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ABSTRACT

Lead was measured in the milk o f lac ta tin g  women to determine 

whether quan tit ies  posed a toxico log ical hazard to the suckling in fa n t.  

Blood and ha ir  o f these women were also analyzed to es tab lish  a corre­

la t ion  with the lead in the milk and with the environmental lead levels  

of Tucson, Arizona. Three-day d ie ta ry  h is to r ies  were evaluated fo r  

th e i r  food composition using a computer program, and proximate analysis  

was done on each milk sample. Mean levels o f  lead in m ilk , blood, and 

h a ir  were found to be 23, 119, and 2,002 ng/ml (ppb), respective ly .  

These levels are not considered high enough to pose a th rea t  to the 

mother or her c h i ld .  The mean percentages of f a t ,  s o l id ,  moisture, 

pro te in , and ash in human milk were found to be 3 .16 , 12.15, 87.78,  

1.52, and 1.54, respective ly . Descriptive s t a t is t i c s ,  corre la t ion  

c o e ff ic ie n ts ,  and b iv a r ia te  (sca tte r)  p lo ts  were obtained fo r  a l l  data.



INTRODUCTION

A v a r ie ty  of environmental toxicants are introduced into the a i r ,  

s o i l ,  and water o f in d u s tr ia l ly  ac t ive  nations. In urban areas, for exam-  

ple^ lead is more densely concentrated ( i . e . ,  auto exhaust) and con tr ib ­

utes greatly  to environmental contamination. Man not only enhales lead 

but ingests i t  from contaminated plants and water. A po ten tia l  health  

hazard ex is ts  fo r  .lead poisoning because exposure to lead is continuously  

occurring. Children and infants are p a r t ic u la r ly  a t  r is k  since they may 

ingest large amounts o f lead while playing in d i r t .  Also they absorb 

more and excrete less lead than adu lts .

Many animal studies have shown lead to be transferred  from 

lac ta tin g  rats to th e i r  suckling pups. Although the processes are 

unknown, maternal lead stores ( i .e . ,  bone) become a v a ila b le  fo r  transfer  

and excretion via  m ilk . This route o f  lead exposure to the infant may 

be s ig n if ic a n t  a t  high leve ls . In human m ilk , lead has been reported 

to occur a t  low concentrations. However, i t  is not known i f  milk lead 

levels are elevated in women l iv in g  in urban areas. Therefore, more 

research is needed to determine i f  infants are being exposed to high 

lead levels  v ia  breast m ilk .
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LITERATURE REVIEW

Environmental Lead

The concentration o f lead in the environment has risen sharply 

since the advent o f the industr ia l  revolution (Hawkins, 1979). Lead use 

is an integral, p ractice  o f  in d u s tr ia l ize d  nations even though i t  is 

known to be a health hazard. The major use o f  non-recoverable lead is 

in the manufacture and app lica tion  o f  a lk y l - le a d  fuel add itives (World 

Health Organization (WHO), 1977). In the United States alone, 600,000 

tons o f lead are released into the environment each year (National 

Research Council (NRC), 1980; Ember, 1980). In urban areas, where 

sources o f lead are densely concentrated, the e f fe c t  o f environmental 

contamination is most evident. Unfortunately , there are few areas in 

the world where lead is a t  i ts  natural background level (NRC, 1980).

The National Academy o f  Sciences (Ember, 1980) recently reported that  

every member of the general population o f  the U.S. is exposed to e le ­

vated levels o f  lead in a i r ,  drinking water, and foods. Urban children  

who might consume leaded paint chips or so il with lead-laden dust are 

esp ec ia lly  a t  r is k  (C ava ller i e t  a l . ,  1981). Also a t  r is k  are adults  

exposed- to lead in the workplace as well as to the environment (Mahaffey, 

1977; Ember, 1980; Singhal and Thomas, 1980; K e lle r  and Doherty, 1980a; 

Gloag, 1981).

The concentration o f  lead in the a i r  varies w ith t r a f f i c  

density. The highest concentration is near busy roadways where houses 

or a g r ic u ltu ra l  crops may be located. Lead in a i r  is w idely dispersed



and varies from 2 to 4 yg/m3 in large c i t ie s  with dense automobile 

t r a f f i c  to less than 0 .2  yg/m3 in most suburban areas (WHO, 1977; 

B i l l i c k ,  Curran, and Sh ier, 1980). Gloag (1980) reported values as 

high as 8 to 10 yg/m3 in some metropolitan areas o f  high t r a f f i c ,  but 

stated that monthly averages were le s s .

The importance o f  environmental a i r  lead as a potentia l health, 

hazard to man can be fu r th e r  appreciated by noting i ts  increased 

absorption rate  in the lungs. Atmospheric lead is read ily  absorbed 

from a l l  portions o f  the respiratory  t r a c t ,  including the nasal pas­

sages. Of inhaled lead, 30% to 50% is absorbed by th is  route, and the 

amount is even higher when the p a r t ic le  s ize  is very small. In com­

parison, alimentary absorption o f lead approximates only 5% to 10% 

of the to ta l  amount ingested (Goodman and Gilman, 1975; Underwood,

1977; Morrow e t  a l . ,  1980). Children and infants are a more suscep­

t ib le  ta rget group because they have a higher in te s t in a l  absorption 

rate and a reduced e lim ination  rate o f  lead (NRC, 1980; Cavalier! e t  

a l . ,  1981). Recently The A u s tr ia l ian  Medical Journal (Anonymous,

I 98O) reported that the d a ily  intake o f  3 to 4 mg of lead would produce 

tox ic  symptoms in man in a period o f months; whereas, an intake o f

0 .6  mg per d could be to le ra ted  without tox ic  e f fe c ts  occurring. 

Unfortunately, i t  is not known whether low concentrations of lead 

over long-term exposure, as occurs from breathing lead-contaminated 

a i r ,  w i l l  cause chronic health e f fe c ts  in man.

. The absorption and metabolism o f  lead is con tinua lly  being 

studied because lead has no known physiological role in man (Cohen,

1980) and, there fo re , any concentration o f  th is  metal in the tissues



can be considered hazardous. Its  excretion rate is so low (Brown, 

Cherry, and Forbes, 1979) that only a s l ig h t  excess over the average 

d a ily  intake may resu lt  in a pos it ive  lead balance ( Goodman and Gilman 

1975). However, the exact point a t  which accumulation begins is not 

known. The amount o f lead in the body is based on the in teractions o f  

the o f fs e t t in g  processes— absorption, d is t r ib u t io n ,  storage, m obiliza­

t io n ,  and excretion . The complex responses with in ternal and external 

factors are not yet understood (NRC, 1980). A d d it io n a lly ,  a two-fold  

increase in lead absorption was observed in lac ta tin g  rats receiving  

2 mg Pb/1 o f  drinking water. About one-ha lf o f  the absorbed lead was 

transferred  to the l i t t e r s  (Momcilovic, 1979).

A f te r  lead is absorbed into the blood, i t  is d is tr ib u ted  to 

body tissues in accordance with tissue a f f i n i t y  (Green, Wise, and 

Callenbach, 1976). Organ s e n s i t iv i t y  for lead varies among species 

(Singhal and Thomas, 1980). Lead is gradually incorporated into the 

long bones where a considerable pool s ize  builds up, and whether or 

not i t  is tox ic  to the bone is not known. Singhal and Thomas (1980) 

suggested that the lead in bone may cause enemia by a defection in 

erythropoiesis . However, i t  is known that lead can be mobilized out 

of the bone during certa in  physiological s tates; i . e . ,  pregnancy.

The factors that regulate the m obilization  o f  s k e le ta l ly  stored lead, 

or how physiological stresses l ik e  pregnancy and la c ta t io n  a f fe c t  the 

balance o f  lead between tissues, is not known (NRC, 1980).



Pathological E ffects o f Lead

Monitoring the e f fe c ts  o f  lead exposure in humans represents a 

major public health problem. The focus o f a tten tion  has recently been 

on nonoccupational exposure to th is  environmental p o llu tan t because o f  

the large range o f  people who are a ffe c te d . Children in p a r t ic u la r  are  

considered an "at r isk"  group since they are exposed to many environ­

mental lead sources» i . e . ,  lead in a i r ,  food, water, p a in t ,  and pica, 

and because they have increased in te s t in a l  absorption (C ava ller i e t  a l . ,

1981). The m ajority  o f  c l in ic a l  manifestations of lead poisoning occur 

in children between the ages o f  1-6 years and, furthermore, a number o f  

cases o f  lead poisoning have occurred in adults as well (Mahaffey,

1977)• The e ffe c ts  o f  lead poisoning upon human metabolism can range 

from s l ig h t ly  elevated levels o f lead in the blood to encephalopathy.

One well-known e f fe c t  o f lead is the pathway of heme synthesis 

(Waldron, 1974; Mahaffey, 1977; Singhal and Thomas, 1980; Hsu, 1981). 

Lead in h ib its  three enzymes: d e lta -am ino levu lin ic  acid dehydratase,

coproporphrinogen oxidase, and ferrochelatase. As a consequence of  

decreased heme production, d e lta -am ino levu lin ic  acid (ALA) accumulates 

and is excreted in the urine. With lead in to x ic a t io n , there is a 

d ire c t  increase in urinary ALA (Singhal and Thomas, 1980). Moreover, 

overt anemia may develop before increased concentrations o f  urinary  

ALA are detected. One study showed that when blood-lead concentration  

in a group o f  young children increased from 37" to 100 pg/100-ml 

blood, the incidence o f  anemia rose sharply (Mahaffey, 1977)• However, 

a recent study done by Hsu (1981) was not able to determine how lead 

inh ib ited  ALA. The in h ib it io n  may be d ire c t  or mediated by metabolic



changes in g lutath ione reductase (GSH), an enzyme necessary for the 

ac t iva t io n  of de lta -am ino levu iin ic  acid denydratase.

Another known e f fe c t  o f lead in tox ica tion  occurring p r im arily  

in children involves the central nervous system (CMS). The CNS e ffe c ts  

o f lead poisoning are those p r in c ip a l ly  responsible fo r  the morbidity  

and m o rta lity  in humans. In acute cases neurological symptoms 

(encephalopathy), such as a ta x ia ,  clumsiness, weakness, stupor, coma, 

and convulsions, may be present (Mahaffey, 1977; Singhal and Thomas, 

1980). One fac to r  in some o f  the neurological manifestations of lead 

to x ic i ty  is thought to be the in h ib it io n  o f  adenylate cyclase by low 

levels o f  th is  metal (Ewers and Erbe, 1980). Unfortunately , the mini­

mal blood-lead concentration necessary to cause encephalopathy is not 

c le a r ly  documented due to the wide v a r ia t io n  found among those 

a f f l i c t e d  ind iv iduals .

The least understood e f fe c t  o f  lead on metabolism concerns the 

kidneys. The renal system's re la tionsh ip  with nephropathy and lead 

to x ic i ty  is s t i l l  being debated (Waldron, 1974; Mahaffey, 1977; Singhal 

and Thomas, 1980). Long-term studies suggest that exposure to lead in 

childhood may resu lt  in renal malfunction la te r  in l i f e  (NRC, 1980). 

However, evidence is sparse.

A case study by Qazi, Madahar, and Yuceoglu (1980) described 

an in fant exposed in utero to high levels Of lead who was found to 

have chromosomal breakage. The frequency o f chromosome breaks, how­

ever, decreased with age, and the neurological examinations given 

la te r  were w ith in  the normal l im i ts .  Qazi e t  a l . concluded that  

although the fe ta l  c e l ls  were more susceptible than adu lt c e l ls  to the



tox ic  a f fe c t  o f  lead, the abnormal c e l ls  would be replaced by normal 

cel Is w ith time.

D ietary Implications

Experimental studies indicate that the n u tr it io n a l  status of  

people may be an important m odifier in lead absorption and i ts  toxic  

e ffe c ts  (Cerklewski, 1980). For example, low concentrations of p ro te in ,  

calcium, iron , selenium, z in c ,  and vitamin E in the d ie t  exaggerate the 

tox ic  e f fe c ts  o f lead in rats and possibly in humans. In p a r t ic u la r ,  

lead absorption has been shown to increase in rats when d ie ta ry  iron 

was decreased (Kostial and K e llo , 1979), or when vitamin D was increased 

(Hawkins, 1979; Cerklewski, 1979; NRC, 1980; Hart and Smith, 1981).

These responses are thought to occur by competition fo r  receptor s ites  

in the in te s t in a l  mucosa (Hawkins, 1979).

Investigations have shown that iron deficiency in rats enhances 

lead to x ic i ty  as evidenced by increased lead concentrations in tissues.  

Suzuki and Yoshida (1979) tested whether iron and ascorbic acid had pro­

te c t iv e  e f fe c ts  against moderately long-term exposure to lead. They 

also investigated the curative  e f fe c t  o f  iron and ascorbic acid on lead 

to x ic i ty  in rats which had previously received high intakes of lead. 

Their results showed that d ie ta ry  iron and ascorbic acid had preventive  

e f fe c ts  on lead to x ic i ty  as measured by growth retardation  and anemia. 

However, these two d ie ta ry  factors had n eg lig ib le  cu ra tive  e ffe c ts  on 

rats previously exposed to lead. Apparently iron and ascorbic acid pre­

vent lead to x ic i t y  by in h ib it in g  i ts  absorption; however, once the lead 

is absorbed, they have no e f fe c t  on reducing accumulation o f  lead in 

t issues.
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Furthermore, Kostial and Kello (1979) studied lead b io a v a il ­

a b i l i t y  in rats fed "human" d iets  by measuring the whole body retention  

of radioactive lead a f te r  a s ingle oral dose. They fed the rats v a r i ­

ous types o f  foods normally consumed by adults or in fan ts . Their 

results showed that the highest amount o f  lead was absorbed (17 to  

20% o f  the i n i t i a l  dose) when the rats were fed cow's milk and f r u i t .  

The researchers speculated th is  high absorption was the cause o f  low 

iron levels  in the d ie t .  They also found that absorption rates of  

rad ioactive  lead were 3 to 8% when other types of human d ie ts  ( i . e . ,  

baby foods) were used. Kostial and Kello concluded that the absorption 

values found in th e ir  study closely approximate the known 10% absorp­

tion rate found in humans. This study fu rth e r  indicates that the bio-  

a v a i l a b i l i t y  o f  lead is dependent upon d ie ta ry  habits .

A study by Cerklewski (1980) found that undesirable quantit ies  

o f lead could be transferred  to the newborn ra t  via la c ta t io n  as a 

resu lt  o f  maternal lead exposure. M ilk - lead  concentration was reduced 

34% in rats receiving add itional d ie ta ry  iron (30 or 150 ppm) plus lead 

as compared to the controls consuming low iron plus lead. Also, the 

lead concentration in the maternal ra ts '  blood and l iv e rs  were markedly 

as shown in Figure 1. This study showed the pro tec tive  e f fe c t  o f iron  

on reducing lead in l iv e r  by 44% and in blood by 54%. Therefore, the 

magnitude o f  the mother's lead exposure could be s ig n i f ic a n t ly  in f lu ­

enced by her present iron status. This e f fe c t  may have c l in ic a l  s ig ­

n ificance fo r  women who are occupationally or environmentally exposed 

to lead and simultaneously iron d e f ic ie n t  (Cerklewski, 1980) .
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On the other hand, a low d ie ta ry  calcium intake in lac ta tin g  

mothers may increase lead m obilization  from bone and cause an increase 

o f lead secretion into the milk (K e lle r  and Doherty, 1980b). A s ig­

n i f ic a n t  f ra c tio n  (25%) o f  the i n i t i a l  maternal dose (absorbed dose) 

was transferred  to the suckling pups (K e lle r  and Doherty, 1980a), 

but the physiological processes and parameters are s t i l l  unclear and 

need fu rth e r  investiga tion .

The re la tionsh ip  between lead in whole blood or plasma and the 

lead concentration in milk is not known. K e lle r  and Doherty (1980) 

studied lead and calcium d is tr ib u t io n s  in blood, plasma, and milk of  

the la c ta t in g  mouse. They administered radiolabeled lead (both in tra ­

venously and o ra l ly )  to la c ta t in g  and nonlactating female mice and 

determined lead concentrations in whole blood, plasma, and milk during 

a 21-day period. A s izab le  d iffe rence  in lead e lim ination  was observed 

between the two groups. In the la c ta t in g  group, 25% o f the i n i t i a l  dose 

was transferred  to the suckling pups. The concentration o f  lead in 

the miIk-to-plasma ra t io  was constant over time. The rate o f  lead 

elim ination  in the la c ta t in g  mice was increased compared to the rate o f  

e lim ination  in the nonlactating mice. The results indicated a physi­

ological process which established a high miIk-to-plasma ra t io  of lead 

concentration. K e lle r  and Doherty (1980a) also noted a s im ila r  calcium 

concentration r a t io .  The researchers concluded that plasma lead con­

centration was a more accurate index fo r  the estimation o f  lead in milk  

than whole blood. However, blood lead is s t i l l  the p referred  indicator  

for lead exposure. K e lle r  and Doherty's work provides fu r th e r  evidence



that a common mechanism or pathway may be involved in the accumulation 

o f lead and calcium in m ilk.

Other researchers have studied the e ffe c ts  o f  d ie ta ry  zinc upon 

rats during pregnancy and la c ta t io n .  N u tr it io n  Reviews (Anonymous,

1980) published a study demonstrating that zinc has a p ro tec tive  e f fe c t  

against lead poisoning. The study investigated the e f fe c ts  of d ie tary  

lead and zinc in pregnant rats and found that zinc had a protective  

action against lead fo r  the fe tu s , but not fo r  the mother. Cerklewski 

(1979) also demonstrated a p ro tec tive  e f fe c t  o f  d ie ta ry  zinc on lead 

t ran s fe r  from mother rats to th e ir  o ffs p r in g . M ilk  lead concentration  

was reduced as re f lec te d  by a 15% reduction in pup t ib ia  lead concentra­

t io n ,  a 20% reduction in in h ih ib i t io n  o f  pup l iv e r  de lta -am ino levu lin ic  

acid dehydratase a c t i v i t y ,  and a 31% reduction in pup blood porphrin. 

O vera ll,  the results  indicated that the n u tr it io n a l  z inc  status of  

la c ta t in g  rats can reduce lead to x ic i ty  in o ffspring .

Another aspect o f d ie ta ry  implications in lead poisoning deals 

with children who practice  pica. Approximately 50% o f  a l l  children  

bewtween the ages o f  1 and 3 p ractice  p ica , a perverted appetite  for non­

food items such as clay or paint chips (Johnson and Tenuta, 1979). This 

practice  can resu lt  in lead poisoning from the high concentration of lead 

ingested in the d i r t  (Johnson and Tenuta, 1979; NRC, 1980; Singhal and 

Thomas, 1980). A recent theory proposed that a ch ild  d e f ic ie n t  in c a l ­

cium may discover that lead re lieves  some of the defic iency symptoms, 

therefore making the practice  o f  pica a rewarding experience. This 

theory has been demonstrated in ra ts ;  however, one can only conjecture  

as to i ts  relevance fo r  humans (Johnson and Tenuta, 1979).
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Johnson and Tenuta (1979) evaluated the p o s s ib i l i ty  that  

calcium defic iency in children leads to pica. They evaluated the 

diets o f  43 children and compared them with the ch ild ren 's  blood levels  

o f  lead and to th e ir  practice  o f  p ica. They found that the children  

who consumed fewer servings o f  m ilk , and who also consumed the lowest 

calcium d ie ts ,  were the children who had the highest blood levels of  

lead. In fa c t ,  pica was more prevalent among children with high levels  

of lead in th e i r  blood. Although resu lts  from th is  study suggested 

that low calcium intakes by children leads to pica, the d ie tary  data 

were in s u f f ic ie n t  to conclude that there was an i n i t i a l  defic iency o f  

calcium in these children (Johnson and Tenuta, 1979).

In conclusion, ind iv iduals  whose d ie ts  are d e f ic ie n t  in certa in  

essential nutrients  such as iron , calcium, and zinc are thought to 

e i th e r  absorb more lead or to mobilize more lead from the bones (NRC,

1980). In e i th e r  case, lead in milk may increase. The research in 

th is  area is very important because of the possible detrimental e f fe c ts  

of lead exposure to fetuses and breast-fed  babies (Singhal and Thomas, 

1978; Kellman and W alter, 1980; Alexander and Delves, 1981). The 

tox ico logical s ign ificance o f  lead in milk is evidence by ra t  pups who 

become encephalatrophic a f te r  being exposed to lead from la c ta t io n .  

Often there is no indication, that the mothers have large amounts of 

c irc u la t in g  lead in th e i r  bodies since no c l in ic a l  symptoms are observ­

able (K e lle r  and Doherty, 1980a, - b ) . The implications may be serious 

to humans for the following reasons:

1. The environmental a i r  levels  o f  lead in urban areas may pose 

high r isk  fo r  long-term exposure.
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2. Women who are pregnant or la c ta t in g  may mobilize high levels  

o f stored lead that can lead to to x ic i ty  in the neonate or in 

the in fant while  the women themselves are unaffected.

3. The combination o f  lead from m ilk , a i r ,  water, and food and/or 

pica may simply overwhelm the young c h i ld 's  system and cause 

lead poisoning.

Problems in the Assessment o f  Lead 

The problems encountered in assessing lead are two-fo ld . A 

bio logical measurement must be made that is e a s ily  accessible and a 

good ind icator o f  body stores. The other problem l ie s  in the method­

ology used to analyze the lead content in the b io log ica l m a te r ia l .

Biological Measurement 

Total body burden o f lead in humans is determined by surrogate 

measures such as lead levels in blood, u r in e , feces, tee th , m ilk , and 

h a ir .  Consequently, the measurement o f  lead concentration using these 

bio log ica l parameters accounts fo r  only a small f ra c t io n  of the body 

burden, due to the short h a l f - l i f e  o f  lead in these tissues (Brown e t  

a l . ,  1979). On the other hand, ske le ta l lead concentration contains 

at least 30% o f the body burden, has a h a l f - l i f e  in terms of years, and 

re f le c ts  long-term exposure. Unfortunately , the only p rac t ica l method 

at present fo r  d ire c t  measurement of lead in the skeleton is by 

autopsy. This obviously cannot be used in monitoring large population 

samples fo r  exposure to lead. Thus, in d ire c t  measures must be used 

to monitor lead exposure in sp ite  o f  the known l im ita t io n s  stated.



Blood-lead measurements are regarded by many as the most r e l i ­

able tests a va ilab le  fo r  ind icating  recent lead exposure (Brown et a l . ,  

1979; Schlick, Kaman, and Friedberg, 1980; Piomel1i , e t  a l . ,  1980; P1 an,

1981). Sartor and Rhondia (1980) concluded from th e i r  study that blood- 

lead is a good ind icator because i t  tends to be in equ ilib r ium  with  

environmental lead. WHO (1977) reported that the exchangeable body 

burden o f  lead (represented by the so ft  tissues) was the preferred  

measurement because i t  was the best ind icator o f ava ila b le  lead which 

could cause toxico log ical damage. Therefore, lead in blood may not be 

a r e l ia b le  index o f  body burden, but i t  does represent a feas ib le  means 

of estim ating,, a t  least q u a l i ta t iv e ly ,  whether recent exposure to lead 

has occurred.

Although debatable, some researchers feel that h a ir  is a good 

parameter to determine the amount o f  absorbed lead. For example, Kello  

and Kostial (1978) compared the lead concentration in ha ir  with to ta l  

body lead level in rats and found i t  to be a good in d ic a to r .  Husain 

e t  a l . ( 1980) also stated that h a ir  was a su itab le  index fo r  lead 

because: (1) i t  was e a s ily  accessible and (2) during growth, ha ir  was

exposed to c irc u la t in g  blood, lymph, and e x t r a -c e l lu la r  f lu id s ,  and 

therefore kept a continuous record o f  the changes in trace element con- 

concentrat ions. However, i t  is not known how well h a ir  re f le c ts  a body 

metal burden, because ha ir  represents only 0.5% to 1.0% of the to ta l  

body pool. Some feel that lead in h a ir  does not r e f le c t  the body 

burden because i t  does not increase w ith age as does bone lead concen­

tra t io n  (Hammer e t  a l . ,  1971). Regardless of which parameter is used 

to monitor lead exposure, i t  should be kept in mind th a t  the lead in



any one tissue is responding to many in ternal and external factors in 

ways that are as yet understood (NRC, 1980).

A naly tica l Methodology 

Accurate measurements of lead in environmental and c l in ic a l  

samples are an important component of evaluating lead s ta tu s . Contami­

nation of lead e ith e r  during c o lle c t io n  or during preparation is a major 

concern to s c ien t is ts  (Lagesson and Andrasko, 1979). The p o s s ib i l i ty  of 

contamination of the sample can occur from the laboratory a i r ,  fu rn is h ­

ings, apparatus, conta iners , reagents, and analyst himself (NRC,

1980) .  Lead concentration in tissues, i . e . ,  blood, is low and often  

the sample size is small. The major problems in analysis occur when 

the lead concentrations are low; the problems of accuracy increase as 

concentration of lead in the tissue decreases. In an attempt to over­

come th is  problem, samples are often concentrated ( i . e . , ashing) fo r  

more accurate detection; however, th is  process can lead to fu rther  

contamination (Snee, 1981) .. A lso , loss of the metal through vo la t i  l i z a ­

tion  in the ashing procedure is a problem many investigators neglect 

to consider (Pleban, Kerkay, and Pearson, 1981). The National Research 

council ( 1980) reported that the actual magnitude of the inaccuracy 

problem is d i f f i c u l t  to group and impossible to estim ate . Because 

there is much v a r ia t io n  among labora to r ies ' analyses of s im ila r  sam­

ples, standardization of ana ly t ica l  methods used in lead analysis is 

needed so that accurate comparisons of resu lts  can be made (WHO,



Lead Concentration in Human Milk

Experiments described previously suggest that lead storage in 

bones poses a th reat to suckling infants by transfer  o f  lead through 

m ilk. Since milk is the major source o f  nutr ients  fo r  breast-fed  

infants and, since the r is k  o f human milk having excessive lead levels  

becomes greater as more nations become in d u s tr ia l iz e d ,  there is special 

concern to quantify  the amount o f lead in human milk ( J e l l i f f e  and 

Je ll  i f f e ,  1979).

Murthy and Rhea (1971) completed a study comparing the lead 

content o f  evaporated milk and in fant formulas w ith human m ilk . They 

found the average lead concentration in evaporated milks and formulas 

to vary from 0.012 to 0.329  yg/ml (ppm) while concentrations in human 

milk were s ig n i f ic a n t ly  lower. Lamm e t  a l .  (1973) did s im ila r  studies  

and found th e ir  results  to be in agreement w ith those o f  Murthy and 

Rhea (1971). Considering the lead values found in these two studies,  

and based on an average d a ily  consumption o f  615 ml o f  m ilk , an in fan t  

would ingest approximately 0.007 mg o f lead from human milk and 0.203  

mg from evaporated m ilk . The intake o f  0 .4  to 0.5 mg per d for a year 

is c ited  as the amount needed fo r  accumulation to occur (Murthy and 

Rhea, 1971). However, other researchers feel that th is  level is too 

high, and a value of .300 mg/per d is more l ik e ly  to cause accumula­

tion o f lead in the body (D i l lo n ,  Wilson, and Schaffner, 1974).

D illon  e t  a l . (1974) analyzed 29 human samples fo r  lead. The 

range o f  concentrations was 0.006 to 0.058 yg/ml, w ith  a mean lead con­

centration  o f .026 yg/ml. A fte r  comparing th e ir  results  w ith previous



resu lts ,  D illon  e t  a l . concluded there was no increase o f  lead in human 

milk during the past 40 years.

In add it ion , a study conducted by Ryu, Z ie g le r ,  and Fomon 

(1973) on four d i f fe r e n t  human milk samples from women not exposed to  

lead were analyzed and found to agree w ith  those levels  o f  lead 

reported by D illon  e t  a l . (1974). However, one woman in Ryu e t  a l . ' s  

study worked in the manufacture o f e le c t r ic a l  storage b a tte r ies  during 

her pregnancy and was exposed to high levels  of lead dust. At 3 w o f  

la c ta t io n ,  her milk lead levels were 19 to 62 yg/1 ( .01 9 -.062  yg/m l).

The following month a range o f  36 to 63 yg/1 was measured. Thereafter  

the concentration o f lead gradually decreased to a mean value o f  24 yg/1 ~ 

(0.024 yg /m l). Furthermore, Chatranon e t  a l . (1978) analyzed 164 

breast milk samples fo r  lead and obtained a mean lead concentration of  

0.085 yg/m l, a s l ig h t ly  higher value than reported in the l i t e r a t u r e .

The findings o f Walker's (1980) work w ith  lead levels in milks are in 

agreement with those stated previously a t  0.024 yg/ml. Their data 

indicated that the concentration o f lead in in fant formula, evaporated 

m ilk , and non-fat dry milk exceeds tha t  in fresh cow's milk and human 

milk.

The most recent study, done by Larson e t  a l .  (1980), found 

lead levels in human milk to be 0.0002 yg/ml; a value one-tenth of  

the l i t e r a tu r e  values. These low levels  may indicate e i th e r  loss of  

lead through v o la t i l i z a t io n  or simply very low leve ls .

Further investigations of milk lead concentrations in women 

l iv in g  in urban areas are s t i l l  needed. These studies are necessary 

to thoroughly evaluate the potentia l hazard of lead exposure to



infants through breast feeding. Therefore, i t  was the purpose of th is  

research to evaluate iac ta tin g  women for lead concentration in th e ir  

m ilk , h a ir ,  and blood. Correlations between the three stated variables  

and atmospheric lead levels were to be determined.



METHODOLOGY

Introduction

Forty breast-feeding mothers o f  Tucson, Arizona, ranging from 

ages 22 to 47, volunteered to be subjects fo r  th is  study. Each subject 

signed a human consent form agreeing to donate a t least one breast-m ilk  

sample and to give a blood and a h a ir  sample once during th e ir  p a r t ic i ­

pation in the study. Each subject was interviewed to determine whether 

exposure to lead may have occurred in her res iden tia l area ( i . e . ,  high 

t r a f f i c  density) or work place. Information on the women's age, number 

of previously breast-fed ch ild ren , and treatment o f  h a ir  was also  

gathered during the in terv iew . Subjects were asked to submit a d ie t  

history in which they were to w rite  down everything consumed over a 3~ 

day period. The d ie ts  were then analyzed fo r  necessary nu tr ients  as 

given in the USDA A gricu ltu ra l Handbook 8 and were then run on a computer 

program.

Monthly, each subject hand-expressed milk into  an 8-oz acid-  

washed ja i— the amount could be co llected  over a period o f days. I f  the 

subject so desired, consecutive milk samples were also obtained.

Once during the study the subjects had 20 ml o f  blood drawn 

at the Tucson Medical Laboratories. Ten ml o f the blood was used for  

Sequential M u lt ip le  Analysis Computerized (SMAC) ana lys is , and the 

remaining 10 ml was used fo r  lead analysis a t  The Un ivers ity  of  

Arizona. Blood was drawn into  blue-topped heparinized tubes. The 

blood fo r  lead analysis was stored a t  10°C u n t i l  a l l  samples were 

ready to be run. The day the blood was drawn ha ir  samples were taken

19
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from the women and s to red  in  acid-washed glass v ia ls  u n t i l  t ime fo r

a n a ly s is .

Lead Analysis

Lyophi1ized milk samples were oven-dried, weighed to the fourth  

decimal place, and ashed overnight in a muffle furnace a t  450°C. The 

white ash was dissolved in 1% n i t r i c  acid and q u a n t i ta t iv e ly  trans­

ferred into a 10-ml volumetric f la s k  and read by a flameless Polarized  

Zeeman Hitachi Atomic Absorption Spectrophometer. The heating program 

was as follows:

Stage Temperature (°C) Time (sec)

Dry 80 120 30.0
Dry 120 120 60.0
Ash 400 400 30.0
Atom 2,000 2,000 . 7.0
Clean 2,400 2,400 3.0

Values were expressed as parts per b i l l io n  of the dried milk sample.

Whole blood and h a ir  samples were co llected  once from each 

individual during the time o f the study. Ten ml o f  blood was used in 

a SMAC analysis and the remaining 10 ml o f whole blood was used for the 

lead analys is . The whole blood was d i lu ted  with deionized w ater--a  

range from 10-  to 50- fo ld  d i lu t io n  ( i . e . ,  200 yl o f blood to 4.0 ml o f  

deionized w ate r) .  The samples were read using atomic absorption as 

described above. The conditions used fo r  the graphite furnace were 

as follows:
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Stage Temperature (°C) Time (sec)

Dry 80 120 90.0
Dry 120 120 30.0
Ash 400 400 40.0
Atom 2,000  2,000 8.0
Clean 2,400 2,400 3.0

At least two absorbance readings of less than 10% d iffe rence  were taken 

for each sample so an average could be obtained. Standard curves were 

made each time samples were run.

The ha ir  samples were washed and digested in n i t r i c  acid 

according to Reinhold's (Reinhold, Kroury, and Arslanian, 1968) method. 

A fte r  the acid was fumed o f f ,  the samples were q u a n t i ta t iv e ly  trans­

ferred to a 5-ml volumetric f las k  and brought up to mark w ith deionized 

water. Samples were read on AAS using the same conditions as described 

in the milk sample section.

Proximate Analysis

To determine the moisture content o f human milk samples, the 

frozen milk was weighed before and a f te r  lyophi1iz a t io n .  The weight 

d iffe rence  was used to ca lcu la te  the percentage o f  moisture. The 

standard A0AC method was used to determine the percentage o f ash.

Crude fa t  was obtained by placing a 1-g sample o f  oven-dried lyophi-  

l ized  milk into  an alundum thimble and extracted with hexane in a 

.Goldfisch Extraction Apparatus fo r  5 h. The extracted o i l  was weighed 

to the fourth decimal place and the percentage of o i l  calculated  

(Association o f  O f f ic ia l  Analytical Chemists (AOAC), 1970). The 

protein content o f the milk was determined by the AOAC micro-Kjeldahl 

digestion method with Nessler's reagent modification (Reid, personal
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communication, 1980). The digested samples were cooled and transferred  

to 100-ml volumetric flasks and brought up to mark. Forty pi o f th is  

digest was transferred to a 10-ml volumetric tes t tube and brought up 

to mark. Two ml o f Messier's reagent were added to each tube, and 

a f te r  10 min the samples were read on a Bausch and Lomb spectrophotom­

e te r  at 500 nm. Standards were prepared with each series o f  samples.



RESULTS AND DISCUSSION

Lead In M ilk

Currently i t  is not known whether b io logical e f fe c ts  o f lead 

are s t r i c t l y  proportional to dose or whether p ro tec tive  mechanisms or 

tolerances e x is t  that produce a threshold o f to x ic i ty  fo r  lead in 

humans (NRC, 1980). To set up a d e f in i te  study to provide a f in a l  

answer is v i r t u a l ly  impossible (Christophers, 1980). Therefore, I 

chose to focus more on obtaining levels o f lead in m ilk , blood, and 

h a ir  o f  la c ta t in g  women to see i f  the levels posed a th rea t to e i th e r  

the women o f  th e i r  breast-fed  babies. I also chose to compare the 

lead values obtained with the type o f area ( t r a f f i c  density) in which 

these women reside. Of course, th is  route o f investigation  has i ts  

l im ita t io n s .  For instance, I grouped together women's lead values fo r  

each var iab le  fo r  those who l ived  in a "busy" section o f  town without 

consideration o f the distance o f  each house from the s t re e t .  The level 

o f lead exposure would vary d i re c t ly  with distance from s tre e t .

Neither did I consider the amount o f  hours the women spent in th e ir  

car per day (where the highest exposure to lead e x is ts ) .  This las t  

factor may have more importance for the women who l iv e  in the rural 

areas and who have to use the bus system or cars more often to get 

around. The only accurate way to get an evaluation o f  lead exposure 

through a i r  would be to take a i r  samples s p e c if ic a l ly  fo r  each in d i­

vidual in the study. I chose a more general method o f  grouping the  

women together in accordance with location (rura l vs. urban)
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and assumed that the exposure level o f lead was the same fo r  a l l  the 

women in the same type location because o f the cost and the time 

involved doing indiv idual a i r  ana lys is .

The lead levels in milk in la c ta t in g  women are presented in 

Table 1, where 63 human milk samples from 40 donors were analyzed. The 

months o f lac ta tio n  ranged from 1 to 22, w ith the median a t 6 months. 

The mean level o f  lead found was 0.023 ppm which agreed with most o f  

the values c ited  in the l i t e r a t u r e .  For example, one study (D illon  et  

a l . ,  197*0 found the mean lead concentration to be 0.026  from 29 human 

milk samples. The range of values fo r  th is  study was from 0.006 to 

0.058 ppm. Lamm e t  a l .  (1973) obtained a mean lead value o f 0.02 ppm 

from 14 human milk samples, while  Walker's (1980) study of 40 human 

milk samples had a mean lead value o f 0.02 ppm, with a range or 0.00  

to 0.05 ppm. On the other hand, Chatranon e t  a l . ' s  (1978) work with  

164 milk samples had a mean lead value o f  0.085 ppm, w ith a range o f  

0.014 to 0.222 ppm. Their samples o f milk ranged monthly from 1 d 

postpartum to 9+ months' postpartum. They found no s p e c if ic  pattern  

in the differences o f  lead levels in breast milk a t  the various stages 

o f  la c ta t io n .  Our mean lead value (0,020 ppm) was much lower than 

Chatranon e t  a l . ' s  (Q.O85 ppm); however, both levels o f  lead were 

higher than the levels  published in two other studies— Murthy and Rhea 

(1971) and Larson e t  a l .  (1981). Murthy and Rhea obtained lead 

values from 13 human milk samples averaging 0.012 ppm. Larson et a l . 

reported low lead levels and obtained results from 41 milk samples 

with an average lead value o f  0.002 ppm and a range o f  0.0005 to

0.009 ppm. This lead value seems p a r t ic u la r ly  low and the accuracy
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Table 1. Lead values (ppb) o f m ilk , blood, and h a ir  from lac ta tin g  
women

Mean
(ppb) SD

Smallest Largest

Value z Score* Value Z Score

Milk 23 ± 13 = 4 7 -  1.2 82 4.4

Blood 119 93=9 32 -  =9 530 4.4

Hair 2,002 1,815=5 193 -  1.0 8,128 3 = 4

*z  Score = 2

\
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at such low ranges is suspect. A more r e a l is t i c  range for lead 

analysis would be between 5 to 50 ppb (ng/ml) using an extremely 

sen s it ive  graphite furnace atomic absorption spectrophotometer. In 

sp ite  o f  the possible inaccuracies in the results o f the las t  study, 

the main point was that the lead levels  were qu ite  low and would 

therefore not pose a toxico log ical hazard to the suckling in fa n t.

The f lu c tu a tio n  of lead values between milk samples is in d i­

cated by the large standard deviation in Table 1. This wide range 

(7 to 82 ppb) is explained by a combination of reasons. Most important 

is indiv idual v a r ia t io n .  Each woman would be expected to have d i f f e r ­

ent exposure le v e ls ,  d i f fe r e n t  absorption rates, and d i f fe r e n t  excre­

tion  rates. The to ta l  accumulation from l i fe - lo n g  exposure and 

deposits in the bones would vary g re a t ly .  In theory, a woman who has 

breast fed more than once would possibly have lower milk levels of lead 

than a woman who was breast feeding fo r  the f i r s t  time, simply because 

the former had more time to mobilize lead from her bones and decrease 

her body pool o f  lead. This to ta l decrease in body lead, however, can 

eas ily  be replaced by current exposure. Animal studies have shown 

th is  re la tionsh ip  of increased lead e lim ination  from lac ta tio n  (K e lle r  

and Doherty, 1980; Kelman and W alter, 1980). The problem of various 

lead sources from e i th e r  a i r ,  food, and water combine to complicate 

matters and increase v a r ia t io n  among subjects. The length of lac ta tio n  

period would also have an e f fe c t  on the body loss o f  lead.

The v a r ia t io n  o f  milk lead on a month-to-month basis is shown 

in Figure 2. The number o f  samples in each month varied from 1 to 8 

and, there fo re , any extreme value obtained per given monthly co llec t ion
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would influence the average value for that p a r t ic u la r  month. The 

histograms in Figure 3 show the average lead values by grouping together 

several months o f  la c ta t io n .  Both Figure 2 arid Figure 3 show an 

increased lead value between the 7th and the 11th month (N = 19 milk  

samples). I f  th is  increase is not due to sampling e r ro r ,  i t  may ind i­

cate a time o f increased lead m obilization  from the bones. The calcium  

levels in the blood o f  these women may have become depleted a t th is  

la te  stage of la c ta t io n ;  i f  so, then the parathyroid hormone would be 

stimulated and increase lead (along with Ca) m obilization  from bones 

which, in tu rn , causes an increase o f lead e lim ination  v ia  m ilk . This 

hormone was not measured in the la c ta t in g  women so th is  idea is only 

speculative.

The concentration o f  lead in milk did not co rre la te  s i g n i f i ­

cantly with blood or h a ir  le v e ls ,  or with the location o f  residence 

of the women. The number o f  women who lived  in rural areas was quite  

small and because o f th is  a mean lead value of th e i r  pooled milk levels  

would not be a good estimation of the population. A d d it io n a l ly ,  one o f  

the women l iv in g  in a rural area had the highest milk level o f  lead 

found in th is  study. This s ingle value caused the d is tr ib u t io n  to 

become skewed and sh if ted  the mean to a higher value. Had the sample 

size for both groups been la rg e r ,  I may have been able to show a re la ­

t ionship between them. Also, the blood and ha ir  were not taken on the 

same day as the milk sample (the milk was collected over a period of  

days which may not have included the day blood and h a ir  were taken), 

and th is  could cause enough f lu c tu a tio n  to negate any co rre la t io n  that  

may e x is t ;
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Figure 3. Histograms of lead values by grouping several 
months o f lac ta tio n
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Although not s ig n i f ic a n t ,  I saw a s l ig h t  decrease in the 

concentration of lead in blood as the lead in the milk increased. 

V isua lly  th is  makes sense. As the blood carr ies  lead throughout the 

body, some mechanism favors the transport o f  lead to the mammary gland. 

As more lead is excreted into the m ilk , the pool s ize in the blood 

decreases. This would eventually  lead to decreased amounts in the milk  

unless the bone output o f lead was fu rth e r  increased. However, despite  

f a i l in g  to estab lish  any d ire c t  re lationships among the var iab les , my 

results do indicate that the amount o f  lead in human milk (o ve ra l l)  

is ,  fo r tu n a te ly ,  qu ite  low. For example, i f  the average intake of milk  

per day is 615 ml, then 0.014 mg lead/day would be ingested by the 

suckling in fa n t.  I f  the highest value obtained in th is  study was used 

to ca lcu la te  the amount ingested (instead o f the mean value o f 0.023 

ppm), then the maximum intake by milk would be 0.05 mg/day— a value 

s t i l l  considered safe by many investigators  (Murthy and Rhea, 1971; 

D illon  e t  a l . ,  1974; Mahaffey, 1977). Leg is lation  has yet to update 

the maximal permissible d a i ly  intake o f  0.30 mg/d fo r  infants and 

ch ildren . At some time in the near fu ture  th is  value w i l l  probably be 

decreased for infants since they are more susceptib lerto  the hazards 

presented by lead. Reasons why th is  is a necessary move were stated  

by C la ir  C. Patterson (NRC, 1980):

1. Babies place objects and th e ir  hands in th e i r  mouths.

2. Much time is spent on or near surfaces which contain high 

concentrations o f lead residues and, there fo re , objects and 

hands become highly contaminated w ith lead deposits.
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3. Babies breathe a i r  that contains higher than ordinary concen­

tra t io n s  o f  lead dusts because o f  th e ir  proximity to sources 

o f these dusts.

4. The ir high requirements fo r  calcium elevate  th e i r  absorption 

of lead from in te s t in e s .

5. Their immature developing c e l ls  are more susceptible to damage 

from lead than mature c e l ls .

Human milk was the only ind icator ava ilab le  to me for the e s t i ­

mate of lead exposure in in fan ts . In fant blood arid h a ir  would have 

provided a more d ire c t  estimation o f  the to ta l c irc u la t in g  lead levels  

in th e ir  bodies, however, I could not obtain these samples.

To summarize, my null hypothesis states that there would be 

no d ifference between the mean concentration o f  lead in m ilk in 

women l iv in g  in urban areas (high t r a f f i c  density) and those l iv in g  in 

rural areas a t a s ig n if ic a n t  level o f  5%.

Hq* Mu(ru ra l)  Mu(urban) ” °

^1' ^U( r u r a l ) ^U(urban) ~ ®

The obtained t_ value fo r  th is  study was below the c r i t i c a l  t̂  value 

needed to re jec t  the Hq . Therefore, i t  was necessary to accept my 

null hypothesis that there was no d iffe rence  between levels  o f  lead 

in these two groups o f  la c ta t in g  women.

Lead iri Blood

The mean level o f  lead found in whole blood from lac ta t in g  

women is l is te d  in Table 1. This value o f 0.120 yg/ml is below



0.170 yg/m l, the value Underwood (1977) c ited  as "normal" in his study. 

Underwood's value came from combining blood-lead concentrations from 

16 countries with a range o f 0.15 to 0.40 iig/ml. He stated that the 

upper l im i t  o f "normal" is often given as 0.50 yg o f  lead per ml, but 

that c l in ic a l  poisoning w i l l  not occur below 0.80 yg/ml in adults .  

Christophers (1980) also stated that blood-lead levels must r ise  to 

0.80 yg/ml or more in children to see evidence of encephalopathy; i t  

is not known to occur a t  levels  lower than that number. The resu lting  

concentrations o f  lead in blood in the present study ranged from 0.032  

to 0.530 yg/ml, but only one subject had a blood level o f  lead exceeding 

0.33 yg/ml.

I did not f ind  a s ig n if ic a n t  co rre la t ion  between blood-lead  

levels and s i te  o f  location for the women. This may be due to the 

small sample size (39 blood samples). The t̂  value obtained was below 

the c r i t i c a l  t_ value needed for s ign ificance at the 0.05 level 

(degrees o f  freedom equaled 38). However, i f  I could extrapo late  to 

65 degress o f  freedom, then the obtained t_ value would have been s ig­

n i f ic a n t .  In conclusion, had my sample s ize exceeded 65, I would have 

found a d ire c t  re la tionsh ip  between blood values and location ( re la ­

t iv e  to, t r a f f i c  density) as have other researchers i f  the same d i s t r i ­

bution occurred. Alexander and Delves (1981) showed tha t  women l iv in g  

in an urban area had s ig n i f ic a n t ly  higher blood-lead levels  than did 

those women in a rural area. Snee (1981) evaluated major studies on 

the e f fe c ts  o f  airborne lead on blood-lead levels of adults and c h i l ­

dren and found, on the average, a slope of 1.0 for adults and a slope 

of 2 .0  for children when blood-lead was p lotted  on the ordinate axis
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and the a i r - le a d  p lo tted  on the abscissa. The studies considered by 

Snee had sample size ranges from 61 to 1,935 subjects. This fu rthe r  

indicates the necessity o f having large sample s izes.

From other studies involving environmental lead and blood-lead  

concentrations, i t  has been found that blood concentrations of lead 

increase 0.01 to 0.02 yg/m3 fo r  each 1 yg/m3 of lead in a i r  (WHO,

1977). The average lead concentration in Tucson, Arizona, is 0.66  

yg/m3 (a range from 0.33 to 1.18 yg/m3 ) .  I f  approximately 20 m3 o f  

a i r  are inhaled per day, then the average person would inhale 13.20 

yg o f  lead. This level is below the national average o f 15 yg/day 

(NRC, 1980). The levels o f  lead in Tucson are probably not high enough 

to cause an e levation  o f  lead in blood.

Lead in Hair

The concentration o f  lead in h a ir  was found to be highly  

variab le  among subjects. Table 1 shows the range o f  193 to 8,128  

ng/g (ppb) in the h a ir  o f  la c ta t in g  women with a mean value of 2,002  

ng/g (or 2 yg/ml) .  Waldron and Stofen (1974) reported that the normal 

contemporary value o f  lead in h a ir  was 16.23 yg/g, an actual decrease 

from a century ago. Some researchers feel that women have higher 

h a ir  lead levels than do males (Waldron and Stofen, 1974), while others 

report that males have the higher amount (WHO, 1977).

Two in fant (male) h a ir  samples were obtained and were found to 

- average 7.1 yg lead/g h a ir .  The h a ir  o f  normal children has been

reported to range from 2 to 95 yg/g. A ll h a ir  samples analyzed in the 

present study had low concentrations o f  lead when compared to the
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normal range and to patients su ffe r ing  from chronic plumbism (lead 

poisoning) w ith  h a ir  lead levels  o f  282 pg/g (Underwood, 1977).

There were no corre la t ions  between h a ir  lead levels  and any 

other var iab les . However, a s l ig h t  increase of lead in h a ir  was shown 

to occur as the lead in the blood decreased. This possible negative 

re la tionsh ip  could be explained in terms o f  one pool (blood) size  

decreasing as the pool o f  another (h a ir )  was increased. Unfortunately,  

corre la tions are d i f f i c u l t  to determine when sample sizes are less than 

100, unless the d iffe rence  between the two variables happens to be very 

large.

Proximate Analyses o f  M ilk

The results o f  the proximate analyses on human milk samples 

(N = 63) are depicted in Table 2. The values obtained, except for one, 

agreed with those reported by J e l l i f f e  and J e l l i f f e  (1978). Any in d i­

vidual d ifferences seen may have been due to sampling e rro r  as the 

women hand-expressed th e ir  milk into the ja r s ;  i . e . ,  the let-down 

re f le x  may not have occurred i f  the subject was not completely relaxed. 

The protein content was the only value that d if fe re d  from J e l l i f f e  and 

J e l l i f f e ' s  f in d in g s . My value o f 1.54% was higher than the cited  

value o f  1.10%. This may be due to the procedure used since I deter­

mined a l l  nitrogen present in the milk rather than ju s t  protein n i t r o ­

gen. There was a s ig n if ic a n t  re la tionsh ip  between month o f lac ta tion  

and percentage o f  moisture (Figure 4 ) ;  there fo re , a re la t io n sh ip  

between month of lac ta tio n  and percentage o f  solids (Figure 5 ) .  The 

co rre la t io n  co e ff ic ie n ts  are shown in Table 3« The results  show
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Table 2. Proximate analysis o f  human milk

Mean 
(% Wet 
We i ght) SD .

Smallest Largest

Va 1 ue z Score* Value z Score

Moisture 87.78 ± 2 .4 80.14 -  3.18 93.69 2.46

Solid 12.15 2 .3 6.31 -  2.55 19.86 3.37

Fat 3.16 1.2 0.61 -  2 .07 6.80 2.95

Protei n 1.52 0 .53 0.67 -  1.61 4.20 5.11

Ash 1.54 0.56 0.09 -  2.59 3.02 2.76

*  z Score = ~
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Table 3. C o r re la t io n  c o e f f i c ie n t s  between d i f f e r e n t  v a r ia b le s
ob ta ined  from 1 a c ta t in g  women

Month
Lactation

Lead In 
H a i r .........

Lead in
. . . Mi lk  . : .

Lead in 
Blood

Month Lactation 1.00 0.16 0.03 0.18

% Moisture -0 .2 5 * +0.04 0.16 0.05

% Solid -0 .2 7 * -0 .04 -0 .17 0.05

% Fat -0 .0 4 -0 .0 3 - 0 . 23* 0.09

% P rote in 0.21 - 0.11 -0 .17 0.11

% Ash - 0 . 36* * -0 .15 0.14 -0 .05

Hair Lead 0.16 1.00 0.20 0.07

M ilk Lead 0.03 0.20 1.00 - 0.16

Blood Lead 0.18 -0 .07 - 0 . 16 1.00

Calcium - 0.10 -0 .29 -0 .23 -0 .17

Location 
o f women 0.04 -0 .0 7 0.16 - 0.26

*  = Level o f  s ign ificance of 0.05 fo r  tw o -ta iled  tes t

* *  = Level o f s ign ificance of 0.01 for tw o -ta iled  tes t



that the percentage o f  moisture decreased as the month o f  lac ta tion  

increased. This re la tionsh ip  is shown in Figure k . There are few 

data in the l i t e r a tu r e  concerning la te -s tage  lac ta tio n  with which to 

compare our resu lts . However, th is  process o f  decreasing moisture 

(and thereby increasing solids) as month o f lac ta tio n  increases, makes 

sense because i t  would provide the in fan t w ith a higher concentration  

o f nu tr ien ts  as i t  continues growing a t a rapid ra te . On the other 

hand, perhaps the increase in solids was ac tu a lly  due to dehydration 

in some women in la te -s ta g e . la c ta t io n  since many o f the samples were 

taken during the summer months; however, the mean percentage o f  solids  

for th is  group was d e f in i t e ly  w ith in  the normal range o f  12-13% and, 

there fo re , could not be explained as being caused by dehydration. Fur- 

theremore, the results  show that the mineral content (percent ash) in 

the milk s ig n i f ic a n t ly  decreased with time of lac ta tio n  (F ig . 6 ) .  This 

agrees with the results found by Vaughan, Weber, and Kemberling (1979). 

A possible reason fo r  a decrease of mineral content w ith time may be 

due to the la c ta t in g  women's d ie t .  I t  is often observed that lac ta tin g  

women f a i l  to consume the high ca lo r ies  needed to produce milk while  

maintaining th e ir  weight. These women believe that d ie t in g  along with  

breast feeding is a good time to shed the pounds that were gained 

during pregnancy and, there fo re , they cut down d r a s t ic a l ly  in th e ir  

intake o f  c a lo r ies .  Some women in my study reported doing th is .  As 

time progresses, the mineral content o f  the milk would decrease i f  

each woman was not consuming enough food to provide the necessary 

amounts o f  minerals needed for her maintenance and the baby's growth. 

This may not be a problem with the babies who are not so le ly  breast fed
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since they would presumably be getting  extra  nu tr ients  elsewhere. A 

somewhat surpris ing s ig n if ic a n t  re la tionsh ip  was found, although not a 

practica l one, between fa t  content in milk and lead content in m ilk.

As the lead content increased in m ilk , the percentage o f fa t  decreased 

(Figure 7 ) .  There is re a l ly  no explanation fo r  th is  re la t ionsh ip .

D ietary Evaluation  

The results  from a 3-day d ie t  h is tory  taken during the subjects' 

p a rt ic ip a t io n  in th is  study are presented in Table 4. The mean percen­

tage of ca lories  are below the recommended d ie ta ry  allowances (RDA) of  

2,500 ca lo r ie s .  Many o f  the women were fa r  below the RDA fo r  some of  

the other n u tr ie n ts , too. The ranges (extreme values) given a be tte r  

ind ication  o f the wide v a r ia t io n  in the d ie ta ry  habits o f these women. 

For example, calcium intake has a mean value o f  over 100% o f the RDA, 

but the low value is only 30% o f the RDA and the high value is nearly  

500%! This extreme value skews the d is tr ib u t io n  and s h if ts  the mean 

to a higher value fo r  th is  group of women. A mode would have given a 

b e tte r  ind ication  o f  the average d ie ta ry  intakes fo r  these women. This 

wide range o f intakes is seen in the other n u tr ie n ts ,  esp ec ia lly  for  

ascorbic acid and vitamin A. Therefore, i t  should be kept in mind 

that the mean values given do not necessarily  indicate the true  

averages because the intakes o f these nutr ients  were not normally 

d is tr ib u te d . Looking at the d ie ta ry  eating  habits o f these women 

in d iv id u a lly  is evidence tha t  not a l l  la c ta t in g  women are meeting th e ir  

n u tr it io n a l  needs. Mineral and vitamin supplements are not the answer 

i f  the overa ll ca lories  are not being consumed in s u f f ic ie n t  amounts
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Table 4. Average in ta k e  from d ie t  du r in g  3 days in  la c ta t in g  women*

% RDA

Mean
(% RDA)* *

Smallest Largest

i  SD Val ue z Score Value z Score

Calories 85-39 16.86 47.60 - 2.24 120.10 2.06

1 ron 80.51 32.17 38.00 - 1.32 174.10 2.91

Vitamin A 126.36 94.47 27.80 - 1.04 423.70 3.15

Thiamin 112.90 63.95 41.40 - 1.12 311.20 3.10

Riboflavin 120.21 60.75 44.00 - 1.25 353.50 3.84

Niacin 119.68 44.57 78.40 - 0.93 261.20 3.18

Ascorbic
Acid 243.83 141.56 29.80 - 1.51 520.00 1.95

Calcium 104.19 80.36 29.80 - 0.93 466.40 4.51

*Supplements o f  vitamins and minerals not included 

* * Food and N u tr i t io n  Board, Recommended Daily D ietary Allowance, 1974
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by b reas t feed ing  women— e i t h e r  t h e i r  own h e a lth  o r  t h a t  o f  t h e i r

in fa n ts  can s u f fe r  from the la ck  o f  e s s e n t ia l  n u t r i e n t s .

Blood P ro f i le s

Blood values were obtained by SMAC analysis to see i f  there  

was any evidence o f  anemia or other disorder in these la c ta t in g  women. 

Table 5 summarizes some o f  the components analyzed. O vera l l ,  the 

values f e l l  into the normal range. One woman had a low-serum iron count 

(32 y g /d l ) ,  but th is  did not seem to a f fe c t  her lead levels in m ilk ,  

blood, and h a ir  (no high lead levels  in these parameters). A ll values 

that were suspected o f being too low or too high were reviewed by a 

physician fo r  fu r th e r  comment and the women were n o t i f ie d .

Summary

The results  o f  th is  study ind icate  that the three bio logical  

parameters under investigation  did not co rre la te  s ig n i f ic a n t ly  with  

each other w ith respect to th e i r  lead content. When the levels  o f  

lead in m ilk , blood, and h a ir  were compared to the location of these 

women (environmental a i r - le a d )  there was again no c o rre la t io n .

Other researchers have found blood lead to co rre la te  w ith  environmental 

lead; however, my sample s ize was probably too small to detect any 

such re la t io n s h ip .  More importantly, th is  study has shown that the 

levels o f  lead present in the milk o f  these women are a t  levels con­

sidered safe fo r  in fan ts . Furthermore, the concentration of lead in 

blood and h a ir  were found to be below values considered "normal". 

Therefore, i t  does not appear that these women have high body burdens



Table 5- Biochem ical p r o f i le  on blood o f  la c ta t in g  women

Mean SD
Normal
Range*

Smallest Largest

Value Z Score Value z Score

Hb (g) ] k . k k ± 0.76 12- 16 12.80 -  2.16 15.80 1.79

He (% to ta l volume) 41.26 2.18 37- 47 36.80 -  2.04 45.70 2.03

Fe (yg /d l) 101.38 37.33 50-160 32.00 -  1.86 186.00 2.27

Ca (y g /d l) 9.42 0.41 8 .5 -  11 8.20 -  2.98 10.30 2.16

BUN (mg/di) 17.60 7.37 10- 26 2.00 -  2.12 36.00 2.50

B il iru b in  (mg/d!) .53 0.31 0 . 2- 1.5 0.20 -  1.06 1.90 4.36

Cholesterol (mg/dl) 170.14 25.08 140-260 133.00 ' -  1.48 221.00 2.03

^Normal range as indicated by Tucson Medical Lab.
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of lead (from any source) as indicated by th e ir  m ilk , blood, and ha ir  

leve ls .



APPENDIX A

LEAD IN BREAST*MILK

Month o f Mean
Lactation N (ppb) ± SD

1 2 22.94 1.05
2 5 21.38 8.53
3 6 23.64 9.11
4 5 19.31 4.74
5 8 22.58 11.42
6 5 14.80 3.14
7 6 24.14 16.19
8 3 30.60 8 .3 5 '
9 0 ----- --------

10 1 15.66 — — —
11 2 44.73 24.49
12 7 26.57 25.58
13 5 19.72 10.07
14 1 23.88 ----
15 1 29.32 -----
16 3 16.86 2.93
17 1 19.92
18 0
19 0
20 0
21 0. •
22 1 11.78 . ----

Total 62 23.4 ± 13.4
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APPENDIX B

DEFINITION OF TERMS

D efin it ions  used by the Center fo r  Disease Control fo r  c la s s i ­

f ic a t io n  o f  children examined in blood lead screening programs are as 

follows:

1. Child lead poisoning:

a. Two successive blood lead levels > 70 pg/ml w ith or without 
symptoms.

b. Erythrocyte protoporphyrin level £ 250 pg/ml whole blood 
and a confirmed elevated blood lead > 50 gm/dl w ith or 
without symptoms.

c. Erythrocyte protoporphyrin level > 109 pg/dl w ith  blood- 
lead level ^ 30 gm/dl with compatible symptoms.

d. Blood-lead > 49pg/d1 (ppm).

2. Lead to x ? c ity - -Biochemical or functional derangements caused

by lead.

3. Elevated blood lead le v e l—Confirmed blood lead 30 pg/dl or

greater.

4. Disease process can be divided into a rb i t ra ry  s ta te  s:

a. No observed b io logical A1s.

b. Biochemical or physiological A's o f uncertain S ignificance.

c. Physiological A's o f  a pathological but compensable nature 
unaccompanied by overt symptoms of impaired health .

d. Overt i l ln e s s .

48



There are no sharp boundaries between the stages o f  the process, and a 

given level o f lead in the body can produce d i f fe r e n t  degrees of change 

in d i f fe r e n t  ind iv idua ls . Thus, the d e f in it io n  of non-detrimental 

degree o f b io logical change often involves an attempt to define the 

boundary between stages.
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T H E  U N I V E R S I T Y  O F
T U C S O N ,  A R I Z O N A  8 5 7 2 4

HI /  M A N  S U B J E C T S  C O M M I T T E E  
ARIZONA HEALTH SCIENCES CENTER 2305

A R I Z O N A

T E L E P H O N E  : 626 6 7 :1 OR 6 :(

F e b ru a ry  6 ,  19 8 0

C h a r le s  W. W eb e r, P h .D .
D e p a rtm e n t o f  N u t r i t i o n  and Food  

S c ie n c e
309 A g r i c u l t u r a l  S c ie n c e s  B u i ld in g  
U n iv e r s i t y  o f  A r iz o n a  
MAIN CAMPUS

D e a r  P r o fe s s o r  W eber:

We a r e  i n  r e c e i p t  o f  y o u r  l e t t e r  o u t l i n i n g  p r o c e d u r a l  and c o n s e n t  
fo rm  r e v is io n s  f o r  y o u r  p r o j e c t  e n t i t l e d ,  " T ra c e  M in e r a l  C o n te n t o f  
Human M i l k " .  S in c e  th e s e  m in o r  changes in v o lv e  no f u r t h e r  r i s k  to  th e  
s u b je c ts  and have  been a p p ro v e d  by y o u r D e p a rtm e n ta l R ev iew  C o m m itte e , 
r e a p p r o v a l  i s  g r a n te d  e f f e c t i v e  6 F e b ru a ry  1 9 8 0 .

The f o l lo w in g  m o d i f ic a t io n s  a r e  n o te d :

1 .  E ig h t  ounces o f  m i lk  w i l l  be c o l le c t e d  fro m  th e  s u b je c t  
m o n th ly .

2 .  A s in g le  b lo o d  sam p le  o f  20 m l w i l l  be c o l le c t e d  fro m  th e  
s u b je c t .

3 .  A r e q u e s t  i s  in c lu d e d  f o r  a s m a ll h a i r  sam ple fro m  th e  sub­
j e c t ' s  i n f a n t . T h is  r e q u e s t  i s  o p t io n a l .

R e a p p ro v a l i s  g r a n te d  w i t h  th e  c o n d it io n  t h a t  th e  c o n s e n t fo rm  w i l l  
b e a r  th e  t i t l e  o f  th e  p r o j e c t .  I t  i s  a ls o  u n d e rs to o d  t h a t  no f u r t h e r  
ch ang es w i l l  be made i n  th e  p ro c e d u re s  fo l lo w e d  o r  th e  c o n s e n t fo rm  used  
(c o p ie s  o f  w h ic h  we h a ve  on f i l e )  w ith o u t  th e  kn ow ledge  and a p p r o v a l o f  
th e  Human S u b je c ts  C o m m ittee  and th e  D e p a r tm e n ta l R e v ie w  C o m m itte e . Any 
p h y s ic a l  o r  p s y c h o lo g ic a l  harm  to  an y s u b je c t  m ust a ls o  be r e p o r t e d  to  
e a c h  c o m m itte e .

A u n iv e r s i t y - w id e  p o l i c y  r e q u ir e s  t h a t  a l l  s ig n e d  c o n s e n t fo rm s  be 
k e p t  in  a p e rm an en t f i l e  i n  th e  D e p a r tm e n ta l O f f ic e  to  a s s u re  t h e i r  a c c e s ­
s i b i l i t y  i n  th e  e v e n t t h a t  u n iv e r s i t y  o f f i c i a l s  r e q u ir e  th e  in fo r m a t io n
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May 12, 1980

Dr. Charles W. Weber 
Ms. Susie Rockway 
Nutrition and Food Science 
University of Arizona 
Tucson, AZ 85721

Dear Dr. Weber and Ms. Rockway:

I assume that Carolyn Vemulapalli informed you 
that your proposed study of lead levels in human 
milk was being resubmitted to our Research Review 
Committee before being approved for League partici­
pation.

The committee has read your proposal and approved 
it. You can now go ahead with collecting milk 
samples. Please note that any changes in the 
procedure should be submitted to the LLLI offices.

Also, we'd appreciate receiving copies of the results 
of your study, especially since studies of hazardous 
substances in mother's milk can cause great and 
unnecessary alarm among nursing women. We'd like 
to see studies such as yours stimulate efforts to 
clean up the environments-and not suggest to mothers 
that they should quit breastfeeding.

Good luck with your project!

Sincerely,

A C'.-t.d-
Gwen Gotsch 
Coordinator of LLLI 
Participation in Research

Encl.
cc: Carolyn Vemulapalli

Maryann Thurston, AC for AZ

N o t fo r  p ro f it  o rg an iza tio n  — D o n a tio n s  ta x  d e d u c tib le  in t b *  U S A
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LLLI Policy with Regard to Participation in Research Projects

All projects must be cleared by LLLI's Research Review Committee. The 
following requirements govern LLL participation in such projects:

1. Participation is Voluntary. The mothers will be approached first by 
the La Leche League liaison person who will explain the project and 
exactly how they can participate. The names of the volunteers may 
then be given to the researcher to contact personally, or the t - t . t .  

liaison person may handle this.

2. Babies are not to be deprived, even for a very short period, of either 
their mother's milk or of mother herself.

3. Babies are under no circumstances to be given food, formula or any­
thing other than mother's milk for the purpose of the study. If during 
the course of the research project a baby shows he/she is ready for 
solids, the mother should put her baby's need ahead of the project. If 
babies are older and already on solids, they should not be given foods
other than those to which they've already been introduced.

4. LLL groups and/or individuals who volunteer should not be put to any
expense for the study. The LLL liaison person's only responsibility 
is to inform the women about the project and give them the opportunity 
to volunteer if they would like to do so. On her own, the liaison per­
son may agree to take on additional responsibilities.

A League group may decide to undertake to act as a collection point for 
milk sasples if they wish. However, collections and transportation are 
the responsibility of the researcher and there is no reason for League 
mothers to feel obligated to take this on, or to be burdened in any way

4/77

N o *  fo r  p r o f i t  o rg e r iz e t io r  —  D e ra t io n s  ta» d e o u c ’ ib  e
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Susan Rockway
Department of N u tritio n  & Food Science 
Home Economics B ldg., Room 324 
U niversity  o f Arizona 
Tucson, AZ 85721 
Phone (602)626-4050

Dear P artic ip a tin g  Mothers,

Thank you fo r  volunteering in th is  breast m ilk p ro jec t. What we hope 
to  do w ith the m ilk (h a ir & blood) you donate is analyze i t  fo r lead and 
then compare these values with the known envimomenta 1 lead values. We 
want to  see i f  there is any co rre la tio n  between the lead th a t's  in the a ir
and your m ilk . Because lead can be tox ic  when inhaled or ingested and i t
is a cumulative poison, we want to see i f  your breast m ilk is transferring  
th is  metal to your in fa n t.

We are also interested in knowing i f  you've worked in any capacity  
where you may have been exposed to lead. For example, working in a copper 
smelter or using paints w ith  a lead base.

The following w i l l  give you more d e ta ils  fo r the actual m ilk co llec tio n .

1) Hand express the m ilk  into  the s te r iliz e d  ja r  given to  you.
You w il l  not be able to  f i l l  i t  a t one feeding, so perhaps 
f i l l  i t  in a few days. I f  possible, try  to vary the times 
you donate the m ilk  since morning m ilk varies from evening 
m ilk . Also, the m ilk 's  composition changes during the 
feeding -  i t  becomes higher in fa t  content, fo r example, as 
the baby suckles. Take a f e l t  pen and ju s t mark a lin e  on 
the tape to the level you f i l l e d  the ja r ,  then date i t .
You may want to  s ta r t hand expressing one breast fo r a while  
then feed your baby on the other breast. Use any combination 
that works fo r you and your baby. A fte r you have fin ished  
hand expressing the m ilk  into  the ja r ,  close the lid  t ig h t ly  
and ju s t place i t  in your freezer section u n til you are 
ready to add more. Please w rite  on the ja r  what month of 
lac ta tio n  you are in . We hope you w il l  stay with th is  p ro ject 
longer than one month, however, i f  you cannot we understand 
p e rfe c tly .

2) At some point during the time you are donating m ilk , we'd 
l ik e  you to go to  the Associates in Laboratory Medicine, Inc. 
where a licensed medical technologist w il l  draw some blood.
Some of the blood w i l l  be analyzed fo r about 38 d if fe re n t items 
a t the lab. The rest w il l  be sent to us so we can analyze fo r  
lead.

3) Once during th is  study, we'd lik e  to c o lle c t some h a ir from the
nape of your neck, about h a lf the size of a thumb (400 mg).
This is so we can also analyze i t  fo r lead. Lead levels found
in the hair may indicate any recent exposure your body has had
to lead.
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4) We'd lik e  you to  f i l l  out the d ie ta ry  information sheets once (fo r a three  
day period) during your p a rtic ip a tio n  in th is  p ro jec t. We w ill  analyze 
your intake o f p ro te in , ca lories  and fa t  fo r these 3 days.

S incere ly ,

Susan Rockway
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D I R E C T I O N S  FOR RE C O R D I N G  D I E T  RECORD

lo  R eco rd  a t  th e  t im e  e a t e n ,  th e  e x a c t  am ou nt o f  a l l  fo o d s  you  e a t  and th e  b e v e ra g e s  
yo u  d r in k  e x c e p t  w a t e r «

2o The am ount o f  m i l k  to k e n  s h o u ld  be r e c o rd e d  i n  o u nces (c u p s ) o r  b y  c a r to n  s i z e .
The k in d  o f  m i l k  s h o u ld  a ls o  be re c o rd e d  a s  w h o le  m i l k ,  e v a p o ra te d  m i lk  ( d i lu t e d  
o r  u n d i l u t e d ) , 2% n o n f a t  m i lk , '  b u t t e r m i l k ,  c h o c o la t e  m i l k ,  f i l l e d  m i lk ,  i m i t a t io n  
m i l k ,  sk im  m i l k ,  d r y  n o n - f a t  m i l k  ( r e g u l a r  o r  i n s t a n t ) . G iv e  b r a n d s .

3 .  Amount o f  f r u i t  j u i c e  ta k e n  s h o u ld  b e  r e c o rd e d  i n  ou nces (c u p s ) o r  by g la s s  s iz e .  
L i s t  th e  k in d  o f  j u i c e  a s  o r a n g e , g r a p e ,  e t c .  L i s t  w h e th e r  s w e e te n e d  o r  
u n -s w e e te n e d o  L i s t  b r a n d «

Canned F r u i t s — r e c o r d  b y  name and am ount i n  c u p s . L i s t  b r a n d . L i s t  w h e th e r  heavy
o r  l i g h t  s y ru p  an d  am o u n t i f  s y ru p  i s  u s e d .  N o te  i f  h o m e -ca n n p d .

W hole Rnw F r u i t s — s h o u ld  be r e c o rd e d  b y  nam e, n u m b e r, and s i z e ,  as  s m a l l ,  medium  
o r  l a r g e .

F ro z e n  F r u i t s — s h o u ld  b e  re c o rd e d  by name and am ou nt i n  c u p s . L i s t  b ra n d . L i s t  
w h e th e r  h e a v y  o r .  l i g h t  s y ru p  and am ount i f  s y ru p  i s  u s e d ,

4 .  V e g e ta b le s — l i s t  name a n d  how p r e p a r e d . S p e c i f y  "b a k e d  i n  s k i n , "  e t c .

Cooked V e g e ta b le s — r e c o r d  num ber and s i z e  o f  p ie c e s — such as two c a r r o t  s t ic k s  
fo u r  in c h e s  lo n g  o r  b y  cup p o r t io n s .

F ro z e n  V e g e t a b le s — r e c o r d  b y  name and am ou nt i n  c u p s . L i s t  b r a n d , o r  h o m e -fr o z e n .

Canned V e g e ta b le s — r e c o r d  b y  name and am ou nt i n  c u p s . R eco rd  v e g e t a b le  and ju ic e
s e p a r a t e ly  i f  j u i c e  i s  u s e d . L i s t  b r a n d .  S p e c i fy  i f  f r e s h ,  a s :  m ushroom s,
a s p a r a g u s , e t c .

5 .  C e r e a ls — l i s t  s p e c i f i c  name as C h e e r io s , o r  o a tm e a l.

C ooked— r e c o r d  ta b le s p o o n  o r  cup p o r t io n s ,  l e v e l  m e a s u re m e n ts , a f t e r  c o o k in g .
L i s t  b r a n d . L i s t  ty p e  o f  r i c e ,  p a s ta ,  e t c . ,  and s p e c i f y  i f  e n r ic h e d  o r  n o t .
L i s t  " r o l l e d  o a t s "  i f  m easu re d  ra w ; " o a tm e a l"  i f  c o o k e d .

D ry — r e c o rd  l e v e l  cu p  p o r t io n s  o r  ta b le s p o o n s .

B is c u i t  c c r c a lo -— r e c o r d  as  number o f  b i s c u i t s  e a te n .

6 .  B re a d s — r e c o rd  as  w h e a t ,  w h i t e ,  r y e ,  t o r t i l l a ;  l i s t  w h e th e r  c o rn  o r  w h eat f l o u r ,  
e n r ic h e d  o r  r e s t o r e d .  L i s t  b r a n d . G iv e  r e c ip e  f o r  F re n c h  to a s t  o r  home-made 
b r e a d .  S p e c i fy  i f  b a k e r y  goods a r e  e n r ic h e d  o r  n o t .
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7 ,  .H c a tn ,  P o u l t r y , ' F lo h — H o t  k in d  and how p re p a re d  an b n k e d , b r o i l e d , b o i le d  o r  
f r i e d « G iv o  ftrn d c  p lu s  o t h e r  d e o c r ip t io n ,  as " ie n n "  h n o b u r g e r » cu_t o f  b e e f o r  
p o r k ,  o r  p ie c e  o f  c h ic k e n « G iv e  a p p ro x im a te  p o r t io n  o iz o  ns 1 i j h  x 1 /2  x 2 " .  /
S p e c i f y  ty p e  o f  w e in c r o  fro m  l a b e l *  a a :  " a l l - a c a t , "  vd ry  m i lk  a d d e d ,"  e t c .

C h e e s e s — l i s t  k in d  and am ount i n  cups o r  o iz e  o f  p ie c e  i n  in c h e s .  In c lu d e  
y o g u r t ,  c o t t a g e  c h e e s e . C o t ta g e  c h e e s e — s p e c i f y  d r y  c u r d , s m a ll  c u r d , c re a m e d , 
e t c .  C h e ese— s p e c i f y  ty p e  and b ra n d  fro m  l a b e l ,  as  " lo n g h o r n ,"  " S w is s , "  
" P ro c e s s e d

8 ,  F a t s — r e c o r d  i n  l e v e l  te a s p o o n s  o r  ta b le s p o o n s — in c lu d e  th o s e  used in  c o o k in g .
I f  b u t t e r  i s  u s e d , l i s t  a s  b u t t e r ;  i f  m a r g a r in e ,  l i s t  b r a n d ;  i f  o i l ,  l i s t  k in d ,  
a e  c o rn  o i l  o r  o l i v e  o i l .  In c lu d e  c re a m , so u r e r o a o , and i m i t a t i o n  s o u r  c re a m . 
In c lu d e  n o n - d a i r y  c ream  s u b s t i t u t e s  ( l i q u i d  o r  p o w d e r ) .

9 ,  D e s s e r ts — d e s c r ib e  s i z e  o f  p o r t io n  i n  cu p  p o r t io n s  and l i s t  d e s c r ip t i v e  nam e. 
G iv e  r e c ip e  or. a t ta c h e d  s h e e t .

1 0 .  C a n d le s  s h o u ld  be l i s t e d  w i t h  e x a c t  am ou nt and nu m b er, such as 5 la r g e  gum drops.

1 1 .  H u ts  and p e a n u t b u t t e r — n u ts  i n  cup p o r t io n s  and p e a n u t b u t t e r  i n  ta b le s p o o n
p o r t i o n s , R e c o rd  b ra n d  and ty p e  o f  p e a n u t  b u t t e r .

1 2 o L i s t  am ount o f  in g r e d ie n t s  in  m ix e d  d i s h e s , such as  s te w s , s o u p s , home-made 
d e s s e r t s ,  t a c o s ,  c a s s e r o le s ,  p i z z a .  Use a t ta c h e d  s h e e t .

1 3 .  L i s t  s u g a r  ad ded  to  c e r e a l s ,  t e a ,  o r  u s e d  on o t h e r  fo o d s .

. 1 4 ,  B e v e ra g e s — c o f f e e ,  t e a ,  a l c o h o l i c ,  h e rb  te a s ,  h o t  c h o c o la t e .  L i s t  as c u p s .
In c lu d e  s u g a r  and c re a m , c ream  s u b s t i t u t e s ,  le m o n , in  te a s p o o n s . L i s t  m ethod  
o f  m ix in g  o f  d r y  b e v e r a g e s , e . g .  T a n g , Q u ic k , i f  d i f f e r e n t  fro m  d i r e c t io n s  on  
p a c k a g e . L i s t  i n  o u n c es  th e  k in d  arid am ou nt o f  c a rb o n a te d  b e v e ra g e s  ta k e n .

1 5 o S n a c k s — s iz e  o f  bag o r  num ber o f  p ie c e s .  G iv e  b ra n d  nam e. G iv e  ty p e  and  
d e s c r ip t io n  o f  s n a c k  c r a c k e r s  fro m  l a b e l .

1 6 .  Legumes ( d r ie d  b e a n s , p e a s , l e n t i l s ) — l i s t  k in d  and am ount in  cups a f t e r  
c o o k in g .  I f  used w i t h  o t h e r  fo o d s ,  l i s t  in g r e d ie n t s  on r e c ip e  p a g e ,
P e a n u t b u t t e r — s p e c i f y  i f  ad d ed  f a t  o r  added s w e e te n e r  (f ro m  l a b e l ) ; g iv e
b ra n d  and ty p e  ( " c h u n k y " ) .

1 7 .  E gg s— g iv e  s i z e  ( s m a l l 0 m edium , o r  l a r g e ) . I f  o m e le t o r  s c ra m b le d  eg g s , 
g iv e  r e c i p e .

1 8 .  G r a v ie s  and s a u c e s — g iv e  r e c ip e  and am ou nt e a te n .

1 9 .  M is c e l la n e o u s — s y ru p s , to p p in g s ,  ja m s , j e l l i e s ,  p i c k le s ,  c o n d im e n ts  and 
s e a s o n in g s , y e a s t ,  e . g .  c h i l i  s a u c e , p e p p e r s , to m a to  s a u c e , soy s a u c e , 
k e tc h u p ,  m u s ta rd . S p e c i f y  c ,  t b ,  t s p .  In c lu d e  ty p e  o f  v in e g a r .  Lemon 
J u ic e — s p e c i f y  f r e s h  o r  b o t t l e d  (c o n n e d ) .  S p e c ify  ty p o  o f  y e a s t  (d r y ,  
c o m p re s s e d , B r e w e r s * .) .

2 0 . In c lu d e  num ber and b ra n d  name o f  v i t a m in ,  c i r . c r n l ,  y e a s t ‘ p i l l s , bone m e a l ,
a l f a l f a  m e a l ,  w h e a t g e rm , in  te a s p o o n s  o r  ta b le s p o o n s .
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mnx RECORD 
Subject* c Code: ________

T l.K A S E  RECORD ALL FOODS AND LlljD l.D C  E/.TEH FOR 3 DAYS _____________  0 Th an k  yo u.
(dates)
(C a rd  6 ] : t o  e n d )

FOOD ITEM ANOINT EATEN ITEM NO
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APPENDIX I I  

D iet H istory

S ub ject's  Code 

D ate;___________

How many times do you usually  eat these foods? As I name a food, please t e l l  
me how many times a day, week, or month you eat i t .

Food Times—  r ~
2
3
4

e t c .

M ilk  (in c lu d in g  mi Ik  used on cerea ls , 
f r u i t s , and puddings)

Times In te rva l

I n t c r v a I
1 °  n e v e r
2 -  d a ily
3 -  w e e k ly
4 -  monthly
5  •  s e a s o n ly

Fresh, whole mi Ik  
Fresh skim mi Ik  
Fresh 2% mi Ik  
Evaporated 
Non-fat dry mi Ik  
Chocolate m ilk  
Yoghurt

Meats

Ground beef 
Beef steaks 
Beef roasts
Luncheon meats & franks
Organ meatd
Corned beef
Prok chops, roasts
Ham
Bacon, sausage.
Chicken
Turkey
Duck
Deer meat 
Lamb
Other_________________

Fish
Tuna fis h  
SaImon 
Fin f is h
Shrimp, crab , lobster 
O ysters, scallops  
Other __________ . , .

.

I

Meat A1ternative

Egos
Cottage cheese 
Hard cheese 
Pinto beans 
Lima beans 
Peanut butter 
Soy beans 
Other__________

Times I n tcrve1

F ru its

C itrus  
Citrus  
Banana 
Apple 
Peaches 
Pear 
Apr icot 
Pineapple 
Other __

fru i t 
ju ic e

Vegetables

Peas
Green beans
Spinach
B rocolli
Kale
Greens
Squash
Carrots
Asparagus
P o t a t o

T  ov .a  t  o
T u r n i  p

Beets



Times Int orvo i T imes I iU <t vn 1

Corn
Cabbage
Caul i f  lower
Brussel sprouts
Rutabagas
Oni on
Lettuce
Celery
Cucumbers
01 he r___________

Cereals and breads

Enriched breads 
Pancakes, w affles  
Rice 
Pastas
D ry, unsweetened 

cereal 
D ry, presweetencd 

cereal 
Cooked cereals  
Homemade breads 
Cornbread 
French Toast 
Other ____________

Fats

B utter
Margarine • 
Vegetable oi 1 
Shortening 
Mayonnaise 
Salad dressing  
Non-dairy creamer 
Other  ______ '

Soups

Clear type 
Cream type 
Vegetable 
O ther____________

Desserts

Cakes
Donuts, r o lls  
Cook ics 
Puddings 
Ice Cream 
Other ___________ _

Sweets

Jams, j e l l i c s  
Syrups 
Honey 
Hard candy 
Other candies

Snack Foods

Nuts 
Jel lo 
Chips 
Popcorn 
P retze ls  

6 Pickles  
Other

Beveraoes 

Soft drinks
A r t i f ic i a l l y  sweetened 

drinks
Coffee, tea
Alcohol ic  dr inks
Beer
Wine
Other

Vi tar,in or Mineral Supplements

Brand name _________________ .
Amount Taken Daily ._____ ___
T ime of Day Taken _____________

4-



APPENDIX F

INCREASED LEAD ABSORPTION IN INNER CITY CHILDREN: 

WHERE DOES THE LEAD COME FROM?

PICA AND 
REPETITIVE 

EATING

TRACKED INTO 
HOUSE

REPETITIV

PLAY
OBJECTS

CHILDRENS 
HANDS

INGESTION AND 
LEAD-BLOOD 

ELEVATION

LEAD-CONTAINING
PAINT

LEAD-CONTAMINATED 
OUTSIDE DIRT

I NGEST I ON

Sou rce ; Charney, Say re , and Coulter (1980) , p . 230.
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