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Table 1. Concentration of some quality parameters of water in the estuary of the Peer-bazar River in 2014-2016

POs NH. NO:

NOs

DO TDS

(mgl) (mg/l) (mgl) (mgll) (mg/l) (mony ~ CSmeleled

Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD No. Station
0.56 + 0.277 1.611 £ 0.361 0.020 £ 0.011 2.341 +£0.480 9.03 +1.89 1138 + 624 1

0.60 + 0.370 2.243 £ 0.826 0.037 £ 0.033 2.390 £ 0.087 5.34 + 3.53 1172 £ 615 2

0.48 + 0.252 3.791 £ 0.590 0.013 £ 0.011 2.451 +£0.224 7.39+ 1.46 1141 + 629 3

0.52 £ 0.349 3.931 £ 0.623 0.033 £ 0.031 3.892 +0.371 5.42 £5.10 864 *+ 265 4

1.14 + 0.686 3.565 + 0.399 0.032 £ 0.028 4,691 £ 0.753 8.72 £1.93 763 + 338 5

0.85 + 0.359 2.682 + 0.466 0.091 + 0.082 4871 £0.775 6.74 £ 2.78 1116 + 468 6

0.26 £ 0.163 1.893 + 0.629 0.014 + 0.006 5.022 + 0.489 7.76 £0.38 1016 + 314 7

0.49 £0.171 1.532 + 0.378 0.023 £ 0.019 3.232 +0.591 6.27 £ 3.35 1197 + 482 8

0.53 £ 0.379 2.466 + 0.258 0.038 + 0.035 2.030 + 0.535 7.42 291 1244 + 486 9

0.99 + 0.569 3.518 + 0.268 0.041 + 0.032 2.521 +0.328 4.63 £ 4.05 1029 + 259 10
0.64 £ 0.377 2.723 £ 0.780 0.034 + 0.029 3.344 + 0.464 6.58 + 2.50 1068 + 411 Af/j;:;e

1FAY-28 9 173--2) sl Jlw b 513l m ailbog, calice blis g Jguad jo (MY/it) S paund 9 JS (459 pid Cdile (5uSiluo - Y Jou
Table 2. Mean of total nitrogen concentration (mg/lit) in different seasons and points of the Peer-bazar River during 2012-2013
and 2014-2016

e o Saton
Jyad 10 9 8 7 6 5 4 3 2 1

e e
0.982 1303 1044 1102 1175 0688 0690 0622 1371 109 0735 TN e
0529 0966 0571 0698 0241 0260 0259 0588 0532 0706 0471 TP Spring
0.456 0593 1047 0216 0142 0178 1151 0223 0592 0303 011 TN el
0.236 0532 0572 0185 0139 0058 0104 0077 028 028 0227 TP Summer
0.230 0091 1068 0075 0470 0068 0079 009 0160 0088 0101 TN b
0.124 0061 0538 0052 0063 0054 0041 0217 005 0104 0062 TP Fall
0.797 1814 1328 0704 0727 0742 0791 0819 0291 0334 0422 TN s
0.412 1486 0622 0158 0312 0283 0290 0305 0264 0153 0250 TP Winter
0.616 0950 1122 0524 0628 0419 0678 0440 0603 0545 0342 TN Ll s .5l
0.325 0761 0576 0273 0189 0170 0173 0297 0251 0311 0252 TP Average
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Table 3. RMSE average values using inverse distance method to power of 6-1 for nitrogen total (TN) and phosphorus total (TP)
in the fall (2015)

6 5 4 3 2 1 oly
Power
0.406 0.392 0.377 0.354 0.329 0.320 TN RMSE
G=2b)

0211 0203 0198 0184 0175 0.169 TP
(Fall)

WWAB 5l 5o S5 Saumd 9 (339750 &1 b2 po (lei g 4 po Lillisio polile Lo (rdgo (glalosr i (529 RMSE polie bawgio -F Jguer
Table 4. RMSE average values using local polynomial method for nitrogen total (TN) and phosphorus total (TP) in the spring (2016)

(W) RMSE
(Spring)
3 4y 24y lagy ol
Order 3 Order 2 Order 1 Parameter
10 olgs 5 ol 2 olg 10 olgs 5 ol 2 olg 10 ol 5 ol 2 olg
Power 10 Power 5 Power 2 Power 10 Power 5 Power 2 Power 10 Power 5 Power 2

5.33 471 2.23 1.84 1.09 0.81 0.62 0.60 0.59 TN
0.07 0.08 0.06 0.14 0.14 0.12 0.07 0.06 0.04 TP

IWAY-20 9 17¥A+-Q) b Jlu b S5 soud g 459 55 s 00ls (b g9 2 9 (3950 liko (5o 539 yRMISE olio duny o -0 Jgu
Table 5. Compare RMSE values of different methods of extrapolated and interpolated data at 2012-2013 and 2014-2016 for
nitrogen total and phosphorus total

(lewno ;) RMSE (G=24) RMSE (Gewab) RMSE () RMSE e
(Winter) (Fall) (Summer) (Spring) 9
TP TN TP TN TP TN TP TN Methods
0.25 0.19 0.19 0.24 0.32 0.39 0.06 0.45 SzS
Kriging
0.22 0.17 0.19 0.21 0.34 0.34 0.06 0.44 ol ose
Inverse distance
0.17 0.11 0.14 0.15 0.24 0.25 0.04 0.32 ‘5"‘1""“_"“? 05
Polynomial regression
Ol
0.28 0.18 0.20 0.24 0.33 0.39 0.06 0.48 »
S-plus
0.25 0.20 0.22 0.23 0.35 0.40 0.06 0.49 roge leler 2z

Local polynomial
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Fig. 3- Seasonal nitrate spatial distribution maps (mg/lit) in the catchment area in
(A) spring (B) summer (C)autumn (D) winter, (2014-2016)
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Fig. 4- Seasonal phosphate spatial distribution maps (mg/lit) in the catchment area in
(A) spring (B) summer (C)autumn (D) winter, (2014-2016)
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Fig. 5- Histogram the frequency of spatial distribution of nitrate in the catchment area (mg /L) in seasons
(A) spring (B) summer (C)autumn (D) winter, (2014-2016)
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Fig. 6- Histogram the frequency of spatial distribution of phosphate in the catchment area (mg / L) in seasons
(A) spring (B) summer (C)autumn (D) winter, (2014-2016)
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Table 6. An_Estimate of Water Quality Changes by Developed Research Software in Peer-bazar River at 2022 and 2032

TDS POs NH,4 NO> NO3 o 0y loit
(mg/) (mg/1) (mg/1) (mg/1) (mg/1) No. Station
1410 1400 1410 1400 1410 1400 1410 1400 1410 1400
1325.8 1218.8 0.638 0.588 1.665 1.630 0.037 0.026 2.552 2.416 1
1365.4 1255.2 0.684 0.630 2.319 2.270 0.069 0.049 2.605 2.466 2
1329.3 1222 0.547 0.504 3.920 3.836 0.024 0.017 2.671 2.529 3
1006.5 925.3 0.593 0.546 4.064 3.978 0.062 0.043 4.242 4,016 4
888.9 817.2 1.299 1.197 3.686 3.608 0.060 0.042 5.113 4.841 5
1300.1 1195.2 0.969 0.892 2.773 2714  0.170 0.120 5.309 5.027 6
1183.6 1088.1 0.296 0.273 1.957 1.916 0.026 0.018 5.474 5.182 7
1394.5 1282 0.558 0.514 1.584 1.550 0.043 0.030 3.522 3.335 8
1449.3 1332.3 0.604 0.556 2.550 2.495 0.071 0.050 2213 2.095 9
1198.7 1102 1.128 1.039 3.560 3.560 0.077 0.054 2.749 2.601 10
1244.2 1143.8 0.731 0.672 2.816 2.755 0.064 0.045 3.645 3.451 elee
Average
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Introduction: Rivers are among the major water resources and represent important and vulnerable inland
ecosystems (Hayatolgheib e al., 2016). Today, the quality of such water resources has been threatened due to
the irregular consumption of water and the pollution of rivers from non-natural and human sources (Li ef al.,
2009). The Pir-Bazar River and Anzali International Wetland have been subjected to severe eutrophication
over the past two decades (Zebardast and Jafari, 2014). As a result, evaluation and estimation of changes in
water quality the mouth area of the main feeding river estuary in the Anzali wetland (the Pir-Bazar River) is a
first priority.

Materials and methods: The present study was aimed at evaluating the eutrophication status and prediction
of temporal-spatial changes in nutrients concentrations, such as ammonium-nitrogen (N-NH3), nitrate (N-NO3),
total nitrogen (TN), phosphorous (PO43), TP, in the estuary of Pir-Bazar River as the main and most important
stream feeding the Anzali International Wetland. Sampling was performed from 10 points of the drainage basin
during 18 months from December 2014 to June 2016. In this research, zoning maps were prepared and the
status of present and future water quality parameters of the basin were accurately estimated using a researcher-
developed software application and the five interpolation methods of Kriging, S-PLUS, polynomial regression,
inverse distance to power and local polynomial; finally, the optimal method was selected through a root-mean-
square error (RMSE) based cross validation approach.

Result and discussion: The results showed that in this drainage basin, the second order quadratic polynomial
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regression (with a mean RMSE of 0.2075 for TN and of 0.1475 for TP) and the topical polynomial with power
of 10 (order of 3) (with a mean RMSE of 0.331 for TN and of 0.22 for TP) were the best and the worst methods
for estimation of nitrate and phosphate levels in the drainage basin, respectively, as compared with other
methods. In order to prepare the zoning map, monthly and seasonal maps of spatial distribution of nitrate and
phosphate concentrations were created, and temporal (seasonal) changes in nutrients at the wetland entrance
(estuary of Pir-Bazar River) were expressed. The results showed that the mean levels of nutrients in Pir-Bazar
River water (0.616 mg/L for TN and 0.325 mg/L for TP) were higher than the allowed limits, according to the
EU Directive 80/778/EEC and the OECD standard (under normal conditions, the limits are 0.1-0.5 mg/L for
TN and 0.01-0.1 mg/L for TP in fresh water). Also, according to the results of the software, the mean TN to
TP ratio at the wetland entrance was maximally 33.7 and so greatly exceeded the limit of 16. Therefore, the
region’s water is subject to an advanced and critical eutrophication. Considering the positive and high values
of the coefficient of performance for TP and TN between 0.87 and 0.918 (mean 0.894), it can be argued that
phosphorus and nitrogen in this water basin are likely to share the same source; meanwhile the coefficient of
performance varied between 0.187 and 0.721, showing the best performance for nitrate and phosphate,
respectively.

Conclusion: The results predicted by this software show that the mean annual concentration of ammonium,
nitrate, nitrite, phosphate, and dissolved salts in this river will increase about 1.2%, 3.2%, 32%, 5%, and 7%
by 2020, compared to the current situation. These figures will be about 3.4%, 9%, 87%, 14%, and 16.5% in
2030; this is a new finding and a reliable innovation in water quality management in the wetland.

Keywords: Seasonal changes, Interpolation and extrapolation methods, Validation method, Root-mean-square
error (RMSE), Peer-Bazar River.
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