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In this research, the simulation and phase transfer of heavy metal solution in the
river has been done by developing a one-dimensional qualitative model.
Environmental parameters (T), temperature, dissolved oxygen, (DO) (pH) and
salinity (EC) are considered as influencing parameters on the change in the
concentration of the solution phase of heavy metals lead, cadmium and zinc in
springs and wells of the displacement-diffusion equation. Became to determine the
above hydrodynamic and environmental parameters for use in the developed
model, Hec-Ras hydrodynamic model and Qual2kw qualitative model have been
used. In decoupling the spring and well terms of the displacement-diffusion
equation of the qualitative model developed using the measured data from the
Sarouk River, various relationships were considered to relate the kinetic
coefficient of the first-order reaction of the dissolved phase of heavy metals to the
above environmental parameters. And to find the constant coefficients of these
relations, the method of minimization of simulation errors and Vba coding was
used, and the linear relation including all the above parameters is considered as the
final relation. The kinetic coefficient of the reaction is different in different parts
of the river, and to simulate and determine the concentration of the solution phase
of heavy metals at each point, the kinetic coefficient of the reaction corresponding
to the same point should be used. Also, there is a significant increase in the
accuracy of the developed model if the above environmental parameters are used
in the spring and well term of displacement-diffusion equations and the effect of
other qualitative parameters is insignificant, which indicates its proper efficiency
in simulating the dissolved phase of heavy metals in the river.
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Figure 4. Longitudinal Dispersion Coefficient parsaie ef al (2015)
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Table 1. The percentage of changes in the average speed and width of the free surface of the water according
to the changes in Manning's coefficient in the Sarouq River

Percentage of changes in Percentage of The percentage of changes in
Manning's coefficient flow rate changes the width of the free water surface

-25 8.2 -7.8
-10 34 -3

-5 -6.75 -1.4

5 -12 2

10 -14.5 34

25 -20.9 8.5
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Table 2.The length of Sarouq reach

No. Length Cumulative length
reach 1 2.92 78.15
reach 2 2.63 75.24
reach 3 2.39 72.60
reach 4 4.17 70.21
reach 5 2.31 66.04
reach 6 2.52 63.73
reach 7 1.49 61.21
reach 8 1.95 59.72
reach 9 2.05 57.77
reach 10 3.05 55.72
reach 11 4 52.67
reach 12 2.65 51.22
reach 13 3.92 48.57
reach 14 437 44.65
reach 15 2.73 40.28
reach 16 2.82 37.55
reach 17 1.98 34.72
reach 18 2.88 32.74
reach 19 4.09 29.86
reach 20 2.87 25.77
reach 21 2.16 2291
reach 22 2.59 20.74
reach 23 1.89 18.15
reach 24 2.70 16.26
reach 25 2.98 13.56
reach 26 2.26 10.57
reach 27 1.70 8.32
reach 28 4.13 6.62
reach 29 2.49 2.49
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Table 3. Specifications of sampling stations
The distance from the station to

Province Specification of Station the end of the Reach (km) Station
Above the city of Takab 78.15 1-4-14

West Azerbaijan  Sarouq downstream of Takab city 66.03 2-4-15
Sarouq before entering Bukan dam 6.61 6-4-21

Sbse () Jgdo g 4 ol 33 (63959 slaad Ll pb g Cuxdgo

Table 4. Specifications of the input reaches to the main reach

. . . . The distance from the station to .
Province Specification of Station the end of the Reach (km) Station

West Azerbaijan  Bala Chole road, Takab - Shahin Dej 61.2 8-4-19

(D) Jod> g 4 ol oab 03l 51 (gilwanss ;3 &S @il cpl Job )0 o olwlis o.xl)“\ﬂ ol Slasin

Table 5. Characteristics of polluting sources along the Sth reach route (distance in kilometers)

Province City Pollution source Distance to the end of the Reach Station
Takab  Takab wastewater 75.24 13-t
Western Azerbaijan Takab Tak'ab wastewater ' 72.6 14-t
Takab  Omid Paper cartoning 70.21 12-t
Takab  sand wash 59.72 9-t
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Figune 9 Flow rate chimges along reach 1 in the first time of sampling

Figure 11 Tempemture changes along the main reach 1 in the first round of sampling
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e 15 Total coli o changes along fhe head reach 1 1n fe first round of sampling

Figuze 15, Changes in chemical oxygen demand along the main reach | ia the Erst round of saapling

Figure 10. Dissolved oxygen changes along the reach 1 i the first time of sampling
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Figuze 14. Changes in Biochemical Oxygen Demand Aloag the firt Teach of the 12t anpling

Figure 16. Nitrate chamges along the main reach ] in the first round of sampling

Figure S. The first round of sampling in Sarouq River

Figure 17. Flow rate changes in the third round of sampling
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Figure 19. Temperature changes in the third round of sampling
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Figure 18. Dissolved oxygen changes in the third round of sampling
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Figure 20. Electrical conductivity changes in the third round of sampling

Figure 6. The third round of sampling in Sarouq River
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Figure 23. Changes in chemical oxygen demand in the third round of ampling Figure 24. Nitrate changes in the third round of ampling

Continued figure 6. The third round of sampling in Sarouq River
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Figure 25. Flow rate changes in the fourth round of sampling

Figure 26. Dissolved oxygen changes in the fourth round of sampling

Figure 27. Temperature in the fourth round of sampling

Figure 28. Electrical conductivity changes in the fourth round of sampling
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Figure 29. Total coliform changes in the fourth round of sampling Figure 30. Changes in biochemical oxygen demand in the fourth round of sampling

Figure 7. The fourth round of sampling in Sarouq River
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Figure 31. Changes in chemical oxygen demand in the fourth round of sampling Figure 32. Nitrate changes in the fourth round of sampling

Continued figure 7. The fourth round of sampling in Sarouq River
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Table 6. Linear equations of reaction coefficient of disolved heavy metals

NO. of Equation ~ Heavy metal  k,;, = 0.00509T + 0.03508D0 — 0.2643pH + 0.00014EC + 1.44994

(1) pb keq = —0.08374T — 0.53401DO + 3.82731pH — 0.00193EC — 20.5194
2) Cd k,, = 0.00172T + 0.01256DO0 — 0.09666pH + 0.00005EC + 0.54081
3) Zn kpp = 0.00509T + 0.03508D0 — 0.2643pH + 0.00014EC + 1.44994

Table 7. Logarithmic equations of the reaction coefficient of dissolved heavy metals

NO. of Equation Heavy metal ~ k,, = —0.01268InT — 0.058591n DO + 0.23847 In pH — 0.02424In EC — 0.14389

4) pb kg = 0.07045In T + 0.498981In DO — 2.83921InpH + 0.28321InEC + 2.50094
5) Cd k,, = —0.00659InT — 0.02739InDO + 0.10763In pH — 0.010181n EC — 0.05939
(6) Zn kp,, = —0.01268In T — 0.05859In DO + 0.23847 In pH — 0.02424In EC — 0.14389
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Table 9. Calculation of modeling error
Heavy metal Type of relationship AME RSME
pb Linear 0.31 0.46
Logarithmic 1.8 3.7
Cd Linear 0.24 0.42
Logarithmic 1.2 2.3
Zn Linear 0.56 0.75
Logarithmic 2.8 4.8
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Figure 8. Total lead concentration of Sarouq River in (a) spring (b) autumn, (¢) winter season in the developed

Qual2kw model
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Figure 9. Total Pb concentration of Sarouq River in (a) spring (b) autumn, (c) winter season in the developed
Qual2kw model
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Figure 10. Total Zn concentration of Sarouq River in (a) spring (b) autumn, (c) winter season in the developed
Qual2kw model
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