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Fig. 1- Location of sampling sites on the northern coast of the Makoran Sea
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Table 1. Mean + standard deviation of heavy metals (Cd, Cu, Zn, Pb, Ni, Cr) in water samples (ug / I) and brown algae P.indica

(ng/ g dw)
Sl o )MLW ) Sl
Goader Beris Pasabandar Ramin Chabahar
ol
W't 2 0.03+0.13 b 0.04+0.16 0 0.0440.17 0.12+%4 0.03 £ 0.04+0.18
ater
s
[Eanad
AI' : 20.02+0.09 bd 0,02+0.08 ©0.02+0.1 40.01+0.07 ©0.03+0.1
gae
ol
W't ¢ 43+3.32 20,1342.94 0.23"+ 2.48 0.21°+ 254 0.34% 3.91
ater
o Sl b, b. ¢
Al 0.65% 4.21 0.73%3.71 0.53"+ 3.67 0.43"+ 3.48 <, AMV£5,01
gae
ol
W't 1.03% 23.93 0.93%+11.03 bv,Aq+11.33 0.73°t 9.62 1.11%£ 24,08
ater
[€3)) Sl ) . ,
Al 2 2038,V Y+ 1.04426.12 b1+Y+.26.07 c1.12YY, ¥+ 2.32451.12
gae
ol
W~t 0.73°+9.34 20.83+8.56 0.98%+ 11.12 by, eYE 541 fyo,YY+ 0.99
< ater
i “i“'l’ b c d e
Alge 0.33%£4.71 @ 0.36+4.13 0.57+5.71 0.38+£2.73 0.83+7.33
ol
W~t 0.97%+ 17.12 ®0.71+13.13 0.85%+ 15.96 b 0.69+12.01 ©0.93+19.32
ater
P9S o b d
Al 0.95% 16.81 0.65+13.00 0.97°+ 15.62 0.65+11.64 20.95+18.63
gae
ol
W't 20.65+2.34 b0.43+1.37 b 0.54+1.48 & 0. 5642.08 € 0.65+4.34
ater
o
AI' : 20.3442.15 bde 0 12+1.12 bd 0.14+1.21 40.25+1.89 ¢ 0.55+4.00
gae
59 S Sg> XS] Sl
Pozm Tang Jod Lirdaf Jask
ol
W‘t b¢ 0.04+0.17 ®0.03+0.15 Nd €0.02+0.10 dfe, v €40.19
ater
sl
= o d d
A'(I"' 20.02+ 9+0. 2 0,02+0.08 Nd 0.02+£0.06 Co,v 84012
gae
ol
W~t a,YY+ 3.10 0.21%3.11 2,1743.30 0.25% 3.84 ¢ 0,23+3.65
ater
o Sl
AI' : 0.65% 4.08 0.46%+ 4.1 0.54% 4.41 0.65% 4.92 0.51% 4.52
gae
ol
W‘t cdv,YY+ 10,12 ©74.8+0.63 0.53Y,Y¥Y+ bds,4 ¢+ 10.84 224.82+1.09
ater
S Sl . .
Al 1.13¢422.11 1+++.19.12 0.9311,¥V+ 21.34+%1.16 9 2.5+49.48
gae
ol
W't 6.13+90.63 bdv, £Y+ 5,82 dv,0%+ 6.74 2,04+ 783 9 0.66+2.12
< ater
i ‘S"‘l’ df d f af. b
Al 0.43+3.00 0.29+2.92 0.39+3.42 0.48%+ 3.92 0.6946.31
gae
ol
W‘t 0.90%+ 18.86 b (0.73+£13.43 ©0.53+12.51 ©0.63+12.62 2 1,00420.12
ater
'65; o e. bf f bf
A‘(I“a"e 0.89°+  18.00 0.45+ 12.89 0.43+11.91 0.32+12.08 90.99+19.69
g
ol
i 40.55+3.54 bc 0.25+1.84 ®0.25+1.40 b¢ 0,32+1.76 40.31+3.13
Water
Al 0.43+3.24 ¢ 0.34+1.49 ©0.10+1.11 ¢ 0.19+1.52 0.32+2.71
gae

P< <1 0) ool (@lizes soolKis] pm jlo g BB 5525 pas ) s 12 )0 o e DS pae ko alive g,
Similar letters indicate no significant difference in each row (p <0.0)
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Table 2. Pearson correlation coefficient between heavy metals (Cd, Cu, Zn, Pb, Ni, Cr) in the water and brown algae (P.indica)
Cd Cu Zn Ni Cr Pb

(Water) o1 1 0.244 0.734 0.479 0.655 0.529
cd (Algae) Sl 1 0.100 0.728 0.556 0.761 0.574
(Water) o1 1 0.591 0.469 0.519 0.509
cu (Algae) .l 1 0.800 0.489 0.469 0.509
(Water) o1 1 0.793 0.761 0.648
zn (Algae) > 1 0.768 0.734 0.663
. (Water) 1 1 0.670 0.663
NI (Algae) S.l> 1 0.678 0.583
or (Water) 1 1 0.824
(Algae) Ll 1 .0787

(Water) o1 1

Pb
(Algae) Sl 1

< 1))l S5 s sne bl s57g ,Sila slasl 35 0,5 Las
The dashed line below the numbers indicates a significant relationship between the metals ( p < 0. 01)
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Fig. 2- Contamination factor (CF) of heavy metals (Cd, Cu, Zn, Pb, Ni, Cr) in water samples
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Table 3. Comparison of the total concentration of heavy metals in different algae between the present study and other marine

ecosystems
. e Js ol .
e - G0 G G G e S
Ecosystem speceis Pb Cr Ni Zn Cu Cd References
ol by s Yol 2.04 12.15 4.41 31.15 421 0.079 f‘*‘_’ e
Makoran north coast This study
Kutch
Gulf, Chakraborty
India Padina 18-028  23-2 3806 29-282 3733  82-64 etal.
. . 2014
Oliwgis @SsS gl (2014)
Rabta Bay, Laib and
Algeria Dictyota 1.48-0.94 0.91-0.89 nd 5.23-4.93 3.13-2.84 0.098-0.133  Leghouchi
Sl ) geds (2012)
Black Sea,
Bulgaria
. Manev et al.
ol gl ys U g Cystoseira 1.47-0.56 nd nd nd Nd 0.20-0.13 (2013)
Ol )iy
Enteromorpha 1 1.45 630 7332 0.28 0
Intestinalis
) Cladophora
Romanian Black Sea vagabunda 1.42 1.01 326 119.02  0.001 005  Licnetal.
Sy, 5o ok sk s J>lew Cystoseira barbata 1.22 0.003 0.41 33.03 0.001 0 2015
Ceramium rubrum 1.81 1.77 5.39 104.66 13.85 0.05
Phyllophora 1.83 0.66 5.49 61.28 475 0

pseudoceranoides

Sl o lailinsl b dulin 15 oS0 5l 3o S gladolo O Gladigas 1 (afmw G318 Clilé (xSiloo ~F Jyuzr
Table 4 . The average concentration of heavy metals in water samples from the northern shores of the Makoran Sea compared
with global standard

£35S I $9) o pgmodls
(hg/L) (Hg/L) (ug/L) (Hg/L) (g/L) (Hg/L)
Pb Cr Ni Zn Cu Cd
2.32 15.50 8.83 14.18 221 0.13 "Jl_> walllae
This study
0.030
0.050 Environment 0.01
(Malaysia (Water (Marine
Interim Quality Water T o .
-Pc(i?,(\)l Marine ) (Ggr.?iii o Criteria) Quality I(;l Iz° ‘5'“:; ) T*’) ot
(1995) Water al., 1999) Regulation Criteria for ackground values in sea
Quality " For Aquatic the Asean water
Standard, Life Region,
2009) Protection, 2008)
2002
0.17-0.01
0.05 0.70-0.30 0.40-0.35 (Bryanand b slac]
- (USPHS, - UNEP, (Law et al, Langston, coastal aieaj polio
1997) (1993) 1992) 1992; Sadig, waters ST
1992) (@] o b))
<1 0.12-0.02 Background
0.07-0.02 (Bryan and 0.90-0.14 (Bryan and S5 s vall:z;tlenr sea
(Lawetal., - - Langston, Law et al, Langston, o
1992) 1992; UNEP, 1992) 1992; Sadig, pen sea
1993) 1992)
Maximum
Limit
50 100 20 3000 50 10 WHO/USEPA
(hafh)
The Primary Standard of
<10 50 <50 <20 <5 <1 Seawater Quality

Standard of China(ug/L)
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Introduction: Aquatic ecosystems, particularly marine and coastal areas, are exposed to various environmental
pollutions (e.g., organic and heavy metals pollution), which are caused by natural phenomena as well as human
activities in aquatic environments. The aim of this study was to evaluate the concentration of heavy metals in
water and brown algae Polycladia indica as a bioindicator along the northern coast of the Makoran Sea and
compare their concentrations with global standards and previous studies.

Material and methods: For this purpose, concentrations of heavy metals (i.e., cadmium (Cd), copper (Cu),
zink (Zn), lead (Pb), nickel (Ni), chromium (Cr)) were assessed in P. indica and water samples in ten stations
along the northern shores of Makoran Sea in the autumn of 2017. Samples were transferred to the laboratory
and heavy metals were measured by atomic absorption spectroscopy (AAS).

Results and discussion: In brown algae samples, Zn had the highest concentration within the whole area
followed by Cr, Ni, Cu, Pb, and Cd, respectively. For water samples, the concentration of Cr was the highest
followed by Zi, Ni, Cu, Pb, and Cd. One way-ANOVA test showed significant differences in the concentration
of metals between sampling stations (p<0.05). The concentration of heavy metals in water samples was lower
than the global standards. Strong correlations were found between the examined heavy metals, indicating the
lack of diversification of pollution sources in the northern coasts of the Makoran Sea and the uniformity of the
geochemical composition of the coastal geology units of the sampling regions.

Conclusion: The results of this study indicate the high affinity of P. indica towards the absorption of heavy
metals, and therefore, this species can be considered as a bioindicator of heavy metals contamination in the
northern shores of the Makoran Sea.

Keywords: Heavy metal, Brown algae, Polycladia indica, Makoran Sea.
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