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Appropriate Technologies in the
Traditional Native American Smokehouse:

Public Health Considerations in Tribal
Community Development

MARY ELLEN FLANAGAN AND NICHOLAS C. ZAFERATOS

The long suppression of traditonal Indian spiritual practices was, in part,
overcome when the Swinomish Indian Tribal Community of Washington State
constructed its long-anticipated ceremonial smokehouse. The celebrated
resumption of smokehouse activities, however, presented new environmental
health threats that were not adequately anticipated and that required reme-
diation. This article examines how the community was able to reduce the asso-
ciated health risks by adapting appropriate technologies that respected the
importance of privacy in ceremonial practice.

In sharp contrast to historic federal Indian policies that disrupted the fab-
ric of Native American communities, current federal policies now encourage
tribal governments to reconstruct their political systems, economies, and cul-
tures to achieve sustainable community improvement. Beginning in the late
1960s and early 1970s, wibes began programs of political and community
reconstruction. As a rvesult, their once-suppressed spiritualism quickly
rebounded from the effects of federal assimilation that sought to diminish
Indian identity by prohibiting the use of traditional languages and spiritual
practice. For many Coast Salish Indians, the reconstruction of the traditional
smokehouse, also called longhouse—the ceremonial place of worship—
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becanie a centerpicee of their community redevelopment. The Swinomish
Iiidian Tribal Conmnmumity soughi 1o recatablish is coremonial smaokehouse to
stinulate the vevival of cultral and taditional spititualism knownt s Seowyn,

Follawing vears of searching for hinding, construciion of the traditional
smokehonse on the Swinomish Indian Reservadon began in dhe varly {95,
Adhering 1o siringent taditional design criterin while simultancously com-
plying with pewly adogned tribal sanitary antd stracwural building codes, the
smokehouse design provided [or two apen fires which are central 10 Seowyn
ceremonial practice. While the new bnilding promised 1o revive the commu-
iity's spirital wadition, it also mised new concerns—the burning fires within
the structure weve expected o contribute airborne pollion that conld pre-
senit a public Tiealth threat 10 smokehouse necupants,

TRIBAL COMMUNITY REDEVELOPMENT

Tribes have heen active in reesiablishing their primary role as governments
since the earliest inwoduction of ribal community redevelopmum programs
uttiker the federal Grear Socicty initatives of the 196k Trbal community
development began on many reservations as a IJI]l'u—pr(mgml effort that
imvolved (1) the surengthéning anid application ot palitical soverciguty; (2)
the development and proweation of ieservation homelands; and (3) the
advancenent o coliaral prioriies. The eaily peod of ribal community
development emphasized political reorganization as well as the provision of
Trasic governimental services and socid puograms, poblic howsing, reservation
mfrastruciure development, and the detense of weaty nights.

The wifdetermination e beginning in 1970 fostered advanees in uibal
political sovervigniy, The effects of the fedeml sirategy, however, also pro-
mated new farms of ibal dependency on nonwuibal fonns of development,
including a reliance on external technical asalsiance, tha were often incon-
siderate of wibal cultuml priorities. The Indian Sell’ Determination and
Educarion Assispiace Ace of 1975 wis the first major legislation that seught 1o
transfer federal progrums to rihal pdonnisiration.. As the development of
reservation communities pragressed with growth in inbal, political, and
administrative instivnions, attenion began 16 [ocus on the interisl prarities
of the cultwal community 1o meaningfully ensure that 1ibal naditional and
spiritnal valties were protecied, enliunced. and integrated within the tribes’
overall development strategies,

Traditional culare ond religion are viewed as inseparable from iribal
identiy. For mamy iribal communities, reservation 'I-:mrh and nrataral
resources are viewed as elements of the larger culral commnnity ahjeciive
rather than as an end o iselfl This community norm allen asigns o a nat-
ural resanrce a socialuse vilue superor o that of its cconomme exchange
vidite, emphasizing a vadivonal concern for the finilenes of natural
resourres and the community's ability w surave, Tradiional ribal siews wee
the foundation of wribal planning approaches that seck o pratect résevvtion
lands ane pawiral revource for futiwe generations. Hawever, as rits cxpand
their palitical autharily by enacting new forms of kws and regulations that
ofteny mirrar federal o sie saondards, oilbes st carcfully determine how
those standards might impede radidonal valies,

Publie Hodth Considerations in Tibal Commuanity Develofment 71

PFuoro L. Carveigga an Wractynod buidilg el i craemoene] mooe

THE SUPPRESSION OF INDIAN RELIGIOUS AND CULTURAL
TRADITIONS

The normative belief sysiems that underlic modern [Indian societics are dis-
tinct from the predominant sacial values of non-lndian sociew, Fundantenud
tny @ tribal commmumity's development goals ave the cansensiil belief systems
Uit redtert the collective community and the preservictiom of i1s cultir ideri-
tity. Nowwithstanding the experience ol ribal aceuluwiarion and the sihse-
guent pecepianee anil incorpuraton of many non-Indiu values, imporuait
normative diffcrences prevail, contributing o the maintenance of an Indian
ethoic identity,! Indian people have lung objected 1o the Anglo assumyiiion
thin the loss of Native culinre s oither ineviiahle or desimable. Breulnaaion,
a concept that has emerged o pramote positve models of culwral identis,
refers () the proces of dual cadirsl competence. This oconns when an oroge-
vl culwire i positively svilued and s activite mainiained while conearrenty
achieving a campetency in o mainsrenm or dominant colture. A bicialtoral
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conynunity reains its onginal culirl raditons, ideutities, bollefs, and ses
of valies while participating canstrugtively within aomadinsireom socieny:

Northwest coastal wibal communities, ke odier Indian conmuniiies,
continne o place a high value on the practce of trditional aciivity, In many
Coust Salish cammunities, generosiyy poidinuds 1 bring gieater esteens 1han
does the acanmudation of personal wedlth.* Northwist cousial mibes also con-
tinue o have a greater reverence for spiritual knusledge gained through inare
scendentl experiences than do imost pon-lndians. Even r_lum_- tribal members
who may no longer direcily panicipate in unditional refigious activities con-
tinue to acknowledys o arong personal wesociation with toulitional praciices.

Early Anglo comact with Indian commpunities resulwed in misonder-
standing ilanu Indiany vadition and evoked ethnocentric mEnplions shoul
the superiority of nog-Indian eplture.” The presumption of Anglo culuiral
doniinance aver Indian values eventually led ta the persecanion of Indian
teligious prictices. Non-ladian socioy used insdutional mechanisims, includ-
ing U pasage of laws prohibiting religions pructices, to disrupt wibal enl-
iral cohesion. During the ke 1800 it was declared illegal fore Indians 10
practice amy aspect of baditional religion, spinmal danee, or healing prac-
tices. Cours of Indian Offenses were established (o punish thase practicing
wnditional lietivf,

As a result of pemecition, Indians were forced to practice taditional
spuitalisa in secrecy, The suppression of Indian religion evenwally led o a
diminished knowlvdge of valualile traditions * lndians who preserved spiri-
wal knewledge bhecame reluctans to reveal tieir knowledge and, @ 2 form of
seell- and cu_n'umunil)'-p: reeration, would aften deay an association to that

knowledge.® While the legal perseamion ol naditional religton almied fol-
lowing the passige ofthe Indian Reovganizatdon Act of T893 probibition of
the practice wis not tormuldly repudiated ool passage ol the Indian
Freedom of Religion Act of 1Y78.7

SWINOMISH TRIBAL COMMUNITY

The Swinomish Indian Reservation accupies the southeasiern portion of
Fidalgo Island in Skagit Connw, Washington, Promised to four related Tudian
Bands, the prea wis sot aside h'.' the 1835 Treaty of Point EDiou and furnher
redefined under Executive Order in 1873, The resenation was to e exclu-
sively used as the Swinonush Tribal Communiy’s homeland. Swinonsish
ancestors have inbabited the reservation arca for several thowsand years,
Nugnerous known achaenligical sites ave located wirhin reservation bound-
aries, and several historic villages and shell midden sues have been identilfie:d
along he reservittion coastlive. At tie ste of the Swinomish Indian Villoge
{the present location of tribal governmenial services, tribal residences, ani
several religions hlllltllugn'l was Twiwok, an Iudian seulement continvously
inhuhited for mose Wran 3,500 vears.

The Swinowmnish Tl (.mmlmnll.) wits severely shiken by the effeos of fed-
eral assimilation and the Allounent Act, which resulied o the subsdsion of
cotmmumiitly owned reservition kands and the evenal loss of almost one-kalf of
the Land base 1o non-lndian ownership. The conditions in which the iitwe finds
jself tday is the consequence of the imposition of alien culioml values pres
moted by past federal Indian policies. Despite nowble recent political gains n
many s, woucial and economic conditions on the reseration continue o be
tepresad, Conseguently, reesialifishing a viable, self-ssiaining rewranon cony-
mumity i e primany challesige Beingg die Swinomish, a challenge complicated
by a wide variery of culnn@l, ergamzabopal, and historic ohstacles.

WINTER TRADITIONS AND SEOWYN CEREMONIAL PRACTICE

Merilrers of the modern Swinomish Indian Trhal Community are descen-
dunix ol the Swinomish, Kikiallis, Samish, and Lower Skagi irilws. The ances-
tors of thess Bronps lived in the Skagit River ¥alley and on the coastline and
islands near (e viver's mouth. Eaeh shared the Coast Salish language. The
culfure and economy of the inhabitms of the Skagn regran were centered
arcund natuml resaurces, including salmon, shellfish, and upland resourtes
such as cedar, camus, berries, and wildlife, Rescovee gathening activities, in
response 1o sesonal availubility of the varions resources, restilied inca Hocie-
avon of villige demography in which families dispersed 1o seinonal locytions.
During aboriginal times, the most sabient unil of social organizaian in the
Skagi reglon was the winfor village cominunit®

Three institations [oomed the socinl basis of the Skagit repion vilkages:
marrEges, sumimer exchange vislin, and winiler ceremenials. The winwer cere-
manials incloded el invitational leasts and e spivit dance. The spirit
dance wis a gathering of different village conmnunities cach winter, usually in
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the house al a young person who had recenitly acquired a gnardian spirir (ul-
lawing yrars of training, spirionil questing, fudiog, and wildemes solitude.
The spirit provided protection and special knowledge. Lo rewrn, the individ-
] wits expected w perform a spirit dance that involved ceremonial costum-
ingrand the smgeyg of 4 particular song.

The other wimer ceremouial, the invmgonmal feast, related 1o the winter
spirit dance but was i basger allar that included bathing and fasting in order
10 autract spiriwgal guardians, The fieast, occorming in large smokehowse strue-
mres, inchided games, gamhling, tading, singing, dancing, and masked per-
formances.” Alse called polaiches, Uiese [casts were impartant economic
insfitutions, allowing wealthy communities 1o convert accumulbiied stores of
foud and other wealtly into lgher social siatus and prestige.

Smokehouse practices were abrupdy interrapted n the late cighieenth
century, The devastting smadlpox epidemic of 1782 and 1733 reduced the
Native populaiion Ty almost one-hall, aind resiilted in the destruction of many
of the inferied smokehouses throughont the aren ! Thie reservation village
contained a binge swokehouse that bimed down before 19H) during a sitrall-
pox epidemic. Farthermore, one of the most devistating rules imposed by the
Burean of Indian Alfirs (BIAY during the early reservation period of the
nineteenth cenury outlawed the practee af traditienal spiric dancing as well
s the praciice of Indliin medicine, The tederal governiment viewed the elim-
biation of Native religion as a politically imponant strategy since trditional
refigian served 1o strengthen oibad cohesiveness that fostored resistance o
federal inmision.

The Swinomish responded o the oppresion by tiking their spinit dance
undorgronnd. operating o karge smokehouse off’ the resenaton on Guenies
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Istarsd, which at the tme wis bolzied from the Anglo eommunity. Between 19506
npdd 1912 the Swinomish along with other ribes appealed o the superimenden)
of the BIA to hift the ban on uaditional Indian spiritual pracoces. Ths BLA con-
sented on the candition that (e ceremonies be limited 10 a public display of
dance. Henee, the revived dances weve referreid 1o s “show dulices™ and open
to the public. Alter the public loh, however, waditonal spiriigal dances would
oceur i private, A Lrge smokehowse, more tan ane hundred feet long and
forty fevt wide was bullt on the northern end of the resenation between 1912
ael 1913 16 homse the evenl. The taditions] smokehonse building contyined
bleachorseuting along the interior walls susrounding an area of open fires, Two
or moge fires woulid be constructed during ceremonies and the roof contained
an apening that permited exhaost anoke to escape the ailding. The bailding,
however, was e losein a fire, )

Despite the restictons pliced on iy ceremonial practices, the people
of the Swinomish Indian Tribal Community luve viained mimy aspects il
their wraditional culture, A growing sumber ol the current tribal niembiership
now praciices Scowyn, The importwnce of spivitud practice and its jngwbiens’
continuans connection o itare integral paris of the ribe's cultural identiyy, 4

REBUILDING TRIBAL CEREMONIAL SMORKERHOUSES

Funds to construet the cerismonial smokehouse were secured during the late
19808 when the trihe entered into a cultvml miligaton agreement wiith the
city of Seantle. The city sought 1o renew it Federal Energy Resources
Commission (FERC) lieense in order 10 continue to operate hydrocleetric
facilivies on the Skagit River. During the process of applying for renewal of the
FERC license, the city agreed 1o address environmiental impacts to Swinomish
fisheries and cultural resources that would sesult from the continued opera-
tion of i1s dams on the viver, The settlement agreement provided for @ siom of
money to he allocated among the Swinomish and the two othier tribes of the
Skagit fur purposes of mitiganing the impacis 1o culieal resaurcis,

With funding in place under the terms of the agreement, the Swindmish
Indian Senate, (he governing body of e Swinomish mmibe, suthorized project
planning to commence for the constructian of the smokehouse. An oversight
commitee was extablished that included represeneation from the Swinamish
Smckehowse Grganization, a nonprolit independens religious organization
separate and distinet from the wibal govenmnent. A site wits salected and ded-
icated wirhin Swinomish Yillage, and proposals were solicited for architecnna)
services. Project desipn objecives saughit to incorporate the architectucal prin-
ciples of the Northwest lenghouse, emphasizing the use of madinonal building
maderials and construction techniques, and the employinent of tribal men-
ba=rs n each pﬁ;l.w: of prapect construciiog,

The design process revealed several polential problems thar required
reconciliation. Under the huilding standards that are typlealls enforced in
miost jurisdictions, it would be difficull. if not impossible, for the traditionat
smukehaise 1o meet sifct hnilding vegulivions. Because the budding was
intended 1o serve traditienal spiriteal practices, the design required, among
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ather considerations, that the ceremonial floar b composed ol earthen clay
materiid with open fire pits. The tribe sought 1 achieve its iraditional design
goals while reasonably complyingg with alding codes adapied from standard
state building regulations. Thode rigalations were written withont any con-
sideration o tradivdonal Native Amerncan ceremonial acivities.

Project avehitects worve careful to design the strociore in a manner thl
cloaked wany of the ('odc-{nmplimu strnchoral featres, including (he toscal-
latdon af 4 ssstem of Jateral bracing hidden beiween the building's rough-
siwnt cedar-planked interior ahd extenorn walls Regulitory code variances
were issued that permitted the stricture 1o he constructed with an earthen
floor necessary for the ceremanial tlances. While the lacilin’s puhlic
restrooms, Kitchen and dining arecas were dexiganed 1o comply with standand
public safety and bealth regubatinns, the provisiun of wwo lacge open fire pis
in the main ceremunial room preserited a mare difficnlt design clradlenge.
Afler considering and rejecting an imposing chimuey systerm, i was deter
mined that fire protection conld be adequurely addrrssed by praviding warer
standpipes and pressure hoses, five extinguishers, and liresuppression tramn-
ing for the sinckehouse Aremen responsible for maintaining the spiritually
iimpor@ant burning of the fives,

A relawed concern were the potendial health risks waociared with the apen
buming of wood Ores in dw eemter of a ceremooial room thay wendd accom-
madate more than 600 individuals, To addres this concern, the project archi-
tects examined the design of other aperable smokehonse stmictures i the
region and ronsulted e Jiterantre on historic smokehouse stmctures i
order 1o anticipate the probable aly novement chamcunsies iromn the open
flamme and resuliing exhust smoke.

The strnctire wiss designed with 4 large réofopening overhreart that would
penuit escapemnent of smoke ram the building. Several small openings were
construcied Leneath the bleather seating 10 provide an esienor aiv sopply
source o the open Does. Since e builcling shiedl was not enclosed inan air gight
vapor barriey, air intake thinagh the buildings walls wiss abo thought 10 provide
an adequine wource of Mresl air o the building’s scenpants.

FEATURES OF THE SWINOMISH SMOREHOUSK

The Swinonish smokehouse is a iwolunindred-foot long by sevenr-foot wide
cedar-planked frame sunetore and is divided nto two secrions by an open
breezeway. The northern section comtains the main ceremonial room. The
southem seciion contains 3 Kilchen, dining wres, restrooms, and a “locul
room,”™ used [or privife ceremaonial activity. The main cevemonial area, o
seventy-hy-one-hindred-tfoat open meeting room with seven rows aof bleachers
around all four sides, was the (oeus of this study, There are exterior exit doors
on the noith, sonil, and e walls (ser fig. 1), Smoke from the fires is vemed
it the tool peak. The mof 5 deagned with a sccond, Digher peak, which is sie
tated tliree feet abose the lower peak. The three-foorhigh sast and wel ver-
tical walls of the second prak are open o the autside and provide 400 square
teet of roof area (or ventilation of combusiion prosiees,
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The opeu lives play a vital role in the ceramony and provide the " it
source of liear far winter gatherings. Two and ocvasionally three apen lires
are burmer on the main Noar during 4 ceremons. T'nulilit‘.-n.l.llv._. the ﬁ-{-ws wWeTe
buil on the clay dint foor. Wood burned is asually Douglis lir and is sonie-
rimes seasoped  depending  on avadlability and  entting  schedules.
Approximately three cords ol woed are bun.ur'rl I‘ql- |.':Lc_.-h CEFEIMONY. and n'r_(-:
momies ipically Tast abont pvelve Tisurs wind directian is nsually fram the
southesst during the winter cervanonial seasin.,

ASSESSING HEALTH RISKS ASSOCIATED WITH COMBUSTION
PRODUCTS IN SMOKEHOUSE. CEREMONIES

The smokchonse constrietion cammenead in the spring of 1991 and was snih-
stantially complesed I 19EL The buildng was informally conveyed to the
& -
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Swinomish Smokehomse Organiztion for limited commuminy use during the
wititer reremonial wakon of 1993, During the Grst two winters of ceremoniul
events, several trilml prembers indicued the presence af & large amonnt of vis
ible smioke that remained present thiroughout the evening’s ceremony,
Membors comphiined of burning irritiion in their eves, and expresed con-
cern for the health of occupants, particutacly tribal vlideis suffering from res
piratory hvalih problems.

Recopmizing that air quality data wonld be needed o determine whether
a health risk existed, the Tribal Planning Department requesied technical
assistance (o evaluate the sk potential lrom open fire emissions, The iribe
called upen the resources of several agencies and the Universine of
Washington to address their concern with smoke and carhon monoxide emis-
sions fraom fres dunng smokehowss ceremaonies,

To awsess whether there was a basis oy bealih concern, trilid siafl obined
assisiuice from the Northwest Air Pollution Ageney, a regional wie grallntion
agency, and the Wishingion Seate Deparunent of Labor and Induserivs, 3 sae
Occupational Salety and Health Administmton (OSHA) agency, to sample
indoar air for carbon monexide, particolare, and polynuctear aromatic hydre-
carbons (PAHA) durng a ceremony in March 1997, Over a lowr-hour period, Gir-
bon monoxide was mieasured at 67 pars per nillion (ppm)  parts of air
Respitabile particulate was measured in three locations over the course of 4
owelve-boar ceremany at 39, 14, and 2.8 milligrams per cubic mele (ng/m®)
of air. No PAHs were deteeted. These measuremnents indicined that there was rea-
son [or concern about carbon monoside and particulate exposnare.

Patental adverse health effects from carbon monaxide exposure include
reduced exercise 1lerance, recnrming heart pain {people with beart problems
are more sisceprible . headache, dizdiness, lighitheadediess, and concentra-
ton, memary, and vislon probleime. During pregnancy, carbon monoxide
peses a greater risk for the fews than w the mother. With exposure o wonsl
smoke particulate, healih studies have found evidence of more shortness of
hreath and reduced lung capacity and greater chance of respivatory diseiss
siteh ax branchitis, pneumonio. atd asthira, Adverse health effects froun wisisd
sinoke can by inore severe [or children. !

Concerned that the direct application of abr quality standards might dis
mipt the truditional Seowyn practices. the wibe sought nonreguluory techni-
cal dssistanee o e the public and accupational hiealth risk and o devise
sulutions that would nor visibly interfere with the building’s truditional fea-
tres. The trilie requesiei] assistmce from die University of Washington's
Envirommental Health Department, which offers applicd research 10 non-
profit and small businesses in matters of public health, 0 provide wdvice for
nproving air quality and test the effectiveness of implemented solutions. The
Hibe seughi to improve air quality and 10 mike the best use from heal gen-
erated from the fires to provide 2 mife and comlonable ceremanial environ-
ment. A criterion [or any smoke control alieraton to the building required
that the appearance of the fire um be aliered and that the josallaion of wny
mechanical equipment ol be visible or andible in the ceremonial space.
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The evaluation began by examining how wood rombustion is likely 10
behave inside an enclosed bailding. This led w the developmient of o smoke
entisions and e movement ey, which was larer esied within the
Swinomish smokehanse, The suceesful dmulation test of fie concept kel 1o
the design and pennanent construcnon of smokehouse improvements, which
were then tested for efficacy in reducing hurmial exposures e ocmgmmis,

BACKGROLND ON WOOD COMBLUSTION PRODUCTS

A Jire that achieves complete cumbustion will prodice less harmiul ¢ombis-
tion products. Combustion is dependent on the svalability of oxygen (o feed
the chemical reaction wrd the wpe and warer content of the fuel souree.
When udequide oxvgen is avaitable, the chemical reaction primnarily prodires
carbon diexide (COs). The ahsence ol ssilicent oxygen produces inore car-
bon monexide (COJ. In low concenrstions, carbon dioxide s consitlered o
e 5 pontexic compouud. Carbon monoxide, on the wiher hand, may pose
serimms dewimental health effecis.

The temperature of the fire & dependent on oxygen supply and e water
content of the waod. A fire with adequate oxygen will bum hor Wet waeod will
bum at a lower tomperatiie becase i lamge amonm of energy s exprended
1o evipore the water betore e woort ean bueme A Nire burning at a lower
lempemniire will smolder, produciog more smoke, Complete combusiion
from a hotter ine will result i osmaller pmount ad sizes of pacticles,
DifTereiy wood species lave differeor chemical compositions depeiding
npon their resin content. A woed with a high resin conen will produee more
suoke. Alder, for example, bas s constderahly lower resin contont than
Douglas fir and would therefore bum with less smoke,

The movement chamacieristies of the combastion proditers within the
smaoke plume as well as the movement that cecurs when, the plume reaches
the rool wre hoth importani considerations for ¢flective smoke removal. As
the colnmn nises 11 expands as it nuxes with the cooler ambient air of the
larger raam.® As it reaches the roof, it will exit through the et openings i€
there are no conilicting ar or wmperatuee patterns o interfere wath that
movement. hiterfering air patterug can be cansed by several factors; (1) wined
enterimy al the roof vent openings; (2) mixing of the plume with ralder
réasn ain, resiliing i a wider, cooler phune and cooling ol the plhune as it
mines willi colder ouiside air near the roof yeuts; or (3) ar carrents pro.
duced by replacementair entering the building at the roof venrs.

SMORE CONTROL CONCEPT—SIMULATION TEST

Ifadditional pxyvgen is provided to a five, it will buin more etficiently. One way
1o add oxygen eould be to feed air to the fre by instadling a duct below the
fire. The licat fram the fire would ereate =uction within the duct o pull air
from oniside the building, This concepit was indepemstently suggeseed Ty
University of Washinpgion siadl and by iobal community memilsers who were
aware tha this approach hiad heen used in other smokeluaies, To test this
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concepl, i temporary fire pis was built on the clay floor using 4 concrete block
hise covered by a metal grne and located ar the northerm-most fire pit loca-
tion. A apceloot-disuncter dact ran from the hidie of the @31 w the nonh haild-
ing entrinee. Plastic sheciing covered the naith entrance, Dlocking ourside
air from entering the building except through the dicn

A series of sy were conducted W determine the concemivations of
smoke ad CO produced by the single apen fire with the air supply duct in
phace (measure 1) and wnhtml the doet v place (mepure 23, The wsiing
wis next completed with wwo Ores burning without the duct {measure 3).
The fourth test monitored emisions with the duct in place for one of the two
fires (measare ). Area samples lor respirable particulare and area samples
for carboi monoxide were colfected using data logging instrumentation. Air
velocity within the duct wits mesired o determine the volune of aiv that was
naturally pulled through the duct.

The wood Bumwd for this tes was seasoned, dry G The fire was simaller
thiaon what is ppicatly bumed, containing two and orrasmndll\' three layers of
faurfoot long =plit logs. A wypical ceremenial fire contains three 1o four layers
ol aplit 1o

Carbon Monoxide Measuremenis

Carbon monoxide concentration was measured in three eatons: (1) live
feresouth of the fire pit taree feet above the floar (2) on e east wall sitling
o the bleacher at support peest; and (3) hanging lrom die suppart poss e

Prablic Mvalth Considerafenes in Tribad Community Development K1

feet ahove the bleacher. Al carlon monoxide concentrations measnred were
marketdly lower than concentrations measured during e March 1997 cere-
morn when a fourshour timesweighted iverage of 67 ppm was recorded, Test
resulis were compaietl 1o the allowable Environmenml Protection Agency
(EPA) air concenwsilon ol 8 ppm avernged over eight homns

Concentmtions varted over the conrse of ech wat as shown in figure 2,
Carbon mouoxide concentrations close 1o the fire temained relatively stable.
Carbon monoxide concentmdions were the Ievwest ten feel abive the bleacher
At on the building's posts, while concentmations at the blisicher built w the
highest levels. If the duet iad pot been added w ane fire. the buildup, which
reached a ligh of % ppm, may live gone significanthy higher, The bleacher
location may be experiencing the greatest buitldup because e gas plnme rises
townrd the root vents, but as it beging 10 mix with the room air 1 widens and
cotils, Smoke on the perimeter of (he plume fallows the cold air aloug the
exterior wall. In the March 1997 wst the monitor was located on the wall
directly alumwe the hleaches,

PuoTa B Iaterne of Sre wiaim mamc e Saneder sefig mng.
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Figure 2 illnstrates the effect of the four different rests on carbon manox-
ide: exposure. With one fire connected 10 he airsupply duct (ineasure 1), -
bon moneside cancentration was found to be low and swble Wiien ane fire
was hurned withow connection @ the air supply dos (metsuee 2) the con-
cenumation began o rise, particularly at the bleacher location, When a sccond
fire withaur connection to the duct was added (measare 3), CO levels rose
Both 1he bleachers antl &1 the ligh post localions. When Lie duct was reintro-
duced to the north fire (ineasare 4) (ssmples werg collecizil on the north side
of the building), levels imnnediately began 1o drop. CO conceniniicns averaged
over the testing penod (timeweighted average or TWA) were 2.6 ppm at the
fire and 1.1 ppm high on the post. Both were below the EPA standard of 9
ppm."

Carbon Monoxide Concentralions During Smoke Contral Concept Sinmlation Test
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Particulate Meaxsurement

Respirable purticulate samples were callected at six locations on the west,
north, and cant blesschers and on four individuals pacticipiating in the testing.
Some samples were below the EPA respirable particulate (PM10) standard of
0,15 mg/m® Talsde } shows a comparizan of samphes Laken at iwo differem
locations for a ducted and nonducted ive. When Qie air sapply duct was nol
e, particulaie levels were two times higtier, There wis @ marked diflirrence
i conpentrations between the east and west hleachers: Tt was susperted thin
this may be due 10 wind through the venus Blowing smoke inta the northwest
corney af the building.

The particulate sumples collected during concept wsting were an asyerage
of 1en times lower than samples callected during the March eesremony where

Public Health Comsiderations in Tribal Commmunity Develofment 3

thie mean concentition was 3.4 migm?, The March samples were colléeted
on the support posis, approximately sight leet above il Bleachers, while the
Sepember samples were all coliecwed on e hleachers, the focation where
most people would be exposed.

Table 1
Respirable Particulate Concentradon During Concept Tests
(September 1997)

Location

Concentrilionin
g/ m®
without Duct

Concentration in
mg/m?
with Duct

West arca—top bleacher 1.1 .6

East arca—iap bleacher 0.04 0.02

Observation of Smoke Plume

Smaoke emanating from the fire and its rise w the ek of thie roof was visu-
ally olserved. O the day of the 109, the wind direcfon was primacily foom
the novih, necording to weather data mathered at the ribe’s roaliop wealher
station. The Gire connected to the air supply duct burmned clear and hot. Very
litde simoke could be seen coming from the edges of the Qame, The com-
hustion product ailamn moved guickly o the roof peiak. A the peak, the
sinoke becume rbailem and swirled afound an the peak rather than exidug
immediately. Initially, o small vent hole al the mirth end of the roof peak was
open. There was a particalarly wrbwlentare st the north end of the peak.
When the nanb vent hole was covered, the tioholence disappeared.

Without the air duct, the hive did not burn as clearly. More smoke conld
be abserved at the edges of the flame. The smoeke colunin muved nore
levhargically toward the peak, and there nppeared 16 be a Brger turbulent
area al the peak, exteniing at times below the second peak, The observed
diTerence botween lires was dranatic when two fires were burming ar anee,
with anly one of the fres contecied 10 the air supply duct.

The fire connected o the air supply doet burned hotter and s smoke
colump sppeured 1o matntain encugh heat w move divectly epward toward
the raod vents. This condition contrasted with the fire that wax not con-
nected 10 the air supply duct whose sinoke column tendaed 1w mix with mobi-
ent room wur and was coried back down along (the cool extedor walls along
the bleachers (fig. 11 As a resalt of (he observation of the mrbules: ared at
the peak and the iribe's concern abont ihe effect of wind blowing throngh
the vienits, it was condnded that apevable shitters should B installed and
Pt



RE| AMERICAN INDIAN CULTURE AND RESFEARCH JOURNAL

Makeup Air Flow

Om ihe day ol westng, dicflow was also meiced an the cast eranince during ypi-
cal fire lnpning. An jwerage airfiow 10 support each Ore was caleulioed aapprox-
imiarely. 1,000 cobic feet per minute from these measiremente It was also
observed that the wirfllow 1ended w inerasse signilicantly dunng the period wheu
woodd was adder] w the [f1e when the Bre wis tiging, When 'lJ'u: fire: was burming
houer and istes moge anthient room air woudd B pulled o the very hotsmoke

column and lw drawn out of the building at the roof vent. The phenomeuon ol

drawing amhient room air inw the sioke calumun is known as enbirmert This
entradtied air.ms also be factored e the arflow calculabons since abr will eali-
erwise be drawn o the lilding trom open eracks or arevices and doors 10
replue ihe wr (:‘Kiting througl the unoke veno. Test parmicipan s repored notic-
ing cold wr coming throngh crevices i e east Meachers and noticed strong
drafts whenever the fire was burning hottest when wood viea gilided.

POSTCONSTRUCTION FIRE PIT TEST

The lre pivsimulaion rest restlis were presented 1o the tribe and © members
of the smokehouse orgunizition. Tribal members undersiood the poiential
health risks from comtinued exposuce and strogly orged the tribe 1o insall
permanent e supply ducts ar both fire pine With funding secared Grom an
EPA air quality demonsmation granl, fire pits with permanent air supply ducts
10 the exweder of the building swere constricted at buth the north and south

Smoke Dispemsion—A Portion of Cooler Plume Follows Roofline into Bleachers

FiGunr 3,

Public Flealth Considerations in Triked Commanily Developrment Ra

fire pit locatlsms. Fire pils ave six-lool dinmetsr precast concrete valis it
extend three feer bolow ground level o ordaer o accommaodiare falling ash
and & wodoot-diameter coporere air doct. A six-foddinmeter metal grawe
placed at Noar level covens the top of the concrete vl and provides a sur-
[ace for firewood while allowing direct air feed 10 the e from the dua
extending ouiside the building. Each five’s duer extends 1o the exierion of the
huilding helow the Neor and is protected from rainfall by rool extensions. An
extertor metl grate covers cach duct’s e mtake vanle, The sunken fire pis
and ducting infrsnciure are not visihle from public view, exeept far the
grales over the pits and the exterior aiv sopply vanbis, Upwaod swangge shut-
ters were also instalbed an all opening partils for the east roof vems and ain
two of the six pormals Tor west roal vents. Samne ool vents on the leeward
(west) side were el npened 1o ensure thal some venting will alwass coenn
The shutters can be opened or clesei by 1he firemen hrom the upper bicach-
ers Vi a ximple fopeand-pulley system.

Alter completion of construcnon during 1the atomm of 1898, a secand
air monitaring session was condncted 10 evaluate the effect of tw new fire pits
ardl shutter systeoy on reducing air pollutmis in the smokeliouse, Carbon
menoxide and respirible particulate levels, wnd o velocny at the dun
entranees were weaswresl, The shulier systenn was entluated by visnal ol
vation of smoke movement at the rool peak. The wondd ased for e five on
this day was wet bat cured and had been stored autside unprotected from the

=~ L
-
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the test periad of spproximately fonr hoirs, ene cind of wend wis burned at
hoth fires. This wonld be equivalent to the size of o typical live during a twelve-
hour ceremony whea three cords are nornally capsnimed.

Carbon Monoxide Measurement

Carbon monoxide wis meiured 1 two of the same locntions measured dur-
ing the September tesix: (1) five feet from the north fire pit: and (23 on the
east bleacher at the support. post. Carhian moneside divectreading insiro-
nents with data laggers were used.

Carbon monoeside airharne concentmations af the wo sample lacavons are
shown in figure 4. Early in the 1ma peviod an incident veciirred that demon-
strafed the eflectiveness of the ducting in reducing COn Adr estieg Began when
the north fire wis huming and the duct grsee ouside the north door wis open,
allowing airflow 1o the fire, Ar 1115 A swff condueting the test wenl onide
and found that the wind had blown a section af phwood aver the tluct graw 10
block the air supply to the north fice. The plywond was removed. The biocking
of the air supply Lo the north fire caused the high peak seen in figure 4 carly in
the 1est. When the air supply duct wis unblocked, (R} concentrnions dropped
quickly. 1t is unknown how high the carbon monoxide concenuaton may have
gone if the duct had remained Blocked.

Another noteworthy observation from figure 4 is that the addition of new
wootl affected CO concentrations. When wood was first added 1w the fire, the

Carhon Monoxide Concentration During Postconstruction Fire Pit Test
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testing widf observed that the sinoke seemed (o clear owt immediately.
Bocanse af this oheenadon, the time when wood was added 10 the fire was noted
to see if diere was a refationship w carben monoxide Jevels When wood was
addled, the fire bumed vigorously, the fire wemperatore rose, and the sinoke col-
wnn hskied o the rool One explasation may be that maore ambient room air
hécamie entmaned in the houer smoke colimmm thevely puliing more of the
simoky air out of tie bullding as the houer air plume sought the cooler, lower-
proessure air autside thie rool vents, The cwrbon monoxside coneentrtin grad-
ually rose at the end of the st (g, ). Without the addition of more wead, tie
fire smoldered, possilily prm!m:ing mmare (0,

To undérstand how the carbon monoxide dispersed within the smoke-
house, a direc-eading CO monitor was carried throughout the bleachers 1o
identify dveis where the CO concentration il up. [a the upper porvtion of
the bleachers the concenumtion was higher than a1 lower portions of the
bleachers and the nerihwest corner and north end generally showed higher
concentrations, This spatiu divpersion wis observed soveral tmes throughout.
the postconstmction lest ind helped detenmine how best 1o silince the
openings ol the shatters.

Particulate Measuremyent

Respivable panticulue was measured on the Beachers and at eighi feet above
the bleachers at three different support posts so that resuls could be com-
paretl 10 the March ceremony tesi. Many of the respivable particalute Sunples
excecded the EPA respirable particilate limit of 0.15 myg/m®,

Samples eight feet up on the support posis had higher particulate concen-
trations i sunples saken an the bleachers during the some 1lime period
{Table 2). The bleacher samples would be more representative of the exposure
received by persoms sining in the bleachers. Samples collected  during
September concept testy were considerably lower than the initial March or post-
constroction Octaber wits. I Septemben diy, seasondd wisod win wied and
sller fires were harned. Although i s not [n:-:mif)l(' to conclude whether dry
woorl or small fires were more impartant tn reducing the exposure concenia-
G, it was observed that the dry wood used in September appeared 1o hirn
cleaner dian the weter wood wsed diring the Ocioher wat when the wood was
exposed 10 rin.

Table 2
Respirible Particalaste Mean Concentration (mg,/m?)

Temst Concentration Concenraion
at Bleachoer at Support Post
March: ceremony NS 3.4
Septembier: concept wst 04 NS
Ouciloler: mstallition west 1.3 2.6

NS no sample
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Observation of Smoke Plume

For the Octaber test 1he autside temperaiure was cooler and 1the prevatling
wind sronger than during the Seprember sest. The wind was fam the sonil -
cast—the npical wind direction for the winter season. The aiy seemed anokicr
during the Ociaber test than during the Septemier test. Firemen and uther
ohservers who had not seen the September test repaoited reduced smoke over
typical ceremuonial condiions. The smoke pume did not appear 1o move with
s much speed a2 during the September test, The wet waorod probably caused a
cooler bve, producivg smoke that would et rise as guickly,

At the Lieginning of the Octolser test, the <mme turbolent smoke patern
was seen al the rool as during the Segpember test. All shutens were open. The
wind from thie southeast appeared 1o blow some of the mndke plume below
the sccond peak and imo the narthwest corner of the bitding, Various shut-
tevs were closed wo determine which shuuers should be closed w remove the
trbulent stmoke at the roof and reduce the GO levels in the bleachers The
shuter configmration most elfective in elimioating the mrbulent paviemmn and
movement of smoke inw the nordiwest corner was 1o clime all but the middle
two shutters on the east wall and leave all tie west roof yents apen.

FINDINGS AND RECOMMENDED ACTION

The air ducting to the fire pit notably reduced carbon monoxide concentia-
fons in the simokehouse by providing mare oxygen to feed ihe fire. CO con-
centrations were higher ot the bleacher leve] than an the fire level. With dry,
well-seasoned wood, CO levels were helow the EI' standard for CO, With sea-
sotted wood damp from rain exposure thad esalied in cooler fire lempers:
tires, CO Jevels were above the FPA sindard. The upper nonh bleachers
have somewhat higher levels of carhban monoxide than other parts of e
building. This may he due o the divectian of the wind emering through roof
sibke vent openings.

Airborne particulite levels wore also reduced with the introduction of
additional air supply through the ducting sstem, although the reduction wis
not as great as the carbon monaoxide rediction. Concentrations were oluen
above the FPA standard. During the list testing sestton with dry, semsoued
worrl and one fire, levels were lower than lor the second tea nsing wetter
wond and wo fires,

Betwer caonvrol of particulute oray be achieved by warming the wir above
the bleuchers 10 disconrage the hot air plinne from mixing with the cold air
above the bleachers. With warmer air above the bleachers, the hot air pluine
will tend 1o seek colder nutside air Stringent contral of particulate will not he
achievable 1 a targe bullding with n[:-.;n.ﬁr("i.. The only way 10 strictly control
particulate s to imstall o chimney, The shubhers were effeciive in eliminating
tirhulent air patterns at the peak, which interfere with movement of the
sioke plume out of the rool vents.

Crreat improvements were achieved in aie quality with the addition of the
ducting systein and shouers. Two areas where gdditional improvements
woilld enliznce aiv quality and comfon in the simokchoose ave thraugh the

Prblic Health Considerations in Tribal Community Derwlofonent o)

cansistent tse of dre well-seasoned wood and throwzh the intreduction of a
hented miakonp sie supply to replace the air valume exiting the building with
the smoke plumne.

Use of Dry Wood

The difference in air quality measurements between the Septemnber and
October tests iy parnally due 1o the difference n devness of e wood used
on those two Lest days, Carban monoxide s a ||||-\1|n.1!¢:!4. four times high-
cr in Ociaber and particulate is approximately two-and-a-hall tmes higher
than during September tests, The Seplember lirdwood was very (Ir) and wdl
seasoned. Swinomish Smokehonse Ovganization valwiteers have since agili
3 firewood shelter outside the smokehouse 1o protect cat wood fram the
rain.

Addition of Makeup Air

A prewarmed makeup air supply wounld encourage the quicker exhanst of the
smoke plume through (e roal vents. A heditingventilation sssten could be
instalied out of sight below the bleachiers. The éflects of impravid ventikation

Priorrey 7. v ok au llr_,'.ll['-') Srade
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should reduce the presence af smoke in the bleachers and oo the main foon,
and lr‘npruvr femperaiure comior for smnkeliouse ceremony  paricipanis

and abservers.

CONCLUSIONS

Trihal povernments are quickly advancing (heir own development by con-
sieting new facilitics intended 10 meet comunity peeds, and by enacting
their awn regulstions w conwel the siandards of development. While relying
an building codes and cawironmental guality standards (i are often adapied
from federal or state agencies, milies should carefully anticipaw the poteniial

Chronulogy of Project Activities

Date Event/Result

Juse 1551 Construction  of smokehouse bnilding  commences
financed with cultural miigaion funds under FERC reli-
censing procedure

November 1993 Smokchouse i formally conveyed 1o the smokehonse

organization; finst winter ceremaonial scason occurs

Mirch 1995 Amokebouse memibers report persistenoe of visible smoke
fram apen fives and concern aboul respivatory health risks

June 1996 Tribe requests lechoical agency assastance o evaluale
indoor air guadity conditions

Miarch 1997 Lligl tevels of earbon monoxide and polynuoclear aromat-
ic bydrocarbons (PAHs) detected due to inchmplete com-
bustion irom woaod fires

May 1097 [eibe requests wechuical pssistance from Universine of
Washipgion w develop soluions 1o imprave indoor air
quality

Aupust 1997 Experimental fire pits constructed with directidiv snpply 1o

opien fires; stimulaticn (ests measure markedly lower con-
cenuniions of carbon moenoxide, airhome particulate,
and improved exhausi |J|umc

September 1997 Permanent air inflow pipes nstalled to uniergronnd Are
vl roof vent shutlers installed over partls in roul 1o
contimt exhaust air (low

October 1997 Cavnon monesitle and particulate levels fall within accept-
atdle fedetal and tribal siandirds

FIGuRE 5.
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for conflict when applviig contemparary development suindards 1o traditian-
al reservarinn sctivities—in particular when they may impair the ataimment of
cultaral priovives. 1 the example of the Swinomish Triba) Community: dre
catistruetion of the smokehovse not only resulted in the suceesaful resu; g:rn;cc
of copmmunity cultiral 1raditions, hut abo imroduced a new farr of public
health risk to its commmnity, Snccesadin 11 bad commumey development can e
measured by a tribe’s abiliny 10 atain in comimunily’s objectives withowt com-
promising other health, social, ervironmental, or enlursl vhjectives,

The Swinomish soughit 1echnical knowledge Grom ontstde experts from
the University of Washington and fedew) and siae agenowes, The successtul
autceme lram the integency partmerslip was lnrgely atriboted © the will-
ingness o each participant to respect the necessily o avord any distuption of
the raditional ceremonial activities. In this exannple (see fig. 5), the tse of
suphisticated airquality monitaring equipment and air movement ieory
liclped the community better understand the lealth risks ssociated witls the
use ol apen fires during the winter cevemonies. The corrective Impraverments
were designied joimly by wehnical advisors and community menthers as an
acceptable low-wchnology solimion baseil on traditional smokehause desipn
canrepts. The process also fostered i gredier sense of comyiunity welEreliance
by involving the community in each piwgse all the project

The Swinomish experience demonstrates how a COMmMuUDily ran succee-
fully mke selt-help actions w improve its pwn environment) conditionz.
Provided with new information wbaut the risks sssociated with their tracli-
Lenal ceremonial activiiies, the smokehouse organzation quickly mobilized
itls members 10 fully participate in the community imprmmm:m praject.
Their expanded nndesstnding nbong fire-burning dvnarmics fostered i -qi-omg
working relaionship with trival afficials and wehnical experts that resulted in
acceplable awertions 1o e smokcehase higilding. Members Jrarticpated in
nmr'nitnrinh' aw quality during the lesting peviods, agreed upt dliemative cor-
recuve measures, and comprised the work erew that cotistructed the petima
nemt improvements. Smakehouse meinbers responsible for the ceremonial
fives wla instinuited pew procedures fo builling and maintiining rhe open
fiees and managing air corrent dynamics by adjusting the roof shutter apslem
to correspond to conditions inside and owside the smakehouse. Finally, the
nnderstnding alxni the impaortince of o well-sasaned, dry firewoumd -it;lpplv
prompted other smckebonse members 1o constrier an esterior wood sta r.u;i-.
facility and secure a long-term sapply of suitble fuel material. t
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