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The 1980 Air Quality Summary of Ambient Alr Quality in Connecticut 1is
a compilation of all air pollutant measurements made at Department of
Environmental Protection (DEP) air monitoring network sites in the State.

The following paragraphs briefly describe the status of Connecticut'’s
air quality for the year 1980. The measured concentrations of six
pollutants are compared to Federal and State air quality standards. There
are two categories of air quality standards: primary - established to
protect public health; and secondary = established to protect plants and
animals and to prevent economic damage. A more detalled discussion of
each of these pollutants is provided in subsequent sections of this Annual
Air Quality Summary.

1. Total Suspended Particulates (TSP)

Measured total suspended particulates (TSP) levels did not
exceed the primary annual standard of 75 ug/m3 in Connecticut during
1980 but TSP levels did exceed the secondary annual standard of 60
ug/m3 at two sites in 1980. No sites recorded measured values
exceeding the primary 24-hour standard of 260 ug/m3 in 1980, but only
five sites exceeded the secondary 24=hour standard of 150 ug/m3. Only
Waterbury 123 violated the secondary standard by exceeding the 150
ug/m3 level two times. (see Table 1).

In general, measured Total Suspended Particulate levels in
Connecticut showed a significant improvement in 1680 as compared to
1979. This improvement is believed to have been caused primarily by
eliminating the passive sampling error through the use of retractable
1ids on the hi-vol monitors. (See the TSP section.)

2. Sulfur Dioxide (S02)

None of the air quality standards for sulfur dioxide were
exceeded in Connecticut in 1980, Measured concentrations were
substantially below the 80 ug/w3 primary annual standard, the 365
ug/m3 primary 24-~hour standard, and the 1300 ug/m3 secondary 3-hour
standard, Measured concentrations were closer to, but also below, the
60 ug/m3 secondary annual standard and the 260 ug/m3 secondary 24=hour
standard.

The continued attainment of the SOp standards can be primarily
attributed to Connecticut’s low sulfur fuel regulations.

The results of sulfation rate monitoring show that sulfur
dioxide levels rose significantly from 1979 to 1980. Temperature is
an important factor in determining SOp emissions, The general

increase in measured S0, levels was in large part due to the fact that
the year 1980 was cooler than 1979. This can be shown by the




number of "degree days", a measure of heating requirement. The
greater the number of degree days, the more fuel that is required to
heat homes. At Bridgeport, there was a seven percent increase of
degree days over 1979. At Bradley, the increase amounted to eight

percent.

3. 0Ozone (03)

NAAQS - On February 8, 1979, the 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. This standard
replaces the old photochemical oxidant standard of 0.08 ppm.
Furthermore, in order to determine compliance with the 0.12 ppm ozone
standard EPA directs the states to record the number of hourly
exceedances of 0.12 ppm at a given monitoring site over a consecutive
3~year period and then calculate the average number of exceedances for
this interval. If the resulting average value is less than or equal
to 1.6; that is, if the fourth highest hourly value in a consecutive
3-year period is less than 0.12 ppm, the ozone standard is considered
attained. The definition of the pollutant was also changed along with
the numerical value partly because the instruments used to measure ,
photochemical oxidants in the air really measure only ozone, Ozone is
only 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 1980 Annual Summary
uses the term "ozone" in conjunction with the new NAAQS to reflect the
changes in both the numerical value of the NAAQS and its definition.

The primary 1=hour ozone standard was exceeded at all the DEP
monitoring sites in 1980 (see Table 1).

The frequency of ozone levels in excess of the 0.12 ppm ozone
standard increased from 1979 to 1980. Some of this difference is
attributable to the changes in meteorological factors which occur from
year=to-year. An increase in average summer temperatures as well as
southwesterly wind transport were important factors during 1980, High
temperatures facilitate conversion of hydrocarbons and nitrogen oxides
into ozone, Southwest winds transport the emissions of hydrocarbons
and nitrogen oxides generated in the New York City Metropolitan Area
into Connecticut. Although the Federal emission controls on motor
vehicles should be bringing about a yearly reduction in ozone
precursor emissions, these emission reductions have not been large
enough to cause an improvement in ozone levels.

L, troge e

Measured nitrogen dioxide levels were lower than the 100 ug/m3
primary annual standard at all the sampling sites in Connecticut
during 1980. A statistical analysis of the data also demonstrates,
with 95% confidence, that every site achieved the annual standard for

NOZ.




No significant improvement in NOp levels took place between 1979

and 1980. Since 60% of the NO, emissions in Connecticut come from
motor vehicles, some improvement should be occurring due to the
Federal emission control program for motor vehicles, as well as

continued gasoline conservation. However, yearly differences of
weather conditions have probably been an overriding factor in

determining overall NO, levels.

5.  Carbon Monoxide (CO)

The primary eight-hour standard of 9 ppm was exceeded at four of
the five carbon monoxide sites in Connecticut during 1980. These were
Hartford 011, New Britain 002, New Haven 007 and Stamford 020. The
primary 8-hour standard was exceeded once at Hartford 012, eight times
at New Britain 002, once at New Haven 007 and 241 times at Stamford
020, This is down from 330 times at that site last year.

No site, except Stamford 020, violated the primary one=hour
standard of 35 ppm. The one-hour standard was exceeded two times at
the Stamford 020 site in 1980, unchanged from last year (See Table

1).

A general decrease in carbon monoxide levels took place between
1979 and 1980.

6.  Lead (Pb)

(h ok chy

-ional Adr Q ty_Standard (NAAQS) = On October 5,
1978, the EPA established a new ambient air quality standard for lead
of 1.5 ug/m3 for a calendar gquarter-year average. The standard is
attained only if the quarterly averages of all four calendar quarters
in a year do not exceed 1.5 ug/m3.

Anmp.len

NG A

The primary NAAQS for lead was not exceeded at any sites in
1980, down from seven during 1979, Overall measured concentrations of
jead decreased slightly from 1979 to 1980.
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B, Irends

Any attempt to assess statewide trends in air pollution levels must be
able to overcome the tendency for local changes to obscure the statewide
pattern. In order to reach some statistically valid conclusions
concerning trends in pollutant levels in Connecticut, the DEP has applied
the Wilcoxon Matched Palrs, Sighed Rank Statistical Test to the arnual
average data for three pollutants. The Wilcoxon test has been applied to
1968-1980 Total Suspended Particulate (TSP) data, to 1968~1980 Sulfation
rate/Sulfulr Dioxide (S05) data, and to 1973-1980 Nitrogen Dioxide (NO,
data.

The Wilcoxon Test is a non-parametric test of high power and
efficiency which can be used to ascertain if there was a statistically
significant change (increase or decrease) in the annual average pollutant
concentrations at all the monitoring sites in Connecticut. This test
makes it possible to overcome the trend analyses problems which arise due
to the changes in the number and location of monitoring sites from
year-to-year and the problems associated with making equitable comparisons
among sites, The annual mean levels for consecutive years are compared at
each site; there is no inter-site comparison. Data for two consecutive
years are requlred and the size of the change (increase or decrease) is
noted. For example, if a high proportion of sites experienced an increase
and/or if the magnitude of an increase at several sites is of much greater
importance than the magnitude of a decrease at other sites, the test will
show if the increase was statistically significant for those two years.

The results of the Wilcoxon test for TSP, Sulfation rate/SO,, and NOy
are presented in Tables 2, 3, and 4, respectively. These analyses were
performed only on data computed for sites where the U.S. Envirommental
Protection Agency (EPA) minimum sampling criteria (see Table 5) were met.
The years of data that were-paired, the number of sites used, and the
statewide arithmetic mean and standard deviation of the pollutant
concentrations at the sites are provided in the first four columns of each
table. The statistical significance of any changes in the statewide
pollutant averages is provided in the last three columns of each table.
The significance of change is indicated, by arrows, for two confidence
limits, 95% and 99%, and 1s also given numerically as the number of
chances in 10,000 under the heading "actual significance of change®., For
example, the statewide annual average for TSP decreased betweer 1968 and
1969 from 73.6 to 66.9. The downward arrows indicate that this change was
significant at the 95% and 99% confidence levels. The "actual
significance of change" is given as 0.0075. Thus, there are only 75
chances in 10,000 that this measured decrease in TSP levels did not

occur,

1o ISP

The results from the Wilcoxon test (see Table 2) show that TSP
levels in Connecticut decreased significantly from 1968 to 1969, From
1969 through 1971 there was no significant change. Then, from 1971 to
1974 TSP levels decreased significantly again, but from 1974 to 1975
this decreasing trend was reversed and TSP levels demonstrated a




significant inerease., TSP concentrations remained relatively constant
from 1975 to 1977 and then decreased significantly once again between
1977 and 1978. Between 1978 and 1979 there was a significant, but not
exceedingly large reduction of measured concentrations., Between 1979
and 1980 there was a significant drop in measured TSP levels. This
can be attributed to the elimination of passive sampling error through
the use of retractable lids on the hi-vol monitors, The lids retract
when the monitor is in operation and return to a covered position when
it is not.in operation. This prevents any particulates from
depositing on, or being removed from, the filter during non-operating
hours. (Note that these trend analyses do not account for the
uncertainty associated with the individual annual means computed for
each TSP site., Most TSP sampling is conducted only every-sixth-day,
producing a total of 61 samples per yer. Therefore, the Wilcoxon test
really compared year-to-year averages of the sampling date
concentrations, not actual annual averages. However; the
every-sixth-day sampling schedule is believed to be sufficient to
produce representative annual averages. The every-sixth-day schedule
for TSP sampling did not start until 1971. Since fewer samples were
taken at each site from 1968 to 1970 than during recent years, the
test results from the early years are not as conclusive as the results

from the later years.)

Significant changes in annual TSP levels can also be caused
simply by changes of weather. Such changes probably explain most of
the decrease in TSP levels observed between 1968 and 1969, the
increase observed between 1974 and 1975, and the decrease from 1977 to
1979, The persistent decrease in TSP levels observed from 19771 to
1974 (amounting to 20 ug/m3), however, can certainly be attributed to
the emission controls implemented by DEP during those years,

Figure 1 shows the long-term trend of TSP concentrations in
Connecticut in a more graphical form. The trend chart is based on
data obtained from both high volume and low volume sampling devices.
High volume sampler data are included only if there were a sufficient
number of samples taken in each year to compute valid geometric
means, Low volume sampler data are included for those sites where low
volume samplers replaced high volume samplers in 1976.

2. S0

Connecticut has been measuring sulfur dioxide in the air since
prior to the inception of the SO, standards in 1971. Several
monitoring methods have been employed over that time including
bubblers, sulfation plates, and various types of continuous
instruments. The bubblers became the EPA reference method, but
_unfortunately, the field data have turned out to be very unreliable,

The sulfation plates have been in use for 10 years and the data are
reliable, but they do not measure SOp directly. Continuous monitors
presently yield reliable data, but this has not always been the case.
The earliest monitors (conductometric and coulometric) were subject to
interference from many chemicals other than SO, and also had




difficulties with quality control. As a result, these monitors

produced unreliable data. Later generations of instruments (flame
photometric and pulsed fluorescent) alleviated these problems, and
there has been a corresponding increase in the reliability of the

data,

In order to perform a valid trend analysis, the data for the
period of interest must be reliable and from similar sampling
methods. As indicated above, the only method which fits these
eriteria is the sulfation plate. However, the air quality standards
are not written in terms of sulfation rate, but rather as SO
concentrations. There are several suggested conversions in the
literature. In order to determine the "best" conversion to use in
Connecticut, DEP undertook a study comparing SOp levels with sulfation
rate. This study involved exposing three sulfation plates at the same
location with a flame photometric or pulsed fluorescent continuous SOs
monitor. Monthly averages were taken at 11 sites from November, 1975
through September, 1978, resulting in a data set of 245 matched
pairs. The sulfation rates and SO, levels were compared using a least
squares regression technique. The equation resulting from this is as
follows:

SO, (ppm) = 0.0056 + 0.0195 (sulfation rate)(mg/100 cm2/day)

The level of significance of this regression equation was found
to be less than 0,001, and the associated sample correlation
coefficient was 0.72.

Using the above equation, historical sulfation rate data were
then converted to equivalent SO, levels, and these levels were used as
input to the Wilcoxon test previously described.

The results of the Wilcoxon test are presented in Table 3.
There was no significant change in SO, levels from 1968 to 1969 (when

there was very little data), but SO, levels increased significantly
from 1969 to 1970. A large, steady, and highly significant decrease
in 80, levels took place each year from 1970 to 1973. This was
followed by a small, but significant, increase from 1973 to 1974 and
then by a small, but significant decrease from 1974 to 1975. There
was no significant change in SO, levels from 1975 to 1977, but SO0,
levels decreased significantly again from 1977 to 1978 and from 1978
to 1979. From 1979-1980 measured SO, levels rose significantly.

As with TSP, annual changes in SO, levels can be caused simply
by changes in weather. Such changes may explain most of the increase
in SO, levels from 1969 to 1970 and the decrease in SO, levels from
1977 to 1978 and from 1978 to 1979. The dramatic step-by-step drop in
S0 levels from 1970 to 1973 corresponds exactly to the step-by-step
phase-in of Connecticut’s low sulfur-in-fuel regulations. As of
September 1, 1971, the oil sold and burned in Connecticut was limited -
to a sulfur content not to exceed 1.0%. As of September 1, 1972, the
sulfur content of the oil scld in Connecticut




C.

could not exceed 0.5%, and the burning of oil with a higher sulfur
content than 0.5¢ was not allowed after April 1, 1973. The
inescapable conclusion is that the implementation of these
sulfur-in-fuel regulations caused the significant reduction in SO,

levels from 1970 to 1973, such that all S0, standards have been
attained in Connecticut. During the winter of 1973 to 1974, certain
utilities were given emergency permission to burn higher sulfur oil
and coal. The temporary increase in S0, levels observed in 1974 could
have been due in part to this relaxation of the sulfur-in-fuel
limitations. The increase from 1979 to 1980 can be attributed to the
fact that the winter months of 1980 were colder than 1979. In colder
winter months, more oil is required for energy to heat homes,

The long~term trend of SO, concentrations, as determined from
the sulfation rate data, is shown in graphical form in Figure 2.

3. NO»

The Wilcoxon test shows that NO, levels in Connecticut have
fluctuated up and down over the last five years, but no overall trend
can be observed (see Table 4)., The NO, levels dropped significantly
from 1973 to 1974 and from 1977 to 1978, and they rose significantly
from 1974 to 1975 and from 1976 to 1977. No significant change in NOo
levels occurred between 1975 and 1976, 1978 and 1979, or between 1979

and 1980.

These fluctuations must be largely attributed to year-to-year
changes in weather as no corresponding changes in emissions are known
to have occurred in the last five years. In the long run, the
continuing Federal program to control motor vehicle emissions should
help to bring about a drop in NOo, levels. The NO, measurement method
changed several times during 1973, 1974, and 1975 which could have
caused some of the fluctuation in levels in those years.

torin etwork

A computerized Air Monitoring Network consisting of an IBM
System 7 computer and 12 telemetered monitoring sites was put into
full operation in 1975. Presently, up to 12 measurement parameters
from each site are transmitted via telephone lines to the System T
unit located in the DEP Hartford office. The data are then compiled
into 24-hour summaries twice daily. The telemetered sites are located
in the towns of Bridgeport, Danbury, Greenwich, Hartford, New Britain,
New Haven, Stamford, and Waterbury.

Measured parameters include the pollutants sulfur dioxide,
particulates (COH), carbon monoxide and ozone. Meteorological data
consists of wind speed and direction, wind horizontal sigma,
temperature, dew point, precipitation, barometric pressure and solar
radiation (insolation).

The real-time capabilities of the System 7 telemetry network
have enabled the Air Monitoring Unit to report the Pollutant Standards
Index for 10 towns on a daily basis while keeping a close watch for
high pollution levels which may occur during adverse weather
conditions throughout the year,




AVERAGE OF GNIFT ; L

~ ANNUAL ACTUAL

PAIRED  NUMBER  ARITHMETIC  STANDARD TREND AT SIGNIFICANCE
YEARS ~ OF SITES _—MEANS* = DEVIATION 5% L *% 99% [EVEI** . OF CHANGE -

68 17 73.6 21.6

69 17 66.9 18.6 + ¥ 0.0075

69 21 69.0 23.0

70 21 71.7 25,5 N.C. N.C. f.2891

70 23 67.8 20.6

71 23 66 .2 18.2 N.C. N.C. @.34585

71 40 68.4 22,5

72 49 61.9 17.3 ¥ ¥ 0.0013

72 39 59.1 13.4

73 39 51.9 10.2 ¥ ¥ <0 .00005

73 41 51.9 11.6

74 41 48.3 16.3 ¥ N.C. 0.0143

74 a0 49.9 18.7

75 40 52.3 10.1 + N.C. g.0101

75 31 52.8 9.8

76 31 53.0 9.3 . N.C. N.C. #.7539

76 37 54.9 10.4

77 37 54.7 10.1 N.C. N.C. 0.7296

77 32 55.9 10.7

78 32 53.8 10.2 ¥ ¥ 0.0086

78 34 52,5 12.8

79 34 50.8 12.6 ¥ N.C. 2.08293

79 34 50.7 12.7 '

80 34 46.4 9.4 4 ¥ <0 .00005
* Note that as the year pairings change, the sites available also change.

This explains the different averages for a given year, i.e., the averages are
taken from different sets of sites. ‘

o Key to Symbols: ¥ = gignificant Downward Trend
* = gignificant Upward Trend

N.C. No Significant Change
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D.

E.

The complete monitoring network used in 1980 consisted of:

35 Total Suspended Particulate and Lead (Hi-Vol) sites
2 Total Suspended Particulate (Lo-Vol) sites

11 Sulfur Dioxide sites (Continuous Monitors)

10 Ozone sites

18 Nitrogen Dioxide sites (Bubblers)

5 Carbon Monoxide sites

A complete description of all permanent air monitoring sites in
Connecticut operated by DEP in 1980 is available from the Department
of Envirommental Protection, Air Compliance, State Office Building,
Hartford, Connecticut, 06106,

Air Quality Standards

Table 5 lists analysis methods and National Ambient Air Quality
Standards (NAAQS) for each pollutant. The NAAQS were established by
the U.S. Envirommental Protection Agency (EPA) and are divided into
two categories: primary - established to protect the public health;
and secondary - established to protect plants and animals and to
prevent economic damage.

Fach standard specifies a concentration and an exposure time
developed from studies of the effect of various levels of the
particular pollutant,

ollu tand s Inde

The Pollutant Standards Index (PSI) is a daily air quality index
recommended for common use in state and local agencies by the U.S,
Envirormental Protection Agency. Connecticut switched to reporting
the PSI on a T-day a week basis on November 15, 1976. The PSI
incorporates five pollutants - carbon monoxide, sulfur dioxide, total
suspended particulates, ozone, and nitrogen dioxide. 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 3 shows the breakdown of index values for the commonly
reported pollutants (TSP, S0p, CO, and 03) in Comnecticut. In 1980,
the PSI was reported for the telemetered monitoring sites in
Connecticut (Bridgeport, Danbury, Greenwich, Hartford, Middletown, New
Britain, New Haven, Stamford, and Waterbury). Each day the pollutant
with the highest PSI value of all the pollutants being monitored is
reported for each town, along with the dimensionless PSI number, and a
descriptor word to characterize the daily air quality.

A telephone recording of the PSI is taped each afternoon at 3
PM, seven days a week, and can be heard by dialing 566-3449. For
residents outside of the Hartford telephone exchange, the PSI is now
available toll-free from the DEP representative at the Governor's
State Information Bureau, The number is 1-800-842-2220. This
information is also available to the public weekday afternoons from
the Connecticut Lung Assocclation in Fast Hartford. The mumber there

is 28 9"’5)401 ?
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F. Quality Assurance

In the Thursday, May 10, 1979 Federal Register, Vol. 44, No. 92, EPA
promulgated regulations that specify the "Quality Assurance Requirements
for State and Local Air Monitoring Stations (SLAMS)." This was a uniform,
comprehensive approach to obtaining quality data as well as a statistical
method for assessing the quality of that data,

The above comprehensive approach consisted of planning, writing, and
. implementing a quality assurance program which would produce data of
superior quality and adequate quantity. Each program required written
procedures for each of the following activities:

Procurement of Equipment
Installation of Equipment
Calibration of Equipment
Equipment Operation

Sample Analysis

Maintenance of Equipment
Equipment Audits

Data Handling and Assessment

Completion and implementation of the Quality Assurance Plan was to
take place by 1/1/81. By the end of 1980, TSP, SOy, and O3 procedures

were completed, while NO, and €0 were in progress, And, although it was
not required, Connecticut fully implemented the TSP program in 1980. 1In
addition, the statistical assessment of Oz and NO, were also implemented
in order to fulfill a requirement of an EPA sponsored "Northeast Corridor

Study.”

The assessment of data quality is accomplished by statistically
calculating the results of "Precision" and "Accuracy" data, where
precision may be defined as a measure of repeatability of the measuring
instrument when measuring the same thing, and accuracy as a measure of
closeness of an observed measurement value to the truth. These results

are reported as "Probability Limits" of +95%.

Precision
a) Manual Samplers (TSP)

Duplicate samplers (collocated samplers) is the technique used
to assess TSP precision., It involves all parts of the total
measurement process as well as using actual concentrations of
pollutants in the ambient air. Samplers run for a period of 24
hours, and correlation of the results of the duplicate samples
take place at intervals of the regular sampling schedule (every

6 days).
b) Automated Analyzers (SOp, O3, CO, and NO5)

Periodic span checks at ambient concentrations (0.08 to 0.1 ppm
for SOp, O3 and NOp, and 8 to 10 ppm for CO) are performed
approximately every 2 weeks, These bi-weekly results are not
only used to assess precision, but are also used to flag
possible instrument malfunctions.
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Accuracy

a)

b)

Manual Sampling

Accuracy assessment is obtained by challenging the flow portion
of the measurement system with a calibrated, fixed orifice,
transfer standard at normal sampler flow operation. At least
259 of the network is to be audited every quarter.

Automated Analyzers

Accuracy data is obtained from performance audits which are
conducted by personnel and equipment other than that used for
instrument calibrations. These audits are performed at the
following three levels of pollution concentration:

S0p, 03, NOo co

( PPM) (PPM)
0.03 to 0.08 3 to 8
0.15 to 0.20 15 to 20
0.35 to 0.45 35 to 45

TSP:

There are 3 collocated sampler sites in Connecticut for
assessing precision; Bridgeport 009, Hartford 0032, and Waterbury
005. The network results for the +95% probability were:

precision: ~6% to +7%
accuracy: =119 to =1%

805
No precision checks were performed in 1980.

Network accuracy was derived from 2 instrument audits performed
by an independent auditor (Research Triangle Institute) with the

following +95% probability results:

0.03 to 0.08 PPM 0.15 to 0.20 PPM 0.35 to 0.45 PPM
=3% to +6 % -6% to +5% -2% to =1%

03:

Precision data was obtained from 6 sites and resulted in a
network precision of =12% to +14% for the +95% probability
limits.

Fourteen accuracy audits were performed with the following
network results for the +95% probability limits:

0.03 to 0.08 PPM 0.15 to 0.20 PPM 0.35 to 0.45 PPM
=18% to +10% -13% to +12% -10% to +10%
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CO:
No precision checks were performed in 1980.

Assessing of accuracy was obtained from EPA audits which were
conducted at all five CO sites. The +95% probability limits

were:
@ 6.1 PPM @ 20.25 PPM @ 42.4 PPM
=209 to +2% =129 to +7% =119 to +12%
NO»

There were 3 NOp sites in 1980 with precision data performed at
Greenwich 00l only (only partial data was recorded at Bridgeport
and Hartford). The +95% probability limits were -1U4% to +3%,

There were a total of 5 audits performed'at Greenwich and
Hartford with the following results for the +95% probability

limit for accuracy.

0.03 to 0.08 PPM 0.15 to 0.20 PPM 0.35 to 0.45 PPM
-26% to +3% =119 to +4% =109 to +5%
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G. HEALTH EFFECTS

Here are brief descriptions of the air pollutants for which EPA
standards have been set, and summaries of the adverse effects of each on

human health.

qulfur oxides are gases that come from the burning of
sulfur-containing fuel, mainly coal and oil, 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, so

scientists use a test for SO, alone as a measure of all sulfur oxides.

As the level of sulfur oxides in air increases, there is an
obstruction of breathing, a choking effect that doctors call Ypulmonary
flow resistance.® The amount of breathing obstruction has a direct
relation to the amount of sulfur compounds in the air. The effect of
sulfur pollution is enhanced by the presence of other pollutants,
especially particulates and oxidants. That is, the harm from two or more
pollutants is more than additive, Fach augments the other, and the .
combined effect is greater than the sum of the parts would be.

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

Particulates are solid particles or liquid droplets small enough to
remain suspended in air. They include dust, soot, and smoke == particles
that may be irritating but are usually not poisonous -- and bits of solid
or liquid substances that may be highly toxic. The smaller the particles,
the more likely they are to reach the innermost parts of the lungs and
work their damage.

The harm may be physical: clogging the lung sacs, as in anthracosis,
or coal miners! "black lung® from inhaling coal dust; asbestosis or
silicosis in people exposed to asbestos fibers or dusts from sillicate
rocks; and byssinosis, or textile workers' "brown lung' from inhaling
cotton fibers.

The harm may also be chemical: 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.

Many studies indicate that particulates and sulfur oxides (they often
occur together) increase the incidence and severity of respiratory
disease.

Carbon monoxide (CO) is a colorless, odorless, poison gas formed when

carbon-containing fuel is not burned completely. It is by far the most
plentiful air pollutant. EPA estimates that more than 102 million metric
tons of CO are spewed into the air each year in the United States. (A
metric ton is 1,000 kilograms, or about 2,200 pounds.)
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Fortunately, this deadly gas does not persist in the atmosphere. It
is apparently converted by natural processes to harmless carbon dioxide,
in ways not yet understood, fast enough to prevent any general buildup.
But it can reach dangerous levels in local areas, as in 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 a person becomes drowsy. 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.

Ozone is a poisonous form of pure oxygen and the principal component
of modern smog. Until recently EPA called this type of pollution
"photochemical oxidants." The name was changed because ozone was the only
oxidant actually measured and by far the most plentiful.,

Ozone and other oxidants -- including peroxyacetal nitrates (PAN),
formaldehydes, and peroxides -- are not 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, hence the term photochemical smog,
and the daily variation in ozone levels, increasing during the day and
decreasing at night. ’

Ozone is a pungent-smelling, faintly bluish gas. It irritates the
mucuous 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,

Nitrogen oxides. When any fuel is burned at a high enough temperature
~- above 650°C (1,200°F) -~ some of the abundant nitrogen in the air will
react too, forming poisonous, highly reactive gases called nitrogen
oxides. Nitrogen dioxide (NO5) is the most plentiful of these and the one
measured to indicate all. It is a suffocating, brownish-colored gas and a
strong oxidizing agent, quick to react with water vapor to form corrosive
nitric acid.

Occupational health studies have shown that nitrogen oxides can be
fatal at high concentrations. At lower levels, they can irritate the
lungs, cause bronchitis and pneumonia, and lower resistance to respiratory
infections like influenza. However, the principal harm to people seems to
come not from nitrogen oxides directly but from the oxidants they help to
form by uniting in sunlit air with hydrocarbons to make ozone and other
ingredients of photochemical smog,

22




Hydrocarbons are unburned fuels in gaseous or vapor form. Gasoline,
for example, is a mixture of many kinds of hydrocarbons, each containing
more than twice as many hydrogen atoms as carbon atoms linked together in
molecules of many different sizes and patterns.

At the levels usually found in ambient air, hydrocarbons, as a class
of compounds, may have no direct effect on human health. In a confined
space, of course, they could cause asphyxiation by displacing the air, and
some, like benzene, can be hazardous in themselves. A major problem with
hydrocarbons stems from the oxidants they help to form by reacting with
nitrogen oxides in sunlight.

Lead. Particles of this metal or its compounds enter the air from
auto exhaust (tetraethyl lead, an anti-knock agent in gasoline) and from
industries that smelt or process the metal,

Lead is absorbed into the body and accumulates in bone and soft
tissues. Its most pronounced effects are on the blood-forming, nervous,
and kidney systems, though it may also affect other body functions. Young
children are especially susceptible to lsad poisoning.
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Conclusions

Measured Total Suspended Particulate (TSP) levels did not exceed the
primary annual standard of 75 ug/m3 in Connecticut during 1980. The
secondary annual standard of 60 ug/m3 was exceeded by less than 10% at two
sites, three less than in 1979. No sites had a measured value exceeding
the primary 2l-hour standard of 260 ug/m3 during 1980. The highest
observed 24~hour TSP level at nine (9) sites exceeded the secondary
2l-hour standard of 150 ug/m3, however, only five (5) sites violated the
standard (i.e., highest second high 2l4-hour TSP level greater than 150

ug/m3) down from seven (T)sites in 1979.

Overall, measured total suspended particulate (TSP) levels in
Connecticut showed significant improvement in 1980 as compared to 1979
(see Table 2).

The probable cause of most of the improvement in measured TSP levels
is due to the installation of retractable 1ids on the hi-vol monitors,
A1l hi-vol sites have had the lids since January 1980. These lids retract
when the monitor begins to sample and they return to a closed position
when the sampling is finished. A more accurate sample is made possible by
this method of protecting the filter from excess deposition or erosion., A
"passive sampling error® study (see ‘'Special Studies', "Passive Sampling
Error® in the 1979 Annual Air Quality Summary) was performed by DEP which
showed that standard hi-vols without lids recorded a positive bias of
between 107 to 20%. A comparison of a hi-vol and a Ysample saver® hi-vol
operating side~by=side at Hartford 123 showed a 7% reduction of measured
TSP in the sample saver, This factor alone could explain a significant
part of the drop of measured TSP levels in 1980.

Year-to=year changes in the weather also play a role in determining
measured TSP levels. The overall northwesterly components of wind
directions at area weather stations show an increase in the frequency of
northwesterly winds for the year. Northwesterly winds tend to be freer of
TSP than winds from the Southwest and South., Besides lower concentrations
of TSP, north-westerly winds are also somewhat drier. This is reflected
in the 1980 rainfall amounts, which were far below normal at Bradley
International Airport in Windsor Locks. Precipitation there was 26% less
than normal, while at Sikorsky Memorial Airport precipitation was 8% less
than normal. Less precipitation tends to cause less washout of
particulates from the air which in turn could result in higher TSP
concentrations. However in this case, the effect of precipitation on the
amount of TSP washout does not appear to be a major factor. As for
temperature, degree days (heating requirement) for 1980 at Bradley and
Sikorsky airports were higher than they were for 1979 and also higher than
the mean (see Tables 29, 30). An increase in home heating, inecluding the
use of wood and coal stoves, is commensurate with an increase of degree

days.

Although measured TSP levels decreased in 1980, it would be difficult
to pinpoint a specific reason for the reduction other than the
installation of retractable lids on the hi-vol menitors.
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More than half of the particulate emissions in Connecticut are caused
by motor vehicles, One third of these emissions are due to fuel
combustion. Most of the remaining two-thirds occur when road dust is
stirred up by the motlon of the vehicles, so road dust emissions are not
dependent upon fuel combustion, but rather, upon vehicle miles traveled
(VMT's), VMT's for 1980 have remalned almost unchanged since 1978 while
gasoline consumption continued to decrease, In 1980 the decrease in
gasoline consumption amounted to 3.1%.

their operation, with an 8“ x 10" piece of fiberglass filter paper
replacing the vacuum bag. As explained previously, retractable lids have
been installed on the hi-vols in order to eliminate the passive sampling
error., The samplers operate (from midnight to midnight) every sixth day
at most sites and every third day at certain urban stations.

The matter collected on the filters is analyzed for weight and
chemical composition, The air flow through the filter is recorded during
sampling. The weight in micrograms (ug) divided by the volume of air in
cubic meters (m3) yields the pollutant concentration for the day, in

micrograms per cublc meter.

The chemical composition of the suspended particulate matter is
determined as follows. A standardized strip of every other hi-vol filter
collected in each quarter-year is cut-out and composited into one
sample.* This procedure is repeated three times so that three quarterly
composited samples are made for each site., One of the composited filter
samples 1s digested in benzene, The organic materials in the sample
dissolve and are extracted into the benzene., The benzene is evaporated
and the organic residue is weighted. The weight of this residue
represents the organic material in the sample and the result is reported
as the benzene soluble fraction of the TSP, in ug/m3. (This method of
determining the benzene solubles, or organic, fraction of the particulates
was used until 1977 when the analysis for benzene solubles was
discontinued because of health hazards associated with the use of benzene,

# The National Air Sampling Network (NASN) every-12th-day sampling
schedule determines which filters go into the composite. The National Air
Sampling Network consists of several sites in each State, selected from
among the State-operated monitoring sites. Filters collected on the NASN
schedule at these NASN sites are used by the States only to compute TSP
levels., The filters are then sent to the EPA for their analysis and use.
Conneetieut performs chemical analyses on non=N{ ampling d ._;twt%hg
IASN sites in Connecticut and on the NASN sempling day £ilt
A ites in Connecticut., (The NASN sites in Connectieut

are Bridgeportuool;ﬂﬂew Haven 123, and Waterbury 123.)
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which is a carcinogen). Another sample is dissolved in water, re=fluxed
and the resulting solution is analyzed to determine the water soluble
fraction of the TSP using wet chemistry techniques, Results are reported
for each individual constituent of the water soluble fraction in ug/m3,
The last composited sample is digested in acid and the resulting solution
is analyzed for the different metals in the TSP ugsing an atomic absorption
spectrophotometer., Results are reported for each individual metal in

ug/m3.

O= e er: The low-volume (i.e.,; Lo-vol) sampler is a 30-day
continuous sampler. It is enclosed in a shelter similar to a hi=vol, uses
the same glass fiber filter paper, but operates at an air sampling flow
rate approximately one-tenth that used by a standard hi-vol (i.e., 4 cfm
as opposed to 40-60 cfm), The air flow through the lo-vol is measured by
a temperature compensating dry gas meter. The lo-vol measurement is
essentially an arithmetic average for the 30-day sampling interval., The
filters are chemically analyzed in the same manner as those from the
hi=vol sampler,

Scuss H

Monitoring Network - In 1980 both hi~-vol and lo-vol particulate

samplers were operated in Connecticut (see Figure 14), Because the Federal
EPA does not recognize the lo-vol instrument as an equivalent to the
reference (hi-vol) method of sampling for TSP, only hi-vol data are
analyzed for compliance with NAAQS. .

Annual Averages ~ The Federal EPA has established minimum sampling
criteria (see Table 5) for use in determining compliance with either the
primary or secondary annual NAAQS for TSP. Using the EPA criteria, the
primary annual standard was not exceeded, while the secondary annual
standard was exceeded at two sites. In 1980, of the sites that had valid
annual geometric means, 31 hi-vol sites showed lower annual geometric
means than in 1979, with twelve of these decreases being greater than §
ug/m3° In 1980, only three hi-vol sites showed higher geometric means
than 1979, with none of these increases being greater than 4 ug/m3.

Historical Data - The DEP's historical file of annual average TSP data
for 1957-1980 is presented in Table 6. This table of historic TSP data
invalidates and replaces all previous compilations., 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.,

26




Statistd Projections -~ Table 6 is the product of a computer program
listing all himvol monitoring sites used by DEP. The data for each site
and yvear include the number of samples taken (generally, a maximum of 61
samples per year), the geometric mean, 95% confidence limits about the
mean, the standard geometric deviation and a statistical predlction of the
number of days in each year the 24-=hour primary and secondary NAAQS would
have been exceeded if sampling had been conducted every day. This
analysis (just as the ambient standards) is based on the assumption that
the particulate data are log-normally distributed.

Because manpower and economic limitations dictate that hi-vol sampling
for particulate matter can not be conducted every day, a degree of
uncertainty as to whether the air quality at a site has either met or
exceeded the national standards is introduced. This uncertainty for the
annual standard can be quantified by determining 95% confidence limits
about each of the annual geometric means, For example (see Table 6), in
New Haven at site 123 in 1979, 57 samples were taken and a geometric mean
of 56.5 ug/m3 was calculated. However, the columns labeled
#95.PCT=LIMITS® show the lower and upper limits for a 95% confidence
interval of 51 and 63 ug/m3, respectively., This means that if a larger
(i.e., greater than 57 samples) sample set were collected in 1980 at this
site there is a 95% chance that the geometric mean would fall between
these limits., Since the national secondary standard for particulates (60
ug/3) is within this interval, one cannot be 95% confident that the
secondary standard was met here in 1979..

In Table 7, the 1980 monitoring sites are examined for compliance with
standards, using the State’s hi-vol confidence limit criteria. The table
shows that no sites exceeded the primary annual standard with 95%
confidence. The table also shows that the DEP is 95% confident that the
secondary standard was exceeded at two (2) sites during 1980, as compared
to four (U4) sites in 1979, Last year the standard was exceeded at four

sites.

Whether the secondary annual standard was exceeded is uncertain at six

(6) sites, down from eleven (11) sites last year. Comparing this to the
results using the actual measured levels in the discussion above, both
methods shows no site exceeding the primary standard and two (2) sites
exceeding the secondary annual standard. However, the statistical
projections indicate that more frequent TSP sampling at four (4) sites
(Hartford 123; Meriden 05; New Haven 02; Waterbury 123) might have
resulted in measured violations of the secondary annual standard.,

Averages Table 8 presents i1st and 2nd high 2l4-hour
concentrations recorded at each site. There were no violations of the
primary 24-hour standard recorded in Connecticut during 1980. Measured
violations of the secondary 24-hour standard were recorded at nine sites
in 1980, two more than in 1979. The 2nd high 24-hour average increased at
thirteen of the 35 sites which met the minimum EPA sampling criteria in
both 1979 and 1980, Two of these increases exceeded 25 ug/m3° The 2nd
high 24-hour average decreased at twenty-one of the 35 sites, and seven of
these decreases exceeded 25 ug/m3. The 2nd high at one site (Wallingford,

site 001) remained the same,
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Table 9 summarizes the statistical predictions from Table 6 regarding
the number of days exceeding the 2l4-hour standards, This table shows that
if sampling had been conducted every day in 1980 there would have been no
sites with violatlons of the primary 24-hour standard, and fourteen (14)
sites with violations of the secondary 24-hour standard. In 1979, two (2)
sites were predicted to have exceeded the primary 24=hour standard and
twenty=two (22) sites were predicted to have exceeded the secondary

24=hour standard.

Chemical Analyses -~ Annual averages of seventeen components or
characteristics of the particulate matter collected at each hi-vol
sampling location have been computed for the year 1980 and are presented
in Table 10. For concentrations dating back to 1970, see the 1978
Connecticut Air Quality Summary. The abbreviations used in the table are
defined below. All values shown are annual arithmetic means, in
micrograms per cublic meter, except for pH.

#S - Number of Samples Vv = Vanadium

Al - Aluminum in = Zinc

Be - Berylium NO3 = Total Nitrates
Cd =  Cadmium SO - Total Sulfates
Cr = Chromium NHY -~ Anmonium

Cu - Copper Na = Sodium

Fe - Iron pPH - Acidity

Pb - Lead BENZ - Total Benzene Solubles
Mn =  Manganese TSP# - Total Suspended
Ni = Nickel Particulates
Lo-Yol Averages - For a number of years, the DEP has been

experimenting and gathering data with the lo=vol particulate monitor.
Lo=vols operate continuously for 30-day periods. The lo=vol has four
advantages and one disadvantage in relation to the hi-vol., First,; the
lo=vol's continuous operation can provide annual averages which include
every day of the year, rather than only the fractional portion of the year
sampled by every-sixth (or third-) day hi-vol operation., Second, there is
no passive sampling error (see Special Studies Section) associated with
the lo=vol as there is with the standard hi-vol. Third, the lo~vol needs
less frequent servicing (12 times/year) than the hi-vol (e.g., 61
times/year), so it is more cost-effective to operate, Fourth, the lo-vol
has a higher collection efficiency than the hi-vol, especially for small,
respirable particles, But, a disadvantage of the lo-vol is that it does
not provide daily samples for direct comparison to the 2li-hour TSP
standards (although 2l4-hour averages can be obtained by statistical
interpolation).

& Note that Table 10 gives the arithmetic means of the everv-12th dav
Samples that were used in the composites, whereas Table 6 gives the

geometric means of all the scheduled samples.
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There were two lo-vol sites located at rural locations in the state
during 1980. One site was located at Mansfield, the other at Putnam. The
use of the low-vols made it possible to continue to obtain data on annual
average particulate levels at these rural sites,

Annual averages of the chemical components from the lo=vol TSP
monitors have been computed for 1980 and are presented in Table 11. The
abbreviations used in Table 11 are identical to those used in Table 10
except for the column which indicates the number of samples.

10_High Days with Wind Data - Table 12 lists the 10 highest 24-hour
average TSP readings with the dates of occurrence for each TSP hi-vol site
in Connecticut during 1980. This table also shows the average wind
conditions which occurred on each of these dates, The resultant wind
direction (DIR, in compass degrees from 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. Note 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 subject to frequent sea breezes).

On a statewide basis, this table shows that most high TSP days occur
with southwesterly winds and most of those days have persistent winds.
This relationship between southwest winds and high TSP levels is more
pr.‘ominant in southwestern Connecticut. However, many of the maximum
levels at some urban sites do not occur with southwest winds, indicating
that these sites are more influenced by local sources than by the
transport of TSP with southwest winds. As noted above, a large scale
southwesterly air flow is often diverted into a southerly flow up the
Connecticut River Valley. At many sites in the Connecticut River Valley
most of the highest TSP days occur when the winds at Bradley Airport are

from the south.
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- Table 6 : -
1957-1980 TSP Annual Averages and Statistical Projections
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Table 6, Continued
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SITE

insonia-003
Berlin-001
Bridgeport-001
Bridgeport-123
Bristol-001
Burlington-001
Danbury-123
Enfield—lé3
Greenwich-04
Greenwich-08
Greenwich-016
Haddam~00?

Hartford-003

* Units in ug/m3

TARLE 8

1980 HAXRIDUM 24-HQUR_TSP COMCENTRATIOHS*

187
HIGE
2/21
2/21
2/21
5/24
3/4
5/24
12/17
2/21
7/20
7/14
7/20
6/2

2/21

211D
IIGE

12/20C
g/1
6/2
7/20
6/26
6/26
3/4
11/23
8/1
1/22
6/25
12/29

5/24

156 260
g 100 1 200 i 300 400
———————— 161-—-t-
——————— 153————T |
- —~70~~ |
- | |
—————— 124=--- I |
————— 101 -~ ' I
————————— 176-=f~=—~ |
———————— 160—--L- |
L R ‘ i
=82 |
I - | l
.-—_'71__

—————————— 221L——————— ‘
—————— 129-~-- ] ]
52~ i I
===78~—~- ‘

o et o e § ] e e I
. |
------ 119"‘—"' | I
—————— 118~~~ (
—————— 113-- I I
[T |
IEPPRR |
......_.7 2......_
| |

———————— 167_——f—_ |
————— 109~~~

Secongary Pr&mary

Standard Standard
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SITE

lartford-12
Manchester-001
Heriden-002
Heriden-005
[1iddletown-00G3
Milford-002
liorris—001
Maugatuck-001
M. Britain-123
1. Haven=-002
N. Haven-123
Norwalk-005
Morwich-001
Stamford-007
Stemfora-123

Stratford-0056

*  Units in ug/m3

8/1

3/4

3/4

2/21

2/21

5/24

2/21

2/21

7/20

12/17

2/21

2/21

7/20

2/21

2/21

--TARLE 8, continued--

6/26

7/20

3/4

7/20

12/23

5/24

2/21

2/21

- 3/7

3/4

7/2

6/2

12/17

400

3=

.._._._.89.___.

A . Yo P
P [

Secondary
Standard
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Primary
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lgw
Q ! f"l!f_: X
Torrincton-123 3/4
voluntown-001 5/24

'allingferd-ccl  2/21

iaterbury-002 3/4

Waterbury-123 12/17
Waterford-001 7/20
Willimantic-002 2/21

* Units in ug/m3

-=TLELE

21D
PICH

12/17

6/¢&

2/21

3/4

3/16

3/10

g, continued--

0 100 200

260
300

l
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e
g0 |
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|

I

_.__.77___

b----102--

Secondary
Standard
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SITES WITH > 2 DAYS EXCEEDING

TABLE 9 SUMMAR

THE_SECONDARY STANDARD (150 ug/m3)
% of
YEAR Number of Sites Tota] Sites
1971 37 843
1972 83 938
1973 31 70%
1974 49 79%
1975 a1 753
1976 36 883
1977 27 69%
1978 22 618
1979 22 63%
1980 14 405

62

THE PRIMARY STANDARD (260 ug/m3)
% of
Number of Sites Total Sites
20 45%
13 28%
11 25%
5 8%
2 4%
3 7%
1 3%
7 19%
2 6%
2 0%

39
36
35
35




Table 10
Quarterly Chemical Characterization of Hi-Vol TSP, 1980
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Conclusions:

Sulfur dioxide concentrations did not approach any Drimary or
secondary standards in Connecticut during 1980. Measured concentrations
were substantially below the 80 ug/m3 primary annual standard as well as
the former State of Connecticut 60 ug/m3 secondary annual standard. SOp
levels were also below the 365 ug/m3 primary 24-hour standard and the
former state 260 ug/m3 secondary 24-~hour standard. The secondary 3-hour
standard of 1300 ug/m3 was not approached at any =site in the state.

According to the results of the Wilcoxon Test, which made use of
sulfation rate data, there was a small but statistically significant rise
in S0, levels from 1979 to 1980 (see Table 3). The general increase

(shown by the Wilcoxon test) of S0, levels was probably a result of
greater heating requirements due to the colder temperatures experienced
during the heating seasons of 1980 as compared to 1979.

The continued attainment of SO, standards is primarily attributable to
Connecticutts sulfur-in-fuel regulation,

Method of Measurement:

The DEP Air Monitoring Unit used two types of instruments to
continuously measure sulfur dioxide levels in 1980. The coulometric
method was employed by Philips instruments and the pulsed fluorescence

method is used by Teco instruments,

Philips monitoring instruments were used at the following sites in
1980:

Bridgeport 001 (7 months) Milford 002 (2 months)

Teco instruments were used at the following sites in 1980:

Bridgeport 001 (4 months) Milford 002 (10 months)
Danbury 123 New Britain 123
Enfield 123 (6 months) New Haven 123
Greenwich 004 ' Stamford 123

Hartford 123 Waterbury 123
Discussion of Data:

Monitoring Network - A total of eleven (11) continuous 50, monitors
(one was a partial year only) recorded data in ten towns in 1980 (see
Figure 5). Ten of these sites telemetered the data to the central
computer in Hartford on a real-time basis. Table 13 shows that sufficient
data for valid annual means (at least 75% of the possible sampling hours)
were recorded at ten sites, The average for Enfield site 123 represents

56% of the possible sampling hours,
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Annual Averages - The primary annual standard for SOp is 80 ug/m3 and
the former state secondary annual standard was 60 ug/m3, S0, levels were
velow the annual standards at all sites in 1980 (=see Table 13). The
annual average S0, levels decreased at six of the eleven monitoring sites
from 1979 to 1980. The decrease at two of those sites exceeded 5 ug/m3a
Annual average S50, levels increased at five monitoring sites, the same
number as last year, with the largest ilncrease being 3 ug/3c According to
the Wilcoxon test, these changes indicate a small but significant upward
trend when compared to 1979,

Statistical Projections - A statistical analysis of the sulfur dioxilde
data is presented in Table 14, This analysis provides information to
compensate for any loss of data caused by instrumentation problems. The
format of Table 14 is the same as that used to present the total suspended
particulate annual averages (see Table 6). However, Table 14 gives the

annual arithmetic mean of the valid 24-hour S0, averages to allow direct

comparison to the annual SO, standards. The 959 limits and standard
deviations are also arithmetic calculations. Since the distribution of
the SO, data tends to be lognormal, the geometric means and standard
deviations were used to predict the number of days the 24-hour standard of
365 ug/m3 would be exceeded at each site if sampling had been conducted
every day.

It is important to note that these statistical tests require random
data to be valid. This means that an equal number of samples must be
collected in each season of the year and on each day of the week. The
distribution and quantity of S0, data were better in 1980 than in 1979.
The data indicate with reasonable assurance that there were no violations
of the primary S0, standard in Connecticut., For example, a statistlecal

prediction of one day exceeding the primary 24-hour standard (365 ug/m3)
at Hartford site 123 would indicate that an increase in S0y emissions
there might jeopardize the attaimment of this standard. Two days over the
standard are required for the standard to be violated.

Hour Averages - The primary 2l-hour standard for SOy is 365 ug/m3
former state secondary 24-hour standard in Connecticut was 260
ug/m3., In 1980 no sites recorded SO, levels in excess of the 24-hour
standards (see Table 15). Second high running 24-hour average
concentrations increased at five of the SO, monitoring slites during 1980.

The increase exceeded 50 ug/m3 at one site, Bridgeport 001. The second
high running 24-hour concentration decreased at six sites with two of the

decreases being greater than 25 ug/m3.

The current EPA policy bases compliance with the primary 2l=hour SO,
standard on non-overlapping running averages., Running averages are
averages computed for the 2l4-hour periods ending at every hour.
Assessment of compliance is based on the value of the 2nd highest of the
two highest pon-overlapping 24-hour periods in the year, (Note that the
highest 24-hour period in the year may overlap both of these two
periods,) Thus, compliance assessment 1s based on the magnitude of the
exposure encountered within any two distinct 24-hour periods and not on a
calendar day exposure basis. However, there is some contention that
compliance assessment for guwhour S0, standards should be based on

calendar day averages only. Table 16 contains the maximum 24-hour SO,
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readings from both the running averages and the calendar day averages for
comparison. The maximum calendar day readings are roughly 10% lower than
the maximum readings from the running averages,

=Hou erages ~ Measured SO, concentrations were far below the

federal secondary 3=hour 80> standard at all DEP monitoring sites in
Connecticut in 1980, down from twelve (12) sites in 1979 (see Table 17).

J0=High Days with Wind Data - Table 18 lists the ten highest 24~hour
calenda ay S0, averages and the dates of occurrence for each 30, site in
Connecticut during 1980. The table also shows the average wind conditions
that occurred on each of these dates. (The origin and use of these wind
data are described in the discussion of Table 12 in the TSP section.)

Once again, as with TSP, most of the highest S0, days ocecur during
periods of southwesterly winds. Most of those days also have persistent
winds. This relationship is caused, at least in part, by S0, transport;

but any transport is limited by the chemical instability of S0p. In the
atmosphere, S0, reacts with other gases to produce, among other things,

sulfate particulates; so S0, 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 S0» 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 S50, levels on
days when there are southwesterly winds than on other days.

Using the data in Table 18, the dates of occurrence of the ten highest
24-hour averages were noted. There are some interesting similarities
among the high SO, days. First, all of the days on the table occurred
during the winter months. This can be attributed to more fuel being
burned during the cold weather. Second, almost all of the days
experienced persistent southwesterly winds. Transport from the New York
City area as well as industrisl centers to our west is indicated.

Many of the sites across the state had high S0o values in the week
before Christmas, This was during a period of successive cold fronts
breceded by steady southwesterly air flow. On the 18th of December,
Connecticut was east of a cold front moving from the midwest. The
temperatures for the day did not go above freezing. In the southwest flow
ahead of the cold front, Connecticut received a good deal of transported
S0p. The day with the highest SO, values across the state was December
24, the day before a major cold front passed through the state., Once
again, due to the southwesterly flow ahead of the front, S0, levels

throughout the state were high.

In summary, high levels of S0, in Connecticut seem to be caused by a

number of related factors, First, Connecticut experiences its highest S0y
levels during the 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 in this region,

southwest winds occur relatively often in comparison to other wind
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directions, Also, adverse meteorological conditions are often associated
with southwest winds. The net effect is that during the winter months
when a persistent southwesterly wind occurs, an air mass picks up
increased amounts of S0, over the New York City metropolitan area and
transports this S0, into Connecticut, Here, the S0, levels remain high
because the relatively low mixing heights associated with the southwest
wind will not allow much vertical mixing. The levels of transported S0,
eventually decline with increasing distance from New York City as the SOp
is dispersed and as 1t slowly reacts to produce sulfate particulates. It
is the sulfate particulates that combine with water droplets to produce
%ddmmwbwhwtwdwyﬁmﬂuma
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TABLE 13

1980
THMETIC AVERAGES OF ‘DIOXIDE
AT ST 80) I
PRIMARY NAAQS 80 ug, e
SECONDARY NAAQS 68 ug/m” (a)
1980
ANNUAL
TOWN SITE NAME AVERAGE

Bridgeport-gg1 City Hall 26
Bridgeport-123 Hallett Street 38
Danbury-123 Western Conn. State College 25
Enfield-123* Kosciusko Junior High School 15
Greenwich-004 Bruce Golf Course 29
Hartford-123 State Office Building 38
Milford-g02 Devon Community Center 32
New Britain—123 Lake Street 19
New Haven—123 State Street 35
Stamford-123 Health Department 30
Waterbury-123 Bank Street 22
(2) State of Connecticut Air Quality Standard
* Insufficient data for valid annual average or estimate (7 months)
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~Table 14
1980 S0, Annual Averages and Statistical Projections
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*

TABLE 15

Date is month/day/ending hour of occurrence

a Non-overlapping maximum on 02/21/22= 183 ug/m3
7 months data

123

1980 MAXIMUM 24-HOUR RUNNING AVERAGE
SULFUR_DIOXIDE CONCENTRATIONS
DATE DATE Concentration (ug/m3)
18T 2ND 365
SITE HIGH HIGH ] 100 200 300 I 400
" Bridgeport—gl 12/24/23 190 '
12/19/01 156 l
Bridgeport—-123 12/24/21 167 l
' 2/21/12 161 |
Danbury-123 12/24/22 133
12/18/21 —11p |
Enfield-123b 1/14/24 ' S, [ T— |
1/23/16 |p—8l— |
Greenwich-@04 12/24/21 171 l
12/19/06 128 |
. Hartford-123 12/24/21 ’ 200 |
2/21/12 193
Milford-802 11/13/11 , 173 ]
2/21/109 167 ]
New Britain-123 2/21/@92 W I
2/28/22 99— 1
New Haven-123 2/21/13 205 ]
12/24/22 176 |
Stamford-123 12/24/20 187 |
12/26/22 170 '
Waterbury-123 2/21/11 ‘ | —103— |
12/19/07 p—97——— |
Primary




TABLE 16

SON; 1980 FI1 ECOND HIGH ING
CALENDAR DAY 24-HOUR SO2 AVERAGES:
units = ug/m3
lst High 1lst High 2nd High 2nd High
Site " Running Aw Calendar Day Running Avg. Calendar Day

Bridgeport-001 190 186 156 155
Bridgeport-123 167 169 161 156
Danbury 123 133 126 119 109
Enfield 123" 105 104 81 76
Greenwich 004 171 157 128 118
Hartford 123 200 186 193 169
Milford 002 173 163 167 131
New Britain 123 122 105 99 a3
New Haven 123 205 180 176 170
Stamford 123 187 169 179 166
Waterbury 123 193 89 97 88

* 7 months of data
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SITE

Bridgeport-001

Bridgeport-123

Danbury-123

Enfield-123%*

Greenwich-004

Hartford-123

Milford-fg2

New Britain—-123

New Haven-—123

Stamford-123

Waterbury-123

0 T %

DATE*
1sT
HIGH
12/24/09a
12/24/17
12/18/08
1/14/15
11/24/92
2/21/11b
2/26/14
2/21/09¢
2/21/10

12/26/03

2/21/11

12/24/11

2/21/08

12/24/11

2/20/13

12/24/18

2/21/09

12/03/18

2/21/07

2/21/01

12/08/11

2/19/10

Date is month/day/ending hour of occurrence

Non—overlapping maximum on 02/24/08 =

Non~overlapping maximum on 2/21/12

. Non-overlapping maximum on 2/21/10
7 months data

A\ \1308

253

252

182

176

224
201

321

252

343
279

383

362

Q0
-4 4

164

359

298

266

259

205

175

291 ug/m3
323 ug/m3
165 ug/m3




Table 18
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L. QZONE
Lonclusions:

Once again in 1980, Connecticut experienced very high concentrations
of ozone in the summer months, At each of the ten monitored sites, levels
in excess of the one-hour NAAQS of 0.12 ppm were frequently recorded, with
one-hour average concentrations occasionally ecxeeding 0.20 ppm,

The frequency but not the magnitude of measured levels in excess of
the 0.12 ppm ozone standard increased again during 1980. Year-to-year
changes of regional weather conditions most likely contributed a great
deal to the increase., Federal emission controls on motor vehicles and
continued conservation of gasoline (3.1% less than 1979) have not been
large enough to offset the increase in ozone production caused by
meteorological conditions,

The larger portion of the peak ozone concentrations in Connecticut is
caused by the transport of ozone and/or precursors (e.g., hydrocarbons and
nitrogen oxides) from the New York City area and other points to the west
and the southwest. The increased frequency of levels in excess of the
ozone standard is at least partially attributable to the frequency of the
southwesterly transport winds., Southwesterly winds are a common
oceurrence in this region during the summer ozone season. Likewise, the
magnitude of the high ozone levels can be associated with yearly
variations in temperature. Ozone production is greatest at high
temperatures and in strong sunlight, In 1980, the average summer season
temperatures averaged between 0.5°F to 2.3°F higher than in 1979. Also,
the summer season daily high temperatures were higher in 1980 than in
1979, as exemplified by an increase in the number of days exceeding 90°F
from 1 in 1979 to 6 in 1980 at the Sikorsky Airport National Weather
Service station. At Bradley, the number of days exceeding 90°F remained

at 19.

Method of Measurement:

The DEP Air Monitoring Unit uses chemiluminescent instruments to
measure levels of ozone. These instruments measure and record
instantaneous concentrations of ozone continuously by means of a
fluorescent technique. Properly calibrated, these instruments are shown

to be remarkably reliable and stable.

cuss H

Monitoring Network: = In order to gather information which will

further the understanding of ozone production and transport, as well as to
provide real-time data for the daily Pollutant Standards Index, DEP
operated a state-wide ozone monitoring network consisting of four types of
sites in 1980 (see Figure 6):
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Urban = Bridgeport, Derby, Hartford, Middletown, New Haven
Advection from Southwest = Danbury, Greenwich

Suburban = Stratford

Rural - Morris, Stafford

NAAQS =~ On February 8, 1979 the EPA established an amblent air quality
standard for ozone of 0.12 ppm for a one=hour average., Compliance with
this standard is determined by the number of hourly exceedances of this
standard at each monitoring site over a consecutive three-year period and
then computing the average number of standard exceedances over this
interval, If the resulting average value (at each site) is less than or
equal to 1.0; that is, if the fourth highest hourly value in a consecutive
three-year period is less than 0,12 ppm, the ozone standard is considered
attalned. This standard replaces the old photochemical oxidant standard
of 0,08 ppm. The definition of the pollutant was changed along with the
numerical value partly because the instruments used to measure
photochemical oxidants in the air really measure only ozone, Ozone is
only one of a group of chemicals which are formed photochemically in the
alr and are called photochemical oxidants. In the past, the two terms
have often been used interchangeably. This 1980 Annual Summary uses the
term "ozome® in conjunction with the NAAQS to reflect the changes in both
the numerical value of the NAAQS and its definition,

, ur_, rage - The 1=hour ozone standard was exceeded at all ten DEP
monitoring sites in 1980. The 1st highest 1=hour average ozone
concentrations were higher in 1980 than in 1979 at six of the seven paired
DEP ozone sites in Connecticut. One of these increases exceeded 0.08

ppm. The 1st highest hourly average decreased at one site from 1979 to
1980, the decrease being 0.08 ppm,

The monthly high ozone concentrations for the summertime ¥ozone
seasony " and a tally of the number of times the hourly standard was
exceeded, are presented in Table 20 for each site.

Table 21 shows the year®s high and second high concentrations at each
Sitea

10 High Days with Wind Data - Table 22 lists the ten highest 1=hour
ozome averages, and dates of occurrence from the 10-highest days for each
ozone site in Connecticut for 1980. The wind data assoclated with these
high readings are also presented. (See the discussion of Table 12 in the
TSP section for a desecription of the origin and use of these wind data.)

Nearly all of the high O3 levels oceurred on days with southwesterly
winds, This is expected because there are no local sources of ozone; it
iz all produced by photochemilcal reactions in the atmosphere., Since New
York City and other urban areas to the southwest of Connecticut produce
more -ozone precursor emissions than all of Connecticut, 1t is not
surprising that ozone levels are higher on southwest wind days than on all
other days. However, it should be remembered that bright sunshine and
high temperatures are the prime producers of ozone, During the summer
ozone season these conditions are most often associated with a
southwesterly air flow., It is the combilnation of these factors that often

produces unhealthful ozone levels in Connecticut,.
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SITE APRII, MAY JUNE JULY AUGUST SEPT. TOTAL TOTAL LAST YEAR

Bridgeport=123 /] g 4 8 8 2 22 16
Danbury-123 ) 1 6 8 5 4 24 14
Derby-123 g 1 4 13 5 2 25 15
Greenwich-004 0 1 4 14 5 6 30 17
Hartford-123 ) ] 4 9 5 3 21 15
Middletown-g87 0% 2* 4 11 8 3 28 ~
Morris-g61 g* o* 5 7 5 2 19 19
New Haven-123 0 ) 4 5* 7 2 18 12
Stafford-001 g* 5% 2 4 1* 2* 14 -
Stratford-007 p* 5 9 1% 8 7 40 -

* 1ess than 75% of days during peak pollution potential season have sufficient data.

134




# OF TIMES

STANDARD

SITE APRIL _MAY JUNE JULY AUGUST SEPTEMBER _EXCEEDED
Bridgeport-123  .065 .120  .200 .215 .182 .160 68
Danbury-123 .099% ,133  ,183 .166 .154 .168 63
Derby-123 .066. 128  ,248 .285 217 .180%* 98
Greenwich-004 080 .132  .178 .187 172 .216 122
Hartford-123 082 .16  .183 .265 147 171 61
Middletown-007  .081% .127* .234 .262 .167 .145 126
Morris—B01 .087* .087*% .211 .19 .175 230 57
New Haven-123 076 .108  .204 .,291% 189 .138 66
Stafford-0@1 L85% ,144* 153 197  .a122% .123% 35
Stratford-gg7 .080* }189 .276 .303% ,249% 180 178

* <75% of the data available
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SITE

Bridgeport—123
Danbury-123
Derby-123
Greenwich-~004
Hartford-123
Middletown-007
Morris-g@1
New Haven-123
Stafford-g01

Stratford-067

*

7/16/15

6/25/16

7/16/15

9/21/15

7/16/17

7/16/17

9/2/15

7/16/15

7/22/18

7/21/16

7/16/14

6/25/17
7/16/14
7/21/17
7/16/16
7/16/16
9/2/16

7/16/14
1/22/17

6/25/14

Date is month/day/ending hour of occurrence

2400

1694
|

t—.285

,%52

.216

°18"7

in265

. 260
I

<262

I253

<230

,%25

+-.291

+.280

19}

1804
!

X
1 303

<276
!

}
Primary Standard
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Conclusions:

Once again in 1980, measured nitrogen dioxide levels at all sampling
sites in Connecticut were below the National Ambient Air Quality Standard
of 100 ug/m3, annual arithmetic mean. A statistical analysis of the data
also demonstrates with 95% confidence, that every site achieved the annual

NAAQS for NOo.

There was no significant change in NO, levels between 1979 and 1980

(see Table 4). Since 60% of the NO, emissions in Connecticut come from
motor vehicles, this continued attainment could be attributable to the

Federal emission control program for motor vehicles. The year=to-year

changes in NO, levels appear to be caused primarily by fluctuations in

meteorological conditions.

le llec sis:

The DEP Air Monitoring Unit uses gas bubblers employing the NASN
Sodium Ar