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e MoHorpadua "YcTondmem opraHnyHn 3ambpcuTenn B XpaHu"
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Hay4yHuTe nacnegBaHus B npeacraBeHUTE No-rope HayyHu nybnukaumn,
y4yacTus B Hay4yHn oopymun, B aBTopedeparta Ha gucepTauuoHHUSA Tpya U
MOHorpadwuaTa ca B obnactute: CbCTaB Ha XpaHu, be3onacHoCT Ha XpaHu
n Katanuaa.

Pe3tomeTa Ha nybnukauumn
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Abstract. The fat soluble vitamins, as well as n3 and n6 fatty acids (FA) are essential compounds of fish lipids
and exclusively provided by the diet. Fish is sometimes eaten raw, but it is usually thermal processed before
consumption. Temperature processing of fish tissue enhances its taste, inactivates pathogenic microorganisms
and increases its shelf life. The fat soluble vitamins (vitamins A, D, and E) and fatty acids are considered to be
susceptible to oxidation during heating (cooking) process. The aim of the present study was to evaluate the effect
of steaming (10 min at 90°C) and frying (5 min on the each side with sunflower oil) on fat soluble vitamins and
fatty acids composition in Horse mackerel (Trahurus mediterraneus) fish fillets. Vitamins A, D; and E were
analyzed simultaneously using RP-HPLC. The fatty acid composition was analyzed by GC-MS. The amounts of
vitamin A (retinol) in cooked fish fillets (for both heat treatments) decreased significantly, compared to their
content in the raw samples. In contrast vitamin D; (cholecalciferol) content affects only by steaming, while
changes on vitamin E (alpha-tocopherol) was observed solely after frying process. The highest content of
monounsaturated fatty acids (MUFA) were observed after steaming, whereas fried samples presented higher
values of polyunsaturated fatty acids (PUFA) due to significant increase in linoleic acid (C18:2n6). During
steaming did not reduce significant n3 and n6 PUFA levels, while frying caused a large reduction of n3 PUFAs.
The ratio of n3/n6 was markedly lower in fried samples than in raw and steamed mackerel. In conclusion the
Black Sea Horse Mackerel is a good source of vitamin Ds, vitamin E and n3 PUFAs. After steaming and frying
process there were minimum losses in the contents of cholecalciferol and alpha-tocopherol, while retinol was
reduced nearly a half. The process of frying affects most significantly three fatty acids groups, whereas after

steaming was observed little influence on fatty acids profile.

Keywords: Trahurus mediterraneus, steaming, frying, vitamins, fatty acids, human health

1. Introduction Marine  fish, especially carnivores, are
characterized by low levels of omega-6 (n6) fatty

The Black Sea appears to be one of the important
fish basins influencing greatly the economy of all
Black Sea countries. The small pelagic species
Horse mackerel (Trachurus mediteraneus, Aleev 59),
which inhabits the western and north-western parts
of the Black Sea [1], is of key importance for
Bulgarian fisheries for economic and social reasons
(number of fishermen involved) and as livelihood
support for population. This carnivore species
represents about 50% of the Bulgarian summer
pelagic catches, and a considerable percentage of the
Black Sea total catches and plays an important role
to provide essential nutrients for the population.
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acids (linoleic acid LA, C18:2 n6) and high levels of
omega-3 (n3) PUFAs (eicosapentaenoic acid, EPA
C20:5n3; docosahexaenoic acid, DHA C22:6n3) in
particular, which are essential for the human health
[2]. Fat soluble vitamins are essential components of
fish lipids and are exclusively provided by the diet.
Vitamins A and E act as natural antioxidants in the
living organisms. All-trans-retinol is very important
for the visual system in humans; alpha-tocopherol
(alpha-TP) is significant for the normal reproduction
and muscle development and cholecalciferol
promotes and enhances the absorption and
metabolism of calcium and phosphorus. It is well-
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FAT SOLUBLE VITAMINS AND FATTY ACIDS
COMPOSITION OF BLACK SEA CYSTOSEIRA BARBATA

Veselina Panavotova, Mona Stancheva. Medical University of Varna.
veselina.ivanova@hotmail.com

Brown alga Cystoseira barbata is the most widely distributed seaweed in the Black Sea. There is limited
information about fat soluble vitamins content and fatty acids composition of this specie from Bulgarian
Black Sea coast. The aim of this study was to determine fat soluble vitamins, pigments, total lipid and fatty
acid composition of Cystoseira barbata. Fat soluble vitamins (vitamin E and D). pigments (-carotene and
astaxanthin) and total cholesterol were analyzed simultaneously using HPLC/UV/FL system equipped with
RP analytical column. Sample preparation procedure includes alkaline saponification. followed by liquid-
liquid extraction. Brown seaweed Cystoseira barbata contamned high amounts of o-tocopherol and [-
carotene. Lipids were extracted by following the method of Bligh and Dyer. The residual lipid fraction was
methylated using base-catalyzed transmethylation with methanolic potassium hydroxide. Fatty acid
composition was analyzed by GC/MS. Cystoseira barbata was rich in linoleic (C18:2n6) and
eicosopentaenoic acid (C20:5n3) although total lipid content was generally low. High levels of o-
tocopherol correlate with high levels of polyunsaturated fatty acids. As an antioxidant a-tocopherol

preserves tissue PUFA from oxidation.
UDC Number: 543

Keywords: Cystoseira barbata. vitamins, fatty acids

Introduction

Seaweeds have been used since ancient times as food. fodder, fertilizer and as source of medicine.
Nowadays seaweeds represent an inexhaustible source of the raw materials used in pharmaceutical.
food industries. medicine and cosmetics. They are nutritionally valuable as fresh or dried vegetables.
or as ingredients in a wide variety of prepared foods. In particular. seaweeds contain significant
quantities of protein. lipids. minerals and vitamins (Manivannan et al., 2008).

Lipids represent only 1-5% of algal dry matter and exhibit an interesting polyunsaturated fatty acid
(PUFA) composition particularly omega 3 and omega 6 acids which play an important role in the
prevention of cardio vascular diseases. osteoarthritis and diabetes. Brown algae are rich in fatty acids
with 20 carbons: eicosapentaenoic acid (EPA. C 20:5 n3) and arachidonic acid (AA. C 20:4 n6)
(Banerjee et al.. 2009). Marine algae are rich in PUFAs of the n-3 and n-6 series. which are considered
essential fatty acids for humans and animals. Some of these FAs (20:3n-6. 20:4n-6, 20:5n-3) have high

biological activity and are converted into eicosanoids. In addition, PUFAs are of interest in cosmetics
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FAT SOLUBLE VITAMINS AND FATTY ACIDS COMPOSITION OF
BLACK SEA ULVA RIGIDA AND GELIDIUM CRINALE
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Abstract The aim of this study was to determine fat soluble vitamins, pigments, total lipid and fatty acid
composition of Ulva rigida and Gelidium crinale. Fat soluble vitamins (vitamin E and D), pigments (B-carotene
and astaxanthin) and total cholesterol were analyzed simultaneously using HPLC/UV/FL system. Generally, red
seaweeds Gelidium crinale showed higher amounts of a-tocopherol, B-carotene, astaxanthin and total cholesterol,
compared to green seaweed. Lipids were extracted by following the method of Bligh and Dyer. Fatty acid
composition was analyzed by GC/MS. Gelidium crinale was rich in arachidonic (C20:4n6) and eicosopentaenoic
acid (C20:5n3), whereas Ulva rigida — in linoleic acid (C18:2n6). Palmitic acid was the most abundant in both
algae species. Red algae Gelidium crinale had higher PUFA concentrations, particularly from the n-3 series,
thereby being a better source of these compounds. Moreover, red algae presented healthier £n-6/Zn-3 and

PUFA/SFA ratios than green algae.

Keywords: macroalgae, fatty acids, GC-MS, HPLC

1. Introduction

Seaweeds belong to a group of plants known
as algae. They are classified as Rhodophyta (red
algae), Phaeophyta (brown algae) or Chlorophyta
(green algae) depending on their pigments and
chemical composition. Like other plants, seaweeds
contain various inorganic and organic substances
which can benefit human health. Algae have been
used since ancient times as food, fodder, fertilizer
and as source of medicine. Nowadays seaweeds
represent an inexhaustible source of the raw
materials used in pharmaceutical, food industries.
medicine and cosmetics. They are nutritionally
valuable as fresh or dried vegetables, or as
ingredients in a wide variety of prepared foods. In
particular, seaweeds contain significant quantities of
protein, lipids, minerals and vitamins [1].

Lipids represent only 1-5% of algal dry matter
and exhibit an interesting polyunsaturated fatty acid
(PUFA) composition particularly omega 3 and
omega 6 acids which play an important role in the
prevention of cardio vascular diseases, osteoarthritis
and diabetes. Some of these FAs (20:3n-6, 20:4n-6,
20:5n-3) have high biological activity and are
converted into eicosanoids. In addition, PUFAs are
of interest in cosmetics as components of sun lotions
and as regenerating and anti-wrinkle products.

Because of the huge and renewable biomass and the
fact that many of them could easily be cultivated in
the sea on a large scale, seaweeds are a potential
source of fatty acids for biotechnology and a dietary
source of essential fatty [2].

Seaweeds are a good source of some water-
(B1, B2, B12, C) and fat-soluble (B-carotene with
vitamin A activity, vitamin E) vitamins. Seaweed
vitamins are important not only due to their
biochemical functions and antioxidant activity but
also due to other health benefits such as decreasing
blood pressure (vitamin C), prevention of
cardiovascular diseases (B-carotene). or reducing the
risk of cancer (vitamins E and C, carotenoids) [3].

Bulgarian Black Sea coast is rich in algae,
regarding biomass and algal  biodiversity.
Taxonomically, the species Ulva rigida belong to
the division Chlorophyta, class Ulvophyceae order
Ulvales, family Ulvaceae, genus Ulva. Celidium
crinale belong to the division Phodophyta, class
Florideophyceae  order  Gelidiales, family
Gelidiaceae, genus Gelidium [4].Extracts of Black
Sea marine algac were reported to exhibit
antioxidative and antibacterial activities [5,6,7].
However, information available about the lipid
composition of these macroalgae is scarce.
Seaweeds are still under-utilized in Bulgaria because
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RESUMEN

Retinol, alfa-tocoferol y contenido en acidos grasos
de especies de peces bulgaros del Mar Negro.

El objeto de la investigacion presentada es definir y com-
parar los lipidos totales, el perfil de acidos grasos y &l conte-
nido de retinol y alfa-tocoferol en el tejido comestible de cua-
tro especies de peces con importancia comercial del Mar
Negro bilgaro —espadin (Sprattus Sprattus), gobio de boca
negra (Meogobius Melanostomus), chicharro {Trachurus
Trachurus) y sabalo del Mar Negro (Caspialosa Pontica).
Dos vitaminas liposolubles son analizadas simultaneamente
mediante cromatografia liquida de alta eficacia (HPLC).
El contenido mayor de retinol se encuentra en el espadin
(142.3 = 4.4 ng/100qg), y de alfa-tocoferol en el chicharro
(1112.7 £ 39.2 ug/100g). El contenido de acidos grasos ha
sido analizado mediante cromatografia gaseosa/espectro-
metria de masas (GC/MS). El contenido de acidos grasos
(AG) omega-3 (n3) es considerablemente mas alto que el
contenido de acidos grasos (AG) omega-6 en todas las
especies analizadas. La proporcidn n6/n3 esta en el inter-
valo recomendado (0.2-1.5) para el espadin, el gobio de
boca negra y el sabalo del Mar Negro. Los niveles relati-
vaments altos de retinol, alfa-tocoferol, relaciones de aci-
dos grasos, n6/n3 AG y PUFA/SFA muestran gue todas
estas especies de peces poseen buenas propiedades nu-
tricionales.

FPALABRAS CLAVE: Alosa pontica — Mar Negro — Neo-
gobiusrattan — Spratius spratius — Trahurus medditeraneus
ponticus.

SUMMARY

Retinol, alpha-tocopherol and fatty acid content in
Bulgarian Black Sea fish species.

The aim of the present study was to measure and
evaluate the total lipids, fatty acid profile, retinol content and
alpha-tocopherol content in the edible tissue of four
commercially important fish species from the Bulgarian Black
sea: Sprat (Sprattus spratius), Round Goby (MNeogobius
rattan), Black Sea Horse Mackere! ( Trahurus medditeraneus
ponticus) and Shad (Alosa pontica). Fat soluble vitamins
were analyzed simultaneously using an HPLC system. The
highest content of retinol was established in the Sprat
(142.3 = 4.4 pg/100g) and the highest content of alpha-
tocopherol was found in the Black Sea Horse Mackerel
(1112.7 = 39.2 ng/100g). The fatty acid (FA) composition
was analyzed by GC/MS. The content of omega 3 (n3) FAs
was significantly higher (p < 0.001) than the content of
omega 6 (n&) FAs in each of the analyzed fish samples.
The n6/n3 FA ratio was within the recommended range
(0.20—1.50) for Sprat, Round Goby and Shad. Relatively high
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levels of retinol and alpha-tocopherol, FA composition, n3/né
FA and PUFA/SFA ratios indicate that these fish species
have good nutritional quality.

KEY-WORDS: Alosa pontica — Black sea — Neogobius
rattan — Sprattus sprattus — Trahurus medditeraneus

ponticus.

1. INTRODUCTION

Fish is an important component of a healthy diet,
providing a number of substantial nutrients that are
essential for achieving a balanced nutrition for
children, adults and the elderly. Fish tissue is a
good source of fats, proteins, vitamins and minerals.
Lipids of marine fish species are rich sources of fat
soluble vitamins and both saturated and unsaturated
fatty acids (Tocher, 2003). The fat soluble vitamins
are essential nutrients related to a diversity of
biologically important processes in the human body.
Retinol takes place in photo reception, regulates
gene expression and cell proliferation, bone growth
and reproduction. The biologically active isomer of
vitamin E - alpha-tocopherol acts as an antioxidant
protecting membrane structures and lipo proteins
from oxidation (Anderson J. and Young L., 2008).
Polyunsaturated fatty acids (PUFA) derived from
fish lipids are key constituents of membrane phos-
pholipids, precursors for the biosynthesis of biolo-
gically important hormone-like substances such as
eicosanoids. Seawater fish fatty acid (FA)
compeosition is unique and is characterized by low
levels of né FA (linoleic acid LA, C18:2 n6) and high
levels of n3 PUFA (eicosapentaenoic acid, EPA
C20:5n3; docosahexaenoic acid, DHA C22:6n3)
(Tanakol et al., 1999; Tocher, 2003; Abas et al.,
2009).

On the recommendations of the World Health
Organization (WHQ) and the Food and Agricultural
Organization (FAQ) it is advisable to consume
annually at least 15-20 kg of fish per capita (FAQ/
WHO, 1994). In Bulgaria, the Black Sea is the main
resource for fishing. It is an unique semi-closed
basin with slow water circulation, relatively low
salinity (e.g. compared with the Mediterranean) and
high eutrophication, inhabited by about 140 fish
species of which only 15 are commercially
important. The catches in the Black Sea account for
approximately 89.7% of the total fish production in
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Fatty acids composition of macroalgae from Bulgarian Black Sea coast
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Abstract Lipids and fatty acids (FA) composition of three Black Sea macroalgae Cladophora vagabunda,
Ceramium rubrum and Cystoseira barbara were studied. Fatty acids composition was analyzed by GC/MS. Total
lipids content varied widely among the species and ranged between 0.66 and 0.98 g per 100 g fresh weight.
Generally, saturated fatty acids were major components (62—71%), with 16:0 as the most abundant saturate (41—
57%). Total polyunsaturated FAs and monounsaturated FAs ranged from 28% to 38%. The green alga
Cladophora vagabunda showed higher C18 PUFAs contents than did C20 PUFAs while for red alga Ceramium
rubrum the trend was opposite. Cystoseira barbata belonging to the group of brown algae showed similar
amounts of CI8 and C20 PUFAs contents. Cladophora vagabunda was rich in linoleic acid and Ceramium
rubrum in arachidonic acid (AA) while Cystoseira barbara was rich in both linoleic acid and eicosopentaenoic
acid. All of the studied species had a nutritionally beneficial n6/n3 ratio (1.24-2.84:1).

Keywords: Black Sea algae, fatty acids, GC/MS

1. Introduction

Seaweeds have been used since ancient times as
food, fodder, fertilizer and as source of medicine.
Today seaweeds are the raw material for many
industrial productions like agar, algin and
carrageenan but they continue to be widely
consumed as food in Asian countries. They are
nutritionally valuable as fresh or dried vegetables, or
as ingredients in a wide variety of prepared foods. In
particular, seaweeds contain significant quantities of
protein, lipids, minerals and vitamins [1].

Lipids represent only 1-5% of algal dry matter
and exhibit an interesting polyunsaturated fatty acid
(PUFA) composition particularly omega 3 and
omega 6 acids which play an important role in the
prevention of cardio vascular diseases, osteoarthritis
and diabetes. The red and brown algae are rich in
fatty acids with 20 carbons: eicosapentaenoic acid
(EPA, C 20:5 n3) and arachidonic acid (AA, C 20:4
no) [2]. Marine algae are rich in PUFAs of the n-3
and n-6 series, which are considered essential fatty
acids for humans and animals. Some of these FAs
(20:3n-6, 20:4n-6, 20:5n-3) have high biological
activity and are converted into eicosanoids. In
addition, PUFAs are of interest in cosmetics as
components of sun lotions and as regenerating and
anti-wrinkle products. Because of the huge and
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renewable biomass, seaweeds are a potential source
of FAs for biotechnology and a dietary source of
essential fatty acids [3].

The n-3 PUFAs cannot be synthesized by
humans and are thus obtained through diet. In view
of their promising medical and nutritional
applications, they have been  extensively
investigated. However, the studies on efficient
exploitation of natural sources for these compounds
are limited. At present, marine fishes and fish oils
are the main commercial sources of PUFAs but their
suitability for human consumption has been
questioned from a biosafety perspective, raising the
need to search for alternative sources of high quality
PUFAs [4]. Consequently, marine macroalgae have
been studied as alternative potential sources, as many
of them could easily be cultivated in the sea on a
large scale. Also, the PUFAs present in the fishes
enter the food chain from different trophic levels as a
result of consuming primary producers, such as
phytoplankton and seaweeds, which synthesize and
store them in good quantities [5].

Bulgarian Black Sea coast is rich in algae,
regarding biomass and algal biodiversity. Three
species of algae — Cladophora vagabunda,
Ceramium rubrum and Cystoseira barbata belonging
to the three phyla Chlorophyta, Rhodophyta and
Phaeophyta, respectively, were chosen for the

© 2012 Ovidius University Press
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Abstract The fatty acid compositions of three Black Sea fish species turbot (Pseta maxima), red mullet (Mullus
barbatus ponticus) and garfish (Belone belone) were investigated. This species are considered as preferred for
consumption in Bulgaria. Lipid extraction was done according to the Bligh and Dyer method. The fatty acid
composition was determined by GC/MS. The saturated fatty acids amounts were 38.32 % for turbot, 35.44 %
red mullet and 42.90% for garfish. Monounsaturated fatty acids were found in lowest level in comparison with
other groups for garfish (23.65%) and turbot (24.85%) while for red mullet they have a highest value — 37.56%.
Omega 3 polyunsaturated fatty acids as eicosapentaenoic (C 20:5 omega 3, EPA) and docosahexaenoic (C 22:6
omega 3, DHA) acids were found in highest levels in turbot (22.26%) and garfish (21.80%) and in lowest values
of red mullet (9.35%). The results showed that the fish examined are good source of omega 3 polyunsaturated
fatty acids, resulting in a very favourable omega 3 / omega 6 ratios, especially in turbot and garfish.

Keywords: Black Sea fish, fatty acids, PUFA, GC/MS

1. Introduction

Many marine fish are well known to be
excellent dietary sources of essential fatty acids such
as omega 3 polyunsaturated fatty acids (n-3 PUFA).
The data obtained in epidemiological and
experimental studies supported beneficial activity of
these PUFA especially omega 3 (n-3) such as EPA
and DHA in the prevention of human cardiovascular
diseases and cancers, lowering of incidents of
diabetes, they play a vital role in the development
and function of nervous system [1, 2]. Considering
all these facts the importance of consuming fish rich
in omega 3 (n-3) and omega 6 (n-6) PUFA can be
taken into consideration. The WHO / FAO
recommendations for total daily diet the n-6/n-3
ratio should be from 1:1 to 5:1 [3].

In Bulgaria the consumption of fish is very low
(4.5kg annual per capita) compared with the average
European levels (23 kg annual per capita) [4].

From the Black Sea fisheries perspective, the
most important demersal fish species are turbot
(Psetta maxima) and red mullets (Mullus barbatus).
Turbot and red mullet are distributed all over the
shelf of Black Sea. Turbot is a very large, hroad
bodied, left-eyed flatfish. It is a benthic marine
species, living on sandy and muddy bottoms, from
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shallow waters to 110 m. Turbot migrations are
relative short and perpendicular on shore. Turbot is a
high-value species and its white meat with low lipid
levels is appreciated by consumers. In all Black Sea
countries turbot is one of the most valuable fish
species [5].

In the waters of Bulgaria and Romania red
mullet is not important target for fisheries but due to
its taste it is preferred for consumption. It prefers
waters with the temperature higher 8°C and salinity
more than 17% [5].

Garfish is an epipelagic migratory species that
is widely distributed in the North-Eastern Atlantic,
Mediterranean as well as the Black Sea and is
generally considered of minor commercial
importance. Three subspecies have been recognized:
first restricted to the North-Eastern Atlantic, second
distributed from the south of France in the
Mediterranean Sea to the Canary Islands in the
Atlantic and B. belone euxini - which is found in
the Black Sea and the Sea of Azov. Garfish are
mainly found in offshore areas except for the
spawning period when they migrate into coastal
regions where they are also susceptible to
commercial exploitation [6].

© 2012 Ovidius University Press
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Abstract

The study presents total content of fat soluble vitamins and their percentage of
recommended daily intake for humans per 100 g portion, fatty acids composition, atherogenic
(AT) and the thrombogenicity (TI) indices in two freshwater fish species - Common carp
(Cyprinus carpio) and European cattish (Sillurus glanis).

Retinol, cholecalciferol and alpha-tocopherol were analyzed simultaneously using RP-
HPLC system. Retinol content in fresh edible tissue of Common carp and European catfish
was found - 30.843.4 micrograms per 100 grams wet weight for Common carp (ng.100g ww)
and 1.940.1 ng.100g'ww for European catfish, cholecalciferol - 14.8+1.0 ng.100g 'ww and
3.140.1 pg.100g?ww. and alpha-tocopherol 2764.5444.0 ng.100g'ww and 2182.5+31.5
ng.100g 'ww, respectively.

Fatty acid (FA) composition was analyzed by GC-MS. The sum of monounsaturated FA
(MUFA) accounted for 50.02 % (catfish) and 23.15 % (carp), while polyunsaturated FA
(PUFA) showed the opposite trend - higher level in carp (36.75 %) and lower in catfish

(21.64%).
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ABSTRACT

In the present study fatty acid composition and fat soluble vitamins
content were analyzed in two season’s samples (spring and autumn)
freshwater bighead carp (Aristichthys nobilis).

Analysis of fatty acid methyl esters was performed by gas
chromatography system with MS detection. Vitamins A, D, and E were
analyzed simultaneously using RP-HPLC system. The sample preparation
procedure includes saponification and liquid-liquid extraction of the
unsaponifiable matter.

The fatty acid and vitamins contents of the mvestigated fish species
showed significant seasonal changes. The spring bighead carp characterized
with saturated fatty acid (SFA) (37.5%) and mono unsaturated fatty acids
(MUFA) (22.1%), and poly unsaturated fatty acids (PUFA) (40.4%),
including essential omega 3 fatty acids (23.0%). The autumn samples
showed higher SFA (40.5%) and MUFA (34.8%), and lower PUFA (24.6%),
due to reduced omega 3 fatty acids (9.7%).
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Fatty acid composition of common carp, rainbow troutand grey mulletfish species

M. Stancheva, A. Merdzhanova®

Department of Chemistry, Faculty of Pharmacy, Medical University, 55 Marin Drinov, 9000 Varna, Bulgaria

Abstract The aim of the present study was fo determinate the fafty acid composition of two commercially important freshwater fish species - rainbow trout
(Oncorhynchus mykiss) and carp (Cyprinus carpio L.) and one Black Sea fish— grey mullet (Mugil cephalus). Lipid extraction was done according fo the Bligh
and Dyer method. Methyl esters were prepared according to method EN ISO 5508:2000. The fatty acid (FA) composition was analyzed by GC-MS. The total
lipid content in rainbow trout was 11.50 g/100g raw weight (r.w.), in carp— 12.74g/100 g rw. while grey mullet showed a value of 3.80g/100g r.w. In comparison
with other groups, the polyunsaturated FA (PUFA) showed the highest level in trout — 43.13 % including w3 such as eicosapentaenoic (EPA) and
docosahexaenoic (DHA) acids followed by grey mullet —29.1%, whereas the carp presented lowest level — 17.55%. The amounts of total w6 PUFAs were

higherthan the total w3 PUFAs inall analyzed fish samples. Aw3 /w6 and PUFA/SFA ratios were determined in allthree fish species.

Keywords: fatty acid composition, common carp, grey mullet, rainbow trout, GC-MS

Abbreviations: FA - falty acid, PUFA — polyunsaturated fatty acid, MUFA — monounsaturated fatty acids, TL — fotal lipids, SFA — saturated fatty acids,
EPA - eicosapentaenois, DHE - docosahexaenoie, ALA — Az-alphalinoleic, ARA — arahidonic

Introduction

The polyunsaturated fatty acids (PUFAs) are considered as
essential for the normal human growth, development, and they play
an important role in the prevention and treatment of coronary heart
disease, hypertension, diabetes, arthritis, inflammatory and
autoimmune disorders and cancer. Fishes are the main food source
of omega 3 (w 3) and omega 6 (w 6) PUFAs in the human diet. The
fatty acid composition of fish lipids, (especially PUFA) varies in
response to their habitats as water temperature change, salinity and
dietary lipids (Tocher, 2003; Henderson et al.,1987). The Black Sea
appears to be one of the important fish basins influencing greatly the
economy of all countries around the basin and grey mullet (Mugil
cephalus) is one of the commercially important species. Due fo its
economic importance, two of the most widely farmed fish species in
our country are the rainbowtrout (Oncorhynchus mykiss) and carp
(Cyprinus carpio L.). These freshwater fishes are the preferred fish
species for breeding and consumption because of ther rapid growth
and rich and diverse composition of the meat (Videv etal., 2009).

The lipid FA profiles data for different marine and freshwater fish
species especially originating from Canada, Norway and Japan are
available in literature. However, information about the fatty acids
composition of Bulgarian Black Sea and freshwaters fish species is
lacking. Two reports were encounted in the literature, in witch FA
content in carp and trout were mentioned (Ribanova et al., 2003;
Hadjinikolova, 2005).

The purpose of the present study was to compare the level of
the fatty acid composition of two commercially important freshwater
fish species - rainbow trout (Oncorhynchus mykiss) and carp
(Cyprinus carpio) and one Black Sea fish — grey mullet (Mugil

cephalus).
* g-mail: a.merdzhanova@gmail.com

Materialand methods

Sampling

Grey mullet fish species was purchased from the Vama local
fishery market (2010). Common carp was obtained from Pjasachnik
Dam Lake (early spring 2010, Plovdiv region) and rainbow trout —
from Dospat Dam Lake (spring 2010, Smolyan region). Three
specimen of each species were used for lipid and fatty acid analysis.
Table 1 presented biometric and biologic characteristics of the
observedfishspecies.

Standards and reagents

For fatty acids analysis Fatty Acid Methyl Esters (F.A.M.E.) mix
standard (SUPELCO F.A.M.E. Mix C4-C24), nonadecanoic acid and
methyl ester nonadecanoic acid standards were purchased from
Sigma - Aldrich ™. All chemicals used were of analytical and GC
grade (Sharlau, Spain).

Sample preparation

Lipid extraction. To define total lipids the tissue was finely cut
and three samples were taken in parallel, each of which weighed 5g.
Total lipids (TL) were extracted with chloroform/methanol (2:1 viv)
according to Bligh and Dyer method (1959). After phase separation,
the chloroform extracts were evaporated until dryness and were
quantified by weight. The fotal lipid content was measured in
friplicate by gravimetry.

Fatty acids methyl esters (FAME) analysis.

Fatty acid methyl esters (FAME) were prepared by base-
catalysed transmethylation with 2M KOH in methanol using EN ISO

285
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Fatty Acid profile and Vitamin A and E content in

Horse mackerel (Trachurus mediterraneus)
Dobreva A.Diana, Merdzhanova Albena. Stancheva Mona,
Makedonski Lubomir
Department of Chemistry, Faculty of Pharmacy, Medical University, 9002
Varna, Bulgaria
E-mail: didobreva(@gmail.com

The aim of this study was to measure and evaluate of the total lipid, fatty acid
profil and Vitamin A and Vitamin E content of Black Sea horse mackerel or
scad (frachurus mediterraneus pontica) catch from Bulgarian Black Sea and
the same fish species from Greek coast of Mediterranean Sea (Trachurus
mediterraneus mediterraneus). The results from analysis showed that the
sample of Black Sea scad (Spring 08) contain 5.01 g total lipid per 100 g raw
weight and 2.40 g total lipid per 100 g raw weight (Autumn 08) while Greek
scad present 7.90 g total lipid per 100 g raw weight (Spring 09).The fatty acid
composition was analysed by Gas Chromatography with MS detector. The level
of total ®3 polyunsaturated fatty acid was higher than the total ®6
polyunsaturated fatty acid in the all analyzed Black Sea fish species. The
vitamins content was determinate by HPLC with UV detector. The results from
measure show the differences for Vitamin A and E contents between Black Sea
horse mackerel and Mediterranean horse mackerel.

1. Introduction

On the recommendations of the World Health Organization (WHO)
and the Food and Agricultural Organization (FAO) it 1s advisable to
consume annually at least 15-20 kg fish per capita [1]. In Bulgaria, the
Black Sea 1s the main resource for fishing. It 1s a unique semi-closed
basin with slow water circulation, relatively low salinity (e.g. compared
with the Mediterranean). high eutrophication. inhabited by about 140
fish species only 15 of which are commercially i1mportant.
Mediterranean horse mackerel (Trachurus mediterraneus) ranks second
i the annual fish catch. According to a research on that catch
(biometric and biological features — Georgiev. Kolarov, 62: Cantis,
Jonescu, 79) 1t 1s concluded that in the Black Sea (the Marmara Sea as
well) exists a subspecies named Trachurus mediterraneus ponticus,
Aleev 59 which 1s smaller than the Mediterranean horse mackerel
(Trachurus mediterraneus mediterraneus) and inhabits the western and
north-western parts of the Black Sea. The two populations differ in lipid

11
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FATTY ACID COMPOSITION OF FISH SPECIES FROM
THE BULGARIAN BLACK SEA

M. Stancheva, A. Merdzhanova and L.Makedonski
Department of Chemistry, Medical University of Varna

Summary. The total lipids and fatty acid profile in the edible tissue of two
traditionally consumed fish species from Bulgarian Black Sea coast — shad and
red mullet in two seasons are determined. The fatty acid composition was analy-
sed by GC/MS. The total content of omega-3 fatty acids was significantly higher
than the total content of omega-6 fatty acids in shad whereas red mullet showed
opposite trend. The omega-3/omega-6 FA ratio, an useful indicator for evalua-
tion the relative nutritional value of a given fish, was within the recommended
range for the studied Black Sea fish species. Obtained results for FA composi-
tion, omega-3/omega-6 and polyunsaturated /saturated fatty acids ratios indicate
that these Black Sea fish species in both seasons — spring and autumn are good
sources of essential fatty acids.

Key words: omega-3, omega-6, fatty acids, GC/MS, fish species

INTRODUCTION

owadays marine food and especially marine fish are an important part

N of healthy diets. This is because marine fish provides us with a large

number of nutrients especially omega-3 (w 3) fatty acids such as ei-

cosapentaenoic (EPA, C 20:5) and docosahexaenoic (DHA, C 22:6) fatty acids. A

large body of scientific paper shows that fish consumption has beneficial effects

on coronary heart disease, growth and development, blood lipids and other health
issue [4, 12].

Fish consumption in Bulgaria is lower than recommended by World Health
Organization (WHOQ) and the Food and Agricultural Organization (FAQ) (at least
15-20 kg fish per capita) [5]. Their is a lack of information on the fatty acid (FA)
composition of local fish species consumed in Bulgaria, The shad (Alosa pontica)
and red mullet (Mullus barbatus ponticus) are traditionally consumed fish species

26 Fatty acid composition of fish...
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Polyunsaturated Fatty Acids in Fish Species from
Bulgaria
M. Stancheva, A. Merdzhanova

Department of Chemistry, Faculty of Pharmacy
Medical University - Varna
55 Marin Drinov St., 9000 Varna
E-mail: a.merdzhanova(@gmail.com

Abstract: The aim of the present study was to determinate the fatty
acid composition of two popular Bulgarian Black Sea fish species -
Black Sea goby (Neogobius rattan) and sprat (Sprattus sprattus) and
one freshwater - brown turbot (Sa/mo trutta fario). The fatty acid (FA)
composition was analyzed by GC-MS. Lipid extraction was done
according to the Bligh and Dyer method. Methyl esters were prepared
according to method EN ISO 5508:2000. The total lipid content in
sprat was 2.50 g /100 g raw weight (r.w.), in goby — 1.60g/100 g r.w.
while brown turbot shown a value of 3.80g/100g r.w. In comparison
with other groups, the polyunsaturated FA (PUFA) showed the highest
level in trout — 44.26 % including n-3 such as eicosapentaenoic (EPA)
and docosahexaenoic (DHA) acids, and the lowest level in sprat —
33.94% and 1in goby — 37.82%. The level of total n-3 PUFAs was
higher than the total n-6 polyunsaturated fatty acid in all analyzed
Black Sea fish samples, while the freshwater brown trout shown a
significant level of n-6 PUFAs and minimum amount of n-3 group. A
n-3 /n-6 ratio was determined in all fish species.

Keywords: sprat, goby, brown trout, FAME, omega3 /omega 6 ratio,
Bulgarian fish species.

Introduction

Nowadays the omega-3 (®-3) polyunsaturated fatty acids
(PUFASs) are considered as essential for human’s normal growth and
development and play an important role in the prevention and
treatment of coronary artery disease, hypertension, diabetes, arthritis,
inflammatory and autoimmune disorders and cancer. Fishes are the
main food source of ®-3 and omega-6 (»-6) PUFASs in the human diet.
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VITAMIN CONTENT AND FATTY ACIDS COMPOSITION
OF RAINBOW TROUT (ONCORHYNCHUS MYKISS)

Stancheva M., Dobreva D., Merdzhanova A., Galunska B.
Medical University of Varna, 55 Marin Drinov St., 9000 Varna
didobreva@gmail.com

ABSTRACT

The aim of present study is to evaluate the composition and the content of fatty
acids (FA) and fat soluble vitamins (A, E, D;) 1n the edible tissue of farmed rainbow
trout from the region of Central Bulgaria.

All-trans-retinol (vit. A), cholecalciferol (vit. D;) and a-tocopherol (vit. E) were
analyzed simultaneously using HPLC system with UV (vitamin A and D;) and fluo-
rescence detection (vitamin E). The sample preparation procedure includes saponifi-
cation and liquid-liquid extraction of the unsaponifiable matter. Total lipids were ex-
tracted according to Bligh and Dyer method. Analysis of fatty acid methyl esters
were performed using gas chromatography system with MS detection.

It was found that the lipid fraction contains substantial amounts of palmitic,
palmitoleic, stearic, linolenic. arachidonic and docosahexaenoic fatty acids and fat-
soluble vitamins. The retinol content in the tresh edible tissue of rainbow trout (On-
corhynchus mykiss) was 22.3+2.0 nug/100g: cholecalciferol — 6.0+0.29 ug/100g and
a-tocopherol — 809.1% 56.0 ng/100g.

Linoleic acid (15.81%), docosahexaenoic acid (9.40%) and arachidonic acid
(4.21%) were the most dominant polyunsaturated fatty acids, about 33% of total FA
content. Palmitic acid (12.93%), tetracosanoic acid (3.76%) and oleic acid (3.57%)
were found to be the dominant of the saturated and unsaturated FA in rainbow trout

fillets.
Keywords: fat-soluble vitamins, PUFA, HPLC, GS/MS, trout

INTRODUCTION

Fish tissue 1s a good source of fats, proteins, vitamins and minerals and mmpor-
tant component of balanced diet. Omega-3 and omega-6 fatty acids (FA), as well as
fat-soluble vitamins are essential compounds of fish lipids and exclusively provided
by the diet.

Being component of membrane lipids, the essential FAs maintain the integrity,
flexibility and permeability of membranes, provide substrate for the biosynthesis of
biologically active eicosanoids. It has been shown that omega-3 FAs exert antihyper-
tensive, antiarrhythmic, antidepressive, and immunomodulatory effect. Acting as an-

117
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Fatty acid composition and fat-soluble vitamins content of
sprat (Sprattus sprattus) and goby (Neogobitis rattan)
trom Bulgarian Black Sea

Mona STANCHEVA. Albena MERDZHANOVA#*, Diana A. DOBREVA and Lubomir MAKEDONSKI

Department of Chemistry, Medical University of Varna, 35 Marin Drinov Str., 9002 Varna, Bulgaria

Abstract Sprat and goby are commercially important Bulgarian Black Sea fish species. The fatty acid (FA)
composition was analyzed by Gas Chromatography with MS detector. Lipid extraction was done according to
the Bligh and Dyer method. The monounsaturated FA accounted were 26.93 % for sprat and 30.38 % for goby
and palmitoleic (C 16:1) and oleic (C 18:1) acids were dominants in this group. In comparison with other groups.
the polyunsaturated FA showed the high level in goby — 37.60% including eicosapentaenoic (C 20:5 n3, EPA).
docosahexaenoic (C 22:6 n3. DHA) acids. and lower level on sprat — 34.33%. The level of n 3 polyunsaturated
fatty acid was higher than the total n 6 polyunsaturated fatty acid in the all analyzed Black Sea fish species.
HPLC method was used for determination of Vitamin A (all-trans-retinol). Vitamin Dj; (cholecalciferol) and
Vitamin E (o—Tocopherol) content. The results from fat-soluble vitamins show the differences between sprat and
goby. The present studies suggest that both fish species are good sources of n 3 fatty acids and vitamins A, Ds

and E.

Kevwords: Black Sea fish. fatty acids. PUFA. Vitamin A, Vitamin D3, Vitamin E

1. Introduction

Fish is considered as a wvaluable source of
essential fatty acids. vitamins and low levels on
saturated  fatty acids and cholesterol. The
significance of long chain polyunsaturated fatty
acids such as n-3 PUFA has gained attention
because of their prevention of human cardiovascular
diseases. The vitamins are organic compound that
are necessary in very small amounts in the diet and
fish is one of the main source of vitamins. Vitamins
forms are heterogeneous group of substances and are
vital nutrients and the absence of vitamins causes
serious physiological problems. They regulate
metabolic processes. control cellular functions and
prevent different diseases.

Black Sea appears to be one of the important
fish basins influencing greatly the economy of all
countries around the basin. Bulgarian’s fishery catch
are mainly based on small pelagic fishes namely
sprat (Sprattus spratius). horse mackerel (Trachurs
trachurus) and others. The fatty acids and vitamins
data for different marine fish species especially
originating from Canada. Norway., Japan are

ISSN-1223-7221

available in literature .However information about
the fatty acids and vitamin contents of Bulgarian
Black Sea fish species is lacking. One report was
encounted in the literature, in witch was mentioned
FA and vitamin E content in sprat and mackerel
[16].

The objective of our study was to collect
mformation on fatty acid composition fat-soluble
vitamin content of two of commercially important
Bulgarian fish species. Black sea sprat (Sprattus
spratius)  and  goby (Neogobius rattan) were
selected. Their total lipids, fatty acid composition
and vitamin A. D; and E contents were determined.

2. Experimental
2.1. Sampling of fish species

Samples of the commercially important
Bulgarian fish species sprat (Sprarus spratius) and
goby (Neogobius rartan) from Kavarna (North
Bulgarian Black seacoast) were purchased from
Varna local fishmarket during non-spawning season
(november 2008). Twenty-five specimens with

© 2010 Ovidius University Press
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Abstract: The aim of the present study evaluates the fat-soluble vitamins all-trans retinol
(vitamin A), cholecalciferol (vitamin Ds) and a-tocopherol (vitamin E) content in the fresh
edible tissue of Bulgarian fish species: marine—grey mullet (Mugil cephalus) and bonito
(Sarda sarda), and freshwater—rainbow trout (Oncorhynchus mykiss) and common carp
(Cyprinus carpio). The sample preparation procedure includes alkaline saponification,
followed by liquid-liquid extraction with n-hexane. All-trans retinol, cholecalciferol and
a-tocopherol were analyzed simultaneously using RP-HPLC\UV\FL system with analytical
column C18 ODS2 Hypersil™. The fat soluble vitamins content (ug per 100 g wet weight)
in the fresh edible fish tissue of analyzed fishes are in the ranges: vitamin A from 2.7 + 0.4 to
37.5 £ 3.4 pg/100 g ww; vitamin D3 from 1.1 + 0.1 to 11.4 £ 0.6 pg/100 g ww; vitamin E
from 121.4 + 9.6 to 1274.2 + 44.1 pg/100 g ww. Three fat-soluble vitamins occur in higher
amounts in rainbow trout and grey mullet species. According to recommended daily intake
(RDI), they are a good source of cholecalciferol.

Keywords: Oncorhynchus mykiss; Cyprinus carpio; Mugil cephalus; Sarda sarda; fat
soluble vitamins; HPLC/UV/FL

1. Introduction

Fish is an essential source of both macronutrients—proteins and fats, and micronutrients—yvitamins
and minerals. Therefore, fish consumption is an important component of a balanced human diet [1].
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Alpha-tocopherol and ergocalciferol contents of some macroalgae from
Bulgarian Black Sea coast

Veselina PANAYOTOVA**, Mona STANCHEV A* and Diana DOBREVA®

@ Department of Chemistry, Medical University of Varna, 55 Marin Drinov str., Varna, Bulgaria

Abstract The aim of the present study was to determine and compare a-tocopherol and ergocalciferol content in
four macroalgae from Bulgarian Black sea coast. Ulva rigida, Cladophora vagabunda, Cystoseira barbata and
Cystoseira crinita were used for evaluation of corresponding fat soluble vitamins content. The sample
preparation procedure includes alkaline saponification, followed by liquid-liquid extraction. Ergocalciferol
(vitamin D,) and e-tocopherol (vitamin E) were analyzed simultaneously using HPLC/UV/FL system (Thermo
Scientific Spectra SYSTEM) equipped with RP analytical column. The mobile phase was composed of 97:3 =
MeOH:H;0. Ergocalciferol was monitored by UV detection at Amax = 265nm, while a-tocopherol was detected
by fluorescence at }ex=288nm and iem=332nm. Alpha-tocopherol content in algal tissues ranged from
1.68+0.38mg/100g d.w. in Cladophora vagabunda to 29.13+1.08mg/100g d.w. in Cystoseira barbata.
Ergocalciferol was detected only in Ulva rigida samples.

Keywords: macroalgae, ergocalciferol, a-tocopherol, HPLC

1. Introduction

Seaweeds belong to a group of plants known as
algae. They are classified as Rhodophyta (red algae),
Phaeophyta (brown algae) or Chlorophyta (green
algae) depending on their pigments and chemical
composition. Like other plants, seaweeds contain
various inorganic and organic substances which can
benefit human health. Algae have been used since
ancient times as food, fodder, fertilizer and as source
of medicine. Nowadays seaweeds represent an
inexhaustible source of the raw materials used in
pharmaceutical, food industries, medicine and
cosmetics. They are nutritionally valuable as fresh or
dried vegetables, or as ingredients in a wide variety
of prepared foods. In particular, seaweeds contain
significant quantities of protein, lipids, minerals and
vitamins [1].

Seaweeds are a good source of some water- (B1,
B2, B12, C) and fat-soluble (p-carotene with vitamin
A activity, vitamin E) vitamins. Vitamin E is the
most abundant fat-soluble vitamin of non-
saponifiable lipids in many algae. Seaweed vitamins
are important not only due to their biochemical
functions and antioxidant activity but also due to
other health benefits such as decreasing blood
pressure (vitamin C), prevention of cardiovascular

ISSN-1223-7221

diseases (p-carotene), or reducing the risk of cancer
(vitamins E and C, carotenoids) [2]. Vitamin E is
one of the most important fat-soluble vitamins with
a strong antioxidant activity. Its special function is
lipid protection from peroxidation. Tt exists in eight
forms: @, B, v, &-tocopherols and a, B, v, 8-
tocotrienols. The o-forms showed the highest
antioxidant effect [3]. Further, the connection of
vitamin E and decrease of blood pressure was
reported [4].

Algal products have been used in food, cosmetic
and pharmaceutical industries. An expanding market
for these products is a fact and is facing a new
challenge of growing algae on a large scale without
harming any further the marine environment.
Bulgarian Black Sea coast is rich in algae, regarding
biomass and algal biodiversity. Brown seaweeds
(Cystoseira crinita and Cystoseira barbata) and
green seaweeds (Ulva rigida and Cladophora
vagabunda) are widespread along the coastal area.
Seaweeds are still under-utilized in Bulgaria because
the knowledge about their chemical composition is
still limited. It was reported that Black Sea Ulva spp.
and Cystoseira spp. extracts have antioxidative and
antibacterial activities [5,6,7].

© 2013 Ovidius University Press
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FATTY ACID COMPOSITION OF BLACK SEA ULVA RIGIDA
AND CYSTOSEIRA CRINITA

V. IVANOVA!, M. STANCHEVA'! and D. PETROVA?
! Medical University, Department of Chemistry, BG — 9002 Varna, Bulgaria
2 Institute of Fish Resources (IFR), BG — 9000 Varna, Bulgaria

Abstract

IVANOVA, V., M. STANCHEVA and D. PETROVA, 2013. Fatty acid composition of Black Sea Ulva rigida and Cystoseira
crinita. Bulg. J. Agric. Sci., Supplement 1: 42-47

Green alga Ulva rigida and brown alga Cystoseira crinita are widespread in the Black Sea. There is limited information
about lipid content and fatty acid composition of these species from Bulgarian Black Sea coast. The aim of this study was
to determine and compare total lipid and fatty acid (FA) composition of Ulva rigida and Cystoseira crinita. Lipids were ex-
tracted by following the method of Bligh and Dyer. Fatty acid composition was analyzed by Gas Chromatography with MS
detector. Total lipid content ranged between 0.72 and 0.79 g.100g " fresh weight. Generally, saturated fatty acids were major
components (65-70%), with palmitic acid (C16:0) as the most abundant saturate (56-63%). Total polyunsaturated fatty acids
(PUFAs) and monounsaturated fatty acids (MUFAs) ranged from 29% to 35%. The green alga showed higher C18 PUFAs
contents than did C20 PUFAs. Cystoseira crinita belonging to the group of brown algae showed similar amounts of C18 and
C20 PUFAs contents. The green alga was rich in linoleic acid (LA, C18:2n6) while the brown alga was rich in both linoleic
acid (LA, C18:2n6) and eicosopentaenoic acid (EPA, C20:5n3). PUFA/SFA ratio in both species was approximately 0.35. All
of the studied species had a nufritionally beneficial n6/n3 ratio (1.01-2.43:1).

Key words: Black sea algae, fatty acids, GC/MS
Abbreviations: FA — fatty acids; SFA — saturated fatty acids; MUFA — monounsaturated fatty acids; PUFA — polyunsaturated
fatty acids; FAME — fatty acid methy! esters; GC — gas chromatography; MS — mass spectrometry

Introduction

Seaweeds have been used since ancient times as
food, fodder, fertilizer and as source of medicine. To-
day seaweeds are the raw material for many indus-
trial productions like agar, algin and carrageenan but
they continue to be widely consumed as tfood in Asian
countries. They are nutritionally valuable as fresh or
dried vegetables, or as ingredients in a wide variety of
prepared foods. In particular, seaweeds contain signifi-
cant quantities of protein, lipids, minerals and vitamins
(Manivannan et al., 2008).

E-mail: veselina.ivanoval@hotmail.com

Lipids represent only 1-5% of algal dry matter
and exhibit an interesting polyunsaturated fatty acid
(PUFA) composition particularly omega 3 and omega
6 acids which play an important role in the prevention
of cardio vascular diseases, osteoarthritis and diabetes.
The red and brown algae are rich in fatty acids with
20 carbons: ecicosapentacnoic acid (EPA, C 20:5 n3)
and arachidonic acid (AA, C 20:4 n6) (Banerjee et al.,
2009). Marine algae are rich in PUFAs of the n-3 and
n-6 series, which are considered essential fatty acids
for humans and animals. Some of these FAs (20:3n-6,
20:4n-6, 20:5n-3) have high biological activity and are
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Retinol, cholecalciferol and alpha-tocopherol contents of Bulgarian Black Sea
fish species

Mona STANCHEVA, Diana A. DOBREVA* and Bistra GALUNSKA

Faculty of Pharmacy, Medical University of Varna, 55 Marin Drinov Str., 9002 Varna, Bulgaria

Abstract The aim of the present study is to determine and to compare the content of retinol, cholecalciferol and
alpha-tocopherol in edible tissue of two Black sea fishes - Garfish (Belone belone) and Turbot (Psetta maxima).
All-trans-retinol (vitamin A), cholecalciferol (vitamin D;) and alpha-tocopherol (vitamin E) were analyzed
simultaneously using HPLC/UV/FL system (Thermo Scientific Spectra SYSTEM) equipped with RP analytical
column. The mobile phase was composed of 97:3 = MeOH:H,0. Retinol and cholecalciferol were monitored by
UV detection at A, = 325 nm and A, = 265 nm, respectively. Alpha-tocopherol was detected by fluorescence
at A.,=288 nm and A.,=332 nm. The sample preparation procedure includes alkaline saponification, followed by
liquid-liquid extraction. Quantities of all-trans-retinol and cholecalciferol were higher in garfish tissues while

alpha-tocopherol content in turbot showed seven times higher values.

Keywords: retinol, cholecalciferol, alpha-tocopherol, turbot, garfish, HPLC

1. Introduction

Fish is considered as a valuable source of
essential nutrients — macronufrients as proteins and
fats, and micronutrients as vitamins and minerals,
and is an important component of balanced human
diet. Fat soluble vitamins are essential components
of fish lipids and are exclusively provided by the
diet.

Fat soluble vitamins control a variety of
biologically important processes in human body.
All-trans retinol (vitamin A), takes place in
photoreception and regulates gene expression and
cell division, bone growth, teeth development,
reproduction etc. Cholecalciferol (Vitamin Ds)
promotes and enhances the absorption and the
metabolism of calcium and phosphorus. Alpha-
tocopherol is vitamin E isomer with the highest
biological activity. Its main role is as antioxidant,
protecting membrane structures, essential fatty acids,
and vitamins A and C against oxidation [1].

Fish production in Bulgaria comes mainly from
commercial fishing, The catches in the Black Sea
account about 77.3 % of total fish production for the
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country. Aquaculture production (including fresh
water fish farming and marine farming of fish and
mussels) accounts approximately 13.8 % of the total
fish production [2].

As a delicious Black sea fishes Turbot (Psetta
maxima) and Garfish (Belone belone) are consumed
in significant amounts in Bulgaria.

Gartfish is characterized with long thin body and
long needle like mouths. Adult species can reach up
to 1 m in length and are mostly silver in color with a
blue to green back side and green skeleton. They are
typical pelagic fishes. The garfishes are omnivorous
— they prefer to feed on zooplankton and small fishes
[3].

Some of the Black Sea fish species have
migratory character (like garfish), others are non-
migratory and they are subject of perennial fishing.
One of this species is the Black sea turbot. Psetta
maxima is one of the flatfish species. They are
characterized with white meat and usually low lipid
levels. The turbots live near the marine floor — in
softer bottoms of mud and sandy mud. They fed
with crustaceans, squid, and with a variety of small

© 2012 Ovidius University Press
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ABSTRACT

The aim of the present study was to develop simple and accurate small-scale method for simultaneous deter-
mination of retinol, c-tocopherol, ergocalciferol, and cholecalciferol in edible fish tissue. High performance
liquid chromatography was the method of choice since it provides rapid, sensitive and accurate detection of all
four fat-soluble vitamins and requires small amounts of sample. The sample preparation procedure was im-
proved using single reaction tube for both hydrolysis and extraction of the analytes. The overall recovery ex-
ceeded 76% for retinol and ergocalciferol, 93% for alpha-tocopherol, and 83% for cholecalciferol. The
method precision (relative standard deviation) was below 10% for all analytes. The method was verified on
real fish tissue samples and the results for the tested fat-soluble vitamin contents were in a good agreement

with the data given by other authors.
Key words: fat soluble vitamins, HPLC, fish tissue
INTRODUCTION

Lipids of marine fish species are rich source of fat soluble
vitamins, related to a diversity of biologically important
processes in human body. Vitamin A (retinol), takes place
in photoreception, regulates gene expression and cell divi-
sion, bone growth, reproduction. The biologically active
isomer of vitamin E - alpha-tocopherol acts as antioxidant
protecting membrane structures and lipoproteins from oxi-
dation. Vitamin Dj (cholecalciferol) and its plant isomer vi-
tamin D5 (ergocalciferol) are of vital importance for regula-
tion of calcium and phosphate homeostasis.

Fat-soluble vitamins have been determined so far, in many
different samples, by a variety of techniques. Among them
the most widely applied are the chromatographic tech-
niques mainly HPLC, which provides rapid, sensitive and
accurate methods for vitamin determination and has the ad-
vantages of solvent economy and easy coupling with other
techniques. It also requires small amounts of sample. How-
ever, most of the already reported methods measure indi-
vidual vitamin content in fish tissue homogenates
(1,3,9,12,14,15). Mobile phases consisting of mixtures of
three or four types of solvents or phosphate buffers have
been reported (2,11,12,13). Detection modes involved in
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the determination of fat-soluble vitamins include UV, di-
ode array (11,15) fluorimetric (14,17), and electrochemical
(12), as well as MS detection (3,6). Concemning sample
preparation, it is recommended to use short time and gentle
extraction methods, sometimes in a darkened place, since
these vitamins are unstable during common procedures.
The aim of the present work was to develop a simple, fast and
accurate method for simultaneous determination of four fatsol-
uble vitamins: retinol (A), cholecalciferol (Ds), ergocalciferol
(D), and alpha-tocopherol (E) in edible fish tissue.

MATERIAL AND METHODS

Instrumentation and chemicals: A high-performance liquid
chromatograph (Thermo Scientific Spectra SYSTEM)
equipped with UV2000 and FL3000 detectors were used.
All solvents were of HPLC grade. Methanol and water was
obtained by Sigma-AldrichTM, USA. Substances of vitamins
A, D3, D, and alpha-tocopherol were all of analytical grade
and were supplied by Supelco (Sigma-AldrichTM, USA).
Chromatographic conditions: For the separation of the
fat-soluble vitamins, RP-column, type ODS2 Hypersil™
C18 (250mm x 4.60 mm, Spm), coupled with RP C18 se-
curity guard pre-column was used. The column tempera-
ture was kept at 25°C. The mobile phase of the HPLC sys-
tem consisted of 97% methanol (solvent A) and 3% MiliQ
water (solvent B). The mobile phase flow rate was 1
ml/min and the injection volume each time was 20 pl.
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OIIPEJIEJIAHE HA BUTAMMWH A U BUTAMMWH E
YPE3 BUCOKO-E®@EKTUBHA TEUHA XPOMATOI'PA®UA
B PUBA KA (Neogobius fluviatilis)

OT BbJII'APCKOTO YEPHOMOPCKO KPAMBPE/KHE
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ABSTRACT

This study presents simultaneous determination of Vitamin A (all-trans retinol)
and Vitamin E (a-tocopherol) in tissue samples from Bulgarian Black Sea Coast fish
species by high-performance liquid chromatography method.

The method was applied to samples of Black Sea goby fish (Neogobius
fluviatilis) and includes two stages: extraction of tocopherol and retinol from the fish
tissue and subsequent quantitative HPLC determination. Quantitative determination
of the fat soluble vitamins in the hexane extracts has been done by HPLC with UV-
detection on RP-column Nucleosil (25 cm x 0.46 cm). The elution of tocopherol and
retinol from the chromatographic column was done by mobile phase composed of
100% methanol at flow rate 0.9 ml/min. Tocopherol was detected at wavelength 295
nm and retinol at 325 nm.

Mean concentration in fresh material were 47.93 ug/100g for Vitamin A and
0.5 mg/100 g for Vitamin E. Our results are in good agreement with the data from the
literature for other fish species.

Keywords: retinol, a-tocopherol, blacksee fish species, HPLC

BbIEJIEHHE

PndaTta ¢ LeHEH XpaHUTENCH NPOAVKT — I3TOYHIK Ha OCNTHUIL, Kallmi I
docdop. B meiiHuTre mumumn ce CHIABPKAT U TOIAMO KOIHYIECTBO €CEHIHATHII
MONMMHEHACHTEHN BUCHIN MACTHH KncennHn (-3, ®-6 [THBMK). [Ipyru 1nenHn
KOMIIOHEHTII B plIOHATa TBKaH Ca CBIIO BaKHITE 3a YOBEIIHIIA OPraHI3bM MAcTHO- I
Bono-paztBopumu Butamuen A, E. /1, By, B,, B,. Huamus.

Buramna A (all-trans-peTitHOT) M3MBIHABA BaKHI (QVHKITIN B opranm3Ma. Toft
€ HeOOXO/IIM 3a MOJTEPKaHe Ha HOPMATHOTO 3peHIe, Thil KaTo € BaKHa ChCTABKA HA
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ORGANOCHLORINE POLLUTANTS IN BLUEFISH
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ABSTRACT

Concentrations of 14 polychlorinated biphenyls (PCBs) and organochlorine pes-
ticide dichlorodiphenyl- trichloroethane (p.p’- DDT) mcluding its metabolites (pp’-
DDE and p.p’- DDD) were measured in muscle tissue samples of bluefish (Pomato-
mis saltatrix). Samples were collected from Black Sea (region of Vama. Bulgana) in
the period of 2003-2006. DDTs and PCBs were determuned by gas chromatograph
equipped with electron-capture detector and mass spectrometry allowing better iden-
tification of compounds.

Total PCB concentration (sum of 14 congeners) m muscle tissue of bluefish var-
1ed in the range of 1.2 to 384.9 ng/g lipid weight. Concentrations in bluefish ranged
from 367.1 to 879.5 ng/g liptd weight for total DDTs (sum of p,p’-DDT. p.p’-DDD
and p.p’-DDE).

The levels of DDTs and PCBs in bluefish from region of Varna were found
comparable or shightly higher than those found in fish from other parts of the Black
Sea coast and from neighbor seas Marmara Sea and Aegean Sea.

Keywords: polvchlorinated biphenvls; organochlorine pesticides; fish; Black Sea;
Bulgaria

INTRODUCTION
Persistent organic pollutants (POPs) such as polychlorinated biphenyls (PCBs)
and organochlorine pesticides (OCPs) are long-lived organic chenucals that are gen-
erally resistant to chemical and biological degradation processes. Organochlonne
compounds (OCs) are among the most dangerous pollutants because of thewr high li-
posolubility and tendency to bicaccumulate along the food chain. As a consequence,
they are widespread in the biotic compartment of the environment [1].
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ORGANOCHLORINE PESTICIDES IN FISH FROM
BULGARIAN REGION OF BLACK SEA

MONA STANCHEVA, LUBOMIR MAKEDONSKI, STANISLAVA GEORGIEVA
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SUMMARY

Background: The Black Sea basin is a subject to important fresh-
water discharges and could be polluted with persistent chemi-
cals, including organochlorine pesticides.

Methods: The organochlorine pesticides were determined by
capillary gas chromatography with electron-capture detector
and mass detector for better identification.

i ion: Four fish species with different feeding
behaviour (sprat, scad, shad and goby) were sa mpled on a season-
al basis from the Bulgarian region of the Black Sea and the con-
centrations of organochlorine pesticides pp-DDE, pp-DDD and
pp-DDT (DDTs) residues were determined for period 2003-2005.
All samples contained DDT mainly in the form of its metabo-
lites pp-DDE and pp-DDD. The time trends in concentration and
patterns of organochlorine pesticides in those species were com-
pared with results found in year 2008.

Conclusions: The highest concentrations of ZDDT (265 ng/g fw.)
were found in shad while the lowest concentrations of the same
pollutants were found in goby. The average residue levels of DDTs
detected in this study were below the Maximum Residue Limits
for food of animal origin 1 mg/kg lipid weight for DDTs.

Key words: Organochlorine pesticides; DDT; fish; Black Sea; Bul-
garia

REsumE

Introduction: Les flots d’eau douce affluant dans la Mer Noi
pourraient étre contaminés par des substances chimiques pers
tantes, notamment de pesticides organochlorés.

Méthode: Les concentrations de DDT et de métabolites ont été ¢
terminées par chromatographie en phase gazeuse avec détecte
a capture d’électrons et d’un détecteur de masse pour identific
tion meilleure.

: des échantillons de quatre espéces
poissons au régime alimentaire différent ont été prélevés (le spr
le maquereau, I'alose et le gobie) sur une base saisoniérelelong
littoral bulgare et les concentrations de pesticides organichlo
p,p-DDE, p,p-DDD et p,p-DDT (DDTs) ont été determinées pc
la période 2003-2005. Dans tous les échantillons a été determi
un contenu de DDT, et surtout sous la forme de ses métaboli
p,p-DDE u p,p-DDD. Des tendences temporelles dans la conc
tration et la distribution des pesticides organochlorés dans ces
péces ont été comparées avec les résultats obtenus en 2008.
Conclusions: les plus fortes concentrations de ZDDT (265 ng
de poids frais) ont été trouvées dans le hareng, tandis que les p
faibles concentrations de polluants ont été observées chez les
bies.

Les concentrations moyennes des résidus de DDTs, détéctées |
cette étude sont inférieures aux limites maximales pour alime
dlorigine animale 1 mg/kg de poids lipide de DDTs.

Mots clés: pesticides organochlorés, DDT, poissons, Mer No

Bulgarie
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ABSTRACT

Organochlorine pesticides (OCPs) and polychlorinated biphenyls
(PCBs) were determined in muscle tissue of three freshwater fish species:
common carp (Cyvprinis carpia), grass carp (Ctenopharyngodon idella) and
bighead carp (Hypophthalmichtivs nobilisy. Fish samples were collected in
2010 from the Pyasachnik Dam Lake. The OCPs and PCBs were analysed
in order to evaluate the status and potential sources of poHution in area of
the lake. The species were selected because of their importance to local
human fish consumption,

The fifteen congeners of PCBs, p.p’-DDT and its two main metabolites
p.p’-DDE and p,p’-DDD were determined by capillary gas chromatography
system with MS detection. DDTs were the predominant organohalogenated
contaminants in all species, with the p,p’~ DDE contributing to more than
67% to the total DDTs. All samples of muscle tissue examined contained
detectable levels of p,p’-DDE and p.p’ — DDD. The residues of p,p’— DDT
were not detected in all samples. The sum of the individual PCB congeners
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ABSTRACT

The concentrations of polychlorinated biphenyls (PCBs) were determined in fish species from Bulgarian
Black Sea coast. It had selected three of the most popular fish species in our country - european sprat (Spr-

Sprathus Sullinig), Black Sea goby (Neogobius Melanostomu) and Mediterranean horse mackerel - scad

(Trachurus Mediterraneus). The fish samples were collected from the region of Varna in year 2003 - 2005 and

the edible tissues of the fish species were investigated. The fourteen congeners of PCB were analyzed including
the set of 7 indicators PCBs (IUPAC N 28, 52,101,118,138, 153, 180) with Gas Chromatography Mass Spec-
troscopy method. PCBs were found in all investigated samples. European sprat showed the highest total level
of PCBs (187.9 - 220,1 ng/g fat) compared to the other species - goby (66.3-192.2ng/g fat) and horse mackerel
(14.7-208.2 ng/g fat). The highest level of PCBs was found in year 2005. Our study illustrated that the concen-
tration level of PCBs in analyzed samples was lower compared with those recommended by different Euro-

pean institutions.

Key words: polychlorinated biphenyls (PCBs), fish, Bulgarian Black Sea coast

INTRODUCTION

Polychorinated biphenyls (PCBs) are organic chemicals
with common characteristics to organochlorine pesticides
(OCPs). They were produced comercially by catalytic
chlorination of biphenyls, producing a complex mixture of
multiple isomers with different degrees of chorination
yielding up to 209 products called congeners. PCB conge-
hers with the same number of chorine atoms are known as
homologs and the homologs with different chlorine
positions are called isomers.

PCBs were produced from 1930s with particularly large
amount up to 1970s and they were used in a wide range of
industrial applications due to their excellent physical and
chemical properties - thermal stability, chemical inertness,
non-flammability, high electrical resistivity.

In 1970s the first evidence was published about detrimental
effects on organisms and the environment as a whole. Part
of them are potential causes of cancer and have a negative
effect on the endocrine, reproductive and the neurological
systems (5,10,15,17). Due to toxic effects in humans and
aquatic organisms, the use and sale of most OCPs and
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PSBs has been banned or restricted in many European
countries since the mid 1970s.

Today it is known that PCB and OCP are ubiquitous and
persistent environmental pollutants with 2 well known po-
tential toxicity. They may bioaccumulate in the aquatic
food web and have been of great concern due to their toxic
effects on wildlife and human health. A number of studies
2,348,1 1,13,18,19) have shown that the major food
sources of these organic pollutants are fat-containing ani-
mal products including fish and other seafood. Fish is a
suitable indicator for the environmental pollution monitor-
ing because they concentrate pollutants in their tissues.
Therefore fish consumption may be a risk for human
health, especially for resident population.

Black Sea is a unique ecosystem because it is an inner sea
with low salinity, halfiisolated from the Mediterranean
with hydrology and phytobentos different from the other
seas in the same biogeographic region. It is bordered by
Bulgaria, Romania, Ukraine Russia, Georgia and Turkey
and receives fresh water input from some of the largest
rives in Europe (the Danube, Dhniester and Dnieper). At
least 170 million people live in the Black Sea basin. Al-
though, some studies have assessed the environmental
quality of Black Sea (1,7,9,16). Data about the current con-
tamination of PSBs and OCPs are very scarce, no system-
atic measurements in biological samples. Therefore, com-
prehensive studies are needed to understand the status of
contamination and pollution of these chemicals in the
Black Sea.
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PERSISTENT ORGANOCHLORINE POLLUTANTS
IN FRESHWATER FISH

Mona Stancheva, Stanislava Georgieva, Lubomir Makedonski

ABSTRACT: Organochlorine pesticides (OCPs) and polychlorinated biphenyls
(PCBs) were determinated in three freshwater fish species: carp (Cyprinus carpio), pike-
perch (Sander lucioperca) and bighead carp (Hypophthalmichibys nobilis) from the Tsonevo
Dam Lake (district Varna). The species were selected for their importance to local human
[fish consumption. Analysis of OCPs and PCBs were performed using gas chromatography
system with MS detection. DDTs were the predominant organohalogenated contaminants
in all species, with the p,p'- DDE contributing to mare than 80% to the total DDT;. Lipid-
based concentrations of DDTs were higher in carp than in the other species and this was
related to its higher lipid content. PCBs were found in detectable levels only in muscle tis-
sues of bighead carp.

KEYWORDS: Fish; Polychlorinated biphenyls; Organochlorine pesticides; Bul-
garia.

INTRODUCTION

The production and intensive agricultural or industrial use of organochlorine
pesticides (such as DDT and its metabolites DDE and DDD) or polychlorinated
biphenyls (PCBs) have led to the widespread contamination of the environment.
They are persistent organic pollutants (POPs) and characterised by a high bioaccu-
mulation potential in food chains and therefore may pose a serious threat to upper
trophic levels of aquatic communities [1,2]. In biological systems, several of these
chemicals are potentially carcinogenic and may cause alternations in endocrine,
reproductive and nervous systems [3]. For these reasons, most countries have re-
stricted or banned the use of PCBs and OCPs since 1970s. DDT is a chlorinated
pesticide widely used in the past to control the spread of insects and other agricul-
tural pests. In the environment DDT metabolised slowly and the metabolite DDE
is particularly persistent compound. Polychlorinated biphenyls have been widely
used by a large variety of industries over the past 50 years. However, several stud-
ics have demonstrated that they are toxic to a variety of marine organisms [4].

Fish is a suitable indicator for the environmental pollution monitoring be-
cause they concentrate pollutants in their tissues directly from water, but also
through their diet. thus enabling the assessment of transfer of pollutants through
the trophic web [1]. Data on the presence and distribution of organohalogenated
contaminants in fish and especially edible fish species are therefore important not
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Organochlonne pesticides and PCBs in manne fish
Stamslava GEORGIEVA* Mona STANCHEVA and Lubonur MAKEDONSKI
Department of Chemiztry, Medical University - Varna, Marin Drinov 35, 9002 Varna, Bulgaria

Abstract Organochlonne pesticides (such as 1,1, 1-tnchloro - 2.2 - bis (4-chlorophenyl) ethane (DDT) and its
metabolites) and polychlonnated biphenyls (PCBs) are claszafied as Persistent Orgame Pollutants (POPs) and are
present in the contamination pattern of manne emironments world-wide. Concentrations of PCBs and DDTs
were measured n fwo manne species: garfish (Belone belone) and red nmillet (Mullus barbatus). Sanples were
collected from Black Sea, Bulgana dunng 2007 — 2010. The DDTs and PCBs were determuned by gas
chromatography - mass spectrometry.

Concentrations in muscle tissue of garfish ranged from 80.89 to 118.04 ng's wet weight for total DDTs. DDT=
concentration in red mullet was found 104.59 ng'z ww. PCB concentrations in garfish vaned m the range of
40.04 and 65.62 ng'z ww. In mmscle tissue of red mullet PCB concentrations were found 34.12 ng/z ww. The
levels of DDTs and PCBs in garfish and red mullet from the Black Sea were comparable with those found

other manne ecosystem.
Eeywords: fish DDT, PCB, Black Sea, Bulgana

1. Introduction

are a group of chenucals that have attacted
considerable attention due to their lugh toxicity,
persistence 1n the emvmonment and ability to
bicaccunmlate. The combination of these properties
means that orgamsms at the upper levels of the food
chain can potentially be exposed to concentrations
sufficient to cause adverse effects. [12] In
biclogical systems. several of these chemicals are
potenhally carcinogenic and may cause alternations
m endocnne, reproductive and nervous systems [3].
For these reasons, most countries have restncted or
banned the use of PCBs and DDTs smce 1970
DDT (1,1,1-tmchloro - 2.2 - bis (4-chlorophenyl)
ethane) 15 a chlonmated pesticide wadely used mn the
past to control the spread of msects and other
agncultwal peststicides. In the emvironment DDT
metzbolised slowly and the metabolite DDE 1s
paticularly persistent compound Polychlonnated
biphenyls have been widely used by a large vanety
of industmes over the past 50 years. However,
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several studies have demonstrated that they are
toxac to a vanety of manne orgamisms [4].
Fish 15 a swtable mdicator for the emvironmental
pollution monitonng because they concentrate
pollutants mn their fissues directly from water, but
also through thewr diet, thus enabling the assessment
of transfer of pollutants through the troplic web
[1,5). Data on the presence and distnbuhon of
organchalogenated contamunants m fish and
especially edible fish species are therefore
health perspective [6.7].
manly with benthic invertebrates (crustaceans,
worms, and molluscs). The garfish (Belone belone)
15 a pelagic, oceanodromous needlefish found m
manne waters of the Mediterranean Sea, the Balnc
Sea, etc. The fish lives close to the swrface, has a
mugratory pattemn and feed mamly wath small fish.
The purpose of this study was to determune the
levels of persistent organochlorine contanunants m
garfish and red pmllet from the Bulganan Black
Sea coast and to momitor the accumulation of these
pollutants dunng the period 2007 - 2010.
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ABSTRACT

Introduction Persistent organochlorine pollutants (POPs) like polychlorinated biphenyls (PCBs) and DDT

residues can still be a problem for the aquatic environment and the human health.

Objectives The levels of DDTs and PCB congeners were determined in fish from the Bulgarian Black Sea

coast.

Method Four fish species with different feeding behavior: goby (Neogobius cephalargoides), sprat (Sprattus
sprattus sulinus), horse mackerel (Trachurus Mediterraneus ponticus), shad (Alosa pontica pontica) were
sampled from the Bulgarian Black Sea coast during 2007 — 2010. The DDTs and PCBs residues were

measured in clean fish extracts by gas chromatography with mass detection.

Results The main metabolite p,p’-DDE was the most frequently detected compound in all fish species and
was present in much higher concentrations than the other DDTs (ranging from 119.32 to 1324.44 ng/g fat).
PCBs were found in all fish species at concentrations ranging between 135.1 ng/g fat in horse mackerel and

990.8 ng/g fat in goby (calculated as the sum of 15 investigated congeners).

Conclusions The levels of DDTs and PCBs in fish from Bulgarian Black Sea coast were comparable to those
found in fish species from the Black Sea and from neighboring seas — the Marmara Sea, the Aegean Sea and

the Mediterranean Sea.
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Assessment of heavy metal distribution in muscle, skin and gills of
two fish species from the Black Sea, Bulgaria

Mona Stancheva, Katya Peycheva, Lubomir Makedonski

Abstract

Heavy metal (Cd, Pb, Cu, Mn, and Fe) concentrations in muscle, gill and liver of two fish
species (Pomatomus saltatrix and Alosa pontica) from the western Black Sea were
measured by atomic absorption spectrophotometry. Levels of metals varied depending on
aiferent tissues in each speciles. iron showed the highest level in all examined tissues of
Bboth fish species. High concentration of Pb (2.70 and 2.28) and Mn (4.68 and 1.84) were
measured in gill tissues for both species, tco. The liver of Pomatomus saltatrix showed
sgnificant Cu concentrations. Metal levels in tissues were compared with national and
nternational permissible limits. Metals concentrations in both edible and other tissues of
e sampled species were within the permissible safety levels for human consumption.

1. Introduction

Heavy metals from geological and anthropogenic sources are increasingly being
released into natural waters [1,2]. Contamination of aquatic ecosystem with heavy metals
has seriously increased worldwide attention, and a lot of studies have been published on
e heavy metals in the aquatic environment [3,4). Heavy metals are present in the aquatic
environment where they bio accumulate along the food chain [5]. Accumulation occurs in
afferent tissues of aquatic animals and may become toxic for fish and also for people
when it reaches substantially high level.

Heavy metals can be classified as potentially toxic (arsenic, cadmium, lead, mercury,
mickel, etc.), probably essential (vanadium, cobalt) and essential (copper, zinc, iron,
manganese, selenium) [6]. Fish are good indicators for the long term monitoring of metal
accumulation in the marine environment. Therefore, numerous studies have been carried
out on metal accumulation in different fish species [7]. For the last two decades there are
no sufficient data about heavy metals pollution of the Bulgarian Black Sea coast.

The Black Sea is the world's largest natural anoxic water basin below 180m in depth.
i is a closed sea with a very high degree of isolation from the world's oceans, but it
receives freshwater inputs from some of the largest rivers in Europe; the Danube, the
Dnilester, and the Dnieper (8]. For this reason, the Black Sea is considered one of the most
polluted seas, and the increasing concentration of nutrents in recent years have led to a
higher degree of eutrophication, The fishery yield has declined dramatically, and the
tourism industry has also suffers from serious pollution of the Black Sea.

In this study, toxic and essential elements (Cd, Pb, Cu, Mn and Fe) in the muscle, liver
and gills of two different economic fish species from the Black Sea in Bulgaria were
determined by AAS after acid digestions. These species were bluefish (Pomatomus
saltatrix) and shad (Alosa pontica).

Bluefish (Pomatomus salfatrix) occurs in oceanic and coastal waters. It is a good food
fish; marketed mostly fresh, but also dried or salted, and frozen. It is most common along
surf beaches and rock headlands in clean, high energy waters. Feed on other fish,
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Heavy metals and PCBs level of bluefish ( Pomaromus saltarrix) from Bulgarian
Black sea waters

Mona STANCHEVA, Katya PEYCHEVA®, Lubomir MAKEDOSNEI and Tomislay RIZ0V

Deparimens of Chemisiry, Facalry of Pharmacy, Medical Universiiy of Vama, 9iK2 Varng, Balparia

Abstract The concentration of some heavy metals (Cd, Mn, Fe, Cu and Pb} and polychlorinated biphenyls
(PCHs) were determined in muscle tissoe of bluefish { Pomaromus saliarriz) collected from the coast of
Bulgarian Black Sea (Juantitative determination of the PCHs compounds was performed by gas
chromatography—mass spectrometry detection (GC-MBE), while the heavy metals were determined by atomic
absorption spectrophotometry. The validation of the heavy metal procedure was performed by analysis of
standard reference maedal {(DORM-2 Dogfish Muscle). Pb and Cd were under the detection limits for the
samples from year 2004, The levels of ron showed the highest value trough the two year period of investigation

i from 6.3 1pg'g up to 7.06 pg/g ).

The fourteen congeners of PCB were analyzed including the set of 7 indicators PCBs (IUPAC Mo 28,
A2, 101, 118, 138, 153, 1800, PCBs were found in all samples with maximum kevel in year 2004 { £ PCBs = 9.1,
mg/kg product). The levels of these organochlorines are considered to be comparable to baseline levels,

From an ecotoxicological point of view, the concentrations of heavy meials and polychlorinated
biphenyls compounds reflect a comparatively clean and pollution-free environment. These concentrations may
b, thus, considered as nseful backgroond levels to which to refer for comparison within the Black Sea

Keywords: Heavy metals, PCBs, bluefish, AAS, GC-MBE, Black Sea, Bulgaria

1. Introduction

The world-wide contamination by heavy metals
and polychlorinated biphenyls {PCBs) is considerd
to be of great concern due to their toxic effects on
humans and wildlife, PCEs constituie a class of 209
compounds with differential biological activity and
toxicity as a result of differences in the number and
position of chlorine atoms [1]. Reports from the
litcraiure suggest that polychlorinated biphenyls,
particularly dioxin-like PCBs, have a complex
spectrum  of toxicological properties,  including
chlorecne,  thymic  atrophy, liver  damage,
immunotoxicity and cancers [2, 3] and have, also,
been associaied with low birth weights and leamning
and behavioural deficiencies in childen of women
who consume large quantities of contaminated fish
or are occupationally exposed [4]. The PCBs are far-
solubke and therefore they are accumulated in the
lipids and foods containing fats.

Aguatic  environmental gquality  curmently
receives a great deal of attention [5]. Contamination

I58MN-1223-T211

with heavy metals in aquatic system has been a
serious conoern for over decades. Heavy metals are
introduced in those sysems through varety of
human activities - industrial waste, agricultural and
uwrban  sewage.  Under  certain  environmental
conditions, heavy metals may accumulate to toxic
concentrations and cawse ecological damage [6].
Metals such as copper, zinc, iron, manganese and
selenium am essential since they play important
moles in biclogical systems. The essential metals can
also produce toxic effects at high concentrations [7].

Fish is the final chain of aguatic food web and
an important food source for human. Therefore,
heavy metals in aquatic environments are transferred
through food chain into humans. A well known fact
is that fish muscle is not an active Hssue in
accumulation of heavy metals [E]. On the contrary
liver is a good monitor of water pollution with
mietals since their concentrations are proportional to
those present in environment.

Recently,  agricultural  and  indostrial
developments as well as increase in population have
substantially increased the  contamination  of

© 2010 Crvidius University Press
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DETERMINATION OF HEAVY METALS IN FISH SPECIES
FROM THE BULGARIAN BLACK SEA

LuBoMIR MAKEDONSKI, KATYA PEYCHEVA, MONA STANCHEVA

Department of Chemistry, Medical University, Varna, Bulgaria

SUMMARY

Background: In this study heavy metals (Cd, Cu, Zn, As, Pb) con-
centration in edible part of eight most consumed Bulgarian fish
species - Atlantic bonito (Sarda sarda), Black sea gobies (Neogobi-
us melanostomus, Neogobius ratan), bluefish (Pomatomus salta-
trix), gray mullet (Mugil cephalus), Mediterranean horse mack-
erel (Thrachurus mediterraneus ponticus), shad (Alosa pontica),
sprat (Sprattus spratus) and turbot (Psetta maxima meotica) col-
lected from north-east coast of Bulgarian Black Sea were deter-
mined.

Methods: The samples were digested with a microwave digestion
system followed up by Inductively Coupled Plasma-Mass Spec-
troscopy (ICP-MS) determination. The validation of the present-
ed procedure is performed by the analysis of standard reference
material (NRCC-DORM 2 Dogfish Muscle). Sampling period
was done in 2008.

Results: The levels of Cd and Cu were relatively low in the edi-
ble part for all fish types while those for Zn concentration show
highest value for sprat. The concentration of As and Pb are with-
in acceptable levels for a food source for human consumption.

INTRODUCTION

he heavy metal pollution of the marine
environment has long been recognized as a

serious environmental concern [1,2].
Heavy metals can be accumulated by marine
organisms thought a variety of pathways, including
respiration, adsorption and ingestion [3]. Over the
last few decades the marine environment has been
contaminated by persistent pollutants of agriculture
and industrial origin. Heavy metal contamination has
been identified as a concern in coastal environment,

Correspondence address: ~ Lubomir Makedonski

RESUME

But: Le présent article définit le contenu des métaux lourds (Cd,
Cu, Zn, As, Pb) dans les poisons de consommation en masse - la
bonite (Sarda sarda), le gobie (Neogobius melanostomus, Neogobi-
us ratan), le tassergal (Pomatomus saltatrix), le mulet (Mugil ceph-
alus), le maquereau (Thrachurus mediterraneus ponticus), I'alose
(Alosa pontica), le sprat (Sprattus spratus) et le turbot (Psetta
maxima meotica) sélectionnées sur la cote nord de la Mer Noire
en 2008.

Méthodes: Les échantillons ont été désintegrés par micro-ondes,
le contenu des métaux lourds étant determine par ICP-MS.
Résultats: Le contenu de Cd et de Cu est relativement faible dans
tous les échantillons examinés, tendis que le contenu de Zn estle
plus élevé dans la partie comestible du sprat.

Mots cléfs: métaux lourds, poissons, Mer Noire, Bulgarie, ICP-

MS

due to discharges from industrial waste, agricultural
and urban sewage. Thelevels of heavy metals are known
to increase drastically in marine environment through
mainly anthropogenic activities. Heavy metals can be
classified as potentially toxic (arsenic, cadmium, lead,
mercury, nickel, etc.), probably essential (vanadium,
cobalt) and essential (copper, zinc, iron, manganese,
selenium) [4]. Fish are good indicators for the long
term monitoring of metal accamulation in the marine
environment. Therefore, numerous studies have
been carried out on metal accumulation in different
fish species [5]. For the last two decades there are no

Department of Chemistry, Medical University of Varna
55, Marin Drinov Str., 9002 Varna Bulgaria
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OIIPEJAEJISIHE HA TEXXKH METAJIX B CEAJUMEHTHU
OT BAPHEHCKMUS 3AJIMB U BAPHEHCKOTO E3EPO

Becenuna Heanosa, Tooopka Coxpameea, Mona Cmanuesa

HEAVY METALS IN SURFACE SEDIMENTS OF VARNA
BAY AND VARNA LAKE (BLACK SEA, BULGARIA)

Veselina Ivanova, Todorka Sokrateva, Mona Stancheva

ABSTRACT: Surface sediments are used as environmental indicators to reflect the
quality of marine and lake systems. The bioaccumulation of sediment-bound metals by ben-
thic species is very important to the food webs and their eventual transfer back to man. In
this study the concentrations of some heavy metals (Cd, Cr, Cu, Pb, Mn, Ni and Zn) in shal-
low sediments from the Varna Bay and Varna Lake were determined. Dried samples were
sieved and digested in aqua regia and analyzed by ICP-OES, FAAS and ET-AAS. The vali-
dation of the heavy metal procedure was performed by analysis of standard reference mate-
rial (MESS-3 Marine Sediment Reference Material). Higher concentrations of heavy metals
were found in sediments from Varna Lake. Manganese showed the highest concentration
amongst other elements in both sampling places, followed by Zn, Cr, Cu, Pb, Cd and Ni.

KEYWORDS: heavy metals, sediments, Black sea, Varna

INTRODUCTION

The world-wide contamination by heavy metals is considered to be of great
concern due to their toxic effects on humans and wildlife. Aquatic environmental
quality currently receives a great deal of attention. Contamination with heavy metals
in aquatic system has been a serious concern for over decades. Heavy metals are
introduced in those systems through variety of human activities — industrial waste,
agricultural and urban sewage. Under certain environmental conditions, heavy
metals may accumulate to toxic concentrations and cause ecological damage [1].
Metals such as copper, zinc, iron, manganese and selenium are essential since they
play important roles in biological systems. The essential metals can also produce
toxic effects at high concentrations [2].

The bottom is the last acceptor of the substance inflow. Thus, sediments
composition influences directly benthic species [3]. Heavy metals entering the water
body would be absorbed in sediments, and subsequently might migrate as a result
of exchanges between water, sediment, and biota, through biological and chemical
processes [4]. Sediments have been widely used as environmental indicators and
their ability to trace contamination sources and monitor contaminants is largely
recognized. They play an important role in the assessment of metal contamination in
natural waters. Indeed sediments show a high capacity to accumulate and integrate
on time the low concentrations of trace elements in water and, therefore, they allow
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DETERMINATION OF Cd Cu, Fe, Mn AND Pb IN EUROPEAN CARP
(CYPRINUS CARPIO CARPIO)
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Department of Chemistry, Medical University - Varna

Reviewed by: assoc. prof. N. Negrev

ABSTRACT

The concentrations of five elements (Cd, Cu, Fe, Mn, and Pb) were determined in the muscle, liver, gills, bones
and skin of cultured carp (Cyprinus carpio carpio) caught at Tzonevo Dam in region Varna, Bulgaria. The
samples analyzed for Cd, Cu, Fe, Mn and Pb by Atomic Absorption Spectrometer. The highest levels of Pb,
Mn and Cd were found in the skin of the fish specie (5.26 mg/kg w.w., 8.74 mg/kg w.w. and 0.34 mg/kg w.w., re-
spectively) while Cu and Fe had been accumulated predominantly in the gills (2.68 mg/kg w.w. and 55.54
mg/kg w.w. respectively). Among the metals analyzed Fe was the most abundant in the different tissues, while
Cd and Cu where the least abundant. The results obtained in this study were compared with those reported in
other studies. The concentration of these five elements in the European carp samples found in the literature
showed a similar tendency except for Pb. Metal concentration in the edible part of the examined fish (muscle)

was in the safety permissible levels for human consumption set by various health organizations.

Key words: Heavy metals, cultured carp, liver, gills, AAS, Bulgaria

INTRODUCTION

Fish is the final chain of aquatic food web and an important
food source for humans. Water pollution leads to contami-
nation of fish species with toxic metals, from many sources,
e.g. industrial and domestic waste water, natural runoff and
contributory rivers (16,14). In the water basin, pollutants
are potentially accumulated in organisms and sediments,
and subsequently transferred to man through the food chain
(17). For this reason, determination of chemical quality of
aquatic organisms, particularly the contents of heavy met-
als in fish is extremely important for human health (5).

A well known fact is that fish muscle is not an active tissue in
accumulation of heavy metals (18). On the contrary liveris a
good monitor of water pollution with metals since their con-
centrations are proportional to those present in environment.
Dam lake ecosystems are vulnerable to heavy metal pollu-
tion. Tzonevo Dam is situated in the Valley of Luda
Kamchia River and ranks third in size inregion Vama, Bul-
garia. It is biodiversity is of importance for the local resi-
dents. Recently, agricultural and industrial developments as
well as increase in population have substantially increased
the contamination of Tzonevo dam.

Address for correspondence:

L. Makedonski, Dept. of Chemistry, Faculty of Pharmacy, Medical
University Prof. Dr. Paraskev Stovanov, 35 Marin Drinov St., 9002,
Varna, BULGARIA

Bulgaria phone +359 52 677 074

e-mail: lubomir60(@yahoo.com

The aim of'this study is to investigate the distribution of se-
lected metals (Cd, Cu, Fe, Mn and Pb) in different tissues
(muscle, skin, gills, liver and bones) of the cultured carp
(Cyprinus carpio carpio) collected from Tzonevo Dam by
using atomic absorption spectrophotometer (AAS).

MATERIAL AND METHODS

Biology and ecology of the fish sample

Cultured carp dwells in middle and lower reaches of rivers
and lakes and shallow confined waters and can survive cold
winter periods. Carp are omnivorous, with a high tendency
towards the consumption of benthic organisms. Zooplank-
ton consumption is dominant in fish ponds where the stock-
ing density is high. Additionally, the carp consumes the
stalks, leaves and seeds of aquatic and terrestrial plants,
decayed aquatic plants, etc.

Sampling collection

Samples of the fishes were acquired from three locations
along Tzonevo Dam. All the fish species were sampled in
July 2009. Total length and weight of the samples (total
number 9) brought to laboratory on ice after collections were
measured to the nearest millimeter and gram before dissec-
tion. The biometric data of the fish sample are as follows
(mean +£SD): weight 1662.0 £43.0 g; length 45.5 =8.0 cm.

Special care was taken to prevent metal contamination of the
samples by the laboratory equipment. After biometric mea-
surements, the fishes were immediately dissected, washed
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DETERMINATION OF HEAVY METALS IN BLACK SEA
MYTILUSGALLO PROVINCIALIS AND RAPANA VENOSA

Stancheva M., V. Ivanova, K. Peycheva

Department of Chemistry, Faculty of Pharmacy, Medical University of Varna

ABSTRACT

Shellfish living in seas can accumulate heavy metals and thus serve as excellent passive biomonitors. Concen-
trations of arsenic (As), cadmium (Cd), mercury (Hg), lead (Pb) and manganese (Mn) in two kinds of shellfish,
Rapana venosa and Mytilus galloprovincialis were determined. Samples were collected at three coastal sites
along the Bulgarian Black Sea, including one mussel farm. Shellfish tissues were subjected to microwave-as-
sisted acid digestion followed by appropriate atomic absorption spectrometry (AAS) (Flame AAS for Mn,
Electrothermal AAS for Cd, Pb and As). Concentration of total mercury was determined by Direct Mercury
Analyzer. Levels of metals varied within species. The results clearly indicated that the concentrations of As ex-
ceeded the maximum permissible levels (MLPs) of 2,0 mg/kg according to the Bulgarian Food Codex (2004).

Key words: heavy metals, atomic absorption spectrometry, Rapana venosa, Mytilus galloprovincialis,

Bulgarian Black Sea
INTRODUCTION

Black Sea is the world’s largest natural anoxic water basin
below 180 min depth. Itis a closed sea with very high de-
gree of isolation from the world’s oceans, however, it re-
ceives freshwater inputs from some of the largest rivers in
Europe such as the Danube, the Dniester, and the Dnieper
(12,13). Black Sea s considered as one of the most polluted
seas, and recently increasing concentration of nutrients has
led to a higher degree of eutrophication.

Heavy metal pollution of the marine environment has been
long recognized as a serious environmental concem (2,14).
Marine organisms, especially shellfish, are capable of accu-
mulating the metals from the environment in which they
live. Heavy metals can be accumulated by marine organ-
isms thought a variety of pathways (18). Over the last few
decades the marine environment has been contaminated by
persistent pollutants of agricultural and industrial origin.
Heavy metal contamination has been identified as a con-
cem in coastal environment, due to discharges from indus-
trial waste, agricultural and urban sewage. Heavy metal
levels are known to increase dramatically in marine envi-
ronment mainly through anthropogenic activities. Shell-
fishes are good indicators of the long term monitoring of
metal accumulation in the marine environment.

There are scanty data about heavy metal pollution in shell-
fish from the Bulgarian Black Sea coast for the last twenty
years. The aim of this study was to determine the levels of
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lead (Pb), cadmium (Cd), arsenic (As), mercury (Hg) and
manganese (Mn) in Black Sea mussel (Myrilus
galloprovincialis) and rapana (Rapana venosa).

MATERIAL AND METHODS

Black mussel (Mytilus galloprovincialis) is a natural biofilter
that inhabits tidal areas attached to rocks. Rapana venosa is a
predatory sea snail that has entered the Black Sea in the middle
of the last century and feeds mainly on black mussels.

Sampling

Shellfish samples were obtained at three sites along Bulgar-
ian Black Sea coast such as Vama, Kranevo (shellfish
farm) and Krapetz in spring 2011. The collected mollusks
were depurated in filtered seawater for approximately 24 h
before being transported to the laboratory with ice freezing.
The soft tissues of mollusks were excised by stainless steel
scalpel blades and then thoroughly rinsed with Milli-Q wa-
ter to remove extraneous impurities. Total soft shellfish tis-
sue was taken for analysis. After sufficient homogenation
by a blender, the samples were kept at -18 °C until analysis.
Special care was taken to prevent metal contamination of
the samples by the laboratory equipment.

Analytical procedure

All the solutions were prepared with analytical reagent
grade chemicals and ultra-pure water (18 MC) cm) was
used for all of them. HNO; of superb quality was purchased
from Fluka. All the plastic and glassware were cleaned by
soaking in 2 M HNO; for 48 h. They were rinsed five times
with distilled water and then five times with deionised wa-
ter prior to use. Stock standard solutions of As, Hg, Cd, Mn
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“XPAHUTENHA HAYKA, TEXHUKA U @ FOOD SCIENCE, ENGINEERING AND
15 - 16 okTomBpy, Nnosaue - 15 - 16 October, Plovdiv

CeabpxaHue Ha nonuxnopupaHu 6udeHunu u OPraHoxXnopHu
NeCTMUMAN B Y4ePHOMOPCKM pubu - nanamyn v kaparno3

€ CbObpXaHuemo Ha fonuxnopupaku  6ugpenunu  (MX6) u
BPearoxnopHu necmuyudu (4AT) 8 myckynna mbkaH Ha Osa 8ula MopcKu pubu: nanamyo
fipdlla surda) u Kapaecwvos (Alosa pontica pontica) ype3 u3snonseare Ha [azoe
amoepagp ¢ efeKmpoHynaesiw Oemekmop. CpedHama cmodnocm Ha [IX6 e
Myd e 10.7 ng/g MasHuHa, a € kapazbo3 e 40.2 ng/g Mas+HuHa, M3meperume cymapHu
eHmpayuu Ha AT e nanamyd u Kapazbosz ca 277.2 u 951.9 ng/g masHuwa,

vels of Polychlorinated Biphenyls and Organochlorine Pesticides in
Black sea fish - Atlantic bonito and Shad from Black sea, Bulgaria

Mona Stancheva, Stanislava Georgieva, Lubomir Makedonski, Tomislav Rizov

':Concentrations of polychlorinalted biphenyls (PCBs) and organochlorine pesticides

were measured in muscle tissue of two species of marine fish: Atlantic bonito

rda) and shad (Alosa pontica pontica) using a gas chromatograph with electron-

OprauoxnopHm nectuumau (OXM) u nonuxnopupaHu Gucbennnu (NXB) ca Gunu
EACHN 1 U3NON3BaHW 3a 3eMeencku u NPOMULLINEHN Uenu B ronemu Konu4ecTea B
IbXEHWe Ha AbNr nepuog oT Bpeme. Mopaawn ceosita BUCOKa xvMuuecka crtabunHocr
[finnodunHoct, Tean CbEAMHEHMA OCTaBaT B OKONHATa Cpeaa 3a MHOro rognHn. Te ca
OHHI KbM GUOKOHLEHTpauus B XP@HUTENHWTE BepuUri u npeacTasnasar onpeaeneH
3APaBeTO Ha AVBUTE XUBOTHM U XopaTa. Bbnpekv Hanaraneto Ha CTporu 3abpatxn
HU4eHNs 3a nonssaHe Ha opraHoXnopHu nectuumann u NX6 B noBeyeto crpaxy,
_:beauuennﬂ NPoAbMKaBaT Aa Gbaar OTKPUBAHW B U3MEPUMM KOMMYECTBa B eKo-
BMUTE, BKNIOYUTENHO B MOPCKUTE OpraHuamu.
lanamyasT, Atlantic bonito (Sarda sarda) aumysa B CpeausemHo u MpamopHo MOpe.
ONeT Hasnu3a B YepHo mope 3a xpaHeHe u pasmHoxasaHe. Mankute pubkn ce
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& PEMNYBIINKA BBIITAPUA

AKTYANU3UPAH HALUUOHAITEH MNJ1IAH
3A QEACTBME MO YMPABNEHUE HA YCTONYUBUTE OPFTAHUYHM
3AMBPCUTENM (YO3) B PENYBNUKA BBITAPUS,

2012r. + 2020r.

(A-HOOQYYO3)
MPUET ¢ PEWEHME HA MUHUCTEPCKU CBBET HA 5 CENTEMBPK 2012 T,

M3Bsneyenue ot MNpoTokon Ne 33 ot 3aceaaHneTo Ha MuHucTepcku cbeeT Ha 5 centemspu 2012 .

HALUWOHAMNEH U3NBAHUTEN U KOOPAVMHATOP

= MUHUCTEPCTBO HA OKOJNTHATA CPEOA U BOOUTE

Coous, AaBryct2012r.
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PE3IOME

OnpegeneHo e CbabPKAHMETO Ha YCTOMYMBM OPraHWYHU 3aMbPCUTENM — MOAUXJOPUPAHHU
6udenunnn (NXB) n xnopopraHnyHun nectuumam (AT n meTabonnTK) B Y4EPHOMOPCKU PUbM BbB BPb3KA C
OLeHKa Ha TAxHaTa 6e3omacHOCT KaTo xpaHa. Cnep npenBapuTeNHO NPoydYBaHe Ha MOPCKUA prubonos m
CbCTOSIHMETO Ha Masapa Yy Hac ca noabpaHu geceT BUAA YEPHOMOPCKM pubK 3a M3cienBaHe: Kas, TPULOHA,
Kedan, cadpuma, Kaparoo3s, YHepHOKOM, Nasaamyg, 3apraH, KasnkaH, 6apbyHa. MpobuTe 3a aHaNM3 ca HabupaHu
OT Tpu paiioHa B nepunoaa 2007 — 2010r.

OnpepgeneHn ca KOHUEHTpaumuTe Ha cnegHute KoHreHepu MXbB ¢ Homepa no IUPAC: 28, 31, 52, 77,
101, 105, 118, 126, 128, 138, 153, 156, 169, 170, 180, Ha 6a3aTa, Ha KOMTO e onpeaesieHo 0bWOTo
cbAbprKaHMe Ha MNXB B npobute n xnopopraHuyHun nectnumam — OOT n metabonutute (444 v O4E).
AHanusupaHm ca 85 pubHM npobu, Kato BcAKa Npoba e onpegensHa TPUKPATHO. 3a CTAaTMCTMYECKATa
obpaboTka M aHanM3 Ha pe3ynTatuTe e M3nos3BaHa nporpamata SPSS 16. lMpuaoxkeHu ca cnegHute
TecToBe: 3a onpegensHe BuAa Ha pasnpegenexHvetro (Konmoropos — CMWMPHOB), 3a onpegensHe Ha
CTAaTUCTMYECKMTE MapaMeTpu M cpaBHABaHe Ha cepuute pesyntatn (CriogeHT-Ouwep). Pesyntatute ca
npeAcTaBeHN Kato cpefHa apUTMETUYHA U cpeaHa reoMeTpuyHa, OTHeceHU 3a rpam masHuHa (ng/g fat) u
3a rpam cBeko Tero (ng/g ww).

PesyntaTute nokasBeaT, Ye B U3cnenBaHUTe nNpobu pnbu npeodbnagasat metabonmutute DDE u
DDD, KoeTo nokasBa, 4Ye No-ro/fiAamaTa 4acT OT U3no/si3BaHOTO B MMHasnoTo DDT ce e meTabonnsunpano u
HAMa ynotpeba Ha HoBM KonumdyectBa DDT B 4epHOMOPCKM paioH Ha Bbarapua. B 3akntoyeHwue,
pes3yiTaTUTe OT NPOBEAEHOTO M3c/eABaHe MOKas3BaT, ye 3ambpcsiBaHeTo ¢ PCB u DDT B pubu ot
6BbrapCcKkoTo Kpalbpexkue Ha YepHO mope e NO-HUCKO UM CbM3MEPUMO B CPaBHEHWE C pe3ynTaTh 3a
pubun oT Apyru perMoHn Ha YepHo mope n cbcegHn mopeta — MpamopHo 1 CpeamsemHo Mope.
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MEAWUMNHCKWN YHUBEPCUTET “NMPO®. O-P NAPACKEE CTOAHOEB"” — BAPHA
PAKYNTET NO PAPMALNA

KATEOPA XMMWUA

MoHna lnHkoBa CtaH4eBa

YCTOWYUBU OPFAHNYHU 3AMBPCUTENU U TEXKHU
METAJIIM B HEPHOMOPCKWU PUBMH

ABTOPE®EPAT

Ha AucepTauWNOoHeH Tpy4
3a NpUceXhaHe Ha Hay4Ha cTeneH

“NOKTOP Ha XMMU4YeCKUTe HayKn”

no EHOOpFﬂHH'-IHﬂ XMMUA, XMMWUA Ha NpUpogHNTE KU q)I-‘ISHOHOTH‘-IHO dKTMEHWK

BellecTBa

BapHa, 2012
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BbBEOEHUE

Pa3Butneto Ha Haykata U TEXHOJIOr’MMUTEe B Ha4YanoTo Ha MWUHanuma BeK agosene Ao
npon3sBoACTBOTO HA LWLUMPOKa ramMma nHOyctpuanHu XmuMmmkarnm, Kato nectmuman, Topose, JfiekapCTiea,
npenapatn 3a MNpPOMULLITIEHO U 6uTOBO n0Tpe6neH|/|e n ap. MonoxutenHnar ed)eKT oT
n3non3BaHeETo MM B CBETOBEH Mal.l.l,a6 € ronsdam, Kakto 3a MHAOyCTpudata U CEeNiICKOTO CTOMaHCTBO,

Taka U 3a 34paBeTo Ha XopaTa.

Cnepg TaxHata MacoBaTa yFIOTpGGG, MHOIro Yy4yeHu npoBenoxa LlJI/IpOKOMaLLl,a6HI/I
enMgeMmnonorm4Hnn N TOKCUKOJTIOTMYHN n3crneaBaHnd, KOUTO KaTeropn4yHo AoKa3axa, 4e MHOro ot
TE3N XNMMUKalTIM U TEeXHU CTPaHUYHU NPOAYKTH, MNMpUTEexXaBaT BUCOKA TOKCUYHOCT, OMaCHU Ca 3a
OKOnMHaTa cpeaa “n 4oBeKa. Knacuueckn npuMep B TOBa OTHOLWUEHUE Ca XJopopraHn4yHuTe
nectnunan, mn3nosrn3saHM MacoBO B CEJICKOTO CTOMNaHCTBO MNpe3 60-Te rogMHM Ha MUHaNUSA BeK,
KOUTO Ce OKa3axa CUITHO TOKCU4HU, C rondma yCTOI;I‘-II/IBOCT N crnocobHocT Oa ce HaTpynBaT B
XUBUTE OpPraHN3Mn. YcTaHoBM ce, Ye Te NPOMEHAT OuonornyHata CTOMHOCT Ha XpaHuTenHuTe
npoaykTn n npean3snkeaTt HeGJ'IaFOI'IpI/IFlTHI/I nocnegunun 3a YoBeLKOTO 34paBe U OKOJHaTa cpefa.

ToBa goBefe 0O BbBeEXJaHe Ha 3a6paHa 3a nNpon3soacTBOTO U yn0Tpe6aTa M.

AHanornyHa e cuTyaumsita u ¢ nonuxnopupanute 6udenHunun (MXB), npoussegeHun B
ronemun konuyectsa npes nepuoga 1950 — 1970r., WMpPOKO M3MON3BaHM B pasnuyHu obnactn Ha
WHOYCTpUATa, B MOCneacTeBMe Cblo 3abpaHeHM 3a npou3BoACTBO M ynoTpeba. Bbnpeku
3abpaHaTa, Te npoabmkaBaT Aa nonagat B OKOnHaTa cpefa, kato U3TOMHUUM ca oTpaboTeHu
Macna, CTapu erieKTpUYeCKM CLOPBXKEHUA U OOMAaKVHCKW enekTpoypeawn, Npu ropeHeto Ha

oTnaabUn, KbAETO ce 06pa3yBaT OLLe NO-TOKCUYHUTE N ONACHU AMOKCUHU U ddypaHu.

MNpobnemMbT CbC 3aMbpPCSABAHETO Ha OKOMHAaTa cpeda C MOCOYEeHUTe U NoaobHM Ha TaX
OPraHWYHN CbeANHEHNS, U3BECTHN KAaTO YCTOMYUBU OpraHuyHn 3ambpcutenu (YOS3) e rnobaneH n
peweHnss TpsibBa ga 6baoat B3eTM B cBeToBeH Malwab. ToBa goBede OO0 NpuemMaHe Ha
Ctokxonmckata koHBeHuus npes 2001r., kosaTo Gewe cb3gageHa C Uen onasBaHe 34paBeTo Ha
XopaTa 1 okonHaTa cpefa oT Bb3genctBneto Ha YOJ3. bbnrapus noanucea KoHBeHuusiTa npes
2005r., HaumoHaneH opraH no M3nbiHEHMETO Ha 3aabilkeHnaTa no Hed € MMHUCTEPCTBOTO Ha

oKorHara cpefa v BoauTe.

Cnopen KoHBeHUMsITA, YCTOMYMBUTE OpPraHUYHU 3aMbPCUTENU NpuTexaBaT TOKCUYHU
CBOMCTBa, TPyOHO Ce pasrpaxnaTt, HaTpyneBaT ce B OpraHM3MUTE U XpaHuTenHarta Bepwra,
npeHacaT ce nNo Bb3adyxa, Bodata M 4Ype3 Murpupawiute OUMONorMyHM BUAoBe Mpes
MeXOyHapoaHWTE rpaHuUM MoraT aa ce oTnarat ganede OT MSCTOTO Ha TAXHOTO W3MyckaHe,
akyMynupaTt ce B ekocuctemute. MNMbpBOHAYanHo B KOHBEHLMSATA ca BKMOYEHM 12 3aMbpcuteny,

TOBa Ca X/IOPOPraHWYyHU MNecTUUMAM, NONUXIopupaHn GudeHunn, AMOKCUHM U dypaHu, a B
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nocneacteue owe 10. O6woTo 3a Bcuykn YOI e ToBa, Ye TpanHOo 3ambpcsBaT OKOfHaTa cpena,
Nno XpaHuTernHaTa Bepura moraTt Aa nonagHaT B YOBELUKMS OpraHvM3bM, KbAETO ce akymynumpar v
Aa npeavsBuKaT TEXKM pa3CTPOMCTBA Ha MMyHHaTa, penpoAdyKTMBHATa HepBHaTa cUCTeMM U Ap.
Toea e npuumHata U OOH upes [porpamata 3a okonHa cpega (UNEP) ga npeanpueme

WHTEH3NBHWN OENCTBUSA 3a npenoTBpatdaBaHe Ha Ta3u 3ansaxa.

Bbnpekn, ye ekcnosuumsta Ha YyoBeka ¢ YO3 1 TEXKM MeTanu MoXxe [a Ce OCbLeCTBM Mo

pas3fninyeH Ha4vnH, XxpaHata € OCHOBHUA U3TOYHUK 3a nonagaHeTo UM B

opraHm3ma Ha 4oBeEKa. ToBa ca npeammMHoO XpaHu OT XXUBOTUHCKWU MNMpon3xona, oorat Ha MasHUHW,

KbOETO TE€3N 3aMbpPCUTEITN Ce HaTpynBar.

Peaouua yyeHn onpepensit pubute kaTo eguH OT Hav-noaxoasawmrte OuouHaukaTtopu 3a
oLeHKa Ha 3aMbpcsBaHETO Ha OKONHaTa cpefda, He camo nopagwm dakta, ye BogHuTe BacenHu
akymynumpaTt B 3HauuTenHu konudectBa YO3 m TeXkm MeTanu, HO M nopaan 6GaBHOTO UM
pasrpaxgaHe B TbkaHuTe Ha pubute. Cblo Taka, onpeaensaHeto Ha YO3 n TOKCMYHM MeTanu B
pnbuTe € MHOro BaXXHO 3a OLeHKaTa Ha eKCno3uuusaTa Ha HaceneHueTo U Ha 34paBHUS PUCK B
AafeH panoH. YCTaHOBEHO €, Ye OCHOBHO Ype3 KOHCyMaumsiTa Ha puba, pubHn npoaykTn n apyru
MOPCKWN OpraHmM3mMu, Te3n 3aMbpCcUTENM NonaaaTt B YOBELLKMS OpraHn3bM. 3aToBa MopcKkaTa XxpaHa
N Han-Beye pubuTe KaTO XpaHa, ca C BWCOK PUCK, MOPaAM BMCOKOTO CU NIMMUAHO CbAbpKaHue,

cnocobHocTTa ga HaTpynBaT Te3n 3aMbpCUTesin U ronamarta KoHCymMmauus.

MopckaTa xpaHa, ocobeHo pubaTa, € BaxeH U3TOYHUK Ha XPaHUTENHN BELLECTBA, KOMTO ca
B ocHOoBaTa Ha GanaHcMpaHOTO xpaHeHe. TS cbabpXKa BMCOKOKaYeCTBEHM MPOTEUHU U NUNUAMW,
KOUTO MpuTexaeaT BUCOKA OMOMNOrMYyHa CTOMHOCT, @ CbLLO Taka BUTaMUHU U BaXXHU OMOreHHM
eneMeHTn. PUBHUTE Nunuaun ce xapakTepusnpaTt C NO-HUCKU HMBA Ha HACUTEHU MaCTHM KUCENMUHU
M NO-BMCOKN Ha HEHacUTEHW. Te ca OCHOBEH M3TOYHUK Ha U3KIIOYUTENTHO BaXKHUTE 3a opraHu3ma
ABITOBEPWKHN MONMHEHACUTEHN MAaCTHW KUCENWHW, Mexay KouTo ca omera-3 u omera-6
kucenuHute. Tesn He3amMeHUMM 3a YOBELLKMSI OPraHU3bM KUCENWHU ce AOCTaBsAT C XpaHaTa, kaTo
OCHOBEH M3TOYHMK ca pubuTe U OpyrM MOPCKM XpaHu. Te yyacTBaT B U3rpaxgaHeTo Ha
KNneTb4yHUTE MembpaHu, B CUHTE3a Ha BaXKHUTE eNKo3aHOMAWN, KOUTO ca CBbp3aHu C perynmpaHeTo
Ha oOMsiHaTa Ha BeluecTBaTa B KNeTkuTe, KPbBHOTO HansiraHe, kKakTo U CTUMyNMpaHe Ha UMYHHUS
oTroBop. [lokasaHo e, 4e oMmera KUCENUMHWUTE WUMaT 3awuTeH edekT B NpeBeHuusiTa Ha
KOpoHapHaTa 6onect Ha CbpueTo M [OpyrM CbpAeYHOCHAOBM 3abonsiBaHusi, nognomarat
AEeNHOCTTa Ha MO3bka, OKa3BaT BIIUsIHME BbPXY 3pEHMETO, OCTeonopo3ara, pasfnyHu BUAOBE pak,

Aenpecun u np.

W Taka, Bb3HMKBA BbMNpoca 3a nonsata U pucka OT MU3MOon3BaHeTo Ha pubaTta KkaTo xpaHa.
BeacnopHo B Hal-ronsiMa cTeneH nonsaTa € CBbp3aHa C MNPOTEVHUTE U He3aMeHUMUTE
NONMMHEHACUTEHN MACTHU KUCESNUHM, 0KaTO PUCKLT — C PasfUYHUTE 3aMbpCUTENN, KOUTO pUbuTe

akymynupart OT OKofnHaTa cpefa, kaTto B Han-ronsma creneH toea ca YO3 un Texkute metanu. OT
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rmegHa TOYKa Ha 34paBeTo, PUCKLT TpsbBa ga vma npuoputeT U Aa 6bae oueHeH. Tbi KaTo,
HalMTe YEpPHOMOPCKN pnbun He ca mnscrneaBaHu 3a cbabpxaHue Ha YO3 n Texkm MeTtanu n He €

npaBeHa OLieHKa Ha pucka, e paspaboTeHa aucepraumsTa.

OCHOBHA LEN

OnpegensiHe CcbAbPXAHUMETO Ha YCTOMYUBM OPraHUYHUM 3aMbpcuTenn —
nonuxnopupanu 6udenunu, OOT M TeXKM MeTanu B YepPHOMOPCKU pubU, BbB Bpb3Ka C

TAAXHaTa 6€30MacHOCT KaTo XpaHa U 3a OLleHKa Ha 3aMbpcsiBaHeTo Ha YepHo Mope.

LLle 6bAaaT npeacTaBeHU U3cneaBaHUsA U pe3ynTaTu B CriegHUTe TPU HanpaBleHus:

e OnpepgensiHe cbabpxaHuMeto Ha [IXb, OAOT n metabonuTn B pas3nU4HM BUAoBe

YEePHOMOPCKU pubu

e OnpepensiHe CbAbpPXaHUETO HA TEXKA MeTanun B YepPHOMOPCKA PUGU U HSAKOU

MeKoTesnun

e OueHka Ha 6e3onacHOCTTa M Ka4eCTBOTO Ha YePHOMOPCKUTE pUGM KaTo XpaHa

BB BCSIKO €4HO OT NOCOYEHUTE HanpaBlieHnd ca pa3pa60TeHV| KOHKpPEeTHN 3agayn.
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Abstract: Persistent organochlorine pollutants (POPs) like polychlorinated biphenyls (PCBs) and DDT residues
(DDTs) can still be a problem for the aquatic environment and the human health. PCBs and DDTs were
determined in three freshwater fish species: common carp (Cyvprinus carpio), catfish (Silurus glanis), pike-perch
(Sander lucioperca) and two marine fish: shad (4losa pontica ponrica) and grey mullet (Mugil cephalus). The
freshwater fish samples were collected from the Danube River and from Black Sea, Bulgaria in 2010. The POPs
were analyzed in order to investigate the presence of PCBs and DDTs 1n fish species from Danube River and
compared the results to the levels in marine fish species from Black Sea. The fifteen congeners of PCBs. p.p’-
DDT and its two main metabolites p.p’-DDE and p.p’-DDD were determined by capillary gas chromatography
system with mass spectrometry detection. DDTs were the predominant contaminants in investigated species.
with the p.p’- DDE contributing to more than 67% to the total DDTs. In freshwater fish concentrations of DDTs
were found from 19.2 to 30.3 ng/g ww and PCBs concentrations - from 6.2 to 12.6 ng/g ww. The highest levels
of PCBs and DDTs were determined in shad. The levels of DDTs and PCBs were determined lower than those
found in similar fish species from other aquatic ecosystems.

UDC Number: 543
Keywords: PCB, DDT: fish: Danube River, Black Sea: Bulgaria

. __________________________________________________________________________________________________________________________________________|
Introduction

Polychlorinated biphenyls (PCB) and organochlorine pesticides. such as
dichlorodiphenyltrichloroethane (DDT) and its metabolites DDE and DDD., are compounds classified
as persistent organic pollutants (POPs), capable of remaining in the environment and able to be
transported. to accumulate in animal tissues over long periods of time (UNEP 2001). When released
info the environment, POPs may be transported by air or water to areas that are often rather distant
from the place of origin (Gouina et al.. 2005). Fish is a suitable indicator for the environmental
pollution monitoring because they concentrate pollutants in their tissues directly from water, but also
through their diet. thus enabling the assessment of transfer of pollutants through the trophic web (Fisk
et al., 2001). Data on the presence and distribution of organohalogenated contaminants in fish species
are therefore important not only from ecological. but also human health perspective (Binelli and
Provini, 2004: Smith and Gangoli, 2002). In biological systems. several of these chemicals are
potentially carcinogenic and may cause alternations in endocrine. reproductive and nervous systems
(Langer et al.. 2003). The river Danube, the second longest river in Europe, flows through several
countries from where it receives discharges of agricultural. industrial. and urban effluents (Woitke et
al., 2003). The Black Sea receives freshwater inputs from some of the largest rivers in Europe: the
Danube. Dniester and Dnieper. There is very little information available on the highly persistent PCBs
and DDTs in fish from Danube River (Covaci et al.. 2006) and from the Black Sea (Tanabe et al..
1997: Stoichev et al.. 2007).
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Polychlorinated biphenyls and organochlorine pesticides in fish from Black Sea,

Bulgaria
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Department of Chemistry, Medical University - Varna, Marin Drinov 55, 9002 Varna, Bulgaria

Abstract

Persistent organochlorine pollutants (POPs) like polychlorinated biphenyls (PCBs) and DDT residues (DDTs)
were determined in muscle tissue of four marine fish species: grey mullet (Mugil cephalus), bluefish
(Pomatomus saltatrix), horse mackerel (Trachurus Mediterraneus ponticus) and bonito (Sarda sarda). The
POPs were analysed in order to evaluate the status of pollution in Bulgarian Black Sea coastal area. The
fifteen congeners of PCBs, p,p’-DDT and its metabolites p,p’-DDE and p,p’-DDD were determined by
capillary gas chromatography system with mass spectrometry detection. YPCBs were found at
concentrations ranging between 15.34 ng/g ww in horse mackerel and 23.88 ng/g ww in bluefish. TEQs of
the 6 “dioxin—like” PCBs were found in the range from 0.07 to 0.15 pgTEQ/g ww and did not exceed the
European limit of 6.5 pg TEQ/g ww. SDDTs were found from 51.61 to 171.36 ng/g ww in horse mackerel
and bluefish, respectively. The levels of PCBs and DDTs were determined comparable to those found in fish
species from other aquatic ecosystems. The sum of 6 indicator PCBs in all fish species did not exceed the
European maximum limit.

Keywords: PCBs; DDTs; TEQs; marine fish; Black Sea; Bulgaria
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Organochlorine pesticides and PCBs in marine fish
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Abstract Organochlorine pesticides (such as 1,1,1-trichloro - 2,2 - bis (4-chlorophenyl) ethane (DDT) and its
metabolites) and polychlorinated biphenyls (PCBs) are classified as Persistent Organic Pollutants (POPs) and are
present in the contamination pattern of marine environments world-wide. Concentrations of PCBs and DDTs
were measured in two marine species: garfish (Belone belone) and red mullet (Mullus barbatus). Samples were
collected from Black Sea, Bulgaria during 2007 — 2010. The DDTs and PCBs were determined by gas
chromatography - mass spectrometry.

Concentrations in muscle tissue of garfish ranged from 80.89 to 118.04 ng/g wet weight for total DDTs. DDTs
concentration in red mullet was found 104.59 ng/g ww. PCB concentrations in garfish varied in the range of
40.04 and 65.62 ng/g ww. In muscle tissue of red mullet PCB concentrations were found 34.12 ng/g ww. The
levels of DDTs and PCBs in garfish and red mullet from the Black Sea were comparable with those found in

other marine ecosystem.

Keywords: fish, DDT, PCB, Black Sea, Bulgaria

1. Introduction

PCBs and selected organochlorine pesticides
are a group of chemicals that have attracted
considerable attention due to their high toxicity,
persistence in the environment, and ability to
bioaccumulate. The combination of these properties
means that organisms at the upper levels of the food
chain can potentially be exposed to concentrations
sufficient to cause adverse effects. [1,2] In
biological systems, several of these chemicals are
potentially carcinogenic and may cause alternations
in endocrine, reproductive and nervous systems [3].
For these reasons, most countries have restricted or
banned the use of PCBs and DDTs since 1970s.
DDT (1,1,1-trichloro - 2,2 - bis (4-chlorophenyl)
ethane) is a chlorinated pesticide widely used in the
past to control the spread of insects and other
agricultural peststicides. In the environment DDT
metabolised slowly and the metabolite DDE is
particularly persistent compound. Polychlorinated
biphenyls have been widely used by a large variety
of industries over the past 50 years. However,

ISSN-1223-7221

several studies have demonstrated that they are
toxic to a variety of marine organisms [4].

Fish is a suitable indicator for the environmental
pollution monitoring because they concentrate
pollutants in their tissues directly from water, but
also through their diet, thus enabling the assessment
of transfer of pollutants through the trophic web
[1,5]. Data on the presence and distribution of
organohalogenated contaminants in fish and
especially edible fish species are therefore
important not only from ecological, but also human
health perspective [6,7].

Red mullet are non-migratory species and feed
mainly with benthic invertebrates (crustaceans,
worms, and molluscs). The garfish (Belone belone)
is a pelagic, oceanodromous needlefish found in
marine waters of the Mediterranean Sea, the Baltic
Sea, etc. The fish lives close to the surface, has a
migratory pattern and feed mainly with small fish.

The purpose of this study was to determine the
levels of persistent organochlorine contaminants in
garfish and red mullet from the Bulgarian Black
Sea coast and to monitor the accumulation of these
pollutants during the period 2007 — 2010.

© 2012 Ovidius University Press
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Abstract Organochlorine pesticides (such as 1,1,1-trichloro - 2,2 - bis (4-chlorophenyl) ethane (DDT) and its
metabolites) and polychlorinated biphenyls (PCBs) are classified as Persistent Organic Pollutants (POPs) and are
present in the contamination pattern of marine environments world-wide. Concentrations of PCBs and DDTs
were measured in two marine species: garfish (Belone belone) and red mullet (Mullus barbatus). Samples were
collected from Black Sea, Bulgaria during 2007 — 2010. The DDTs and PCBs were determined by gas
chromatography - mass spectrometry.

Concentrations in muscle tissue of garfish ranged from 80.89 to 118.04 ng/g wet weight for total DDTs. DDTs
concentration in red mullet was found 104.59 ng/g ww. PCB concentrations in garfish varied in the range of
40.04 and 65.62 ng/g ww. In muscle tissue of red mullet PCB concentrations were found 34.12 ng/g ww. The
levels of DDTs and PCBs in garfish and red mullet from the Black Sea were comparable with those found in

other marine ecosystem.
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1. Introduction

PCBs and selected organochlorine pesticides
are a group of chemicals that have attracted
considerable attention due to their high toxicity,
persistence in the environment, and ability to
bioaccumulate. The combination of these properties
means that organisms at the upper levels of the food
chain can potentially be exposed to concentrations
sufficient to cause adverse effects. [1,2] In
biological systems, several of these chemicals are
potentially carcinogenic and may cause alternations
in endocrine, reproductive and nervous systems [3].
For these reasons, most countries have restricted or
banned the use of PCBs and DDTs since 1970s.
DDT (1,1,1-trichloro - 2,2 - bis (4-chlorophenyl)
ethane) is a chlorinated pesticide widely used in the
past to control the spread of insects and other
agricultural peststicides. In the environment DDT
metabolised slowly and the metabolite DDE is
particularly persistent compound. Polychlorinated
biphenyls have been widely used by a large variety
of industries over the past 50 years. However,
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several studies have demonstrated that they are
toxic to a variety of marine organisms [4].

Fish is a suitable indicator for the environmental
pollution monitoring because they concentrate
pollutants in their tissues directly from water, but
also through their diet, thus enabling the assessment
of transfer of pollutants through the trophic web
[1,5]. Data on the presence and distribution of
organohalogenated contaminants in fish and
especially edible fish species are therefore
important not only from ecological, but also human
health perspective [6,7].

Red mullet are non-migratory species and feed
mainly with benthic invertebrates (crustaceans,
worms, and molluscs). The garfish (Belone belone)
is a pelagic, oceanodromous needlefish found in
marine waters of the Mediterranean Sea, the Baltic
Sea, etc. The fish lives close to the surface, has a
migratory pattern and feed mainly with small fish.

The purpose of this study was to determine the
levels of persistent organochlorine contaminants in
garfish and red mullet from the Bulgarian Black
Sea coast and to monitor the accumulation of these
pollutants during the period 2007 — 2010.
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In spite of a worldwide reduction in the utilization of organochlorine pesticides (OCPs), they are still
a problem for the aquatic environment and human health. The Black Sea is still being polluted with
persistent chemicals, including OCPs. Aquatic organisms (sprat, scad, bluefish, shad, belted bonito,
goby, and black mussel) with different feeding behaviours were sampled on a seasonal basis from
the Bulgarian region of the Black Sea, and the concentrations of 13 OCP residues were determined.
Although many of the OCPs were not detected in the samples, in all samples 1,1,1-trichloro-2,2-bis(4-
chlorophenyl) ethane (DDT) was present mainly in the form of its metabolites 1,1-dichloro-2,2-bis(4-
chlorophenyl) ethane (DDD) and l,1-dichloro-2,2-bis(4-chlorophenyl) ethylene (DDE). Only about
12% of the total DDT was present as the parent compound pp-DDT, which suggests that it was not
being used recently in the region. The total DDT concentrations were generally below 150 ugkg™!
fresh weight, but higher levels—up to 354 ugkg~! fresh weight—were also measured for fish species
with a high fat content. Between-species differences were observed, even when the concentrations
were presented on a fat-level basis. DDT concentrations did not show any significant changes over the
2-yr sampling period. Fish sampled in the northern areas of the Bulgarian Black Sea coast seemed to
contain higher DDT levels than those from the southern areas, suggesting a major (historical) influence
of the Danube River. For permanent monitoring purposes, the utility of Black Sea gobies and scad
should be considered.

Keywords: Organochlorine pesticides; DDT; Fish; Black Sea

1. Introduction

Organochlorine pesticides (OCPs) have been widely used in the past, but due to their toxicity,
stability, and bioaccumulation, especially in the aquatic food web, they can still be a current
problem for human health through fish consumption. Many of these compounds, like 1,1,1-
trichloro-2,2-bis(4-chlorophenyl) ethane (DDT), have endocrine-disrupting activities and are
possible carcinogens for humans [1-3].
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Content determination of PCBs in Black Sea fish
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Abstract Polychlorinated biphenyls (PCBs) are serious environmental pollutants and poisons for the living
organisms. They are dissolved and accumulated in the adipose tissue in animals and humans. PCBs are found in
dairy products, fish and meat. Sea fish and mammals accumulate PCBs in quantities that exceed many times
those in water. Concentrations of PCBs have been determined of fish samples in different part of Bulgarian
Black Sea coast in Varna region located in northeast Bulgaria. The PCBs content was determined in clean fish
extracts by means of gas chromatography. The experimental results indicate presence of PCBs in all the
investigated samples. All samples analyzed presented concentrations below the maximum allowed by the
European Community regarding PCBs. The highest levels of PCBs (139.7 — 187.9 ng/g Iw) were observed in
European sprat. The concentrations of PCBs in all the collected samples were lower than the levels
recommended by the European Union — 200 ng/g lw.

Keywords: PCBs, Black Sea, fish, Gas-chromatography

1. Introduction

Polychlorinated biphenyls (PCBs) are man-
made organochloride chemicals that are structurally
similar to the pesticide DDT. Their unique
electrical insulating properties make them useful in
the manufacture of transformers and other electrical
components. They have also been used in the
production of plastic food containers, epoxy resins,
caulking compounds, and various types of wall and
upholstery coverings and as ingredients in soap,
cosmetic creams, paint, glue, waxes, brake linings,
and many other products. In the late 1960s,
scientists began to realize that PCBs were also
serious environmental poisons [1]. PCBs entered
the air, water, and soil during their manufacture,
use, and disposal; from accidental spills and leaks
during their transport; and from leaks or fires in
products containing PCBs. They can still be
released to the environment from hazardous waste
sites. PCBs do not readily break down in the
environment and thus may remain there for very
long periods of time. PCBs can travel long
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distances in the air and be deposited in areas far
away from where they were released. In water, a
small amount of PCBs may remain dissolved, but
most stick to organic particles and bottom
sediments. PCBs also bind strongly to soil. PCBs
accumulate in fish and marine mammals, reaching
levels that may be many thousands of times higher
than in water [2].

The main source of human exposure to these
compounds is through the consumption of fatty
foods such as meat, fish, milk and milk products.
PCBs enter the human food chain mainly through
the intake of animal fats [3]. Laboratory studies
have shown that PCBs interfere with reproduction
in rodents, fish, and many species of birds and
monkeys. PCBs are soluble in the fat of animals
and stored in living tissue [1].

They are suspected of being carcinogenic, but
conclusive evidence is lacking.

The aim of our study was is determined of the
total PCBs content in some of the most popular
consumed fish in our country. The study was
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DETERMINATION OF HEAVY METALS (Pb, Cd, As AND Hg) IN BLACK SEA
GREY MULLET (MUGIL CEPHALUS)
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Abstract

STANCHEVA, M., L. MAKEDONSKI and E. PETROVA, 2013. Determination of heavy metals (Pb, Cd. As and Hg) in Black
Sea grey mullet (Mugil cephalus). Bulg. J. Agric. Sci., Supplement 1: 30-34

Gray mullet (Mugil cephalus) is commercially important marine school pelagic fast moving fish species especially during
warm weather. The M. cephalus is an omnivore and usually inshore. entering estuaries and lagoons, like Varna Lake. The aim
of the present study was 1o determine and compare heavy metal contents (Pb, Cd, As and Hg) in edible tissue and gills of grey
mullet (Mugul cephalus). The fish samples were collected from two different Black sea arcas ~ Varna Lake and Nesebar. The
sample preparation was performed by acid microwave digestion with ,Multiwave™ system in five stages program. Determina-
tion of As. Cd, and Pb were carried out on a Perkin Elmer Zeeman 3030 spectrometer with an HGA-600 atomizer, whereas
Hg was analyzed by Milestone Direct Mercury Analyzer. Detected levels of As in the studied regions gives exceed those of
other analyzed elements. The samples from both regions showed the higher levels of As in edible tissue than gills, especially
from Region of Nesebar (1.1 mg/kg w.w.). The results for other heavy metals are several times lower than arsenic and were
found in range 0.01-0.12 mg/kg w.w. All studied elements (except As) presented higher amounts from Vama Lake grey mullet
compared with Neserbar region samples.

Key words: Heavy metals, Gray mullet, Black Sea

Introduction cephalus) is commercially important marine school pe-
lagic fast moving fish species especially during warm

Heavy metals are natural trace components of the ~ weather. The M. cephalus is an omnivore and usual-

aquatic environment, but their levels have increased
due to industrial, agricultural and mining activities. As
a result. aquatic animals are exposed to elevated levels
of heavy metals .

The levels of metals in upper members of the food
web like fish can reach values many times higher than
those found in aquatic environment or in sediments.
Thus contamination in the region is an important issue
regarding the health of the aquatic animals and in tumn,
health of the seafood consumers. Gray mullet (Mugil

E-mail: mona_stanchevai@abv.bg

ly inshore, entering estuaries and lagoons, like Varna
Lake. The habitat of M. cephalus, which is an omni-
vore, is pelagic, usually inshore, entering estuaries and
lagoons. While juveniles feed on invertebrates, adults
mostly on detritus, bottom algae and small organisms,
occasionally on plankton (Yilmaz, 2005).

This study was undertaken to investigate the current
heavy metal contamination in edible tissue and gills in
gray mullet (M. cephalus) from two stations differing
in locations — Vamna Lake and Nessebar.
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HEAVY METALS AND PROXIMATE COMPOSITION OF BLACK SEA SPRAT
(SPRATTUS SPRATTUS) AND GOBY (NEOGOBIUS MELANOSTOMUS)
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Abstract

STANCHEVA, M., A. MERDZHANOVA, E. PETROVA and D. PETROVA, 2013. Heavy metals and proximate composition
of Black Sea sprat (Sprattus sprattus) and goby (Neogobius melanostomus). Bulg. J. Agric. Sci., Supplement 1: 35-41

The aim of the present study were to determine and compare the heavy metals content (Pb, Cd, Hg and As) and proximate
composition in edible part of two commercially important fish species from Bulgarian Black Sea — sprat (Sprattus sprattus) and
goby (Neogobius melanostomus). Determination of As, Cd, and Pb were carried out on a Perkin Elmer Zeeman 3030 spectrom-
eter with an HGA-600 atomizer, whereas Hg was analyzed by Milestone Direct Mercury Analyzer. The levels of Cd and Pb
were relatively low in both analyzed species while those for As concentration show higher value for sprat. The amounts of Hg
for sprat and goby are also under permitted levels for fishes for human consumption. Proximate composition of the following
nufrients was determined using standard procedures of AOAC (1991): moisture, crude protein and total lipids. Crude protein in
fish samples was in the range 17.15-18.10%, while fat content was from 1.60 to 4.30 g.100 g ' w.w. Energy values have been
calculated using FAO/WHO specific factors and were in interval 373-437 kJ.100 g w.w. Results showed that observed heavy
metal contents have lower concentration of mean values than the permissible limits set by FAO/WHO in analyzed samples. [t
can be concluded that both species studied are safe to be consumed and have a good nutrition quality.

Key words: Heavy metals, proximate composition, Black Sea Sprat, Goby

Introduction from water, food, sediment and some suspended par-

ticulate materials. Furthermore fish species accumulate

Heavy metals are natural trace components of the
marine environment, but they constitute one of the
most hazardous substances that could be accumulat-
ed in biota. According to Munoz-Olivas and Camara
(2001) heavy metals are classified as: potentially toxic
(e.g. aluminum, arsenic, cadmium, lead. mercury),
probably essential (e.g. nickel, vanadium, cobalt) and
essential (e.g. cooper, zinc, selenium). Fish populations
with commercially important often live in coastal area
environments that contain high levels of heavy metals,
coming from industrial and agriculture wastes or hu-
man activities. The marine organisms accumulateits

E-mail: a.merdzhanova(@gmail.com

heavy metals to concentrations many times higher than
presented in water or sediments andtherefore they have
been extensively used for marine pollution monitoring
(Agusa et al., 2005; Bat et al., 2012).

The nutritional benefits of fish are mainly due to
thecontent of high-quality protein (fish provide 17% of
the total animal protein and 6% of all protein consumed
byhumans), and other essential nutrients. Thequality of
fish tissue is function of their body compositions and
energy values, which that vary among different spe-
cies. Determination of proximate composition as pro-
tein contents, carbohydrates, lipids, moisture contents
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Determination of heavy metal concentrations of most consumed fish species from

Bulgarian Black Sea coast
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In this study some heavy metals (Cd., Ni, Cr, As. Hg Cu. Fe, Mn, Pb and Zn)
concentration in edible parts of five most consumed Bulgarian fish species - bluefish
(Pomatomus saltatrix). gray mullet (Mugil cephalus), Mediterranean horse mackerel
(Trachurus mediterraneus ponticus), shad (Alosa pontica) and sprat (Sprattus sprattus
sulinus) collected from two stations across Bulgarian Black Sea coast were determined.
The samples were digested with nitric acid followed by appropriate spectroscopic
determination (Atomic Emission Spectroscopy with Inductively Coupled Plasma (AES-
ICP), Flame Atomic Absorption Spectroscopy (FAAS) or Electrotermal Atomic
Absorption Spectroscopy (ETAAS). The level of As in the edible part of gray mullet
(Mugil cephalus) has shown a wvalue higher than limits set from various health
organizations (1.1 = 0.1 mg/kg). On the contrary this fish species accumulates the other
investigated heavy metals such as Hg, Zn, Fe and Pb to lower extend. The concentration
of Zn and Fe showed the highest value for all fish species. With some exceptions the
concentration of studied heavy metal elements was within the acceptable levels for food

source for human consumption.

Keywords: heavy metals; fish; Black Sea; Bulgaria
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Promoted V,0s-TiO, Catalyst for Selective Oxidation of ortho-xylene to
Phthalic Anhydride. I Antimony Doping
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Abstract

A V505-8b;05-TiO; (anatase) based catalyst for ortho-xylene oxidation to phthalic
anhydride has been synthesized. The activity and selectivity of the specimen obtained are
comparable with those of industrial catalysts.

Key words: V,0s-Ti0, (anatase) supported oxide catalyst, antimony oxide promoted,
oxidation, ortho-xylene, phthalic anhydride.

1. Introduction

Vanadium and antimony oxides are important components of some industrial
catalysts for selective oxidation of substituted aromatic substances to the
corresponding anhydrides and of paraffins to the corresponding saturated acids and
nitryls [1-4].

Mixed metal oxides have a wide application as industrial catalysts for selective
oxidation of many aromatic compounds and alkenes. Yearly Sb oxides as their
component are the matter of interest in catalyst industry [5-12] and this interest
prolongs in the contemporary investigations [13-17].

The catalysts used for the preparation of phthalic anhydride are mostly titania-
supported monolayer of vanadium oxides. Along with the main reaction product
(phthalic anhydride), by-products of partial oxidation such as maleic anhydride,
phthalide, ortho-toluyl aldehyde, benzoic acid etc are also present in the final
mixture. The introduction of antimony oxide enhances the selectivity of the catalyst
towards the oxidation of phthalic anhydride [16, 18-19]. Other additives such as
phosphorus, tin, antimony etc are introduced with a view to controlling the activity
lengthwise the catalysts layer on the basis of the temperature in the hot spot.
Regulation of the temperature in the hot spot by some of these additives ensures

* Corresponding author: Medical University-Varna, 55 Marin Drinov str., 9002, Vama, Bulgaria Phone: (+359 52 607
86/226), fax:(+359 52 222 584), ¢- mail: lubomir60@yahoo.com
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Promoted Vanadium-Titanium Catalysts for Selective Oxidation of ortho-
xylene to Phthalic Anhydride. II Lithium and Antimony Oxides doping
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Abstract

A V,05-TiO; (anatase) covered catalyst for partial oxidation of ortho-xylene to phthalic
anhydride was prepared. The promoting effect of Li>O) and Sh>O; doping upon the catalyst
selectivity was investigated. The optimal quantity of the promoting doping agent was
estimated. The catalyst quality at various space velocities was checked. The products of
catalytic oxidation were analyzed by gas chromatography. The results were compared with
those on unpromoted catalysts.

Key words: V,0s-TiO, (anatase) supported oxide catalyst, lithium oxide and antimony

oxide promoted, oxidation, ortho-xylene, phthalic anhydride

1. Introduction

Mixed metal oxides are important industrial catalysts for the selective oxidation
and ammoxidation of aromatics and alkenes and often contain Sb oxides as a
component [1].

Vanadium and antimony oxides are essential parts of some industrial catalysts for
the selective oxidation of substituted aromatics to the corresponding anhydrides and
the selective oxidation of paraffins to the corresponding unsaturated acids and nitriles
[2-5].

The V,0s-Ti0,-Sh,03; system is the basis of modern catalysts for selective
oxidation of ortho-xylene to phthalic anhydride [6-18].

The promoting effect of the oxides of lithium and antimony regulates the acidic-
basic characteristics of the catalysts. The alkali metal ions stabilize the vanadium
component in its highest oxidation degree as compared to unpromoted catalysts. It is
established [19] that alkali metal ions partially neutralize the acid sites on the catalyst

* Corresponding author: Medical University, 55 Marin Drinov Str., 9002 Varna, Bulgaria; Phone: (+ 359 52
6067867226), Fax: (+ 359 52 222584) e-mail: lubomir60@yahoo.com
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Preparation of a vanadium-titanium catalyst for the partial oxidation of o-xylene to
phthalic anhydride from used industrial samples
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Spent vanadium oxide catalysts, which are not yet completely exhausted can be utilized as regenerated catalysts.
The present paper shows that the acid-extracted V;0s from partially deactivated vanadium oxide catalysts for o-xylene
oxidation is suitable for the synthesis of fresh catalysis samples. The catalytic activity and selectivity have been tested
in a laboratory flow apparatus and found to be very close to those of the industrial catalyst.

Key words: spent V,0s, V,04-TiO; (anatase) catalyst, oxidation of o-xylene, catalyst preparation,

INTRODUCTION

The regeneration of industrial catalysts has an
increasing application because of the high cost of
the catalysts and thanks to serious scientific
achievements in this respect. In a series of countries
the catalyst mass, having lost its activity, is returned
to the producer and used for the preparation of new
catalysts. Large amounts of deactivated industrial
V,05-TiO; (anatase) catalysts for oxidation of
o-xylene to phthalic anhydride are available. It has
been established [1] that under the effect of high
temperatures and reduction medium, titania is trans-
formed from anatase to rutile, as a result of which
the catalyst activity sharply drops down. After
having been used for 2 years under industrial con-
ditions, the catalyst should be replaced by a fresh
one. The vanadium component of the contact mass
can be regenerated and used for a new catalyst [2].

The purpose of the present investigation was to
synthesize a vanadium-titanium oxide catalyst, the
vanadium component being extracted as vanadium
oxalate from used industrial catalysts for o-xylene
oxidation to phthalic anhydride. According to litera-
ture data [3, 4], the best catalytic activity and selec-
tivity are displayed the catalyst having the compo-
sition 7% V,0:~93% TiO; (anatase). For such
reason, we prepared a catalyst mass with this
composition. The selectivity of the catalyst obtained
was compared with that of an industrial F 04 25
(BASF) sample.

EXPERIMENTAL

Synthesis method of the catalyst

Supported V;0s-TiO; (anatase) catalyst samples
were preparated form vanadyl oxalate extracted
from used industrial catalyst (see Table 1). The
method of extraction was described elsewhere [5].

Table 1. Chemical composition of extracted V,0s.

Components Content, wt%
V;0s 98.20
SO+ 1.20

Ti 0.30
K 0.15
Mg 0.10
POy 0.05

The TiO; (anatase; Merck-AG) had a specific
surfaice arca of 9 m’g' and its chemical
composition is given in Table 2. The anatase and a
surfactant (formamide) were added to an aqueous
solution of vanadyl oxalate. The obtained
suspension was subjected to ultrasonic treatment in
order to achieve homogenization and dispersion of
the catalyst mass, which was then applied by
pulverization at 200-250°C on an inert (also
regenerated) support of porcelain spheres. The
catalyst samples thus obtained were dried at 100° C
for 1 h and calcined for 2 h at 500°C.

Table 2. Chemical composition of titania,

Components Content, wt.%
Sulphate (S04 ) 0.0500
Heavy metals (Pb) 0.0030
Fe 0.0050
*To whom all correspondence should be sent: As 0.0005
E-rmail: lubomir60@yahoo.com
96 © 2003 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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one. The vanadium component of the contact mass
can be regenerated and used for a new catalyst [2].

The purpose of the present investigation was to
synthesize a vanadium-titanium oxide catalyst, the
vanadium component being extracted as vanadium
oxalate from used industrial catalysts for o-xylene
oxidation to phthalic anhydride. According to litera-
ture data [3, 4], the best catalytic activity and selec-
tivity are displayed the catalyst having the compo-
sition 7% V,0:~93% TiO; (anatase). For such
reason, we prepared a catalyst mass with this
composition. The selectivity of the catalyst obtained
was compared with that of an industrial F 04 25
(BASF) sample.
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Synthesis method of the catalyst

Supported V;0s-TiO; (anatase) catalyst samples
were preparated form vanadyl oxalate extracted
from used industrial catalyst (see Table 1). The
method of extraction was described elsewhere [5].

Table 1. Chemical composition of extracted V,0s.

Components Content, wt%
V;0s 98.20
SO+ 1.20

Ti 0.30
K 0.15
Mg 0.10
POy 0.05

The TiO; (anatase; Merck-AG) had a specific
surfaice arca of 9 m’g' and its chemical
composition is given in Table 2. The anatase and a
surfactant (formamide) were added to an aqueous
solution of vanadyl oxalate. The obtained
suspension was subjected to ultrasonic treatment in
order to achieve homogenization and dispersion of
the catalyst mass, which was then applied by
pulverization at 200-250°C on an inert (also
regenerated) support of porcelain spheres. The
catalyst samples thus obtained were dried at 100° C
for 1 h and calcined for 2 h at 500°C.

Table 2. Chemical composition of titania,

Components Content, wt.%
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Abstract

Used vanadium oxide catalysts are still not completely exhausted and be utilized as
regenerated catalysts. The present paper reports data on the extraction of vanadium and
other useful components from used vanadium oxide catalysts for the oxidation of sulphur
dioxide under industrial conditions of sulphuric acid production.

The effect of various factors affecting the extraction (extragent concentration,
temperature, duration, stirring intensity, solid/liquid phase ratio and grain size) has been
investigation and the optimum conditions of acid (H,C,0.) extraction of V,0s and other
components established.

Introduction

The limited number of investigations on the regeneration of these catalysts
seems to be due to their low cost, the irreversible changes occurring in the support
and relatively low vanadium content. Hence after finding an optimum method for the
extraction of vanadium, the used catalyst may be considered as a possible source of
vanadium products.
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Abstract

Used vanadium oxide catalysts are still not completely exhausted and be utilized as
regenerated catalysts. The present paper reports data on the extraction of vanadium from used
industrial vanadium oxide catalysts for partial oxidation of o-xylene .The effect of various factors
affecting the extraction (extragent concentration, temperature, duration, solid/liquid phase ratio,
ultrasonic field) has been investigated and the optimum conditions of H,C,O, extraction of
V;0;.A vanadium extraction degree of 82% has been achieved an extraction with H,C,0. in the
presence of ultrasonic treatment.

Introduction

Some waste products from chemical industry such as used vanadium oxide catalysts for
oxidation of o-xylene to phthalic anhydride are an important source of vanadium as raw
material. The isolation of these products and their storage may be accompanied by
vanadium coming in contact with the atmosphere and the hydrosphere, thus giving rise
to certain ecological problems due to the toxicity of vanadium. Used industrial catalysts
for o-xylene oxidation to phthalic anhydride are still regenerated and utilized.

Finding an optimum method for extraction of the active V,Os component would facilitate
the utilization of used catalysts as a potential source of fresh vanadium oxide catalysts
and a lot of vanadium products.
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Abstract

Spent vanadium oxide catalysts are still not completely exhausted and can be utilized as
regenerated catalysts. The present paper reports data on the extraction of vanadium from used
industrial vanadium oxide catalysts Jor partial oxidation of ortho-xylene .The effect of various
Jactors affecting the extraction (extracting agent concentration, lemperature, time of
extraction, solid/liquid phase ratio, ultrasonic field) and the optimum conditions Jor V,0s
extraction by H,C,0, has been investigated. A vanadium extraction degree of 82% using
H,C,0, as extracting agent in the presence of ultrasonic treatment has been achieved.

Key words: industrial V,05-TiO, catalyst, extraction of the vanadium component, spent V,0s

1.Introduction

Some waste products from chemical industry such as spent vanadium oxide catalysts

for oxidation of ortho-xylene to phthalic anhydride are an important source of vanadium-

as raw material. The extraction of these products and their storage may be accompanied
by vanadium coming in contact with the atmosphere and the hydrosphere, thus giving
rise to certain ecological problems due to the toxicity of vanadium.

Spent industrial catalysts for ortho-xylene oxidation to phthalic anhydride are still
regenerated and utilized. In a series of countries the catalyst having lost its activity and
selectivity is used for preparing fresh catalysts. Data on the regeneration of spent
catalysts for ortho-xylene oxidation are scarce. The problem has not been studied
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Abstract

Spent vanadium oxide catalysts are still not completely exhausted and can be utilized as
regenerated catalysts. The present paper reports data on the extraction of vanadium from used
industrial vanadium oxide catalysts Jor partial oxidation of ortho-xylene .The effect of various
Jactors affecting the extraction (extracting agent concentration, lemperature, time of
extraction, solid/liquid phase ratio, ultrasonic field) and the optimum conditions Jor V,0s
extraction by H,C,0, has been investigated. A vanadium extraction degree of 82% using
H,C,0, as extracting agent in the presence of ultrasonic treatment has been achieved.
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1.Introduction

Some waste products from chemical industry such as spent vanadium oxide catalysts

for oxidation of ortho-xylene to phthalic anhydride are an important source of vanadium-

as raw material. The extraction of these products and their storage may be accompanied
by vanadium coming in contact with the atmosphere and the hydrosphere, thus giving
rise to certain ecological problems due to the toxicity of vanadium.

Spent industrial catalysts for ortho-xylene oxidation to phthalic anhydride are still
regenerated and utilized. In a series of countries the catalyst having lost its activity and
selectivity is used for preparing fresh catalysts. Data on the regeneration of spent
catalysts for ortho-xylene oxidation are scarce. The problem has not been studied
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Abstract

Spent vanadium oxide catalysts are still not completely exhausted and can be utilized as
regenerated catalysts. The present paper reports data on the extraction of vanadium from used
industrial vanadium oxide catalysts Jor partial oxidation of ortho-xylene .The effect of various
Jactors affecting the extraction (extracting agent concentration, lemperature, time of
extraction, solid/liquid phase ratio, ultrasonic field) and the optimum conditions Jor V,0s
extraction by H,C,0, has been investigated. A vanadium extraction degree of 82% using
H,C,0, as extracting agent in the presence of ultrasonic treatment has been achieved.

Key words: industrial V,05-TiO, catalyst, extraction of the vanadium component, spent V,0s

1.Introduction

Some waste products from chemical industry such as spent vanadium oxide catalysts

for oxidation of ortho-xylene to phthalic anhydride are an important source of vanadium-

as raw material. The extraction of these products and their storage may be accompanied
by vanadium coming in contact with the atmosphere and the hydrosphere, thus giving
rise to certain ecological problems due to the toxicity of vanadium.

Spent industrial catalysts for ortho-xylene oxidation to phthalic anhydride are still
regenerated and utilized. In a series of countries the catalyst having lost its activity and
selectivity is used for preparing fresh catalysts. Data on the regeneration of spent
catalysts for ortho-xylene oxidation are scarce. The problem has not been studied

* Corresponding author: Medical University-Vama, 55 Marin Drinov Str., 9002, Vama, Bulgaria Phone: (+359 52 607
86/226), Fax:(+359 52 222 584); e- mail: lubomir60@yahoo.com
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Laboratory manual in teaching medical
chemistry in English language course for the

student of medicine and dental medicine

ABSTRACT

Chemistry is an experimental science. It is not an inanimate science, but one that help us to
understand the behavior of living systems.

“This manual was designed especially to follow the lecture portion of the student class.

The laboratory activities include materials that students may be familiar with, such as house-
hold products, drinks, and various medicines. In such way, chemical topics are related to the
real world and to the student’s own science experience. Some of the lab exercises teach basic
skills while others encourage students to extend scientific curiosity beyond the lab.

"The laboratory class gives an opportunity to go beyond the lectures and words in the text-
book and experience the scientific processes from which conclusions and theories concerning
chemical behavior are drawn. The concepts of some experiments have health and biological
aspects.

Keywords: chemistry, manual, students of medicine, English program, laboratory work

Introduction

Varna Medical University was established in 1961 when the first students began
their academic studies in medicine. The structure of Varna Medical University in-
cludes Faculty of Medicine, Faculty of Dental Medicine, Faculty of Pharmacy, Fac-
ulty of Public Health Protection and Medical College. The academic and research
activities carried out at Varna Medical University are provided by modern facilities

* Correspondence address: Lubomir Makedonski, PhD, Medical University of Varna "Prof, Dr.Paraskev Stoyanov",
Faculty of Pharmacy, Department of Chemistry, Marin Drinov Str. 55, 9000 Varna, Bulgaria, e-mail: lubomir60@
yahoo.com
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P2. ALPHA-TOCOPHEROL, RETINOL AND ERGOCALCIFEROL
CONTENTS OF SOME MACROALGAE FROM BULGARIAN
BLACK SEA COAST

Veselina Panayotova, Mona Stancheva, Diana Dobreva

Medical University of Varna, 55 Marin Drinov St., 9000 Varna
veselina_ivanova@hotmail.com

The aim of the present study was to determine and compare the content
of alpha-tocopherol, retinol and ergocalciferol in four macroalgae from
Bulgarian Black sea coast. Ulva rigida, Cladophora vagabunda, Cystoseira
barbata and Cystoseira crinita were used for evaluation of fat soluble
vitamins content.

Alpha-tocopherol (vitamin E), all-trans-retinol (vitamin A) and
ergocalciferol (vitamin D,) were analyzed simultaneously using
HPLC/UV/FL system (Thermo Scientific Spectra SYSTEM) equipped with
RP analytical column ODS2 Hypersil™ (250 x 4,6 mm, S5um). The mobile
phase was composed of 97:3 = MeOH:H,O. Retinol and ergocalciferol were
monitored by UV detection at A= 325nm and A,y = 265nm, respectively.
Alpha-tocopherol was detected by fluorescence at Aex=288nm and
Aex=332nm. The sample preparation procedure includes alkaline
saponification, followed by liquid-liquid extraction.

Alpha-tocopherol content in fresh algae tissues ranged from
188.6+26.2pg/100g in Cladophora vagabunda to 6076.9+189.8:g/100g in
Cystoseira barbata. The high levels of alpha-tocopherol in brown algae may
be partially explained with the high PUFA content found in previous studies
[1]. As an antioxidant alpha-tocopherol preserves tissue PUFA from
oxidation [2]. Retinol content, presented as total Retinol Equivalent (RE)
was found at low amounts in analyzed seaweeds while ergocalciferol was
detected only in Ulva rigida samples.

References

[1]. V. Ivanova, M. Stancheva and A. Merdzhanova, Ovidius University Annals of
Chemistry, 23(1), 35-40 (2012)

[2]. J. Atkinson, R. F. Epand, R. M. Epand, Free Radical Biology & Medicine, 44,
739-764 (2008)



Micro- and Macro-Nutrients: Bioavailability and Measuring Strategies

FATTY ACID COMPOSITION AND FAT SOLUBLE VITAMINS CONTENT OF
BULGARIAN BLACK SEA FISH SPECIES

Stancheva M., Dobreva D.A., Merdzhanova A., Makedonski L.

Medical University of Varna, 55 Marin Drinov St., 9002 Varna, Bulgaria
mona_stancheva@aby.bg

Many studies suggest that marine fishes are one of the most important dietary sources of retinol,

The aims of the present study were determined and compared the fatty acid profile and retinol,
cholecalcifero] and alpha-tocopherol contents in some of most commonly eaten marine fish species in
Bulgaria — Sprat, Horse mackerel, Goby, Shad, Grey mullet, Bonito and Turbot.

Total lipids were extracted according to Bligh and Dyer method. Analysis of fatty acid methyl esters

analyzed simultaneously using HPLC UV/FL. Retinol and cholecalciferol was monitored by UV
detection. Alpha-tocopherol was detected by fluorescence detection.

The sum of monounsaturated FA (MUFA) was higher (30.0%) in Shad, while polyunsaturated FA
{PUFA) showed the higher level in Turbot (36.8%). Palmitic acid (C16:0) was the most abundant SFA

Horse mackerel. The omega-3/omega-6 ratios were similarly for all analyzed fish species - about 1.45.
PUFA/SFA ratios were greater than recommended by WHO.

The fat soluble vitamins content in the fresh edible fish tissue of analyzed species are in the ranges: for
retinol from 37.5£3.51g/100g to 4.3+0.1ug/100g; cholecalciferol — 46.5+4.6 pg/100g — 2.5+0.2
u2/100g and alpha-tocopherol — 3750.5£155.6pg/ 100g - 21.4+0.6 ng/100g.

All presented Black Sea fishes are good dietary sources of omega-3 and omega-6 PUFAS. The most of
analyzed fishes are a better source for vitamin D3 — especially Horse mackerel and Shad. One survey
of its fillet provides many times higher amounts compared with established Relative Daily Intake in
our country. Regarding to the omega-3/omega-6 and PUFA/SFA ratios and high levels of al] analyzed
fat soluble vitamins we may conclude that these Black Sea fish species have good nutritional quality.
Keywords: Black sea, fat soluble vitamins, fatty acids, fish
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DDT AND ITS METABOLITES IN FISH FROM BLACK SEA, BULGARIA
Mona Stancheva, Stanislava Georgieva, Lubomir Makedonski

Medical University - Varna, Marin Drinov 55,9002 Varna, Bulgaria,
E-mail: mona_stancheva@abv.bg

The purpose of this study was to determine the levels of p,p’-dichloro diphenyl trichloroethane (DDT)
and its metabolites p,p’-dichloro diphenydichloroethylene (DDE) and p.p’-dichloro
diphenyldichloroethane (DDD) in muscle tissue of seven marine fish species: goby (Neogobius
cephalargoides), sprat (Sprattus sprattus sulinus), horse mackerel (Trachurus Mediterraneus ponticus),
grey mullet (Mugil cephalus), bonito (Sarda sarda), turbot (Psetta maxima) and garfish (Belone
belone). The fish species was selected because of their characteristic feeding behavior and importance
to human consumption in Bulgaria. Samples were collected from different parts of Bulgarian Black
Sea coast during 2007 — 2011.DDT and its metabolites (DDTs) were analyzed in order to evaluate the
status of pollution in Bulgarian Black Sea coastal area.

The DDTs were determined by capillary gas chromatography system with mass spectrometry
detection. DDTs were found in all fish species at concentrations ranging between 17.3 ng/g ww in
turbot and 79.1 ng/g ww in garfish. In all samples DDT was present mainly in the form of its
metabolites p,p- DDE and p,p- DDD, suggesting previous contamination. Statistical analyses were
prepared as DDTs concentrations were log10-transformed to approximate a normal distribution of the
data. All statistical tests were performed using SPSS 16 software.

The statistical analysis indicated that the differences among mean annual concentrations of Y DDTs
were not statistically significant (p>0.05). The experimental results for 2DDTs showed significant
differences between fish species. The levels of DDTs in fish from Bulgarian Black Sea coast were
comparable to those found in fish species from the Black Sea and from other marine ecosystem,
Keywords: DDTs, fish, Black Sea, Bulgaria
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Polychlorinated Biphenyls in Fish from Black Sea, Bulgaria
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Polychlorinated biphenyls (PCBs) can still be a problem for the aquatic environment and human
health. Pollution by PCBs has spread all over the world as evidenced by their detection both in human
and wildlife. These lipophilic contaminants are very persistent, widely distributed in the environment
and can be accumulate in aquatic organisms. In marine organisms, chlorinated compounds uptake
oceurs directly from sea and through the food chain.

PCBs were determined in muscle tissue of ten marine fish species: goby, sprat, horse mackerel, shad,
grey mullet, bluefish, bonito, turbot, red mullet and garfish. Samples were collected from different
parts of Bulgarian Black Sea coast during 2007 — 201 1. The PCBs were analysed in order to evaluate
the status of pollution in Bulgarian Black Sea coastal area.

The PCBs were determined by capillary gas chromatography system with MS detection. The quality
control was performed by regular analyses of certified reference material BB350 (PCBs in Fish oil).
Determination of PCBs was made by fish species and by year. PCBs were found in all fish species at
concentrations ranging between 7.3 ng/g ww in turbot and 32.8 ng/g ww in shad (calculated as the
sum of 15 PCB congeners). Our investigation shown that, the sum of seven indicators PCBs was more
at 80% of total PCBs content.

TEQs of the 6 “dioxin-like” PCB congeners were calculated from 0.11 pg TEQ/g ww (in goby) to
1.02 pg TEQ/g ww (in shad) and do not exceed the limit of 8.0 pg TEQ/g ww, according to European
Commission. The levels of PCBs in fish from Bulgarian Black Sea coast were comparable to those
found in fish species from other marine ecosystems.

Keywords: PCB, fish, Black Sea, Bulgaria
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Persistent organic pollutants in fish from Black Sea, Bulgaria

M. Stancheva, L. Makedonski, S. Georgieva
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Persistent organochlorine pollutants (POPs) like polychlorinated biphenyls (PCBs) and DDT
and its metabolite (DDTs) can still be a problem for the aquatic environment and human
health. Pollution by POPs has spread all over the world as evidenced by their detection both in
human and wildlife. Polychlorinated biphenyls and organochlorine insecticides are generally
found in environment as complex mixtures, their presence often reflects local anthropogenic
impacts. These lipophilic contaminants are very persistent, widely distributed in the
environment and can be accumulate in aquatic organisms. In marine organisms, chlorinated
compounds uptake occurs directly from sea and through the food chain.

PCBs and DDTs were determined in muscle tissue of ten marine fish species: goby
(Neogobius cephalargoides), sprat (Sprattus sprattus sulinus), horse mackerel (Trachurus
Mediterraneus ponticus), shad (Alosa pontica pontica), grey mullet (Mugil cephalus), bluefish
(Pomatomus saltatrix), bonito (Sarda sarda), turbot (Psetta maxima), red mullet (Mullus
barbatus) and garfish (Belone belone). Samples were collected from different parts of
Bulgarian Black Sea coast during 2007 — 2011. The POPs were analysed in order to evaluate
the status and potential sources of pollution in Bulgarian Black Sea coastal area.

The fifteen congeners of PCBs, p,p’-DDT and its two main metabolites p,p’-DDE and p,p’-
DDDwere determined by capillary gas chromatography system with MS detection. The
quality control was performed by regular analyses of certified reference materials: BCR- 598
(DDTs in Cod liver oil) and BB350 (PCBs in Fish oil) — Institute for Reference Materials and
Measurements, European commission. Statistical analyses were prepared as PCBs and DDTs
concentrations were logl0-transformed to approximate a normal distribution of the data. All
statistical tests were performed usingSPSS 16 software. Experimental results were shown by
fish species, by year and by sampling sites.

PCBs were found in all fish species at concentrations ranging between 7.3 ng/g ww in turbot
and 32.8 ng/g ww in shad (calculated as the sum of 15 PCB congeners). Mean concentrations
of DDTs were found from 20.0 to 173.0 ng/g ww in goby and shad, respectively. The main
metabolite p,p’-DDE was the most frequently detected compound in all fish species and was
present in much higher concentrations than the other DDTs.

The statistical analysis on POPs levels indicated that the differences among mean annual
concentrations of YPCBs and YDDTs were not statistically significant (p>0.05). The
experimental results for YPCBs and }DDTs in fish species from different sampling sites
showed no significant differences between the Northern, Varnaand Southern coast sampling
area.

Dioxin - like PCBs are used in order to estimate the toxicity potential (TEQs) of PCB
exposure. TEQs of the 6 “dioxin-like” PCB congeners were calculated from 0.11 pg TEQ/g
ww to 0.91 pg TEQ/g ww and don’t exceed the limit of & pg TEQ/g ww, according to
European Commission.

The levels of PCBs and DDTs in fish from Bulgarian Black Sea coast were comparable to
those found in fish species from theBlack Seaand from neighboring seas — theMarmaraSea,
theAegean Seaand theMediterranean Sea.
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FATTY ACID COMPOSITION OF BLACK SEA ULVA RIGIDA AND
CYSTOSEIRA CRINITA

V.IVANOVA*,M. STANCHEVA*, D. PETROVA **

*Department of Chemistry, Medical University of Varna, 55 Marin
Drinov Str., 9002
Varna, Bulgaria, E-mail: veselina.ivanova@hotmail.com

** Institute of Fish Resources, 4 Primorski Blvd., 9000 Varna, Bulgaria

Abstract

Green alga Ulva rigida and brown alga Cystoseira crinita are widespread
in the Black Sea. There are limited information about lipid content and fatty acid
composition of this species form Bulgarian Black Sea coast. The aim of this study
was to determine and compare total lipid and fatty acid (FA) composition of these
species. Lipids were extracted by following the method of Bligh and Dyer. Fatty
acid composition was analyzed by Gas Chromatography with MS detector Total
lipid content varied widely among the species and ranged between 0.72 and 0.79
g.100g" fresh weight. Generally, saturated fatty acids were major components
(6570%), with palmitic acid (C16:0) as the most abundant saturate (5663%). Total
polyunsaturated fatty acids (PUFAs) and monounsaturated fatty acids (MUFAs)
ranged from 29% to 35%. The green alga showed higher C18 PUFAs contents than
did C20 PUFAs. Cystoseira crinita belonging to the group of brown algae showed
similar amounts of C18 and C20 PUFAs contents. The green alga was rich in
linoleic acid (LA, C18:2n6) while the brown alga was rich in both linoleic acid
(LA, C18:2n6) and eicosopentaenoic acid (EPA, C20:5n3). PUFA/SFA ratio in
both species was approximately 0.35. All of the studied species had a nutritionally
beneficial n6/n3 ratio (1.012.43:1).

Key words: Black sea algae, fatty acids, GC/MS
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DETERMINATION OF HEAVY METALS (Pb, Cd, As and Hg) IN
BLACK SEA GREY MULLET (MUGIL CEPHALUS)

M. STANCHEVA*, L. MAKEDONSKI*, E. Petrova**

*Department of Chemistry, Medical University of Varna, 55 Marin
Drinov Str., 9002

Varna, Bulgaria, E-mail: mona_stancheva@abv.bg

** Institute of Fish Resources, 4 Primorski Blvd., 9000 Varna,
Bulgaria

Abstract

Gray mullet (Mugil cephalus) is commercially important marine school pelagic
fast-moving fish species especially during warm weather. The M. cephalus is an
omnivore and usually inshore, entering estuaries and lagoons, like Varna Lake.
The aim of the present study was to determine and compare heavy metal contents
(Pb, Cd, As and Hg) in edible tissue and gills of grey mullet (Mugul cephalus). The
fish samples were collected from two different Black sea areas Varna Lake and
Nesebar. The sample preparation was performed by acid microwave digestion
with “Multiwave” system in five stages program. Determinations of As, Cd, and
Pb were carried out on a Perkin Elmer Zeeman 3030 spectrometer with an HGA-
600 atomizer, whereas Hg was analyzed by Milestone Direct Mercury Analyzer.
Detected levels of As in the studied regions gives exceed those of other analyzed
elements. The samples from both regions showed the higher levels of As in edible
tissue than gills, especially from Region of Nesebar (1.1 mg/kg w.w.). The results
for other heavy metals are several times lower than arsenic and were found in
range 0.01 0.12 mg/kg w.w. All studied elements (except As) presented higher
amounts from Varna Lake grey mullet compared with Neserbar region samples.

Key words: Heavy metals, Gray mullet, Black Sea
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CONTAMINATION BY HEAVY METAL OF SELECTED BLACK SEA FISH SPECIES

Lubomir Evstatiev Makedonski', Mona Dinkova Stancheva', Irina lvanova Karadjova®

Department of Chemistry, Medical University, Varna, Bulgaria
2Faculty of Chemistry, Sofia University, Sofa, Bulgaria

e concentrations of Cd, As, Hg, Pb, Zn, Cu, Fe, and Ni elements in edible portions and gill of selected most
ed Bulgarian fish species - sprat (Sprattus spratus), horse mackerel (Thrachurus mediterraneus pon-
_ Black sea gobies (Neogobius melanostomus, Neogobius ratan), shad (Alosa pontica), bonito (Sarda
). bluefish (Pomatomus saltatrix) and gray mullet (Mugil cephalus), collected in 2010 year from Bulgarian
Sea coast were determined. The element analyses were performed with Inductively Coupled Plasma -
ion Spectroscopy (ICP-ES) following microwave digestion techniques.

accumulation levels of tissues and species were remarkably different. Concentrations (ug g wet weight)
metals varied in the following ranges: Cd, 0.006 —0.015; As 0.041 —1.1; Hg, 0.05—0.16 and Pb 0.03

. On the contrary this fish species accumulates the other investigated heavy metals such as Hg, Zn, Fe

@ Pb to lower extend. The concentration of Zn and Fe showed the highest value for all fish species. The hig-
concentrations of Cu, Fe, and Zn were measured in gill tissue.

metal levels in muscle of the species were found below the limits proposed by FAO, WHO, and these are
for human consumption.
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Co-authors:
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Abstract text:

Fishes are e good source of fat soluble vitamins necessary for healthy diet. The contents of retinol, alpha-
tocopherol, ergoferol, and cholecalciferol (vitamins A, E, D2 and D3) in two of most commonly eaten species
of fish in Bulgaria were determined and compared. Fat-soluble vitamin contents in Bluefish (Pomatomus
saltatrix), a typical Black sea pelagic fish, and in Brown trout (Salmo trutta fario), a typical Balkan freshwater
fish, were analyzed in fresh, frozen and boiled edible fish tissue samples. The sample preparation procedure
includes saponification and consequent extraction of fat-soluble vitamines with n-hexane. The extract was
dried under nitogen flow and redissolved in methanol. HPLC analysis of methanolic samples was performed
on ODS2 Hypersil (250x4,6, 5um) column with a mobile phase of methanol:water = 97:3. The quantification
of fat-soluble vitamins was by the method of standard addition. The retinol content in the fresh edible tissue
of Black sea Bluefish (26.0+2.0 ug/100g) was almost the same as in the Balkan freshwater fish Brown trout
(22.3+2.0 ug/100g). Cholecalciferol (vitamin D3) content was higher in Black sea Bluefish (8.6+1.0 u{;/1009)

than in Brown trout (6.0+£0.29 ug/100g) which was higher in alpha-tocopherol (809.1+56.0). In both fishes,
the content of vitamin D2 was under the detection limit of the method. Surprisingly after steaming (15 min. at
80-850C) there were almost no losses in the content of all fat-soluble vitamins per 100g raw tissue. Key
words: fat-soluble vitamins, Bulgarian Black see and freshwater fishes.
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Abstract text:

Fat-soluble vitamins in fish from Bulgarian Black sea cost were analyzed. Vitamin-A and vitamin E were
determined in edible tissues of five most traditionally consumed fish species - sprat (Sprattus sprattus), Black
sea goby (Neogobius rattan), shad (Alosa pontica), horse mackerel (Trahurus Mediterraneus pontica), and
leaping mullet (Liza saliens) caught in the spring 2009. The sample preparation procedure include
saponification and extraction by n-hexane. Non-soaping components were extracted with n-hexane and the
common extract was dried under nitrogen. The dry residue was dissolved in methanol. Both vitamins were
analyzed simultaneous using HPLC technique with UV detector (Thermo Scientific Spectra SYSTEM, UV-
Vis, ODS2 Hypersil 250 * 4,6 mm, 5u). The mobile phase was 100% methanol with a flow of 0.9 ml/min.
Qualities determination were carried (wave number 295 nm for-vitamin E and 325 nm for vitamin A) based
on their retention times and peak areas of the standards. Reproducibility of the method is determined using
the method of standard curve for both vitamins analyzed (5 sample without spikes and 5 spikes samples).
Reproducibility ranged between 86,5 to 101,5 % for Vitamin A and between 71,1 to 94,9 % for vitamin E,
coefficient of variation is between 3,76 to 7,79 % and between 4,07 and 7.06 %, respectively. The
experimental results were statistically analyzed using GraphPad Prism 5 program for vitamin analysis.The
results are presented as mean values and standard deviation. The yield for vitamin A and vitamin Bin100g
raw tissue ranged from 0,008 to 0,032 mcg and 308,02 to 1112,73 mcg, respectively. An exception is for the
amount of vitamin A in the sample of sprat (192.33 mcg). The whole fish were taken for analysis due to
consumption habits.
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DETERMINATION OF Cd, Cu, Fe, Mn AND Pb IN EUROPEAN
CARP (CYPRINUS CARPIO CARPIO)

Veselina Ivanova, Katya Peycheva, Lubomir Makedonski, Mona Stancheva

Department of Chemistry, Faculty of Pharmacy, Medical University, 9002
Varna, Bulgaria; peytcheva@hotmail.com

The concentrations of five elements (Cd, Cu, Fe, Mn, and Pb) were determined
in the muscle, liver, gills, bones, skin and scale of cultured carp (Cyprinus
carpio carpio) caught at Tzonevo Dam in Bulgaria in August 2009. The samples
were treated with 10 ml ultrapure concentrated nitric acid in Teflon beaker, and
heated at 200 °C on a hot plate for 3 h, until the solution evaporate slowly to
near dryness. Two milliliters of 1 N HNO; was added to the residue and the
solution was evaporated again on the hot plate. By repeating the additional
digestion twice, all organic materials in each sample were completely digested.
After cooling, 1 N HNO; was added to digested residue and was transferred to
25 ml volumetric flasks, then diluted to level with deionized water. Before
analysis, the samples were filtered through a 0.45 pm nitrocellulose membrane
filter. All samples were analyzed three times for Cd, Cu, Fe, Mn and Pb by
Atomic Absorption Spectrometer (Varian Model Spectrometer AA-240).

The highest levels of Pb, Mn and Cd were found in the skin and scale of the fish
species (5.26 mg/kg w.w, 8.74 mg/kg w.w and 0.34 mg/kg w.w, respectively)
while Cu and Fe had been accumulated predominantly in gills (2.68 mg/kg w.w.
and 55.54 mg/kg w.w. respectively). Among the metals analyzed Fe was the
most abundant in the different tissues, while Cd and Cu where the least
abundant. The results obtained in this study were compared with those reported
in our earlier studies. The concentration of these five elements in a sample of
bighead carp showed a similar tendency. Fe had been accumulated
predominantly in all fish tissues followed by Mn and Cu. According to
international criteria, heavy metal concentrations in cultured carp from Tzonevo
Dam are below limits for human consumption.
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VITAMIN CONTENT AND FATTY ACIDS COMPOSITION OF
BROWN TROUT (SALMO TRUTTA FARIO)

M. Stancheva, D. Dobreva, A. Merdjanova, B. Galunska

Medical University of Varna, 55 Marin Drinov St., 9000 Varna
diana@mu-vama.bg

Brown trout is a fresh water fish and a dominant species with an economical
importance due to its delicious taste. Fish lipids are well known to be rich in
long-chain n-3 and n-6 polyunsaturated fatty acids and fat-soluble vitamins
(higher level of vitamin E). These nutrients are very important for human’s
health and might be obtained from the diet.

There is limited information in the scientifically literature about the lipid
composition of trout (Salmo trutta) inhabiting Bulgarian waters.

The aim of presented work was to determine fat-soluble vitamins content and
fatty acids (FA) composition in raw edible tissue from brown trout (Salmo trutta
fario).

All-trans-retinol, cholecalciferol and a-tocopherol were analyzed simultaneously
using HPLC system with UV (vitamin A and Ds) and fluorescence detection
(vitamin E). The sample preparation procedure includes saponification and
liquid/liquid extraction of the unsaponifiable matter (Sanchez-Machado at all).
Total lipids were extracted according to Bligh and Dyer method. Analysis of fatty
acid methyl esters were performed using gas chromatography system with MS
detection.

It was found that lipid fraction contain substantial amounts of palmitic,
palmitoleic, stearic, linolenic, arahidonic and docosahexaenoic fatty acids and
lipo-soluble vitamins. The retinol content in the fresh edible tissue of brown trout
were 22.3+2.0 ug/100g; cholecalciferol - 6.0+0.29 pg/100g and a-tocopherol -
809.1+ 56.0 pg/100g. The amounts of lipo-soluble vitamins, and especially a—
tocopherol content were higher than the amounts of the same vitamins in other
fish species. Ahmadnia A. at all, (2008) had found that the vitamin content in
fresh tissue of Golden grey mullet is 1.4+0.4 pg/100g for retinol; 1.47+0.22
1g/100g for cholecalciferol and 12.5+2.5 ug/100g for a-tocopherol, respectively.

Linoleic acid (24.41%), docosahexaenoic acid (5.89 %) and arahidonic acid
(2.66 %) were the most dominant polyunsaturated fatty acids, about 33% in
total FA. Palmitic acid, was fount to be dominant in of an saturated fatty acids
and oleic acid showed hight value of monounsaturated fatty acids - 17.16% and
6.58%, respectively.

Our results are in agreement with the findings of other authors and confirm that
brown trout, being high in vitamin E and polyunsaturated fatty acids, is an
important component of the human’s healthy diet.
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ORGANOCHLORINE POLLUTANTS IN BLUEFISH
(POMATOMUS SALTATRIX) FROM BULGARIAN BLACK SEA
COAST

Mona Stancheva, Tomislav Rizov, Lubomir Makedonski, Stanislava Georgieva

Department of Chemistry, Medical University - Varna, Marin Drinov 55, 9002
Varna, Bulgaria; E-mail: stanislavavn@mail.bg

Persistent organic pollutants (POPs) such as polychlorinated biphenyls (PCBs)
and organochlorine pesticides (OCPs) are long-lived organic chemicals that are
generally resistant to chemical and biological degradation processes. Fish
consumption is the main source of human exposure to different environmental
contaminants like PCBs and DDTs. The purpose of this study was to determine
the levels of persistent organochlorine contaminants in bluefish from the
Bulgarian Black Sea coast and to monitor the accumulation of these pollutants
during the period 2003 — 2006. The bluefish (Pomatomus saltatrix) enters the
Black Sea in spring for feeding and spawning and moves back to the Sea of
Marmara in winter. It feeds primarily on fish (anchovy, horse mackerel and
young mackerel) and partially on crustaceans (shrims).

Concentrations of 14 PCBs (IUPAC Ne28, 31, 52, 77, 101, 105, 118, 126, 128,
138, 153, 156, 169, 180) and organochlorine pesticide dichlorodiphenyl-
trichloroethane (p,p’- DDT) including its metabolites (p,p’- DDE and p,p’- DDD)
were measured in muscle tissue samples of bluefish (Pomatomus saltatrix).
Samples were collected from Black Sea - region of Varna, Bulgaria in the period
of 2003 — 2006. DDTs and PCBs were determined by gas chromatograph
equipped with electron-capture detector or mass spectrometry allowing better
identification of compounds.

Concentrations in bluefish ranged from 367.1 to 879.5 ng/g lipid weight for total
DDTs (sum of p,p’- DDT, p,p’- DDD and p,p’- DDE). In all samples DDT was
present mainly in the form of its metabolites pp’- DDE and p,p- DDD,
suggesting previous contamination. The analysis of bluefish during the study
period 2003 — 2006 showed a mean total load of DDT pollutants 595.0 ng/g lipid
weight. Total PCB concentration (sum of 14 congeners) in bluefish varied in the
range of 1.2 to 490.4 ng/g lipid weight. Concentrations of contaminants in
bluefish increased during the period of study 2003 — 2006. The levels of DDTs
and PCBs in bluefish from region of Varna were comparable or slightly higher
than those found in fish from other parts of the Black Sea coast and from
neighbor seas Marmara Sea and Aegean Sea. The experimental data present
initial investigations from a profound study of PCBs and DDTs in fish and
seafood from Black Sea.
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=wmerimental Surgery and the initiator of general rachi-anaesthesia. The aim of this historical review is to under-
== his contribution to the field of oncologic surgery with the establishment of new original surgical methods for
e treatment of the cancer. The majority of his works were on anatomy especially in the region of the abdominal
~=wity, the peritoneum, the duodenum and the sigmoid loop which he named pelvic colon. His first goal is the
‘=eaduction of strict asepsis in Romanian Surgery. His scientific contributions are: the general spinal anaesthesia,
e surgery of the cervical part of the sympathetic system and the great gynecological surgery. For the first time he
—=mpletes the total abdominal hysterectomy with the extirpation of the lymph nodes and the cellular tissue of the
sehis of the iliac fossa even of the lumbar region. According to him this is the only way to avoid the reoccurrence of
e czncer in distant lymph nodes. The name Jonnesco is related to needle of Jonnesco, Anaesthesia of Jonnesco,
slon ligaments of Jonnesco, operation of Jonnesco and Neprhropexy of Jonnesco.

& HEAVY METAL CONTENT OF TWO FISH SPECIES FROM BULGARIAN BLACK SEA WATERS
Wena Stancheva, Katya Peycheva , Lubomir Makedosnki
Jesartment of Chemistry, Faculty of Pharmacy, Medical University, 9002 Varna, Bulgaria

= s study two migratory Bulgarian fish species (Atlantic bonito (Sarda sarda) and bluefish (Pomatomus saltatrix))
~lectad from north-east coast of Bulgarian Black Sea were analyzed. The heavy metal (Pb, Cd, Cu, Mn, and Fe)
amcentration in their edible parts were determined. The two year sampling period covers the years 2004 and 2005.
Tuentitative determination of the heavy metals was performed by atomic absorption spectrophotometry after a di-
ge=sion procedure with HNO3 . The concentrations of trace metals in fish samples indicated that S. sarda was more
—ee=minated that P, saltatrix. The highest concentration was determined for Fe for both species (20.22 pg/g and
%57 ua/g, respectively) followed by Cu (3.28 pg/g and 1.76 pg/g, respectively). The minimum concentration was
ses=rved for Mn for both species (0.77 pg/g and 0.18 pg/g). It may be concluded that consumption of these species
S this region is not likely to pose a threat for human health due to the fact that the values of the elements are
wetin the limit values for fish muscles.

25 SERUM OSTEOCALCIN IN POSTMENOPAUSAL PATIENTS ON HEMODIALYSIS
Tnehyazkova-Savova M, Galunska B, Gerova D, Chervenkov T, Siderova M, Zorcheva R, Paskalev D.
Wesicz! University Varna, Bulgaria

Jmeraduction. Osteocalcin is a vitamin K-dependent protein secreted by osteoblasts. Serum levels of active osteo-
= are recognized as a marker of bone formation. In states of vitamin K deficiency the fraction of the inactive,
maes-carboxylated osteocalcin (uc-OC) is increased. The elevated level of uc-OC is supposed to reflect reduced
e mineral density (BMD), however, inverse correlation is not always found with osteoporosis. Chronic kidney
eesse is associated with bone loss and there is evidence for a sub-optimal status of vitamin K in renal patients.
M. The objective of the present study was to measure the serum levels of uc-OC in post-menopausal women with and
ot osteoporosis and to compare it with the level in hemodialysis (HD) postmenopausal patients.

Meshods and patients. 80 menopause women were divided into 3 groups: 1) control group of women with normal
B0 = =25); 2) osteoporosis group (n =29); 3) postmenopausal women on HD (n =26). Osteoporosis was verified by
sessmometry. Serum uc-OC was measured immunochemically by EIA kit (TAKARA Bio Inc.).

Seit= There was no statistically significant difference in serum levels of uc-OC between the control (2.72+0.33 ng/ml)
e % osteoporosis group (3.63+0.50 ng/ml). The level of uc-OC in the HD women was 16.40+1.62 ng/ml - significantly
‘e compared with the control group (p<0.0001) and the osteoporosis group (p<0.0001).

Camciusion. The considerable increase of uc-OC in HD postmenopausal patients indicates a severe vitamin K deficit in
weric kidney disease. Additional investigation is needed to justify supplementation with vitamin Kin these patients.
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pathogenetic mechanisms, whose diagnosis and treatment raise multiple medical problems.
%2l and methods: From 726 necropsy we have 26 patients with congenital malformations and 70 patients

» acquired cardiac diseases were studied pulmonary biopsies to estimate the pulmonary hypertension by cor-

7 the data obtained by modern multidisciplinary investigations: histological, histoenzymological, ultrastruc-

shysiological and clinical techniques.

s: The incidence of PHT was 8 % from total. We have 58 cases of PHT from 756 necropsy cases. The morpho-
W= pictures show a range of vascular lesions similar to those found in Heath and Edwards' classification and they
==pecially thickenings of the intima, hyperthrophies of the media, narrowings of vascular lumen and later some

orm lesions and hemosiderosis. Progressive fibrosis processes as well immune pulmonary reactions were
=vident. The electronmicroscopical examinations provided new data regarding the thickening of the capillary
aiveolary basal lamina, the activity pneumocytes and macrophages that were also certified from the histoenzy-
saical point of view by increase of peroxidases and acid phosphatases activity.

dusions: Pulmonary hypertension is a disease that have an important contribute to the prognosis of patients

= malformations and acquired cardiac diseases like valvular heart diseases.

475 MEDICINES SUBSTITUTION IN BULGARIAN PHARMACIES

s=na H. Stoimenova 1, Manoela M. Manova1, Alexandra Tz. Savoval,
Ribarova 2, Guenka I. Petroval

Wedical University in Sofia, Faculty of Pharmacy

=dical University in Sofia, Faculty of Public Health, Tzarica Joanna Hospital

== cines substitution in the prescription by pharmacist in some countries is legally authorised and supports the
_w===ric medicines entrance thus reducing the pharmacotherapy cost, while in other it is prohibited for regulatory
pOses.
%um: This study is analysing the pharmacy substations practice in Bulgarian pharmacies for 5 medicines - antibiot-
‘= antihypertensive, androgenic, and vasodilatators.
Waterials and methods: The study is a prospective inquiry research among 100 pharmacies. The inquiry focuses
. the frequency of medicines substitution by type of pharmacy, location, and work experience of pharmacists, as
=l as reasons for substitution. Every product under consideration was compared with its competitors. Descriptive
==ustic and factorial analysis were applied.
RBesults: 90% of the pharmacist’s works more than 3 years, 73.8% are in the capital, 31.3% and 33.8% of the pharma-
=< 2re in the town centre or near to hospital, respectively. The frequency of antibiotics substitution is in 8.8% for
=wery second Rp, 21.3% for every 3rd Rp, 31.3% for every 5th Rp, and 38.8% never. For sildenafil the frequency of
substitution is 18.8% in every 2nd Rp, 16,3% in every 3rd Rp; 20% every 5th Rp, and 45% never. The reasons for
substitution are availability of products in 30% of cases; efficacy in 33,8%; professionals opinion in 52,5%; price in
58 5%; patients request in 27,5%; other.
#marmacists from the capital, mail gender, and located near to hospitals tend to substitute more often medicines.
Conclusion: A variety of factors influence the substitution of the medicines but in general it is a fairly spread prac-
=c= in Bulgaria.

276. ORGANOCHLORINE POLLUTANTS IN EUROPEAN SPRAT FROM BULGARIAN BLACK SEA COAST
Wona Stancheva, Stanislava Georgieva, Lubomir Makedonski, Tomislav Rizov
Department of Chemistry, Medical University - Varna

Zish consumption is the main source of human exposure to different environmental contaminants like PCBs and
DOTs. The purpose of this study was to determine the levels of persistent organochlorine contaminants in sprat
“om the Bulgarian Black Sea coast and to monitor the accumulation of these pollutants during the period 2003 -
2007.The European sprat (Sprattus sprattus) feeds primarily on crustaceans (shrims).This fish species was selected
secause of its importance for human consumption in Bulgaria.

Concentrations of 14 PCBs (IUPAC N228, 31,52, 77,101, 105, 118, 126, 128, 138, 153, 156, 169, 180) and organo-
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FATTY ACIDS PROFIL AND FATSOLUBLE VITAMINS A AND E CONTENT OF
SCAD (TRACHURUS MEDITERRANEUS)

Mona STANCHEVA , Albena MERDZHANOVA, Diana DOBREVA,
Lubomir MAKEDONSKI

Department of Chemistry, Faculty of Pharmacy, Medical University, 9002 Varna, Bulgaria
(mona_stancheva@abyv.bg Tel: +359 52 606786/269, Fax: +359 52 650019)

Key Words: Fish, Fatty Acid Composition, Vitamin A and Vitamin E, Bulgarian Black Sea coast

The aim of this study was to measure and evaluate of the total lipid, fatty acid
profile and Vitamin A (All-trans Retinol) and Vitamin E (a-Tocopherol ) content of scad
(Trachurus mediterraneus) catch from Bulgarian Black sea and the same fish species from
Greek coast of Mediterranean Sea. The Black sea scad were harvest in Spring 08 and Autumn
08, while Greek scad was purchased from the Varna local fish marked in Spring 09. Lipid
extraction was done according to the Bligh and Dyer method. Methyl esters were prepared by
transmethylation using 2M KOH in methanol and n-hexane.

The results from analysis showed that the sample of Black sea scad contain 6.5 g total
lipid per 100 g raw weight (Spring 08), 2.4 g total lipid per 100 g raw weight (Autumn 08)
while Greek shad present 7.9 g. total lipid per 100 g raw weight (Spring 09). The fatty acid
composition was analyzed by Gas Chromatography with MS detector. In all fish samples the
most abundant fatty acids were myristic (C 14:0), palmitic (C 16:0), palmitoleic (C 16:1),
oleic (C 18:1), eicosapentaenoic (C 20:5) and docosahexaenoic (C 22:6). Palmitic acid was
the dominant saturated fatty acid averaging 55 % of total saturated fatty acids. Oleic acid
was the most abundant monoenoic fatty acid. The level of total ®-3 polyunsaturated fatty
acids was higher than the total ®-6 fatty acid in the all analyzed fish species. The vitamin
content of all-trans retinol and o-tocopherol were determinate by HPLC with UV detector.
The results from measure show the differences for all-trans retinol and a-tocopherol contents
between Bulgarian horse mackerel and Greek horse mackerel.
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LEVELS OF PCBs IN FISHES FROM BULGARIAN BLACK SEA COAST

Mona STANCHEVA', Tomislav RIZOV', Lubomir MAKEDONSKI',
Marina MOSKOVKINA?

!Department of Chemistry, Faculty of Pharmacy, Medical University, 9002 Varna, Bulgaria
(mona_stancheva@aby.bg Tel: +359 52 606786/269, Fax: +359 52 650019)
? Shumen University Saint Konstantin Preslavski, Shumen, Bulgaria

Key Words: Polychlorinated biphenyls (PCBs), Fish, Bulgarian Black Sea coast

Concentration of individual and total polychlorinated biphenyls (PCBs) was
determined in fish samples from Bulgarian Black Sea coast. Fishes were collected from the
region of Varna city during the period of 2003-2005. Varna is located in northern part of
Bulgarian Black Sea coast. The edible tissues of the following fish species- shad (4lonsa
pontica), scad (Trachurus mediterraneus) and gobies (Neogobius melanostomus, Neogobius
ratan) were determined. The eamples were analyzed with Gas Chromatography Mass
Spectroscopy method-modified and validated. The fourteen congeners of PCB were analyzed
including the set of 7 indicators PCBs (IUPAC No 28, 52, 101, 118, 138, 153, 180). PCBs
were found in all investigated samples. European sprat showed the highest total level of
PCBs (187.9 — 901.4 ng/g fat) compared to the other species-gobies (66.3 — 192.2 ng/g fat)
and scad (14.7 — 208.2 ng/g fat). The highest level of PCBs was found in 2005. Our study
illustrated that the concentration level of PCBs in analyzed samples was lower compared with
those recommended by the European Union.

84



BOOK OF ABSTRACTS

=
o
=L
-
=
-
o
-
=
.
S
y°)
)
e
®
b

85



5th Black Sea Basin Conference On Analytical Chemistry

PPIII-64 (Ab330)

ORGANOCHLORINE PESTICIDES IN FISHES FROM BULGARIAN
BLACK SEA COAST

Lubomir MAKEDONSKI', Mona STANCHEVA', Teodor STOICHEV?

! Department of Chemistry,Faculty of Pharmacy, Medical University of Varna, 9002 Varna, Bulgaria
(makedonski@mu-varna.bg, Tel. 035952606786/226, Fax 035952650019)
? National Center of Public Health Protections, 1431Sofia, Bulgaria

Key Words: Organochlorine pesticides, fishes, Bulgarian Black Sea Coast

In spite of the worldwide reduction of the utilization of organochlorine pesticides
(OCP), they can still be a problem for the aquatic environment and the human health. The
Black Sea is a closed sea, subject to important freshwater discharges and could be polluted
with persistent chemicals, including OCP.

Several fish species with different feeding behavior were sampled on a regular basis
from the Bulgarian Black Sea coast and the concentrations of thirteen OCP residues were
determined by capillary gas chromatography with electron capture detector.

Many of the OCP, like dieldrin, aldrin, endrin were not detected in the samples.
However, in all samples DDT was present mainly in the form of its metabolites pp-DDE and
pp-DDD. Only about 10% of the total DDT is present like the parent compound pp-DDT,
which suggests it is not bemg used recently in the region. The total DDT concentratlons were
generally bellow 150 ng g wet weight, but higher levels up to 360 ng g wet weight were
also measured for fish species with high fat content. Between-species differences were
observed even when the concentrations are presented on a fat level basis. The seasonal and
regional changes in DDT contents were also mvestlgated

This first systematic study on OCP levels in fishes from the Black sea will provide
useful information both for nutritionist and for environmental scientists. This study of DDT
levels in different aquatic organisms from the Black Sea provides useful information both for
assessing human health and ecological risks of pesticide pollution. For a future evaluation of
the Black Sea pollution with DDT the utility of goby and scad for biomonitoring purposes
should be considered.

23-26 Sep., 2009, Turkey o : - e 247
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DETERMINATION OF HEAVY METALS IN FISH SPECIES FROM THE
NORTHERN BLACK SEA (BULGARIA) BY ICP-MS

Lubomir MAKEDONSKI, Katya PEYCHEVA, Mona STANCHEVA, Rumjana MILINA

Department of Chemistry, Faculty of Pharmacy, Medical University, 9002 Varna, Bulgaria
(makedonski@mu-varna.bg Tel: +359 52 606786/226, Fax: +359 52 650019)

Key Words: Heavy Metals, Fish, Black Sea, ICP-MS analysis

In this study heavy metals (Cd, Cu, Zn, As, Pb) concentration in edible part of five
most consumed Bulgarian fish species - scad (Trachurus mediterraneus), bluefish
(Pomatomus saltatrix), Black sea gobies (Neogobius melanostomus, Neogobius ratan),
atlantic bonito (Sarda sarda), shad (Alonsa pontica) and sprat (Sprattus spratus) collected
from north-east coast of Bulgarian Black Sea were determined. The samples were digested
with a microwave digestion system followed up by Inductively Coupled Plasma-Mass
Spectroscopy (ICP-MS) determination. Sampling period was done in 2008 and 2009. The
levels of Cd and Cu were relatively low in the edible part for all fish types while those for Zn
concentration show highest value for sprat. The concentration of As and Pb are within
acceptable levels for a food source for human consumption. Metal concentration differences
might be related to diet and feeding habits of benthic and pelagic fish species. Results
characterize Black Sea fishes as food product of high nutritive and biological value that
should be included in preventive nutrition.

23065ep, 2009, Twkey e
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BbBEJIEHHE

Tlpez 19621 g CAIIl ce mybnukyea kaurara , Merganueara nponet” ¢ agTop P
KapceR, KoATo OpeIHIEHKEA TOMAM HETEpEeC H JHCKYCHH. 33 HAKOH T4 €  Hafl-Bped-
HAaTa~ KHHTA HAMHCAHA B IOCIeTHHA BEK, A 32 JPYTH e TouHo obparroTo. B krETaTa
Ca OMHCAHH PeHNA BpeIHHE edekTH BEPXY OKOMTHATA CPelIa H T0BSKA, IPeTH3BHKAHH
0T YIOTpe0aTa Ha MecTHOHIH. AETOPKATA apTyMeHTHPAHO TOKA3EA, 9¢ De3KoHTPOI-
Hata ynorpeda Ha IT B IpyTH Dog00HE CREIHHEEHAA, HIIOTIEAHH B CEIICKOTO CTO-
NAHCTEO 33 Dopda ¢ OnepeTH, HACEKOMH, HHBOTHH H IITHIH, ca EPeIHHE 33 Xopa. T
ODBHHAEA HHIYCTPHATA, KOATO € IPOHIBEA B OTPOMHEH KONMHYIECTEA Te3H XHMHEKATH
H IBPEABHATA BIACT, KOATO HE € VIPAKHHTA KOETPOT 33 ETHAHHETO HM BBEPXY XO-
paTa H oEOMHATA cpega. OT3BYERT OT Ta3H KHHTA € TOJMEOBA CHISH, 1€ IPe3HIeHTET
I#won Kegenn Hape®Ia paicIeIBaHe I0 0DEHHEHHATA, VISHHTE HIBBPIIBAT PEIHIA
OpOoVIBAHHA, OPTAHHIAPAT Ce JEHEEHHA B 3aMIHTA HA OKQIHATA cpefa. Kmdrara e
BETHTUEHA 32 PaiMIesIaHe B yie0HHTe IPOTPAMHE H TOEA JOIPHHACT B TOIAMA CTe-
[eH 3a HEQOpMHpAHEe HA 00MEecTEOTO 33 [I0T3aTA H BPENaTa OT HIMOTIBAHETO HA
PETHIIA XHMHEATH.

Craea BEOPOC 33 CIEJHOTO. B HATaN0oTO HA MHHATHA BeK 0AXa IpPOHIBEISHH
IMHPOKA TaMa T. . HEOVCTPHATHE XHMHKATH, KaT0o DecTHIHIH, TOPOBE, TeKapeTEa,
OPenapaTH 33 OPpOMHMIIEHO H DHTOBO moTpedierHe H Ap. B cBeToReH Mamab mo-
TMOEHTETHHEAT efekT 0T HIMOMIEAHeTo HM € TOMIAM 33 HEIYCTPHATA, OHTa, CEIcKo-
TO CTONAHCTEO H Op., HO MHOTO 0T Te3H XHMHKATH OPOSBEYA HEOTAKEAHH BpeIHH
e(eKTH PEPXY UOBEMKOTO 3UPAEe H OEQIHATA cpela. KIacHYecKH NpHMep B TOEA
OTHOINEHHE €3 XIOPOPTAHHTHATE MeCTHIHIH, HINOT3EaHH MACOBC B CEICKOTO CTO-
OaHCTEO mpe3 60-Te TOOHHH HAa MHHATHE BeE, KOHTO C€ OKAa3axa CHIHO TOKCHYIHH,
€ roIiMa yCeToHIHBOCT H cOOCO0OHOCT Ja C& HATPyNEaT E KHBHTE OPTaHHIMH. V-
TAHOBH Ce, 9¢ T¢ IPOMEHAT OHOMOTHIHATA CTOHHOCT Ha XPAHHTETHHTE IPOIVETH,
[OpelHIEHKEAT HeOMaroOpHATHA NOCIETHIH 33 T0BSMIKOTO 3APaBe H OKOTHATA cpe-
Ioa. Toea JoBede Do BFREeAIAHE HA 330paHA 33 OPOHIBOICTEOTO H YOOTPeDAaTa HM.

AHATOTHYHA € CHTYAOHATA H ¢ NolHXTopHpaHHT: OHGemnmn ([IXEB), mpom:-
E€JEHH B TOJIEMH KOIH9IEeCTEA Ope: mepHoga 1950-1970r mHEpoke HIMOTIIBAHH B
PAITHIHH 00IACTH HA HHIYCTPHATA, B NOCIeICTEHE CHIIC 33DpaHeHH 33 INPOH3-
BEOZCTBO H vOoTpeda. Bropern 2adpaHara, Te NpoIETHAEAT J3a DONAJAT B 0KOTHATA
Cpela, KaTo H3TOYIHHITH Ca OTPA0OTEHH MACTA. CTAPH eNeKIPHIeCKH ChOPEEEHHA H
IOMAKHHCKH eNeKTPOVPEIH, IOTYIAEAT Ce IPH TOPEHETO HA OTHATBIH, KBEIETO 3a-
EIHO C TAX ce 0DpazIyBaT OIle MO-TOKCHYIHH H ONACHHE ChEIHHEHHA, KaTo THOKCHHH

H §ypaEH.
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TIpoGaeMBT CBC 3aMBPCABAHETO HA OKOJIHATA CPeja ¢ MOCOYEHHTE MO-Tope H
nog00HH HA TAX OPraHHYHH CHEJHHEHHA, HIBECTHH KaTO YCTOHYHBH OPTaHHIHH 3a-
ybpcuTenH (YO3) ce oka3a Imo0aieE H TOBa HATOKH Ja OBJaT B3€TH MEPKH B CBETO-
BeH Mamab. Cw3rasafike, e YO3 npeacTariqeaT CepHO3HA H HAPACTBAINa 3amiaxa
3a YOBEKA H OKOJHATA cpefa, mpes Mait 1995 r. mo mporpamara Ha OOH 3a okomHa
cpena UNEP ce B3eMa pemeHHe 33 H3BbPIIBAHE Ha MEATYHAPOIHA OIIEHKA HA Pe/IH-
I1a OT Te3H 3aMBPCHTENH. B pe3yarar Ha Ta3H OLeHKa ce H3pabOTBA MeKIyHApPOAeH
HOPMATHBEH JOKYMEHT, H3BeCTeH Karo CTOKXOmMMCKa KoRBeHIHA 332 YO3. Konser-
IEATA € IPHeTa H OTKPHTA 3a NoAnHceaHe npe3 Mait 2001r. Ifeara Ha KOHBEHIIHATA €
ONa3BaHe HAa OKOJTHATA CPea H YOBEMIKOTO 37paBe OT BPEIHOTO BAHAHHE HA peJHIa
YCTOHYHBHTE OpPraHHYHH 3AMBPCHTEIH.

Bearapus moamucBa CTOKXOMMCKaTa KOHBeHIHA omre mpe3 Mai 2001r. a Ha-
POAHOTO CHOpaHHEe % PaTHOHIHPA CBC 3aKOH npe3 MapT 2005 r. Hanroranex opras
II0 H3NBIHEHHE Ha 3aJB/UKCHHATA IO Hed ¢ MHEHCTEPCTBOTO Ha OKOJHATA Cpeda H
popuTe. KaTo cTpaHa 1Mo KOHECHIHATA H B CHOTBETCTBHE C HEHHHTE H3HCKBAHHA. B
Brarapus ce paspaborea  HauHoHaNeH NIaK 3a AeHACTBHE 33 YIpPaB/IeHHe Ha YCTOM-
YHBHTE OPTaHHIHH 3AMBPCHTETH .

ExcriosHuEATa Ha YoBeka ¢ YO3 Moike Ja ce OCBIIECTBH MO PA3THIEH HATHH,
HO XPaHAaTa ¢ OCHOBHHA H3TOYHHK 32 NMONAJAHETO HM B OpraHH3Ma. ToBa ca xpa-
HH OT KXHBOTHHCKH NPOH3X0J, OOraTH HAa Ma3HHHH, KbJETO T€3H 3aMBPCHTEIH ce
HATpyMBar.

Pennna yueHH ca YCTAHOBHIH, Ie MOPETATa H OKEAHHTe, KAKTO H OPraHH3MHTE
B TEX, aKYMYTHPAT B 3HATHTENHHE KomnHuecTBa YO3 H TaM Te 0aBHO Ce pasrpaxjar.
Taka mpH KOECYMAallHATA HA pHOA H APYTH MOPCKH OPTraHHIMH, Te3H 3aMBPCHTEIH
TOMAJAT B HOBEMIKHA OPraHH3bM. 3aT0Ba onpeendHeTo Ha YO3 B pHOH € BaKHO 32
OLEHKATAa Ha eKCOO3HIHATA HA HACETEHHETO. 3APABHEA PHCK H HA 3aMBPCABAHETO
Ha BOJHATA €KOCHCTEMA.

M Taxa, BB3HHKBA BBIIPOCA 32 MO/I3aTa H PHCKA OT H3MOI3BAHETO Ha pubara
KaTo XpaHa. bescnopHo, B Haii-ro1iMa CTeleH MoN3aTa € CBbP3aHa C IPOTeHHHTE H
THIOHIHTE, ChABPAAMHE HE3AMEHHMH NMOTHHEHACHTEHH MACTHH KHCETHHH, JOKAaTO
PHCKBT — € PA3THYHHTE 3aMBPCHTENH, KOHTO PHOHTE aKyMYIHPAT OT OKOTHATA Cpe-
za. OT meaHa TOYKA HA 37PABETO, PHCKBT TPAOBA J1a ObJe OLEHEH.

B MoHorpaduaTa € HampaBeHa KPATKa XapakTepHCTHKA Ha YO3, BKII09CHH B
CTOKXOMMCKATa KOHBEHIIHA, KaTO MO-TNOAPOOHO Ca ONMHCAHH HAH-H3MOI3BAHHTE B
MHHATOTO H Pa3MPOCTPAHEHH B OKOJHATA CpPeda 3aMBPCHTENH — OPrOHOXJIOPHHA
nectHuHl J/T. HeroeHTe MeTaOOMHTH H monHxiaoprpanHTe OH$peHnnm (IIXB).
HanpageH e 0030p Ha H3CTeBAHHEA OT LETHA CBAT 3a ChIbPAKaHHeTO Ha YO3 B pas-
THYHH BHJOBE XPaHH, KATO CIEIHATHO BHHMAHHE € 00BPHATO HA MOPCKHTE XPaHH.
M Hakpax ca mpeacTaBeRH pe3yaTaTH 0T H3caeasanud Ha [IXDB, JIT u MeTabomHTH
B HAITH IePHOMOPCKH PHOH BBB BPB3Ka C OLEHKA Ha 0e30MACHOCTTA HM KaTO XpaHa.

HamucBareTo Ha TasH MOHOIpadHA € C Hen noBeve HHGOPMAIHA H 3HAHHE 33
Y03 B xpaHHTe. 3aM0TO Ype3 XPaHHTE Te NONAJAT B OPraHH3MA H MOTaT Ja MpeIHs-
BHKAT peJHIIa BpeJHH e(eKTH BBPXY HAETO 3ApaBe.

6

WUsroteun pe3omMe Ha Hay4YHUTe TpyaoBe:

Dou. M. CtaHueBa
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Laboratery Manual

PREFACE

To the students

Chemistry 15 an experimental science. Here yvou are in a chenustry laboratory with
your laboratory book m front of vou. Perhaps you have already been assigned laboratory
equipment you may never have seen before. Looking around the laboratory, yvou may see
bottles of chemical compounds. balances. burners. and other equipment that you are going to
use. This may very well be vour first experience with experimental procedures. At this point
you may have some questions about what 1s expected of you. This laboratory manual 1s
written with those considerations in mind.

The activities m this manual were wrntten specially to parallel the chemistry you are
learning in the lecture portion of class. Many of the laboratory activities include materials that
may be familiar to vou, such as household products, drinks, antacids and aspirin. In this way,
chemical topics are related to the real world and to your own science expenience Some of the
lab teach basic skills; others encourage you to extend your scientific curiosity beyond the lab.

It 1s important to realize that the value of the laboratory experience depends on the
time and effort you mvest in 1t. Only then will vou find that the laboratory can be a valuabe
experience and an integral part of the chemistry class. The laboratory gives vou an
opportunity to go beyond the lectures and words in your textbook and experience the
scientific processes from which conclucsions and theories concerning chemical behavior are
drawn. In some experimets the concepts are correlated with health and biclogical concepets.
Chemistry 1s not an maanimated science, but one that help us to understand the behavior of
living systems

Using This Laboratory manual

Each experiment begins with learning goals to give you an overview of the topics you
will be studyving in that experiment. Each experiment is correlated to concepts you are
currently learning in yvour chemistry class. Your mstructor will mdicate which activities yvou
are to do.

The experimental procedures are written to give you through each laboratory activity.
Read and measure carefully, report vour data, and follow instructions to complete the
necessary calculations. You may also be asked to answer some or all of the follow-up-
questions and problems designed to test your understanding of the concepts from the
experiment.

While there 1s no ‘best” way, 1t 15 important that vou carefully prepare for each
experiment by reading the related text material before coming to the laboratory. In this way
you can maximize the laboratory experience.

It 15 our hope that the laboratory experience will help illuminate the concepts vou are
learning in the classroom. The experimental process can help make chemistry a real and
exciting part of your life and provide you will skills necessary for vour future.
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YYEBHU NOIrPAMM

ME/ITUIITMHCKHMM YHUBEPCHUTET

“NMNpod. a-p Napackes CroaHoB”
BapHa

OPAKYNTET no MEOULUUHA

YtBbpaeHa c [Mpotokon Ha dC Ne 21 ot 11.03.2013 r.
YTBbpXKOaBaM:
PekTop:
/npod. a-p K. iBaHoB., amH/
[ekaH:

/oou. a-p P. Pages,am/

YUEBHA T1POI'PAMA

no gucumnnuHarta : “ Xumuma “

BKNKOYEHa B y4eOHMA nnaH Ha cneymanHoct: “MEOULUMHA”

3a ctygeHtute ot | Kypc,

npuaoouBawm obpasoBaTenHO-KBanMdmkauuoHHa cTeneH “maructop”
¢ npodrecnoHanHa kBanudukaums “ nekap”

Bupa Ha 3aHATUATA CemecTbp Xopapuym-yaca Xopapuym-yaca
ceIMUYHO O6wo
Jlekuum | 2 60
I 2
CeMuHapHu
ynpaxHeHusi
MpakTnyeckun
ynpaxHeHus I 2 45
I 1
O6uwo yaca I 4 105
Il 3
®dopmMu Ha KOHTpoOn TekyL KOHTpOn CewmecTtpuaneH
Konoksuym n3nuT
Kpegutn ( ECTS)

Bapua, 2013
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YYEBHA NMPOrPAMA NO XUMMUA

3A CTYAEHTU NO MEAULIMHA

I. AHOTAIIUA

OOy4eHHneTo Mo XUMHUS C€ U3BBPIIBA B IBPBU KYypC — IbPBU U BTOPHU
CEMECTBP.

Y4eOHUAT MaTepral € CboOpa3eH C LENUTE Ha €UH KypcC 110 XUMHUS,
npeIHa3Ha4yeH 3a CTYACHTH M0 MEIUIIMHA. Y CBOSIBAHETO HA HOBU 3HAHUSA U TIO-
3a]IBJIOOUEHOTO pa3riiekJaHe Ha PeInlia TEOPETUUHU BBIPOCH, € HAIIPABEHO BbHB

BPB3Ka C U3Y4dBAHCTO HA APYTU y‘I€6HI/I JUCHUIIIIMHHA, KaTO 6I/IOXI/IMI/I}I, (bHSI/IOJ'IOFI/IH,

(bapmakosorus u mp.

Pasrnexxnar ce OCHOBHU TEOPETUYHH BBIIPOCH, CBBP3aHU ChC CTPOEKA U
CBOMCTBATa Ha BEIIECTBATa, KATO OCOOEHO MACTO € OT/IEJICHO HAa OCHOBHU I'PyIIU
OpraHUYHH ChEMHEHHUS, y4acTBaIlld B METa00JIM3Ma Ha )KUBUTE OPTaHU3MHU.
CnenuanHo BHUMaHUE ce oOpbhIla Ha OHOJIOrMYHATa aKTUBHOCT Ha peaulia
OpTraHWYHH ChEIMHEHUS, KAKTO U 3HAYCHHUETO HA HIKOU OT TAX, KaTO I'PaJuBHU
€JIEMEHTH Ha OMOTIOJIMMEPUTE.

CpabpkaHUETO HA YUEOHUS] MaTepHall, BKIIFOUEH B YIPAXKHEHHSITA, € B MPsKa
BpB3Ka C JEKIIMOHHUSA Kypc. LlenTa Ha ynpaxHEHHsTA € 1a C€ OCMUCIH U TOITBIHU
Marepuaa, NpeACTaBeH B JIEKIMOHHUS KypC, KAKTO U CTYAEHTUTE 1a MPUA0OUST
ONPENEIICHN PAKTUYECKU YMEHUSA. TOBa ce MOCTUTa YpE3 CEMUHAPH BBPXY
ONPENEITICHU TEOPETUYHU BBIIPOCH, U3BBPILIBAHE HA MPAKTUYECKH YIIPAKHEHHUS,
KOUTO WIKOCTPUPAT HAKOU XapaKTEPHU XMMHUYHU CBOMCTBA HA BELIESCTBATA.
CryzaeHTHTE Ce 3a1103HABAT C OCHOBHU METOJIM 32 aHAJIN3, N3M0JI3BaHU B
aHAJIMTUYHATA, OpTaHUYHA XUMUS U KIIMHUYHATA JJa00paTopHsl.

IIpoBepkara Ha 3HAHMSATA 110 XMMHUS CE€ U3BBPIIBA YPE3 TEKYL KOHTPOJI 110
BpEME Ha CEMECTBhPa U U3IMUT CIIE] BTOPUS CEMECTHP. TEeKyIUAT KOHTPOJI BKJIFOYBA
TECTOBE U KOHTPOJIHM 3aJa4H.

M3nuThT € nucMeH U ycTeH. [IucMeHusT u3nuT BKIII0YBa onpeiesieH Opoit
BbIIpocH (25-30) 1 MpOIBIKUTENHOCT 4 yaca. Y CTHUST U3NUT € BbpXY MUCMEHaTa
paboTa U AOMBIHUTENHH BbIIpocu. O1leHKaTa OT u3nuTa ce GopMHupa OT TUCMEHUS
W3IUT, YCTHUS U3NUT U TEKYIIUS KOHTPOJI Ha CTYAEHTA IO BPEME HA CEMECTHPA.
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Il. PASNPEAENEHUE HA YHEBHUA MATEPUA1 NO CEMECTPH

Yacose Yacose
Cemectbp Cegmnum Teopua YnpaxHeHua
ceMUYHO BCUYKO
| 15 4 60 30 30
I 15 3 45 30 15

lll. PASNPEAENEHUE HA YHEBHUA MATEPUAN NO TEMU

MPOTPAMA
Ha nekuuute no Xmmmsa

3a CTYAEHTU OT cneynanHoct MeguuumHa Ha MY — BapHa

ObWAXUMWUA

1. 3HayeHWe Ha XMMMATA B 0BYy4EeHNETO No MeguLUMHA. XMMKUA, OKONHA cpeaa U
3apase.

. NMpupoga Ha  XMMMYHATA  BPb3KA B  KOHAEH3MPAHM  CUCTEMMW.
MeXayMOoNneKyHM B3aMMOLENCTBMA — CbLLIHOCT, BWAOBE W 3Ha4vyeHue.
BogopoaHa Bpb3ka. 3HauyeHME Ha BOAOPOAHATa BPb3Ka 3a CTPYKTypaTa U
CBOMCTBATA Ha BellecTsaTa. [pyr1 BaoBe Bpb3KU C BMOIOrMUYHO 3HaUYEHMeE.

. PastBopu. KonmnratmeHm cBOMCTBA Ha pa3TBopuTe. 3aKOHM Ha Payn. OAudysua
M 0CcM03a, 6MoN0rMyHO 3HauYeHume. Cnabu u cCUNHU eNekTPONNTU. AKTUBHOCT Ha
MOHUTE M MOHHA CMAa. 3HAYEeHME Ha MOHHAaTa cuna.

. MpepcrtaBn 3a KucenMHn u ocHoBW. [poTonnTuyHa TeopuAa. Cuna Ha
npotonntute — Ka 1 K. ®akTopu, oT KOUTO 3a4MUCKU CUNATa HA NPOTONUTUTE.
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AsTonpoTonusa. MloHHO npowussedeHve Ha BodaTa. BomopogeH nokasaten
/pH/, 3HauyeHne. MeToau 3a onpegensHe Ha pH.

5. bydpepn. YpaBHeHMe Ha XeHgepcoH — Xacenbax. bydepeH KanauuteT U
6ydepHn KpuBM. 3HavyeHMe Ha bOydepute 3a KUBUTE OpPraHU3IMM U 3a
nabopaTopHaTa NpaKTUKa.

6. XMMUYHA KUHeTMKa. PaKTopu, OT KOUTO 3aBMCM CKOPOCTTA Ha XMMUYHUTE
npouecn. MoneKyIHOCT U NOPAABK Ha peakunmnte. KUNHETUYHWN ypaBHEHMA Ha
peakuMn OT MbPBU, BTOPU U TPETU NOPAAbK. [padUUHM 3aBUCUMOCTH.

7. 3aBMCMMOCT Ha CKOPOCTTa Ha XMMMUYHMTE npouecu OT TemnepaTypaTa.
AKTMBMpaALLA eHeprua. YpaBHeHMe Ha ApeHuyc, npunoxkeHue. Teopua Ha
NPexoAHOTO CbCTOSHUE.

8. Katanusza. MexaHM3bM Ha [eNcTBME Ha KaTa/aus3aTtopuTe: Teopua Ha
XOMOreHHaTa W XxeTeporeHHaTa KaTanmsa. KncenmHHo-oCHOBHA KaTaau3a.
Pona Ha KaTanusaTopuTe 3a KU3HeHUTe npouecu. EH3MMHA KaTanusa.
YpaBHeHne Ha Munxaenuc — MeHTeH.

9. XMMM4YHO paBHOBecune. PaBHOBeCHM KOHCTAaHTM Kc mn Ka. TemnepaTtypHa
3aBMCMMOCT Ha paBHOBeECHaTa KOHCTaHTa. PaBHOBecue B pa3TBOPU Ha
enexkTponutu. [ponsseneHve Ha pa3sTBOPUMOCT.

10. KpuTepuun 3a onpegensHe Nocokata Ha NPOTUYAHE Ha XMMUYHUTE NPOLECH.
Bpb3ka MmeXay paBHOBECHAaTa KOHCTAHTa W cBobopgHata eHeprus.
MakpoepruyHu Bpb3ku. CnperHati npouecu.

11. Aacopbuus, MeXaHM3bM Ha agcopbumata. Bwugose aacopbuus.
ApcopbunoHHn unsotepmu. lNpunoxkeHne Ha aacopbUMOHHUTE npouecu B
MmeguumnHara.

12. OKMCNUTENHO-PeAYKLMOHHN NPOoLLEeCcU. XapaKTEPUCTMKA MU OCHOBHW MOHATUA.
YpaBHeHne Ha HepHcT. CKOPOCT Ha OKUCAUTENHO-PEeAYKUMOHHUTE NPOLECH.
PekaokKc-KaTannsatopun. OcobeHocTn Ha BUONOITMYHOTO OKUCIEHME.

13. KomnnekcHU cbegmHeHuAa. BuaoBe KOMMIEKCHU CbeAMHEHUA, CTPOEeX W
nsomepua. XMMMYHa Bpb3Ka NPU KOMMNAEKCHUTE CbeauHeHUA. NpunoxeHme u
3HaYeHMe Ha KOMNNEKCHUTe CbegMHEeHUA. BMoHeopraHMYHa XMmMums.
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OPTAHWYHA XUMMUA

14. XUMUYHN BPB3KM U ENEeKTPOHHM edeKTM B MONEeKyauTe Ha
OpraHUYHUTE CbegunHeHUA. Bugose XMMMUYHU peakunumnm n mexaHnu3mu B
opraHuMyHata xumuA. CTPyKTYypHa W reHeTUYHa BPb3Ka Mexay
OpraHMYHUTE CbeauHeHna B buomaTtepumAaTa.

15. BbrneeogopoamM W XanoreHonpou3BOAHM C  MeaUKOo-bMoNorMyHo
3HayeHue.

16. Ankoxonn, ¢eHoNM U aMMHOANIKOXOM C  MeaUKOo-6MoNorMyHo
3HayeHune. XapaKTepHU XMMUYHU CBOMCTBA. [peacTtaButenm.

17. AMMHU. CTpoeXK HA MACTHU M aPOMATHU aMUHU. XMMUYHN CBOMCTBA.
MNpepcTasutenn.

18. Capa-cbabprKaw CbeauHEeHUs € MeaAnKO-OMONOrMYHO 3Ha4YeHMue.
XapaKTepHM XMMUYHUM CBOMUCTBA. [TpeacTtasuTtenn.

19. Angexvmgn U KETOHW. XMMMYHW  CBOWMCTBA:  HYKIeodWSIHO
npucbeauHABaHe, OKUC/IeHMe, ANCMYTaUumS, anfoNHo
npucbegmHABaHe. BUONIOrMYHO BaXKHU NpeACcTaBUTENN.

20. KapbOKCMAHM KUCENUHU — MACTHM U apOMaTHU. XMMUYHM CBOMCTBA.
HykneodmnnHo 3amectBaHe. MexaHm3bm Ha ectepudumkaumara. [lo-
BAXHM NpPeaCTaBUTENM HA MOHOKAPOOKCUAHM W ANKAPOOKCUAHU
KUCENUHMN.

21. HeHacuTeHM mMmacTHU KucenmHu. [lo-BarKHU XMMUYHM CBOMCTBA.
MNpeacrtaBuTenn, TPAHCMACTHM KUCE/IMHU U OMETra - KUCENIUHMU.

22. OYHKUMOHANHM NPOU3BOAHWN HA KUCENTMHUTE: KUCEZIMHHWN XalofeHNAM,
ammgm, ectepu, aHxuapuan, Hutpuau. CBoncrea.
23. Ma3HuHu u rinuepodochatnan. Ctpoex u 6MONOrMYHO 3HAYEHME.

24. BbrnepoaHa KucesnHa W NPOM3BOAHM C MEAMLMHCKO 3HauvyeHwue.
CyndoHammnan. MexaHn3bm Ha AENCTBUE.
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25. CybcTuTynpaHn KapboOKCUAHM KucenuHu. O6uwa XxapaKTepucTuKa.
XanoreHMpaHu KNCeNNHU. XUAPOKCUKAPOOKCUAHM KNCENIMHU: M/IEYHA,
AbbNYeHa, BMHEHa, JIMMOHEeHa, canauuunoBa. Angexua- w
KeToKapboKcnnHM  KucenmHu. [o-BaKHU  XMMWYHM  CBOMCTBA.
bnonornyHo 3HayeHwme.

26. AMMHOKMCeNnnHU. KnacmpumKkauma B 3aBUCMMOCT OT BUAA HA paguKana.
CtpoexX U wu3omepua. XMMUYHWU CBOMCTBA. KMCENMHHO-OCHOBHMU
CBOMCTBA, TUTPYBA/IHN KPUBMW.

27. Nentngun. CTpoex un ceoicTea. NyTaTnoH.

28. O6LLa XapaKTepPUCTUKA Ha XETEPOLIMKIEHUTE CbeANHEHMUS.
XeTepoumKAeHN CbeaMHEeHMA C eAWH XeTepoaToM: rpyna Ha nupon,

NPUPOAHU NMPONoBM Barpuna, rpyna Ha MHAOA, TPyNa Ha NMUPUAUH.

29. XeTepoumMKIeHM CbeANHEHMA C ABa XeTepoaTomMa. Ipyna Ha NMpason u
nmmnpgason. [pyna Ha NUPUMMAMH — [NUPUMMAMHOBKM  6asw,
6apbuTtypoBa KucenuHa, H6apbutypatu. lpyna Ha nNypwH, NypUHOBMK
ankanouam.

30. Ankanongn — obuwa XapakTepuctuka, OMONOrMYHO 3HaA4YeHwue,
npeacTaBuUTeNu.

31. Bornexugpatm — Knacudpukauma. CTpoexk Ha [/1oKo3a, ¢pPYKTo3a,
pnbosza. OnTMyHa wM3OMepusa, L[MACTEPUOM3OMEPU, aHOMEPU U
enumepn. lMpepctaButenn: rnokKo3a, GpPyKTo3a, MaHO3a, rasiakTosa,
pnbo3a u aesokcmpubosa. Butamut C.

32. XMMWYHM CBOMCTBA HAa MOHO3axapuau. Peakumn Ha KapboOHWNHaTA
rpyna — npucbeauHUTENHN peaKkumun, OKMcaeHne u pegykuma. Peakumm
Ha XUAPOKCUNHUTE Tpynn — ectepuduKauma, B3aMMOLENCTBUE C
ocHoBU. PepmeHTaUUA.

33. Nonusaxapmnaun. [usaxapugm — CTPOEX Ha 3axapo3a, ManaTosa,
NaKTo3a. XMMWYHM CBOMCTBA Ha AM3axapuaum, peayumpawm u

HepeayumnpaLLm An3axapuau.
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34. Xomononunsaxapngm — HUWeECTe U [NNKoreH. XeTeponosunsaxapugm,
06LLa XxapaKTepPUCTMKA U NPeaCTaBUTENN.

35. Hykneo3naun n Hykneotuam. CTpoek Ha HYKNEeNHOBUTE KUCENUHM.

36. lunnan. Knacndukauma Ha nmnugute.  ®dochonmnuon -
ranuepodochatmam, CBUHronmnuamn, rmmkonmnugmn. Ctpoex, CBOMCTBA,
H6MONOrMYHO 3HaYEeHUEe N NpeacTaBUTeNN.

37. InnnaonofobHu - TepneHn U KapoTeHU — CTPOEXK U NpeacTaBUTeNN.
BuonornyHo 3HaueHwme.

38. Ctepongm — cTpoex W buonormyHa akTMeHOCT. [lpeacTtasutenu:
CTEPO/IN, KN BUYHU KUCENNHU, NONOBU XOPMOHMU.

39. BUutTamuHw. MacTHOopa3TBOpPMMM BUTaMUHUN.  AHTMOKCUAAHTHU
CBOMCTBA.

40. MaKpo- 1 MUKPOHYTPUEHTN, BUONOrMYHO aKTUBHM BELLECTBA B XPaHM.
EHepruiHa cTOMHOCT Ha XpaHUTE.

41. UHCTpyMeHTaNHU meTtoau 3a aHanms. MNoTteHunomeTpuUA.
CnektpodoTomeTpua. ATOMHO - abcopbuMOHHA cnekTpodoToMeTpUA.

42. Xpomatorpadpckm metogm 3a aHanui3. Bupgose xpomartorpadwus:
KOJIOHHA, TbHKOC/I0MHA, ra30Ba M TeYHa.

YYEBHA JINTEPATYPA

1. YuyebHuk no XMMMUA 3a cTyaeHTM No megmumHa
aou,. NHX. Emun PauuH, U3a. BMU —MNnesen 2003

2. YyebHuK no XMMMWA 3a cTyaeHTU No meanLMHa U CTOMaTONOruS,
noA pegakumnaAta Ha npo¢. Ct. Pobes, MN3a. APCO, Codusa, 1996

3. XMMMUA, yuebHUK 3a CTYAEHTN NO MEeAULMHA U CTOMATONOUA
1. NamaHoBa, An. Anekcues, Bn. Jlecnukos, Xp. Knupakos

MN3pa. Hayka u nskycteo, Codusa, 1983 u cnegsawmrte nsgaHmA.
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4. PbKOBOACTBO 3a NpPaKTUYeCcKu ynpaxkHeHna no XMMMUA 3a cTyaeHTH
no meauumHa n ctomatonorua. N3a. Hayka n nskycrso, Codus,

1989
An. Anekcues, J1. lamAaHoBa, b. Yemuwes, M. CtaH4yeBa, E. banToBa

5. JleKymMmoHeH Kypc No Xxmmus

103



NPOTrPAMA

3a ynpaKHeHuATa No XMMusa Ha CTyAeHTUTe oT cneymanHoct MeguumHa

| cemecTbp
Ne
Tema Bpoi
yuyebHu
yacose

1. |MNpaBuna 3a paboTta B xumun4yecka nabopatopma. KoHueHTpauyma 2
Ha pa3TBopuTe. PewaBaHe Ha 3a43a4M.

2. |KoHueHTpauua Ha pasTeopwuTe. 2
MonapHa n HopmasiHa KOHUEHTpauuA. PelwnasaHe Ha 3agaun.

3. |CemunHap BbpXy KOAUFATUBHM CBOWMCTBA Ha pPa3TBOpPMUTE: NapHO 2
HanAraHe, TemnepaTypa Ha KuUNeHe M 3amMpb3BaHe, OCMO3a M
OCMOTMYHO HanAraHe.

4. |BopopoageH nokasaten (pH). Metoau 3a onpepenaHe Ha pH. 2
Bydepu. CeolicTBa Ha bydepuTe.

5. |bydepwn. YpaBHeHne Ha XeHaepcoH-Xacenbax. U3umcnasaHe pH 2
Ha 6ydpepun. bypepHa kpusa. MpuroteaHe Ha bydepHU pa3TBOpPHU.

6. |KOHTPO/IHO BbpXy KOAMIaTUBHM CBOMCTBA Ha pa3TeBopu, pH u 2
oydepwu.

7. |KayectBeH aHanm3. KayectseH aHaM3 Ha HAKOW KaTUOHU U 2
aHMOHM C BMONOIrMYHO 3HaYEHMeE.

8. | KonnuectBeH aHann3.06emeH aHanum3. TexHUKa Ha TUTPYBaHe. 2

KucennHHo-ocHoBeH obemeH aHanums.
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9. |MHcTpymMeHTamHu MeToau 3a aHaiu3. CekTpodoToMeTpus. 2

10. | XuMmn4yHa KMHeTUKa. MosIeKy/IHOCT U NOPAABK HA XUMUYHUTE 2
peakumn. ONUTHO onpeaenaHe NopAabKa Ha XMMUYHA peakuus.

11. | KOHTpOAHO Bbpxy 0b6emeH aHanm3, cneKTpopoToOMETPUA U 2
XUMUYHA KMHETUKA.

12. |OnuTHO NpeAacTaBAHE HA XMMUYHUTE CBOMCTBA HA a/IKOXOJIN U 2
dbeHoNn, angexnamn n KEToHW.

13. | CemuHap BBpXY KapOOKCHIIHA KUCEIMHH U (DYHKITMOHATHA 2
IIPOM3BOJIHU Ha KUCeTUHUTE. Ma3HUHM U raunepodochaTuam.
buonornuHo 3HaueHue.

14. | Xpomatorpaduma. MpuHUMN Ha meToAa. 2
Buaose xpomatorpadma — KONOHHA, XapTMeHa N MOHOOOMeHHa.

15. | KomnnekcHu cbeanHeHus. lNMpunoxkeHna. buoHeopraHMyHa
xumua. CemuHap.

Ynpa*kHeHuATa ca no 2 y4ebHM Yaca, BCAKa cegmmua.
Il cemecTbp
Ne
Tema Bpoi
y4yebHu
yacose
1. | AMUHOKMCENUHWN — CTPOEXK, KNAacuPMKALMA U XUMUYHHN 2
csomncTea. [NlocTposaBaHe Ha TUTPYBA/IHA KPMBa.
2. |CemunHap BbpXy CyOCTUTYMPAHN KAapOOKCUAHU KUCENUNHMU: 2

XNAPOKCUKAPOOKCUAHU, anaexmna- U KETOKapObOKCUIHM
KucenmHun. ONTUYHa n3omepus.
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3. |XeTepouukneHu cbeguMHEeHNA C e4UH XeTepoaTom. lpyna Ha 2
nupona, NPUPOAHV NUponosm Garpuna. Fpynu Ha MHAON 1
NUPUAVH.

4. |XeTepoumKneHu CbeaMHEHUA C ABa XxeTepoatoma. [pynu Ha 2
NUPa3on, UMMAA30/, MUPUMUANH U NypUH. TaBTOMepHa
n3omepua. KOHTPONHO BbPXY XETEPOLMKIEHN CbeANHEHNA.

5. |CeMuHap BbpXy CTPOEXK Ha BBIVIEXHAPATH — MOHO3aXapH/1H 1 2
MoJIM3axapuim.

6. |XMMWYHM CBOMCTBA HA MOHO3axapuaun 1 Noin3axapunau. 2

7. |BMONOrMYHO aKTUBHM BELLECTBA: alkanongn, BUTaMUHW. 2

/npaKTMYecKo ynpaxHenve/

YnpaHeHuaATa ca no 2 yyebHu yaca, npes ceamuua.
TeKyLL, KOHTPON Npe3 BTOPY CEMECTbP:

1.KONOKBUYM BBPXY KAPOOKCUIHMU KUCETMHU, MPOU3BOAHU U cybCcTUTYMpaHm
KncenuHu (Ha nekuwmn)

2. KONOKBUYM BbPXY BbI/IEXMAPATH — CTPOEK U XMMWUHM CBOIICTBA (Ha NneKkuma)

Jlutepatypa:

1. PbKOBOACTBO 32 yNPaXKHEHMA N0 XMMuUA
2. PaboTHa TeTpajKa 3a yrnparKHeHuA

3. JleKumoHeH Kypc /

CbcTaBmn nporpamara: (/
[/
pou. M. CraHueBa

|

”

_ A
/] /
PvkoBoguTen Kategpa Xumusy | /,/
a % /

pou. M. CraHuyeBa
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MEONLUMHCKUN YHUBEPCUTET
“Mpod. A-p Napackes CtoaHoB” BapHa

OAKYNTET no PAPMALMUA

Y18bpaeHa c NMpotokon Ha PC Ne 8 or 21.05.2013 r.

YTBbpXAaBam:

OEKAH
/Dou. . UsaHoBa, a6/

YYEBHA NMPOIrPAMA

no 3aAb/KUTENHaTa AucumunamHa “AHanuTnyHa xsmmua “

BK/IlOUEHA B yuebHMA naaH Ha cneuuanHoct “OPAPMALIUA"

3a ctyaeHtute ot II™ Kypc,

npuaobusawm obpasoBareIHO-KBaAMPUKALUOHHA cTeneH “marncrop”
¢ npodecuoHanHa kBanndpukauua “marncrop-papmauest”

Buod Ha 3aHaMusma Cemecmdvp Xopapuym-yaca Xopapuym-yaca
ceoOMUYHO O6uwo
Jlekyuu 111 2 45
v 1
lMpakmuyecKu ynpaxcHeHusA 1T 3 75
v 2
O6uwjo yaca 1T 5 120
v 3
dopmu Ha KOHMpon Texy1i KOHTpOJ CemecTtpuanieH
KonokBuym W3IIAT
Kpedumu ( ECTS)

BapHa, 2013
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Il. AHOTauuA

KypcbT no aHanutnyHa xvMmusa nma 3a uen ga 3ano3Hae CTydeHTuTe C
Knacu4yecknte n CbBpEMEHHUTE METOOM 3a KaYeCTBEH U KONMMYECTBEH aHanms.

B TeopetnyHata 4yact ce pasrnexgar paBHOBECHUTE Mpouecu B
XOMOreHHa u xeTeporeHHa cpega. 3agbnboyeHo ca npeacTaBeHU KUCESTMHHO-
OCHOBHUTE paBHOBECUS BbB BOAHA W HeBOAHA cpeda, npouecute Ha
pasTBapsiHe N yTadBaHe, KakTo 1N KoMnnekcoobpasyBaTenHUTE N OKUCIIUTENHO-
peayKUMOHHUTE MPOLIECH.

B nekuuoHHMAT Kypc ca npencraBeHu BUOOBETE  KONMNYECTBEHMS
aHanus,kato OCHOBHO MACTO € OTAeNeHO Ha pasnuyHute BugosBe obemMeH
aHanua — KMCENUHHO-OCHOBEH, OKUCITUTESTHO-PEOYKLNOHEH,
KOMMSIEKCOHOMETPUSA U yTaedeH aHanu3. OcobeHo BHMMaHMe € OTAerieHO Ha
WHCTPYMEHTaNHUTE MeTOAM 3a aHanu3, KoMTo MMaT NMbPBOCTENEHHO 3HAYEeHne
Npu aHanuM3 Ha nekapCcTBEeHUTe CpeacTBa, KakTo W npunaraHute MeToaum 3a
pasTBapsiHe, pa3fensHe U KOHUEHTpUpaHe B aHanuTu4yHaTa XMuMums.

[MpakTnyeckntTe 3aHATUA BKNKOYBAT: CUCTEMATUKA U KadeCTBEH aHanu3
Ha WOHW B pPa3TBOpP, KNacM4YeCcKn KOSIMYEeCTBEHW MeToaM 3a aHanms U
CbBpPEMEHHMU NHCTPYMEHTasHU MeToaum, KaTo: NnoTEHLNOMETPUS,
cnekTpohoToMETpUS, pasnuyHK BuaoBe xpomatorpadus wun gpyrn. ObcwxaaT
ce eTanuTe Ha aHaNUTUYHOTO M3crneaBaHe: NOAroToBka Ha npobaTta 3a aHanus,
n3bop Ha aHanuUTMYeH MEeTod, MU3MbIHEHWE Ha aHanuTU4Ha 3ajaqa,
npeacraBaHe W UHTeprnpeTauma Ha pesyntatute OT aHanu3a. CtygeHTtuTte
paspaboTBaTt nHaMBUAYarHW aHaNUTUYHX 3a4a4n U NpeacTaBaT pesynratute
OT aHanwusa.

I'Ipe3 ceMecTpuTe ce rnposeXxaa TeKyw KOHTPOJ1 Ha BCAKO YyhnpaXHeHune,
KaKTO 1 4YeTUpn KOHTPOJIHKN, MO OBE Ha CeMeCT'bp.Kpr'bT no aHalinTn4Ha Xmmu4
3aBbpLUBa C USIMAT, KOWUTO € NUCMEH " YCTEH, B Kpa|7|HaTa OLleHKa ce oT4YunTaT "
OUEHKNTE OT TEKYLLMNA KOHTPOJ1 NO BpeMe Ha ceMeCTbpa.

111. YAEBHO CBAbP/KAHHUE

NEKUUU
| cemecTbp
Ne Tema bpou
yueonu
uacoee
1 |[MNpeameT M 334ayM Ha aHANUTMYHATA XMMKUA U HA apmMaueBTUYHUA 2
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aHanm3. OCHOBHM NPUHUUNNMKN Ha Ka4eCTBEHNA N KOJIMYECTBEH aHA/1U3.

KauectBeH aHanuni. AHANUTUYHU peakunn - OCHOBHU XapaKTEPUCTUKMN.
AHaNNTUYHU rpynm Ha KaTMOHU N AHUOHMN.

Pa3TBOPU HA eNEKTPOINTU U HEENEKTPOIUTU. PaBHOBECKE B pa3TBOPU Ha
enektponntn. KoedpuuMeHT Ha aKTUBHOCT, MOHHA CUNa, NMPUNOXKEHME.
PaBHOBecue NpuM ManKo PasTBOPUMU CbeauHeHus. lNpousBegeHue Ha
Pa3TBOPUMOCT, NPEBPDBLLAHE Ha eAHa YTalika B Apyra.3HayeHue.

MNpeacTaBn 3a KUCENMHU N OCHOBMU. [1IPOTONINTUYHA TeopuA Ha bpboHcTe -
Naypn. Cnna Ha npoTonMTUTE, NPOTOJIM3HU KOHCTAHTM. PakTopu, OT
KOUTO 3aBUCK CMNaTa Ha npotonmTtute. BogopoaeH nokasaten, metoaum
3a onpepensHe.

BydpepHu pastsopu. CBoncTBa Ha bydepute. YpaBHeHME Ha XeHAEPCOH-
Xacenbax. bybepHu Kpusu. bypepeH Kanauutetr. BUONOrMYHO 3HaYeHme
N NpUNoXKeHne Ha bydpepurTe.

KonunyectseH aHanus. Buagose KoOAMYECTBEHUA aHANM3.

ObemeH aHanu3 - CbLHOCT U Knacudpukauma. OCHOBHU M3UCKBAHUA KbM
peakuuuTe, M3NOoN3BaHW B 0b6emMHMA aHanus. M3umcneHuna B obemHumn
aHanus.

CTaHAapTHW Pa3TBOPU, TUTPOYCTAHOBUTENIU, MEPUTENIHU CbA0BE.

KnucennHHo-ocHoBeH obemeH aHanus3. TUTpyBaHe Ha CUAHW WU cnabu
NPOTONUTU. TWUTPyBaNHW KPUBU. KWUCENUHHO-OCHOBHU WHAMKATOPW,
n3bop Ha UHAMKATOP.

KomnnekcHn cbveguHeHuA. CTpOE)-K Ha KOMNNEKCHUTE CbeaNHEHUA.
Bnoose KomnnekCcHU CbeguHeHuUA. CtabuMnHOCT Ha KOMMJEKcuTe
cbeUnUHEHUA, CTabUNNTETHM KOHCTAHTM. CDaKTOpVI, OT KOUTO 3aBUCHU
cTabunHOCTTa HAa KOMNAeKcuTe. YCNOBHA CTabMAMTETHA KOHCTAHTA.

KommnekconomeTpusi. ChiiHocT Ha meToga. Kommekconu. MeTtainHu
komruiekcu ¢ EJITA — cweraB, cTpykTypa u crabunnoct. Kpusu Ha
TUTpyBaHe. MeTanoXpOMHU MHIUKATOPU. TUTpyBaHE HA METAITHU MOHH,
Brusiaue Ha pH. [lpunoxxenne BbB apmarieBTUIHATA MPAKTHKA.

OKucnAuTenHo-peayKUMOHHM npouecu. YpaBHeHme Ha HepHcT.

CTaHAapTeH U yc/oBeH pefoKcnoTeHuman. PakTopu, OT KOUTO 3aBUCAT
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pegoKkcnoteHunanute. [ocoKa Ha  OKUCAUTENHO-PEeAYKUUOHHUTE

npouecu.

10 |OKucautenHo-peayKuUMOHEH obemeH aHanus. CobwHocTt n 2
Knacudukauua. lNMepmaHraHomeTpua. MNpunoxeHune.

MopomeTpuma — cneumduyHmn n3nckeaHma. Npunoxexue.
OKucnnTeNHO-peayKUMOHHO TUTPYBaHe B HEBOAHA cpeaa.

11 |KncenmHHO OCHOBHM paBHOBECUA B HEBOAHW Cpeau. 2
Knacnpukauma Ha pastsoputennte. ABTONPOTO/IN3a M aBTOMNPOTO/IM3HA
KOHCTaHTa. OnpeaensaHe Ha pH B HeBoAHU cpeau.

KucennmHHo - OCHOBHO TWUTpyBaHe B HeBoAHa cpeda. OcobeHocTw.
MpunoXkeHne B aHanM3a Ha GapmMmaleBTUYHMN NpenapaTu.

12 |Pa3TBapAHe Ha TBbpPAM BelecTBa WU yTaaBaHe. PakTopu, onpenenam 2
Pa3TBOPMMOCTTA Ha YTalKuTe.

YTaedyHo TuTpyBaHe. KpuBu Ha TuTpyBaHe. OnpegensaHe Ha
eKBMBAJIEHTHMS MOMEHT, abcopbUNOHHN MHANKaTOPW. [punoxKeHue.

13 |TernoseH aHanu3. YTaeyHa u TernosBHa ¢opma. lMpouyecn, sBogewm Ao 2
OHEYNCTBAHE Ha yTalKuTe. YC/I0BUA 33 NOJiydaBaHe Ha YNCTU YTaNKKU U
TernoBHM Gopmm CbC CTporo aedunHuMpaH cbeTaB. [lpegumcrtBa wm
HeAOoCTaTbLWM HA TerNOBHUA aHANM3.

14 | Aacopbums — cbuwHOCT. PU3MYHA U XMMKUYHA agcopbumsa. AacopbUMOHHM 2
nsotepmu. MpunoxkeHme Ha aacopbUMOHHUTE NpoLEecH.

15 |MeTtoam 3a pasgenaHe U KOHUEHTpUpaHe B XMMUYHUA aHaNU3. 2

EKCTpaKLI,MOHHI/I mMmeToan — Te4HO-TeYHa U TB'bp,D,Od)aSHa E€KCTpaKuunAa.
EKCTpaKLI,Mﬂ Ha OpPraHNM4YHU CbeANHEHNA, MHOTOCTENEHHA EKCTPAaKUUNA.
MacKupaHe B KOIMYECTBEHMA aHANIN3.

MNbpeun cemectbp 30 yaca
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Bmopu cemecmuvp

Ne Tema bpou
yueonu
uacoee

1. |VIHCTpymeHTanHu meTtoam 3a aHaaus.

EnekTpoxumnyHum metogm 3a aHanms. NoteHymomeTpma.

Buaose enekTpoan — MHANKATOPHU U CPABHUTENHU, MOH-CENEKTUBHM 2
n nHgedpepeHTHU. CTbKNeH enektpoga,. NoTeHuMomMeTpu4HO

onpeaensaHe Ha pH. [oTeHUMOMETPUYHO TUTPYBAHE.

2. |CneKTpanHu meToam 3a aHaNnU3. 2
MpunorKeHmne Ha MONEKYNHUTE CNEKTPU B aHAIMTUYHATA XUMUA —
3aKOH Ha byre, /lambep u beep. CnektpodoTomeTpumsa — anapaTypa.
MpunoxeHne Ha 3aKoHa Ha byre, JlTambep 1 beep B npaKTMKaTa.

MeToa Ha cTaHAapTHATa npasa.

3. |ATOMHO-eMMUCUOHHA M aTOMHO-abCcopOLMOHHA CNEKTPOCKONUA. 2
MpunoxxeHma Ha AAC n ICP.
dayopecuyeHTeH aHanus. NpunoxeHuma.

4. |XpomaTtorpadckm metogm 3a aHanms. Knacnoumkaumsa Ha 2
XpomaTtorpadckute metoan. Bugose xpomatorpadus.

5. |la3oBa xpomartorpadus. MNpmunoxeHne B aHaNAMTUYHATA NPAKTUKA. 2
Maccnektpockonus. MNpuHuMn Ha meToaa. MeToan Ha NoOHM3aUMA.
KauvecTBeH 1 KonMYecTBeH MacCneKTpasieH aHanus.

6. |TeuyHa xpomaTtorpadua. TeyHa xpomaTorpadma Npm BUCOKO HaNAraHe 2
(HPLC). MpunoxkeHne B aHaNUTUYHATA NPaKTUKa.

7. |Cratuctnyeckn metoam 3a 06paboTka Ha pe3yaTaTuTe OT aHa/IN3a 2
— CpeaHa  CTOMHOCT, Bb3NPOM3BOAMMOCT Ha  pe3yntaTuTe,
AoBepuUTeneH UHTepsan. BepuduumpaHe un  BannampaHe Ha
AHANUTUYHUTE MEeTOAM.

8. | PaspaboTBaHe Ha aHaAUTUYHA Npoueaypa — NPUHUMMN, eTanu. 1

Jlekunn sTopn cemectbp 154
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Ynpaosicnenua

I cemecTnBp

Tema

bpoiu
yueoHu
yacoge

MpaBuna 3a paboTa B XxMmuyecka nabopatopus. TeXHWKU B
aHaAUTUYHATA XUMKMA — NabopaTopHa CTbKAApUA, OCHOBHM
onepaumn. PasTBopu — pasperkgaHe Ha pasTBOPM, yTadBaHe M
npeKkpucTannsauma. KoHUeHTpaunmn Ha pasTBopu.

3

KauecTseH aHanu3. Knacupukauma Ha KaTUOHUTE B aHAIUTUYHU
rpynu. AHaIMTUYHM peakumu Ha |-Ba rpyna KaTMOHW; cUCTEMEH
xoa,.

KaTMoHM OT BTOpa W TpPeTa aHa/UTUYHM TPYynNu - TPynosu
yTauTenn, KayecTBEHM peaKkuuMm 3a KaTUMOHM OT ABeTe
aHaNUTUYHU TPYNN.

KaTMOHM OT YeTBbPTa M NETa aHAIUTUYHU TPYNN — NPOBEXKAAHE
Ha KaYeCcTBEHW pPeaKLMKM 33 KaTUOHUTE OT ABETe rpynu.

Knacudumkaums Ha aHMOHUTE NO aHANUTUYHM rpynu. KayecTBeHM
peaKkLMn Ha HAKOW aHUOHU C BUONOTMYHO 3HaUYEHUe. AHANN3 Ha
Pa3TBOP, CbAbpPXKaLL, Pa3IMYHN aHUOHW.

MpotonntnyHa TeopuAa. Cumna Ha npotonutmte — Ky mn Kp.
BopopoaeH nokasaten (pH). Metoau 3a onpeaensiHe. bydepHu
pa3tBopu, bydepHn kpusu, bydepeH Kanauymtet. MpuroTeaHe Ha
6ydepHu pa3TBopU M onpeaensaHe Ha pH cToMHocTTa um.

KoHTposiHa 3aga4a BbpXy KauecTBeH aHanus, pH u bydepu.

KonnuyectBeH aHanm3. ObemeH aHanu3 — CbWHOCT, BMAOBE.
CTaHAapTHVI pPa3TBOpPU N U3HUC/TEHUA B obemMHuMA aHanms.

KnucennHHo-ocHoBeH obemeH aHanW3 — CTaHAAPTHW Pas3TBOPW,
KMCENMUHHO-OCHOBHMU MHAMKATOPKU.  TUTpyBanHU KPUBMU.
TUTpyBaHe Ha CUAHU NPOTONUTH.

KucennHHo-ocHoBeH obemeH aHanus. TMTDYBaIIHI/I Kpusu.
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TuTpyBaHe Ha cnabw NPOTOAUTM U MOJAUNPOTOHHU KUCENUHM.
OnpeaensiHe Ha agpeHanvH BbB dapmaueBTUYHa cybcTaHumS.

10.

KomnnekcometpuyeH obemeH aHanus. TUTPYyBaZHU KPUBW.
CTaHAapTHW PasTBOPU, METAJIOXPOMHU UHAMKATOPU. TUTpyBaHe
Ha MeTasiHM MOHM C KomnnekcoH lll. TutpyBaHe Ha marHesues
acnaptaT (Mg-aspartate) n Kanumes rntokoHat (Ca-gluconate).

11.

OKUCNUTENHO-PEeAYKUNOHEH 0bemeH aHanm3 — Bugose. NepmaH-
raHomMeTpua - 0COBEHOCTM Ha  MepMaHraHOMETPUYHOTO
TMTpyBaHe. OnpegensHe  KOHUEHTpauMATa Ha  OKcanoBa
KMCEeNMHA; onpeaensaHe NPOLEHTHO CbAbPrKaHWE HA BOAOPOAEH
NnepoKcua B Nepxmapon.

12.

KonTtponHa 3amada BbpXy OOEMEH aHaIW3 M KOHLEHTpPAIMU Ha
pa3TBOpH.

13.

OKUCNTENHO-peayKUMOHeH obemeH aHanu3. MopomeTtpua —
CbLHOCT Ha WOAOMETPUYHUTE ONpeaensiHUA, W3NO0J3BaHU
CTaHAAPTHU pa3TBOpMU n NHANKATOPW. OnpepgensHe
KONMYECTBOTO Ha BuUTamuH C BbB papmauEeBTUUYHM NpenapaTy,
KO/IMYECTBEHO onpeaensHe Ha rMKo3a.

14.

KncennHHO-OCHOBHO TUTPYBaHe B HEBOAHA cpea — NpuHLMN,
M3MNON3BaHUN Pa3TBOPU U NPUNOKEHUA. TI/IprBaHe Ha 6eH30eHa
KNUCEeNIMHA N XN10pNpOoOMasnH Xnapoxnopnua s MeTaHO/10Ba Cpeaa.

15.

Ternosen anaaus.

MNbpBu cemectbp 45 yaca

Il cemecTbp

Ne

Tema

bpou
yueoHU
yacoese

MeToau 3a noarotoBka Ha I'IpO6I/1Te 3a aHa/us. Pa3TBapFIHe,
KOHUEHTPUPaAHE U pa3saenaHe. EKCTpaKLI,MOHHI/I meToaun.
Tequ/TeqHa E€KCTpaKuunAa. Onpe,u,enﬂHe Ha TOKCUYHUN enemMeHTU B
3axapos3a. OTpenAHe WM pgOKasBaHe Ha BOAO- M MAcCTHO
pa3tBopumm BUTaMMHUN B MYNTUBUTAMUHHA TabneTka.
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EnekTpoxmMmnuHn metoam 3a aHanus - Buaose. MNoTeHUMomeTpus
— OCHOBEH 3aKOH, M3MON3BaHM eNeKTPoAM, NOTEHLUNOMETPUYHO
TMTpyBaHe. OnpegensHe Ha pKa Ha cnaba engHOOCHOBHA
KMUCeNuHa.

MoTeHunomeTpus — MpoBeXAaHe Ha  TUTpPyBaHe  Ha
nonunpotoHHa (pochopHa) KucenmHa. [locTposABaHe Ha
eKcnepumeHTasiHa TUTPyBaNHA KpuBa Ha pochopHa KucenmHa —
obnactn c bydpepHo aencTtene u eKBUBaEHTHU MOMEHTH.

CnekTtpodoTomeTpus - CbLLHOCT. OcHoBeH 3aKOH,
abcopbumoHeH abcopbLUMOHEH CNEKTbP, METOA Ha CTaHAapTHaTa
npaBa. OnpeaensiHe KOHUEHTPAUMATA Ha CaNMLNAOBA KUCEIMHA.

MpunoxkeHne Ha cnekTpopoTOMeTpMATa 33 aHa/AM3  Ha
dapmauyeBTUYHMU cybcTaHumm. CnekTpopOTOMETPUYHO
onpegenaHe Ha BUTaMUH Bo,.

[Ipunoxenue Ha CIEKTPOPOTOMETPHSTA 32 aHATIU3 HA Pa3TBOPH,
ChABPKAIIK MOBeUe KOMIOHEHTH. Onpeiesnisine Ha akpudIaBUH U
METHJICHOBO CHHBO B OOIIl pa3TBOP.

KomoxBuym BBPXY: METOU 3a poOONOATOTOBKY
MOTEHI[UOMETPHUS U U CIIEKTPOPOTOMETPHSI.

XpomaTorpachﬂ — CbWHOCT U BUAOOBE. anIHLI,MI'I Ha KOJ1I0OHHaQ,
XapTneHa 1 TbHKOC/IOMHA xporv\aTorpacI)Mﬂ. AHanuns3 Ha
XPaHUTENHU 6arpvma no MmeToda Ha TbHKOC/IOMHATa

2+ 3+ o
xpo:v\aTorpachﬂ. Pa3ﬂ,EJ'IF|He Ha Cu” n Fe’ noHun no meToada Ha
KPbroBaTta XapTneHa xpomaTorpacbvlﬂ. Pa3,u,enﬂHe Ha eKCTPAaKT OT
3€J/1eHN PaCTeEHNA NO MeTO4a HA KOJIOHHATA xpo:v\aTorpachﬂ.

CbBpemeHHM xpomaTorpadckm metoamn. Fasosa xpomatorpadums
—NPMHUKUN Ha MeToAa, XpomaTorpadcka cuctema ¢
MacaeTekums. MNpunoxeHna Ha razoBaTa xpomartorpadums.

10.

BucokoedeKkTUBHA TeYHA XpomaTorpadpua — npuHUMN Ha meToaa.
YCTPOMNCTBO Ha TeYHO-XxpomaTtorpadcka cuctema c UV u FL -
AetekTopu. Mpunoxkenua. OnpeaenaHe Ha KOPenH B Pa3NYHK
npobwu.

11.

MpunoxkeHne Ha BUCOKoedeKTUBHATA TeYHA XpomaTtorpadus —
aHa/u3 Ha BUTAMMHU B Pa3INYHK Npobu.
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12.

KonokBMym BbpXy XpomaTorpadpCckm MeToam 3a Ka4ecTBEH U
KO/IMYEeCTBEH aHaNu3.

13.

ATOMHO-abcopbLMOHHA CNEKTPOMETPUA — CbLLHOCT Ha METOAa3,
OCHOBHM €Tanu Ha aHa/M3a, YCTPOMCTBO HA aTOMHO-
abcopbumoHeH cnekTpomeTbp. MpunoxkeHuna Ha AAC.

14,

ObpaboTka M npeacTaBAHE Ha EKCMEepPUMEHTaZIHU pes3ynTaTu.
lpewKkn npu wusmepBaHuaTta. CratuctMyecka o6paboTKa Ha
pesyntatute. lNpeacTaBaHE Ha EKCNEepUMEHTA/IHUTE AaHHU —
TabMYHO, rpadMyYHO M HAYMHK Ha 3anNMCBaHE.

15.

MpuHUMN Ha aobpaTa nabopaTtopHa NpakTUKa. KOHTpon Ha
KauyecTBOTO — KainbpupaHe Ha M3MepBaAHETO M pedepeHTHU
maTtepuanun. BaamagupaHe Ha meToa.

Bropu cemectbp 30 uaca
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Q6wo nexyuu: 45 uaca

06w0 ynpaxkHeHua : 75 yaca

IV. TUTEPATYPA

1

OCHOBW Ha XMMWYHMA AHANW3, aBTOPCKN KONEKTWB, cbcrasuten npod. P.
Bopucosa, U3A. ,Boponen”, 2009

Owmyprar Byznescku, OCHOBH Ha aHAIMTHIHATA XUMHSL, YETBBPTO NpepaboTeHo

w3nanue, w3l Apueckomepc, 1995.

Bonues IL.P., YBo/a B aHAIUTUYHATA XUMUS, Codus, HA, 1979.
Cr.AseKcapoB,  AHaJUTH4HA  XHUMUA, Codusi,  YHHMBEPCHTETCKO
uznarenctso, 2005.

PHKOBOJCTBO 3a MPAKTUYECKH YNPKHEHHA TIO aQHAJIMTUYHA XHMHA 34
CTYJEHTH 10 (papMays, MO/l peaKuuiTa Ha O. ByzneBcku, I1eT0 NpepadoTeHo
p3nanve, MeIUIUHCKO U31aTeICTBO “APCO”-ET, Codust 1999.

P.Xpwucrosa, /. Llanes u ap., PBKOBOICTBO IO KOJIMUYECTBEH aHAIM3, Codus,
VHHBEPCUTETCKO U31aTENICTBO, 2003.

M. Bonepa, CH. I'anueBa, PBHKOBOJACTBO IO KaueCTBCH ananus, llymeH,
Va.usn. “Kn.Oxpuacku”, 1993.

Yye6HaTa nporpama e npuerta Ha KateapeH CbBeT ¢ Npotokon Ne 29 ot 21 mai 2013

roa,

M3roTBun nporpamara:
Vg
pou. M. CtaHyesa, AX

[/

7.4

PvKoBoauTen Kateapa Xvumua: U /

ot M. Q‘fhﬁqesa, Jive
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é MEJHUIITMHCKH YHHMBEPCHTET
“IIpo¢g. a-p IIapackes CTOosAHOB”
BapHa

MeOgHIITHMHCKI KOAEIK

YTBbpXKOaBam:

PEKTOP
Inpodp. a-p A. Knucaposa, gmH/

OUPEKTOP:
/pou. Xp. MNaHueB, am/

YUEBHA TMPOI'PAMA

no gucuunruvHara : “ AHaNUTU4YHaA xmMmms “
BKITlOYEHa B y4eOHUA nnaH Ha cneuynanHocT: “lMomowHuk — cpapmaueBT”

3a ctygeHTute ot | Kypc

Bua Ha 3aHATUATA Cemectbp Xopapuym-yaca Xopapuym-yaca
ceaMU4Ho O6wo

Jlekuun Il 1 15

CeMuHapHu

ynpaxXHeHus

MpakTnyeckun

ynpaxHeHusi I 2 30

O6uwo yaca 45

®dopmMu Ha KOHTpoOn TeKyLL KOHTpON CewmecTtpuaneH
KoHTponHu na3nuT

Kpeautn (ECTS)

Bapna, 2008
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Il. AHOTauuA

KypcbT no aHanuTnyHa XvMMmns uma 3a Len fa 3anosHae CTyaeHTuTe ¢
KNacu4eckuTe N CbBPEMEHHUTE METOAM 3a Ka4YEeCTBEH U KONMYECTBEH aHanms.

B TeopetuMyHaTa 4YacT ce pasrnexgaT paBHOBECHUTE Mpolecu B
XOMOreHHa 1 xeTeporeHHa cpefa. 3aabnboyvyeHo ca npeacTtaBeHU KUCENUHHO-
OCHOBHUTE paBHOBECUs, MPOLIeCUTe Ha pasTBapsHe U yTasBaHe, KakTo U
KOMMNeKkcoobpasyBaTernHUTE U OKUCTIUTENHO-PEeAYKLVUOHHUTE MPOLIECH.

B nNEeKUMOHHMAT KypC ca MNpeacTaBeHn  BUOOBETE  KONMUYECTBEHWS
aHanus3,kaTo OCHOBHO MSICTO € OTAEeNeHO Ha pasnuyHuTe BuOoBe obGemeH
aHanus - KMCENNHHO-OCHOBEH, OKUCINUTENHO-PEaYKLNOHEH,
KOMMNEKCOHOMETPUS.

OcobeHO BHMMaHWE € OTAeneHO Ha (PU3MKOXUMUYHUTE MeToaM 3a
aHanus3, KOUTO UMaT MbPBOCTEMNEHHO 3HAYEHME NPU aHanM3 Ha feKapCTBEHUTE
CpeAcTBa, KakToO W npunaraHuTe MeToau 3a pasTBapsiHe, pasdensiHe U
KOHLeHTpUpaHe B aHanuTuyHaTa XuMus.

MpakTuyecknTe 3aHATUS BKMNOYBAT: cUCTEMaTUKa M KavyecTBeH aHanu3

Ha WOHM B pPasTBOP, KNaCUYEeCKN KONUYECTBEHW MeToauM 3a aHanms U
CbBpPEMEHHU  (PUBMKO-XMMUYHKM  MeTogun. OO6cbxgaTr ce eTanute Ha
aHanNUTUYHOTO M3creaBaHe: MOAroToBka Ha npobaTta 3a aHanui, nsbop Ha
aHanUTU4eH MeTo, M3MbMIHEHME Ha aHanuTU4Ha 3ajada, npeacraBsHe U
MHTepnpeTauna Ha pesyntaTute ot aHanusa. [NpeasuaeHo e paspaboTBaHe Ha
MHOMBUAYANHN aHanUTUYHUM 3ajavv U NpeacTaBsHe Ha pesynTtatute oT
aHanmsa.
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IIPOI'PAMA
3a NeKUUN 1 yNpaXKHEHUA NO aHaIMTUYHA XMMUA
Ha cneymanHoct “NMomowHUK papmauestn”

JIeTEH cemecTbp

NEKUUU - 16 yaca

Tema bpou
yueoHu
uacoee

Ne

1 |lMpegmeT M 33g4a4n Ha aHanUTUYHatTa XMMmA. OCHOBHM MPUHUMNM Ha 2

KauyecTBeHWA U KOJIMYeCTBEH aHaNuns.
KayectBeH aHanus3. AHANUTUYHU peaKUUM - OCHOBHU XapPaKTEPUCTUKM.
MNpenBapuTesnieH U CUCTEMEH KavecTBeH aHanm3. KayectBeH aHanuM3 Ha
KaTMOHU 1 aHMOHMU. [IponsBeaeHme Ha Pa3TBOPUMOCT.

2 |KonwnyectseH aHanus. Bugose Konun4yecTsBeH aHanu3.

Ob6emeH aHanu3 - CbWHOCT. N3uncnenms.
KncennHHo-ocHoBeH obemeH aHanus. TUTpyBanHW KpuBu. KMCENUHHO- 2
OCHOBHU MHAUKATOpWU. lNpunoxkeHua.

3 |OkncnntenHo-peayKUMOHHMU npowecu B XUMWUYHUA aHanus. 2
OKuCAUTENHO-peayKUMOHEH obemeH aHanus. [lepmaHraHoOMeTpums.
NopomeTpusa. NMpunoxkeHus.

4 |KomnneKcHn cbeanHenusa. Bupose  auraHam. CrabunHoct  Ha 2
KOMMNJIEKCHUTE CbegunHeHuA. CtabunuteTHu KOHCTaHTH
KomnnekcoHomeTpua. MeTanoxpoMmHU  MHAUKATOPU.TUTpyBaHe Ha
MeTaNHN NOHW, BANAHUE Ha pH.

5 | PU3MKO-XMMMYHN MeTOAM 3a aHANU3. 2
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MoTeHuMomeTpua. MoTeHUMOMETPUYHO onpeaenaHe Ha pH.

MoTEHLMOMETPUYHO TUTPYBAHE.

6 |CnektpodoTomeTtpua. [punoKeHne Ha MONEKYJHUTE CMNeKTpu B 2
aHaNIMTMYHATA XMMUA — 3aKOH Ha byre, Jlambep n beep.
ATOMHO-abcopbumoHeH aHanus. MpunorkeHue.

7 |XpomaTorpadckm metoam 3a aHanms. Bugose xpomatorpadua. Nasosa u 2
TeyHa xpomatorpadus. MNpunoxeHne B aHaIMTUYHATA NPAKTUKA.

8 |KoHTponHO Bbpxy xpomatorpaduma n cnektpopotomeTpus. 2

9 |O6paboTKa Ha pe3ynTaTuTe OT aHaNN3a.CUCTEMATUYHMU U CAYyYalHU 2

rpewkn. BaanmanpaHe Ha meToda 3a aHANU3.

CtaTucTMyecKka o6paboTka Ha pe3ynTaTute oT aHaAM3a.

YIIPAJKHEHUMA — 30 gaca

Cen-
mMmuua

TEMA

MpaBuna 3a paboTa B XMMUYECKa labopatopus.

TexHWUKN B aHAIMTUYHATA XUMMUA.

KauecTtBeH aHanmM3 Ha KaTUOHWU. AHANNTUYHU rpynu. AHaNN3 HA KaTUOHU C

6MONOrMYHO 3HAUYEHMe.

CuUCTeMeH X0/ Ha NbpBa rpyna KaTUOHMU.

KauecTBeH aHanmM3 Ha aHMOHMW. anJ'IO)-KeHMe Ha Ka4yecCTBeHNA aHA/IU3 B

MmeanumnMHCKaTa NpPakTuUKa.

IV.

KonnuectseH aHanms. O6emeH aHanu3. CTaHAapPTHWU Pa3TBOPU U TEXHUKA HA

TUTPYBaHeE. MH,D,MKaTOpM. N3uncneHns B obemHus aHanus.
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KncennHHo-ocHoBeH obemeH aHanus. TUTPyBanHU KpMBU. TUTPYyBaAHE Ha CUJTHMU

V. | KUCEeNMHM 1 CUAHM OCHOBM.
OKUCIUTENHO-PEAYKUMOHEH 06EMEH aHaun3.
VL. o
MepmaHraHomeTpua. MogomeTpus.
KomnnekcoHomeTpuyeH obemeH aHanus. OnpeaensHe KOHLEHTpauuaTa Ha
VIL. | Mg** v Ca®* npv TuTpyBaHe c EATA.
VIl KOHTPOAHO ynpaxKHeHMe BbpXy 06eMeH aHanus.
NHCTpyMeHTanHn meToam 3a aHanms.
IX. | CnektpodoTomeTpua. MeToz, Ha CTaHAapTHaTa Npasa.
OnpepenaHe KOHLEHTPaUUATa Ha CaAnLUMIOBa KUCENHA.
CnekTpodoTOoMeTpUA - NpunokKeHna. OnpeaensHe KOHLEHTpPaUMATa Ha
X. | MeTanHu MOHM 1 Ha BUTAMUHM.
Tomenyuomempus. [lomenyuomempuuno onpeoensne na pH.
Xl.
Tlomenyuomempuuno mumpyesane.
i ATOMHO - abcopbLMOHHa cnekTpodoTomeTpus. MPMHLMN Ha MeToAa.
" | MpunoskeHue.
Xl Xpomamoepagus. Buoose xpomamoepagus. [lpunyun na xapmuenama u Ha
" | mvuxocnotinama xpomamoepaghus
X1V Xpomamoepagus — cazosa u meuna.llpunosicenue.
XV TeyHa xpomaTtorpadua. MNpunoxkeHune.

Ynpa*kHeHuATa ca no 2 y4ebHu yaca.

N3roteun nporpamara:
pou. M. CtaHueBa, aox
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ME/ITUITMHCKHYA YHUBEPCHUTET

“NMpod. a-p NMNapackes CtoaHoB”
BapHa

OAKYNTET no PAPMALUNA

Y1BbpaeHa c Mpotokon Ha ®C Ne13 ot 17.05.2011 r.
YTBbpXKOaBaMm:
[ekaH:

/oou. O. OnmuTtpos, am/

YUEBHA T1POI'PAMA

no nsdbupaemara gucumnnuHa : “ CbcraB M 6€30MacHOCT Ha XpaHu “
BKNKOYEHa B y4eOHMA nnaH Ha cneymanHoct: “©@APMALINA”

3a ctygeHtute ot | - IV Kypc,

npuaobuBawm obpasoBarenHo-KkBanmdKkaumoHHa cTeneH “marucrop”

¢ npodhecnoHanHa kBanudukaumsa “ maructobp - dapmaueBT”

Bupa Ha 3aHATUATA CemecTbp Xopapuym-yaca Xopapuym-yaca
ceMUYHO oo6uwo

Jlekuum * 2 30

CeMuHapHum

ynpaxHeHUs

MpakTnyeckun

ynpaxHeHUs

O6wo yaca 30

®dopmMM Ha KOHTpOn TeKyL KOHTpON n3nuT

Kpeautn (ECTS)-2

Bapna, 2012
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YYEBHA NMPOIrPAMA

“CbTAB U BE3OINACTHOCT HA XPAHW” — CU[]

A. AHOTAUUA

Ieara Ha HacTOAINMS KYPC € [a MpPeICTABM ChbBPeMEHHA HAay4YHa
uHpopManusa 3a CbCTaB M 0€30IACTHOCT Ha XpaHH. XpaHATa MMa He CaMo
XPAaHUTEJCH M eHEeprueH MNOTeHUHAJ, HO U CWJarta U Ppa3Hoo0pa3uMero Ha
OMOJIOTUYHO-aKTUBHUTE BELECTBA CHhAbPKALIU Ce B Hesl.

B KypcebT ce pas’riexaar OCHOBHMTE MAKpPO- M  MHUKPOHYTPHEHTH,
MHUHEPAJHHU BellecTBA U OHOJIOTMYHO AKTHBHHM CheJMHEHHUS ChAbPKAllM Ce B
xpaHure. DBHOJOrMYHO AaKTUBHUTE CBHEJUHEHHMS OKa3BAT IMO3UTUBHO WIH
HEraTUBHO Bb3JACHCTBHE BBbPXY (PU3HOIOIMYHATA U KJIETHYHATA AKTUBHOCT,
oTpa3siBalia ce BbPXY 3JApaBeT0 Ha 4Y0BeKa. XpaHUTE CBhAbPKAT TIO0JAMO
MHOTroo0pa3ue Ha OMOJIOTMYHO AKTUBHHU BellleCTBA HO B MAJIKH KOHIIEHTPAIlUH.

OCHOBHO MSICTO B KypCa € OT/JAeJIEHO HA BUTAMHHHUTE — XMMHUS, OMOJTOTHYHO
3HaAYeHHUe, 0€30MACTHOCT, ChAbpPKaHue B XpaHu. CTyaeHTHTE HIe 0bAAT 3alI03HATH
CbC CbBPEMEHHH METOAU 32 AHAJU3 HA MACTHU KHCEJIMHU, BUTAMMHU U JAPYrd

OMOJIOTMYHO AKTUBHH Belecrea.
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B. PA3NPEOQENEHUE HA YHYEBHUA MATEPUAI MO CEMECTPH

Cemectbp | Ceamuum YacoBe YacoBe Teopusa | YnpaxHeHu
ceaAMUYHO BCUYKO A
15 2 30 30

Jlexyuonen Kypc

. CbctaB Ha xpaHuTe. MaKpPOHYTPUEHTU U  MUKPOHYTPUEHTMW.
BMOMOrMYyHO aKTUBHU CbeaVHEeHUs U KaHueporeHu. EHepruumHa
CTOMHOCT Ha XpaHuTe.

. Bbrnexm,u,pam — BHAOBeE. C'b,El,'bp)KaHMe Ha BbrnexmapaTtn B pa3finiyHu
BNAoOBE XpaHMW. 3,£|,paBeH puck npum nosuweHa KOHCyMauuAa Ha
BbrrexmngparTtu.

. Jlnnngn — Bugose. MasHuHK, rnuuepodocdatnan U rmukonunnaun.
XornecTteposi — Bugose. 34paBeH PUCK NMpu NOBULLEHA KOHCYMaLUsA Ha
XpaHu Boratn Ha MasHUHWN.

Bucwmn mMacTtHM KUCENUMHU — HACUTEHM M HeHacuTeHn. Omera —
KUCEeJTMHN. KOHI-OFI/IpaHa JIMNHOJI10OBAa KNUCerinHa.
TpaHC-MaCHI/I KNCEJTMHN — BITUAHNE BbPXY HOBELLKNA OPraHn3bM. Hoswu

TEeXHOJ1I0IMN 3a HaMaldBaHe Ha CbObpP>XXaHNETO UM.

. AMMHOKMCcenuHn. benTbyHM BeLlecTBa. C'bﬂ,'bp)KaHl/le Ha OenTb4HK
BeLweCTBa B pa3riinyHn BNOOBE XpaHW. buonornyHa 3Ha4veHue.

. MuHepanHu BellecTBa — Makpo- U MUKpoerneMeHTu. CbabpKaHue B
pasnuMyHn BMOOBE XpaHu. buonornyHa 3HayeHne. BogHo cbabpkaHue
Ha XapHuTe.

. Butamnun. BvBegeHne BbB BUTaMuUHonornata. MactHo pasTBopumu
BUTaMUHU. ButammH A — xumuma, OMONMOrMYHO  3HAYEHMeE,
6e30nacTHOCT, CbAbp)KaHNe B pasfnnuyHu BUOOBE XPaHMW.
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8. ButammHn E wn ButamuH [ - xumusa, OMONOrMYHO 3HaYEHMe,
6e30nacTHOCT, CbAbpXKaHUE B XPaHW.

9. BogHo - pa3TtBopyMu BUTaMUHW. ButammH C — xumusi, BGMONMOrnyYHo
3HayeHne, 0e30MacTHOCT, CbAbpXaHWe B XpaHW. BuTamuHu
aHTUOKCUOAHTM.

10. Bwutamuuu ot rpynaTta Ha B ( B, B, HMauuH, Be, By, dponnesa
KncenuHa, GUOTUH) - XMMKSA, BMONMOrMYHO 3Ha4veHne, 6e30nacTHOCT,
CbAbpXKaHNE B XPaHW.

MeToaun 3a onpegensiHe Ha BOAHO Pa3TBOPUMU BUTAMUHM.

11. BWonNOrMYyHOAKTMBHM CbEOMHEHUS B XpPaHW — TEPMWUHOSOIUS,
knacudpukaumnsa, ©GesonacTHocT. [lpumepn 3a GUONMOrMYHaAAKTUBHU
XpaHw.

12. KapoteHouau — knacudukaumsi, 6GuonormyHa pons, cbabpkaHue B
XpaHu. Metoam 3a onpegensHe.

13. dnaeBoHonan — knacudukaums, buonormyHa pons, Cbabp)KaHue B
xpaHun. MeToau 3a onpegensiHe.

14. XpaHuTenHu gobaskw.

15. 3akoHogaTenctBo B ob6nactTa Ha XpaHuTe.

INekunnte ca no ggBa 2 y4ebHn vaca.

MpakTuyeckun ynpaxHeHus

1. a3 — xpomaTorpadckun aHanua 3a onpegensiHe Ha MacTHU KUCENUHN
B YEPHOMOPCKN pnbun. — 6 yaca
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2. HPLC aHanus Ha BuTaMuHu. — 6 Yyaca

3. ATOMHO-abCcopbLMOHEH aHanM3 Ha TEXKN MeTanu B XpaHu. — 3 yaca

N3rotBunun nporpamara:

pou. M. CtaH4yeBa
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MeaguumnHckm yHuBepcurtert
“NMpod¢. a-p NapackesB CtoaHOB”- BapHa
MeAauunHCKU Konex
BapHa
YTBbpXKAaBam:

AnpeKrop:

/Oou. a-p Xp. FaH4yes, AMH/

YHEBHA NMPOIrPAMA

no

OPTAHUYHA, HEOPTAHUYHA U AHAJIUTUYHA XMIWNA

CneyuanHoct: “MeguumnHckn nabopant”
O6pa3oBaTenHo-KBaAMPUKALMOHHA CTeNeH: “npodecmoHaneH 6akanasbp”
Xopapuym: ob6wo 105 yaca nekumu, 45 yaca, ynpaxkHeHua 60 yaca

CemecTbp B KOITO ce npoBexaa npenoaasaHero: I u I

CemecTbp B KOITO ce nposexaa u3nutbt: I u Il

NMpenopasartenu: aou. /lobomup MakeaoOHCKN, A-p XH
aou. MoHa CraHueBa, A4-p XH

BapHa, 2008
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AHOTALMNA:

OPTAHNUYHA N HEOPTAHNYHA XMMWA

OcHoBHaTa 1en Ha OOYYECHHETO HAa MEAMIIMHCKU JIAOOPAHTH 1O OpraHWYHA U
HEOpraHWYHA XMMUS € YCBOsBaHE Ha 3HaHW 3a pH, komouaHu u OydepHu pa3TBopu H
TAXHOTO TPWIOXKEHWEe B jabopatopHaTa auarHoctuka. CTyaeHTUTE TpsOBa na
MPUAOOUAT YMEHHSI 32 MPUTOTBSIHE HA PA3TBOPH C OMpeIeieHa MPOIEHTHA, MOJIapHa U
HOpMaJlHa KOHIICHTPAIMSA, KOWTO IIE€ ca UM HEOOXOJWMH KaTO CHCIUATUCTH IPH
U3CIICBAHUATA B KIIMHHYHA, MEKPOOHOJIOTHYHA, XHCTOJIOTHYHA U JIPYTH JTaOOPaTOPHH.
CryaeHTuTe TpsiOBa J1a yCBOSIBAT 3HAHMS 3a CTPOEKAa M CBOMCTBATa HA ChCIUHCHUS,
KOUTO C€ ONpEICIAT B KIMHUYHATA JIA0OpATOPHS: TPUALUITIIUIEPOIIH, (HOCHOIHUITHIN,
CTCPOJH, TIOJOBH XOPMOHHM, KAapOOHWIHH CBCIUHCHUS, IypUHH, OCITBIIH,
AMUHOKHUCEJIMHU, BIIICXUAPATH, XEeMOTJIO0OUH, OUIUPYOUH U IPYTH.

OcHOBHHTE 33/1a4i Ha 00YYEHHUETO I10 00IIIa U OPraHuYHA XHUMHUS Ca:

— OnaggBaHe Ha cucrtemMa OT 00OOIIEHM 3HAHUA MO OO0Ila U OpraHUyYHA
XAMUS,

— PasBuBaHe Ha aHAJMTHUYHO MHCJCHE M CIOCOOHOCT 3a TpWiaraHe Ha
pUA0OUTHTE 3HaHMS B JabopaTopHaTa JUarHOCTUKA

— YcBosiBaHE Ha NMPAKTUYCCKU HABUIIM U YMEHHS 32 KIMHUYHATA ITPAKTHKA

OOyueHneTo MO OpraHWYHA W HEOpPraHWYHA XWMHS c€ TpoBexkna mpe3 |-Bu
CEMECTBP U BKJIIOYBA TEOPETUIHO O0YUCHUE — JICKINH U YIIPOKHCHHSI.

KOHTpombT 1 OlleHKaTa Ha MPUIOOUTUTE 3HAHUS CE OCBINCCTBSABA UPE3 TECTOBE,
KOHTPOJIHM paboTH, 3a7ayll BHPXY MPUTOTBSHE HA pPa3TBOpH, ompeaeisHe Ha pH-
croiHOCTH. OOYyUEHHETO MO OpraHuYHA ¥ HEOPTAaHWYHA XMMHUS 3aBBPIIIBA C U3ITHT.

AHAJINTUYHA XUMUWA
OcHoBHaTa uUen Ha ObyyeHMEeTOo Ha MeAMUMHCKM NabopaHTM MO aHaAUTU4YHA

XMMUA € 3alfno3HaBaHeé Ha CTyAeHTUTeE C MeToAuUTE HA Ka4eCTBEHUA U KOZINMYeCTBEHUNA
dHa/In3 B KIMHUYHATA na6opaTop|/|ﬂ.

[IporpamaTta npenBHK/1a M3y4yaBaHE HA HAl-BaXHUTE AHAIUTHUYHHU PEAKLMM 32
JIOKa3BaHE HAa KaTUOHU M aHHOHU. TE€OpEeTHUYHNTE BBIIPOCHU 3a YCBOSIBAHE HA Marepuaia
ce M3y4aBaT B Kypca Mo 00Ila XuMUs, KOUTO NPeaxoxkaa OOy4eHHETO MO aHAIUTUYHA
XUMHUSL.

@opMu Ha OOy4yeHHUe: JIEKIMU U y4yeOHU ymnpakHeHus. Metoau Ha oOydeHHe:
JEKIIMOHHO M3JI0’KEHHE, CEMHUHApH, OHArjejAsBaHe 4pe3 TaOJuIM, U3BbPIIBAHE Ha
OIIUTH, IEMOHCTPALMH, MPOOJIEMHOCT Ype3 MOCTABSIHE HA CAMOCTOSITENIHU 3aJa4H.

KoHTpombT M oOlLIEHKaTa Ha 3HAaHUATA CE€ OCBIIECTBABAT TEKYIIO Ype3
IpeBApUTENICH KOHTPOJ Ha y4eOHH YIpaxXHEHHs], Ype3 TECTOBE, KOHTPOJIHU paboTH U

JIpYTH.
OO0yueHneTo Mo aHaJTUTUYHA XUMUS 3aBBPIIBA C U3MHT.
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PA3MPEOENEHNE HA YHEBHUA MATEPUAN 1O CEMECTPM:

Ot T1X Yacose
ceagMUYHO
Cemectbp Bcuuko Teopua ynpa*KHeHusA
yacose
3MMeH 60 30 30 4
neteH 45 15 30 3
IITPOI'PAMA

3a 1eKunun 1 ynpaxKHeHAa no HeopraHM4YHa U opraHUM4YHa XmMmMmua

Ha cneumanHoct “MegUUMHCKN nabopaHT”

NEKUMMU - 30 u.

3umMmeH cemecTtbp

Bpou
Cegmuua | Tema
yacose

1 Pa3ztBOpu. MexaHn3bpm Ha pa3TBapsSHETO. 2

KonuratuBuu cBOMCTBA Ha Pa3TBOPUTE.

HeenexTpomnTu u €JIEeKTPOIIUTH.
2 MNpeactaBn 3a KNCENMHU N OCHOBW. [1pOTONUTUYHA TeopwuA. 2

AsTonpoTonunsa.MloHHO Npon3BeaeHMe Ha BoAaTa.

3 BopopoaeH nokasaten (pH). MeTtogu 3a onpeaensaHe Ha pH. 2

bydepu. YpaBHeHne Ha XeHaepcoH-Xacenbax.
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KonongHu pastBopu. Ctpoerk u cBoncTtBa. PastBopu Ha
BUCOKOMONEKY/IHN CbeANHEHUA.

OKUCNUTENHO-PeaYKUMOHHM Npouecnu. XapaKTepuctuka u
OCHOBHM MNOHATUA. YpaBHeHMe Ha HepHcT. CKOpOCT Ha
OKUCNNTENHO-PEAYKUMNOHHUTE npouecu. Penokc-
KaTanm3zaTtopun. OcobeHOoCcTM Ha BMONOrMYHOTO OKMC/IEHME.

KomnneKkcHn cbeguHeHuA. CTpOEH-(. Bupose. lNpunoxkeHune un
MmegnumMHCKO 3Ha4yeHmne Ha KOMnJaeKCHUTe CbeanHeHnA.

Bbrnesoanopoau — HaCUTEHU U HEHACUTEHM. CTpoem,
(I)M3W-IHM N XMMUYHW CBOMCTBA. MNpeacrtasutenu.

ApeHun — beH3eH K xomoo3u. CTpoexk, nsomepusa, PU3NYHU K
XMMUYHU CBOMCTBA. [peactasutenm

XUAPOKCUAHU NPOU3BOAHUN HA BbrieBsogopoamTe —
eaAHOBaNEeHTHUN N MHOTOBaJIEHTHU a/1IKOXOJ1IN U (I)E’HOJ'IM.

10

AHI[GXI/IIIH U KETOHM. XHMMHYHU CBOMCTBA: HYKJIGO(l)I/IJ'IHO
MMPUCBCANHABAHC, OKHUCJICHHUC, AUCMYyTaluA, AJIAO0JIHO
MNPpUCBHCANHABAHC. bronornyHo BaxxHu npcacCTaBUTCIIN.

11

Kap6OKCMJ'IHVI KnuceimHn — MOHO- " ﬂ,l/lKap60KCI/U'IHI/I,
HaCUTEHUN U HEHACUTEHU, MACTHU U aAPOMATHMU. XUMUYHN
CBOMCTBaA. XMApOKCVIKap6OKCMJ’IHVI KUCENUHN! MN1eYHa,
ﬂ6bﬂqua, BMHEHA, ZIMMOHeHa, canumumnosa. buonornyHo
3Ha4veHune.

12

Bbrnexugpatu. MoHo3axapuam — CTPOEX U XMMUYHU
csorcTBa. [MpeactaBuTenu: rnoKosa, GpyKTosa, MaHo3a,
NaKTo3a, pnbosa n aes3okcnpunbosa. Butamumt C.
Monunsaxapuau. usaxapmuamn — pegyumpaiim n
HepeayuupaLm.

13

AMUHOKUCENNHMN. CTpOE)K, n3omepma un CBOMCTBA. bentbun.

14

XeTepoumKAeHN CbeANHEHUS C e4MH XeTepoaToM: rpyna Ha
nupona, NPUPOAHM NUPONOBK Barpuna, rpyna Ha UHA0NA,
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rpyna Ha nMpuMAanHa

15 XeTepoumKneHn cbeAUHeHUA C ABa XxeTepoaToma: rpyna Ha 2
nuMpasosa n MMmMAasosa, rpyna Ha NUMpMMUAMHA, rpyna Ha
nypuHa. Creposn. [lonoBu XOpMOHM.

YMNPAXHEHUA — 30 u.
T Bpou
ema
Ceomuua yacose
Mpasuna 3a paboTa B xummnyeckaTa nabopatopms. 2
I Pa3tBopun. KOHUEHTpaumA Ha pa3TBopuUTe.
lNpoueHTHa KOHUeHTpaumA. PelwasaHe Ha 3a4aun.
I PasTBopun. KoHuUeHTpauua Ha pastesopute. MonapHa 2
KOHUEHTpaunA. PelnasaHe Ha 3a4au4n.
Pa3tBopun. KOHUeHTpauma Ha pasteopute. HopmanHa 2
1 KOHUEeHTpauuA. PelnaBaHe Ha 3a4a4n.
MpuroTeaHe Ha pa3TBOPM.
\Y BogopoaeH nokasaten. Metogm 3a onpegensaHe. 2
Vv bydepHu pasteopwn. 2
Bbrnesogopogw. 2
Vi
XMMWYHM CBOMCTBA Ha BbrNeBoaopoguTe.
Vil XUOPOKCUIHM NPOU3BOAHM Ha BbrieBogopoauTe (aIkoxonu u 2
deHonn).
Vil KapboHnAHU NpoM3BOAHWN HA BbrneBogopoauTe (angexnam u 2

KETOHM).
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KapboKcnaHu n cybctutympaHm KUCeNmHW. 2
" OnTn4yHa nsomepus.
X Bbrnexmagpatn. MoHo3axapuau. 2
Xl Bbrnexngpatun. Nonmnsaxapmau. 2
Xll XeTepoumnKieHN CbegUHEHNA. 2
Xl XeTepoumnKieHN CbegUHEHNA. 2
XIvV KoHTponHo. 2
XV AMUHOKMCENNHN U BEeNTbYHM BeLLecTBa. 2
IITPOI'PAMA
3a IKLUU U YNPAXKHEHUA NO aHA/IMTUYHA XUMUA
Ha cneymanHoct “MegULUMHCKKU nabopaHTn”
NIETEeH cemMecTbp
NEKUNU - 15 .
Tema bpou
yueoHu
Cegmm yacoee
ua

HDEAMGT M 3a4a4n Ha aHaA/IMTUYHATA XUMUA. OCHOBHM NPUHUUNNN Ha

KavyecTBeHUNA N KOIMYECTBEH aHa/TN3.

KauectBeH aHanuni. AHANUTUYHU peakunn - OCHOBHU XapPaKTEPUCTUKMN.
lNpenBapuTeneH n cMCTeMeH KayeCTBeH aHa/In3 - OCHOBHU MPUHLUUNN.
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KauecTtBeH aHanmM3 Ha KaTMOHMN U AHNOHMN.

PaBHOBecMe B pPa3TBOPW, PABHOBECHM KOHCTAHTWU, KoebULMEHT Ha 2
aKTMBHOCT, MOHHA cuna. PaBHOBecMe nNpPM MANKO PA3TBOPUMM
cbeanHeHunAa. lNpounsseseHmne Ha PasTBOPUMOCT, NpeBpblaHe Ha efHa
yTaiKa B gpyra.

KonnyectseH aHanus. Bnaose KonanyectBeH aHanus. 2
ObemeH aHanu3- cbWHOCT. OCHOBHM M3UCKBAHMS KbM peakumuTe,
n3noa3BaHM B 06emHunA aHanms.N3uncneHmnsa B obemHmnsa aHanus.
KncennHHo-ocHoBeH obemeH aHanms. TUTpPyBanHM KpuBU. KMCENUHHO-
OCHOBHMU MHANKATOPMW.

OKMCAnTENHO-PeAYKUMOHHMU npouecu B XUMWUYHUA 2
aHann3.0OKNCINTeNHo-pesyKUMOHEH obemeH aHanms.
NepmaHraHomeTpua. MogomeTpusa. NpuaoxkeHns.

KomnnekcHn cbeauHeHua. Bupose  auraHgu. CrabunHocT  Ha 2
KOMMAeKcHUTe CbeAVHEHUA. CtabunurteTHu KOHCTaHTH
KomnnekcoHomeTpua. MeTanoxpomMHU  UHAMKATOpU.TUTpyBaHe Ha
METa/NIHN NOHU, BAUAHUE Ha pH.

PUINKO-XMMUYHN METOAM 3a aHANU3. 2
MNoteHunomeTpuAa. NoTeHUMOMETPUYHO onpeaensaHe Ha pH.
NOoTEeHUMOMETPUYHO TUTPYBAHE.

CnektpodoTomeTpua. 3akoH Ha byre - Jlambep - beep. MpunoxeHune B
AHa/INTUYHATA XUMHUA .

XpomaTorpadcku metoam 3a aHanu3s.Bnaose xpomatorpadpus. Buaose 2
XpomaTtorpadusa. Na3osa 1 TeyHa xpomaTorpadums. NMpunorkeHue B
aHa/INTMYHATA NPAKTUKaA.

O6paboTka Ha pe3ynTaTuTe OT aHanM3a.CMCTEMATUYHUN U CyYaliHK 1

rpewKkn. BanngmpaHe Ha meToaa 3a aHanus.

Ctatuctmyecka o06paboTKa Ha pe3yntatute OT aHaAM3a — CpefHa
CTOMHOCT, Bb3NPOM3BOANMOCT Ha pe3yaTaTuTe, 4OBEPUTENEH MHTEPBAN..
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YITPAJKHEHU A — 30 u.

Cen- Bpou
[ZITE] TEMA yueonu
yacoee

Mpasuna 3a paboTta B xummnyecka nabopatopms. 2
XVI.

TexHMKM B aHaNUTUYHATa XMMUA.

KayecTBeH aHann3 Ha KaTUOHWU. AHANUTUYHU rpynNn. AHanus3 2
XVIL{ Ha kaTMOHM € BMONOMMYHO 3HAYEHME.

KauvectBeH aHann3 Ha aHWOHMU. [TpunoxKeHue Ha 2
XV kayecTBeHna aHanus B MeanLMHCKaTa NpaKTuKa.

KonunyectseH aHanns. ObemeH aHanm3 CTaHapPTHH 2
XIX pPa3TBOPU U TEXHUKA HA TUTPyBaHe. MIHAMKaTopMW.

N3uncneHna B obemHmna aHanms.

KncenmHHo-ocHoBeH ob6emeH aHanns. TUTpyBaHU KPUBMW. 2
XX. TuTpyBaHe Ha CUIHWU U cnabu KNCeNMHU U OCHOBMW.

OKMCAUTENHO-pPeaYKLUMOHEH 0beMeH aHanus. 2
XXI. NepmaHraHomeTpusa. MogomeTpus.

KomnnekcoHomeTpnueH obemeH aHanus. OnpeaensaHe 2
XXIl. KOHUEHTpaumATa Ha Mg2+ nCa* npu TutpysaHe c EATA.

XXIIl KoHTpO/IHO ynpa)KHeHne Bbpxy obemeH aHanus. 2

NHCTpymeHTanIHU meToAM 332 aHaNuns3. 2

XXIV CnektpodoTtomeTpua. MeToa Ha CTaHAAPTHATa

rlpaBa.Orlpe,u,enﬂHe KOHUEHTPaUMNATa Ha CaMLLMNA0BA
KNUCeINHa.
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CnektpodoTomeTpma - npunoxkeHuna. OnpegenaHe Ha 2
XXV syuramun B1,
Xpomamoepagus. Buoose xpomamoepagus. [lpunyun na 2
XXVI xononua, xapmuena u mvHKOCIOUHA XPOMAMO2pagusi.
Ipunooicenue.
XV Xpomartorpaduma — ra3osa 1 TeyHa. MNpuHumnu n 2
‘| npunoskeHue.
Koumponno evpxy xpomamoepagus u 2
CHeKmpoghomomempust.
XXVl po P
2
XXIX Amomno abcopbyuonna cnexkmpogomomempus. llpunyun na
" | memooa. Ilpunoocenue.
XXX, | ABTOMaTUuYeH aHanus. 2
NNTEPATYPA:

5. XMMMUA, yuebHUK 3a CTYyAEHTN NO MeAULMHA U CTOMATONOUA
1. NamaHos.a, An. Anekcues, Bn. Jlecnykos, Xp. Kupakos
MU3a. Hayka u nskycteo, Codpusa, 1983 n cneasawmte nusgaHms.

6. PbKOBOACTBO 3a NpaKTU4eckn ynpaxkHeHna no XMMWMA 3a cTtyaeHT no
MmeauuuHa n - ctomatonorusa. M3a. Hayka n uskycteo, Cooua, 1989 An.
Anekcwues, /1. JamAaHoBa, b. Yemunwes, M. CtaH4yeBa, E. banToBa

3. JleKuMOoHeH Kypc NO XMMMA

NpoToKon oT:

CbBeT Ha Konexa: Ne /

N3roteBun nporpamara:
pou. MoHa CraHyeBa, 4-p XH
aou,. Jiobomup MakeaoHCKN, A-p XH

PbKoBoguTen Kategpa:
pou. MoHa CtaHueBa, 4-p XH

U3roTBun pe3tomMme Ha y4yebHU maTepuanu:
Oou. M. CtaHuyeBa
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