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Worksheet 1: Water Quality 

Examine the data sets below in your group.  
 
Explore and address the following questions: 

1. Describe what you are seeing in the data/graphs/visualization 
2. How does your dataset relate to the story in the comic? 
3. Can you see connections/relationships within the data sets provided? If so, describe or 

draw these connections. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Capacity of Nile Delta Wastewater Treatment Plants (Yr 2000). In the Delta Region               
there are 18 plants constructed and non-operational as well as 94 plants proposed. Currently              
there is no treatment of municipal wastewater in numerous drain catchment areas throughout             
the Delta.  Adapted from  http://pdf.usaid.gov/pdf_docs/Pnads248.pdf  
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Table 1: Water quality indicators at three drains in the Nile Delta from 2000-2008.  

Parameter Description 

Permissib
le Limits 

Law48/19
82 

WQI* 
weight 
(Total = 

1) 

Gharbia 
Drain 

2000-8 

Omar 
Bek 

Drain 
2000-8 

Sabal 
Drain 

2000-8 

Dissolved 
oxygen 

It measures the amount of life 
sustaining oxygen dissolved in the 
water. 

5 mg/l 0.17 2.23- 
2.97 

0.74 - 
2.58 

1.84 - 
5.34 

Fecal 
coliforms 

This is a form of bacteria found in 
human and animal waste. 

2000 
cfu/100 0.16 

104535 
- 

4201839 

54217 
– 

383050
0 

3208 – 
1350833 

pH values It is a measure of the acid or alkaline 
content in water (alkaline>7 >acidic). 

7 - 8.5/std 
units 0.11 7.24-7.5

6 
7.78 
-7.29 

7.75-7.1
9 

Biochemical 
Oxygen 
Demand  

It is a measurement of the amount of 
food for bacteria that is found in water. 10 mg/l 0.11 23.8 - 

63.23 
26 - 
63.9 

16.17 - 
89 

Temperatur
e change 

It is very important, as many of the 
physical, biological, and chemical 
characteristics of water are directly 
affected by temperature. 

5 °C over 
normal. 0.10 21 and 

24°C. 
21 and 
24°C. 

21 and 
24°C. 

Total 
phosphate 

Phosphates are chemical compounds 
made from the elements phosphorous 
and oxygen. 

1 mg/l 0.101 0.47 - 
1.23 

0.55 - 
1.68 

0.66 - 
0.97 

Nitrates 

Nitrates are a measurement of 
oxidized form of nitrogen and are an 
essential macronutrient in aquatic 
environments. 

45 mg/l 0.10 1.33 - 
20.67 

1.46 - 
21.27 

0.43 - 
37.22 

Turbidity 

Turbidity is a measure of the 
dispersion of light in a column of water 
due to suspended matter. High levels 
of turbidity can come from urban 
runoff, wastewater 

100 NTU 0.08 56.58 - 
85.62 

21.42 - 
87.09 

26.42 - 
93.5 

Total solids 

It is the sum of dissolved and 
suspended solids materials in water 
includes salts, some organic materials, 
and a wide range of nutrients and toxic 
materials. 

500 mg/l 0.07 1384 - 
1748 

609 - 
955 

668 - 
967 
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* (water Quality Index), ** Nephelometric Turbidity units .  Adapted from 
http://iwtc.info/wp-content/uploads/2011/07/G40.pdf  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Water Quality and Heavy Metal Monitoring in Water, Sediments, and Tissues of the African Catfish Clarias 
gariepinus (Burchell, 1822) from the River Nile, Egypt, Alaa G. M. Osman, Werner Kloas, Journal of Environmental 
Protection, 2010, 1, 389-400  
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Worksheet 2: Population 

Examine the data sets below in your group.  
 
Explore and address the following questions: 

1. Describe what you are seeing in the data/graphs/visualization 

2. How does your dataset relate to the story in the comic? 

3. Can you see connections/relationships within the data sets provided? If so, describe or draw 

these connections. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Egyptian Population centers and Density. Source: Anshar, CC BY-SA 3.0, 

https://commons.wikimedia.org/w/index.php?curid=17455836 
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Worksheet 3: Land Loss 

Examine the data sets below in your group.  
 
Explore and address the following questions: 

1. Describe what you are seeing in the data/graphs/visualization 
2. How does your dataset relate to the story in the comic? 
3. Can you see connections/relationships within the data sets provided? If so, describe or 

draw these connections. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Summarized Results of Vulnerability in the Delta Region. North Delta: Land degradation due to soil salinity and                   

continued increase in water table. Middle Delta: High water table, Limited and inflexible crop pattern. South Delta: Land                  

degradation due to urbanization. (Adapted from: Land-use change and adaptation in the Nile Delta region, Mahmoud Medany,                 

Samar Attaher, Ayman F. Abou-Hadid, regional assessment of the FP6 project: Adaptation of agriculture in European Regions at                  

Environmental Risk Under Climate Change) 
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Figure 2: Urbanization rate in the Nile Delta. (Adapted from: Land-use change and adaptation in the Nile Delta region,                   

Mahmoud Medany, Samar Attaher, Ayman F. Abou-Hadid, regional assessment of the FP6 project: Adaptation of agriculture in                 

European Regions at Environmental Risk Under Climate Change)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Assessment of urban sprawl on agricultural soil of northern Nile Delta of Egypt using RS and GIS; Adel Shalaby, Farahat                      

Saad Moghanm, Chinese Geographical Science, 2015, Volume 25, Issue 3, pp 274–282 
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Table 1: Amount and percentage loss of agricultural lands in the northern Nile Delta in 2060 
 
 
 
 
 
 
 
 
 
 
Source: Potential Impacts of Climate Change on the Egyptian Economy, Joel Smith, Leland Deck, Stratus Consulting Inc., Bruce                  

McCarl, Paul Kirshen, James Malley, Mohamed Abdrabo, 2013, United Nations Development Programme Report, Cairo, Egypt 
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Worksheet 4: Water Access 

Examine the data sets below in your group.  

 

Explore and address the following questions: 

1. Describe what you are seeing in the data/graphs/visualization 

2. How does your dataset relate to the story in the comic? 

3. Can you see connections/relationships within the data sets provided? If so, describe or 

draw these connections. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
The FiNile Solution (Case Study) 
Authors: Hoda Mostafa, Mahmoud Shaltout, Sherif Osman and Tamer Shoeib  

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 3: Percentage of total water used for irrigation. Data from Global Water Crisis, the Major Issue of the 21st                    

Century, Saeijs, H.F.L.; Van Berkel, M.J., European Water Pollution Control, 1995, Vol. 5.4, pp.26-40. 
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Figure 4: Competing water uses for main income groups of countries. Source: Water for People, Water for Life.                  

United Nations World Water Development Report, UNESCO, 2003. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: FAO Map of Current Sites of Physical and Economic Water Scarcity 
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Worksheet 5: Climate Change  
Examine the data sets below in your group.  
 
Explore and address the following questions: 

1. Describe what you are seeing in the data/graphs/visualization 
2. How does your dataset relate to the story in the comic? 
3. Can you see connections/relationships within the data sets provided? If so, describe or 

draw these connections. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Assessment of Sea Rise Impact on coastal land loss and 

population affected; VITAL WATER GRAPHICS: An Overview of the 

State of the World’s Fresh and Marine Waters - 2nd Edition - 2008. 
http://www.unep.org/dewa/vitalwater/jpg/0405-Nil-EN.jpg  
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Table 1 Estimated Impacts of climate change on Egyptian agriculture. Potential Impacts of Climate Change on the Egyptian                  

Economy, 2013. Smith J, Deck L, McCarl B, Kirshen P, Malley J, Abdrabo M, United Nations Development Programme.  

http://www.eeaa.gov.eg/portals/0/eeaaReports/CCRMP/6.%20Potential%20Impact%20of%20Climate%20Change%20on%20th

e%20Egyptian%20Economy/Potential%20Impact%20of%20CC%20on%20the%20Egyptian%20Economy%20English.pdf  
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Figure 2 Estimated economic impacts by sector in 2030 and 2060 assuming low reduction in Nile flow, a pessimistic 

socioeconomic scenario, unprotected coastal areas and high Sea Level Rise (SLR). Potential Impacts of Climate Change on the 

Egyptian Economy, 2013. Smith J, Deck L, McCarl B, Kirshen P, Malley J, Abdrabo M, United Nations Development Programme.  

http://www.eeaa.gov.eg/portals/0/eeaaReports/CCRMP/6.%20Potential%20Impact%20of%20Climate%20Change%20on%20th

e%20Egyptian%20Economy/Potential%20Impact%20of%20CC%20on%20the%20Egyptian%20Economy%20English.pdf  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Sea Level Rise (SLR) (cm) scenarios used in this study relative to 2000.  Potential Impacts of Climate Change on the 

Egyptian Economy, 2013. Smith J, Deck L, McCarl B, Kirshen P, Malley J, Abdrabo M, United Nations Development Programme.  

http://www.eeaa.gov.eg/portals/0/eeaaReports/CCRMP/6.%20Potential%20Impact%20of%20Climate%20Change%20on%20th

e%20Egyptian%20Economy/Potential%20Impact%20of%20CC%20on%20the%20Egyptian%20Economy%20English.pdf  
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Worksheet 1: Reuse of Wastewater  

Examine the links below in your group:  
 

● http://www.academia.edu/332059/Reuse_of_Wastewater_In_Mediterranean_Region_Eg
yptian_Experience  

● http://www.cairoscene.com/Buzz/Video-Through-Miracle-Technology-Egypt-is-Growing-
Forests-In-The-Desert-Using-Sewage-Water  

● http://www.academia.edu/1493592/Urban_Water_Cycles_in_Egypt_Current_situation_a
nd_project_examples  

 
Using the above links, as well as your systems maps, critique the following solutions using the 
Six Thinking Hats ® technique.  
 

Blue Hat (focus statement):  
● Scan the current problem. What problem(s) are your assigned solutions addressing?  

White Hat: 
● What is the current/existing information about the problem? About these solutions?  
● What information is missing? How do we go about finding this information?  

Red Hat: 
● Based on your own experience, how would these solutions be perceived by all 

stakeholders in the ecosystem (both positive and negative)?  How will they feel about 
it, and why ?  

● What would be possible gut feeling responses from stakeholders involved?  

Yellow Hat: 
● What are the potential benefits of these solutions? And why?  

 

Black Hat: 
● What are the potential disadvantages of these solutions? And why?  

Green Hat: 
● How can the disadvantages of these solutions be bypassed?  
● Any alternative ideas/recommendations/suggestions/modifications that you can add to 

the solutions ? 

Blue Hat  
● Looking at the big picture, what can we conclude about the solutions ?  
● Any other elements that should be considered when implementing these solutions?  
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Worksheet 2: Water Desalination Plants  

Examine the links below in your group.  
 

● http://www.iwtc.info/2007_pdf/4-5.pdf  
● http://www.scidev.net/global/water/news/egyptian-filters-seawater-environment.html 
●  http://edrc.gov.eg/.  
● http://constructionreviewonline.com/2016/06/egypt-set-to-construct-a-98-6m-desalination

-plant/ .  
● http://schools.aucegypt.edu/Sustainability/CSD/Pages/Desalination.aspx\ 
● http://schools.aucegypt.edu/newsatauc/Pages/story.aspx?eid=1089  

 
Using the above links, as well as your systems maps, critique the following solutions using the 
Six Thinking Hats ® technique.  
 

White Hat: 
● What is the current/existing information about the problem? About these solutions?  
● What information is missing? How do we go about finding this information?  

 

Red Hat: 
● Based on your own experience, how would these solutions be perceived by all 

stakeholders in the ecosystem (both positive and negative)?  How will they feel about 
it, and why ?  

● What would be possible gut feeling responses from stakeholders involved?  
  

Yellow Hat: 
● What are the potential benefits of these solutions? And why?  

 

Black Hat: 
● What are the potential disadvantages of these solutions? And why?  

 

Green Hat: 
● How can the disadvantages of these solutions be bypassed?  
● Any alternative ideas/recommendations/suggestions/modifications that you can add to 

the solutions ? 
  

Blue Hat  
● Looking at the big picture, what can we conclude about the solutions ?  
● Any other elements that should be considered when implementing these solutions?  
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Worksheet 3: Increasing Water Delivery and Desalination Plants  

Examine the links below in your group.  
 

● http://ressources.ciheam.org/om/pdf/b52/05002250.pdf  
● http://www.academia.edu/1493592/Urban_Water_Cycles_in_Egypt_Current_situation_a

nd_project_examples. 
● https://www.youtube.com/watch?v=kJs3aahOhJE  
● https://www.youtube.com/watch?v=y8smq20wNw0  

Using the above links, as well as your systems maps, critique the following solutions using the 
Six Thinking Hats ® technique.  
 

White Hat: 
● What is the current/existing information about the problem? About these solutions?  
● What information is missing? How do we go about finding this information?  

 

Red Hat: 
● Based on your own experience, how would these solutions be perceived by all 

stakeholders in the ecosystem (both positive and negative)?  How will they feel about 
it, and why ?  

● What would be possible gut feeling responses from stakeholders involved?  
  

Yellow Hat: 
● What are the potential benefits of these solutions? And why?  

 

Black Hat: 
● What are the potential disadvantages of these solutions? And why?  

 

Green Hat: 
● How can the disadvantages of these solutions be bypassed?  
● Any alternative ideas/recommendations/suggestions/modifications that you can add to 

the solutions ? 
  

Blue Hat  
● Looking at the big picture, what can we conclude about the solutions ?  
● Any other elements that should be considered when implementing these solutions?  
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Worksheet 4: Urban Water Sustainability  

Examine the links below in your group.  
 

● http://www.sciencedirect.com/science/article/pii/S0959652610000478 
● https://www.researchgate.net/publication/223448217_Towards_sustainability_in_urban_

water_A_life_cycle_analysis_of_the_urban_water_system_of_Alexandria_City_Egypt 
● http://www.yourhome.gov.au/water/reducing-water-demand  
● https://www.youtube.com/watch?v=jOQEZrxaGBc  
● https://www.youtube.com/watch?v=gtcZbN0Z08c 

 
Using the above links, as well as your systems maps, critique the following solutions using the 
Six Thinking Hats ® technique.  
 

White Hat: 
● What is the current/existing information about the problem? About these solutions?  
● What information is missing? How do we go about finding this information?  

 

Red Hat: 
● Based on your own experience, how would these solutions be perceived by all 

stakeholders in the ecosystem (both positive and negative)?  How will they feel about 
it, and why ?  

● What would be possible gut feeling responses from stakeholders involved?  
  

Yellow Hat: 
● What are the potential benefits of these solutions? And why?  

 

Black Hat: 
● What are the potential disadvantages of these solutions? And why?  

 

Green Hat: 
● How can the disadvantages of these solutions be bypassed?  
● Any alternative ideas/recommendations/suggestions/modifications that you can add to 

the solutions ? 
  

Blue Hat  
● Looking at the big picture, what can we conclude about the solutions ?  
● Any other elements that should be considered when implementing these solutions?  
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Worksheet 5: Increasing Efficient Stormwater Use  

Examine the links below in your group.  
 

● http://www.academia.edu/1493592/Urban_Water_Cycles_in_Egypt_Current_situation_a
nd_project_examples  

● http://www.iwtc.info/2004_pdf/01-5.pdf  
● https://www.epa.gov/greeningepa/epa-facility-stormwater-management  

 
Using the above links, as well as your systems maps, critique the following solutions using the 
Six Thinking Hats ® technique.  
 

White Hat: 
● What is the current/existing information about the problem? About these solutions?  
● What information is missing? How do we go about finding this information?  

 

Red Hat: 
● Based on your own experience, how would these solutions be perceived by all 

stakeholders in the ecosystem (both positive and negative)?  How will they feel about 
it, and why ?  

● What would be possible gut feeling responses from stakeholders involved?  
  

Yellow Hat: 
● What are the potential benefits of these solutions? And why?  

 

Black Hat: 
● What are the potential disadvantages of these solutions? And why?  

 

Green Hat: 
● How can the disadvantages of these solutions be bypassed?  
● Any alternative ideas/recommendations/suggestions/modifications that you can add to 

the solutions ? 
  

Blue Hat  
● Looking at the big picture, what can we conclude about the solutions ?  
● Any other elements that should be considered when implementing these solutions?  

 

 
 

 


