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P~tt•sr ribcd fire i ~ t,hc i nten t ionaJ usl· o f fir~ t o ach1eve ::ertain land 
ffltt'lag<'mcnt gotd !i. Ovcf':! 1ailJJon :tC TP S of fore s t land i n the sou thern 
Un l\~d St at(' ,; arc trcatt~d wltl1 t h~s t oo l C'1Ch year. The benefits fro• 
thr s r hl'l-11 tan be• offset by dcgradn t ion of air qL•ality due to the ill-
proper meina;tt•mcnt of onlhus t i on pToduc ts . This papc. r reports on a port ion 
o f t h<• OVN'IIll rc ,rn rch r ogrnm at tht• Southern ~orcst Fi r~ L:ibo ratoT)' 
wh iC"h ;.., dt.·~ iJtnod to p J·av Jde ~rnokL' Management pu idcli.nrs to l a nd unage· 
mt~n t pcrsonne- J • 

1nc }1Udl."d 1 !· d dcscr1ption of 1 method for d <" t.{'rmining part iculate source 
~ trt~ng1h cn:dss1on f ac tor.; for ·. O"'-'- Jn t on!.1l)' p rc fic ribcd fires. A liai tted 
an1cmnt of drtta r t' &'•rdlnf, s ouTHt' strength, smoke concv.nt r ation, and partic 
uJar-c iOH' d r ~tnbution for 9 na tura l environment prescribed fire s is pre -
tntl•d . Rc~ult ~ arc c.~rnpn rcd "'-' t th prev ious data oo) l cc tod f rom fuel 

~ dmp.1c!. bu·rrH.'d in the cornbus tJ on room at the laboratory . 

('ltnJ~ar-abi lat }~ "'-'AS found bet"-'l~cn the concentrations of paTt>icutates de 
t cmJned ~oo hi 1e sa1npling s iJt·· hy-s Jd c with the high- volume air sanpler, 
tht· Andersen ~amp l~r . and opt•n- facf'd t.7 tnm ftlrers .. 

SqttH fi cant d1ffcr£'nc e ~. in pnrtic lt~ ~it. e di s tr ihu t i ons '-te rc found be tween 
fu~l t ype• . ANifioa ll )' produced f.oel beds in the laboratory yielded 
Jokr.r p~rt ~c ul a tc produc ti on ru t c~ than f i rt•s Jn und i s turbed natural fue l s 
tn t he f u rc !'- t . l'oJrtt n Jla t f...' .:oncen trat-1 on e, wcrC' found t o be excess iv~ 
n N ·T t h~ f 1 ro , bO . 0()0 ,IJ g/r,3. hut d ec re .o s ed to I css than 30,000 fA g/83 
10 feet away. 
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1nt r <" duC": ion 

P\RIICII I\TI $t>tiRCI ~ IIU XGHI DEIHt>lll'ii\TJON FOR 
\£1~. - l';fl '. S I n r RJ SC R I Blill F I RHS 

Pr<'~cn1 c-d fi r<', :1 t~ pr o f p1 .111nC'd opc·n burn i ng, i s u sed c:< t ('ns ivcl y in 
t he !' O ilth(·.t~ tt.•rn llni t t'J S t ;at c~ for :tpplring 5JH't" i f ic r csourrc mn nagr mon t 
tn:.· .t t r.C'n t !' t o o.rr for<'~ t !". Jn £>;t.CC'$~ o f t"o rni l l i on a cn'!'- o f forc~;t l and 
·•tr tt c!IC'cl .umua ll ~ H I t hr 1:.; C:,nu t h c r n St a t rs u s i ng 10"-'· in t !'ns it y pre· 
~ ... ~ npt t ('l n ftrl'eo (llrilrc 1,1. ) P r<'~\·rihl'rJ fire hn~ pro v<'d t o hl' mo re eo
no :-::Jcal t h.1n :dt crn., :i n• n.•chani ,- .1 ) trC'il t nP n t 5 ,1nd , in somt• ca ses , i s t he 

nly hnr· kn ptar t 1cal r C' t hod f o r ac hH'Ying ha::11·d r C'duct i on , undes i r ab l e 
!-pt.~ CJ(· ~ t..On t r o l, ~o.ild l) ft.• ho1b tt a t inp r ovcmC"nt , and o the r ma n rtgcment rc
qu irC'r:-u .. nts. Alonf_ ... l th th c bC'n C'fl t s dC'rivl'd fr an the prC' cribcd u sc of 
firc nrc· corru ~ t ion Jroduc t ~ . ~one of ft1h i c h dcgnu.tc ai r qua lit y if not 
proprT l y n."'nnhcd. The inpac t of th is intentiona l burn ing o n ai r qua l i t y 
lS being !"" tu<!i t'd at t he Sou thr-rn forest Fi r e L1bor at o r y. Our miss i on i s 
t o d(· ,·c l op ~rnok(• F.;tnagcmcnt gu idC'l inC' s l-Inch "'' i 11 ass i s t f o r esters ft·ith 
t'hcir JOb o f pr<' ~C' ri b i n~ la nd -nam1~l· c-nt treatmen t s. Bas i c to t hese 
y,uidl"l i ne!, 1s Yno.,., ]C'dgt" rc(!ardin~ t he rate o f em i ss ion o f smoke parti cu
l ates from t he hurnint of various fuC"l !'> under va ri ous "''Ca the r condit ions . 

The r<>s c:a r ch prob 1C'm is being s t ud ied bot h f r om con t r o ll ed env i -ronment 
l aho r a t ur y !"i tudi£·~ and t hrough nutuJl;-~ 1 crwironmcnt fi el d r esear ch . Th is 
pnpc r ~1 11 concern i t s.C'lf mai n l y ~dth he fie ld appr oaCh . However, f o r 
compa r a t ive- pu r pos e s til£• control l ed cn\· ~ ronment comhu5 ti on r oom s t udy 
rc ~u lt s "ill be pr e sen t ed. ThP5C c·mis5oion facto r~ ~·<' r c de-rived by u si ng 
t he fo l l oft•ing t echn i ques : 

l. Unifor ml y dis tr ibuting a knoto.'11 oven dry we i ght of f u el on a 
3x4- f t ~ i r.~ bnsk.c t fu el bed . 

2 . Cond ition i ng the f uel to t h~ Ms ired equ i 11 bri um mois ture con tent 
by n~ gula ttn ta t he atmolio pher ic mo i st ure a nd t emper a ture . 

3. Pl acing t h~ f ue l bed on a sl op~ t ab l e locared in t he geometri c 
c C'nt c: r of the fl oo r unde r t he hood a nd s t ack i n an env i ron 
men t al l y cond i t t oncd 30- ft c ub ica l combus tion rom . 

4 . Igni t ing a l ine o f fire a l ong t h ~ .'- f t si d e o f t he fu e l bed , 
t.' i t hcr at the t op t o s i'ilu l a t e a fire backi11g i nto tlhc wind 
(F.i gure 1), or at the bot t om s i mu lating a f i r e head ing wi t h 
t h l" ft' ind, burn i ng ups l ope. 

S. Jso).inC't i c samp1 in g of the cm i !J5 i on s pas s ing t hrough t he 24 · in . 
dlanrc tc r s ta ck t rapptnJ: t h C' pa rti cul a t es in a s t andard 8x l0-in. 
T)'pe A gl11 . s fi be r f i l~er mat . 

ll5o ing t hc s <> t echnique•!:= , pa·r t i cu l atC' <'mi ssion f nc t ors for t he fue l s bu rned 
r anged from 6 to ISS pounds p <>r ton o f fue l consuned (Ta bl e I). In 
vene r a I, part icul;I t c• p rodUc t ion tnc rc~sed wi th incrv:1 s ed fue l moi ~ t ur c 

conten t o1 nd d c·crc a ~ cd a ~ t he rate of sp r ead decreased . In the na tura l 
t·nvi r oumcnt thts i~ co par ab l e t o u s in g a fi r e backing in t o the wind 
ve rsu s a head f t rc running wi th th C' h' ind. These contrr o llcd cn\' ironment 
s t ud ie s are con t inuing , "dth cmptws i s being p laced on pa rt- ic l e s i ze 

40 



di st ri buti o n c ha nscs "'' ith fuel alt" .. rat i ons a nd in determining additi ona l 
e mi ssion fal··t o r s for other fuel types. 

Fie ld l!xpe ri.nont.;al ~~e~hods 

l.:lborator:\·-deriv!!d l .. mi ss ion fa c.:: tor!' a r<' bcint checked unde r na tural c n
\' ironntent~l conditions. h'e ha\~e c a ~..~C' nt r ~atl' l' on l'-'O majo r fue l t ype s 
common})' burned in t:he Southea s t . Th(!'$(' fuels. gall hc rr)"- pa l metto and 
s las h pine (Pinus elliottii) TlC'C'dh~ l i tter fuel s , arc pr ima ril )' burned 
us .ing low-ini'ensity back1i ires (Figures 2 a nd 3). The emiss ions from 
bad, fires generally ri.sc on a gen t 11?, incl i ned p lane as the \•+' ind dis
perses the smoke away from the fire . 

A met-hod for monitor-ing smoke concentration at various hori:onta.l and 
vefi~ ical spatial points dO'k1l~'.ind fro::'l lm .. ·- int.cns it)' 1 ine source back-fire.s 
"-'35 tiirst developed . By positioni ng samplers in t:hc veJ'Itical dimension 
•·i th ~he top s amplers above t he s t:olte p lume and b}' ltno"i.ng the amount of 
ai r m0\1 ing pas t this vcrtic:::al array of s a mplers. an omission rate can be 
calculated for the fire . 

Five 40-h masts •ere const,ructed ou t o fl 10-ft sec tions of rig i d aluminum 
conduit tape-ring from 2 in . in dia:octer at the ba·s c to I in . at the top . 
The mast is in t""'o sections to facilit a te transpor1 ing. Samplers, each 
containing a 47 mrn lfypc A glass fi ller filter, are po~jtioned at various 
hejghts on the mast . A central \' acuurn source "' ith a capacity of 10 cubic 
feet of air at 20 in . of tlg is used to service t;,he Five masts. Each mast 
acLs as a vacuum manifold, and each filter is attached to a critical 
flo~<-limiting orifice. These are 18 gauge, 1-1/2-in. long, hypodermic 
needles which maintain a constant, crhical flo~< of approxi mate!)' 4 1 iter 
per minute (Lodge, et al . , 1966)1 . The hypodermi c needle is inser.ted 
through a pilo~ hole in a 00 rubbe r stopper ••hich in turn is inserted into 
drilled holes along the mast at the dcsiTcd heights. ·The constant flow 
rate onifices are calibrated periodically, using a R'Ct test gas meter. 

A t )'pical field rest involve$ first sampling the fuel to determine the 
weight of fuel on the site. Usual!)' equi pment for monitoring wind direc
tion and speed is operated adjacent to the planned burn area. Orientation 
of the £i re line must be established perpcndicf1lar to the wind direction. 
Five masts aYe then ou~f:tted wi th pre-~eighed fil~ers (environmentally 
conditioned at 50\ relative humidit)' and 70°F) in each sampler. The 
rowers are raised (a task- casi ly handled h)' two men) and secured to 2-in~ 
x 4-ft angle irons dr-iven into the ground. Vacuum lines are attached to 
each mast and a chec~ is made f:or lca~s. Standard hjgh~volume air sam
pler s. are located with1n 5 feet o_f each of the thr ee masts nearest the 
fire. The larger mass o £ partiaulate Datter collected by these samplers 
.-i 11 be used for chemical extract ion purposes. An 8- stage Andersen non
viab le pa rt-icle sampler is loca ted nc ar. the' center high-vol ume sampler 
and ma,st. Th"se sampl ers, as e xp lained he r:e and in the next section, 
each have a specifiic function as "'ell as providing a means for cross
chedHng re sults. fi tgure 4 i s a plan view of the equipment relative to 
th~ area to be burned and Figure 4A s hows t ·he e quipment in use. 
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P:trticul a te Conc-l..'ntra tion 

~=- - ~~ ri ~'" f1rr· c;. us u3 lly on ly la !' t aft"~ hours . thl" <'xce pti on being fire 
. . •:. f o r !'<'dU '-" ' '1& pi l et.l s l.t sh . I n :-::o ~ t c:I st.~s . prr-scnbcd fir C' ~ aroused 

· : .~ ~ iona ll~- C\.."1 \ C' ring :t g i\{?·n a r <>a JK <' e : l"ry 3 t o S y <'a rs. The s e fi r es 
.:~· ~ .. " :l ('T3l l y ~t· t fn-.n , or l~urn to, ro.1t_h.ays . U sua l} ~· th is c r ea te s no 
. :-. "'us \· i~ i i, il i ty p r ob l t.•m . t-. ut unUl" r .:- t>rtain ~.:ondition s can impede 

·. ;- .. c l. I n Jt•\'C'l p t ng s .... ~}w.,.1na ~C'-('n t ~ 1id c li n t- s . h ' t?' a r e ,ttt c r.tp t ing t o 
.:=: ~ify ~i tl l3 !l OilS al ng rond ha ys .... :)en p r <·sc ri bcd fires can he u s ed M' ith 

. . :: le ri s k o f rcdm:tng visi bility. 

~· .. · h, rid o f :-:a s t s s h<;n.n in Fi!!urc -l · .t~ a s. rc pa rticul :nc conce n trat ion im
-. ~ : tcl y don m.im:1 fro n the fires . \n c- ' ~t ...,p l P of the ~n, c ragP smoke con-
- ·.- : rat i n \'cr a _0- r.1·n sar:tp lc t i · ~ e is i l lug trated by the i sopleth dia-

in f-:iptre S. Thirt y (cr t do.,.nt..ind . the p:1 rti cu l a t e concentration 
.; ,- , abon• th~ groun d dec r ~a s ed fr o·· J6, 000 _..u g/ m3 to about 7 ,OOO.J>~&/m3 
... : ~. a further dec r ras.o t o about 3000 ~g/m·' 60 fe e t from th e fire line. 

: -.~..e r fire s hav l" bc.e-n sampled by t akins 5-rnin inc r emental samp les a~ the 
:·::-es bacted in to t he ~odnd a ha)' fron t he mas t ~. For one fire. sample s 
:.::.·en at 3 and 6 ft above the gr ound shoh· a max i mum conccntrat ion within 
: ' ' o f t he fJT e o f 60 , 000 !" &fm3. lhl ri ng the first 15 minutes this con
.:t.--:::ration dec r eased by one-half as the fi r e moved 10ft away from the 
::laSt . 

- :::-ticu lat e concentration is a fu nc t i on o f ;.·ind speed. vertical t empera 
:_ :-e prof i lt", fire heat ) ield rate, as ..-C'll as the rate of ennssion of 
·a :-ti cul a t es. As !"tO Te Lc!" ::. ltua t ions arc sampled, correlations \<!' ill be 
.: :- J. .:n bet \.o·een noke conc entration and d i ff l" rent. fire and weather variables . 

Source Strength Octennination 

-1. :-: i cu late sou r ce s trength data l or fo r es t fuel s have been determin ed 
· .. :.urniug fuel samp l es unde r hood s (Ge r st l e and Kemnitz, 1967)2, 

· :: :ley, e t al. 19 6 )3 and in combus t i on chambers (sec introduction). 
-.!:s.e fuel Si::1pl e s in cencral havC' been Jrtificia lly arranged and have 
-.::'1 ! u t ill:ed n:tt.ura lly la ye-red, condit ion t:>d and compacted fuels. An ex-
.c?t ion 1s Bouucl. et al. (1969)4 "' o r l. \oith ~ c tua l s tubble and straw. 
- <r e is a need t o CO rTel at.e source s trength da ta f!' orn the artificially 
.:.:.:it rolled envi r onment "It h t ho s e easu r emen t s of sou r ce strength made 
..- - :::~ r na tural env iron enta l condi t1 ons . ~~o·e s t i ll know very little about 
--.: : ~ _ul a t e p roduc t1 on r a t es for fuels l- ~ rned a t ti me s "'hen only the sur 
:·· • ..:c· layer of needlE' s is consumed O\'C rlaying a very '-'C't lowe r layer . As 
· .•: forest fl oor d r ies. consump t 100 of the fuel comp l ex becomes greater. 
- . . s re sult s in deeper la yc1·s o f pa rt 1a ll y dr·cayed fut:l bei ng con sumed. 
- · . ~h may cont r1 but t. .. conside-rable particul..te ma tt.cr 111 addition to that 
-) :- :>duced from t he sur·f acc l aye r of fre sh p i ne needles . 

.... =-• • :- c e s trength da t a have been obtained fo r a number o f individual fires 
:..: ~ ing lhe mas t s to det e r mi ne s n10 J...c concen tration .. ·ith height . Total ~ 

. :. :nz ancmo ct e r s l ocated a t 6 and :!0 feet above t he ground arc used to 
:t·t c-:--=:i ne the numbe r of f oot of ~<.Jndrun past t he mas t dur ing each sample 



p(•riod . An C'X~mplC' of t he ~a l ~u lati ons i s gin•n fo r a fi r C' in a pal,.. e tt O· 
gallber ry fo c l COl;)plex ( sec Tab l e 11). ThC' <;.t, r:ilcu l ations indicat<' t hat 
the f 1rc produced ·1.89 g o f pan- i c u l atc- ~ p<·t· ~lnu tc pe r foo t o f fire l ine. 
In this C3 S C'. the ftn.• l ine \•3 S 3ll 0 1J l 1 3~0 ft.: t.t in 1 ng th . rhc fir~.· \<,c'I.S 
y 1eld i ng approxi J1~1tcly 6.5 k. g/m in . ThC' t.~IJ i ss t on f:tcto t fo r t he p:ll mC'tto
g;tlUcrry fuel \\:l S. cah:u l atcd to be :' :' . 3 l b/ t .. m o f fu e l con!'u rnC'd. Ot her 
f c l s ituati ons hav<" h; t·n samp l ~d a nd a r e :-; urun tri :vd 1n Tab l e Ill . 

Fi rt' S i n the pa l net tO'- gallbcr ry fur l t ype con~u:-1ed !'lOre fuel pe r :u.·rc and 
\ ha J highe r sp read r=t tcs tha n t hos e 1n th C' s la s h p in e- l itte r fue l s (Tab lC" 

III ) . rhc slash pine litter fuel s "''crc bu rncJ umkr tn·o r a ther di\·err,C'nt 
r:-~ol~ tlll 'l' n·g1mes "'' i t h cons umption 3.nd rate of f i r e pread sign ificantly 
lcss under the "'eLtcr ..:o ndit i on . Part ;cu l a te produ c t ion r a tes "'·ere muc h 
l o~•t: r for t he \<, (' tt c r fuels , but e Mi ssion f.:tct o r s \,t.• rc- s i milar under bo th 
I~OIS turc regime> . Ho..._ e ,·c r, t h e diffC'rC"nce in pnrt i cu late emissi ons bc
t "'·ccn fuel t ypes a pprn r ~ to b<" htgh l y sign ifi cant . On the othe r hand, 
p .. trt icu l atc cn i s ~ion s dc terjl'ji nC'd for l ob l o ll y p1ne litt.e·r fu r- l s in t he 
l aboratory (Ta b l e 1) s ho"'·ed a d!.:}H:IJdency o n fuel mo isture content. 

Pa rt icul ate Si:c Di s tribution 

;\pa rti a l desc r ip ti o n of s i ze distribution of par t i cu lat es f ro JT low-
i n t cnsi t r pre sc r ibed fires has bec.n obtai ned using t he Andersen non
viab l e 8-stage p:-1rticlc- sampler. Pa rt i c l cs ;are s i:cd acrodrnamically 
(Anderson, 1966) 5 . The larger si:cd particles a r e impac t ed on the fir s t 
s tage s "'·ith pr ogressi ely smal l er si:cd partic l es being co ll ec t ed on t he 
l arcr stages . A backup filter is u sed to co ll ect those particles sma ll e r 
than about 0. -10 ,U (4- nun , T:pe A, g l ass fiber). 

Each stage "'·a s r:overed •,dth an aluminum disc (3.2:0 in . in di am ) cut from 
hou sehold foil, ""'hich made a l Ok' tare ne i gh t co ll ection surftce . All foil 
d1scs "''ere conditioned at SO"'b r t> l ativc humidit y and 6S~F for 24 hr prior 
to weighing. 

~lack.-thur (1 966)6 r eport ed a p reponde r a nce of panic le s by number of O.lJ~ 
diam f r om forest fl .• :e s moke. ll i s a nal ys is through electron a nd light 
mic r oscopy indicated fe"' pa rticles in the 0.5 t o 1 ),{ range or larger . 
His sanplcs "''ere col l ec t ed al altitudes from 1000 to 1500 feet over ter
rain. OuT sampling \ol' ith the And('rsen samp)cr, done i n c lose proxiroit)' t o 
the fire, t end 5 t o support ~tacArthur' s findings. h'e found a majority of 
the ma! s of partIcu l ates t o be less t han 0 . 4 p in size (Tab le IV) . Our 
sampling sho., cd lit t le \·ariation for the s l ash pine l it ter fuel type 
bu rned under l\-o'O dive r gent mo isture content conditions. HO\oi'Cver, we did 
f1nd tha t the part icle si:e d i s tr ibution s hifts \oo' it.h a c hange in fuel 
t ype. In t he palmetto-ga ll be rry fu£>1 t rpe about. 50"• of the particulat es 
by "''e i ght \o.'CT<' acrodynam'lcally si 2ed l ess than 0 . 4 }l , "''hile in t he s lash 
p 1ne litt.cr fuel tv pp 70' . .... e re co ll ected 1n t!1c fi nal filter. 

f'ar t ic lH £· Concentration Comparab.ili ty 

On S<' rc·ral o f tiw t l f1 re- c:. parti c ulate concent r a t ion "''aS samp l ed u s ing 
t h re <;: dt ffrren t t ec·hntque~. Tht· ~e e t hods {-17 m..-u filt er s amp l e r, h i gh 
·o June ;. i r s ..twpler 1n .:1 '>t 'lndard she lt e r , and t he And(>r ~cn s.11np.le.r.) have 

p!oduct'd c o:- ~pas.ll\ le da t .t A.n example- collec t ed Feb ru ary 21 , 1974, which 
J S. the :~ vct·agc for t . r ee rcpl1~.: a t ed te s t fires , is as follows : 
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~kt hod i'<-~rt icu latc Concc nt r at i on -- ---- v. !:/ffi3") ---

-::1 SlOTlS 

~- n.., f tlt cr 
An..;c- r s cn 
Hi~h-\~olumc 

. - .. of th(" t clt a t i \•C conclus i uns are: 

8280 
7120 
SS0 2 

: ,,r: h·ul3 tt' C" on..:t'n t r :lt ion decrease $ r a pid l y \.1 ith d i 5t anc c fr om the 
e.ibe o f tht> pr~.· ~c ri b£'j f1r cs samp l ed. h' ind spc t•ds of abou t 2 mp h 
:·.~l\'P d 1f fu s cd s:-.o l,c c C' nct~ ntrat 10n bv :t fact or of 2 ...,· ithin 50 f t of 
t h e fi re . . 

i':,rt icul a t p r oduc t ion appears t o be hq~her f rom undis t u r bed fuel 
c c :-; } ll"'xe~ bu rnl"d 1n t he na tural en\'lTOnmcn t than t he c rn ~ ss i on s fr om 
:::rt 1 ficially pr~pared fuel beds burned jn ou r cor1bus.t ion room . 

.\t>rodynanic si :ing of aerosol!'. p r oduced from natura l fue l s has demon
s trated a !T'.arked dif ference bc t\o. een f ue l t ypes. 

(Om) :t rabi l .i t y 1n ~asun ng smol.c aeroso l conrt."' nt rnti ons has been 
ac hteved be t hCt;>n t he Anderse n in('rtia l samp l e r , the hi-vo l ume ai r 
s :1 wp l cr , and open-faced -l 7 nun fil t e rs . 

L :- e !:-~po rt an t1 y, t h(' data ge-nerated and t ech n i que illu ~a ra t ed can be used 
:·::- de tcrnun1ng sou r c e s t rcngt.h for l o,•- ' ntcnsity pres cribed f ires. -,is 
. :: : rD\· i ding 1nfo r ma ti o n t o mc t eo ro l ,... ;;~s ts \oo'ho are using mode l s for pre
_:.: tl.ng parti cu lat e concentrat ion i n the smoke plume far t her do.,.n wi nd. 

• · : .. ing t he ~ou r c s trengt h, !:'make conr('ntra tion, and parti cu l a te size 
: . , tnbuuon fo r 1m- - int ens it y p re sc ri bed fi r es burned undc.r different 
:·--=: Jnd t..·ea t her cond it ions is 3 majo r s t.cp j n the devtt l opment of smoke 
---~agenent gu 1de l i ncs. 
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!'e ll. Co n < r ol .\ssoc., 16 : 197 ( 1966). ---

R. lt.·. Ge r s t le , 0. A. Kc:nni t : , " Atmosphe ri c emi s sions f rom open burn 
I ng" , J . .\lT Po ll . Control Assoc., 17 : 5 (1 967). 

E. F. OaTley, F. R. Bur l e son , 17. H. ~\a t f'C· T, .J. T. Hid dl e ton, and 
\' I'. Os t c-rll , "Contr ilu tl on of bunung agricu ltura l ... ·as t c s to photo 
: hcoi cal a1r pol l ut1on' ' , .J • .\ i r Po l l. Contro l Assoc. , 16: 685· 90 
( 1966) . 

k. k . Boubel, [. r.. 1)~.1 r l cy , [. A. Sc-hud .. , "Fmi<:.s. to ns f rom burning 
g r ass s t ubble and s trat..", .J . AiJ Po ll. Contro l As!>oc_. , 19:49? -500 
( 1969). 
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S . A. A. Andc r s C'n, ,.A sampl Pr f o r rc~p1r.1t or y h t• alt h hil'-ard a 55 ('~ s·1cn t '' , 

An . ~~~~· A'"oc. J . , 27 ( 1966), 

6. 0 . A. ~b c..\rt hur, "~Particle s i: cs in bu !>hf in· sm~.,lh (' 11 , ·'.Y~a_!_~"!_~~o-~.: 
27~-7 8 (1966). 

The :m t ho r s \\ Ou ld li ke t o aCJ..no"· lC'dge t he l oan o f St"\'C' ral hum.lrt'd •17 r.~'tl 
fi l ter s~trr l crs from th{' llt"part mt~nt of ·\ n-1y , lll }.!'• :t)" Provi ng Ground, 
lu&'•3Y , Utah . 

Tnble l Par'..ic a e e.::1 i ss i on fact ors (lb/ton) f 0r vru·ious fuel and 
U!"ni ng techn i ques . 

Per cent 
r::o i ure 

F'uel : content. 
b~olly pine 
(loose) 

Loblolly pine 
(loos e) 

Lob lolly pine 
(compacted) 

Loblolly pine 
(branches & tvlgs 
l/4 - 1 ln . } 

Goldenrod 

J.ti_xed grasses 
(compacted } 

Perd~·ood leaves 
(red o alt ) 

6 

10 

18 

15 

10 

12 

II 

- - - - -
Beckfi re 

( sioulated) 
- 50 - 2~ 

15 19 

13 20 

28 

4S 

l o e lEer cent} - - - - - -
He ad fire 

(simulated) 
0 +25 + ~0 +75 
2 47 40 

37 67 55 

86 123 158 152 

6 

6 

34 

7 



T3 h lo I I \n l' '\ ~\~j le C' f i. hC' :1<' t hod li ~C'd f o r conru t ing t he pa rt icu l ate 
t. .. . ,: ... :- 1011 J'J tc . !\it :l an· f ror t hl? p:t l n<' tt o-&:~ ll hcrrr t )·pe . 
. Jr;, l r tl 'iC' \.. , l s :'0 o :nu t cs . 

----- ----------:1':1r:t,c: .=.r7·----.....,_---,.. 
~.1-jJ l e r :_ ' 1:-t:- t ~o.!./ ~.·one . : h' lndo~o. ~l: h' ind \'o l .~/; ~la s s o r ?../ 
h t.~ ls_h t __ l-=._~:_·-2--~ 'i C'<tn . a r <':t _ . run :of air: pnr t iculat r 
.(ft l·- . - . ::--:·(.:";;;.;;:>j-.- ~·:-_--_--(f t -: ) --·-(lt·)--tin'l·-·,g;ft offlit:-ji1Cf 

1/ 

3-1.6 : 1.4 ~3 . - 26 .5~ 4. 5 6500 PS 

(, 30.5 23.6 21. 8 25.30 bSSO 556 

9 2-L S 20.6 20.0 21. 80 MSO 731 

14 15.3 16 .1 17 . 3 16.23 6250 885 

19 9. 9 10.9 13 .5 11. 43 6030 SSt 

24 7.0 7.3 10.3 8 . 20 6000 850 

29 6.:' 5.6 8. 2 6.67 5 6000 850 

34 3.: 5 . 8 7.3 5.60 6000 s~,o 

39 3.6 4.0 7.7 5. 10 6000 850 

See F1gurc 4 f or l ocation of mas t s 1. 2 , and 3 . 

Ave r age o f the 3 mas t s (Figure 5) . 

A ~· i ndo•• 1- ft " lde parallel to t he fire l i ne is used . 

Volume o f air pas s ing through each window . 

~la s s • (:noan conc)(aroa )(..- ind)(.02832m3 / ft3) 
Produc ti on ra t c/ft of f i re l ine total mas!'/sample time 

97.87g/20 min 
4 . 69g/min/ ft of fire line 
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22.01 

14 .08 

IS. 93 

14 .36 

9.76 

6 . 97 

5 . 67 

4 .7 6 

4 . 33 
97. 87y-



" .... 

7nhl l' f;: P:lrtl c uLttt:' ••m1" -"lon rotf.'f' nnd f.1 (" tn r f.: fo ; rwo dift~r ~"~nl f•t••l tnws h 11r n ~" rl w. i nJ: J , ,·,.•- JntL•n•dt v 
·, ,-;c Y f: r e " 

- - -- -------- -· ·------··P.t r l.i l" ll l. •·· 

:'lnl'-1 -~~.>.- f? .: or. t,. nc l/ 
~- . , .• ~ --~------; FtJcl 

-·' }1~·· ___ : .lll'l '"r Compo •H t<e: c:un..,•lmpUo n 

.. tlc •·· 
•tl.-J•;r 
.1 1 :1("' 

L ltt~ r 

{ g 1.1 ~~ h 
pine) 

P-almett o 
gallberry 

:1 
23 

t-i r" ne 

2 ~ 
l) 

]1 

Z7 
10 

p~ 

h4 
t\4 

None 
54 
)~ 

H2 
69 
12 

{ com~ / acre) 

·, ,4 

J , ;· 
; • ·J 

'• . 8 
5." 
5 . 2 

~.o 

b . 4 
9. 

s ..~mplc 

um c 
(,;;!;;) 

'-5 
5 

<c 

40 
30 
)0 

45 
25 
20 

. _ _p_r_lor:q. _!_:_.2.!!._1" .• r 11 

flrr> :Lti!n~~ ~ il of p,.r rr o l : ~. n t! t" : 1-:ml• , ·don 

.!!rf , '.~.' ·-}~1 r_P I ln ... _._ I I rr• _ _ :_: t C"_t.£_~-
{(umJn ) Cft/ (~~/m in) ( k J.:/m\ :1} () /ton) 

1. )? 

IL Ml 
(! . 4: 

0.60 
() .6 ) 

o.~t 

I . JH 
1 . 91 
J. 1 

25(. 
2J(i 
250 

zo;n 
530 
Slr, 

[, ~r; 

1,~ 1 

1320 

i) , flf , 

o ·"" 0. ~,9 

I . H 
I. ;. 
J . 0 

j - q ~ 

) . 0 1 
G.H ? 

0 . j t,) 

() . I !J) 

0 . I GA 

() .1· f (j 
f) . 9~~ 

() . rJ (1~ 

1 . 2(, .'\ 
l . 911) 

6-'· J2 

l , 7 . i 
td. O 
ld, . l 

J I. J 

:, <,. ~ 
) 1. 1 

2tJ . H 
l; . ,, 
~ 1 . J 

1/ t' pper mo istu re content jR the moi!H urt!: cont~ nt as 1 pt.!r cent of oven ary w ~lp,ht nf thl~ Y ~<'H ' s rt• ' '• rll~< 
- f all. 

Compo q1te moisture co n ten t is the average moist1,.1re c ontent Qf rhosc fuels c om-surncd . 



Ta ble I' ' Si:e d1 s tribut ion d i ff~? rcnoc bf't\\"Ol'Tl s la s h nine litt.C.r fuel 
bun\E'd at t\\ G !':\oJsture con t ent l evels and pa l me tto-ga llberry 
fuel . Pa t a co ll £'c tcd using Andersen sampler. 

Eco!! 
Per cent! o f t o tal wci~,;;h t by fu e l tn>e 

Andersen Palmetto-
s t ase (:-> icrons] Sl ash einc.Y Slash ein.2./ sallberr~.4/ 

0 11 & above 1.0 0.9 1.1 

0. 1 0 .3 1.0 

4. 7 0.9 0. 7 0 . 9 

3 3.3 - 0 . 7 0 . 9 1.3 

2.1 1.7 1.8 4 . 3 

1.1 4 . 3 4 . 6 6.5 

b 0 . 65 5, 0 9.0 12.3 

0.43 12.6 11.7 19.4 

Sa a~ up Fi lte~ 73.1 70.0 53.1 

Par-ticulate concentration 5,199 }J g/m3 ~ 17,834 !' g/m3 11,543 ,~Jg/m3 

Y Equivalent cutoff diamet er which as sumes s pherical particles of unit 
density . 

~/ A\re ragc ofi four samples. Upper mo)sturc content = 23\, composite 
moi s ture content ~ 84\ . 

~I Single observation . Upper moisture content = 19~ . composite moisture 
content = 45,, 

~/ A c rage of three samples . Upper moisture content = 18\, composi~e 
mo> Sture content = 71'1 . 
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FIGURE lA PRESCRIBED BURN ACREAGE BY STATE FOR THE SOUTH IN 1970. 

< 10,000 



Figure I Test of a s j nru lated b?£.1. iiTe consuming lobl o ll y pine needle 
lltt.er fuel .1n a 3x4- \'("wi -e basket on a "'eight-loss !>ensing 
slope tabJe. 
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Figure 2 A t y pica l prescribed fire back ing in()o the ,.dnd through a 
palmell to-gal l berry fuel complex. 

F1gure 3 A t ypica l pre scribed f1rc bac~.1 ng i nto the ~odnd throuch a 
s lash pine need le f~el complex . 
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lGURE 11 J'f u. p~ ~bRR~LNbYtAt0rNf0~Y R~~ THE EQUIP-

/ 

D l R~t~~ON 

AREA TO BE BURNED t 
D lRn~lON 

t FIRE LINE 

®I> ®00® ®0) 

0 0<:® 

0 
LEGEND 

NO SCALE 

~ 
M.I\STS <l - 5) 
HIGH-VOLUME AIR SAMPLER 
ANDERSKN PARTICLE SAMPUBR 
MET~8~~lOGICAt MAST W~bH fOTALIZING AN E.'< l1 ERS A '6 AND . F 

@) ~~~~~R~N~1w~NRtlB I ~&cHoN AND SPEED 
/'"::\ 
\!.) VACIJU!"t SUPPLY PUMP 
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Fi&Ure 4A Masts with 47..,. filter hold<>rs, hiili-volwne a•i ·r sampl~s. ~U~d Ande.rsen s amp•le·r i n p;>·>L t i<>n. 



~ 

~=tGURE 5 ISOPLETH LINES GONNECTING POINTS 0~ t:QI!IAL CONWHRATION \MG}'M3l FOR 
A PRESCRIBED g.: :KF!RE BURNING IN A f?ALMEHO-GIUBERRY ~UEL TYPE. 

~ ( / / . / 
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