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AIR QUALITY CRITERIA FOR OXIDES OF NITROGEN
SUMMARY OF VEGETATION IMPACTS

GENERAL CONCLUSIONS

AOPR—_DA_DARAR

Foliar injury from NO, is rarely found in the field. When found, the injury is usually
associated with and confined to areas near specific industrial sources. For example, NO,-
induced vegetation injury has been observed near HNO, (nitric acid) factories and
arsenals. - There is growing concern that HNO, may impact vegetation.

Sensitivity of plants to NO, varies with species, time of day, light, stage of maturity, type
of injury assayed, soil moisture, and nitrogen nutrition.

Wet and dry deposition of NO, are important processes in the redistribution of nitrogen
throughout the environment. Increasing the soil nitrogen tends to decrease NO, induced
foliar injury.

Sensitivity of plants to NO, decreases as water becomes less available in the soil.

The majority of plant dama;ge occurs at night. Daytime light tends to accelerate existing
plant damage.

NO, in combination with other ambient gases may behave synergistically.

When exposures to NO, alone are considered, the ambient concentrations that produce
measurable injury are higher than those that normally occur in the United States.

Localized sources of NH,, such as animal stockyards and ammonium nitrate fertilizer
plants may have adverse effects of crops and conifers. Other emissions from livestock,
such as higher amines or hydrogen sulfide can add to the effect.

In contrast to the studies cited on the effects of NO, alone, a number of studies on
mixtures of NO, with SO, showed that the NO, injury threshold was significantly
decreased and that the effects of the two gases in combination were at least additive and
usually greater than additive. Concentrations at which observable injury occurred were
well within the ambient concentrations of NO, and SO, occurring in some areas of the
United States.
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TABLE 1. SHORT TERM NO; CONCENTRATIONS WHICH RESULT IN 5% FOLIAR INJURY
Time (hr) Susceptible Intermediate Tolerant
ppm mg/m’ ppm mg/m’ ppm mg/m’
0.5 6-10 1128-188 | 9-17 16.92-31.96 > 16 >30.08
1.0 4-8 1 7.52-15.04 7-14 | 13.16-26.32 213 »24.44
e , :
2.0 3-7  ].564-13.16 6-12 | 11.18-2256 |  »11 >20.68
4.0 2.6 | 376-1128 | s5-10 | 94-188 >9 >16.92
8.0 2-5 | .336-94 - 4-9 7.52-16.92 | >8 > 15.04
-
,‘ Minimum exposures to NO2 required to produce
5% foliar injury on sensitive, intermediate, and tolerant categories of plants
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RELATIVE SENSITIVITIES OF PLANTS TO NITROGEN DIOXIDE
SENSITIVE INTERMEDIATE TOLERANT

European larch

Colorado blue spruce
Nikko fir
White fir

| White spruce

‘Austrian pine

English yew
Hinoki cypress
Japanese black pine

| Loblolly pine
| Pitch pine

Virginia pine

{ European white birch

{ Japanese mapie
| Japanese zelkova
| Little-leaf linden
Norway maple

| Beech

| Black locust
1 Black poplar
1 Elder

English oak

| Buropean hornbeam

| Ginkgo (Maidenhair tree)
1 Green ash

1 Scotch elm

Sweetgum
| White ash
{ White oak

Alfalfa (lucerne)
Barley

{ Oats

Red clover
Spring clover
Spring vetch

1 Tobacco

| Annual bluegrass

Potato

| Rye
| Sweet Corn

Wheat

Kentucky bluegrass

Apple (wild)
Pear (wild)

Crabapple
Grapefruit
Japanese pear
Orange
Tangelo

Table 9-6, “Air Quality Criteria for Oxides of Nitrogen”, V
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olume II of III, EPA/600/8-91/049bF, August, 1993.
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RELATIVE SENSITIVITIES OF PLANTS TO NITROGEN DIOXIDE

(1]

SENSITIVE

INTERMEDIATE

TOLERANT

Carrot
Celery

| Leek
Lettuce
Parsley
Pea

Pinto bean
Rhubarb

Bush bean
Celery
| Tomato

Asparagus
Bush bean
Cabbage
Carrot
Kohirabi
Onion

| Azalea

| Bougainvillea

{ Chinese hibiscus

| Common petunia

| Oleander

{ Pyracantha

| Rose
Snapdragon

| Sweet Pea
Tuberous begonia

Cape jasmine

} Catawba rhododendron
| Common zinnia

| Dahlia

| Flossflower
Fuchsia

| Gardenia

{ Ixora

{ Japanese pittosporum
| Ligustrum,

Oleander

Paperbark tre¢
Petunia

| Carissa

{ Croton

| Daisy

| Gladiolus

{ Japanese morning glory
{ Lily-of-the-valley

- | Plantain lily

1 Rose

| Shore juniper

{ Spring heath

{ Common mugwort
Common plantain
Horseweed
Mustard
Sunflower

1 Cheeseweed

| Chickweed
Common chickweed
{ Dandelion

Lamb’s-quarters
Nettle-leaved goosefoot
Pigweed

Red root

Creosote bush

Brittle bush
Desert willow

| Alfilaria

Burro weed
Chaenactis (CN)
Desert marigold
Four-wing saltbush
Scorpion weed

Table 9-6, “Air Quality Criteria for Oxides of Nitrogen”, Volume II of 1, EPA/600/8-91/049bF, August, 1993.
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RESEARCH OBSERVATIONS

. Experimental investigations have not provided a clear demarcation between exposure to
NO, that adversely affect the growth, development, or reproduction of plants and those
that do not. :

. High NO, concentrations for short periods of time seem to be much more destructive than

low concentrations for long periods of time. The dose of NO, is not always
representative of plant damage. Exposure is said to be acute if [NO,] is 3-5 mg/m3 (1.6 -
2.7 ppm) for up to 48 hours. At lower NO, concentrations and longer exposure times,
exposure 18 chronic.

. Single exposures of 24 hours or less that could produce adverse effects are at
concentrations of NO, greater than what have been shown to occur in ambient exposures
in the United States.

. Wheat, oats, and beans exposed to 30 ppm NO, (56.4 mg/m”®) for one hour showed little
or no injury. Alfalfa showed slight signs of injury.

. In periods of two weeks or greater duration with intermittent exposures of several hours
per day, adverse effects on growth and yield start to appear when the concentration of
NO, reaches the range of 0.1 - 0.5 ppm, depending on the species of plant, nature of
effect, and conditions of exposure.

. Wheat, exposed to [NO,] = 2mg/m’ (1 ppm) for 334 hours showed no effect on grain
yield. Straw yield, however, decreased 12 percent.

. Atmospheric NH; reduces the severity of foliar symptoms produced by NO,, but this
effect depends on light intensity and species of plant.

. [NO,] between 0.188 mg/m’ (0.1 ppm) to 0.47 mg/m?> (0.25 ppm) can cause direct effects
on vegetation in combination with certain pollutants. For instance... [NO,] = 0.21 mg/m’
(0.11 ppm) + [SO,] = 0.29 mg/m® (0.11 ppm) for 103.5 hours per week (20 weeks)
showed significant reductions in yield parameters ranging from 30-90 percent.
Concentrations of these two gases occurring simultaneously can have major deleterious
effects on plant growth.

. A survey of the sensitivity of six species to SO,/NO, mixtures in 4-hour exposures found
that neither 2.0 ppm NO, nor 0.5 ppm SO, alone caused foliar injury. However a mixture
of 0.10 ppm NO, and 0.10 ppm SO, administered for 4 hours caused foliar injury to pinto
beans, radish, soybean, tomato, oat, and tobacco. Exposure to 0.15 ppm NO, in
combination with 0.1 ppm SO, for 4 hours caused greater foliar damage than did lower
concentrations.

e
—~a— A TOYVAA a



EPA REGION 7 Fax:913-551-7844 Apr 24 2003 8:37 P.U/J

. Traces of foliar damage observed at 0.05 ppm NO, and 0.05 ppm SO,. Co-occurrence of
[NO,] and [SO,] at these concentrations occurs in the United States less than one (1)
percent of the total hours monitored.

PREPARED BY:

JON KNODEL
EPA REGION 7

AIR PERMITTING AND COMPLIANCE BRANCH
MAY 13,2002
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Seils and Vegetation Impacts
Analysis under the PSD

Program

EPA-State-Laxal Air Meeting
Nebrasks City, NE
Moy 14-16, 2002

Background

¥ PSI} program, in addition to BACT and air impact =

analysis, reguires comprehensive investigation of
impacts on soils and vegetation

# Saoils and vegetation analysis provides an estimate of

potential adverse impact during constructien of
proposed source and after it begins aperation

® Analysis is more informational than decisional... but
allows the public to make an informed judgment about

potential impacts

Elements of Soils and Vegetatifcm Analysis

& Depth of analysis depends en number of factors,
including existing air quality and sensitivity of nearby

vegetation and soils

u Given rural nature of mest projects located in Region 7,

many are located in areas that may have sensitive crops

ar grasslands

= In general, PSD applicant should first inventory types
of soils and vegetation located within the broad impact

area of the proposed new source

APR-24-20R32 QA7 N Q4T K54 O0AA Qrre,



tr#d KELIUN

FaxidlJg=—201—-/044

Elements of Seoils and Vegetation Analysis
(continved)

& Applicants should consult with state agencies,
conservation groups, or universities that specialize in
land use and associated vegetation

® Focus should be on vegetation with commercial or
recreational value

® Analysis not limited to single-pollutant impacts

% Section II.C. in Appendix P of the NSR Warkshap
Manual peints to several good references, including
EPA's NAAQS Criteria documents and publications
prepared by the Department of the ¥nterior
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What's the Big Deal?

» Many PSD appli cationswinclude very little analysis an
potential soil and vegetation impacts

# Most applications simply state that compliance with the
NAAQS is protective of all soils and vegetation

@ Unfortunately... this abbreviated approach does not meet
the intent or spirit of the PSD rule nor daes it properly
inform the public

® For example, NOx can cause serious short term damage
to susceptible plant species

Why the Special Emphasis on NOx?

% The primary and secondary ambient air quality standards
for NOx are based on an annual average

» Yet, the NOx Criteria Document indicates that acute
vegetation darnage can occur from emission spikes over
much shorter periods of time from 1/2 to 8 hours

& Most PSD projects over last five years have been
significant NOx emitters

& Other criteria pollutants, except for P, typically have
much shorter averaging periods which directly account for
acute and chronic expasures to soils and vegetation

APR-24-2BB3 ©8:47

913 551 7844




EPA REGION 7 Fax:913-551-7844 fpr 24 2003  8:38

Two (or Mere) Can Be Worse Than One

= NQx, alone, is nsually not a problem unless near a nitric
acid plant or arsenal

» Damage to sensitive plant specles -- such as tobaccq -- from

NOx alone hasg not been observed at short term ambient
concentrations of 2 ppm or less (~38x the NOx NAAQS)

& Yet, multiple pollutants may impact soils and vegetation
synergistically st much lower ambient concentrations than
when each pollutant considered atone

Two (or More) Can Be Worse Than One

(continued)

« For exampie, NOx, when mixed with SO2 emissions ata
concentration of 0,10 ppm (~2x the NOx NAAQS), can

cause acute foliar damage with exposures as short as 4

hours; adversely affecting crop yield

‘While these levels of NOx and SQ2 are rarely observed
simultaneously in the U.S,, the PSD rules nevertheless

anticipate that an applicant will evaluate single- and
multi-pollutant impacts on soils and vegetation on a

case-by-case basis

"Quick Guide" for Analyzing PSD NOx

Vegetation Impacts

& For more details on under what conditions vegetation

damage can occur, see handout titled “Air Quality Criteria
for Oxides of Nitragen, Surnmary of Vegetation Impacts"

= Informal review document prepared in mid-80's when

EPA Region 7 was performing PSD reviews in Iowa

® Recently revised following brief review of updated NOx
NAAQS Criteria Document

m May want to ask applicants teo use as guide when preparing
PSD applications
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Where Do We Go From Here?

= Hope to see more comprehensive review for praject
impacts on seils and vegetation in the PSD permit record

® As a minimum, expect to see a statement in the public
review package -- supported by the record -- that shows

that no sensitive plant species are Jocated in project
impact area OR that shert-term NOx or combined

NOx-SO2 impacts are below thase which can cause foliar - _
damage
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