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ABSTRACT

In the South American Pampean Plain, high arsenic (As) concentrations are present in
groundwater, exceeding, in some locations, 4 mg/L. Also, the concentrations of other
elements, like selenium (Se), vanadium (V), molybdenum (Mo) or uranium (U), are
elevated in this region. The elements could be taken up by crops, forages and animals,
may be accumulated in tissues and have a negative impact on the health of the animals.
Consumption of meat with elevated arsenic concentrations could be also a risk for hu-
man health. The aim of the present study was to determine the concentrations of As,
Se, V, Mo and U in bovine liver and kidney samples and analyze the human health risk
from its consumption. We found that the concentration of the elements present in liver
and kidney samples were generally in accordance with the quality standards for food
security set by national and international guidelines. Our results indicate that there is
no health risk for consumers from the investigated elements, neither from kidneys nor
from livers from the investigated regions.

Palabras clave: ganado, tejidos, elementos traza, Latinoamérica, consumo humano, andlisis de riesgo.

RESUMEN

En las aguas subterraneas de la llanura pampeana sudamericana se encuentran presentes
altas concentraciones de arsénico (As) , superando, en algunas localidades, los 4 mg/L.
También en esta region son elevadas las concentraciones de otros elementos, como el
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selenio (Se), el vanadio (V), el molibdeno (Mo) o el uranio (U). Los elementos podrian
ser absorbidos por cultivos, forrajes y animales, acumularse en los tejidos y tener un
impacto negativo en la salud de los animales. El consumo de carne con concentracio-
nes elevadas de arsénico también podria suponer un riesgo para la salud humana. El
objetivo del presente estudio fue determinar las concentraciones de As, Se, V, Mo y
U en muestras de higado y rifion de bovinos y analizar el riesgo para la salud humana
por su consumo. Encontramos que la concentracion de los elementos presentes en las
muestras de higado y rifién estuvo en general de acuerdo con los estandares de calidad
para la seguridad alimentaria establecidos por las directrices nacionales e internacio-
nales. Nuestros resultados indican que no existe ningun riesgo para la salud de los
consumidores a partir de los elementos investigados, ni de los riflones ni del higado,

de las regiones investigadas.

INTRODUCTION

The South American Pampean Plain is one of
the largest pasturelands in the world, covering about
750000 km? of fertile lowlands. Soil and weather
conditions of the area turn this region into one of the
most productive in South America from an agricul-
tural point of view, but at the same time constitutes
one of the largest regions of high arsenic (As) lev-
els in groundwater on Earth, with up to more than
4 mg As /L (Bundschuh et al. 2004, Nicolli etal. 2012,
Morales-Simfors et al. 2020, Bundschuh et al. 2021).

Arsenic is present in groundwater usually in its
inorganic forms, arsenite or arsenate. In the Pampean
aquifers its origin is related to tertiary loess depos-
its containing volcanic ash, and clastic sediments
(Nicollietal. 1989, Smedley et al. 1998, Smedley and
Kinniburg 2002, Smedley et al. 2002, Bundschuh et
al. 2004, Morales-Simfors et al. 2020, Bundschuh et
al. 2021). Arsenic-contaminated groundwater is often
used in the Argentinean Pampean Plain for livestock
drinking water and to irrigate crops for both human
and animal consumption. It can be taken up by plants
and animals (Lei et al. 2013, Lei et al. 2015, Wu et
al. 2016), which could potentially lead to As enter-
ing the human food chain. In animals, inorganic
As can be methylated to organic arsenic species
such as methylarsonate and dimethylarsinate. This
methylation process reduces the acute toxicity and
facilitates their excretion (Tseng 2009). There is
evidence about the biotransference of arsenic to
environmental matrices like plants (Wang et al.
2010, Perez-Carrera and Fernandez-Cirelli 2014).
In the plant cell, the arsenic can be sequestered by
vacuoles (Rosen 1999), complexed by phitoquela-
tines (Cullen et al. 1994), or methylated to less toxic
forms (Maeda et al. 1992).

Arsenic is known to produce adverse health ef-
fects on animals and humans. It is one of the most

relevant toxic elements present in Argentinian ground-
water (Farias et al. 2003, Diaz et al. 2016, Blanco
et al. 2017) and is classified as carcinogenic (IARC
2012, Roy et al. 2015, Li and Chen 2016, Khan et al.
2020). In this country, the endemic regional chronic
hydroarsenicism (HACRE) due to the presence of high
levels of As in water is an important health problem
for the population (Lepori 2015). Also, it is thought
to be related to diabetes (Maull et al. 2012, Park et al.
2016), cardiovascular dysfunction (Bianchi et al. 2013,
Barchowsky et al. 2015), hepatoxicity (Hao etal. 2013,
Bouaziz et al. 2015), neurotoxicity (Teng et al. 2015,
Prakash et al. 2016), and nephrotoxicity (Jayasumana
et al. 2013, Robles-Osorio et al. 2015).

In the South American Pampean Plain As in
groundwater is often correlated with other trace ele-
ments such as molybdenum (Mo), selenium (Se), an-
timony (Sb), vanadium (V) or uranium (U) (Edmunds
and Smedley 1996, Farias et al. 2003, Fiorentino et al.
2007, Nicolli et al. 2008, Rosso et al. 2011, Machado
et al. 2020). In ruminants, Mo depresses Cu avail-
ability and can lead to Cu deficiency (Ward 1978,
Thorndyke et al. 2021). Se is an essential element for
animal nutrition. A deficiency in Se reduces appetite,
growth, production, and reproductive fertility, muscle
weakness, nutritional muscular dystrophy, and re-
tained placenta in ruminants (WHO 1996, Fordyce
2013). As well, excessive Se ingestion could cause
several respiratory diseases, tremors, kidney failure,
heart attacks, and heart failure (ATDRS 2003). Sev-
eral studies, carried out on different animal species
and cell lines, showed that V has different effects
and biological roles, both beneficial and harmful.
For cattle, some studies showed that chronic poison-
ing with V can be associated with wasting, chronic
diarrhea, intestinal absorption disorders, immuno-
suppression, rhinitis, conjunctivitis, and decubitus,
resulting occasionally in death (Gummow et al. 1994,
Gummow et al. 2005). Other authors discuss the role
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of 'V as a micronutrient (Mukherjee et al. 2004, Kawa-
chi et al. 2006). However, the V metabolic role and
the effects on cattle health and production have not
been well studied in depth yet. Concerning uranium,
its chemical toxicity is higher than its radiotoxicity
(Health Canada 1987, Alexander et al. 2009, ATSDR
2013). It is known that U activates oxygen species
(WHO 2001), resulting in damage to proteins, nucleic
acids, and lipids (Lourenco et al. 2010, Al Kaddissi
etal. 2011). Also, it affects the kidneys, in particular
damaging proximal tubules and, at high doses, also
the glomerulus (COT 2006, EFSA 2009). Intake of
U can increase cancer risk and liver damage (USEPA
2019). However, the long-term effect of environmen-
tal U exposure is little known (Kurttio et al. 2002).
Uranium may be transferred to animal tissues and
animal foodstuffs from drinking water, representing
a potential risk to human health (Anke et al. 2009).
A Brazilian study showed that the main contributors
to U ingestion are meat, milk, and flour (Santos et al.
2004). Trace elements present in feed and water could
be transferred to cattle tissues. The present study
aimed to determine the content of trace elements
in bovine liver and kidney samples from a highly
contaminated and also a less contaminated part of
the Pampean Plain and analyze the human health risk

South America

@ 33°09'01.3"S 63°03'02.2"W
Departamento de union, Cérdoba

o 34°19'11.3"S 59°32'03.0"W
San Antonio de Areco, Bs As

from their consumption. This work provides valuable
information to guide food policies and contributes to
safe food production practices.

MATERIAL AND METHODS

Study area

This study was carried out in the Pampean Plain
(Argentina). The region under study (Fig. 1) is one
of the most important livestock production areas. In
previous studies within this region, several authors
(Pérez Carrera et al. 2007, 2014, and 2016) reported
high levels of As and other trace elements in ground-
water, related to the phreatic layer. The sample areas
are located in Buenos Aires and the southeast of
Cordoba (Fig. 1). Conversely, in Buenos Aires Prov-
ince, information about As levels in groundwater is
scarce, but in general, levels are lower than in the
southeast of Cordoba Province (Pérez Carrera et al.
2007, 2014, and 2016).

Samples collection and preparation

Bovine liver (n = 63; 11 from Buenos Aires and
52 from Coérdoba province) and kidney samples (n
= 37; 10 from Buenos Aires and 27 from Coérdoba

0 400

kilometers

Fig. 1. Study area, Pampean Plain, Argentina. Map created with DIVA-GIS, GBIF.org. (2024) and software for images. Red star shows

sampling sites.
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province) were collected according to standard
procedures directly after slaughter. All the slaugh-
tered animals comply with the requirements of
age, weight, and health established by the MAGyP,
Resol. 32/2018.

The study areas were selected because they are
regions of high livestock production. The samples
were put in individual polypropylene bags and were
conserved in darkness at 4°C for transport to the
laboratory. After that, the samples were freeze-dried
with a lyophilizer (Labconco, USA) and stored at
4°C until analysis. The water content was recorded.

Determination of element concentrations by
inductively coupled plasma mass spectrometry
(ICP-MS)

The concentrations of As, Mo, Se, U, and V were
determined with inductively coupled plasma mass
spectrometry (ICP-MS), using an Agilent 7500ce (Agi-
lent, Waldbronn, Germany). As (m/z 75) and V (m/z
51) were measured in helium collision gas mode, Se
(m/z 78) in hydrogen reaction gas mode, and Mo (m/z
98) and U (m/z 238) in no gas mode. The freeze-dried
liver and kidney samples were pulverized in a coffee
mill and digested in triplicate in a microwave-assisted
digestion system (Milestone ultraCLAVE III, EMLS,
Leutkirch, Germany) using 5 mL of concentrated ni-
tric acid (Merck, Darmstadt, Germany) before being
analyzed by ICPMS. For the quality control, DOLT-3,
Dogfish Liver Certified Reference Material for Trace
Metals, NRC-CNRC (Ottawa, Canada), SRM 1577b,
Bovine Liver, NIST (Gaithersburg, USA), and BOVM-
1, Bovine Muscle Certified Reference Material for
Trace Metals and other Constituents, NRC-CNRC
(Ottawa, Canada) were used. Limits of detection (LOD)
were U: 2 ng/kg, V: 3 ng/kg, As: 2 pg/kg, Se: 4 ug/kg,
and Mo: 2 pg/kg dry mass (dm). The median values
of'the corresponding digestion blanks were subtracted
from the concentrations. Germanium, indium, and lu-
tetium were used as internal standards. Mean, median,
confidence interval, maximum, and minimum values
were calculated for each element. A correlation analysis
between trace elements was performed. The results are
given for the wet samples (wet mass, wm). The average
water content was 70% for livers and 80% for kidneys.
The trueness of the investigated reference materials
found was between 85 and 115% of the certified As
concentrations, 92 to 106% in the case of Se, 80 to 92%
of the certified V concentrations (only around 50% in
BOVM-1, but it is only listed there as “information
value”) and between 84 and 108% in the case of Mo.
U was certified with standard reference material SRM
1640a (trueness of 95 +/- 4%)).

Human health risk assessment

The concentration of trace elements in liver and
kidney was compared with recommended limits set
by the Argentinean Food Cdédex (CAA in Spanish,
2017), the Argentinean National Waste Management
and Health Food Plan (Plan CREHA in Spanish,
2000), and the World Health Organization (WHO
1996 and 2001). Human health risk assessment was
approached through the estimation of mean, median,
and maximum target hazard quotient (THQ1j), the
target cancer risk (TR), and the hazardous index (HI)
for both tissues. The calculations were performed for
adults, and considering both mean and median values,
this last value could be more representative for some
elements due to the high dispersion of data. A third,
worst-case scenario, with the highest determined
concentrations, was also calculated. In every case, the
quotients and hazard index were calculated per tissue
and area (Buenos Aires and Cordoba provinces) and
considering the reference dose of individual element
(Rfd in mg/ kg.day) (IRIS 1991). (See Table I). In all
cases, 100% absorption of each element is assumed.

TABLE I. REFERENCE DOSES (RfD) FOR EACH ELE-
MENT (IRIS 1991).

Element RfD [mg/kg/day]
As 3.10%
Mo 5.107
Se 5.107
U 3.10°3
\Y% 9.1073

The THQ was calculated (for non-carcinogenic
risk) by the following equation (USEPA 1991) (Eq.

1):

THQij = (EF x C x IR x ED) /
(RfD x BW x AT) (1)

Exposure frequency (EF) = 365 days/ year

Concentration (C) = value in mg/kg (wm).

Ingestion rate of adults (IR) = 0.0074 kg/day for
liver intake and 0.0025 kg/day for kidney intake
(according to Lopez 2012, 8.87 kg of bovine viscera
are consumed on average in Argentina per person
per year) and supposing that liver represents 30%
of visceral intake and kidney about 10% according
to Moos et al. 2013). It is important to mention that
it is calculated with a general visceral intake rate.
However, in some countries or population groups,
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the mean intake could be lower or higher than these
values. The ingested dose was assumed to equal the
absorbed contaminated dose, and that cooking does
not affect the contaminants.

RfD = reference dose of individual element
(mg/kg.day) (IRIS, USEPA 1991, 2024). See Table I
Exposure duration (ED) = 30 years for non-carcino-
gens (USEPA 1991)

Body weight (BW) = 65 kg for adults — estimated
(Del Pino et al. 2005)

Averaging time (AT) = ED x 365 days/year (USEPA
1991)

1= using median (M), mean (X) or maximum (max)
concentration values.

j = element

The TR was calculated only for As, due to the fact
that it presents a carcinogenic risk, by the following
equation, Eq. 2 (USEPA 1991):

TR;; = (EF x C x IR x ED x CPSo) /
(BW x AT) )

Exposure frequency (EF) = 365 days/year
Concentration (C) = value in mg/kg (wm)
Ingestion rate of adults (IR) = 0.0074 kg/day for liver
intake and 0.0025 kg/day for kidney intake (also see
explanation for Eq. 1)

CPSo = cancer slope factor (USEPA 1991). As CPSo
= 1.5 x x 1/(mg/kg/day)

Exposure duration (ED) = 70 years for carcinogens
(USEPA 1991)

Body weight (BW) = 65 kg for adults (Del Pino et
al. 2005)

Averaging time (AT) = ED x 365 days/year (USEPA
1991)

i =using median (M), mean (X) or maximum (Max)
concentration values

j = element

With these values the hazard index (HI) was cal-
culated, which is defined as the total risk, through
the Eq. 3:

HI=X THQi i= element (3)

Statistical analysis

Data processing and statistics (mean, median,
confidence interval and correlations) were performed
using INFOSTAT software, using Kruskall-Wallis
test, p < 0.05 and Spearman correlation coefficients,
p=<0.05.

RESULTS AND DISCUSSION

Trace element concentrations

Results obtained from each tissue type and sam-
pling area are shown in Table I1. Previously reported
values are listed in Table II as well.

According to previous information, As content
in some kidney and liver samples from Coérdoba
Province were higher than those reported by other
authors. The presence of As and other associated trace
elements in bovine liver and kidney were reported by
several authors (Table II). The highest levels of As
(68 pg/kg wm in kidney and 46 pg/kg wm in liver)
were found by Lopez Alonso et al. 2000. Similar
As levels (43.8 pg/kg in kidney and 38.5 mg/kg in
liver) were also found by our laboratory and reported
previously (Pérez Carrera 2006).

Regarding Se concentration, only some kid-
ney samples from Cordoba exceeded the values
determined by other authors (Kramer et al.1983,
Fordyce et al. 2013). In the case of the analyzed liver
samples, they presented higher Se concentrations
for both provinces. In the case of V concentrations,
all samples presented values higher than previously
described. The Mo values determined in this work
were similar to those described by other authors.
On the other hand, the U concentrations determined
were higher than those previously reported by other
authors (Table II).

Significant differences in trace element levels
between study areas (Buenos Aires and Cordoba)
were observed (according to Kruskall-Wallis test,
p <0.05) for As and V levels in kidney and for As
and U in liver samples. Some samples of bovine
liver and kidney had As levels above the maximum
recommended level (MRL) for human consumption
by SENASA (Plan CREHA 2012 and 2018) (MRL
As < 1 mg/kg). There are no recommended levels
for the other elements in this SENASA guide (Plan
CREHA 2012 and 2018).

In the studied tissues, significant correlations were
found between V-As and Se-As. The values of Spear-
man correlation for the elements in each sampling
area and tissue are in Table III. In kidney samples
from Buenos Aires province (low contamination
area), a significant correlation was found between
As-V only, while in liver samples for the same area,
a significant correlation was found between U-Se
only. In the samples of Cordoba (high contamination
area), significant correlations were found in kidney
between As-V, Se-As and Se-V. Several authors have
studied the interactions between As and Se (Levander
etal. 1977, Zeng et al. 2005, Sun et al. 2014, Ozoani
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TABLE II. MEAN, CONFIDENCE INTERVALS (CI), MEDIAN AND CONCENTRATION RANGES CALCULATED FOR EACH
TISSUE AND PROVINCE. DIFFERENT LETTERS IN A PAIR INDICATE SIGNIFICANT DIFFERENCES BETWEEN
THEM (ACCORDING TO KRUSKALL-WALLIS TEST, p < 0.05). ALL VALUES GIVEN IN ng/kg OF WET MASS

(wm). REFERENCE VALUES REPORTED BY OTHER AUTHORS

Element Tissue Province Mean+ Cl  Median Range Reference  Reference
(min-max) values reported
kidney = Buenos Aires 27+ 7% 27 (12 - 40) Lopez Alonso et al. 2000
As Cordoba 55+7° 50 (22 - 100) 17-68 Kramer et al. 1983
liver Buenos Aires 16 + 6* 13 (7.3 -45) Salisbury et al. 1991
Coérdoba 33+ 5P 32 (6.7-74) 10-46 Kluge-Berge et al. 1992
kidney = Buenos Aires 960 + 160* 850 (660 — 1 350) Lépez Alonso et al. 2004
Cordoba 1100 = 90* 1070 (770 — 1 800) 1 000-1 400 Blanco Penedo et al. 2006
Se
liver Buenos Aires 490 + 330° 320 (140 -2 150) Dermauw et al. 2014
Cordoba 300 + 50* 260 (100 — 1 390) 200 Vos et al. 1987
kidney  Buenos Aires 46 +19* 32 (32-113) Carvalho et al. 2010
Cordoba 105 + 30° 89 (21 -300) <0.3 Anke et al. 2009
v liver Buenos Aires 43 +£28* 27 (20 - 180) Pérez Carrera 2006
Pérez Carrera et al. 2010
Cordoba 98 £42% 42 (7.4 -670) <0.3 Salim et al. 2023
kidney = Buenos Aires 350 +40* 340 (280 - 490)
Coérdoba 390 + 352 380 (250 - 540) 300-500
Mo
liver Buenos Aires 860 + 160* 920 (350-1150)
Coérdoba 1040 £ 50° 1030 (570 — 1 480) 1 100-1 400
kidney = Buenos Aires 49+ 1.6 4.4 24-11)
Coérdoba 39+1.2° 34 (0.6 -17) <8.8
U
liver Buenos Aires 1.7+ 1.0* 1.4 (<0.6-6.3)
Coérdoba 0.5+0.3° 0.2 (<0.6-28.9) 0.3-4.5

et al. 2024). This interaction can be antagonic or
synergic and it depends on the dose and chemical
form (Zeng et al. 2005). A possible explanation of
these findings is that elevated As in the animals could
increase dietary Se requirements (Villanueva et al.
2011). The correlation in bovine tissues found in the
present study considers only the total amount of each
element. Further studies should be done to deepen
the knowledge about the chemical species present in
the tissues and their interactions.

Regarding V, this element is present in high con-
centration in aquifers of Argentina usually associated
with other trace elements like As (Fiorentino et al.
2007, Bavera 2011). Different studies in animals and
cell lines show that this element is insulin-mimetic
(Kawachi 2006) and an inhibitor of mammary car-
cinogenesis (Ray et al. 2005)

Human health risk assessment
THQ values and HI index per element and tissue,
and all the TR values for As were calculated, and are

shown in table IV. Median THQ obtained for adults
per element for both tissues is shown in figure 2. All
samples from the Pampean Plain were taken into ac-
count. The THQ and HI obtained for all tissues and
sites suggest no risk for the population (THQ, HI <
1). No significant difference between HI from Buenos
Aires and Cordoba Province was found for any tissue.
TR values for both tissues and sites do not suggest
any cancer risk for the population (TR < 1). It has to
be added that the As toxicity and carcinogenicity are
dependent on the element’s chemical form. However,
even if all As in the liver and kidney samples was
present as arsenite (one of the most toxic forms), the
concentrations are too low for an increased health risk
for consumers. Thus, it was not necessary to determine
the As speciation for the health risk assessment.

Despite these results, it is necessary to mention
that the actual consumption rate of liver and kidney
is not well studied. More consumption habit studies
would be required to increase the accuracy of the
estimation.
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TABLE III. SPEARMAN COEFFICIENT CORRELATION FOR TOTAL LIVER AND KIDNEY SAMPLES, AND LIVER
AND KIDNEY SAMPLES FROM BUENOS AIRES PROVINCE (BA, LOW CONTAMINATION) AND COR-
DOBA PROVINCE (CO, HIGH CONTAMINATION). BOLD NUMBERS = CORRELATION COEFFICIENTS
ABOVE 0.7. *SIGNIFICANT CORRELATION (p < 0.05)

Liver As A% Se Mo U Kidney As \Y Se Mo U
Total Total
As 1 As 1
\% 0.58* 1 \Y% 0.43* 1
Se 0.28% 047 1 Se 0.42*  0.19 1
Mo -0.16 -0.18  0.08 1 Mo 024  -0.07  0.05 1
U -0.18  0.01 003  -0.18 1 6] -0.13 0.2 024  —0.12 1
Liver As \% Se Mo U Kidney As \Y Se Mo 0]
BA BA
As 1 As 1
\% 0.87* 1 \Y% 0.35 1
Se -0.03  0.19 1 Se -02 033 1
Mo 039  -0.15 022 1 Mo -039 036  —0.48 1
U 0.28 0.34 041  -0.17 1 §] 0.35 0.7 —041  —0.01 1
Liver As A% Se Mo U Kidney As \Y Se Mo 0]
COo Cco
As 1 As 1
\Y% 0.53* 1 \Y% 0.17 1
Se 0.4%  0.56* 1 Se 0.46* 029 1
Mo -026 -023  0.08 1 Mo 0.14  -037  0.03 1
§] -0.06 012  -0.17 -0.11 1 6] 0.02 0.35 0 -0.15 1
TABLE IV. MEAN, MEDIAN AND MAXIMUM (Max) THQ* 0.0047 »
OBTAINED FOR ADULTS. E‘s‘;‘fy
Element  Tissue Mean Median Max ,% 0.0031
As Kidney 0.6%102  0.5%¥1072%  1.3*1072 5
Liver 1.5%1072  1.1*¥1072  2.8*%107 S
o 0.002-1
©
Se Kidney 0.8%102  0.8*1072  1.3*1072 8
Liver 0.7%102  0.6¥1072  4.8%107 8
. 3 ) S S 0.0014
\Y Kidney 0.4*10 0.3*10 1.2*10 &
Liver 1.1%107  0.5%107°  8.4*1073 I
Mo Kidney 0.3*1072  0.3*1072  0.4*1072 0.000- — l
Liver 23%102  23%102  3.3%1072 As v se Mo v
U Kidney 05104  05%10°% 2.1*10°% Fig. 2. XI\?S;EZ ;gi(%i ;)Slz;[:;ned for adults per element for both
Liver 0.3*107*  0.08*10% 3.3*107* ’
HI* Kidney 0.2*%102  0.2%¥1072  0.3*1072
Liver 42%1072  4.0%1072  12*107 CONCLUSION
TR* (As) Kidney 0.3*10°  0.2%¥10°  0.6*107 o
Liver 05%105  05%10°  13%10°° Trace elements are not well studied in some bo-

* Target hazard quotient (THQ)j;), hazardous index (HI) and the
target cancer risk (TR).

vine tissues. In many cases, there are no guidelines
indicating the permitted levels in bovine visceral tis-
sues. However, these are part of the diet in countries
like Argentina or China (Hong Kong, Republic of
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China special administrative region). The potential
effects of the presence of trace elements in greater
levels in bovine liver and kidney, both for animal
health and production, and the impact on consumer
health are poorly studied. Our results show that it
can be important to look not only at As in areas like
the South American Pampean Plain. In our study, Se
and Mo had similar or even higher THQ values than
As and should thus also be considered in health risk
analyses. There were differences in the element con-
centrations between samples from Buenos Aires and
Cérdoba province, especially in the case of As and V.

Still, the element concentrations in samples from
both study areas were under the quality standards for
food security set by national and international guide-
lines. The health risk calculated in the present study
indicates that the consumption of liver and kidney
from little-contaminated Buenos Aires province and
also from the highly contaminated Cérdoba province
is safe, considering an average intake of livers and
kidneys.
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