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PREFACE -y

This report was prepared at Midwest Research Institute, 425 Volker
Boulevard, Kansas City, Missouri 64110, under Contract No. 62<W<62GC&NPC
with the National Institutes of Health, Depacrtment of Health, Education and
welfare, MRI Project No. 3729-B, "Lead Painc Ingestion Study.” The research .
was sponsored by the Nationsl Paint snd Coatings Association, 1500 Rhode
Island Avenue, N.W., Washington, D.C. 20005, Dr. John P. Frawley, Chief
Toxicologist, Hercules, Inc., Wilmington, Delaware 19899, was the project WY
moniter, e

>

The research was conducted in the Biological Sciences Division,
under the direction of Dr. W, B, Houss from 1 December 1972 through 31 July
1973. Dr. Thomas R, Castles, Principsl Pharmacologist, was the principal
investigator, assisted dy Dr. Jaime L. Sanyer, Associate Pathologist, and
Mrs, Jane Hoch, Biology Research Assistsnt. Dr. Jasea L. Spigarslli, Senior
Chemist supervised che lead analysis with the assistance of Mrs, Hope M.
M{ller, Assistant Chemisc.

Approved for:

MIDWEST RESEARCR INSTITUTE

W. B. House, Director
Biological Sciences Division

14 Septecder 1973
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I. INTRODUCTION

Few persons will disagree that old lead-based paint presents
a dangerous and unnecessary health hazard to young children. As a
result of reports by xehoc,y Chllholn,.z-/ and Kingymdiul researcners,
paint manufacturers and legislators have racognized 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
a2d animal ressarch froa which to draw. Unfortunately, moat of this
{nformation is based upon the old lsad-based paints or soluble lead salts,
which do not reflect the -u-kplint formulstions on today's market.

Befors safe concantrations of lead in paint can be intelligeatly
estsblished, we must evaluste the toxicity of the lead as it exists cur-
rently in modern smsmel paints. These studias must bas u.complen as
possible and must be perforeed upon several animal Species, since 2
complece model for man has not yet been found,

It was ths purpose of this study to evaluate the toxicity in
rats produced by modern snamel taints containing lead octoate, lead
chromate or lasd carbonate. The results srs presented in the follow-

ing pages.

~
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II. METHOD _

A. Preparation of Paint Films Containing Different Concentrations of lead

e ea——"

Paint films containing no lesd or lesd in the form of lrad octoate P&"
 Aaut 7
or lead chromate vere supplied by the ShermmewsWillisms Febmt Company. — P‘,S

Ensmels which contained either lead octosta or lead chromate (medium
Canant

yellow) were prepared using s flst alkyd eaame? formuls based upon a

TT-R-265D Typa I Clasze B slkyd. The flat slkyd emamsl without ewetrtwr lead

compound was used for control. The percent of lead in each sample vas

calculated on the lmsis of the nonvolatile materisl. Dispersion was ac- -z

ACY
complished with e Cowles Dissolver and thm
-\ ‘\' C“L -

ene level. The paints wvers placed in pans :u: sllowed to air dry. This
vas followed by Earce‘?rying st 120°F to volatilize any remaining solvent.
Paint films vere ground, sieved and chips ranging from 0.5 to 1.0 mm in
size used for this study. MM w"

The conccucn:ior;l of lead in the different paint films were

Ime. (" 77 ]

deterzined independently by the De{Soto JsiaboGempeay, Shezrmmm-Williams
deinc Company and Midwest Research Iastitute, usiog Atomic Absorption
Spectrophotometry.

Sazples of old lead-based painct were obraiped from the U.S.
Departaent of Commerce, Nationsl Buresu of Standards, Washingzon, D.C.
This paint had besn pulverized and sieved through 325 mesh screen and con-

tained 11.87% lesd dy weight. This sample vill be called "NBS lead paint”

for this repors.
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B. Preparation of Diets

Diets were prepared by mixing paint films with Purina Rat Chov
aash in the concentracion of 0.1 (:rc). This was accomplished by Eirst
preparing a 10% concentrate {paint iilm/f-c_e, w/w) in a high-speed tvin
shell mixer., This concentrate was then added to the sppropriate amount
of Purina Rat Chow au'h to give a final concentration of 0.1% (paint £ilo/
feed, w/w) and mixed for 10 mim in & bulk mixer.

Esch diet was prepsred threa times during the experiment snd

samples of each of these preparations vare assayad for lead content.

C. Experimentes] Procedure
Two hundred wveanling (40-60 gm) Charles River rats (100 males and
100 famale rats) ware used for thia study. Upon arrival rats were housaed
inddviduslly in air conditioned quarters in polycarbonate cages con.uinin;
; hardwood bedding and filter tops. Afcer 5-7 days of equilibracion, all
r3ts were aasigned one of Ehc following diets.
1. Rat chov plus paint film without lsad
- 2. Rat chow plus paint film containing 0.08% lead as lesd occtoate
3. Rat chov plus paint fila containizng 0.53% lesd as lead octoats
4, Rat chow plus peint film contaising 2.05% lead as lead octoate
5. Rat chov plus psint £ilp concsining 0.42% lead as lead chromase
6. Rat chov plus paint filo containing L.95% lead as lead chromsce
- 7. Rat chov plus paint filo containing 12.43% lesad as lesd chromare
8. Rat chov plus paine film containing 66.05% lesd as lasd carbonate

9. Rat chov plus NBS lesd paint contaiming 11.97% lead ip so un-

known form
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Twenty male and 20 female rats ware assigned to the control diet, and

10 cales and 10 female rats were assigned to each of the remaining diets.
fach diet was fed in a § oz wide-moucth glass jar vhich was secured to
the cage, Tap vater was available ad. libitum during the entire experi-
mant.

Feed consumption was measured daily and body weights wvers mea-
sured weekly. All rats were observed twice or more sach week for toxic
signs.

After 4, 8, and 13 veeks s fev male and female rats were placed
in metabolism cages for the collection of 24<hr urine uwl;s. A porcion
of the collacted urine was used for urinzlys{s snd the remainder frozan
for assay of dalta sminolevulinic acid and coproporphyrin. Afrer urine

collection each tat was anesthesized with ether, exanguinated via the

abdominal aorta and done marrov smeaTs were prepared. Blood samples

:

1k e
fr. lfﬁ"‘.' VRTINS

ny
LY
g

were heperinized, cooled and used immediately for hematology and enzyme

N
\
»

W&

assays. Aliquots of the remsining blood were taken for protoporphyrin L5

and lead assavs. After urine and blood sacples ware obtained, sach mt

vss necropsied and tissue taken for lesd analysis or microscopic examina-

tion,

N LR Rt 2T

D. Analevses

[

1. Lead analvses of naint films and diets coscaining psint fila: }-ﬁlb

a. Paiot films: Ten milligram sacples of paint films conm-

taining no lead or 0.08%7 lead octoate ware charred with 3 ml of conceatraced
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——————— 2 ey 1em

nitric acid and dry-ashed at 500°C for 2 hr. The ash was dissolved {n —
1 ml of aqua regia, dill.‘ltlﬂ to 5 mt with distilled water and this fioal
dilution measured for lead content by atomic absorption.
All other paint filas (10 mg savples) were digested in
15 2l of 2:1 concencrated nitric acid: 37% perchloric scid, evaporaced
and the remafining perchloric acid solution diluted to 25 =l with distilled
weter. This final dilution was used for atomic sbsorption spectrophotometry.
b. Diets: One-gras sazples of feed were digested in 2:1
concentrated nitric acid: 37% perchloric acid and their finsl dilutions
adjusced to maks their lead concentracions withinm tha detection limits of
the atomic absorption technique.

2. Analvses verformed uvor each rat:

¢. Hemstology:

(1) BHematocrit: Hematocrit was determined in capillary

tubes using a microcapillary cantrifuge (International Equipument Company,
Model MB).

(2) Hemoglebin: Hamoglobin wes measured as cyano--
&/

methemoglobin,.=

(3) Ervechrocvts and leukocvts counts: Total erythrocyte

and leukocyts vers countsd using s Coultsr Electronic Particle Counter with

100 u apcra:url.y

(4) Reticulocvtes: Reticulocytes wers counted by the

mechylene blue method using che Miller disc.d
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- (5) Differential levkocvte tounts: Wright's stain

- was used £o 3tain the leukocytes for examinscion.

(6) CExvthroevte osmotic fragilitv: Osmotic fragilicy

of erythrocytes vas quantitatively determined by subjecting heparinized

-
Wwhale dlood to sodium chloride solutions of different alulnritiu.'—/ The
concentration of sodium chloride which hemalyzed 50% of the erythrotytes
was obtained from a plot of percent hemolysis versus sodius chloride

concentracion,

b, Bedy fluid end cissue chemistry:

(1) Plasms protein electrophoretic patterns: Total

plasms protein were determined using the Hyeal Blurat Reagant (Rycsl, Inc.,
Houston, Texas). The quantity of aath plasma protein was determined
slectrophoretically on cellulose scetats end exprussed as a percentage of

the toral plasma procein.

(2) Ervthrocvte-d-aminolevulinic actd dehydrase (ALAD):

b-Aminolavulinic acid dehydrase activity was detarmined by the zathod of
Lichrman and Feldmss.®/ This procedute vas performed immedistely after
uch.bload sacple vas taken.

(3) Ervthroevte protoporphyrin: Protoperphyrin io
erythrocytes was msasured by the method of Heller, at 21.2/ s snalysis
was performed the day aftsr blcoq was withdrawn,

(4) Urinary x-aminolevulinic aeid (ALA): Urinary
é-aminolevulinic acid was measured according to tha Davis and Andclun-"—o—,

modificazion of Mauzerall's and Cranick's Hnthnd.ll/ Thase analyses vere

performed in subdued light.
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($) Urinarv cooroporphvrin: Urinary coproporphyrins

were determined by the methed of Schlenker and Kirchell.13/ These analyses

were performed in subdued light.
c. Urinalusis;

(1) Urinacv protein (albumin): Urinary protein was

oeasuted with "Uristix" reagents strips (Ames Coopany, Elkhart, Indiana).

(2) Mieroscopic examimation of urine: Urine samples
were centrifuged, tha residues resuspended, and examined microscopiecally
for the presence of erychrocytes and leukocytes under high power field and
for casts under lov power field,

d. Tissue lead:

(1) Blood: One miliiliter of bleod was mixed with
1 ml of 3:1 v/v 5% trichloroacetic 8¢i1d:37% perchloric actd. The sample
was centrifuged and the supernate filtered through an AAWP 0.8 u Millipose
filter, The supernate was analyzed for lead with an atomic abserption
spectrophotometer using standards prepsred in control rat blood.

(2) Other tissues: Bone, liver, kidney, and brain

vere digestad in concentrated airric acid, svaporated to drymess and re-
constituced to the lowest possible volume with 20% nitric acid. Thess
solutions wete snalysed for lead by atomic absorption spectrophotometry.

(3) Atomic absorption snalvsis: Lead concentrations
vere measured using a Varian-Techtron AA-S atomic absorption spectrophotometer,
Sazple solutions wers as pirsted inco an air-scetylene flame and the sbsorbance

vas measured at 2,833 nm, Background intarference vas Jdaterxmined wich the
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P R
use of a hydrogen continuum lamp at 2,83] no and subtracted from the ff!:f
absorbance obtained at 2,833 nm with the Pb hollow cathode lamp. S

E, Pathaloev

l. Gross pathology: AT hecropsy, rats wers examined for gross

abnormalities and their livers, kidneys, spleens, hearts, gonads, thyroids,

brains, and sdrenals weighed and ths relative orgsn weights calculated.

)

I L0t

{i
¥

After weighing, & portion of the liver, kidnsy, and brain were taken for

%

picroscopic examinsation and the rest of sach organ was measured for lead =

. 7
A

content. A femur was removed to be used for che measurasent of laad in
bone.

2, Microscopic pathology: Bons marrovw smears Were prepared for
s myeloid/erythroid call count. Thes following tissues were fixed in
buffered neutral 10% formalin: brain, liver, spleen, stomach, swmall in-
testine (duodeum, jejunum,_ilcum), colon, pancreas, kidneys, urinary
bladder, adrenals, thymus, gonad, thyroid (with parathyroid actached),
mesenteric salivary gland, lyeph nodes, heart, lungs, diaphragm, skaletal
m:acle, and prostate Or uterus.

Tissues from all 13 weex rats fed the control, 2.05% 1'.1?°ct°.c.'
12.43% lasd chromace, 66.052 lead carbonate, scd the 11.92% NBS lesd painc
diets vere embedded in parafin, sectioned to 6 u thick, stained with hema-

—_

tozylin and sosin snd examined for hiscopathology. .

— - v et o s e et
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= N
F, Szacistical Analvsas o
ey
Control and creatment values were cospsred statistically using
Dunnetz's sultiple-comparison test with P € 0.05 &¢ the criteris of .
significance. S

A. Concentrations of Lead in Paint Fllms

The concentrations of lead in the paint films aupplied by the
sm:'-'.::wuuus Sedst Company wers snalyzed for lead content by the
: Ime.

De Scto Pwiwe<Sowpery, Sherman-Willisms Paint Company, and Midwest Re-
» search Inscituce (MRI). The results of theae analyses are shown in
Table 1. The control ecsmel which did not contain lead octoata or chromate
vas found to contain approximately 0.01% lesd. The agresmant betvesn the
different snalyses was good, so an avarage ppm of lesd was computed and
used for the mctual lead concentration of each paint film. Lesd concen-

trations of the lead paint obtained from the National Buresu of Standards

vere averaged in a similar canner.

B. Lesd Analyses of Diets Containming Different Paint Films

Table 2 shouws the lead content of esch diaz, Purinms Rat Chow
zash vas found to concain spproximately 4 ug/gm of lead (assuming 0.1
»g/gm of lead wae contributed by the coucrol ensmel). The rg cf lesd/gm
of faed which vas artributable to each added paint film was reasonably
close to its respective theorstical value. The aversge totsl ng§ of lead/gm
of fesd for each diet was ysed for the calculazion of veakly and totsl lead }

consumption for each rat.
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C. ?reliminarv Teeding Studies

Sefore beginning this study, a pilot experiment was performed
to see if che rats were consuming the lead paint film along with cheir feed.
Briefly, three rats vere placed on the control dist and three rats on the
66,057 lead carbonate diet. After 48 hr, fsces were collected and their
lead content messured. TFeces from rats oa the control diet contained
11.5 ug of lesd/ga faces while faces from rats fed che 66.05% lead car-
bonate diet contained 3,683 pg of lesd/gm of feces. Thus, rats did con-

sune the paint film slong vith their feed.

D. Gross Observations, Feed Consusmtions and Bodv Weights

During tiu entire study only cwo rats hsd rmrﬁlblc changes.
One female rat on 2,05% lesd octoste developed an abcese on her left
shoulder during the ninth trsatment veak mnd one female on 66.057 lesd
carbonate developed abcessed hind feez in the 10zh watk and chew her toes
off.

The feed consusprion of male and female rats are shown in Figures
1 and 2, respectively, Except for the rats fad the dier coataining 11,927
lead as NBS lead paist, all groups ate at thas sams rats ai the control group
throughout tha entire experiment. The reason the 11.92% NBS lead paintc
group ate significantly lesa imitially, wvas that they were started a month
asfter che other rats and were initially smaller. Since this group was
consuming feed at the same rate as the control group by 4 weeks, we con-

sider their initisl food consumption sor=el also (for thair size).

10

Y o o e p——— 0 ——
- - Ce T W - :
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Tha body wcigh& gains for each group af racs are shown in k“jch
Figures 3 and 4. As mentioned abave, the rats on the 11.97. NBS lead -
painc diet were small initially but became similar to controls by either
the fourth or eighth week. Throughout the entire period the male rats in
the other treatment growp s gained weight at & normal rate. The female racs

T ——————

did show a changs in body weights during the first eight weaks of feeding

which sppesrs related to the concentration of lead octoate, After 4 wesks

of feeding, rats in the 2.05% lead octoate group waighed significantly
e ——

less than control. The pattern was the sams st sight wveeks., 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 {ncrease in varisbilicy.

E. Weeklv and Total lead Consumption

The wveekly and total lead consumption during the experiment
were calculated on the basis of the total lead/diet and amount of each Ciet
eaten by sach rat, Thesa calculations sre shown in Tables 3 and 4. Dur-
ing che 13th week period, tha control grow consumed approximately 105 ug
of lead/day, while rats esfting 2.05% lead octoste, 12.43% lead chromate,
56.052 lead carbcoste, and 11.92% NBS lesd paint consumed an average of

786.9, 3,591.1, 13,435.8, end 3,184.3 ng of lead/day, respectively. Using

the ¥verage body veights of rets surviving 13 days, tha vats {n the con-

tcol, 2,05% lend octoate, 12.43% lead chromate, 66.05% and 11.92% NBS fon
lead painc groups consumed 245.2, 1,957.5, 8,669.6, 34 450.8, and 7,804.7 -
pg of lead/day/kg of body waight, respectively.

11
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F. Hemarology of Rags Fed Painr Films Coneainin ifferent Concentrarions §4 ;
of Lead

The results of the hematology of racs fed paint films containing
different concentration of lead ave shown in Tables 5-13. No differences *
vere observed in the ervthrocyte count, reticulocyte ¢ount, hematocrit,
leukocyte count, differentisl leukocyte count, and the erythrocyte osmotic

fragi My,

ayrraey e

G. ITissue and Tluid Chemistry of Rats Fed Paint Films Comtaining Different
Concentrations of lLead

——

Tables 14-22 show the tissue end fluid chemistry of rats fed
paint films containing different concentrations of lead, The seruz
electrophoresis, erythrocyte protoporphyrin, urinary coproporphyrin,

and urinary delta-sminolevulinic scid were not altered by any of the .'1‘-:

The activity of the erythrocyte snzyme, delta-aminolevulinic

[—

scid dehydrase (ALAD), in the control, lead octoate (0.08%, 0.53%, and

2.05%) and lead chromate (0.4I% , 1.95% and 12.43%) groups did not differ

throughout the experimsnt (Tsbles 14-22). ALAD sctivity was depressed in

e ——————————
vats fed 66.022 E:.d cirbonna and 11.92% NBS lead paist, At 4 Vesks there
—————

vas a deprassion of 567 and 59% in these two groups, respectively,
&p group p e y

vesks the ALAD activity vas depressed 44% in che 66.05% laad carbonate

group, but the ALAD activity in the NBS lead painot group vas pot signifi-

cantly different from eoncrol, At this cime & sex diZZerence vas observed

in both of these groups. The ALAD activity io the male rats remsined

cepressed at the 4-veek levels while the ALAD activitims of the female
e

Tats returned to control levels, This sex difference may be linked to

12 (o ) p

it o e
p————— o o n e E
g —— . ren PR, s e > et sttt - L -

0007-SWP-036925

0007-SWP-000112912



fact that these female rats had matured and were probadly beginning cheir .:-7.
manszrusl cycles.

By 13 weeks the sex difference hed disappesred and the ALAD
T e,

activity in 66.05% lead carbonate group and the 11.92% NBS lead peint

group wvers depressed 56% and 53%, respectively.
e — ol

H.

Lead Content in Tissues of Rats Fad Paint Films Conraining Different
Contentrations of Lead

Tables 23-27 shov the lead concent of bleod, brain, liver,

kidney, and bone from rats fed paint films comtaining different concentrs-
tions of lesd. The velues for the lead concentrations in bleod at 4 and
B weeks were omitted from Table 23 beceuse it was discovered that these
sazples had been contaminated by their storage concsiners, At 13 wuks-_-\
the blood lead levels in the rets fed lesd octoste snd the rats fed 0.71527.

and 1.95% lesd chromate were not differenc from control Jn the rats fed

12.43% 1lead chromste, 66.057 lead carbonate, and 11.92% NBS lesd paint,
e

blood levels were found to ba elevated significancly.
P T Y

At 4 weeks, tissus lesd levels in braia, liver, aod kidney ware
belov the detection limics of our assay. The results vers the same ot

8 veeks with the exception of the NES lead paint group. All four rats in

this group showed derectable leed in their kidneys.

S c——

At 13 wesks, detectable levels of lesd in :h‘ bnin)ﬁppund
e

only in the vats fed 11.92% NBS 1lsad painz. In :hinvcr}gcucublc
r———— T —

levels of lesd were found in two rats fed 66.05% lead carbonate and nine
N R

vats fed 11,92% NBS lead paint, No lead was detecced in the'kidneyj of the
N e angugg —

13

S ltarrd

[ A ERCIN)
=,
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control droup at 13 wesks. In concrast, lesd was detected in Che kidne,vs/’

of 1-2 rats in the lead octoate groups and the 0.427% and 1.95% lead

chromate groups. Lesd was detected in the kidneys of three racts, eight

T

——

rats, and 12 racts in the 12.43% lead chromate, 66,057 lead carbonace and

11,.95% NBS laad paint groups, respectively.

The femurs of racs fed the conrrol diet, lead octoats or lead
chrovate exhibited very little lead st 4 veeks. Howvever, the femurs

of rats fad 68.05% lead carbonate or 11.92% NBS lead paint contalned
e

13.0 and 14.5 ug of lesd/gm of bone.

At 8 weeks, the femurs of rats fad the control, lesd octoste
or lesd chromste diets concained similar quenticies of lead, ranging from
1.8-4.2 pg lead/gm bone. Femur lead in the 66.05% lead csrbonate and 11.92%
NBS groups were nov 16.0 and 16.4 ug of lead/gm of bdone. Both of these
\;alues were significantly sbove control.

A.ftet 13 weeks, the racs fad lead octoste or lead chromate had
no more lead in their femurs then at 8 weeks and thsse levels were no

higher than those in the control group. The 66.057 lesd octoste group

exhibiced even higher levels of lead in their fsmurs (21.7 ng lead/gm

bone) than at 8 weeks. The 11,927 NBS lead paint group had less lesd in

their femurs (10.% ug lead/gm bone) than at B weeks. The lead levels in

both of these groups waa stil] sigoificantly grester than those observed

iz the control rars.

14

E——
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I. pPathologv of Rats Fed Paint Films Containing Different Concentracions

£ - cad i

The pathology of rats fed the control, 2.05% lead octoate, 12.43%
lead chromacte 66.05% lsad carbonste or 11.92% NBS lead paint diets for
13 weeks is shown in Tables 29-33. The control rats had a few naturally
occurring lesions. TFourteen of these rats had mild to moderate lymphoid
hyperplasis in the lungs, charscteriscic of early surine pneumonis. Oms
of these rats had a moderate pneumonis and another one a mild emphyaeca.

Other lesions included am unspecific wyocardites in two rats;
foe! of subacute (nflamngtion in the liver of twe rats; a cross-section

of a parasi{te (roundwerm) in the colon of one rat; and foci of mononuclesr

cell i{nfilcration in the kidneys of two rats. The bone marrow myeloid/
srythroid cell ratios (M/E) of all rats were within normal limits.

The lesions observed in rats fed the 2.05% lesd octoate diet were
similar to zhe lesions seen in the control rats., Seven cut of the 12 vats Lo
had mild to moderate lymphoid hyperplasia in the lungs and one had =ild
pueusonis., Four rats had mild foei of cubac_u:e inflammstion iz the liver
characterized by a loss of sevaral hepatic cord cells which were replaced
by macrophages aod lymphocytes. Another rat had 8 foci of inflammaction

in the interscitial tissue of the pancreas. The M/E racios of these racs

vere normal.

The rats fed the 12.43% lead chromace diet had lesions similar
to the lesioms seen in the control zats. Seven of 12 rats had vild >
2oderate lymphoid hyperplasia, and one had mild pneumonia. Only one rat
had 3 moderate unspecific myocarditis, The M/E tatios were normsl.
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The lesicns seen in the racs fed the 11,92% NBS lead painc diet
were similar to those lesions seen in the control rats. Eight of 12 rats
had differenc degrees of lymphoid hyperplasis in the lungs. In one rat
pneumonia was evident., Unspecific myocarditis occurred in 2 raes while

foci of inflamnation in the liver were cbserved in only one rac.

The M/E ratios wers normal.

In conclusion, the psthology seen in the control and treated

rats wvere characteristic of those in a normal population of rars. No

evidence of lead induced lesions were found. o
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1v. DISCUSSION

- Pt

- 4
The levels of lead fed to rats in the studv were sufficient L0 oA “‘u

v ‘ - v
Vol
produce significant elevation of body lead burden of rats and dogs if o4 ’,,L-a

REY

the lead is in the form of lead nitrat or lesd acc:atc.ﬁl Although

it is questionable whather these levels sre toxic to the n:,-l—y they are

quite toxic to the dog.ﬁ/ 1f ve equats the amount of lead consumed by ~ ;',..f
the average rat fed the 2,05% lead octosts, 12.43% ludlurbgute) and ( M‘IJ
11,92 NBS lead paint diets to; 14,6 kX J-ysar old child, ws find thac / {,..w
tha lead consumprion would equal 28.6, 123.7, 503.0, and 113.9 mg of

lead/cay, respectively. On the dasis of 8 22 lead paint, the total

paint intake would be 1.5, 6.2, 25.0, and 3,7 gu/day. In humans, these

! PP X IS
daily inrakes can produce lead poiscnln;.—l-y - RO -:)—il?
‘M.‘M
There were nochanges in hematology, urinalysis or seruam ‘L\_ .

proteins throughou:z the entire study. However, there was one effsct
on porphyrin metabolism. »;s early as & weeks, rats fed either the
66,032 lesd carbonate diet or the 11.92% NBS lead paint diet exhibited
50% depression o erythrocyte ALAD activity. This effact appeared Zo bs
invarsely proportional to the concentration of blood lasd as has dean
Teported by others. 2817/ However, thate was one excepzion, blood lead
in the 12.43% lead chromate group become elevaced by the l3th wveek, but

theve was oo depression of ALAD sctivity,
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This discrepancy could be related to the duration of devated

blood lead or the age of the snimsl when blood lead becomes elevated

vhatever the explanation, the fact remains although erythrocyte ALA'D
sctivity was inhibited 50%, no changes in erythrocyte protoporphyrin
-urinsry delts-aminolevulinic acid or urinary coproporphyrin levels
w'r; observed. Thus the effecrs on paraphyrin metadbolism must have
been wmild.

The body lesad burden of racs fed paint containing lead
octoats or lead chromate were no different froz control until 13 weeks.

At this time lead was found {n the kidneys of 1-3 rats on each diet and

the blood lead levels in the 12.43% lead chromste group became aignifi-

cantly elevated. Since rats fed lead nitrate shov elevated lead lavels

in blood, kidmeys, bone and liver within 2 ulakl,i!f ve conclude that
AR - et

the lead octoate and lead chromate were not either readily absorded or

svailable for adsorption.

Pathology was performed only on the rats that ware fed the
control, 2.05% lead octoate, 12.43% lead chromate, and 11.92% WBS lesd
paint diets for 13 veeks. All of these rats ware relatively free of
lesions, and those lesions vnich were cbserved, occur naturally ia

z3t ¢olonies. o
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V., CONCLUSTONS

This study shows that racs can consume large quantities of
enomel paint conta‘ning &s zuch as 2.05% lead as lead octoate or
2.43% lead as lead chromate for 13 weeks without any roxic effects,
The lack of any marked chsnge in the body leadeburden in these rats
suggests chat very lictle lead was absorbed from the gastrocintestinal
tract. Since there is considerable svidence that the rat cao sbdsord
lead in several forms, one must concluds thl!.thi laad in the enamel
paints was not readily availabls for sbsorption. 1Im conclusionms,
tha results reported herein support the contention thet lead ia not ss

readily available in the newer sasmal paints as in the older lesd paints.
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TABLE 1

{

g
.
{i.

CONCENTRATION OF LEAD IN PAINT FItM

Theoretical Lead Masgsured Lead Concentration ‘
Concentration Paint Companies MRI Averagel/ T

Baint Film (%) bAl o0 Y

Control enamel 0 0.0l < 0.02 0.01

Lead occoste 0.06 0.08 0,07 c.08

Lead octoate 0.50 0.50 0.56 0.53

Lead octoate 2.00 1.90 2.20 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 2 63.20Q 68,90 66,05

¥BS lead paint é 11.87 11,98  11.92¢/

( a/ SMeasured by U.S. Department of Commerce, National Bureau of Srandards,
Washington, D.C. .
b/ Aversge of paint compsnies and MRI values.
&/ Aversge of Bureau of Standsrds end MRI values.

26

T ———————— -y . o — . — -

0007-SWP-036939

0007-SWP-000112926



TABLE 2

LEAD ANALYSES OF DIETS CONTAINING DITFERENT PAINT FILMS

Measured
Theoretical2/ Total2/  Paint Leacl’
Diet (ug/gm lug/em (ug/em)
Contrel enamel plus rat chov 0.1 6.1 - B
(6) )
Lead octoate (0.08%) plus rat chow 0.8 5.2 1.1
(6) (6) )
Lead octoate (0.53%) plus rat chov 5.3 12.0 7.9 P
(6) (6 S
Lead octoacte (2.05%) plus rat chow 20.5 27.2 3.1 c
(6) (6) . T
Lesd chromate (0.42%) plus rat chow 4.2 11.0 6.9
(6) (6)
Lead chromste (1.95%) plus rat chow 19.5 23.5 19.4
(6) O]
Lead chromate (12.43%) plus rac chow 126.3 140.2 136.1
: (6) (6)
Lead carthbonate (66.057%) plus rat chow 660.5 516.0 511.9
(3 (5
NBS lesd based paine (11.92%) plus rat chow 119.2 1264.0 119.9
(3) 3

a/ Theoretical concentration of lsad in feed contributed by indicated paint £ilm.
3/ Mesn g of lead/gm fead for number of samples shown in parenthasis.
Mesn pg of lead from paint filos/ge feed for sumber of saazples shown in parenthesis.

o u
S.
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TABLE 5

HEMATOLOGY OF RATS FED PAINT FILM
CONTAINING NO LEAD

Trestment Week

4 8 13
Anslvses —ty=0a/ [§=8) Negt) x
Erythroeyzes (x 10%/om%)  6.17 £0.14%/  6.3320.19  6.42 = 0.29
Reticuloeytes, % 1.5 £ 0.7 0.8 0.3 1.4 £ 0,1
Remstocriz, vol., % 46,1 % 0,8 4h.6 £ 1,2 44,6 £ 0.3
Hemoglodin, gm, % 14.0 £ 0.3 1.6 = 0.3 16.0 % 0.1
Leukocytes (x 10°/mn) 5.0 £ 0.5 7.6 % 1.3 8.0 £ 0.6 -
Nsutrophils, 2 11.8 £ 2.9 2.7 2 5.6 3.1 £1,5 .
Lymphocytes, % 86.3 £ 3.3 75.4 = 5.3 84.1 = 1.6 e
Bands, % 0.3%0.2 [+} 0.1 % 0.1
Eosinophils, 7 0.9 £ 0.4 1.3 0.4 0.5 0.2
Basophils, 2 . 1] 0 0
Monocytes, % 1.1 £ 0.6 1.6 20,6 2.1 0.4
Atypical, % 0 0 0
Nuclesced RBC, 7 0 ] 0.1 20.1
Erythrocyce osmotic 0.381 % 0.004 0.391 = 0,008 0.400 = 0.004

fragilivy (Nac1le/

3/ Nugber of rats per period.
b/ Mean = scandard ervor.
&/ Concentration of NeCl that hemolyzed S0% of the erythrocytes.
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TABLE 6

HEMATOLDGY OF RATS FED PAINT FILM

CONTAINING 0.08% 1EAD AS 1FAD OCTOATE

Treatment Week

4 8 13
Analyses —lnr8f JET5) Qe
Ecythrocytes (x 106/mm3) 6.14 & 0,320/ §.33 % 0,09 5.92 % 0,39
Reticulocyres, % 0.9%£0.5 1.0 0,5 l.6=0,2
Hematocrit, vol., % 41.2 20,9 46.0 = 0,7 43,0 = 0.5
Hemoglobin, gm, % 14.1 £ 0.6 15,6 £ 0.2 146.7 20,8
Leukocytes (x 103/mm?) 5.1 0,8 S.5 % 0,7 7.7 £0.9
Neutrophils, % 2.5 % 1.6 20.3 £ 4,7 16,3 2 1.7
Lymphocyzes, % 74.3 2 1.8 76.3 2 4,7 80.9 2 1.8
Bands, 7 Q 0 0.3 0.2
Eosinophils, 2 0.8+ 0.3 1.5 £ 0.6 0.7 % 0.3
Basopnils, % 0 0 0
Monocyces, % 0.5%0,5 2.0 £ 0,8 1.94£0.5
Atypical, % 0 ] 0
Nucleated RBC, % 0 0 0
Erythroeyte osmotic 0.381 = 0,008 0.410 £ 0.007 0.395 = 0,005

fragilicy [Na£1)S

—————
3/ Number of rats per pariocd,

b/ Mear = standard error.

&/ Concentration of NaCl that hemolyzed 50% of the erythrocyces.
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TABLE 7

HEMATOLOGY OF RATS FED PAINT FILMS
CONTAINING 0.33% LEAD AS LEAD OCTOATE

Trestment Week

e ————

4 8 13
Analvses (Nas) 8/ bt (Ne12)
Erythrocytes (x 106/mod)  6.27 = 0.2/ 6.04 % 0.31 5.6 % 0.4
Reticulacyzes, 7 0.9 0.7 0.9 £ 0.4 1.6 0.2
Hemscoeric, vol., % 42.3 % 0.7 43.8 £ 0.5 320.7
Hemoglobin, gm, % 16,22 0.2 * 14,9 £0.3 15.3 £ 0.3
Laukocytes (x 103/mm?) 5.0 £ 1.4 7.5+ 2.8 8.3%1.0
Neutrophils, 2 15.8 £ 3,8 19.3 2 3.8 16.2 % 1.9
Lymphocytes, % 83.0 £ 4.4 77.5 = 1.8 8l.6 = 1.8
Bands, 7% 0 a 0.1 0.1
Eosinophils, % 0.8 £ 0,3 ‘1,0 0.4 0.8 £ 0.3
Basophils, 7 0 0 0
Monocytes, % 0.5 20.5 2.3 % 0.5 1.6 £ 0.3
Atypical, % ] 0 0
Nuclssted REC, % 0 0 0
Erythrocyte osmotie 0.383 % 0.006 0.388 £ 0.012 0.401 = 0.006

fragilicy [Nac1)e/

a/ Number of rats per period.
b/ Mean = standard error.
g/ Concentration of NaCl that hemolyzed 50% of the erythrocytes.
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TAMLE 8

REMATOLOGY OF RATS FED PAINT FILM
CONTAINING 2.05% LEAD AS LEAD OCTOATE

Analvses

Erythrocyces (x 106/m3)
Reticulocytes, %
Hemstocrit, vol., %
Hesoglobin, gm, %
Leukocytes (x 103/mm3d)
Neutrophils, %
Lymhocytas, 2
Bands, %
Eosinophils, %
Basophils, %
Monocytes, %
Atypical, %
Nuclaated RBC, 2
Erythrocyte osmotic
Eragility [NaC1lE

Treatment Week

4
! N=l) l’

6.30 £ 0.2/
1.1 2 0.6
41.82£0,5
16.4 £ 0.2
s.1 % 1.1
13.5 + 3.0
85.8 = 3.2
0
0.8 £ 0.5

cCoCco

0.321 £ 0.006

A/ Number of rats per period.

b/ Maan % standard error.

8
{Ned)

6.46 £ 0.08
0.7 2 0.1
5.0 % 0.4
15.5 £ 0.2
6.7 £ 1.7
13,0 £ 2.1
85.0 = 2.3
o =
0.3%0.3
0
1.8 0.9
0
e

0.399 = 0.008

13
(Nel2)

6.72 = 0.42
2.0 0,6
43.4 % 0.8
15.6 = 0.3
8.1%0.7
14.1 % 2.6
82.8 £ 2.8

0.393 = 0.006

¢/ Concentration of NaCl that hemolyzed 50% of the arythrocytes.
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TABLE 9

HEMATOLOGY OF RATS FED PAINT FILM
CONTAINING 0,427, LEAD AS LEAD CHROMATE

Ireatmant Weeks

4 8 13
Analyses () 8/ Ned) (e12)
Erythrocyces (x 106/ma®)  6.71 = 0.162 6,182 0.16 6.6 £ 0.3
Reticulocytes, % 0.9 £ 0.8 0.8 40,2 1.6 £ 0.2
Hematocrit, vol., % 43.1 * 0.6 45.0 % 1.1 43.6 £ 0.7
Hemoglobin, gm, % 4.7 2 0.4 15.1 = 0.3 15.6 £ 0.3
Leukocytas (x 103/mm3) s.120.6 5.1%0.5 6.9 % 0.7
Neutrophils, % 8.5 1,7 19.0 £ 2.0 16,3 £ 2.1
Lymphocytes, % 90.3 % 2.0 79.85 1.3 83.6 = 2.0
Bands, % 0 0 0
Eosinophils, % 0 0.8 20,8 1.2 % 0.4
Basophils, % 0 0 o
Monocytes, 7 1.3 £0.8 0.8 £ 0.8 1.22 0.4
Atypical, 2 0 0 Q
Nucleated RBC, % ) 0.3 2 0.3 0
Erythracyta osmotic 0.383 £ 0,003 0.3%5 £ 0.12 0.392 £ 0.007

fragilicy, [NaC1)e/

3/ Number of rats per period, excapt where indicated othervide,
b/ Mean % standard error.
&/ Concentration of NaCl that hemolyzed 50% of the erythrocytes,
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TABLE 10

HEMATOLOGY OF RATS FED PAINT FILM
CONTAINING 1.95% LEAD AS LEAD CHROMATE

Trestment Weak

4 8 13
Anslvses SN-A‘A/ Nl (Nel2)
Erythrocytes (x 10%/md)  6.17 % 0.05%/ 6.21 £ 0,13 6.37 % 0.52
1 Reticulocytes, % 0.8 £ 0.4 0.8 %£0.3 1.220.2
: Hematoerit, vol., % 40.8 £ 0.6 4.3 £0.3 4.1l %0.7
Hemoglobin, gm, % 13.9 2 0.2 15.3 £ 0.3 16,2 = 0.4
1 ) Leukocycas (x 103/med) 4.9 % 0.8 6.1 £ 1.2 8.2=1.0
; _ Neutrophils, % 10,0 = 2.4 18.5 £ 6,6 11.6 = 2.3
Lymphacytes, % 92.0 2 1.8 80.5 = &.6 85.9 £ 2.2
Bands, % 0 0 0
} Eosinophils, % 0,5% 0.3 0.3 20,3 1.5 0.8
Basophils, % 0 0 0
1 Manocytas, % 0 0.8 0.3 1.2%0.3
; Atypical, % 0 0 2}
Nucleated RBC, 7 0 0 0
Erythrocyte osmotic 0.383 = 0.007 0.385 £ 0.007 0.404 % 0,005

fragllicy, [Nac1)e/

a/ Number of rats per period.
b/ Maan = srandard error.
&/ Concentration of NaCl that hemolyzed 50% of the erythrocytes.
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TABLE 11

HEMATOLOGY OF RATS FED PAINT FIIM
CONTAINING 12.43% LEAD AS LEAD CHROMATE

Treatment Week

3 8 13
Analvses )8/ (Ned) 1)
Erychrocytes (x 10%/mmd)  6.32 £ 0.162/ 6.23 = 0.18 6.61  0.38
Reticulocytes, % 1.95 % 1,28 0.9 £ 0.1 1.6 0.2
Hematoceit, vol., % 41,3 % 1.1 43.8 £ 0.5 .1 % 0.7
Hemoglobin, gm, 7 13.9 £ 0.4 15.2 £ 0.1 15.8 £ 0,2
Leukocytes (x 103/mm3) 4,8 £0.5 5.32 1,8 7.6 2 0.6 v
Neutrophils, % 21.5 £ 6.3 15.0 % 2.1 12.8 £ 1,6 e
, Lymphocytes, % 78.0 % 6.0 82.8 # 2,0 84,8 & 1.7 i
Bands, % 0 0 0.1 0.1 j.
! Eosinophils, % 0.5 20.5% .02 90 1.0 £ 0.4 f
; Basophils, 7 0 0 o ¢
Monocytes, % 0 1.3 £ 0.3 1.3 2 0.3
! Atypical, % 0 0 o}
Nucleated RBC, % 0 0.30.3 0 T
Erythrecyte osmotic 0.384 = 0.007 0.385 £ 0.010  0.396 = 0.006 -

fragilicy (N.Cl]y

/ Number of rats per periad.
/ Mean = standard error.
/ Conecentration of NaCl that hemolyzed 507 of the erythrocytes.
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TABLE 12

HEMATOLOGY VOF RATS FED PAINT FILM
CONTAINING 66.0S% LEAD AS LEAD CAREONATE

Treatment Weaks

" 8 13

Analvses (o) 8/ (N=ts) (=12
Erythrocytes (x 105/ma®)  5.96 2 0,562 6,132 0,06  6.60 £ 0,37 =
Reticulocytes, % 0.4 % 0.2 1.1 0.3 2,9 =1.3 -
Hematocrit, vel., % 41,3 % 0.9 44,08 1,5 44,7 = 1.2 ‘
Hezoglobin, gm, % 13,9 £ 0.3 15,0 £ 0.2 15.6 % 0.6
Leukocytas (x 103/m3) 4.3 % 1.2 5.0 %0.9 7.7 20,5

Neutrophils, % 14.3 % 6.1 15.0 £ 4.1 15,2 % 2,6

Lymhocytes, % 82.0 % 5.6 84,0 % 4,2 82.7 % 2.7

Bands, % 0 0 0.2 2 0.1

Eosinophils, % 0.7 £ 0.7 0.5 0.5% 0.9 £ 0.3

Basophils, % 0 0 0

Monocytes, % 3.0 2 2.0 0.5+ 0.3 1.0 = 0.3

Atypical, % 0 0 [+]
Nuclested RBC, 7 0 0 0.1 2 0.1
Erythroeyta oxmotic 0.388 = 0.009 0.396 % 0.012 0.397 = 0.005

fragilicy [NaC1ls

3/ Number of racs per period.
b/ Mean = scandard ervor.
&/ Concentration of NaCl that hemolyzed 50% of the erythrocytes.
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TABLE 13

HEMATOLOGY OF RATS FED LEAD BASED
PAINT CONTAINING 11,927 LEAD

Treatment Week

4 8 13
Analvses (Net) &/ iel) el
Erythrocytes (x 106/m®) 5,72 2 0.15%/  4.49 £ 0.83  5.63 = 0.3
Reticulocytes, % 2.5 2 0.3 1.0 £ 0.4 1.3=0.1
Hemstocrit, vol., % 3.7 % 0.8 2.8 1,1 42.9 £ 0.4
Hesoglobin, g, % 13,6 = &/ 4.7 £ 0,3 14,7 = 0.1
Leukocytes (x 10%/wmd) 9.7 £ 1.4 6.7 £ 1.2 7.0 % 0.5
Neutrophils, % 3.5 = 2.1 7.0 & 1.7 4%.2% 2.1
Lymphocytes, % 90.2 % 2.3 92.0 £ 2.1 83.6 = 2.2
Bands, % 0.3 £0.3 0 0
Zosinophils, % ] 0 1.4 £ 0.4
Basophils, 7 ] 0 o]
- Monocytes, 7. 0 1.0 £ 0.7 0.8 £0.3
Atypicsl, 2 1] 0 0
Nucleated RRC, % o 0 0.1 £0.1
Erythroeyte osmotic 0.38% % 0,008 0.412 £ 0,006 0,408 = 0,008

fragility [Nac138/

a3/ Number of rats per period, excapt where indicated othervise.
Mean = scandard error.
Twe racs.

4/ Concentration of NaCl that hemolyzes 30% of the erythrocytes.

38

0007-SWP-036951

0007-SWP-000112938



L WSSy ————

TABLE 14

1SSUE AND FLUID CHEMISTRY OF RATS FTZD PAINT FILM
CONTAINING SO LEAD

Anaslvses

Serum electrophoresis

Albuain, %

Alpha 1 glodulin, 2
Alpha 2 globulinm, %
Beta globulin, %
Gamma globulin, %
Totsl protein, og %
Albumin,globulin ratio

Erythrocyte

ALAD, pmol, PBG/ Males:

100 m1l REC/hr Females:
Total:

Protoporphyria,

pg/100 =} RBC

Urine

Coproporphyrin,
ug/2% hr

ALA,

ug/26 hr

Treacment Week

A 8
(Ns8) 8/ Nm8
43 % 18/ 3% 2
R 221
521 5&1
2021 20%1
621 1021
5.6 % 0.1 6.2 0.2
0.76 £ 0,03 0.77 £ 0.07
23,2 % 2.3/ 15.1 & 2,38/
16.6 & 3,18/ 16.3 £ 2. 28
19.9 & 2.2 15.8 = 1.5
19.6 = 1.6 2.5 % 1.9
2.8 = 1.2 3.3% 7.4
78.0 = 7.4 83.3 £ 11.0

13
(N=24)

RL.B&

o
IHHHoHES

QO r

0.92

14.5
15.4
15.0
29.2 £ 2.0

(U
°-
~4
Q.
S

6.0 = 1.9

43,4 % 5.0

Number of rats per period, except vhere indicated othervise.

Mesn = standard error.

Four rats.
Twelve rats.
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TABLE 15

TIMISTRY OF RATS TED PAINT TIiM
IN_LEAD AS LZAD OCTOATE

Treacnent Week

A 8 13
— ALY [CTIAY e D]
S % 1/ Ll % 3 NER!
51 20 % 2 2021
b 3§ [A 351 521
1zl 20 =1 2221
— 321 121 7%
=07 6.3 20,2 6.2 % 0,1
- 6% 0,02 0.79 = 0.08 0.93 = 0,04
3 = 7,78/ 164.9 2 1,38/ 12,0 2 2,24/
52408/ 18.7 = 0,38/ 16,12 1,38/
2% 3.9 16.8 = 1,2 14.0 = 1.4
- . x 2.4 %.2% 1.6 22.8 % 2.8
- 220.2 LB 2.4 2.9 % 1.4
a2 16.6 107.6 = 34.1 35.0 % 6.7

z-—==. axcept where indicated otherwise.
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TABLE 16

=I1SSUE AND 30DY FLUID CHEMISTRY OF 247F TED Patim

FILM CONTAINING 0,83% LEAD aS LZAD OZTDATE

nalvses

arum elecctrophoresis
Aldumin, %

Alpha 1 globulin, %
Alpha 2 globulin, 2
Beta glodulin, %
Gamma globulin, %
Total protein, mg %
Albumin/globulin racio

rythrocyces

_ALAD, umol. PBG/ Males:

U

100 m1 RBC/hr Femsles:
Total:

Pretoporphyrin,

1g/100 =1 RBC

rine
Coproporphyrin,
rg/ 24 hr

Al4,

Bg/ 24 hre

129

Number of rats period,
Meao = standard error.
Tvo rats.
Six rats.

=~

Treatment Week
o 8 13

ALY (Nt yat

a1 = 22/ 41 =4 50 % 1

6=1 W=3 0W=1

51 6= 2 L% 1

il=1 0=x1 W0=1

8=1 11 =2 =1
5.7 = 0.1 6.3 % 0.1 6.0 = 0.1
0.68 = 0.04 0.70 = 0.13 1.00 £ 0.07
2.4 = 6.3/ 10.3 2 0.8¢  12.5=0.7¢/
15.5 = 2,78/ 15.3 = 0,28/ 17,0 =124/
18.4 = 3,3 12.8 £ 1.5 6.7 = 0.9
23.1 £ 1,0 21.7 = 1.1 27.7 = 3.3
10.7 = 5.9 1.1 = 0.6 4.9 2.4
97.4 2 19,2 101,4 = 20.1 $0.5 = 6.6
except where indicated octherwise.

4l
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TABLE 17

TISSUE AND BODY FLUID CHEMISTRY OF RATS FED PAINT

FILM CONTAINING 2.05% LEAD AS TEAD OCTOATE

Anaivses

Serun electrophoresis
Albumin, %
Alpha I globulin, %
Alpha 2 globulin, %
Beta globulin, %
Gaama globulin, %
Total protein, og %
Albumin/globulin ratio

Erythrocytes
ALAD, usmol, PBG/ Males:
100 wl RBC/hr Females:
Total:
Protoporphyrin,
ug/100 ml RBC

Urine
Coproporphyrin,
2R/ 26 hr
ALA,

Bg/ 24 he

/

/ Mean = standard error.
[/ Two rats.

/ Six rats,

Trestment Week

% )
(Nus)2/ Nal
41 = 38/ 46 + 2
27 % 2 22 %1
4% 1 PR
20 21 19 =1
921 91
5.7 0.2 6.0 0.1
0.70 % 0.07 0.85 = 0,07
2%.1 2 4,08 12,1 = 1,78
18.7 = 1.08/ 11.3 = 0,328/
2.4 % 2.3 11.7 £ 0.7
29.5 % 2.8 30.8 = 2.5
1.6 % 0.6 - 3.0 £ 0.8
80.7 & 17.3 82.7 £ 10.4

42

13
(Ye12)
48 =

6=
21

6.2
0.5¢6

QO O F

[ ]
[T o

-
[N
.
o
LU
o
Q

7.7

13
[
.

o

66.5 = 8.8

Number of rats per period, except whare indicated otherwise.
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TABLE 18

TISSUE AND BODY FLUID CHEMISTRY OF RATS TED PAINT
FILM CONTAINING 0.o2% LEAD AS LZAD CUROMATE

Treatment Week

& 8 13
Analvses gy.mi/ Nmi Y M
Serum slectrophoresis
Albumin, 7 42 = 22/ x 2 6721
Alphs L globulin, 7% /x] 022 221l
Alphs 2 globulin, % Lzl =1 S=1
. Bets globulia, % 191 191 21 =1
: Garma globulin, 7 B3 1222 6=z
Total protein, mg % 5.2 0,2 " 6.0% 0.2 6.1 0.1
1 Albuein/globulin ratie 0.71 = 0.06 0.8 = 0.08 0.90 £ 0.03
: Erythrocyte
. ALAD, nmol. PBG/ Males: 23.4 = 3.88/ 1.1 =068 157 =18/
! 100 ol RBC/hr Females: 13.4 % 0.9/ 17.6 2 0.1 165 2 1.8 :
Total: 18.4 = 3.3 15.7 £ 1.0 16.1 = 1.0 i
| Protoporphyrin, 27.3 £ 2.8 28.3 £ 0.6 27.9 =% 2.1
»g/100 ml TBC
Urine
Coproporphyrin, 8.2%6.7 1.5 20,7 6.3 2 2,2
pg/ 24 hr
AlA, 68.3 % 6.6 65.2 2 17.4 85.3 = 31.4
Rg/ 2 hr

4/ luzber of rats per periocd, except where indicated otharvise.
b/ Mean = staodard srror.

e/ Tvo rats,

d/ Six racs,
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- TABLE 18

TISSUE_AND BODY FLUID CHEMISTRY OF RATS FEED PAINT R
FILM CONTAINING 1.95% LEAD AS LEAD CHROMATE :

Treatment Week

4 8 13
Analvses (Nag)3/ (Nad,) Q=12
Serum electrophoresis oA
Albuzin, % 41 = b/ 45 = 1 W1 =2
Alphs | globulin, % 25 1 1921 19 =2
Alphs 2 Blobulin, 7% b =1 [ 3] $=1
Bats globulin, % 201 20=1 aB=1
Gamma globulin, % 91 11 %1 6=1
Total protein, mg % 5.7 £ 0.1 6.20 £ 0.04 6.6 = 0.1
Albumin/globulin ratio 0.73 £ 0.06 0.81 = 0.04 0.94 = 0.08
Erythrocyte
ALAD, umol. PBG/ Males: 29.5 = 3.3¢/ 123+ 1,08/ 1332148
100 ml RBC/hr Females: 20.4 # 4,38/ 4.7 0.6 12,9 = 2.3/
Total: 24.9 = 3.4 13,5 £ 0,8 12,1 =1.3
Protoporphyrin, 26.5 = 4.7 26.8% 1.8 27.4 1.5
ug/100 =l RBC
Urine
Coproporphyrin, 0.9 = 0.1 7.0 = 6,4 L4 = 1.8
ug/26 hr
ALA, B0.8 = 7.2 67.7 £ 6.8 66.5 = 17,5
ug/2 hr
a/ VNumber of rats per period, except whare indicated otherwise,
3/ Mean = scandard error,
&/ Tvo rats,
8/ Six racs,
44
N T~ = .;,-_-'.s"?::"\’\
- ,', - o “‘v B gt et 3‘:%"-: AR
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TABLE 20

TISSUE AND BODY FLUID CHEMISTRY CF R47S FED PAINT

FILM CONTAINING 12.43% LEAD AS LEAD CHROMATE

Analyses

Serum electrophoresis

Albumin, %

Alpha 1 globulin, %
Alpha 2 globulin, %
Beta globulin, %
Gamma globulinm, %
Total procein, mg %
Albumin/globulin rario

Erythrocyce

’
Ur

ALAD, umol, PBG/ Males:

100 =l RBC/hr Females:
Total:

Protoporphyrin,

ng/100 =1 RBC

ine
Coproporphyrin,
»g/ 2% hr

ALA,

ug/ 24 hr

Sumber of racs per period,.except whers indicated otherwise,

Mesan = standard error,
Two rats,
Six rats,

Ireataent Week

I 8
(H-L\!’ (Nub)
40 = 2/ RES
7l 21
3¢1 Ll
2% 1 1821
81 922
5.6 = 0.1 6.1 0.1
0.68 = 0.05 0.90 £ 0,12
2.4 £ 7.6 S/’ 16.5 = 148
14,3 % 3,28 13.4 2 3,88/
20.3 £ 4,9 15.0% 1.9
25.5 2 1.6 %.2= 2.6
2.6 = 1.8 0.9 £ 0.1
89.7 £ 19.3 78.6 £ 6.8

45

23

(Nm12)

46 =
21 2

~

~

L3
OO e e

-
w
-

| O U L 1)

(SN i o
M

49.7 = 12.5
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TISSUE_AND BODY TLUID CHEMTSTRY OF RATS FTD PAINT

TABLE 21

FILM CONTAINING 66.05% LZAD AS LEAD CARSONATE

Analvses

Serum electrophoresis

Albumin, %

Alpha 1 globulin, %
Alpha 2 globulin, %
Bets globulin, %
Gamma globulin, %
Total protein, mg %
Albumin/globulin ratio

Erythrocyte

ALAD, pmol. PBG/ Males:
100 ol RBC/br  Females:

Pretoporphyrin,
pg/100 =1 RBC

Urine {(X=4)

Coproporpayrin,
pg/24 hr

ALA,

wg/ 24 hr

Treatment Week

“
(Na3)3/

4l %
27 £

s

w
[= =R LRE SN ol
joY

e
~3

O:‘N
o
Fole

2,0=0.7

90.3 = 27.7

(Ned)

45 %
21 %
4%
19 ¢
10 =%
6.0
0.822

[
12.4 2
8.4 2
200‘0 *

0.8 =

72.3 =

0.3

13.4

(Na12)

&2.2

Number of racs per period, axcept where indicated etherwise.

Mean = standard error.
One -at.
Two rats.
Six racs.

Significantly different from control (P

mltiple comparisot test followving an stalysis of variance.

ub

(L LI 20 TS LI L [

O O r ¢ )

8.8

< 0,05) as shown by Dunnett's
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TABLE 22

TISSUE AND BODY TIUID CHEMISTRY OF RATS FTC LTAD
BASED PAINT CONTAINING 11.92% LZaD

Seruz electrophoresis

Albumin, %

Alpha 1 globulin,
Alpha 2 globulin,
Beta globulin, %
Gamma glebulin,?
Total protein, mg %
Albumin/globulin ratio

PANET

Ervthrocyte
ALAD, pmel. PBG/ Males:
100 ml RBC/hr Femalas:
Total:
Protoperphyrin,

Bg/100 21 RBC

Urine (N=&)

Copreporphyrin,
ug/24 hr

AI.A'

Bg/24 hr

Treatment Week

% 8 13
(Nat) L/ (Nad) (w1
52 = 1%/ W2 W * 2 e
=21 22 u=1
421 =5 71
0= 1% 3 A=
3% 6= 1 531
5.4 % 0.2 6.0 % 0.2 6.1 0,1
1.1 = 0.03 0.78 * 0,06 0.82 = 0.06
8.5+ 508/ 5.0 £ 0.3/ 4.9 = 0,68
0.1 = 0.18/ 15.0 = 5.1&/ 8.8 = 1.09-5
9.3 = 2,18/ 10.0 = 3.6 6.9 = 0,88
4.8%4,3 2.5 % 1.8 2.3 = 1.2
2.0 £ 0.8 6.8 = 4.9 4.6 % 2.1 v
110.1 % 21.5 72.0 % 13.6 51.3 % 3.6 -

Number of rats per period, except whare indicated otherwise,

Mean = standard ervor.
Yo rats.
Six rats.

Significantly different from control (P < 0.05) as iodicated by Dumnett's
miltiple comparison test following an snalysis of variance.

R

o7

- eam mmcemee, - - ———
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TABLE 23

LEAD CONTENT OF WHOLE BLOOD

Trestment Week

Diet uaf [T 1
Contral 13.1 + 0.9 (16)2/
0.087 lesd Oc¢toate 12.8 = 0.8 (8)
0.53%7 Lead Octoate 16.4 2 2,4 ()
2,057 Lead Octoate 14,5 2 1.5 (8)
0.42% Lead Chromace 13.2 2 1.0 (8)
1.95% Lead Chromate 12.0 = 1.4 (8)
12,43% lead Chromate 19.6 = 2.2 (8)&/
66,05% Lead Carbonate ' 26,9 = 2.2 (8)E/
11.92% lead Painc 23.9 = 1.3 0/
&/ Values deleted due to contasminacion.

b/ Average ug of lead/100 ml blood = Scandsrd Error of nusber of rats in

patenthesis,

c/ Significancly different from control (P<,05) as shown by Dunnett's multiple

comparison test following an analysis of variance.

48
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Control

0,087 Lead Octoate
0.53% Lead Octoste
2,05% Lasd OcZoate
0.42% Lead Chromste
1.95% Lead Chromace
12.43% Lesd Chromate
66.05% Lead Carbonate
11.92% Lead Pain

a/ Not deteccable.

TABLE 24

LEAD CONTENT OF BRAIN

Treatment week

(18

.n.d,
n.d,
n.d.
n.d.
n.d.
o.d.
a.d.
n.d.
n.d.

8
n.d,
n.d.
n.d,
n.d.
n.d,
n.d,
n.d,
e.d,
n.d,

0.2 =

Below sensitivicy of 0.07 ug/gm of brain,

13

n.d,
n.d.
n.d.
n.d.
n.d.
n.d.
a.d.
n.d,
0.18 (M

b/ Aversge g of lesd/go brsin = stsndard error number of rats shown in

parenthesis.

49

0007-SWP~-036962

0007-SWP-000112949



TABLE 25

LEAD CONTENT OF LIVER

Treacment Week

Diet A 8 13

#-
Control n.d.ﬁl n.d, n.d. t
0.08% Laad Octoste o.d. n.d, n.d. :_
0.53% laad Occoate a.d. n.d. n.d. s
2.05% Lead Octoate a.d. n.d. n.d. {.‘E,é;i
0.42% Lead Chromate a.d. B.d. n.d. _EE
1.95% lead Chromate n.d. n.d, n.d. Sravre’
12.43% Lead Chromats 0.d. n.d. n.d. =
66.05% Lead Carbomate 2.4, .4, 1.1z 0.6 (2)
11.92% Lesad Paint n.d. n.d. 0.6 20,1 (9)

a/ Not detectable, 3elov sensitivity of 0.07 ug/gm liver.
b/ Values are average g of lead/gm liver = szandard error of number of racs
shown in parentchesis,

-
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TABLE 26

LEAD CONTENT OF XIDNEY

Zrestment Week

Diet % [ ]
Control a.d.8/ n.d. n.d.
0.08% Lead Octoate n.d. n.d. 0.338/ (1)
0.53% Lead Octoate n.d. n.d. 0,32 (1)

2.05% lead Octoate n.d. a.d, 0.37 = 0.1 (2}
0.42% Lead Chromate a.d. a.d. 0.52 (1)

1.95% laad Chromate n.d4. a.d. 4.2 (1)

12.43% Lead Chromate a.d. n.d. 0.4 20,0 ()
66.05% Lead Carbonate n.4. n.4. 2,3 20,2 (8
11.92% Lead Painc n.d. 1.6 = 0.1 (&) 1,86 =2 0.1 (12)

a3/ Not detecrable. Balow sensicivity of 0.07 pg/gs kidney,
b/ Values are ug of lead/gm kidney or average g of lesd/gm kidney = sctandard
error of number of rats in pareathesis.

AT NS AR,
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TABLE 27

LEAD CONTENT OF BONE_(FEMUR) e

Trestment Week

Diet e 8 3
Control 168 (1) 2.9 £ 0.4 (8) 3.2 = 0.2 (24)
0.087% Lead Octoate 3.1 (1) 4.2 2 0.6 (4) 3,3 2 0.3 (12)
0.53% Lead Octoate n.d.2 3.9 £0.2 (&) 3.1 2 0.2 (12)
2.057% Lead Oectoate n.d. 3.0 20,7 (&) 3,9 = 0.5 (12)
0.42% Lesad Chromate 2.9 (1) 2.6 = 0.9 (4) 3.8 = 0.6 (12)
1.95% Lesd Chromate 0.9 (1) 1.8 £ 0.2 (4) 6.1 £ 0.5 (12)
12,63% Lesd Chromate 1.3 (1) .12 1.1 (4) 3,520.5 Q0
66,05% Lead Carbonate 13.0 = 4.1 (4) 16.0 = 2.1 (&)&/ 21.7 = 2.4 (12)¢
11.32% Lead Paint 16.9 = 1.5 (4) 16.6 = 0.4 (4)E 10.9 = 0.9 (12)&/

a/ Values are Bg of lead/gm bone or average ng of lead/gm bone = scandard error
of number of rats in parenthesis,

b/ Not detectable. Below semsitivity of 0.4 ug/gm of bone.

g/ Significantly different from contrel (P<0.5) as shown by Dunnett's multiple
comparison test following an anslysis of varisace.
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TABLE 3¢

PATHOLOGY OF RATS FED FOR 13 WEEKS PAINT FItM CONTAINING
2.05% LEAD AS LEAD OCTOATE

83 86 87 88 B9 90 33 9% 37 98 99

— e eie s e e cmemem

Lungs

Lymphoid hyperplasia 1= 2 1 1 1 2
Pneumonia 1

Liver

Foci of inflammetion 1 1 1
Pancreas

Foei of inflammation 1

Bone Marrow

M/E ratic 1,2 1.0 1.7 w0 1.2 1.1 1,1 1 L& 1.2 1.3

Tissues not listed were normal.
a/ Severity of lesions: l-minimal; 2-moderste; 3-sevare; 4-very severe; = questionable
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TABLE 31

PATHOLOGY OF RATS FED FOR 13 WEEKS WITH PAINT FILM CONTAINING
12.43% LEAD AS LEAD CHROMATE

Ratr No. 163 146 47 14 & 13 $3 13¢ 13 158 139 180

S 222 Al AT e ek L5 e meme | e el

Lungs

Lymphoid hyperplasia 2%/ 2 l 1 2 2 1
Pneumonia 1

Heart
Myocarditis 2

Bone Marrow

M/E ratie 1.2 1.0 1,0 1.2 L1 L& 1.1 1.4 LS5 1.4 1.2 1.5

Tissues not listed were normsl.

a/ Severity of lesions: 1l.ginimal; 2-soderate; 3-severe; 4-very sevare; = questionable,
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TABLE 32

PATHOLOGY OF RATS FED FOR 13 WEEKS WITH PAINT FILX
CONTAINING 66.05% LEAD AS 1EAD CARBONATE

Rat No. 16 166 167 16 £3 17 73 1186 17 7

— — o e cumme e e e S e

a0
ot
D
Oy

ungs
riiel 43

Lymphoid hyperplasia 1¥
Pneumonia

-

Hearr
Myocarditis 1 3 1
Liver
Focl of inflammstion 1 1

- Skeletal muscle

Miositis 1

Bone Msrrow

! M/E ratio 1.2 1.2 1.2 110 1.1 1.3 1.2 1.0 1.4 1.3 12

Tissues not listed were norumsl.
2/ Severity of lesions: l-minimal; 2-moderate; 3-sevare; 4-very severe; = questionsble

ey, . e —— T, WY ;T
- Al T e - e T rd - Pt e~ e ew e

e, e M 1
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TABLE 33 .?...Tf‘!"
PATHOLOGY OF RATS FED FOR 13 WEEKS WITR NBS LEAD PAINT T
CONTAINING 11.92% LEAD E :
Rat No. 163 18 185 18 189 130 193 1% 135 198 199 200 BN%:
Tk
~ungs e
'I.
Lymphoid hyperplasis 2-‘-1 2 2 2 1 2 1 i
Pneumonia 2
Hearr
Myocardicis ' 2 1
Liver
Foci of inflammation S §

Bone Marrow

M/E ratio .2 .4 1,3 L2 1,5 L2 1.2 1.4 1.3

P
wr

1.2

Tissues not lisced were normal.
a2/ Severity of lesions: l-minimal; 2-moderate; 3-severe; 4-very severe; = questionsble
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