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Regression Models Describing Zinc (Zn) Accumulation
in the Fishbone of Three Freshwater Fish Species
Iliana Velcheva1,Veska Noncheva2
Abstract: This article aims at building mathematical regression models, forecasting Zinc (Zn) accumulation in the fishbone of freshwater fish. We are interested in finding out the rate of zinc (Zn) accumulation
in the fishbone of freshwater fish. As built, the models confirm the synergism between zinc (Zn) and
cadmium (Cd), and furthermore bring up the question for the synergism between zinc (Zn) and lead (Pb).
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Introduction
Heavy metals tend to be one of the most widespread pollutants with negative influence
on all living organisms. Elements with high atomic weight such as: mercury, cadmium,
zinc, lead, copper, chromium, arsenic, nickel, selenium, molybdenum, etc., belong to the
group of heavy metals.
LINNIK (1989) states that unlike the toxicants of organic origin, which are more or
less biodegradable in water ecosystems, heavy metal ions are their permanent component.
An important ecological feature of this group of pollutants is that they have not any
mechanisms for their self-degradation. Once being disposed in water ecosystems, ions tend
to enter into very complex interactions at all levels of the food chain.
Water ecosystems main pollutants are the industrial wastewaters of the large
ferrous-metal plants as well as the neighbour ore deposits. The above-mentioned waters
are characterized by complex chemical content. Consequently, the mechanisms for
interdependence and common influences of the heavy metal ions being in the same
water reservoir seem to be an interesting research issue (RADWAN et al. 1990). Research
of this kind dates back to the 1940s. It was Bliss in 1939 (according to LUKYANENKO
1967) who suggested that the substances in operation could be divided into three main
groups. The common activity of the heavy metals ions could be synergetic, antagonistic,
and additive (Metelev et al., 1971). The process of synergism is associated with an
increasing toxic effect of one group of ions in the presence of another one: copper and
nickel, zinc and cadmium (HERKOVITS, PEREZ-COLL 1991). On the other hand, antagonism is present when the reverse process is being observed, i.e. the presence of one
group of ions decreases the toxic effect of another group of ions in water: copper and
lead, copper and cadmium, cadmium and manganese, etc.
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NONCHEVA and VELCHEVA (2001) published regression models, describing the
quantity dependencies between the zinc, lead, and cadmium content in the freshwater
fish organs (NONCHEVA, VELCHEVA 2001). A linear regression model, forecasting the
zinc content in the fish muscles, was also discussed.
The present work aims to build mathematical models, describing the dependencies
between the heavy metal content of zinc (Zn), cadmium (Cd), and lead (Pb) in the
different organs and tissues of freshwater fish. It raises the following controversial
ecological questions: Does the presence of some heavy metals change the quantity of
other heavy metals in the fish organs and tissues under investigation?
In which organs quantitative interdependency between the metals is observed?
Which metals?

Materials and Methods
We are to measure the lead (Pb), zinc (Zn), and cadmium (Cd) content in the organs
of three fish species, which were caught in the waters of Kardzhali and Studen kladenets
artificial lakes. The above-mentioned artificial lakes are found along the valley of the
Arda River and are closely situated to some important anthropogeneous pollutants
such as: Kardzalis ferrous-metal plant as well as ore-deposits near the town of Rudozem.
There were two organs and tissue-muscles and fishbone examined. The specimens were
taken out of three fish species: Perca fluviatilis LINNAEUS, 1758, Cyprinus carpio (LINNAEUS,
1758), and Alburnus alburnus (LINNAEUS, 1758). The lead, cadmium, and zinc content
in the specimens under examination were measured by the method of atomic - absorption spectrophotometry with acetylene flame, using the Percin-Elmer 380 E apparatus.
Part of the obtained data - zinc content in the fishbone as well as lead, zinc, and
cadmium content in the muscles of the examined fish - is given in Table 1. The highest
as well as the average concentrations of these three heavy metals in the organs of the
examined fish are also presented in Table 1. During the statistical analysis both analysis
of variance and regression analysis were applied. The data was statistically worked out
through the program package for multivariate statistical analysis MSTAT (VANDEV et
al. 1989). The obtained results are 99% certain.

Results and Discussion
The results from the analysis of variance are as follows.
We have no reason to believe that the influence of the fish species factor upon the
lead, cadmium, and zinc content in the fish muscles is significant; neither significantly
affects the zinc content in the fishbone.
Thus, the variance analysis results, as well as the use of one and the same method
for measuring the heavy metals content in the fish organs enable us to view all freshwater fish along the valley of the Arda River in general.
After the log data transformation, the data were statistically worked up through
the MSTAT procedure called stepwise multiple linear regression analysis.
Regression models, describing the dependencies between the heavy metal content
in the organs of the freshwater fish, were built. We are to discuss them below.
The average zinc content in the fishbone can be forecast with 99 % certainty on
the basis of the zinc and cadmium content in the fish muscles.
The forecasting model is:
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