90

56

14c¢

3RD

<.1

1.5

70
690
20
12

<10
40

3840
8630
<10

50

15d

4TH

<.

1.6

80
250
10

<10
30

2320
8610
<10

34

14

SITE
010

ANNUAL AVG

<.1
1.5

60
620
20
12

10a
50

3460
9100
50a

47

aThe annual average was calculated using one-half the detectable limit in the 3rd and 4th quarters.
b The sample counts were 12 for sulfate and 13 for TSP.
¢The sample count was 15 for sulfate and TSP.
d The sample count was 16 for sulfate and TSP.
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TABLE 2-4, CONTINUED
QUARTERLY CHEMICAL CHARACTERIZATION OF 1995 HI-VOL TSP

TOWN AREA SITE
EAST HARTFORD 0220 004
QUARTERLY AVG ANNUAL AVG

1ST 2ND 3RD 4TH
METALS (ng/m3)

BERYLLIUM <1 <1 <1 <. <.1
CADMIUM 0.8 1.0 1.1 0.4 0.8
CHROMIUM 2 3 <1 2 2a
COPPER 50 90 80 80 70
IRON 510 450 420 270 410
LEAD 10 10 10 10 10
MANGANESE 11 11 8 9 10
NICKEL 5 4 5 5 5
VANADIUM 10 <10 10 <10 10b
ZINC 30 40 20 30 30

WATER SOLUBLES (ng/m3)

NITRATE 2560 3270 3090 2120 2730
SULFATE 7980 8410 8850 7740 8250
AMMONIUM 110 <10 <10 <10 30c
TSP (ug/m3) 34 45 40 33 38
SAMPLE COUNT 15d  13e 13f  15e

a The annual average was calculated using one-half the detectable limit in the 3rd quarter.

b The annual average was calculated using one-half the detectable limit in the 2nd and 4th quarters.
¢The annual average was calculated using one-half the detectable limit in the 2nd, 3rd and 4th quarters.
d The sample count was 14 for TSP.

e The sample count was 14 for sulfate and TSP

fThe sample count was 15 for sulfate and TSP
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TABLE 2-4, CONTINUED
QUARTERLY CHEMICAL CHARACTERIZATION OF 1995 HI-VOL TSP

TOWN AREA SITE
HARTFORD 0420 016
QUARTERLY AVG ANNUAL AVG

« 1ST 2ND 3RD 4TH
METALS (ng/m3)

BERYLLIUM <.1 <.1 <.1 <.1 <.1
CADMIUM 0.6 0.9 0.4 0.0 0.5
CHROMIUM 3 4 2 2 3
COPPER 70 60 60 80 70
IRON 970 1040 790 540 850
LEAD 20 20 10 20 20
MANGANESE 16 19 12 13 | 15
NICKEL 6 5 4 5 5
VANADIUM 10 10 10 10 10
ZINC 40 60 40 40 50

WATER SOLUBLES (ng/m3)

NITRATE 2570 3420 2760 1910 2690
SULFATE 7840 8680 9670 8080 8520
AMMONIUM 140 <10 <10 <10 40a
TSP (ug/m3) 60 63 58 42 56
SAMPLE COUNT | 15b 15 15¢  13d

a The annual average was calculated using one-half the detectable limit in the 2nd, 3rd and 4th quarters.
b The sample count was 14 for sulfate and TSP.
¢The sample count was 12 for sulfate and TSP.
¢ The sample count was 15 for sulfate and TSP.
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TABLE 2-4, CONTINUED

QUARTERLY CHEMICAL CHARACTERIZATION OF 1995 HI-VOL TSP

TOWN AREA
NEW HAVEN 0700

QUARTERLY AVG
18T 2ND 3RD- 4TH

METALS (ng/m3)
BERYLLIUM <.1 <.1 <.1 <.1

CADMIUM 1.9 0.8 0.7 0.5
CHROMIUM 1 4 4 5
COPPER 100 70 100 100
IRON 1680 2090 1490 1680
LEAD 70 50 40 30
MANGANESE 63 43 28 36
NICKEL 17 7 8 12
VANADIUM 20 10 20 30
ZINC 80 130 90 120

WATER SOLUBLES (ng/m3)

NITRATE 2840 4160 3610 2420
SULFATE 9130 9040 9880 8590
AMMONIUM 210 130 <10 <10
TSP (ng/m3) 145 110 88 96
SAMPLE COUNT 15b 15 13¢ 15b

SITE
018

ANNUAL AVG

<.1

1.0

90
1740
50
43
11
20
110

3250
9170
902

110

@ The annual average was calculated using one-half the detectable limit in the 3rd and 4th quarters.

b The sample count was 13 for sulfate and TSP.
¢The sample count was 14 for sulfate and TSP.

-33-




TABLE 2-4, CONTINUED
QUARTERLY CHEMICAL CHARACTERIZATION OF 1995 HI-VOL TSP

TOWN AREA SITE
WATERBURY 1240 123
QUARTERLY AVG ANNUAL AVG

1ST 2ND 3RD 4TH
METALS (ng/m3)

BERYLLIUM <.1 <.1 <.1 <.1 <.1
CADMIUM 1.6 2.9 1.7 0.5 1.7
CHROMIUM 4 7 2 2 4
COPPER 230 210 140 100 170
IRON 1500 1240 1350 750 1220
LEAD 20 20 20 10 20
MANGANESE 31 29 27 18 27
NICKEL 9 6 5 4 6
VANADIUM 10 10 10 10 10
ZINC 90 80 70 70 80

WATER SOLUBLES (ng/m3)

NITRATE 2490 3060 2640 1950 2550
SULFATE 8880 8030 8990 7920 8450
AMMONIUM 160 <10 <10 <10 40a
TSP (ug/m3) 75 70 67 50 65
SAMPLE COUNT 15 15 13¢ 13b

a The annual average was calculated using one-half the detectable limit in the 2nd, 3rd and 4th quarters.
b The sample count was 14 for sulfate and TSP.
¢ The sample count was 16 for sulfate and TSP.

-34-




086°@  [69'0 6G6°0  V¥.6°0
6°S 0L z'9 L
8°g 6'v 6°S 8L
092 os¢ eog 00!
Z6¥'0  S88'0  £€89'0  €9L°@
6°S LY 9'y 8'6
6'C rAS 1'g S°L
V&4 esg eeg 081
928°'0 2680  669°0  9Sk'0
1 9°01 g8'0l 0’9
1°9 1'6 S'L 8'2
092 ese 062 ozl
s6/cL/el s6/8 /3 <6/v1/2 G6/9L/¢
€z sz Lz Lz
8lL'0 186°0  ¥/8°0  £86°0
99 29 8'g rAL]
L'y 6°S e'S 1°S
0T o¥z TAY 022
LL6°0 G£9°0  v¥6'@  SBL'0
9'd e'g 8L z'e
S’y g L [AKA
081 o5z ezg 06!
¥58°'0  vZ8'e 116°'0  669°0
80l 5’0l 40l L°8
z'6 9°8 b6 £'9
ove osz L TAN 05T
se/L1s/8 g6/l /8 s6/62/2\ S6/9Z/L
8¢ 6¢ 6c o¥
656°0 1.6°@ 109°0  ¥.6°0
z'9 9'g S'S 'L
8'S $°g ¢'¢ oL
oog 05T 002 001
£89°0 90.°@  [SB°0 €9.°0
9'¥ S'g &'V g2'6
b'e 6°¢ L'¥ S/
eeg 0ce 061 08l
669°0  ¥08°'0 Ov.'@  9St'e
g8'ol L'g 6°6 0'9
S'L G'9 L 8z
062 0.2 oLl ozl
S6/¥\/T se/ez/L S6/tT/v $6/91/%
1 ec 9¢ og
ol 6 8 L

YILIN JIENO U3d SWVHOOMOIN : SLINN

£16°0
9L
0L
og
(A ]
£'9
9’

oL
s6/0z/2
%

1860
e'9
6°S
ove
S£9°0
£°'g
¥'e
egT
$28°0
S0l
9°'g
T4

g6/L /8
L8

8L6'@
£'8
9°L
@6
£16°0@
9°L
0L
og
(4 A
€9
9'Y

oL
s6/ec/z
cc

1[69°0
oL
6'¥
0s¢e
G88°0
L'y
AL 4
11y
T68°0
9'0l
t'6
osc

s6/8 /9
95

£86'0
z°'s
1'g
0ze
S0L°0
rARS
AR
061
669°0
1'6
€9
A

$6/92/L
8¢

£86'0  2G9°0
z's 8°'S
1°g L'e
02z ez
SoL 0 156°0
rAN 198
z'Z L'
est - ez
669'0  88¢°0
16 £'6
£'9 9'¢
1A oeg
56/9z2/L s6/02/9
be 8¢
656°0  2S9°0
z'9 8'S
6°S L'g
eag 0£C
£89°0 1S6°0
9’y I 4
I'¢ L'¥
oog oz
669'0  88¢°0
80l £'6
S'L 9'¢
262 eog
s6/vi/c  s6/02/9
es 19
816°0  £69°0Q
£'8 0L
9°L 6%
26 ose
€16'0  S88°0
8L L'y
oL r At 4
og 0s¢g
Lo zsse
c'9 9ol
9% 16
YA ose
s6/et/T s6/8. /9
oY +6
b ¢

(88°0
2’8
£ L
o8
oic’o
9'¢C
8-
ese
1G6°@
[y A
g8'9

o
S6/% /¢
6¢

896°0
8°'8
S'8
ove
198°0
1 et
L8
TAY
896°0
L arA}
0'cl
eze

c6/8 /¢
+9

zs9°0
8's
AR
o5z
166°9
I 4
(R
oz
88C°0
£'6
9°¢
eog
$6/02/9
L8

¥46°0 oLy
0L Mzmzv ads
6'9 zmzw 13A
esz  (930) ¥Ia
9850 OIivy
9L M:m: ads
S'¥ HdN) 13A
o¥z  (930) ¥MIa
L6L°9 oIV
9°1L  (HaW) ads
€6 HdN) 13A
VXA 930) ¥Id
se/vL/t 3iva
oo eind
¥46°0 oIlvy
e'L A:mzw ads
69  (HaW) 13A
esz  (930) ¥1a
9860 OILvy
9L M:m:v ads
Sy HdW) 113A
e¥c  (93Q) uiq
L6L°0 olivy
9Ll (HdM) ads
£°6 Mzmzw 3A
YA A 930) ¥Ig
S6/vL/L 3alvd
18 olNd
/6°0 OLLvY
'L (Han) ads
69 A:mzw 3A
esz  (930) vIa
985 0 olLvy
9L (HdW) ads
S'v Mxmzv q3A
Y74 930) ula
L6L°0 olivy
91t (Han) ads
€6 Mzmzw T3A
- YkA 93a) ¥Ia
se/vL/L alva
1L olNd
1 ANVY

VLVG ONIM HLIM SAVQ OLNd 39VYIAV ¥NOH—¥Z L1SIHOIH N3L G661

S-¢ J1avi

1804390148
3LIS TTVOISOTOHOI L3N

A3Qvy8
LIS WYII90T0M803 LIN

MUYAMIN
LIS YOISCTON0ILIN
(8ge0) Lee-10L1SINg

1¥0d439Q148
LIS IVOIS0I0H03LIN

A3TqvaE
3LIS TYOIS010803 L3N

HIVMIN
3LIS TVOIS0TOHOILIN

(8500) ¥ie—-L140d39q1y8

18043901448
ALIS TVOI9010H03 LIN

A370vy8
ALIS TVOIO0T0403 1IN

MHVMIN
3L1IS TYOIS0T0N03LIN
(4500) ele-1y0d3oa1yg

(S3TaNVS) FLIS-NMOL

-35-



+16°9
'L
oL
001
£9/°0
8'6
S'L
081
sy o
2'9
8'z
ozl

s6/91/¢
9z

629°0
€'
e'e
062
alL’@
6’9
6'v
062
[S6°0
4
LY
oce

se/LL/\L S8/92/L
cg

109°0
S'S
£°c
00z
156°0@
6'¥
LY
061
o¥L 0
6'6
€L
A

S6/L2/v
8l

ol

16'@  8/8'0  8lL°0
9°'s €9 89
g 9°'s L'y
oSz 0z¢ oce
90L°@  €£9'@  L/6°@
S'S g4 9'v
6'¢ 62 S'v
o5z eog o8l
¥08°@  8Z9'@  #58°0
1°8 6°L 20t
g9 e's z°6
LT 062 eve

ce/ez/L se6/6 /I ss/1c/8
9z Lz £z
£86°0 6S6'@  9/Z°0
z's z'9 g'g
1°s 6°S 91
ra4 oag eze
S0L°0 £89°0  ¥EC°@
z'c 9y ra
rARA L'g b
061 eeg oz
669'0 669'0  0/S'0
1°6 8'04 9L
€9 gL I
05z 062 oS

s6/v1/T <6/6 /¥
cg (-1 og
1L6'@ ©6S°@ /880
9'g 2’9 Z'8
¥°g 9°¢ L
052 092 )
£l/L°@  €6L'@  0lg'e
8'Y 6°'S 9°'2
g8'¢ [ 8
elz 062 0sg
£49°0  £52'0 156°0
1'8 G'6 r A4
TS 18 8'9
oS 062 og
s6/Z /9 <6/8 /L S6/% /¢
8l 8l 81
6 8 L

YIL3W JI8ND ¥Id SWVHOOMOIW : SLINN

26
£i6'@
9L
9'L
o¢
el e
£'9
o'V

oL
©6/02/2
oc

816°0
£'8
9°L
06
£16°0
9L
0'L
og
[AA ]
£'9
4

oL
s6/02/2
£

8l1L°0
9'9
L'V
ocT
LL6°0
'Y
S'v
o8l
+58°0
8'0l
c°6

ove
s6/1¢/8
61

186°0 188°0
0's z'8
6'G L
ove es
§£9°0  elic'e
£'c 8'z
e g
0ce esg
+28°0 1S6°0
S°0ol L
9'8 8'9
0sz og
se/L /8 G6/v /¢
s¢ se
169°@ 186°0
oL 0°9
6'v 8°'S
eS¢ 8¥e
SB88°0 629°'0
LY ¢'g
A4 g
ose ece
Zs8'0  $28°'0
9'0l G ol
1°6 9°'8
osg 0S¢
s6/8 /9 <&/l /8
L8 2~
816°'0  /69°0
c'g o'l
977 6y
06 osg
£16'0  S88°0
9'L LY
oL 'Y
og ose
ZeLe zee'e
£'9 9'0l
9'v 1°6
Y4 os¢
s6/02/¢ <s6/8 /9
F44 14
S ¥

£86°0
'S
L'
022
ceL o
A
rARA
061
669°0
1'6
£'9
A

©6/92/L
ov

896°0
8'8
s'8
ore
198°0
1" 01
L'8
eze
896°0
A}
o'zl
ezc

s6/8 /¢
¥

£86°0
FALS
1°g
ezz
soL°0
z'¢
tARA
261
669°'0
1’6
c'9
05T

S6/92/L
Lz

259°0  ¥/6'@ oIlvd
8'¢g 'L (Han) ads
Le 6’9  (Hdw) T3A
ecZ esz (93a) ¥Id
IS6'0  985°@ OLivy
ey 9L  (Haw) ads
(g S'¥  (Hdn) 13A
oz evz (93a) ¥Iq
88¢°0 L1610 oIlvy
€6 9'LL  (HdW) ads
9'¢ €'6  (HdWN) 13A
oec oLz (930) ¥Ig
s6/ez/9 S6/¥\/L 3iva
¥ +9 oiNd
759'0  ¥.6°'0 OILYY
8°G oL Mzmzu ads
L'c 6'9 HdN) 13A
YorA esz  (93a) ¥Ia
IS6'0  985'0 OIlvy
'y 9L (HdWN) ads
by S Azazw 13A
.74 e¥z (930) ulq
88C'0  /6L'0 OILv¥
£'6 9Ll Mzmzv ads
9°¢ €6 Ha) 13A
eeg oLz (93a) ¥Ia
se/ez/9 Se/¥i/L 3iva
9g 16 21Nd
z59°0 186°0 o11vy
8's 0'9  (HdW) ads
L€ 6°S A:mzw T3A
ece evz  (930) ¥I1a
166°0  G£9°0Q oIlvy
c'b €6 (HaW) ads
L'y e M:a:w T3A
ez oz (930) MIa
88¢'0  %22'0 oILvy
'8 S'0l  (HaN) ads
g'¢ 98  (HaW) T3A
eog esz (93a) uIa
s6/ez/9 ss&/\ /8 A1va
og £s OLNd
z 1 SNVY

V1VQ ONIM HLIM SAVQ @LAd JOVH3AV UNOH-¥Z LSIHOIH N3L G661

G3INNILNOD ‘S-Z 318Vl

1304390148
ALIS TYOIS0T0U03 L3N

AJlavue
3L1IS TVJIS0I0H0ILIN

HUVMIN
3LIS TYOIS0T0N¥O0ILIN

(6508) ¥00—QNO4INVH LSV3

1304390148
31IS VOI90T0H03 13N

A3qQviag
LIS VOIS0T10HO03LAN

HAVYMIN
ALIS TVOIS0TI0HO3LIN

(8500) Lee—N31Nva

L¥043201HG
311IS TVOIS00803 13N

A31ava8
311IS TvOIS0T0M803 13N

AAVMIN
J1IS TVOIS0N0H03 L3N

(9500) Lee—NOLONINNNG

(ST1dAVS) ILISNMOL

-36-



656'0 £86°@ 9TL°0
Z°9 z's g'9
6°S L' L'y
oag TAA 00z
£89°0 SOL°@  6SL°@
9y rAL g'8
1'g ra%A L9
00g @61 o6l
669°0 669°0 186'0
8ol 1°6 9-0l
sL €9 01
06Z 0T ove

s6/vL/T se/9z/L se/\2/s
e 2 ¥e
L69°0  9/Z'@ 1£6'0
e'L 8'g 9'g
6'v 91 $'G
ose ezg 05z
G88°0  ¥£€'@  90L°@
LY e 6's
a8 4 1 6'¢
ase (T4 ese
T68°0  e/S'e  ¥08°0
9°01 9L 1’8
L°6 2 S'9
8s¢ es Va4

s6/8 /9 s6/6 /v s6/eT/L
8z 9z og
9/Z'0  [69°0  9ZL'0
8'g 0L S8
gl 6% L'y
oze esg 00z
$e€°0  S88°@  6SL°0@
z'c LY g8'8
Lt Ty L9
oz esg 061
0/S'0  258°9 186°0
9L 9°01l 9ol
¥ 1'6 ¥ ol
es ese ovz

s6/6 /v s6/8 /9 se/12/S
(44 ze ze
o1 6 8

YIL3W OI8ND Y¥3d SWYHOOMOIW

126°0
9'G
¥°G
esz
90.°0
S'g
6°¢
esz
+08°0
1’8
G'9
oLz

s6/0Z/L
9z

8LL'0
9'9
L'
oce
LL6°0
9y
Sy
281
$58°0
80l
Z'6
ove

s6/lg/8
Ie

£88°0
z'8
eL
08
1T
8z
8
ese
15670
rAVa
8'9
o

g6/y /¢
£2

L
SLINN

816°0  /69°0 186'0  @86°0 2s9°0
£'8 es 2'9 6°S 8°g
9L 6'v 6'S 8's FAS
06 0S¢ eve 09z 0cZ
€160 SB8'0  §£9'0 60 156°@
9L L¥ £°g 6°S v
oL Ak 4 g 6°2 iy
eg esg og2 oLT ot
T¢L'@ TGB'G  vZ8'G  9IZ8'6  gec'e
€9 9°0l s ol 'L £°6
9'¥ 1°6 9'8 19 9°¢
oL ese 0sZ 29z gog
ce/ez/z se/8 /9 s6/1 /8 mm\m—\s_ 56/62/9
62 e ze ¥
8l6'0 ¢B6'0 ©B6'@ 186'0  8.8°'0@
c'g z's 6°S 09 £'9
9L 1°g 8's 6'S 9°S
06 (T4 A 09z o A eze
CI6'@ SBL'@ T6F'@  S€9'@ . ££9°0
9°L 2'e 6°G £'g 9y
oL z'C 6'C e 6'C
oc 061 YA oce oec
TeL @ 668'¢ 9Z8'0 ¥22'0 8IS0
¢'s 1°6 €L S°0l 6L
9y €9 1°s 9'g 0's
oL oz 29z 05z 062
s6/ec/c s6/92/L s6/zi/0l S6/L /8 S6/6 /I
e e e e ¥e
¥.6'0 8l6'0 I86'0  £86°@  2S9°0
rANA £'g 09 T'S 8's
oL 9z 6°S [ L°c
201 e6 ove 0zz escz
£9.°0 €16'0 SC9°0 G0L 0 156°0
8°6 9L £'g rAL 'y
St 0L g z'z (1
esl og ocz 261 oz
9st'e L@ vZ8e 669'0 8820
2'9 £'9 s'ol 1°6 £'6
8°C o.e 9°8 €9 g'c
ezl ese oz eeg
S6/91/¢ mm\ﬁm\m s8/L /8 <€6/9z/t s6/02/9
4 sz ec = s¢
9 S + ¢ z

v16°0 oILvy
0L A:az ads
6'9 M T3A
esz  (930) ¥ig
985°'9 orivYy
9z w:mzv ads
Sy W 13A
ove 930) ¥IQ
L6L°0 olivy
9°1L  (Haw) ads
€6 (HaW) 13A
' JXA 930) ¥Iq
se/vi/L Jivd
89 oLd
7590 oIlvy
8's Azazw ads
L€ (HdN) 13A
ecz  (930) ¥ia
1S6°0 oLLwy
v  (HdN) ads
(R A:mzw q3A
ez (930) ¥1a
88¢°0 oILvY
£°6 (HdN) ads
g'¢ M:mzw 13A
eec - (93a) ¥Ia
56/02/9 3iva
€5 oLnd
¥16°0 oLLvy
e’L Mzazv ads
6°9 Hd) T3A
esz  (93a) ¥ia
9850 OILvy
9°L (HdN) ads
Sy A:mzw 13A
evz  (930) ¥ia
L6L°0 OILvY
9°LL  (HdW) ads
€6 M:az 13A
02 930) ¥Ia
s6/viL/L Jiva
£ OLNd
! MNVY

VIVQ ONIM HLIM SAVA @INd JOVYIAV ¥NOH-YZ LSIHOIH N3IL S661

G3INNILNOD ‘S-¢ Inavl -

1804300148
LIS IVOIS0I0H03 1IN

A3Qvyg
31IS IvII90T0M03 LN

HIVMIN
3118 IYOI90T0803LIN
(4£500) 900-NOLOYO

1804390149
31IS TVOI90T10403LIN

A3Qvyg
LIS VOID0TONO3LIN

HUVMIN
LIS YOI90T0MH03 1IN

(£500) L1e—HOIMNIINO

104300148
LIS TVOIS0T0H03LIN

AJTavag
31IS TYJOIS0N0HO3LIN

HUVMIN
3LIS VOIS0ION03LIN
(e900) See—Q13I4N3

(S3TdNVS) ILIS—NMOL

-37-



169°0
0L
6
ese
c88°0
LY
T
ose
258°0
9'ol
1°6
ese

c6/8 /s
62

¥46°0
L
P°L
ool
£9L°0
86
Sz
o8t
95+ 0
09
'z
oCt

S6/91/¢
ze

896°@
8'8
e'8
"1 4%
i98°0
Lol
L'
ozZ¢e
896°0
v°Cl
Q2L
e

56/8 /¢
¥C

ot

YIL3N OIENO0 ¥3d SWVHOOMOIW

086°0 8/8°0 186°0
6°G €9 8’9
8's 9's 8'S
092 TAN ove
Z6¥°'0 £c9°'0 S£9°'0
6°'S 9'y €S
6°C 6°C '€
0.2 oeg 7} 4
98’0 829’0  #28°0
€L 6°L S0l
1'9 oS 9'8
29z 062 esz
mm\w—\sp s6/6 /L <8/t /8
62 og
186°0 $86'@  [69°'0
0°9 z's 0L
6°S 1°g 6
o¥z 0zZ2 oS¢
G£9'0 SeL'e  SB88'0
£°g rAR L'¥
e 2 ¥
o5z 061 0s¢e
+¥28°9 669°0 TS89
S'0l i'6 9'91
9'g €9 L°6
05T 0T ess
s6/\ /8 <6/9%/L S6/8 /9
A ¢c oy
92,0 81,0  L69°0
S'9 9°9 oL
LY LY 6'v
00z 05T esg
65L°0 LL6°9 S88°0
8'8 9'¥ YA
L9 S'¥ rA 2
061 08l ose
186°'0  ¥58°0@ 680
9'9! 8'el 9'01l
v ol u.m 1'6
o¥e osg
s6/12/s mm\_n\w $6/8 /9
+Z sz sz
6 8 L

SLINN

£86°'0 656'¢  8i6°@ [88°0 TG9'0  ¥.6°'0 oIlv¥
FAL z'9 ¢'g rAd -} 8'¢ 0L HdN) ads
i°g 6°'S 9L L L'e 6'9 HdA) T3A
eze eeg 26 e8 05T ese 930) ¥Id
SoL 0 £89°0 ¢16°'@  olc'e IS6'0  985°0 0Iivy
rAL Y gy 9L = 92 19 4 9°L (HdW) ads
[ARA L'g oL g’ 1y Sy M:mzv I13A
061 oog og oge oz evz  (930) ¥Iq
669°0 669°0  2Z£L°@ 1S6°@  BBS'O®  L6L°0 oIlvy
1'6 8°01 €9 rA¥A £°6 911 M:mz ads
£'9 St 9'¥ 8'g g°'¢c €6  (HdW) T13A
1A 062 oL eg oog ez (93a) uia
g6/9z/L sS6/¥L/T se/ec/T <6/% /¢ S6/0T/9 S6/v\/L atva
[ 9¢ l£ or 84 09 2ind
896°0 656°0 2S9°0  /88'@ 8l6'0  ¥.6°0 OILwy
88 z'9 8's z'8 £'8 oL M:azv ads
'8 8'S L'¢ L 9'L 6°9 Hd) 13A
oye oeg oce es 06 esz  (93a) uia
198'90  £89°9 156°@ elc'e €£l6'@a 9850 OILVy
1° el 9y ol 9°Z 9L 9°L  (HaW) ads
L'8 L'¢g L 8’ oL Sy Mxmzw I3A
aze oog oz osg o¢ ev¥z (93a) ¥Iq
896°0 669°'@0  88¢°@ IS6°0  2€L°@  [BL°@ OILvY
A 80l £'6 L £'9 911 (HaW) ads
ezl S/ 9°'¢ 89 9 €6 Mzazw T3A
eze 062 oog ec oL ez - (93a) uia
$6/8 /¢ S6/vL/T s6/02/9 S6/% /¢ s6/@0¢/T S6/vL/L 3lva
8¢ I [ 4 ¥ St 9S oLNd
186°@ 8l6°'@ €86'0 ZS9'0 /889  ¥.6'0 oILVY
0'9 '8 rAL] 8's z'8 0L A:azw ads
8°G 8L (] L'g cL 69 (Hdm) 13A
o¥e 06 T4 A I w4 eg esz  (930) ula
6¢9'0  €l6'0  SeL'@ 1S6°6  0Ql£'0 9860 oIlvY
£'s 9'L z'e ¥ 9'2 9°L (HdN) ads
¥'g oL rAFA 1y 8 Sy M:nzv 13A
ece e¢ o6l oz esg obz  (93a) uig
¥28'0  TEL'O 669'0  88¢'0 166°0  L6L°@ oIlvd
5'0l €9 1°6 €6 Z'L 9°tt  (Haw) ads
9'8 w.¢ €9 9'¢ w.m €6 ﬁ:azw 13A
0sZ Ix4 00g ez (93a) ¥ia
s6/lL /8 mm\au\u S6/9¢/L $6/02/9 mm\¢ /€ S6/¥\/L ilva
e ze (< 9¢ cF 9s QNd
9 S ¥ € z I MNVY

V1VQ ONIM HLIM SAVQ OINd 3FOVNIAV UNOH—YT LSIHOIH N3L S661

Q3NNIINOD °‘S-Z 31avi

1404390148
3LIS TVOI90T0NOILIAN

A3Tavag
31IS TVOIS0T0H0AL3N

SNUVMAN
31IS TVOIS0TONOILIN
(6500) ZOO-NIAININ

LH0d390148
31IS TIVOIO0TOHOILIN

Adiavag
31IS TVOIS0TOHO3 L3N

AYVMIN
311IS TVOIS0T0403LIN

(s500) Sle—aMO41uvH

1304300148
3LIS TVOIS0T0U03 L3N

AJ3avyg
3LIS TVOIS0T0H0ILIN

MYVMIN
31IS IVYII90TONOILIN
(6500) £10—QNO4LMVH

(STNdNVS) FLIS-NMOL

-38-



086°@
6°'S
8'¢
092
26y e
6°G
6°2C
eLZ
928°0
€L
1’9
@92z

1L6°@
9°'G
¥°S
esz
90,0
s's
6'¢
ece
+08°0
18
S'9
0LZ

cs/ez/L
8z

6S6°0
(A
6'S
oeg
£89°0
9
1'e
00g
669°@
8°ol
S'¢
06z

S6/¥1/2
24

ol

vi8°0
8'g
e's
ozg
vv6°0
8°L
€L
oce
11670
t°ol
v'6
oce

ot
g6/z1/0! s6/62/2\ S6/¥ /S
(27 a4

656°0
rAe]
6°S
eeg
£89°'0
9y
1'e
oog
669°0
8ol
Sl
062

c6/v1/2
o¢

1670
9's
g
0sZ
90L°0
§'s
6'¢
052
+08°0
1°8
§'9
oLz

$6/02/L
9z

6

(88°0 8lI6'@ L6990  TS9'Q
z'8 £'8 8L 8°'S
€L WA 8'v L'c
eg 06 esg ecz
Pl £l6'@  <88°0 166°0
8°'z 8L L'y £y
8° 0L rA 2 %
esg eg osg (T4
166°0 Z¢L'G6  2S8'@  88¢°'0
L £°9 9°0l £'6
8'9 9y 1'6 g'¢

oL 0s¢ oog
c6/0z/2 <6/8 /s s6/0T/9
1S 95 LS L9
9B6°0  £86'0 186°0  L68°0Q
6°S z'S 2'9 e'L
8°'S 1's 6°S 6'Y
09z T4 o¥e ese
Z6¥°'0  SeL'e  S£9'e <88'e
8°S z'¢ ¢'g L'¥
6°C T Y rA%
oLz o6l osz 6s¢
9Z8°'0 669'@ v28'@ 2G8'0
L 1°6 S'ol 9°'01
1°9 €9 9'g 1°6
09z ocT 25z ese

s6/z1/el se/9z/L s6/% /8 s6/8 /9
1e ec [ €
L69°0 08960 9Z.'0  €86°0
e'L 6°S S'9 z's
6 8'c L'y 1°s
ese 09z 002 0ze
688°0 Z6¥'@  6SL'0@ SOL'O
Ly 8°S g8'g z'e
rAR 8'C L9 rAk4
0s¢e Yo 061 261
Zs8'0  9Z8°0 186'0  669°@
9-0l L 9'0l 1'8
1'6 19 v ol €9
0S¢ 092 orZ 05z

G6/8 /9 <e6/zi/el se/iz/s §6/92/L
LT 8z 82 eg

8 L 9 S

YIL3IN OIEND ¥3d SWVHOOMOIW ¢ SLINN

6S6°0
z'9
6°G
eog
£89°0
R
1g
pog
669°0
g'ot
gL
062

S6/+1/2
69

896°0
g'g
g8
eve
19879
1oL
L8
0zs
896°0
a4
0zl
ozg

S6/8 /¢
(=3

186°0
0°9
6'g
orZ
g€9°0@
£'g
¥'e
ocT
¥28°0
s el
9°8
esz
g6/l /8
[4

¥

12670
8t
601
ese
656°0
9'al
X
ece
096°0
6°'¢t
'€l
ezc

56/2 /¢
69

81670
e'g
9°L
06
£16°0
9'L
Q'L
e¢
eeL’0
€9
I 4

oL
$6/02/2
¥

816°0
£'8
9°L
06
gie'o
9°L
0L
eg
ceLo
€9
9y

e
56/02/2
e

€

16" 0
oL
89
2174
985°@
9°¢
S+
ove
6.0
9Ll
€6
oLz

S6/¥i/L
¥L

259°0
8'g
L€
05e
166°0
¥
(4
oz
88¢°0
£'6
9'¢
oo¢

56/02/9
£g

259°0
8°'S
¢
X4
1S6°0
£
L'¥
(Y4
88¢°0
c'6
9°'¢
8oc

s6/02/9
St

4

896°0 o11vY
8'8  (HdW) ads
S'8 A:mzw T3A 180439ATNE
o¥¢  (930) ¥I@ 3ILIS TVOISOIOHOILIN
198°0 o11vy
L'et  (HdN) ads
L8 znsw 13A A3avyg
oz (930) ¥1@ 3LIS TVOISOIONOILIN
896°Q orivy
2 Mxmz ads
0°TL  (HdN) T3A MavaMaN
eze (930) ¥IG 3ILIS VOIOOTOHMOILIN
S6/8 /2 3iva
98 2LAd (8500) 816-NIAVH MIN
¥.6'0 OLLVY
'L (HdW) ads
6'9 (HaA) 13A L¥od3oalug

o5z (93Q) ¥IQ 3JLIS TVOISOIONOILIN

9860 OIivy

9t (HdWN) ads

Sy M:mzv T3A AFTavye

ere 930) ¥IQ 31IS TvOISOI0¥OILIN

L6L°@ o1Lvy

911 (HdWN) ads

€6 (HdN) 13A MyvmaN

YA A 93Q) ¥IQ 3LIS TVOIS0OTO¥OILIN
S6/¥L/L Jiva

eL iNd (£502) £1o—N3IAVH MIN

¥L6°0 oIivY

0°L (HdN) ads

8°9  (HdW) 13A 1y0d3oaiug

05T  (930) ¥IQ 3ILIS TVOISHOT0HOILIN

985°'0 OILvY

9L Hdn) ads

S'¥  (HdW) 13A A31avag

ove 930) ¥IQ 3JLIS TVOISOIONOILIN

LBL°0 oILvy

9°ti  (Haw) ads

£'6 M:az T3IA HAYMIN

ele 930) ¥IQ 3ILIS IVOISOIONOILIAN
s6/viL/L aiva

29 oInd (8500) ©le—Q¥O4TIN

1 MNVY (S3TdNVS) ILIS—NMOL

VLVA ONIM HLIM SAVA @LNd 3OVHIAV dNOH—¥Z LSIHOIH NIL S661

G3NNIINOD ‘G-Z 37avl

-39-



656'0@ 286°0 92.°'0
z°9 6'S c'9
6'S 8's LY
oog 29z eoc
£89°0 Z6v°0 65L°0
9 6'S 8°8
L'g 62 L9
eog Yi4 o6l
669°0 9Z8°0 186'0
8ol €L 9ol
SL 1'9 ol
062 29z ere

se/¥i1/z se/ci/eL se/12/s
oA 74 74
9z.°0 160 169°0
G'9 L oL
L'y 0L 6'¥
eoz 001 ess
65.°0 £9/°0 G88°0
8°'8 8°6 L%
L9 S'L T
o6t es! esg
186°0 9St° 0 268°0
9°al 0'9 9°01
ol 82 16
vz ozl oS¢

s6/12/s ce/9i/c s6/8 /9
e ze e
1.6'0 086'0 £86°0
9°g 6°S rAR
¥°g 8'S 1°s
05z 09z 0ze
90.°0 Z6¥°0 seL e
S'S 6°S rAL %
6°'¢ 62 z'e
ece 0l2 o6l
+08°0 9z8'0 669°'0
1°8 L 1°6
g9 1'9 €9
"YXA 29z ece

s6/ez/L <6/Tl/el s6/9z/L
€e €c ce

ol 6 8

8/8°0
€9
9'g
ozg
€290
9'y
6°2
eeg
829°0
6°L
0's
062

s6/6 /1
9z

186°0
0°9
6'G
e¥e
6899
£°s
e
oce
$z8°0
s ol
9'8
esz

S8/t /8
s¢

186°0
0°9
6'9
o¥e
§¢9°0
£°6
¥'e
g
¥28°0
s'ol
9°'8
3514

s6/1 /8
9

L

YIL3W O18N0 U3d SWVHOONOIN © SLINN

160
9°'g
'S
0sz
90L°0
S's
6'¢
0cT
+08°9
1'e
S'9
Vx4

s6/0z/L
9z

£86°0
'S
(]
(T4 A
ses e
rARS
rARA
061
669°0
1°6
£°9
ecz

s6/9z/L
LS

L69°0
L
6
0se
G880
LY
rAL 4
ose
2680
g°'ol
1'6
0s¢e

s6/8 /9
9¢

186°0
89
6°S
ovT
6£9°0
£
¥'e
oge
¥28'0
G 0l
9'8
0sz

s6/1 /8
8z

656°0
z°9
6°S
oot
£89°0
9t
1'e
oec
669°'@
g8'0l
gL
062

s6/v1/2
6¢

656°0
9
6'S
oec
£89'0
9y
L°g
oo¢
669°0
g°0ol
S'L
062
s6/vi/C
8¢

169°0
0L
6'¥
os¢
G880
L'¥
¥
25¢
Ze8'0
g°0l
1°6
ose

s6/8 /9
e

896°0
8°8
S8
ere
198°9
1°ol
L8
(T4
896°0
vz
ezl
ezc

s6/8 /T
9¥

8i6°0
£'8
9°L
06
£i6°0
9°L
0L
og¢
eeL°0
£'9
9y

oL
s6/02/C
14

816°'0
e'8
9L
06
ci6°0
9°L
0L
eg
2eL°0
€9
9V
oL

s6/6z/C

[4Y

259°0
8°S
L€
ocZ
156°0
£ ¥
L'y
oz
88¢°0
€6
g'¢
eec

c6/02/9
SS

59°0
8'S
L'E
)4
lg6'e
£
1'¥
(T4
88¢°0
€6
9°'¢
@og

$6/02/9
IS

Z89°0
g2'g
L'E
0ce
1S6°0
Y
L
oz
88€°0
€6
9°¢
ooc

$6/02/9
A

8l6'@
£°8
9L
06
£16°0
9L
0L
o
eL°0
€9
I 4

oL
s6/02/2
9s

896°0
8’8
s'8
514
198° 0
]
L8
oce
896°0
v'cl
o'cl
oze

$6/8 /T
(A}

+16'0 oIlvy
0°L (HdW) ads
69 Iazw 3A
esz  (93a) dIa
9850 OIlvY
9L (HaW) ads
S'¥  (Ha) 13A
etz (930) uia
L6L°0 oILVd
9°11  (HdW) ads
€6 HdiX) 13A
0Lz 93a) yla

S6/v\/L 3iva
85

OLNd

$16'0 oILvy
e'L M:azv ads
6°9 HdW) 13A
esz  (93a) uIa
985°0 olLvy
9L (Haw) ads
S'v A:azw T3A
e¥z  (930) dIq
L6L°0 oILvy
9'1L  (HaN) ads
€6  (Ha) 13A
ez (930) wla

se/vi/L Jiva
oL

OlNd

+46°0 OLlvY
0'L (Hdan) ads
6'9 Azmzw 13A
esz  (93a) wIg
985°0 OILVY
9'L  (HdW) ads
S'v anzv T3A
o¥e 934) g
L6L"0 OLLVY
9'1L (HaW) ads

€6 Azmzw 13A
o/Z - (93a) uia
S6/¥L/L 3alva
£9 oInd

1 MNVY

ViVQ ONIM HLIM SAVQ QLNd JOVHIAV ¥NOH—PZ LSIHOIH NIL G661

@NNILNOD ‘S-Z 3avl

104300148
31IS TVOIO0TOH03 13N

A3Tavag
31IS TvOIO0TONO3 1IN

NYVMIN
3LIS VOID0T0H03LIN
(LS00) +0e—NOaNOT MIN

1304390148
3L1IS IVJIS0TOHOILIN

A3Qvag
3LIS TVOIS0T0H0ILIN

HUVMIN
31IS TvOIS0I0H03 L3N

(e900) €ZI—N3IAVH MIAN

L¥0d390148
LIS IVOI9070H03 13N

A31avag
LIS TVOIS0TOHOI L3N

AUVAMAN
~ 3LIS TYOI9070803LIN

(1960) ©Ze—NIAVH MAN

(S31aMvS) 3LIS-NMOL

-40-



896'0 BIL'@  L69°0 1L6°0  £86°0  ¥.6°0
8°8 9'g 0L 9°g 8'9 rA¥A
s'8 LY 6y ¥°S 9'9 oL
ere 2 Jr4 ese =14 eol 001
198°0 /.60 G88'@ 90.'0  955°0 £9/°0
] 9y L'y S'S 8's 86
LB S'v rAL 6'¢ z'¢ s'L
ezs esl ese 0z 09l =18
896°'0  ¥58°0 TG8'0 Y080  /[69°0  9Sv°0
21 g'el 9'0l i°8 S'S 2'9
o'zl T°6 L°6 S'9 8¢ 82
YA ove osg Lz el ozl

s6/8 /¢ s6/\s/8 S6/8 /9 s6/0Z/L S6/\Z/v S6/91/%
e 4% zg 43 4% S¢
18870 146°0 169°9 186°'0  8/8'0  896°@
T8 9°'s 0L 09 £'9 8'8
L $'g 6 6'S 9°'¢ S'g
08 0S¢ esg eve eze ere
8ic’e 99l'e - <BB'O 6£9'0  ©¢9°0 198°6
9°z S'g L'y £'g 9°¥ 1ol
8’ 6°¢ rAL v'g 6°C L'8
ess ece esg 05T 00g oze
IS6'0  ¥08°'@ ZSB'@  +I8'0 829°0 896°'0
'L 1'8 9°0l G ol 6°L 2
89 G'9 1°6 9'g 0'S 02l
og oLZ oS¢ ese 062 ez¢

se/v /¢ se/ee/L se/8 /9 S6/L /8 S6/6 /v S6/8 /2
sz sz 82 eg e e
£86°9 906°0 506°'0 6¥8°0 816'0 7690
z's $'8 6°9 8'9 ¢'8 8'g
1°s Lt z'9 'S 9/ L€
oze 0sz 09¢ ocg 06 05T
S0.'9 996°0 e68'0  8Z6'e  ¢l6°@ 166°0
rALN 1'6 L°6 911 9L ¥
AN A L'8 -] g8°'0l 0L by
e61 00T ege ocse ec (T4
669°0 l168'6  <SB6'@ 8960 ZoL°@  88€°0
1's 6°8 9'1t vzl £'9 £'6
€9 9L Sl ezl 9y 9'¢
05e ose ove ose oL 00¢

$6/92/L S6/8L/0\ S6/LL/T\ S6/€2/T\ S6/0T/T S6/0Z/9
S¥ IS zs zs 9g 29

ol 6 8 L 9 S

H313W 018ND ¥3d SWVHOOMOIN : SLINN

8l6'0
£°8
9°L
06
€16°0
9°L
0'L
og
FAYAN]
£'9
9

oL
s6/0¢/cC
se

£86°0
r e
L'
0zZ
-ZYAL)
z'c
rAFA
o6l
669°'0
L'6
£°'9
ocz

56/92/L
ze

6560
z°9
6°S
eos
£89°0
9%
1'e
eog
669°0
g'ol
S'L
062

S6/v1/2
S9

€86°0  186°0
z'S e's
1 6'G
YAA ore
0L  G£9'e
z'¢ £°'g
z'z ¥'c
061 ece
669'0  ¥28'0
16 s'ot
£°'9 9'g
oce 05z

c6/92/t <6/% /8
o¢ 8¢

816°0 269°0

¢'g 8°S
9°L L’c
06 05T
£16'0 156°0
9'L £
0L L¥
eg oz
ZeL'e 98¢0
£'9 £'6
9°b 9°¢
oL oog
s6/0z/c  se/ez/9
s¢ v
¥/8°0  vl6'@
8'g 0L
0'S 6°'9
ezg esz
+¥6°0  985°@
8z 9L
L S’y
oz¢ 14
1166  L6L°@
v'0l 9l
$°6 £'6
" TAY oLz
S6/62/2\ S6/¥\/L
G9 9z
€ z

¥16°0 oILvY
oL ﬁxazw ads
69  (Hdn) 13A
ectc  (930) uid
985°0 oLV
9°L  (HdN) ads
S'¥ A:mzw q3A
e¥z  (930) ¥uIa
L6L°® oIlvy
9t A:msw ads
£°6 M:az 13A
Vi 930) ¥I1q
Se/vi/L 3iva
89 8INd
+16°0 olivy
0L (HdWN) ads
6'9 HdA) 13A
esz  (930) ¥IQ
9850 oIlvy
9°L (HdW) ads
S'v  (HdW) 13A
ovz  (93a) MIa
L6L°Q ol1vy
9'LL  (HdW) ads
£°6 Mzmzw 13N
ez (93a) dIa
S6/¥L/L 3iva
99 BLAd
896°'0 oILvY
8'8 M:mzv ads
'8 :mzw 13A
e¥e (930) ula
198°0 oLIVY
Lol (HaN) ads
L8 Mzmzw T13A
eze (930) ¥Iq
896°'0 oIlvy
T A:azw ads
22t (Haw) 13A
oce  (93a) ¥Ia
c6/8 /2 Jtva
¥8 2LAd
{ MNVY

ViVQ ONIM HLIM SAVQ @INd 39VMIAV HNOH—¥Z LS3IHOIH N3IL S661 -

Q3NNILNOD ‘S—z 318Vl

1304390148
31IS VOIO0N0403LIN

A31avyd
31IS TVOIS0TI0403 13N

MUVMIN
31IS TVII9010803LIN
(6500) Lee—QMOINVLS

L¥0d390148
31IS IVIIS0T0403 L3N

A3avyg
311IS IVIIS0TOHOILIN

AUVAMIN
3LIS TVOIS0TOMO3 13N

(8se8) ZeB—HOIMMON

1304390148
3LIS VYOIS0T0H0ILIN

Aavyg
311S VOID0T0HOILIN

AUVMIN
3LIS TvOI9010M803LIN
(9500) ¥10-1VMION

(S371dMvS) JLIS—NMOL

41-



8zl 0 L6870 e86'0 656°0 186°0 £96°0 [88°0 816°0 ¢59°0 vL6°@ oIlvy

S'9 8L 8'G z'9 e'9 2's Z'8 ¢'8 8'c 'L (HdN) ads

L'y 6'¥ 8'S 6°S 6°S 1°g L 9L L€ 6°9  (HdN) 13A L¥od3oaiug

00z ose 292 oog 1 A (-TA4 08 06 ece s (93Q) ¥IQ 3LIS IvOI90104803LAN

6S.°0 S88°0 Z6v°0 £89°0 §¢9'0 S0L 0 olc e £16°0 1S6°0 9860 OI1lvy

8'8 LY 6°S 9'¥ £'s AL 9'z 9L o 4 9L A:azw ads

L9 AR 2 6'C 1°¢ e [AKA 8° oL L'¥ S'¥  (HdW) 13A A31avus

o6} esg " J&4 oes ese o6l ose oc (T4 ebc  (930) ¥IQ 3LIS IVOISOIONO3L3N

186°0 268°0 978°'0 669°0 +28°0 669°0 ise'e rAwAd") 88C°0 L6L°0 OILVy

9'09} 9°'9! L g0l S'ol 1°6 rAdA £'9 6 8'1L  (HdWN) ads

ol 1°6 i°9 St 9°8 £°'9 8'9 9 9'¢ €6 HdA) T3A MuvMIN

ere ose 09z 262 esz oce og oL ees eLT 930) ¥IQ 3LIS TVOIHOTIONOILIN
se/1z/s <s6/8 /9 se/zi/el se/vi/T se/L /8 s6/9z/L <e/v /¢ <e6/ez/z Se6/ez/9 S6/vl/L aLva

9z 9z 8z 274 ie z¢ z¢ 9¢ Fa 09 olNd (6500) 900—QMO4ONITIVM

81L°0 ¥46°0 9ZL°0 816°0 1670 69°0 £86°0 186°0 259°0 ¥46°0 olivy

9°'9 rAFA S'9 £'8 9°S oL z's @9 8's 0L M:a:v ads

AL oL L'y 9L 'g 6'¥ t'g 6'G L' 8'9 Hd) T3A 1304390148

ece ool 00z 06 ese [l T4 4 e¥e 05T 25z (930) ¥IQ 3LIS TVDIOOTONOILIN

LL6°0 £9L°0 65L°0 ¢16'0 90.°0 G880 SeL°0 S£9°0 16670 9860 Olivy

9y 8°6 8'8 9L S'S LY rALY c's ¥ 9°L  (HdW) ads

S gL L9 oL 6'¢ FAR . [AK e (N84 S+ (HdIN) 13A A31avug

o8l o8| 061 og ece 25¢ 061 0T VTA obz  (93Q) ¥IQ 3LIS TVOISOTONOILIN

68" 0 950 186°0 zcL0 +08°0 5870 669°0 +28°0 88¢°0 16L°0 OIivy

g8°0el 09 9'el €9 (-] 9°'0l 1°6 s'ol €6 8'1L  (HdW) ads

rA: 8¢ -0l 9y S'9 1°6 ¢°9 9'8 9°¢ c'6 Mzmzw TIA HHVMIN

ore T4} ore oL YA A os¢ ose 02 eog 0Lz 930) ¥IQ 3LIS IVOISOTONOILIN
se/le/8 s6/91/¢ <e6/\z/s <6/ez/z se/ez/L <6/8 /9 S6/9z/L S6/1 /8 $6/0Z/9 S6/¥L/L 3lva

L 8l (74 (T4 ez fer4 x4 og 8 85 elnd (9560) 10e—NMOLNNTIOA

B/8'0 086°0 656°0 188°0 v46°0 £86°0 rA- M} 816°0 186°0 v46°0 Olivy

€9 6'S z°9 z'8 'L z'S 8'g €8 0’9 'L (HdN) ads

9's 8°'S 6°S L oL 1's L'e 9L 6'S 6'9 anzw J3A L¥0d3oa1yg

A 09z gog 09 ool T4 ] A 06 e¥e 2174 930) ¥IQ 3LIS TVOIS0IONOILIN

££9°0 A ) £89°0 olc o £9.°0 S0L 0 1560 £i16°9 G£9°0 985'9 orILvy

8'¥ 6'S 99 9°T 86 rAL~ e 9L £°c 9L A:mzw ads

6'C 6'Z i'c g GL [AKA Ly 0L A S'v  (HdW) 13A A3avaa

e0¢ 0Lz eo¢ ose 113 @6l (T4 oc 0cT e¥c  (930) ¥IQ 3LIS TVOISOTIONOILIN

829°0 978°0 669°0 1S6°0 95+ 0 669°@ 88¢°0 FAAL’] vZg-e 16L°0 O11vy

6L €L g8'ol L 2'9 1'6 €6 €9 S ol 911 (HdW) ads

e's 19 S°L 8'9 82 £9 9°¢ 9y 9'8 €6 (HdW) T3A MuvMIN

062 29z 062 eg (74} ece eeg YA esZ 82  (930) ¥IQ 3LIS IVOIDOIONOILIN
s6/6 /1 se/zi/el s6/vi/c s6/v /¢ <6/9L/c <6/9T/L <6/0z/9 se6/ez/z <6/ /8 S6/vl/L 3iva

Lz 62 62 ec e FA% £c e 9¢ s o1Lnd (6900) 10O~NOLONIMNOL

oL 6 8 L 9 s 4 ¢ rA 1 MANVY (S3TdAVS) ILIS-NMOL

Y3L3N 018N0 ¥3d SWYHOONIIN ¢ SLINN
VLIVQ GNIM HLIM SAVA OLNd 3OVNIAY MNOH—¥Z LS3HOIH NIL S661

QANNIINOD *S-2 318Vl

-42-



169°0 ©6S6'@  816'0
oL z'9 ¢'8
6'v 6°S 9L
esg oeg 06
c88°0  £89'0¢  ¢€16°0
LY 9% 9L
rAL 4 I'e e'L
oss oes ec
Z68°0  669'0  Z6L°@
9°01 8°01l £'9
1°6 gL 9t
0s¢ 062 oL
g6/8 /9 g6/¥i/T ss/ez/c
{14 9z 62
186°0 0B6'0  £86°0
0°9 6°S z's
8°'S 8'g 1'G
e¥z 09z ez
6r9'6  Z6¥°'@  SeL'e
£'s 8°'S z'e
beg 6°2 z'Z
0cT oLz 061
¥28°'0 928'0  669°@
s'ol L 1°6
9'8 1'9 £'9
esz 092 o5z
s6/lL /8 66/CL/8\ S6/9Z/L
6g 6¢ 6¢
ol 6 8

H3LIN J14ND ¥3d SHVHOOMOIN

186°0
e'g
6°S
ore
sc9e
¢'s
e
0£T
v28°0
S0l
9'8
052

se/\ /8
62

188°0
z'8
A
08
elco
9°C
g
ese
1S6°@
rAl4
8'g
eg

s6/vy /¢
or

L
¢ SLINN

896°0 8/8°0  ¥.6°0 £86°0 269°0 /88°0 oIivy
8'8 €9 rAFA z°S g8's 2'8  (HdW) ads
S8 9'g ez 1'S L'e €L (Haw) 13A
evs " TAY o0l ezT oge o8 (930) u1a
198°0 £c9°'0 €940 S0L 9 1S6°0 olco oILvY
(]! 9y 8°6 z'e ¥ 9z (Han) ads
'8 62 S°L [AKA (I g A:mzw T3A
TAY eeg o8} 061 oz esc  (93a) ¥ia
896°0 829°6 95¥ "0 669°0 88¢°0 156°0 oI1vy
L ardt 6L 0'9 1°6 £°6 2L (H) ads
Al 0's 8'2 ¢'9 9'¢ 8'9 Azmzw T3A
TA 062 ozl 05T eoc e¢ (930) ula
¢6/8 /2 <&/6 /I <6/91/c se&/9z/L se6/0T/9 S6/¥ /¢ iva
62 oc e +¢ 8¢ o olNd
1L6°0 816°0 25970 656°@ G¥9'0  ¥.6°0 or1vy
9°g £'8 8'g z'9 €9 oL Azmzw ads
'S 9°L L€ 6'S Ly 6'9  (Haw) 13A
ez o6 0z oog o8l ecz  (930) uia
€LL°0 £16°0 1S6°0 £89°0 S$9°9 985°9 oILVy
6 ¥ 9L £ ¥ 9'¥ z'8 9°L  (HdaN) ads
8¢ 0L (% (' £'g S'¥ A:m:w T3IA
o1z ot (74 eec oLl e¥z  (93a) uia
£¥9°0 TeL'o 88¢°0 669'0 8550 L6L°9 o1ivy
(-] £°9 c'6 8'el S'6 911 (HdW) ads
rAR 9% g9'¢ S'¢L £°g <6 A:mzw 13A
o5l oL eog 062 es1 o/z  (930) ¥1a
c6/2 /9 <e6/ez/c c6/02/9 S6/%¥\/T S8/ /¥ S6/vi/L aiva
(42 (A ¥ 6% €5 €9 eINd
9 S 4 ¢ rA ! MNVY
VLVAQ ONIM HLIM SAVG @LNd 3OVYNIAV ¥NOH—vZ LSIHOIH NIAL G661

GINNILNOD ‘-2 378Vl -

130d439Q148
ALIS TYOI9010403 1IN

A3avag
ALIS TvII90T0403 13N

AUVMIN
3LIS IVII90T0HOILIN

(L500) ZOO-OIINWWITIIM

1804390148
3118 TYOIS010M803 13N

Aavaa
3A11IS TVOIS0TONOILIN

HYVMIN
LIS TVYOI9010403 1IN
(8see) Loo—AMNNSYILYM

(S31dNVS) 3LIS-NMOL

-43-



FIGURE 2-5
AVERAGES OF THE ANNUAL PM19 CONCENTRATIONS*
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FIGURE 2-6
3-YEAR AVERAGES OF THE ANNUAL PM19 CONCENTRATIONS*
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* At the 15 sites that met the minimum sampling criteria in each year of the seven-year period.
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lll. SULFUR DIOXIDE

HEALTH EFFECTS

Sulfur oxides are heavy, pungent, yellowish gases that come from the burning of sulfur-containing
fuel, mainly coal and oil-derived fuels, and also from the smelting of metals and from certain industrial
processes. They have a distinctive odor. Sulfur dioxide (SO;) comprises about 95 percent of these gases,
50 scientists use a test for SO alone as a measure of all sulfur oxides.

~ Exposure to high levels of sulfur oxides can cause an obstruction of breathing that doctors call
"pulmonary flow resistance.” The amount of breathing obstruction has a direct relation to the amount
of sulfur compounds in the air. Moreover, the effect of sulfur pollution is enhanced by the presence of
other pollutants, especially particulates and oxidants. The action of two or more pollutants is synergistic:
each pollutant augments the other and the combined effect is greater than the sum of the effects that
each alone would have.

Many types of respiratory disease are associated with sulfur oxides: coughs and colds, asthma,
bronchitis, and emphysema. Some researchers believe that the harm is due not only to the sulfur oxide
gases but also to other sulfur compounds that accompany the oxides.

CONCLUSIONS

Sulfur dioxide concentrations in 1995 did not exceed any federal primary or secondary standards.

Measured concentrations were substantially below the 365 pg/m3 primary 24-hour standard and well
below both the 80 pg/m3 primary annual standard and the 1300 ng/ms3 secondary 3-hour standard.

METHOD OF MEASUREMENT

The DEP Air Monitoring Unit used the pulsed fluorescence method to continuously measure sulfur
dioxide levels at all 13 sites in 1995, ‘

DISCUSSION OF DATA

Monitoring Network - Thirteen continuous SO, monitors were used to record data in 12 towns
during 1995 (see Figure 3-1):

Bridgeport 012 Groton 007

Bridgeport 013 ‘ : Hartford 018
Danbury 123 Mansfield 003
East Hartford 006 New Haven 123
East Haven 003 Stamford 124
Enfield 005 Waterbury 123

Greenwich 017

All of these sites telemetered their data to the central computer in Hartford three times each day (i.e., at
0700, 1400, and 2400 hours local time).
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Precision and Accuracy - 741 precision checks were made on SO, monitors in 1995, yielding 95%
probability limits ranging from -4% to +4%. Accuracy is determined by introducing a known amount of
SO, into each of the monitors. Three different concentration levels are tested: low, medium, and high.
The 95% probability limits for accuracy based on 16 audits were: low, -5% to +6%; medium, -5% to
+3%; and high, -5% to +4%.

Annual Averages - SO, levels were below the primary annual standard of 80 pg/m3 at all sites in
1995 (see Table 3-1). The annual average SO, levels decreased at twelve of the thirteen monitoring sites .
The largest decrease was 8 pg/m3, which occurred at Bridgeport 012. The one increase was 4 ng/m3,
which occurred at Stamford 124.

Statistical Projections - A statistical analysis of the sulfur dioxide data is presented in Table 3-2. This
analysis is produced by a DEP computer program and provides information to compensate for any loss of
data caused by instrumentation problems. The format of Table 3-2 is the same as that used to present the
statistical projections for particulate matter (see Table 2-1). Since the statistical projections are made for
the 24-hour standard, the hourly SO, data are first converted to 24-hour block averages. These 24-hour
“samples” form the basis for the annual arithmetic and geometric means and the arithmetic and
geometric standard deviations employed by the DEP computer program to make the statistical
projections and calculate the 95% confidence limits.

The monitored data indicate that there were no violations of the primary 24-hour SO; standard at
any site in Connecticut in the last three years. The statistical projections confirm that no days exceeding
the primary 24-hour standard of 365 ng/m3 would have occurred during this period at any site, if
sampling were complete.

The annual averages in Table 3-2 differ slightly from those in Table 3-1 due to the manner in which
they were derived. The averages in Table 3-1 are based on the available hourly readings, while those in
Table 3-2 are based on valid calendar day 24-hour averages. (At least 18 hourly readings are required to
produce a valid 24-hour average.)

24-Hour Averages - Figure 3-2 presents the first and second high calendar day average
concentrations recorded at each monitoring site in 1995. No site recorded SO; levels in excess of the 24-
hour primary standard of 365 ug/m3. Second high calendar day SO, average concentrations decreased at
all thirteen monitoring sites from 1994 to 1995. The decreases ranged from 12 ug/m3 at Greenwich 017
to 66 png/m3 at Stamford 124.

Current EPA policy bases compliance with the primary 24-hour SO, standard on calendar day
averages. Assessment of compliance is based on the second highest calendar day average in the year.
Running averages are averages computed for the 24-hour periods ending at every hour. If running
averages were used, assessment of compliance would be based on the value of the second highest of the
two highest non-overlapping 24-hour periods in the year. There has been some contention over which
average is the more appropriate one on which to base compliance. Table 3-3 contains the two highest 24-
hour SO, readings at each site in terms of both the running averages and the calendar day averages. The
first high 24-hour running averages are all higher than the first high calendar day averages by up to 25
ng/m3. The second high 24-hour running averages are all higher by up to 23 pg/m3.

3-Hour Averages - Figure 3-3 presents the first and second high 3-hour concentrations recorded at
each monitoring site. Measured SO; concentrations were far below the federal secondary 3-hour
standard of 1300 ng/m3 at all DEP monitoring sites in 1995. All thirteen sites had lower second high
concentrations in 1995. The decreases ranged from 10 pg/m3 at East Hartford 006 to 102 pg/m3 at
Bridgeport 012.

10-High Days with Wind Data - Table 3-4 lists the ten highest 24-hour calendar day SO; averages
and the dates of occurrence for each SO site in Connecticut in 1995. The table also shows the average
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wind conditions that occurred on each of these dates. (The origin and use of these wind data are
described in the discussion of Table 2-5 in the particulate matter section of this Air Quality Summary.)

Once again, as with particulate matter, many (i.e., 40%) of the highest SO, days occurred with
winds out of the southwest quadrant, and most of these days had relatively persistent winds. This
relationship is caused, at least in part, by SO, transport, but any transport is limited by the chemical
instability of SO,. In the atmosphere, SO, reacts with other gases to produce, among other things, sulfate
particulates. Therefore, SO, is not likely to be transported very long distances. Previous studies
conducted by the DEP have shown that, during periods of southwest winds, levels of SO; in Connecticut
decrease with distance from the New York City metropolitan area. This relationship tends to support the
transport hypothesis. On the other hand, these studies also revealed that certain meteorological
parameters, most notably mixing height and wind speed, are more conducive to high SO, levels on days
when there are southwesterly winds than on other days.

The data in Table 3-4 also suggest another reason for maximum SO, days. Approximately 72% of
the tabulated days occurred during the winter, and 21% occurred in late autumn. This phenomenon can
be attributed to the fact that more fuel oil is burned during cold weather resulting in greater SO;
emissions. In addition, temperature inversions, in which mixing heights are reduced, are more prevalent
in autumn and winter.

In summary, high levels of SO, in Connecticut seem to be caused by a number of related factors.
First, Connecticut experiences its highest SO, levels during the late fall and winter months, when there is
an increased amount of fuel combustion. Second, the New York City metropolitan area, a large emission
source, is located to the southwest of Connecticut, and southwest winds occur relatively often in this
region in comparison to other wind directions. Also, adverse meteorological conditions are often
associated with southwest winds. The net effect is that during the colder months when a persistent
southwesterly wind occurs, an air mass picks up increased amounts of SO; over the New York City
metropolitan area and transports this SO, into Connecticut, adding to Connecticut’s own contribution to
ambient levels. In addition, relatively low mixing heights are associated with warm air advection (i.e.,
southwest wind flow), which inhibits vertical mixing and contributes to the enhanced SO, concentrations.
The levels of transported SO, eventually decline with increasing distance from New York City, as the SO,
is dispersed and as it slowly reacts to produce sulfate particulates. These sulfate particulates may fall to
the ground in either a dry state (dry deposition) or in a wet state after combination with water droplets
(wet deposition or "acid rain").

Trends - The SO, trend over the ten year period from 1986 to 1995 is presented in Figure 3-4. The
trend is clearly down in the last several years.

As was the case with the particulate matter trend, we wanted to portray an SO; trend that is both
statewide in nature and relevant to one of the ambient air quality standards for SO,. We chose to
average the annual SO; concentrations at a number of sites: Bridgeport 012, East Haven 003, Enfield 005,
Groton 007, New Haven 123 and Waterbury 123. These sites were the only sites that had sufficient data
and valid annual averages over a twelve year period.

Annual SO, levels can be dramatically affected by a number of factors, some of which are annual
fuel use, frequency of precipitation events, and changes in wind speed and direction. The importance of
these relatively short term factors can be diminished in the portrayal of a pollution trend by means of
multiple year averaging. Figure 3-5 employs a three year average of the data in Figure 3-4 and shows a
smoother year-to-year transition as a result. The SO, trend is significantly down over the last six years,
after a period of slight increases.
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TABLE 3-1

1995 ANNUAL ARITHMETIC AVERAGES OF SULFUR DIOXIDE

TOWN-SITE

Bridgeport 012
Bridgeport 013
Danbury 123
East Hartford 006
East Haven 003
Enfield 005
Greenwich 017
Groton 007
Hartford 018
Mansfield 003
New Haven 123
Stamford 124
Waterbury 123

(PRIMARY STANDARD: 80 pg/m3)

SITE NAME

Edison School

Congress Street

Western CT State University

High Street

Animal Shelter
Department of Corrections

Greenwich Point Park

Fire Headquarters

Sheldon Street

Dept. of Transportation

State Street

Health Department

Bank Street
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ANNUAL AVG
(ng/m3)

17

16
11
13
10
10
11
12
14

8
21
29
12
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FIGURE 3-2
1995 MAXIMUM CALENDAR DAY AVERAGE SO2 CONCENTRATIONS
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FIGURE 3-2, CONTINUED
1995 MAXIMUM CALENDAR DAY AVERAGE SO2 CONCENTRATIONS
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TABLE 3-3

COMPARISONS OF FIRST AND SECOND HIGH CALENDAR DAY
AND RUNNING 24-HOUR SO2 AVERAGES IN 1995

FIRST HIGH AVERAGE SECOND HIGH AVERAGE
SITE RUNNING CALENDAR RUNNING CALENDAR
B 24-HOUR DAY 24-HOUR DAY
Bridgeport-012 116 115 96 73
Bridgeport-013 100 98 98 90
Danbury-123 69 66 59 51
E. Hartford-006 88 88 75 61
East Haven-003 98 97 83 60
Enfield-005 55 55 48 44
Greenwich-017 74 72 66 61
Groton-007 65 64 53 46
Hartford-018 83 82 - 65 54
Mansfield-003 40 39 36 36
New Haven-123 137 EEREY 112 100
Stamford-124 97 93 97 84
81 80 68 51

Waterbury-123

N.B. The averages have units of pg/m3.
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FIGURE 3-3

1995 MAXIMUM 3-HOUR RUNNING AVERAGE SO2 CONCENTRATIONS

300 400

0
‘ DATE |
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* The date is the month/day/ending hour of occurrence.

Secondary standard = 1300 pg/m3.

-55-




FIGURE 3-3, CONTINUED
1995 MAXIMUM 3-HOUR RUNNING AVERAGE $SO2 CONCENTRATIONS

0 100 200 300 400

DATE*

- 05/14/12
GROTON-007 01/14/22

- 12/31/10
HARTFORD-018 12/31/08

02/10/09
01/03/21

NEW HAVEN-123 12/31/09 %\\\\\\\\\\\\\\\%\\\\\\% 198

12/31/07 172

MANSFIELD-003

; 08/21/21
STAMFORD-124 12731711 |

WATERBURY-123 gg} ﬂz %\\\\\\W 144

15T HIGH, pg/m3 }
2ND HIGH, pg/m3

* The date is the month/day/ending hour of occurrence.
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FIGURE 3-4
AVERAGES OF THE ANNUAL SO CONCENTRATIONS AT SIX SITES
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FIGURE 3-5
3-YEAR AVERAGES OF THE ANNUAL SO> CONCENTRATIONS AT SIX SITES
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IV. OZONE

HEALTH EFFECTS

Ozone is a highly reactive form of oxygen and the principal component of modern smog. Until
recently, EPA called this type of pollution "photochemical oxidants." The name has been changed to
ozone because ozone is the only oxidant actually measured and is the most plentiful.

Ozone and other oxidants -- including peroxyacetal nitrates (PAN), formaldehyde and peroxides --
are not usually emitted into the air directly. They are formed by chemical reactions in the air from two
other pollutants: hydrocarbons and nitrogen oxides. Energy from sunlight is needed for these chemical
reactions. This accounts for the term photochemical smog and the daily variation in ozone levels, which
increase during the day and decrease at night.

Ozone is a pungent gas with a faintly bluish color. It irritates the mucous membranes of the
respiratory system, causing coughing, choking and impaired lung function. It aggravates chronic
respiratory diseases like asthma and bronchitis and is believed capable of hastening the death, by
pneumonia, of persons in already weakened health. PAN and the other oxidants that accompany ozone
are powerful eye irritants. ‘

NATIONAL AMBIENT AIR QUALITY STANDARD

On February 8, 1979 the EPA established a national ambient air quality standard (NAAQS) for
ozone of 0.12 ppm for a one-hour average. Compliance with this standard is determined by summing the
number of days at each monitoring site over a consecutive three-year period when the 1-hour standard is
exceeded and then computing the average number of exceedances over this interval. If the resulting
average value is less than or equal to 1.0 (that is, if the fourth highest daily value in a consecutive three-
year period is less than or equal to 0.12 ppm) the ozone standard is considered attained at the site. This
standard replaces the old photochemical oxidant standard of 0.08 ppm. The definition of the pollutant
was changed along with the numerical value of the standard, partly because the instruments used to
measure photochemical oxidants in the air really measure only ozone. Ozone is one of a group of
chemicals which are formed photochemically in the air and are called photochemical oxidants. In the

_past, the two terms have often been used interchangeably. This Air Quality Summary uses the term
"ozone" in conjunction with the NAAQS to reflect the change in both the numerical value of the NAAQS
and the definition of the pollutant.

The EPA defines the ozone standard to two decimal places. Therefore, the standard is considered
exceeded when a level of 0.13 ppm is reached. However, since the DEP still measures ozone levels to
three decimal places, any one-hour average ozone reading which equals or is greater than 0.125 ppm is
considered an exceedance of the 0.12 ppm standard in Connecticut. This interpretation of the ozone
standard differs from the one used by the DEP before 1982, when a one-hour ozone concentration of
0.121 ppm was considered an exceedance of the standard.

CONCLUSIONS
As in past years, Connecticut experienced high concentrations of ozone in the summer months of

1995. Levels in excess of the one-hour NAAQS of 0.12 ppm were recorded at all eleven ozone monitoring
sites. The highest concentration was 0.175 ppm, which occurred at the Madison 002 site. Moreover, the
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1-hour ozone standard was violated at all eleven sites because the "expected number of exceedances” for
the most recent 3 years at each site exceeded one.

The incidence of hourly ozone concentrations in excess of the 1-hour 0.12 ppm standard was
significantly higher in 1995 than in 1994 (see Table 4-1). There was a total of 67 hourly exceedances in
1994 and 90 hourly exceedances in 1995 at the eleven monitoring sites. This represents an increase in the
frequency of such exceedances from 1.3 per 1000 sampling hours in 1994 to 1.7 per 1000 sampling hours
in 1995: a 31% increase. The actual number of hours when the ozone standard was exceeded in the state
increased from 32 in 1994 to 47 in 1995.

The number of site-days on which the ozone monitors experienced ozone levels in excess of the 1-
hour standard increased from 27 in 1994 to 36 in 1995 at the eleven monitoring sites (see Table 4-2). This
represents an increase in the frequency of such occurrences from 1.25 per 100 sampling days in 1994 to
1.64 per 100 sampling days in 1995: a 31% increase. The actual number of days on which the ozone
standard was exceeded in the state increased from 9in 1994 to 12 in 1995. '

The yearly changes in ozone concentrations can be attributed primarily to year-to-year variations
in regional weather conditions, especially wind direction, temperature and the amount of sunlight. A
large portion of the peak ozone concentrations in Connecticut is caused by the transport of ozone and/or
precursors (i.e., hydrocarbons and nitrogen oxides) from the New York City area and other points to the
west and southwest. Therefore, an increase in the frequency of winds out of the southwest would help
to explain the increase in the number of ozone exceedances from 1994 to 1995. However, the percentage
of southwest winds during the "ozone season" decreased from 38% in 1994 to 33% in 1995, as is shown
by the wind roses from Newark (Figures 4-1 and 4-2). The magnitude of high ozone levels can be partly
associated with yearly variations in temperature, since ozone production is greatest at high temperatures
and in strong sunlight. The summer season’s daily high temperatures were higher in 1995 than in 1994.
This is demonstrated by the number of days exceeding 90° F which increased from eleven in 1994 to
thirteen in 1995 at Sikorsky Airport in Bridgeport, and from fourteen in 1994 to twenty-two in 1995 at
Bradley International Airport. The incidence of high ozone levels is also dependent on the percentage of |
possible sunshine, since sunlight is essential to the creation of ozone. According to National Weather
Service local climatological data recorded at Bradley Airport, the percentage of sunshine increased from
57% in 1994 to 67% in 1995 for the months April through September. The average for these summer
months at Bradley is usually 60%. Of the meteorological parameters discussed above, both temperature
and percentage of possible sunshine can be seen as contributing to the increase in ozone levels from 1994
to 1995.

The meteorological influences notwithstanding, additional and important factors contributing to
the decrease in ozone concentrations over time are the continuing efforts of the EPA and the state
Department of Environmental Protection to control the emissions of nitrogen oxides and hydrocarbons.
Newer automobiles continue to be less polluting, and the use of reformulated gasoline, which was
initiated in January of 1995, reduces vehicle hydrocarbon emissions by 15-17% and lowers the vapor
pressure of gasoline in the summer months, reducing evaporative emissions. In addition, the state’s
inspection and maintenance program for motor vehicles, as well as the Stage | and Stage Il vapor recovery
requirements, also lessen the emissions of hydrocarbons into the air.

METHOD OF MEASUREMENT

The DEP Air Monitoring Unit uses UV photometry to measure and record instantaneous
concentrations of ozone continuously by means of a UV absorption technique. Properly calibrated,
instruments of this type are shown to be remarkably reliable and stable.
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DISCUSSION OF DATA

Monitoring Network - In order to gather information which will further the understanding of
ozone production and transport, DEP operated a state-wide ozone monitoring network consisting of
four types of sites in 1995 (see Figure 4-3): ~

Urban - East Hartford, Middletown

Advection from Southwest - Greenwich, Groton, Madison, Stratford
Urban and advection from Southwest - Bridgeport, Danbury, New Haven

Rural - Stafford, Torrington

Precision and Accuracy - The ozone monitors had a total of 264 precision checks during 1995. The
resulting 95% probability limits were -8% to +6%. Accuracy is determined by introducing a known
amount of ozone into each of the monitors. Three different concentration levels are tested: low,
medium, and high. The 95% probability limits, based on 12 audits conducted on the monitoring system,
were: low,-7% to +4%; medium,-5% to +4%; and high, -5% to +3%.

1-Hour Average - The 1-hour ozone standard was exceeded at all eleven DEP monitoring sites in
1995. Between 1994 and 1995, the maximum 1-hour concentration increased at four sites and decreased
at seven sites; the second high 1-hour concentration increased at four sites and decreased at six sites.

The number of hours when the ozone standard was exceeded at each site during the summertime
"ozone season” is presented in Table 4-1. The number of days on which the 1-hour standard was
exceeded at each site is presented in Table 4-2. Figure 4-4 shows the year’s high and second high
concentrations at each site.

10 High Days with Wind Data - Table 4-3 lists the ten highest 1-hour ozone averages and their
dates of occurrence for each ozone site in 1995. The wind data associated with these high readings are
also presented. (See the discussion of Table 2-5 in the particulate matter section of this Air Quality
Summary for a description of the origin and use of these wind data.)

Most (i.e., 75%) of the tabulated high ozone levels occurred on days with winds out of the
southwest. This is due to the special features of a southwest wind blowing over Connecticut. The first
feature is that, during the summer, southwest winds are usually accompanied by high temperatures and
bright sunshine, which are important to the production of ozone. The second feature of a southwest
wind is that it will transport precursor emissions from New York City and other urban areas to the
southwest of Connecticut. It is the combination of these factors that often produces unhealthful ozone
levels in Connecticut.

There are also instances of high ozone levels on non-southwest wind days. This suggests that
pollution control programs currently being implemented in this state are needed to protect the public
health of Connecticut’s citizenry on days when Connecticut is responsible for its own pollution.

Trends - Ozone trends can be illustrated in a number of ways by using various statistics: daily mean
concentration, daily maximum concentration, number of hourly exceedances, number of daily
exceedances, etc. Each has its merits. The daily maximum ozone concentration is used here as the basis
for a trend analysis because (1) it represents a more robust data set than hourly or daily exceedances, and
(2) a maximum concentration is more relevant to the NAAQS for ozone.

Figure 4-5 shows the unweighted average of the annual means of the maximum daily
concentrations at ten ozone sites from 1986 to 1995. There is a lot of variation in the statistic from one
year to the next. The importance of meteorology in the formation of ozone explains much of this
variation. However, unless the effect of meteorology can be factored out, one cannot judge the effect of
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emission control measures on ozone production. A regression line through the data in Figure 4-5 would
trend down, but the reason for this would not be evident.

The effect of meteorology on an ozone trend can be diminished by multiple year averaging.
Periods of multiple years exhibit much less meteorological variability than do single years, and a trend
analysis based on multiple years should more clearly reveal the effect of emission controls on ambient
ozone concentrations. Figure 4-6 illustrates five year running averages of the data that is presented in
Figure 4-5. With the variability of the weather minimized, it is evident that ozone is trending downward.
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TABLE 4-1

NUMBER OF HOURS WHEN THE 1-HOUR OZONE STANDARD

WAS EXCEEDED IN 1995

SITE APRIL MAY JUNE JULY AUG. SEPT. OCT. 1995 1994
Bridgeport 013 0 0 0 0 1 0 0 1 6
Danbury 123 0 0 0 5 0 0 0 5 4
E. Hartford 003 0 0 1 3 0 0 0 4 8
Greenwich 017 0 0 2 4 3 0 0 9 12
Groton 008 0 0 3 3 3 0 0 9 3
Madison 002 0 0 9 8 9 0 0 26 7
Middletown 007 0 0 0 5 5 0 0 10 6
New Haven 123 0 0 0 2 0 0 0 2 6
Stafford 001 0 0 2 2 0 0 0 4 2
Stratford 007 0 0 7 5 7 0 0 19 12
Torrington 006 0 0 0 1 0 0 0 1 1
TOTAL SITE HOURS 0 0 24 38 28 0 0 90 67
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TABLE 4-2

NUMBER OF DAYS WHEN THE 1-HOUR OZONE STANDARD

WAS EXCEEDED IN 1995

SITE APRIL MAY JUNE JULY AUG. SEPT. OCT. 1995 1994
Bridgeport 013 0 0 0 0 1 0 0 1 3
Danbury 123 0 0 0 2 0 0 0 2 2
E. Hartford 003 0 0 1 1 0 0 0 2 2
Greenwich 017 0 0 1 1 2 0 0 4 4
Groton 008 0 0 1 2 1 0 0 4 1
Madison 002 0 0 3 2 3 0 0 8 2
Middletown 007 0 0 0 2 2 0 0 4 4
New Haven 123 0 0 0 1 0 0 0 1 3
Stafford 001 0 0 1 1 0 0 0 2 1
Stratford 007 0 0 3 2 2 0 0 7 4
Torrington 006 0 0 0 1 0 0 0 1 1
TOTAL SITE DAYS 0 0 10 15 11 0 0 36 27
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FIGURE 4-1

WIND ROSE FOR APRIL - OCTOBER 1994
NEWARK INTERNATIONAL AIRPORT
NEWARK, NEW JERSEY
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FIGURE 4-2

WIND ROSE FOR APRIL - OCTOBER 1995
NEWARK INTERNATIONAL AIRPORT
NEWARK, NEW JERSEY
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FIGURE 4-4

15T AND 2NP HIGH 1-HOUR OZONE CONCENTRATIONS IN 1995

0 1

DATE” | | |
BRIDGEPORT 013 8/02/14

8/01/17

7/13/16
DANBURY 123 o
E. HARTFORD 003 7/13/17

6/30/16
GREENWICH 017 8/02/14 FNERE:

7/14/15
GROTON 008 g; 1 Z; }‘55 R o
MADISON 002 7/14/15

7/15/17

MIDDLETOWN 007 7/14/18 }
8/01/16

NEW HAVEN 123 7/14/17
8/01/17

STAFFORD 001 6/30/18 B
I
STRATFORD 007 7/14/16 BRI

TORRINGTON 006 7/13/19
8/31/15

2ND HIGH, ppm

0.12
PRIMARY AND
SECONDARY STANDARD

* The date is the month/day/ending hour (standard time) of occurrence.

N.B. To be consistent with the requirements of the NAAQS for ozone, only the highest hourly

concentration per day per site is considered.
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FIGURE 4-5

AVERAGES OF THE ANNUAL MEAN DAILY MAXIMUM
OZONE CONCENTRATIONS AT TEN SITES
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FIGURE 4-6

5-YEAR AVERAGES OF THE ANNUAL MEAN DAILY MAXIMUM
OZONE CONCENTRATIONS AT TEN SITES
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V. NITROGEN DIOXIDE

HEALTH EFFECTS

"Nitrogen dioxide (NOy) is a toxic gas with a characteristic pungent odor and a reddish-orange-
brown color. It is highly oxidizing and extremely corrosive.

The presence of NO; in the atmosphere is accounted for by the oxidation of nitric oxide (NO) to
NO; by means of reactions with various chemical species, principally ozone, hydroperoxyl radicals and
organic peroxyl radicals. Large amounts of NO are emitted into the air by high temperature combustion
processes. Industrial furnaces, power plants and motor vehicles are the primary sources of NO emissions.

Exposure to NO; is believed to increase the risks of acute respiratory disease and susceptibility to
chronic respiratory infection. NO; also contributes to heart, lung, liver and kidney damage. At high
concentrations, this pollutant can be fatal. At lower levels of 25 to 100 parts per million, it can cause
acute bronchitis and pneumonia. Occasional exposure to low levels of NO, can irritate the eyes and skin.

Other effects of nitrogen dioxide are its toxicity to vegetation and its ability to combine with water
vapor to form nitric acid. Furthermore, NO; is an essential ingredient, along with hydrocarbons, in the
formation of ozone.

CONCLUSIONS

Nitrogen dioxide (NO;) concentrations at all monitoring sites did not violate the NAAQS for NO; in

1995. The annual arithmetic mean NO, concentration at each site was well below the federal standard of
100 pg/m3. The highest annual mean was 48 ng/m3, which occurred at the New Haven 123 site.

SAMPLE COLLECTION AND ANALYSIS

The DEP Air Monitoring Unit used continuous electronic analyzers employing the
chemiluminescent reference method to continuously monitor NO5 levels.

DISCUSSION OF DATA

Monitoring Network - There were three nitrogen dioxide monitoring sites in 1995 (see Figure 5-1).
The sites -- Bridgeport 013, East Hartford 003 and New Haven 123 -- were located in three urban areas
near major expressways in order to obtain maximum NO, readings.

Precision and Accuracy - Eighty precision checks were made on the NO, monitors in 1995, yielding
95% probability limits ranging from -13% to +8%. Accuracy is determined by introducing a known
amount of NO, into each of the monitors. Eight audits for accuracy were conducted on the monitoring
network in 1995. Four different concentration levels were tested on each monitor: low, low/medium,
medium/high and high. The 95% probability limits for the low level test ranged from -6% to +3%;
those for the low/medium level test ranged from -6% to +1%; those for the medium/high level test
ranged from -6% to +3%; and those for the high level test ranged from -5% to +4%.

Annual Averages - The annual average NO, standard of 100 ng/m3 was not exceeded in 1995 at
any site in Connecticut (see Table 5-1). in addition, all three sites had sufficient data to compute valid
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arithmetic means. This permits comparisons with the 1993 and 1994 annual averages. There was no
trend in the annual average NO; concentrations at the three sites between 1993 and 1995.

Statistical Projections - The format of Table 5-1 is the same as that used to present the particulate
matter and sulfur dioxide data, except that for NO; there are no 24-hour standards and, therefore, no
projections of violations are possible. However, Table 5-1 gives the annual arithmetic mean of the hourly
NQO; concentrations in order to allow direct comparison to the annual NO; standard. The 95% confidence
limits about the arithmetic mean for each site demonstrate that it is unlikely that any site exceeded the
primary annual standard of 100 ug/m3in 1995.

10-High Days with Wind Data - Table 5-2 presents for each site the ten days in 1995 when the
highest hourly NO; readings occurred, along with the associated wind conditions for each day. (See the
discussion of Table 2-5 in the particulate matter section for a description of the origin and use of the wind
data.) The NO; concentrations have units of parts per million. Concentrations in units of pug/m3 can be
calculated by multiplying parts per million by the factor 1880.

According to National Weather Service local climatological data recorded at Bradley Airport, 15 of
the 18 days listed in the table had at least 50% of the possible sunshine. A high percentage of the
possible sunshine is interpreted to confirm the importance of photochemical oxidation in the formation
of NO>.

Using the National Weather Service data from the Bridgeport meteorological site for Bridgeport
013 and New Haven 123 sites, and using the data from Bradley for East Hartford 003 site, one finds that
70% of the days have persistent winds out of the southwest. This is not unexpected since the NO, sites
were deliberately located to the north and east of major expressways and interchanges, which are major
sources of nitrogen oxide emissions. Moreover, high NO, levels coincident with southwest winds confirm
the importance of pollution transport into Connecticut from the southwest. ‘

Trends - The weighted averages of the annual NO; concentrations at the three monitoring sites are
illustrated in Figure 5-2. The year-to-year variation appears to be quite choppy. In spite of this, there
appears to be a slight downward trend in the annual NO; concentrations.

Given the importance of meteorology -- sunlight, in general, and southwest winds in Connecticut,
in particular -- on the formation of NO,, a trend might best be illustrated by the averaging of data over
multiple years. As was the case with ozone, a trend based on multiple years of data should diminish the
effect of meteorology and, thereby, reveal the effect of nitrogen oxide and hydrocarbon emission
controls on ambient concentrations of NO,. Figure 5-3 shows that the 5-year average NO; concentration,
with the influence of meteorology minimized, has been trending downward over the past nine years.
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FIGURE 5-2
AVERAGE OF THE ANNUAL NO; CONCENTRATIONS AT THREE SITES
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FIGURE 5-3
5-YEAR AVERAGES OF THE ANNUAL NO> CONCENTRATIONS AT THREE SITES
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VIi. CARBON MONOXIDE

HEALTH EFFECTS

Carbon monoxide (CO) is a colorless, odorless, poison gas formed when carbon-containing fuel is
not burned completely. Itis by far the most plentiful air pollutant. Fortunately, this deadly gas does not
persist in the atmosphere. It is apparently converted by natural processes to carbon dioxide in ways not
yet understood, and this is done quickly enough to prevent any general buildup. However, CO can reach
dangerous levels in local areas, such as city-street canyons with heavy auto traffic and little wind.

Clinical experience with accidental CO poisoning has shown clearly how it affects the body. When
the gas is breathed, CO replaces oxygen in the red blood cells, reducing the amount of oxygen that can
reach the body cells and maintain life. Lack of oxygen affects the brain, and the first symptoms are
impaired perception and thinking. Reflexes are slowed, judgement weakened, and drowsiness ensues.
An auto driver breathing high levels of CO is more likely to have an accident; an athlete’s performance
and skill drop suddenly. Lack of oxygen then affects the heart. Death can come from heart failure or
general asphyxiation if a person is exposed to very high levels of CO.

CONCLUSIONS

The one-hour National Ambient Air Quality Standard of 35 parts per million (ppm) was not
exceeded at any of the five carbon monoxide monitoring sites in Connecticut during 1995. However,
there was one exceedance of the 9 ppm eight-hour standard at the Hartford 017 site..

In order to put the monitoring data into proper perspective, it must be realized that carbon
monoxide concentrations vary greatly from place-to-place. The magnitude and frequency of high
concentrations observed at any monitoring site are not necessarily indicative of widespread CO levels.
Mobile sources contribute 83% of the CO emissions in Connecticut, and three quarters of this can be
attributed to motor vehicles. Therefore, the highest concentrations occur in areas of traffic congestion.
In fact, 4 of the 5 CO monitors in Connecticut are sited specifically to measure CO levels from high traffic
areas. The fifth monitor (Hartford 013) is located in a populated area and represents background levels
of a neighborhood scale.

As Connecticut’s SIP control strategies are implemented, there should continue to be a decrease in
the number of areas with traffic congestion. Also, as federal and state mandated controls continue to
reduce emissions from new motor vehicles, ambient levels of CO should continue to decline.

Unlike SO,, particulate matter, and O3, elevated CO levels are not often associated with
southwesterly winds, indicating that this pollutant is more of a local-scale, rather than a regional-scale,
problem. Moreover, high CO levels tend to occur during the colder months when there are low
atmospheric mixing heights, stable conditions and high CO auto emissions due to cold engine operation.
Stable conditions, which are characterized by cold temperatures at the surface and warm temperatures
aloft, discourage surface mixing and result in calm surface conditions. With little or no surface winds, CO
emissions can accumulate to unhealthy levels.

METHOD OF MEASUREMENT

The DEP Air Monitoring Section uses instruments employing a non-dispersive infrared technique to
continuously measure carbon monoxide levels. The instantaneous concentrations are electronically
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recorded at the site, averaged for each hour, and stored for transmission to the central computer in
Hartford. Due to the relative inertness of CO, a long sampling line can be used without the danger of CO
being depleted by chemical reactions within the lines. The most important consideration in the
measurement of CO is the placement of the sampling probe inlet -- that is, its proximity to traffic lanes.

DISCUSSION OF DATA

Monitoring Network - The network in 1995 consisted of five carbon monoxide monitors:
Bridgeport 004, Hartford 013, Hartford 017, New Haven 025, and Stamford 020. They are all located in
urban areas. All the sites are also located west of the Connecticut River, with three of them in coastal
towns (see Figure 6-1). The New Haven 025 site replaced the New Haven 019 site, which was shut down in
April of 1994,

Precision and Accuracy - The carbon monoxide monitors had a total of 192 precision checks during
1995. The resulting 95% probability limits were -2% to +5%. .Accuracy is determined by introducing a
known amount of CO into each of the monitors. Eight audits for accuracy were conducted on the
monitoring network in 1995. Three different concentration levels were tested on each monitor: low,
medium and high. The 95% probability limits ranged from -7% to +4% for the low level test; -6% to
+ 1% for the medium level test; and -3% to +3% for the high level test.

8-Hour and 1-Hour Averages - An 8-hour concentration is said to exceed the standard of 9 ppm if it
is equal to or greater than 9.5 ppm. One site, Hartford 017, had a single exceedance of the 8-hour CO
standard. This means that the 8-hour standard was not violated in Connecticut in 1995, since two
exceedances are required at a site in order for the standard to be violated. The maximum 8-hour running
average decreased at Bridgeport 004, Hartford 013 and Stamford 020 from 1994 to 1995, and increased at
Hartford 017. The decreases ranged from 1.6 ppm at Stamford 020 to 2.7 ppm at Bridgeport 004 and
Hartford 013. The second highest 8-hour running average decreased from 1994 to 1995 at each of the
four sites that were in operation in both of those years. The decreases ranged from 0.3 ppm at Hartford
013 t0 0.9 ppm at Bridgeport 004.

As for 1-hour averages, no site in the state recorded a value exceeding the primary 1-hour standard
of 35 ppm. All four sites that were in operation in both 1994 and 1995 recorded maximum 1-hour values
that were lower in 1995. The decreases ranged from 0.4 ppm at Stamford 020 to 3.6 ppm at Bridgeport
004. The second high 1-hour values at all these sites were also lower in 1995. The decreases ranged from
2.0 ppm at Stamford 020 to 2.8 ppm at Hartford 013.

The maximum and second high CO concentrations at each site are presented in Table 6-1. Table 6-2
presents monthly high concentrations and the monthly average concentration at each site. Seasonal
variations in CO levels can be observed using this table.

Trends - Due to the local nature of CO emissions, it is not appropriate to give an estimate of
widespread CO trends. However, local CO trends can be addressed in a number of ways. Exceedances of
the 8-hour standard can be tracked in order to determine if a CO problem is worsening or abating at a
site. This is illustrated in Table 6-3. One can see that over the past five years the Hartford-017 site is the
only monitoring site with an exceedance of the 8-hour CO standard. No exceedances were recorded at
any of the other sites during this period.

Another way of illustrating local CO trends is to use running averages. Running averages have the
advantage of smoothing out the abrupt, transitory changes in pollutant levels that are often evident in
consecutive sampling periods and from one season to the next. Figure 6-2 shows the 36-month running
averages of the hourly CO concentrations at each monitoring site. CO levels are relatively flat at
Bridgeport 004, Hartford 013 and Stamford 020, and are falling at Hartford 017.
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TABLE 6-3

EXCEEDANCES OF THE 8-HOUR CO STANDARD FOR 1991-1995

SITE

Bridgeport 004
Hartford 013
Hartford 017

New Haven 019/025a
Stamford 020

1991

(] o

1992 1993
0 0
0 0
1 0
0 0
0 0

aSjte 025 replaced site 019 in February of 1995.
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1994
0

o o o o

1995
0
0
1
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VIl. LEAD

HEALTH EFFECTS

Lead (Pb) is a soft, dull gray, odorless and tasteless heavy metal. It is a ubiguitous element that is
widely distributed in small amounts, particularly in soil and in all living things. Although the metallic
form of lead is reactive and rarely occurs in nature, lead is prevalent in the environment in the form of
various inorganic compounds, and occasional concentrated deposits of lead compounds occur in the
earth’s crust. .

The presence of lead in the atmosphere is primarily accounted for by the emissions of lead
compounds from man-made processes, such as the extraction and processing of metallic ores, the
incineration of solid wastes, and the operation of motor vehicles. Nationally, in recent years, these source
categories contributed 41%, 17% and 32%, respectively, of the atmospheric lead. The motor vehicle
contribution, while still a large source of airborne lead emissions, has decreased significantly over the
years and, since 1988, is no longer the largest source of nationwide airborne lead emissions. These
emissions are in the form of fine-to-course particulate matter and are comprised of lead sulfate,
ammonium lead halides, and lead halides, of which the chief component is lead bromochloride. The
halide compounds appear to undergo chemical changes over a period of hours and are converted to lead
carbonate, oxide and oxycarbonate. '

The most important sources of lead in humans and other animals are ingestion of foods and
beverages, inhalation of airborne lead, and the eating of non-food substances. From the standpoint of
the general population, the intake of lead into the body is primarily through ingestion. The airborne
lead settles out on crops and water supplies and is then ingested by the general population. The direct
intake of lead from the ambient air is relatively small.

Overexposure to lead in the United States is primarily a problem in children. Age, pica, diet,
nutritional status, and multiple sources of exposure serve to increase the risk of lead poisoning in
children. This is especially true in the inner cities where the prevalence of lead poisoning is greatest.
Overexposure to lead compounds may result in undesirable biologic effects. These effects range from
reversible clinical or metabolic symptoms, which disappear after cessation of exposure, to permanent
damage or death from a single extreme dose or prolonged overexposure. Clinical lead poisoning is
accompanied by symptoms of intestinal cramps, peripheral nerve paralysis, anemia, and severe fatigue.
Very severe exposure results in permanent neurological, renal, or cardiovascular damage or death.

CONCLUSIONS

The Connecticut primary and secondary ambient air quality standard for lead and its compounds is
1.5 pg/m3, weighted 3-month average. This standard was not exceeded at any site in Connecticut during
1995.

The monitoring sites where the lead levels were highest were generally in urban locations with

moderate to heavy traffic. In Connecticut, this is due to the fact that the primary source of lead to the
atmosphere is the combustion of gasoline, which still contains trace amounts of lead.
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SAMPLE COLLECTION AND ANALYSIS

The Air Monitoring Unit used hi-vol samplers in 1995 to obtain ambient concentrations of lead.
These samplers are used to collect particulate matter onto fiberglass filters. The particulate matter
collected on the filters is subsequently analyzed for its chemical composition. Wet chemistry techniques
are used to separate the particulate matter into various components. The lead content of the particulate
matter is determined using an atomic absorption spectrophotometer.

Unlike hi-vol particulate samples which are analyzed separately, the hi-vol lead sample is a

composite of all the individual samples obtained at a site in a single month. That is, a cutting is taken
from each filter during the month, and these cuttings are collectively chemically analyzed for lead.

DISCUSSION OF DATA

Monitoring Network - In 1995, only hi-vol samplers were operated in Connecticut to determine
lead levels. There were 5 such samplers operated by the DEP in the heavily populated counties of
Fairfield, Hartford and New Haven (see Figure 7-1). The samplers are situated near some of the busiest
city streets and highways in order to monitor "worst-case" lead concentrations.

Much of the lead monitoring network was dismantied in 1988 due to the changeover from hi-vol
to PM4o monitoring in the particulate matter network. By the end of that year, all but two of the hi-vol
lead sampling sites were terminated: Hartford 013 and New Haven 013. By the end of 1989, the
remaining hi-vol samplers were terminated and only lo-vol samplers were in use.

In 1991, the lo-vols were replaced by hi-vols. The primary reason for this has to do with data losses
resulting from instrument problems or failures. With a lo-vol, an entire month of data is invalidated if an
instrument fails because lo-vols operate continuously for a month. In the case of a hi-vol, instrument
problems or failures result in the loss of only a single 24-hour sample.

Precision and Accuracy - Due to the very low airborne lead concentrations, precision checks yield
95% probability limits that are statistically unrealistic. Accuracy for lead can be assessed in two ways.
One is by auditing the air flow through the monitors. Six audits for flow accuracy were conducted on the
monitoring network in 1995. The probability limits ranged from -9% to +9%. Accuracy can also be
defined as the accuracy of the analysis method. This is determined by the chemical analysis of known lead
samples. On this basis, 4 audits were performed on the network. Two different concentration levels were
tested: high and low. The 95% probability limits for the low level ranged from -1% to +10%; those for
the high level ranged from -3% to +4%.

NAAQS - Connecticut’s ambient air quality standard for lead and its compounds, measured as
elemental lead, is: 1.5 micrograms per cubic meter (ug/ms3), maximum arithmetic mean averaged over
three consecutive calendar months. This standard was enacted on November 2, 1981. Previously,
Connecticut’s lead standard was identical to the national standard: 1.5 pg/m3 for a calendar quarter-year
average. The change to a 3-month running average means that a more stringent standard applies in
Connecticut, since there are three times as many data blocks within a calendar year which must not
exceed the limiting concentration of 1.5 pg/m3. '

3-Month Running Averages - Three-month running average lead concentrations for 1995 are given
in Table 7-1. All are significantly below the primary and secondary standard of 1.5 ng/m3.

Trends - A downward trend in measured concentrations of lead has been observed since 1977. This
is due to the increasing use of unleaded gasoline. Figure 7-2 shows that the decrease in statewide
ambient average lead concentrations has been commensurate with a decrease in lead emissions from
gasoline combustion from 1982 to 1989. In fact, this relationship is so close it has a correlation coefficient
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of 0.987 (see Figure 7-3). Reliable data on the sales of leaded gasoline in Connecticut are unavailable
after 1989; so lead emissions are no longer updated in Figure 7-2, and Figure 7-3 contains only pre-1990
data.

The downward trend in airborne lead concentrations can be expected to level off when the use of
leaded gasoline is finally phased out or minimized. Lead emissions will then rise and fall with the number
of vehicle miles travelled (VMT's) by the population. This is due to the fact that so-called unleaded
gasoline still contains a small proportion of lead.
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VIIl. CLIMATOLOGICAL DATA

Weather is often the most significant factor influencing short-term changes in air quality. It also
has an affect on long-term trends. Climatological information from the National Weather Service station
at Bradley International Airport in Windsor Locks is shown in Table 8-1 for the years 1994 and 1995. Table
8-2 contains information from the National Weather Service station located at Sikorsky Memorial Airport
near Bridgeport. All data are compared to "mean” or "normal” values. Wind speeds! and temperatures
are shown as monthly and yearly averages. Precipitation data includes both the number of days with
more than 0.01 inches of precipitation and the total water equivalent. Also shown are the number of
degree days? (heating requirement) and the number of days with temperatures exceeding 90°F.

Wind roses for Bradley Airport and Newark Airport have been developed from 1995 National
Weather Service surface observations and are shown in Figures 8-2 and 8-4, respectively. Wind roses from
these stations for 1994 are shown in Figures 8-1 and 8-3, respectively.

1 The mean wind speed for a month or year is calculated from all the hourly wind speeds, regardless of the wind directions.

2 The degree day value for each day is arrived at by subtracting the average temperature of the day from 65°F. This number
(65) is used as a base value because it is assumed that there is no heating requirement when the outside temperature is 65°F.

-98-




v'8 (' 0L gLeL ozl 1274
L8 L6 L8 8'tL 0l ol
e 9'8 6L L vl 8
8L L'L 19 S8 6 8
eL 0L S9 7’6 5 0l
0L Sy Sy 86 S Sl
£L 6 124 8’6 L 4
08 vy 69 €L 6 [4"
L8 £9 08 8L Sl 143
86 0L 69 4 S ] cl
66 9L €8 Sl 8 8L
'6 88 9L oL 8 Zi
0’6 '8 L8 L0l Sl €l
pUBBINL G661 1661 pUBsAl G661 V661
(HdW) d33ds NOILVLIdI>DTHd
ANIM 3DVYHIAY 40 STHONI LO'0

NVHL IHOW HLim
SAVQ 40O "ON

EVEY
LLE
v8'E
62°€
¥9't
6'€E
8S°E
95t
0L'E
EL’E
1 ZA3
8l°E
£S°E

eURaN

6°0v
(44
8tV

9’6

85°¢
'l
£9°C
09¢
68°L
vi'e

v8'E

5661

86'CS
8E's
LSy
€9l
Ly'S
EE’S
CE'S
vg8'e
[4%%
182
0L's
8¢'E

£8's

661l

LS19
L0LL
€69
L6E
96

9

0

(114
y6l
681
€S8
0s0l
[4°142

931AJI8S BJE( [EIUBWILOIAUT
UOHEIISIUIWPY d1IaYdSOWIY PUB J{UBId O [BUOREN
ar13wwo) Jo uawpedaq s n

v66S
69L1
208
€8¢
0EL
1%

0

£l
vie
6€S
LEL
8801

S00t

>|BUWION 9661

suey) eyeq |edibojojew|) g0

1809
€26
195
6.t
LL

8

0

Sl
T4 4
Ly
888
€91l

vl

661

00 0 0
00 0 0
* 0 0
<l 0 0
L'y 9 0
8L (4% 6
S'E v 4
<l 0 3
€0 0 0
00 0 0
00 0 0
00 0 0

quesiN  S66l 66l

1Wo44 pajeIIxg

008
ot
A
0'esS
S'€9
0L
CeL
6.9
'6s
8y
CLE
8'Lc
99z

ML

G§661-9561 p
0661-1961 >
G§661-0961 q
§661-9061 e

S0°0 uBY} SSBT

A
L'le
1'8¢€
8'sS
(4]
LzL
S9L
£'69
0'8s
89
Ly
8's2

Ve

S66L

T0s A EDN
0'SE %8
17 AON
9'¢s PO
L'€9 das
0oL Bny
LLL nr
W2 ung
£8S Ae
608 Jdy
19€ e
TEe qod
88l uef
661

YILVM 40 SFHONI
INTIVAINDI NI
NOILVLIdID3dd

SAVA 33¥53d

4. 06 43d330Xd
‘dIN3L XVIN NIHM
SAVQ 40 'ON

SAD0T YOSANIM "LHOJYIV TYNOILYNYILNI A31dvHd

V1IVAIVvOIDOTOLVINIT S661 ANV 17661

1-8318vL

4o IUNLVYIdNIL

IDVHIAY

-99-



371AIRS RIR(] |RIUAWILOIAUT
UOREJISIUILPY d1BYdSOoWY pue 3ueadQ [euolieN
32UBWWO)) J0 Juswpedaq ‘s n

spey) ejeq |ediBojojewip) (307

1Wol4 paeixg

0861-8561L ;
S661-6v61 o
5661-V68L p
0661-1961L >
§661-9961 g
S661-E061 e

S0°0 uey3isso y

x4} - e 8LLL ZLL 0gL Ev'ey vO'EE 96°0V LESS  6SES  CLYS 0L £l L ¢is  §7s Tes HviIA
0el - - L ot 1l 9t v6'l ELE ¢S6 S04 L08 00 0 0 33 L'0E  L'8E 8@
Lzl - - 00l cl 6 LLe eV El'e 28s S69 €LY 00 0 0 €y 9Ly 68 AGN
6Ll - - €L 8 9 9E€ Lr's 90l 4413 ¥0¢ 90¢€ o.o. 0 0 9vs 988 67FS PO
Ll - - 98 9 ol 0S’E  SIL'E  9ovY 12 9s 6€ €0 0 0 89 199 v's9 dag
Lot - - £6 14 £l vov LEL S67 0 0 L 6l 9 0 el 8vL 0L Bny
00l - == S8 L 8 vo9'e €L 4202 0 0 0 S'E 9 6 veL 04LL S8L inf
S0l - - L6 zl Ll 60’ vl LS 8t 9 L Ll l 4 849 889 8L unf
9Ll - - Lbl €l €l e Lt e 6L¢ £0¢ 80¢ 20 0 0 98¢ 988  9'8§ Aey
0el - - 90l Ll ¥l 18°E 19t §8C ¥0S 86v 144 * 0 0 '8y L8y 90§ Idy
S'EL =" - Ll 8 €l ¥6'E LOC  vLS 818 vel £ve 00 0 0 08t vilr §LE 1B
9'tl - - 96 L 6 0ze e8¢ LLE 696 £66 0801 00 0 0 908 tver T9 o4
el - == Lol £l €l ES'E 8T s 6111 S06 £8¢1 00 0 0 987 98¢ VEC uer
JUBBIN  S661 1661 2UB3IN 9661 V661 pUBBN  S661 1661 o[BWION S66L 661 qUBdAl 9661 V661 eUBBA 9661 V661
(HdIN) 433ds NOILVLIdID3dd HALVM 40 SIHONI SAVQ 33¥D3q 4-06 430330X3 4o JUNLVYI4INIL
aNIM IDVYHIAY 40 SIHONI 100 INITVAINDI NI ‘dNAL XVIN NIHM JOVYHIAY
NVHL 3HOW HLIM NOILV1IdI1D3dd SAVQ 40 'ON

SAVQJO "ON

QHO41VYHLS "THOJNHIV TYNOILYNYILNI ANSHOMIS

VLIVQIVIIDOTOLVINIT 9661 ANV 7661

¢-8318vl

-100-



FIGURE 8-1

ANNUAL WIND ROSE FOR 1994
BRADLEY INTERNATIONAL AIRPORT
WINDSOR LOCKS, CONNECTICUT
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FIGURE 8-2

ANNUAL WIND ROSE FOR 1995
BRADLEY INTERNATIONAL AIRPORT
WINDSOR LOCKS, CONNECTICUT
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FIGURE 8-3

ANNUAL WIND ROSE FOR 1994
NEWARK INTERNATIONAL AIRPORT
NEWARK, NEW JERSEY

O

8.5%

(%)

.
7.9% '
2

5.8%

9.5%

D

Y

71.7%

,'o“‘-' ;

&

CALM &

Q)
, "" ot K

7.9%

®

-103-

n %

)
0",

7.7%
\ 4.2%

e

>

4%\ 8% 12%} 16%

%

X

3.8%

20%
1 (E)

2.6
2

O




FIGURE 8-4

ANNUAL WIND ROSE FOR 1995
NEWARK INTERNATIONAL AIRPORT
NEWARK, NEW JERSEY
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IX. ATTAINMENT AND NON-ATTAINMENT OF THE NAAQS
IN CONNECTICUT

The State of Connecticut can be broadly designated as either attainment or non-attainment with
respect to the National Ambient Air Quality Standards (NAAQS) for the following pollutants: particulate
matter no greater than 10 micrometers in diameter (PM1p); sulfur dioxide (SO;); ozone (O3); nitrogen
dioxide (NO,); carbon monoxide (CO) ; and lead (Pb). The 1995 designations are:

Attainment Non-attainment
NO, co
Pb Ozone
SO, PM4g

When the State has been designated as attainment for a pollutant, all regions of the State are in
compliance with all the standards (i.e., short term and long term; primary and secondary) for the
particular pollutant. This is the case for NO,, Pb and SO,.

When the State has been designated as non-attainment for a pollutant, one or more of the
standards for the pollutant have been violated in one or more regions of the State. The non-attainment
designation that is subsequently applied to a region can reflect the “degree” of non-attainment
depending upon a number of factors: the air pollution history in the region; previous designation of the
region as either attainment or non-attainment; lack of air poliutant monitoring in the region; inferences
made based on pollutant monitoring done in adjacent or similar regions, et al. For example, the whole
state is designated as non-attainment for ozone, but the degree of non-attainment varies between
regions (see Figure 9-1). The region comprising Fairfield County (less Sheiton), New Milford and
Bridgewater is designated as “severe non-attainment” for ozone, while the rest of the State is designated
as “serious non-attainment.” The difference in the two designations is explained by higher ozone
concentrations in excess of the 1-hour ozone standard in the Fairfield County portion of the NY-NJ-CT
non-attainment area.

For CO, there is a mix of both attainment and non-attainment regions (see Figure 9-2). The region
comprising Fairfield County (less Shelton), New Milford and Bridgewater is designated as “moderate non-
attainment” primarily due to exceedances of the 8-hour CO standard in the New York / New Jersey
portion of the region (not shown). The region comprising Hartford County (less Hartland), Tolland
County, Middlesex County and Plymouth is designated as “moderate non-attainment” due to
exceedances of the 8-hour CO standard in the city of Hartford. The region comprising New Haven
County, Bethlehem, Watertown, Woodbury, Thomaston and Shelton is designated as “unclassified non-
attainment.” This designation reflects the fact that although no exceedances of the CO standards have
been recorded there in the recent past, the region was previously part of the New Haven -- Hartford --
Springfield Air Quality Control Region which was designated as non-attainment due to exceedances of
the 8-hour CO standard recorded in the city of Hartford. The two remaining regions of the State are
designated as “unclassified attainment.” This designation reflects the fact that although no CO
monitoring has been done in these regions, their status as attainment areas can be inferred from
population and traffic density data.

For PMy, the entire State is designated as attainment, except for the city of New Haven (see Figure
9-3).
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X. CONNECTICUT SLAMS AND NAMS NETWORK

On May 10, 1979, the U.S. Environmental Protection Agency made public its final rulemaking for
ambient air monitoring and data reporting requirements in the "Federal Register” (Vol. 44, No. 92).
These regulations, which can also be found in Title 40 of the Code of Federal Regulations (CFR), Part 58,
Appendix A through G, are meant to ensure the acceptability of air measurement data, the comparability
of data from all monitoring stations nationwide, the cost-effectiveness of monitoring networks, and
timely data submission for assessment purposes. The regulations address a number of key areas including
quality assurance, monitoring methodologies, network design, probe siting and data reporting. Detailed
requirements and specific criteria are provided which form the framework for ambient air quality
monitoring. These regulations apply to all parties conducting ambient air quality monitoring for the
purpose of supporting or complying with environmental regulations. In particular, state/local control
agencies and industrial/private concerns involved in air monitoring are directly influenced by specific
requirements, compliance dates and recommended guidelines.

QUALITY ASSURANCE

The regulations specify the minimum quality assurance requirements for State and Local Air
Monitoring Stations (SLAMS) networks and for National Air Monitoring Stations (NAMS) networks, which
are a subset of SLAMS. Two distinct and equally important functions make up the quality assurance
program: assessment of the quality of monitoring data by statistically calculating their precision and
accuracy, and control of the quality of the data by implementation of quality control policies, procedures
and corrective actions, and by overseeing their proper implementation. (See Part D of Section |, Quality
Assurance).

The data assessment requirements entail the determination of precision and accuracy for both
continuous and manual methods. A one-point precision check must be carried out at least once every
other week on each automated analyzer used to measure SO,, NO,, CO and O3. Standards from which
the precision check test data are derived must meet specifications detailed in the regulations. For manual
methods, precision checks are to be accomplished by operating co-located duplicate samplers. In 1995,
Connecticut maintained three co-located PMo samplers (Hartford 015, New Haven 123 and Waterbury
123) and one co-located lead sampler (Waterbury 123).

Accuracy determinations for automated analyzers (SO,, NO;, CO, O3) are accomplished by audits
performed by an independent auditor utilizing equipment and gases which are disassociated from the
normal network operations. Accuracy determinations are accomplished via traceable standard flow
devices for hi-vols and also spiked strip analyses for lead. During each calendar quarter, at least 25% of
SLAMS network for each pollutant must be audited.

All precision and accuracy results are statistics derived through calculation methods specified by
the regulations, with the data and results reported quarterly. The NAMS network is actually part of the
SLAMS network; so the SLAMS accuracy determinations also apply to the NAMS network. The
distinguishing characteristics of NAMS are: 1) the sites are located in high population, high pollution
areas (i.e., urban areas); 2) only continuous instruments are used to monitor gaseous pollutants; 3) the
regulations specify a minimum number and locations for them; and 4) the data are required to be
reported quarterly to EPA.

In order to control the quality of data, the monitoring program has operational procedures for
each of the following activities:
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. Selection of methods, analyzers, and samplers,

. Site selection and probe siting,

. Equipment purchase, check-out and installation,

. Instrument calibration,

. Control checks and their frequency,

Control limits for control checks, and corrective actions when such limits are exceeded,
. Preventive and remedial maintenance,

. Documentation of quality control information, and

. Data recording, reduction, validation and reporting.

WONOU A WN

MONITORING METHODOLOGIES

Except as otherwise stated within the regulations, the monitoring methods used must be
"reference” or "equivalent,” as designated by the EPA. Table 10-1 lists methods used in Connecticut’s
network in 1995 which were on the EPA-approved list as of August 1, 1994. Additional updates to these
approved methods are provided through the "Federal Register."

NETWORK DESIGN

The regulations also describe monitoring objectives and general criteria to be applied in
establishing the SLAMS and NAMS networks and for choosing general locations for new monitors.
Criteria are also presented for determining the location and number of monitors. Since January 1, 1984,
these criteria have served as the framework for all State Implementation Plan (SIP) monitoring networks.

The SLAMS and NAMS networks are designed to meet four basic monitoring objectives: (1) to
determine the highest pollutant concentration in the area; (2) to determine representative
concentrations in areas of high population density; (3) to determine the ambient impact of significant
sources or source categories; and (4) to determine general background concentration levels. Proper
siting of a monitor requires precise specification of the monitoring objectives, which includes a spatial
scale of representativeness. The spatial scales of representativeness are specified in the regulations for all
pollutants and monitoring objectives. The 1995 SLAMS and NAMS networks in Connecticut are presented
and described in Table 10-2. ‘

PROBE SITING

Location and exposure of monitoring probes are described in Title 40 of the Code of Federal
Regulations, Part 58, Appendix E. The probe siting criteria promulgated in the regulations are specific.
They are also sufficiently comprehensive to define the requirements for ensuring the uniform collection
of compatible and comparable air quality data.

These criteria are detailed by pollutant and include vertical and horizonta! probe placement,
spacing from obstructions and trees, spacing from roadways, probe material and sample residence time,
and various other considerations. A summary of the probe siting criteria is presented in Table 10-3. The
siting criteria generally apply to all spatial scales except where noted. The most notable exception is
spacing from roadways which is dependent on traffic volume.

For the chemically reactive gases SO,, NO,, and Ogz, the regulations specify borosilicate glass, FEP
teflon or their equivalent as the only acceptable sample train materials. Additionally, in order to
minimize the effects of particulate deposition on probe walls, sample trains for reactive gases must have
residence times of less than 20 seconds.
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Xl. PUBLICATIONS

The following is a partial listing of technical papers and study reports dealing with various aspects
of Connecticut air pollutant levels and air quality data.

1. Bruckman, L., Asbestos: An Evaluation of Its Environmental Impact in Connecticut, internal
report issued by the Connecticut Department of Environmental Protection, Hartford, Connecticut,
March 12, 1976.

2. lepow, M. L., L. Bruckman, R.A. Rubino, S. Markowitz, M. Gillette and J. Kapish, "Role of
Airborne Lead in Increased Body Burden of Lead in Hartford Children,” Environ. Health Perspect.,
May, 1974, pp. 99-102.

3. Bruckman, L. and R.A. Rubino, "Rationale Behind a Proposed Asbestos Air Quality Standard,”
paper presented at the 67th Annual Meeting of the Air Pollution Control Association, Denver,
Colorado, June 9-11, 1974, J. Air Pollut. Cntr. Assoc., 25: 1207-15 (1975).

4. Rubino, R.A,, L. Bruckman and J. Magyar, “"Ozone Transport,” paper presented at the 68th
Annual Meeting of the Air Pollution Control Association, Boston, Massachusetts, June 15-20, 1975,
J. Air Pollut. Cntr. Assoc.: 26, 972-5 (1976).

5. Bruckman, L., R.A. Rubino and T. Helfgott, “Rationale Behind a Proposed Cadmium Air Quality
Standard,” paper presented at the 68th Annual Meeting of the Air Pollution Control Association,
Boston, Massachusetts, June 15-20, 1975. '

6. Rubino, R.A., L. Bruckman, A. Kramar, W. Keever and P. Sullivan, "Population Density and Its
Relationship to Airborne Pollutant Concentrations and Lung Cancer Incidence in Connecticut,”
paper presented at the 68th Annual Meeting of the Air Pollution Control Association, Boston,
Massachusetts, June 15-20, 1975.

7. Lepow, M.L., L. Bruckman, M. Gillette, R.A. Rubino and J. Kapish, "Investigatibns into Sources of
Lead in the Environment of Urban Children,” Environ. Res., 10: 415-26 (1975).

8. Bruckman, L., E. Hyne and P. Norton, "A Low Volume Particulate Ambient Air Sampler,” paper
presented at the APCA Specialty Conference entitled "Measurement Accuracy as it Relates to
Regulation Compliance," New Orleans, Louisiana, October 26-28, 1975, APCA publication SP-16,
Air Poliution Control Association, Pittsburgh, Pennsylvania, 1976.

9. Bruckman, L. and R.A. Rubino, "High Volume Sampling Errors Incurred During Passive Sample
Exposure Periods," J. Air Pollut. Cntr. Assoc., 26: 881-3 (1976).

10. Bruckman, L., R.A. Rubino and B. Christine, "Asbestos and Mesothelioma Incidence in
Connecticut,” J. Air Pollut. Cntr. Assoc., 27: 121-6 (1977).

11. Bruckman, L., Suspended Particulate Transport in Connecticut: An Investigation Into the
Relationship Between TSP Concentrations and Wind Direction in Connecticut, internal report
issued by the Connecticut Department of Environmental Protection, Hartford, Connecticut,
December 24, 1976.
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12. Bruckman, L. and R.A. Rubino, “"Monitored Asbestos Concentrations in Connecticut,” paper
presented at the 70th Annual Meeting of the Air Pollution Control Association, Toronto, Ontario,
June 20-24, 1977.

13. Bruckman, L., "Suspended Particulate Transport,” paper presented at the 70th Annual Meeting
- of the Air Pollution Control Association, Toronto, Ontario, June 20-24, 1977.

14. Bruckman, L., "A Study of Airborne Asbestos Fibers in Connecticut,” paper presented at the
"Workshop in Asbestos: Definitions and Measurement Methods" sponsored by the National
Bureau of Standards/U.S. Department of Commerce, July 18-20, 1977.

15. Bruckman, L., "Monitored Asbestos Concentrations Indoors,” paper presented at The Fourth
Joint Conference of Sensing Environmental Pollutants, New Orleans, Louisiana, November 6-11,
1977. '

16. Bruckman, L., paper presented at the Joint Conference on Applications of Air Pollution
Meteorology, Salt Lake City, Utah, November 28 - December 2, 1977.

17. Bruckman, L., E. Hyne, W. Keever, "A Comparison of Low Volume and High Volume Particulate
Sampling,” internal report issued by the Connecticut Department of Environmental Protection,
Hartford, Connecticut, 1976.

18. "Data Validation and Monitoring Site Review," (part of the Air Quality Maintenance Planning
Process), internal report issued by the Connecticut Department of Environmental Protection,
Hartford, Connecticut, June 15, 1976.

19. "Air Quality Data Analysis," (part of the Air Quality Maintenance Planning Process), internal
report issued by the Connecticut Department of Environmental Protection, Hartford, Connecticut,
August 16, 1976.

20. Bruckman, L., “Investigation into the Causes of Elevated SO2 Concentrations Prevalent Across
Connecticut During Periods of SW Wind Flow," paper presented at the 71st Annual Meeting of the
Air Pollution Control Association, Paper #78-16.4, Houston, Texas, June 25-29, 1978.

21. Anderson, M.K., “"Power Plant Impact on Ambient Air: Coal vs. Oil Combustion,” paper
presented at the 68th Annual Meeting of the Air Pollution Control Association, Paper #75-33.5,
Boston, MA, June 15-20, 1975.

22. Anderson, M.K., G. D. Wight, “"New Source Review: An Ambient Assessment Technique," paper
presented at the 71st Annual Meeting of the Air Pollution Control Association, Paper #78-2.4,
Houston, TX, June 25-29, 1978.

23. Wolff, G.T., P.J. Lioy, G.D. Wight, R.E. Pasceri, "Aerial Investigation of the Ozone Plume '
Phenomenon,” J. Air Pollut.8 Control Association, 27: 460-3 (1977).

24. Wolff, G.T., P.J. Lioy, R.E. Meyers, R.T. Cederwall, G.D. Wight, R.E. Pasceri, R.S. Taylor, "Anatomy
of Two Ozone Transport Episodes in the Washington, D.C., to Boston, Mass., Corridor,” Environ.
Sci. Technol., 11-506-10 (1977).

25. Wolff, G.T., P.J. Lioy, G.D. Wight, R.E. Meyers, and R.T Cederwall, "Transport of Ozone
Associated With an Air Mass," In: Proceed. 70 Annual Meeting APCA, Paper 377-20.3, Toronto,
Canada, June, 1977.
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26. Wight, G.D., G.T. Wolff, P.J. Lioy, R.E. Meyers, and R.T.Cederwall, “Formation and Transport of
Ozone in the Northeast Quadrant of the U.S.,” In: Proceed. ASTM Sym. Air Quality and Atmos.
Ozone, Boulder, Colo., Aug. 1977.

27. Wolff, G.T., P.J. Lioy, and G.D. Wight, "An Overview of the Current Ozone Problem in the
Northeastern and Midwestern U.S.,"” In: Proceed. Mid-Atlantic States APCA Conf. on Hydrocarbon
Control Feasibility, p. 98, New York, N.Y., April, 1977.

28. Wolff, G.T., P.J. Lioy, G.D. Wight, R.E. Meyers, and R.T.Cederwall, "An Investigation of Long-
Range Transport of Ozone Across the Midwestern and Eastern U.S.,” Atmos. Environ. 11:797
(1977).

29. Bruckman, L., R.A. Rubino, and J. Gove, “Connecticut’s Approach to Controlling Toxic Air
Pollutants,” paper presented at the STAPPA / ALAPCO Air Toxics Conference, Air Toxics Control:
An Environmental Challenge, Washington, D. C., October 15-17, 1986.

30. Wackter, D.J., and P.V. Bayly, “The Effectiveness of Emission Controls on Reducing Ozone
Levels in Connecticut from 1976 through 1987,” paper presented at the APCA Specialty Conference
on: The Scientific and Technical Issues Facing Post-1987 Ozone Control Strategies, Hartford,
Connecticut, November 17-19, 1987.

31. Wackter, D.J., “Sensitivity Analysis of Ozone Predictions by the Urban Airshed Model in the
Northeast,” paper presented at the Air Pollution Control Association Conference on VOC and
Ozone, Northampton, MA, November 1-2, 1988.

32. Leston, A.R., J. Catalano, K. Crossman, R. Pirolli, N. Rowe, G. Hunt and B. Maisel, “The
Connecticut Department of Environmental Protection’s Evaluation of Pre/Post Operational Dioxin
Monitoring Conducted at Four Resources Recovery Facilities,” paper presented at the Dioxin "91
Conference, RTP, North Carolina, Sept., 1991.

33. Leston, A.R., and W. Ollison, “Estimated Accuracy of Ozone Design Values: Are They
Compromised by Method Interference?,” In: Proceed. AQWMA's Conference “Troposheric Ozone:
Nonattainment and Design Value Issues,” Boston, Massachusetts, October 27-30, 1992.

34. Leston, A.R., and S.A. Bailey, “Preliminary Report on Establishing a Prototype PAMS Site in the
Urban Northeast,” In: Proceed. A&WMA's 86th Annual Meeting & Exhibition, Denver, Colorado,
June 14-18, 1993.

35. Hartman, R.M., and A. Leston, "Use of an OPSIS Open Path Monitor for Ambient Aldehyde
Monitoring,” In: Proceed. AQWMA’s Conference "Optical Sensing for Environmental and Process
Monitoring,” McLean, Virginia, November 7-10, 1994 :
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Xll. ERRATA

During the preparation of this Air Quality Summary, a number of errors were discovered in previous
editions of this document. For the benefit of the reader, the corrections are presented below:

® Regarding the 1994 edition of the Air Quality Summary,

1.

On page 7, in Table 1-1, the primary and secondary ambient air quality standards for the 1-
hour average of carbon monoxide should appear as 407,

On page 13, in the second paragraph under Statistical Projections, the last sentence should
read: They indicate that more frequent PMqg sampling at the New Haven 018 and the
Norwalk 014 sites in 1994 might have resulted in an exceedance of the 24-hour standards.

On page 49, in the first paragraph under 10-High Days with Wind Data, the first sentence
should end with the year 1994, not 1993; the second sentence should be deleted.

On page 67, in the fourth paragraph under Conclusions, the third sentence from the end
should read in part: ... the percentage of sunshine decreased from 65% in 1993 to 57% in
1994 ...

On page 111, in the second paragraph under Network Design, the last sentence should
refer to the year 1994, not1993.

® Regarding the 1988 and 1989 editions of the Air Quality Summary,

1.

On page 6, in Table 1-1, the primary and secondary ambient air quality standards for the 1-
hour average of carbon monoxide should appear as 40fi.

e Regarding the 1990-1993 editions of the Air Quality Summary,

1.

On page 7, in Table 1-1, the primary and secondary ambient air quality standards for the 1-
hour average of carbon monoxide should appear as 40fi.
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