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HEAVY METAL CONTENT IN ENVIRONMENTAL ENRICHMENT
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Summary. Laboratory animals should be kept in facilities ensuring appropriate environ-
mental conditions for a given species, including the necessary freedom of movement, food
and water and care to ensure their health. No lesser of an important factor in improving
animal welfare is through the use of various types of elements enriching the environment,
which do not disturb proper behavioural attitudes and reduce stress factors. Such enrichment
includes commercially available elements made of polycarbonate, cotton, aspen wood and
cellulose and paper tubes from households of an economic origin. Commercially available
enrichments have a high standard of manufacturing and guarantee safety, which, in the case
of “home-made” cellulose tubing, is difficult to guarantee, particularly when they contain
dyes, printing inks or adhesive residues. The aim of the study was to assess the content of
heavy metals in home-made environmental enrichments. The comparative material was
commercially available enrichments. Two methods of mineralisation of the tested material
and ICP-OES analytical method were used to determine the content of heavy metals. Nutri-
tional intake standards for rodents served us as critical parameters. The results of the analy-
sis showed that both types of environmental enrichment (“home-made” and “commercial’)
do not contain toxic heavy metals. The only impurities that were determined by the method
used were iron and copper, whose content in the analysed material differed depending on
the method of sample preparation. The content of copper and iron was much lower than the
feeding standards for rodents.
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INTRODUCTION

Heavy metals are naturally occurring elements that have a relatively high atomic mass,
atomic number and density. They are non-removable from the environment, which means
that once introduced into the environment they circulate constantly, changing at most their
chemical form. Heavy metals participating in life processes include: macroelements such
as calcium (Ca), magnesium (Mg) and potassium (K) and a wide range of microelements
such as iron (Fe), copper (Cu), manganese (Mn), zinc (Zn), cobalt (Co), molybdenum (Mo),
selenium (Se), chromium (Cr), silicon (Si), vanadium (V), tin (Sn), nickel (Ni), aresene (As)
[Dobrzanski 1996]. It is worth noting that heavy metals also include elements that do not
take part in metabolic transformations and can have embryotoxic, teratogenic, mutagenic
and carcinogenic properties. This group includes: mercury (Hg), lead (Pb), thallium (TI),
barium (Ba) or cadmium (Cd) [Kupczyk 1995, Ociepa-Kubicka 2012, Sowa-Lewandowska
2013]. In the interest for the proper functioning of the animal organism, standards were
established for the presence of undesirable substances in feeding stuffs. These values for
heavy metals are expressed in mg-kg ™' (ppm) for feed with specific moisture content. How-
ever, it should be remembered that heavy metals can be introduced into the animal body not
only with feed but also with water, litter or enrichment [Kinal 2009].

In the interest of laboratory animal welfare [Broom 1987] and in accordance with
the guidelines laid down in Directive 2010/63/EU on the protection of animals used for
scientific purposes, environmental enrichment shall be introduced into cages in order to
provide the animals with the highest possible level of behavioural comfort. A very wide
range of commercial environmental enrichment elements is available, including polycar-
bonate houses and tubes, cotton swabs, wooden blocks and cardboard tubes. In parallel
to this enrichment, many animal facilities use paper tubes from households, such as toilet
paper or paper towels. While the commercially available environmental enrichments are
characterised by a high standard of workmanship and a guarantee of safety, there is still
a discussion about the quality and safety of the “home-made” cellulose tubing. Household
tubes are very likely to contain dyes, printing inks or adhesive residues that may carry
heavy metals that mainly come from the manufacturing process. This means that animals,
by playing, biting or shredding such enrichment into nesting material, may introduce into
the body some amounts of harmful heavy metals, which may cause their health to dete-
riorate and adversely affect the quality of research results.

Therefore, enrichments used in animal houses (commercial and “home-made”) for
heavy metal content were tested. The following undesirable heavy metals were selected
for determination: Cd, Pb, Co, As and Hg as well as two elements belonging to microele-
ments participating in life processes: Cu and Fe.

MATERIAL AND METHODS

Materials

The research material consisted of seven different enrichments. The first group of
materials included professional enrichments for rodents such as: wooden blocs made of
aspen wood (Populus tremula), resin-free (W1), cotton cocoons (W2) and cardboard tun-
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nel (W3). The second group of materials consisted of “home-made” enrichments from
toilet paper rolls, containing and not containing printing ink (W4 and W5) and rigid and
soft rolls from paper towels (W6 and W7). The “home-made” research material was se-
lected randomly from our facility resources and was autoclaved to represent routinely
placed enrichments in cages.

Preparation of samples for analysis

Six samples were prepared from each research material and divided into two groups
(2 xn=3). The cardboard tubes were cut into 1 X 1 cm pieces, which weighed 0.44-0.53 g
each. The cotton cocoons and wooden blocks were used to prepare samples of a similar
weight to the cardboard samples (about 0.5 g). The first group of samples (n = 3) was
subjected to a migration test (Method A) used in the analysis of food packaging. The
samples were placed in glass penicillin tubes with a 3% acetic acid solution and kept in
an incubator at 40°C for 48 h [Tye and Engel 1965]. The second group of samples was
subjected to wet oxidative mineralisation (Method B) [Conti 1997]. The samples were
placed in glass vials in a perhydrol solution with 60% perchloric acid (1 : 1, v/v) and
heated in a water bath at 75°C for 2 h. Additionally, a matrix was prepared, i.e. samples
without the tested material.

All the samples before entering the spectrometer were filtered to obtain a clear solu-
tion and then diluted hundredfold with 0.5M nitric acid.

Analysis of heavy metals content

The analysis of samples for heavy metals content was performed with the ICP-OES
method (optical coupled plasma — optical emission spectrometer ICP-OES) on a Perkin
Elmer Optima 7300 DV spectrometer. For each examined element the limit of quantifica-
tion (LOQ) was determined and the quantitative content of heavy metals in the samples
was calculated using calibration curves. Nutrient standards for rodents developed by the
National Research Council (US) Subcommittee on Laboratory Animal Nutrition, deter-
mining, among others, the daily demand for microelements, served us as critical param-
eters [National Research Council 1995].

Statistical methods

Statistical analysis includes the calculation of averages and standard deviation for
the results of determined elements content in the prepared samples. The results from two
methods (wet mineralisation, migration test) were compared using the Student’s t-test.
The calculations were performed using the GraphPad Prism 8 software.

RESULTS AND DISCUSSION

The daily consumption of cardboard tubes was analysed to determine the potential
daily exposure of mice and rats to the heavy metals. The results are presented in Table 1.

nr 597, 2019



26 P. Ochniewicz et al.

Using reference curves based on standards, limit of quantification (LOQ) was deter-
mined for individual heavy metals. The results are presented in Table 2.

Tables 3 and 4 show the results of the heavy metals content analysis in the examined
environmental enrichments expressed as pg of metal in 1 g of material. The tables present
the results for the samples prepared with the migration test method (A) and the minerali-
sation method (B) respectively.

Table 1. Daily consumption of cardboard components by mice and rats (n = 6, mean £SD)

Tabela 1. Codzienne zuzycie elementow tekturowych przez myszy i szczury (n = 6, rednia +SD)

Rat Mice
Daily consumption [g per animal] Szczur Mysz
Dzienne zuzycie [g na mysz/szczur]
0.31 +£0.05 0.20 £0.02

Table 2. Limits of quantification (LOQ) of the ICP-OES method (n = 5)
Tabela 2. Granice oznaczalno$ci metali (LOQ) metoda ICP-OES (n = 5)

LOQ Cd Cu Fe Pb Co As Hg

[ppm] <0.600 <0.869 <0.575 <1.93 <0.614 <5.64 <0.301

Table 3. Heavy metal content in the samples prepared with the migration test method (Method A),
n =13, mean +SD

Tabela 3. Zawartos¢ metali cigzkich w probkach przygotowanych metoda badania migracji (meto-
da A), n =3, $rednia £SD

Heavy metal content — Zawarto$¢ metali cigzkich [ppm]

Enrichment
Wzbogacenie cd Cu Fe Pb Co As Hg
Wil <LOQ <LOQ <LQ <LOQ <LOQ <LoQ <LOQ
w2 <1L0Q <LOQ <LQ <LOQ <LOQ <LOQ <LOQ
w3 <L0Q <LOQ 260475 <LOQ <LOQ <LOQ <LOQ
w4 <LOQ  <LOQ  559#62 <LOQ  <LOQ  <LOQ  <LOQ
w5 <LOQ  <LOQ 101.9#419 <LOQ  <LOQ  <LOQ  <LOQ
W6 <LOQ  <LOQ 33496 <LOQ  <LOQ  <LOQ  <LOQ
W7 <LOQ  <LOQ  645%73 <LOQ  <LOQ  <LOQ  <LOQ

The obtained values show that only two elements (Cu and Fe) out of seven were at
a level higher than the determined limit of quantification using the applied method. The
remaining five elements (Cd, Pb, Co, As and Hg) were below LOQ. It is worth noting
that the obtained values statistically differ significantly depending on the method used for
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Table 4. Heavy metal content in samples prepared by mineralisation method (Method B), n = 3,
mean £SD

Tabela 4. Zawarto$¢ metali cigzkich w probkach przygotowanych metoda mineralizacji (meto-
da B), n =3, $rednia £SD

Heavy metal content — Zawarto$¢ metali cigzkich [ppm]

Enrichment
Wzbogacenie cd Cu Fe Pb Co As Hg
Wi <LOQ <LOQ 63.7+19.9 <LOQ <LOQ <LOQ <LOQ
w2 <LOQ <LOQ 104.3 £28.9 <LOQ <LOQ <LOQ <LOQ
W3 <LOQ 69.1+6.4 320.2 £36.5 <LOQ <LOQ <LOQ <LOQ
W4 <LOQ <LOQ 353.0 +58.9 <LOQ <LOQ <LOQ <LOQ
W5 <LOQ <LOQ 427.4 +24.7 <LOQ <LOQ <LOQ <LOQ
Woé <LOQ <LOQ 420.9 +£72.7 <LOQ <LOQ <LOQ <LOQ
W7 <LOQ 29.243.6 499.8 +4.7 <LOQ <LOQ <LOQ <LOQ

the preparation of samples. Higher iron and copper contents were obtained for samples
which were prepared with wet mineralisation before the analysis. This may be due to the
fact that in this method the samples were more dissolved, which resulted in lower filtering
losses before ICP-OES analysis.

It is important that the lowest iron content was registered for commercial enrichments
not being cardboard elements: for wooden blocs (W1): below LOQ and 63.7 pg-g ' of Fe
and for cotton cocoons (W2): below LOQ and 104 pg-g' of Fe respectively for A and B
method. Among cardboard enrichments, the lowest iron content was found in commer-
cial cardboard tube, which had 26 and 320 pg-g' of Fe respectively for A and B method.
“Home-made” cardboard enrichments contained from two to four times more pg-g™' of
Fe compared to commercial enrichments.

Knowing the daily consumption of cardboard enrichments, the theoretical daily dose
of iron and copper took by rodents was calculated. The results are presented in Table 5.

The feeding standards for rodents specify that the amount of iron contained in 1 kg
of feed should not exceed 150-250 mg. Assuming that a mouse weighing about 20 g eats
3 g of feed a day and a rat weighing 220 g eats about 14 g of feed, we calculated that
a mouse should take 450-750 pg of Fe daily and a rat 2,100-3,500 pg of Fe daily. Since
the values shown in Table 5 are well below the established feeding standards for rodents,
we can assume that the “theoretical” iron intake from rodent enrichment is low, safe and
has no effect on the balanced diet of the animals.

Similar analyses have been carried out for copper, which should not exceed 25 mg-kg ™!
daily. This means that a mouse can ingest up to 75 pug of Cu daily and a rat can ingest up
to 350 pg of Cu. Comparing the data for copper in Table 5 with the feeding standards,
it can be seen that they are well below the acceptable limits, which guarantees that the
“theoretical” amount of copper consumed with enrichment should not affect the health of
rodents. This is the same conclusion as for the iron content.
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Table 5. Daily intake of iron and copper from cardboard enrichment (n = 3, mean £SD)

Tabela 5. Dzienny pobor zelaza i miedzi ze wzbogacen kartonowych (n = 3, srednia +SD)

Daily intake — Dzienna dawka [pg]

Test animal
Metal Testowane W3 W4 W5 W6 W7
zZwierze
Method A — metoda A
fmice 52415 112412 204484 6.7+1.9 12.9£1.5
Fe mysz
rat 82423 175419 3194131  10.543.0 202423
Method B — metoda B
mice
64.0+73  70.6+11.0 855449 842145 100.0 £0.9
mysz
Fe
rat 1004414 1107182  134.1+7.7  132.0+22.8 156.8 1.5
szczur
fmice 5.8+0.7 - - 217417
mysz
Cu
rat 9211 . - 13.8+1.1
szczur
CONCLUSIONS

The results of the analysis of environmental enrichment samples from households and
commercially available enrichments show that they do not contain toxic heavy metals
such as Cd, Pb, Co, As and Hg. Low content of copper was observed in the “home-made”
tubes and iron for all analysed samples. The amount of copper and iron differed depend-
ing on the method of sample preparation. The lower content of metals was observed in
the samples mineralised by the migration method, which most probably is associated
with a weaker dissolution of cardboard samples. For both elements, a very low level of
their content in 1 g of enrichment was determined, which does not exceed the nutritious
standards for the microelements.

REFERENCES

Broom D.M., 1987. Applications of neurobiological studies to animal welfare. In: P.R. Wiepkema,
P.W.M. Van Adrichem (Eds.), Biology of stress in farm animals: an integrative approach.
Springer, Rotterdam.

Conti M.E., 1997. The content of heavy metals in food packaging paper boards: an atomic absor-
ption spectroscopy investigation. Food Res. Int. 30(5), 343-348.

Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the
protection of animals used for scientific purposes. OJ L 276/33 of 20.10.2010.

Zeszyty Problemowe Postegpow Nauk Rolniczych



Heavy metal content in environmental... 29

Dobrzanski Z., Kotacz R., Bodak E., 1996. Metale ciezkie w $rodowisku zwierzat. Med. Wet.
52(9), 570-574.

Kinal S., 2009. Zapotrzebowanie zwierzat na mikroelementy i czynniki warunkujace ich biodostgp-
nos¢. ZPPNR 541(1), 225-237.

Kupczyk H., 1995. Mikroelementy w zywieniu zwierzat. Informacja Rolnicza — Aktualnosci 8,
18-19.

National Research Council, 1995. Nutrient Requirements of Laboratory Animals. 4th rev. ed. The
National Academies Press, Washington, DC.

Ociepa-Kubicka A., Ociepa E., 2012. Toksyczne oddziatywanie metali cigzkich na rosliny, zwie-
rzeta i ludzi. Inz. Ochr. Srod. 15, 169—180.

Sowa-Lewandowska K., 2013. Wplyw metali cigzkich na organizmy zywe. Retrieved from http://
laboratoria.net/artykul/12107.html [access 06.08.2019].

Tye R., Engel J.D., 1965. Liquid Scintillation Counting of Carbon-14 in Aqueous Digests of Whole
Tissues. Anal. Chem. 37(10), 1225-1227.

ZAWARTOSC METALI QIEiKICH WE WZBOGACENIACH SRODOWISKOWYCH
DLA MYSZY | SZCZUROW LABORATORYJNYCH

Streszczenie. Dobrostan zwierzat jest definiowany jako stan, w ktérym zwierzg¢ta bytujace
w okreslonym otoczeniu potrafia radzi¢ sobie z presja tego srodowiska zycia, czyli maja
komfort behawioralny i fizyczny. Aby poprawi¢ zwierzgtom laboratoryjnym stan ich byto-
wania, stosowany jest szeroki wachlarz elementow wzbogacajacych srodowisko. Naleza do
nich profesjonalnie przygotowane elementy z poliwgglanu (domki, rurki), bawelny, drewna
osikowego i celulozy oraz przygotowane ,,domowym sposobem” rurki celulozowe pocho-
dzenia gospodarczego. Wzbogacenie profesjonalne cechuje wysoki standard wykonania
oraz gwarancja bezpieczenstwa stosowania, co w przypadku ,,domowych” rurek celulozo-
wych moze by¢ trudne do spetnienia, w szczegolnosci gdy zawieraja one barwniki, tusze
drukarskie i resztki klei. W przeprowadzonych badaniach analizowano zawarto$¢ metali
cigzkich w celulozowych rurkach pochodzenia gospodarczego, stosujac dwie metody mi-
neralizacji materialu badanego oraz metodg¢ ICP-OES (optyczna spektrometria emisyjna
z plazma wzbudzona indukcyjnie). Jako materiat porownawczy postuzyly profesjonalne
materiatly, tj.: tunele z drewna osikowego, rurki celulozowe oraz kokony bawetiane. Wy-
niki analizy wykazaly, Ze oba rodzaje wzbogacania $rodowiska naturalnego (,,domowe;j
roboty” i ,,handlowej”) nie zawieraja toksycznych metali cigzkich. Jedynymi oznaczonymi
w badaniu zanieczyszczeniami byly zelazo i miedz, ktérych zawarto$¢ w analizowanym
materiale roznita si¢ w zaleznosci od sposobu przygotowania probki. Zawartos$¢ tych metali
byta znacznie mniejsza od norm zywieniowych dla gryzoni.

Slowa kluczowe: metale cigzkie, wzbogacenia, zwierzgta laboratoryjne, tutki tekturowe,
zanieczyszczenia
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