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INTRODUCTION

F

eavy metals such as copper (Cu), nickel (Ni), zinc
(Zn) and iron (Fe) are biologically essential and play
important roles in the metabolic activities of organisms,
while metals such as mercury (Hg), cadmium (Cd), lead
(Pb) and arsenic (As) are non-biologically essential or toxic
metals and mostly toxic, even in traces (Demirezen and
Uruc, 2006; Wakawa et al., 2008). Excessive accumulation
of biologically essential metals in organisms can result in
a variety of toxic effects under certain conditions (Robert,
2016). Heavy metal pollution in aquatic environments
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Heavy metals in aquatic ecosystems are a matter of serious concern, and adversely affect the fish health.
Herein, 44 specimens of the fish Lethrinus harak were trapped in the Red Sea, Saudi Arabia, from a
severely polluted site. Another 32 specimens of this fish were trapped from an unpolluted site (reference
site). Our results revealed that Co, Cd and Pb were undetectable in water, sediment and fish liver samples
from the unpolluted site, while their corresponding concentrations were significantly high in the polluted
site. Mean concentrations of other metals (Mn, Fe, Ni, Cu, Zn) in water, sediment and fish liver samples
from polluted site were significantly much higher than those from the unpolluted one. In contaminated
fishes from polluted site, mean levels of blood biochemical parameters, serum liver enzymes (ALT, AST,
ALP, GGT), serum glucose, triglycerides and urea were significantly higher than those in uncontaminated
fishes from the unpolluted site, but mean level of serum total protein was significantly lower. Only,
significant correlations were found between mean levels of blood biochemical parameters and mean
concentrations of Zn, Cd and Pb in the liver of contaminated fishes from the polluted site. Liver of fish
from the unpolluted site appeared normal, while that of fish from polluted site appeared abnormal due to
sever histopathological alterations.
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adversely affects the fish health, as well as fish consumers.
Contamination of these environments with metals,
especially the toxic ones, leading to their accumulation in
many organs of the fish, such as gills, muscle, intestine,
liver, and kidneys (Jezierska and Witeska, 2006; Fazio et
al., 2014). This accumulation can lead to tissue damage,
various biochemical and functional abnormalities, and
dangerous chronic diseases in these organs (Jezierska
and Witeska, 2006; Al-Busaidi et al., 2011; Rahman et
al., 2012; Fazio et al., 2014; Moustafa and El-Sayed,
2014; Robert, 2016; Javed and Usmani, 2019). Liver has
a variety of important metabolic functions in the body, it
is the major detoxifying organ, and similar to kidney, its
tissue has strong affinity to accumulate heavy metals in
higher levels than any other tissue in the body (Kojima
and Kagi, 1978; Buckley et al., 1992; Heath, 1995; Dural
et al., 2006; Yousafzai et al., 2009; Kelle et al., 2015;
Hassanine et al., 2019).
Currently, blood biochemical parameters of fishes are
mostly used to assess their health status. For instance, levels
of serum liver enzymes, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP) and gamma-glutamyl transferase (GGT) are most
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widely used to assess the hepatic functions and integrity
of hepatocytes (Murray et al., 2003; Coz-Rakovac et al.,
2008), levels of serum glucose and triglycerides to assess
the processes of energy metabolism (Nordlie et al., 1999;
Sandre et al., 2017), and levels of serum total protein and
urea to assess the processes of protein metabolism and
growth (Schaperclaus et al., 1992; Yang and Chen, 2003).
All of these parameters are sensitive or useful biomarkers
for water pollution, and their levels considerably changed
in fishes living in metal-contaminated environments,
leading to severe health troubles and diseases (Murray et
al., 1990; Gopal et al., 1997; Shaheen and Akhtar, 2012;
Abalaka, 2013).
The lethrinid fish Lethrinus harak is common in the
Red Sea, economically important, easy to obtain, and was
found resident in a severely polluted site known as “AlKhumrah” in the Red Sea, at Jeddah City, Saudi Arabia.
In the present study, the authors took the opportunity to
determine the concentrations of some heavy metals in
the water and sediment, and in the liver of L. harak from
this site. Furthermore, to assess the impact of heavy
metal accumulation in the liver of this fish on some of its
blood biochemical parameters (liver function parameters,
energy metabolism parameters, and protein metabolism
parameters), and on the histological structure of its liver.

MATERIALS AND METHODS

e
n
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Samples collection and preparation
During July of 2021, a sample of 44 specimens of the
teleost fish Lethrinus harak (Lethrinidae), nearly equal in
size (21.8 ±2.9 cm in total length), were trapped alive by
a casting net from a severely polluted site known as “AlKhumrah” (21° 22′ 22″ N, 39° 13′ 34″ E) in the Red Sea,
at Jeddah City, Saudi Arabia (Fig. 1). This site is severely
polluted due to the direct discharge of massive untreated
wastewater or sewage (~100,000 cubic meters/day) into
its water, and due to other maritime and anthropogenic
activities. Similarly, and during the same month, 32
specimens of this fish, nearly of the same size (20.43±3.40
cm in total length) were caught alive from another site with
clear water in the Red Sea, at Rabigh (135 km south of AlKhumrah). This site is far from anthropogenic activities,
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Ethics
This study was conducted according to the guidelines
of the Declaration of Helsinki, and approved by the current
Saudi regulations of Institutional Animal Care and Use
Committee (local IACUC–King Abdulaziz University,
Saudi Arabia: approval code, KAU/F/12311:5/7/2021),
and with the Saudi universities guidelines for the care of
experimental animals.
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and therefore was considered as a reference site.

Fig. 1. A map showing the locations of Al-Khumrah
(at Jeddah City, Saudi Arabia), and the reference site at
Rabigh (135 km north of Jeddah City).

In each site, water quality parameters (temperature,
salinity, dissolved oxygen, pH and total dissolved solids)
were measured directly by a portable computerized
hydrolab (Hydrolab Multiparameter Sonde HL7, OTT
Hydromet, Lindbergh Drive, Loveland, CO 80538 U.S.A).
Six readings at six different locations in each site were
taken for each water quality parameter.
To reduce contamination, standard precautions such
as using sterilized stainless steel dissecting instruments,
clean lab plastic bags and vials for preservation of
samples, sterilized containers for tissues digestion, and
using high quality analytical grade reagents were taken
into consideration during the collection and treatment of
samples.
To detect the metal pollutants in seawater, 6 sets
of water samples (each of 3 replicates) were taken from
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different locations in each site. Each replicate was filtered
and preserved with 2ml of HNO3 until being processed
for metal analysis (Zimmermann et al., 2001). Similarly,
6 sets of sediment samples (each of 3 replicates) were
taken from different locations in each site, and were kept
frozen at –20°C until further processing for metal analysis
(Oregioni and Aston, 1984).
Immediately after trapping, fishes were anesthetized
with benzocaine (ethyl 4-aminobenzoate 80mg/L), and a
blood sample was drawn from the caudal vein of each fish
via a 10ml sterile disposable syringe; this step was done
quickly to reduce fish stress, if occurred. Then, the blood
sample was transferred into a 6ml-blood collection tube
(BD Vacutainer®), left stable and allowed to clot for 30
min at room temperature (25°C). Lastly, the sample was
centrifuged (Sigma 4-5KRL, Sigma Laborzentrifugen
GmbH, Germany) at 2,000 rpm for 10 min. The obtained
sera were rapidly transferred into clean polypropylene
tubes, and kept frozen at –25°C until being processed for
various biochemical analyses.
Immediately after dissection, a sample of 1g was taken
from the liver of each fish and kept frozen at –20°C until
being processed for metal analysis. The remaining of liver
was fixed in phosphate-buffered formalin (10% neutral
buffered), embedded in paraffin using a standard protocol
for histological examination as recommended by Romies
(1989). Sections were cut into 4μm thick, and stained with
hematoxylin and eosin (H and E). Histological images
were taken with a research microscope (Olympus BH-2
Research Microscope, Shinjuku, Tokyo, Japan) connected
to a computer, with the use of magnification lenses (total
magnification 100×).
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Samples analyses
Three replicates from each obtained blood serum
were used to estimate some liver function parameters
(ALT, AST, ALP and GGT), some energy metabolism
parameters (glucose and triglycerides) and some protein
metabolism parameters (total protein and urea) in the
examined fishes. All these parameters were measured
by the AU5800 Automated Clinical Chemistry Analyzer
(Beckman Coulter Inc., Brea CA, USA).
Each seawater sample was passed through a 0.4μm membrane filter and acidified with HNO3 65%
EMPLURA® to pH fewer than 2, then analyzed directly
for detection of metals in Shimadzu Inductively Coupled
Plasma Mass Spectrometer (ICPMS-2030, Shimadzu
Scientific Instruments Inc. Kyoto, Japan). Metal
concentrations in water samples are expressed as mgL−1.
Sediment samples were analyzed as recommended
by Oregioni and Aston (1984). Sample was dried in an
electric oven at 110°C for 8 h., and then ground in an

agate mortar. One gram of homogenized sample sieved
through a 0.75-mm sieve, and digested by a mixture of
concentrated acids (HNO3/HClO4/HF). The residue was
finally dissolved in 3% HCl (v/v), its volume made up
to 50ml in a volumetric flask, and then analyzed for
metal pollution in the aforementioned ICPMS. Metal
concentrations in sediments are expressed as mg kg–1 dry
weight.
From each fish liver sample, 3 replicates were analyzed
for metal pollution as recommended by Zimmermann et
al. (2001) and Nachev (2010). Immediately following
thawing, 200 mg (wet weight) of homogenized fish
liver was placed in 150ml perfluoralkoxy (PFA) vessel.
For sample digestion, 2 ml of HNO3 65% EMPLURA®
and 2.5ml of H2O2 35% EMPLURA® were poured
into the vessel, which was heated for 90 min. at about
170°C in a microwave digestion system (ETHOS™ UP,
Milestone Helping Chemists, Sorisole-BG-Italy). The
obtained solution was diluted to 5ml Molecular Grade
Water™ in a volumetric glass flask, and then analyzed for
metal pollution in the above-mentioned ICPMS. Metal
concentrations in the tissue samples are expressed as mg
kg–1 wet weight. To test the accuracy of ICP-MS analyses,
3 standard reference materials were used: (1) SRM–
NIST 1640-Trace Elements in Natural Water (National
Institute of Standards and Technology, Gaithersburg,
MD, USA), (2) HISS-1-Marine Sediments (National
Research Council, Ottawa, ON, Canada), and (3) Dogfish
liver-DOLT–5 (National Research Council, Ottawa, ON,
Canada).
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Data analysis
Duncan’s Multiple Range Test (1955) was applied to
test for differences between levels of liver enzymes, other
blood parameters, and metal concentrations; possibilities
less than 0.05 were considered statistically significant (p<
0.05). Spearman’s rank correlation coefficient (rs) was
calculated to determine possible correlations between
metal concentrations in the liver of L. harak and levels of
different blood biochemical parameters in this fish.

RESULTS
Water quality parameters (temperature, dissolved
oxygen, salinity, pH and total dissolved solids) recorded in
each site are shown in Table I.
The recovered values of heavy metal concentrations
recorded from the three certified reference materials, the
accuracy of the analytical procedure (ICP-MS analyses),
and the detection limits of each metal (Mn, Fe, Co, Ni, Cu,
Zn, Cd, and Pb) are shown in Table II.
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Table I. Water quality parameters in the reference site (at Rabigh) and in Al-Khumrah (at Jeddah City).
Site

Temperature
(°C)

Salinity
(%)

Dissolved oxygen
(mg/L)

pH

Total dissolved solids
(mg/L)

Reference site (at Rabigh)

24±1

39±2

6.16±0.23

7.84±0.21

34230±248

Al-Khumrah (at Jeddah City)

29±2

36±2

2.53±0.42

6.62±0.15

48763±775

WHO guidelines

26-30

36-38

>5

6.5-8.5

35000

Table II. Heavy metal concentrations recovered from
the standard reference materials, the accuracy, and
detection limits recorded by ICP-MS analyses.
Metal

Standard
reference
material

Certified
Recovered
value (mg/L) value

Accu- Detection
racy limit
(%) (mg/L)

SRM–NIST 1640-trace elements in natural water
Mn 40.07 ± 0.35 38.87±0.22

97.00 0.012

Fe 36.5 ± 1.70

35.33±1.02

96.79 0.009

Co 20.08± 0.24

19.02±0.14

94.72 0.006

Ni 25.12± 0.12

23.62±0.08

94.02 0.009

Cu 85.07± 0.48

81.03±0.26

95.25 0.014

Zn 55.20 ± 0.32 51.91±0.25

94.03 0.011

Cd 3.961 ± 0.072 3.883±0.023

98.03 0.005

e
n

Pb 12.005±0.040 11.434±0.015 95.24 0.009
HISS-1-Marine Sediments
Mn 66.1±4.2

li

63.27±3.03

95.71 0.012

Fe 0.246±0.009 0.235±0.006
Co 0.65±0.08

n

95.52 0.009
93.84 0.004

Ni 2.16±0.29
Cu 2.29±0.37
Zn 4.94±0.79

0.61±0.04

O

2.12±0.16

98.14 0.010

2.22±0.31

96.94 0.008

4.81±0.32

97.36 0.008

Cd 0.024±0.009 0.022±0.006

92.00 0.006

Pb 3.13±0.40

2.95±0.09

94.00 0.004

Mn 8.91 ± 0.70

8.74±0.54

98.10 0.009

Fe 1070 ± 80.0

Dogfish liver DOLT-5
1044±13.12

97.57 0.014

Co 0.267 ± 0.026 0.251±0.019

94.00 0.004

Ni 1.71 ± 0.56

1.66±0.07

97.07 0.008

Cu 35.0 ± 2.40

33.33±1.13

95.22 0.010

Zn 105.3 ± 5.40 100.10± 4.23 95.06 0.012
Cd 14.5±0.400

14.16±0.014

97.65 0.005

Pb 0.162±0.032 0.154±0.021

95.06 0.006

Metal pollution
Cobalt and two toxic metals, Cd and Pb were
undetectable in the water of the reference site (at Rabigh).
Unlikely, mean concentrations of these metals were
significantly high (p ≤ 0.05) in the water of Al-Khumrah
(at Jeddah City) (Table III). Compared to those in the
water of the reference site, mean concentrations of other
metals (Mn, Fe, Ni, Cu and Zn) in the water of AlKhumrah were significantly higher (p ≤ 0.05) (Table III),
with multifold increase in metal concentrations followed
the order Ni (109)> Fe (47)> Cu (11)> Mn (9)> Zn (6).
In both sites, mean metal concentrations in the sediments
were significantly much higher (p ≤ 0.01) than those in
the water. Cobalt, Cd and Pb were undetectable in the
sediments of reference site. Unlikely, mean concentrations
of these metals were significantly high (p ≤ 0.01) in the
sediments of Al-Khumrah (Table III). Compared to those
in the sediments of the reference site, mean concentrations
of other metals (Mn, Fe, Ni, Cu and Zn) in the sediments
of Al-Khumrah were significantly higher (p ≤ 0.05) (Table
III), with multifold increase in metal concentrations
followed order Fe (17)> Mn (12)> Cu (9)> Ni (5)> Zn (4).
Similarly, Co, Cd and Pb were undetectable in L. harak
liver samples from the reference site (Table III). Unlikely,
mean concentrations of these metals were significantly
high (p ≤ 0.05) in L. harak liver samples from Al-Khumrah
(Table III). Compared to those in L. harak liver samples
from the reference site, mean concentrations of other metals
(Mn, Fe, Ni, Cu and Zn) in L. harak liver samples from
Al-Khumrah were significantly much higher (p ≤ 0.05)
(Table III), with multifold increase in metal concentrations
followed order Zn (22)> Fe (19) > Cu (16)> Mn (15)>
Ni (9). Consequently, individuals of L. harak from the
reference site were considered uncontaminated, while
those from Al-Khumrah were contaminated. Generally,
mean metal concentrations in the water, sediments and in
L. harak liver samples from Al-Khumrah were significantly
much higher (many folds) than those from the reference
site (Table III). Therefore, our results strongly suggest that
reference site is currently clean and unpolluted, while AlKhumrah is so badly polluted.
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Table III. Mean metal concentrations in water, sediments and L. harak livers sampled from the reference site (at
Rabigh) and from Al-Khumrah (at Jeddah City).
Metal

Mean metal concentration ± Standard deviation
Seawater (mg L–1)
Reference
site (at
Rabigh)

Sediment (mg kg–1dry wt)

Al-Khumrah (at WHO
Jeddah City)
guidelines

Reference site Al-Khumrah (at NOAA
(at Rabigh)
Jeddah City)
guidelines

Fish liver (mg kg–1 wet wt)
Reference site Al-Khumrah
(at Rabigh) (at Jeddah
City)

Mn

0.63±0.03

5.76±0.41

0.50

1.64±0.07

19.77±2.61

10.00

0.48±0.08

7.12±0.97

Fe

0.39±0.18

18.45±2.30

0.30

2.91±0.14

47.88±4.23

35.30

1.25±0.11

23.56±2.13

Co

undetected

3.12±0.23

0.50

undetected

9.85±1.09

2.00

undetected

4.55±0.21

Ni

0.06±0.03

6.55±0.51

0.05

4.76±0.11

21.06±2.98

20.90

Cu

2.13±0.04

24.80± 3.33

2.00

6.91±0.43

58.77±5.04

34.00

Zn

2.02±0.26

11.08±2.37

3.00

8.05±0.23

31.22±3.21

150.00

Cd

undetected

5.12±0.36

0.003

undetected

16.24±2.36

1.20

Pb

undetected

13.84±2.32

0.01

undetected

38.02±3.31

50.00

Fish blood biochemical parameters
In the blood sera of uncontaminated L. harak from
the reference site, mean levels of liver enzymes, ALT,
AST, ALP, and GGT were 54.20±5.98, 62.14±4.37,
45.55±3.64 and 8.80±0.62 U/L, respectively, and mean
levels of the other serum biochemical parameters, glucose,
triglycerides, total protein, and urea were 58.37±3.09 mg/
dL, 89.43±5.56 mg/dL, 24.3±2.63g/L, and 28.81±4.54 mg/
dL, respectively (Table IV). These levels were considered
herein as baseline levels, since they were measured in fishes
living in a clean and unpolluted environment. Compared
to these levels, the corresponding ones in the blood
sera of contaminated L. harak from Al-Khumrah were
significantly higher (p< 0.05) (Table IV), except the mean
level of serum total protein which was significantly lower
(p< 0.05). These changes refer to serious abnormalities in
blood biochemical parameters of L. harak inhabiting AlKhumrah site.
In uncontaminated L. harak from the reference site,
no significant correlations were found between levels of
serum liver enzymes (ALT, AST, ALP, and GGT) or other
blood biochemical parameters (glucose, triglycerides,
total protein, and urea) and mean concentrations of Mn,
Fe, Ni, Cu and Zn in the liver. Similarly, in contaminated
L. harak from Al-Khumrah, no significant correlations
was found between the level of these enzymes or other
blood biochemical parameters and mean concentrations of
Mn, Fe, Co, Ni and Cu in the liver, but moderate to strong
correlations were found between these parameters and
mean concentrations of Zn, Cd, and Pb in the liver (Table
V); all correlations were positive, except the negative ones
between mean levels of serum total protein and mean
concentrations of Zn, Cd, and Pb in fish liver.
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8.75±0.72
38.33±4.67
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0.98±0.10

2.45±0.09

0.73±0.10

15.91±1.57

undetected

10.25±1.93

undetected

19.87±2.34

Table IV. Mean levels of serum liver enzymes (ALT,
AST, ALP and GGT), glucose, triglycerides, total
protein, and urea in L. harak from the reference site (at
Rabigh) and from Al-Khumrah (at Jeddah City).
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Fish serum parameter

Reference site Al-Khumrah
(at Rabigh)
(at Jeddah
City)

Liver enzymes
ALT (U/L)

54.20±5.98

89.15±6.70

AST (U/L)

62.14±4.37

114.10±7.06

ALP (U/L)

45.55±3.64

93.65±9.73

GGT (U/L)

8.80±0.62

23.45±4.24

Glucose (mg/dL)

58.37±3.09

109.54±5.03

Triglycerides (mg/dL)

89.43±5.56

162.56±8.56

Total protein (g/L)

24.3±2.63

10.13±0.06

Urea (mg/dL)

28.81±4.54

58.67±4.32

Other serum parameters

Histological structure of L. harak liver
In uncontaminated L. harak from the reference site,
histological structure of the liver appeared to be normal, and
without any evidence of histopathological alteration (Fig.
2A), since hepatic tissue was composed of regular liver
lobules surrounded by sinusoids and filled with polyhedral
hepatocytes, each containing a clear round nucleus and
a cytoplasm with numerous droplets. In contrast, in
contaminated L. harak from Al-Khumrah, histological
structure of the liver of appeared abnormal (Fig. 2B),
with sever histopathological alteration including frank
necrosis, sinusoidal dilation, degeneration of hepatocytes,
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inflammatory
response,
adipocytes,
hepatocyte
vacuolization, fatty change, muclear hypertrophy, irregular
shaped-nucleus, cellular hypertrophy, cellular atrophy
melanomacrophages aggregates, and vacuolated foci.

DISCUSSION
Heavy metals in aquatic environments are mostly
bound to suspended particles or adsorbed on particulate
organic matter, and only tiny fractions of them are present
in water as free ions (hydrated) and known as biologically
available metals, i.e., can be taken up directly from water
and used by living organisms. These fractions are greatly
affected by several water parameters, such as temperature,
pH, salinity, etc. (Merian et al., 2004). Mostly, the increase
in water temperature and dissolved oxygen stimulates the
release or desorption of metals from the sediment into the
overlying water, unlikely, the decrease in water salinity
and pH also stimulates this process (Malandrino et al.,
2006; Haiyan et al., 2013; Yanhao et al., 2018; Tao et al.,
2021).

Fig. 2. (A) Normal hepatic histological structure of L. harak
sampled from the reference site; (B) Histopathological
alterations in the liver of L. harak sampled from AlKhumrah: Adcl, Adipose cell, Cells with pyknosis and
karyorrhexis (P and K); Cv, Centralvein; Cbv, Congestion
of hepatic blood vessels; Dp, Dark brown pigments; Fh,
Focal hemorrhage; Hp, Hepatocytes; Kc, Kupffer cell,
Mmc, Melanomacrophages; Nhp, Necrotic hepatocytes,
S. Sinusoid; V, Vacuole. (Hematoxylin and Eosin, 100×).
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Table V. Spearman’s rank correlation (rs) matrix between mean metals concentrations in the liver of L. harak and
levels of biochemical parameters in its blood.
Metal concentration in
the liver of L. harak

F

Levels of serum liver enzymes

ALT
rs

p

Mn

0.341

Fe

0.362

Co

0.402

Ni

0.135

Cu

0.264

Zn

0.625

Cd

0.865

Pb

0.726

e
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0.122

0.239

0.109

O

0.332

AST

rs

ALP

GGT

p

rs

p

rs

p

0.223

0.219

0.089

0.327

0.137

0.294

0.163

0.152

0.168

0.268

0.098

0.185

0.282

0.149

0.260

0.159

0.266

0.271

0.322

0.321

0.284

0.304

0.148

0.119

0.204

0.211

0.172

0.364

0.171

0.234

0.291

0.002

0.752

0.003

0.592

0.004

0.668

0.001

0.001

0.906

0.001

0.709

0.002

0.872

0.001

0.003

0.792

0.004

0.877

0.001

0.765

0.003

Levels of other blood biochemical parameters
Glucose

Triglycerides

Total protein

Urea

rs

p

rs

p

rs

p

rs

p

Mn

0.231

0.293

0.143

0.267

0.187

0.179

0.245

0.213

Fe

0.177

0.146

0.088

0.302

0.301

0.094

0.283

0.189

Co

0.311

0.274

0.329

0.138

0.078

0.209

0.272

0.092

Ni

0.281

0.324

0.259

0.169

0.312

0.181

0.216

0.086

Cu

0.401

0.221

0.247

0.205

0.227

0.194

0.246

0.139

Zn

0.698

0.002

0.596

0.003

– 0.674

0.001

0.734

0.001

Cd

0.901

0.001

0.885

0.001

– 0.812

0.001

0.898

0.003

Pb

0.830

0.001

0.677

0.004

– 0.784

0.003

0.691

0.004

Values in bold letters show significant correlations (p< 0.05).
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In the present study, water quality parameters in the
reference site (at Rabigh) have met the WHO standards,
while those in Al-Khumrah (at Jeddah City), particularly
the dissolved oxygen (much lower than allowable) and
total dissolved solids (much higher than allowable) have
not met these standards, and clearly point to the poor
water quality in this site, since in aquatic environments,
low levels of dissolved oxygen and high levels of total
dissolved solids can adversely affect many forms of
aquatic life (Anthony, 2000).
In the current study, the accuracy of the analytical
procedures carried out by the Inductively Coupled PlasmaMass Spectrometer (ICP-MS) ranged from 92 to 98%,
which can be considered a reliable analysis.
Cobalt, Cd and Pb were undetectable in the water
of the reference site, but their concentrations in the
water of Al-Khumrah were significantly high. However,
a significant increase was recorded in the concentrations
of other metals (Mn, Fe, Ni, Cu and Zn) in the water of
Al-Khumrah in comparison to those of the reference site.
According to the World Health Organization WHO (2011),
the maximum allowable concentrations of Mn, Fe, Co, Ni,
Cu, Zn, Cd and Pb in seawater were 0.5, 0.30, 0.5, 0.05,
2.0, 3.0, 0.003 and 0.01, respectively. Metal concentrations
in the water of the reference site were nearly similar to the
allowable ones, while those in the water of Al-Khumrah
were greatly exceeded them.
In both sites, mean metal concentrations in the
sediments were much greater than those in water. This
is probably due to the high affinity of metals to bind to
sediment particles, or to suspended matter particles that
lastly settle and accumulate in the bottom to build up
the bottom sediments (Luorna, 1990; Campbell, 1994;
Dauvalter, 1998; Gurunadha et al., 2007; Tekin-Ozan
and Kir, 2008). So, metal concentrations are greater in
sediments, and mostly 3–5 orders of magnitude greater
than in the overlying water (Gurunadha et al., 2007).
Cobalt, Cd and Pb were undetectable in the sediment
samples from the reference site, but their concentrations
in sediments from Al-Khumrah were significantly high.
However, a significant increase was recorded in the
concentrations of Mn, Fe, Ni, Cu and Zn in sediments from
Al-Khumrah in comparison to those from the reference
site. According to National Oceanic and Atmospheric
Administration NOAA (2009), the maximum allowable
concentrations of Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb in
marine sediments were 10.0, 35.3, 2.0, 20.0, 34.0, 150.0,
1.2 and 50.0, respectively. Metal concentrations in the
sediments from the reference site were much lower than
the allowable ones, while those in the sediments from AlKhumrah were greatly exceeded them, except for Zn and
Pb, as per NOAA (2009).
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Toxic metals, Cd and Pb were undetectable in the
liver samples of uncontaminated L. harak from the
reference site. In contrast, their concentrations in the liver
samples of contaminated L. harak from Al-Khumrah were
significantly much higher. According to WHO (2011) and
Food and Agriculture Organization of the United Nations
FAO (2003), the permissible concentration of Cd and Pb in
fish tissues were 0.05 and 0.2 mg/kg wet wt, respectively.
Metal concentrations in the liver samples of contaminated
L. harak from Al-Khumrah were much higher (~205 and
100 folds, respectively) than the permissible ones.
Generally, our results provide strong evidences
that the reference site is currently clean and unpolluted,
while Al-Khumrah is severely polluted, and this has been
confirmed in many previous studies (EI-Sayed et al., 2004;
Al-Wesabi et al., 2015; Salama et al., 2016; Al-Mur et al.,
2017). Consequently, L. harak from the reference site were
considered unintoxicated, while those from Al-Khumrah
were intoxicated.
In modern ecotoxicological studies, blood levels of
liver function enzymes (ALT, AST, ALP and GGT) are
frequently used as sensitive biomarkers to assess the harmful
consequences of polluted water on fish health (Kramer and
Hoffmann, 1997; De La Torre et al., 2000; Levesque et
al., 2002). ALT and AST are key enzymes in amino acid
metabolism in the liver of teleost fishes (Yasutake and
Wales, 1983; Ballantyne, 2001; Murray et al., 2003; CozRakovac et al., 2008), hepatic ALP is a membrane-bound
enzyme in hepatocytes and plays a vital role in membrane
transport (Schaperclaus et al., 1992), and GGT is an
abundant enzyme in hepatocytes and plays a crucial role
in metabolism and mediates xenobiotic detoxification in
the liver (Schaperclaus et al., 1992). Blood levels of these
enzymes significantly elevated in fishes living in heavy
metal-contaminated environments (Zikic et al., 2001;
Gabriel and George, 2005; Yousafzai and Shakoori, 2011;
Abalaka, 2013; Gholizadeh et al., 2018; Ugbomeh et al.,
2019). This elevation may be due to the toxic effects of
these metals on fishes, and refers to histological damage
in some organs, particularly the liver (Yousafzai and
Shakoori, 2011; Soleimany et al., 2016; Gholizadeh et
al., 2018; Ugbomeh et al., 2019). Blood liver enzymes are
normally predominantly contained within hepatocytes and
are spilled into the bloodstream following cellular damage
(Sallie et al., 1991; Mayne, 2002; Palanivelu et al., 2005;
Abalaka, 2013), since toxicants such as toxic heavy metals
increase the permeability of hepatocyte plasma membrane,
and consequently liver enzymes can leak from hepatocytes
into the bloodstream and elevate to higher levels, causing
many disease, such as anorexia and fatigue (Nordlie
et al., 1999; Coz-Rakovac et al., 2008). In our study,
heavy metal concentrations in the liver of contaminated
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L. harak from Al-Khumrah were significantly high, and
led to considerable elevations in the levels of serum liver
enzymes (ALT, AST, ALP and GGT) to become much
greater than those in uncontaminated L. Harak from the
reference site. Such an elevation in the levels of these
enzymes in fishes due to heavy metal pollution, has
been recorded in many other studies (Sallie et al., 1991;
Mayne, 2002; Palanivelu et al., 2005; Abalaka, 2013; AlAsgah et al., 2015; Soleimany et al., 2016; Ugbomeh et
al., 2019). In uncontaminated L. harak from the reference
site, no significant correlations were found between levels
of serum liver enzymes (ALT, AST, ALP, and GGT) and
mean concentrations of all metals in the liver. Also, in
contaminated L. harak from Al-Khumrah, no significant
correlations were found between level of these enzymes
and mean concentrations of Mn, Fe, Co, Ni and Cu in the
liver, but unlikely, moderate to strong positive correlations
were found between them and mean concentrations of Zn,
Cd, and Pb in liver. These correlations strongly suggest
that these metals have severe toxic effects on fish liver.
Serum glucose level in fishes is an essential indicator
for environmental stress (Silbergeld, 1974; Iwama,
1998; Gagnon et al., 2006), and considerably elevated
(hyperglycemia) in fishes subjected to heavy metal
pollution (Richard et al., 1998; Levesque et al., 2002;
Begg and Pankhurst, 2004; Jagadeshwarlu and Sunitha,
2018). This elevation reduces growth, increases feed
conversion ratio, and lowers sustainable growth rate.
Metals toxicity mostly leads to severe liver lesions and
stress conditions, both disturb carbohydrate metabolism
in fish liver, and consequently blood glucose level
significantly elevated (Al-Asgah et al., 2015; Soengas et
al., 1996; Almeida et al., 2001). Our results totally agree
with these observations, since mean serum glucose level in
contaminated L. harak from Al-Khumrah was significantly
higher than that in uncontaminated L. harak from the
reference site. In the latter, no significant correlations
were found between level of serum glucose and mean
concentrations of all metals in the liver of L. harak. Also,
in Al-Khumrah no significant correlations was found
between its level and mean concentrations of Mn, Fe, Co,
Ni and Cu in the liver of L. harak, but unlikely, moderate
to strong positive correlations were found between its
level and mean concentrations of Zn, Cd, and Pb in the
liver. Thus, accumulation of these metals in the liver of
L. harak adversely affects carbohydrate metabolism in the
liver (Soengas et al., 1996; Almeida et al., 2001; Al-Asgah
et al., 2015).
Serum triglycerides level is an important indicator
for the metabolic status of fish, and mostly elevated
(hypertriglyceridemia) in fishes inhabiting heavy metalpolluted environments (Kaplan et al., 1988; Hadi et al.,
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2009; Srivastava and Prakash, 2018; Mohamed et al.,
2019). This elevation builds up dangerous fatty deposits in
some fish organs and triggers the blockage of blood vessels
(Kaplan et al., 1988; Hadi et al., 2009). Considerable
changes in blood triglycerides level refer to liver
dysfunction and inhibition of lipid catabolism (Kaplan et
al., 1988; Hadi et al., 2009; Srivastava and Prakash, 2018;
Mohamed et al., 2019). Likewise, our results revealed that
mean serum triglyceride level in contaminated L. harak
from Al-Khumrah was significantly higher than that in
uncontaminated L. harak from the reference site. In the
latter, no significant correlations were found between
level of serum triglycerides and mean concentrations of
all metals in the liver of L. harak. Also, in Al-Khumrah
no significant correlations was found between its level
and mean concentrations of Mn, Fe, Co, Ni and Cu
in the liver of L. harak, in contrast, moderate to strong
positive correlations were found between its level and
mean concentrations of Zn, Cd, and Pb in the liver. Thus,
accumulation of these metals in the liver of L. harak
disturbs lipid catabolism in the liver (Kaplan et al., 1988;
Hadi et al., 2009; Srivastava and Prakash, 2018; Mohamed
et al., 2019).
Serum total protein level in fishes is an essential
indicator for liver integrity and overall health status
(Nordlie et al., 1999; Sandre et al., 2017). This level
usually decreases (hypoproteinemia) in fishes exposed to
heavy metal pollution due to severe liver damage and stress
conditions (Magnadottir et al., 2010; Shaheen and Akhtar,
2012), and leading to slower growth, muscle atrophy, and
a weakened immune system. Similarly, our results showed
that mean serum total protein level in contaminated L.
harak from Al-Khumrah was significantly lower than that
in uncontaminated L. harak from the reference site. In
the latter, no significant correlations were found between
level of serum total protein and mean concentrations of
all metals in the liver of L. harak. Also, in Al-Khumrah
no significant correlations was found between its level
and mean concentrations of Mn, Fe, Co, Ni and Cu in
the liver of L. harak, but unlikely, moderate to strong
negative correlations were found between its level and
mean concentrations of Zn, Cd, and Pb in the liver. Thus,
accumulation of these metals in the liver of L. harak
inhibits protein production in the liver (Magnadottir et al.,
2010; Shaheen and Akhtar, 2012).
Blood urea level in fishes is an important indicator for
their metabolic status, and mostly elevated (hyperuricemia)
in fishes inhabiting polluted environments, due severe gill
and liver diseases (Murray et al., 1990; Stoskopf, 1993;
Alkaladi et al., 2015), since urea in fish is produced by
liver and excreted mainly through the gills as ammonia,
and a few amount is excreted by kidneys as urine (Randall
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and Wright, 2005). Urea at high concentrations becomes
poisonous to cells and impairs the various cellular processes
(Murray et al., 1990; Randall and Wright, 2005). Our
results fully agree with these findings, since mean serum
urea level in contaminated L. harak from Al-Khumrah
was significantly higher than that in uncontaminated L.
harak from the reference site. In the latter, no significant
correlations were found between level of serum urea and
mean concentrations of all metals in the liver of L. harak.
Also, in Al-Khumrah no significant correlations was found
between its level and mean concentrations of Mn, Fe, Co,
Ni and Cu in the liver of L. harak, in contrast, moderate
to strong positive correlations were found between its
level and mean concentrations of Zn, Cd, and Pb in the
liver. Thus, accumulation of these metals in the liver of
L. harak inhibits the elimination of unwanted ammonia or
urea from fish blood (Murray et al., 1990; Stoskopf, 1993;
Alkaladi et al., 2015).
In uncontaminated L. harak from the reference site,
metal concentrations in the liver were low, and toxic metals
Cd and Pb were undetectable. In contrast, in contaminated
L. harak from Al-Khumrah, metal concentrations in
liver were significantly high, and concentrations toxic
metals Cd and Pb were much higher (~205 and 100 folds,
respectively) than the permissible ones. Consequently,
histological structure of L. harak liver from the reference
site appeared to be normal, and without any evidence
of histopathological alteration, in contrast, histological
structure of L. harak liver from Al-Khumrah appeared
abnormal, with sever histopathological alterations
including frank necrosis, sinusoidal dilation, degeneration
of hepatocytes, inflammatory response, adipocytes,
hepatocyte vacuolization, fatty change, and vacuolated
foci. Such histopathological alteration in fish liver due to
heavy metal pollution has been recorded in many other
studies (Hinton and Laurén, 1990; Van Dyk et al., 2009;
Radhakrishnan and Hemalatha, 2010; Muthukumaravel
and Rajaraman, 2013; Chamarthi et al., 2014).

i
l
n

e
n

O

CONCLUSIONS
Heavy metals such as Cu, Ni, Zn and Fe are
biologically essential and play essential roles in the
metabolic activities of organisms, unlikely metals such
as Hg, Cd, Pb and As are non-biologically essential and
mostly toxic, even in traces. Excessive accumulation of
biologically essential metals in organisms can result in
a variety of toxic effects under certain conditions. Due
to their environmental toxicity and bioaccumulation,
heavy metals in aquatic ecosystem are a matter of serious
concern. Presence of these metals especially the toxic
ones, as pollutants in aquatic environments leading to their

accumulation in many organs of the fish, such as gills,
muscle, liver and kidney. This accumulation can cause
significant histopathological alterations and dangerous
chronic diseases in these organs, particularly in liver.
This organ has a variety of important metabolic functions
in the body, it is the major detoxifying organ, and its
tissue has strong affinity to accumulate heavy metals in
higher levels than any other tissue in the body. In modern
ecotoxicological studies, blood biochemical parameters
of fishes are mostly used to assess their health status. For
instance, levels of serum liver enzymes (ALT, AST, ALP,
GGT) are most widely used to assess the hepatic functions
and integrity of hepatocytes, levels of serum glucose and
triglycerides to assess the processes of energy metabolism,
and levels of serum total protein and urea to assess the
processes of protein metabolism and growth. The normal
levels of these parameters considerably changed in fishes
living in metal-contaminated environments, leading to
severe health troubles and diseases. Generally, our results
totally agree with most previous studies that all of these
parameters are sensitive biomarkers for determining the
adverse effects of heavy metal pollution on fish health.

e
l
c

i
t
r

A
t

ri s

F

9

ACKNOWLEDGMENTS

This work was funded by the Deanship of Scientific
Research (DSR), King Abdulaziz University, Jeddah,
Saudi Arabia, under grant No. (J-642-130-38). The authors,
therefore, acknowledge with thanks DSR technical and
financial support.
Statement of conflict of interest
The authors have declared no conflict of interest.

REFERENCES
Abalaka, S.E., 2013. Evaluation of the haematology and
biochemistry of Clarias gariepinusas biomakers of
environmental pollution in Tiga dam Nigeria. Braz.
Arch. Biol. Technol., 56: 371–376. https://doi.
org/10.1590/S1516-89132013000300004
Al-Asgah, N.A., Abdel-Wahab, A.A.W., El-Sayed,
M.Y., and Hassan, Y.A., 2015. Haematological and
biochemical parameters and tissue accumulations
of cadmium in Oreochromis niloticus exposed to
various concentrations of cadmium chloride. Saudi
J. biol. Sci., 22: 543–550. https://doi.org/10.1016/j.
sjbs.2015.01.002
Al-Busaidi, M., Yesudhason, P., Al-Mughairi, S., AlRahbi, W.A.K., Al-Harthy, K.S., Al-Mazrooei,
N.A. and Al-Habsi, S.H., 2011. Toxic metals
in commercial marine fish in Oman with

Z. Al-Hasawi and R. Hassanine

10

reference to national and international standards.
Chemosphere, 85: 67–73. https://doi.org/10.1016/j.
chemosphere.2011.05.057
Alkaladi, A., NasrEl-Deen, N.A.M., Afifi, M., and
AbuZinadah, O.A., 2015. Hematological and
biochemical investigations on the effect of vitamin
E and C on Oreochromis niloticus exposed to zinc
oxide nanoparticles. Saudi J. biol. Sci., 22: 556–
563. https://doi.org/10.1016/j.sjbs.2015.02.012
Almeida, J.A., Novelli, E.L.B., Dal-Pa, I.S., and
Alves-Junior, R., 2001. Environmental cadmium
exposure and metabolic responses of the Nile
tilapia Oreochromis niloticus. Environ. Pollut.,
114: 169–175. https://doi.org/10.1016/S02697491(00)00221-9
Al-Mur, B.A., Quicksall A.N., and Al-Ansari, A.M.A.,
2017. Spatial and temporal distribution of heavy
metals in coastal core sediments from the Red Sea,
Saudi Arabia. Oceanologia, 59: 262–270. https://
doi.org/10.1016/j.oceano.2017.03.003
Al-Wesabi, E.O., Abu Zinadah O. A., Zari, T.A., and AlHasawi, Z.M., 2015. Comparative assessment of
some heavy metals in water and sediment from the
Red Sea coast, Jeddah, Saudi Arabia. Int. J. Curr.
Microbiol. appl. Sci., 4: 840–855.
Anthony, J.F., 2000. The composition of Sea water.
Retrieved from October 25, 2015. Available at
www.seafriends.org.nz/oceano/seawater.htm
(accessed 7November 2021).
Ballantyne, J.S., 2001. Amino acid metabolism. In: Fish
physiology (eds. P.A. Wright and P.M. Anderson).
Academic Press: New York, NY, USA, pp. 77–107.
https://doi.org/10.1016/S1546-5098(01)20004-1
Begg, K., and Pankhurst, N.W., 2004. Endocrine
and metabolic responses to stress in a
laboratory population of the tropical damselfish
Acanthochromis polyacanthus. J. Fish Biol.,
64:
133–145.
https://doi.org/10.1111/j.10958649.2004.00290.x
Buckley, J.T., Roch, M., McCarter, J.A., Rendell, C.A.,
and Matheson, A.T., 1992. Chronic exposure
of Coho salmon to sublethal concentration of
copper. Effect on growth, on accumulation out
distribution of copper and on copper tolerance.
Comp. Biochem. Physiol., 72C: 15–19. https://doi.
org/10.1016/0306-4492(82)90198-8
Campbell, K.R., 1994. Concentrations of heavy
metals associated with urban runoff in fish living
in stormwater treatment ponds. Arch. environ.
Contam. Toxicol., 27: 352–356. https://doi.
org/10.1007/BF00213171
Chamarthi, R.R., Bangeppagari, M., Gooty, J.M.,

O

i
l
n

e
n

Mandala, S., Tirado, J.O., and Marigoudar, S.R.,
2014. Histopathological alterations in the gill,
liver and brain of cyprinus carpio on exposure to
quinalphos. Am. J. Life Sci., 24: 211-216. https://
doi.org/10.11648/j.ajls.20140204.14
Coz-Rakovac, R., Smuc, T., Topic Popovic, N.,
Strunjak-Perovic, I., Hacmanjek, M., and Jadan,
M., 2008. Novel methods for assessing fish blood
biochemical data. J. appl. Ichthyol., 24: 77–80.
https://doi.org/10.1111/j.1439-0426.2007.01041.x
Dauvalter, V.A., 1998. Heavy metals in the bottom
sediments of the Inari-Pasvik lake-river system.
Water Resour., 25: 451–457.
De La Torre, F.R., Salibian, A., and Ferrari, L., 2000.
Biomarkers assessment in juvenile Cyprinus carpio
exposed to waterborne cadmium. Environ. Pollut.
J., 109: 277–282. https://doi.org/10.1016/S02697491(99)00263-8
Demirezen, D., and Uruc, K., 2006. Comparative study
of trace elements in certain fish, meat and meat
products. Meat Sci., 74: 255–260. https://doi.
org/10.1016/j.meatsci.2006.03.012
Duncan, D.B., 1955. Multiple range and Multiple
F-test. Biometrics, 11: 1–42. https://doi.
org/10.2307/3001478
Dural, M., LugalGöksu, M.Z., Özak, A.A., and Derici,
B., 2006. Bioaccumulation of some heavy metals in
different tissues of Dicentrarchus labrax L, 1758,
Sparus aurata L, 1758 and Mugil cephalus L,
1758 from the ÇamlIk lagoon of the eastern cost of
Mediterranean (Turkey). Environ. Monit. Assess.,
118: 65–74. https://doi.org/10.1007/s10661-0060987-7
EI-Sayed, M.A., Basaham, A.S., Rifaat, A.E., Niaz,
G.R., Al-Farawati, R.B., and El-Mamoney, M.H.,
2004. Sewage pollution in the coastal area south
of Jeddah: The problem revisited U. Report No.
253/423, Scientific Research Council, K.A.U.
Jeddah, Saudi Arabia. 2004.
Fazio, F., Piccione, G., Tribulato, K., Ferrantelli, V.,
Giangrosso, G., Arfuso, F. and Faggio, C., 2014.
Bioaccumulation of heavy metals in blood and
tissue of striped mullet in two Italian lakes. J.
aquat. Anim. Hlth., 26: 278–284. https://doi.org/1
0.1080/08997659.2014.938872
Food and Agriculture Organization of the United
Nations FAO, 2003. Heavy metals regulations
legal notice No. 66/200; FAO: Rome, Italy.
Gabriel, U.U., and George, A.D.I., 2005. Plasma
enzymes in Clariasgariepinus exposed to chronic
levels of round up. Environ. Ecol., 23: 271–276.
Gagnon, A., Jumarie, C., and Hontela, A., 2006.

F

ri s

A
t

i
t
r

e
l
c

11

Effect of Heavy Metal Pollution on the Blood Biochemical Parameters

Effects of Cu on plasma cortisol and cortisol
secretion by adrenocortical cells of rainbow trout
(Oncorhynchus mykiss). Aquat. Toxicol., 78: 59–
65. https://doi.org/10.1016/j.aquatox.2006.02.004
Gholizadeh, Z.T.B., Banaee, M., Yousefi, J.A.,
Nematdoost, H.B., and Seyed, H.M.H., 2018.
Effects of selenium (Sel-Plex) supplement on
blood biochemical parameters of juvenile Siberian
sturgeon (Acipenser baerii). Iran. J. Fish. Sci., 17:
300–312.
Gopal, V., Parvathy, S., and Balasubramanian, R.S.,
1997. Effect of heavy metals on the blood protein
biochemistry of the fish Cyprinus carpio and its
use as a bio-indicator of pollution stress. Environ.
Monitor. Assess., 48: 117–124. https://doi.
org/10.1023/A:1005767517819
Gurunadha Rao V.V.S., Jain, C.K., Prakash, B.A.,
and Kumar, K.M., 2007. Heavy metal speciation
study of sediments in Hussainsagar Lake, Greater
Hyderabad, India in proceedings of taal 2007: The
12th World Lake Conference, pp. 2098–2104.
Hadi, A.A., Shokr, A.E., and Alwan, S.F., 2009. Effects
of aluminum on the biochemical parameters of
freshwater fish. Tilapia zillii. J. Sci. A., 3: 33–41.
Haiyan, L., Anbang, S., Mingyi, L., and Xiaoran, Z.,
2013. Effect of ph, temperature, dissolved oxygen,
and flow rate of overlying water on heavy metals
release from storm sewer sediments. J. Chem.,
2013: 1-11. https://doi.org/10.1155/2013/434012
Hassanine, R.M., Al-Hasawi, Z.M., Hariri, M.S., and
Touliabah, H.E.S., 2019. Sclerocollum saudii AlJahdali, 2010 (Acanthocephala: Cavisomidae) as a
sentinel for heavy-metal pollution in the Red Sea. J.
Helminthol., 93: 177–186. https://doi.org/10.1017/
S0022149X18000044
Heath, A.G., 1995. Water Pollution and Fish Physiology,
2nd ed.; CRC Press (Taylor and Francis Group):
London, UK, pp. 1–384.
Hinton, D.E., and Laurén, J.L., 1990. Integrative
histopathological approaches to detecting effects of
environmental stressors on fishes. Am. Fish. Soc.,
8: 51-66.
Iwama, G.K., 1998. Stress in Fish. Ann. N.
Y. Acad. Sci., 851: 1–310. https://doi.
org/10.1111/j.1749-6632.1998.tb09005.x
Jagadeshwarlu, R., and Sunitha Devi, G., 2018. Effect
of Sublethal copper exposure on glycogen, glucose
and total lipid levels in (muscle and liver) fish,
Oreochromis mossambicus (peters). Int. J. Zool.
Stud., 3: 123–127.
Javed, M., and Usmani, N., 2019. An overview of the
adverse effects of heavy metal contamination on

O

i
l
n

e
n

fish health. Proc. Natl. Acad. Sci. USA India Sect.
B Biol. Sci., 89: 389–403. https://doi.org/10.1007/
s40011-017-0875-7
Jezierska, B., and Witeska, M., 2006. The metal uptake
and accumulation in fish living in polluted waters.
In: Soil and water pollution monitoring, protection
and remediation, 1st ed. (eds. I. Twardowska, H.E.
Allen, M.M. Häggblom, S. Stefaniak). NATO Sci.
Ser. Springer Dordrecht, The Netherland, 69: 7–14.
Kaplan, A., Ozabo, L.L., and Ophem, K.E., 1988.
Clinicalchemistry: Interpretation and techniques,
3rd ed. Lea and Febiger: Philadelphia, PA, USA, pp.
1–400.
Kelle, H.I., Ngbede, E.O., Oguezi, V.U., and Ibekwe,
F.C., 2015. Determination of heavy metals in
fish (Clarias gariepinus) organs from Asaba
Major Markets, Delta State, Nigeria. Am. Chem.
Sci. J., 5: 135–147. https://doi.org/10.9734/
ACSJ/2015/11968
Kojima, Y., and Kagi, J.H.R., 1978. Metallothionein.
Trends Biochem. Sci., 3: 90–93. https://doi.
org/10.1016/S0968-0004(78)80006-1
Kramer, J.W., and Hoffmann, W.E., 1997. Clinical
enzymology. In: Clinical biochemistry of domestic
animals, 5th ed. (eds. J.J. Kaneko, J.W. Harvey,
M.L. Bruss). Academic Press: San Diego, CA,
USA. pp. 1–315.
Levesque, H.M., Moon, T.W., Campbell, P.G.C.,
and Hontela, A., 2002. Seasonal variation in
carbohydrate and lipid metabolism of yellow perch
(Perca flavescens) chronically exposed to metals in
the field. Aquat. Toxicol., 60: 257–267. https://doi.
org/10.1016/S0166-445X(02)00012-7
Luorna, S.N., 1990. Processes affecting metal
concentrations in estuarine and coastal marine
sediments. In: Heavy metals in the marine
environment, (eds. R.W. Furness, P.S. Rainbow).
CRC Press, Taylor and Francis group, Florida,
USA, p. 1–66.
Magnadottir, B., Gisladottir, B., Audunsdottir, S.S., and
Bragason, B.T., 2010. Humeral response in early
stages of infection of cod (Cadus morhua) with a
typical furunculosis. Icel. Agric. Sci., 23: 23–35.
Malandrino, M., Abollino, O., Giacomino, A., Aceto,
M., and Mentasti, E., 2006. Adsorption of heavy
metals on vermiculite: Influence of PH and organic
ligands. J. Colloid Interface Sci., 299: 537–546.
https://doi.org/10.1016/j.jcis.2006.03.011
Mayne, D.P., 2002. Clinical chemistry in diagnosis and
treatment. 6th ed. CRC Press, London, UK, 2002;
pp. 1–480.
Merian, E., Anke, M., Ihnat, M., and Stoeppler, M.,

e
l
c

i
t
r

A
t

ri s

F

11

Z. Al-Hasawi and R. Hassanine

12

2004. Elements and their compounds in the
environment. Occurrence, analysis and biological
relevance. 2nd ed.; Wiley, Weinheim, Germany, pp.
1–1733. https://doi.org/10.1002/9783527619634
Mohamed, A.S., ElDesoky, M.A., and Nahed, S.G.,
2019. The Changes in triglyceride and total
cholesterol concentrations in the liver and
muscle of two fish species from Qarun Lake.
Egypt. Oceanogr. Fish. J., 9: 555770. https://doi.
org/10.19080/OFOAJ.2019.09.555770
Moustafa, M.Z., and El-Sayed, E.M., 2014. Impact of
water pollution with heavy metals on fish health:
Overview and updates. Glob. Vet., 12: 219–231.
Murray, R.K., Granner, D.K., Mayes, P.A., and Rodwell,
V.W., 2003. Harper’s illustrated biochemistry, 26th
ed.; McGraw-Hill Companies, Inc.: New York, NY,
USA, pp. 1–693.
Murray, R.K., Rranne, P.A.M., and Rodwell, V.W.,
1990. Harper’s Biochemistry. 22nd ed.; McGrawHill Medical., Norwalk, CT, USA; Los Altos, CA,
USA, pp. 1–720.
Muthukumaravel, K., and Rajaraman, P., 2013. A study
on the toxicity of chromium on the histology of gill
and liver of fresh-water fish labeo rohita. J. Pure
appl. Zool., 1: 122-126.
Nachev, M., 2010. Bioindication capacity of fish
parasites for the assessment of water quality in the
Danube River. Ph.D. thesis, Universität DuisburgEssen, Sofia, Bulgaria.
National Oceanic and Atmospheric Administration
(NOAA), 2009. Screening quick reference tables
for in sediment [Internet]. Silver Spring: National
Oceanic and Atmospheric Administration; 2009
[cited 2021 November]. Available from: https://
response.restoration. noaa.gov/sites/default/ files/
SQuiRTs.pdf.
Nordlie, R.C., Foster, J.D., and Lange, A.J., 1999.
Regulation of glucose production by the liver. Ann.
Rev. Nutr., 19: 379–406. https://doi.org/10.1146/
annurev.nutr.19.1.379
Oregioni, B., and Aston, S.R., 1984. The determination
of selected trace metals in marine sediments
by
flameless/flame
atomic
absorption
spectrophotometry, IAEA Manaco Laboratory,
Internal Report.
Palanivelu, V., Vijayavel, K., Ezhilarasil, B.S., and
Balasubramanian, M.P., 2005. Influence of
insecticidal derivatives (Cartap Hydrochloride)
from the marine polychaete on certain enzyme
systems of the freshwater fish Orechromis
mossambicus. J. environ. Biol., 26: 191–196.
Radhakrishnan, M.V., and Hemalatha, S., 2010.

O

i
l
n

e
n

Sublethal toxicity effects of cadmium chloride to
liver of freshwater fish Channa striatus (Bloch)
Am-Emuras. J. Toxicol. Sci., 2: 54-56.
Rahman, M.S., Molla, A.H., Saha, N., and Rahman,
A., 2012. Study on heavy metals levels and
its risk assessment in some edible fishes from
Bangshi River Savar, Dhaka, Bangladesh. Fd.
Chem., 134: 1847–1854. https://doi.org/10.1016/j.
foodchem.2012.03.099
Randall, D.J., and Wright, P.A., 2005. Ammonia
distribution and excretion in fish. Fish Physiol.
Biochem., 3: 107–120. https://doi.org/10.1007/
BF02180412
Richard, A.C., Daniel, C., Anderson, P., and Hontela, A.,
1998. Effects of subchronic exposure to cadmium
chloride on endocrine and metabolic functions
in rainbow trout Oncorhynchus mykiss. Arch.
Environ. Contam. Toxicol., 34: 377–381. https://
doi.org/10.1007/s002449900333
Robert, R.C., 2016. Metal toxicity an introduction.
In: Metal chelation in medicine, 1st ed. (eds. R.C.
Robert, J.W. Roberta, C. Robert). Royal Society
of Chemistry, London, 2016, pp. 1–23. https://doi.
org/10.1039/9781782623892-00001
Romies, B., 1989. Mikroskopischetechnik. Verlag Urban
und Schwarzenberg. 17th ed. Auflag, Germany,
Munchen, pp. 1– 697.
Salama, A.J., Jastania, H.A., and Runte, K.H., 2016.
Heavy metals in suspended particulate matter
collected from Jeddah Transect Region, Saudi
Arabia. J. Pure appl. Microbiol., 10: 1957–1963.
Sallie, R., Tredger, R.S., and Williams, F., 1991. Drugs
and the liver. Biopharm. Drug Dispos., 12: 251–
259. https://doi.org/10.1002/bdd.2510120403
Sandre, L.C.G., Buzollo, H., Neira, L.M., Nascimento,
T.M.T., Jomori, R.K., and Carneiro, D.J., 2017.
Growth and energy metabolism of Tambaqui
(Colossoma macropomum) fed diets with different
levels of carbohydrates and lipids. Fish. Aquacult.
J., 8: 3.
Schaperclaus, W., Kulow, H., and Schreckenbach, K.,
1992. Fish disease, 5th ed. (ed. A.A. Balkema).
Press: Rotterdam, The Netherlands, pp. 1–1398.
Shaheen, T., and Akhtar, T., 2012. Assessment of
chromium toxicity in Cyprinus carpio through
hematological and biochemical blood markers.
Turk. J. Zool., 36: 682–690.
Silbergeld, K.E., 1974. Blood glucose: A sensitive
indicator of environmental stress in fish. Bull.
environ. Contam. Toxicol., 11: 20–25. https://doi.
org/10.1007/BF01685023
Soengas, J.L., Agra-Lago, M.J., Carballo, B., Andres,

F

ri s

A
t

i
t
r

e
l
c

13

Effect of Heavy Metal Pollution on the Blood Biochemical Parameters

M.D., and Veira, J.A.R., 1996. Effect of an acute
exposure to sublethal concentration of cadmium on
liver carbohydrate metabolism of Atlantic salmon
(Salmo salar). Bull. environ. Contam. Toxicol., 57:
625–631. https://doi.org/10.1007/s001289900236
Soleimany, V., Banaee, M., Mohiseni, M., Nematdoost,
H.B., and Mousavi, D.L., 2016. Evaluation of preclinical safety and toxicology of Althaea officinalis
extracts as naturopathic medicine for common carp
(Cyprinus carpio). Iran. J. Fish. Sci., 15: 613–629.
Srivastava, N.K., and Prakash, S., 2018. Effect of
Sublethal Concentration of Zinc Sulphate on the
Serum Biochemical Parameters of Freshwater Cat
Fish, Clarias batrachus (Linn). Ind. J. Biol., 5:
113–119.
Stoskopf, M.K., 1993. Fish medicine. 1st ed.; WB
Saunders Company: Philadelphia, PA, USA;
London, UK, pp. 1–902.
Tao, W., Li, H., Peng, X., Zhang, W., Lou, Q., Gong, J.
and Ye, J., 2021. Characteristics of heavy metals
in seawater and sediments from Daya Bay (South
China): Environmental fates, source apportionment
and ecological risks. Sustainability, 13: 10237.
https://doi.org/10.3390/su131810237
Tekin-Ozan, S., and Kir, I., 2008. Concentrations of
some heavy metals in tench (Tinca tinca L., 1758),
its endoparasite (Ligula intestinalis L., 1758),
sediment and water in Beysehir Lake, Turkey. Pol.
J. Environ. Stud., 17: 597–603.
Ugbomeh, A.P., Bob-manuel, K.N.O., Green, A., and
Taylorharry, O., 2019. Biochemical toxicity of
Corexit 9500 dispersant on the gills, liver and
kidney of juvenile Clarias gariepinus. Fish aquat.
Sci., 15: 22. https://doi.org/10.1186/s41240-0190131-6
Van Dyk, J.C., Marchand, M.J., Smit, N.J., and Pieterse,
G.M., 2009.Ahistology-based fish health assessment
of four commercially and ecologically important
species from the Okavango Delta panhandle,
Botswana. Afr. J. Aquat. Sci., 34: 273–282. https://
doi.org/10.2989/AJAS.2009.34.3.9.985
Wakawa, R.J., Uzairu, A., Kagbu, J.A., and Balarabe,
M.L., 2008. Impact assessment of effluent
discharge on physicochemical parameters and
some heavy metal concentrations in surface water

O

i
l
n

e
n

of river Challawa Kano. Afr. J. Pure appl. Chem.,
2: 100–106.
World Health Organization (WHO), 2011. WHO
guidelines for drinking water quality, 4th ed.; WHO
Publications: Geneva, Switzerland, 2011; pp. 307–
340, ISBN 978 92 4 154815 1.
Yang, J.L., and Chen, H.C., 2003. Serum metabolic
enzyme activities and hepatocyte ultrastructure of
common carp after gallium exposure. Zool. Stud.,
42: 455–461.
Yanhao, Z., Haohan, Z., Zhibin, Z., Chengying, L.,
Cuizhen, S., Wen, Z., and Taha, M., 2018. pH
effect on heavy metal release from a polluted
sediment. J. Chem., 2018: 1–7. https://doi.
org/10.1155/2018/7597640
Yasutake, W.T., and Wales, J.H., 1983. Microscopic
anatomy of salmonids. An Atlas; United States
Department of the Interior, Fish and Wildlife
Service, Resource Publication 50: Washington,
DC, USA, 1983.
Yousafzai, A.M., Khan, A.R., and Shakoori, A.R.,
2009. Trace metal accumulation in the liver of an
endangered South Asian fresh water fish dwelling
in sublethal pollution. Pakistan J. Zool., 41: 35.
Yousafzai, M.A., and Shakoori, R.A., 2011. Hepatic
response of a fresh water fish against aquatic
pollution. Pakistan J. Zool., 43: 209–221.
Zikic, R.V., Stajn, S., Pavlovic, Z., Ognjanovic, B.I.,
and Saicic, Z.S., 2001. Activities of superoxide
dismutase and catalase in erytrocyte and plasma
transaminases of goldfish (Carassiusauratusgibelio
Bloch.) exposed to cadmium. Physiol. Res., 50:
105–111.
Zimmermann, S., Menzel, C., Berner, Z., Eckhardt,
J.D., Stüben, D., Alt, F., Messerschmidt, J.,
Taraschewski, H., and Sures, B., 2001. Trace
analysis of platinum in biological samples: A
comparison between high resolution inductively
coupled plasma mass spectrometry (HR-ICP-MS)
following microwave digestion and adsorptive
cathodic stripping voltammetry (ACSV) after high
pressure ashing. Anal. Chim. Acta, 439(Suppl.
2):
203–209.
https://doi.org/10.1016/S00032670(01)01041-8

e
l
c

i
t
r

A
t

ri s

F

13

