CHAPTER9

WORK LOAD AND UPTAKE OF SOLVENTS
IN TISSUES OF MAN ‘

| Irma Astrand
Unit for XK Physiology, Department of Occupational Health,
National Board df Occupational Safezy and Health.
S-171 84 Solna, Sweden
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ABSTRACT a

Subjects were exposed to d{fferent solvents in inspiratory air througha
breathing valve both at rest and during physical exercise on a bicycle
ergometer. The uprake in rha‘organism was increased during physical work
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compared o ai rest. Theuptake was 5-6 times higher during keavy physical
work compared to at rest fo# il blood easy soluble solvents whereas it was
only doubled for more insolublesolvenrs. Tho uptake can be estimatedfrom
the quotient between the concentration inalveelarand inspiratory airand the
pulmonary ventilation The concentration in subcutaneous adipose tissue
? was higher in lean than in obese subjects. Thehalf-life of methylene chloride
1 in adipose tissue was about 8 Ar and for styrene and xylene about 2-4 days.

INTRODUCTION ‘

1 The uptake of solventsin the organism ofman was measured in.a series of
experiments, Thisarticle summarizes some of the resultswhich were obtained
B N exposure to toluene, industrial xylene. styrene, methylene chloride,
methyichioroform, trichloroethylene. butanol and white spirit. In 1975 a
review wes written of results available at that time." The present paper was
presented I Stockholm to the International Symposium on Occupational
Health Hezards Encounteredin Surface Coatingand Handling of Paints in the
Construction Industry in October of 1979.

EXPERIMENTAL DESIGN, SUBJECTS AND METHODS

The same design ofthe uptake studies was used far all solvents. Young,
healthy malts were used as subjects. Each subject was exposed during both
rest and exercise on a bicycle ergometer. Each period of exposure usuaily
lasted 2 &r, 30 min at rest, 30 minat awork load of50 W. 30 min at 100 W and
another 3 min at 150 W. The solvent was given to the subject In the
inspiratory air through a breathing valve. The concentration m the air was
constant and it was usually kept around the Swedish threshold limit value of
the solvent By using the same work loads and exposure time for all solvents
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In Fipgure

both pulmonary ventilation and blood eirculation could be kept fairly constant ATh
during the 30 minute periods of exposure| meaning that the influence of the 3 53% du
solubility in blood and tissues ofdifferent solvents could be studied. x. to doout 6% d
The total uptake of the solvent was continuously measured with the + exposure. Aft
Douglas” bag technique. The concentratiohs of solventsin air, in arterial and . wag nearly in
i venous blood and in some instances in $ubcutaneous adipose tissue were ) A sutpect was in
: measured by different gas chromatographic methods. Further details on the - 4 tw h_f toag
' experimental design, analytical methods ahd error ofthe methods are givenin . 3 cogstituting a

the differentpart reports..46.4-0 |

' RESULTS AND DISCUSSION i m“:'l:'n
Uptake measurement. Examples of uptakes of methylenechloride. trichioro- - 3 sog 'uPtake
§ ethylene, industrial xylene and styrene will be presented. !
In Figure |. the uptake of a subject exposed to methylene chloride is i 5¢
f illuserated.s With increasing work loads, the pulmonary ventilation increased 3
and thereby the given amount of the solvént. The pulmonary ventilation was b «0
¥ about 6 times higher at 150 W than at rest. The amount taken up was about E: 4
: doubled duringwork compared toatrest. and of aboutthe same Size during the E. ;¥
! three cyeling periods. During the whole|period of exposure the percentage " .
;. uptake declined from about 55% at rest, down to 25% at 150 W. The uptake in i ‘S
| two hrinagroupof § subjectswas in mean 2.0 g, constituting about31% ofthe | & _
: inhaled amount of 6.5 g | " 1
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FIGURE | The amount of methylene chloride supplied and taken up in one subject during ex- ‘
posure. Exposure was performed with 1.740 mg/m® of methylene chloride during rest and exercise
at an intensity of 50, 100 and 150 W% (Reprinted by Permission fram CRC Press. Inc.)
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In Figure 2, the uptake of subject exposed to trichloroethyleng is
illustrated.* The uptake decreased Vuring the whole period ofexposure. It was
about55% duringthe first 30 minute period at rest and it succesively decliged
to about 6% during the last period at 150 W. It was almost zero at the end of
exposure. After T hr, the concerltration in the arterial biood of the subjest
was nearly in equilibrium With the concentration in the alveolar air. Tihe
subject was in good physical condition and fairly thin. The supplied amount i
two hr to a group of § subjects was in mean 39 g. The uptake wa 14 g,
constitusing abauk 36% of the inhaled amount:
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FIGURE 2 The amount of trichloroethylene supplied and taken up in 0ae subject during exposure.
Exposure was perfarmed With 1 080 meg/m’ of trichloroethylene during rest and exercise at gp
intensity OF 50, 100.and 150 W.* (Reprissad hy Pormwssiem fom ERE Bress, 19e)
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InFigure 3. the mean uptake(fagroup0f63ubjectsexposed toindustrigk
xylene, a mixture ofxyle B isomers and ethylbenzene, is illustrated.' Thg
uptake rose from about80 - duringthe rest period to about 390 mgduriogthe
last period of exereise. The percentage uptakewas about659% at rest and abou
50% during ISO W _During the two hr exposure an average of 1.0g ar 59%,
was taken up of a supplied amount of about 1.7 g
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FIGURE 3 The mean amount 0fxylene supplied and taken up in SiX subjects during exposure.
Exposurewas performed with 435 mg/m* of xylene during rest and exerciseat an intensity of 50.
100 and 150 W.? (Reprinted by Permission from CRC Press. Inc.)

InFigure 4, the mean uptake of 7 subjects exposed 10 styrene is illustrated.
The uptake was high during the whole exposure. About 63% or 0.5 g of the
supplied amount of 0.8 g was taken up. The percentage uptake stayed high all
the time. The uptake increased up to 5-6 fold during heavy physical work.

For all solvents. the untake was ar leact danhied Anrine nhueiral worl
compared to at rest. For styrene and and xylenethe uptake increased 5-6 fold
during 150 W as compared 10 at rest, whereas the uptake for methylene
chloride and trichloroethylene was only doubled. The explanation of these
findingsis that both styrene and xylene are easily soluble, whereas methylene
dilorice and trichloroethylene are comparatively insoluble in blood and
probably alse in the tissues. The more soluble the substance is the slonerthe
equilibrim is reached between the concentration in blood and alveolar air
and between tissues and blood. Especially, in the later part of the exposure
the degree Of metabolism also plays a role for the uptake.
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FIGURE 4 The mean amount Of styrene supplied a d taken up in seven subjects during
exposure, Exposure was performed with 210 mg/m® of styrene during rest and cxercise at an
imtensity Of 50, 100 and 150 W.'® (Reprinted by Permission from CRC Press. Inc.)

Alveolar coneentration. When the percentage uptake of the differentsolvents
were related tO the alveolar concentration over the inspiratoryconcentration,a
lincar correlationwas observed.! 7 Fig. 5). The correlation between the two
measures indicates that the uptake of agas in the lungs approaches zero atthe
same time as the alveolar concentration approaches the concentration in
inspiratory air. and that the percentage uptake increased when the concentra-
tion in alveolar air decreases.

The relationship between the two variables is natural. The fact that the
uptake never reached 100% is due to the dead space ventilation. Accordingly.
the amount taken up Ofa solventmay be estimated from the concentrationsin
the alveolarand inspiratory air and the pulmonary ventilation. This method of
estimation was tried in the field with success.*-13 |t should be noted, however,
that the correlation only exists T solvent uptake in the lung capillaries.

The uptake inthe lungs isdistributedby the blood the different tissues and
organs. The higher the uptake per unit of time, the higher the concentration in
theblood and the higher the concentration in different organs. This means that
the concentration in vital organs varies despitea constant concentration in the
ambient air. Therefore, what one would like to have i8 some sort of biological
limit values as complements 1 the ordinary threshold limit values. Francesco
Gamberale has worked together with our group. He made an extensive study
of these problems.'2 H2 was able 10 showatwhich uptake a significant increase
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146 Work Load and Uptake of Sotvents in Tissues of Man

In simple reaction time can be demonstrated for the solvents discussed here.
Such values can be used as biological limit values when discussing acute
effects.’

%
uptake y = -0.86%+79.3;

methylene chloride
trichloroethylene
aliph. white spirit
arom. Whire spirit
styrene

xylene

> 0 o B O ¢ O

toluene

0 20 60 8o _alv.conc.xio0
insp. conc.

FIGURE S Uptake of soivents in the lungs as the percentage of the amount supplied in relation to
the quotient between the concentrations of alveolar and inspired air. The uptake was measured
during a 30 min period, and the corresponding alvealar concentration was based on three measure-
ments during the last 10 min of the sarmne period, In most cases each symbol represents a mean
wvalue of four to six subjects. The equation of the regression line was calculated on the basis of 46
such mean values, The number of subjects was: 14 for tethylene chiaride, 15-trichloroethylene,
4_—whire spirit, T—styrene, } 2—xylenc and 7 for wluenc (alogether about 60 subjects), The
deviation from the fine (SD) = 5. = 0.949. (Reprinted by Permission from CRC Press, Inc.)
’ B

Coutent in subcutancous adipose tissue. Jérgen Engstrdm wrote his thesis
on concentrationof solvents in subcutaneous adipose tissue.® In Figure6. the
concentration of methylene chloride in subcutaneous adipose tissue after 1 hr
exposure is ghan." The concentration was, as a rule, higher in lean than i
obese subjects. The concentration did not change significantlyduring the first
4 br after exposure. The concentrationwas measured N2 subjects the moming
after the exposure and the estimated mean half-life of the concentrations m
adipose tissue was 8 hr. The estimated mean amountof solventretained inthe
total fat deposits oFthe body was greater in the obese subjects. The estimated
total amount of methylene chloride in far stores 4 hr after exposure was
actually related to the estimated amountof the body fatexpressed in per cent of

body weight (Fig. 7).

16

14+

12+

FIGURE 6 Co

subjects(group |
12 subjects are a

g exercise &
(SH) of the mea

£G:6T 2661-41-030

i



Work Load and Uptakedf Selvents in Tissues of Man 147

discussed here.
iscussing acute

BF m " METHYLENE CHLORIDE -
sne chloride Q/kg é ‘

oethylene 16-
’rhite spirit

T i

vhite spirit 14

T
/,/ \\\ B
L //, ' S e ..__.'<>\
~ e g ~

121 S ] |

X : \\ !
: h 10" D/D'“‘s-\ B \{
:onc. x 100 e __ ,,,..--“ll"‘“--_%____% |
| 4

4

p.CcoNncC.

spplied in relation 10
«d on three measures *

| represents a mean 2 CEM!SEGroupI
"---*Zg-?é:éﬁ'éni‘;—"— a Mall subjects
tt 60 sutjects). The . .
n CRC Press, Inc.} oL w { Y-SEGfOUDF ]
— Y 1 2 3 4

hours after exposure ':

!

3
I

wrote his thesis
n HIQIE6, the
tissue after | hr
in lean than in
duringthe first
¢ts themorning
ncentrations
t retained Nthe
. The estimated
. exposure was
edin per centof

HGURE 6 Concezntration of methylene chioride in the subcutaneous adipose tissuc of six slim
subjects (group I) and of six obese subjects ( group 1) during 4 hr aRer cxposure, Mean values of all
12 subjects arc also given, Exposure was performed in | h with 2.600 mg/m* of methylene chioride
during exercise at an intensity of 50 W. The figure shows the meas values (M) and standard errors
{SE) of the means.® (Reprinted by Permission from CRC Press, Inc.)
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Work Load and Uptake of Solvents in Tissues of Man 149 ‘>
In Figure 8, the mean concentration in adipose tissue after 2 hr exposure to
styrene is given.”® The concentration did not change significantly during the
first 24 hr. Four subjects were followed dursing a longer period of time after the
D E £® exposure. In all 4 subjects, styrene was detectable for up to 13 days after
<+ of 55 exposure (Fig. 9). The half-life of the concentrations varied between 2 and 4
OlES days.
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FIGURE9 Concentration of styrene in the subcutaneous adipose tissue of 4 subjects from 1 to
13 d after 2 hr exposure to 210 mgsm! in inspiratory air. Expostire was performed during rest and
at an intensity of 50, 100 and 150 W.» (Reprinted by Permission from CRC Press, Inc.)

Figure 10 illustrates the concentrations in adipose tissue after exposure 1o
industrial xylene.® There was no change incontentration during the first 24 hr.
In a subsequent study the half-life of Xylede fn subcutaneous adipose tissue
varied between 1 and § days.” '

Because 0f poor blood perfusiion of adipose tissue, only small amounts ar
around 10% ofthe total uptake were retained in adiposetissue. It B probably
norisk of accumulation of methylene chlggie inadiposetissue ifthe threshold
limitvalues are not exceeded. However, use ofthe long half-life in adipose
tissue Of styrene and xylene, accumulation can be expected i occupational
exposure. In three persons occupationally exposed to styrene, the mean
concentration Inadipose tissue was about 80times higherthan inambient air.?
There Kk reason to suspectthat the eliminationafter industrial exposure takes
much Jonger than two weeks.

What is the implicationdf an accumulation OFa solvent inthe adiposetissue?
It meansthat asiong asthe solvent stays in the adipose tissue, it probably also
stays in other fat-riche tissues. It also meansthat indirect exposure of internal
organs suchas the nervoussystem and the Iiver continues as long asthe release
from the adipose tissue continues. If the solvent and/or its metabolites are
toxic the effect will f course be carried 0n during a longer time, and that is
probably associated with a greater risk of development of diseases.
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llustrations are reprinted with permission from :Modelling the uptake, me-
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