i@ Journal of Ecological Engineering

Received: 2020.12.16
Accepted: 2021.01.14
Published: 2021.02.01

Journal of Ecological Engineering 2021, 22(3), 40-52
https://doi.org/10.12911/22998993/132175
ISSN 2299-8993, License CC-BY 4.0

Cadmium, Lead and Zinc in the Soil-Plant-Alpaca System
and Potential Health Risk Assessment Associated with the Intake
of Alpaca Meat in Huancavelica, Peru

Edith Orellana Mendoza™, Lilia Pérez Saenz', Maria Custodio?,
Wilfredo Bulege?, Luz Yallico*, Walter Cuadrado®

! Facultad de Ciencias Forestales y del Ambiente, Universidad Nacional del Centro del Peru, Av. Mariscal Castilla
N° 3909-4089, Huancayo, Peru

2 Facultad de Medicina Humana, Universidad Nacional del Centro del Pert, Av. Mariscal Castilla N° 3909-4089,
Huancayo, Peru

3 Universidad Continental, Av. San Carlos 1980, Huancayo, Peru

4 Facultad de Enfermeria, Universidad Nacional del Centro del Perd, Av. Mariscal Castilla N° 3909-4089,
Huancayo, Peru

® Facultad de Ciencias Aplicadas, Universidad Nacional del Centro del Peru, Av. Mariscal Castilla N° 3909-4089,
Huancayo, Peru

* Corresponding author’s e-mail: eporellana@uncp.edu.pe

ABSTRACT

The consumption of contaminated natural pastures with highly dangerous and toxic heavy metals such as cad-
mium (Cd) and lead (Pb) by Andean camelids could cause harmful effects on the health of people exposed via
consumption of contaminated alpaca meat. The concentration of Cd, Pb and Zn in the soil-plant-alpaca system was
determined and the potential health risk associated with the intake of alpaca meat was evaluated. Soil and grass
samples were collected in grazing areas of the South American camelid, and in the Municipal Slaughterhouse of
Huancavelica, 30 samples of alpaca pectoral muscle were collected. The concentrations of Cd in the soil, grass and
alpaca muscle exceeded the threshold values of national and international standards. The bioaccumulation factor
values of the three elements studied was less than 1, Cd was the element with the highest bioavailability and mo-
bility in the soil-plant-alpaca muscle system. The mean concentration of Cd in muscle was 0.335 + 0.088 mg/kg
which exceeded the maximum level allowed by the FAO/WHO and the European Commission, the concentration
of Pb and Zn did not exceed the regulated limits. No significant differences were detected in accumulation accord-
ing to sex. The non-carcinogenic hazard index (HI) values for the studied metals indicated that there is no adverse
health risk (HI <I) for children and adults from alpaca meat intake, but they could experience carcinogenic risk
from prolonged exposure to Cd, and for exceeding the 1x10~* limit threshold. It is recommended to conduct further
studies on the accumulation of potentially toxic elements in alpaca tissues in order to determine the possible total
risk of heavy metals in consumer’s health.

Keywords: bioaccumulation factor, heavy metals, alpaca meat, non-carcinogenic risk, carcinogenic risk.

INTRODUCTION

nature and high potential to enter and accumu-
late in the food chain [Hu et al. 2017, Abah et

Contamination and accumulation of heavy
metals is a serious problem for the environment
and human health worldwide [Hu et al. 2017,
Ogbomida et al. 2018] due to its toxicity, dan-
gerousness, persistence and non-biodegradable
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al. 2017, Asli et al. 2019, Chen et al. 2015, Islam
et al. 2018, Stankovic et al. 2014]. Heavy metals
are released into the environment by natural and
anthropogenic sources [Lii et al. 2018, Wang et al.
2018] can enter soil, water and air, bioaccumulate
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in food webs, to contaminate the food chain and
negatively affect the wildlife and human health
[Gall et al. 2015, Ali and Khan 2018, Ali et al.
2019]. Metals such as Pb and Cd are highly toxic,
their presence in the environment even as traces
can cause serious problems in the health of ani-
mals and plants [Jadia and Fulekar 2009]. These
are toxic to living organisms, excessive amounts
of elements such as Pb and Cd could be harmful to
living cells, and prolonged exposure to the body
can lead to illness or death (Shafiuddin Ahmed et
al., 2019). Cd can enter the human body through
ingestion of contaminated food and cause damage
to multiple organs [Darwish et al. 2019].

The environment where free-living animals
remain strongly influences the content of heavy
metals in their tissues [Bakowska et al. 2016] and
the grazing of animals on contaminated soils is
a source of exposure and accumulation of heavy
metals in the meat of animals [Sabir et al. 2003].
The intake of forage and water with contaminants
causes the accumulation of toxic elements in
meat and in organs such as the liver and kidney of
animals [Felix et al. 2016] and is the most likely
route of human exposure to metals compared to
other forms of exposure such as inhalation and
dermal contact [Bortey-Sam et al. 2015, Hem-
brom et al. 2020].

Peru is the first reference in the breeding of
alpacas under the free grazing system, concen-
trating 80% of the world population [Hinojosa et
al. 2019]. It constitutes one of the most impor-
tant productive activities carried out in the high
Andean areas above 3800 masl and is a source of
family income under rugged geographical con-
ditions. At the national level the population of
alpacas is more than 4 million, the department
of Huancavelica concentrates 6% of the national
population after Puno, Cusco and Arequipa with
663 tons of annual meat production [Ministery
of Agricultural and Irrigation 2019]. The meat of
South American camelids is suitable for human
consumption due to its chemical composition
and quality, it is characterized by its low level
of cholesterol and lipids, and represents a source
of protein for the Andean population [Cristo-
fanelli et al. 2004, Mamani-Linares et al. 2014,
Pérez et al. 2000]. However, the mining activ-
ity that is currently abandoned and inactive in
the Huancavelica region is a serious problem for
the high Andean ecosystems due to the environ-
mental impact generated by the release of toxic
waste, clearings, tailings, dust and acid drainage

by the mines: Porvenir, Pampamale, Santa Bar-
bara, Restaurada, Corazon de Jesus, Potocci,
Beatita de Melchorita, among others [Ministry
of Energy and Mines 2000]. In this context, it
is assumed that the food (natural pastures) that
the alpaca ingests in the high Andean areas al-
lows the accumulation of metals in the muscle
tissue due to its proximity to contaminated envi-
ronments and that the alpaca meat is not safe for
human consumption.

There are several studies on the accumulation
of heavy metals in the muscle of cows, sheep,
camels, pigs, buffaloes, goats, deer, corsicans,
chickens, fish, and sharks; however, there are
very few studies related to the accumulation of
toxic elements in the muscle of grazing animals
such as the alpaca, which are source of animal
protein for humans in general. The objective of
the present investigation was to determine the
concentration of Cd, Pb and Zn in the soil-plant-
alpaca system and to assess the potential health
risk associated with the intake of alpaca meat in
Huancavelica, Peru.

MATERIALS AND METHODS

Collection of samples

The alpaca muscle samples were col-
lected from the Municipal Slaughterhouse of
Huancavelica, located in the Chufiuranra an-
nex of the district, province and department of
Huancavelica (Figure 1) at an altitude of 3780
masl between the geographic coordinates of
12°47°25” S and 75°02°14.5” W. South Ameri-
can camelids (alpaca and llama) is one of the
main productive activities in the high Ande-
an areas of the country due to the nutritional
characteristics of alpaca meat. Alpaca meat is
mainly used for commercialization, barter and
self-consumption as fresh or dehydrated meat
(“charqui”).

In the camelid grazing areas and areas sur-
rounding the municipal slaughterhouse of Huan-
cavelica, samples of soil and grass were collected
in order to determine the presence of Cd, Pb and
Zn where alpacas freely graze. In September
2019, in order to obtain representative samples
of soil and grass, 5 individual composite samples
of soil and grass were collected from 5 different
points of the meadow. Soil samples were collected
from 0 to 20 cm deep using a small stainless steel
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Figure 1. Location map of the Municipal Slaughterhouse of Huancavelica and soil and pasture sampling points

shovel, which were placed in ziploc polyethylene
bags. The grass samples were collected from the
aerial part using stainless steel scissors from the
same points where the soil was collected.

Fresh samples of muscle of alpaca (Vicugna
pacos L.) sacrificed were collected in the Mu-
nicipal Slaughterhouse from Huancavelica,
30 raw samples of muscle were collected from
the part of the diaphragm [Miranda et al. 2001]
of 2 to 3 years old between 15 females and 15
males, each sample weighed approximately 20 g.
The samples were packed in transparent and her-
metically sealed plastic bags and transported in
boxes with ice to the laboratory of the Faculty of
Applied Sciences of the National University of
the Center of Peru.

Sample preparation and analysis

The soil samples were dried, pulverized and
sieved through a 2 mm sieve, then 0.5 g of soil sam-
ple was weighed and digested in 10 ml of HNO,
and 3 ml of HCl for 16 h at room temperature; then,
the digested samples were filtered, diluted with ul-
trapure water and stored in the refrigerator at 4 °C
prior to analysis. The grass samples were washed
with running water, rinsed with distilled water, then
proceeded to dehydrate them in the drying oven at
50 °C for 120 hours, once the samples were dry,
they proceeded to grinding using a sprayer, then
1.0 g of pulverized grass was weighed, these were
placed in beakers and digested with 5 ml of HCl

42

and 5 ml of HNO,, the digested samples were fil-
tered, diluted with ultrapure water and transferred
into 20 ml flasks, and stored at 4 °C.

The meat samples were cut into small pieces
of 8 to 10 mm, removing the fat and tendons, the
samples were homogenized with the help of a
domestic mixer. The general digestion phase was
performed according to the procedure established
by USEPA 3051A [USEPA 2007]. One g of mus-
cle was weighed for each sample and they were
placed in beakers, to then proceed to acid diges-
tion with 20 ml of nitric acid (HNO,) to cause the
decomposition of the muscles, the solutions were
brought to the oven at 150 °C until dry, then al-
lowed to cool, diluted with distilled water, filtered
and transferred into 50 ml flasks with ultrapure
water. The quantification of the concentration of
Cd, Pb and Zn in the selected samples was carried
out using the atomic absorption spectrophotom-
eter (VARIAN AA240). Before proceeding with
the metal reading, the instrument was calibrated
using standard solutions for Cd, Pb, and Zn to es-
tablish standard calibration curves for each metal.

Bioaccumulation factor

The bioaccumulation factor (BAF) was used
to assess the transfer of Cd, Pb and Zn from soil
to plant. It was defined as the ratio of heavy met-
als concentration in edible parts of plants with the
metal concentration in soils. It can be calculated
as the equation (1) [Cui et al. 2004]:
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Cplant
BaF = -2 . (1
Csoil

where: Cplantand Csoil represent Pb, Cd and Zn
concentration in plants and soils samples,
respectively.

Human health risk assessment

The human health risk assessment for heavy
metals from alpaca meat consumption was calcu-
lated based on the methodology proposed by the
USEPA [USEPA 1989, 2001]:

Estimated daily intake

The estimated daily intake (EDI) of Cd, Pb
and Zn depends on the concentration of the met-
al in the alpaca muscle and the amount of con-
sumption of this food. The EDI of heavy metals
through the ingestion route was calculated using
equation (2) [USEPA 2001, Anandkumar et al.
2020, El Bayomi et al. 2018]:

Cmx IR
EDI = o )
where: EDI is the estimated daily intake in mg/
kg-day,

Cm is the average concentration of metal
in food (mg/kg, in fresh weight),

IR is the average daily consumption of al-
paca meat in this region (kg/day);

BW is the average body weight (kg).
A questionnaire was applied to 45
people to determine the average daily
consumption of alpaca meat of chil-
dren (0.0784+0.007 kg/day) and adults
(0.182+0.045 kg/day) and the average
body weight of children (18.8+0.940 kg)
and adults (64.5+9.98 kg).

Non-carcinogenic risk

The non-carcinogenic risk by heavy metals
in the health of local inhabitants of Huancavelica
from alpaca meat intake was assessed on the basis
of the hazard quotient (HQ), which was expressed
by equation (3) [USEPA 1989, 2001, Korkmaz et
al. 2019]:

EFXEDXEDI
RfDxBWx AT

HQ = 3)

where: EF is the exposure frequency (350 days/
year),

ED is the duration of exposure (70 years)
and RfD (mg/kg-day) is the oral reference
dose for each contaminant, the RfD val-
ues for Cd, Pb and Zn are 0.001, 0.0036
and 0.3 mg/kg-day respectively [Chijioke
et al. 2020, USEPA IRIS 2019]. BW is
the body weight in kg and A7 is the aver-
age time of exposure to non-carcinogenic
heavy metals (ED x 350 days). If HQ is
less than 1, there is no probable health
risk, if HQ is greater than 1, the consump-
tion of alpaca meat could mean a possible
danger to the health of consumers [Djed-
jibegovic et al. 2020, Kortei et al. 2020].

To estimate the general non-carcinogenic
risk to human health of Cd, Pb and Zn, the haz-
ard index (HI) was calculated using equation
(4), which consisted of the sum of the hazard
quotients of the metals individual [Barath Ku-
mar et al. 2019]:

HI = Total HQ= HQ @) + HQ cay + HQ @y (4)

if HI <1, the probability of adverse health effects
is low, the exposure level is lower than the RfD,
if HI >1, daily exposure is likely to cause adverse
effects during a person’s life [Oyekunle et al.
2020].

Carcinogenic risk

The carcinogenic risk (CR) during a lifetime
of exposure to Cd and Pb was calculated using
equation (5) [USEPA 1989, 2001, Korkmaz et al.
2019]:

EFXEDXEDIXCSF

CR= —pwxar )
where: AT is the mean time for carcinogens (70 x

365 days);
CFS is the oral carcinogenic risk fac-
tor for metals, the CFS for Cd and Pb is
15 mg/kg-day and 0.0085 mg/kg-day re-
spectively [Miclean et al. 2019, Storelli et
al. 2020, L. Zhang et al. 2015]. EF, ED,
EDI and BW were defined in equations (1)
and (2). The acceptable range of the CR
value is between 1x107° to 1x1074, if the
threshold value of CR is below 1x107¢ it is
accepted that there are no significant risks
to human health, and if the CR threshold
value exceeds 1x10* indicates a potential
lifetime carcinogenic risk [USEPA 2001].
Cd and Pb were treated as potentially
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carcinogenic contaminants according to
the classification order defined by the In-
ternational Agency for Research on Can-
cer [[ARC 2012].

The total carcinogenic risk (TCR) to human
health of Cd and Pb was calculated using equa-
tion (6):

TCR = Total CR= CR pr) + CR (cq) (6)

Statistical analysis

The normality and equality of the data varia-
tions were analyzed using the Shapiro-Wilk and
Levene tests, respectively. The accumulation data
of Cd and Zn in the alpaca muscle were analyzed
using the t test for independent samples (p<0.05)
to compare the differences in accumulation ac-
cording to sex. The data on the Pb content in the
alpaca muscle did not present a normal distribu-
tion and were analyzed using the non-parametric
test of U Man of Whitney.

RESULTS AND DISCUSSION

Concentration of Cd, Pb and Zn
in soils and grasses

The results of the concentration of Cd, Pb and
Zn in the soil and grass in the grazing areas of the
South American camelid (alpaca) are presented
in the Table 1. The average concentration of Cd
in the soil was 2.78 mg/kg, and these concentra-
tions ranged from 1.32 to 3.87 mg/kg. The mean
concentration of Pb in the soil was 22.12 mg/kg
and Zn 95.94 mg/kg below the regulated limits.
The average concentration of Cd in the soil was
higher than the environmental quality standards
for soil of the national regulation [Ministery of
the Environment 2017] and international [CCME
2007], the concentrations of Pb and Zn in the soil
did not exceed the regulated limits. The high con-
centrations of Cd in the topsoil could be attributed
to the presence of abandoned mines surrounding
the alpaca grazing area.

Table 1. Concentration of Cd, Pb and Zn in soil and grass and bioaccumulation factor in the camelid grazing

areas from Huancavelica, Peru

Samples Sampling points Cd Pb Zn
P1 1.790 21.580 106.050
P2 1.320 13.890 87.480
P3 3.160 17.370 98.890
Soil (mg/kg)
P4 3.870 36.540 77.980
P5 3.760 21.200 109.280
Mean 2.78 22.116 95.936
P1 0.887 1.203 56.673
P2 1.863 2.463 11.135
P3 1.956 0.557 65.063
Grass (mg/kg)
P4 1.760 2.980 72.530
P5 0.817 2.876 64.327
Mean 1.456 2.016 53.946
P1 0.495 0.056 0.534
P2 1.411 0.177 0.127
P3 0.619 0.032 0.658
BAF
P4 0.455 0.082 0.930
P5 0.217 0.136 0.589
Mean 0.640 0.096 0.568
Canadian CEQG 14 70 200
Soil Standards
Peruvian SQE 14 70 -
EC 1 30 -
Grasses Standards
NAS 1 250 300

Canadian Environmental Quality Guidelines-CEQG (CCME, 2007); Standard Quality Environment-SQE (Ministery of the Environment,
2017); European Union Standard-EC (European Commission (EC), 2006b); National Academy of Sciences-NAS (National Academy of

Sciences, 2005)
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Canadian Environmental Quality Guidelines-
CEQG (CCME, 2007); Standard Quality Envi-
ronment-SQE (Ministery of the Environment,
2017); European Union Standard-EC (European
Commission (EC), 2006b); National Academy
of Sciences-NAS (National Academy of Sci-
ences, 2005).

The content of Cd, Pb and Zn in the natural
pastures samples collected from the same sites
from which the soil samples were taken ranged
from 0.59 to 2.90 mg/kg, 0.47 to 5.03 mg/kg and
8.54 to 89.20 mg/kg respectively. The average
content of Cd in the grass exceeded that estab-
lished in international standards. More of than
70% of the samples studied exceeded the thresh-
old limit for Cd in forages (1 mg/kg) according
to European regulation [European Commission
2006b] which could indicate that alpacas would
be exposed to this element by daily intake of
pastures with Cd residues. The soil Cd can be
easily absorbed by plants and accumulate in ani-
mal food through the food chain [Hashemi 2018,
Yu et al. 2017]. The concentrations of Pb and
Zn in the pasture did not exceed the limit regu-
lated by the European Commission (30 mg/kg)
and the tolerable limit (150 mg/d) regulated by
the National Academy of Sciences [National
Academy of Sciences 2005, Smith et al. 2009].
The results obtained could suggest that the soil
is exposed to a large amount of pollutants such
as heavy metals, and these could be transferred
to plants and affect food security [S. Khan et al.
2008, Xiao et al. 2019].

Translocation from soil to plants

The bioaccumulation factor measures the
ability to move metals from the soil to the plants.
The BAF values of Cd, Pb and Zn are presented
in the Table 1. The BAF for the studied grass
samples decreased in the following order Cd>
Zn> Pb, higher BAF values were observed in Cd
and Zn because these elements are absorbed with
extreme ease [Kabata-Pendias 2011]. The BAF
values of the three elements studied in the natural
pastures were less than 1, these values indicate
that the absorption was low to medium inten-
sity. The presence of these chemical substances
in the tissues of the pastures would pose a dan-
ger to the animal that consumes it daily through
free grazing. The roots, shoots and meristems of
plants absorb most of Cd and Zn [Wilkinson et
al. 2003] due to its greater bioavailability and

mobility of these two elements [Kabata-Pendias
2011]. In general, the Cd, Pb and Zn contents
in the soil and pastures presented high variabil-
ity, possibly as a consequence of the presence
of sources of contamination related to mining
activities, especially the passives of abandoned
mining tailings that favor the dispersion of dust
with metal content in the area surrounding the
alpaca grazing area.

Concentration of Cd, Pb and Zn in
alpaca muscle according to sex

The presence of Cd, Pb and Zn was detected
in the alpaca muscle, which suggests a possible
contamination of the muscle tissue with these
chemical elements. The average accumulation
of these metals followed the following decreas-
ing order Zn> Cd> Pb, with 28.288, 0.335 and
0.0048 mg/kg respectively (Table 2 and Figure 2).
The mean content of Cd in the muscle of male
and female alpaca was 0.334 and 0.336 mg/kg,
Pb 0.0048 and 0.0049 mg/kg and Zn 29.610 and
26.966 mg/kg respectively.

The Cd content in all the muscle samples
studied exceeded the safety threshold allowed by
the European Commission [European Commis-
sion 2006a]. These Cd accumulation values found
in alpaca muscle could be an important indicator
of the level of contamination of the place where
the cattle are raised [Sobhanardakani 2018]. The
presence of Cd in the soil and grass above the reg-
ulated limits in the camelid grazing area would
corroborate this statement. Cd is an environmen-
tal pollutant that plants easily absorb from the soil
and is indirectly transferred to animals through
pasture intake [Khan et al. 2018], on the other
hand, these heavy metals can be found in the air,
water, soil, and especially in pastures near indus-
trial areas [Baydan et al. 2017]. No significant
differences were observed in the accumulation
of Cd, Pb and Zn in muscle tissue according to
sex (p>0.05) coinciding with what was reported
by Hermoso de Mendoza et al. [2011]. The aver-
age content of Pb in the alpaca muscle was below
the limits regulated by the European Commission
and the Codex Alimentarius [FAO/WHO 2015].
There is no permissible regulation for Zn in meat
and the regulation for fish was assumed. Zn is an
essential metal for animals, its concentration in
muscle would not represent a danger to the health
of consumers, but in high concentrations it can be
toxic [ATSDR 2005].
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Table 2. Concentration of Cd, Pb and Zn (mg/kg) in muscle of alpaca according sex in Huancavelica, Peru

Sex Descriptive statistics Cd Pb Zn
Mean + SD 0.334 £ 0.099 0.0048 + 0.0029 29.610 + 10.229
Male Median 0.354 0.0045 26.230
Min-Max 0.182- 0.502 0.0013- 0.0094 17.250 — 49.920
Mean + SD 0.336 £ 0.079 0.0049+ 0.0025 26.966 + 9.498
Female Median 0.329 0.0043 25.830
Range 0.214-0.496 0.0018-0.0101 14.970-46.580
Specification General mean 0.335+0.088 0.0048 + 0.0027 28.288 + 9.791
FAO/WHO 0.1 -
Meat Standards European Commission 0.05 0.1
FAO 0.2 1.5 40

FAO/WHO (FAO/WHO, 2015); European Commission (European Commission (EC), 2006a); FAO (FAO, 1983)

These results of Cd content in alpaca muscle
were higher than that reported by Huanqui Pérez
[2018] in Puno, but similar in the content of Pb.
Likewise, the results found were compared with
studies of heavy metals found in sheep, cow, buf-
falo, and camel meat, these were similar to those
reported by Khalafalla et al. [2015] in Egypt
with Cd concentrations that ranged from 0.2 to
0.9 ppm respectively. In sheep muscle they re-
ported lower contents for Cd, but similar for Pb
and Zn [MacLachlan et al. 2016]; in bovine meat
they reported higher values for Pb, and lower
values for Cd and Zn (Hashemi, 2018); in camel
muscle they reported similar values for Pb and
Zn and lower for Cd, similarly they did not ob-
serve significant differences in the accumulation
of these elements between males and females
[Asli et al. 2019]; in deer muscle they reported
Pb contents higher than that found in this study
[Lehel et al. 2015]. In goat muscle they reported
lower contents for Cd, higher for Pb and similar

for Zn [Ogbomida et al. 2018]. In Ukraine, in
wild boar, roe deer and hare muscle they found
Cd and Pb values above the permissible limits
[Pilarczyk et al. 2020]. In China, in different
food groups reported higher average concen-
tration of Cd in animal meat with 0.303 mg/kg
[Yu et al. 2017]. The presence of Cd, Pb and Zn
in the alpaca muscle would be attributed to the
daily and direct intake of pastures with contents
of these elements in the plant tissue through
the free grazing of camelids in the high Andean
areas, which would favor the accumulation of
these heavy metals in the animal’s body.

Estimated daily intake of Cd, Pb and Zn
associated with the alpaca meat intake

The estimated daily intake of Cd, Pb and
Zn are presented in Table 3. The trend of daily
intake followed the following decreasing order
Zn> Cd> Pb for both children and adults, with a

0.51 0.0100 50
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(7] n »
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Figure 2. Accumulation of Cd, Pb y Zn in alpaca muscle according sex
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Table 3. Estimated daily intake (mg/kg-day), Hazard Quotient, Hazard Index and Total Cancer Risk of Cd, Pb and
Zn from consumption of alpaca meat in Huancavelica, Peru

Concentration EDI Hazard Quotient Cancer Risk
Heavy in meat RID (mglkg-day) (HQ) (CR)
metal (mgkg) | MG [T pigren Adult Chidren |  Adult Children Adult
Cd 0.335 0.001 2.89E-04 1.97E-04 2.89E-01 1.97E-01 4.34E-03 2.95E-03
Pb 0.0048 0.0036 4.14E-06 2.82E-06 1.15E-03 7.83E-04 3.52E-08 2.39E-08
Zn 28.288 0.3 2.44E-02 1.66E-02 8.14E-02 5.53E-02
Hazard Index (HI) 3.72E-01 2.53E-01
Total Cancer Risk (TCR) 4.34E-03 2.95E-03

maximum exposure of 2.44x102 mg/kg-day of
Zn in children and a minimum of 2.82x10° mg/
kg-day of Pb in adults.

Alpaca meat is one of the sources rich in
protein and low in cholesterol [FAO 2005],
the fresh meat contains 21.8% protein, 3.7%
fat, 1.4% ash and 70.80% moisture; while the
dehydrated meat contains 57.2% protein, 7.5%
fat, 3.3% ash and 28.8% moisture [DESCOSUR
2017], so its consumption is recommended.
Muscle tissue is the most worrying because it
is the most edible part of the camelid and com-
monly consumed by humans. However, the ac-
cumulation of heavy metals in the muscle tis-
sue of the alpaca can be transferred to humans
through the consumption of its meat products,
and the toxicity of the metals would depend on
the rate of daily intake. The daily intakes of Cd,
Pb and Zn were higher in children than in adults,
results consistent with that reported by Korkmaz
et al. [2019], Pilarczyk et al. [2020] and Zeinali
[2019]. FAO/WHO recommends the daily intake
of these harmful substances and trace elements
that ensure a healthy diet, and prevent toxic ef-
fects beyond the permitted limits. The values of
the estimated daily intake were below the provi-
sional tolerable daily intakes (PTDI) (8.3x10*
mg/kg-day of Cd, 3.6x10* mg/kg-day of Pb and
1.0 mg/kg-day of Zn) established by FAO/WHO
[FAO/WHO 1982, 2011] being within the safe
level and showing a low level of exposure for
consumers of alpaca meat. However, frequent
intake of food of animal origin contaminated
with heavy metals could increase the level of ac-
cumulation in humans [Ogbomida et al. 2018].
Cd and Pb are very toxic elements even at the
trace level that can cause various diseases, main-
ly in children because they are more susceptible
to the effects of these metals [ATSDR 2020]. On
the other hand, zinc is an essential element for
the growth and development of children, pro-
longed exposures to high levels of Zn can result

in a decrease in the absorption of copper in the
diet and a decrease in iron stores [ATSDR 2005,
Uauy et al. 1998].

Non carcinogenic and carcinogenic risk

The hazard quotient of Cd, Pb and Zn for
children and adults are shown in Table 3. The
estimated HQ values for Cd, Pb and Zn for chil-
dren and adults decreased in the following or-
der Cd> Zn> Pb with 2.89x107!, 8.14x10? and
1.15x107 in children and 1.97x107', 5.53x107?
and 7.83x10* in adults respectively, and these
values were below 1. The calculated non-cancer
risk index (HI) was less than 1 for children and
adults. From the cancer risk assessment (CR)
by exposure to Cd and Pb, the CR values for Pb
were lower than the CR values for Cd and the
limit threshold value (1x10°6).

The hazard ratios of Cd, Pb and Zn for chil-
dren and adults were less than 1, which could in-
dicate that there is no potential risk to the health of
consumers of alpaca meat. The non-carcinogenic
risk index was below 1 for children and adults,
which could suggest that there is a low probability
of experiencing non-carcinogenic risk to human
health. Cd and Zn were the elements that showed
the greatest contribution to HI, the HI values were
approximately 1.5 times higher in children than in
adults, results consistent with that reported by Sam
Bortey-Sam et al. [2015], [Shafiuddin Ahmed et al.
2019] and [Zeinali 2019]. Children are more sus-
ceptible to the absorption of toxic metals compared
to adults, they are susceptible to deficiencies in re-
spiratory function, cardiovascular disease, deficits
in neurological development, bone damage and
reproductive problems [Zhang et al. 2019]. There-
fore, it is important to pay attention to the daily in-
take of other toxic elements through the consump-
tion of meat foods, giblets, fruits, vegetables, and
water intake by local residents and to evaluate the
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potential of total risk in the health of the inhabit-
ants and in the environment.

The carcinogenic risk for Pb was within ac-
ceptable values for children and adults, which
could indicate that there is no potential risk of
cancer for life from intake of alpaca meat with
Pb content. The carcinogenic risk of Cd and Pb
was higher in children than in adults. Regard-
ing Cd, there was greater concern, because TCR
levels exceeded the established threshold limit
1x10* [USEPA 2001], therefore, so it might
be suggested that there is a lifetime carcino-
genic risk for Cd as this element is considered
a group 1 carcinogen and the intake of alpaca
meat would not be safe. Young individuals are
more vulnerable to the accumulation of Cd, due
to irreversible alterations in the central nervous
system [Kicinska et al. 2019]. On the other
hand, prolonged exposure to Cd levels causes
kidney dysfunction, deficiencies in Ca metabo-
lism causing an increased risk of osteoporosis,
Cd accumulates in the human body throughout
life and has a half-life of 10 to 33 years [ATSDR
2012, Kicinska et al. 2019].

CONCLUSIONS

The concentrations of Cd, Pb and Zn in the
soil-plant-alpaca system showed great variabil-
ity. The concentrations of Cd in the soil, grass
and alpaca muscle exceeded the threshold val-
ues of national and international standards, but
the concentrations of Pb and Zn were within safe
limits. The bioaccumulation factor (BAF) value
of the three elements studied was less than 1, Cd
was the element with the highest bioavailability
and mobility from soil to plant. The estimated
daily intake was below the tolerable provisional
daily intakes (PTDI). The non-carcinogenic risk
values (HI) were less than 1, which would in-
dicate that there is no non-carcinogenic adverse
effect for the health of local residents, but they
could experience a lifetime carcinogenic risk
(CR) from exceeding the limit threshold regulat-
ed by USEPA (1x10*) for Cd. The consumption
of alpaca meat with high levels of Cd would be
a cause of concern for the health of the children
and adults from Huancavelica as a highly toxic
element. It is recommended to conduct further
studies on the accumulation of potentially toxic
elements in alpaca tissues in order to determine
the possible total risk of heavy metals in con-
sumer’s health.
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