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Figurel: Locations of the three sampling sites in the
present study.
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Table 2: Results of 2 Kruskal-Wallis tests to evaluate the null
hypothesis that there exist no significant differences among the
sampling sites from the biological characteristics of the fish point of
view. Mean and standard deviation (in parentheses) of the biological
characteristics are also presented. The sampling sites which have a
common letter are not significantly different from one another
(based on Mann-Whitney U tests, p<0.05). df: Degrees of Freedom.
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Table 3: Results of 7 one-way ANOVAS testing the null hypothesis that there were no significant differences among

concentrations of each of the selected elements in the tissues. Elements which have a common letter are not
significantly different from one another (Duncan’s new multiple range test, p< 0.05). Mean and standard deviation (in

parentheses) of the elements concentrations (percent, dry weight) are also presented.
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L: Liver, O: Otolith, V: Vertebral bone, D: Dorsal fin, S: Scale, E: Eye lens) of kutum based on concentration of the
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Figure 3: Micro-PIXE elemental distributionmaps of a cross section sample of the kutum eye lens.
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Table 4: The maximum allowable concentrations of elements (in microgram per gram wet weight) in aquatic
organisms for human consumption based on different international standards.

Sl Cu Zn Mn Fe &
FAQ! /WHO? Y. Voo \ Y-+ FAO/WHO, 1989; Yin et al., 2012
NHMRC? \e. VO Maher, 1986; Darmono &Denton, 1990
MAFF * Y- O Collings et al., 1996; Anan et al., 2005
Malaysian Food Regulations Y- \eo Sarmani et al., 1993

1 Food and Agriculture Organization , 2 World Health Organization, ° Ministry of Agriculture Fisheries and Food

(UK), *Australian National Health and Medical Research Council

1)


http://dx.doi.org/10.22092/ISFJ.2018.116421
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.1.11.5
http://isfj.ir/article-1-1888-fa.html

[ Downloaded from isfj.ir on 2025-09-05 ]

[ DOR: 20.1001.1.10261354.1397.27.1.11.5]

[ DOI: 10.22092/1SFJ.2018.116421 ]

"'MS.&:JJCSWLSJ&@&‘JJ?JK

OoKan 53)3:3

waters of the Caspian Sea. Marine Pollution
Bulletin, 51: 882-888. DOl:
10.1016/j.marpolbul.2005.06.038.

Aschenbrenner, A., Ferreira, B. P. and Rooker,
J. R., 2016. Spatial and temporal variability in
the otolith chemistry of the Brazilian snapper
Lutjanus alexandrei from estuarine and coastal
environments. Journal of Fish Biology, 89(1),
753-769. DOI: 10.1111/jfb.13003.

Bickford, N.A., Hannigan, R.E. and Bogdevich,
O.P., 2003. Environmental life histories of
freshwater fish using otolith microchemistry.
The Sixth International Symposium on
Environmental Contamination in Central and
Eastern Europe and the Commonwealth of
Independent States, , Prague, Czech Republic,
1-4 September 2003.

Brickle, P., Schuchert, P.C., Arkhipkin, A.l,
Reid, M.R. and Randhawa, H.S., 2016.
Otolith trace elemental analyses of South
American Austral Hake, Merluccius australis
(Hutton, 1872) indicates complex salinity
structuring on their spawning/larval grounds.
PLoS One, 11 (1), e0145479. DOI:
10.1371/journal.pone.0145479.

Cai, S., Ni, Z., Li, Y, Shen, Z., Xiong, Z., Zhang,
Y. and Zhou, Y., 2012. Metals in the tissues of
two fish species from the rare and endemic fish
nature reserve in the upper reaches of the
Yangtze River, China. Bulletin  of
Environmental Contamination and Toxicology,
88, 922-927.DOI: 10.1007/s00128-012-0564

Campana, S.E., 1999. Chemistry and composition
of fish otoliths: pathways, mechanisms and
applications. Marine Ecology Progress Series,
188, 263-297. DOI: 10.3354/meps188263.

Campana, S.E., Chouinard, G.A., Hanson, J.M.,
Frechet and A., Brattey, J., 2000. Otolith
elemental fingerprints as biological tracers of
fish stocks. Fisheries Research, 46, 343-357.

&bw
o (P g 08l Bl e (Sl Lo (JF AelT
Cop o SBIS (Snte e wege wyl (258
Syaie LT AYAS (o iy oxo¥ g .0 (g3
OF IR s29) P59 S il ooliial b alie sla diged
(Sl e 3d g psle alzme Ll o ol mjs oy g
\EARIA &

op by oY e (Gldl i ny SHg
Ara¥f b ‘4.’»’.»))|5 9 -& ‘éLoS “P P (SPA g
sokie 4 (gl 4aS g0 WS Sl el CoblB o)y
09 S GRS L oyl el )0 pelie (e G

SAD () YE )l s ede alie w50 i U]

£0

(Shodlawe ) @M y9 ¢ 5.8 Opilpd o r o Slid

oo oo g MWeyg ¢ Sl e

(Rutilus  oiws ole pl3d Condy (a5 ow,yp ATAY

sk s3> by e frisii kutum Kamensky, 1901)
(V)Y olpl OO cale aloe AYYV-IFA Ll
OY-FY

G’é‘.\w 9 Pe (S ‘s.my eyl s‘sgjflf ob eSS
Loy Siw b aasie IVAF (o (S,
dre (ouSp9)Se 5 Jeml JoSo sleedy, I ealia
ANV ()0 Lol pl Ko Lime

Afraei  Bandpei, M.A.,, Mashhor, M,
Abdolmaleki, S. and El-Sayed, A.M., 2010.
Population dynamics of Caspian Kutum, Rutilus
frisii kutum (Cyprinidae) in southern Caspian
Sea, Iran. Cybium, 34(3): 285-292.

Agah, H., Hashtroodi, M. and Baeyens, W.,
2011. Trace metals analysis in the sediments of
the southern Caspian Sea. Journal of the Persian
Gulf, 2 (6): 1-12.

Al-Najjar,T., Khalaf, N., Alawi, M. and Disi, A.,
2012. Levels of trace metals in two fish species
(Caesio varilineata and Caesio lunaris) of the
family Caesionidae from the Gulf of Agaba,
Red Sea. Fresenius Environmental Bulletin,
21(5): 1152-1157.

Anan, Y., Kunito, T., Tanabe, S., Mitrofanov, I.
and Aubrey, D., 2005. Trace element
accumulation in fishes collected from coastal

Y


http://dx.doi.org/10.22092/ISFJ.2018.116421
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.1.11.5
http://isfj.ir/article-1-1888-fa.html

[ Downloaded from isfj.ir on 2025-09-05 ]

[ DOR: 20.1001.1.10261354.1397.27.1.11.5]

[ DOI: 10.22092/1SFJ.2018.116421 ]

e Sl e sime il SELT G - g 45T

OoKan 53)3:3

Campana, S.E., 2005. Otolith elemental
composition as a natural marker of fish stocks.
In: Cardin, S.X., Friedland, K.D. and Waldman,
J.R. Stock identification methods. Academic
Press, New York. pp. 227-245.

Campbell, L.A., Bottom, D.L., Volk, E.C. and
Fleming, 1.A., 2015. Correspondence between
scale morphometrics and scale and otolith
chemistry for interpreting juvenile salmon life
histories. Transactions of the American
Fisheries  Society, 144, 55-67. DOI:
10.1080/00028487.2014.963253 .

Canli, M. and Atli, G., 2003. The relationships
between heavy metal (Cd, Cr, Cu, Fe, Pb, Zn)
levels and the size of six Mediterranean fish
species. Environmental Pollution, 121, 129-
136. DOI: 10.1016/S0269-7491(02)00194-X.

Chang, M.Y., Tzeng, W.N, Wang, C.H., You,
C.F., 2008. Differences in otolith elemental
composition of the larval Rhinogobius giurinus
(Perciformes, Gobiidae) among estuaries of
Taiwan: implications for larval dispersal and
connectance among metapopulation. Zoological
Studies, 47(6), 676-684.

Chittaro, P.M., Usseglio, P., Fryer, B.J. and Sale,
P.F., 2006. Spatial variation in otolith chemistry
of Lutjanus apodus at Turneffe Atoll, Belize.
Estuarine, Coastal and Shelf Science, 67, 673-
680. DOI: 10.1016/j.ecss.2005.12.014.

Clarke, A.D., Telmer, K. and Shrimpton, J.M.,
2004. Population structure and habitat use by
Arctic grayling (Thymallus arcticus) in
tributaries of the Williston Reservoir using
natural elemental signatures. Peace/Williston
Fish and Wildlife Compensation Program
Report No. 300, 61P.

Cogun, H.Y. and Kargin, F., 2004. Effects of pH
on the mortality and accumulation of copper in
tissues of Oreochromis niloticus. Chemosphere,
55, 277-282. DOI:
10.1016/j.chemosphere.2003.10.007.

ay

Collings, S.E., Johnson, M.S. and Leah, R.T.,
1996. Metal contamination of angler — caught
fish from the Mersey Estuary. Marine
Environmental Research, 41(3), 281-297. DOI:
10.1016/0141-1136(95)00020-8.

Cuveliers, E.L., Geffen, AJ., Guelinckx, J.,
Raeymaekers, J.A.M., Skadal, J., Volckaert,
F.A.M. and Maes, G.E., 2010. Microchemical
variation in juvenile Solea solea otoliths as a
powerful tool for studying connectivity in the
North Sea. Marine Ecology Progress Series,
401, 211-220. DOI: 10.3354/meps08439.

Darmono, D. and Denton, G.R.W., 1990. Heavy
metal concentrations in the banana prawn,
Penaeus merguiensis, and leader prawn, P.
monodon, in the Townsville Region of
Australia. Bulletin of Environmental
Contamination and Toxicology, 44, 479-486.
DOI: 10.1007/BF01701233.

Davies, C.A., Brophy, D., Jeffries, T. and
Gosling, E., 2011. Trace elements in the
otoliths and dorsal spines of albacore tuna
(Thunnus alalunga, Bonnaterre, 1788): An
assessment of the effectiveness of cleaning
procedures at removing postmortem
contamination. Journal of Experimental Marine
Biology and Ecology, 396, 162-170. DOI:
10.1016/j.jembe.2010.10.016.

Elsdon, T.S. and Gillanders, B.M., 2004. Fish
otolith chemistry influenced by exposure to
multiple environmental variables. Journal of
Experimental Marine Biology and Ecology, 313
(2), 269-284.

Everitt, B.S., Landau, S., Leese, M. and Stahl,
D., 2011. Cluster analysis. (5" ed). Chichester,
UK, Wiley, 330P.

FAO/WHO, 1989. National Research Council
Recommended Dietary Allowances (10" ed).
National Academy Press. Washington, DC.
USA, 302P.


http://dx.doi.org/10.22092/ISFJ.2018.116421
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.1.11.5
http://isfj.ir/article-1-1888-fa.html

[ Downloaded from isfj.ir on 2025-09-05 ]

[ DOR: 20.1001.1.10261354.1397.27.1.11.5]

[ DOI: 10.22092/1SFJ.2018.116421 ]

"'MS.&:JJCSWLSJ&@&‘JJ?JK

OoKan 53)3:3

Fazli, H., Daryanabard, G.R., Abdolmaleki, S.
and Bandani, G.A., 2013. Stock management
implication of Caspian kutum (Rutilus frisii
kutum Kamensky, 1901) in Iranian waters of the
Caspian Sea. Ecopersia, 1 (2), 179-190.

Gao, Y., Feng, Q., Ren, D., Qiao, L. and Li, L.,
2010. The relationship between trace elements
in fish otoliths of wild carp and hydrochemical
conditions. Fish Physiology and Biochemistry,
36, 91-100. DOI: 10.1007/s10695-008-9294-2.

Geffen, A.J., Jarvis, K., Thorpe, J.P., Leah, R.T.
and Nash, R.D.M., 2003. Spatial differences in
the trace element concentrations of Irish Sea
plaice Pleuronectes platessa and whiting
Merlangius merlangus otoliths. Journal of Sea
Research, 50, 245— 254, DOl:
10.1016/j.seares.2003.06.001

Gillanders, B.M., 2001. Trace metals in four
structures of fish and their use for estimates of
stock structure. Fishery Bulletin, 99(3), 410-
419.

Goutte, A., Cherel, Y., Churlaud, C., Ponthus,
J.P., Massé, G. and Bustamante, P., 2015.
Trace elements in Antarctic fish species and the
influence of foraging habitats and dietary habits
on mercury levels. Science of the Total
Environment, 538, 743-749. DOI:
10.1016/j.scitotenv.

Herrera-Reveles, A.T., Lemus, M., Marin, B.
and Prin, J. L. 2013. Trace metal incorporation
in otoliths of a territorial coral reef fish
(Abudefduf saxatilis) as an environmental
monitoring tool. E3S Web of Conferences, 1,
34007.

Houston, B.C., 2015. Comparison of otolith-based
growth rates and microchemistry in red drum
before, during, and after the Deepwater Horizon
oil spill. M.Sc. Thesis, College of Marine
Science, University of South Florida, USA.

Javor, B.J. and Dorval, E., 2016. Stability of trace
elements in otoliths of juvenile Pacific sardine

Sardinops sagax. CalCOFI Reports, 57, 109-
123.

Jezierska, B. and Witeska, M., 2006. The metal
uptake and accumulation in fish living in
polluted waters, In: Twardowska, I.; Allen,
H.E.; Hagblom, M.M. and Stefaniak, S. (eds.).
Soil and Water Pollution Monitoring, Protection
and Remediation.  Springer, pp. 3-23.
http://dx.doi.org/10.1007/978-1-4020-4728-2_6

Kerr, L.A. and Campana, S.E., 2014. Chemical
composition of fish hard parts as a natural
marker of fish stocks. In: Cadrin, S. X., Kerr, L.
A. and Mariani, S. (ed). Stock identification
methods. 2nd ed. Academic Press, San Diego,
CA. pp 205-234.

Kohestan-Eskandari, S.,  Anvarifar, H,
Mousavi-Sabet, H., Yousefi, M. and
Khanzade, M., 2014. A morphology-based
hypothesis for homeward migration success and
population differentiation in the anadromous
kutum Rutilus kutum (Pisces: Cyprinidae) along
the southern Caspian Sea, Iran. Folia Zoologica,
63 3), 151-160. DOI:
doi.org/10.25225/foz0.v63.i3.a2.2014.

Lai, J., Zhao, L., Fan, Y., Qu, X,, Liu, D., Guo,
Z., Wang, Y., Liu, Q. and Chen, Y., 2015.
Using whole body elemental fingerprint analysis
to distinguish different populations of Coilia
nasus in a large river basin. Biochemical
Systematics and Ecology, 60, 249-257.

Luque, P.L., Zhang, S., Rooker, J.R., Bidegain,
G. and Rodriguez-Mari, E., 2016. Dorsal fin
spines as a non-invasive alternative calcified
structure for microelemental studies in Atlantic
bluefin tuna. Journal of Experimental Marine
Biology and Ecology, 486, 127-133. DOI:
10.1016/j.jembe.2016.09.016 .

Maher, W. A., 1986. Trace metal concentrations in
marine organisms from St. Vincent Gulf, south

¥


http://dx.doi.org/10.22092/ISFJ.2018.116421
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.1.11.5
http://isfj.ir/article-1-1888-fa.html

[ Downloaded from isfj.ir on 2025-09-05 ]

[ DOR: 20.1001.1.10261354.1397.27.1.11.5]

[ DOI: 10.22092/1SFJ.2018.116421 ]

Olosl @t ale s

Australia. Water, Air and Soil Pollution, 29, 77-
84. DOI:10.1007/BF00149330.

Martinez Musoles, M., Alvarez Perez, J.,
Pessatti, M., Loyola Twardowsky Bova, M.,
2016. Why are Brazilian deep-demersal fish
resources valuable? An analysis of the size of
edible flesh and its chemical composition. Latin
American Journal of Aquatic Research, 44(5),
947-956. DOI:10.3856/vol44-issue5-fulltext-7.

Milton, D. A. and Chenery, S.R., 2001. Sources
and uptake of trace metals in otoliths of juvenile
brramundi (Lates calcarifer). Journal of
Experimental Marine Biology and Ecology, 264
(1), 47-65. DOI: 0.1111/j.1095-
8649.2004.00393.x.

Moosavi, K., Vatankhah, S., Salimi, J. and
Moradi, M., 2010. A proton induced X-ray
emission (PIXE) analysis of concentration of
trace elements in varicose veins. Iranian Journal
of Radiation Research, 8(2), 117 — 121.

Naghipour, D., Shaabaninezhad, Z. and Amouei,
A., 2016. Evaluation of heavy metal
concentrations in Rutilus frisii kutum on the
southern coast of the Caspian Sea (northern
Iran). Environmental Health Engineering and
Management  Journal, 3(2), 55-59.DOI:
10.15171/ehemj.2016.01.

NIIR, 2004. Handbook of fisheries and aquaculture
technology. National Institute of Industrial
Research (NIIR), Asia Pacific Business Press
Inc. 750P.

Nussey, G., Van Vuren, J.H.J. and du Preez,
H.H., 2000. Bioaccumulation of chromium,
manganese, nickel and lead in the tissues of
themoggel, Labeo umbratus (Cyprinidae), from
Witbank Dam, Mpumalanga. Water SA, 26(2),
269-284.

Peterson, C.H., Duncan, P.B., Summerson, H.C.
and Safrit, G.W., 1983. A mark-recapture test
of annual periodicity of internal growth band
deposition in shells of hard clams, Mercenaria

0

mercenaria, from a population along the
Southeastern United States. Fishery Bulletin,
81, 765-779.

Phelps, Q.E., Whitledge, G.W., Tripp, S.J.,
Smith, K.T., Garvey, J.E., Herzog, D.P.,
Ostendorf, D.E., Ridings, J.W., Crites, J.W.,
Hrabik, R.A., Doyle, W.J., Hill, T.D., Trudel,
M., 2012. Identifying river of origin for age-0
Scaphirhynchus sturgeons in the Missouri and
Mississippi rivers using fin ray microchemistry.
Canadian Journal of Fisheries and Aguatic
Sciences, 69 (5), 930-941. DOI: 10.1139/f2012-
038.

Pirestani, S., Ali Sahari, M., Barzegar, M. and
Seyfabadi, S.J., 2009. Chemical compositions
and minerals of some commercially important
fish species from the South Caspian Sea.
International Food Research Journal, 16, 39-44.

Pourang, N., Tanabe, S., Rezvani, S. and Dennis,
J.H., 2005. Trace elements accumulation in
edible tissues of five sturgeon species from the
Caspian Sea. Environmental Monitoring and
Assessment, 100, 89-108. DOl:
10.1007/s10661-005-7054-7.

Pourang, N., Richardson, C.A., Chenery, S.R.N.
and Nasrollahzedeh, H., 2014. Assessment of
trace elements in the shell layers and soft tissues
of the pearl oyster Pinctada radiata using
multivariate analyses: a potential proxy for
temporal and spatial variations of trace
elements.  Environmental Monitoring and
Assessment.  186(4),  2465-2485. DOI:
10.1007/s10661-013-3553-0.

Ramsay, A.L., Milner, N.J., Hughes, R.N. and
McCarthy, 1.D., 2011. Comparison of the
performance of scale and otolith microchemistry
as fisheries research tools in a small upland
catchment. Canadian Journal of Fisheries and
Aquatic  Sciences, 68, 823-833. DOI:
10.1139/f2011-027.


http://dx.doi.org/10.22092/ISFJ.2018.116421
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.1.11.5
http://isfj.ir/article-1-1888-fa.html

[ Downloaded from isfj.ir on 2025-09-05 ]

[ DOR: 20.1001.1.10261354.1397.27.1.11.5]

[ DOI: 10.22092/1SFJ.2018.116421 ]

"'&@JJGWGJ&@&|JJ?J[S

OoKan 53)3:3

Ranaldi, M. and Gagnon, M. M., 2008. Trace
metal incorporation in otoliths of black bream
(Acanthopagrus butcheri Munro), an indicator
of exposure to metal contamination. Water, Air
and Soil Pollution, 194 (1-4), 31-43. DOIl:
10.1007/s11270-008-9696-X.

Ranaldi, M.M., 2011. Trace metal analysis of fish
otoliths used as a biomonitoring tool. Curtin
University. Department of Environment and
Agriculture, 114P.

Ren, D., Gao, Y. and Feng, Q., 2012. Enrichment
of Pb, Hg and Cr in cultured carp otolith.
African Journal of Biotechnology, 11(8), 1939-
1947. DOI: 10.5897/AJB11.3108.

Saeedi, M. and Karbassi, A.R., 2006. Heavy
metal pollution and speciation in sediments of
southern part of the Caspian Sea. Pakistan
Journal of Biological Sciences, 9, 735-740.
DOI: 10.3923/pjbs.2006.735.740.

Sarimin, A. and Mohamed, C.A.R., 2012.
Elements content in otolith as pollution
indicator for cultured sea bass (Lates calcarifer)
of Malaysia. Journal of Environmental
Protection, 3, 1689-1703. DOl:
10.4236/jep.2012.312184.

Sarmani, S., Wood, A. K. Hamzah, Z. and
Majid, A. A., 1993. Analysis of toxic trace
elements in sea food samples by neutron
activation. Journal of Radioanalytical and
Nuclear Chemistry, 169(1), 255-258. DOI:
10.1007/BF02046800.

Seeley, M., Miller, N. and Walther, B., 2015.
High resolution profiles of elements in Atlantic
tarpon (Megalops atlanticus) scales obtained via
cross-sectioning and laser ablation ICP-MS: a
literature survey and novel approach for scale
analyses. Environmental Biology of Fishes, 98,
2223-2238. DOI: 10.1007/s10641-015-0443-z.

Sorte, C.J.B., Etter, R.J., Spackman, R., Boyle,
E.E. and Hannigan, R.E., 2013. Elemental
fingerprinting of mussel shells to predict

population sources and redistribution potential
in the Gulf of Maine. PLoS ONE, 8(11), e8086.
DOI: 10.1371/journal.pone.0080868.

Swan, S.C., Gordon, J.D.M., Morales-Nin, B.,
Shimmield, T., Sawyer, T., Geffen, A.G,,
2003. Otolith microchemistry of Nezumia
aequalis (Pisces: Macrouridae) from widely
different habitats in the Atlantic and
Mediterranean. Marine Biological Association
of the United Kingdom, 83, 883-886.

Swan, S. C., Geffen, A. J., Morales-Nin, B.,
Gordon, J. D. M., Shimmield, T., Sawyer, T.
and Massut1’, E., 2006. Otolith chemistry: an
aid to stock separation of Helicolenus
dactylopterus  (bluemouth) and Merluccius
merluccius (European hake) in the Northeast
Atlantic and Mediterranean. ICES Journal of
Marine  Science, 63, 504-513. DOI:
10.1016/j.icesjms.2005.08.012.

Tanner, S.E., 2012. Connectivity among estuarine
and coastal fish populations using otolith
geochemistry. Ph.D. Thesis. Departamento de
Biologia Animal, University of Lisboa,
Portugal, 179P.

Tzadik, O.E., Curtis, J.S., Granneman, J.E.,
Kurth, B.N., Pusack, T.J., Wallace, AA,
Hollander, D.J., Peebles, E.B. and Stallings,
C.D., 2017. Chemical archives in fishes beyond
otoliths: A review on the use of other body parts
as chronological recorders of microchemical
constituents for expanding interpretations of
environmental, ecological, and life-history
changes. Limnology and Oceanography:
Methods, 15, 238-263. DOI:
10.1002/lom3.10153.

Veinott, G.I. and Evans, R.D., 1999. An
examination of elemental stability in the fin ray
of the white sturgeon with laser ablation
sampling—Inductively Coupled Plasma—Mass
Spectrometry (LAS-ICP-MS). Transactions of

17


https://doi.org/10.1371/journal.pone.0080868
http://dx.doi.org/10.22092/ISFJ.2018.116421
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.1.11.5
http://isfj.ir/article-1-1888-fa.html

[ Downloaded from isfj.ir on 2025-09-05 ]

[ DOR: 20.1001.1.10261354.1397.27.1.11.5]

[ DOI: 10.22092/1SFJ.2018.116421 ]

Olosl @t ale s

the American Fisheries Society, 128, 352-361.
DOI: 10.1577/1548-8659(1999)128.

Wagner, W. and Boman, J., 2003. Biomonitoring
of trace elements in muscle and liver tissue of
freshwater fish. Spectrochimica Acta Part B, 58,
2215-2226. DOI: 10.1016/j.sab.2003.05.003.

Wells, B.K., Rieman, B.E., Clayton, J.L., Horan,
D.L. and Jones, C.M., 2003. Relationships
between water, otolith, and scale chemistries of
westslope cutthroat trout from the Coeur
d’Alene River, Idaho: The potential application
of hard-part chemistry to describe movements in
freshwater. Transactions of the American
Fisheries Society, 132, 409-424. DOI:
10.1577/1548-
8659(2003)132<0409:RBWOAS>2.0.CO;2.

v

Witeska, M. and Jezierska, B., 2003. The effects
of environmental factors on metal toxicity to
fish  (Review), Fresenius  Environmental
Bulletin, 12, 824-9.

Yin, S.A,, Ismail, A. and Zulkifli, S.Z., 2012.
Heavy metals uptake by Asian swamp eel,
Monopterus albus from paddy fields of
Kelantan, Peninsular Malaysia: Preliminary
study. Tropical Life Sciences Research, 23(2),
27-38.

Zhou, Q., Zhang, J., Fu, J., Shi, J. and Jiang, G.,
2008. Biomonitoring: An appealing tool for
assessment of metal pollution in the aquatic
ecosystem. Analytica Chimica Acta, 606: 135-
150. DOI: 10.1016/j.aca.2007.11.018.


https://doi.org/10.1577/1548-8659\(1999\)128%3C0352:AEOESI%3E2.0.CO;2
http://dx.doi.org/10.22092/ISFJ.2018.116421
https://dor.isc.ac/dor/20.1001.1.10261354.1397.27.1.11.5
http://isfj.ir/article-1-1888-fa.html

[ Downloaded from isfj.ir on 2025-09-05 ]

[ DOR: 20.1001.1.10261354.1397.27.1.11.5]

[ DOI: 10.22092/1SFJ.2018.116421 ]

"'MS.&:JJCSWLSJ&@&‘JJ?JK Q‘J‘S-‘-AJS:")\H.

Applications of elemental fingerprinting for population discrimination and biomonitoring
potential assessment of Rutilus kutum from the Southern Caspian Sea

Pourang N.'"; Parafkandeh Haghighi F.*; Moazami H.R.2: Agha Aligol D. 2. Ghavam Mostafavi P.2 ;
Mahmoudian M. 3

“n_pourang@yahoo.com

1-lranian Fisheries Science Research Institute (IFSRI), Agricultural Research, Education and Extension
Organization (AREEO), Tehran, Iran.

2-Van de Graaff Laboratory, Nuclear Science Research School, Nuclear Science and Technology Research
Institute (NSTRI), Tehran, Iran.

3-Department of Marine Biology, Science and Research Branch, Islamic Azad University, Tehran, Iran.

Abstract

In this research, the potential use of five hard parts (otolith, scale, eye lens, dorsal spine, vertebral bone) of
Rutilus kutum for populations discrimination and biomonitoring as well as their usability as biological archive in
the southern Caspian Sea was investigated. Two soft tissues (muscle and liver) were also analyzed for
assessment of the possible risk of consumption and use as biomonitoring tool, respectively. A total of 60
specimens were collected using beach seine from three sampling sites (adjacent to the estuaries of the rivers
Sefidrud, Tajan and Grorganrud, respectively) in the Southern Caspian Sea in May 2016. In total, the levels of
13 major and trace elements in the samples (the seven soft and hard tissues) was measured using PIXE (Proton
Induced X-ray Emission) and p-PIXE methods. Minor similarities among the tissues were observed in the case
of eye lens (for P, S and Zn) and liver (for Cl, Fe and K). There were no significant relationships between the
elements and biological characteristics (weight, total length and standard length). Based on the results, it seems
that all the studied hard parts, except for eye lens, may offer alternatives for biomonitoring of Ca, Cl, Fe, K and
S in the southern Caspian Sea. Considering Sr level in otolith, no significant differences could be found between
the sampling sites 2 and 3. So it can be concluded that the specimens collected from the two sites are probably
from the same population. Similar results were also obtained based on the results concerning K accumulation in
scale. It can be concluded that scales may provide an alternative structure to otolith for stock discrimination of R.
kutum in the southern Caspian Sea. Among the 10 elements that were detectable in the muscle using the PIXE
method, only in the case of four of them (i.e. Zn, Cu, Fe and Mn) maximum allowable concentrations for human
consumption have been defined, which in all the cases the mean concentrations in the present study were far
below the recommended limits.
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