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CANADA - DEPARTIMENT OF TRANSPORT - METEOROLOGICAL BRANCH

THE ANALYSIS OF NATIONAL AIR POLLUTION
' 'PROGRAMME DATA

by

° J. H. Emslie

1. -INTRODUCT ION

Air pollution is, ini%ially, an industrial problem which may,
eventually, involve the health of the community at large. Consequently, 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 phage 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 géverned 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

Journal of Air and Water Pollution(g). However, the various Health or
Engineering Departménts 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 compunctlon 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 economical manual methods. As a result, all major cities in

Canada, with the exception of a few, such as Toronto, Halifax and Quebec

City, forward 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 Meteorolegical Branch.
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2. STANDARD DOCUMENTATION

If an approved agency snouid wish to have its data precesSed by
the Meteorologlcal Branch, it must Porward “the data on source documents de-
signed and provided by the Meteorologlcal Brarch.

: The design of the source document, and its companion punched
card, must incorporate sufficient latitude to 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 more3 and from the measurement
of one pollutant to four or five. .

Flgure 1 is the Natlonel Air’ Pollutlon Programme form in use.
Fach measurement mist be recorded in a spec1f1c column on the document, in a
specified number of dlglts, in order that it may be manually transferred to

the punched card, rapidly and efflclently, with no chance of error or. amblguity .

I.B.M. punched card 1h- Ay Figure 2, corresponds, column by coliumn, to the
source document.

Each: document. holds a ccmplete aay 8 record of up to flve pol-
lutant measurements from one to five sampllng Utatlons, as well as appropriate
meteorological data. Agen01es operating more than five stations may use S
consecutively numbered documents. One card 1k-A is requ1red for each hour of
data on the source document. -Thus, twenty-four cards must be punched manually
by machine operators of the Data Précessing Unlt of th e -Mete orological Branch
for each day's record from each part1c1pat1ng ‘agency across Canadao It is
obvious that data must be entered on the documeni le gibly and in the prescrlbed
form.

3 4 .TABULATIONS

Modern machine methods permlt great iatltude in statlstlca%s)
analysis of date once the information is on punched cards; (Cudbird, 1961
Many meteorological- variables may be correlated with a pollution measurement,
so that, initially, the decision must be made which meteorological factors are
"related to the dispersal of pollution, and into what ranges of values the .
meteorologlcal and pollution measurements should be subdivided.

It is recognlzed that the ability of the atmosphere to disperse
alrborne mater1a1 depends upon the three-dimensional motions of the’ atmosphere.
Since these motions, over the geographical . volume cont aining the pollutant
train, are physically, impossible to meaiure, a beat approximation is obtained
by connlderlng 8 revregentative wind fiow and? where posgible, the vertlcal
temperature stratlflcatlon,' .

: Thus the air pollutlon measurements obtalned from a c1ty sam—
pling program are correlated, in the punched card tabula+1ons, with the contin-
uous wind record from the meteorological office at the adgacent airport. Where
it is felt that the airport wind flow is not represenﬁatlve of that w1th1n the

P it
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sampling area, additional wind equipment has been established. Since wind
flow i1e normally variable in both direction and speed over short time inter-
vals, no meaningful result would be obtained by relating a long term pollution
measurement to hourly wind values. Hence 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
gix-hourly periods of the day roughly corresponding to night, day and sunrise-
sunget 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 meteoroclogical 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.

L, ‘ THE POLILUTANTS

v As stated in Section 3, a statistical correlation of pollution
measurements against wind and stebility 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 (COH/IOOO 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 reascnable number of 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 the 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 and the Manufacturing Chemists'

Association™ indicates that the minimum concentrdtion for damage to even the
most sensitive plants may be well above 0.10 P.P: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 specified classes of measurements ars tabled by wind
direction, wind speed and time period as indicated in Section 3., This tabu-
lation, Routine A, includes all measurement occcurrences during the three month
period. Routine B tables oniy those occurrences during 1nve%8$on or isothermal
conditions as measured Lty the meteorological tower in Ottawa\®/, and Routlne Cs
only ‘those occurrences during inversions of greater than 5°F between the 20 ‘and
200 foot levels of the tower. (Routine B and C are not 1nc1udedvhere)

The period of record of Figure 3 is +the winter season, December;
1961 to February, 1962. From the body of the table, as an example, one finds
that there were U1 occurrences of an hourly sulphur dLOdee meagurement in the
concentration range 0.04% to 0.09 P.P.M. which occurred during the hours 06 - 11
E.S.T., with east winds of speed ﬂreafe; than or eqzal te 10 m. p.h

, The "tabulatlony then, cont ains all of the measurement occurrences
for the seagon, correlated with wind dllecflon, speed and tlme period in a form
from which the Air Pellu ion Control Officer may develop many varieties of
graphs, diagrams, tables and figures, depending upon his requirement.

6. 'SMOKE TABUTATION

. Two-tiour aerosol deposits, as collected by the Hemeom Sampler;
expressed in COH units per 1000 linear feet of air drawn through the filter
paper, have been divided into three class ranges in the tabulation, viz. 0.0
- 0.9, 1.0 - 1.9 and 2 2.0 CCH units per 1000 feet. This classification cor- -
responds to that developed in a 1956 study ir the State of New Jersey 7 and
now in common use in North America. '

The rate of deposit on the filter paper is not linear with tlme
once the accumulatlon is such that the 1¢gq, transmittance of the spot is re-
duced by 50% Two—hourly COH values can not rherefoxe, 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 pericd cldu81£10atlonb are identical to those of the sulphur
dioxide tabulation. Note, for example, there were twent y-two occurrences of .
two-hourly aerosol deposits producing COH values in the range 1.0 - 1.9 during
the 00:00 - 0.5:00 L.S.T. period under an east wind of 5 - 9 m.p.h.

‘ Once again, Routines B and (, occurrences under inversion and
large inversion conditions respectively, are proauceﬂ for locations where
vertical temperature gradient data .are available.

T 'THE-WABULATION’ANALYSIQ

A prellmlnary analysie model has been developed which exhlblts
much of the information in the tabulation, in a form which may be applied to
all measurement locations and all pollutants.
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The model, the Pollution Wind Rose, presents the percentage
directional wind flow cistribution 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, i.e. 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 conditionms.

Figure 5 A, B, C, digplays the development of the model, using
the information in the sample sulphur dioxide tabulation, Fig. 3 (Ottawa,
Dec. 1951 - Feb. 1962). Fig. 5A is the conventional wind rose; the percent-
age directional distribution of w1nd flow for the period in question. Fig.
‘5B shows the percentage distribution of 1light 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 con81derab19 difference in wind flow is noted, with a marked
channellng 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. 1In both temperature stratifications, measurements showed an excess
of sulphur dioxide pollution under northeast circulation, with 12% 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 Comtrol Officer should give close scrutiny to
sulphur dioxide pollution sources northeast of the Ottawa measurement
station. Calm conditions were much more frequent under inversion conditions
(15.6%), and it is noted that 24.L% 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 pollution - topographic - 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 COH data for the winter
season Dec. 1961 - Feb. 1962, superimposed. For this particular period,
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when winds prevailed from the east, only Station ¢, close to the waterfront com-
plex of Vancouver, received an excess of heavy COE from that direction. East
winds were relatively clean at Station E, while the leas frequent west and north-
west winds carried in that statior’s mejor portion of heavy CCH from the direction
of the industrial heart of Vancouver. Station D, well removed from industry,
experienced no occurrences of heavy COH during the entire winter-periOd.

The topographlc analySJS may be. .prepared u31ng vertical temperature
criteria, where that information is available (ref. Figs. 6 and 7) thus providing
a further refinement of the meteowolog¢cal infiuence on city pollution dlsper51on.

8. OTHER Ammsms

The Pollution Wind Ross analyuLs depicts percentage occurrences
by wind direction. It is only one of many analyses which may evolve from the
tabulation but is recommended since it combines much of the data in the tabu-
lation, may be produced rapidly, and is equally adaptable to all 51ng1e and
multiple sampilng stations in Canada.

Actual occurrences may be totalled from the tabulation as may
occurrences during particular time periods or individual wind speed ranges. A
table such as Fig. 9 may be helpful in extractllg from the tabuiation 51gn1flcant
meteorological - pollution correlations and may be prepared with a minimum of
effort. Data ir the example are extracted from the sample Tabulation lh2, Fig.
3. Routine completion of the table will exhibit diurunal and seasonal trends of
the selected classification of pollution.

Tt should be remembered that a comparison of actual occurrences
must take into account the poseibility of differing total numbers of obgervations,
due, for example, to imstrument u:oublej if the comparison is not to bhe mls--
leading.

Individual Air Pellution Control Officers mway well require other
analyses to suit their own special requirements. These likely may be prepared
from the data in the tebulations. If not; manual analysis of the érlglnal data
(Fig: 1), or .preparation of a special ta7ulat10n by the Meteorologlcal Branch
may be required. .

Qs ‘ THE SAMPLING STATION LOCATION

An appr861a+lon of the rerresentativeness of the sampling lo-
cation is pazamount in study of the tabulation analysis. Presence of a nearby
point source will result in a pollutioun psak with wind flow from that direction.
The tabulation analysis merely documenis the peak; it is up to the agency
official to decide whether the peak is operationzlly significant. If chan-
neling of wind flow by ground contcursg or buildings occurs, the directional
distribution of pollution from sources in the immediate vicinity will not be in
agreement with the flow over the area Ln.geveral) which Mlll mask p01nt source
orientation.
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Should the station be located, for example, in a park, the
ambient pollution may he diluted as indicated in stu?les in London Park

by Walnwrlght and Wllson , 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-éstablish an inversion 1id on the
hollow; thus preventing the penetration of ambient pollution to the sampler.

Finally, ‘a knowledge of source varlablllty, which cannot be
separated out in the machine ana1y51s of meteorological effects, must be
applied by the Pollution Control Officer, if his consideration of diurnal
and seasonal meteorological factors, as documented in the tabulatlon anglyses,
are to assume the correct order of magnltude

AFPROVED,

*J. R. H. Noble;
Acting Director.
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NATIONAL AIR POLLUTION PROGRAMME (MUNICIPAL)

STATION (cols. 1-7) TYPE OF PROGRAM _____ | (cols. 16-17)

DATE & TIME STATION -A STATION B STATION Cl STATION D STATION E

LOCAL STANDARD|

TIME REMARKS

£
N
w

507 HyS 507 HS 50, H28 507 H3S 502

TEMPERATURE

DIFFERENCE
(°F)

OH per
000 ft,
OH per
000 ft.
COH per
1000 ft.
COH per
1000 fr,
COH per
1000 fr.

PPHM| PPHM PPHM| PPHM| PPHM|

7I-74|78-78|T7-T0

CARD NUMBER
PRECIPITATION

Direction
(16 pts.)

&
N
0
-
—
eed
PH
HOURLY

YYMMDDHH PPHM| O —~ |PPHM| PPHM| & ~ |PPHM PPHM

Cols, 8 - 15

~
'

N.

s

19-21 | 22-25 {26-28|29-30]31-92]33- 24| 35-36|27- 38| 39-40]4r-42]43-a4] 4548 | 47-42] 49- 50| 51-52|53-54] 55-38) 3738 59-60| 61-62] 63-44] 45-6s} 67~ 00 80-70

—
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00
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04

05

06

07

08

09

10

11

12

13

14

13

16

17

18

19|

20

21

22

23

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

A D is recorded at 07 LST.
- 2) Hourly $0; values are the average for the half hour preceding and the half hour following a given hour.

B E : : e.g. An SO7 value for 07 LST is the average .concentration for the period 0630-0730 LST.
¢ : 62-9731

Figure 1
The National Air Pollution Programme Form
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Figure 2 C
The National Air Pollution I.B.M. Punched Card
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REPORT: PERIOD OF RECORD: DEC. 1961 - FEB. 1962 orr AP STH A. TAB. # 12 SHEET NO.
FOUTINE A
_- T O 7 v 0 y T v [ I W “ 0 " Q = - = = = = F) = 7 = = =
S0,| 00,0 - 0. 50, | 0.0k~ 0.05 50,| 5 o410
N ¥E | E SE | s Wl W N4 | CALM B |x& |E SE s SW | W i) _cn_.ﬂ N ME|{ E |SE |s sl w #
Qi [MTLES [¥O 108 TEST
TOTALS 2 1 s 5] 17| 13 6 7| 18 4 4 13 5 s| 14| 11 4| 24 6 5 9 5 B 3 31} 224
00-05 1.5.T. ) 2 6 3 3 1 2 2 2 7 6 6 2 1 2 1 1 12| 57
66-1.1 2 3 1 2 3 2 1 1 1 6 2 1 3 3 3 4 1 1 1 5| o7
| 1297 2z H s 3 3 4 5 z 1 6 3 2 i F4 3 4 1 2 1 5| 61
18.23 1 2 2 6 1 8 1 1 5 2 1 11 1 3 2 3 9| s9
5 -l9 HO
— 9 s| 23 6 8f 12} 58] 19 8| 16| 39 T a1 27| 12 15| 33| 25 1 4| 12 - 376
) LT 5 2 6 1 3 1l n 6 6 3 4 3 7 3| 10 4 sl o1e 4 1 2 102
0611 2 2 1 5 9 3 1 4 7 2 2 5 2 71 1 9 2 4 4 85
| 1227 1 8 3 2 4] 16 4 8| 15 2 3 1 5 2 3 1 78
. 18003 1 3 7 1 3 2| 22 6 1 1| 13 2 5 5 7 6 3 6 9 1 6 1 111
= X0 MILRS NO his
] rOMLS 23 2] 33 2{ 22| el 180 48 8| 21} 149 1 1] 12] «42f 19 9] 23] a8 T 10 T24
00-05 1.5.T. 5 1 k4 1| 23] 32| 15 2 7| 39 5 8 3 B 8| 14 3 4 183
) 06-11 3 13 1 7] 17} a0 9 1 6] 41 1 1] 18 9 3 9] 15 2 197
| 1247 6 1| 10 1 9 12} 68 9 2 4| 31 8 4 1 [ 172
i 18-23 9 3 5 9! 40f 15 3 4| 38 1 6 8 2 1 5| 13 4 4 172
e
o !
2 i 411 S S— L

Figure 3
Sample Sulpher Dioxide Pollution Tabulation
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. " Figure 4
Sample Smoke Pollution Tabulation
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Figure 5A T : Figure 5B
The Pollution Wind Rose The Pollution Wind Rose

PERCENTAGE LIGHT SO05, ' .PERCENT AGE HEAVY SO;
WITH CALM  WINDS .

""WITH NORTHEAST WINDS

DEFICIT. , . PERCENTAGE HEAVY SOp
*"WITH CALM WINDS
EXCESG-- -+ -+ ' T > - Y VU PERCENTAGE WIND OIRECTION
: = Q2 DISTRIBUTION

'PERCENTAGE CALM WINDS*® * . .PERCENTAGE LIGHT SOp

WITH SOUTH WINDS

OTTAWA (DEC/6l — FEB/62)
ALL HOURS

_ ~ Pigure 5C 7 ‘
The Pollution Wind Rose
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OTTAWA (DEC/6l ~ FEB/62)
LAPSE HOURS

Figure 6
Pollution Wind Rose (Lapse Hours)

OTTAWA (DEC/6! — FEB/62)
INVERSION HOURS

Figure 7
Pollution Wind Rose (Inversion Hours)




N o }
POLL{ITION WIND-ROSE (TOPOGRAPHIC ANALYSIS)

e
Percentage directional distribution of

light and heavy pollution by stations,

and percentage directional distribution
of total wind flow.

POLLUTANT AEROSOL COH
PERIOD OF DATA REC L9€!-FEBI962

ALL HOURS INVERSION HOURS  LAPSE HOURS

S

Figure 8
Pollution Wind Rose Topographic Analysis
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Time Period (L:S.T.)

‘Wind Speed (M.P.H.)

Dec.61l -~ Feb,62
{ Mar,62 - May 62

Occurrences Of Sulphur Dioxide Pollution( 0.10 PPM) By Windspeed And Time Class

"~ ete.

Figure 9

Pollution Occurrences

00 - 05 06~ 11 12 - 17 18 - 23 Total
O-4 59 10/0-4  5-9 10/0-4 59 10{0-4 59 10
19 27 34, (19 40 309 6 7|18 26 29 | 264
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ABSTRACT:

ABSTRACT:

) ,
The role of the Meteorological Branch in the
National AirﬁPollutiqn»Programme is examined,
and explained. The methods of documentation,

machine tabulation, correlation with meteor- '

ological paremeters and ana1y31s of the data
are descrlbpd. :

The role .of the Meteorological Branch in the

_Natlonal Air Pollution Progremme is examined,-
and explained.

The methods of documentation,
machine tabulatldn, correlation with meteor-
ological parameters and ana1y51s of the data
are descrlbed
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ABSTRACT:

.The role of the Meteorologlcal ‘Branch in the
‘National Air Pollutlon Programme is examined,

and -explained. -The methods of documentation,
machine. tabulation, correlation with meteor-

ological parameters and analysis of the data

are descrlbed.

The role.of the Meteorologlcal Branch 1ﬁ the

National Air Pollutlon Programme is examined,

and explalned The methods of documentation,
machine tabulatlon, correlation with meteor-
ologlcal parémetérs and analysis of the data
are described.




