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1. ,INTRODUCT ION

Air pollution is, initially, an industrlal problem which may,
eventually, involve the health of the community at large. Consequentiy, in
Canada, interested parties are industry, the Federal Occupational Health
Division;' Provincial Health Departments and city Engineering or Health
Departments. Each is involved in some phase of measurement, control, analysis
or regulation. "Each may work independently of the other, using Varying
techniques or regulations which fit a particular requirement~

Once pollution is emitted into the air, its transport, spread
and concentration is governed by meteorological factors; hence, the Met­
eorological Branch of the Department of Transport is asked to provide
meteorological information and advice. '

In .1962, the Meteorological Branch, because of its network of
stations making continuous measurements of related meteorological data, and
its extensive I.B.M. punched card processing facility, was authorized to
act as a central repository for Canadian air pollution data.

A certain amount of standardization in air pollution instru­
mentation and measurement procedure might be expected through conformity

with such literature, as the Air Pollution Handbook(l) and the International

Jourrial of Air and water Pollution(2). However, the various Health or
Engineering Departments across the country worked independently on the
documentation and study of the data, depending upon their program, bUdget,
and size of staff.

While there was no compunction for the agencies measuring'pollution to
submit their data to the Meteorological Branch, most realized that complete
analysis of the large amounts of data produced by a comprehensive sampling
program defied economic'al manual methods. As a result, all major cities in
Canada, with the exception of a few, such as Toronto, Halifax and Quebec
City, f'orward their pollution measurements, generally through Provincial
Health Departments to the Federal Occupation Health Division and thence on-
ward to the Air Pollution and Turbulence Unit of the Meteorological Branch.
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If an approved agency shouid. wisp to have its data, processed by
the Meteorological Branch., it must fo:r:ward -the data on source documents de­
signed and provid.ed by the Meteorological·Bra.nch~

The design of the source document; and its companion punched
card, must incorporate sufficient latitude tp cover the possible range of
pollution measurements for the wide variety in air quality present from coast
to coast. It must be adaptable to cover differing ... sampling programs , from one
instrument site per city to perhaps fifteen or more, and frOm the measurement
of one pollutant to rour or five.' i

Figure Ii,s the National Air Pollution Programme form in use.
Each measurement, must be. recorded in ,a specific column on the document, 11:1 a.
specified nuniber of digits, in order th~t it.maybe manually transferred to
the· punched card, rapidly and efficiently, with no yhance of error or ambiguity
LBoM·o punched card l4-A, Figure 2, corresponds, column by column, to the
source document.

Each document hold.s a complete day; s record or up to five pol­
lutant measurements from one to fivesamplirig stations} as well as appropriate
meteorological data. Agencies operating more than fi.ve stations may use
consecutively numbered documents. One card 14-A isr-squired for each hour of
data on the source document 0 'l'hus J twenty-four cards. must be punched manually
by machine operators of the Data Processing Unit of the Meteorological Branch
for each ,day's record from each participating agency across Canada 0 It is
obvious that data must' be entered on the document legibly and' in the prescribed
form 0 .

30 .'I'ABULATIONS

. Modern machine methods permit great latitude in statistlcaf3)
analysis of data once the ip.formation is on punched cards.9 (Cudbird, 1961 .).
Many meteorological variables may be correlated with a pollution me~surement,

so that, initialiy, the decision must be made which meteorological factors are
related to·the dispersal of pollution,. and Into what ranges of values the
meteorological and pollution measurements should be subdivided~

It is recognized that the ability of the atmosphere to disperse
airborne material depends upon the three-dimeusionalmotions of'the.atmosphere.
Since these motions, over the geograpbJ.caL volume contai.nil:lg th,e pollutant
train, are physicailY9 impossible to meazure~ a best approximation is obtained
b;;9" con8.id~ring a representative wirulflo\1ll. and, :where possible" the vertical'
temperature stratification.

Thus the air pollution measurements o:btained from a city sam':'
pIing program are correlated" in the punched card tabUlations, with the contin­
uous wind record from the meteorological office at the~djacent airport. Where
it is felt that the ai.rport wind flow is not representative of that within the
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sampling area.? additional wi:o.d. equ.ipment has been established. Since wind
flow is normally variable in both direction and ~peed over short time inter­
vals J no meant"bgfU'l result WOQld. be obtained by relating a long term pollution
measurement to hourly wind values. Rence only those pollution measurements are
tabulated by the Meteorological Branch whose sampling times are of the same
order as that for the meteorological variables, and the analysis of such data
as monthly dustfall, total particulate and instantaneous peak values, of say,
sulphur dioxide must be carried out by some other agency.

The format of the tabulation in use by the Metoerological Branch
to correlate pollution measurements to the meteorological parameters control­
ling dispersion, relates measurement occurrences of specified classes of the
pollutant, viz. light, moderate and heavy, to the eight cardinal wind directions
under three wind speed ranges. The data are initally sub-divided into four
six-hourly periods of the day roughly corresponding to night, day and sunrise­
sunset transition, and finally., the totalizations are completed on a three­
monthly, seasonal basis. Where the vertical temperature structure of the
sampling area is available through an instrumented meteorological or tele­
vision transmission tower, the tabulation is further subdivided into occurrences
during the presence of isothermal or small inversion conditions, and occurrences
under large inversions.

4. THE POLIDTANTS

As stated in Section 3, a statistical correlation of pollution
measurements against wind and. stability data will bear meaningful results if
their measuring times are of the same order. ·pollutants which lend themselves
to this type of tabulation are sulphur dioxide, smoke (COR/lOOO feet), ozone,
oxides of nitrogen and carbon and hydrogen sulphide, to mention a few. To
date, the Meteorological Branch prepare routine tabulations on only sulphur
dioxide and smoke data, though several of the other 'pollutants are recorded
on punched cards.

5. SULPHUR DIOXIDE TABULATION

The hourly sulphur dioxide measurements have been divided into
class ranges which give a reasonable number Df occurrences in each class,
considering the relatively low concentration of sUlphur dioxide pollution in
Canada, while still retaining some semblance to the generally accepted class­
ification based on the effect of ~he pollutant on plant and animal life.

Three classes - 0 to 0.03, 0.04 - 0.09, and greater than or
equal to 0.10 p.p.m termed as light, moderate and heavy respectively, are

used; though experimental evidence by Thomas(4) and the Manufacturing Chemists'
Association(5) indicates that the minimum concentration f~r damage to even the
most sensitive plants may be well above 0.10 PoP.M.

Figure 3 is a sample tabulation of sulphur dioxide measurements
taken at the War Service Records Building in downtown Ottawa. The hourly
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occurrences of the speC"if'iedclasses of measurements are tabled by wind
d.irection~ \lind speed. and time },ieriod. as indi.cated. in Secti.on 3. This tabu­
latioIl~ Routine A, includ.es all measurement occurrences during the three month
period,. Routine B tables only those oCcuTrences during im;e:t;;g~onor 'isothermal
cond.itions as measured. ty the meteorological tower .in ottawa ~ )~ and Routine C,
only those occurrences during irrversiol1s of greater than5 cF between the 20 'ana
200 foot levels of the tower. (Routiue Band C· are not inciuded h~re).

The period of record of F:igure 3i8 the winter season, Dec~mber;

1961 to February, 1962. From the body of the table, 'as an example, one finds,
that there were 41 occurrences of an hourly sulphur dioxide measurement in the
concentrati.on renge 0.01+ to 0.09 PoPoM. which occurred during the hours 06 - 11
EoS,!To, with east winds of speed. greater than or equa'l to 10 m.p.h.

The tabulation, .then, contains all of the measurement occurrences
for the season, correlated. with wind, direction, speed and. time pe'riod in a form

."1 .

from which the ,A.irPolluti.on Cqntrol Officer may develop many 'varieties of
graphs, diagrams J tables/fud figures ~ ,d.epending upon hi.s requirement ,;

,SMOKE TABULATION

.Two-hour aerosol'deposits, as collected. by the Hemeom Sampier,
expressed. in COR units per 1000 linear' feet 9fairdrawn through the fiiter
paper, have been divid.ed into three class ranges in the tabulation, viz. 0.0
- 0.9, 1.0- 1.9 and ~ 2.0 COR units pe;t iO(lO teet, ~['his classification cor-

responds to that developed in a i956 stud.y in the state of New Jersey(7) and
now i.n common use in North America.

The rate of deposit on. the filter paper is not linear with time
once the accumulation is such that the1ight transmittance of the spot .is re­
duced by 5ork. Two.;.hourly COR values can not, 'therefore, be compared with
three-hourly values.

Figure 4, Tabulation 143, is a sample smoke ,tabulation for Van­
couver, Station A; covering the winter season~ December, 1961 - February, 1962.
The wind and time period claesifi.cations are i.dentical to those of the SUlphur
dioxide tabulation. Note, for example,? tb.ere .were twenty-two occurrences of
two-hourly aerosold.eposits producing COR valu.es in the range 1.0 .:.: 1.9 during
the 00:00 - 0.5:00 LoSoT" period i.mderan east wind of 5 - 9 m.p:.h.

. Once again, R011tines Band Cj occu.rrences under inversion and
large inversion conditions respectively, are proa.uceQ for locations where
vertical temperature gradierrV data are available.

I

7. :THETABULATIONANALYSIS

A preliminary analysis model has been developed which exhibits
much of the information in the tabulation, :Ln a form ,..hich may be applied to
aii measurement locations and. all pollutants.
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'I'he model y the Pollution Wind. Rose, presents the percentage
directional ,!ind flow distribution for the particular station and season,
and relates to it the percentage directional distribution of light and heavy
pollution as carried by that wind. flow. By noting those directions where
the percentage distribution of the pollutant exceeds or is less than the wind
flow distribution, excesses and, deficits, Le. polluted and ,clean wind flow
directions, are readily apparent, and may be related by the Pollution Control
Officer to possible sources or source areas, and by the Town Planner to pre­
ferable residential and industrial zoning areas. For stations with Routine B
tabulations, the Pollution Wind Rose may be prepared relating wind flow and
pollution ranges under inversion or under lapse conditions.

FigUre 5 A" B, C, di,splays the development of the model, using
the information in the sample sulphur dioxide tabulation, Fig. 3 (Ottawa,
Dec. 1951 - Feb. 1962) 0 Fig. 5A is the conventional wind rose ; the percent­
age directional distribution of wind flow for the period in question. Fig.

-5B shows the percentage distribution of light and heavy pollution by wind
direction. Since only simultaneous measurements of wind and pollution are
included in the tabulation, the two figures, when superimposed (Fig. 5C),
exhibit the actual quality of the airflow for the period. -Using' information
contained in Routines A and B of this tabulation, occurrences of wind flow
and simultaneous pollution under lapse and under inversion conditions, during
the three month period, are presented in Figs. 6 and 7.

A consid.erable difference in wind flow is noted,with a marked
channeling of wind flow in the east-west directions under lapse conditions
(Fig. 6), while under inversion conditions, flow from the southwest quadrant
prevailed over 50% of the time (Fig. 7). Under lapse conditions, air flow
from the west was excessively clean, while flow from the east was excessively
polluted. In both temperature stratifications, measurements showed an excess
of sulphur dioxide pollution under northeast circulation, with l2~ of heavy
pollution occurring with that wind direction under inversion conditions even
though the northeast flow occurred only 6% 'of the time. Under lapse condi­
tions, that winter, 28% of the heavy pollution occurred with the northeast
flow though that wind direction was present only 9% of the time. It is
indicated that the 'Pollution Control Officer should give close scrutiny to
sulphur dioxide pollution source~ northeast of the Ottawa measurement
station. Calm conditions were much more frequent under inversion conditions
(15.6%), and it is noted that 24.4% of heavy pollution was measured during
these calm periods.

,Since positioning of the ,station analyses on a topographical
outline of a city may more clearly show po+lution - topogr'aphic - residential
- industrial relationships, outlines of each city in Canada with multiple
pollution measurement stations have been prepared.

Figure 8, as an example, is the ,outline of the City of Van­
couver with the Pollution Wind 'Rose analyses of COR data for the winter
season Dec. 1961 - Feb. 1962, superimposed. For this particular period,
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-wheUHinds prevaJ.led from the east, on.ly Station CJ close to the waterfront com­
plex' of Yancouver, received e,n excess of heavy COR f~"om that dil~ection.East

wi.nd.s were relatively clean at Station E, while the le3s frequent west and north­
west winds carried in th~t statiorm m~jorporti~n of heavy COR from the direction
of the industrial heart of Vancouver. Station D, well removed from industry,
experienced no occurrences of heavy COll during the entire winter period.

The topographicanalysls.niay be ,prepared using vertical temperature
criteria, where that information is ava:i.lahle (ref. ]'igs. 6a.nd 7) thus providing
a further refinement of the meteoroiogical influence on city pollution dispersion.

8 • OTHER AI\l.~LYSES

'rhe Pollut.ion Wind. Rose analysis depicts percentage occurrences
by wind d.irection.· It is only one of many analyses which may evolve from the
tabulation but is recommended since it combines !rrudl of the data in the tabu­
lation, m.ay be prod.uced rapid.ly., and. is equally ad.aptable to all single and
multiple sampling stations ill Canada.

Actual occurrences may be totalled from the tabulat:t,on as may
occurrences during particular time periods or individual wind speed ranges. A
table such as Fig. 9 may be helpful in extracting from the tabulation significant
meteorological' - pollution correlati,~ns and. may be prepared with a minimum of
'effort .. Data in the example are extracted from the sample Tabulation 142, Fig.
3. Routi.ne completion of the ta'ble will exhibit diurnal and seasonal trends of
the selected classification of pollution.

It should be remembered that a compari.son of actual occurrences
must take into account the possibility qf differing total ll!11llbers of observations,
due, for example, to instrument trouble J if the cQwpaT'ison is not to be mis-'
leading.

Individual Air Pollution Control Officers may 'Well require other
analyses to suit their own special requ.iremen.ts. 'rbese LIkely may be prepared
from the data in the tabulations.. If not, manual analysis of the original data
(Fig~ 1), or prepara~ion of a special tabulation by the Meteorologtcal Branch
may be requIred.

,THE .SAWLING STA~tIO:N' LOCATION

An appreciatIon of the representativeness of the sampling lo­
cation is paramount in study of the tabulation analysJ.s. Presence ofa nearby
point source 'will result in a pollution peak with wind flow from that direction.
The tabulation analysis merely documents t.he peak; it is up to the agency
official to decide whether the peak is operat.ionally significant. If 'chan­
nelingof 'wind flow by ground. contours or buildings occurs, the directional
distribution of pollution from sources in the immediate vicini.ty will not be in
agreement with the flow over the area in general~ "Thieh "rill mask point source
orientation.
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Should the station be located, for example, in a park, the
ambient pollution may be diluted as indicated in stuq.les in London Park

. .. ,(8) .,. 19) ,
by Walnwrlght andWllson ,and Montreal by Summers ; hence, the measured
pollution level would hot be representative'of the area as a whole. A
sampling site in an isolated.hollow would likewise, rarely be represen­
tative, .since cold air drainage could'establish an inversion lid on the
hollow, thus preventing the penetration of ambient pollution tO,the sampler.

Finally, a knowledge of source variabil~ty, which cannot be
separated out in the machine analysis of meteorological effects, must be
applied by the Pollution controi Officer, if his consideration of diurnal
and seasonal meteorological factors, as documented in the tabulation analyses,
are to assume the correct order of magnitude.

APPROVED,

J. R.H. Nobl~;

Acting Dire.ctor.
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Figure 1
The National Air Pollution Programme Form

STATION LOCATIONS
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B _
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NOTES: 1) COH values are recorded midway through 2-hour sampling period. e.g. A COH value for period 06-08 LST
1s recorded at 07 LST.

2) Hourly S02 values are the average for the half hour preceding and the half hour following a given hour.
e.g. An S02 value for 07 LST fa the average .concentration for the period 0630-0730 LST.
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Figure 4
Sample Smoke Pollution Tabulation
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Figure 5A
The Pbllution Wind Rose
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Figure 5B
The Pollution Wind Rose
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Figure 5C
The Pollution Wind Rose
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Figure 6
Pollution Wind Rose (Lapse Hours)
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Figure 7
Pollution Wind Rose (Invers ion Hours)
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Figure 8
Pollution Wind Rose Topographic Analysis



Occurrences Of Sulphur Dioxide' Pollution( 0.10 PPM) By Windspeed And Time Class
Time Period (L:S.T.

00 - 0; ·06- 11 12 - 17 18 - 23 Total

Wind Speed (M.P.H.) 0-4 5-9 10 0-4 5-9 10 0-4 5-9 10 0-4 5-9 10

Dec.61 - Feb.62 19 27 34 19 40 30 9 6 7 18 26 29 264

Mar.62 - May 62 etc.

Figure 9
Pollution Occurrences
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