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ABSTRACT

This study was conducted to characterize the
physicochemical properties of the lead
powder/dust from alead battery plant, and
estimate their relative bioavailability. Ninety
male Sprague-Dawley rats were fed with
lead-dosed mixtures at the target doses of 5
and 10 mg/Kg BW/day, respectively, during
the specified study periods. Results shows
that lead powder for anode and the lead dust
from the cathode plate manipulating process
consisted of both lead element and lead oxide
while the other types of |ead powder or dust
were found composed of lead element only.
Also, it is shown that the lead powder was
the smallest in particle size with a mode of
11~12 um, while 66%~75% of lead dust
from plate manipulating process and 27% of
that from plate cutting process were
composed of particle size less 250 um. Lead
powder for anode plate, lead dust from the
anode el ectrode plate manipulating process,
and from the plate cutting process were
mostly composed of lead and/or its
compounds, in terms of weight percentage.
Generally speaking, the blood lead levels
increased inversaly with the particle size of
the lead powder and/or dust, and reached the
plateau level around the 4™ week for the low
dose group and about the 2" week for the
high dose group. At the same lead exposure
dose, the bioavailability of lead uptake vary
from 30.9% for the lead dust from anode
plate manipulating process with size range of
106um~250um to 245.1% of lead powder for
anode plate with size mode of 12 um,
depending on the lead source and the time
period of blood collection. The observations



in the present study provide important
parameters for the improved risk assessment
of exposureto lead dust in the lead battery
plant, especially for inadvertent ingestion
and/or ingestion of coarse particles
transferred from the naso-pharyngeal areato
the gastro-intestinal tract.

Keywords: Lead, Bioavailability, Animal
Study, Lead Battery Plant, Dust.

INTRODUCTION

Delineation of the lead pathway of workplace
to house indicates that lead is probably
transported into the houses on the clothes,
shoes, hair, skin and, in some case, motor
vehicles of the workers. Meanwhile, lead
contamination on mouth and hand has also
been indicated in alead battery plant that
parentera intake from hand and mouth
contamination is an important cause of lead
absorption in lead-exposed workers. In order
to delineate the contribution to the blood lead
level from ingestion, this study was
conducted with aliving animal model to
estimate the relative bioavailability of lead
dust in the lead battery plant, and analyze the
physicochemical characteristics of the dust
lead. Results of this study would provide a
basis for improved exposure and risk
assessment.

MATERIAL AND METHOD

The test materials were lead powder and dust
samples obtained from a lead battery plant,
including lead powder for cathode plate, lead
powder for anode plate, lead dust from
cathode plate manipulating process, lead dust
from anode plate manipulating process, and
lead dust of electrode-plate cutting. The first
part of this study was the determination of
the physicochemical characteristics, i.e., the
surface characteristic, weight distribution by
size range, size distribution, components, and
the lead percentage in weight of the study
powder and dust samples. Ninety male
Sprague-Dawley rats (nine/dose group; 6-7

weeks of age at initiation of dosing ) were
supplied by the National Laboratory Animal
Breeding and Research Center, National
Science Council (Taipei, Taiwan, R.O.C.).
Animal wereindividually housed in standard
polycarbonate metabolic cages for rats
(Nagene). All animals were provided
deionized water ad /ibitumby glass bottle
reservoirs fitted with stainless steel sipper
tubes and fed twice per day. Every morning,
depending on the stages of the study period,
the study animals were fed various amount of
purified diet AIN-76 complete meal ad
libitum, from 20 to 22 g, while lead-dosed
complete meal with exact lead content were
served late afternoon at a specified limited
amount of one fiftieth of the rat’s body
weight to make sure these meals would be
finished during the night hours. The dosed
feed group animals had access to lead mixed
feed till the terminations of each observation
period, i.e., 14, 28, 42 days, respectively. The
low and high target dose levels were selected
for each study lead-dose feed mixture at 5
and 10 mg Pb/kg/day, respectively. For the
reference group, the animals were fed a
purified diet AIN-76® into which the
appropriate amount of |ead acetate were
added to replace the lead dose as mentioned
above. Dosed feed concentrations, stability,
and homogeneity were verified during the
study. During the in-life phase, clinical
observations, food consumption, and body
weight determinations were recorded for
further analysis. Daily cage checks were
made twice for morbidity and mortality, and
daily clinical observations were made for any
possible signs for toxicity. At the end of the
specified observation periods, three rats were
etherized and sacrificed for blood collection
by drawing from the femoral vein. Blood
specimens were stored and refrigerated until
removed for analysis.

The study lead dust/powder samples were
first sieved with ASTM standard sieve with
U.S.A. No. 140 and 60 mesh, equivalent to
106 um and 250 um in opening size (VWR
Scientific Inc. subsidiary of Univar). Pre-
sieved lead dust and powder samples were
examined with the scanning electron



microscope (SEM, Hitachi-S 800) to
exaimine the surface characteristics of the
study particulates. Lead dust/powder was
further analyzed for the particulate size
distribution with laser light diffraction
(Coutler LS 230). Furthermore, the
components of study lead samples were
characterized with the X-ray diffraction
(XRD, MO3XRF) to determine the primary
compositions inside the study samples. Lead
content determination for the dust/powder
samples was performed on the graphite
atomic absorption spectrometer (GAAS,
Perkin Eemer® 5100), so was for the dosed
feed mixtures.

Bioavailability was calculated by comparing
the blood lead concentrations of animal fed
with the study lead powder/dust samplesto
those with lead acetate. For example, afeed
group was treated with lead dose of Xo,
compared to those reference group treated
with lead acetate, and their corresponding
blood levels were presented as a dose-
response function of X, i.€., frex(Xo), frer(Xo),
respectively. Given the background blood
concentration of the study animal was c ug/dl,
and the fiex(Xo), freat(Xo) fOr agiventimet
were b ug/dl and c ug/dl, respectively, then
the relative bioavailability for timet could be
expressed as follows:

Relative Bioavailability (t)
= [(b-¢)/(a-c)]x100%

According the experimental design, the
relative bioavail ability were calculated at the
15" 29™ and 43" days following the
sacrifice and blood collection.

RESULTS AND DISCUSSION:

Physicochemical characteristics of lead
dust/powder

1. Description of the particulate surface:
For particulates of lead powder for either
cathode or anode plate, most are spherical,
smoother and more homogeneousin size and
shape compared to the lead dust obtained
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from the electrode plate manipul ating process,
both cathode and anode. For the latter ones,
most of them are in irregular shape, pile-up,
and with rough surface, and varying in size.
For the lead dust from the plate cutting
process, the particul ates share the similar
characteristics of lead dust from the electrode
plate manipulating process. Figure 1 shows
the topography of the particul ate surface of
the lead dust from the anode plate
manipulating process as an example for
demonstration.

2. Sizedistribution, weight percentage and
lead contents:

Size distribution, weight percentage and lead
contents of particul ates were summarized in
Table 1. It is shown that all the lead powder
was less than 106 um in size, with amode of
11~12 um, while 66%~75% of lead dust
from plate manipulating process was
composed of particle size less 250 um, and
only 27% of that from plate cutting process
was less than 250um. On the other hand, lead
powder for anode plate, lead dust from the
anode el ectrode plate manipulating process,
and from the plate cutting process were
mostly composed of lead and/or its
compounds, percentage in weight ranging
from 96.0% to 102.1%, while slightly lower
lead contents were found in the lead dust
from cathode plate manipul ating process and
the lead powder for cathode, varying from
80.0% to 90.5%.

3. Physicochemical properties of lead powder
and dust.

Table 2 presents the physicochemical
properties of the study lead powder and dust.
Lead powder for anode and the lead dust
from the cathode plate manipulating process
consisted of both lead element (Pb) and lead
oxide (PbO,) while the other types of lead
powder or dust were found composed of lead
element only. Also shown in Table 2 isthe
crystal system, crystal parameter, and color
of these study lead powder and dust.

4. Body weight and lead dose uptakein



animal study
Table 2 presents the average body weights of
the study animals by week, increasing from
around 200 g at the beginning to about 450 g
for the last group sacrificed at the end of the
6™ week. And, according to the experimental
design, the average dose of lead uptake of the
study animalswere set at 5 or 10 mg
Pb/kgBW/day, i.e., target doses. However,
due to the varying lead content percentage of
each type of study powder/dust, and the
variation of exact amount added to the feed
mixture, the actual lead doses applied to the
study animals might somewhat deviate from
the preset target dose. Neverthel ess, most of
the average actual lead dose were controlled
within 10% of the target |ead dose.

5. Bioavailability

Table 4 shows the blood lead levels of the
study animals at the specified time frame of
sacrifice. The highest blood |lead levels were
found around 110~120 ug/dl among the rat
group fed with high dose lead powder for
anode plate, particle size mode of 12 um,
while the lowest blood lead levels of 30's
ug/dl were observed among the rats treated
with low level lead dust from the anode plate
manipulating process. Generally speaking,
the blood lead levels increased inversely with
the particle size of the lead powder and/or
dust. And, the rat groups fed with low lead-
dosed feed mixtures had blood lead levels
reached plateau of blood lead level around
the 4™ week while that of the high lead-dosed
group usually arrived at the blood lead
plateau levels at the end of the 2™ week.
Compared to the reference group dosed with
lead acetate, the relative bioavailability was
calculated and shown in Table 4. For
exposure to the same type of lead dust or
powder, the rats fed with high |ead-dosed
feed mixtures showed elevated blood |ead
levels up to around 110% compared to those
fed with low lead-dosed, depending the types
of lead sources and the time period of
exposure, i.e., the specific time of sacrifice
for blood collection. On the other hand, since
these study lead powder/dust were composed
of high percentage of lead contents and the

dose used to feed the study animal were
calculated based on the actua lead amount in
the feeding, we may simply estimate the size
effect of lead-containing particle on the blood
lead levels, without paying too much
attention on whether it is powder or dust in
the present study. Therefore, at the same lead
exposure dose, the bioavailability of lead
uptake vary from 30.9% for the lead dust
from anode plate manipulating process with
size range of 106um~250um to 245.1% of
lead powder for anode plate with size mode
of 12 um, depending on the lead source and
the time period of blood collection.

SELF ASSESSMENT:

The present study has been conducted well
following the original study design except the
solubility study of the lead dust and/or
powder under the simulated gastro-intestinal
environment. Since the current study is an
animal exposure study, the study results
reflected the outcome resulting from
complicated metabolism process after
ingesting lead-dosed feed mixtures.
Therefore, it is believed, with the results of
this /n vivo study, the omission of the part of
solubility study won’t alleviate the virtue of
the present study. Meanwhile, the
observations in the present study has
successfully achieve the preset goals of
characterizing the lead sources encountered
in the lead battery plant and assessing the
relative effects of dose, types of sources, and
particle size on the lead powder/dust’s
contribution to blood lead levels. Prior to the
present study, there is rare information on
physicochemical and bioavailability
regarding /n situlead source of the lead
battery plant. The observations of this study,
therefore, provide important parameters for
the following risk assessment of exposure to
lead dust in the lead battery plant, especially
for inadvertent ingestion and/or ingestion of
coarse particles transferred from the naso-
pharyngeal areato the gastro-intestinal tract.

A draft of article based on this study is now
being prepared and expected to be submitted



an international journal for publication.
Meanwhile, the study also fostered two
master theses which are listed in the
reference and contain more details regarding
the present study.
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Tablel.

percentage of particulates.

L ead source, particle size and weight distribution, and lead content

Lead sources Particle size Weight Particle size Lead content in
range, U m  proportionby size  mode, 4 m particul ate, %
range, %
Powder, Anode <106 100 12 96.0
Powder, Cathode <106 100 14 90.5
Dust, Plate Mani- >250 43.0 — —
pulating Process, 106-250 23.2 140 99.6
Anode
<106 33.8 61 98.8
Dust, Plate Mani- >250 47.5 — —
pulating Process,  106-250 283 169 83.6
Cathode
<106 24.3 4 80.0
Cutting Plate >250 72.7 — 96.8
106-250 11.0 154 102.1
<106 16.3 80 102.0




Table 2. Physicochemical properties of lead powder and dust.

Lead sources Elements & Crysta system Crystal Color
compounds parameters
Pb cubic a=4.9506A diver gray
Power, Anode PbO, " tetragonal a=4.9525A black
c=3.3863 A
a=4.9506 A diver gray
Power, Cathode Pb cubic a=4.9525 A black
c=3.3863 A
Dust, Plate Mani-
pulating Process, Pb cubic a=4.9506 A diver gray
Anode
Dust, Plate Mani- Pb cubic a=4.9506A diver gray
pulating Process, PbO," tetragonal a=4.9525A black
Cathode c=4.3863 A
Cutting Plate Pb cubic a=4.9506A diver gray
* Plattnerite



Table 3. Body weights and exposed lead doses for the study animals.

Lead Sources Lead Dose, mg

Average Body Weight at thei™ day, Mean+SD (g)

Pb/Kg BW/day
Target Actua 0 7 14 21 28 35 43*

5 596 2243 269.2 3109 346.8 3810 3900 418.0

Lead Acetate (104) (16.4) (20.8) (25.8) (319 (30.0) (36.2)
10 10.77 2053 2531 290.7 3280 3675 4173 449.0

(15.00 (20.3) (29.0) (49.9) (58.4) (40.5) (44.9)

Plate 5 592 2163 2704 3177 3553 3893 4187 4523
Manipulating, (11.6) (16,5 (185) (15.1) (14.8) (22.1) (18.0)
Anode, <106 10 933 239.7 2856 3362 370.7 4063 4183 4427
um. (204) (20.7) (19.4) (27.2) (32.4) (16.8) (25.5)
Plate 5 462 209.7 2583 321.0 391.7 4347 4300 4543
Manipulating, (55 (35 (36) (85 (13.1) (24.6) (30.0)
Anode, 10 919 1693 230.7 2947 311.3 3447 4387 4723
106~250 um. (25 (1) (643 (1120 (21.1) (8.0 (2.1)
Plate Cutting, 10 913 1710 2293 2943 3433 3713 4163 4457
<106 um (9.6) (153) (188) (10.7) (332 (930 (131
5 452 196.0 256.7 3140 365.0 4083 4213 4437

Lead Powder, 61 (74 (82 (199 (21.7) (26.8) (45.6)
Anode 10 9.08 2153 2683 321.7 3623 409.0 4383 4717
(123) (284) (295) (47 (75 (26.3) (26.9)

Control 0 None 2117 2740 340.0 3873 4227 456.0 484.7
(28.0) (359 (36.7) (18.9) (21.6) (15.6) (26.3)




Table 4. Blood lead levels and bioavailability of study animals by batch of sacrifice.””

Dose Lead Sources Actua Pb Dosg, i day of the study period
Group mg Pb/ KgBW/day 15th 29th 43rd
Blood Lead 39.8 62.2 57.4
Lead Acetate 5.96 Level, ug/dl (3.6) (8.8) (10.5)
Bioavailability 100%  100%  100%
Plate Manipu- Blood Lead 313 30.9 34.6
lat-ing, Anode, 5.92 Level, ug/dl (6.4) (1.7) (5.7)
Low <106 um Bioavailability 69.4% 37.2%  49.5%
Plate Manipu- Blood Lead 375 47.1 54.2
lating, Anode, 4.62 Level, ug/dl (7.7) (4.9 (9.2)
106~250 um Bioavailability 118.2% 89.8% 119.8%
Lead Powder, Blood Lead 57.8 63.0 75.0
Anode 4,52 Level, ug/dl (5.9) (12.4) (9.2)

Bioavailability 218.8% 134.0% 183.5%
Blood Lead 67.8 58.8 64.4

Lead Acetate 10.77 Level, ug/dl (13.9) (9.7) (9.7)
Bioavailability 100%  100%  100%
Plate Manipu- Blood Lead 36.7 49.3 61.0
lating, Anode, 9.33 Level, ug/dl (9.0) (10.4) (9.7)
<106 um Bioavailability 50.6% 91.8% 108.3%
Plate Manipu- Blood Lead 36.2 58.1 77.3
High  Iating, Anode, 9.19 Level,ug/d  (12.8) (154) (8.4)
106~250 um Bioavailability 50.2% 115.4% 146.3%
Plate Blood Lead 65.9 88.0 92.7
cutting, ???2um 9.13 Level, ug/dl (6.7) (16.5) (22.3)
Bioavailability 113.9% 192.4% 182.3%
Lead Powder, Blood Lead 1100 1035  120.0
Anode, ?7?7um 9.08 Level, ug/dl (14.5) (5.9 (26.6)

Bioavailability 209.1% 233.1% 245.7%

*  Each batch was composed of 3 rats.

** Bioavailability was calculated by comparing the blood lead levels of rats ingesting lead-
dosed feed mixtures to those of the control group which were fed with mixtures containing
lead acetate, after deducting the background blood lead level of 12.5ug/dl obtained from the
measurement of rats at the beginning of the present study without lead powder/dust exposure.
Meanwhile, adjustments were made for the unequivalent lead dose between actual doses
between the |ead-dust/powder treated group and the lead acetate control group.

10



Figure 1. Topography of the particulate surface of the lead
dust from the anode plate manipulating process,
under the scanning electron microscope (SEM).
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