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1 INTRODUCTION 

1 . 1 BACKGROUND 

Section 165 of the Clean Air Act l requires preconstruction review of 

major emitting facilities to provide for the prevention of significant de­

terioration (PSD) and charges Federal Land Managers (FLMs) with an affirmative 

responsibility to protect' the air quality related values of Class I areas. 

Regulations2 hDplementing these provisions require: 

• An analysis of the hDpairment to visibility, soils, and 
vegetation (52.21 (0» and 

• A notice fram the EPA Administrator to the appropriate F1M 
of any pe~it application from a source whose emissions 
would affect a Class I area (52.21 {p». 

For sources more than 10 km from any Class I areas, exemptions provide 

that no analysis of hDpairment need be done if emission increases are below 

specified IhDits.* The analysis should address the hDpai~ent due to general 

secondary growth associated with the source and need not address the hDpacts 

on vegetation having no significant commercial or recreational value. For 

hDpacts in Class I areas, consultation between EPA and the FLM is required. 

1.2 SCOPE 

The entire subject of air quality related values and impairment to 

these values is currently under investigation. For example, although some 

values related to plants, soils, and visibility are "air quality related 

values," the term itself remains to be defined in a fashion appropriate to the 

review of PSD permit applicat ions and air quality reviews. Much of the data 

required to relate ambient concentrations of pollutants to impairment of these 

values is currently lacking. However, the requirements of 52.21 (0) and (p) 

need to be addressed now wile additional investigations are being carried 

out. 

*The "de minimis" values are given in Sec. 52.21 (b)(23)( i) of the PSD 
regulations. 2 
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The information and screening procedure presented here provide interim 

guidance: 

• To aid in determining whether emissions are significant 
or whether there are significant air quality bDpacts under 
Sec. 52.21 (0) and 

• To aid in flagging sources which should be brought to the 
attention of an FLM under Sec. 52.21 (p). 

Lmpacts on vegetation and soils are the principal areas addressed 

by the procedure which thus takes a Ibnited view of the possibly broad scope 

of air quality related values. A selected review of impacts on fauna has also 

been included and the odor potential of regulated pollutants loS addressed. 

This procedure is intended for use by air quality engineers and is not 

a manual for the assessment of impacts on plants, soils, and other air quality 

related values such as would be suitable for an ecologist. A handbook provid­

ing for such detailed assessments is being prepared for the FLMs. In keeping 

with the screening approach, the procedure provides conservative, not defini­

tive results. However, a source which passes through the screen without being 

flagged for detailed analysis cannot necessarily be considered safe. Species 

more sensitive to particular pollutants than species considered in this study 

probably exist. Further research may indicate that averaging times different 

from those used here are controlling. When available, such information 

could be easily included in the screening procedure by changing the screening 

concentrations presented here. 

Based on estimates of typical stack parameters, significant emission 

levels have been estimated. These estimates are not intended to replace 

source-specific screens, but do indicate what sizes of sources appear most 

likely to cause significant impacts on plants and soils. 



2 OVERVIEW 

The procedure presented here provides a simple method for assessing 

the potential a source has for adversely affecting some air quality related 

values. In particular, the potential for impacts on plants, soils. and 

animals is assessed. The approach taken is similar to the "de minimis" 

approach used by EPA in the PSD regulations. 3 In the procedure presented 

here, the minimum levels at which adverse effects have been reported in the 

literature are used as screening concentrations. 'lbese screening concentra­

tions can be concentrations of pollutants in the ambient air, in soils, or in 

aerial plant tissues. They have been developed by searching the review 

literature; few original sources have been consulted. The analyst applying 

this procedure must read the material in Sec. 3 which lists these screening 

concentrations and provides background on them in order to apply and interpret· 

them appropriately. 

Section 5 describes a seven step process for screening a source. The 

procedure begins by estimating the maximum ambient concentrations caused' by 

the source for the averaging times specified for the screening concentrations. 

For some pollutants these maxima are compared directly to the screening 

values. For other pollutants (trace elements) estimates of deposition in the 

soil and subsequent uptake by plants are made based on an estimate of the 

maximum annual concentration. 'lhe estimated concentrations of the pollutant 

in the soil and aerial plant parts are then compared to appropriate screening 

concentrations. Concentrations in excess of any of the screening concentra­

tions would indicate that the source might have adverse impacts on plants, 

soils, or animals and that the actions required by 40 CPR 52.21 (0) and (p) 

need to be taken. For situations where modeling results are not available for 

the source, significant emission levels corresponding to the various screening 

concentrations are developed in Sec. 5.2. In these cases, emissions in excess 

of the significance levels would trigger the additional actions. 

'lbe estimation of potential impacts on plants, animals, and soils is 

extremely difficult. 'lbe screening concentrations provided here are not 

necessarily safe levels nor are they levels above which concentrations will 

necessarily cause harm in a particular situation. Effects data for plants, 

animals, and soils are under constant revision and reevaluation. There is 
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good deal of controversy among experts. In addition, this procedure is based 

upon a simplistic view of extremely complex systems in which single value 

estimates are not possible and in which the number of variables is extremely 

large. Many simplifying assumptions have been involved in developing the 

procedure and are discussed in Sec. 3. 

Ideally, the screening procedure should address the impacts of all the 

pollutants currently regulated under the Clean Air Act, but as shown in 

Table 2.1, screening concentrations were found for only half the regulated 

pollutants. Ozone and TSP are discussed in Sec. 3.1. of the remaining sub­

stances for which screening concentrations were not found, methyl mercaptan, 

dimethyl sulfide, dimethyl disulfide, carbon disulfide, and carbonyl sulfide 

are regulated because of their odor potentials. Odor is an air quality 

related value and Sec. 52.21 (b)(23)(i) of the PSD regulations2 gives "de 

minimis" emission levels for reduced sulfur (RS) and total reduced sulfur 

Table 2.1 Regulated Pollutants 

Screening Concentrations 

Available 

Mercury 

Beryllium 

Fluoride 

Hydrogen Sulfide 

Not Availab le 

TSpa 

Asbestos 

Sulfuric Acid Mist 

Vinyl chloride 

Methyl MercaptanC 

Dimethyl Sulfidec 

Dimethyl DisulfideC 

Carbon Disulfidec 

Carbonyl Sulfidec 

aFraction of TSP present as trace ele­
ments treated through deposition and 
uptake by plants. 

bScreening concentration available but 
no slinple procedure for estlinating the 
ozone impact of a single source is 
currently available. 

CRegulated indirectly as constituents of 
reduced sulfur or total reduced sulfur. 



(TRS) based on odor. RS and TRS include these sulfur compounds. Sources not 

emitting more than these "de minimis" levels 00 t/yr for both RS and TRS) are 

not expected to have a significant odor impact and hence should not require 

any additional review for impacts on air quality related values. If the 

10 t/yr "de minimis" level is exceeded, the appropriate FLM might want to 

evaluate the potential for an odor problem. Whether or not these sulfur­

containing compOunds might adversely affect plants, so ils, or animals could 

not be determined. 'lhere was one quest ionable indication that methyl mer­

captan might be toxic to plants at concentrations near 150,000 Ug/m3, far 

above likely ambient concentrations.4 Information for asbestos, sulfuric acid 

mist, and vinyl chloride was not available in the review literature consulted 

for this work. 

Pollutants which can be screened by this procedure are listed in 

Table 2.2 according to whether they are screened for potential effects on 

plants or on animals and according to whether the potential effects are caused 

directly by concentrations of the pollutant in the ambient air or whether the 

potential effect is exerted indirectly through the soil or the diet. Absence 

of a pollutant from a particular column in the table does not necessarily 

mean that impacts can not result from the pollutant acting through the 

corresponding pathway. Such absence simply means that no data to provide a 

suitable screening concentration were fOund in the review literature consulted. 
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Table 2.2. Pollutants Screened 

Potential Lmpacts on 

Plants Animals 

Direct Indirect through Direct Indirect through 
Ambient Deposition and Ambient Plants in 
Impact Uptake Impact Diet 

S02 Arsenic Arsenic 

°3 Boron Beryllium 

N02 Cadmium Cadmium 

CO Chromium 

H2S Cobalt Cobalt 

Ethylene Copper Copper 

Fluoride Fluoride Fluoride 

Lead Lead Lead 

Manganese Manganese 

Mercury 

Nickel Nickel 

Selenium Selenium 

Vanadium Vanadium 

Zinc Zinc 

aThe other five sulfur-containing compounds are screened for 
odor impacts during the "de minimis" determinaion for RS and 
TRS. 



3 AIR QUALITY RELATED IMPACT DATA 

NOTE: In this chapter and throughout this work, a distinction is made 

between parts per million by volume (ppmv) and parts per million by weight 

(ppmw) • The former, ppmv, is the unit more familiar to air quality analysts 

and is used, for examp~e, to express ambient concentrations and standards. 

The latter, ppmw, or an equivalent (mg/kg, ug/g), is frequently used to 

express concentrations of elements in soils, plants, and animals. The air 

quality analyst should be aware of the difference, because the units are not 

equivalent. The unit ppmv is normally used only in expressing concentrations 

of components of gaseous mixtures. 

3.1 GENERAL 

Data to be used in screening impacts on three air quality related 

values (vegetation and crops, soils, and fauna) are discussed in this section. 

Vegetation and crops receive the greatest amount of attention, reflecting the 

availability of data. No direct impacts on soils are defined, such impacts 

being screened through the potential impacts on vegetation growing in soils 

which have become contaminated by the deposition of air pollutants. Impacts 

on fauna are also addressed indirectly with effects bei~g related to the 

ingestion of plants containing toxic elements taken up from pollutants 

deposited on soils. Thus, the information presented here represents a prelim­

inary definition of air quality related values and impacts. 

Perhaps as important as the areas addressed are several areas not 

addressed in this procedure. These areas are visibility, acid precipitation, 

a screen for TSP, and a screen for ozone. Consideration of visibility as an 

air quality related value is required by regulations (40 CFR 52.21 (0) and 

(p». Addressing visibility was beyond the scope of this work. However, EPA 

has prepared a report to Congress on visibility6 and draft regulations7 have 

been pub iished. 

No simple procedure is currently available to deal with the impact of 

a single source on acid precipitation. Acid precipitation presents a regional 

problem involving long-range transport which makes the impact of a single-

source difficult to isolate. Various adverse effects on vegetation have 

been noted in areas with low soil buffering capacities and subject to heavy 
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annual precipitation. Such areas appear to be most susceptible. 8 ,9,lO,ll 

Observed effects include reduced growth, reduced germination of seeds and 

pollen, accelerated leaching of nutrients; decrease in soil calcium and other 

bases, and reduced microbial activity, particularly that of nitrifiers and 

nitrogen-fixers. A major EPA initiative to study acid precipitation is 

currently underway. Policy and guidance will be formulated as part of this 

init iat ive. 

Total suspended particulates (TSP) are not considered here. No useable 

information other than that used to develop the ambient standards (NAAQS) was 

found in the review literature. Thus, EPA's current procedure for TSp3 should 

suffice for the review of generic TSP. However, the trace metals in TSP may 

have greater Unpacts on vegetation and soils than the total amount of particu-

lates. Th is sec tion provides informat ion related to spec ific trace metals. 

No simple models are currently available to estimate the Unpacts on 

ozone concentrations of emissions of volatile organic compounds (voe) from 

a single source. EPA is currently developing means other than modeling 

to deal with voe emissions and ozone. It appears likely that an emission 

management approach will be taken. When this approach has been completed it 

could probably be used to review new sources for impacts on air quality 

related values. Meanwhile, the minimum reported concentrations at which 

vegetative damage occurs are presented here but no method for their use 

is given and no significance levels for voe emissions have been developed. 

3.2 NATURAL VEGE~TION AND CROPS 

3.2.1 General 

TWo pathways by which air pollutants can affect vegetation are consid­

ered here. The first is the direct exposure of a plant to a gaseous pollutant 

in the ambient air. The second involves indirect exposure to trace elements 

through deposition of the pollutant in the soil and later uptake by the plant. 

For each pathway certain qualifications and cautions should be kept in mind in 

order to avoid interpreting the values presented here either as absolutely 

safe levels for all plants or as levels which could never be exceeded without 

damaging vegetation. The following discussions are not intended to be exhaus-

tive and details required by specialists are not given. The intent is to 



provide the air quality analyst with a feeling for the difficulty of esti­

mating screening concentrations for plants and the complexity of making 

detailed assessments of impacts on vegetation. Re ferences 8, 9, 12, and 13 

may be consulted for additional details and guidance to primary source 

material. 

Effects of pollutants can be classified as acute or chronic. Acute 

effects result from short-term (e.g., 3-hr) exposures to relatively high 

concentrations. Chronic effects result from exposures to lower concentrations 

for times of from months to several years. Most of the effects data for 

plants comes from experiments conducted under acute conditions of exposure 

with some limited information on chronic exposures. 'nlus, the data may not 

adequately reflect impacts which take years or decades to develop. 

the values presented here represent the ambient levels at which visible 

damage or growth retardation may occur or the observed minimum levels at which 

injury and mortality to plants have been reported. 'nlese numbers are general­

ly the lowest values consistently reported in the literature on plant response 

to controlled exposures of single po llutants. Both field and greenhouse 

studies have been used in developing the data. Experiments which demonstrated 

only physiological changes (e.g., a change in respiration rate) without 

associated visible damage or effects on growth, weight, or yield were not 

considered in this compilation. 

'nle majority of the studies were performed on crops and other economic­

ally important species; for lack of sufficient data, it is assumed here that 

native plant species are affected at similar concentratiolls. In add it iOIl, 

assessment of the data on crops is difficult because of the number of horti­

cultural varieties available for many of the species tested. In the process 

of selecting desirable attributes in different varieties, the species' 

original sensitivity or resistance to the element being tested may have been 

inadvertently altered, making general conclusions about the sensitivity of the 

species as a whole difficult. 

Effects from simultaneous exposure to 

been ignored in the majority of the studies. 

two or more pollutants have 

Exposure to a single pollutant 

at a time is not the usual situation. Particular combinations and concentra­

tions of pollutants may act either synergistically or antagonistically under 

certain conditions. Such situations are seldom clearly predictable with 
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current information and the screening procedure presented here does not deal 

with them. A limited discussion of synergisms is pesented in Sec. 3.2.3. 

Each species exhibits a specific range of tolerance which may be 

higher, lower, broader, or narrower than another species'. In addition to 

the variation in tolerance between species, every individual of a given 

population has an intrinsic tolerance to environmental stress. Therefore, the 

population exhibits a characteristic range of tolerance so that all members of 

the population would not necessarily respond to pollutant levels that would 

adversely affect some members. 

Species vary in the way they take up, metabolize, eliminate, and 

accumulate elements. Species also vary in the way they respond to different 

elemental forms. For example, As3+ is generally thought to be more toxic to 

plants than As5+. The values presented here do not make such distinctions nor 

could they be made based on the review literature. 

Finally, the response of species and individuals depends upon a number 

of uncontrolled variables. Changes in these variables might alter the 

sensitivity of the plant. These variables include: age (stage of develop-

mend, health and vigor, season of year, temperature, light intensity, soil 

type, moisture content of soil, pH of soil, humidity, wind speed, and the 

presence of other elements. 

3.2.2 Screening Concentrations for Ambient Exposures 

Tab Ie 3.1 presents the suggested screening values for seven gaseous 

pollutants. These values represent the minimum concentrations at which 

adverse growth effects or tissue injury in exposed vegetation were reported in 

the literature. Data for some other gases could not be included because the 

critical specification of averaging time was missing. Where information was 

available, separate values are given for sensitive, intermediate, and resis­

tant plants. Species belonging to each of these groupings are given in 

Appendix B for S02, N02, and ozone. Figure 3.1 displays graphically the 

variation in experimental determinations of the minimum S02 concentration at 

which effects occur. Figure 3.2 presents a similar display for N02' For both 

pollutants there is reasonable but not perfect agreement between the graphical 

data and the screening concentrations recommended in Tab Ie 3.1. The use 

of the data from the table rather than interpolation from the curves is 



Pollutant 

COl 

Ethyleneb 

Fluorine 

Bery11 iuai 

Leadj 

Table 3.1 

Averaging 
Time 

1 hr 
3 hr. 
1yr 

1 hr 
4hra 
8hra 

4hra 
8hra 
lIDO 
1yr 

1 wk 

4hra 

3-4 hra 
24 hra 

10 day. 

1Il10 

31DO 

Screening Concentrations for Exposure to 
Ambient Air Concentrationsa,b 

c Minimum Reported Level (ppmv) 

Veletation Sen.itivity 

Sensitived 

.35(917) 

.30(786) 

Intenaediate 

.80(2096) 

Resi.tant 

5.0(13100) 
-------.007(18)--------

.20(392) 

.10(196) 

.06(118) 

2.0(3760) 
2.0(3760) 

.35(686) 

.15(294) 

.15(294) 

5.0(9400) 
4.0(7520) 

.55(1078) 

.35(686) 

.30(588) 

9.0(6920) 
8.0(15040) 

-------.30(564)--------
-------.05-.10(94-188)-----

1000 
(1,800,000) 

20.0-60.0 
(28,000-84,000) 

10,000 
(18,000,000) 

400 
(560,000) 

--------.~(47)-----------
-------.001(1.2)--------

-------(0.5-10)---------

-------" (0.01)J---------

--------(1.5)----------

aAll values except beryl1iUD and lead refer to effects on vegetation. 

Reference 

14 
16 
17 

18 
18 
18 

19 
19 

f 
20 

21 

22 

24 
25 

26 

27 

28 

bMin~ reported level. at which vi.ib1e damage or growth effects to veletation may 
occur. 

cValues in parentheses are ul/ml at 20·C and 1 atm. 

dThese values should be used in the screening procedure unless it is known that only 
intermediate or resistant plants will be affected. 

eThe values for 20% injury are reported here, since they correspond closely with other 
values in the literature. 

faased on leneralization of result. of a number of studies. 

IReversible decrea.e. in photo.ynthetic rate have been shown to occur at significantly 
lower level. but effect. on growth have not been demonstrated. 

hEthylene" ••• i. the only hydrocarbon that should have adverse effects on vegetation 
at abient concentration of 1 ppa or le ••• " (Ref. 23). 

iRESBAP value to protect public health. Very toxic to human. and presumably to some 
animals also. 

jNAAQS value to protect public health. 
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recaamended, since the curves are based on attempts to fit theoretical dose­

response curves to experimental data whereas the tabulated screening concen­

trations are based directly on experimental results. 

Several points are worth noting about the chosen screening concentra­

tions. First, the significant variation between the values for the various 

sensitivity groupings should be noted. With this large variation it appears 

unlikely that use of any values but those for sensitive vegetation could be 

justified in a screening procedure, given the large number of species for 

which information is. not available. 

Second, the tabulated concentrations should be compared to NAAQS, PSD 

increments, and likely ambient concentrations. Table 3.2 summarizes these 

comparisons for the cases where they can be made. For pollutant/averaging 

times not tabulated, either no corresponding NAAQS or PSD increment exists or 

it appears that the screening concentration could be exceeded under certain 

circumstances. For the criteria pollutants, the NAAQS appear to protect 

against vegetative damage except possibly for 3-hr and annual S02 exposures. 

For the 3-hr exposure, the screening concentration exceeds the applicable PSD 
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Table 3.2 Screening Concentrations of Gaseous Pollutants 
Compared to Ambient Criteria 

Averaging Ve~etation SensitivitI 

Pollutant Time Sensitive In termed iate Resistant 

3 hr < NAAQSa > NAAQSa c 
> PSDb > PSDb c 

lyr < NAAQSd 
> PSD Ie 

1 hr > NAAQS f > NAAQS f > NAAQSf 

4 hr c c 

8 hr c c 

CO 
1 yr -NAAQSg 
1 wk c c 

aS02 3-hr NAAQS a .SOppmv (1300 ~g/m3). 

bS02 3-hr PSD increments (~g/m3) a 2S(Class I), S12(Class 
II), 700(Class III}, 32S(Class I variance}. These values 
do not include background. 

cScreening concentration unlikely to be reached under ambient 
conditions. 

dS02 annual NAAQS a .03 ppmv (80 ~g/m3). 

eS02 annual PSD increments (~g/m3) a 2(Class I), 20(Class 
II), 40(Class III). 20(Class I variance). These values do 
not include background. 

f0 3 I-hr NAAQS a 0.12 ppmv (235 ~g/m3). 

gN02 annual NAAQS a 0.05ppmv (100 ~g/m3). 

increments and for the annual exposure, it exceeds the Class I increment. 

However, the screening concentration should be compared to the total S02 

concentration including background whereas the PSD increment does not include 

background. Thus, a source could cause an 502 conceutrat ion less than the 

increment while the total 502 concentrat ion (source:: plus background) could 

exceed the screening, concentrat ion. With the exception of the following it 

appears that possible adverse impacts to vegetation resulting from direct 

exposure to ambient concentrations of criteria pollutants are already covered 

by existing programs for NAAQS attainment: 

• S02 exposures at 1 hour, 3 hours, and I year, 

• Ozone exposures at 4 and 8 hours, 



• N02 exposures of sensitive species at 4 and 
8 hours, and 

• Long-term N02 exposures at 1 month and 1 year. 

This observation does not prec lude doing a review for impacts on plants, 

particularly where the minimum values at which effects have been reported 

are close to being exceeded. It does, however, indicate that the vegetative 

impact review can be done along with the review for NAAQS or PSD increments. 

Even in cases where review for NAAQS and PSD increments covers exposures 

to plants, there may still be the necessity of dealing with trace metal 

exposures through deposition in the soil or through concentration in plant 

tissues. 

3.2.3 Synergisms 

Only a very limited amount of information was available in the review 

literature consulted regarding synergisms. 

were found: 

• S02 and N02, 

• S02 and 03, and 

• S02, 03, and N02' 

'nlree indications of synergism 

Table 3.3 presents values which could be used as screening concentrations 

based on the most restrictive values in the references. Where averaging 

times allow comparison, the screening concentrations for single pollutants 

in Table 3.1 are greater than the screening concentrations for mixed pol­

lutants in Table 3.3. Given the problems with the data discussed in Sees. 3.1 

and 3.2.1, this comparison should not bl! interpreted as clear evidence of 

synergism. An additional caution is also in order- Mixtures of gases may act 

synergistically on some species and antagonistically on others (see, for 

example, Ref. 18). 'nlus, the tabulated values should be used to indicate 

situations where the FLMs should be alerted 30 that the situation may be 

evaluated by them. there may be additional synergisms which are not noted in 

Table 3.3 but which could be added to the table and incorporated in the 

screening procedure at a later date. 
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Table 3.3 Synergisms of Gaseous Pollutants 
(Plants)a 

Concentrations 
Pollutants (ppmv) Exposure Reference 

S02 .05 1 hr 30 
N02 .05 

S02b .30 1 hr 31 

°3 .10 

S02b .05 4 hr 32 

°3 .05 

S02 .14 6 hr/day 33 

°3 .05 for 28 
N02 .10 days 

aThe same criteria were used in selecting these 
valued from Ref. 15 as were used in developing 
Table 3.1. 

bAntagonism, as well as synergism, has been 
report~d for mixutes of S02 and 03 (Ref. 18). 

3.2.4 Screening Concentrations for Soil and Plant Tissue Exposures 

Table 3.4 presents suggested screening concentrations for trace ele­

ments found to adversely affect plants. Two types of data are presented. One 

gives a concentration which when present in the soil has been found harmful to 

plants. The other gives a concentration found to be present in the tissues 

of plants which had been harmed. In considering these values, it should 

be remembered that most clements and compounds are not deleterious until they 

have been complexed in the soil and become suitable for uptake by plants. In 

addition, many soil characteristics such as pH, composition (sand, clay, 

loam, organic matter, etc.), moisture content, and cation exchange capacity 

affect the amount of trace elements available for uptake. In developing the 

tabulated values, only data taken with the plants growing in soil were con­

sidered. Data developed in experiments in which plants were grown in aqueous 

nutrient solutions were ignored. Conditions of nutrient solution culture are 

likely to be sufficiently different from natural conditions as to render the 

results of the experiments misleading for the purposes of this work. 

As with the ambient screening concentrations for gases, a great deal of 

variation is exhibited by the data as shown in Fig. 3.3. For comparison 



Table 3.4 Screening Concentrations for 
Exposure of Vegetation to 
Pollutant Concentrations in 
Soil and Tissue 

Minimum Re20rted Level (2pmw) 

Pollutant Source 

Pollutant Soil Tissue Reference 

Arsenic 3 0.25 9 
Boron 0.5 11 9 
Cadmium 2.5 3 9 
Chromium 8.4 1 9,35 
Cobalta 19 9 
Copper 40 0.73 9 
Fluor idea 400 310 9 
Leada 1000 126 9 
Manganese 2.5 400 9,36 
Mercury 455 9 
Nickel 500 60 9 
Seleniuma 13 100 9,37 
Vanadium 2.5 38 
Zinc 300 9 

aTissue concentrations may affect anUnals 
before affecting plants. Compare to 
toxic levels for anUnals in Table 3.7. 

purposes, this figure includes results based on experiments in nutrient 

solutions and also shows the values chosen for screening concentrations in 

this work. 

No standards or PSD increments currently apply to these trace elements 

so no comparisons with other review criteria can be made. It should be noted, 

however, that the heavy metals listed in Table 3.4 are emitted as particles 

and become TSP in the acaosphere. To the extent that they contribute to TSP 

levels, the NAAQS and PSD increments would apply to these trace elements. the 

connection between such ambient levels and the screening concentrations for 

soils and tissues is discussed in Sec. 5. 

:3.3 SOILS 

In contrast to the amount of pub lished information on the effec ts of 

atmospheric pollutants on plants and anbnals, very little has been reported on 

their ~ffects on soils. Research on trace elements in soils, often the same 





elements as atmospheric pollutants, has been directed to notable deficiencies 

or excesses that limit agricultural crop production. When the amount of an 

atmospheric .pollutant entering a soil system is sufficiently small, the 

natural ecosystem can adapt to these saall changes in much the same way as the 

ecosystem adapts to the natural weathering processes that occur in all soils. 

Cultural practices (e.g .. , liming, fertilization, use of insecticides and 

herbicides) add elements and modify a soil system more than a small amount of 

deposited atmospheric pollutant can. 'lbe secondary effects of the pollutant 

appear to impact the soil system more adversely than the addition of the 

pollut-ant itself to the soil. For instance, damaging or killing vegetative 

cover could lead to increased solar radiation, increased soil temperatures, 

and moisture stress. Increased runoff and .erosion add to the problem. The 

indirect action of the pollutant, through changes to the stability of the 

system, thus may be more significant than the direct effects on soil inverte­

brates and soil microorganisms. However, the lack of long-term historical 

data on both the type and amount of atmospheric pollutants as well as the lack 

of baseline data on soils has made difficult the task of determining ~he 

effect of pollutants on soils by monitoring changes associated with ~posure 

to pollutants. A limited number of studies have been carried out on trace 

element contamination of soils .39,40 Plant and animal communities appear to 

be affected before noticeable accumulations occur in the soils. Thus, the 

approach used here in which the soil acts as an intermediary in the transfer 

of deposited trace elements to plants appears reasonable as a first attempt at 

identifying the air quality related values associated with soils. 

When viewing soils in this way it is important to know the endogenous 

or background concentrations of elements already in the soil of interest, for 

these endogenous levels may be available for plant uptake. There is, however, 

a wide variation in the normal concentrations of various trace elements as 

shown in Table 3.5.8 If extremes in the concentrations are considered, the 

range of endogenous concentrations becomes even larger (see Fig. 3.4}.41 Both 

references show relatively good agreement on the normal ranges. The tabulated 

values also provide "average concentrations" which can be used when specific 

information about the concentrations of trace elements in the region of 

interest is not available. One of the difficulties with screening for 

impacts on plants and soils becomes apparent when the endogenous concentra­

tions in Table 3.5 are compared with the screening concentrations for soils in 



Table 3.4: the screening values are 

exceeded for some part of the listed 

range for nine out of the twelve 

elements for which screening concen­

tration are given. Fluorine, lead, 

and mercury are the only elements 

whose screening values lie above the 

corresponding endogenous ranges. 

The default average soil concentra­

t ion exceeds the screening concen­

t ra t ion fo r boron, manganese, 

vanadium, and chromium and, for the 

first three of these four, the 

entire listed normal range exceeds 

the screening value. In inter-

preting this indication, it must be 

remembered that the screening 

concentration value represents 

the lowe s t va lue found in the 
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Table 3.5 Range of Endogenous soil 
Contentrations of 
Selected Elementsa 

Element 

Arsenic 
Beryllium 
Boron 
cadmium 
Clromium 
Cobalt 
Copper 
Fluoride 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Vanadium 
Zinc 

Range 
(ppmw) 

0.1-40 
1-40 
2-100 

0.01-7.0 
5-3000 
1-40 
2-100 
30-300 
2-100 
100-4000 

0.01-4. O(?) 
10-1000 

0.01-80 
20-500 
10-300 

aBased on Ref. 8. 

Average Soil 
Concentration 

(ppmw) 

6.0 
6.0 

10.0 
0.06 

100 
8 

20 
200 

10 
850 

40 
0.5 

100 
50 

review literature (see Fig. 3.3) and that not all plant species are as 

sensitive as the one upon which the value is based. As outlined in Sec. 

3.2.1, there are many additional reasons why there is no inherent conflict 

between screening concentrations and endogenous concentrations above these 

values. The chief among these are probably the variation in sensitivity 

between individuals, the variation in sensitivity between species, and the 

fraction of the endogenous concentration really available for uptake by 

plants. It should be noted, however, that endogenous concentrations of some 

elements can make soils toxic to some species. Thus, certain tolerant plants 

can act as indicator species for the element tolerated; they will be among the 

species present in soils where the endogenous concentrations of that element 

exceed levels toxic to more sensitive species. 12 

The problem associated with the amount of an element in the soil which 

is actually taken up into plant tissues can be handled in an approximate 

fashion by using a plant:soil concentration ratio. Table 3.6 provides two 

sets of concentration ratios (CR's). One set is recommended for use in this 

work; the other is based on nonstandard methods using solution cultures 
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but is given to provide some feeling 

for the large uncertainties asso­

ciated with this type of work. The 

comparison set of concentration 

ratios could be used in the screening 

procedure presented here to provide 

very conservative estimates of 

potential impacts. Some elements 

(boron and c admi um) t end to be 

concentrated by plants (ratios > 1), 

that is, concentrations in plant 

t issues exceed those found in the 

soil whereas the concentrations of 

most of the listed elements tend 

to be less in plant tissue than 

in the surrounding soil. In any 

case, these CRls represent ratios of 

averages9 and thus may give results 

quite different from the true ratio 
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Table 3.6. Plant: Soil Concentration 
Ratios 

Recommended Comparat ive 
Element Valuea Valueb 

Arsenic 0.14 4.2 
Boron 5.3 
Cadmium 10.7 222 
Cllromium 0.02 250 
Cobalt 0.11 87 
Copper 0.47 1000 
Fluoride 0.03 
Lead 0.45 2 
Manganese 0.066 3000 
Mercury 0.02-0.5 26 
Nickel 0.045 331 
Selenium 1.0 4 
Vanadium 0.01 1 
Zinc 0.64 40 

aBased on Ref. 8. 

bBased on Ref. 12. Based on non-
standard methods involving solution 
cultures. See discussion in text. 

between plant and soil concentrations in a particular case. However, they 

appear to be the best means available for estimating ,uptakes of various 

elements from the soil. 

3.4 FAUNA 

The screening concentrations presented here are based on data for 

terrestrial vertebrates. Data for aquatic species, including fish, were not 

examined in the literature reviewed. Also, effects on aquatic and terrestrial 

microorganisms are not cons idered here. Table 3.7 presents the screening 

concentration values based on data summarized in Refs. 8 and 9. The tabulated 

values represent the lowest dietary concentrations found to be harmful. 

Several factors limited the usefulness of the available data. Some harmful 

levels were given in terms of average concentrations in the affected animals. 

Unfortunately no equivalents of the plant:soil CRls were available to go from 

dietary concentrations to concentrat ions per unit body weight. In addition, 

all the data on ambient exposures failed to give averaging times thus ren­

dering it unuseable in this screening procedure. EVen for the data upon which 



Table 3.7 is based, there were no 

indications as to how long the 

element needed to be ingested in the 

given concentration before causing 

the harmful effect. Comparison of 

the sc reening concentrat ions for 

animal effects (Table 3.7) with the 

values for plant tissue concentra­

t ions (Tab Ie 3.4) shows that the 

values for animals generally exceed 

those for plant tissue concentra-

tions. However, for cobalt, fluor-

ide, lead, and selenium, it appears 

that plants could accumulate concen­

trations that would be toxic to 

some an ima I s be fore the pI an ts 

themselves were harmed. 

For beryllium and lead, 

Table 3.7-

Trace Element 

Arsenicb 
Cadmiumb 
Cobalt 
Copperb 
Fluoride 
Lead 
Manganeseb 
Nickelb 
Selenium 
Vanadium 
Zinc 

Dietary Trace-Element 
Concentrations Toxic 
to Animalsa 

Dietary 
Concentration (ppmw) 

3 
15 
1-3 
20-30 
100-300 
80-150 
500-5000 
1000 
5-30 
10-500 
500-1000 

aBased on Ref. 8. 

bTissue concentrations in plants may 
affect plants before affecting 
animals. Compare to plant screening 
concentrations in Table 3.4. . 

data on aabient air exposures were available in terms of the NESHAP and NAAQS, 

respectively (see Table 3.1). these values relate to human exposures. With­

out other indications these same levels have been assumed to be potentially 

hazardous to at least some animals as well. 



4 TRACE ELEMENT AIR QUALITY DATA 

EPA's Storage and Retrieval of Aerometric Data (SAROAD) system was used 

as a data base to develop air quality information for trace elements. The 

information was intended to serve prUnarily as an aid in estUnating background 

concentrations so minhDum concentrations were included. A secondary purpose 

of the information was to identify locations where high concentrations already 

exist. For this purpose, maxhDum concentrations were included. Compilation 

of available data for all the pollutants discussed here with estimates 

for all relevant averaging times would not have been feasible so the data 

search was limited to trace elements including lead. It was also felt that 

more complete data for the gaseous criteria pollutants would be available 

locally than could be found in SAROAD. On the other hand, many localities 

probably lack estUnates of trace element concentrations. Since only annual 

averages are used in screening for trace element Unpacts, the data search 

emphasized annual average data. MaxUnum and minimUlll short-term observations 

have been included in the data compilations for informational purposes. 

In order to improve coverage, data for 1975-77 inc lusive were used. 

Many locat ions had data for only one of the three ye ars . As expec ted, all 

the data were based on high volUllle saapler data with 24-hour averaging tUnes. 

It was also frequently the case that insufficient data was available to allow 

the calculation of a valid annual average. !he available data is presented in 

Appendix C. No data was found for mercury, boron, cobalt, copper, and nickel. 

The data is presented by state and county for each pollutant. As can be seen 
• 

from the tables, the spatial coverage is poor. For counties with data, only 

the minhDUIIl and muhDum annual averages from all reporting stations are given. 

With multiple stations, it is unlikely that both values come from the same 

location. 

In order to avoid possible misinterpretation of the data, it should be 

kept in mind that SAROA» routinely stores values below the limit of detect­

ability as one-half the minhDUIIl detectable IhDit. In some cases, this will be 

the value which is listed as the minimUlll observat ion. lhese situations are 

usually fairly obvious, since the same minUnUlll value will be recorded at a 

large nUlllber of stations. 
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S SCREENING PROCEDURE 

5.1 METHODOLOGY 

5.1.1 Description 

A simplified view of the pathways between sources and receptors is 

presented in Fig. 5.1. This simple view is used here as the basis for 

screening a source for potential adverse impacts on plants, soils, and 

animals. Emissions from the source are assumed to disperse in the atmosphere 

and add to whatever local background concentrations might exist to provide 

an estimate of the maximum ambient concentration for the averaging times 

of interest. These ambient concentrations may act along four different 

pathways. The first two are routes in which the ambient concentrations 

affect animals or plants directly without any intervening mechanisms. 

In the third, animals can ingest substances deposited on plants before the 

substances have been washed off by rain or blown off onto the soil. Such 

ingestion is a critical pathway. Appendix D provides a referenced discussion 

of the literature related to toxicity resulting from this pathway and the 

potential for harm to animals exists whenever heavy metals are deposited on 

materials which they ingest. Some start on dealing with this issue was made 

here in terms of estimating the amount of deposited material but a complete 

methodology was not developed. However, reviewers should be aware of this 

p\ltentially critical pathway and the material in Appendix D may be useful 

in flagging critical situations. In the fourth, a certain amount of the 

dispersed material is deposited on the soil. As noted in Sec. 3, only the 

deposition of trace elements is considered here. The deposited trace elements 

as wp.ll as any endogenous concentration of the element are then available for 

uptake by plants in quantities which may be toxic to the plants themselves or 

to animals which feed upon the plants. 

It is important to realize that this simplified picture leaves out 

many potentially important pathways and natural processes. For example, 

there is no provision for the uptake and concentration of substances by 

plants directly from the air; all such concentration is assumed to be through 

the soil with uptake by plant roots. No account is taken of removal of 

deposited substances from the soil by runoff, leaching, or erosion and the 
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subsequent deposition of such substances in bodies of water. Also, no account 

is taken of deposition directly fram the air into water. Finally, the effects 

on anbnals of ingesting contaminated water have not been addressed. 

Screening for a particular source is accomplished in a series of 

steps. Steps 1 and 2 apply to airborne pollutants; steps 1 and 3-7 apply for 

trace metals where deposition must be taken into account. Step 8 provides an 

alternative where modeling results for the source are unavailable. 

1. Estbnate the max~um ambient concentration for averaging 
t~es appropriate to the screening concentrations for 
pollutants emitted by the source and including any 
background concentrations. 

2. For exposures to airborne pollutants, check the max~a 
from Step 1 against the corresponding screening concentra­
tions in Table 3.1 or against the corresponding NAAQS, 
NESHAP or PSD increments, whichever applicable standard 
is most restrictive. In addition, the possibility of 
synergisms should be considered. 

3. For trace metals, calculate the concentration deposited 
in the soil from the max~um annual average concentra­
tion assuming that all deposited material is soluable 
and available for uptake by plants. 

4. Compare the increase in concentration in the soil to 
the e~isting endogenous concentration using the average 
values in Table 3.5 when local data is unavailable. 
(This provides a supportive indicator, not a pr~ary 
decision parameter.) 

5. Calculate the amount of trace element potentially taken 
up by plants using the CRls in Table 3.6. 

6. Compare the concentrations from Steps 3 and 5 with the 
corresponding screening concentrations in Tables 3.4 
and 3.7. 

7. Reevaluate the results of the comparisons in Steps 4 and 
6 using estbnated solubilities of elements in the soil to 
provide supportive indications, recognizing that actual 
solubilities may vary significantly from the estbnated 
values. 

8. If mOdeling results are unavailable, the significance 
levels for emissions developed in Sec. 5.2 may be used 
to screen the source. 

The discussion in Sec. 5.2 also provides an example of the application of 

the screening procedure. This example develops the significant emission 

levels for one of the trace elements from an estbnate of a source I s max~um 



annual average concentration. Table 5.1 summarizes these steps and indexes 

them to the relevant sections, tables, and equations in the text. Figure 5.2 

provides a flowchart of the screening procedure showing the more commonly 

used tables and equations. 

5.1.2 Estuaating Maximum Concentrations (Step 1) 

To estimate the maximum concentration, the maximum air quality impact 

of the new source must be estimated and added to an appropriate background 

concentration. 

S.1.2.1 Air Quality Modeling 

The first step in the screening procedure for air quality related 

values is to estimate the maximum ambient concentrations of pollutants 

emitted from the new source for appropriate averaging times. Table S.2 gives 

the correspondence between pollutants and the averaging times to be considered 

for each. Two cases need to be considered. The first arises when the 

required source-specific concentration estimates are available and the second 

arises when they are not. 

Concentration Estimates Available. When source-specific estimates 

made by an approved model are available they should be used directly in 

making the calculations and comparisons called for in Steps 2-7 of Table 5.1. 

Such a situation would be ideal but such estimates may frequently be unavail­

able, particularly during early discussions of a permit application. 

Concentration Estimates Unavailable. When source-specific estimates 

of concentrations are unavailable or when they are lacking for some critical 

averaging times, there are two courses of action: 

• Use of a screening teChnique for air quality impacts 
if the emission rates and stack parameters are 
available or 

• Use of the significance levels for emissions presented 
in Sec. 5.2. 

If stack parameters are available, some simple techniques of dispersion 

modeling can be used to screen the source for its air quality impac t, remem­

ber ing that only a screen and not a definit ive demonstration is required. 

Reference 42 provides such techniques developed by EPA for use in new source 



Table 5.1 Steps in Screening Procedure 

Step Descr ipt ion 

1 Estimate ambient maxima 

• Modeling 
• Background 

2 Screen for direct exposure 

3 

4 

5 

Calculate deposited concentration 
of trace elementsa 

Calculate percentage increases 
over endogenous concentrationsb 

Calculate tissue concentrations 
in plants 

6 Screen for potential adverse 
impacts of trace elements 

7 Consider effects of trace element 
solubilityb 

8 Apply significance emission levelsc 

Applicable Text 

Section Tables 

5.1.2 
5.1.2, Appendix C C.l-C .10 

5.1.3 3.1,3.3,5.3 

5.1.3 

5.1.3 3.5 

5.1.3 3.6 

5.1.3 3.4,3.1,5.5 

5.1.3 3.4,3.1,5.4 

5.2 5.6,5.1 

Equat ion 

5.1 

5.4 

5.5 

5.7,5.8 

aReviewers may want to review the information in Appendix D to assess the potential for 
harm to animals from directly ingesting deposited materials. 

bSupportive indication only, not primary decision parameter. 

cUsed only when source-specific modeling results are not available. 
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Table 5.2 Pollutants and Averaging Times 

Reguired Averaging Times 

Pollutant I hr 3 hr 4 hr 8 hr 24 hr I wk 10 days I mo 3 mo 

S02 X X Xa 

N02 X X X 

CO Xa Xa X 

H2 S Xa X 

Ethylene X X 

Fluoride Xa X 

Be Xa 

Pb Xb 

Trace Elementsd 

aFor comparison with criteria not necessarily related to impacts on plants, animals, 
or soils (NAAQS, NESHAP's, PSD increments). 

bApplies to both impacts on plants, animals, soils and other criteria. 

cAlso included in trace element analysis. 

dTrace elements: As, B, Cd, Crt Co, Cu, F (as fluoride), Pb, Mn, Hg, Ni, Set V, Zn. 

eRequired for use in estimating amount of deposition. 

I yr 

Xb 

Xb 

XC 

Xe w .... 



review. '!bese methods were used to develop EPA's significance levels for 

emissions42 published as part of the proposed PSD regulations. 43 ,44 

As an alternative, the procedure used in Re"f. 45 to estimate air 

quality impacts can be used as presented in Appendix A. Some expansion 

of the original procedure was require4 to cover the range of averaging 

times nee4e4 for this screening proce4ure. The equation. ~resented in 

Appen4ix A are suitable for han4 calculation or the development of a simple 

computer co4e. 

this proceGure. 

'!be significance levels presented in Sec. 5.2 are based on 

5.1.2.2 Backgroun4 Concentrations 

The estimation of backgroun4 concentrations is one of the perennially 

difficult problems of air quality analysis. Development of new approaches 

was beyond the scope of this work. '!he analyst should consult Ref. 46 for 

gui4ance on this subject. No attempt was made here to develop information for 

the gaseous criteria pollutants. For these gases, it was felt that local 

records would be likely to provide more timely and complete information. In 

a44ition. the sheer volume of data available preclude4 its inclusion in this 

proce4ure. No attempt was ma4e to 4evelop background estimates for other than 

annual averaging times. 

For the 14 trace elements (incluGing lea4). EPA's SAROADfiles were 

searche4 as described in Sec. 4. No information was found for mercury, boron, 

cobalt. copper, and nickel. '!he tables in Appendix C summari.e the informa­

tion foun4 by state an4 county. To estimate a background value, the concen­

trations in the county of interest or nearby counties should be used and 

the minimum geometric mean picked. 'niis minimum can then be added to the 

estLDated maximum annual concentration from the source being screened. Values 

of the minimum geometric mean from other areas should be compared with the 

value chosen. It is possible that some of the tabulated minima may be too 

high to represent backgroun4 levels because the monitor providing the data is 

impacted by a large source and thus is not representative of general back­

groun4 conditions. 

It will not be possible to estimate background levels by this method 

for many locations. In such a situation, the minimum geometric mean may 
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be selected from among those tabulated in Appendix C and used in a sensitivity 

analysis to determine if the addition of a background level is likely to 

raise the predicted concentration above the screening concentration. If 

it does, then a determination of background will be necessary to allow a 

clear determination of the source's potential to cause adverse impacts due 

to trace element deposition. 

5.1.3 Screening and Deposition (Steps 2-7) 

Screening for Direct Impacts (Step 2). This screen applies to the 

pollutants listed in Table 3.1 for which data was available on direct impacts 

of airborne concentrations on plants and animals: S02, N02, CO, H2S, ethyl­

ene, flourides, Be, and Pb. After the maximum concentrations both with and 

without background have been calcul'ated, screening is simple. The appropr iate 

maxima are compared to the values given in Table 5.3. Values in excess of 

the screening concentrations indicate that additional detailed review is 

required and that the appropriate FLM should be notified. The possibility of 

synergisms should also be checked at this point. Consideration should be 

given to the synergisms listed in Table 3.3 but no screen on the values listed 

there is recommended here. Rather, the information could be used to alert the 

appropriate FLM to the possibility of a problem arising from synergisms. 

Also included in Table 5.3 are the values used in reviewing new sources 

under other criteria. The value expected to be controlling for each pollutant 

has been circled in the table under the fol~owing assumptions: 

• No background, 

• Long averaging times result in lower concentrations 
than short averaging times, and 

• For short averaging times, the concentration is 
proPortional to averaging time raised to the power 
-0.17. 

This observation is made only to give some feeling for what might be expected. 

It is possible, for example, for a new S02 source in a Class III area to 

be controlled by the 700 ~g/m3 PSD increment and still need to do a review 

for plant, soil, and animal impacts if 3-hour background levels are high 

enough to make the predicted ambient concentration likely to exceed 786 ~g/m3. 

Completion of Step 2 would complete the screening for direct impacts from 

airborne pollutants. 



Screenin. 
Criterion 

AQRV 

1 3 24 A 

Table 5.3 Ambient Screening Concentrations 

Aabient Concentration (~,/a3) 

Pollutant and Averllin, ft.ea 

N02 co Ethyl ... l'1uoride le"yIU.. Lead 

4 8 H A 1 8 w 4 3 24 240 H 3M 

Sereenin. 
Concentrationb 917 786 - 18 l,76Qb 1760b 564 <!!D 1.800.000'» 28.000b 47(h!) G]) 

PSD Incr_ent 
le.f 
Ile,f 
IUe,f 
Variancee ,. 

- 1.300 

25 
512 
700 
325 

365 80 - C!!!)40.000 <i!.ooY 
G)2 

91 20 
182 40 

91 20 

Note: Circled valuea expected to be controllinB. lee text. 

aNumerall: houri 
W: 1 veek 
H: 1 IIOnth 
A: Annual 

bAmbient eoncentrationl thil hiBh are unlikely. 

c40 CFR 50. 

dBaled on lIIuilllU. iapaet of louree plul back,round. 

eRef. 1. 

fBased on lIIaxilllwa baplet of lource Ilone. 

'Includes the source to,ether with all other loureel. 

h40 erR 61. 
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Calculating Deposited Soil Concentrations (Step 3). Deposition of trace 

elements is a long-term process extending over the lifetime of the source. 

The simple procedure used here depends upon an estimate of the maximum annual 

average concentration from the source as corrected by the addition of a 

background concentration if known. Reviewers may also want to review Appendix 

D at this point to assess the potential for harm to animals from direct 

ingestion of deposited heavy metals (see Sec 5.1.1). The following equation 

can be used to estimate the maximum concentration in the soil: 

where: 

DC(ppmw) = 21.5 (N/d)X 

DC ~ deposited concentration (ppmw), 

N ~ expected lifetime of source (yr), 

d 3 depth of soil through which deposited material 
is distributed (cm), and 

X ~ maximum annual average ambient concentration from 
the source (~g/m3). 

(5.1) 

The value generally recommended for d is 3 cm. 8 ,9,12 Some workl3 has assumed 

20 em for d, but the more conservative value of 3 should be adopted for use 

in this screening procedure unless site-specific data indicate that greater 

penetrations of deposited substances are more representative of local condi­

tions. It should also be noted that an estimate of the source's lifetime must 

be made in order to use Eq. 5.1. In the absence of contrary indications, a 

value of N = 40 years should provide a reasonable and generally conservative 

estimate of source lifetimes based on lifetimes equal to twice the time 

allowed by the Internal Revenue Service for equipment depreciation. 45 ,47 

If the source is tied to a resource, the estimated resource lifetime might be 

used instead of 40 years. For example, a mine-mouth power plant might have a 

lifetime of N = 100 years based on the life expectancy of the mine or a gas 

plant might have a lifetime N a 15 years, the expected useful life of the gas 

field. 

Equation 5.1 is simply derived. Consider a volume of soil 1 m2 in 

area and d cm deep at the location of the source's annual maximum. The weight 

of material deposited on this area of 1 m2 can be calculated as: 



(
Weight ). (Ambient \ (Deposition\ (l m2) x (Time). 
Deposited Concentration) x Velocity ) x 

The weight of the soil in the volume of interest is 

(
Weight) (volume) (Bulk Density) 
of soil • of soil x \ of soil 

• (1 m2 ) x (d) x (Bulk De~sity). 
\ of sOlI 

(5.2) 

(5.3) 

Then the ratio of the weight deposited to the weight of the soil can'be 

used to find the concentration of the deposited material by weight in the 

soil. Soil densities range frCD 1-2 gra/cm3 and a value of 1.47 g/cm3 is 

assumed here as a good average value .12 If an average value of 1 em/sec is 

assumed for the deposition velocity, Eqs. 5.2 and 5.3 can be combined to 

give 

DC • (Weight deposited)/(Weight of soil) 

• 21.5 (H/d) X ~u:) 

• 21.5 (H/d) X (ppaw) 

where conversion factors have been used as appropriate to give consistent 

units. This result is simply Eq. 5.1. The principal assumptions in this 

derivation are: 

• Deposition velocity of 1 em/sec, 

• Average bulk density of soil • 1.47 gm/cm3 , 

• UnifOrm distribution of deposited material throughout 
the soil volume, and 

• All deposited material is retained by the soil, that 
is, no leaching, surface runoff, or erosion. 

Calculate Increase over Endogenous Soil Concentration (Step 4). Ihe 

purpose of this simple calculation is to provide a supportive indication 
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for the primary screen for depositio!l to be carried out in Step 6. As sug­

gested in Ref. 13, an increase over the endogenous concentration of more than 

10% over the lifetime of the source could be taken as a possible cause for 

concern. The percentage increase is sUnply calculated from 

(% Increase) - [DC(ppmw) x 100)]/[Endogenous 
Concentration (ppmw)] (5.4) 

where the deposited concentration (DC) was calculated in Step 3. The average 

endogenous concentrations from Table 3.5 can be used but data for the area 

of interest is preferab le given the wide range in natural concentrations. 

It is not recommended at this time that a source be flagged for 

further actions based solely on the results of this calculation. The results 

of the screens in Step 6 are appropriate for that purpose. However, an 

indicated increase of more than 10% in this step would increase the assurance 

with which a finding that additional action was necessary could be made. 

Calculate Potential Concentrations in Plant Tissue (Step 5). Once 

the deposited concentration in the soil has been calculated using Eq. 5.1, 

straightforward application of the plant:soil concentration. ratios in Table 

3.6 can be used to estimate the concentration in aerial plant parts (tissue 

concentrat ion) 

[Tissue concentration (ppmw)] = 
[Deposited concentration (ppmw)] x [Concentration ratio] 

or 

TC (ppmw) - DC (ppmw) x CR (5.5) 

using TC for tissue concentration and other symbols introduced earlier. 

Equation 5.5 requires an additional conservative assumption: 

• All the deposited material is soluable and 
available for uptake by plants. 

This assumption is almost always violated in practice. Table 5.4 gives 

the solubilities of some trace elements based on extraction of these elements 

from endogenous concentrations in the soil. l3 Of course, the solubilities of 

exogenous deposited elements could differ markedly from these values as could 

the solubilities of endogenous concentrations in different soils. The solu­

bility of a trace element in the soil depends upon many factors. Among these 



Table 5.4 Solubilities of Endogenous 
Trace Elementsa,b 

Solubility 
Element (Z )C 

Arsenic 9 

40 

Boron 

CadmiUID 

Chromium 

Cobalt 

Copper 

Fluoride 

0.004 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Vanadium 

Zinc 

aBased on Ref. 13. 

bUsed in Step 7. 

0.4 

0.1 

37 

0.8 

0.1 

21 

8 

Emission Rate 
Increase Factord 

11 

2.5 

25,000 

250 

1,000 

2.7 

120 

1,000 

4.8 

12 

COnly soluable fraction would be available 
for uptake by plants. 

dUsed when Step 8 is required. 

are ch_ical form, temperature, presence of other elements, selective uptake 

by plants, soil pH, and soil moisture content. !he composition of the soil is 

also an important determinant of solubility, especially the presence of 

organic matter and clays which can bind trace elements. The point is that a 

significant portion of the exogenous concentration may be unavailable for 

uptake by plants, making !q. 5.5 a conservative estUaator. 

Screen for Potential Adverse Impacts from Trace Elements (Step 6). 

At this point the screen for adverse impacts from the deposition of trace 

elements is straightforward. The process is sUailar to that used in Step 2, 

that is, the comparison of calculated concentrations to tabulated screening 

concentrations. In this step, however, three comparisons need to be made: 
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1. The deposited concentration (DC) is compared to 
the soil screening concentration in Table 3.4, 

2. The tissue concentration (TC) is compared to the 
tissue screening concentration in Table 3.4, and 

3. The tissue concentration (TC) is compared to the 
dietary screening concentration for anUnals in 
Table 3.7. 

A calculated concentration in excess of anyone of the three screening concen­

trations is an indication that a more detailed evaluation may be required for 

the new source and/or that the FLM should be notified, since there are indica­

tiOllS of potential adverse Unpacts to plant, soils, or animals. In making 

these three comparisons, the following additional assumptions have been 

made: 

• All deposited forms of an element have the same toxicity, 

• The feeding or grazing range of animals is limited to the 
area exposed to the estimated maxUnum annual concentration, 
and 

• Most Unportantly, it is the exogenous incremental burden 
which should be compared with the screening concentration 
values, not the burden which would result from both the 
exogenous and endogenous concentrations. 

This last assumption is critical and follows the procedure used in Refs. 12 

and 13. The assumption is implicit in Eq. 5.5 where only the deposited 

concentration (DC) is used to calculate the tissue concentration (TC) and in 

the three screens as defined above. 

The three screens can be compared to see which is the most restrictive. 

The screening value for concentrations in aerial plant tissues and for concen­

trations toxic to animals can be converted into equivalent soil concentration 

values by use of the plant :soil concentration ratios. The dietary concen-

tration potentially toxic to animals can be thought of as the concentration in 

aerial plant parts that may be toxic to animals. Thus, Eq. 5.5 can be re­

arranged to give the equivalent deposited concentration (EDC) corresponding 

to a particular screening tissue concentration (STC): 

EDC (ppmw) = STC (ppmw)/CR (5.6) 

where the STC is either the plant tissu'=! screening concentration from Table 

3.4 or the animal screening concentration from Tab Ie 3.7- In fac t , Eq. 5.6 
provides an alternative approach to the screening procedure that is equivalent 



to the one presented here. Table 5.5 gives the equivalent deposited concen­

trations (EDes) for the trace elements. Based on the CR's and assumptions 

used here, animals appear to be the cr it ic al receptor for cobalt, lead, and 

selenium while tissue concentrations in plants appear to be critical for 

arsenic, cadmium, copper, and zinc. For the remaining seven elements, the 

soil concentration appears to be critical. As long as the screening concen­

trations and concentration ratios given here are used, Table 5.5 can be used 

to reduce the number of comparisons required for a screen. For example, 

cadmium sources need only be screened against the single screening value for 

plant tissue concentrations, since this screening concentration is shown to be 

controlling in the table. 

Table 5.5 Equivalent Exogenous Soil 
Screening Concentrations 

Eguivalent DeEosited Concentration (22!w) 

Trace Plant 
Element Soila Tissueb ADimalsc 

Arsenic 3 l.Sd 21 

Boron O.Sd 2.1 

cadmium 2.5 0.2Sd 1.4 

Olromium S.4d 50 

Cobalt 170 9.ld 

Copper 40 1.6d 43 

Fluoride 400d 10,300 3,300 

Lead 1000 2S0 lSOd 

Manganese 2.Sd 6,100 7,600 

Mercury 45Sd 

Nickel sood 1,300 22,000 

Selenium 13 100 5d 

Vanadi\lll 2.Sd 1,000 

Zinc 470d 7S0 

aSame as soil value in Table 3.4. 

bEDC .. (STC for plants from Table 3.4)/CR. 

cEDC = (STC for animals from Table 3.7)/CR. 

dControlling value. 
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Since acute fluoride poisoning in various species of cattle has been 

well documated, 48 it is surprising that animals do not appear to be critical 

for fluorides. ntis may be due to the omission of the critical pollutant 

pathway involving ingestion by animals of materials deposited on plants 

prior to these materials being washed off or blown off the plants and carried 

into the soil. The same indication could be given of course, if the screening 

concentration value for the effects of soil fluorides on plants were based 

upon a very sensitive species. Further detailed investigation and more data 

would be required to determine whether the latter explanation is true or 

whether there is a deficiency in the procedure outlined here. In either case, 

the fluoride example serves to illustrate the potential problems involved 

in screening for impacts on air quality related values. 

Consider Effects of Solubilities (Step 7). nte assumption that all 

deposited material is soluable and available for uptake by plants is unlikely 

ever to be met in practice. If a screen indicates that a further action 

is needed on a source because its emissions will cause a trace element screen­

ing concentration to be exceeded, an attempt may be made to look at the 

possible effect of reduced solubility on that indication by considering the 

solubility of the deposited material. ntis additional consideration should 

only be used as a supportive indicator; it can only increase confidence in 

the decision to take further action; it can never reverse such a decision 

based on the screens in Step 6. That is, the conservative assumption of 

100% solubility should be used in making the decision for further action on 

the source. 

If the solubility of a particular trace element is S%, the amount 

actually available for uptake (AA) by plants is 

(

Amount J 
available ... DC 
for uptake 

x (s/100) 

or 

AA = DC x (S/100). (5.7) 

This value for AA should be compared with the soil screening concentrations 

in Table 3.4. An equation similar to Eq. 5.5 can now be written reflecting 



the assumption that only the fraction AA of the depos ited concentration is 

available for uptake. 

TCcorr • • AA x CR • DC x (S/100) x CR • TC x (S/100) (5.8) 

where TCcorr • stands for the tissue concentration corrected for the solubility 

of the deposited material. The new values of TCcorr • could be compared with 

the screening concentrations for plant tissues and an~als given in Tables 3.4 

and 3.7, respectively. 

5.2 EXAMPLE SCREEN AND SIGNIFICANT EMISSION RATES 

Section 5.2.1 illustrates the use of Steps 1-7 of the screening 

procedure through application to a source of nitrogen dioxide and arsenic. 

Whenever source-specifi~ est~ates of maximum concentrations are available 

or can be generated: Steps 1-7 should be used. Step 8 provides an alternative 

screening procedure based on the concept of significant emission rates 

(SER). Section 5.2.2 illustrates the derivation of the SER for arsenic from 

the results for the example source and describes the use of the SER' s ~or 

screening. Use of the SER's precludes any consideration of the emission 

characteristics cf the source other than emission rate. Local conditions 

including background also cannot be taken into account. Application of Steps 

1-7 is the preferred procedure. 

5.2.1 Example Screen 

The example source is assumed to have a plume release height of 30 m 

(physical stack plus plume rise). It is assumed that the source is subject 

to PSD review and that it is desired to screen the source for arsenic and 

nitrogen dioxide among other pollutants. An emission rate of 1 T/yr of 

arsenic is assumed for this example and est~ates of maximum concentrations 

of N02 are available for 4-hour and 8-hour averaging t~es. Following Table 

5.1 or Fig. 5.2, the first step in the procedure is to estimate maximum 

concentrations for the times listed in Table 5.2. For arsenic, these esti­

mates need to be made. Using the simple modeling procedure outlined in 

Appendix A, the maximum annual average ground level concentration is found to 

be X = 0.1051 ug/m3 • Other appropriate models or techniques could also be 

used. If an insignificant background is assumed for the example, this 

result completes Step 1 of the screening procedure for arsenic. For N02, the 
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available results show maximum ground level concentrations (including back­

ground) of X4 .. 51 IJg/m3 and Xa =- 45 \.Ig/m3 for averaging times of 4 and 8 

hours, respectively. (A little foresight will show that estimates need not be 

made for 1 mo and 1 yr.) These results complete Step 1. 

Then in Step 2 of the screening procedure, these maximum concentrations 

for N02 would be compared to the appropriate screening concentrations in 

Table 3.1 or Table 5.3. For N02, the screening concentration at both 4 and a 

hours is 3760 llg/m3 . The estimated maxima are for be.low this value. No 

calculation need be done for the one month and annual averaging times, since 

the modeled 4- and a-hour maxima are already below the corresponding screening 

concentrations. There would thus be no indication that a more detailed review 

would be required for N02 impacts on plants, soils, and animals. 

Since the screen also involves a trace element, the next step is 

Step 3. If a 10-year lifetime (N=-lO) is assumed and the recommended value of 

3 cm is used for the depth of soil throughout which the deposited arsenic is 

mixed, Eq. 5.1 gives 

DC .. 21.5 (N/d)X 

.. 21.5 (10/3) x (.1051) = 7.53 ppmw as the concentration 
of arsenic in the soil. 

Following with Step 4 and Eq. 5.4, 

[% Increase] = 7.53 x 100/6 = 126% 

where 6.0 ppmw has been used as the average endogenous soil concentration 

of arsenic from Table 3.5. Thus, there is a supportive indication that the 

source should receive further review if Step 6 shows the potential for adverse 

impacts because the source may increase concentrations of arsenic in the soil 

by more than 10%. In Step 5, the plant tissue concentration would be calcu­
lated from Eq. 5.5: 

TC = DC x CR = 7.53 x 0.14 .. 1.05 ppmw. 

Next the screening comparisons are made in Step 6. The DC (=7.53 ppmw) 

exceeds the soil screening concentration of 3 ppmw for arsenic given in 

Table 3.4. Similarly, the TC (1.05 ppmw) exceeds the tissue screening concen­

tration of 0.25 ppmw given in Table 3.4. The TC does not exceed the animal­

related screening concentration of 3 ppmw given in Table 3.7. There are thus 



two indications that this source might adversely affect plants and that 

further actions need to be taken. 

To look at the possible effect of arsenic solubility on these indica­

tions, the calculations in Step 7 can be done. For arsenic, Table 5.4 gives a 

solubility of 9% to account for the limited solubility of arsenic compounds. 

Equations 5.7 and 5.8 give AA • 7.53 x .09 • 0.68 ppmwand TCcorr • 1.05 x .09 

• 0.0945 ppmw. AA does not exceed the soil screening concentration of 3 ppmw 

and TCCorr does not exceed the tissue screening concentrations for plants and 

animals, 0.25 ppmw and 3 ppmw, respectively. !hus, no supportive indication 

has been found but the original indication that additional detailed work is 

required on the source is not altered and it is known that solubility effects 

might be important. 

5.2.2 Significant Emission Rates 

Basic Levels. this subsection discusses the development of a signifi­

cant emissi~n rate (SER) for arsenic based on the generic source discussed" in 

Sec. 5.2.1 with a release height of 30 m and an expected lifetime of 10 years. 

An SER is defined as the minimum emission rate which would cause the source's 

impact to just equal the screening concentration. !hat is, 

(Si~n i~icant) eml.SSl.on • 
rate 

[(Screening concentration)/~oncentration from source)] 

x (Source's emission rate). 

For arsenic in soils and the exaaple source, 

SER(Soils) • [3/7.53] x (1 T/yr) • 0.40 T/yr. 

Arsenic emissions from this source in excess of 0.40 T/yr might be expected 

to cause a soil concentration in excess of the screening concentration. 

Similarly, significant emission rates based on plant tissues (TC • 1.05 ppmw) 

and animal ingestion (TC • 3 ppmw) can also be calculated: 

SER(Tissue) • [0.25/1.05] x (1 T/yr) • 0.24 T/yr and 

SER(Animals) • [3/1.05] x (1 T/yr) • 2.8 T/yr. 

Such significant emission rates were calculated assuming a 30 m release height 

as in Ref. 43, a 10-year source lifetime, and the air quality model presented 
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in Appendix A. For pollutants acting along the direct pathways, Table 5.6 

presents the significant emission rates. Table 5.7 presents such rates for 

trace elements. When no mode ling results or stack parameters such as are 

required by simple air quality screening procedures are available, the 

source's emission rates can be compared directly with those given in these 

two tables. As already noted in the discussion of Table 5.3, other criteria 

may be controlling particularly when background is considered. Still, the 

significant emission rates presented in Table 5.6 can, be used to screen for 

potential adverse impacts to plants, animals, and soils. Other criteria may 

apply to different stages of the new source review process. When applying the 

significant emission rates in Table 5.7, only the smallest value need be 

considered for each pollutant. The values based on exceeding ten percent of 

the average endogenous soil concentration should again only be used as suppor­

tive indicators; the primary decision is based upon exceeding the values based 

on the criteria for soils, plant tissues, and animals. 

years. 

The values tabulated in T~ble 5.7 assume a source lifetime of 10 

Significant emission rates for other lifetimes for trace elements 

acting through the deposition pathway are easily calculated: 

(

Significant) 
emission Tabulated 
rate for = (si~ni~icant ) 
N year em1SS10n rate 
lifetime 

x (lOIN). (5.9) 

Thus, for example, if the lifetime of the arsenic source in the above example 

had been 40 years instead of 10 years, the associated significant emission 

rate based on the plant tissue screening concentration would have been 

changed from 0.24 T/yr to 

(0.24) x (10/40) = 0.06 T/yr. 

Solubility. As in Step 7, additional supportive indications can be 

sought by considering the effects of solubility. 

emission rate can be found from 
A corrected significant 

(

Significant ) 
emission Significant 
rate corrected = (emission rate) 
for solubilit~ from Table 5.7 (

EmiSS ion rate ~ 
x increase factor 

from Table 5.4 
(5.10 ) 



Table 5.6 Significant Emission Rates for Direct Acting Pollutant8a 

Sereenina 
Criterion 

AQRV 

1 3 24 A 4 8 H 

Sereenina 
Concentration 160 170 171 840 950 3,200 

HAAQS 

PSD Increment I 
II 

III 
Variance 

HESHAP 

290 

5.3 
110 
150 

69 

110 760 

1.5 19 
28 190 
55 380 
28 190 

aBaaed on 30 m relea •• beiaht and ao backaround. 

bHumerals: hours 
N: 1 week 
H: I month 
A: Annual 

A 

950 

950 

81,nlfleant .. l •• lon Rate (T/yr) 

fOllutant and Avera,la, Ti .. b 

00 

1 8 

7,000 2,500 

w 

760,000 

H28 

4 

6,400 

Itbyleae 

3 24 

10.0 0.36 

P1uoride Bery1liua Lead 

240 H lit 

0.23 0.057 11 

11 

0.057 
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Table 5.7 Significant Emission Rates for Trace Elementsa 

Silnificant Emission Rate (T/r:.) 

Criterion 

10% of 
Trace Plant Endogenous Soil 
Element Soils Tissue Animals Concentrationb 

Arsenic .40 .24 2.8 .08 

Boron .067 .28 .13 

Cadmium. .33 .037 .19 .00080 

Chromium. 1.1 6.7 1.3 

Cobalt 23c 1.2 .11 

Copper 5.3 .21 5.7 .27 

Fluoride 53c 1400c 440c 2.7 

Lead l30d 37d 24d .13 

Manganese .33 8l0c 1000c llc 

Mercury 6lc 

Nickel 67c 170c 3000c .53 

Selenium. 1.7 l3c .67 .0067 

Vanadium. .33 l30c 1.3 

Zinc 63C 100C .67 

aBased on a 30 m release height, no background, and a 
source lifetbne of 10 years. For a lifetbne of N years, 
divide the tabulated values by (N/IO). 

bFor use as a supportive indicator only; based on a 10% 
increase over the average values in Table 3.5. 

cExceeds the significant emission level for TSP of 10 
T/yr established for PSD (Ref. 3). 

dExceeds the significant emission level for lead of 1 
T/yr established for PSD (Ref. 3). 

These emission rate increase factors are sbnply (lOO/S), the reciprocals of 

the solubilities in percent. 

Other Stacks. EVen though the stack parameters may not be known 

exactly, it may be mown that the stack is hot or cold. Table 5.8 gives 

stack parameters for four stacks which might be useful if they are closer 

to the source's expected stack parameters than the 30 m release height assumed 



Table 5.8. Summary of Representative Stacks 

Stack Parameters 

Height Temperature Flow Emission Rate 
Stack (m) ( etc) (m3/sec) Increase Factor 

30 m release 30 293 0 1.00 

10 m cold 10 350 4 0.96 

10 m hot 10 550 4 4.07 

30 m cold 30 350 4 3.43 

30 m hot 30 550 4 8.93 

in Tables 5.6 and 5.7. The volume flow rate of 4 m3/sec is felt to be 

conservative for major sources unless a large number of stacks are used. Also 

given in the table are emission rate increase factors for each model stack. A 

particular factor would be used to adjust the tabulated significant emission 

rates in Tables 5.6 and 5.7 to correspond more closely to concentrations 

expected fraa the proposed source: 

(

Significant J (Significant ~ 
emission rate emission rate 
corrected • from Tables 
for stack 5.6 or 5.7 (

Emission rate ~ 
x increase factor 

from Table 5.8 
(5.11) 
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APPENDIX A 

ESTEKATES OF MAXIMUM GROUND-LEVEL CONCENTRATIONS 

This appendix develops the procedure used to est imate maximum ground­

level concentrations (mglc's) from a single source for averaging times ranging 

from one hour to one year. The developments presented here follow the presen­

tat ion in Ref. 45 which can be consulted for additional details. the procedure 

is useful for screening because the calculations can be done by hand or 

implemented in a simple computer program. the procedure accounts for stack 

parameters, plume rise, and meteorological conditions. 

A.l SHORT-TERM ESTIMATES 

The familiar Gaussian plume model is the basis for estimating short­

term ground level concentrations.49 According to this model the plume center­

line concentration is given by 

where: 

Q x 106 
x(x) • wua (x)a (x) exp 

y z 

x(x) 

Q 

u 

• Downwind distance from source (m), 

• Ground-level centerline concentration at x (ug/mJ ). 

• Source emission rate (g/sec), 

• Wind speed (m/sec), 

• Horizontal dispersion coefficient (m) 

• Vertical dispersion coefficient (m), and 

• Effeccive stack height (m) • hs + ~h • 
(Physical stack height) + (Plume rise). 

(A.l) 

To derive an analytic expression for the mglc, the following commonly 

used representatives of the two dispersion coefficients are used: 

(A.2) 

and 

(A.3) 
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The parameters a, b, c, and d depend upon atmospheric stability class 

and, for 0z, the downwind distance x. The following expressions for the esti-

( . d . d 50 mated mglc Xm) and the corresponding downw1nd distance Xm may be er1ve. 

and 

where: 

and 

AQ x 106 1 X ,. x--
m 'II'U H2a 

'm' [(:2) ~. ] 1/2d 

a ,. (b+d)f(2d) 

2a-l 
A ,. ..;;c __ 

a 

Values for a, b, c, d, and A are presented in Table A.l. 

Both Xm and Xm depend on stability class and wind speed. 

(A.4) 

(A.5) 

(A.6) 

(A. 7) 

To estimate 

these quantities, the plume rise must be estimated because both depend upon 

the effective stack height H. Plume rise can be estimated using the formulas 

of Briggs. 52 ,53 

Setting 

where: 

g = Acceleration of gravity (9.8 m/sec2); 

T = Exit gas temperature (OK), 

Ta ,. Ambient temperature (OK), and 

V ,. Exist gas flow rate at temperature T (m3 /sec), 

it can be shown that 

~h(n/u) = C/u for neutral/unstable conditions 

and 

= D/u1 / 3 for stable conditions. 

(A.8) 

(A.9) 

(A.lO) 



Table A.l Dispersion Coefficient Parameters and Maximum Concentration Coefficient 

Atmospheric 
Stability 

Corre spond ing 
Pasquill-Gifford 
Stability Class 

a* 

b* 

c** t • 
d** t • 

At 

Moderately Unstable 

B 

0.351 

0.867 

0.139. 0.0494. 0.0494 

0.947. 1.114. 1.114 

0.335. 0.188. 0.188 

*Esthnated frOD Fig. 3.2. Ref. 49. 

**Taken fran Tab Ie 5. Be f. 51. 

Neutral 

D 

0.150 

0.889 

0.0856. 0.259. 0.737 

0.865. 0.687. 0.564 

0.396. 0.955. 3.85 

Moderately Stable 

I-V (intermediate> 

0.0853 

0.894 

0.0682. 0.227. 1.437 

0.814. 0.618, 0.401 

0.468, 1.21. 34.7 

tTbe first numbers given for each stability are appropriate at distances between 100 and 500 m, the 
second numbers at distances between 500 and 5000 m. and the third numbers at distances greater than 
5000 m. 
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Assuming an ambient temperature of 293·K (20·C) and an ambient potential 

temperature lapse rate (a e /a z) of 0. S·K/lOO m,. representative of moderately 

stable conditions, 

F ~ 9.8 (T-i93 ) V, 
c ~ 2l.4FO.7S m2/sec for F<SS m4/sec3 , 

C = 3S.7rO· 6 m2/sec for F>SS m4/sec3 , and 

D ~ 47.2FI/3 m4/ 3 sec-1/3 . 

(A.ll) 

(A.12) 

(A .13) 

(A .14) 

A wind speed corresponding to the mglc can now be found. For neutral 

and unstable conditions, 

b C 
uworst(n/u) ~ d h

s
' 

with a corresponding mglc 

AQ x 106 . 
Xworst (n/u) ~ 11' 

For stable conditions 

(A. IS) 

1 (b/d)b/d 
(A .16) 

(l+b/d) l+b/d 

(s) ~ AQ x 106 . u(b-2d)/3d (A.17) 
Xworst 11' (ul/3h + D)l+b/d 

s 

Equation A.17 has no maximum unless bid is greater than 2. Operationally, 

this difficulty is solved by setting u ~ 2 m/sec for the stable case in which 

case Eqs. A.IO and A.I7 become 

~h(s) • 0.794 D (A .1S) 

and 

x t(s) wars 
AQ x 106 . 2(b-2d)/3d = ~'----

11' (1.26 h +D)l+b/d 
(A .19) 

s 

Equations A.lS, A.16, and A.19 are the basic equations used to cal­

culate the short-term mg1c. The calculations need to be done separately for 

unstab Ie, neutral, and stable conditions and the maximum value selected for 

the mglc. In addition, for each stability class, the calculations need to be 

done for three ranges of downwind distance because of the dependence of c, d, 

and A on x (see Table A.I). The value chosen for each stability class is the 



maximum self-consistent value, that is, the maximum of the values for which 

the calculated Xm falls within the range of dOWDwind distances over which the 

particular c, d, and A values apply. 

In implementing this procedure, high worst-case wind speeds are 

occasionally found which are unlikely to persist for periods of time on the 

order of hours to one day. On the other hand, low worst-case wind speeds are 

found which are small enough to render the Gaussian plume formulation inap­

plicable. To avoid both extremes and still retain a conservative estimate of 

the mglc, lbaits are placed on the worst-case wind speed for neutral/unstable 

conditions such that 0.8 £ Uv£ 30 m/sec. 

Estimates made in this way are appropriate for averaging times of one 

hour. For averaging times out to about 24 hours, the one-hour estimates can 

be multiplied by an appropriate conversion factor from Table A.2. 'lbese 

factors represent a power law dependence of concentration on averaging time 

with an exponent of -0.17: 

X(t) - X(I)t-O•17 . 

For averaging times between 24 hours and about one month, a recognized 

simple procedure for estimating the concentration from a single source at one 

averaging time given the concentration at another averaging time appears to 

be lacking. Larsen54 has developed a method which can be used in multi-source 

applications. For averaging times less than one month, he finds that for a 

year's data 

(A.21) 

where q depends upon the geometric standard deviation of the concentration 

values. 'lbe form of Eq. A.21 with q - -0.17 is exactly the same as that of 

Eq. A.20. On the basis of this equivalence of mathematical form, the use of 

Eq. A.20 was extended beyond 24 hours to estUnate conversion factors for 4 and 

10 days as shown in Table A.2. 

A.2 LONG-TERM ESTIMATES 

Expected monthly and annual mglc I s from a single source are based 

upon the "sector-averaged" form of Eq. A.I :49,55 



where: 

56 

Table A.2 Averaging Time Conversion Factors 

Averaging 
Time (hrs) 

1 

3 

4 

8 

24 

96 (4 da) 

240 (10 da) 

aBased on Ref. 49. 

bSee discussion in text. 

Conversion 
Factor 

1.00a 

0.83a 

0.79a 

0.70a 

0.58a 

0.46b 

0.39b 

n - the number of sectors into which the entire 360· 
range of wind directions is divided and 

f - the fraction of the time during which the wind 
direction lies in the sector of interest. 

Using the same parameterization as above (Eq. A.3), 

wht!re: 

13 3 (l+d) 12d 

and 

(2)1/2 n 213-1 a 
B = ~ 2~ c (213) exp (-6). 

(A.22) 

(A.23) 

(A.24) 

(A.25) 

To estimate the expected long-term mgle, values of c and d for neutral atmo­

spheric stability and distances between 500 and 5000 m are used and the plume 

rise is calculated using Eq. A.9. With these assumptions, 



B - 0.256 and 

8 • 1.23. 

Examination of annual wind roses in Ref. 56 indicated that the maximum ex­

pected wind direction in a single 22.S· sector (n-16) is about 27% (£-0.27). 

For monthly wind roses, this maximum persistence is about 45% (f-0.45). 

The wind speed u used for both the annual and monthly calculations is u • 4.4 

m/sec, conesponding to the nationwide annual mean wind speed based upon the 

speeds listed with the annual wind roses. For these conditions Eq. A.23 

gives 

0.0157 Q x 106 
Xm(yr) - a2•46 for annual malc 's (A.26) 

and 

0.0262 Q x 106 
x.(mo) - a2: 46 for monthly mglc's. (A.2n 
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Table B.1. Sulfur Dioxide Sensitivity of Crop Speciesa 

Sensitive 

Alfalfa 
Apple 
Barley 
Bean, field 

, lima 
Beet, sugar 

, table 
Blackberry 
Blueberry 
Broccoli 
Brussels Sprouts 
Cabbage 
Carrot 
Celery 
Olard, Swiss 
Cllerry, sour 

, sweet 
Clover 
Clover, sweet 
Cucumber 
Currant, red 
Eggplant 
Endive 
Go~seberry 

Grapes 
Kale 

Sensitivity 

Leek 
Lettuce 
Oats 
Okra 
Onion 
Parsley 
Parsnip 
Pea 
Peach 
Pear 
Pepper 
Plum, prune 
Potato J Irish 
Potato J sweet 
Pumpkin 
Radish 
Raspberry 
Rye 
Safflower 
Soybean 
Spinach 
Squash 
Tobacco 
Turnip 
ateat 

Intermediate 

Cotton 

acompiled from data in Ref. 16. 

Resistant 

Corn 
Sorghum 
Cantaloupe 
Citrus spp. 
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Table B.2. Sulfur Dioxide Sensitivity of 
Natural Vegetationa 

Common Name Scientific Name 

Sensitive 

Alder, mountain 
Aspen, large-toothed 

, trembling 
Ash, red (green) 

, white· 
Birch, gray 

, western paper 
, white{ paper) 
, yellow 

Blueberry, lowbush 
Cherry, bitter 
Fir, subalpine 
Grasses-bentgrass 

-bluegrass 
-desert grass 
-Ky. bluegrass 
-orchard grass 
-red fescue 

Hazel, beaked 
, California 

Hemlock, mountain 
Larch, western 
Maple, Manitoba 

, Rocky Mt. 
Mulberry, Texas 
Pine, eastern white 

, jack 
, red 
, Virginia 

Rockspirea, creambush 
Serviceberry. low 

, Saskatoon 
, Utah 

Sumac, staghorn 
Tulip tree 
Willow, black 

ALnus tenuifoZia 
PopuLus g7'arlli.identa:ta 
PopuLus t~emuLoides 
Ffoa:z:i.nus pennsy 1. vanica 
Frta:r:inus ame7'icana. 
BetuZa popuZifoZia 
BetuZa papy7'ife~ cammutata 
BetuLa papy~fe~ 
BetuLa aLLegheniensis 
Vaccinium angustifoZium 
Prounus ema~ginata 
Abies Lasioca~a 
Ag~stis paZust~s 
Pea annua 
OroyBopsis hymenoides 
Poa p~tensis 
DactyLis gLame~ata 
Festuca 7'Ub~ 
CoroyZus co~ta 
CoroyLus co~ta caLifo-mica 
Tsuga me~tensia 
La~i:r: occidentaL is 
Ace~ negundO inte~ius 
Ace~ gZab~ 
Mo~s mic~phyLLa 
Pinus st~obus 
Pinus banksiana. 
Pinus ~esinosa 
Pinus vi reginiana. 
HoLodiscus discoZo~ 
AmeLanchie~ stoZonife~ 
AmeZanchie~ aLnifoLia 
Ame Zanchie~ utahensis 
Rhus typhina 
Li~iodend~n tuLipife~ 
SaZi:r: nig~ 



Table B.2. (Cont'd) 

Common Name Scientific Name 

Intermediate 

Basswood 
Birch, water 
Boxelder 
Cllokecherry 
Cottonwood, black 

, eastern 
, narrowleaf 

Dogwood, red osier 
Elm., Amer ic an 
Fir, blas_ 

, Douglas 
, grand 

Grape, wild 
Hemlock, western 
Mahogany, mountain 
Maple, Douglas 

, red 
Mountain-ash, western 
Oak, white 
Pine, lodgepole 

, ponderosa 
shortleaf 

, western white 
Poplar, balsam. 
Sagebrush, big 
Snowberry, mountain 

, Columbia 
Spruce, Engelmann 

, white 
Witch hazel 

'J!i. 1, ia ame1"U:tl7IO. 
Betu'La occidenta'Lis 
Ace?' negundo 
Prunus vi ?'giniana. 
Popu'Lus t?'ichoca~ 
Popu'Lus dB'Ltoides 
Popu'Lus angustifo'Lia 
C07'nUS sto'Lonifem 
l/1,mus ame7'icana 
Abies ba'LstZmea 
Pleudotsuga menaiesii 
Abies g7'al'lli.is 
Vi tis ?lipa7"ia. 
Tsuga hete7'Ophyt'La 
Ce'I"Cocal'pus montanus 
Ace?' gtab7'Um dou.g'Lasii 
Ace?' .,-ub7'Um 
SO?'bus scDpu'Lina 
Que7'CUS a'Lba 
Pinus conto7'ta. 
Pinus pontie?'osa 
Pinus echinata 
Pinus montico'La 
Popu'Lus ba,'Lsarrrifem 
Anemiria t7'identata 
sympho7'ica7'pos o?'eophi'Lus 
sympho1"U:a-,.pos ?livuta?lis 
Picea Bngetmannii 
Pic ea., gtauca 
Hamametis vi~initmO. 

Resistant 

Black gum. 
Buck-brush 
Buffalo-berry 
Ceanothus, redstem 
Cedar, western red 

, white(arborvitae) 
Dogwood, floWering 
Fir, silver 

, rAt ite 
Hawthorn, black 

Nyssa sytvatica 
Ceanothus vetutinus 
Shephe7'dia canadensis 
Ceanothus sanguine us 
Thuja p'Licata 
Thuja occidenta'Lis 
C07'nUS f7,o7'ida. 
Abus amabiUs 
Abies concol.01' 
~ataegus dougtasii 
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Table B.2. (Cont'd) 

Common Name Scientific Name 

Resistant (cont'd) 

Grape, Oregon 
Grasses-blue grama 

-needle grass 
-western wheatgrass 

Juniper, common 
, Rocky Mt. 

Utah 
, Western 

Kinnikinnick 
Locust, black 
Mahogany, curl-leaf mt,. 
Maple, mountain 

, silver 
, sugar 

Oak, gambel 
live 

, northern red 
, pin 

Pine, limber 
, pinyon 

Poplar, Carolina 
Sourwood 
Spruc e, blue 
Squawbush 
Sumac, smooth 
Sycamore, American 
Willow, shrubby 
Yew, Pacific 

Odostemon aquifoZium 
BouteZoua g~iZis 
Stipa oomata 
Ag~opyron smithii 
Junipe~s oommunis 
Junipe~s 800pUZO~ 
Junipe~s osteospe~ 
Junipe~s oooidentaZis 
A~otostaphyZos uva-u~si 
Robinia pseudoacaoia 
Ce 1'Oooa1'pus Zedifo Zius 
Aoe~ 8pioatum 
Aoe~ saooha~inum 
Aoe~ 8aoOha~ 
Que~ous gambeZii 
Que~ous vi~giniana 
Que1'OU8 ~7'Q. 
Que~ous paLust~s 
Pinus j7.e:J:iZis 
Pinus eduZis 
POpuLus oanadensis 
~ydend~n apbo~eum 
Pioea pungens 
Rhus t~iLobata 
Rhus g Zab7'Q. 
PZatanu8 oooidentaZ is 
SaLi:t: ~istis 
~s b~evifoLia 

SCompiled from lists in Refs. 9 and 16. 



Table B.3. Ozone Sensitivity of Crop Speciesa 

Sensitive 

Alfalfab 
bean. pinto 

• white 
Broccoli 
Cloverb 
Corn. sweet 
Oatsb 
Radishc 
Safflower<: 
Soybeanb 
Spinachb 
Tobacco 
ToIIlatob 

Sensitivity 

Intermediate 

Bean. bush 
• lima 

Beet. table 
Cabbage 
'Chard, swiesd 
Clover, white sweet 
Corn, field 
Cucumberd 
Potato, Irish 
Sorghum 
Squash, summer 

8Compiled from data in Ref. 18. 

Resistant 

Cotton 
Lettuce 
Onion 

bSome cultivars intermediate or resistant. 

cSome cultivars intermediate. 

dSome cultivars resistant. 
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Table B.4. Ozone Sensitivity of Natural Vegetationa 

Common Name Scientific Name 

Sensitive 

Aspen, trembling 
Ash, red(green) 

, white 
Cottonwood, black 
Grasses-bent grass 

-blue grass 
-brome grass 

Oak, gambel 
, white 

Pine, Coulter 
, eastern white 
, jack 
, jeffrey 
, loblolly 
, Monterey 
, ponderosa 
, Virginia 

Serviceberry, Saskatoon 
Sycamore, American 
Tulip tree' 

PopuLus t~emuLoides 
Proa:J:inus penns yL vanica 
Proa:J:inus ame~ana. 
PopuLus t"';'chocarrpa 
Ag~stis paLustM.s 
Poa amzua 
B1'omu.s tectorwum 
Que~cus gambeLii 
Que1'fJUs aLba 
Pinus couL te"';' 
Pinus s~obus 
Pinus banksiana 
Pinus jeff~eyi 
Pinus taelia 
Pinus ~adiata 
Pinus ponde~osa 
Pinus vi~iniana 
AmeLanchie~ aLnifotia 
Pl.atanus occidentatis 
Li~iodendron tuLipifem. 

Intermediate 

Boxelder 
Cedar, incense 
Grasses-Ky. bluegrass 

-perennial rye 
-red fescue 

Oak, black 
, pin 
, scarlet 

Pine, lodgepole 
, pitch 
, shortleaf 
, slash 
, sugar 
, Torrey 

Redbud 
Sweetgum 

Ace~ negundo 
Liboced~s decu~ens 
Poa p~atensis 
Lotium pe~enne 
Festuca ~sa 
Que~cus veLutina 
Que~us patust~s 
Que~cus coccinea 
Pinus contorota 
Pinus ~ida. 
Pinus echinata 
Pinus eUiottii 
Pinus tambe~tiana. 
Pinus to~eyana 
Ce~is canadensis 
Liquidamba~ stym.cifiua 



Table B.4. (Cont'd) 

Common Name Scientific Name 

Resistant 

Basswood 
Birch, white (papet) 
Black gum 
Cedar, white (arborvitae) 
Dogwood, flowering 
Fir, balsalm 

, Douglas 
, white 

Grasses-orchard grass 
Hemlock 
Juniper, western 
Locust, black 
Maple, red 

, sugar 
Oak, mossy-cup 

, northern red 
, shingle 

Pine, digger, 
, red 

Redwood 
Sequoia 
Spruce, black 

, blue 
, white 

Walnut, black 

Ti'Li.a.amBncana 
BBtu'La papy~i!B~ 
Nyssa sy'Lvatica 
1.'huJa occiden1Ja.'Lis 
Co,-"ua f7,oft'i.da. 
Abies baLsamea 
PSBudotsuga mensiBsii 
Abies concot.o~ 
DactyLis gLome7'Q.ta. 
Tsuga ca:nadensis 
Junipe.,-us oacidenta.Lis 
BDbinia. paeudoa.ca.cia. 
Ac~ 7'Ub-,.um 
Ace~ saccha.~ 
Que7'CUa mac7'Oct:nrpa. 
QuB~US 7'Ub~ 
QuB~UB imbnca:Pia 
Pinus sabiniana. 
Pinus ~Bsinosa 
Sequt:Jia. sempeMJiNnB 
Ssquoi.adend7'On gigantBum 
Picea. maNna 
Picea pungens 
Picea. g'La.ucaa 
Jug1.anB nig7'Q. 

aCaDpiled from lists in Refs. 18 and 57. 
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Table B.S. Nitrogen Dioxide Sensitivity of 
Crop Speciesa 

Sensitive 

Alfalfa 
Barley 
Bean, pinto 
Broccoli 
Carrot 
Clover, cr imson 

, red 
Leek 
Lettuce 
Lucerne 
Mustard, white 
Oats 
Parsley 
Peas 
Radish 
Rhubarb 
Tobaccob 

Sensitivity 

Intermediate 

Bean, bush 
Celery 
Citrus spp. 
Corn, sweet 
Cotton 
Endive 
Potato, Irish 
Rye 
Strawberry, pine 
Tomato 
Wheat 

Resistant 

Asparagus 
Cabbage, red 

, white 
Corn, field 
Cucumber 
Kale 
Kohlrabi 
Onion 
Sorghum 

aCompiled from lists in Refs. 19, 20, and 58. 

bSome cultivars intermediate or resistant. 



Table B.6. Nitrogen Dioxide Sensitivity of 
Natural Vegetationa 

Common Name Scientific Name 

Sensitive 

Grasses-Viper's grass Sao1'Z07lS7'a hispa:nioa. 

Intermediate 

Fir, cammon silver 
, white 

Grasses-bluegrass 
Spruce, blue 

J 1iIh ite 

Grasses-Ky. bluegrass 

Abies pea'ti.nata. 
Abi.es a.tba. 
Poa. a.nnua 
Piasa. pungens 
PiOBtl gl.a.uaa. 

Resistant 

POa. p7'C1.'tensis 

&cOBpiled from tables in Refs. 20 and 58. 
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TABLE C-1. AIR QUALITY DATA FOR ARSENIC 
----------------------------------------_._------------------------------------------------_._----------

HINltIlIt C UllHl • HAXltUI • U6/Hl. 
---------------------.------ ----------------------------

MlTtt 6EO ARITH 6ED 
STATE COlltTY 088 H£AH tlEAU ODS HfAH tl£ut 
---------------------------------------------------------------------.----------------------------------

HO BUCHAHAH 0.0100 0.0100 
CLAY 0.0100 0.0100 
JEFFERSDH 0.0100 0.0200 

TX BEE 0.0200 0.0200 
BEXAR 0.0200 '.0200A 0.8l00A 0.0200 0.8208A O.OlOOA 
Bmm 0.0200 O.OlOOA O.OlOO'\ 0.1100 O.OlOOA 0.0300A 
BRAZORIA 0.0200 0.0200 0.0300 0.0500 O.OlOO 0.0300 
B.UZOS 0.0200 0.0300A O.OlOOA 0.0100 0.0300A 0.0300A 
aRm:. .. 0.0200 0.0500 
CALtIOllt 0.0200 0.0200 
CAlIEROn 0.0200 0.0200 0.0300 O.lOOO 0.0300 0.0300 
CHAlIBERS 0.0200 0.0203 
DALLAS 0.0200 0.0200 0.0300 0.0600 0.0200 0.0300 
DEtlTotl 0.0200 0.0500 
ECTOR 0.0200 0.0200A O.OlOO.A 0.0600 0.0200A 0.0300A 
ELLIS 0.0200 0.1000 ...... 
El PASO 0.0200 0.0200 0.0200 0.6600 0.0700 0.0500 w 
6AlVESTotI 0.0200 0.0200A '.OlOOA O.~OOO O.D~OOA 0.D100A 
GRAY 0.0200 0.0200 
GRAYSON 0.0200 0.0600 
"ALE 0.0200 0.0200 
HARRIS 0.0200 0.0200 0.0300 0.1300 0.0300 0.0300 
HAYS 0.0200 0.0700 
HIDAlGO 0.0200 0.0200 0.0300 0.1000 0.0300 0.0100 
HOI lARD 0.0200 0.0200A 0.0300A 0.0200 0.0200A O.OlOOA 
JEFF DAVIS 0.0200 0.0200 

• JEFfERSON 0.0200 0.0200 O.OlOO 0.0500 0.0200 0.0100 
LUCOOCK 0.0200 0.0700 
tlCLefUWf 0.0200 0.0200 
tlCtlUL L Etl 0.0200 0.0200 
HATAGORDA 0.0200 0.0200 
HAVERICK 0.0200 0.0200A 0.0300A 0.0200 0.0200A O.OlOOA 
tllDlAiID 0.0200 0.0200A O.OlOOA 0.0300 O.O:!OOA 0.0300A 
tlOUlGOIIERY 8.8208 0.0200 
tlOORE 0.0200 0.0200 
IIACOGDOCIIES 0.0200 0.0200 
tlJECES 0.0200 0.0200 0.0300 0.2000 0.0300 0.0300 
ORAHGE 0.0200 0.0200A O.OlOOA 0.0200 0.0200A O.OlOOA 
POTTER 0.0200 0.0200 
SAl. PATRICIO 0.0200 0.0200 
SCUIRY 0.0200 0.0200 

A IlmICATES ONLY ONE STATION REPORTING 



STATE COUHTY 

SHITH 
TARRANT 
TAYLOR 
TITUS 
TOtl GREEN 
TRAVIS 
VAL VERDE 
VICTORIA 
WALKER 
WEBB 
IIIClIlTA 
WISE 

TABLE C-1. AIR QUALITY DATA FOR ARSENIC 

OBS 

0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 

tlINltlUII ,UG/l1l, 

ARITH 
HEAH 

0.0300A 

0.0300A 
0.0200A 

0.0200 

GED 
tlEAH 

0.0300A 

0.0300A 
0.0300A 

0.0300 

oas 

0.0700 
0.1200 
0.0600 
0.0500 
0.0500 
0.0700 
0.0200 
0.0500 
0.0200 
0.0200 
0.0200 
0.0600 

I1AXltlUI1 tUG/til' 

ARITU 
tlEAtI 

0.0300A 

0.0300A 
0.0200A 

0.0300 

GED 
HEI.N 

0.0300A 

0.0300A 
0.0300A 

0.0300 



TABLE C-2. AJR QUALJTY DATA FOR CADIIJutI 
--------------------------------------------------------------------------------------------------------

STATE COWTY DBS 

HIHltlUH C OO/H3) 

MITH 
HEAH 

GEO 
tlUH OBS 

HAXItlll1 lUG/tl3, 

ARInl 
tlEAt. 

6EO 
HUH 

--------------------------------------------------------------------------------------------------------
AZ APACHE 0.0001 0.0001 0.0001 0.0100 0.0002 0.0001 

COCOlIIHO 0.0001 0.0001 0.0001 0.0100 0.0003 0.0001 
HARleOPA 0.0001 O.OOOl 0.0001 0.0700 O.OO~O 0.0004 
HOIIAVE 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
NAVAJO 0.0001 0.0002A 0.00011. 0.0100 0.0002A O.OOOIA 
PItIA 0.0001 0.0006 0.0001 l.OOOO 0.0031 0.0002 

CO LA PLATA 0.0001 O.OOOIA 0.00011. 0.0100 0.0002A O.OOOIA 
HOHTEZlIIA 0.0001 0.00011. O.OOOlA 0.0001 0.00011. 0.00011. 

10 SHOSHONE 0.0100 0.0095 0.0054 3.6800 0.4592 1.5610 

It. ALLEN 0.0009 0.0860 
BARTHOLOtIEH 0.0002 0.0016 
CLARK 0.0010 0.0083 
DUGOIS 0.0009 0.0024 
ELKtIART 0.0006 0.0042 
GRANT 0.0010 0.0095 
HOHARD 0.0012 0.0148 
JASPER 0.0001 0.0001 
JEFFERSOtt 0.0003 0.0011 
KHOX 0.0019 0.0162 
LAKE 0.0002 0.0031 
LA PORTE 0.0012 0.0201 
HARIOI. 0.0012 0.0217 
HOI:ROE 0.0009 0.0050 
ST. JOSEPH 0.0004 0.0019 

• STfUDEH 0.0006 0.0048 
TIPPECAtIOE 0.0010 0.0012 
VIJIDERBURGH 0.0005 0.0056 
VIGO 0.0027 0.0015 
H"YtiE 0.0005 0.0051 

tIN BELTRAIII 0.0010 0.0020 
BIG STOllE 0.0010 0.0010 
BLUE EARTH 0.0010 0.0020 
CARLTON 0.0010 0.0020 
CLAY 0.0010 0.0020 
CROI~ HIUG 0.0010 0.0020 
DAICOTA 0.0010 0.0090 
GOODHUE 0.0010 O.OO~O 
IIENt/EPIH 0.0010 0.0090 

A ItIDICATES ONLY OIIE STATIDI. REPORTIIIS 



STATE COUNTY 

TABLE C-2. AIR QUALITY DATA FOR CADtlIUII 

oas 

HItlItlUl1 I UG/Hl ) 

ARITI' 
t:EAIi 

GEO 
HEAlI oas 

HAXIIIUI1 lUG/til' 

ARITH 
HEAII 

GEO 
IIEAII 

----------------------------------.---------------------------------------------------------------------
ITASCA 0.0010 0.0010 
KAtIDIVOHI 0.0010 0.0020 
KOOCIIICHItlG 0.0010 0.0110 
LYOII 0.0010 0.0040 
HeLEOD 0.0010 0.0010 
HILLE LACS 0.0010 0.0010 
tlOiIER 0.0010 0.0020 
HODLES 0.0010 0.0020 
OUISTED 0.0010 0.Qli50 
OTTERTAIL 0.0010 0.0020 
POLK 0.0010 0.00;)0 
ST. LOUIS 0.0010 0.0030 
SCOTT 0.0010 0.0(;20 
STEJ.RtlS 0.0010 0.0180 
WASil ItIGTCH 0.0010 0.0040 
"ltIOtIA 0.0010 0.0020 

HO ADAIR 0.0010 0.0042 
AUDRAIH 0.0016 o.oo~a 
BOOtiE 0.0007 0.0140 
BUCHANAN 0.0016 o .0fltl0 
BUTLER 0.0003 0.0062 
CALLAIIAY 0.0012 0.0055 
CAI1llEH 0.0003 0.OM6 
CAPE GIRARDEAU 0.0020 0.0050 
CLAY 0.0016 0.0150 
COLE 0.0012 0.0066 
JASPER 0.0020\ 0.0079 

I JEFFERSCH 0.0027 1.4350 
LJVIIIGS101' 0.0010 0.0052 
HARION 0.0012 0.0050 
tiEl' tlADRID 0.0003 0.0045 
tIODAIlAY 0.0010 0.0052 
PETTIS o.oooa 0.0125 
PIIELPS 0.0011 0.0053 
PLATTE 0.0010 0.0109 
ST. CHARLES 0.0050 0.0080 
S1E. GEIIEVIEVE 0.0011 0.00110 
SCOTT 0.0010 0.0074 
VERtlON 0.0015 0.0041 

HT DEER LODGE 0.0100 0.0500 

Ht1 RIO ARRIBA 0.0001 0.0001 0.0001 0.0100 0.0002 0.0001 

A IIIDICATES OULY OIlE STATICH REPORTIHG 

" (J\ 



TADLE C-2. AIR QUALIn DATA fOR CADtllUlt 
--------------------~-----------------------------------------------------------------------------------

HIlfltut IlJIVtIlt tlAXltUt (UG/H3I 
-------------------.-------- ------.---------------------

ARITH 6EO ARITII 6EO 
STATE cown OBS HEAtI tlEAH 08S HEAtI HEAlI 
--------------------------------------------------------------------------------------------------------

SAN JUAN 0.0001 0.0002 0.0001 0.2000 0.0002 0.0001 

OK OKLAHotlA 0.0001 o.oooa 0.0006 5.0000 0.2139 0.0012 

sc CHARLESTOtI 0.0020 0.0020 

TN Afl)ERSOtI 0.0010 0.0030 
BEDfORD 0.0010 0.0010 
BLWIT 0.0010 0.0040 
BRADLEY 0.0010 0.0010 
CAtIfOELl 0.0010 0.0040 
CARTER 0.0010 0.0010 
COffEE 0.0010 0.0050 
CII:BERlAHD 0.0010 0.0020 
OYER 0.0010 O.OOlO 
GIBSON 0.0010 0.0070 
GREEtiE 0.0010 0.0010 
HAtIDLEH 0.0010 0.0090 ..... 
HEtlRY 0.0010 O.OOlO ..... 
HlIIfllREYS 0.0010 0.0040 
UtfCOLtI 0.0010 0.0010 
HeIlIlGI 0.0040 O.OO~O 
I1ADISotl 0.0010 O.OOlO 
HARlotl 0.0010 0.0030 
tlAURY 0.0010 O.OOlO 
tlO.'lTG0I1ERY 0.0010 0.0100 
oolON 0.0010 0.0030 
POLK 0.0010 0.0370 

, PUTHAIt 0.0010 0.0010 
ROAUE 0.0010 0.0090 
ROEERTSOtI 0.0010 0.0050 
RUTlIERfORD 0.0010 0.0010 
SULUVIJi 0.0010 O.OOolO 
SutlUER 0.0010 0.0020 
UARRE'. 0.0010 0.0010 
NASIlItIGTOH 0.0010 0.0010 
IflLUAtISOIt 0.0010 0.0010· 
NILSOtI 0.0010 0.0010 

TX BEE 0.0300 O.OlOO 
BEXAR O.OlOO 0.0300A 0.0300A 0.0300 0.0300A 0.0300A 
BOIIiE 0.0300 0.0300A 0.0300A O.OlOO O.OlOOA O.OlOOA 
BRAZORIE 0.0300 O.OlOO 0.0300 O.OlOO 0.0300 0.0300 

A IHOICATES ONLY otaE STATlOtI'REPORTltIG 



TABLE C-2. AIR QUALITY DATA FOR CADllIUH 
--------------------------------------------------------------------------------------------------------

HINItIUl1 I UG/H31 tlAXIIIUH IUG/1I31 
---------------------------- ----------------------------

ARITH GEO ARITH GEO 
STATE COUUTY ODS IIEAH HEAN OBS tlEAU HEAli 
--------------------------------------------------------------------------------------------------------

BRAZOS 0.0300 0.0300A 0.0300A 0.0300 0.0300A 0.0300A 
BROlIN 0.0300 O.OlOO 
CALHOUN 0.0300 0.0300 
CAlIEROII 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 
CHAlIBERS 0.0300 0.0300 
DALLAS 0.0300 0.0300 0.0300 0.1000 0.0300 0.0300 
DENTOII 0.0300 0.0300 
ECTOR 0.0300 0.0300A 0.0300A 0.0300 0.0300A 0.0300A 
ELLIS 0.0300 0.0300 
EL PASO 0.0300 0.0300 0.0300 0.1000 0.0300 0.0300 
GALVESTON 0.0300 0.0300A 0.0300A 0.1000 0.0300A 0.0300A 
GRAY 0.0300 0.0300 
GRAYSON 0.0300 O.OlOO 
HALE 0.0300 0.0300 
HARRIS 0.0001 0.0300 0.0300 0.0300 0.0300 0.0300 
HAYS 0.0300 0.0300 
HIDALGO 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 
UOUARD 0.0300 0.0300A 0.0300A O.OlOO 0.0300A 0.0300A ...... 
JEFF DAVIS 0.0300 0.0300 00 
JEFFERSON 0.0300 0.0300A 0.0300A 0.0300 0.0300A 0.0300A 
LUBBOCK 0.0300 0.0300 
HCLEtalAU 0.0300 0.0300 
I1CtlULLEN 0.0300 0.0300 
tIATAGO/lOA 0.0300 0.0300 
MAVERICK 0.0300 0.0300A 0.0300A 0.0300 0.0300A 0.0300A 
tIIDLAt:D 0.0300 0.0300A 0.0300A 0.0300 0.0300A 0.0300A 
tlONTGOI1ERY 0.0300 0.0300 
tlOORE 0.0300 0.0300 

• NACOGDOCHES 0.0300 0.0300 
tlUEtlCES 0.0300 0.0300 0.0300 0.2000 0.0300 0.0300 
ORAtlGE 0.0300 0.0300A 0.0300A 0.0300 0.0300A 0.0300A 
POTTER 0.0300 0.0300 
SAN PATRICIO 0.0300 0.0300 
SCURRY 0.0300 0.0300 
StIITIi 0.0300 0.0300A 0.0300A 0.0300 0.0300A 0.0300A 
TARRANT 0.0300 0.0300 
TAYLOR 0.0300 0.0300A 0.0300A 0.0300 0.0300A 0.0300A 
TITUS 0.0300 0.0300A 0.0300A 0.0300 0.03004 0.0300A 
TOH GREEN 0.0300 0.0300 
TRAVIS 0.0300 0.0300 0.0300 0.0300 0.0300 0.0300 
VAL VERDE 0.0300 0.0300 
VICTORIA 0.0300 0.0300 
WALKER 0.0300 0.0300 

A UIDICATES OIiLY OUE STATIDII REPORTItlG 



STATE COWTV 

N£B8 
WICHITA 
WISE 

Ul EtlERY 
GARFIELD 
KAtIE 
SAlI JUAN 
WASHIHGTott 

TABLl C-Z. AIR QUALITY DATA fOR CAO&llllt 

OBI 

8.0100 
0.0300 
0.0300 

0 .••• 1 
0.0001 
0.0001 
0.0001 
0.0001 

"IHIHUH I UGIII3 J 

MITI' 
HEAH 

0.0001 
0.0002A 
0.0001 
0.0001 

6EO 
HEAN 

0.0001 
O.OOOIA 
0.0001 
0.0001 

ODS 

0.0100 
0.0100 
0.0300 

0.0001 
1.0200 
0.0100 
0.0100 
0.0100 

HAXltUI I UG/H3 J 

MITH 
ItEAN 

0.0003 
O.OOO2A 
0.0020 
0.0002 

6EO 
ItEAN 

1.0001 
1.0001A 
0.0001 
1.0001 



TADlE C-l. AIR QUALITY DATA FOR CIiROlllml 
--------------------------------------------------------------------------------------------------.-----

tlltllllUI1 (UG/tlll tlAXltlUtI (UG/tll) 
---------------------------- ----------------------------

AlUTII GEO ARITH GEO 
STATE COUNTY OBS tlEAtI tlEAN OBS tlEAtI fiE AN 
--------------------------------------------------------------------------------------------------------

AZ APACIIE 0.0010 0.0020 0.0010 0.0500 0.0010 0.0010 
COCOIIINO 0.0010 0.0020 0.0010 0.0700 0.0050 0.0020 
IIARICOPA 0.0010 0.0010 
tIOIlAVE 0.0010 0.0010 0.0010 0.0300 0.0040 0.0020 
NAVAJO 0.0010 0.0030A 0.0010A 0.0500 O.OOlOA 0.0010A 

CO LA PLATA 0.0010 0.0020A 0.0010A 0.0500 O.OOtIOA 0.0020A 
tlOliTEZUI1A 0.0010 0.0030A 0.0010A o .0t100 0.0030A 0.0010A 

HO ADAIR 0.0060 0.0980 
AUDRAIN 0.0060 0.0920 
BOOlIE 0.0040 0.0170 
8UCIIAIWt 0.0060 0.0860 
BunER 0.0050 0.0130 
CALLAUAY 0.0050 0.0670 
CAtIDEt! 0.0040 0.0510 
CAPE GIRARDEAU 0.0060 0.0180 00 CLAY 0.0070 0.0600 0 
COLE 0.0060 0.0640 
JASPER 0.0070 0.0150 
JEFFERSOtl 0.0030 0.0640 
LIVltIGSTON 0.0040 0.Oe80 
tlARIOt! 0.0060 0.0670 
tlEll tlADRID 0.0050 0.2370 
tlOOAIIAY 0.0060 0.0610 
PETTIS 0.0070 0.0110 
PIIELPS 0.0050 O.OMO 

• PLATTE 0.0050 0.0620 
ST. CIIARlES 0.0050 0.0080 
STE. GEtiEVIEVE 0.0090 0.0090 
SCOTT 0.0050 0.0780 
VERNOti 0.0070 0.0130 

IN ALLEN 0.0050 0.0270 
BARTIIOlOI1EH 0.0010 0.0140 
ElI<HART 0.0020 0.0090 
LAKE . 0.0060 0.0160 
tlOIIROE 0.0050 0.0110 
VAlIDERBURGH 0.0040 0.0100 

HtI RIO ARRIBA 0.0010 0.0020A 0.0010A 0.0500 0.0030A 0.0010A 
SAlI JUAtl 0.0010 0.0020 0.0010 0.0500 0.0030 0.0010 

A ItIDICATES OtiLY OIIE STATIOH REPORTING 



STATE COlItTY 

SC ctlARLESTDlI 

TN All)ERSOH 
BEDFORD 
BlWIT 
BRADLEY 
CAtIFBELL 
CARTER 
COFFEE 
ClICERLAm 
DYER 
6IBSOH 
GREENE 
HAtIBLEH 
HfURY 
HUtIPlIREYS 
LJIICOLII 
HCltItItl 
HADISDH 
HARJotl 
tl:,URY 
HOtIT6ot1ERY 
OBJOH 
POLK 
PUTtIAH 
ROANE 
ROBERTSDH 

• RUttiER FORD 
SULLJVAlI 
SlI'oIlER 
NARRal 
HASUIIIGTDH 
HILLJA"iSON 
HILSON 

TX BEE 
BEXAR 
BOUIE 
BRAZORIA 
BRAZOS 
BROil" 
CALHoutt 

TABLE C-S. AIR QUALITY DATA fOR CHROI1IlIt 

OIlS 

0.1510 

0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
41.0010 
0.0010 
0.0010 
0.0050 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 

0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 

HIHltul C UGltIl I 

ARlnl 
tI£AH 

6EO 
HEAN ODS 

0.1530 

99.0000 
0.0050 
0.0050 
0.0050 
0.0050 
0.0010 
0.0050 
0.0090 
0.0050 
0.0050 
0.0010 
0.0050 
0.0050 
0.0050 
0.0010 
0.0050 
0.0050 
0.0050 
0.0050 
0.0090 
0.0050 
0.0050 
0.0020 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 
0.0050 
0.0010 
0.0010 
0.0050 

0.0200 
0.0900 
0.0900 
0.0300 
.0.0200 
0.0200 
0.0200 

A ItIDICATES DIlLY ONE STATION REPORTING 

HAXIIUI CUGIIUI 

ARITH 
HEAN 

&EO 
tlEAN 

C» 
t-' 



STATE CIDITY 

CAtIERON 
CIIAtlBERS 
DALLAS 
DENTON 
ECTOR 
ELLIS 
EL PASO 
GALVESTON 
GRAY 
GRAYSo. .. 
HALf 
HARRIS 
HAYS 
HIDALGO 
HOI-lARD 
JEFF DAVIS 
JEFFERSON 
LUDBOCK 
HClEHHAH 
tlCtlULLEN 
tlATAGORDA 
tlAVERICK 
tllDLAlID 
tlOllTGOtlERY 
HOORE 
NAGOOOCIIES 
HUEIlCES 
ORAHGE 

• POTTER 
SAl. PATRICIO 
SCURRY 
SMITH 
TARRAtIT 
TAYLOR 
TAYLOR 
TOM GREEN 
TRAVIS 
VAL VERDE 
VICTORIA 
WALKER 
ilEDB 
WICIIITA 
WISE 

TABLE C-3 •. AIR QUALITY DATA FOR CItRotlIUtl 

OBS 

0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0010 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 

HItlltluti IUG/tl3. 

ARITII 
tlEAN 

GEO 
IIEAH O!lS 

0.2400 
0.0200 
o.cnoo 
0.0200 
0.0500 
0.0200 
O.1'iOO 
0.1000 
0.0200 
0.0200 
0.0200 
0.5600 
0.0200 
0.0200 
0.0500 
0.0500 
0.0700 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0230 
0.0200 
0.l100 
0.0200 
0.0800 
0.0700 
0.0200 
0.0700 
0.0700 
0.0700 
0.0200 
0.0200 
0.0700 
0.0200 
0.0200 
0.0200 
0.02GO 
0.0200 
0.0200 

A ItlDICATES ONLY OIlE ~TATION REPORTIUG 

HAXItIUM lUG/ill. 

ARITH 
IIEAt! 

GEO 
tlEAN 

co 
N 



STATE coutfTy 

UT EttERY 
&ARFlElD 
kAtiE 
8AH JUAN 
llAStllHGTOH 

TABlE C-3. AIR QUALITY DATA FOR C"ROIIIUH 

DBS 

0.0010 
0.0018 
0.0010 
0.0010 
0.0010 

HI"IIUt C UGIHlI 

Allnl 
HUti 

'.0020 
0.0030A 
O.OOtO 
0.0020 

6£0 
HUH 

1.0010 
0.0010A 
0.0010 
0.0010 

OB9 

0.0300 
0.0500 
0.0100 
0.0400 
0.0,,00 

HAXllut CUG.lH31 

AlITH 
HEAlt 

0.0048 
0.003IA 
O.OO~I 
0.0030 

6EO 
HEAl. 

0.0010 
0.0010A 
'.0020 
0.0010 



TABLE C-4. AIR QUALITY DATA FOR FLUORIDE ION 
--------------------------~-----------------------------------------------------------------------------

tlIllltlUtt lUG/H31 tlAXItIUtt (UG/tt31 
---------------------------- ----------------------------

ARITH GEO ARITU GEO 
STATE CoutiTY OBS HEAtt 11EAli OBS HEAtI 11EAN 
--------------------------------------------------------------------------------------------------------

AZ HARICOPA 0.0200 0.0300 0.0300 0.3700 0.0500 O.OftOO 

liD BARtlES 0.0200 0.0200A 0.0300A 0.0500 0.0200A 0.0300A 
811LUlGS 0.0200 0.0200A 0.0300A 0.0000 0.0300A 0.0300A 
801llIAN 0.0200 0.0200A O.OlOOA 0.0200 0.0200A 0.0300A 
BURLEIGH 0.0200 0.0300A O.OlOOA 0.1500 0.0400A 0.0300A 
CASS 0.0200 0.0200 0.0300 0.0300 0.0100 0.0300 
DutIIl 0.0200 0.0200 0.0100 0.0200 0.0200 0.0100 
GRAtto FORKS 0.0200 0.0200 0.0100 0.1900 0.0100 0.0300 
GRAin 0.0200 0.0300A O.OlOOA 0.1200 0.0300A O.OlOOA 
HETTItlGER 0.0200 0.0200 0.0100 0.0200 0.0200 0.0300 
HCKEtiZIE 0.0200 0:0200A O.OlOOA 0.0200 0.0200A O.OlOOA 
tlCLEAtI 0.0200 0.0200A O.OlOOA 0.1600 0.0200A 0.0300A 
tlERCER 0.0200 0.0200 0.0300 0.3000 0.0600 D.MOO 
tlORTOtl 0.0200 0.0200 0.0100 0.0600 0.0100 0.0100 
HOUIITRAIL 0.0200 0.0200 0.0300 0.0200 0.0200 0.0300 ():) OLIVER 0.0200 0.0200 0.0100 0.1100 0.0100 0.0300 ~ RAtiSEY 0.0200 0.0200A 0.0300A 0.0200 0.0200A O.OlOOA 
RICIILAIID 0.0200 0.0200 O.OlOO 0.0200 0.0200 O.OlOO 
SHERIDAN 0.0200 0.0200 0.0300 0.0200 0.0200 0.0300 
STARK 0.0200 0.0200 0.0300 0.0200 0.0200 0.0300 
STUTSliAN 0.0200 0.0200 0.0300 0.1400 0.0300 0.0100 
HARD 0.0200 0.0200A 0.0300A 0.0200 0.0200A 0.0300A 
UIlLlA!'IS 0.0200 0.0200 0.0300 0.0200 0.0200 0.0300 



TABLE C-5. AIR QUALITY DATA FOR LEAD 
--------------------------------------------------------------------------------------------------------

HINlttUIt I U61H3 • ttAXIttUIt I UG1H3. 
---------------------------- ----------------------------

ARITH GEO ARITH 6EO 
STATE COlIfIY OBS HUH HEAH OBS HEAH HEAH 
--------------------------------------------------------------------------------------------------------

AL ETOWAH 0.1700 0.5300A 0.4400A 2.0600 0.5300A O."OOA 
JEFFERSOH 0.2000 0.9400A 0.8400A 4.2300 0.9400A 0.8400A 
tlADISOH 0.2200 0.6500A 0.5500A 1.9600 0.6500A 0.5500A 
ttDBlLE 0.3500 2.9400 
tDtTGOtIERY 0.2300 3.0900 

AZ APACHE 0.0010 0.0140 0.0010 0.2000 0.0320 '.0160 
COCHISE 0.0010 0.0190A 0.0090A 0.9300 0.0190A 0.0090A 
COCOUIUQ 0.0010 0.0120 0.0060 0.6200 0.0260 0.0130 
6IlA 0.0010 0.4000 
GRAttAH 0.1000 0.4000 
GREEIILEE 0.0010 0.4000 
MARICOPA 0.0010 0.5530 0.0220 9.3670 2.3240 1.7560 
tlOllAVE 0.0010 0.0130 0.0050 0.3000 0.01S0 0.0010 
NAVAJO 0.0010 0.0150 0.0070 0.3000 0.0150 0.0078 
PIttA 0.0010 0.3600 0.3210 2.1870 1.0010 0.8410 
PINAL 0.1000 0.5000 00 
YAVAPAI 0.0010 0.2000 VI 

YUtIA 0.1000 0.4000 

AR CRITTEmE" 0.3800 2.8100 
HILLER 0.2300 1.0500 
tIOtlTGDtlERY 0.0500 0.1500 
PULASKI 0.3000 0.9100A 0.8390A 1.6300 0.9100A 0.8390A 

CA ALAHEDA 1.4900 0.1210 0.6110 6.1100 1.2150 0.8800 
FRESIID 0.2900 1.5100A 1. 1200A 5.1300 1.5100A 1. 1200A 

• KERti 0.1960 1.4310A 1.0960A 5.5320 1.4310A 1.0960A 
LOS ANGELES 0.5200 1.9100 1.6100 8.9400 2.5900 2.6500 
HADERA 0.2450 2.0610 
tlERCED 0.2110 0.&700 
HOOOC 0.1860 0.1860 
HOIUEREY 0.0450 0.5020A 0.4160A 1.5120 0.5020A 0.4160A 
NAPA 0.0600 0.1290A 0.5460A 4.0500 0.7290A 0.5460A 
ORAtIGE 0.4400 1.8000A 1.4200A 6.4900 1.BOOOA 1.4200A 
RIVERSIDE 0.0900 0.6120 0.5310 4.5!,90 1.8390 1.6140 
SACRAIIEIUO 0.2600 0.6310 0.1900 8.5000 1.1000 0.5150 
SAN BERIIAROIHO 0.4100 1.5600 1.UOO 1t.5500 1.6550 1.4820 SAl. DIEGO 0.2500 0.9680 0.9900 6.2600 1.5930 1.1040 SAtl FRAIICISCO 0.3400 0.9000A 0.8000A 6.9100 1.0290A 0.8890A 
SAtI JOAQUIN 0.28S0 0.4630 
SAN HATED 0.0100 0.6580A 0.4610A 4.2600 0.6580A 0.4610A 

A JllDICATES OULY ONE STATlOti REPORTING 



TADLE C-5. AIR QUALITY DATA fOR LEAD 
--------------------------------------------------------------------------------------------------------

tlIliItIUH (UG/H3) tlAXItIUtI (UG/t131 
---------------------------. ----------------------------

ARITH GEO ARITII GEO 
STATE COUHTY OBS HEAN tlEAN OBS tlEAN tlEAN 
--------------------------------------------------------------------------------------------------------

SoUHA BARBARA 0.0870 1.1050A 0.7940A 5.2470 1.1050A 0.7940A 
SAtIT A CLARA 0.3100 1.6200 0.8460 8.5000 1.4280 1.1180 
SISKIYOU 0.0620 0.2600A 0.2050A o.sno 0.2600A 0.2050A 
SOL AI 10 0.0300 1.3000 
SOIiOtlA 0.0800 0.4840 0.3480 2.0ilOO 0.4840 0.3480 
TEHAtlA 0.0670 0.3460 
VENTURA O. \980 1.9870 

CO DEliVER 0.4000 3.6400 
LA PLATA 0.0010 0.0170 0.0060 0.1700 0.0220 0.0100 
HOIHEZUI'IA 0.0 0.0250A 0.0120A 0.1100 0.0250A 0.0120A 

CT FAIRfIELD 0.6300 1.30Z0A 1.20601. 2.4600 1.3020A 1.2060'\ 
HARTFORD 0.:5400 I.0650A 0.9890A 2.2500 1.0650A 0.9890A 
liE" HAVEII 0.4600 1.1220 1.0100 4.1900 1.9160 1.13411 

DE kEtH 0.0500 0.1600A 0.1300A 0.5200 0.1600A 0.1300A 
liE" CASTLE 0.0100 0.5300 0.3900 3.0700 1.5000 1.4200 00 

'" DC HASHIHGTOIt 0.4600 1.1800 

fL DADE 0.1000 0.3460 0.2590 6.9000 2.0270 1.1460 
DUVAL 0.3000 0.8900A O.SOOOA 2.1200 0.0390A 0.8000A 
HARDEE 0.0400 0.5200 
HIGIlLANDS 0.0 0.1100 
HILLSBOROUGH 0.1500 2.5200 
PIIIELlAS 0.1100 1.3100 

GA • CHATHAH 0.1000 0.5590A 0.4600A 1.3700 0.5590A 0.4600A 
FULTON 0.4100 1.2000A 1.0100A 3.2800 1.2000A 1.0100A 
tlUSCOGEE 0.1900 0.6100A 0.5500A 2.9(100 0.6140A 0.4810A 

10 ADA 0.2800 0.1800A 0.1000A 2.6200 0.1800A 0.7000A 
BAIIHOCK 0.1200 1.0500 
BUTTE 0.0 0.1300 
IIEZ PERCE 0.2000 1.8300 
SHOSHOtiE 0.0200 0.5170 0.4390 82.0900 15.1250 11.7850 

IL COOK 0.1500 4.3800 
LAKE 0.1500 1.9200 
PEORIA 0.2800 3.9000 
ROCI{ ISLAND 0.1600 1.9900 
ST. C&.AIR o.oaoo 1.~400 

A IIIDICATES QHLY DUE STATlDlI REPORTlIIG 



TABLE C-S. AIR QUALITY DATA FOR LEAD 
----------.------------------------------------.---------------------------------------------------------

HIHIIW 100/"3' ItAXltut IUGIH3. 
---------------------------- ----------------------------

ARITII GEO MInt GEO 
STATE COUHTY OSS tlEAN tlEAIt OBS ItEAIi tlEAIi 
--------------------------------------------------------------------------------------------------------

SAItGAItOH 0.1800 0.8300 
HILL 0.3100 1.2100 
HlttlEBAGO 0.2000 2.0500 

IN ALLEN 0.2940 8.6810A 0.6130A 1.8200 0.6810A 0.613OA 
IARntOlOl1EH 0.1290 •• 4300A '.3660A 1.01\60 0.4300A O.3660A 
CLARK 0.3G50 1.3310A 1. 1110A 3.4040 1.3370A 1. 1710A 
OELAUARE 0.3300 2.2900 
DUBOIS 0.1630 8.4810A 0.4440A 1.0180 0.4870A 0.4440A 
ELI<tIART 0.2560 '.S080A 0.4710A 1.1020 0.50S0A 0.te710A 
FLOYD 0.4600 -2.0600 
&RAtiT 0.1940 '.48S0A 0.4420A 0.9no 0.4850A 0.4420A 
tHJIlARD 0.1~00 I.S150A 0.45S0A 1.shl0 0.5150A 1.4580A 
JASPER 0.0110 I. 1211A l.l070A 0.2120 0.1210A 0.1010A 
JEFFERSON 0.1300 I. 3710A I. 3380A 1.0410 0.3710A 0.3380A 
\CHOX 0.2060 8.4990A 0.4620A 1.2810 0.4990A 0.4620A 
LAKE 0.1080 0.5910 0.4910 6.8100 0.7320 0.6440 
LA PORTE 0.2380 0.4400A 0.4160A 0.1700 0.4400A 0.4160A QC 

HARION 0.0560 1.8300A 0.1010A 5.2550 0.S300A 0.7010A -..J 

tlOllROE 0.0400 1.1280A 0.6360A 1.8610 0.7280A 0.6360A 
PARKE 0.0600 0.2800 
ST. JOSEPH 0.2350 1.6000A 0.S190A 1.3500 0.6000A 0.S190A 
STEOOEH 0.0440 '.1180A 1.1640A 0.3760 0.11S0A 0.1640A 
TJPPECAtIOE 0.2220 0.S300A 0.4930A 1.0500 0.5300A 0.4930A 
VAIlOERBURGH 0.1720 0.5250A 0.4610A 1.3620 0.5250A 0.4670A 
VIGQ 0.1930 •• 512IlA 0.4420A 1.5MO 0.5120A 0.44Z"A 
HAYNE 0.1960 0.5280 0.'1600 1.63~0 0.6210 0.S8~0 

IA • BLACKHAlIK 0.1100 0.4300A· 0.3900A 2.0100 0.5840A 0.S090A 
DELAIIIIRE 0.0520 0.2800 
DUBUQUE 0.0200 99.0000 
LEE 0.1100 0.3200 
LIt .. 0.1500 O.5400A o Jt500A 1.S300 0.SlS0A 0.4680A 
POLK 0.3~00 1.0010A 0.9030A 2.7500 1.0010A 0.g030A 
POTTAlfATAHIE 0.4500 0.6500 
SCOTT 0.3000 2.6100 

KS SEDGIUCK 0.2000 1.1400 
SlIAlIIEE 0.1600 1.6400 
NYAtIDDTTE 0.0900 0.5100 0.4600 3.0200 0.4280 0.3840 

KY BOYD 0.1300 3.8900 
FAYETTE 0.2900 3.5600 

A ImlCATES DIlLY OtIE STATlDlt REPORTING 



TABLE C-5. AIR qUAL lTV DATA FOR LEAD 
------------------------------------------------------------------------------------.-------------------

HIHII1UH I UG/tI3 , HAXIHUH I UG/I13 , 
---------------------------- ----------------------------

ARIlII GEO MIlH GEO 
STATE cOlInv OOS HEAtI tlEAN ons HEAlI HEAN 
--------------------------------------------------------------------------------------------------------

JEFFERSON 0.2700 0.9760A 0.9400A 3 • .3800 1.1800A 0.8910A 
KENTON 0.3200 0.7100A 0.6800A 1.2200 0.7100A 0.6800A 
HARREtt 0.1900 OJ\800A 0.4100A 1.1500 0.4800A 0.4100A 

LA CADDO PARRISH 0.2000 0.6720A 0.6100A 1.4fl00 0.6720A 0.6100A 
EAST BATON ROUGE PARRISH 0.2600 1.1500A 0.9000A 4.2600 1. 1500A 0.9000A 
IBERVIlLE PARRISIJ 0.0300 0.1300A 0.1100A 0.3800 0.1300A 0.1100A 
ORLEANS PARRISH 0.3900 0.8000 0.7700 1.6400 1.0300 0.9330 

tiE CUlIBERLAIID 0.1000 0.4500A 0.40004 1.4700 0.45004 0.4000A 
HAlICOCK 0.0 0.0600A 0.0400A 0.3900 0.0600A 0.0400A 

tID BAl TItiORE I CITVI 0.4400 1.07004 0.9800A 2.5000 1.07004 0.98004 
CALVERT 0.0300 0.1700A 0.1400A 0.3900 0.1700A 0.1400A 

HA CEtlTRAl ItA. APCO 0.3000 0.8400A 0.7400A 1.8600 0.8400A 0.7400A 
HETROPOLITAIt SOSTetl APeo 0.4000 1.3900 
PIGlIEER VAllEY APeo 0.6500 2.9000 

CO SOUTHEASTERN tlA. APeo 0.1900 1.1700 00 

HI GEIIESEE 0.3800 1.3400 
IIIGIiAH 0.2100 1.7100 
KEtiT 0.2700 2.2500 
SAGIW-W 0.1400 OJ,OOOA 0.3100A 0.9100 0.40004 0.31004 
HAY tiE 0.1800 2.7100 

till BElTRAtlI 0.0860 0.1560 
BIG STOHE 0.0060 0.1130 

• BLUE EARTH 0.2690 0.7580 
CARLTetl 0.0530 0.2280 
CLAY 0.0530 0.1150 
CROI~ lUNG 0.0130 0.2790 
DAKOTA 0.0550 0.4750 
GOODHUE 0.3130 1.2540 
HEllllEPItl 0.1800 1.2700A 0.9400A 8.8100 1.2700A 0.9400A 
ITASeA 0.0220 0.1190 
I<AlIDIYOHI 0.1120 0.2040 
I<OOCIIICllIltG 0.0320 0.4450 
LYON 0.1730 0.3670 
HClEOD 0.1180 0.3200 
t1ILLE LACS 0.3330 1.2220 
HOliER 0.2190 0.3910 
tlOBLES 0.0520 0.1720 

A ItlDICATES OIILY ONE STATlGlI REPORTltlG 



TADLE C-5. AIR QUALITY DATA fOR LEAD 
--------------------------------------------------------------------------------------------------------

"IHltIUH 'lJG/tI31 tlAXltUI 'lJG/H31 
---------------------------- ----------------------------

ARITH 6EO ARIDI 6EO 
STATE CoutlTY ODS "£AN "EAN ODS HEAH HEAl. ____________________________________________________ 4. __________________________________________________ 

OLtISUD 0.2150 2.3930 
OTTERTAIL 0.031t0 0.3140 
POLIC 0.0530 0.1320 
RAtISEY 0.0720 3.8600 
ST. LOUIS 0.0010 2.3100 
SCOlT 0.0320 8.3~30 
STEARIIS 8.0100 1.1350 
HASHlt«iTOH 0.2180 0.5610 
NIHOIiA 0.1110 0.5170 

"9 HUlDS 0.11t00 0.1500A 0.6100A 2.1600 0.7500A 0.6700A 
JACKSOti 0.0020 0.4200 

HO ST. LOUIS (CITYI 0.2900 0.8900A 0.8100A 2.9200 8.8900A 0.8100A 
ADAIR 0.1200 0.55/10 
AlIORAIH 0.1100 4.2300 
BOotiE 0.1100 2.9400 
BUCHANAN 0.0500 2.8100 ()C) 
BUTLER 0.0190 4.0600 \0 
CALLAIIAY 0.1150 0.3920 
CAtlDEU 0.0100 0.72&0 
CAPE GIRARDEAU 0.06£0 0.3100 
CLAY 0.0010 2.1790 
COLE 0.0900 0.7300 
JACKSON 0.3500 1.3900 
JASPER 0.1600 0.9600 
JEFfERSON 0.2340 37.5300 
LIVINGSTON 0.0900 0.6120 

• IIARIOlt 0.1700 1.0S00 
tlEI~ tlADlUD 0.1000 0.6360 
tlODAIIAY 0.0460 0.3150 
PETTIS 0.1970 0.3500 
PIIELPS 0.0690 0.2300 
PLATTE 0.0900 1.1420 
ST. CIIARLES 0.2400 0.6510 
STE GENEVIEVE 0.1400 0.3700 
SCOTT 0.1400 2.1900 
SIIAtUIOti 0.0300 0.0790A 0.0710A 0.1900 0.0790A 0.0710A VERHOtI 0.11t90 0.3130 

"T 6LAtlER 0.0 0.0600 
JEfFERSON 0.0600 10.9700 
LEIUS All) CLARK 0.3300 24.6200 

A IIIDICATES OUL Y OllE STATION REPORTING 



TABLE C-5. AIR QUALITY DATA FOR LEAD 
----------------------.---------------------------------------------------------------------------------

tllHltIUtI '00/"31 MAXltlUtI I UG/ltll 
-----------------.---------- ----------------------------

ARITH GEQ I.RITH GEQ 
STATE COUIITY OBS MEAH tlEAH OBS IIEAIt "EAN 
----------------------.--------------------------------.------------------------------------------------

POI~OER RIVER 0.0 O.O~OO 
ROSEOUD 0.0 O.OlOO 

tIS DOUGLAS 0.2~00 1.9900 
LANCASTER 0.1200 0.3800A O.l~OOA 0.9500 0.3800A 0.3~00A 
THOIIAS 0.0020 0.0500 

CLARK 0.5300 6.5200 
WASHOE 0.3100 5.2200 
WHITE PINE 0.0 O.O~OO 

tIH COOS 0.0020 0.1600 
tlERR IHACK 0.2000 1.5300 

NJ CAHOEU 0.3100 2.5200 
ESSEX 0.2200 2.1100 
GLOUCESTER 0.1300 1.1200 
HUDSON 0.2600 2.4900 \0 
tlERCER 0.4000 4.4200 0 
MIDDLESEX 0.4800 1.4400 
PASSAIC 0.6100 3.0500 
UNION 0.6500 4.8600 

BERtIALILLQ 0.4800 1.2700A 1.0600A 4.3200 1.2700A 1.0600A 
RIO ARRIBA 0.0010 0.0130A 0.0040A 0.1600 0.0140A 0.0070A 
SA" JUAN 0.0010 0.0130 0.0060 0.1100 0.0230 0.0120 

NY ALBANY 0.1700 1.2700 . ERIE 0.4300 1.3800 
JEFFERSON 0.0100 0.2600 
HOIIROE 0.5700 1.2700 
HEU YORK 0.2700 2.3700 
NIAGARA 0.2300 0.7500 
OlIElDA 0.4600 1.9000 
OHOl:OAGA 0.2700 2.7000 
UESTCIIESTER 0.4100 2.1400 

He DARE 0.0200 0.2500 
DURIIAtl 0.3600 4.0300 
FORSYTH 0.2900 0.8000 0.7400 2.2200 0.9230 0.8300 
GUILFORD 0.3300 3.0600 
HECKLEtlllURG 0.2300 0.6900 0.5900 3.8100 0.7550 0.6270 

lID BURLEIGIi 0.3500 0.5700 

A nIDICATES OlILY ONE STATIOlI REPORTING 

~ 



TABLE C-5. AIR QUALITY DATA fOR LEAD 
--------------------------------------------------------------------------------------------------------

"IHllUI C UllHl. ttAXltuI CUG/H3. 
---------------------------- ----------------------------

MJ1l1 6EO ARITH 6EO 
STATE COWlY DBS HUH HEAH oas "£AH flEAH 
-------------------------------------------------.------------------------------------------------------

011 CUYAHOGA 0.4100 l.a700 
fRAIlKLIH 0.2100 0.7900A 0.7100A 2.3100 0.7900A '.1100A 
HAtIILTOH 0.3600 D.12DOA 1.1500A 1.8000 0.1200A '.7500A 
JEFFERSOtI 0.1300 1.4200 
LUCAS 0.2600 1.1200 
HAlIOIIING 0.2500 0.6100 0.5500 1.1.700 0.6100 0.5500 
tIOHTGOtIERY 0.4300 0.9800 0.8600 2.1500 0.9800 •• 8600 
SCIOTO 0.1300 0.4100 0.3600 1.0400 0.4100 0.3600 
suultn 0.2800 0.510OA •• 5500A 1.2000 0.5700A 0.550OA 

OK CHEROKEE 0.0500 '.2100 
OKUJIOHA 0.0100 0.1110 0.0650 10.0000 1.9121 1.5\10 
TULSA 0.0005 0.5100A 0.4700A 1.~200 0.5300A •• 1t700A 

OR CURRY 0.0020 0.0300A 0.0100A 0.0700 0.0300A 0.0100A 
tu.lt1ltW1 0.0020 0.8300A G.6600A 1t.2~OO '.8300A '.6600A 

\D PA ALLEGHENY '.52uO 3.1100 .... 
BEAVER 0.5860 2.81120 
BERKS 0.2900 0.8100A 0.1400A 6.43S0 0.8100A 0.1400A 
BLAIR 0.0010 2.8250 
BUCKS 0.1600 2.2600 
CAlIBRIA 0.0020 1.2430 
ClIESTER 0.1600 0.5100 0.1t100 1.3800 0.5670 0.4860 
CLARION 0.0300 0.4 .. 00 
DAUPHIn 0.2400 1.0400 0.9000 2.6000 1.0400 0.9000 
ERIE 0.0200 0.6000A 0.3000A 2.1630 0.6000A 0.3000A 

• IHOIAIIA 0.1600 0.9600 
LACKAlIAIN 0.6500 2.0500A 1.8500A 6.6100 2.0500A 1.8500A 
LANCASTER 0.1\70 2.7500 
LEHIGII 0.0100 0.1900A 0.1100A 2.6600 0.1900A 0.1100A LUZERtIE 0.2800 0.1900 0.1200 2.6200 0.8270 0.7820 LYCGtlltUi 0.32ao 1.1820 
HERCER 0.2340 1.5640 ----IlDIlTGOtlERY 0.2530 2.1100 HORTIlAtIPTOH 0.1680 1.4550 tlORTllUHDERLAtI) . 0.2400 0.6600A 0.6100A 0.1300 0.6600A 0.610OA PHILADELPHIA 0.4600 1.21180 1.1790 2.1200 1.3280 1.2100 NESTtIORELAND 0.1670 2.SS90 YORK 0.2900 0.1200A 0.6600A 2.2630 0.1200" 0.6600A 

RI PROVIDENCE 0.3800 2.0300 
A ItQICATES OIILY OUE STATICH REPORTING 



STATE COUNTY 

IUISllltiGTott 

SC CHARLESTOti 
GREEtNIlLE 
RICIlLAIIO 

SO CUSTER 
HltlllEHAHA 

Ttl AHOERSOII 
BEDfO:~O 
BLOUlIT 
BRADLEY 
CIJIPBELL 
CARTER 
COFFEE 
CU:1BERLAtlD 
DAVIDSON 
DYER 
6IBSOtI 
GREEN 
Ht.tISLEtl 
"EtlRY 
IIUIIPIIREYS 
I(tlOX 
LItlCOLti 
tlCtlIlltl 
tlAOlSOtI 

• HARIOIi 
HAURY 
HOIIT60UERY 
OBIOI"! 
pall< 
PUTtIAH 
RaMIE 
ROBERTSON 
RUTHERFORD 
SIIELBY 
SULLIVAti 
SlBlllER 
"ARREta 
",\SIIIIIGTOtI 
"ILLlAlI5otl 

TABLE C-5. AIR QUALITY DATA fOR LEAD 

OBS 

0.0300 

0.8450 
0.3500 
0.0500 

0.0 
0.0200 

0.5800 
0.2800 
0.6500 
0.2000 
0.4500 
0.5300 
0.1600 
0.0100 
0.2500 
0.1600 
0.1400 
0.4300 
0.1300 
0.0200 
0.0300 
0.3700 
0.2300 
0.1800 
0.13i10 
0.1500 
0.4000 
0.2300 
0.2400 
0.3700 
0.1100 
0.1300 
0.2300 
0.2400 
0.2500 
0.2300 
0.2100 
0.2200 
0.6300 
0.2700 

t11t1Jtlllli (UG/I13 t 

ARIlII 
tlEAti 

1.0500 

0.0900A 

GEO 
tIEA" 

0.8600 

0.0800A 

--'-

OBS 

0.6900 

0.8li50 
3.4500 
4.1500 

0.0500 
1.6200 

1.3100 
0.6400 
1.5000 
0.4900 
O.~IOO 
0.5300 
1.6200 
0.5000 
2.4600 
0.7700 
0.4500 
0.6500 
2.7400 
0.7100 
0.2100 
3.9000 
0.2300 
0.1800 
2.3300 
0.2200 
2.4700 
0.9200 
0.5700 
1.4200 
0.71100 
1.9000 
0.4500 
0.8200 
5.5700 
2.2900 
0.4900 
0.4200 
0.6300 
0.2700 

A ItIDICATES OULY OtiE STATION REPORTItiG 

HAXII1lI1 (UG/I131 

ARITH 
UEAlI 

1.1320 

6EO 
tlEAti 

0.9380 

0.0900A 0.0800A 



TABLE C-5. AIR QUALITY DATA FOR LEAD 
----------------------------_.------------------------------------------.-------------------------------

HIHItUt • UGlH3I HAXIIUI .00/1131 
---------------------------- ----------------------------

ARInI GEO ARITH GEO 
STATE COWTY DBS HEAtl HEAH ODS HEAN HEAN 
--------------------------------------------------------------------------------------------------------

MILSOtt 0.2500 0.2900 

TX BEE 0.0200 0.1300 
BEXAR 0.0200 0.4400A 0.2800A 4.1:100 0.4400A 0.2800A 
BOOIE 0.0200 0.4200A 0.3300A 1.9500 0.4200A 0.3300A 
BRAZORIA 0.0200 0.1400 0.0900 0.1400 0.1900 0.1200 
BRAZOS 0.0200 0.3100A 0.3000A 0.1700 0.3100A 0.3000A 
BROUN 0.0200 1.8100 
CAUUlW O.OZOO 0.1300 
CAUERON 0.0200 0.0500 0.0300 1.2300 0.1100 0.1000 
CHAlIBERS 0.0200 0.2000 
DALLAS 0.0200 0.2300 0.1100 1.0200 2.9210 2.6310 
DENTON 0.0200 0.1200 
ECTOR 0.0200 0.4400A 0.3900A 1.0100 0.4400A 0.3900A 
ELLIS 0.0200 1.5000 
El PASO 0.0200 0.0900 0.0500 4.0900 1.1100 1.0200 
GALVESTON 0.0200 0.4500A 0.3800A 1.2000 0.4500A 0.3800A 
6RAY 0.0200 O.laoo \0 GRAYSON 0.0800 1.9900 U) 
HALE ·0.0200 0.1300 
HARRIS 0.0010 0.1500 0.0900 3.9100 0.1500 0.6100 
HAYS 0.0200 1.2300 
HIDALGO 0.0200 0.0300 0.0300 1.2500 0.2100 0.2100 
HOI lARD 0.0200 0.0100 0.0500 0.0200 0.0700 0.0500 
JEFF DAVIS 0.0200 0.0200 
JEFFERSotl 0.0200 0.1300 0.0800 0.9600 0.5200 0.5000 
LUDBOCK 0.0200 1.9600 
tlCLEIUlAt1 0.0200 0.1900 

• tlCtlULLEtl 0.0200 0.3300 
"ATAGORDA 0.0 0.2100 
HAVERICK 0.1000 0.4900A 0.3900A 1.9000 0.4900A 0.3900A 
"IDLAtfD 0.0200 0.1200A 0.0900A 0.6000 0.1200A 0.0900A tlOllTGDUERY 0.0200 0.1000 
HOORE 0.0200 0.1400 
NACOGDOCHES 0.0700 0.5600 
HUECES 0.0200 0.3600 0.2400 17.3000 0.6100 0.5300 
OR~JiGE 0.0200 0.1100A 0.0700A 0.7200 0.1100A 0.0700A POTTER 0.0200 1.4aoo 
SAN PATRICIO 0.0200 0.1100 Scu.QRY 0.0200 0.2700 suml 0.0600 0.5000A 0.3900A 1.~000 0.5000A 0.3900A TARRANT 0.0010 0.&910A 0.53(,OA 3.8000 0.865OA 0.8060A TAYLOR 0.0200 0.1700A 0.13004 0.7400 0.1100A 0.1300A 

A ItlDICATES OIIlY OlIE STATIotl REPORTING 



TABLE C-5. AIR QUALITY DATA FOR LEAD 
--------------------------------------------------------------------------------------------------------

ItllutlUH 'U6/1131 I1AXIIIUI1 'U5/1131 
---------------------------- ----------------------------

ARITH GEO ARITH GEO 
STATE COUItTY DBS HEAN tlEAN DeS tlEAlt IIEAN 
--------------------------------------------------------------------------------------------------------

TITUS 0.0200 0.1100A 0.0700A 0.5800 0.1100A 0.0700A 
TOI1 GREEN 0.0200 0.1000A 0.0700A 0.6500 0.1000A 0.0700A 
TRAVIS 0.0200 0.00'100 0.0300 2.6000 0.7300 0.6400 
VAL VERDE 0.0200 0.6000 
VICTORIA 0.0200 0.8300 
HALI<ER 0.0200 0.3300 
UEBB 0.0200 0.7100 
WICHITA 0.0200 0.4600A 0.4000A 1.2100 0.4600A D.tiOOOA 
WISE 0.0200 0.6500 

UT UlERY 0.0010 0.1600 
GARFIELD 0.0010 0.0150 0.0070 0.1700 0.0170 0.0080 
KAtiE 0.0010 0.0170A 0.0030A 0.0900 0.0170A 0.0080A 
SALT LAKE 0.3500 4.9100 
SAN JUAN 0.0010 0.0110 0.0050 0.1400 0.0200 0.0080 
UASHIIIGTOH 0.0010 0.0190 0.0070 0.2400 0.0100 0.0160 
UEBER 0.2300 3.55110 

\0 
VT CHITTEIIDE" 0.0020 0.6860 0.4710 1.2600 0.7900 0.7600 .po. 

ORANGE 0.0500 1.1800 

VA 0000 0.1300 0.5200 0.4400 3.7500 0.9700 0.8600 
FAIRFAX 0.2100 2.1400 
PAGE 0.0300 0.2400A 0.1900A 0.8100 0.2400A 0.1900A 
PITTSYLVANIA 0.1800 0.5700A O.ItSOOA 1.9300 0.5700A 0.4S00A 
WVItiE 0.0200 0.0900 0.0800 0.1900 0.0900 0.0800 

HA KING 0.0700 1.4600A 1.3100A 4.4800 1.4600A 1.3100A . PIERCE 0.1600 0.9500A 0.8200A 2.1900 0.9500A 0.8200A 
SPDKAItE 0.1800 1.2900 

HV CABELL 0.2200 2.2900 
KAtIAUHA 0.1200 0.5200 0.4400 2.6900 0.6240 0.7200 

HI DAtIE 0.1400 0.6000A 0.5200A 1.3000 0.6000A 0.5200A 
ODOR 0.0 0.5500 
DOUGLAS 0.0100 0.2300A 0.1900A 1.0700 0.2300A 0.1900A 
EAU CLAIRE 0.1500 0.9800 
KEtlOSIiA 0.0800 1.0300 
HILWAUKEE 0.3200 1.6100 
RACINE 0.1300 0.4200A 0.3500A 1.4700 0.4200A 0.3500A 

HY LARAIIIE 0.1100 0.6600 

A IOOICATES DilLY ONE STATION REPORTING 



STATE CDWTY 

HATRClttA 
PARK 

TABLE C-S. AIR QUALITY DATA fOR LEAD 

DBI 

A.oaDO 
0.0 

HIHItui C U61t13. 

ARllH 
HEAH 

&EO 
HEAtt ODS 

0.4'100 
0.0300 

HAXIIUI CU6ltl3J 

ARllH 
HEAl. 

6EO 
.IEAH 



STATE COUNTY 

AZ APACHE 
COCONltlO 
tlARlCOPA 
HOIIAVE 
NAVAJO 

CO LA PLATA 
tIOtiTE ZUIIA . 

IH ALLEti 
BARTIIOLOI1EW 
CLARK 
DUBOIS 
ElKIIART 
GRAIn 
"OUARD 
JASPER 
JEFFERSOti 
KHDX 
LAKE 
LAPORTE 
HARION 
HOIIROE 
ST. JOSEPH 
STEUBEN 
TIPPECAIIOE 
VAHDERIlURGII 

• VIGD 
""¥tIE 

HD ADAIR 
AUDRAiti 
BOOllE 
BUCHAIIAU 
BUTlER 
CALLA/lAY 
CAnDEIl 
CAPE GIRARDEAU 
CLAY 
COLE 
JASPER 
JEFFERSON 

TABLE C-6. AIR QUALITY DATA FOR tlAtlGAlIESE 

OBS 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0170 
0.0060 
0.0230 
0.0130 
0.0120 
0.0150 
0.0250 
0.0060 
0.0070 
0.0080 
0.0060 
0.0180 
0.0040 
0.0090 
0.0150 
o.ooao 
0.0130 
0.0110 
0.0160 
0.0190 

0.0260 
0.0290 
0.0210 
0.0040 
0.0190 
0.0190 
0.0130 
0.0160 
0.0300 
0.0210 
0.0330 
0.01"'0 

HIIlIt1Ul1 (UG/tIl. 

ARITH 
HEAlI 

0.0060 
O.OMO 
0.0310 
0.0050 
0.0080A 

0.0060A 
0.0070A 

GEO 
HEAH 

0.0020 
0.0010 
0.0200 
0.0010 
0.0020A 

0.0020A 
0.0020A 

(jDS 

0.1200 
0.1300 
3.0MO 
0.1500 
0.1900 

0.0700 
O.MOO 

0.0440 
0.0530 
0.1360 
0.0570 
0.0530 
O.MOO 
0.2500 
0.0170 
0.0230 
0.0400 
0.1010 
0.0770 
0.0510 
0.0410 
0.0490 
0.0(,50 
0.0:,90 
0.0330 
0.1150 
1.1320 

0.1020 
0.0800 
0.1120 
0.1220 
0.1150 
0.0700 
0.0020 
0.0540 
0.1250 
0.0510 
0.1410 
0.9730 

A INDICATES ONLY DUE STATION REPDRTIIIG 

tIAXItIU~1 (UG/Hll 

ARITH 
ilEAl. 

0.01l0 
0.0160 
0.l f,80 
0.0090 
0.0080A 

0.0210A 
0.0070A 

GEO 
tlEAti 

O.OOltO 
0.0030 
2.7652 
0.0030 
0.0020A 

0.0100A 
0.0020A 

\0 
0\ 



STATE COlIiTY 

TABLE C-6. AIR QUALITY DATA fOR HAHGNIE9E 

085 

HIHltut I UlVlt3 » 

AlITH 
HEAH 

6&0 
HEAtl ODS 

HAXJtUt I UGlH31 

ARITH 
HEAti 

6EO 
IIEAN 

--------_ .. _--------------------------------------------------------------------------------------------
LlVltlGSTott o.o:no 
HARIOlI 0.0\90 
HEM HADRID 0.0190 
HODA,",Y 0.0200 
PETTIS O.O:UO 
PHELPS 0.0110 
fUTTE 0.0230 
ST. CHARLES 0.0230 
STE. GEHEVlEVE 0.0610 
SCOTT 0.0020 
VERtIOU 0.0340 

lit RIO ARRIBA 0.0 

se CHARLESTON 0.0110 

Ttl AtIlERSOIt 0.0320 
BEDfORD 0.0160 
BLOUtn 0.0310 
BRADLEY 0.0100 
CWBELL 0.0200 
CARTER 0.0200 
COffEE O.OOSO 
ClIlBERLAIID 0.0040 
OYER 0.0060 
GIBSOIi 0.0060 
GREEtlE 0.0280 
HAtIBLEti 0.0160 

• "EURY 0.0060 
HtllPREYS 0.0120 
UtlCOLti 0.0360 
tlCUltUI 0.0190 
"AOISON 0.Ot60 
HARIOtf 0.0270 
HAURY 0.0310 
tlOiITGOI'IERY 0.0080 
OBIOtI 0.0160 
POlK 0.0370 
PUTtIAH 0.0060 
ROAtlE 0.0610 
ROIlERTSOtI 0.2500 
RUTlIERfORD 0.0100 
SULLIVAN 0.0060 

A IIf)ICATES DIlLY OlIE STATIOII REPORTJI.IG 

---

0.0040A 0.0010A 

0.8280 
0.0690 
0.2120 
0.0710 
0.0610 
0.0730 
0.0960 
0.1120 
0.0610 
0.3640 
0.0820 

0.0400 

0.0110 

0.0420 
0.0240 
0.0450 
0.1290 
0.0340 
0.0200 
0.0330 
0.0250 
0.1260 
0.0300 
0.0340 
0.0700 
0.0260 
0.6960 
0.0360 
0.0190 
0.0350 
O.Ol~O 
0.08\0 
0.0410 
0.1030 
0.0440 
0.0180 
0.9720 
0.0270 
0.02-\0 
0.1670 

0.0040A 0.0010A 



STATE CUllY 

SutUIER 
HARREll 
HASIIUlGTOII 
JlllLIAI1S011 
JIllSON 

TX BEE 
BEXAR 
BOHlE 
BRAZORIA 
BRAZOS 
BROI:tI 
CALHOUN 
CAtiEROH 
CHAtlBERS 
DALLAS 
DEHTOII 
ECTOR 
ELLIS 
EL PASO 
6ALVESTOti 
GRAY 
6RAYSOti 
.IALE 
HALE 
HAYS 
HIDALGO 
HOUIIRD 

I JEFF DAVIS 
JEFFESOti 
LUOEOCK 
tlCLEtI/I,\1I 
tlCt:ULLEIl 
tlATAGORDA 
HAVERICK 
HIDLAIID 
I1OIITGO/IERY 
HOORE 
IlACOGDOCHES 
tlUECES 
ORANGE 
POTTER 
SAil PATRICIO 

TADLE C-6. AIR QUALITY DATA FOR tlAHGAtiESE 

oas 

0.0180 
0.0070 
0.~350 
0.0370 
0.0100 

0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 

tlltlItlUH (UGIH3. 

ARITII 
tlEAlI 

---

GEO 
MEAN ODS 

0.0250 
0.0250 
0.0350 
0.0370 
0.0230 

0.0900 
0.1400 
0.1000 
0.1600 
0.0900 
0.0700 
0.0900 
0.3100 
0.1000 
0.1900 
0.0700 
0.3100 
0.0500 
0.2000 
0.1300 
0.1500 
0.0700 
0.0800 
1.1500 
0.1400 
0.1500 
0.09ilO 
0.1'100 
O. lllOO 
0.1000 
0.0!l00 
0.0300 
0.0200 
0.0700 
0.3700 
0.1000 
0.1600 
0.0200 
2.6600 
0.2200· 
0.1600 
0.0200 

A IlmlCATES ONLY OHE STATIOti REPORTING 

tiAXItlUl1 '00/"31 

ARITH 
IIEAlI 

GEO 
HEAlI 

\.D 
00 



STATE twtTY 

SCURRY 
snIT" 
TARRAltT 
TAYLOR 
tITUS 
TCIt 6REEH 
TRAVIS 
VAL VERDE 
VICTORIA 
WALKER 
NEllB 
WICHITA 
MISE 

Ul tHERY 
6ARfIELD 
KANE 
SAN JUAN 
WASHItlGTOO 

TADLE C-6. AIR QUALITY DATA fOR twlGAtiESE 

08S 

0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 

0.0 
0.0 
0.0 
0.0 
0.0 

"IHltUt C UG1t13, 

ARITH 
H£AH 

0.0070 
0.0050A 
0.0040 
0.0070 

6EO 
H£AH 

0.0020 
0.0010A 
0.0010 
0.0030 

oas 
0.0600 
0.0900 
0.1000 
o.osoo 
0.0100 
0.1700 
0.1000 
0.0200 
0.0700 
0.0600 
0.0600 
o.oaoo 
0.0600 

0.0400 
0.0500 
0.0400 
0.0300 
0.0800 

HAXltUt CUGlHlt 

ARITIt 
I1EAtI 

0.0140 
0.0050A 
0.0100 
0.0010 

6EO 
IIEAtI 

0.007' 
0.0010A 
0.0030 
0.0030 



TABLE C-7. AIR QUALITV DATA FOR SELEIHUII 
-------------------------------------------------------------------------.------------------------------

HIIIItWlt CUGlHll tlAX ItllJI1 CUG/1t31 
---------------------------- -.-----.-----------.--------

ARITH GEO ARITH GEO 
STATE COUNT'( OBS tlEAH HEAN OBS tlEA11 tIE All 
-------------------------------.------------------------------------------------------------------------

TX BEE 0.0100 0.0100 
BEXAR 0.0100 0.0100A 0.0200A 0.0400 0.0100A 0.0200A 
BOWlE 0.1000 0.0100A 0.0200A 0.0300 O.OlOOA 0.0200A 
BRAZORIA 0.0100 0.0100 0.0200 0.0100 0.0100 0.0200 
BRAZOS 0.0100 0.0100A 0.0200A 0.0100 0.0100A 0.0200A 
BROIUI 0.0100 0.0300 
CAlHOUN 0.0100 0.0100 
CAtlEIlOlI 0.0100 0.0100 0.0200 0.0100 0.0100 0.0200 
CKAI;BERS 0.0100 0.0300 
DAllAS 0.0100 0.0100 0.0200 0.0100 0.0100 0.0200 
DENTOII 0.0100 O.OSOO 
ECTOR 0.0100 0.0100A 0.0200A 0.0100 0.0100A 0.0200A 
ElLIS 0.0100 0.0400 
El PASO 0.0100 0.0100 0.0200 0.0100 99.0000 99.0000 
6ALVESTON 0.0100 0.1100 
GRAV 0.0100 0.0100 ...... 
6RAYSOit 0.0100 0.0300 0 
KALE 0.0100 0.0100 0 
HARRIS 0.0100 0.0100 0.0200 o.oaoo 0.0100 0.0200 
HAYS 0.0100 0.0300 
HIDALGO 0.0100 0.0100 0.0200 0.0100 0.0100 0.0200 
lIOllARD 0.0100 0.0100A 0.0200A 0.0100 0.0100A 0.0200A 
JEFF DAVIS 0.0100 0.0100 
JEFFERSOII 0.0100 0.0100A 0.0200A 0.0100 0.0100A 0.0200A 
LUBBOCK 0.0100 0.0100 
tlClEtulAN 0.0100 O.OiOO 
tlCI1UllEII 0.0100 0.0100 

I tlATAGOROA 0.0100 0.0100 
HAVERICK 0.0100 0.0100A 0.0200A 0.0100 0.0100A 0.0200A 
IIlOlA/IF 0.0100 0.0100A 0.0200A 0.0100 O.OIOOA 0.0200A 
tIONTGOIIERV 0.0100 0.0100 
tlOORE 0.0100 0.0100 
NACOGDOCHES 0.0100 0.0100 
IIUECES 0.0100 0.0100 0.0200 0.0300 0.0100 0.0200 
ORANGE 0.0100 0.0100A 0.0200A 0.0\00 0.0100A 0.0200A 
POTTER 0.0100 0.0100 
SAil PATRICIO 0.0100 0.0100 
SCURRV 0.0100 0.0100 
StllTK 0.0100 0.0100A 0.0200A 0.0300 0.0100A 0.0200A 
TARRAtIT 0.0100 9.0000 99.0000 0.0100 99.0000 99.0000 
lAYlOR 0.0100 0.0100A 0.2000A 0.0100 0.0100A 0.2000A 
TITUS 0.0100 0.0100A 0.0200A 0.0100 0.0100A 0.0200A 

A ItlDICATES OIllY OIiE STATIoti REPORTING 



STATE cotItTY 

TABlE C-7. AIR UlITY DATA fOR SELEtUIII 

OBS 

HI,mllt • U&lttl' 

ARITII 
HIAtt 

6EO 
HIAtt OIlS 

HAXltut I UGlII3 , 

AlITK 
HEAtI 

6£0 
HEAt. 

--------------------------------------------------------------------------------------------------------TOIl &REEN 0.0100 0.0101 
lRAVIS 1.0100 0.1110 0.0200 0.0500 1.0200 0.8200 
VAl VEROE 1."0' 0.0100 
VICTORIA 1.0100 0.0%00 
WAlKER O.IUOo 1.0100 
'lEN 0.0101 0.0100 
WICHITA 0.0100 0.0300 
WISE 1.1100 0.0100 



STATE COUNTY 

TN AtlilER501t 
BEDFORD 
BLOUNT 
BRADLEY 
CAlIPflELL 
CARTER 
COFFEE 
Clltt8ERLAlliI 
DYER 
GI85011 
GREENE 
HAtt8LEN 
HEtIRY 
IlUIIPREYS 
LINCOLN 
HCHltlil 
tlADI50N 
HARlOff 
HAURY 
t1OUTGOltERY 
08I01t 
fOLK 
fUTNAM 
RDAIIE 
RDBERTSOH 
RUTlIERFORD 
SULLIVAN 

I SUlUlER 
"AIIREN 
IIA5111116TOII 
"ILLIAIISOII 
WILAON 

TX BEE 
BEXAR 
BOIlIE 
BRAZORIA 
BRAZOS 
BROlIN 
CALIloutl 
CAlIEROU 
CHAtiOERS 

TABLE C-8. AIR QUALITY DATA FOR VAIlAOIUlt 

OBS 

0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.n200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 

0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 

HIliUlJI1 (UG/I13' 

ARITH 
ItEAN 

6EO 
HEAN 

-r-

OBS 

0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 
0.0200 

0.0020 
0.0010 
0.0010 
0.0020 
0.0030 
0.0040 
0.0010 
0.0020 
0.0010 

A IIIDICATES DilLY UHE STATIOff REfORTlII6 

HAXlIlItl (UGIII3' 

ARITH 
tlEAff 

GEO 
tlEAH 

..... 
0 
tv 



STATE tOWTY 

DALLAS 
DElilOH 
ECTOR 
ELLIS 
EL PASO 
6ALVESTOH 
&RAY 
GRAYSON 
HAlE 
HARRIS 
IIAYS 
HIDALGO 
HOlIARD 
JEFF DAVIS 
JEFFERSON 
LU6BOCK 
tlCL EtltlAN 
HCtlUllEN 
HATAGORDA 
HAVERICK 
HIDLAtID 
HDlITGOIIERY 
tlOORE 
NACOGDOCHES 
tlJECES 
o.~AtlGE 
POTTER 
SAN PATRICIO 

• SCURRY 
SIIIT" 
TARRANT 
TAYLOR 
TITUS 
TOIt GREENE 
TRAVIS 
VAL VERDE 
VICTORIA 
WALKER 
WEBB 
WICHITA 
NISE 

TABLE c-a. AIR _LITY DATA FOR VAtIADIlit 

DBS 

0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 

"l"laut 'UGlH3' 

ARIT" 
HEAtI 

6EO 
HEAH OBS 

0.0020 
0.0010 
0.0010 
0.0010 
0.0020 
0.0070 
0.0010 
0.0020 
0.0010 
0.0010 
0.0010 
0.0010 
0.0020 
0.0010 
0.0230 
0.0020 
0.0020 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0310 
0.0020 
0.0010 
0.0010 
0.0010 
0.0030 
0.0100 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0020 

HAXItUt 'UGIH3' 

ARITH 
HEAH 

6EO 
HEAti 

I-' 
0 
w 



STATE COUIITY 

A2 APACHE 
COCOHlHO 
GILA 
GRAJIAJI 
GREEIILEE 
HARICOPA 
HOIIAVE 
ltAVAJO 
PIItA 
PIIlAL 
SAHTA CRUZ 
YAVAPAI 
YUtIA 

ID stlOSHOItE 

IN ALLEN 
BARTltOLotlEH 
CLARK 
DUBOIS 
ELKHART 
GRAHl 
HDIIARO 
JASPER 
JEFfERSOIt 
KNOX 
LAKE 

, LA PORTE 
ttARIOII 
tlotlROE 
ST. JOSEPH 
STEUBEN 
TlPPECAtIOE 
VAtlDERDIJRGH 
VI SO 
UAYUE 

SC CHARLESTOU 

TX BEE 
BEXAR 
BOIUE 

TABLE C-9. AIR QUALITY DATA FOR 21t1C 

CBS 

0.0100 
0.0200 
0.0100 
0.0200 
0.0300 
0.0001 
0.0001 
O.OlilO 
0.0001 
0.0300 
0.1100 
0.0100 
0.0200 

0.0100 

0.0550 
0.0430 
0.0924 
0.0478 
0.0590 
0.0772 
0.2010 
0.0543 
0.0215 
0.0410 
0.Dltl0 
0.0634 
0.1000 
0.0430 
0.0£145 
0.0602 
0.0661 
0.0520 
0.1391 
0.0736 

0.3500 

0.0 
0.0 
0.0 

HlltltUl UJGIHl) 

ARITIt 
HEAN 

0.0200A 
0.0500A 

GEO 
tlEAlt 

0.0100A 
0.0300A 

OBS 

0.2800 
0.1500 
0.1900 
0.0900 
0.2300 
0.M10 
0.1700 
0.1400 
0.3000 
0.2200 
0.1100 
O.ldao 
0.1000 

6.9000 

0.1590 
0.1140 
0.6551 
0.2774 
0.0780 
0.22&5 
1.4440 
0.1366 
0.0976 
0.0851 
0.3990 
0.1971 
0.4960 
0.0960 
0.4068 
0.2373 
0.0995 
0.1720 
0.4640 
0.3921 

0.3500 

0.0300 
0.2100 
0.1400 

A INDICATES OIlLY OUE STATIOH REPORTIIIG 

ttAXItlUti (UGlHll 

ARITII 
IIEAlt 

0.0200A 
0.0500A 

GEO 
IIEAlt 

0.0100A 
0.0300A 

..... 
0 
~ 



ItlHlt1llt C UGmll tlAXltut lUG/ill I 
--------------------_.------ ----------------------------

ARITH 6EO ARITH 6EO 
STATE COlI.TY OOS IlEA" HEAIt ODS HEAII tIEAt. 
---------------------------,-.--------.------------------------------------------------------------------

BRAZORIA 0.0 0.0300 0.0200 0.5';00 0.0~00 0.0300 
BRAZOS 0.0 O.O~OOA 0.0300A 0.0900 0.0400A 0.0300A 
BROUN 0.0 0.~500 
CALIIWi 0.0 0.0600 
CAlIEROH 0.0 0.0100 0.0100 0.~200 0.0400 0.0200 
CUAtlBERS 0.0 0.7~OO 
DALLAS 0.0 0.0200 0.0100 0.2400 0.0200 0.0200 
DEIUOI. 0.0 0.1000 
ECTOR 0.0 0.0600A 0.0400A 0.1600 0.0600A O.O~OOA 
ElLIS 0.0 0.1400 
El PASO 0.0 0.0500 0.0200 2.3~OO 0.1500 0.0700 
6AlVESTOH 0.0 O.oaOOA 8.0700A 6.7000 O.oaOOA 0.0700A 
&RAY 0.0100 0.0500 
GRAYSOH 0.0 0.1600 
HAlE 0.0100 O.OSOO 
HARRIS 0.0 0.0400 0.0200 2.0';00 0.1100 o.oaoo 
HAYS 0.0 0.1ilOO 
HIDAl60 0.0 0.0100 0.0100 0.2200 0.0200 0.0100 
HOIIARD 0.0 0.0200A 0.0100A 0.1700 0.0200A 0.0100A 
JEFF DAVIS 0.0 0.1000 
JEFFERSOH 0.0 0.0400A 0.0200A 0.4500 0.0400A 0.0200A 
lU8BOCK 0.' 0.1100 
t1CLEtltfl'.t' 0.0 0.1200 .... 
tlCllJllEU 0.0 o. moo 0 

VI 
HATAGCP.DA 0.0 0.0600 
HAVERICK 0.0 0.0500A 0.0300A 0.3600 0.0500A 0.0300A 
HIDlAiID 0.0 O.O~OOA 0.0200A 0.1300 0.0400A 0.0200A 
tIOIlTGOIIERY 0.0200 0.1000 
tIOORE 0.0 0.0900 
tlACOGDOCHES 0.0300 0.1000 
tIIECES 0.0 0.0300 0.0200 28.6100 2.5200 1.1500 
ORANGE 0.0 0.0400A O.OlOOA 0.4700 0.0400A 0.0300A 
POTIER 0.0 0.1800 

• SAN PATRICIO 0.0 O.MOO 
SCURRY 0.0 0.1200 
SUITII 0.0 0.0400A 0.0300A 0.1700 0.0400A 0.0300A 
TARRANT 0.0 l.!;OOO 
TAYlOR 0.0 0.0300 0.0200 0.1600 0.0300 0.0200 
Tnus 0.0 0.0400A 0.0200A 0.3600 0.0400A 0.0200A 
TUH GREEN 0.0 1.1400 
TRAVIS 0.0 0.0100 0.0100 1.8300 0.0500 0.0400 
VAL VERDE 0.0 0.0900 
VICTORIA 0.0 0.0700 

A ItmItATES DIllY OHE STATIDI. REPORTING 
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APPENDIX D 

EFFECTS OF DEPOSITED PARTICULATE MATTER 

Most evidence fo-r pa-rticulate toxicity is derived from studies of 

domestic animals. It is often not clear if the symptoms of toxicity are the 

result of ingestion, inhalation, or both. Only those studies which clearly 

indicated ingestion of dust-covered vegetation are summarized here. There 

appears to be a definite relationship between deposition of fine particles of 

arsenic, fluoride, lead, and copper on vegetation; their ingestion by animals; 

and chronic o-r acute injury to animals. 59 ,60 Other metals which may also be 

u.p1icated are zinc and cadmium. The surfaces of vegetation, especially those 

covered with fine hairs (stems, leaf petioles, and blades), provide a major 

filtration and reaction surface for metal-laden particles of 1-5 um and 

lesa. 61 

Fluorides are reported to cause more damage to domestic animals than 

any other air pollutant. 62 Dietary fluoride is generally accepted as the 

maj or source of fluoroa is in animais. 9 Fluo-rosis has been noted in moat 

daaestic livestock, presumably resulting from particulate fluoride deposited 

on vegetation and ingested by animals. 63 ,64 For cattle, the most susceptible 

domestic animal,26,65,66 diets containing concentrations exceeding 40 ppmw 

fluoride may have severe toxic effects. 67 lhe safe range for soluble and 

insoluble fluorides has been specified at 30-50 ppmw and 60-100 ppmw, respec­

tively, fo-r cattle.68 Sheep and swine (70-100 ppmw), chickens (150-300 ppmw) , 

and turkeys (300-400 ppmw) are less sensitive to dietary fluoride levels. 68 

Arsenic deposited on vegetation from smelting operations has been known 

to kill livestock if enough was ingested. 62,69-72 Ingestion of arsenic­

contaminated dust/soil on forage presents the greatest dangers to grazing 

animals. 73 However, a wide range of toxicity for arsenic compounds exists and 

is correlated to animal excretion rates. 9 The reported biological half-life 

of arsenic compounds ranges £rom 30-60 hours. 74 ,75 Those compounds exc-reted 

most rapidly tend to be least toxic. 

Lead poisoning of cattle, horses, and other grazing anbnals as a result 

of ingestion of contaminated forage has been reported often. 76-80 Fodder 

contaminated by lead and zinc by atmospheric deposition from a foundry was 

responsible for the death and slaughter of 140 cows. 81 Ingestion of surface 
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deposits of airborne lead on forage, especially adjacent to heavily traveled 

highways,82 and inhalation of lead can be significant additions to the total 

body burden of animals. 83 ,84 Zoo animals (cats, primates, and snakes) are 

susceptible to lead aerosol poisoning. 8S 

Several other elements have been implicated in the illness or death 

of grazing animals when deposited on forage. For example, soot containing 

vanadium at a concentration of 1 ug/ g was dumped near a pasture and subse­

quently spread by wind. The pasture grass was covered with a film of soot 

and, when ingested by cattle, caused sickness and death. 86 ,87 Iron particles 

fran a magnesium plant in Austria adversely affected the digestive tracts of 

grazing cattle .88 Domestic animals grazing near specialized steel and alloy 

plants have been poisoned by ingesting dust containing molybdenum with 

vegetation. 62 

No specific studies are known which address the intake of trace 

elements by wildlife through ingestion of dust-coated vegetation. 9 Fluorosis 

has been identified in wild animals, especially deer and elk. 89 Honey be~s, 

red deer, and wild hares are lmown to be especially sensitive to arsenic 

poisoning. 62 Newman90 presents a state-of-lmowledge review of the effects 

of industrial air pollution on wildlife. Howev~r, specific information 

dealing with surface-contaminated forage could not be identified. Ingestion 

of plant material which has concentrated heavy metals through uptake and 

inhalation of airborne particulates represents the majority of case histories. 
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