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Background and Objectives: The Sirvan River catchment in western
Iran— particularly, the Zhaveh Dam area near Sanandaj city—formed by
the confluence of the Qeshlag and Gavehrud rivers—has been subjected to
increasing environmental stress over the past few years. The disposal of
city and industrial wastewater into river tributaries, particularly the
Qeshlag branch, has raised concerns about sediment contamination and the
initiation of eutrophication in the Zhaveh Dam reservoir. Eutrophication,
caused by the overloading of water with nutrients such as phosphorus, can
lead to uncontrolled algal growth, poor water quality, and danger to aquatic
organisms. Rivers' surface sediments serve a twofold purpose within
aquatic ecosystems: on the one hand, they store nutrients; on the other
hand, under certain conditions, they release them into the water column.
Phosphorus reserves in sediments were several times higher than in the
water, particularly in areas influenced by untreated wastewater outflows.
This study investigates spatiotemporal variations in sediment
characteristics within the Zhaveh Dam, focusing on phosphorus speciation
to assess the potential for eutrophication. Results are further compared with
national and international standards to ascertain sediment quality and
environmental risk.

Materials and Methods: This research was conducted in 2023-2024 at six
sites on the Qeshlag and Gaveh Rivers, and in the reservoir of Zhaveh
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Dam. Sediment quality parameters under investigation were various forms
of phosphorus, pH, redox potential (Eh), and total organic carbon (TOC).
The fractions of sediment phosphorus were quantified using a sequential
extraction procedure that assesses five forms of phosphorus: adsorbed,
Fe-bound, Al-bound, Ca-bound, and residual. The Phosphorus Pollution
Index (PPI) was calculated to predict ecological risk by comparing
measured phosphorus levels with contamination standards. Parametric
statistical tests, such as stepwise regression, Pearson correlation, and
one-sample t-tests for comparison with standards, were performed using
SPSS version 18.

Results: Available phosphorus in sediments from stations 3 and 4 (Qeshlaq
branch) accounted for approximately 50% of total phosphorus, which could
be due to infiltration of wastewater into the river. Among phosphorus
forms present, loosely bound phosphorus was the lowest percentage
because it is utilized directly by aquatic organisms. The major form of
phosphorus in sediments was aluminum-bound phosphorus fractions (more
than 60%). At all stations and under all seasons, the inorganic phosphorus
percentage was more than 95% of total phosphorus, while organic
phosphorus concentration was recorded as less than 5%. The results of
this research showed that the TP content in the Sirvan River basin
(2519 mg/kg.dw) was 3.44 times higher than China's national standard
(733 mg/kg.dw), in a way that, based on total phosphorus contamination
concentration range in sediments, all those with TP content above 1000
mg/kg.dw were highly polluted. Station 6, near the existing construction of
the Zhaveh Dam, contained more phosphorus than stations 1 and 5. The
Phosphorus Pollution Index (PPI) was above 1 at most sampling stations,
except at stations 1 and 5, indicating that most of the research area was
polluted. The mean PPI in the current study (2023-2024) was 3.4 + 0.81,
slightly higher than in the previous study (2020-2021). Stations 1 and 3
showed the lowest and highest PPI, respectively. The results of the
phosphorus ecological risk assessment of sediments using the single
pollution standard index method (PPI) showed that the TP standard index
ranged from 1.60 to 8.08. This indicated that the ecological pollution risks
of phosphorus in this area ranged from relatively low to high. It provides a
means of efficiently assessing the ecological risk of nutrients in watershed
sediments, identifying their dominant sources and factors, as well as
supporting eutrophication prevention and ecological restoration of the
basin. Total organic carbon (TOC%) in basin sediments was generally
within Canadian standard values, except for the maximum values at
stations 3 and 4, which exceeded the standard. Compared with the original
study, total phosphorus (TP) increased by 1.2 times, while the percentages
of TOC were generally consistent. Total phosphorus (TP) and total organic
matter (TOM) levels ranged from 0.17-0.39% and 4.65-19.23%,
respectively, and were higher than Canadian standard measurements, both
seasonally and annually. TP percentages in this study were higher across
all seasons except summer, while annual values were similar to those in the
previous study. In contrast, TOM percentages were lower in all seasons,
except autumn, and annually, compared with the previous study. The
balance of mineral phosphorus in the sediments and water in the current
research (2023-2024) ranged from 3366 to 475, whereas in the previous
study (2020-2021) it ranged from 267 to 796. This indicates greater
diffusion of mineral phosphorus from sediment into the water column,
consistent with diffusion from high- to low-concentration environments.




Comparative analysis indicated that overall phosphorus and mineral
phosphorus in this study were 1.5 and 0.3 times higher, respectively, than
that in the previous study. Curiously, for the spring season, river discharge
in this study was 26.32 m%s, while it was only 1.98 m*/s in 2020-2021.
These changes in riverbed turbulence and discharge likely aided the
downstream transport of upstream sediment phosphorus, thereby enhancing
its impact on water phosphorus concentration near the dam location.

Conclusions: This study encountered very elevated levels of total
phosphorus (TP: 2518+231 mg/kg.dw) and bioavailable phosphorus
(1126 + 141 mg/kg.dw) in Sirvan River sediments discharged at the Zhaveh
Dam location. They were several times above the Chinese national
standard (733 mg/kg.dw), indicating a very high degree of ecological risk
(High PPI). Significantly, TP levels in the reservoir sediments were over a
thousand times higher than in the river water, indicating that sediments
have the potential to act as a long-term phosphorus source and to amplify
eutrophic conditions. The implications of this research indicate the
importance of managing nutrient loads and conducting regular sediment
quality monitoring in the region.
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Figure 1. Location of sampling stations in the Sirvan river basin on the map.

1- Van Veen Grab sampler
2- Freeze dryer
3- Spectrophotometry
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Table 1. Location of sampling stations in the Sirvan river basin -Sanandaj (2023-2024).

eK.IM.i. e)l.a.,.: Rt &L:J‘f:- Slass (Jin) G
Numbgr of Name of Station Geogr_aphlc Depth
Station coordinates (meter)
. (St aias 51 13) 5LE3 sVl N 35° 22" 36" 070
Upstream of Gheshlagh branch (before the treatment plant) E 47° 01' 12" '
, (bt osVL) IS L N 35°13" 41 050
Gheshlagh branch (Upstream the treatment plant) E 47° 00' 22" .
, (Sl aa s l) LS a L N35% 12' 12" 050
Gheshlagh branch (Downstream the treatment plant) E 46° 59' 33" '
. (3,5 Bl ¥ olSagl 51 S5l o shS ¥ 255) G032 N 35° 08" 08" 120
Gheshlagh Branch (located about 3 km downstream from Station 2) E 46° 53' 59" '
355058 axls N 35° 05' 04"
5 30 090 4> 0.80
Gavehroud Branch E 46° 55' 21"
6 (ds o) O3 o 33 N 35° 03' 52" ”0
Sirvan River (dam reservoir) E 46° 49' 51" .
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Figure 2. Diagram of the sequential extraction method of phosphorus in sediments (15).
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Table 2. Descriptive statistics of sediment environmental parameters in different seasons of the Sirvan river
basin -Sanandaj (2023-2024).

Rty

Variables

s ot . 3\
Seasons 1 ‘

TIP
JS s
TP
Org.P

o

I

m

=0
‘lea.w 2
Loosely-P

Jml & La..aja.ﬂ..a
Fe-P
(v:'*-:‘)” o e i
Al-P
J.M
Ca-P
B
Biova. P

(I skile 3L Land

Mean 772 -6440  54.74 366.36 540.05 1309.25 961.15 2270.6  2270.6 0.0

Y
j}; % SE 0.14 8.53 21.17 105.88 175.74 241.21 285.76 500.6 500.6 0.0
Z % Min 722 -85.70 16.95 178.65 219.79 917.60 519.76 1456.0 1456.0 0.0
@ Max 8.07 -3470 136.56 768.29  1127.86  2228.30 1947.39 4176.0  4176.0 0.0
- Mean 7.80 -68.20  48.80 273.12 788.10 1392.14 1110.01  2502.0  2559.6 57.6
—i % SE 0.10 6.01 16.75 85.32 213.99 319.22 311.44 620.8 609.6 26.6
; é Min 741  -84.40 14.67 70.48 163.42 585.85 248.56 834.0 961.0 0.0
< Max 8.07 -45.80 118.27 625.07  1536.19  2566.54 2279.54 4846.0  4846.0 128.0
Mean 769 -6156 @ 29.14 231.67 820.40 1306.82 1081.22 2388.0  2393.2 5.1
j: % SE 0.07 4.03 6.19 55.79 153.98 149.63 195.36 285.7 287.4 4.7
: % Min 750 -74.00 14.67 76.57 166.46 854.00 259.23 1467.0 1467.0 0.0
B Max 790 -50.90 4743 427.00 110348  1774.26 1513.92 3288.0  3288.0 25.7
Mean 797 -57.10 190.04 617.15 937.72 1740.74 1744.90 3485.8 3526.4 40.6
j’i % SE 0.14 8.38 13.61 54.78 193.31 96.28 239.43 322.6 306.6 26.7
Z g Min 7.62 -89.20 14494 433.10 580.89 1454.31 1248.81 2807.0 2860.0 0.0
? Max 851 -36.60 229.50 78353 175559  2024.14 2730.52 4755.0  4755.0 150.0
Mean 780 -63.37 76.87 344.86 704.50 1406.61 1126.23 2532.8 2555.6 22.8
u = SE 0.06 3.18 14.82 47.79 93.64 101.84 141.01 227.0 226.2 9.7
s}
=

Min 7.22 -89.20 14.67 70.48 93.33 585.85 189.14 834.0 961.0 0.0

Max 851 -3470 22950 78353 175559  2566.54 2730.52  4846.0  4846.0  150.0
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Table 3. Descriptive statistics of sediment environmental parameters in different stations of the Sirvan river
basin -Sanandaj (2023-2024).

a2
Variables
e L1 A 4 1 4
Stations “L > 3 a i a j; a ) c; 1 N :1 = a
pH  Eh 2 P § 23 31F SR =
%ﬁ § ¥ = ¥ 4 @ 3, “, 310
— > N
kS "L i kS 5
Mean 7.85 -66.12 46.86 167.22 270.07 1239.76 484.15 1723.7 1725.7 2.0
SE 0.08 5.44 23.55 63.68 110.85 97.65 197.08 123.0 124.4 2.0
1
Min 7.70 -81.70 16.95 72.00 93.33 957.61 189.14 1461.0 1461.0 0.0
Max 8.02 -56.30 116.75 343.20 568.70 1387.27 1028.65 1986.0 1994.0 8.0
Mean 7.74  -57.80 72.82 359.96 743.40 1293.82 1176.19 2470.0 2481.0 11.0
SE 0.13 9.40 49.39 126.03 153.17 190.34 298.64 476.8 468.5 11.0
2
Min 750 -76.40 22.29 198.46 437.67 1082.54 658.41 1741.0 1774.0 0.0
Max 793 -46.10 171.60 608.31 913.03 1673.71 1692.95 3367.0 3367.0 33.0
Mean 757 -49.62 103.42 556.13 1133.96 2076.70 1793.50 3870.2 3876.7 6.4
SE 0.15 7.10 47.18 145.06 157.18 211.25 217.25 428.2 422.9 6.4
3
Min 7.22 -68.80 14.67 129.90 768.29 1573.14 1248.05 2821.0 2847.0 0.0
Max 7.83 -34.70 229.50 768.29 1536.19 2566.54 2279.54 4846.0 4846.0 25.7

Mean 7.78  -62.22 78.85 423.19 999.88 1619.51 1501.92 3121.5 3153.5 32.0

SE 0.07 8.96 37.57 128.15 302.05 241.64 457.82 676.3 674.9 32.0

) Min 7.62 -75.20 36.00 219.79 282.26 917.60 538.05 1456.0 1456.0 0.0
Max 790 -36.60 191.41 783.53 1755.59 2024.14 2730.52 4755.0 4755.0 128.0
Mean 7.83 -64.92 48.19 217.50 305.11 1101.11 570.80 1672.0 1741.2 69.2

SE 0.09 2.25 32.25 88.13 122.57 213.92 234.98 426.4 442.1 40.3

° Min 769 -71.30 14.67 70.48 163.42 585.85 248.56 834.0 961.0 0.0
Max  8.09 -60.80 144.94 433.10 670.78 1612.76 1248.81 2862.0 3012.0 150.0
Mean 805 -78.15 110.08 348.92 784.29 1080.54 1243.29 2323.7 2337.0 13.2

SE 0.20 8.35 40.40 78.55 75.03 130.89 4591 1711 183.6 13.2

° Min 755 -89.20 43.62 209.12 580.89 854.00 1138.35 2062.0 2062.0 0.0

Max 851 -53.30 212.74 559.55 908.46 1454.30 1353.18 2807.0 2860.0 53.0
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Figure 3. Percentage distribution of Inorganic Phosphorus (T1P) and Organic Phosphorus (Org.-P) forms
at different seasons (A) and stations (B) in the Sirvan river basin, Sanandaj (2023-2024).
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Figure 4. Percentage distribution of different forms of bioavailable Phosphorus at different seasons (A)
and stations (B) in the Sirvan river basin, Sanandaj (2023-2024).
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Figure 5. Percentage distribution of different inorganic Phosphorus forms at different of seasons (A)
and stations (B) in the Sirvan river basin, Sanandaj (2023-2024).
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Figure 6. Variations in Eh and Fe-P (A), pH and Al-P concentration (B) at sampling stations
in the Sirvan river basin (2023-2024).
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Figure 7. Comparison of the Phosphorus Pollution Index (PPI) in the Sirvan river basin, Sanandaj at different
seasons and sampling stations during 2023-2024 (A) and 2020-2021 (B).
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Table 4. Comparison of standard ranges for Total Phosphorus concentration in sediments with the

present study.
C?-\JA (/) TOC J.::Uue 83 gl>ws (mg/kgdW) TP clle 83 gd>ws LA)},.ZS
References Threshold TOC Threshold TP Countries
Yang etal., 2017 - 733 (NAL) .= China
Huh et al., 2014 - 1600 (SMSs) ;5= o 5 South Korea
Persaud et al., 1993 1-10 600-2000 (PSQG) IsLls 4 i Canada
_ 0.86-26.23 515-3725 sl o3 01yl Iran
Baloei et al., 2024
5.35+5.19 2075 £776 (\44-VEr) T3 55005
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Figure 8. Variations in the mean percentage of Total Phosphorus (A) and Total Organic Matter (B)
in the Sirvan river basin, along with the Canadian standard assessment (6).
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