ABSTRACT

GARY W THOVAS. Evaluation of a First Order Autoregressive
Model for the Determ nation of Physiol ogi cal Danpi ng Under
Field Conditions. (Under the Direction of Stephen M
Rappaport, PhD)

The first order autoregressive (AR ) nodel proposed by
Rappaport and Spear (1988) to deterni ne physiol ogical
danpi ng for sol vent exposures over short tine intervals was
eval uated under field conditions. Two sets of data were
collected for ethyl acetate, nethylene chloride and

per chl or oet hyl ene, respectively. Evaluation of the
correlogranms for each data set indicates that an AR(1)
process nmay not be appropriate. The observed transnittance
factors (inverse of danmping) ranged fromO0.47 to 0.64. The
significance or causality of this observation is not

presently known.
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I NTRODUCTI ON

The assessnent of chronic effects from occupationa
exposures to organic solvents is at best tenuous. Mich
research has been conducted on absorption, netabolism
retention and elimnation of various solvents, but little
has been done on providing the industrial hygienist with the
means to assess transient exposure to solvents which are not
acutely toxic. Rappaport and Spear (1988) enployed a first
order autoregressive (AR) nodel to quantitate physiol ogical
danpi ng over brief periods in ternms of the solvents
elimnpation rate, time interval of exposure and the air
exchange rate. Physiological danping is the reduction of
variability of the levels of a contam nant inside the body
relative to the variability of airborne exposure (Rappaport,
Spear and Selvin, 1988). Danping occurs as the body burden
i ncreases (accunul ation at the receptor site) over some time
interval in proportion to the half-time (T1/2) of the solvent
(Rappaport, 1991) ; hence, the greater the value of T1/2 then
the greater will be both the body burden and the danping.
Danping is therefore an indicator of the potential risk of
bi ol ogi cal damage by a toxicant during brief but intense
exposures (Rappaport, 1991). The purpose of this study is

t o eval uate physi ol ogi cal danping over short time scal es
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(hours) under field conditions.

The AR(1) nodel has its theoretical basis in the
concepts initially proposed by Roach (Roach, 1966; Roach,
1977). Assuming a single conpartnment nodel with first order
ki netics and purely random exposures. Roach proposed that,
as the solvent accunulates within the body, the variance of
body burden over tine decreases. The transmttance of
exposure variability is expressed as the ratio of the
coefficients of variation of body burden (CV*) to that of
the ambient air concentration (CV,,) . This ratio, referred
to as the "transm ssion factor” (1/At) indicates the
proportion of anbient variation that is transmtted to the
body burden. Physiol ogical danping is the inverse of
transmttance. This inplies that a solvent with a high
CVjc/Cvc or 1/ At would produce little danping while a sol vent
with a low 1/At would be significantly danped. Roach
derived the follow ng theoretical expression for determning
1/ At i~ terns of the solvent's first-order elimnation rate

constant (k hr"”) and the interval between exposures (At
hr)

1 - e-*~~ (1)

1 + e—icAt

From Equation (1) we note that 1/At varies directly with the
solvent's elimnation constant (or inversely if conpared to

the biological T"/j) « As k decreases (indicating slower

elimnation), 1/At decreases proportionally. This is
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reasonabl e since a solvent with a slow elimnation rate w ||

accunul ate to a greater extent in the body than will one
that is netabolized or elimnated faster. If At is
decreased, 1/ At decreases as well indicating |ess

transnmittance of the anbient concentration variability to
t he body.

Anmbi ent concentrations within the work environnent are
sel dom constant. They tend to vary in tinme due to changes
in the strength of the pollutant, the anpbunt of ventilation
and nobility of the worker (Roach, 1977; Francis, et al.
1989.). If a set of sequential anbient air sanples are
collected within a workshift, it is often observed that the
current air concentration is influenced by the previous
concentrations (Petreas, 1990). For a stationary stochastic
process, the correlation between two subsequent val ues
depend only on the tinme interval between themwhich is
referred to as the lag (Spear, Selvin and Francis, 1986).
The measure of correlation between sanples in a series is
referred to as the autocorrelation coefficient at lag h and

is determ ned by the follow ng equation (Chatfield, 1984):

r{h) = -Aro (2)

t =l

A series (e.g. h=l, 2, 3, . . .)of autocorrelation

coefficients r(h), at successive |ags, can be determ ned for
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atime series. These coefficients can then be graphically
plotted in a correlogram{r(h) versus h). Values of r(h)
for an AR(1) process will exponentially decay.

An AR(1l) nodel assunes a stationary process (nean and
vari ance do not change with tine) where the present air
concentration depends on a proportion of the previous
concentration plus sone random value (Chatfield, 1984;
Rappaport and Spear, 1988). Mathematically, this is

expressed by

where w represents the proportion of the previ ous exposure
carried over to the current concentrati on. The rate of
decay for the AR(1) process is inversely proportional to the
wei ght factor (w) (Rappaport and Spear, 1988).

By assum ng i nstantaneous m xi ng of the solvent in the
breat hi ng zone, the air exchange rate (b) can be related to

the first lag autocorrelation coefficient, that is,

r (h) = w = e-"""= (4)
where h is equal to one. The air exchange rate can have a
dramatic inpact on the anmbi ent concentration. The anount of
sol vent available for inhalation and subsequent absorption
by the body will affect the body burden and therefore the
transm ssion factor. Using this information, Rappaport and

Spear (1988) incorporated the effect of the air exchange

rate into equation (1) and derived the foll ow ng
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rel ati onshi p,

A =1

Unli ke Equation (1), this equation takes into consideration
the effect of the air exchange rate on anbi ent
concentrations in the breathing zone. The slower the air
exchange in the breathing zone, the higher the
autocorrelation of the tinme series of exposures, and hence
the higher I/Af 1f the air exchange rate increases
significantly, the terme' A"~ "'A* goes to zero and Equation (5)

reverts back to Equation (1) (Rappaport and Spear, 1988).

Sol vent net abolism

The generalized distribution of inhaled ethyl acetate,
nmet hyl ene chl ori de or perchl oroet hyl ene sol vent vapors
within the body can be expressed by partition coefficients.
Partition coefficients for blood/air (A-b/a) , water and oi
for these solvents are presented in Table 1. Solvents that
are hydrophilic will have X a 's greater than 200 while
those that are hydrophobic will have very small At/a's
(Brown, et al., 1987). Additionally, high Xb/a's inply that
al veol ar concentrations are expected to be | ow (Astrand,
1975). These coefficients represents the relative degree
of solubility for each solvent in the blood or fat conponent

of the body. For exanple, ethyl acetate has a Xjj/a of 222

whi ch nmeans that it is approximately 22 tinmes nore soluble
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in the blood than net hyl ene chl ori de or perchl oroet hyl ene,
Ab/a's are 9.7 and 13.1 respectively. This inplies that
et hyl acetate, when inhaled, is absorbed nore quickly than

the other two solvents. The X*/”~ has a pronounced influence

on the bl ood concentration of a solvent in relation to the
exposure (Kel man, 1982). The oil/air partition coefficient
is an indicator of the relative fat solubility of the
solvent. Perchloroethylene has an oil partition coefficient
(Table 1) that is 5 to 10 times higher than the other two

sol vents; hence, perchloroethylene is nore soluble in fat.

Fat sol ubl e sol vents are absorbed and eli m nated sl ower than
sol vents that are not soluble in fat.

Upon bei ng absorbed, ethyl acetate is rapidly renoved
fromthe body by hydrolysis to acetic acid and et hanol
(Fernandez and Droz, 1974). Studies conducted by Schri kker
(Schri kker, de Vries and Luijenkijk, 1985) showed that ethyl
acetate could not be detected in the breath a few ni nutes
foll owm ng exposure. Since this solvent has a Xb/a of 222, it
qui ckly dissolves in the blood and is thus avail able for
enzymati ¢ degradation. Methylene chloride, in conparison,
has a lower Xy,, of 9.7 and as a result less is absorbed to
be nmetabolized (Astrand, Ovrum and Carl sson, 1975). Only 9%
of the absorbed portion of this solvent is retained in the
body and subsequently nmetabolized into carbon nonoxi de
(Perbellini, et. al., 1977). Perchl oroethylene, |ike

net hyl ene chloride, has a low X*/a of 13.1 and thus dissol ves
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poorly in blood. Only 1-3% of the inhal ed solvent is

met abolized into trichloroacetic acid or trichl oroet hanol

(Monster, et. al., 1983), the renmai nder is exhal ed

unchanged.
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NVETHODOL OGY

St udy desi gn

The intent of this study was to serially coll ect
anbi ent air and al veolar air sanples to evaluate the AR(1)
nodel proposed by Rappaport and Spear (1988). (Observed
transm ttance factors of the solvents being studied were
conpared to the theoretical values determ ned by Equation
(5).

Serial sanples of anbient, filtered and al veolar air
for each respective solvent being studied were coll ected
froma single subject while in a work environment. Sanple
collection was not initiated until the svibject had been in
the work environnent 30 to 45 mnutes. This delay was
intended to allow the subject's body to equilibrate with
anbi ent sol vent concentrations. Anbient tenperatures ranged
from75 to 85°F for each set of data coll ected.

The study involved collecting two sets of serial
sanpl es for ethyl acetate, nethylene chloride and
perchl oroet hyl ene within a work environment. Each sol vent
was an organi c sol vent that possessed different chem cal
physi cal and pharmacokinetic properties (Table 1). Sanple
collection for all six sets of data was perfornmed on five

different days. One set of data for ethyl acetate and
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met hyl ene chl oride were col |l ected concurrently. Al other
data sets were coll ected on separate days.

Data for nethyl ene chloride and ethyl acetate were
col l ected during the paint stripping and cl eaning of small
jet aircraft. This process involved cleaning areas of the
aircraft with ethyl acetate that were sensitive to nethylene
chloride, covering and taping these areas, applying a gel
sol ution conposed of 50% net hyl ene chloride to the uncovered
regions, waiting approximately 15 m nutes, renoving the
nmet hyl ene chl oride gel and finally cleaning/washing wth
ethyl acetate to renove residual deposits of paint, hardened
gel or film The stripping/cleaning process took two days
to perform Day one involved the initial cleaning with
et hyl acetate and the subsequent stripping with nethyl ene
chloride. On day two, final touch up cleaning and washi ng
wth ethyl acetate was acconplished. Both solvents were
manual |y applied to the surface of the aircraft. The
subj ect sat approximately 10 feet from each of these
operations for a period of 5 hours. The first sets of data
for nmethylene chloride and ethyl acetate were coll ected
concurrently because paint stripping on the aircraft had not
been conpl eted the day before; therefore, sone areas of the
aircraft were being stripped and others were being cl eaned
at the sane tine. The second set of data for these solvents
were collected in the sanme hangar but on different days.

Sanpl es for perchl oroet hyl ene were coll ected on
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different days at two different dry-cleaning facilities.
The first dry cleaning plant was a training facility that
provi ded hands-on-instruction to its students on the
operati on and mai ntenance of dry cl eani ng egui pnent. The
second facility was a small commercial dry cleaning plant.
The subj ect was exposed to perchloroethylene for 7 hours in

the first plant and for 5 hours in the second pl ant.

Subj ect

The subject was a nale, 38 years old, 170 cmtall and
wei ghing 75 kgs (18% fat, deternm ned by a standard table
based on wai st and neck measurenments and wei ght).

I nci dental exposure to ethyl acetate, nethylene chloride and
per chl oroet hyl ene was not significant in the nonth preceding
the study. The subject was healthy and volunteered wth

i nformed consent to participate in this study.

I nstrunent ati on

Anal ysis of the anbient, filtered and al veolar air was
performed with a portable gas chromat ograph (Photovac
I nstrunments, Ontario, Canada, nodel 10S50) that had been
nodified internally to reduce residual carryover (Rappaport,
et al., 1991). The device was equi pped with a
phot oi oni zati on detector that operated at |leV. The
instrunent had a 1 neter pre-colum and a 10 neter

anal ytical colum. Both colums were DB-5 with a 0.53 mm
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inner dianmeter and a 1.2-|xmfilmthickness (Al ltech

Associ ates, Deerfield, Illinois). The analytical colum was
housed in an isothernal oven that was operated at 40°C for

et hyl acetate and net hyl ene chloride, and at 50°C for

perchl oroet hyl ene. The flowate for the carrier gas was set
at 2 mM/mn for ethyl acetate and nethylene chloride, and at
15 mM/mn for perchl oroethyl ene.

Two three-way val ues were connected in series with the
inlet of the instrunent. Manual operation of these val ues
allowed flexibility in selecting the type of sanple to be
anal yzed (anbient, filtered or alveolar). The instrunent
had an internal punp that pulled the selected sanple into a
1-m loop. To ensure that the al veol ar sanple was prinarily
air fromthe al veolar region of the lung, a stainless stee
Hal dane-Priestly tube (Hal dane and Priestly, 1905) 0.95 cm
in dianeter and 120 cmin length was used. One end of the
tube was connected to an alumnumfitting that accepted a
di sposabl e nout hpi ece (Cardboard #1021-250, Vacuuned, Inc.,
Ventura, California) and the other end was open to the
anbient air. The top three way val ue was connected to the
t ube approxi mately m dway between the nouth piece and exit
port (Petreas, 1990). Toward the end of exhal ati on, when
the subject felt the pressure of exhal ati on drop, the GC was
activated to sanple the last part of exhaled air.

The serial sequence of ambient, filtered and end-

exhaled air was followed for all analysis. In a previous
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study conducted by Petreas (1990), the instrunent
denonstrated a significant amount of nenory of the sanpl ed
anbi ent air. Petreas identified the Teflon tubing used in
the inlet and transfer lines as the cause of this problem
These |ines were subsequently replaced with stainl ess steel
Anmbient air, which was filtered through 1.2 grans of 20/40
nmesh activated coconut carbon, was neasured as part of the
experi nmental sequence so that the anmount of residual carry-
over fromone sanple to the next could be determ ned. Air
concentrations were adjusted accordingly for any residua
sol vent that was det ect ed.

The instrunment was calibrated in the |aboratory with
standards prepared in Tedl ar bags (SKC Wst). Standards
were prepared by injecting mcroliters of the solvent into a
bag with a known anount of clean air. Concentrations within
the Tedl ar bag were determ ned by the foll ow ng equation

(Fi serova- Bergenova, 1983),

AN MM (v,)

where p (g/cm') is the solvent's density, V* {#il) the anount
of solvent injected, Vt (1) the volune of clear air

contai ned inside the Tedlar bag, V, (1/nole) the vol une of
one nole of the solvent, and MW (g/ nol e) the nol ecul ar

wei ght of the solvent. Calibration checks were perforned in
the field with standards prepared in Tedl ar bags on the sane

day of data collection.
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I nstrunent precision for analysis was determ ned to be
between 2-5% as a coefficient of variation (3 deterni nations
with 10 neasurenents per determ nation). The | owest

det ect abl e concentrati on was 220 ppb for ethyl acetate, 949

ppb for nethylene chloride and 22 ppb for perchl or®©ethyl ene.

Chanber studi es

Chanber studies were performed on each of the solvents
to determine the elimnation rates of the solvent fromthe
subj ect. The chanber was 3 neters long, 2.9 neters w de and
2.6 neters high (approx. 23 cubic neters). A predetern ned
anount of a single solvent was evaporated into the chanber
to obtain a desired air concentrati on. The sol vent was
naturally evaporated and then mxed with a fan to distribute
the vapors. The anbient air was periodically nonitored
during the uptake of the solvent. |[If the solvent's anbient
concentration fell bel ow 10% of the desired chanber
concentration, additional solvent was evaporated. Since the
intent of the chanmber study was to determ ne decay constants
and not uptake constants, it was not considered critical to
mai ntain a constant chanber concentration. The decay curves
of these studies are presented in Figures 1 to 3. Severa
of the chanber studies had to be repeated when it was
determ ned that either the concentration of the solvent or
| ength of the exposure was not sufficiently high or |ong

enough to provide a suitable nunber of data points for
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anal ysi s.

In order to obtain a sufficient nunmber of points for
ethyl acetate, the exposure in the chanber had to be at 226
ppm for 2.5 hours. Exposure to nethylene chloride was at a
concentration of 102 ppmfor 1.5 hours. For perchloro-

et hyl ene, exposure for 1.5 hours at 50 ppm was sufficient.
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RESULTS

End tidal or alveolar air was collected for GC anal ysis
by normal exhalation into a Hal dane-Priestly tube. Forced
exhal ation or breath holding prior to exhal ation were
avoi ded since sone studies (Rahn, 1949; Guillem n and
@Quberan, 1982) had indicated that alveol ar concentrations
may be artificially elevated. Alveolar air was used as a
surrogate for body burden (Petreas, 1990) instead of venous
bl ood. It was assuned that a gaseous equilibrium existed
across the al veol ar nmenbrane such that al veol ar
concentrations were proportional to m xed venous bl ood
concentrations (Kel man, 1981). \Wen one considers that
approxi mately 15 breaths are taken each mnute, it can be
reasoned that the residence tine of a solvent within the
al veol ar region of the lung, during a single breath, would
be greater than 0.75 seconds. |If this value was indeed
exceeded, there was anple tinme to establish an equilibrium
bet ween al veol ar and ni xed venous bl ood concentrati ons
(Opdam and Snol ders, 1986). Since m xed venous bl ood had
been used in the past by many researchers to eval uate body
burden to various chemcals, it was not unreasonable to use

al veolar air as a surrogate for body burden.
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Hal f-time

Assum ng first order kinetics, the T1/2 value(s) were
determ ned for each of the solvents by the nmethod of
residuals or "feathering" (Shargel and Yu, 1985), results
are shown in Table 2. These constants represent the
kinetics of the distribution and elim nation phases of the
solvent. The first conpartment represents those tissues
(lung, vessel rich and nuscle) in which elimnation and
di stribution occur rapidly while the second conpart nent
represents the remaining tissue groups. The first
conmpartment does not anatom cally distinguish between the
| ung, vessel rich or nuscle tissue groups.

Et hyl acetate had the shortest first conpartnent T1/2 of
4.5 mnutes conpared to reported values for this sol vent
ranging from1l.6 to 8.9 mnutes (Fernandez and Droz, 1974;
Nom yama and Nomi yama, 1974). Methylene chloride had a
first compartment T1/2 of 29 m nutes which was reasonably
close to the reported value of 40 m nutes (Divincenzo, Yanno
and Astill, 1971; Baselt, 1982). The T1/2 for
perchl oroet hyl ene, 34 m nutes, appears to be significantly

different fromthe 104 and 114 m nute values found in

literature (Stewart, et. al., 1961; Petreas, 1990).

Al veol ar retenti on
The al veol ar retention for each sol vent was detern ned

by.
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% veol ar retention = (1(2* -Zexl x 100 (6)

where Cgjch represents the concentration neasured in the

al veolar air of the test subject and C*n™ is the anbient
concentration (Nom yama and Noni yama, 1974) CObserved

al veol ar retention values were averaged for both data sets
for each perspective solvent. The observed al veol ar
retention of ethyl acetate was neasured at 92% whi ch agreed
well with the Noni yama and Nonmi yana (1974) reported val ue of
99.8% Methylene chloride's retention was deternm ned to be
64% This value is within the 30-70% range of val ues that
have been reported (Astrand, Ovrum and Carl sson, 1975;
Perbellini, et. al., 1977; Baselt, 1982; Fi serava-Bergerova,
1983). The al veol ar retention of perchl oroethyl ene was
deternmined to be 58% Reported retention values for this
solvent ranged from 52 to 80% (Guberan and Fer nandez, 1974;
Fi serova- Bergerova, 1983; Monster, et. al, 1983; Gordon, et.

al ., 1988).

Anbi ent and al veol ar air val ues

Six sets of data (Appendix A) were collected at three
industrial sites. Wth the exception of the first data set
for ethyl acetate and net hyl ene chloride (collected
concurrently), all sets of data were coll ected
i ndependently. A single subject was used to coll ect al

sets of data. Al of the industrial sites were naturally
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ventilated. The test subject was | ocated approximtely 5 to
15 feet fromeach of the sol vent using operations. Figures
4 to 9 graphically represent the anbi ent concentrati ons and
al veol ar air data points collected for each of the solvents
of this study. The observed statistical parameters (nean,
standard devi ation and coefficient of variation) and | /A"
values for all data are presented in Table 3.

Assum ng that instantaneous m xing of the sol vent
occurs in the anmbient air and that each anbi ent
concentration is related by an AR(1l) process (Rappaport and
Spear, 1988), the air exchange rates (AER s) were cal cul at ed
by using Equation (4). Resultant AER s range from®6 to 37
air exchanges per hour and are presented in Table 2. The
AER s for the first set of data for ethyl acetate and
met hyl ene chl oride are of particular interest. These
solvents were collected concurrently in a large aircraft
hangar that was naturally ventil ated; however, the AER s are
mar kedly different (6 for ethyl acetate and 37 for nethyl ene

chloride). This should not occur since the sanples were

collected in the sane environnent and at the sane tine.
Observed transm ssion factors were cal cul ated for each
set of data by taking the ratio of the coefficients of
variation of alveolar to anbient air. Using Equation (1),
the theoretical 1/At was determ ned for each of set of data.

(bserved and theoretical 1/ At values are given in Table 2.
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DI sCcussI ON

Al veol ar retention values and first conpartment T1/2 fo”
each of the three solvents agree with those reported in
literature. This inplies that sanple collection and
anal ysis obtained in this study is consistent with other
st udi es.

In Table 2, it can be seen that there is a marked
difference between the theoretical and observed 1/ At val ues.
Though the sol vents have varied physical and pharmacokinetic
attributes and are netabolized differently, all 1/At
(observed) values fall in a range fromO0.47 to 0. 64.
Additionally, the 1/ At val ues determ ned by Petreas (1990)
for styrene and perchloroethylene are also within this
r ange.

The marked differences bet ween observed val ues and
responses in contrast to those predicted by the nodel
warrants further investigation. This nmay be acconplished by
eval uating the graphical representation or correl ogram of
the lag values for each set of solvent data. An AR(1)
process shoul d exhibit an exponential decay in its |ag
val ues cal cul ated from Equation (2) (Chatfield, 1980).

Correl ograms for each set of data are presented in Figures

10 through 15. Since there are no shifts or trends apparent
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in these figures, it is reasonable to assune that the
exposure tinme series are stationary processes. Each type of
ARl MA nodel has its own autocorrel ation function (MDowall,

et al., 1980). The general shape of all of the correl ograns

indicate that the data do not appear to fit an

aut oregressive or difference nodel (no exponential decay or
parabolic increase of values). To determine if the data is
first order, it is necessary to establish which r(h) val ues
are statistically significant fromzero. Each estimate r(h)
value is conpared to a 95% confi dence interval given as + 2
tinmes the standard error (SE). The standard error is

determ ned by the foll owi ng equati on:

se:N(1+2N T.{r{h)V (8)

Only the first lag value of ethyl acetate data set #1
appears to be statistically different fromzero (a = 0.05).
Chatfield (1984) states that approximately 1 out of 20 |ag
val ues that appear to be "significant”" are a result of
random chance; therefore, unless there is a reasonable
effect to explain the "apparent significance," the
coefficient is considered to be zero. Wen all r(h) val ues
are considered to be equalled to zero, the observed data may
be regarded as "white noise" or a series of random val ues
that fluctuate around sone nean value (MDowall, et al.
1980) .

In relation to the AR(1) nodel, the AER can becone so
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great that w of Equation (3) approaches zero. This
effectively forces the current ambi ent concentrations to be
depended only on the random quantity, Zt. This effectively
makes the tinmes series appears as "white noise.” It is nore
appropriate to view the data as a series of independent
effects of very brief duration (Chatfield, 1984).

The difference in the AER s for the first set of data
on ethyl acetate and nethyl ene chloride (collected
concurrently) can not be attributed to any difference in the
coll ection of these sol vents. Since the AER s shoul d be
nearly identical, this suggest that the significant r(l) for
et hyl acetate nmay be a chance occurrence. The other
conceivable alternative is that a process other than an
AR(1) process is involved.

In the cases where r(l) is not significant, it is
assuned that b of Equation (4) approaches infinity. This
forces the e M '"**'A"' termin Equation (5) to zero, and Equation
(5) reverts back to Equation (1). The 1/At values in Table
2 have been adjusted to reflect this assunption.

No concl usi ons can be drawn from Table 2 concerning the
ef fect of autocorrelation on 1/ At since none of the r(l)
values are significant. It is noted that when the 1/ At's of
different solvents with the same At's (lags) are conpared
that Ti/2 and | /A" vary directly. This is not consistent
with the nodel's prediction that they vary inversely.

Based on the marked di fferences of the 1/At, the | ack
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of statistical significance of the r(l) values and the
violation of the relation between T1/2 and 1/At, it appears
that the AR(1) nmodel is not appropriate for determning 1/ At

val ues.

The phenonena that all observed 1/At's lie within a
narrow range despite the differences in chemcal and
phar macokinetic attributes of these solvents and
autocorrelation is not clearly understood. It is assumed
that the body is constantly attenpting to maintain an
equilibriumand to reach steady state with its environnment.
Steady state is defined as the point where body burden
Increase is equal to body burden elimnation (Rappaport,
1985). As gaseous or vaporous constituents in the anbient
air vary in concentration, absorption and elimnation by the
| ung takes places to maintain an equilibriumacross the
al veol ar nenbrane. The tinme it takes a solvent to reach
steady state within a compartnent (VRG M5 FG e.g.) is
approximately 3.3 tinmes the solvent's T1/2 for that
conmpartment (Brugnone, 1985). Thus, in reference to the
first conpartnent, it will take 14.7 mnutes for ethyl
acetate, 95 mnutes for nethylene chloride and 111 m nutes
for perchloroethylene to reach steady state conditions
within this compartnent; however, this is assumng a
const ant anbi ent concentration and first order elimnation
kinetics. [If the anbient concentration is randomy
fluctuating, tine to steady state may be prol onged or
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exaggerated to the point that it would exceed the workshift.
If this is the case, the observed 1/At's measured during
this study reflect non-steady state conditions. The nean
and variance of body burden are thus changing in regards to
time; therefore, body burden is not stationary. |If these
six sets of data are assumed to be typical representatives
of worker exposure with solvent half-times near those in
this study, it can be reasoned that an AR(1) nodel may not
be generally applicable to work environnments where sol vent
anmbi ent concentrations frequently fluctuate.

Since ethyl acetate is rapidly metabolized by the body,
the method of elimnation appears to be concentration
dependent (Fernandez and Droz, 1974); however, first order
ki netics can be assumed if bl ood concentrations are very
smal | conpared to the Mchaelis-Menten constant. Methyl ene
chloride and perchl oroethyl ene on the other hand do foll ow
first order elimnation kinetics. The effect that
M chael i s- Menten kinetics would have on the 1/At is not
known; however, varying anbi ent concentration |evels do not
appear to have any effect on the netabolism of a sol vent
(Baelum et al., 1987). The relationship between exposure
and al veolar air concentrations is unclear in regards to
varying anbi ent concentrations (Raymer, et al., 1990).

The observed 1/ At values may be attributed to the body
burden being in a non-steady state condition. Additional

studi es shoul d be conducted to determne if the body
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burden's steady state or non-steady state condition

i nfluences the correlation of observed 1/ At values to those
predi cted by the AR(1) nodel.
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CONCL USI ONS

The eval uation of the nodel proposed by Rappaport and
Spear (1988) indicates that an AR(1) process is not
necessarily appropriate. Review of the corresponding
correlograms for each solvent's data set does not reveal the
expected exponential decay of r(h). Al r(h) values were
tested against + 2SE (95% confidence level) to determne if
they were significantly different fromzero. Only r(l) of
ethyl acetate's first data set was considered significantly
different fromzero. Since 1 out of 20 |ag val ues may
appear significant, it reasonable to assune, in relation to
the other data sets, that the observed process was simlar
to "white noise," or that the value of b was so great that w
of Equation (3) approached zero so that the series appeared
to be "purely random" Additionally, (observed) 1/At did
not vary inversely with T1/2 for a given lag as predicted by

t he nodel .

Al observed 1/ At values occurred fromO0.47 to 0.64.

The cause of this is not clear and warrants further

i nvestigation; however, it may be attributed to the body

burden not being in steady state.
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TABLE 1

SOLVENT ATTRI BUTES

ETHYL

ACETATE

PHYSI CAL CHARACTERI STI CS*

For mul a:

Mol ecul ar
wei ght :

Boi | i ng point :

(°0)

Mel ting point :

(°0
Density:

Vapor
pressur e:

(mm of Hg)
Solubility:

CH3COOCH2CH3

88. 12

83. 6

0. 9003

100

WAt er
Al cohol

METHYTi KNE
CHLORI DE

CH2Cl 2

84. 94

40. 1

96. 7

1. 325

440

Slight water
Al cohol

Et her

PHARNMACOKI NETI C CHARACTERI STI CS

Partition
coefficient:

(bl ood/ air)

Partition
coefficient:
(wat er)

Partition
coefficient:

(oil)

Hal f-ti ne:

% Ret enti on:

A ayton and C ayton

2222

145

479

1.8-8.93

99. 8

ASat 0 and Nakaji mm,

e J51t Mgy gg o . 197

VI NCENZO

5ernandez ane
tewart, ef a

196

1981

9.7

152

40*

30-70

30

PERCHL ORO-
ETHYT. ENE

CC2 =c0Caz

165. 85

121. 2

-23. 4

1.623

20

Slight water
Al cohol

Et her

13. 1

1920

104~

52-80


NEATPAGEINFO:id=980C3CB0-234C-4316-97CF-42FD458E9322


31

TABLE 2

SUMWARY OF Al R MEASUREMENT RESULTS

Et hyl Met hyl ene Per chl or o-
Acet at e Chl ori de et hyl ene
Dat a set # I 11 | 11 | 11
1st Conpart nent
Hal f-tinme (mns): 4-5 29 34
% Ret enti on: 91 93 64 64 61 54
Aut ocorrel ati on
Coef ficient”: 0.52* -o0.09 0. 02 0.13 0.07 0.15
AER (per hr): 6 37 36 22 20 20
Lag (mn)~: 6.4 6.2 6.5 5.5 8.1 5.6
Obs. 1/ At: 0. 47 0. 50 0. 62 0. 64 0.60 0.57
Exp. 1/ At™: 0. 68 0. 67 0.28 O0.26 0.29 0.24

* significant at a = 0.05

Val ue rﬁgresents the first lag autocorrelation coefficient
of the anpi ent air neasurenents

AThis val ue represents the average tinme between neasurenents

Alncluded in the table for conparison
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Et hyl Acet ate:

Dat a Set
Dat a Set

#1
H#H2

TABLE 3

STATI STI CAL SUMVARY OF DATA

AnNnbi ent Al veol ar

Mean Std. CV Mean Std.

11. 96 15.41 1.29 0.60 0. 37
8.65 8.86 1.02 0.46 0. 23

Met hyl ene chl ori de:

Dat a Set
Dat a Set

#1
#2

19.64 17.80 0.91 5.09 2. 86
17.92 16.71 0.93 4.90 2. 96

Per chl or oet hyl ene:

Data Set #1 0.55 0.52 0.95 0.15 0.09.

Dat a Set

#H2

6.13 5.82 0.95 2.35 1. 27

32

CVv 1/ At

0. 62
0. 50

0. 56
0. 60

0. 60
0. 54

0. 47

0. 62
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C- 1024 exp -(0.155 * t) + 348 exp -(. 0194 * 1)

Tine (mnutes)
+ Ka Regression Line " Kb Regression Line

Figure 1 - Ethyl Acetate Decay Curve
Ka is first conpartment and Kb is second conmpartment
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C-6.17 exp-(0.239 *t)
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Time (mnutes)
+ Ka Regression Une

Figure 2 - Methyllene Chloride Decay Curve

Ka is first compartment and Kb is second conpartment
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C- 4161 exp - (0.0206 * t) + 745 exp - (0.0004 * t)

%%

h d
RS

+ Ka Regression Line <> Kb Regression Line

Figure 3 - Perchloroethylene Decay Curve
Ka is first conpartment

1.
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— o0

Time (mnutes)
= Anbient air + End-exhaled air

Figure 4 - Ethyl Acetate Data Set #1
Breath and Ambient Air Concentrations
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Time (mnutes)
°  Anbient air + End- exhal ed air

Figure 5 - Ethyl Acetate Data Set #2

Breath and Ambient Air Concentrations
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Om

Time (mnutes)
°  Anbient air + End-exhal ed air

Figure 6 - Methylene Chloride Data Set #1
Breath and Ambient Air Concentrations
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Time (mnutes)

° Anbient air + End-exhaled air

Rgure 7 - Methylene Chloride Data Set #2
Breath and Anbient Air Concentrations
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Figure 8 - Perchloroethylene Data Set #1
Breath and Ambient Air Concentrations
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Figure 9 - Perchloroethyiene Data Set #2
Breath and Ambient Air Concentrations

196

41


NEATPAGEINFO:id=666E2F70-3A03-42CA-B7CF-FBF03A98FF11


> 088EWN ON OQESF(Q S

A

LAG( h)
(H-) 2SE

Figure 10 - Correlogramfor Ethyl Acetate
Data Set #1
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Figure 11 - Correlogramfor Ethyl Acetate
Data Set #2
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Figure 12 - Correlogramfor Methylene Chloride

Data Set #1
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Figure 13 - Correlogramfor Methylene Chloride
Data Set #2
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Figure 14 - Correlogramfor Perchloroethylene
Data Set #1
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Figure 15 - Correl ogramfor Perchl oroet hyl ene
Data Set #2
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APPENDI X A- 1
ETHYL ACETATE DATA SET #1

Et hyl Acetate neasured in anbient and end-exhal ed air during
exposure at a shop in an aircraft rework facility involving

stripping and cleaning a snmall jet aircraft. Tine
neasurenents commenced at the coll ection of the first

ambi ent air sanpl e.

Task: Ceaning aircraft prior to taping
Ti e between sanples: 6.444 mn

ANBI ENT END- EXHAT, ED ANVBI ENT END- EXHAL ED

TINME CONC TIME CONC TI ME CONC TIME CONC
(min) (ppm (mim) (ppn (min) (ppm (min) (ppm
o} 6. 078 4 0. 504 19 5.785 201 0. 506
11 4. 609 15 0. 502 202 3.103 205 0. 417
26 3. 643 31 0. 538 207 3.034 209 0. 988
34 10. 477 38 0. 540 211 27.194 214 1.371
40 62. 388 a5 0. 484 217 6.958 219 1.037
a7 70. 893 51 1.120 222 10.184 226 0. 457
52 18. 982 58 0. 444 228 5.785 230 0.517
60 13. 410 64 0. 632 232 3.781 234 0. 220
66 6.078 70 0. 402

75 3. 145 79 0. 381

81 4.178 85 0. 412

87 4. 388 94 0. 465

96 4.975 101 0. 734

103 4.364 107 0. 951

109 11.357 113 0. 636

115 26.901 120 1. 455

123 28. 074 127 0. 909

129 5.491 134 1.622

136 25.728 138 0. 858

142 14. 583 147 0. 563

150 6.664 154 0. 379

156 5.491 161 0. 364

163 4.290 167 0. 239

169 3.109 173 0. 215

175 3.599 179 0. 215

181 3.412 185 0. 215

186 4.497 191 0. 215

191 4.098 196 0.215 1
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APPENDI X A- 2
ETHYL ACETATE DATA SET #2

Et hyl Acetate neasured in anbi ent and end-exhal ed air during
exposure at a shop in an aircraft rework facility invol ving

stripping and cleaning a snmall jet aircraft. Tine
nmeasur enents commenced at the collection of the first

anbi ent air sanpl e.

Task: Ceaning aircraft after stripping
Ti me between sanples: 6.242 nmn

ANMBI ENT END- EXHAT, ED ANMBI ENT END- EXHAL ED
T VE CONC T VE CONC T VE CONC T ME CONC
(min) (ppm (mn) (ppm (mn) (ppm (mn) (ppm
(0] 4. 117 5 0. 406 181 4. 093 185 0. 303
7 39. 805 13 1. 037 187 2. 834 191 0. 258
15 10. 770 20 0. 571 193 2. 658 198 0. 222
22 6. 078 26 0. 350 200 2.617 204 0. 222
28 12. 823 32 0. 734
34 6. 078 38 0. 645
40 17. 222 44 0. 614
46 12. 823 50 0. 683
52 5. 198 56 0. 399
58 6. 371 62 0. 432
63 5. 198 67 0. 366
69 6. 078 73 0. 445
75 8. 424 77 0. 332
81 3. 427 85 0. 227
87 20. 742 91 0. 887
92 4. 130 96 0. 308
98 3. 102 102 0. 222
104 2. 705 108 0. 222
110 2. 679 114 0. 233
116 12. 237 119 0. 300
121 9. 011 125 0. 592
127 3. 281 131 0. 394
133 5. 785 137 0. 373
139 11. 064 143 0. 520
145 2. 529 149 0. 222
153 36. 872 161 1. 037
163 6. 078 167 0. 823
169 3. 554 173 0. 446
175 5. 198 179 0. 433
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APPENDI X A-3

METHYLENE CHLORI DE DATA SET #1

50

Met hyl ene Chloride neasured in ambient and end-exhal ed air
during exposure at a shop in an aircraft rework faci I|tyT_
I e

sinvolving stripping and cleaning a small jet aircraft.
neasur enents commenced at the coll ection of the first

anbi ent air sanpl e.

Task: Stripping paint fromaircraft
Ti me bet ween sanpl es:

ANMBI ENT

T MVE CONC
(mn) (ppm
(0] 7. 049
11 9. 568
26 3. 602
34 11. 400
40 22. 300
a47 42. 600
54 11. 700
60 18. 572
66 15. 422
75 3. 143
81 8.673
87 7.773
96 14. 972
103 11. 373
109 12. 273
115 24. 872
123 75. 718
129 10. 023
136 66. 718
142 27. 122
150 33. 421
156 25. 772
163 19. 472
169 8. 223
175 . 20. 372
181 11. 823
187 15. 422
194 12. 273
199 11. 373

4
15
31
38
45
51
58
64
70
79
85
94

101

107

113

120

127

134

140

147

154

161

167

173

179

185

192

197

202

END- EXHAL ED

TI VE CONC

(mm)(ppr 11

27
4. 527
. 976
. 670
. 349
798
. 759
798
477
477
. 541
. 271
. 951
. 488
. 015
. 346
. 193
525
. 745
165
. 360
937
759
. 054
926
. 260
926
. 413

1

NNRENWWOOONOONMITWANNNNONNNA

o~
o
N
=

6.528 mn

ANMBI ENT
T ME CONC
(mn) (ppm
203 17. 222
208 7. 323
212 71. 218
218 16. 772
223 15. 422
229 8. 673
233 7. 323

END- EXHAL ED

TI VE CONC

(mn) (ppm

206 3. 502
210 5. 232
215 2. 670
221 4.015
227 2. 477
231 2. 798
235 2. 221
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APPENDI X A- 4
METHYLENE CHLORI DE DATA SET #2

Met hyl ene Chloride neasured in anmbient and end-exhal ed air
during exposure at a shop in an aircraft rework facility

involving stripping and cleaning a small jet aircraft. Tine
neasurenents commenced at the coll ection of the first

ambi ent air sanple.

Task: Stripping paint fromaircraft
Ti me between sanples: 5.45 mns

ANMBI ENT END- EXHAL ED ANBI ENT END- EXHAL ED
TI VE conNe TIME CONC TI VE CONC TI ME CONC
(Mim)  (ppm  (mm) (ppm) 1 (M) (ppm)  (nin) (ppm)
o) 31.171 7 9. 525 161 12. 723 164 3. 759
8 5.973 12 2.157 166 8.673 170 5. 488
14 7.323 17 2. 093 172 78.868 176 4. 848
19 4. 505 22 2. 221 181 23.072 184 4. 848
24 14. 073 27 1.773 186 17. 222 189 4. 335
28 2. 962 32 1.773 191 5.973 195 3.374
33 4. 086 36 1.708 196 22.622 200 5. 104
38 8.673 41 1. 965 202 17.222' 2o0s 3. 887
43 5.073 46 1.837 207 43. 320 211 8. 884
48 11. 373 51 2.670 213 9.573 218 5. 296
52 20. 372 56 3. 759
58 17. 672 61 1.516
62 4.173 66 1.326
67 4. 402 70 1. 965
72 4. 623 75 2. 029
77 2. 867 80 1. 708
82 4. 623 86 3. 438
87 23. 522 91 6. 642
93 36. 121 96 6. 321
o8 28.921 102 6. 385
104 56.819 108 3. 054
109 11.373 113 2. 990
114 3.591 118 4. 335
119 33.421 124 4. 015
126 5.523 130 5. 168
131 44.670 135 6.193
137 38.371 141 6. 834
143 19. 022 148 5. 488
150 11. 823 154 3. 951
155 10. 473 159 4.335 1
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APPENDI X A-5

PERCHLOROCETHYLENE DATA SET #1

52

Per chl or oet hyl ene neasured i n anbi ent and end-exhal ed air
Ti ne

during exposure at a dry cleaning training facility.
nmeasurenents connmenced at the collection of the first

sanpl e.

anbient air

Task: Training on dry cleaning equi pnent
Ti mre bet ween sanpl es:

ANMBI ENT
T VE CONC
(mn) (ppm
(@] 1. 066

6 0. 779
12 0. 795
18 0. 293
24 0. 540
30 0. 458
36 0. 301
41 0. 306
47 0. 806
53 0. 789
58 0. 417
64 0. 273
69 0. 233
77 0. 511
82 1. 191
o5 0. 591
101 0. 731
108 0. 385
113 0. 273
119 2. 490
125 1. 180
130 0. 351
136 0. 238
142 0. 121
148 0. 061
175 0. 186
190 0. 226
207 0. 020
214 0. 091
219 0. 038
225 0. 027
254 0. 121

8.140 m ns

END- EXHAT. ED

T ME CONC

(ppm

(mn)

4
10
17
22
28
34
40
45
51
56
62
68
75
81
86
97

106

111

117

123

128

134

140

146

152

186

194

211

218

223

229

258

©000000000000000000000000000000D0

250

. 232
. 309

280

. 221
. 191
. 179
. 191
. 228
. 227
. 166
. 139
. 123
. 212

397

. 179
. 200
. 152
. 210
. 283
. 203
. 125
. 104

075
045
053

. 047
. 041

043

. 026
. 022

.060 1

ANMBI ENT
T MVE CONC
(mn) (ppm
281 2.175
287 0. 758
292 0. 448
298 0. 586
304 1. 082
310 0. 347
315 0. 319
323 0. 151
341 1. 388
348 0. 534
353 0. 280
360 0. 163

END- EXHAL ED

TI ME CONC

(mn) (ppm
285 0. 207
291 0. 176
296 0. 142
302 0. 101
308 0. 145
314 0. 082
319 0. 053
327 0. 060
345 0. 224
351 0. 136
357 0. 069
364 0. 060
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APPENDI X A- 6

PERCHLORCETHYLENE DATA SET #2

53

Per chl or oet hyl ene neasured i n anbi ent and end-exhal ed air
during exposure at a conmerci al

neasur enents commenced at
sanpl e.

anbient air

dry cleaning facility.
the first

the coll ection of

Task: Operation of dry cleani ng equi pnent
Ti me between sanpl es:

ANMBI ENT
T VE CONC
(m n) (ppm
0 1. 860
7 4. 221
13 19. 174
18 9. 258
24 14. 610
30 4. 221
35 3. 592
41 2.647
46 1. 703
52 2.018
58 16. 813
63 6. 267
69 28. 776
75 8. 786
80 7. 369
86 4. 693
91 3.119
97 3. 434
102 8. 314
108 4. 064
113 3. 592
119 3. 592
124 2.490
130 5. 008
135 3. 434
141 2. 805
146 10. 202
152 5. 638
157 17. 128
163 3. 906
168 3. 277
174 2. 805

5.600 mn

END- EXHAT. ED

TI VE CONC

(ppm

(min)

4
11
17
22
28
33
39
44
50
56
62
67
73
78
84
89
95

100

106

111

117

123

128

134

139

144

150

156

161

167

172

178

PRENNWONNRERRRPRERRNN }FAN NNO®WN P P RRPEN N wrPro

800
503

. 860

744

. 175
. 109
. 655

353

. 160

038

. 332
. 410
. 386
. 920
. 567
. 052
. 970

648

. 118
. 119
. 655
. 657
. 984
. 807
. 504

493

. 159

597

. 332
. 269
. 973

.823 1

ANMBI ENT
T VE CONC
(mn) (ppm
179 2.018
185 8. 786
190 6. 582
196 2.647
201 1. 703
207 1. 860
213 1. 545
218 1. 199

Ti me

END- EXHAL ED

T ME CONC

(mn) (ppm
183 2. 930
189 2.122
194 1.721
200 1. 658
205 1. 516
211 1. 360
216 1. 365
222 1. 319
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APPENDI X B

Decay Curve Constants

1st 2nd M cr oconst ant s
conpart nent conpart nent (mn-7)

Conpound A a B b K Ki 2 K21
Et hyl 1180 0.5425 348 0.0194 0.076 0.347 0.139
Acet at e
Net hyl ene 6. 17 0.0239 +rrx sexxxx 0 g2y Aeaas wwwww
Chl ori de
Per chl or o- 4162 0.0206 745 0.0004 0.003 O0.015 O0.003

et hyl ene
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APPENDI X C 1
ETHYL ACETATE CALI BRATI ON CURVE
Gin - 5

55

Concentration = 1933 « (Area) + 2.265

Calibration Points

Concentration

0.0
1.24
3.8
5.0
| ao
15.0
20.0
30.0
75.0
150.0

Area (Voit-seconds)

Area
(V-5)

0. 000
0. 260
0. 959
1.412
2.232
2.999
5.202
7.448
29.334
48. 085

50
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APPENDI X C- 2
ETHYL ACETATE CALI BRATI ON CURVE

GAI N- 20

Concentration - 0.836" (Area) + 0.201

Cal i bration Points

Concentration Area
(Dom (V-5)
0.0 0. 000
1.24 1.037
3.8 4.222
10.0 11.773
8 10 12

Area (Volt-second)
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APPENDI X C- 3
METHYLENE CHLORI DE CAUBRATI ON CURVE
GAI N- 5

Concentration - 4.5" (Area) +0.124

Calibration Points

Concentration Area
i DO fV-s)
0.0 0. 000
z7 0.526
5.0 0.973
1S.0 3.089
20.0 4.611
SS. 0 13.110
75X1 15. 879
10 12 14 16

Area (Volt-second)
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APPENDI X C- 4

METHYLENE CHLORI DE CAUBRATI ON CURVE

13

12-

11

10

Ol

GAI N- 20

58

Concentration - 0.933 * (Area) -t- 0.203

Calibration Points

Concentration
' DO

Area (Volt-second)

0.0
0.7
2.7
5.0
11.5

Area
(V-5)

0. 000
0. 491
2.611
4.933
1i 209

14
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APPENDI X C-5

PERCHLORCETHYLENE CAUBRATI ON CURVE

11

GAI N- 2

59

Concentration « 1.574 « (Area) + 0.186

Concentration

Area (Vott-second)

0.0
0.5
1.0
5.0
10.0

Pcints
Area
f\-s)

6

0. 000
0.535
0.958
3.022
6.557
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APPENDI X D- 1

AUTOCORRELATI ON COEFFI Cl ENT PROGRAM
witten by Gary W Thomas

1 REM PROGRAM W LL CALCULATE AUTOCORRELATI ON CCEFFI Cl ENTS
5 KEY OFF: SCREEN 0: COLOR 0, 7,9

10 CLEAR: DI M X(50), R(50), D(50)

20 CLS: TOTAL = 0: R1=0: XT=0: XK=0: XT2=0

30 LOCATE 2, 10: I NPUT "Nane of List - ":N$

40 LOCATE 4,10: I NPUT "Enter the # of variables - "; T

50 FOR C =1 TO T

55 LOCATE 6, 10

60 PRINT "Variable";C "is - ":LOCATE 6,26: I NPUT " "; X( O
65 LOCATE 6, 26: PRI NT " "

70 TOTAL = TOTAL + X(C): MEAN = TOTAL/T

90 NEXT C

100 CLS: LOCATE 10, 15

110 PRINT " Lag calculations in process - Please wait"
120 FOR Cl =1 TO T

130 XT2=XT2+( X( C1) - MEAN) ~2

140 NEXT C

150 FOR L=l TO (T-1)

160 FOR C =1 TO (T-L)

170 B=C+L

180 XT= X( C) - MEAN: XK=X( B) - MEAN: R1=R1+( XT* XK)
190 NEXT C

200 R(L) (Rl*T)/(XTZ*(T 1))

210 : XT=0:

220 NEXT L

235 CLS: LOCATE 8, 25: PRI NT" Conput ati ons are conpl ete”

240 LOCATE 12, 15: I NPUT "Make sure printer is on and then
push <ret ur n>" ; ANS$

250 LPRI NT " "; N$: LPRI NT: LPRINT " R';"

Lag val ue”

260 FOR L = 1 TO (T- 1)

270 LPRI NT ™ "™;L;" ", R(L)

280 NEXT L

290 INPUT "Do you want to calculate |/At"; ANS$

300 I F ANS$ "n" THEN 500 ELSE
310 PRINT ' The lag factor, rf";l;") is ";R(1)
320 INPUT "Enter the first e

imnpation rate "; K(1
330 INPUT "Enter the second elimnation rate "; K(
340 I NPUT "Enter the tine between sanples "; T
350 B=LOG R(1))/-T: REM Air exchange rate

360 LPRINT "The air exchange rate is ";B
370 FOR C= 1 TO 2

b

380 PI = 1- EXP(-K(C)*T): P2=1+EXP(- K(C) *T)
390 P3 = 1+EXP(- (K(C)+B)*T): P4 = 1-EXP(-(K(C)+B)*T)
400 AT = SQR(P1*P3/ (P2*P4))

410 LPRINT "1/ At is = ";AT;" for the elimnation rate
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420

430
440
500

61

k(";C ") of " K(O)

NEXT C

I NPUT "Do you wi sh to enter another data set (y/n)"; ANS$
| F ANS$="y" THEN GOTO 10 ELSE END

KEY ON: COLOR 7, 0, 0: CLS: END
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APPENDI X E

Phot ovac Model 10S50 Event Settings

Event On O f

Sanpl e o 10
Cal o] 10
3 10 250*
4 o} 10
5 20 250*
6 0 0
7 0 0
8 o o]

This setting represents the maxi mum

time for analysis set by the programrer.

Note: Settings are determ ned by the

pr ogr anmmer .

Gain Settings

Anmbi ent Br eat h
Et hyl Acet at e 5 20
Met hyl ene Chl ori de 5 20
Per chl or oet hyl ene 2 2
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