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Phytoplankton ~ Zooplankton Planktivarous fish
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BF ~ 10* BF ~10° BF ~ 10°

<50% Methylmercury >80% Methylmercury ca. 100% Methylmercury

BF=Biomagnification Factor - the ratio of mercury content in plant or animal to mercury in water.

Piscivorous fish

BF = 10°-107
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Abundance of Elements
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http://chemistry.about.com

108000
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Hydrogen 3A 5A B6A
5 8 9
(o] F
857000 13
Oxygen Fluorine
14 16 17
Si Cl
22 19400
Sodium Magnesium Silicon Chilorine
19 20 35
K Ca Br
399 412 67.3
Potassium Calcium Bromine
g 38 45 =T
Sr Pd
79
Strontium Molybdenum | Technetium Rhodium Palladium
[ i 77 78
Ir Pt
g Osmium Iridium Platinum Astatine
105 106 107 108 109 110
Fr Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus Uuo
Francium Actinides Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium J D: Ce Ununtrium Flerovium L Liy L Ununoctium
57 58 59 60 61 62 63 64 65 66 &7 68 69 70 71
Lanthanides La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
34x10° | 1.2x10° | 64x107 | 28x10° 45x107 | 1.3x107 7x107 14x107 [ 91x107 | 22x107 | 87x107 | 17x107 | 82x107 | 15x107
Lanthanum ‘Cerium Praseodymium | Neodymium § Promethium Eurzlum _ i Terbium Dysp_roﬂfum Holmium Erbium Thulium Ytterbium Lutetium
89 94 95 96 97 98 99 100 101 102 103
Actinides Ac Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Plutonium Americium Curium Berkelium Californium | Einsteinium Fermium Mendelevium Nobelium Lawrencium
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The potential ecological risk index (PERI) Juwily <SG 591951 Sum y (b
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TableIndices and grades of potential ecological metals contamination

L RI< 150 b ¢ Eri < 40 assls o9, cpl
Grade of Grade of potential  40<Eri < 80 3 5 sl 1S iy 50681 S

E! ecological risk Rl value ecological risk of ) . -
of single metal environment g bwgle (K955 ;28 150<RI1<300
. Sy 5l ey BB dew 15L 300<RI<600 axlis
E; ‘:‘40 Low risk RI<150 Low risk Sy RISB00 1lis gl g 4zl S5y dawrs o
40<E <80 Moderate risk 150<RI<300 Moderate risk ol 05l Jawe G
80< E! <160 Consrlifiekrable 300<RI<600 Considerable risk
160< Ei <320  High risk RI>600 Very high risk

E!>320  Very high risk
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The sediment quality guidelines (SQGs) Olgaw y CudS putd Jordygiand
2b ledae i g las! > lgu, (Biological toxicity) Sjglaw caow cpuni can oo )lxo dawg b Josdl jgiwd oyl
ERL, ERM, TEL, sl jl <Gya b opKiw 318 51 Slalie clale clls opl s (Long et al. 1998) coul oais o3l dnwgs

39 o dunlio PEL

__ EffectRange Low (ERL) \
- Effect Range Median (ERM)

__ Threshold Ef fect Level (TEL) v
" Probable Effect Level (PEL)

oS gl wliwl Silke a4 b cwl Joime e oSl olhgls pedu¥ Oy sl ol 51 5 el &5 el sbale aslul TEL 4 ERL
Cawl yiloime PEL g ERM
ERL and TEL refer to the concentrations below which adverse effects upon sediment dwelling

fauna are improbable and would be expected only infrequently. In contrast, adverse effects
are more probable to occur when the concentrations of metals are higher than ERM and PEL.
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Table. Effect range low (ERL), effect range median (ERM). threshold effect level (TEL) and

probable effect level (TPL) values of toxic elements in sediment (Long et al.. 1995).

Also, the potential effect concentrations (PECst) (Long et al., 2006) are presented.

Toxic elements ERL ERM TEL TP PE(_'Sf
As (mg/'kg) 8.2 70 7.24 6.41 33.0
Cr (mg/'kg) 81 370 523 160 111.0
Cu (mg'kg) 34 270 18.7 108 149.0
Hg (mg/'kg) 0.15 0.71 0.13 0.7 1.06
Ni (mg/kg) 20.9 51.6 15.9 42.8 48.6
Pb (mg/'kg) 46.7 218 30.2 112 128.0
In (mg/kg) 150 410 124 271 459.0

ERL and TEL refer to the concentrations below which adverse effects upon sediment dwelling
fauna are improbable. In contrast, adverse effects are more probable to occur when the
concentrations of metals are higher than ERM and PEL. The probable effect concentrations
(PECs) were intended to identify contaminant concentrations above which harmful effects on
sediment-dwelling organisms were expected to frequently occur
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Table. Range of heavy metals concentration (mg/kg except for Hg in ng/kg) in sediments from different locations.
Location Cu Pb Zn Ni Co Mn As Vv Cr Hg Reference
Assaluyeh coast 1.9-304.8 1-14.5 5.1-1236 5.4-80 0596 50-466 1593 4-41 5.7-52.4 32-365 el
(Persian Gulf) (154) (3.4) (21.1) (19) (2.2) (168.7) (3.7) (12) (16.1) (116.4) Sk
1.2-134 1-422 1-357 3.8-504 05238 15-744 1.2-139  37-1457 8-513 3-24.7
o1 b}
Persan Cull (14.9) (6.9) (48.5) (76.6) (9.6) (305.3) (5.9) (513) (123 8) (5) RORME 2006
Hormoz strait 25-325 20-25 45-52.5 ) i i i i ) ) Darvish Bastami et
(Persian Gulf) (27.5) (22.5) (48.8) al., 2015
Bushehr coast Alahverdi and
(Persian Gulf) e SRRRES ) BRI ) ) ) ) ) ) Savabieasfahani 2012
Imam Khomeini Port  12.9-183 5.6-8.1 426596  54.5-58.3 316.6-325.6 30.6-32.5 5002730 yos it i SBia
(Persian Gulf) (15.4) (6.5) (48.2) (56) . (321.3) . (31.5) ) (1496) e
Intertidal (Euastftl Zones 3433 09-180.8 6-44 4 _ ) B} : " - s Kazemi et al | 2012
of Persian Gulf
Kuwait coast -
g F’ o =t g FJ yy 2 - - e T ) [19 S,
(Persian Gulf) 15-30 20-30 86-120 Anderlini et al | 1986
Qatar coast 1287 0439 ) 07-208  0.1-22 13.2-127 1-6.3 27321 11.5-408 1.1-67 .
(Persian Gulf) (4.4) (2.4) (112) (1.3) (70.1) (4.3) (17.7) (27.1) a7 -DeMometal 2004
Balrain coast 2.4-483 0.6-99 6.1-52.2 25232 0324 22.6-84.3 3269 35284 34418 252202 )
; : : Kazenu et al., 2012
(Persian Gulf) (14.1) (28.8) (21.4) (9) (0.9) (44) (5) (12.3) (17.8) (59.2)
59264  13.1-335 30.1-879  18-693 _
- _ _ _ _ _ _ 5
South of Caspian Sea (14) 23.7) (51.5) (38.6) Sohrabi et al., 2010
Iranian borders of the 10-17 33-51 11-17 370-540 8-15 10-44
327 75 - o,
Caspian Sea AT Tqgy  AEBI0 T (15) (455) (1) (22) Agglietal. 2011
Izmit Bay 60.6-139  238-178  500-1190  384-70.7 124342 20-26.8 57.9-116.1 ——
(Turkey) (89.4) (94.9) (754) (52.1) (20.5) i (22.2) (81.7) ) i
Nemrut Bay 96437  223-894 75-271 18.1-63.4 222-343 14.4-202 35.7-98.8  1700-9600 skt ik
(Turkey) (29.5) (60.4) (182.9) (50.4) . (298.3) (17.5) i (69.6) (5750) o
Thermaikos Gulf 19-165 10-218 74-358 i i ) ) ) 7172 (47) i Christophoridis et al.,
(Greece) (80) (7 (184) = 2009
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(mobilization and bioavailability of heavy metals) i &l38 N5 gn o pwd il g S o
odg Ml Bl (oo Slgw) 3 dg2ge lils CLS S g9 g ks Cunle el by Slgw) Sl Ol Jlgte gl w8
G ol sl 005 03591 5 S5 53 5l y90 (liends Jse £55 9 150 Sl g9 4 a2 g8 b Sligesy > 3B Jlsie gl 5l
2 s i (Acid soluble) sl )3 s LB isy ) Jsie alie Ohgwy )0 Gl jads S )y clile 5 olesd

(Residual) ss5le8L 4 (Oxidable) sus sust (Reducible)

5 ) polie (ol o) slipl 529 5 38 LSy 558 Jlail oaiS ol 36 cleadses > Residule iy (oYL so ) d52
oS Canl gme o 4 ol bl o (Soelgn wyiwd 53 yuiw NON-residual isu a5 cuuls)d ol il o owyp dyg0 puSin
Qe fed oy > gl Slgw) )3 39290 (G318 OS5 (Sad wST iug pdy B L SadpeS Gise dpel p e i
2 2Vl S5 g auily 1) 005 (glaylsles L 3g)s bl g 035 (Sojln slollad

Table sequential extraction procedure,

Fraction Extractant Extracted sediment
component
F1 (Acid soluble) 0.11 MHOAc, 161 Exchangeable ions and
carbonates
F2 (Reducible) 0.5 M NH,OH,HCI, pH=2 (HNOs), 16 h [ron-manganese oxides
F3 (Oxidable) 8.8 M H,0,, 2 h at 85 °C, extracted with 1.0 M Sulfides/organics
NH,OAc, 16 h
F4 (Residual) Hot aqua regia: 3 HC1 + HNO; metals bound 1n lithogenic

minerals




