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1 INTRODUCTION

1.1 BACKGROUND

_ Section 165 of the Clean Air Actl requires preconstruction review of
major emitting facilities to provide for the prevention of significant de-
terioration (PSD) and charges Federal Land Managers (FIMs) with an affirmative
responsibility to protect the air quality related values of Class I areas.
Regulations? implementing these provisions require:

e An analysis of the impairment to visibility, soils, and
vegetation (52.21 (o)) and
e A notice from the EPA Adminiartrator to the appropriate FILM
of any permit application from a source whose emissions
would affect a Class I area (52.21 (p)).
For sources ﬁore than 10 km from any Class I aréas, exemptions provide
that no analysis of impairment need be dome if emission increases are below
specified limits.* The analysis should address the impairment due to genei’al
_gecondary g_rowt.h associated with the source and need not address the impacts
on vegetation having no significant commercial or recreatiomal value. For

impacts in Class I areas, consullt:ation 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 Inveatigation. 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 applications and air quality reviews. Much of the data
required to relate ambient concentrations of pollutants to impairment of these
values is currém:ly lacking. However, the requirements of 52.21 (o) and {(p)
need to be addressed now while additional investigations are being carried

cut.

*The "de minimis" velues are given in Sec. 52.21 (b)(23)(1i) of the PSD
regulations .2 '




The information and screening procedure presented here provide jnterim
guidance;
¢ To aid in determining whether emissions are significant

or whether there are significant air quality impacts under
Sec. 52.21 (o) and

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

Impacts on vegetation and soils are the principal areas addressed

by the procedurs which thus takes a limited view of the poasibly broad scope
of air quality related values. A selected review of impacts on fauna has alsc
been included and the odor poteﬁtial of regulated pollutants is addressed.

fhis procedure is intended for use bylair 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 handbock provid=
ing for such detailed assessments is being prepared for the FIMs. 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 cannoc necessari1y be considered safe. Species
mbre 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 proceduzre by changing the screening

concentrations presented here.

Based on estimates of typical stack parameters, significant emission
levels have been estimated. These eg:imates are not intended to replace

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

likely to cause significant impacts on plants and soils.

.
PR




2 OVERVIEW

The procedure presented here provides a simple wmethod for assgesging
the potential a source has for adversely affecting some air quality related

values. 1In particular, the potential for impacts on plants, soils, and

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

approach used by EPA in the PSD regulations.? 1In the procedure presented
here, the minimum levels at which adverse effects have been reported in the

literature are used as screening concentrations. These 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 appropriat:ely .

Section 5 describes a seven step procesgs for screening a source. The
procedure begins by estimatiang the maximum ambient concentrations caused’ by

the source for the aire'r:aging times specified for the screening concentrations.

“FoY some pbxlutants thiegae maxX1Mia ars compared Jdirectly £o thé SEredning
values. For other pollutants (trace elements) estimates of depositiom in the
soil and subsequent uptake by plants are made based on an estimate of the
maximum annual concentration. The 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 screeming concentra-
tions would indicate that the source might have adverse impacts on plants,
goils, or animals and that the actions required by 40 CFR 52.21 (o) and (p)
need to be taken. For situations where modeling results are not available for
the source, significant emission levels corresponding to the varicus screening
concentrations are developed in Sec. 5.2. In these cases, emissions in excess

of the significance levels would trigger the additional actions.

The estimation of potemtial impacts on plants, animals, and soils is
extremely difficult. The screening concenptrations provided hers are not
necesgsarily safe levels nor are they levels above which concentratioms will
neae:lasarily cause harm in a particular situvation. 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 addicion, this procedure is based
upon a éimpliszic view of extremely complex systems in which single valye
estimates are not possible and in which the number of variables is extroziiy
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 concentrarions were found for only half the regulated
pollutants. Qzone and TSP are diascussed in Sac. 3.1. Of the remaining sub-
stances for which screening concentrations weve not found, methyl wmercaptan,
dimethyl sulfide, dimethyl disulfide, carbon digsulfide, and carbonyl sulfide
are regulated because of their cdor potenciais. Odor is anm air quality
related value and Sec. 52.21 (b)(23)(i) of the PSD reguiations2 gives "de

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

Table 2.1 Regulated Pollutants

Screening Concentrations

Available Not Available

co TSpa

NQ2 Asbestos

809 Sulfuric Acid Mist
04P Vinyl chloride

Lead : Methyl Mercaptan®
Mercury Dimethyl Zulfide®
Beryllium Dimethyl Disulfidec
Fluoride ' Carbon Disulfide¢
Hydrogen Sul fide Carbonyl Sulfide¢

dFraction of TSP presemt as trace ele-
ments treated through depoaition and
uptake by plants,

bScreening concentration avgilable but
no simple procedure for estimating the
ozone impact of a single source is
currently available.

“Regulated indirectly as constituents of
reduced sulfur or total veduced sulfur.




(TRS) bgsed on odor. RS and TFS include these sulfur compounds. Sources not
emitting more than these "de minimis" levels (10 t/yr for hoth 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~
lcontaining compounds might adversely foect plants, soils, or animals could
not be determined. There was one questionable indication that methyl mer-
captan might be toxic to plants at concentrations mnear 150,000 ug/m3, far
above likely ambient concentrations.® 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 accordipg to whether the po;ential 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 columa in the table does not necessarily

R e 4 s

SRR

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 Impacts on

Plants Animals
Direct Indirect thr'éugh Direct Indirect through
Ambient Deposition and Ambient Plants in
Impact Uptake Impact Diet
$09 Argenic Arsenic .
03 Boron Beryllium
ROy Cadmium Cadmium
co Chromium '
HyS Cobalt Cobalt '
Ethylene Copper Copper
Fluoride Fluoride Fluoride
Lead Lead Lead
Manganese Manganese
Mercury
Nickel Nickel
Selenium Selenium
Vanadium Vanad ium g
Zine Zinc (

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




3 AIR QUALITY RELATED IMPACT DATA

NbTE: 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, ppav, is the unit more familiar to air quality analysts
and is used, for example, to express ambient concentrations and standards.
The latter, ppmw, or an equivalent (mg/kg, ug/g), is frequently used to
express concenrtrations of elements in soils, plants, and animals. The air
quality apnalyst should be aware of the difference, because the units are not
equivalent. The 'nit ppuv is normally used only in expressing concentratioms.

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 sectionm.
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

ﬁiﬁ;?:‘h“”“"‘h“ave“““b‘etme""'"c'ont'minated"°~bywthemdepos~$i:t—i~onwo-f-wawiﬂr—_po-ﬂntﬂaucs. Impacts
on fauna are also addressed indirectly with effects being related to the
ingegtion of pli;nt:a cont-aiai.ng toxic elements taken up from pollutants
deposited on soils. "I.‘hus, the infométion presented here represents a preim—

inary definition of air qua}.'ity related values and impacts.

Perhaps as important as the areas addressed are several areas mnot
addressed in thi; procedura. These areas are visibility, acid precipitation,
a screen for TSP, and a screen for ozone. Consideration of visibility as am
air quality related value is required by regulatioms (40 CFR 52.21 (o) and
{p)). Addressing visibility was beyond the scopé of this work. However, EPA
has prepared a report to Congress on visibility® and draft regulations’ have

been published.

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

a single source on acid precipitation. Acid precipitation presents a regiomal
. P : . ; ,

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

gource difficult to isclate. 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.8.9,10,11
Observed effects include reduced growth, reduced germinarion of seeds and
pollen, acceieraced leaching of nutrients, decrease in soil calcium and other
bases, and reduced microbizl activity, particularly that of nitrifiers and
nitrogen—~fixers. A major EPA initiative to study acid precipitation is
currentiy underway. Policy and guidance will be formulated as part of this
initiative.

Total suspended particulates (TSP) are not considered here. No useable
information other than that used toc 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 impacts on vegetation and soils than the total amount of particu-

lates. This section provides information related to specific trace metals.

No simple models are currently available to estimate the impacts oa
ozone concentrations of emissions of volatile organic compounds (VOC) from
a single source. EPA is currently developing means other than modeling
to deal with VOC emisaions and ozome. It appears likely that an emission
managemeut approach will be taken. When this approach has been completed it
could probably be used to review new sources for impacts onm #ir qualicy
related values, Meanwhile, the minimumm reported concentrations at which
vegetative damage occurs aré présented here buft no method for their use

is given and mo gsignificance levels for VOC emissions have been developed.
3.2 NATURAL VEGETATION AND CROPS

3.2.1 General

Two pathways by which air pollutants cah‘affecc vegetation are comsid-
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 intefpreting the values presented here either as ahsolutely
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 gpecialists are not given. The intent is to
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provide the air quality analyst with a feeling for the difficulcy of esti-
mating screening concentrations for plants and the complexity of making
detailed assessments of impacts on vegetation. References 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 chromic. 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 counducted under acute conditions of exposure
with some limited information on chronic exposures. Thus, the data may not

adequately reflect impacts which take years or decades to develop.

‘The values presented here repregent the ambient levels at which visible
damage or growth retardation may occur or the observed minimum levels at which
injury and mortality to plantszs have been reported. These aumbers sre general-
ly the lowest values consistently reported in the literature on plant response

to controlled exposures of single pollutants. Both field and greeuhoﬁse

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.

The 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 concentrations. In addition,
assegsment of the data on crops is difficult beczuse 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 resistamce 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 two or more pollutants have
been ignored in the majority of the studies. 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 zantagonistically under

certain conditions. Such situations are geldom clearly predictable with
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current information and the gcreening procedure presented here does not deal ’
with them. A limited discussion of synergisms is peseanted 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 gspecies, every individual of a given
population has an intrinsic tolerance to envirommental stress., Therefore, the
population exhibits a characteristic range of tolerance so that all members of
the population would not necessarily respond to poilutant 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 respoud to diffarent

elemental forms. For example, As3* is generally thought to be more toxic to
- plants than As3*. The values presented here do not make such distinctions nor
%f could they be made based on the review literature.

Finally, the regponse of species and individuals depends upon a number
of uncontrolled variables. Changes in these variables might alter the

senasitivity of the plant. These variablea include: age (stage of develop-
£ . ment), health and vigor, season of year, temperature, light intensity, soil
type, moisture content of scil, pH of soil, humidity, wind apeed, and the <

presence of other elements.

3.2.2 Screening Concentrations for Ambient Exposures

SIS BT e

Table 3.1 presents the suggested screening values for seven gaseous

gatA

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 bhecause the
critical specification of averaging time was missing; Where information was
available, separate values are given for seunsitive, intermediate, and resis~
taﬁu plants. Species belonging to each of thése groupings are givén in
Appendix B for 80y, NOg, and ozene. Figure 3.1 displajs graphically the
variation in experimental determinations of the minimum 809 concentration at
which effects occur. Figure 3.2 presents a similar display for NO;. - For both
poliutants there is reasonable but not perfect agreement between the graphical

data and the screening concentrations recommended in Table 3.1. The use

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




Table 3.1 Screening Concentrations for Exposure to
Ambient Air Concentrationsd.D

et

dinimum Reported Level (ppmv)®
Vegetation Sensitivity

Averaging

Pollutang Time Sensitived Intermediate Resistant Reference
504 1 hr L359L7) - - . 14
3 hrs .30(786) .80(2096) 5.0(13100) 16
lyr .007(18) 17
042 . 1 hr . .200392) .35{686) .55(1078) 18
4 hrs .10(396) .15(294) .35(686) 18
8 hrs .06(118) .15(294) ©.30(588) 18
KO3 4 hrs 2.0(3760) 5.0(9400) 9.0(16920) 19
8 hrs 2.0(3760) 4.0(7520) 8.0(15040) 19
1 mo .30(564) ‘ £
iyr .05=.10(94~188) 20
coB 1wk 1000 ' - 10,000 . 21

(1,80C,000) (18,000,000)
Hq$ ' 4 hrs 20.0-60.0 - 400 22
, (28,000-84,000) (560, 000)

Ethyleneh 3-4 hrs - .04(47) 2%
2 hrs -, Q01(1.2) 25
Fluorine 10 days (0.5~10) ‘ 26
Berylliund I mos (0013 27
Lead] 3 mo _ . (1.5) _ .28

SAll values except beryllium and lead refer to effects on vegetation.

bMinimum reported levels at which visible damage or growth effects to vegetation may
accur.

¢Values in parentheses are ug/md at 20°C and 1 atm.

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

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

fBased on generalization of results of a mmber of studies,

ZReversible decreases in photosynthetic rate have been shown Eo occur at significamtly
lower levels but effects on growth have not been demonatrated. -
hEthyleme " ... is the only hydrocarbon that should have adverse effeqéa on vegetation ‘ '
at ambient concentration of I ppm or less." (Ref. 23).

iNESHAP value to protect public health. Very toxic to humans and presumably to some
animals also.

iNAAQS value to protect public health.
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Fig. 3.1

8§09 Dose-Injury Curves for Plant Species

(From Ref. 8 as adapted from Ref. 29)
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Fs.g 3.2 NOy Dnse~Injury Curves for Plant Specxas
(From Ref. 8)

response curves to experimental data vhereas the tabulated screening concen—

trations are based directly on experimental results.

Several points are worth noting about the chosen screening concentra-
tions. First, the significaat 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 sengitive vegetation could be
justified in a screening procedure, given the large aumber 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
¢circumgtances. For the criteria pollutants, the NAAQS appear to protect
against vegetanve damage except possibly for 3~hr and annual 50y exposures

For the. 3-hr exposure, the screeaing concentration exceeds the applicable PSD
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Table 3.2 Screening Coacentracions of Gaseous Pollutants
' Compared to Ambient Criteria

Vegetation Sensitivity

Averaging
Pollutant Time Sensitive Intermediate Resistant
S0 ' 3 hr < NAAQS2 > NAAQs@ c
> pspb > pspb e
1 yr < MaaQsd
) , > PSD Ie
03 1 hr > naagst > NaaQsf > NaagQsf
NOq 4 hr - < €
8 hr - c <
1 yr e st NAAQSS
co 1 wk ¢ - ¢

450, 3-hr NAAQS = .50ppmv (1300 ug/m3).

. PS0y 3-hr PSD increments (ug/m3) = 25{Class I), 512{(Class
I1), 700{Class III)}, 325(Class I variance). These values
do oot include background. '

SScreening concentration unlikely to be reached under ambient
conditions.

d502‘ annual NAAQS = .03 ppamv (80 ug/m3).

€509 annual PSD increments (ug/m3) = 2(Class 1), 20(Class
11}, 40{(Class III), 20(Class X variance). These values do
rot include background.

£04 1-hr NAAQS = 0.12 ppav (235 wg/m3).
8NOg annual NAAQS = 0.05ppmv (100 ug/m3).

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

However, the screening correntration should be compared to the total 509 -

concentyation imcluding background whereas the PSD increment does not include
background. Thus, a source could cause an §0j concentration less than the
increment while the total S0y concentration (source plus background) could
exceed the screening. concentration. 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:

# 8§09 exposures at 1 hour, 3 hours, and 1 year,

# Ozone exposures at & and 8 hours,

%
3




. NOp exposures of gensitive species at 4 and
8 hours, and

e Loungrterm NOy exposures a2t ] month and 1 year.
This observation does not preclude doing a review for impacts op plants,
particularly where the minimum values at which effects have been reported
are close to bteing exceeded. It does, however, indicate that the vegetative

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

Ever: in cases where review for NAAQS and PSD increments covers exposures,

to plants, there may still be the necessity of dealing with trace metal
exposuras through deposition in the soil or through concentration im plant

-

issuss.

3.2.3 SEergisins

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

literature consulted regarding synergisms. Three indications of synergism

were found:

® 504 and Nb_z, .
¢ 804 and 03, and

e 8509, 03, and NO3.

Table 3.3 presents values which could be used as screening concentrations
b.ﬁsed on the most restrictive values in the references. Where averaging
times allow comparison, the screening concentrations for single pollutants
in 'ra'b‘le 3.1 are greater than the screening concentrations for mixed pol-
lutants in Table 3.3. Given the problems with the data discussed in Secs. 3.1
and 3.2.1, this comparison should not be interpreted as clear evidence of
synergism. 4n additional caution is also in order. Mixtures of gases may act
synergistically on some species and antagomistically onvpchers (see, for
example, Ref. 18). Thus, the tabulated values should be used to indicate
situations where the FLMs should be alerted so that the situation may be
evaluated by them. There may be additiomal synergisms which are not notad 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)?

: Concentrations .
Polliutants {ppmv) Expogure Reference
50, L 1 hr 30
NOq .05
5040 .30 1 hr 31
03 .10
S09P .05 4 ar 32
03 .05 .

809 14 6 hr/day 33
03 05 for 28
N0, .10 days

4The same criteria were ugsed in selecting these
vaiues from Ref. 15 as were used in developing
Table 3.1.

baAntagonism, as well as aynergism, has been
reported for mixutes of 507 and 03 (Ref. 18).

3.2.4 Screening Concentrations for Soil and Plant Tissue Expogures

Table 3.4 presents suggested screening concentrations for trace ele-
ments found to adverseiy 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 sheuld

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

have been complexed in the soil and become suitable for uptgxké by plants. In
addition, many soil characteristics such as pH, composition (sand, clay,
loam, organic matter, atc.), 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 sclution culture are
likely to be sufficiently different from natural comditions as to render the

regults 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 comparisom
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Table 3.4 Screening Concentrations for
Expogsure of Vegetatiom to
Pollutant Concentrations in
Soil and Tissue

Minimum Reported Level (ppmw)

Pollutant Source

Pollutant Soil Tissue Reference
Arsenic 3 0.25 9
Boron 0.5 11 9
Cadmivm 2.5 3 9
Chromium 8.4 1 9.35
Cobalt?® - - 19 9
Copper 40 0.73 - 9
Fluorided 400 319 9
lead® 1000 126 9
Manganese 2.5 400 2,36
Mercury 455 - 9
Nickel 500 60 9
Selenium? 13 100 9,37
Vanad ium 2.5 - 38
Zine - 300 9

aTissue concentrations may affect animals

b
:
B

%

before affecting planty, —Compare to
toxic levels for animals in Table 3.7.

purposes, this figure includes results based on experiments in nutrient
solutions and also shows the wvalues chosen for screening concentratious 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 atmosphere. To the extent that they contribute to TSP’

levels, the NAAQS and PSD increments muld apply to thede 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 published information on the effects of
atmospheric pollutants om plants and animals, very little has been reported on

their effects on soils. HResearch on trace elements in soils, often the same
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elements as atmospheric pollutants, has been directed to notable deficiencies
or excesses that limit agricultural crop production. When the amount of an
atmospheric pbllutanc entering a soil system is sufficiently small, the
natural ecosystem can adapt to these small changes in much the gsame way as the
ecosystem adapts to the natural weathering proceases that occur in all soils,
Cultural practices (e.g., Lliming, fertilization, use of insecticides and
herbicides) add elements and modify a soil system more than a small amounc of
deposited atmospheric pollutant can. The secondary effects of the pollutant
appear to impact the soil system more adversely than the addition of che
pollutant itself to the soil. For instance, damaging or kiliing vegetative
cover could lead to increased solar radiation, increased soil temperatures,
and moisture stress. Inczeased runoff and erosion add to the problem. The
indirect actiom of the pcllutant, 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
9f baseline data om soils has made difficult the task of determining the

effect of pollytants on soils by monitoring changes associated with exposure

ro pallatants A limited number. of studies . have been carried. out on-trace

element contamination of soils.3®:%0 Pplant and aniwal communities appear to
be affected before noticeable accumulations occur in the soils. Thus, the
approach l.uaed 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 asscciated with soils.

When viewing goils in this way it is important to know the endogenous
or background concentratious 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 ﬁhe _notmal concentrations of various trace elements as
shown in Table 3.5.8 1f gxtrémes in the concentrations are considered, the
range of endogenous concentrations becomes even larger (see Fig. 3.4).%1 Both
references show relatively good agreement on the normal ranges. The tabulated
values also iarovide "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 endogencus concentra-

‘tions in Table 3.5 are compared with the screening concentrations for soils in
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Table 3.4: the screening values are Table 3.5 Range of Endogenous Soil
. Contentrations of

d
exceeded for some part of the listed Selected Elementsd

range for unine out of the twelve

elements for which screening concen~ .
. Average Soil

tration are given. Fluorine, lead, Range - Concentrat ion
and mercury are the only elements Element (ppmw) (ppmw)
whoge screening values lie above the Argenic 0.1~40 6.0
corresponding endogenous ranges. g:grl;limn ;:?gﬂ ' . lg‘g
The default average soil concentra- Cadmium $8.01-7.0 0.06
tion exceeds rthe screening concen~ ?‘o;:?:m f:igﬂﬁ mg
.ration for boron, manganese, Copper 2-100 20
vanadium, and chromium and, for the gggride 39;330 zgg
first three of these four, the Manganesge 100~4000 850
entire listed normal range exceeds ﬁ:{::iy A O?é:gogé?) 40-
the screening value. In inter-  Selenium 0.01-80 - 0.5
precing this indication, it must be Z?.::dim §3:§33 lgg

rememberaed that the screening
comcentration value represents Based on Ref. 8.
the lowest value found in the .
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 conceatrations and endogenocus concentrations above these
values. The chief among these are probably the variation in sensitivity
batween individuals, the variation in gensitivity between species, und the
fraction of the endogenocus 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 planta
can act as indicator speciea' for the element tolzsrated; they will be among the
species present in soils vhere the endogenous concentrations of that element

exceed levels toxic to more semsitive species.l?

The problem associated with the amount of an element in the soil which
ig actually takem up into plant tissues can be handled in an approximate
faghion 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 osther s based ou nonstandard methods using solutiou cultures
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but is given to provide some feeling Table 3.6. Plant: Seil Concentration

for the large uncertainties asso~ Ratios

ciated with this type of work. The
Recommended Comparat ive

comparison set of concentration £lement Valged Valseb
ratios could be used in the screening
. . . . Arsenic 0.14 4.2
procedure presented _hére to provide Boron 5.3 -
very conservative estimates of Cadmium 10.7 222
. " - Chromium 0.02 250
potential impacts. Some elements Cobalt 0.11 87
(boron and cadmium) tend to be Copper 0.47 1000
. Fluoride 0.03 -
concentrated by plants (ratios > 1),_ Lead 0.45 2
that is, concentrations in plant Mangsnese 0.066 3000
. . "Mercury 0.02~-0.5 26
tissues excead those found in the Nickel 0.045 3131
soil whereas the concentrations of Selenium 1.0 4
. Vanad ium 0.01 1
most of the listed elements tend Zinc 0.64 40

to be less in plant tissue than
4gased on Ref. 8.

bBased on Ref. 12. Based on non-
standard methods involving solution
averages? and thus may give results cultures. See discussion in text,

in the surrounding soil. In aay

case, these CR's represent ratios of

quite different from the true ratio
between plant and soil concentratioms im 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 noﬁ
examined in the literature reviewed. Also, effeéts on aquatic and terrestrial
microorganisma are not considered here. Table 3.7 presents the screening
concentration values based on data summarized in Refs. 8 and 9. The tabulated
values represent the lowest dietai‘y concentrations found to be harmful.
Several factors limited the usefulness of the available data, Some hamiful
 levels were given in terms of average concentrations in the affected animals.
Unfortunately no equivalents of the plant:soil CR's were available to go from
dietary concentrations to concentrations per unit body weight. In additionm,

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

dering it unuseable in this screening procedure. Even for the data upon which
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Table 3.7 is based, there were no
indications as to how long the
element needed to be ingested in the
causing

given concentration before

the hammful effest. Comparison of
the screening cancehtracious for
animal effects (Table 3.7) with the
values for blant tigssue concentra~
tions (Table 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 coacen=
trations that would be toxic to
some animals before the plants

themselves were harmed.

For beryllium and lead,

oot

Table 3.7. Dietary Trace~Element
Concentrations Toxie

to Animals?

Dietary
Trace Element Concentration (ppaw)
Arsenicb 3
Cadmiumb 15
Cobalt -3
Copper® 20-30
Fluoride .« 100-300
Lead 80-150
Manganese® : 500-5000
Nickelb 1000
Selenium : 3-30
Vanad iumn 10-500
Zine 500-1000

A8agsed on Ref. 8.

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

P S8, A

data on ambient air exposures were available ia 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 st least some animals as well.
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4 TRACE ELEMENT Agi QUALILTY DATA

EPA's Storage and Retrieval of Aerometric Data (SAROAD) $ystem was used
as a data base to develop air quality informatiom for trace elements. The
information was intended to serve ‘primat'ily as an aid in estimating background
concentrations so minimum concentrations were included. A secondary purpose
of the information was to identify locations where high concentratioas already
exist. For this purpose, maximum 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 sc 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 estimates of trace element comcentrations. Since only annual
averages are used in screening for trace element impacts, the data search
emphasized annual average data. Maximum and minimum short-term observations

have been included in the data compilations for informational purpoaes.

In order toc improve coverage, data for 1975~77 inclusive were used.
Many locations had data for only one of the three years. As expected, all
the data were based on high volume sampler data with 24~hour averaging times.
It was also frequently the case that insufficient data was available to allow
the caleulation of a valid annual average. The available data is presented in
Appendix C. No data was found for mercury, boron, cobalt, copper, and nickel.
The data is preseated 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 minimum and maximus annual averages from all reporting stations are given.
With multiple stations, it is unlikely that both values come from the same

locat ion.

In order to avoid possible misinterpretation of the data, it should be
kept in mind that SAROAD routimely stores values below the limit of detect—

ability as one-half the minimum detectable limit. In some cases, this will be

the value which is listed as the minimum observation. These situations are

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

large number of stations.
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5 SCREENING PROCEDURE

5.1 METHODOLOGY

5.1.1 Description

A simplified view of the pathways between sources and receptors is
pfeaented in Fig. 53.1. This simple view is used here as the basis for
screening a source for potential adverse impacts on plants, soils, and
animals. misSibns from the source are assumed to disperse in the atmosphere
and add to whatever local background coucentrations might lexis: to provide
an estimate of the maximum ambient concentration for the averaging times
of interest. Thege ambient concentrations may act along four different
pathways. The first two are routes in which the ambieat concentrations
affect animals or plants directly without any intervening mechanisms.
in the third, animals can ingest substances depogited on plants before the
aubstances have been washed off by rain or b;own off onto the soil. Sach
ingestion is a critical pathway. Appendix D provides a referenced digcussion
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
liere in terms of estimating the amount of deposited material but a complete
methodology was not developed, However, reviewers should be: aware of this
potentially critical pathway and the material in Appendix D may be useful
in flagging critical sitvations. 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 well as any endogenous concentration of the el_ement: gre 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 éoil with uptake by plant roots. No account is taken of removal of

depogited gubstances from the soil by runoff, leaching, or erosion and the

g
3
4
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subsequent deposition of such substances in bodies of water. Also, no account
is taken of deposition directly from the air into water. Finally, the effects

on animals of ingesting contaminated water have not beer addressed.

Screening for a particular source is accomplished in a series of
steps. Steps 1 and 2 apply to airborne pollutants; steps | and 3~7 appiy for
trace metals where deposition must be taken into account, Step 8 provides an

alternative vhere modeling results for the source are unavailable.

1. Estimate the maximum ambient concentration for averaging
times appropriate to the screening concentrations for
pellutants emitted by the source and including any
background concentrations.

2. For exposures to airborne pollutants, check the maxima
from Step 1 against the corresponding screening concentra-
tions in Table 3.1 or against the corresponding NAAQS,
NESHAP or PSD increments, vhichever applicable standard
is most vestrictive. In addition, the possibility of
synetgisas should be considered.

3, For trace metals, calculate the concentration deposited
in the soil from the maximum 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 existing endogenous concentration using the average
values in Table 3.5 when local data is unavailable.
(This provides a supportive indicator, not a primary

decision parameter.) .
5. Calculate the amount of trace element potentially taken \“\\'~
up by plants using the CR's 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 estimated solubilities of elements in the soil to
provide supportive indications, recognizing that actual
golubilities may vary significantly from the estimated
values. . ‘ .

. 8. If modeling results are unavailable, the significance
levels for emisasions 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 estimate of a source's maximum
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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 cammonly

used tables and equations.

5.1.2 Estimating Maximum Concentrations {(Step 1)

-

To estimate the maximum concentration, the maximum air quality impact
of the new source must be estimated and wdded to an appropriate background

concepkracion.

3.1.2.1 Air Quality Modeling

The first step in the screeming procedure for air quality related.
vzlues is to estimate the maximum ambient concentrations of . pollutants
emitted from the new source for appropriate averaging times. Table 5.2 gives
the correspondence between pollutants and the averaging times to be congideved
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 inm 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 Unavsilable. When source-gspecific 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
gvailable or :

® Use of the significance levels for emissions presented
in Sec. 5.2.
1f stack parameters are available, some simple techniques of dispersion
modeling can be used to screen the source for its air quality impact, remem-

bering that only 'a screen and not a definitive demonstration is required.

Reference 42 provides such techniques developed by EPA for use in new source
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review. These methods were uged to develop EPA's significance levels for

emissions#2 published as part of the proposed PSD regulations.43,44

As an alternative, the procedure used in Ref. 45 Lo estimate air
quality impacts can be used as preseuted in Appendix A. Some expansion
of the original procedure was required to cover the range of averaging
times needed for this screening procedure. The equations presented in
Appendix A are suitable for hand calculation or the development of a simple
computer code. The significance levels presented in Sec. 5.2 are based on

this procedure,

5.1.2.2 Background Concentrations '

The estimation of background concentrations is ome of the perennially
difficult problems of air quality analysis. Develojment: of new approaches
was beyoud the scope of this work. The analyst should comsult Ref. 46 for
guidance 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
addition, the sheer volume of data available precluded its incluaion in thig
procedure. No attempt was made to develop background estimates for other than

annual averaging times.

For the 14 trace elements (including .lead), EPA's SAROAD files were
gearched ag described in Sec. 4. HNo informztion was found for mercury, borom,
cobalt, copper, and nickel. The tables in Appendix C summarize the informa-
tion found by state and county. To estimate a background value, the concen~
trations in the county of iunterest or nearby counties should be used aad
the minimum geometric mean picked. This minimum can then be added te the

estimated 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 background levels because the monitor providing the data is
impacted by a large source and thus is not representative of general back-

ground conditions.

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

for many leocatioms. In such a situation, the minimum geometric mean way

+
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be selected from among those tahuisted in Appendiv C and used in a sengitivicy
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 potertial to cause adverse impacts due

to trace element deposition.

5.1.3 Screening and Deposition (Steps 2-7)

Sereuning for Direct Impacts {Step 2). This screen applies to the

pellutants listed in Table 3.1 for which data was available on direct impacts
of airborne concentrations on plants and animals: S0p, NOp, CO, HyS, ethyl-
ene, flourides, Be, and Pb. After the maximum concentrations both with and
without background have been calculated, screening is simple. The approp: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 b'e_

TR

given to the synergisms listed in Table 3.3 but no screen on the values listed
there iz recommended here. Rather, the information could be used to alert the

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

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 following assumptions:

-

No background,

e Long averaging times result in lower concentratiors
than short averaging times, and

e For short sveraging times, the comcentration is

proportional to averaging time raised to the power

-0.17. :
This observation is made only to give gsome feeling for what might be expected.
It is possible, for exampie, for a new SOy source in a Class III area to
be ‘conttolled by the 700 ug/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 ug/m3,
Completion of Step 2 would ;mnplete the screeming for direct impacts from

airborne pcllutants.
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Calculating Deposited Soil Concentrations (Step 3). Depositiom 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 uged to estimate the maximum concentration in the soil:
DC{ppmw) = 21.5 (N/d)X ' (5.1)
where:

DC = deposited concentration (ppmw),
N = expected lifetime of source {yr),

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

X = maximum annual average ambient concentration from
the source (pug/m3). :

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

20 cm for d, but the more conservative value of 3 should be adopted for use
in this screening procedure unless site-specific data imdicate that greater
penetrations of deposited subatances are more represencadive 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. 1In the absence of contrary indications, a
value of N = 40 years should provide 2 reasonable and generally conservative
estimai:e of source lifetimes baged on lifetimes equal to twice the time
alloved by the Internal Revenue Service for equipment depreciation.43,47
If the source is tied to a resource, the estimated resource lifetime might be‘ -
uged ingtead of 46 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 W = 15 years, the expected useful life of the gas
field. '

Equation 5.1 is simply derived. Consider a volume of soil 1 m? in
area and d cm deep at the location of the source's annual maximum. The weight

of.u':al:erial deposited on this area of 1 m? can be calculated as:




Weight Ambient Depasition 2 ;
(Deposi:ed) = (Canencra:icq) ® (Velocity ) x (1 m°) x (Time). (5.2)

The weight of the soil in the volume of interest is
Weight \ _ (Volume x Bulk Density
of soil of soil of soil
- 2 Bulk Density)
(1 ? ) x.(d) x ( of soil (5.3)

Then the ratio of the weight deposited to tﬁe weight of the scil can be
used to find the concentration of the deposited material by weight in the
soil. Soil demsities range from 1-2 gm/cm3 and a value of 1.47 g/emd ig
assumed here as & good average value.l?  If an average value of 1l cm/sec is
assumed for the deposition velocity, Egs. 5.2 and 5.3 can be combined to

give

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

- x(HE)x 1m?x 1 S8, 1B 5 1558 x 107 (325
o sec O em ™ yr

1 . .Olem_ 1 1 fad\ 1 [ad
xRN x gy 2 T " 2*1.47(3/" 6( 3)

= 21,5 (N/d) X (—"—2—)

= 21.5 (N/d) X (ppaw)

where couversion factors have been used as appropriate to give comsistent
units. This result is simply Eq. 5.1. The primcipal assumptions in this

derivation are:

s Deposirion velocity of 1 cm/gec,
e Average bulk density of soil = 1.47 gmw/cm?, - -

Uniform distribution of deposited material throughout
the seoil volume, and

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

Calculate Increase over Endogenous Soil Concentrat ion (Step 4). The

purpose of this simple calculation is to provide a supportive indication
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frg tuse primary screen for deposition to be carried out in Step 6. As sug-
gestle  .u lef, 13, an increase over the endogenous concentration of more than
102 ove. .he lifetime of the source could be taken as a possible cause for
concern. The percentage increase is simply calculated from

(X Increase) = [DC{ppaw) x 100)}/{Endogenous
Concentration {ppaw)] _ (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 preferable given the wide range in natural concentrations.

It is oot rvecommended at this time that a source be flagged for
further actions based golely 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.

Caleulate Potential Concentrations in Plant Tissue (Step 5). Onhce

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

sﬁraigh:ﬁgrward application of the plant:soil concentration. ratios in Table

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

concentration)

{Tissue conceatration (ppuw)] =
{Deposited concentration {ppmw)] x [Concentratiom 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 comservative assumption:

e All the deposited material is soluable and
available for uptake by plants.
This assumption is almest always violated in practice. Table 5.4 gives
the gsolubilities of some trace zlements based on extraction of these elements
from endogenous concentrations in rthe soil.l3 O0Of course, the solubilities of
exogenous deposited elements could differ markedly from these values as could

the solubilities of enddgenous concentrations in different soils. The solu-

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

R Lt e S -




Table 5.4 Solubilities of Endogenous
Trace Elementsd.b

Solubilicy Emission Rate

Element - (2)e Increase Factord
Argenic 9 1
Boron - -
Cadmium 40 2.5
Chromium 0. 004 25,000
Cobalt 0.4 250
Copper 0.1 1,000

. Fluoride — ——
Lead — -—
Manganese 37 2.7
Mercury 0.8 120
Nickel 0.1 ‘ 1,000
Selenium 21 4.8
Vanad ium — ' ——
Zine 8 12

8Rased on Ref. 13.
bUsed in Step 7.

SOnly goluable fraction would be available
for uptake by plants.

dyged when Step 8 is required.

are chemical form, temperature, presence of other elements, selective uptake
by plants, soil pH, and soil moisture content. The composition of the soil is
also an important determinaant of solubility, especially the presence of
organic matter and clays which can bind trace elements. The point is that a
gignificant portion of the exogenous concentration may be unavailable for

uptake by plants, making Eq." 5.5 a conservative estimator.

Screen for Potential Adverse Impacts from Trace Elements {8tep 6).

L 'y bl e o S o

o S R e T

At this point the screem for adverse impacts from the deposition of trace
elements is straightforward. The process is similar to that used in Step 2,

that is, the comparison of caleulated concentrations to tabulated screening

concentrations. In this step, however, three comparisons need to be made:

bt R
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1. The depoaited concentration (DC) is compared to
the soil screeéning 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 animals in

Table 3.7.
A calculated concentration in excess of any one 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 FIM should be notified, since there are indica-
tions of potential asdverse impacts to plant, soils, or amimsgls. In making
these three comparisons, the following additional sssumptions have been .

made:

All deposited forms of an element have the same toxicity,

e The feeding or grazing range of animals is limited to the
area exposed to the estimeted maximym annual concentration,
and ‘ :

@ Most importantly, it is the exogenous incremental burden
which should be compared with the screening concentration
values, nor 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:scil 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 ‘(p]:mw)r = STC (ppmw)/CR , (5.6)

where the STC is either the plant tissue screening concentration from Table

3.4 or the animal screening concentration from Table 3.7. In fact, Eq. 5.6

provides an altermative approach to the scresning procedure that is equivalent




-

to the one presented here. Table 5.5 gives the equivalent deposited concen~
trations (EDCa) for the trace elements. Based on the Gﬁ’s and assumptions
used here, animals appear to be the critical receptor for cobalt, lead, and
gelenium while tissue concentrations in plants appear 'to be critical for
argenic, cadmium, copper, and zinc. For the remaining seven elements, the
soil concentration appears to be critical. As long as the gcreening concen-
trations and concentration raties given here are ugsed, Table 5.5 can be used
to reduce the number of comparisons required for a screen. For example,
cadmium sources need only be screened againat the single screening value for
plant tissue concentratioms, since this screening concentration is shown to be

controlling in the table.

Table 5.5 Equivalent Exogenous Soil
Screening Concentrations

Equivalent Deposited Concentration (ppmw)

Trace Plant
Element Soila Tissueb Animals®
Arsenic 3 1.8d 21
Boron 0.5d4 2.1 -
Cadmivm 2.5 0,284 1.4
Chromium 8.4d 50 -
Cobalt. - 170 g9.14
Copper 40 1.6d 43
Fluoride 4004 10,300 _ 3,300
Lead 1000 280 180d
Manganese 2.54 6,100 . 1,600
Mercury 455d - -
Mickel 500d 1,300 22,000
Selenium 13 100 5d
Vanadimm  2.5¢ - 1,000
Zinc - 4704 780

a%ame as soil value in Table 3.4.
bEpc = (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,483 jiv ig surprising that animals do not appear to be critical
for fluorides. This may be due to the omission of the critical pellutant
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 111ustrace the potential problems mvolved

in screening for impacts on air quality related values.

Consider Effects of Solubilities (Step 7). The assmpt:.cn that all

deposited material is soluable and available for uptake by plants is unlikely
aver to be met in pract:.ce. If a screen indicates that a further action
is needed on a source because its emissions will cause a trace element sereen-
ing concentration to be exceeded, an attempt may be made to look at the

AN R

poasible effect of reduced solubility on that indication by zonsidering the
solubility of the deposited material. ‘his additional consideration showuld
only be used as a supportive indicator; it can only increase confidence ia
the decision to take further action; it can never reverse such a decision
based on the screens in Step 6. ‘That is, the conservative agsumption of

1002 solubility should be used in making the decision for further action on

the source.

If the solubility of a particular trace element is SI, the amount

actually available for uptake {AA) by plants is

Amount
available |= D¢ x (5/100).
for uptake
or
AA = DC x (5/100). (5.7)

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

in Table 3.4. An equation similar to Eq. 5.5 c¢an now be written reflecting
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the assumption that only the fraction AA of the depoaited concentration is

- available for uptake.
TCoorr. ® AA x CR = DC x (8/100) x CR = TC x (S/100) (5.8)

where TCpopy, Stands for the tissue concentration corrected for the solubility
of the deposited material. The new values of TCpory. could be compared with
the screening concentrations for plant tissues and animals 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 épplication to a source of ni:rogen dioxide and arsenic.
Whenever éourca—specific estimates of maximum ccncentrationsw are available
" or can be generated. Steps [-7 should be used, Step 8 provides an alternative
screening procedure based on the concept of significant emission rates
(S8ER). Section 5.2.%2 illustrates the derivation of the SER for arsenic from
the resulics for the example source and describes the use of the SER's for
screening. Use nf the SER's precludes any consideration of the emission
;haraﬁteristics cf{ rthe 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 Exaqple Screen

The example source is asgumed 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 estimates of maximum concentrations
of NOy are available for 4-hour and 8-hour averaging times. 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 ocutlined in
Appendix A, the maximuh annual average ground levei concentration is found to
be X = (.1051 ug/m3. Other appropriate models or techaiques 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 N0y the
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available results show maximum ground level concentiations {(imcluding back~
ground) of X4 = 51 ug/md and Xg = 45 ug/wd for aversging 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 N0y would be compared to the appropriate screening concentratioms in
Table 3.1 or Table 5.3. For NOj, the screeming concentration at both 4 and 8
hours is 3760 ug/m?. The estimated maxima are for below this value. No
calculation need be done for the one wonth and annual averaging times, since
the modeled 4~ snd 8~hour maxima are already below the corresponding screening
concentrations. There would thus be no indication that 2 more detailed review
would be required for W04 impacts on plants, soils, and animals.

Since the screen also involves a trace.element, the next step is
Step 3. If a l0-year lifetime (N=10) is assumed and the recommended value of
3 em is used for the depth of gsoil throughout which the deposited arsenic is

mizxed, Eq. 5.1 gives

DC = 21.5 (N/d)X

R RN T ST

= et

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

Following with Step & and Eq. 5.4,
[Z 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 ig a supportive indication that the
gource 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 caleu=
lated from Eq. 5.5:

TC = DC % CR = 7.53 x 0.14 = 1.05 ppuw.

Next the screening comparisons are made in Step 6. The DC (=7,53 ppmw)
exceeds the scil 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
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two indicationms 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 calculaticns in Step 7 can be dome. For arsenic, Table 5,4 gives a
solubility of 9% to ahceuut for the limited soclubility of arsenic compounds.
Equations 5.7 and 5.b give AA = 7.533 x .09 = 0.68 ppmw and TCegpr = 1.05 x .09
= 0.0945 ppmw. AA does not exceed the soil screening concentration of 3 ppmw
and TCoyrr does not exceed the tissue screening concentrations for plants and
animals, 0.25 ppmw and 3 ppmw, respectively. Thus, no suppertive indication
has been found but tne 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 @gignificant Emission Rates

Basic Levels. ‘This subsection discusses the development of a gignifi~
cant emissicn rate (SER) for arsenic based on the generic source discussed in
Sec. 5.2.1 with & 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. That is,

Significant\

emigsion = [(Sereening concentration)/{Concentration from source)]
rate

x {Source's emigaion rate).
For .arsenic in soils and the example source,
SER(Soils) = [3/7.53] = (1 T/yr) = 0.40 Tf/yx.

Argenic 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/yx) = 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 2 30 m release height

as in Ref. 43, a l0-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
preseunts the significant emission rates. Table 5.7 presents soch rates for
trace elemeuts. ‘When no medeling results or stack parameters such as are
required by simple air quality screening procedures are available, the
source's emission rates can be comparéd 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 cousidered. §till, the
significant emission rates presented in Table 5.6 canm 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
ﬁhe gverage endogencus soil concentration should again only be used as'sup#ox—
tive indicators; the primary decisiom is based upon exceeding the values Sased

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

The values tabulated in Table 5.7 assume a source lifetime of 10
years. Significant emission rates for other lifetimes for trace elements

acting through the deposition pathway are easily calculated:

Significant

emission Tabulated

rate for = { gignificant x (10/8). {5.9)
N year | \emission rate

lifetime :

Thusg, for example, if the lifetime of the arsenic source in the above example
had been 40 years ingtead 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 counsidering the effects of solubility. A corrected significant

emigsion rate can be found from

Significant ‘

emission Significant Fmission rate

rate corrected] = |emission rate ) v ¢ increase factor {(5.10)
for solubility from Table 5.7 "\Mrom Table 5.4
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Table 3.7 Significant Emission Rates for Trace Elements?

Significant Emission Rate (T/yr)

Crigerion

0% of
Trace Plant Endogenous $Soil
Element Soils Tissue Animals Concentrat ion?
Arsenic 40 24 2.8 .08
Horom 067 .28 - .13
Cadmiym .33 .037 .19 -00080
Chromium 1.1 6.7 - 1.3
Cobalt R 1.2 11
Copper 5.3 .21 5.7 .27
Fluoride 53¢ 1400° 440¢ 2.7
Lead 1304 azd 264 :13
Manganese .33 81ioc 1000 11¢
Mercury 6lc - - -
Nickel 67¢ 170¢ 3000 .53
Selenium b7 3¢ 67 ~0067
Vanad ium .33 - 130¢ ' 1.3
Zine - - 63¢ 100c .67

8Based on - a 30 m ralease height, no background, and a
source lifetime of 10 yeara. For a lifetime of N years,
divide the tabulated values by (N/10).

bFor use as a supportive indicator only; btased 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 emisgion level for lead of 1
T/yr established for PSD (Ref. 3),

These emission rate increase factors are simply (100/8), the reciprocals of

the solubilities in percent.

Other Stacks. Even though the stack parameters may not be knowm

exactly, it may be kmown 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
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Table 5.8. Summary of Representative Stacks

IPRERE

St RS

Stack Parameters

Height  Temperature Flow Emission Rata
Stack (m) (°r) (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 » cold 30 350 4 3.43
30 m hot | 0 550 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 stgcks 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 gignificant emission
rates in Tables 5.6 and 5.7 to correspond more closely to councentrations

axpected from the proposed source:

Significant Significant

emission rate ‘emigsion rate Emission rate ' -
corrected = | from Tables b3 (incre‘ase factor) (5.11) - (
for stack 5.6 or 5.7 from Table 5.8
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APPENDIX A
ESTIMATES OF MAXIMUM GROUND~LEVEL CONCENTRATIONS

This appendix develops the procedure used to estimate maximum grouad-
level concentrations {mglc's) from a single'suurce for averaging times rvanging
from one hour to one year. The developments presented here follow the presen-
tation in Ref. 45 which can be conmsulted for additional details. The proéedute
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

x 106 1 \?
X(x) = W exp |~-1/2 (“3:(;‘7) (...1)

—wheres
x = Downwind distance from source (m),

X(x) Ground~level centerline comcentration at x (ug/m3),

Source emission rate (g/sec),

Pl
]

Wind speed (m/sec),

1
#

gyl{x) = Horizontal dispersion coefficient (m)

gz(x) = Vertical dispersion coefficient (m), and

H = Effective stack height (m) = hg + Ah =
(Physical stack height) + (Plume rise).

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

used representatives of the two dispersion coefficients are usged:
oy(x) = axb ‘ (a.2)

and

o (x) = cxd, : (a.3)

Preceding page blank
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The parameters a, b, c, and d depend upon atmospheric stability class
and, for g,, the downwind distance x. The following expressions for the esti~

mated wgle (Xp) and the corresponding downwind distance x, may be derived 30

_AQxiOax 1

X pe— T ' A (A.4)

and
2 /24

o = [(g_) .i_a.} | | a.5)
where:

o = (b+d)/(2d) _ (A.6)
and

2ot
A » S (207 exp (-a) . (4.7

Values for a, b, ¢, d, and A are presented in Table A.1l.

Both Xp and xp depend on stability class and wind speed. To estimate
these quantities, the plume rise must be estimated because both depend upon

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

aof Briggs.52a53

Setting
F = g(m)v | (a.8)
T
whare:

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

T = Exit gas temperature {°K),

T, = Ambient temperature (°K), and

vV = Exist gas flow rate at temperature T (m3/sec),

it can be shown that
Ah{n/u) = C/u for neutral/unstable conditions (A.9)

and

ah(s) = p/ul/3 for stable conditions. (A.10)
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Assuming an asmbient timperature of 293°K (20°C) amd an ambient potential
temperature lapse rate (38/3z) of 0.5"K/100 m, representative of moderately

stable conditions,

F=09.8 (32%21) v, (a.11)
¢ = 21.4F9-75 n2/gec for FCS55 m¥/sec3, (A.12)
¢ = 38.780.6 nl/gec for ¥>55 m*/sec3, and (A.13)
D = 47.27L/3 g8/3 gec-1/3, {A.14}

A wind speed corresponding to the mgle can now be found. For meutral

and unatable conditions,

uporse (a/u) = %5‘5;- (a.15)

with a corresponding mgle

AQ x 106 1 . (b/a)b/d

X (n/ l.l) - . (A.16)
worat 1T msb/ d (1+b/d) ieb/d
For stable conditions _
X (s) = a.17)
woTat (s i/ 3hs + D) 1+b/d

Equation A.17 has no maximum unless b/d is greater than 2. Operationmally,
this difficulty is solved by setting u » 2 m/sec for the stable case in which
case Eqs. A.lD and A.17 become

4Ah(s) = 0.794 D : {4.18)

and

6 . 2(b-24)/3d
(s) = AQ X 106 . 2 /

X . (A.19)
Tworst " (1.26 b _+0) 1*®/4

Equations A.15, A.16, and A.19 are the basic equationa used to cal-
culate the short~term mgle. The calculations need to be doné separately for
unstable, neutral, and stable conditions and the maximum value selected for
the mgle. In addition, for each stability class, the calculations need to be

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

and A on x (see Table A.1). 'The value chosen for each stability class is the




g
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maximum self-consistent value, that is, the maximum of the values for which
the calculated xy, falls within the range of downwind distances over which the

particular ¢, 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 mgle, limits are placed on the worst—case wind speed for neucrallunscable
conditions such that 0.8 £ uy £ 30 m/gec.

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. These

factors represent a power law dependence of concentration on averaging time
with an expoment of -0.l7:
X(t) = x(1)e~0.17, | (a.20)

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

simple procedure for estimating the concentration from a single soutce at oue

TS T I ot T et [ T e St A g

averaging time given the concentration at another averaging time appears to
be lacking. Larsen34 has developed a method which can be used in multi-source
applications. TFor averaging times less than one month, he finds that for a

year's data

where q depends upon the geometric standard deviation of the concentration
values. The 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 estimate conversion factors for & and

10 days as shown in Table A.2.

A.2 LONG-TERM ESTIMATES

Expected monthly and amnual mgle's from a single source are based

upon the "sector-averaged" form of Eq. A.1:49,33
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Table A.Z Averaging Time Conversion Factors /,
\
Averaging Conversion

Time (hrs) Factor

1 1.002

3 0.834

4 0.798

8 0.702

24 0.588

96 (4 da) , 0.46b

240 (10 da) 0.39b

48ased an Ref. 49.

DSee discussion in text.

s o(2\1/2 £ x 108 B \2
X{x) ('1-‘,-) ::(_x;(ﬁ—-ﬁj exp -1/2(*&:3;')') (A...?.Z)
z n .

where:

n = the number of sectors into which the entire 360° . (
range of wind directions is divided and

£ = 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),

6
X, = .359__%12_ a.23)
uh
where:
8= (1ed)/2d 7 (A.24)
and
1/2 -
B =(%) %; c23 ! (Zﬂ)B exp (-B). ' (a4.25)

To estimate the expected long-term mglc, values of ¢ and 4 fo? neutral atmo-

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

rise las calculated using Eq. A.9. With these assumptions,
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B = 0,256 and

B = 1.23.
Examination of annual wind roses in Ref. 56 indicated that the gaximum ex-
pected wind direction in a single 22.5° sector (n=16) is about 27% (£=0.27).
For monthly wind roses, this maximum persistence is about 452 (£=0.45),
The wind speed u used for both the annual and monthly calculatioms is u = 4.4

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

speeds listed with the annual wind roses. For these canditions Eq. A.23
gives
6 -
x_(yr) = 0:0157 @ = 10 for annual mgle's . {A.26)
m E!2.46

and

6 _
X_(mo) = 0'0_262 Q x 10 for monthly mglc’s. (A.27)
m 256 |
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Table B.l. Sulfur Dioxide Semsitivity of Crop Species?

S Semsitivity
. Sensitive Intermediate Resistant
{ Alfalfa Leek - Cotton ' Corn
Apple Lettuce . - Sorghum
Barley Qats Cantzloupe
3 Bean, field Okra Citrus spp.
' , lima Onion
Beet, sugar Parsley
, table Parsnip
Blackberry Pea
Blueberry Peach
Broccoli Pear .
Brussels Sprouts  Pepper
Cabbage Plum, prune
‘Carrot Potato, Irish
g Celery Potato, sweet
o Chard, Swiss Pumpkin
: Cherry, sour Radish
s sweet Raspberry
Clover Rye
Clover, sweet Safflower
Cucumber Soybean
Currant, red Spinach
Eggplant 8quash
Endive Tobacco
Googeberry Turnip
Grapes Wheat
Kale

8Compiled from data in Ref, 16,

Preceding page blank




A

A SRR L A, e g

:
I8
@
g

iy
¥
2
s

e o ]

Table B.2. Sulfur Dioxide Sensitivity of
Natural Vegetation?

Common Name

Scientific Name

Sengitive

Alder, mountain
Aspen, large~toothed
; trembling

Ash, red (green)
s white
Birch, gray
» western paper
, white{paper)
» yellow
Blueberry, lowbush
Cherry, bitter
Fir, subalpine
Grasses-bantgrass
~bluegrass
~degert grass
~Ky. bluegraas
-orchard grass
~red fescue
Hazel, beaked
, California
Hemlock, mountain
Larch, weatern
Maple, Manitoba
» Rocky Mt.
Mulberry, Texasg
Pine, eastern white
, - Jack
s red
, Virginia
Rockspirea, creambush
Sexviceberry, low

s Saskatoon

» Otzh
Sumac, staghorn
Tulip tree
Willow, black .

Almus tenuifolia
Populus grandidentata
Populus tremuloidea
Frazirus permeylvanica
FPrarinue americana
Betula populifolia
Betula papyrifera commutata
Betula papyrifere
Betula alleghenienets
Vaceinium angustifolium
Prunug emarginata

4dbiee lastocarpa
Agroetia palustria

Poa anrua

Oryaopsia hymenoides
Pog pratensis

Dgetylis glomerata
Featuca rubra

Corylua cormuta

Corylus coruta califomioca
Tauga mertenatiz '
Lartx occidantalis

dcer nagundo interiue
Acar glabrmum

Morue mierophylia

Pinug atrobus

Pinus bankatiana

Pinus raaginosa

Pinua virginiana
Holodiscus discolor
Amelanchigr stolonifera
Amalanchier alnifolia
Amalanchiar utahensis
Fhus typhina
Lirtodendron tulipifera
Saliz nigra



Table B.2. (Comnt'd)
Common Name Scientific Name
Intermediate
" Basgwood Mlia americana
Birch, water Betula cccidentalis
Boxelder Acer negundo
Chokecherry Prunug virginiana
Cottonwood, black Populus trichocarpa
, eastern Populus deltoides

s narrowleaf

Dogwood, red osier
Elm, American
Fir, blasam

, Douglas

, grand
Grape, wild
Hemlock, western
Mahogany, mountain
Mapie, Douglas

. Populus angustifolia

Cormus stolonifera
Ulmue americanaz

Abiee balsamea
Peeudotsuga menziesii
Abies grandis

Vitis »iparia

Tsuga heterophylla
Cercocarpus montanug
4dcer glabrum douglasii

, red Adear rubrum
Mountain-ash, western ‘Sorbus scopulina
Oak, white Quereus alba
Pine, lodgepole Pinus contorta
——-———ponderosa Pinus—ponderosa

, shortleaf Pinus echinata

, westerm white
Poplar, balsam
Sagebrush, big
Snowberry, mountain

, Columbia
Spruce, Engelmann
, white
Witch hazel

Binue monticola
Populus balsamifera

Artemisia tridentata

Symphoricarpos oreophilus
Symphoricarpos rivularis
Picea engelmormii

Picea, glauca

Hamamelia virginiana

Resiastant

Black gum
Buck~brush
Buffalo-berry
Ceanothus, redstem
Cedar, western red
~, white{arborvitae)

Dogwood, flowering
Fir, silver

-, white
Hawthoxrn, black

Nysea sylvatica
Ceanothus velutinus
Shepherdia canadenais
Caanothus eanguineus
Thuja plicata

Thuja cecidentalis
Cornus florida

dbies amabilis

Abies eoncolor
Cratasgus douglaeii
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Table B.2.

(Cont'd)

. Common Name

Scientific Name

T AL A

Resistant (cont'd)

Grape, Oregon
Grasges=blue grama
-needle grasse
. -wegtern wheatgrass
Jupiper, common
s, Rocky Mt.
, Utah
s Western
Rinnikinnick
Locust, black
Mahogany, curl~leaf mt.
Maple, mountain
s Silver
, sugar
Qak, gambel
, Live
, northern red
» pin
Pine, limber
; pinyon
Poplar, Carclina
Sourwood
Spruce, blue
Squawbush
Sumac, smooth
Sycamore, American
Willow, shrubby
Yew, Pacific

Odoatemon aquifolium

Bouteloua gracilia

Stipa comata

Agropyron emithii

Juniperue communis

Juniperus scopulorum

Juniperug ogtsosperma

Juniparus cectdentalia

Arctogtaphylos uva-ursi

Robintia pseudoacacia

Carcocarpus ledifolius

Acer splcatum :

Acer gaccharinum

Acer saccharum

Quarcus gambelii

Quercus virginiang

Quercus rubra

Quarcug palustris

Pinus flexilia

Pinua adulis

Populus canadengis

Oxydendron arboraum

Picea pungens

Rhus trilobata

Fhus glabra

Platanug oceidentalis
 Saliz tristis

Tazue brevifolia

R T R S S T NN et

ACompiled from lists in Refs. 9 and 16.



Table B.3. Ozone Sensitivity of Crop Species?
Sensgitivity

Sensitive Intermediate Resistant

Alfalfab Bean, bush Cotton

bean, pinto , lima Lettuce
, white Beet, table - ‘ Onion

Broccoli Cabbage

Claverd ‘Chard, swiss

Cornt, sweel
OatsP
Radish®
Safflowerc
Soybeanb
SpinachP
Tobacco
Tomatob

Clover, white sweet
Corn, field
Cucumberd

Potato, Irish
Sorghum

Squash, summer

aCompiled from data in Ref. 18.

bsome cultivars intermediate or resistant.

CSome cultivars intermediate.

dgome cultivars resistant.
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Table B.4. CQzone Sensitivity of Natural Vegetation? (
Common Name Scientific Name
Sensitive
: Aspen, trembling Populus tremuloides
Ash, red(green) Praxinue pernsylvanica
g-‘f , white Prazinue americans
: Cottoawood, black Populus trichoearpa
D Grasses~bent grasa Agrostia palustris
i ‘ ~blue grass Poa annua
P ~brome grass Bromua teotorum
Qaic, gambel Quarcus gambalii
, Waite Quarcus alba
i Pine, Coulter Pinug coulteri
, eastern white Pinus strobus
» jack . Pinus banksiana
. jeffrey Pinus jeffreyi
B , lLoblolly Pinus
3 , Monterey ' Pinus radiata
, ponderoaa Pinus pondervsa
s Virginia Pinus virginiana
Serviceberry, Saskatoon Amalanchiar alnifolia
Sycamore, American Flatarus occtidentalis
Tulip trae ' Liriodendron tulipifera
Intermediate ‘ (
Boxalder ' . Aecer negundo
Cedar, incense Libocedrus decurrens
7 Grasses~Ky. bluegrass Foa pratensis
-perennial rye Lolium perenne
¥ -red fescue Featuca rubag
Qalc, black Quarcus veluting
» pin Quercus palustris
, scarlat Quercuas cocceinea
Pine, lodgepole Pinus contorta
, pitch ' Pinue rigida
, shortleaf - Pinug echinata
; , slash Pinug ellicttii
: ; sugar Pinus lambertianaz
- , Torrey Pinue torreyana
" Redbud ' Cereia canadensis
‘Sweetgun Liquidambar styracifilua
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Table 8.4. (Cont'd)
Common Name Scientific Name
Resistant
Basswood Miia anericaon
Birch, white (paper) Betula papyrifera
Black gum Nysea sylvatica

Cedar, white (arb_o:_vit:ae)
Dogwood, flowering
Fir, balsalm

, Douglas

, white
Grasses-orchard grass
Hemlock
Juniper, western
Locust, black
Maple, red

, sugar

Oak, mossy-cup

, northern red

Thuja cecidentalis
Cornus florida

Abiee balsamea
Pseudoteuga menaiesii
Abtes eoncolor
Dactylis glomerata .
Tauga ¢ ie
Juniperus occidentalie
Rebinia peeudoacacia
Adeer rubrum

Acer sgecharum

Quercus masrocarpd
Quercug rubra

, shingle Quareus imbricaria
Pine, digger, Pinus sabiuimm
, red Pinug regincsa
Redwood Sequoia sempervirens
Sequoia .%quawdaﬁdm”ywmtewn
Spruce, black Picea maxriana
, blue Picaa pungens
, white Picea glaucac
Walnut, black Juglans nigra
%Compiled from lists in Refs. 18 and 57.
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Mustard, white
Qats

Parsley

Peas

Radish

Rhubarb
Tobaccod

Wheat

68
Table B.5. Nitrogen Diozide Sensitivity of
Crop Specieg? :
Sensitivity
Sensitive Internediate Resistany
Alfalfa Bean, bush Asparagus
Barley Celery Cabbage, red
Bean, pinto Citrus spp. , white
Broccoli Corn, sweet Corn, field
Carrot Cotton Cucumber
‘Clover, crimson Endive Rale
, Ted Potato, Irish Rohirabi
Leek Bye Caion
Lettuce Strawberry, pine Sorghum
Lucerne Tomato

2Compiled from liasts in Refs. 19, 20, and 58.

bgome cultivars intermediate or resistant.
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Table B.6. Nitrogen Dioxide Sensitivity of
- Natural Vegetation?

Common Name Scientific Name
Sensitive
Grasses—Viper's grass Scorzonera hispanica
Intermediate
Fir, common silver Abies pectinata
, white Abiee alba
Grasses~bluegrass Foa annuc
Spruce, blue Picea pungens
, waite Picea glauca
Resistant
Grasses-Ky. bluegrass Poa pratensis

8Compiled from tables in Refs. 20 and 58.
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Trace Element Air Quality Data
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APPENDIX D
EFFECTS OF DEPOSITED PARTICULATE MATTER

Most evidence for particulate 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. COnly those studies which clearly
indicated ingestion of dust-covered vegetation are smariéed here. There
appears to be a definite relationship between deposition of fine particles of
arsenic, fluo-i.-ide, lead, and copper on vegetation; their ingestion by animals;
and chronic or acute injury to animals.39:60 oOther metals which may also be
implicated are zine 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

less.6l

Fluorides are reported to cause more damage to domestic animals than
any other air pollutant.62  Dietary fluovide is generally accepted as the
major source of fluorosis in animals.? Fluorosis has been noted in most

domestic livestock, presumably resulting from particulate fluoride deposited

.on vegetation and ingested by animals.53.64 For cattle, the wmost susceptible
domestic animal,26,63,66 gjers containing concentrations exceeding 40 ppmw
fluoride may have severe toxic effects.®7 The safe range for soluble and
insoluble fluorides has been specified at 30-50 ppmw and 60-~100 ppmw, respec—
tively, for cattle.8 Sheep and swine (70-100 ppmw), chickens (150-300 ppow) ,
and turkeys (300~400 ppmw) are less sensitive to dietary fluoride levels,58

Arsenic deposited on vegetation from smelting operations has been known
to kill livestock if enough was _ingested.sz’ﬁg"‘n Ingestion of arsenic-
contaminated dust/soil on forage presents the greatest dangers to grazing
animals.?’3 However, a wide range of toxicity for arsenic compounds exists and
is correlated to animal excretic;n rates.? The reported biological half-life
of arsenic compounds ranges from 30-60 hours.’4:75 Thoge compounds excreted

most rapidly tend to be least toxic.

Lead poisoming of cattle, horses, and other grazing animals as a result
of ingestion of contaminated forage has been reported often.’6-80  podder
contaminated by lead and zinc by atmospheric deposition from a foundry was

responsible for the death and slaughter of 140 cows.8l TIngestion of surface
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deposits of airborne lead ou forage, eapecially adjacent to heavily traveled
highways,32 and inhalation of lead can be significant additions te the total
body burden of animals.83,84 790 animals (cats, primates, and snakes) are

susceptible to lead aerosol pcisoning.85

Several other elements have been implicated in the illnesa or death
of grazing animals when deposited ﬁn forage. TFor 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 goot
and, vhen ingested by cattle, caused sickness and deach.3_5a87 Iron particles
from a magnesium plant in Austria adversely affected the &igesti.ve tracts of
grazing cattle.38 Domestic animals grazing near specialized steel and alloy
plants have been poisoned by ingesting dusat 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.? Fluorosis
has been identified in wild animals, especially deer and elk.39 Honey bees,
red deer, and wild hares are lmown to be especially sensitive to arsenic
poisoning.52 Newman?0 presents a state-of-knowledge review of the effects
of industrvial air pollution on wildlife. However, specific information
derling with surface-~contaminated forage could not be identified. Ingestion
of plant wmaterial which has concentrated heavy metals through uptake and

inhalation of agirborme particulates represents the majority of case histories.
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