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ABSTRACT. The refationship between particle size and
absorption of lead particles from the gastrointestinal teact
of the rat has been investigated. Preparations of metallic
lead of particle size between 0 and 2504 were incorporated
in laboratory rat diets and sbsorption determined by meas-
urement of tissue {ead concentrations sttsined under
standard conditions. An inverse relationship was found
between particle size and lesd absorption; this relationship

N was most marked in the 0 to 100u range. A five-fold

enhancement of absorption was observed from the diet
with lead particles of mean size 6u, compared with 197
particle size.

Lead absorption from dried paint films containing lead
chromate and lesd octoate was measured using a similar
technique. A marked enhancement of sbsorption was
observed for both paints when particle size was reduced
from 500 to | 000 to < S0u.

— —

PARTICLE SIZE has long been recognized to influence
the retention of atmospheric lead (Pb) in the respiratory
tract, but there is little corresponding Information con.
cerning the gut. The two situations are not entirely analo.
gous since all ingested Pb particies are potentiaily available
for absorption, wheress only the smail particle fraction of -
atmospheric Pb is likely to reach an absorptive surface in
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the lung, and only part of this is retained and absorbed.

Lead-containing soils and dusts are being seen asa
potential hazard, especially for children. Contaminated
dusts have been suspected as potential sources of poison-
ing in relation to Pb smelters.}'* Much of the continuing
concern with regard to Pb additives in gasoline has now
become focused on the ultimate deposition of Pb from
automobile exhausts on soils and dusts.

Evidence has been presented which suggests that aboul
one-third of atmospheric Pb derived from automobile
exhausts might be retained in the respiratory tract. The
remaining fraction is either exhaied, or in the case of large
particles, deposited in the major airways where they are
entrapped in mucus secretions, transported by ciliary
action to the larynx, and ultimately swallowed. [t has
been presumed that swallowed particles of atmospheric
origin will result in less absorption than those in the
inhaled fraction, since it is generally accepted that only
10% of dietary lead is absorbed from the g

Children exposed to heavily contaminated soils and
dusts are known to sustain an increased soft tissue Pb but-
den, but few observations have been made in which the
magnitude of this contribution has been determined. One
study in a rural area of England, which was (ree from
atmospheric pollution, showed that the mean blood lead
concentration in children was 8 to 9 ug/100 g greater in 3
district where the mean soil-lead content was 13,900 ppm
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compared with controls living in an area with 4,000 ppm
can soil lead content.* In that study no relationship was

;;uﬂd with pica for soil, but it was recognized that both

he physical and chemical forms of Pb might have modified

jts availability for absorption.

This paper reports studies in the rat designed to deter-
mine the influence of particle size on the availability of
P for ahsorption from the gut. The experimental model

. pas already been described.® The studies were conducted
with both metallic Pb and with material derived from two
4ried paint films containing lead chromate and lead octo-

ae, respectively.

sethods

In previous studies 2 standardized procedure for the
determination of Pb absorption was established using 30-
10 32-day-old male Wistar rats weighing 90 to 110 g.* These
experimental conditions were chosen to minimize variation
in Pb absorption which might be associated with animal
age and maturity. In the first study using metallic Pb 30-
day-old male Wistar rats of mean body weight 93 g were
used. Lead was added to the diets to a concentration of
0.075%. Two rats were killed prior to the trial and blood
and kidneys analyzed for Pb to ensure that the animals
had not previously been exposed to Pb. Thirty-six rats
weee allocated at random into six groups of six animals,
with each rat housed individually in a stainless steel and
polythene cage. Tap water containing less than 10 ug/l Pb
was supplied ad libitum. Diets were prepared from Oxoid
418 (medified) powdered diet and made into stick form
wing 5% molasses. The method of diet preparation resulted
in 2 uniform distribution of Pb and homogeneity was con-
firmed by analysis of sequential portions.

Metallic Pb {Lead Powder, B.D.H.) was sieved into six
particle size ranges using Endacott’s Scientific Test Sieves
and each of these was used to prepare the diets for one
group of animals.

Particle size distribution for each portion was verifled
by means of a double image micrometer and the mean

. particle size, range, and mean surface area calculated

!' (Table 1). Examination of the particles by conventional
microscopy showed that they were irregular in shape

' (Fig. 1) so that the particle surface areas which were cal-

\ tulated on the assumption of spherical form are approxi-
mate. Each animat was provided with a weighed portion
{31 10 33 ) of the appropriste diet for the 48-hr test
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Fig. 1. Micrograph of metallic lead particles in the 30 to 681 range,

The second study was designed to determine the }
absorption of Pb from powdered films differing in particle
size. Two paints were used which contained 0.48% Pb as
lead octoate and 0.39% Pb as lead chromate, respectively.
The corresponding diets were prepared to contain 0.02%
Pb in ord-r to restrict the paint content of the diet to a
palatable level. A lead acetate diet was also prepared to this
concentration to act as a standard for comparison. Each
paint was incorporated into the rat diets in two particle
size ranges: SO0 to 1,000 2 and < 53 1 the lead acatate
was also < 53 u in particle size. These particle sizes were
determined using Endacott’s Scientific Test Sieves, Six
groups of 31-day-old male Wistar rats, 90 to 103 g body
weight, were atlocsted randomly in separate cages and
supplied with a weighted portion (31 to 33 g) of the pre.
pared diets and tap water ad libitum (Table 2),

The rats were killed 48 hr after the initiation of Pb
feeding and dissected immediately, Blood was obtained
by venepuncture and collected into heparinized lead-free \J
tubes. The kidneys were removed, sezled in polythene
bags and frozen at -20°C pending snalysis. Any remaining
food was weighed and the Pb intake determined by differ-
ence. Lead analysis of blood, kidneys, and diets were made
after wet-ashing with a sulphuric, nitric, perchloric acid

} period. digestion mixture, by a semi-automated dithizone technique.®
' | Table1.-Metatlic Lesd Particla Size - Table 2.-Diets foc Palat Film Stady
.| Growp Mean (20 £23D Mean Surface Area 4i3) Animal Group Dist Supplied
1 6t 9 ’ 128 1 Control
, 2 919 , 7529 2 Lead scatate (0.02% Pb)
3 9% 36 19,456 3 Lead octoats palnt S00-10004 perticie size l
4 107 % 70 35,832 4 Lead octowts peint < SOU particle size
$ 1374118 $9.153 s Lead chromate paint S00-10004 particle size
6 197 £166 121,715 6 Lead chromate paint < SO particle size
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Tabie ), -Metallic Lead Study: Blood and Kidney Lead Content®

Animals Groupt  Blood Lead (1g/100g) Total Kidney Lead (tig)

1 0347 7.1310.82
2 230t:.8 3.75 058
3l 183%50 228 £0.70
4 19.1 £33 2131038
5 145%2.1 1.3 £0.48
6 1152t6 1.15£0.21
Controls 83219 092 £0.25
*Mean £5D.

+Groups | to § fed diets containing 0.075% lead.

Resuits

Metailic Lead

The rats were 32-days old and weighed 101 to 119 g
when sacrificed. The tissue lead content for blood and kid-
ney in each group is given in Table 3. A marked inverse
relationship between tissue lead content and the particle
size of the ingested Pb was observed. Thus, the mean bicod
lead concentrations for animals fed preparations of Pb
<38 u diameter was 2.3 times greater than that observed
in animals fed particles of 150 to 250 u diameter, Simi.
tarly, the mean kidney lead content for animals receiving
the small particle size preparation was 6.2 times that of
animals fed with preparations of large particle size. Plotting
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DIAMETER OF PARTICLES ()

Fig. 2. Effect of metallic lead particle size on blood lesd concentrs-

tion (¥ = §).
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the tissue content data against particle size gave expongy,
tial curves which were similar for blood and kidney (i,
2 and 3). : .
One interpretation of the observed relationship migh
be that the relative proportion of lead oxides 1o metalli
Pb (due to surface oxidation) might be increased in the
particles of small diameter, L2ad oxide has been shown gy
oe well absarbed from the intestinal tract of the rat.! Eyq
of the various particle size preparations of Pb was, there. [
fore, examined by means of x-ray diffraction. It was
found that the proportion of lead oxide to lead increzsed
from a trace for particles of mean diameter 197 » to
approximately 5% for particles of mean diameter 6 .
Blood lead concentration and kidney lead content wene
found to be related 10 the surface arez of the ingested par.
ticles. Plotting tissue tead data against surface area gave
curves which were essentially similar to those obtained for
plots against particle diameter, but with a more marked

inflexion of the curve at surface areas of approximately
29,000 u? (Figs. 4 and $).

- nx ﬂ

Paint Study v

s A

The results of blood lead concentrations and kidney
lead contents are given in Table 4, The same absorption
ratio was observed between the particles from paint films
containing lead octoate and the film containing lead
chromate a8 had been demonstrated between two pure
compounds in previous experiments.® [n each case the
smallersized particles were associated with an increased !
tissue lead content which was more marked for kidney
than for blood (Figs. & and 7).

Decreasing particle size of the paint films from 500 to
1,000 g to less than 50 u resuited in a 1.5- to 1.6-foid
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iacrease in blood lead concentration and a 1.5- to I.8-fold
ipcresse in kidney lead content. [n neither case did the tis-
we lead concentrations achieved attain those of the ani.
mais fed lead acetate. The maximal tissue lcad contents in
the paint film studies were found in association with the
eud octoate films of < 50 u particle size. In this case tissue
¥ead concentrations which were 71% and 67% of those for
mimals fed lead acetate were found for blood and kidney
Yead, respectively.

Comment

The data for metailic Pb confirm that there is a marked
wlitionship between particle size and availability for
Pworption from the gut. This relationship was such that a
fvefold enhancement of absorption was observed in the
arge from 6 u 1o 197 u mean diameter of particles, The
dope of the curve obtained suggested that greater absorp-
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Fig. 5. Effect of srface sres of metallic fead particles on total
Kidney lesd (N = 6). :

_ tlbn would be expected for smaller particles in the range

of 0 to 6  which might be encountered in retained and
swallowed material from atmsopheric sources. The find.
ings indicate, therefore, that it may not be possible to
derive a single retention factor for distary Pb and it follows
that the potential hazard associated with ingested material
derived in various environmental situations may differ.

Some caution is required before these data are extra.
polated to human populations, It has been shown that the
rat only absorbs 1% of ingested Pb even from the more
readily absorbed compounds such as lead acetate and lead
oxide, contrasting with 10% dietary retention usually
attributed to the human adult.® This may reflect species
differences in diet rather than 2 difference in absorptive
capacity. Modification of the diet in the rat has been
shown to result in marked differences in the degree to
which a given compound of Pb may be sbsorbed, int that a
low-mineral, high-fat diet will enhance the absorption of
Pb up to 50 times control values.”

Table 4.-Paint Film Study: Blood snd Kidney Lesd Content®
) ParticleSize  Blood Lesd Total Kidney Lead
Lead Compound {10 1g/100g 7]

None (control) — 81219 0512007
Losd acetate <50 3183449 6AS21.16
Lead octoats {paint) $00-1000 19337 2.38%029
Lead octoate {paint) <s0 272140 4301046
Lead chromats (paint) 500-1000 145232 2,18%0.67
Lesd chromats (paint) <350 218212 3.35 046
*Mean £ 8D.
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Fig. 6. Relative blood lead concenirations for different particle size
paint fitms fed to rats (¥ 2 6),

A possible explanation for the enhanced absorption of
Pb from small particles might be the increase in surface
oxidation forming products which are more readily
absorbed.® However, x-ray diffraction studies showed that
the smallest particle size range contained only approxi-
mately 5% lead oxides which would be insufficient to
account for the observed increases in the Pb content of
blood and kidney.

It is recognized that particle size¢ measurements reported
in this paper refer to Pb added to the diet and do not
necessarily reflect the state of the added Pb in the pre.
pared diet or in the gut lumen. [t is possible that agglomera.
tion of particles may have occurred during diet preparation
or after ingestion in the gut. The effect of this would have
been to increase the mean particle size of the added Pb
and thus 1o impair absorption, For example, particles not
incorporated into diets—large particles which are inhaled
and trapped in lacge air pagsages and subsequently swal-
lowed ~-may have a greater absorption.

The physical form of particles derived from paint film
would seem to modify the availability of Pb compounds
contained in them for absorption. Little is known of the
physical or chemical changes which paint flakes undergo
after ingestion, although it is known that some paint flakes
remain refatively intact when swaliowed by a child and
may be observed radiographically in the gut lumen. or on
inspection of feces. In spite of this, sufficient absarption
of Pb resulting in childhood poisoning is known to occur,
and in many cases the ingested flakes become too finely
divided to be visible macroscopically. Thus the composi.

184

- biological standard.

tion of the paint and the chemical nature of the added
Pb compounds may determine its stability in the gut 15q
hence the availability of Pb for absorption.

Long-term feeding of paint flakes identical to those
used in this work, but of larger particle size (500 to
1,000 u), have been reported to result in minimal ab
tion of Pb by the rat.> This was attributed to the chemicy
nature of Pb additives which are relatively insoluble in the
acid milieu of the stomach compared with basic lead ca.
bonate used in clder paint preparations. This view hay
been questioned in recent work in which the availability
of Pb for absorption from various compounds has beeg
measured.®

The present data suggest that particle size of the mats
rial derived from paint film is an important determinant
of absorption. The potential hazard for children of Pb.
containing surface-coating materials is determined by both
the chemical form of the Pb additives and by the resistanee
to disintegration of the ingested flakes. it follows thatitl
unlikely that a single control measure can be devised which |
will be applicable to all paints or surface-coating materials t
and that it would be preferable to devise an alternative -
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Fig. 7. Relative kidney tead content for different particle size paist
(lims fed to raty (¥ = 6}
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To the Editor.—in their article ‘‘Plasma Cholinesterase 1. Howard, |.K.; East, N.J.; and Chaney, |.L., 1978, Plasma cholln'
Activity in Early Pregnancy,” Howard et ?l.l rcgo(ted a sig- ;s;;rm activity in ¢arly pregnancy, Arch Environ Health 33(5):
nificant fall in plasma chalinesterase activity during the first 2, Pritchard, |.A., 1955, Plasma chalinesterase activity in normal
three months of pregnancy, and presented prellminanlr evli- %nm:f\_;oa;::”ln eclamptogenic toxemias, Amer | Obstet

dence suggesting a return to normal pre-pregnancy levels ynecol 70:1083. ity du o

later in pregnancy. In agreement with their results, previous 3 ::n":"';; :ﬁﬁ:ﬁ:ﬁmmmﬂl&‘?ﬁmg?; %

nvestigators™ have also reported a decline in total enzyme 4. Robertson, G.S., 1966, Serum cholinesterase deficlency I1: Preg-
xuvity during the first trimester but, in contrast, repor: . :?I\GYI acm }dAmrS%:“l‘i‘n Human seram chollnesterase

that the serum levels remain fairly stable during the secon . Hazel, B., and Monier, D., . s

ad third trimesters. In our laboratory using the Kalow Variatlons during pregnancy and postparium. Caned Anoesth

Soc § 19{3): 272,
methad,’ we have found the mean levels of plasma cholin. ¢ (L 0" i s ¢ 1957 A method for the detection of

witerase activity in laboring patients at term to be 45% low- atypical forms of human serum cholinesterase, Determination of
¥ than those in 2 controt group of healthy nonpregnant ) wbl:‘ciﬂn: numbars, Canod | Bicchem Fhysiol 35:333.

vomen.’ 1t has been suggested that this decreased cholines. - 7. Workin Prograss, )

®rase activity at term may be clinically impoetantin women 8- 81itt, C.0.; Petty, W.C.; Albartarst, E.E.; and Wright,B.}., 1977,

X . Correlation of plasma cholinesterase activity and duration of
Wdergoing Cesearean deliveries who receive succinlycholine action of succlnylcholine during pregnancy, Anesth Anaf (Cur-
o other drugs metabolized by plasma cholinesterases. rant Rasearchas) $6(1):78,
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