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Abstract:

In this study, we measured the amountéof heavy metals (Ni,"CdyRb, Cu, Hg) in brown algae Sargassum sp.,
Padina sp. and Cystoseira sp., sediments and the amount of Hg in water. the samples collected during winter
2016 and summer 2017 at four stations from theshores of Bushehr. Analysis of heavy metals in sediments and
algae after chemical digestion and “preparation investigated by Savanta model atomic absorption
spectrophotometer. The order obtained from'the eoncentration of heavy metals in Padina sp. Cd > Fe > Ni > Cu
> Hg, for Sargassum sp. as Pb > Cu > Ni > Cd'> Hgyand for Cystoseira sp. It is in the form of Cu > Pb > Ni >
Cd > Hg, among which Padina sp algae had the highest accumulation of heavy metals. The order of concentration
of metals in sediments was Ni > Pb > Cu > Cd/> Hg. All metals, except for Pb, have a higher average in the
summer season, and the avérage Hg metal in water was measured at 0.23 micrograms per gram of dry weight.
Correlation results showed that the,concentration of heavy metals (Ni, Cd, Pb, Cu, and Hg) in macroalgae Padina
sp, Sargassum sp, Cystaseira sp.‘anththeir adjacent sediments in the shores of Bushehr, two algae Sargassum sp.
and sp.«Cystoseira“have, a greater; ability to accumulate heavy metals. Cystoseira have a greater ability to
accumulatexheavy metals. According to the obtained results, the concentration of heavy metal Hg in the waters
of the shores of Bushehr city with its amount in the studied algae, it seems that Sargassum sp. It is a suitable
material for biological monijtoring of this metal in the study area.
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1. Introduction

Macroalgae are considered as biological indicators to obtain information about the concentration of heavy metals
or changes in their bioavailability in the surrounding environment (Trifan et al., 2015). Brown algae have the
highest ability to absorb heavy metals. This is due to the biochemical characteristics of their walls. The cell wall
of these algae has materials such as alginate and fucoidan that help absorb heavy metals. (Mani and Kumar,
2014). lIsanejad etal. (2020) determined the concentration of heavy metals Ni, Cd, Pb, Cu, iron and Hg in
sediments, water and macroalgae Padina pavonica in Bushehr in two seasons, summer and winter. related to iron
and the lowest amount of accumulation was related to Hg element. Amini et al. (2013) investigated the
concentration of heavy metals such as Pb, Cd, Cu, Ni, Zn and Fe in six species of Padina in polluted (Nayband
Bay) and non-polluted (Bandar Bastane) areas on the coast of the Persian Gulf. During this research, the average
concentration of metals in sediments and algae decreased in the following order: Fe> Zn> Pb> Ni> Cu> Cd; a
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positive correlation was observed between the amount of metals in sediments and in almost all algae species and
it was found that these algae species can absorb metals from sediments and play the role of biological monitoring
materials.

2. Materials and Methods

Four stations were selected along the tidal coast of Bushehr region and the positions of the stations were
determined. The stations were selected based on the amount of human activities in the area, the amount of
incoming effluents and also the presence of algae species. Macroalgae Padina sp., Cystoseira sp. and Sargussum
sp. With the same size and healthy appearance, they were collected by hand from the tidal area of the stations at
full tide in sufficient quantity (in order to prepare three replicate samples from each station). After sampling, the
algae were washed in sea water and then stored in polyethylene containers in the freezer at a temperature of less
than 4°C and transported to the laboratory to prevent any contamination (Najah et al., 2015;2020). In order to
measure the concentration of heavy metals (Cu, Pb, Ni, Cd, Hg) in the laboratory, all algae@nd sediment samples
were dried in an oven at 105°C for 24 hours. After drying, the samples were powderedgin a mortar and
homogenized using a 63-micron sieve and placed in sterile polyethylene containers (Carro-et al., 2015). One
gram of it was removed and digested with nitric acid and perchloric acid in a ratios6f ohe to three at 40°C for one
hour and then at 140°C for 4 hours. Half gram of algae was digested in 10 ml of nitricsaecid. WWhatman No. 40
filter was used for smoothing (Bibak et al., 2020). To check the presence or absence of a'significant difference
between the concentration of heavy metals measured in the sediment, macroalgae under/study and water in
different stations and seasons, two-way analysis of variance ANOMA“and Duncan:s pfe-test in the SPSS16
software space and also in order to draw figures from the software Excel 2007 was used. Also, to investigate the
relationship between the concentration of metals (micrograms per gram of dry weight) in sediments and algae
and water, Pearson's correlation coefficient was used with thefhelp of SPSS 166oftware.

3. Results

Accumulation rate of Cu heavy metal in brown algae according,to Cystoseira sp. >Sargassum sp.> Padina sp.,
for Ni metal Padina sp.> Sargassum spé&> Cystoseira, for Cd metalySargassum sp.> Cystoseira sp.> Padina sp.,
for Pb metal Sargassum sp.> Padinafsp:> Cystoseira and for Hg'metal Padina sp.> Sargassum sp.> Cystoseira
sp. was calculated and this difference can beattributed to the type of material and bioavailability of heavy metals.
The amount of heavy metals in the sediments'is in the order of Ni > Pb > Cu > Cd > Hg, and its trend in brown
algae is Pb > Cu > Ni > Cd > Hg, with its trendhin the sediments and also the average metals in the sediments
with the amount It did not match in brown algae,iso the existence of such a difference shows that only by
measuring the concentration of heavy metals in the'sediments of an area, it is not possible to estimate its level of
pollution. The reason for the low level of bioavailability is that the impact of those pollutants on the living
organisms of that area isflownAccumulation of heavy metals Cu, Pb, Cd and Ni in macroalgae Padina sp.,
Sargassum sp. and Cystoseira‘sp.it was measured more in the winter season than in the summer season, which
can be attributed to gffective environmental factors, such as wind, sunlight, and physicochemical factors of water
that affect the dissolution,of heavy metals, as well as the biological changes of algae and the reduction of their
metabolismpin winter. Inisome cases, a significant difference was observed between the amount of heavy metals
in different study stations, which can be attributed to the location of the sampling sites in coastal areas that are
affected by human, factors. With the entry of pollutants through urban and industrial sewage, the studied area is
affected and heavy metals increase in coastal waters through surface runoff, which comes from land and land
around industries, reads, etc., a high volume of pollutants, especially heavy metals. are transferred to the coastal
areas.

4. DISCUSSION and CONCLUSION

According to the correlation results between the concentration of heavy metals (Ni, Cd, Pb, Cu, Hg) in
macroalgae Padina sp ., Sargassum sp., sp. Cystoseira and their adjacent sediments on the shores of Bushehr city
were found to be algae Sargassum sp. and Cystoseira sp. have a greater ability to accumulate heavy metals. Also,
according to the results of the correlation between the concentration of heavy metal Hg in the waters of the shores
of Bushehr city with its amount in the studied algae, it seems that Sargassum sp. It is a suitable material for
biological monitoring of this metal in the study area.
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Fig. 1- Map of the studied stations in Bushehr province
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Table 2- The results of measuring the physical and chemical parameters of water in different stations of
Bushehr province, winter season

pH Temperature (C)  Salinity (ppt) Dissolved oxygen (mg/L) Stations
8.43+0.21° 18.1+0.91° 36.6+1.13° 7.04+£0.122 Halile 1
8.27 +0.06° 19.8 + 0.36" 37.06 +0.91° 6.7 £ 0.522 Meli Naft-Kesh 2
8.7+0.13? 25.79+1.63° 40.8 + 0.582 4.2 +0.93° Ab-Shirinkon 3
8.23+0.11° 17.8+0.28° 35.14 £ 0.78¢ 7.1+0.22° Rafael 4

(ANOVA, p<0/05) ol s cns CoMast| 0k 5O & g 8 53 Olewed b (39 >~
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Table 3- The results of measuring the physical and chemical parameters of water in different stations of
Bushehr province, summer season

. Dissolved :
O
pH Temperature (°C)  Salinity (ppt) oxygen (mg/L) Stations
8.23 + 0.06° 32.57 +0.7%¢ 37.2+£0.8° 6.15 + 0.26° Halile 1
8.27 +0.15° 33.43+0.47° 36.3+0.08° 6.34+0.31®  Meli Naft-Kesh
8.87 £ 0.532 41.03 + 1.442 39.9 £ 0.95° 4.21 £0.81°¢ Ab-Shirin kon
8.27 +0.12° 31.39 £ 0.52¢ 34.1+0.63° 6.61+0.192 4

(ANOVA, p<0/05) sl s sms (oMt | 0dins 3Lt O s (2 55 ¢ 5~

Ol

m Sediment mPadina = Sargassum = Cystoseira

14 -

Cu (pg.g-1) cdale

oS aluls oS e & Jul,

L 4

S o] 53 iy Juad 50 Sligaw, 9 b Sals )3 (o CIE Gliu0 - JS5
Fig#1- Cu concentration in algae and sediments in winter at different stations.
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Fig. 3- The amount of Ni concentration of algae and sediments in the winter season at different stations
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Fig. 8- The amount of Pb concentration in algae and sediments in the summer season at different stations.



YUY CCPRRWS

Hg (Hg.9-1)cdate

e (510908 SRS 45 (oga> ¢ o o g @edlS (JSW) (puSiew I8 I B g1 3 5a0 daan o g (pimiw

Olows

m Sediment mPadina = Sargassum = Cystoseira

0.35 a
0.3 }'
0.25 b

0.2

0.15

0.1

0.05

oW alds oS ot of Jitt,
Sl 3 29 CBIE Gl A S
inter at different stations

Elisee gy 0! 43 yliwwo
Fig. 9- Hg concentration.
ollmgl'i

m Sediment mPadina ™ Sargassum = Cystoseira

14

12

0.8

Hg (Mg.9-1) bt

0.6

0.2

oW Ll o5 o ol Jitt,

ilisen (S olKhugl 33 Ol fuab 33 gy § by o 10 0gum cald Of e —1 ¢ B

Fig. 10- Hg concentration in algae and sediments in summer at different stations.



dl)&oﬁ:g.\g&

il wlio (ks 31 Wl oo e b b oaditns jobo 4 g,
2 Slguy )3 39290 Sl LIl (Sl g (345 Olig2ge (sl (S
(s Sl Nigey b o8 Sl I i5 g oo (gl Sy 92
Qored 3 g o b Slgw) ]y 4 wibosd Jate Slgw) &
gy UL )3 53 Sl 5l 6)%05 S XS (e )8 o) g
stliend St yioS ol iy g Wgib i i o Sl ), 4 5 48 )5 )13
(Vives et al., 2007) scun s

Gl pdiges Slgwy 9 S o (K aljls clale anlis
P oS Gl clale maw oS W o Gl ol dslllas jd ol
Oz Oy il 0dd (b pdigel Clgw Sl Soml Sl
1 oSt il el 6, Sojll | s o5 amd e ol M
ool 2152535 0055 1y Gl (53901 liee il dtlaie S Sliges
(2014) Lasat et al. 4 (2004) Thomas 4 Eggleton oiie
ol s 0 Lol sl YU ddhaie Gy 00 YT lge e ol Ko
055 Shgge 2 osi ¥ o1 186 liee ot (o tod e (092
8l oS adhais ]

9 Shgwy > (i Ol clale ple Cute (Stumen 3929
bl 3l 5 I3l cul g (g iod GRS (S Sl
ool cdale o cunl gme ol cpl g bl o O giw 4y bl o)lgd
Cool dialy Slbgw, gl cbl 4 b STEs
[(Haritonodis and Malea, 1999)

e (510908 SRS 45 (oga> ¢ o o g @edlS (JSW) (puSiew I8 I B g1 3 5a0 daan o g (pimiw

5 b o Jlite Sl abbogs il T @l 4 g b
ST Jguad (e g Jad 93y 5> il aolSin] (g o]
chle Sl b e Juab (p>0.05) s osalie (g)l3 dne
Ol b il Juad )3 9 St (g o) g p )T 9)See < NFE /44
Uk D9 e SIS (g p)S 2 p)S9Se IVF A/ V il
9 Ol Juad p> Jl) oKl 4 bgyye s 4 clale (g8
£ S e X g oY Glie b (e Juad )3 S e (o
Wb s S ()
D90 Sl s 3 (St I3 linn 339 g IS & a5
A3l oo ) g (g
Sargassum sp.: sg.:e<psalS < JSERC s <o
Padina sp.: oge<pghedls' < juo < JS5<iyw
Cystoseira sp.ifoge<pgwedS< SBEE 1o < o
2 Pl (JS oeiediliiplie e @8l Jgi> 4 g L
Sargassum spaesuls ;> byl ol O )3 o9 e 9 Sligus,
O clils LIS o golo Sy o (LS (6 (dre (Stusen
Sl [0l Gl Wby 23 Gy g pgnedlS (S5 e o
Syg0 5> Mpelis ggld Cxe g pubitune Siumen Cystoseira sp.
Clidos (65 i Egse plo s Sl )3 (S il jps i
a8 uloaly i lidss pl jl glas Gl 485 Gyan (oL

9 o Bgs b b b pedgr ! Jolgw 33 amlas > )90 Sl 55 (i OI318 Gl (¢ S 010l 5 Juols gl -€ oo

(S8 03908 05 95%0) (e Jolgm 150
Table 4- The results of measuring the concentration of heavy metals in the studied algae on the shores of
Bushehr province with other parts of the Persian/Gulf and other coasts of the world (micrograms per gram of

dry weight)
Souyce Slamp_llng Hg Ni Cu Cd Pb Genus
ocation
Dadolahi, 2003 Kish coeasts 0.37 0.76 1.46 1.8 Sargassum sp.
Taghili, 2017 Bandar Abbas 21.86 6.53 4.61 14.22 o
S.angustifolium
Alah Verdi et al.,”2018, _/Bushehr coasts 15 5.13 3.78 18.3
Taghili, 2017 Arabian coasts 21.6 5.75 1.28 12.2 S.latifolium
AL-shawafi and . . .
Rushdi, 2007 Arabian coasts 2.8 10.2 0.76 2.4 S.binderi
Isanejad, 2020 Bushehr coasts 0.11 9.33 4.01 0.39 1.31 .
P.pavonica
Taghili, 2017 Bandar Abbas 4.43 10.95 5.05 18.91
Dadolahi, 2003 Kish coasts 1.05 2.71 131 0.96
AL-shawafi and .
Rushdi, 2007 Gulf of Aden 6.18 13.7 0.6 2.8 Padina sp.
. . 11 1 6.36
Conti, 2008 Italian coasts -
11.26 0.28 5.24 Cystoseira sp.
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. . 1.07 1.12 1.74 1.66 C. sinuosa
Dadolahi, 2003 Kish coasts
0.92 0.88 1.14 1.42 .
e C. myrica
Taghili, 2017 Bandar Abbas 25.1 8.1 4.9 20.15
0.12 1.55 4.45 0.64 4.41 Sargassum sp.
Present Research PBushehr 0.14 3.26 2.8 0.37 3.99 Padina sp.
rovince
0.11 1.49 4.48 0.47 3.84 Cystoseira sp.

adllan 3,50 (SLacSlarg Slo g gy (19,3 i S Gy (Siuson— 0 Jga
Table 5 - Correlation between heavy metals in sediment and studied macroalgae

Macroalgae
Cystoseira Sargassum Padina Metal concentration in
sediment
0.586™ 0.491 0.597" R
Cu
0.003 0.015 0.002 P
0.725™ 0.563™ 0.364 R
Ni
0.00 0.004 0.08 p
0.588™ 0.525™ 0.356 R
0.003 0.008 0.088 P Cd
0.07 0.005 0.011 P
0.654™ 0.218 0.411 R
Pb
0.001 0.306 0.04 P
0.419 0.033 0.297 R Hg
0.043 0.879 0.058 P
0.331 0.544™ 0.424 R Hg concentration in water
0114 0.006 0.034 P

L Sargassum sp. la/ s o (Swod liwe e g
A odalie Cilbgw,

L FCP g o
) A gloged sl )3 e (pSiw b meos (e
JSG 518 ¢l Cystoseira sp. >Sargassum sp.> Padina sp.
;6 &l Padina sp.> Sargassum sp.> Cystoseira sp.
«l» Sargassum sp.> Cystoseira sp.> Padina sp. pg.esls’
9 Sargassum sp.> Padina sp.> Cystoseira sp. <. i

Loys i Cla.ﬂ): Sl smetese 9 Lo )3 A0 C]a,u): Sod smatt

Reder J>lew 45 (2013 ) Alah Verdi etal. clii=s b

Sula b Slgusy 13 39290 p9redlS 9 Cp (0 (598 9 Caste (Nhuuren
S5 s ol el owis opl 3yl 3459 S, angustifolium
op G e S 4 a5 wde Jplow )3 peedls
O g gy s olls clale oy (2020) Isanejad etal.
O Ol 9 Ggwy 09> lime o M asuie Padina pavonica
Padina. s o olise b Slgwy IS5 oy b pascie (2017)
Sy LS Cute  Siunen Cystoseira sp. 4 Sargassum sp. .Sp
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