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Abstract

The Towa Department of Environmental Quality (DEQ) is currently examining possible
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 Ailr Act Amendments of 1977. To accomplish this, it 1s necessary to analyze

current air quality attainment problems.

To examine these current air quality attainment problems, z dispersion model is
used. The dispersion model is a computer program that predicts what the ambient
air quality will be at a certain poinp within an air basin. The Air Quality
Display Model (AGDM) is the major tool DEQ used to model each alr 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 amnual distribution of pollutants for that area. From the results

obtained by using AODM, a reliable estimation of source contribution ig 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 ambilent concentrations of this pollutant to acceptable levels,
was developed by the Towa 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 Towa are still plagued with unacceptably high TSP
concentrations. The Clean Alr 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 1s to explore the causes of these high TSP concen-
trations to ald in the future development of necessary comtrol strategiles which

will lead to reducing TSP to an acceptable level.

County Statistics

Marshall County 1s located in the gently rolling terrain of Central Iowa. The
City of Marshalltown is the major urban center and borders the Iowa River in the
east—-central section of the county. (See Figure 1) The 1970 population for the
Marshalltown metropolitan area was 26,219; the 1970 population for Marshall
County was 41,086. Major industrial processes in Marshall County consist of
cast metal production, graln transferring, mineral product manufacturing, and
electricity generation. Major sources of fugitive dust and fugitive emissions
include grain transferring, constructlon, agricultural tilling, and roads (both

paved and unpaved).




Figure 1
Marshall County in Iowa
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Marshall County is situated in a temperate climate in the middle of a large land
mass. The area is largely influenced by pressure systems moving I1n a general
west-east direction. The winds are dominant from the northwest and the south to
southeast. The mean annual temperature is 49 degrees Fahrenheit, the mean
annual precipitaton 1is 32 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 numeric value for background, extensive monitoring of an i1soclated
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 erosiom, 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 Backhone
State Park 1s expected to include not only a naFural 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 1s shown in Table 1 below.

TABLE 1

Source Contributions to the Recorded
Background level at Backbone State Park
(Values shown are in micrograms per cubic meter [ug/m™])

Worldwide Corcentration 15 ug/m3
Continental Concentration 10 ug/m
Unpaved Roads 6 ug/m
Agriculture (soll erosiom) 13 ug/m

Total Background b ug/m3

The worldwide and continental values were obtained from studies conducted by GCA
Corporation for DEQI. 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.
The remaining 13 ug/m3 was assumed to he 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, soill types, crops planted, and tilling frequenciles
in other areas of the state with the area around Backbone State Park, an index
of soil eroéibility 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.
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Figure 2
Agricultural Index For Selected
Counties in Iowa
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The first number represents the climatic factor for the county
using the Federal Seoil 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.

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 valve of 100. A county registering 200
would have twice the amount of land in soybeans or row crops.

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 alr 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 1s weighed égain. The welight difference
measured in micrograms 1s 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. Two
State owned high volume samplers are currently located in Marshalitown. These
monitors are located at (1) City Hall, State and Center Streets;

(2) Marshalltown Manufacturing, 710 Twelfth Street. (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 air monitoring data are an essential tool in calilbrating 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 hetween
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.




Figure 4
Location of Suspended Particulate Air
Monitoring Equipment in Marshall County
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TABLE 2
Alr monitoring data for Marshalltown

¥Mumber of Maximum 2nd Max. Arithmetic Geometrie Standard

Location Year Samples 24=Hour 24~Hour Mean Mean Geometric
Value Value Deviation
1. City Hall 1976% 16 137.0 118.0 67 57 2.03
1977 50 204.2 167.3 73 65 1.64
2. Marshall- 1976% 13 304.0 153.0 107 94 1.65
town Mfg. 1977 61 132.0 130.1 63 58 1.51

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

The Model (Annual Average Estimation)

A dispersion model 1is 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 DEO used in each air basin. AQDM is a computer

model that combines point source emissions (industriai plants), area source
emissions (residential heating, fugitive dust, solid waste disposal, transporta-~
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)

(b)

()

(d)

(e)

Total reflection of the pollutant plume takes place at the earth’s
surface.

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

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

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

The plume 1is a steady~-state phenomenon resulting from a counstant,
continuous emission.

Assumptions used in the program input are:

(a)

(b)

()

(d)

(e)

Point source data from plant emission inventory forms, from stack
tests, and from permit Informationm are accurate and complete.

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

Area gsource data from the MNational Fmissions Data System (NEDS) are
accurate and complete.

Population distribution and area source emissions are directly
related.

Fugitive emissions from paved and unpaved roads are accurately
calculated.

Source of Suspended Particulates (Point)

All Marshalltown point sources were acquired from DEQ’s current emission inven-—

tory. Stack emissions, diameters, emission velocities and temperatures were

taken from values supplied by the plant operators omn emission inventory forms,

10



permit applications, or stack tests performed at the plant. Emissions for the
modeled vear were taken from the 1975 emission inventory and updated by permit
applications, compliance schedules, or stack tests. All plant emission controls
were assumed to be working the entire vear unless breakdown or maintenance
reports were submitted to the Department. The emissions during periods of
emission control device breakdown or maintenance were added to the plant totals.
All industrial point source estimates calculated were verified by the appropri-
ate 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. 1o considera-

tion was given to seasconal operation or weekend shutdowns.

Sources of Suspended Particulates (Area)

Residential Fmissions

Total residential emissions for fuel use in Marshall County were taken from the
National Emissions Data System (NEDS) estimates of area source emissioms sup-
plied by EPA., Solid waste emissions were calculated using an estimated tonage
of solid waste and an appropriate emission factor. The emissions were distri-
buted by housing population calculated from the census population for 1970 and
updated from projections from the Iowa Qffice of Planning and Programming.3

The 1977 Marshalltown population growth was estimated at 1.090 times the 1970

census figure.

The Marshalltown County census population was broken down into designated area

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

11




Figure 5
Area Source Grid Pattern for Marshall County
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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 NWEDS were:

1977
Residential Fuel 31 tons per year
Residential Solid Waste 74 tons per year

Commercial-Institutional Emissions

Total commerclal-institutional emissions for fuel use and solid waste disposal
in Marhsall County were taken from the NEDS data supplied by EPA. TWNinety
percent of the county emissions was assumed to be in the major urban center,

while ten percent was assumed to be in the smaller cities.

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

the county. Total particulate emissions for the modeled year were:

1977
Commercial-Institutional Fuel 41 tons per year
Commercial-Institutional Sclid Waste 22 tons per year

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.

13




Major access street and highway line source emissions were calculated by multi-
plying the emission factor for vehicles (0.66 grams per vehicle mile)br 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 rvads was calculated from

emigsion factors found in two recent reports.s’6

Fugitive dust from unpaved

roads was calculated by multiplying the emisgion 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 suspended.
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 climatongical factors

to obtain grams of particulate per vehicle mile. Fmissions from each road segment

are assumed to disperse equally over the designated areas.

Total estimated particulate emissions for the modeled year were:

1977
Vehicles 193 tons per year
Fugitive (paved roads) 4171 tons per year
Pugitive (unpaved roads) 10477 tons per year

14



Transportation - Railroads

Total railroad fuel use emissions for railroads in Marshall County were taken
from the NEDS data supplied by EPA. Approximate track mileage was estimated for
each designated area. FEmissions were distributed by the proportion 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.

Trangportation - Aireraft

The Marshalltown Alrport emissions were distributd as a one square kilometer

area source. Emissions were based on projections from the State airport system

plan.6

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

Appendix A.

Model Meteorology Parameters

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

ological parameters are necessary.

Meteorological wind data consists of five stability classes and sixteen wind

directions. These data were not available for Marshalltown, therefore wind data




from Des Moines, southwest of Marshalltown, were chosen. The wind data from Des
Moines were chosen over other clties because of the close proximity of the

cities and the similarity of topography.

Other necessary meteorological parameters that were obtained for Marshalltown

are shown below:

Average daily mixing depth: 1200 meters

Average amblent temperature 282 degrees Kelwvin
{11 degrees Celsius)

Average ambient pressure 985 millibars

Results

A grid area of 15 kilometers by 153 kilometers was set up around Marshalltown
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 thse results are illustrated in Figure 7 for Marshall County and
Figure 8 for the City of Marshalltown. Each line represents an isopleth of
suspended particulate concentration as an annual arithmetic mean. The highest

concentration expected was 224 micrograms per cubic meter at receptor 232.

To estimate the impact of each source on a receptor, a special audit was re-
quested for receptors 129, 143, 226, 227, and 232. Results for each source are

given in Appendix B while a summary 1s shown in Table 3.

16



Figure 6
Receptor Locations for Marshalltown AQDM Model
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Figure 7
Marshall 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 Marshalltown
(Values shown are arithmetic means in micrograms per cubic meter)

BRI A S
" ~ L

! R

FT—“_—E&:\:“‘“ -

X
~VER TSR

co T 4

RS

-

Geang e e i o e o e e
Statian A
) ' ;. Sewnae

A e dview )1 i3 spesu -

_—

S Resenain 4
RS
. J_'/a,ﬂ‘fhn‘lwm

- - %
ng.w‘,l'r:‘_ $¥e

e S b

L r.frarE

[

O
R 7

Jfueen

STUE SR A

-
aaengig 13,

b e

WRUELL WS L PV
Ll x

High en

st iy .

Lt $ o

Eelon. "
p{r? RIAL PARK

H <,
I (8

- N
m E it anerdh 4
Pl e

)

i
e B

e o e e

M Bardias .

. | JO .

= = b s U

R T T - N

) { -
Teanhe H - \ N
Fark - ! 1“_ N |

( Al ) - i
e ~. .
1. B o
.

7
{
s




0z

TABLE 3
Source Contributions to Five
Selected Receptors
(values shown are in mierocgrams per cubic meter)

Receptor 114 Receptor 227 Receptor 232  Receptor 129 Receptor 143

City Hall Marshalltown Melbourne Central Central
Source Manufacturing Marshalltown  Marshalltown

Point Sources
Towa Electric Light & Power 0.1 0.0 6.0 0.1 0.0
Gra~Tron Foundry 1.3 711.4 0.0 1.4 7.0
Bob Feed and Supply 0.2 0.9 0.0 0.4 1.1
Bigelow-Liptak 0.0 8.0 0.0 0.0 0.0
Arbie Mineral Feed 0.2 0.1 0.0 0.2 0.1
Kiowa 0.1 1.2 0.0 0.2 0.8
Marshalltown Trowell 0.2 0.6 0.0 1.8 0.4
Area Sources ' 14.9 9.8 0.7 15.0 10.4
Background 53.0 53.0 53.0 53.0 53.0

Total Concentration 70.0 77.5 53.8 . 72.1 72.8



To estimate the accuracy of the modeling results, a comparison of expected
concentrations and monitoring data 1s shown in Table 4., This comparison appears
to be relatively close at the City Hall monitoring site; however, the discrepw
ancy at the Marshalltown Manufacturing site appears to be the cause of improper

area source input data. This site may be calculated too high because of an

overestimation of fugitive emissions from Gra-Iron Foundry and fugitive dust

from unpaved roads near the monitor.

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 conditioms, as occurred in 1976 and 1977, which may
vary the actual monitored values. Therefore, these projections should he used
more as a guidelipne on locating high concentration areas than an exact calcula-

-

tion of suspended particulate levels at each receptor.

TABLE 4
Comparison of Air Monitoring Data

with Projected Concentrations

Monitor Location 1977 Arithmetic Mean Projected Concentration
1. OCity Hall ' 73 70

2. Marshalltown Manufacturing 63 77

Summary

Using the AQDM results, a portion of Marshalltown is proijeced to exceed the
annual secondary ambient alr quality standard unless additional emissicn reduc-

tion is implemented.

21




An area of east-central Marshalltown is projected to have annual arithmetic
means in excess of 70 micrograms per cubic meter. An estimated breakdown of the
annual suspended particulate concentrations using this model for Marshalltown
and a Marshall County rural city, Melbourne, located in south-western Marshall

County is shown in Table 5.

The largest sources ¢f particulates shown in the table, aside from background,
are from industrial sources and from transpbrtation sources causing fugitive
dust. The industrial sources located in east-central Marshalltown account for
about fifteen percent of the total projected concentration in Marshalltown.
However, a number of these sources contributing the large amount of particulate
are fugitive sources that do not currently require stringent control. Also an
additional fluctuation in annual averages has been calculated from excessive
breakdown or maintenance emissions from installed air pollution control equip-~

ment at some of these industries,.

The second largest source of particulates shown in Table 5 is tramsportation
oriented sources causing fugitive dust. These fugitive dust emissions are
estimated to contribute over ten percent of the total calculated particulate
concentration while the emissions from the transportation source itself (i.e.,
from engine exhaust and tire wear) accounts for less than one percent. Par-
ticulates from unpaved roads in or adjacent to the City of Marshalltown are
projected to add an additiomnal four micrograms to the annual concentration in

eastern Marshalltown.

An additionmal contribution of one to three miecrograms per cubic meter is calcu-
lated from the levee construction on Linn Creek and smaller construction activ-—

ities throughout the center city.

22



TABLE 5

Breakdown of Annual Suspended Particulate
Concentration for Three Selected Sites
in Marshall County

Sources of Particulate Expected Concentrations (ug/m3)
Marshalltown Melbourne
Point Sources 9.4 0.06

{Industrial Process)

Area Sources

Fuel use (Residential and Commercial) 0.42 0.02
Solid Waste Disposal (Open Burning) 0.52 0.04
Transportation
Exhaust, Tire Wear 0.68 0.08
Fugitive Dust from Paved Roads 3.93 0.58
Fugitive Dust from Unpaved Roads 4.21 0.00%
Miscellaneous {structural fire, 0.58 0.02
construction)
Background 53.0 53.0
TOTAL ' 72.8 53.8

% This amount 1is included in the background concentration.

23




References

GCA/Technology Division, "Assessment of Particulate Attainment and Mainten-—
ance Problem"”, Volume 1 and 4, DEQ Contract ¥o. 76-2000-06, September,
1976.

Alr Quality Display Model prepared for Department of Health Education and

Welfare Public Health Service by TRW Systems Group, November 1969, Contract
No. PH-22-68-80,

"Official Iowa Population Projectioms, 1975-2020", Iowa Office of Planning
and Programming, Series I-76, No. 1, July, 1976.

AP-4?2, "Compilation of Air Pollutant Emission Factors, Second Edition",
U.$. Environmental Protection Agency, Research Triangle Park, North
Carolina, February 1976.

Amick, R. 3., Axetell, K., and Wells, D. M., "Fugitive Dust Emissions
Inventory Techniques', Presented at the 67th Annual APCA meeting, #74-58,
Page 7.

Cowherd, C. Jr., and Mann, C. 0., "Quantificatrion of Dust Entrainment from
Paved Roads", Presented at the 69th Annual APCA meeting, #76-5.4, Page 13.

Towa Airport System Plan, 1972, Department of Transportaton, Table 41.

24



Appendix A







Marshalltowm Sources and Corresponding
Source Numbers

Source Number Source
-3 Iowa FElectric Light & Power Company
47 Gra-Iron Foundry
8-10 Bobs Feed and Supply
11 Bigelow=Liptak
12 Arbie Mineral Feed
13 Kiowa
14 Marshalltown Trowell
15 Marshalltown Airport
16-52 Area Sources
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b & b 50847 _ | %654.2 | 9.0 _l__ 0.0 0.231 I 18.8 2.4 19.0 1366, |
| 5 508.,7 f 86542 1 Qe I 0.0 7.027 T 1201 0.4 1.0 2944 |
1 & £ 08,7 | 465492 | NaD | a0 Ne0Lh | 9.1 0.4 1,0 294, 1
[ 508.7 ! anS4e2 1 0.0 | 0.0 0,072 1 9.1 0.0 0.0 300, |
I 8 1 509.7 t 46527 § 2.0 | N0 0.078 ! 4.0 0.0 a,d 294, |
| g | 509.7 } 6652,7 1 0.9 ] .0 0,040 1 £a0__ 0,0 .0 294._1
[ I & + | 50%.7 _ | _4652.7,_ L Q.0 | 0 N030_ | _10.0 3.0 1.0 300. 1
[ 1t § 509.7 I 4554.9 | 1.0 | 9.0 1,006 15,3 ta2 11.0 440, |
f 12 | 507s5 1 45594 | G L .0 0,015 | 6.8 Fald Qa0 294 |}
1L 13- ) 30843 _ 1 __ 4654.3 I 0.3 LN, N.019 b 10,0 1.0 __ 5.0 300._ ]
b La ] 508.3 | 5654 .7 t 9.6 - 1 0,0 0.033 1 7.3 0.8 8.l 2944 |
I LS 1 505.3 | 5661 .3 1 1eldonnl 949 0,022 1 1.0,.0.8 0.0 Oa_l
t 16 | 5050 | | _465%.0 | _ 1.0 & N.D NeN6&_ 1 3.0 0.0 0.0 _ 7. |
t 17 I $048.0 i 469%5.0 1 1.00 | 2.0 J.110 t 3.0 0.8 0.0 - 0. |
L L3 | 507.9 j___4655.0 L L322 1 [39%) 0,154 ] 3,000 9.0 L
.49 .} $38.0 H 465%.0 | 1.70 1 0.0 N.216 _ £ 3.0 0.0 0.0 Ne t
] 20 1 505.2 | 4654 <0 i 100 i [+ %] 0.05%4 | 3.0 n.0° 0.0 Q. 1§
! T4 S | 305,10 L 465520 1 129 1 a0 Nelsd L. 30 7,0, 0.0 . T |
b2z b 507«0 1 _4654«0 _ | Lonle9 L Gll o Ga3R0 ) 3.0 7.0 Q.0 Q. |}
I 23 1 5030 1 465440 | 1.00 - | n.0 0,171 i 3.0 0.0 0.0 0. |
! 24 P 5Qie0 1. 585340 | L=730 | n.9 2a122 | 3.0__N.0 0.0 [P
125 4. 508473 | 455340 [ tann0 [ Na0 ] n.056 [ 3.0 _N.0__ 0,0 0.1
| 286 i 50342 | 465440 i 4,00 I P N, 158 1 3.0 0.0 0.0 0. |
! 21 L 50520 i 565243 I %00 | N2 2149 1 1.0..0.0 Q.0 Nk
128 1 505.0 1 4650.0 [ 4 .00 § 3.0 _Q.216 |} 31,0 0.0 0.0 O«
i 29 ] 50749 [ 4651 .0 | 4400 | n.n d.202 1 3.0 Q.0 0.0 0.
! 20 i 507,90 t 48490 ] 2500 ] [s 3% ] £e137 I 30 0.0 2.0 Q|
[ M1 8039, b 465440 | 600 t 0.0 _Be634 1 3,0 3.0 0.0 0.
1 32 I 500.0 I 4654 «0 | G110 H 7.0 Nalas ! 3,070 0.0 0.0 0.
| 33 i 5070 i 4657.0 1 .00 i s} 0,136 L 3.0 9.0 0.2 Nei
| 34 1 511.0 1 65740 | F.00 b 0.0 0.130 t 3.0 0.0 0.0 2.t
[ 35 i SLi.0 | 6654 e t G400 1 0,077 TTTTTRI240 T T YT R TRL0T T 0L |
] 38 i 5030 ! 463620 l 15200 1 Q0 3.30L | 3a0._.020 [ %9 Q!
[ 3T 1 s07.0 I [T b 16.00 | n.0 Nal4l i 3.0 9.0 0.0 0. |
1 38 P S01.0. 1 7 48%0.0 | L&.00 t 1.2 n,220 ] 3.0 0.0 T Q.07 n. I
1 342 1 SU7.0 | 464940 ] 252072 3 a0 Ns223 ] 3,0 0.0 0,0 P |
R 5140 1 465540 | 25400 | Ta 1.058 ] 3,0 0.0 0.0 Ne ¢
| ol i 492.0 I Taess5.0 " 1 Z0.n0 | I U I 1s K X- S S I+ s Y [+ P I P |
! 42 l 49840 ¢ 4535 ,9 L 20,08 ] a,0 10172 L 3:0__0.9 0,9 Qal
Poooe3 | 492.0 | 66%0.0 I 2t.70 | .0 Na125 | 3.0 9.0 0.3 . 9.
{ Gl H 4958.0 b7 4550.0 | 25010 I N} Tn,1857 7 1 T 3.0770,0 g,0" — 0, I
L 43 L 281,00 f 48580 ,0 I 163,22 1 1,4 9,117 L d:0. 2.0 0.8 Dalk
I [ ! 45440 1 466040 | 169.70 I 9.0 0.167 I 3.0 9.0 0.0 ne |
1 o7 H TeGT.0 1 4567 o0 1 159219 | q.,n 7 7,395 7 773,00 0.0 7T 0.0 7 n, |
158§ 4102 1 5549 ,0 L 121.8¢ | nL0 12158 L..23,0_ 2.0 2.0 Qa_l
! 29 1 43142 I 463640 I le7.79 [ 0N n.192 1 3.0 0,0 0.0 2.1
I S0 H 694.0 | 4636.0 | 169,00 1 0,0 T.124 | 3.0 1.0 0.0 e}
I 51 .4 307.0 4436.0 L 193,00 o 9.0 . _A.l45 | 3.0 Nk Qa Qe
! 52 i S15e . | . %559.0 1 15,00 1. ] Ne153 1 1.0 7,8 Qa Na b




Appendix B







RECERTIQR_CONLFNTRATION NATA

EXPECTED ARTTHMETIC MEAM

i i
i |
i t . | i
| RECEPTLR | RECEPTOR LCCATICN | |
L AJYIER_ 1 1 |
i 1 {KILCMETERS] i (HICROGRAMS/CUL METER) ]
| P HORIZ YERT I 502 PARTICULATES
| 1 ] 1 | . |
I 1 I, 5000 | 45867.0. . . S 54 |
| 2 I LO0.0 | 4648 ! 9. 1 S5. i
L 4 lo 52043 1 _8545.0 I Ne ] 55, [}
t i | 50040 | 4£50.0 t , | 55. I
t 5 1 50040 | 4551.0 | D i 55, !
b o1 5Q0.C 1 4552.7 1 N i 58 [
I 7 Sl 50040 ] 465300 _ L. Cae . L S6be. ____ 1
i 5 l 5000 | 465440 | 0. [ 564 |
L 3 ! 5000 1 _4555.2 ) N i Sha y
1 ) 1 500.0_ | 455840 | 0. I . 56 i
| 11 | 50040 | 4557.0 b 0. { 56 !
i 12 ¢ 500+ | _4558.0 } Qs } 56, 1
| 3y 1 . 300.0 1  4559.0 _ 1 R [N 1 T S
I 14 | 500.9 |  4640.0 i O | [1H 1
1 1% t 5003 | __ 46650 1 N4 | 3 |
| 14 | 501.C | a64T.0 _ | 0. R I 55. |
i 17 1 50L«0 | 4648.0 ! O | 55, |
L 18 1 5QL=G {45490 | Dy 1 55, |
I 19 1 __501a0 1__4650a0 b __ __0a A S&e |
i 20 t 531.0 | 4451.0 4 0. | 564 1
I 2L L 5018 ). . 4652.0 | s 1 56s i
| 22 [ 50k.0 | apS53.0  f _ 0 1 56, 1
| 23 H 50L.0 | 4454.0 H n, | 57. |
| 25 t 50320 ) _45655.0 ] 0. l 51a |
] 25 1 SOLs0 & 465640 1 , 0. | 5T 1
| 26 i 5N1.0 | 4&657.0 1 0. [T -
1 23 L 50140 ! _4A53.n i Na I 5ha 1
i 2z | 501.0 1 4659.0 | 0. ot 560 |
H 23 1 S01.0 | 4&660.0 " [ 7 0. I D T- T |
i 3G ] 50L=0 1 _4661,0 ] O, | S8 |
; 3l I 502.0 |_ 4s847.0 I _ 0., 1 3% 1
| 32 1 502.00 } abai.0 1 0. [ 55, i
L 33 1 S50g.C 1 45485.0 1 4 L 55 |
] 34 Kl 50240 1 4680.0 1 0. | S56. I
| 35 | 502.0 | 4Ak51.0 | 0. I Séa I
l - SN2s0_ 1. _4A52.0 | 04 I 56, |
| 37 | 5302.0 | 4653.0 | 9. 1 57. b
! 36 i 502s0 | 46540 1 D i 57 |
| 39 H 5020 1 _465%5.0Q § O ] 57, i
L 44 ] 5022 | 463540 11 e 1' 57, —
i &L 1 502.0 | 46571.0 [ 0. I S$7. |
L 42 ] 5020 1  4858,7 1 Oa ] S6a |
1 43 | 502+0 |  465%.0 [ Oa i Sh. |
| 44 1 502.0 | 4500.0 [ 0. I 56 t
L 45 . 50220 1. 446820 | Oy 1 Shs !
{ 46 ] 503.,0 | 4447.0 i 0. | 554 I
| 417 N $03.0 | 48&48.0 t 0a ) 55. I
| 43 1.7 803407 | akaden ) T .t 1 T T 5%, . 1
| 49 ] 503+ | 4650.0 | V. | 564 1
I 50 1 503.3 1 46310 | 0. | 56w ]
L 51 I- 503+0 1 __ 45520 1 Na I 51a !
| 52 | 503.0 1 45653.0 | 0. [ S8 |
i 53 | 503.0 | 4A54.0 I nD. 59. R
1 54 ) 503.0. 1 465550 ] s | 58, [
I 55 1 503.0 | 465640 t Os I 58. !
I So 1 503.0 1 46570 I _oNe I 57, _ B
L 37 H S03a0 | 455R.D { Qs ] 53 {
| 58 ] 503.0 | 4659.0 t 0 | 57« Tt
I 59 1 50340 | 4686040 | D. e She
L 50 ] S03.0 1. 44510 } M. 1 .. .58a i
t &1 | 50440 | 4b47.0 1 0O« i 5%, {
I 82 b S504.0 ] 444840 t 9. | 55, 1
L L 9040 1 4h4%.0 I Qs 1 56a |
] s | SN6.0 |  4650.0 1 . t 57. |
] 85 t 5040 ] 4651.0 | 0. o 5T. 1
] ho 1 20400 1 _4652.0 L Ny H 58a 1
[ 67 | 50440 | 4553.D ! a. [ 58. i
o 68 1 504.0 t 48654.0 | R TR S L P
] 59 [ 50843 1 4555.9 1 2 1 59 [
i 70 [ 504.0 | 465460 { 0. ] 59, b
I 71 I 504.0 1 4A57.0 [ O 1 584 1
L 12 | 50420 1 _4658.0 1 N4 H 57 i
1 73 I 50440 § 465940 1 0. ] 57. |
i T4 1 50440 1 466040 1} 0. | 57. |
! 51 5040 ] _4661a0 ! 0, 1 56, |
1 76 1 505.0 |  464T.0 | e 1 55w !
b 3T b 505.0 1 4648.0 b 2. b B IV |
1 i) [ 505.0 ) . 4649.0 t Q, H 57, i ;
| 79 H 50540 | 455040 ] 0. 1 53. 1 ;
| 30 1 5050 . 1.. 48510 | q. i 58, |




NIRATIQH DATA

t
!
3
I

RECERIQR (nmCE

I

1

i ! o ]

| KECERTD2 | RECEPTOR LCCATIDN | EXPECTED ARITHMETIC MEAN

L SyupER ] 1

I 1 {KILOMETERS ] {MICROGRAMS /CU. YETER}

L ] HAR1L JYERT £ S02 o _PARTICULATES
| | i i f [
L Al : 50540 . ). 48652.0 1 Ta 1 59, I
| a2 [ 5050 | 4653.0 1 2. I 60, I
| 83 i 505.0 [  4654.0 [ 1. | 62. I
1 By ] 995,65 1 4555, I a | 824 [
1 a5 | 505.0 ) 4656.0 t 0. [ 60 . i
i 86 I 505.0 |  4657.0 I [t ! 59. N
L a7 I 05,0 F _445R.0 1 a1 | 58, |
| [:1Y i 50540 | 4659.0 ] 3, | ST, |
1 ag b 505.0 | 4840.0 1 a. ] 57 |
| 99 { 505%.Q 1 axglen 1 ns l 51, ]
i 21 | 506.0 1  4647.0 t Na f St i
H 92 } 506+0 | 46480 t 0. | 56 |
| 93 i 3060 1 444940 ! Ny ] 57, 1
| 94 i 50040 | 4650.0 [ 0, 1 58. 1
i 35 § 50640 | 465140 I a. ] 58, !
1 96 ] 50640 1. 4552,0 f Qs i 5%, I
| 917 1 50640 ) 465340 | 0. i 6l [
| 93 1 5060 1 465440 1 e [ a6, t
1 33 ] 506.0_ |, 465527 ] s 1 £b, i
| 100 1 50640 | 48550 i e | 62, |
J 1ot | 50640 | 4657.0 | 2, | 80, |
| 102 ! 50640, | 46580 | n, ] 58. |
i 103 | 50640 | 46590 I D [ S8, i
I 104 1 50640 | 466040 ! n. | 57. |
L 105 | 5D6e0_ | 4h6]1a0 1 Da 1 STa__ I
1 106 I 50740 | 4647.0 I a, i $6a i
I 107 t 507.0 | - 4b48.0 § O | 57 |
| 10g 1 50740t 5864920 1 (o T R, 1: P _—
I 109 [ 507.0 | 4650.0 | O | 59, l
1 110 1 507.0 | 4651.0 t 0. ! 60. i
| 111 | SOTaii_ 1 _£h5220.. 1 ST s PUSU S 1 Y ]
| 112 | 5G7.0 | 4653.0 | 0. T T b5 T
H 113 ! 507.0 | 4654.0 1 c. I 72, I
1 Ils i 5n2s0__ | 4655.% - | 0 | 0. i
[ 115 | 507.0 | 465640 [ T i 53 1
I tle ! 507.8 | - 465740 t Ja 1 604 1
b 117 L 5070 1 455840 ] Qs I 59, A
i Ltd i 507.80 | 4659.0 i 0. I 584 S
1 119 | 50740 | 46600 1 a. | 57. H
| 120 | 5070 § 46610 1 A, | 57 H
| 120} 30B.0 | 4&aT.0 | . 0 . . _Sbe___._ .1
I 122 | S08.0 | 466849 1 0. i 57. I
1 123 l G601 _4549.0 1 O I A 1
I 12s 1 5060 | 445047 [ e 58e. . |
1 125 ! 50840 | 4651.0 P 0. 1 59, |
| 126 1 SOEal__ L. 4kS2.n 1 Ns 1 60 {
1127 b _508.0 1 _4653.0 0. . &4 |
i 124 t 508.0 1 4565449 | 0. ! 72 i
1 129 ] 508.0 1 _4655.0 | Na H T2 1
1 130 1 S0BsD . 1 4656.0 | Ga . b 83 1
] 131 I 5068.0 | 4657.0 l 0. 1 60 1
L 132 | 50620 L. 8658.D0 i [\ ! 59, |
b 133 ] 50840 |  4659.0 ) N A 584 |
[ 3¢ 17 506+0 | 4b60.0 | Da [ 57, |
1 135 H Q0.0 4. 46B1.0 t 0. 1 51, I
] 136 I 509.0 1 akat.n 1 0. 1 S6s |
177137 7771 7T 50940 T 464840 | Y I T 57. B
1 138 1 509,01 . 464959 ] Qs -t 57 1
I 139 1 _509.0 1 4650.0 § 8. ) - 88, .
| L4 t S09.0 i 4s5T.n i 0. i 59, H
IR TY | 3 5090 ) .4852.0 1 0 i a0, i
| 142 1 509.0 | 4653.0 i [Us 1 4. 1
1 {43 e 509.0 1 46540 I B O & |
L__14a l 50920 .1 . 45550 1 0, £ G, 1
| 145 | 5090 | 4b56e0 | 0. b 60, |
[ TS | 539.07 17 4A57.0 [ " 0. T B9, T
1187 ! 50940 1, #558.0 1 Ny l 582 |
| lao | 509.0 | 4659.0 i 0. 1 5T. 1
177 149 771 77 509007 T T 660400 0. i 574 |
159 . ¢ 509,09 | 46810 H ' 1 St I
I 151 1751040} weeT.d 1 0 0. | Sea i
¢ Tise T 510.0 1 Taeadld T Ta 1 36 I
i 153 1 S30:3_ 1 _4649.0 | 9. ] 57, ]
b 15e 1 51340 | 4650.0 |1 G L 51, 1
1. 155 | S1040 1 465140 | d. | SR, g
L 156 | 51000 1 4652,0 1 0, 1 bla i
Lo JE5% 1 510.0 f _4e33.0 % 0. . 65 i
1 158 | 5100 | 46540 ! 0. | 63. [
1 159 1 51020 | _465%,0 | O | 59, ¢
160 1 5100 | . &h5H.O 5 Na 1 $8a H




i
L___._____.ﬁﬁgﬁe_gw CUNCENTRATION DAIa -
§

|
;
[ ) 1 [
| RECEPTOR |  RECEPTOR LOCATION | EXPECTEN ARITHMMETIC MEAM
L NUMBER | ! {
i I (KILOMETERS) b (MICRDGRAMS/CU. METER) b
L { HORIZ vE_lT | 502 _PARTICULATES
1 [ | 1 1 -l
i 161 ] 5100 | 46%7.0 _ f_ Oe_ 4§ 58, 1
1 152 ) 931001 _355R.0 L Na | 57, |
| 163 1 51040 1 4559.,0 1 a, 1 57. |
| 164 | 510,80 | 4ss0.n | n. i 1 Sba |
1 145 i 91068 o bhblan  d. N 1 S5&= 4
| [ | 5110 | 464740 [ 0. H S5h. 1
I 167 ! 51140 1 4648.0 1 _ .Be | . 56s i
L L85 i 51led. . d__4649:0___J Ns ] 51 |
| 169 1 5110 | 4650.0 i 0. | 57. 1
I 170 ] 5118 1 46510 | 0. | 58. |
2121 5 511G 1 _4652.0 1 bR } L 1
| 172 § 511.0 | 4853.0 | 9. r 59, |
|l 173 I $11+Q_ 1 4884en | 0 K- 1. L |
| 114 | 511eC | _4K55.0 | Ny | S58a i
1 L7s | 5110 1 46560 J e 1 57. H
VoM Ts 1 5ELe0 1 485T.0 O i 57, ]
i 117 | 51le0__1 . 465B8.0 1 Ds i 57. !
i 176 ] 5El«D | 445940 | Ju | St ]
Yoo 179 . 5110 ) 4660a0 1 ... Ce__ ] ___ _56a |
L 180 | 91101 _4661.0 ] N [ St |
i 18l 1 512.0 | 4647+0 1 N [ 564 |
1.__182 1. 512.0. 1 4&4B.1 _ | B P | 56 oo
H 183 ] 512,01 4649.0 L a, L. Sh, ]
] 184 | 512.0 | %650.0 | 0. | 57. §
185 _ 512.0._ | __4651.0 _ | ... N, 1 57. §
| 188 ! 512.Q0. 1 _4k52.0 | (139 1 51 f
| 187 ! 5120 | 4653.0 [ 0. | 58, t
1. lea___ | 512.0. ). 4540 _ b .0 1 .2 58. o}
] 189 } 512.0 1 455540 1 Ny | 57. |
i 190 [ 512.0 | 4656.0 I 0. | Sba 1
§ 191 I 51201 465740 I U PR S6e .1
| 192 | 5120 1 __465R8.0 | N 1 She 1
1 193 | 51240 1 4659.0 1 0. | 56 |
L 194 V512,01 4660.0__ 1 _ = ©. | Sha o
] 135 1 512G L. sh8]en | [/ | 55, i
| 196 1 513.0 | 45647.0 ] 0. [ 56 1
o197 | 513.0 1 464840 1 Qs I 564 |
l 138 ! 513,01 4649,0 __| s 1 564 1
l 199 ! 513.0 1 4650.0 b 0. 1 58 |
1 200 ] 5130 ] %653.0 1 D | 56, 1
{ 201 i S13.G. | 4452.9 1. e } %A 1
[ 202 ' 513.6 | 4&53.0 i 0. ! 57. 1
1 263 ) SE3.0 1 4656.0 £ 0 | 56« |
204 4 513.0 1 4655.0 | n. 1 Sha !
{ 205 | 313.0 | 4856.0 ! BN t 56 . |
| 206 1 513.0 | 4657.0 t Q. 1 56 1
| 201 ] 5139 |__&b538.0} 1 s | 554 !
! 208 i 513.0 | 4659.0 | O 1 55, |
| 209 1 513.0 | 4660.0 | Te | 554 !
| 210 1 5130 __1.__ 455610 ) N, | 53, 1
I 211 | Sléad | 4647.0 3 O | 55. I
| 2tz } 51443 1 46423.0 H 7. | 54 t
i 213 i S5l4sc 1 _458&9.0 1 Qe H 55, |
1 214 1 516.0 | 4450.9 .1 Ne | Sk t
l 215 i 516+ | 465L.0 I Na 1 58. |
1 2le | 5140 ] _5652,9 ! Qs | Sha |
| 217 ! 51440 | 4633.0 t N 1 - S&. 1
] 215 1 SE4.0 ! 4654.0 L n. I BT I
l 219 [ 5120 1. 56550 | Qs J Sha 1
| 220 i S14s0 t 465640 £ e i 55, l
1 221 ! 514.0 1  4657.0 t D I 55. t
b .222 | G140 b 458580 I AR ] 55. |
1 223 ! 5L4.0 | 4659.0 1 0. t 55. |
| 224 . | 514.0 | s660.0 | 0. 1 5%, |
1 225 I 51430 | _0A&l.0 1 Qs i 554 N
1 226 I 507.2 | 4555.9 [ T § 63. i
| 221 1 508.9 | 455441 1 T 1 17, |
| 223 ] 50945 1. _4R5443 1 s 1 g3 |
I 229 r 50d.0 | 465445 | M 1 Tl. |
1 230 H 50743 | 465445 [ . ! M. 1
l 234 § S03a0..[__%653.5 L Ne 1 b6 |
[ 232 T 2320 | 464403 [ L She |
| 233 ] 4R4.0 1 46620 H . | S4. !
L L34 ] S0la8 1 5A52.0 1 D 1 3ha 1
I 235 | 518.0 | 4430.2 I 7. i 55 1
| 238 ) 51743 | 463545 I Qe | 54, i
| 231 ! 306451 465423 [ . 1 bha I




Marshalltown Sources and Corresponding
Source Numbers

Source Number ' Source
1-3 Iowa Electric Light & Power Company
4~7 Gra-Iron Foundry
8-10 Bobs Feed and Supply
11 Bigelow-Liptak
12 Arbie Mineral Feed
13 Kiowa
14 Marshalltown Trowell
15 Marshalltown Airport
16~52 Area Sources



HARSHALL TGN, I0HA U377 AT (CULATE “)DEL[YG  “aARCH 1273
SCURCE CONTRI3JTIONS TO FIYE SELELTED RECTPTNZS
AMMUAL PART [CULATES

FICADGASHS PEQ CLRic VETER

[ _SOGURCE 1__RECEPTOR 1 _QECEPTOR | __RECEPTOR t RECEPTAR | RECEPYOR |
1 ! 226 H 221 1 232 ] 129 i _1e3 1
I L 1 9.0 % | 003 % | 0 ot 5 | n.05 %2 | 0.03 %
i 1 0.0306__ | N=0215__1 £,0016. .1 00348 10403189 .1
| 3 ! J.06 % 0.02 %2 | c oL % | 0.94 % | 0.02 L
L 1 0022581 0.1159..1 0.0n56 | 01,0298} N.0tsl ¢
I 3. 0.03 x _ | 0402 % |- 0.02_% 1. . N.03. % 1___0.01% |
L i Seat20. 1 Q.0124 1 G.0092_ _| 0.0217 1 0.010% 1
| 4 | 0.07T %5 i 0400 % | J.01 % | 7.03 % | 0.00 % |
I 1 3-0442 b Q22000 | 0.0257 1 Da0225_ | 0.0008 1
| 5 | Jel5 3| 2.62 % | C.00 % | 046 % 1§ 2.05 % |
1 | 20,0963 __1 210292 ) B.3022 1t N.3323__1 L4907 |
I o | d.08 3 | Jl.aat_ x| o N %} N2 % 1 1.23 % 1
H 1 0.0504_ | t.ee50 | D201 F 01771 ] 02829531
| 7 b Gl % | 10«26 2 | 0 at % | 1.27 % | &5.51 % |
1 t 0225351 7.3428 4 0:0053. 1 1,3150_ 1 4.7440 ¢
i a t del8 ¥ | Det? % 1 .01 % I 0.28 ¥ | 0.8% %
1 1 Jsilag _f 045353 1 J.0074 | na2005 | 0.5201. 1
L 9 1 D409 %X_ | __ 935 X _F__ 0.00 % k. 2414 % I _ Ou46 % |
1 | 9.0537__ ) 022755 L 0s0733 1} n.1028__ | 0.3180 |
t 10 | 2.07 % | 0.19 | c.01 % | n.09 % | G.22 %
| I 220821 . ¢ 0.1445 | 0.0024_ 1 040672 | Galgic |
[ bl b J.0l % | Q.01 % | 0.07 x| 0.02 % | c.0L %
| t Q+0047 _| 0.0070 )} 0.01493_ 1 n,9108__ 1| Q.0n7e |
| 2 . 0.25 % i Q.13 % | J0.00 0% b _ %27 % ) 0.1l 3 |
] ] Qs2371_ ¢ 9.N0968 | 0.0011__] 01933 1 Q.0R05__}
I 13 1 G.10 %3 i Le51 % | Q.00 % | Ne2& % | 1.17 %
| | Q.0653 1 L1635 1 Q0715 __ | J.p883 1 Q.8498, |
] L4 1 0.310 % 1 074 % | 0.-00 % | 2e0b T | 0.6t %
1 ] Geli6 | 0.5760 4 2.4025 1 L2703 | 04453 1
| 15 i g.02 % | 0.9 % | a.00 % | 2.02 3 | 0.02 % |
1 ] 2eQ135__4 0.2115._ .1 P Ja ) o IO 2.0129 1 _0.0t15 |
I lo t Jeib % | 0.10 % | C.Ot % | n.15 % 0.19 %
1 ! 1 JaR338 1 240139 1 . CaO0%z4. 1. Jallll__1 n.ntz2z 1
i 17 ] 0.65 % | 0.25 % 1 a.01 % 3 n.37 % | 0.2% %
1 1 224032 4 Red3lI L. . _2.79078_ | 226331 0,1328 |
[ T 1 2450 % | M52 % B Q.02 % .35 % | G.52 % |
1 I LeR50d. 1 Na40N4 _ | 00113 _] D.R112 1 Qa3R07 |
| 19 i 2.3 3 Labns % | 0eDd x| 9.:2 % | 1.58 ¢ |
] ] laa828_ ) 1x2836_ 1 220156 L __ 5s3T87 _1____1,15256_ 1
i 20 l d.11 % ) 7409 % | C.01 % | 7.09 % | 0.10 T |
i ] N:064% | 0s0424. ] 0.2043 1 2228656 1 0.07196. 1 .
| 21} V.5t T 0.32 & | n.,02 3 | cL3Y % | 0.34 % |
L o 223228 Qe2444 ) Q=3kia. 1 222388 __1{ 0.2482 |
P22 H 1.83 % | 0.78 % ! 0.05 % | 1.93 % | L.0% %
L 1 te1554 4 Ny 7559 0,0252__§ 123945 | 9.1561_ |
Lo 23.._. bt Le0D % 1 _ 1le39 % | 0.031 3 | 2.09 % | [
I I Qsb343 1 13751 1 Q:0138 i 1.5013 L La05LA6_ 1
] 25 t 0.52 % 0.27 % | 0.02 ¥ | Tas2 2| 0.28 1 |
1 ¢ 0.3299__| 0.2092 | 0.2111 1 ne3013 | 0.2037 1|
i 25 1 0.23 2 | Q.33 % | 0.0t %} T3 X | 0.335 %
] | Q21833 1 Ne252%...1 Da0050. .k Ne2205_ 1 D.ZSLO 1
.. 26 .1 _0.t7T % | .15 % | 0.03 % i BEPRY-2 0.6 %
i i 0.1058 | 0-L18% _1 0.0145_ _¢ ”J.llftq_..l_..__ﬂ.:l.i.al"...l
| 27 t 2.22 % | 0.1 % [ G.03 % | D.lb } Q.16 % |
L 1 2a.1812 |} 2.1050 [ 0.3159 | 0.1145 | n.in3% |
[ 24 | 528 % | TR g.06 % | n.22 % | 0.19 %
L 1 Qx1762 | N.327%_ 1 g.0329_ 4 0al358. 1 Q.1279 |
L. 29 b, 9.l % | n.28 % ! C.05 % | B.35 % 0.2%9 % |
L 5 0-2574__} 0.2151 1 0.325%__} N,2%49 __} 0.2t00 |
I 10 1 U.21-% ) 0.17 % | 0.06 % 1 n.18 % | g.t3 % |
i i 0=13:3 ael13l2 | 2.0217 | Nel3zz | 0.1106 |
i 31 i L.22 © 1 2.69 % | .05 % .58 ¢ 1 5419 2 |
1 f S NI | de6331 | 0.Q3233__ 4 1e13545__) 3.28258..-1
P32 b 9.lox L 9,39 % | 0.03 ¢ | 0.09 ¥ | n.09 %5 |
i I Qeba) | 20686 | Js2165_ _1 N.06871__ | 0882 1
I 33 | Gal12 % 0.08 %2 | 0.02 2 | n,a9 x| 0,08 ¥
i b Q0731 ) 0:2622_ 1 0.2%4a2__1 0.0681 1 n.0%95__ 1}
[ 14 t GalZ2 % | 0.l % | g.31 ¥ | .11 % ! 0.12 %
1 § 0a0Q7¥2_ 1 0.7253% 1 0298713 1 nLogle L N.0382_ 1
L 3 1 3a29 T 1 0s28 % | G.03 % f  _7.31 % | 0.6
1 I Ggal351 1 0.2069 | G083 1 n,z2in2_ | 0,249 1
t ELS [ 0.29 % | 0.2C % | 0.05 % | a.24 % | 0.21 % I
L } 241330 NelShiul. . 00289 .1 Qal185_ 1 0.15%8_ |
) 37 [ 3.55 % Q.17 % | 0.02 % | T.36 5 | n.45 %
L | 4.3@55*‘1 axl221..1 1200938, .1 n,2821 1 Dsilda__1t
[ R I L - 7479 % 1 0.07T % | .10 % 0.09 ¥ |
t ) 0.0709 1 020631 1 00395 1 ",08% ! 040813 1
1 33 ! Ge20 % | 0.19 ¥ 9.06 % | .19 v | 0.21 %
L i Q:.L2492 | N.1433 | Q.5298 | Naliag 1 Qsl%36_ 1
| 40 1 0.3 % | 0e03-% | J.01 T | N.03 3 1 0.01 %
1 } 00128 | N.7225 _ | G42084_ 1 N,.0214 _f 9.0225__1
I al I J.01 % | J.21 %1 [+ N .01 ¢ 0.04 %
i 1 040052 0 1 0:00%8 020054 1 n,0%59__1 0,0045_ 1
I 42 1 g.0l % 1 7.01 % | g.01 % | 1,01 %t g.00 v
£ H Raloss | Ns20%8 ] 2.3735 1 nN.1062 | Q.0%5%6 |
B-5
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Mar{H 1978

I SOURCE ] RECEPTOR | RECEPTOR | RECEPTQR | RECEPTOR | RECERTOR |
i i E) 1 221 3 232 1 123 1 t43 |
| P [ SaU4 T | 0.3 2 | 0.11 £ | n,n3y x| 0.03 = |
i 1 Ga3229__1 0,217 _ ¢ .05485_ 1 N.0225 1 0al215__1
H P I Je06 X | .05 X | 0.09 %} n.0os %t C.08 ¥ |
i 1 Q0298 __1 00416 1 022470 | n,nan7_ 1 0,087 ]
i 45 i GaDZ % ) .02 % I 0.03 % | 0.02 = 0.02 % |
i L Ge0135. 1 n.n13g |t 0.0152__1 Nan133 4 0.0130 |}
i Py 1 G.04 % 0.93 3 | c.04 % | .04 ¥ | 0.0% 5§
H 1 Ge0257. 1 NuN250__ 1 CeD1S2 4, nan285__1 0202501
i " a7 1 .18 %} 0.15 2 | 0.05 * | 016 & | C.le ¥ |
L . ¢ SellbR_ 0. 0.1136 | 0.0244 | N.1369 | 0,1147 |
I 4o H G003 % | 0.02 = | 0,05 = 1 n.92 % | 0.02 ¥ |
| : Coolea | 0.0159 1 0:.0289. _1 s0181_1 0.0163__1
! 49 ] ua02 % I 0.02 % | 0.06 % I 0.02 2 | 0.02 * |
L 1 Q0133 1 0.0144 | 8202571 D.01l84_ ] Q.0144 )
I 52 t 0402 % 1 _ 002 % | 005 Y | G.02 % | 0.02 ¥ |
L t Dautaz 1 0.0135_ 1 0-0253 ] N,0137_ | 0,0135 |
| 51 ! L4 % | 0.03 % | 0.03 % | 0.04 % | 0.06 % |
1 | 00204 1 0702601 g-0172_ 1 N.02h4 ¢ 0.0260 |
i 52 1 G092 | 0.09 % | 0.03 % | n.09 t ¢ 0.0 % |
| [ 00574 .1 020724 .1 001734 040655 .17 0.0732 1
1 BACK~ | 83.90 % | &8.43 % 98.5% % ] 713.52 %1 _ 72.T6 % |
[__5ROgND_ | 53 i 53. 1 53 £ 53. ! 53 ]
I ToTAL ] 1200 % | 100.0 x| 1o00.0 % | 00,0 x| 100.9 % |
| i h3a1686 | 17.4770 |- 53.764R” | ¥2.1333..1___72.8559_ |




