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Breath Analysis and Continuous Air Sampling

EDWARD D. BARETTA.* RICHARD D. STEWART. M.D..* and
JOHN E. MUTCHLERY

Departrient of Exciranmente Medicine, Marguetie School of Medicine, Milwaukee, Wisconnin,
ana Eavironmen:a. Heaitn Section. Biocnemucal Researen Laboratory,

The D:x Chemucz. Compans

":alarnd, Micnigan

4 An environmental survey was conducted to determine the time.weighted average

exposure " TW A" of 2 zroun of chemical plant workers to vinyl chloride (VCD
vapor. This survev fearurea conuruous muitipoint air sampling and analysis using an
infrared spectropnotometer. The inhaiaton exposure data were digitized and record-
ed on paper tape f{or uctseduent :smputer analysis and derivaton of dailv TWA
values for each worker. A breatn sampling program was conducred concurrentiv
with the environmentai survey. 2ma a series of breath decay curves relaring post-
exposure breatn concentration to vavor exposure were derived from the data. To
validate the breath curives derivea {rom on-the-job data, postexposure hreath curves
were also constructed from breatn data obtained following experimental human
exposures to carefuilv controiled concentrations of VCl vaper. The close agreement
berween postexnosure breatn concenrrations at the corresponding TWA's obrained
by each of tne methods :uzgests tnar cither continuous air monitoring or breath
anaivsis is vaiid for estunaung the worker's individual daily exposure to VCIl, and
provides [urther evidence tnar brearn analvsis is 2 useful industrial hygiene technique

for evaluating vapor exposure.

Introquction

HE QUESTION THAT MAY ARIsSE

lollowing an envirommenti. suivew s
whether the chemical vaper :sncensvanons
mensited e truiv regresentaive of e e
Sosure Being expenenced by e woramen,
Evaiaanen or the tanges of am
centrations and esurmates ot nne-wesanted
averaze concentiaton  LoV.\ are a.l o
ofien dased on a fow 00U sannnes osained

Dheriz tan-

UNGer Conditions s nich are nor renreeenias
ave or all phases of 1 coaen ooeranen A
MOre £NACT Measurciens of vaor oarosure
wound aave to be baed on contnuons moni-
torine of At in che workmanl's hreenine
zorw dupmye nis enthie wors shun Obvionsis

this task is made duficuit and oten hunossioie

This paper was presented at the American  iagustrial
Hywieme Conference, St. Lows, Misoun, Mav 1307 (md,
*\amuette Scnaol af Meduwcine, Milwausee, YWuacoann.

*The Dow Chemicsl Comoanv, Midland, M'chiean,

ov the large numbper and variety of tasks per-
‘ormed by todav’s modern chemical plant
WOLRCT.

Recent improvemnents in automatde moni-
toring and data processing equipment have
provicded @ means {or a more <atisfactory so-
wwson, Sequendal sampiers and automatic
analvzers and recorders can now be usea
10 continuously monitor several locations or
operations to provide more vaiid dawa on
wich to base estimates of chemical exposure.
Computers can be utilized to manage the
large volume of data generated bv continu-
ous monitoring.}

Meanwhiie a technique has been under de-
velopment woich more preciseiv defines the
level of individual exposure. The realizaticen
that the total bods burden of a volatile che.
wal 15 directly related to its concentration i
expired air led to the development of tech-
niques for collecting and analyzing breath
samples useful in estimaving the mare inc -
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vidualized exposure experienc: of 232C0 W OrK-
man. Studies ov 3tewart ¢f 4. *7 have shown
inar the excretton or “Zecav’ of vapor in the
oreatn can De used to characterize ihe ex-
sosure. Breatn decav curves construcied for
several chemical soivents nave proved cline
lcailv useful as an incex 0 zhemical exno-
sure.

Tiese mreath decas cuirves, for e most
JANT. were CORSITUCIeC  ITTM postexposurce
Jreatin daia obained [rom swoertmental hu-
man exposures to carenwiv controded and
relduv#iv CORNStAnt  vapor  CONCEntrations.
However, oreatn decav curtes nave recentiv
Teen CONSIrUCIEC {rom oreain catd cohecied
NOM WOrRErs Wil0se wolK AnVIlONment was
merr CRTTIIUOUSY MOoniiorss
w0l DUMIEN 2NU0sUre 0 vindi

VADOr., oreain dceay curves

ed from daa obtanzdg during ex-
merimentai exgosures to ina2 reiativew uni-
{0rT CONCenITANon wiinin an 2Nposure chain-
Ter were compared w.in Lic:e cerived at the
theoretically equal, but breadiv ductuating.
seogentrations encounterec noa  cnemical
o.ant aumoespners. A measure of the vahdity

¢ Cconinuous mon

]

DLmers O DreAtn ananEs ono assessing dme-
wewrnied Averays exnoiure was refected oy
4 Se SINNATID Defween Tne two o sels ol

Creamn decay cuives
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Where T, 1 mesn zoncentrares gt Statian
P v per cent of i ypent at location

. '
during aarmal work agtivity

Figure . Schemate diaeram o!f the inirared
CONIIAUQUS MOnIOnngG sVstem.
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Procecures
Monttermg e Plant Atmospnere

The cnemical .astallation surveved was 2
ciosed structure Dousing  several separate
chemicai xuocemn'r operarions, First. a jon
survev was conducied for each of four job
ciassificazions 10 cetermine tnhe work areas
Ireguenied Dv e workmen and the tine they
spent .mo=ach ared. Ior eacn job classincation,
Sive samiouar arenes were strategicaily placed
in the work area. A sixth prone was piaced
nutsice ine puncinyg. and chaicoal and siica
gel Riters wers mnced in the samoling line
10 asiure 1 Lenn oo reterence. [he sampie
prooes  were 3 I60-nch LD, Saran tubing
IATONITN wICD 2I0 IAMDies were crawn ovoa
acuum SUmD a3 rate of 17.3 litars nun
10 a venuLiy L2QIT inirared specironnotom-
gler, L@ fTectroThotometer was equipped
wih 2 L J-meter Daueength Tas ceil sensi-

uve o 1o VCUoar a wavelength of
'0.63 mucrons. e VOl concentration was

Lnear. roi2II D 3D0rDANCE Up 10 ADDION-
imateiv 10C0 tom.

A scmemauc dlagram of ipe samoling svs-
lem s snown Lo figure 1o Sampiing was ex-
ACULaC 2IQUeTIIALY Wit A et of Six two-wav
i10ienoic wauves vontoiled by a omer which
sgvanced tne samniinz location every 3 min-
qres. O\ EGA. acocunt of nansmittance was
LeCOrGes nn A strio eiart tecorder. Mean.
wnile ne data were recorded in digital form
on pazer tape 9y 1 upe punch and digitizer-
gxngrn.n:ucd o0 record three equaily spaced
sransin.ances during the last hait of each
Y-minuie «amning neriod.

The -ransnpuance da furmisned by the
socctiornotomerter was comverted o absorb-
anee and reduced o concennation according
to Beer's law:

(X,—X%)
(X.—X®)

>
"

0G0

Wwivre

A = ArNOIDAIN G

RRELSITIRT I DA
resnon:e at totai absorpuon.
= t-wnonse at location o,

e
~
I

o]
o
@
)]
=]
m
W
n




American Industrial Hygiene Assacianion Journa

Finaiiv. 200 —
9~ \
=} - ~ o LOAGH TOR ZPEwATCR
= o e LSAGULATOR PEVATC
' RN : z
v - \\\ N
DR EN wor ) RN - m.nnu--n:n. .
9 v oo

= 2 Droporonailly constan, W N
concentration , \\ \\ \.\

H

The mped Zata “were processed dv 1 Dur- e N
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rougzns 3300 comnuzer at The Dow Chemi- e Xv S
ca. Company C.om:uzatxon Researcn Lazora- - AN )

.t - T TINCENTRATIQN Abu gy \ \ b
ierv. The comnuter was ased 10 co.ouiate ——me——— \ i .
. S oae R B -
the mean and smncaid cesiation o concen v T B ETRTYTYr s rarararrarvererraril
trarions Al eacll .ecanen lor eacn s-oour TNE-WEIGRTED %, OF TiwE Twi ZSACENTAATION EXCIIZED TrAT SHQwn

enpe 2nite Flaaile  simpogaignte - .. . .
work snifi. Finaliv, tme-weignie Figure 2. Exposure profiles expressed as V.
4azor oncenirauon versus ine exDofure TrEgienyt
ur tob cnssificanons

CONCENIranons were h.,..CLZ'..'.‘n.(..CZ Nel

obrained from

o 71355 \ Fizure + . The overa. enr.
RIESELECEN concenrations cerasl sev- cf the piper was aoour 9 ingnesn 2 0 ool
eral ')v-ec..os ! ‘e*.‘e;s was 280 cemouig for oy O S " eeans
aorted 10 and from work in a

Tlhe piasuc caps were lned wizh 2N lavers
{ S.u:m Al idenucal o thar used [or -
ComsIrucuion of Suran Al smmming odws e
: SR 3 3? nch hole preartiled througn one oi nx
533{ concentrations exceeded n2 evels  caos provided an access for swuhcrawins
nown. Thev summarize severa 18ns < 100u-  samopies  The Saran iiners provided an 2i-
sancs of individuduy measared CONCUnA- fecnve as barrier so tnat vapor osses wers
Zons and reduce shem o angie - - )
ure 3 spnows the corrective e
anout bv acuons uncariaaen o
.x::‘nosm eric conceniration o
-month period during which the sucy was
cenducted. Only two job classineations war-

ranted extonsive siucy DUl men n L.olour

eid to less than 1097 for a holaing penoc
TRt af 3 davs.

When collecting a sample the subjeer was
asaed to remove the caps. piace the piner 0
his iips. and breame pormaily in througiy Lo
nose and exhale through the nipec three

Glassineanons were assed 0 Carie uiE o

e bhreath sampiing aregram. Hor—————-— o= e
-
(Do=ite -j.)u Brealh Sam "ldl” R + ISAGULATOR ZPERATOR
Three separate hreath saum i ::,_ N e wecesion
were conducted coneurrentiy e
anmental plane sursev, designated v the RN
boxed poruons in Firune 3. Each worser xr
coilected three hreath camnies dativ—:22 fust el o~
on nhis arrnal home rrom work, e <econd :::_"'*'"?*—\
3 to 10 hows iater. and 2 Anal samoie be- .
fore retwininyg to work the KOHU\H”Y \_i..\ Tae "\_:m..u‘..‘m:.‘.r‘ FEamART | wak(h cren uar ont
cambles were coilected in pipets constructed
from short {enwtis of 20-nun <oft ¢iass woing Fiarre J. Weeklv mean vapor exposure concsn-

trations measured dunng the survev. Periods dur-
. C o . "o ing which breath sampling was conducted are reo-
wmreaded DOrLeN At 3 J-drame o o-nh s Iow- resented by the boxed-in areas,

o witich had been welded at cacn end the
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Ficvre 4. Giass picer 393 miit used lor collect-
.az breatn samoies. One cao has a sreanilea hoie
‘ar ¢as samoling, Both caos have Zaran liners
AAICH seal ine piper cnamber.

nmes. Alier expeiling the fourth oreath ne
suickiv cans the tube, raooing a sorton of
a.weoiar awr. The imoorwance of writing the
name. date. exact ume of sampiing. and the
weorkshilt most receatly complered. on the
laoel atsached to eacn piper. was siressed.
Ailguots were drawn from the pipets with
a -mi Hambton gas-nynt svrings and ana-
nzed inan Aerograzh A-2000 zas cnromarte-
srann using N, carmer 23s ang : avarogen
“ame detector. Sevaraticns
a 6-t00t. | g-incn I[.D. stainiess-stes: column
nacked with Carbowax 20M a.sziine on
Chromosord W 6380 mesn acid-washed.

were made with

~ , ,
Zxrosure Chamoer Ozeraiion

Three experimenta: human exgosuras to
VCi were concducted at neominai vapor con-
centrations of J0. 230, and 330 zom. The
XDposure ChmDEr was a room measuring +1
eet by o feet wide bv 7.5 feet zigh. The
nom had 2 conunuous nositive r suoply
and exhaust svsiem capable of maintaining
1 sight negative pressure within the cham-
ser. Conunuous distribution of the cham-
Ser air was achieved by recirculaung the air

*1

with a sewrrel cage fan througn . series of
el and outtet ducts soannine che enath of
he chamoper. Toe VO was metered into the
duct carving air exhausted bv e squirrel
carze {an and entered the room zimospnere
via the recirculation svstem at a rase suthcient
to maintain the desired atmospheric concen-
iratton. Tle vapors were introduced from a
aressurized storage cvimder throuzh 6 feet
of 'yainchh 1D
rotometer prior 1o entering the cireniating air
duct. A heating wne wranned around the
stainiess-steel tubing prevented condensation
of the VC! and swuabtlized the Sow of the
v anor.

statniessesteel tuding nto a

Thie concentration of VCl in the chamber
was constandy monitored with a Perkin-FRi-

mer infrarzd speciropnotomerer equipped
with a 10-mezer nath-length zas ceil. A sam-
»iing prove. comsisting of 3/16-inch 1D, Sa-
ran woing. wvas ceatrailv locared during the
exposure to represent the breathing zone of
all subjects within the chamber. The probe
was moved 2bout srior 0 each exposure o
detect imba.ance of vapor concentrations
witnin the chamber so that necessarv cor-
rections In e recirculating svstem couid be
mace. Air :ampies collected periodicailv
ithin the chamber throughout the exposure
av were ana.vzed dov gas chromatograpny for
2dded assurance of anaivtical accuracy. Both
e infrarec idectrodnotometer and the 7as

Rl

2Nromalogrisn were laidrated beforz each

W
-
-

axperimen: ind 2t ntarvals arcugnout the
aNposure Qi

Each 7.3-tour exnosure dav inciuded a
0.2-hour luncn perod in an uncontaminated
area outside :the exposure chamber. The
TWA concentratien was calcuiated on the
Das's of 7.3 hours of 2xposure.

Clinweal anu Labora:ory Procegures

Each subfect nag besn under careful medi-

cal surveitlance oy tne medical depariment
for a number of vears. and each was given a
compliete inedical examination a few davs
arior 0 the VOl 2xzosures. Included were
1 compiete urnaivsis and 24-hour urine for
arobilinogen. complete biood count with sed-
imentation rate. reticuiocvte count, SGOT,
SGPT. LDH. aikaiine phosphatase. BUN.

credtinine, and biitruoin,

Eacn subirct ~otenved 2 tepeat phivsical
sxamination . hour betore entering the ex-
0sute chamoer T examination included
weasurement of temperatue. biood pressure,
and ptuse rate, a aeuroiodical examination.
and coilection ol bhived and breath samples.
A questionnaire noting the presence of any
sunntoms of llness  tor exampie. headache,
nausea. iv throar  completed the pre-ex-
sosure medieal evaluation.

After the subiect entered the chamber.
toral expired breath samples were collected
every hour by having him breathe out through
a Saran tube leading to a Saran plastic col-
'ection bag located outside the chamber.
Tidal volume and ol expiratory capacity

B10G25¢
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dmerican Inaustrial H-mene Ao

were meastred In the Morming 200 .23 .t
in ne afiernoon e NDOsuIe eritas,

Subjective and neurcioZicau rusnenies sare
measured before the ubiect -niria ne

chamber. 13
nour o anler l.:

oraination andg Crawicra Moanm.a.

mUnuLes ajter eniance Ing At

zits were conducied it omadmornnz Lo
again in the artermoon. Breat: :xm.ns T2-
an lmmeciater  alter the fisoelt =T tho
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¢en:ration,
and -ostexnosure tme.

Each breath decav Curve 1525 2o sraociated
stancard error of res ;
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opst renresents Lo

WEBN DIPAIN VInh. JLOr.o@ Ion-

ume-wenrnieéd Averioe

:m‘ r"""d ohand
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Adence band Jor the mean o 2 noud or -

seryations was chosen mnothis o ose o cdescnie
the statistical error associated b oo
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Rasuits
Fveormomental Breath Carees

wial of 13 men vartdeisated n o
exnerimenai chamber
concentrations or 30, 130, and 200 :un cro-
ducing 2 total of 169 Jdata
j)l’i“(". r e O[ [AIL “l\ b3 U)I"(”; 2N "‘("" "1 wh :0

were re-exposed ar 200 24
iater There was no measaran.: o«

worintee
avnosies 2 nonnnal

vaad broeamn

P!)ﬂ‘.

chioride detected on the reanns o e
eetsoprior o che
breamn samnoiing was initiated  anmaediandy
after the subieess left she exrosure ¢
and continued uvn to 20
eXpOSUres.

second  exnposue, S
hamoer

" -
IonongnT e

houts

Wi Jouwrna

wn
e

Taste [
Zxoerimental Human £xnosure to Vinvi Chlonde

Chamoer
Cuneeniration

num

= r= Range T A3 Numzer o1
X 3D, ppm: pp@m Suniects

s 2 n3- 3} =4 u
61 3 S 248 R
R B 11g—i71 +54 -
BN Y 325=73 41 7

‘:—,mc-\vrx':mgq average cangentfation basea on .5 ours
aciauanyg 3 ..)-hour iunca perisd :n an uncontaminiies
af®3

“Cunuinaoys esvosure tor 1.3 nours.

an e tetal T3 Rours whic L::i;ded S 0.3
nour ‘lLlﬁC&l ‘E"'OU n AT cunmm:n_‘.:zf

ea.
The fnal breath decay curves intended fo
an index 0 VCl exposures were ad-

justed o TWA concentrations of 50, 231
160 —
——— =
ol —_——c =

08

— * -- =

BREATH YVINYL CHLORIDE
ITNCENTRATION, PRu

202

Q01
v 7 4 & ] 10 12 4 6 8 ]

POST EXPOSURE TIME, nOURS

Ficure 3. Breath decay curves based on exzeri-
mental human exposures to 30, 230, and 00 ppm
ot VGU 27 5-hour TIVA),
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DL LARAT N NMIKECE ST T LIl LARIE wimn conndence bands oniv siizntly wider

e than those from controiled human experi-
as ments. The close similarity bDetween these
curves and those construcied from controiled
exposure data are furiner ustrated in Fle-
- - ure 8.

- Il Human Responses

- s From a suojeciive suanczoint no signifcant
U SR untoward aTecis were noted ar anv of the

SHETTRTT = %3 exposure concentrations. The onuv complaints
Varazon :a VC! w20or sxzosure tor  WETE [H05€ O two 5uajecrs Wno reported miid
neadache and some drymess of :nelr eves and
rose during :ine 3C0-3om exposure experi-

ang 370 pom Fizure 3 0 A [00-pom dacav
; G : o

‘Az mrarma aTa

No ogor was c2mec22 v anvone 2nleling
the exnosure chamser 2t 20 -om, At 230

pom ail four subjects antering the chamber
ininailv reported tnar thev could derect a
very slight ocor cf ths crhemical. Five of the
gven subjects enterng ine exposure chim-
er at 300 =um were anie o detect the odor
£ VCL but arzer 3 minutes of exposure those
dve wwere unabd.e  cetect it even with forced
inspiration, Three ot the {our subjects re-

e
lected were cucard-  entering the ciramoer after lunch were able

—_ -

o

o oo

2CnnIquUes. fo=

Abgtawte oreath levels ranzed {rom about 88—

2. somoonoone zamols taken .ess tnan @ohour BAEATM (NYL I4LCRGE | ‘
. - 3. . © Az . . IZNCENTRATION FPY | — !
after an 3-hour TWA or 220 anm. to Sarely 3 ‘

o

detectabie levels <005 on

min samoies
lanen aiter expasures at TMWA's below 39 ¢
=nm. 59!
TR o \ . : . 43 e 3% IINFIDENCE 3AND ~——
The extremelv troad sariadon n the L S °

TW A5 excerienced ov workmen during one PRI e T }

: e . . . ; N
Of L Deriods inownicn breatit samonng was | \\\\k\ |

ey conducted is demonsitated for hree :—-—S';—-— e L PR
o . . . . R - 26 . "\_“- 350 Sag
shitts of men beating [FL J0b ﬁ.J:S;\ﬂ.Iczlmmn i e ——
“coazuiator operator” s Flrure 600 Minuge. Loh S =
f . f. T . . " e T
fouriy, and dativ luciuatons in the cancen- 2z \E\ “‘\‘\%
. v . I
TALON Of A CONLUNIAANL A MOST desCTintive- b E m
worevealed Dy continuous monitoring. Tiis == e
method : ;l. N ickly soints the Jca! — . I = e
method of samniinz quickly points out the Toas S~ ‘
Sacacy of fade i TWA and peal exuosure S AL s
- . ' \ 1 Nl o H 267 \L -
concentrations :n the bass of spot sampiing T \
rooeriodic stitvens of broer durasion, . ?
Tiie remarkanie correlation berween breath 2o 48 3 0 1z 4 s i 20

. . . . . POST EXPOSURE TIME, HQURS
concentration and conrespondine TW.A val.
iy ) : : “worre 7. Breath decav cune v
ues made it possibie to construct the series Frivr _Breath decav curves derived from
o o . A R - reatn data cotlected {rom workers [ollowing on-
of breathv decav curves shown in Frrwe 7. the-jon exposures 1o VO vapor 3-hour TWAL,
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dmerwcan [ndus

0 certect a :ain: odor 3: VCL Cne suaiec:
cou.q derec: 2 Il 04or On Teen in
for aporoximateiv 13 minutes afte
ine =Xposure chamber.

Thae exposure had no noticeanie =rfect on
neuroiogical responses. nor dig it Droguce sig-
nincant c..:mze: ‘n the resullts oI mentai, co-
QXG."\'\UOH. or .'T..'.‘.nd.:ll c:e:\‘e:' w sty Cconcudt-
perfodA .\'.'. sunicay
nowne zost-

lr.
5
jo

2(‘.""1’1“’

el Suring e suposure

‘..‘AI')F'.ILOI} ugies pericrmed
exoosure neriod were normial anag not sizhin-

canty different from sre-oxznosure Lauucs.

Discussion

Vle opject i the mvwonmienia

conen s o oidentufiv ot atmosToene onam-

deternuina e re-

ity s 1o the nealth sararc o oproenu L
5 to judze hazarc v amolent Incan-
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LR 3 INe Wola oo iimeinnels v N4
comTrensnine 0D sNLaY Wi qroviia Zan

vana for SSIITIANNG  NIMu-welTnie Lerars
exNLosre,

Qn the other nhand.
consnucted rom breath Joia coueli?a I

I Sonunuous Tiant .'""..Tf'lllOl'if‘._'_!' an

Sredilo ool Uit e

ALY
Jqervesroeny '»\”.h LI08¢ Op:.';lﬂt"u TTOMmM NTaoenre
charmner experiments win VO Thoss znrnes
SO therefore ne userii 15 A seconT e

AT oS3 axnosure 1o VU saros

chiowe of whether ane o heen

acs o be aed derenas
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L 3 iz & & 8 iz
ST ZHPCSURE TIME, 4CUPS
Fiovrz 3. Cumoansen of Dreath gziav Jur.es
G2rves IISm tne on-ne-0p daia anc ine wxzern:-

TENAAL auman extosur? Qila.

voihne nwmoer of samping
Anc tnese probes are nOL 243t CLBAD.e
of accurately measining the individuals Jal
UNDOsure experiences. especially should tiese
muoive nusual incidences

such 23 chemien,
DU AT exTIosTes onsice the TIonoree
aren,

Bream anaivsis s thwe advaniage ot :n-
CANICLLLLPINT GO0 W Orset § in{eTes

sxnosute Breart deeav canves, 25 oanoindes

Sfooxposute, offer A means of e:tunating e
averaee daniv individuai exposure on e Do

AL tew breati samnies taken sertadv in the
nostexposwee period. Consequentn bream:
anaivss can be used 2 diagnese 15 wed as
Guaniitaic an exposure which has alreads
occurved. It s a relazivelv inexsmensive ano
simpie method wiileh can be put into onera.
ton wittiout extensive and costiv dretiminan
prenaranons,

However, nostexposure breath @ NS does
not hiovide inforaton an
tions of exnosure. and the peak evoosure con-
centrations are not made evident by breatn

data. Finailv, breath anaivsis 15 not anpica-
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zle to ail chemicais, and breatn caczy curves
estabiisned for one chemical are not usefui

as an index of exnosure to anv orher chem-
:cal.

The decav curves presenteQ lere are in-
tzmced 10 serve a3 an ingex of 2NTOSUre 1o
vinvl chiolide vasor and are Dased on an
=xzosure durasion of 7.3 fouss for the experis
mental exgosures, and 3 nours for ine on-ihe-
‘ob study. The close agreement “etween :ne
w0 tets of curves and the narrow conndence
sands obtained in 2ach case deronsirate e
usefuiness and accuracy of botn mernods
lor 2sumating TWA exposures ang :ndicae
Lie .mooriancs o Dreath Znasis and ine
nesd for expanding {13 use in evaluaung ex-
Tosures o OLner widelv uged veidine 2rfanic

inemicais.
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