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ABSTRACT

Inhalation is the first step towards respiratory tract intake of chemical
and radioactive toxics. Particle deposition in human airways has been described
by several authors as showing large individual variations. This study intends
to contribute to assess this variability limits especially with reference to age.

The method used is basically a measurement of retention, by difference bet-
ween inhaled and exhaled air concentrations, of inert monodispersed aerosols,
during controlled breathing. ®articles of 1,2, 3 wum MMAD (polystyrene latex)
are measured in size and concentration by laser velocimetry. A Fleish
pneumotachograph is used for controlling respiratory parameters.

Healthy subjects, male and female, undergo the test at various tidal volumes,
frequencies and flow rates, simulated resting ind exercising ventilation; their
respiratory function is also explored in a very complete way. 20 adults between

23 and 54 years have been tested in order to assess the laboratory reference
values,

25 children, 8 under the age of 8 years, and 17 between 8 and 15 years, have
been tested in a similar way.

Compared to adults, children, especially under 8 years, have different total
deposition ean values, higher for spontaneous and quiet controlled breathing,
Tower for exercising contiglled breathing.

Total deposition is dependent on particle size, higher for 2 thaa for 1 um
MMAD, but aiso, on lung volume, V.C., T.L.C., f.R.C., to which it is inversely
proportionnal.

] The prevision of probabilities for inhaled particles deposition ts
important for the risk assessment of chemical and radicactive ajrbsrne toxi-
cants. [f the particle size dependence of deposition is clear among human sub-
jects, its relationship with anatomical features as well as with age requires

further investigations, to assess biolagical variability and to evaiuate the
individual risk levels.




80

Total deposition has shown a large intersubject variaopility, recar-
ted by G. GIACOMELLI-MALTONI (1] 4. STAHLHOFEN (2] and J. WEYOER [3], net only
during spontaneous breathing, but also when tidal volume and respiratory fre-
quency are cantroiled.

This variability has been defined as a specificity of lung dimensions
and aratomical arrangements {3], in agreement with the statistical airway made!
of C.P.YL[4].

[t has also been related to the breathing pattern by W.L. DENNIS (5],
total deposition increasing with minute veatilation, for particles grealer
than 1.5 um MMAD®, and by N. FOORD [6]1, who defined an impaction parameter ,
0¢F (D = particle diameter, f = minute ventilation).

However, W, STAHLHCFEN and J. HEYDER [2,3] rather indicated a cenbi-
nation of desendenca of individual morphology and oreathing pattern varying with
the depasition mechanism of each particie size.

In order to contribute to determine the respective importance of
these factors, we measured total deposition in healthy adulits and in healthy
children in similar conditions, spontaneous and controlled breathing; each sub-
ject had been explored already with respect to respiratory function, and his
lung volumes and air flows perameters were considered as oroviding in vivo a
good picture of individual morphology.

The comparison to make between adults and children data requires an
attempt t¢ describe the relationship between lung indices and anatomical va-
riables from childhood to adulthood.

[n adults, the predicted lung values are expressed as functions of
body size, with respect to sex differences, and of age : dynamical volumes
and airflows decreasing, and reserve volumes increasing after 25 years.

Although many authors (7] are reporting that body size and lung
growth are achieved around 18 years in boys and 16 years in qirls, some have
observed that the lung is growing until 20 to 25 years [3].

Furthermore,it is not clear how lung air flows and volumes are gro-
wing throughout adolescence, for the reiationship hetween height and lung in-
dices is undergoing several changes during this time [9] . A sex effect is
aiso gbserved, Teading to treat most of lung indices separately far boys and
girls. For exampie, some regressions for adults and children are compared
and given in appendix.

The adult breathing pattern, according to J.E. COTES (15] has the
following mean values at rest :

- Iida] volume, VT

M:VT1 =0.4-1.5
F: VTl =0.3-0.85

- Respiratory frequency, F
F min"' = 12-20

= Minute ventilation VE

M VET x| e 6.15

Fo:vEl xmn’) = 6,12

® WMAD » mass median serodynamic diametsr




- In children, the breathing pattern was investigated by C. GAULTIER et
al [17], between 4 and 16 years; they gave the following statements :

Tidal volume incCreases with age in absolute value but not wnen ngrmalized
for Scdy weight; so does the mean inspiratory flow normalized by body
weight.

- Respiratory frequency decreases with age, while inspiratory time Ti in-
creases; 0oth reach adult values at 13 years.

The ratio of Ti/TT (TT = toral respiratory cycle duration) does not
change significantly with age. At exercise, ventilation is increased both by
tidal volume and frequency.

In adults VT is increasing proportionally to vital capacity up to

VC and F up te 30 x —
=

In children the VT increase is limited, as V.C. is small, and the
increase by frequency is not so efficient because of the concommitent in-
crease of dead space ventilation.

In order to take into account ail these notions, the contral'led
breathing pattern has been choosen as follows :

Breathing Ventilation . X
pattern at rest Hyperventilation
F Ti v/ T3 F 41 Ti v/ TS
Aduits 1
YT = 1000 15 2 500 30 1000
Children
8tol5y 15 2 250 30 i <00
VT = 500
Children
urder 8 y 20 1.5 200 39 0.86 350
yT = 300
VT = tidal volume in mi 1
F = respiratgry frequency in min
Ti = inspiratory time in sec -1
VT 2 mean inspiratary flow in ml x sec

A5}

Materials and methods

A group of 20 nan smoker adults, 10 men and 10 women, aged 21 to
54 years was tested alarj with 25 children, aged 5.5 to 15 years. According
to their ventilation features, the children were sepsrated in three age
groups :

- 8 children aged 5.5 to 8 years included,
- 9 children aged 8.5 ta 12 years included,
- 8 children aged 12.5 to 15 years included.

A1l the subjects were healthy, clinically and with respect to res-
piratory function, which was expiored by spirometry : vital capactty (V.C.),
total Tung capacity (T7.L.C.), residual volume (R.V.), forced residual capaci-
ty (F.R.C.) and air flows : forced expired volume in 1 sec (FEV 1).
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titated volume (A.V.) was obtained from VT-Vd.

polystyrene latex, 1, 2 and 3 um MMAD was measured b

_

A Fleischpneumotachograph was used to measure the respiratory para-
meters, tidal volume (YT) and respiratory flo~ rates, during the retention
test, which was performed by each subject during spontaneaus breathang and
?uring controlled breathing, simulating ventilation at rest and hyperventi-
atian.

The anatomical dead space (Vd) was calculated and the alveslar ven-

The tatal deposition of innaied monodispersed aerosols of inert

inhaled and exhaled ai concentrations.

particle size and breathing pattern, and the mean value was given.

y difference be’ween

An oral respiratory menitoring device including visual volume and
auditive frequency signals was developed. The airbarne oarticles were mea-
sured in the innaled and expired gases by a laser velacimeter (APS 33 from
TS1) giving directly the aerodynamic diameters and concentrations of par-

ticles. Each subject deposition was measured twice or three times for each

The obtained data were treated by unidimensional statistical methad,
mean values, standard deviation of the parameters and variation coefficient

{ s ) » and the group effect was studied by the non parametric test of

KRUSKAL and WALLIS (18]. A principal component analysis [19] was made sepa-
rately for adults and children, including individual Tung indices, venti-
Tation values, and deposition data.

Results

1.

The mean respirataory function values are displayed in table | for the
adults and in table 2 for the children. The adylt values are separated

in two subgroups male and female, but the children are not, because the
experimental data were not founa differend for bays and girls, and be-
cause of the small number ob subjects after beeing divided in three age

groups.
TABLE 1|
20 HEALTHY ADULTS NON SMOKERS MEAN RESPIRATORY FUNCTICM VALUES
Age Height | Weight v.C. R.v, FEv 1 T.L.C. FRC Y4
) (cm) | (kg (1 (| (xsec”t] (1 i (1)
MEN 10
n
' 9.9 174.5 68.4 5.4% 1.82 4.47 7.3 1.66 0.180
T 3.3 8.2 5.3 0.49 0.28 0.46 0.5¢ 0.47 0.012
nelo 158
.3 180.5 4.6 1.8 1.43 3.05 5.04 2.6% Q.
g 10.6 44 1.4 0.46 0.33 Q.30 0.58 0.43 0.01
——

2. The mean total deposition values are displayed in table ] for the adults
and in tabie 4 for the children; as was expected, ¥rom the Titterature
data, tRese values are increasing with the particle size in all subjects
groyps and for all the different breathing patterns.
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3Lk ?
24 WEALTHY CHILTAEN MEAN RESPIRATORY FUNCTION VALUES
Age | Howont | ueigne | v.C. 0 &l ) Fevy T.LC | FRC v,
| tem | (g M| fose o | M
.| 7.8 1216 23| vl ocersl rral r.ea 099 | a.ces
Aedy o1 g8 6.5 e06) 029 | o2 0.24 | 0.3 0.20 | 0.co3
n=8
T:| na 141.9 3.7 2.19 0.76 1.95 2.9% 1.32 0.09%
B<Agl? o, I
. §:] 1.0 1.1 8.9 | 0.46 | 0.25 0.49 | 0.57 033 | o.018
ae
T:]13.6 153.2 6.1 | 264 | o0.89 2.31 | 3.54 169 | oam
1Z<A <15¢.1 9.8 6.2 8.6 | ost{ o 252 | o0.64 046 | o0.010
ned
In the adult group the deposition data are very similar for both

sexes, except for the controlled inhalation of 3 um particles; in the
children group, some data of resting controlled breathing are significantly
different ir the younger children.

Tne inafviaual data are dispersed in aii groucs, especially for
the spontaneous breathing pattern, where the variation coefficient is grezer
than for controlled breathing; in childfen the three breathing pattern give
very dispersed values especially contrclled hyperventilation in the youn-
gest group.

Tne comparison between children and adults showssome different re-
sults for spontaneous breathing in the youngest, and for controlled hyper-
ventilation between all children.

Tne myltidimensional analysis shows a general Jung size effect upon par-
ticle deposition cata, in adults but even more in children where it meets
with age effect; some deposition data are negatively correlated with lung )
volumes : v.C., T.L.C., F.R.C., vd, and ar flows, FEV 1.

W

TABLE 3

PERCENT TOTAL DEPOSITION MEAN VALUES IN ADULTS

Spontanecus breathing Controiled bresthing
Tidal volume Vg (ml) X737 re17 1000
G : 180 220 at rest hyperventilation
inspiratary time Ui {sec} . T .22 £} 2.0 2 1
€ :0.56 “1 0.5
mean inspiratory flow 1 R : 370 3 500 1000
(ml x sec”!) 31 6: 110 80
HAD unm 1 2 k] i 2 k) 1 2 3
20 hasithy adults
* v X : 11.0 23.5 21.7 16.3 0.7 16.5' 14.7 27.4 9.7
10 M € 6.4 8.0 10.0 2.8 5.0 5.0 5.6 5.2 7.3
‘F: 0.49 0.34 0.36 0.17 0.16 0.14 0.18 0.22 0.18
j OB 12.5 | 22.9 3.8 16.8 | 32,7 | «2.6 16.2 3.8 46.5
10 F [t 5.1 8.8 8.1 5.1 4.9 5.3 3.3 5.6 4.7
_67'_: 0.41 0.37 0.27 0.30 0.1% 0.12 0.20 0.18 0.10

® Significant), different with p € 0.05 by tha Kryskal and Wailis non parssetric test
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| I“l——'
. TABLE 3
PERCENT TOTAL DEPOSITIGN MEAN VALUES N CHILOREM
Spantareaus bredthing Cantrolled dreathing
A ua R 1 [ : | ) ] z'_l———?"4
Tidal volume ¥y (ml) X Gt at rest hyparventilation
4] 9l 300
Intpiratory time ti {sec) 1.4 2.1 1.5 0.36
mean inspiratory flow ¥,
(i« sac-!) v an 100 200 150
{n}): (8) (8) (3) () {5) LM (N (7 (3)
19.1 5.0 3o 26| w8 0% a.® 15,0
e g8y P 9.9 10.9 8.1 9.6] 11.7 // es | N | o0 |
% 0.52 o ez 0.4 0.32 0.75) 0.49( .3
Ve (ml): | 438 £ 500
ti (sec): 1.24 0.37 2 1
¥
4 .
—pimasecy’) 375 10 %0 500
Age 8-12 y T
LI (9) (9) (s n n (4 (9) [¢2] H
¢ 213 6.9 29.4 7.6 384 Ity 8.4%! 23.8° gr%'
& | 8.4 9.7 5.3 6ol 49 11 6.3 | tie 54
¥ oa 04 0.2 0.3 03e| 0o0r) 0.5 o.4m| o
vr (1) ]| 579 261 500 —
ti (sec)| 1.63 0.58 2 1
v
Ixsec-i 1
ey EG T ‘1(51 Y zﬁgw LT ;:o o7
X i} 122 0| 13, 2. u.? 9.7°| 22.9° .
N 3 )

5

-
L3
o we

)
) 9
€ : 2.2 N $.7 .2 5.4 3.2 X
'F : 0.18 0.1 6.18 0.0 0.22 0.10 0.3 8.16 i

. —
* vignificantly different from other cnildren groups )
N . - o aduits g p < 0.05 by the Krusial and Wallis non parametric tese

A ventilation effect {s apparent in adults where VT and AV are posi-
tively correlated ( r : 0.5 to 0.7 ) with the different particle size de-
position values in spontaneous breathing. In children these parameters are
not correlated.

DISCUSSION - CONCLUSION

Those preliminary resuits of the total deposition of 1, 2 and 3 um
particles in human ajrways show important individual variations somehow re-
Jated to body size and lung volumes, smaller volumes having larger deposition.
This fact explains a faint sex-effect in adult deposition and a more apparent
age effect in children,

The spontaneous breathing pattern, increases individual variability
among adults, and some relationship is found between deposition and the quan-
tity of inhaled air, In children the variability is large for all the brea-
thing patterns, for the aje related growth probably hi-des the ventilation
effect observed in the adult group.

Fin.ally, compared to adults, children have lower deposition values
for hyperventilation and seem to have higher deposition values for quiet brea-
thing, especiaily for 1 and 2 um particles which have predominant sedimenta-
tion properties,

Individua) variability, is probably somehow related to lung vo-
Tumes and ventilation, and therefore, age dependent, but, as observed by
J. Heyder and a1 [3}, some other morphological arrangements and physiolo-
gical features of the individual hava to be involved.
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APPEND X

; I. Vital capacity V.C.
i - adults values [10]

M:v.C.l 2576 1'm - 0.926 Ay® -a.34
F:v.t.l =343mm -0.026a7 -2.89

- children valyes
Age S - 11 years [11]

M:v.C.ml =-3312 + 40.01 Ham ‘.

F: V.C.ml =-2689 + 34.35 Hem

Age 10 - 19 years (12]

M :V.C.ml = 1.95 + 1.69 Ln Hom - 0.017 Ln Ay + 0.38 Ln W'kg
F:V.C.ml =0.99 + 1.68 Ln Hem + G.18 Ln Ay.

2. Forced residual capacity F.R.C.

- adults values (10}
M F.R.C.T = 2.34 Hem + 0.009 Ay - 1.09
' F:F.RCT 22,26 Hem + 0,001 AY - 1

- children values
. Age 5 - 11 [13]
M+F : FRC. m} =a1B40 + 24 Hem
. Age 11 - 15 [14]
M: F.R.C. ml = 126 ¢ (0.0187 Hcm) »
F:F.RC.ml = 68.2e (0.0217 Hem)
..Age 16 - 22 (14}
M: F.R.C. ml = 225 ¢ (0.0150 Ham)
F: F.R.C. ml = 408 ¢ (0.00989 Hcm)

3. Dead space : Vd

- adult values (15]
M+F :Vvamls Ay + (Wkg x 2.2 x 10'3)

- chitdren values {16}

M+ :vd »758.5x 108 x Hom 2.363

* H = standing height
A s age
W = weight
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