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Figure 1- Geographical locations of study area and sampling river basins
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Table 1- Different bioavailable phosphorus extraction methods

O3 IS e

Z . - Mc
reslas Ll dids »50,las o3l o - &
Extraction ot Extraction reagent - > i Reference
method Shakingtime Sedimentiwater — app-eviation
minute ratio
W5 0.7 M NaC,H,0,+0.54 M Morgan
obose 2207 . g [¢]
Morgan 30 CH,COOH, pH 4.8 110 Morgan-P 1941
ol . Olsenetal
Olsen 30 0.5 M NaHCO;, pH 8.5 1:20 Olsen-P 1954
2y ) Bray and
Bray Il 5 0.4 M NH,F+0.5 M HCI 1:10 Bray II-P Kurtz 1954
Jgs’ 960 05MN . Cowell
. aHCO;, pH 8.5 1:50 Cowell-P
Cowell P 1963
- pssgel ©luyS o Soltanpour
) 1M NH,HCO; + 0.005 M _ P
sl @ 15 DTPA, pH 7.6 1:20 AB-DTPA-P andlsgc7h7wab
AB-DTPA
0.2 M CH3;CCOH +0.0015
Mehlich 3 zlee NH.F + 0.25 M NH4NO4 . . Mehlich
" 5 +0.013 HNO; + 0.0001 M 110 Mehlich I1l-P 1984
EDTA
s STy 1020 0.1 M NaOH 1:100 NaOH-P Sharpley
NaOH 1991



www.SID.ir

1203.. St ol s yiud (b 3

et g 035 I ol Lagome 51 Jsbs 20 59106 )51y 559 See
g a8l sl (JU pw cuiS), BT dels cutS e (g9l (sloib
U"L“’L"‘"9 )y )L«u} o] Cawdy uan> dlbwl;bma@bly
100 550 HYL poms L @l bso 4 (6595 098wy Sue
—olaid] e b jldls o cpl > S eoly Jlash yd e
duo)mlﬂwast)wwwm&b
ol 0 03912 Jgdn > Sils cpl (gly cuiS lae Slasuiie
CoiS o 4y Jlas 0ys0 s iy Gy dls yo a0 kS
B o oo )8 byl ol 50 ole SO e 4y g M5 3ly j0ud ey
S 0,8 g S ol il wile yauwd 348 (gl WSMe
) ribio 2 e ) 3 39,5 Al gS g Sen o
poclwl oo as M oS O a ogwy L 45 guniliwge
Sy S ey e 50 a4y 39y 0 03b 15 gMS g3l
aiges i adlol g ynd Lo 100 ioloj] (cladlg) )3 yauwd yg
b bole JolS” j5b &1 59, 2 53 Cugs 93 (b g COpe 5k &
walise sladises jo Sy wdy dunlis jalaio &y ole G 51
L (650 oSws Sun g 5Lugs pY jledlaul Ly LacSils sl

L les X40 LS5

Bl £ Jold Cgusy lodiged > (olond 9 (S5 o Sk

2SSl cglin el g anaul (3) s egin (o) &
P9y 4t Jolae sl iy S (02) ogusy 4y I 15 o lae
U9y 4 (Al 03l (A6)mais b gy b (S oy gunl i
VI S 5l oolital b b sedS iS5 (36) 5L = SJlg
hd (obl 8] gy yolate 48l (e (20) 5 posigal
b9y Jold s Soylas cilisee by T3l cogu) (sladiges )
Sl o obs) 2 s ey S ke Gagy IS LB sl
i S phen B9y 9 B ge dg) sl 2 5 82 pssdl
F55 slahsy 31 Sy 4 bgyye Slog b eslitl )Y5e 0/1

ol s w1 1 Jgds 4> ond

sSala 9051
34 gazme Sl gy saiges 1T (Sl (90l plonil glaie 4
sl She wlwly Lad e Glswl .sas Glswl aiges
laailye s 35 g, 5l o3l L 5 lodises (sloandseid
slaasls qu bs)l abl ) s alool clasgs 3JUT 5 Lol
oaliil b oSl w5 adiged (ol p0 jaud el i) calise
(Senedesmusobliquus) s4s5 1 eslil b Sids 9050 51
Ol Juad 5 2blpe 6B, Ol dilais agy Silr e 4
S baoe dy SUl> Cunar 20V jelale 4 g ()b pdiges

v gom o Sl colaial CuiS e (o bvows oS 37 COlaseuivo — 2 Jogas

Table 2- The chemical composition of Senedesmusobliguusculture medium

A g
Solution B
NH4NO3
KH,PO,

Solution A
H3:BO;
ZnS0,.7H,0
CuS04.5H,0
MnSO,.7H,0
Co(NO,),.6H,0
(NH;)§M07054.4H,0
CaCl,.6H,0
CeHgO7.7H,0
FeCgHs0;,

gL*
25

715
55
19

635
15

4
1075
1325
1325
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Table 3- Statistical description of some physical and chemical properties of western river sediments of the Urmia Lake

s Jué Saf Sl e o .
N EC pH z . . Carbonate ) oy oW s
) Organic  Active calcium calcium . Clay Sand Silt
Statistics matter equivalence equivalence Vesg’n‘:j'ne
dsm* - (%)
_J?Lb 0.2 7.3 0.56 0.54 2.5 0.23 6.5 2.6 133
Minimum
;S.L\} 1.2 8 5.6 39 24.8 22.3 479 80.2 64.2
Maximum
e 0.4 7.6 1.8 2.2 15.9 10.7 19.2 40.4 404
Average
Jhme By
Standard 0.3 0.18 1.1 0.87 6 55 9.9 23.2 15.5
Deviation

Oligury GBS 519 5| o 2 Sla(yjg ol yo 4y hobLradl gogare joxindy izl b bradlgel Lasuin -4 Jgaa
Table 4- Results of the principal component analysis with the loadings of sediment properties

variable juio Jgl adlge P93 atlgo Py @dlge

PC1 pPC2 PC3
Calcium carbonate .S by S -0.04 0.4 -0.64
Organic matter Ji slgo 0.24 -0.35 -0.22

PH as! -0.16 0.47 0.18
EC .S, colin 0.24 -0.39 -0.23
Active calcium carbonate Jlé Sal 0.35 0.29 -0.24
Clay v, 0.38 0.24 0.25
Silt e 0.41 0.1 -0.22

Sand (ys -0.44 -0.17 0.04

Very fine sand 3, L3 oo -0.35 -0.16 -0.5
Olsen-P gl yaud 0.29 -0.33 0.13
Eigenvalues o35 yslis 4.5 2.9 0.95

% of variance .b,)ly o) 44.8 29.3 9.5
cumulative % of variance _.b,ls x5 Lo, 44.8 74.1 83.6
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Table 5- Statistical description of phosphorus concentration extracted by different methods

Mehlich AB-

NaOH

Statistics o )L Olsen Cowell n Morgan  Bray Il DTPA 01M " Total
Minimum Jslis 0.48 1.4 1.9 0.28 >0.01 0.16 0.2 264
Maximum S 39.1 88.4 53.4 19.8 11.6 23.4 20.9 658
Average ;Lo 7.6 21.7 8.7 3.4 0.9 3.1 85 423
Standard deviation lxe Gl,>c! 8.2 21.3 9.9 4.1 2.3 4.3 55 92.2
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Table 6- Correlation between extracted P by different sediment extraction methods (n=34)

AB-DTPA Olsen Cowell Melichlll Brayll Morgan NaOHO0.1M Total
AB-DTPA 1
Olsen 0.67** 1
Cowell 0.58** 0.87** 1
Melich 111 0.64** 0.93**  (0.81** 1
Bray Il 0.05 0.03 -0.05 -0.03 1
Morgan 0.50** 0.80** 0.78** 0.81** -0.06 1
NaOH 0.1 M 0.18 0.57**  0.65** 0.51** 0.12 0.36* 1
Total 0.48** 0.67** 0.76** 0.69** -0.07 0.65** 0.54** 1
P <0/05 5p <O/01 Jlazsl prlows ;3 (5l gime okimd (L5 iy dy * &%
**and * Significant at 0.01 and 0.05 probability levels, respectively
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Introduction: Phosphorus (P) is an essential nutrient for all life forms. In aquatic environments, P is a
double-edged sword. In some areas, habitat biodiversity is strongly limited by low P bioavailability, while in
others, P inputs in excess of plant needs have led to pollution of water bodies and eutrophication. There is little
information available on P status in river sediments by single chemical extraction and its correlation with algae
growth in Iran. This study was performed to select proper single chemical extraction methods by algal bioassay.
The quantity of P estimated by different extractions methods depends on sediment characteristics such as
calcium carbonate, pH, clay and organic matter contents. Therefore, this study was conducted in western rivers
of the Lake Urmia to get an insight into P status in sediments by using single chemical and biological P assay.

Materials and Methods: The lakeUrmia basin has the second largest water resources in Iran with
Mediterranean climate. Italso has the largest hypersaline lake in the world. There is a significant phytoplankton
growth and also some dense algal blooms occurring during years with low salinity in wetlands and lagoons.
Thirty four river sediment samples from seven main rivers of the Lake Urmia basin were collected from depth of
0-10 cm to evaluate algae (SenedesmusObliquus) P bioavalability by single chemical extraction. Selection of
extractantis based on different mechanism of extraction. Cluster analysis was conducted on 17 sediment samples
selected for algal bioassay.Pearson simple correlation and multivariate analysis were also performed.

Results and Discussion:Average total P concentrations of the sediments were343-654, 456 mg kg™. Sodium
bicarbonate 0.5 Mextractable P (Olsen-P) varied from 0.48 to 8.42 mg kg™. Sediments from upper reach had
considerably higher total and bioavailable P concentration in comparison with lower reach sediment. The low
reach sediments of two rivers had higher Olsen extractable P than the threshold value of 20 mg kg indicating
possible release which poses a threat to aquatic environment.Upper reach sediments had higher restoration
potential, but algal bloom was observed in low reach part of rivers, particularly Simineh and Mahabad Chai.
Land use changes, discharge of sewage from rural and urban section, industrial activity and cycling of river
borne P are the main reasons for algal bloom in wetlands and lagoons around the lake.Principal component
analysis (PCA) performed on the data identified three PC which explained 83.3% of total variation and silt and
sand had higher loading values. Active calcium carbonate equivalent (ACCE) was negatively correlated with
sand in the first PC. Different extractions were positively correlated with each other. The Mehlich Il and Olsen-
P extraction methods were significantly correlated and the predicted values were same. The average rank order
of P extraction by singleextractantswas Cowell >Mehlich 111 >NaOH 0.1 M > Olsen > Morgan > AB-DTPA >
Bray Il.Extractants had different long-term and short-term potential to extract algal available P. The Cowell
extractable P concentrations of sediments varied from 1.44 to 88.0 mg kg™ This extractant was correlated
significantly with algal growth and selected as the best P single extraction method among allextractants. The
high correlation between 0.1 M NaOH and algae growth indicates the sensitivity of P bioavailability to redox
conditions in river system. Algae (SenedesmusObliquus) was able to use P from different sediment components
because its growth was correlated with Cowell, Mehlich 111, NaOH 0.1M, Olsen and Morgan.

Conclusion: Legacy P (sediment P) evaluation by chemical extractants gives new insight into P
bioavailability in river sediments of the Urmia Lake. The results of this work showed that Cowell extractant
could be used to estimate algal available P in studied river sediments. Similarity between Olsen-P and Mehlich-P
in estimating bioavailable P suggests that Mehlich I1I-P can be substituted for Olsen-P in studied sediments.For
sustainable P management, monitoring P status by single chemical extraction methods is necessary. Phosphorous
fertilizer application around the Lake Urmia basin lands should be conducted based onthe P soil test to avoid any
aquatic pollution. Care must be taken in lower reach river sediments because of fragile ecosystems such as
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wetlands and lagoons. Further investigations are also needed to evaluate legacy P bioavailability by temporal and
spatial variability.

Keywords: Bioavailability, Extraction, Algal Growth, suitable
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