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Abstract

Crayfish accumulate trace metals, which is why they often serve as environmental
indicators. Among heavy metals, Hg, Cd and Pb are considered toxic substances, while Fe,
Zn, Cu, Cr, Ni, Mn, V, Al and Li are involved in vital functions, which makes them essen-
tial elements in animal organisms.

The study objective was to determine concentrations of the above metals in the abdo-
minal muscles, hepatopancreas and exoskeleton of spinycheek crayfish (Orconectes limo-
sus Raff.) and signal crayfish (Pacifastacus leniusculus Dana) from Dga³ Wielki Lake and
Pob³êdzie Lake in the Mazurian Lake District, Poland.

The analyses were carried out with the use of the following methods: CV AAS (Hg),
GF AAS (Cd, Pb) and ICP-AES (Al, Cr, Cu, Fe, Li, Mn, Ni, V, Zn) after wet digestion in
HNO3 and HClO4 concentrated acid mixture.

Regarding mean concentrations (mg kg-1 wet weight) in crayfish, metals formed the
following order: Al (14.8-123.4) > Mn (0.26-91.3) > Fe (0.54-81.1) > Zn (6.80-51.91) > Cu
(1.21-4.34) > Ni (0-0.782) > Cr (0.032-0.606) > V (0-0.245) > Li (0.011-0.215) > Pb (0.018-
0.079) > Hg (0.004-0.045) > Cd (0.001-0.017).
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Metal concentrations in crayfish organs were varied, and for different metals they
decreased in different order: Al, Mn, Cu, Ni, Cr, V and Li – exoskeleton > hepatopancreas
> muscles; Zn and Hg – hepatopancreas > muscles > exoskeleton; Fe – hepatopancreas >
exoskeleton > muscles, while for lead and cadmium no overall correlation was observed.
The comparison of metal concentrations in the organs of spinycheek crayfish from Dga³
Wielki Lake and Pob³êdzie Lake did not prove any statistically significant discrepancies.
Also, some minor interspecies differences in the metal content proved insignificant.

According to the European Union regulations, concentrations of toxic heavy metals
(Hg, Cd, Pb) in the muscles of both species of the tested crayfish were significantly below
the maximum levels.

Key words: metals, crayfish, muscles, hepatopancreas, exoskeleton.

STÊ¯ENIE METALI W WYBRANYCH NARZ¥DACH RAKÓW – ORCONECTES
LIMOSUS I PACIFASTACUS LENIUSCULUS  Z JEZIOR MAZURSKICH

Abstrakt

Raki kumuluj¹ w swoim organizmie metale, i dlatego s¹ czêsto traktowane jako wskaŸ-
nik stanu œrodowiska. Wœród metali ciê¿kich za toksyczne uznaje siê Hg, Cd i Pb, nato-
miast Fe, Zn, Cu, Cr, Ni, Mn, V, Al i Li maj¹ udzia³ w funkcjach ¿yciowych, co czyni
je niezbêdnymi dla organizmu. Celem pracy by³o okreœlenie stê¿eñ ww. metali w miêœniach
odw³okowych, w¹trobotrzustce i pancerzu raków prêgowatego (Orconectes limosus Raff.) i
sygna³owego (Pacifastacus leniusculus Dana) z jezior Dga³ Wielki i Pob³êdzie (Pojezierze
Mazurskie).

 Analizy przeprowadzono z u¿yciem nastêpuj¹cych metod: CV AAS (Hg), GF AAS (Cd,
Pb) i ICP – AES (Al, Cr, Cu, Fe, Li, Mn, Ni, V, Zn) po zmineralizowaniu próbek
w mieszaninie stê¿onych kwasów azotowego i nadchlorowego.

Pod wzglêdem œredniego stê¿enia (mg kg-1 mokrej masy) metale by³y uszeregowane
w nastêpuj¹cej kolejnoœci: Al (14,8-123,4) > Mn (0,26-91,3) > Fe (0,4-81,1) > Zn (6,80-51,91)
> Cu (1,21-4,34) > Ni (0-0,782) > Cr (0,032-0,606) > V (0-0,245) > Li (0,011-0,215) > Pb
(0,018-0,079) > Hg (0,004-0,045) > Cd (0,001-0,017).

Stê¿enie metali w narz¹dach raków by³o zró¿nicowane; dla ró¿nych metali zmniejsza³o
siê nastêpuj¹co: Al, Mn, Cu, Ni, Cr, V i Li – pancerz > w¹trobotrzustka > miêœnie;
Zn i Hg –w¹trobotrzustka > miêœnie > pancerz; Fe – w¹trobotrzustka > pancerz > miêœnie.
Nie obserwowano takich zale¿noœci dla o³owiu i kadmu.

Porównanie stê¿eñ metali w narz¹dach raka prêgowatego z jeziora Dga³ i jeziora Po-
b³êdzie nie wykaza³o istotnych statystycznie ró¿nic. Podobnie nieistotne by³y miêdzygatun-
kowe ma³e ró¿nice w stê¿eniach metali.

Stê¿enia toksycznych metali ciê¿kich (Hg, Cd, Pb) w miêœniach obu badanych gatun-
ków raków plasowa³y siê poni¿ej najwy¿szego dopuszczalnego poziomu ustalonego dla œrod-
ków spo¿ywczych przez Rozporz¹dzenie Komisji WE.

S³owa kluczowe: metale, raki, miêœnie, w¹trobotrzustka, pancerz.
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INTRODUCTION

Among the native fauna species in Poland, crayfish belong to the larg-
est invertebrates. Until the end of the 19th century, the noble crayfish (Asta-
cus astacus) and Danube crayfish (Astacus leptodactylus) had been widespread
in the European water bodies. But due to their considerable vulnerability to
crayfish plague and sensitivity to pollution, at present they are very rare in
Poland and under strict protection. These native species were supplanted by
the spinycheek crayfish (Orconectes limosus), also called American crayfish,
imported from the United States of America in 1892, and signal crayfish
(Pacifastacus leniusculus) introduced to Polish waters in the early 1970s
(KOSSAKOWSKI et al. 1978, ŒMIETANA, STRU¯YÑSKI 1999). Having been introduced
to Polish waters, these foreign species were unintentionally spread by hu-
mans. For example, it is believed that implementation of nylon fishing nets
accelerated the phenomenon, because such nets – unlike cotton ones – do
not need drying so crayfish caught in nylon nets can be transferred in good
condition from one water body to another, even at considerable distances
(ŒMIETANA, STRU¯YÑSKI 1999). Besides, foreign species are less susceptible to
crayfish plague and they cope better with unfavourable environmental con-
ditions.

Moreover, female signal crayfish lay eggs under the abdomen as early
as spring, while female noble crayfish and Danube crayfish do so in au-
tumn, which additionally contributes to quicker expansion of signal crayfish
in Europe. The incubation period lasts 6-7 months in native crayfish and
just 5-6 weeks in alien ones. Owing to such short incubation, eggs carried
under the abdomen of a female are less likely to be lost (ULIKOWSKI, BORKOWS-
KA 1999). However, signal crayfish do not grow big and an individual 12-cen-
timetre in length is considered very large (ŒMIETANA, STRU¯YÑSKI 1999).

Signal crayfish are equipped with many practical adaptations and reach
sizes similar to noble crayfish. Representatives of the species mature one
year earlier than the native crayfish and are more productive of offspring;
also, their body length increases faster compared to the native crayfish (KRZY-
WOSZ et al. 1995, KRZYWOSZ, KRZYWOSZ 2001, ŒMIETANA, KRZYWOSZ 2006). Howev-
er, their introduction is not always successful, especially where spinycheek
crayfish are abundant. It should also be remembered that signal crayfish
and spinycheek crayfish are a serious threat to noble crayfish, which have
become very rare in Poland (GYDEMOR 1996, KRZYWOSZ 2006, KOZUBÍKOVÁ et al.
2008).

Regarding the above, attempts should be made to eliminate the Ameri-
can species from Polish waters. Attaining this goal can be facilitated by the
development of fish farming, as farms can preserve native species in their
natural environment (BERNAD et al. 2001). It is also supported by Polish legal
regulations, stipulating that caught spinycheek crayfish (Orconectes limosus
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Raff.) and signal crayfish (Pacifastacus leniusculus Dana.) individuals should
not be released to the same fishing ground, nor to any other water bodies
(Dz. U. 2001, 2003).

Crayfish may be used as an environmental indicator because their tis-
sues tend to accumulate metals, including heavy ones (ANDERSON et al.
1997b). Among heavy metals, mercury, cadmium and lead are toxic and not
essential to organisms.  Other metals from the same group, namely iron,
zinc, copper, chromium, nickel, manganese and vanadium, are essential to
organisms because of positive roles they play in many vital functions. Also
aluminium and lithium, which belong to heavy metals, are essential to ani-
mals. An extensive review of the distribution and role of trace elements in
the environment has already been provided by KABATA-PENDIAS, PENDIAS (1999).
Situations when toxic metal concentrations exceed the tolerable level or
when the essential metals exceed concentrations physiologically needed to
maintain a biochemical balance pose a threat to animal health and life.

Bioaccumulation of metals in crayfish bodies may impair the immune
system, reproduction, heart rhythm, breathing processes, regeneration and
moulting processes; it may also cause changes in pigmentation, increase
glucose concentration, change pH of digestive juices and induce histopatho-
logical changes in the hepatopancreas (MEYER et al. 1991, REDDY et al. 1994,
STYRISHAVE, DEPLEDGE 1996, ANDERSON et al. 1997b, AHERN, MORRIS 1999, ROD-
RIGUEZ et al. 2003, WARD et al. 2006, WOODBURN et al. 2011). The hepatopan-
creas, an organ involved in the processes of nutrient absorption and storage
as well as detoxification, is particularly prone to bioaccumulation of metals.
They are stored in metal-containing vacuoles, as demonstrated by a study
on lead accumulation carried out in laboratory conditions (ANDERSON  et al.
1997a).

The objective of this study was to test concentrations of metals, mainly
heavy ones, in tissues (exoskeleton, hepatopancreas and muscles) of
spinycheek crayfish (Orconectes limosus Raff.) and signal crayfish (Pacifasta-
cus leniusculus Dana). A hypothesis was formulated that metal concentra-
tions in particular organs of crayfish depended on which lake given crayfish
originated from (Dga³ Wielki or Pob³êdzie Lake) and on the species.

MATERIAL AND METHODS

Study area
The lakes where the crayfish were caught are located in the Mazurian

Lake District, Poland. Dga³ Wielki Lake is a flow-through lake with an area
of 94.5 ha, maximum depth 17.6 m, average depth 5.3 m, maximum length
1,300 m, maximum width 1,120 m and the shoreline length of 5,200 m. The
lake has a developed shoreline, hard sandy bottom with muddy sediments
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in its bays. The lake’s direct catchment area comprises 35% of poor arable
land, 30% of pastures and fallows, 25% of coniferous forest and almost 10%
of farm buildings. This mesotrophic lake is inhabited by such fish as  roach,
pike, bream, perch, sheatfish, eel, sturgeon and bighead carp.

Pob³êdzie Lake is half the size of Dga³ Wielki. It has an area of 57.6 ha,
maximum depth 15.4 m and an average depth of 5.9 m. Pob³êdzie is a flow-
through lake located in a protection zone of the Puszcza Romnicka Land-
scape Park. Perch and pike are dominant species in its ichthyofauna, but
eels are absent. The lake is distinguished by relatively low trophy, although
it cannot be classified as an oligotrophic water body (KRZYWOSZ, KRZYWOSZ

2002).

Material
The tested material consisted of 40 individuals, including 30 individuals

of spinycheek crayfish (Orconectes limosus Raff.) and 10 individuals of signal
crayfish (Pacifastacus leniusculus Dana). Spinycheek crayfish were caught in
two lakes: Dga³ Wielki (n=15, 12 males and 3 females) and Pob³êdzie (n=15,
9 males and 6 females); signal crayfish (n=10, 9 males and one female) were
caught only in Pob³êdzie Lake. The crayfish were caught on 28th September
2003, then transported to a laboratory, weighed and measured (Table 1).
The following organs were dissected: abdomen muscles, hepatopancreas and
exoskeleton. Because of the small weight of spinycheek crayfish, the mate-
rial from three individuals of the same gender was aggregated for analysis.
The samples were tightly packed, frozen and stored for analyses at –30oC.
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Analytical methods
Mercury determination. The samples of the muscles and hepatopancreas

were digested in mixture of concentrated nitric acid and perchloric acid (7:3),
as in ADRIAN (1971), while  the samples of the exoskeleton were mineralized
for 12 hours in concentrated nitric acid in an incubator at 70oC. After disso-
lution with deionized water, the samples were filtered to a volumetric flask
and made up to 100 ml. The content of mercury was determined by cold
vapour atomic absorption spectrometry (CV AAS) in a Bacharach Coleman
MAS 50D apparatus, after reducing mercury ions with 5 ml 10% SnCl2 solu-
tion.

Determination of other metals. Tissue samples were placed in test tubes
and mineralized in a mixture of concentrated nitric acid and perchloric acid
(4:1) in a heating block. The block temperature was gradually increased
from 50oC to 200oC in order to avoid untimely evaporation of the acids and
carbonization of the residue. The dry residue was diluted in 2 ml of 15%
HNO3, transferred to a volumetric flask and made up to 20 ml with deion-
ized water.

Cadmium and lead were determined using graphite furnace atomic ab-
sorption spectrometry (GF AAS) in a Perkin Elmer ZL 4110 apparatus, while
the other chemical elements (Al, Cr, Cu, Fe, Li, Mn, Ni, V, Zn) were deter-
mined using inductively coupled plasma atomic emission spectroscopy (ICP
AES) in a Jobin Yvon JY-24 apparatus.

RESULTS AND DISCUSSION

It is common knowledge that the content of elements in aquatic organ-
isms depends on their environmental concentrations and their involvement
in metabolism (ANDERSON et al. 1997b). Average concentrations (mg kg–1 wet
weight) of the analysed metals in the three selected organs of crayfish were
as follows: Hg – 0.004-0.045; Cd – 0.001-0.017; Pb – 0.018-0.079; Cu – 1.21-
4.34; Zn – 6.80-51.91; Cr – 0.032-0.606; Ni – 0-0.782; Fe – 0.54-81.1; Mn –
0.26-91.31; V – 0-0.245; Li – 0.011-0.215 and Al – 14.8-123.4 (Table 2). With
regard to the concentrations, the metals formed the following order: Al >
Mn > Fe > Zn > Cu > Ni > Cr > V > Li > Pb > Hg > Cd.

The observed order of increasing metal concentrations in crayfish or-
gans is consistent with their content in the lithosphere and hydrosphere
provided by KABATA-PENDIAS, PENDIAS (1999); it is also consistent with the re-
sults obtained by MACKEVIÈIENË (2002).

Mercury, cadmium and lead are explicitly toxic substances, although
their low concentrations are tolerated by organism. The other metals be-
long to the group of elements essential for life; they have to be supplied to
a body but their excess is harmful.
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Mercury, cadmium and lead are found in animal tissues even when there
is no environmental pollution. In increased concentrations, the metals in-
hibit enzymes, bind to amino acids, hemoglobin, RNA and DNA, cause his-
topathological changes in the hepatopancreas and exhibit mutagenic and car-
cinogenic activity (ANDERSON et al. 1997b, KABATA-PENDIAS, PENDIAS 1999, KOUBA

et al. 2010).
KOUBA et al. (2010) discussed the content of these metals in the abdomi-

nal muscles and hepatopancreas of some species of crayfish caught in vari-
ous regions of the world, based on a publication covering the period from
the early 1970s until 2007. Metal concentrations (mg kg–1 wet weight) in
the organs of crayfish caught in unpolluted areas were varied: 0.010-0.274
mercury in the muscles and 0.048-0.420 in the hepatopancreas; cadmium
<0.004-0.116 and 0.02-0.72 respectively, and lead 0.012-2.14 and 0.008-1.66,
respectively. This indicates that accumulation of mercury, cadmium and lead
in the crayfish from the Mazurian Lakes (Table 2) lied within the lower
range of the results obtained by the above authors.

Essential elements (Cu, Zn, Cr, Ni, Fe, Mn, V, Li, Al) are present in
crayfish bodies as a result of their physiological functions. Besides the data
on three toxic metals, KOUBA et al. (2010) also provided results of studies on
the content of essential elements, namely: Cu, Zn, Cr and Ni. Their content
(mg kg-1 wet weight) in the abdominal muscles and hepatopancreas of cray-
fish caught in unpolluted water bodies ranged within: copper 0.594-1.44 and
2.07-117.0, zinc 1.06-25.5 and 5.02-62.0, chromium <0.02-0.62 and 0.03-0.18,
and nickel <0.08-0.97 and 0.25-0.93, respectively. The results of our study
(Table 2) seem to be in agreement with the results provided by KOUBA et al.
(2010). Similar data were also reported in publications of other authors
(FINERTY et al. 1990, ANDERSON et al. 1997b, MOELLER et al. 2003), and some
of them additionally provided data on metal content in exoskeleton
(MACKEVIÈIENË 2002, POURANG, DENNIS 2005).

There are fewer publications on iron, manganese, vanadium, lithium,
and aluminium in crustaceans. The content of these metals in crayfish or-
gans varied depending on where they were caught and on the species. Con-
centrations detected in this study (Table 2) did not differ significantly from
those reported by other authors for crayfish caught in unpolluted areas.
According to KURUN et al. (2010), iron concentrations (mg kg–1 wet weight)
in crayfish ranged within 67.77-73.41 in muscles and 68.07-75.34 in hepato-
pancreas. Taking into account the proportion of dry weight in the tested
organs, these concentrations did not differ from iron content determined in
our study (Table 2). Similar concentrations of iron level were found for whole
crayfish (MOELLER et al. 2003).

MACKEVIÈIENË (2002) reported the manganese content (mg kg–1 wet
weight) in crayfish at the level of 5.56±3.87 in muscles, 118±11 in exoskele-
ton, and 56.00±8.81 in hepatopancreas. Similar concentrations of the ele-
ment in crayfish muscles and hepatopancreas were also determined by
KURUN et al. (2010).
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 The study of FINERTY et al. (1990) showed that the vanadium content
(mg kg-1 wet weight) in organs of crayfish caught in unpolluted areas was
0.000-0.946 in abdominal muscles and 0.000-0.554 in the hepatopancreas. The
same authors observed several-fold higher concentrations in muscles (2.190-
-5.134 mg kg–1) and the hepatopancreas (3.577-7.271 mg kg–1) of crayfish
caught from polluted areas.

Lithium occurs in all waters as hydroxide usually combined with
colloidal suspension but rarely as an ion. The element also appears in all
animal tissues, and is particularly abundant in parenchymatous organs (KABA-
TA-PENDIAS, PENDIAS 1999). The available literature lacks publications on the
lithium content in crustaceans.

Recent studies have proven that aluminium impairs functions of the
hepatopancreas of crayfish (WOODBURN et al. 2011) and may also have an
adverse effect on the immune system (WARD et al. 2006). The growing inter-
est in this chemical element is stimulated by the fact that when environ-
mental acidification increases, the bioavailability of aluminium increases as
well. According to the reports published so far, the aluminium content (mg
kg-1 wet weight) in crayfish muscles and the hepatopancreas ranged within
0.00-44.59 and 0.00-74.34, respectively (FINERTY et al. 1990, KURUN et al. 2010).

The crayfish organs tested in our study presented various degrees of
metal bioaccumulation. According to the decreasing metal concentrations,
the following order of organs was observed: Al, Mn, Cu, Ni, Cr, V and Li –
exoskeleton > hepatopancreas > muscles; Zn and Hg – hepatopancreas >
muscles > exoskeleton; Fe – hepatopancreas > exoskeleton > muscles. For
lead and cadmium, no regular pattern of their concentrations in the particu-
lar organs was observed. The content of these metals depended on the spe-
cies and on where they were captured (Table 2). Thus, among the three
tested organs the highest metal concentration was observed in the exoskel-
eton or the hepatopancreas, being usually the lowest in muscles, an obser-
vation confirmed in publications by other authors (MACKEVIÈIENË 2002,
POURANG, DENNIS 2005, NAGHSHBANDI et al. 2007, KOUBA et al. 2010). Lead,
cadmium, zinc and mercury were exceptions. The lead and cadmium con-
tent was dependent more on the catching location and the species than on
the organ. The zinc and mercury concentrations in muscles were higher
than in the exoskeleton, but lower than in the hepatopancreas. A similar
relationship for zinc was reported by POURANG and DENNIS (2005).

A high content of metals in the hepatopancreas results from its func-
tion. It is a well-known fact that this organ is involved in absorption and
storage of nutrients, and in detoxification processes, which makes it prone
to bioaccumulating metals (ANDERSON et al. 1997b, POURANG, DENNIS 2005).
High levels of metals in the exoskeleton may be due to the absorption of
metals from water (ANDERSON et al. 1997a, b) or the fact that it is the route
for both absorption and excretion of metals from the organism (MACKEVIÈIENË

2002). Some of the detected differences in metal concentrations in crayfish
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organs between the species and the catching areas proved to be statistically
insignificant (Table 2). However, significant differences were demonstrated
in some earlier research (KOUBA et al. 2010). Our results allow us to con-
clude that metal concentrations in the lakes where the crayfish had lived
were within the range of natural background.

Abdominal muscles of crayfish are treated as food, therefore it is essen-
tial to compare the determined concentrations of mercury, cadmium and
lead with the legally set maximum limits. In Poland, which is a member
state of the European Union, concentrations of the three toxic heavy metals
are regulated by Commission Regulation (EC) No 1881/2006, which sets
threshold levels for certain contaminants in foodstuffs (Dz.U. 2006). This
Regulation stipulates that the content of mercury, cadmium and lead in meat
of crustaceans shall not exceed 0.50 mg kg–1 wet weight. Concentrations of
these metals in the meat of the tested crayfish were several-fold lower,
hence it should be safe for the health of potential consumers.

 CONCLUSIONS

1. With regard to the concentration in crayfish organs, the following
order of metals was observed: Al > Mn > Fe > Zn > Cu > Ni > Cr > V > Li
> Pb > Hg > Cd.

2. The tested crayfish organs presented different degrees of metal bioac-
cumulation; regarding concentrations of metals, the following order of or-
gans was observed: the exoskeleton > hepatopancreas > muscles for Al, Mn,
Cu, Ni, Cr, V and Li; hepatopancreas > muscles > exoskeleton for Zn and
Hg; hepatopancreas > exoskeleton > muscles for Fe. No such explicit corre-
lations were found for Pb and Cd.

3. Some differences in the metal content in crayfish organs between the
species and catching areas proved to be statistically insignificant.

4. The concentrations of toxic metals in the abdominal muscles of the
tested crayfish were several-fold lower than the maximum permissible levels,
which means that the meat was safe for the health of potential consumers.
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