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Abstract 
The problem of contamination of Lerma River in the State of Mexico, México, 
has been studied in an integral way, since it is one of the rivers of importance 
due to its geographical situation in the country. José Antonio Dam is the main 
receiving body of this river that is being contaminated by, industrial wastewa-
ter, of which about 70% is inorganic, as well as discharges municipal and 
agricultural, driving a lot of material in suspension. This dam acts as a regu-
lator of avenues and its water is used for agricultural irrigation and its sedi-
ments are used as sludge to improve agricultural soil in the surroundings. One 
of the studies that have been carried out is to determine the geochemical dis-
tribution of heavy metals in the sediments of this dam, as well as its adsorptive 
capacity towards different metals. It has been observed that these sediments 
acts as metal contaminants sequester. Knowing the composition and mor-
phology of these sediments can provide information to understand the mobil-
ity of different heavy metals it contains, and potential health risk, which can 
finally lead to the establishment of purification capacity of this sludge.  
 

Keywords 
Lerma River, José Antonio Alzate Dam, Sediment, Heavy Metal 

 

1. Introduction 

It has been observed that natural processes for the formation of aquatic sedi-
ments are altered by human activities and are recognized as a reservoir for dif-
ferent chemical species, including metals [1] [2] [3]. The sediment has a great 
diversity of components, such as, clays, inorganic colloids as Fe and Al oxyhy-
droxides and soil organic matter which consists of humic substances and par-
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tially decomposed biomass. All of these components present large areas of inte-
raction that allows a wide variety of metals to be incorporated by different 
processes. According to [4], the sediments are formed by sand and gravel (2.00 - 
0.20 mm), fine sand (0.20 - 0.02 mm), silt (0.02 - 0.002 mm) and clay with 
smaller grain sizes of 0.002 mm. The finer sediments, which generally contain 
higher concentrations of metals, accumulate in calm waters such as lakes, dams, 
etc. [5]. The oxyhydroxides of Al, Fe and Mn present in the sediments adsorb 
trace metals where the clays function as a support for organic matter and these 
oxyhydroxides. Metals are joined to sediments by different physicochemical 
phenomena, but even so the metals do not remain fixed in sediment [1] [6], 
since they can present chemical changes due to the physicochemical changes of 
environment that surrounds them. Physicochemical phenomena controlling the 
sedimentation processes and association mechanisms of the different pollutants 
and nutrients depends variables like pH, temperature and dissolved oxygen 
(OD). Metals interaction processes with sediments are very complex, and the se-
diment-water system has relevance in different chemical reactions of metals such 
as adsorption and desorption equilibria. 

Considering that sediments are complex systems where each metal has affinity 
to one or more of its components. The procedure of sequential extractions 
(chemical speciation) using chemical extractors to separate part of a metal asso-
ciated with a component of the sediment, this technique has been successfully 
used for sediment characterization; the method most used to estimate the metal-
lic reactivity in several types of particles enriched with adsorbed metals, has been 
developed since its inception by Tessier et al. in Canada [7], in Germany, Cal-
mano and Förstner [4] [8], in Mexico, Barceló [9], Barceló et al. [1], Quecholac, 
[10], Badillo-Camacho et al. [11], among others in different countries, to devel-
op the techniques, to optimize and to modify others, including Benson et al. who 
published a review of the different analytical methods that have been used by re-
searchers regarding sequential extractions [12]. The most common fractions 
have been established in a methodological scheme that consists of: 
 (F1), first extracted fraction called “Interchangeable” [7], comprises weakly 

adsorbed metal ions that can be released from sediment surface with changes 
in the ionic composition of water. 

 (F2), fraction called “Acid-Soluble” [5], relates to metals present in the sedi-
ment mainly as carbonates and can be re-dissolved if there is a decrease in 
pH in the aqueous medium. 

 (F3) and (F4), fractions called “Easily Reducible” and “Hardly Reducible” 
respectively, contains the highest percentage of metals sequestered between 
nodules or cemented particles, in the first case, related to oxyhydroxides of 
Mn and in the second case related to oxyhydroxides of Fe; they are thermo-
dynamically unstable under anoxic conditions and low reduction potentials 
[5] [7] [8]. 

 (F5), fraction denominated “Oxidable” in which metals are linked to different 
forms of organic matter; under oxidizing conditions organic matter is trans-
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formed and released metals which are forming soluble salts. 
 (F6), fraction “Residual” or fixed is the one that can to hold back metals in its 

crystalline network. 
On the other hand, considering the location area where this study was devel-

oped, it is necessary to indicate that, The Toluca Valley is located in Mexico 
State, México, has an important agricultural production and an accelerated ur-
ban-industrial growth, presents the problem that its aquifers are being overex-
ploited and at the same time contaminating to Lerma River, main river of the 
zone, by to discharge of urban wastewater and of industrial discharges located in 
the industrial zone “Toluca-Lerma”, since it is one of the rivers of importance 
due to its geographical situation in the country. This river belongs to the Upper 
Basin of the Lerma River that starts in lagoons of Almoloya del Río with the 
concurrence of different tributaries, receiving the first discharges of wastewater 
between three and five kilometers, from its birth; continuing its trajectory and 
between ten and twelve kilometers it receives important discharges of wastewa-
ter, since in this section waters converge and coming from urban-industrial zone 
of Santiago Tianguistenco and its industrial parks I and II, Santa Cruz Atizapán 
and Ocoyoacac, which is the urban-industrial zone Toluca-Lerma, the municipal 
wastewater contributions of San Mateo Atenco, Metepec and the town of Lerma 
itself. The Lerma River crosses five states and finally discharges into Lake Cha-
pala. Both the anthropogenic turns and the climate change have altered the sa-
nitary conditions of the river throughout its journey, seriously affecting the biota 
that has already been extinct and especially the Lake Chapala. José Antonio Al-
zate Dam is the main receiving body of this river, was built in 1965 for flood 
control and agricultural irrigation, currently is being contaminated by, industrial 
wastewater, of which about 70% is inorganic, as well as discharges municipal and 
agricultural, driving a lot of material in suspension [13] [14]. This problem oc-
curs along the course of the river until Lake Chapala where it ends and intro-
duces more pollutants such as metals, strongly affecting this important lake in 
the country [11]. This river is in bad conditions all time because is used as a 
public wastewater collector, losing the signs of aquatic life. It is important to 
point out the competition that is established for the use of water, both by the 
city, as by industry and agriculture, since all three need large quantities [1] [8]. 
Uncontrolled discharges of wastewater, municipal and industrial, untreated or 
partially treated, and runoff of waters used in agricultural irrigation, involve 
continuous pollution of Lerma River affecting its utility for multiple uses. Heavy 
metal contamination is usually associated with municipal discharges and indus-
trial processes that go directly to aquifers, but is also related to the leaching of 
wastes, solid discharges and weathering of rocks which provide contaminants to 
a fluvial system.  

Among the anthropogenic waste discharged into the river, are the heavy met-
als that affect the José Antonio Alzate dam, this reservoir allows a work to purify 
the waters of the Lerma River and tributaries, although it has not been designed 
to it [15]. For years a large amount of industrial and urban waste has been dis-
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charged into the Lerma River from its source to the Alzate dam, causing a se-
rious impact on the quality of its water for the subsistence of the biota and in 
part to the irrigation of the area adjacent to the dam. The river runs through 
North of State and when it discharges to reservoir it arrives loaded with the 
drains of the Toluca City, surrounding villages and industrial zone, which de-
termines that dam presents the worst conditions in its quality. Metals are used in 
industrial processes and are emitted to environment altering the aquatic system 
of dam, where they are trapped and accumulate due to the sedimentation dy-
namics. In addition, the presence of different chemical species that can form ca-
tions and anions will enter through the different operations of coagulation, 
flocculation and decantation, to be part of the sediments themselves [9]. Conta-
mination level of Alzate Dam varies according to season of year, as well as water 
levels. However, in all seasons of the year, the sediments function as a good met-
al entrapment system [2]. What implies a contamination of these sediments, 
which has been evaluated according to some standards and recommendations, 
since no Mexican standardization was found, the use of criteria from government 
agencies of Canada and the United States for disposal of sludge from bodies of 
water has been suggested, such as The Ontario Ministry of the Environment 
(MOE) [16], The Thomas-Mudroch Agency [17] and The United Environmental 
Protection Agency (EPA) [18]. Table 1 shows these criteria for several metals.  

 
Table 1. Recommended criteria for sediments (mg/kg). 

Metal MOE criterion Thomas-Mudroch criterion 
EPA criterion for  

severe contamination 

Cadmium 1 1.5 6 

Copper 25 45 50 

Iron 10,000 45,500 25,000 

Manganese - 1 625 500 

Lead 50 50 60 

Zinc 100 105 200 

2. Materials and Methods 

Three important areas of the Alzate dam were studied, which were called A, B, 
and F; where A is the entrance of Lerma river to the dam, therefore of alluvial 
carries and of agro-industry material; B zone is of greater sedimentation, ac-
cording to Barceló, 2000; [9] and F zone where the dam’s curtain is located and 
the river outflow. COD in spring, sediment composite samples were collected 
from three sites in each zone at a circular distance of three meters each. Each se-
diment core obtained was of 20 cm thick, using a gravity type nucleator and 
placed in polyethylene bags. Sediments were collected during dry season on 
2012-2014 years; season where metals are concentrated in sediments; in each 
sampling sediment had excess water, it was necessary to eliminate this by solar 
drying, where sediment was placed in plexiglass trays during 10 days; with each se-
diment sampled in the indicated years, composite samples prepared one more time. 
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2.1. Sediments Composition 

The drying of a part of the each sediment was completed by lyophilization, 
ground and sieved using US sieves. Tyler 60, 100, 250, 325 and 400 mesh, for the 
analysis of X-Ray Fluorescence (FRX), X-Ray Diffraction (XRD), Scanning Elec-
tron Microscopy (SEM), granulometry and determination of organic matter, the 
sediment retained in 100 mesh was used. Sediment retained to 400 meshes was 
used for chemical speciation studies. For total metals the weighted sum of each 
fraction of chemical speciation was used. For Textural and Granulometric classi-
fication of sediment, Bouyoucos hydrometric method and texture triangle were 
used. The volatile material determination was through weight loss, 1 g of sedi-
ment was heated in a Thermolyne 53,600 muffle for 3 hours at 150˚C, 300˚C and 
500˚C, residual material was weighed after each stage. The weight of material 
removed in each sample for different temperatures was calculated by difference, 
all operations were carried out in triplicate. 

2.2. Metallic Concentrations Determination from Each Sequential  
Extraction 

Each concentration was determined using technique of sequential extractions for 
obtain the geochemical distribution of each metal (speciation) in sediment of 
three zones of the dam. Six fractions were obtained using chemical extractors in 
each case [7] [9] [19]. The fractions were named F1 (exchangeable), F2 (ac-
id-soluble), F3 (easily reducible), F4 (hardly reducible), F5 (oxidizable) and F6 
(residual). Fractions F1, F2 and F3 are the most mobile fractions. A change in 
ionicity of the medium, such as for example, those due to industrial discharges 
of soluble inorganic compounds or a pH change caused by rains or discharges 
can extract and redissolve the associated metals. The fractions F4 and F5 can be 
considered almost fixed, and F6 fraction totally fixed and of little risk. It is im-
portant to mention that after each extraction treatment the material was lyophi-
lized for the next extraction successively. Each extract were treated by acid di-
gestion using HNO3/HF (1:2) Suprapur Merck in a microwave oven (CEM mod-
el 5 MARS, USA) for further analysis by Atomic Absorption spectrophotometry 
by graphite furnace (the first five fractions for Cd, Cu and Pb) and flame (for re-
sidual fractions of all metals) in a SOLAAR M6 (Thermo Elemental, England) 
equipment, each operation was performed in three times. 

Sequential extractions technique by lyophilization was selected following the 
Quecholac methodology, where metals such as Cu, Fe, Mn among others were 
evaluated in their thesis work [10], optimizing both, continuous (traditional) 
method and lyophilized method. In Table 2 the results for Cu, Fe and Mn, are 
presented, although lyophilization method it is a little longer, when to add all 
fractions of metal speciation, the value obtained by lyophilization, is closer to the 
value measurement to the total metal concentration than the value obtained by 
the continuous method. It is also important to mention that each analysis was 
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done in this with sediment from zone B of J. A. Alzate dam.  
 
Table 2. Comparison of sequential extractions techniques with respect to measurements 
of total metals. 

Metal 
Total 
mg/kg 

Total fractions 
continuous  

method mg/kg 

Total fractions  
lyophilization  
method mg/kg 

% mistake 
continuous 

method 

% mistake 
lyophilization 

method 
Cu 50.04 54.142 48.875 8.19 2.32 
Fe 35547.70 46825.64 37516.73 31.72 5.54 
Mn 208.71 220.64 205.86 5.72 1.37 

2.3. Sediment Quality Evaluation from A, B and F Zones 

Based on the criteria indicated in Table 1, was evaluated the sediment of zones 
A, B and F from Alzate dam, considering in each case six fractions, obtained 
from the sequential extractions, and the first five removing the residual fraction 
F6, where practically the Pb is trapped in the crystalline lattices and it is difficult 
for it to pass into aqueous phase. 

3. Results and Discussion 
3.1. Texture and Granulometry Classification of the Sediment 

To classify the granulometry and texture of sediments, triangle of textures and 
the Bouyoucos technique were used respectively; the sediment composition of 
each area from Alzate dam is presented in % of distribution. Zone A presented 
the highest % of silt, classified as sandy-loamy (Cr); the other two were classified 
as clayey (R). 

3.2. Mineral Composition of Sediment 

In Table 3, mineral composition is found, with support of scanning electron 
microscopy, X-ray diffraction and fluorescence studies, the minerals that make 
up the sediments of the J. Alzate Dam were observed such as feldspars, halloy-
site, kaolinite, goethite, hematite among others besides amorphous material. 
Feldspars are minerals that were found in greater proportion, following halloy-
site and metahalloysite. 
 
Table 3. Crystallographic composition of surface sediment in three zones. 

Zone A Zone B Zone F 
Feldspar Feldspar Feldspar 

Hydrated Halloysite Hydrated Halloysite Hydrated Halloysite 
Meta Halloysite Meta Halloysite Meta Halloysite 

Cristobalite Cristobalite Cristobalite 
Chlorite Mica Chlorite 

Illite Kaolinite Tridimite 
- Dickite Dickite 

Amphibol Amphibol Amphibol 
Hematite (Fe2O3) Hematite (Fe2O3) Hematite (Fe2O3) 

Goethite (FeO∙OH) Goethite (FeO∙OH) - 
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3.3. Results of Metals Evaluation 

Metals Cd, Cu, Fe, Mn, Pb and Zn were evaluated in sediment of three zones of 
The J. A. Alzate Dam through of chemical speciation and total concentrations, 
considering criteria MOE, Thomas-Murdoch and EPA. 

3.3.1. Cadmium (Cd) Evaluation in Sediment from A, B and F Zones 
Figure 1 shows the geochemical distribution F1, F2, F3, F4, F5 and F6 for cad-
mium in sediment obtained in each zone. 

Cadmium was concentrated in greater proportion infractions F6, F4, F2 and 
F3 respectively (Figure 1). In fractions F2, F3 and F4, the concentrations were 
not very different, which means their easy mobility from exchangeable fraction 
F1 up to fraction easily reducible F3. Shortage of cadmium in the F5 fraction in-
dicates the low affinity of the metal with organic matter, possibly the presence in 
this fraction is with the sulfides, since considering Pearson’s rules of softness and 
hardness, [20] both, sulfides and Cd2+ plus negative ion, behave as a base and an  
soft acid. It is important to note that cadmium presented more affinity with 
hydrous oxides of Fe than of Mn, but more importantly, it occurs in a significant 
proportion in the soluble acid fraction (F2), related fraction of this metal with 
carbonates and can be re-dissolved if will be presented a decrease in pH of the 
medium, what would tend to be a high risk metal for biota. Comparing the six 
fractions for total metal with each criterion for a global evaluation it is observed 
that for the two Canadian Criteria, all zones exceeded the limit. For EPA, only 
zone B was exceeded, which resents a greater sedimentation process, besides be-
ing the area of greatest contamination since it is the river entrance and as this 
area extends, the speed of the river decreases with the sedimentation process 
predominating.  
 

 
Figure 1. Geochemical distribution of Cd in three surface sediments. 

 
In Table 4, for the cadmium evaluation based on the three criteria, MOE, 

Thomas-Mudroch and EPA, the six fractions as the first five were considered in 
the latter case. It is because fraction six is the residual fraction, which is fixed 
and with little risk of the metal passing into aqueous phase. It is observed in this 
case that for EPA criterion the limit value was not exceeded, but in zones A, B, F 
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the limits of the Canadian Criteria were exceeded. Considering these two crite-
ria, the three zones can be considered contaminated by cadmium and may 
present a health risk [21] [22].  
 
Table 4. Cd concentrations in three sediments compared to MOE, Thom-as-Mudroch 
and EPA criteria considering the six fractions and F6 was not considered. 

Metal 
mg/kg 

MOE 
criterion 

Thomas-Mudroch 
criterion 

EPA Criterion 
for severe contamination 

Cadmium (Cd) 1.00 1.50 6.00 

Site Considering the six fractions Without considering F6 fraction 

A 5.51 5.51 

B 9.39 9.39 

F 4.82 4.82 

3.3.2. Cooper (Cu) Evaluation in Sediment from A, B and F Zones 
In general, in sediments and soils [23], a considerable fraction of copper is at-
tached to organic fraction, seems to form a well-established complex between 
copper and humic acids. These complexes are based on unions of the type: 

 

 
 
Most of coppers are found in this fraction. One property of Cu2+ is its reduced 

mobility. Figure 2 shows the geochemical distribution of copper, six fractions 
were also considered in the three sampling sites. It is observed that this metal has 
a greater affinity towards fraction F5, related to organic matter and sulfides [1]. 
Indeed Cu in the three sites was concentrated in F5, where zones A and B had 
the highest concentration, followed by fraction F6. In fractions F1 and F3, the 
highest concentration was found in zone B. In F2, zones A and B were almost 
similar and zone F was slightly lower in zones F. In zones A and F, fraction F3 
was similar in concentration.  
 

 
Figure 2. Geochemical distribution of Cd in three surface sediments. 
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Table 5 shows Cu values, considering the six fractions and five fractions 
which eliminats F6 fraction as in cadmium case. Considering six fractions for 
MOE criterion, the three zones exceeded the limit, in this case Cu contamination 
is considered in the three zones.  
 
Table 5. Cu concentrations in three sediments compared to MOE, Thom-as-Mudroch 
and EPA criteria considering the six fractions and F6 was not considered. 

Metal 
mg/kg 

MOE 
criterion 

Thomas-Mudroch 
criterion 

EPA Criterion 
for severe  

contamination 

Cooper (Cd) 25 45 50 

Site 
Considering  

the six fractions 

Without  
considering  
F6 fraction 

A 44.45 32.30 

B 50.14 36.03 

F 30.75 19.75 

 
For Thomas-Mudroch criterion, zones B and F exceeded the criterion and 

zone A is at the limit. For EPA criterion, zones A and F did not exceed this crite-
rion and zone B is at the limit. In second case (five fractions) for the MOE crite-
rion only zone F did not exceed the limit value, for Thomas-Mudroch and EPA 
criteria none of the three zones exceeded the limits. If MOE criterion is consi-
dered, the sediments of the three zones present contamination by copper; in this 
case it can also be a risk to aquifer health [4] [5]. The control of this metal is 
important, since it represents a risk for Daphnia pulex, dam’s typical crustacean 
since it affects growth and reproduction [24] as it takes its food not only from 
water but from the sediments. This crustacean and others such as Daphnia 
magna and Daphnia obtuse, [25] are used for bioassays to evaluate the toxicity of 
heavy metals [26] due to their high rate of reproduction, its easy handling and 
sensitivity to contaminants. 

3.3.3. Iron (Fe) Evaluation in Sediment from A, B and F Zones 
In crystallographic study the iron was found as oxide (Fe2O3) and as goethite 
(FeOOH), where this colloid has an adsorptive surface, it is possible that it is lo-
cated in the extensive amorphous phase particularly as oxyhydroxides impreg-
nated in clay minerals, kaolinite and quartz, which allows it to sequester metals 
as Cd, Cu, Pb and Zn. Figure 3 shows a geochemical distribution of this metal, 
in general the concentrations were high, where there may be an anthropogenic 
and another part of natural geochemistry. It can be seen in Figure 3 that largest 
accumulation was in fractions F6, F4 and F5, respectively, where highest con-
centration was in zone B and lowest concentration in zone F.  
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Figure 3. Geochemical distribution of Cd in three surface sediments. 

 
Considering the criteria already described, Table 6 presented the evaluation 

for Fe. In six fractions case the three zones exceeded the MOE and EPA criteria, 
in case of Thomas-Mudroch criterion only zone B exceeded it and zone A was 
almost in the limit. In case of five fractions, where only the first five fractions 
were considered, for MOE criterion the three zones exceeded the limit, for EPA 
criterion, zones A and B exceeded the limit and for Thomas-Mudroch criterion, 
the limit concentration was not exceeded in none of three zones.  
 
Table 6. Fe concentrations in three sediments compared to MOE, Thom-as-Mudroch 
and EPA criteria considering the six fractions and F6 was not considered. 

Metal 
mg/kg 

MOE 
criterion 

Thomas-Mudroch 
criterion 

EPA Criterion  
for severe  

contamination 

Iron (Fe) 10,000 45,500 25,000 

Site 
Considering  

the six fractions 
Without considering  

F6 fraction 

A 44620.51 27542.87 

B 57152.38 35854.05 

F 30559.42 18424.80 

3.3.4. Manganese (Mn) Evaluation in Sediment from A, B and F  
Zones 
Figure 4 shows the geochemical distribution of manganese, six fractions were 
also considered in the sampling. In Mn case, its origin in sediments appears to 
be geological and the greater concentration in sediments of the three zones in-
dicates a greater affinity towards sedimentable particles, since concentrations in 
F1 fraction is somewhat elevated with respect the previous metals and is related 
to fresh manganese colloids, manganite type (MnOOH). The higher concentra-
tion in site A indicates an additional contribution of sludge carried by Lerma 
River, highest concentration in the three zones was found in fraction F6, fol-
lowed by F3, where highest concentration of mobile Mn is present.  
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Figure 4. Mn geochemical distribution in three surface sediments. 

 
Table 7 showed the sediment quality evaluation with respect to this metal ac-

cording the three criteria. Also six fractions were evaluated and the first five 
fractions. For MOE criterion no limit value has been reported, so for this metal 
only Thomas-Mudroch and EPA criteria were considered. In neither case were 
the limits exceeded. In the six fractions case, under the influence of F6 fraction, 
which is the residual and immobile fraction, zone B was at limit.  
 
Table 7. Mn concentrations in three sediments compared to MOE, Thomas-Mudroch 
and EPA criteria considering the six fractions and F6 was not considered. 

Metal 
mg/kg 

MOE 
criterion 

Thomas-Mudroch 
criterion 

EPA Criterion 
for severe  

contamination 

Manganese (Mn) - 1625 500 

Site 
Considering  

the six fractions 

Without  
considering  
F6 fraction 

A 432.51 299.86 

B 497.87 352.63 

F 358.51 239.89 

3.3.5. Lead (Pb) Evaluation in Sediment from A, B and F Zones 
In speciation diagram (Figure 5) it is observed that Pb is distributed in the less 
mobile fractions, perhaps due to high content of clays (F6) and amorphous sol-
ids of Fe and Mn in the sediment, since these materials present large adsorption 
surfaces. It is observed that in zone B, fraction F2 (acid-soluble) had the highest 
concentration with respect to A and F zones, which indicates its relation to car-
bonates, where it can be exchanged with calcium as well as organic matter and 
sulfides in relation to mineralogical composition of the sediment.  
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Figure 5. Pb geochemical distribution in three surface sediments. 

 
Lead presence in sediments is due to the anthropogenic contributions of this 

metal, coming from industrial wastewater that Lerma River transports. Accord-
ing to chemical speciation results, this metal tends to concentrate towards the 
fractions with less mobility. Lead accumulation infractions F3, F4, F5 and F6, 
where the chemical mobility decreases respectively, leads to think that sediments 
work as traps for this metal, which means a decrease in the probability that it 
will be easily released to aqueous phase.  

Table 8 shows the sediment quality evaluation with respect to this metal ac-
cording the three criteria; the six fractions and first five fractions were evaluated 
how in the other cases. In six fractions case for this metal the MOE and Tho-
mas-Mudroch criterion was exceeded in zone A, but not for the EPA criterion. 
For zones B and F none of the three criteria were exceeded.  
 
Table 8. Pb concentrations in three sediments compared to MOE, Thomas-Mudroch and 
EPA criteria considering the six fractions and F6 was not considered. 

Metal 
mg/kg 

MOE 
criterion 

Thomas-Mudroch 
criterion 

EPA Criterion 
for severe contamination 

Lead (Pb) 50 50 60 

Site Considering the six fractions Without considering F6 fraction 

A 54.66 34.61 

B 30.59 22.57 

F 25.71 17.52 

 
In the case of the five fractions (elimination of fraction F6), none of the three 

criteria was exceeded in any of the three zones. Lead was accumulated in higher 
concentration in F6 and because this fraction is totally immobile, its elimination 
is important since the values, when are compared with the three criteria, allow to 
evaluate each area as not contaminated by lead. It is important to be careful with 
this metal especially for the Daphnia pulex that can absorb it and bioaccumulate 
as it takes its food from sediments, being that this crustacean is an important 
food for the fish. It is necessary bear in mind that these metals type in biota ge-
nerates a series of metabolic, physiological, behavioral and ecological effects 
[27]. 
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3.3.6. Zinc (Zn) Evaluation in Sediment from A, B and F Zones 
Figure 6 shows the Zn geochemical distribution in sediment of the three sites, a 
mobility of this metal was observed, where it is related to components present in 
the different fractions, a higher affinity is observed with Fe oxides (Fraction F4), 
according to Figure 6, there is a similar affinity with Mn colloids (Fraction F3) 
and organic matter (Fraction F4). Fraction F2 presented important values for 
this metal, which relate it to carbonates present in sediment. Zn is considered as 
a hard acid of Pearson [20] this may explain its similarity with calcium and its 
affinity with hard bases, reason why in fraction F4 it is more related with organic 
matter than to sulfides in these sediments.  
 

 
Figure 6. Zn geochemical distribution in three surface sediments. 

 
Table 9 presented the Zn evaluation according to the three criteria, in the first 

case where six fractions case were considered; all zones exceeded the limit values 
of MOE and Thomas-Mudroch criteria; for EPA criterion no zone was exceeded. 
In the case where fraction F6 was eliminated, in no zones values of the three cri-
teria were exceeded.  
 
Table 9. Zn concentrations in three sediments compared to MOE, Thomas-Mudroch and 
EPA criteria considering the six fractions and F6 was not considered. 

Metal 
mg/kg 

MOE 
criterion 

Thomas-Mudroch 
criterion 

EPA Criterion 
for severe contamination 

Zinc (Zn) 100 105 200 

Site Considering the six fractions Without considering F6 fraction 

A 177.28 93.97 

B 144.28 77.28 

F 111.42 49.56 

 
Despite of Zn is a metal required by organisms, an increase in concentrations 

makes it toxic to aquatic organisms. In the aquatic environment, Zn is mainly 
associated with suspended matter before accumulating in the sediment [28]. 
Evidence on the bioavailability of this metal in sediments has been documented 
in investigations of plants and invertebrates that feed on them, such as mollusks 
and algae, which reflect the zinc concentrations in sediments. Other researchers 
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have indicated that organisms related to sediments have higher Zn concentra-
tions than the organisms that inhabit in aqueous layer. 

4. Conclusions 

In so far as the texture and granulometry of the sediment, it was observed that 
sediments in zones B and F, that correspond practically to the dam, predominate 
clays, while in zone A, corresponding to the channel of the Lerma river. Silt was 
found in greater proportion, although it also drags clay and sand. Considering 
composition, feldspars and halloysite were found in the three zones. It is impor-
tant to mention the goethite presence, because it has an important adsorption 
surface for metals, in addition to amorphous organic matter, where humic ma-
terial presence also functions as adsorbent surface. These surfaces combined 
with clays are main materials like trap metals, as observed in geochemical Cd 
and Zn distribution, which was the most mobile metals since it was found more 
associated with carbonates (Fraction F2) and oxides as Fe and Mn, where surface 
goethite is probably the main surface (Fraction F4). In Cu case, the affinity for 
organic matter and sulfides is very noticeable (Fraction 5), although it was also 
concentrated in fraction F4 related to iron oxides. Pb presented a strong associa-
tion with colloids of Mn, Fe, organic matter and sulphides in almost the same 
proportions (F3, F4 and F5 respectively) and very little relation with components 
of F1 and F2 fractions opposite of Cd. Concentration elevated for Cd and Pb was 
found in residual fraction F6. More elevated copper concentration was more ac-
cumulated in components of fraction F5. It was observed with respect to fraction 
F6 that zone B in general had the highest accumulation of all five metals. The 
association of these metals to sediment does not imply their total immobiliza-
tion, since on the one hand, fine solid particles can be dragged towards other 
points of the reservoir, in which the physicochemical characteristics (including 
the pH and water aggressiveness) are different propitiating the re-dissolution of 
more labile or more mobile fractions (singularly for Cd). Regarding Fe and Mn, 
as indicated in sediment characterization analysis, the origin is basically geolog-
ical. In case of Fe, it present as goethite (FeO∙OH) and Mn as manganite 
(MnOOH) are surface that can act as an adsorption surface for Cd, Cu, Pb and 
Zn, and that is, as sequestrants of these metals. 

Finally, when the three criteria are compared, considering six fractions and 
first five, cadmium in the three zones exceed the limits of Canadian criteria, so it 
can be considered a pollutant for the sediment. In copper case, the MOE crite-
rion limit was exceeded, considering only this criterion. The sediment is conta-
minated by copper. For Pb in none of the cases where the limits of these criteria 
exceed, at least in this study, is not considered the sediments contaminated by 
Pb in any of the three zones. It is important to consider better the first five frac-
tions that are most mobile and present the risk of moving to aqueous phase, but 
not fraction F6 that is practically immobile, since metals are trapped in crystal-
line networks and are able to determine them whether it is necessary to use very 
acid digestions. 
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Knowing the composition and morphology of these sediments can provide 
information to understand the mobility of different heavy metals it contains and 
potential health risk which can lead to the establishment of its purification ca-
pacity. Considering everything discussed in this article, studying the sediment 
plays an important role in water bodies. It’s important conclude like many au-
thors in this research field, that analytical measurements for specific total metal 
in an environmental and biological systems are insufficient. Among the most 
important metal speciation analysis is the assessment of the index of toxicity 
impacts of one specific metal and determination of ecological risk∙∙∙ Speciation 
analysis is an also analytical tool particularly used for the elucidation of the 
chemical form(s) as well as the quantitative estimation of a specific element 
when conducting toxicological and biochemical investigations [1] [3] [7] [8] [12] 
[21] [29]. 
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