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Abstract 
 
The experimental research seeks to determine the incidence generated by 

heavy metal contamination that affects vegetables such as Radish, Spinach, 

and Lettuce in the Community of Totora located in the department of 

Ayacucho in Peru. The methodology used was the elaboration of the plot 

matrix, in a set of complete random blocks, in a 2Fx3E factorial matrix, 

watered by the wastewater effluents and the water supply from the supply 

pipes. The results of heavy metals such as Cd, Pb, and Cr were found in the 

vegetables that were sprayed with sewage; the concentration of Cd in the 

Spinach exceeded the maximum permissible limits MPL; in Lettuce, it was 

slightly below; with Radish, found below. Likewise, with the use of 

wastewater in Lettuce, Spinach, and Radishes, the absorption of Cr exceeded 

the limit. In the case of the vegetables under study irrigated with water of 

normal use, the absorption of Pb exceeded the limits. 
 

Keywords: Heavy metals, vegetables, wastewater, contamination, water 

supply, MPL. 
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1 Introduction 
 

In the globalized world, the fundamental importance of vegetables in our 

diet is known. In Peru, there are 28 climates and 84 microclimates, which 

allows agricultural diversity due to this in the doctoral thesis [1]. It is 

explained extensively on the study of the irrigation conditions of the 

vegetables under study. 

Vegetables are necessary for the daily diet, and the content of heavy 

metals must be within permissible levels -MPL- for consumption, so that 

they do not cause any human health problems [1]. However, in foods of plant 

origin, the presence of heavy metals is generally due to the soil and water 

used for irrigation. [2] 

The Community of Totora is located in Ayacucho, and it belongs to the 

District of Jesus Nazareno of the province of Huamanga. In Totora 

vegetables are planted; a large part of them are used treated waters, (PTAR 

Totora), which flows into the Alameda River, whose waters are also used for 

the irrigation of vegetables, likewise, [1] they use channeled water from other 

sources for the irrigation of vegetables. For our research, Radish, Spinach, 

and Lettuce were planted in a divided plot design, in complete randomized 

blocks, 2Fx3E factorial design (F: two water sources; E: three species of 

vegetables), to determine how irrigation water influences the contamination 

of vegetables by heavy metals, such Cd, Cr, and Pb. 

As shown in the Figures 1 and 2,that shows the location of the 

experimental research site, and the division of the plots for each vegetable 

crop, the same that are classified and identified, in Figure 3 shows the 

cultivation areas in the initial process, as can be seen, are two land areas for 

two types of irrigation water, Figure 4 shows the two areas of the land after 

the experiment, for validation of the analysis of the test chemical substances. 

Vegetables occupy an important place in the daily diet in Peru, due to their 

content of vitamins and minerals such as potassium (K), calcium, magnesium 

(Mg), chlorine, iron, copper, manganese, and iodine, among others [3]  

It is important to treat the soil in agriculture, the same that have been 

contaminated by these heavy metals, it is extremely essential to turn it into a 

productive soil without contaminants, they are already an indispensable part 

for health. [4] [5]. 

The measure levels of As, PbO, Cd, Cr, and Mg in vegetables.Where 

found in detectable chard levels for the 4 heavy metals, and in broccoli was 

the vegetable with the highest proportion of samples contaminated by lead 

(p. 14). [6] 

As in the report of [7], in soils and cultivated vegetables in an urbanized 

area of Havana in Cuba, where found levels of Cu, Pb, Cd, and Zn, with 

12.5% of the samples of vegetables collected exceeded the MPL (p. 285). 
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2 Method 
 

The research is of an applied type and an explanatory-quantitative level, 

as well as experimental. The instruments used were the observation and the 

results of the analyses of heavy metals, Cd, Cr,  Pb, determined by ICP-OES 

analyses. Our study zone, Totora, is located in the district of Jesus Nazareno, 

in the province of Huamanga, at 2610 m.a.s.l. 

 

 
Figure 1: Totora, is located Huamanga, Ayacucho. Source: Authors 

 

The location presented in Figure 1, Radish, Spinach, and Lettuce were 

planted in May 2018 in parcels divided in a design arrangement of complete 

randomized blocks, that were cultivated with different types of water: the 

effluents of the PTAR Totora (sewage) and with water from the reed supply 

(water from pipes). For each vegetable, samples were taken from each plot at 

harvest, and ICP-OES determined the heavy metals. [4] 

The technique of controlled, systematic observation was used for data 

collection. Development of Measurement Instruments: Selection of 

Statistical Tests; 2Fx3E factorial arrangement, in a design of complete 

randomized blocks in divided plots. ANDEVA model, we compared variance 

estimates between samples (Fallas, 2012). 
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Figure 2: Distribution of the plots for the vegetables.Source: Authors 

 

As shown in Figure 2, the distribution of the plots for the vegetables 

under study, which were watered with two sources of water (qualities of 

water). 

 

3 Results 
 

The results obtained from the absorption of Cd, Cr, and Pb, in the three 

types of vegetables, cultivated with the effluents of the PTAR Totora, and 

with supply water (tap water), show differences in Figure 3, between one and 

another plant. 
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Figure 3: Physical distribution of plant experimentation for control during growth 

with two types of plots in the initial state of experimentation before plant growth. (a) 

and watered with piped water. (b). Source: Authors 

 

 
Figure 4: Plots were shown with Radish, Spinach, and Lettuce after 45 days, 

irrigated with tap water (a) and irrigated with tap water (b), Own source. 

 

As shown in Figure 4, for the analysis of heavy metals, the Radish was 

harvested after 47 days, Spinach after 67 days, and Lettuce after 95 days, 

obtaining the following results. 
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Figure 5: Presence of Cd, Cr, and Pb, in Radish, irrigated with sewage and 

water:Source: Authors 

 

Figure 5 shows the cadmium, chromium and leads content in the Radish; 

It is observed that those that were irrigated with wastewater and with tap 

water show the cadmium content below the allowed limit, the chromium 

content, both in those that were flooded with sewage and with tap water, is 

found by above the permitted limit, too The lead content in both cases is 

above the allowed limit. 

 
Table 1: Presence of  Cd, Cr, and Pb, in Spinach, flooded with sewage and tap water 

HEAVY 

METALS 

Es1 

mg/Kg 

Es2 

mg/Kg 

Es3 

mg/Kg 

Ec1 

mg/Kg 

Ec2 

mg/Kg 

Ec3 

mg/Kg 

Cd 0,43 0,41 0,42 0,18 0,16 0,19 

Cr 0,61 0,69 0,87 1,61 1,63 0,83 

Pb 0,12 0,19 0,21 0,29 0,44 0,28 

 

Table 1 shows the cadmium, chromium, and lead content in Spinach; It is 

observed that the cadmium content in those that were irrigated with sewage 

water is higher than the allowable one and in those that were flooded with tap 

water, less than the allowable one. The chromium content, in both cases, is 

higher than the deductible, and the lead content, in Spinach watered with 

sewage and with tap water, is less than the allowable.  
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Figure 5: Presence of Cd, Cr, and Pb, in Radish, Spinach and Lettuce, flooded with 

sewage and tap water Served. Source: Authors 

 

Figure 5 shows the content of heavy metals in vegetables; It is observed 

that the cadmium content in the Lettuces watered with served water and with 

tap water is less than the allowable. The chromium content, both in Lettuces 

watered with served water and those watered with tap water, is higher than 

the allowable. The lead content in Lettuces irrigated with wastewater is less 

than the permissible one, and in Lettuces irrigated with tap water, it is higher. 

 
Table 2: Analysis of variance of cadmium content in three vegetables irrigated with 

two water sources. 

FV Gl Sc Cm Fc Pr˃F 

Block 2 0,00234444 0,00117222 1,57 0,2651 

Source (F) 1 0,03920000 0,03920000 123,79 0,0080 

Error (a) 2 0,00063333 0,00031667   

Species (E) 2 0,12467778 0,06233889 83,74 ˂0,0001 

F*E 2 0,05163333 0,02581667 34,68 0,0001 

Error (b) 8 0,00595556 0,00074444   

Corrected 

total 

17 0,2244444    

 

The cadmium content in the three vegetables selected for the present 

study show table 2, Radish, Spinach, and Lettuce, watered with two sources 

of water, served and spout. High statistical significance is observed for the 

water source and the species; however, the source and species interaction, 

being highly statistically significant, requires the analysis of the simple 

effects to be performed. The coefficient of variation is 14.7%. 

 

 

 



                                                                                                                  
 

 

 

 

 

 
3491 Alcira Córdova et.al 

 

 
Figure 7: Cadmium absorption by three vegetables irrigated with two water sources. 

Source [1] 

 

Figure 7 shows the absorption of cadmium by the three vegetables 

(Radish, Spinach, and Lettuce), watered with served, and tap water (Tukey's 

test). [1]  In the case of plants watered with served water, Spinach reaches 

the highest concentration (0.42 mg/Kg) compared to the result for Lettuce, 

With the tap water, the same trend occurs (Spinach, Lettuce, and Radish), but 

with lower levels of absorption, especially with Spinach.  

 
Table 3: Analysis of variance of chromium content in three vegetables irrigated with 

two water sources.Source: Authors 

FV Gl Sc Cm Fc Pr˃F 

Block 2 0,00234444 0,00117222 1,57 0,2651 

Source (F) 1 0,03920000 0,03920000 123,79 0,0080 

Error (a) 2 0,00063333 0,00031667   

Species (E) 2 0,12467778 0,06233889 83,74 ˂0,0001 

F*E 2 0,05163333 0,02581667 34,68 0,0001 

Error (b) 8 0,00595556 0,00074444   

Corrected 

total 

17 0,2244444    

 

Table 3 shows the analysis of variance of the chromium content in 

Radish, Spinach, and Lettuce, watered with served water and tap water. It is 

observed that the source does not have statistical significance, but the species 

does, so it was necessary to perform the Tukey test. 
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Table 4: Chrome absorption by three vegetables irrigated with two water sources. 

Species Cr mg/Kg Significance 

Spinach 2,6317 a 

Lettuce 1,0400 ab 

Radish 1,0000 a 

 

Table 4 shows the absorption of chromium by Radish, Spinach, and 

Lettuce watered with served water and tap water; the intake of chromium by 

the Lettuce (2,632 mg / Kg), watered with served water and tap water is 

statistically higher than that of the Radish (1,000 mg / Kg). 

 
Table 5: Analysis of variance of lead content in three vegetables irrigated with two 

water sources. 

FV Gl Sc Cm Fc Pr˃F 

Block 2 0,03421111 0,01710556 2,52 0,1420 

Source (F) 1 0,04302222 0,04302222 1,93 0,2991 

Error (a) 2 0,04454444 0,02227222   

Species (E) 2 0,01987778 0,00993889 1,46 0,2876 

F*E 2 0,05407778 0,02703889 3,98 0,0632 

Error (b) 8 0,054437778 0,00679722   

Corrected 

total 

17 0,25011111    

 

Table 5 shows the analysis of variance of the lead content in the three 

vegetables, Radish, Spinach, and Lettuce, watered with two sources of water, 

served, and pipe. It is observed that the origin, the species, and the source * 

species interaction do not reach statistical significance, indicating that neither 

the water source nor the species (vegetable) influence the lead content in the 

plant. 

 

4 Discussion 
 

Vegetables such as Radish, Spinach, and Lettuce were planted in a 

homogeneous soil, in a 2Fx3E factorial design, in divided plots, complete 

randomized block design illustrated in (Figure 2). Two water sources were 

used, sewage water from Totora WWTP and water from totorilla supply 

(pipe water). The order in which the treatments within each block are run is 

random. The treatment and block effects are additive, which means that there 

is no interaction between treatments and blocks, i.e., the relationship between 

treatments is the same in each of the blocks [8] 

The absorption of cadmium from experimental research, according to the 

analysis of variance, registers a high statistical significance illustrated in 

(Figure 4), so there is a difference in the effect that the water source has; 

likewise, the high statistical significance that the species has, also indicates 

us that cadmium is absorbed differently by the vegetables.  
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The source*species interaction, with high significance, indicates the 

influence of the interaction between the source and the species. The cadmium 

absorption values in the experimental investigation are more in agreement 

with the data shown in the tables. [9] [10] 

Chromium absorption in experimentation, according to the analysis of 

variance shown in table 7, is not significant, so there is no difference in the 

irrigation water of the water sources used. However, the species, if it has 

significance, which means that the absorption of chromium is different 

according to the species (vegetable) and the interaction source *species, is 

not significant, so there is no influence of the interaction between the source 

and the species Chromium absorption in experimental research with the type 

of effluent, Lettuce (2,632 mg/Kg), is higher than that of Spinach (1,040 

mg/Kg) and Radish (1,000 mg/Kg). 

Lead absorption in experimental research results are not as significant; it 

was found that the source, the species, and the interaction source*species, are 

not significant. Therefore, there is no difference in the source of water used 

for irrigation of vegetables, nor is there a difference in the absorption of lead 

in vegetables, Radish, Spinach, and Lettuce; nor is there the influence of the 

interaction of the source used and the species (vegetable). [11] 

The vegetables irrigated with effluent from PTAR Totora are similar, 

shown in table 5, in some cases, to those reported by other researchers. Thus, 

[4] reported that, in vegetables irrigated with water from the Almedares 

River, contaminated with industrial waste and provincial landfill, they 

obtained cadmium levels between ˂ 0.02 - 0.100 mg/Kg; these values are 

below the PML. In the present study, the levels of cadmium in Radish (˂ 0.1 

mg/Kg) and Lettuce (0.177 mg/Kg) are below the PML and in Spinach (0.42 

mg/Kg) above the PML. [12] 

Reported that, in vegetables irrigated with water from the Latacumba-

Salcedo-Ambato canal, which collects directly, the sewage from the city of 

Latacumba, the levels of chromium were 2.5 mg/Kg, above the LMP and 

lead was 0.25 mg/Kg, very close to the LMP. [13] In the present study, 

chromium levels in Radish were (1.217 mg/Kg), Spinach (0.723 mg/Kg) and 

Lettuce (1.490 mg/Kg), which are above the PML; lead levels in Radish were 

(0.263 mg/Kg); Spinach (0.173 mg/Kg) and Lettuce (0.220 mg/Kg), all 

above the PML. 

Reported cadmium levels in Lettuce irrigated with water from the Bogotá 

River contaminated with wastewater from the city and some municipalities, 

is above the PML, and lead which is below the PML. In the present study, 

the levels of cadmium in Lettuce are below the PML. [14] [15] 

Reported cadmium levels in Lettuce, 0.084 mg/Kg, is below the PML, 

[15], and lead levels, 1.279 mg/Kg, is above the PML. In the present study, 

the levels of cadmium in Lettuce (0.177 mg/Kg) and lead (0.220 mg/Kg), are 

below the PML. [16] [17] 
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Reported in vegetables irrigated with Rimac river water, contaminated 

with domestic and industrial wastewater, for cadmium in Radish, and in 

Lettuce in both cases, the values are below the PML; similarly, reported 

chromium in Radish and Lettuce, also in both cases, they are below the 

PML.[18] In the present study, levels of cadmium in Radish and Lettuce are 

below the PML, levels of chromium in Radish and Lettuce are above the 

PML. 

The differences in the values of cadmium, chromium and lead levels in 

vegetables irrigated with water from rivers contaminated with domestic, 

industrial and sewage wastewater, reported by the different authors, 

compared to those of the present study, vary because the effluents from 

PTAR La Totora have been used directly in this study. Also, some authors 

report generally vegetables, and the results obtained cannot be compared; 

however, in the present study, heavy metal levels are above PML [18]. 

 

5 Conclusions 
 

1. Contamination by heavy metals in vegetables irrigated with effluents 

from the Totora WWTP has a different influence 

2. The absorption of cadmium from plants watered with effluents, as 

shown in the tables of the results, is above the PML, as is Lettuce slightly 

below the PML; Radish is below the PML.  

3. Absorption of cadmium such as Spinach, Lettuce, and Radish, as 

shown in the results tables, these values are lower and below the PML in the 

three vegetables. [1] 

4. Lead absorption of vegetables irrigated with effluent from Totora 

PTAR and with supply water (tap water) from Totora; do not differ from 

each other. However, the values are above the PML. 

5. It is very important to take care of the water and, therefore, the 

environment, avoid the contamination of air soils to take care of biodiversity, 

and try to capture water from the atmosphere with the different existing 

techniques for sustainability. [19,20,21]. 
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