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Abstract: Chemical pollution in rivers ecosystems is leading towards an increase in the concentrations
of heavy metals in fish body, which might have a negative impact on humans. The fish were collected
from a protected Natura 2000 area in the Moldavia region, eastern Romania named “Buhusi-Bacau-
Beresti” Storage basin. The aim of this study was to measure the heavy metal concentrations in water,
sediment and fish meat (muscles and gills), in order to assess the human health risk due to
consumption. Industrial effluents discharged into the environment pose a serious threat for the
agricultural products and living organisms. In view of this, level of some heavy metals, such as: Cd,
Zn, Pb and Cu present in water, sediment and fish tissue samples of fish populations from the area
studied were determined using wet digestion-based atomic adsorption method. This study revealed that
the maximum Cd concentration (0.911 mg/Kg) was found in fish gills of specie European Perch —
Perca fluviatilis and the minimum (0.0197 mg/Kg) was found in Zander - Sander lucioperca fish
muscle sample. Zn levels in fish gills of the studied samples were ranged from 108.6698 mg/Kg to
195.4167 mg/Kg. Maximum Pb concentration in gills (1.924 mg/Kg) was found in fish sample of Zarte
— Vimba vimba, while the minimum concentration (0.45 mg/Kg) was found in European Perch — Perca
fluviatilis. The heavy metal found in the samples analyzed in the largest quantity is Cu, in the gills of
Northernpike - Esox Lucius fish.The concentration determined in samples exceeded the World Health
Organisation maximum allowances. In order to assess the risk to which humans are exposed by eating
infected meat with heavy metals, the target hazard quotient (THQ) values were estimated.
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1. Introduction

Environmental pollution represents a serious problem due to the rapid increases of
industrialization, fast development of economics, population growth and agricultural activities.
Freshwater fishes are to be considered as great part of food potential for human population, because of
exceptional type of protein, minerals, vitamins and having valuable lipids and fatty acids. A healthy
and balanced diet should include at least 2 portions (a portion is around 140 g when is cooked) of fish
a week, including 1 of oily fish (egg. herring, salmon, sardines, sports, trout, mackerel etc). Heavy
metals and also other hazardous factors can be accumulated into such medium where these fishes are
found [1]. It is already known that polluted fishes could be dangerous dietary sources for such toxic
components or heavy metals [2, 3]. Heavy metals are among the most persistent of pollutants in the
ecosystem such as water, sediments and biota [4]. A heavy metal is a member of a loosely-defined
subset of elements that present metallic properties. It mainly includes the transition metals, some
metalloids, actinides and lanthanides. Different definitions have been proposed for those metals, some
based on density, atomic number or atomic weight and on chemical properties or toxicity. They are
very resistant to decomposition in natural conditions [5], hence there is a need to develop different
remediation technique, which should be efficient, economical and rapidly deployable in a wide range
of physical settings, and because have a low solubility in water and get adsorbed and accumulated on
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bottom sediments, acting as sink. Heavy metals contamination has been recognized as a major
environmental problem due to their pervasiveness and persistence. The bio-accumulation of Pb, Cu,
Cd and Zn in living organisms and bio-magnifications describes the processes and pathways of
pollutants from one trophic level to another. Fish are widely used as bio-indicators of certain heavy
metals contamination in aqua culture [6]. Bioaccumulation and bio-amplification of chemicals through
the food chain may be a necessary condition for highlighting adverse effects in species and individuals.
The redox potential, along with pH, various organic compounds, humic substrate, complex particles,
the presence or absence of other metals, anions, various ionic bonds, temperature, salinity, light
intensity, dissolved oxygen plays an important role in the bioaccumulation of heavy metals [7]. At a
low redox potential, the metals bind to the sulphides in the sediment becoming immobile. Sediments in
rivers play an important role in influencing the pollution of river water and can be used to record the
history of river pollution. The measurement of those in sediments is useful in order to collect
information on the genesis of the level of sediment contamination [5]. Metals in aquatic environments
originate from two natural sources, such as: 1). Weathering of soil and rock, erosion, forest fires,
volcanic eruptions and 2). Anthropogenic activities. Heavy metals like: Pb, Cu, Cd and Zn in trace
levels may not harm the organisms due to their biochemical role in the life processes of all fish and is
considered to be essential metals in the aquatic and terrestrial environment [8]. Due to contamination
of heavy metals in water and sediment cause serious threats to food chain, mostly fishes which can
accumulate and biomagnifying the heavy metals [9, 10], because fish are the most significant
biomonitors in aquatic systems for the estimation of metal pollution level [11]. It is already reported in
the literature that pollutants circulate on different paths in ecosystems, either accumulate in the body of
vegetal and animal organisms, or concentrate in a food chain [12]. The relationship between the
ecosystem pollution level and the bioconcentration of the trophic elements is even more important at
the level of the Natura 2000 site "Buhusi - Bacau - Beresti" reservoirs, as here are encountered well -
formed and interdependent trophic networks. Much of the birds protected at the site level are ihtiofage
species, this category including about 28 taxa. Their feeding regime is exclusively related to the
aquatic environment, so any willful or accidental disturbance of this environment will lead to direct
changes in the dynamics of this category. However, the largest category of birds is represented by
invertebrate consumers, which add up to a total of 89 species. They are also not protected from the
pollutants harmful to soil and water, their food being mainly composed of soft-bodied invertebrates,
organisms with a rather high capacity of bioaccumulation of pollutants [13]. The objective of this
paper is the realization of a study regarding the health of the fish population from a protected natural
area (Natura 2000 site, ROSPA code 0063) from the region of Moldavia, Romania. The site was
declared aifaunistic special protection area, by Government Decision no. 1284/2007 regarding the
declaration of the special protection areas of avifauna as an integral part of the Natura 2000 European
ecological network in Romania, published in OJ no. 739 bis of 31.10.2007. Natura 2000 is the central
element of European Union biodiversity policies. It is a European network of protected natural areas
established in accordance with the Habitats Directive of 1992. The aim of the network is to ensure the
long-term survival of the most valuable and threatened species and habitats in Europe. Natura 2000 is
made up of Special Areas of Conservation (AAC) designated by Member States under the Habitats
Directive and also includes Special Protection Areas (SPAs), which they designate under the Birds
Directive of 1979 [14]. Natura 2000 applies to the Birds Directive and the Habitats Directive, which
are divided into biogeographically regions. This principle also applies to the marine environment. The
Birds Directive provides for the establishment of Special Protection Areas (APSAs) - a specific
category of protected natural areas - in major wintering areas, on migration corridors, in nesting places,
and where endangered, rare and vulnerable bird species. Natura 2000 site, the accumulation reservoirs
"Buhusi - Bacau - Beresti" ROSPA 0063 was established by the Government Decision no.1284 / 2007,
published in OJ no. 739 bis of 31.10.2007 on the declaration of special aifaunistic protection areas
(APSA) as an integral part of the European ecological network Natura 2000 in Romania. It was
analysed the existence of heavy metals in the fishes that populate the lakes of this protected area with a
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view to ensuring the protection of the environment and of people’s health. In the previous research, the
extent of the contamination with potential toxic elements (heavy metals) of water and sediments from
the Natura 2000 site has been evaluated. Concentrations of heavy metals for analysis of water and
sediment samples highlighted water and sediment quality, with emphasis of certain exceedances of
maximum legal values [15]. In this context, there is a need to control the degree of bioaccumulation of
heavy metals in fish destined for human consumption, which has been the main objective of the
present paper.

2. Materials and methods
2.1.Description of study area

Bacau-Buhusi-Beresti Storage Basin is located in the region of Moldova, Romania (Latitudes
27.128986; Longitudes 46.245383). The analysed area comprises an area of 5,575.5 hectares from
which 83% are represented by rivers and lakes, 13% by marshes and peat bogs, 2% different crops and
2% pastures (Annex. 2 of Government Decision no. 1284/2007).

Figure. 1. Buhusi -
Bacau - Beresti Storage
\L, basin
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The site hosts 5 special avifaunistic protection areas of national importance presented in Figure 1.,
as follows: Lake Lilieci 262 ha; Lake Bacau II 202 ha; Lake Galbeni 1132 ha; Lake Racaciuni 2004
ha; Lake Beresti 1800 ha. On the entire surface of the lake we can encounter different categories of
birds with a special importance for the biodiversity of the space of the European community. In their
large majority they are represented by transitory birds (47%) followed by summer guests in a
proportion amounting to 36% and winter guests in a smaller number of 12. Moreover, the site houses
important concentrations of endangered species [16] at the level of the European Union, such as
Cygnus Cygnus (whooper swan), Sterna hirundo (common tern) and Circus aeruginosus (Western
marsh herrier). Apart from these populations of birds, the site is also house to a rich ichthyofauna.

In 2018, from the 5 storage lakes comprised on the surface of the site, as well from the rivers which
supply them with water, the fishing associations activate on the site fished a quantity of over 3 tonnes
of fish used in one form or another in economy, of the following species: Cyprinus carpio, Abramis
brama, Carassius gibelio, Rutilus rutilus, Chondrostoma nasus, Vimba vimba, Squalius cephalus,
Silurus glanis, Sander lucioperca, Aspius aspius, Essox lucius, Perca fluviatilis. Fish is an important
source of protein and nutrients for the human diet and currently fresh fish is the most sought after
fishery and aquaculture product [17]. In this respect, two commercial fisheries associations are
operating on the site: APC Europesca and APC Euro-Sas, as well as sports fishermen associations, the
Regional Ecology Center Bacau and AJVPS Bacau, associations registering a total of about 3500
registered fishermen. Taking into consideration that the site represents an important source of food for
the local communities from its perimeter and vicinity as well as for a fairly numerous population of
aquatic birds it is important that a correlation should be achieved between the anthropic activities and
their impact upon the fauna in this area. Samples of water for characterization of heavy metal
concentrations were obtained from three stations designated along stretch of “Buhusi - Bacdu -
Beresti” Storage basin at Bacau. The collection stations were numbered from 1 to 39, beginning with
the northern limit of the site (Lake Lilieci) and ending with the dam area of Lake Beresti. In Table 1
are presented all 39 collection stations, their GPS coordinates.
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Table 1. Description of the collection stations

Collection GPS Coordinates Description of the collection stations
stations
Latitude Longitude
Point 1 46.651282 26.860782 Bistrita river course, Lake Lilieci, the point of
shedding Bistrita in the lake, the northern limit of
the site.
Point 2 46.647099 26.862327 Bistrita river course, Lilieci Lake, the UGH Garleni
canal spill area in Lilieci Lake.
Point 3 46.639321 26.875888 Bistrita river course, Lilieci Lake, middle of the
lake.
Point 4 46.631483 26.885501 Bistrita river course, Lake Lilieci, dam area.
Point 5 46.620696 26.905500 Bistrita river course, Gheraiesti railway bridge.
Point 6 46.612973 26.917259 Bistrita river course, ovine sheepfold area.
Point 7 46.595695 26.919319 Bistrita river course, Bacau lake, the point of shedding
Bistrita in the lake.
Point 8 46.594515 26.915799 Bistrita river course, Bacdu lake, the spill area of
Hidroelectrica 1 in the lake.
Point 9 46.583190 26.922580 Bistrita river course, Lake Bacau, middle lake.
Point 10 46.575167 26.922151 Bistrita river course, Bacau lake, dam area.
Point 11 46.572660 26.923896 Bistrita river course, Bacau recreation lake, Barnat
river spill area in Bacdu Recreation Lake.
Point 12 46.564486 26.927582 Bistrita river course, Bacau recreation lake, middle
of the lake.
Point 13 46.557788 26.927668 Bistrita river course, Bacau Recreation Lake, dam
lake area.
Point 14 46.556361 26.929128 Course of Bistrita River, TCH spill area.
Point 15 46.530174 26.942904 Course of Bistrita River, CRAB discharge area.
Point 16 46.507746 26.952850 Bistrita river course, spill area SC Amurco SRL.
Point 17 46.509990 26.976539 The Bistrita River course, the UHE Bacau 2 channel
spill area in Lake Galbeni.
Point 18 46.505517 26.980047 Bistrita river course, Bistrita river confluence area
with the Siret river.
Point 19 46.492306 26.975918 Siret river course, Lake Galbeni, Tamas station
discharge area.
Point 20 46.499584 26.959218 Course of Siret River, Lake Galbeni, Sortbac Salt
Lake Area.
Point 21 46.481857 26.952523 Course of the Siret River, Lake Galbeni, the tail of
the lake.
Point 22 46.471336 26.963767 Siret river course, lake Galbeni, flooded area in the
lake bed.
Point 23 46.455727 26.955871 Course of Siret River, Lake Galbeni, dam area.
Point 24 46.438779 26.952795 Course of Siret River.
Point 25 46.420380 26.960005 The Siret River course, the Siret confluence area
with the Cleja brook.
Point 26 46.406829 26.976913 Course of Siret River, Lake Racaciuni, the spill
area of the Hidroelectrica Galbeni plant in Lake
Racaciuni.
Point 27 46.365977 27.007898 Course of the Siret River, Lake Racaciuni, middle
of the lake.
Point 28 46.366012 27.033390 Course of the Siret River, Lake Racaciuni, the area
of the Ratdu Stream in the lake.
Point 29 46.348419 27.035450 Course of the Siret River, Lake Racaciuni, middle
of the lake.
Point 30 46.334850 27.048324 Course of Siret River, Lake Racaciuni, dam lake
area.
Point 31 46.323903 27.048360 Course of Siret River.
Point 32 46.296200 27.062827 Course of the Siret River, the confluence of the
Drigusani brook with the Siret River.
Point 33 46.284575 27.098790 Course of the Siret River, Lake Beresti, the UHE
Splashing Zone of Récéciuni in Lake Beresti.
Point 34 46.271900 27.100335 Course of Siret River, Lake Beresti, reed area.

Rev. Chim., 71 (6), 2020, 154-169 157 https://doi.org/10.37358/RC.20.6.8180


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev. Chim.1949

Point 35 46.259912 27.105926 Course of Siret River, Lake Beresti, sheep flock
area.

Point 36 46.247446 27.143401 Course of the Siret River, Lake Beresti, the spill area of

the Rogoaza brook in the lake.
Point 37 46.230244 27.142662 Course of the Siret River, Lake Beresti, middle of
the lake.

Point 38 46.209815 27.173990 Course of Siret River, Beresti Lake, Corinii de Sus
area.

Point 39 46.186289 27.185406 Course of the Siret River, Lake Beresti, dam lake
area.

2.2.Anthropic activities impacting on habitats in the sites perimeter

According to the management plan, there are 18 localities, with a total of 267,667 inhabitants,
within the Natura 2000 "Buhusi - Bacau - Beresti" accumulation reservoirs. They carry out the follow-
ing categories of activities, some of which are deleterious to the environment: agricultural and forestry
activities; fishing, hunting, harvesting; mining and extraction of minerals; urbanization and industriali-
zation activities; transport and communications; tourism; and hydro technical arrangements. Despite
the fact that environmentally friendly industrial means are being used in the last decade, the following
activities have contributed to the release of heavy metals in the environment (according to ARM Bacau
data) have taken place within Bacau: transport road, involving the combustion of petrol and diesel fuel,
coal burning - lignite; combustion in the energy industry and transformation industries; non-industrial
combustion installations; combustion in the processing industry; waste treatment and storage; other
mobile sources and equipment. According to the reports prepared by APM Bacau, in 2018, there were
144 environmental, accidental or accidental environmental events, resulting in the discharge of various
pollutants into the environment (air, water, soil), within the county of Bacau. The main events are
characterized by the release of ammonia into the air, the spreading of petroleum products, oil and
water mixtures on the soil and in the water, the spreading of slag powders into the air, the spillage of
liquid fuels, the spillage of manure in watercourses, unknown pollutants on soils or water, and various
events that have led to fish mortality.

2.3. Field sampling

The sampling duration was from 1 October 2018 to 1 July 2019. Water, sediment and fish samples
were collected in the early hours of the every weekend morning (Sunday and Saturday) between 5 am
and 10 am at the sampling stations. Water and sediment samples for heavy metal determination were
collected and stored in acid washed polyethylene bottles and glass jars, placed in a cooler at 4°C and
transported to the laboratory immediately for further analysis. For water and sediment analysis: 1 L of
water respectively 1 Kg of sediment were collected from each of the 39 collection points, mentioned in
Table 1.

2.4. Health risk

This study was conducted by comparing the recommended daily dose with the heavy metal
concentrations found in fish, as well as the target risk coefficient equation [18]. Health human risk was
estimated considering the average concentrations found in all fish muscles and gills and daily heavy
metal intake (EDI), through equation (1) [19].

CxECxEsxEy
—— e Y

L% x1073

WA (1)
where: C is the average concentration of heavy metals in fish muscles and gills (mg/Kg dry weight);
FC is the rate of fish consumption (49.5g/day/person); Ed represent the exposure duration, around 70
years as average lifetime [20]; Ef is the exposure frequency (365 days/year); Bw is the average adult
body weight (60 -70 Kg); At represent the average exposure time for non-carcinogens (might be 70
years).

EDI =
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The method of estimating the target hazard quotient (THQ) provides allot of indication about the
human health risk by the exposure of the body to these heavy metals. The risks for ingestion of the
pollutants were assessed based on target hazard quotients (THQs) through the Eq. (2) [19]. The THQs
value must be less than 1, and in this way the toxic effect are not expected to occur[19]. In the case of
higher than 1 there exist a real risk on health and need interventions and protective measurements in
order to protect the humans health[18].

CxFCxEgxEg

THQ BwxArxRg x10 (2)

By evaluating the health risk to local people in the area of the storage posed by the consumption of
fish, the data from the fish muscles and gills samples were used for a risk assessment. The daily in-take
of pollutants was estimated on the basis of the concentration of heavy metals in the fish samples. The
THQ values were calculated based on the following oral reference doses (Rds) i.e. 1.7, 0.06, 5x 10-2
and 0.006 mg/Kg/day for Cd, Cu, Zn and Pb respectively [21, 22].

2.5. Chemical analysis reagents and standards

All reagents were of analytical grade and purchased from Merck, double deionized water was used
for the preparation of all solutions. The element standard solutions used for calibration were pre-pared
by diluting stock solutions of 2000 mg/L of each element. Stock standard solutions were Merck
Certificate AA standard. All glass vessels used were cleaned by soaking in dilute acid for at least 48 h
and rinsed in deionized water before use. Water, sediment and biological tissue samples were taken.

Tests were carried out to determine the content of heavy metals from 1.) water in which fish live;
2.) sediment from that water and 3.) from the fish meat (respectively from gills and muscles), collected
and fished from the 39 collection stations.

2.6. Analysis of water and sediment samples

Collection and storage of water and sediment samples was done in sterile containers kept for 24-48
h at 4°C. Sediment samples were air dried and the sieved sample was powdered and finally passed
through a 250 um sieve, and stored in a glass vessel. For heavy metal content determinations, 1 g
sediment subsamples were digested in teflon vessels with 20 mL HNOs: HCI (2:1) mixture in a mi-
crowave oven (Whirlpool AMW 730/NB, 1000 W). After microwave digestion, the samples were fil-
tered and adjusted to a suitable volume with double deionized water. The water and sediment samples
were analysed through atomic (Analytical Methods for Atomic Absorption Spectroscopy, Srikanth P,
2017) and flame using the Perkin-Elmer spectrophotometer with atomic adsorption, model Analyst
700.

2.7 Analysis of fish samples

All samples from the fish captured in weekend were refrigerated at 4°C and analyzed the follow-
ing week Monday. On Monday, when all the samples collected from the previous weekend arrived at
the laboratory, the species was identified, these being presented in the Table 4. The fish were eviscer-
ated using ceramic tools, taking the dorsal muscles of the fish as well as their gills for analysis. The
fish samples were dried in the Whirlpool AMW 730/NB, 1000 W oven for 1 h at 55°C, milled to ho-
mogeneity with ceramic mortar and pestle, and digested using a MARS 6 - Microwave Digestion Sys-
tem. For the analysis were used 1 g of fish sample digested using a mixture of 15 mL of 65 % nitric
acid and 5 mL of 30% H>0,. Samples were analysed by flame atomic absorption spectrometry (210
VGP Atomic Absorption Spectrophotometer) in order to determine the following heavy metals: Pb,
Cd, Cu, and Zn. The analyses were conducted in the laboratory of the Veterinarian Sanitary Direction
(VSD), Bacau, Romania.
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2.8. Quality assurance and control

The analytical data quality was guaranteed through the implementation of laboratory quality
assurance and quality control methods. The precision and accuracy of the analyses were tested by re-
covery measurements on spiked sediment samples. The sediment samples collected as uncontaminated
sediment samples were spiked with heavy metals and digested with the same procedure as the samples.
The precision of the analytical procedures, expressed as the relative standard deviation (RSD), ranged
from 2 to 8%. The precision for the analysis of standard solution was better than 4%. The 210 VGP
Atomic Absorption Spectrophotometer was first calibrated using buck certified atomic absorption
standards for the respective four heavy metals in order to obtain calibration curves. Reagent blanks
were first run at intervals of every sample analysis to eliminate equipment drift. All samples were car-
ried out in triplicates for accuracy, reproducibility and precision, and the results were expressed as the
mean. Average standard deviation was in the range of 0.07 and 0.19.

The purpose of this study was the determination of heavy metals concentration in water, sediment
and fish catches and if there exist the risk of poisoning the environment, ichtyofauna and human
population. For the realization of this study, 39 collection stations were selected, aiming at the 5 lakes
from the perimeter of the site. The areas known as being polluted (intentionally or by accident),
according to the environmental reports issued by RAEP - Bacau, and the areas with an ichthyologic
importance were given priority. On each accumulation basin, there have been selected 3 stations, one
at the river mouth, one in the middle of the lake and one at the dam. The collection points were
numbered from 1 to 39 starting with the Northern border of the site and (Lilieci Lake) and finishing in
the dam area of Beresti Lake.

The employed methodology in accordance with European rules (European Union Law, Euro-pean
Environment Agency) was the following: from each collection points analyses of the water, sed-iment
and tissue samples were made. In the 39 collection point fishes belonging to 15 species were captured.
From the tissues sampled from the collected fishes analyses regarding the concentration of heavy
metals in the gills, muscles and bones were performed. European standards and values for max-imum
permissible concentrations of elements in the category of surface water, streams in natural cir-
cumstances or arrangements (lakes and accumulation) are presented in Table 2 and Table 3 [23, 24].

Table 2. Permissible limits of heavy metals for water surface;
WHO (World Health Organization); USEPA
(United States Environmental Protection Agency)

Heavy metal UNIT Permissible limit
WHO USEPA
Cadmium (Cd?") mg/L 0.005 0.005
Copper (Cu?*) mg/L 1.0 1.3
Lead (Pb?) mg/L 0.005 -
Zinc (Zn?) mg/L 5 -

Table 3. Permissible limits of heavy metals for sediment by EU (European Union)

Specific chemical UNIT Values admitted by EU
indicators
Normal values Alert threshold
Cadmium (Cd?*) mg/Kg 1 3.5
Copper (Cu?") mg/Kg 20 200
Lead (Pb?") mg/Kg 20 90
Zinc (Zn?") mg/Kg 100 300
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Table 4. Maximum permissible level of heavy metals in fish
according to international standards EU, EC
(Commission regulation) and WHO.

Organisation Cadmium | Copper | Lead | Zinc
mg/Kg
WHO 1989[25] 1.00 30 2.00 100
FAO/WHO, 2018 [26] - - 0.30 -
EU [27] 0.05 5 0.3 50
EC, 2005, 2008[28] 0.05 - 0.20 -

2.9 The harmful effects of heavy metals on organisms

Regarding their presence in biological systems, heavy metals are classified as essential for living
organisms (Cu, and Zn) and nonessential (Cd, and Pb)[29].

Cadmium - the main sources are cigarette smoke and various foods [30]. Inhalation of cadmi-um
smoke can cause unwanted lung effects and a prolonged exposure to this element may result in kidney
dysfunction[30, 31]. Another damaging effect of cadmium is its interaction with other elements in the
human body. An increase in the amount of Cd in the body is correlated with exaggerated excre-tion of
calcium through the urine, which leads to demineralisation of the bones [32]. Regarding the re-
productive system, cadmium affects the production of progesterone and testosterone[33] and some
studies correlate the presence of Cd in high concentrations in the body with the incidence of prostate
cancer and testicular necrosis in laboratory mice and renal and breast cancer in humans[32].
Provisional tolerable monthly intake of cadmium by WHO are 25 pg/Kg body weights.

Lead - is a metal found abundantly in the crust of the Earth, but is not an essential element for
humans and plants [34]. Pb poisoning can cause encephalopathy and a prolonged exposure can cause a
decrease in intellectual capacity and a memory impairment [30]. Lead can affect the cardiovascular
system and bone metabolism, prolonged exposure to this element leading to changes in arterial
pressure and inhibition of osteocalcin, a protein with a functional role in bone tissue[35, 36]. Impaired
neurobe-havioral development was considered to be the most critical effect. (Food Additives Series 44,
2000 with reference to Environmental health criteria for inorganic lead, International Programme on
Chemi-cal Safety (IPCS), 1995). The mean dietary exposure estimates by WHO for adults from 0.02 to
3 ug/Kg bw per day.

Copper - is abundant in living tissues, where as metalloprotein or other organic compounds, plays
an important role in the metabolic reactions of the body [37]. Copper poisoning is rare and is mainly
caused by ingestion of food and contaminated water. Symptoms are epigastric pain, nausea, vomiting
and diarrhea. As far as animal organisms are concerned, copper is easily accumulated in living tissues,
which must be taken into account in the management of polluted natural areas [38]. Sensitivity to the
toxic effects of excess dietary copper is influenced by its chemical form, species, and interaction with
other dietary minerals. WHO (1974) concluded that the fatal oral human dose is about 200 mg/Kg.

Zinc - is found in various deposits in the crust of the Earth. Zinc influences the action of other
metals in the body, an excess of zinc producing an excessive excretion of copper through faeces[39].
In contrast, Zn deficiency can lead to various immune diseases [40], which is known as an important
ion in the body, acting as a signal in various cells and tissues [41]. In plants, although it is a necessary
element for their development, Zn excess can inhibit the normal growth of roots, retards the
reproductive phase of susceptible plants and affects cell organelles and membranes [42]. The average
daily intake of zinc has been estimated by WHO to be maximally 20 mg/day for adults.

3. Results and discussions

The analytical investigation of the heavy metals from the water, sediment and tissues of the fish
covered the surface of the water over 5,500 hectares and comprised a natural protected area from the
region of Moldavia (Romania) and led to the conclusion that in this site the concentrations of heavy
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metals determined in the water, sediments and fish tissues are high. In order to understand the accu-
mulation of heavy metals in fish muscles and gills, heavy metals (i.e., Cd, Cu, Zn and Pb) concentra-
tions in the collected 15 species of fish samples were analyzed by wet digestion-based atomic adsorp-
tion technique. The collection of the samples was done constantly from the same 39 points established
in the preliminary stage, presented in Table 1.
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Figure 2 a,b,c,d. Comparison between the maximum accepted values of heavy metals
by WHO and the values found in the water tested samples from the study area

In Figure 2 represent a comparison between the maximum accepted values of heavy (Pb, Cd, Cu,
and Zn) resulted from the analysis of the collected water samples. Can easily be observed that: the
maximum allowance approved by World Health Organization (WHO) for Pb, Cd, Cu and Zn (pre-
sented in Table 2) is exceeded in all the points in which the collection was made. The highest concen-
tration of Lead found in water samples was 0.0331 mg / L, thus exceeding 6.62 times the maximum
value allowed by the WHO. The value of the highest concentration of Cadmium found in water sam-
ples was 0.0521 mg / L, thus exceeding 10.42 times the maximum value allowed by the WHO. The
value of the highest concentration of copper found in water samples was 18.0430 mg / L, thus exceed-
ing 18.04 times the maximum value allowed by the WHO and the zinc concentration was 31.5370 ex-
ceeding this 6,307 times the maximum value allowed by the WHO.
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Figure 3 a,b,c,d. Comparison between the maximum accepted values of heavy metals
by EU and the values found in the sediment tested samples from the study area

In Figure 3 it is presented the results of the analyses of heavy metal concentration sampled from the
39 collection points at the level of the sediments. As expected, following the water analysis, the
sediment samples also exceeded the maximum concentrations allowed by the EU (presented in Table
3), as follows: Lead 103.74 mg / Kg, Cadmium 12.09 mg / Kg, Zinc 553.74 mg / Kg these three heavy
metals falling within the alert area according to Table 3, only the maximum concentration of copper
found is not an alert value (105.63 mg/Kg).

The fish species captured in the 39 points are presented in Table 4. From among the individuals
captured there were performed analyses for the evaluation of the quantity of heavy metals using tissue
from the gills and muscles. The work was performed on medium samples collected from all the
captured specimens.
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Figure 4 a, b, ¢, d. Heavy metals value concentrations in muscle and gills tissue,
sampled from the fish collected from the study area
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For the sampled fishes there were performed analyses of the heavy metals values (Pb, Cd, Cu, and
Zn) from the gills and from the muscles. The results are presented graphically in Figure 4 a, b, c, d
being highlighted the content of all four metals from the gills and muscles of the captured fishes in
comparison with the maxim accepted concentration. The maxim concentration of Pb in gills was 1.924
mg/Kg and in muscle 1.9634 mg/Kg; for Cd in gills was 0.911 mg/Kg and in muscle 0.522 mg/Kg; for
Cu in gills was 16.23 mg/Kg and in muscle 8.2873 mg/Kg; while for Zn in gills was 195.41 mg/Kg
and in muscle 118.99 mg/Kg. Can be observed that in most of the cases the maxim accepted
concentrations in UE of all four metals (Pb=0.3 mg/Kg; Cd= 0.05 mg/Kg; Cu= 5 mg/Kg; Zn= 50
mg/Kg) are exceed-ed. Figure 4 are highlighted with a red bolded line the maximum values of the Pb,
Cd, Cu and Zn found in fish samples both in gills and muscles, respectively.

This study, revealed through the paired student t-test that the studied heavy metals concentra-tions
in fifteen species of fishes, fished from the Buhusi-Bacau-Beresti Storage basin, in muscles was
significant different than that of the gills at a 98% confidence level. All samples from the fish captured
in weekend were analyzed the following week Monday, refrigerated at 4°C. Therefore, it has been
suggested that meat variation has an significant impact on changes of heavy metal level in the studied
fish samples of “Beresti-Bacau-Buhusi” Storage basin, Romania. From Table 5, can easy be observed
that the heavy metals concentrations in muscles for most of the fishes captured in rainy season is lower
than that of the fishes captured in non rainy season, which was in good agreement with literature [43,
44].

Table 5. Heavy metals concentrations (mg/Kg) in muscle samples
of fish caught in different seasons

Type of season Pb Cd Cu Zn Reference
Rainy season 8.84 £ 6.35 2.68 £3.03 5.24 £ 0.08 13.51+5.15 [43]
BDL BDL BDL 30.84+1.24 [44]

0.0238 0.0197 0.7903 5.7962 This study
Non rainy season 12.57 £2.25 0.60 £ 0.81 5.34 £ 0.03 69.80 + 41.33 [43]
BDL BDL 0.95+0.02 74.11+1.33 [44]

1.9634 0.522 8.2873 118.99 This study

Maximum value of: Pb are found in gills samples from the collection points: P7 (1.9054 mg/Kg),
P8 (1.9240 mg/Kg), P13 (1.8475 mg/Kg) and P18 (1.8955 mg/Kg) and from the muscle sam-ples: P15
(1.8766 mg/Kg), P16 (1.9634 mg/Kg), P17 (1.7387 mg/Kg) and P23 (1.4253 mg/Kg) being registered
constant exceeding of the maximally accepted norms; for Cd the maximum values in gills were found
in the collection points: P8 (0.911 mg/Kg), P14 (0.8349 mg/Kg), P32 (0.9065 mg/Kg) and P39 (0.8051
mg/Kg) and from the muscle samples: P5 (0.3804 mg/Kg), P12 (0.42 mg/Kg), P20 (0.522 mg/Kg) and
P35 (0.52 mg/Kg); for Cu the maximum values in gills were found in the collection points: P2
(16.1024 mg/Kg), P4 (14.0694 mg/Kg), P32 (16.23 mg/Kg) and P39 (12.2462 mg/Kg) and from the
muscle samples: P5 (8.2873 mg/Kg), P6 (5.9091 mg/Kg), P8 (5.327 mg/Kg) and P20 (3.3806 mg/Kg);
for Zn the maximum values in gills were found in the collection points: P4 (189.4263 mg/Kg), P19
(183.3675 mg/Kg), P30 (186.6875) and P38 (195.4167 mg/Kg) and from the muscle samples: P16
(118.99 mg/Kg), P17 (88.3 mg/Kg), P28 (88.55 mg/Kg) and P30 (101.34 mg/Kg).

The results of the fish captures are presented in Table 6 where there are indicated the number of the
sampling site and the species of the captured fishes from that area. Analyzing the results ob-tained
from both muscle and gill samples, can conclude that heavy metals are accumulated more in gills than
muscles.
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Table 6. Fish species collected from the 39 sampling sites

No. SaTiEr:]ng Description Collected fish species
1. Pl Lilizeci reservoir European perch — Perca fluviatilis;
2 P2 Lilieci rezervomr Common bleak — Afburnis alburnus;
3. P3 Lilizeci reservoir European perch — Perca fluviatilis;
4. ri Lilieci reservoir Common roach — Rurilus rufilus, Prussian carp — Carassius gibelio;
5. Ps Bistrita river Emupea.up-e:ru:h—farca fluviatilis; Prussian carp — CE;‘..?'D'.F.SI'%E.S. gibelio; Fuffe —
; Gymmocephalus cernuus gobio abtusirosiris,
6. Pé Bistrita river Common bleak — Alburnus alburaus,
T P7 Bacau rezervolir Common roach — Rufilus rufifus; Northem pike — Esox Jucius;
. . European perch — Ferca fluviatilis; Northem pike — Erox fuchus; Schneider —
8 P8 Bacau reservoir Alburnoides bipunciatus; Common roach — Rudifus rutilus;
9. P9 Baciu reservoir Common bream — Adromis brama;, Common rudd — Scardinfus erythrophthalmus;
10, P10 Baciu reservolr European perch — Ferca fluviarilis, Northem pike — Esox Jucius;
. . European perch — Ferca fluviaeilts; Commeon roach — Rutifus ragilis;, Common bleak
11. P11 Bacau rezervoir .
— Alburns alfburns,
12, P12 Baciu reservolr Northem pike — Esox Jucius;
13 P13 Bacin reservoir European perch — Ferca fluviatilis, }Ic.rrthem.pl.k.e — Esox Jucius;, Commen roach—
Rutifus rutilus,
14 P14 Confluence of Bistrita European perch — Ferca fluviailis; European chub — Squalivs cephalus; Northem
) and Siret rivers pike — Erox Jucius; Common roach — Rufilus rutilus;
< Confluence of Bistrita . - L
15. P15 and Siret rivers | European perch — Perca fluviarilis;, Prossian carp — Carassius gibelio;
16. P16 Gnniﬂe;;;ﬁiﬁfﬂa Prussian carp — Carassius gibelio; Common bream — Abramis brama;
17. P17 Gnnﬂu&n!:e Gij Bistrita Vimba bream — Fimba vimba, Common bream — Abramis drama;
and Siret rivers
Confluence of Bistrita . o
13. P18 and Siret rivers Prussian carp — Carassius gibelio;
19. P10 Galbeni reservoir Prussian carp — Corasshus gibelio; I\DIthBl.'J_:l R]l-.ce. — Erox Jucius; European perch —
Perca fluviatilis;
- . . Commeon roach — Rutilus rufilus, Northempike — Esox fucius;
20. P20 Galbeni reservoir Prussian carp — Carassius gibelio; Zander - Sander lucioperca;
Common bream — Adramis brama; Prussian carp — Carassius gibelia;
21, P21 (Galbeni reservoir Northempike — Erox fucius; Prossian carp — Carassius gidelio; Commeon roach —
Rutilus rutilus;
22, 22 (Falbeni reservolr Prussian carp — Carassius gibelio;
. . . Prussian carp — Carassius gikelio, Common bream — dbramis brama;
25, P23 (Galbeni reservolr Europeanperch — Perca fluviatilis
14 P14 Siret river Spulin — Alburnoides bipunciotus;, Prussian carp — Carassius gibelis, European chub
) - — Squalius cephalus; Puffe — Gymnocephalus cermuus;
23, P25 Siret nver Europeanperch — Perca fluviafilis; Prussian carp — Carassius gibelio;
26, P26 Siret nver Zander - Sander lucioperca
17 P17 R Aciciuni reservoir Zander - Sander lucioperca; Prusmﬁ;ﬁa;g — Carassius gibelio; Zarte — Timba
28. P28 FAciciuni reservolr Europeanperch — Perca fluviatilis; Common bleak — 4/burnus alburnus,
20 P20 Facacium reservolr Commoncarp — Cyprinus carpio;
N . e . Prussian carp — Carassius gibelio; Zander - Sander lucioperca;
0. P30 Facacium reservoir Welscatfish — Stfurss glanis;
31, P31 Siret nver Prussian carp — Cargssius gibelio;
32, P12 Siret nver EuropeanPerch — Perca fluviatills;
33, P33 Bereshi reservolr Europeanperch — Perca fluviaiilis; Northempike — Esox lucius,
N . . Common mdd — Scardimius eryifirophthalmus, Europeanperch — Perca Tuviatilis;
34. P34 Beresti reservoir Northernpike — Esox Juchus;
33, P35 Berasti reservoir Ewropeanperch — Perca fluviatilis; Zander - Sander lucioperca;
36 P 5 Beresti reservoir WVimba bream — Fimba vimda, Common bream — Abramis drama;
) : Europeanperch — Perca fluviaiilis;
37 P17 Beresti reservoir Commen roach — Rufilus rugilus; Prussian carp — Carassius gibelio; European perch
) ! : — Perca fluviatilis; Morthempike — Esox fucius;
33 Pis Beresti reservoir Commeon bream — 4bramis brama; Prussian carp — Carassius gibelio; Vimba bream
i : —Fimbea vimba; Common roach — Rufilus rutifus;
39. J3EL] Beresti reservolr Common bream — Adramis Srame;

This study revealed that the maximum Cd concentration (0.911 mg/Kg) was found in fish gills of
specie European Perch - Perca fluviatilis and the minimum (0.0197 mg/Kg) was found in Zander -
Sander lucioperca fish muscle sample. Subsequently, high Cd concentrations found in Common bleak
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- Alburnus Alburnus, Zarte - Vimba Vimba and Ruffe - Gymnocephalus Cernuus, were found as
0.8349 mg/Kg, 0.9065 mg/Kg and 0.8051 mg/Kg respectively. Zn levels in fish gills of the studied
samples were ranged from 108.6698 mg/Kg to 195.4167 mg/Kg. The varia-tion of Zn concentration in
fifteen species of fishes was statistically significant in gills and muscle. However, zinc levels in this
study were not like in the literature, which reported ranges from 2.74 to 11.57 mg/Kg in fish from the
Yangtze River [45], 4.327 to 5.668 mg/Kg in fish collected from the Yellow River [46] and 2.7 t0 9.3
mg/Kg in fish from Rio de Janeiro State [47]. Higher Zn levels approaching to our results were ob-
tained for fish collected from the Black and Aegean Seas by Uluozlu et. al [48] with Zn concentrations
ranging from 35.4 to 106 mg/Kg in fish flash. The maximum Pb concentration in gills (1.924 mg/Kg)
was found in the fish sample of Zarte - Vimba Vimba, while the minimum concen-tration (0.45
mg/Kg) was found in European Perch - Perca fluviatilis. Pb concentrations were also found: 1.905,
1.8475 and 1.8955 mg/Kg in the fish species of Common bleak - Alburnus Alburnus, in Northernpike -
Esox Lucius, and respectively Prussian carp - Carassius Gibelio. The heavy metal found in the samples
analyzed in the largest quantity is copper, with a value of (16.23 mg / Kg) in the gills of Northernpike -
Esox Lucius fish.

4.Conclusions

Heavy metals are found in conjunction, as demonstrated by the analyses we performed and
rendered synthetically in Figures 2—4, which leads to an increased level of danger for the ecosystem
and for the people, a larger degree of contamination being registered because of the synergic develop-
ment of toxicity and because fishes are organisms in which pollutants are accumulated. The maximum
allowance in water samples approved by World Health Organization (WHO) for Pb, Cd, Cu and Zn
(presented in Table 2) is exceeded in all the points in which the collection was made: Lead (0.0331 mg
/ L), exceeding 6.62 times the maximum value; Cadmium (0.0521 mg / L), exceeding 10.42 times the
maximum value; Copper (18.0430 mg / L), exceeding 18.04 times the maximum value and Zinc
(31.5370 mg/L) exceeding 6,307 times the maximum value allowed. The sediment samples also ex-
ceeded the maximum concentrations allowed by the EU, as follows: Lead 103.74 mg / Kg, Cadmium
12.09 mg / Kg and Zinc 553.74 mg / Kg, these three heavy metals falling within the alert area accord-
ing to Table 3, only the maximum concentration of copper found is not an alert value (105.63 mg/Kg).

The maxim concentration of Pb in gills was 1.924 mg/Kg and in muscle 1.9634 mg/Kg; for Cd in
gills was 0.911 mg/Kg and in muscle 0.522 mg/Kg; for Cu in gills was 16.23 mg/Kg and in muscle
8.2873 mg/Kg; while for Zn in gills was 195.41 mg/Kg and in muscle 118.99 mg/Kg. Can be observed
that in most of the cases the maxim accepted concentrations in EU of all four metals (Pb=0.3 mg/Kg;
Cd= 0.05 mg/Kg; Cu=5 mg/Kg; Zn= 50 mg/Kg) are exceeded. The heavy metal found in the samples
analyzed in the largest quantity is copper, with a value of (16.23 mg / Kg) in the gills of Northernpike -
Esox Lucius fish. Can easily be observed that there is not a linear dependency between the quantities
of heavy metals determined in the water, sediments and fish tissues. From the analyses of the tissues,
can be observed that gills are more sensitive and they register a higher bioaccumulation. Fortunately,
the gills are not usually consumed by humans, this part being removed during the evisceration of the
fish. This study revealed that the concentrations of heavy metals in all fifteen species analyzed in the
study area were not generally safe for consumption when fish are consumed with gills.

The main conclusion that can be drawn from this study is that anthropic activities performed in the
area have left their negative mark on the fish populations from the studied site. The harmfulness of the
pollution of the water, sediment and fish is indirectly reverberated upon humans.

Recommendations that would lead to the avoidance of an ecological disaster with serious re-
percussions upon the population from the area:

-the complete cessation of emission of all classes of toxic substance through the interdiction of
their manufacturing in conditions that do not ensure the protection of the environment;

-the evaluation of the export of metals towards the studied area by means of the underground
water;
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-the characterization of the distribution of heavy metals on the entire trophic chain up to the man;

-the identification of the manners in which one can make the distinction between bacKground
concentrations and the one caused by man’s actions;

-the improvement the economic evaluation procedures in such a way that take into account the
negative effects of the retention services of pollutants in aquatic systems;

-the maintenance of the emissions of other classes of substances beneath a certain level;

-the evaluation and attenuation of the toxic substances which are emitted accidentally;

-development and introduction of a series of procedures directed at stopping heavy metals pollution
and protecting the environment.
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