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Introduction

Breast milk provides not only an ideal nutrient compo-
sition for the newborn, but it also contains a variety of
substances that may actively influence infant growth
and development and stimulate neonatal protection
against gastrointestinal diseases. Many human milk

Evaluation of xenobiotics in human milk
and ingestion by the newborn
An epidemiological survey in Lombardy

(Northern Italy)

Summary Background Many
human milk benefits have been
well documented; nevertheless the
newborn potential risk to the xeno-
biotic exposition may be relevant
and it requires a biological moni-
toring in general prevention. Con-
cerning this problem, attention
should be paid to mycotoxins and
heavy metals. Aim of the study As-
sessing the presence of the xenobi-
otics aflatoxins, ochratoxin A, lead
and cadmium in human milk,
defining their level of contamina-
tion and evaluate the potential risk
for the newborn derived from this
xenobiotic ingestion. Methods A
study has been carried out on lac-
tating women randomly selected in
seven hospitals in Lombardy
(Northern Italy). Two hundred and
forty-seven puerparae were re-
cruited; 231 women participated in
the study. Women’s milk samples
on the third or fourth day after de-
livery were tested to determine
aflatoxins and ochratoxin A levels.
Lead and cadmium were deter-
mined in 143 women because sup-

plemental milk could be taken only
from these women. Results Afla-
toxin B1 (11.4 ng/l) and aflatoxin
M1 (194 ng/1) were found only in
one sample, while ochratoxin A was
detected in 198 samples (85.7 %) at
an average value of 6.01 +8.31 ng/L.
A total of 75.7 % of samples were
positive for lead; the cadmium situ-
ation was better with 87.4 % of the
sample with values below detection
limits (2 pg/l). A high percentage of
babies (71 %) are exposed to myco-
toxin levels on day 6 greater than
the TDI value of 0.2 ng/kg b. w.
Lead and cadmium presence in hu-
man milk presented risk respec-
tively for 8% and 0.7 % of new-
borns on the fourth day; 9.5% and
1.4% on the sixth day. Conclusions
The study points out that mycotox-
ins and lead are present in mater-
nal milk, and the data confirm the
need to continue biological moni-
toring in general prevention.
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benefits have been well documented [1]; nevertheless
the newborn potential risk to be exposed to xenobiotics
may be relevant and it requires a biological monitoring

in general prevention. Concerning this problem, atten-
tion should be paid to mycotoxins and heavy metals.
Aflatoxins are extremely potent cancerogenous sub-
stances in all animal species, classified by the IARC as
“cancerogenous substances for man” [2] and are mostly
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produced by strains of Aspergillus flavus and Aspergillus
parasiticus, growing on corn, wheat, rice, peanuts,
sorgho and dried fruits.

Ochratoxin A is produced by Aspergillus ochraceus
and Penicillium verrucosum and it is found in cereals,
legumes, coffee, cacao beans, peanuts, wine and beer,
and in pork meat as a carry-over from feed [3]. Ochra-
toxin A is presently classified in group 2B, as a “possible
human cancer agent” [2]. In addition, nephrotoxicity
correlation between ochratoxin A in foods and Balkan
Endemic Nephropathy has been established by an epi-
demiological study published by Kuiper-Goodman [4].

Human milk can be a potential source of ochratoxin
A as documented by its detection in samples collected in
several European countries [5-9].

Breast milk normally contains metals at trace levels,
but elevated levels are found after high maternal expo-
sure [10]. In addition, several studies have provided ev-
idence of the xenobiotic transport, including lead and
cadmium, from the mother to breast-fed infants
[11-13]. The lead toxic effects involve several organs and
are the consequence of a variety of biochemical defects.
The fetus and young child nervous system is particularly
sensitive to lead because it undergoes very rapid growth
during this time [14].

The kidneys are the major targets of cadmium toxic-
ity following oral exposure [15]; in these organs cad-
mium is stored in relation to body total loading exposi-
tion. Cadmium-induced kidney damage is also
associated with alterations in renal vitamin D metabo-
lism. Secondary to this effect is the imbalance of calcium
absorption and excretion [16, 17].

With respect to the problem potential severity, data
reported in the literature regarding newborn xenobiotic
ingestion are extremely variable and also fragmented
[18-22].

The purpose of this study was to: 1) assess the pres-
ence of aflatoxins, ochratoxin A, lead and cadmium and
the contamination extent in milk of women living in dif-
ferent areas of Lombardy (Northern Italy); 2) verify
whether there is a correlation between positive samples
and potential risk factors such as area of residence, type
of job, dietary pattern and personal habits and 3) calcu-
late the potential intakes of these xenobiotics in the
group of newborn to assess health risk factors.

It is necessary to point out that maternal milk is the
only food which the newborn consumes in the first few
months of life.

Materials and methods

Sampling

Two hundred and forty-seven women were recruited in
the study. The sample number was defined by statisti-

cal calculation based both on the number of births in
different hospitals in Lombardy in 1999 and on the
prevalence of mycotoxins in human milk in Europe
(18%) [23]. To have milk samples from different areas,
the following hospitals were included: Hospitals of Cre-
mona, Lecco, Lodi, Merate, Milano, Pavia, located in ur-
ban and plain areas and Sondrio, located in urban and
mountain area. Mothers were selected among women
who delivered either spontaneously or by Caesarean
section. Every woman staying in the selected hospitals
on the third or fourth day after delivery was invited to
participate in the study. Some extra-community women
living in Italy were included in the study. Two hundred
and thirty-one of the recruited subjects (93.5% of the
sample) took part in the survey. Lead and cadmium
were determined in 143 women because the supple-
mental milk amount of 4ml could be taken only from
these subjects.

Questionnaire

For each woman a questionnaire was completed, report-
ing personal data, occupation, eating and personal
habits. Diet and eating habits information was focused
on foods which were more likely to contribute to dietary
intake of aflatoxins, ochratoxin A, lead and cadmium ac-
cording to the European Commission Food Science and
Techniques indications [24]. Written informed consent
was obtained from each participant after having been
informed about the aims of the study. Table 1 reports the
description of the subjects participating in the study.

Collection and analysis of milk samples

Milk samples were collected between March and July
2000 in the first and third week of each month from
women who accepted to join in the research. After wash-
ing and sterilization a breast pump was used by each
mother to collect milk sample during the third or fourth
day after delivery; before the collection, the mother had
to wash her breast using only water to avoid milk chem-
ical contamination.

Approximately 20 ml of milk was collected from each
mother into polypropylene test tubes and the samples
were stored at -20°C until analysis. Aflatoxins and
ochratoxin A determination in human milk was ob-
tained using HPLC. The milk was centrifuged twice ten
minutes at 4500g and at 4°C. The supernatant was
placed in the top of the immune affinity column for
ochratoxin Aj; then the eluate was washed with doubly
distilled water followed by 2 ml of methanol and placed
at the top of the immune affinity column for aflatoxins.
Aflatoxin and ochratoxin A determination was obtained
using HPLC with an auto-sampler and a fluorometric
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Table1 Sample characteristics: demographicdata, job, personal habits of mothers

Variables % of subjects
Age (years) 18-28 25.8
29-35 61.5
36-42 12.7
Delivery (ies) (numbers) 1 57.8
2 37.7
3 33
more 1.2
Residence Country 50.8
Town 49.2
Factories near by: — agricultural plants 393
— industrial plants 41.8
None 18.9
Job Farmer 0.0
Housewife 23.0
Factory worker 9.0
Office-worker 52.9
Other 15.1
Smoker (n° of cigarettes) Non-smoker 65.2
Up to 10 cigarettes/day 7.8
10-20 cigarettes/day 4.1

More than 20 cigarettes/day 0.0
Quitsmoking 9 monthsago ~ 13.5

Quit smoking years ago 9.4
Hobbies None 68.9
Gardening 26.6
Bricolage 45

detector (ecc=365nm, em=440nm and ecc=333,
em=470nm respectively). The detection limit of the
method was 0.5 ng/l. OTA recovery was 97 %; OTA was
added at a concentration of 50 ng/l. Negative samples
were estimated to be equal to 0.25 ng/l.

Lead and cadmium analysis was performed on a 4 ml
fresh sample submitted to lyophilization on an Edwards
Modulyo 4K lyophilizer and after addition of 4ml of
HNO; 70 % BDA “Aristar” and 1 ml of H,0, 100 vol. 30 %
BDA “Aristar”. Then the sample was submitted to min-
eralization in a mineralization unit connected to an ex-
haust fumes extraction apparatus EM5. The sample,
quantitatively transferred to a graduated PLP test tube
and brought to a volume of 10ml with distilled water
and de-ionized on an ionic exchange resin, was analyzed
in a Perkin Elmer Analyst 600 Atomic Absorption Spec-
trophotometer, equipped with a Zeeman effect cor-
rected graphite furnace. Detection limit of the method
was 4.0 ug/l for lead and 2.0 pg/l for cadmium; the reli-
ability of the method was evaluated by 10 determina-
tions for each element on reference material standard
BCR (Community Bureau of Reference) CRM 063 ob-
taining an output of 97 % for cadmium and 98 % for lead,
respectively. Negative samples were estimated to be
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equal to 2.0 ug/l and 1.0 ug/l for lead and cadmium, re-
spectively.

Xenobiotic ingestion by the newborn

The newborn’s ingestion of ochratoxins A,lead and cad-
mium were evaluated at the first, fourth and sixth lactat-
ing day based on the total newborn daily milk intake, es-
timated in 40g, 200g and 300g of milk respectively,
using the milk consumption multiplying by the concen-
tration of the xenobiotics in the milk.

Statistical analysis

All data collected in the questionnaires administered to
the puerparae and analytical data were inserted in a D
BASE archive. Descriptive statistical elaborations were
performed with the statistical package SPSS/PC+V 2.0
[25]. Comparison of average values between groups was
calculated using student t-test and Ran tukey test. When
the examined variables did not have a normal distribu-
tion, variable intergroup comparison was performed
with the following non-parametric tests: Mann-Whit-
ney for comparison between two groups; Kruskal-Wal-
lis test for comparison among three or more groups.

Research protocol approval by ethics committee

The research protocol was approved by the Ethics Com-
mittee of the Faculty of Medicine and Surgery of the
University of Pavia.

Results
Mycotoxins in human milk

Aflatoxin B1 (11.4 ng/l) and aflatoxin M1 (194 ng/1) were
found only in one sample, while ochratoxin A was de-
tected in 198 samples (85.7%). Table 2 reports ochra-
toxin A values on all 231 milk samples analyzed. With re-
gards to ochratoxin A, 72.3% of values were below the
detection area limit of 0.5 ng/l and 5 ng/l, while 16%
showed values between 6 ng/l and 10 ng/l and the re-
maining 11.7 % between 11 ng/l and 57 ng/l.

According to geographic location, the greatest aver-
age value was detected in the Hospital of Sondrio
(8.2 £ 13.0 ng/1), while the lowest value was found in the
Hospital of Merate (3.9 +3.7 ng/l). However, variance
analysis did not reveal significant statistical differences
in concentrations between the various hospitals.

Mean ochratoxin A milk concentrations were com-
pared grouping the subjects according to age (<30
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Table2 Statistical parameters of Ochratoxin A, lead . . . . .
and cadmium detected in milk samples analyzed Xenobiotic N°of milk  Median ~ 25th : 75th . Maximum I?et.ectlon
samples percentiles  percentiles limit
Ochratoxin A (ng/l) 231 4.00 2.17 740 57.00 0.5
Lead (ug/l) 143 7.75 4.20 14.30 216.00 2.0
Cadmium (pg/l) 143 1.00 1.00 1.00 20.00 1.0

years, > 30 years), number of childbirth, area of resi-
dence (country or town), distance from agricultural or
industrial areas, type of job (housewife, factory worker,
employee), number of smoked cigarettes and potentially
risky hobbies practiced (i.e. gardening). Based on our
data, no statistically significant differences (Ran tukey
test) emerged from these comparisons.

Data on ochratoxin A were further analyzed in rela-
tion to the consumption of food and beverages with
probable sources of this toxin such as milk, cheese,
bread, cereals, legumes, coffee, peanuts, pork meat and
cacao grouping the subjects in two groups: 1) occasional
consumers (up to 7 times a week), or 2) habitual con-
sumers (more than 7 times a week).

The largest consumers of milk, cheese, bread cereals,
legumes, coffee, peanuts, pork meat and cacao had
higher mean values of Ochratoxin A than the occasional
consumers, but only a statistically significant difference
(p <0.05) emerged for bread. The relationship with con-
sumption of wine and beer, potentially dangerous bev-
erages, were not analyzed because of the only occasional
consumption of these beverages during pregnancy.

Lead and cadmium in human milk

Lead and cadmium were measured only on 143 samples
(58% of recruited women) because the extra milk
amount of 4ml could be taken only from these subjects
and therefore the data obtained are not representative of
the Lombard population; nevertheless we thought that it
was useful to give that information.

Statistical analysis applied to all the empirical data
revealed a highly asymmetric distribution of the metals
in milk with a concentration of values towards the lower
levels and, consequently, the trend of the data differed
from that Gaussian expected distribution assumed as
normal. Data normalization was not possible even using
transformation in natural base 10 logarithms.

Position measurements and variations in lead and
cadmium concentrations revealed a high degree of data
dispersion, especially regarding lead (Table 2).

A total of 75.7% of subjects were positive for lead.
Only 30% had contamination levels estimated to be
“usual in normal conditions” (2-5 ug/l) by the WHO
[26].When considering the value of 20 ug/l, indicated by
various authors [27] as an adequate screening value for
women with occupational and environmental exposure,

16.4% presented contamination levels that indicated a
possible risk. In particular, the subjects at the 95th per-
centile presented a very high milk lead content (85.2
ug/l), four times greater than the already cited screening
value and, moreover, 17 times greater than the “normal”
contamination levels.

A much better situation emerged for cadmium, given
that 87.4 % of the sample had values below the detection
limit (2 pg/l), thus resulting in the contamination values
considered normal by the WHO [28]: <1ug/l. Likewise
for data on lead, the subjects at the 75th percentile still
presented widely acceptable contamination levels (1.0
ug/l), while only the subjects at the 95th percentile pre-
sented “risk” values, being higher (7.0 ug/l) than the
screening value indicated for exposed women: 5 ug/1{27].

Concentration mean values of the two xenobiotics
were analyzed by grouping the subjects according to
personal data, lifestyle, residence area, kind of job, num-
ber smoked cigarettes and dietary habits. This compar-
ison (Kruskal-Wallis test) did not reveal any statistically
significant differences.

Xenobiotic ingestion by the newborn

According to our results, the newborns’ intake obtained
using the average weight of the babies of 3.3 kg are re-
ported in Table 3.

Discussion

The study confirms the presence of ochratoxin A and
lead in human milk and it gives an update on the actual
situation in Lombardy (Northern Italy).

Aflatoxins (AFB1 and AFM1) were detected in only
one milk sample from Milan hospital. The mother’s
questionnaire analysis did not reveal any relationship
between these values and her lifestyle.

Ochratoxin A was detected in a high percentage of
milk samples (85.7%). The fact that data were widely
spread may be explained by the punctiform mycotoxins
food contamination. A correlation between the potential
risk factors and milk concentration was found only for
bread consumption, probably due to the high intake fre-
quency, more than twice a day.

Present results are comparable with those obtained
in other similar studies performed in recent years in var-
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Table3 Percentage of babies at risk for ingestion of
Ochratoxin A (OTA), lead (Pb) and cadmium (Cd)

Percentage of babies at risk

Total daily milk Intake of OTA Intake of Pb Intake of Cd
consumption > PTDI > PTWI > PTWI
(9) (%) [26,32,33] [26,32,33]
(%) (%)
1t lactating day 40 7.0[29] 0.0 0.0
4t |actating day 200 60.0 [29] 8.0 0.7
6t lactating day 300 71.0[29] 9.5 14
0.4[30]
0.0[31]

ious European and extra-European countries. Table 4
shows that ochratoxin A concentrations are comparable
to those detected in Germany, Sweden and Norway and
very much lower than those detected in Sierra Leone and
in two previous Italian studies performed in 1991 and
1995 [5,7].In these latter studies, the detection limit was
100 ng/l, undoubtedly higher than our 0.5 ng/l. For this
reason, our analytical method was more sensitive and it
could explain the higher percentage of positive samples.

For genotoxic cancerogenic substances, such as afla-
toxins, a threshold value below which the risk value for
human health is equal to zero does not exist. The JEFCA
[31] does not establish a TDI, but strongly recommends
that the level of aflatoxins should be as low as possible
(ALARA level, As Low As Reasonably Achievable) [36].
Notwithstanding that, even if the presence of aflatoxin in
maternal milk could have a toxicological relevance,
there is no risk level for the neonatal population in Lom-
bardy, as there was only a single case positive for afla-
toxin.

Considering the Ochratoxin A toxicological charac-
teristics and taking into account that newborns have a
not yet mature immunological system and therefore are
more sensitive to this substance’s toxic action, it seems
more opportune to compare the estimated Ochratoxin A
ingestion with the lowest value of TDI. This comparison
reveals that on the fourth and sixth days, with an esti-
mated intake of 200 and 300 grams of milk respectively,
a high percentage of subjects can be considered at risk,

given intakes of Ochratoxin A greater than the limit pro-
posed by Kuiper-Goodman and Scott [29].

As far as heavy metals are concerned, the results con-
firm the problem of lead contamination in human milk
even though the obtained concentration value
(17.08 +31.80 pg/l) is undoubtedly lower than the values
reported in previous Italian studies conducted at the end
of the 1980’s by Sartorelli et al. [27] (36.00 £29.30 ug/l)
and Coni et al. [37] (range 16.2-77 ug/l).

It could be deduced that the adoption of preventive
actions, such as the introduction of unleaded gasoline,
the reduction of lead welding in tin cans for food, have
produced a decrease in environmental pollution and
consequently in food contamination as has occurred in
other nations.

Nevertheless, the importance of the problem in Lom-
bardy is confirmed when comparing the data with those
of other studies conducted in other countries. Although
this comparison may be an approximation, since the
metal excretion in milk is greatly conditioned by the day
of the sample collection [38, 39], our values are among
the highest (Table 5). This contamination can be consid-
ered “at risk” only for a small percentage of newborns
(Table 3). Comparison of the intakes calculated with the
PTWI value (25 pug/kg b.w.) [32, 33], on the basis of the
average neonatal weight of 3.3 kg, showed that 8 % of the
newborns on the fourth day and 9.5% of those on the
sixth day have a lead ingestion above the tolerable
weekly intake.

Table4 Ochratoxin A concentrations (ng/l) in hu-

man milk samples collected in different European Country % positive Foncentratiqns of OTA References
and extra-European countries in human milk
(ng/1)

Italy 86 1-57 Present study
Germany 1 17-30 Gareis et al. 1988 [34]
Italy 18 1700-6600 Micco et al., 1991 [5]
Sweden 58 10-40 Breitholtz-Emanuelsson et al. 1993 [6]
Sierra Leone 35 200-337000 Jonsyn etal. 1995 [35]
Italy 20 100-12000 Micco et al. 1995 [7]
Switzerland 10 5-14 Zimmerli etal. 1995 [8]
Norway 33 10-130 Skaug et al. 1998 [9]
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Table5 Lead and cadmium concentrations (pg/l) in human milk samples col-
lected in different European and extra-European countries (Modified by Patriarca
et al. 2000) [40]

Country Year Lead (pg/l) Cadmium (pg/l)
Present study 2001 17.08+31.80 1.68+2.37
Canada 1999 0-4.0 Il
Australia 1998 0.09-3.1 /1

Austria 1998 <0.1-9.9 <0.2-0.8
Svezia 1995 0.7£0.4 0.06+0.04
Italy 1990 16.2-77.0 2.1-65.0
Guatemala 1989 3.0 <1
Nigeria 1989 5.0 3.67
Hungary 1989 15.0 <1

Italy 1986 36.00+29.30 3.51+£2.03

Results regarding cadmium indicate that the problem
is less severe. The milk concentrations obtained are
within normal levels of contamination in relation to
data indicated by the WHO [28] (< 1 ug/l = normal level)
and slightly higher than those reported in Table 5, except
for Nigeria. Furthermore, the average value (1.68 £2.37

ug/l) is lower than those reported by previous Italian
studies conducted by Sartorelli et al. [27] (3.51£2.03
rg/l) and Coni et al. [37] (range 2.1-65 ug/l). Also for the
newborn group, the risk level is undoubtedly less severe
than that regarding lead ingestion since only one subject
on the fourth day and two on the sixth day had a cad-
mium intake above the PTWI (7 ug/kg b.w.) [26, 33];
moreover the calculated intakes are among the lowest
values of the WHO-IAEA collaborative study [26].

Conclusions

The results of this study confirm the presence of ochra-
toxin A and lead in human milk and therefore they point
out the need to continue biological monitoring and to
set up more specific studies in this area and possible
hospital controls for future prevention programs espe-
cially when attempting to identify the role of possible
risk factors on the quality of human milk.
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