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Abstract—The migration of icad from four polymer formulations during their passage through
the rat gastro-intestinal tract has been investigated. Dicts containing 1% of the fermulations
have becn administered to groups of rats for 4-5 months and measurements have been made of
the lead content in blood, bile and urine, and in liver, kidncys and bone. As a reference, similar
analyses have been made on groups of rats receiving diets containing 2, 6 or 20 ppm lead as lead
nitrate. Lead is poorly absorbed from rat intestine; with the diet containing 20 ppm lead it is
not possible to detect a significant increase of lead in blood, urine or liver. A significant risc has
been observed in kidney and bone, however, and bile is probably the best index of lead absorp-
tion. The greatest migration of lead into the gut from the polymer formulations was observed
with PVC containing 2-3%; lead sulphate, where the amount was equivalent 10 about 3 mg
1ead/g polymer. A more realistic assessment of the ingestion risk is obtained from the amount of
lead migrating per unit surface arca of polymer under (hese conditions; with the PVC formula-
tion this was in the region of 25 pgfem?, The surface area of this formulation ingested daily would
have to exceed 40 cm? before the daily addition of Iead to the diet would cxceed 1 mg, and this
area would be much Jarger in the case of the other polymers. It is concluded that the risk of fead
poisoning from ingestion of any of the four polymers is negligible.

INTRODUCTION

From time to time over a number of years there have been reports of cases of lead poison-
ing in children, thought to derive from the ingestion of dried flakes of lead-containing
paints from treated woodwork (Moncrieff, Koumides, Clayton, Patrick, Renwick &
Roberts, 1964). These observations, and the allegation that young children are more sensi-
tive to Jead than are adults (Greengard, 1966), have led to the suggestion that a tighter
legislative control should be exercised on the lead content of surface coatings and of other
materials that may be chewed or sucked by children. .

An excessively stringent limit on the lead content of such materials would present tech-
nical difficulties, as lead compounds provide the busis of cheap and efficient pigments,
stabilizers and polymerization catalysts. It is desirable that before any pew Jegislation is
drafted, an attempt should be made to ascertain whethier cursent formulations constitute a
real hazard. Four typical polymer formulations containing lead have been investigated
(Table 1); polythene contatning a lead carbonate pearlescent pigment, polypropylene con-
taining a Jead chromate-molybdate pigment, PVC stabilized with tribasic lead sulphate and
rigid urethane foam catalysed with an organic lead salt.

As a direet toxicological study of the incidence of lead poisoning in sxperimental animals
dosed with these formulations was considered unfikely to provide uselu] results, aninvesa-
gation of the migration of lead from these materials as they pass down the gastro-intestinal
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Table 1. Particle size and dead comtent of polymer formulati “weorporaie -t divts
Particles (%% Lead conlent
by mesh In
P et polymer in dict
Polymer a6 52 72 L.cad component [§8) (rpm)
Paolythene 45 3 125 Lead carbanale 0-4 40
PVC Tribasic lead sulphate 23 230
Polypropyleac 56 32 Lead chromate-
molybdate 05 50
Lead 2-cihyihexoate 0-07 75

Rigid urcthane foam

tract was undertaken. In general, studies on the migration of components from polymers
involve the use of simulated solvents under conditions which are likely to accelerate the
extraction, but a4 it was not possible to devise with any confidence extracting solvents which
would simulate the conditions existing in the various regions of the gastro-intestinal tract,
it was decided to study the migration directly by administering the materials in a finely
divided form to the dict of experimental animals, and then investigating the amount of lead
liberated during passage along the gut.

Rats were used in this investigation and the polymer samples were finely divided and
incorporated in the dict at a concentration of 1%. This was regarded as the highest concen-
tration which would not affect the nutritive value or palatability of the diet. It is known that
the bulk of lead in the diet is not absortad but is excreted in the faeces (Kehoe, 1961a), and
as it was not possible to devise an analytical method for facces capable of differentiating
between the lead contained within the polymer and that migrating from it, it was necessary
to use an indircct approach to the problam. A proportion of the lead in the diet is absorbed
into the circulation; part of this is re-excreted into the gut th - hithe bile e is stored in
tissucs and the remainder is excreted in the urine (Cantarow o srumper, 15 ). The amount
of lead in the urine, while not a direct measure of the amiount of lead migrating from the
ingested polymer, should enable this to be estimated, if it is compared with the urinary
excretion of lcad by rats on diets with known amounts of added lead. This approach has
been followed in this investigation, but as it is difficult to aveid contamination of urine by
lead in the diet or faeces, more reliance has bzen placed on the analysis of tissues and bile in
the comparison of groups of rats receiving the polymers or lead in their diets.

ENPERIMENTAL

Preparation of diets.  The fourpolysars investigated were supplied by Imperial Chemical
Industries Ltd., Dyestufls and Plastics Divisions. They were finely ground and incorporated
ata level of 1 % into standard rat diet, which, after the addition of 12% malt extract and 2%
maize oil, was formed into pellets (Clark. McElligott & Weston Hurst, 1966). The lead con-
tents of the samples and of the dicis are shownin Table 1. Three further diets were prepared
by incorporating lead nitrate into the siandard diet to give lead concentrations of 2, 6 and
20 ppm above the Jead content of the control diet, which was found by the analytical pro-
cedure described L_low to have an av-— ~e value of 1-5 ppm. This method was also usced to
check the lead content of the dicts at intervals throughout the experiment.

Animal experiments.  Young male zlbino rats of the Alderley Park SPF strain, initial
body weight 105-120 g, were used in thase experiments. The dicts containing lead nitrate
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and the l“ZAl‘()l’i:l‘S under investigation were fed for 4-5 1months 1o arove. of 55
the szl.mc time a group of control rats was maintained on i n()l‘nﬂx?dk‘{ At
experiment several control rats were killed, and the livers, kidne ble: {i .
were taken from cach animal for analysis. Similar lnC:lSUl”CHlCn[:;‘:’Crc x.n"fl' ) s
the test and control animals killed at intervals throughout the ;lurzliion :{f\lhvl‘] :.".-;\

At lhc'cnd of the experiment a pooled sample of 24-hr urine was collcclcd ‘f'o;)l]\flx-»l"u ais .
cach diet, and from another pair of rats in cach group a 24-hr sample of biAI"‘ Vi : rf.’ On'
means of.a polythene cannula cxteriorized at the back of the nccl‘< ¢ v taken by

The wc.lght of the rats was measured at wecekly intervals throunh.out the experiment, 4

the food intake of the groups was also recorded. N e experiment, end

lellm (lcte.nm'lmlion Ofk‘flf/. The recommendations of the Analytical Methods Committee
81 the Sloc;cty for Analytical Chemistry (1960) were followed for the destruction of tissues:
k'; met lod [:)f Browett & Moss (1.965) was used for the oxidation of urine and bile. Liver’
ﬂler:le;:r:wﬁ;nc \;/;:.re ashcdd ;)(vgrmght at 500°C, magnesium nitrate being used as an aid fo;

n of liver and kidney tissue. Blood was oxidized by a mix itri
ructio 2 z xture of nitric and
perchloric acids (3:2, by vol). Dicts other than ining PVC
s ). that containing PVC were ashed by
method used for bone. With the PVC diet thi i y e b
1 X his procedure involved large losses of lead, b
satisfactory resulis were obtained b idizi i i D * niteie and
0 y oxidizing wit i itri
peschlerie acids @111, by vab). g with a mixture of sulphuric, nitric and
byL:}?: X:;d;:.terlmli\;cdhccélor(i:metrically by the dithizone procedure (method A) described
ytical Methods Conmittee of the Society fi i i
¢ Y y for Analytical Chemistry (1959).
ghecks for blSl’Illl:.h were made throughout the study and in no case was any intzrtger:nc{
wete:atzd. ;l"hc smallest amount oflca.d which could be determined with reasonable precision
; as 1 corrcspon.dn?g to an optical density of 0-01 unit. The amounts of samples taken
or analysis and the limit of detection of lead in each are shown in Table 2

Table 2. Senlrilivily of analytical method for lead in
tissues, body fluids and diets

Lower limit of

Amount taken lead detection

Sample . for analysis {ngfe or pg/mly
Kidney 2g 015

Liver 10g 0-03

Bonc I6g 020
Blood 2ml 015

Bile 20 ml 0015
Urine 20 mi 0-015

Dict lg 03

RESULTS
lhz}l:i}c‘gtw‘:tcriixognolil:z;dl foi“-]d 1m the tissuc.s, urine and bile of the test and control rats
ang li:cr (Tnb!cqlipd © S)l 21’ D‘unolt_‘arc shown in .Tn‘blcs 3-8. The values for bore, kidneys
g iver mlu;cs. :MSLC;" \\c‘rtjllx)){w(ed to a'st;‘_llsncuAl analysis. The standard deviation of
e control vl G un’a e “) an analysis of replicate determinations, and the sienifi-
¢ differences hietween test and control measurements was assessed, using o confrot
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sample tuken at the same time as the test sample. Sip.  ant diffe.  <es (P <0:05) are ! Gans o .
marked in the tables with an asterisk. The significance of the differences between the Lest ‘ o E::ﬁ’ g o | EF [
values and the overall control mean was also caleulated, and values with P <005 are ’ AR N TlabtEs
italicized in the tables. This Latfer procedure does not take into consideration any systematic S @5;\’? :{ i ce=
fluctuations in the control values, bul it overcomies the ercor involved in having the control ( 2y é ; 5,:;( E - f
mean based on very few animals. ° -] = - 3
On both the test and control diets the rats remained in good condition and no significunt a SGQQ E -
dificvences were abserved between the different groups in respeet of growth and food intake. pa 2 é 5; Z:\; g ~ 3‘ =
= NN 3 g 2
~ g z
DISCUSSION - E 2 B 8
The absorption of lead from dicts containing lead nitrate ¥ ks é - 3
The figures in Table 6 for the urinary excretion of lead indicate that there is no significant 2 & 8 % ©
difference between the control group of rats and those receiving the diet containing 20 ppm i o E E 2 o g
lead. This suggests that the additional lead in the diet either is not being absorbed, or, if N S =) E 2 ¥ g
absarbed, is being re-cxcreted into the gut. Urinary excretion cannot, therefore, be used as _f- = a saas < Flzg P
an index of lead released into the gut. $18]~ |2 Ty : by § @ SoeL
The concentration of lead in the blood (Table 7) and liver (Table 5) also appears to be un- ¥ 8 © SdeS o 12 a2 5 'é': H
aflected by the concentration of lead in the dict or the duration of the experiment, although f 1% a a 'f,: ;, 5 _ . 2
the figures for blood are near the limit of the method and are not very reliable. With bone % % A 4 2 5 f§ z f .S’ i
(Table 3), there is an indication of an increased lead content from the lead-containing diets, K ° @ . < 515 b by £
though on account of the rather high standard deviation this only becomes definite with the Sty g a2 5 bt E -~ P
20 ppm diet. There is no evidence of an accumulation of lead in bone after the first week. E 5, C I3 i'_Ea_'I‘l g £ \§ ; 5 33’ <
Significantly high lead concentrations are also seen in the kidneys from animals on the 20 § \:3 oﬁ e 2 g E' i = a8 ;”: 3
ppm diet (Table 4), and here there is a tendency for the figures to fall as the experiment 3., (SN g £ g el ana g 2
proceeds, possibly due to a greater food intake/kg body v "t with th nger animals § ‘é" g@% £ E i;. § 59“’5 i §
and to the absence of accumulation of lead in the kidneys. &8 = e 2% 2|8 odS 2%
The concentration of lead in bile, although lower than in blood, can be determined with 18412 a8 (2 ¢ £3 & =€2513 8
more precision as the available volume is greater (Table 8). The 6 ppm diet produces an | 3 h{ Eg £ 3 5 = 8 gé .;E =
evident increase in biliary excretion of fead compared with the control, and the bile provides E‘ & © &g N ) SS& S S %
the most sensitive index of lead absorption. $ - E?SE E8. 3 888 -
The analytical results give an indication of the fate of diclary lead in the rat, at an average 3 22 € < S § " lgegz £ g3
daily food consumption of 20 g. On the control diet the daily intake of lead was approxi- [ 3 P -1 3 S558 fal ;/Z
mately 30 g, and of this about 29, was found in urine and about 1:6%; in bile. As there ) N ~ S’@EE\?QC gz = g8gsaac : %
appears to have been no accumulation in the tissues, the remainder may be presumed to have f - L2z gg £ ?o ‘_Jf' o a9y E =)
been excreted in the facces. With the dizt containing 20 ppm added lead, giving a total daily { 2 PN ZEw 3 SSoosoe | 0
intake of about 430 g, the figures for urine and bile were about 0-1 and 0-2 % respectively. ‘ £ - S‘S’S{ S § & ags § ;*O
These figures suggest that the absorption ¢ lead from the gut is very limited in the rat, and z a2 E e - 258 2 &:b >
as it is not proportional to the dietary concentration, absorption may be due to a mechanism > ‘g 5 eee g =z
other than passive diffusion. The low blocd concentration maintained is evidence against a o 1m S 5= ) 3 ? g
higher absorption masked by re-cxcretion into the gut by a route other than the bile, and it : g SEE g 5 #3
may be deduced that absorption of lead in the rat is Iess than in man, where gut absorption { . o E © ) 5:: g
is stated to be in the region of 10% (Kek oz, 1961b). ?;u §§ EgE g
. o5 Fe Sady
The absorption of lead from polymers QE - _JE:\U __‘ii.—é 3 N © gés
Polythene. . There is a significant increzsz in the lead content of bone towards the end of 2z 25 a s g E:?
rease in the kidneys. The liver shows an early E:f Sx = ;_‘
Zzzz2 E i3

the experiment, but no indication of any
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MIGRATION O LEAD FIOM PO VMERS

Table 8. Lead conteat of il af vals fed dicts containing
fead for 19 wh

Lead lovels in toominal

bict bile samples (mpgfmi)
Control 29(22) 28 (18)
With lead: 6 ppm 49 (13} 43 (14)
20 ppm 47(22) 59 (15)
With polytheie 55 (20) 42 (16)
With PYVC 96 (20) 114 (23)

With polypropylene 23(23) 35(9)
With urcthanc foam 31(i6y 20 (23)

Values listed are determinations on individual rats. Figures
in parcntheses indicate volurme of bile collected {inljrat/
24 hr).

Table 8. Extent of migration of lead from polymers in the gul

Degree of migration

Approx. equivalent of lead from polymer

dietary lead conen —_——

Polymer (ng/e) (mgfg) (ugfem?)
Poiythene 10 1 8
PVC 30 3 25
Polypropylene <6 <06 <5
Urethane foam <é <06 <5

lead as carbonate may indicate a difference in the properties of the lead salts or a difference
in the polymers. :

According to the work of Kehoe (1964), the daily ingestion of 1 mg lead over the basic
fead content of the diet for long periods, does not lead to dangerous concentrations of lead
in the tissues. With PVC, such a daily lead intuke would require the daily ingestion of poly-
mer with at least 40 cm? surface area, and with the other pelymers a much greater area
would be reguired. If ingestion does not occur every day, then the amouat required on any
one day would be correspondingly larger. As thess polymers arc indigestible, and will not
disintegrate in the gastro-intestinal tract, it is necessary to decide whether an individual
could daily masticate enough material to produce a surface area of this order. It can casily
be demonstrated that it is impossible by chewing to reduce these polymers to small picces,
with the possible exception of the urethane foam. This latter has, however, such a low lead
content that it does not present a hazard. It must be concluded, therefore, that the risk of
lead poisoning from these four formulations is negligible.
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A Note on the Semi-quantitative Estimation of Aflatoxin M,
in Liguid Milk by Thin-layer Chromatography
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Introduction

It is now well established that cows fed rations containing significant amounts of afiatoxin
B, excrete in their milk a metabolire, aflatoxin M, the toxicity of which is of the same order
as that of aflatoxin B, for ducklings (Allcroft & Carnaghan, 1963; van der Linde, Frens, de
Iongh & Vies, 1964; de Tongh, Vies & van Pelt, 1964; Holzapfel, Steyn & Purchase, 1966;
Allcroft & Rewerts, 1968). Methods for extracting this toxic metebolite from dried milk
: beenin >r some time and have recently been compared by Purchase & Steyn (1967).
e only recorded method of which we are aware for assaying the aftatoxin content of
liquid milk is that described by van der Linde e o/, (1964). In this method, methanol is
used for precipitation of protein and initial extraction of aflatoxin, followed by extraction
with chloroform and examination of the combined extracts by thin-layer chromatography.
Tn our haads this procedure has frequently resulled in incomplete precipitation of protein
and formation of persistent emulsions, especially when milk samples had been kept in the
refrigerator or deep-freeze for several days, or bad been reconstituted from dried milk.
Moreover, filtration of the methanol-precipitated protein was very slow; the completion of
one assay could somctimes take 48 hr.

By using acetone instead of methanol we found that a satisfactory precipitation of protzin
and extraction of aflatoxin could be obtained. The acctone-precipitated protein allowed
rapid filtration, gave little trouble with emulsions and permitted the usc of 100 ml samples of
liguid milk instead of the 50 ml recommended by van der Lindc et al. {(1964). The use of the
larger sample was desirable s we wished to detect the lowest identifiable traces of aflatoxin
M excreted in the milk

We have found that the following procedure affords a relatively simple and rapid means
of screening samples of liquid mitk for the presence of aflatoxin M,.

Method

Precautions should be taken at all stages to avoid undue exposure to light,
Extraction.  Mix 100 ml Hauid milk with 200 m! acctone in a 500 wt beaker and bring to

boiling point on a water buth. Cool for about 15 min te allow the precipitate to setile, and
filter through a 15-cm Whatian no. 41 filter paper. Wash the precipitaic twice with 50-ml

portiens of 70 %, acetone, combine the fittrates and remove the acetone by evaporation under
reduced pressure ¢

cold wfer the .
two

* steam bath until enly about 100 ml aqueous extract remains. When
ue to o 230-ml separating funnel with 50 m} methanol and shake with
suecessive 100-ml portions of petroleum cther to remave the fat. Extract the affutoxin
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