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Abstract

Monitoring the quality of rivers entering the Caspian Sea can play a key role in planning to

preserve and manage the health of aquatic organisms. Mazandaran province has several rivers
flowing into the Caspian Sea. Hence, the quality of 28 estuaries along the coasts of Mazandaran
province were investigated in the present study using water quality indexes. Method: Water
sampling from 28 estuaries was performed and physicochemical parameters were measured
including dissolved oxygen, pH, fecal coliform, chemical oxygen demand, biochemical oxygen
demand, phosphate, nitrate, ammonia, total dissolved solids, total suspended solids, total solids,
bisphenol A and nonylphenol. Then, the water quality was evaluated through NSFWQIL,
IRWQISC, and Liou indexes. Ranges of 1.99-18.94 mg/L and 3-12.42 mg/L were obtained in
Kazemrood, Tajan, Alamkola, Kelayebon, Mahmoodabad, Talarood and Noshahr estuaries for
BAP and in Chalakrood, Espirood, Chaloos, Alamkola, Fereidonkenar and Mashalakrood
estuaries for NP, respectively. Results illustrated, a few rivers have high quality according to
IRWQISC index. While, with the NSFWQI, IRWQISC and Liou index classification, a high
number of rivers, especially Sorkhrood, Tonekabon, Noor, Mahmoodabad and Tajan were
placed in the worst quality categories. The urban and agricultural row wastewaters surrounding
the Mazandaran Province Rivers are the main reasons for the decreasing water quality. Studies
should be undertaken on wastewater treatment and riparian ecological rivers to improve the
water quality of the mentioned rivers.

Keywords: Caspian Sea, IRWQISC, NSFWQI, Liou, Bisphenol A, Nonyl Phenol, Quality
Index.
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Table 1. River selected for sampling

Number Station Longitude Latitude Land use

1 Chaboksar 36°58°25.95" N 50°34°48.94" E Agricultural and Residential
2 Kelayebon 36°52°48" N 50°45°15.03" E Agricultural and Residential
3 Chalakrood 36°52°22.88" N 50°46°20.10" E Agricultural and Residential
4 Shirood 36°51°18.4" N 50°47°58" E Agricultural and Residential
5 Tonekabon 36°49°08.1" N 50°52°55.3"E Residential

6 Azarood 36°45°23.53" N 51°00°41.41" E Agricultural and Residential
7 Nashtarood 36°45°0. 5" N 51°01°32.55"E Agricultural and Residential
8 Kazemrood 36°43°50.1" N 51°0541.3"E Agricultural and Residential
9 Asbcheen 36°43°04.46" N 51°09°25.89" E Agricultural and Residential
10 Talarood 36°42°07" N 51°14°51.6" E Agricultural and Residential
11 Espirood 36°41°44.96" N 51°16°58.77"E Agricultural and Residential
12 Namakabrood 36°58°25.95" N 50°34°48.94" E Agricultural and Residential
13 Sardabrood 36°41°08.7" N 51°23'53.1"E Agricultural and woodsy
14 Chaloosood 36°39°12.16" N 51°27°46.85" E Agricultural and Residential
15 Noshahr 36°39°04.84" N 51°30°43.87"E Agricultural and Residential
16 Mashalakrood 36°39°02.63" N 51°30756.02" E Residential

17 Khiroorrood 36°37°41.22" N 51°34'51.93"E Agricultural and Residential
18 Alamkola 36°34°06.4" N 51°53°59.3"E Agricultural and Residential
19 Royan 36°34°18.36" N 51°57°50.50" E Agricultural and Residential
20 Noor 36°34°41.83" N 52°01°12.62" E Agricultural and Residential
21 Tajan 36°48°11.6" N 53°06°56.39" E Agricultural and Residential
22 Siahrood 36°46°15.73" N 52°58°13.38"E Agricultural and Residential
23 Ghaemshahr 36°43°21.13" N 52°44°43.36" E Agricultural and Residential
24 Babolsar 36°42°1.2" N 52°38°35.9"E Agricultural and Residential
25 Fereidoonkenar 36°41°14.52" N 52°30°58.84" E Agricultural and Residential
26 Sorkhrood 36°40°26. 5" N 52°26°37.2" E Agricultural and Residential
27 Mahmoodabad 36°38°01.38" N 52°15°33.58"E Agricultural and Residential
28 Izadshahr 36°36°11.84" N 52°08°50.26" E Agricultural and Residential
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Fig. 1. Geographical position of studied area, Mazandaran province
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Name Retention time Area Area % Height Width
Bisphenol A 4.000 2320 0.95 494 0.17
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Fig. 2. Chromatograph of BPA and NP in one sample
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Table 2. Water quality classification according to NSFWQI and IRWQISC methods

Index Applicable range Water quality classification Color
0-25 Very bad Red
25-49.9 Bad Orange
NSFWQI 50-69.9 Regular Yellow
69.9 -90 Good Green
90 — 100 Excellent Blue
<15 Very bad Purple
15-29.9 Bad Red
30-44.9 Relatively bad Yellow
IRWQISC 4555 Regular Cream
55.1-170 Relatively good Green
70.1 -85 Good Light green
85< Excellent Light blue
NSFWQI a3 Ls arulone gl wd; S0 555 o 0l =Y Joi
Table 3. Weights of parameters in NSFWQI
Parameter Weight Parameter Weight
DO 0.17 Phosphates 0.10
Fecal coliforms 0.16 Temperature 0.10
BOD 0.11 Turbidity 0.08
pH 0.11 Total solids 0.07
Nitrates 0.10
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Table 4. Applicable ranges and water quality classification in Liou index

Parameter Application range Sub index function Range Water quality classification
65 < IDO = 1
4.6 -6.5 Ipo=3 2> Good
DO 2 — 45 IDO = 6
2> IDO :10
3 > IBOD :1
3-49 Igop=3 .
15< IBOD =10
<20 Iss =1
20—-49 Iss=3
SS 50-100 Iss=6 3.1-6 Moderately polluted
> 1 00 ISS = 1 0
<0.5 INH3-N =1
0.5-0.99 Inimsn= 3 6.1< Very polluted
NH3-N 1-3 INH3—N =6
>3 Inmz-n= 10

Liou

1 Good
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Stations

Fig. 3. Water quality of river estuaries reloads in
Caspian sea from Mazandaran, according to Liou index
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Table 5. The mean concentration of physicochemical parameters in the rivers estuaries of Mazandaran province

empe

T
. TSS TDS TS H EC Hardness Turbidit
Riation (mg/L) (mgL) (mg/L) P7 mSiemens/em (mg/L) ”('otg;e NTU
Chaboksar 148.6 41276 56136  6.68 0.68 98.33 28 10.33
Kelayebon 109.74  377.53 47828  6.58 0.52 24833 28 7.33
Chalakrood 10527 33808 43335 6.7 0.54 403.33 29 831
Shirood 110.5 37298 48339  6.56 0.65 151.67 27 8.35
Tonekabon 79.80 21087 290.77  6.59 0.37 120.33 27 20.33
Azarood 6227 23674  299.02  6.58 0.39 198.33 29 4.66
Nashtarood 82.03 30546  387.5  6.63 0.48 199.01 29 6.66
Kazemrood 11596  356.89 47283  6.58 0.57 198 28 6
Asbcheen 43034 11858  1616.1 631 1.61 403.33 28 8.33
Talarood 5051 22339 2739  6.58 0.38 98.33 29 10.33
Espirood 763 27162 34792 6.64 0.48 303.33 27 8.33
Namakabrood 35025 9782 13285 6.5 1.29 306.67 29 6.33
Sardabrood 76.94  291.04 36799 6.51 0.47 201.67 28 53.33
Chaloosood 5469 22941 28411 6.53 0.37 606.67 28 22
Noshahr 7474 261.65 33639  6.56 0.4 703.33 29 41.66
Mashalakrood ~ 66.11 25241 31851 6.7 0.36 148.33 28 9.33
Khiroorrood 62.54  251.11  313.65 6.67 0.32 251.67 27 533
Alamkola 91.55 33055  422.1  6.18 0.54 398.33 26 22
Royan 127.03 41003  537.05 6.19 0.58 44831 26 11.33
Noor 34374 866.89 12106  6.26 1.15 393.20 28 18.33
Tajan 201.88  603.87 80576 6.3 0.73 396.67 29 7.66
Siahrood 24322 69541 93863 6.14 0.89 295 28 8.66
Ghaemshahr 2463  663.05  909.36  6.09 0.83 106.67 28 11.64
Babolsar 12847 32236 4472 6.03 5.48 196.67 29 42
Fereidoonkenar ~ 44898 1204 16529  6.13 1.65 201.60 27 49.66
Sorkhrood 24589 70597  951.86  6.33 0.88 304.33 28 18.33
Mahmoodabad 25428  743.51  997.79  6.83 0.93 298.35 28 15.66
Izadshahr 27539  785.62 1061  6.82 1.03 396.67 27 20.66

(25338 5 sl EC sla, 86 51 S5 s UBOD 5COD  sllas om0 a05k ol 40U 51555 sbys & 050
e il (6 ls ire Cie aal , TS 3 TSS (EC .TDS (0 JSs) sl
5 TSS .TDS EC BOD &l i 1 g obs e 5 St L3 )| 25> 2l S5 e site o (St s 7SS
S sal gla, o806 51 SO ;o U 0 o8 el Csa TS olis Heat mapper SGsled @L:.: bl 1y asdlas 5550 55l
(p<+/+0) csls golsoime dul, TS 5 TDS.TSS 05508 L (i) +) o gy (olol Ly (Steyon ke s oo
COD cbale Dl ,oss s (guls om0 5 o sl (i iy S5 L e (S o nay ol e (5) -
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Table 6. The mean concentration of physicochemical parameters in the rivers estuaries of

Mazandaran Province

NP BPA Ammonia Nitrate Phosphate BOD COD DO Coliform
Station (Ug/L) (Ug/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (MPN /100 )
Chaboksar 1.29 1.09 041 1.68 0.72 13 20.66 8.15 59
Kelayebon 1.63 4.41 0.06 1.03 0.69 10 18.23 8.3 75
Chalakrood 3.00 0.81 0.19 1.01 0.65 10 16.8 8.05 63
Shirood 1.56 0.91 0.17 0.35 0.26 9 16.83 8.4 51
Tonekabon 1.26 4.64 3.06 0.96 0.53 18 25.86 8.1 1375
Azarood 0.84 0.84 0.33 3.54 1.27 12 20.7 7.95 330
Nashtarood 0.37 0.69 0.15 0.94 0.54 10 18.83 7.8 509
Kazemrood 0.28 0.79 0.08 0.14 0.17 15 24.66 8.2 96
Asbcheen 1.12 0.94 1.53 0.8 0.53 145 160.33 8 260
Talarood 1.23 18.96 0.49 0.6 0.35 13 24.73 7.9 185
Espirood 6.93 091 0.17 0.34 0.28 11 20.73 8.5 72
Namakabrood 2.66 0.97 0.8 0.89 0.52 9 18.86 8.25 46
Sardabrood 2.60 0.77 0.06 0.61 0.39 8 16.63 8.2 104
Chaloosood 10.22 0.67 2.43 0.83 0.46 12 22.6 8.15 1083
Noshahr 12.29 3.55 0.3 3.01 0.9 10 20.47 8 189
Mashalakrood 12.42 1.03 0.24 0.76 0.76 9 16.56 7.8 74
Khiroorrood 2.66 1.01 0.3 1.09 1.09 16 26.10 8.2 89
Alamkola 3.77 0.76 0.63 0.48 0.48 135 151.20 8.1 112
Royan 1.95 1.99 0.3 0.88 0.88 16 28.10 8.3 146
Noor 2.95 1.31 0.3 0.63 0.63 138 151.77 8.1 352
Tajan 1.35 1.00 0.37 0.77 0.47 19 30.08 8.15 760
Siahrood 1.69 0.99 0.31 2.46 1.03 24 36.36 8.3 271
Ghaemshahr 3.34 0.86 0.36 1.06 0.61 28 323 7.95 195
Babolsar 2.30 1.58 1.97 2.02 1.02 215 250.83 8 1020
Fereidoonkenar 1.59 0.82 0.53 1.48 0.74 22 33.76 8.2 406
Sorkhrood 4.38 0.79 0.43 0.65 0.34 6 10.56 8.3 977
Mahmoodabad 7.86 1.94 1.23 1.36 0.74 36 50.13 8.25 226
Izadshahr 1.41 0.69 0.57 1.41 0.86 40 55.96 8.45 196
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Fig. 5. Water quality of river estuaries reloads in Fig. 4. Water quality of river estuaries reloads in

Caspian Sea from Mazandaran, according to
NSFWQI index
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