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1 Inhalation Pharmacokinetics Based on Gas Uptake Studies

[, A Phuarmacokinetic Assessment in Man of “Peak Concentrations™
of Viavl Chloride

LM Bolth, 1GL Fiber'. and AL Buehter!

b AbIeHung tur Fosthologie Pharmahologisches fostitat der Panversaitat Mg
Obere Zahibacher Stafle o7 D630 Mogneg o

fstitut und Palikbinih e Arbers und Sozidmediong der Convetsatat kedn
foset-Stelemann-Strede + b= Radne 1 Federal Ropubhic of Gonmany

. Abstract, On the binis of previous determmations of pharmacokinetic

parameters for inhaled vinyl chloride m men, rhesus monkeys. and rats, and
on improved pharmacokinetic models i pharmacokinetic teatment of the
problem of “peak concentratons™ of viny} chloride, as occunng mondustriad
prictice. became possible, For the caleulations, metabolic eliminaton

N kinetics of vinyl chloride was assumed to be first order as expenments in
N difterent species including rhesus monkeys showed “linear”™ phaimacoki-
h netics up o stmospheric exposures of 200 - 300 ppme. The distribution ol
l vinyl chloride between atmosphere and organism under ditterent conditions

was evaluated using “steadyvastate-hinetion™. After treating the processes of
“influx”™. “etflun™, aad “metabolism™, the aumerical values tor the
parameters dernved from i human Kinete experiment were used 1o
theoretically caleulate the e courses ot concentrition of vinyl chlonde in
the urganism and ot the cumulatise amount of vimd chlotide metabalized.
under the conditions of {a) a 2 h constant exposure to § ppm vinyl chlonde
and (b) two subsequent “peaks”™ of 30 ppm with o duration of 5 nun cach
This model caleulation suggested that, regardless of the exposure profile. the
amount of {reactive) metabolites formed from vinyl chloride would soleley
he st function of the mean atmospheric vinyl ehloride concentration over
ume. The general vahdity of this suggested rule could subsequently be
demonstrated. As the concentration of the reactive metabolite of vyl
chloride responsible tor the carvinogeme effect wt the target site must be
resultant of both tormation and wactis ation, an evaluanion of the ditterential
nish of ditferent exposure profiles can reasonahly be hased on hiochenieal
examinatons of the “detoxifvine”™ pathsns, This points out the relevimee ot
studies of the patterns of different netabolites of viny ! chloride mman under
vinvng exposure profiles

Key words: Vinyl chlonde = Pharmacokinetios = Peak concentration -

. Inhatation Kinetics
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Introduction

Considerable eftorts hiave been directed towards developing o general coneep
tor the limitation of “peak concentranom™ ol hazurdous chemeals at the
workpliace, Proposals have been elaborated tor non-carcinogemc coumpounds
(Henschler 1979) which are based on both pharmacokinetic wroends and
clussical dose-respanse considerations. For carcinogens, i sound scientilic basis
for such an assessment is lacking so far. To promote a further discussion of 1his
matter. the present paper describes one part of the situation. from &
pharmacokinetic viewpoint, dealing with an oustanding example. vinyl
¢hloride,

There iv now sulficient evidence thut the carcinogeme principle ot vimyd
chloride is a reactive metabolite, mast probably chloroethylene oxide, another
reactive metabolite is the product of spantineous rearrangement of this epoxide,
chlaroacetaldehyde (Guengerich et al 1979; Zajdela et al. 1980z Bole et ol
198, Because the initial step of metbolism of vinyl chlonde is eposidation in
(microsomal) monooxygenases, this means that the overall metabolic clinua-
tion of vipyl chloride which can be determined in vivo by pharmacokmen
methods, must be equivalent 10 the total amount of epuxide produced.
Interesting proposals have been published (Gehring etal. 1978, 1979 Anderson
et al. 1Y80) to incorporate pharmacokinetic data of vyl chloride into
calculations of dose-responses and into risk assessmert. Such models imply,
cither explicitly or tacitly, that the response (cancer development) s a function
of reacuve metabolites produced over time, rather than a funciion of plemn
atmospheric vinyl chloride exposure.

Hence, calculations of the actual amounts of vinyl chlonde mietabohzed by
the human organism under various conditions of exposure, upon careful
observation of the implicit limitations. could give some idea of the risk of these
exposures, and could possibly contribute 1o tackle the outstanding problems
mentioned above. Such ealeatations can now be based on expinded models for
ithalation  pharmacokinetics  (Filser and  Bolt 1981) und on apprapriate
experimental data for vinyl chloride in rats (Filser and Bolt 1979), rhesus

monkeys (Buchter et al, 1980), and in man (Buchter etal. 1978 Buchter 1979).

In the United States, a threshold limit value (“TLV™) of 3 ppm has recently
been adopted for viayl chloride (ACGHI 1980). In the Federal Republic of
Germany, a “TRK" value of 2 ppm (or 3 ppm for pre-existing plants) is in foree
{see DFG 1980). Other countries have similar regulations. However. it is well
documented that in industrial practice multiple peak concentrations do oceur
which by far exceed 3 ppm viny! chloride (Baker and Reiter 1977). Most of these
peaks (which may accur several times a day) have o duration of 4 few minures

only; individual peaks may even reach concentrations of 50 ppm and more.
Because the influa of vinyl chloride into the organism s o time-dependent
process, it was suggested (Buchter et al. 1978) that very shorl single peaks did
not considerably contribute 1o the overall foad of vinvl chioride metabolites in
the organism when compared 1o a constant exposure W the allowable = TLV™ or
“TRK™. However, a guantitative treatment wis not possible a1 that time beeaise
of the luck of appropriate pharmacokinetic touls,
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‘The present puper deseribus, under various conditions. the sites ot metabole
chimination of viny | ¢chlonde from the human organism which, accordmg tavwha
has been mentioned above, iy equivalent 0 the rates of eposide metabobealiy
produced. This now provides part of the basis fog 3 scienntic s aluation ot the
problem of varying exposure profiles of vimyl chlornde.

Pharmacokinetic Model

First of all, the non-hinearity of pharmacokinetios of vinyl chlonde must be
observed whily seleeting o kinetic model. In rats, metabolic chmination of viny|
chloride follows first-order kincties i stmospheric exposure does not exceed
230 ppm (Filser and Bolt 1979), Above this point the metabolizing capicities
become saturated The theoretical implications of this phenomenon have been
discussed in detil (Filser and Bolt 1981). In rhesas monkeys. i species
displaying a quantitative metabolic pattern of vinyl chloride much similar o
man, the same saturation pomt of vinyl chloride metabolism wis observed
(Buchter et al, 1980), and metabolic elimination again followed a first-order rule
up to atmospheric vinyl chloridy concentrations of 200~ 300 ppm. Beciuse of the
carcinogenicity of vinyl chloride human experimentation in this dose range. 1o
verify this saturation pattern, 1s not possible. However, the close agreement of

data obtained from rats and from » primate species in this particular point..

suggests that also in man linear pharmacokinetics of vinyl chlorde which are in
fact observed at very low exposure concentrations (Buchter et al. 1975) should
be valid up to atmaspheric concentrations of 200-300 ppm. Because this s
entirely the range within which “peak concentrations™ do oceur in industrial
practice, we decided o exclusively bise our calculations on - a linear
pharmacokinetic model, bearing in mind the implion limitaticn that this s valid
for exposures up to 200--300 ppm only.

Pharmacokinetic Data in Man

The basic pharmacokinetic data on vinyl chloride in man have been previously
published (Buchter e al. 1978: Buchter 1979): the present analyses are based on
this. material, At low vinyl chloride concentrations, experiments both in a
“closed” and in an "open” system (where concentrations in inhaled and exhaled
aie were monitored) gave similar metabolic clearance vidues for the disappear-
ance ot vinyd chlonde trom the ar. These duta dlso demonstined acotradosintic
interindividual variation in the distribution behaviour of vinvl chloride in min
which, according to animal experiments (Buchter ¢t al, 1977) ought 10 be due 1o
aditfering mass of adipose tissuc. Therefore, we decided to base all the specific
numeric caleulations of this report on the actual pharmacokinetic parameters
Jdetermined in one individual only (subject “B™: Buchier et al. 1974 Buchter
1979).

By analogy to the denominations of Filser and Bolt {1981). the model und
conditions of the experiment in question (Buchter et al. 1978: Buchter 1979) are
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summuarized in Fig, 1a, In the closed atmosphere of 81 (volume of sprrometer
containing air/vinyl chlonde plus the residual breath volume) the actual decline
of vinyl chloride given in Fig. 2u was measured. This decline tollowed the
general function

The numerical «

d=2297h"';

Wy

. Y A= tyoh'h,
F ¥Vt ! (1)

Mo = Yy - ,\':.u-) [
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Vinyl Chlonde Peak Congentrations

The numerical values of the rate constanis were:

d=2397h '
k'=190h ',

These values were obtained by using a log regression caleulator program. The
highest coefficient of correlation (r = ,9913) for the second decline process was
obtained when the experimental points after ¢ = 20 nun were taken for that
caleulation. These results differ slightly from those of i prelmimary. merely
graphical, evaluation of the decline curve (Buchter et al. 1978 Buchter
1979).

From the values of ¥y ¥y, the volumes of the air phase (V) and the
organism (V) the distribution of vinyl chlonde was caleulated which actually
prevailed under the conditions of the experiment (Buchter 1979):

@ = S O =il | )
Yumy Y Vs

We obtained K = 1.35. This K derived here is not identical with the ~equilibrium
constaat”™ (Filser and Bolt 1979)

k2

ATE
Kt.q=—~—--='-:-!-' (3)

KaVy yyn

which is derived under theoretical conditions of a static equilibrium with
negligible metabolism, The conditions of distribution between Cp, and Cpy with
concurrent metabolic climination may appropriately be described by introducing
the “steady state constant”™, K, as derived by Filser and Bolt (19811 Eq. 14).
Therefore, K (Eq. 2) can be regarded as an experimentally obtained value for
Ay (ot for K,). From A and the metabolic clearance Clow (Eq. 22 of Filser and
Bolt, 1981), k (Fig. 1) can be calculated by using Eq. (26) of Filser and Bolt
(1981):

Clyy
ha e (4
Ihe numerical value for subject B is: kg = 2,03 h™!. Of the kinetic constants
(Fig. la) we still do not know ky; and k»,. The rate constant of the fast process of
the experimental curve in Fig. 2 (a and b), 6. i determined by all the three rate
constamts of the partial processes involved. i.e.. kya, k- and kg (Glantz 1979).
An exact solution of this problem is complicated; itis included in the Appendix
to, this paper as Eq. (39). However, under the assumption
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the system simplifies into:

R ks, (6}
Then k> would amount to

Kiz=2970""

(The solution derived in the Appendix results in kyy = 27.8 h=h)
To obtain ki, rearrangement of Eq. (19) of Filser and Bolt (1981)
gives

Vihys — &'
Ky = l“li,/\’-l___) . .

henee, we oblain
ks = 1USHh™',

(Again, the solution given in the Appendix results in a similar value: ky = .77
h-1)

Transhation of the Pharmacokipetic Data into “Open™ Exposure Conditions

After obtaining all the pharmacokinetic data for vinyl chloride in man under the
conditions of the experimental system of Fig. 1a, a transition is necessary to the
conditions of inhalation of the compound from an “open™ atmosphere. i.c..
1/, = = (Fig. 1b), Because the clearance term Ay Vy (see Eqs. 2 and 3 of Filser
and Bolt 1981) remains constant, this transition also implies &> — 0. Both &y
and ka, remain unchanged. Also, it must be observed that K is dependent on
the ratio V/Va. According to Eq. (36) of Filser and Boli (1981), A, of subject B
cun be caleulated for Vi —%< 1o be '

Ky = 0714

(V1 — =).
For calculation of metabolic rates. we need knowledge of the actual
coneentrations in Cpa (Eq. 24 of Filser and Bolt, 1981), This is K, - ¥, when the
final concentration in Cpa is reached or a continous atmospheric exposure 10
constant vinyl chloride fevels. However, when repurding rapidly changing "peuk
concentrations™ of exposure, the actual concentration in Cpa is determined by all
the three progesses of “influx™, “efflux™, and ~“metabolism™ (Fig. 1b).

In order w simulate realistic “peak concentration™ conditions, we calculated
the actual concentration in Cpa as well as the cumulative dose of vinyl chloride
metabolized for single clear-cut long-term and short-term  exposures. s

TV e
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indicated in Fig. 3 and Fig. 3. This caleulation wis based on the following
considerations, )

The “influx” (Fig. I1b) which is determined by kgs. (2) and (3) of Filser and
Bolt (1981). remains constant as vy remaing a1 a constant value [re vy lixed as
Yuwatosee By, (3)):

ll.\" 1!

dN2 g
dt '

= —hkuK o = - dt

(5)

The “efflux” (Fig. 1b) is described by Eq. (3) and (5) of Filser and Bolt
(1U81):

(/l\v" 1
e N T Y
dt Bk 1
The “mewbolism™ (Fig. 1b), according to Eq. (24) of Filser and Bolt (1981),
is:

(II\I‘.’
e M (
dt MES (o)

The change in the amount of vinyl chloride being in Cpa is the resultant of Egs.
(8—10):

dN, AR . s i ,
PR Kok By = Az Bavy = A s un

This differential equation is solved und divided by V5

. Az i,
Yrn = Kby ko +l/\ ,[' et (12)

This equation describes the ascending section of the concentration curve in Cp:
(from ato b in Fig. 4b). After ending the atmospheric “peak concentration™, v,
in Eq. (8) becomes zero, and the Y reached according to Eq. (12) at that time
declines, due to the partial processes described in Egs. (9) and (10). Hence, the
course of Fig. 4b subsequent to point £ is:

. _ . s VA e i . -
Yoo = Vup t ¢ b (13)

It & second “peak concentration™ oceurs at a later time point (¢) where residual
vinyl chloride is still present in Cp. some cumulation oceurs as indicated in
Fig. b,

The'smount of vinyl chloride metabolized under such conditions is shown in
Fig. de. It is given by the differential Eq. (10). For the scction between time
points a and & (Fig. 4c) this is solved into

lvev2o S®H
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I3

JdNy = =kt %

or

After time point b,
present in Cpy:

JdNy = ka1, f‘ : ‘\;
.

[ s ¥
I

The amount metab
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— e .
Non = Vavaum x
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# "
fdNg = —hyVe- [ yadr, (14)
v o

or

A .|I\' 3] | I . ! ’ -

Ve = FrRogyy | = - =™ "=y, (s
B I ) S kk,(

After time point b, further metabolism occurs because vinyl chloride i still
present in Cpa:

f(!;\"., = kﬁl"_‘ f'\':l// . (l())
1

h

The amount metabolized during the decline phase in Cpa. up to a time point 4,
is5:

ka
T IR R T 7
H R kY ! (17

The Simulation of Peak Concentrations

Following the above ways of calculation Fig. 3 demonstrates (b) the time course
of ya. (¢) the cumulative vinyl chloride dose metabolized (Ny). and (d) the
cumulative dose expired, if subject B (Buchter et al. 1978: Buchter 1979) were
theoretically exposed for 2 h to the current TLV/TRK concentration of 5 ppm
vinyl chloride (). The doses of viny) chloride eliminated under these conditions
via metabolism and via cxhalation are very similar, because of the similarity of
kg4 and ky, in this subject. The overall amount of vinyl chloride metubolized
during and after this {theoretical) exposure was 48 umol.

By contrast, in Fig. 4 analogous computations for two peaks concentrations
of 3 min each, and amounting to 50 ppm, were made. [t should be mentioned
that current technical regulations in the Federal Republic of Germany provide
an alarm signal to be given when actual atmospheric vinyl chloride concen-
trations at the worksite exceed the “TRK™ for more than 5 min. The total
amount of viny! chloride metabolized during and after the two peaks of 30 ppm
(see Fig. d¢) was 40 umol, Figure 4 demonstrates both the time course of ya
{pancl b) and of the cumulative amount metabolized (panel c).

The results of the two caleulations show that a constant exposure of
3 % 120 = 600 ppm X min led to 0.08 wmol per atmospheric ppm per finute
(Fig. 3): the intermittent exposure (Fig. 4) of 50 x 1Y = 500 ppm X min resulted
in the same figure of 0.08 pumol per atmospheric ppm per min, This would
suggest that, regardless of the exposure profile, the amount of metabolites
formed from vinyl chloride would solely be a function of the mean vinyl chloride
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concentration over time. 1f this were true, the amount ol vinyl ehlonds piathways™. The coneen ¥
metabolized after ending an exposure should equad the difference of metabolism the time factor should b K -]
between the theoretical case of steadysstate and  that amount actually consequence, for the'd - B
metibolized up to arriving at the steady-state (or up 1o the end of exposure) By (Bolt et al. 1981a). 5
use of an analog computer, this has already been shown for @ series of organic The present data .} B
solvents by Droz and Fernandez (1977). exposures vs. peik cor. T B
The general validity of this rule is demonstrated by the following chloride metabolized & !
caleulations. Equation (15) gives the metabolized amount during exposure. Eq. epoxide formed is onkh )., &
(17) that after exposure, The sunt of both, N represents the totil amount concentration over um: gy
metabolized during and after exposure. Hereby. vy, in Eq. (17) is 1o be provided they donotea |7 3
repliced by the expression of Eq. (12). Abo. to abtain the entire amount D vinyl chloride metabols oy 1]
metabolized. the ¢ in Eq. (17) must go towards =. The result is: g non). Y 4
Because the concetr | <38
, koakoa o w formation and by rer { J §
.\'.-nl.-n = - k” ik | ’\\ql’y\'ll pL’:lI\ (1%) g aresent data that an & - 4
- iy . .
g sxposure to vinyl chlers } &
whereby ¢ peak is the duraton of the exposure peak and vy its (mean) ©  Orocesses and p‘“_h“'“t-;;"o .
concentration, The connection of K, and K, under conditions of exposure to an mnup.llly_th) u:slngf Wl
open atmosphere is given by Eq. (3) of this paper and by Eq. (36) of Filser and A possible way of ta A
, ' Bolt (1981) otal, (1980). After mu | &
Hence. it follows that S-hydroxycthyl-N-acetyi: .
of the epoxide, in comt |3
N = = Kay Voo - 1 peak . (19) demonstrated 2 dxffcr.f :
exposure conditions. Ts
According to the definition of K, (Eq. 7 in Filser and Bolt 1981), this can be direct action of glutatts
written . charactenstic specics &2 | .8
glutathione-S-transferiss | i
Newwny = = W bW - peak (21 Bolt ct al. 1981b) suges~ |88
F et RIME ALY . - . - . et
: the capacity for a direci ¢ |9
which, according to Eq. (24) of Filser and Bolt (1981). determines that amount “"lll_g|Ul}ll|\long‘ is limit= |4
which is metabolized during a time ¢ after previous formation of steady-state pussible immediate dever
conditions, of vinyl ¢hloride could ¢
. Thus. it is clear that the mean exposure concentration over rime is the only peaks which produce
; determinant for the amount of vinyl chloride metabolized, also under varying metabolite.
. exposure profiles. Hence. necessary o1
: encouraged by our pro-
i metabolite: a future aw
chloride exposure profike b
Discussion detoxication. "
. iy
The carcinogenicity of vinyl chloride is the principle toxic effect which is relevint
for the regulations covering the handling of this compound. This effect is due to
reactive metabolites, most probably chloroethylene oxide. as menuoned in the Appendin
Introduction section. A quantitalive treatment of the comparative risk of
different exposure profiles must censider that the actual amount or concen- An evacr way o a deterr g
tration of chloroethylene oxide in the human organism is always a resultant of The partial process fr- 8
both formation by microsomal monooxygenases and breakdown by ~detoxifying Filser and Bolt {1Y81): sin I
‘2
9
:. 3
o '
4
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doride pathways™. The concentrition of the reactive metabolite built up in the liver and i
_ | »olism the time factor should be critical tor the extent of alkylation at DNA sites and. in
stually consequence, for the hepatic tumorigenic potential evoked by the aenobiotic ’
2). By (Bolt ¢t ul. 1981a). .
rganic The present data clearly show that the exposure profile (e.g.. continous low -
: exposures vs. peak concentrattons) does not determine the net amount of vinyl " {
owing chloride metabolized and hence the amount of epoxide formed: the amount of .
. 4 Eq. epoxide formed is only a function of the integral of the atmospheric exposure
.+ 4 nount concentration over time. This is valid also for very short concentration peaks, ;
" 1o be provided they do not exceed the range of 200300 ppm where saturation of the
4 aount vinyl chloride metabolizing enzyme system must be anticipated (see Introdue- i
' tion). !

Because the concentration of vinyl chioride-derived epoxide is determined
(18) by formation and by removal .(climi‘n;n‘iun) nf‘this .cpnxidc. ‘il follows fn“»m the
present data that an evaluation of differential risks of different profiles of
oy exposure to vinyl chloride may reasonably be focussed only on the different
1cun) processes and pathways by which the epoxide is eliminated. This must be done
an principally by using biochemical methodologies.

nd A possible way of tackling this problem has recently been outlined by Miiller
o1 al. (1980). After suggesting that one urinary vinyl chloride metabolite.
S-hydroxyethyl-N-acetyleysteine, is formed directly by glutathione conjugation
of the cpoxide, in contrast to another metabolite, thiodiglycolic acid, they
(19) demonstrated a differential excretion of both metabolites under differing
exposure conditions. The validity of the underlying assumption of a possible
1 0 be direct action of glutathione on the epoxide could be proven by establishing
characteristic species differences in hepatic microsomal (membrane-bound)
. glutathione-S-transferases (Bolt et al. 1981b). These data (Miiller et al. 1980
i) Bolt ¢t al. 1981b) suggest that in man, much in contrast to the situation in rats,
. the capacity for a direct detoxication of the epoxide formed from vinyl chloride .
ount with glutathione is limited only. This would indicate that, from the standpoint of N
state possible immediate detoxication of the epoxide. low but constant exposure levels )

of vinyl chloride could possibly be less hazardous than marked concentration
i only peaks which produce just the same integral amounts of the reactive *
§ ying metabolite. ‘
i Hence, necessary further studies on this latter point are very much
encouraged by our present evaluation of the kinetics of formation of the
metabolite: a future assessment of the differential huzard of ditferent vinyl
chloride exposure profiles can be based almost entirely on the biochemistry of

detoxication.
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Appendix

An exact way 1o a determination of the rate constants k-, ks, and Ky,
The partial process from Cp, into Cp; (see Fig. 1a) is given by Eq. (2) of
Filser and Bolt (1981); similarly. Eq. (4} of Filser and Bolt (1981) deseribes the
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partial process from Cpy mto Cpy. Henee. the chinge of mass of compound in - The general solunor
Cp, with time,

vp=CdtF CiR
" dvy

Y D

dv, ) ,
Vl (_Il = _kl.‘l’l,"l + l\':,l:_\': . (21)

This means that, at

,“Il"i = (.l + C‘.‘ .

The change in prl‘imﬂucncul by the three partial processes determined by ks, Differentiation of E.°
kay, and kg (Fig. la) ‘

Iy ; AR

l"l - I-.,(.N.”"r + A

+ kWi~ (ki + ka)Veys (22) ot
. . Because obviously | .

In this equation. Vayy may be replaced by 1= ‘

‘I\l dvia
_.l- V +/\pl,\| __‘7?_“_—_ _[‘I,)““,

k!l

P . From Egs. (29) and i
which is derived from Eq. (21).

Differentiation of Eq. (21) gives Yian (Ay + k¢ -
¢ =102
d*y dy vy A
l/I ""'21_'2 "'k”l/l —:l"l' 4 I\"Hl’:"-;':
¢ dr dt From this cquation,
. . “y .
Equation (24), with Egs. (22) and (23). leads to (27b):

, R
—I 4 (K R = + ki = 5 i
(1[ (I\, “+ A N + I\\.l) ]{ A Atl" (4]

cquation

I-SZVZO S'?H

1}

|

This is u homogenous second order differential equation. The fundamental From Egs. (29) and I
|

\nnn(l\l‘ + /l ;

;.:+(I\'|_'v+k:3 ""l\'ﬂ)/‘.‘f";\ul\'“m” (2(1) (':"-" ’] _/‘

has roots A

Again, 4y and Z; are 5
_ﬁu‘l*/“1+/‘|)“\(/«|*/\,+A,)—4AA ¢

ol .
bl =/ - k:l + kel 5

= ( = ‘.:I"l T

. . i
wieih pw whlelgs pe Tyl -4

R e et sl e - | otk s RNttty Mg 5T

andd

From Eg. (28) of Fxl
_ _(/\1‘ + k ut I\‘_I') + \’(/\1‘ + Axy + /\u) - 4‘ ‘A

‘1

2 . - (k'Y ~ Athys + k&
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(25)
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(26)
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The general solution of Eq. (25) is

= oot e Ot (3%)
This means that, at 1= 0,

Y =G+ (2
Differentintion of Eq. (28) gives

dv,

= /‘.;(‘|l'4'l + ).:(._w("" . (3“)
i

Because obviously yay, is zcro. it follows trom Egs. (21) and (30) for
(=0

v .
‘__"lH‘l = _kl.‘,\'llm = /‘l(ll + ;_:(", s (“l)
dt

From Eqs. (29) and (31) we obtain

¢ = -ﬁ!‘.‘l’_(u}.if_t_’f_“.) (i
).3 - ).|

From this equation. 4; and A are climinated by inserung Eqs. (2721) and

(27h):

. Ky = (key + ko) + Vikis + ko + koY — 3 kyok, -
G = Vi — - EE— - (33)
IVk + hy + ko) — dkook,
From Eqs. (29) and (31) we obtain for Cx:
. ruebke A
(= e 13
. ) ll - A> et
Again, 4, and 2, arc climinated:
. k:| +kul—l\'|:+\‘/(k3_‘"‘k:, *I\k;)' -4‘.'1_‘1\". .=
(. = Vi - . - (a3)
2VUk T Ay AL - A hAy
From Eq. (28) of Filser and Bolt (1981) is follows thiat
(K'Y — k'(kya + kyy + ko) + kpk = 0. (36)
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Compitrison ol Eqs. (36), (264, and (27b) reveals that

(see Eq. 1)
Then. according o Eq. (274), =/ represents the rate constant of the tast
process in Eq. (1)

AR (38)

A combination of Eqgs, (33), (35), (37). (3¥). and Eq. (25) mves the eaact
formulation of y;:

_ YRz - (hy o+ ka) + \/U\';_: +hyy b k)~ 4k .

v
- 2V ks + kyy + kg) = d Ak,

.Y
1

+ VilKz + ko = ks + V(kyy + ky + ko) = 4 Aykal
St T A Y DAn Y Aab = e
2V(kiy + kyy o+ ka)T = 3 kg ky

.(l. (‘l))

Figure 2a shows that the fast exponential process. determined by the rate
constant 9, is practically completed after 20 min (see above). Att = 20 min (Fig.
24) ¥y was about 0.35 ppm vinyl ciloride: the contribution of the first
sxponential partial function in Eq. (39) at that time point, is < 4.7 x 107 ppm.
The further course of yy is, therefore. determined by the second exponential
partial function in Eq. (39) only, and the extrapolation 1o v, (Fig. 2a) is
justified. This means, for practical reasons.

C = v, (40)

which was (.668 ppm in the experiment of Fig. 2a. Hence. it follows (Egs. 29 and
40):

(.l = Yign — _Vl,un (1)

which was 9.332 ppm in the experiment.
For determination of the rate constants of the partial processes (k. ke kay)

the following calculations are made: Eqgs. (29) and (31) are rearranged to
give

I\',: = - ,’:_l..(.‘l..i.-_.’:‘:(."

G+ C 3-)
which is. with Eqs. (29}, (37). (38). (30). and (31)

J S O agn = Vi) + KV
1} e e e e

(33)
Mum

A ANt e R R 7 A

Yy -

i

Mansd € hlornde Peak (..'onccn‘
Ihe numerical value

n'”.- = 27.. h"' .

s it <A s A e it -
Qo
wn
=]
N
o+
N
[4)] i
w ;
fi
L.

Eqguation (26) is rearra §

o= 7

Eyuastion (44) und (45

4

- =¥ -
AYAS = AiAs

A,= -=

B i

kim0 B

4

and. with Eqs. (37) ang

ki@ = k) 7
he numerical value l‘v

kg =203 h™! (whic

i
With Eqs. (37) and (458

I

A Iy
[
v

and hence the numericalg
hay =177 b4 '
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(37

the Last

(38)

¢ oeNict

(39)

1 rate
in (Fig.
1 first
I ppm.
nential
2i) s

(40

29 and
(41)

a k)

ged to

(42)
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The numericul value thus obtined is
‘(j - .’.7.8 h ! .
Equanion (26) is rearranged. and 2y (Eq. 274) monserted nstead of 2
=27 = Aylkyr + &y
k= -— L-----‘( e .'.’.) i (44)
kia + 4
Equation (26) is rearranged under insertion of 4> (kyg. 27b) nstead of 2:
A3 = Aslka + ka) = kysk, ;
key = A0 ,f(, 1,". - _l) it 45)

Ay

Equation (44) and (45) give
ka = (46)

and, with Eqs. (37) and (38).

ozk; — (k:):(s
SN i . 17
krl k[z(() _ R,) ( )

The numerical value thus obtained is
ko= 2.03 h~! (which is the same as obtained above).
With Egs. (37) and (43) we obtain

K'Y = k'(kys + ka) + Kook,
ksy = (*y ..(_‘;l;;_i_')  Kirha (48)

and hence the numerical value

ky = 1.77 b,
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