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Inluilation Pharmacokinetics Based on (>as Uptake Studies
III. A Pharmaeokinclie Assessment in Mini <»f “Punk Concentrations" 
of Vinyl Chloride

II. M. Hull1. .1. (i. 1-iKcr. .mil A. Buchiei ’
' Ahlciluni: lur loMkolikMv l,h.irnuik«‘U»t:fA.’lK,s In-stitut dor I'iihi.'imI.ii M.mi/
Ohoro AihlKkher NimIW fC IMAki M.un/ i 

itlslilul uiul I'n'iklmik tui Ailk'i's uihJ S« vulniviii/in dot l hiummUii K"!n 
li>soI-Slol/m.inn-Mr. ,,M. • !» miMM k.<ln 11. I otJoi.il KipuNk o\ <icrm.Mi\

Abstract. On the basis of previous determinations ut pharmacokinetic 
parameters lor inhaled vinyl chloride tn men, rhesus monkeys. and rats, and 
on improved pharmaeokinetie models a pharmacokinetic tieatment ot the 
problem of "peak concentrations” of vim! chloride, as occurmg m industrial 
practice, became possible. l or the calculations, metabolic elimination 
kinetics of vinyl chloride was assumed 10 be lirst order as experiments in 
diflerenl species including rhesus monkeys showed "linear" phaimacoki- 
neties up to atmospheric exposures of 200 - .''till ppm. I he distribution o! 
vinvl chloride between atmosphere and organism under ihtlerem conditions 
was evaluated using "sieadv-xiate-kinetics". After treating the processes ot 
"influx", "elflux". and "metabolism", the numerical mines t.u the 
parameters denied from a human kinetic experiment wvic used lo 
theoretically calculate the time courses ot coneeiilration ot smyl chloride in 
the orcanism and ot the cumulative amount ot vinyl chloiide metaboli/ed, 
under the conditions ot (a) a 2 h constant exposure to ppm vinyl chliuide 
and (b) two subsequent "peaks" of 50 ppm with a duration of 5 mm each 
This model calculation suggested that, regardless ol the exposure protile, the 
amount of (reactive) metabolites formed from vinyl chloride would soleley 
be a function of the mean atmospheric vinyl chloride concentration oiei 
tune. The general mliditv of this suggested rule could subsequently be 
demonstrated. As the coneeiilration of the reactive metabolite ol vinyl 
chloride responsible loi the eaicinogcmc elfect at the target site must be a 
icsultani of both tormation and inactii ation. an evaluation ol the ditleretitial 
tisk of different exposute profiles can reasonably be based on biochemical 
examinations ol the "detoxifying" pathways. This points out the relevance ol 
studies of the patterns ut hi Here at metaboliies ot vinyl chloride m man uiulei 
vanuig exposure profiles

Key words: Vinyl chloride - Pharmacokinetics - Peak concentration - 
Inhalation kinetics

o.s4il SI tHij.s 11215 s iA 2b

R
&S 024240



:> i 11 \l It..it , ! ,i X mil < hint.tii I't.ilt ( i

Introduction

Considerable ellorts have been directed towards developing a genera! concept 
lor the limitation of "peak concentrations" ol hazardous chemicals at the 
workplace. Proposals have been elaborated lor non-carcmoeemc conmpoumls 
(llenschler 1979) which tire based on both pharmacokinetic pounds and 
classical dose-response considerations. l;or carcinogens. a sound sctentitic basis 
for such an assessment is lacking so far. To promote a further discussion ol this 
mailer, the present paper describes one part of the situation, from a 
pharmacokinetic viewpoint, dealing with an outstanding example. unyl 
chloride.

There is now sufficient evidence that the carcinogenic principle ot vine I 
chloride is a reactive metabolite, most probably chlorocthylene oxide, another 
reactive metabolite is the product of spontaneous rearrangement of this epoxide, 
chloroacetnldelmle (Guengerich et al. BP9; Zajdela el al. 19S(J; Boh ei al, 
1980). Because the initial step of metabolism of vinyl chloride is epo.xidation by 
(microsomal) monoo.xygenases, this means that the overall metabolic elimina­
tion of vinyl chloride which can be determined in vivo bv phaimacokincnc 
methods, must be equivalent to the total amount of epoxide produced. 
Interesting proposals have been published (Gehring et al. 1978. 1979. Anderson 
et al. 1980) to incorporate pharmacokinetic data of vinyl chloride into 
calculations of dose-responses and into risk assessment. Such models imply, 
either explicitly or tacitly, that the response (cancer development) is a function 
of reactive metabolites produced over time, rather nan a function of plein 
atmospheric vinyl chloride exposure.

Hence, calculations of the actual amounts of vinyl chloride metaholi/ed 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 to tackle the outstanding problems 
mentioned above. Such calculations can now be based on expanded models lor 
inhalation pharmacokinetics (I-ilscr and Bolt 19S1) and on appropriate 
experimental data for vinyl chloride in rats (l-'ilser ami Bolt 1979). rhesus 
monkeys (Bucliter et al. 1980). and in man (Buchter ei al. 1978; Buchter 1979).

In the United States, a threshold limit value (“TLV") of 5 ppm has recently 
been adopted for vinyl chloride (ACG1II 1980). In the T'ederal Republic of 
Germany, a "TRK" value of 2 ppm (or 5 ppm for pre-existing plants) is in force 
(see Df-‘G 1980). Other countries have similar regulations. However, it is well 
documented that in industrial practice multiple peak concentrations do occur 
w hich by far exceed 5 ppm vinyl chloride (Baker and Reiter 1977). Most of these 
peaks (which may occur several times a day) have a duration of a few- minutes 
only; individual peaks may even reach concentrations of 50 ppm and more. 
Because the influx of vinyl chloride into the organism is a time-dependent 
process, it was suggested (Buchter et al. 197S) that very short single peaks did 
not considerably contribute to the overall load of vinyl chloride metabolites in 
the organism when compared to a constant exposure to the allowable "TI.V” or 
"TRK”. However, a quantitative treatment was not possible at that time bceau-e 
of the lack of appropriate pharmacokinetic tools.
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The present p;iper describes. under various conditions, tlie i ates ot metabolic 
eluuination of vin> I chloride from the human organism which. according to v.h.ii 
has ncen menlioned above, is equivalent to the rates ol epoxide mciabohcalB 
produced. Tills now provides pari ol the basis loi a scientilic vs.dilation ot the 
problem of varying exposure profiles ol vinyl chloride.

Pharmacokinetic Model

hv

, esc
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First of all. the non-linearity of pharmacokinetics of vinyl chloride must be 
observed while selecting a kinetic model. In rats, metabolic elimination ot vinyl 
chloride follows first-order kinetics if atmospheric exposure does not exceed 
250 ppm (Filscr and Holt 1979), Above this point the metabolizing capacities 
become saturated The theoretical implications of this phenomenon have been 
discussed in detail (Filscr and Bolt HIM). In rhesus monkeys, a species 
displaying a quantitative metabolic pattern of vinyl chloride much similar to 
man. the same saturation point of vinyl chloride metabolism was observed 
(Buchteret til. 1980), and metabolic elimination again followed a first-order rule 
up to atmospheric vinyl chloride concentrations of 2(H)-3(K) ppm. Because ol the 
carcinogenicity of vinyl chloride human experimentation in this dose range, to 
verify this saturation pattern, is not possible. However, the close agreement of 
data obtained from rats and from a primate species in this particular point 
suggests that also in man linear pharmacokinetics of vinyl chloride which are in 
fact observed at very low exposure concentrations (Buchter et al. 1978) should 
be valid up to atmospheric concentrations of 200-200 ppm. Because this is 
entirely the range within which "peak concentrations" do occur in industrial 
practice, we decided to exclusively base our calculations on a linear 
pharmacokinetic model, hearing in mind the implicit limitation that this is 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 ir. a 
“closed" and in an "open” system (where concentrations in inhaled and exhaled 
air. were monitored) gave similar metabolic clearance values for the disappear­
ance ot vinVl chloride In an fhe air. THtese'data a’lso -deinonsi' axed a 
interindividual variation in the distribution behaviour of \inyl chloride in man 
which, according to animal experiments (Buchter et al. 1977) ought to be due to 
a ditfering mass of adipose Tissue. Therefore, we decided to base all the specific 
numeric calculations of this report on the actual pharmacokinetic parameters 
determined in one individual only (subject "B": Buchter et al. 1978; Buchter 
I97U).

By analogy to the denominations of Filser and Bolt (1981). the model and 
conditions of the experiment in question (Buchter et al. 1978: Buchter 1979) are
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summarized in Fig, la. In the dosed atmosphere of X I luilurac ol spirometer, 
containing air/vinvl chloride plus the residual breath volume) the actual decline 
of vinyl chloride given in Fig. 2a was measured. This decline followed the 
general function

whereby "vis obtained by extrapolation ol the second decline phase to

b)

C Cp?

V,* ^^ V;*
81 ■'ll 831

Cp,

influx ------ » V
efflux 831

metabolism

■ k" > metabolism

V,
^12

oo
0

Kip. la iind b. Block ol
pharmacokinetic systems (or inhalation 
ol vmyl chloride (numerical values t»i 
subject B.. Buchter ct al. J97S): (at 
inhalation from a closed cas phase as 
described in Buchier el «tl IV7S and 
titi.hlcr (t>) translation of
pharmacokinetic parameters into an 
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J3
B°
(0

o
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Hj>. 2* and In Determination t>i 
pharmacokinetic parameters lor vmyl 
chloride in man: (a) experimental data 
obtained with subject B (Buehier ei 
al 147K; Buchter l*/?4*) in the air pha^e 
(Cpi) ol svsiem shots n in Fit., la. 
and extrapolation of the final logarithmic 
decline to r = d [y[ol||: (b) demonstration 
of the initial process of "equilibration", 
values being calculated from the 
experimental data of the first section 
ot the curve in panel (a) minus the 
coi responding points on the curve 
extrajHilated from the second phase, 
expressed as calculated gas uptake ot 
vinyl chloride (VC)
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Vinyl Chloride Peak ('oiivirntraliuiis

The numerical values of the rate constants were:

i) = 29.7 h ' :

A' = 1 .Vi) h 1 .

These values were obtained by using a log regression ealeulaior program. I he 
highest coefficient of correlation (r = 0.9913) lor the second decline process was 
obtained when the experimental points after t = 20 nun were taken tor that 
calculation. These results differ slightly from those of a preliminary, merely 
graphical. evaluation of the decline curve (Buchter et al. 197S: Buchter 
1979).

From the values of .v1(li,. vj,,,,. the volumes of the air phase (l'|) and the 
organism (V:) the distribution of vinyl chloride was calculated which actually 
prevailed under the conditions of the experiment (Buchter 1979):

K _ O'iwi “ .viiui) ^i ^ s j
.Wmi Jt’ioi)

We obtained K = 1.35. This K derived here is not identical with the "equilibrium 
constant" (Filser and Bolt 1979)

k, l' V

which is derived under theoretical conditions of a static equilibrium will; 
negligible metabolism. The conditions of distribution between Cp; and Cpi with 
concurrent metabolic elimination may appropriately be described by introducing 
the "steady state constant". A'M, as derived by Filser and Bolt (1981: Eq. 14). 
Therefore, K (Eq. 2) can be regarded as an experimentally obtained value tor 
k\, (not for A'Cl|). From A'sl and the metabolic clearance C7„„ (Eq. 22 of Filser and 
Bolt. 1981), A0| (Fig. 1) can be calculated by using Eq. (26) of Filser and Bolt 
(1981):

A,-i -
f
r~k\,

(4)

I'he numerical value for subject B is: kcl = 2,03 h-1. Ot the kinetic constants 
(Fig. la) we still do not know A,; and A;1, The rate constant of the fast process ot 
the experimental curve in Fig, 2 (a and b), d. is determined by all the three rate 
constants of the partial processes involved, i.c.. A^. A^. and Aq., (Giant/. 1979). 
An exact solution of this problem is complicated; it is included in the Appendix 
to, this paper as Eq. (39). However, under the assumption

(51Al.- S> A.»/, A,
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the system simplifies into:

f) = Al;. <<*>

Then A,; would amount to 

A,; = 20.7 h ' .

(The solution derived in the Appendix results in A1; = 27.8 h"1.)
To obtain Ai,, rearrangement of Eq. (19) ol T’ilser and Bolt (19X1) 

gives

lienee, we obtain 

A;i = I.9X ir1.

(Annin, the solution given in the Appendix results in a similar value; A;, = 1.77
h'r.)

Fig, $■*—d. Kinetic iinplicain 
constant exposure in low lev 
chloride (5 ppm for 2 h): (») 
of atmospheric exposure, y,: 
(b) calculated concentration 
organism, yg (c) calculate 
dose metabolized. ,Vt<; (d) c 
cumulia've dose eliminaied t 
of unmetabolized vinyl chtori

Translation of the Pharmacokinetic 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. la, a transition is necessary to the 
conditions of inhalation of the compound from an ‘’open" atmosphere, i.e.. 
F, —* -js (Fig. lb). Because the clearance term A,: F, (see Eqs. 2 and 3 of Filser 
and Bolt 1981) remains constant, this transition also implies A,;—• 0. Both AL., 
and As, remain unchanged. Also, it must be observed that A',, is dependent on 
the ratio IV^:- According to Ei|. (3h) of Filser and Bolt (19X1). A\, ot subject B 
cun be calculated for V/, — 1 to be

A.',, = 0.7 Id
(I't — *).

For calculation of metabolic rates, we need knowledge of the actual 
concentrations in Cp; (Eq. 24 of Filser and Bolt, 1981), This is A\, • v, when the 
final concentration in Cp? is reached on a continous atmospheric exposure to 
constant vinyl chloride levels. However, when regarding rapidly changing "peak 
concentrations" of exposure, the actual concentration in Cp: is determined by all 
the three processes of “influx", "efflux", and “metabolism" (Fig. lb).

In order to simulate realistic "peak concentration" conditions, we calculated 
the actual concentration in Cpi as well as the cumulative dose of vinyl chloride 
metabolized for single clear-cut long-term and short-term exposures, as

13
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= 1.77
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indicated in Fi^t. j and Hu. 4. I his c-ilcuJjiit>jj wus l>;isc*d an the lojfouinir 
cunsidcTitlion.s,

I he- ‘'influx" (Fig. lb) which is determines! by Lcjv (2) and (.') of Fikcr and 
Boll (1981), remains constant as yt remains ai a constant value [i.e.. v, is fixed as 

see Eq. (.»)):

./At

ill
-A’i A'..,, I ’.r, = -

ill < N)

I be "efflux" (Fig. lb) is described bv Eq. (4) and (5) of Filser and Holt 
(19X1):

r/A';;i
ill

~k„ V

The "metabolism" (Fig. lb), according to Eq, (24) of Piker and Holt (19X1), 
is:

‘IK,
tit -A.., Ki '"r.Vj (10)

Hie change in the amount ot vinyl chloride being in Civ is the resultant of Eos 
(8-10): ' “ M

</,V; (ly2
~<it ~ : lit Kik;\ l':.V| - A;i I'm - “ Aj.I’o-; .

I his dilterential equation is solved and divided by Ik: 

A’i
2 -11' A',, t\‘ i

A': i + Aj
-u * t ui

(ID

(12)

This equation describes the ascending section ol the concentration curve in Cp-> 
(from a to b in Fig. 4b). Alter ending the atmospheric "peak concentration", \q 
in Eq. (8) becomes zero, and the reached according to Eq. (12) at that time 
declines, due to the partial processes described in Eqs."(9) and (10). Hence, the 
course of Fig, 4b subsequent to point b is:

It a second peak concentration occurs at a later time point (c) where residual 
vinyl chloride is stilt present in Cp;. some cumulation occurs as indicated in 
Fig. 4b.

The amount ot vinyl chloride metabolized under such conditions is shown in 
Fig, 4c, It is given by the differential Eq, (10). For the section between time 
points a and b (Fig, 4c) this is solved into

Viml Chloride *

J ‘IK =

A ,i(M — I :A',.,y i a®-J

After time point bSi 
present in Cp^:

{‘IK - A., Ik/1 -5.*
<• /■ ' ■ i, i

The amount metabi -JjA 
is:

A'oi/i — j;. ■!

The Simulation of I 1
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i curve in Cp: 
duration", Vj 
2) at that time 
i). Hence, the

(13)

• here residual 
« indicated in

ns is shown in 
oeiwecn time

Following the above ways of calculation Fig. 3 demonstrates (b) the time course 
of y;, (c) the cumulative vinyl chloride dose metabolized (:VC|). and (ci) the 
cumulative dose expired, if subject B (Buchter el al. 1978; Buchicr 1979) were 
theoretically exposed for 2 h to the current TLV/TRK concentration of 5 ppm 
vinyl chloride («). The doses of vinyl chloride eliminated under these conditions 
via metabolism and via exhalation are very similar, because of the similarity ot 
ktt and k2\ in this subject. The overall amount of vinyl chloride metabolized 
during and after this (theoretical) exposure was 48 umol.

By contrast, in Fig. 4 analogous compulations for two peaks concentrations 
of 5 min each, and amounting to 50 ppm, were made. It 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 vinyl chloride metabolized during and after the two peaks of 50 ppm 
(see Fig. 4c) was 40 umol. Figure 4 demonstrates both the time course of y: 
(panel b) and of the cumulative amount metabolized (panel c).

The results of the two calculations show that a constant exposure of 
5 x 120 = 600 ppm x min led to 0.08 umol per atmospheric ppm per minute 
(Fig. 3); the intermittent exposure (Fig. 4) of 50 x 10 = 500 ppm x min resulted 
in the same figure of 0.08 nmol per atmospheric ppm per min. This would 
suggest that, regardless of the exposure profile, the amount of metabolites 
formed from vinvl chloride would solclv be a function of the mean vinvl chloride
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concentration over time. If this were true, the amount ot vinyl chloride 
metabolized after ending an exposure should equal the difference ot metabolism 
between the theoretieal ease of steady-state and that amount actually 
metaholi/.ed up to arriving at the steady-state (or up to the end ot exposure) By 
use of an analog computer, this has already been shown for a series ot organic 
solvents by Droz and Fernandez (1977).

The general validity of this rule is demonstrated by the following 
calculations. liquation (15) gives the metabolized amount during exposure, fit). 
(17) that after exposure. The sum of both. A't.|(lllU. represents the total amount 
metabolized during and after exposure. Hereby. y=(/,, in Eq. (17) is to be 
replaced by the expression of Eq. (12). Also, to obtain the entire amount 
metaholi/.ed, the t in Iiq. (17) must go towards 'Ihe result is:

'V’Uiiui _ ■” . . pL’.tki
A; i + A.-i

(IS)

whereby i peak is the duration of the exposure peak and y, its (mean) 
concentration. The connection of and A.\, under conditions o| exposure to an 
open ttlmosphere is given by Eq. (3) of this paper and by Eq. (3b) of Filser ;tnd 
Bolt (lysi).

Hence, it follows that

t^otiitii — A s,v ] 11 A,. ■ / peak (IV)

According to the definition of A.',, (Eq. 7 in Filser and Bolt I9NI). this can be 
written

•''on.in — y.'l f peak (20)

which, according to Eq. (24) of Filser and Bolt (1981). determines that amount 
which is metabolized during a time t after previous formation of steady-state 
conditions.

Thus, it is clear that the mean exposure concentration over time is the only 
determinant for the amount of vinyl chloride metabolized, also under varying 
exposure profiles.

Discussion

The carcinogenicity ot vinyl chloride is the principle toxic effect which is relevant 
for the regulations covering the handling of this compound. This effect is due to 
reactive metabolites, most probably chloroethylene oxide, as mentioned in the 
Introduction section. A quantitative treatment of the comparative risk of 
different exposure profiles must consider that the actual amount or concen­
tration of chloroethylene oxide in the human organism is always a resultant of 
both formation by microsomal monoo.xygcnascsand breakdown by "detoxifying
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pathways". The concentration of the reactive metabolite built up in the liver and 
the time factor should be critical lor the extent of alkylation at DNA sites and. in 
consequence, for the hepatic tumorigenic potential evoked by the xenobiotic 
(Bolt et al. 1981a).

The present data dearly show that the exposure profile (e.g., commons low 
exposures vs. peak concentrations) docs not determine the net amount ot vinyl 
chloride metabolized and hence the amount of epoxide formed: the amount of 
epoxide formed is only a function of the integral of the atmospheric exposure 
concentration over time. This is valid also for very short concentration peaks, 
provided they do not exceed the range of 200 —300 ppm where saturation of the 
vinyl chloride metabolizing enzyme system must be anticipated (see Introduc­
tion).

Because the concentration of vinyl chloride-derived epoxide is determined 
by formation and by removal (elimination) of this epoxide, it follows from the 
present data that an evaluation of differential risks of different profiles of 
exposure to vinyl chloride may reasonably be focussed only on the different 
processes and pathways by which the epoxide is eliminated. This must be done 
principally by using biochemical methodologies.

A possible way of tackling this problem has recently been outlined by Muller 
et al. (1980). After suggesting that one urinary vinyl chloride metabolite. 
S-hydroxyethyl-N-acetylcysteinc, is formed directly by glutathione conjugation 
of the epoxide, in contrast to another metabolite, thiodiglyeolic acid, they 
demonstrated a differential excretion of both metabolites under differing 
exposure conditions. The validity of the underlying assumption of a possible 
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 (Muller et al. 1981): 
Bolt et 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 
with glutathione is limited only. This would indicate that, from the standpoint of 
possible immediate detoxication of the epoxide, low but constant exposure levels 
of vinyl chloride could possibly be less hazardous than marked concentration 
peaks which produce just the same integral amounts of the reactive 
metabolite.

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 hazard of different vinyl 
chloride exposure profiles can be based almost entirely on the biochemistry of 
detoxication.

Appendix

An exact way to a determination of the rate constants Al;, k2]. and kcl.
The partial process from Cpi into Cpj (see Fig. la) is given by Eq. (2) of 

Filser and Bolt (1981); similarly. Eq. (-1) of Filser and Bolt (1981) describes the
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partial process Irom Cp; mio C'pf, Hence, the dunce of mass nt compound in 
Cp, with time.

v ,,y' I

„ dy i
1 dt ~ ~ * | V| + ■ (21)

The change in Cp; is influenced by the three partial processes determined by AP. 
A’:i. and Ad (Fig. la):

tlv'

K: 7: = + Ai:K,y, - (Al: -r k,,)K:v. . di

In this equation. lAv; may be replaced by

(22)

Kits = -

dv,
— V, + k,:y,i; 
di

(23)

which is derived from Eq. (21).
Differentiation of Eq. (21) gives

dr di dt

Equation (24). with Eqs. (22) and (23). leads to

d~v i , , dv i
“Tf + (kr_ + A;i + A\.|) + Ai;A\.lv, - 0
(It (it

(24)

(25)

This is a homogenous second order ditferential equation. The fundamental 
equation

k~ + (A|; + A; | + A\.|)7. + A|;A.i = 0 

has roots

(Ai: "r A;j + A..,) — \/(A|. -r A';i + A..])" — 4 A;;A.j

(26)

(27a)

S irr. I ChloriU'- IY.it. Oh

The general soluoot
r;

■sT

v, - r, c" + c %:

This means that, at

V||ii| = C’| + C; .

Differentiation of E‘

t,y; = k,C,S' + k 
dt

- -y.

? . U■«*.’. - t !

■ri 1;

7
Because obviously
t = 0:

dv......
ilt

— — Ai;yi,ui

From Eqs. (29) and

From this equation. 
(27b):
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The genera) solution of Eq. (25) is

V, = f| C'1 -r (\ (2N)

This means that, at r = 0.

I'n.n = t'l + . (2V)

Differentiation of Eq. (2S) gives 

r/v,
= /.|( i<'*+ ?.•( >i‘*1. (5d)

ill

Because obviously is zero, it follows Irom Eqs. (21) and (50) for
i = 0:

t

I

(25)

(24)

(25)
i

Jamental

‘h _ i _ •- ------------ A|.'V||,i, — /1( i + /-il i
ill

From Eqs. (20) and (51) we obtain

(21)

5'iin) (^: + k\;)

From this equation. /.| and /.■> are eliminated bv inserting Eqs. (27a) and 
(27b):

k)> - (fci + ktf) + V(A'i; + k;i + k^Y - 4 fct;A\i
t I — >'Idli — — - ,------------------ -• -----------------

2 v(k ly + A'y I + A‘,)F — 4

From Eqs, (29) and (31) we obtain for C::

(35) |-‘
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Comparison ol Eqs. (36). {2b), ;ind (27b) reveals 

- k' ,

II M a J|

I ' I

(see Eq. I),
Jhoii. according to Eq. (27a), -7,( represents the rate constant of ihc tusi 

process in Eq. (I):

- 7.i = <). (38)

A combination of Eqs. (22). (25). (37). (38). and Eq. (28) give*, the evict
formulation of .‘V

t‘i =
>'iini[A'i: " (A;i !■ A\.|) f VfA't; + A_'| f A.i)’ — 2 A..A,.t| 

3 V(A-,.'+ *77 + A\,r - 4 A,-A\,

, >'i(oi[A'^i + A\.| - A'i; + V(A‘i; + k;i i- A,.if" - 4 A'l.'A,.,] 4j-f- - — — •-------j.. -............. (4
- V(Ai; + k:i + kti)* - 4 ki:ke\

(39)

Figure 2a shows that the fast exponential process, determined by the rale 
constant d, is practically completed after 2(1 min (see above). At t = 20 min (Fig. 
2a) y(„ was about 0.35 ppm vinyl chloride: the contribution of the first 
exponential partial function in Eq. (39) at that time point, is < 4.7 x to-1 ppm. 
Ihc further course of yq is, therefore, determined by the second exponential 
partial function in Eq. (29) only, and the extrapolation to vj,,,, (Fig. 2a) is 
justified. This means, for practical reasons.

- .'’[(it) (40)

which was 0.668 ppm in the experiment of Fie. 2a. Hence, it follows (Eqs. 29 and 
40):

( I ~ .Vtint (41)

which was 9.332 ppm in the experiment.
For determination of the rate constants of the partial processes (k!:. ktl. A-.,) 

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

A'i: - —
3.,C, +

C, + C.

which is. with Eqs. (29). (37). (38). (40). and (41)

A,,. -- -
”■ t"iuii) A'.vJ(h)

>'lnM

(42i

(43)

\m>l < hl*»fhk‘ Peak Concert 

Hie numerical value tt 

A,.- - 27.S h"‘ . ;

F.quation (26) is rearra 

, ~ 7.; — A,(A|; 4
*ri = :----------- 7-r

kf2 ■i'

liquation (26) is rearra

, -7.} - A:(A,:
*"' -------------------?!

i
Equation (44) and (45). - f_ - A,A; h

and. with Eqs. (37) aii|

***' - (k')'&
“ ki:(d-k') |

I he numerical value t!

A-t, = 2.03 h_1 (whic'
%

V.iih Eqs. (37) and (45j| 

, (A'): - A-'(A-,:

1

*md hence ihc numerical 

A:i = 1.77 h’1.
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The numerical value thus obtained is 

ki; - 27.S h ' .
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2a) is

(40) 

2‘) and

(41)

ti. ^:i)
cod to

(42)

(43)

Equation (26) is rearranged, and 7, (liq. 27a) is inserted instead .d 7:

k.i —
7) - 7j(A|_’ f A';i )
‘'"*12

(44)

Equation (26) is rearranged under insertion of 7; (Eq. 27h) instead of 7:

k
7’ - 7>(Ai; -f A\.|) — k i *A..|

7.*
(45)

liquation (44) and (45) give 

, _ 717j - 7;7:
r' ” A,;(7. -7,'j

and, with Eqs. (37) and (3X),

_ d'k' - (k‘)'d

The numerical value thus obtained is

kci» 2.03 h-1 (which is the same as obtained above 

With F.qs. (37) and (45) we obtain 

^ + Atl) + A|;Avl

(46)

(47 J

(4S)

and hence the numerical value 

A;, = 1.77 h'1.
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