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Introduction

According to the standard of Krenkel and Novotny (1980), the proposed concentrations of
different water quality variables are categorized into four different groups. In this category, group
1 (Al, B1) represents a water quality which is suitable for all general applications. Group 4 is the
worst water quality which is inappropriate for most applications. Moravej et al. (2017)
investigated the water quality of the Karun River using the water quality index and GIS
(Geographic Information system) time series modeling during 2007-2012. The results showed
that the water quality index decreases (at the point where it joins the Dez River) meaning that
lower quality of the river water is due to pollutants entering into the river at the downstream of
the Dezful station. So, it is necessary to have control measures in this river. Recently, IRWQIsc
indicator has been presented by researchers of the Iranian Environmental Protection Agency.
Hamedi et al. (2015) used the IRWQIsc indicator to determine the changes in river flow volume
due to seasonal variation. In addition, Azami et al., (2015) reviewed changes of the IRWQIsc
indicator for Tjan River. Bagherian Marzouni et al. (2014) conducted “DO” and “BOD”
parameters in the Karun River with Q2k model. The results showed that by changing the entry
points of the pollutants into the river (especially in low-flow condition) we will achieve the
environmental goals for the river water. Nakhaei and Shahidi (2010), using the Qual2k model,
showed that the water quality at the downstream of the Zayandehrood River is very poor due to
the input of industrial pollutants. Rafiee et al. (2013) simulated the sources of pollutants input
into the Gargar River in Khuzestan province, by Qual2k model. The results showed that the
Qual2k model is sensitive to inflow and input pollutants such as BOD and Nitrate (NOs-N).

In this study, the qualitative changes of the Dez River have been investigated using the
Kerincell Standard and IRWQIsc indicator in recent years. Then, the qualitative status of the river
was simulated by Qual2k model. This model was calibrated and verified to forecast the water
quality of the Dez River in the future.

Methodology

The Dez River (after the Karun River) is one of the largest and longest rivers in Iran, the Gulf
and Oman Sea basins. The quality of water in this river has been of acceptable level for a long
time. However, its quality has declined in recent years due to drought, industrial and agricultural
development. The monthly average flow of the Dez River has been 50-70 m?/s over the past 10
years. Five quality monitoring stations on the river and fifteen stations at the input points of
pollutants into the river have been established. The Water Quality Standard (Kinkel indicator)
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and IRWQIsc indicator were applied. The water quality of the Dez River in different periods was
investigated, so that its qualitative changes during the ten recent developing years would be
noticed. Then, the river water quality situation was simulated by Qual2k Model. In this model,
the Electrical Conductivity (EC), Dissolved Oxygen (DO), Biological Oxygen Demand (BOD),
PH, Nitrate (NOs-N), Amonium (NH4-N) parameters were simulated along the river.

Results and discussion
In the present study, the qualitative status of the Dez River using the Krinkel Standard,

IRWQIsc indicator and Qual2k model were investigated. The results are as follows:

1- A review of the Krinkel Standard at the downstream of the Dez River showed that the water
quality class (grade) has declined at least 1 degree during the last 10 years.

2- The river quality index has changed from very good to good and fairly good -standards,
during the drought and development period.

3- The electrical conductivity values estimated through the Qual2k model (using time series
between March and July 2013) is very close to its observed value. The DO value decreases in
the distance of 80 to 160 kilometers at the downstream of the river and then increases due to
the natural self-purification of the river and the reduction of the input drainage. The input
density of agricultural, industrial and urban drainages is very high at this point of the river.
The NH4 and NO3 parameters increase in the distance of 140 to 150 kilometers of the river
due to the input of a higher amount of the linear pollutant. PH is normal along the river. The
water quality of the river has significantly declined, due to the deviation of the large volume
of river's water from the western and eastern cannels and input density more than 10
agricultural and industrial polluting sources (in the distance of 140 to 160 kilometers at the
downstream of the Dez river).

4- The results from the model showed that in the rainy season (March), the concentration of river
pollutants and amount of DO parameter are lower and higher, respectively. Furthermore, the
water quality of the river during the rainy season is more desirable than the low-flow
condition.

Conclusion

Due to lack of qualitative information in developing countries, this model is functional and its
results can be used. Using the calibrated model in the future, it is possible to calculate and
forecast the trend of quality changes and pollution at each point of the river (considering the
agricultural and industrial development and pollutant entry changes into the Daz River). It is
suggested that other rivers that are facing a change in their water quality should be calibrated
with a qualitative model for simulation and future projections.
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Table 1- Specifications of water quality monitoring stations and sources of pollutants enter to Dez

River

Dis of
Y(UTM) X(UTM) downstream Station name Station

(km)
3587560 255616 192 (S1) Dezful
3570250 248810 164 (S2) Hamidabad
3537173 269463 100 (S3)Harmale
3507323 280735 37 (S4) Bamdej
3503267 298858 0 (S5) Bandghir
3583164 253550 183 (W1) Dezful sewage
3576285 243084 166 (W2) Sabzab
3566388 253992 162 (W3) Saghari
3564587 250095 158 (W4) Bonehasan
3556454 256066 149 (WS5) Haftape Sugarcane
3556454 256066 148 (W86) Drainage 6
3554400 256266 146 (W7) Drainage 8
3558218 262540 145 (W8) Agerob & Salime
3552859 256413 143 (W9) Pars paper
3550451 268720 128 (W10) Tapdrain
3545815 272486 108 (W11) Kohnak
3541360 274302 104 (W12) K,LDrain
3522121 275936 66 (W13) Mianab
3505757 277928 37 (W14) Kharor
3503771 292718 6 (W15) Shoaibie
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Table 2- River water quality standards

Classification

Parameter Unite A B > 3 7
T °C) <20 20-22 22-25 25-30 >30
pH - 6.5-8.5 6.5-8.5 6.5-8.5 5.5-8.5 55>19.5<
DO mg/L 7< 5-7 3-5 <3 <3
BOD5 mg/L 3< 3-5 5-10 10-25 >25
COD mg/L 20< 20-25 25-40 40-80 >80
NH4 mg/L <0.1 0.1-05 0.5-2 2-8 >8
NOs mg/L <44 <44 44-100 44-100 >100
EC pumho/cm <400 400-750  750-1500  1500-3000 >3000
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Fig. 2- Average annual discharge of Dez- River, Bamdej
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Table 3- Index parameters (IRWQISC) and their weight

Parameter Wight Unite
Coliform 0.14 MPN/100 ml
BODs 0.117 mg/l
DO 0.097 Mg/l
Hardness 0.059 mg/I-cacos
Ammonium 0.09 mg/l
Phosphate 0.087 mg/l
Nitrate 0.108 mg/l
Turbidity 0.062 NTU
EC 0.096 umhos/cm
COoD 0.093 Mg/l
pH 0.051 Non dimension
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Table 4- Guide to determining the descriptive equivalent of the calculated index

Descriptive equivalent Index value
Extremely poor <15
poor 15-29.9
relatively poor 30-44.5
Average 45-55
relatively good 55.1-70
good 70.1-85
Extremely good 85 <
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Table 5- Determining the descriptive equivalent of IRWQI index of Dez River,

Harmaleh | Bamdej
year Index Descriptive Index Descriptive
value equivalent value equivalent
2005 37.6 relatively poor 40 relatively poor
2007 29 poor 34 relatively poor
2013 33 relatively poor 34 relatively poor

Table 6- Average quality parameters of Dez River in July 2012
1TAY olo i 93 38 dil509) (A S gulyl fawgio -1 Jgu>

Name Q T EC

DO BOD5 NH4-N NOs-N

station (m3/s) (0C) (umhos/cm) (mg/li) (mg/li)  ugr.N/I)  (pgr.N/T) pH
Dezful 150 17 607 8.7 4.35 400 3400 7.4
Hamidabad 28 23 734 6 4 430 6500 7.8
Harmaleh 62 25 1520 54 4.8 450 8000 7.8
Bamdej 64 26 1800 6.1 4.3 300 7000 7.8
Bandghir 49 26 2700 6.5 4.7 300 7000 8
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Table 7- Average quality parameters of Dez River in March 2013
Name Q T EC DO BOD5 NH4-N NOs-N H
station (m3/s) (0C) (umhos/cm) (mg/li) (mo/li)  pgr.N/1) — (ugr.N/1) P
Dezful 165 17 575 10.5 4 380 3400 75
Hamidabad 53 18 630 7.8 3.3 400 5000 7.8
Harmaleh 88 18 1099 6.5 3.9 450 7800 7.6
Bamdej 91 17 1400 7.2 3.75 400 7400 75
Bandghir 75 17 1900 7.5 4.05 350 7000 8
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Table 8- Contaminant values of entry points to Dez river (July 2012)

Name Q (m¥s) Temperature EC DO BODs NHs-N NOg-N_ H

station (°C) (umhos/cm)  (mg/l)  (mg/l) (uor N/D - (ugr.N/) P
W1 15 24 1052 1 90 1200 15000 7.5
W2 3 24 787 8.1 3.6 800 10000 1.7
W3 5.5 23 708 7 5.6 850 11000 74
w4 1.3 26 778 8.7 4.8 900 7450 7.8
W5 3 26 1600 1 80 1500 6200 7.4
W6 1.3 26 1300 8 4.2 1300 9870 7.6
w7 15 25 1600 6 25 1300 8500 7.5
W8 13 24 147 55 4 1200 11000 7.5
W9 2 27 1450 1 130 1200 4000 6.8
W10 1.2 26 1400 7.4 6 1200 15000 7.5
W11 11 26 2200 6.5 6.9 1200 15000 7.8
W12 8.5 26 3080 6 5.9 1200 7810 7.8
W13 35 29 3310 45 3.2 1000 9650 7.5
W14 2.5 31 2000 4.4 3 1000 7000 7.8
W15 11 27 5000 8.5 7.5 1100 12000 7.8
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Table 9- Location and amount of water withdrawal from Dez River -July 2012

water outlet Dis of down(km) Q (m3/s)
Eastern channel (Dezful) 184 31
Western channel (Dezful) 183 94.5
Traditional water users 175 2
Traditional water users (Haftape) 154 13
Traditional water users (Mianab) 75 6
Traditional water users(Shoybieh) 13.4 28
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Table 10- Values of calibration coefficients of Dez River quality model

Calibration parameter Coefficient Unit Low limit  up limit
ISS Settling velocity 0.2 m/d 0 2
Fast CBOD Oxidation rate 0.05 1/d 0 5
Organic N Settling velocity 0.025 m/d 0 2
Organic N Hydrolysis 0.05 1/d 0 5
Ammonium Nitrification 1.25 1/d 0 10
Nitrate Denitrification 0.6 1/d 0 2
Sed denitrification transfer coeff 0.2 m/d 0 1
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Fig. 8- Model results in Dez River based on the data gathered on July 2012
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Fig. 9- Model results in Dez River based on the data gathered on March 2013
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Table 11- Root mean squared errors (RMSE), mean absolute error (MAE) and (R?)
For modeled versus measured water quality parameters

RMSE MAE R?
parameter validation calibration | validation calibration | validation calibration
EC 3 9.6 4.1 8.3 99.8 99
DO 45 14 8.5 11.4 99.8 99
CBOD 8.3 22 6.1 195 99.8 97
NH.-N 12 18 20 11.2 98 98
NO;-N 3.7 10 6 6 99.8 99
PH 1.3 2.6 1.3 15 99.9 99
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