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 Abstract
The bovine milk quality, safety, and security are of great concern mainly due to the dispersion of toxic substances from vari-
ous anthropogenic activities and poor practices for organophosphates in agriculture use. This study evaluated the potential 
risk to human health from lead (Pb), cadmium (Cd), and arsenic (As) from the consumption of milk produced in an area 
of the Central Andes valley near a mini mineral concentrator by estimating the weekly intake (WI), dietary risk quotient 
(DRC), hazard quotient (THQ), and hazard index (HI) for the Peruvian population aged 2 to 85 years, in three scenarios 
of milk consumption by age (minimum, average, and maximum). Toxic element quantification was performed by flame 
atomic absorption spectrometry following standardized procedures. The mean amount ± standard deviation of Pb, Cd, and 
As in soils was 292±60.90, 3.54±1.58, and 5.60±2.20 mg/kg, the order of importance being Pb>As>Cd. The contents of 
Pb, Cd, and As in pastures were 23.17±10.02, 0.25±0.57, and 0.06±0.09 mg/kg, being from highest to lowest Pb>Cd>As. 
The means of Pb, Cd, and As content in 19 milk samples were 0.029±0.022, 0.007±0.006, and 0.010±0.004 mg/kg. Pb and 
Cd exceeded the maximum permissible limits (MPL), and the As was below the MPL. At all ages and milk consumption 
levels, the WI for Pb and Cd were below the estimated tolerable intake (TWI). The WI for As in < 19 years was higher than 
the TWI. The DRC for Pb and Cd at all three milk intake levels and all ages was < 1, and for As, it was > 1 in < 19 years, 
being the risk group. The TQH and HI for Pb and Cd were also > 1, signifying no health risk, and for As, the values were > 
1 in < 11 years. Our results are valuable for preventing adverse health impacts from safe and innocuous milk consumption.
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 Introduction

As in any dairy production system in the world, in Peru, the 
first link in the dairy production chain is the dairy farmers, 
whose number, according to the IV Agricultural Census of 
2012, amounts to 452,218 families dedicated to the produc-
tion of raw milk, with small-scale production prevailing, 

where 86% of the production units correspond to small pro-
ducers with herds of less than ten head of cattle. Of these, 
about 6%, which produce 50% of national production, are 
suppliers of industrial companies, and the difference goes to 
artisanal plants and direct consumption as fresh milk. Raw 
milk production takes place in all regions of the country, 
concentrated in the basins of Cajamarca, La Libertad, Lima, 
Ica, Junín, Arequipa, Moquegua, and Tacna [1].

In 2021, per capita dairy consumption was 83.5 kg [2], 
being a country of intermediate consumption, of which 28.7 
kg corresponds to fresh milk; this consumption will increase 
in the following years, which will require better produc-
tion practices and quality control of raw milk to sustain the 
growth of dairy production and the demand that the growing 
population will demand.

Anthropogenic pollution from numerous farms has caused 
changes in the natural composition of soils and vegetation [3], 
entering the food chain and affecting human health [4, 5]. In 
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humans, heavy metals are the most dangerous toxicants with 
direct and negative synergistic effects [6], whose density is > 5 
g/cm3 or their relative atomic mass is > 40. Within this group, 
the most dangerous are cadmium (Cd) and lead (Pb) [7], and 
arsenic (As) is an inevitable contaminant metalloid for humans 
due to its multiple forms of exposure [8]. These elements emit-
ted by various industries pollute the air and reach water and 
soils, plus those deriving from the use of fungicides, phospho-
rus fertilizers, and wastewater or contaminated water pass into 
the food chain [5, 9, 10]. Pb that accumulates in soil and plants 
originates mainly from fine particulate matter emitted by the 
mining-metallurgical industry, exhausts gases from internal 
combustion engines, and has a toxic effect on plants, animals, 
and humans, even at low concentrations [11]. Cd is another 
metal of high toxicity to soil microorganisms, plants, animals, 
and humans, and generally comes from the widespread use of 
phosphate fertilizers. A maximum concentration of Cd is in 
the range of 0.2–2.0 mg/kg soil, depending on the current soil 
fertility level [12].

Arsenic is another highly toxic element known since ancient 
times and is considered a carcinogen [13, 14]. It affects sys-
tems and organs, including the skin, respiratory, cardiovascu-
lar, immune, genitourinary, reproductive, digestive, nervous, 
erythropoietic, endocrine, hepatic, and renal systems [15].

The Mantaro Valley, located in the Central Andes of Peru, 
is exposed to contamination not only from emissions from 
the metallurgical complex of La Oroya, whose vapors and 
dusts travel in the air for many kilometers, but also from traf-
fic, cement industries, and misuse of phosphorus products 
in agriculture and contaminate water and soil [16], a context 
observed in many developing countries. Therefore, products 
obtained from contaminated soils should be analyzed for the 
contents of heavy metals and other highly toxic substances 
and the risk of their consumption for humans. The study 
objective was to determine the concentration of Pb, Cd, and 
As in whole milk from cows raised in an area adjacent to a 
mineral concentrator in Huancayo province in central Peru 
and to evaluate the risk for the population aged 2 to 85 years. 
For this purpose, the weekly intake (WI), the risk coeffi-
cient (TQH), and the hazard index (HI) were estimated to 
have evidence to demonstrate from a toxicological point of 
view if this milk is suitable for human consumption based 
on Codex Alimentarius and other international standards and 
to prevent the adverse effects of these heavy metals and the 
health risk [17–20].

Materials and Methods

Ethical Approval

The work was approved by the Instituto Especializado de 
Investigación de la Facultad de Zootecnia of the Universidad 

Nacional del Centro del Perú, and the research conforms to 
the ethical principles of research.

Location and Study Period

The milk sampling and quantification of Pb, Cd, and As 
were carried out in March 2022 in a semi-industrial dairy 
cattle raising area in the district of El Tambo, province of 
Huancayo, Peru, at 3214 m.s.n.m., south latitude 12° 4′ 
36.3″ S (−12.07675254000) and west longitude 75° 13′ 
30.2″ O (−75.22505777000). The farm is located on the 
urban periphery on the right bank of the Mantaro River, 
and its pastures adjoin a mini mineral concentrator that has 
been operating for more than five decades. The climate of 
the study area is characterized by two well-defined seasons. 
The rainy season is from October to March, and the dry sea-
son is from April to September. According to Köppen and 
Geiger, the climate is classified as ET. The average annual 
temperature and rainfall are 8.7°C and 1682 mm.

Animals and Breeding System

Brown Swiss cows were between 3 and 8 years old, with a 
mean of 4.5 years, with an average production of 9 l/day; 
raised in a semi-extensive system with daily grazing with 
access to watering troughs and Dactylis glomerata paddocks, 
plus a ration of alfalfa (Medicago sativa) and barley (Hor-
deum vulgare) forage at cutting, all produced on the same 
farm. The pastures were irrigated with water from a spring 
near the Mantaro River and used as animal drinking water.

The cows belong to the most representative farm in the 
area, from which the rest of the breeders adopt their technol-
ogy since they perform technological transfer to the small 
neighboring farms, ensuring the representativeness of the 
samples from the area of the study site.

Milk, Soil, and Pasture Sampling and Heavy Metal 
Analysis

Once milking was completed, 19 samples of 250 mL of milk 
were collected. The milk samples were obtained accord-
ing to the protocol of the Peruvian Technical Standard 
202.112:1998 revised in 2013, using sterile polyethylene 
bottles of first use previously washed with nitric acid and 
rinsed with double-distilled water, being labeled and kept 
in a cold chain (4°C) for immediate shipment to the Pacific 
Control laboratory, Lima, Peru, certified by the National 
Institute of Quality - INACAL - PERU.

The samples were prepared by dry and acid minerali-
zation; 50 g of each homogenized sample was placed in 
porcelain crucibles to be dried at 100°C until reaching a 
constant weight and was incinerated in a muffle furnace 
(Protherm 442-ECO110/15) at 450° C/15 h, and after 
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cooling to 15–18°C, the contents were bleached with 2 mL 
of  HNO3 2 N, evaporating the acid on thermostatic plates 
and after cooling were again incinerated at 450 C/1 h. The 
ashes were recovered with 20 mL of 0.1 N  HNO3, filtered 
through Watman 40 paper, and stored in polypropylene 
tubes under refrigeration. High-purity reagents (Merck 
KGaA, Darmstadt, Germany) were used.

Then, the spectrometer was prepared, and the meas-
urement conditions were selected [21]. For Pb and Cd 
quantification, the AOAC 973.35 method was followed, 
using a flame atomic absorption spectrometer (NAMBEI 
AA320N), with wavelengths of 283.3 and 228.8 nm for 
Pb and Cd [22]; for As, the wavelength was 193.7 nm 
[23]. To determine the total As concentration in the milk, 
the samples were evaporated to dryness with concentrated 
hydrochloric acid addition. The dried residues were incin-
erated in a muffle furnace at 450°C [24].

To provide complementary information of Pb, Cd, and 
As concentration was determined in 6 soil and grass sam-
ples from the same sampling site. 0.5-kg samples of the 
topsoil (0–20-cm depth) were collected using standard-
ized procedures [25]; after 1 day of natural drying, they 
were crushed and sieved (2-mm mesh) eliminating gravel, 
stones, and other impurities; they were homogenized in a 
mortar, weighed, and placed in airtight bags to be sent to 
the laboratory, where the USEPA 3050B (SW-846) method 
was followed, by digesting 1 g of dry sample treated with 
 HNO3 (Sigma-Aldrich, USA) and  H2O2. HCl acid (Sigma-
Aldrich, USA) was added to the initial digest and was 
heated to reflux to increase the solubility of the metal. 
The digestion product was diluted to a final volume of 100 
mL [26], and the metals were quantified by flame atomic 
absorption spectrometry (NAMBEI AA320N), following 
the AOAC Official Method 975.03 protocol [26, 27]. The 
corresponding grass samples were washed with tap water, 
removing soil particles, rinsed with deionized water [28], 
dried at 70°C, and finely ground [29]. The digestion and 
quantification procedure of the heavy metals of the pas-
tures was similar to that of the soil.

The analysis conditions of each element used in this study 
respond to protocols used by a laboratory accredited by the 
National Institute of Quality of Peru, which uses validated 
analytical methods. Duplicate samples allowed for determin-
ing the precision method and calculating the mean and the 
coefficient of variation, which was less than 5%. Precision 
is measured using standard solutions of each element, deter-
mining the relative error, which in percentage represents the 
precision method and must exceed 95%. For these calculated 
used standard solutions of Pb, Cd, and As of 155, 150, and 
50 mg/kg of milk [23], at analysis, the corresponding con-
centrations were 148.14, 152.50, and 49.58 mg/kg, values 
that transformed to percentage indicate that the method com-
plies with the precision parameters.

To the calibration curves, standards (Merck) of 1000 mg/
kg were used for each element. Limits of detection (LOD) 
to Pb, Cd, and As in milk were 0.03, 0.03, and 0.028 μg/L, 
respectively. The LODs for the forage were 2.40, 0.40, and 
0.03 μg/kg, and the LODs for the soil were 0.1, 0.01, and 
0.02 mg/kg, respectively. The concentrations of heavy met-
als in all the study samples are expressed in mg/kg, and 
values that for the calculations of weekly intake, objective 
risk, and risk index were transformed to μg/kg. To evalu-
ate the concentration of Pb and Cd in the soil, the Stand-
ard Environmental Quality Standard of 70 and 1.4 mg/kg, 
respectively [30], was considered. For As, the Canadian 
Council of Ministers of the Environment [31, 32] indicates 
that the maximum concentration in the soil is 12 mg/kg. The 
maximum suggested Pb limit for forage is 10 mg/kg of dry 
matter [33–35]; for cadmium and arsenic in livestock feed, 
the Council of the European Parliament indicates values of 
1 and 2 mg/kg [36].

Estimated Weekly Intake (WI)

The heavy metal exposure of the population (from infants to 
the elderlies) was estimated using the average concentrations 
of Pb, Cd, and As in milk from the study area. To obtain a 
complete figure of the relative risk in the sampled area, we 
conducted a literature survey to identify the average body 
weight of the Peruvian population at different ages [37], 
using a study that evaluated 62600 people (<10 n=12327, 
10–19 n=14597, 20–29 n=7632, 30–39 n=7832, 40–49 
n=7381, 50–59 n=5613, 60–69 n=3816, >70 n=3402), 
being to date the only study reporting results for the Peru-
vian population aged 2–85 years. Exposure to metals from 
milk consumption was considered chronic. Weekly intakes 
of Pb, Cd, and As from consumption of raw cow’s milk in 
three scenarios: low, medium, and high consumption were 
determined [9, 38, 39].

The weekly intake of each metal (WI: μg/week of milk 
consumption) was estimated by comparing it with the toler-
able weekly intake (TWI) established for Pb and Cd [19, 20, 
40, 41] and As [42].

In this study, the daily milk intakes considered as mini-
mum, average, and maximum levels in children aged 2–5 
years are 400, 500, and 600 g/day. Children aged 6–19 were 
500, 600, and 720 g/day. For people aged 20–85 years, the 
intakes were significantly lower, between 100 and 250 g/
day [43–48]. For this purpose, a table of milk intake was 
prepared for ages 2 to 85 years, with continuous data for the 
corresponding risk calculations.

Dietary Risk Coefficient (DRC)

The following formula was used to estimate the dietary risk 
coefficients (DRC):
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where DRC is the dietary risk coefficient. WI is the 
amount of metal ingested during 1 week from milk con-
sumption (μg/week). TWI is the tolerable weekly intake of 
the metal (μg/week). A TWI below 1 indicates an accept-
ably low risk, while a ratio above 1 indicates a high health 
risk [49, 50].

Chronic Potential Risk (TQH) and Hazard Index (HI)

The TQH and HI for Pb, Cd, and As, for average milk con-
sumption, demonstrate from a toxicological point of view 
whether the milk produced in the study area is within the 
levels established by Codex Alimentarius [17] and another 
international standard and avoids the adverse effects of these 
heavy metals and the risk to human health ([18–20].).

To assess the TQH for human health for metals associ-
ated with long-term exposure from the consumption of raw 
cow milk with Pb, Cd, and As, the following equation was 
used [51]:

where Cmetal is the metal content in milk. Wmilk is the 
daily milk consumption. EF is the exposure frequency (365 
days per year). ED is the period of exposure equivalent to 
the average longevity for an adult. For Peru, it is estimated 
at 76.5 years. AT is the average useful lifetime, which is 
27922.5 days. RfD is the reference oral dose. For Cd, Pb, 
and As, values of 0.001, 0.0035, and 0.0003 mg/kg b.w./day 
were used, respectively [52–54].

The HI was used to assess the potential chronic risk to 
human health when involving several heavy metals and rep-
resents the long-term risk; it was determined by the sum of 
the THQs for Pb, Cd, and As [4, 9, 55]. If HI is < 1, there is 
no risk to human health [56]. Target hazard quotient (THQ) 
and hazard index (HI) values for As, Pb, and Cd from milk 
consumption were calculated for individuals aged 2 to 85.

DRC = WI∕TWI

TQH =
(EF ∗ ED ∗ Wmilk ∗ Cmetal)

RfD ∗ Body Weight ∗ TA

Data Processing Technique

The concentrations of the elements detected in the samples 
were calculated in mg/kg. To evaluate if the average con-
tents of Pb, Cd, and As in the soil, forage, and milk exceed 
the permitted limits, one-sample “t” tests were used. The 
maximum permissible limits (MPL) of Pb used for the soil, 
forage, and milk were 70, 30, and 0.02 mg/kg, respectively; 
for Cd, the values were 1.4, 1.0, and 0.0025, and for As, 
the values were 12.0, 2.0, and 0.014 mg/kg, respectively. 
For statistical comparisons between the concentrations of 
each element in the soil, forage, and milk samples, one-way 
ANOVAs were performed. Pearson correlations were deter-
mined for elements’ associations between soil-forage and 
forage-milk. Differences between means were assessed using 
Tukey’s test, and P values < 0.05 were considered signifi-
cant. Weekly intake calculations and health risk coefficients 
were estimated in μg/kg and processed SPSS V26 (IBM, 
Endicott, NY, USA).

Results

Pb, Cd, and As Content in the Study Samples

The mean amount of Pb, Cd, and As in the soils of alfalfa, 
dactylis, and barley crops used in cow feed in importance 
order was Pb>As>Cd. The contents of heavy metals in the 
pastures, from highest to lowest, were Pb>Cd>As (Table 1), 
and raw milk contents of Pb, Cd, and As are shown in Table 2.

The linear correlation coefficient is a regression measure 
used to establish a linear relationship between two variables 
and quantify the degree of joint variation between them. A 
strong positive linear relationship was observed between the 
concentrations of Pb and Cd (P=0.001, r=0.716), Pb and As 
(P=0.004, r=0.625), and Cd and As (P=0.003, r=0.642). As 
the concentration of Pb increased, the concentration of Cd 
and As also increased.

Although it is not the objective of this study to analyze the 
dynamics of these elements in the soil-grass-milk system, it 

Table 1  Pb, Cd, and As 
concentrations in soil, sprouts, 
and milk, and bioaccumulation 
percentage, in the Central 
Andes-2022 (mg/kg)

a,b,c Mean values per element with different letters vary statistically (P<0.01)
SD, standard deviation
T, %, percentage of transfer from soil to pasture and from pasture to milk
B, %, percentage of bioaccumulation (soil to milk)

Pb Cd As

Soil Sprouts Milk Soil Sprouts Milk Soil Sprouts Milk

Mean 292.00a 23.17b 0.029c 3.54a 0.250b 0.007c 5.60a 0.063b 0.010c
SD 60.90 10.02 0.022 1.58 0.57 0.006 2.20 0.09 0.004
T, % 100.00 7.93 0.13 100.00 7.06 2.80 100.00 1.13 15.87
B, % 100.00 0.01 100.00 0.20 100.00 0.18
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can be indicated that the percentage of bioaccumulation in 
order of importance is Cd>As>Pb.

Estimated Daily Intake (WI) and Dietary Risk 
Coefficient (DRC)

Regarding the WI of Pb and Cd, by consumption of raw 
cow’s milk, the values were well below the TWI established 
by the Joint FAO/WHO Expert Committee on Food Addi-
tives [41] (Figs. 1, 2, 3 and 4). Whereas for As, the WI for 
people aged 2 to 19 years was well above the TWI estab-
lished by USEPA [42], and in people older than 60 years, 
with the maximum milk intake, it was also slightly above 
the TWI (Figs. 5 and 6).

Target Hazard Coefficient (TQH) and Risk Index (HI)

The THQ followed a descending order of As > Pb > Cd, 
with values of 0.05–1.13, 0.01–0.28, and 0.01–0.24 for mini-
mum milk intake in persons aged 2–85 years, 0.09–1.41, 
0.02–0.35, and 0.02–0.30 for average intake, and 0.13–1.69, 
0.03–0.42, and 0.03–0.36 for maximum milk intake, with 
higher values at lower ages. Table 3 shows, as an example, 

the parameters used in the calculations for the minimum 
consumption scenario of milk. Similar data for average and 
maximum intake were generated.

The HI values for low, average, and maximum milk 
consumption ranged between 0.08–1.65, 0.13–2.06, and 
0.19–2.47, respectively, with values > 1 being observed 
in children under 7, 9, and 11 years of age for milk con-
sumption at the minimum, average, and maximum levels. 
In older people, all values were well below 1 (Fig. 7). Pb, 
Cd, and As contents of 29, 7, and 10 μg/kg were considered 
for calculations. This information is useful and allows us to 
differentiate exposure to these elements by age, weight, and 
the risk of consuming milk produced in the mini mineral 
concentrators’ vicinity.

Discussion

The increase in anthropogenic activities (industry, mining, 
agriculture) also increases the emission of pollutants into 
ecosystems. Dairy farms near these industries are affected by 
heavy metals presence that accumulate in the soil, pastures, 
and animals and are eliminated through organs and tissues, 
especially in milk which is consumed by humans. In this study, 
it is evident that the heavy metal’s main source of exposure 
is the farm’s proximity to a mini mineral concentrator plant.

Pb, Cd, and As Content in the Study Samples

The concentration of Pb in the upper layer of the soil was 
four times higher than the MPL established for agricultural 
soils in Peru [30], which comes mainly from emissions from 
the mini mineral concentrator adjacent to the farm whose 
soil has bioaccumulated heavy metals for more than five 
decades, and transfer them to pastures whose content rep-
resented 77% of the maximum limit. These Pb contents in 
the soil and forages were similar to those reported in an area 
close to the La Oroya metallurgical complex, with 218±9.8 
mg/kg and in pastures an average of 20±0.9 mg/kg [57].

Worldwide, various levels of heavy metals in the soil are 
reported, the values of which depend on environmental con-
ditions, the world average being around 25 mg/kg, and it 
would seem that Peru is at the upper end of the world scale. 
Martin et al. [25], in southern New Zealand soils, report 
high levels of Pb and Cd in exotic grassland lands, noting 
that the principal source of heavy metals is the application of 
phosphorus-based fertilizers and proximity to urban centers 
and near roads. In the present study, in addition to the use of 
phosphorous fertilizers, the principal source would be given 
by the emissions from the mini mineral concentrator adja-
cent to the farm whose tailings leach and are deposited and 
accumulated in the upper layer of the soil and are absorbed 
by the pastures, added to those from irrigation wastewater, 

Table 2  Pb, Cd, and As concentrations in raw milk produced in the 
Central Andes-2022 (mg/kg)

a,b Mean values with different letters vary statistically (P<0.01)
MPL, maximum permissible limit

No. of cow Lead Cadmium Arsenic Total

1 0.054 0.023 0.022 0.099
2 0.014 0.004 0.010 0.028
3 0.058 0.017 0.010 0.085
4 0.014 0.003 0.009 0.026
5 0.075 0.008 0.015 0.098
6 0.015 0.005 0.010 0.030
7 0.056 0.015 0.008 0.079
8 0.014 0.004 0.008 0.026
9 0.068 0.009 0.017 0.094
10 0.015 0.003 0.008 0.026
11 0.013 0.002 0.010 0.025
12 0.012 0.004 0.008 0.024
13 0.030 0.005 0.007 0.042
14 0.040 0.004 0.010 0.054
15 0.013 0.003 0.007 0.023
16 0.020 0.005 0.009 0.034
17 0.020 0.004 0.009 0.033
18 0.014 0.004 0.011 0.029
19 0.013 0.003 0.009 0.025
Mean 0.029a 0.007b 0.010b 0.046
SD 0.022 0.006 0.004 0.032
MPL 0.020 0.0025 0.014
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Fig. 1  Weekly intake curve 
(WI) of Pb from milk consump-
tion in people aged 2–85 years, 
at minimum, average, and 
maximum exposure

Fig. 2  Dietary risk coefficient 
(DRC) to Pb from milk con-
sumption in people aged 2–85 
years, at minimum, average, and 
maximum exposure
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results that would be in line with what has been indicated by 
different authors [58, 59].

The Cd content in the study soils was 2.5 times higher 
than the MPL, in the forages represented 25% of the MPL, 

the potential sources of Cd being the use of synthetic fer-
tilizers, the presence of mining-metallurgical liquid waste 
dumped into the Mantaro River and mainly the proximity to 
the mini mineral concentrator whose discharges adjoin the 

Fig. 3  Weekly intake curve 
(WI) of Cd by milk consump-
tion in people aged 2–85 years, 
at minimum, average, and 
maximum exposure

Fig. 4  Dietary risk coefficient 
(DRC) to Cd from milk con-
sumption in people aged 2–85 
years, at minimum, average, and 
maximum exposure
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grazing area and its dust contaminates the soil. In various 
regions of the world, where there is better control of indus-
trial emissions, lower or similar Cd contents are reported; 
thus, Tepanosyan et al. [12], Zhou et al. [5], and Kozhanova 
et al. [60] report Cd concentrations in the soil between 0.2 
and 2.0 mg/kg. Martin et al. [25] report that in New Zealand, 
they have suggested a national average baseline of 0.16 mg/
kg and 0.35 mg/kg on all agricultural land.

In this study, the As content in the soil represented 47% 
of the ML, and in the case of pastures, it represented 2.7% of 
MPL. The As content in soil was well above those reported 
in other latitudes; thus, Kozhanova et al. [60] in different 

seasons reported the As concentrations of 0.022 and 0.019 
mg/kg with a range of 0.20–0.27 mg/kg, the lowest in spring 
and highest in autumn. Martin et al. [25] in New Zealand 
soils report average contents of 3.5 mg/kg, with a range of 
0.4 and 10.9 mg/kg, related to the structure and type of soil 
that sequesters As, with variations in As levels in soils and 
pastures.

In Dong Mai, Hung Yen-Vietnam, Ha et al. [14] in soils of 
native and cultivated plants in a Pb recycling area reported 
lower contents of Pb and Cd (5.4–26.8 and 0.71–1.67 mg/
kg) and higher As (370–47400 mg/kg) than in this study. 
The As, Cd, and Pb contents in rice grains and shoots of 

Fig. 5  Weekly intake curve (SI) 
of As from milk consumption in 
people aged 2–85 years, at mini-
mum, average, and maximum 
exposure

Fig. 6  Dietary risk coefficient 
(DRC) to As from milk con-
sumption in people aged 2–85 
years, at minimum, medium, 
and maximum exposure
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15 plant species ranged from 0.14–10.2, 0.06–0.99, and 
2.83–1160 mg/kg dry weight, respectively, while in this 
study, the grasses had much higher Pb contents, similar Cd 
contents, and lower As contents.

In the context of Peru, in Tiquillaca, Puno, a department 
located in southern Peru, the averages of Pb, Cd, and As in 
the soil were 276.74, 1.45, and 5.35 mg/kg, respectively, 
values similar to our study and attributed to the dumping of 
mining waste whose dispersion causes soil contamination 
[32], a problem similar to that of the present study, where the 
stable is adjacent to a mini mineral concentrator. In another 
study, Soto-Benavente et al. [61], in the Peruvian Amazon, 
in soils abandoned by gold mining, report values of 12.6, 
0.79, and 6.67 mg/kg for Pb, Cd, and As, respectively, being 
much lower in Pb and Cd than our study, but higher in As 
and would be due to the chemical compounds used in infor-
mal gold mining.

It is important to consider that heavy metals can be depos-
ited in agricultural soils through manure [60], pesticides, 
phosphorus fertilizers, and fertilizers [62], which affect the 
productive quality of the soil. In Peru, there are big deposits 
of phosphoric rock that for decades have been used directly 
as fertilizer or raw material for the manufacture of com-
mercial phosphorus products that also contain residues of 
Cd, Cr, Zn, As, and other heavy metals. Cadmium appears 
in concentrations of 1–200 mg Cd/kg  P2O5, and it is present 
in phosphate fertilizers for commercial use, and a moderate 
correlation (r = 0.66) between the application of phosphorus 
fertilizers and the accumulation of Cd [25].

The Pb contents in the forages used to feed the cows in 
the study area were higher than those reported in another 
cattle-raising area of the Mantaro Valley, which was 5.8 mg/
kg [63], while the Cd level was ten times lower than those 
found in this study, and would be because the high amounts 

of phosphorous fertilizers and irrigation with water from a 
highly polluted canal.

In other regions of the world, average Cd and As con-
tents are reported in cattle feeds, well above those found 
in this study; in China, 2.31 and 1.38 mg/kg of Cd and As 
are reported [64]; in this study, Cd represented 10% and As 
4% of what was found in China; however, even when the 
contents of Cd and As in the pastures of this study do not 
exceed the MPL, the chronic intake of these elements bioac-
cumulates in the animal organism and passes into the milk.

In this study, the mean contents of Pb and Cd in milk 
exceeded the maximum limits by 1.45 and 2.8 times those 
allowed set at 0.02 and 0.0026 mg/kg, respectively [17, 65, 
66], and even when As represents approximately 70% of the 
maximum allowed limit set at 0.014 mg/kg [67], this milk 
would not be suitable for human consumption or environ-
mental safety. The concentration of these toxic elements in 
order of importance is Pb>As>Cd, with Pb, Cd, and As 
representing 63, 15, and 22% of the total.

Regarding the content of heavy metals in milk, Boudeb-
bouz et al. [68], making a worldwide review of original arti-
cles published between 2010 and 2020, report Pb levels in 
raw cow’s milk below the detection level up to 60 mg/L in a 
granite and granite gneiss mining area in India. The accumu-
lation of heavy and toxic metals in milk and milk products 
depends on the farm location [69], and the content of heavy 
metals in milk differs according to the country and the local 
context; thus, the MPL of Pb in cow’s milk are 0.05, 0.02, 
and 0.10 mg/kg, in Germany and the Netherlands, Turkey, 
and Russia, respectively [70]. In Iran, Shahbazi et al. [69] 
report 0.014 mg/kg, which represents 48% of the Pb content 
determined in the milk of this study.

The concentration of Cd in the study milk was lower than 
the values reported in Kazakhstan by Kozhanova et al. [60], 

Fig. 7  Risk index (HI) for mini-
mum, average, and maximum 
milk consumption contaminated 
with Pb, Cd, and As in the 
Peruvian population aged 2 to 
85 years
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from 0.01 to 0.02 mg/L, in summer and autumn, respec-
tively, but it was higher than that reported in Iran by Shah-
bazi et al. [69]; [71] which was 0.0011 mg/kg and would 
be because the farm in our study adjoins a mini mineral 
concentrator plant.

The As concentration in milk also varies depending on 
the sampling location [13].

Ayala and Romero [72], the Technical Standard of 
Ecuador - NTE 0009:2008, considers the MPL 0.015 mg/
kg, while the national standard of the People’s Republic 
of China establishes 0.10 mg/kg and the official Mexican 
standard NOM-184-SSA1-2002 indicates an MPL of less 
than 0.20 mg/kg. MERCOSUR - RES. N° 12/11 suggests 
0.05 mg/kg.

Pérez-Carrera and Fernández-Cirelli [73], in milk sam-
pled in Córdoba-Argentina, report an As content in the 
0.0003–0.0105 mg/kg range. For their part, Licata et al. [74], 
in Calabrian farms, report a mean As content of 0.038 mg/
kg, and in Arak-Iran, raw cow’s milk has As amounts below 
the MPL [75].

Su et al. [76], in areas close to leather processing plants 
in China, reported that the As and Pb milk concentrations 
from contaminated zones were 0.43±0.21 and 2.86±0.96 
μg/L, respectively, values significantly higher than those 
from uncontaminated farms with 0.20±0.05 and 2.32±0.78 
μg/L. The Cd level in contaminated milk zones was 0.15 ± 
0.04 μg/L similar to that of uncontaminated zones with 0.13 
± 0.04 μg/L (P > 0.05).

As observed in different investigations, among the prin-
cipal sources of animal heavy metal exposure are pastures 
and forages produced on the same farm, with water and 
soils contaminated by mining-metallurgical emissions, the 
uncontrolled use of chemical phosphate fertilizers, irriga-
tion water from polluted rivers with industrial waste, among 
others [63].

Table 1 also shows that the percentage of soil-sprout-milk 
transfer is very different in the case of As versus Cd and Pb. 
The transfer from the soil to the pastures was similar for 
Pb and Cd, being approximately seven times more than for 
As, which would indicate that the study area pastures would 
have a greater capacity to accumulate Pb and Cd from the 
environment and through the roots translocate to the stems 
and leaves. Transfer levels are influenced by a variety of fac-
tors, such as the exposure level, phytoextraction capacity of 
plants, the physical-chemical characteristics of the soil, the 
type of metal, and phytoavailability, which depends on its 
chemical forms, among others [77, 78].

One aspect that draws attention is that the transfer of As 
from grass to milk was 5.7 times more than that of Cd and 
122 times more than that of Pb. Due to the high levels of As 
found in milk, its consumption by humans would represent 
an important route of exposure to As in groups with high 
milk consumption.

Week Intake (WI), Dietary Risk Coefficient (DRC), 
Target Hazard Quotient (THQ), and Hazard Index 
(HI) to Pb, Cd, and As

The WI values for Pb and Cd in this study were similar to 
those reported by Amer et al. [79] in Alexandria, West Delta, 
Egypt, reported values of 1.05 and 0.11 μg/kg body weight, 
which contributed 4.2 and 1.6% of the TWI, respectively, 
which determined THQ < 1. In this study, the WI for As was 
higher than the TWI in those under 19 years. The DRCs for 
Pb and Cd by milk consumption, on all three consumption 
levels, were below 1, except for As.

Regarding THQ to Pb by milk consumption, our results 
are like those reported by Sharifi et al. [80] in different 
regions of the Tehran-Iran province, whose results showed 
THQ < 1 for all samples. Similar results are reported by 
Amer et al. [79] with THQs for Pb and Cd less than 1, 
indicative of safe consumption and not representing risk. A 
systematic review of studies of heavy metal health risks in 
China also indicates that the THQ for 11 toxic elements in 
milk, including Pb, Cd, and As, was less than 1, indicating 
negligible health risks.

In Guelma, Algeria, the THQ values for Pb and Cd sug-
gest a potential infant’s risk. The HI was higher than 1, and 
the contributions of each metal to the HI generally followed 
a descending order for Pb, Cr, Cd, Ni, Zn, Cu, and Fe with 
values of 68.19%, 15.39%, 6.91%, 4.94%, 3.42%, 0.88%, 
and 0.28%, respectively, registering a potential risk of heavy 
metals, especially Pb, to infants through the consumption of 
raw cow milk [81].

Globally, very high levels of Pb in milk (60 mg/L) are 
reported in areas composed of granites and granite gneisses 
in India; the highest level of Cd (12 mg/L) was recorded 
in the barite mining area in India. In 10 regions out of 70, 
the THQs for Pb were >1, and in 6 out of 59, the THQ for 
Cd was > 1; this exposure is positively associated with the 
development of several fatal diseases [68].

Considering that the HI values at the three levels of intake 
were > 1 for those under 11 years of age, these results would 
determine that the milk produced in places close to mini 
mineral concentrators is not suitable for consumption, even 
more so if it is known that children consume more milk per 
kilogram of weight than adults. Therefore, the production of 
whole milk will be safe from an environmental point of view 
if systematic control of the farm environment is guaranteed, 
mainly by monitoring the content of As and heavy metals 
in irrigation water and soil. Dairy farms should not be con-
taminated with toxic elements, and studies such as this one 
provide profitable information to guide sustainable initia-
tives to control and evaluate environmental contamination. 
We recommended carrying out an update of the information 
and a permanent evaluation of the effects of heavy metals 
on human health.
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Study Limitations

Although the analysis of 19 milk samples could be consid-
ered a limitation of the study, these correspond to animals of 
the same herd, with the same food and health management, 
and with a similar physiological and productive state of the 
most representative farm in the area, thus controlling the 
animal effect. A strength of the study is that this farm adjoins 
a mini mineral concentrator and belongs to a joint property, 
so the information obtained offers evidence of food contami-
nation in conditions of coexistence between livestock and 
mining activities in the Central Andes of Peru.

Implications for Central Andes of Peru

Currently, the soils and grasslands of the Central Andes 
of Peru have high concentrations of heavy metals in other 
regions of the country and the world. There is a pattern of 
high heavy metal concentrations in the grasslands by the 
mining-metallurgical activity in the basin headwaters, 
whose emissions could lead to undesirable economic and 
social results. Our results and the reviewed scientific infor-
mation suggest a possible trend between a higher intensity 
of mineral activity and the bioaccumulation of heavy met-
als. Additionally, the phosphorus fertilizer application also 
contributes to the accumulation of heavy metals in the soil, 
grass, and milk produced in the central highlands of Peru, 
entering the food chain and increasing the health risk due 
to its consumption.

The Pb at low levels and being a small fraction of the 
neurotoxic exposome would influence brain development, 
affecting neurological behavior. Joint exposure to Pb, Cd, 
and As can cause cognitive impairment and depressive dis-
orders [82–84], and exposure to these toxins during preg-
nancy and lactation has neurological effects with lower neu-
robehavioral test results and reduced quality of life. These 
neurodevelopmental delays could be prevented or mitigated 
if public health policies are implemented to protect the fetus 
and young child from Pb, Cd, and As exposures.

Generalized anxiety disorders, panic disorder/agorapho-
bia, social anxiety disorder, and others are burdensome for 
communities [85–90]. This study expands the evidence to 
establish public health policies.

He et al. [91] found that increased blood Pb in children 
was associated with the impulsivity-hyperactivity index, 
anxiety, and attention deficit.

Studies carried out in Peru on mental health and its rela-
tionship with exposure to Pb, Cd, and As in children and 
adults surrounding the Las Bambas mining project in Apu-
rímac report that before the exploitation phase, psychomotor 
development in <3 years of age, with the TEPSI test report-
ing a 12.5% risk in psychomotor development. The IQ with 
the Stanford-Binet test in children aged 3–12 years reports 

cases of mild mental retardation (2.1%) and borderline men-
tal retardation [92].

This study highlights the association between the con-
centrations of heavy metals in the soil, pastures, and milk 
with the adjoining mineral processing mini-plants. There is 
a risk of bioaccumulation and possibly a potential risk to 
human health if more heavy metals and metalloids are evalu-
ated since the emissions lead to the cocktail of contaminants 
introduced into the food chain. Therefore, it must generate 
a Peruvian guideline to control the Pb, Cd, and As in whole 
bovine milk levels.

Conclusion

The consumption of milk produced in an area of the valley 
of the Central Andes adjacent to a small mineral concentra-
tor, even when it has a lead and cadmium content above the 
permissible limits and an arsenic content close to 70% of the 
respective permissible limit, determined risk indices below 
1, and there would be no health risk from its consumption 
in the Peruvian population between 2 and 85 years of age.

The milk Pb, Cd, and As content suggests that farms near 
small smelters do not produce environmentally safe and suit-
able milk for human consumption. Our findings can be used 
to develop guidelines to ensure milk production is safe and 
innocuous, fit for human consumption.
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