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1. Introduc tion
The City of Sedona has reta ined  Kimley-Horn to d evelop  an Environmenta l Impac t Assessment

fo r five loca tions in a nd a round Sedona , Arizona tha t serve off-highwa y vehic les (OHV). This

assessment builds on the Sedona  Off-Highway Vehic le Report (Completed  May 2019, 2017

Da ta), whic h resea rc hed  the sta tus of OHV use in Sed ona, identified  potentia l conc erns rela ted

to OHVs, and  recommended potentia l stra teg ies.

The purpose of this assessment is to c ollec t add itiona l environmenta l da ta  to support the City’ s

dec ision-making  p roc ess for potentia l ac tions appropria te to  add ress these conc erns.

The five loc a tions stud ied  in this assessment inc lude the following:

· Forest Road (FR) 152C – Unpaved Roadway

· Dry Creek Road  and  Tra ilhead  – Tra ilhead  Parking , Paved  Roadway, Unpaved  OHV Tra il,

Pa rking  Lot and  the ad jac ent intersec tion of Dry Creek Road  and  Boynton Pass Road

· Sold ier Pass Tra ilhead  – Gated  Tra ilhead  Parking, Gated  a c c ess to OHV Tra il and  ad jac ent

paved  roadway

· Schnebly Hill Tra ilhead  – Tra ilhead  Parking, Unpaved  OHV Roadway

· Broken Arrow Tra il  - Tra ilhead  Pa rking  and  Unpaved  OHV Tra il

 The study loca tions are shown in Figure 1.

FIGURE 1. STUDY LOCATIONS
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1.a . Resourc es Eva lua ted
The Environmenta l Impac t Assessment was envisioned  to b e c omp leted  in three phases, with

some resourc es stud ied  during  one season and  other resourc es stud ied  during  multip le seasons,

a s summa rized  in Table 1-1.

TABLE 1-1. RESOURCE STUDY TIMEFRAMES

Season

Quantity

and Type

of OHVs

Speed of

OHVs
Noise Level

Noise OHV

Reference

Level

Air Quality

Soil

Compaction

and Erosion

Spring a a a

Summer a a a a a

Fa ll a a a a a

OHV = off-hig hway vehic le

1.b . Sp ring  2023 Da ta  Co llec t ion Sc hed ule
Kimley-Horn sta ff initia ted  the da ta  collec tion effort a t 10:30 a .m. on Frida y, Marc h 17, 2023, and

c onc luded  a t app roxima tely 12 p .m. on Sunday, Marc h 19, 2023. Sta ff set up  the app ropria te

equipment for continuous vehic le da ta  co llec tion and  visited  eac h site throughout the da ta

c ollec tion days to ensure equipment was working  p roperly, tha t equipment was intac t and

und isturbed, to  ob tain manual tra ffic  da ta, and  to note general observa tions. Equipment was

either removed in the evenings and  rep la c ed  in the mornings or secured  in p lac e overnight.
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2. Analysis Results
2.a . Qua ntity and  Typ e  o f Off-Hig hw a y Vehic les
Video da ta  was continuously collec ted  from 10 a .m. on Friday, March 17, 2023, to  approxima tely

12 p .m. on Sunday, Marc h 19, 2023 a t the five loc ations. Cameras were sta tioned  a t each of the

loca tions to p roperly c ap ture OHV entering  off-road  tra ils and /or tra ilhead  pa rking  lo ts. The

tra ffic  count da ta  wa s p roc essed  to d etermine the to ta l number of vehic les entering and  exiting

the loca tions, which inc lud e vehic les parking in the d esigna ted  lo t, entering the OHV tra ils, or

c ircula ting  the site.

Tota l Vehic le Trips

Figure 2 provides the to ta l number of vehic les trip s a t eac h loc a tion for the da ta  collec tion

period .

FIGURE 2. TOTAL NUMBER OF VEHICLE TRIPS

The number of visitors a t each loca tion vary depending  on popula rity of the tra il, p roximity to  the

City, parking, and  ac c essib ility. On the weekend of da ta  c ollec tion, the most visited  tra il wa s Dry

Creek Road /  Tra ilhead  w ith app roxima tely 3,335 vehic le trips entering the designated  parking lot

and o ff-road a cc ess to the tra il. The second most visited tra il was Schnebly Hill w ith app roxima tely

1,778 vehic le trip s entering the designa ted  tra ilhead  area . Parking a t the two most visited

tra ilheads is limited , therefore parking demand exc eed the existing parking ava ilab le, and

vehic les a re observed  to c irc ula te through the parking a rea  and /or park a long undesignated

a reas a long  both sides of the roadways near the tra ilhead  vic inity.

Ad ditionally, a lthough Sold ier Pa ss Tra ilhead  pa rking  is restric ted  on Thursd a y-Sunda y a nd  OHV

ac c ess is limited  to 12 vehic les per day by permit, there were 943 vehic le trips counted  on Canyon

Shadows Drive whic h leads to this tra ilhead . During  the da ta  collec tion period, 525 vehic les were

rec ord ed  as continuing eastbound. Canyon Shadows Drive p rovides a cc ess to SR-89A and

d ispersed  cap ing  a reas.
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Ba sed on field  observa tions and da ta collec tions, over 100 vehic les mad e an eastbound U-turn a t

the tra il entranc e over the entire da ta  c ollec tion weekend . These were vehic les tha t d rove to the

site and  turned  around a fter rea lizing the tra ilhead  was ga ted  off. Video da ta  and  observa tions

a lso highlighted  many vehic les making d rop-offs and  p ic k-ups for passengers a t the tra il entranc e.

Off-Highway Vehic le  Qua ntities

The da ily weighted  avera ges o f OHV vehic les entering and  exiting the loc a tion on the weekend

were c a lc ula ted  using the 3-da y da ta . Figure  3 p rovides the average number of OHVs a t each

loca tion.

FIGURE 3. AVERAGE NUMBER OF OFF-HIGHWAY VEHICLE PER DAY

Ac c ord ing  to  da ta  co llec ted  during  this 3-day period , Sc hneb ly Hill is the  most used  tra ilhead  by

OHVs. FR 152C is the sec ond most used , though it is important to note tha t this is a  servic e road

the provid es a cc ess to SR-89A and  d ispersed  c amp ing areas.

The average number o f OHVs using Sold ier Pa ss Tra il is small compared  to the other tra ils due to

limited pub lic  access. Sold ier Pass Tra il has restric ted a cc ess where OHVs ma y only acc ess the tra il

if they have a  permit from the Forest Servic e. Accord ing  to the Forest Service, only 12 permits a re

issued  per day, with one vehic le per p ermit. Video da ta  c ollec tion for Sa turday, March 18 was

manua lly reviewed and  d etermined  tha t 19 OHV vehic les (which inc ludes 5 tours) entered  the

gated  tra il. From vid eo observa tions, it seemed tha t in 3 instanc es of OHVs ac c essing the ga ted

entranc e, a  vehic le c losely followed behind . In these instanc es, it c an be p resumed tha t the

vehic le was using  one permit for a  pa ir o f c ars.

The da ta  c ollec ted  for this study wa s compared  to da ta  c ollec ted  in the City o f Sedona ’ s 2019

Off-Highway Vehic le Report to determine any trends in tra il a nd  OHV use. The 2019 report only

c o llec ted  da ta  a t  Broken  Arrow  and  Dry  Creek Road / Tra il loc a tion.  Da ta  in  the  study  was a lso

c o llec ted  over 4 months. Figure 4 p rovid es the c omparison of OHV tra il users in 2017 and  2023 a t

these two loca tions. Recognizing tha t the da ta  co llec ted  for this study was over a  busy Marc h
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weekend when compared  to a  four-month avera ge from the 2019 study, it c an neither be

c onfirmed  or denied  tha t there has been an increase in OHVs a t the tra ilheads. It can be sta ted

tha t the da ta  is equitab le and  there has not been a  dec rea se sinc e 2017.

FIGURE 4. COMPARISON OF OFF-HIGHWAY VEHICLES AT LOCATIONS

Off-Highway Vehic le Types

To supp lement the video da ta , vehic le type da ta  was manua lly c ollec ted  a t ea ch loc a tion

exc ep t fo r Forest Road (FR 152C) fo r one-hour period s twic e a  d ay a t eac h loc a tion on Friday a nd

Sa turday. Manua l da ta  recorded  inc lud ed  documenting the following types of vehic les entering

and exiting tra ilheads:

· ATV (All-Terra in Vehic le) – A vehic le tha t tra vels on low-p ressure tires, has a  sea t tha t is

stradd led  by the opera tor and  has handleba rs.

· UTVs (Utility Terra in Vehic les) – A vehic le tha t opera tes b y foot c ontrols and  a  steering wheel

with  a  minimum  of  two  sea ts positioned  side-by-side  and  enc losed  within  a  roll  c age

struc ture.

· SUVs (Sports Utility Vehic les) – A roadway passenger vehic le with o ff-road ing capab ilities,

suc h as a  Jeep  or 4X4 truc k.

Although manua l da ta  was not co llec ted  for FR 152C, video da ta  was manua lly reviewed post

da ta  co llec tion to d etermine the peak period  over the weekend a t this loca tion.

Figure 5 p rovid es the p erc entage of vehic le types a t eac h loc a tion based  on the sample size of

the manua l da ta  collec ted .
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FIGURE 5. OFF-HIGHWAY VEHICLE TYPES AT EACH LOCATION

Based on d a ta  c ollec ted , SUVs were the most used  vehic les a t these loca tions. It’ s important to

note tha t there was a  negligent number of ATVs observed  a t a ll the loca tions. Based  on further

online research of various loc a l ATV renta l company websites, most c ompanies do not c urrently

offer ATV rentals and  instead  only offer UTV renta ls whic h a re “ buggy style”  vehic les. The number

of ATVs on tra ils has d rastica lly dec reased  compared  to d a ta  co llec ted  in the 2019 report; ATVs

ac c ounted  for nearly ha lf o f OHVs in the 2019 da ta  co llec tion period .

OHV Users

The manua l da ta  co llec ted  a lso recorded  the user groups of OHV vehic les using the tra ils d ivided

into the fo llowing c a tegories:

· Persona l – vehic les p riva tely owned

· Renta l – vehic les lent to  users by companies for day use

· Tour – vehic les tha t provide guided  tours (e.g ., Pink Jeep  Tours)

Persona l OHVs mad e up  most vehic les using Broken Arrow Tra il, Dry Creek Road / Tra ilhead , and

Schnebly Hill Tra il. Figure 6 p rovid es the perc entage of vehic le user groups a t eac h loc a tion based

on the samp le size of the manual da ta  co llec ted .
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FIGURE 6. OFF-HIGHWAY VEHICLE USER GROUPS AT EACH LOCATION

2.b . No ise  Leve l
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of sound  and  its perc eived  loudness to the human ea r. Human perc ep tion of noise oc curs in two

sepa ra te ways. The steady sta te noise level is perceived  by a  person as the ambient continuous

noise over a  c erta in time period  (measured  as Leq). The second  perc ep tion of noise is the

maximum sound  pressure va lue w ith no time constant applied  (measured  as Lpeak). This unit o f

noise exposure is perc eived  by a  person as the highest instantaneous impulse level genera ted

by a  noise sourc e.

Amb ient noise inc ludes a ll sounds present in an environment. The ambient noise level may be

measured  a t any moment, but it will va ry widely with time, e.g ., with the coming  and  going  of

trucks and  a irc ra ft. Amb ient sounds genera lly range from 30 dBA (very quiet) to  100 dBA (very
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to 40 dec ib els A-weighted  (dBA).1 This a mbient noise level range is simila r to  the noise level in a

quiet lib ra ry. The highest ambient noise level observed  was 62.8 dBA Leq2  c ollec ted  a t the

Schnebly Hill Tra ilhead  while the lowest amb ient noise level observed  was 48.6 dBA Leq c ollec ted

a t the Soldier Pass Tra ilhead . These measurements support the perc eption that entranc es of the

tra ilheads are generally quiet, exc ept for the passing of motorized vehic les onto the tra ils.

Physica l damage to human hea ring  begins a t prolonged  exposure to noise levels higher than 85

dBA. Exposure to high noise levels a ffec ts our entire system, w ith p rolonged  noise exposure over

75 dBA inc reasing  body tensions, thereby a ffec ting  b lood  p ressure, func tions of the heart and

nervous system. In c omparison, extended p eriod s of noise exposure above 90 dBA c ould  result in

permanent hearing damage. When the noise level rea ches 120 dBA, a  tic kling sensation oc c urs

in the human ea r even with short-term exposure. This level o f no ise is ca lled  the threshold  of

feeling. As the sound  reac hes 140 dBA, the tic kling  sensation is rep lac ed  by the feeling  of pa in in

the ear. The perc ep tion of pa in is d ifferent dependent on the type of noise genera ted  (amb ient

or impulse). If the Lpeak (impulse) va lue is grea ter than 120 dBA, the noise impulse noise would

have the potentia l to cause a  human hea lth impac t. The Department of Arizona Sta te Parks &

Tra ils limits the produc tion of high levels of noise w ith the requirement tha t OHVs must inc lude a

noise d issipa tive devic e.

Impulse noise was c ollec ted  a t each loc a tion to determine potentia l human hea lth effec ts. The

rec orded  Lpeak noise levels c ould  be a ttributed  to va rious vehic le types, pedestrian wa lk-bys, and

vehic le id ling sinc e the tra ffic  camera  and  the noise meter were p lac ed  ad jac ent to the

trailhead . The Broken Arrow Tra ilhead  produc ed  the highest qua lity impulse da ta  due to various

sourc es' vehic le use.

Ba sed on in-p erson observa tions and  the collec ted  da ta , the UTVs genera ted  the loudest

impulse noise levels of any vehic le type tha t frequented  the tra il. This eleva ted  noise level was

genera ted  from the vehic le’s engine noise, exhaust/ muffler noise, a nd / or amplified  vo ic e or

music  through the vehic le ’ s speakers. See Table 2-1 for noise levels observed .

TABLE 2-1. HIGHEST OFF-HIGHWAY VEHICLE NOISE LEVEL

Vehic le Type Range of Noise Generated (Lpeak)

Highest Short-

Term Noise

(Lpeak, dBA)

Average Leq over

vehic le ac tivity

time (dBA)

UTV/ ATV 72.9 dBA to 98.7 dBA over 28 sec ond s 98.7 dBA 87.0 dBA

Multip le

UTVs/ ATVs
79.1 dBA to 96.3 dBA over 32 sec ond s 96.3 dBA 87.1 dBA

Ind ividua l UTVs were observed  genera ting an average impulse noise level ranging between 75

dBA Lpeak and  90 dBA Lpeak whic h would  be perc eived  by the ea r as volumes between a  loud

c onversa tion to  a  kitchen b lender. Typ ica lly, this level o f noise was genera ted  by UTVs tha t

ac celera ted  to drive over the boulders a t the entranc es of the tra ilheads. In some cases,

1 The A-weighted measure c orrec ts for the rela tive frequenc y response of the human ear, whereby it de-

emphasizes low and very high frequenc ies of sound

2 Leq is a  c onvenient way to exp ress the energy level of a  va rying noise source



SEDONA OFF-HIGHWAY VEHICLE ENVIRO NMENTAL IMPACT ASSESSMENT JUNE 2023

10

impulse noise levels p roduced was above 96 d BA Lpeak when the vehic les traveled  in groups or

when passengers o f the UTVs would  p la y loud  music  through sp eakers. The highest noise level

observed  by a  multip le UTV pass-by was 98.7 dBA Lpeak which would  be simila r to  standing  next to

a  gas-powered  lawnmower. Noise genera te by the UTVs is approxima tely 20 to 40 dec ibels

higher than average Lpeak va lue a t the tra ilhead  which is between 100 and  10,000 times

louder.

2.c . Air Qua lity
Kimley-Horn was ta sked  with rec ord ing observa tions with resp ec t to OHV genera tion of partic ula te

matter (PM) and  its contribution to potentia lly eleva ted  levels o f PM. Vehic le ac tivity on unpaved

roa ds contributes to PM through various mec hanisms. When vehic les traverse these roads, the

mec hanica l d isturbanc e c aused by tires and  vehic le movement d islodges and  fra gments surfac e

materia ls, genera ting a irborne PM. Add itiona lly, the fric tion between tires and  the road  surfa c e

lead s to  a bra sion, relea sing  fine pa rtic les into  the a ir. Vehic le  emissions, esp ec ia lly from d iesel-

powered  vehic les,  like  OHVs,  a lso  contribute  to  PM  through  combustion  byproduc ts tha t  c an

adhere to the road  surface and  be resuspended  by subsequent vehic le ac tivity.

Human Hea lth Effec ts of Pa rticula te Ma tter

For a ir qua lity regula tory purposes, p artic le matter is defined  b y its size, namely the d iameter.

Resp irab le partic les, or particula te matter 10 (PM10) a re inhala ble into  the lungs and  ca n induc e

adverse hea lth effec ts and  refers to tiny pa rtic les or d rop lets in the a ir tha t a re ten mic rons ( µm) or

less in wid th. The term fine partic les, or particula te ma tter 2.5 (PM2.5), refers to tiny partic les or

d rop lets in the a ir tha t are two- and  one-ha lf mic rons (µm) or less in wid th. Like inches, meters and

miles, a  mic ron is a  unit  o f measurement for d istanc e. There  a re  about 25,000 mic rons in an inch.

The  wid ths o f the  la rger pa rtic les in the  PM2.5 size  range  would  be  about thirty times smaller than

tha t o f a  human hair. Fine particula te matter is defined  as partic les tha t a re 2.5 mic rons or less in

d ia meter (PM2.5); thus, PM2.5 c omprises a  portion of PM10.

Resp irab le PM ma y lead  to a  variety o f hea lth effec ts. Long-term exposures, suc h a s those

experienced  by peop le living  for many years in a reas with high PM levels, have been assoc ia ted

with prob lems such as reduc ed  lung  func tion and  the development of chronic  bronchitis—and

even p rema ture dea th. Short-term exposures to partic les (hours or days) c an aggrava te lung

d isease, causing  asthma  a ttac ks and  acute b ronc hitis, and  may a lso increase suscep tib ility to

resp ira tory infec tions. In peop le with heart d isease, short-term exposures have been linked  to heart

a ttac ks and  a rrhythmias.

The sourc e and  amount of particula te ma tter varies depend ing  on the setting . Conc entra tions of

la rger sized  particula te matter tend  to be higher in urban area s and  tend  to be genera ted  more

frequently by various urban sourc es inc lud ing vehic les, industria l fa c ilities, and  construc tion

ac tivities. This constant urban particula te ma tter is the typ e o f particula te ma tter the Na tiona l

Amb ient Air Qua lity Stand ard s (NAAQS) was d erived  from. Rura l particula te ma tter tends to b e

smaller and  not genera ted  consistently like urban a rea s. Therefore, when rura l p articula te matter

is avera ged over a  24-hour period , conc entra tions tend  to be significantly lower than urban

environments.

Dust emissions genera ted  on road s depend on the presenc e of “ silt load ing”  which refers to the

silt-size materia l (less than 75 mic rometers in d ia meter) per unit a rea  of travel surfa c e. This fac tor

and  the weight o f the vehic les traveling on the road  determines the PM emissions from a  road

surfac e. Silt load ing c an vary d epend ing on the weather/ c limate of the reg ion. Heavy silt load ing

tends to deposit onto roadways during winter and  ea rly spring. This heavy silt load ing d ries up  in
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the summer months and  is released  in grea ter quantities. The road  type a lso influenc es the silt

load ing with poorly paved and unpaved roads having higher silt load ing tha n newly paved roads.

Therefore, dust d ispersa l and  PM emissions tend  to be highest on unpaved surfac es in the summer

months.

The NAAQS for partic ula te ma tter a re mea sured  and  enforc ed  ac ross a  24-hour avera ge

c onc entra tion level. PM10 has a  threshold  o f 150 mic rogra ms per meter c ubed (µg / m 3) and PM2.5

has a  threshold  of 35 µg  / m 3.

Methodology and  Human Hea lth Effec ts o f Partic ula te Matter

The  peak PM  levels a t  the  five  loc a tions va ry  based  on  multip le  fac tors. PM  a t  each  of  the  sites

was ma inly  genera ted  by  mob ile  sourc es;  however,  w ind  and  pedestrians were  observed  to

c ontribute to  visib le dust genera tion and, presumab ly, to  monitored  levels as well. Mobile sourc es

at the sites inc lud ed the pa ss-bys of passenger vehic les and  shuttle buses ac c essing parking lo ts,

OHVs ac c essing the tra ils, and , in the c ase of the FR 152C, on-road  vehic les ac c essing the

ad jac ent unpaved road s. To determine a  correla tion between vehic le ac tivity and  PM amb ient

levels, minute a ir q uality d a ta  was linked  to  vid eo ta ken a t ea ch loc a tion.

The Broken Arrow Tra ilhead  experienc es sub stantia l vehic le and  ped estrian tra ffic  a t times, a nd

meters  were  p lac ed  to  a llow  for  a  comparison  between  upwind  and  downwind  PM

measurements. By ta king measurements upwind  (befo re the pollution sourc e) and  d ownwind

(a fter the pollution sourc e), it becomes possib le to identify and  c hara c terize the sourc e of

pollution. Comparing  PM c onc entra tions between these two loca tions helps d etermine the

c ontribution of a  spec ific  sourc e to the overa ll PM levels.

Results

The results show a  strong c orrela tion b etween genera l vehic le ac tivity a t the loc a tions and

inc reases in PM levels. Periods of eleva ted PM levels, with peaks above 795 mic rogra ms per cub ic

meter (µg/ m3), were rec ord ed  contemporaneously w ith vehic le ac tivity. However, hea lth-based

standa rds for PM exposure, such as the  federa l National Ambient Air Quality Standa rd  (NAAQSs)

standards, set average conc entra tions over longer time period s, suc h as 24-hours and  annua l.

Table 2-2 summarizes the ma ximum PM levels time-averaged over eac h c ollec tion period  a t the

five loca tions.

TABLE 2-2. MAXIMUM COLLECTION PERIOD FOR AVERAGE PARTICULATE MATTER LEVELS

Trail Location Maximum Collection Period

Average PM2.5 (µg / m3)

Maximum Collection Period

Average PM10 (µg / m3)

FR 152C 30 66

Broken Arrow Tra ilhead – UW 11 21

Broken Arrow Tra ilhead – DW 11 41

Dry Creek Road / Tra ilhead 13 16

Schnebly Hill Tra ilhead 9 18

Sold ier Pa ss Tra ilhead 13 21

Rec ent sc ientific  litera ture finds exposure to PM levels above the fed eral guid elines, even for

exposure periods of less than 24 hours, c an trigger ac ute hea lth conditions in highly sensitive

ind ividua ls. One-hour rolling avera ges were found to exceed the federa l NAAQs standa rds a t two
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loca tions, with the  FR 152C experienc ing  eleva ted  PM levels about NAAQs standa rds for multip le

hours. Table 2-3 summarizes the maximum one-hour ro lling  average measured  a t each loc a tion.

TABLE 2-3. MAXIMUM ONE-HOUR AVERAGE PM LEVELS

Trail Location Maximum 1-Hour Average

PM2.5 (µg/ m3)

Maximum 1-Hour Average

PM10 (µg/ m3)

FR 152C 75 178

Broken Arrow Tra ilhead – UW 31 72

Broken Arrow Tra ilhead – DW 40 154

Dry Creek Road / Tra ilhead 16 20

Schnebly Hill Tra ilhead 15 37

Sold ier Pa ss Tra ilhead 15 37

Da y-by-Day Comparison

The ground  was well sa tura ted  from ra in immed ia tely prior to  the da ta  co llec tion effort. 
However, with dry wea ther and  vehic le use, the tra ils looked  visib ly drier eac h day throughout

the weekend .  By Sa turday a fternoon and  Sunday, track out of soil onto paved  surfac es was

observed , inc lud ing  trailhead  pa rking  lo ts and  public  streets surrounding  a ll loca tions excep t

Sold ier Pass (likely due to the controlled  volume of vehic les ac c essing tha t tra il).

Based  on the discussion above, a  comparison amongst the loc a tions for eac h day highlights the

various environmenta l fac tors tha t contribute to  rura l PM c onc entra tions. Spec ifica lly, it is likely

tha t the d ampness of the unpaved roads and a mount o f paved road lead ing to each tra ilhead

influenc ed  how vehic le ac tivity contributed  to PM c onc entra tion trend s. For the day-by-day

c omparison and  analysis, only PM2.5 conc entra tions are used  due to their estab lished  human

hea lth impac ts a t lower conc entra tions and  bec ause PM2.5 is a  perc entage of PM10.

Figure 7 and Figure 8 show the to ta l c onc entra tion averages for PM 2.5 and  to ta l vehic le

ac tivity, respec tively, over eac h testing  day.
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FIGURE 7. TOTAL AVERAGE PM2.5 CONCENTRATION

FIGURE 8. TOTAL VEHICLE ACTIVITY

Figure 9 and Figure 10 show the maximum rolling one-hour averages for PM 2.5 average vehic le

ac tivity p er hour, respec tively, over eac h testing day.
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FIGURE 9. MAXIMUM ROLLING 1-HOUR AVERAGE PM2.5 CONCENTRATION

FIGURE 10. AVERAGE VEHICLE ACTIVITY PER HOUR

Comparing the da ta  side-b y-side c rea tes two d istinc t conc lusions based  on two environmenta l

fac tors:

· FR 152C and  Broken Arrow Tra ilhead  show a  strong  c orrela tion between PM

c oncentra tions and  the drying  of the road  d irt between Friday and  Sunday.
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· Dry Creek Road / Tra ilhead  and  Sc hnebly Hill Tra ilhead  show a  stronger correla tion

between vehic le ac tivity and  PM conc entra tions when compared  to the other loc a tions.

This is likely due to the amount of paved  road  leading  up  to each tra ilhead . FR 152C and

Broken Arrow have a t least 200 feet of unpaved  road  leading  up  to the tra ilhead,

whereas Dry Creek and  Schneb ly Hill have paved  roads leading  up  to the tra ilheads. This

may a llude tha t the reduc ed a mount o f unpaved roa d  a t the tra ilhead s influenc es

whether the silt loading  or vehic le ac tivity domina tes the PM c onc entra tions.

From an a ir quality perspec tive, this data establishes that vehic le ac tivity is correla ted to

inc reased PM levels. However, externa l environmental fac tors p lay a  role in PM conc entra tions

and these c onc entra tions exc eed ing levels known to negatively a ffec t human hea lth is

inconc lusive.
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3. Conc lusion
The find ings of this study support the p reviously doc umented  conc erns a t the five loc a tions

rela ted  to tra ffic , noise, and  a ir qua lity. However, a lthough the find ings ind ica ted  tha t OHVs

c ould  be considered  a  nuisanc e, none of the measurements during  the 3-day da ta  co llec tion

period  exceed  a llowable sta te or federa l thresholds for a  human health impac t. The noise and

a ir qua lity da ta  were only eva lua ted  a t the tra ilheads and  d id  not measure cond itions a t nearby

residentia l a reas. The da ta  is summarized  below and  detailed  in the append ic es.

3.a . Find ing s o f the  Stud y

3.A.1. QUANTITY & TYPE OF OHV VEHICLES

An average of 1,500 vehic le trips were observed  a t the five loc a tions inc luded  in this study. Dry

Creek Road / Tra ilhead  was the most visited  loc a tion with approximately 3,335 vehic le trips entering

and existing the designa ted  tra ilhead  to ac c ess parking and  the off-road  tra il. The second most

visited  tra il is Sc hneb ly Hill with approximately 1,778 vehic le trip s entering the d esigna ted  tra ilhead

area . Parking demand exc eeds the existing parking capa c ity a t these tra ils causing continuous

c irc ula tion of vehic les a t tra ilhead  entranc es throughout the da y. Vehic les tha t were unsuc c essful

in finding parking in the d esigna ted  lo ts o ften choose to park in und esignated  a reas a long

Boynton Pass Road (fo r Dry Creek) and a long Schneb ly Roa d (fo r Schnebly Hill). It is rec ommended

to c onsider insta lling “No Parking”  signs or boulders a long both sides of the roadway and to

enforc e unlawful parking (similar to Dry Creek Road and Boynton Pass Road).

The avera ge number o f OHVs a t the five loc a tions ranges from 25 to 197 vehic les per da y. Based

on 2017 da ta  from the City of Sedona ’ s 2019 Off-Highway Vehic le Report. Due to the small sample

size it c an only be assumed the OHV tra ffic  has not dec reased  sinc e 2017. Add itiona l da ta

c o llec tion is needed to c onfirm a  true inc rease in tra ffic . This c omparison provides a  genera l

assumption tha t OHV ac tivity has not dec reased  a t the stud ied  tra ils.

OHVs a t Sold ier pass averages a t 25 vehic les per day; this is a  restric ted  ac c ess tra il where the

Forest Servic e only issues 12 permits per day.

The most common typ es of OHV vehic les a t the five locations are SUVs. A very minimal number o f

ATVs were  observed  a t  the  tra ilheads.  The  number  o f  ATVs on  tra ils  has drastic a lly  changed

c ompared  to da ta  collec ted  in the 2019 report. ATVs ac c ounted  for nearly ha lf of OHV in the 2019

da ta  c ollec tion p eriod .

Although there a re various rental companies and  tour companies in the City of Sedona  tha t offer

day use or exc ursions to off-road  trails, da ta  observed  determined  tha t most OHVs using  the tra ils

a re personal, p riva te owned vehic les. All tra ils, excep t for Sold ier Pass, are open to the public  and

free o f c ha rge. Therefore, it can b e a ssumed tha t a  la rge portion of visitors travel to Sedona for

rec rea tiona l use of o ff-road  tra ils in their p ersona l vehic les. It is recommended to c onsider

restric ting acc ess to tra ilheads by issuing a limited number of permits or c onstruct booths at tra il

entrances to c ontrol ac cess onto tra ils. This will ultimately be dependent on the Sedona Shuttle

system inc reasing routes throughout the c ity.
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3.A.2. NOISE FINDINGS

Ba sed on in-person ob serva tions, ambient noise levels a t each o f the tra ilhead s are genera lly

quiet. The primary c ause of noise is vehic le tra ffic  a rriving and  departing from the tra ils. In

particula r, noise genera ted  by the OHVs was substantia lly loud er than tha t genera ted  by other

typ es of vehic les. The loud est noises genera ted  by a ll vehic les typ ica lly oc c urred  during  vehic le

ac celera tions a t the entranc es of each tra ilhead . On oc casion, OHVs would  p roduc e loud  noise

through speakers and  music . In genera l, these loud  noise events would  only last a  few seconds.

Amb ient noise a t all five of the tra ils is below the rec ognized  human hea lth impac t threshold  of 85

dBA  Leq. However, UTVs p roduc ed instantaneous noise levels above 96 dBA (the Arizona Sta te

Pa rks Threshold  for OHV noise) up  to  a  maximum of 98.7 dBA. This no ise level is signific antly loud er

than the average Lpeak no ise levels a t the tra il, and  the presenc e of the UTVs c auses an

environmenta l d isturbanc e tha t c ould  a ffec t peop le using the tra il. The highest noise level

produced  by  the  UTVs is still  below  the  human  health  impac t  threshold  for impulse  noise  of  120

dBA. The noise p roduced by a ll vehic les could  b e considered a nuisance to tra il users, consid ering

the surround ing a rea  is a  na tural spac e tha t typ ica lly exp erienc es low amb ient noise levels. It is

rec ommended to consid er studying noise impac ts d irec tly a t sensitive rec ep tors as OHVs d rive

between neighborhoods to the tra ilheads.

3.A.3. AIR QUALITY FINDINGS

Based on in-person ob serva tions and  rec orded  da ta , vehic les traveling a t the tra ilhead s

entranc es can substantia lly eleva te dust and  d isperse it to surround ing areas like parking lo ts,

paved  road ways, and  nearb y hiking tra ils. On multip le oc c asions, it wa s observed  tha t vehic les

exiting  unpaved  surfac e  tra ils would  ca rry  dust  onto  the  paved  roadway  surfac es.  This led  to  a

buildup  of dust a t the paved  entranc es of the tra ilheads and  the genera tion of re-entra ined  PM

at loca tions such as public  roads. The ra in event which occ urred prior to the study is suspec ted to

have grea tly supp ressed  the genera tion of PM. As the unpaved tra il surfac e began to lose

moisture over the weekend, the dust genera ted  by vehic les inc rea sed .

Rec ord ed  PM10 levels show maximum 1-hour c onc entra tions of grea ter than 178 µg/ m 3 and

grea ter than 75 µg/ m 3 PM2.5. While 24-hour averages for both PM10 and  PM2.5 were below the

federa l guidelines for human hea lth impac ts, exposure to eleva ted  PM levels has the potentia l to

trigger ac ute hea lth c ond itions in highly sensitive and  sensitive ind ividua ls, even over exposure

period s o f less than 24 hours. Elevated levels of PM above the federa l guidelines were measured

at the FR 152C and Broken Arrow tra ils. However, only the FR 152C Tra il, on Sunday, had PM10 and

PM2.5 exposure above the federa l guidelines for more than one single hour. All o ther trailheads

only exc eeded fed era l guidelines for PM10 and  PM2.5 human hea lth impac ts for less than the

estab lished  24-hour averaging period .

3.b . Da ta  Resourc es
In addition to  collec ting  da ta  in the fie ld , da ta  was a lso ga thered  from the fo llowing  sourc es:

· Health and  Environmenta l Effec ts o f Partic le Pollution (Hea lth a nd  Environmenta l Effec ts o f

Pa rticula te Ma tter (PM) |  US EPA)

· Federa l Interagenc y Committee on Noise, Federa l Agenc y Review of Selec ted  Airport Noise

Ana lysis Issues, August 1992.

· Coconino Na tiona l Forest Rec rea tion (https:/ / www.rec rea tion.gov/permits/ 4251901)
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· OHV Renta l Websites

o Sedona  ATV (http s:/ / www.a tvsedona .c om/ )

o Red  Roc k Rentals (https:/ / a tvrenta lssedona.c om/ )

o Vortex ATV Renta l (https:/ / www.vortexa tvrenta l.c om/ )
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Appendix A. Methodology and

Detailed Data – Quantity and Type

of Off-Highway Vehic les

1 Methodology

The following sec tion summarizes the da ta  collec ted  a t the five loc a tions. Video da ta  was

c ontinuously collec ted  from approximately 10 a .m. on Friday, Marc h 17, 2023 to approximately

12 p .m. on Sunday, Marc h 19, 2023. Miovision c amera s were sta tioned  a t eac h of the loc a tions

to cap ture OHV entering, paved  roads,  o ff-road  tra ils  and /or tra ilhed  parking  lo ts. See Figures

A-1 through A-5 for the loc a tions of the tra ffic  c ameras used  for da ta  co llec tion a t eac h of the

sites.

FIGURE A-1. TRAFFIC CAMERA LOCATION – FR 152C
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FIGURE A-2. TRAFFIC CAMERA LOCATIONS – DRY CREEK ROAD/ TRAILHEAD

FIGURE A-3. TRAFFIC CAMERA LOCATION – SOLDIER PASS TRAILHEAD
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FIGURE A-4. TRAFFIC CAMERA LOCTION – SCHNEBLY HILL TRAILHEAD

FIGURE A-5. TRAFFIC CAMERA LOCATION – BROKEN ARROW TRAILHEAD

Video da ta  was proc essed  through Miovision’ s software and  p rovid ed  to Kimley-Horn in table

format in 15-minute bin interva ls.
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1 Tota l Number of Vehic les a t Tra ils
The tra ffic  count da ta  was proc essed  to determine the total number of vehic le trips entering

and exiting the loc a tions, which inc lude vehic les parking in the designated  lo t, entering the OHV

tra ils, or c irc ula ting the site. Figure A-6 p rovides the to ta l number of vehic le trips a t eac h loca tion

for the da ta  collec tion period . It should  be noted, one vehic le entering  and  exiting  the loc a tion

would  be considered  two vehic le trips.

FIGURE A-6. TOTAL NUMBER OF VEHICLE TRIPS

The numb er of visitors a t ea ch location va ries d epending on popularity o f the tra il, proximity to the

City, pa rking , and  ac cessib ility. On the weekend  of da ta  co llec tion, the most visited  loc a tion was

Dry Creek Road / Tra ilhead  with approximately 3,335 vehic le trips ac c essing the designated

parking  lo t  and  off-road  ac c ess.  Parking  a t  the  tra ilhead  is  limited ,  with  37  marked  spac es

ava ilab le. Therefore, a  signific ant number of the vehic les entering the tra ilhead  area  were vehic les

c ircula ting  to  find  pa rking  and  exiting  when unsuc cessful. The vehic les tha t do not find  parking

often exit Dry Creek Road  and  park a long  Boynton Pass Road . Vehic les park a long  both sides of

Boynton Road  north of Dry Creek Doad , sta rting  approxima tely ½ mile north of the intersec tion.

The sec ond  most visited  loc a tion wa s Schneb ly Hill Tra ilhea d  with a pp roxima tely 1,778 vehic le  trip s

entering the d esignated  tra ilhead  area . Simila r to Dry Creek, demand for pa rking exc eed s the

existing parking ava ilab ility and  vehic les were observed  to be parking a long both sides of

Sc hnebly Hill Road .

Although Sold ier Pass Tra ilhead  parking is restric ted  on Thursd ay-Sunday and  OHV ac c ess is limited

to 12 vehic les per da y by p ermit, there were 943 vehic le trips a long Canyon Shadows Drive. Ba sed

on field  observa tions and  da ta  co llec tions, there 103 vehic les made an eastbound U-turn a t the

tra il entranc e. These were vehic les tha t d rove to the site and  turned  around a fter realizing the

tra ilhead was ga ted off. Add itiona lly, there were a high numb er o f vehic les making d rop-offs and

p ic k-ups for passengers a t the tra il entranc e.
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2 Quantity o f Off-Highway Vehic les
The da ta  wa s proc essed  by Kimley-Horn to c a lcula te da ily avera ges of OHV vehic les entering and

exiting the  loca tions on a  b usy weekend. Figure A-7 provides the average number of OHVs a t

ea c h loca tion.

FIGURE A-7. AVERAGE OFF-HIGHWAY VEHICLES PER DAY

Sc hnebly  Hill was the  most  used  tra ilhead  amongst  OHV users during  the  3-day c ounts. FR 152C

wa s the second most used , though it is important to note tha t this is a  servic e road  tha t a lso

p rovid es a c c ess to SR-89A. During field  observa tions, many non-off-road  vehic les (suc h as sed ans)

were observed  using  this road . Naviga tion apps suc h as Google Maps or App le Maps d irec t users

to use FR 152C to a c c ess SR 189A when in the vic inity o f tha t a rea . Forest Servic e rangers a lso

c ommented  tha t FR 152C is frequently used  to ac c ess d ispersed  c amping areas a long FR 9559

(Coconino Na tional Forest Dispersed  Camping  Area  a t FR 9559).

The average number o f OHVs using Sold ier Pa ss Tra il wa s small compared  to the other tra ils due

to limited  pub lic  ac c ess. Sold ier Pa ss Tra il has restric ted  ac c ess where OHVs may only ac c ess the

trail if they have a  permit from the Forest Service. Acc ord ing  to the Forest Service, only 12 permits

a re  issued  per  day,  w ith  one  vehic le  per  permit,  in  addition  to  app roved  tours.  Video  da ta

c ollec tion for Sa turday, Marc h 18 was manually reviewed  and  19 OHV vehic les (which inc ludes 5

tours) entered  the ga ted  trail. From video observa tions, in three instanc es of OHVs ac c essing the

ga ted  entranc e, a  vehic le c losely followed b ehind . In these instanc es, it c an be p resumed tha t

the vehic le was using  one permit for a  pa ir o f c ars.

The da ta  c ollec ted  for this study wa s compared  to da ta  c ollec ted  in the City o f Sedona ’ s 2019

Off-Highway Vehic le Report to determine any trends in tra il a nd  OHV use. The 2019 report only

c o llec ted  da ta  a t Broken Arrow Tra ilhead  and  Dry Creek Road / Tra ilhead ) and  wa s c ollec ted  over

a  4-month period . Figure A-8 provides the c omparison of OHV tra il users in 2017 and  2023.
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FIGURE A-8. COMPARISON OF DATA

Figure A-9 shows the numb er of OHVs entering and  exiting a t ea ch loca tion throughout

Sa turday, Ma rch 18. Although tra ffic  was fairly steady, there were ebbs and  flows throughout the

day. There is no rea l “ peak”  of tra ilhead  acc ess during  this da te excep t for FR 152C which

experienc ed  a  p eak a t 2:15 p .m.

FIGURE A-9. OFF-HIGHWAY VEHICLES PER TIME INTERVAL – SATURDAY

3 OHV Types
Manua l da ta  collec tion was ob ta ined  a t a ll tra ilhead s exc ept for FR 152C, for one-hour periods

tw ice a day on Friday and Sa turday. Manua l da ta rec orded inc luded documenting the follow ing

types o f vehic les entering and  exiting tra ilheads:

· ATV (All-Terra in Vehic le) – A vehic le tha t tra vels on low-p ressure tires, has a  sea t tha t is

stradd led  by the opera tor and  has handleba rs.
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· UTVs (Utility Terra in Vehic les) – A vehic le tha t opera tes by foot c ontrols and  a  steering wheel

with  a  minimum  of  two  sea ts positioned  side-by-side  and  enc losed  within  a  roll  c age

struc ture.

· SUVs (Sports Utility Vehic les) – A roadway passenger vehic le with o ff-road ing capab ilities,

suc h as a  Jeep  or 4X4 truc k.

Figure A-10 p rovides the perc entage of vehic le types a t each loc a tion based  on the sample size

of the manua l da ta  collec ted .

FIGURE A-10. OFF-HIGHWAY VEHICLE TYPES

Based on da ta  c ollec ted , SUVs were the most used  vehic les a t tra ilhead s. It’ s important to note

tha t there was a  negligent number of ATVs observed  a t a ll the trails. Based  on online resea rch of

various ATV renta l c ompany web sites, most c ompanies do not c urrently o ffer ATV renta ls and

instead  only o ffer UTV renta ls which a re “ buggy style”  vehic les. The numb er of ATVs and  UTVs using

the tra ilheads has changed sinc e the da ta  co llec ted  for the 2019 Off-Highway Vehic le Report.

Figure A-11 and A-12 p rovid e a  visua l c omparison of the perc entage o f vehic le typ es using Dry

Creek Road/ Tra ilhead  and  Broken Arrow Tra ilhead  between 2017 a nd  2023. The number o f UTVs

a t the Broken Arrow Tra ilhea d and Dry Creek Road/ Tra ilhead have nearly doubled, but ATVs have

d ec rea sed  d ra ma tic a lly.

3
.1

%

0
.0

%

2
.3

%

0
.0

%

0
.0

%

1
2
.5

%

4
3
.8

%

2
7
.6

%

1
6
.7

%

5
3
.1

%

8
4
.4

%

5
6
.2

%

7
0
.1

%

8
3
.3

%

2
7
.6

%

0
.0

%

0
.0

%

0
.0

%

0
.0

%

1
9
.4

%

BRO KEN  A RRO W

TRA IL

D RY C REEK TRA IL SC HN EBLY HILL SO LD IER PA SS FR 1 5 2 C

Percent (%) ATV Percent (%) UTV Percent (%) SUV Percent (%) Other



SEDONA OFF-HIGHWAY VEHICLE ENVIRO NMENTAL IMPACT ASSESSMENT JUNE 2023

26

FIGURE A-11. COMPARISON OF UTVS ON TRAILS

FIGURE A-12. COMPARISON OF ATVS ON TRAILS

4 OHV Users
The manua l da ta  co llec ted  a lso recorded  the user groups of OHV vehic les using the tra ils d ivided

into the fo llowing c a tegories:

· Persona l – vehic les p riva tely owned

· Renta l – vehic les lent to  users by companies for day use

8.0%

20.7%

12.5%

43.8%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

Broken Arrow Dry Creek

%
o

f
To

ta
lO

H
V

s

2017 UTV 2023 UTV

42.0%

48.3%

3.1%
0.0%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

Broken Arrow Dry Creek

%
o

f
To

ta
lO

H
V

s

2017 ATV 2023 ATV



SEDONA OFF-HIGHWAY VEHICLE ENVIRO NMENTAL IMPACT ASSESSMENT JUNE 2023

27

· Tour – vehic les tha t provide guided  tours (e.g ., Pink Jeep  Tours)

Figure A-13 p rovides the perc entage of vehic le user groups a t eac h loc a tion b ased  on the sample

size of the manua l da ta  collec ted .

FIGURE A-13. OFF-HIGHWAY VEHICLE USER GROUPS

Persona l OHVs made up  the ma jority o f vehic les a t the Broken Arrow Tra ilhead , Dry Creek

Road / Tra ilhead, and  Schneb ly Hill Tra ilhead . Due to the pub lic  ac c ess restric tion on weekends a t

Sold ier Pass, tours ac count for a  ma jor portion of off-road use a t this tra il. All tra ils exc ep t for Sold ier

Pass a re open to the pub lic  and  free of charge.

5 Dry Creek Road  & Boynton Pass Road  Intersec tion
Turning movement c ounts using Miovision cameras were c ollec ted  a t the Dry Creek

Road / Tra ilhead  entranc e on Boynton Pass Road  and  Dry Creek Road  during  the same time

period  OHV da ta  was collec ted . Da ta  was proc essed  to identify the peak hour of the da ta

c o llec tion and  determine opera tions a t the stop -c ontrolled  intersec tion.

Boynton Pass Road  and  Dry Creek Road  is a  T-intersec tion w ith stop  control in the westbound

app roach and  a  marked  c rosswalk on the north leg. During  the three-day collec tion period , the

peak hour a t the intersec tion was Friday, Ma rch 17th a t 12:45 p .m. to  1:45 p .m. Figure A-14

p rovides the lane configura tions and  the peak hour vo lumes for the study Intersec tion
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FIGURE A-14. DRY CREEK ROAD & BOYNTON PASS ROAD INTERSECTION VOLUMES

The intersec tion was ana lyzed  using Highwa y Capac ity Manua l 6 th Ed ition (HCM 6) methodology

to determine the intersec tion level o f servic e (LOS). Ac c ording to the HMC 6 th Edition results, the

intersec tion movements opera te a t ac c ep tab le LOS B or better. The LOS results and  average

delay for eac h movement a re provided  in Table A-1.

TABLE A-1. BOYNTON ROAD & DRY CREEK ROAD INTERSECTION OPERATIONS

Movement LOS Delay (sec / veh)

Northbound  Through - -

Northbound  Right - -

Southbound  Through A 0.0

Southbound Left A 8.0

Westbound Through/Right B 13.5

2 Field Observations

1 Genera l Field  Cond itions
The weekend of Marc h 17, 2023 to Marc h 19, 2023 wa s c hosen bec ause it c oinc ides with loca l

“ sp ring  break”  sessions, a  time of yea r when the City of Sedona  historic a lly sees a  high number of

visitors. Tha t weekend , as antic ipa ted, sta ff notic ed  a  high number of visitors, especia lly during

the mid -day hours (12 p .m. to  4 p .m.). As sta ff were traveling  from site to  site, they noted  tra ffic

tha t queued  a long  SR 89A and  SR 179 heading  into Up town Sedona , especia lly during  the mid -

day peak.
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The wea ther wa s slightly co lder than historic  average tempera tures. Sedona experienc ed

substantia l snowfa ll earlier in the month, and  ra infall the two days immedia tely prior to  the da ta

c o llec tion visit, with sca ttered  c louds genera lly p resent into the weekend . Table A-2 p rovides the

wea ther cond itions for the weekend of da ta  co llec tion ba sed  on historic  da ta  from KAZSEON105

wea ther sta tion.

TABLE A-2. WEATHER DATA

Date
Temperature

Average (°F)

Temperature

High (°F)

Temperature

Low (°F)

Average Wind

(mph) Condition

3/ 17/ 2023 47.6 62.1 36.3 2.2 Cloudy

3/ 18/ 2023 49.1 61.3 38.5 2.9 Fa ir

3/ 19/ 2023 47.6 55.8 39.7 2.6 Fa ir

2 Quantity and  Type of Off-Highway Vehic les
Sta ff visited  the loca tions throughout the da y to rec ord  manua l OHV c lassifica tion counts.

Miovision cameras were set up  a t a ll five tra ilhead  loca tions to collec t c ount da ta . Continuous

da ta  was collec ted  from approxima tely 10 a .m. on Friday, Ma rch 17 to approxima tely 12 p .m.

on Sunda y, Marc h 19. The following observa tions were noted :

1 Genera l

• More p riva te OHVs were observed  on the tra ilhead  than tours or rental vehic les.

• Few to no ATVs were seen on the tra ils.

• Pink Jeep  Tours were the most popula r tour company vehic les seen on tra il pa ths.

• Priva te SUVs (such as Jeeps) and  4x4 truc k (suc h as Toyota  Tacoma) were popula r a t a ll

trailheads, but especia lly a t Broken Arrow and  Schnebly Hill.

• The renta l company lo ts a long  SR 89A were full o f OHVs in the evening  and  emp ty during

the day.

• There was a  high number of UTVs driving  a long  SR 89A and  SR 179 w ithin c ity limits.

• Vehic les were observed  to approac h the 4x4 tra il and  park while one person got out to

inspec t the beginning  of the tra il and  evalua te if their vehic le was suitab le for the tra il.

2 Forest Road 152C

• On Friday and  Saturday there wa s little to no OHV ac tivity.

• On Sunday, sta ff noted  more p riva te tours.

3 Dry Creek Road / Tra ilhead

• High number of Pink Jeep  Tours.

• Various p riva te OHVs would  enter tra ilhead  and  then backup  up  to enter parking  lo t.

• Many vehic les were observed  to c irc ula te through the parking  lo t, looking  for parking

while the lo t was full. Many vehic les d iverted  and  parked  on Boynton Pass Road .

4 Sold ier Pa ss Tra ilhead

• Very little p riva te OHV ac tivity.
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• More Red  Roc k Western Jeep  Tours than Pink Jeep  Tours.

• Very quiet ac tivity.

• No UTVs or ATVs.

• Bikes were observed  entering and  exiting the tra il.

5 Schnebly Hill Tra ilhead

• Vehic les were observed  to pa rk outside the parking  lo t a long  the road, but before the

4x4 road  sta rted .

• Some tour c ompanies approached  the trailhead  but d id  not p roc eed  into the tra il and

instead  turned  around . It seemed tha t it was part of the tour.

6 Broken Arrow Tra ilhead

• Many p riva te OHVs were observed  suc h as Jeeps, trucks, and  other 4x4 vehic les like

Subaru.

• High number of Pink Jeep  Tours.

• Priva te OHV vehic les very slowly entered  the tra il pa th due to uneven terra in.

• Trac tor ac tivity was observed  on Friday and  Sa turday. The trac tor was moving  d irt and

roc ks to/ from the tra il. It appea red  tha t the trac tor was mainta ining  the tra il pa th.

Acc ord ing  to a  loca l Sedona  resident, renta l companies were not renting  out ATVs or UTVs due

to wea ther conditions. However, during  manua l tra ffic  c ount co llec tion, KH sta ff observed

various renta l company UTVs using  trailheads. These were d istinguishable based  on their colored

flags and a few with had their logo company on the vehic le.

Additiona lly, there were very few ATV renta ls observed  on trailheads. ATVs travel on low-p ressure

tires with a  straddle-style sea t and  handlebars. Sta ff c onduc ted  quic k online research and  noted

tha t ac cord ing to va rious OHV renta l company websites, most c ompanies do not offer ATV

renta ls and  instead  only o ffer UTV renta ls whic h a re “ buggy style”  vehic les.

3 Tra ffic
As previously mentioned , tra ffic  peaked  during  the mid -day a t around  12 p .m. to  4 p .m. When

sta ff traveled  from site to site, they notic ed  tra ffic  c ongestion a long SR 89A and  SR 179 head ing

toward  Up town Sedona . On Sa turday, vehic le congestion was past Dry Creek Road / Arroyo

Pinon Drive on SR 89A head ing eastbound and  past Morgan Road on SR 179 head ing

northbound .

Most tra ilhead  pa rking  lo ts were full by a round  1 p .m. and  vehic les were c irc ling  in and  out

a ttemp ting  to find  a  pa rking  spac e. At Dry Creek Road / Tra ilhead, vehic les were pa rking

roadside on Boynton Pass Road  due to overflow. At Schnebly Hill Tra ilhead, vehic les were

parking  a long  roadside a long  Schneb ly Hill Road  due to overflow.

Sold ier Pass Tra ilhead  parking  is ga ted  and  c losed  off to  the pub lic  Thursd ay-Sunday. During

manua l tra ffic  da ta  c ollec tion, sta ff notic ed  tha t a  lot o f vehic les d rove in an a ttempt to enter

the parking lot without knowing it was c losed . Vehic les would  make a  U-turn or c ontinue west on

Canyon Shadow Drive when rea lizing  the ga te to  the parking  lo t was c losed . Additiona lly, sta ff

a lso noticed  various personal vehic le d rop-off and  pic k-ups a t the tra ilhead .
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Appendix B. Methodology and

Detailed Data – Noise Levels
3 Background and Methodology

Noise is defined  as unwanted  sound a nd  is known to have severa l a dverse effec ts on peop le,

inc lud ing  hea ring  loss, speech and  sleep  interferenc e, physiologica l responses, and  annoyanc e.

Based on these known adverse effec ts of noise, the federa l government, the Sta te of Arizona,

and  many loc al governments have estab lished  c riteria  to  p rotec t pub lic  hea lth and  sa fety and

to p revent disrup tion of c erta in human a c tivities.

1 Human Hea lth Impac ts
Sound  p ressure is measured  through the A-weighted  measure to c orrec t for the rela tive

frequenc y response of the human ear. Tha t is, an A-weighted  noise level d e-empha sizes low and

very high frequenc ies of sound  simila r to  the human ea r’ s de-emphasis of these frequencies.

Unlike linear units such as inches or pounds, dec ibels are measured on a logarithmic  sc a le,

rep resenting  points on a  sha rp ly rising  curve. On a  logarithmic  sc ale, an inc rease of 10 dBA is 10

times more intense than 1 dBA, while 20 dBA is 100 times more intense, and  30 d BA is 1,000 times

more intense. A sound  as soft as human brea thing  is about 10 times grea ter than 0 dBA. The

dec ib el system of measuring sound gives a  rough c onnec tion between the physica l intensity o f

sound  and  its perc eived  loudness to the human ea r. Amb ient sounds genera lly range from 30

dBA (very quiet) to  100 dBA (very loud ).

Time varia tion in noise exposure is typ ica lly expressed  in terms of a  steady-sta te energy level

equa l to  the energy content of the time varying  period  (c alled  Leq), or a lterna tely, as a  sta tistic a l

desc rip tion o f the sound level tha t is exc eed ed over some frac tion o f a  g iven ob serva tion

period . This report ana lyzes the maximum sound  p ressure va lue w ith no time constant applied

(c a lled  Lpeak). This unit of noise exposure g ives the instantaneous impulse level genera ted  by a

noise sourc e.

Physica l damage to human hea ring  begins a t prolonged  exposure to noise levels higher than 85

dBA. Exposure to high noise levels a ffec ts our entire system, w ith p rolonged  noise exposure in

excess of 75 dBA inc reasing  body tensions, and  thereby a ffec ting  b lood  pressure, func tions of

the hea rt and  the nervous system. In comparison, extended  periods of noise exposure above 90

dBA could  result in permanent hearing dama ge. When the noise level reac hes 120 dBA, a

tic kling sensation oc curs in the human ear even with short-term exposure. This level o f noise is

c a lled  the threshold  of feeling. As the sound  reaches 140 dBA, the tic kling  sensa tion is rep lac ed

by the feeling  of pa in in the ea r. This is ca lled  the threshold  of pa in.

2 Regula tory

1 Sta te Regula tions

The Arizona Sta te Parks regula tes the noise produced by OHVs tha t utilize the Sta te’ s tra ils. The

ma ximum a llowable no ise level for OHVs is 96 d ec ib els. The State’ s Parks a lso require OHVs to

insta ll a  muffler or noise d issipa tive d evic e to  ensure no ise reduc tion b elow the a llowa ble level.

The Arizona Sta te Parks does not spec ify whether the 96 dec ib els threshold  is an instantaneous
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noise level or a  time depend ent noise level. This report assumes the Arizona Sta te Parks threshold

is an instantaneous noise threshold  of 96 dBA Lpeak.

2 Loc a l Regula tions

A noise ord inanc e is intended to c ontrol unnec essa ry, exc essive, and  annoying sound s from

sta tiona ry, non-transporta tion noise sourc es. Noise ord inanc e requirements are not app lic ab le to

mobile noise sourc es suc h as tra ffic  traveling  on pub lic  roadways. Federa l and  Sta te laws

p reemp t control o f mob ile noise sourc es on pub lic  roads. Noise ord inanc e standa rds genera lly

app ly to  industria l and  c ommerc ia l noise sourc es, as well as pa rks and  sc hools a ffec ting

residentia l a reas.

The City of Sedona  code sets an exterior noise sta nda rd  for spec ific  a reas in the City. Table B-1

lists the multip le a reas a nd  their exterior no ise sta nda rd s.

TABLE B-1. EXTERIOR NOISE STANDARDS

Zone Time
Noise Standard

Maximum (dBA)

Residentia l
10 p .m. – 7 a .m. 50

7 a .m. – 10 p .m. 60

Commerc ia l
10 p .m. – 7 a .m. 65

7 a .m. – 10 p .m. 65

Industria l
10 p .m. – 7 a .m. 65

7 a .m. – 10 p .m. 70

Sourc e: City o f Sedona, 2022.

The City code regula tes motor vehic le noise separa te to exterior noise. Sec tion 8.25.040 Pa rt C

sta tes tha t motor vehic les must be equipped  with a  muffler tha t is in constant opera tion to

p revent exc essive noise. Furthermore, motor vehic les must not exc eed the no ise limits listed  in

Table B-2. The noise limits listed  in the tab le a re based  off the d istanc e of 50 feet from the c enter

of the lane and  the sp ec ified  speed limits.
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TABLE B-2. VEHICLE NOISE STANDARDS

Vehic le Type
Speed Limits of 35

mph or Less

Speed Limits of More

Than 35 mph

Any motor vehic le w ith a  manufac turer’ s

gross vehic le weight ra ting of 6,000 pounds or

more, or any combina tion of vehic les towed

by such motor vehic le, and  any motorc yc le

other than a  motor-driven c yc le (moped ).

88 dBA 92 dBA

Any other motor vehic le and any

c ombina tion of vehic les towed  by suc h motor

vehic les.

82 dBA 86 dBA

Sourc e: City o f Sedona Cod e, 2022.

3 Methodology
Noise mea surements were conduc ted  a t five loca tions a round the City o f Sedona . These

loca tions provid e ac c ess to tra ilhead s tha t a re acc essib le to the passenger vehic les and  OHVs.

The noise meters were set up  within 50 feet of the entranc es to the tra ilheads. These loca tions

were selec ted  as a reas tha t would  c apture no ise genera ted  through vehic ula r tra ffic  entering

and exiting the tra il. See Figure B-1 through B-5 for the exac t loca tions of the noise

measurements a t eac h of the sites. All the noise measurements were conduc ted  during the

daytime and  were set in position early in the morning  to cap ture peak tra ffic  no ise. The noise

meters were set to manua l stop  to ob ta in the la rgest amount o f da ta  a t eac h of the sites.

FIGURE B-1. NOISE AND AIR QUALITY MEASUREMENT LOCATION – FR 152C
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FIGURE B-2. NOISE AND AIR QUALITY MEASUREMENT LOCATION – DRY CREEK ROAD/TRAILHEAD

FIGURE B-3. NOISE AND AIR QUALITY MEASUREMENT LOCATION – SOLDIER PASS TRAILHEAD
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FIGURE B-4. NOISE AND AIR QUALITY MEASUREMENT LOCATION – SCHNEBLY HILL TRAILHEAD

FIGURE B-5. NOISE AND AIR QUALITY MEASUREMENT LOCATION – BROKEN ARROW TRAILHEAD
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4 Field Observations

1 Noise Level
Noise a t each of the sites was p rimarily genera ted  by mobile vehic le sourc es, parking  lo t no ise,

and  visitor pass-bys:

• Mobile sourc es a t the sites inc lud ed  the pass-b ys of regula r passenger vehic les, OHVs,

and  shuttle buses traveling between sites.

• Parking  lo t noise is mainly assoc ia ted  w ith ca r door slamming , engine sta rt up , and

vehic le id ling. Parking lot noise a lso inc ludes c onversa tions in parking a rea s.

• Noise from visitor pass-bys inc ludes noise genera ted  from tourists hiking  and  conversing

on the tra ilheads.

Each of the sites varied  in the number of times each noise sourc e was observed . For instanc e,

Dry Creek Road / Tra ilhead , Schnebly Hill Tra ilhead , and  Broken Arrow Tra ilhead  experienc ed

noise through mob ile sourc es, visitor pass-bys, and  their parking  lo ts due to their ease of ac cess

and p opula rity. The Sold ier Pass Tra ilhead produced mainly visitor pass-by noise with little mobile

sourc e noise and  parking lo t no ise due to the restric ted  ac c ess of the parking lo t. The FR 152C

was p rimarily mob ile sourc e noise due to the remote loc a tion of the trailhead  and  the lac k of

any parking  in the tra ilhead ’ s vic inity.

5 Results

The peak vehic le noise a t the five tra ilheads varies based  on multip le fac tors. However, the two

main fac tors tha t influenc ed  noise genera ted  by vehic les a t the tra ilheads was ac c essib ility and

popula rity o f the tra ilhead  and  vehic le typ e.

1 Ac c essib ility
Vehic le trips to  each of loca tion vary g rea tly due to their ac cessib ility and  their popularity to

residents and  visitors. For example, Dry Creek Road/ Trailhead  and  Schnebly Hill Tra ilhead  resulted

in substantia lly more vehic le trips per d ay than the other loca tions, likely due to  their parking  lo t

ac cess, their c lose proximity to  the City, and  the ava ilab ility o f paved  surface roads up  to the

trailhead . Over the course of the weekend, Dry Creek Road / Tra ilhead  p roduc ed  the most

vehic le trip s with 3,335 vehic les and  Sc hneb ly Hill Tra ilhead  produc ed the sec ond highest vehic le

trips with 1,778 vehic les. Dry Creek Road and  Sc hneb ly Hill Road a lso experienc ed  the highest

ambient noise level o f 55.5 dBA Leq and 52.3 dBA Leq a t 50 feet which a re both below the

da ytime exterior residentia l noise stand ard s estab lished  b y the City (see Table B-1). Therefore,

roadways tha t lead  to tra ils c lose to the City w ith ac cessib le parking  lo ts would  experience more

vehic le noise, and  sensitive rec ep tors a long those roadways would  be sub jec t to heightened

vehic le no ise.

2 Vehic le Type
There a re a  wide range of vehic le types tha t travel to the tra ilhead s for recrea tion. These

vehic les inc lude typ ica l on-road  passenger vehic les and  off-road  vehic les (ATVs/ UTVs and  “ Pink”

4x4 Jeeps).

1 On-Roa d  Vehic les

On-road  vehic les tha t travel to  the site a re genera lly common passenger vehic les tha t produc e

basic  roadway noise simila r to  noise levels observed  within the streets o f a  c ity. This no ise level
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would  typ ica lly range from 70 to 80 dBA a t a  distanc e of 50 feet from the road way c enter line.3

Based  on the noise measurements co llec ted  a t eac h site, simila r levels of noise a re produc ed  by

passenger vehic les. The peak noise genera ted  by passenger vehic les oc curs during  off-road

d rive bys or when acc elera ting  over the boulders a t the entranc es of the off-road  sec tions of the

trailheads. Examples of the peak levels observed  for passenger vehic les are shown in Table B-3.

TABLE B-3. PASSENGER VEHICLE NOISE

Loc ation Time
Vehic le

Type

Noise Level a t 15 feet

(LApeak)

Broken Arrow 1 Friday, 1:27:02 P.M. to 1:27:17 P.M. Sed an 80.2 dBA

Broken Arrow 2 Sa turday, 9:54:52 A.M. to 9:55:02 A.M. Sed an 83.4 dBA

Broken Arrow 3 Friday, 11:55:40 A.M. to 11:55:52 A.M. Truck/ SUV 82.1 dBA

Broken Arrow 4 Sa turday, 11:08:40 A.M. to 11:08:59 A.M. Truck/ SUV 84.4 dBA

1.See Figure B-6 for image of vehic le.

2.See Figure B-7 for ima ge of vehic le.

3.See Figure B-8 for ima ge of vehic le.

4.See Figure B-9 for ima ge of vehic le.

3 FHWA, Living  w ith Noise , July 2003
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FIGURE B-6. SEDAN, FRIDAY 1:27:13 P.M. – BROKEN ARROW TRAILHEAD

FIGURE B-7. SEDAN, SATURDAY 9:54:59 A.M. – BROKEN ARROW TRAILHEAD
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FIGURE B-8. TRUCK, FRIDAY 11:55:46 A.M. – BROKEN ARROW TRAILHEAD

FIGURE B-9. TRUCK, SATURDAY 11:08:52 A.M. – BROKEN ARROW TRAILHEAD
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Typ ica lly, on-road  vehic le pass-by noise would  cause noise levels to  peak a t a round  83 dBA for

on-road  pa ssenger vehic les a t the noise meter loc a ted  about 15 feet away from the roadway

c enterline. When ac counting for d istanc e, the noise level p roduc ed is approximately 72.5 dBA

a t 50 feet from the roadway c enterline. However, there were oc casions in which common

vehic les may produc e more noise than levels d iscussed  above. For instanc e, when multip le

vehic les a re ac c elera ting over the boulders a t the tra il entranc es, the noise genera ted  by the

multip le vehic les compound s to  a  higher peak noise level. Some vehic les a lso have a ltered

mufflers tha t p roduc e more sound . However, these sp ikes in noise are uncommon and  only

oc cur for short periods of time a t the entranc e of eac h trailhead .

2 Off-Roa d  Vehic les

Off-road vehic les a re a  frequent occurrence a t eac h o f the tra ilhead s and va ry in their noise

levels based  on the type of vehic le. There are two main o ff-road  vehic les tha t utilize the tra ils:

ATVs/ UTVs and  the “ Pink”  4x4 Jeeps. As mentioned  previously, no ise levels tend  to peak when

these vehic les a re ac c elera ting over the bould ers a t the entranc es of the tra ilheads. Examples

of this peak noise genera ted  through the ac c eleration is shown in Table B-4.

TABLE B-4. OFF-ROAD VEHICLE NOISE

Loc ation Time
Vehic le

Type

Noise Level a t 15 feet

(LApeak)

Broken Arrow 1 Sa turday, 11:17:40 A.M. to 11:17:49 A.M. Pink Jeep 79.8 dBA

Broken Arrow 2 Sa turday, 1:48:25 P.M. to 1:48:46 P.M. Pink Jeep 82.4 dBA

Broken Arrow 3 Friday, 2:59:32 P.M. to 3:00:11 P.M. UTV/ ATV 98.7 dBA

Broken Arrow 4 Sa turday, 2:45:13 P.M.to 2:45:59 P.M.
Multip le

UTVs/ ATVs
96.3 dBA

1.See Figure B-10 for image of vehic le.

2.See Figure B-11 for ima ge of vehic le.

3.See Figure B-12 for ima ge of vehic le.

4.See Figure B-13 for ima ge of vehic le.
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FIGURE B-10. PINK JEEP, SATURDAY 11:17:45 A.M. – BROKEN ARROW TRAILHEAD

FIGURE B-11. PINK JEEP, SATURDAY 1:48:33 P.M. – BROKEN ARROW TRAILHEAD
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FIGURE B-11. UTV, SATURDAY 2:59:40 P.M. – BROKEN ARROW TRAILHEAD

FIGURE B-13. MULTIPLE UTVS, SATURDAY 2:45:34 P.M. – BROKEN ARROW TRAILHEAD
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The Pink Jeeps a re used  by tour group  companies and  p rovide p riva te off-road  tours of the

City’ s tra ils. These Jeeps produc e peak levels of noise simila r to  typ ica l on-road  vehic les of about

83 dBA, whic h a t a  d istanc e of 50 feet is approxima tely 72.5 dBA. Add itiona l noise may be

genera ted  on the Pink Jeeps due to speakers on the vehic les whic h are used  by tour guides to

p lay music  or ta lk to  tourists. Simila r to  passenger vehic les, noise levels may result in higher peaks

if multip le Pink Jeeps are using the tra ilhea d  a t the same time.

Based on the in-person ob serva tions a t a ll five of the tra ilheads, the ATVs/ UTVs p roduc e the

highest level o f noise o f all the vehic les tha t frequent the tra ils. The noise measurement da ta

shows tha t these vehic les p roduc e instantaneous pea k noise levels above 96 dBA oc c a siona lly

during  ac celera tion or when traveling  in a  group . Therefore, noise levels produc ed  by ATVs/ UTVs

exc eed the noise threshold  estab lished  by the Arizona Sta te Parks in c erta in c irc umstanc es.

Ind ividua l ATV/ UTVs produc e a  noise level o f 87 dBA. At 50 feet from the roadway c enterline,

ind ividua l vehic les would  p roduc e a  noise level o f 76.5 d BA. During the peaks above 96 dBA,

vehic les would  p roduc e a  noise level grea ter than 82 dBA.

6 Discussion

As mentioned  previously, noise genera ted  by ATVs/ UTVs would  exc eed  both the Arizona  Sta te

Pa rks noise standa rds and  p roduc e noise tha t could  be considered  a  nuisanc e. During  quic k

ac c elera tions or when traveling in groups, ATVs/ UTVs would  c rea te significant volumes of noise.

Regard ing human hea lth impac ts, noise genera ted  by any of the vehic le types tends to remain

below 100 dec ibels and  would  not c rea te constant no ise a t high levels near peop le using the

trails. Therefore, the vehic les, inc lud ing  OHVs, would  not pose a  human health impac t for people

using the tra ils.

However, based  on the collec ted  da ta , ana lyzing the impac ts of OHVs on the nea rby residentia l

rec ep tors tha t lead  up  to the tra ilheads would  not app ropria tely reflec t existing  conditions

based on the da ta  collec ted  during this 3-day period . Vehic le noise impac ts on surrounding

rec ep tors depends on va rious fac tors inc luded  the road  surfac e type, vehic le speed , d istanc e

to rec ep tors, the presenc e of noise a ttenuating struc tures, etc . The noise measurements taken

on this initia l trip  were c onduc ted  a t the trailheads and  not a t loca tions c lose to sensitive

rec ep tors tha t are impac ted  by tra ffic  no ise. Therefore, noise collec ted  on this first trip  would  not

be ind ica tive of the tra ffic  noise impac ts on the sensitive rec ep tors tha t lead  up  to the

trailheads. In the subsequent da ta  co llec tion trips, noise measurements will be taken a long

roadways tha t lead  up  to the tra ils in a reas near to  sensitive rec ep tors. Furthermore, a  referenc e

noise level o f the rentab le UTVs will be taken during  id ling  and  a t the a llowab le street speed  to

gauge their impac ts as they drive within pub lic  roads in the City.

7 References

Arizona  Sta te Pa rks, OHV Laws and  Regula tions, Ac c essib le a t: https:/ / azsta teparks.c om/ ohv-

laws-regula tions

City o f Sedona, Chap ter 8.25 Noise Regula tions, Sedona  Munic ipa l Code , Acc essib le a t:

https:/ / sedona.munic ipal.c od es/ SCC/ 8.25

Federal Highway Administra tion, Living  with Noise , Ac c essib le a t:

https:/ / highways.do t.gov/ pub lic -road s/ julyaugust-2003/ living-noise
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Appendix C. Methodology and

Detailed Data – Air Quality Levels
8 Background and Methodology

1 Regula tory Setting

1 Federa l Clean Air Ac t

Air qua lity is federa lly protec ted  by the Federa l Clean Air Ac t (FCAA) and  its amendments.

Und er the FCAA, the United  Sta tes Environmenta l Protec tion Agenc y (EPA) developed  the

p rimary and  sec onda ry NAAQS for the c riteria  a ir pollutants inc lud ing  ozone (O3), nitrous oxide

(NO2), ca rbon monoxide (CO), sulfur d ioxide (SO2), pa rtic ula te ma tter of 10 and  2.5 mic rons

(PM10 and  PM2.5 respec tfully) and  lead . Proposed projec ts in or near nonatta inment a reas

c ould  be sub jec t to  more stringent a ir-permitting  requirements. The FCAA requires eac h sta te to

p repare a  Sta te Implementa tion Plan to demonstra te how it will a tta in the NAAQS within the

federa lly imposed d ead lines.

The EPA c an withhold  c erta in transporta tion funds from sta tes tha t fa il to  c omp ly with the

p lanning  requirements of the FCAA. If a  sta te fails to  correc t these planning  defic ienc ies within

two yea rs of Federa l notifica tion, the EPA is required  to develop  a  federa l implementa tion p lan

for the identified  nonatta inment a rea  or a reas. The provisions of 40 Code of Federa l Regula tions

Pa rts 51 and  93 app ly in a ll nona tta inment and  ma intenanc e areas for transporta tion-rela ted

c riteria  pollutants for whic h the area  is designa ted  nona tta inment or has a  maintenanc e p lan.

The EPA has designa ted  enforc ement o f air pollution control regula tions to the ind ividua l sta tes.

Applic ab le NAAQS are summarized  in Table C-1.

TABLE C-1. FEDERAL AMBIENT AIR QUALITY STANDARDS

Pollutant
Averaging

Time
National Standards2

Ozone (O3) 2,
8 Hour 0.070 ppm

1 Hour NA

Carbon Monoxide (CO)
8 Hour 9 ppm (10 mg/ m 3)

1 Hour 35 ppm (40 mg/ m 3)

Nitrogen Dioxide (NO 2)
1 Hour 0.100 ppm 11

Annual Arithmetic  Mea n 0.053 ppm (100 µg/ m3)

Sulfur Dioxide (SO2) 5

24 Hour 0.14 ppm (365 µg/ m 3)

1 Hour 0.075 ppm (196 µg/ m3)

Annual Arithmetic  Mea n 0.03 ppm (80 µg/ m 3)

Pa rtic ula tnaaqs stane Ma tter (PM10) 1, 3
24-Hour 150 µg/m 3

Annual Arithmetic  Mea n NA

Fine Partic ula te Ma tter (PM2.5)  3, 4, 6
24-Hour 35 µg/m 3

Annual Arithmetic  Mea n 12 µg/m 3

Sulfa tes (SO4-2) 24 Hour NA

Lead  (Pb)  7

30-Day Average NA

Ca lendar Quarter 1.5 µg/ m 3

Rolling  3-Month Average 0.15 µg/m 3

Notes:
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p pm = p a rts p er million; µg / m 3 = mic rograms p er c ub ic  meter; mg/ m 3 = millig ra ms per cub ic  meter; – = no informa tion

a va ila b le.
1 Nationa l sta nd a rd s shown a re the "p rima ry sta nd a rd s" d esigned  to p ro tec t pub lic  hea lth. Nationa l sta nd a rd s o ther

tha n for O 3, p a rticula tes a nd those b a sed on a nnua l a vera g es a re not to b e exc eed ed more tha n o nc e a yea r. The

1-hour O 3 sta nd a rd  is a tta ined  if, d uring  the  most  recent  three-yea r p eriod , the  a vera g e  numb er o f d a ys p er yea r

with  ma ximum  hourly  conc entra tions a b ove  the  sta nd a rd  is eq ua l to  or less tha n  one.  The  8-hour O 3 sta nd a rd  is

a tta ined when the 3-yea r a vera g e of the 4 th highest  d a ily  co nc entra tions is 0.070 p p m  or less. The  24-ho ur PM10

sta nd a rd  is a tta ined when the 3-yea r a vera g e of the 99 th p ercentile  o f monitored  conc entra tions is less tha n 150

µg/ m 3. The 24-hour PM2.5 sta nd a rd  is a tta ined  when the 3-year a vera ge o f 98 th p erc entiles is less tha n 35 µg / m 3.
2 Excep t for the na tiona l p a rticula te sta nd a rds, a nnua l sta nd a rds a re met if the a nnua l a vera ge fa lls b elo w the

sta nd a rd a t every site. The na tiona l a nnua l p a rticula te sta nd a rd for PM10 is met if the 3-yea r a vera g e fa lls b e lo w the

sta nd a rd  a t every site . The a nnua l PM2.5 sta nd a rd  is met if the 3-yea r a vera ge o f a nnua l a vera ges sp a tia lly-

averaged  ac ross offic ia lly designed  c lusters of sites fa lls belo w the sta nda rd .

NAAQS a re set b y the EPA a t levels d etermined to b e p rotec tive of p ub lic hea lth with a n a d eq ua te ma rg in o f sa fety.
3 On Oc tob er 1, 2015, the na tiona l 8-hour O 3 p rima ry a nd seco nd a ry sta nd a rd s were lo wered from 0.075 to 0.070 p p m.

An  a rea  will meet  the  sta nd a rd  if  the  fourth-highest  ma ximum  d a ily  8-hour O 3 conc entra tion p er yea r, a vera g ed

over three yea rs, is equa l to  or less tha n 0.070 ppm. EPA will ma ke rec ommend a tions on a tta inment d esigna tions by

Oc tob er 1, 2016, a nd  issue fina l d esig na tions Oc tob er 1, 2017. Nona tta inment a rea s will ha ve until 2020 to la te 2037

to meet the hea lth sta nd a rd , with a tta inment d a tes va rying b a sed  on the O 3 level in the a rea .
4 The na tiona l 1-hour O 3 sta nd a rd  was revoked  b y the EPA on June 15, 2005.
5 On June 2, 2010, the  EPA esta b lished  a  new  1-hour SO 2 sta nd ard , e ffec tive  August 23, 2010, whic h is b ased  o n the

3-yea r a vera ge o f the a nnua l 99th p erc entile o f 1-ho ur d a ily ma ximum conc entra tions. The existing 0.030 p p m a nnua l

a nd 0.14 p p m 24-hour SO 2 NAAQS however must continue to  b e used  until one yea r fo llowing  EPA initia l d esigna tions

of the new 1-hour SO 2 NAAQS.
6 In Decemb er 2012, EPA strengthened the a nnua l PM2.5 NAAQS from 15.0 to 12.0 μg/ m 3. In Dec emb er 2014, the EPA

issued  fina l  a rea  d esigna tions  for  the  2012  p rima ry  a nnua l  PM2.5  NAAQS.  Area s  d esigna ted

“ unc la ssifia b le/ a tta inment”  must c o ntinue to  ta ke steps to  p revent their a ir qua lity from d eteriora ting  to  unhea lthy

leve ls. The effec tive d a te of this sta nd a rd  is April 15, 2015.
7 Na tiona l lea d  sta nd a rd , ro lling  3-month a vera g e: fina l rule signed  Oc tober 15, 2008. Fina l d esigna tions effec tive

Dec emb er 31, 2011.

Sourc e: South Coa st Air Qua lity Ma na g ement Distric t, Air Qua lity Ma na gement Pla n, 2016;

2 Human Hea lth Impac ts
Pa rtic ula te matter (PM) is a  significant conc ern due to its detrimenta l effec ts on human hea lth.

Composed  of tiny partic les, PM can penetra te deep  into the resp ira tory system, c ausing

resp ira tory symp toms, reduc ed  lung  func tion, and  the development of resp ira tory diseases. It is

a lso assoc ia ted  with an inc reased  risk of ca rd iovasc ula r diseases and  can aggrava te existing

c a rd iovascular conditions. Furthermore, PM's d iverse sourc es and  composition make it

c hallenging  to  control and  mitiga te its sp ec ific  hea lth risks. Vulnera ble p opula tions, inc lud ing

c hild ren, the elderly, and  ind ividua ls with pre-existing  resp ira tory or ca rd iovasc ular conditions,

a re pa rtic ularly suscep tib le to  the hea lth impac ts of PM. Therefore, effec tive pollution control

measures and  pub lic  awa reness are essentia l for sa fegua rd ing  human health from the

widespread  presenc e and  adverse effec ts of partic ula te matter.

Amb ient a ir qua lity standards are designed  to p revent impac ts on hea lth and  the environment

by defining  the maximum amount of pollutant that can be p resent without harming  human

hea lth. The United  Sta tes Environmenta l Protec tion Agenc y (U.S. EPA) sets Nationa l Ambient Air

Quality Standa rd  (NAAQS) for PM10 na tionwide. The Clean Air Ac t requires EPA to set two types

of outdoor a ir qua lity standards: p rimary standa rds, to  p rotec t pub lic  hea lth, and  sec onda ry

standa rds, to  protec t the pub lic  against adverse environmenta l effec ts. The law requires tha t

p rimary standa rds be “ requisite to  p rotec t public  hea lth with an adequa te marg in of sa fety,”

inc lud ing  the hea lth of peop le most a t risk from PM exposure. These inc lude peop le with hea rt or

lung d isease, child ren, o ld er adults a nd p eople of lower soc ioeconomic  sta tus. Secondary

standa rds must be “ requisite to  p rotec t the pub lic  welfare”  from both known and  antic ipa ted

adverse effec ts.
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3 Vehic le Ac tivity and  Partic ula te Matter
Vehic le ac tivity on unpaved roads contributes to PM through va rious mec hanisms. When

vehic les traverse these roa ds, the mec hanica l d isturbanc e c aused by tires and  vehic le

movement d islod ges and  fra gments surfac e materia ls, genera ting a irborne PM. Add itiona lly, the

fric tion between tires and  the road  surface leads to abrasion, releasing  fine pa rtic les into the a ir.

Vehic le  emissions, esp ec ia lly from d iesel-p owered  vehic les, like o ff-highwa y vehic les (OHVs), a lso

c ontribute to  PM through combustion byp roduc ts tha t can adhere to the road  surface and  be

resuspend ed by subsequent vehic le ac tivity. Furthermore, vehic le-induc ed turbulenc e and  wind

d ispersa l p lay roles in lifting and  d ispersing the loose pa rtic les would  inc rea se the c onc entra tion

of PM in the surrounding  areas. These combined  mec hanisms result in eleva ted  levels of PM on

and  near unpaved  roads, posing  potentia l hea lth risks to  nearby popula tions.

4 Methodology
An assessment of background da ta , upwind da ta vs. downwind d a ta, spa tia l ana lysis, etc . help s

to d etermine the extent o f c ontribution from a  spec ific  sourc e to a ir q uality and  informs hea lth-

p rotec tive rec ommendations. As mentioned  previously, a ir qua lity measurements were

c onduc ted  a t five tra ilheads around the City o f Sedona. The tra ilhead s c hosen are ac c essib le to

passenger vehic les and  OHVs. The a ir qua lity meters were set up  within 50 feet o f the entranc es

to the tra ilheads. These loc a tions were selec ted  as a reas tha t would  cap ture pa rtic ula te ma tter

genera ted  through vehic ula r tra ffic  entering  and  exiting  the tra il. All the a ir qua lity

measurements were conduc ted  during the daytime in ac c ordanc e with Forest Servic e usab ility

hours and  were set in position early in the morning  to cap ture peak tra ffic  ac tivity. The a ir qua lity

meters were set to  manual stop  to ob tain the most amount of da ta  a t eac h of the sites. To verify

the sourc es of po tentia l PM d isturbanc es and  to determine the c ontribution of PM impac ts on

the surround ing  environment, Broken Arrow trail consisted  of both upwind  (UW) and  downwind

(DW) measurements.

9 Field Observations

The ground  was well sa tura ted  from ra in immed ia tely prior to  the da ta  co llec tion effort. 
However, with dry wea ther and  vehic le use, the tra ils looked  visib ly drier eac h day throughout

the weekend .  By Sa turday a fternoon and  Sunday, the KH team noted  obvious trac k out of soil

onto paved  surfac es inc lud ing  tra ilhead  parking  lots and  public  streets surrounding  a ll loca tions

exc ep t Sold ier Pa ss (likely due to the c ontrolled  volume of vehic les ac c essing tha t tra il).   

The Dustrac kTM equipment generally performed  as expec ted  and  PM da ta  were suc cessfully

c o llec ted  a t a ll five loca tions. PM measurements were c onduc ted  a t eac h of the five tra ilhea ds

from ea rly morning  to approxima tely sun set.  The monitors were loca ted in proximity to high

tra ffic  areas a t the entranc es to each of the tra ilheads. Meteorologica l da ta  monitoring  (wind

speed , d irec tion, and  p rec ip ita tion) was c onduc ted  a t two of the tra ilheads, and  specific

loca tions were selec ted  in ac c ordanc e with manufac turers’  rec ommenda tions. See Figure B-1

through B-5 for the exac t loc a tions of the a ir qua lity and  wea ther measurements a t eac h of the

sites.  

Pa rtic les orig ina te from a  variety o f sta tionary and  mob ile sourc es and  may be direc tly emitted

(p rima ry emissions) or formed  in the a tmosphere (sec ondary emissions) by transforma tion of

ga seous emissions. Primary PM sources are derived from both human a nd na tura l ac tivities a nd ,

for c ontext of the tra ilheads, c an orig ina te from entra inment of road  dust into the a ir and

windb lown dust. Sec onda ry PM sourc es direc tly emit a ir contaminants into the a tmosphere tha t
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form or help  form PM. Henc e, these pollutants are c onsidered  prec ursors to  PM forma tion. These

sec ondary pollutants inc lude SO2, NO2, vola tile  organic  compounds (VOCs), and  ammonia .

10 Results

The results show a  strong c orrela tion between genera l vehic le ac tivity a t the tra ilhead  entranc es

and inc reases in PM levels. Period s of eleva ted  PM levels, with peaks above 795 mic rogra ms per

c ub ic  meter (µg/ m3), were rec orded  contemporaneously with vehic le ac tivity. However, hea lth-

based  standards for  PM  exposure,  suc h  as the  federa l  Na tiona l  Ambient  Air  Quality  Standard

(NAAQSs) standards, set avera ge c onc entra tions over longer time period s, such as 24-hours and

a nnual. Table C-2 summarizes the maximum PM levels time-avera ged over eac h collec tion period

a t the tra ilhea ds.

TABLE C-2. MAXIMUM COLLECTION PERIOD AVERAGE PM LEVELS

Trail Location Maximum Collection Period

Average PM2.5 (µg/m3)

Maximum Collection Period

Average PM10 (µg / m3)

FR 152C 30 66

Broken Arrow Tra ilhead – UW 11 21

Broken Arrow Tra ilhead – DW 11 41

Dry Creek Road / Tra ilhead 13 16

Schnebly Hill Tra ilhead 9 18

Sold ier Pa ss Tra ilhead 13 21

Rec ent sc ientific  litera ture finds tha t exposure to PM levels above the fed eral guid elines, even over

exposure periods of less than 24 hours, has the potentia l to trigger ac ute hea lth cond itions in highly

sensitive and  sensitive ind ividua ls. One-hour ro lling avera ges were found  to exc eed the federa l;

NAAQs standards a t  two  tra ilheads (in bold below), with the FR 152C experienc es eleva ted  PM

levels about NAAQs sta ndard s for multip le hours. Table C-3 summarizes the maximum one-hour

rolling average mea sured  a t eac h loca tion.

TABLE C-3. MAXIMUM ONE-HOUR AVERAGE PM LEVELS

Trail Location Maximum 1-Hour Average

PM2.5 (µg/ m3)

Maximum 1-Hour Average

PM10 (µg/ m3)

FR 152C 75 178

Broken Arrow Tra ilhead – UW 31 72

Broken Arrow Tra ilhead – DW 40 154

Dry Creek Road / Tra ilhead 16 20

Schnebly Hill Tra ilhead 15 37

Sold ier Pa ss Tra ilhead 15 37

1 Forest Road  152C
The FR 152C  experienc ed  the highest recorded  levels o f PM as well as a  strong c orrela tion

between vehic le ac tivity and  eleva ted  levels o f PM. Below are two exa mp les showing PM levels

before, during, and  a fter vehic le ac tivity a t the tra ilhead  entranc e.
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TABLE C-4. PM 2.5

Day Tota l Average PM 2.5 Maximum Rolling 1-

Hour Average
Peak PM 2.5

Friday 13 29 170

Sa turday 20 53 382

Sunday 30 75 323

TABLE C-5. PM 10

Day Tota l Average PM 10 Maximum Rolling 1-

Hour Average

Peak PM 10

Friday 21 60 425

Sa turday 37 103 792

Sunday 66 178 795

1 Friday – 03/ 17/ 2023

At 12:32 PM, PM measurements spiked  when three d ifferent vehic les c rossed  through the

intersec tion. Spec ifica lly, PM2.5 levels inc rea sed  seven times ambient measurements and  PM10

levels inc reased  more than 12 times ambient measurements. See Figures C-1 through C-3 for

video vehic le ac tivity. Table C-6 summarizes the measured  PM due to vehic le ac tivity a t the FR

152C on Frida y.

TABLE C-6. MEASURED PM DUE TO VEHICLE ACTIVITY, FRIDAY – FR 152C

Elapsed Time [s] PM2.5 [µg/ m 3] PM10 [µg/ m 3]

12:27 PM 9 10

12:28 PM 9 10

12:29 PM 12 19

12:30 PM 10 13

12:31 PM 20 38

12:32 PM 72 170

12:33 PM 9 9

12:34 PM 10 10

12:35 PM 9 9

12:36 PM 9 9

12:37 PM 9 9
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FIGURE C-1. NO VEHICLE ACTIVITY, FRIDAY 12:31:11 P.M. – FR 152C

FIGURE C-2. MULTI-VEHICLE ACTIVITY, FRIDAY 12:31:54 P.M. – FR 152C
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FIGURE C-3. NO VEHICLE ACTIVITY, FRIDAY 12:33:08 P.M. – FR 152C

2 Sunday – 03/ 19/ 2023

At 10:16 AM PM, PM measurements a ga in sp iked  when a  single OHV c rossed  through the tra il

intersec tion. Spec ifica lly, PM2.5 levels inc rea sed  12 times ambient measurements and  PM10

levels inc reased  more than 40 times ambient measurements before the vehic le ac tivity. In this

inc ident, there is a  small d elay b etween the OHV ac tivity and  the PM sensor measuring ambient

levels. This is expec ted  because PM d isturbanc es from unpaved  roads take time to d isperse

through the surround ing environment. See Figures C-4 through C-6 for vid eo of vehic le ac tivity.

Table C-7 summarizes the measured  PM due to vehic le ac tivity a t the FR 152C on Sunda y.

TABLE C-7. MEASURED PM DUE TO VEHICLE ACTIVITY, SUNDAY – FR 152C

Elapsed Time [s] PM2.5 [µg/ m 3] PM10 [µg/ m 3]

10:14 AM 4 8

10:15 AM 2 3

10:16 AM 4 6

10:17 AM 70 148

10:18 AM 145 323

10:19 AM 5 11

10:20 AM 11 22

10:21 AM 27 58

10:22 AM 27 59

10:23 AM 3 5

10:24 AM 10 21
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FIGURE C-4. NO VEHICLE ACTIVITY, SUNDAY 10:15:32 A.M. – FR 152C

FIGURE C-5. PINK JEEP ACTIVITY, SUNDAY 10:16:52 A.M. – FR 152C
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FIGURE C-6. NO VEHICLE ACTIVITY, SUNDAY 10:19:22 A.M. – FR 152C

This trend  of a  low a mbient baseline PM level followed b y a  sp ike in PM measurements due to

vehic le ac tivity fo llowed for much of the da ta .

2 Broken Arrow Tra ilhead
The Broken Arrow Tra il consisted  of significant vehic le and  pedestrian tra ffic , and  the beginning

of the tra ilhead had a design tha t a llowed for a  compa rison between upwind a nd d ownwind

PM measurements. By taking  measurements upwind  (before the pollution sourc e) and

downwind  (a fter the po llution sourc e), it becomes possib le to identify and  c ha rac terize the

sourc e of po llution. Comparing PM conc entra tions between these two loc a tions help s

determine the contribution of a  spec ific  sourc e to the overall PM levels.

As c an be seen in Table C-8 and Table C-9, as Pink Jeeps enter the tra ilhead , the PM monitor

upwind  makes a  measurement and  one minute la ter, the downwind  monitor sp ikes simila rly to

the upwind  monitor. See Figures C-7 through C-10 for video of vehic le ac tivity.

TABLE C-8. MEASURED PM DUE TO VEHICLE ACTIVITY, SUNDAY – BROKEN ARROW TRAILHEAD

UPWIND

Elapsed Time [s] PM2.5 [µg/ m 3] PM10 [µg/ m 3]

10:04 AM 3 4

10:05 AM 6 10

10:06 AM 7 14

10:07 AM 40 94

10:08 AM 16 34

10:09 AM 14 32
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10:10 AM 8 16

10:11 AM 8 15

10:12 AM 23 51

10:13 AM 5 7

10:14 AM 4 4

TABLE C-9. MEASURED PM DUE TO VEHICLE ACTIVITY, SUNDAY – BROKEN ARROW TRAILHEAD

DOWNWIND

Elapsed Time [s] PM2.5 [µg/ m 3] PM10 [µg/ m 3]

10:04 AM 1 2

10:05 AM 10 44

10:06 AM 2 4

10:07 AM 27 117

10:08 AM 57 242

10:09 AM 18 97

10:10 AM 3 11

10:11 AM 49 215

10:12 AM 20 87

10:13 AM 1 4

10:14 AM 1 2

FIGURE C-7. NO VEHICLE ACTIVITY, SUNDAY 10:07:08 A.M. – BROKEN ARROW TRAILHEAD
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FIGURE C-8. PINK JEEP ACTIVITY, SUNDAY 10:08:08 A.M. – BROKEN ARROW TRAILHEAD

FIGURE C-9. DELAYED ACTIVITY, SUNDAY 10:08:16 A.M. – BROKEN ARROW TRAILHEAD
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FIGURE C-10. PINK JEEP ACTIVITY, SUNDAY 10:09:06 A.M. – BROKEN ARROW TRAILHEAD

3 Day-to-Day Comparison
Based  on the discussion above, a  comparison amongst the tra ilheads for each day highlights

the various environmenta l fac tors tha t contribute to  rura l PM conc entra tions. Spec ific ally, it is

likely tha t the dampness of the unpaved  roads and  amount of paved  road  leading  to each

trailhead  influenced  how vehic le ac tivity contributed  to PM conc entra tion trends. For the day-

by-day c omparison and  ana lysis, only PM2.5 c oncentra tions are used  due to their estab lished

human hea lth impac ts a t lower conc entra tions and  bec ause PM2.5 is a  perc entage of PM10.

Figure C-11 and Figure C-12 show the total conc entra tion averages for PM 2.5 and  total vehic le

ac tivity, respec tively, over eac h testing  day.
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FIGURE C-11. TOTAL AVERAGE PM2.5 CONCENTRATION

FIGURE C-12. TOTAL VEHICLE ACTIVITY

Figure C-13 and  Figure C-14 show the ma ximum rolling one-hour averages for PM 2.5 avera ge

vehic le ac tivity p er hour, respec tively, over each testing day.
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FIGURE C-13. MAXIMUM ROLLING 1-HOUR AVERAGE PM2.5 CONCENTRATION

FIGURE C-14. AVERAGE VEHICLE ACTIVITY PER HOUR

Comparing the da ta  side-b y-side c rea tes two d istinc t conc lusions based  on two environmenta l

fac tors. The first conc lusion is FR 152C and  Broken Arrow show a  strong  c orrela tion between PM

c oncentra tions and  the drying  of the road  d irt between Friday and  Sunday. The sec ond  is tha t

Dry Creek and  Schneb ly Hill show a  stronger correla tion between vehic le ac tivity and  PM

c oncentra tions. This is likely due to the amount of paved  road  leading  up  to each tra ilhead . FR

152C a nd  Broken Arrow have a t least 200 feet of unpaved road  lead ing up  to the tra ilhead ,
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whereas Dry Creek and  Schneb ly Hill have paved  roads leading  up  to the tra ilheads. This may

a llude tha t the reduc ed  amount of unpaved  road  a t the tra ilheads influences whether the silt

load ing or vehic le ac tivity domina tes the PM c oncentra tions.

11 Discussion

PM10 levels had  maximum 1-hour c onc entra tions of over 75 µg/ m3 and  PM2.5 levels had

maximum 1-hour c onc entra tions of over 178 µg/m3. While 24-hour averages for both PM10 and

PM2.5 were below the federa l guidelines for human health impac ts, exposure to PM levels above

the fed era l guidelines has the potentia l to trigger ac ute hea lth c ond itions in highly sensitive and

sensitive ind ividuals, even over exposure periods of less than 24 hours. Eleva ted  levels of PM were

measured  a t the FR 152C and  Broken Arrow tra ils. However, only FR 152C Tra il, on Sunday, had

PM10 and  PM2.5 exposure above the federa l guidelines for more than one single hour. All o ther

tra ilheads only exc eed ed federa l guid elines for human hea lth impac ts for signific antly less than

the estab lished  24-hour average.

There are two important cavea ts to  the correla tion between PM pollution and  vehic le ac tivity, as

well as the severity of PM pollution as a  result o f vehic le d isturbanc es.

Firstly, a  rec ent ra in event c an effec tively reduc e particula te matter (PM) levels from vehic les on

unpaved roads. Ra inwater wets the roa d  surfac e, suppressing PM genera tion and  suspension. It

ac ts as a  bind ing  agent, making  pa rtic les cohesive and  less likely to  become a irborne. Ra indrops

c ap ture and  settle a irborne PM through inc reased  gravita tiona l forc e. Additiona lly, ra inwater

infiltra tes and  stab ilizes the road  surfa c e, reduc ing loose ma teria ls and  minimizing PM emissions.

Sinc e there wa s a  ra in event in the City o f Sedona the day before measurements were taken, the

c ombined  effec ts signific antly lowered  PM levels, improving a ir qua lity and  reduc ing human

exposure to ha rmful partic ula te matter. The da ta  shows an inc rease in both avera ge and  peak

particula te levels as the unpaved road s began to lose moisture between Friday and  Sunday

ac ross a ll tra ils. A fo llow-up field  visit in the summer when ground moisture would  b e extremely low

may show inc reased  levels of PM as vehic les c rea te ground  d isturbanc es.

Sec ondly, a ll PM conc entra tions were a lso measured  only a t the tra ilheads, where person

ac tivity only la sts a  few minutes in any sing le geographic  area . Sinc e PM pollution d ilutes a s it

travels, it is inconc lusive to say if there is a  hea lth impac t of PM on residents nea r the tra ils or for

persons using  the tra ils. Further study should  inc lude PM monitors a t p roperty lines near the five

d ifferent tra ils to  a chieve an und ersta nding  on how OHV and  on-roa d  vehic le a c tivity is d irec tly

a ffec ting residents, where persons are likely to b e sta tionary and  experienc e one-hour a nd  24-

hour PM exposure.


