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, Int:orm:stioD. S_e_rv:i:ce, _ u.-~-S. -Dep'a_r_t'm_lint of· 'COflll!le'rl:e, Sills· -Building,_ :P~'r.t;"Royal. Road, Spring~-ield_·, ·.Virg:U:!ili. 221-51, -PHce_--~:f.qo_. · 
.InclUde -PB··nW.be_r- vheil orde'fl-DI.. · · ·--- ·- · " - · - ' 
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Yea~ 1966·. Fred L. zucke'rbetg. July 1966 
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No. 14 The FOrecas'ting of·-Ext_ratropical Onshore Gales at the Virginia Capes. Glen -v. Sachse. ·August 19~6 

NO-. 15 Solar R:adiation and -CloVer Temperature. Alex J. Kish_. September 1966 

No. 16 The Effec_i:S of Dams, Reservoirs and Levees on Rfv·er Forecasting. Richard ·M. (;re_ening. 'sep't~~er 19,66 

No. 1-7 jise of' Reflectivity ·Measurement_s and Reflectivity Prof-iles 'for Determining Severe Storms-. Robert E .• Hainil.toit:. 
Oct_ober 1966 · · · '-

N'o. 18 Procedure f~_r Developing a NOmograph for Use 'in Forecasting Phenological Event_s from G.row.ing Deg:i:~e _Days. 
John ,c. ·Purvis and Hi_lton Brown .• December 1966 

No. 19 Snowfall Sta.tistics fo_r Wi11iamsport, Pa. Jack-Hummel. January 1967 
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I NTR00UCTI ON 

Nearly every person in the United States has become aware of many environ
mental factors which now or soon will affect our mode of-living. Urban-
i zat.i on has result~d in a modification of the atmospheric environment 
especially within.metropolitan areas. Extreme atmospheric stresses .such 
as prolonged exposure·. to smog epi Sl;)des. represent a serious threat to the 
health of the urban population. Thus, all Meteoro 1 ogi sts ·and Weather. 
Service Specialists within·the National Weather Service m4st become more 
awareof'local air pollution programs and·the mod)fying effect~ of 
urbanization on weather.in their area of responsibility. This report' 
gives information regarding urban air pollution in Ohio. 

The Air Quality,Act of 1967 charged the U.S. 0epartment of Health; 
Education and welfare.( HEW) with the responsibility of forming, Air Qua)ity. 
Control Regio~s throughout the United States. As a result of this Act, 
HEW has als0 done research related to recommending sta.ndards for ambient 
air. HEW made its rec0mmendati0ns to the States who are td establish 
standards for "their" regions. ' 

Counties included in Ohio's Air ~ualityControl Regiqns ·ar~ sh0wn. in Figure 1. 
Except for the .Greater Metrop0l itan Cleve 1 and Region ~ll iOhi 6' Air Qual i:ty 
Regi 0ns i ncl ~de. counties from nei ghb0ri ng States. Fo Tl owing rec0ilimenda.,. 
tions of HEW, the Air P0llution Cbntrol Board within the Ohi0 Department 'Qf· 
Health has p>repared suspencled particulate and sulfur dioxide standards 
for 5 0f its Regi0ns. Bef0re reviewing these standards there are. s0me 
definitions Qf irilp0rtance. As used in Ohio. regulations:. 

"Air. contaminant" means particulate matter, :dust,- fumes, -gas, 
mist,' smoke, vapor .or odorous substances, or any combinati0n 
th.ereof. 

"Air pollution" means the presence in the ambient air of one or 
more.air contaminants or any combination thereof in sufficient 
q~antity and. of·such characteristics and duration as t0 injure 
human health or welfi!rE!; plant or animal life, 0r property or 
which unreasonably interfere with the comfortable enjoyment of 
1 ife or property. · 

"Ambient air" means that.portion of the atmosphere outside 0f 
bui 1 dings and other enclosures, stacks, or ducts whi eli surrounds 
human, plant; or animal ljfe Qr property. 

"Ambient air quality standards" are the ambient air quality goals 
expressed numerically a~d intended to be achieVed in a·stated 
time through the applications of appr_ppriate preyentive or control 
measures. 
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PARTICULATE STANDARDS 

Ambient ·air !!jUality standards for suspended particulates applicable te 
most Ohio counties included in the Air.Quality Regions are:· . . 

(1) Maximum. annual geometr:ic mean concentration sh0uldnot exceed. 
65 micrograms,. llg, pe·r cubic meter. · · 

(2) _Maximum. 24-hour concentrations not to be .exceeded more.than, 
one percent of the time on an annual basis ·is 200. micrograms, !'lg, per 
cubic meter. · 

(3) The 24-hour concentr:ation sho.uld .not exceed 260 micrograms,-· 
\lg, per'·cubic meter· more. than 1 clay .per year. · 

Suspended particulates c&nsist of smoke,. dust, fumes, ar:~d droplets of· 
viscous liquids, ranging'in .size from about .3 micron diameter upwards 
to about 100 microns •. A high· volume sampler is used ·in .collecting 
suspended particulate samples, This sampler censists of a,.specially 
housed vacuum sweeper. motor to which is attached a fi 1 ter h&l der •. 
Samples are collected for a 24-hour period (Midnight~Midnight). 

'• . ' ' 

Suspended particulates are our most conspicuous air contaminant because 
they .. are !iJenerally .responsible for the visible consequences of air 
pollution, i. e., the dirt, grime and soiling of materia.ls. • The effects 
of particulate matter on health are more subtle. Particles -absorb an<! 
adsorb gases such as·sulfur dioxide and in.our breatbing.process both 
may be.carried deep into the lungs. For these reasons,. alon!i).with ease 
in sampling, suspended particulates are monitored by most cities. 

Since 1957 an agency of HEW, (the Public Health ~ervice and later-the 
National Air Pollution Control Administration*), has maintained the 
Nati ona 1 Air -Surveillance Network. Through this network' suspended 
particulate data collected from sp.niplers located in the central business 
and commercial dist~:ict of mest major u. s. cities are available. (3, 4) 
for comparison. 'In. downtown locations, measured concentrations tend to 
be among the higher concentrations found in the cjt:y and; therefore, can
not be interpreted as being the urban average; Most city air pollution 
departments began to maintain an urban network of high-vo.lume samplers 
in the middle or late 1960s. 

Using data. from the National Air Surveillance Netw0rk. it is possible to 
make comparisons between air quality standards for suspencled particulates 
as set by t~e Ohio Air Pollution_Control B&ard and data.collected at. 
Ohio cities. · 

*By Executive Order .now a component of ·En vi r~:mmenta 1 Protection Agency 
(Dec. 1970) 

--- ---------------------------------
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Table.l gives a comparison between 1959 and 1968 suspended particulate 
geometric means as determined from least squares regression ·lines of 
1959-1968 annua 1 geometric means 0 (Geometric mean gives a more typi ca 1 
average than the arithmetic mean because it is less affected by extreme 
va 1 ues 0 The geometric mean is sma 11 er than the arithmetic mean s i nee it 
is a function of. the nth root of the product or 1 ogari thm of the i ndi vi d
ual values), From Table 1, it is clear that while the trend in sus
pended particulate pollution in downtown areas ·fs down, the annual 
values f9r all downtown sampling sites are still well above the Ohio 
ambient standard of 65 micrograms per cubic meter. In terms of relative 
frequency more than 80 percent of a 11 suspended parti cu1 ate samples 
collected dOring the period 1959-1968 at Ohio c1ttes listed in Table 1 
exceeded 65 micrograms per cubic meter. 

Table 1. Comparison of 1959 and 1968 suspended particulate 
geometric means as determined from 1 east squares 
regression line of 1959 through 1968 annual · 
geometric means o 

Akron 
Cincinnati 
Cleve 1 and 
Columbus 
Dayton 
Toledo 
Youngstown 

Table 2 .. 

Akron 
Cincinnati 
Cleve 1 and 
Columbus. 
Dayton 
Toledo 
Youngstown 

Geometric Mean ( 11g ;m3 ) · Percent Change 
1959 1968 

129.4 
130,5 
151 0 1 
11 Oo 6 
116 01 
103.8 
137 0 2 

112o 4 
116 0 9 
127o0 
99.5 

11 Oo 9 
83,2 

122.6 

-13' 1 
-10.4 
-15,9 
~ 10.0 
'"4.5 

-]9;8 
'"10.6 

Comparison of 1959 and ]968 suspended particulate 
geometric standard de vi ati ons as determined from 
least squares regression line of 1959'"1968 annual 
geometric standard deviations. 

Geometric Standard 
Deviation 

1959 1968 

1.66 
1.45 
1.55 
1 .46 
1.52 
1.53 
1.56 

1.62 
1.55 
1.49 
1.51 
1. 74 
1.60 
1 •. 57 

Percent 
Change 

-2.2 
+6.9 
-3.9 
+3.2 

+14.5 
+4.7 
+0.7 

Even though there has.been a distinct downward trend in suspended 
particulate 1 oadings over center-city 1 ocati ons duti ng the period, 
1959-1968, there has been no systematic change in the geometric 
standard-deviations of-suspended particulates (i.e., based on 
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geometric sta~dard deviations as determined from least squares 
regression lines ofl959-l968 annual geometric standard deviations). 
Tab.le 2 shows the observed "trends in geometric standard deviations 
for- selecteq center-city sites within Ohio. Increases in ·geometric 
standard deviations are suggestive of a more irregul'ar distribution 
of particulate sources. Wind direction thus plays a more important 
role in particulate loadings at these fixed center-city points such 
as Dayton and. Cincinnati. Spir'tas and Levin (2) say that no single 
factor can eXplain the downward trends of suspended particulate 
levels a,t d()wlitowri samplinQ stations but urban sprawl might be .a 
major fact(!)ro This suggests the growth in industry, commerce, and· 
populationrpi~ht also result in increased particulate loadings in 
outer fringes :0f metropolitan areas_;· · 

Even though'most of us are familiar with metric weights, a more vivid 
picture !ilf the annual geometric particulate standard 65 11g per cubic 
meter is ne~ded. Schramm (1) uses the following illustration: Assume 
an average size home with eight rooms is void of all particulate 
mat'tero · If a person smoked a regular size cigarette and the asties 
from this Cigarette were _mixed evenly throughout the home3the par
ticulate loading would be approximately equal to 65 llg/m . 

Maximum 24-hour suspended particulate loadings for each year during 
the period 1959-1968 are shown in Table 3, Of the 67 samples c!ilntained 
in this table; 33 exceeded the ambient air_quality standard of 260 llgfm~3. 

Table 3. Maximum.24-hour suspended particulate loadings (llg!m3) 
f0r the period 1959 through 1968. 

Year· '59 '60 '61 '62 '63 '64 '65 '66 '67 '68 Mean 

Akron 294 210 338 288 207 307 287 228 218 264 

Cincinnati 336 316 189 294 204 331 255 399 225 227 278 

Cleveland 445 336 246 212 344 275 235 227 189 233 274 

Columbus· 272 190 374 2ll 227 446 221 253 168 147 251 

Dayton 239" 327 215 274 198 275 274 406 293 229 273 

Youngstown· 277 371 298 602 397 264 272 406 235 320 344 

Toledo 193 204 412 185 175 243 125 144 210 

It has .been estimated that the mean level !ilf suspended particulate 
for center-city areas is about four times that for nonurban areas (3). 

----------- ... 
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Large particl es which settle rapidly near their point of origin are 
called dustfall . They range in size upward from about 20 microns. 
Urban dustfall {settleable particulates) sampling networks have been 
operated by all major cities in Ohio for several years. Settleable 
particulates are trapped in a plastic bucket exposed outdoors for a 
month . Analysis 1s made by evaporation of the precipitation, 
dryi ng and weighing of the residue. Table 4 gives the ave rage sea
sonal extremes within Akron, Cincinnatl~ Columbus, Dayton and Toledo 
metropolitan areas . For each season ~ the average high values are the 
sums of highest observed dustfall readings within the metropolitan 
dustfall network for each month in the season divided by the years 
of record times 3. Excluding Toledo s the rat1o (high/low) of season
al ext remes 1n dustfall with1n Ohio urban areas varies from 3.8 to 
8.5 . There 1s no discernible seasonal pattern among the data con
tained in Tabl e 4. 

SULPHUR DIOXIDE STANDARDS 

Ambient air qual1ty standdrds for sulphur dioxide (1) applicable 
to most Oh1o counties included in HEW Air Quality Control Regions 
are : 

(1) The maxi mum annua l ar1thmetic mean concentration should not 
exceed 40 m1crograms per cubic meter* (0 .015 parts per million by 
volume) . 

(2) The maximum 24- hour concentration not to be exceeded more 
than one percent of the t1me on an annual basis is 266 micrograms 
per cubic meter* (0.1 parts per million by volume). 

(3) The maxi mum one hour concentration not to be attained more 
than one hour per year is 797 microgr ams per cubic meter* (0 .3 parts 
per mill1on by volume). 

Most pollut1on authorit1es bel1 eve the sulphur oxi des to be the most 
serious forms of a1 r pollution 1n the Un1ted States today . Equipment 
fo r continuous sampling and recording of atmospheric concentrations 
of sulphur d1oxide~ S02 , and other gaseous pollutants is quite ex
pensive t o purchase and maintain . Devices utilizing coulometric 
methods are used for continuous sampling of many gaseous pol lutants. 
Bubbl ers are also often used in finding 24-hour concentrations . In 
the past 3 years most large cit1es in Oh1o have obtained continuous 
mon itor1 ng equ1pment capable of sampling S02 i n the air but only 
Cincinnati has more than 5 years of continuous air monitoring data. 

*At a temperature of 70°F and a gas pressure of 14 .7 pounds per 
squa re i nch. 



Table 4. Mean seasonal extremes in-settleable particulates (tons per square mile per month) 
for four Ohio cities. 

Period 
of 

Average· 
Number 

· Record 
of Winter# . _ · Spring Summer Fa 11 

Stations High. Low H/L*- 'Hi.gh ~oW 1'1/L High Low H/L High Low 

Akron 

1 ~62-69 16 49:4 5.8 8.5 47.0 10.0 4.7 45.3 8.9 5.1 46.4 7.1 . 

Cincinnati 

1960-69 16 33.5' 8.9 3.8 37.4 8.8 4.3 28.9 7.6 3.8 30.5 7.9 

Columbus 

1964-69 23 30.6 5.6 5.5 42.4 8.3 5.1 33.1 8.6 3.8 30.3 7.2 

Toledo 

1962-69 27 111.0 4.7 23.6 100.4 8.6 11 • 7 89.6 5.5 16.3 101.3 5.1 

*high/low 
#December-February 

Table 5. Range of annual and selectedmaximum sulphur-dioxide concentrations jnppm for-· 
selected U. S. cities, 1962-67. 

Chicago 
Cincinnati
Denver 
Philadelphia 
Sari Francisco 
st; Louis 
Washington 

Range of 
_annua 1 
values 

.P82-.175 

. 025-.038 -

.005-;021 

.069-.097 

.009-.017 

.043-.064 
,045-.055 

Range of 
maximum 
monthly 
averages 

.242-.349 

.046-.060 

.020-.030 

. 124-.153 

.010-.028 

.052-.093 

.08i-.106 

Range of
maximum 
daily 
averages 

.400-.789 

.067-.175 

.038-.069 

.325-.460 

. 046-.077 

.178-.262 

.181-.254 

H/L 

6.5 

.3. 9 

4.2 

..... 
19.9 
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Tabl e 5 shows the range of average and max1mum sulphur dioxi de concen
trations for selected U. S. cities du r1 ng the period 1962-1967 . While 
the annual S02 center-city data for Cincinnati were low as compared to 
other locat1ohs the annual values still exceeded the ambient air quality 
standards g1ven above •. None of the other so2 a1r quality standards 
were exceeded at the Cincinnat1 location . 

The air quality standa rds appl1cable to most Ohio counties included in 
the HEW A1 r Quality Reg1ons g1ve so2 standards in terms of micrograms 
or parts per million (ppm) by volume L1sted below is a formula which 
may be used to convert m1crograms of so2 to ppm by volume under an 
atmospheric pressure of 14.7 pounds per square i nch and a temperature 
of 70 °F. 

ppm = .000375llg (1) 

The approximate convers 1 on factor for any gaseous po 11 utant from micrograms 
to pdrts per m1llion by volume is 

where 
(2) 

llg = we1ght of pollutant i n micrograms 
W = mo l ecula r we1ght of poll utant 
V ~ volume of one mole of gas at a given temperature 

(V = 22 l400 at 0°C and 24,500 at 250C) 

Dur1ng the per1od 1 964~67 most maJor Oh1o ci t1es began to maintain 
a network of l ead peroxi de candles (cyl1nders wrapped with gauze and 
covered w1th a l ead perox1de pdste , Pb02-) . These candles are placed 
1n a l ouvered shelter and are left for a full month. At the end of 
the month chemis1:s report the results as m11ligrams of sulphur trioxide, 
S03' per 100 centi meters per day . Such f1gures bear no relation to 
the amount of sulphur t r1oxide 1n the atmosphere as the greater part 
of the lead sulphate 1s derived f rom S02 1n the air. Thus, results 
obtained from lead perox1de candles are usually regarded as a measure 
of the concentrat1on of S02 in the ai r . 

Table 6 summa rizes the average seasonal S03/l OOcm2/day(as obtained 
from lead pe rox1de candles) extremes for relati vely short periods 
of record w1th in the Akron 1 Columbus, and Toledo metropolitan areas. 
Li ttle can be said concerning these data because of the short records. 
It is poss i bl e to conve rt average monthly values of mi lligrams 
sulphur tr1oxi de per 100 centimete rs squared per day to parts per 
mill1on sulphur d1oxide by mult1ply1~g the monthly figure by .035. 
For example 1. 2 mill1grams 503/lOOcm / day would be approximately 
equivalent to . 04 parts per million by volume of sulphur dioxide 
per day . 



Table 6. 

Period 
of· 

Record. 

1/67-5/70 

.·: 

4/64-5/70 

11/65-12/~Q 

Seasonal extremes in sulphate levels (milligrams·S0:3fl00 crrf/day} for three 
0hio cities. · · 

Winter# seri ng . Summer . fall . . 
High Low H/L* H1gh Low H/L.High c.Low .H/1:: Hi§h. Low H/L 

2.50 .91 2.7 

3.31 .39 8;5 

1.22 .42 2.9· 

#0ecember -February 
*high/low 

Akron· 

2:01 .73 2.8. 1.54 .• 38 4.0 2.06 .60 3.4 

ColumBus 

3.25 .20 16.3 1.82 .14. 13.0 2.50 .22 11.4 

Toledo 

1.30 .45 2;9 1.07· .25 4.3· . 1.34 .30 4;5 
\0 
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SUMMARY 

By means of th1s report t he author hopes to f urther acquai nt National 
weather Serv1ce personnel 1n the Eastern Regi on with (1) established 
standards for ambient air in Oh1o and {2) observed t rends in Ohio 
urban pollut1on levels for wh1ch standards have been set . To date, 
Oh1o ha5 establtshed air quality standards for suspended particulates 
and sulphur d1ox1de The data presented 1n th1 s report indicate the 
trend w1th1n most Oh1o urban areas since the early 1960's has been 
toward lower suspended part1culate and dustfall loadi ngs . Little 
can be sa1d regard1ng t he trends 1n sulphur dioxi de levels because 
of relatively short pe r1 ods of sampli ng . 

Add1tronal air qual1ty standards for Ohi o will come . High on Ohio's 
1 .st ate proposed standards for t he ox1 des of ni grogen . With the 
establ1shment of mpre amb1ent a1r quality standards, increased 
~amp l 1ng 1n ttme and space of all pollutants will follow. Such data 
wtll then prov1de the bas1s for a more comprehensive report on the 
' Cl 1matology of A1r Quality in Oh1o . " 
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19.68 New Jersey F100ds. ·A. S. Kachit and W. R. L'Oiig,, .. 
FebruarY 1969 (Revised JiJly t~70) (PB-194~2.22) · 

· .·N0 .. ·· 3.3 A Climat.0lbgy of Weather that Affects Prescribed Burning 
Operati0ns. a~ Co 1 uinbi a, S, C, S, E. Wasserman and 

--- . 

J,D. Kanupp., December 1968. 

!{(!). • 34 A Review of Use· of Radar in Detection of Tornadoes and 
Hail. R. E; Hamilton, flecember 1969 (PB-188-315) 

Na, 35 Objective F0recasts of Preeipitati0n Using PE Model· 
Outpu~; Stanley E •. Wasserman, July 1970 (PB-19~-378) 

N0. 36 Summary 0f Radar Ech0es in 1967 Near Buffalo, N. Y. · · 
Ric:hard K. Sheffield. September 1970. 

Ne; · 37 Oi'!J_·.e.cti v_· e Mesa scale ·Temp_ erature Forecasts; Joseph P. 
~abel, .September 1970. {COM-71- 0074) 

. . 

. N0. 38 Use· of Primitive Equatia.n M0del Output to F0recast Winter 
Precipitation in the Northeast C0ast&l Seeti0ns of the 
United States, S; E • Wasserman and Harvey Rosenbl urn, 
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N0TE: .·· ' Eastern Region Techni ca 1 Memoranda 1 through 37 were issued 
as ESSA Technical Memoranda. Beginning with Eastern RegiQo 
Techni ca 1 Memorandum 38 they wi 11 be NOAA Techni caLMemt'>randa 
t.o reflect the renganization within the Department af·Cemm:irce .. 
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