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ABSTRACT

Metals can be bio-accumulated and bio-magnified via the food chain and finally assimilated by human
consumers resulting in health risk. Three species of imported marine frozen fishes namely; Sardinella aurita,
Clupea harengus and Scomber scombrus were investigated for metallic elements using AA240FS Fast
Sequential Atomic Absorption Spectrometer. Nine elements belonging to the groups of light metals (calcium
and magnesium), biological essential heavy metals (copper, chromium, manganese, iron and nickel) and non-
essential heavy metals (lead and cadmium) were evaluated. Calcium was the highest (290.75 ppm) concentrated
light metal, Fe was the highest (2.587 ppm) concentrated biological essential heavy metal, while Pb and Cd
were the highest (0.053 ppm) concentrated non-essential heavy metals. Sardinella aurita had significantly (P
< 0.05) highest concentration of Cu (0.05) and Fe (2.59), while S. scombrus had the highest concentration of
Mn (2.18 ppm). The concentrations of all biological essential heavy metals were below their Recommended
Daily Allowance (RDA). Scomber scombrus had the highest concentration of Cd with mean values higher than
the Tolerable Upper Intake Limit of 0.02mg/day. Therefore screening on importation of frozen fish, for non-

essential heavy metals is recommended.
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INTRODUCTION

The pollution of the aquatic environment with heavy metals
has become a worldwide problem over the years, because they
are indestructible and most of them have toxic effects on
organisms (MacFarlane and Burchett, 2000; Oksuz et al.,
2009). Heavy metals are among the most harmful of the
elemental pollutants and are of particular concern because of
their toxicities to human (Boran and Altinok, 2010). The
sources of heavy metals contamination mainly include natural
occurrence derived from parent materials and human
activities. Anthropogenic inputs are associated with
industrialization as atmospheric deposition, waste disposal,
waste incineration, urban effluents, traffic emissions,
fertilizer application and long-term application of wastewater
in agricultural lands (Wuana and Okieimen, 2011). Increase
in population, urbanization, industrialization and agriculture
practices have further aggravated the situation (Giguere et al.,
2004; Gupta et al., 2009).

Living organisms require varying amounts of metals for
biological functions. Trace metals are naturally found in the
body at low concentrations and are essential for human health
(Nhapi et al., 2012). Iron (Fe), cobalt (Co), copper (Cu),
manganese (Mn), molybdenum (Mo), and zinc (Zn) are
required by humans. Nhapi et al. (2012) stated that iron
prevents anaemia, and zinc is a cofactor in over 100 enzyme-
based reactions. Excessive levels of trace elements can be
damaging to humans (Tuzen, 2003). Some metals such as
mercury, plutonium and lead are toxic metals that have no
known vital or beneficial effect on organisms. According to
Tchounwou et al. (2012), the most toxic heavy metals are Cr,
Ni, Pb, Cd, and As. Nhapi et al. (2012) stated that some heavy
metals such as Cd, Cr and Pb have no known physiological

activity, but they have proved detrimental beyond certain
limit.

Toxicokinetics of heavy metals in the marine environment has
been of major concern since they constitute a potential risk to
a number of flora and fauna species (Boran and Altinok,
2010). According to Storelli et al. (2005), heavy metals
including both essential and non-essential elements have a
particular significance in ecotoxicology, since they are highly
persistent and all have the potential to be toxic to living
organisms. A profound problem associated with the
persistence of heavy metals is the potential for
bioaccumulation and biomagnification in the food chains
(Zhuang et al., 2009). Therefore, heavy metals can be bio-
accumulated and biomagnified via the food chain and finally
assimilated by human consumers resulting in health risks
(Agah et al., 2009).

The marine environments are the collection points for all the
inland wastes discharged into the rivers, as they flow into seas
and eventually oceans. The fish species under study are
marine species. Ingestion of seafood contaminated by steady
accumulation of these heavy metals has posed human health
risks as in Minamata Bay case history. Metal pollution of the
sea is less visible and direct than other types of marine
pollution but its effects on marine ecosystems and humans are
very extensive (Khayatzadeh and Abassi, 2010). Abou-Arab
et al. (1996) reported that imported sardine and mackerel in
Egypt contained levels of lead and chromium higher than
permissible limits. The Nigerian fish markets are often
flooded with Round sardinella Sardinella aurita
Valenciennes, 1847, Atlantic herring Clupea harengus
Linnaeus, 1758 and Atlantic mackerel Scomber scombrus
Linnaeus, 1758 among other imported species of fish. Hence,
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the aim of this research is to assess the levels of heavy metal
concentrations in imported frozen Sardinella aurita, Clupea
harengus and Scomber scombrus sold within Zaria
metropolis.

MATERIALS AND METHODS

Collection and preparation of samples

Six (6) samples of each experimental fish species (herring,
mackerel and sardine) were obtained from the fish market and
transferred in cold box to the Fisheries Laboratory,
Department of Biology, Ahmadu Bello University, Zaria, for
proper identification using identification keys from FishBase.
The fish species were defrosted and rinsed with de-ionized
water and weighed to the nearest mg with APOLLO/GF-A
Multi-Functional Precision Balance, and both standard and
total lengths were measured with metre rule. Samples were
gutted and filleted using stainless steel knives and the entrails
removed. The gills, liver and flesh were then separated,
labelled appropriately, frozen and conveyed to the Multi-user
Science Research Laboratory, Faculty of Life Sciences,
Ahmadu Bello University, Zaria, for analysis.

Sample analysis

One gramme (1g) each of the defrosted fish tissue was
digested separately using aqua regia digestion method. A
mixture of HCI acid and HNOs in the ratio of 3:1, which is
known as aqua regia mixture, was used for the digestion
process. The sample in the digestion tube was mixed with 7ml
of the aqua regia mixture and was left to sit overnight under
reflux conditions. The mixture was then heated up to 180°C
and the samples were processed until 1 ml of acid is remained.
An additional 4 ml of aqua regia solution was added and
evaporated for about one hour until the fumes coming off
turned to white.

The digested sample was cooled and filtered through a
Whatman 42 filter paper into 100 ml volumetric flask.

Table 1: Concentration of light metals in fish species
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Thenl15ml of distilled water was added to the filtrate and
transferred into a labelled pre-treated sample bottle. The
samples were analysed for metal content with AA240FS Fast
Sequential Atomic Absorption Spectrometer, according to
AOAC (1995). The metal concentration was read off a
standard curve.

AXB

Metal concentration (mg/l) = ——
Where A = concentration of metal in digested solution
(mg/l)

B = final volume of digested solution (ml)

C = sample size (ml)

Data analyses

The statistical relationships between samples were analysed.
Tests for significant difference between means were carried
out using analysis of variance (ANOVA) with values of p <
0.05 considered as significant. Significantly different means
were separated using the Duncan’s multiple range test. All
statistical analyses were carried out using the superior
performance statistical software package (IBM) version 20.

RESULTS AND DISCUSSION

Light metals in Sardinella aurita, Clupea harengus and
Scomber scombrus

The mean concentrations of light metals obtained from the
various fish species using the AA 240FS Fast Sequential
Atomic Absorption Spectrometer is presented in Table 1. Two
metals, Calcium (Ca) and Magnesium (Mg) were determined.
Concentration of Ca and Mg ranged from 180.58 — 290.75
ppm and 8.87 — 14.36 ppm, respectively. Sardinella aurita
had apparently higher concentration of Ca (290.75 ppm). The
light metal concentrations in fish do not vary significantly
across species (P > 0.05).

Element Sardinella aurita Clupea Scombrus scombrus P-value RDA (mg/day) TUIL
Harengus (mg/day)
Ca 290.75 £105.912 180.58 + 46.23? 237.25 + 126.40° 0.736 1000* 25007
Mg 13.94 £3.972 8.87 £1.402 14.36 £5.072 0.533 320-420* 65-350*
Means + SEM are presented. Means with same superscripts across rows do not vary significantly (P > 0.05).
Note:
RDA - Recommended Daily Allowance

TUIL - Tolerable Upper Intake level

*IMNA - Institute of Medicine of the National Academies (1997)

#IM - Institute of Medicine (2006)

Calcium recorded the highest of all the metallic elements
analysed in this study. Among the experimental fish species,
S. aurita recorded the apparently higher concentration of Ca
and significantly (P < 0.05) higher concentrations of Cu and
Fe however, the Cu concentration for S. scombrus is lower
than that reported by Biswas et al. (2017). The values
recorded in this study are within the range reported by Oksuz
et al. (2009) for Rose and Red shrimp in France.

According to Chen et al. (2017), not only does Mg in foods
support a healthy immune system and improve bone health,
they may help prevent the inflammation associated with
certain cancers. Magnesium-rich foods have been found to
increase heart health, help prevent stroke, and even cut your
risk of dying from a heart attack (Altman, 1992). Also, Mg
foods help support normal nerve and muscle function and
keep your heartbeat in sync. Oksuz et al. (2009) reported Mg

values which are significantly higher compared to the current
findings. This could be due to the difference in species,
season, area of catch and many other physical and
environmental conditions.

Biological essential heavy metals in Sardinella aurita,
Clupea harengus and Scomber scombrus

The mean concentrations of biological essential heavy metals
obtained from the various fish species using the AA 240FS
Fast Sequential Atomic Absorption Spectrometer is shown in
Table 2. Five metals, copper (Cu), chromium (Cr), manganese
(Mn), iron (Fe) and nickel (Ni) were determined.
Concentrations of Cu, Cr, Mn, Fe and Ni ranged from 0.014
—0.050 ppm, 0.00 — 0.0004 ppm, 0.286 — 2.180 ppm, 1.851 —
2587 ppm and 0.00 - 0.023 ppm, respectively.
Concentrations of some biological essential metals screened
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in the fish species vary significantly (P <0.05) among species;
Sardinella aurita had significantly higher levels of Cu and Fe.
Copper is a biological essential metal which enhances
enzymatic activity of the body (Igwemmar et al., 2013). It
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however poses health hazard when ingested in large amount
(Alinnor and Obiji, 2010). Although in this study the mean
value of Cu obtained fell within the RDA of 0.900 mg/kg.

Table 2: Concentration of biological essential heavy metals in fish species

Element Sardinella aurita Clupea harengus Scombrus scombrus  P-value RDA TUIL
(mg/kg) ((mg/day)

Cu 0.050 + 0.0102 0.023 +0.010° 0.014 +0.010P 0.007 0.900* 1000 -10000

Cr 0.0004 + 0.00042 0.000 + 0.000? 0.000 + 0.000? 0.383 0.025-0.035* ID

Mn 0.286 + 0.200° 1.299 +1.100% 2.180 £ 1.7702 0.054 1.800-2.300* 2-11

Fe 2.587 + 0.5502 0.000 + 0.360° 1.862 + 0.480° 0.045 8.000-18.000* 40 -45

Ni 0.023 £ 0.0102 0.000 + 0.000? 0.000 + 0.000? 0.080 0.100* 02-1

Means + SEM are presented. Means with same superscripts across rows do not vary significantly (P > 0.05)

Note:

RDA - Recommended Daily Allowance
TUIL - Tolerable Upper Intake level

ID - Insufficient data to set an Upper Limit

*IMNA - Institute of Medicine of the National Academies (2001)

«WHO - World Health Organization (2004)

Iron concentrations are significantly higher (P < 0.5) in
Sardinella aurita than the other fish species, but are however
still lower than the Recommended Daily Allowance (RDA).
Iron is a biological essential element in human diet. It forms
part of the haemoglobin which allows oxygen to be carried
from the lungs to the tissues. Iron deficiency causes anemia
and fishes are the major dietary sources of this important
element/metal. However, daily intake higher than 18 mg has
toxic effects (IMNA, 2001). Mammals are not able to excrete
excess Fe, and chronic Fe overload is associated with a slowly
progressing failure of various organs (Ponka et al., 2007).
Levels of Fe in canned fish show a wide variation around the
world, the Fe levels between 4.83-29.2 pg/g and 21.0-88.8
Hg/g have been reported in canned S. aurita in the USA and
Brazil, respectively (Tarley et al., 2001; lkem and Egiebor,
2005).

Authors have reported metal concentration results in fish
similar to those obtained in this study. Chromium and Ni were
recorded only in S. aurita. This could be attributed to the
available contaminants in the abiotic component of their
habitats, their feeding habits, ecological needs, metabolism,
age and size (Adeyeye and Ayoola, 2012). Nickel

concentrations are comparatively elevated in aquatic plants
and animals in the vicinity of nickel smelters, nickel-cadmium
battery plants, electroplating plants, petroleum industries and
stainless-steel industries. It is also used in nickel alloys,
jewelry, paint, spark plugs, catalysts, ceramics, disinfectants,
magnets, batteries, inks, dyes, vacuum tubes, sewage outfalls,
coal ash disposal basins, and found to be elevated in populated
areas (USFDA, 1993). Food uptake as well as food processing
is the major uptake route of Ni for humans apart from other
natural sources.

Non-essential heavy metals in Sardinella aurita, Clupea
harengus and Scomber scombrus

The mean concentrations of non-essential heavy metals
obtained from the various fish species using the AA 240FS
Fast Sequential Atomic Absorption Spectrometer is shown in
Table 3. Two metals, Lead (Pb) and Cadmium (Cd) were
determined. Low level of Pb was recorded only in S.
scombrus. Concentration of Pb and Cd ranged from 0.00 —
0.053 ppm and 0.019 — 0.053 ppm, respectively. The
concentration of Cd in fish varied significantly (P < 0.05),
being highest in Scomber scombrus.

Table 3: Concentration of non-essential heavy metals in fish species

Element Sardinellaaurita ~ Clupea harengus ~ Scombrus scombrus  P-value TUIL( mg/day)
Pb 0.000 = 0.000? 0.000 + 0.000? 0.053 £ 0.053? 0.383 0.50°
Cd 0.019 +0.004° 0.019 + 0.005° 0.053 + 0.006° 0.000 0.02°
Means + SEM are presented. Means with same superscripts across rows do not vary significantly (P > 0.05).
Note:
RDA - Recommended Daily Allowance
TUIL - Tolerable Upper Intake level

* FAO/WHO - Food and Agricultural Organization/World Health Organization (2010)

Cadmium accumulates primarily in the kidneys and has long
biological half-life of up to 35 years (WHO, 2003). Apart
from Ca, Cr, Mg, Ni and Pb the concentrations of metals in
the experimental fish species do not vary significantly (P >
0.05) even though numerical differences were recorded.
These could be because the three fish species feed at the same
trophic level of the food chain. Iwegbue (2015) however
opined that the difference in the concentrations of metals may
be due to the differences in their origin and environmental

conditions which influences the endogenous concentrations
of the metals in these fish species as a result from difference
in feeding habits, age, sex, physiology and duration of
exposure of the fish to environmental contaminants.

CONCLUSION

Sardinella aurita had relatively higher concentration of
calcium (290.75 ppm), while S. scombrus had relatively
higher concentration of Magnesium (14.36 ppm). Their
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concentrations are both lower than their recommended daily
allowance. Sardinella aurita had significantly (P < 0.05)
highest concentration of Cu (0.05) and Fe (2.59), while S.
scombrus had the highest concentration of Mn (2.18 ppm).
The concentrations of all the biological essential heavy metals
are below their RDA. The consumption of imported frozen
Sardinella aurita especially as a dietary source of Cu and Fe
is recommended. Scomber scombrus had the highest
concentration of Pb and Cd, with the value of 0.053 for Cd
being higher than the TUIL of 0.02 mg/day. Therefore, this
suggests that Scomber scombrus is not safe for consumption
elemental-wise; specifically with respect to Cd. Therefore
screening on importation of frozen fish, for non-essential
heavy metals is recommended.

ACKNOWLEDGEMENTS

The technical inputs of Staff of the Fisheries Laboratory,
Department of Biology and those of the Multi-user Science
Research Laboratory, Faculty of Life Sciences, Ahmadu
Bello University, Zaria, are duly appreciated

REFERENCES

Adeyeye, A. and Ayoola, P. B. (2012). Heavy metal
concentrations in some organs of African Catfish (Clarias
gariepinus) from Eko-ende Dam, Ikirum, Nigeria.
Continental Journal of Applied Sciences, 7(1): 14-18.

Abou-Arab, A. K., Ayesh, A. M., Amra, H. A. and Naguib,
K. (1996). Characteristic levels of some pesticides and heavy
metals in imported fish. Food Chemistry, 57(4): 487-492.

Agah, H., Leermakers, M., Elskens, M., Fatemi, S. M. and
Baeyens, W. (2009). Accumulation of trace metals in the
muscle and liver tissues of five fish species from the Persian
Gulf. Environmental monitoring and assessment, 157(1-4):
499-514. https://doi.org/10.1007/s10661-008-0551-8.

Alinnor, 1. J. and Obiji, I. A. (2010). Assessment of trace
metal composition in fish samples from Nworie River.
Pakistan Journal of Nutrition, 9(1): 81-85.

Altman, L. K. (1992). A study finds Magnesium cut deaths by
heart attack. The New York Times, June 28, 1992.
http://www.fishbase.de/search.php

AOAC (1995). Association of Official Analytical Chemists.
Official Methods of Analysis. Washington, DC. p. 22-34.

Biswas, S., Ramakrishna, C. H. and Maruthi, Y. A. (2017).
Heavy metal concentrations in selected edible fishes from
fishing harbour of Visakhapatnam, Andhra Pradesh, India.
International Journal of Engineering Sciences and Research
Technology, 6(10): 570-578.

Boran, M. and Altinok, I. (2010). A Review of Heavy Metals
in Water, Sediment and Living Organisms in the Black Sea.
Turkish Journal of Fisheries and Aquatic Sciences, 10: 565-
572.

https://doi.org/10.4194/trjfas.2010.0418

Chen, Y., Lin, J.,, Yang, M., Xu, C. W., Chen, B.Z,, Li, X. J.,
Zhu, W. F., Fu, W. D., Yu, H,, Ying, M. G. and Chen, G.
(2017). Expression and prognostic roles of magnesium-
dependent phosphatase-1 in gastric cancer. European Review
for Medical and Pharmacological Sciences, 21: 2617-2625.

Gambo et al.

FJS

FAO/WHO (2010). Summary and Conclusion. Joint
(FAO/WHO) expert committee of food additives.

JECFA/73/Sc, 73" meeting, Geneva.

Gigueére, A. C., Peter, H., Landis, M. D. and Rasmussen, J.
(2004). Influence of lake chemistry and fish age on cadmium,
copper, and zinc concentrations in various organs of
indigenous yellow perch (Percaflavescens). Canadian
Journal of Fisheries and Aquatic Sciences. DOI: 61. 1702-
1716. 10.1139/f04-100.

Gupta, A.,, Rai, D. K., Pandey, R. S. and Sharma, B.
(2009). Analysis of some heavy metals in the riverine water,
sediments and fish from river Ganges at Allahabad. Environ
Monit Assess, 157: 449. https://doi.org/10.1007/s10661-008-
0547-4.

Igwemmar, N. C., Kolawole, S. A. and Odunoku, S. O.
(2013). Heavy Metal Concentration in Fish Species Sold In
Gwagwalada Market, Abuja. International Journal of Science
and Research, 2(11): 2319-7064.

lkem, A. and Egiebor, N. O. (2005). Assessment of trace
elements in canned fishes (mackerel, tuna, salmon, sardines
and herrings) marketed in Georgia and Alabama. Journal of
Food Compost Anal., 18, 771-787. doi:
10.1016/j.jfca.2004.11.002.

Institute of Medicine of the National Academies. (1997).
Dietary reference intakes: calcium, phosphorus, magnesium,
vitamin D and fluoride. Washington, DC: National Academy
Press.

Institute of Medicine of the National Academies. (2001).
Dietary reference intakes for vitamin A, vitamin K, arsenic,
Boron, chromium, copper, iodine, iron, manganese,
molybdenum, nickel, silicon, vanadium and zinc. Food and
Nutrition Board, National Academy of Sciences; The
National Academy Press. Washington, DC, USA.

Institute of Medicine (2006). Dietary Reference Intakes: The

Essential Guide to Nutrient Requirements.  Washington,
DC. The National Academies,
1344p.https://doi.org/10.17226/11537, ISBN-978-0-309-
15742-1

Iwegbue, C. M. (2015). Evaluation of Human Exposure to
metals from some popular brands of underarm cosmetics in
Nigeria. Regulatory  toxicology and  pharmacology:
RTP, 72(3): 630-638.
https://doi.org/10.1016/j.yrtph.2015.05.020.

Khayatzadeh, J. and Abbasi, E. (2010). The Effects of Heavy
Metals on Aquatic Animals. The 1st International Applied
Geological Congress, 26-28.

Macfarlane, G. B and Burchett, M. D. (2000). Cellular
distribution of Cu, Pb and Zn in the Grey
MangrooveAvicemmia marina (Forsk). Vierh Aquatic
Botanic, 680: 45 — 49.

Nhapi, R. I., Wali, U. G., Usanzineza D., Kashaigili, J. J.,
Banadda

, N. and Kimwaga, R. (2012). Distribution of Heavy Metals
in Lake Muhazi, Rwanda. The Open Environmental
Engineering Journal, 5: 96-102.

FUDMA Journal of Sciences (FJS) Vol. 6 No. 1, March, 2022, pp 112 - 116

115


https://doi.org/10.1007/s10661-008-0551-8
http://www.fishbase.de/search.php
https://doi.org/10.4194/trjfas.2010.0418
https://doi.org/10.1007/s10661-008-0547-4
https://doi.org/10.1007/s10661-008-0547-4
https://doi.org/10.17226/11537
https://doi.org/10.1016/j.yrtph.2015.05.020

SELECTED ELEMENTAL PROFILE ...

Oksuz, A., Ozyilmaz, A., Ayse, Aktas, M., Gercek, G. and
Motte, J. (2009). A comparative study on proximate, mineral
and fatty acid compositions of deep seawater Rose Shrimp
(Parapenaeus longirostris, Lucas 1814) and Golden Shrimp
(Plesionika martia, A. Milne-Edwards, 1883). Journal of
Animal and Veterinary Advances, 8(1): 183-189.

Ponka, P., Tenenbein, M. and Eaton, J. W. |. (2007).
Handbook on the toxicology of metals. 3™ Ed. In: G. F.
Nordberg, B. A. Fowler, M. Nordberg and L.T. Friberg,
Editors. 30, Academic Press, New York.

Storelli, M. M., Storelli, A., D’ddaabbo, R., Morano, C.,
Bruno, R. and Marcotrigiano, G. O. (2005). Trace Elements
in loggerhead turtles (Carettacaretta) from the Eastern
Mediterranean; Overview and Evaluation. Environmental
Pollution, 135: 163 — 170.

Tarley, C. R. T.,Coltro, W. K. T.,Matsushita, M. and de
Souza, N. E. (2001). Characteristic levels of some heavy
metals from Brazilian canned sardines (Sardinella
brasiliensis). J Food Compost Anal., 14: 611-617.

Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., and
Sutton, D. J. (2012). Heavy metal toxicity and the
environment. Experientia  supplementum, 101, 133-164.
https://doi.org/10.1007/978-3-7643-8340-4_6.

Tizen, M. (2003). Determination of heavy metals in fish
samples of middle Black sea (Turkey) by graphite furnace

Gambo et al.

FJS

atomic absorption spectrometry. Food Chemistry, 80: 119-
123.

USFDA (1993). United States Food and Drug Administration,
Guidance Document for Chromium in Shell Fish.
DHHS/PHS/FDA/CFSAN/Office of Seafood, Washington
DC.

WHO (2003), Cadmium in drinking-water. Background

document for preparation of WHO guidelines for

drinking water quality. Geneva, World Health Organization
WHO/SDE/WSH/03, pp. 300 — 429.

WHO (2004), Nickel in drinking-water. Background

document for preparation of WHO guidelines for

drinking water quality. Geneva, World Health Organization
WHO/SDE/WSH/04.08/123, 6p.

Wuana, R. A. and Okieimen, F. E. (2011). Heavy Metals in
Contaminated Soils: A Review of Sources, Chemistry, Risks
and Best Available Strategies for Remediation. International
Scholarly Research Notices, Article
ID 402647, 20. https://doi.org/10.5402/2011/402647.

Zhuang, P., Zou, H. L. and Shu, W. S. (2009). Biotransfer of
heavy metals along a soil-plant-insect-chicken food chain:
Field study. Journal of Environmental Sciences, 21: 849-853.
DOI: 10.1016/S1001-0742(08)62351-7.

©2022 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0
International license viewed via https://creativecommons.org/licenses/by/4.0/ which permits unrestricted use,
distribution. and renroduction in anv medium. nrovided the original work is cited annronriatelv

[oNoEl

FUDMA Journal of Sciences (FJS) Vol. 6 No. 1, March, 2022, pp 112 - 116 116


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/978-3-7643-8340-4_6
https://doi.org/10.5402/2011/402647

