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Preface
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Washington, D. C. 20005. Royal A. Brown,
Technical Director, National Paint and Coatings
Association, Inc., was the project monitor.
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logical Sciences Division, under the direction of
Dr. W. B. House from 1 December 1972 through
31 July 1973. Dr. Thomas R. Castles, Principal
Pharmacologist, was the principal investigator,
assisted by Dr. Jaime Sanyer, Associate Pathologist,
and Mrs. Jane Hoch, Biology Research Assistant.
Dr. James L. Spigarelli, Senior Chemist, supervised
the lead analysis with the assistance of Mrs. Hope
M. Miller, Assistant Chemist.
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I. Introduction

Few persons will disagree that the ingestion of
old lead-based paint presents a potential health
hazard to young children. As a result of reports
by Kehoe.! Chisholm,* and King,* medical re-
searchers, paint manufacturers and legislators
have recognized the seriousness of this problem
and are acting to establish safe concentrations of
lead in paint. To do this, they have voluminous
reports on clinical observations and animal re-
search from which to draw. Unfortunately, most
of this information is based upon the old white
lead paints or soluble lead salts, which are not
representative of the paint formulations on today's
market. Some studies have been reported * * which
indicate that lead compounds are not as readily
leached from modern paint films.

Before safe concentrations of lead in
paint can be intelligently established, we must
evaluate the toxicity of the lead as it exists cur-
rently in modern paints. It was the purpose of
this study to evaluate the toxicity in rats pro-
duced by different concentrations of modern
paints containing lead octoate and lead chromate
at varying concentrations compared to an old
paint formulation containing white lead. The re-
sults are presented in the following pages.

II. Methods

A. Preparation of Paint Films Containing
Different Concentrations of Lead

Paint films without added lead and with added
lead compounds in the form of lead octoate, lead
chromate, or lead carbonate were supplied by
members of the National Paint and Coatings
Association. Paints which contained lead octoate,
and lead chromate (medium yellow) were pre-
pared using a flat alkyd paint formula based upon
a Federal Specification TT-R-266D Type I Class
B alkyd resin. A white lead in oil paint was
prepared from a formula typical of this type
paint as it was used in the 1920’s. This con-
tained a high percentage of lead carbonate. The
flat alkyd paint without added lead was used for
control. The percent of lead in each sample was
calculated on the basis of the nonvolatile ma-
terial. Dispersion was accomplished with a Cowles
Dissolver and the pigment volume concentration
was held at one level. The paints were placed in
pans and allowed to air dry. This was followed
by forced air drying at 120°F to volatilize any
remaining solvent. Paint films were ground and

sieved, and chips ranging from 0.5 to 1.0 mm in
size were used for this study. This chip size was
selected on the basis of a preliminary rat feeding
study which established that rats would selectively

eat around larger sized chips but would eat chips
in the selected size range.

The concentrations of lead in the dif-
ferent paint films were determined independently
by De Soto, Inc., The Sherwin-Williams Company
and Midwest Research Institute, using Atomic
Absorption Spectrophotometry.

A sample of old lead-based paint col-
lected from walls of old dwellings was obtained
from the U. S. Department of Commerce, Na-
tional Bureau of Standards, Washington, D.C.
This paint was intended as an analytical standard
and had been pulverized and sieved through 325
mesh screen (0.06-0.08 mm size) and contained
11.92% lead by weight as carbonate. This sample
will be referred to as “NBS lead paint™ in this
report.

B. Preparation of Diets

Diets were prepared by mixing paint chips with
Purina Rat Chow mash in the concentration of
0.1% (weight/weight). This was accomplished
by first preparing a 10% concentrate (paint film/
feed, w/w) in a high-speed twin shell mixer. This
concentrate was then added to the appropriate
amount of Purina Rat Chow mash to give a final
concentration of 0.1% (paint film/feed, w/w)
and mixed for 10 minutes in a bulk mixer.

Each diet was prepared three times
during the experiment and samples of each of
these preparations were assayed for lead content.

C. Experimental Procedure

Two hundred weanling (40-60 gm) Charles River
rats (100 males and 100 female rats) were used
for this study. Upon arrival rats were housed
individually in air conditioned quarters in poly-
carbonate cages containing hardwood bedding
and filter tops. After 5-7 days of equilibration,
all rats were assigned one of the following diets:

1. Rat chow plus paint chips without added
lead (control)

2. Rat chow plus paint chips containing
0.08% lead as lead octoate
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3. Rat chow plus paint chips containing
0.53% lead as lead octoate

4. Rat chow plus paint chips containing
2.05% lead as lead octoate

5. Rat chow plus paint chips containing
0.42% lead as lead chromate

6. Rat chow plus paint chips containing
1.95% lead as lead chromate

7. Rat chow plus paint chips containing
12.43% lead as lead chromate

8. Rat chow plus paint chips containing
66.05% lead as lead carbonate

9. Rat chow plus NBS lead paint contain-
ing 11.92% lead as carbonate

Twenty male and 20 female rats were assigned
to the control diet, and 10 males and 10 female
rats were assigned to each of the remaining diets.
Each diet was fed in a 9-0z wide-mouth glass
jar which was secured to the cage. Tap water was
available ad libitum during the entire experiment.

Feed consumption was measured twice
each week and calculated on a daily basis. The
animals were weighed once a week. All rats were
observed twice or more each week for toxic signs.

After 4, 8 and 13 weeks, a selected
number of male and female rats from each group
were placed in metabolism cages for the collection
of 24-hr. urine samples. A portion of the col-
lected urine was used for urinalysis and the re-
mainder frozen for assay of delta-aminolevulinic
acid and coproporphyrin. After urine collection
each rat was anesthesized with ether, exsangui-

- nated via the abdominal aorta and bone marrow

smears were prepared. Blood samples were hep-
arinized, cooled and used immediately for hema-
tology and enzyme assays. Aliquots of the re-
maining blood were taken for protoporphyrin and
lead assays. After urine and blood samples were
obtained, each rat was necropsied and tissue
taken for lead analysis or microscopic examina-
tion,

D. Analyses

1. Lead analyses of paint chips and diets con-
taining paint chips:

a. Paint film: Ten-miligram samples of paint
chips containing no lead or 0.08% lead
octoate were charred with 3 ml of con-
centrated nitric acid and dry-ashed at
500° C for 2 hr. The ash was dissolved
in 1 ml of aqua regia, diluted to 5 mi

with distilled water and this final dilution
measured for lead content by atomic ab-
sorption.

All other paint chips (10 mg samples)
were digested in 15 ml of a mixture of
concentrated nitric acid and 37% perchlo-
ric acid (2:1, V/V), evaporated and the
remaining perchloric acid solution diluted
to 25 ml with distilled water. This final
dilution was used for atomic absorption
spectrophotometry.

b. Diets: One-gram samples of feed were di-
gested in a mixture of concentrated nitric
acid and 37% perchioric acid (2:1, V/V)
and their final dilutions adjusted to make
their lead concentrations within the de-
tection limits of the atomic absorption
technique.

2. Analyses performed upon each rat:
a. Hematology:
(1) Hematocrit: Hematocrit was deter-
mined in capillary tubes using a
microcapillary centrifuge (Interna-
tional Equipment Company, Model
MB). '

(2) Hemoglobin: Hemoglobin was meas-
ured as cyanomethemoglobin.!?

(3) Erythrocyte and leukocyte counts:
Total erythrocyte and leukocyte were
counted using a Coulter Electronic
Particle Counter with 100-x aper-
ture.!¢

(4) Reticulocytes: Reticulocytes were
counted by the methylene blue method
using the Miller disc.*

(5) Differential leukocyte counts: Wright's
stain was used to stain the leukocytes
for examination.

(6) Erythrocyte osmotic fragility: Osmo-
tic fragility of erythrocytes was quan-~
titatively determined by subjecting
heparinized whole blood to sodium
chloride solutions of different osmo-
larities.” The concentration of sodium
chloride which hemolyzed 50% of
the erythrocytes was obtained from a
plot of percent hemolysis versus so-
dium chloride concentration.

N




b. Body fluid and tissue chemistry:
(1) Plasma protein electrophoretic pat-

C.

(2)

3)

(4)

terns: Total plasma protein was de-
termined using the Hycel Biuret Re-
agent (Hycel, Inc., Houston, Texas).
The quantity of each plasma protein
was determined electrophoretically on
cellulose acetate and expressed as a
percentage of the total plasma pro-
temn.

Erythrocyte-a-aminolevulinic acid de-
hydrase (ALAD): o-Aminolevulinic
acid dehydrase activity was deter-
mined by the method of Lichtman
and Feldman.* This procedure was
started 30 min. after each blood
sample was taken.

Erythrocyte protoporphyrin: Proto-
porphyrin in erythrocytes was meas-
ured by the method of Heller, et al.?
This analysis was performed the day
after blood was withdrawn.

Urinary o-aminolevulinic acid (ALA):
Urinary o-aminolevulinic acid was
measured according to the Davis and
Andelman ° modification of Mauze-

~ rall’s and Granick's Method.!* These

&)

analyses were performed in subdued
light.

Urinary coproporphyrin: Urinary co-
proporphyrins were determined by
the method of Schlenker and Kit-
chell.'* These analyses were per-
formed in subdued light.

Urinalysis:

n

(2)

Urinary protein (albumin): Urinary
protein was measured with “Uristix™
reagents strips (Ames Company, Elk-
hart, Indiana).

Microscopic examination of urine:
Urine samples were centrifuged, the
residues resuspended, and examined
microscopically for the presence of
erythrocytes and leukocytes under
high power field and for casts under
low power field.

d. Tissue lead:

(1) Blood: One milliliter of blood was
mixed with | ml of a mixture of 5%
trichloroacetic acid: 37% perchloric
acid (3:1 v/v). The sample was cen-
trifuged and the supernatant filtered
through an AAWP 0.8x Millipore
filter. The supernate was analyzed
for lead with an atomic absorption
spectrophotometer using standards
prepared in control rat blood.

(2) Other tissues: Bone, liver, kidney,
and brain were digested in concen-
trated nitric acid, evaporated to dry-
ness and reconstituted to the lowest
possible volume with 20% nitric acid.
These solutions were analyzed for
lead by atomic absorption spectro-
photometry.

(3) Atomic absorption analysis: ‘Lead
concentrations were measured using
a Varian-Techtron AA-5 atomic ab-
sorption spectrophotometer. Sample
solutions were aspirated into an air-
acetylene flame and the absorbence
was measured at 283.3 nm. Back-
ground interference was determined
with the use of a hydrogen continuum
lamp at 283.3 nm and subtracted
from the absorbence obtained at
283.3 nm with the Pb hollow cathode
lamp.

E. Pathology

1. Gross pathology: At necropsy, rats were ex-
amined for gross abnormalities, their livers, kid-
neys, spleens, hearts, gonads, thyroids, brains, and
adrenals weighed, and the relative organ weights
calculated. After weighing, a portion of the liver,
kidney and brain were taken for microscopic
examination and the rest of each organ was
measured for lead content. A femur was removed
to be used for the measurement of lead in bone.

2. Microscopic pathology: Bone marrow smears
were prepared for myeloid/erythroid cell count.
The following tissues were fixed in buffered neu-
tral 10% formalin: brain, liver, spleen, stomach,
small intestine (duodenum, jejunum, ileum),
colon, pancreas, kidneys, urinary bladder, adre-
nals, thymus, gonad, thyroid (with parathyroid
attached ), mesenteric salivary gland, lymph nodes,
heart, lungs, diaphragm, skeletal muscle, and
prostate or uterus.




Tissues from all 13-week rats fed the
control, 2.05% lead octoate, 12.43% lead chro-
mate, 66.05% lead carbonate, and the 11.92%
NBS lead paint diets were embedded in paraffin,
section to a thickness of 6u, stained with hema-
toxylin and eosin and examined for histopath-
ology.

F. Stadstical Analyses

Control and treatment values were compared sta-
tistically using Dunnett’s multiple-comparison test
with P<0:05 as the criteria of significance.

III. Results
A. Concentratious of Lead in Paint Chips

The concentrations of lead in the paint chips sup-
plied by the Members of the National Paint and
Coatings Association were analyzed for lead con-
tent by De Soto, Inc., The Sherwin-Williams Com-
pany, and Midwest Research Institute (MRI).
The results of these analyses are shown in Table
1. The control paint which did not contain lead
octoate or chromate was found to contain approx-
imately 0.01% lead. There was a reasonable
agreement between the different analyses, so an
average ppm of lead was computed and used for
the actual lead concentration of each paint film.
Lead concentrations of the lead paint obtained
from the National Bureau of Standards were aver-
aged in a similar manner.

B. Lead Analyses of Diets Containing
Different Paint Films

Table 2 shows the lead content of each diet.
Purina Rat Chow mash was found to contain
approximately 4ug/gm of lead (assuming 0.1 pg/
gm of lead was contributed by the control paint).
The ug of lead/gm of feed which was attributable
to each added paint film was reasonably close to
its respective theoretical value. The average total
ug of lead/gm of feed for each diet was used for
the calculation of weekly and total lead consump-
tion for each rat.

C. Preliminary Feeding Studies

Before beginning this study, a pilot experiment
was performed to see if the rats were consuming
the lead paint chips along with their feed. Three
rats each were placed on the control diet and the
66.05% lead carbonate diet. After 48 hr., their
feces were collected and the lead content meas-
ured. Feces from rats on the control diet contained
11.5ug of lead/gm feces while feces from rats fed
the 66.05% lead carbonate diet contained 3,683
ug of lead/gm feces. Thus, rats did consume the
paint film along with their feed.

D. Gross Observations, Feed Consumptions and
Body Weights

During the entire study only two rats had remark-
able changes. One female rat on 2.05% lead octo-

TABLE 1
Concentration of Lead in Paint Film

Measured Lead Concentration

Theoretical Lead
Concentration Paint Companies MRE Average®
Paint Film (%) (%) (%) (%)

Control Paint 0 0.01 <0.02 0.01
Lead octoate 0.06 0.08 0.07 0.08
Lead octoate 0.50 0.5 0.56 0.53
Lead octoate 2.00 1.90 2.2 2.05
Lead chromate 0.50 0.42 0.41 0.42
Lead chromate 2.00 1.80 2.10 1.95
Lead chromate 15.00 12.57 12.30 12.43
Lead carbonate 64.12 63.20 68.90 66.05
NBS lead paint —_ i1.87+ 11.98 11.92¢

s Measured by U.S. Depantment of Commerce, National Buresu of Suandards, Washington, D.C.

» Average of psint companies and MR1 valuss
* Average of Bureau of Standacds and MRI values.




TABLE 2
Lead Analyses of Diets Containing Different Paint Films

Measured
Theoretical * Total ® Paint Lead *

Diet (ug/gm) (ug/gm) (ug/pm)

Control paint plus rat chow 0.1 4.1 _

(6)

Lead octoate (0.0857) plus rat chow 0.8 5.2 1.1
(6) (6)
Lead octoate (0.539;) plus rat chow 5.3 12.0 7.9
(6) (6)
Lead octoate (2.05%) plus rat chow 20.5 27.2 23.1
(6) (6)
Lead chromate (0.429%) plus rat chow 4.2 {1.0 6.9
(6) 6)
Lead chromate (1.959%) plus rat chow 19.5 23.5 19.4
(6) (6)
Lead chromate (12.439) plus rat chow 124.3 140.2 136.1
(6) (6)
Lead carbonate (66.059%) plus rat chow 660.5 516.0 511.9
_ 3) (5)
NBS lead paint (11.929;) plus rat chow 119.2 124.0 119.9
' 3) 3)

- & Theoretical concentration of lead in feed contributed by indicated paint
® Mean ug of lead/gm feed for number of samples shown in parenthesis.

¢ Mean ug of lead from peint flimse, gm feed for number of ssmpies shown in parenthesis.

ate developed an abcess on her left shoulder dur-

ing the ninth treatment week and one female on-

66.05% lead carbonate developed abcessed hind
feet in the 10th week and chewed her toes off.

The feed consumptions of male and
female rats are shown in Figures 1 and 2, respec-
tively. Each bar represents the mean = standard
error of six to twenty rats. Except for the rats fed
the diet containing 11.92% lead as NBS lead
paint, all groups consumed feed at the same rate
as the control group throughout the entire experi-
ment. The reason the 11.92% NBS lead paint
group ate significantly less initially, was that they
were started a month after the other rats and
were initially smaller. Since this group was con-
suming feed at the same rate as the control group
by 4 weeks, we consider their initial food con-
sumption normal also (for their size).

The body weight gains for each group
of rats are shown in Figures 3 and 4. Each bar
represents the mean * standard error of six to
twenty rats. As mentioned above, the rats on the

11.92% NBS lead paint diet were smail initially
but became similar to controls by either the 4th
(females) or 8th week (males). Throughout the
entire period the male rats in the other treatment
groups gained weight at a normal rate. The female
rats did show a change in body weights during the
first 8 weeks of feeding which appears related to
the concentration of lead octoate. After 4 weeks
of feeding, rats in the 2.05% lead octoate group
weighed significantly less than control. The pat-
tern was the same at 8 weeks. After 12 weeks
their average body weights still exhibited the
same pattern, but the 2.05% lead octoate group
was not significantly different from control. This
was due to fewer animals and a slight increase in
variability.

E. Weekly and Total Lead Consumption

The weekly and total lead consumption during
the experiment was calculated on the basis of
the total lead/diet and amount of each diet eaten
by each rat. These calculations are shown in
Tables 3 and 4. During the 13th week period, the
control group consumed approximately 105 .g
(males) or 79.g, (females) of lead/day, while rats

5




FIGURE 1

Feed Consumption of Male Rats Fed Different
Coancentrations of Lead in Paint Chips
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FIGURE 2

Feed Consumptions of Female Rats Fed Different
Concentrations of Lead in Paint Chips
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FIGURE 4
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eating 2.05% lead octoate, 12.43% lead chro-
mate, 66.05% lead carbonate, or 11.92% NBS
lead paint consumed an average of 787 g (males)
or 708 .g (females); 3,591 ug (males) or 2,689
»8 (females); 13,436 g (males) or 9,185 ug
(females); and 3.184 ug (males) or 2,363 .g
(females) of lead/day, respectively. Using the
average body weights of rats surviving 13 days,
the rats in the control, 2.05% lead octoate,
12.43% lead chromate, 66.05% lead carbonate
and the 11.92% NBS lead paint groups consumed
288 ug (males) or 335 ug (females) of lead/kg/
day; 2,133 ug (males) or 3,278 ug (females) of
lead/kg/day; 9,785 ng (males) or 11,590 ug (fe-
males) of lead/kg/day; 37,014 ug (males) or
42,133 ug (females) of lead/kg/day; and 9,888
ug (males) or 10,364 xg (females) of lead/kg/
day, respectively.

F. Hematology of Rats Fed Paint Chips Con-
taining Different Concentrations of Lead

The results of the hematology of rats fed paint
films containing different concentrations of lead
are shown in Tables 5-13. No differences were
observed in the erythrocyte count, reticulocyte
¢ount, hematocrit, leukocyte count, differential
leukocyte count, and the erythrocyte osmotic fra-
gility. At 13 weeks, the hematocrits of rats fed
the NBS lead paint were significantly lower than
control, while the hematocrits of the rats fed the
other diets were normal.

G. Tissue and Fluid Chemistry of Rats Fed
Paint Chips Containing Different Concentrations
of Lead

Tables 14-22 show the tissue and fluid chemistry
of rats fed paint chips containing different con-
centrations of lead. The serum proteins, erythro-
cyte protoporphyrin, urinary coproporphyrin, and
urinary delta-aminolevulinic acid were not altered
by any of the diets.

The activity of the erythrocyte enzyme,
delta-aminolevulinic acid dehydrase (ALAD),
in the control, lead octoate (0.08%, 0.53%, and
2.05% ) and lead chromate (0.42%, 1.95%, and
12.43%) groups did not differ throughout the
experiment (Table 23). ALAD activity was de-
pressed in rats fed 66.05% lead carbonate and
11.92% NBS lead paint. At 4 weeks (Table 21,
22) there was a depression of 56% and 59% in
these two groups, respectively. At 8 weeks the
ALAD activity was depressed 44% in the 66.05%
lead carbonate group, but the ALAD activity in

10

the NBS lead paint group was not sigificantly
different from control. At this time a sex differ-
ence was observed in both of these groups. The
ALAD activity in the male rats remained de-
pressed at the 4-week levels while the ALAD ac-
tivities of the female rats returned to control levels.
This sex difference may be linked to the fact that
these female rats had matured and were probably
beginning their menstrual cycles.

By 13 weeks the sex difference had dis-
appeared and the ALAD activity in 66.05% lead
carbonate group and the 11.92% NBS lead paint
group were depressed 56% and 53%, repectively.

Urinalysis of rats fed paint chips con-
taining different concentrations of lead are shown
in Tables 24-32. No marked difference in urinary
protein or sediment (erythrocyte, crystals, casts,
etc.) were seen in the control, lead octoate, lead
chromate and lead carbonate groups. In the NBS
lead paint group 5 of 12 rats (42%) had a mod-
erate proteinuria compared with only 4 of 24 rats
(17% ) in the control group. Otherwise, the urin-
alysis of this group was similar to that of the con-
trol group.

H. Lead Content in Tissues of Rats Fed Paint
Chips Containing Different Concentrations of Lead

Tables 33-37 show the lead content of blood.
brain, liver, kidney, and bone from rats fed paint
chips containing different concentrations of lead.
All values for the lead concentrations in blood at
4 and 8 weeks, and 4 values in all but the NBS
lead paint group at 13 weeks were omitted from
Table 33 because it was discovered that these
samples had been contaminated by their storage
containers. The blood lead levels of rats fed paint
chips containing lead octoate (0.08%, 0.53%,
2.05%) or lead chromate (0.42%, 1.95% ) were
no higher than control. In the rats fed paint chips
containing 12.43% lead chromate or 66.05% lead
carbonate, or the 11.92% NBS lead paint (lead
carbonate) blood lead levels were found to be
elevated significantly.

At 4 weeks, tissue lead levels in brain,
liver and kidney were below the detection limits
of our assay (0.7 ug per gm of tissue). The results
were the same at 8 weeks with the exception of
the NBS lead paint group. All four rats in this
group showed detectable lead in their kidneys.
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, TABLE 4
Weekly and Total Lead Consumption by Female Rats Fed Paint Chips
Treatment Week
1 2 3 4 5 6 7 s 9 10 "
8) () ) ) ) ) ) ) ) ) )

Control 4216 5023 5338 5597 6084  591.2 654 5683 5769  S82.6  519.7
20) (20) (20) (20) (16) 16) (16) (16) (2) (2 (12)

Lead octoate S424  655.2 6443 688 7025 6952 691.6 1062  684.3 N1 71535
0.08% (o) (10) (10) (10) ®) ®) ®) ®) ) ) ©)

0.53% 1,184.4 1,352.4 11,4784 1,579.2 1,579.2 1,671.6 1,621.2 1,5%2.4 1,588 1,528.8 1,570.8

(10) (10) (10) (10) @) ®) ®) @) ®) ®) )

205%, 3,197 4,017.4 4,59.6 4,988.5 51408 5,064.6 5,064.6 5,407.4 5,388.3 5,369.3 5,274.1

(10) (10) 0) (10) ®) ®) ®) ®) 6) ©6) )

Lead chromate 1,185.8 1,316.7 1,400.4 1,447.6 1,486.1 1,586.2 1,578.5 1,509.2 1,500 1,500 1,439.9
0.42% (10 (10) (10) (10) ®) ®) ®) ®) ©) ®) )

1.95% 2,504 2,961.0 3,0433 3,142.0 3,339.4 3,388.7 3,339.4 3,278 3,339.4 3,421.6 3,421.6

10) (10) (10) (10) @) ®) ®) ®) 6) ©®) ©)

12.43% 14,328.4 17,174.5 16,978.2 17,763.3 21,002.0 19,922.4 19,628.0 20,118.7 18,646.6 18,450.3 18,842.9

(10) (10) 10) (10) @) ®) @) @) ) ©) ©)

Lead carbonate 51,290.4 $9,959.2 61,404.0 63,932.4 68,6280 66,099.6 67,905.6 64,654.8 66,822.0 63,9324 65738.4
(10) (10) (10) (10) (8) (8) 8) ®8) 6) 6) )

NBS lead paint 9,982.0 14,148.4 16,578.8 16,144.8  —+  18,488.4 19,096.0 17,273.2 15,450.4 17,967.6 17,6204
11.92% (10) (10) (10) (10) ®) ®) ®) ®) ©) ®)

o Average pg of lead consumed/rat/week for the aumber of rais shown in parenihesis.
® Averape total mg of lead consumed/rat for the rats susviving 13 weeks.

* Food consumption not measured.
4 Toal includes average Pb intuke (17,316.6 ug/rat/week) for weeks 4 and 6 as an esiimaie for the week § intake.



TABLE §

Hematology of Rats Fed Paint Chips Containing No Lead

Treatment Week
4 8 13
Analyses (N = 8)+ (N=8) (N = 24)
Erythrocytes (X 10/mm?®) 6.17 =0.14° 6.33+0.19 6.42 +0.29
Reticulocytes, €7, 1.5+0.7 0.8+0.3 1.4 0.1
Hematocrit, vol. ¢ 46.1 £0.8 4.6x1.2 4.6 0.3
Hemoglobin, gm 9, 14.0+0.3 14.6 £0.3 16.0 £0.1
Leukocytes (X 10°/mm?) 5.0£0.5 7.6x£1.3 8.0+0.6
Neutrophils, 7%, 11.8 2.9 21.7+£5.6 13.1 £ 1.5
Lymphocytes, %, 86.3 = 3.3 75.4 5.3 34.1+£1.6
Bands, %, 0.3+£0.2 0 0.1 0.1
Eosinophils, 7, 0.9+0.4 1.3£0.4 0.5+0.2
Basophils, 9, 0 0 0
Monocytes, 7, 1.1+0.6 1.6 £0.6 2.1+£0.4
Atypical, %, 0 0 0
Nucleated RBC, 9, 0 0 0.1+0.1
Erythrocyte osmotic fragility [NaCl] ¢ 0.381 £ 0.004 0.391 + 0.008 0.400 + 0.004
» Number of rats per period.
® Mean = standard error.
* Concentration of NaCl that hemolyzed 509, of the erythrocytes.
TABLE 6
Hematology of Rats Fed Paint Chips Containing 0.08% Lead as Lead Octoate
Treatment Week
4 8 13
Analyses (N = §)» (N =4 (N = 12)
Erythrocytes (X 10¢/mm?) 6.14 = 0.32° 6.33 +0.09 5.92+£0.39
Reticulocytes, 7, 0.9+0.5 1.0+0.5 1.4 +0.2
Hematocrit, vol. ¢, 41.3+£0.9 46.0+0.7 43.0+0.5
Hemoglobin, gm ¢ 14.1 0.4 15.4 0.2 14.74+0.8
Leukocytes (X 10° ' mm?) 5.1x0.8 5.5+0.7 7.7+0.9
Neutrophils, <% 4.5+ 1.6 20.3 £ 4.7 16.3 == 1.7
Lymphocytes, 9, 74.3£1.8 76.3 = 4.7 80.9+1.8
Bands, <7 0 0 0.3+0.2
Eosinophils, %, 0.8 0.3 1.5+£0.6 0.7+£0.3
Basophils, %, 0 0 0
Monocytes, %, 0.5+0.5 2.0+0.8 1.9+£0.5
Atypical, % 0 0 0
Nucleated RBC, 9, 0 0 0
Erythrocyte osmotic fragility {NaCl] ¢ 0.381 %= 0.005 0.410 = 0.007 0.395 + 0.005

» Number of rats per period.
® Mean = standard error.
¢ Concentration of NaCl that hemolyzed 509% of the erythrocytes.
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TABLE 7

Hematology of Rats Fed Paint Chips Containing 0.53% Lead as Lead Octoate

Treatment Wesk
4 8 13
Analyves (N = §)* (N=4) (N = 12)
Erythrocytes (X 10*/mm?) 6.27 +0.2° 6.04 & 0.31 5604
Reticulocytes, 7, 0.9+0.7 0.9+0.4 1.6 £0.2
Hematocrit, vol. 9, 42.3 £ 0.7 43.8 £0.5 43 £0.7
Hemoglobin, gm 7, 14.2 +0.2 149 +0.3 15.3£0.3
Leukocytes (X 10*/mm?) 50£1.4 7.54+2.8 83+1.0
Neutrophils, 7, 15.8 3.8 19.3+£3.8 16.2 1.9
Lymphocytes, 7, 83.0+4.4 77.5+3.8 81.4+1.8
Bands, 9 0 0 0.1£0.1
Eosinophils, 9, 0.8£0.3 1.0+£0.4 0.8+£0.3
Basophils, %, 0 0 0
Monocytes, %, 0.5+£0.5 2.3£0.5 1.6 £0.3
Atypical, 9, 0 0 0
Nucleated RBC, 7, 0 0 0
Erythrocyte osmotic fragility {[NaCl] ¢ 0.383 & 0.006 0.388 +0.012 0.401 £ 0.006
¢ Number of rats per period.
® Mean = standard ervor.
¢« Concentration of NaCl that hemoiyzed 509 of the erythrocytes.
TABLE 8

Hematology of Rats Fed Paint Chips Cbntaining 2.05% Lead as Lead Octoate

Treatment Week

4 8 13
Analyses (N = 4)+ (N =4) (N =12)
Erythrocytes (X 10* 'mm?) 6.30 = 0.2° 6.46 = 0.08 6.72 £ 0.42
Reticulocytes, ¢ 1.1 £0.6 0.7+0.1 2.0+0.6
Hematocrit, vol. & 41.8£0.5 45.0+0.4 43.4+0.8
Hemoglobin, gm < 14.4 £0.2 15.5£0.2 15.6 £ 0.3
Leukocytes (X 10* mm?) S5.1=1.1 6.7+ 1.7 8.1+0.7
Neutrophils, <, 13.5+3.0 13.0 £ 2.1 14.1 £2.6
Lymphocytes, <5 85.8 £3.2 85.0+£2.3 82.8 2.8
Bands, <7 0 0 0
Eosinophils, 0.8 +0.5 0.3x0.3 0.9+0.3
Basophils. ¢, 0 0 0
Monocytes, g 0 1.8+£0.9 2.2+£0.7
Atypical, G 0 0 0
Nucleated RBC, €5 0 0 0
Erythrocyte osmotic fragility (NaCl] < 0.381 £+ 0.006 0.399 + 0.008 0.393 £ 0.006

s Number of rats per period.
b Mean + standard error.
« Concentration of NaCl that hemolyzed $0¢% of the erythrocytes.
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TABLE 9

Hematology of Rats Fed Paint Chips Containing 0.42% Lead as Lead Chromate

Treatment Week
4 ] 13
Analyses (N = 4)+ (N = @) (N = 12)
Erythrocytes (X 10°/mm?) 6.71 £0.16" 6.183 £0.16 6.6+0.3
Reticulocytes, 7, 0.9+£0.8 0.8+0.2 1.6 0.2
Hematocrit, vol. 9 43.3+0.6 450+ 1.1 43.6 = 0.7
Hemoglobin, gm 7, 14.7 0.4 15.1 +0.3 15.6 £0.3
Leukocytes (X 10*/mm?) 5.1+0.6 5.14+0.5 6.9+0.7
Neutrophils, %, 8.5+£1.7 19.0 £ 2.0 143 £2.1
Lymphocytes, 7 90.3 2.0 79.5 % 1.3 83.4£2.0
Bands, % 0 0 0
Eosinophils, 7, 0 0.83+0.8 1.2+0.4
Basophils, %, 0 0 0
Monocytes, %, 1.34+:0.8 0.84+0.8 1.2+0.4
Atypical, %, 0 0 0
Nucleated RBC, 9, 0 0.3+0.3 0
Erythrocyte osmotic fragility, [NaCl] ¢ 0.383 % 0.003 0.395 +0.12 0.392 &+ 0.007
» Number of rats per period, except where indicated otherwise,
* Mean + standard ervor.
« Concentration of NaCl that hemolyzed 50% of the erythrocytes.
v TABLE 10
Hematology of Rats Fed Paint Chips Containing 1.95% Lead as Lead Chromate
Treatment Wesk
4 ] 13
Analyses (N = 4)* (N=4¢) (N = 12)
Erythrocytes (X 10*//mm?®) 6.17 ::0.05° 6.21 £0.13 6.37 £ 0.52
Reticulocytes, %, 0.8 +0.4. 0.8+£0.3 1.2+0.2
Hematocrit, vol. 7, 4.8 +:0.6 4.3 +0.3 4.1+£0.7
Hemoglobin, gm %, 13.9+0.2 15.3 0.3 16.2 £ 0.4
Leukocytes (X 10°/mm?) 49+£0.8 6.1+1.2 8.2+1.0
Neutrophils, %, 10.0 £ 2.4 18.5 £ 6.6 11.4+£2.3
Lymphocytes, %, 92.0+ 1.8 80.5 + 6.6 85.9+£2.2
Bands, %, 0 0 0
Eosinophils, %, 0.5+0.3 0.3+0.3 1.5£0.5
Basophils, 7, 0 0 0
Monocytes, %, 0 0.8+0.3 1.2+£0.3
Atypical, % 0 0 0
Nucleated RBC, %, 0 0 0
Erythrocyte osmotic fragility, [NaCl] ¢ 0.383 + 0.007 0.385 & 0.007 0.404 + 0.005

s Number of rats per period.
* Mesn = sandard ervor.

* Concentration of NaCl that hemolyasd 30% of the erythrocyses.
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TABLE 11

Hematology of Rats Fed Paint Chips Containing 12.43% Lead as Lead Chromate

Treatment Week
. 4 8 13
Analyses N = 4)» (N =4 (N = 12)
Erythrocytes (X 10*/mm?) 6.32 £0.14° 6.23 +0.18 6.61 += 0.38
Reticulocytes, <5 1.95+1.28 0.9+0.1 1.6 £0.2
Hematocrit, vol. %, 41.3x£1.1 43.8+0.5 4.1 0.7
Hemoglobin, gm 9, 13.9 0.4 15.2 + 0.1 15.84+£0.2
Leukocytes (X 103/mm?) 48+£0.5 53£1.8 7.6£0.6
Neutrophils, 7, 21,5+ 6.3 15.0 = 2.1 12.8£ 1.6
Lymphocytes, 7, 78.0 + 6.0 82.8 +2.0 84.8+1.7
Bands, %, 0 0 0.1+0.1
Eosinophils, %, 0.5+0.5 1.0+0 1.0+0.4
Basophils, 9, 0 0 0
Monocytes, %, 0 1.3+£0.3 1.3%£0.3
Atypical, 7, 0 0 0
Nucleated RBC, 7, 0 . 0.3+0.3 0
Erythrocyte osmotic fragility (NaCl]« 0.384 + 0.007 0.385 + 0.010 0.396 £ 0.006
s Numnber of rats per period.
b Mean &= standard error.
* Concentration of NaCl that hemoiyzed 50 of the erythrocytes.
TABLE 12

Hematology of Rats Fed Paint Chips Containing 66.05% Lead as Lead Carbonate

Treatment Week

4 ] 13
Analyses (N = 3)e (N=4¢ (N = 12)
Erythrocytes (X 10%/mm?) 5.94 + 0.56° 6.13 =0.06 6.60 & 0.37
Reticulocytes, 7, 0.4+£0.2 1.1£0.3 29+1.3
Hematocrit, vol. 97 41.34+0.9 40+1.5 4.7+ 1.2
Hemoglobin, gm 7, 13.9+0.5 15.0£0.2 15.6 £0.6
Leukocytes (X 10°/mm?®) 43+1.2 5.0£0.9 7.7+£0.5
Neutrophils, %, 14.3 =4.1 150+ 4.1 15.24+2.6
Lymphocytes, % 82.0+5.6 84.0 = 4.2 82.7x£2.7
Bands, %, 0 0 0.2+0.1
Eosinophils, %, 0.7+0.7 0.54+£0.5 0.9+0.3
Basophils, %, 0 0 0
Monocytes, %, 3.0£2.0 0.5+0.3 1.0+£0.3
Atypical, %, 0 0 0
Nucleated RBC, 7, 0 0 0.1 +0.1
Erythrocyte osmotic fragility {NaCl] ¢ 0.388 + 0.009 0.394 £ 0.012 0.397 =+ 0.005

* Number of rats per period.
* Mean & standard error.
« Concentration of NaCl that hemolyzed 309 of the erythrocytas.
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TABLE 13

Hematology of Rats Fed NBS Lead Paint Containing 11.92% Lead

Treatment Week
4 8 13
Analyses (N = 4)* (N = 4) (N =12)
Erythrocytes (X 10*, mm?) §.72 £0.15° 4.499 +£0.83 5.63 £0.34
Reticulocytes, <; 2.5+0.3 1.0£0.4 1.3£0.1
Hematocrit, vol. <, 39.7£0.8 42.8+£1.1 42.9+£0.4
Hemoglobin, gm 7, 13.6 & 14.7 0.3 14.7£0.1°
Leukocytes (X 10*/mm?) 9.7+ 1.4 6.7x+1.2 7.0x=0.5
Neutrophils, 7, 9.5+&2.1 70£1.7 14.2 £ 2.1
Lymphocytes, %, 90.2+£2.3 92.0£2.1 83.6+2.2
Bands, 9, 0.3£0.3 0 0
Eosinophils, %, 0 0 1.4+0.4
Basophils, 7, 0 0 0
Monocytes, %, 0 1.0£0.7 0.8+0.3
Atypical, 7, 0 0 0
Nucleated RBC, 7, 0 0 0.1£0.1
Erythrocyte osmotic fragility ([NaCl] ¢ 0.389 + 0.006 0.412 += 0.006 0.408 £ 0.005
s Number of rats per period, except where indicated otherwise,
» Mean + standard error.
¢ Two rats.
¢ Concentration of NaCl that hemolyzed 0% of the erythrocytes.
* Significantly different (rom control (P < 0.05) as shown by D ‘s multipk ison test foltowing an analysis of
TABLE 14
Tissue and Fluid Chemistry of Rats Fed Paint Chips Containing No Lead
Treatment Week
4 8 13
Analyves (N =8 - (N=3) (N = 24)
Serum electrophoresis
Albumin, 9, 43 £ 1° 43 £2 L
Alpha 1 globulin, 9, 81 231 211
Alpha 2 globulin, 9, S+ 1 S+1 S=1
Beta globulin, %, 201 20! 201
Gamma globulin, %, 6%1 10+1 61
Total protein, gm %, 5.4+0.1 6.2+0.2 6.3x0.1
Albumin/globulin ratio 0.76 = 0.03 0.77 £ 0.07 0.93 =0.04
Erythrocyte
ALAD, umol. PBG/ Males: 23.2£2.3¢ I15.1 2.3 14.5 £ 1.4¢
100 ml RBC/hr Females: 16.6 =3.1¢ 16.3 £2.2¢ 15.4 £0.7¢
Total: 19.9 £ 2.2 158 1.5 150£1.0
Protoporphyrin, ug,/100 ml RBC 19.6 = 1.6 23519 29.2+2.0
Urine
Coproporphyrin, ug/24 hr 2512 33£7.4 6.0+1.9
ALA, ug/24 hr 780+ 7.4 83.3£11.0 43.4£5.0

s Number of rats per period, except whers indicated otherwise.
® Mean & suandard erroe.

¢ Four rats,

¢ Twelve rats.
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- TABLE 15
Tissue and Fluid Chemistry of Rats Fed Paint Chips

Containing 0.08% Lead as Lead Octoate

Treatment Week
4 ] 13
Analyses (N = 4)* (N =4) N = 12)
Serum electrophoresis
Albumin, 7, 401" 443 48 + 1
Alpha 1 globulin, %, 261 2042 201
Alpha 2 globulin, %, S+1 41 Sk1
Beta globulin, %, 21 &1 201 21
Gamma globulin, 7, 8§21 121 T Tx1
Total protein, gm 7, §9%+0.1 6.3 £0.2 6.2+0.1
Albumin/globulin ratio 0.66 = 0.02 0.79 +0.08 0.93 +0.04
Erythrocytes
ALAD, umol. PBG/ Males: 24877 149 +£1.3° 12.0 &£ 2.2¢
100 mt RBC/hr Females: 19.5 £ 4.4¢ 18.7 0.3 16.1 =1.3¢
Total: 222439 16.8 £1.2 140+1.4
Protoporphyrin, ug/100 ml RBC 28424 2424 1.6 2.8+£2.5.
Urine
Coproporphyrin, ug/24 hr 1.2+£0.2 4.8+2.4 2.9+1.4
ALA, 4g/24 hr 86.4 & 16.6 107.6 & 34.1 35.0 £ 6.7
¢ Number of rats per period, except where indicated otherwiss. ’
* Mesn + standacrd ervor.
* Two et
4 Six rats.
TABLE 16
Tissue and Body Fluid Chemistry of Rats Fed Chips
Containing 0.53% Lead as Lead Octoate
Treatment Week
4 8 13
Anailysss (N = §)- (Nw=4g) (N = 12)
Serum electrophoresis
Albumin, %, 41 £ 2° 41 £ 4 S0Ox1
Alpha 1 globulin, %, 261 233 201
Alpha 2 globulin, %, S*1 62 41
Beta globulin, %, 201 201 201
Gamma globutin, % 841 M2 T+1
Total protein, gm % 5.7+0.1 6.3 +£0.1 6.0£0.1
Albumin/globulin ratio 0.68 +0.04 0.70 £ 0.13 1.00 +0.07
Erythrocytes
ALAD, umol. PBG/ Males: 21.4 £ 6.3 10.3+0.8 12.5+£0.7¢
100 ml RBC/hr Females: 15.5+£2.7" 15.3£0.2 170+ 1.2¢
Total: 18.4 £3.3 12.8%£1.5 14.7+£0.9
Protoporphyrin, ug/100 ml RBC 23.1£1.0 2.7+ 1.1 27.7+£3.3
Urine
Coproporphyrin, ug/24 hr 10.7£5.9 1.1+0.6 49+2.4
ALA, ug/24 br 97.4 % 19.2 101.4 + 30.1 50.5 6.6

* Number of rats per psriod, except where indicated owberwise.
» Mean & sandard error.

* Two rats.

4 Six rats,
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TABLE 17

Tissue and Body Fluid Chemistry of Rats Fed Paint
Chips Containing 2.05% Lead as Lead Octoate

Treatmeat Week
4 8 13
Analyses (N =4 N=6@ N =12)
Serum electrophoresis
Albumin, 9 41 £ 3° 46 £ 2 48 4 2
Alpha 1 globulin, %, 27+2 2£1 201
Alpha 2 globulin, 9, 41 441 6=1
Beta globulin, 9, 201 191 C 2l el
Gamma giobulin, 9, 91 91 61
Total protein, gm 9, 5.7+0.2 6.0+0.1 6.2+£0.1
Albumin/globulin ratio 0.70 £0.07 0.85 +0.07 0.96 &= 0.07
Erythrocytes
ALAD, umol. PBG/ Males: 24.1£4.0° 12.1 £ 1.7 11.4 £0.84¢
100 ml RBC/hr Females: 18.74+1.0° 11.3 £0.2° 16.3 = 3.9¢
Total: 21.4+£2.3 11.7 £ 0.7 13.8£2.0
Protoporphyrin, 4g/100 mi RBC 29.5+2.8 30.8 2.5 24022
Urine .
Coproporphyrin, ug/24 hr 1.6 0.6 JJ0£0.8 7729
ALA, ug/24 hr 80.7 = 17.3 82.7 £ 10.4 64.5+8.8
s Number of rats per period, except where indicated otharwiss.
* Mean + standard error.
¢« Two rats.
4 Six rats,
TABLE 18
Tissue and Body Fluid Chemistry of Rats Fed Paint
Chips Containing 0.42% Lead as Lead Chromate
Treatment Week
4 ] 13
Analyses (N = §) (N = 4) (N = 12)
Serum electrophoresis
Albumin, %, 42 £ 2% 4 £2 47+ 1
Alpha 1 globulin, %, 28 +1 20£2 2+l
Alpha 2 globulin, %, 41 41 S+1
-Beta globulin, %, 19+1 19+ 201
Gamma globulin, %, 8§£3 12+2 61
Total protein, gm 7, 5.8+£0.2 6.0+0.2 6.140.1
Albumin/globulin ratio 0.71 £ 0.06 0.80 £ 0.08 0.90 +=0.03
Erythrocyte
ALAD, umol. PBG/ Males: 23.4£3.5° 14.1£0.6° 15.7£1.5¢
100 mi RBC/hr Females: 13.4+0.9¢ 17.4 £0.1¢ 16.5 = 1.44
Total: 18.4 £3.3 15.7£1.0 16.1 £1.0
Protoporphyrin, »g/100 ml RBC 27.3+£2.8 28.3 0.6 271.9%2.1
Urine
Coproporphyrin, ug/24 hr 8.2+6.7 1.5+£0.7 6.3%£22
ALA, 4g/24 hr 69.3+6.6 65.2£17.4 85.3 £31.4

s Number of rats per period, except where indicsted otherwise.

* Mesn £ swndard error.
¢ Two rats.
¢ Six rats.
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TABLE 19

Tissue and Body Fluid Chemistry of Rats Fed Paint
Chips Containing 1.95% Lead as Lead Chromate

Treatment Week
4 8 13
Analyses (N =4 (N=@ (N = 12)
Serum electrophoresis
Albumin, 7, 4] = 2°® 45 3 | 47 42
Alpha 1 globulin, %, 25+1 19+ 1 19 £2
Alpha 2 globulin, 9, 41 41 Sl
Beta globulin, %, 201 041 231
Gamma globulin, 9, 9+ 1 It +=1 6+1
Total protein, gm %, 5.7+=0.1 6.20 £0.04 6.4 +0.1
Albumin/globulin ratio 0.73 £ 0.06 0.81 +0.04 0.94 +0.08
Erythrocyte
ALAD, umol. PBG/ Males: 29.5+£3.1¢ 12.3 £ 1.0° 13.3 £1.4¢
100 mt RBC/hr Females: 204 +4.3¢ 14.7 0.6 12.9 4 2.3¢
Total: 24.9+3.4 13.5+0.8 $3.1£1.3
Protoporphyrin, xg,/100 ml RBC 26.5 4.7 26.8 1.8 274+ 1.5
Urine
Coproporphyrin, ug/24 hr 0.9+0.1 7.0+6.4 44+19
ALA, ug/24 hr 80.8 +7.2 67.7+6.8 66.5 £ 17.5
« Number of rats per period, except where indicated otherwise.
* Mean i standard error.
* Two rats,
4 Six rats,
TABLE 20
Tissue and Body Fluid Chemistry of Rats Fed Paint
Chips Containing 12.43% Lead as Lead Chromate
Treatment Week
4 8 13
Analyses (N = &)+ (N =4 N = 12)
Serum electrophoresis
Albumin, %, 40 + 2° 47T £33 46 =2
Alpha 1 globulin, %, 27+l . 2l &1 21 &1
Alpha 2 globulin, % KT | 4£1 Sx1
Beta giobulin, %, 2+1 181 21
Gamma globulin, %, - 81 942 6£1
Total protein, gm % 5.6+0.1 6.1 +0.1 6.4£0.1
Albumin/globulin ratio 0.68 +=0.05 0.90 += 0.12 0.88 - 0.06
Erythrocyte
ALAD, umol. PBG/ Males: 26.4 £ 7.4¢ 16.5 £ 1.4¢ 12.6 = 1.64
100 mil RBC/hr Females: 14.3 £ 3.2¢ 13.4 £3.8° 13.7+1.1¢
Total: 20.3£49 15019 13.1+£1.0
Protoporphyrin, ug/100 ml RBC 25.5+1.6 24.2 2.6 24.6 £2.0
Urine
Coproporphyrin, ug/24 hr 26+1.8 0.9+0.1 2.6+0.8
ALA, ug/24 hr 89.7 £ 19.3 78.4 £ 6.8 49.7 £ 12.5

s Number of rats per period, sxcept where indicated otherwise,
* Mean 3+ xandard error.

* Two mts.

4 Six rats.
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TABLE 21

Tissue and Body Fluid Chemistry of Rats Fed Paint
Chips Containing 66.05% Lead as Lead Carbonate

Treatment Week
4 8 13
Analyses (N =3 (N =4 (N = 12)
Serum electrophoresis
Albumin, 41 + 6 45 1 47 2
Alpha 1 globulin, ¢, 27+ 1 21 £2 2+1
Alpha 2 globulin, %, 3+1 41 Sx1
Beta globulin, %, 202 19+ 1 01
Gamma globulin, % 8§+2 0£1 T£1
Total protein, gm 9% 5.4+0.2 6.0 £0.06 6.3+0.1
Albumin/globulin ratio 0.73 £0.17 0.82 +0.04 0.86 = 0.06
Erythrocyte
ALAD, umol. PBG/ Males: 12.3¢ 4.4 +0.1¢ 54x£1.0°
100 ml RBC/hr Females: 9.1 +2.1¢ 12.4 £ 0.4¢ 7.44+£0.8¢
Total: 10.2 £ L.6! 8.4 £2.3" 6.4+0.7"
Protoporphyrin, ug/ 100 ml RBC 23.2+0.9 20.4 2.1 27.2+6.8
Urine
Coproporphyrin, ug/24 hr 2.0£0.7 0.8+0.3 6.7+3.2
ALA, ug/24 hr 90.3 & 27.7 72.3 = 13.4 42.2 8.8
« Number of rats per period, excapt where indicated otherwise.
® Mesn # standard erroe.
* One cat.
4 Two rats.
* Six rats.
¢ Significantly different from controt (P < 0.05) as shown by D X] test f g an of
TABLE 22
Tissue and Body Fluid Chemistry of Rats Fed NBS
Lead Paint Containing 11.92% Lead
Treatment Week
4 t ] 13
Analyses (N = 4)e (N=¢) (N = 12)
Serum electrophoresis
Albumin, 9, 52£1° 4 2 4 32
Alpha 1 globulin, %% 210 &1 202 4+1
Alpha 2 globulin, %, 41 8§+5 T+1
Beta globulin, %, 20+1 203 21 £ 1
Gamma globulin, %, 3+l 6t S+t
Total protein, gm % 54+£0.2 6.0£0.2 6.1 0.1
Albumin/ globulin ratio 1.1+0.03 0.78 = 0.06 0.82 +0.06
Erythrocyte
ALAD, umol. PBG/ Males: 8.5£5.0° 5.0£0.3¢ 4.9+0.6¢
100 mi RBC/hr Females: 10.1 £0.1¢ 15051 8§.8+1.04
Total: 9.3%+2.1¢ 10.0 £ 3.6 6.94+0.8"
Protoporphyrin, ug/100 ml RBC 14.8 £4.3 24.5+1.8 6.3x1.2
Urine
Coproporphyrin, xg, 24 hr 2.0+£0.8 6.8+4.9 4.6 +2.1
ALA, ug/24 hr 110.1 &= 21.5 72.0£13.6 51.3+3.6
* Number of rats per period, except whers indicated otherwise.
* Mean = sundard error.
* Two rats.
¢Six ra
« Significantly different from control (P < 0.09) as indicated dy D '8 multiph ison test following an analysis of vacl
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. TABLE 23

Summary of Porphyrin Metabolism in Rats Fed Paint Chips for
13 Weeks Containing Different Concentrations of Lead

Erythrocyts Urinary
ALAD*
(umol. PBG /100 Protoporphyria Coproporphyria ALA®
Diet Ne =l RBC/hr) (48/100 ml RBC) (ug/24 W) (3/24 )
Control 24 150+ 1.04¢ 29.24+£2.0 6019 43.4£5.0
0.08% Lead Octoate 12 1404+ 1.4 2825 29+1.4 35.0£6.7
0.53%, Lead Octoate 12 14.7+0.9 21.7+3.3 4924 50.5+:6.6
2.05%, Lead Octoate 12 13.8+2.0 24.0x2.2 7.7£2.9 64.5 8.8
0.42%, Lead Chromate 12 16.1 1.0 27.9 2.1 6.3£2.2 85.3 £31.4
1.95%, Lead Chromate 12 13.1 1.3 27.4£1.5 4419 66.5 £ 17.5
12.439, Lead Chromate 12 13.1£1.0 246+2.0 2.6+0.8 49.7+£12.5
66.05%, Lead Chromate 12 6.44+0.7 27.2 £ 6.8 6.7+£3.2 42.2 +8.8
11.929, NBS Lead Paint 12 6.9+0.8" 26.3+1.2 4.6 2.1 51.3+3.6
* $-Aminolevulinic acid.
* Number of rats per diet.
¢ Average + sandard error of number of raw indicated
* Significantly different from conuol (P < 0.05) a5 showa by Dunastt’s multiph ison test following an snalysis of vari
TABLE 24
Urinalysis of Rats Fed Paint Chips Containing No Lead
Treatment Wesk
¢ s 13
Protein:
Negative 7 6 20
< 100 mg % 1 2 4
> 100 mg 9,
Microscopic Examination
RBC*:
Normal 7 5 23
Moderate 1 2 1
Excessive 1
WBC
Normal S 7 2t
Moderate 2 2
Excessive 2 1
Epithelium *:
Normal ) 8 8 24
Moderate ’
Excessive
Crystals *:
Normal 4 8 3
Moderate 2 1
Excessive 2
Casts:
Negative 8 8 » 24
Positive

Numbers indicaw aumber of rats st responss level.

s Normai, 10 or less ceiis; moderase, 10-100 ceils; excemsive, > 100 onile/field ( X440).
* Normal, S or less cails;: moderass, 5-25 cells: encesive, >29 celis/fieid ( X100).

* Normal, nons; modernie, 1-S crymals; encessive, > $ crymale/feid ( X100).
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TABLE 2§
Urinalysis of Rats Fed Paint Chips Containing 0.08 % Lead as Lead Octoate

Treatment Week
4 s 13
Protein:
Negative 4 3 8
< 100 mg % 4
> 100 mg 9, 1
Microscopic Examination
RBC *:
Normal 4 3 10
Moderate 1 2
Excessive
WBC =
Normal 2 3 10
Moderate 2 1 2
Excessive
Epithelium ®:
Normal 4 4 12
Moderate
Excessive
Crystals °:
Normal 2 4 11
Moderate 2 ]
Excessive
Casts:
Negative 4 4 12
Positive
Numbers indi ber of rats st resp level.
» Normal, 10 oc less celis: moderate, 10-100 ceils: excessive, > 100 cells/fleld ( X 440).
& Normal. $ oc less ceils: mod 525 cells: ive, >2$ cells/field ( X100).

« Normal, none; moderate, 1-$ crysals; excessive, > S crysuals/fieid (X 100).
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. TABLE 26
Urinalysis of Rats Fed Paint Chips Containing 0.53% Lead as Lead Octoate
Treatment Week
4 s 13
Protein:
Negative 4 3 10
< 100 mg 9 1 |
> 100 mg % 1
Microscopic Examination
RBC*:
Normal 2 2 10-
Moderate _ 1 2 1
Excessive 1 |
WBC =
Normal 4 1 9
Moderate 3 3
Excessive
Epithelium ®:
Normal 4 4 12
Moderate
Excessive
Crystals °: ‘
Normal 3 4 12
Moderate i
Excessive
Casts:
Negative 4 . 4 12
Positive

Numbers indi ber of rats at fevel.

s Normal, 10 or less ceils; moderate, 10-100 celis: excemive, > 100 ceils/fleid ( X440,
b Normal, § or less cells; moderate, $-28 cails: excessive, >23 cells/fieid (X 100).

« Normai, none: moderate, 1-5 crystals: excessive, >3 crymals/feid (X 100).
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TABLE 27
Urinalysis of Rats Fed Paint Chips Containing 2.05% Lead as Lead Octoate
Treatment Week
4 8 13
Protein:
Negative 4 4 11
< 100 mg % 1
> 100 mg 9,
Microscopic Examination
RBC»;
Normal 4 4 12
Moderate
Excessive
WBC *:
Normal 3 3 8
Moderate 1 4
Excessive 1
Epithelium ®:
Normal 4 4 12
Moderate
Excessive
Crystals ©:
Normal 2 4 12
Moderate
Excessive 2
Casts:
Negative 4 4 12
Positive
Numbers indi ber of rats at tevet

s Normal, 10 or less cells; moderate, 10-100 cells: excessive, > 100 cells/field ( X 440).
* Normal, § or less cetls: moderate. $-25 cells: excessive, >2S cells/feld ( X100},
¢+ Normal, none; moderate, |-3 crysials: excessive, > 5 crysials/fieid ( X 100).
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TABLE 28
Urinalysis of Rats Fed Paint Chips Containing 0.42% Lead as Lead Chromate

Treatment Wosk
4 | 13
Protein:
Negative 4 2 10
< 100 mg % 2 1
> 100 mg %, 1
Microscopic Examination
RBC*:
Normal 3 1 8
Moderate 1 3 3
Excessive 1
WBC«:
Normal 2 3 8
Moderate 2 1 1
Excessive 3
Epithelium ®:
Normal . 4 4 12
Moderate
Excessive
Crystals
Normal 2 4 12
Moderate |
Excessive 1
Casts:
Negative 4 4 ’ 12
Positive ‘

Numbers indicate number of rats at responss level.

s Noemal, 10 or less cells: moderate, 10-100 cefls; excessive, > (00 cells/field ( X 440).
» Normal. § or less cells; modarate. 5-23 cells: excessive, > 25 ceils/fleld ( X 100).

« Normal, none; moderste, 1-3 crystals; excessive, > 3 crysals/fleld (X 100).
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_ TABLE 29
Urinalysis of Rats Fed Paint Chips Containing 1.95% Lead as Lead Chromate

Treatment Week
4 8 13
Protein:
Negative 3 3 13
< 100 mg %, 1
> 100 mg < 1
Microscopic Examination
RBC
Normal 4 3 12
Moderate 1
Excessive
WBC »;
Normal 2 3 8
Moderate 2
Excessive ' 1 1
Epithelium ®;
Normal 4 4 12
Moderate
Excessive
Crystals =:
Normal 4 4 12
Moderate
Excessive
Casts: -
Negative 4 4 12
Positive

Numbers indicate number of rats at response level.

¢ Normal, 10 or less cells: moderate, 10-100 ceils: excessive, > 100 cetls, field ( X 440).
b Normal, § or less cells: mod $-25 cells; ive, >28 cells; field ( X 100).

< Normal, none; moderate, 1-$ crystals: excessive, > 3 crysiais, field (X 100).




. TABLE 30
Urinalysis of Rats Fed Paint Chips Containing 12.43% Lead as Lead Chromate

Treatment Week
4 s 13
Protein:
Negative 1 1 9
< 100 mg 9 2 3
> 100 mg %, 1
Microscopic Examination
RBC«:
Normal 4 1 11
Moderate 1
Excessive . 3
WBC*:
Normal 1 1 11
Moderate 3 1
Excessive 2 1
Epithelium ®:
Normal 4 4 14!
Moderate 1
Excessive
Crystals <:
Normal 2 4 12
Moderate 2
Excessive
Casts:
Negative: 4 4 12
Positive
Numbers indi ber of rats at level.
s Normal, 10 or less cells: moderate, 10-100 cails; excessive, > 100 cails/fieid (X 440).
® Normal, $ or less cells; mod $-28 cells; ive, >2S ceils/fsld ( X100).

« Normal, none; moderate, 1-5 crystals; excessive, > $ crysals/fisid ( X100).
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TABLE 31
Urinalysis of Rats Fed Paint Chips Containing 66.05% Lead as Lead Carbonate

Treatment Week
4 8 13
Protein:
Negative 3 4 11
< 100 mg <, 1 1
> 100 mg 7,
Microscopic Examination
RBC: .
Normal 4 2 i
Moderate ‘ 2 ot
Excessive
WBC *:
Normal 2 2 10
Moderate 2 2 2
Excessive
Epithelium ®:
Normal 4 4 12
Moderate '
Excessive
Crystals °:
Moderate
Excessive {
Casts: .
Negative 4 : 4 12
Positive

Nuenb Pagrey

? ber of rats at responss level.

¢ Normal, 10 or less cells; moderate, 10-100 celis: escessive, > 100 cells/feld ( X 440).
b Normal, § or less cells; moderate. 3-25 cells: excessive, > 25 ceils/fleld ( X 100).

¢ Normal, none; moderate, |-3 crystais; excessive, > $ crysals/field ( X100).




TABLE 32
Urinalysis of Rats Fed Paint Chips Containing 11.92% Lead (NBS Lead Paint)
Treatment Week
4 8 13
Protein:
Negative 2 3 7
< 100 mg 2 s
> 100 mg 9 1
Microscopic Examination
RBC*:
Normal 2 4 12
Moderate 2
Excessive
WBC =
Normal 2 3 1
Moderate 1
Excessive 2
Epithelium®:
Normal 4 4 12
Moderate
Excessive
Crystals
Normal 4 4 12
Moderate
Excessive
Casts:
Negative 4 4 12
Positive
Numbers indicate number of rats at response tevel.
s Normal, 10 or less ceils: moderate, 10-100 celis; excessive, > 100 ceils/feld ( X440).
* Normal, $ or less ceils; mod $<25 cells: ive, >28 cells/flald ( X100).
« Normal, none; moderate, (-$ crysials; excessive, >3 crysals/field (X 100).
TABLE 33
Lead Content of Whole Blood
Trestment Week
13
Diet 4° 8 @)
Control ¢ 13.1 £ 0.9 (16)*
0.08%, Lead Octoate 12.8 £0.8(8)
0.53%, Lead Octoate 16.4 £ 2.4 (7)Y
2.059%, Lead Octoate 145+ 1.5
0.429, Lead Chromate 13.2x+1.08)
1.95%, Lead Chromate 12.0£ 1.4 (8)
12.439, Lead Chromate 19.4 +:2.2(8s
66.059, Lead Carbonate 24.9 4 2.2(8¢
11.929, NBS Lead Paint 23.9 &= 1.3 (120
s Valuss defeted dus to conamination.
» Four les were itted dus 10 inati R
+ Number of rat blood Ilyzed per group unless indicated otherwiss.
¢ Sixtesn blood sampies were analyzed.
¢ Average ug of lead/100 mi blood + sandard error of aumber of rats shown in parenthesis.
1 One blood sample lost.
& Significantly different from control (P < 0.05) as shown by Duanett’s multiple ison test foilowing an analysis of
» Twelve dlood mmples acalyzed.
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TABLE 34
Lead Content of Brain

Treatment Week

4 8 13
Diet 4) “) (12)

Control nd.* nd. nd.
0.08¢7 Lead Octoate nd. nd. n.d.
0.53¢7 Lead Octoate nd. n.d. nd.
2.059% Lead Octoate n.d. nd. nd.
0.42¢7 Lead Chromate n.d. n.d. n.d.
1.95¢% Lead Chromate nd. nd. ‘nd.
12.43¢%, Lead Chromate nd. n.d. nd.
66.059; Lead Carbonate n.d. n.d. nd.
11.92¢7 NBS Lead Paint nd. nd. 0.2 = 0.14 (N
» Number of brains analyzed per group unless indicated otherwise.
» Eight brains were analyzed at 4 and 8 weeks. Twenty-four brains were anaiyzed at 13 weeks.
« Not d bie. Below itivity of 0.07 ug. gm of brain.
4 Average ug of lead. gm brain 3= standard error number of rats shown in parenthesis.

TABLE 3§

Lead Content of Liver
Treatment Week
4 8 13
Diet “)- «) (12)

Control ® v nd.* n.d. nd.
0.08¢7 Lead Octoate nd. n.d. n.d.
0.539 Lead Octoate n.d. n.d. n.d.
2.05¢% Lead Octoate nd. nd. nd.
0.42¢% Lead Chromate nd. nd. nd.
1.95¢, Lead Chromate nd. nd. n.d.
12.43¢% Lead Chromate nd. nd. n.d.
66.057; Lead Carbonate n.d. n.d. 1.1 :0.64(2)
11.92¢% NBS Lead Paint nd. nd. 04 +0.109

« Number of livers anaiyzed per group uniess indicated otherwise.

b Eight livers were analyzed at 4 and § weeks. Twenty-four livars were analyzed at |3 weeks.

« Not d bie. Below itivity of 0.07 ug. gm liver. .

4 Values are average ug of lead. gm liver & siandard error of number of rats shown in parenthesis.
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TABLE 36

Lead Content of Kidney
Treatmenat Week
: 4 8 13
Diet @) ) 12)
Control ® nd.° nd. nd.
0.089%, Lead Octoate n.d. nd. 0.3(1)
0.53%, Lead Octoate nd. nd. 0.3(1H)
2,059, Lead Octoate nd. nd. 0.4£0.1(2)
0.429, Lead Chromate nd. nd. 0.5Q1)
1.95%, Lead Chromate nd nd. 4.24(1)
12.43% Lead Chromate nd. n.d. 0.4 +:0.003)
66.05%, Lead Carbonate nd. nd. 2.3+£0.2(8)
11.929, NBS Lead Paint nd. 1.4 0.1+ (4) 1.9+£0.1(12)
» Number of kid: lyzed per group unless otherwise indicated.
& Eight kidneys were ansiyzad at 4 and 8§ weeks. Twenty-four kidneys were anatyzed at |3 weeks.
* Not detectable. Below sensitivity of 0.07 ug/gm kidney.
4 No explanation for unusuaily high value.
« Values are ug of lead/gm kidney oc average ug of lead/gm kidney + standard error of number of rats shown in parenthesis,
TABLE 37
Lead Content of Bone (Femur)
Treatment Week
4 8 13
Diet ) ) (12)
Control ® 1.6 (1) 3.9+0.4(8) 3.2£0.2(29)
0.08%, Lead Octoate 3.t 4.2+0.6(9) 3.3+£0.3(12)
0.53%, Lead Octoate nd.? 3.9%+0.24) 3.1+0.2(12)
2.05%, Lead Octoate n.d. 30+:0.709) 3.9+£0.5(12)
0.429, Lead Chromate 2.9(1) 26091 3.8+0.6(12)
1.95%, Lead Chromate 0.9 (1) 1.8+0.24) 4.1 £0.5(12)
12.439, Lead Chromate 3.3Q) 3.1 x£1.1(4) 3.5+0.5(10)
66.059%, Lead Carbonate 13.0%+4.19) 16.0 = 2.1 (4) 21.7 = 2.4 (12)
11.929, NBS Lead Paint 149+ 1.5(4) 16.4 = 0.4 (4) 10.9 = 0.9 (12)¢
s Number of bones analyzed per group uniess indicated otherwise.

® Eight bones were analyzed at 4 and § wesks. Twenty-four bones were analyzed at 13 weeks.

¢ Values are ug of lead/gm bone or average ug of lead/gm bone 2= sandard error of number of rats shown in parenthesis.

4 Not detectabie. Below mmaasitivity of 0.4 xg/gm of bone.

* Two samples lost. .

! Significantly different from control (P < 0.05) as shown by Dy s multiple: wat following an analysis of veriance.
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At 13 weeks, detectable levels of lead
in the brain appeared only in the rats fed 11.92%
NBS lead paint. In the liver, detectable levels of
lead were found in two rats fed 66.05% lead car-
bonate paint chips and nine rats fed 11.92% NBS
lead paint. No lead was detected in the kidneys of
the control group at 13 weeks. In contrast, lead
was detected in the kidneys of one to two rats in
each lead octoate group and the 0.42% and
1.95% lead chromate groups. Lead was detected
in the kidneys of three rats, eight rats and 12 rats
in the 12.43% lead chromate paint, 66.05% lead
carbonate paint, and 11.92% NBS lead paint
groups, respectively.

The femurs of rats fed the control diet,
lead octoate or lead chromate paints exhibited
very little lead at 4 weeks. However, the femurs
of rats fed 66.05% lead carbonate or 11.92%
NBS lead paint contained 13.0 and 14.9 ug of
lead/gm of bone, respectively.

At 8 weeks, the femurs of rats fed the
control, lead octoate or lead chromate diets con-
tained similar quantities of lead, ranging from 1.8-
4.2 ug lead/gm bone. Lead content in the femurs
in the 66.05% lead carbonate and 11.92% NBS
groups were 16.0 and 16.4 ug of lead/gm of bone,
respectively. Both of these values were signifi-
cantly above control.

After 13 weeks, the rats fed lead octo-
ate or lead chromate had no more lead in their
femurs than at 8 weeks and these levels were no
higher than those in the control group. The
66.05% lead carbonate group exhibited higher
levels of lead in their femurs (21.7 ug lead/gm
bone) than at 8 weeks. The 11.92% NBS lead
paint group had less lead in their femurs (10.9 ug
lead/gm bone) than at 8 weeks. The lead levels
in both of these groups were significantly greater
than those observed in the control rats.

1. Pathology of Rats Fed Paint Chips Containing
Different Concentrations of Lead

The relative organ weights of the thyroid, spleen,
heart, kidneys, liver, adrenals, brain and gonads
are shown in Table 38. The Dunnett’s multiple-
comparison test showed that none of the relative
organ weights differed from control values.

The pathology of rats fed the control,
2.05% lead octoate, 12.43% lead chromate,
66.05% lead carbonate or 11.92% NBS lead
paint diets for 13 weeks is shown in Tables 39-43.

The control rats had a few naturally
occurring lesions. Fourteen of the twenty-four
(58.390% ) rats had mild to moderate lymphoid
hyperplasia in the lungs, characteristic of early
minute pneumonia. One of these rats had a mod-
erate pneumonia and another one a mild emphy-
sema. Other lesions included an unspecific myo-
carditis in two rats; foci of subacute inflammation
in the liver of two rats; a cross-section of a para-
site (roundworm) in the colon of one rat; and foci
of mononuclear cell infiltration in the kidneys of
two rats. The bone marrow myeloid/erythroid
cell ratios (M/E) of all rats were within normal
limits.

The lesions observed in rats fed the
2.05% lead octoate diet were similar to the lesions
seen in the control rats. Seven out of the 12 rats
(58.3% ) had mild to moderate lymphoid hyper-
plasia in the lungs and one had mild pneumonia.
Four rats had mild foci of subacute inflammation
in the liver characterized by a loss of several
hepatic cord cells which were replaced by macro-
phages and lymphocytes. Another rat had a focus
of inflammation in the interstitial tissue of the
pancreas. The M/E ratios of.these rats were
normal.

The rats fed the 12.43% lead chromate
diet had lesions similar to the lesions seen in the
control rats. Seven of 12 rats (58.3%) had mild
to moderate lymphoid hyperplasia, and one had
mild pneumonia. Only one rat had a moderate
unspecific myocarditis. The M/E ratios were
normal.

The lesions seen in the rats fed the
11.92% NBS lead paint diet were similar to those
lesions seen in the control rats. Eight of 12 rats
(66.7% ) had different degrees of lymphoid hyper-
plasia in the lungs. In one rat pneumonia was evi-
dent. Unspecific myocarditis occurred in 2 rats
while foci of inflammation in the liver were ob-
served in only one rat. The M/E ratios were
normal.

In conclusion, the pathology seen in the
control and treated rats were characteristic of those
in a normal population of rats. No evidence of
lead-induced lesions was found.
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TABLE 40

Pathology of Rats Feti For 13 Weeks With Paint Chips Containing
2.05% Lead as Lead Octoate

Rat Ne. 83 86 87 88 89 90 93 96 97 % 9 100

Lungs
Lymphoid hyperplasia 1s 2 1 1 1 2 1
Pneumonia 1
Liver
Foci of inflammation 1 1 1 1
Pancreas
Foci of inflammation {
Bone Marrow .
M/E ratio 1.2 10 .7 10 t.2 1.1 1.1 t1 t4 1.2 13 1.8

Tissues not listed were nonmal.
« Severity of lesions: 1-minimai; Z-moderate; J-severe; 4-vary severe: & questionable.

TABLE 41

Pathology of Rats Fed For. 13 Weeks With Paint Chips Containing
12.43% Lead as Lead Chromate

Rat No. 143 146 147 148 149 150 183 186 187 158 1%9 160

Lungs »

Lymphoid hyperplasia 2 2 1 1 2 2 1§

Pneumonia 1
Heart .

Myocarditis 2
Bone Marrow

M/E ratio (1.2 1.0 t0 1.2 1.1 1.4 1.1 14 1.5 1.4 1.2 1.5
Tissues not listed were normal,
» Severity of lesions: |.minimal: Z-mod s tvery & ousstiomabt




TABLE 42

Pathology of Rats Fed For 13 Weeks With Paint Chips
Containing 66.05% Lead as Lead Carbonate

Rat No. 163 166 167 168 169 170 173 176 m 178 1”7 180

Lungs -

Lymphoid hyperplasia 1s 1 1 1 2 1 1

Pneumonia 1
Heart

Myocarditis 1 2 1
Liver

Foci of inflammation 1 1
Skeletal muscle

Miositis 1
Bone Marrow

M/E ratio 1.2 1.2 1.2 10 1.1 13 1.2 10 t.4 1.3 1.1 1.4
Tissues not lised wers normal.
© Severity of lesions: |-minimal; 2 d 3 4-very s¢ : = questionabl

TABLE 43
Pathology of Rats Fed For 13 Weeks With NBS Lead Paint Chips
Containing 11.92% Lead
Rat No. 183 184 188 188 189 190 193 194 198 198 199 200

Lungs : '

Lymphoid hyperplasia 2s 2 2 2 1 2 1 2

Pneumonia 2
Heart :

Myocarditis 2 1
Liver

Foci of inflammation 1
Bone Marrow

M/E ratio 1.2 t4 1.3 1.2 1.5 1.2 1.2 14 15 1.3 1.2 1.3

Tissuss not listed were normal.
» Severity of lesions: |-minimal; 2-moderass; 3-ssvere; 4-very severe: & Questional
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IV. Discussion

The levels of lead fed to rats in the study were
sufficient to produce significant elevation of body
“lead burden if the lead is in the form of lead ni-
trate.'s If we equate the amount of lead consumed
by the average rat fed paint chips containing
2.05% lead octoate, 12.43% lead chromate,
66.05% lead carbonate, and 11.92% NBS lead
paint diets to a 14.6 kg (3-year old) child, we
find that the lead consumption would equal 39.4,
156.0, 577.8, and 147.8 mg of lead/day, respec-
tively. On the basis of a 2% lead paint, the total
paint intake would be 2.0, 7.8, 28.9, and 7.4
gm/day respectively. Daily ingestion of these
quantities of old paint containing white lead have
been reported to produce lead poisoning.?

There were no changes in hematology,
urinalysis or serum proteins in the rats fed iead
octoate, lead chromate or lead carbonate. The rats
fed the NBS lead paint did exhibit a significant
reduction in hemoglobin and a mild proteinuria at
13 weeks. Otherwise, the hematology, urinalysis
and serum proteins in the rats fed NBS lead paint
were normal. Porphyrin metabolism was affected
as early as 4 weeks in rats fed either the 66.05%
lead carbonate diet or the 11.92% NBS lead paint
diet as evidenced in a 50% depression of erythro-
cyte ALAD activity. This effect appeared to be
directly related to the concentration of blood lead
as has been reported by others.'*** There was one
exception: blood lead in the 12.43% lead chro-
mate group became elevated by the 13th week,
but there was no depression of ALAD activity.
This discrepancy could be related to the duration
of elevated blood lead or the age of the animal
when blood lead became elevated.

38

Even though erythrocyte ALAD was
depressed 50%, the overall effect on porphyrin
metabolism must be considered mild, since there
was no concomitant change in the levels of pro-
toporphyrin (erythrocyte), delta-aminolevulinic
acid and coproporphyrin. These observations are
consistent with reports that blood lead levels
greater than 40 xg/100 ml RBC are needed be-

fore serious changes in porphyrin metabolism
occur.t¢

The body lead burden of rats fed paint
containing lead octoate or lead chromate was no
different from control until 13 weeks. At this time
lead was found in the kidneys of one to three rats
on each of the lead octoate and lead chromate
diets. The rats with measurable kidney lead in the
lead octoate, 0.42% lead chromate or 1.95% lead
chromate groups did not have concomitant in-
creases in blood, brain, liver or bone lead. Thus,
these rats did not have a significant increase in
body lead-burden. On the other hand, the rats fed
the 12.43% lead chromate diet had elevated blood
lead and thus, a significant elevation of body lead-
burden. Since rats fed lead nitrate show elevated
lead levels in blood, kidneys, bone and liver within
2 weeks,' it appears that the lead octoate and
lead chromate were either not readily absorbed
or not otherwise available for absorption.

Complete gross and microscopic path-
ology was performed on the rats that were fed the
control, 2.05% lead octoate, 12.43% lead chro-
mate, and 11.92% NBS lead paint diets for 13
weeks. All of these rats were reletively free of
lesions, and those lesions which were observed,
occur naturally in rat colonies.
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Conclusions

Older paint formulations contained soluable lead
salts. Two samples of paint chips representative
of these formulations were fed to rats at 0.1% of
their diets. One was supplied by the National
Bureau of Standards and was removed from inter-
jor walls of older homes. It contained 11.92%
lead. The other was an old formulation contain-
ing 66.05% lead carbonate. Both of these sam-
ples produced classical signs of lead poisoning in
the rats. These signs consisted of erythrocyte
ALAD depression (50% ) and significant in-
creases in blood, kidney, bone, liver and/or brain
lead.

Newer pain¢ formulations contain in-
soluble lead pigments and low levels of lead driers.
Several samples of paint chips containing up to
12.43% lead chromate pigment and up to 2.0%
lead octoate drier were also fed to rats as 0.1%
of their diets. The only evidence of toxicity or
effect on body burden appear in the rats fed the

paint containing 12.43% lead chromate. This con-
sisted of an increase in blood lead, without other
signs of poisoning. Paint containing 1.95% lead
chromate and paint containing 2.05% lead octo-
ate produced no detectable changes in the rats.

The quantity of lead fed as paint chips

containing either 2.05% lead octoate or 1.95%

lead chromate would have approximated an in-
take of 40 mg/day in a 3-year-old child weighing
14.6 kilograms. This daily intake has been re-
ported to produce lead poisoning in children if the
lead was aviliable for absorption. Since the body
lead-burdens of the rats fed 2.05% lead octoate
or 1.95% lead chromate were not increased, it
can be assumed that the lead in these paint chips
was not absorbed from the gastrointestinal tract.
In addition, lead in paint scraped from old dwel-
lings—not the newly formulated paint—deposited
in the brain, even though the blood lead concen-
trations of both were similar.
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