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Introduction 

Water is one of the gifts of nature for all beings.  It exists on the surface of the earth in the form of ponds, lakes, brooks, 

streams, and rivers [1]. Pollution of all these water sources increases day by day due to the release of untreated industrial 

effluents, lack of awareness about preserving their hygienic nature, and improper waste disposal methods [2]. Importance of 

studying pollution of these increases continuously due to the need to follow the standards for environmental pollution. Hence, 

proper monitoring and enforcement of these guidelines will help to keep the quality of all the water sources. 

Dissolved oxygen (DO) levels of each water source indicate the survival ability of different organisms in them. A very high 

or low value of DO affects the water quality and thereby aquatic life of the organisms. Crabs, oysters, bottom feeders and 

worms, etc survive at the DO levels of 1-6 mg/L unlike 4-15 mg/L for shallow water fishes [3]. Pollution of water occurs at 

physical, chemical and biological levels [4]. Severe pollution affects the physiological functions of the marine organisms 

without any damage to their life. But these effects damage their reproduction capacity, immunity responses,  and energy 

deficits,  and finally will lead to the death of the organisms [5-8]. Wastes from industries, agricultural fields, and domestic 

sectors need oxygen for their decomposition. Hence, the existence of different types of organisms became questionable. 

The decomposition of dumped wastes occurs by microorganisms (biochemical) and chemical agents. Microorganisms need 

oxygen in the name of biological oxygen demand (BOD) to degrade a waste. The decomposition of most of the organic 
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matter through this means is high. But this is a very slow process. The remaining waste needs the chemical treatment which 

also demands the oxygen, named as Chemical Oxygen Demand (COD). The rate of BOD depletion gives the natural 

decomposition of the waste by consuming oxygen.  Hence, the measurement of BOD and COD helps to characterize a 

particular type of waste [9]. DO at a particular instant is the result of both re-oxygenation and deoxygenation. Oxygenation of 

ponds and small lakes takes place through photosynthesis [3]. On the other hand, the plants are grown on and under the 

surface, consuming oxygen. Uptake of oxygen from the surrounding atmosphere is less than they are stagnant. On the other 

side moving water bodies such as brooks, streams, rivers are readily oxygenated due to the good dispersion of oxygen. 

Naturally, all the water sources are able to purify on their own. The self-purification coefficient (f) characterizes the ability of 

the water source to purify on its own [10]. Moving water sources have high self-purification coefficients compared to the 

stationary ones. Hence, the determination of the best quantities of discharged waste into the water sources without affecting 

their self-purification abilities is of interest. The existing experimental techniques help to measure the amount of waste in the 

water source. But knowing the ranges of wastes that can be discharged into a particular water source is a better one. 

Abundant literature on f, BODs of different wastes, rate expressions for reoxygenation and deoxygenation is available [11-

13]. This motivated the author to find the amounts of waste theoretically by considering the existing model equations and 

experimental data. The author simulated the modeling equations using MATLAB for the surface water bodies from ponds to 

very large rivers. The study considered the least DO require for the organisms to do this. Also, profiles for variation of DO 

with the post-discharge time and BOD are plotted. The times for reaching the critical deficit, are reported. The author hopes 

that this study will be helpful to give information about the largest amount of waste without any aid of further 

experimentation. 

Model for Oxygen-Sag  

Streeter and Phelps introduced the model [14] to predict the DO and deficit of a river after the discharge of waste. The model 

has some differential equations to describe the processes of re-oxygenation and deoxygenation with time. The net DO of a 

stream is a function of time, f, equilibrium DO, BOD and decomposition constant of the waste. DO of the mixed stream starts 

to decrease after the discharge of waste. Both the equilibrium DO and the BOD depletion constant are functions of 

temperature. The critical time is the time during which, the decrease in DO put the life of the organisms in a water source in 

danger. The equations of the model are given below. 

 

Mixed DO 

CA=(QWCW+QSW CSW)/(QW+QSW)…………………………………………….. (1) 

Mixed BOD 

LA=(QWLW+QSW LSW)/(QW+QSW) …………………………………………….. (2) 

BOD depletion rate constant 

K=K20 (1.047(T-20)) …………………………………………….. (3) 

Equilibrium oxygen concentration 

CS=14.64–(0.41T)+0.008 (T2) …………………………………………….. (4) 

Rate of BOD depletion 

DCDE/DT=-KLA EXP (-KT) …………………………………………….. (5) 



 

 

 

 
 
 
 
 

Rate of Oxygenation 

DCRE/DT=F K (CS-C) …………………………………………….. (6) 

Balance for net DO: From Equations  (5) and (6) 

DC/DT=-KLA EXP (-KT)+F K (CS-C) …………………………………………….. (7) 

-Oxygen deficit 

D=CS-C …………………………………………….. (8) 

-Oxygen deficit after the discharge of waste into a water source 

DA=CS-CA…………………………………………….. (9) 

Time for critical deficit 

TCR=1/(K (F -1) LN (F (1-(F-1) (DA) LA)) …………………………………………….. (10) 

Critical deficit 

DCR=LA EXP (-K (TCR))/F …………………………………………….. (11) 

Simulation 

The MATLAB program [15] can simultaneously solve both the algebraic and differential equations. The DO and BOD of the 

mixed stream are rapidly changed after the discharge of waste (Equations 1and 2). The BOD depletion constant (Equation 3) 

and equilibrium DO (Equation 4) Together find the net DO of all the water sources through deoxygenation and oxygenation 

(Equations 5-7). The self-purification coefficients (f) for all the streams at 20℃. Were reported in the literature  [11].  These 

values along with an exponent for re-oxygenation constant (1.024) are used to calculate ‘f’ at other temperatures. The critical 

deficit and the time for it are calculated using the (Equations 8-11). A temperature range of 0℃- 30℃. is used for simulation 

of all sources along with 38℃. For very large rivers. Hence, the largest and least BOD values of wastes that can be handled 

by all the sources correspond to the values at 0℃. And 20℃-38℃. The least DO levels required for the survival of all 

organisms in shallow and deep water sources are five and six [3]. Hence, all the simulations are carried out by maintaining 

five for lakes and six for other high flow water sources.  

Stationary water sources keep up their DO nearer to equilibrium values due to photosynthesis and diffusion of atmospheric 

oxygen. Self-purification coefficients of Ponds and lakes were reported as 0.05-1.0 and 1-1.5 [11]. The largest values of ‘f’ 

used for simulation of ponds and the lakes are 0.9 and 1.5 respectively. Due to some movement in lakes over the ponds, lakes 

have higher purification coefficients. The flow rate of the sewage used for simulation of both these sources is 0.0029 m3/s to 

study the effect of dumping low BOD containing wastes. A flow rate of 0.0028 m3/s for water in the lakes is used. 

The atmospheric oxygen disperses very rapidly after entering a moving water source. The dispersion rates depend on their 

flow rates. The categorization of moving water sources based on their flow rates was reported [16]. Also, the self-purification 

coefficients of all these water sources are taken as 1.7, 2.5, 3, 3.5, 4, 4.5 and 6 [17]. The sewage flow rate of 0.4 m3/s is used 

for simulation of all the water sources. 

Results and Discussion 

Dissolved oxygen in shallow water sources is reduced drastically after the discharge of waste. The pond is affected even with 

the discharge of a treated waste (DO=2) which is evident from TABLE 1. It is also found through the simulation that the 

pond will take 20 days to bring back its DO to 3. But all the organisms in a pond need a minimum DO of four for their 

survival. This situation is further worsened by adding an untreated waste. The reason for all of these is the lack of movement. 



 

 

 

 
 
 
 
 

Hence, the health of the ponds had to be preserved by not dumping any type of waste. On the other hand, the discharge of 

waste into a lake reduces its DO to five with time at different temperatures FIG. 1. 

 

FIG. 1. Effect of temperature on the decomposition of a waste in a Lake. 

 

The equilibrium oxygen concentration is high at 0℃ (blue) and reaches a lower value at 20℃ (red).  Due to this, the lakes 

could keep their purity against the discharge of a treated waste at low temperatures TABLE 1. 

TABLE 1. Highest BOD containing wastes handled by different water sources. 

Type of water source Flow rate (m
3
/sec) Temperature 

  0℃ 10℃ 20℃ 30℃ 38℃ 

Ponds 0 19 12 8   

Lakes 0.0028 59 33 15   

Brooks 0.09 85 44 16   

Small streams 1 148 77 30   

Streams 10 1380 760 359 99  

Small rivers 100 15,200 8380 4020 1200  

Rivers 1000 1,68,600 93,800 45,000 14,300  

Large rivers 10000 18,45,000 10,33,500 5,00,000 1,60,000  

Very large rivers 12000 28,50,000 15,90,000 7,80,000 2,60,000 2000 

 

The largest and least BOD values that can be handled by all the water sources are determined by varying different wastes. 

Brooks shows the ability to disperse both the treated and high BOD (16-85) containing wastes TABLE 1. The effect of 

BOD on the critical oxygen concentration of a brook at 20℃  is shown in FIG. 2. 



 

 

 

 
 
 
 
 

 

FIG. 2. Variations of critical DO in a brook with BOD at 20℃. 

 

It is clear from the FIG. 2, that changing the BOD from 16 to 40 has an adverse effect on DO. Hence, the largest BOD that 

can be handled by the brooks to keep up a DO of 6 is considered as 16. The same procedure is followed to calculate BODs 

for other sources. Small water streams are observed to accept the waste of having BOD (30-150). Streams can purify 

themselves against the discharge of raw and high BOD (350-1400) wastes. Wastes having BODs, that can be dispersed 

effectively by small rivers, rivers, large and very large rivers are 4000-15,200, 45,000-1,68,600, 5,00,000-18,45,000 and 

7,80,000-28,50,000.  When the temperature approaches 38℃ even a very large river is able to handle only a waste of BOD 

(2000) TABLE 2, Ability to handle low BOD wastes is drastically reduced as the temperature crosses 40℃ due to high 

degradation and low oxygen content. Hence, the discharge of waste during summer will devastate the health of very large 

rivers as well. Every water source has a characteristic time for the dispersion of a particular waste. The critical time depends 

on the type of water source. It is clear from TABLE 2, that the critical time for ‘brooks’ is very high compared to the rest of 

the sources at 0℃. The difference in the critical times keeps on decreasing when we move towards very large rivers. This is 

due to the availability of large amounts of oxygen and high degradation rates in fast-moving sources. Each source has a less 

temperature at 10℃ compared to that at 0℃. Due to an increase in the degradation rate despite the availability of small 

amounts of oxygen. Dispersion of waste at 20℃. It is majorly controlled by degradation rates. On the other hand for highly 

moving sources oxygenation plays a key role. Due to the combination of these two factors, the trend of critical times is 

maintained with a change in small streams. But at higher temperatures, all the sources have the problem of dispersing the 

waste due to the limited availability of oxygen and very high degradation rates. The last row of TABLE 2, evidences this 

fact. How a water source disperses the discharged waste and purifies on its own is interesting. Variation of DO of all the fast-

moving sources with time at different temperatures (0℃-20℃.) is shown in FIG. 3-5.  



 

 

 

 
 
 
 
 

 

FIG. 3. DO profiles of moving water sources at O℃. 

 

FIG. 4. DO profiles of moving water sources at 10℃. 

 

 

FIG. 5. Do profiles of moving water sources at 20℃. 

 



 

 

 

 
 
 
 
 

 The sample MATLAB script is shown in FIG. 6.   

 

 

FIG. 6. Sample MATLAB script. 

 

At 0℃ brooks and small streams have high critical and recovery times compared to other sources with brooks being the 

highest. Other sources have some little variation in the times among them. But this variation is diminished as we move to 

high temperatures. Also, the space between the curves for brooks and small streams, and those for the other sources, is 

reduced. All these observations suggest the dominance of degradation rates at high temperatures as shown in TABLE 2. 

Hence, the discharge of hot waste or waste into a source at high temperatures is dangerous. 

 

TABLE 2. Critical deficit times of different water sources. 

Temperature Time for critical deficit (TCR) of different water sources (days) 

 Brooks Small streams Streams Small rivers Rivers Large rivers Very large rivers 

0℃ 10.261 5.65 3.247 3.016 2.779 2.576 2.134 

10℃ 6.53 3.57 2.32 2.175 2.01 1.866 1.584 

20℃ 2.88 1.492 1.625 1.55 1.43 1.336 1.143 

 

Conclusion 

The simulation study predicted the limits of waste that can be discharged into different water sources. It also emphasized the 

need to keep their hygienic nature by avoiding the discharging of waste at high temperatures into the water sources. The 

author hopes that this study will give some guidance for the discharge of wastes. 
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