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A B S T R A C T

This study was aimed to show whether subfossil Chironomidae (Diptera) may be useful tool for assessing toxicity
of heavy metals in the aquatic environment. Investigations were carried out in subsidence ponds affected by the
activity of metal mining: (1) the older ones formed before mining activity and (2) the younger one formed after
the mine was closed. Waters of ponds were analyzed for physico-chemical parameters, whereas sediments were
studied for metals (Cd, Pb, and Zn), pH, organic matter, nutrients (TOC, N-tot, and P-tot), and subfossil
Chironomidae. High concentrations of Cd 6.7–612 μg g−1, Pb 0.1–10.2 mg g−1, and Zn 0.5–23.1 mg g−1 were
found in the seven analyzed sediment cores. In total, 374 head capsules of Chironomidae larvae, belonging to
four subfamilies Chironominae, Orthocladiinae, Tanypodinae, and Prodiamesinae, were determined. Both the
diversity and density of Chironomidae change in particular sediment cores and layers. However, these changes
were not related to metal concentrations, as shown in the statistical calculations (dendrogram of similarities,
Mann-Whitney test, Spearman correlations). The only exception was the negative correlations between Cd, Pb,
and Zn concentrations and the density of head capsules of Polypedilum sp. We found that organic matter and
nutrient contents were important factors that control the spatial distribution of subfossil Chironomidae, mainly
Orthocladiinae. Other factors which may influence subfossil Chironomidae distribution in sediment cores are
discussed. To sum up, despite very high Cd, Pb, and Zn concentrations, the Chironomidae community was not
clearly altered, therefore subfossil Chironomidae taxa appeared to be not useful for reconstructing dozen-years
scale changes in the toxicity of the aquatic environment.

1. Introduction

Mining of metal ores has been recognized among many industrial
activities as a one of the largest sources of heavy metal contaminants in
fluvial systems. Whereas, mine effluents can deteriorate aquatic eco-
systems during mining activity, naturally drained shafts, tailings and
leachates from spoil heaps are a source of harmful substances in re-
ceiving streams long after the mining has stopped (Byrne et al., 2012;
Ciszewski et al., 2012, 2013).

Most of metal contaminants accumulate in bottom sediments
reaching values that can cause adverse effects on benthic macro-
invertebrate community (Simpson and Batley, 2007). Larvae Chir-
onomidae (Diptera), a major component of benthic macroinvertebrates
in terms of their diversity and abundance (Kownacki, 2011), are often

used to study this effect (Smith and Cranston, 1995; Smolders et al.,
2003; Janssens de Bisthoven et al., 2005; Michailova et al., 2012;
Wright and Ryan, 2016; Pedrosa et al., 2017). Chironomidae are con-
sidered as a good indicator of surface water quality due to high species
richness, occurrence in a broad range of habitats, sensitivity to en-
vironmental changes and a wide spectrum of ecological preferences
with a narrow tolerance of many species to environmental factors
(Brooks et al., 2007). The larvae are not noticeably mobile and inhabit
the sediment subsurface, where they are exposed to toxicants in the
pore water and from deposited particulates following ingestion (Al-
Shami et al., 2013). Direct contact of Chironomidae larvae with con-
taminants, their accumulation in tissues and overall high sensitivity to
contamination – all these features are favorable and give significant
advantages to chironomids in comparison with other aquatic organisms
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as biological indicators. Therefore, Chironomidae larvae have been
applied as bioindicators of metals and other anthropogenic stressors
(municipal sewages) of various water ecosystems and used successfully
in genotoxicological studies as they are sensitive to chronic levels of
contamination and other changes in water quality (Kownacki et al.,
2002; Kownacki, 2011; Michailova et al., 2012; Al-Shami et al., 2013).
They are included in the Extended Biotic Index (De Pauw et al., 1992)
and the Annex V.1.2.6 of the E. C. Water Framework Directive, 2000.

Toxic effects of metals are often reflected in reduction of abundance
and taxa richness of benthic invertebrates (Watanabe et al., 2000;
Deacon et al., 2001; Swansburg et al., 2002). Exposure of Chironomidae
larvae to metals induces mouthpart deformities (Martinez et al., 2002,
2004; Al-Shami et al., 2010; Di Veroli et al., 2012, 2014; Arimoroa
et al., 2018), DNA strand breaks (Michailova et al., 2009; Al-Shami
et al., 2013) and genome alterations (Michailova et al., 2015, 2018;
Ilkova et al., 2016, 2018). Toxic effects of metals on chironomids may
be also reflected in the reduction of larval growth (Timmermans et al.,
1992; Gillis et al., 2002; Martinez et al., 2004) and biomass (Watanabe
et al., 2000).

However, some authors (Canfield et al., 1994; Michailova et al.,
2012) indicated a lack of impact of high metal concentrations in sedi-
ments on the biodiversity of Chironomidae communities at sites influ-
enced by mining activities. This was supposed to be associated with
higher tolerance of some Chironomidae species to pollutants (Dermott,
1991; Martinez et al., 2002; Janssens de Bisthoven et al., 2005) and
adaptation of populations inhabiting metal-impacted freshwater sys-
tems to high metal concentrations (Pedrosa et al., 2017). Variable re-
sponse of organisms to metals may be also related to different metal
bioavailability. It depends, among others, on pH and redox potential in
the water–sediment system, sediment properties such as the presence of
acid-volatile sulfides (AVS), organic matter, texture (clay, silt or sand),
Fe–Mn oxides and binding forms of metals in sediment (Calmano et al.,
2005; Simpson and Batley, 2007; Zhang et al., 2014) as well as an-
tagonistic or synergistic interactions between metals (Fargašová, 2001).

Morover, biodivesity of bentic fauna community may be influenced by
the presence of the other contaminants than metals (Kownacki et al.,
2002; Kownacki, 2011).

Because head capsules of Chironomidae larvae are usually well-
preserved in sediments, they are used in paleolimnological studies to
track local climate change, and assessment of anthropogenic and en-
vironmental stressors (Brooks and Birks, 2004; Bitušík et al., 2009; Al-
Shami et al., 2010; Hamerlík et al., 2016; Stoklasa et al., 2017; Yang
et al., 2017). However, previous studies suggested that subfossil Chir-
onomidae may be useful in tracking negative impact of metals on biota
in water ecosystems impacted by metal mining activities (Ilyashuk
et al., 2003; Brooks et al., 2005; Bitušík et al., 2018), it seems that a
disturbance can be reflected most of all in shift toward domination of
less sensitive organisms or even total deterioration during peak of
contamination followed by subsequent changes after a mining cessa-
tion.

The aim of this study was to reconstruct heavy metal toxicity for
Chironomidae communities recorded in sediments of the pond system
affected by mine waters from the Zn–Pb mine. Moreover, an evaluation
of subfossil Chironomidae as a tool for assessing the metal toxicity for
water ecosystems was attempted. We achieved these by analyzing the
density of the head capsule of Chironomidae larvae in sediment cores of
the subsidence ponds on the floodplain of the Chechło River in southern
Poland. Observed changes were related to changes in contamination
with heavy metals, as well as to organic matter and nutrient contents in
the sediment.

2. Material and methods

2.1. Study area

The Chechło River (26 km in length) is a left tributary of the Vistula
River in southern Poland. The relatively small Chechło River, with
1.5 m3/s of average discharge received 0.2–0.5 m3/s of mine waters

Fig. 1. Map of the study area and location of the sampling sites on small ponds on the Chechło River floodplain (sampling sites for sediment: II, X, VI, VII, VIII, XIV,
XX; for water: 1, 2, 3, 4).
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from the Zn–Pb mine in Trzebinia until its closure in 2009. The river
water quality was affected also by industrial and municipal sewage
effluents from two towns (Trzebinia and Chrzanów) (Ciszewski, 1997).
Currently, most of effluents from these towns are treated biologically
and the river is much less polluted than in the 1990s. In the lower reach
of the river, on its floodplain, small subsidence ponds appeared as a
result of local ground subsidence. First ponds (sites 1, 2, 3) were formed
at the end of 1980s in the period of intensive exploitation of Zn–Pb ores,
while a younger one (site 4) was formed ca. 20 years later at the end of
the mining (Fig. 1). The pond surface range from 0.5 to ca. 5 ha, with
average depth about 1–2 m. The bottom of the ponds is muddy, but
older ponds are largely overgrown with macrophytes (Fig. 1). The
Chechło River flows through the younger subsidence pond, whereas the
older ponds are supplied with the river water via short ditches and
during floods.

2.2. Sample collection

In April 2016, four samples of surface waters (younger pond, site 4;
older ponds sites: 1, 2 and 3) and seven sediment cores (younger pond
cores: II and X; older pond cores: VI, VIII, XIV, VII, XX) from subsidence
ponds were collected (Fig. 1). In the water samples, conductivity, pH,
concentrations of ions Cl−, SO4

2−, NO3
−, PO4

3−, and NH4
+, as well as

Cd, Pb, and Zn concentrations, in total and dissolved phases, were de-
termined. In all core layers, concentrations of Cd, Pb, and Zn, density of
head capsule, and Chironomidae taxa were determined. Additionally, in
cores X (younger pond) and XX (older pond), the contents of organic
matter, total organic carbon (TOC), total nitrogen (N-tot), and total
phosphorous (P-tot) were analyzed. Influence of local variability of
sedimentary conditions and post-depositional sediment mixing on the
relationship between sediment toxicity and Chironomidae community
was greatly reduced by the raw core sectioning where 10 cm-long core
sections dominated.

2.3. Water

Conductivity and pH were measured using a WTW (Multi 340 and
SET 2) apparatus, while for concentrations of ions Cl−, SO4

2−, NO3
−,

PO4
3−, and NH4

+, ion chromatography was used (DIONEX, IC25 and
ICS–1000, Dionex Corporation, Sunnyvale, USA). The Cd, Pb, and Zn
concentrations, in total and dissolved phases (after filtration through
0.45–μm filter), were measured by atomic absorption spectroscopy
(AAS), using an apparatus Varian Spectra AA–20 equipped with a
Graphite Furnace (Varian 20, Varian Techtron PTY Limited, Mulgrave,
Victoria, Australia). Standard reference materials for water SPS–SW1
Batch 12, National Institute of Standards and Technology (USA), were
used to determine the accuracy of metal analyses in the water samples.

2.4. Sediment

The sediment samples were collected using a Multisampler piston
corer with a diameter of 4.5 cm (Eijkelkamp, Giesbeek, Netherlands). In
the field, cores were sectioned into 3 to 6 layers (Table 1, Fig. 2),

depending on sediment lithology reflected in macroscopic changes in
color or grain-size of sediments, whereas profiles with no distinct layers
were divided into 10 cm long subsamples. The sediments were usually
composed of unstratified muds, sometimes with visible plant remnants
(leaves, roots). The layers were homogenized by mixing (Pociecha
et al., 2019). Analyses of chironomid head capsules were made in 2 cm3

of fresh sediment subsamples taken from each layer and stored at 4 °C.
For analysis of organic matter, TOC, N-tot and P-tot sediment

samples were air dried. Organic matter content was estimated by loss
on ignition (LOI) at 550 °C for 2 h. Total nitrogen was determined by
the Elementar Vario MAX cube CNS analyzer. Total organic carbon was
analyzed by the Tiurin method. Total P content was determined by
Inductively Coupled Plasma Mass Spectrometer (ICP–MS, Elan 6100,
PerkinElmer) (Smykla et al., 2015). For metal (Cd, Pb, Zn) analysis,
sediment samples were wet sieved through a 0.063 mm sieve and then
dried at 105 °C and extracted in an aliquot of 10 cm3 of 65% HNO3 and
2 cm3 of 30% H2O2 using a microwave digestion technique and filtered
(Ciszewski et al., 2013). The Cd, Pb and Zn concentrations were de-
termined using a flame atomic absorption spectrometer (F–AAS). Metal
analyses were performed according to (standard certified) analytical
quality control procedures.

The analysis of head capsules of Chironomidae larvae included de-
flocculating of the 2 cm−3 fresh homogenized samples for 30 min in
10% KOH heated to 75 °C on a magnetic stirrer, washing through a
90 μm sieve, elimination of carbonates by acidification with 10% HCl,
and sieving on 212 and 90 μm mesh sieves (Lang et al., 2003). The head
capsules were picked out under a binocular microscope with magnifi-
cation 25x. For determination of Chironomidae taxa the keys of and
Orendt and Spies (2012 a,b) were used. A substantial part of damaged
head capsules or juvenile stages were identified as belonging to sub-
families Tanypodinae, Orthocladiinae, tribes Chironomini and Tany-
tarsini, and even to the family Chironomidae. The density of head
capsule is given as its number per 2 cm3 of wet sediment.

2.5. Statistical analysis

The earlier studies (Ciszewski and Łokas, 2019) documented that,
basing on metal concentrations variability, pond sediments can be as-
sociated with pre-mining conditions of low pollution, with the period of
high pollution during the mine operation and with post-mining period
of moderate pollution. This general discrimination was a guide for the
selection of the present data analyses. To determine the relationship
between density of head capsule of Chironomidae and the values of
physico-chemical parameters (contents of organic matter, TOC, N–tot,
P–tot, Cd, Pb, Zn) (data were taken together) for cores X and XX, as well
as for concentrations of Cd, Pb, and Zn in all cores, we calculated the
Spearman linear correlation coefficient. The differences in the values of
studied environmental parameters between cores X and XX were de-
termined using Mann-Whitney test.

To estimate the impact of various metal concentrations in sediment
on the Chironomidae taxa the core layers were classified according to
hierarchical cluster analysis. Normalized data of Cd, Pb, and Zn were
used for the calculations. The Euclidean distance and within-groups
linkage were used as a grouping method. As a result, dendrograms of
similarities were obtained, on the basis of which, groups (clusters) of
sediment layers were separated. The above-mentioned cluster approach
was used to check whether different sediment contamination with
metals affects the Chironomidae communities and density of head
capsules. The differences in metal concentrations and density of head
capsule of Chironomidae larvae between selected groups were analyzed
using a Mann-Whitney test.

Hierarchical cluster analysis was used to determine the differences
in the Chironomidae subfamily (percentage share) between studied
cores.

Table 1
Sectioning of sediment cores from the subsidence ponds on the Chechło River
floodplain.

Sections Layers (cm)

Core II Core X Core VI Core VII Core VIII Core XIV Core XX
1 0–10 0–5 0–10 0–5 0–10 0–15 0–5
2 10–20 5–10 10–20 5–10 10–20 15–30 5–10
3 20–30 10–15 20–30 10–20 20–30 30–45 10–15
4 30–40 15–20 30–40 20–30 30–40 15–17.5
5 20–25 40–50 30–40 17.5–20
6 50–60 40–50
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3. Results

3.1. Water

Waters had neutral (older ponds, sites 1–3) and slightly alkaline pH
(younger pond, site 4) (Table 2). Water of the younger pond, through
which the Chechło River flowed, was characterized by higher values of
conductivity, contents of ions SO4

2−, Cl−, and nutrients (NH4
+,

PO4
3−) when compared to those in older ponds (Table 2). The con-

centrations of Cd, Pb, and Zn, in total and in dissolved phases in water,
were low (Table 2).

3.2. Sediment

3.2.1. Organic matter and nutrients in cores X and XX
Core sediments X had pH 6.9–7.1, and contents of organic matter

ranged 5.7–18.4%, TOC 2.8–9.3%, N-tot 0.2–0.6%, P-tot 0.4–2.4 mg g-
1. In core XX from a pond heavily overgrown by macrophytes, the va-
lues of pH (5.8–5.9) were lower, but contents of organic matter ranged
33.3–39.8%, and TOC 15.1–17.3%, N-tot 0.9–1.4%, P-tot 2.0–4.1 mg g-
1 were 1.8–6.5 times higher (Fig. 2). The mentioned differences were
statistically significant (Table 3). Ratio C: N ranged 12.1–15.8 in core X
and 12.0–17.7 in core XX.

3.2.2. Cd, Pb and Zn in studied cores
Concentrations of Cd, Pb, and Zn in all the cores varied in a wide

range: Cd 6.7–612 μg g−1, Pb 0.1–10.2 mg g−1, and Zn
0.5–23.1 mg g−1 (Fig. 3). Taking into consideration all cores the Mann-
Whitney test showed no differences in Pb and Zn concentrations be-
tween younger and older ponds and significantly higher Cd

Table 2
Water chemistry of the subsidence ponds on the Chechło River floodplain in
April 2016.

Parameter Unit Older ponds Younger pond

Site 1 Site 2 Site 3 Site 4
pH 7.1 7.5 7.4 7.9
Conductivity μS cm−1 535 588 460 773
HCO3

− mg dm−3 217 241 200 236
SO4

2- mg dm−3 82.4 81.6 50.3 147.1
Cl− mg dm−3 39.8 46.0 31.0 65.1
NH4

+ mg dm−3 1.6 2.3 0.4 6.8
NO3

− mg dm−3 11.2 2.2 2.7 6.8
PO4

3- mg dm−3 0.166 0.124 0.056 0.224
Cd total μg dm−3 0.73 < 0.01 < 0.01 0.62
Cd dissolved μg dm−3 0.07 < 0.01 < 0.01 0.06
Pb total μg dm−3 2.6 1.2 3.0 3.8
Pb dissolved μg dm−3 1.6 0.2 1.8 1.0
Zn total μg dm−3 37.0 27.0 20.0 86.0
Zn dissolved μg dm−3 24.0 < 1 <1 27.0

Fig. 2. Chemistry of core X from younger pond and core XX from older pond on the Chechło River floodplain.

Table 3
The significance of differences (Mann–Whitney test) in the values of physico-
chemical parameters in the sediment between core X from younger pond and
core XX from older pond (N = 10). Only significant differences are given.

Parameter Z p - value

pH −2.51 0.012
Organic matter 2.51 0.012
TOC 2.51 0.012
N-tot 2.51 0.012
P-tot

Fe
2.09
2.51

0.037
0.012

Ni 2.51 0.012

p – significance level, TOC –- total organic carbon, Z – value of statistics.

Fig. 3. Heavy metal concentrations and density of head capsule of
Chironomidae larvae in all the sediment cores.
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concentrations in older ponds (N1 = 8, older N2 = 24, Z = −2.63,
p = 0.008). Sediment core II was characterized by relatively uniform
metal concentrations, while the remaining cores showed an irregular
distribution pattern. In older ponds, in cores VIII and XX, maximum
metal concentrations occurred in the top layer. In cores VI, VII, and XIV,
maximum Pb and Zn concentrations were found in the middle of the
core, and their values decreased toward the surface (Fig. 3).

The dendrogram of similarities (Fig. 4, Tables 4 and 5) enabled
identification of three Clusters of sediments significantly different in
terms of Cd, Pb, and Zn concentrations. Cluster I, which included core
II, most layers of cores VIII (10–40 cm) and XX (5–20 cm), and lower
layers of cores VII (30–50 cm) and X (15–25 cm), had the lowest Cd, Pb,
and Zn concentrations (Table 4). Cluster II included layers of cores: VII
(20–30 cm), XIV (0–15, 30–45 cm), X (0–5, 5–10, 10–15), and XX
(0–5 cm) with mean metal concentrations. Cluster III consisted of layers
of cores; VI (10–60 cm), VII (0–20 cm), VIII (0–10 cm), XIV (15–30 cm)
located in the older ponds contained the highest metal concentrations.
The differences in the metal concentrations among the clusters were
significant (Table 5), despite similar Cd concentrations in Cluster II and

III. Core VI, layers 0–10 cm and 20–30 cm, were not taking into con-
sideration.

3.2.3. Chironomidae in cores
In total, 374 Chironomidae head capsules in all sediment cores

belonging to four subfamilies—Chironominae, Orthocladiinae,
Tanypodinae, and Prodiamesinae were determined (Figs. 5–7). As the
dendrogram of similarities shows, cores II and X from younger pond
were clearly different from the other cores and also differed from each
other (Fig. 7). In the core II, the subfamily Chironominae (41%)
dominated, represented mainly by Chironomus sp. and Micropsectra sp.,
followed by Orthocladiinae (31%) and Tanypodinae (3%). In the core
X, the lowest diversity of Chironomidae was found, and they were re-
presented by Orthocladiinae (45%) and Prodiamesinae (22%). In older
ponds, the taxonomic composition of Chironomidae recorded in the
sediment showed greater similarity. In all cores from older ponds, the
dominant group was Orthocladiinae (51–80%), followed by

Fig. 4. Hierarchical cluster analysis based on concentrations of Cd, Pb and Zn in sediments of subsidence ponds on the Chechło River. The mean metal concentrations
and density of head capsule in different clusters are given.

Table 4
Mean Cd, Pb, and Zn concentrations and density of head capsule of
Chironomidae in the sediment core layers of the ponds on the Chechło River
floodplain in the studied clusters.

Cluster N Cd μg g−1 Pb mg g−1 Zn mg g−1 Density of head capsulea

I 14 45.7 0.7 1.8 6.7
II 7 112.1 2.5 7.1 11.6
III 11 169.8 5.6 17.1 14.1

a Number of head capsule per 2 cm3 of wet sediment.

Table 5
Significant differences in the Cd, Pb, and Zn concentrations in sediments be-
tween an identified three groups of clusters (Mann–Whitney test).

Metals Clusters

I–II (N1 = 14, N2 = 7) I–III (N1 = 14, N3 = 9) II–III (N2 = 7, N3 = 9)

Z p - value Z p - value Z p - value

Cd −2.50 0.012 −3.94 0.000 ns ns
Pb −3.62 0.000 −3.94 0.000 −3.28 0.001
Zn −3.39 0.001 −3.94 0.000 −3.28 0.001

ns – not significant.
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Chironominae (9–24%) and Tanypodinae (4–13%, with the exception
of core VII). Prodiamesinae (5%) was found only in core VI. In most
cores, Orthocladiinae was represented by Cricotopus (Isocladius) sp. and
occasionally by Brillia sp., Cricotopus sp., and Psectrocladius gr. sordi-
dellus (Fig. 6). Georthocladius, Limnophyes sp., Corynoneura sp., and
Heterotrissocladius gr. marcidus were found only in core XX, while Me-
triocnemus sp. was only found in core VII. Chironominae was re-
presented by Chironomus sp. and occasionally by Paratendipes gr. albi-
manus and Microspectra sp., and Tanypodinae was represented by

Psectrotanypus varius, Thienemannimyia-reihe, and Zavrelimyia sp.

3.2.4. Distribution of head capsule in relations to Cd, Pb and Zn
concentrations in cores

The distribution of the head capsules density varied greatly among
the cores and layers (Fig. 3). In the cores II and X from the younger
pond with lower metal concentrations, the density of head capsules of
Chironomidae was lower and uniform throughout the core. The lower
density, or even lack of head capsules, was found in core VII. The

Fig. 5. Examples of head capsule of Chironomidae larvae collected in sediment cores.

Fig. 6. The percentage share of Chironomidae taxa in the sediment cores from small ponds on the Chechło River floodplain.
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presence or absence of head capsules of Chironomidae in the sediments
were not correlated with high or low metal concentrations. In core VI,
with the very high Cd, Pb, and Zn concentrations, we observed much
higher density of head capsules from the surface to the depth of 40 cm
(13–22 of head capsules per 2 cm3 of wet sediment) than in the lowest
layers, where the density dropped to the minimum values 2–7 head
capsules per 2 cm3 of wet sediment. The density of head capsule in
cores VIII and XIV increased in younger layers irrespective of metal
concentrations in the sediment. In the 0–10 cm layer of core VIII, it was
the highest (45 head capsules) despite the strong heavy metals sediment
contamination. In core XX with the lowest metal concentrations we
found high density of head capsule, especially at the depth of 0–5 and
5–10 cm (33 and 43 head capsules, respectively).

Statistical calculation (Mann-Whitney test) did not show differences
in the density of the head capsules of the Chironomidae (in total and for
particular taxa) between the younger and older ponds of varied age, as
well as between sediments with varied Cd, Pb, and Zn concentrations
(Clusters I, II, and III) (Fig. 4). The density of head capsule of Ortho-
cladiinae was positively correlated with the concentrations of organic
matter, TOC, T-tot, and N-tot in cores X and XX (Table 6), and it was
significantly higher (Mann-Whitney test; N = 10, Z = 2.50, p = 0.012)
in core XX with their higher contents. Density of other taxa did not
show differences between cores X and XX and the correlations with
studied parameters. For all cores, Chironomidae taxa did not show
negative correlation with the Cd, Pb, and Zn concentrations in the se-
diments, with the exception of Polypedilum sp. (Tables 6 and 7).

4. Discussion

All the sediment cores from subsidence ponds on the floodplain of
the Chechło River were heavily contaminated with Cd, Pb, and Zn,
taking into consideration the sediment quality guidelines (SQGs)
(MacDonald et al., 2000). Concentrations of Cd, Pb, and Zn exceeded
the probable effect level (PEL, 3.53, 91.3, 315 μg g−1, Smith et al.,
1996) for all the core samples and the severe effect level (SEL: 10, 250,
820 μg g−1, Persuad et al., 1993) for 94, 93, 91%, respectively, of the
core samples from the ponds. Therefore, adverse effects of metals on the
majority of dwelling organisms were expected. Such high metal con-
centrations are characteristic of aquatic sediments in areas affected by
active or “historical” mining of metal ores (Byrne et al., 2012; Ciszewski
et al., 2013). Large differences in distribution patterns of Pb, Zn, and Cd

Fig. 7. Hierarchical cluster analysis and the percentage share of head capsules of Chironomidae in the cores.

Table 6
The values of Spearmana coefficient correlations for the environmental parameters and density of head capsule of Chironomidae taxa in core X (younger pond) and
core XX (older pond) (data were taken together, N = 10); Only significant correlations are given, (p < 0.05).

Taxa Organic matter TOC N-tot P-tot Cd Pb Zn

Cricotopus (Isocladius) sp. ns ns ns ns 0.70 0.70 0.68
Orthocladiinae (non det.) 0.76 0.79 0.84 0.76 ns ns ns
Tanytarsini ns ns ns ns ns ns ns
Polypedilum sp. ns ns ns ns ns −0.67 −0.79
Chironomidae (non det.) ns ns ns ns ns 0.72 ns

ns – not significant.

Table 7
The Spearmana coefficient correlations between Cd, Pb, and Zn concentrations
and density of head capsule of Chironomidae taxa in all the studied cores (data
were taken together, N = 33). Only significant correlations are given,
(p < 0.05).

Taxa Zn Cd Pb

Pentaneurini 0.38 0.35 ns
Cricotopus (Isocladius) sp. 0.39 ns 0.46
Chironomus sp. 0.39 ns 0.36
Polypedilum sp. −0.42 −0.36 −0.41

ns – not significant.
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concentrations in studied sediment cores, even located closely to each
other, may have some reasons. High metal concentrations in the middle
and top layers of sediment cores in older ponds (dendrogram of simi-
larities, Cluster III) correspond to the maximum production of Zn–Pb
mine in Trzebinia in the 1990s. Elevated metal concentrations in core X
(layers 0–15 cm) from a younger pond (Cluster II) indicate the de-
position site of sediment-associated metals transported by the Chechło
River. As follows, decreased sediment contamination with Cd, Pb, and
Zn of the top of the core II of the younger pond (Cluster I) and cores VII
and XIV of older ponds can be related to the period of the sediment
deposition after the mine closure and the cessation of wastewater dis-
charge. The lowest metal concentrations in cores VIII and XX (Cluster I)
are related to the sediment deposition by a small tributary stream
flowing from the valley side. Distribution of Cd, Pb, and Zn in the se-
diments of X and XX cores were not related to an organic matter content
(Spearman correlations).

We did not find (hierarchical cluster analysis, Spearman correlation,
Mann-Withey test) a clear direct negative impact of high Cd, Pb, and Zn
concentrations on the density of head capsules and Chironomidae taxa
(with the exception of Polypedilum sp.) in the contaminated sediments
of the studied ponds. A lack of negative impact of high concentrations
of As, Cd, Cu, Pb, Mn, and Zn in sediments on total abundance of
Chironomidae was also found in the Milltown Reservoir in the USA,
contaminated by past mining activities (Canfield et al., 1994). Our
earlier studies (Michailova et al., 2012; Szarek-Gwiazda et al., 2013)
also did not indicate the negative, detrimental impact of high Cd, Pb
and Zn concentrations on Chironomidae in other water ecosystems af-
fected by Zn and Pb mines.

The obtained results (Spearman correlations, Mann-Whitney test)
indicate an important role of organic matter and nutrients in the dis-
tribution of Orthocladiinae, which prefers sites with higher metal (Cd,
Pb, Zn) contents. In all the cores from older ponds, larvae of
Orthocladiinae dominated, especially genus Cricotopus, which are
commonly associated with aquatic macrophytes (Cranston, 2010). Or-
ganic matter of both cores contain a similar share of remains of vascular
and non-vascular plants as the value of the C: N ratio indicates
(12.0–17.7). The lower ratio C:N (4–10) indicates the presence of or-
ganic matter rich in proteins (algae), while the higher one (above 20)
means organic matter rich in cellulose, the source of which are mac-
rophytes and higher plants (Calvert, 2004). Similarly Brooks et al.
(2005) found that changes in the chironomid fauna in sediment cores
from ponds in the area of copper smelting in Russia were independent
on the industrial activity but were driven by trophic change. In core II
collected from the upper part of younger pond, which is not so densely
overgrown with macrophytes and with muddy bottom, taxa of Chir-
onomus sp. and Microspectra sp. dominated. Chironomus and Cricotopus
were recognized as metal tolerant taxa and had already been re-
presentative of heavily polluted sites (Canfield et al., 1994). This spe-
cies also dominated in the stream Matylda (southern Poland), whose
sediments were heavily contaminated with Cd, Pb, Cu, and Zn due to
wastewater discharges from the zinc and lead ore mine (Szarek-
Gwiazda et al., 2013). The sediment pH in range 5.8–7.1 in the studied
core did not influence the density of head capsule of Chironomidae
(lack of correlation), although it is a factor that can negatively affect
Chironomidae communities in various water ecosystems (Brooks and
Birks, 2004; Hamerlík et al., 2016).

It is well known that water pH, contents of nutrients, DOC (dis-
solved organic carbon) or dissolved oxygen may influence the compo-
sition of some midge assemblages (Brooks and Birks, 2004; Janssens de
Bisthoven et al., 2005; Hamerlík et al., 2016). The elevated values of
conductivity and contents of ions SO4

2−, Cl−, Na+, and nutrients
(NH4

+, PO4
3−) in the studied pond waters in comparison to natural

waters indicated their anthropogenic contamination. Water con-
tamination (especially nutrients) might potentially influence Chir-
onomidae communities, particularly in the younger pond, where the
worst water quality and low density of head capsules were found (site 1,

core II). The older ponds are partially supplied with clean groundwater,
but the inflow of the polluted river waters takes place during raised
water flow and affects water quality as well. In core II, taxa of Chir-
onomus sp., which often appear in eutrophic waters, dominated. The
occurrence of Psectrotanypus varius larvae in some layers of cores VI,
VIII, and XIV from older ponds indicated highly eutrophic waters
during water discharges from the active mine. The pond waters show
low metal concentrations. An increase in the Cd, Pb, and Zn con-
centrations in the pond water in post-mining area can be expected as a
result of “internal loading” (Szarek-Gwiazda and Ciszewski, 2017) or
during high river flow when metals are washed from the catchment
area during heavy rains.

Moreover, other factors (sediment grain size, hydrology) may also
influence taxonomic composition and distribution of head capsule
within cores. Differences between cores II and X and others may be
related to the flow of the Chechło River through the younger pond. A
low number of the Chironomidae remaining in the bottom layers of
some cores (VII, X) could be connected with the first phases of the
pond's existence. Limnophyes, Georthocladius, and Corynoneura, found
only in the core XX, usually occur along the shore of a lake, semi-ter-
restrial, and in stream habitats.

The results confirmed that Chironomidae larvae can live in sedi-
ments that are extremely contaminated with heavy metals, because, as
it was found by Bahrndorff et al. (2006), most species are subject to
adaptation processes to altered environmental conditions. Physiological
processes, such as regulation of the heavy metals transport by mem-
branes, sequestration or excretion (Rainbow, 2007), may be also re-
sponsible for these adaptations. Metallothioneins (Toušová et al., 2016)
and glutathione (Nair et al., 2013) play an important role in the phy-
siological processes. Nevertheless, the genome of the Chironomidae
species is very sensitive to high metal concentrations (Michailova et al.,
2012; Szarek-Gwiazda et al., 2013; Ilkova et al., 2016, 2018). Two types
of chromosome rearrangements can appear in the genome: somatic,
which are rare, occur in chromosomes in few cells in the salivary gland
with a frequency less than 1%. They are good biomarkers of stress
agents in aquatic ecosystem. Other aberrations, inherited, occur at a
higher frequency and are associated with adaptations for living in
specific environmental conditions (Michailova et al., 2012). The studies
in the Chechło River and its ponds have shown the toxic effects of Cd,
Pb, and Zn on the genome of the Chironomus annularius (Ilkova et al.,
2016; Michailova et al., 2018). Moreover, the study of Pedrosa et al.
(2017) shows genetically inherited tolerance to Cd in C. riparius po-
pulations inhabiting metal contaminated sites, despite no evidences of
genetic erosion due to long-term metal contamination.

5. Conclusions

The obtained results indicate the lack of a clear negative impact of
high concentrations of Cd, Pb, and Zn in the sediment of small sub-
sidence ponds on Chironomidae communities. Therefore, remnants of
Chironomidae taxa found in the pond sediments appear from the pre-
sent study not to be a useful tool for reconstructing dozen-years scale
changes in the toxicity of an aquatic environment. We found that the
changes in the density of Chironomidae head capsules were associated
with changes in the contents of organic matter and nutrients rather than
changes in the contents of heavy metal. The difference in macrophyte
cover at particular ponds also affected species composition. As a result,
Orthocladiinae dominated in the older ponds, which were densely
overgrown with macrophytes. In the core II from the younger ponds,
Chironominae were dominated mainly by Chironomus and Microspectra,
which is typical for muddy substrate. An increase of the number of
Chironomidae remains, observed in the top strata of most of the pro-
files, seems to be the combination of increased nutrient conditions,
development of more organic-rich sediments, and the macrophytes
cover. A low number of the remains in the bottom samples of several
profiles could be connected with the first phases of the pond's existence.

E. Szarek-Gwiazda, et al. Quaternary International 562 (2020) 94–103

101



Declaration of competing interest

The authors declare no conflict of interest.

Acknowledgments

The research was mainly funded by National Science Center, Poland
grant no. 2014/15/B/ST10/03862 and partly by the Institute of Nature
Conservation, Polish Academy of Sciences in Kraków, Poland as a
statutory activity. The authors thank to anonymous reviewer for valu-
able suggestions, which improved the manuscript. We extend our
thanks to Prof. Henri Dumont for the assistance with language editing
of some part of text.

References

Al-Shami, S., Rawi, C.S., Nor, S.A., Ahmad, A.H., Ali, A., 2010. Morphological deformities
in Chironomus spp. (Diptera: Chironomidae) larvae as a tool for impact assessment of
anthropogenic and environmental stresses on three rivers in the Juru River System,
Penang, Malaysia. Environ. Entomol. 39 (1), 210–222.

Al-Shami, S., Rawi, C.S.M., Nor, S.A.M., Ahmad, A., Ishadi, N., Dieng, H., 2013.
Genotoxicity in Chironomus kiensis (Chironomidae: Diptera) after exposure to polluted
sediments from rivers of north Peninsular Malaysia: implication for ecotoxicological
monitoring. River Res. Appl. 29, 1195–1204.

Arimoroa, F.O., Autaa, Y.I., Odumeb, O.N., Kekea, U.N., Mohammeda, A.Z., 2018.
Mouthpart deformities in Chironomidae (Diptera) as bioindicators of heavy metals
pollution in Shiroro Lake, Niger State, Nigeria. Ecotoxicol. Environ. Saf. 149, 96–100.

Bahrndorff, S., Ward, J., Pettigrove, V., Hoffmann, A.A., 2006. A microcosm test of
adaptation and species specific responses to polluted sediments applicable to in-
digenous chironomids (Diptera). Environ. Pollut. 139, 550–560.

Bitušík, P., Kubovčík, V., Štefková, E., Appleby, P.G., Svitok, M., 2009. Subfossil diatoms
and chironomids along an altitudinal gradient in the High Tatra Mountain lakes: a
multi-proxy record of past environmental trends. Hydrobiologia 631, 65–85.

Bitušík, P., Trnková, K., Chamutiová, T., Sochuliaková, L., Stoklasa, J., Pipík, R.,
Szarlowicz, K., Szacilowski, G., Thomková, K., Šporka, F., Starek, D., Šurka, J.,
Milovský, R., Hamerlík, L., 2018. Tracking human impact in a mining landscape
using lake sediments: a multi-proxy palaeolimnological study. Palaeogeogr.
Palaeoclimatol. Palaeoecol. 504, 23–33.

Brooks, S.J., Birks, H.J.B., 2004. The dynamics of Chironomidae (Insecta: Diptera) as-
semblages in response to environmental change during the past 700 years on
Svalbard. J. Paleolimnol. 31, 483–498.

Brooks, S.J., Udachin, V., Williamson, B.J., 2005. Impact of copper smelting on lakes in
the southern Ural Mountains, Russia, inferred from chironomids. J. Paleolimnol. 33,
229–241.

Brooks, S.J., Langdon, P.G., Heiri, O., 2007. The identification and use of Palaearctic
Chironomidae larvae in palaeoecology. QRA Technical Guide No. 10. Quaternary
Research Association, London.

Byrne, P., Wood, P.J., Reid, I., 2012. The impairment of river systems by metal mine
contamination: a review including remediation options. Crit. Rev. Environ. Sci.
Technol. 42, 2017–2077.

Calmano, W., von der Kammer, F., Schwartz, R., 2005. Characterization of redox con-
ditions in soils and sediments: heavy metals. In: Lens, P., Grotenhuis, T., Malina, G.,
Tabak, H. (Eds.), Soil and Sediment Remediation. IWA Publ, London UK, pp.
102–120.

Calvert, S.E., 2004. Beware intercepts: interpreting compositional ratios in multi-com-
ponent sediments and sedimentary rocks. Org. Geochem. 35 (8), 981–987.

Canfield, T.J., Kemble, N.E., Brumbaugh, W.G., Dwyer, F.J., Ingersoll, C.G., Fairchild,
J.F., 1994. Use of benthic invertebrate community structure and the sediment quality
triad to evaluate metal-contaminated sediment in the upper Clark Fork River,
Montana. Environ. Toxicol. Chem. 13, 1999–2012.

Ciszewski, D., 1997. Source of pollution as a factor controlling dispersal of heavy metals
in river bottom sediments. Environ. Geol. 29, 50–57.

Ciszewski, D., Łokas, E., 2019. Application of 239,240Pu, 137Cs and heavy metals for
dating of river sediments. Geochronometria 46, 138–147.

Ciszewski, D., Kubsik, U., Aleksander-Kwaterczak, U., 2012. Long-term dispersal of heavy
metals in a catchment affected by historic lead and zinc mining. J. Soils Sediments 12
(9), 1445–1462.

Ciszewski, D., Aleksander-Kwaterczak, U., Pociecha, A., Szarek-Gwiazda, E., Waloszek,
A., Wilk-Woźniak, E., 2013. Small effects of a large sediments contamination with
heavy metals on aquatic organisms in the vicinity of an abandoned lead and zinc
mine. Environ. Monit. Assess. 185, 9825–9842.

Cranston, P., 2010. Key to subfamilies Chironomidae. http://chirokey.skullisland.info/.
De Pauw, N., Ghetti, P.F., Manzini, P., Spaggiari, R., 1992. Biological assessment methods

for running waters. In: River Water Quality – Ecological Assessment and Control. C.
E.C. Bruxelles, pp. 217–248.

Deacon, J.R., Spahr, N.E., Mize, S.V., Boulger, R.W., 2001. Using water, bryophytes, and
macroinvertebrates to assess trace element concentrations in the Upper Colorado
River Basin. Hydrobiologia 455, 29–39.

Dermott, R.M., 1991. Deformities in larval Procladius spp. and dominant Chironomini
from the St. Clair River. Hydrobiologia 219, 171–185.

Di Veroli, A., Goretti, E., Paumen, L.M., Kraak, M.H.S., Admiraal, W., 2012. Mouthpart
deformities in Chironomus riparius larvae exposed to toxicants. Environ. Pollut. 166,
212–217.

Di Veroli, A., Santoro, F., Pallottini, M., Selvaggi, R., Scardazza, F., Cappelletti, D.,
Goretti, E., 2014. Deformities of chironomid larvae and heavy metal pollution: from
laboratory to field studies. Chemosphere 112, 9–17.

Directive, 2000. 60/EC of the European Parliament and of the Council of 23 October 2000
establishing a framework for Community action in the field of water policy. Off. J.
Eur. Commun. L327/1 5, 275–346 Chapter 15.

Fargašová, A., 2001. Winter third-to fourth-instar larvae of Chironomus plumosus as
bioassay tools for assessment of acute toxicity of metals and their binary combina-
tions. Ecotoxicol. Environ. Saf. 48, 1–5.

Gillis, P.L., Diener, L.C., Reynoldson, T.B., Dixon, D.G., 2002. Cadmium induced pro-
duction of a metallothionein like protein in Tubifex tubifex (Oligochaeta) and
Chironomus riparius (Diptera): correlation with reproduction and growth. Environ.
Toxicol. Chem. 21, 1836–1844.

Hamerlík, L., Dobríková, D., Szarlowicz, K., Reczynski, W., Kubica, B., Šporka, F., Bitušík,
P., 2016. Lake biota response to human impact and local climate during the last 200
years: a multi-proxy study of a subalpine lake (Tatra Mountains, W Carpathians). Sci.
Total Environ. 545–546, 320–328.

Ilkova, J., Michailova, P., Szarek-Gwiazda, E., Kownacki, A., Ciszewski, D., 2016. The
response of genome of the Chironomidae (Diptera) to heavy metal pollution in two
rivers of Southern Poland. Acta Zool. Bulg. (Suppl. 8), 9–15.

Ilkova, J., Michailova, P., Szarek-Gwiazda, E., Kownacki, A., Ciszewski, D., 2018.
Prodiamesa olivacea Meigen and Prodiamesa bureshi Michailova (Diptera,
Chironomidae, Prodiamesinae) as a candidate for accessing the genotoxicity of trace
metals in fluvial sediment. Environ. Monit. Assess. 190, 542.

Ilyashuk, B., Ilyashuk, E., Dauvalter, V., 2003. Chironomid responses to long-term metal
contamination: a paleolimnological study in two bays of Lake Imandra, Kola
Peninsula, northern Russia. J. Paleolimnol. 30, 217–230.

Janssens de Bisthoven, L.J., Gerhardt, A., Soares, A.M., 2005. Chironomidae larvae as
bioindicators of an acid mine drainage in Portugal. Hydrobiologia 532 (1), 181–191.

Kownacki, A., 2011. Significance and conservation of Chironomidae (Diptera, Insecta) in
aquatic ecosystems of Poland. Forum faunistyczne 1, 4–11.

Kownacki, A., Soszka, H., Fleituch, T., Kudelska, D. (Eds.), 2002. River biomonitoring and
benthic invertebrate communities. Institute of Environmental Protection in
Warszawa, Karol Starmach Institute of Freshwater Biology, Polish Academy of
Sciences in Kraków, Warszawa–Kraków, pp. 88.

Lang, B., Bedford, A.P., Richardson, N., Brooks, S.J., 2003. The use of ultra-sound in the
preparation of carbonate and clay sediments for chironomid analysis. J. Paleolimnol.
30 (4), 451–460.

MacDonald, D.D., Ingersoll, C.G., Berger, T.A., 2000. Development and evaluation of
consensus-based sediment quality guidelines for freshwater ecosystems. Arch.
Environ. Contam. Toxicol. 39, 20–31.

Martinez, E.A., Moore, B.C., Schaumloffel, J., Dasgupta, N., 2002. The potential asso-
ciation between menta deformities and trace elements in Chironomidaeae (Diptera)
taken from a heavy metal contaminated river. Arch. Environ. Contam. Toxicol. 42,
286–291.

Martinez, E.A., Moore, B.C., Schaumloffel, J., Dasgupta, N., 2004. Effects of exposure to a
combination of zinc- and lead spiked sediments on mouthpart development and
growth in Chironomus tentans. Environ. Toxicol. Chem. 23, 662–667.

Michailova, P., Ilkova, J., Hankeln, T., Schmidt, E., Selvaggi, A., Zampicinini, G.P., Sella,
G., 2009. Somatic breakpoints, distribution of repetitive DNA and non-LTR-retro-
transposon insertion- sites in the chromosomes of Chironomus piger Strenzke (Diptera,
Chironomidae). Genetica 135, 137–148.

Michailova, P., Warchałowska-Śliwa, E., Szarek-Gwiazda, E., Kownacki, A., 2012. Does
biodiversity of macroinvertebrates and genome response of Chironomidae larvae
(Diptera) reflect heavy metal pollution in a small pond? Environ. Monit. Assess. 184,
1–14.

Michailova, P., Ilkova, J., Dean, A.P., White, K.N., 2015. Cytogenetic index and functional
genome alterations in Chironomus piger Strenzke (Diptera, Chironomidae) in the as-
sessment of sediment pollution: a case study of Bulgarian and UK rivers.
Ecotoxicology and Environment Safety 111, 220–227.

Michailova, P., Ilkova, J., Szarek- Gwiazda, E., Kownacki, A., Ciszewski, D., 2018.
Genome instability in Chironomus annularius sensu Strenzke (Diptera, Chironomidae):
a biomarker for assessment of the heavy metal contaminants in Poland. J. Limnol. 77
(s1), 15–24.

Nair, P.M.G., Park, S.Y., Chung, J.W., Choi, J., 2013. Transcriptional regulation of glu-
tathione biosynthesis genes, γ-glutamyl-cysteine ligase and glutathione synthetase in
response to cadmium and nonylphenol in Chironomus riparius. Environ. Toxicol.
Pharmacol. 36, 265–273.

Orendt, C., Spies, M., 2012a. 450. Chironomini (Diptera: Chironomidae). Keys to Central
European Larvae Using Mainly Macroscopic Characters. Leipzig, vol. 64 illustrations.
ISBN 978-3-00-038842-2.

Orendt, C., Spies, M., 2012b. Chironomus (Meigen) (Diptera: Chironomidae). Key to the
Larvae of Importance to Biological Water Analysis in Germany and Adjacent Areas.
Leipzig, vol. 24. pp. 47 illustrations. ISBN 978-3-00-038789-0.

Pedrosa, J., Campos, D., Cocchiararo, B., Nowak, C., Soares, A.M.V.M., Barata, C.,
Pestana, J.L.T., 2017. Evolutionary consequences of historical metal contamination
for natural populations of Chironomus riparius (Diptera: Chironomidae).
Ecotoxicology 26, 534–546.

Persaud, D., Jaagumagi, R., Hayton, A., 1993. Guidelines for the Protection and
Management of Aquatic Sediment Quality in Ontario. Ontario Ministry of the
Environment. pp. 27 Queen’s Printer of Ontario.

Pociecha, A., Wojtal, A.Z., Szarek-Gwiazda, E., Cieplok, A., Ciszewski, D., Kownacki, A.,
2019. Response of Cladocera fauna to heavy metal pollution, based on sediments

E. Szarek-Gwiazda, et al. Quaternary International 562 (2020) 94–103

102

http://refhub.elsevier.com/S1040-6182(20)30288-3/sref1
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref1
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref1
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref1
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref2
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref2
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref2
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref2
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref3
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref3
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref3
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref4
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref4
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref4
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref5
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref5
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref5
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref6
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref6
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref6
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref6
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref6
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref7
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref7
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref7
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref8
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref8
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref8
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref9
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref9
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref9
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref10
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref10
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref10
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref11
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref11
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref11
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref11
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref12
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref12
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref13
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref13
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref13
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref13
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref14
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref14
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref15
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref15
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref16
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref16
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref16
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref17
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref17
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref17
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref17
http://chirokey.skullisland.info/
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref19
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref19
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref19
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref20
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref20
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref20
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref21
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref21
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref22
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref22
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref22
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref23
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref23
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref23
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref24
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref24
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref24
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref25
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref25
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref25
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref26
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref26
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref26
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref26
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref27
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref27
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref27
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref27
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref28
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref28
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref28
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref29
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref29
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref29
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref29
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref30
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref30
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref30
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref31
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref31
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref32
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref32
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref33
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref33
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref33
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref33
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref34
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref34
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref34
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref35
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref35
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref35
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref36
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref36
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref36
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref36
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref37
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref37
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref37
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref38
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref38
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref38
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref38
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref39
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref39
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref39
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref39
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref40
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref40
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref40
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref40
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref41
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref41
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref41
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref41
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref42
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref42
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref42
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref42
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref43
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref43
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref43
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref44
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref44
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref44
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref45
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref45
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref45
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref45
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref46
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref46
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref46
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref47
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref47


from subsidence ponds downstream of a mine discharge (S. Poland). Water 11, 810.
Rainbow, P.S., 2007. Trace metal bioaccumulation: models, metabolic availability and

toxicity. Environ. Int. 33, 576–582.
Simpson, S., Batley, G., 2007. Predicting metal toxicity in sediments: a critique of current

approaches. Integrated Environ. Assess. Manag. 3, 18–31.
Smith, M., Cranston, P., 1995. “Recovery” of an acid mine-waste impacted tropical stream

- the chironomid story. In: Cranston, P. (Ed.), Chironomids – from Genes to
Ecosystems. CSIRO Australia, pp. 161–173.

Smith, S.L., MacDonald, D.D., Keenleyside, K.A., Ingersoll, C.G., Field, J., et al., 1996. A
preliminary evaluation of sediment quality assessment values for freshwater eco-
systems. J. Great Lake. Res. 22, 624–638.

Smolders, A.J.P., Lock, R.A.C., Van der Velde, G., Medina Hoyos, R.I., Roelofs, J.G.M.,
2003. Effects of mining activities on heavy metal concentrations in water, sediment,
and macroinvertebrates in different reaches of the Pilcomayo River, South America.
Arch. Environ. Contam. Toxicol. 44, 314–323.

Smykla, J., Drewnik, M., Szarek-Gwiazda, E., Hii, Y.S., Knap, W., Emslie, S.D., 2015.
Variation in the characteristics and development of soils at Edmonson Point due to
abiotic and biotic factors, northern Victoria Land, Antarctica. Catena 132, 56–67.

Stoklasa, J., Dobríková, D., Sochuliaková, L., Pipík, R., Hamerlík, R., 2017. Identifying
white spots on the roadmap of Late Pleistocene and Holocene palaeolimnology in
Slovakia: review and future directions. Biologia 72 (11), 1229–1239.

Swansburg, E.O., Fairchild, W.L., Fryer, B.J., Ciborowski, J.J.H., 2002. Mouthpart de-
formities and community composition of Chironomidaeae (Diptera) larvae down-
stream of metal mines in New Brunswick, Canada. Environ. Toxicol. Chem. 21,
2675–2684.

Szarek-Gwiazda, E., Ciszewski, D., 2017. Variability of heavy metal concentrations in

waters of fishponds affected by the former lead and zinc mine in southern Poland.
Environ. Protect. Eng. 43 (1), 121–137.

Szarek-Gwiazda, E., Michailova, P., Ilkowa, J., Kownacki, A., Ciszewski, D., Aleksander-
Kwaterczak, U., 2013. Effect of long term contamination by heavy metals on com-
munity and genom alterations of Chironomidae (Diptera) in stream with mine water
(Southern Poland). Oceanol. Hydrobiol. Stud. 42 (4), 460–469.

Timmermans, K.R., Peeters, W., Tonkes, M., 1992. Cadmium, zinc, lead and copper in
Chironomus riparius (Meigen) larvae (Diptera, Chironomidae): uptake and effects.
Hydrobiologia 241, 119–134.

Toušová, Z., Kuta, J., Hynek, D., Adam, V., Kizek, R., Bláha, L., Hilscherová, K., 2016.
Metallothionein modulation in relation to cadmium bioaccumulation and age-de-
pendent sensitivity of Chironomus riparius larvae. Environmental Science and
Pollution Reseach 23, 10504–10513.

Watanabe, N.C., Harada, S., Komai, Y., 2000. Long-term recovery from mine drainage
disturbance of a macroinvertebrate community in the Ichi-kawa River, Japan.
Hydrobiologia 429, 171–180.

Wright, I.A., Ryan, M.M., 2016. Impact of mining and industrial pollution on stream
macroinvertebrates: importance of taxonomic resolution, water geochemistry and
EPT indices for impact detection. Hydrobiologia 772, 103–115.

Yang, L., Chen, S., Zhang, J., Yu, S., Deng, H., 2017. Environmental factors controlling the
spatial distribution of subfossil Chironomidae in surface sediments of Lake Dongping,
a warm temperate lake in North China. Environ. Times Earth Sci 76, 524.

Zhang, C., Yu, Z., Zeng, G., Jiang, M., Yang, Z., Cui, F., Zhu, M., Shen, L., Hu, L., 2014.
Effects of sediment geochemical properties on heavy metal bioavailability. Environ.
Int. 73, 270–281.

E. Szarek-Gwiazda, et al. Quaternary International 562 (2020) 94–103

103

http://refhub.elsevier.com/S1040-6182(20)30288-3/sref47
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref48
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref48
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref49
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref49
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref50
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref50
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref50
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref51
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref51
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref51
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref52
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref52
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref52
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref52
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref53
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref53
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref53
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref54
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref54
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref54
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref55
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref55
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref55
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref55
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref56
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref56
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref56
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref57
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref57
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref57
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref57
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref58
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref58
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref58
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref59
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref59
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref59
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref59
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref60
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref60
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref60
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref61
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref61
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref61
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref62
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref62
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref62
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref63
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref63
http://refhub.elsevier.com/S1040-6182(20)30288-3/sref63

	Does the subfossil Chironomidae in sediments of small ponds reflect changes in wastewater discharges from a Zn–Pb mine?
	Introduction
	Material and methods
	Study area
	Sample collection
	Water
	Sediment
	Statistical analysis

	Results
	Water
	Sediment
	Organic matter and nutrients in cores X and XX
	Cd, Pb and Zn in studied cores
	Chironomidae in cores
	Distribution of head capsule in relations to Cd, Pb and Zn concentrations in cores


	Discussion
	Conclusions
	Declaration of competing interest
	Acknowledgments
	References




