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Abstract

This research aimed to quantify major and trace elements in walnut orchards (Carya illinoinensis) and assesses the exposure to toxic
elements. Samples of irrigation water, soil, walnut leaves, and walnut were collected in two periods, October 2019 (rainy year) and October 2020
(drought year). A total of 108 samples were analyzed. The measurements were performed in ICP-OES. It was found that As (1.8-2.1 mg*kg™), and
Cd (0.15-0.18 mg*kg?) in walnut were above the permissible limit in fruits. CR for As and Cr exceeds the threshold limit (CR>10*). Besides, it was
performed statistical analysis with the SAS system that shows that there are no significative differences in Cr in walnut comparing a rainy and
drought years, also there is a translocation in walnut of As and Cd only in a year with rain, and finally in the drought year the Na in the leaves of
the plant was observed to be four times greater than it was in the rainy year, indicating a possible tendency of hyperaccumulation of Na.
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Introduction

Determining the dynamics of heavy metals in water soil-
plant interaction in fruits and vegetables is an important task for
environmentalists and scientists [1,2]. Fruits are one of the most
consumed foods, these are rich sources of vitamins and minerals.
However, irrigation water and soils can be contaminated with
trace elements (TEs) attributed to the increased use of chemicals,
fertilizers, pesticides, herbicides,
activities, etc. The pollution of agricultural food with TEs is one
of the most important aspects of food quality [3]. The TEs have
drawn worldwide attention for their health risk implications,
which are attributed TEs are non-biodegradable, harmful to
living organisms, and further, they have accumulative and lasting
capabilities [4]. According to number studies, the major exposure
route of TEs is the ingestion of contaminated food [5]. In addition,
the study of the content of TEs is of high importance, because

industrialization, mining

allows the determining and analyzing the carcinogenic [5-7].

Nevertheless, researches on the implications for human health
still remain insufficient [8]. On the other hand, the International
Agency for Research on Cancer (2012) has classified arsenic (As),
and cadmium (Cd) are both toxic (carcinogenic) elements [9],
Chromium (Cr) is also a toxic element because chronic exposure
to Cr can cause damage to liver, kidney, and stomach as well as
cancer [10].

Walnut is one of the top four nuts, which are widely grown
around the globe [10].The cultivation of walnut is very important
for the economic impact in the northern region of Mexico. At an
international level, Mexico produces 40.1% of walnut, which
represents the second place internationally; the walnut-producing
region of Chihuahua is the first place in national walnut production
with an overall production of 65,500 tons, which represents 62.9%
of the walnut produced in Mexico [11]. The walnut production
region is located in the southeastern of Chihuahua State. The main
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aim of this study is to evaluate the concentrations and dynamics
of major elements (Ca, Cu, Fe, K, Mg, Mn, Na, P, S, and Zn) and TEs
(As, Cd, Cr, Pb, Sb, and Se) in the water, soil, and plant interaction;
the research is studied in the Carya illinoinensis tree with the
variety Western in two municipalities: San Francisco de Conchos
and Camargo Chihuahua (four orchards). Finally, carcinogenic risk
(CR) was estimated.

Materials and Methods
Study site choice

This study researched four orchards in two counties (San

Francisco de Conchos, and Camargo) in the state of Chihuahua. In
Figure 1, the study area and the sampling points are presented.
The agricultural area has an annual precipitation average of 246.3
mm in San Francisco de Conchos, and 342.2 mm in Camargo
CONAGUA [12], the rains are abundant from June to October,
the annual mean temperature ranges between 18 to 20 °C. The
research area is in an arid region, in the higher and lower areas
of the Rio Conchos Watershed of southeastern Chihuahua [13].
The Rio Conchos is a major tributary of the Rio Grande/Rio Bravo,
basin contributes 54% (897.61 hm?/year) of the flow [14].

s N
r_i - - = = o F'- .....
% Location of the area of study | ...
[ 3
Aty et
\
M
e - E
Fa B "
Legend ! 2
A Wanut . =
[y i
| s sl
Figure 1: Mean rainfall to Area of Study.
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Sampling first thoroughly washed with tap water, and finally with deionized

This research was performed in four walnut orchards: Lupita
and Ulame in San Francisco de Conchos, and Corderefio and La
Concha in Camargo, both places in the state of Chihuahua in
Mexico. The sample recollection was performed prior to the
harvest of the walnut in October 2019 for Lupita and Ulame, and
in October 2020 for Corderefio and La Concha. It was recollected
samples of soil, walnut tree leaves, water, and walnuts in each
walnut orchard; it was collected 108 samples for two years (2019
and 2020). Irrigation water was sampled from the surface water
of the Rio Conchos River. The water was stored in 1-L tanks. It was
measured pH, and electrical conductivity (EC) In-situ for soil and
water. Soil samples were taken from an area of 30 x 30 cm at a
depth of 0-30 cm. Samples of 1 kg of soil, leaves, and walnuts were
collected in a plastic bag for further analysis in the laboratory. In
addition, these samples were air-dried, crushed to a fine powder
(200 mesh), and homogenized. Leaves and walnut samples were

water, to remove impurities. In walnut samples, the shell was
separated. Subsequently, samples of leaves, walnuts, and shells
were ground in a glass mortar and sieved to obtain a fine powder.
Finally, samples of soil, leaves, walnuts, and shells were dried in an
ovenat70 =5 °C for 24 h.

Experimental Procedure

It was weighted samples of soil (500mg), walnut leaves (200
mg), shell (250 mg), walnut (250 mg), and irrigation water (45
mL) were taken and transferred to a poly vial. The samples were
subjected to acid digestion by using different reagents. For soils,
leaves, and irrigation water 9 mL of HNO, (69-70 % ].T. Baker
Instra-Analyzed) and 3 mL of HCI (36.5-38% ].T. Baker Instra-
Analyzed) were added to the sample. The walnut and shells were
added 9 mL of HNO, (69-70 %].T. Baker Instra-Analyzed) and 1
mL H,0, (30% J.T. Baker) was added to the sample. The containers
were put into a microwave MARS Xpress (CEM) sample digestion.
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Then the containers were cooled at room temperature, and the
samples were recovered by filtration in 50 mL class A volumetric
flasks, then brought to 50 mL with Mili-Q water. The detector used
in this work was an ICP-OES IcapTM 7000 series, manufactured
by Thermo ScientificTM with an Ultrasonic Nebulizer CETAC
U5000AT+.

Statistical Analysis

To compare the average of the concentrations in a year with
drought and a year with precipitation, a statistical analysis was
carried out. The procedure in SAS 9 (SAS Institute, Cary, NC, USA)
was used to obtain the ANOVA and a student t-test was performed
for Reference Material Certificated.

Estimated Walnut Consumption

For this study, to evaluate the carcinogenic risk assessment,
it is calculated an estimated daily intake (EDI) of walnut using
formula 1 [15,16].

EDI= C x IRx EF x ED / (Bw x AT) (1)

The formula parameters are as follows: C is the average
quantity of the contaminant in mg/kg, IR is the daily ingestion of
walnut in kg/day, EF is the exposure rate (365 days/year), ED is
the exposure duration (70 years). BW is the average bodyweight
of the person exposed to the walnut ingestion (72 kg), AT is the
time over which the dose is averaged, in this study it is considered
an AT of 25,550 days (70 years) [17].

Carcinogenic Risk Assessment

Carcinogenic risk for TEs (As, Cd, and Cr) was estimated via
the model described by EPA [18].

CR =SF x EDI

The CR is the lifetime carcinogenic risk of a person, while SF
(slope factor) is the likelihood of an individual for developing
cancer from exposure to the trace element. In table 1 it is shown
the SF for the trace elements that are being evaluated for the
carcinogenic risk in study [5]. The safe limit threshold is CR < 107,
CR of 10 to 10* is considered an acceptable level of cancer risk,
and CR > 10 is the threshold limit that is not allowable [19].

Table 1: Slope Factors for trace elements.

Slope Factor
Element e
As 1.5
Cd 0.38
Cr 0.5

Results and Discussion

Concentration of Major and Trace Elements in Soil and
Irrigation Water

The parameters measured In situ in soil and irrigation water
in the study area are presented in Table 2. In irrigation water that
belongs to Rio Conchos, used in the orchards Lupita and Ulame,
the pH presented tends to be neutral (7.05-7.10), however, the pH
values from Corderefio and La Concha showed values of 8.14 to
8.18, with a tendency to alkaline value. In addition, the minimum
value of pH in soil was 7.84 and the maximum value was 8.47,
which is slightly alkaline values. The availability of toxic elements,
such as As, Cd, Cr, Sb, Se, and Pb in irrigation water and soil is
responsible for the global increase of TEs in agriculture, which is
attributed to the transfer of these elements from the water to the
soil, but also for plants and therefore also to fruits and vegetables
[20].

Table 2: Chemical parameters measured In situ in the different soils and irrigation water of the orchards.

pH EC(mS/cm)
Orchard Variety Latitude Longitude
Water Soil Water Soil
Lupita Western 27° 34" 56.30" 105° 20" 56,08” 7.05 7.84 0.687 0.166
Ulame Western 27°34°8.23" 105°19°57.70" 7.1 7.97 0.688 0.2
Corderefio Western 27°42737.09" 105°11"49.81" 8.14 7.92 1.078 0.389
La Concha Western 27°42°37.117 105°11°49.74" 8.18 8.47 1.044 0.4

The physicochemical parameters such as EC and pH may affect
the solubility and the translocation of TEs in trees and plants [21].
EC in irrigation water in the orchards Lupita and Ulame, showed
values from 0.687 to 0.688 mS/cm, the sampling of these orchards
was in a year whit high precipitation (2019). On the other hand, the
values of EC in irrigation water in Corderefio and La Concha were
found in arange between 1.078 and 1.044 mS/cm, these values did
exceed the degree of restriction of 0.7 mS/cm, besides, the greater
the conductivity, the greater is its salt content, water in the semi-
arid and arid regions has generally higher salinity [22], also these

orchards were sampled in a year with drought (2020), the harvest
at Corderefio and La Concha were considered unsuccessful with
poor walnut quality, associated with low rainfall. Otherwise, EC in
the soil showed values from 0.166 to 0.400 mS/cm an indication
of non-saline soils.

The results of concentrations of TEs in irrigation water
(Table 3) analyzed in this research were below according to the
legislation of FAO and CONAGUA (responsible to control, manage,
and protect national water in Mexico). At present, there is no
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legislation for TEs in agricultural soils. Nevertheless, the dynamic
and transference of toxic elements from soil to plants is a pathway
of pollution for fruits and vegetables [23]. The results in Table 3,
show high concentrations of Na in soil, the range was from 10,080
to 10,881 mg/kg™ in the orchards Corderefio and La Concha, this
analyte is responsible for the decrease in permeability or water

infiltration through the soil, physically degrading it, and therefore
decreasing crop yield [24]. The results are the mean of soil of the
four walnut orchards. Besides, Na was found higher, in the soil
of Corderefio and La Concha orchards in the 2020 collection, in
comparison to 2019 sampling of Lupita and Ulame orchards.

Table 3: Concentrations of elements in soil (mg/kg) and irrigation water (mg/L),as well as their SD.

Orchard Lupita Ulame La Concha Corderefio AL Irrigation
Element Soil Water Soil Water Soil Water Soil Water AL® ALb
0.010 0.010 0.036 0.036 =
As 22.0+3.1 0.0004 19+1.4 0.0004 <LOD 0.007 <LOD 0.007 0.4 0.1
33,504 + 61,493 42,274 %
Ca 985 234+18 1041 234+18 3048 259+2.6 | 46,271 +2267 259+2.6 - -
Cd 3.9+0.07 <LOD 4.3+0.87 <LOD <LOD <LOD <LOD <LOD - -
0.006 0.006 0.003 + 0.003
Cr 12.8+0.8 0.0002 12.8+0.9 0.0002 7.8+0.8 0.0004 45+04 0.0004 1 0.1
0.024 + 0.006 + 0.006
Cu 103+ 0.4 0.002 7.5+0.2 0.024 +0.002 | 8.1+0.7 0.0003 47+05 0.0003 - -
17,365 + 16,334 + 21,311+ | 0.500
Fe 842 0.66 +0.003 1417 0.66 +0.003 2103 0.07 13,333 +1142 | 0.500 + 0.07 - -
K 2,599 ¢ 16.4+1.1 3,171+ 282 16.4+1.1 7370+ 471+3.6 | 6,158+496 47.1+3.6 - -
242 529
3,480 =
Mg 279 16.2+0.9 2,341+ 334 16.2+0.9 452+39 | 13.2+27 360 + 54 13.2+2.7 - -
0.0004 = 0.0004 =
Mn 27319 0.9 +0.08 359 +30 0.9 +0.08 277 + 30 0.00001 140+ 12 0.00001 - 0.2
10,881 +
Na 153 +12 57.3+5.1 171+16 57.3+5.1 541 534 +47 | 10,080+ 243 53.4+47 - -
0.112 *
P 1,353 +98 1.1+0.07 573 +45 1.1 +0.07 717 + 89 0.02 615 +41 0.112 +0.02 - -
11.8
Pb 16 £ 0.8 <LOD 15+£1.0 <LOD 13 <LOD 7.3 +£0.09 <LOD - -
1,212 +
S 438 +£52 914+7.1 190 + 14 914+7.1 110 72.7 6.3 2,796 * 385 72.7 6.3 - -
Se 19+1.2 <LOD 19+13 <LOD <LOD <LOD <LOD <LOD - -
0.063 0.003 + 0.003
Zn 76 £4.8 +0.003 59+3.9 0.063 +0.003 | 53+1.8 0.0002 31+25 0.0002 20 2

Note: Data is the mean of n=7. Sb was not detected.
AL? = Allowed limit by CONAGUA (CONAGUA, 2013).

AL® = Allowed limit by FAO (FAO, 1985). <LOD = result lower than the detection limits of ICP-OES - there is no allowed limit established by agen-

cies.
Note: Data are the mean of n=7.

Cd, Pb, Sb, and Se were not found in irrigation water

Concentration of Major and Trace Elements in Walnuts and
Shells

The concentrations of 13 elements in walnut and shell were
determined and presented in Table 4. From the results of walnut,
it can be observed As, Cd, and Cd are detected in walnut in the
orchards Lupita and Ulame. On the other hand, the TEs Pb, Sb,
and Se were not detected in the walnut and shell. Major and TEs
in the environment can enter the fruits and vegetables through

different pathways during their agricultural growth, with a
health risk concern. Therefore, measuring and reporting the TEs
concentrations is important to give information to the population.

In Table 3, it can be observed that the concentration of As
in walnut in the orchards Lupita and Ulame ranged from 1.8 to
2.1 mg* kg and ranged from 1.29 to 1.54 mg*kg® in the shell.
These values of As exceeded the maximum allowable level of 0.05
mg*kg? in fruits by FAO. In the literature, As in walnut was found
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in China an interval of concentration from 0.0005 to 0.1mg*kg™
[10], moreover, in Italy As values of 0.045 to 0.119 were reported
in fruits-vegetables (Cucumbers, aubergines, peppers, pumpkins,
courgettes) [25]. In the same way, the analyte of Cd in this research
of walnut was found in the range of concentration of 0.15 to 0.18
mg*kg! in the orchards Lupita and Ulame, these values are above
the allowable limit of Cd in fruits of 0.05 mg*kg™ [26]. A study in
Germany reported in walnut a value of 0.0007 mg*kg™* of Cd [27],
in addition to, values of Cd have been reported for walnut in China
of 0.003 mg*kg™ [10], and 0.020 to 0.003 mg*kg? [28]. In these
studies, around the globe values of As and Cd are lower than the
concentrations in this research. The high value of Cd in walnut in
this research can be attributed to the application of agrochemicals
in the orchards. In the orchards with low levels of precipitation
Corderefio and La Concha, these analytes, As, and Cd were not
detected.

On the other hand, in the four orchards of the present study,
the Cr in walnut was found in the range of 0.42 to 0.63 mg*kg*
respectively, it was performed a univariate statistical analysis
(Figure 2) with SAS system to determine if there is a statistical
difference in the concentration of Cr in walnut in a drought year
compared to a rainy year, as a result, it was found that there are no
statistical differences. These values did not exceed the maximum
allowable level of Cr for fruits 1.0 mg*kg?, however, these values
of Cr represent a risk by chronic exposure for this element.
Besides, research in China reported a value of 0.090 mg*kg? Cr
in macademia nuts [28]. Therefore, the results of TEs As, Cd, and
Cr indicate pollution in walnut ingestion with a potential health
risk by chronic exposure for the population. The concentration
of essential element of Cu in this study in walnut was 4.5 to 10.5
mg*kg?, in other words, the body demand for Cu can be completed
by walnut consumption. another walnut research in China reports
a value of this analyte of 8.8 mg*kg™ respectively.

e N
The GLA Procedure
bependent Variable: CI1
Sum of
Source OF Squares Hean Square F Value Pr > F
Fode 1 1 0.02733750 002733750 1.7F 0. 1970
Error 22 0,33975833 0.01544356
Corrected Total 22 0. 36709583
R=Square Coeff Var RAoot MSE C1 Hean
0.074470 24,3870 0. 124272 0.503583
Source OF Twpe | S5 Hean Sguare F VYalue Pr » F
OACH 1 0.02733750 0.027aarso 1.7F o, 1970
Source OF Twpe 111 55 Hean Sguare F Value Pr » F
OACH 1 002733750 0.02733750 1.7F 0.1970
Figure 2: Statistical Analysis of Cr in SAS System of Walnut.
\ J

Concentrations of Major and Trace Elements in Walnut Leaves

TEs and major elements mean concentrations found in
walnut leaves are summarized in Table 5. For the validation of the
technique, it was used a standard reference material (SRM) NIST
1515 apple leaves. In addition, was made an addition of a standard
solution, for the elements As, Cr, S, and Se which were not included

in the certified values list. The recovery factors for the four added
concentrations were 107.15% for As, 102.27% for Cr, 98.47%
for S, and 98.91% for Se, this supports the good precision of the
method used. Three replicates were analyzed for each sample, and
all measurements had a good repeatability, which was of less than
10%.
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Table 4: Concentrations of elements in walnut and shell. Data are reported in mg/kg-1 as mean +SD.

Walnut Shell
Element Lupita Ulame Corderefio | La Concha LPa Lupita Ulame Corderefio La Concha
As 21+0.12 1.8+0.51 <LOD <LOD 0.05 1.54+0.8 1.29+03 <LOD <LOD
Ca 907 + 80 856 +£93 694 + 54 666 + 54 - 12,093 + 989 9,677 £ 703 4,435 + 387 4,421 + 397
Cd 0.18+0.07 | 0.15+0.08 <LOD <LOD 0.05 0.14 +0.07 0.11+0.04 <LOD <LOD
Cr 0.63 +0.15 0.50 £ 0.22 0.52 +0.08 0.42 +0.08 1 0.45+0.17 0.76 £ 0.08 0.36 £ 0.06 0.32+0.07
Cu 45+0.1 9.1+1.4 10.5+1.4 8.6+18 4.5 3.3+0.02 5.4 +0.04 6.2+0.7 6.1+0.5
Fe 289 +45 23.3+53 21.6+3.1 25.8+3.1 - 44+09 154 +1.6 5.1+0.7 48+0.1
K 5998+80 | 5777+95 3,286+ 78 3,353+ 67 - 3,338+ 217 3,861+289 | 4,825+*334 4,721 + 502
Mg 928 + 273 1,012 £181 360 + 15 342 +83 - 298 + 23 239+ 20 219+ 37 203+ 14
Mn 21.5+2.7 319+24 18.3+0.17 21.1+3.2 - 144 0.7 242+3.7 22.6+3.0 21.7+1.8
Na 199 + 32 360 + 44 586 + 35 570 + 42 - 208 +18 22019 525+ 20 520+ 15
P 2,547 +91 3,429 + 96 2,063+84 | 2,083+109 - 352.4+40 449.3 £ 39 130.6 £12 124.2+10
S 866 + 98 1,020 £ 102 969 + 89 1,084 + 75 - 384.6 + 26 389.6 + 34 184.0 + 22 1943+ 16
Zn 329+4.1 224 +3.7 26.0 3.7 31.9+5.1 - 34+09 169+19 6.5+0.7 7.2+0.5

Note: Data is the mean of n=7. Pb, Sb, and Se were not detected. LP? = permissible limit (FAO/WHO, 2011).

Table 5: Concentrations of elements in walnut leaves and Reference Material Analysis. Data are reported in mg/kg-1 as mean +SD.

Walnut Leaves NIST SRM 1515 Apple leaves
Element Lupita Ulame Corderefio La Concha \?:Slfﬂj Measu:eljl Value c]:l\iil;rl({';;) R(i]: f:{;]

(n=10)
As 5.4 +0.42 7.0+0.8 <LOD <LOD N.A. 0.012 £ 0.003 107.15 7.2
Ca 171322 * 21,276 £ 2071 262i1331 22,519 £1,937 15,250 + 100 15,296 + 43 100.3 2.5
Cd 0.55 +0.02 0.60 +0.03 <LOD <LOD 060(}031251 0.0140 £ 0.0011 106.06 6.7
Cr 0.78 +0.1 1.21+0.27 0.27 £ 0.04 0.36 + 0.06 N.A. 0.40 + 0.02 102.27 3.8
Cu 3.9+0.18 5.5+0.49 7.1+0.81 5.7+0.42 5.69 £0.13 5.58+0.11 98.06 3.7
Fe 52+4.7 83+6.9 115+ 74 141+ 13 82.7+2.6 81.5+2.5 98.54 3.3
K 6,635+593 | 6,971 +537 11,898 + 837 7,953 + 691 16,080 + 210 16,201+ 141 100.75 3.2
Mg 3,600 + 246 2,974 + 193 479 + 36 460 + 36 2,710+ 120 2,796 + 109 103.17 2.5
Mn 93+7.2 124 +£89 153 +10.2 113 +15.7 541+1.1 548+1.2 101.29 21
Na 199 + 14.2 328 +23 1,174 + 85 1,519+ 96 24421 23.5+2.0 96.31 2.8
P 1,045 + 92 1,088 + 132 933+ 60 856+ 73 1,593 + 68 1,641+ 64 103.01 4.7
Pb 16.9 = 0.96 209+ 1.72 <LOD <LOD 0.470 £ 0.024 0.479 £ 0.032 101.91 2.9
S 1,683 +132 | 1,634+184 1,558 + 142 1,821 +127 N.A. 1,047 £ 75 98.47 4.7
Se 69+0.8 8.6+0.6 <LOD <LOD N.A. 1,051 +43 98.91 4.2
Zn 3024 37+39 177 £12 346+ 10 12.45+0.43 12.55+0.67 100.8 5.6

The TEs present in walnut leaves for the orchards Lupita and
Ulame (sampling 2019) were As, Cd, Cr, Pb, and Se were found
in a range between 5.4 and 7.0 mg*kg?; 0.55 and 0.60 mg*kg?;
0.27 and 1.21 mg*kg?; 16.9 and 20.9 mg*kg!; 6.9 and 8.6 mg*kg?;
which can be attributed to the main difference between the

years of sampling, 2019 a year with high precipitation, and 2020
a drought year. Besides, the results showed that a drought year
decreased the transfer of TEs from soil to plant. On the other hand,
in the literature, As, Cr, and Pb were reported values in walnut
leaves of 8.9 mg*kg?; 53 mg*kg™' and 10 mg*kg? respectively [20].
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In addition, Cd was found in artichoke leaves in a concentration of
0.19 mg*kg! [29]. These values are similar to the found values of
TEs in walnut leaves in the present study:.

However only the analyte Cr was detected in the four orchards,
the above can be attributed to this element can be dissolved in
the soil at pH alkaline and be available to plants [20]. Another
element found in a high concentration in walnut leaves in the
present research is Na, in the literature, there is little information
reported on this analyte in plants. The present study ranges from
199 to 328 mg*kg* in the orchards Lupita and Ulame, on the other
hand, in the orchards Corderefio and La Concha the range was
between 1,174 to 1,519 mg*kg?, these values can be considered
high. A study on walnut trees reports Na values in walnut leaves
in a range of 232 to 563 mg*kg! [20]. The high concentration of

Na in walnut leaves can be attributed to the transference from soil
to walnut leaves, and to a harvest with poor quality, which was
the case of the orchards Corderefio and La Concha, the walnut was
partially dry.

Health Risk Assessment

The health risk implications were determined for carcinogenic
risk, by walnut consumption.

Carcinogenic Risk Assessment

The CR values of As, Cd, and Cr are summarized in Figure 3. It
is observed in Figure 3 the mean CR values of these TEs exceeded
the threshold limit, and the ingestion of walnut produced in these
orchards represents a potential carcinogenic risk for human
health in the long term.

Ve

1.40E-03

1.24E-03

1.20E-03

1.00E-03

8.00E-04

6.00E-04

4.00E-04

CR of walnut consumption

2.00E-04

0.00E+00

1.18E-04

2.66E-05 1X10%

Figure 3: CR of walnut consumption.

_. 1X10#
Cd Cr

Element
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The TEs can have carcinogenic effects, this depends on the
exposure dose. According to US EPA, there are three cancer risk
levels to assess the CR of TEs. The first one is the CR < 10° which is
the safe limit indicating that there is no risk, the second one is if CR
is in the range of 10 to 10 which indicates an acceptable cancer
risk, while CR > 10* is the threshold limit and it is considered
unacceptable since it can represent a health risk for the population.
The CRs in this research for the most contaminated orchards were
As 1.24 x 103, Cd 2.66 x 105, and Cr 1.18 x 10 The CRs in this
research for the most contaminated orchards were As 1.24 x 1073,
Cd 2.66 x 105, and Cr 1.18 x 10 respectively. The results of CR
for As, and Cr should be a preoccupation because it raises serious
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health by walnut consumption produced in the studied areas in
Chihuahua. The CR values of Cd were within the acceptable cancer
risk. On the other hand, research on maize in China found CR for
As (1.17 X 10%), Cd (4.93 X 10*), and Cr (2.74 X 10*) [6]. A study
in Bangladesh by Shaheen [30] reported a CR for As 1.5x10°% for
mango, 5.9 x 108 for bean, and 1.9 x 10 for carrot, respectively
[31,32].

Conclusion

The present research assesses the health risk of walnut
consumption through to TEs in the water-soil-tree interaction
pollution pathway. The transfer of these elements increases the
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bioavailability of these TEs in food. The study’s results highlight
the research’s scope of exposure to toxic elements. Walnut is
consumed in low amounts; however, it has a very important
contribution to the research of trace elements in agriculture. The
CRs of the TEs: As, and Cr exceed the threshold limit, and therefore,
are considered unacceptable (CR>10*) and should be considered
warrant concern. It can also be concluded, the difference in the
dynamic of TEs in a year with high precipitation (2019) and a year
with drought (2020), in the year with water deficit decreases the
transference of toxic elements to the plants, however, only Cr was
translocated even in a drought year. At last, it is suggested that the
Mexican authorities establish permissible limits and legislation
for TEs in food. On the other hand, Na can be absorbed by the
walnut leaves in a ratio of four times more than it was in the rainy
year, indicating a possible tendency of hyperaccumulation of Na
due to drought conditions. This research provides a reference for
similar studies around the world.
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