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Abstract

The objective of the present study was to investigate the effect of heavy metals in hematological,
serum biochemical parameters and chromosomal aberrations in Nile tilapia oreochromis niloticus.
These study was performed on five groups of different sites: Group 1 agriculture wast water (G1),
group 2 industrial wast water (G2), group 3 swage (G3), Group 4 underground water (G4), and group 5
as fresh water (control) (G5). The results showed that agriculture wast water (G1) is highly effect on
serum bhiochemical analysis, criatenine (Cr) was 0.2 mg/L, alanine transferase (ALT) was 20 IU/L and
asparatot amino transferase (AST) was 11.671 IU/L compared with a control group (G5). The gills
histopathological alternation of the fish from (G2) industrial wast revealed a typical cellular structure
as nuclear membrane denegation and of normal cytoplasmic mitochondria. Fishes samples from
different sites showing different types of chromosomal aberrations including deletion (D), breaks (B),

centric fusion(CF), gabs(G) and fermentation (F).
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Introduction

The metal which has relatively high density
and toxic at low quantity is referred as heavy
metals chromium (Cr), Iron (Fe), manganese
(Mn), and Zinc (Zn). They are essential to
maintaining the body metabolism, but they are
toxic at higher concentration (Hadeel et al.,
2019). The heavy metals concerned with
environmental science chiefly include Cr, Fe,
Me, Cd, Cu, Zn and manganese (Mn) (Heavy
metals further, the heavy are metallic elements
which have a relatively high density, and they
are poisonous at low quantity). Since 2007
production of mineral commaodities included
Zinc, copper, silver and coal in 2018. The key
valuable minerals were copper with a value of
USD 502 Million (ICMM, 2011). In the
biochemical aspects. Cr, Fe, Zn, Cu and Mn are
classified as essential metal elements that have
poisonous potentials when they are higher than
safe levels, (Clani, et al., 2003 and Tao, et al.,
2012). The metals and metalloid impact
information on several aspects of O. vitiates can
be applied for environmental and human health
risk management as well making guldens,
standards, regulation on legislation and policies
for mining industry in law people's Democratic

Republic, pollution and corresponding risks that
come into existence by this rapid increase in
agriculture  activation  population  growth,
urbanization and industrialization and critical
issues about environment (Akbulut, et al., 2010;
Sommez et al., 2013). There is no doubt that the
most dangerous chemical pollutions in water is
heavy metal concentration (Sommez et al.,
2012). Heavy metals do not pert in water and
settle down swiftly onto sediment due to higher
density than that of water this was demonstrated
with Cd and Cu exposure, metals showed 72 to
97% decrease from their initial concentration
after 96 hours of experiment (Ghosal and
Kaviraj, 2002, Ghosh et al., 2016, Ghosh et al.,
2018). Uptake of heavy metals by fish from the
environment primary occurs through gills, food,
skin and freshwater fish through water taken
with food and taken heavy metals are carried to
organs by carrier proteins via blood path and can
reach high concentrations by bonding to metal
binding proteins in these tissues (Sommez et al.,
2016). The toxic element concentration in fish
depends on sex and age of fish, season and
place. Pollution of water sources by
anthropogenic activation leads to aquatic loss
and therefore disrupts the balance of chain
(Afshan et al.,, 2014). Several studies have
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linked increases in cytogenetic abnormalities in
fish shellfish to polluted environment. This was
done large through laboratory bioassays of
polluted water sample in natural (Hooftman and
Raat, 1982, Hose et al., 1987., Metecalf, 1988).
The cytogenetic changes by observing the
frequency of chromosomal aberration in the gill
cells of the threated oreochromis niloticus by
copper sulfate and lead acetate are measured by
Mohamed et al., (2008). The aim of this study
aimed to the effect of water polluted (Cr, Mn,
Fe, and Zn) on hematological, and serum
biochemical parameters, hestopatholgoical, and
chromosomal aberration of Nile tilapia.

Materials and Methods

Study area and design:

This work was conducted to determine the
pollution of water, and fishes (oreochromis
niloticus) by some heavy metals (chromium
(Cr), Iron (Fe), manganese (Mn) and Zinc (Zn)).
Samples were collected from four sources of
environmental pollution of water and control
(fresh water) in Sharkia and port said
governorate, Egypt. Samples were collected
from different sites from July to September
2018.

1- The first site, agricultural waste water (G1)
in the Ramses area, Al-Hussainiya center,
Sharkia governorate.

2- The second site, industrial waste water (G2)
in the Al-Hussiniya plain area, Manshiet Abo
Omar Center.

3- The third site, swage (G3) which located in
private farm at shader Azam, Port Said
Governorate.

4- The fourth source is under ground water (G4)
at Abbasa Sharka Governorate.

5- The fifth site included three earthen ponds
that received their water supply from
Ismailia Canal (Nile water) (G5) at the
central laboratory for Aquaculture Research,
Abbassa, Sharkia Governorate used as
control.

Water Samples:

Water samples from each site were
collected from five spots at a fixed depth of 30
cm from the water surface. The plastic bottle
was immersed to the required depth and fill with
water samples and each sample was labeled to
indemnify site and date of sampling according to
Boyd, (1984). Physical parameters: pH,
dissolved oxygen (DO), and salinity (S) were
measured directly in each site during samples
were taken to the laboratory for further chemical
analysis chromium (Cr), Iron (Fe), Manganese
(Mn), and Zinc (Zn)

Fish samples:

A live fish (Oreochromis niloticus) 200
fish adult were collected from the five farm and
were taken in the tank by using source of oxygen
transport to the laboratory, 20 fish for each sex
(male and female) from every region. For each
region, four fishes were used for cytogenetical
studies and the other used for physiological,
hematological, histopathological and
biochemical parameters were estimated also.

Blood samples:

The blood samples were taken from caudal
vein by using sterilized syringe containing
heparin as anticoagulant for hematological and
biochemical analysis such as, red blood cells
(RBCs) count, white blood cells (WBCs), count,
hemoglobin (Hb), hematocrit (Ht), creatinine
(Cr), alanine amino transferase (ALT) and
aspartate amino transferase (AST).

Water analysis:

This analysis was measured directly during
collection of samples from the different areas.
Dissolved oxygen (mg/L) was measured at the
site of sampling by using oxygen — meter (model
YSI58). Hydrogen ion concentration (PH), was
determined by using PH meter (Model 301).
Salinity (ppt) was measured by using a salinity
conductivity meter (Model YSI 57).

Estimation of heavy metals:

Determination of heavy metals (ppm) were
measured by using atomic  absorption
spectrophotometer Perkin Elmer 3300, after the
digester by concentration HCL acid as described
by (APHA 1985).

Chromosomal preparation:

Chromosomes prepared according to the
method of Kligerman and Bloom (1977).
Chromosomes preparation was made from gill
filaments. Intramuscular injection of 1 mL
colchicine solution 2% concentration for 2-3
hour later, gill filaments were harvest and
fragmented in 5 mL of physiological solution
(0.9% NacL) for 10 minutes at 28 °C. then
centrifuged at 1000-1500 rpm for 10min. the
supernatant was discarded and the pellets of
cells were fixed with 5ml hypotonic solution
(56% KCL) and incubated at 28°C for 30 min.
Then centrifuged and supernatant was discarded
and the pellets of cells were fixed with Clark's
fixative (methanol / glacial acetic acid 3:1 v.) for
30-60 min in refrigerator then centrifugated and
supernatant was discarded. Report this step
several times (4-5 times), after the last step, the
cells were dropped on slides which kept in
ethanol solution (70%) in the freezer. After air-
drying the slides were stained with 1-5% Gimesa
stain for 15-20 min. for each sample metaphases
were microscopically examined randomly by
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using x10 eye piece and x100 oil immersion.
Different types of chromosomal aberrations will
be recorded.

Histopathology assay:

After dissecting of fish samples some
organs such as gills and liver were removed and
stored in 10% formaldehyde for histological
studies. They were examined and photographed
under light microscope unit.

Statistical analysis and test of significant
variance:

Statistical analysis was performed
using the analysis of variance (ANOVA) and
Duncan's Multiple Range test to determine
differences between treatments mean at
significance level of 0.05 standard division were
run on the computer using the SAS program
(SAS 2004).

Results and discussion:
Water quality parameters:

The values of water quality parameter
from the study sites reference sites are shown in
Table 1.

Table 1. Mean concentrations of water parameters at various sampling sites.

Site DO mg/l PH Salinity PPT
G1 2.82% 7.58 3.80°
G?2 8.47° 7.52 3.35°
G3 7.14%® 7.22 2.20°
G4 5.11° 7.24 2.63°
G5 2.93¢ 7.41 2.73°
+SE 0.45 0.13 0.19

P Value 0.0001 0.2424 0.0009

Where: 1 = Agriculture waste water (G1), 2- industrial waste water (G2), 3- Sewage (G3), 4- Under ground water
(G4), and 5- river Nile (Abbasa water) (G5). SE= standard errors and P = probability.

Water parameters; DO pH and salinity
were suitable for culture of fish in G2, G3 and
G4. This result agree with Boyd (1982) who
suggested that the water condition from sites of
study for fish to live, especially temperature,
dissolved  oxygen, pH and electrical
conductivity. In addition, no significant

differences were found in pH values among
groups of study.

Heavy metals in the waters

The average concentration of chromium
(Cr), Manganese (Mn), Iron (Fe), and Zinc (Zn)
in water samples from the study sites are shown
in Table 2.

Table 2. Mean concentration of heavy metals of water (ppm) at various sampling sites

Site Cr Fe Zn
G1 0.196" 0.139"
G?2 0.198" 0.229%
G3 *>0.2 0.128° 0.132° *>0.2
G4 1.060° 0.136"
G5 0.225° 0.351°
+ SE 0.182 0.054
P Value 0.0226 0.0666

Where: 1 = Agriculture waste water (G1), 2- industrial waste water (G2), 3- Sewage (G3), 4- Under ground water
(G4), and 5- River Nile (Abbasa water) (G5). Cr = Chromium, Mn = Manganese, Fe=Iron, and Zn = Zinc SE =

Standard errors and P= Probability.

The concentration of chromium (Cr) and
zinc (Zn) was higher than the allowable in all the
water sources under study (*>0.2), and since
there are no differences in the concentration
values of each of the two previous elements,
there is no need to conduct a statistical analysis
of the two aforementioned. The concentration of
Mn was significantly affected
(P< 0.05), by all groups (G1,G2, G3 and G4),
and the highest value was recorded in G4. The
concentration of iron (Fe) was significantly
different (P< 0.05). The results were in contrast

with other studies Intamat et al. (2016) who
reported the concentration of Aresenic (As),
Cadmium (Cd), Iron (Fe) and Manganese (Mn)
in water reservoirs around gold min area in Loei
provine of Thailand were higher but not
significantly  different compared with the
reference site. Also, with Phoonaploy et al.
(2016) who reported that concentration of
Cadmium (Cd), Chromium (Cr), Lead (Pb),
Nikel (Ni), Zinc (Zn) and Manganese (Mn) were
lower than of the metals reported in this study.
But the results were in accordance with Jianga
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et al., (2018) who detected that concentration of
Cr in water from Lake Caizi in Southeast China
was higher than of the non-contaminated area.

In general, most of human activities related
to agriculture, industry and sewage waste can
release heavy metals in the water. The toxic
metals, particularly at high levels can be
absorbed and directly induce detrimental effects
to aquatic animals as well as cause negative
signs and symptoms to human by Salem et al.
(2014) who situate at the top of the food chain
and ecosystem.

Hematology:

Table 3 showed that, the lowest RBCs
count was detected in G1, G3 and G4 compared
with other G2 and G5. Furthermore, the lowest
WBCs was detected in G4 compared with other
groups, may be due to sewage contents of more
of metals than other sites. Value of hemoglobin
(Hb) was 3.83 in the sewage site this value lower
than other sites and significant between groups
at (P < 0.05) as shown in Table 3. The present
results agree with those reported by Khadre
(1990) who reported a significant decrease of
RBC;, count, hemoglobin content and packed cell
volume of the fish.

Table 3. Hematological parameters of fish at various sampling sites

Hematology Parameters

Site RBCs WBCs Hb HTC
G1 0.24° 5.697° 3.983" 0.380°
G2 0.617° 5.677° 4.133° 0.333°
G3 0.240° 5.860° 3.833° 0.373°
G4 0.227° 5.527° 3.933° 0.390%°
G5 0.485" 4577° 4.60° 0.423°
+SE 0.0386 0.166 0.057 0.012
P Value 0.0003 .0001 .0001 .0001

Where: 1 = Agriculture waste water (G1), 2- industrial waste water (G2), 3- Sewage (G3), 4- Under ground water
(G4), and 5- River Nile (Abbasa water) (G5). RBC,= Red blood cells count., WBC= white blood cells Count, Hb

= Hemoglobin and HTC = Hematocrit ST = Stander errors and P = Probability.

In Table 4 showed that ALT and AST, the
enzyme measurements are valuable in diagnosis
of hepatic disorders in this study. ALT value
was high in industrial 23.67 IU/L and these
value significant (P < 0.05) compared with other
groups, but AST value was highly 16.33 IU/L in
underground water site and highly significant (P
< 0.05) compared other groups. This elevation
in AST and ALT activities of fish was attributed
to the damage of liver and kidney by the action
of heavy metals as has been previously reported

Creatinine value was highly (0.24 mg/dl) in fish
at industrial sites (G2) which the heavy metals
are concentrating more than any sites and
significant (P < 0.05) between other groups. The
results agreement with Naga et al 2005) and
Javed et al. (2015), they demonstrated
significant consequences in plasma enzymes
(AST, and ALT) after exposure to Cd in marine
fish mugil Seheli, also, heavy metals can
negatively affect fish health in terms of protein,
carbohydrate and lipid profiles.

by Heath (1987) and Sandnes et al. (1988).

Table 4. Creatinine value and serum enzymes parameters of fish at various sampling sites.

Hematology

Site Cr (mg/dL) ALT (IU/L) AST (IU/L)
G1 0.2000% 20.00% 11.667%°
G2 0.240° 23.667° 13.333%
G3 0.177° 20.00%° 14.6672°
G4 0.180° 17.667° 16.333°
G5 0.197% 17.000° 10.667°
+SE 0.016 1.565 1.571

P Value 0.077 0.075 0.0146

Where: 1 = Agriculture waste water (G1), 2- industrial waste water (G2), 3- Sewage (G3), 4- Under ground water
(G4), and 5- River Nile (Abbasa water) (G5). Cr = creatinine, ALT = Alanine transaminase, and AST = Aspartate
aminotransferase. SE = Stander errors and P = Probability

Histopathology study: detoxification and accumulation of toxic

Histopathology study is an important
discipline to evaluate morphology changes and
cells and tissues. The liver is the vital organ for

substances. Heavy metals adversely affect the
function of different aquatic animal organs,
especially changes of hepatic enzyme activities,
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extravasation of blood and necrosis of liver cells,
fusion of gill Lamellae, and genotoxicity Figure
1 showed that necrobiotic change in
hepatopancreas and hepatocytes with infiltration
by low number of mononuclear inflammatory
cells in G2 and G3. In figure (2) showed that
congestion and mononuclear inflammatory cells.
This results were confirmed with Ahmed et al.
(2008) and Ahmed et al. (2013) who found that

heavy metals adversely affect the function of
different animal organs, especially changes of
hepatic enzyme activities, extravasation of blood
and necrosis of the liver cells, fusion of gill
lamellae and genotoxicity. The results were in
accordance with Vinodhini and Narayanan
(2009) who reported that the accumulated heavy
metals could cause cellular degeneration in the
liver of cyprinus carpio.

Fig.1 showing necrobiotic change in hepatopancreas and hepatocytes with infiltration by low number
of mononuclear inflammatory cells (H&E - 400X)

Fig.2 showing congestion and mononuclear inflammatory cells infiltration in secondary gill lamellae
with some gill lamellae showing hypotrophy (H&E — 400X)
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Chromosome study:

This study reviled some types of
chromosomal aberration such as Gap (Figure 3)
and deletion (Figure 4), this the result, this the
results agree with Mahmoud et al. (2010) who
showed that the diploid number of chromosomes
in Tilapia were 2n = 44 and high percentage of
chromosomal abnormalities in head kidney cell
of O.niloticus and T.Zillii were observed clearly
in the form of centromeric attenuation,
chromatid breaks, chromatid gaps, chromatid
deletions, centric fusion and fragmentation.
Structural abnormalities of chromosomes in

reported by Khamlerd et al. (2019) who
revealed seven types of chromosome some
aberration including Deletion (D), Break (B)
Centric fusion (C.F), Gap (G) and Fragmentation
(F) in oreochromis niloticus contaminated with
heavy metals, this study agree with
Neerotanaphan et al. (2020) who found that
many types of chromosome aberrations in Asian
swamp eel. Some of the types of chromosomal
abnormalities for this study infiltration in
secondary gills mamilla with some gill lamellae
showing hypotrophy in group 2 and group 3
compared with other site group.

oreochromis niloticus in this study revealed as
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Fig. (3) chromosome aberration in oreochromis niloticus (G)
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Fig. (4) chromosome aberration in oreochromis niloticus (D)

site. Furthermore, these heavy metals results
showed that effected on Nile tilapia fish in many
of chromosomal aberration, serum biochemical

Conclusion

The concentration of heavy metals (Mn,
Fe) in water in this study sites (G1, G2, G3 and
G4) were higher than of those from the control
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changes, gills and liver cells structure alterations
of Nile tilapia.

References

Afshan, S., Ali, S., Ameen, US., Farid, M.,
Bharwana, S.A., Hannan, F. Ahmed, R.
2014. Effect of Different Heavy metal
Pollution on Fish. Res. J. Chem. Env. Sci.
2(1): 74-79.

Ahmed, K.; Ahmed. K.; Akhand, AA;
Hassan 2008. A. Toxicity of arsenic
(sodium arsenate) to fresh water spotted
snakehead Channa punctatus (Bloch) on
cellular death and DNA content. I. Agric.
Environ. Sci. 4: 18-22.

Ahmed, M.K.; Mamun, M.H.A.; parvin, E;
Akter, M.S.; Khan, M.S. 2013 Arsenic
induced toxicity and histopathological
changes in gill and liver tissue of
freshwater ~ fish, tilapia  oreochromis
niloticus (Cichlidae) E.Xp. Toxkol. Pathol.
65: 903-909.

Akbulut, M., Kaya, H., Celik, E.S., Odabasi,
D.A., Odabasi, S.S., Selvi, K. 2010.
Assessment of surface water quality in the
Atikhisar reservoir and Saricay Creek
(Canakkale, Tureky). Ekoloji. 19 (74) :
139-149.

APHA, 1985. American Public Health
Association. Standard methods for the
examination of water and wastewater. 16"
ed., Washington, D.C.

Boyd, C.E. 1984. Water Quality in warm water
fresh ponds. Auburn univ. (Ala), Agr. Ex.
Sta.

Boyd, C.E. 1982. Water quality management for
Pond Fish Culture; Elsevier  Scientific
Publishing  Co.:  Amsterdam,  The
Netherlands; Aubrun, Al, USA.

Canli M, Atli G. 2003. The relationships
between heavy metal (Cd, Cr, Cu, Fe, Pb,

of Six Mediterranean fish species.
Environmental Pollution 121: 129-136.

Ghosal, T.K., Kaviraj, A. 2002. Combined
effects of cadmium and composted manure
to aquatic organisms. Chemosphere. 46 (7):
1099-1105.

Ghosh, A., Kaviraj, A., Saha. S. 2016. Kinetics
of deposition, acute toxicity and
bioaccumulation of copper in some
freshwater organisms. Bull environ contam
toxicol. 97: 820-825.

Gosh, A., Kaviraj, A. Saha, S. 2018

Deposition, acute toxicity, and
bioaccumulation of nickel in some
freshwater ~ organisms  with  best-fit

functions modeling. Environ Sci Pollut
Res. 25:3588-3595.

Hadeel, M. Huseen and Ahmed, J.
Mohammed 2019. Heavy Metals Consign
Toxicity in Fishes. J. of physic.: 1-9.

Health, A.G. 1987. Water Pollution and fish
physiology, CRC Press Inc. Boca Raton,
Florida, 85-90.

Hooftiman. R.N. and Raat, W.K. 1982,
Induction anomalies (micronuclei) in the
peripheral blood erythrocytes of the eastern

mudminnow Umbra Pygmaea by ethyl
methane sulphonate. Mut. Res., 104: 107 -
152,

Hose, J.E.; Cross, J.N.; Smith, S.g. and Diehl,
D. 1987. Elevated circulating erythrocyte
micronuclei in fishes from contaminated
pits of southern California. Marine
Environ. Res. 22: 167-176.

Intamat,S.; Phoonaploy, U.; Sriuttha, M.;
Tengiaroenkul, B.; Neeratanaphan, L.
2016. Heavy metal accumulation in aquatic
animals around the gold mine area of Loei
Province, Thailand. Hum. Ecol. Risk
Assess., 22: 1418-1432.

ICMM, 2011. International Council on Mining
and Metals. Utilizing Mining and Mineral
Resources to Faster the Sustainable
Development of the loo PDR; National
Economic Research institute (NERI),
National ~ University of Laos (NUOL).
Vientiane, Laos 2011.

Javed, M.; Usmani, N. 2015. Stress response of
biomolecules (carbohydrate, protein and
lipid profiles) in fish Channa punctatus
inhabit in river polluted by

thermal Power Plant effluent. Saudi I.
Biol. Sci. 22: 37-242.

Jianga, Z.; Xu, N.; Liu, B.; Zhou, L.; Wang,
J.; Wanga, C.; Dai, B.; Xiong, W.2018.
Metal concentrations and risk assessment
in water, sediment and economic fish
species with various habitat preferences
and trophic guilds from Lake Caizi,
Southeast China. Ecotoxicol. Environ. Saf.
157 : 1-8.

Khadre, S.E. M 1990. Changes in the gill
structure and blood profiles following acute
copper toxicity in two freshwater telosts.
Proc. Inter. Symp. Biol. Cult. Tilapias,
Alex. University.

Khamlerd, C; Tengiaroenkul, B.;
Neeratanaphan, L. 2019. Abnormal
Chromosome Assessment of
snakehead fish (Chnna Straita) affected by
heavy metals from reservoir near
and industrial factory. Int. I
Environ. Stud. 76: 948-662. (Cross Red)
Khamlerd, C,; Tengjaronkul, B.;
Neeratanaphan, L.2019.  Abnormal

chromosome assessment of snakehead fish
(Channa striata) affected by heavy metals

Annals of Agric. Sci., Moshtohor, Vol. 61 (2) 2023



402

Sanaa G. Edrees etal .

from a reservoir near an industrial factory.
Int. J. Enriron. Stud. 76: 648-662.

Kligerman, A.D. and Bloom, S.E. 1977. Rapid
chromosome preparation from solid tissues
of fishes. J. Fish. Res. 34: 266-269.

Mahmoud, A., Zowail, M., yossif, G. and
sharafeldin, K. 2010. Cytogenetical
studies on some River Nile species from
polluted and non polluted Aquatic
habitats. Egypt. Acad. J. biology. Sei., 2
(2): 1-8.

Mohamed, M. M.; El-fiky, S.A.; Abou EI-
Ella, S.S., Ibraheem, A.A. 2008.
Cytogenetic studies on the effect of copper
sulfate and lead acetate. Pollution on
oreochromis niloticus fish Jornal o cell
Biology. 3 (2): 50 — 60.

Metcalfe, C. D. 1988. Induction of micronuclei
and nuclear abnormalities in  the
erythrocytes of mudminnows and brow bull
heads. Bull Environ Contam Toxicol 40:
489-495.

Naga, E.H.A.E; Moselhy, K.M.E; Haed, M.A.
2005. Toxicity of cadmium and

copper and their effect on some
biochemical parameters of  marine fish

Mugil shcheli. Egypt. I. Aquat. Res.
31: 60-71.

Neeratanaphan, L.; kanjanakunti, A
Intamat, S.; Tengjaroenkul, B. 2020.
Analysis of chromosome abnormalities in
the Asian swamp eel (monopterus albus)
affected by arsenic contamination near a
gold mine area. Int. J. environ. Stud. 77:
815-829.

Phoonaploy, U.; Intamat, Sl: tengjaroenkul,
B.; Sriuttha, M.; Tanamatong, L. 2016.
Evaluation of abnormal chromosomes in
rice fields frogs (Fejeruarya limnocharis)
from reservoirs affected by leachate with

cadmium, chromium and lead
contamination. Environment Asia 9: 26-
38.

Salem, Z.B.; Capelli, N.; Laffray, Ex.; Elise,
G.; Ayadi, H.; Aleya, L. 2014. Seasonal
variation of heavy metals in water,
sediment and roach tissues in a landfill
draining system pond (Etueffont, France).
Ecol. Eng. 69: 25-37.

Sandnes, K. Lie, Q and waagba, R. 1988.
Normal ranges of some blood chemistry
parameters in adult farmed Atlantic
Salmon, Salmo Solar, J. Fish Biol., 32:
122-136.

SAS. 2004. SAS/ STAT 9.1 User's Guide:
Statistics, SAS Institute INC., Cary. N.C,

USA.
Sonmez, A.Y., Hasiloglu, S., Hisar, Aras
Mehan, H.N. O., Kaya, H 2013.
Karasu Nehri (Turkiye) Agir Metal
Kirliligi Icin su kalite

Siniflandirlmasnin Bulank Mantik ile
Degerlendirilmesi. Ekoloji. 22 (87): 43 -
50.

Sonmez, A. Y., Hisar, O., Yank, T. 2012.
karasu irrngmda Agir Metal Krliligini
Tespiti  ve  Su  Kalitesine  Gore
Smflandrimasi. Atatiurk Univ. Ziraat Fak.
Derg. 43 (1): 69-77.

Sonmez A. Y., Kada, A.E., Ozdemir, R.C,,

Bilen, S. 2016. Kastamonu  Krylarndan
Yakalanan Bazi Ekonomik Balik
Turlerinde Agir Metal Birkiminin

Tespiti. Alinteri. 31 (B): 84 — 90.

Tao, Y; Yuan, Z.; Xiaona, H; Wei, M. 2012.
Distributin and bioaccumulation of heavy
metals in aquatic organisms of different
trophic levels and potential health risk
assessment from Taihu lake, China,
Ecotoxiocol. Enuiron. Saf. 81:55-64.

Vinodhini, R.; Naryanan, M. 2009. Heavy
metal induced histopathological alterations
in selected organs of the Cyprinus Carpio
L. (Common Carp). Int. J. environ. Res. 3:
95-100.

Annals of Agric. Sci., Moshtohor, Vol. 61 (2) 2023



Effect of Some Heavy Metals Polluted On Fish Farmed Performance 403

doy ) dland) ol Ao Aiglal) ALEY calaal) (an il
saall de gane = aadl 25 ) a2 = Taes agi a2 7 el seaie s Aalad e S ol elin
2uadl mal all ve =% labu eall 2e

< e = A2l 8lis — dueh N el (e — (Hleall Z Y G g ]
e — Lo Aeala — deh3l) IS - Jlgal) Z LY il -2
< e Aeh Bl — Laeh) 3N Gigadl (S50 — Aand) 85 Cigad (55l Jardll -3
CYMAY g aall Lsgually Ablaesl lewall e L5skall ALEN calaall any 580 djea 58 duhll sda (e Cangll
-(Orochromis nifoticus) Al i) Ay dsagosgag S
Al adlge 5 e lgran @ Al Al e paalae 5 e daball s3a cual

(1 o) desans) vo=h) Gpasbe -1
(2 45 e gan) o lin Cipea slie 2
(3 ¢ deseana) L Cipn ol =3
(4 &) dogans) Adga ol —4
(5 48 desens) e sbe -5

0.2 (Cr) cuaslo,S Jase S ol dsgually Aibasll cliall e ha oIS Layil el Capall olaa o il cyglid
DAl [Adg 5ang 11.67 ilaws (AST) ABU (1Y) degana Lol jil/Adg0 525 20 (ALT) B () deganay yil/palle
ALY aY) desane Wl (Cr) il e 5l /halle 0.19 cilais Ally Jo 5S0 degana a9 (5) b de sanar A35lha @l
O ) GBS (P<0.05) dusiee ClEAY] cilSs 3l [ Ao 5ang 10.7 ilS (AST) ¢ il fadgs sasy 17 <ilS (ALT)
Gl Sl (e Aiide Unlall e licall Sshill g (2) ) de ganal) lland ardliad oaslgibisiongl) dulail) cupglal glaliall
YY) Ll & cdladl @l of cpd LeS a3l 8 duanball LyaisSoally ool sLaall 8 Dlasl @llal gl
GAS danlag )€ Clgad agags e il (8 iy asusag SI (8 puSy aileg S Cads o cistind Alls daagagas X
Agldll Ghliall asas 8 il L dlledd o Lacha) a3 Al Luhall (agi - lgians ae aileg K1) cililgs 8 Gl

Ol ) Ay By adY) Hazadl dalla e (4) 5 ¢(3) 5 ¢(2) 5 ¢(1) (B desane

Annals of Agric. Sci., Moshtohor, Vol. 61 (2) 2023



