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Abstract 
Soil contamination by cadmium (Cd) and lead (Pb) in range and crop lands can 
occur from polluted sediments carried by the wind. Soils samples were obtained 
in three different areas on the leeward (east) side of a shallow lake called the 
Laguna de Bustillos: (1) sediment in the shallow lake (S), (2) soil in the range 
area adjacent to the shallow lake (RA), and (3) soil in agriculture land (AL) 
adjacent to the range area. In each area, three composite soil samples were 
randomly collected at depths of 0-15, 15-30 and 30-50 cm. Therefore, 45 soil 
samples were analyzed as a 3 (area) x 3 (depth) factorial arrangement. The 
samples were air dried, passed through a 2.0 mm sieve, ground and passed 
through a 0.355 mm sieve, and digested with concentrated nitric acid. The metals 
Cd and Pb were determined using ICP optical emission spectrometry. In addition 
pH and CE were evaluated. Cadmium concentration was statistically different 
among areas and showed a strong interaction between depth x area. Maximum 
Cd concentration was found in S with 0.94 mg kg-1 in the surface horizon (0-15 
cm). Lead concentration was different among areas and the interaction was not 
as strong as the one noted for Cd. Highest Pb concentrations were observed in 
the surface horizons (0-15 cm) of both S and RA with 74.19 mg kg-1 and 55.09 
mg kg-1.  Nevertheless, for the AL system the maximum Pb concentration was 
found in the subsurface horizon (30-50 cm) with 40.23 mg kg-1. It is concluded 
that Cd and Pb are contaminating the RA and AL through wind movement with 
Pb contamination being the worst. 
Keywords: cadmium, lead, soil contamination, laguna Bustillos, Chihuahua, 
México. 
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1 Introduction 

Cadmium (Cd) and lead (Pb) are considered to be at the top of the five most 
important elements in terms of food-chain contamination. These two metals, 
when present in highly contaminated soils may have a negative human 
reproductive outcome [1]. It is generally recognized that the presence of these 
metals in soils is usually thorough antrophogenic activities such as agriculture 
(fertilizers, liming materials, agrochemicals), industry (atmospheric deposition, 
wastes) and urban activities (sewage sludges, drainage deposition) whereas other 
elements in soils are often derived from the parent rock material which the pedo-
genetic processes are carried out. Once in soil, the metals as contaminants, often 
attach to soil particles that can migrate from one place to another.  
     Evaluation of heavy metals contamination is often based on comparison with 
the background concentration in a given environment [2], evaluating the effect 
on plant growth or soil utilization [3, 4] and determining the hazard to human 
health [5, 6]. It is generally accepted that soil sediment is a more complex 
medium than water. This is true because soils include water as well as solid and 
gas phases, and soils do not move from one place to another as fast as does water 
[7], and determining concentrations of heavy metals is a difficult task [8].  
     The water of the Laguna de Bustillos in Chihuahua, México is highly 
contaminated [9, 10] and it is suspected that its soil sediments are also 
contaminated. In the particular case of the Laguna de Bustillos environment, the 
sediment is exposed because the water of the shallow lake is absent during large 
periods of time. For example, during the year 2005 (January to July) most of the 
shallow lake was completely dry. In addition, strong wind events are present in 
the period from February to April every year. Therefore, the question that arises 
is whether the soil sediment from the shallow lake is contaminating the close 
rangeland and agriculture land. The objective was to evaluate the level of soil 
contamination with Cd and Pb metals in three different environments; lake 
sediments, rangeland, and agriculture land. To our knowledge, this is the first 
report on contaminant risk assessment of rangeland and cropland soils from a 
polluted soil in Mexico.   

2 Materials and methods 

The study was conducted on the east side of the Laguna de Bustillos, located in 
the state of Chihuahua, México. Its location is in the polygon: latitude 28° 58´ 
12”-28° 15´ 00” N; longitude 107° 09´ 36”-106° 15´ 00” W and at 2,300 meters 
elevation (Figure 1). Annual precipitation averages about 480 mm mostly as rain 
during the summer (July to September), but some snow events occur during the 
winter (December to February). The source is a shallow lake, heavily silted due 
to soil erosion coming from a denuded watershed which becomes dry during 
drought periods. Wind storms moving from the west to the east side usually 
occur every year from late winter (February) through the beginning of spring 
(April).  
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Figure 1: A panoramic view of the Laguna de Bustillos, Chihuahua, Mexico. 

 
     Soil samples where obtained from three different areas on the leeward (east) 
side of the Laguna de Bustillos. The first system was the sediment of the shallow 
lake (S) where the water used to be, but at the time of collecting the sample was 
dry. The second area was the rangeland (RL) adjacent to the shallow lake where 
the domestic livestock graze during the whole year. The third area was the crop 
land (AL) that is close to the RL. The domestic livestock belong to the 
commonly owned communities (Ejidos) of Cuitlahuac, La Selva, Centro Calles 
and Fabela. An “Ejido” is a community where the law established that any 
grazing land must be collectively shared [11] which results in the worldwide 
phenomena commonly called “The Tragedy of the Commons”; therefore, the RL 
is an extremely deteriorated grassland. The most important crops in the AL are 
beans (Phaseoluos vulgaris), corn (Zea mays) and oats (Avena sativa) growing in 
the precipitation season under dryland condition.  
     Five points were randomly selected in the shallow lake (S). Then, at each 
point of S a transectal line to the east was selected with five randomly located 
points in RL as well as in AL. At each point, three composite soil samples were 
taken at 0-15, 15-30, and 30-50 cm profile depths.  Hence, 15 soil samples were 
taken in each system, giving a total of 45 soil samples. The samples were air 
dried and passed through a 2.0 mm sieve. After this, the samples were ground 
and passed through a 0.355 mm sieve.  They were evaluated for Cd and Pb 
concentration as well as pH and EC. The digestion of soil samples for Cd and Pb 
evaluation was realized with concentrated nitric acid in the laboratory of the 
Faculty of Zootechnic of the Autonomus University of Chihuahua, Mexico, 
following the sampling and analysis protocol of Canada (MAF). Cd and Pb 
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concentrations were determined using an ICP-OES (Inductively Coupled 
Plasma-Optical Emission Spectrometry) 2100, Perkin Elmer.  Values of pH and 
EC were determined in a saturated paste using a standard glass electrode and a 
conductivity meter, respectively. The statistical analysis used a factorial 
treatment design 3 x 3; where Factor A was the system (S, RL, AL) and Factor B 
was the depth (0-15, 15-30, 30-50 cm). The differences were noted using a 0.01 
significance level.   

3 Results and discussion 

The Cd concentration was different among systems. Not surprisingly the higher 
Cd concentration was noted in S, with the high concentration noted in the upper 
horizon (0-15) where it was detected at 0.946 mg kg-1 in comparison with 0.672 
mg kg-1 found at the 15-30 cm depth and 0.614 mg kg-1 noted in the 30-50 cm 
depth. In contrast, in RL and Al, the higher Cd concentration was not detected in 
the upper profile (0-15 cm); in fact, the lowest concentration in these two areas 
was found in the upper horizon (Figure 2). A strong interaction was noted in Cd 
concentrations (Figure 2). These results are similar to the levels found in Cd 
concentrations in a soil of West Bengal, India where it was detected at 0.37 mg 
kg-1 [12], soil samples form England and Wales had a Cd concentration of 0.8 
mg kg-1 [13] and China soils had a Cd concentration of 0.07 mg kg-1 [14]. In 
other studies, Cd levels were 0.4-0.8 mg kg-1 in Spain [15], levels of 0.6-1.4 mg 
kg-1 in asphalt roads in Germany [16] and levels of 0.41 mg kg-1 in Japan [17].   
 

Figure 2: Mean of Cadmium level under three systems and different soil depth. 
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     A study in the United States of America [18] found 3,045 surface soil samples 
contained Cd values from <0.01 to 2.0 mg kg-1 with a mean of 0.265 mg kg-1. In 
any case, the levels of Cd found in the present study do not represent a hazard to 
the soils in the three areas, because Dudka et al. [18] concluded that soils with 
Cd concentrations of up to 30 mg/kg are still safe for production of some crop 
plants. Moreover, the soil contamination due to wind-born Cd was insignificant, 
being our hypothesis not tested for this element.  
     The Pb concentrations were different among areas and no statistical 
differences were observed for depth and for the interaction (Figure 3). Maximum 
levels of Pb concentration was noted in S with the higher concentration in the 
profile 15-30 cm depth with about 75.99 mg kg-1 while the lesser amount of Pb 
was observed in AL system in the upper profile with 33.49 mg kg-1  (Figure 3).  
A study evaluating surface soils in a greenhouse [15] found Pb concentrations in 
a range of 2.5 to 89.9 mg kg-1 which are similar to the results presented in this 
study; but the concentration range was shorter from 33.49 to 75.99 mg kg-1. 
Another study [19] reported  a Pb concentration as high as 59 mg kg-1 in the 0-20 
cm depth of the soil profile irrigated with wastewater. Moreover, in a study 
carried out in India [12] they reported a mean concentration of 10.4 mg kg-1 in a 
soil affected with arsenic. A study carried out in Japan [17] noted a 21 mg kg-1 of 
Pb in an uncultivated soil. The values reported here are of practical importance, 
because some of the soil fauna like the earthworm (Eisenia fetida Andrei) may 
be severely affected with Pb concentration higher than 30 mg kg-1.   
 

 

Figure 3:  Mean of lead concentration under three different systems and 
different soil depth. 
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     A study conducted on road dust in Sydney [20] suggested that deposition and 
removal of road dust is not a static process. We could speculate that our findings 
suggest that Cd and Pb had similar origin and this is a continuous process. This 
means that an equilibrium may be reached when the rate of deposition in a 
system is equal to the rate of removal.  

4 Conclusion 

This study showed that our hypothesis that sediments of the Laguna de Bustillos 
are contaminating the rangelands and crop lands with Cd and Pb is true. 
However, the Cd concentration does not represent a hazard at least in the area 
tested. On the other hand, the Pb concentration in the contaminated area may 
represent a potential hazard in the short term. 
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