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Preface 

4 survey of the soot fall in Knoxville was made during the 

year 1927 by Mertin F. Quinn and Albert H. Cooper while working 

on their theses at the University of Tennessee. There had been 

no important effort to decrease the amount of smoke in Knoxville 

to that time. A Smoke Abatement Byreau wes established in 

1928, and after several months of work, chiefly in industrial 

plants, it was desireble to see what effect certain isolated 

reductions in smoke had had on the average soot fall, 

With the objeet of obtaining this data, a second survey was 

started Febuary 1, 1929 by Robert C. Burton and was continued to 

May 1, 1930 by George R. Calhoun. They, too, submitted their 

results in theses et The University of Tennessee. This work 

has been married out for the remainder of 1930 and the results 

of the surveys, together with certain related meteorologieal 

date for the three years, are presented in the following pages. y 3 & Hr 



llethod of Studying Smoke Conditions 

There are several methods of determining the amount of atmos- 

pherie pollution, and many machines and processes have been devel- 

oped for this purpose. The ones most effective are: 

a. Filtration 

b. Ringelmann tests 

¢c. Counting process determination 

d. Ultra-Violet light incidence 

e. Soot fall determinations 

The results from filtration have been found to be inaccurate 

due to moisture in the atmosphere and the relatively small samples 

obtained by filtering a large volume of air. 

Ringelmann tests are comparisons of the density of smoke with 

a chart of standard blackness. This ean be used only in determin- 

ing the relative density of the smoke issuing from a particular 

stack, 

In the Counting process the pollution of the atmosphere is 

determined by aetually eounting the number of smoke particles 

present in a volume of air. 

The amount of Ultra+Violet light is determined in smoky reg- 

ions and in regions free from smoke under the same atmospheric 

conditions. There is a definite relation between the amount of 

smoke present in the atmosphere and the amount of Ultra-Violet 

light screened out. 

The method in use by the Bureau of Mines is the soot fall 

or precipitation method. This is the method that has been used 

throughout this investigation. The Mellon Institute of Industrial 
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Research has recommended the following procedure: 

Location of Stations 

"Take a map of your city and select twn or twelve centers 

having in mind that you wish to obtain soot fall samples which, 

when pooled, will represent average atmospherie conditions. You 

must not hesitate to select a center in what you know to be the 

smokiest or, on the other hand, a center which you know to be pract- 

ically free from smoke. The best plen is to forget what you know 

of smoke conditions, and to consider your city simply as a geograph- 

ieal area. 

When you have the general centers in mind, then seleet ten or 

twelve buildings, school houses, settlement houses, engine houses, 

or private dwellings, on the roofs of which you feel certain you 

will be permitted to place soot fall jars. Do not place 2 jar on 

the roof of a building which is between two higher buildings, nor 

near chimneys. Jars should be placed on the roofs of buildings 

which are at least two stories high. Attempt to avoid buildings 

with gravel roofs.” 

Jars 

The jars which are to be used in summer months are known as 

battery jars, lhe diameter of these jars is four inches and the 

height ten inches. The exact inside diameter of each jar should 

be determined by the use of a caliper. It is best to purchase 

about three dozen of these glass jars. Before the jars are placed 

out, scratch the number of the station on them la, 1b, 22, 2b, ete. 

During the winter months, copper cans, tinned inside, four 

inehes in dismeter and ten inches high are used." 
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Collection of Jars 

"Jars should be placed on buildings on the first of each 

month. If it takes two days to distribute the jars, make a note 

of the fact, and at the end of the month collect the jars first 

which were placed out dn the first day. At the end of the month, 

the collecter of the jars must carry clean ones with him to put in 

place of the ones which he collects,” 

In the second survey of smoke in Knoxville every effort poss- 

ible was made to duplicate the procedure first used, including the 

selection of stations, period of collection, method of collection, 

and method of analysis. 

The liethod of Procedure for both Surveys is as follows: 

Selection of Stations 

The territory included within the eity limits of Knoxville was 

considered simply as a geographical area. This territory was divided 

into twenty-three squares of equal areas, and 2 station was selected 

near the center of each square, irrespective of any known source of 

smoke. Each station was assumed to be typieal of its particular 

area, and the average of all stations to be representative of the 

eity at large. 

Four dozen battery jers which were 6,25 inches in diameter and 

eight inches high were bought. Twenty-four of these jars were put 

out and tweny-four teken up at the first or as near the first of 

each month as possible. We used these battery jars in the winter 

months as well as in the summer, But, in the coldest weather we 

hed sometimes as meny as eight or tem to freeze and break in one 

month. This, however, did not happen more than once or twice a 

year, and November seemdd to be the fatal month. In all cases 



the dates for depositing and collecting the jars were recorded 

and all differences in period corrected by varying the conversion 

factor used in calculating results. In one or two instances the 

jars at certain stations were moved to other nearby points due 

to inconveniences of different kinds. For instance, the owner of 

a house complained about our walking on the roof saying it caused 

it to leak. In another case we had to get on top of the kitchen 

table of a family in order to climb up through the roof. This 

seemed too much of an imposition upon them, so the jar was moved. 

None of them were moved far enough from the original 
station to vary 

the result any noticeable amount. 

The nest step in the procedure after collecting the jars 
was 

that of enalyzing each sample. The steps of analysis may be listed 

as follows: 

1. A Gooeh erueible was prepared and weighed; (2) the water 

n the sample jar was decanted through the crucible and the contents 

of the jar completely transferred to the erucible with the aid 
of 

a rubber policeman. The filtering process was very slow and it 

sometimes took as long as an hour to filter one sample, until Dr. 

Robertson suggested that a rubber stopper with one hole in it 
be 

placed in the mouth of the Gooch crueible and a ass tube be in- 

serted in this hole and allowed to extend into water j
ust above 

the bottom of the semple jar. By means of the suction pump the 

water wes drawn from the jar through the filter and into the flas
k, 

This had two advantages. First, the water was not conteminated 

with the soot in the bottom of the jar and filtered quicker. Sec- 

ond, one did not have to pour from the jar into the crucible every 

hy. x Sh A a 
few minutes, This little apparatus saved a considera le amount of 

time in filtering the samples; (3) the crucible was dried in an 
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oven at 110° for several hours an 

was due to total soot fall; (4) 

d weighed. The gain in weight 

the erueible was burned to con- 

lhe loss in weight represent- a stant weight over Fisher burner. 

ed combustible matter. 

The weights obtained in the above method were in grams and 

represented 

to tons per 

a period of thirty days. The unit had to be changed 

square mile per year, in order to make our data comp- 

arable with 

We may 

that of other cities. 

show by a few calculation how the change was made and 

how the following results were obtained: 

1 gram per day per jer = ,0000011025 tons per jar per day 

Area of jar mouth = 30,07 square inches 

30,07 square inches = 1 square miles 

133,504,808 
Therefore, 1 gram per jar per day = .,0000011025 = 

3 

133,504,808 

.0000011025 x 133,504,808 =~ tons per square mile per day 

and, 147.189 x 365 53,723.985 (tons per square mile 

per year when accumulating at the rete of one gram per 

jer per day). Therefore, the conversion factor for a 

thirty day collecting period would be: 

53,724 
30 

Suppose that upon analysis of 

1790.8 conversion factor 

a sample which had been ex- 

posed for thirty days the following weights were obtained: 

Weight of crucible = 17,8300 ge. 

Weight of crucible plus soot = 17.9764 g. 

After drying at 110° - 

Weight of erucible plus scot = 17,9160 g. 
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After burning witl =
 sher burner 

17.0764 g 

17.9160 
.0604 ¢ of combust 

. = 17 tons total soot fall per 

mile per year. 

10022950; vn combustible matter 
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Index to Stations 

llaplehurst Park 

Gulf Refinning 

Gompany 

Rose Lumber Company 

{otel 

Seventeenth and Laurel 

Mississippi and Western 

Middlebrook Pike 

Baxter and ray 

Knox Apartments 

2800 Magnolia 

Knoxville High School 

loses School 

Beaumont School 

Oakwood School 

Pershing and Chimauge 

Belle liorris School 

Brovmlow School 

Mountain View School 
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The tables on the following pages give the rate of soot fall 

by months during the three years of the survey, the percent of total 

which was combustible, and the rate of fall of combustible matter. 

The figures in column marker A are the rates of soot fell in tons 

per square miles per year. The figures in the column marked B are 

the percents of the totals which are combustible. The total com- 

bustible is given in tons per square mile per year on separate pages 

which are headed Rate of Fall of Combustible Matter. 

The black figures are those obtained by aetual measurements. The 

red figures are estimated values which were made either when the sample 

was lost or the value obtained was unreasonable. The estimates were 

based upon the records of the station for other months and general 

trend of velues of other stations for the same month. 

The graphs are self-explanatory and were made from data obtained 

from the smoke survey and from the Annual leteorological Summary 

Q 
which was gotten from the U. 5. Department of Agriculture, “eather 

Bureau. 

It will be noticed that station 24 was changed from Greene School 

to Mountain View School. This wes necessary since the ladder prev- 

iously used wes not available. 
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Atmospheric Smoke in its Relation to Health 

There are various opinions as to the extent to which atmospheric 

smoke may effect health, It has been asserted frequently that atmos- 

pheric smoke causes serious irritation of the sensitive membranes of 

the eyes, ears, nose, and throat, Dr. Robertson, Professor of Chem- 

istry at The University of Tennessee, suggested that if this be true 

a correlation might be discovered between the number of eye, ear, nose, 

and throat specialists in the larger cities of the United States and 

the prevalence of atmospheric smoke. Tiith the view of deciding this 

point, questionnaires were sent out to the Chambers of Commerce 
in 

one hundred and eighty cities in the United States requesti
ng the 

necessary data for the years 1910, 1920, and 1929. The replies 

were tabulated by Mr. George R. Calhoun as a part of his thesi
s. 

Many of these cities reported that for one reason or znother they 

had no real smoke problem. Among these reasons were mentioned the 

use of natural gas or hard coal, and the absence of industria
l 

plants. No systematic measurements of the prevalence of smoke 

nad been made in a number of cities where smoke abatement or@i- 

pences are in force. From the data which was assembled for about 

fifty cities, no positive correlation between the numb
er of spec- 

jalists and the prevalence of smoke could be detected. lt was 

found, for example, that Washington, D. C. and Los Angeles, Cal- 

ifornia have more specialists in proportion to the popul
ation than 

any other cities in the country, yet they are remarkably free fr
om 

smoke nuisance. In Asheville, N, C., the annual average & soot fall 

is low, but the number of persons per specialist is low, also, The 
3 - p - - : 
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soot fall is only 240 tons per square mile per year. There are 

twenty-seven specialists in Asheville which has only thirty-five 

thousand inhabitants. The low population per specialist may be 

explained by the fact that Asheville is a noted resort, and many 

people go there for special treatments, 

Nashville has four times as much soot fall as Asheville, but 

they have almost seven times as many person per specialist as Ashe- 

ville has. 

Knoxville has less soot fall than Nashville and a greater amount 

than Asheville, while they have fewer persons per specialist than 

Nashville and more than Asheville, 

"To conclude from these reports that atmospherie smoke has no 

injurious effects upon the mucous membrane of the eye, ear, nose, 

or throat would be almost as unscientific as to conclude that the 

existence of a certain correlation between deaths frompneumonia and 

the prevalence of smoke is proof that these conditions stand in the 

great many factors may effect the relation of cause and effect.” A 

number of specialists a city will support. in a chart issued by the 

Chamber of Commerce of El Paso, Texas the climatological data for 

35 cities are recorded. Los Angeles is the third highest in this 

list #n the average annual number of days of fog. Asheville, N. C., 

is first and Seatlle, Washington second. In health resorts and in 

cities where there is little poverty, the number of specialists per 

capita might be expected to run high. ‘he attractiveness of a city 

for the young doetor who is choosing a location for his practice 

might affeet im some measure the number of specialists. 

The researches of the last decade which have been most fruitful 

in establishing the relation of cause and effect between atmospheric 
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smoke and conditions of health are probably those dealing with visible 

light anf the ultra-violet. It was in 1924 that the interrelations 

the latter and vitamin D, the antirachitie vitamin, was es- 

In 1930 Morris Fishbein, Egitor of the Journal of the 

American “edical Associatio tated that although but seven years 

had elapsed sin he ide Pication of vitamin D as distinet from 

vitamin A, thousands of investigati had been carried on and that 

such progress had been made as no one would dream possible seven years 

earlier. 

"Through its preventive and constructive agencies, medecine has 

captured another hill in its war to free man fro the 

hill over-looking our 

concer Vitamis Ten years ago if i n suggested 

might be correlated in some way with atmos condit- 

it would have been recieved as a mere guess. But, today such a 

correlation seems to be definitely established in 

D is concerned,"? 

2ogH420) in humen tissue is converted into viteamon D 

only under the influence of ultra-violet light, Since this vitamin 

vities of ecaleium and phosphorous in the 

sunshine is apparent. 

The Health Department, City of Knoxville, reports tha 1% of 

116 children examined at the free inie were suffering from rickets. 

Some of these children are de med since treatment was not 

en soon enough. 

Foreword to ultra-violet light and vitemin D in nutrition, Blunt 

and Coway, Yniversity 

Quoted from an address by Dr. J. H. Robertson before the Tennessee 

of Science at Knoxville, May 8, 1931 
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Ultra-violet light does not pass through ordinary window glass, 

and many of the plants that work a number of men who do not get a 

sufficient amount of sunlight use lamps which give the ultra-violet 

rey. +hese lamps have quartz lenses so that the ultra-violet will 

not be screened out. The ultra-violet light is largely absorbed by 

dust and smoke in the atmosphere, 

In 1927 Bundesen and his co-workers showed that light filtered 

through the air over the stockyards in Chicago was low in ultra- 

violet light. 

Recently Shrader, Coblenz, and Kerf? 1 made a careful series 

of tests to determine the effect of atmosphereic pollution upon the 

incidence of solar Ultra-¥iolet Light in the City of Baltimore, 1d. 

Their work was published in the American Journal of Public Health. 

for July 1929. From their observations using five different methods, 

they conclude that only 50 per cent as much ultra-violet light reaches 

the city as the country surrounding it. 

1. Effect of Atmospherie Pollution upon Incidence of Solar Ultra- 

Violet Light, Shrader, Coblenz, and Kerff, American Journal of 

Public Health, July, 1929. 
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