ARSTRACT

KOENTG, I, M. A sonperlasn ol body deusley and pegcant boedy Cob aglng
Tugerlonol wealdual copaclty snd residus] wolume apd developpent of

Aomepead funciionsl residund capsoliy pud pesidand wnlowe predicelon
Lormulng. M.5. in Adule Floness/Caydiae Rehsbllicatien, 1990, 76 pg.
(4, Flowd)

This seudy developed prodicclon foreslas (PF) Cor resldual woluss
(PRVY amd functlonol resfdunl capacity (FFRC) using the varinbles ape
(), nedghe (lit}, welght (We), chest depeh ($0), amd smoking history
(5) in 100 male swbjects betwesn che ages of 18 - 6% yaavs, & and He
were the only worinbles which contributed significantiy o FEY. &, He,
and Wt were the only warinbles to contribote sipnificantly bo PFRGC. &
test-retest correlatlon betweesn two brlnls of BY {r = . 99) and FRC {¢ =
&) determinations [ndicated that reliable ssasures ware Caken By che
closed elvewle axypan dfluclen cechnlque, Thraegh che use af sulclple
step-wise regression the following FEYV nod PEBC formalas were developed:

PRV (liters) =  02603TGLAY + OZSE00S(HE) - 3. 89794

PFRC (liters) = .04D3365{(Rc) + ,D11&058(A} - ,00909313{Wc)

- &, M'Hsh
The standard errer of escimation (E.E.E.) of the PRY and PFRC formulns
(261 amd &03 mls, rospectlively) were all loseor than thoss eported by
Boren et al. (1966) (B}, Crapoe st al, {1983} {C), Galdwan and Becklake
L1959 (GRY ., amed Grimby and Soderholm {1963} (E5). The varlaclon [IE]
actribuced o cha Indspendant varlables was 72 and Al for PRV and
PFRG, raapicclvely. Thema A walues wers highor than those roporced by
B, €. and {F, Using the data ebtoined in this study, an AMCVA with
ropoated measures followed by a Schoffe' post boe test determined
elgnifioant differences (pc.03) betwesn PRV amd the FF of C o GR.
SigniFloant dlffaranoss {pc.05) ware alas decareined batwean FFRC and
tha PF &f R, C, CB, and G5, A Turchay purpose of thia atudy waz Lo
conpars body densicy {BO} amd pearcent bady fac (RBF) decerminad ot ctho
BV and FRC lunpg volusea manouvers im the hydrostatic weighing procedure.
Thare was no significant difference (p=.03) betwesn BI ot BV and FEC.
Thers was, howsver, a sipnlFicant difference (.03} inm ZRF ot RV ane
FREG,
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CHAFTER 1

THTROMHIC T

Hydrostacic welghing is commonly accopted ns the “gold standprd®
fae dotavelalng peroent hady fac. Bowewsr, acouracy of che hydrontatie
wedghlng Cechnlgua la dependent upon an sccurate lung wolume measuTement
fWolomen & Eabeh, 1981).

Bagidiznl veliwnma (AV}, tho amsunt af alrt vosalning io che lengs
foliowing a maximal expiration. han long bewn the mose widnly userd lung
yalume {n the hydroscatic swelghlng coehnlque, Accondlng bo Welch and
Crisp (1958}, since BV in the smallest lung wolume it is lesst saffreotecd
by hydeo=cacle prasadee, &id tharalore, che wolums of choleo. .I'|1.|:'I1e-|.|!;l1
RY moy ba tho most consistent lung volume in and eut of the woter, &
rupbet of reasavchers b suggpested Chat thls methed may bo adversely
alfoctad by pulscnary alc-trapping (Bomdi, Young, Benmett, & Broadiey,
1076; Dahiback & Lundgren, 1%72; Girandola, Wiswell, Hohler, Bomero, &
Barmus, 1%77: BEoberceon, Bngle, & Bradely, 1978; Thomas & Ethecidpge,
1080; Weltmam & Kagch. [¥HE}, Addliciosally. che axpulslon of akl alr
undorenter i wary disconmforting for soee Lodividesls énd could peswlc
in ismccurate body demsity determninaclons (Bregek, lenschel, & Beya,
1940; Thoana & Etheeidps, 1980; Timson & Coffman, 1964; Welch & Crisp,
19%0; Welowmsn, Jannay, Huber, Bians, & Kawch, 1987; Weltman & Eatch,
19§},

Waliwan ond Kacch (1981%. howe described che BV mancuvwer as a
"novel” and impossible techniguz ko "master” somebimes rogulring n

1




substontinl mueber of tcials (9-1F) For conslsCont vndepwatss welghing
yalues. Fuptharmege, Full exhnlacion may he Inhibiced as & vesult sf
the anxiety cncountered by some individuals following complete
nbmarslan (Brozok, Hanschal, & Eays, 1949},

In an attempt to eliminnce the pulmonary alr-trapplng problem, as
well s the difficulty apd dlaconlort of the BV mapouvar, & nusbor of
roceafchafs have actadpEod oo dabardmlng hady danslry et 1arger luhg
volumeg [latln & Raliliag, 17E6; lirdwall & Thotland, 1987: S&ick &
Blahep, 198F; Thones & Etheridge, L980; Timson & Coffman, 1984; Welcman
ek nl,, 1987] Walenan & Kateh, 1981)., Tn 1958 Walech and Crisp parformsid
tho hydroscatic wolghing techniques ac 508 vitol capacicy (V). Although
thin snlvad cla disconforc problem, rhe bedy density and paTennt hady
Fac valoes were signifieantly different than body density ond resulcing
poeraent hody fag ot AV,

Total lung eapecicy (TLC), the velums of gas in the lungs followlng
0 maximal inspiration, bhas nlse been wsed dn the bydenatatic weighing
procpdurs, but wich limlted succoss. Weltman and Kateh (L0815, found
body denmlty determined az TLE to be signlficently greater than body
denaicy &t AV, Biailar [fsdings wors alse chasrved o a study of 28
pra-pubhortal males (Yeltman st al., 13873, Tk wosm hypothenized that the
hydrartatic forces would nok be oz grest on the relatively smaller TLE
of pre-pubertsl malea, and charafors, provids sinilay vasulte co bady
dumnicy at BY, The signlficancly higher hody density determimed at TLO
lodd Wolemnm and asosclotes to eomnelisde chae "cho wae of hydrostacle
weighing at total lung capacity for body density determinaciom 1o not

mecuptahlno in A ressafch or olinicnsl setting when applied ko pre-



nuetereal boye® (p.51).

Whaer TLE wad datermlied with clsa uhtesac lssersed mo slgntflennc
differencs wax Fowml Erce the hady depeity detesrmiced ab BV (Timsons &
Coffman, 1984). PFuartheomore, TLE #as tated ns less diffleult ko pecform
by the subjecta.

The volume of nir remaining in che lumgs following a normnl resting
aepieation, fumcclonal residunl copacity (FRC), hns also been util Lzed
In the hydrostatic weighing procedure. Thomos and Ethecidge (1960,
cospnrud hady densley snd pereent bady Far ot FEC aed BY while Lemersed
and found mo significont differences betwsen the teo wethods. In
midicion, FC wne faced more eomfortable by the subjects, causod less
soale fluctuation, and redsoes the rombar of underester woiphing cteinls,
Similay Cindickgs @ore olso obsorved §n a stwdy by Withoropoom (1%84], im
whioh FEC not anly compaied fswoerably with body density st BV {on-1aed
and Lipmarsad), bub was Judged as the most comforcable lung wolume to

achisve and maintain durirg the hydrostatic weighing procedurs.

foed Eor the Study

Of eha alght cosmonly obeerved lung voluses, thras cesmet be
neapaced by plmples splpcmatcry: resldunl wenluyms (BV), Funcblans]l pesldisl
copacity (FRO), and tocal lung capaclcy (TLC).  Alchough BY L[u twuly the
oily limg welumo useble co ba deternlped by spirometry it consticuces o
slgnificanc component of both the FRC ord TLE lung wolumes {i.e., FBC =
EV 4 EIY, newl TLE = AY & WE). Aa o resulc, some Torm af lndirect

analyols in requived.



Indirect motheds of measuring BV, as descoribed by Wilmore (196%a),
painly consiet of thoee tFpes: (1) the pnossatomsCEle apprasch, () tha
closed civeuilt approoch, amd {3) the cpen circufc appronch. MHowever,
the datermination of BV by ary of thass matheda raguivas alaborata id
aspeiiah lve aquilpEent, & sKL1led techoilelan, amd & conclderable sssunt af
tlie (Wilsowe, 1969bY. As am alcsemative, n rumber of prediction
oquationg to estimate the rosidual lTung wolums howe been poblished
{Boron, Kory, & Syner, 1966; Grapo, Morcis, Cleyton, & Wixon, 198
Goldean & Bockloka, 1959; Geimby & Sodervisolm, 1%63). Easily meosured
phy=sicnl chatacEespistices such ps ape, helght, and sweipht ace Ehe Ensgors
ofcen used 1a the Feematbon of these prediction eguatlens.

Simce BY ie the a0 cnlled “*wvelume of cholce® for the hydrossacino
weliphlopg cecholgua, the majericy of che prodiccien aquacloms have beas
devaliopod for chis lung woluse, MWBowever, the discomfore ned diffioulcy
alonmp with tha sffpck of pulmonary alp-trapping during tha BEY msesuvnr
suggestd chat a larger lung volume abowld be usod durlng Cla
hydrostatlc welghing procedure (Welch & Grisp, 1938). Gtudles by
Thomas and Etheridge {19#00} nnd Witherspoon (1904} have detormined FRC
not only to compore Faoworably wich BV Ian che devernloation of bedy
denmity and percent body Eat, but sl=o to bs more confortable for the
subjeoc.

Although Ehers are a numlbar of prediction squstinne for FilG and BV
(boren ec ol., 1968; Grapo et al., 19%82; Goldmen & Becklake, 1939;
Grinly & Soderholm, 1963}, oo sgquatlom Eor the pradicelon of FHE and BY
in miles while Inmsrsed wag found In che Llicoraturs vovlewad. The

Lmportance of detorelnin: . df while fmmersed ls reflected by the lacge



degrnasns chaarved [n FRC n& o resulc af liypdvostacbe forees.  FRG bas
bezen shown Co dectease 21 co 66X durlng iemorslon Agostonl. Gurtwer,
Tarrd, & Rahm, 1966; Begln, Rpecalp, Scckier, Levinaon, Doughercy, &
Puncon, 1976: Bopdl st al., 1976; Glrandola =t al., 1977 Qetiowe &
Vecenro, 1982; Prafaue, Lupl, & dnthonlasn, $976; Rehertsem et al.,
19383 . Although the pffects of lmmerslon om BY are net in ngrosmsent
the majority of studies hawve found BY co be significancly reduced
Following Immsesion (Agoatonl st pl,, 1966; Bomdl et al., 1976. Caox,
198%; Jorrect, 1965 Qecrowe & Ysccoro, LTE2: Apbestsen ef ol, . LO7&).
Tharelfara, It ls [mparcest thie PRO dsod BY bhe measured durlpg lemerslon
LE wsed in che hydrostaclie weighing procedure,

The deslre to develop & qulek amd Enespenslve meihod to epstimace a
lung, woluwe thot allows acourace body density enloulation. at sn vaslly
wEtalnid il comloftabln lung voluwss {1 s, FR2}, suppocéa the beod of
this study. In addiclon, there is need for an equation to predict the
it ofCen uwend lung voluss §n Ehe bydrostntle walghlng techifgues {1 o,

MYy In miales whilen Iwfoveed,

fcatenent of che Problen

The purposes of Chis scudy wege:

I, hevelop Fovmulos for the pradiceinn of PRE and WV whils [emsreed
using age, helght, weighc, chest depeh, sng smcking history as
prediecers Lo V0D malas betwess the npges of 18« &9

#. Test the ndequacy of thess prediccion Farmulne

3, Decardine the cest-setest rallubilicy beeween crials for che

closed circulc onygen diluclon ceehnlque of FHC and HY decerminaclons.



4, Gempare tho eelclple coreelation eoeffiolont I;FI.II"'.]- newl standord
errar of tha cacimate {$.E.R.) of predicted lwmereed FRG and AV
downloped In thls atudy spelaet those of achers.

5. Cempare body density ocd poroenme bedy fat values abbalned e

lemorsed FREC and dwenveocd BV,

Bull Bypothnmss

Thae wull bypotheses of this study were:

1. Age, height, walght, chest depth, arml smoking bilstory,
elnpularly or In combination, are not prodiccors of FRC and RY in 100
mnlag betwoon the ages LE - 69,

#. There Ls no significant correlacion betwssn trinks for the
closed elrcwie oxygen dilutlon cechnlquo of FRG ardd BV decerminaclons.

3, Thare Ls mo significant difference betsmen che predicced FRO and
Y of the 100 male subjects sslng the forpulas developad in chis scwsdy
and the prodiccian of FRC and AV fyoe provicusly published forsulas.

&, Thera la no alpoificant difference in body denslity eod peroent

bady Eat determinod at immersed FRC ard dmmersed BYV.

AsSuRpELong
The Eollowlng nssumptions were made [or Chisd srudy:
1. all subfects refradnsd from sating 6 heurs prist to hydrostatic
wolpleing,
Z. Tho subjects periormed the breathing mansuvers o che beasc of
thelr abliity,
3, The swhjects did not engage In any strensous actlvicy prist to

tosting.



4. ALl Enstruwents fonctlensd preperly and provided accurate
wnluns,
5. ALl subject® were frees of toaplentory disensa,

&, Al subjocts snswered cho gquestiommaire hopestly and acourntely.

Limicatleng
Tha Eollowing llmitatfons wers sbastvod Ln regard co chis atudy;

1. A1l mshjects wors woluntesrs, ond therefare, true randomization
van not schiewed.
2. Ic was Aiffieult to determlne how well the subjeots porformed

the broathing manewawers.

Dol iwicaticns

In refaronss te this study, che Eollowing delimitotions were mode:

L. a1l subjects were males botwesn the ages 18 - 6% and lived in
the La Crosss ares,

2, Only mala ashjscts with halpghts becwaan D60 - 198 centimecers
wats Duatad,

3. Only subjects without known irspleabory dizeases wete nllownd co
participats In the sEuwdy.

4, fmly nge, halght, wnight, chleat depth, and smeklng hlaCayy woTa

woed s factors In the predictlion of FRC omd BV



Pefinicions of Torme

The Follewlng e a 1lie &F ehe corma used In this ®gudy;

1, BIFS - The corversion of gos mensurements deallng in lumg
wolumss Into body Cemparatiaaps (]--'l"*ﬂh anblant pressure, amd 100E wakei
ahtuparlon [(Fox, Boweys, & Fosa, 1988).

#, Chent Depth - The dictance from the tip of the xiphodd process
ta the teanawerse process of the twelfch rik (Telimg & Tipten, 1973),

3. Gilawed Cipenie duveen Dlutien - Aebteathing & gox of & specific
caspogltion In o closed syetem to dotermics & lung wolumo (Wilmora,
IRG%n) .

fi. FEaplrotory Regerws Poluee (EA¥} - Hoximol volume of gas thac ean
he expived from redting end-axpleation (Boren et al., 1%66),

3. Fupctioonl Hesfgual Copacity (FRG) - The wvolume of gons remaining
In the lungs Eollowing o norwal restlng explrotiom: FRG = BY + ERV
{Baren et al,, LO&H).

. Hydrostacio Pressure - The pressure exerted om the thorax and
abdomen during immersion which oppeses the inspiratery muscles {Prefauc,
Liapl , & Anthondsen, Q976

7. Bydroscacle Uolghiing - Thn Fpald avandard® cechnigus ussd pa
daturming parcont body fab through the compleke gubmersbon of the
mubinct ard mpplicacion of Arvchimedes' Principle.

B, Doem Clyeult Mathod = A gas dilucien ceshnligua Ln whickh nltrogen
in wmnhad out of the Tungs by {nhalation of pore oxypen through a ssries

of ane-way walves over a apecified period of time. amd collected im o

Large spirometer.



7. PBogk Yasgs - The numbery of clgaretba pocka amokod par day
maltiplied by the nunber of years smoked.

10, Enegsmacimntils Hathod « & wmothed af ipllevecily dotoarmining Ting
valures through the use of whele body plechyamography (Wilmore, 1965983

L1, Balmpoesy ALE-Trapelif - The skifclig of blased Fesm tha
extromltins into the thorsx causing engorgesent of the pulmonary wvessels
and subsequent alc-ttapplng os a result of whole body lenersion
(I=ahlbock & Lumdgten, 1972).

12. Bogidenl Yolums (RYY - The wolume of gos vemalming In cha lungs
Fallvwing o maxlmal oxhalation (RBoren et al., 196673,

11, Smo¥king Histopy - The total nember of cigarcttes amoked by the
mils] asr ponauyed In pack yoars,

L4, Spirometor - An alir-tight dewice consisting of two metnl
contuineta;, ans Invartsd owsr Lose other, capnblo of diresct measures of
lung wolumen by the recording of inspiratfonms and expivatfons om o
ratating drun atiasched o a pplromester (Fow, Bowers, & Fnss,. 1908}).

15. Iidsl Volums (T¥} - The wolowe of gos insplred or explred per
breath (Boren st al., 19865,

L6, Tasal lupp Copoaliy (TLEY - The wolume of gan im the lumgs
following & mowimal imsplratlen: TLE = BV + WO (Borem et al., 19685,

17. Yizal Capasiry (W0} - Maslmal velime of gea fercafully explrad
pftar n maximnl Insplratiom: VO = TLE - BY (Fox, Bowers, & Foss, LOAE)Y.



CHAFTER I
HEVIEW DF RELATED LITERATURE

The pubpass of thia atudy was to exanine tles rolationshlp betwesn
Muneclonnl renfdusl oapacity (EFRCY amd fesichie]l voluma (RVY amd clse
fantors of nge, helght, welght, cheat dapbh, and smaking hlscery, Tho
sbuly wan nleo desipned bo develop equations weing che boforo-mentinned
wurlables Co ascuracely prediet FRC amd BY, amd to compora Ehe mulciple
correlntion cosfflolent (B2} npd scandsrd aveor of the aselsats
[3.F.E.) of rhese squatlons to those of octhers (Boronm et al., L96&;
Gonpn ot al, . 1982; Goldmom & fecklake, I959; Ovimby & Sedaglalnm, 1963),
Eydroscacle woighing at an alcernacive lung volure (FRO) was tested nnd
evpluated in terme of its effect on body desmfcy and parcent bedy fac

vbhealemd ac RV,

Lung ¥olume Wensuramsnts

Mg idanl woluxs, the walwes of sitr remsslning in the lungs Following
i maximal ewplracion, is the only lumg veluma which canner be moosered
by direct spiremotry, Sines FRS and TLE alen passoss the BV oompanant
{FRC = EEV + R¥ and TLE = ¥3 + BV} they requlre sose form of ledireet
T T

There ore numerous tocholques woed Pfor she indlrest assssssent of
lung wolusses wlith scea daving back to the 1B0's when 90¢ Hunpheey Dawvy
mensured his owm lung volume with a hydrogen diluticn methad [Baven sk

nl., IDE6Y. Im 1883, Piluger described & method which wEllifed whals
10
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body plachysmerfaphy (1., , pnosctonstirle sachod) bn thie docermlontlon
of lung velumos {Borem et al., L96&; Christle, 1932). By the time of
the aarly 1900°n rescarchers (Bohr, 1907; Toblesen, 1911: nnd
lamdagoard & Yan Slyke, 1916 ps citedd i Boren et &1., 17663 Cocsiadad
thiely atcention on the varlsus lung wolume cespnrrsents. Houwewar, the
foreed Brenthing methods required For thess measures sere poorly
reproducible and difficule Eo pacform (Borvem et al., 1066},

Iin 1923, Van Slyke and Bipger developed a hydrogen diluclen
techmique in which the subjsct rebreaathss n knowm hydcogon gae
eoncentratien For Flve te sewsn minecos (Boresm ot al., 19&6). Thls waa
tha forsrunner of many of todsy's olosesd sliroult pas dilutlan
cohnigues, The hydrogen dilutlon teckmigque was wodifled by HWoHichael
in 1939 and subsequentcly eeplaced che commonly uwsed guler braaching
ouypen dilution techniqus deweloped by ChriscEs {(1932). 1In 1941, heliwe
roplaced Bydrogen as the dilution pas wich o nodificscion ande by
Mamaly and Kaleealdar, apd Joter slpplifled Ep 1953 (Borven of al.,
19667, Darllmg, Cournmacd, aod Elchards (19407 developed cha open
olroult nitrvogen washout tectmiqws which differsd greatly from previous
metheds by the incorporacion of the complote remowal of o gos from che
lungn and bedy instend of achieving an equllibcium scoce {Boren ot 21.,
L9&6i; Christle, 19323,

Thizte have boen nuncTous metheds eaployed to indirectly decermips
the residunl lung wolume In man, Accordipg bto Wilsore (1%6%a), rthe
majority of thess methods are modificatlons of Ghree mejor approachss:
(1) the pnewratonetris methed, {1} the closed circuwie wethod, and (3}

Elim cpen clpcult machad.
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Tho poawsitomecrie sechod, originally develeped by PPluger in 1282,
is based on Boyle's low, which states thot the volums of gns warles In
levepas propercion e the presgure ce whilch o 1s asb]esced. Thia
mebhod requires Ehe subject te be placed in an nic-tight chamber
coenppebid Lo & &pleemotar. Thi subjest ls able bo breathe recm alr
theough a mouthpisce conpectsd to an opening im the chomber.

Inspiratory and oxplrotory processes couse afr displocement inside the
chamber which im detected nnd recorded om a splrometer. Expiracion i=
than cerplataly obeeructed and che subjoer 16 told Co wake & moylssl
inspiratory or expiratecy effort agninst chis total resistomce. The
smount af air in the lunge s determlied by modsurlng the change in
presaures stk the mouthgiesce and volume which the thorsz expanded.

Acoording to Hobertson st ol, (1978), this mechod Ls able to detect
the slightest swcunt of trapped adr which, by gas diluefon techmiques,
ia ofcen wundateciad, Thare afe, howsver, s runber af droashacks of chis
mothod including Cha reguivemenc for a apeclalized chamber which haa
bpen doscribed in the past te b vary cunbersoms end diffleslc oo
maingain (Chrisedis, 1937}, [In additien, conslderahlie Eflme (s noeded Eo
porform Che mansuver, shich hos been described as dessnding seta
coopnration than sven tha healthlest inddvides]l can deliver {(Christls,
Le32Es.

The closad elpsule mathod 1@ hasad an 8 subhject rabranthing a known
cancencration of gos (e.p.. LOOE purs oxypen) In a closed syotem. The
subjosr 1s instructed co exhale mewisally fnto esom alr and is thon
copnocted to oichor o splrometer or rebreathing bag containing a kmown

valuss of pasx, The subjact bBraathes deaply (approxinstely 5 to B
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breaths) uncfl thecs {a a stots of squilibrium batusan the Fraction of
nliteegen In Phe aplresecer or robroachleg bog ond the Frasclom of
nitrogen in the lungs. The closed clrouic method wae orlginelly
duseribad hy Limdsgeard and Van Slyke (191%) nndl bas ablnen boen modlf1ed
by WLlwore (L969) bo provide poourate results in five to eight breaths.
Thin ceshnigue appeses co prowlde rellable vesulcs, and the aborc cloe
For duplicnte moasuros (2-3 minutes) minimiees the probles of nltrapgen
encracion from the blood. as discussed by Wilmore {196%a).

In Fegard Es tha elalm that sensurssants af BV 1n watef by pan
dilution technfques are “iovalid™ {(Robercson et al., FO7E}, & more
theteuph rovied of Bobartecn's acticls wna conducted, Robsrteon se &1,
(L978)Y, compared gas dilution amd plethyseopraphic techninues and
ohsarwed that the diluclon mechod undorestinaced BV by 16X when cho
subfect was imeersed, Bowesver, in nine of the subjects tested, seowen
nlso dieploved a lowor AV by gos diluclen decormined an land.

Therefore, the disagresmont batween the teo techniguos may not have been
ghes En alrc trapping as a result of lemersion, but rother an icherent
procedural differsnce hebteson the Eeo bechnlques,

Tht open olvowit mechod, wnlike che closed elrcwlt mothod, is based
wpin pak wnshout.  In thin wechod eha subjece {a not coquicsd coo brascla
forcafully, but cather preslwenly For five to seven minstes, BDuriog this
time of qulec breathing nlicrogen is washed out of the resplratory system
by ismhalatlon of pars nxygen throuph a seriss of one-wsay valwes {Baren
ot al,, 1966; Christls, 19323, This techniqus is genecally comsldered
to he the rafersnce method or "geld standard” oo which other moCheds

have beon compared (Dariing, Cournand, & Hichacds, 1940)%. There is,. as



proposed by Wlleare [1968a), » problem wich thls methed, The seven
mirte clno poriod nosded for the procedurs allows comsiderable time for
tha release of mitrogen from the tiséwes and blopd Into the venbilatocy
wystem,  Althouph thils saseunt may aeen negligibio, B0 - 12 ml of
mitregen per 20 spconds of hyperventilation, it is possible Dor a total
of M0 - 300 ml ta be releoased By Els epnd of che presecurs, whish esuld
hinem w migndfleant slfeck an Eke casules (Wilmere, 1969},

Of che chres sethods discusasd for the determimation of RY, the
glosesd cirouils nod open olrowlit methods are cthe mopt widsly weed
{Roberceas er al,, 1978 Wilears, 19696). This is probobly dus ce the
less expensive equipment and the docreased tine nesded o perform these
methida s compored Te the prousdtometric procedure.

In pédition to measuring BY, the three before-mentioned methods nmny
ilae e uael co deteralos lavgor lung wolusses sech as FRC (Chelscio,
19323, The importamoe of this is che possibllity of modifying ome of
ehegs meclode o mesdisie 4 lavpger lenp veluwne wich the aubjecc lemavaed,
nrd :hnwb}- cEeate & more comfovcable bydeoscacle welphlng maChad

iWitherspoon, L1284}

Lung Volumes Used Ln Hydrosrackc Welghlog
The greatest disagreoment fn determining an individaal ‘s bady
density and percent bedy fac 1s in the area of establishing the most
ppproprlace lung volume Co be used, According vo Brosel et al. (19485),
che major source of error in the detereinacion of body density im the
upcercaincy of the ajr remalning In che Lusgs durlng che wolghing

procedure, Buch Caccors as hydroscacle pressure, ale-crapping, and
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aulject confort hove boen studled in om pttempt to establilsh chs *hese®

lung wolume for use ducing hydeeptatic welphing,

R ldual Welumg

Hegidunl volome, the volumes of alr reselelng In the lunga follewlng
n maxImal sxhalaclon, has been demonpotcoted Eo ha the lapst saffecied by
hydroastatic prossurn and the sost reproduclble i snd ouk of ester,

Welch apd Criep {1958} edpleced the alfecc of body denslty
menpurersnty Followlng & movisal exholacion, and ot approximntely one-
half mmgiman sxpiration on 26 pole subjeces, Heth lung voluses sore
wmngursd wich thes subjocc immoroed (umbiliicus 30 Lnohes below che
parfoce of tle wnter) with the oxygen [lualeosc cechoigue developod by
Cowrnand, Boldwin, Dorling, ocd Bichards 1o 1808 (e clisd in Welch &
Crisp, LO5RY. They repoycad nverage denslicy Collowlng mas Emum
axpleation to be significontly lower (p<.0L) than that determined nat
one-half moxime sxplratlan,

feeprding e chaory, any increase in lung volune shouwld produce a
correepanding decroase in body density (Welch & Coisp, 1938). Gince
this was not apparent in Ehelr study 1t was concluded chat Larger Tang
volumas ara wore gusceptiblo to hydrostatic forces, and ns & Teawlt,
whould mat he used during bhydroscacie walghing.

Brozek ot al. (1%4%) utilized the open cliredlc nitrogen waahoac
methed co decarmine the offoct of compiete body immersion on BV,
Besldual wolume wng deftapm®pnéd on nine subjects in duplicate Cashlon om
land (AV dry} ard in water (EY wnot) while seated. The awerags BV . . alc

wis 1.378 licors amd wos reduced to 1.4%4%Y Liters follewlng leesepslon,




Howawar, In flve of the 1H mensuressnts BV dry was slightly snmaller than
RV wor. It wss conoluded that althoupgh {mmscsion doss Eend Eo deccoans
BY Ly mechanleal cospresnlon, soms Individsals moy oxpariencse am
lporensn dee to n modorste depree of ankieoty which may IshibLe Full
axhalacien.

Agoatonil et al, (1¥66) neasursd FEEV, FRC. and BY on eight subjoeotbs
in alr amd again imeeceed o che boundacy betwoen che thoram amd nock.
BV was only determined an four of cha sight subfects and showed o mean
docrpnae of 165 follewlng lemersien. This docreans wny approxinntsly
twn times the £, 2% decrsass cbserved by Brozek et sl. (1%49). They
accrfbutod the decreasp to hydrostatiec forces causing & shifclng of
blomd Inta the chorag aml Chas, counteracking Ehe Foroo of Elw
Insplratory musolos.

Borulf ot al, {1976} wensoared che seffsots of lemersion on RY and
alreny closure wich a etudy conducced on ten hoalely males. RV sos
moasured with & dunl inect gas dilucion techmique (Munoeley, Flyno, &
Comporesi, L¥7%) and airwsy closurs, as dececmined by closing volume,
wnd mmAsuTed by the single breath nitregen technique, Tmecsion
resulbed Ln & %.4% decrease Lo BY and a 401,38 Doceeass Eo closleg
volume, &5 compared o RV dry. Thay sugpestsd Chess Elndings suts dus
s tha incvears o Inteathoeacic blocd volume snd subsequent alr-
crapplng. To support the pulBomary wascular angergoment Cheory,
Cenirnlquets weie applled Eo the limbe duaping ieversion snd on lond &
decrease che shifc of blood loco che thorax. When Cedrnlguecs were
npplied dhiring lmssizlen clesing volume only increased 17.1% owor the

dry eoncrols and upss redeval, closleg weluss Incrvassad eo 84 3% abowva



tha dry conerels, Thua, Lt was coneluded that imeeraion couses o
ahlfcing of blood into the thoraw whieh cawses emgorgement of the
polmonsry weameln resulbing in imprired gon sechengs,

Osteove ord Voacoaro (1982) alao Found & decroase in BV with o stody
on 27 mormal Tomales, BY was measucesd by the hallews diluktlen escholgua
on land {BY dry) and lemersed to che ohin (RY wor) wizh the subject In
the aeated position. BV dry decreased L7.4%, from a mean walue of 1.12%1
iters to 9206 liters wpon lwmersion. They supggested the decrease Ln
irnersed AV was the yesult of hydpastacic precsuye which "ansioce oha
muscles responmible for exhalacion allowing Eor a wore complece emptying
of tha lungs"™ {p, 2233,

Prefaut ot al. {I97&] and Robsrt=on et a1, [(1970) comcluded thae BY
upn pot affesced By Immardlan. According co chese rososrchers,
kydrostatic prassure which tends to dectoase BV s countechalamoed by
the anporgesent of rho pulsonsry blosd weasels which comsd co Increase RV
during Ismocsion.

Cralg and Wava {1967} predicted BV to be reduced during immecsion
as a tesult of hydrostatic forces promoting the exhalacion process.
Howawar, the repertsd mesn BV dry (1.&46 lEcers) wes mot statistically
different thean the mean BV wek (1.38 1licers).

In pontrast to tho Elndings of others, Gitandsla et al. {1977}
cupnrend & significantly ineveased BV Follewisg iwmersion. The &, 7%
Inerenss over BV dry was attributed to an increased pulmomatcy blond
volums and subsaguent wtlffenisg of che lung tlscues. The Lncreass in
irmorsod BV vesulcod in a significantly lower {p<.0l) percent hedy [ae

setimation. This led Gicandola asl assoclabes Lo cofeluds “that whon



obtaining body density walues, RV should be measured comcurrently while

the subject is In the swatec® {p. 276},

Tobkle 1 suemnrizes Eho sfEfocis

of lenerslon om BY a8 raporced Ie pricr scudias.

Table 1

Effecte of Immersinn on Residunl YVeluss
as Eoporcod in Prior Studies

L Bean BY (Mitersh
Ralap i R Tmwnga Lan Alr WaCer Rifforance
#Apnstoml ot al. [1WE6) i ziphoid 1.67 1.30 -2k
Bondil et al. {1974 10 thorax 1.35 L.l -_1%
Rrazak st &l (1949} 1 tatal 1.58 .45 =13
Cox {1909} Lan me ol 0. 9% 0. 9k - 01
Crafp & Hare (1967} 21 rmok 1.4& 1.38 -.05
Etharidgs & Themas (1978) 7 s elidLi 0,93 0.93 i [s]
Slrandola ar &l. (1977) 70 ek 1.4% 1.592% ]
Jarrect [(1%6%) k] gLeTTum 1.9% 1.15* o 10
Ouetrove & ¥aconrn (LREZ) 27 chim 1.12 O, T3 =-. 1%
Bohertson st al. (1978) L] larwyna 1.45 1.20% - 17
Witherspoon {1984} S| cotal 1.2% L.25% - i

Moro.

* Significancly different cham BV deternined in alr {p<.05).
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Iocal Lung Copnelty

T am atcempt ©o elininate che offocts of pulmonary ale-coopplog
and discomEort of the BY moneuwver, & mmber of ressorchecs haws
atterpied Cha hydreacotice weipghing (W) precodurs wich che wolume of air

ramalnlog in cha lungs following o maximal imspivation {f.e., total RLung

enprnityl. A I tilal et af #budlox haws boon sondesTad
ueillzing TLE En the sszlasatlen of bedy demalcy with the ssthad of TLO
dutermlnation, dry vorsus immersed, belng the source of differonce
betwesn the stadios

Waleman and Katch [1981) exonlned body donslty ard parcent Ledy
tat, as detecmined by HW, on 72 male and 31 fomnls subjects ac BV dry
and TLD dry. Alchough stacisclcally significant differences were
ohaarved [ body denalcy decersmlnaclens, the aurtlsrs sedced that the
wlight differences in percent body fac (.05% for menm and . 9% for women)
wnre Wlithifn the Beasutesent aveef aadoclaved with tha HW cechilqus,
Furchermore, HY at TLC was rated more comfortoble by the asubjser, csused
lase scale fluctwntion, required fewer undsrenter welghing trials, and
reduced the subject’s mxiety level.

Ochet scwdles conparing body donalcy aod percemt bedy Fer ot TLC
dey and BY dey nlse fourdd body demeity to he pipnificsntly cvorssbimabad
and percent Eat underestimated with the TLO mansuver [Lacin & Rubling.
1986; Smith & Bishop, 1967; Timsom & Coffman, 1984; Weloman et al.,
L9aTh .

Timson and Coffwan (1584) detemined body density and porcent hedy
Eot om 50 male and S0 fomale subfects via i ac BY {on-land) and TLE

fon-Land and in watay), Heasuressnt of body deneity and patesnt Fat by
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W nt TLE {on-laml) wes slgnlflesncly differvanc chan mossueemant ot BY
ten-land) for boch sexes (p<d.001). Howewer, no difference was Found
bobween thoks weasures When body doseliy asd parcent Fat wora estlmated
fram BY [on-land) and TLC (in water). The authors concluded che 1% o
112 reductlen in TLE during immersicn dictotes the nesd o poasure this
lung velunn with cha subjectc in che water.

Tn addiclonsl prudies cemparing HE at TLC wec aed BY, stacistically
wlgnlfleant differences in body densicy and percent fat were chaerved
{Londvall & Thoxlerd, 1987; Rithecepoon, 1984, Hewevar, cha
slgnifleancly higher body demeicy values at TLO wot were attributed to
nothedeloglenl ercers ln ome sisdy (W thetspoea, 1984} arkd Cea low 4
lowal of fmmoreion im ctho ofkor (Lumdvall & Thorlamd, L0873, Table 2
sumpacizes the results af the warfous sCwdiss in whish TLE (dey oed

lomoraed) wae used in the docarmination af body donsicy from EWM.
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Table 2

Effect of Tatal lamp Copnelty om Body Denaliy
na Reporeed In Prior Scudias

Dody Denakcy [g/ml)
Ismersion TLE k¥

Reforence H  Lowel Trry Kot Ly Wok
Latin & Huhlimg (1988) 25 Loed L.0&5 1,047
Lundvnll & Thoelond (1787 53  clest 1.07%  1.062
Smith & Biahop [1987) &l Lamd 1,070 1.0a87
Tinson & Coffnon (1084} 3 neck L.D63+ 1.059 1.059

##5l  nock L.028+ 1.00% 1.025
Waltmon ac al. [(1987) | Lamd i.006® 1.03T7
Woltman & Kacch (1981} 72 lomd L.037+ 1.035

x5 Tamd 1,022+ 1.4030
Wltharsposn (1984] gt | eotal | {1 | il 1.05%H

Hotn. # Significancly different than body demaicy ac BV (o 03],
% Tewlloabas [assle achjeccs,

Eungticmal Reaidunl Capaclty

Az am sdditionol alcermacive to the use of BV poasures, HW At
functional residual copeclicy (FRC) has beon investigoted, Punctlonal
voeldual oppacity, the wvolums of gos réemalnlng In Ehe lungs Collewling o
notwal oxhalation, has not recelwed mech attentiom En Ehe HW cechnlgue.
This resecorcher was only able to find two studiss wblliziog this lumg

volums fot the [ndifect decerninacion of body depsicy and pepcant lody
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[nt {Thowas & Eelwridge, 1%900; Witherspoon, 1%64),

Altheuph FRC har nob recelved much actentlen Lo regard to che HY
procedure, o oonsiderable mosber of stwlles have oheerwed the offects of
Imeeyalon an FIE (Agoaten] et al,, L966; Bugle ot &l., 1976; Bosdl ot
al., 1'M6; Girandola ec al., 1977; Osccowve & YWaccoro, 1982; Aohertson ec
nl.. LO7E} Fubthotmote, FREC @skifuiidments bara sided aaconslwaly In Cha
imlirect detetmination of BV Ceem Che equation Y = FRC - ERW (Boren of
nl., 1906 Geldenn & Beckloke, 1959 Grimby & Soderholn, 1963: Tineon &
Collman, 19H0), Tabla I sussorizes che [lsdinge of otheras en Cha effecca

of lemerslon an FREG.

Table 1

Effect of Tmeoroion on Funcclomal Residual Capacicy
as Heported Iln Prior Studies

Immversion N
Roference K  Lewel (KT Wt Ffference
Apgadtani &c al, {1966]) & =lphaid 1.53 1, Slire 1. 0%
Roglm ot al. (197&) 5 mack 2.83 1. 8B 0,07
finmdi sk nl (1976 M mack 1.3 1. ik =1.37
Glromdela et =l (19773 20 neck 2.75 2. 05 -0, 7
Oatrowve & Yoaccaro (193] 27 chin 2.54 1.95= <1, L9
Rolsercaais or al, {1978 9 laryme 1.36 1. Ei% =131

Bove, * Signiflecanciy diffavenc chon FRC doy (p<. 053,
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Unlike RV, FHG hios bean conslatoncly rodsiced ol lowbng Limecsion,
newl decrenses of 21 tn &6 of FRC dry have been veported (Agostoni ot
al,, L966; Bapln ec sl., 1976; Bondl ac ol., 1976; clrasdoln ot al.,
1977 Ostrove & Yaocare, 1982: Prefnet et al., 1976; Wobertson <& al.,
19783, Dug o che subscantlol decronsa in FRE coused by Lsevalon [C la
ol ioeg Chat pey method il llzing thie lung wolums in Ehs W procsdace
should pensure L8 while the subhject La Lemersod,

Thomnag and Ethepldge [E980}F ievescigicod the aflosis ol BV aod FIRC
on body demabcy and percent far in 43 male subjeccs perlonslog tle BW
procadure, Both lung woluses wece seasutes similtanesusly with
urilerwater welght by che use of speclalized equipmenc.  Hedy densicy and
percent Ear wolues For lmeersed FRC and BY were por slgnlfleascly
difForent En thie study, A& high Eest-vetost vellabilicy af 0,99 for Clie
Ewn hody denxity detesmlrntloos st FY wos alea ceparted, 0OF add])lenal
benefic, the subject was more comforcoble porforming the HW procedure at
FRC, and caused sven laes sonle ascillntlon than AW ok TLE, fe =
result, che FRC mernouver would ba the sechod of cheles whais che Tung
valume can bhe asespesd during che undsranter walghing procsdure
fccotding to Lundwnll &nd Thovland (E98T7F, *11 aleplifiod equipmant bu
develepod, chen W ac FHC mighe be an appropeiace methed co oosmon]y
ndmknlecec® (p. 3593,

In = similar wtudy, Withepspoan {1084} comparsd bedy denslty snd
percenc Fac on 3 subiects using Four differcnt lunpg wolwses: BV dry. BY
wak, TLE wal, and FRE wot. Asseesdent of thi four lung woldmeds was mado
it the cims of underwater welghing. Theere wis mo signlfleant differonco

hagwnen IIF deternipstion nf body denelty or perfcent ok using AV dry, EV



wol, nmd FRC sk, This waw not the casn, bowever, whin body denulcy aml
poercent foc were assessod ot TLG wor, A& briel guesclomnaire wos alsa
filled put by each subject regacding the comfort and proference of each
aof the four metkods [esedlacely Following che HW procedura, FRC waes
deeped most comfortable followed by BV dry, TLO web, amd BV wet,
ruspectively, OF addielons]l {nkefsst, L was eubjecklesly noksd by the
regparehor chat cha majorlcy of the subleczs perforesd che FRC mameuwsr
wich less difTicwlcy snd lass asals asellloclen than the Chres othee
broathing maneuwors.

Withagapoos (1984} hae Cheorized that the pauclty of studles using
FHE in body densicy decerminaclon is due to che assumption that FRC Ls
not wnklly ceproduced In water, Copcrary to theas clafms Begin et al,
{197} perforoed eight measures of FRE, dry and isnersed to che neck, om
five subjecls over s Cour hour Cloe pericd. Reaults of the atudy
indicsted that immarsed FRC only ranged from L 80 and 1.90 Liters over
the Fouwr kout tipe period with a mean waloe of 186 £ 19 1ieers.
Buring vhe asnted dey mesgiares, FRC rapged betseen .71 and 2,97 licers
with & moan value of 2,88 2 .71 licers haing vaported,

Support for the reproducibility of the FRC immerscd has also
domopstrated by Thomas and Etharidga (1980}, when imsarsed FRO and AV
lung voluses wers usad in the decapminaclion af hedy denElty and pareant
Eat, the stomdavd deviatioms For the subject population (no= 43} at the
rud FRE doadures wara subatancially lower chan chosa ot AV wac, 2,260 £

J516 Mvers ond L.706 & (TR0 liters, cespeotiwely.
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The Helacionship of FRC and BV go Warfows Physlool Characesviselon
Prediotion Foreulas for FRGC ood BV have badn developed baped op
phyaienl chavaecarliscles of Iondilviduala. Although thera hawe beon a
mupher of pradiotion Formilas far FRC and BV dry, ebara §a oo weld s tho
llteraeure far cha predicclon of FEC and AY En males while immersed.
Tables & and 5 summnrize the oorrelationn reportes] by prior researchers

botween FRG ond BY and variows physicol characteristlos.

Table &

Correlotlion Botwsen Physical ChatocEerl=tles and
Funetlonal Resldus]l Gapnelry

Cleeat Spnking

Eeferonce Ape Belght oight Tepth liistory
Boron at al. [1l9&6) L L& ik L] +
Crapa =t al, [19R3] & i ik i ik
Coldnan & Becklake (19859} - 0% .54 o2 e i
drimty & Sodarholm (1963% + * + i L
Hotw. + Positlvs corelatlon Indicsesd but mo dats wete proelded.

*% Wo corvelatlon ruposrbod.

e,
Belatienablp of FRC and BY with Ags

Acoording to Brozek (1960), onm imcresse in FRRC is due ko
“diminiebad alaxele rocall of the Lung® braught abouc by tha "noTeal
process of aging™ (p. 158), Crisby and Soderthelm (1963} amd Crapo =t

nl. {1987} veported a sipnificent positive corelation of ngs Wlth Feed,



6

bist np dlach were prowlded. 1s contrase, Coldean ardd Beeblnbos {195%)
also veporied o covrelacion of age amd FRC, but in Ehe dnwerse directlom
(= 09,

Haiy researchers have sbserved the effects of age on BV and all
Bnve sigted ghot BY fncoeases wlth ope (Boven aE nl., 196&; Gex, LOAD;
Crapo et al., 1962; Goldman & Beckinke, 1939 Grimhy & Sodorcholm, 1943;
Horves, Yanllamdel, & Oradiey, LY88; Bussel, 0987; Weldwan, L988).
Aronek (190U} atcribuced the grodual increase of EY with age due to the

pedhigand elpacle poeall al ghe Dunps amd chayay.

e bt vk le wf FHE and BY wigh [eiehi

Mumerous resoarcheors hiove Tiwosclgaced the offect of helght on FRC
[Beren 8 al,, 19606; Crapo ec al., 1987: Goldwsin & Beckloko, L1059
Grimky & Sudorhols, 19263) a1l copeluling chac FRC Increases wich helght.
Posicive corvelations as high as ¢ = 36 omd ¢ = .50 hawe been reported
[Revon ar al,, 966 Ooldeans & Beckinks, 19991, Borew oo nl, {19068}
et rapelobted these Clndings to comcluds thac “Increasing helght
Incveanes pll compactments of Che lungs™ (p. 1100, &ltken, Schaeno,
Feankiln, orel Plavaon {89850 demcnacraced that predicted FRC walung can
I exientled too Include these nt the extremes of stature.

ALl ahie befere-sentioned researchers roporblng a poslclve
varpelir len borween Y sl age have alse veporond a sipgnlticanc
coreelal lon betecen BY and helght. Horem =2 ool (1966 F nml Goldein and
Bicklake (1950 Found RY o b slgnlfleancly corvelaced {po.01) wlch

lelght by deponstiacing oo ¢ ol (23 oml .29, respecblvely.
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Tahle 5

Gorralaclon Berwesn Phyasical Characceristics snd Hesidsal Voluso

Chest Emoking

EnlnTancn hgm flelght dnipght hepth Nlstary
Boren ot &1, (1966 L] J23 AT e +
Cox {1789} = 3 Al B b MY J1a
Crapo ot al, {198F) + 1 ik i A
Goldenp f Beckioke (19503 48 .1 .0b ek e
Grimby & Soderholm (1%63) 4 + i wh i
Hateew ac al. {1%89) + + + L] v
RFuxsel (1987) # L&k Al A b th 2%
Waldaan {1986} + + ik ik i
York & Jonea (10813 ik i +i i @

Mote. + Posltive corvelation indicated but no daca provlded.

* Data on fesals subjeots only.

4 Ho cortelstion repotrted

et 05,
Bnl slenship Botseen FEC and BY with Helghe

Welght wao ceported as hoving a pooitive correlatlon {f = ,020)

with FRC im males by & scedy conducted by Coldman and Becklake (19583 .
A substantlally higher corcelation was demenetrated sscng the fomale
wishjaets (¥ =  J66), Crimby and Sodorholm (1963) also reporcted o

positire onrrelatlom betwesn weight amd FRC with & atwdy on 132 males,

ngee 20 - BS Faars,



Bopen ek ok, (1%66) stated that weight corcelated positively (r =
A7, [=,017 wich BY, Bubacanclally hlgher ccrrelaclans (¢ = ,33 and © =
24, rospectiwely) were reporced by both Cox (1909) ond Bussel {1987}

with studies corducted on only female subjects.

Ralaclenshlp Betwean FAC and AY with Chesc ODupth

T only studios percoining to che effocts of chost measurement on
lumg wolmes are those of Boren et al. (1966) ond Cox (198%)}. Acoording
b Baren et pl, {1766}, "chast sknpsurdasents and chest axpanalon prevesd
of oo additicnal walue in predictlng lumg compartments® {p. 103). Cox
{1989%, howewer., Eownd o =lgnificant positive cortelotlom {(r = A3,
p=.05) becween chest depth and BY in a sctudy conducted on 100 femnles.
Although no relatlonship was determimed between FEC and chest depkth in
tox's study, Coldmon omd Becklake (1950} heave stated "the Erecds in
vouldusl velums vnlusi Follew Fiuncblenal veiafdianl capsefey valuoas
elogely® {p. 462). Tharefors, ome would axpaet chesc dapth bo be a

sigrificant {p<.0%) prediztor of FHE.

Evlatlenshlp Salwesn FRC gnd AV wih Sseklag

York and Jones (1901) scated there was no slpnlficant (g 06%
difference In oversll lung Functlon batwsan young ercolars aml nonemolers
(menn age = 1.8 yenrs)p. Howewer, BV in the lower lung cegioms of Ehe
smokevs wna found co be aigaificantly higher { p<.08). Thay comcluded
that amokivg decrnases rha slastleivy of tha longe sl eauaen
slterations in airesy Functionm, & pattern oftem chssrved among

irdividunln suffaring From chranlo ohetruckive lung dissaes
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Alrheugh the palpticnahlp becween smoking and FRC Was nor veporvod
by York and Jopes (L®BL); Borem et ml. (1966} cowppred FO of 143 hoawy
cigarecrs smokars to 60 ponamokors and fourd Che keavy smolers oo howe o
172,Zx larpger FRC, Webscer, Lorimer, Monm, Mooll, and Zasomel (1970}
reported a large but mwon-signlflconc difference [(p=.05) in BY wich a

atudy using identical twins, whore ome smoked and the other did net.

Bunctiona] Eesidual Copsclty apd Eesidunl Waluee Prodiction Forgalan
Thete have been warlous miltiple fajressicon Cormulas deawalapad Co
predicc FAC and AY. HWowever, studies for the predicciom of FRG and RY
in pale subjects while imeersed wece nob foumd s the licecature
roviewod. As & result, enly those sguations for che prediotion of FRG
and AV dey will be discussed.

Boren et al. {1966} developed o prediction Foagwule using only the
phyaleal characcerlscie of helght £s a8 predictor of FREC and imeluded age
for the prodictlon of EV. The asctunl FRC amg BV vwalwes wers detseimlrd
by both Ehe olesed civewie hellue dilution and opon cireulc nlrpagedn
wnahout Cochalgues.

Crape et al. (1982} developed an equaciom from 123 healthy non-
excking males uning height and sge as predictsrs, Dipest asaesamoncs of
FRC and BY weres pndes by the single-broach helwvum diluelaon technlqgiss an
desoribed by Eanner and Horeis (1973).

Guldann and Becklalka (1999) alss davaloped o rogression equation ko
prediet FRC apd BV. Helpght and body surface area I:HLGI!-EE:I ot uged in
the pradiéeion of FRE whareas halght and aga wara tha varisbles wtllized

For AV, Bath FRC and Y walosos were datermined by the closed circudr



hypdragen dilutlon technigue developed by MoMichael (1939},

Grloky and Boderlswlm (19535 weed clesed clreulc halium diluclom to
decermime FRC and BY on 153 male subjecks {moan age = 40.& years). The
predictors for these regression formulax wers apge, hedpght. and woight.
Table & suimsarless tha sevepal Lleaparcanc aspectad of Farmulas vaed ce
predick FRC In males as reported by other ressarchers, snd Toble ¥ choss

aof BV,

Tatle &

fssessment of Previcus Funcclonal Residual Capacity Prediction Formulas

Btamdlard

Varinhles Ercor of Gorrelacion
Ragaarehay 1Pl Eat [matlem Coaf Ficiane
Bogen &% al, Hodight (cm) B3} mle i 36
{19ER)
Crnpo &t al. Height {cm) T8 mls ]
{ADEDY Age (years)
Galdman & Hedght {emp 305 mla 57
Racklake {1950} Surface area I:I'IE:I
Grimby E Age (yaars) *360 mla s dnts
Sedarholm {1963 Haight {m)

Weight (kg)

Hikn b Valus was Yepoprted s resldian]l scandard deviaticn,
g, 05,
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Tabla 7

assensnent of Freviows Bespideal Volums Prediceclon Poremilas

StansinTal

Varlablon Erper af Correlat Lo
Eosoarcher Mgl Eatimation Coefliolent
Repen ot al. * Helght (om) ZAD mle 33
{19656} Ape [yeara)
Crapo =t al Holght {en) I mla 71
(1983} Aga [years)
doldman & Helght (om) ¥7T mila -
Beokloke {195%) = Ape (yomps)
Grimby & Ape (yoars) e li0 min nr akn
Socdeihela (1083) & Halgho ()

Wedght (kgl

Hote, * EV obtalned Eves FRC [indirect analysis) - ERY {splrometcy).
%% Wnlue reporced as the residus]l standnrd dovinbien

B, 05,

fumn iy

Fuserlomal reuldual conpacley and BV cannot be detecmined by simple
pplvometry,. and na a resule, asee Forw of Indicec® onnlysls 18 requlred.
Indiveer wechods are usually modlflestions of chree nnin nppronches:
plothypmmopraphy, teasor pas dilucion (closed civewic), or nitrogon
waghowe {opon clroolty (Boren ec ol., 1966: Chreistie, N1932). Tloaad
cireule oxypen dlluclon sesms o Lo che moac widely used due to oo high
degree of socurany in a minkwal sasount of tims (Wllmore, Voidak, ParT,

Ciramdnla, & Il'lil.ﬂb. LOEa}.
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In on atiempt Lo eliminaté Ele el Tects ol aly-ciapploag amd
dinconfort ol tha RBY aacedway, B ot lavgey lung volumses hins boon
attamprad.  Body demalbty decerminatlons at YLC wer have yielded
confliccing roxzulktn with some remsnrchers reporting mo elgnilicant
difforunces Crom body densicy ac OV (Tomson & Coffmom, 1984) while
wtlwrs finding che opposice [Lundwall & Thorland, L9E7; Wichoraponn,
Lusy .

The reaulte al llelced researeh accompCing HY ar FRC have bhean
rensmauring. Roth Thomns omd Echeridge (1%80) and Witherspoon (L1984}
hiwe Emand hody density valurs ab FRC ta be ot significancly ol Elegent
thaii a1 RY. Furchermece, W at FRC caused less scole osclllaclon than 194
@t TI4 EThomns & Etherldge, [980) amd previded subjeccs wich the mest
confertabie lung velune (Wicherspoon, 1984}

Thare apn correlaclane botdasn phyalzal chavaeteriatics and che FRC
anid BV lung volumss. Apong 1hess charsoterintics are age, {Crapo ot
al., 1982; Coldman & Becklake, 19%0; Grleby & Sederholn, 1963) helphe,
{AhLeken o0 al,, 1985, Hevan ot al., 1966, Crapo et ol,, L987: Coldmin &
Becklaoke, 1959; Crinby & Soderholm, 1963) and, weight (drimby &
Soderhoim, 1963 Coldnan & Beckloke, 195%), Seeking history has alas
boen fowsl to correlate wich FRES (Bocem ot al., L1966) and BV {York &
Junws, 19813, Alchowgh noc dloectly corvelated wich FRG, chest depth
bum l=ren reported oo signl flenntly curreinte wlth BY (Uox, 19BT).

Thia llcerapure rovlew bns suggesced a rwed 1o eacvablish equasbons
[or the predgiction of PG apd BV ip aples while joeecsaed.  Theas
[ormalae would hepefully provide a bigher mulclple corcelaclon

coefficlent (K sguare] and a lower stamlard error of sstimscion (S.E.E.}



than previously mibl lshid Cormulax. Io addiclon, there ls & peesd (o
datorming che accuracy of a Larger; morn sonfertable lunp velume {§.e.,

FRCY ko be uped Dn Che undsgwatar welghlog technlgue.

13



CIAFTRR [T

HETHOMS

Macus=sed within this choptei afe descriptléna of the aubjaeck
saloeclon and the nethods waed to detormine che waricuas phiysical
charssteriucles of sach subjecc. Alse Ineluded sre secrClons comcetnlng
[nacruseincation and development of procodures used to colleoc che

BEAENTOMACLE ,

fubjects

Ores burglred males From the La Crosse, Wisoonsin sfea veluntesred as
subjects In thin study. To achiews s large and diverse population,
wign-up shoecs were posted ot varlous escablisbments around che elity.
ffter oollecktimg the sign-up shests all potentinl subjeccs wors rcandomly
apaigned a rusbar, The nmusbars Were clsen placed Inte 4 bewl and cha
first 100 drawn were selected as subjeccts for che scwdy. I & selected
subjoce could mot be concacted or declded co wichdroe fram the
experiment, a replacement was selected by drawing ancther newe from the
bl

The ages of che subijeccs ranpged from 13 to &9 yoare old, Subjecex
heniriing any known tesplontory dysfunction, aoute or chronlo, wers ot
allowed co parcele [n chis scudy. The subjocts wers asked eo Fafrain
From stremaous physical sotivicty for 11 heurs prior so the testing. In
awddicion, the subjects were alas yequired co Fasc Tor 6 hours prior oo

the hydrostatic weighing procedure, as Tecomeended by Goldsan apd

L
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Buskirk {(L9odj.

Ench subjecc was informed of the possible dnngers imvelwed in
parcleipotion and slgned an inforsed eonsenc form {Appandin A). The
consent form contalned an explonation of the procedures involved, o
daagriptlen af posilble dlpconfcoite, Elis axpal Ment"n puipane, aidd tho
asption for cho subject to wichdrsw ot amy time. In addition, che
iresstignbor weleomed any quostions, comments, or concorna of the

sublent prief Eo amd during the eesting proceduace.

Instruments

Than Ealleding s o llet af the instrusents geesd to colleck dntn
tor this scudy:
Anthropomecer - A CPH Model 101 Anchropomecer was used Co Sso@urs the
hoipght of sach sghjsct In centloeters while standing om bare [eak,
Chest Depth Caliper « A Sharp and Smich model chest depth callper wns
aned to determine chest depeh In centimsters.
flydrentatic Weiphine Apparstue - & 6°'x 4'x 4° 5.5, Hpdrotestiop Tank
Hodal FO9771 (Bolfa., i) wae used 1o cha detammlnaticn of RY and FREC
{wmoroed while che subject was seatod. Underwater welght was assosged
with the usn of an immersed, stalnless stepl chair welghted wich lead
ghat The chailr was suspended Erew three slectronic Omeogn load-cells
(medel LECT-200) which wern interfaced to a computer system using a
safbwnres progrer dovelopad by the head labocatary techmicion ac cha

Onfversity of Misconsin-la Crosso llwean Porformance Laboratory.
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Miggatlononlee - ALL subjeets were vequired to f411 sut a questloemnice
to provide the reseszcher with a knowledge ol vach subjece’s age,
wioklig hiavory, and scuca or ehronie resplratory discass history.

L Velume Detprmingtlon - The closed circult oxypen dilutlon teschnlsqes
a6 oublimsd by Wilmors (1%6%a) war agedd Co seasuys lath BV aml FRC Jusp
wolumig. The perecent nlcrogen in che syscem was determined uslng an
electronic nitrogen annlyesr. Med-Science Model 5056 Hitralyzer (Med-
goiemer Eloctronfos, 1985). #n Omegn chart recorder was oconnectesd bo
e nitvegon analyzer ta provide o graphile rocording of all niveogan
values achioved durimg each tesc. A G-licer spirometer (Collins, nd)
upm uspd ko omedmores a velome of cxygen which wne tramalfecred to oa B-
Liter rebreaching bog that war previowusly svaouasced wia a hand punp.
AlLL owypen wolumes were measured to che nearest (01 licer bofore heing
delivered into the bag.

Single-bess Ralance Scale - A Bealch:D=Hecer scale [Continentnl model
N2 DK} was used to welgh eoch subject o the nearest pouns,

Subjects wore only a swimming sult during the welghing.

Spiecmeier - A T-licar watey fillad splresator, the Collins Vicalomeosr

(Colline, nd} was vsed in messucing vital copacity.

Procaduras
Qidar ol Feocadubs
Upon entering the testing site, soch subject read and aigned the
Informed Congent Form (Appendlx A)}. An explanacion of the procedures
waed during Ehe testing was provided to famlliavlze the subject with Clwe

equipmens.  Afcer signlng clw consent form sach aubjoct was glven a
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gquentlonnalre (Appanills B) and Inaceucced to anssor &1L questlons &a
honesely and accurately as possible. & roreening of che quenticnnaire
was Chen conducrsd Co ansura that po scuta or chrenle reaplvitory
dispase existed. GSmoking bistory wos evolunted amd recorded Erom the
fuestionmmite,

tecerminations of helght amd welght were mode with the subject
barafoet ond wearing enly swinming tranks. Chesc depth was mensured
wlth n thest depth coliper. Ome end of the caliper wos placed om the Elp
of chia xiphoid process while che sther and was placed ovar cha worCobies
of the twslfeh rib (Tcheng & Tipton, 1973%. The subject was then
instrueced to caks o notmal broath ard exhale, and ac chis pelnt a
measurafenmt wal Caken, Theas decepslnaclond were nads and an averags
value was calculated. The subject was then requestsd to inhale amd
pxhale waxlieally lote o B-1lter Vicalopotsr spliomeCer Co dibevmine
wvital capacity (VC). Alchough WC was mot a varlable used im che stady,
1t was meardred vo determine the amount of exygon ©o be puc into the
robras ching bag during lusg woluse decarminacions,

ljpon complotion of the WC moasure, the subject was asked to shower
arel then progesed into the undervater weighlng camk. After entering the
cank the subjoet mada an affert co removo all trapped air bubbles Erom
his swimming actire. The water leve] was adjusted e che level of che
sternoc lavicular noteh while che subject was seated In a stainless steol
chair. Tho arder in which the lung volumes {(RV or FHC) were to be
muadafed dis datarnined wlch & F1Ep of 4 eoip, 10 haads, RV waa che
firat lumg wolume measurad. IF ceilo, PRC was the firsc lung volums

meanaread,



kesldus]l Yolume Prooedups

Te determies LV, osch suhject wan ssatsd e the [meersion Comk of
che escnblishod water lewvel. & &<licer splromcter waa fL1led with
npprosimately five liters of pure sxygon by an eleotronlc disponsing
valwsn, The splrasscer and rehreathlng bag were £11lsd ard wepeled sws
ce ghyes Clmas to Flesh out &1l resaining gases Erom provious cests,

The spirosecer was chen £illed wicth a final ouxygen voluma (approximacely
pgual Eo VG 4+ 1 llier for BV, and W& - 1 liter for FREY. This volups
wid Ehen tranalerted lhke Che b-RiteE pabreathling bag, Witk a nods allp
ond disposable mouchpiese im plose the subject was Ingtructed o tole o
full imhalatclon ackl them to sxbales pexinmally, When the subjece falt
Ehat he had explied to hia fullest possible capabhillty he ralsed hin
irdex fimger to slgnal the researcher thac only EY resained in his
lengs. At this point the researcher connected the subjecc te the
nuyger-Fl1tad rebraathing bag and conchod the subjece wo breaths En aed
out rapldly and desply until a nitropen equilfihrium was vesched bhecweon
the robreathing bag and the subject's lungs. Although aobsoluce
apullibrive Le mpever attalned, 1t wap sesuped Eo e resched when the
nicrogen readings batwean inspiracory and expiracory phages Teached a
winlmum on the graghical printeut. The values cbfalned weore chen ploced
in the formala developed by Wilmoce {(196%a).
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B {ER - 1R}
¥ = 1.1 X [---s-sc-cscesecn = DE]
AH - FH
where = Lung woluse

Ly
B = volumes of oxygon In cebpasching bag
AN = I of alveolar nicrogen

IH = 1 of iwpurity nitrogen in vebrenthing bag

EH = T of nitiogon In relceathing bag At aguilibrium
FH = % of nlceegen Lo axplred air at equilibriunm

05 = doad space of tubss and analypar hesad (30 nls)

1.1 = BYPS corgeotion Cactor

Repautad messures of BY swere caken uncll twe trials were wichin 102
apresmonl of thaly mesn value, A clme perlod of approxisately cwo to
thires mlnutes was Lncorporaced betwesn crials to ailow For the
eliminotion of amy exoess axypgen temolning in the lunge follawing

tabraaching,

Funcblonn)l Residuoll Gapscity Procedurs

peterminations of FRO were performed In rhe same mosmer &8 BV and
differed in omly one respect. Instead of hoving the subject noximally
explibe, A8 1i tho BY fdfecver, he wea aaked o beabe Several foos dle
breaths sead at thes end of a normal, resting brenth atep =11 brosehlag
procasses and hold, At this times b signalsd the ressarcher that only
FRC remalired in his limge dnd swas than cormected ko the cebreothing bag
with a switch of & wvalve. To ascercaln thnt o "trus" renting end
expiration was established the subjeck wan asked to felax es the bose of

his abillicy and close his eyes LE dosgired. & ninimm 15 sscond time



pocled of qulet, mapy beenthing eEhicuph tho foai-way valve dis dlsa
lncecporated to eleavly sscablleh o vescing amd spplracion. A Bliless

of twe crials were performed amd nccopbed cb the sams criteria as BY.

Hrdrostatle Welghtng

Body density and percent body fot were assessed by hydroscacic
woelghing (1M}, Each subject previcusly welghed in alc was then weighed
impraed inon &'x 4°x 6° 5.5. Hydrotestlog Toank (madel f09971) while
gliEing on & sSCainlosge scoakl]l claly, The cpals weae Aespocddad Frem Eheoe
Omega load-cells {model LGJ-2000 interfsced with a computer mystem
{necurate te 01 kg) capable of sampling 50 urderwacsr weiphes within &
one second time poricd and compucing o mean urderwater wolghc Erom 104
recotdings. The rapld respomee tlmo of this syscem elimlnated cha
difffeuley of Interprecing sn osclllacing astopey scale. Water
temperature was mailmcaleed betweonm 313 - 3%,

Subjects Were welghed by Bwn different metheds of HY. Ooe nethosl
wuidl BV ardl cChe oCher ussd FRAC [or the determination of bedy densicy amd
porveant bedy fac, ALL subjects wore fivet hydrogcacically welghed ac
FrC. alchough this wiolated true ramdon assignment, |t was jedged by
the versarchar chat cha Entenss physlcal scealn put on Che reaplratory
syvstem Following =ix to elght maximal expiratory efforts for I ac EY
could possibly alter the normal rescing breathing pottern necded for HW
dutermimnation ar FRG,

& ninipom of two trinls wns required for MW ot FRC. The fewer
telale moaded st cthis lung volums sps accributed co the work of Wolcman

and Katch (1901) who hove stated wsing FROC "eliminaces the necessicy for

L]



il

muleiple undarwacer walghing erials slnce chere la ne learning effect na
is che case wich 16 ac BV {p. 210)}. If wnderwnter welghts were net
within 05 kg sgrossent hacwasn teu of che celals, furthar telals wero
conducted wntdl the .03 kg agreement criterin was achicved, & wenn
valwes was then deternined.

Tho II¥ proceduse ab BY was repeated & minlous of 3 o & tlmos o
noceunt For the "laantning® affect descvibad by Eateh {1989} . Aceording
o Eotoh {1969}, subjects learm to ewpel wore alc Erom thelr lungs with
nach addielaina]l urdafwatnr telal, and chug, wil1 contloue to bnevecoass
choir updorwater welght. The subject’s "true® underwnter welght wns
extabliphed When pd fmnre than & 03 kg diflavencs adlsted bBotdesn Cwho ol
tha gubject's highast ohtained weights., A menn valus was then
e o

Ta deternine body dennity eha previcusly sansured Tung wolusss (FEC
and R¥} oard undereotor weighcs wers insetted into the following equatlon
derveloped by Goldman amd Fuskick (1961}

Hy

By - My
S Che e o e

by
whare: B = hody denslty
Hy = moss of body in alr
m = pank of body in water
by = depsity of water

LV = lung volums



L

Bodyp damsity Lo penovally commeted to peceant body fae For
practieal application. Thora arve oo foreulas ofcan ussd Lo cha
converslon of body denaity to percent body Eat: Brozek, Grands,
Arflarvaon, and Beyo (1963) and S1pf (19613, The Formula dovelepod by

Aropek nod assocfotes was uged In chis study and ls presented bolow:

4,500
Percant Body Fab = -------- - 4,142 X 100
11
Graciscical pnolvais

A11 bexts ko dovelop a predlctlion squotion for the FRC ood BV lung
volumes Were procedsed by & Zenlcly deca syatens compuCer snd analyzad
using ABRSTATE step-wlas pultiple regressicn (Andersonm-Bell, 19875, Esch
wntinble wnn necapared to the depepdenc woriables, FRC and BY. The
resul ca were avaluaced for corfelation and sipniflcamen. & forsula woe
devised to predict both the FEC ond BV lung volunes from the proviously
manklaned plhiynlical characesriseicn,

Peadlctad FAC and BV waluss cheainsd with the formulas developsd in
this stwdy were compored Co FEC aid AV walusk cbtainud by previously
publizhed Cormulps. A one-way anolysis of vaclomce wich repeated
BEASUTES Was used Co test for slgnificane differuncas and a Scheffe’
PodE hog tesk was uvaed to ges whorpe the differencoes lay

Body densliy apd percent bedy far values ac BV and FRC sere Cested

Far algpllicent diffearencan uslng paired &-tsmte,

————




CHAFTER 1V

RESILTS ARD DISCLSEE0H

Tha data callectod for the predictlon of residual veluwse (AV) and
functlonal resldonl espacley {FREC) ate pressptad In this shapror, T
data wore processed through the wse of wultiple step-wise Tegression
Formil&a Prallcclon formilas were developed for both BY and FRG lung
volumes and tholr adequecy was evolunted. A comparlison was male hetwesn
the pradiction af BV aeel FRC from tho Sormulas developed in this scudy
against previcusly published forsulas {Boren ec al., 1%96&; Crape et al.,
1983; doldnan & feckinks, 1957 Crinby & Sodevholm, 1963},

A test of significonoe war comucted Batsean hady danelcy ad
pereant body fat obtaimed ot tho FRC and RY breathing maneoavecs. Thia
wng done to evaluate Ehe sffectlivensss of an alearnacive (0.6, BoTe

camfortabila) snderunter waighlng ceshnlgue.

Bublaect Chavacteristios
4 tatal of 198 subjects wolunteered, of which 10 wears voedonly
siloctad and esxted s dowcvibed in Chaprar 110, All subjects were
moles becween the ages 18 and 6% years and wers Frem Che La Croasa,
Wiazonsln ares. The subject characteristicos of age, helght, welight,
chest depth, smoking hiatory, B¥, PR, and percent hedy Fac ore

gummarized in Tahlis 8.
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Tahls 2

Charieteriscles of Test Papulaclon

Variable Hean q5.D. B.E.H.
fpn {yrl 17.71 13. T4 L.37
lisight (om) 177. 78 T30 T3
Welght (ki) TH. 70 9.71 7
Chest Dapch (om) .k ] .22
Snoking Hiscory (pkyr) 3,40 11.08 1.11
HY (L) 1.50 G ik
FHE (L) z.13 BT S
Bady Fat (1} 15.47 6,05 il

e

Hate, H = 10. pkyr = pack yoars.

Tasc-Retasc Ballsbliicy of BV and FRO Mossures
Tho test-retept corrolatlons betwoen Che twoe AV and twoe FREC lung
volume measuresents showed significant correlations of ¢ = 9% and ¢ =
J9H {p.O0LY, respectivaly, Thie suggests chat rallshle mossuroments
wirte taken Wlch the olosed @irouie oxygen dilutiem technique desoribed

by Wilmore (196%a).

Revelopnent of BV Fredicrlen. Fommula
The developmene of the RY prediccien formila was acconplished by
singularly ard colleccively regressing cthe physical characteristics om

Ll actial maasuped BY. Toble 9 deplces the coprelation al cha
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indepandent wariobles age, helghz, welght, chest depth, and smoking

history with the dependent varlable, BY,

Tohla %

Eesidual VYolums Correlotion Metriz of ¥nriabhles

Chast Smoking

RV Age Helght Welght  Depth Wistory
v
Age 5
Hhslght 35 -.07
Welght 6l 29 i
Cchest Depth 1] L % 0!
Smoking Hlabory 27 36 -0 L1a k[

Whan each Lodepondémt varlable was analyzed alngulerly agne alsosad
chi hHigheat cortalaclon we AV, Chest deprh and welght abhowed the et
highest correlaotion to BV, followesd by helight and smoking history.

Table 10 Lilwecvatas Che developnont af cthe prediecion lovmila By
oonlyzing the contributions of che independent woriablen peparately nrd
collectively co che wariaclon of che deperdenc varlable. Melght, ohesc
depth, and smoking histary ware mot inclodsd in the [inal Forsuls dus to
e slgnificant Lncrease [p=.03] In che varianoe of the deperdent
vacrlable, The reaults of che step-wles pegeedaion ave sumearlzed Ln

Table 11.



Tabla 10

L1

Step-Wise Regression of Varlables for the Predicotion of Resldual Volume

Variabia B 5.E. B BETA T PROA
Ytop 1
fugu 0250300 002 - 730790 11.2% Rl
Constant LERSEIT
Swep
hru LO2ENATH LOnLA - THOOE] 1a. 7% Baliali]
el ght 0256005 L0033 ST L L 1 1
Caabnnk <3, BOTRG00

Horts. N = 104,

Table 11

Sumsary of the Development of the Residual ¥olums Prediction Formuala

i fjusted
Srep R B Squaret R Sguare 5.E.E.
1. Age LTS -1 11 S0
¥, hge 4+ Helpght B3 .rz | .24l

Hpee, * B squors mediTled to recognize meslsey of [pdependent varlables.
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fge was found to contribute the most os a poedickor of BV,
sxplalning 6% of the vaclsnce (R sguare). WILh che sddition of cha
varilabla heighc, 72% of cl warlance of HY wis acesunced Eor and o
standard ercvor of estimscion {(5.E.E.) of 2l nls resulted. Tho
inclusion of wslight, chast depth, amdfeor ssoking histarcy did rat feesle
in a significant inerease {p<.05) in the predictor valwe of che

forrmala.

Cospnrinom of RV Pradigtion Fugmulas

The formula developed from this study was compared oo the formulos
developod by Borcen et al. (1966}, Crapa & al,. [(1963), Geldnan and
Deckloke (19593, and Grimby and Sodecholm (29633, These formalas with
the reported mulciple correlacion copfficient (W square) amd scandard
wrects of sstimatlon (8.E.E.) ate listsd in Teble §2. The foreula
develeped In chie scedy pesclced Inoa losery §_EE,. (2461 mla) and a
higher B square {.72) thon the previously published Formulas.

The phvaical eharaccerlscics obcalmsd in chia study wera inserced
inte che four previously derived EV predieccion Formulns. The means,
standard deviation®, snd standard errorf of thes means nre prossEnted In

Table L3,

Aonlvailn ol Verlansg

Table 14 prepente snalyeis of wariance dsca whlch was perlformed o6
che predicted BY determined with che formulon deweloped inm this study and
Ehe predicted rofldual voluses deCormined by proviowely publishsed
formalas. This was used to determire Lf scaciotically significant

differences exlated anong the Clwve foraalas Tor che pradictlen of RY.
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Statistical significance was noted [F(5,895) = 135,37, pe.OCL], and a
Sehalfa' posc hos bagk wnd performed to dotormine where the difFferencen

lay.

Tabhle 12

Gonpay Leon of Predicclon Formulas for Eesidual Voluma

Formila e 5. E.E,

Horen ot al. {1%6B6)

O1FMEY 4 DL15{Aga) - 2.24 31 530
Crapo ec al. (1982)

LOZ1E{HE) + 0207 (Apga) - 7,34 Tl T
Goldman & Deckloks {1959%)

JOETEHEY & DLY(Age} - N, AGT iy ATE
Grimhy & Sodechobe (1963)

L1FE{HEY + 022 {Age) - 015 (R} - 1.3 no dars LApce:
Prasant Srudy

FRGDATL(ARR) + -DZSE00%{HCY - 3.B9704 e &1

RBote. * Value reporced a8 che “resldusl standard deviscboo®.
it = height{om). Age = years. Wb = weightl{kgh.



Hanne, Standnard Devintioms, ord Standard BError of Monns
cf the Repldual Volums Predictiom Formulos

Tabls 13

45

Formala Hean 5.0, 5.E.M.
Roran ot &l. (1986} 1.51 202 B L]
Crapo et al. (1982} 1,60 _315 M
Goldman & Reckloks (1939 1,91= <20 A2n
Urimby & Soderholm (1963) 1,52 L2806 Rif3
Propent Study 1.50 .37l 030
Actual BV 1.5 .5L3B RiEE]

Hote. * Significantly different than BV predicted from presenc séudy

o<, 001},

Toble 14

Scatistical Analysis of Varfanoe Datno

for Hesidunl Volums Predictions

Source of Variatcleon 8.8, n.F. H.5. F
Batwnan 56, GRS T e ST2ER

Trials o T 5 2 EHEED 135, 373%
Wiwd i} o, Ta%23 495 LT

Total T2, THELE 500

Hore, & pe.0dl.
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It wos determinsd that the predicted cesidual volumes from the
[ovmilas of Baren of al, (1966} and Gelaby and Scalethalo (1961) were nok
ulgrificantly different (p=.03) than the predicted residual volunes from
the formala of this stwdy. Howewer, there was a significant differerce
{p<. 001} hetwson the fermila develaped in this study and those dévelopodd

by Crapo ot al, {1982} ol Goldman oed Boeklake (19593,

Reeslupeint ol FRC Fradictlon Fecels
The development of che FAO prediccion formula wns also dewoloped by

alngularly ard eallascivaely regreaslng the physical characcaplacles on
the actual moasured FRC. Table L5 depicts the correlation of the
irslopondent varfables ags, helight, woight, chest depith, amd sscking
hiptory with ths deopendspt vwnriabla, FROC,

Toble 15

FutClonal Realdia]l Chapaclety Coppfelaflon Hatelx of Varlablaa

Cheat Bmolcing

FHD AR Helght Welght Iepth History
FRG
Aga .21
Haighe .39 =07
Weipht 2% .24 i
Ghii . Dopch A1 L& e 67

Smoking Wintory b S0 -9 S14 M




When mach Independent varlable was omelyeed singularly helght

3L

slwwad Clae blghost sorpelntiom to FRG. Welght and ape revealod che next

highest corvelation to FRC, followed by chest depth ond seoking hleeary,

Tahls 16 §lluntyates the developnent of the prediction formula.

Takla 16

Step-Wiee Regrecsion of Varfnbles Foar the Prodiction
of Functlonal Besidunl Gapaolty

Varlahla B 5.E, B RETH T FROA

Stap 1
Haipghe AR J005% 585988 116 .ol
Gomatant -5, 2631000

Step 2
faighc 00 R1630 056 S0 535 T Rl
hgm LORIEIRY 030 250597 1.1% RURY
Comatant =5 H1F76000

Step 3
Holpht Bl bk 5 JAHAGRLL .65 <00
Ape JOLLG958 BiFEY] . SOELGn 3oy R
ideight - 0091931 Tt « 170275 «1,82 0721

Constant -6, 2096200

Bota, H = 104
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Choxe dopth and amaking history eers oot lncloded in the final
formula due to on significant incresss (pc.053) in the variance of Ela
dspendont warlable, The results of che scepswiso regresslon are

ausmirized in Tahle A7,

Table 17

Summary of the Development of the Functional Residual
Copsc ey Prodietlion Farmula

Adjuatoed
Step B B Squapre® R Sguars 8.E.E,
1. N=ight .50 3 VHi 427
1. leight + Age ol M Al A0
1, lieight + Age + Weight .63 Al 43 Tk

a—

Bore, * H oguare modified co recognize number of independent wariables.

Height was found to coneribuce the most os a prediceor of FRA,
explafnlng A% of che varlance (B square), With che addlelems of cha
wardables age and welght, 41I of the variance of FRO was accounced for
and standard erect of esclmstion (5.E.E.} of 403 mls resulved, Tha
inclusion of chest depth amdfor smoking history did ot resuls in a
signi Flenst Uneresse (fpe.03) Ln che prediccer walus of rthe Cormuls.
Althoophk the nddition of weighe did oot eignificantly (g = .07) incroass
the prodictor wolue of che formula, the resesrcher felc chat ths oaps
af which thig enrisble i& meazured, aleng with favorebls contribueinns

to the formula, justified Llcs ooceprance.




Sonpacison of FRC Prediceion Formalas

The Cormuln developed from this scwdy was compared o those

dovelopad by Boren ot al. (10&6), Crope e nl, (1961}, Goldman and

Becklake (195%), and Crimhy and Soderholm (1963). These formulas along

with the reported moltiple correlacion coeffloient { R oguare) and

standard sfrvar of estimation (5.E.E.} are Llaced Lln Table 18,

Tulbla 1H

Gomparison of Prodiccion Formulas for
Fupctloral Resldual Coapaciby

Foreala pd 5.E.E.
Borem oC al. (L1966}

LO3TEHEY - 2,94 36 B30
Crapa =& al. {1923}

JMTEHE) + DO (Age) - 5,20 i ] LT1E
Goldman & Becklnks (1%5%)

JOBL{HT) - 1.792(mAa} = 7.11 .57 _his
Grimby & Soderholm (1963)

5.30(HE} 4 OL5{Age) - ,037{We} - 3,80 na duts SEd
Prosent Study

JOASIIES(AD) + OL1693B(Age) -

,O0919313(He} - &, 20966 4l i

Mote. * Value reported as Ehe "resclidual standard deviatlen®,

it = '|1J|5-:|.|;|.‘1tl:tllll:l2 Agn = yeara, Wi = walghtikg). RBA = baly
.

suclaca avas (@

al



The formdla devaleged o thik study fesulied in a lewsr 5.E,E, (603
mla} than all che previously pushlished formulss. Howewver, the formula
doveloped by Goldmen apel Becklake (1939) fesulced I oo higher R sguape
thar tho formala develepod [n this scody,

The physical characteriscics obtalned In this study wero insected
Into the four previously derived FRC predictlen fovmulas, The madana,
sbamdncd deviations, ond standsrd error af che peane ate prosented In

Tabln 19

Table 19

Hadia, Seandagd Deviutlons, amd Scandavd Ergef of Haeana
of the Functional Residusl Copacicy Fredlcciom Formulas

Foreula Hean 5.0, 8.E.H.
boren st nl. (1%66) 1.95 B L 23
Crapnh &t Al (1%82) 3,35 . 357 036
Goldman & Becklake [L939) L %32 ek
Grimby & Scderholm (L9635 3,11+ A72 037
Fragant Srily 1.7% AR O3
Actunl FRG b 4 Sl Qa3

Hote, # Gipoificantly diffecent than MG predicted from pressnt scuady
{g<. 000},
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Aoolveds of Yarisnon

Tahla 20 presents snalysls of varlonce daea which was parfopssd on
the predicted FRC determined with che formuln developed im this scudy
pnd Ehe predicted Funotional reeldesl sapncities detepmloed by
pravicualy publlsked forsalas. This was used to determing 1f
statistleally sipgnificant differences existed among the [ive FoTmulas
for the predictiom of FEG. Statlstical significance was noted [F(5,405])
= 790,43, p<.001], and & Scheffe’ post hoc Cosg wae porforcmed Eo

dorernine where che difforences lay.

Table B

Statistlenl fmolveis of Vardismce Datn for
Fumcrlonsl Resldual Copacicy Pradictlons

Raures of Variatiss %.E, o,.F. H.E, F

B TMEEN 6, K20 05 B TET

Trials 200, 1600 3 &0, BTL900 790 . k25
Hesidunls 26, B% 34 &5 T

Toral TRF, JAS0 EL T

Rote. & p<.00L.

Baaulrs af cha Sehwife’ poat hoe cest ledicaced that the predieced
functional residual copaciciss from all the previcusly publishesd
lapmulas were algeificancly differenc {g<. 001} chan cha pradicced FRC

pheairesd from tho formuls developod in thi=s scudy



A possible eaplanacian fer the poced differences among the obtalmed
pradiccad functional residual capacities may howve besn due to the pffect
{mmersion kas oo FEC. As mént loped earlier, lemarsion has beans
demonsbratad bo Peduen aip-land decorminaclons of FRC by as meoh as 06%.
Thurefors, Cha copnsletont owereatimscion of FRC by the four previously
pubiliakied formulns wmay have been ateribuced ©o che wery Cacc chac cleas
farmilas were developed om FRC meagures made on-land as oppossd Co

imsecsed determinations,

Cospnrison of fodv Pengity amd Patosdt Bode Fak ok FRC and AV

Bady depsity and percant body Cat wars decerniped ot owo differonc
lung wolumea (FRC ord BY) to evaluate the effectiveoess of an
aloernative (1.0., move comforbobla) nderwater weighing technique. @A
polred t-best wos used to test Lor slgniflsant differences becwean body
derul by amd pereant hody fac ehralnad at the two lung velumes. The
moans, scandard doviatlons, stamdacd srrocs of che mesns, aeed C-Cast

wplues are presentesd in Takle 21,
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Takle 21

T-Teat ¥Waluos of Body Density and Fercent Boidy Foo
ghtalned at the FRC and BV lung ¥olumes

Frosodure Mian 5.0 E.E.H. T

PRI 1.0625 el o016l -1.232
BV 1. 0&08 JDa2E LOS20

Iprognt Redly Far
FHE 16 0 . 580 Y 3. LAY
By 15.47 i, R GOG

Bote. H = 100.
# Fipgnificantly diffetent than percent bedy Fat nt OV {p<. 01},

Eesults of the polced t-test Lndicated o sippificant differerce
(p=.01) between petcent body fat determlned at FRC and BY,  Hewever, ne
significant diffecence {(p=, 00} was Cound becween body deneliy dotersined
&E FRC apd A%,

The significant difference fouwmi in peccent body Ent detecmleed by
the tuwo machads are not En agreemant with the findimgs of Thomas and
Echaridgs {1900} & Witherspson (L9843 Howswer, the follure to £lnd
8 signlficont difference in hody denaicy determinad ot the FIG aed @Y
lusig wolumaa do support the findings of Thomas ond Echoridge (L9803 and

Hitherspoon {1%B64).




5

The reaults of chia study indicate che difference betweon hody
denslty determinations by hydroscatic welghing (W) at FRC and BY [x
mepligible, Alchaugh this mny e tho cese for boedy denslcy, the same
catmiat be sald for porcont body ot dececmipations by HW at FRG and RV,
Howewer, the 563 meaon difforsnce betwesn parcént bady Fob doaraymioed ac
FRE and BY pay rat be of physioiogical isporcanca, since chis 1s well
within the messutsmont srrar {4 3,011 sssscinted with thea WY cachnique

(8irck, 19613,

hiticlih

Formilas for the pradicclien of FRC and BY were developod through
cher use of pultlple stop-wise regression bosed om the following
irdupendant varlables: apge, helghc, welght, chest depch, amd swoking
histary., The warishlos of wslght, ehest dopth, aed sseking history wers
sl Cownd wo eonceibuce alppificancly co the prediocion of BV, and thus,
ware not ircluded in the Flosl forsula,  Cleat depth and ssoking history
wirte alwe por locluded in che formulan developed to prodiet FRC since
chealy Inelusion did mot sigmiffcancly lncecase the prediccor value of
che formaln.

The Fallure of skeklng hisvery te be & signifleanc predicoor of
glcker lung wolure may have beon dwes to che subject pepulacion. Only 22
of the 100 gublects Coated wers smekervs WwIich oo average ascking hiatory
of 15,453 pack yanrs,

The fallure af chest depth as a significant predictor of elther
Lung wolume may have hawn atteibuted te che fact chat oaly mila subjeocts

ware Deatad, In & scudy cenducted om only women subjects obest depth



was reporced an o slgnifieant prediecor of BV {(Cox, L989), In contrasc
to the findings of Cox (190%), Boren et al. {1966% has stoted chant
measurements are "of no oddiclenal walue im predictimg lumg
compnrements® [p. L103}. HWowever, since Boven ot al, {1966} only used
wila guh]ecca L wmay b concludad Chal clial BOASUTGEOOEA Ara ooly
appllcable ce lung valwss predictions 10 uaed for fennla subjects,

™is scedy glss conpared body domelcy ond povesnt bedy fac arelved
at by the FRC and BV lung volumes panouvers in the WY procedure,  There
was no alpgnilicant differenca (pr.05) berween HY determlmations of hedy
demsity using the two lung wolumes., Thote sns, however, a signfficant
diffavence {pet, 05} hatwson the twa Jung volussse in the decapminaclan of
percent body fat., Althsugh the petoent body Fat diffsrenoce between thas
two methods was slipht (.34%), it suggests thac If FREC ls to be used as
an altermatlve bo HW st BY din cesaacch or @lindieal sattisgs [t &heuld ba
measured simultaneowsly with enderencer weight, as rocommended by

Thomps and Etheridge {1900}

5%



CHAFTER W

SUHRARY . DOHCLUSTONS, AND RECOMMERDATIOHS

S EY
The purpose of this study was te develop formulas for the

pradicclon of realdual woluma (R ond Functional residunl copacity
(FRC} while Lemersed. It was nlso the purpose of this siody Co coppars
hady denmity npd percent hody fae determined [n che lydrescacic welghing
(FW) procodure ot the FHC and RY lung wolume maneuwers.

f high tost-rotest correlation betsesn ceiels af AY (¢ = .59} amnd
FEC {r = ,90) determinntions via tha cloped clcoult exygen dilution
technfquen sugpentad chot vellable measures were tokon.

The adequacy of the developed BV and FRC predictlien foreilass wars
provan by muleipls sordalptlon coaflicionta {0 squerel of .72 asd 41,
vegpoecivaly. Thess waluss wore highar than those reported hy
prediccion formulns developed by Boren ot al. (19863, Grapa et al.
(1%E23, nod Grimby ned Soderbolm (19631, Tha forsilas devaloped In chis
sty resulted In a lower standard ervor of che sacimation {5.E.E. af
241 and 403 mle For AV and FRC, reapoctiwnly) than all the previeusly
pulbbl luhed Corealas.

Thim study slso applisd the data ebralned from che avhfects to
Eouir praviously published predictisn Formulas, ss wall s bo chae
Frnemulae downlapsd In chis stedy. Significasnt differences {p< .05} were
Found Botween che BV predictlion formulas of Crape et al. (19823 and
goldmon and Dacklaks {1059} when ccaopared bo the BV predicclion formuln

i
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developed 1o thls atudy, Sigalficsit differences (p<,05) ware alaa
decarmingd berwaen all of the previously published FRC predicclenm
forsulas when compared te the PG predicelon formula devaloped in this
study, This suggests the pood to measure this lung volume while
lworsed Lf It ia te be veed [n che I procedure,

The Eormulns developed in Ehe presdént study [op che predlcClen of

imrarsed BV and FREC are ap Follous:
RY (llcaray = .'IJ':."EI}ETE-I:IH.IE:I + . DESE005({HE) 3. B9F04

FRC [Litses) = Q4%3365(H) + 0116938 (Aga} - ,DOORYILI(HE) -
6. 20058

Hobe ., Apge = yoars. Hr = Helgheiom). Wo = Welghoikg).

All subjects wera B at che FRC amd BV lung volomes. Body
densitines and percent hedy fats wers caleulacsd Fop ssch Jung volusa ond
waated for significant differences. Significanc differences {p<.03)
atwcen percent body £at at the FHS and BY lung wolume monsvvers were
determloesd. HAowewsr, the 54 difforsnce wan judped Eo he withln the
pRASUTERENE eryor assoclaced wicth che HW procedurs. There w@as ™o
significant differerce {p=.05} betwesn 1M determinations of hody densicy
wslng the FRC and BV lung volums mamsuvers. [c was oonoluded chat
alrthough the use of HW ar FAC (as ssosured lemevaed) for parcent body
fac decerminaclon may be acceptable im the practleal settimp, LG may ba
Inideguate for researvch porposes. I s suggestod that if a more
contorcable lung wolume is desired without ssccificing extreme sccuracy

in the I precedurs then FRC ahowuld ba mensuwred simultaosously with

e A A ol b b



urple rwatey Wwelpht, an desoribed by Thoman ond Eghecidge (19807,

Loneluslens

The resalts of this study support Ehe Eolleowing coneluslons:

1. fge neal helght wpres signiCflennt predicesrs of BV, The mull
hypochesls Was cojeccod. Welght, elest depeh, amd ssoking liscory sara
not significant predictors of BY, The mull hypothesis cowuld mot be
roejected for these charoccoriscies.

2. hpw, hedlght, and weight were the best predicters of FRGC. The
null hypochesia was rejecced. Chost depeh and smoking hisCory were oot
slgnificant predictors of FRC. The oull bypothesis could not be
tuj e Cod.

3. Thare wunz a pipnificant coftelatlon beteeen tcinle for the
eloped elrouit owygen dilucton cechnigue of BY ard FRC decerminations.
The vull hyporheels we vejected

G. Utilizing the data from chis study, there were sipgmificanc
differemess hetween Lhe BY predicclon formulas of Gropo et al. {1933)
and Coldmen and Beckilake (1935) and BV walues based on che Formela
developed in this study. The null hypothesis was rojected.

3. There waré no Blgniiicant differences betwesn BV valuss
predictad by the formulas of Boren et al. {1206} ard Oelmby and
Bodatholm {1963) and BY pradiccad by rha Poymula devaleped In chila
sgady.  The hall liypethesis could mot be rejected.

G. Utilizing cha daca from chis atudy, chera were significanc
il Eferancas batwsan the FRC prédiction Eormule= of Bovenm =& al, (196§),

Crape oc al. (1982), Goldmon and Becklake (195%), and Grimby and



I}

Sodathels (1961). The null hypothesis was rejeoted,

7. Thare was ro significant difference in body densfiy Lo the
Fubjoote teated weing tha FRO and BY lung waluwme mansarsrs in the |
prosedure.  Tho null hypothesis could mot bhe rejected.

&, thore wos o slgnificant diffarence In pereent body Enc In Che
subjoccs teaved using tha FAC and RBY lung velimas sansuvers [n Che |

procedure. The null hypothesls wan rejocced.

Eoopmrendat fons

Rased on the findings of this scwdy che following recomsendacions
ware made:

1. UDse another growp of male subjeccs o evaluste the acouracy of
thia devaloped forsulas agalneat an sutside populaclon.

1. fCoopare calculated body denzity and peresnt body el
diffarences using the pesldunl woluse formula developed io chis study
againgt the actusl measured residies] velues,

1. CGompare calewlaced body dansicy and percenc body fat
diffarances using the functional restdwesl capacity Eormula developed in
chis study against the actunl wessored funotionnl resbdes]l capacicy.

& FurChay rasearch [ nesded to Jdetermlinn che influence of
hydrostatic forces on tobal lung capacity Af It = tu be wsed In Che

hydroatatic walghing procedure.
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Informed Congont Form

L, howe apgreed to voluntest to bo a
subfect in this research scwdy. My participation in thi= study irmlwes
bhreothing Into a specially desiped apparatus to deternioe the amount af
ale remninbng ln my lungs ofter & pormnl ood maximnl exhalaclon, Hy
haipghec, welght, aved chest depth will bo measiared amd T will aloo
ccaplote A questicinaice vegarding covdlac and vespleatory dlsordars,
ngt,. and emaking hiatory. The parposes of this thesls is to develop a
prodleclon equitlen for furctlons]l eesidual enpaclty and residual volume
From The clharacteristlca of age, hadpghe, welght, chest depth, and
apoling hlscery. Tt lé alas the puepose of this thasls o nxtabhlinh a
more comforcable lumg wolune wsod In body Cat decermisocion From
undecwater welphing.

This poislble flaks Ehnz way oceur in this study are dizainess,
idusea, possible sleccrocardlographic (EMC) champes dus o forcad
pEplration or slight discomforc due to total immersiom while at che ced
of & maximal sxhalation. Instruments will be sterilieed and oleansd
prler o tasting, but the possibility of infection always exiszs. In
nlltlon, there exiscs Che possIbilicy of Enjury ax & vasule of allpping
ot Ealling upon entrance into the underwarter welghing cank.

I bBnwa peal cha gheve Inforsacion, and 1 have besn fully sdvised of
the nature of tho procedure ard what [s expected of & parclelpane in
thiw ptudy. 1 =» aware of the possible risks Lovolwed and chat I way
WlkldlYew [fom Chis study aE any bies,

Io aigning this consant ferm, T haraby colesae the Universlty of
Wisconsin - La Crosse, Che La Cresse Exereice and Haslch Pregrim, Che
Huapan Performance Laboratory employess and students emgaged Lo my
avaluntion protess from omy and all legal linkility sasociated with che
olove desgribed procedutes,

To wy knowledpe, T saw net limdged By spy comdicionde) that would
affecc my abllity co parelelpate in Chis etudy,

Slgned Dace
Hlcmess (12
1, {paremt or guardian} of the sbdoowe-

mimad gaib]eer have pend che axperlaental congent Fags and do herebky
consent to sald procedurs.

gl Witpeem
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APPENDIE B

SUBJRECT QUESTICNNATRE



T

Subiect Quentlonnalce

Haipa {please pringl Data

Farent andfor Goacdian {§ff undar 1E Faara)

Addrann

Telephome & {bope) {wark}

fge {ac lasc hirvchday} Hedghe fEnehas}
L. Date of Bicth {rmonkhdday Fyesg)

2. Do you have any resplratoery dliserdars sweh os asthma

bronchitls, ot tubsrculasind YE=S K

1, Have you ever had heart surgery of any kind or had & hoare

ntEnszk¥
YEER [1a]
A, Do you of hevs you aver amoked? YES (4]

IF yex, how many packas per day do/did you mmoke?

It yes, how mony years haves/had you seckedf

5, ars you spprshsnaive about helding yeur breach while cooplocely

gubmerged in water? ¥Es 1)

f. Bo you heve any othey condicleonis) that the ievescipgacor

should be mware of? TE =o, plaass axplaln:




ATPPENDIR ©
DT HECORD SHEET




)

Bata Beoord Shaat

Anthropnpptry
Dry Walght 1k k& Hedghe ________ &m
Chest Depth #1 o 2 om 3 om  Awp,
. Vital lung Capacicy §1 L 2 L
fimpklng Histosy, smoker nud - ke T nx - swskar
packs fday yoars smoksd pack x yumes = ____ pack
YoATE
. Residual Yolums Trlal 1 Trial 2 Trinl 3

Eng Volsums af Ouypen (BV)
Alveslar Hitrogen (AN}
Impuricy Hitrogen (IR}
Equllibilun Hicrogen {EH}
Flonal Witrogen (FH)

BV {L)

. Functional Residual <apasity  Telal 1 Trial 2 Toial 3

bag Volume of Dxygen [OV)
Alvealar HicTogen (M)
Impurlcy Ricrogen {(IH)
Bquilibrivm Hitropen (EH)
Final Hitrogen [FH)

it (L)
Inmarsad Beight (water cemp o)
FRC 1 i 3 & 5 & T
dvg. k=
Lt | - 3 & 3 L] 7

. Ieg

bl




