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Abstract 

The Iowa Department of Environmental Quality (DEQ) is currently examining possi­

ble revisions of the State Implementation Plan. These air pollution control 

srategy revisions are being evaluated so that the National Ambient Air Quality 

Standards can eventually be attained and maintained in all parts of Iowa as 

required by the Clean Air Act Amendments of 1977. To accomplish this, it is 

necessary to analyze current air quality attainment problems. 

To examine these current air quality attainment problems, a dispersion model is 

used. The dispersion model is a computer program that predicts what the ambient 

air quality will be at a certain point within an air basin. The Air Quality 

Display Model (AQDM) is the major tool DEQ used to model each air basin. AQDM 

is a computer model that combines point source emissions (industrial plants), 

area source emissions (residential heating, fugitive dust, solid waste disposal, 

transportation, etc.) and meteorological factors (wind speed, wind direction, 

average temperature, pressure, and mixing height) over a specified area to 

predict the annual distribution of pollutants for that area. From the results 

obtained by using AQDM, a reliable estimation of source contribution is found. 
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Introduction 

Total suspended particulate (TSP) is one of the six pollutants for which the 

federal EPA has declared national air quality standards for the protection of 

human health and welfare. A set of strategies to control TSP emissions, and 

thereby reduce ambient concentrations of this pollutant to acceptable levels, 

was developed by the Iowa Air Pollution Control Commission in 1971 and 1972. 

These strategies became part of a federally approved State Implementation Plan 

on May 31, 1972 (40 CFR, Part 52). Since that time most air pollution sources 

have reached compliance with State particulate emission standards, yet air moni­

toring has shown portions of Iowa are still plagued with unacceptably high TSP 

concentrations. The Clean Air Act Amendments of 1977 required each state to 

identify those areas with unacceptably high TSP concentrations and devise a con­

trol strategy to reduce these high concentrations. 

The purpose of this analysis is to explore the causes of these high TSP concen­

trations to aid in the future development of necessary control strategies which 

will lead to reducing TSP to an acceptable level. 

County Statistics 

Lee County is located at the southeast tip of Iowa between the Des Moines and 

Mississippi Rivers. The eastern section of Lee County is part of a long bluff 

line rising over one hundred and fifty feet above the Mississippi River, while 

the remainder of the county has a gently rolling terrain. Two major cities 

border the Mississippi River, Keokuk, on the southern tip of the county, and 

Fort Madison, near the northeastern edge of the county. The 1970 populations 

for Fort Madison was 13,996 and for Keokuk was 14,631; the 1970 population for 

Lee County was 42,996. Major industrial processes in Lee County consist of 

secondary metals manufacturing, wood processing, grain processing and mineral 

1 
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product manufacturing. Major sources of fugitive dust and fugitive emissions 

include grain transferring, mineral product storage and transferring, construc­

tion, agricultural tilling, and roads (both paved and unpaved). 

Lee County is situated in a temperate climate in the middle of a large land 

mass. The area is largely influenced by pressure systems moving in a general 

west-east direction, The winds are dominant from the northwest and the south to 

southeast, except for the area east of the bluffs, which tends to channel winds 

parallel to the bluffs, The mean annual temperature is 52 degrees Fahrenheit, 

the mean annual precipitation is 34 inches. Neutral atmospheric stability is 

dominant for this area with slightly unstable and stable conditions occurring 

less frequently. 

Background 

Because of large-scale natural suspended particulate emissions (such as vol­

canoes and dust storms) and large-scale man-made suspended particulate sources 

(such as agricultural activities) which cannot be accurately modeled, a natural 

background estimate must be developed for Iowa to include in any modeling. 

To develop a numerical value for background, extensive monitoring of an isolated 

rural area must be conducted. The background of suspended particulates in Iowa 

was estimated from monitoring conducted from 1959 to 1965 at Backbone State Park 

in northeast Iowa. This site appears to be the most isolated area monitored in 

the State and is located away from any localized agricultural and urban sources. 

However, because of the large amount of agricultural activity in the State, an 

additional contribution from soil erosion, tilling, and travel on unpaved 

surfaces is inevitable and thus a true background measurement not influenced by 

any man-made sources is unlikely. Therefore the background recorded at Backbone 

3 
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State Park is expected to include not only a natural worldwide background but a 

local and statewide background. To estimate the contribution of all sources to 

the background site, a study of rural sources was conducted. 

The background figure monitored at Backbone State Park averaged 44 micrograms per 

cubic meter annual arithmetic mean. An estimated breakdown of sources account-

ing for this monitored value is shown in Table 1 below. 

TABLE 1 

Source Contributions to the Recorded 

(Values 
Background level at Backbone State Park 

3 shown are in micrograms per cubic meter [ug/m ]) 

Worldwide Concentration 
Continental Concentration 
Unpaved Roads 
Agriculture (soil erosion) 

Total Background 

3 15 ug/m3 10 ug/m
3 6 ug/m
3 13 ug/m 

44 ug/m3 

The worldwide and continental values were obtained from studies conducted by GCA 

1 Corporation for DE9 • This natural background that is not influenced by man 

is approximately 25 ug/m3 • The unpaved road estimate of 6 ug/m3 was estab-

lished by computer modeling of all rural unpaved roads in a five county area. 

3 The remaining 13 ug/m was assumed to be from agricultural processes such as 

tilling and soil erosion. 

Since the contribution from agricultural processes could easily be larger or 

smaller in other areas of the state depending on the farming practices, an 

investigation of these farming practices throughout the state was conducted. By 

comparing climatic factors, soil types, crops planted, and tilling frequencies 

in other areas of the state with the area around Backbone State Park, an index 

of soil erodibility was developed as shown in Figure 2. Using this index to 

increase or decrease the contribution of agricultural sources, an estimation of 

background throughout the State has been developed as shown in Figure 3. 

4 
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Figure 2 
Agricultural Index For Selected 

Counties in Iowa 
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100 The first number represents the climatic factor for the·county 
using the Federal Soil Conservation's climatic factors for 
Iowa. Deleware County is the reference county and has been 
given a value of 100. Numbers greater than 100 represent drier 
conditions while numbers less than 100 represent wetter conditions. 

100 The second number represents the proportion of tilled land in 
soybeans or row crops. Deleware County is the reference county 
and has been given a value of 100. A county registering 200 
would have twice the amount of land in soybeans or row crops. 

100 The third number represents the agricultural index for the 
county. Deleware County is the reference county and has been 
given a value of 100. This index was based on the climatic 
factor, proportion of tilled land, and county size. Numbers 
greater than 100 represent areas of more severe wind erosion 
than Deleware County while numbers less than 100 represent areas 
of less severe soil erosion. 
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Figure 3 
Estimations of Rural Background levels in Iowa 

(Values shown are arithmetic means in micrograms per cubic meter) 



Air Monitoring 

The most accurate measurement of suspended particulate levels in an area is 

obtained by monitoring the air. Air quality data for suspended particulate are 

obtained using the high volume sampler. The sampler draws a known quantity of 

ambient air through a preweighed glass fiber filter for a twenty-four-hour 

period once every six days. After each twenty-four-hour period the sample fil­

ter is sent to the laboratory where it is weighed again. The weight difference 

measured in micrograms is the amount of particulate. Combined with the volume 

of air that passed through the filter during the twenty-four-hour period, the 

sampling results are calculated and recorded as the average micrograms of par­

ticulate matter per cubic meter of air for a twenty-four-hour period. Three 

State owned high volume samplers are currently located in Keokuk. These moni­

tors are located at (1) Water Pollution Control Plant, 1000 Mississippi Dr.; 

(2) Fire Station, 13th & Johnson St.; (3) High School, Washington & Middle Road. 

(See Figure 4) Table 2 shows the monitored values at these sites.- An asterik 

after the year indicates insufficient data for that year to calculate a valid 

annual mean. 

The National Ambient Air Quality Standards were developed in 1971 to determine 

air quality problems throughout the United States. The standards for suspended 

particulates were developed for a twenty-four-hour and annual time periods. 

These time periods were also divided into two categories: primary, to protect 

the public's health; and secondary to protect the public's welfare. The 

national twenty-four-hour primary standard, not to be exceeded more than once 

per year, is 260 micrograms per cubic meter; the secondary standard is 150 

micrograms per cubic meter. The primary annual standard is 75 micrograms per 

cubic meter as an annual gemetric mean; the secondary standard is 60 micrograms 

per cubic meter as an annual geometric mean. 

7 
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TABLE 2 

Air monitoring data for Keokuk 

Number of Maximum 2nd Max. Arithmetic Geometric Standard 
Location Year Samples 24-Hour 24-Hour Mean Mean Geometric 

Value Value Deviation 

1. Water 1970* 7 327.0 262.0 174 159 1.56 
Pollu- 1971* 17 840.0 559.0 145 86 2.00 
tion 1972 38 667.0 655.0 166 118 2.27 
Control 1973 40 648.5 351.0 156 119 1.93 
Plant 1974 54 458.0 377.0 133 97 2.17 

1975 54 387.0 377 .o 143 118 1.90 
1976 54 906.0 510.0 206 171 1.86 
1977* 38 335.9 319.1 124 104 1.85 

2. Fire 1976* 42 296.0 155.0 88 80 1.52 
Station 1977 50 174·0 155.1 78 70 1.65 

3. High 1976* 32 229.0 144.0 70 64 1.48 
School 1977 53 175.8 119.3 59 53 1.59 

* These years do not have a sufficient number of samples to calculate a valid 
annual mean. 

The air monitoring data are an esseqtial tool in calibrating the computer model. 

The annual means that are predicted by the model are correlated with the monitor-

ing data to estimate the accuracy of the projections. Large variances between 

the monitored values and the projections indicates poor correlation and revi-

sions to the model inputs must be made. Small variances indicate good correla-

tion and correct model inputs. 

The Model (Annual Average Estimation) 

A dispersion model is a compter program that predicts what the ambient air 

quality will be at a certain point within an air basin. The Air Quality Display 

Model (AQDM) 2 is the model DEQ used in each air basin. AQDM is.a computer 

model that combines point source emissions (industrial plants), area source 

9 
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emissions (residential heating, fugitive dust, solid waste disposal, transports-

tion, etc.) and meteorological factors (wind speed, wind direction, average 

temperature, pressure, and mixing height) over a specified area to predict the 

annual distribution of pollutants for that area. The annual particulate concen-

trations predicted by the model for each year are plotted as isopleths over the 

air basin. Five designated receptors are also broken down into specific source 

contribution percentages. 

The computer algorithm and the program inputs reflect several assumptions. 

Assumptions used in the computer algorithm are: 

(a) Total reflection of the pollutant plume takes place at the earth's 
surface. 

(b) Conditions describing the plume are averaged over a time period of 
several minutes. 

{c) All effluent gases and particulates have diameters less than 20 
microns and have neutral buoyancy in the atmosphere. Zero fallout is 
assumed. 

(d) The plume exhibits a Gaussian concentration distribution and the 
spread in both directions is considered to be a function of downwind 
distance and atmospheric stability only. 

(e) The plume is a steady-state phenomenon resulting from a constant, 
continuous emission. 

Assumptions used in the program input are: 

(a) Point source data from plant emission inventory forms, from stack 
tests, and from permit information are accurate and complete. 

{b) Sources not reporting stack parameters were given parameters of 
similar sources (this was true in interstate air basins where other 
states occasionally were not able to provide stack parameters). 

(c) Area source data from the National Emissions Data System (NEDS) are 
accurate and complete. 

(d) Population distribution and area source emissions are directly 
related. 

10 



(e) Fugitive emissions from paved and unpaved roads are accurately 
calculated. 

Source of Suspended Particulates (Point) 

All Keokuk point sources were acquired from DEQ's current emission inventory. 

Stack emissions, diameters, emission velocities and temperatures were taken from 

values supplied by the plant operators on emission inventory forms, permit 

applications, or stack tests performed at the plant. Emissions for the modeled 

year were taken from the 1975 emission inventory and updated by permit applies-

tiona, compliance schedules, or stack tests. All plant emission controls were 

assumed to be working the entire year unless breakdown or maintenance reports 

were submitted to the Department. The emissions during periods of emission con-

troi device breakdown or maintenance were added to the plant totals. All indus-

trial point source estimates calculated were verified by the appropriate plant 

officials. Fugitive dust point sources were given plume heights of 6.0 meters. 

All source emissions were calculated in tons per year and divided by 365 days to 

obtain the necessary model input of tons per day. No consideration was given to 

seasonal operation or weekend shutdowns. 

Sources of Suspended Particulates (Area) 

Residential Emissions 

Total residential emissions for fuel use in Lee County were taken from the 

National Emissions Data System (NEDS) estimates of area source emissions 

supplied by EPA. Solid waste emissions were calculated using an estimated 

tonage of solid waste and an appropriate emission factor. The emissions were 

distributed by housing population calculated from the census population for 

11 



1970 and updated from projections from the Iowa Office of Planning and Program-

3 ming. The 1977 Keokuk population growth was estimated at 1.060 times the 1970 

census figure. 

The Lee County census population was broken down into designated area sources 

in the model region as shown in Figure 5. Area housing populations were 

divided by the total county housing population and multiplied by the county 

emission totals to obtain area emissions for residential fuel use and solid 

waste. 

All housing emissions were assumed to be uniform for the county. Total particu-

late emissions for the modeled year obtained from NEDS were: 

Residential Fuel 
Residential Solid Waste 

Commercial-Institutional Emissions 

46 tons per year 
351 tons per year 

Total commercial-institutional emissions for fuel use and solid waste disposal 

in Lee County were taken from the NEDS data supplied by EPA. ·Forty-six percent 

of the county emissions was assumed to be in Keokuk, while fifty-four percent 

was assumed to be in Fort Madison and the smaller cities. 

All commercial-institutional building emissions were assumed to be uniform for 

the county. Total particulate emissions for the modeled year were1 

Commercial-Institutional Fuel 
Commercial-Institutional Solid Waste 

12 

55 tons per year 
37 tons per year 

i .. 



Figure 5 

Area Source Grid Pattern for Lee County 
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Transportation-Motor Vehicle 

Total emissions from transportation sources, excluding fugitive emissions, were 

taken from the NEDS data supplied by EPA. Emissions from major highway line 

sources and rural paved and unpaved roads were individually calculated. 

Major access street and highway line source emissions were calculated by multi­

plying the emission factor for vehicles (0.66 grams per vehicle mile) 4 by the 

product of the length of the road segment and the traffic flow count. Each line 

source emission was assigned .to the appropriate designated area and was assumed 

to disperse equally over the area. All car and truck emissions were assumed to 

be approximately the same. After all major access highway emissions were calcu-

lated, the total line source emissions· assigned to each area was subtracted from 

the NEDS county total and distributed by the population proportion in each area. 

Fugitive dust from vehicle travel on paved and unpaved roads was calculated from 

. 5 6 
emission factors found in two recent reports. ' Fugitive dust from unpaved 

roads was calculated by multiplying the emission factor (1179 grams per vehicle 

mile) by the product of the length of the road segment and the traffic flow 

count. Thirty percent of these emissions was assumed to actually become sus-

pended. Paved road emissions were also calculated by multiplying the emission 

factor (11 grams per vehicle mile) by the product of the length of the road 

segment and the traffic flow count. These emission factors were. derived from an 

emission formula that combines conditions of the road, vehicle speeds, and eli-

matological factors to obtain grams of particulate per vehicle mile. Emissions 

from each road segment are assumed to disperse equally over the designated 

areas. 
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Total estimated particulate emissions for the modeled year were: 

Vehicles 
Fugitive (paved roads) 
Fugitive (unpaved roads) 

Transportation - Railroads 

181 tons per year 
2865 tons per year 

16256 tons per year 

Total railroad fuel use emissions for railroads in Lee County were taken from 

the NEDS data supplied by EPA. Approximate track mileage was estimated for 

each designated area. Emissons were distributed by the portion of track miles 

in each area. 

Transportation - Off Highway 

Off highway transportation was considered to be any fuel burning machine not 

operated on a road (i.e., farm tractor, lawnmowers, motorized boats, etc.). 

Because of the difficulty in estimating the concentration of off-highway trans-

. portation, it was assumed that the NEDS emissions were distributed equally over 

the entire county. 

Transportation - Aircraft 

The Keokuk Airport was not located within the model area, therefore no aircraft 

emissions were used. 

Area Source Totals 

A listing of area sources and total emissions used in the model is given in 

Appendix A. 
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Model Meteorology Parameters 

To accurately model the suspended particulate emission sources, detailed meter-

ological parameters are necessary. i .. 
Meteorological wind data consists of five stability classes and sixteen wind 

directions for Burlington Airport, since no acceptable data were available for 

Keokuk. 

Other necessary meteorological parameters that were obtained for Cedar Rapids 

are shown below: 

Average daily mixing depth: 1200 meters 

Average ambient temperature 284 degrees Kelvin 
( 11 degrees Celsius) 

Average ambient pressure 995 millibars 

Results 

A grid area of 15 kilometers by 15 kilometers was set up around Keokuk with 

receptors placed at one kilometer intervals as shown in Figure 6. Twelve 

additional receptors located throughout the county were also included in the 

total receptor count. 

Expected concentrations at each receptor are given in Appendix· B. Graphical 

displays of ·these results are illustrated in Figure 7 for Lee County and 

Figure 8 for Keokuk. Each line represents an isopleth of suspended particu-

late concentration as an annual arithmetic mean. The highest concentration 

expected was 181 micrograms per cubic meter at receptor 111. Figure 9 illus-

trates these results as annual geometric means which can be compared to the 

national standards described on page 7 of this report. 

16 
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Figure 7 

Lee County 
1977 Suspended Particulate Isopleth Map 

(values shown are arithmetic means in micrograms per cubic meter) 
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Figure 8 

Suspended Particulate Isopleth Map for Keokuk 
(values shown are arithmetic means in micrograms per cubic meter) 
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Figure 9 

Suspended Particulate Isopleth Map for Keokuk 
·(values shown are geometric means in micrograms per cubic meter) 
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To estimate the impact of each source on a receptor, a special audit was re­

quested for receptors 226, 227, 228, and 230. Results for each source are 

given in Appendix B and a summary is shown in Table 3. 

The Hubinger Corporation is expected to have the greatest industrial impact on 

Keokuk, contributing over thirty-five micrograms per cubic meter of particulate 

to the area surrounding the plant. The contribution from Hubinger is expected 

to be quite large at Receptor 227 and 230. However, these values may be cal­

culated incorrectly because of the unknown effect of the bluff that is located 

between the plant and the receptor location. Since the AQDM assumes a somewhat 

flat terrain, the accuracy of modeling sources along the river next to the 

bluff may be improperly represented. The isopleth pattern near the river is 

probably extended too far north by the model because of this topographic 

assumption. 

The area of high particulate potential in northern Keokuk is expected to be 

caused by Midwest Carbide. Although the exact contribution was not generated 

by the model, receptors near this area indicate a source contribution of twenty 

to twenty-five percent from Midwest Carbide. Other particulate sources in this 

area also contribute to the total projected concentration, but they are not as 

great as Midwest Carbide. 

Area sources are also shown to be large contributor to suspended particulate 

levels in Keokuk. The large amount of particulate from area eight, which is 

located in the central business and residential area, illustrates the impact 

that urban areas have on the ambient air quality. 

Table 4 shows a breakdown of suspended particulates by source types with a 

detailed breakdown of area sources. A graphical display of the estimated 

contributions by various suspended particulate source types is shown in Figure 

21 
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TABLE 3 
Source Contributions to Four 

Selected Receptors 
(values shown are in micrograms per cubic meter) 

Receptor 226 Receptor 227 Receptor 228 Receptor 230 
Water Treat- Fire Station High School St. Vincents 

ment Con- School 
Source trol Plant 

Point Sources 

Kast Metal Corporation o.oo 0.02 0.01 o.oo 

Griffen Wheel 0.15 0.22 0.54 0.19 

Midwest Carbide 0.84 1.36 3.25 0.96 

N General Mills 0.95 1.04 0.48 2. 75 "' 
Foote Mineral 0.08 1.10 1.02 0.52 

Hubinger Corporation 38.20 10.82 5.35 17.47 

Area Sources 

Area Eight 21.13 8.24 4.23 18.11 
Other Areas 7.48 n.oo 12.87 7·51 

Background 43.00 43.00 43.00 43.00 

Total Concentration 111.62 76.48 69.89 90.29 

.:. ... , 



TABLE 4 

Breakdown of Annual Suspended Particulate 
Concentration for Three Selected Sites 

in Lee County 

Sources of Particulate 

Point Sources 

Area Sources 

Fuel use (Residential and Commercial) 

Solid Waste Disposal (Open Burning) 

Transportation 

Exhaust, ·Tire Wear 
Fugitive Dust from Paved Roads 
Fugitive Dust from Unpaved Roads 

Miscellaneous (structural fire, 
construction) 

Background 

TOTAL 

23 

Expected Concentrations 
Water Pollution Fire 
Control Plant Station 

40.22 

0.63 

1.33 
22.17 
1.90 

0.16 

43.00 

111.62 

14.56 

1.62 

0.86 
14.30 
1.98 

o.os 

76.48 

High 
School 

10.68 

0.37 

1.43 

o. 71 
12.32 

2. 20 

o.o7 

69.89 



9. The largest sources of particulate shown in Table 4, excluding background 

are from industrial sources and from transportation sources. The industrial 

sources account for fifteen to thirty-five percent of the total projected 

concentration in most of the city. 

The area source contribution from fugitive dust generated by ·travel on paved 

roads accounts for fifteen to twenty percent of the total projected concentra­

tion. These fugitive emissions appear to be unusually high presumably because 

no factor was used to estimate fallout of heavier particulate. 

To estimate the accuracy of the modeling results, a comparison of expected 

concentrations and monitoring data is necessary. This comparison is shown in 

Table 4. The discrepancies appear to be caused by improper area source input 

data. The Water Treatment Control Plant probably records higher concentrations 

than calculated by the model because nearby fugitive dust sources from grain 

handling, traffic, and construction are underestimated. On the other hand, the 

Keokuk High School site appears to be calculated too high because of an over­

estimation of area sources and fugitive dust sources. Although the calculated 

concentrations are not exactly the same as the actual monitored values, the 

projected concentrations represent averages that do not reflect changing weather 

conditions and unusual topography. Therefore, these projections should be used 

more as a guideline for locating high concentration areas than as exact calcu­

lation of suspended particulate levels at each receptor. 
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Monitor Location 

TABLE 4 

Comparison of Air Monitoring Data 

with Projected Concentrations 

1977 
Arithmetic Mean 

1. Water Pollution Control Plant 124* 

2. Fire Station 78 

3. High School 59 

Projected 
Concentration 

112 

76 

70 

* This year does not have a sufficient number of samples to calculate a valid 
annual mean. 

Summary 

Using the AQDM results, a portion of Keokuk is projected to exceed the annual 

primary ambient air quality standard unless additional emission reduction is 

implemented. An area of southwestern Keokuk and a small area in northwest 

Keokuk are projected to have annual geometric means in excess of 75 micrograms 

per cubic meter. 

The Hubinger plant in southern Keokuk is calculated to be the largest contribu-

tor to the annual concentration, aside from background. A large percentage of 

the emissions from this plant is fugitive, however, and currently does not 

require stringent control. The Hubinger plant is expected to contribute from 

ten to thirty~five percent of the annual particulate concentration recorded in 

Keokuk at receptors around the plant site. All other industries are expected 

to account for two to ten percent of the annual particulate concentration, 

except for Midwest Carbide, which may contribute up to twenty-five percent of 

the annual particulate concentration at receptors in northern Keokuk. 

26 
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Transportation sources are calculated to be the largest area source contributor 

to the annual concentration in Keokuk. Fugitive dust from unpaved roads con­

tributes the largest percentage of particulates from transportation sources·. 

These values appear to be overcalculated because no large particulate fallout 

factor was used •. 

The monitoring values for 1977 in Lee County support the general particulate 

isopleth pattern of annual concentrations shown by the model. The two monitor­

ing sites that do not compare closely with the projected particulate concentra­

tions appear to be in error because of inaccurate fugitive dust and fugitive 

emissions modeling. 
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Keokuk Sources and 
Corresponding Source Numbers Used 

in the AQDM Model 

Source Number 

1-4 
5-13 

14-26 
27-35 
36-38 
39-63 
64-75 

A-1 

Kast Metals Corporation 
Griffin Wheel Company 
Midwest Carbide Company 
General Mills Chemicals 
Foote Mineral Company 
Hubiner Corporation 
Area Sources 
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Keokuk Sources and 
Corresponding Source Numbers Used 

in the AQDM Model 

Source Number 

1-4 
5-13 

14-26 
27-35 
36-38 
39-63 
64-75 

B-4 

Kast Metals Corporation 
Griffin Wheel Company 
Midwest Carbide Company 
General Mills Chemicals 
Foote Mineral Company 
Hubiner Corporation 
Area Sources 
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