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ABSTRACT 

The accumulation of Cd, Cu, Zn and Pb in water, sediment and biota collected 

along Lužické mountains springs were determined using flame 55 Atomic 

Absorption Spectrometer (F55AAS) and graphite tube atomizer AA (GTA 120) 

(Agilent technologies). Sediments were subjected to both sequential 

extraction and pseudototal digestion procedures. Low pH, electrical 

conductivity, OD, and temperature were found in the autumn season than 

spring season. Near neutral pH (5.49 - 8.02) was found in 11 from 20 springs 

during spring season; while in the autumn season, acid pH (4.62 - 6.80) was 

observed in 15 from 18 springs. During spring season conductivity ranged 

from 78.7 - 762 µS/cm, the temperature ranged from 7.3 - 14.1ºC and OD 

ranged from 4.11 - 10.83 mg.l-1. During autumn season conductivity ranged 

from 93 - 907 µS/cm, the temperature ranged from 6.6 - 11.6ºC and OD 

ranged from 3.19 - 11.28 mg.l-1. The toxic metal concentrations in water 

ranged from 0.0001 - 0.0015 mg/l Cu, 0.0002 - 0.0116 mg/l Zn, 0.0000 - 

0.0002 mg/l Pb and 0.0000 - 0.0004 mg/l Cd; in sediment 0.00 - 91.70 mg/kg 

Cu, 9.15 - 134.71 mg/kg Zn, 0.00 - 83.67 mg/kg Pb and 0.01 - 3.56 mg/kg Cd 

and in biota 4.86 - 53.52 mg/kg Cu, 46.82 - 191.44 mg/kg Zn, 0.00 - 6.93 mg/kg 

Pb and 0.01 - 5.99 mg/kg Cd. According to the logarithmic distribution 

coefficient – log Kd, the metal most easily released from the sediment is Cu 

(2.8) in BS1017, log Kd  ranged from 2.80 - 5.58 Cu, 3.53 - 5.53 Zn, 3.39 - 

4.88 Cd and 5.01 - 6.62 Pb, log Kd values >4 reflect lower availability, which 

means lower migration potential into liquid phase. According to HQ, sediments 

of springs do not seem to be significantly loaded by toxic metals, with the 

exception of Pb, HQ-TEC > 1 were found in ES1014, ES1009, EN1021, 

EN1011, EN1004, DN1012 and DN1010, and HQ-PEC > 0.5 was found in 

EN1021. EN1022 was considered the most contaminated spring with toxic 

metals Cd (3.56 mg.kg-1), Zn (134.71 mg.kg-1), Cu (43.48 mg.kg-1) and Pb 

(62.37 mg.kg-1), specially Cu, 13 times more than the background values; 

however, mobility factor – MF is significantly very high for Cd - 91%, Cu - 

73.60%, Zn - 36.85% and Cd - 4.05%.  Biota sediment accumulation factor – 

BSAF ranged from 0.96 - 16.44 Cu, 1.11 - 16.89 Zn, 0.87 - 81.89 Cd and 0.02 

- 0.37 Pb, BSAF recorded the highest values Cd accumulation. The following 

order of bioavailability was found with the toxic metals Cd > Zn > Cu > Pb.  

 

key words: 
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I. Introduction: 

Springs are an interface between surface and groundwater (Williams, 1991). 

They provide unique habitats for many rare species (Lindegaard et al., 1998) 

and for relict species that have survived in an environment of rather stable 

ambient conditions (Von Fumetti, 2008 ex. Hynes, 1970; Ito, 1998). At their 

sources (orifices, points of emergence), the physical geomorphic template 

allows some springs to support numerous microhabitats and large arrays of 

aquatic, wetland, and terrestrial plant and animal species (Springer & Stevens, 

2009). In the other hand, springs are rather limited in size, which makes them 

very vulnerable to anthropogenic impacts (Orendt, 2000) and leads to a 

relatively low number of species found in individual springs (Lindegaard et al., 

1998; Von Fumetti, 2008).  

Metals have received particular attention among other non-degradable toxic 

chemicals because of their adverse effects on the environment, organisms, 

human health and especially in sediment, water quality and some aquatic life 

forms. Sediments accumulate higher levels of hazardous trace elements than 

water, causing serious problems due to their toxicity and bioaccumulation 

(Morillo et al., 2007; Seen et al., 2008). The toxicological effect of metals has 

not been well understood, especially if they occur in mixture of metals or are 

present with other chemical components such as nutrients or sulfides 

(Komínková & Nábělková, 2007). It is necessary to identify and quantify the 

mode of occurrence in which a metal is present in sediment to gain a more 

precise understanding of the potential and actual impacts of the elevated level 

of metals in sediments (Singh et al., 2005). Extensive studies on the 

accumulation of toxic metals on springs are needed to gather information 

about their potential risk in the environment for the prevention and effective 

management of spring ecosystems. The research is focused on the 

assessment of the chemical status of springs and the importance of toxic metal 

accumulation in aquatic ecosystems as a part of the ecological status 

assessment.  

The aim of the research is to assess the occurrence of toxic metals in sediment 

and biota of springs located in the Lužické Mountains area. The research will 

evaluate the risk related to metals occurrence and compare the role of 

geological background on metal distribution in the aquatic environment. 
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II. Literature Review: 

 

2.1. SPRINGS 

Springs are unique ecosystems at the interface between groundwater and 

surface water (Wetzel & Webb, 2007 ex. Webb et al., 1998) and between the 

terrestrial and the aquatic habitat (Cantonati et al., 2006). They are an ecotone 

providing their own characteristic environment for the organisms living in and 

around springs (Lindegaard et al., 1998; Von Fumetti, 2008). In contrast to the 

rhithral and potamal of rivers and streams they provide relatively stable abiotic 

conditions with small temperature amplitudes, little impact of nutrients and also 

a relatively stable discharge regime (Von Fumetti, 2008 ex. Van der Kamp, 

1995). Karst springs, which are often intermittent springs, are exceptional, 

responding quickly to strong rainfalls and drought periods (Zollhöfer et al., 

2000). Despite their ubiquitous distribution on earth and their special 

characteristics, making them “natural laboratories” (Von Fumetti, 2008 ex. 

Odum, 1971), fewer perennial, natural springs are now found. 

A unique characteristic of springs is that they form a three-way ecotone where 

groundwater, surface water and terrestrial ecosystems interact (Barquín & 

Death, 2009; Barquín & Scarsbrook, 2007).  The location of springs at the 

interface between several distinct ecosystems creates a heterogeneous 

mosaic of aquatic, semi-aquatic and semi-terrestrial microhabitats, which has 

led many ecologists to suggest that springs are ‘‘hot spots’’ for aquatic 

biodiversity (Barquín & Death, 2009 ex. Cantonati et al., 2006; Scarsbrook et 

al., 2007). Habitat heterogeneity is usually higher in helocrene springs, where 

water emerges in a swampy area, medium in rheocrene springs, where water 

emerges directly into a stream channel, and lower in limnocrene springs, 

where water emerges into a pool (Lindegaard et al. 1998; Cantonati et al. 

2006; Barquín & Death, 2009) 

After comprehensive studies at the beginning of the 20th century (e.g. 

Steinmann, 1915; Thienemann, 1926; Geijskes, 1935) the interest in springs 

decreased, aside studies on energy fluxes and trophic relationships in spring 

ecosystems as excellent models for ecosystems in general (Von Fumetti, 2008 

ex. Odum, 1957). Previous investigations assumed that springs are habitats 

with nearly stable physical and chemical conditions (Von Fumetti, 2008 ex. 

Odum, 1957; van der Kamp, 1995). Thermal stability has been thought to be 

one of the main characteristics of springs and the reason for the presence of 
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cold stenothermic animals (Von Fumetti, 2008 ex. Illies, 1952; Erman & 

Erman, 1995 ex.). However, springs differ in their geomorphological features 

and their water supply from deep or shallow groundwater. Conditions in 

springs also change on a temporal scale. Within a spring and between springs, 

these variabilities lead to a patchy environment with fluctuating conditions for 

small, isolated populations as described in the patch dynamics concept (Von 

Fumetti, 2008 ex. Pickett & White, 1985). 

A number of reviews have been published in the 1990s (Williams et al. 1990; 

Ferrington, 1995; Botosaneanu 1998), which has helped to understand the 

ecology of springs and the importance of some key factors controlling the 

composition and structure of their biological communities, especially benthic 

invertebrate assemblages (Barquín & Death, 2009). 

 

2.1.1. Spring origin in Europe 

Spring research seriously started in Europe with the limnologist August 

Thienemann, an important researcher for the whole limnology. His trips to 

the isle of Rügen in the Baltic Sea (1925, 1926) and his research in the 

German low mountain ranges(1912) and lowlands (1923, 1926) were the 

first comprehensive studies on springs and their springbrooks (Von 

Fumetti, 2008). Thienemann was also the first, who invented the theory, 

that some spring species are glacial relicts that survived in springs 

because of their stable temperature conditions (Von Fumetti, 2008). 

Another important study on springs and springbrooks was conducted by 

Steinmann (1915) (Von Fumetti, 2008). He invented the spring typology 

of rheocrenes as “Sturzquellen” and limnocrenes as “Tümpelquellen”, 

Thienemann (1924) then added the helocrenes, the typical swamp 

springs from the north german lowlands (Von Fumetti, 2008). This “trinity” 

is still the most common ecomorphological spring typology,  

Thienemann’s student and successor Joachim Illies also conducted 

comprehensive studies on river systems including springs and 

springbrooks (Von Fumetti, 2008). He stated that the spring ends where 

the annual water temperature amplitude exceeds five degrees (Von 

Fumetti, 2008). This resulted in the famous zonation concept with the 

krenal as the spring region, the rhithral as the upper river section of the 

lower mountain range regions and the potamal as the lower river section 

of the lowlands. He also invented the terms eucrenal as the spring source 

and hypocrenal as the springbrook (Von Fumetti, 2008 ex. Illies & 
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Botosaneanu, 1963). After a time of little interest in spring ecosystems, a 

new period of spring research activity started in the late 1980’s (Von 

Fumetti, 2008).  

Due to a new environmental awareness the pollution of springs, their 

conservation and restoration and the evaluation of springs came in the 

focus of wider interest (Von Fumetti, 2008 ex. Verdonschot, 1995; 

Zollhöfer, 1997; Schindler, 2004). Despite a decrease of interest in our 

new century some spring research groups in Europe are still active and 

start investigating springs all over Europe again (e.g. Hoffsten & 

Malmqvist, 2000; Habdija et al., 2002; Smith et al., 2003; Ilmonen & 

Paasivirta, 2005; Mori & Brancelj, 2006) (Von Fumetti, 2008).  

 

2.1.2. Classification  

Much effort in the last decade was exerted to establish a classification of 

springs and to identify environmental variables that determine the 

composition of spring faunal communities. Researchers have agreed on 

the major distinction between limnocrene, rheocrene and helocrene 

springs, as they were distinguished by Thienemann (1924) (Blackwood et 

al., 1995; Ferrington, 1998; Hahn 2000; Von Fumetti & Nagel, 2011). 

Since then, many other spring typologies for different mid-European 

regions based on ecomorphological features (Von Fumetti, 2008 ex. 

Beyer, 1932; Schwoerbel, 1959; Gerecke, 1991), physicochemical (Hahn, 

2000) or chemical factors (Roca, 1990; Williams et al., 1997) have been 

developed. And also some attempts have been made to include spring 

invertebrate communities (Glazier & Gooch 1987; Roca & Castillo 1993; 

Lindegaard et al. 1998; Hahn 2000; Meyer et al. 2003; Ilmonen & 

Paasivirta 2005; Barquín and Death 2007) 

Helocrene 

Helocrene springs usually emerge in a diffuse fashion in cienega 

(marshy, wet meadow) settings (Fig. 1 and 2); where A (aquifer), I 

(impermeable stratum) and S (spring source). Hynes (1970) 

distinguished these types of springs as different from the limnocrene 

type springs described by Bornhauser (1913) halophytes (Springer 

& Stevens, 2009). What are described as soap holes ormud springs 

in Alberta also are examples of helocrenes. A soap hole or mud 

spring is “a part of the land surface characterized by a local 

weakness of limited extent underlain by a mixture of sand, silt, clay, 
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and water” (Springer & Stevens, 2009 ex.Toth, 1966). The formation 

of these springs is similar to that of quicksand. In the semi-arid 

regions of Alberta, Canada where these occur, groundwater 

discharge is typically saline, leading to the occurrence of halophytes 

(Springer & Stevens, 2009). 

Other helocrenes may have fresh water, but low oxygen 

concentrations, and support species characteristic of wetlands, or 

they may have thermal waters and primarily support bacteria. Other 

helocrene springs may have hypersaline water and support marine 

relict taxa that may occur far inland on continents at great distances 

from the ocean (Grasby & Londry 2007). The wetland continuum of 

Euliss et al. (2004) provides further classification of helocrenes 

(Springer & Stevens, 2009). 

 

 

 

 

 

 

 

 

 

 

Limnocrene 

Limnocrene springs occur where discharge from confined or 

unconfined aquifers emerge as one or more lentic pools (Figs. 3 and 

4). The term was first used by Bornhauser (1913) and then 

reinforced by Hynes (1970) (Springer & Stevens, 2009). Limnocrene 

springs exist in both the wetland continuum and groundwater 

dependent ecosystems classification systems. Although limnocrene 

springs may have a pond and aquatic species, their relatively 

uniform temperature and chemistry may cause different species to 

be present than in an adjacent surface-water dominated water body 

(Springer & Stevens, 2009). Montezuma Well in central Arizona is a 

limnocrene pool in a collapsed carbonate mound spring; the harsh, 

uniform water chemistry there appears to support the highest 

Fig. 1. Helocrene. Modified from Meinzer 

(1923). Springer et al., 2008. 

 

Fig. 2. Helocrene, soap hole, Elk 

Island National Park, Alberta, 

Canada. Source: Springer et al., 

2008. 
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concentration of endemic species of any point in North America 

(Stevens, 2007). 

 

 

 

 

 

 

 

 

 

 

 

  Rheocrene 

The term rheocrene was first coined by Bornhauser (1913) to 

describe springs where discharge emerges as flowing streams 

(Figs. 5 and 6). Spring-fed streams are also referred to as 

springbrooks or spring runs. The term was continued as a special 

habitat of running waters by Hynes (1970) because of the relatively 

uniform temperature and the de-oxygenated groundwater 

contribution to the stream (Springer et al., 2008). 

Springer et al. (2008) further recognized that there is a continuum 

between channels which are springs discharge dominated and 

those that are dominated by surface runoff. These longitudinal 

changes in flood-related disturbance, water quality, and 

geomorphology strongly direct evolutionary processes. Springflow-

dominated springs may be sufficiently stable habitats to allow for 

evolutionary micro adaptation, and ultimately speciation, whereas 

surface flow-dominated systems are typically occupied by weedy, 

generalist species (McCabe, 1998).  

The different types of channels along this continuum are distinctively 

different, in turn influencing the types of micro habitats that exist in 

them (Griffiths et al. 2008; Springer et al., 2008). 

 

 

 

Fig. 3. Limnocrene. Modified from 

Meinzer (1923). Springer et al., 2008. 

 

Fig. 4. Limnocrene, Grassi Lakes, 

Alberta, Canada. Source: Springer et 

al., 2008. 
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Other types of springs: 

Another prominent classification system that includes springs is for 

groundwater dependent ecosystems (GDE). GDE classification tends to 

focus more on vegetation components of the ecosystem because of the 

paucity of invertebrate data. The three classes described are: (1) aquifer 

and cave ecosystems, (2) all ecosystems dependent on the surface 

expression of flow, and (3) all ecosystems dependent on the subsurface 

presence of groundwater (Eamus & Froend, 2006; Springer et al., 2008). 

Springer et al. (2008) expanded the historical schemes described by 

Meinzer (1923), to include 12 spheres of discharge of springs, including: 

(1) springs that emerge in caves, (2) exposure springs, (3) artesian 

fountains, (4) geysers, (5) gushets, (6) contact hanging gardens, (7) 

helocrene wet meadows, (8) hillslope springs, (9) hypocrene buried 

springs, (10) limnocrene surficial lentic pools, (11) mound forms, and (12) 

rheocrene lotic channel floors (Springer et al., 2008). 

An integrated springs classification system should include the major 

physical, biological, and socio-cultural variables. Such a classification 

system will permit assessment of the distribution of different kinds of 

springs ecosystems, thereby improving resource inventory and 

development of conservation and restoration strategies (Sada & Vinyard 

2002; Perla & Stevens 2008; Springer et al., 2008). Alfaro and Wallace 

(1994) and Wallace and Alfaro (2001) updated and reviewed the historical 

springs classification schemes of Fuller (1904), Keilhack (1912), Bryan 

(1919), Meinzer (1923), Clarke (1924), Stiny (1933), and others; 

Meinzer’s (1923) classification system has been the most persistently 

recognized (Springer et al., 2008). Although Meinzer’s (1923) scheme has 

Fig. 5. Rheocrene. Modified from 

Meinzer (1923). Springer et al., 2008. 

 

Fig. 6. Rheocrene, Pheasant Branch 

Spring, Wisconsin, US. Source: 

Springer et al., 2008. 
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been widely used, it is not comprehensive (Springer et al., 2008). Clarke 

(1924) classified mineral springs waters  according to their principal anion. 

Consequently the main types include chloride, sulfate, carbonate and acid 

waters. There are, in adition silicate, borate, nitrate, sulfide, and 

phosphate waters and water of mixed character. It is evident that this 

classification is only approximate and rather flexible (Rankama & 

Sahama, 1968). 

Clarke (1924) considered three criteria to be most important for springs 

classification: geologic origin, physical properties, and geochemistry 

(Springer et al., 2008). Other classifications have been developed for 

specific types of geomorphology such as karst geomorphology (free 

draining, dammed, or confined springs) (Ford & Williams, 2007) or 

classification of karst springs by eight attributes: flow duration, reversing 

flow, conduit type at spring, geology, topographic position, relationship to 

bodies of surface water, distributaries, recharge, chemistry, 

culture/exploitation (Springer et al., 2008). Springs, particularly those in 

arid regions, are renowned as hotspots of biological and cultural diversity, 

and the presence of endangered or unique species and ethnological and 

historic resources often greatly influences their management. Therefore, 

ecological and cultural variables also relevant to springs classification 

include size, spatial isolation, microhabitat distribution, paleontological 

resources, the presence of rare or endemic biota, archeological or 

traditional cultural resources, and a springs’ context to surrounding 

ecosystems (Springer & Stevens, 2009). 

 

2.1.3. Water quality and spring-water chemistry 

Water quality is a term used here to express the suitability of water to 

sustain various uses or processes. Any particular use will have certain 

requirements for the physical, chemical or biological characteristics of 

water; for example limits on the concentrations of toxic substances for 

drinking water use, or restrictions on temperature and pH ranges for water 

supporting invertebrate communities (Chapman & Kimstach, 1996 in 

UNESCO et al., 1996). Consequently, water quality can be defined by a 

range of variables which limit water use. Although many uses have some 

common requirements for certain variables, each use will have its own 

demands and influences on water quality (Chapman & Kimstach, 1996 in 

UNESCO et al., 1996). Maintaining good water quality in water bodies 
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inhabited by fish and other biota is a basic requirement of aquatic habitat 

integrity. The list of specific constituents generally includes water 

temperature, turbidity (suspended solids), dissolved gases (e.g., oxygen), 

nutrients, metals, inorganic and organic chemicals, and pH (Spence et al., 

1996; Marsalek et al., 2005). While many of these constituents occur 

naturally and their concentrations exhibit certain ranges and fluctuations, 

large perturbations of such cycles may impair the performance of 

biological communities (Yoder, 1989; Marsalek et al., 2005).  

Water quality is affected by a wide range of natural and human influences. 

The most important of the natural influences are geological, hydrological 

and climatic conditions, since these affect the quantity and the quality of 

available water (Chapman & Kimstach, 1996 in UNESCO et al., 1996). 

Contaminants can impair water quality and affect water use; a 

contaminant is an undesirable substance in water that either is not 

normally present or is a naturally occurring substance at an unusually high 

concentration (Vandas et al., 2002).  

According to Vandas et al. (2002), contaminants can be divided into four 

general classes: sediment and natural organic materials, nutrients, 

bacteria, and toxic substances. These can enter water by either point or 

non-point sources. Point sources contribute contaminants at a discrete 

site, such as the outflow from a pipe, ditch, tunnel, well, concentrated 

animal-feeding operation, or floating craft (Vandas et al., 2002). Non-point 

sources contribute contaminants from a broad area; as a result, such 

sources are not as easily identified or controlled as point sources. Non-

point sources include the atmosphere, agricultural areas, golf courses, 

residential developments, roads, parking lots, and contributions from 

groundwater along lengthy reaches of streams (Vandas et al., 2002).  

Water supplying springs come mostly from precipitation, which has to 

pass through the plant cover on its way to the soil and bedrock (Malek & 

Krakowian, 2012). According to Williams (1991) springs are the most 

predictable freshwater habitats. Springs influence the downstream spring 

brook. For example, close to the spring annual temperatures of alpine 

rheocrenes vary only 1-2 °C over the annual cycle and alpine or arctic 

spring brooks remain ice-free throughout the winter (Malard et al., 1999; 

Ward, 1994; Döring, 2002). Usually, springs tend to have relatively 

constant concentrations of dissolved minerals (Van der Kamp, 1995; 

Döring, 2002), even during periods of rainfall, snowmelt and drought, in 
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contrast to surface fed streams. The solute concentrations depend on the 

geology of the passed strata (Freeze & Cherry, 1979; Döring, 2002). 

According to Mattson et al. (1995), the water chemistry of springs is 

usually very different compared to surface waters in the same region 

because retention of infiltrated water may range from days to many years 

(Van der Kamp, 1995; Döring, 2002). In response to surface water 

infiltration, water chemistry and discharge of the spring will change. The 

extent of changes depends on precipitation, snowmelt, and the 

morphology of the spring brook channel and catchment area (Ryan & 

Meiman, 1996; Döring, 2002). But the relationships between precipitation 

events and spring discharge and chemistry are complex (McCabe, 1998; 

Döring, 2002). Springs are, more or less, sealed from the atmosphere, 

which results in different dynamics of soluble gases compared to open 

systems (Snoejink & Jenkins, 1980; Döring, 2002). For example, 

dissolved oxygen concentrations often are low, although saturation may 

react rapidly in turbulent spring brooks (Van der Kamp, 1995; Döring, 

2002). 

2.1.3.1. Physical and chemical water parameters: 

Temperature 

According to McCaffrey (2013) temperature of a waterway is significant 

because it affects the amount of dissolved oxygen in the water. The 

amount of oxygen that will dissolve in water increases as temperature 

decreases. Water at 0oC will hold up to 14.6 mg of oxygen per liter, while 

at 30oC it will hold only up to 7.6 mg/L.  Temperature also affects the rate 

of photosynthesis of plants, the metabolic rate of aquatic animals, rates of 

development, timing and success of reproduction, mobility, migration 

patterns and the sensitivity of organisms to toxins, parasites and disease. 

Life cycles of aquatic organisms are often related to changes in 

temperature (McCaffrey, 2013). Water temperatures can fluctuate 

seasonally, daily, and even hourly, especially in smaller sized streams. 

Spring discharges and overhanging canopy of stream vegetation provides 

shade and helps buffer the effects of temperature changes (Anonymous, 

1996). Alfaro and Wallace (1994) have been recognized five classes for 

water temperature in springs based on a comparison of springs water 

temperature with the mean annual air temperature: cold, normal, warm or 

hot, and superthermal springs (Springer et al., 2008). Cold water springs 

are, by convention, <12.2oC cooler than the mean annual ambient 
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temperature. Spring waters within 12.2ºC of the mean ambient 

temperature may be (but are not necessarily) responding to ambient 

atmospheric temperatures. This is to be expected in springs that emerge 

from shallow aquifers and these may have temperatures that vary 

seasonally with air temperature (Springer et al., 2008). Springs with warm 

(>12.2ºC above the mean ambient air temperature, but <37.8ºC) and 

thermal water (>37.8ºC) are connected to either very large aquifers with 

long flow paths, or to geothermal sources of heat (Springer et al., 2008). 

Temperature affects the concentration of dissolved oxygen in a water 

body. Oxygen is more easily dissolved in cold water (Anonymous, 2001). 

According to Ward (1992), the temperature measured in a spring usually 

is equal to the average annual air temperature in the same region. 

However, such conditions may not be present in all systems (Döring, 2002 

ex. Smith, 1985). Increasing distances from the source results in 

increasing annual and diurnal variability in response to the ambient air 

temperature and solar radiation (Döring, 2002 ex. Resch, 1983), whereby 

closed canopies and steep valleys reduce the effect of radiation on the 

water temperature (Döring, 2002). For example, Resh (1983) recorded a 

diurnal temperature range of 20 °C, 19 m downstream of the source of a 

Californian spring. Increasing discharge lowers the daily fluctuation and 

extends the stabilizing influence to the spring brook (Döring, 2002 ex. 

Smith & Lavis, 1975).  

Bicarbonate, Calcium, and pH 

pH is a term used universally to express the intensity of the acid or alkaline 

condition of a solution. pH is considered as an important ecological factor 

and provides an important piece factor and piece of information on many 

types of geochemical equilibrium or solubility calculation (Shyamala et al., 

2008). Changes in pH can change the aspects of water chemistry. For 

example, as pH increases, smaller amounts of ammonia are needed to 

reach a level that is toxic to fish. As pH decreases, the concentration of 

metal may increase because higher acidity increases their ability to be 

dissolved from sediments into the water (Anonymous, 1996). 

As rainfall passes through the soil layer it becomes increasingly acidic 

(low pH) as a result of its reaction with the carbon dioxide (CO2) to form 

carbonic acid ((H2CO3) and by addition of natural organic acids (humic 

acid, etc.). Carbonic acid reacts with limestone (CaCO3) to produce 

dissolved calcium (Ca2+) and bicarbonate (HCO3
-)(Champion & Starks, 
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2001). As the limestone is dissolved by carbonic acid, pH increases 

because carbonic acid is consumed and calcium and bicarbonate are 

produced (Champion & Starks, 2001). In a limestone aquifer, the 

concentrations of calcium and bicarbonate ions and the pH of 

groundwater are important indicators of chemical maturity or the extent of 

chemical equilibrium with the aquifer rock materials. Water that has been 

in contact with limestone for a relatively short length of time should have 

low concentrations of these ions and a relatively low pH, while water that 

has been in the flow system for a long period of time should typically have 

higher concentrations and a higher pH (Champion & Starks, 2001). 

Groundwater discharging from the springs is generally dominated by 

calcium-bicarbonate, except along the coast where the coastal transition 

zone becomes an important influence on water quality. In addition, the pH 

of spring water typically varies between 7 and 8, indicating that the 

groundwater is at or near chemical equilibrium with limestone in the 

aquifer (Champion & Starks, 2001). 

Dissolved Oxygen (DO) 

DO is one of the most important parameters. Its correlation with water 

body gives direct and indirect information e.g. bacterial activity, 

photosynthesis, availability of nutrients, stratification etc. (Premlata, 

2009). In the progress of summer, dissolved oxygen decreased due to 

increase in temperature and also due to increased microbial activity 

(Moss,1972; Morrissette & Mavinic, 1978; Kataria et al., 1996, Patil et al., 

2012). The high DO in summer is due to increase in temperature and 

duration of bright sunlight has to influence on the % of soluble gases (O2 

and CO2). During summer the long days and intense sunlight seem to 

accelerate photosynthesis by phytoplankton, utilizing CO2 and giving off 

oxygen. This possibly accounts for the greater qualities of O2 recorded 

during summer (Krishnamurthy, 1990). Normally, DO levels in natural 

streams are fairly high unless there are large quantities of organic debris, 

sewage effluents (discharges of oxygen demanding substances), and 

high water temperatures (Marsalek et al., 2005). The amount of oxygen in 

the water, to a degree, shows its overall health. That is, if oxygen levels 

are high, one can presume that pollution levels in the water are low. 

Conversely, if oxygen levels are low, one can presume there is a high 

oxygen demand and that the body of water is not of optimal health 

(McCaffrey, 2013). 
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The concentration of dissolved oxygen in a stream is affected by many 

factors (Anonymous, 1996):  

 Temperature: Oxygen is more easily dissolved in cold water. 

 Flow: Oxygen concentrations vary with the volume and velocity of 

water flowing in a stream. Faster flowing white water areas tend to be 

more oxygen-rich because more oxygen enters the water from the 

atmosphere in those areas than in slower, stagnant areas. 

 Aquatic Plants: The presence of aquatic plants in a stream affects the 

dissolved oxygen concentration. Green plants release oxygen into 

the water during photosynthesis. Photosynthesis occurs during the 

day when the sun is out and ceases at night. Thus in streams with 

significant populations of algae and other aquatic plants, the 

dissolved oxygen concentration may fluctuate daily, reaching its 

highest levels in the late afternoon and may drop significantly by early 

morning. 

 Altitude: Oxygen in more easily dissolved into water at low altitudes 

that at high altitudes. 

 Dissolved or suspended solids: Oxygen is also more easily dissolved 

into water with low levels of dissolved or suspended solids. 

Biochemical Oxygen Demand (BOD)  

BOD is a measure of organic material contamination in water, specified in 

mg/L. BOD is the amount of dissolved oxygen required for the biochemical 

decomposition of organic compounds and the oxidation of certain 

inorganic materials (e.g., iron, sulfites). Typically the test for BOD is 

conducted over a five-day period (Patil et al., 2012). 

Chemical Oxygen Demand (COD)  

COD is another measure of organic material contamination in water 

specified in mg/L. COD is the amount of dissolved oxygen required to 

cause chemical oxidation of the organic material in water. Both BOD and 

COD are key indicators of the environmental health of a surface water 

supply (Patil et al., 2012). 

Electrical conductivity (EC) 

Electrical conductivity (EC) is a measure of water capacity to convey 

electric current. It signifies the amount of total dissolved salts (Dahiya & 

Kaur, 1999; Prasad et al., 2014). Conductivity shows significant 

correlation with ten parameters such as temperature, pH value, alkalinity, 

total hardness, calcium, total solids, total dissolved solids, chemical 
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oxygen demand and chloride and iron concentration of water (Prasad et 

al., 2014). 

Total Dissolved Solids (TDS) 

Total Dissolved Solids (TDS) is a measure of all the chemical constituents 

dissolved in the groundwater. TDS is often used to stimate the relative 

residence time of ground water in the aquifer. TDS typically increases as 

the length of ground-water flow paths increase, and in coastal areas is 

often used to determine the influence of salt water on water quality 

(Champion & Starks, 2001). This is especially important in coastal springs 

where the coastal transition zone strongly influences ground-water quality 

(e.g., King’s Bay Springs). In coastal springs that are tidally influenced, 

TDS may vary several thousand milligrams per liter over a given tidal cycle 

(Champion & Starks, 2001). 

Water containing more than 500 mg/l of TDS is not considered desirable 

for drinking water supplies, but in unavoidable cases 1500 mg/l is also 

allowed (Shrinivasa & Venkateswaralu, 2000), highly mineralized water 

may be used where better quality water is not available (Jain, 2002).  

Total Hardness (TH)  

Hardness is the property of water, which prevents the lather formation with 

soap and increases the boiling points of water (Patil & Patil, 2010). The 

hardness of water mainly depends upon the amount of calcium or 

magnesium salts or both. According to some classifications, water with 

hardness up to 75 mg/l is classified as soft, 76 – 150 mg/l is moderately 

soft, 151 – 300 mg/l as hard and more than 300 mg/l as very hard 

(Saravanakumar & Ranjith Kumar, 2011). 

Total alkalinity (TA)  

It is composed primarily of carbonate (CO3 
2 - ) and bicarbonate (HCO3

 - ), 

alkalinity acts as a stabilizer for pH. Alkalinity, pH and hardness affect the 

toxicity of many substances in the water (Patil et al., 2012). 

Nutrients (nitrogen and phosphorus) 

Nutrients are important constituents affecting the productivity of aquatic 

systems (Zalewski et al., 2004; Marsalek et al., 2005). Both N and P may 

originate from natural sources, but the main concern is caused by 

nutrients originating in sewage effluents, industrial discharges, and 

agricultural and urban runoff. Increased nutrient loadings may cause 

nutrient enrichment of surface waters and lake eutrophication, 

characterized by an overall increase of aquatic macrophytes and algal 
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biomass, and changes in the composition of the algal community from 

one-celled diatoms to filamentous green forms, followed by blue-green 

forms. Interest in N and P stems from their potential bioavailability and 

toxicity. For example, short-lived nitrite nitrogen is toxic to salmonids at 

0.1 to 0.9 mg of NO2
-, and ammonia is toxic to salmonids at concentrations 

as low as 0.080 mg, depending on pH and DO (Spence et al. 1996).  

Ammonium (NH4
-) in ground water can be derived from a number of 

sources, including animal waste products, decay of complex organic 

molecules, and the use of inorganic fertilizers. It can only persist in 

reducing environments and/or in the immediate vicinity of a source. 

Ammonium is strongly absorbed to clays and organic materials 

disseminated within an aquifer (Champion & Starks, 2001 ex. Upchurch, 

1992). Low ammonium concentrations reflect the conversion of the 

ammonium to nitrate in an oxidizing ground-water environment prior to 

reaching the springs. Low ammonium concentrations also indicate that 

any nitrogen sources contributing nitrogen to the ground-water system are 

not in the immediate vicinity of the springs (Champion & Starks, 2001). 

Nitrite (NO2
-) is very unstable in the ground-water environment. Nitrite is 

the primary step in the oxidation of ammonium and other nitrogen 

compounds to nitrate. Because nitrite is chemically unstable, it can usually 

only persist near a source. A lack of significant nitrite concentrations in 

spring water indicates that the aquifer is an oxidizing environment. It also 

indicates that nitrogen sources contributing nitrite to the ground-water 

system are not in the immediate vicinity of the springs (Champion & 

Starks, 2001). Relatively common nitrate (NO3
-), which is formed by 

oxidation of ammonia through nitrification, is essentially non-toxic to 

aquatic vertebrates and invertebrates.  Nitrate is an important component 

in the cycling of nutrients (nitrogen and phosphorus) in plant and animal 

physiology (Champion & Starks, 2001). Nitrate typically act as a fertilizer 

in soils and surface-water bodies where it promotes growth of terrestrial 

and aquatic vegetation. However, high amounts of nitrates may lead to 

excessive growth and eventual eutrophication of surface-water bodies, 

especially those that are nitrogen limited (Champion & Starks, 2001). The 

likelihood of eutrophication, and the increasing amounts of nitrate seen in 

water bodies and aquifers across the United States, has alerted many to 

the dangers of nitrate in surface and ground water across the country. In 

fact, the United States Environmental Protection Agency – USEPA 
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recently stated that nutrients (nitrogen and phosphorus) are the leading 

causes of water-quality impairment (Champion & Starks, 2001). 

Phosphorus is an essential nutrient for living organisms and exists in 

water bodies as both dissolved and particulate species. It is generally the 

limiting nutrient for algal growth and, therefore, controls the primary 

productivity of a water body (Chapman & Kimstach, 1996 in UNESCO et 

al., 1996). Artificial increases in concentrations due to human activities 

are the principal cause of eutrophication. Phosphorus is rarely found in 

high concentrations in freshwaters as it is actively taken up by plants 

(Chapman & Kimstach, 1996 in UNESCO et al., 1996). As a result there 

can be considerable seasonal fluctuations in concentrations in surface 

waters. In most natural surface waters, phosphorus ranges from 0.005 to 

0.020 mg/L PO4-P. Concentrations as low as 0.001 mg/L PO4-P may be 

found in some pristine waters and as high as 200 mg/L PO4-P in some 

enclosed saline waters. Average groundwater levels are about 0.02 mg/L 

PO4-P (Chapman & Kimstach, 1996 in UNESCO et al., 1996). As 

phosphorus is an essential component of the biological cycle in water 

bodies. High phosphorus concentrations in ground water indicate 

localized contamination by organic sources, such as human and animal 

wastes (Chapman & Kimstach, 1996 in UNESCO et al., 1996). 

 

2.1.4. Geochemistry in springs 

Among the physicochemical properties of water, its solvent action is 

geochemically of foremost importance. The solution processes are 

connected with electrolytic dissociation, whereby electrically charged ions 

are produced. The hydrogen-ion concentration of aqueous solutions is 

also of importance of geochemistry, as Atkins (1930) first pointed out, he 

gave the value for the pH of springs in calcareous regions 6.0 – 6.6 

(Rankama & Sahama, 1968). The pH in soils is usually 2 – 12, but most 

soils are neutral in reaction. In peat soils the pH varies between 4.4 and 

7.3 and in mineral soils between 4.8 and 8.2. The pH of soil regulates the 

metal uptake of plants by affecting the solubility of salts in soil solutions; 

but other factors also are effective as regulating agents. Dissolve carbon 

dioxide is important in regulating the pH of waters. Photosynthesis tends 

to increase the pH of water, owing to the consumption of the carbon 

dioxide. Limestone beds may regulate the pH of circulating pore solutions. 

Many deposits of zinc and other metal are the result of neutralizing action 
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of limestone on acid hydrothermal solutions until the pH of precipitation of 

zinc sulfide is reached (Rankama & Sahama, 1968). 

In the past, Rankama and Sahama (1968) stated that the composition and 

salinity of spring water depend on localon local conditions. Sulfates and 

carbonatesare the most important constituents of spring water, whereas 

chloride is is usually less important. The silica content may sometimes be 

rather high. Calcium is, quantitatively, the most important cation, and 

consequently th spring and well waters are hard. Usually the amount of 

carbonate exceeds that of sulfate, but, if much sulfides or sulfates are 

present in the percolated beds, the content of sulfate may be very high 

(Rankama & Sahama, 1968). According to Webb et al. (1998) the physical 

and chemical composition of spring water reflects not only the mineral 

composition of the various rock strata with which the water has been in 

contact, but also the various chemicals that percolate into ground water 

(Wetzel & Webb, 2007). 

Springer et al. (2008) recommend that eight groups of geochemical 

variables be measured during springs inventories: major anions and 

cations (chloride, sulfate, carbonate, calcium, sodium, potassium), minor 

constituents (iron, borate, silica dioxide, carbonate/chloride, triple waters), 

pollution indicators (selenium, fecal colliform), useful tracers (stable 

isotopes, radioactive isotopes, rare-earth elements), alkalinity, total 

dissolved solids concentration and specific conductance, pH, and nutrient 

concentrations (nitrate and phosphate). 

2.1.4.1. Geochemical fractions 

In the case of metal chemistry, the metal species are very important for 

scientists to determine the behavior and toxicity of metals in a variety of 

chemical forms in the environment (Wijaya et al., 2016). The free metal 

ions, metal complexes dissolved in water and adsorbed on sediment 

surfaces, and metal species that have been co-precipitated in major 

metallic sediments (silica and alumina) are considered as part of the 

variety and complex forms found in sediment. The incorporation of metals 

into the sediment system also greatly depends on the form and range of 

the metal species, the charge on the metal entering the sediment, and the 

pH of the receiving environment (Wijaya et al., 2016). Metals may be 

present in soil in several different physicochemical phases, including sinks 

for soluble or exchangeable elements in the environment and amorphous 

material (Fe/Mn oxides) bound to organic matter, sulphides, or mineral 
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fractions (residual) (Rauret et al., 1999; Zemberyov´a et al., 2006; Perez-

Lopez et al., 2010; Nemanti et al., 2011 ex. Wali et al., 2014). Determining 

their fractionation is important because the mobility and bioavailability of 

metals are highly dependent on their specific chemical forms or 27ptimize 

of binding to each soil phase (Wali et al., 2014). 

Fractionation is usually performed by using sequential extraction schemes 

(Rauret, 1998). The geochemical fractions obtained, when applying these 

schemes, are related to exchangeable metals, metals mainly bound to 

carbonates, metals released in reducible conditions such as those bound 

to hydrous oxides of Fe and Mn, metals bonded to oxidable components 

such as organic matter and sulphides, and residual fraction; which 

together form the total level concentrations (Rauret, 1998). Sequential 

extraction procedures provide more information on the origin, 

physicochemical availabilities, mobilization, and transport of metals in 

natural environments (Kierczak et al., 2008; Rao et al., 2010; Nemanti et 

al., 2011; Aiju et al., 2012 ex. Wali et al., 2014). The pH, redox potential, 

and organic matter can stimulate the mobilization and retention of trace 

metals in the natural environment (Tessier et al., 1979; Yang et al., 2009; 

Naji et al., 2010 ex. Wali et al., 2014). The European Community Bureau 

of Reference (1993) introduced a new three-step sequential extraction 

that has since been modified by Rauret et al. (1999). This BCR (Bureau 

Commune de Reference) sequential extraction method analyses different 

fractions of metals in the soil: acid-extractable (water soluble, 

exchangeable, and bound to carbonates), reducible (bound to Fe and Mn 

oxides), oxidizable (bound to sulphides and organic matter), and residual 

(Zemberyov´a et al., 2006; Pueyo et al., 2008; Saracoglu et al., 2009; 

Raži´c & Dogo, 2010; Wali et al., 2014). 

 

2.1.5. Spring Biota 

Spring invertebrate communities may be composed of groundwater, 

rhithral and terrestrial fauna and may include crenobionts (spring 

specialists) and crenophilic (showing maximum densities in springs) 

species depending on bioregional, climatic and environmental factors 

(Botosaneanu 1998; Barquín & Death, 2009). Therefore Dumnicka et al. 

(2007) affirmed the composition of fauna living in springs is influenced by 

hydrogeological conditions, their surroundings, zonal differences 

eucrenal–hypocrenal and also by disturbances, especially in the form of 
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anthropopression (Dumnicka & Rozkowski, 2010). Within the spring, 

environmental characteristics change gradually downstream and the 

boundary of the spring area (eucrenal) has been established as the point 

where water temperature differs 2°C from water temperature at the source 

(Erman & Erman, 1995; Barquín & Death, 2009), or at 5 m from the 

springhead (Fumetti et al., 2006; Barquín & Death, 2009). Thus, 

invertebrate community composition will be highly influenced by spring 

type and proximity to the source (Barquín & Death, 2009). Light is a 

fundamental variable for benthic algae for photosynthesis, but also 

temperature, nutrients, grazers, substrate stability, substrate size and 

velocity (Rolland et al., 1997; Hill, 1996; Döring, 2002). Temperature 

affects biochemical reactions (DeNicola, 1996; Döring, 2002); low nutrient 

levels can stipulate growth limitation (Borchard, 1996; Döring, 2002); and 

unstable substrate condition can lead to physical damage and lowered 

light availability (Peterson, 1996; Döring, 2002). 

Springs that represent extreme environments often support large mats of 

cyanobacteria, sulfide or iron oxidizing bacteria, or consortia of bacteria 

and archaea. Very often these define the nature of the venting fluids and 

form the visually dominant life form (Springer et al., 2008). For all lotic 

environments, it was confirmed that fauna diversity increases with greater 

substratum heterogeneity (Armitage et al., 1995). In springs, this problem 

has not been studied so frequently (Botosaneanu, 1998). Many springs 

represent a stable ecological environment,  because their physical and 

chemical variables were kept constant all throughout the year (Barquín & 

Death, 2009 ex. Odum, 1971). However, they may also have a high 

degree of substratum heterogeneity, which results in high species 

richness. This has been discovered to occur mainly in large helocrenes 

and limnocrenes (Lindegaard et al., 1998). Various chemical factors have 

been identified to influence the specific spring fauna (Glazier, 1991; 

Williams et al., 1997; Orendt, 2000; Hahn, 2000; Von Fumetti, 2008). In 

springs, fauna-substratum relationships are considered to be complex 

because springs are highly diverse and some taxa have no specific 

substrate preferences (Zollhöfer, 1999; Döring, 2002). Diverse 

(taxonomy, life forms) algae assemblages reach highest abundances on 

pebble and cobble substratum (Cattaneo, et al., 1997; Rolland et al., 

1997; Döring, 2002). Different chemical conditions may also effect the 

composition of algal biofilms (Allan, 1995; Döring, 2002). 
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Studies concerning factors influencing the occurrence of fauna have been 

carried out in European springs of various types (Thorup & Lindegaard, 

1977; Tapia, 1996; Lindegaard et al., 1998). Community composition and 

diversity have also been compared but mostly among springs treated as 

a whole. Only sporadically were studies undertaken of fauna settlement 

in springs having different types of sediments. Several studies on the 

bottom fauna in various kinds of springs, situated on diverse bedrocks 

have been carried out (Fischer et al., 1998; Lindegaard et al., 1998; 

Sambugar, et al. 2006; Von Fumetti, 2008). Permanent springs establish 

specific habitat for aquatic fauna and flora due to the stability of water 

temperature, what results in the presence of oligostenothermic species. 

Due to small dimensions of many springs niches the influence of 

surrounding terrestrial hbitas on the availability of food (various kinds of 

organic matter) as well as on the composition of fauna may be distinct. As 

a consequence even in small springs invertebrate species having different 

ecological requirements could be found (Rozkowski & Dumnicka, 2010). 

A research of Erman (2002) of long-term studies (over 20 years)  of 

springs and spring invertebrates (Sierra Nevada, California, U.S.A.), 

showed the highly individualistic nature of springs even within the same 

stream basin. Spring invertebrate assemblages differed greatly from one 

spring to another, as did timing of insect emergence and abundance of 

species. Invertebrate species richness was greater in deeper, more 

permanent springs with high concentrations of dissolved ions, especially 

calcium (Erman, 2002). In this study, only five major groups of aquatic 

invertebrates were found in all 21 springs surveyed: nematodes, 

oligochaetes, water mites, caddisflies, and chironomids. The absence of 

flatworms and stoneflies in a spring indicated that a spring was not 

permanent over the long term (Erman, 2002). 

2.1.5.1. Benthic macroinvertebrates: 

Benthic macroinvertebrates are organisms without backbones that inhabit 

the bottom substrates (Fig. 7) (for example, sediments, debris, logs, 

macrophytes, and filamentous algae) of their habitats, for at least part of 

their life cycle (Rosenberg & Resh, 1993). Benthic macroinvertebrates are 

visible to the naked eye and are retained by mesh sizes greater than or 

equal to 200 to 500 micrometers. Macroinvertebrates include insect 

larvae, annelids (leeches), oligochaetes (worms), crustaceans (crayfish 

and shrimp), mollusks (clams and mussels), and gastropods (snails). 
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Insect larvae tend to be the most abundant benthic macroinvertebrates in 

freshwater aquatic ecosystems (De Lange et al., 1994). As benthic 

macroinvertebrates tend to remain in their original habitat, they are 

affected by local changes in water quality. Some are capable of tolerating 

higher loads of pollution than others. Thus if the pollution is severe, or is 

moderate but sustained over time, the whole community structure may 

simplify in favor of tolerant species. Although the abundance of certain 

species may increase, the diversity and species richness decrease (De 

Lange et al., 1994). Along with their associated seeps and outflow brooks, 

springs provide a unique habitat for endemic species (organisms 

restricted to a localized area) of animals and plants because they usually 

provide a nearly constant physical and chemical environment (Wetzel & 

Webb, 2007). According to Wetzel and Webb (2007), past studies of 

springs generally focused on a selected taxonomic group, but provided 

minimal water quality information other than water temperature, dissolved 

oxygen, hydrogen ion concentration (as pH) and alkalinity. Aquatic 

macroinvertebrates of temperate, cold water areas are dominated by 

either a non-insectan community (Turbellaria, Annelida, Amphipoda, 

Isopoda, Gastropoda) or an aquatic insect community (Odonata, 

Ephemeroptera, Plecoptera, aquatic Diptera, Trichoptera, and aquatic 

Coleoptera). Faunal dominance by non-insect species appears in hard 

water limestone springs with a pH >7.0 and alkalinity above 25 mg/L (as 

CaCO3). Aquatic insects appear to dominate the fauna in both acidic and 

soft water springs – those with a pH <7.0, and those with an alkalinity 

below 25 mg/L, respectively (Wetzel & Webb, 2007).  

There are four feeding groups of macroinvertebrates: shredders, filter-

collectors, grazers, and predators. Shredders, such as stoneflies 

(Plecoptera), feed on plant material and some animal material, which is 

generally dead, and break it into smaller particles through their feeding 

and digestive process. Collectors, such as caddisflies (Trichoptera) and 

blackflies (Diptera), feed on fine particle organic material which they filter 

from the water. Grazers, such as snails and beetles, feed on algae and 

other plant material living on rocks and on plant surfaces. Predators, such 

as dobsonflies (Magaloptera) or dragonflies (Odonata), feed on other 

macroinvertebrates. Individual species may be generalists, and fit into 

more than one of these groups (as opposed to specialists) (De Lange et 

al., 1994). 
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Fig. 7. Macroinvertebrates (a common freshwater macroinvertebrates; 

b and c aquatic Insect Orders of freshwater macroinvertebrates).  

Source: Texas commission on Environmental Quality, URL: 

http://www.eelriverrecovery.org/documents/Ch_6_Freshwater_Macroi

nvertebrates.pdf 
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2.2. TOXIC METALS 

Toxic metals are a widespread problem in aquatic environments. Under 

natural conditions they are resistant to decomposition and can be accumulated 

in microorganisms, aquatic flora and fauna which, in turn, may enter into the 

terrestrial food chains (including human) resulting in further contamination of 

biota (Milošković et al. 2013). Toxic metals can be present in industrial, 

municipal and urban runoff, and by definition they are harmful to humans and 

aquatic biota (Okoro et al., 2012). Increased urbanization and industrialization 

have increased the levels of metal contents, especially in water ways. Mercury, 

lead, arsenic, cadmium, selenium, copper, zinc, nickel and chromium, 

however, should be given particular attention in terms of water pollution and 

discharge effects. Toxicity levels depend on the type of metals, its biological 

role, and the type of organisms that are exposed to it (Akan et al., 2010 ex. 

Okoro et al., 2012). There are various sources of metals; some originate from 

anthropogenic activities like industry, mining, draining of sewerage, urban 

drainage, dumping of hospital wastes and recreational activities. Conversely, 

metals also occur in small amounts naturally and may enter into the aquatic 

system through leaching of rocks, airborne dust, forest fires and vegetation 

(Ruqia Nazir et al., 2015). Major sources of metals in aquatic systems are the 

rock weathering and anthropogenic activities including industrial wastewater, 

drainage of land, atmospheric inputs, soil erosion, biological activities and 

urban wastes (Díaz de Alba et al., 2011; Carman et al., 2007). 

The toxicity of metals in water depends on the degree of oxidation of a given 

metal ion together with the forms in which it occurs (Chapman & Kimstach, 

1996 in UNESCO et al., 1996). As a rule, the ionic form of a metal is the most 

toxic form. However, the toxicity is reduced if the ions are bound into 

complexes with, for example, natural organic matter such as fulvic and humic 

acids. Under certain conditions, metallo-organic, low-molecular compounds 

formed in natural waters exhibit toxicities greater than the uncombined forms. 

An example is the highly toxic alkylderivatives of mercury (e.g. methylmercury) 

formed from elemental mercury by aquatic micro-organisms. Metals in natural 

waters can exist in truly dissolved, colloidal and suspended forms. The 

proportion of these forms varies for different metals and for different water 

bodies. Consequently, the toxicity and sedimentation potential of metals 

change, depending on their forms (Chapman & Kimstach, 1996 in UNESCO 

et al., 1996). 
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The effects of metals in water and wastewater range from beneficial through 

troublesome to dangerously toxic. Some metals are essential, others may 

adversely affect water consumers, wastewater treatment systems, and 

receiving waters. Some metals may be either beneficial or toxic, depending on 

concentration (Apha, 1995). This study focused on the concentration of 

dominant metals (Cu, Pb, Cd and Zn). While both Zn and Cu are bio-essential 

elements, they are potentially toxic at elevated concentrations (Fatoki, 1996). 

Lead, which is not considered to have any known biological function, can 

cause toxic effects and severe poisoning (Dao et al., 2012 ex. George & 

Goyer, 1978,). 

Zinc: In slightly basic, anoxic marsh sediment environments, zinc is effectively 

immobilized and not bioavailable (Gambrell et al., 1991). Substantial amounts 

of zinc are released to solution if this sediment is oxidized or exposed to an 

acidic environment. Very high abundances of soluble zinc are present under 

well oxidized conditions and at pH 5 to 6.5, whereas low abundances of 

soluble zinc are present at pH 8 under all redox conditions and at pH 5 to 6.5 

under moderately and strongly reducing conditions (Gambrell et al., 1991). In 

polluted river environment, most zinc is scavenged by non-detrital carbonate 

minerals, organic matter and oxide minerals and is less mobile than cadmium 

(and perhaps less mobile than lead) (Prusty et al., 1994). Elevated chloride 

contents decrease adsorption of zinc on sediment (Bourg, 1988). 

Copper: Copper is an essential metal for most organisms (Clarkson et al., 

1991) since the ions play an important role in their cellular metabolism (Karan 

et al., 1998). Beyond certain threshold levels (Prato et al., 2013) copper ions 

are extremely toxic for aquatic organisms and pose a threat to many aquatic 

organisms when available in excess (De Martinez et al., 2011). Copper ions 

can enter freshwater systems for example by runoff caused by strong rainfalls. 

In vineyards where fungicides containing copper ions are commonly applied 

(e.g. Ruyters et al. 2013), pollution of nearby springs is likely (Rychla et al., 

2015). In most other situations lead is less mobile than copper. Elevated 

chloride contents decrease adsorption of copper on sediment, due to chloride 

complexation, which results in greater solubility and mobility (Bourg, 1988; 

Gambrell et al., 1991). In systems with high total copper contents, precipitation 

of malachite controls dissolved copper contents at low pH (Bourg, 1988; 

Salomons, 1995). Sometimes, elemental substitution is more complex; for 

example, copper toxicity is related to low abundances of zinc, iron, 

molybdenum, and (or) sulfate (Chaney, 1988). 
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Lead: The main sources of lead in the aquatic environment are leaded 

gasoline and mining (Prosi, 1989). Leaded gasoline results in introduction of 

organometallic lead compounds, which eventually reach surface water, into 

the atmosphere. Mining releases inorganic lead compounds. Both organic and 

inorganic forms of lead pose serious health risks to all forms of life (Ewers & 

Schlipköter, 1990). Inorganic lead compounds (sulfide, carbonate, and sulfate 

minerals) are commonly abundant in sediment but have low solubilities in 

natural water. Naturally-occurring lead in mineral deposits is not very mobile 

under normal environmental conditions, but becomes slightly more soluble 

under moderately acidic conditions. Soluble lead is little affected by redox 

potential (Gambrell et al., 1991). Lead is tightly bound under strongly reducing 

conditions by sulfide mineral precipitation and complexion with insoluble 

organic matter, and is very effectively immobilized by precipitated iron oxide 

minerals under well-oxidized conditions (Gambrell et al., 1991). In the aquatic 

environment, total dissolved lead abundances in water and pore water control 

primary uptake by organisms. Lead bioaccumulation is primarily dependent on 

the amount of active lead compounds (predominantly aqueous species) in the 

environment and the capacity of animal species to store lead (Prosi, 1989). 

Particulate lead may contribute to bioaccumulation in organisms. Studies of 

bottom dwelling organisms suggests that iron-rich sediment inhibits lead 

bioavailability (Luoma, 1989). In a polluted river environment, lead is most 

efficiently scavenged by non-detrital carbonate and iron-manganese oxide 

minerals and is less mobile than cadmium (Prusty et al., 1994). Pb generally 

tends to persist in the soil surface layers, although a significant quantity of Pb 

bound to the soluble part of the soil organic matter can be transported with 

percolates through the soil profile (Rieuwerts et al. 1998; Finžgar et al., 2007). 

Precipitation and complexation reactions of both Pb and Zn predominate at 

soil pH 6–7 (Rieuwerts et al. 1998; Finžgar et al., 2007). 

Cadmium: cadmium (Cd) is considered as one of the most toxic heavy 

metals11 and an environmental pollutant toxic to a number of tissues 

(Klaassen et al., 1999). The persistence and ubiquitous nature of Cd is 

coupled with their tendency to accumulate in organisms ultimately produce 

toxic reactions in aquatic biota. Cd is highly toxic to some aquatic life. The 

important releases of Cd to the biosphere can be discussed as natural and 

anthropogenic activities. Anthropogenic releases are mainly from the 

mobilization of Cd impurities in raw materials (e.g., phosphate minerals, fossil 

fuels) and releases by manufacturing, use, disposal, recycling, reclamation or 
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incineration of products intentionally (Unep, 2010). When Cd is introduced to 

freshwaters, the great bulk of the metal precipitates and resides in the bottom 

of sediments. Thus, sediment may be a significant source for Cd emitted to 

the aquatic environment (Lane & Morel, 2000). The effects of Cd on aquatic 

organisms can be directly or indirectly lethal and can impact populations and 

ecosystems as well as individuals. As a persistent environmental pollutant, Cd 

can alter trophic levels for centuries and freshwater organisms (Sorensen, 

1991). 

2.2.1. Level of the anthropogenic pollution by toxic metals in aquatic 

environment 

Metals are naturally occurring elements that have a high atomic weight 

and a density at least 5 times greater than that of water. In recent years, 

there has been an increasing ecological and global public health concern 

associated with environmental contamination by these metals (Bradl, 

2002). Toxic chemicals can enter waters through direct discharge from 

industry or by improper disposal of industrial, mining, farm, and household 

wastes. In sufficient quantities, toxic substances, such as cleaning 

solvents, pesticides, and certain metals, can cause sickness, genetic 

disorders, and even kill organisms (Vandas et al., 2002). The over 

application of pesticides can result in the excess entering waters through 

runoff to surface water and infiltration into groundwaters. Even extremely 

low concentrations of some chemicals are hazardous to humans and 

aquatic life. Toxic substances also can affect an organism’s growth, 

metabolism, reproduction, or behavior. The potential dangers of many 

toxic substances are only now being recognized (Vandas et al., 2002). It 

has been reported that metals such as cobalt (Co), copper (Cu), chromium 

(Cr), iron (Fe), magnesium (Mg), manganese (Mn), molybdenum (Mo), 

nickel (Ni), selenium (Se) and zinc (Zn) are essential nutrients that are 

required for various biochemical and physiological functions. Inadequate 

supply of these micro-nutrients results in a variety of deficiency diseases 

or syndromes (Who et al., 1996). Their toxicity depends on several factors 

including the dose, route of exposure, and chemical species, as well as 

the age, gender, genetics, and nutritional status of exposed individuals. 

Because of their high degree of toxicity, arsenic, cadmium, chromium, 

lead, and mercury rank among the priority metals that are of public health 

significance (Tchounwou et al., 2014). Pollutants enter aquatic 

environments and exert adverse effects on biota at the cellular, organism, 
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population, and community levels, eventually altering the functioning of an 

aquatic ecosystem as a whole. Pollutants entering freshwaters and the 

oceans remain partly in solution and are partly adsorbed onto the surface 

of sedimentary matter (Inyang & Daniels, 2009). 

The new generation of empirically based sediment quality guidelines 

(SQGs) was developed relying on field sediment chemistry paired with 

field or laboratory biological effects data. They are often based on 

frequency distributions and account for the impact of all chemicals 

present, but they do not establish cause and effect. These approaches 

have also been shown to be useful and predictive of biological effects in 

many (but not all) marine and freshwater systems (Long et al., 2000; 

MacDonald et al. 2000). Several empirical approaches have been 

published. These are based on the 37ptimized37ed37 of benthic 

macroinvertebrate effects and total sediment concentrations. They differ 

in the way they determine the threshold effects, but many are quite similar. 

These approaches include the effects range approach (Long & Morgan 

1991; Ingersoll et al. 1996; Burton, 2002), effects level approach (Ingersoll 

et al. 1996; Burton, 2002), apparent effects threshold approach (Cubbage 

et al. 1997; Burton, 2002), and screening level concentration approach 

(Persaud et al. 1993; Burton, 2002). These approaches generally set two 

threshold levels, one below which effects rarely occur [e.g., the lowest 

effect level (LEL), threshold effect level (TEL), effects range low (ERL), 

minimal effect threshold (MET), and threshold effect concentration (TEC)], 

and one above which effects are likely to occur [e.g., the severe effect 

level (SEL), probable effects level (PEL), effect range median (ERM), toxic 

effect threshold (TET), and probable effect concentration (PEC)] (Burton, 

2002). 

MacDonald et al. (2000) developed “consensus” guidelines for total 

polychlorinated biphenyls (PCBs) using an approach similar to that of 

Swartz and then SQGs for freshwater sediments for 28 compounds, 

including metals, PAHs, PCBs, and pesticides. It is also useful to 

determine the magnitude of exceedances of multiple SQGs by using a 

hazard quotient approach (Long & MacDonald, 1998; Burton, 2002). In 

this approach, the concentration of each chemical is divided by the SQG. 

MacDonald et al. (2000) found that a mean PEC quotient of 0.5 is a useful 

threshold for determining whether or not sediment samples are toxic 

(Long & MacDonald, 1998; Burton, 2002). 
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Table 1  Threshold effect and Extreme effect sediment quality guidelines 

for metals (mg/kg) (Burton, 2002): 

SQG Cu Pb Zn Cd 

TEC 31.6 35.8 121 0.99 

PEC 149 128 459 4.98 
     

SQG, Sediment quality guideline   

TEC, Threshold Effect Concentration   

PEC, Persistance Effect Concentration   

Source: MacDonald, et al., 2000.   

 

2.2.2. Accumulation and uptake 

The primary mechanism for toxicity to organisms that live in the water 

column is by absorption or uptake across the gills (U.S. EPA, 1996). 

Uptake of contaminants in the aquatic environment can occur via a 

number of different pathways (Bianchini & Bowles, 2002; Eggleton & 

Thomas, 2004; Marsden & Rainbow, 2004, Ward, 2013). These pathways 

include the uptake of metals via active transport across a cell membrane 

and passive diffusion for dissolved phase metal, and ingestion of food and 

sediment with associated particulate phase metals (Eggleton & Thomas, 

2004; Campbell et al., 2006; Ward, 2013). In the case of sediment 

dwelling (benthic) organisms, metal accumulation may be the result of the 

combined exposure to dissolved (pore water, overlying water) or 

particulate (sediment ingestion, food) metals (Simpson et al., 2005; 

Simpson & King, 2005; Ward, 2013). The metals include copper  (Cu), 

iron (Fe), cadmium (Cd), zinc (Zn), mercury (Hg), and lead (Pb) are the 

most toxic to aquatic organisms. Some water quality characteristics which 

affect metal toxicity include temperature, pH, hardness, alkalinity, 

suspended solids, redox potential and dissolved organic carbon. Metals 

can bind to many organic and inorganic compounds which reduce the 

toxicity of the metal (Anonymous, 1996). 

The phases considered relevant in metals adsorption in sediments are 

oxides, sulphides and organic matter (Rauret, 1998). Dirilgen (2000) says 

that in natural systems, metals are not always freely available for uptake; 

a proportion may be bound in dissolved complexes. Thus, alterations of 

the physiochemical conditions of the environment (pH, redox potential, 
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organic and inorganic ligands, T, etc.) can strongly influence the relative 

proportions of the metal ions that can be taken up.  

Estimation of the total metal concentrations in sediments is not suitable to 

determine their mobility (Tüzen, 2003). Several mechanisms contribute to 

metal remobilization from contaminated sediment. First, sediment and 

associated contaminants may be resuspended by dredging, agitation from 

boat propellers, storms, floods, runoff, and activities of bottom-dwelling 

creatures (Lee & Jones-Lee, 1993; Horowitz, 1991). Second, changes in 

physicochemical conditions, such as pH or dissolved oxygen, can 

dissolve sediment-bound metals and make them available to enter the 

food chain (Horowitz, 1991). Finally, some inorganic or inert constituents 

can degrade or react with other constituents to create more soluble forms 

with higher toxicity (e.g., mercury to methyl-mercury) (Horowitz, 1991). 

The accumulation of metals in sediments from both natural and 

anthropogenic sources occurs in the same way (Idris et al., 2007), 

consequently making it difficult to identify and determine the origin of 

metals present in the sediments (Okoro et al., 2012). Moreover, the total 

concentration of metals often does not accurately represent their 

characteristics and toxicity. In order to overcome the above mentioned 

obstacles it is helpful to evaluate the individual fractions of the metals to 

fully understand their actual and potential environmental effects (Okoro et 

al., 2012 ex. Tessier et al., 1979). Single extractions are thus used 

generally to provide a rapid evaluation of the exchangeable metal fraction 

in soils and sediments (Quevauviller  & Olazabal, 2002; Sahuquillo et al., 

2003). According to Sakan et al. (2007), metals from different sources 

normally accumulate together, mostly in fine-grained fractions of 

sediments and for this reason, the determination of metal contributions 

usually requires compensation for the grain size and mineralogical effects 

on the variability of a metal in different sediment samples (i.e. 

normalization).  

Gheorghe et al. (2017) affirmed the metal bioavailability controls their 

accumulation in aquatic organisms. The factors that control the 

bioavailability of metals are the following: the organism biology (metals 

assimilation efficiency, feeding strategies, size or age, reproductive 

stage); metal geochemistry (distribution in water – sediment, suspended 

matters, and metal speciation) (Roosa et al., 2016); physical and chemical 

factors (temperature, salinity, pH, ionic strength, concentration of 
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dissolved organic carbon, total suspended solids) (Fu et al., 2014; Bonnail 

et al., 2016). The metals uptaken paths are through the permeable 

epidermis if metals are in dissolved forms or through the food ingestion if 

metals are in particulate forms. The ingestion uptake depends on factors 

(the presence of organic or inorganic complexes, pH, temperature, 

salinity, and redox conditions) plus the rate of feeding, intestinal transit 

time, and the digestion efficiency (Gheorghe et al., 2017 ex. Bryan et al., 

1985). Many studies have shown that the free hydrated metallic ion is the 

most bioavailable form for Cu, Cd, Zn (Roesijadi & Robinson, 1994), and 

Pb (Wojtkowska et al.,2016), but some exceptions have been reported 

(Wang  & Fisher, 1997). Thus, the importance of other chemical forms of 

dissolved metals and complexes formed with suitable organic ligands with 

low molecular weight should not be neglected (Gheorghe et al., 2017). It 

has been found that the presence of organic binders increases the 

bioavailability of Cd in mussels (Gheorghe et al., 2017). The organic 

compounds of metals could be more bioavailable than the ionic forms 

(Chapman et al., 1998). Other studies highlighted that bioavailability of 

metals in bivalve mollusks depends on sediment particle size due to their 

filter feeding behavior. If the particles were coated with bacterial 

extracellular polymers or fulvic acids, the Cd, Zn, and Ag bioavailability 

was significantly increased. Overall, the binding of metal decreased the 

bioavailability of metals from the sediment (Wang  & Fisher, 1997; Rosado 

et al., 2016). 

Pollutants can be uptaken by organism directly from the environment or 

through ingestion of particles [53], and the accumulation occurs when an 

organism absorbs toxic chemical with a rate faster than the chemical is 

metabolized. On the contrary, the bioconcentration refers to the chemical 

uptake from the water only, which could be assessed in the laboratory 

conditions (Gheorghe et al., 2017). It is considered that a high 

bioaccumulation potential does not necessarily imply a high potential for 

toxicity, and as a result, the toxic effects should be estimated separately. 

In addition, it was made a distinction between accumulation in a small 

concentrations range, which occurs due to physiological needs (e.g., Zn) 

and apparently uncontrolled accumulation (e.g., Cd) (Iordache, 2009). 

Metal concentrations such as Fe, Mn, Cu, Cr, and Pb were not amplified 

in the food chain (benthic fauna-fish-birds), but they were amplified for Zn 

and Cd (Gheorghe et al., 2017). Concentrations of metals were greater at 
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the end of the trophic chains, as follows: vegetation/detritus – terrestrial 

invertebrates phytophase/detritophage – terrestrial invertebrates’ 

predators – amphibians (Cd, Cr, Pb, and Cu in case of detritus chain and 

Zn in case of vegetation). The transfer of metals from benthic 

invertebrates to omnivorous fish revealed concentration of Zn and Cu in 

the liver and Zn in muscle (Iordache, 2009). 

 

2.2.3. Toxic metals in sediments and biota of aquatic environment 

Toxic metals are a widespread problem in aquatic environments. In the 

past, water quality studies focused mostly on the detection of 

contaminants in the water column and ignored the fact that sediments may 

act as large sinks or reservoirs of contamination (Horowitz, 1991). Many 

past studies also failed to recognize that remobilization of metals from 

contaminated sediment can cause water quality problems (Carvalho & 

Schropp, 2002). Sediments act as sinks and sources of contaminants 

in aquatic systems because of their variable physical and chemical 

properties (Pekey et al, 2006). Investigations pertaining to the metals in 

sediments have enlarged in recent years (Passos et al., 2010; Nguyen et 

al., 2009). Sediments are ecologically important components of aquatic 

habitat. The sediments may represent a historical record of water quality 

conditions at a particular site, the extraction of sediments brings up the 

issue of chemical partitioning and bioavailability (Marsalek et al., 1999). 

Sediments show a great capacity to accumulate contaminants, and most 

pollutants adsorbed on the sediments are not bioavailable (Nemati et al., 

2011). However, some processes such as sediments resuspension, 

desorption, redox reactions or degradation of the sorptive substance may 

induce pollutants release into the water column. Therefore, sediments not 

only act as a reservoir but also the potential source of pollutants in the 

aquatic system (Nemati et al., 2011). They are responsible for 

transporting a significant proportion of many nutrients and contaminants. 

They also mediate their uptake, storage, release and transfer between 

environmental compartments (Mohamed et al., 2014). The metals 

pollution of sediments is of major concern because of their toxicity, 

persistence and bio-accumulative nature and may be transferred to the 

overlying water and thereby entering into the food chain (Nemati et al., 

2011; Díaz de Alba et al., 2011). Weathering is not the only source of trace 

metals in sediments. Organic material also carries trace metals (e.g., Hg 
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and Cd). Naturally and anthropogenically derived non-detrital metals can 

also become associated with fine-grained inorganic and organic material 

during transportation and deposition and add to the total metal 

concentration in sediments (Carvalho & Schropp, 2002). In addition to the 

naturally occurring metals, sediments may also contain metals from 

human activities. Unfortunately, the variability of the natural sediment 

metal concentrations sometimes makes it difficult to determine whether a 

measured metal concentration represents a natural or metal-enriched 

condition (Carvalho & Schropp, 2002). Carvalho and Schropp (2002) state 

that in spite of input and transport dissimilarities, both natural and 

anthropogenic metals tend to accumulate together in sediments. As a 

result, separating and quantifying natural and anthropogenic metal 

contents becomes difficult. In the absence of anthropogenic intrusions, 

trace metals in sediments are mainly associated with silicates and primary 

minerals and therefore have limited mobility. However, the metals 

introduced by human activities show greater mobility and are associated 

with other sediment phases, such as carbonates, oxides, hydroxides and 

sulfides (Passos et al., 2010). 

Under natural conditions toxic metals are resistant to decomposition and 

can be accumulated in microorganisms, aquatic flora and fauna which, in 

turn, may enter into the terrestrial food chains (including human) resulting 

in further contamination of biota (Milošković et al., 2013).  

Aquatic organisms are generally more sensitive to Cu and Zn in water 

than are humans. For instance, fishes and crustaceans were 10-100 times 

more sensitive to Cu than mammals (Forstner et al., 1979; Flemming & 

Trevors, 1989; Wright & Welbourn, 2002; Fu et al., 2016). With increasing 

emissions to water, and sensitivity of aquatic species, Cu and Zn in 

aquatic environments might pose greater potential risks to aquatic 

organisms (Fu et al., 2016). The bioavailability and toxicity of metals to 

aquatic organisms depend on the physical and chemical forms of the 

metal as well as several physicochemical parameters (Okoro et al., 2012). 

Metal concentrations in biota are governed by the bioconcentration 

process. These processes vary within species and depend on the season 

and the biota’s development stage, behavior, sex, and its history of 

contaminant exposure (Eggleton & Thomas, 2004). The elevated 

concentration of metals in aquatic biota may cause a decrease in 

biodiversity and potential toxicological risk to the human population, for 
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people consuming organisms with a high metal content in their tissue 

(Komínková et al., 2015). 

The effects on organisms’ growth and development were triggered by the 

inhibition of enzymatic systems involved in protein synthesis and cell 

division (Gheorghe et al., 2017). The metal type modulates the 

bioaccumulation level and enzymatic systems vulnerability generating a 

multitude of effects, toxic or not (Köhler et al. 2007; Triebskorn et al. 

2008). In order to understand the interaction mechanism between the 

toxic metals and the aquatic organisms and how organisms answer to 

metal contamination, more information on bioavailability is needed (Zhou 

et al., 2007). 
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III. Methodology: 

 

3.1. Study area  

The study site comprised 20 samplig sites locate in the Lužické mountains 

springs, Liberec (North part of the Czech Republic) (Fig 8). The suburbs of 

Liberec have a population of 150.000 inhabitants which makes it the fifth 

largest city. The region shares international borders with Germany and 

Poland. Liberec is a city with a significant rainfall. Average annual rainfall is 

about 604 mm. The temperature average is 7.3 °C. The driest month is 

February (30 mm of precipitation), most of the precipitation falls in July 

(averaging 78 mm). With an average of 16.7 °C, July is the warmest month 

and January is the coldest month, with temperatures averaging -2.8 °C. Due 

to geology fault, the sampling sites were named according to their locations in 

three different zones (B, D and E) in the North and South (Fig. 9). Description 

of sampling sites are showed in Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Map of the study area with locations of the sampling sites.  

Source: http://www.mapcruzin.com/free-czech-republic-arcgis-maps-shapefiles.htm 
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Site 

number
Site name Localities Type Geological description Note

1 BS1007 Petrovice - Kněžický potok L
Cretaceous, quartz sandstones, locally glauconite-bearing, 

siltstones, claystones, marls

Dry -

Unsam

pled

2 BS1016 Radvanec R Cretaceous, sandstones, mostly quartzose

3 BS1017 Ortel L Cretaceous, sandstones, mostly quartzose

4 BS1018 Cesta ke Krompachu L
Cretaceous, quartz sandstones, locally glauconite-bearing, 

siltstones, claystones, marls

5 BS1019 Krompach - dřevěný jímací obj. R
Cretaceous, quartz sandstones, locally glauconite-bearing, 

siltstones, claystones, marls

6 BS1027 Heřmanický vodopád R Cretaceous, quartz sandstones

7 DN1010 Kryštofovo údolí - vodárna R Cambrian (Ordovician), limestones,  dolomites

8 DN1012 Vítkovský potok H Cambrian – ordovician, augen gneisses and granite gneisses

9 DN1013 Kryštofovo údolí -
Carboniferous (Early Permian), Biotite-monzogranites, 

coarse grained, porphyric (Krkonoše type)
Unsam

pled

10 EN1001 Na Skřivanech -
Carboniferous (Early Permian), Biotite-monzogranites, 

coarse grained, porphyric (Krkonoše type)

11 EN1002 Jizerská kompost H
Carboniferous (Early Permian), Biotite-monzogranites, 

coarse grained, porphyric (Krkonoše type)

12 EN1004 Skautská studánka - Liberec R
Carboniferous (Early Permian), Biotite-monzogranites, 

coarse grained, porphyric (Krkonoše type)

13 EN1005 Terasy Ještědu - Frantina studánka R
Cambrian (Ordovician), sericite quartzites, locally 

metaconglomerates

14 EN1006 Pramen lesních panen R
cambrian (Ordovician), sericite quartzites, locally 

metaconglomerates

15 EN1011 Jiříčkov R Devonian, limestones

16 EN1015 Harcov - Liberec -
Carboniferous (Early Permian); Biotite-monzogranites, 

coarse grained, porphyric (Krkonoše type)

17 EN1020 Milíře L
Carboniferous (Early Permian), muscovite-biotite 

monzogranites, medium-grained (Tanvald type)

18 EN1021 Mokřad Ještěd H
Cambrian (ordovician), sericite quartzites, locally 

metaconglomerates

19 EN1022 Ostašovský potok - Ještěd R
Cambrian (Ordovician), sericite quartzites, locally 

metaconglomerates

20 ES1008 Vápno L Cretaceous, sandstones

21 ES1009 Lesnovek R Cretaceous, sandstones

22 ES1014 Janův důl H

Cretaceous, quartz sandstones, locally glauconite-bearing, 

siltstones, claystones, marls)

Springs

Zones

ES              

(Zone E South)

BS              

(Zone B South)

DN              

(Zone D North)

EN              

(Zone E North)

Table 2. Description of zones, localities, spring type (L-limnocrene, R-rheocrene, H-helocrene) and geology of sampling sites. 
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The springs were classified in three types described by Thieneman (1929), 

limnocrene, rheocrene and helocrene. The distribution of springs to groups 

according to these types are as follows:  

 

 Limnocrene springs: 

 

 

 

 

 

 

 

Fig. 9 Map of zones (BS, DN, EN, ES) and transections where sampling sites were located. 

Source:http://tuliberec.maps.arcgis.com/apps/webappviewer/index.html?id=12b41d82c186

48a2b37bc8f502de95fe 
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Fig. 10 (a BS1007, b BS1017, c BS1018, d EN1020, e ES1008) 

 

 

 Rheocrene springs: 
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Fig. 11 (a BS1016, b BS1019, c and d DN1010, e and f EN1004, g and h EN1005, I EN1006, 

j EN1011, k EN1022, l ES1009) 
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Helocrene springs: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 (a DN1012, b EN1002, c EN1021, d ES1014) 

 

Three springs were not well identified, because their source are not natural, in 

case of EN1015 (Fig. 13) its source is clearly a pipe; EN1001 (Fig. 14) and 

DN1013 (Fig. 15) are also no natural source. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. 13 EN1015  Fig. 14 EN1001   
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3.2. Sample collection and preservation 

Both biotic and sediment samples were collected at the studied sites two times 

throughout the year 2016, in the period of June 21st – July 18th  (Spring season) 

and in the period of October, 24th – 31st (Autumn season).  

Water samples were collected at the studied sites only in autumn period and 

placed in clean polyethylene bottles (Fig. 16).  For sediment sampling, 

approximately 0.5 kg of sediment was collected from the superficial layer (0-

20 cm) by plastic scoop and placed in clean polyethylene containers and 

freeze-dried (at most sites, there was only a thin layer of sediment; hence, it 

was possible to sample sediment only to 5 cm depth) (Fig. 17). 

 

 

 

 

 

 

 

 

 

Macroinvertebrates were collected by artificial substrate samplers (Fig. 18) 

(Taylor & Kovats, 1995) deployed on the bottom of the springs for a period of 

1 month, sufficient to obtain an adequate sample for metal analyses 

(Komínková & Nábělková, 2007). Artificial samplers were made from sorted 

Fig. 15 DN1013  

Fig. 16 Water samples collection Fig. 17 Sediment samples 

collection 
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stone of grain size 0.5 – 2.5 cm. Organisms in the samplers and on their 

surface were collected in pouches, then they were identified by the family or 

species level (Fig. 19). The organisms were frozen and then freeze-dried, with 

the full content of their guts. This approach was applied to identify the amount 

of metals that can potentially be ingested by the predator, who consumes the 

entire prey. Hence, the predator can consume metals bound in biological 

tissue as well as metals present in sediment and water in the guts of the prey. 

All type of samples were placed in coolers and transported to the laboratory 

within several hours of sample collection (Marsalek et al., 1999).  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19 (a and b identification and separation of biotic samples by type of 

species at laboratory) 

 

Fig. 18  (a an artificial substrate sampler in spring; b collection of samplers in pouches) 
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3.3. Methods of chemical analyses 

All analyses were carried out in the laboratory of the Department of Applied 

Ecology of the Czech University of Life Sciences Prague.  

Basic parameters of physical – chemical quality of water of springs 

(Temperature, dissolve oxygen (DO), electric conductivity and pH) were 

determined in-situ using the handheld digital analyzer (HACH, HQd Field 

Case) (Fig. 20), Water samples were fixed by the addition of a small amount 

of HNO3 and analyzed by an atomic absorption spectrometer with graphite 

furnace atomization (GFAAS) (Nábělková & Komínková, 2012). 

 

 

 

 

 

 

 

 

 

 

 

Each sample of sediment was sieved through a sieving machine (FRITSCH, 

SPARTAN, Germany) with a frequency (Hz) 50/60, to separate into four 

fractions (Fig. 21): > 0.609 mm (Total); 0.609 mm – 0.206 mm; 0.206 mm – 

0.061 mm and < 0.061 mm; for approximately 40 to 60 minutes to obtain at 

least 1 g of the last fraction. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 20 Physico – chemical water parameters (a and b measurement of water parameters 

using the handheld digital analyzer for pH, temperature, conductivity and DO) 

Fig. 21 Sieving of sediment samples (a sieving machine; b sediment fractions after 

sieving) 
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Microwave Digestion procedure 

Sediment samples were digested following the US EPA 3052 microwave (MW) 

digestion method. A representative sample of 0.5 g up to 1.0 g of sediment 

fraction was placed in 9 ml nitric acid – HNO3 (65%) and 1 ml hydrogen 

peroxide – H2O2 (30%). The sample and acid are placed in suitable inert Teflon 

microwave vessels (Fig. 22). The vessel was sealed and heated in a 

microwave oven (BERGHOF, MWS-2, Germany) at 180 °C for 30 min, (by 

program P2). After cooling, the digests were filtered (Fig. 23), adjusted to 50 

ml with deionized Milli-Q water, and stored at 4 °C in polypropylene bottles 

until analysis. A procedure blank (reagents without any sample) was subjected 

to the same digestion procedure. This method provides information about the 

available fraction of the metal content (Bettiol et al. 2008).  

The biotic samples were microwave digested. Digestion was performed in a 

microwave oven (BERGHOF, MWS-2, Germany) in two steps; first step, a 

maximum 0.2 g of crushed organisms was placed in 4 ml HNO3 (67%) and 1 

ml H2O2 (30%). The samples were put in vessels, then they were covered and 

left for 12 hrs in the laboratory. This step was to prevent a blustering reaction. 

The second step, add 5 mL of concentrated HNO3 to the vessels of the 

previous step. The vessels are sealed and heated in a microwave oven 

(BERGHOF, MWS-2, Germany) at 180 °C for 30 min, with the microwave 

system P6 (by program P6). After cooling, the digests were filtered, adjusted 

to 10 ml with deionized Milli-Q water, and stored at 4 °C in polypropylene 

bottles until analysis. A procedure blank (reagents without any sample) was 

subjected to the same digestion procedure. 

The accuracy of the analytical procedure for pseudototal metal concentration 

in sediment was checked using certified reference material by Metranal 

(sediment reference material QCM06, fine sediment; and QCM01, river 

sediment). 
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BCR sequential extraction procedure 

The binding behavior of metals to different geochemical fractions and the 

biological availability of metals bound to sediment were assessed by a 

sequential extraction procedure. Soil samples were analyzed by the modified 

BCR three-step sequential extraction procedure described by Nemati et al. 

(2011) and Davutluoglu et al. (2011). Sequential extraction involved three 

main steps and a fourth step as added by Rauret et al. (1999). In the first step, 

the exchangeable and soluble fractions were extracted. Extraction with acetic 

acid solution (40 mL of 0.11 mol L-1) in a mechanical end-over-end shaker at 

30 ±10 rpm at Digital orbital shaker (SHO-2D Model, 230 Volts, Korea) for 16 

h. The extract was separated from the solid residue by centrifugation (MPW-

251,18000rpm, Poland) (Fig. 24) at 6000 rpm for 10 min and collected in 

polyethylene bottles. The residue was washed by shaking for 15 min with 20 

mL of deionized water and centrifuged for 10 min at 6000 rpm . The resulting 

supernatant was discarded. 

In the second step, the reducible fraction was extracted. We added 40 mL of 

0.5 mol/L hydroxyl ammonium chloride solution to the residue from the first 

step and re-suspended the mixture by mechanical shaking for 16 h at RT. The 

acidity level of this reagent was adjusted to pH 1.5 with HNO3. The extract was 

separated, and the residue was washed in the same manner as described in 

the first step. 

In the third step, the oxidizable fraction was extracted. We cautiously added 

10 mL of 8.8 mol L-1 H2O2 solution to the residue from the second step and 

digested the mixture for 1 h at RT and 1 h at 85 ± 2 °C (Fig. 25). The volume 

was reduced to less than 3 mL. A second aliquot of 10 mL of H2O2 was added 

to the mixture, which was digested for 1 h at 85 ± 2 °C until the volume of the 

Fig. 22 Digestion procedure 

of sediment samples 
Fig. 23 Filtration of samples and adjusted to 50 

ml with deionized Milli-Q water 
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Fig. 24 Centrifugation of the extracts Fig. 25 Digestion of the mixture at 85 ± 2°C 

residue reached 2 to 3 mL (Fig. 26). The residue was mixed with 40 mL of 1 

mol L-1 ammonium acetate solution, adjusted to pH 2 with HNO3 and shaken 

for 16 h at RT. The extract was separated, and the residue was washed in the 

same manner as described in previous steps. In the fourth step, the residual 

fraction was extracted (Rauret et al., 1999). The residue from the third step 

(Fig. 27) was digested using 9 ml nitric acid – HNO3 (65%) and 1 ml hydrogen 

peroxide – H2O2 (30%). After cooling, the digests were filtered, adjusted to 50 

ml with deionized Milli-Q water, and stored in polypropylene bottles until 

analysis. A procedure blank (reagents without any sample) was subjected to 

the same digestion procedure.  The quality of the analytical data for the 

sequential extraction procedure was assessed by carrying out analyses of the 

certified reference materials BCR-701 and CRM483. BCR-701 is a lake 

sediment certified for extractable metal contents in the three steps of the 

modified BCR sequential extraction procedure and indicative values for aqua 

regia extraction (Pueyo et al., 2001). CRM483 is a sewage sludge amended 

soil that has indicative values for Cd, Cr, Cu, Ni, Pb and Zn in the 3 steps of 

the BCR extraction procedure. Additionally, the BCR sequential extraction 

procedure was also applied to the reference soil SRM 2710 (Gillis, 1997), 

which is certified for its total element concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 26 Reduction of volume of the residue 

between 2 – 3 mL 
Fig. 27 The residue from the third step 
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Determination of metal by AAS  

The concentrations of metals in the extracts were determined using flame 55 

Atomic Absorption Spectrometer (F55AAS) (Fig. 28) and graphite tube 

atomizer AA (GTA 120) (Agilent technologies) (Fig. 29). The relative standard 

deviations for triplicate measurements were lower than 10 % for the FAAS and 

lower than 15 % for the GFAAS. Replicate analyses of these reference 

materials showed good accuracy, with recovery rates for metals between 90 

and 108 %. As an additional check on the analytical procedure, selected 

samples were digested and optimize. The accuracy for FAAS is 100 – 95% 

(measurement is every 10 second) and the accuracy for GFAAS is 100 – 90% 

(it must be replicate). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

3.4. Toxic metals hazard identification 

The results from chemical analyses are used as an indicator of the potential 

for a toxic metal hazard in the aquatic ecosystems.  

Concentrations of toxic metals in water were compared with the Environmental 

Quality Standard (EQS) of Government Order 229/2007 (Nábělková & 

Komínková, 2012). An estimation of bioavailability and the hazard of metals in 

sediments was based on several indexes: Distribution Coefficient (Kd) is the 

ratio between a pollutant concentration in sediment (cs) and its concentration 

in water (cw): 

Kd Cs 

              Cw   [L.kg-1
 ] 

 

 

Fig. 28 Flame 55 Atomic 

Absorption Spectrometer 

(F55AAS) and samples 

Fig. 29 Graphite Tube Atomizer AA (GTA 120) 
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Kd gives information about what medium (water or solid phase) is crucial for 

the risk assessment (U.S. EPA, 1999; Nábělková & Komínková, 2012). This 

distribution coefficient is one of the most important parameters for assessing 

the migration potential of a contaminant present in the liquid phase that is in 

contact with sediment or suspended matter. Values of logKd>5 are calculated 

for elements/compounds that prefer binding to solid phases and only 

marginally migrate into liquid phase (Nábělková & Komínková, 2012). On the 

contrary, values of logKd<4 characterize chemicals more easily released from 

solid phases and logKd<3 chemicals present preferentially in the liquid phase 

(Komínková, 2001). Hazard Quotient (HQ) characterizes the danger of a 

pollutant for the aquatic environment by comparison with a particular EQS. To 

evaluate the pollutant concentration in sediment, the following equation can 

be used:  

HQ Cs

        EQS 

 

where cs is the measured concentration of a pollutant in sediment and EQS is 

a suitable criterion for the assessment of sediment quality. In this study, the 

US Environmental Protection Agency (USEPA) benchmark Threshold Effect 

Concentration (TEC) and Probable Effect Concentration (PEC) were used 

because of the absence of suitable criteria in Czech national legislation. An 

ecological hazard is indicated for HQ>1 (Barnthouse  et al., 1982 ex. 

Nábělková & Komínková, 2012). Based on the value of HQ, it is possible to 

predict changes in benthic community composition by categorization 

according to Clements et al., (2000): HQ<1 indicates unpolluted locality with 

no or reversible effect on aquatic organisms; 1<HQ<2 shows low pollutant load 

with no acute danger for organisms; 2<HQ<10 signalizes intermediate 

pollutant load with fatal effect to sensitive species and HQ>10 means high 

pollutant load reflecting on benthic diversity decrease (Nábělková & 

Komínková, 2012). 

Mobility Factor (MF). The bioavailability and consequently the hazard of 

problematic metals (Cd, Cu, Pb and Zn) according to their binding strength in 

sediment are evaluated by MF, as described by Kabala and Singh (2001): 

MF C12 

         Cs.100[%] 
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where c1+2 is the concentration of a pollutant bound to the two most available 

geochemical sediment fractions (exchangeable and carbonates) and cs is the 

overall concentration of a pollutant in sediment (the sum of concentrations in 

all geochemical fractions: exchangeable, carbonates, Fe/Mn oxides, organic 

matter and residual). This factor expresses the ability of the sediment to 

release mobile (the most toxic) forms of pollutants during changes of 

conditions in the aquatic environment (Nábělková & Komínková, 2012).. Risk 

Assessment Code (RAC). Based on values of MF, the risk of sediment 

contaminated by Cd, Cu, Pb and Zn for water environment was quantified by 

an RAC (Table 3) (Jain, 2004; Hnatukova, 2007). 

Biota sediment accumulation factor (BSAF). The bioavailability of toxic metals 

was verified directly by analyzing their concentrations in aquatic organisms 

(benthos). The ability of benthic organisms to accumulate metals from 

sediments is indicated by the BSAF, calculated as:  

BSAF CB 
             Cs 
 

where cB is the concentration of a metal per dry weight of an organism and cs 

is the concentration of that metal in sediment (Rand, 1995 ex. Nábělková & 

Komínková, 2012). Furtehrmore, the Directive 2008/105/EC of Environmental 

Quality Standards (EQS) entail values for various chemicals in biota 

(Gheorghe et al., 2017). 

 

 

 

Table 3 Quantifying the Risk of Contaminated Sediment for the Water 

Environment by RAC 

RAC 1 2 3 4 5 

MF <1% 1-10% 11-30% 31-50% >50% 

Risk no low intermediate high very high 

Source: Nábělková & Komínková, 
2012.    
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3.5. Statistical analyses 

The concentrations of toxic metals in sediments obtained from digested 

procedure – Autumn season, were tested in relation to the type of springs 

(rheocrene I, limnocrene (L), helocrene (H) and antrophogenic (A)); type of 

geology: (car 1 (Carboniferous (Early Permian), biotite-monzogranites),  car 2 

(Carboniferous (Early Permian), muscovite-biotite monzogranites), cra 1 

(Cretaceous, quartz sandstones), cra 2 (Cretaceous, sandstones), cam 1 

(Cambrian, augen gneisses), cam 2 (Cambrian, limestones), cam 3 

(Cambrian, sericite quartzites) and dev 1 (Devonian, limestones)) and levels 

of sediment fractions (<0.061 mm, 0.206-0.061 mm,  0.609-0.206 mm and > 

0.609 mm total fraction). The concentrations of toxic metals in sediments, 

obtained from sequential extraction procedure, were tested in relation to the 

type of springs (R, L, H and A); type of geology: (car 1,  car 2, cra 1, cra 2, 

cam 1, cam 2, cam 3 and dev 1) and chemical fractionation 

(Mobile/exchangeable, reducible, oxidizable and residuals).  

The concentration of toxic metals (Cu, Cd, Zn and Pb) was used as a response 

variable in sediments, while type of springs, type of geology and fraction levels 

(sediment fractions and geochemical fractions) were used as predictors for 

sediment. The depence of the response variable on predictors was tested 

using generalized linear models (GLM) in which the response variable wa 

approximated by gamma distribution with a logarithmic link function (Rinaldi et 

al., 2017 ex. Crawley, 2013). The analyses of covariance between the 

concentration of toxic metal in biota and sediments was tested using linear 

models (LM). The statistical analyses were conducted using Rstudio. 
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IV. Results: 

 

4.1. Physical chemical water parameters 

Conductivity of the springs water implies the presence of soluble forms, 

and more conductivity is the sign of high presence of ions. Conductivity 

related to the soluble forms of solids directly. The mean conductivity (EC) 

in studied sites was varying from 78.7 µS/cm at DN1012 site to 767 µS/cm  

in spring season, and from 93 µS/cm at DN1012 site to 907 µS/cm in 

autumn season. The PH of the samples in different springs was 5.49 at 

EN1020 site to 8.02 at EN1011 site in spring season, and was 4.62 at 

EN1004 site to 7.31 at EN1011 site in autumn season. We observed a pH 

decrease in autumn season, while in spring period, 11 springs of 20 were 

neutral and basic; during autumn period, only 3 springs were basic, it 

means in autumn season acid pH predominated. Temperature (T) of the 

water samples in different sites in spring season was 7.3 at EN1022 site 

to 14.1 at EN1021 site and in autumn season was 6.6 at EN1006 site to 

11.6 at EN1002 site. 

The concentration of DO in studied sites was 4.11 mg. L-1 at BS1018 site 

to 10.83 mg. L-1 at EN1022 site in spring season, and was 3.19 mg. L-1 at 

DN1012 site to 11.28 mg. L-1 at DN1010 site in autumn season. The results 

reflected a decreasing DO concentration in spring sites from spring to 

autumn season, most of them did not vary significately; although, DN1012 

decreased (7.92 - 3.19 mg. L-1) in more than 50% from spring to autumn 

season (Table 4).  
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Site 

number
Site name Localities Date pH

Conduct

ivity 

µS/cm

Temeratu

re °C

LOD 

mg/l
Date pH

Conduct

ivity 

µS/cm

Temeratu

re °C

LOD 

mg/l

1 BS1007 Petrovice - Kněžický potok 29/06/2016 25/10/2016

2 BS1016 Radvanec 29/06/2016 6.36 111.9 9.40 8.92 25/10/2016 5.41 123.6 10.10 8.70

3 BS1017 Ortel 29/06/2016 7.36 201.4 12.00 8.11 25/10/2016 6.16 192.1 9.90 8.88

4 BS1018 Cesta ke Krompachu 21/06/2016 7.05 152.6 12.40 9.52 26/10/2016

5 BS1019 Krompach - dřevěný jímací obj. 21/06/2016 7.49 192.4 9.30 4.11 26/10/2016 6.50 227.0 9.30 3.75

6 BS1027 Heřmanický vodopád 21/06/2016 7.73 117.3 7.40 9.20 26/10/2016 6.62 128.0 7.80 9.25

7 DN1010 Kryštofovo údolí - vodárna 18/07/2020 6.92 131.4 9.00 8.42 31/10/2016 6.60 251.0 8.80 11.28

8 DN1012 Vítkovský potok 11/07/2016 6.76 78.7 9.20 7.92 31/10/2016 5.68 93.0 10.80 3.19

9 DN1013 Kryštofovo údolí 18/07/2016 31/10/2016

10 EN1001 Na Skřivanech 11/07/2016 7.22 158.5 11.50 9.54 24/10/2016 6.24 137.7 10.00 10.24

11 EN1002 Jizerská kompost 11/07/2016 6.56 408.0 13.80 5.41 24/10/2016 5.52 434.0 11.60 4.49

12 EN1004 Skautská studánka - Liberec 11/07/2016 6.13 85.2 9.30 9.45 24/10/2016 4.62 103.3 8.80 8.83

13 EN1005 Terasy Ještědu - Frantina studánka 24/06/2016 7.95 276.0 7.80 7.69 24/10/2016 7.17 313.0 6.70 6.69

14 EN1006 Pramen lesních panen 24/06/2016 7.84 183.5 11.70 7.69 24/10/2016 7.17 221.0 6.60 10.68

15 EN1011 Jiříčkov 24/06/2016 8.02 334.0 12.50 10.45 24/10/2016 7.31 385.0 9.70 10.27

16 EN1015 Harcov - Liberec 11/07/2016 6.63 767.0 11.20 9.44 24/10/2016 5.56 907.0 10.60 8.74

17 EN1020 Milíře 11/07/2016 5.49 116.5 10.40 7.22 31/10/2016

18 EN1021 Mokřad Ještěd 24/06/2016 6.27 439.0 14.10 7.66 24/10/2016 6.25 566.0 8.40 9.04

19 EN1022 Ostašovský potok - Ještěd 24/06/2016 6.95 258.0 7.30 10.83 24/10/2016 6.34 261.0 8.00 10.20

20 ES1008 Vápno 24/06/2016 7.45 762.0 11.50 9.57 24/10/2016 6.64 684.0 10.10 9.16

21 ES1009 Lesnovek 24/06/2016 7.58 520.0 9.80 9.72 24/10/2016 6.80 576.0 9.30 9.40

22 ES1014 Janův důl 18/07/2016 7.47 486.0 12.60 8.25 24/10/2016 6.07 629.0 8.70 6.62

Springs

Unsampled

1. collection - 2016 2.collection - 2016

Unsampled

Unsampled Unsampled

Unsampled

Unsampled

Table 4. Physical and chemical water parameters of sampling sites 
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4.2. Accumulation of toxic metals in sediments (Determination by AAS): 

Toxic metals concentration in the pseudototal fractions (Microwave 

digestion procedure) 

Although more elements were analysed, the discussion will mainly focus 

on Zn, Pb, Cd and Cu. The concentration of Zn, Pb, Cd and Cu among 

the different pseudototal fractions (first < 0.061 mm, second 0.206-0.061 

mm, third 0.609-0.206 mm, and fourth > 0.609 mm) in  sediment samples 

from the microwave digestion procedure were obtained from the two 

periods spring and autumn season, but only the 50% of samples was 

possible to obtain all pseudototal fractions for both seasons, because the 

material content of the rest of samples was very low, due to the sediment 

of springs were mixed with stones or they associated high organic material 

content; however, all pseudototal concentrations (>0.609mm fraction) of 

sediment samples from both season (spring and autumn) were analized. 

Cu and Pb are the most abundant toxic metals in the springs sediments. 

The most occurrence of Cu among the 20 samples was in the first 

sediment fraction 65%, during spring season 70%. The 4 samples with 

the highest concentrations of Cu were EN1021 (629.26 mg.kg-1), EN1022 

(606.5 mg.kg-1), EN1020 (91.7 mg.kg-1) and ES1009 (77.28 mg.kg-1), and 

the lowest Cu concentrations were BS1027 and BS1019, both present 

concentratios under the detection limit (DL),  DL in the last three sediment 

fraction in autumn sesason. The most occurrence of Pb among the 20 

samples was in the first and third sediment fraction, 30% respectively for 

both, during spring season 80%. The 4 samples with elevated 

concentrations of Pb were EN1006 (87.02 mg.kg-1), EN1021 (83.67 

mg.kg-1), ES1009 (81.99 mg.kg-1)  and BS1016 (71.27 mg.kg-1), whereas 

the Pb content of sample ES1008 was under DL.  

The most occurrence of Zn among the 20 samples was in the first 

sediment fraction (40%), during autumn season (55%). The 4 samples 

with elevated concentrations of Zn were BS1019 (158.31 mg.kg-1), 

EN1022 (157.1 mg.kg-1), ES1009 (149.79 mg.kg-1) and BS1018 (143.48 

mg.kg-1), and the lower concentration were ES1008 (5.54 mg.kg-1) and 

BS1016 (6.22 mg.kg-1), both from third sediment fraction in autumn 

sesason). Very high Cd concentrations were detected in samples EN1022 

(3.59 mg.kg-1), EN1006 (1.59 mg.kg-1), ES1014 (1 mg.kg-1) and EN1021 
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(0.97 mg.kg-1), whereas the Cd-content of sample ES1008 was 

significantly lower (0.006 mg.kg-1).  

EN1004 site displayed the highest acid pH, 6.13 and 4.62 in spring and 

autumn season respectively, among the springs sites, while EN1011 

displayed the highest basic pH, 8.02 and 7.31 in spring and autumn 

season respectively. The pH in ES1014 site was basic 7.47 in spring 

season and acid 6.07 in autumn season. Toxic metals concentration in 

pseudototal fractions of EN1004 (Fig. 30) registered the lowest 

concentrations in 0.609-0.206mm fraction for Cu (2.93 mg.kg-1), Pb (6.05 

mg.kg-1), Zn (13.08 mg.kg-1) and Cd (0.05 mg.kg-1) in spring season, and 

the highest concentration in <0.061mm fraction for Pb (66.6 mg.kg-1), Zn 

(88.5 mg.kg-1) and Cd (0.30 mg.kg-1) in autumn season and the highest 

Cu concentration (10.78 mg.kg-1),  in <0.061mm fraction in spring season. 

Toxic metals concentration in pseudototal fractions of ES1014 (Fig. 31) 

registered the lowest concentrations in 0.609-0.206mm fraction for, Zn 

(37.68 mg.kg-1) and Cd (0.47 mg.kg-1) in autumn season, the lowest Cu 

concentration (2.93 mg.kg-1) was found in 0.206-0.061mm fraction in 

spring season, the lowest Pb concentration (17.71 mg.kg-1) was found in 

0.609-0.206mm fraction in autumn season. The highest Cu concentration 

(10.93 mg.kg-1) was found in 0.609-0.206mm fraction in spring season. 

The highest Pb concentration (45.96 mg.kg-1) was found in >0.609mm 

fraction in autumn season. The highest concentrations of Zn (90.86 mg.kg-

1) and Cd (1.00 mg.kg-1) were found in 0.206-0.061mm fraction in spring 

season. 

Total Cu concentrations in pseudototal fractions (Fig. 32) in spring season 

ranged from BS1019 (0.70 mg.kg-1) to EN1020 (91.70 mg.kg-1); in autumn 

season ranged from BS1019 and BS1027 (close to 0 mg.kg-1) to EN1020 

(54.77 mg.kg-1). EN1021 (44.96 mg.kg-1), and  EN1020 (91.70 mg.kg-1) 

sites during spring season and EN1021 (41.33 mg.kg-1), EN1022 (43.05 

mg.kg-1 ), and EN1020 (54.77 mg.kg-1) sites during autumn season, 

exceeded the EQS given by USEPA (31.6 mg Cu kg-1). 

Total Pb concentrations in pseudototal fractions (Fig. 33)in spring season 

ranged from ES1008 (close to 0 mg.kg-1) to EN1011 (47.31 mg.kg-1); in 

autumn season ranged from BS1018 (2.81 mg.kg-1) to EN1021 (83.67 

mg.kg-1). EN1022 (41.58 mg.kg-1), and  EN1011 (47.31 mg.kg-1) sites 
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during spring season and ES1009 (38.88 mg.kg-1), DN1010 (42.96 mg.kg-

1), EN1015 (44.65 mg.kg-1), ES1014 (45.96 mg.kg-1), DN1012 (46.72 

mg.kg-1), EN1011 (47.47 mg.kg-1), EN1004 (58.68 mg.kg-1), EN1022 

(62.37 mg.kg-1), and EN1011 (83.67 mg.kg-1 )sites during autumn season, 

exceeded the EQS given by USEPA (35.8 mg Pb kg-1). 

Total Zn concentrations in pseudototal fractions (Fig. 34) in spring season 

ranged from ES1008 (9.15 mg.kg-1) to EN1022 (115.93 mg.kg-1); in 

autumn season ranged from ES1008 (11.32 mg.kg-1) to EN1022 (134.71 

mg.kg-1). EN1015 (128.95 mg.kg-1), and EN1022 (134.71 mg.kg-1) sites 

during autumn season exceeded the EQS given by USEPA (121 mg Zn 

kg-1). 

Total Cd concentrations in pseudototal fractions (Fig. 35) in spring season 

ranged from ES1008 and ES1009 (0.01 mg.kg-1) to EN1022 (3.56 mg.kg-

1); in autumn season ranged from DN1010 (0.02 mg.kg-1) to EN1022 (3.51 

mg.kg-1). EN1006 (1.59 mg.kg-1), and EN1022 (3.56 mg.kg-1) sites during 

spring season and  EN1022 (3.51 mg.kg-1) site during autumn season 

exceeded the EQS given by USEPA (0.99 mg Cd kg-1). 

In average the highest pseudototal concentrations for toxic metals, Cu 

(430.48 mg.kg-1), Zn (134.71 mg.kg-1), Pb (62.37 mg.kg-1) and Cd (3.51 

mg.kg-1) were found in EN1022 during autumn season; and the lowest 

pseudototal concentrations for toxic metals, Cu (1.21 mg.kg-1), Zn (9.15 

mg.kg-1), Pb (close to 0 mg.kg-1) and Cd (0.01 mg.kg-1) were found in 

ES1008 during spring season. 
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 Fig. 30 Metals concentration (mg.kg-1) among the sediment fractions in EN1004 site. 
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 Fig. 31 Metals concentration (mg.kg-1) among the sediment fractions in ES1014 site. 
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Fig. 32 Concentration of Cu in pseudototal fraction of sampling sites. 

Fig. 33 Concentration of Pb in pseudototal fraction of sampling sites. 
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Fig. 34 Concentration of Zn in pseudototal fraction of sampling sites. 

Fig. 35 Concentration of Cd in pseudototal fraction of sampling sites. 
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Toxic metals concentration and distribution in the geochemical Fractions (BCR 

Sequential extraction) 

We used an optimized BCR sequential extraction procedure to determine the 

operationally defined fraction. The concentrations (mg.kg-1) of Cd, Cu, Pb and Zn in 

the different geochemical fractions and their proportions (%) of mobile/exchangeable, 

reducible, oxidizable, and residual fractions from the BCR sequential extraction 

procedure wre analized. 

The results showed the Cd concentration (Fig. 36) in most of sediments was strongly 

retained in the exchangeable fraction, in the chart this fraction ranged from 11% at 

BS1027 site (0.01 mg Cd kg-1) to 88% at EN1004 site (0.07 mg Cd kg-1). EN1022 site 

(real concentration in the exchangeable fraction: 2.73 mg Cd kg-1, in the chart is 

divided by 10, Fig. 36),  represented the highest Cd concentration (5.49 mg.kg-1), 50% 

of Cd concentration in this site is retaind in the exchangeable fraction, and 42% is 

retaind in the reducible fraction. Cu concetration (Fig. 37) in all sediments are mostly 

present in the oxidizable  and reducible fraction, with the exception at BS1019 site 

(6.53 mg Cu kg-1), which is mostly retained (55%) in the residual fraction; copper was 

associated with organic matter, and its mobility was controlled by the concentration 

and degradation of the organic fraction. The oxidizable fraction ranged from 13% at 

EN1004 site (3.41 mg Cu kg-1)  to 80% at ES1014 site (6.96 mg Cu kg-1); the reducible 

fraction ranged from 3% at BS1019 site to 62% at EN1004 site. Higher levels of the 

reducible fraction of Cu can be attributed to the affinity of this metal to metals 

associated with manganese and iron oxides or hydroxides (Wali et al., 2014). 

Although the Cu concentration of the sediments mentioned above are very important, 

they have low Cu concentration and does not overpass the threshold of toxic effect 

concentrations (31.6 mg Cu kg-1). Sediments from EN1022 site (355.89 mg Cu kg-1, 

in the chart is divided by 6, Fig. 34) hugely overpass this threshold,  52% of Cu 

concentration in this site is hold in the reducible fraction, 20% in the exchangeable 

fraction, and it represents the highest Cu concentration in this fraction among the 

sediments, while EN1020 (44.25 mg Cu kg-1) and EN1021 (51.25 mg Cu kg-1) sites 

also contain high concentrations of Cu, they are heavily bound to the oxidizable 

fraction (EN1020 – 64% and EN1021 – 77%) and the residual fraction (EN1020 – 

28% and EN1021 – 18%), and less than 10% is retained in the first two fractions, thus, 

they are bound to organic matter or in the form of metal sulfides (oxidizable fraction), 

and incorporated into crystalline mineral lattices, and refractory unoxidized organic 

matter as undissolved amorphous iron oxide (residual fraction).  
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Highest percentages of Pb concentration were found in residual fraction(Fig. 35), this 

fraction ranged from 6.8% at site BS1017 (3.09 mg Pb kg-1) to 92% at site BS1027 

(9.24 mg Pb kg-1). This metal is strongly bound in the crystal lattices of minerals and, 

consequently, have low mobility. Because of that, they will not be released into the 

environment. Although, slightly Pb concentrations were found in the exchangeable 

fraction; 24% at ES1009 site (1.74 mg Pb kg-1), 21% at EN1005 site (4.12 mg Pb kg-

1) and 20% at BS1017 site (3.09 mg Pb kg-1); they represent the lowest Pb 

concentration among the sediments. There is a similar distribution between the three 

sediments with the highest Pb concentrations, their concentrations were strongly 

retained in  the reducible fraction; 63% at EN1002 site (33.07 mg Pb kg-1), 48% at 

EN1015 site (34.58 mg Pb kg-1) and 48% at DN1012 site (25.1 mg Pb kg-1); but in the 

exchangeable fraction, their concentrations were very low. 

In most sediment samples the exchangeable fraction of Zn raged from 9% at EN1011 

site (67.87 mg Zn kg-1) to 27% ES1009 site (43.54 mg Zn kg-1), except for sediments 

from location EN1004 (29.41 mg Zn kg-1) and EN1005 (58.88 mg Zn kg-1), where 45% 

and 36% of total Zn was determined in the exchangeable fraction, respectively. The 

residual fraction of Zn ranged from 7% at EN1004 site (29.41 mg Zn kg-1) to 40% at 

two sites: EN1006 (86.8 mg Zn kg-1), EN1022 (117.9 mg Zn kg-1).The oxidizable 

fraction of Zn ranged from 20% at BS1017 site (39.79 mg Zn kg-1) to 48% at BS1019 

site (32.45 mg Zn kg-1), and the reducible fraction of Zn ranged from % at BS1019 site 

(32.45 mg Zn kg-1)  to 42% at BS1027 site (22.08 mg Zn kg-1). Although, in most 

sediment samples the Zn concentration (Fig. 36) is relatively equal distributed into the 

different geochemical fractions, the reducible fraction of Zn, which is bound to organic 

matter, predominated. 
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Fig. 36 (a Chemical fractionation of Cd (mg.km-1), b Cd distribution (%) in the geochemical fractions) 

Note Cd concentration in EN1022 was divided by 10 
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Note: Cu concentration in EN1022 was divided by 6. 
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4.3. Accumulation of toxic metals in biota samples (Determination by 

AAS): 

The accumulation of toxic metals in spring biota samples were analysed 

in 15 sampling sites.  

Crustacea amphipods (freshwater shrimps) were found in nine springs, in 

two of them, BS1027 and DN1010, only was found this specie. In most of 

the springs were found various feeding groups of species (Table 5). In 

EN1005, ES1008 an ES1014 predators predominated, and shredders and 

collectors in the other springs. The weight of biotic samples ranged from 

0.01 to 0.19 g, in ES1014 was found caddisfly larvae (Trichoptera) in 

greater quantity (0.10g), this was the reason to analyse it  separately. 

 

Table 5. Macroinvertebrates in the springs sites  

Feeding groups Species 

Shredders Trichoptera (caddisfly larvae) amphipods (grammarus and 

niphargus) caddisfly larvae 

Collectors/Filter 

feeders 

Bivalvia (freshwater mussel) turbellaria (flatworms) 

Oligochaeta (segmented worm) stratiomyidae (soldier flies) 

Predators Athericidae (water snipe fly), ceratopogonidae (biting midges, 

midges larvae), bugs 

 

Cu concentrations (Fig. 40) ranged from 4.86 mg.kg-1 at ES1014 - 

caddisfly to 53.52 mg.kg-1 at ES1009 – shrimps; ES1009 - shrimps and 

ES1014 - shrimps exceeded the EQS given by USEPA (31.6 mg Cu kg-

1). Pb concentrations (Fig. 41) ranged from close to 0 mg.kg-1  at EN1021 

- shrimps to 6.93 mg.kg-1 at EN1002 - mix, however any biota sample 

exceeded the EQS given by USEPA (35.8 mg Pb kg-1). Zn concentrations 

(Fig. 42) ranged from 46.82 mg.kg-1 at EN1002 - mix to 191.44 mg.kg-1 at 

BS1016 – mix; ES1014 - mix (142.82 mg.kg-1), ES1014 - shrimps (122.57 

mg.kg-1), EN1004 - mix (171.40 mg.kg-1) and EN1006 - mix (179.08 mg.kg-

1) exceeded the EQS given by USEPA (121 mg Zn kg-1). Cd 

concentrations (Fig. 43) ranged from 0.01 mg.kg-1 at ES1009 - mix to 5.99 

mg.kg-1 at EN1004 - mix; ES104 - caddisfly (2.07 mg.kg-1), EN1005 - 

shrimps (2.33 mg.kg-1) and mix from EN1021 (1.20 mg.kg-1), EN1005 

(1.30 mg.kg-1), EN1011 (1.70 mg.kg-1), ES1014 (2.14 mg.kg-1), EN1001 

(2.17 mg.kg-1), DN1012 (2.94 mg.kg-1), EN1005 (4.81 mg.kg-1), and 

BS1016 (5.65 mg.kg-1) exceeded the EQS given by USEPA (0.99 mg Cd 
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kg-1). Biota samples reflected lower Pb concentrations and did not 

overpass the EQS benchmarks, the highest Zn and Cd concentrations 

were found in BS1016 and EN1004, and they exceeded the EQS 

benchmarks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 40 Concentration of Cu in biota of sampling sites. 

Fig. 41 Concentration of Pb in biota of sampling sites. 
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Fig. 42 Concentration of Zn in biota of sampling sites. 

Fig. 43 Concentration of Cd in biota of sampling sites. 
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4.4. Hazard assessment: 

The hazard assessment, performed using the indexes described above, 

showed interesting results. According to the distribution coefficient (Table 

6), the metal most easily released from the sediment is Cu (log Kd 2.8 at 

BS1017 site). Differences in log Kd values among sampling sites for 

particular metals are seen as well. For instance, Zn and Cd are most 

available from sediments of BS1016, but Kd values for Zn are mostly >4. 

Higher Kd values for Pb (5.01 – 6.62) reflect lower availability, which 

means lower migration potential into liquid phase. 

    Table 6. Average distribution coefficient (log Kd) of studied sites 

  

 

 

 

 

 

 

 

NA – data not available (Cu concentration under detection limit – DL) 

The hazard quotient (HQ – TEC) (Table 7) indicates dangerous 

concentrations of Pb in 47% of sediments, especially in sediment from 

EN1021 site, which also reflects slightly higher concentration of Cu, Zn 

and Cd among the sediments. The value of HQ – TEC >2 for Pb in this 

site probably originate in runoff from heavy traffic areas from the upper 

side. Cu can be evidence of either industrial waste water impacts or runoff 

from residential areas, where Cu materials are used for roofs components.  

Sediments from EN1021 site are slightly loaded by Cu (1.31) and Zn (0.69) 

and according to Clements et al. (2000), the HQs (ranging from 1- 2) 

indicate low environmental danger with no acute risks to the benthic 

community. According to MacDonald et al. (2000) a mean PEC quotient of 

0.5 is a useful threshold for determining whether or not sediment samples 

are toxic (Burton, 2002). The hazard quotient (HQ – PEC) values (Table 

Log Kd Cu  Zn  Cd  Pb  

BS1016 3.97 3.53 3.54 5.96 
BS1017 2.80 4.31 4.10 5.01 
BS1019 NA 4.43 3.60 5.40 
BS1027 NA 4.38 3.39 5.48 
DN1012 4.27 4.24 3.63 5.89 
EN1001 4.17 4.31 4.10 5.90 
EN1002 3.79 4.28 3.48 6.09 
EN1004 4.80 4.29 3.48 6.59 
EN1005 5.58 4.77 4.69 5.89 
EN1006 4.68 4.49 3.52 6.37 
EN1011 5.21 5.53 4.88 6.50 
EN1015 3.80 4.38 3.43 5.97 
EN1021 4.78 4.10 4.51 6.14 
EN1022 5.46 4.07 3.95 6.62 
ES1008 3.27 4.12 3.63 5.34 
ES1009 4.51 4.63 3.84 6.41 
ES1014 3.88 4.76 4.87 5.88 
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7) of sediments reflect lower concentrations in general, except EN1021. 

The value of HQ – PEC > 0.5 for Pb in EN1021 indicates higher toxic 

concentration of Pb in sediments, this result is congruent with HQ – TEC 

value for sediments from EN1021. According to HQ, sediments of springs 

do not seem to be significantly loaded by toxic metals (with the exception 

of Pb in EN1021 and EN1004, where there are a high sediment load). The 

bioavailability for Cd, Cu, Pb and Zn metals was evaluated by the Mobility 

Factor and Risk Assessment Code (Table 8) based on the sequential 

extraction procedure (Nábělková & Komínková, 2012 ex. Nábělková, 

2005; Tessier, 1979) performed on selected sediment samples.  

 

Table 7. An average value of HQ (TEC, PEC) for metals concentrations in 

sediment and BSAF for Metals in studied sites 

 
NA – data not available (Cu concentration under detection limit – DL) 
Bold Font: TEC >1, PEC >0.5 

 

 

 

 

 

 

 

 

Springs 

Cu Pb Zn Cd 

BSAF 

HQ 
–
TEC 

HQ 
–
PEC BSAF 

HQ 
–
TEC 

HQ 
–
PEC BSAF 

HQ 
–
TEC 

HQ 
–
PEC BSAF 

HQ 
–
TEC 

HQ 
–
PEC 

BS1016 3.78 0.08 0.02 0.07 0.38 0.11 16.89 0.09 0.02 81.89 0.07 0.01 

BS1017 13.36 0.02 0.00 0.08 0.70 0.20 2.02 0.39 0.10 5.89 0.16 0.03 

BS1027 NA 0.00 0.00 0.20 0.13 0.04 1.11 0.60 0.16 7.02 0.02 0.00 

DN1010 4.69 0.16 0.03 0.03 1.20 0.34 1.62 0.34 0.09 32.64 0.02 0.00 

DN1012 4.05 0.14 0.03 0.08 1.31 0.36 1.24 0.50 0.13 6.85 0.43 0.09 

EN1001 1.50 0.16 0.03 0.09 0.83 0.23 1.79 0.50 0.13 8.65 0.25 0.05 

EN1002 1.41 0.20 0.04 0.37 0.52 0.15 1.78 0.22 0.06 21.83 0.04 0.01 

EN1004 2.70 0.18 0.04 0.11 1.64 0.46 4.61 0.31 0.08 23.54 0.26 0.05 

EN1005 1.53 0.91 0.19 0.17 0.32 0.09 4.08 0.50 0.13 42.89 0.20 0.04 

EN1006 3.89 0.25 0.05 0.19 0.98 0.27 3.33 0.59 0.15 0.87 0.10 0.02 

EN1011 2.10 0.57 0.12 0.02 1.33 0.37 2.49 0.56 0.15 7.36 0.30 0.06 

EN1021 0.96 1.31 0.28 0.07 2.34 0.65 2.37 0.69 0.18 2.08 0.98 0.20 

ES1008 12.36 0.09 0.02 0.17 0.30 0.08 16.10 0.09 0.02 27.00 0.03 0.01 

ES1009 7.59 0.30 0.06 0.04 1.09 0.30 5.42 0.24 0.06 1.74 0.03 0.01 

ES1014 16.44 0.10 0.02 0.20 1.28 0.36 5.18 0.52 0.14 6.19 0.75 0.15 
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A low bioavailability risk (RAC 2) was found for Pb and Cu in three studied 

sites, BS1019, EN1020 and EN1021, although these sites showed high 

bioavailability risk (RAC 4) for Cd, except for EN1021 sediment where the 

risk for Cd was very high (RAC 5). 47% of the sediments presents a RAC 

2 for Pb. Zn reflects that 41% of sediments indicate a RAC 4 and also 41% 

a RAC 5, it means Zn has a very high bioavailabity risk among the 

sediments. About 59% of sediments present a high bioavailability risk 

(RAC 4) for Cu. Cd showed a very high bioavailability risk (RAC 5), about 

59% of sediments. It can be assumed that a significantly higher 

contaminant concentration reflects a higher proportion in more 

bioavailable geochemical sediment fractions (exchangeable and 

carbonates). An intermediate bioavailability risk (RAC 3) was found for Cd, 

Zn and Pb in sediments from EN1006 site, and a very high bioavailability 

risk (RAC 5) was found for Cd, Zn and Cu in sediments from BS1017 and 

EN1004 sites.  

 

Table 8. The MF and RAC Hazards of toxic metals in Sediments 

Springs 
Cd Zn Cu Pb 

MF RAC MF RAC MF RAC MF RAC 

BS1016 42.88 4 52.90 5 45.58 4 5.32 2 

BS1017 78.23 5 56.14 5 51.49 5 40.53 4 

BS1019 31.60 4 20.41 3 7.02 2 9.26 2 

BS1027 11.45 3 56.81 5 46.64 4 3.28 2 

DN1010 83.30 5 36.89 4 37.56 4 33.98 4 

DN1012 78.99 5 36.68 4 22.79 3 50.03 5 

EN1002 59.04 5 34.73 4 31.43 4 67.95 5 

EN1004 92.06 5 71.10 5 79.31 5 23.21 3 

EN1005 26.13 3 57.80 5 37.37 4 37.02 4 

EN1006 29.29 3 29.84 3 32.94 4 22.18 3 

EN1011 59.19 5 30.49 3 23.77 3 7.54 2 

EN1015 72.70 5 41.09 4 23.17 3 50.48 5 

EN1020 47.98 4 50.85 5 7.28 2 3.65 2 

EN1021 66.34 5 40.80 4 5.30 2 4.00 2 

EN1022 91.24 5 36.85 4 73.60 5 4.05 2 

ES1009 19.54 3 61.83 5 49.69 4 34.29 4 

ES1014 82.57 5 42.26 4 18.43 3 2.54 2 

 Bold Font: RAC 5 for Cd, Zn and Cu in BS1017 and EN1004 
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According to the MF and RAC, Cd is the most available and hazardous in 

most sites, and is even a very high risk (RAC 5) for BS1017 and EN1004 

sites. The higher bioavailability of metals in the BS1017 and EN1004 sites 

is clear from Table 6. The higher bioavailability of metals in the EN1004 

site may be caused by high contamination (particularly in the case of Cd),  

because of its proximity to residential areas, and during the first few 

minutes of rain the pH of water can decrease due to pollution washed out 

from the air of urban areas, consequently leading to the remobilization of 

metals from sediments (Nábělková & Komínková, 2012 ex. Nábělková, 

2005; Stumm & Morgan, 1996); while the BS1017 site, is far from the 

industrial area, consequently the concentration of Cd, Cu, and Pb are very 

low, except Zn (39.79 mg.kg-1), however It does not overpass the EQS. 

Average values of the Biota Sediment Accumulation Factor (Table 5) more 

or less confirm the results of MF and RAC. Cd in all springs accumulates 

in organisms to high levels. Organisms from BS1016 show significantly 

elevated accumulations of toxic metals, especially Cd and Zn. 

 

4.5. Impact assessment of geological background on metal occurrence: 

To assess the geological background impact on metal occurrence, we 

considered a means to differentiate between the metals weakly 

associated with the sediment and the metals that are strongly bound to 

the sediment and geological background. Weakly associated metals 

include metals in the mobile-exchangeable fractions and reducible 

fractions. Mobile and exchangeable metal ions are ions that are released 

most readily into the environment (Filgueras et al., 2002). Mobility factor 

MF (%) (Table 9) was used to express the metals weakly associated with 

the sediment. The metals strongly bound in the sediment include the 

metals leached in the residual fractions, which is incorporated into 

crystalline mineral lattices, and refractory unoxidized organic matter as 

undissolved amorphous iron oxide (Wijaya et al., 2016). The percentages 

of Residual fractions, obtained from sequential extraction procedure, were 

used. 
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Table 9. The Mobility factor (MF %) and the concentration in Residual 

fraction (RFr %) of toxic metals in Sediments 

Springs 
Cd Zn Cu Pb 

MF  RFr  MF  RFr  MF  RFr  MF  RFr  

BS1016 42.88 NA 52.90 17.90 45.58 6.83 6.28 17.41 

BS1017 78.23 NA 56.14 23.98 51.49 14.89 40.53 6.82 

BS1019 31.60 11.99 20.41 31.79 7.02 57.44 9.26 67.94 

BS1027 11.45 72.40 56.81 18.61 46.64 16.17 3.28 91.96 

DN1010 83.30 NA 36.89 17.83 37.56 12.16 33.98 13.62 

DN1012 78.99 2.92 36.68 31.79 22.79 10.90 50.03 35.85 

EN1002 59.04 14.61 34.73 18.48 31.43 8.19 67.95 15.12 

EN1004 92.06 3.97 71.10 7.09 79.31 7.13 23.21 73.82 

EN1005 26.13 8.11 57.80 13.41 37.37 31.32 37.02 6.06 

EN1006 29.29 31.58 29.84 40.25 32.94 31.44 22.18 32.78 

EN1011 59.19 13.16 30.49 36.41 23.77 27.77 7.54 44.77 

EN1015 72.70 13.51 41.09 16.26 23.17 9.10 50.48 27.47 

EN1020 47.98 21.73 50.85 21.27 7.28 28.36 3.65 62.34 

EN1021 66.34 9.89 40.80 35.03 5.30 17.66 4.00 66.48 

EN1022 91.24 3.68 36.85 40.22 73.60 7.66 4.05 51.50 

ES1009 19.54 40.23 61.83 13.26 49.69 16.81 34.29 38.05 

ES1014 82.57 5.17 42.26 14.40 18.43 0.00 2.54 41.34 

  NA – data not available (Cd concentration under detection limit – DL) 

Pb concentrations were released in residual fraction (RFr) (Fig. 7),and 

were reltively higher tan mobility factor (MF). Pb concentrations was up to 

91.96% at BS1027 site. Cu concentrations are slightly higher in MF than 

in RFr among the sediments, except sediments from BS1019 (57%), 

EN1020 (28%) and EN1021(18%) are bound to RFr. Higher Zn 

concentrations were retained in MF than RFr. Zn concentrations ranged 

fom 20.41% at BS1019 site to 71.10% at site EN1004. Cd concentrations 

was up to 91.24% at EN1022 site. The most sediments showed high Cd 

concentrations in MF; which indicates high potential bioavailability an 

mobility of Cd; except BS1027, where 72.40% was retained in RFr and 

11.45% in MF, and ES1009, where 40.23% was retained in RFr and 

19.54% in MF. Pb (91.96%) and Cd (72.40%) concentrations of sediments 

from BS1027 site were strongly bound to residual fraction – RFr, while Zn 

(56.81%) and Cu (46.64%) concentrations from this site were found more 

available in MF. Pb concentrationiis and Cd within the residual fraction 

mainly originated from the parent materials of the sediment (Wijaya et al., 

2016).  
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4.6. Statistical analyses 

 

Toxic metals concentration in pseudototal fractions 

Box plot charts for toxic metals concentration from pseudototal fractions, 

were generated for three parameters (geology type, spring type, 

pseudototal fractions) to enable easy comparison. 

Toxic metal concentrations (Fig. 44)  did not show significantly variations 

in the toxic metals concentration among the pseudototal fractions 

(<0.061mm, 0.206-0.061mm, 0.609-0.206mm, and >0.609mm); except Cu 

and Zn, those showed slightly higher concentrations in <0.061mm fraction. 

For this analyses, Cu concentration (629.26 mg/kg) in 0.206-0.061mm 

fraction from EN1021; and Cu concentration (325.05 – 606.50 mg/kg) and 

Cd concentration (325.05 – 606.50 mg/kg) in all pseudototal fractions from 

EN1022 were excluded, since they had extremely high concentrations. Cu 

concentration varied from very low (0.5 mg/kg) to relatively high (70 mg/kg) 

in <0.061mm fraction. Zn concentrations in <0.061mm fraction (31 – 158 

mg/kg) were relatively high; however, 0.206-0.061mm fraction (8 – 157 

mg/kg), 0.609-0.206mm fraction (6 – 136 mg/kg) and >0.609mm fraction 

(11 – 135 mg/kg) also indicated high Zn concentration, on the other hand 

the lowest Zn concentration were found in 0.609-0.206mm fraction.  Cd 

concentrations showed the lowest values in <0.061mm fraction(0.01 – 

0.844 mg/kg) and the highest in >0.609mm fraction (0.02 – 0.972 mg/kg); 

although, Cd concentrations did not vary significantly. Pb concentrations 

reflected slightly variation among the pseudototal fractions, the lowest Pb 

concentration was found in 0.609-0.206mm fraction (0 – 70 mg/kg) and 

the highest concentration was found in 0.206-0.061mm fraction (5 – 87 

mg/kg). 

Acconding the results of correlation between toxic metal concentrations 

(mg/kg) and geology type (Table 10), the highest concentrations for Cd 

(0.97 mg/kg) and Zn (157.1 mg/kg) were found in CAM3, and the lowest 

concentrations for these two metals were very variable. The lowest Cd 

concentrations (0.01 mg/kg) were found in CRA 1. The lowest Zn 

concentrations (5.54 mg/kg) were found in CRA 2. The highest Cu 

concentrations (70.88 mg/kg) were found in CRA2. The lowest Cu 

concentrations (close to 0 mg/kg) were found in CRA 1 and CRA 2. The 

highest Pb concentrations (87.02 mg/kg) were found in CAM 3 . The lowest 

Pb concentrations (close to 0 mg/kg) were found in CRA 1 (Fig. 45 ). 
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Fig. 44 Toxic metals concentration (mg/kg) in pseudototal fractions. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 45 Toxic metals concentration (mg/kg) in pseudototal fractions between the different geology 

types. 
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Table 10. Description of geology types 

 

 

The results of correlation between toxic metal concentrations (mg/kg) and 

spring type reflected that the highest concentration of Cu (70.88 mg/kg), 

Pb (87.02 mg/kg), Zn (158.31 mg/kg) were found in rheocrene, and the 

highest concentration of Cd was found in helocrene. The lowest 

concentration of Cu (close to 0 mg/kg), Pb (close to 0 mg/kg), Cd (0.01 

mg/kg) were found in rheocrene, and the lowest concentration of Zn (5.54 

mg/kg) was found in limnocrene (Fig. 46).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 46 Toxic metals concentration (mg/kg) in pseudototal fraction between the different spring types. 

 

Geology type Description 

CAR 1 Carboniferous (Early Permian), biotite-monzogranites 

CAR 2 Carboniferous (Early Permian), muscovite-biotite monzogranites 

CRA 1 Cretaceous, quartz sandstones 

CRA 2 Cretaceous, sandstones 

CAM 1 Cambrian, augen gneisses 

CAM 2 Cambrian, limestones 

CAM 3 Cambrian, sericite quartzites 

DEV 1 Devonian, limestones 
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Toxic metals concentration in geochemical fractions 

Box plot charts for toxic metals concentration from geochemical fractions, 

were generated for three parameters (geology type, spring type, and 

geochemical fractions) to enable easy comparison. 

Cu concentrations of all geochemical fractions (exchangeable, reducible, 

oxidizable, and residuals) from EN1022 (27.25 – 188.92 mg/kg), oxidizable 

fraction of EN1021 (39.48 mg/kg) and oxidizable fraction of EN1020 (28.48 

mg/kg)  were not used, due to their high concentrations. Toxic metal 

concentrations reflected slightly variations. Very low concentration of Pb 

and Cu were released in the exchangeable fraction, which indicated that 

these metals do not represent detrimental risk for aquatic environment. 

However, Pb concentrations in the reducible fraction varied from (close to 

0 mg/kg) to slightly high (20 mg/kg). Zn concentrations were relatively 

retained more in oxidizable, and residuals fractions, although Zn 

concentrations in the exchangeable fraction varied from (30 mg/kg) to 

relatively high (110 mg/kg). Cd concentrations do not show significantly 

variation, the lowest Cd concentration were found in the reducible fraction, 

although Cd concentrations in the exchangeable fraction were slightly 

higher. In this analyses the exchangeable fraction (2.73 mg/kg) and 

reducible fraction (2.28 mg/kg) of EN1022 was excluded, due to their 

extremely high Cd concentrations (Fig. 47). 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 47 Toxic metals concentration (mg/kg) in geochemical fractions 
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Acconding the results of correlation between toxic metal concentrations 

(mg/kg) and geology type, the highest concentrations for Cd 0.28 and Zn 

47.43 were found in CAM3. The lowest Cd concentrations (close to 0 

mg/kg)  were found in CRA 1, CRA2, CAR 1, CAM 2 and CAM 3. The 

lowest Zn concentrations (2.09 mg/kg) were found in CAR 1. The highest 

Cu concentrations (12.55 mg/kg) were found in CAR 2. The lowest Cu 

concentrations (close to 0 mg/kg) were found in CRA 1. The highest Pb 

concentrations (20.84 mg/kg) were found in CAR 1. The lowest Pb 

concentrations (close to 0 mg/kg) were found in CRA 2 (Fig. 48). 

According to results, the highest concentration of Cd (0.28 mg/kg), Zn 

(47.43 mg/kg) were found in rheocrene; the highest concentration of Cu 

(12.55 mg/kg) was found in  limnocrene and the highest concentration of 

Pb (20.84 mg/kg) was found in helocrene. The lowest concentration of Zn 

(2.09 mg/kg), Pb (close to 0 mg/kg) were found in rheocrene, the lowest 

concentration Cd (close to 0 mg/kg) was found in rheocrene, limnocrene 

and helocrene, and the lowest concentration Cu (close to 0 mg/kg) was 

found in helocrene (Fig. 49). 

The results of covariance analyses of toxic metals concentration using 

linear models, indicated a positive correlation between the toxic metals 

concentration (Fig. 50).  

The most positive correlation between the model of covariance (Table 11) 

was found in model 2, between Cd and Cu (R-squared: 0.9288); model 1 

also reflected a good correlation (R-squared: 0.4201) (Fig. 51). There was 

a positive correlation between Pb concentration in sediments  and biota 

(crustaceans (shrimps) and mix), specially with crustaceans (R-squared:  

0.2083), while Cu concentration in sediments and biota (shrimps) showed 

the most negative correlation (R-squared:  6.817e-05). 

 

Table 11. Description of covariance model 

 

 

 

 

 

 

 

 

Models Metals correlation 

Model 1 Cd ~ Zn  

Model 2 Cd ~ Cu 

Model 3 Cd ~ Pb  

Model 4 Cu ~ Zn  

Model 5 Cu ~ Pb  

Model 6 Pb ~ Zn  
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Fig. 48 Toxic metals concentration (mg/kg) in geochemical fractions between the different geology 

types. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 49 Toxic metals concentration (mg/kg) in geochemical fractions between the different spring types. 
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Fig. 50 Analyses of covariance between toxic metals concentration (mg/kg) using linear models 

(LM) (a model 1 Cd~Zn, b model 2 Cd~Cu, c model 3 Cd~Pb, d model 4 Cu~Zn, e model 5 

Cu~Pb, f model 6 Pb~Zn) 
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V. Discussion: 

 

The appearance of a spring and its macroinvertebrate composition depend on 

many factors, each of which varies considerably. (Von Fumetti, 2008). All 

springs we investigated in this study are cold-temperate springs, according to 

Alfaro and Wallace (1994), with an average temperature of 7-12 °C throughout 

the year (Table 1). In some springs during spring season the temperature 

increased to 14.1°C.  

Springs characterized by a low level of temporal variability of hydrological and 

hydrochemical conditions compared with other freshwater sources. Thus, the 

species inhabiting spring ecosystems are often strictly associated with these 

ecosystems (Glazier, 1991; Hahn, 2000; Schindler, 2004; Gerecke et al., 

2009; Cantonati et al., 2012). According to Von Fumetti and Nagel (2012) 

Springs can also be strongly influenced by disturbances such as drought or 

heavy rainfall. The research area is located in one of the most moisture 

regions of the Czech Republic, and the results of basic water parameters of 

all springs were not constant, pH, conductivity, temperature and OD relatively 

decreased in the transition from spring to autumn; acid pH predominated in 

springs during the autumn season. Champion and Starks (2001) affirmed that 

the pH of spring water typically varies between 7 and 8, indicating that the 

groundwater is at or near chemical equilibrium with limestone in the aquifer. 

As pH decreases, the concentration of metal may increase because higher 

acidity increases their ability to be dissolved from sediments into the water 

(Anonymous, 1996).  

The mobility and bioavailability of metals bound to sediments depend on 

multiple factors, with sediment characteristics and the physical–chemical form 

of the metal being the key factors (Prokop et al., 2002). It is suggested the 

sediment sources influenced the mixture and composition, character, and 

chemistry of the metals (Wijaya et al., 2016). The oxidation of sulfides and 

organic matter may also generate if the buffer capacity of the receiving 

environment is not sufficient, acidic conditions, which may provoke increased 

mobility of some metals. However, the mobile fraction does not necessarily 

correspond to the bioavailable fraction (Prokop et al., 2002). 

Since total metal concentration using the standard quality guidelines – SQG 

cannot provide the proper information about the availability of the toxic metal, 

and in concordance with Prokop et al. (2002), mobile and bioavailable 

fractions were considered as important factors in the accumulation of toxic 
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metals in the sediment and biota of springs. The high mobility factor – MF and 

biota sediment accumulation factor – BSAF values in this study have been 

interpreted as symptoms of relatively high lability and biological availability of 

toxic metals. The following order of bioavailability was found with the toxic 

metals Cd > Zn > Cu > Pb.  

Metals associated with oxidizable fractions are assumed to remain in 

sediments for longer periods and are possibly mobilized by decomposition 

processes (Filgueiras et al., 2002). Ratuzny et al. (2009) reported that 

oxidizable metals may be associated with a stable and high molecular weight 

humic substance that releases metals in a slow manner (Wijaya et al, 2016). 

In this study, copper was associated with organic matter, and its mobility was 

controlled by the concentration and degradation of the organic fraction. 

Copper is an essential metal for most organisms (Clarkson et al., 1991), 

although, beyond certain threshold levels (Prato et al., 2013) copper ions are 

extremely toxic for aquatic organisms and pose a threat to many aquatic 

organisms when available in excess (De Martinez et al., 2011). Copper ions 

can enter freshwater systems for example by runoff caused by strong rainfalls, 

pollution of nearby springs is likely (Rychla et al., 2015). Pollution of springs 

can occur through entry of contaminated organic matter, run-off of 

contaminants directly into the water or via the groundwater or via soil erosion 

(Schmidlin, 2015).  

The lead was found to be the least labile, with up to 92% associated with the 

residual fraction of the sediments, although more than 50% of springs 

sediments exceeded the EQS of USEPA. The low Pb concentration in the 

exchangeable fraction was reflected in the biota, where the concentrations 

ranged from close to 0 – 6.93 mg.kg-1.  

Most of Cd was strongly retained in the exchangeable fraction. The high 

solubility of Cd is mainly affected by the pH of the sediments and soils 

(Ratuzny et al., 2009). A decrease in pH (e.g., an effect of acid rain) may cause 

a release of metals from complexes and from solid matter surface by 

increased competition for sorption sites by the H+ ion (Prokop et al., 2002). 
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Springs are important habitats for numerous specialized and rare species 

(Lindegaard et al., 1998) which are necessary for the entire ecotone to function 

sustainably. Spring species are adapted to the relatively stable environmental 

conditions in springs (e.g. Danks & Williams, 1991; Ferrington, 1995), many 

of them being cold-stenothermal (e.g. Fischer et al., 1998) (Schmidlin, 2015) 

Gammarus fossarum (Crustacea; Amphipoda) is a relatively robust 

representative of the macrozoobenthos of springs. Since it inhabits springs 

and spring brooks abundantly, mainly in the central and eastern mountainous 

areas of Europe (Janetzky, 1994; Pöckl et al., 2003), it can be considered a 

suitable organism for assessing possible impacts of global change on species 

inhabiting springs. For all types of springs, specific inhabited taxa of 

Crustaceans (freshwater shrimps) was found, with the exception of two 

helocrene springs DN1012, EN1002, and limnocrene spring BS1017. A 

statistically significant correlation between this habitat types and species 

diversity cannot be described. 

Graening and Brown (2000) made a research in springs cave and the results 

showed that isopods, crayfish, cavefish, and sediment have substantially 

higher concentrations of toxic metals than water samples. However, there was 

no significant trend of increasing metal concentration in the biota with 

increasing trophic level; while, Rychla et al. (2015) stated that the high 

concentrations of toxic metals (Zn, Pb, Cu, Cr, and Cd), as well as the total 

levels of iron and of manganese, did not influence the presence of C. irrorata 

(Trichoptera). The species was observed in certain springs with the highest 

seasonal (extreme) values of these metals, maximally reaching 0.23 mg.L–1 

Zn, 0.13 mg.L–1 Pb, 0.043 mg.L–1 Cu, 0.012 mg.L–1 Cr, 0.005 mg.L–1 Cd. 

Nevertheless, the accumulation of toxic metals in biota of Lužické mountains 

springs demonstrated that the pseudototal metal accumulation in sediments 

did is not enough for the assessment of the availability of the toxic metals. 

Concentrations of Cd and Zn in sediments of springs were mostly released in 

the exchangeable fraction, and only two springs overpassed the Cd and Zn 

pseudototal concentrations of the EQS of USEPA. Concentrations of Cd and 

Zn in biota of springs were significantly elevated than in sediments, six springs 

overpassed the Zn concentrations and eight springs overpassed the Cd 

concentrations of the EQS of USEPA. In this sense, exhaustive analyses of 

toxic metals (Cd, Zn, Cu and Pb) concentration in the geochemical fractions 

of spring sediments are needed to the assessment of the risk of the 

accumulation of these metals in spring biota. 
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VI. Conclusion: 

Toxic metals accumulation in sediments and biota of springs of the research 

are very variable. Cd is the most available and hazardous in most springs 

sites, 59 of spring displayed a very high risk (RAC 5), it means the Cd 

concentrations in sediments were retained more than 50% in the 

exchangeable and reducible fractions. Pseudototal fraction reflected very low 

concentrations of Cd, only two springs, EN1006 (1.59 mg.kg-1) and EN1022 

(3.56 mg.kg-1), exceeded the EQS of USEPA and he sum of Cd concentration 

in the geochemical fractions indicated that only EN1022 (5.49 mg.kg-1) 

exceeded the EQS of USEPA; while the accumulation of Cd in biotic springs 

were very high, eight from fifteen springs exceeded the EQS of USEPA. Very 

low concentration of Pb and Cu were released in the exchangeable fraction. 

The most Pb is mainly associated to the residual fraction; although Pb are 

more than their background values in almost half of the sampling sites. The 

accumulation of Pb in biotic springs were insignificantly, any springs overpass 

the benchmarks and also the range (from close to 0 to 6.93 mg.kg-1) was very 

low. It means this toxic metal do not represent a  hazard for springs and the 

aquatic environment. 

Statistical analysis applied to the correlation of geology type, spring type and 

toxic metals concentration in pseudototal fraction and geochemical fraction 

(Cd, Zn, Cu, and Pb) information demonstrates that the according to the 

geology type, the most occurrence of toxic metals is in CAM 3 (Cambrian, 

sericite quartzites), and according to spring type is in rheocrene. 

The EN1022 spring was the most contaminated with toxic metals Zn, Cu, Pb 

and Cd, specially Cu which can contaminate spring fauna and the vegetation 

in the surrounding. Results from pseudototal concentration reflected that more 

than 50% of springs contained high concentrations of Pb, that exceeded EQS 

of USEPA; although, most of this concentration was retained in residual 

fraction, organisms, since Pb is bound to organic matter, sulphides, or mineral 

fractions in spring. The metal most easily released from the sediment is Cu 

(log Kd 2.8 at BS1017 site), Zn and Cd are most available from sediments of 

BS1016; however, toxic metal metals concentration in these springs displayed 

the lowest values among springs sites, besides Zn and Cd concentrations in 

pseudotal fraction and in the geochemical fraction of BS1016 were found very 

low, the Zn (191.44 mg.kg-1) and Cd (5.65 mg.kg-1) in macroinvertebrates of 



94 
 

this spring, were found in very high concentrations. Cd concentration in most 

of sediments was strongly retained in the exchangeable fraction. Spring biota 

was strongly affected by toxic metal accumulation especially in Cd, eight 

springs exceeded EQS of USEPA for Cd concentration, these concentrations 

ranged from 1.20 at EN1021 to 5.99 at EN1004; it can cause significant and 

irreversible damage to aquatic ecosystems. Therefore, it is necessary to 

initiate measures and monitoring to get a better understanding of the source 

of these pollutants. 
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Annex 1. Toxic metals concentrations (mg/kg) in the different sediment fractions 

obtained from digested procedure 
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  Fig. 9 EN1002 

 

 

   Fig. 10 EN1005 
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  Fig. 11 EN1006 

 

 

    Fig. 12 EN1011 

 

 

 

 

 

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

Autumn Autumn Autumn Spring Autumn

19.10
18.06

11.56

3.94

7.93

C
u

 (m
g/

kg
)

EN1006

Cu

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

Autumn Autumn Autumn Spring Autumn

54.94

87.02

24.12 22.70

35.08

P
b

  (
m

g/
kg

)

EN1006

Pb

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

Autumn Autumn Autumn Spring Autumn

55.90
61.92

56.28

65.74
71.14

Zn
  (

m
g/

kg
)

EN1006

Zn

0.000

0.200

0.400

0.600

0.800

1.000

1.200

1.400

1.600

Autumn Autumn Autumn Spring Autumn

0.091 0.091 0.067

1.594

0.100

C
d

 (m
g/

kg
)

EN1006

Cd

<0.061mm

0.206-0.061mm

0.609-0.206mm

>0.609mm

Explanation:

0.00

5.00

10.00

15.00

20.00

25.00

Spring Autumn Spring Autumn Spring Autumn Spring Autumn

13.86

24.22

5.09

9.55

12.78
12.00

11.31

17.93

C
u

 (m
g/

kg
)

EN1011

Cu 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

Spring Autumn Spring Autumn Spring Autumn Spring Autumn

31.25

45.32

33.27

41.21

28.28

47.88 47.31 47.47

P
b

  (
m

g/
kg

)

EN1011

Pb 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

Spring Autumn Spring Autumn Spring Autumn Spring Autumn

62.40

71.75

63.30

73.32

64.78
70.46

60.42

67.78

Zn
  (

m
g/

kg
)

EN1011

Zn 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

Spring Autumn Spring Autumn Spring Autumn Spring Autumn

0.24

0.30

0.24

0.29

0.24

0.29

0.24

0.30

C
d

 (m
g/

kg
)

EN1011

Cd

<0.061mm

0.206-0.061mm

0.609-0.206mm

>0.609mm

Explanation:



114 
 

 

 Fig. 13 EN1015 

 

 

 Fig. 14 EN1020 
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 Fig. 15 EN1021 

 

 

 Fig. 16 EN1022 
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 Fig. 17 ES1008 

 

 

 Fig. 18 ES1009 
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Annex 2. Biotic description and toxic metals concentration (mg/kg) in spring biota of sampling sites 

 

        Concentration (mg/kg) 

Springs Description  
Date of 

collection 
Weight Cu  Pb   Zn  Cd  

ES1014 Shrimps 24/10/2016 0.0342 36.26 1.87 122.57 0.37 
ES1014 Caddisfly cases 24/10/2016 0.1028 4.86 3.53 59.18 2.07 
ES1014 Mix(White worms, Bugs, Ceratopogonidae, Caddisflies larva) 24/10/2016 0.1005 8.46 3.60 142.82 2.14 
ES1009 Shrimps  24/10/2016 0.0213 53.52 1.39 76.81 0.04 
ES1009 Mix 24/10/2016 0.1918 18.04 0.18 78.61 0.01 
ES1008 Shrimps 24/10/2016 0.1349 26.47 0.63 62.04 0.24 
ES1008 Mix(Athericidae, White worms, Caddisflies cases) 24/10/2016 0.1645 8.21 1.20 120.13 0.68 
EN1021 Shrimps 24/10/2016 0.0171 30.44 0.00 80.21 0.82 
EN1021 Mix(White worms, Caddisflies cases, Bugs, small Mussels) 24/10/2016 0.0968 9.19 5.85 118.19 1.20 
EN1011 Shrimps 24/10/2016 0.1557 31.09 0.33 53.80 0.52 
EN1011 Mix(Caddisfly larva, Stratiomyidae) 24/10/2016 0.0661 6.51 0.64 115.10 1.70 
EN1006 Shrimps 24/10/2016 0.1998 22.27 2.32 57.97 0.01 
EN1006 Mix 24/10/2016 0.0568 8.63 4.25 179.08 0.07 
EN1005 Shrimps  24/10/2016 0.1990 23.92 0.34 59.21 2.33 
EN1005 Mix(Bugs, Ceratopogonidae, small Niphargus) 24/10/2016 0.0296 11.15 1.46 111.28 4.81 
EN1005 Mix 24/10/2016 0.0927 8.74 0.13 77.73 1.30 
EN1004 Mix, Nitěnky 24/10/2016 0.0921 15.42 6.43 171.40 5.99 
EN1002 Mix(Worms, caddisflies larva, caddisflies cases) 24/10/2016 0.0645 8.99 6.93 46.82 0.93 
EN1001 Mix(Shrimps, Trichoptera, Stratiomyidae) 24/10/2016 0.1901 7.52 2.69 108.84 2.17 
DN1012 Mix(Aquatic worms, Caddisfly larva, Stratiomyidae) 31/10/2016 0.1980 17.32 3.80 75.37 2.94 
DN1010 Shrimps 31/10/2016 0.0646 23.99 1.25 67.24 0.73 
BS1027 Shrimps  26/10/2016 0.0252 30.56 0.88 81.59 0.17 
BS1017 Mix(Worms, Stratiomyidae, Caddisfly larva) 25/10/2016 0.1805 6.48 2.03 94.24 0.96 
BS1016 Mix(Shrimps, Bugs) 25/10/2016 0.1402 9.13 0.94 191.44 5.65 
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                 Annex 3. Toxic metals concentration (mg/L) in water of sampling sites 

Spring 
                                  Metals concentration (mg/L) 

Sampling Date Cu  Zn  Cd Pb  

BS1016 October 24, 2016 0.0003 0.0034 0.0000 0.0000 

BS1017 October 24, 2016 0.0008 0.0023 0.0000 0.0002 

BS1019 October 26, 2016 0.0001 0.0014 0.0000 0.0001 

BS1027 October 24, 2016 0.0001 0.0031 0.0000 0.0000 

DN1012 October 14, 2016 0.0002 0.0035 0.0001 0.0001 

EN1001 October 24, 2016 0.0003 0.0030 0.0000 0.0000 

EN1002 October 24, 2016 0.0010 0.0014 0.0000 0.0000 

EN1004 October 24, 2016 0.0001 0.0019 0.0001 0.0000 

EN1005 October 24, 2016 0.0001 0.0010 0.0000 0.0000 

EN1006 October 24, 2016 0.0002 0.0023 0.0000 0.0000 

EN1011 October 24, 2016 0.0001 0.0002 0.0000 0.0000 

EN1015 October 24, 2016 0.0011 0.0054 0.0001 0.0000 

EN1021 October 24, 2016 0.0007 0.0066 0.0000 0.0001 

EN1022 October 24, 2016 0.0015 0.0116 0.0004 0.0000 

ES1008 October 24, 2016 0.0015 0.0009 0.0000 0.0001 

ES1009 October 24, 2016 0.0003 0.0007 0.0000 0.0000 

ES1014 October 24, 2016 0.0004 0.0011 0.0000 0.0001 
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Spring Autumn Spring Autumn Spring Autumn Spring Autumn

Cd 0.18 0.21 0.05 0.05 0.06 0.06 0.05 0.07

Zn 39.46 75.03 9.67 10.58 7.57 6.22 10.99 11.34

Cu 11.60 15.86 2.32 1.81 0.86 2.26 1.90 2.42

Pb 36.29 71.27 8.57 37.80 3.03 12.55 27.13 13.60

Cd 0.16 0.08 0.41 0.12 0.51 0.24 0.33 0.16

Zn 50.03 49.89 48.44 29.38 78.26 63.29 41.43 46.61

Cu 4.09 2.87 4.53 DL 9.55 0.60 3.68 0.49

Pb 20.69 40.49 25.59 34.61 42.32 22.88 28.60 25.07

Cd 0.10 - 0.16 - 0.07 - 0.11 0.11

Zn 143.48 - 59.45 - 31.58 - 42.65 40.13

Cu 22.27 - 7.56 - 8.06 - 10.58 8.62

Pb 12.37 - 9.07 - 9.58 - 3.51 2.81

Cd 0.11 0.07 0.06 0.04 0.06 0.03 0.07 0.03

Zn 55.60 158.31 10.83 61.24 10.82 39.52 11.61 38.04

Cu 5.90 4.18 1.21 DL 0.86 DL 0.70 DL

Pb 25.73 27.87 1.01 39.31 2.52 DL 6.04 15.14

Cd 0.09 0.01 0.05 0.01 0.05 0.01 0.18 0.02

Zn 40.22 32.60 10.40 10.85 10.31 15.64 67.77 73.19

Cu 5.90 2.06 1.50 DL 0.60 DL 5.73 DL

Pb 14.13 12.58 4.50 8.54 24.14 37.73 13.58 4.54

Cd 0.06 - 0.02 - 0.02 - 0.02 0.02

Zn 91.25 - 53.70 - 55.53 - 38.47 41.63

Cu 12.55 - 4.34 - 1.36 - 1.60 5.11

Pb 14.71 - 5.55 - 5.05 - 22.02 42.96

Cd 0.26 0.36 0.26 0.30 0.17 0.32 0.21 0.43

Zn 48.77 31.29 63.24 41.17 28.60 51.76 30.92 60.83

Cu 7.77 4.99 11.61 7.91 6.70 10.59 5.21 4.27

Pb 29.26 39.53 41.21 49.55 44.31 51.96 30.87 46.72

Cd 0.27 - 0.31 - 0.24 - 0.27 0.25

Zn 71.33 - 89.49 - 59.46 - 71.29 60.66

Cu 9.53 - 11.95 - 9.03 - 6.96 5.00

Pb 34.78 - 50.40 - 17.15 - 33.80 29.65

Cd 0.06 - 0.03 - 0.03 - 0.04 0.04

Zn 79.93 - 61.94 - 21.20 - 23.91 26.31

Cu 16.31 - 12.68 - 2.57 - 3.36 6.36

Pb 53.54 - 48.48 - 15.16 - 17.07 18.59

Cd 0.09 0.30 0.23 0.07 0.05 0.15 0.08 0.25

Zn 78.51 88.50 32.83 31.42 13.08 13.56 33.31 37.16

Cu 10.78 10.04 4.64 6.50 2.93 5.95 7.24 5.72

Pb 34.24 66.60 19.66 25.18 6.05 53.43 18.09 58.68

Cd - 0.19 - 0.18 - 0.18 0.07 0.20

Zn - 55.19 - 50.96 - 47.64 55.40 60.80

Cu - 12.29 - 6.29 - 5.88 5.81 11.54

Pb - 27.69 - 14.60 - 49.25 23.02 28.61

Cd - 0.09 - 0.09 - 0.07 1.59 0.10

Zn - 55.90 - 61.92 - 56.28 65.74 71.14

Cu - 19.10 - 18.06 - 11.56 3.94 7.93

Pb - 54.94 - 87.02 - 24.12 22.70 35.08

Cd 0.24 0.30 0.24 0.29 0.24 0.29 0.24 0.30

Zn 62.40 71.75 63.30 73.32 64.78 70.46 60.42 67.78

Cu 13.86 24.22 5.09 9.55 12.78 12.00 11.31 17.93

Pb 31.25 45.32 33.27 41.21 28.28 47.88 47.31 47.47

< 0.061 mm 0.206 - 0.061 mm 0.609 - 0.206 mm > 0.609 mm (Total fraction)Site 

number

Site 

name

Metal 

contents

2 BS1016

3 BS1017

4

8 DN1012

10 EN1001

BS1018

5 BS1019

6 BS1027

7 DN1010

EN100211

12 EN1004

13 EN1005

14 EN1006

15 EN1011

Annex 4. Metal contents (mg.km-1) in digested sediment fractions collected from in 

the Lužické mountains springs, Liberec. 
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Spring Autumn Spring Autumn Spring Autumn Spring Autumn

Cd - 0.19 - 0.19 - 0.20 0.09 0.20

Zn - 109.16 - 117.12 - 133.32 111.81 128.95

Cu - 5.79 - 2.27 - 6.55 19.57 6.68

Pb - 40.28 - 5.04 - 49.40 19.52 44.65

Cd - - - - - - 0.16 0.63

Zn - - - - - - 92.66 83.94

Cu - - - - - - 91.70 54.77

Pb - - - - - - 23.28 31.78

Cd - 0.84 - 0.96 - 0.92 0.24 0.97

Zn - 67.32 - 88.57 - 67.19 34.25 83.76

Cu - 28.66 - 629.26 - 17.09 44.96 41.33

Pb - 48.21 - 78.49 - 69.74 39.61 83.67

Cd - 2.89 - 3.59 - 3.49 3.56 3.51

Zn - 106.05 - 157.10 - 135.85 115.93 134.71

Cu - 325.05 - 606.50 - 418.73 1.20 430.48

Pb - 38.31 - 60.42 - 63.44 41.58 62.37

Cd 0.06 0.11 0.01 0.03 0.01 0.02 0.01 0.03

Zn 56.57 63.27 6.83 8.40 4.88 5.54 9.15 11.32

Cu 28.46 15.39 0.91 1.41 0.40 1.76 1.21 2.81

Pb 23.71 36.83 0.00 13.08 DL 22.66 0.00 10.82

Cd 0.14 0.08 0.03 0.03 0.04 0.04 0.01 0.03

Zn 149.79 82.24 24.88 26.23 35.25 36.29 24.87 28.69

Cu 77.28 70.88 24.42 8.41 11.16 13.16 7.48 9.42

Pb 33.01 81.99 3.53 27.19 10.61 16.13 3.51 38.88

Cd 0.84 0.47 1.00 0.54 0.86 0.49 0.94 0.74

Zn 60.39 37.68 90.86 47.68 71.97 40.95 80.85 62.68

Cu 10.71 6.97 0.39 5.17 10.93 1.23 10.75 3.02

Pb 26.52 34.64 24.61 33.99 27.56 17.71 24.65 45.96

Metal 

contents

<0.061 mm 0.206-0.061 mm 0.609-0.206 mm > 0.609 mm (Total fraction)

22 ES1014

Site 

number

Site 

name

16 EN1015

20 ES1008

21

17 EN1020

18 EN1021

19 EN1022

ES1009

Annex 4. (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



108 
 

1 2 3 4

Mobile/exchangeable Reducible Oxidizable Residuals

Cd 0.01 DL 0.01 DL 0.02

Zn 2.72 6.03 4.83 2.96 16.54

Cu 1.01 1.02 2.12 0.30 4.45

Pb DL 0.30 3.60 0.82 4.72

Cd 0.07 DL 0.02 DL 0.08

Zn 8.52 13.82 7.91 9.54 39.79

Cu 0.28 1.21 0.97 0.43 2.89

Pb 0.63 0.63 1.63 0.21 3.09

Cd 0.01 0.00 0.01 0.00 0.02

Zn 3.68 2.94 15.51 10.32 32.45

Cu 0.19 0.26 2.32 3.75 6.53

Pb 0.59 0.09 1.68 5.00 7.36

Cd 0.01 DL 0.01 0.03 0.05

Zn 3.19 9.36 5.43 4.11 22.08

Cu 0.18 0.65 0.67 0.29 1.80

Pb 0.21 0.09 0.44 8.50 9.24

Cd 0.06 DL 0.01 DL 0.07

Zn 4.21 7.98 14.97 5.90 33.06

Cu 0.55 0.76 1.76 0.43 3.50

Pb 0.42 0.57 1.52 0.40 2.90

Cd 0.13 0.02 0.03 0.01 0.19

Zn 6.52 11.74 15.69 15.82 49.77

Cu 0.30 1.26 4.56 0.75 6.88

Pb 0.42 12.14 3.54 9.00 25.10

Cd 0.05 DL 0.02 0.01 0.08

Zn 6.36 13.40 26.63 10.52 56.92

Cu 0.53 3.80 8.32 1.13 13.78

Pb 1.63 20.84 5.60 5.00 33.07

Cd 0.07 0.00 0.00 0.00 0.08

Zn 13.32 7.60 6.42 2.09 29.41

Cu 0.58 2.12 0.46 0.24 3.41

Pb 0.92 1.13 0.26 6.50 8.81

Cd 0.02 0.00 0.06 0.01 0.08

Zn 21.27 12.76 16.95 7.90 58.88

Cu 0.61 2.40 2.52 2.52 8.05

Pb 0.88 0.64 2.35 0.25 4.12

Cd 0.05 0.01 0.08 0.06 0.20

Zn 13.41 12.50 25.96 34.94 86.80

Cu 1.09 6.10 7.78 6.87 21.84

Pb 2.63 0.93 7.21 5.25 16.02

Sum (1-4 fractions) 

(mg/kg)

Site 

number
Description

Metal 

contents

11 EN1002

5 BS1019

6 BS1027

7 DN1010

2 BS1016

3 BS1017

8

12

DN1012

EN1004

13 EN1005

14 EN1006

Annex 5. The partition of metal contents (mg.km-1) in the fractions obtained by the 

BCR sequential extraction technique in the Lužické mountains springs, Liberec. 
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1 2 3 4

Mobile/exchangeable Reducible Oxidizable Residuals

Cd 0.05 0.02 0.03 0.02 0.12

Zn 6.35 14.34 22.46 24.71 67.87

Cu 0.32 2.50 5.75 3.30 11.87

Pb 0.42 0.84 7.98 7.49 16.73

Cd 0.07 0.01 0.02 0.02 0.12

Zn 14.61 12.34 27.98 10.67 65.61

Cu 0.32 1.96 6.68 0.90 9.86

Pb 0.80 16.66 7.62 9.50 34.58

Cd 0.07 0.14 0.13 0.09 0.43

Zn 22.88 43.66 36.49 27.83 130.87

Cu 0.74 2.48 28.48 12.55 44.25

Pb 0.34 0.30 6.00 11.00 17.64

Cd 0.12 0.19 0.11 0.05 0.48

Zn 14.89 25.62 24.00 34.78 99.29

Cu 0.61 2.11 39.48 9.05 51.25

Pb 0.38 0.64 7.55 17.00 25.57

Cd 2.73 2.28 0.28 0.20 5.49

Zn 23.75 19.69 27.03 47.43 117.90

Cu 73.00 188.92 66.72 27.25 355.89

Pb 0.24 0.75 10.79 12.50 24.27

Cd 0.00 0.00 0.01 0.01 0.02

Zn 11.84 15.08 10.84 5.78 43.54

Cu 0.99 5.12 4.12 2.07 12.30

Pb 0.42 0.18 0.48 0.66 1.74

Cd 0.13 0.05 0.03 0.01 0.22

Zn 14.73 23.37 39.08 12.98 90.16

Cu 0.12 1.16 5.67 0.00 6.96

Pb 0.10 0.21 6.78 5.00 12.08

Sum (1-4 fractions) 

(mg/kg)

Metal 

contents

22 ES1014

15 EN1011

16 EN1015

17 EN1020

18 EN1021

19 EN1022

21 ES1009

Site 

number
Description

Annex 5. (continued) 
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Annex 6. Analyses of covariance between toxic metals concentration (mg/kg) in 

biota and sediments, using linear models (LM) 

 

 

 

 

 

 

 

Fig. 19 Statistically significant covariances among Cd concentration (mg/kg) in sediments and biota 

(Left - mix, right - shrimps). 

 

 

 

 

 

 

Fig. 20 Statistically significant covariances among Cu concentration (mg/kg) in sediments and biota 

(Left - mix, right - shrimps). 

 

 

 

 

 

 

Fig. 21 Statistically significant covariances among Pb concentration (mg/kg) in sediments and biota 

(Left - mix, right - shrimps)  

 

 

 

 

 

Fig. 22 Statistically significant covariances among Zn concentration (mg/kg) in sediments and biota 

(Left - mix, right - shrimps). 

 


