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ABSTRACT 

The physical and chemical characteristics and ecological consequences of road dust in arctic 
regions are reviewed with emphasis on recent information gathered alona the Dalton Hiahway 
and the Prudh~ Bay Spine Road in northern Alaska. The primary observed ecological effects 
of dust are (I) early snowmclt in roadside areas due to lower albedos, result ins in a snow-free 
band of v~etation within 30 to 100 m of the road in early spring, which is used by ,..aterfowl 
and numerous other species of wildlife; (2) a decrease in Sphagnum and other acidopltilous 
mosses near the road; (3) an increase in many minerorropllic mosses; (4) a decrease in soil 
lichms, particularly species of Cladina, Peltigero, and Slereoa,ulon; (5) elimination of t'Ortico• 
lous lichens near the road in areas or particular ly high dust fall ; (6) a general opening of the 
ground co,•er near the road and a consequent colonization of these barren surfaces by many 
ta.u. that arc common on mineral-rich soils; (6) !ew eff«u on va.1e11lar plant abundance ci<cept 
in areas of very high dust, where er.icaceous iaxa and conifers arc affected; (7) increased depth 
or thaw ,.,thin 10 m of the road, possibly due to decreased plant cover and earlier initiation 
of thaw; and (8) contribution to thermok.arst in roadside areas. Enhanced dust control measures 
should b• considered, particularly where th< road passes through scenic IJch<n woodlands, 
acidophilous tundra, annd in calm valleys where dust commonly is a uaffic safery hazard. 

INTRODUCTION 

A thorough understanding of the effects of both 
natural and road-generated dust in the Arctic is impor· 
tant for proper road dc,;ign and maintenance, the selec• 
tion or t ransportat ion corridors, and the implementation 
of various dust control methods. In this paper, we review 
the recent information specifically related to road dust 
in the Arctic and summarize the rc,;ults of our investiga-

A version of 1his paper was pttSfflted 11 the Scvemh Con~ 
rmno: of lbt Comitl Atttique lntematlonal- Restoration and 
VegetationSUccession in Circumpolar Lands-7-13 Scpcember, 
1986. Reykja,Jk, lctland. 

01987. Regtnts or the lfojven.iry of Colorado 

lions along two high-speed gravel highways in arctic 
Alaska: the Dalton HiiJ)way and the Prudh~ Bay Spine 
Road (Figure I). 

Gravel roads arc still common throughout the world, 
including much or rural North America, but until 
recently, the effects of dust generated by t ravel on gravel 
roads bas received Huie attention from an environmental 
perspective (Dyck and Stukel, 1976; Rohl ct al., 1977). 
Within the last two decades. the spread or gravel roads 
and road networks has reached into the otherwise pristine 
landscape of a~ic North America, including the taip 
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and rnndra regions of nort.hNn Alllika. SubS1andal quan. 
t.itiC$ or ground ice lie do~ bro(>::tth a surface dominated, 
In the I.alp, by bt&ek 3proce. and in 1hc uindm, b)' $Cdges., 
moss. and low.gr'owina Mrba(eou.s Yea,eta,ion. nie addi .. 
tion of dus1 from ro.WS has 11 locaJiud but profou.nd 
imp.act upon , •cge1ation, soils. grouOO ice-, and wildlife. 
Al<>O$ 1he Oa.lton H.lgh'4'll)' and the Prud hoe l:3ay Spine 
Road, these impacts h.,we rcochul study ncarl)' from their 
iDCeption s nd, thus, i1 is possibk 10 record a hi;,fory of 
ch..1nge (Alexander and ~·UUe-r, l 978: Witlker and Webb~r, 
1980; Werb(, 1980; Span and Miller. 1981: K1ingcr et.al .• 
1981; \Va.Iker Ct al., 198S). 

The Spine Road (Figure I), buih in 1969/70, it 1he 
major arterial highway through lhc Prudhoc Ba)' oilfield 
and the mos1 heavily iraveled rood in nonhcrn Ala5ka, 
The S77..Jcm-kmg Dalton Uig_bw;))' rron1 the Yukon River 
to Prudhoc &y wa.-. cons.tructcd in 1974 to prov~e acict~) 

ror building the trans·AJaska p ipt'linc; ic now strve1 as 
a supply link bt1wtoen Fairbanks and the oorthern oil 
fiek4. Traffic i.s currently mtrictcd nonh of the Brook) 
Range to auth<>riztd vcbk~, mostly truck 1rarnc, 
ahhoug.h the ,oad will likdy bt opened to the public in 
the future. 

Thfa paper summarizd the phy,k~ and chemical c.har
acttristic.s of road dust and irs impact on atctic \'('gctation 
that we ha,'e obi«ved at m1dy $itt'i shown in Flgurc I . 
Even in 1his rdati,.tly pristilleenvironme1'1t ii Is of1er1 di(. 
fkult 10 Kpar•1c the in~ of road du.st f r0tn ochci toad· 
rda1t'd impac1s, Np«ially in the first fe"" ,ncterS rrom 
the r~ where, for o.a.mple, 1.ran1ier1.1 impoundment, 
gravd wrc1y. off.road ,"tbfole traib. toxiic &piJls (JohuM>n, 
1984), snowtxmk:s (KUngcre1 al., 1983), and rt'Vtgctalibn 
efforcs (Kubanis, 1982) or1en make it difrtcuh to isola1e 
the errccu of duu. In the a.b)encc or oontrolkd cxperi· 
mcnts there are, howtva, numerous obvious effects or 
road dUSt that ha\'e occurrtd ;dong 1ht'.S(: road! and which 
ha, e Mt been reported in the opc.n ll1narnre. 
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fl <:i1"6 I. Prind1,:t1 rooc.l dus1 stud)' sit~ In I\Ollhcrn Al~sl..a 
~IOfll lhe f>Qlron 1-hghw•y nonti or 1bt 'ltl,on Rh·cr. 

METHODS 

P•1YS1CA1. AND CHEbOCAL COA..ttACTERUTte, 
Colle,c1ion and cha,aCterizatlon or rc»d clu,t beta.n in 

l977 at four arcttc site.s lllong the Dalton High"·ay: 
Toolik, Sag'l\'On, Franklin Oluffs, and Prudhoe Bay (Fig· 
ure I). In J978,rwosheswereaddedalons1hes.."tffler03d 
in the taign at finger Moontaio and at 1)amway Oar (Ai· 
urc I) . ,\ t each sitc du'it was collected from paired 
IW().cm1 pGns i paced :n &. JO, 12S, 312, SOO, and 1000 m 
ptrpcndicular t<> and on each side of the road. l;ach 
<.'Oiled ion silt "IS equipped wilh a \\'odfle.type mtchani
c:il wind reoordrr pl:u-.ed ar 125 m. The pans wcrc emptied 
and washed c,·ery JOd. Samples were ccntri(ua:cd, dried, 
and wrigl1cd: 1hey wcrc 1hen 1..1eatcd wi1h Joo;. H,0, 10 
remove-organic m.au er and then reweighed. 

Soi:I snms>lcs were colloacd 11 each duSI coUccii(,n pan 
she :u dcp1h, bel"''ttn O and 2.S cm and 2., and S.O cm. 
Thnc were dried. ground, si,e,,cd, and kached with am. 
mooi11m accta1t prior 10 anal)'$is for caiions with a Varian 
:uomic absorption specrropho1ome1er. 
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Oust ~mpb coUcctcd from ,.,,o co four composi1c 
snow cores were taken in April from ~ch of the ~i>. 
sample di$:ance1 a1 the four 1undra sites. These samples 
arc oonslcJercd as represcn1a1h·e of winter period road 
dust ran. N<-ulron activ11ioo anaJY"iS was petrormed on 
selected $8..lllph?i of du.st from snow and dust colleictO-rS, 

VEGSTATI~ TkAJ,,'SECTS 
Sc\'entccn pcnn11ncnt ,·cgctatioo t.runsecu were enab• 

lished along the Dalton Highway and $pine Road dur, 
(11g the &llmmrrs of 1916 10 1978 (Fi1ure 1). TI1e Pft'S· 
eocc of •11 t:u.u that coWd be idcn1ffitd in the field \l.':IS 
noicd in 100-cm' quadra.s. The qW1drau "'ere spaced at 
1~m lnten•ab along 2,-m Jines placed normal to bolh 

.si-dcs of the rood. 1m: 1ra.n)~IS wtte re.sampled in 1983, 
bui , .. o or 1hc uuseds "ere not ,esllf\,eyod because of 
major road$idc aheralions. An additional uan,c,1 was 
added at the Prudhoe Bay Spine Road and htre roadside 
areas v,,'C'ft oompuC'd aiains1 ielath·cJy undisturbed 



tundra at 200m from 1he road. ln 1983 each transect was: 
matkcd with pennaocn1 ph0to points at 2, s. IO. lS, a.nd 
50 m from tbc road to monitor changes in future )'ltfS. 

Thaw depth wu measured at 1--m intervals along Qeh 
trarucct. Metiurcmtnts wete made whh a l~m-long 
$('6d'ua.ted metaJ probe. In addition, detailed notes wn,e 
taliffl along each tranJ«t to rocord cba.iia.cs 1l1JJ did no1 

t1ppiea:r in the quadrat dala. 
O«auseof the vark'ty of vegetation types, encounteted, 

&ht data did nm ltand 1hemseh·ts well 10 a qu1n1hati\'c 
anal)'Sis. Several or the transects showed litlle change 
bct"'ttn surveys. 11>c rommcnlS on vegetation cN'tcls art 
ba.s«l ma.inly on oburv11lons from transecu in ~vy 
dust areas. 

DUST CHARACTERISTICS 

Theft is no univeually aaretd upon definjtlon of road 
dust (Techman l:ngineering l td., 1982), but it is gener
ally compOSCd of panldcs rantin.e in sites from ,. 3 to 
< 10,m (Robcns ct a1., 19'15)derivcd from road surface 
auret1ate and thrown imo Su}J)CtUion by road traffic. 
Pank:ks > JO ~m include $and and gra\·cl suspcndc<l 
largely by sa.ltation and faUing book to the road su,race 
or within a few m(:(ers or1hc road cdic. The bulk or"'hal 
is seen as suspmded dust isoompOStd orpQrtides <20,im 
(Pat1crsonet al., l976: Techmao Enainmin.a Ltd .. 1982) 
whkh may 1ra\·el grtal dls.1ancts. For example, naturally 
occurring loess panicies (6 10 3 pm) may travel in sus
pension up to 300 km rrom their sourtc (Van Hwk.km. 
1977) and pa.nides <2 .,.m may become part of the uratO· 
spheric. du1t load (Prospero and Ness, 1977). 

The amount of du,1 derlvtd from a road surfact is a 
function of the oompoliition and moisture sea.tc of the SW· 
race, number or \'fflicles passin.,. and such \'fhide-rdated 
variable$ as number of tires and their width, grou weight, 
and®CCd(SLruSsandMikucld, 1977~ T«hman EnginCCt"· 
Ina Lid .. 1982). 

The exponential plo1s of duSl k>ad venw <Ustan<x from 
1hr~ stations on the Dallon Highway (Figure 2) are all 
quite similar even when alloWMOCS are made for surfacing 
material rangin& from bank-run gra\'Cl (Prudhoc &y and 
Franklin Bluffs) 1oa'\1Shed bedrock ($agwoo and Tool:ik). 

At the taiga sites, a sjmilar relationship holds b\11 i$ com· 
pUcated b)' dust intttetption by u~. Tbe tabuJ.a:ttd dun 
loads (fable I) indicate some considerable temporal and 
spatial variability. T be di fr crences in dust load on oppo~ 
zitc sides of the road arc due largely to wind pattern 
(E,•creu, 1980}. Morethan1wice1he amount of duH was 
c:-oUccted in the downwind collectors as that which fell 
in UP"ind c:oU«tors 1u sites where the roach were pr,. 
pendkular to the s1rong easterly winds. Regar-dim of the 
site, 10 to 75\'o or the total du~ load ~ dropped in the 
lirst 10 m; by 30 m, 93tro is d,eposited; and by 12$ m, 
974"e is deposited. This is consistent with the t'inding3 or 
t-ioover (1981) who s1udi,ed road dus1 dcposi1ion in Iowa 
nnd generally so with those o( Alexarukr and Miller 
(1978). 

The progrtsSh't: change in panide size through the first 
:125 to lOO m for a 5ile near franklin Bluffs is shown in 
Fisure 3. Btyond 8 m thie bulk. or the dust is in the sill 
raogc. The shiftto nnesilt probably conlinues to 1000 m 
and beyond, "'ith clay-sited particles co,mitutina a small 
but oormam proponlon. 

Three dtUt-.Joad zones can be defined adjacent to the 
gravel road: (I) road ecLJ:e to 10 m heavy Clep0Si1ion (up 
lo 24 kg ha·• d·1

), 70fft sand.-siv;d mawial, and rcbu.ively 
unrcacth·e chcmieaOi: (2) 10 t.o lO m, dq,osilion of 2A 
10 0.6 kg ha·1 d·•, 1007. silt• and c.lay--si-zed mo.ierial with 

TAIU I 
Su.mmtr ~n 1977 lo /978 du.sf load tr m4 ) vs distance (m) from Dalton Wghwoy 

I m -2!.!!?. ~ lll 1n ,oo m 1000 m 

E ... E w E ... E ... E w E w 
P1udhot 

1!178 S}I 111 28 II S.i 7.6 
1977 463 ISi 27 .. .. l.2 

Franklin 
19'8 m $4 129 " l7 ,., 12.8 2,l ,.1 l .1 2.l 
1977 ii I~ • 31 2.S JV) ,.. 6.l 1.4 l.l 

Sagwon 
1978" 708 SW 174 145 32 25 11.4 6 ... l.S l.J 1.7 
1977 199 13$ ., II<) ?.6 l 2.• 2. 1 0.8 

T1X>tlk 
1978 2" lll 56 57 II ll ) 4.S 2.l 2.8 1,6 1,7 
1917 244 Ill lO S3 1.l 8 1.7 ... 1.0 2.2 ~l,L 
~o:atA from E~·crt11 (1930) • 
.,.ColkctOf dcsnor«I or vandati.ted. 
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dcctrostadc properties and la1ge rtaction surfa:cs; (l) 30 
to> 1000 m. dcp<>silion of 0.6 to 0.02 ka ha·' d·1• 8.S to 
904:f• s.ilt- and clay-siled matnial with 4010 .SO"h Cine Sill 
ood clay with \'tr)' large reaaioo "'rraces and elee1:rostatic 
properties. 

Summer dU5t load$ exOteded .SOO a m·• at 8 m from 
the1oad at Prudhoe Bay, Fra.l'lklin Bluffs. and Sagwon 
in 1978 (96 coll«tk>n days). Near Dtadhorse dust loads 
measured 1000 m from the road were.several times those 
at ~milar dil1anccs from 1hc road a.1 Other sites. This .,,as 
1hooght to be an effect of the dense road m .. ·ork at 
Prudhoc Bay .,.,,ilh road dust comio.i ftoin m.arty sources. 
Otn:1 loads during 1he resi: oftht )Ur con1ributed an add•· 
1K>nal 100 10 150 g m· t o.t 11-m distanC(t. from Oa.Jton 
H{sh .. ·a)' shes, 

Along d ie heavily travded Prudboc Bay roads, the 
9-moo y;fot~r duS1 volumn "''ere about 1he .same as 1hc 
J•ll'lOQ $U.mroer volume$ near the road; but at the JO()()..m 
collection .nations, winttt duit fall wu neatly 10 limes 

! 
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grea1er than in 1hc $u.mmer. Th~ winttr 0Cllle¢tion data 
sho.,,·od more scatter frmn the usual logarithmic distribu
lion downwind from the road prewmably due 10 repealed 
drifting and erosion of the tttow pack (E,neu, 1980). 

The ¥.inm du,< fall has majOf ecolo1ical cff« ts. which 
are apparent ln 1hc early phase or mell -off. Benson e1 
111. ( 1975) no1cd 1he presence of ro1d dust rcoo,dcd on 
winter Landsat imagc-s of the PrudhOt Ba)' rc,gjon. The 
pti:ncipal effect or the dust il 10 d«1ease albedo alld ca.tl!t 
mel1ing and iurfat.'C exposure up to 10 to 14 d bdorc gcu· 
eraJ :rnel1-orr (initiation of .strtam llo\\'), Tht earl)' snow, 
n1el1 occv,s mainly with.in a ionc out 10 100 m. Several 
things happtn in chis tO()e": soil 1baw begins early. and 
som~ plants (for !!:(ample, Erioph()('Urn "oginatu.m) com· 
mon.ly no"c,- \\tll brfore tho.Se farther f1on1 lhc road: 
mosses and 01her shallow rooted species begin to phoco• 
o·n1hcsiu. PL'Thar» 1he mou profound df«t of lhis l"clrly 
mctt oorrldor is the concenmuion of ·waterfowl, J)(armi
gan, and thcir predators (Figure 4). The wo.,·c of tundra 

Ft0111all 2. Sttfflmtt d\bt loedi> 
r,om 1he rour ,;i~ fOt 1918; 
period of wth.•1;1i0n .... as 96 4 . 
1'bt err~1 or tbc p1edom1nant 
,ust - ·i.n1t is cleat ai Franklin 
Bluffs. F,om Emcu (t9to) 



ne3t«s mO\'CS slowly nonh as 1he corridor opens. This 
phenomenon appears 10 have iJl(reased onr the years 
since the road hai bttn in place (13 )'T). In 1986, concen· 
1ra1ion.1 ot p1.armigan numbtring In the LhousandJ 
occurred, wi1h la.rie noctscommonJy sittin.eon the road 

Fronklin Sitt 

10 .... ~ 

.. 

and !JUbjcct to being hd by fasMnoving traffic. Caribou 
1ake advru11age of the early snow.free areas ror grazing, 
and griuly bears, rApton, and 01her predator, use these 
a,eas 10 hunt around squirrels and \·oles. 

TM early s.nowmdt also contributes 10 early initiation 

~ 
I 

F1cuu 3. Parric:k iiu dU.nibu· 
1k,n ot road matni1I and road 
dus1 ooll«ted at 8, 30, •nd 115 
m from lht' wcw .side of th(' 
Dallon Hi&lll''IY (1973). Mc· 
d1a.n panlde dlamf"ms rtad 
Crom a cumul:ni,·e cun·e. 
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or soil chaw. A model or the lona•1erm alb«lo changes 
rrom coal dUSl for lhe Prudhoe Bay area resull«l i.n a 
20u;. increase in lha•• with especially highe1 thaw rates 
OOCUfflng during Lhc early summer (Maldhara. 1983). 
This figure is lNs than difttttnct$ measured aJon.s 1he 
Spine Road. where depth of thaw in kc·wcdgc·polyaon 
basins wi1hin 10 m of 1hc road was 49 ~ 6 cm, and in 
simib.r microshe.s >50 m rrom the road 1he 1baw •·as 
37 ± 5cm (WalkC'J" ct aJ .• J98S). How~ver. man)' factors 
ocher than dust a lone contribute to increased 1haw along 
the Spioe Road. lncreiitd seasonal 1M;:1ive-la)'tr 1hickncss 

cle\'tloPS adjacem 10 heavily used roads a.od ts found to 
ill distru.,ce of lO m or more-. 

Considerable spatial varia1ion i.s obscr,,cd in 1hc 
ctiemkal composl1ion of road d\151 nor1h or 1he Brooks 
Range {Figure 5). which is 10 a hi,gb. degree related to 
source of road material$. Mos1 road surface materials 
south or the coastal plain arc composed of crushed bed· 
r,ock., largely quanzose sanc:IM.ooe and coni1omerate. bul 
on the roa1Lal plain, surface materials arc largely bank· 
run g;ra\•els wi1h carbonate--.rich fines. 

At diHances beyond 30 m and eu1ainl)' beyond 100 m. 

F,c;Ullf. , . Conceruradons or 
mi3radn3 wattr(OWJ adjaunt IO 
the Dal ton Hi1bway near 
Happ)' \'.tOty al lbt btJinninl 
ofgeD«lllmdtin1hkarea. The 
horii:on in lhiJ pfl()lloa,apb 11 
abovl 100 m dlStant. Bc)'Ond. 
1he area is C"Ompkt«)' snow· 
co,·crtd. Such Oodcs a,t com, 
posed mostly or white fronted 
aec:se and my oumber ~e,"1 
t.hoosaDd ptr tilomcttt. While 
birds are ,now eeese. Raptor 
pop.1-tiOl'lS tliH! b<ffl obJtl'W!d 
to be I or more per k:llomeitr in 
some arta1. 

ftoUat 5. Coactt1u1.tiom ohtl«itd de~ts in the summer dust as dttermiaN b)' 1m1trot1 acdvadoa. 
an1Jy,n. Oilfereru.:" in the Ot'der of •bwld.antt are maioly a. !uoction or the ,l(KITCC' of ro:ad matenab 
Cs« tut). From Everett (1980) 
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the physkaJ dtccb of road dw:1 and. to a la.rac dear« 
the- chemical c-ffccts, arc- difncult to document. In add
tundrl re,jon, traversed by the Dalton High\\'8Y (the taiga 
sites and the tundra sites of Toolik and Saawon), lhc ¥Cf')' 

hish buffering capacity provided by the dOminance of 
hydrogen on the soil organic exchange complex(> 40 mcq 

100,-•> required nearly 7 yr to be ncutralitcd in the tone 
of maximum dust loading. Cumulative dl&S:t loadin., wilJ 
likely cauu MUtralization of some areas beyond 30 m 
in future )Un, P(U't.icularty in arc:u of v::ceptionaJly hia:h 
du.st loads or in areas with O\'ttlappin,a dust sour«i such 
as at Prudhoe Bay. 

EFFECTS ON VEGETATION 

On heavily ttavc-lcd roads. the J~ m-widc- arc-a adja
«nt 10 the road is primarily one or J)hyskaJ lmpaci in 
1he form or burial or mosses and vtry low-$&lured vege
tatk>n (Figure 6). Oust blankets u,p to 10-an t.rud: have 
bttn measured adjacent to the Spine Road. Scve.ra.J mor
pbok)ajcal raciors contribute 10 plant $UsoeptibiJity t0 
heavy dust Joacb. indudina mat Of prostrate arowth fonn. 
LKk or a protccli'vc stem cortex or leaf cutide, evuareen 
leaves, and ituricate branc-hing or clo5cly spaced leaves: 
that tend to trap dust. 

Cryp1ogams are pardcula.rty arfeaed by road d'1it. A 
reduction and. in extreme ca.sc5 (Figure. 6), elimination 
or mosSC$ occurs in 1he ~ to 1~m zone- adjacent 10 1.he 
road. The errecu are most severe for addophllous t.a:ca 
such as SpJ,,egnum (Spatt. 1978; Wcrbe. 1980; Walker ct 
al., J98S). Spalt (1978) obserwd that lot.al conduclivity. 
pH, and calcium of \\'8ltt eruactcd from SpM11111m wett 
the 11eatcst in the heavily dusccd area immediately a4ja
cmt to the Dalton Hi.ahway .u compared 10 sampld at 
points ll5 and 250 m distant. Chlorophyll and photosyn· 
1hoiic: r11c, for Sph•1n•m we« lowOSI lll 1b, hmUy 
d·us1td areas. Oymo's ( 1973) observatk>ns re:,ardin& the 
toxic c-ffccts o( c.alcium on Sphagnum support these 

observations. Spatt and Miller (pen. oomm,, 1979) ro
cordcd caJcium ion concentrations of 4 to 27 ppm for 
water co,uained in Spltaanu.m polsters growing within 
2S m of the road: beyond 200 m, Sphatnum water con· 
rained < l ppm ca.1•• As part.kit s.izt decreases beyond 
30 m, the rtaet.ivc: surface o( the panicks incrc-ases and 
affords the pomuial for rapid rdea.se or ion, d.ue to 
weatherins. Spau (1978)co~udc-d that a lon,,,,erm klss 
io the vitality of Sphagnum near the road could be 
a.:~c-d. Observations in 198,J (Walker et al., 198S) 
1howed 1hai a.1 lhe Toollk Lake 1rans«:t, an area of 
t undra, Sphag1111m bad ind('cd b«n cllinioatcd within 
:20 m o r 1he road but wa.s al le-a.st pa.n.iaUy replaced by 
Other mos:sts such as CtrOJodon purpwmu, Bry11m spp. , 
and Polytrklt11m junlptrinum, 

The 1cm or the moss carpcl atona the Prudhot Bay 
Spine Road also appears 10 have played a role in the- de· 
vc.lopmcnt of roacWdc 1h~ok1rs1 (fiaure 6). Transccu 
acrou lht road (Fi&urt 7) show a sia;nUica.n1 increase ln 
1haw"ithin 10 m of the road. lbe incnascd thaw rouaNY 
..oncu1oncb 10 &be &rca where ffl031ct and othcT ¥cgcta· 
liol\ have been elimioaied. But thaw is abo affected by 
other S)'nergislic causes lncludin$ early sDOWmelt and 

F1~ 6. Roadside area alon.J 
lbc Prvdhoc B,ay Spine ROl.d. 
Whhln 10 m of the- road 'i'C"'l,C
mlol\ ti&J bffll tiu.rlied by road 
duic. lmpoum'lmtnu are 
thennok.vs1 rn.tura dm form 
alOfll ttoded kc wcd&es. 
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pooc roadsidt drainage. Over Lime. especlall)' along 1M 
J?rudhoc: Bay Spine Road. ice .,,·1,.'Clges associated with low
centel't<I po1)1;0ns ha\·t me:Hed out producing a 1opo. 
sraphk reversaJ of ,be r~wre:s. i.e., co,wcrting them 10 
hia,h-cent<"rtd fotms (Figure 6), a p,oc(" which also 
occurs, for uampk, when thaw late, dt:iin (EYeren, 
1979; Walke, rt al .. 1980). A.long 1he Dalton Highway. 
t haw dtpth.s wi1hin a few meters, of 1hc rood arc gcncr· 
all)' deeper 1han «auivalcnt sites away from 1hc road but 
this zone i$ narrower than ai Prudhoc Bay and 1hc thaw 
dep1hs ~-enerally nOI as deep. 

In IC$$ heavily i.mpaec1cd am"). total mm!I dh·cl'lltly often 
increa.se,. <.:ommon pioneering 1axa Include Bryum 1pp .. 
Cero1odo11 purpuu.111, and Po(wridtum junipcrinum. 
Sc,·cral othtr common mintro1rophk sp«;es appear 10 
be increasing d1>e to nucrien1 entichmem from the road. 
Exampl~ include A.ulocouwium 1u11i.dum, Cinc.lidium 
spp .• Drtp(Jn<>dadus spp., and Tomtnllt>·pn1,r11 ni1tns. 
Most moue:\., howc,·cr. arc aff«tcd by desiccation and 
smotherlna effecu or du~t. and Jn :i.rtas or 1he hiJhes, 
dus1 c.oncentrations, such w near Coldfoot and 1u Prod
hoe Bay, , ·ittualh• aH bryoph)1a are diminatcd "''ithin 
:1 few me1crs of the road (Walker ct al., 198S). 

Lkht11s :11,e the mo~, a.ffClClcd arowth ronn in 1oadskle 
environments and are tliminatC'd in high dun areas. The 
!iOil lichens Cladma spp. and Ptllig~ra SJ)I). arc runons 
t he most Ujjly affcC'led. This is most pronounC'td in 
lichen woodlands south of the Broob Range. For· 
c:Jtample. ileu Coldfoot (Milepost 182) wi1hin 10 m or 
t.hc ro.1d, the.re lS a hca\')' kill or C11,1dma spp. aind 01her 
erou.nd lichens. and most mosi-C~ arc al.$0 dead. Ai 25 m 
f rom the road, lichens au infrtqu"'I and are mainly 
~roriu cucullou,, C. istandicd, C. nivahs, Ctadma pyx;. 
da1a, and C squomosa; lhcsc occur amona dead Cladincr 
a.nd other g.rou.nd lichen.;. Stereocoulon sp. btgiru to 
occur a, about 2S m. Ciadina arbusc.'u/a oocun at lS m 
but is not common. At thi.s site, the ground to,·c-r dOt!
not rep.in it$ normal <:hiUl)C'ter ur11il bcyood 70 m r,om 
1 he road. 

Epiph)'tic lic:hen$ in trees are paniculo.rl)' afTcc1ed by 
du.JI. Al lhc Cotdfoot )itc. ncar1) 1111 li<:h<'nt, ha\·e bren 
eliminated from lrte:$ wi1hin lS m or the roa.d, lnctudins 
Alec1oria ~pp. , Usnt'U spp .• Ramalina sp., PJiyscia lip .. 
~trorla plnastrl, and Pamrtl/Q spp. Su.Idles in EnsJaod 
{Gilbert, 1976) h3vc shown cpiphytic Jic-hcos to bt par• 
ticularly )U.S.Ccpdble to aJkalinc du.st bttlUK 1hc pH or 
th~ir subsu·a1e on tree bark c.an be readily and radicall) 
altered by air,boroe: dw,t. 

Erfc:ct.S on vaSt.1da.r taxa are more sublk and ha\·e beell 
d ifficuh to document aloog 1hc Oa.ltot1 Highway because 
or insurf",dent lon.J·lcrm monitoring in lhc (). to 10-m 
high-impac, zone {t.g., Wtrbe, 1980). Cassiop, tttrago,w 
appcau to be pan.k::ulltly sus.cep1jbl-e 10 dust and i5 kiUed 
in most hiah dU}.I IJW (\\'.1Jkcr and Wer'be, 1980). Othc, 
dead and dyfog t'ricaceous planu,. including ledum 
p(J/wtn: up. dt.¥:w11btns Md V4«inium uliginQStU11, ha\'C 
b«n Obser\'ed in Jichtn woodlands or blah dw. areas nea, 
CoJdf00t (Walker et aJ., 1985). The thkk dust also coau 
1 he needles o f sprue~ and in !)()me areas of particularly 



hich du5t appcat$ to contribute to ,pruce. mortality. 
Brandt .and Rhoades (1912) no1ed that oe.;i;r cement tilns 
in southwcscern Viriiftia conifer secdJ.irt,:s arc not prt5ent 
in heavily dusted mixed forests and that the rortsl is 
gradual))' shifting dominance to primarily baS01)hiloos 
.species. Manning {19'11) has shO'l\'n greatly reduced tcr
lhinaJ b\ld 1rowth in dusted hemlocks (llvgo e411o<knsls) 
a,nd c:l:dorosis in second-year o«dlcs. 

Tbe ddeterious Cbemkal effects of dusi oo ~h \"(se
tation ha\'t been thoroughly documfflted elsewhere. 
Tamm and Troeduon {195S) fir.« called auention to tilt 
imponMc ecological tmplkadons of nutriem additktn$ 
from road dUSl to mires in Sweden. Tbcy found in~mucd 
coooen1radons o r calcium. sodium, J)Olass-ium, and phos• 
phorus in roadside area,; and $peculated that web 
locruscs couJd a¢oount for the ve3e1adonal changes 
reported aJong roads tra,.·crsing bogs. E.thcri.ngton (I 976, 
1978) dcmon.s1rated surface enrichment hom Umestonc
qva.nyin.J duSt in 1he limestone heaths near Ewnmy, 
South Wales. This had approximately doubled the cal• 
c:ium content in LulJgate soils, incrcas.td the pH or these 
soils from a range of 6.0 to 6.6 to a.bout 7 .2., and appcan 
to be responsible for e~1emfre chlorosb: and obser\'ed 
dcdino in the fflC3CC005 populations. Ethcrlogton (1975) 
also compued the addition of lime from dust to that 
which is naturally leached by the a\'eragc Bri1ish rainrall; 
he concluded that lhe shallow limestone heath soil~ 'A'CT'e 
btlna rapidly C\ltrophlcatcd and 1h11 lhe entir~ profile 
oould become aJk.aJinc 1'-ilhin a few de(ade$, 

Studies o f cement-kiln dust in the. United States 
(Darley. 1966) have IOOicated that calcium con1cn.t is not 
lhc only racco, in dust tha.i is injurious to plants. Chcmi· 
cal t.-ompOSilion, particle size, and deposition rare au all 
impo/tant innuenoes ttw need to be inv~tigAtcd in com~ 
bination. For example, Ella (1911) ha, s.hown tha, road 
dusc more 1hao doubled absorbed inclden1 r.idiatioo for 
wave lengths O,,"t:r 100 nm and is a major factor affecti111 
increued !ear temperacures of roadside veaeia1ion. And 
Ricks and Williams (19'7•) showed 1h1u dusi panicles 
OC(;luded stomata in QutmtJ ptl rfltO rnuhing in 
decreased nightly diffusion rcsbtancc and 311 SOi upt.ak:e 
fl\·c times that of nondustcd leaves. 

The cffeets of dust on alk:tHne tundra, such as at 
Prudhoc Bay or in area.s with limc.,1one substrates. a.rt 
reduced bee.a~ the b.1tiphilous ,·cgttation is naturally 
adapted lO high calcium loads (Walker, 1985). Herc Che 
planu arc less seiuit.ive 10 additional calcium or maa· 
nesium and respond more to tht physical impact or dust. 
If the high volumes or road dusl that have occurred in 
the Prudhoc Bay area 'l\'cte 10 occur for similar period$ 
of time in ombrotropbk bogs. more noticeable cbangrs 
to 1he \lCgetation wovld be likely, with etlmin,11ion or 
Spl,a,m,m, m.ny species of Clodma, and other a.cidophi• 
lou.s $petles. The rate of chan,e, 1hc comp0..,;ilion of the 
new communities., and whether or not 1hc change would 
affect the around ice and natural microtopography "''ould 
depend mostly on the dust \•olume. 

DUST CONTROL 

Se\1ttaJ method.s of dust abatement are wed in northern 
Ala.ska. At Prudhoc Bay, waste oil. water. and reserve 
pil Ould.s are used. C&ldum chloride, a hylf()scopic 
cbcmicaJ, bas b«n us«I wich cood $U(!(C5S a.Iona some 
$tretches of the Dalton Highwa)'. Th< use of oil and 
re:sen·e pit fluids ha\'e been of cortcern bc(allSte of heavy• 
mcul conlamination in highly ...-alucd wctlan-ds. Waste oil 
contajns numerous ~vy melab (especiaUy lead), poly• 
nudca.tcd aroma.tics (PNAs), and poJychJorinatcd bi
phcnyls (PCBs) (B·ri1ish Columbia, 1980, Drilling mud 
also roucairu. numerous toxic chcmkals including sodium 
hydroxide, diesel fuel, sale gel {hydrous ma.ancsiu.m 
aluminum siu.catts), sodium bicarbonate. and numerous 
heavy metals and or,an.ic Pol>inen (Sohio Petroleum 
Co., unpublished data). 

Rc:«01 stud[cs of reserve pit water a.od its eJrect oo 
tundra iAdka.lc 1ha1 the primao· limiting facaor ror the 
\'tgetation i.i salt oon«o1.ra'llon. Myers and Uar-ktt (1984) 
round that the breakpoint bct'l'ttn strC:S.S and no sue5,5 
to the mosi saJt senrhlve 1undra vc3e1a1lon was between 
2(KX) and 4<XXJ mg L •1 total dissolved $()(ids (TOS). 'rhis 
!C:vcl of ';\•atcr quality was obo.incd in reserve pits th.at 
N.d been allowed 10 sh for &one periods of 1lme (up 10 
7.S )'r) without additjon or 'l\·elJ Ouids. The c:ombinod 
c.ffcct or J)il dc\1.-,tcrina and snowmcll dilu1ion apparenlly 

redllCeS ros to acceptable lewts. French (l98S) round 
that heavy mclal conccntratiocu did not incrC8$C si&nifi· 
candy dowM1rum or restr\le•ph n uid d ispersal poin1s 
at a High Arctic site: on Ellcf Ringnc,; lsl11nd eind Chat 
pocassium and chloride concentradons 'l''ete the major 
toxicity threats. Thw, rt$('tl,'t>-pit water, especially from 
old pits. i., UkcJy to have minimal effects on roadstdc 
\'~lion. 

Beyond the question of toxicity. however, is the 1tncral 
crrccfo·encss or rC$Cfvc-pit nukls ror dU$1. abatement. 
Wa1er aod rcs.crve--plt nukts must be applied almost con• 
tinuollSI)' to bc ctl'cctive. Numerous studies of d\1$1 
C:Ot11rol methods ha,,e shown 1ha1 the moo effta.Ive mtlh· 
ocb arc use of hy&roscopic chcmicaJs such as calcium 
chloride and licnin suJronate (c.a . • Harmon, 1957; 
Hoo,'ef, 1981:TechmanEngineeringltd., 1982}. These 
chemicals arc tsprcially c(fectlvc when mixed v.ilh a sur
faoe l;iyer of road~bed 3garey,a1.e. Since they need to be 
applied only infrcqocndy, lhe cff cct of these. on roadrick 
vqecuion iJ likely minimal althou,tl chis Still needs co 
be examined in detail. Chcmical du,t abatcmc-nt tc:c.b
niqUC$ shou.Jd be consklcrcd v,hcrcvcr thcre arc hich 
volumes of tramc. From an environmental viewpolm, 
they .shov1d be used oo hi.a,h-craff,c rotds p;min& through 
lkncn woodlands or acidophilous tundra. 
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CONCLUSION 

Road dust in are1ic regions is a 1rafflc sarety ha:t-ard, 
a beat.th hau.rd for Lhosc working near roads, and an coo
loJjcal cooccm because of the prii:tifte nature or 1hese 
rt&ions and the public dtsl!"e 10 ltttp roadside areas in 
1hcir natural smc wherever PoSSib)c. 'Theft arc also 
unique tcological conscq~ rcla1«110 permafrost and 
1he mdting of ground i« and 01ber ronsequfflCC'$ related 
to wildlirc that arc $!ill oot fully explored. A program 
that '4'0Uld i4enci(y areas of high susceptibility to dust 
impa,ns (t .g., lichen woodlands. ombtoUOl)h>c peat boas) 
prior to road c:onscruc:1km wo\lk1 help minimiu many of 
the ncgath•c: consequences of dust. Use of hY&,1'0Scopie 
chcrnicals i.n arw of hiah dust SMSitM1y would help 
rur1h« redooc the nrg.:uiw consequences. More quan1i, 
ta.live infonnation of "'c,tt:ation effects 9/111 require: tong. 
term Studies where permanent plots are es.1ablisbed bt(Ol'e 
or immediate!)' after road construction. In thi .s study, the 
transects were established two years aher lnhlal road con
s1ruction and some vegetation ch.a.nges had alrc.ady OC· 

curred. f'u1u1t studies should conctntrate on highly dus1, 
sU$CC'l)C.iblc: vegetation 1ypes, particularl)• ones with larg< 
amoun1s or SpJu11,uun and lichens. 

Ttll\ '4'0rk w-u sponsor«! primarily by k,erai 1rant, rrom 
lhe U.S. Army Cold Reaions Rcstarch and EngillitttU'!g Labota, 
tot')' (CRREL) wbo ob1a:incd moo~, for rcscarc:b aJ001 the 
Dalton Hi1h11r11y from the U.S. Ftdttal Hi@J1way Adtn.lnbtta• 
tion (FHWA}and 1hr. Dcparirnent o.f E,n<;rilY (DOE). Pt1blit•· 
1ion or u,n rc-p<>rt Vi:1> s~pponrd by OOE's om« of Hullh 
and En\i1onmrou1I RtsntdtlEtolOJical Rekir<-h Oivhioa as 
pan ot'1hc Re&ea.rth 111 ~. Rtsilica« and RtOO\'tt')' r,o.cn 
Dist111bai1cc: i.n Amit Eco.\yt.,a.nl procram in •mic u1MOd: 
tundra . Numero1.u iDd:ivld1.uUs ha\·~ bcltxd 11> at ,' atl00$ points 
whb 1his research, lt1ditdlnJ Of • .itN)' Rrown, Or, Paltld: 
W!!bbcr, Mattarct Ah~nd1, Keo Bowman, Nanc,· L«ltttr, 
Peti!r Span. Marilyn Walker. Elto.nm Wcrt,e, hne ~b~. :u,d 
Marxb' Wilk>n. Thnr help is m.ucli app1cciattd. 
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