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The Zhaveh dam is located on the Sirvan River containing two main branches of
Gaveh Rood and Qeshlag. The dam was designed for industrial and agricultural use.
Surface sediment samples were collected at 5 selected stations in the two branches of
the Sirvan River, Qeshlag and Gaveh, as well as in the dam reservoir. In this study,
nine sediment parameters (different forms of nitrogen and phosphorus, TOC, pH, Eh)
were investigated to determine the quality and the prediction of the eutrophication
trend of the Zhaveh Dam. The quality of sediments in different stations showed that
they contain high organic and mineral pollution. Based on the TOC% of the sediment,
the region was considered as slightly to highly polluted, especially in stations 2 and
3, but station 4 (Gaveh Rood branch) was classified as moderate quality. The changes
in the OPI and ONI indices and comparison with the organic index standard also
indicated the high pollution of the sediments in this region. These conditions are due
to the high mean concentration of total phosphorus (2075+178 mg/kg.dw) and
bioavailable phosphorus (666142 mg/kg.dw) in the rivers feeding the dam, which
deal with a high risk of eutrophication. In addition, after the water intake of the
Zhaveh Dam and the high concentration of organic and mineral pollutants during the
retention time of the water, it will be difficult to control the eutrophication.

Introduction

River water is an essential natural resource
that supports economic and  social
development. Rivers and streams have been
extensively used to provide water for human
consumption, livestock drinking, aquaculture,
irrigation, industries, transportation,
recreation, and other purposes (Barakat et al.,
2016). Despite these benefits, rivers and
streams in developing countries are exposed to

pollution from various human and natural
sources (Oketola et al., 2013). The Zhaveh
dam is located 15 km from Sanandaj city. The
water of this dam is supplied by two main
tributaries, Qeshlag and Gaweh Rood, where
the Qeshlaq tributary is highly polluted due to
passing through the city of Sanandaj. One of
the important aspects of predicting the
environmental effects caused by the entry of
pollutants into the river ecosystem of Qeshlag,
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Gaveh Rood, and Sirvan is also the
construction of a dam, predicting the water
quality of the reservoir and the outflow from
the reservoir after operation. In this regard,
comprehensive and accurate information
about the quality of reservoirs of dams can be
an important factor in macro policies. The
purpose of the construction of the Zhaveh
Dam in Sanandaj is to store water for
agricultural and industrial activities (Mashanir
Electric Engineering Services Company,
2017). Considering the balance between the
capacity of the environment and the amount of
incoming materials and wastewater caused by
human activities and to prevent the spatial
disturbance of the ecosystem and also
considering the importance of sediment
components in water quality, it seems
necessary to study sediments.
Materials and Methods

The current research was conducted at 5
stations in Sirvan River, including two main
branches of Gaveh Rood and Qeshlag, which
are located in Sanandaj city. Sampling was
done seasonally during one year from the fall
of 2020 to the summer of 2021. The
equipment, sampling method, and checking of
various parameters were based on standard
methods (APHA, 2005; Sapozhnikov et al.,
1988). In this research, the sequential
extraction method of Psenner et al. (1984) was
used to separate different forms of phosphorus
in the sediment and thus for nitrogen species.
The Phosphorus Pollution Index (PPI=
Phosphorus Pollution Index) was used to
evaluate the level of phosphorus pollution,
which shows the potential for ecological risk.
For statistical analysis, parametric tests
(stepwise regression, Pearson correlation) and
one-sample t-tests were used to compare with
the standard values. Data analysis was
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performed using SPSS version 19 statistical
programs.
Results and Discussion

The results of this research showed that the
sediment concentration of bioavailable
phosphorus (Bioava.-P) (summation of three
forms of Loosely-P, Fe-P, and Al-P) at stations
2 and 3 (Qashlag River branch) has a
significant percentage (almost 50% of total
phosphorus), which is due to the entry of
sewage into this river. Loosely-P has the
lowest percentage among the Bioava.-P,
which is due to its direct consumption by
living organisms. Bioavailable phosphorus
was often found in the forms of Fe-P and Al-P
in sediment. These values decreased in station
5 (dam reservoir station). PPl ranged from
0.90 to 6.20 with an average of 3.40+0.81 in
the sediment of the catchment area of the
Zhaveh Dam. Stations 2 and 4 showed the
lowest and highest PPI, respectively. PPl was
greater than 1 in most of the sampling sites,
which indicates that the sediment of the study
area was contaminated by phosphorus.

The results of evaluating the changes of
TPi, TNi, and TOC% in surface sediments at
different stations and seasons in the catchment
area of Zhaveh Dam showed that based on the
TP concentration, the river sediments were
highly polluted and in terms of TN, the
sediments were in the range of clean to slightly
polluted. However, based on the TOC% of the
sediments, the region was considered slightly
polluted to highly polluted, especially in
stations 2 and 3. The condition of station 4,
which is related to the Gaveh Rood River, was
better in all seasons. But, the Qeshlaq river
stations even the upstream have shown
different pollution of TPi, TNi, and TOCY%.
According to the results of the single pollution
index, the risk level of TOC pollution in
sediments is relatively high in the entire
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region, and the risk level of TP pollution is low
to moderate and severe in some areas, while
the risk level of TN pollution is low in most
areas.

In this research, the changes in OPI and
ONI indices were in the range of 0.003-
4.623% and 0.004-0.500%. Comparing the
values of the two indicators of this study with
the standard organic index showed that the
state of the quality of the sediments of both
indicators showed high pollution.
Conclusions

Water  scarcity has become an
environmental problem in many countries in
recent years. Understanding sediment plays an
important role in water quality because
nutrients loaded in water are absorbed by
sediment and can always release nutrients in
the water body and make them available to
algae and other consumers. The investigation
of sediment in the present study showed that
the total concentration of phosphorus
(2075£178 mg/kg) and  bioavailable
phosphorus (666142 mg/kg) in the rivers
leading to the dam was high, which will
increase the risk of water eutrophication. In
addition, the concentration of TN and TP in
the sediment of all stations was higher than
that of the river water, which can provide the
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necessary nitrogen and phosphorus to enhance

eutrophication.
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Table 1. Equipment and methods of investigation of various parameters in the catchment area of the Zhaveh

Dam of Sanandaj

parameters Device equipment method
pH pH meter (WTW 320) USEPA 2004-9045D
Eh pH meter (WTW 320) USEPA 2004-9045D
ToC Computational TOC(%) =Total Organic
matter(%)/1.724
NH& TN Spectrophotometer(CECIL2501) (Sapozhnikov et al.,1988)
APHA, 2005
(NO2/N) Spectrophotometer(CECIL2501) 4500, B(APHA, 2005)
(NO3z/N) Spectrophotometer(CECIL2501) 4500, E(APHA, 2005)
DIN/N) Computational (Yurkovskis, 2004) DIN = (NH4+) +
(NO2-) + (NO3-)
(DON/N) Computational (Yurkovskis, 2004) DON=TN-DIN
TN/N Spectrophotometer(CECIL2501) (APHA, 2005)
Digestion of persulfate
DIP/P) Spectrophotometer(CECIL2501) (APHA, 2005)
Molybdate method
(DOP/Py Computational DOP=TP-DIP (Yurkovskis, 2004)
TP/P Spectrophotometer(CECIL2501) Digestion of persulfate
GEm (APHA, 2005)
PPI = Ci/Cstg ) (PPI) yound SogiT alis

Cowl T diged yawd cdale Ci dolee (pl o
Sl MY/ KY) o lailiwt cdale Caa 5 (MY/KY)

(25 5 Oa s d) sdae dlge (b))l Jlne
(Alvarez-Guerra et al., xhaw slp! Sbgw,
o 0ls L ¥ Jsax 4 2010)
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Table 2. Evaluation criteria for nutrients (phosphorus, nitrogen, and carbon) of surface water sediment (Alvarez-

Guerra et al., 2010)

Risk Level TOC TN TP Pollution Assessment
I PTOC <1 PTN <1 PTP <05 Clean
1I 1< PTOC <5 1< PTN <2 05< PTP <1 Sllghtly polluted
III 5 < Proc <10 2<Py<3 1<Prp<l5 Moderately polluted
v 10 < PTOC 3< PTN 15=< PTP Seriously polluted
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Pearson . Stepwise regression ) G xol,b
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Table 3. Descriptive statistical of phosphorus, nitrogen, and carbon) of surface water sediment in different
seasons and stations in the catchment area of the Zhaveh Dam of Sanandaj (2020-2021)

seasons parameters

pH Eh Loosely-P FeP AlP CaP BioP TIP TP

Mean 8.05 -85.18 28.44 128.80 | 368.40 | 1757.4 | 525.6 | 2283.4 | 2278.2

Spring [SE 0.08 4.54 9.88 57.11 | 216.95 | 3141 279.9 4725 305.7
2021 Minimum | 7.91 -98.10 10.00 33 58 1168 101 1269 1647
Maximum | 8.28 -76.70 54.60 345 1226 2872 1626 3584 3293

Mean 8.30 -90.54 39.42 220.80 | 692.60 | 1585.40 | 952.8 | 2538.6 2634
Summer |SE 0.11 5.42 12.80 7442 | 314.03 | 27471 | 397.7 665.8 353
2021 Minimum | 8.01 -111.50 5.40 53 70 924 128 1135 1714
Maximum | 8.69 -81.20 66.40 477 1796 2539 2335 4874 3725

Mean 7.68 -61.80 24.27 179.0 5725 865.5 7757 | 16412 | 1691.2
Autumn |SE 0.07 4.05 9.55 66.3 237.2 167.8 304.4 444.7 436.1
2020 Minimum | 7.49 -70.10 6.20 45 55 373 106 479 515
Maximum | 7.83 -51.20 49.20 358 1030 1128 1438 2423 2429

Mean 7.62 -57.78 33.54 126.40 | 273.60 | 1163.20 | 433.6 | 1596.4 | 1619.4

Winter |SE 0.12 6.60 11.94 44.43 67.24 86.78 115.2 200.9 200.3
2020 Minimum | 7.23 -77.30 11.10 25 53 888 89 976 978
Maximum | 7.96 -36.20 74.80 281 433 1366 750 2116 2136

Mean 7.92 -74.46 31.79 162.95 | 471.7 | 1368.0 | 666.5 | 2034.6 | 2074.9

SE 0.08 4.18 5.34 29.54 111.0 134.5 142.4 239.8 178.1

Total Minimum | 7.23 -111.5 5.40 25 53 373 89 479 515
Maximum | 8.69 -36.2 74.80 477 1796 2872 2335 4874 3725

YYo
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seasons parameters
NHN NO,;N NOsN TINN TONN TNN
Mean 279.70 0.76 8.87 289.3 141.9 431.20
Spring Std. Error of Mean 142.64 0.52 1.74 142.1 41.1 140.88
2021 Minimum 15.70 12 3.61 30.200 49.38 211.36
Maximum 831.50 2.84 14.35 839.50 275.10 971.64
Mean 531.10 0.32 7.82 539.18 4.30 541.60
Summer Std. Error of Mean 83.69 0.12 0.32 84.05 4.30 84.11
2021 Minimum 395.40 0.11 6.80 403 0.00 395
Maximum 857.00 0.80 8.70 866 21.50 866
Mean 515.25 0.70 5.48 521.45 16.17 537.60
Autumn Std. Error of Mean 50.08 0.16 0.44 50.61 5.57 56.03
2020 Minimum 420.90 0.51 4.46 425.9 7.30 433.18
Maximum 655.50 1.19 6.46 663.2 31.40 694.55
Mean 278.02 1.04 7.0 286.06 148.8 435.1
Winter Std. Error of Mean 133.97 0.29 1.2 135.44 16.1 143.9
2020 Minimum 333 0.5 4.50 38.3 105 181.59
Maximum 732.0 2.0 11.27 745.3 203 948.59
stations parameters
pH Eh Loosely-P FeP AIP CaP BioP TIP TP
Mean 8.07 -81.93 9.47 48.7 144.67 | 1299.67 | 202.33 | 1502.67 | 1801.0
SE 0.43 23.19 2.05 5.9 49.01 159.49 52.61 134.12 203.5
! Minimum | 7.23 -111.50 5.40 37 70 1046 128 1350 1417
Maximum |  8.69 -36.20 11.90 56 237 1594 304 1770 2110
Mean 7.92 -74.07 41.42 260.7 842.25 1976 1144 3121 2896
SE 0.17 8.01 15.95 81.1 347.79 429 424 6371 370
? Minimum | 7.49 -88.50 13.00 99 263 1128 377 2116 2136
Maximum | 8.30 -51.20 74.80 477 1796 2872 2335 4874 3725
Mean 7.82 -70.37 45.15 267.0 878.75 1500 1191 2692 2472
SE 0.09 5.28 6.36 51.2 169.54 222 224 357 247
3 Minimum | 7.65 -81.20 26.40 145 433 985 605 1895 1905
Maximum | 8.01 -60.40 54.60 358 1226 1958 1626 3584 3055
Mean 7.86 -70.27 10.0 49.75 67.0 838.2 126.7 964.7 1213
SE 0.14 6.15 1.3 15.95 11.7 167.1 28.3 172.6 286
‘ Minimum | 7.58 -834 6.2 25 53 373 89 479 515
Maximum | 8.22 -55.5 12.3 96 102 1168 211 1269 1714
5 | Mean 7.98 -775 473 160.0 344.25 | 1208.25 | 551.75 1760 1923

Yya
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SE 0.16 8.4 7.8 32.7 111.16 94.12 148.79 228 228
Minimum 7.61 -94.2 28.7 125 168 976 349 1420 1551
Maximum | 8.29 -57.6 66.4 258 669 1436 994 2430 2567

stations parameters

NHsN NO2N NOsN TINN TONN TNN
Mean 381.03 0.75 11.04 392.83 159.37 549.47
Std. Error of Mean 206.90 0.62 1.98 206.49 82.36 201.22
Minimum 15.7 0.1 7.50 30.2 0.00 305.25
Maximum 732.0 2.0 14.35 745.3 275.10 948.59
Mean 510.17 0.77 7.90 518.8 76.97 595.7
Std. Error of Mean 128.40 0.23 1.04 128.2 42.79 93.3
Minimum 242.4 0.32 5.13 252.8 0.00 438.1
Maximum 857.0 1.39 10.05 866.4 185.30 866.0
Mean 506.05 0.65 6.83 5135 80 593.5
Std. Error of Mean 164.77 0.20 0.72 165.2 31 161.5
Minimum 62.70 0.32 4.96 68.4 215 203.57
Maximum 831.50 1.19 8.20 839.5 135.0 971.64
Mean 259 0.3 4.8 264 49.9 314.0
Std. Error of Mean 98 0.1 0.7 98 32.9 68.1
Minimum 33.30 0.12 3.61 38.3 0 181.59
Maximum 423.50 0.51 6.80 430.4 143 433.18
Mean 315.27 1.0525 7.2625 323.52500 58.4900 382.1100
Std. Error of Mean 101.75 0.60 0.63 101.2 36.4 70.8
Minimum 128.40 0.23 5.89 135.5 0 229.7
Maximum 505.10 2.84 8.68 513.1 158 513.0
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Fig. 2. The percentage of different forms of available phosphorus in different seasons and stations in the
catchment area of the Zhaveh Dam of Sanandaj (2020-2021)
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Fig. 3. The percentage of different forms of inorganic phosphorus in different seasons and stations in the
catchment area of the Zhaveh Dam of Sanandaj (2020-2021)
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Fig. 4. Changes of different forms of inorganic nitrogen in different seasons and stations in the catchment area

of the Zhaveh Dam of Sanandaj (2020-2021)
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Fig. 5. Changes of pH, Eh, Fe-P, and Al-P in different stations of the catchment area of the Zhaveh Dam of

Sanandaj (2020-2021)
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Fig. 6. Spatial changes of Phosphorus pollution index (PPI) in different seasons in the catchment area of the

Zhaveh Dam of Sanandaj (2020-2021)

—eo Ve ) e, TP cdale b (awgte Sogll)
Lo (5 Jpa) o5 W (Sl sl .55 5 05
UL 5 s952 0,5 slo,eiS o laslv] eogame o
3 Slgewy TN Glpess rizman 025 0 )8
QJ..\JL..M:‘ Ja....:j...‘c )‘A.Q.A )‘ ).a.oS 09‘) Sw )J)JT MP
5ot o Sl Ll ooy (asiz 0,5 5 ez
I Silee puizmen 00 )5l ol o lasll
Oliee yiSlas Lol .0 5 oo )1 3 0L 005 o laslesl
S bl eogase 5l yiin (V oK) ouls &l

oM INFL Ly

AR

axb,o deailsog, o Slgw, TP o TN clale

0 OLas (e SSlzmly ailbog) adg (3l 5 Lo
Om ade> 0 Slgw, TP Jlade S0l 45 a0
3 oS ke YYY ez o jlaibin] bavgie o
e b 5 gy TN :S0le 9 ol 0 55LS
§ VL Ll o SoLS 5 o8 e VIIEYY -
S eSS 0 pS ke VeV lugle i
oo olid ol i ls (Yang et al., 2017)
duslie [0 09l o 3 ol asg> TP clale ol5ue a5
01N (p S olS 5o 0,5 oo VYY) (o liliul
U"’L“" » 4\5.’)914 O Sl 009 Yl ).3|).3 Y/AY
Liu et) Slgw, JS,aud Sogll dalé odgame
Foolliwl 5l e a4 boliw! sl @l., 1999



ohles 5 Sglb

those of literature data.
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Table 4. Comparison of phosphorus and total nitrogen concentration in sediments of e present study with

. Concentration

Range of values Concentration rance TP
Reference TOC range TN (m %k dw) Country

(%) (mg/kg.dw) 9/kg.
Yang et al., 2017 - 1070 733 (NAL) China
Huh et al., 2014 - 5600 1600 (SMSs) South Korea
Persaud et al., 1993 10-1 640 2000-600 (PSQG) Ontario, Canada
This research 5.1945.35 240+484 776+2075 Zhaveh Dam -Sanandaj

26.23-0.86 y971-182( y3725-515¢ catchment area

Sediment Management Standards (SMSs), National Average Level (NAL), Provincial Sediment Quality Guidelines
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Table 5. Evaluation of standard organic index in sediments in the catchment area of the Zhaveh Dam of
Sanandaj (2020-2021)

Total OPI
0.741+1.15 <050 | 0.20-050 | 0.05-020 | >0.05

up

N

ONI1% _

0.152+0.15 <0.133 | 0.066-0.133 | 0.033-0.066 | >0.033 Pollution

up Pollution scale

IV up | medium | IV | uncontaminated

Classification
v ] 1T | 1l | [

ONI=Organic Nitrogen Index
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Ministry of Environment and ) 1ablS™ o lailesl

A s 9,5 cu3 (Energy of Canada, 1992
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Fig. 7. Evaluation of standard organic index (ONI, OPI) in sediments in different seasons of Zhaveh Dam of
Sanandaj (2020-2021)
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Fig. 8. Changes in the average percentage of phosphorus, nitrogen, and whole organic matter of the catchment
area of the Zhaveh Dam along with the Canadian standard
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Fig. 9. The standard index of TP;, TN; and TOC in sediments in different stations and seasons of the catchment

area of the Zhaveh Dam of Sanandaj (2020-2021)
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Fig. 10. Relationships between TN, TP, and TOC% in sediments of the catchment area of the Zhaveh Dam of

Sanandaj (2020-2021)

AR



ohles 5 Sglb

2 sesgel O3l s oS e el s S
Olaass @L.: Sl 6 5YL Cad il Slgas,
als oles (Winsby etal., 1996) )l San g conisg

@l O & Slgw; 4 Jate (39505 s3lule oS
oolil e g ool (oLl B (g5le0 Ll 5o
Lilys o ol Gy 4 Shgw, 0 Saxe el
5 S i i ool oS s (50
bsw, o« (Kemp and Boynton, 1992) gy s
wlp ceye Wil S le Lulys oS
o RIS slalide b5 jsb sy (el
JB ke pad Saxe anlp 0 4S5 ek 4 b
wlys o eaigel o 4 JI ol l lakde
Bligesy RS- il oy (32 (shie 5
G5 S ey gl (Jlge o (22 Sy
Winsby ) cosl Llpi 09 55l90 e 5 5]
Sty 5eSile S0l ek Lo et al,, 1996
s B olSg] 45 oebaes Sliges, EalS - LigluS]
ol 009 hlgma eI Sy (e VA ol
Olgusy 5l (Gome O3l Jlil ames jo o)l Slgu,

203,50 (s Gl S (S el 5l o o st &

bB jaud g IS e cdale a5 ol Las ogly o
Jsa )l i s Ol 5l Slgw, 5o s
Comad W30 O35 7 Jgur &S 0blen (P
2 ol Game b 4 ogli s Slga, (Sore b
M‘ : 05.9.’ ;;Lu ’LY C,«.w‘oby yag s ysy 099w
clale 1y; el Ol e 4 Slga, 51 Sane
oS el @ g 5l it (e Sligesy yo i
@ s cdale b e 3l oluS 5 lacsl 9B L
Sl Callas ieS clale b o
Slgaw,y yo Ol Gl slap 8 clale yuen
F Jgoz) sl 009 Ol jo Loyl clale ) i
Slgw) 5o il Glide slap b @ by wlbs
£ 5| it Gl #) e 8 45 0l L nlaw
Ol Some slop 8 rs 10 uioten g Cawlosgy JT
B lJ Cwldls A_AS)LAM.A Qo 40 A L..:).a.: “50-‘-’5-9.‘—
Slgaw, ;o Ol alizes glop P Cons (285 las
JEsl a5’ cél o g e B Jgoz) ol 4 Cus
0S5 o0 Dygo yiden J O3l A G Game )

O & Sbiges, 5l sarigel 5l Jail rizmen

OYANF - Jlo) gasiw ogli o Of ) Slhiguy 58 (395505 9 pind Gdke Slgo Cile Cos —F Jgar
Table 6. Sediment to water ratio of phosphorus and nitrogen nutrients in the Zhaveh Dam of Sanandaj (2020-

2021)
TPs/TPw | DINsS/DINw | TNs/TNw | Bioava.-Ps/PO4w
The ratio of nutrient concentration of sediments 769 70 6 267
to water
S=sediment, W=water
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