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Draw And Explain -in Details- A Figure (BOD & Time) Showing The Different
Behaviors Of Treated Sewage is a crucial step in understanding the biological
treatment process of wastewater. By visualizing how Biological Oxygen Demand
(BOD) decreases over time in treated sewage, engineers, environmental
scientists, and students can better grasp the efficiency of treatment
processes and the dynamics of organic matter degradation. This article
provides an in-depth explanation of how to draw such a figure, interpret its
features, and understand the different behaviors of treated sewage based on
BOD over time. Clear diagrams, detailed explanations, and relevant insights
will help readers understand this vital aspect of wastewater treatment.

---

Understanding BOD and Its Significance in
Wastewater Treatment

What is BOD?
Biological Oxygen Demand (BOD) is a measure of the amount of oxygen that
microorganisms require to decompose organic matter in water over a specific
period, usually 5 days at 20°C (BOD5). It serves as a key indicator of
organic pollution in wastewater.

Why is BOD Important?
- Assessing Water Quality: High BOD indicates high levels of organic
pollution, which can deplete dissolved oxygen in receiving water bodies,
affecting aquatic life.
- Designing Treatment Processes: Understanding BOD reduction helps in
designing effective biological treatment systems such as activated sludge,
trickling filters, and stabilization ponds.
- Monitoring Treatment Efficiency: Tracking BOD over time evaluates how well
a treatment process is removing organic matter.

---

Drawing the BOD & Time Graph: Step-by-Step
Guide

Creating an accurate and informative BOD versus time graph involves
understanding the typical behavior of organic matter degradation in treated
sewage.



Step 1: Gather Data or Theoretical Values
- Initial BOD (BOD₀): the BOD value at the start of measurement, representing
the organic load of the sewage before treatment.
- BOD at various time intervals: BOD after 1, 2, 3, 4, and 5 days, usually
decreasing as bacteria consume organic material.
- Ultimate BOD (BODu): the total BOD exerted by the organic matter if given
unlimited time for decomposition.

Step 2: Set Up the Axes
- X-axis: Time (days), ranging from 0 to 5 days.
- Y-axis: BOD (mg/L), representing the oxygen demand.

Step 3: Plot the Data Points
- Mark the initial BOD (BOD₀) at time zero.
- Plot subsequent BOD values at each day based on the data or theoretical
expectations.
- Connect the points with a smooth curve to illustrate the biological
degradation process.

Step 4: Draw the Theoretical Curve
- Typically, the BOD curve follows a first-order decay process, decreasing
exponentially over time.
- Use the first-order equation:
\[
BOD_t = BOD_u \times (1 - e^{-k t})
\]
where:
- \( BOD_t \): BOD exerted at time \( t \)
- \( BOD_u \): ultimate BOD
- \( k \): reaction rate constant
- \( t \): time (days)

Step 5: Add Labels and Annotations
- Mark the initial BOD, BOD after 5 days (BOD₅), and BODu.
- Indicate the rate constant \( k \) if relevant.
- Include a legend if multiple curves are presented (e.g., untreated vs.
treated sewage).

---

Understanding the Behavior of Treated Sewage on
the BOD & Time Graph

Treated sewage exhibits characteristic BOD behaviors that can be categorized
into different types based on treatment efficiency and organic load.



1. Complete or High-Efficiency Treatment
- Graph Behavior: Rapid decline of BOD from initial BOD (BOD₀) to near zero
within 5 days.
- Interpretation: The organic matter has been significantly degraded, leading
to a low BOD₅, often below 30 mg/L.
- Implication: The treated sewage is safe for discharge into water bodies
with minimal oxygen depletion risk.

2. Partial or Moderate Treatment
- Graph Behavior: Moderate decline in BOD over 5 days; BOD₅ remains
relatively high.
- Interpretation: Organic matter is only partially degraded; residual BOD can
still impact water quality.
- Implication: Further treatment may be required before disposal or reuse.

3. Poor or Inefficient Treatment
- Graph Behavior: Little change in BOD over time; BOD remains high after 5
days.
- Interpretation: Organic matter has not been substantially degraded.
- Implication: Indicates operational issues or inadequate treatment process.

---

Key Parameters and Their Role in the BOD & Time
Curve

Understanding the parameters influencing the BOD curve is essential for
analyzing sewage treatment efficiency.

Ultimate BOD (BODu)
- Represents the total oxygen demand if organic matter degrades completely.
- Determines the asymptotic level of the BOD curve.
- Higher BODu indicates higher organic pollution.

Reaction Rate Constant (k)
- Indicates the rate at which organic matter is decomposed.
- Larger \( k \) values mean faster BOD reduction.
- Typical \( k \) values range from 0.2 to 0.5 per day in well-operated
systems.

Initial BOD (BOD₀)
- The BOD at time zero, reflecting the organic load before treatment.
- Used as a baseline to evaluate treatment effectiveness.



Five-Day BOD (BOD₅)
- The BOD exerted over 5 days.
- Standard measure for regulatory compliance.

---

Interpreting the BOD & Time Graph for
Wastewater Treatment Optimization

Analyzing the shape and parameters of the BOD curve can guide operational
decisions:

- Rapid initial decline suggests effective microbial activity.
- Plateauing BOD levels may indicate limited microbial capacity or presence
of resistant organic compounds.
- Extended BOD decay: Slow degradation may require longer treatment times or
enhanced aeration.

Strategies for optimization include:
- Adjusting aeration rates.
- Increasing sludge retention time.
- Removing inhibitory substances.

---

Applications and Practical Implications

Understanding and drawing the BOD & Time graph has several practical
applications:

- Designing Treatment Plants: Helps in sizing reactors and choosing
appropriate treatment methods.
- Monitoring Performance: Regular BOD tests and graph plotting reveal
operational issues.
- Regulatory Compliance: Ensures treated sewage meets discharge standards.
- Environmental Protection: Prevents oxygen depletion in receiving water
bodies, protecting aquatic ecosystems.

---

Summary of Key Points
- The BOD vs. Time graph illustrates how organic matter in sewage is degraded
biologically.
- Properly drawn curves following first-order kinetics provide insights into
treatment efficiency.
- Different behaviors on the graph indicate the level of organic removal and
treatment adequacy.
- Parameters like BOD₀, BODu, and \( k \) are critical for understanding and
optimizing biological treatment systems.



---

Conclusion

Drawing and explaining the BOD & Time figure in detail is fundamental for
understanding the behavior of treated sewage in wastewater management. It
visually demonstrates the effectiveness of biological treatment processes,
highlighting how organic matter is progressively decomposed over time. By
mastering the interpretation of these curves, engineers and environmental
scientists can optimize treatment processes, ensure regulatory compliance,
and protect aquatic ecosystems from pollution. Whether designing new
treatment facilities or monitoring existing systems, the BOD & Time graph
remains an indispensable tool in the realm of wastewater treatment and
environmental protection.

---
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Frequently Asked Questions

What is the significance of plotting BOD against Time
in sewage treatment analysis?

Plotting BOD against Time helps to understand the rate of biological oxygen
demand reduction, indicating the efficiency and progress of sewage treatment
processes over specific time intervals.

How do you draw a BOD vs. Time graph for treated
sewage?

Begin by plotting the BOD values on the Y-axis and time on the X-axis,
starting from zero BOD at time zero, and then mark successive BOD readings at
specified time intervals, connecting points with a smooth curve to show the
trend.

What are the typical behaviors of BOD in treated
sewage as shown on the graph?

The graph generally shows a rapid initial drop in BOD levels, followed by a
gradual leveling off as the sewage approaches stabilization, indicating the
extent of organic matter removal during treatment.



How does the BOD curve differentiate between raw
sewage and treated sewage?

Raw sewage typically shows high initial BOD values with a steep decline over
time, whereas treated sewage exhibits much lower initial BOD and a gentler
slope, reflecting reduced organic content.

What does the slope of the BOD curve represent in the
context of sewage treatment?

The slope indicates the rate of BOD removal; a steeper slope signifies faster
biological degradation of organic matter, while a flatter slope suggests
slower or incomplete treatment.

How can the BOD vs. Time diagram help in assessing
the efficiency of sewage treatment processes?

By comparing the BOD reduction over time, the diagram reveals how effectively
the treatment process reduces organic pollutants, allowing for optimization
and troubleshooting.

What are the key features to include when drawing and
explaining the BOD vs. Time figure?

Include axes labels, a smooth curve passing through the data points, initial
BOD value at time zero, significant points at specific times, and annotations
explaining the curve’s behavior and implications.

Why is it important to understand the 'different
behaviors' of treated sewage in BOD curves?

Understanding these behaviors helps identify stages of stabilization,
effectiveness of treatment, and potential issues such as incomplete organic
matter removal or microbial activity variations.

Can you explain the typical shape of the BOD vs. Time
curve for treated sewage and its interpretation?

The curve usually starts at a low initial BOD, decreases rapidly at first,
then gradually levels off, approaching a constant value known as the BOD
ultimate or BODu, indicating the sewage has reached stabilization.

Additional Resources
Draw And Explain -in Details- A Figure (BOD & Time) Showing The Different
Behaviors Of Treated Sewage

Understanding the behavior of treated sewage over time is a fundamental
aspect of wastewater management. A well-designed BOD (Biochemical Oxygen
Demand) versus time graph offers valuable insights into the efficiency of
treatment processes and the biological stability of the effluent. In this
article, we will explore how to draw and interpret such a figure in detail,



providing a comprehensive view of the different behaviors exhibited by
treated sewage. This visual and analytical understanding is crucial for
environmental engineers, wastewater treatment plant operators, and
environmental scientists committed to safeguarding water quality.

---

Introduction to BOD and Its Significance

Before diving into the graphical representations, it is essential to
understand what BOD measures and why it is significant in wastewater
treatment.

What is BOD?

- BOD, or Biochemical Oxygen Demand, quantifies the amount of dissolved
oxygen needed by microorganisms to decompose organic matter in water over a
specified period, typically five days at 20°C.
- It serves as an indirect measure of organic pollution load in water bodies.

Why Is BOD Important?

- High BOD levels indicate high organic matter, which can lead to oxygen
depletion in receiving waters, harming aquatic life.
- It helps evaluate the effectiveness of sewage treatment processes, from
initial raw sewage to final effluent.

---

Understanding the BOD & Time Graph: Theoretical Foundations

The BOD versus time graph plots the oxygen demand exerted by the wastewater
sample against time. Key features include:

- Initial BOD (BOD₅): The BOD exerted in five days, representing the
biodegradable organic matter.
- BOD curve shape: Typically sigmoidal or exponential, reflecting microbial
activity over time.
- Ultimate BOD (BODu): Total biodegradable oxygen demand the wastewater can
exert, usually approached after sufficient incubation time.

The typical graph illustrates how oxygen demand evolves as microorganisms
break down organic material, approaching a maximum value (BODu).

---

Step-by-Step Guide to Drawing the BOD & Time Figure

To accurately depict the behavior of treated sewage, follow these steps:

1. Set Up the Axes

- X-axis (Time): Usually in days, ranging from 0 to 10 days or more,
depending on the data.
- Y-axis (BOD): In mg/L (milligrams per liter), indicating the oxygen demand.

2. Plotting the Data Points

- Start at (0, 0), since no biodegradable organic matter has been consumed at



the start.
- As microorganisms act, BOD increases rapidly initially, then slows down as
the biodegradable organic matter decreases.
- The curve approaches a maximum value, BODu, asymptotically.

3. Draw the Curve

- Use a smooth, sigmoidal or exponential curve that rises steeply at first
and then levels off.
- Mark the BOD₅ point (the BOD after five days), which is a standard measure
used in wastewater quality.
- Identify the BODu as the asymptote the curve approaches.

4. Indicate Critical Points

- BOD₅: The BOD after five days.
- BODu: Total biodegradable oxygen demand.
- Rate of BOD removal: The slope of the curve at various points, indicating
microbial activity.

---

Interpreting Different Behaviors of Treated Sewage

Once the figure is drawn, analyzing the shape of the BOD curve reveals vital
information about the treated sewage’s biological stability and treatment
efficiency.

1. Rapid BOD Depletion (Stable Effluent)

- Description: The BOD curve rises sharply initially, then quickly levels
off.
- Behavior: Indicates most biodegradable organic matter has been consumed,
leaving relatively inert residuals.
- Implication: The treated sewage is biologically stable and less likely to
cause oxygen depletion downstream.
- Graph features: Steep initial slope, early leveling off, low BOD₅ relative
to BODu.

2. Slow or Incomplete BOD Depletion (Unstable Effluent)

- Description: The curve rises gradually, taking longer to approach BODu or
not reaching it within the incubation period.
- Behavior: Signifies residual biodegradable organic matter remains,
indicating incomplete treatment.
- Implication: Effluent may still cause oxygen depletion if discharged
without further stabilization.
- Graph features: Gentle slope, prolonged leveling, high BOD₅ relative to
BODu.

3. Presence of Readily and Slowly Biodegradable Fractions

- Description: If the curve exhibits a two-phase behavior—a rapid initial
increase followed by a slower rise.
- Behavior: Reflects the presence of easily biodegradable substances and more
resistant organic matter.
- Implication: Treatment processes might be efficient for readily
biodegradable components but less so for resistant fractions.



4. Anomalies or Deviations

- Unexpected dips or irregularities: Could indicate measurement errors or
unusual wastewater components.
- Sustained increase beyond expected BODu: May suggest recontamination or
unusual organic loads.

---

Practical Significance of the BOD & Time Behavior

Understanding these behaviors is more than academic; it influences real-world
wastewater management practices:

- Design of Treatment Plants: The BOD curve guides decisions on detention
times and process optimization.
- Effluent Quality Monitoring: Regular BOD testing and curve analysis help
ensure compliance with environmental standards.
- Environmental Impact Assessment: Predicting how treated sewage affects
aquatic ecosystems requires knowledge of its BOD behavior.

---

Case Study: Comparing Different Treated Sewage Samples

Suppose three samples of treated sewage are plotted:

- Sample A: Exhibits a steep initial rise and early plateau — indicating high
stability.
- Sample B: Shows a moderate rise with a delayed plateau — indicating
residual biodegradable matter.
- Sample C: Displays a prolonged rise with no clear plateau — indicating poor
treatment or high residual biodegradable components.

This comparison underscores the importance of BOD & time analysis in
assessing treatment efficacy and environmental safety.

---

Conclusion: The Critical Role of BOD & Time Curves

Drawing and understanding the BOD versus time figure provides invaluable
insights into the biological stability and treatment efficiency of sewage
effluents. By analyzing the shape of the curve, the levels of BOD₅ and BODu,
and the rate at which oxygen demand decreases, engineers and scientists can
evaluate whether the treatment process has successfully stabilized the
effluent or if further treatment is necessary.

In an era where water quality and environmental protection are increasingly
paramount, mastering the interpretation of these curves allows for better
decision-making, improved treatment designs, and ultimately, healthier
aquatic ecosystems. As wastewater treatment technologies evolve, the
fundamental principles illustrated by the BOD & time graph remain a
cornerstone of environmental engineering practice.
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