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INTRODUCTION  

 

Pollutants may change the properties of water in a way that causes fish death. 

Heavy metal pollution in aquatic environments occurs as a direct result of atmospheric 

deposition or industrial waste materials (Demirak et al., 2006; Maier et al., 2014). 

Heavy metals are thought to be mostly sourced through industrial effluents, municipal 

sewage, agrochemical waste products, geological weathering and atmospheric deposition 

(Onsanit et al., 2010). Because of the massive inputs of heavy metals into aquatic 

ecosystems, fish and other aquatic species can bioaccumulate these contaminants. On the 

other hand, heavy metal accumulation by organisms can be passive or selective, and 

differences in this accumulation could be brought on by variations in absorption, egestion 

or both (Sneddon et al., 2017). 
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The accumulation of heavy metals in different areas is an indicator of 

toxicity. In this investigation, three fish species; namely,  Scarus 

pulchellus, Acanthopagrus bifasciatus, and Mugil cephalus were collected 

from different regions in Saudi Arabia (Jeddah, Tabuk and Al-Jubail).  Fish 

diversity, environmental parameters and scale structure were addressed. For 

the environmental parameters, some heavy metals (Zn, Mn, Cd and Cu) 

were estimated in water samples collected from the studied areas. The light 

microscopic structure of fish scale illustrated the shape of scale and 

malformations, giving each species its characteristic taxonomical order. The 

scales showed several deformities in shape and different scale structures 

such as circuli, radii and focus. With respect to the three fish species, a 

considerable variation in the morphology of their scales was observed in 

specimens collected from different sites. Finally, this study revealed 

important results showing the scale abnormalities as an important indicator 

that differed with the heavy metal concentrations in different regions. The 

result recommends setting a decision to prevent industrial and other 

pollution which led to harmful changes in the tested fishes and subsequently 

can cause serious effects on human health. 
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Fishes are responsive to alterations occurring in their habitat, particularly 

escalating water pollution. Fish health examinations may therefore identify alterations to 

the aquatic ecology. Trace metals in marine environments have been seen to upset the 

delicate equilibrium of aquatic ecosystems. Before obvious alterations in fish behavior or 

appearance become apparent, early toxic effects of pollution may be employed as an 

indicator at the cellular or tissue level (Galadima & Garba, 2012; Gyampo et al., 

2013). Fish scales have been used for species identification and determination, and they 

are included as selective features in several keys (Maitland, 2004). Every scale has a 

"Fields" components, which are the scale's outer surface area, and a "Focus," which is the 

nucleus, the first central portion of the scale in ontogeny. Scale fields can be classified as 

anterior or posterior. Circuli, elevated surface patterns that typically take the form of lines 

that follow the contour of the scale, are usually continuous lines but are frequently broken 

up by grooves. The term "Radii" refers to grooves that extend outward from the scale 

margin. In the posterior border, there are extra structures called "cteni" that resemble 

teeth. The concentration of "Tubercles," or pigmented granules, depends on where the 

scales are on the fish's body (Lippitsch, 1990).  

Since scales are the outermost structures of the fish’s body, they are in continuous 

and direct contact with contaminants presented in the water and can therefore be used as 

vital structures to mark pollution levels in water. The presence of higher level of different 

heavy metals in water also affects the scale structure in fish because scales are directly in 

contact with water (Shikha & Sushma, 2011). Furthermore, fish scales can be easily 

studied due to their presence on exposed body parts. When a fish individual is involved in 

traumatic conditions, its growth stops, and thus, any abrupt change in the characteristics 

of the aquatic environment (e.g. due to metal contamination or any other toxicity) may 

cause changes and distortions in the shape of the circuli and other structures in the scales 

of fish. Various sorts of aberrations have been documented in scale structures related to 

many sorts of pollutants (metals). For example, when fish scales were exposed to 

chromium, it was observed that the focus of all the exposed scales was noticeably 

malformed, and the radii and circuli shapes were significantly affected (Dua & Gupta, 

2005; Chernova, 2010). In addition, cadmium and aluminium accumulations caused 

fragility in the edge of scales, and circuli were injured in both frontal and subsequent 

parts of the scales, along with calcareous malformations due to different cadmium 

concentrations. Deformity, thickening of the scales and tears in the lining of the scales 

have also been reported (Lin-Sun et al., 2009). Overall, these studies suggest that fish 

scales could be used as bio-indicator for heavy metal contamination and other toxicants 

existing in the aquatic environment (Drafash et al., 2008).  

Specimens of fish scales were described qualitatively and observed quantitatively 

(Sultana et al., 2016). In Catla catla, Labeo rohita and Cirrhinus mrigala, the scales 

showed several deformities in shape and different scale structures such as circuli, radii 

and annuli. In each of the three types of fish, considerable variation in the morphology of 

their scales was observed in specimens collected from polluted sites. 

.       The aim of this investigation is the estimation of:  

 1- Different heavy metals concentrations  (Cd, Cu, Mn & Zn) in water samples collected 

from three regions in KSA (Jeddah, Tabuk and Al-Jubail).  

2- Effect of heavy metals concentrations on scales morphology of the studied fish 

species.  
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MATERIALS AND METHODS  

 

 

Study areas and fish sampling 

Fifteen fishes from each species were collected from three localities (two sites on 

the Red Sea: Tabuk and Jeddah) and one site on the Persian Gulf coast of Saudi Arabia 

(Jubail). The three collected species were Scarus pulchellus, Acanthopagrus bifasciatus 

and Mugil cephalus. The collected fish species were immediately preserved in an ice box 

and transferred to the laboratory where they were classified and kept frozen at - 20°C 

until further analysis. Additionally, water samples were collected from each site for 

further heavy metals analysis. 

 

Estimation of heavy metals in water samples 

Three water samples were collected at a depth of 1.5m from the study regions 

(Jeddah, Tabuk and Jubail). Four heavy metals (cadmium, copper, manganese and zinc) 

were estimated in this study. The American Public Health Association's standard 

techniques were followed for sample preparation and analysis (APHA, 1998). A 

Shimadzu AA-6701F Atomic Absorption Spectrometer was used for the heavy metal 

analyses. 

 

Sampling of fish scales 

Thirty scales from each fish species from each sampling site were collected using 

fine forceps. The scales chosen included the dorsal side scales (nearer to the head) and 

lateral line. In order to remove dirt and mucus, the scales were immersed in ammonium 

hydroxide for 24h and further cleaned with a soft bristle brush. Each scale was then 

whole mounted with araltide on a 3 × 1 glass slide and left to dry. Drying took between 1 

and 7 days, depending on room temperature and humidity. Observations were taken using 

a light microscope (Esmaeili & Gholami, 2011; Sultana et al., 2016).  

 

Statistical analysis 

           Significant differences in metal levels between different areas were identified 

using one-way ANOVA to compare the metals in a particular area (significant results; P 

≥0.05).  
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RESULTS  

 

1. Heavy metals estimation in surface sea water for the three studied areas 

 Different heavy metals concentration on water from three locations (Jeddah, 

Tabuk and Jubail) are recorded and illustrated in Fig. (1). The order of concentration for 

all heavy metals in all sites was as follows; Zn > Cu > Cd > Mn. In Jeddah site, the 

highest concentration of metals was zinc with values of 10.516 µg/g, followed by 

manganese with a value of 7.6 µg/g; the lowest concentration of metals was 2.3 µg/g for 

copper. At Tabuk site, the order of metals concentration was Zn > Cd > Mn > Cu with 

values 5.209, 4.974, 0.989 and 0.557µg/ g, respectively. Whereas, at Jubail site, the 

metals concentration order was  Zn > Cu > Mn > Cd, with values 7.879, 7.829, 4.995 and 

2.576µg/ g, respectively. 

 

 

 

Fig. 1. Heavy metals concentrations in water samples of the three studied areas 
(***) indicates significant differences between different heavy metal concentrations at P< 

0.001. 
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2. Scale characteristics of different fish species 

  The scales maintain the same morphological proportions located on the different 

parts of the body. The scales present below the dorsal fin, above the lateral line, are the 

largest. As the scale from this region depicts all the features; this scale has been 

designated as the "key scale" of the fish. The scale shapes of three studied fishes are 

illustrated in Fig. (2). The scales are large and cycloid for S. pulchellus, but for A. 

bifasciatus, they are small convex with e projections that may be straight. In contrast, the 

scale of M. cephalus was ctenoid. 

          The normal scale of each studied species can be divided into anterior or rostral 

field, posterior or caudal field, lateral fields and the focus. There is no cteni at the 

posterior part of the scales of S. pulchellus, and A. bifasciatus; hence, they are cycloid 

scales (Figs.2 a & b). But the scales of M. cephalus are ctenoid scales (Fig.2 c).  The 

anterior field is embedded in the skin and overlapped by the posterior side of the 

proceeding scale. The ventral surface of the scales is shiny and smooth while the dorsal is 

rough, convex and has distinct structures, consisting of ridges and radii forming nearly 

circular rings around the central focus and granules (tubercles). 

A lateral line scale is also divided into anterior and posterior parts. The focus is 

absent in the lateral line scale. This scale has a canal which, characteristically, lies along 

the anterior-posterior axis, slightly towards the posterior part with two openings. The 

posterior opening lies towards the posterior margin, while the anterior opening lies 

towards the anterior part of the scale (Fig. 2d - f). 

 

 
Fig. 2. The scale features of different studied species, (a - c) the normal scales of S. 

pulchellus, A. bifasciatus and M. cephalus. (d - f) the lateral line scales with 

lateral line canals of S. pulchellus, A. bifasciatus and M. cephalus. Scale bar 

equal to 1cm.   
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   2.1. Radial grooves 

In the anterior parts of the scale, the circuli are partitioned by deep and narrow 

grooves that run radially towards the focus; they are called radii. The radial groove of 

normal scales for all studied fish species is shown in Fig. (3). For S. pulchellus, the radial 

groove of the scales is narrow. For A. bifasciatus, the inter-circular grooves in the rostral 

field are flattened. For M. cephalus, the radial grooves are deep with wide and regular 

split. In terms of vulnerability to pollutants, whether petroleum oils or heavy metals, it 

was observed that there are some sediments and pigmented granules in the scales of 

different types of fish, especially those collected from Jeddah (Fig. 3g – i). The most 

affected species with these granules is the A. bifasciatus (Fig. 3h). 

 

 

Fig. 3. Photographs of the anterior field with radii and radial groove of the scales of 

studied species,  (a - c) the scale of S. pulchellus, A. bifasciatus and M. cephalus 

from Tabuk. (d - f) the scale of S. pulchellus, A. bifasciatus and M. cephalus from 

Al-Jubail. (g - i) the scale of S. pulchellus, A. bifasciatus and M. cephalus from 

Jeddah.  
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2.2. Focus region 

           The central part of the focus in each scale of studied species has no circuli. 

However, the scales of S. pulchellus have tubercular ridges around the center of their 

focus (Fig. 4a, d & g). But, the focus region in A. bifasciatus appear circular with rounded 

to oval granules arranged in circular rings around the focus (Fig. 4b, e & h). Moreover, 

M. cephalus scale has focus region similar to that of the A. bifasciatus one. But, the 

granules of M. cephalus focus are small and numerous (Figs.4 c, f & i).  

           For the focus region, it was observed that, there are some sediments and 

pigmented granules in addition to malformation in the scales of different types of fishes 

collected from Jeddah (Fig. 4g – i). The most affected species with these granules and 

malformed is the A. bifasciatus (Fig. 4h). 

 

 

Figure 4. Photographs of the focus region of the scales of studied species, (a - c) the 

scale focus of S. pulchellus, A. bifasciatus and M. cephalus from Tabuk. (d - f) 

the scale focus of S. pulchellus, A. bifasciatus and M. cephalus from Al-Jubail. 

(g - i) the scale focus of S. pulchellus, A. bifasciatus and M. cephalus from 

Jeddah.  
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2.3. Caudal field  

In the external posterior part of the scale, the circuli lose their characteristic 

features. In this part, the scale is covered with epidermis and has several rows of rough 

tubercles. The tubercles impart a specific color of fish as they contain chromatophores in 

the outer surface. The caudal region of M. cephalus scales (ctenoid scales) have tooth like 

additional structure found in the posterior margin, known as cteni arranged in definite 

semi-circular rows (Fig. 5c, f & i).  

In addition, some sediments and pigmented granules wee detected in addition to 

malformation in the scales of different types of fishes collected from Jeddah. Hence, all 

the species were affected with these granules and malformed (Fig. 5g – i). 

 

 

Figure 5. Photographs of the caudal region of the scales of studied species, (a - c) 

the scale caudal region of S. pulchellus, A. bifasciatus and M. cephalus 

from Tabuk. (d - f) the scale caudal region of S. pulchellus, A. bifasciatus 

and M. cephalus from Al-Jubail. (g - i) the scale caudal region of S. 

pulchellus, A. bifasciatus and M. cephalus from Jeddah.  
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2.4. Lateral line scales 

The lateral line scales are also divided into anterior and posterior parts, while the 

focus is absent. The lateral line canal of scales is considered as a simple tube embedded 

within the matrix of the scale (Fig. 6). For scales of S. pulchellus such canal is long, wide 

and may slightly deviate from the anterior-posterior axis of the scale. Otherwise, for A. 

bifasciatus scale the canal is short and wide. But, the canal appeared narrower and more 

regular in the scales of M. cephalus. The anterior opening of the lateral line canal vary in 

shape from narrow rounded (S. pulchellus), wide curved (A. bifasciatus) and pointed (M. 

cephalus).  

It has been noted that, there are many oily spots inside the channel of the lateral 

line, especially in the scales of fishes collected from the Jeddah and Al-Jubail, especially 

in S. pulchellus and A. bifasciatus (Fig. 6d, e, g & h). However, pigmented granules, oily 

spots in addition to malformation were recorded for M. cephalus scales, especially those 

collected from the Jeddah and Al-Jubail (Fig. 6f, i). 

 

 

Figure 6. Photographs of the anterior part of lateral line scales of studied species, (a - c) the 

anterior part of lateral line scales of S. pulchellus, A. bifasciatus and M. cephalus 

from Tabuk. (d - f) the anterior part of lateral line scales of S. pulchellus, A. 

bifasciatus and M. cephalus from Al-Jubail. (g - i) the anterior part of lateral line 

scales of S. pulchellus, A. bifasciatus and M. cephalus from Jeddah. 
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DISCUSSION 

 

  Heavy metals concentrations varied with sites, which indicates that Cd 

concentration was high in the drain and the river, exceeding the tolerable limits set by the 

WHO standards. Copper (Cu), Mn, Pb and Cr concentrations were high in the drain and 

the river and exceeded the WHO, (2013) standards, indicating the release of the Cu and 

Mn from the sediment and its convenience by water currents. These higher concentrations 

of heavy metals as pollution indication was reinforced in the study of Yousafzai et al. 

(2008). 

This study examined the levels of different heavy metals in water taken from three 

regions. The highest concentration of heavy metals in water for three regions was that of 

Zn (8.89 µg/g), followed by Cd (3.11 µg/g) and Cu (2.81 µg/g); these results are 

consistent with those of Elnabris et al. (2013) and Baki et al. (2020). 

Fishes collected from polluted sites exhibited changes and deformations in the 

shape of the circuli and other structures in the scales that may be due to the experience of 

stress due to metal pollution or other toxic exposure. The present findings are in line with 

findings of Khanna et al. (2007); at different cadmium concentrations, the circuli were 

damaged in the anterior parts of the scales. Çoban et al. (2013) reported deformities in 

focus region of scales in Cyprinus carpio after exposure to heavy metals, and it increased 

with increasing the concentration in water. Furthermore, more damage was noticed in 

anterior region compared to the posterior region of the scales. In this context, Kaur and 

Dua (2015) reported alterations in the scale morphology due to exposure of scales to 

pollution. The combination of these results with our own results suggests that fish scales 

can be used as bio-indicator for heavy metal pollution.  

The stability of the surface structure and ornamentation of the rostral and caudal 

field of scales has been researched by several authors (Jawad, 2005, Harabawy et al., 

2007, Reza et al., 2009, Harabawy et al., 2012; Zubia et al., 2015). Only basic ctenoid 

scales with distinct ctenii from the scale body are found on M. cephalus (Zubia et al., 

2015). In this study, the complete ctenoid type of scales were found in the three varieties 

of studied M. cephlus.  

 

CONCLUSION 

 

The results of this study concluded that, fish scales can be successfully used as a 

biomarker of heavy metal contamination in sea water. It was observed that, the 

interaction with the pollutants and the survival of the fish depended on the biological 

state of the water, the level of different chemical components and the type of toxicity. 

These pollutants accumulate on the outer most protective layer of the scales, entering the 

integration system through absorption and gradual erosion of the superstructure of the 

scales in various ways. Therefore, extensive deformations and progressive damage to the 

fully developed scale structures are associated to pollutants. 

 

 

 

 

  



707               Fish Scales as a Bio Indicator of Environmental Pollution in Some Fish of Saudi Arabia 
 

 

REFERENCES  

 

APHA, (1998). Standard Methods for the Examination of Water and Wastewater. 20th 

Edn., American Public Health Association, Washington, DC., USA., ISBN-13: 

9780875532356, Pages: 1270. 

Baki, M. A.; Shojib, M. F. H.; Sehrin, S.; Chakraborty, S.; Choudhury, T. R.; 

Bristy, M. S.; Ahmed, M. K.; Yusoff, S. B. and Khan, M. F. (2020). Health risk 

assessment of heavy metal accumulation in the Buriganga and Turag River systems for 

Puntius ticto, Heteropneustes fossilis, and Channa punctatus. Environ. Geochem. Health. 

42:531–543. https://doi.org/ 10.1007/s10653-019-00386-4. 

Chernova, O. F. (2010). Microstructure of Ssin derivatives as a reflection of 

phylogenesis of vertebrates. Russ. J. Dev. Biol., 41(5):326–335. 

Çoban, M. Z.; Eroğlu, M.; Canpolat, O.; Çalta, M. and Şen, D. (2013). Effect of 

chromium on scale morphology in scaly carp (Cyprinus carpio L). J. Anim. Plant. Sci., 

23:1455–1459.  

Demirak, A.; Yilmaz, F.; Levent, T. A. and Ozdemir, N. (2006). Heavy metals in 

water, sediment and tissues of Leuciscus cephlaus from a stream in southwestern Turkey. 

Chemosphere, 63: 1451-1458.  

Drafash, F.; Mashinchian, A.; Fatemi, M. and Jamili, S. (2008). Study of the 

application of fish scale as a bioindicator of heavy metal pollution (Pb, Zn) in the 

Cyprinus carpio of the Caspian Sea. Islamic Azad University, Tehran. Iran. Res. J. 

Environ. Sci., 2(6):438–444. 

Dua, A. D. and Gupta, N. (2005). Mercury toxicology as assessed through fish scales. 

Bull. Environ. Conta. Toxicol., 74:1105–1110. 

Elnabris, K. J.; Muzyed, S. K. and El-Ashgar, N. M. (2013). Heavy metal 

concentrations in some commercially important fishes and their contribution to heavy 

metals exposure in palestinian people of Gaza Strip (Palestine). J. Assoc. Arab. Univ. 

Basic. Appl. Sci., 13:44–51.  

Esmaeili, H. R. and Gholami, Z. (2011). Scanning electron microscopy of the scale 

morphology in Cyprinid fish, Rutilus frisii kutum Kamenskii, 1901 (Actinopterygii: 

Cyprinidae). Iran. J. Fish. Sci., 10:155-166. 

Galadima, A. and Garba, Z. N. (2012). Heavy metals pollution in Nigeria: Causes and 

Consequences. Elixir Pollution, 45:7917-7922. 

Gyampo, M.; Kumi, M. and Zango, M. (2013). heavy metal concentration in some 

selected fishes in Tono irrigation reservation in Navrongo Ghana. J. Environ. Eart. Sci., 

3(1):109 – 120. 

Harabawy, A. S. A.; Mekkawy, I. A. A. and Alkaladi, A. (2012). Identification of 

three fish species of genus Plectorhynchus from the Red Sea by their scale characteristics. 

Life Sci. J., 9:4472-4485. 

Harabawy, A. S. A.; Mekkawy, I. A. A. and Mahmoud, U. M. A. (2007). comparative 

study on scale characteristics and their functional morphology of four Goatfishes (Family 

Mullidae) from the Red Sea. J. Egypt. Soc. Biotech. Environ. Soc., 9:123-163. 

Jawad, L. A. (2005). Comparative morphology of scales of four teleost fishes from 

Sudan and Yemen. J. Natural, History., 39:2643-2660. 



708                                                                                                             Azab et al. (2023) 

 

Kaur, R. and Dua, A. (2015). Scales of freshwater fish Labeo rohita as bioindicators of 

water pollution in Tung Dhab drain, Amritsar, Punjab, India. Guru Nanak Dev university 

campus, Amritsar, Punjab, India. J. Toxicol. and Environ. Heal. Part A 78:388–396. 

Khanna, D. R.; Sarkar, P.; Ashutosh, G. and Bhutiani, R. (2007). Fish scales as 

bioindicator of water quality of river ganga. Environ. Monit. Assess., 134: 153–160. 

Lin-Sun, P.; Hawkins, W. E.; Overstreet, R. M. and Brown-Peterson, N. J. (2009). 

Morphological deformities as biomarkers in fish from contaminated rivers in Taiwan. Int. 

J. environ. res. Pub. Heal., 6:2307–2331. 

Lippitsch, E. (1990). Scale morphology and squamation pattern in cichilids (Teleostei, 

Perciformes): A comparative study. J. Fish. Biol., 37, 265–291. 

Maier, D.; Blaha, L.; Giesy, J. P.; Henneberg, A. and Köhler, H. R. (2014). 

Biological plausibility as a tool to associate analytical data for micropollutants and effect 

potentials in wastewater, surface water, and sediments with effects in fishes. Water 

Research. 72, 127-144. 

Maitland, P. S. (2004). Keys to the freshwater fish of Great Britain and Ireland with 

notes on their distribution and ecology. Scientific Publication. Freshwater Biolog. Assoc. 

Ambleside, p. 62. 

Onsanit, S.; Ke, C.; Wang, X.; Wang, K.-J. and Wang, W.-X. (2010). Trace elements 

in two marine fish cultured in fish cages in Fujian province, China. Environ. Pollut., 158, 

1334–1342.  

Reza, E. H.; Somayeh, B.; Halimehand, Z. and Fatemeh, S. (2009). Scale morphology 

of tank goby Glossogobius giuris (HamiltonBuchanan, 1822) (Perciformes: Gobiidae) 

using scanning electron microscope. J. Biol. Sciences., 9:899-903. 

Shikha, S. and Sushma, D. (2011). Effect of fly ash pollution on fish scales. Res. J. 

Chem. Sci., 19 1(9):24–28. 

Sneddon, E. J.; Hardaway, C. J.; Sneddon, J.; Boggavarapu, K.; Tate, A. S.; 

Tidwell, S. L. and Douvris, C. (2017). Determination of selected metals in rice and 

cereal by inductively coupled plasma-optical emission spectrometry (ICP-OES). 

Microchem. J., 134, 9–12.  

Sultana, T.; Siddique, A.; Sultana, S.; Mahboob, S.; Al-Ghanim, K. and Ahmed, Z. 
(2016). Fish scales as a non-lethal tool of the toxicity of wastewater from the River 

Chenab. Environ. Sci. Pollut. Res., DOI 10.1007/s11356-016-7962-9. 

WHO (2013). Guidelines for drinking water quality, WHO Water Quality and Health 

Strategy 2013-2020. Retrieved from NIMH Web site via GPO Access: 

http://www.who.int/ water_sanitation_health/dwq/en/ 

Yousafzai, A. M.; Khan, A. R. and Shakoori, A. R. (2008). Heavy metal pollution in 

river Kabul affecting the inhabitant fish population. Pak. J. Zool. 40(5):331–339. 

Zubia, M.; Rehana, Y.; Haider, M. S.; Zehra, L.; Tarar, O. M.; Mussarat, U. A.; 

Rehaman, H. U.; Asim, U.; Ihsan, U. H.; Bilaland, M. and Hossain, M. Y. (2015). 

Comparative studies of the scale characters in four Mugilid species (Family Mugilidae: 

Order Mugili formes) from Karachi Coast, Pakistan. Biol. Forum-An int. j., 7(1): 410-

418.  

 


