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1-Introduction

According to the United Nations, population growth in urban areas around the world will double by 2050.
This growth is associated with environmental effects, including chemical, hydrological, and physical
changes in rivers® catchment (Poleto et al., 2009). Weathering and the water-rock interaction through the
dissolution and ion exchange process are the main phenomenon affecting the chemical composition of
surface water (Mustapha et al., 2013). Among the factors affecting surface water quality, human activities
play the most important role (Chaudhary et al., 2017), and urban pollutants are the main cause of surface
water pollution in Asian countries (Chaudhry and Malik, 2017; Milovanovic, 2007).

This study aims to assess the water chemical evolution and contamination of rivers in the north of Tehran
in terms of geogenic and anthropogenic pollutants, from the tributary to before the entrance of the city. Due
to the fact that there is no significant industrial center in the north of Tehran, the impact of human factors
away from industrial activities can be predicted, such as the existence of resorts in the north of Tehran in
this temperate region.

The study area is located in the north of Tehran metropolitan area, where the altitude is between 1800
and 2700 meters above sea level. The easternmost and westernmost rivers in the study area are Darabad
River and Kan River, respectively (Fig. 1). The north of Tehran heights, mostly consist of the Karaj
Formation (Eocene period) submarine pyroclastic sediments (green tuff) exposures with sedimentary and
volcanic rocks interbeddings, including conglomerate, sandstone, shale, siltstone, and andesitic-dacite-
basaltic lava (Fig. 1).

2-Materials and methods

Sampling campaigns was done in the water year 2019-2020 on a seasonally basis along the north of Tehran
6 rivers (35 points per sampling campaign) (Table 1). Some physicochemical properties of rivers™ water
(including water temperature, T; electrical conductivity, EC; and acidity, pH) were measured in the field at
the time of sampling using a portable device. Besides, samples for nitrate and phosphate were filtered using
0.45 um filters. Samples were transferred to the laboratory on the same day of sampling to measure water
quality characteristics. In order to evaluate the amount of coliform in the water, the water samples were
collected in sterile glass vials. The samples were analyzed using the American Public Health Association
guideline (APHA, AWWA, WEF, 2017).

3-Discussion

In Darabad, Darband, Darakeh and Kan rivers, with temperature increase during the summer period, the
pH has reached its maximum value as well. In addition, despite the temporal and spatial negligible
variations of bicarbonate ion in the study area; but bicarbonate concentrations have still risen slightly for
most rivers in the summer, especially at downstream stations. Therefore, groundwater seems to be the main
source of bicarbonate ion in the studied rivers.
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Moreover, the highest EC and TDS values are recorded at the Kan River downstream samples. However,
TDS has increased in Darband and Darakeh rivers in downstream stations as well. Therefore, these clues
confirms the impact of resorts™ wastewater discharge into the rivers.

The concentration of sodium and calcium ions gradually increases toward the rivers downstream. In
addition, the rivers recharge by springs has caused abnormalities in the hydrochemical properties of rivers.
Also, leaching of soil cover (inceptisoil deposits) in the north of Tehran by rain water has an effect on
increasing some ions such as calcium.

Table 1. The geographical location and characteristics of the distric intented stations, Starred items represent the

samples taken from springs outlet.

Distance Height Geographical Geographical
River Spatial _description of from_ the (m) latitude Longitude Station
the station previous ID
station
Khalil Garden 0 2253 35°5051.20"N  51°28%59.30"E = DALl
Haft-Hoz Spring 473 2206 35°5041.80"N  51°29'06.60"E = pAa2*
Chal Magas Waterfall 539 2106 35°5030.60"N  51°2911.50"E  DA3
Jahan Spring 210 2073 35°50'18.70"N  51°2920.10"E  pa4*
Darabad (1 o khan 1459 1904  35°50'13.90"N  51°2922.10"E  DAS
Do-Ab Sir-Dorood 752 1829 35°50'00.90"N  51°2926.30"E = DA6
Darabad Outlet 1180 1744  35°49'16.20"N  51°29'31.00'E  pA7
Tochal Spring 0 2456 35°50'36.85"N  51°2524.17"E  pDB1*
Shirpala 670 2371 35°51'01.90"N  51°2536.90"E = DB2
Helicopter landing site 609 2301 35°5047.73"N  51°2533.54"E  DB3
Abdollah-Rish 944 2047 35°50'31.30"N  51°2526.30"E = pB4
Darband Restaurant 925 1942 35°50'06.80"N  51°2524.60"E  DBs5
Darband Outlet 1201 1780 35°49'42.70"N  51°2537.60"E = DB6
Haft Cheshmeh 0 2450 35°49'34.93"N  51°22%57.11"E  pK1*
Palangchal Shelter 672 2336 35°5107.00"N  51°22'48.00"E  DK2
Ozghalchal 1413 2116 35°5029.93"N  51°2255.15"E  DKS3
Jozak Waterfall 1113 2002 35°50'00.00"N  51°2250.00"E =~ DK4
Darakeh g%cr)r:tpsl eC;(ultural 941 1888 35°49'35.00"N  51°22'56.00"E DK5
Kara 501 1862 35°4920.00"N  51°22'49.60"E =~ DKG6
Egﬁ;ﬁ&;ﬁn e 699 1811 35°4855.00"N  51°22'51.70"E DK7
Darakeh Outlet 1357 1699 35°4821.50"N  51°23'03.50"E = DK8
Cheshmeh Bid 0 2275 35°49'06.30"N  51°21'15.60"E =~ CH1"
Chinkalagh ChinKalagh Outlet 289 2205 35°4859.60"N  51°21'18.80"E CH2
Siah Band Waterfall 0 2297 35°51'09.00"N 51°2025.10"E F1
Yonje-Zar 1172 2182 35°50'36.30"N  51°2012.10"E F2
Volozare 1931 2057 35°49'46.60"N  51°20'09.60"E F3
Cheshmeh Habib 181 2025 35°49'41.80"N  51°20'08.10"E E4*
Farahzad  Ap-e Zendegani 654 1956  35°49'23.20"N  51°20'14.70"E F5
Farahzad Outlet 3550 1699 35°47'46.90"N  51°20'36.60"E F6
Imamzadeh Davood 0 2698 35°52'58.60"N  51°20'41.90"E K1
Sangan 9689 1702 35°5022.01"N  51°16'3.13"E K2
Kan Sulgan 6128 1530 35°47'33.50"N  51°1514.23"E K3
Seyl Bargardan 4187 1390 35°45'59.83"N 51°15'13.63"E K4
Kan Outlet 2452 1364  35°44'39.12"N  51°155451"E K5
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Fig. 1. The geological and hydrological map of the study area (Geological Survey and Mineral Exploration of Iran,

1994)

In the Darakeh River, the K+ increase significantly during spring and autumn at mid-river stations
probably due to the impact of alteration zones as well as basaltic and andesitic lavas.

The Kan River has the highest sulfate concentration at downstream sampling points. Large and densely
populated villages on the outskirts of the Kan River probably pollute the river more than other rivers, and
the increase in the concentration of many ions in this river is related to this issue.

Nitrate concentrations increased steadily from upstream to downstream, especially along those rivers
that are highly affected by human activities, such as Kan River; Phosphate concentration in most rivers has
reached its maximum in samples taken during the summer period. Unlike nitrate, phosphate concentrations
in springs™ outlet are lower than in rivers. Discharge of municipal wastewater and agricultural effluents
leads to an increase in this ion in surface water (such as downstream of the Kan River). The presence of
cafeterias and restaurants on the outskirts of rivers in the north of Tehran, including Darabad, Darband,
Darakeh and Kan, and the discharge of their wastewater into the river greatly increase the amount of nitrate
and phosphate in the water.

According to Piper diagrams, the predominant anion and cation in the studied samples are bicarbonate
and calcium, respectively.

The north of Tehran Rivers™ are almost supersaturated with aragonite, calcite and dolomite minerals
during summer and sometimes spring periods (dry seasons) that is potentially related to the precipitation
pattern and rivers recharge from groundwater.

Besides, microbial contamination has been observed at downstream sampling points, which is probably
due to the discharge of effluent from suburban resorts and restaurants into the rivers. Because the activity
of these restaurants decreases sharply in winter; therefore, microbial contamination of rivers is less in winter
than in other seasons.
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4-Conclusion

The results of this study show that the rivers in the north of Tehran (which also recharge the Tehran aquifer)
are all affected by weathering of silicates in geological units exposed along the rivers channel. Although
the concentrations of the main anions and cations in all river water samples are within the permitted range
according to the drinking water standards such as WHO, but at downstream of the rivers, water quality is
strongly affected by the urban and rural wastewater influents and the horticultural drains and the
concentration of nitrate and phosphate has also increased significantly. Additionally, the results show that
the Kan River is more polluted than the other rivers studied as a result of numerous villages and gardens
discharging horticultural and rural wastewater into the river. Finally, the Tehran aquifer recharging rivers
water are significant polluted by nitrate, phosphate and biological contaminants.
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Table 1. The geographical location and characteristics of the distric intented stations, Starred items represent the samples

taken from springs outlet.

. _— Distance from Height | Geographical Geographical Statio
River Spatial desst;;gglon of the the previous irg)t Ia?titupde Lo?wgi‘t)ude n
station 1D
Khalil Garden 0 2253 35°50'51.20"N | 51°28'59.30"E DAl
Haft-Hoz Spring 473 2206 35°50'41.80"N | 51°29'06.60"E | *DA2
Chal Magas Waterfall 539 2106 35°50'30.60"N | 51°29'11.50"E DA3
Jahan Spring 210 2073 35°50'18.70"N 51°29'20.10"E DA4"
Darabad Kabootarkhan 1459 1904 35°50'13.90"N | 51°2922.10"E | DAGS
Do-Ab Sir-Dorood 752 1829 35°50'00.90"N | 51°29'26.30"E DAG
Darabad Outlet 1180 1744 35°49'16.20"N 51°29'31.00"E DA7
Tochal Spring 0 2456 35°50'36.85"N 51°2524.17"E DB1*
Shirpala 670 2371 35°51'01.90"N 51°25'36.90"E DB2
Helicopter landing site 609 2301 35°50'47.73"N | 51°25'33.54"E DB3
Darband Abdollah-Rish 944 2047 35°50'31.30"N | 51°25'26.30"E DB4
Restaurant 925 1942 35°50'06.80"N | 51°25'24.60"E DB5
Darband Outlet 1201 1780 35°49'42.70"N | 51°25'37.60"E DB6
Haft Cheshmeh 0 2450 35°49'34.93"N | 51°22'57.11"E DK1*
Palangchal Shelter 672 2336 35°51'07.00"N 51°22'48.00"E DK2
Ozghalchal 1413 2116 35°50'29.93"N | 51°22'55.15"E DK3
Jozak Waterfall 1113 2002 35°50'00.00"N | 51°22'50.00"E DK4
Darakeh Sports Cultural Complex 941 1888 35%49'35.00"N 51°22'56.00"E DK5
Kara 501 1862 35°49'20.00"N 51°22'49.60"E DK6
Doostdaran-e Kouhestan 699 1811 35°48'55.00"N 51°22'51.70"E DK7
1699 35°48'21.50"N | 51°23'03.50"E
Darakeh Outlet 1357 DK8
Cheshmeh Bid 0 2275 35°49'06.30"N | 51°21'15.60"E CH1*
ChinKalagh ChinKalagh Outlet 289 2205 35°48'59.60"N | 51°21'18.80"E | cpo
Siah Band Waterfall 0 2297 35°51'09.00"N | 51°20'25.10"E F1
Yonje-Zar 1172 2182 35°50'36.30"N 51°20'12.10"E F2
Volozare 1931 2057 35°49'46.60"N 51°20'09.60"E F3
Cheshmeh Habib 181 2025 35°49'41.80"N 51°20'08.10"E F4*
Farahzad Ab-e Zendegani 654 1956 35°49'23.20"N | 51°20'14.70"E F5
Farahzad Outlet 3550 1699 35°47'46.90"N 51°20'36.60"E F6
Imamzadeh Davood 0 2698 35°52'58.60"N 51°20'41.90"E K1
Sangan 9689 1702 35°5022.01"N 51°16'3.13"E K2
Kan Sulgan 6128 1530 35°47'33.50"N 51°15'14.23"E K3
Seyl Bargardan 4187 1390 35°45'59.83"N 51°15'13.63"E K4
Kan Outlet 2452 1364 35°44'39.12"N 51°15'54.51"E K5
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Table 2. Chemical analysis results of water samples taken from river water and springs. Fecal and total coliforms are
reported in colony forming unit, CFU. lon concentration values are reported in mg/l. Starred items represent the samples

taken from springs outlet.

River name| Season | 1D Sag“aﬁ'e'”g Cgﬁ;’gr'm c;f}tg:m Toc HSE/fm TDS| pH|HCO3| CI |50, |NO4|PO,| Ca|Mg|Na| K| TH]| SId | SIc | Sla
KL | 20195517 - - 8 | 160 |112]7.7] 95 | 9] 9 | 7 | 0 |20] 6 |12 3| 76|-1.61|-058]-0.74

. K2 | 2019/5/17 - - 12.7| 213 (141|179 114 |19 16| 9 0 |30| 8 [16] 4 |107|-0.85|-0.22|-0.37
Spring s 201055117 - -~ [129] 218 144] 7.8 120 |23 21| 9 | 0 |35| 8 |17] 4 |121]-0.65]-0.09]-0.25
K4 | 20195517 - ~ 136|222 | 147| 78] 176 | 38] 33 | 13| 0 |43[10(37| 5 |149|-1.36(-0.46]-0.61

K5 | 2019/5/18| 920 | 540 |13.8| 237 | 156 7.6 256 | 52| 64 | 14 | 1 |63| 14|55 6 |217]-0.79|-0.17[-0.32

KL | 201081 | - - 8 | 194 |128]7.7] 88 [10] 9 | 5 | 0 |34 3 |4 2| 98[0.36[0.22[0.07

K2 | 201081 | - ~ 127|287 | 189] 7.8[ 170 |11] 8 | 14| 0 (48] 6 | 9| 3 |144/0.35[051]0.36

summer| K3 | 2019/811 | - ~ [12.9] 309 [ 204] 7.8] 187 |17] 13| 15| 0 |64] 7 |10 4 189 1.15[0.92] 0.77
Ka | 201081 | - ~ 136|480 | 317] 7.2] 159 |29] 25 | 15| 0 |68] 7 |15 3|200[0.11| 0.4 | 0.25

an K5 | 2019/7/27 | >1600 | 1600 |14.3| 730 |482| 72| 171 | 35| 48 | 19| 0 |70/ 10(19[ 5 [217[-0.04[ 0.25] 0.1
K1 |2019/12/14 - - 18.6| 201 | 133|8.2| 129 | 11| 13| 11| O |36| 6 |11| 4|117(-1.14({-0.17|-0.33

K2 |2019/12/14 - - 17.5| 383 | 253 8.1| 152 | 19| 28 | 15| O |47| 8 |14| 4 |153(-0.47(-0.11|-0.05

Autumn| K3 |2010/12/14] - — |20.1| 450 | 297| 83| 137 | 24] 30 | 17 | 0 |45| 9 |14] 4 [149[-0.45[0.03]0.12
K4 |2019/12/14 - - 20.9| 451 | 298| 7.8| 138 (23| 37| 17| O [44|11|14| 4 {154|-0.48|0.03|-0.13

K5 [2019/12/10] >1600 | 1600 |22.3| 569 | 376|7.6] 174 |41| 52 | 28 | 1 |58 13[29] 6 |198] 0.7 |-0.09]-0.25

KL | 202012126 | - ~ | 46| 240 158[79] 115 | 9| 12| 11| 0 |25| 6 |14] 3| 88| -1.2| 0.3 |-0.46

K2 | 202012126 | - ~ | 79| 318]210[79] 128 | 14| 25 | 15| 0 |29]10(17] 3 [113[-0.65/-0.13]-0.28

Winter | K3 | 2020/2/26 | - ~ 91| 342]226|7.8] 124 | 20| 36 | 12| 0 |31| 12 (18] 4 [125[-0.67|-0.17]-0.33
K4 | 202012126 | - ~ 102|368 | 243[7.7] 141 | 19| 49 | 12 | 0 |39] 14 (21| 4 [155[-0.77| 0.2 |-0.36

K5 | 2020/2/27| 1600 | 920 |12.1| 451 |298|7.4] 176 39| 46 | 16 | 0 |51|15|38| 5|190[-0.72[ -0.2 |-0.35

spring |CHL| 20200672 |- -~ 131|256 | 169|7.8] 128 | 8| 10| 12| 0 [18] 3 [33] 1| 57|-1.29/-0.33[-0.48
CH2| 2020/6/2 | 920 | 540 |15.8| 279 |184|7.8] 140 | 10| 16 | 9 | 0 |27] 3 [30] 1| 79]-0.92[-0.09]-0.24
summer| CHL| 201078120 - ~ 137|263 174|71] 150 | 8| 10 | 10| 0 [42| 2 |5 2 [114[-2.28[-0.56]-0.71
Chinklagh CH2|[2019/8/20| 920 | 540 |17.2| 356 | 235|7.4] 218 | 10| 17| 3 | 0 |55 3 | 7| 3|153[-0.93[0.01|-0.14
Auturmy | CHL 2019712136 - ~ 113 225 | 149| 76| 101 | 12| 14 | 20| 0 |26] 2 [30] 1| 75|-2.04|-0.55]-0.71
CH2(2019/12/16] 920 | 540 |83 | 254 |168|7.7| 120 | 11| 18 | 19| 0 |31 3 [29] 1| 90-1.62[-0.33]-0.48

Winter |CHL| 202073714 ~ |105| 244 | 161|7.8] 116 |10 10| 16 | 0 [31] 2 |25] 1| 85|-1.59]|-0.21]-0.36
CH2|[2020/3/14| 770 | 240 |10.1] 249 |164|7.9] 119 | 9 | 24 | 15| 0 |35| 2 |24] 1| 95-1.34|-0.06]-0.22

FL | 202061 | - -~ 119|229 151|790 126 | 7| 7 | 4 | 0 [30] 3 [20] 1| 89]-0.96[-0.08[-0.24

F2 | 202061 | - ~ 136|299 [ 197[7.9] 159 |10 11 | 7 | 0 |41] 4 |24] 1 [120[-0.35[-0.22] 0.07

F3 | 202061 | - ~ 141|301 199| 8| 162 | 10| 18 | 7 | 0 |44| 5 |25] 1 [129]-0.06/0.36 | 2.01

spring | F4* | 202061 | - ~ 139|304 |201[79] 161 | 9| 1 | 8 | 0 |33] 6 |25] 1[107[-0.36/0.09] 0.07
F5 | 202061 | - - |143]304|%9Y 8| 160 | 9| 12| 8 | 0 |36 6 |15/ 1|17/ 0.01]0.29]0.14

F6 | 2020/6/1 | >1600 | >1600 |12.8] 289 | 191| 7.8| 128 [11] 17 | 13| 0 |35| 5 | 21| 1 [110[-0.73]-0.04|-0.19

F1 | 2010/89 | - ~ |16.3] 453 299|7.9] 240 |12] 9 | 3 | 0 |68] 6 | 6 3|195/0.47|0.64]0.49

F2 | 2010/89 | - ~ 181|467 |308|7.9] 249 |12| 14| 4 | 0 |71 6 | 7| 4|202] 05 |0.67]052

summer| T3 | 2019/8/9 | - ~ 189|496 | 327|72] 257 | 15| 12| 4 | 0 |75| 5 |10] 3 |208[-0.89] 0.03]-0.12
Farahzad F4* | 2019/8/9 | - — 163|332 219|79] 188 [10[ 17| 5 | 0 |62 3 | 6] 2 |166] -0.2 | 0.48]0.33
F5 | 2010/89 | - — 193 390 [ 257[7.7] 196 | 15| 12| 6 | 0 |60| 4 |10] 3 |165[-2.26/0.33] 0.18

F6 | 2019/8/9 | >1600 | >1600 |20.4| 361 | 238| 7.6| 175 | 14| 23 | 10 | 0 |55| 5 | 11| 4 [160/-0.42] 0.16 | 0.01

F1 |2010/11/15] - ~ | 41| 263 174|7.8] 129 | 11| 18 | 10| 0 [33| 8 [15] 6 |116]-1.05/-0.23[-0.39

F2 |2010/11/15] - ~ |51|295|195[79] 157 |11 21| 9 | 0 (33| 7 |22] 5 |114-0.88/-0.13]-0.28

Auturmy | _F8_|2019/M1/5 - ~ |65 327|216|7.8] 167 |11 23 | 10| 0 |44| 6 [13] 5|137|-0.68[0.06] -1.1
F4* [2019/11/15] - ~ 134|334 |220[7.7] 178 | 12| 18 | 8 | 0 |43| 9 [12] 5 |147|-0.44 0.03]-0.13

F5 |2010/11/15] - ~ |69 320]|211|7.8] 140 | 15| 23 | 10| 0 |38| 7 |14] 5 |124-0.84/-0.09]-0.25

F6 |2019/11/15] >1600 | >1600 |10.6] 318 | 210| 7.7| 135 | 15| 30 | 14 | 0 |41] 6 |12| 5 [127]-0.97-0.14| 0.3

Winter | F1 | 2020/3/15| - ~ 51| 196|129(7.8] 109 | 9| 11| 7 | 0 [32] 5 |13] 0|101]-1.25{-0.24]-0.39
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F2 | 2020/3/15 - - 8.1 250|165(7.9| 123 (10| 22| 12| O |38| 7 |14| 0|123|-0.63|0.02|-0.14
Winter | F3 | 2020/3/15 - - 8.2(305|201|7.7| 149 (11| 21| 14| O [46| 7 |14| 1|144|-0.86(-0.06|-0.22
F4* | 2020/3/15 - - 13.6] 230 |152| 8| 110 [ 9| 21| 15| 0 (35| 7 (14| 0|116(-0.47{0.04|-0.12
F5 | 2020/3/15 - - 9 [232|153(7.8| 138 | 9| 14| 11| O (34| 7 |14| 0|113(-0.77|-0.08|-0.23
F6 | 2020/3/15| 1600 920 |11.4| 303 |200(7.9( 126 |10| 41| 30| O |43| 5 |19| 1|129(-0.67|-0.04|-0.11
DK1"| 2020/5/28 - - 11.9| 153 |101|7.1f 71 [ 7| 9| 8 | 0 (20| 3 (13| 1| 62(-3.11{-1.22|-1.37
DK2| 2020/5/28 - - 1121150 | 99 | 73| 72 | 7| 5| 7 | 1 (21| 2|9|1]|60(-2.72{-0.95|-1.11
DK3| 2020/5/28 - - 134|152 | 100 73| 70 [ 6| 8 | 7| 0 (21 2|9|1|60|3.87(2.38]|2.23
Spring DK4 | 2020/5/28 - - 13.4| 156 | 103| 7.3| 74 [12| 5| 8 | 0 |22| 2 |12| 2| 63|-2.94|-1.05| -1.2
DK5 | 2020/5/28 - - 12.9| 157 | 104| 75| 74 | 8| 5 | 7 | 0 (18| 3 |12| 3| 58-2.22(-0.83(-0.98
DK®6 | 2020/5/28 - - 139| 163 |108| 76| 81 (6| 6 | 7 | O (17| 3 |12| 2| 54|-2.38|-0.84(-0.99
DK?7 | 2020/5/28 - - 13.5| 165 |109|76( 85 [ 7| 5 | 7 | 1 (20| 3 12| 2| 60(-2.85/-1.02|-1.17
DK8| 2020/5/31| >1600 | >1600 |11.7| 180 (119|7.4| 86 | 7| 9 | 8 | 1 |20| 3 |13| 2| 63|-2.04|-0.71|-0.86
DK1"| 2019/7/29 - - 15.2| 155 103|722 79 | 6| 7 | 3 | 0 (24| 2 |5|2| 0 |-2.73]-0.95| -1.1
DK2 | 2019/7/29 - - 16.1| 163 |108| 75/ 89 [ 6| 9 | 6 | 0 (26| 2 |6|2| O [-1.99/-0.55| -0.7
DK3| 2019/7/29 - - 15.9| 175 |116| 75| 91 (7| 7 510125 3(6|2| 0-1.91{-0.56|-0.71
Summer DK4 | 2019/7/29 - - 16.6| 196 | 129| 76|/ 100 | 6 | 10| 6 | O (29| 3 | 6| 3| O |-1.44(-0.32(-0.47
DK5 | 2019/7/29 - - 17.4| 200 | 132|7.7{ 104 | 6| 12| 7 | 0 |33 3 |5|2]| 0 |-1.25[-2.19|-0.34
DK6 | 2019/7/31 - - 16.3| 230 | 152| 7.7 124 {6 | 8 | 7| 0 (37| 4|7 |3]| 0 |-0.8(-0.02|-0.17
DK7| 2019/7/31 - - 179|242 |160| 8| 131 (7| 10| 8 | 0 (42| 1|7|3| 0 [-0.63{0.31]|0.16
Darakeh DK8| 2019/7/31| >1600 | >1600 (18.3| 315|208|7.7| 158 | 7 | 13| 10| 0 (53| 3 |7|4| 0 |-0.66(/0.18|0.04
DK1%/2019/12/10 - - 6.5(189|125(76/ 99 (9| 14| 9 | 0 [29| 2 13| 2| 11|-2.21{-0.53|-0.69
DK2 |2019/12/10 - - 19| 229 |151(7.6| 119 | 9| 14| 13| 0 (38| 2 |11| 4| 16 |-2.07|-0.39|-0.55
DK3(2019/12/10 - - 41| 216 |143| 7.5 110 |16| 16 | 14| 0 |35| 2 (13| 6| 18|-2.52(-0.52|-0.68
Autumn DK4 |2019/12/10 - - 551220 |145|7.4| 119 |15| 14| 16 | O (36| 3 (13| 8| 24| -2.2 |-0.59(-7.75
DKS5 (2019/12/10 - - 551|223 |147|75| 110 11| 17 | 14 | O (34| 4 (10| 7| 30(-1.93|-0.52(-0.68
DK6 |2019/12/10 - - 6.3 | 245|162|7.6| 113 |10| 17 | 17| 0 |34| 5 (19| 3| 39|-1.59(-0.42(-0.58
DK7|2019/12/10 - - 6.6 | 250 | 165| 7.6| 115 |10| 18 | 17 | 0 (35| 7 [13| 4| 52|-1.37(-0.36(-0.52
DK8|2019/12/10| >1600 | >1600 | 7.2 | 264 | 174|7.6| 120 | 11| 16 | 18 | O |28| 7 |14| 5| 42|-1.48/|-0.48|-0.64
DK1"| 2020/2/27 - - 69| 176 |116|76| 92 | 7| 7 | 12| 0 |27| 3 |11| 1| 81|-1.99(-0.55| -0.7
DK2 | 2020/2/27 - - 711189 (125|777 93 | 7| 14| 13| 0 (26| 3 (11| 1| 79|-1.83|-0.51(-0.67
DK3| 2020/2/27 - - 75186 |123|7.7| 88 | 8| 13| 13| 0 |29| 4 |11{1|89]|-1.7 |-0.44| -0.6
Winter DK4 | 2020/2/27 - - 82189 |125|7.7| 92 | 8| 11| 13| 0 (30| 4 (11| 1| 92|-1.62(-0.43|-0.58
DKS5 | 2020/2/27 - - 72 191|126|76| 97 | 9| 23| 14| 0 (30| 5 (11| 1| 94|-1.75/-0.51(-0.67
DKG6 | 2020/2/27 - - 89]205|135|7.7| 99 |9|21|14| 0 (32| 5 (11| 1|101|-1.36{-0.32(-0.48
DK7 | 2020/2/27 - - 9.2 | 207 | 137|7.8| 101 10| 15| 15| 0 (33| 5 (11| 1|104|-1.17(-0.24(-0.39
DK8| 2020/2/27 | 1600 920 |12.2| 228 |150( 7.7{ 103 |11| 21 | 15| O |34| 6 |11]| 2 |110] -1.1 |-0.26|-0.41
DB1"| 2019/6/13 - - 981|132 | 87 |74) 62 | 8| 5| 6 | 0 (13| 2 (12| 1| 41|-3.02(-1.14(-1.29
DB2| 2019/6/13 - - 123|137 90|75/ 70 [ 5|11| 4 | 0 (16| 2 (12| 1| 51-2.01{-0.68(-0.83
Spring DB3| 2019/6/13 - - 12.8| 137| 90| 76| 75 (7| 9 | 4 | 0 (16| 3 12| 1| 52(-2.18|-0.77(-0.93
DB4 | 2019/6/13 - - 12.8| 144 | 95| 76| 76 | 6| 12| 5 | 0 (17| 3 11| 1| 55(-2.16{-0.77(-0.92
DB5| 2019/6/13 - - 12.8| 147 | 97 |75 77 [ 8| 8 | 5| 0 (19| 3 (13| 2| 61|-2.16{-0.77|-0.92
DB6 | 2019/6/13 | >1600 | >1600 |13.1| 149 | 98 (7.5 79 | 9| 10| 5 | O |16| 3 |14| 2| 51|-2.25|-0.86|-1.01
DB1"| 2019/8/8 - - 159|137 | 90|76 71 | 4| 8 | 6 | O |19| 1 [15| 1| 52|-2.33|-0.69| -0.8
DB2| 2019/8/8 - - 17.3| 158 | 104| 7.8 89 [ 6| 10| 2 | 1 (22| 1 |15/ 2| 60(-1.62(-0.32|-0.47
Summer DB3| 2019/8/8 - - 19.1| 160 | 106| 7.8 89 [ 6| 6 | 3 | 0 (22| 2 [15| 2| 63|-1.42(-2.28|-0.43
DB4| 2019/8/8 - - 16.5| 177 |117| 7.7 93 [ 4| 7 | 4 | 0 |23| 1 (13| 3| 64|-1.74(-0.39|-0.54
Darband DB5| 2019/8/8 - - 16.9| 181 |120| 76| 96 [ 6| 6 | 4 | O |24| 3 |14| 2| 75|-1.51|-0.45| -0.6
DB6| 2019/8/8 1600 1600 |17.6| 253 | 167|7.7| 124 | 7| 10| 6 | 1 |28 5 |16| 4 | 90|-0.89(-0.19(-0.34
DB1%2019/11/11 - - 95| 146| 96 |75 68 (10| 7 | 7 | O [12| 6 [13| 5| 56|-2.67(-1.12|-1.28
DB2|2019/11/11 - - 6.1 | 188 |124|7.7 95 (10| 9 | 10| O (17| 9 (14| 5| 80| -1.7 [-0.74] -0.9
Autumn DB3|2019/11/11 - - 711189 |125/76/ 88 (11| 11| 11| O (20| 7 (14| 5| 78|-1.87(-0.74|-0.89
DB4|2019/11/11 - - 751|190 |125|76/ 95 (10| 12| 10| O |21| 8 |17| 6| 85|-1.63(-0.63|-0.79
DB5|2019/11/11 - - 74| 205|135|76/ 97 (11| 13| 9 | O 19| 8 |17| 6| 81|-1.83(-0.76|-0.92
DB6|2019/11/11| 1600 1600 | 79| 262 | 173|7.3| 120 | 21| 24 | 10| O |23| 9 |20| 9| 94|-1.94|-0.81|-0.97

Winter |DB1*| 2020/3/6 - - 83| 142| 94|75 77 [ 8|10| 9| 0 (20| 2 (13| 1| 61|-254(-0.84| -1
DB2| 2020/3/6 - - 36 (17611678 93 (8| 11| 10| O [26| 3 (13| 1| 78|-1.96/-0.5|-0.66
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DB3| 2020/3/6 - - 77172 |114|7.7) 82 |10| 12| 11| 0 (22| 3 14| 1| 69|-2.05/-0.65(-0.81
DB4 | 2020/3/6 - - 6.3 | 176 |116| 7.6/ 85 |10| 13| 10| O (27| 4 |10| 1| 85|-2.12(-0.68(-0.83
DB5| 2020/3/6 | - - |76 152]100]75] 75 | 9| 12| 11| 0 |23] 3 |13[ 1] 68-2.46] -0.8 |-0.96
DB6 | 2020/3/6 920 540 78| 154 |102| 75| 79 17|16 | 11| O (25| 3 (14| 1| 75|-2.44|-0.77(-0.93
DAL | 2020/5/29 - - 15| 152 |100| 76| 76 [ 5| 7 | 6 | O (15 4 11| 1| 53|-1.93|-0.79(-0.94
DAZ2"| 2020/5/29 - - 13.4| 267 | 176| 7.6/ 113 10| 18 | 13 | O (24| 6 17| 1| 87 |-1.34| -8.9 |-0.63
DA3 | 2020/5/29 - - 14.4| 152 | 100| 7.7 66 | 4| 7 | 10| O (16| 4 |11 1|55|-1.9 |-0.73(-0.88
Spring |DA4*| 2020/5/29 - - 115|210 |139| 76| 90 | 7|13 | 11| O (20| 7 (14| 1| 80(-1.57(-0.62(-0.78
DAS5 | 2020/5/29 - - 145| 163 |108| 7.7 8 (7| 8 | 6 | O (20| 4 11| 2| 64 |-1.65|-0.55] -0.7
DAG6 | 2020/5/29 - - 14.2| 287 |189| 7.7/ 138 | 6 | 17| 8 | O (28| 7 |17| 3| 97 |-0.85/-0.21(-0.36
DA7 | 2020/5/29 | >1600 (920 15.4| 180 | 119| 76| 87 | 5| 7 | 8 | 0 (18| 5 |14| 2| 65(-1.62(-0.64(-0.79
DA1l| 2019/8/4 - - 17.1| 242 | 160| 8| 140 | 9| 12| 3 | O (44| 3 | 7| 2|120/-0.33|0.33|0.18
DA2"| 2019/8/4 - - 13.6| 257 | 170| 76| 129 | 7| 17| 9 | O |45| 1 | 9| 2|119|-1.62(-0.13(-0.29
DA3| 2019/8/4 - - 15.8| 240 | 158|8.1| 135 (5| 11| 5 | 1 (38| 1 | 3| 2|115/-0.63{0.35| 0.2
Summer|DA4*| 2019/8/4 - - 133|226 |149|79| 131 | 8| 10| 6 | 1 (44| 4 | 8| 2|126/-0.58{0.16 O
DA5| 2019/8/4 - - 16.8| 231|152|8.1| 124 | 7| 10| 6 | 1 (38| 3 |7|2|108|-0.2|0.31|0.16
DA6 | 2019/8/4 - - 225|264 |174| 7.7 135 | 7 | 12| 8 | 0 |42| 3|6 2|117/-0.56|0.12|-0.02
DA7| 2019/8/4 | >1600 | >1600 | 25 | 264 | 174|8.3| 146 | 9| 8 | 7 | 0 |42| 5| 6| 2(125/0.87|0.73|0.59
Darabad DAl | 2019/11/4 - - 8.7 | 228 |150| 7.7/ 108 | 10| 14 | 15| 0 (31| 6 13| 4|105|-1.35(-8.78(-0.53
DA2"| 2019/11/4 - - 13.3| 246 | 162| 75| 120 | 9| 14| 14| 0 32| 5 16| 4 |101|-1.51{-0.44(-0.59
DA3| 2019/11/4 - - 871230 (152|7.8| 113 | 9| 16| 13| 0 [32| 5 (19| 5|100|-1.19|-0.24]|-0.39
Autumn|DA4"| 2019/11/4 - - 13.3| 236 | 156| 7.6/ 122 (10| 14 | 14 | 0 (38| 6 17| 5|118(-2.47(-0.27(-0.42
DAS5 | 2019/11/4 - - 9.3|238(157|7.8| 110 | 9|18 | 15| O (34| 6 (17| 5|110|-1.12|-2.23]|-0.39
DAG | 2019/11/4 - - 11.9] 294 | 194|7.8| 143 | 10| 20 | 13| O (41| 6 12| 3|126/-0.71| O |-0.15
DA7| 2019/11/4 | >1600 |1600 10.8| 245 |162|7.8| 116 | 10| 14| 13| O (34| 8 (14| 5|117|-0.82|-0.15|-0.31
DAL | 2020/3/10 - - 82|205(135|7.8| 92 (11|17 |12| 0 (32| 4 |9|1|98|-1.41|-0.3|-0.46
DA2"| 2020/3/10 - - 13| 201|133|7.8| 117 | 9| 21| 14| O [40| 4 |12| 1|117|-0.84]|-0.02(-0.18
DA3| 2020/3/10 - - 6.9 202|133|78| 101 | 7| 15| 12| O (32| 4 (10| 1| 98|-1.34(-0.26(-0.42
Winter | DA4"| 2020/3/10 - - 11.1| 202 | 133| 7.8/ 99 (8|19 | 12| 0 (33| 3 (11| 1|97 |-1.35/-0.25(-0.41
DA5 | 2020/3/10 - - 7125416878 94 |15| 20| 15| 0 |32| 6 |15| 3|104|-1.36(-0.34| -0.5
DAG6 | 2020/3/10 - - 85| 257|170 78| 115 | 8| 21| 13| O (36| 6 (14| 4|114/-0.95/-0.12(-0.28
DA7 | 2020/3/10 {920 540 781209|138|78] 99 |8 |14 | 12| 0 (32| 4 (11| 4|97 |-1.42(-0.32(-0.48
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Fig. 2. Piper diagrams for the studied rivers in the north of Tehran at four seasons in the water year 2019-2020, (a)
Darband river, (b) Darabad river, (c) Farahzad river, (d) Darakeh river, (e) Chinkalagh river and (f) Kan river.
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Fig. 3. The chemical evolution of six rivers for nitrate from headwater station toward the entrance of the river at four
seasons in the water year 2019-2020, (a) Darabad river, (b) Darband river, (c) Darakeh river, (d) Farahzad river, (e)
Chinkalagh river and (f) Kan river. Black borders represent the samples taken from springs outlet.
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