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Abstract. Influence of workload on uptake of following solvents: tetrachloro-
ethylene, trichloroethylenie, m-xylene, n-butanol and acetone has been inves-
tigated in experimental conditions. Six volunteers were exposed by inhalation
at rest and under workload: 25W, 50W and 75W under solvents vapours con-
centrations approximating the Polish MAKs. Retention of investigated com-
pounds was relatively stable at different workloads applied in the course of
experiments. Pulmonary ventilation ranged from 6.5 to 11 1/min at rest.
Rectilinear correlation between intake and uptake with increased workload
may be assumed for all compounds investigated, independently of their phy-
sicochemical properties as well as their toxicokinetics in the organism. Accord-
ing to literature and own data the 25W, 75W and 150W workload resulted in
respectively, a twofold, a threefold and a fourfold increase of pulmonary
uptake in comparison with pulmonary uptake at rest.

I INTRODUCTION -

There are numerous data on the mechanism of pulmonary absorp-
tion of organic compound vapours and factors affecting the absorption
efficiency (2—16, 18, 19). Physical effort, increasing pulmonary venti-
lation and minute heart volume, also involve increased pulmonary
uptake of organic compounds vapours. A quantitative evaluation of the
relationship between the magnitude of physical effort and uptake is
particularly valuable under industrial exposure, especially with only
external exposure being measured. This issue was investigated by Droz
and Fernandez (12), who developed a model allowing researchers to verify
MAKSs depending on the physical effort involved and physicochemical
properties of the compound as well as its toxicokinetics in the organism.
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According to this model, for compounds exhibiting high blood: air partition
coefficient (Ag), and considerable metabolism in the organism, MAKs must
be verified with varying physical effort. On the other hand, physical
effort would not significantly affect the compounds of low Ag and low
metabolism in the organism. Astrand (2—9), investigating the effects of
physical effort, demonstrated a rectilinear correlation between intake and
uptake for compounds of relatively high blood: air partition coefficients.
For compounds of low Ag values (about 10), the obtained data seemed
to confirm the inferences of Droz and Fernandez (12) on the lower
significance of the effects of physical effort on their pulmonary uptake
(Fig. 1), ,

It must be considered, however, that Astrand’s investigations involved
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Fig. 1. The relationship between intake and uptake of solvents vapours in the
lungs under differentiated workload (0, 50, 100, 150 Watt). R — rest; a — styrene,
Astrand (4), concentrations in air: [ ] —212 mg/m$; W — 636 mg/m?; b — acetone,
Wigeaus (19), concentrations in air: O — 712 mg/m?; @ — 737 mg/mé; x —
1349 mg/m3; € — trichloroethylene, Astrand (8), concentrations in air: A —
540 mg/m3; A — 1080 mg/ms,
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very high concentrations in air, so that partial pressures in alveolar air
and capillary blood were equalized even under a relatively low work-
load. Therefore, it was interesting to find out whether a rectilinear rela-
tionship between intake and uptake at varying physical efforts applies
also to compounds of low Ag values at airborne concentrations approxi-
mating the hygienic standards mandatory in Poland. This issue is very
important in practice due to the possibility of evaluating actual expo-
sure from the known concentrations of organic compound vapours in
air and known nature of work.

II. MATERIAL AND METHOD
IL1. Solvents investigated

Trichloroethylene, tetrachloroethylene, m-xylene, acetone, and
n-butanol were used. They differ considerably in physicochemical pro-
perties (Ag values of: approx. 9, 15, 30, 245 and 1200, respectively) (17)
and in the efficiency of metabolism in the organism.

11.2, Subjects

The subjects of this study were six healthy male volunteers aged
25-40. The experiments were preceded by a detailed medical examination
of the volunteers and anamnesis excluded their use at the time of any
drugs or alcohol.

I1.3. Exposure

Desired concentrations of solvents vapours were generated in an ex-
posure chamber, the diagram of which is presented in Fig. 2, The gene-
ration of vapours was based on continuous injection of liquid compounds

-

Fig. 2. The diagram of exposure chamber for inhalatory experiments: 1 —
exposure chamber, 2 — flood-gate, 3 — mixing chamber, 4 — gas-tight door,
5 — locks, 6 — air inflow, 7 — air outflow from exposure chamber, 8 — air outflow
from flood-gate, 8 — air-shaft, 10 — barriers, 11 — jalousles, 12 — sampling part,
13 — fresh air inflow to the mask, 14 — injection point for substances under
investigation.
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(laboratory grade) into the pressed air stream, at a controlled speed.
The vapours were mixed with air in order to obfain desired concen-
trations approximating the Polish MAK values.

The volunteers were exposed to the solvents vapours outside the
chamber breathing the air from the chamber through a face mask at
rest or during exercise on a bicycle ergometer at a workload of 25, 50
and 75 Watt. Each experiment lasted 2 hours. Three days’ break separated
consecutive experiments.

IL4. Analytical methods

The solvent concentrations in the inhaled air were monitored con-
tinuously before the mask within infrared analyser (Beckman Acculab 6
equipped with Foxboro gas cuvette with the path length adjustable up
to 20 m) and graphically recorded. Analytical parameters used during
experiments are presented in Table 1.

TABLE 1. Analytical Parameters of the Methods Used for Monitoring of Investi-
gated Compounds Concentrations in the Air .

Gas chromatography Infrared
spectrophotometry
Compound ) Column Carrier Path
Sta%c:s’:ry Length 1d Temp, 838 flow  * = length
p (m) (mm) (°C) (cm/min) (m)
Tetrachloro- 15% SE-30 on 3 35 130 40 9.15 5.25
ethylene Varaport 30
Trichloro- 15%0 SE-30 on 3 35 110 30 9.45 5.25
ethylene Varaport 30
m-Xylene 15%s SE-30 on 3 35 130 40 7.65 5.25
Varaport 30
n-Butanol Porapak Q 0.75 2 160 35 10.50 5.25
Acetone Porapak Q 0.75 2 110 30 11.95 5.25

The solvent concentrations in the exhaled air were measured using
gas chromatography. Samples were collected through the sampling tube
placed behind outlet valve of the mask and injected into the gas chro-
matograph by means of the sampling loop (volume 2 cm?) every two
_mjnutés. Gas chromatograph (Giede, G.D.R.) equipped with flame ionisat-
ion detector was used. Analytical parameters applied during experi-
ments are presented in Table 1.

Throughout the entire exposure the volume of expired air was me-
asured using a resmtance-free respirometer (Vol — Flow) at 10 min
intervals.

5 — Pol. J. Occup. Med.
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The retention (R) of solvents vapours in the lungs was calculated
as the ratio of concentration decrease to the concentration of solvent in
the inspired air:

Cinh — Cexn ’
R = ——inh_ Texh 1
Cinh ( )

III. RESULTS AND DISCUSSION

Data on the solvent concentrations in inhaled air, retention, pul-
monary ventilation, intake and uptake of solvents in the lungs are
presented in Table 2. Retention of investigated solvents in the lungs
was relatively stable at different workloads applied during the course
of experiments. Pulmonary ventilation at rest ranged’ from 6.5 to
11 /min. These results are concordant with those obtained by other
authors (5, 13, 14). ‘
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100f workload (0, 25, 50 and 75 Watt)
and the concentration in air of ap-
< anl prox. 100 mg/ms3,
£ 80
o
E
v 60f
X
9
Q
= 40 r=0.96 (p<0,001
ol . ; A
2 40 80 120 160 200
Intake (mg/h}
L A
200 cetone + 240} n=-Butanol
+
180} _ + 200}
S : z , g
£ 120} + . a }. 160t .t
g Y £
..g sof @ 1204
= * + S
‘ r=095(p<0001) & sol r=099 (p<0.001)
40, ‘
4 ~
T B IR : 40 N —
200 300 400 50 100 150 200 250 300 350 400

‘ Intake (mg/h)
Fig. 4. The relationship between acetone (2) and n-butanol (b) vapours intake and

uptake in the lungs under differentiated workload (0, 25, 50 and 75 Watt) and the
concentration in air of approx. 200 mg/ms3. ' '
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. For compounds of low blood: air partition coefficient literature data
pointed to ‘missing rectilinear dependence of uptake upon intake with
increased workload under inhalation exposure (6, 8, 15). However, Fig. 1
implies a range of airborne concentrations at which the relationship con-
cerned will be linear even for those compounds. The results obtained in
our investigations demonstrate a rectilinear correlation between intake
and uptake under concentrations approximating Polish 'MAKs and
workload typical of chemical industry plants, whatever the physicoche-
mical properties of the test compounds (Fig. 3, 4, 5), although the cal-
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Fig. 5. The relationship between tetrachloroethylene (a) and trichloroethylene (b)
. vapours intake and uptake in the lungs under differentiated workload (0, 25, 50
and 75 Watt) and the concentrations in air of approx. 60 mg/ms3 (a) and 50 mg/m?
(b), respectively. :

culated correlation coefficients are slightly lower for tetrachloroethylene
(r =0,91) or trichloroethylene (r = 0,93), as compared to acetone
(r = 0,95), n-butanol (r = 0,99) or xylene (r = 0,96).

Table 3, apart from our own data on pulmonary uptake at an in-
creasing physical effort, includes available literature data. The data were
largely convergent with those obtained in our investigations, especially
when considering methodological differences and different reactions to
subjects’ effort. The 256W effort resulted in a twofold, whereas the 75W
in a threefold pulmonary uptake.

The effects of physical effort on pulmonary uptake of organic sol-
vents vapours should be also considered when establishing biological limit
values with MAK values in air underlying the interpretation of results.
For instance, in WHO publications (20), the 8-hr xylene exposure, at
200 mg/m® concentration, is assumed to comply with average urinary
concentration of methylhippuric acid, i.e. 1,4 g/l. As interpretation of
results is based on experimental data obtained at rest it seems that two-
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TABLE 3. Influence of the Workload on Uptake of Organic Solvents Vapours in

the Lungs
Compound, Uptake (mg) and quotients of amounts taken
reference Rest up at rest (q)
(conc. mg/m? (mg)  25W  50W _ 75W  100W __ 150W
exposure, time) mg q mg q mg q mg g mg q
1. Acetone
a) Wigeaus (1981)
(740; 30 min) 112 225 2.0
b) own data,
(200; 120 min) 68 176 2.6 236 3.5 318 4.7
2. n-Butanol
a) Astrand (1976)
(300; 30 min) 43 80 19 130 3.0 190 4.4
b) own data,
(200; 120 min) 118 270 2.3 348 29 398 34
3. Methylene chloride
Astrand (1975a)
(870, 30 min) 123 253 2.1
4. Xylenes
a) Astrand (1978)
(435; 30 min) 80 216 2.7 300 3.8 390 49
(870; 30 min) 164 400 2.4
b) own data,
(100; 120 min) 56 114 2.0 142 25 160 2.9
5. Toluene
a) Veulemans (1978)
(190; 100 min) 62 145 24 220 3.6
b) Astrand (1972)
(376; 30 min) 57 I 158 28 190 3.3
(752; 30 min) 100 327 3.3 407 4.1
6. Trichloroethylene
a) Astrand (1976a)
(540; 30 min) 80 166 2.1
b) own data,
~ (50; 120 min) 24 50 2.1 62 26 74 3.1
7. Tetrachloroethylene
a) own data,
(60; 120 min) 28 58 2.1 78 28 84 3.0
8. Styrene
a) Astrand (1974)
(640; 30 min) 126 350 2.8 504 40 720 5.7
X - 2.25 2.687 3.50 3.45 4.88
Mean+RSD +109/  +19%  +18%  15%  +12%s

fold urinary concentration of methylhippuric acid applies better to light

work (20W).

-a

IV. CONCLUSIONS

The data obtained demonstrate that under exposure to organic sol-
vents vapours at concentrations approximating the Polish MAKs
(Table 2) and under industrial workload (up to 75W on average) (1, 10),
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a linear correlation between intake and uptake may be assumed not only
for compounds of higher (above 30) blood: air partition coefficients, but
also for those compounds for which those values are low (approx. 10).
The above data are essential for proper evaluation of exposure when
only external exposure is measured, as well as for establishing biological
limit values with MAKSs in air as a basis.

REFERENCES

1

1. Astrand L: Aerobic work capacity in men and women with special reference
to age. Acta Physiol. Scand., 49, suppl. 169, 1960. — 2. Astrand Y. (et al): Toluene
exposure 1. Concentration in alveolar air and blood at rest and during exercise,
Work — Environ. — Health, 9, 119—130, 1972. — 3. Astrand I (et al): Methylchlo-
roform exposure: I. Concentration in alveolar air and blood at rest and during
exercise. Work — Environ. — Health, 10, 69—81, 1973. — 4. Astrand L (et al):
Exposure to styrene. I. Concentration in alveolar air and blood at rest and during
exercise and metabolism. Work — Environ. — Health, 11, 69—85, 1974, —
5. Astrand L: Uptake of solvents in the blood and tissues of man. A review. Scand.
J. Work Environ. Health, 1, 199—218, 1975. — 6. Astrand L, Ovrum P. and Carls-
son A.: Exposure to methylene chloride. I. Its concentration in alveolar air and
blood during rest and exercise and its metabolism. Scand. J. Work Environ, Health,
1, 78—94, 1975. — 7. Astrand I (et al): Exposure to butyl alcohol: Uptake and
distribution in man. Scand. J. Work Environ. Health, 3, 165—175, 1976. — 8. Astrand
L and Ovrum P.: Exposure to trichloroethylene. 1. Uptake and distribution in man.

- Scand. J. Work Environ. Health, 4, 199—211, 1976a. — 9. Astrand X, Engstrém J.
and Ovrum P.: Exposure to xylene and ethylbenzene, I. Uptake, distribution and
elimination in man. Scand. J. Work Environ. Health, 4, 185—194, 1978, — 10. Brown
J. R. and Crowden G. P.: Energy expenditure ranges and muscular work grades.
Brit. J. Industr. Med., 20, 277—283, 1963. .

11. Carlsson A.: Exposure to toluene. Uptake, distribution and elimination in
men. Scand. J. Work Environ., Health, 8, 43—55, 1982. — 12. Droz P. O., Fernan-
dez J. G.: Effect of physical workload on retention and metabolism of inhaled
organic solvents. A comparative theoretical approach and its applications with
regard to exposure monitoring. Int. Arch, Occup. Environ, Health, 38, 231—246,
1977. — 13. Monster A, C., Boersma G. and Duba W. C.. Pharmacokinetics of
trichloroethylene in volunteers, influence of workload and exposure concentration.
Int. Arch. Occup. Health, 38, 87—102, 1976. — 14. Monster A. C., Boersma G. and
Steenweg H.: Kinetics of tetrachloroethylene in volunteers: Influence of exposure
concentration and workload. Int. Arch. Occup. Environ. Health, 42, 303—309,
1979. — 15. Monster A. C. Boersma G. and Steenweg H.: Kinetics of 1,1,1-trichlo-
roethane in volunteers. Influence of exposure concentration and workload. Int.
Arch. Occup. Environ. Health, 42, 293—301, 1979a. — 16. Munson E. 8. and
Eger E. J.: Pulmonary disposition of drugs. In manual: Fundamentals of drug me-
tabolism and drug disposition. Baltimore, The Williams and Wilkins Company,

1972. — 17. Sato A. and Nakajima T.: Partition coefficients of some aromatic
hydrocarbons and ketones in water, blood and oil. Brit. J. Med.,, 36, 231—234,
1979. — 18. Veulemans H. and Masschelein R.: Experimental human exposure to

toluene. I. Factors influencing the individual respiratory uptake and elimination.
Int. Arch. Occup. Environ. Health, 42, 91—103, 1978. — 19. Wigeaus E., Holm 8.



Pulmonary uptake of organic compounds : 71

and Astrand L: Exposure to acetone. Uptake and elimination in man. Scand. J.
Work.- Environ. Health, 7, 84—94, 1981. — 20. WHO: Recommended health-based

limits in occupational exposure to selected organic solvents. Geneva, World Health
Organization, Technical Report, Series 664, 1981.

Received for publication: 22.09.1987
Accepted for publication: 16.11.1987



