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ABSTRACT 

Subjects weH exposed to dwemnt solvenfs in inspiratory air through u 
breathing valve both at reh clnd duriw physicul exercise on tz bicycle 
ergometer. The uprake in thtj organism was increased duringphysical work 
compared IO ai RSI. The upr k? was 5-6 times higher during hcavyphysicd 

only doubled formom insoluble solvenrs. Tho uptake can be estimated from 
the quotienr between [he concentration in alveolarand inspiratory air and the 
pulmonary ventilation The concentration in subcutaneous adipose cissue 
was higher in lean than in obese subjecrs. The ha&Ige of methylene chloride 
irr ad@ose tissue was ab0 ut 8 hr and f i r  styrene and xykne about 2-4 days. 

INTRODUCnON 

work compared to at rest fo 9 id blood easy soluble solvents w h e m s  it was 

The uptake of solvents in the organism of man was measured inasedes of 
experiments, This article summarizes some of the results which were obtained 
in exposure to totuene. industrial xylene. styfiae. methylene chloride, 
methylchlotoform, trichloroethylene. butanol and white spirit. In 1975 a 
review was written of results available at that time.' The present paper wag 
presented in Stockholm to the International Symposium on 0ccuPat;Onal 
Health Hazards Encountered in Surface Coating and Handling ofpaints in the 
Constmction industry in October of 1979. 

EXPENMENTAL DESIGN, SUBJECTS AND METHODS 

The same design of the uptake studies was uscd for all solvents. Young, 
healthy malts were used as subjects. Each subject was exposed during both 
rest and exercise on a bicycte ergometer. Each period of e*purc  usuaUy 
lasted 2 hr, 30 min at rest, 30 min at a work load of 50 W. 30 min at 100 W and 
another 30 rnh at 150 W. The solvent was given to the subject in the 
inspiratory air thmgh 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 



both pulmonary ventilation and blood circdlation could be kept fairly constant 
during the 30 minute periods of exposurej meaning that the influence ofthe 
solubility in blood and tissues of diffcreni solvents could be nudied 

The total uptake of the solvent wad continuously measured with the 
Douglas' bag technique. The cmcenrraliohs of solvents in air, in arterial and 
venous blood and in some instances in kubcutaneous adipose tissue were 
measured by different gas chmmatograplfic methods. Further details on the 
experimental design, analytical methods ahd error of the methods are given in 
the different part reports.~.~.a-)o I 

RESULTS AND DISCUSSION 

Uptake mwaremcnt. Examples of uptakes of methylene chloride. richlore 
ethylene, industrial xylene &IC! styrene dit1 be presented. 

In Figure I .  the uptake d a subject exposed to methylene chloride is 
ill~strated.~ With increasing work loads, the pulmonary ventilation increased 
and thereby the given amount of the solvCnt. The pulmonary ventilation was 
about 6 times higher at 150 W than at rest. The amount taken up was about 
doubled during work compared to at rest and of about the same size during the 
three cycling periods. During the whole period of exposure the percentage 
uptakedeclinedfrornabout55%atrest,d d wnto25% at 150 W.Theuptakein 
two hr in a group of 5 subjects was in mead 2.0 g. constituung about 3 1 % ofthe 
inhaled amount of 6.5 g. I 
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'=ome;m. L- REST - 
FIGURE I The amount d methylene chloride supplitd and th% up in one subject during cx- 
poJun. Exposure was performcdwith 1 .740~mJofmethylcm chlorideduriagrcscandexercise 
at an intensicy of 50, 100 and IS0 W.' (Reptinled by Permission from CRC Press. IBC.) 
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In Figure 2, the uptake of subject exposed to uichlomethylene is 
illustrated: The uptake decreased wing the whole period of exposure. It was 
about 55% during the first 30 minude period at test and it succcsively declined 
to about 6% during the last petiod kt 150 W. It was almost zero ar the end of 
exposun?. After two hr. the concedtration in the arterial blood of the subject 
was nearly in eqailibrhrn With the concentration in the alveolar air. The 
subject was in gaod physical condidon and fairly thin- The supplitd amount in 
two hr to a group of 5 subjects was in mean 3.9 g. The uptake wa 1.4 g, 
constituting about 36% of the inhaled amount- 

a 

RGUREZ Thcamouncof t r ich loroahy lebs~ iodd~n upinme-du-e-. 
Exposure was performed with 1.080 mJm' of trichlorocthyknc durirr?: mrt a d  exerokc 1c an 
intensity of 50. 100 and IS0 W? (Repr ind by Pcmissbn from CRC Pmss. Inc.) 

In Figure 3. the rnem uptake of a group of6 subjects exposed to industrial 
xylene, a mixture of xylene isomers and ethylbenzene, is illustrated.' The 
uptake rose fFom about 80 mg during the rest period to about 390 mgduriogthe 
last peixod ofexercke. The percentage uptake was about 6,C% at restand about 
50% buing !SO W. During the two hr exposure an average of 1.0 g or 59% 
was taken up of a supplied amount of abaut 1.7 g. 



FIGURE 3 the mean amount of xylcne supplied and raken up in six subjeer$ during exmu*.  
Exposure w s  performed with 435 mdm3 ofxylcne during rest and exercise atan inmsityaf50. 
100 .nd 150 W.' (Reprinted by Permission from CRC Press. Inc.) - 

-. .. 
compared to at rest. For styrene and and xylene the uptake increased 5-6 fold 
during 150 W as compared to at rest, whereas the uptake for methylene 
chloride and trichlotoethylene was onty doubled. The cxpfmation of these 
findings is that both styrene and xylene are easily soluble, whereas methylene 
chloride and trichlomthylene are comparatively insoluble in blood and 
probably also in the tissues. The more soluble the substance is the slower the 
equilibrium is reached between rbe concentration in blood and alveolar air 
snd between tissues and blood. Especially, in the later part of the exposure 
the degree of metaboiism also plays a role for the uptake. 
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FIGURE 4 The mean amount of styrene supplied a d  taken up in s m  wbjcetr aUN 
exposure. Expurr  was performed wirh 210 mglnJ of r*.rme mt rad exercise at an 
intensity of 50. 100 a d  150 W." (Reprinted by Permission rrom CRC Press. InC.1 

Alveolar comeatration. When the percentage uptake of the different solvents 
were related to the alveolar conccntratim over the inspiratory concentration, a 
linear correlation was observed.!.? (Fig 5). The correlation between the two 
measures indicates that the uptake of a gas in the lungs approaches zero at the 
same time as the alveolar concentration approaches the concentration in 
inspiratory air. and that the percentage uptake hereased 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 of a solvent may be estimated from the concentrations in 
the alveolar and inspira?ory air and the pulmonary ventilation. This  method of 
estimation was tried in the field with SUCCCSS.~- lj It should be noted, however, 
that the cornlation only exists for solvent uptake in the lung capillaries. 

The uptake in the lungs is distributed by the blood to the Mknnt tissues and 
organs. The higher the uptake per unit of time, the higher the concentration in 
the blood and the higher the conceatration id different organs. This means that 
the concentration in vital organs varies despite it constant concentdon in the 
ambient air- Therefore, what one would like to have is some sort of biological 
limit values as complements to the ordinary thmhold limit values- Franccsco 
Gamberale has worked tower with our group. He made an extensive Sudy 
dthesc He was able to show at which uptake asigniflcant incnase 
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in simple reaction time can be demonstrated for the solvents discussed here. 
Such values can k used as biological limit values when dims$iq acute 
effects.' 

% I uptake y = -0.86 r79.3; 
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Coateut in oubcoraneoas adiport tissue. Jorgen Engstrijm wrote his thesis 
on concentration of solvents in subcutaneous adipose tissue.6 In Figure 6. the 
concentration of methylene chloride in subcutadeous adipose tissue after 1 hr 
exposure is given.' The concentration was, as a d e ,  higher in lean than in 
obese suajects, The concentration did not change significantly during tbt first 
4 ht after exposure. The concentration was measured in 2 subjects the morning 
after the exposure and the estimated mean half-life of the concentrations m 
adipoQc tissue was 8 hr. The estimated mean amount of solvent retained in the 
total fat deposits of the body was greater in the obese subjects. The estimated 
total amount of methylene chloride in far stores 4 hr after exposure w a ~  
-ally elated to the estimated amount of the body fat expcpressd in per cent of 
body weight (Fig. 7). 
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Figure 10 illustrates the concentrations in adipose tissue after exposure ID 
bentrationdutingthe fvst 24 hr. industrial xylene.”rhere was no change in 

In a subsequent study the half-life d xyl tg, e h subcutmeous adipose tissue 

limit values arenot erccedtd. However, be B use ofthe ionghalf-Iifeia adipose 

varied between 1 md 5 days.” I ’  
Because of poor blood perfusion of adipose tissue, only small amounts or 

around 1.0% of the total uptake were retaidd @ adipose tissue. It is probably 
no risk of accumulation of mdylene chlori e in adipose tissue if the threshold 

tissue of syrae and xylene, accumulation can be expected in occupational 
exposure. in three persons 0ccupationaUy exposed to styrene, the mean 
codcentration in adipose tissue was about 80 times higher than in ambient air-’ 
”here is reason to suspect that the elimination after indusvial c x p w e  takes 
much Ionget than two weeks. 

What is the implication of an accumuhtion of a solvent in tbe adipose tissue? 
It means that as long as the solvent stays in the adipose tissue, it probably also 
stays in other fat-nche tissues. It also means that indirect exposure of internal 
organs such as the nervous system and the Iiver continues as long as the release 
frem the adipose tissue coutinucs. If the solvent d o r  its metabolites a n  
toxic the effect wili of course be carried on during a longer time, and that is 
probably associated with a greater risk of development of diseases. 
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