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PREFACE

This report was prepared at Midvest Ressarch Inscicuce, 425 Volker
Boulevard, Kansas City, Misaouri 64110, under Contract No. 62-w-626C&NPC,
MAI Project No. 3729-8. "Lead Paint Ingestion Study.”" The research was
spongored by the National Paint and Coatings Associstion, 1500 Rhode Isiand
Avenue, N.W., Washington, D.C. 20003. Dr. John P. Frawley, Chief Toxicologisrt,
Hercules, Ime., Wilmington, Delaware 19899, was the project monitor.

The ressarch was conducted in the Biological Sciences Division,
undar the direction of Dr, W. B. House from 1 Decembar 1972 through 31 July
1973. Dr. Thosas R. Castles, Principal Pharmacologist, was cthe principal
investigator, assisted Dy Dr. Jaime L. Saunyer, Associate Pacthologist, and
Mrs. Jane Hoch, Biology Aesearch Assiscant. Dr. James L. Spigarelii, Senmior
Chemi1st supervised the lead anslysis with the sssisctance of Mrs., Hope M.
Miller, Assiszant Chemist,

Approved for:

MIDWEST RESEARCH INSTITUTE

=, B. Youse, lirector
Biological Sciencas Division

= Sepzemper 1973
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/ Fev parsons will disagree that old lead-based psint presencs g,f’«'ﬁ“i

d PO obil LA A SV Ot eneren. A9 3 fesult of Avsalth

regorcs by Kehoe,d/ Chisholm.2/ and King,2/ medical ressarchers, parac msnu-
fapeurers and legislators have recognized the seriousness of this pioblm

age acring co escablish safe concencracions of lesd in patnc. 7o de this,

y have voluminous reports on clinicsl observations and animsl research from

ich to draw. Unforctunstely, mostz of this informatiom is based upon the ald

: it f Zna paline fore

oncenczations of lesd in psint can be intelligently
sstadblished, ve must evalusce the toxicicy of the l;u as it exists currently
in podern paints. It was the purpose of this uudy' to evaluste the toxicity

in zats grcduged by modern zunn contaiaing lead octoataplesd chromats on

F ] and o compare chem t0 am old paint formulationytv £
those rasponsibla for les ;_euor.m!. Ihae reyulcs ars presentad in che Q"ﬂ
- following pages.
N f1ed Lot paur .
Il METHODS (} <
2 1l s
A. Predaration of Pains Films Containing Different CMc/cntruians cf Lead

Painc ﬂusm:hout ad’d:l'lud lnﬂ::;u/‘ld conpounds im the
form of lead octoate, lead chromate, or lsad carbonate wers supplied by zeme
bers of tne National Paint and Costings Associacion. Paints which contained
‘ead octoate b lesd chromare (medium yellow) w&—lﬁ_ vere prapated o "*.
using @ flat alkyd ensmel formula based upom & =R-7660 Type L Closs B alkyd
the ilat alkyd paint without addsd lead was used for eonzto{. The percent ‘)

rial. Dispersion wes sceomplished with s Cowles Disspi¥er and the pigment
voluze concentration was held st ons level. The ts waxre placed {n psna
and allowed to asr dry. This was folloved by JUTced air drying at 120°F to
volstilize sny remaining solvent. Paiat LifBs vere ground, sisved, and chips
ranging from 0.5 to 1.0 mm in size veps used for this study, Ihis chip size
a3 selected on tha basis of & prgi(msinary rat feeding study vhich established
tnat rats would selectivaly eag-Around lacger sized chips.

he concentzagibna of lead in the differsnt psint £i{lms vare deter-
rinsc :ndepesdently BDy”DeSoto Incorporated, the Sherwin-Williems Company and
Miswes: Research Ipdtituts, usiog Atamic Absorption SpeccrophotoserTy.
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Sm;ul of old lead-based psint .U: obtained from the U.S. Dspart- s

ment of Cowmerce, National Buresu of S:andards, Washingeon, D.C.s This paint Bt
had been pulverizad and sieved through 325 mesh scrsen (0.05-0.08 mm sicze) and R
contained 11.87% lead by weight. This sampie will be referld o as "uBS lead e

paint” in this reporc.

B. Prejarac:on of Diecs . -

Diets vere prepared by mixang paint Silms vith !_u.rtu, Rat Chow zash
in the concantration of _0__1} (veight/weight). This vas accomplished by firsc
preparing & 10% concencTate (paimt film/fasd, w/vw) in & high-spesd twin shell
aixer. This concentrate vas than added to the appropriate amount of Purina
Rat Chow mash zo give a final concentration of 0.1% (paint film/femd, w/w)
and mixad for 10 m.n;‘i‘n' a bulk mixer.

Lach diet was prepared thras cimes during tha experimanc snd samples
of each of these preparations vers assayed for lsad concent.

C. ZIxperinencal Procedurs

dred weanling (40-60 g=m) Charles River rats (100 males and
100 famale racts) wers used for this scudy. Upon srrival rats wvers housed
individually in air conditioned quarters is polycsrbonsts cagss contaising’
hardwood bedding and filter cops. Afcer 37 days of equilibration, sll
sats vere sssigned one of the following dists.

1. Rac chov plus paint ‘m vithout sdded lead (control)

2. Rat chov plus paint !A- containing 0.08% lesd 29 lead sctoste
3. Rat chow plus paint 25.: concsining 0.53% lead ss lead octosts
«. Rat chow plus paine 21';.\- coneaining 2.05% iead ss lead octoste
Rat chaow plus paint 2:].- containing 0.42% lead as lead chromace

"
6. Rat chow plus paint fila containing 1.95% lesd as isad chrorace

w
v

4
Aat chow plus paint film conteining 12.43% lasd as lead chrozate

~8
.

L4
E. Rat chow plus paint film containing 66.051 lead ss lasd cardonate

. Aat chow plus NBS lead paint contsining 11.52% lesd il g4 Cmvfmods

g YT
i s Wb
AR A Ui R,

i
Ty

0007~SWP-036976

0007-SWP-000115544




Tuenty male lnd_'.’-g famale racs were assigned to che contrel diet, and 10 malas
and 10 forals rats ware azssignad to each of tne remauining diets. Zacn diet
was fad in & 9-0z widc-mouth glsss lar which was secured to the cage. Tsp
water waz availadle Acy libitum during the encire exper:ment

Feed consumption was measured twice each veek and calculated on a
daily basis. The smimals were weighed once 2 waex. All racs wers cbserved

At

twice or more esch week for toxic signs. R
Ja¥an,
After 4, B and !3 waeks, a selected number of msle and femala racs r"’;’:?
from each group were placed in mstabolism csges for the collection of 24enr }i
urine samples. A portion of the collectad urine was used for urinsiysis and s’fv;
che repainder frozen for assay of deltseaminolevulinic scid and copreporpayria. et b
After urine collsccion each rat was anesthesized with ather, exsanguinated Ty
vis the abdominal asorcs snd bone marrow swesrs wers prepared. Blood samples P10 2
vers heparizined, cooled and used immediately "°7 hamatology and enzyme "5"6?&
essays. Aliquots of the remaining blood ware takan for protoporphyrin and /"’;
-

necropsied and tissua taken for lead analysis microscopic sxaminscion.

o

lead assays. Afcer urine and blood samples ul; obtatned, each Tat was

D. Analvses .
O%p

1, analvses of and & aiping ssi 2

Chade

a. Psine £ilm: Tenemilligramd samplas of paint filas con-
ts:ning no iead or 0.08% lead octoate wera charrsd with 3 ml of concen:rated
nitrie acid ang dry-ashed at 300°C for 2 hr. Thne eah was 2issolved in 1 ol
of acua cegie, euuk:ad o 5 ml with distilled water and this final dilucion

measured fcr lead coatent by atomic absorption.
A ]

All other paint fimims (10 mg Sacmples) were digasted in 15 =l
of a2 mixturs of concentrated nitric scid and 37% perchlozic scid (2:1, V/Vv),
evaporated and the ramsining perchloric scid solution diluted to 25 al with
dissilied vater. This final dilution was used for sctomic sbsorption spec-
traghotometry.

b. Digts: One-gras samples of faed vare digested in 2 mixture
concentzated nitric acid and J7TL perchloric seid (2:1, V/V) and their
nal dilutions adjusted co make their lead concentrscioss within the cetec-
on limits of tha atomic absorption techniqua.

rYd
£
-
-
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c. Anslvses neriprred uoon cach rat:
Qo8ly3es jeroorrec yoor.cach rac
s. Hemaeolesy:

(L) Hmaﬁ. gcrit: Hemagocr.t was detarmined in capiliary
tubes using @ microcapillary centr:fuge (International Equipment Cempany,
Moael MB).

(2) Hemoclobin: Hemoglobin was measursd as cyano-
ntthcaoslabin.i'

(3) Eruchroeves :d leukoesvee eoungs: Total eryzheocw:e

and leukocyte were counted using a Coulter Eisccronic Particle Counter with
100-u apsrature.3/

(4) Reejculocvtes: Rsticulocytes ware counted by the
sstnylena blue nethod using the Miller disec.2

(5) Differencisl leukocvee counts: Wrighs's stain vas

used 0 stain the leukocytes for examinacion.

(6) Ezvehrocvrs osmotic fzapility: Osmotic fragilicy

of erythrocytes was quantaitatively decermaned by subjecting hgplrinn-d vhole
bloed to sedium chloride solutions of different csmolaritias..’/ The concen-
tzation of sodium chloride which hemolyzed 30T of the n?:h:ney:u vas obtained
from a plot of percent hemclysis versus sodium chloride concencracion.

b, Bodv fluid and cissue cheristyv:

{1) DRlagms protein slecsrophorscis patreras: Totsl
piasma protein vese decermined using the dycsl Biurec Resgent (Hycel, Inc.,
Houston, Texas). The quantity of each plasms protesn vas deternined ajeceese
phoretitaliy on callulose acetate and expresned ss & percencage of the cotsi
plasms procein.

b-aminoclevulinic #cid dehydrase sctivicy vas derermaned by tna zecthad of
L:izhiman and Feldman.} This proceduse ves starced 30 min after each blood
sampie vas asen.

(3) Ezvzhrocves oroseposohvria: Proteporphyria iz

aTythrocyies was miasuzad by the mechod of Holler, ec a1.2/ This analysis
was parformed the day afeer blood vas withdravn,

() QUrinary t-sminolevulinic acid fAJAY: Urinsry

¢-arinoievulinic acid vas messured sccording to "Davis and andelmarl®/
modzfiestion of Mauzerail's and Granick's Method. 1/ <These anslyses vare
pesiorTec in subdued ligat.

q
i

Y

31 AN
i
'
N1
AR

. -
PR
L E;
i
! L

T
i1
¢

)

0007-5WP-036978

S

0007-SWP-000115546



U
.
.

/e
(5) Ur v _to pOEnhvein: :,’r';na.-\zv cproporphyring
vers Getermined by the method of Schlsnker and Kicenell.ll Thass analyses
vere porfotmed in subdyed lighe.

€. Urinalvsis:
(1) Urinazv procein (albumin): Urinary protein was

"Uristix" resgencs strips (Ames Company, Elkhart, Indiana).

(2) Microscopic sxamiration of urine: Urine samplas

vere cencrifuged, the residues resuspendad, and exsmined microscopically for
the presence of erychrocytes snd leukscytes undar high powsr field and for
caste under low pover field.

4. Tissue lead:

(1) Blecd: One millilicer of blocd wes mixed with 1 ml
of a mixcure of 5% trichloroscetic acid:37% perchloric acid (3:1 v/v). The
sample ves cencrifuged and the supernstant filtarad through sn AAWP 0.8 u
Millipore filter. The supsrnats was snalyzed f£or lead with sn atomic avserp-
tion spectrophotometer using standards praparad in control zat bloed. o

measured wit

(2) Other tissueg: 3one, liver, kidney, and brain ware
gigesced in contancrated nitric acid, evaporated to dryness and raconstituted
to the lowest possible volume with 20% nitrie scid. Thess solutions vere
analyzed for lesd by atomic sbsorption speccrophotormercy.

(3) Atomic absorption smalvsis: Lesd comcencracions
ware measured using & Varian-Techiron AA-5 stomic absotption spectrophotometsr.
Sample solutions were aspirated into en sir-scetylene £lang and che sbsorbance
was ceasured st 283.3 am. Background incerference was determined vith che
use of a hydrogen continuum lamp at 283.) nm sand subtracted from the absorbance
obtaired at 283.) nn with the Pb hollow cathode lamp.

E. Dazhelogy

1. Gross oaghology: At ascrupsy, rats wers sxasined for gross
abnormalizies, cheir livers, kidneys, spleens, hearcs, gonads, thyroids,
dra.ns, and adrenals weighed, end the relstive orgsn veights calculated.
Afier vaighing, a portieon of the liver, kidney sad braie were taken for
sicooscopic examination sod the rast of sach organ vas messured for lesd
content. A femur was repdved to be used for the seasurament of lead im bons.

2. Microgeosic pathologv: BSobe marrow smasts vers preparsd for
8 zyelcid/erytnzoid call count. The following tissuss vere fixed in buffered
neutral (5% formalin: braia, liver, spleen, stomach, small incastine

0007-SWP-036979
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(ducdenum, jcjunum, ileum), colom, pancrass, kidneys, urinsry diadder, ddrerais, :o
thymus, gonad, tnyroid (with parathyroid atzacned), mesenteric sslivary gland, TAIA.
lymph nodes, heart, lungs, dispiragm, skelatal rustle, and proszace o2 uteris. -
Tissues from all 13 wesk racs fed tne control, 2.05% lead octoate, L
12.43% lend encomate, 66.05% lesd carbonate, and tae 11.92% NBS lesd painc

diccs were embadded in paratfin, section te & chickness of & u, stained with
hematoxyl:n and eosin and exsmined Sor histopatholagy. .-

F. Scasistical Aralvses

Control and creatment values vere comparsed scatistically uaing
Dunnect's sultiple-comparison test vith P < 0.05 ag the crateria of significance,

“co': N
Y

-

A}

The concentrations of lead in the paint i#ewms supplisd by the
Members of the National Paint and Coatings Association vere anslyzed Zor lesd
concent by DeSoto Incorporated, the Sherwin-Willisme Compeny, and Midvest
Reseazch Instituge (MRI). The results of thess analyses ars shown in Tsble
1. 7he control which did not contain lead gctoate or chromatse was
found to contain approximstely 0.01% lesd. Thore was a ressonsble agreecs:it
becween he different analyses, 30 an average ppm of lead was computed and
used for the actual lead concentration of each paint film. Llesd coacenirs-
tiors ol the lead paint obtained from the National Buresu of Standatrds wese
averoged .n & sinilsr manner.

Table 2 shows the lead content of sach diet. Purins Aet Chow
=asn was found o contain approximacaly 4 ug/gm» of lead (assuming 0.1 ug/gs
ci lead was concributed by the cantrol peinc). The ug of lead/gm of fead
viizch was atsribucable co each added paint film was reasonsbly close co ics
Tespeciive theoretical velus. Tha average toral ug of lead/gm of feed for
esc: diec was used for the caleculation of veekly and cocal lead consumption
fsz cach rat,

. . . - . ‘e :
! e , . " g e v o= DY
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2aing Tilm
SAMDE el

Contral Paint

Lead
~tad
~aad
iead
Lead
Lead
Lead

petoats
scioate
octoste
chromate
chroaste
chromate
carthensta

NBS 1lsad paine

TABLT 1

CONCENTRATION OF LEAD IN PATNT FrtM

Theoretical Lead

Mepsured Lead Congpnsration

Concentration Painc Companies MRl
[&A) [AA] L"_\_
0 0.01 < 02.32
0.06 0.08 0.07
0.50 0.50 0.56
2.00 1.50 2.2
0.50 0.42 0.41
2.00 1.80 .10
15.00 12.537 12.30
64,12 63.20 68.90
. .7 11.98

Averagel/

n

0.42
1.98
12.43
56.0
11.928/

aj/ Mesasured by U.S. Department of Commerce, Nacional Buresu of Standards,
WYashington, D.C.
3/ Aaverage of paint companies and MAI values.

§/ Average of Bureau of Stendards and RI values.

= — rw 9.'"
oV 3 gl 'v.-s '——-’g '.(’.“" AR \:“.

atm*r

1-.
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TABLE 2

LEAD ANALYSES OF STETS CONTATNING "IFFIT='sF BATuT rrvig

NMossures
. Theornticald/ Totsl®  2aing Leact

2ie: fug/ge tag/gm) f3gram

Control pa:nt plus sat chow 0.1 4.1 -

(6)

Lead octoate (0.08%Z) plus rat chow 0.8 5.2 i.
()] (6)
Lead octosate (0.53%) plus rat chow 5.3 12.0 7.9
% (6)
Lead octoste (2.05%) pius rat chow 20.5 7.2 23.1
(6) (6)
Lead chromate (0.42%) plus rat chow 4.2 1.0 6.9
. 6 (6)
Lead chromate (1.95%) plus rat chow 18,5 2.8 19.4
(6) (6)
Lead chrozate (12.23%) plus rat chow B 160.2 136
. . . . & (&)
-eac sarhonate (66,05%) plus rac chow 660.5 516.0 51,9
’ (5 5
NBS tad newed paint (11.923) plus rac chow 139.2 124,00 119,98
) (3

Ticoretical concantration of 1cad in focd contribuiod by indicated paine film,
Vean g of lmad/pm fecd for number of xamples siown im parunthesis.
“ean vg of lcad Irom paint films/gm fecd {or number of samplcs chown in parenthesis.

~ o~

n ho)e

s
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C. @2reliminarv Foeding Studics

o

Before beginning clils sIudy, 3 pilot experiment was pesicrmec o
ste :f tne rats wers consuming thk lcad paint S ajong with =ne:v Zoed.
Intee rats sach vcre placed on the control die: and the 66.05% icu. cardocate
dies. After B hiT reces vere collscted and *r lead conten:z ~essulzc.

Teces Irem rats on the contrel diet consained l1.5 ug of leadsgn isces wnile
feces iTom vats Iud the 66.05% lcad carbenate dict concsined 3,583 =3 of lead/ga
Thus, rats ¢ic cansume the paiot e ajong with tneir Zsec.

faces,

D.

female rat on 2.J5% icad octoste developed an adc
durirg the ninth trestment week and one femsle on 66.052 leas cerbonacs
developad abcessed hind feet in the 10%h weak and chew her toas off,
B B A\

The feed consumrntionyof msle snd fsrale rats a:hwn in Figures
L and 2, respeciively. Zxcept for che rats fed che diet concaining 11.92%
lead as KBS lead painc, all groups consumed feed at the same rate as the cone
trol group throughout the entire experiment. The rssson che 11.92% NBS lead
paint group ate significantly less initially, was thac they were sterted »
monzh after the other Tacs and were initially smaller. Since this group vas
consumirg feed T ths ssme rate 88 Che control jroup Dy 4 wesks, we consicer
tnerr :n:tial food consumption normal also (for their size).

ahe body weight gains for each group of rats are shown in Figuras
3 end 4. As mancioned above, the rats on the 11.92% KBS leed paint diet ware
soall anicially dut beceme similar to comtrals by either ctha éth (females) or
Eth veer (Zaies). Througnout the satire period the male rats in tha ozher
tradtrent groups gained weight at & normal rats. Che fersle rats did show
4 change :n docy veiphts during tas first § weeks of feeding which appaars
Telated o0 che concancrscion of lasd occoste. After & veeks of feecing, racs
.2 tae 2.05% lead octoate group weighed significancly lass than comgpol. Tha
F8%2ecn was the same 8t 8 wesks. After 12 weeks their svarage body weignts
s2iiL mxazdited the same psctern, but the 2.05% lced occoats group was not
signifzcancly different from control. This was dus to fower snimals ard @
s.1pn0 increase in variabilicy.
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- by each rac. Thesc calculacions are saown :n Tables J and &, dugang She

Lead:

. <eeklv and Total waew Cocsus-zicn

The weekly and total iead consumpsicn Saring the experimenc were
caicuiated on the basis of the :¢tal ivad/diet and amount of each diec eaten

<3th week period, the conirol group consumed approxirmately 108 ug of lcad/daw,
vizle razs easing 2.05% lead occtoate, 12.53% lead chromate, 66.03% icad car-

oonate, and 11.90% [ES jead paint consumed an svaerage of 786.5, 2,591.%.
13,%35.8. and 3,184.3 g of lead/day, respeccively. Using the average body

weights of rats survaving 13 davs, the rats in cthe concrol, 2.05% lead octoace,

12.60% iead chromate, 66.05% and 11.92% NBS lead paint groups consumed 255.27
1,957.5; 8,469.6; 34,650.8, and 7,804.7 ug of lesd/kg/day, vespsctively.

“he results of the hesatology of rats fed paint films containing
different concentrations of lead are shown in Tablas 5-13. No differences
ware observed in tha arythroeyte count, reticulocyre count, hsmatocric,
leukozyee count, ciffersntial laukscyes count, and tha erythroeyta osmotic
fragilicty.

G. Z:ssce and Fli-id Chenmigtry of Rats Fod Paint juses Co-tainias 3 ficwene
E 3

Congenzrazions

.

Sapr Tables 14-22 show the zissus and fluid chemisctry of rats fad patint
#rivs qancainang diflerent concencracions of lead. Ths sszum protesns,
eXVINrICrie ITOCOPOrpAYTLIN, urinaly coproporpnyrin, and urinsty dslta-amino-
ievuiinis acid ware not alcered by any of che diecs.

- The aczivity of the erythrosyts sazyme, delcs-amisolevulinic scid

cenydzase (ALAD). is che control, iead octoace (0.08%. 0.53%, and 2.05%) end
' T 2:lfef TATOURTOUC She

] in _rats fed 66.05° ‘«ad
carycngs 21,92% NAS Lead DaAnt. AL & weeks thers was a depression of
8. and 59% in these two groucs, 3
WAt CesTiSNSham i S COE AZ.LS, lcag casoondte S2lip, DUt ine ALAD activity
2% tne WIS lemd paant group wes not sifnificently different from comcrol.
At this time & sex diffasrence was odrerved in both of these groups, Tha AL
setivizy 13 the male rats ramained dopressad at the é4ewask levels vhile thes
#LAD acstaivities of che fwnale rats returned o control lavgls. This sex
ciflercnce =ay be lizked to the foct that these famalc rats\jad matured and
were frouabiy oegiofning hSir menstwral cycles.

(Tl 1) 2%))
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TABLE S

e
- HEMATQTOCY NF 4TS “ER 24107 Sodwhe
CONTAINING NO LEAD o

treat=ent Jesk -
8 23 D

4
_ analvses (Mag)8/ (red) [Ne22) i
Zryenroeytes (x 10%/emd) 6017 20.128' 6.33:0.19  6.4220.29 il
Reticuloeyces, % 1.5 20,7 0.8 =0.3 1.2 =20.1
Hemstacriz, vol,, % L6.1 % 0.8 4.6 1,2 4,6 =0.3
Hemoglobin, gm, % 14.0 = 0.3 14.6 £ 0.2 16.0 = 0.1
Leukoeyees (x {Ojlms) 5.020,5 7.6 1.3 8.0 = 0.6
Neutrophils, % 1.3 = 2.9 21,7 £ 5.6 3.1 = 0.5
Lymphaocvtes, % 86.) = 1.3 5.4 = 5,3 8.1 =1,6
3snds, % 0.3 20,2 0 2.1=0.1
Eoninophils, % 0.9 = 0.4 1.3 0.4 0.3 =0.
Basopailis, % 0 0 0
Monocvtes, % 1.1 =2 0.8 1.6 £ 0.6 2.1 0.4
Acypical, % 0 0 0
Nueleszed RBC, % 0 [ 0.1 =0,1
Ervearoeyre osmotic 0.381 = 0.004 0.291 £ 0.008 9,400 = 0,004

fzagilizy [Nac1lg/

Nuzpar of racs per period.
desn = scendard ecror.,
Concentzation of NaCl tha: hamolyzed 30% of the erythrocytas.

1 v le
~ T~
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TABLE 6 |
3 HEMATOLOGY CF 1TSS FE) PiIht b
. CONTAINING €.08% L2AN AS 134D ACTIATE
Toeacmpar eek
: s 8 13
Aralvses TS al) (Se])
Ervthrocytes (x 106/mmd)  5.14 = 0.32%/ .33 = 0,09 5.92 £ 0,39
Retleuloeveas, o 0.9 = 0.5 1.020,8 1,520,2
Hematosrit, vol.y & 4l1.3 % 0.9 6.0 £ 0.7 43.030.5
Hemoglabin, g=, % 1s.1 = 0.5 15.4 % 0.2 16.7 £ 0.3
Leukoeytes (x 153/mm?) 5.1 2 0.8 5.5 0.7 7.7 20,9
Neutrophils, % 2%.521.6 W.I3 =47 16,3 % 1.7
Lyephocytas, T 74.3= 1.8 76.3 = 4.7 80.9 = 1.8
Bands, % 0 0 0.3 0.2
fosinophils, % 0.8 = 0.3 1.520.6 0.7 = 0.3
Sasophils, % 0 0 1]
Monocytes, % 0.5=0.5 2.0=0,8 1.9 =20.3
Atypical, % 0 0 0
N Nucleated RBC, 7 0 [+} 0
v Zrychrocyte osmotic 0.381 = 0.008 0.410 = 0.907 0.395 = 0.00S
7y fragilicy oNaC1le’
'

————
4/ Numder of =3ts per period,

3/ Mean = atandard errar.

::_ Concentration of NaCl that hemolyvzed 50% of the erythroeyces.,
M-
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° TABLE 7

HEMATOIOCY OF RATS FED 24
CONTAINISG ©.63" 124D A8 Y£4D OCT0ATE

& [ 33 L
apalvses e U [$ut) rmidy s
Erythrocytes (x 105/=m3)  6.27 = 0.2/ 6.06 = 0,31 $.6= 0.4 T
Reticulocyges, ', 0.9 =4,7 0.9 £ 0.4 .6=0.2 >
Hemaracric, vol., % 42,3 =0.7 £3.8=20,5 33 = 0.7
Hemoglobin, §=, % 4.2 2 0.2 14.920.3 15.3=0.3
Leukocytas (x 103/=md) 5.0 2 1.4 1.5 2.8 8.3= 1.0
Neucrophils, % 15.8 = 3,8 19.3 £ 3.8 16.2 = 1.9
ymphotytas, % 83,0 & 4.4 7.8 % 3.8 8l..= 1,8
Sands, ° 0 4] 0.1 =3.1
Eosinopnils, % 0.8 £ 0.3 1.0 = 0.% 0.8 = 0.3
3asophils, % 0 <] ]
Monocytes, % 0.5 %0,5 2,3=0.8 1.6 2 0.3
Atypical, % 0 0 0
L Nuclested REC, % 0 0 0 =
Erythrocyce osmotic 0.383 = 0.006 0.388 £ 0.012 0.401 % 0,006 T
@ fragilicy (NacCls/
4/ Sumder of rats per period.
b/ Mesn = standard error. i
&/ Concentrazion of NaCl that hemolyzed 50% 2f the erythrocy:as. ,j."
N 0 p
-~ :
L old -
19
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TABLE 8

. Treatvent Wgek .:-. :
' . [ 13 e
Angivsgs 67 U (Xad) LI
Erythrocytes (x 10%/an®)  6.30 = 0.2/ 6.46 = 0.08  6.72=0.42
Reticulocytes, % .1 =¢C.5 0.7 =0.1 0= 0.6
Hematoeric, Vol.( % 41.8 £ 0.5 45.0 = 0.4 43.4%0.9
Hemoglobin, gm, " 14%.46 =2 0.2 15.5 £ 0.2 15.6 = 2.3
Leukocytes (x {oJ/mﬂ) 5.1 #1.1 6.7 % 1.7 8.1%0.7
Neutrophils, %, 13.5 = 3.0 13.0 = 2.} 16,12 2.6
Lymphacyess, & 8s5.8 = 3,2 85.0 = 2.3 82,8 = 2,8
Sands, % 0 B 0 0
‘Cosinophils, % 0.8% 0.5 0.3%£0.3 0.9 = 2.3
Basophils, % 0 0 0
Monocytes, o 1} 1.8 2 0.9 2.220.7
Atypical, % 0 0 0
Nuclssced RBC, 7 0 0 0

Eryshrocyts osmacic
fragilicy iSacl:Sl

0o

0.281 = 0.006 0.399 = 0.008 0.393 = 0.006

sumper of rats per period,
Mesn = stendard ervor.

ai
5f
¢/ Concentration of NaCl shac hemolyzed S0% of ths erythrocytes.

20
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Analvses ) [Neis
Ervenzocytes (x 106/medy  6.71 = 9,160/ 6.38 = 0.16 6.6 % 0.3
Reciculocytes, 7 0.9 2 0.8 0.8 = 0.2 1.6 20.2
Yematoeric, vol.p % 43,3 = 0.6 5.0 2 1,1 £3.6 = 0.7
Hemoglobin, gm, % 4.7 2 0.4 15.1 £ 0.3 15,6’ 0.3
Leukocytes (x 103/xad) 5.1% 0.6 5.1z0.5 6.9 = 0.7
Neutrophils, % 8.5 1.7 19.0 = 2.0 1£.3=2.1
Lympnocytes, % 50.3 £ 2.0 79.5 = 1.3 83.6= 2.0
Bands, % 0 0 0
Eosinophils, % 0 0.8 £ 0.8 1.2= 0.4
Basophils, % 0 0 0
. Monocytes, % 1.3 20.8 0.5 = 0.8 1.220.4
Atypical, % 0 0 0
L Nucleated RAEC, ° 0 0.3 20,3 0
Erythrocyte osmocic 2.383 = 0.003 0.395 = 0.12 0,392 = 0,007
9 fragility, -Naclle/
PAIT X
a/. Number of racts per period, excepZ where indicated otherwiee.

5/ Mesn % standard arror.
&/ Concentration of NaCl tHat hemolyzed 50% of :he erythrocytes.
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TABLE 10 .

HEMATQLEAY 27 PATS £I1) PAINT Sesieit
DMTASHING . SE% TEAD AS TEis £UROtasE
sreattent erns
. 8 3

Atalvces vasr 4/ [E0TA) AL
Srythrocytes (x 19%722)  6.17 = 5058/ §.21 = 0.13 6.37 = 0.52
Reticulocyces, . C.8 = G.4& 2.8 20,3 i.220.2
Hematocric, vol.p % «0.8 = 0.6 64,1=0.3 6.1 = 0.7
Hemoglobin, gz 13.9 = 0.2 15.3 =2 0.3 16.2 = 0.4
Leukoeytes (x 193/zm)) 4.9 =0.8 6.1%1,2 8.2=21,0

Neutrophils, . 0.0 = 2.4 18.8 = 6.6 il.e = 2.3

Lysphocytes, % 92.0 = 1.8 80.5 = 4.4 85.9 = 2.2

3snds, % 0 o 0

Eosinopnils, % 0.5 9,3 0.3=0.3 1.5=0.5%

Basophils, %% 0 0 0

Monocyres, T 0 0.8 0.3 1.2=20.3

Atypical, % 0 0 0
Suclested RBC, " 4] 0 0
Erythrozyts osmotie 0.383 = 0,307 0.385 = 0.007 0.404 = 7,905

fcagilicy, [NaC1l8/

al
3/ Mesn = standsrd error.
s/

Sumber of rais per pariod,

Concentration of NaCl that hemolyzed 5C7 of the erythrocyces,

22
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TABLE 11

O HEMATOLOCY OF IATS FZD PAINT 3dsee
. CONTAINING 13.23° £2aD AS 1TAD SHAOVATE

ttcatment teck
Y o 8 2
Analvses A U {Med) )
‘Erythrocyzes (x i0%/mmd) 6,32 2 0.1¢2  6,2320.18 6.6l =9.38
Reticuiocveeylfn 1.95 = 1,28 0.9=0.1 1.6 = 0.2
Hemazoerit, vol., % 4.3 £1.1 3.820.5 .1 = 0.7
Hemoglobin, gmy % 1.9 = 0.4 15.22 0,1 15,0 20,2
Leukocytes (x 103/2md) 4.8%0.8 5.3=2 1.8 7.6 0.6
Neutrophils, % 21.3 % 6.3 15.0 2 2.1 12.8 = 1.6
Lymphocyvtes, % 78.0 = 6.0 B2.8 = 2) 8.8 = 1.7
Bands, % ¢ 0 0.l =¢C.1
Soesinophils, 0.5 =0.5 1.0=0 1.0 = 0.4
3asophils, % L} 0 0
. Monocytes, % 0 1.3 £ 0.3 1.3 =0.3
Atypical, % "] 0 0
- Nucisated RBC, % 0 0.3=0.3 0
* Erythrocyte osmotic 0.38& = 0.007 0.385 = 0.010 0.396 = 0.906
3 fragilicy [xacy. &/
2’ hueder of racts par period.
B/ Mean = sczandsrd error.
&/ Concentration of NaCl thet hemolyzed 350% of the erythrocyees.

0007-SWP-000115565
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3 TABLE 12

13
[N

Andlvaees

Erytheocytas (x 10%/mm”)  5.96 £ 0.362/  5.1320.06  6.60 = 0.37
Reciculocyzes, % 0.4 = 0.2 1.1 0.3 2.9 = 1.3 FNES
Hemstoerit, vol., % 41,3 0.9 4,0 21,3 4%,7:1.2 Tl
Hemoglebin, g3y % 13.9 2 0.5 15.0 £ 0.2 15.6 = 0.6 St
Laukocytes (x 103/zm3) 633 1.2 5.0 0.9 7.7 2 0,$ o
Seutrophils, & 14,3 = 4,3 15.0 % 4.1 15.2 = 2.8 %
Lymphocytas, o 82.0 = 5.6 8.0 24,2 82,7 = 2,7 .’ s
Bands, % 0 0 0.2 =0.1 ]
Eosinophils, % 0.7 £ 0.7 0.3=20.8 0.9 = 0.3 -o% e
Basophils, % 0 ] 0 § o
Manoeytes, % 3.0 = 2.0 0.5 £0.3 1,0 = 0.3 i
. Atypical, % 0 0 0
* Nuclasted RBC, % [¢] 0 0.1=0.1
D Erythrocyte ofmotic 0.388 = 0.009 0.39 % 0.012 0.397 = 0,008
R fragilicy [Naci ®/

&/ Sumber of rats per period.
b/ Mesn = stendard error.
&/ Concentrazion of NsCl that hamolyzed 507 of the erythrocytes.
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. TABLE 13

PTOLOSY 0T naws FED USS Lip

TONT COMTATS A TN N LEADS T s

Trestment Week ‘_.' ]
i

3 o/ ] 13 &"'"- ‘-'..
{Nwd) = (N-f’.\ {Ne12) i‘:\"ﬁé
5.722 0,152 1.2920.83  5.63=0.% e
.5 0.3 1.0 = 0.4 1.3 2 0.1
39.7 = 0.8 42.821.1 42.9'= 0.4
13.6 = &/ 14,7 20,3 4.7 0.1l
- 9.7 = 1.4 6.7 1.2 7.0%0,8
9.5= 2.1 7.0 = 1.7 6.2 2.1
90.2 = 2.3 92,0 % 2.1 83.6 = 2.2
0.3 £0,3 0 0
] 0 1.6 = 0.4
0 0 0
0 1.0 2 0.7 0.8 0.3
0 0 0
. o 0 0.1 20.1
- 0.389 2 0,006 0.412 = 0,006 0,408 = 0.908

.= tariod, except wheras indicaced otherwise,

pf—-r 2 N

= ... that hamolyzes 50% of the erythrocvtes.

— - o—— - ca—
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!3 TABLE 14 -
TISSUZ AND FiUIN CIENTSTRY OF RATS TT5 Dariy o

Sresc-ent week U B
4 8 3
Serun electrophoresis
Aldumin, % a3 = 1%/ 4322 =)
Alphs 1 glodulin, % =1 =21 A =1
Alpha 2 globulin, 7 5= 5= s=1
Setas glodulin, % 0= W=l 21 =1
Gaoma globulin, % 6=l 0=} 6=1
Total protein, fg % 5.6 5 0.1 6.2= 0.2 6.3 = 0.1
Albumin/giobulin racie 0.76 = 0,03 0.77 £ 0.0?7 0.93 = 0.04
Irythroeyts .
ALAD, umol. P3G/ Males: 23.2 & 2.38/ 15.1% 2,38 14,8 = 1.8/
e 100 =1 RAC/hr Femsles: 16.6 = 3,15/ 6.3 2.8  15.4=078
Torsl: 19.9 = 2.2 15,8215 iS00z 1.0
@ 2rotoporphyrin, 19.6 £ 1.6 2.5= 1,9 29.2= 2.0
2g/100 =l RBE
Urine
Coproporphyrin, .5 1.2 3.3z 7.4 6.0 £ 1.9
ug/26 hr
AlA, 73.0 = 7.4 83.3 = 11.0 &l. 6% 5,0
=g/ 2% hr
8/ luzber of vats per period, axcept vhere irndicatad otherwiss.
27 laan = standard error.
5/ Tour rats.
g/ CTvelva racs.
2% ]
- Y - e m—— oo S o o emm— 2 ,».w‘__.’_.;__._;"s__. __‘_;_,_,‘__. Ve
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SISSLE AND FLITT) CHEVISTRY

TABLE 18

CONTAINILS

Aralvses

Serum electrophoresis
Aldumin, %
Alpha 1 globulin, %
Alphs 2 glebulin, %
Beta globulin, %
Camma glodulin, %
Total protein, fl %
Albumin/globulin ragio

Erychrocytes
ALAD, umel, PBG/ Msles:
100 ol RBC/hr  Females:
Total:
Protoporphyrin,
ug/ 100 ml RBC

Yrine
Coproporphyeln,
ug/2% hr
ALd,
ug/2 hr

4/ Number of rats per pariod, except whare indicated otherwise.

5/ Mssn = standard eczror.
&/ Two raca,
2! Six racs.

4 ?
L2
145

POREEY

Treatrment Yook

S5=1

U=

§z1
5.920.1
0.66 = 0,02

%.8 27,78
19.5 = 4,48/
22,2 %39
8.4 = 2.4

.2%20,2

86.4 ® 18,6

8
‘\’-&) [ M)
=3 W= -
02 W=l .
L] S=1
0=1 2=1
12=1 7 =1
6.3 0.2 6.2=¢.1
0.793 0.08  0.93 = 0.04
1.9 =21.38/ 12,0 = 2,24/
18.7 2 0,38/ 16,1 = 1,38/
16.03 1.2 1%.05 L6
%2216 285
4.8 % 2,5 2,9 = 1l.4
107.6 = 34.1 3%.0 = 6,7

. ""f
2P s
Jg.‘hy

0007-SWP-037001
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TABLE 16

ZISSLE AND MQov Tivis SmuteTev oF mpSs eEy Bipe T

A CONTAINING 2,383% 240 48 LEaL ACTHATS

Treatmen? Week

- [
Analrees rresid’ Lind)
Serum eleccrophoresis
Albumin, % a1 = 2 a1l = 4"
Alpha 1 globulin, % %=1 23=13
Alpha 2 globulin, % S=1 E= 2
Beca globulin, % A0 =1 0=1
Garma globulin, % 8=1 11 =2
Tocal procein, #g % 5.2 =0.1 6.3z 0.1
Albumin/globulin ratio 0.68 = 0.04 0.70 £ 0.13
Erythrocytes )
ALAD, umol. P3G/ ‘ales: 21.6 = 6.38/ 10.3 = 0.8¢/
100 @l RBC/hr  Females: 15.5 = 2,78/ 15.3 = 0,2¢/
Total: 18,5 = 3.3 1.8 = 1.8
Protoporphyrin, 2.1=1.0 7=z 1.1

8§/ 100 =1 RSC

Urine .
Coproporphyrin, 10.7 = 5.9 1.1 =0,6
ug/2% nr )
ALA, 97.4 = 158.2 101.4 = 30.1
ugs 2% hr

3, Sumoer oI Tacs period, except wners indicated ozhaemvise.
B/ ean = jtandard erro:r. .

&/ TYe rats.

&’ 5ix sats.

-~y

[ ]
O O rb v pr pw g
o -
-9

W O O
> e o

W wier =)

AT

S e

20.5 = 6.6

Foeis

0
W
i

“3,

W’
R

EEAE T 0007-8WP-037002
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TASLE 17

3 ZISSUT AND BORY FLUID CUEMTSTRY AF Siwe rrg pysis
SXIT CONTAINING 2.08% 1TAD AS LD 0S78ATE
Flwn
Treacment Seek
N U i3
Analuses ALY {Xma) (Nl

Sarum electrophoresis

Albuain, % 41 = 3¥/ a6 =2 822
Alpha L globulin, % 722 2= 0=
Alphas 2 globulin, % bhal Lzl 6x}
Sace globulin, % 0= 191 2l =)
Gamma globulin, % 9= =1 6=1
Total procein, #g % 5.7z 0.2 6.0 = 0,1 8.2=0.1
Albumin/globulin ratieo 0.70 = 0.0?7 0.25 £ 0.07 0.96 = 0.97

Erythrocytes
ALAD, umol, P3G/ Yales: 26.1 % 4,08/ 120 2 1,78 1162 0.6Y
300 ml R3C/hr  Fomales: 18.7 % 1.08/ 1.3 20.282 163 = 3,98

Toeal: 21.4 = 2.3 11.7 2 0.7 13.8 = 2.0
Protaporphyrin, 29.5 2.8 30.8 % 2.5 2.0 £ 2.2
@ ugs/ 100 ml RBC

Urine
Coproporphyrin, 1.6 =2 0.6 3.0 = 0.3 7.7+ 2.9
ng/24 hr .
Ald, 80.7 = 17.3 82,7 * 10,4 64,5 = 8.8
ug/ 2% hr

4' .aber of rats per paried, except whers Indicated othervise.

3’ Mssn = standard arror,

&/ Ivo rats,

&7 Six rate.

29 .

* 0007-SWP-037003
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Anslvses ALY
Serum electrophoresis
Albumin, % 422 28/
Alpha 1 globulin, % 28z
Alphs 2 globulin, % L2
Beta globulis, % 1921}
Casma globulin, 7% 823
Total protein, #g % 5.82 0,2
Albumin/globulin ratio 0.71 & 0.06
Erythrocyte
. ALAD, pmol, PBG/ Msles: 23.4 # 3,58
100 ml REC/hz  Females: 13.4 & 0.95
. Total: 18,4 % 3.3
; Frotoporphyrin, 27.3 = 2.8
Q 1g/100 ml TBC
Ceine
Coproporphyria, 8.22 6.7
" ug/26 hr
AlA, 69.3 % 6.6
ng/ 2% hr

a/ Number of rats per perfod, except where indicated otherwise.

b/ Mean = standard arror.
/ Two tats.
/  Six rats.

- - ——————— +(= § — gy~ —
.

TABLE 18

; Treatment weak

4

k)

~

8
{Xel)

28,3 = 0.6

1.5 =0.?

5.2 17,4

0.90°2"

&
(N=12)

L) =
2=
S=
2l &
6=
612

D Qe e e g

15.7= 1
16,51
16.1 = 1.
27,922

6.3 = 2.2

85.2 = 1.4

0007~§WP-037004
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TABLE 19

D IISSUE AND BODY FIUID CHEMISTRY OF RATS FECD patiy
=N CONTATNING 1.93% 154D 5§ 124D CHROIATE

‘e

A 8 3

Analvses (ALY Nu) fyml2t
Serum alectrophoresis
Albumin, % 4l = 2B/ XX B! 132
Alphs 1 glebulin, % 288 =1 1921 19 = 2
Alphs 2 globulin, % 4= e®l 5§31
Bets globulin, % 0% 0z a=1
Gagma glodulin, % =1 1121 6=}
Total protein, #g % 5.7 £ 0.1 6.20 = 0.04 6.6 2 0,1
Albumin/globulin racic 0.73 £ 0.06 0.81 £ 0.04 0.% = 0.08
Erycthrocycs
. ALAD, umol. P3G/ Males: 29.5 # 3,18/ 12,38 1,08 13,381,/
. 100 =1 RBC/hr  Fezales: 20.4 & 4,38/ 6.7 2 0.687 12,9 = 2,38/
. Total: 26.9 & 3.4 1.5z 0.8 13.1 2 1.3
Protoporphyrin, 26.3 % &) - 26.8 % 1.8 27.4 %'1.8
3 ug/100 ol RBC
Lrine i
Coproporphyrin, 0.9%0.1 7.0 = 6.6 4o =1.9
ug/ 2 hr
ALA, 80.8 7.2 67.7 = 6.8 66.5 = 17.5
ug/ 2 hr
a/ Number of rats per period, sxcept where indicaced ochervise,
5/ Mean = standard error.
3! Twvo ratcs.
3/ Six rats.

e vim——
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TABLE 20 _—
SISSIE AND SO FOUTR SuUSMISTRY O {Eé:}-
3_-35‘; SONTAININE 22,097 j i)‘-..:- N
e g
Sreat=ent ek . f“':_"'?
* 3 juisd e
Anaivses AL w2 ez Py
Serum eleccrophoresis
Albumn, % w0 = ¥/ BEE 6=2
Alpha 1 globulin, % 27 =1 21 =1 Nel
Alpha 2 globulin, % =1 Lzl 5=
Seta glodulin, % 22=21 181 2=1
Camma globulin, % 8§21 922 61
Total pretein, Pg % 5.6 = 0.1 5.120 6,6 = 0.1
Albumin/globulin racio 0.68 = 0,03 0.3 =0 0.88 = 0.36
Erychrocyte 4/
ALAD, umol. PIG/ Males: 26.4 = 7.6 &/ 16.5 =2 1 6= 183
100 ml RBC/hr  Femsles: 14.3 2 3,25 142 =218
Total: 20.3 = 4.9 15.0 = 1= L0
Protoparphyrin, 25.5% 1.6 %.23= 6= 2.0 -
ug/100 ml RAC
Urine
Coproporphvrin, 2,62 1.8 0.9 = 2.6 =9.8
s/ 2% hr
ALA, 89.7 = 19.2 78,4 = 8.7 = .25
ug/ 24 hr

Yean = standard ercor.
Vo rats.
S$ix cats.

e LN L L

Sumber of rats per pariod, except where indicsced otherwise,

0007~SWP=037006
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TABLE 21 o™

W

ZISSUE AND £OAY FI1D SUEMICYR AP 33w mbw Sy

wen. LINING 35.08% L0AD S8 LTAn CARSOUATY . e
thatry - . N
.re3L=ant . Lav . _ - IO
. é i3 "
Azaivses rremrd/ rYetd egtay ’
Serun eleccrophorssis .
Alduma, % 4l =6 M= . =T =2
Alphs 1 globulin, % 7=1 21z 2=t
Alpha 2 globulin, % =1 =1 5=1
Beta globulin, % Ax2 19=1 201
Gacma globulin, % 812 100=1 =1l
Total protein, ¢g % 5,62 0.2 6.0 0,06 $,33 0.1
Albumiasglobuiin ratie €.73 = 0.17 0.82 20,04 .56 = 2,06
Erythroeyes
ALAD, umol. P3G/ Males: 12,38/ 4.4 x 0,38 $.6 = 2,68/
- 100 =1 RAC/hr  Females: 9.1 3 2,18/ 12,4 = 0,68/ 7.4 = 0,88/
10.2 = 1,68/ g.e= 238 su=o0.:8
<:3 Protoporphyrin, 23.2=0.9 20.6 = 2.1 7.2 = 6.8 ..
‘e ug/100 o1 RBC T
rine ek ....
Cooroparphysic, .02 0.7 0.8= 0.3 6.7 2 2.2 P
ug/2¢ hr , P
A, 90.3 = 27.7 72.3 = 12.% 22.2=28.8 T
ugi2e nr I
surmper of rats per period, except vhare indicsted ocherwise. o

VYean = stancdsrd ervor,

One raz.

T40 Tats.

Six rats. ) . )

Signilicantly diffcrent from comtrol (P < 0.05) as shown by Zunaetz's
rultiplesconparison -cest following an analysis of variance.

-

~

DR LA A T

O

- e  dmme S e - T maam - e " ~
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TAsLD 22 ;;:’__“
3 SISSUE ARn waiws S1iovs SLNrQTRv AP 94T§ £ vig
wRAD 24T ST RS TE T A S
Treatronc Yook o LA
3 8 23 ot
snalvsis esrd’ , “Xud) et P
Serum clectropnoTesis Tata
Albumin, % 522 12 =z = -
Alpha ! globylin, % A=t 2= 2 % =) i
Alpha 2 glodbulin, % ‘=1 823 =3
Baca globulin, % =1 A= il =)
Garxs globulin,n =1 6= 5=
Total protein, g % E.a=0.2 6.0 = 0.2 6.t =0.1
Albumin/globulin ratie 1.1 =0.03 0.78 = 0,06 0.82 = ¢.26
Zrychrocyee
ALAD, umol. P3G/ ales: 8.5 = 5,08/ 5,02 0.3 2,920,864
100 mlL RBG/hr  Females: 10.1 = 0.1&/ 15.0 = 3,18/ 8.0 =:.cd
Total: 9.3 = 2,18/ 10.0 = 3.6 6.9 = 0.5%
. Protoporohyrin, %8 =4, %.521.8 6.3 = .2
D ug/100 ml R8C
Trine Qimdg,
Coproporanyrin, 2.0=0.8 6.8 = 4.9 L,6 =21
ug/ 26 hr
ALA, 115.1 = 2L, 72.0 = 13.6 5.2 =3.%
$g/26 hr

4/ Nuzber of rats per period, except viaers :indicacted otherwise.

t/ Mean = standard error.

&’ Twe vats.

2 Six vers.

e/ SigniZicantly different from control (P < 0,05) a» irdicated by Duanect's

aulzipleecorparison cest following an analysis of variamce.

s e " i S oy G — o O | Ty 3 o E——
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S -
AD BE2iVLSY A
30 ere Toiresied

: 10 66.05% T30 CaTOONTEE. TTo4D anC I8 avsFen n
3 6% ane 51, respectively.
R

- .

- Urinslysis of racs fed paint &.n containing differcnt concencras
tions of isad are shown 1n Table 26-12. Yo marked diffcrences in urirary

. peotein or sediment (eryenfocyte, crvstals, csEts, e€2c.). Thus, urinaivsis

can de considered within normal ranges for all treilmenc groups.

A
Lige' s "
¥y, .

.. re

o a2 d
" 4
i

i
f?‘

-
»
L4
~—
4
-
[ =]
[ %]
w
~
»
g
"
-4
(d
-
-
»
-9
n
Q
a
[ad
»
2
"
o
o
-
&
o
[
-~
-
2
[
[
<
»
[+1
=
-
a
g
reyc
Yy

and bone from racs fed painc containing Jifferent concentrations of lead.. N
<he values for the lead concentrations in blopd at & and § weeks vere omitted -]

‘ [ ")
, v veeks, tissus lead levels M liver sad kidney vers
O below the detection limits of our assay.” The results vere the same at 8 wesks

vith zhe axeeption of cthe N2S lead patnc group. All Zour zacs in :h;: gToup

shoved catec:zable lead in the:r kidnays. ?M o

At 13 veeks, decectable level
in tha rats fe¢ 11.97. \NBS lesd ol
iead vere & 28 2y ¥ 66
NBS _ead 2siat. No _lead vse dectscted in the kidnevs of =2:

~
ez

0

- . v
vescs. ln concTast, lesd vas decscted in the kidneys of onertve rats in e
sach lead eccoste group) snd the 0.43% and 1.95% lead chromate groups. Lasd R
was decected in the kidneys of thrae rate, eight rats and 12 rats in sha _ REE
22,435 lead chromate, 66.05% laad carbonate and 11.95% NBS lesd paint groups,
Tespectively. bl
Q y !‘:. “'
The femuzs of racs ‘od the contrel cieg, lesd octoste or lead f
chromate’ lm:hiu: VETY 11TIle (480 AT w whexS. Hovever. tne Jemurs ¢F rats et
£eC Sties. luAd carponace Of 11.92% les g:nt ¢coneasnes .3.0 and Le.%
e —— ——— =
=g of Lasdiga ‘of Sone, respectively. )
3
36
L ” Os——t -n.r - ) -
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Treatment Wewk
4 s 3
Procein: Negative ? § © 20
<100 ng % X ) A
B L I . e
Microscopic Examainacion
R8C2/: Normel ? s 23
Moderate 1 2 1
P 11 T T3 U7 R S
WBCA/: lNormal 6 7 22
Modexace 2 2
mm e EXEOASIVE Lo lloa.oll
Epicneliund’: Normal ‘ 3

) Moderate

CrystalsS’/: Norwal

Mbdderste 2 M
S 5 1T 17 UL S S,
@ Casts: Negative 8 ] %

---_-20;1!_1!‘__‘_-_-----‘_----.--

YumbeTs indicate number of tats at response level.

a/ hormal, 10 or less csll.; moderste, 104100 calls;
excessive, > 100 cells/field (x 430).

3/ Normsl, 5 or less cells; moderats, 5-25 cells;
excussive, > 25 cells/field (x 100).

&/ Notmual, nons; moderats, l-3 crystals; excessive,
> % eryscals;field (x 100).

2, 37
RS : <o 0007-SWP=037011
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- Protein: Negative & 3 8

< 100 mg &
SRV ¥ - T S S

Microscopic Examination

RBCGE/: Normal 4 3 10
Moderate 1 2

- BREQBSIVE L o e e e c e e
BC8/: Normsl H 3 10
Moderate 2 3 2

—— - a EXCOISIVE L L e e mcaa -
Epitneliuc/: Normal .'. o i2

Modarate

PR - L L} 5
Crystalsé/: Normsl 2 Iy 11
Modsrats 2. 1

R = 1 13 R 8 U S

Casts: Negative ° o
Positive

- - e o - = G G- e G A A ws em s ey D o e

Numbers indicate nusber of racs at vesponse leval.

a/ Normal, 10 or less cells; moderecs, 10-100 cells;
axcensive, > 100 cealls/field (x 450).

B/ XNormel, 5 or less cslls; modetste, 5-25 celis;
excassive, > 25 calls/fisld (x 100, '

&/ Nommal, oone; m=oderats, 1-5 crystals; excessive,
> 5 crystale/fiald (x 100).

p— o — ) oot W18

0007~-SWP-037012
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TABLE 26 .
t_k\"
URISALVSIS OF RATS FED PAINT Fi ¢

0.53% TSAD 25 LTAD DETOATE

Trestmant lWoek

P - T o
Protein: Negetive A 3 10
< 100 mg = 1 1
R 1< I T R S
Microscopic Examination
Recd/: Normal 2 2 10
Moderate i 2 1
----..Exs-:.livs.--..--..-l-..-........_ -le
wBCA': Normal - 9
Moderste ) 3 3
————aENCEESLVE L e mmwmam
Epa taeliumd’: Normal - 12
Moderaste
[ -+ 11 1 Y2 £
CryscalzS/: Normsl 3 I 12
Moderace i
PR = T T T 13 S,
Cascs: Nagativae o & 12
Positive

- = - e wh  an 4D dn A U W s e S W A T A e em e

e ————————— )
Numbers :ndicote nunber of rats ac response lavael,

A/ Normsl, 10 or less celis; spdersce, 10-100 cells;

excassive, > 100 cells/field (x 440).

2/ Normal, 5 or less cslls; moderats, 5-25 cells;
excassive, > 25 cells/field (x 100).

&/ Normal, none; moderats, 1-5 crystals; excessive,
> 5 crystals/field (x 100).

s o100 st §ou o pn s

. Wy
by

0007-SWP-000115581



TADLE 27 .
o ghﬂ#
LRINALYSTS OF RATS ‘"a ?K""*r’ai-m CONTAINING

2.05% LSAD AS LZAD OC‘\.n

Treatment Week

z 8 3
Protern: .‘-'égl:we &4 4 133
1

< 100 mg %

SRR (¥

MLcToscupac Examination

Rc2’: Normal A A 12
Moderute
e ENCEBiVE L e e e e -
WBLY/: Normal 3 3 8
Moderate ) ' 4
------_* L F )
Epitasliumd/: Normsl o i
Moderate ‘
______ucglgtv - - . e
T CrystalsE/: Normal 2 12
Hcdnro:c
Cescs: .\-guxv- - 12

Nusders inéicsts number of racs at response levsl.

a/ Normal, 10 or less cells; modarste, 10-100 culis;
excessive, > 100 cclln/!inld % 460y, ‘

b/ Nommal, 5 or less cells; moderata, 5-25 cells;
exccsaive, > 25 cells/field (x 100). '

£! Nomssl, noné; mwderacs, 1-5 crystals; excessive,
375 crystalu/rield (x 200y,

0007-SWP~037014

0007-SWP-000115582




TABLE 28 .
3 thir®
SRINALVS?S OF RATS TED PAINT S&uh CONTAINING
0.22% LEAD A5 tZAD CHROMAZE

Irestmenc Weck

s
':‘:

Prote:n: legative 4 2 <0
< 100 mg % 2 1 .
2 3100 mg " ‘ : T

e e emedie etee cec e rec e s a e eae s

Migroscopie Examindtion

NBCE/:  Normal 3 1 8
Modaruts 1 3 k|
P LT £ P U S S
WBCE/: Normal 8
Modsrate 2 1 1
——— - EMERSBAVE o e e =i
Epizneliurs’: Normal “ 4 12
. Moderite
i & LT 5
. Ceystalsé : Normal 2 (A 2
Moderate 1
&) L LI Ry W
Casts: Negative [ [ 2
RN 4F 13212 T S

Numbers incicate number of rats at response level.

'a/ Normsl, 10 or less calls; moderate, 10-100 cells;
excessive, > 100 cellissfield (x 440).

b/ Xormal, 5 cr less calls; moderate, 5-15 cslls;
excessive, > 25 calls/fisld (x 100).

gf Normai, none; moderate, 13 crystals; excessive,
> 5 crystals/field (x 100).

2 a1

B

w Ll

© —— 2 i - o i o 1+ ot we iU

( 0007-SWP-037015
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TABLE 29
thir )
URINALYSIS OF RATS FED PAINT S COUTATNING

Protein: lNepative 3 3 N
< 100 mg 1 :

Microscopic Examinacion

RBC2/: Normal [ 3 22
Moderate 1l
e mm o EXERIBIVE L oo
WBC3/: Normal 2 3 8
Modarate , 2 3

- EXERRREVE L e e e e e n ol

Epitheliumd’/: Normal 4 ]
Mpderata

- —e---etZCANRIVE, L e mea

CrystaisE/: Normal 4 [3 i2
Moderate

R o LT LT 23 S
Cascs: Negative [ [ 2

e e BOLIS VY e e m -

Numbers indicate number of rats at response lavei.

a/ Normal, 10 or less cells; moderats, 10-100 ceils;
excessive, > 100 c.ils/field (x 4&40).

b/ Normal, 5 or less calls; modcrace, 5-25 ceils;
excessive, > 25 cells/fieic (x :00). ’

g/ MNormal, none; moderste, -5 cryscals; excessive,
> 5 crystals/field (x 200).

————— o <+ iy Poenr— - -
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e

‘ABCE/:  Normsl 4 1 b8}
e Moderste 1
———ixcessive _ _ _ _ _ 3 oo
WBCE/: Normal 1 1 11
Moderace 3 1
R 51 T U7 (R I
Epreneilumd’: Normal s ‘ 21
Moderate H
PR+ (LT 257
. CryscalsS/: Normal H
: Moderate 2
13 P o+ £ LT3 S,
: Casts: Negative “ o a2
e e BosiiVe L e m e, e e w -

¥ oL
TABLE 30 . e
i P \ , - =e
‘_') ERINALYSIS OF RATS FI2 PAINT Fedl CONTAININ T SoEt

13,03 LZAD 2§ LEAD CURCHATE

Ireatment Heek

: z ] 23
Protexn: Negative ‘ 1 1 9

- €100 mg % 3 2 ¥

e e =210 E Ll e e cemalea -

Microscopic Examaination

Nusbers :ndicate runber of rets at response level.

2/ Narmal, 10 or less cells; codarate, 10-100 cells;
exceasive, > 100 cells/field (x 430). )

b/ Normal, 3 or less cells; moderate, 5-15 cells;
excassive, > 25 cells/ficld (x 100).

2! Normal, none; moderacas, 1-5 crystals; excessaive,
> 5 cryscals/ficld (x 200).

0007-8WP-037017

0007-SWP-000115585



O

: = 2 i3
Protein: Negative 3 - IO
< 100 =3 % 1 1
AP L2 - TS
Microscopic Examinacion
RBCY: Normal 4 2 1
Moderats 2 H
—— e - ERECRSIVE e ae
WBLR/i: Normal 2 2 10
Modarate 2 2 2
——— o IXceESIVE o el e..
Epatnaitumd’ :  Nereal A - 12
Modurate
s 17 LT 13 L
' CryscalsS/: Nommal 3 s 22
. Modorate
) S & 2 1.1 VI G
ot Casts: Negative 4 “ 12

Positive

Bl I A e T T T T N e e

Nunobers incacate nunber of rass ac cesponse levei.
a/ Normal, 10 or less calls; moderste, 10-100 calls;
excessive, > 100 celis/fiald (% 44%0). )

B/ Normal, 5 or lass calls; moderate, 5-25 cells;
excesgive, > 25 cells/field (x 100).

&/ Normal, nona; moderace, i-5 crvscals; excessive,
> 3 ceystals/field (x 100).

Y4

L)

0007~8WP-037018
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TABLE 22 .

ewin?

SRINALYS IS OF Rl

11,927, 1A

= 2 3
Prote:n. Negative 2 3 . _
’ < 100 mg % 2 5 g
R - I S R S

Microscopic Sxaminasion

KBC2/: Normal 2 & 12
© " ‘Moasrste 2 '
e EXEOINIVE e mmcrm—e-
wacd: : Normal 1
Noderate 1 i

—em-oEéSessive _ _____2_ L ____
Epitheiiom3’: Normal - - :
Moderats
PR 5 LT 1} L3-S N S
Crysczaissi/: Norowal tZ
Modsrate
o XCASBIVE, L e e oo -e ;
Casts: Negative - 2
DURVERSISAIN -7 %4 5

T ———————————

Nusuers ipcicaze nurber of racts at response level.

a/ Normal, 10 or less calls; moderace, 10-100 cells;
excessive, > 100 callsrfield (x 440).

5/ Normal, 5 or less cells; modarats, 5~25 calls;
excessive, > 25 cells/field (x 100).

5 Sormal, none; moderace, i-5 crystals; excessive,
> 5 ecystais/field (x 100).
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TadLE 33 ' -t

SAD CONTENT OF WHlIZ 2158) ' o ) . B
_ .

o

Tzeat=one Veek — o
. ier s g L2 L
3)& i
d/ .
Control= 13,1 = 0.3 (:6)¢/
0.03% Lead C:toate 2.3=2.8(®
0.53% Lead Octoace ’ lba = 2.0 (DE/
2.05% Lead Octoata .5 = 1.5 (8)
0.42% Lead Chromate ‘ ) B2z lo
1.552 Lead Chreomace 2.0 = 1.4 (8)
12.43% Lead Chromate 19,4 = 1.2 (8)8/
66.03% Lead Carboraze ' .9 = 2.2 ()&
11.92% K35 Lesd Paint 23.9 = 1.3 (1RN/
* 3/ Values daleted due to contasmination.
. 5/ Tour values daleted due to contamination.
. £/ MNumber of rat bloods analyzed per §roup unless :adicated ocherwiss.
g/ Sixteen bloocd samples ware analyzed.
fZ) 2/ Averaga ug of lesnd/100 ml blood = scandard error of rumper of rats

in parenthesis.

Dna blood sample lost.

Significantly differens from consrol (P < 0.C5) as showe Sy Dumnest's
rultiple-cemparison cest followang sn analysis cf variance.

velve blood samples snslyvzed. o o ‘ R

| R (1Y
~N e

a/
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TABLE 24

LEAD COMTENT 27 ua07h : -
Sraatoent eek -
2:ef 2 3 i3
(8 @) (.2
Controld/ ad. & n.d. n.d. , T e,
0.08% Lead Octoate n.d. , a.d. . 8.8, , T
0.53% isad Octoace n.d. n.d. n.d. Yy
2.05% Laad Octoate n.d. n.d. n.d. .
0.42% lLsad Chrosace n.d. n.d. n.d.
1,952 Lesd Chromate e.d. n.d. n.d.
12.43% Lead Chromsca n.d. a.d. a.d.
66.05% Lead Cagbonate n.d. n.d. B.d.
11.922 NBS Laad Painc md. L. 0.2 =20.18 (7
S

A/ Nuaoer of brains snalyzed per group unless indicated otherwise.
b/ Eight btrains were snalyzed st & snd B veeks. venty-four breins ware
anslyzed at 13 veeks.

£/ Not deteczadble. Balow sensitivity of 0.07 ug/gm nf brain.
8/ Avarsge ug of lead/gp brein = scandard error number of rets shown in
ssrenthesis. ‘ S o '
-7
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saBLE 35

N ——
7 ghaen
ILS;“:-
Treatmont Week f
g et = s O =
()& ) (-2
; Controll’ n.d. & n.d. n.d.
0.08% leac Octcace n.d. ~ a.d. a.d.
0.53% lesd Octoste ond.  sd  nd,
2.05% Lesd Octoats o n.d. e.d, n.d.
0.42% Lead Chromace " a.d. ‘ nd. 7 nd.
1,85% Lead Chromate n.d. n.d. 8.d.
12.43% Lead Chromate ) n.d. n.d. : a.d,
66.05% Luad Carbonate n.d.” Ted. Ll a0.68 (D)
1.92% N3S lead Painc n.d. n.d. 0.4 =0.1 (9
&/ Number of livers anslyzsd per group unlsss indiceted otherwiss, )
- b/ Eight livars ware snelyzed at & and 8 weeks. Twvanty-four livers were
; analyzed at 13 waeks. ‘
- &/ Not detectable. Below sansitivicy of 0.07 ug/gm liver.
r 4/ Values are average ug of lesd/gm liver = standare error of number of
zats showh in parenthesis.
-8 i
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TABLE 16

LZAD CONTTNT OF USONSY

Ireatment eet 1
Siet - 3 e 0
3 va,
(=) (=) k-xl SI‘
Cantroly n.d.sl n.d. n.d.
0.08% Lead Octoace n.g. n.d. 238 (D t
0.53% Lead Octoace n.d. , n.d. 0.38 (1) .::.;:"‘,':f:“
2.05% Lead Octoace n.d, a.d. 0. =0.1 () PR
0.42% Lead Chromate a.d. n.d, e85 (1) R 3 <)
1.95% Lead Chrosace a.d. 4 a.d. Bt s‘:_.“:—-—- 'i‘é%_n:
12.43% Lead Chrozate n.d. n.d. ¢ 0.4 = 0.0 (3) X R 43
66.05% Lead Carborate a.d. nd. 23202 TN
11.92% NBS Lead 2ainc n.d. 1.6 = 0.8/ (&) 196 = 0.1 (12) ey

1
P2

4/ lumber of kidneys analyzed per group unless otherwisse indicated. )
b/ Eight Ridneys vers anslyzed at & and 8 veeks. Twentv-four kidnevs vare = z
analyzed at 1] weeks.
&/ Not dstectabls, 3slov sensitivicy of 0.07 ug/gm kidney. Cm
7 %5 Values arw ug =f lead/gnm kidney or aversge ug of lead/g= nidney =

A standard erzor ¢f nuzber of ‘tats in parenthesis. 0“"

\\ , ) n’ﬂS'

I\.
_ .
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D TABLE 37
LTAD CONTENT OF BONE (FEMVR)

~Tedtment Week

: iet s & =2

()2 (&) ) /
Controil’ 1.68/ (1) 3.9 = 0.4 (8) 3.2 2 0.2 ()
0.08% Laad Octoate 3.1 () 6.2 « 0.6 (& 3. 20.3 (.2
0.53% Lead Ocroate n.d. 8/ 3.9 20.2 (3) 3.1 =290.2 (L2
2.05% Lsad Oceoaca n.d. 3.0 £ 0.7 (&) 3.9 =20.%5 (L2)
0.42% lead Chrocate 2.9 (L) 2.6 £ 0.9 (&) 18 =06 (12
1.95% Laad Chrosate 0.9 (1) 1.8 £ 0.2 (4) 4.120.5 (1)
12.43% Lead Chrozate 3.3 (1) 3.1 = 1.1 (3) 3.5°2 0.5 (10) o=
66.05% Zead Carbonace [13.0 = 4.1 (&) [6.0 2 2.1 (0¥ JA.7 =z 2.0 )@
11.82% NBS Lead Paicc 4.9 % 1.5 (&) 20,6 (ff 0.9 =c.9 L8

) supber o5 bones analyzad per group unless indicaced otherwise,

- b/ Zight bones vere analyzed at 4 and 8§ weeks. Twentvsfour bones were
analyzed at 13 veaka.

Values are ug of lead/gm bone or sverage ug of lead/gm bone = standard
srror of number of rats in psrenthesis.

! Nct detectsbie. Below sensitivity of 0.+ ug/ga of bone.

. Significantly diffezant from conzral (P < 0.5) as showa by Cunnest's

multizie cempari.son test following an analysis of variance.

(]
~
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At 8 weeks, the femurs ci rats ied the concrol, lead octoate or
-~ lead chromate ciets contained similar guanctities of lead, zanging fT on ..e-
} 4.2 ug lead/g= bone. Lead contesz iz the femurs : ) f
and ;1. 62% N3§ crigos weze (0.U AnE .3.- .2 II .3

- B0Lr o L RE S gE ePg SoonsRiE3RT. v S23U9 U0
—
. After .J weeks, the vats fed lead oe: sate or iead chromate had ro
- _w*
more lead :in thnelr famurs then a3 & w88KXs ang o NPT TR 14

than 2nose i ine sontvol group. he §6.05% lsag carhorate 3roud exnidis Ted
SBo Nighe? .#VELS OI 820 in cheir Jemurs \1i.7 uj iead,gm oone) ChAn At

»
8 weexs. The l1.92° NBS lead paint grwp had iess iead in thair ‘cmtl (10.9
ug lead/gn bone) nan 3t 8 veaks. Th la in both of th
vare sembt significantlv goeater

The nll:wn orun veights of the :ayroid. lpkun. heare, «idncys.
liver, acrenals, bdrain and gonads ave shoun in Table 38. The Dunnett's '
ault:ple-compsrison test showed zhat none of the relactive organ weights dife

. fered from control values.

The pathology of rats fad the control, 2.05% lead occtoate, 12.43%

@ lsad chromate, 66.05% lead carbonacge or 11.92% NBS laesd paint diecs Zor 13

weasks is shown in Tables 3(9-‘-':‘3."1;a cogcrol rats had a few naturally ocecurring

lesions, Fourteen of these va n‘f d co moderate lympnoid hyperplasia 12

the lungs, characteristic of sarly minuts ppntumonia. One of these rats had

a moderate pncumonia and another one a aild cmphyum. ,

fOthcr leszons 1acluded an unspecific mvocardi:u in t@o rvets; foci

cf subacute inflasmation in che liver of ctvo cats; & cross-seccion of 3

parasite (roundwerm) in the colon of one rat; and foci of mononuclear cell

infilcration in the kidneys of twe rats. Ths bons marrow avc.ndlew:arnd

ceil ratios (M/E) of all rats !uu within neml limics.

i

Y

The lesicns obsagved in rats fed the 2.03% lsad ocioace die: wvers ‘/)
5ipilar o the lesions Seen in Sha Esatrol rits. Seven out of che 12 racs(y 8.3
hae ziid 20 soderata lymphoid hyperslasia 1n zhe lungs and one had =iléd

sneuzonis,. Four rats had mild so0f subacuce inflacmation :n thae liver ) ) __':'. .
characterized by a loss of saversl hepatac cord cells which were replaced by -
sacropasges and lymphocvtes. Anothsr Tat had a foc inflamzacion in the

- 1nZerstieial tissue Of tha pancraas. The M/E ratios of tness rsts were normal.

o
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The rats fe % lead chromate diet ha/l:ior-s gims )
@ the in the comtrol Carg. Seven of L2 rats(had miié to moderace
lymphoid hyperplasia, and one had wild preumonia. Only one rat had a moderate
unspecific myocarditis. The M/E racios were normal.

-

The lesions seen in the racs { lead ovaint diez
sips n0sc lasions seer ot . Bight of 12 rats (‘6-?"‘)
had different degrees of lymphoid hyperpiasia in the .ungs. In one rat
preumonia was evident, Unspecific myocarditis occurred in 2 rats while foci
of inflammation in the livar ware cbserved in only ene rat. The /L rat:ios
waze normal.

In conclusion, the pathology ssen in :h- :ontrol and ::u:od rats
wars cherscteristich Of these in & norma

o Lead—inguces Lesions wese ou
[

V. DISCUSSION

The levels of lead fed ro rats in the study vere sufficient to pro-

T duce significant elevation of body lead burden if the lead is in the form of
lead nitrace. i3/ If we squate the amnt of lesd consumed by tha aversge rat

@ fed the 2.052 lead”bctoste, 12.43% lead”chromste, 66.05% lead carbonate, and
11.92% NBS laad paint diets to a 14.6 kg (3-year old) child, we £ind that
the lead consumption would equal 28.6, 123.7, 303.0 and 113.9 mg of lead/day,
respectively. On the basis of a 22 lead paint, the total gun: intake would 7
be 1.5, 6.2, 25.0, and 5.7 gn/day. Daily ingestion of these quantities of / L
old psant have been reported to produce lesd pouonl.ng..l.y

There wers no changes in hematolegy, urinalysis or serus pretains
throughout the entire study. However, there was one effsct on porphyrin
mecabolism. As sarly a8 & wesks, rate fod either che 66.05% lead carbonste
diet or the 11.92% NBS lasd paiat diet axhidited $0% dapression of erythrocyte
AlAD activity. This effect appeared to ba directl tc a:cd 0 ths concentra-
tion of blood lesd as has been reported by others.i2 Howaver, there was
one exception, blood lead ia the 12.432 lesd chromate group became elmvaced
by tne 13th vask, but there vas no depression of ALAD activity. This dise
‘crapancy could be related teo tha duration of slevaced blood lead or ine 2ge
of :nn anizal vhen blood lead becomes elevated.

Even though erythrocyte ALAD vwas depressad 50%, the overall eifect .
on porphyrin metabolisn must be considered mild, since thare vas no concozinant o
change in che levels of proveporphyris (erythroevte), delta-aninolevulinit -
ac12 and coproperphyrin. Those observations ate comsistent with reports tsat
blead lecad levals graater than 40 ug/100 ml RBC arc noeded beiorc sericus
% changes i1n porphyrin metavolism pe:ur..l.i’

5! . . . | . ._:
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lead octosce ar
: AL this sire
laad uas found in the kidneys of one to three Tats O eseh o the ledd actoacs
and lcad chromate diets, and the blood lead ievels in tne 12.2J% lead chrorate

" group were significantly clevated. Since rats fed lesd nitrate show elevated

lead levels in blood, kidneys, bone and liver within 2 Unk{s..‘:?._/ :¢ apoedcs W
that the lead octoate and lead chromste were not cith ;iv absorred o
aval.iDi® 0T sdsorption, e s - i

.

Pathology was performed only on the rats that ware fed the control,
2.05% lesd octcece, 12.43% lead chromate, and 11.32% XBES iead paint diets for
13 wvasks. All of these rats ware relatively fres of iesions, and thosa lesions
which wers cbserved, occur nacurally 1n rac colonies.

V. concLus ;a;'g 9)"'“‘
reloh

chat £acs fed 0.

aint/feed) of old paint
concaining 11.92% lesd and carbonaca
exniditec early sipns or lead poisoning. 1hese sagns consisted of srythrocyts
ALAD depression (50%) and significant increeses im blood, kidney, bone, liver

and/or brain lead. Racs fed 3 diet consisting of 0.1% new paint f{ilw contain-
in 432 _lesd as lesd chromste exhibited on y _elsvacad b _e%_l._-“_gt_g__‘_
wasks of feeding. A ) aint containing <.0.5% land 48 lea

occoate produced no signs of lead :'ainm;ng.

The lack of any marked change in the body leed burden in chesa rats
suggests that very little lead vas absorbed from the gastrointescinal tracs.
Since chere i conaidersble evidence thac the rat c#n absord lea ;
forms, one sust conclude that the lead in the paint used in this experiment

was not resdily available for sbsorption. In gonclysien, she Tesules reporced

nerein supoorz the c [ hat d H [ !

This studv _shows

ip several
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Older paint formulations cantained soluble lead salts. Two
samples of paint chips represcntative of these formulaticns were fed
to Tats at 0,1% of their diets. One was suppl:icd by the National
Bureau of Standards and was removed from interise walis of o.der homes.
It contained 11.92% lead. The otaer wvas 3 formulazion cansaining
66,05% lead carbonatc. Both of these samnles reooduced classical signs
of lead poisoning in the rats, These signs consisted of erythrocvte
ALAD depression (50%) and significant increases in blood, iidney, bdone,
liver and/or brain lead.

! Newer paint formulations contain insoluble 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 octeate draer were also
fed to Tats at 0.1% of their diets. The only evidence cof toxicity or
effect on body burden appear in the rats fed the paim: contairang 22.43%
lead chromate. This consisted of an increase in blood lead, without
other signs of poisoning. Paint containing 1,.95% lead chronmate and paint
containing 2.05% lead octoate produced no detectable changes in the Tals.

‘"

These studies show a marked difference in the toxicity of lead in
paint formulazions depending on the nature of the salt form and its
solubilaty, The lack of toxieity with paints containing I.0% lead chromate
or lead octoate undoubtedly is due to the lack of significant absorption
from the gastrointestinal-tract,

s L deed
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MODIFICATION CF C28T128* DISIUSSIan Teems

The levels of lead fed to rats in the study were sufficient 20 pro-
duce significant elevation of body lead burden if the lead is in the Torm
of lead nitrate.id 1f we touate tie anount of lead consuned oy the Sverage
rat fed paint chips containing 2,03% lead cczoate, 12.43% lead chromate,
66.05% lead carbcnate, and 11.92% NBS lead raint diess to a 15.6 kg {3-vsar
0ld) child, we find that she lead comsumptian would equal 28,6, 135.7,
503.0 and 113.9 ng of lead/day, respectively. On the basis of a 2% lead

paint, the total paint intake would be 1.3, 6,2, 25.0, and 5.7 gn/day asepsited, -
Daily ingestion of thuh,uar.tities of old paint_ havs been reported to

produce lead poisoning.is/ Ty skl Lead -

There were no changes in hematology, urinalysis or serun proteins
throughout the entire study. Houspe®, porphvrin metabolism vas séZective M/
as early as 3 veeks in rats fed either the 66.05% lead carhonate die: or the
11.52% NBS lead paint diet as evidenced in a 50% depression of ery 3
ALAD activity. This effect appesred to be directly related to the concentra.
tion of bYlood lead sas has been rcported dy o:heﬂ.l:.-'_’. Howswery thare was
ona exception; biood lead in the 12.43% lead chrosate groun became elevated
by the 13th week, but there was no depression of ALAD gectivity. This dis-
crepancy could be related to the duration of clevated blood lead or
of the snizsl when blood lead Decams elevated, B

Even though erythrocyze ALAD was depressed 50%, the overall effect
on porphyrin mezabolism must be considered nild, since thers was no :on:oaifm:
¢hange 1 the levels of protoporpnyrin (erythrocyte), delts-as:inoievulinie .
acid and coproporphyrin, These observations are consisten: with zepor:s that
blood lead levels greater than 40 yug/100 nl RBC are nneded before sewiwus
changes in porphyrin mstabolism oceur. 33/

FELR St s’

~

The body lead burden of rats fed psint containing lead ocioate o
lead chromste ewa no different from control until 13 weeks. At This time
lead was found in the kidneys aof one to three zats on each of the lead octoste ;
and lead chromate diets, and the blood lead levels in the 12.43% 1Tead chisdmate
group were significantly elevated. Since rats fed lead nizzate show e.svated
lead levels in blood, kidneys, bone and liver within J wegus e iz a_:pur:,/’ .
that the iead octoate and lead chromate wore mes sither 'Feadily absorbed o ‘podnaret
svailable for absorptien. A
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Complete gross and sicroscopic 3athology was performed on the rats ) .y

that were fed the control, 2.05% lead octoste, 12.43% lead chromate, and ' .
11.92% X3S lesd paint diets for 13 weeks. All of those rats were relatively
fres of lesions, and those lesions which were observed, occur naturally in ..

| rat colonies. 2, ) e tar Pb -4”‘" Ly
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PREFACE

This resort wes prepored ot Midwest Reseorch Institute, 425 Volker Boulevard, Komes

City, Missouri 4110 under Contract No, 62-W-62GC & NPC, MRI Project No, 3725-8,

“Lead Paint Ingestion Study.® The Research was sponsored by the Nationol Point ond
Coatings Association, 1500 Rhode lsland Avenve, N. W., Washington, D, C. 20005.
Royal A. Brown, Technical Directer, Nanonpl Paint end Cogtings Association wes the
project menitor.

The research was conducted in the Biological Sciences Division, under the direction of
Dr. W. 8. Howe from | Decembar 1972 through 31 July 1973, Dr. Thomes R. Castles,
Principal Pharmocologist, wes the principal frwuﬁw, eusisted by Dr. Joime Sonyer,
Associore Pathologist, and Mrs. Jore Hoch, lTelogr Ressarch Assistont. Dr, Jomes L.
Spigoralli, Senior Chemist suparvised the lead ‘onalysis with the ausistance of Mrs, Hope
M. Miller, Assistant Chemist,

. .
Members of the Naticnal Paint and Coatings Association Industric! Metals Task Force
prepared the paint chips and conmsulted with Dri>~Castls, Sorwer, Spigarslli and House
during the courss of the study. The persennel of the NPCA Indusirial Metais Task Force
is o3 follows:

The Sherwin Willioms Compeny - Chairman
The National Paint & Cootings Assaciotion
Hercules, Inc.

Celanese Cootings Co.

Glidden<=Durkee Division of SCM Corporation
Cootings Ressorch Group, Inc,

Pratt and Lambert, Inc.

E. I. duPont de Nemours & Co., Inc.

The Flood Company

Da Scto, Ine.

Richord A. Mocre
Royel A. Brown

Dr. John P.Frawley
Chariss M. Jockson
Joseph G. Kingston
8, Sidnay Louren
Williom W, Ringle
Edwin £, Swain
Jeon P. Tees
Domenic J. Teuori

Avproved for:
IAIDWEST RESEARCH INSTITUTE

W. B, House, Director
Biological Sciences Division

14 September, 1973 .
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SLIGHT MODIFICATION OF CASTIZS' CONCLUSIONS

This study shows that zats fed 0.1V diet (paint/feed) of old
paint conzaining 11.92% lead and new paint containing 66,05% lead as
lead carbonate exhibited early signs of lead poisoning, These signs
consisted of erythrocyte ALAD depreasion (S0%) and significant increases
in dlood, kidney, bone, liver and/or drsin lead. Rats fed & diet cone
sisting of 0.1% new paint film containing 12,33% lesd as lead chromate
exhibized only elevated blood lead after 135 weeks of fecding, A sinilar
diet of new paint containing 2.05% lead as lead octoatc produced no
signs of lesd poisoning.

The lack of any marked change in the body lead burden in these
lead chromste and lead octoate ssts f£ad psint containing chromste and
octoate sujgests that very littie lead was sbsorbed from the gastro-
intestinal tract, Since there is considerable evidence that the rat
can absorb lesd in severa) forms, one must conclude that the lead in the

form of lead chromare and 1sad octoate and incorporated into psint was not -

readily available for absorption. In conclusion, the results resorsed
hereirn suncort the contention that lesd is no2 rpadilv 3asorce
T T EE T P P e ez e
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