Journal of Water and Soil
Vol. 31, No. 4, Sept.-Oct.2017, p. 1200-1214

i

(559U galiuo g pole) S g Of 4 i
1200-1214. 1396 LT — yo & o5lois 31 ol

33 2lewd o So s L (Senedesmusobliquus) 2 5 i (5

dog)l 4zl el Ao O GGy, S,

e ol sslil 5 e e T ) el
1395/09/23 -5l 35 50
1395/11/12 - j o4y ot

2>

01yl e g g (gla 5135 008 ol slio S )3 (g5l )by odsdy bl g ([ Sgll e 50 bulpd (5 g oluls A5, ey gme
ol Bl yhud Condg bdlal) )3 gols (admgdy 3929 pis 4 dr g b0yl dgng gl b )d 0 ladilBng, g lac WU 3 (Sl 1550
Oogy 13 oolil L g (claslBag, gy 5l dabged 34 ) waly 8w yauwd Jlade oyl Bus b adlae ol cibaio )3 (claildg, Slow, ,
5 gy losd 5 (Sa3sd SloShag 4 0b ol @l 5 e (Selr 0i9e3lo)lS L sy oslas caslio ) 9 plo] ilise (550 las
83> 2 S by 4 e (s gy 1 eolaiwl b onds Cl/,m‘ Sund (oS polie 1 Slee Lol (g ylows ald <l L“O’l Cdlojyg
el ) oad glseil hud polie o 4 e dasly Moo (Stamed gg0jl g JIIS > 3 gudee > ot wSlgynn > gl >l o S
o 3 FAT QMJ5| P9y 4ol Cl)zm;l youd lado oS ks 5l (I’:0/93 ‘P<0/001)d)l>u;*" SNiasad 53 09Me g (65550 ks sl g,
b alaly JglS bg,y 4 00 (650 lac Haud Jlade (ol B yhud Calise (sla et ld (o pd 4 3l i (Sils ge5l woasly capolie
ol sloeily ol goacne > bl dgg S Lo 13 (SENEAESMUSODIIQUUS) Sls cfns L (F=0/67 P<O/00L) ¢ o sine

Sged dleidey dag)l dalyd 0)f slaaling )3 (Sila walicin jaud L5 Gig) el Slis w1y SIS o) Ol sk

sbooiny (ol slacs o jl (S plye an jaud

O—?.I ! u,—’T slala e 8‘_55\4? u.»l39§w: 9 75)'@)1.\;‘3).‘»
ilite 01 ] sLabane 53 5] 39505 opm Lnoiry
o 9 Sye dle oo o) slacand I 565U cla IS
Majgn IS e Al & )3 i g ) £55 (RS (L]
g SB Gioluyd clasnl b 5l ) odes yob 4 yaws (53 4 32)
sl Jols 3oyl 3l g b al (slapgrcanss 2)ly Slige, sk
Bl 3l (o ol 5 ke Gl b Sligey sl 6 o
2T bl ol (19 5 13) 5,5 )15 labaee oyl 0s; gz ge
Coenl 05) by e olitwl (glys Dby jl Hhud oy ol
Uil slr Sligwy jhud wal S Gisy g g auib Sl

7- Eutrophication
8- Algal bloom
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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
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Extraction A g e &yl
method Shakingtime Extraction reagent Sediment/water Abbreviation Reference
minute ratio
5 0.7 M NaC,H,0,+0.54 M Morgan
obose 2207 . g [¢]
Morgan 30 CH3COOH, pH 4.8 110 Morgan-P 1041
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
Jst8 : i Cowell
Cowell 960 0.5 M NaHCO;, pH 8.5 1:50 Cowell-P 1963
- pawigal Ol o 1M NHLHCO- + 0.005 M Soltanpour
& 5 15 Df;'PA SH 76 1:20 AB-DTPA-P and Schwab
AB-DTPA ’ 1077
0.2 M CH;CCOH +0.0015
Mehlich 3 zlee NH4F +0.25 M NH4NO3 . . Mehlich
" 5 +0.013 HNO; + 0.0001 M 110 Mehlich I1l-P 1984
EDTA
PERWIRWK SPRW Sharpley

NaOM 1020 0.1 M NaOH 1:100 NaOH-P 1991
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Table 2- The chemical composition of Senedesmusobliguusculture medium

A s
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 SS9 5 o 2 Sla(yjg ol yo 4y ol Lradl gogare joxindy i anislo b adlgel Lasuln -4 Jgaa
Table 4- Results of the principal component analysis with the loadings of sediment properties

variable i Jg! adlge 9> adlgo Pgw dilgo

PC1 PC2 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 o -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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Jlome a5l e phud Jlde sCawd ml Sligw) oy 4 g
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o 2 (0 Jgaz) woob ol Rasi L g dlae (Sian
b 2 (s gy 4y 01b gl Sl yiud il (gla by,
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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 HI 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 <0/01 Jloin! o )3 (g)ld dme odind i sy 4 * X
**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.
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