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Table 1: Geographic coordinates of five selected
stations in Mazandaran Province

Row Sites Long. Lat.
1 Haraz 1 52 07 52 355142
2 Haraz 2 52 1052 355240
3 Sari 58 13 53 63 15 36
4 Tonekabon 50 49 07 363959
5 Chalous 51 34 06 36 18 23
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Table 2: Standard range of cold water fish (Mirzajani, 2010)

Parameters Unit Threshold
Water Temperature C 4-20
pH unit 6.5-8.5
Dissolved Oxygen (DO) mg/I >5
Electro-conductivity (EC) Slemp 2000
Total Dissolved Solid (TDS) mg/I 2400
Total Suspended Solid (TSS) mg/l <80
Total Hardness (TH) mg CaCO3/I 10-400
Ammonia (NHz) mg/I <0.01
Nitrate (NOz") mg/I 50

i . Hard water: 0.549
N N

frite (NOz) mg/l Soft water: 0.102
Phosphate (PO4%) mg/l <0.20
Total Phosphorous (TP) mg/I 0.03-6.12
Biological Oxygen Demand (BODs) mg/I 0-5
Chemical Oxygen Demand (CODcr) mg/I <20
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Table 3: Standard/range of fresh water quality parameters in fish farming

New Suitable
Parameter Unit Australia Kenya Malaysia land Norway Philippine UK USA for
production
. 5.0- 9.0-
pH unit 5.0-9.0 9.0-6.5 9.0-6.5 8.5-6.5 >5.5 - 9.0-6.5
9.0 5.0
DO mg/I >5.0 - 7.0-3.0 >5.0 >5.0 >6.0 - - 6.0->5.0
NH4/N mg/I <1.0 - - <1.0 <1.0 - - - -
NH3 pg/l <36 - - <36 - - - - _
NO2 mg/I <0.1 - 0.40 <0.1 0.06 - - - -
TP mgl 0201 - 2001 O o5 020005 - 0% -
0.2 0.1
PO4 mg/I <0.1 - - <0.1 - - - - -
1000-
TDS mg/I - 30 - - - - -
500
TSS mg/I <40 1200 150-25 <40 <100 <300 - - -
UPGMA (constrained)
Winter2021
Spring2022
Summer2022
Fall2022
78 20 24 ge 92 98 100
P ercent Sim ilarity
UPGMA (constrained)
[Tonekabon
Haraz2
Harazl
Chalous
Sari
40 50 &0 70 80 a0 100

Percent Similarity
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Figure 2: Temporal and spatial cluster test of five selected rainbow trout breeding farm in Mazandaran Province

(2021-2022) based on water quality index variables
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Table 3: Descriptive statistics (MeanSD) environmental parameters of five selected rainbow trout breeding farm in

Mazandaran Province (2021-2022)

Stations Harazl Haraz2 Sari Tonekabon Chalous
Parameters Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet
DO (mg/l) 10.44+1.81 9.81+1.87 9.41+1.44 9.39+2.15 9.45+0.70 8.76+1.34 9.53+2.57 9.16+1.60 9.03+1.69 9.05+1.40

DO (%) 92+15 92420 82+16 85+19 92415 8621 84131 80+20 7520 75+18
BODS5 (mg/l) 1.18+0.79 1.18+0.39 1.49+0.73 1.43+0.68 0.77+0.58 1.41+0.93 1.1240.53 1.13+0.30 0.66+0.27 1.29+0.79

CODc: (mg/l) 6.16+2.94 8.56+4.63 6.96+1.78 14214311  18.74+1425  46.76+29.60 8.57+4.03 9.4046.17 8.59+6.88 10.206.30

DIN(mg/l) 3.51+2.00 3.67+1.76 3.91+2.18 4.06+1.63 1.900.99 2.39+0.80 2.49+0.56 2.90+0.81 1.7620.66 2.43+0.82
DON(mg/l) 0.013+0.026 0.003+0.007 ND ND ND ND 0.55+1.09 0.02+0.05 0.38+0.28 012+0.05
TN (mg/l) 1.54+0.31 1.57+0.23 3.91+2.18 4.06+1.63 1.89+1.32 2.40+1.96 2.18+1.41 1.84+1.00 2.14+1.65 2.55+1.73
DIP (mg/l) 0.048+0.022 0.053+0.023 0.073+0.033 0.098+0.019 0.034+0.023 0.064+0.060 0.103+0.071 0.084+0.034 0.032+0.010 0.080+0.045
DOP (mg/1) 0.2134#0.191  0.228+0.216  0.262+0.225  0.245+0.212  0.242+0.254  0.2840.191  0.07620.065  0.093+0.061  0.146+0.120  0.1430.105
TP (mg/l) 0.261+0.202 0.282+0.217 0.335+0.253 0.343+0.227 0.276+0.237 0.384+0.164 0.179+0.093 0.176+0.061 0.178+0.125 0.223+0.143
TSS (mg/l) 26+15 34433 25+14 46+45 1748 18+10 129+99 52+47 22419 19+10

pH 7.88+0.45 8.10+0.41 8.00+0.037 8.1840.15 8.15+0.40 8.26+0.08 8.40+0.15 8.27+0.23 8.54+0.11 8.27+0.11
(mgczléosn) 6925 70£25 7933 75433 54133 53430 60+4 607 8549 68+13
(mg C-lz;g ) 264146 251+32 266+38 264+44 357+15 37517 219463 20636 208+34 235+53
Fecal

coliform 65.5+41.8 35.5+26.8 8.25+1.50 345+181 9.0+0.0 9.0+0.0 9.0+0.0 471.6£307.0 9.0+0.0 495.5+256.0
(CFU/100ml

WOQIIR 80.7546.95 76.75+11.95 76.50+7.72 73.7549.00 81.50+2.38 75.0046.27 76.25+0.03 73.5045.45 83.00+£3.92 76.76+2.75

ND: Not Detection
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Figure 2: Monthly changes of the water quality index (WQIIR) (along with the trend line) in the inlet and outlet
stations of different seasons at five selected rainbow trout breeding farm in Mazandaran Province (2021-2022)

7 oS5l ps L (WQD O e’ (a5Ls  (bumo 5l pialyly SlFT gl o8 @ 8 iz (ygml 5 0 Jour
Cawl 0099 410 (Fxo +/+0 gl 50 dwnly G o plod (s 48,5 Ly s Jow j0 S b o gl 0 ,laslew!
Table 4: Step by step multiple regression results for the effects of environmental parameters on water quality index.

Non-standard regression coefficients were considered for independent variables in the final model, all dependent
variables were significant at the 0.05 level

R? R COEff;;: lent Intercept  Parameters
All seasons
0.31 0.56 -0.40 NO3-
0.57 0.75 0.42 DO
0.65 0.81 -0.21 0.002 DIP
0.70 0.84 -0.29 COD
0.75 0.87 -0.28 Turbidity
Inlet
050 0.71 -0.59 NO3-
0.70 0.83 0.45 DO
0.83 0.91 0.37 0.142 DIP
Fecal
0.88 0.94 0.22 Coliform
Outlet
Fecal
0.28 0.52 -0.50 Coliform
050 0.71 -0.34 0.122 COD
0.62 0.79 0.43 DO
0.75 0.86 -0.39 NO3-
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Figure 3: Mean pH changes in the inlet and outlet stations along with the standard limit at five selected rainbow trout
breeding farm in Mazandaran Province (2021-2022)
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Figure 4: Mean DO and DO% changes in the inlet and outlet stations along with the standard limit at five selected
rainbow trout breeding farm in Mazandaran Province (2021-2022)
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Figure 5: Mean BODS5 and COD changes in the inlet and outlet stations along with the standard limit at five selected
rainbow trout breeding farm in Mazandaran Province (2021-2022)
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Figure 6: Mean EC changes in the inlet and outlet stations along with the standard limit at five selected rainbow trout
breeding farm in Mazandaran Province (2021-2022)
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Figure 7: Mean TSS and NTU changes in the inlet and outlet stations along with the standard limit at five selected
rainbow trout breeding farm in Mazandaran Province (2021-2022)
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Figure 8: Mean TP and DIP changes in the inlet and outlet stations along with the standard limit at five selected
rainbow trout breeding farm in Mazandaran Province (2021-2022)
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Figure 9: Mean NH4 and NH3 changes in the inlet and outlet stations along with the standard limit at five selected
rainbow trout breeding farm in Mazandaran Province (2021-2022)
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Figure 10: Mean NO2 changes in the inlet and outlet stations along with the standard limit at five selected rainbow
trout breeding farm in Mazandaran Province (2021-2022)
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Table 5: Comparison of the permissible concentration of environmental parameters with present results in the inlet
and outlet stations along with the standard limit at five selected rainbow trout breeding farm in Mazandaran
Province (2021-2022)

NO2 (mg/l) NH4 (mg/l) BODS5 (mg/l) COD (mg/l) DO (mg/l)

0.042+0.014 0.124+0.095 1.17+0.62 11.6+2.4 9.40+1.58 Annual Mean
0.039+0.021 0.098+0.069 1.05+0.62 8.9£1.9 9.57+1.62 Inlet Mean
0.046+0.020 0.151+0.110 1.29+0.60 14.4+4.3 9.23+1.56 Outlet Mean
0.062 (2.51) 0.470 3.0 (6.0) 15 >4-6%* *MAC

*Note: Maximum allowable concentrations (MAC) (GEF, 2006). **For aquaculture, drinking water and recreation

0y logrgn bk Cur (ol slaal )3 (o (5l ol (o5 5t 3l a3 0 filin] (sukiy Al Y Jgar
(Vowels and Connel 1980 ;UNECE, 1994)

Table 6: Standard classification and permissible limits of some environmental parameters in surface waters to
preserve living organisms (Vowels and Connel 1980 ;UNECE, 1994)

Class | Class 11 Class 11 Class IV Class V
DO (mg/l) <7 7-6 6-4 4-3 3<
COD (mg/l) <3 10-3 20-10 30-20 >30
BOD5 (mg/l) <1 31 5-3 10-5 >10
pH 9.0-6.5 6.5-6.3 6.3-6.0 6.0-5.3 <35
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Figure 11: Changes of mean water quality index (WQIIR) in inlet and outlet stations along with its classification at
five selected rainbow trout breeding farm in Mazandaran Province (2021-2022)
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Abstract

The aim of the study was to determine the quality of the inlet and outlet water of five selected rainbow
trout breeding farms in Mazandaran Province (Haraz, Chalous, Tonekabon, and Sari) based on
environmental parameters during four seasons in 2021-2022. Forty samples were collected and
measured based on standard methods. According to the results, the range of water temperature (3.0-
24.0°C), air temperature (2.0-25.0°C), DO (6.16-12.24 mg/l), BOD5 (0.24-2.76 mg/l), COD (2.40-93.70
mg/l), EC (284-783 us/cm), turbidity (1.12-220-0 NTU), TSS (2-288 mg/l), pH (7.44-8.62), total
phosphorus (0.2-2.12 mg/l), phosphate (0.01-0.206 mg/l), ammonium (0.012-0.538 mg/l), ammonia
(0.001-0.018 mg/l), nitrite (0.001-0.426 mg/l), nitrate (0.52-6.10 mg/l), fecal coliform count (6-1000
CFU/100ml) and water quality index (WQIIR) (62.0-91.0) were registered. The water quality of this
river was placed in class 111 (low pollution) based on the average parameters of organic pollution (BOD5
and COD) and human activities were not one of the main factors in the increase of organic matter in the
river. The concentration of ammonium and nitrite was within the threshold limit, but the concentration
of phosphate in all the inlet and outlet stations and in different seasons was more than the maximum
limit of unpolluted rivers. The results showed that the WQIIR was in the range of 62-91. 7.5% of the
total data and the mean of this index indicated the relatively good quality of the inlet and outlet water of
the rainbow trout breeding farms. The highest quality of water, i.e. very good quality, is recorded in
12.5% of all data, which is observed at the inlet water of rainbow trout breeding farms. The outlet quality
index of the farms was lower than its inlet, but it was categorized as good quality. The overall WQIIR
(77.4%6.6) in all inlet and outlet stations indicates that the water of this farm is suitable for fish and
wildlife and also suitable for rainbow trout breeding.

Keywords: Environmental parameters, Water quality, Rainbow trout breeding farms, Mazandaran
Province
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