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Theﬂmlgratlon of lead from pamt
inthe rat gastrmmtestmal

tract
By? J.e. Gag‘c and B, H.‘ Litchfiald

impenal Chemical industries Lid., ind strial Hygi Research Laboratories.
Algeriey Park, Cheshis

S«nmnn . ’
The rugration of lcad from two point films dunng theif pUNNIgS |hmu'h the rdt gastre
imesunal tract has been invesugaied. Both paints contamed 2 per sent kad on the g tim,
ong as lead naphthenate and the other as lead Drets I per cent of the
© dried filme were adminisiered to groups of rats for a 12 week ponnd; other sroups raened
diets contarming 180 m-leldulmdnumhame.andm 50 and 100 powm kad o e
atrae. All-groups-of rais remained in gond heaith. Lead dercrminatinas were made at mtenvah
- on samples of bone, bised, kidney, liver, bile and unine. From s comparison of ihe analyinal
tesulis it has been dedurad that abouwt-ons-half of the lead in the-tead-naphthenate paint, and
about one-quarter 1n the lead chromate paint, migrates from the film under the evpenimental
conditions. It is conciuded that the present regulations controlling the icad conient o paints
mended for surfaces accesible te children gre adequate (o prevent fulure c:«s ol lead poron-
mg from the ingestion of paint film.

’ Key words -
Types ond elasses of couting Priwe pigneents
alkyd coaring chrome prangs
‘Pﬂiﬂl‘ubﬁllm—ai"u'}: Progerties primorily essucwied wuh m.m-mk
cabalt drier . ’ in generel .

laa naphihenate toxisity

La mngraﬁon de plomb & partir des feuvils de pomtuu dans le canal
gastro-intestinal de rat ’

- Régumié

. Ona etudié 1a migratien de plomb a partir de deux feuils de peimure pmd.m leur passage 3
traxers ko canal gastro-intextinal de rat. Les deux peintures conticnnent 2 pour cont «de plomh
dans e feuil «c, Pune sous forme de naphténate de plomb ot autre comme chronale de
plomb. Des rigimes contenant 1 pour cent de (ouils ve03 ctaient doancey Jut Broupes Je ran

- penidant une péricde de 12 semaines. d’aUIFEs FrOUPES FECTVANEAL e TCRINCS Conicnant HEY |
‘marties pour million de plomb comme mpmemu de plomb. ct de 20. 50, &1 100 partics pour
nullion de plomb comms nitrate de plomb. Tous les grouncs Je rals AMIKAL on honne sane.
On a determme, par uncfv.nlla. ia teneur sn Momh aux eohantilkns d'os, g rom, e,
mi¢ &t uring. Par den analy o a adodet guiun pen wes o a
Mtnammhmlmtmwmnmnummdu quart Jo plomb - C
daes Ia migrater sous les conditions ummnemab.

U iemche gise la regimTmIs: guuvernam la lonewr on ¢ b des JSM S Jud
surfaces sesevbiee Jux enfantd wont sellirants poer cviter a Fademir des can  taxscition far
e b ‘hmdcr tun des. funils ds poiniure,
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1908 ¢y uu.un'ms OF LEAD FROM PACNT FILMS

N ‘Das Wandars von Blei aus Amtnchﬁlmcn in den Magcn-Darmhanol . = .
7. . -von Ratten RS vo ol . <
P zuuminrnfa.\wnf - e - - - -

Dic Migranon. son Bl v swer Anwsichfilien  wahrend weincs Durchpnga durch den
NagentDarimiainal von: Ritlen wurde untersaciit. Bewde Faiben onthiclien 2. Prozent Biar
Trochingen ht) die one alc Blemaphithenat und dic andere als Bleichromat. Wahrend.
fwoviagen. Penoden wurden: Geuppen ven Ratten mut 1 Prozent- des Trovhentiims -
enen Didten gefuriert: andere Gruppen erhieiten Diaten mit 100 Tesien p.m. Blei als
1iénat-und 20, SO und WD Teilen p.m: Blei als Nitrat. Alle Rattengrupnen biieten
lothesimimungen surden in Zwischenraumen an Probon von Kauchen, Blut, Mere,
atle diwd: Unin vorgenomimen. Aus. Vergieschen der: analytischen Resultate wurde
L dasw etwa dic Halfie des Bieres in der Bleinaphthenatfarbe und étwa.qin Viertel ) .
uhmm-mavhe ‘unter Jon cuperimentetien Bedingungen aus Jem Film wonden. Es . .
sheert. shiss die ‘Nevichenden Bestimmungen fir die Komrolle des Bietgchaltes von - .
dfe fui Kimdorn zugingiwhen Oherflichen vocgesehen sind, gohugen, um 10, Zukunlt
‘WRavirgifiung durnsh; Ingeative von Famﬁlm 2u werhiien. -

Slurpnun coNnisa uwmx ek s mymn rp-m KPoic . ) . L

Pc nmﬂt
llcwm-u.-s MAFNOURT oMK SOYX | EDACOVIMIE  UMNOK ADN WX (PORORE -VEOEI
Y ACNM-ERUIC LR TRIET spac. O XBICKN COMEPIRAN-2 RPOUENTA Counud § CysoR
WHES, ORNI. U BNSE HIGTCHOROCIUNLCSECTOR CORN & 3DYras. § SADE XPOMOROXMEROND
BuNua: JeeTR COSPEANIn | NPIUSHT 3THK CYXNR MAGHOX J3SANICH TPYNNAM: EPMIC 8
1278 HEICAD: APYrwe fPYnRn KPNC NOAYSAAN INETY costmxaulys0 100 wacTeh na
COMHUS.  DUEE WAPTENOCONNUOBRSTON CONN N 20, 50.m. 100 sacvefl na MuARNGN
CONNMOBICTON ' cONN. - Bes rpynnu :pu: ocranu:s 30D0BNMN.
; TBOLNACCH WeNED ¢ 1] KOCTH, KPOB,
‘e wuoun. Cpa Mmmxsﬁtﬂmmmm .
. : -CONNIIA| B KPESKS: CODEPADWER um-onmuom COMk M OFCNO YSTEEPTH L L CoudT
EPICTE COACONBUEA: “MMTDMDYET M3 AACHEN nuuy:uollﬂ WYL N

. [ AEIBETEN . JXNOWENNE: TG CYWCCTOYIOUING TP . . ) -

,mduuanxpmxnpuﬁmﬂwmmmmmm : L

{he turn: of the cenury, .there has becn 3 progressive desrcase in-the
efice: of uccupational lesd poisoning. In 1930 there were 32 fatal cascs
10 the Factary Department, but none was reported over the period
) NmJ.nal cases fell from 233 in 1930 10 80 in 1966. Thesc improve-
have: been in pan due 1o ‘the enrnreemcnl of regulations und‘.r

Aall pmpomon of the mpomd cases are annbuuble to the applica-
m-cum.nmn; paints. There have, however, besn numerous cases of
stional lemd poisoning, mainly in clnldren. which are thought to
pm the ingestion of fAzkes of dried lead paints detached from treated
Chm"o alone. over the period 19591961, 429 such cases were
of which 6 were {atal®, Other cases have been reported by Chisholm - -
n*iund by Moncriell er af". This high incidence of poisoning may be T TiTEemT o m T
) ﬂie hngﬂ\ Iud content of paints formerly used for interior decoration and A
mhlc na\urc nfnld pmm iims. which renders possible their dlsm:egnuon : 7
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has also been suggested that young children are more sensitne o dead than

are adults®.

- With the object of pratecting chuldrcn the p.um ndustey gave o mlum.u-v

_dndertaking: 10. the ‘Mumstry of Health in 1963 that paint centamn
than l;jper cem Ie:ld on the’ dried. hlm should bear 4 warmag ladei s
i h be

‘in

| lc;xdl
ho

salt,and

othe gt ¢

muura ing " lhcse m.ucmls pm:mgd any n\L m lc.:d

This limitation- ewdemly does ot appl\ )
e el

ﬁq:onuinnng lead usa dmr and the other 3 Iéid pi

! a
adequare prolecuon Two puintsihave béen

. After rewe:;hm; 10 assess the welghl of :he paint hhn
pl: aced ini an oven at 90°C for three hours to render them brittic.
! paper ‘was similarly dried for use in the eontrol dict. The painted
iee papers were broken up and homogenised. in a smail volume
d 'the resulting slurry mixed with mait extract and corn oil and then
into the standard rat diet' to give a finat conceniration ol 1. per
the pellets. The rice paper contemt. Of the diet was about
and the same amount was added 1o the control dict. The dicts
‘ehromate and lead naphthemte films were lound by the
escnud below to cuntain 192uad 190 ppm lead respectively.
i cud nitrate the salt was added in aquenus solution;
s dissolved in the cum onl. The control dict was found

imient.

ewea by'chnldren. Subaequcmlx the libelbrig of surfuce

‘ vas contedlied by the Tovs (Safeny) Regutations

3 ‘theﬂlead comenm of the iilm 10 L i per cent. reduemg 1o
8.

pu lcanon‘ Fhe mumuon of lead from poivmers i the gustro-
U mct h been'studied: by incorporating. the ground polsmer nto the
{ measiir g lead in tissucs and excreta, and comparing the

f experiments in which a lead salt wids incorporated |
amounts’ of iead ﬂhﬂ“’b&d "n th two 3¢t m

m ithis mvesugmmn wis an uﬂ'-\\ hite ghvws finish based on an -
ml-modlﬁed alkyd resin. it-contained cobalt drier without lead. To one paruon
added Middle Orange Chrome pigment to produce approxmmitcly’ >
d in:the dried film, and to another portion was added fead
rief to produce approxnmnely the same-final lead content.
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- difference was observed between the growth and food intake of test and control

. the gu ts.

1968 ¢} - - mon.\ﬂun uF LEAD FROM PAINT FILMS 3 239

The “anintal cxperimignts were Mfurmed as previously deseribed®. The diets

were administered to groups of 30 young maie albino rats-lor 4 12 week peniod.

At ntervals animals were killed and sampies of hone, blond. kidney and liver
_vere taken for lcad dexermmamons Analyses of bile and 'urine were made at

# and 12 weeks: eurlier experiments with rats receiving lead salt diets had
show m TE .mpmrmhle amounts of lead ‘were excmed in hile e-u'lner than

iwieek

Th wemhl of the rais was measured at weekly nmervals uhmughout the

. eperiment aind. the food intakes were ‘recorded. At the end of the feeding

pcrmd blood - sumples were examined ‘for hacmoglobin ‘content.  packed ceil
voliinve,, white and dilferential ‘cell ‘cdunts, pistelet count,, and fur the presence - .
' ed cells. .md rcnculucnes Bore: nmareow was examined - fur punetate T
ha philia .md fur nmm:uure ‘red cells.

R . .

Thc drlem‘umtmn of Ivul g
The determination' of Iead in liver, ludney bone. bile and urine was made by
the methods ™ previously described®. Increased sensitivity in the method for
Hlnnd was achieved' by carefully evaporating a Sml sample to dryness with
2 ric avid and dshing the-residue at C. The ash was dissolved in Smi
i 10mE. SN hvdrochloric ‘acid and the lead was determined by the
larimetric imethod. The experimental diets were ashed By the method used
pong iand-the residue, was dissolved in 0.5ml- hvdm:hlonc acid and 0.25mi
i 10" 10mi with: water, The solution was polarogruphed
writing ‘Polarograph and Univector over the range
2 0.8 v. andithe peak heushls ub«amcd were compared with those of
ﬁmndard h..nl sulutions.

Rssmlls

The iconcentrations. of lcad found in tlu tissues, bile and urine of the test and
cintred rats throughout the expemnemgl period are shown in Tables 1-6.
lu all, eapeumenu the raws remained in good condition and no significant

animfals. Mo changés were observed in blood or bone marrow, indicative of
mrly stages of lead: pommug

The hsargtion of lead from lead solt diets .

and aitrare: Table'd shows little difference between the urinary excretion of
lby control animals, and by those recsiving the lead nitrate diets. even at
Righest. concentration. These results confirm an earlier observation that

ur;n.qrv exeretion 'in; the gat €anaot bc used as an index of lead released into

Thc concentration of lead in bone. kidney and liver tissue increased with
the -mse With kidneys and liver a rise is apparent within the first two weeks
and | jthe concentratica  remaing fairly consant throughout the 12 week
exmﬁamm . The accumulation in bone is siower and the concentration appears
o ‘mch an approzimately cungtait value at about 3 weeks. The concentration
of ]ajid;m the kiooy (Table 5) shows some corrsiation with the dictary concentra-

. -
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R  Tubde 1
Lenet comernt aif hanec: - fonmmey
. Weeks
Dt : - — e —
: - 24 3 w2
. Conarol 1LOB (IO 0.533(H  uddid) 08 UT3
Load sarrare . ) .
[ 20ppm . ‘0.80(2y 1.3612) 132 P 6% ed)
as P Wopm - 231442 3002 S a0
L Wulppm, . 81 12Y 6904 LA B4 TN
Lﬂdupﬁlhmam' . . - .
as Ph wppm i LU A0 AITID 62018
Chro-dt pogmient . T2461 ' L2 S0 4616
Naphihengte . .. 43 0 215D 93D T8N

Analytal results are enpressed as ug/g wet waight, and are the ARGAS of UCICTHIAUINNTS W

the number of ammmls mdumed in pefemheses.

able 2
l.udmmuflm
. ! ‘Weeks -
Dist -
o (K 2 4 : 12
Comret lo.-msuo, T 020(8) 1 00t4) 0271 022N
Lead mirate . i .o : -
U Xepmn . 0.54(2) . 0.7042 : 067(H - 0.7}
3P < S0opm . 0.99(2) ! LAB 1257 LIy
L 100ppem - o LS3) D 228D 1A LD
Load sopbrbeste L
as P 10Gppm o tOLGE) . LB LAY ' LS
Lewd points ! i
Chroma l | LOD() § 09D 105t u9Bed)
Naphihenaie . | Pina |l Taa o aia . oo
Amlmul FESUILS 37 CADrENIRd a3 wE/g WEt WeIgNL, AiG Gre 1he MEaRs O UCICITVINALIGAS Uit ‘
the awnber of animals indicated in parantheses.
Tobie 3
Leod eontent of liver
. ) Weehs
Dt ! . .
. A 2 : 4 L] 12
Contrel . 10,0843  Q.I12(8) , 0023 . 0B VD
Lowdd witraee H i B
20ppm S {02 | visny 02 e
an Ph SOppmm e 102342 | 022 ;. 0.H0Q) ; 03B
{ tippm . | Q3 | 032 . 0T 0 03N
as P 1iuppen 1 | 0284 | 028(! 026421 03112
Leesad poimes i [ -
Chroms i YA | otk - 0%l 023
Naphihanate ! I 0232 ) 033y 030 - 0.32(h
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-
Tebic 4
. Lewd contont of wrine
. _ f o ' l‘duh diets s PY)
Week Comrdd g — l e M s , MO o

. Chrome
:ﬂmwnjxm[iunuml lmppnylp.pnenl ”‘"""“""f : S

9% 1260 CAA AN 101 (1) 138 18) 1.6 (30) ! IZZISOH 0.61 (23

0
4. o.7§r%) 0.641(8) | 093417); 0.1 (13)! .nrna._ P2 mm 886 (10)
0.73 120) e : ) ! ‘
CoLaae . b f |
0.67(!2] ! 01‘«'1’2) LI7416) .‘mzn lnun 1.66019)) 1.00(18)
12. 098¢ [ 1220300 ] 1.300200{ 1.37(28)| 135 26) - iom) 11340
oannm 1.03 (29) l ; ' : -

Resuits gre expressed as mnnm and esch i based on. mwm»mﬂmumd
ll\e rats. Figures nn parenthesss, uring volume (e ntmhﬂ.

raup,v ‘ ‘ ‘ S .

" : © Wetks - R o
‘ -0 b2 | e s 7w .
Comrol .. .. .. Q120001 0074 | 008(4) | 007 | O.11 s
Leod witrase . i o R |
Xppm L L, - 00942y | oo | 0122 ! o016
asbPd < Spom .. | i J ooy | en | 0122 | 02442
v lodgom . D | 00841 | 031(2:] 015} | 025(2)
Lewed naphthewne } H . : . :
as Pb . 100ppm | ! Cis) | 036.( cle@ | 018
Chrome pigment .. - .. | 0.40() | 005D | 005D | 0.13(2) .
Nepthemae . . 0 | awa | and | olom | o1 ,
Results are expressed as ug-mi, and are the immns of dessrminations on the number of animals
iﬂdhltﬂhmlm. . . .
Tabie §
Lrod consent of bile
l . : Lead salt diots (as Pb)
Week | Caontral " ’ Poiet dints
; - Lesd nitrats }mpmhcrmu

'Oppm . Soppm l' 163ppm ‘ 1000pm i
‘4 [0.016t16). - 0.083 () IOOSJ"ISI) O.l““ﬂ Qlﬂm 0.082(12.5)| 0.140017) » . - Cos T .
,o.onzuﬂ leaas 10.028110) . 0.2'“"15)' 0.1190 0.05) 20 | 0.130(16) X . PR,

12 [0.038¢1200.180011) | g.098 (1) 011N | 01140125 ommunom(m : ) -l
10,008 (19 *mm:mimuwlmmw ‘e.nmm | Josazy S e

Chrems  iNaghthennee
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administration of a diet containin
acnd radical doa not, therefom. affect zhe nmlab-lny of the lead

The aburption a/ lenlfm paint ﬁlm
Chromé pigment: The concentration of lead increases in ludnev- ~d bone during
the first two weeks: in the former. tissue it thereafter remat
throughout ‘the ‘experiment; and with the latter the. conmu..non continues
to rise until the eighth week. Thers is's: sh.ht increase in the lead content of
* liver, but the bioed concentration is ot sij
value. There is an lpwuuble cmuoﬂ
urine. is. megim )
Tbc amsunt of leld m*bom. hdney and bile of rats mccmng the chrome
Gt imnilar mlhnohwvedmthcrmonlhc*bppmleaﬂ

. €. GAGE ET AI.

. tion, but this is not 20 marked 28 it is in other lissues. Bile provides a sensitive

. index of iead absorption. though the correlation with d:eun congentrauion
is somewhat ‘erratic. (Table 6). . :

. Leed nphllmmr The concentration of Iud in the tissues. urine and bile of rats

‘receiving the lead naphthenate diet is. similar W that uvoserved afier the
an equivalent amount of icad nirate. Thz

nﬁcantly diiTerent from the control
had n. lhe bile but the amount in

” 1 ludklvy hdney borie and Ilm is much
ed with the chrome pigment paint. and it parallels the
on mm lead nitrate diet. This conclusion 18 supported

*lextent, by the blocd analysis. There is
coneent of urine in spite of the consider-
by me ;mlmcni results on linue 3nd hile.

| i § rnm‘ has' shoon ‘that lhe dmlv average lcad
s l‘una. ‘children showing signs of lead’ poisoning afteri ingestion -
; s most of the lead ingested appears in faeces. it may
mukc ‘of in the region of S0mg lead is very dangeruus.
m availible for absorption. On the other hand.
ily intake of ‘1mg: soluble lesid salt in: the diet over
The present investigation has demonsirated
he lead naphthenate paint. and one-quarter
n:migrate from the film into the gut content.
t’ the two painks which, jmust be mpesxcd daily

Tdk?

Ihardﬁnulum-

S Y NN

h b e w

Mﬂmmﬂ M 150mg dive)

Wml- L3

02
8l

8nd surfocs srea (average singhe cost) of paisit comzining 2 per cent lead
wmm,mmwd-fmyerm\g dangerous.

-

Av-.un'!wml.mel.w
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to produce the thrashold and the dangerous lesd intakes. The observed migration
of lead from paint fiim & much greater than that recorded in carlier expenments
with: polymers®; this may be due to the much finer state of subdivision attained
with: paint - film: 1t i possible that the mechanical means used to disintegrate -
the film was much more efficient than the proczsses of mastication and digestion,
ind_ the migration figures achieved in these experiments may be in excess of
those encountcred ‘wheit paint flakes are ingested. - : o
The undertaking by the paint industry 10 limit the lesd content of finishes
for surfaces likely to be cliewed by children to not more than 1 per cent 1S
agreement with recommendations of the British: Standards Specification and
the American Standards Asscciation. The amounits of such paints which must
be ingesied to achieve the-threshold and toxic amounts would be about double

. the figures in Table 7. With coutings mmining fiot nore than 0.5 per cent lead

i conformity with the lstest Toys (Safety) Reguistions. the amounts would
‘b€ about four-feld. 1t is certain that thess figures indicats 8o hazard so long
as:the film is adherent for it would be impossible to ingest sufficient either by
detaching the flm manually or by gnawing it off the support. A greater lead
iitake would be possible if detached films were available for ingestion but,
even so. with paints of this type, there ssems litthe justification for the fears
expressed by Chisholm and Harrison, that poor maintenance of modem housing
with resullant accumulation. JT-many: layers of paints on ‘surfaces; acceasible
ta children, may in the future constitute o hazaed to small children. - ;

Techinical assistance in this investijation was provided by Mr P. B. Hall. We
acknowledge the co-operation of Dr D. G. Clark. who provided the bile-
cannulation preparations. o [

o {Recwived 4 December 1968
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Next month's issue
The Honorary Editor has accepied the following pepsrs for publication and thees
. are expected (O appase in the April mwe:
_“Extarior dorability of ceatligs,™ by J. £ Fulisrd. - -
“mim‘hbﬁhmm‘"bl."dﬁm
“Agrylic resing far indumriel chamien] coutings,™ by A. L. 1¥ompner.
“*The surface treatwent of plgmenia,” by J. L. Meillicr andl D. A. Plent.
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