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ABSTRACT 
 
 In current environmental standards of some countries, concentration limits of discharged wastewaters` 
qualitative parameters into surface waters are evenly assumed, while aquatic environments have different 
absorbing and self- purification capacities according to hydrological and hydro geological conditions. Hence, 
formulation of wastewater discharge standards is to be segregated for each kind of surface waters. This study 
aims at examining the efficiency of current standards in Gheshlagh River- Kurdistan in Iran. To emphasize on 
the importance of recipient environments` conditions in determining waste water discharge standards, two 
scenarios were simulated in QUAL2Kw model. In the first one, current standards in river were simulated for 2 
parameters (BOD and DO). In the second one, concentrations were suggested for these 2 parameters provided 
that the appropriate qualitative condition of the river (DO minimum at or above 5mg/l) is maintained. 
Comparing these scenarios from economic point of view and priority of scenario two reveals that by taking 
advantage of river`s self-purification capacity, standards can be determined, which not only save the qualitative 
conditions in river but also take the stakeholders and dischargers into consideration.  
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Introduction 
 
 The quality of the world’s water is increasingly threatened as human populations grow, industrial and 
agricultural activities expand, and as climate change threatens to change the global hydrologic cycle (UN-Water 
2010).  If this trend goes on, human being will definitely be faced with water crisis especially in Iran that has 
arid and semi-arid climate. The most substantial solution for maintaining the quality of water resources is 
formulating appropriate laws and standards and also exact planning to execute them. 
 Formulation of environmental standards is a complicated process, improving constantly, in which legal, 
economic, political and social along with monitoring considerations must be taken into account (EPA,1997).  
 In Iran, currently, the standards for wastewater discharge into surface waters has been formulated according 
to the concentration of contaminants on the basis of Article 5 of the regulations of preventing water pollution 
(Department of Environment,1994) in collaboration with Health ministry, Power and Energy ministry, Mine and 
Industry ministry and Department of Environment, which consists of 5 notes and determines 52 permissible 
parameters. Nevertheless, because of problems such as eutrophication, diminishing of aquatic livings, alteration 
of color and odor and other contaminations that all have led to the decrease of surface water`s quality invigorate 
this assumption that existing standards lack effective efficiency and comprehensiveness. Hence, examining the 
imperfections that make these standards inefficient and enhancing them is the crucial duty in water resources 
management (Torabian,2008). Research on Review on Wastewater discharge standards and  it`s comparison 
with other countries is described in papers such as Nazl abadi and Piadeh,2012. as well as Research on 
efficiency of current standards in Iran is described in papers such as Ashegh Moalla and Malek Mohammadi, 
2010. But this research focuses on one the most important flaws, which is inattentiveness to different 
characteristics of recipient environments and their status quo. Existing standards don`t differentiate between 
various kinds of surface waters (Sea, Streams, Wetlands, Rivers etc.) while deciding criteria and permissible 
thresholds of waste discharge. It should be noted that each kind of these resources has specific environmental 
and hydrological features, aquatic livings, self purification capacity and also bearable amount of contamination, 
different according to spatial and temporal situations and the input amount. For instance, while formulating 
regulations of waste water discharge into rivers, some factors are to be taken in to account including the essence 
of discharged waste (point or non-point; degradability and severity of pollution), self- purification capacity of 
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the river (hydrological characteristics, fauna and flora population, river bed) and total amount of input substance 
uploading.  
 As far as factors determining water quality are complicated, there are numerous differences between rivers 
located in distinctive climatic and topographic regions (Iran water resources management office,2005.). Also, 
formulating a similar standard for all the rivers in the country to guarantee their chemical and biological quality 
is not suitable and executive; idealistic permissible limits will never lead to protection of environmental 
resources. In addition to utilizing optimum self purification capacity of the river, public and stake holders` 
participation must be paid attention too, because the aim of founding each factory or plant is achieving income 
and profit; also setting strict laws against water pollution heedless of economic and social aspects leads to not 
implementing them or in case of urge, implementing them with violations; this is also the reason of growing 
deterioration of environment and water resources.  
 This research aims at examining the efficiency of existing standards in Gheshhalgh river- Kurdistan 
Province- Iran through running the standards as a scenario in a simulating model of river quality and studying 
river`s situation in order to formulate permissible thresholds of contaminants` concentration from environmental 
and economic points of views. Finally, legal concentration of discharged pollutants as another scenario will be 
suggested to maintain the suitable quality of the river and also to consider stakeholders.  
 
Materials and Methods  
 
 Initially, pollutant sources and pollution concentration and load discharged into any part of the river get 
identified, then according to hydrological and topographic features, the river is severed in different reaches 
according to hydraulic condition, stream physical parameters( such as  hydraulic  geometry, stream slope,  
velocity,  flow,  ,…) and reaction coefficients (such as reaeration  and deaeration rate, CBOD oxidation rate); so 
that a measurement station is located on the beginning of each reach. After entering the information about 
stations, pollutant sources and hydrological characteristics in the river`s quality simulator model, through 
manipulating synthetic coefficients, model gets calibrated and simulates qualitative conditions in case of 
considering no criteria and standard. On one hand BOD5 is common in all pollutants and leads to decrease in 
DO, on the other hand DO is known as one of the major indices in observing river quality, hence simulation is 
based on these two parameters. Then according to a scenario, pollutant sources discharge their pollutants as 
specified in current environmental standards and consequently river`s qualitative conditions are examined and 
the costs of treating pollutant sources to achieve permissible qualitative conditions are calculated. Afterwards 
another scenario is prepared, by implementing which not only permissible limit of dissolved oxygen (in this 
research considered 5mg/l minimum according to European Standard for Good Class) is respected (Jafari et 
al.,2009), but also less cost is imposed on dischargers to treat pollution.  
 To compare scenarios economically, expenditures imposed on dischargers after executing scenarios are 
calculated; so that current pollution load will be less than permissible amount and treatment costs to diminish 
pollution load will be higher than allowed. In order to estimate treatment cost on the basis of conducted research 
on existing projects, planting municipal and industrial waste refinery in lieu of one kilogram pollution load per 
day during 25 years useful life was assumed around 23 million Rials and 30 million Rials respectively.  
 To get a criterion for comparing and assigning investment and operation costs, expenditure for controlling 
pollutant sources was calculated on the basis of annual equivalent cost via equation 1 (Karamouz et al.,2006).  
In which: 
A= annual equivalent cost 
i= interest rate (here assumed 15%) 
n= operation span (here 25 years) 
p= current investment costs 
In this research, operation costs for municipal and industrial waste refinery was supposed respectively 3% and 
2% of annual equivalent costs.  
The efficiency of current standards will be discussed by comparing two proposed scenarios.  
 
Model: 
 
 Simulating models are those utilized to anticipate a system`s behaviour. These models can`t directly choose 
management alternatives according to constraints. Also, simulating is done in the form of different scenarios and 
the outputs are applied to manage system. These models are of highly practical in qualitative management of 
aquatic systems; among which QUAL2Kw was selected because: 
 Public accessibility 
 Possibility of preparing it with least cost 
 Verified by experts and extreme usage in waste load determination studies 
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 QUAL2Kw is one-dimensional, steady flow stream water quality model and thus its application is limited 
to steady state flow condition. It has many new elements (Pelletier and Chapra, 2005). It includes DO 
interaction with fixed plants, conversion of algal death to CBOD and reduction of amount of CBOD due to 
denitrification. Additionally, it has autocalibration system. It is useful in data limited conditions and is freely 
available (http://www.ecy.wa.gov/).   
 QUAL2Kw can simulate a number of constituents including temperature, pH, carbonaceous biochemical 
demand, sediment oxygen demand, dissolved oxygen, organic nitrogen, ammonia nitrogen, nitrite and nitrate 
nitrogens, organic phosphorus, inorganic phosphorus, total nitrogen, total phosphorus, phytoplankton and 
bottom algae.(kannel et al.,2007) 
 As the model simulates ultimate CBOD, the measured 5 day CBOD (CBOD5) was transferred to ultimate 
CBOD (CBODu) using the following relationship (k = the CBOD decomposition in the bottle, 1/day) (Chapra et 
al., 2006): 

 
 
 
 

 
The bottle rates for sewage derived organic carbons are on the order of 0.05–0.3 day−1 (Chapra, 1997). 
 
Study Area: 
 
 The study area is part of Gheshlagh River in Gheshlagh watershed located in Kurdistan- Iran which 
encompasses the extent between Gheshlagh dam till the downstream with the length of 50 km (Figure1).  
 

 
 
Fig. 1:Situation of Gheshlagh watershed located in Kurdistan- Iran 
 
 Gheshlagh River has permanent water flow. According to conducted measurements, the least amount of 
Outflow was in August at 0.1m3/s. Afterwards this amount is on increase till in March that it reaches the highest 
point at 7.267m3/s (Jafari salim, 2009).  
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Results and Discussion 
 
Examining qualitative conditions of river: 
 
 According to the data of sampling in different time periods and comparing qualitative and quantitative 
results (Jafari salim, 2009), August 2006 was known as the critical time on the basis of the least outflow and the 
highest temperature in river; to simulate the river the data of this month were used.  
 In this research, 14 monitoring stations were sited, four of which on secondary branches counted as entries 
of Gheshlagh River and remnants are situated along the main river. Since the output water of dam`s valve was 
completely sanitary, just a little downward of the dam, station (S14) was chosen in upstream. Location of these 
stations is presented in Figure 2.  
 After conducting studies and determining Channel slope, Bottom width, Channel slope, Manning, the river 
was severed into 9 reaches just after Gheshlagh Dam (Figure 2). Table 1 shows Reaches with different river 
hydraulic characteristics 
 

 
 
Fig. 2: Reaching the Study Area (Gheshlagh River). 
 
Table 1: Reach hydraulic characteristics along Gheshlagh river. 

Reach 
numbers 

Reach 
length(km) 

Downstream 
location(km) 

Elevation Channel 
slope

Manning 
coefficient

Bottom 
width(m) 

Side slop 

0  49.45 1479 0.003 0.0900 4.00 0.03 
1 10.45 39 1447 0.003 0.0900 5.50 0.02 
2 4 35 1419 0.007 0.0800 7.50 0.025 
3 6.35 28.65 1390 0.005 0.0600 10.00 0.02 
4 5.7 22.95 1362 0.005 0.0550 10.00 0.015 
5 5.4 17.55 1357 0.001 0.0550 12.50 0.01 
6 5.5 12.05 1332 0.005 0.0500 12.50 0.01 
7 3.4 8.65 1311 0.006 0.0500 10.00 0.005 
8 5.4 3.25 1293 0.003 0.0450 10.00 0.005 
9 3.25 0 1226 0.021 0.0500 10.00 0.01 

 
Identification of pollutant sources: 
 
 In the boundary between Gheshlagh Dam till the end of the river, 9 pollutant sources were identified, that 
their spatial and qualitative data is available, which are presented in table 2. Their location along the river and 
also their elevation and distance from river`s downstream are illustrated in figure 3 that depicts longitudinal 
profile of the river.  
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Table 2: Pollutant sources. 
Pollution loud 

gr/s 
BOD 
Mg/l 

Flow
m3/s

Downstream 
location(km)

Discharger lable 

0.004 140 0.00003 44.00 D1 
20.80 200 0.10 41.00 D2 
9.13 800 0.01 33.00 D3 
2.57 900 0.003 28.00 D4 
0.20 50 0.004 25.00 D5 

136.63 97.94521 1.40 23 D6 
0.14 40 0.003 21 D7 
61.64 2054.795 0.03 19 D8 
1.66 698.6301 0.002 14 D9 

 

 
 
Fig. 3: Location of point sources along Gheshlagh River. 
 
Entering information into Qual 2K model: 
 
 Following measurements and data gatherings, different calculated parameters including temperature, 
meteorology, outflow, electricity conduction, PH, CBOD, Do, Nitrate and depth and velocity of river`s flow 
were chosen to be applied in EXCEL environment. As mentioned in equation 2, CBOD amounts were entered in 
the model after conversion to FAST CBOD.  
 
Identification of critical reaches and spots: 
 
 After entering the information in model and it`s calibration, simulating was done; the trend of changes of 
DO and FAST CBOD are presented in figures 4 and 5. As can be seen, the amount of DO in reaches number 4, 
5, 6 and 7 is less than the 5 mlg/liter permissible limits, hence these parts are vulnerable to crisis of decrease in 
dissolved oxygen amount; the most critical spot is in reach 5. 
 
Formulation of management scenarios: 
 
 As far as models are incapable of direct calculating of appropriate alternatives according to restraints, also 
they simulate the system in the form of different scenarios and utilize the outputs for managing the system 
(Mesbah, 2008).  Hence, in order to examine the efficiency of current environmental standards in under study 
case, two scenarios were written and simulated to optimize the qualitative management of the river.  
 
Scenario One: Discharge of waste water of pollutant sources according to Department of Environment 
standards: 
 
 It`s assumed in this scenario that all the pollutant sources discharge their waste water with the DO and BOD 
concentrations according to the Department of Environment standards. On the basis of this standard, the amount 
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of dissolved oxygen and BOD in waste waters are determined 2 mg/l minimum and 30 mg/l maximum 
respectively. These amounts were for all the pollutant sources entered into the model and simulated(figure6). 
It`s clear that the amount of DO will never be less than 5 mg/l and qualitative conditions of water in the river is 
appropriate. So, is this scenario optimum from economic point of view? 
 

 
 
Fig. 4: The trend of changes of DO simulated by model Qual2k along the river. 
 

 
 
Fig. 5: The trend of changes of fast BOD simulated by model Qual2k along the river. 
 
 Executing this scenario will impose the cost of constructing treatment plant and operational phases on the 
dischargers; according to which the load of pollution will be less than legal limits, but the cost of treatment for 
that will encroach on permissible thresholds. Table 3 presents the amount of decrease in pollution load for each 
discharger in this scenario; investment and operational cost for diminishing pollution load are calculated on the 
basis of assumptions and results are given in table 4. 
 
Table 3: The amount of decrease in pollution load for each discharger in scenario1.(kg/d). 

6 5 4 3 1 reach 
D9 D8 D7 D6 D5 D4 D3 D2 D! Discharger 

number 
137.390 5,248.267 2.980 8,189.300 6.959 214.521 759.452 1,527.552 0.241 scenario1 

 

Scenario Two: Equal concentrations of BOD in discharge: 
 
 To examine whether the river has the carrying capacity more than the one specified in standard, the 
concentration compatible with river`s self- purification capacity was calculated in another scenario by trial and 
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error which takes 20% uncertainty into account that deals with future growth. 50 mg/l was considered as the 
maximum concentration that all pollutant sources are allowed to discharge equally without causing the dissolved 
oxygen to reach less than 5mg/l (Figure 7). This scenario reveals that environmental standards can be modified 
and localized according to each river`s conditions. It should be noted, as far as limits were based on critical 
spots, this concentration was determined; otherwise, higher concentrations are also consistent with self 
purification capacity of the river.  
 

 
 
Fig. 6: DO profile in scenario1. 
 

 
 
Fig. 7: DO profile in scenario 2. 
 
Table 4: Investment and operational cost(Rial) for diminishing pollution load calculated on scenario1. 

 
Investment and 

operational costs 
Annual operation 

costs 
Annual equivalent 

cost 
The cost of 

constructing treatment 
plant 

Discharger lable reach 

1,152,489 33,568 1,118,922 7,232,877 D1 1 
5,543,865,008 108,703,235 5,435,161,772 35,133,696,000 D2 
3,630,341,470 105,738,101 3,524,603,369 22,783,561,644 D3 3 
1,025,453,597 29,867,580 995,586,017 6,435,616,438 D4 

33,265,034 968,884 32,296,149 208,767,123 D5 4 
29,720,999,475 582,764,696 29,138,234,780 188,353,893,699 D6 

14,246,340 414,942 13,831,398 89,408,219 D7 5 
19,047,263,842 373,475,762 18,673,788,080 120,710,150,137 D8 

656,752,087 19,128,702 637,623,386 4,121,692,625 D9 6 
59,673,339,343    total 
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 The amount of decrease in pollution load for each discharger in this scenario is presented in table 5. Also, 
investment and operational costs for diminishing pollution load to implement this scenario are calculated 
according to assumptions and equation 2 and finally the results are given in table 6 
 
Table 5: The amount of decrease in pollution load for each discharger in scenario2.(kg/d). 

6 5 4 3 1 reach 
D9 D8 D7 D6 D5 D4 D3 D2 D! Discharger 

number 
133.280 5,196.427 0.000 5,778.740 0.000 209.589 739.726 1,347.840 0.197 scenario2 

 
Table 6: Investment and operational cost(Rial) for diminishing pollution load calculated on scenario1. 

Investment and 
operational costs 

Annual operation 
costs 

Annual equivalent 
cost 

The cost of constructing 
treatment plant 

Discharger lable reach 

942,946 27,464 915,481 5,917,808 D1 1 
4,891,645,595 95,914,620 4,795,730,976 31,000,320,000 D2 
3,536,046,886 102,991,657 3,433,055,230 22,191,780,822 D3 3 
1,001,879,951 29,180,969 972,698,982 6,287,671,233 D4 

0 0 0 0 D5 4 
20,972,479,469 411,225,088 20,561,254,381 132,911,013,699 D6 

0 0 0 0 D7 5 
18,859,123,627 369,786,738 18,489,336,889 119,517,830,137 D8 

637,107,382 18,556,526 618,550,857 3,998,404,954 D9 6 
49,899,225,856    total 

 
 Total cost of treatment for all dischargers in each scenario was the criteria for comparing two mentioned 
scenarios from economic points of views. With a calculated 10*109 Rials difference, the second scenario has 
priority on the first scenario. Hence through determining a suitable standard compatible with recipient 
environment, both qualitative and environmental characteristics of the river and economic benefits of the 
dischargers will be taken into account. In the condition that standard are incapable of mitigating crisis in rivers 
due to high number of pollutant sources or high load of pollution or other environmental situations, we can 
localize standards and use stricter permissible limits. For instance standards in Shiga and Kathagava federal 
states of Japan are far stricter than national standards. (Alavi Moghaddam, 2004; Environmental Agency of 
Japan,1998). 
 
Conclusion: 
 
 Current environmental standards of Iran has settled equal concentrations for qualitative parameters of 
discharged waste waters for all rivers; whilst due to climatic and geographical varieties in Iran, rivers differ 
greatly in hydrological and environmental situations. In this research Water Quality Model Qual2kw was 
utilized to simulate Gheshlagh River on the basis of statistics in 2006.  Current permissible limits in DO and 
BOD parameters at 20 and 30 mg/l respectively were executed for all dischargers in the form of scenarios and 
resulted that  legal limit for river`s quality criteria (minimum Do= 5mg/l)is  satisfied, however this sounds 
idealistic due to exorbitant costs. Through trial and error in model the maximum bearable pollution load in the 
river was estimated; having the uncertainties into consideration 50mg/l was suggested for the river. Exempting 
the fifth reach in which the critical spot was located, Gheshlagh River is capable of tolerating more 
concentrations of BOD; hence it is deducted that not only standards vary according to self purification capacity 
of different rivers, but it is also highly suggested to separate standards on the basis of circumstances of each 
reach.  
 In conclusion while formulating exact and efficient standards, self purification capacity of the river, 
marginal pollutant sources, amount of waste loading and other conditions are to be taken into account; like in 
America that discharging waste into recipient sources is controlled by formulated standards named NPDES. In 
this system, needed licenses applying qualitative and quantitative restrictions of waste are issued in different 
states and are supervised by federal government. Restrictions vary in each state and are determined case by case 
and on the basis of estimating potential reverse effects on environment; to optimize exploitation from river`s self 
purification capacity, amount of discharge for numerous sources is determined along the river.  
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