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ABSTRACT

Smoké data from three air pollution sampling stations in the °
city of Saint John, N. B, is analysed for the period July, 1961 to February,
1963, A soiling index is obtained from standard A.I.S.I. samples and
expressed in units of COH/1000 linear feet of air sampled. COH values based
on wind direction, time of day and wind speed and daily maximum values are
discussed. A case study of the highest €OH values reported at Saint John
(December 19, 1962) is presented and discussed.
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CANADA - DEPARTMENT OF TRANSPORT - METEOROLOGICAL.BRANCH

ATMOSPHERIC POLLUTION AT SAINT JOHN, N.B.
by
H. J. Wilson

. INTRODUCTION

During July, 1961, three air pollution sampling stations
were establighed in the city of Saint John, N.B. Cooperating in the
project were the Medical Officer and members of the Saint John Board of
Health and the Environmental Assessment.Unit, Occupational Health
Division, Department of National Health and Welfare. Hydrogen Sulphide
(HZS) and smoke were the pollutants sampled, and the first data were
received on July 20th, 1961. This report deals only with the smoke data;
a later report provides an analysis of the H»S observatlons. The period
of record is from July, 1961 to February, 19%3, inclusive. :

Figure 1 is a simplified diagram of central Saint John
and adjacent Lancaster, showing the sampling stations. The Provincial
Building,; located in central Saint John, is hereafter designated Station
"A", and the Department of Veterans' Affairs Hospital in Lancaster is
des1gnated Station "B", A third station "C", is in a shopping plaza l—
miles 'NNW of station A, and was the location of the HZS sampling.

2. SAMPLING TECHNIQUES

: A.I1.5.1. samplers were used at stations A and B to obtain
a soiling index. The sampler draws air through a filter paper-tape at a
constant flow rate, and suspended particulate matter is deposited on the
paper. The relative darkness of the spots on the tape is later evaluated
- by light transmittance, the spot intensity being expressed in units of
"COH/1000 linear feet of air sampled. One COH unit is defined as "that.
quantity .of light-scattering solids producing an optlcal density of 0.01 .
when measured by light transmission".

An automatic timer shifts the tape forward every two hours
so that two-hourly COH values are obtained continuously. The sampling
periods are 00-02, O4-06 coeieocesoeesy 22-00 local standard time and the
data are entered on documents at hours 01, 03, seceesos. 23 AST. The
information is later transcribed to I.B.M. punched-cards’ by "the Data
Processing Section of the Meteorological Service of Canada, which provides
routine frequency distributions of the data. '

A similar sampler is used for H S sampling, except that a
chemlcally impregnated tape, sen31t1ve to st’ is used.
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3, THE METEOROLOGICAL VARIABLES

In order to correlate air pollutlon data with wind observations
the hourly winds from Saint John Airport were transferred to the air pollution
cards. The airport is located some 10 miles east-northeast of downtown Saint
John, and these winds are not likely to be identical to winds in the city, even
when broad class limits are used. This is because of the channeling effect of
the Saint John River valley and because of local land and sea breezes in spring
and summer. However, no wind record was available from the city.

b, ' AIR POLLUTION TABULATIONS

Table 1l ig a sampling of a seasonal frequency tabulatlon of the
Saint John air pollution data, prepared by the Machine Processing Section. The
tabulation presents a frequency distribution of COH values within 3 ranges of
COH (0.0 - 0.9 light, 1,0 = 1.9 moderate and 2.0 .heavy), three wind speed -
classes (0-4, 5-9 and > 10 m.p.h.) and 8 wind direction classes. The data
are subd1v1ded into four 6-hour time-of-day intervals, and are grouped sedson-
ally into winter (Dec. Jan. Feb.), spring (March, April, May), summer (June,
July9 Aug ) and fall (Sept Octq Nov.) seasons.

An example from the table will explain its content. During the
winter of 1961-62, in the period 06-11 AST, at Saint John A there were 8 occur-
rences of COH in the range 1.0 - 1.9, when w1nds were northwesterly between 5
and 9 miles per hour. .

5 COH DISTRIBUTICON BASED ON WIND DIRECTION

The distribution of heavier COH Values according to wind di-
rection, compared with the directional distributicn of all classes of COH is
of interest. A comparison of this kind enables’one to pinpoint .pollution
sources. ' : » Tt . :

In order to derive this comparison, the frequency-distributions
of COH values in the 1.0 = 1.9 and > 2.0 classes were grouped together and the -
number of occurrences of COH = 1.0 that dccurred with N, NE; cocoeoo.NW and
calm winds were expressed as a percentage of the total occurrences :> 1.0,
These percentages were represented pictorially in conventlonal wind rose
form.,

Figures 2 - 8 display the seasonal frequency distributions of
COH values > 1:0 according to wind direction.  The Saint John A distribution
is represented by the dashed lines and Saint John B is the solid lines distri-
bution. The light continuous line. forming a perimeter for the wind rose
display is the wind rose based on all classes of COH. Thus, .by noting .those
directions where the arrows extended beyond the closed perimeter, one is able
"to determine the directions conducive to producing the heavier COH values at
each station. From Figure 5, for example, at station B the only directions
showing larger frequencies of heavier COH values than the frequencies of all
classes of COH-are N and NE.
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The three central plotted nunbers reading from bottom to top
are: : ' : .
»  ‘the percentage frequency of calm conditions for COHZ
' 1.0 at statlon B
o the percentage cccurrence of calms with éll classes of
COH averaged for the two stations
0 the percentage occurrence of calm condltlons for COH 2

1,0 at station A,

The percentages listed to the lower right of each figure are -
the percentages of the tlme each season that COH values 37 1.0 occur at each
station, -

The following points with regard to these figures should be
noted: : ‘ - - ‘

1. At Saint John A the sector which produces the largest fre-
quencies of heavier COH values is W through N to NE: (the wind arrows
from thls sector exterd beyone the perlmeter)°

2, During all seasons at Saint John A, there are larger fre-
quencies of calm conditions with heavier Ccol values than there are
all-classes frequencies of calms. In fact, calm conditions occur more

than twice as often with heavier COH values than with all=classes of
COH

3. At Saint John B, in most seasons N and NE are the directions
which produce relatlvely large frequencies of CCH valuesj; 1.0 (wind
arrows extend beyond perimeter).

L, The frequency -of calm conditions with heavy COH values at
Saint John' B is much greater than the alluclasses frequency of calms,

5. A ccmparlson of the percentages listed to the lcmer right of
each figure indicates that Saint John A is a s1gn1flcantly dirtier
location than Salnt John B,

6. COH DISTRIBUTION BASED ON TIME OF DAY AND WIND SPEED

Using the frequency tabulations illustrated in Table 1, joint
frequency distributions of COH values based on wind speed and tlme-of-day
intervals can be obtained, As in the case of the wind direction distri-
butions, COH values » 1.0 were of primary interest. Displayed in figures
9 and 10 are the seasonal distributions of heavier CCH values based on
wind speed and time-of-day, for stations A and B respectively. The figures
were derived by expressing the occurrences of COH > 1.0 during each time
interval as a percentage of the total number of observations in the period.
Wind speed classes of O-4, 5-9, » 10 m,p.h, are subdivisions of the dis-
tribution for each time 1nterval
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For example, during .spring, 1962, at Salnt John A, considering
the COH values reported durlng hours 00-005 AST, 12, 5p were l 0 when winds
were 0 = 4 m,p.h, ‘7% were,» 1,0 when winds were 5 =9 m.p.h., and 9% were >
1.0 when winds were 7 .10 m.p.h, '

The significant features of figure 9 are the following:

1. Winter shows the highest frequency of heavier COH values.
Thete is also a significant increase in smokiness from the winter of
- 1961-62 to the winter of 1962-63, This increase can be partially
attributéd to higher frequencies of light winds during 1962- 63 In
addition, a calibration error in the flow rate of the sampler is
thought to have occurred during the winter of 1962-63,

2. At all seasons of the year the highest frequency is during
hours 06-11. An explanation for this lies with the fumigation process
which has been investigated by Hewson (1960). Smoke trapped under the
nocturnal inversion is brought down to sampler level when the inversion
breaks up shortly after sunrise.

The important features of figure 10 are:
1. Heavier COH values occur most often during hours 06-11,

2. During winter the heavier COH values are falrlj evenly dis-
trlbuted within each wind speed class, :

3. There is little difference between the distributions for the
two winters;, in contrast with station A,

L, Summer and fall of 1961 show slightly hlgher occurrences of
heavier COH values than does.1962, : , .

5. Bach season shows a secondary modal frequency during the
evening hours 18~23, This is an observation commonly noted
in the data from other locations.

6.. The content of flgures 9 and 10 reveals that Saint John A
is a much dirtier location than Saint John B,

Figures 9 and 10 showed the absolute distribution of heavier
COH values within the three wind speed classes, They suggest, in winter at
least, that poor air quality is associated with strong winds. This conclu=
sion is .somewhat misleading, as can be demonstrated from Figures 11 and 12,

Figure 11 shows the distribution of CCH values?y 1.0 at
Station A for the three speed classes, expressed as a percentage of the total
observations in each class. The data for each season and each time period-
are separated The following example from the figure explains its content,
During spring 1962 at Saint John A, CCH values 7 1.0 during hours 06=12 were
observed 70% 45% and 30% of the tlme with light  moderate and strong winds
respectlvely°
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The preceding example and further exzamination of the figure show
that the frequency of heavier CUH values decreases as wind speed increases,
This effect is evident in all seasons and during each time period,

Figﬁre 12, whidh displays the data for Saint John B in a
manner similar to Flgure 11, shows the same inverse relationship between.
heavy COH frequenc1es and w1nd speeds.,

The‘phy51cal'exp1anatlon for these results is that air =~
quality is a balance between the rate of smoke production and the rate of
ventilation of a city. As wind speed increases, air quality will generally
improve, However, exceptions may occur when -

(a) smoke emissions 1ncrease'dur1ng very cold windy weather,

(b) re-entrainmént of deposited éoot'takes~plabe during strong-
winds when the streets and roof-tops- are dry and bare.

7o - THE DISTRIBUTION OF DATLY MAXTMUM COH VALUES

The diurnal variation of smokiness can be demonstrated .
easily, if one tabulates the hour of occurrence of the daily maximum COH
value, Figure 13 shows the results of this tabulation, The data are
grouped seasonally, and only ‘include the cases where a clear=-cut daily
maximm oceurs, :

From the left hand side of the figure, for Saint John A the
highest frequency during each season occurs just after sunrise, at hour 07
in fall and spring and at hour 09 in winter and summer, .The fumigation
process accounts for the maximum at this time. Each season shows a sec=
‘ondary maximum at hour 21 or 23, The relative minimum occurrence for each
"season is between hours 13 and 17,

Saint John B, on the right hand side of the figure, shows a
dlurnal pattern similar to station A, Hour 07 in spring, summer and fall
. and hour 09 in winter show the modal frequencies, The evening maximum in
spring slightly exceeds the maximum at hour 07. The secondary mode for the
other three seasons occurs at hour 21, 23 or 0l... As with. station A the
minimum occurrence for each season is'between"hour 13 and hour 17,

8. A CASE STUDY OF HIGH COH VALUES

The highest COH values reported at Salnt John during the 20-
month period of record occurred on December 19, 1962, The air pollution
observations from the Saint John stations are llsted in Table II, Included
in the same table are the winds from Saint John airport.
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Table IT

COH VALUES FOR SAINT JOHN ATR POLLUTION STATIONS,
DECEMEER 19 1962 AND ASSCCIATED WINDS

Hour oL 03 05 o7 0 11 13 15 17 19 . 21 23
Sta. A 2.5 3.9 47 46 61 6.9 42 1.8 0.9 04 0.9 J l 3
Stn. B 1,0 0.7 13 15 51 &1 1.9 0.8 03 03 03 0.5

Wnd  J£03 €00 Co0 COO  COO KO3 4‘07—?7\11‘ 218 'r7‘18' 1718 '-"n? K

Munn (1961) has discussed the. dependence of hlgh levels of at+:
mospheric pollutlon on meteorological variables. The two meteorological
‘parameters important to the dilution of atmospherlc pollution are the wind
speed and its turbulent components,

Examination of Table II i1lustrates how the maximum COH values
reported at Saint John were dependent on wind speed., . The high COH values
occurred during a period of light winds; when wind speeds gradually increased.
during the late afternoon and evening, the smokiness decreased significantly..

The degree of atmospheric turbulence depends primarily on the .
vertical temperature structuré of the atmosphere. On a hot summer afternoon :
the ground is strongly heated, resulting in a ‘decrease of temperature with
height. Such a temperature distribution initiates convective currents to con-
siderable heights in the atmosphere and the resultant turbulent mixing effeca:
tively disperses atmospheric pollution, An increase of temperature with height
(an inversion) suppresses turbulent mixing with the result that pollution is-
prevented from being diffused vertically. The latter temperature distribution
can occur on clear nights with light winds, or when warm air moves over a colder
surface. A complete understanding of high pollution intensities therefore -
depends on a knowledge of the vertlcal temperature structure . of the atmOSphere°

' Flgure lh is a surface weather map of the Salnt John area for 02
AST (06 GMT) for December 19, 1962; The dominant weather feature affecting :
Saint John is a ridge of hlgh pressure orlented SW - NE along the Atlantic
Coast, and through the Bay of Fundy. The pressure gradient at Saint John is’
extremely weak, which explains the light winds reported in Table II..

A feature of the map, which affects the vertical temperature .
structure of the air over Saint John, is the Arctic warm front which lies NW =
SE through southeastern Quebec, Overrunning warmer air on the frontal surface
produces a temperature inversion aloft over Saint John. The effect of over-
running was complemented by a surface-based radiation inversion, created under
clear to partly cloudy skies during the precéding night. Thus, a strong tem-
perature -inversion to heights greater than 5,000 feet probably occurred at
Saint John at the time of the hlgh COH values, ,
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No vertical temperature profiles are available for Saint
John, but a regional picture can be obtained by examining the radiosonde
ascents from two United States upper air stations located within. 250 miles.

' Figure 15 shows the temperature profiles from the surface
to 12,000 feet at Caribou and Portland, Main on December 19th at 8:00 a.m.
and 8:00 p.m., AST. The 8:00 a.m. curves are strikingly similar; there is
a purface-based inversion of 7°C surmounted by adiabatic conditions from
500 to 3,000 feet, above which is a shallower and less intense inversion.
Smoke emissiong are trapped within the inversion layers resulting in the
high COH values reported at Salnt John°

" In the evening, the surface-based inversion had disappeared
at both Caribou .and Portland, while the upper warm frontal inversion had
weakened. The dispersal of atmospheric pollution resulted, and COH in-
tensities returned to more’ normal valuess

9. ' CONCLUSION

Alr pollutlon data from two sampling stations in Saint John,
New Brunswick for the period July, 1961 to February, 1963 have been analyzed.
Frequency distributions of heavier smoke values (i.e. COH;>-1 0) according
to wind dlrectlon show that:

(a) On an absolute basis heavier COH values occur most
often with west, northwest and north winds.

(b) on & relatlve basis heavier COH values are more prevalent
with north and’northeast winds.

(c) Seasonal variation’ is conslderable, partlcularly in
summer a sea—breeze effect is ev1dento

. Calm conditions prodice nearly twice as many occurrences. of
heav1er then light COH values. This fact, coupled with the data presented -
in figures 11 and 12, indicates an 1nverse relationship between wind speed
and air quallty.-

At this p01nt it should be stressed that the wind observ-
atlons, on which this study is based; are from Saint John- Airport. Differences
probably exist between winds from the airport and winds from downtown Saint
John. In this connection, Munn and Katz- based their analysis of air
pollution data in the Windsor-Detroit area on winds from the Detroit City
Airport. They concluded that the wind data were representative of the
W1ndsor-Detr01t :urban area when broad class limits were used. Although
the topography of the Saint John area is quite different from that of the
Windsor area, use of the airport winds should not 1nva11date the conclusions.:
It is suggested, ‘however, that it would be useful to operate an snemometer
near the Saint John sampling stations for a long enough period of time to
determine the degree of correlatlon.between winds from the airport and winds
from the downtown area. :
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- Heavier COH values occur most often in the period 06-11 AST.

The diurnal varlatlon of smokiness,. as. revealed by the. hourly frequency
distribution of ‘daily maxirmum COH values shows the highest pollution just
after sunrise with a secondary peak in the evening. Minimm COH values
are reported during the afternoon, S S

Flnally, a case. study of the largest COH values durlng the
perlod of record reveals that light winds and temperature inversions were

the meteorological parameters contributing to the poor air qualltyg '
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" LISTOF FIGURES

Fig, 1¢ Map of Saint John, N. B. showing the location of the pollution
sampling stations.

Fig, 2¢ Frequency distribution of COH values > 1.0 according to wind
- ' direction = Summer, 1961, ' .

Fig, 3: Frequency distribution of COH values 2 1.0 according to wind
direction = Fall, 1961. : R

Fig, 4: Erequency distribution of COH values 2 1.0 according to wind
direction = Winter, 1961 = 1962,

Frequency distribution of COH values > 1.0 according to wind
direction - Spring, 1962,

A€, 3
)

Fi_g,
Fig, 6: Frequency distribution of COH values 2 1,0 according to wind
. - direction - Summer 6 1962.

Fig. 7:  Frequency distribution of COH values > 1.0 according to wind -
: direction - Fall 1962, '

Fig, 83 Frequency distribution of COH values » 1.0 according to wind .
' direction - Winter, 1962 - 1963, - :

Fig, 9% Frequency distribution of COH values > 1.0 according to wind
speed and time of day - Saint John A, :

Fig. 10: Frequency distribution of COH values » 1.0 according to wind
: speed and time of day - Saint John B, :

Fig, 11: Percentage frequencies of COH values » 1.0 for light, moderate
and strong winds = Saint John A, .

Fig, 12: Percentage frequencies of COH values > 1.0 for light, moderaté
and strong winds - Saint John B,

Fig, 13: Frequéncy distribution of daily maximum CCH values by hour of
‘ occurrence - Saint John A and B,

Fig, 14: Surface weather map of Saint John area - 0600 GMI') December
19, 1962.

Fig, 15+ Vertical température profiles at Caribou and Portland, Maine
- December 19, 1962,
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Table 1 - Frequency Tabulation of Saint John Provincial Bu
' with Saint John Airport winds and time of day.

l/

v

N

,i;l'"d;ing COH Values
Period of Record - Dec. 1961 = Feb. 1962, incl.

COH 0.0 ; 0.9

COH 1.0 - 1.9

COH > 2.0

Wind Direction ¥ NE-E SE S SW W N4 CAM| N NE E SE S S/ W NV CAIM | N NE E SE S SW W NV CALM
1. WIND SPEED 0 - L M,P.H, o |

00-05 AST 1 1 5 1 | 4 3 12 1 2 |34 1 1
06-11 1 1 1 [ 41 1 11 3 2 1 6
12-17 2 1 201 o3 1 2 1 2 & 1 i | 1 2
1825 111 1 1 2 1 6 2 12 |22 11 12

2. WIND SPEED 5 « 9 M.r.h.

00-05 AST 7 1 1 3
06-11 3 1
12-17 2. -1 1 1

18-23 1 -2 1 1

10

11

3. WIND SPEED 310 M.P.H.
00-05 AST 24 8 3 14 12 26
06-11 16 1 7- 7 210

12-17 13

S

18273 10 4 o5

o7 5'12

22
12
27

28

26
18
29

20

14
16
13
16

10

37
29

12

11
27
21

2L

7 12 12
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Fig, 22 Frequency distribution of COH values.? 1.0 accordlng to wind
' direction - Summer, 1961.
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FALL 196!

STATION A-189%
STATION B-93%

Fig, 3: Frequency distribution of COH values®» 1.0 according to wird
' direction - Fall, 1961.
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| WINTER 1961-62

' STATION A-536%
STATION B-195%

Fig, U4: Fre'Quiencjr distfibution of COH values > 1.0 according to wind
_ - direction - Winter, 1961 - 1962. '
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SPRING 1962

STATION A-28.2%
STATION B-11.8%

Fig. 5: Frequency distribution of COH values > 1.0 according to wind
- direction - Spring, 1962.
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SUMMER 1962

STATION A-75%
STATIONB-4.0%

Fig, 6: _quuenéy distribution of COH values > 1.0 according to wind
direction - Summer, 1962.
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FALL 1962

STATION A-33.6%
STATION B-1.5%

Fig, 7: Frequency distribution of CCH values’» 1.0 according to wind
direction - Fall, 1962,
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WINTER 1962-63

' STATION A-8l.0%
STATION B-18.1%

Fig, 8: Frequency distribution of COH values? 1.0 according to wind
,. direction - Winter, 1962 - 1963. '
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Fig. 12: Percentage frequencies of COH values ;» 1.0 for light, moderate
and strong winds - Saint John B,
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