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Abstract: 

In this study, concentrations of heavy metals (Ni, Cd, Pb, Cr, and Zn) were determined 

in water, sediment and tissues (intestine, gills and liver) of the anuran amphibian 

Dryophytes plicatus (tadpoles) from a lake in Mineral El Chico, Hidalgo, Mexico. The 

metal concentrations were obtained by spectrochemical analysis. Results showed that in 

water, the concentration of Cd exceeded the maximum allowable concentration specified in 

the Mexican Official Standard on water quality. In sediments, the concentrations of Cd 

exceeded Environmental Protection Agency (USA-EPA) regulations. In tadpole tissues, 

concentrations of Cd and Zn were higher in the gills and concentrations of Ni, Pb and Cr 

were higher in the liver. No metal had its highest concentration in water or sediment, while 

all five metals (Ni, Cd, Pb, Cr and Zn) had their highest concentrations in tadpole tissues, 

so a biomagnification process is occurring. High concentrations of heavy metals put the 

survival of this species at risk.  
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Introduction: 
In recent decades, a significant decline in amphibian populations, as well as some 

amphibian species extinctions, have been reported around the world. This phenomenon is 

attributed to various different factors, such as habitat loss, land-use change, introduced 

species, emergent diseases, global climate change, and pollution (Young et al. 2001). 

Amphibians are good bioindicator models in ecotoxicology because of their water–land 

life cycles and their skin permeability. Tadpoles are especially suitable for aquatic and 

sediment toxicology research, as they develop and feed in this environment (Demichelis et 

al. 2001; Newman and Unger 2003; Selvi et al. 2003; Burlibasa and Gavrila 2011).  

It is well known that every year thousands of tons of heavy metals are put into the 

environment (Moiseyenko 2009). In addition to concentrating in soil, water and sediment, 

these heavy metals can enter trophic chains and accumulate in tissues and organs of various 

organisms, among them amphibians (Hoffman et al. 2003). High concentrations of heavy 

metals can produce a broad spectrum of anomalies and can be lethal for amphibians at 

embryonic and postembryonic developmental stages (Blaustein and Kiesecker 2002; 
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Severtsova et al. 2012a,b; Severtsova and Aguillón-Gutiérrez 2013; Severtsova et al. 2013; 

Aguillón-Gutiérrez 2018). Dryophytes plicatus tadpoles have been studied in a bioassay in 

which they were in contact with lead and iron, and consequently these metals accumulated 

in their tissues, particularly in the liver and intestine, and caused anomalies in the intestine, 

skin, pigmentation, spine, and limbs (Aguillón-Gutiérrez and Ramírez-Bautista 2015; 

Aguillón-Gutiérrez et al. 2018). In the state of Hidalgo, Mexico, mining is one of the main 

economic activities, which has caused high rates of heavy metal contamination in water, 

soil, sediment and crops in some regions of the state (Hernández-Silva et al. 1994; Siebe 

1994; Vázquez-Alarcón et al. 2001, 2005; Prieto-García et al. 2007a,b).  

The aims of this study were to: 1) determine the concentration of heavy metals (nickel, 

cadmium, lead, chromium and zinc) in water and sediment, and in the tissues (liver, gills 

and intestine) of frog tadpoles (Dryophytes plicatus) inhabiting a lake in Mineral El Chico, 

Hidalgo, Mexico; 2) compare heavy metal concentrations with national and international 

regulations, to determine whether the maximum allowable limits are exceeded; and 3) make 

comparisons between water, sediment and tissues, between intestine, gills and liver and 

among heavy metals to determine the dynamics of heavy metal contamination. 

Materials and methods: 
The tree frog Dryophytes plicatus Brocchi 1877 (family Hylidae) is endemic to Mexico; 

it is distributed in the central part of the country (Sierra Madre Oriental, Valley of Mexico, 

Hidalgo, Tlaxcala, and Veracruz) (Duellman 2001) (Figure 1A). This is a small frog with 

mean snout–vent length 38.8 ± 4.2 mm, and its reproduction occurs in spring and summer 

(Ramírez-Bautista et al. 2009) (Figure 1B).    

Figure 1. A) Dryophytes plicatus distribution area; B) Dryophytes plicatus. 

In this study 30 specimens of the tree frog Dryophytes plicatus (Anura: Hylidae) were 

collected in the postembryonic stage of development from the lake La cabaña del lobo in 

the municipality of Mineral del Chico, Hidalgo, Mexico (20°09'54.7" N 98°41'25.2" W) in 

October, 2013. La cabaña del lobo is a tourist site with a hotel situated next to a lake that is 

a breeding site of Dryophytes plicatus (Figure 2). 



Figure 2. Collection site. Municipality of Mineral el Chico, State of Hidalgo, Mexico 

(http://www.inafed.gob.mx). 

The habitat where the organisms were collected is El Chico National Park, which is part 

of the Trans-Mexican Volcanic Belt. Its elevation is from 2350 to 3086 masl. The average 

annual temperature ranges from 10 to 14 °C, with maximum temperature 36 °C, and 

minimum −6°C. The average annual rainfall is 1567.9 mm with a rainy season from May to 

October. The dominant type of vegetation is oyamel–oak forest (Abies, Quercus) (Figure 3) 

(Villavicencio et al. 1992). 

Figure 3. Habitat of D. plicatus. Municipality of Mineral el Chico, Hidalgo, México. 

The specimens were captured directly from the lake and transported to the Laboratory of 

Population Ecology of the Biological Sciences Research Center at the Universidad 

Autónoma del Estado de Hidalgo (Autonomous University of the State of Hidalgo). The 

tadpoles were captured at stages of development 32–46 according to the tables of normal 



development of Gosner (1960). Specimens were collected under scientific permit number 

SGPA/DGVS/02419/13 issued by SEMARNAT (Secretaría de Medio Ambiente y Recursos 

Naturales; Secretariat of Environment and Natural Resources of Mexico).  

The tadpoles were euthanized with MS-222 (tricaine methanesulfonate) and fixed in 

formaldehyde (10%). They were then dissected with glass instruments in order to obtain the 

liver, intestine (without contents) and gills. The tissues were placed in a furnace at 60 °C 

for three days. Once the tissues were dry, they were ground and stored in microcentrifuge 

tubes. A spectrochemical analysis of the tissue was then conducted. It should be noted that 

each tissue sample contained the tissues of ten individuals; that is, of the 30 captured 

individuals, there were three liver samples, three intestine and three gill. This is because the 

sample of a single or a few individuals would not reach the required weight (0.02 g) for 

reading in the spectroscope, since the samples have to be dried and ground. Three samples 

of water (100 ml each) and three samples of sediment (100 g each) were also collected and 

analyzed. The samples were taken from different points in the lake. Therefore, three 

readings were made of each tissue, three readings of water and three readings of sediment. 

The averages of the three readings of each analyzed tissue and medium were calculated. 

Heavy metal concentrations in water were compared to the Official Mexican Standard 

(NOM-127-SSA1-2000), and concentrations in sediment were compared to the EPA 

Guidance Manual to Support the Assessment of Contaminated Sediments in Freshwater 

Ecosystems (2002). 

The tissues, water and sediment samples were digested following Standard Method 

3051A (USEPA 2007a) and Method 3015A (USEPA 2007b) using 69% high-purity HNO 

and 37% HCl. Metals (nickel, cadmium, lead, chromium and zinc) were quantified by 

atomic absorption spectrometry with a graphite furnace (Agilent Technologies model 200 

Series AA, Malaysia). For quality control, the reference standard SRM 1640 for water 

certified by the National Institute of Standards and Technology (NIST, Gaithersburg, MD, 

USA) was used, with recoveries of 95–98% (NMX, 2013).  

The statistical analyses were calculated using PAST 4.02, applying ANOVA with post-

hoc Tukey tests and the Kruskal-Wallis test (Zar 2009). 

Results: 

Spectrochemical analyses of the water samples showed that the concentration of 

cadmium exceeded the maximum allowable concentration according to the Mexican 

Official Standard (NOM) on water quality regulation (Table 1).  



Table 1. Maximum allowable concentration (MAC) by the NOM-127-SSA1 (2000) in Mexico 

(mg/L) and concentration of heavy metals in water from the lake “La cabaña del lobo” (mg/L). 

Nickel is not covered in the NOM-127. 

Ni Cd Pb Cr Zn 

MAC- 

NOM 

- 0.005 0.01 0.05 5 

Lake 

Water 

0.024 0.007 0.007 0.002 0.100 

The spectrochemical analyses showed that cadmium concentrations in the lake sediment 

exceeded the USA-Environmental Protection Agency regulations (Table 2).  

Table 2. Threshold effect concentrations (TEC) by the EPA Guidance Manual to Support the 

Assessment of Contaminated Sediments in Freshwater Ecosystems (2002) and concentrations of 

heavy metals in sediments from the lake “La cabaña del lobo” (all units are in mg/g dry weight). 

Ni Cd Pb Cr Zn 

TEC- 

EPA 

0.018 0.000596 0.035 0.0373 0.123 

Lake 

Sediment 

0.012 0.002 0.020 0.0 0.030 

Spectrochemical analyses in tadpole tissues showed that the concentrations of nickel, 

lead and chromium were highest in the liver and the concentrations of cadmium and zinc 

were highest in the gills (Table 3).   

Table 3. Heavy metal concentrations in Dryophytes plicatus tadpole tissues (mg/g). 

Ni Cd Pb Cr Zn 

Intestine 0.028 0.004 0.044 0.0 0.072 

Gills 0.029 0.026 0.036 0.0 0.330 

Liver 0.049 0.0 0.086 0.029 0.157 

All heavy metals had higher concentrations in the tadpole tissues than in water or 

sediments (P=0.05) (Figure 4). 



Figure 4. Percentage of heavy metals in water, sediment and tissues. 

The intestine was the organ in which the highest concentration of total heavy metals was 

detected, although there was no statistically significant difference (P>0.05) (Figure 5).  

Figure 5. Percentage of total heavy metals per organ. 

The overall heavy metal concentrations in water, sediment and tissues (intestine, gills 

and liver) were significantly higher for zinc than for the rest of the metals (F = 5.67, g.l. = 

4, 45; P < 0.005) (Figure 6). 



Figure 6. Total oncentration of heavy metals in water, sediment and tissues. 

Discussion: 

The high concentrations of some heavy metals in the lake La cabaña del lobo in Mineral 

el Chico, Hidalgo, Mexico, demonstrates that there is indeed heavy metal contamination at 

this site. This strong contamination could be a factor that affects amphibian populations in 

developmental stages prior to metamorphosis, as Aguillón-Gutiérrez and Ramírez-Bautista 

(2015) and Aguillón-Gutiérrez et al. (2018) also reported for D. plicatus in a bioassay.   

In spectrochemical analyses of the water, only the concentration of one metal (cadmium) 

exceeded the maximum concentration allowed according to the Mexican Official Standard 

(NOM) on water quality regulation. The presence of cadmium in the environment may 

originate from mining activities (Badillo-Germán 2008). In sediments, cadmium 

concentrations also exceeded the USA-Environmental Protection Agency regulations. It 

should be noted that there are no data about maximum allowable concentration of heavy 

metals in sediments in the Mexican Official Standards. The results of Ezemonye and 

Enuneku (2012) showed that Bufo maculatus manifested histopathological changes in the 

liver when exposed to lead concentrations. The concentrations of cadmium and zinc were 

higher in the gills; presumably these metals enter the body mainly through the respiratory 

route. It is interesting to note that cadmium and zinc had relatively high concentrations in 

water (Figure 4), which makes it easier for tadpoles to acquire these metals by the 

respiratory route, through the gills. Park et al. (2017) showed that pollutants such as nickel 

affect gill and muscle development, since it is reported that anuran tadpoles’ internal gills 

are important for ion absorption (Dietz and Alvarado 1974). The concentrations of nickel, 

lead, and chromium were highest in the liver, which is considered a target organ for certain 

pollutants in amphibians (Medina et al. 2016). Severtsova et al. (2013) and Aguillón-

Gutiérrez et al. (2018) also found heavy metals such as lead in the liver and intestine of 

tadpoles in R. temporaria, B. bufo and D. plicatus. If we look at where the highest 

concentration of each metal was found between water, sediment or tissues, we observe that 



no metal had its highest concentration in water or sediment and all five metals (Ni, Cd, Pb, 

Cr and Zn) had their highest concentration in some tissue (Tables 1, 2 and 3), indicating 

that a biomagnification process is operating. This means that the metals are in relatively 

lower amounts in the water and sediments and eventually pass to living things (Sparling et 

al. 2000). Since living things have not always developed effective mechanisms to remove 

some metals from their bodies, the metals accumulate in their tissues, which is why 

bioconcentration and bioaccumulation phenomena occur and probably the same thing 

occurs along the food chain (biomagnification process) (Linder and Grillitsch 2000; Burger 

and Snodgrass 2001, Stolyar et al. 2008). The overall heavy metal concentrations in water, 

sediment and tissues were significantly higher for zinc than for the rest of the metals, 

probably because zinc is a common element on earth and is widely used in industry 

(Hoffman et al. 2003). 

As we can see, both ecologically and at the organism level, heavy metals can cause 

severe damage to amphibians, affecting internal development mechanisms, including 

physiological, biochemical and genetic aspects, leading to changes in ecological processes 

such as population declines, loss of communities and possibly local extinctions (Nixdorf et 

al. 1997; Berzins and Bundy 2002; Egea-Serrano et al. 2012).  

Conclusions and recommendations: 

In spectrochemical analyses of water, only the concentration of one metal (cadmium) 

exceeded the maximum concentration allowed by the Mexican Official Standard (NOM) on 

water quality regulation.  

In sediments, the concentrations of cadmium exceeded the amounts permitted according 

to USA-Environmental Protection Agency regulations.  

Spectrochemical analyses of tadpole tissues showed that the concentrations of cadmium 

and zinc were highest in the gills and the concentrations of nickel, lead, and chromium 

were highest in the liver. 

If we compare the highest concentration of each metal between water, sediment and 

tissues, we observe that no metal had its highest concentration in water or sediment and that 

the five metals (Ni, Cd, Pb, Cr and Zn) had their highest concentration in some tissue, so a 

biomagnification process is operating. The overall heavy metal concentrations in water, 

sediment and tissues were higher for zinc than for the rest of the metals. 

We recommend constant monitoring of the levels of heavy metals in water, sediments, 

and tissues of some environmental quality bioindicator species such as amphibians in early 

stages of development, mainly at sites with highly developed industrial and mining 

activities. This will enable design and application of better conservation programs for this 

threatened biological group. 
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