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Abstract
Introduction: The levels of cadmium (Cd) and lead (Pb)
in foods should be monitored as a function of health risks.
Objective: To evaluate Cd and Pb levels in oral hospital
diets and in an oral food complement (OFC) according to
their respective consumption by patients, and to estimate
the patient’s exposition risk.
Methods: The levels of Cd and Pb were determined by
ICP-OES in samples of regular, blend, soft and renal
diets and OFC, collected on 6 weekdays. About 14.3% of
the diets and OFC served were analyzed.
Results and Discussion: 163 patients participated, with
mean weights and ages of 62.7 kg and 56.5 years, respectively, the majority being men (59.5%). The mean Cd
content consumed was greater for men fed the regular and
blend diets and similar amongst the sexes for the soft diet.
The consumption of Cd (max. 21.02 µg/day) was below the
provisional tolerable monthly intake (PTMI). The mean
Pb ingested (max. 199.49 µg/day) was similar amongst the
sexes. The soft diet showed the highest Pb content in
September/2010, whereas the other showed no variation
according to season. In September/2010 and
January/2011, the soft and regular diets associated with the
OFC offered 207.50 and 210.50 µg/day of Pb, respectively.
Conclusions: The combination of the diet with the OFC
increased the risk of an excessive ingestion of Pb, and the
vulnerability of the patients to an excessive exposition to
Pb could be greater due to water and medications. It was
concluded that whereas the calculated ingestion of Cd
conformed to the PTMI, the Pb level and ingestion represented a risk to the health of the patients.
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NIVELES DE CADMIO Y PLOMO CONSUMIDOS
POR PACIENTES QUE RECIBEN DIETAS
HOSPITALARIAS ORALES
Resumen
Introducción: Los niveles de cadmio (Cd) y plomo (Pb)
en los alimentos deben ser controlados en función del
riesgo para la salud.
Objetivo: Evaluar los niveles de Cd y Pb en dietas hospitalarias orales y complemento alimentario oral (OFC) y
sus ingestiones por pacientes, con estimativa del riesgo de
exposición.
Métodos: Los niveles de Cd y Pb se determinaron
mediante ICP-OES en muestras de dietas regular,
blanda, fluida, renal y OFC, recogidas 6 días non-consecutivos. Fueron analizados 14,3% de las dietas y OFC servidos.
Resultados y Discusión: 163 pacientes participaron,
con pesos y edades medias de 62,7 kg y 56,5 años, respectivamente, en su mayoría varones (59,5%). La media de Cd
consumida fue mayor entre hombres alimentados con
dietas regular y fluida y similar entre los sexos para la
blanda. El consumo de Cd (máx. 21,2 µg/día) estaba por
debajo de la ingesta provisional mensual tolerable
(IPMT). El contenido medio de Pb ingerido fue similar
entre sexos (máx. 199,49 µg/día). La dieta blanda mostró
mayor contenido de Pb en septiembre/2010, mientras que
las otras no variaron según la temporada. En septiembre/2010 y enero/2011, las dietas regular y blanda asociadas al OFC aportaron 207,50 y 210,50 µg/día de Pb, respectivamente.
Conclusiones: La combinación de la dieta con OFC
aumentó el riesgo de ingestión excesiva de Pb. La vulnerabilidad de los pacientes a una exposición excesiva podría
ser mayor en función del agua y medicamentos. La ingestión de Cd calculada cumple el IPMT, pero el nivel de Pb
y su ingestión representan riesgo para los pacientes.
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Abbreviations
Cd: Cadmium.
FAO/WHO: Food Agriculture Organization/World
Health Organization.
LOD: Limit of detection.
LQD: Limit of quantification.
MERCOSUR: Mercado Comum do Sul (MERCOSUL).
OFC: Oral food complement.
Pb: Lead.
PTMI: Provisional Tolerable Monthly Intake.
Introduction
Feeding is one of the main ways by which man is
exposed to cadmium (Cd) and lead (Pb)1, both being
contemplated amongst the main toxic agents detected in
the environment. Exposure to these elements is still a
principle interest from the public health point of view,
since both are considered as inorganic contaminants with
an elevated toxicity potential for human health2. With the
objective of guaranteeing food safety, since 1972 the
Joint FAO/WHO Expert Committee on Food Additives
has proposed that the ingestion of inorganic contaminants such as Pb and Cd be evaluated in foods and diets3.
Current MERCOSUL and European Common
Market legislations are restrictive with respect to the
Cd and Pb contents and cover a great number of foods,
limiting the Cd content to up to 0.05 mg/kg in meats
and some fish species and to 3.0 mg/kg in algae or
mollusk-based food supplements. The Pb content is
limited to up to 1.5 and 0.02 mg/kg in mollusks and
liquid milk, respectively4-6.
Nevertheless, despite some controversy, studies
from various parts of the world have reported the presence of Cd and/or Pb in foods such as cereals, meat
and animal viscera and in teas, in amounts that could be
toxic to man7-10. Many of these foods are considered
appropriate and integrate hospital diets, such as bread,
fish and teas.
One study reported the presence of Cd in hospital
diets with contents of 0.05; 0.09; 0.12 and 0.15 mg/100
g for bread, bread with fried egg, bread with boiled egg
and bread with sardines, respectively11. It must be
emphasized that more than 90% of hospital patients are
fed oral diets12, which should be sensorially attractive,
nutritionally balanced and present food safety, which
includes respecting current limits for contaminants.
However there is a lacuna with respect to the mineral
contents in oral hospital diets13, including those of the
contaminants Pb and Cd.
Thus considering the above and the lacuna of information, the present study aimed to determine the levels
of Cd and Pb in oral hospital diets with distinct consistencies (regular, blend and soft) and with differentiated
proximate compositions (oral diet for patients with
chronic renal insufficiency), and in an artisanal oral

Cadmium and lead levels
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food complement (OFC). In addition, the respective
amounts of Cd and Pb consumed by hospitalized
patients were evaluated and the exposition risks calculated, using the Provisional Tolerable Monthly Intake
(PTMI) as the reference for Cd14.
Material and methods
Samples
This study was of an exploratory nature and was
carried out in a hospital that is part of the Brazilian
National Health Service in the city of Belo Horizonte
(MG, Brazil). The Cd and Pb contents were studied in
four oral hospital diets, three of which were routine
diets (regular, blend and soft) and one a modified diet
(renal). The menus of each diet covered a period of six
weeks (42 days) and were then repeated, and consisted
of six meals: breakfast, mid-morning snack, lunch,
mid-afternoon snack, dinner and bedtime snack.
Samples were taken in duplicate of each diet and of
the OFC on two consecutive weekdays in May 2010,
September 2010 and January 2011. On the sampling
days, the weight, age and sex of each patient prescribed
the diets under study was registered from their medical
records. The protocol of the research was approved by
the Ethics in Research Committee of the Fundação
Mário Penna (CAAE- 0001.0.261.238-11), since it
complied with the group of ethical principles that apply
to research involving human beings, as established by
the Helsinki agreement.
On the days the diets were sampled, two additional
units were prepared for the meals making up the menus
of interest to the study, in a way similar to that used in
the portioning of the meals destined for the patients.
The artisanal oral food complement (OFC) was
sampled in an identical way.
The samples were taken at the normal times the
meals were offered, as also the OFC, and were weighed
on an electronic Pluris Top balance (Filizola S.A.
Pesagem e Automação, São Paulo, SP, Brazil) with a
capacity of 15 kg and sensitivity of 2 g. Each meal was
homogenized in a food multiprocessor with a plastic
helix. A homogenous composition was prepared using
10% of each meal, resulting in a mixture corresponding
to the total daily ingestion of each diet. Fifty gram
aliquots of these homogenates of each diet and of the
OFC were collected, stored in duly identified zip-lock
plastic bags and frozen at -18ºC until analyzed.
Chemical analysis
All the reagents used were of analytical grade. High
purity deionized water (resistivity of 18.2 MΩ cm) was
obtained using a reverse osmosis water purification
system. All glassware was maintained in a 20% (v/v)
HNO3 solution, and washed with high purity water and
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dried before use. The analytical curves for Cd and Pb
were prepared from a standard solution of these two
elements in 5% (v/v) HCl, obtained by diluting a 1,000
mg/L standard solution of Cd and Pb (Merck, Darmstadt, Germany). The analytical curve was prepared
with 5 points and a concentration interval from 0.0025
to 0.5 mg/L for both Cd and Pb.
The contaminants Pb and Cd were quantified by
inductive coupled plasma optical emission spectrometry
(ICP OES) using a Varian model Vista MPX spectrometer (Mulgrave, Australia) equipped with a 40 MHz
radio frequency source, charge coupled device solid
state simultaneous multi-element detector, peristaltic
pump, nebulizer chamber and sea spray type nebulizer.
The system was controlled by ICP Expert software and
used 99.996% pure liquid argon (Air Liquid, SP, Brazil).
The following operational conditions were used for the
ICP OES: power, 1000 W; nebulizer flow rate, 0.9
L/min; argon flow rate and auxiliary gas flow rate, 15
and 1.5 L/min; integration times and reading times, 10
and 3 s; number of replicates, 3. The wavelengths used
were 214.439 for Cd and 220.353 for Pb.
The samples were prepared using an adaptation of the
methodology of Slavin et al.15 Two grams aliquots of the
homogenized samples were weighed into 100mL
beakers and 25 mL concentrated HNO3 (Merck, Darmstadt, Germany) added to each. After heating for 2 hours
on a heating plate at 180ºC, the extract was cooled and 7
mL 30% hydrogen peroxide (Merck, Darmstadt,
Germany) added. The extract was heated again at 180ºC
until the volume was reduced to about 10 mL. After
cooling again, the digested sample was quantitatively
transferred to a 25 mL volumetric flask containing 5%
(v/v) HCl. The blank solutions were prepared in the
same way as the samples and the determinations of the
Cd and Pb present in the diets made in duplicate.
The analytical sensitivity was determined from the
limits of detection (LOD) and quantification (LOQ)
obtained from 8 measurements of the solutions of 8
analytical blanks fortified with standard solutions of
the minerals at concentrations corresponding to half
the most dilute point of the analytical curve. The LOD
and LOQ were calculated using the following
–
formulae: LOD = t (n-1).s and LOQ = X 10s, where t is
the value on the abscissa t (Student) and (n - 1) the
degrees of liberty (calculated for 99% of confidence), s
–
= the standard deviation of the analyses and X the
mean of the values for the blanks16.
The specificity of the method for the determination
and quantification of the contaminants was evaluated
from the emission spectra obtained using the ICP OES
for each element, and showed the absence of any interference that could compromise the use of the analytical
method. The methodology used was selective for both
elements at the wavelengths used. The precision of the
method was evaluated from the coefficient of variation
of 5 analytical repetitions using the same procedure for
measurement, analysis, equipment and repetitions in a
short space of time. The exactness of the method was
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evaluated using the recovery test at a level of 0.025
mg/kg. It was assumed that values below the LOQ
were the same as the LOQ in order to calculate the
mean concentrations.
Lead and cadmium ingestion
The study only included patients that were
prescribed the regular, blend or soft oral hospital diets
on the sampling days. Those prescribed the renal oral
diet were not studied as a function of the study logistics. The patients whose food consumption was evaluated were not informed about the study in order to avoid
deviations in the analysis.
The distribution of the meals and the OFC to the
patients followed the hospital routine, as also their
removal with any leftovers. The latter were separated
and weighed individually on an electronic Pluris Top
balance (Filizola S.A. Pesagem e Automação, São
Paulo, SP, Brazil) with a capacity of 1 kg and sensitivity
of 2 g. The mass obtained was recorded, and, when
necessary, the weight of the recipients subtracted. The
ingestion of Cd and Pb by the patients was calculated
from the difference in weight between that carried by
the diet and by the OFC served to the patient and that
found in the respective leftovers.
In order to obtain an estimate of the monthly exposure of the patients to Cd and Pb, the mean ingestion
per sex and diet of the 6 days studied was multiplied by
30 and divided by 60kg, which represents the theoretical mean weight of an adult3. The Cd and Pb contents
carried by the diets and ingested by the patients were
evaluated according to the Codex Alimentarius14, that
establishes a Provisional Tolerable Monthly Intake
(PTMI) for Cd of 25 µg/kg of body weight, no value
having been proposed for the safe ingestion of Pb.
Statistical analysis
The data were analyzed statistically using the software Stata 12.1 for Mac OS (StataCorp 1995-2011).
The Shapiro-Wilk test was used to evaluate the
normality of the data. The homoscedasticity of the data
was evaluated by the Levene test and the differences
between the diets with respect to the levels of Cd and
Pb were evaluated by the Kruskal-Wallis test. Differences of p < 0.05 were considered statistically significant. The differences between the diets, body weight
and sexes with respect to the mean contents of Cd and
Pb ingested, were evaluated by the student t test.
Results and discussion
A total of 163 patients were fed the regular, blend
and soft diets on the days studied, the majority (59.5%)
being male. With respect to the type of diet prescribed,
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the majority of the patients were fed the regular diet (n
= 97) and regular diet plus OFC (n = 29), followed by
the blend diet (n = 19) and blend diet plus OFC (n = 8).
The soft diet was the least prescribed (n = 6) even when
combined with the OFC (n = 4).
Whereas the mean age of the men was 59.1 ± 15.0
years old, that of the women was 53.8 ± 13.6 (p < 0.05).
There was no statistically significant difference
between the sexes with respect to mean body weight,
which was 64.3 ± 11.6 and 61.2 ± 14.4 kg for the men
and women, respectively. The mean weight of the
patients was in agreement with the theoretical weight
of an adult man (60 kg) used by the FAO/WHO3,
although when considering the minimum body weight,
this was below the theoretical value, with values of
45.0 and 30.0 kg for men and women, respectively. It is
worth mentioning there is an involuntary loss of weight
amongst hospitalized patients as a function of time
interned, independent of sex17.

The sampling carried out during the study, which
contemplated one day for each of the six weeks (42
days) covered by the menus of the oral hospital diets,
represented an analysis of 14.3% of the total composition of each diet served to the hospitalized patients for
each of the diets studied and for the OFC. Table I
shows the results obtained for the validation parameters of the analytical methodology. The concentrations
of Cd and Pb were below the limits of quantification
(LOQ) in various samples. The analytical curves
obtained for both inorganic contaminants studied
showed good linearity with a linear correlation coefficient (r) greater than 0.9999. The precision and exactness of the method were satisfactory for the results
obtained.
Table II shows the mean, maximum and minimum
values for Cd and Pb found in the four diets and in the
OFC. The samplings were grouped according to the
season collected, the mean value for the two days

Table I
Performance characteristics of the method for determining cadmium (Cd) and lead (Pb) in the oral diets and artisanal oral
food complement (OFC)

Element
Cd
Pb

Certified
Value
(mg/kg)

Measured
Value
(mg/kg)

Recovery
(%)

Precision*
(%)

LOD**
(mg/L)

LOQ***
(mg/L)

0.025
0.025

0.0204 ± 0.0005
0.023 ± 0.003

82
92

2
14

0.0002
0.0007

0.003
0.006

Note: LOD, limit of detection; LOQ, limit of quantification; * n = 5; **LOD = t (n-1)*s; ***LOQ= average of the blanks values + 10s; t = T-test (p
= 0.01); s = standard deviation.

Table II
Average (± standard deviation), minimum and maximum levels of cadmium (Cd) and lead (Pb) content by the regular (R),
blend (B), soft (S), renal (Rn) diets and artisanal oral food complement (OFC)
Cd (µg/day)
Sample
times

Pb (µg/day)

Material

Average ± SD

Min.

Max.

Average ± SD

Min.

Max.

May 2010

R diet
B diet
S diet
Rn diet
OFC

21.02ax ± 0.35
22.48ax ± 1.81
19.37ay ± 0.09
17.23ay ± 0.50
3.22a ± 0.04

20.69
19.72
19.29
16.76
1.51

21.34
26.29
19.45
17.69
1.70

72.31ax ± 18.36
81.42ax ± 26.87
68.08cx ± 20.17
75.56ax ± 44.12
9.66a ± 0.11

62.07
65.73
57.87
50.28
4.53

109.63
127.08
112.81
160.90
5.10

Sep 2010

R diet
B diet
S diet
Rn diet
OFC

14.11ax ± 9.44
15.45bx ± 7.93
12.04ax ± 3.01
11.44ax ± 4.74
1.88b ± 0.31

3.86
6.74
7.98
6.72
1.00

29.61
26.17
16.37
16.8
1.67

178.2ax ± 122.09
114.53ax ± 77.03
186.19ax ± 76.15
156.10ax ± 97.94
21.32b ± 0.23

27.87
50.52
89.13
48.18
5.53

314.26
244.18
295.26
274.24
13.30

Jan 2011

R diet
B diet
S diet
Rn diet
OFC

20.97ax ± 0.60
18.32bx ± 3.45
19.65bx ± 1.05
20.05bx ± 0.78
3.21a ± 0.02

20.41
12.94
18.67
19.32
1.48

21.53
21.57
20.63
20.78
1.70

199.49ax ± 95.14
131.95ax ± 88.62
101.72bx ± 53.40
143.07ax ± 81.64
14.65a ± 14.65

61.23
58.14
57.88
62.34
4.44

297.11
281.01
183.61
268.55
21.31

a,b,c
x,y,z

Differences (p < 0.05) for the same diet or OFC in distinct sample times (Kruskal-Wallis)
Differences (p < 0.05) among diets in the same sample time (Kruskal-Wallis)
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larly the values for the mean daily content of Pb carried
by the OFC oscillated, giving values of 9.66, 21.32 and
14.65 µg. The Cd and Pb counts found in the OFC in
september 2010 showed statistically significant differences from the values found in the other seasons,
being lower than the others for Cd and higher than the
others for Pb. Table III shows the mean total contents
found for Cd and Pb obtained from the association of
the oral hospital diets with the OFC and the respective
percent increase caused by the use of the combination
with OFC in the distinct diets for the different seasons
under study.
The combination of the OFC with the regular diet
presented a relatively stable increase in Cd for all the
seasons sampled, whereas for the blend diet, in january
2011, the association with OFC increased the total Cd
content by approximately 17%. The greatest increase
in the Cd content caused by the association with OFC
occurred in the renal diet in may 2010, with an increase
of almost 19% in the contaminant (Table III).
With respect to Pb, the combination of the regular
and renal diets with the OFC showed the lowest percent
increases in january 2011, being 5.5 and 7.7%, respectively. On the other hand, the association of the soft diet
with the OFC resulted in an increase of 18.6% in the Pb
content in september 2010. The percent increases in the
Pb content caused by the combination of the soft diet
with the OFC were relatively stable as a function of the
sampling season (Table III).
It should be emphasized that in september 2010 and
january 2011 the combinations of the OFC with the soft
and regular diets resulted in Pb contents of 207.51 and
210.53 µg/day, respectively. These values bordered on
the maximum values for Pb formerly considered safe
by FAO/WHO3. However, according to Codex
Alimentarius, all the oral diets involved in this study
showed lead contents that could put the health of the
patients at risk14.
In addition, the present study did not compute any Cd
or Pb eventually carried by the water consumed by the
patients, which could represent an additional source of
these contaminants, even if the water alone was within
the maximum limits allowed by current legislation. In
the case of Pb, any additional amount ingested via

studied in each season being indicated. With respect to
Cd, the regular diet carried similar mean values in the
three times studied, the blend one showed a greater
content in may 2010, whereas the soft and renal diets
showed their greatest contents in january 2011. In may
2010 the regular and blend diets showed greater
contents than the soft and renal diets.
With respect to Pb the soft diet showed the greatest
content in september 2010, followed by january 2011,
with the smallest content in May 2010. The other diets
did not show statistically significant variation between
the values found for the three seasons. For the same
season the values found for Pb carried by the different
diets also showed no significant statistical difference.
With respect to the OFC, greater contents of both Cd
and Pb were detected in september 2010, whereas the
quantities were similar in may 2010 and january 2011
(Table II). The Pb content found in the OFC could be
explained in part by the fact that the artisanal formulation used included milk, which can contain reasonable
Pb contents18,19.
A study involving the analysis of trace elements in
oral hospital diets reported a Cd content that varied
according to the type of meal and its composition. For
breakfast the amount oscillated between 0.05 and 0.15
mg/100 g dry diet, the highest value being observed
when fish was including amongst the foods making up
the meal. Values for Cd between 0.02 and 0.29 mg/100
g dry diet were found for the lunch and dinner meals,
the higher values occurring when the meals contained
meat or fish11.
Fish, meat and meat products have been indicated as
vehicles of inorganic contaminants such as Cd and Pb,
with significantly different concentrations as a function of the species of fish8,9. In january 2011, the
regular, blend and renal diets all included fish with
shrimp sauce on the dinner menu of one of the days
analyzed, showing higher values for Pb on this occasion as compared to the soft diet (p < 0.05).
The mean contents found for Cd and Pb in the OFC
varied as a function of the season the diets were
sampled. The mean daily amounts of Cd in the OFC
were 3.22, 1.88 and 3.22 µg in the months of may 2010,
September 2010 and january 2011, respectively. Simi-

Table III
Absolutle and percentile contribution (%) of the artisanal oral food complement (OFC) in the level of cadmium (Cd)
and lead (Pb) of the regular (R), blend (B), soft (S) or renal (Rn) oral diets in function of the times of sample data collection
Sample times
May 2010
Diet +
OFC
R+OFC
B+OFC
S+OFC
Rn+OFC

200

Cd

Septiember 2010
Pb

Cd

(µg/day)

%

(µg/day)

%

(µg/day)

%

24.24
25.70
22.59
20.45

15.3
14.3
16.6
18.7

81.97
91.08
77.74
85.22

13.4
11.9
14.2
12.8

15.99
17.33
13.91
13.32

13.3
12.2
15.6
16.4
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January 2011

Pb
(µg/day)
%
199.56
135.86
207.51
177.42

12.0
18.6
11.4
13.7

Cd

Pb

(µg/day)

%

(µg/day)

%

24.06
21.41
22.74
23.14

14.7
16.9
15.7
15.4

210.53
142.99
112.76
154.11

5.5
8.4
10.8
7.7
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potable water would increase the exposition to the
element to the point of configuring a lack of food safety.
In Brazil a study showed that the lead content of
water varied between 3.9 and 5.3 µg/L for mineral
water, and was 4.7 µg/L for potable tap water20. Considering a maximum consumption of 2L of mineral water
per day per patient, the contribution to the daily lead
consumption would be to the order of 7.8 to 10.6 µg in
the months of september 2010 and january 2011,
respectively. This hypothesis of exposition is also in
agreement with the estimate for the daily ingestion of
Pb by adults from the potable water supply, which,
according to the data of WHO, presented a mean of 5
µg/L of Pb, representing a calculated ingestion of Pb of
10 µg/day21.
University students in Italy were also considered to
show a high potential risk due to the great amounts of
Cd and Pb ingested in their diets. In this study, an
analysis of Cd and Pb in the foods and meals served to
the students during six days in the months of february
and may indicated high levels of Cd and Pb in foods
such as the bread, meat, pasta and cheeses frequently
consumed by the students. On the other hand, foods
that they normally consumed less, such as fruits and
vegetables, presented low amounts of Cd and Pb22.
The levels found, especially those of Pb, in the OFC
and in the soft and regular diets indicated a need to
change the choice of foods making up the diets and the
OFC, and maybe with respect to the food handling
practices, since there is an eminent risk in exposing
hospitalized patients to levels representing toxicity by
the consumption of these diets and the OFC. The
aggregation of foods containing a certain amount of
phytate, such as whole rice, could minimize the degree
of exposition to lead, since this favors elimination of
the Pb in the feces23, and it has been reported that ovolacto vegetarians present a tendency to a greater elimination of these elements24.

With respect to the consumption of Cd and Pb by the
patients according to their sex and the diet received
(regular, blend and soft), it was shown that the mean Cd
content consumed was higher amongst men fed the
regular and blend diets, whereas for the soft diet, the
mean Cd content consumed was similar for both sexes.
With respect to Pb, the mean content ingested from all
the diets was similar for both sexes (Table IV).
For the estimate of the monthly exposition to Cd
(Table V), the values found were always below 25
µg/kg of body weight, showing that for both sexes, the
exposition to Cd was below the provisional tolerable
monthly intake (PTMI). The highest value estimated
for the monthly ingestion of Cd was for the association
of the blend diet with the OFC, for both men (8.80
µg/kg) and women (9.11 µg/kg). Recent dietary study
in the European population estimates the dietary exposure of Cd ranged from 2.65 (2.57-2.72) to 4.99 (4.625.38) g/kg/bw/week25. There is no PTMI in the case of
Pb and the calculation of the estimated monthly exposition according to sex, indicated the values shown in
Table V. The blend diet associated with the OFC
provided the greatest exposition for women (60.84
µg/kg) and the regular diet associated with the OFC for
men (61.96 µg/kg).
It is worth highlighting that patients with a low body
weight would be even more vulnerable to presenting a
greater risk of intoxication by Cd and Pb as compared
to patients with a body weight equal or higher than the
theoretical value used in the evaluations of toxicological safety (60 kg). There is evidence that as a function
of the pathology and the time in hospital, there is an
involuntary loss of weight (8.6 ± 6.4 kg) amongst
interned patients,17 being the male a factor mostly
closely related with the length of hospital stay26. In the
present study, males are the majority among hospitalized patients (59,5%) and female and male patients
were found with minimum weights of 30.0 and 45.0 kg,

Table IV
Average (± standard deviation), minimum and maximum levels of cadmium (Cd) and lead (Pb) ingested by female (F)
and male (M) hospitalized patients by the oral diet type consumed
Cd (µg/day)
Diets
types

Pb (µg/day)

Sex

Average (± SD)

Min.

Max.

Average (± SD)

Min.

Max.

Regular

F (n=43)
M (n=54)
P

13.13a ±0.65
15.17b ±0.61
0.02

6.08
3.6

21.02
21.02

110.34a ±8.41
123.92a ±7.25
0.22

23.61
25.26

199.49
199.49

Blend

F (n=12)
M (n=7)
P

11.87a ±1.35
17.60b ±1.17
0.01

3.54
13.83

19.32
22.48

73.08 a ±8.97
87.73 a ±9.57
0.3

25.5
62.21

110.7
131.95

Soft

F (n=4)
M (n=2)
P

10.09a ±2.18
15.22a ±4.05
0.28

4.13
11.16

14.59
19.28

79.63 a ±28.78
62.79 a ±4.98
0.71

38.74
57.8

164.59
67.77

a,b

differences (p < 0.05) among sex for the ingested level of Cd or Pb (student t test).
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Table V
Estimate of monthly ingestion of cadmium (Cd) and lead
(Pb) among female and male hospitalized patients who
receive oral diets (regular, blend, soft) only or with
artisanal oral food complement (OFC)

Diets types and OFC
Regular
Regular + OFC
Blend
Blend + OFC
Soft
Soft + OFC

Cd

Pb

Female Male
(µg/kg) (µg/kg)

Female Male
(µg/kg) (µg/kg)

6.56
7.18
5.93
9.11
5.04
8.03

7.58
7.58
8.60
8.80
7.61
6.24

55.17
59.81
36.54
60.84
39.81
32.78

60.86
61.96
43.86
47.92
31.39
21.48

respectively. It is known that a lower body mass results
in a greater concentration of Pb in the organism, even if
one considers the possibility of reduced food ingestion1, increasing the vulnerability of the patients to Pb
in relation to their healthy pairs.
Another aggravating factor is that hospitalized
patients are subjected to the use of medication, and
these, in addition to interfering with the absorption
mechanisms and processes27, could also represent additional sources of ingestion of these contaminants.28 A
study of the Cd and Pb contents of 34 syrups commercialized in Nigeria reported that 98 and 60%, presented
Cd and Pb respectively, with values of from 0.01 to
2.45 and from 0.01 to 1.08 mg/L for Cd and Pb, respectively28.
In addition, the estimates of exposition reported in
the present paper were based on the mean total concentrations of Cd and Pb carried by the diets analyzed,
associated or not with the OFC, the estimated value
being lower than the true value, since it did not include
the contents of these elements in the water consumed by
these patients. The lacuna of data concerning these inorganic contaminants in oral hospital diets limits a
comparison with other studies, and at the same time,
indicates the relevance of this exploratory study, even
though it was carried out in a single hospital. Ingestion
(water, food and soil) responds for 99% of the Pb
consumed by man, and a reduction of the Pb content in
diets is recommended as a more efficient measure to
reduce the Pb levels in the blood of human populations1.
Conclusions
Whereas the ingestion of Cd complied with the
PTMI, that of Pb represented a risk to the health of the
patients. The association of the diet with the OFC
increased the chance of a health risk to the patient,
especially with respect to the ingestion of Pb. Water
and medication represent additional sources which
should be investigated, and the latter could interfere
with the digestive and absorptive processes. In addi-
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tion, although the mean weight of the patients was
close to the theoretical value used in the evaluation of
health risks, in practice the hospitalized patients could
weigh less than this, increasing the possibility of intoxication by these inorganic contaminants. It is important
to monitor all the possible sources of contamination of
foods by Cd and Pb and promote the selection of foods
and preparations containing lower contents of these
elements and the inclusion of foods on the menu that
contain constituents that minimize the risk of intoxication. The food toxicology quality control in the hospital
food service must be improved.
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