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Appendix B: Qualitative Research Tools and UDDT Evaluation Guide 
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Appendix C: IRB Exemptions, Approvals, and Approved Consent Forms 

 The following pages include the USF IRB exemption, approval letters from the UVRI-SEC and 

UNCST in Uganda, and the final consent forms approved for use. 
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Table D.3: Stage 3 moisture content measurements 

Mixture Cup Mass (g) Initial Wet Mass (g) Final Dry Mass (g) Moisture Content Mixture Averages 

2U:1F:0A (A) - in 1.5 27.9 5.6 84% 

83 ± 3% 2U:1F:0A (A) - in 1.5 29.3 7.2 79% 

2U:1F:0A (A) - in 1.5 27.6 5.7 84% 

2U:1F:0A (A) - out 1.4 30.8 6.9 81% 

82 ± 1% 2U:1F:0A (A) - out 1.4 30.1 6.8 81% 

2U:1F:0A (A) - out 1.4 30.1 6.3 83% 

2U:1F:0.5A (A) - out 1.5 31.4 10.4 70% 

70 ± 3% 2U:1F:0.5A (B) - out 1.5 34.3 10.3 73% 

2U:1F:0.5A (C) - out 1.5 32.6 11.6 68% 

 

Table D.4: Additional moisture content measurements for second batch of fecal products 

Mixture Cup Mass (g) Initial Wet Mass (g) Final Dry Mass (g) Moisture Content Average 

feces/ash control - A 1.4 18.0 14.9 19% 

18 ± 1% feces/ash control - B 1.5 16.7 14.1 17% 

feces/ash control - C 1.5 16.4 13.5 19% 
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Table D.5: Stage 1 pH measurements 

Mixture 
Day Mixture 

Averages 2 10 17 24 31 37 45 50 58 

0 U : 1 F (A) 10.5 10.5 10.5 10.0 10.5 10.5 10.5 10.5 10.5 

10.4 ± 0.2 0 U : 1 F (B) 10.5 10.5 10.0 10.5 10.0 10.5 10.5 10.0 10.0 

0 U : 1 F (C) 10.5 10.5 10.5 10.0 10.5 10.0 10.5 10.5 10.5 

1 U : 1 F (A) 10.0 10.0 10.0 10.0 10.5 10.0 10.5 10.5 10.5 

10.2 ± 0.3 1 U : 1 F (B) 10.0 10.0 10.0 10.0 10.5 10.5 10.5 10.5 10.5 

1 U : 1 F (C) 10.0 10.0 10.0 10.0 10.0 10.5 10.5 10.0 10.0 

2 U : 1 F (A) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

10.0 ± 0.0 2 U : 1 F (B) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

2 U : 1 F (C) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

3 U : 1 F (A) 9.5 10.0 9.5 9.5 9.5 10.0 10.0 10.0 10.0 

9.9 ± 0.2 3 U : 1 F (B) 9.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

3 U : 1 F (C) 9.5 9.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

1 U : 0 F (A) 9.0 9.0 9.0 9.0 9.0 9.5 9.0 9.5 9.5 

9.2 ± 0.3 1 U : 0 F (B) 9.0 9.0 9.0 9.0 9.5 9.5 9.5 9.5 9.5 

1 U : 0 F (C) 9.0 9.5 9.0 9.5 9.0 9.0 9.5 9.5 9.0 

 

Table D.6: Stage 2 pH measurements 

Mixture 
Day Mixture 

Averages 1 8 15 23 30 35 42 49 59 63 70 78 85 92 99 106 113 

2 U : 1 F : 0 A (A) 9.5 9.5 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 

9.6 ± 0.2 2 U : 1 F : 0 A (B) 10.0 10.0 9.5 9.5 9.5 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 

2 U : 1 F : 0 A (C) 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 

2 U : 1 F : 0.5 A (A) 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 10.0 9.5 

9.8 ± 0.3 2 U : 1 F : 0.5 A (B) 10.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 9.5 10.0 9.5 10.0 10.0 9.5 9.5 9.5 9.5 

2 U : 1 F : 0.5 A (C) 10.0 10.0 10.0 10.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

2 U : 1 F : 1 A (A) 10.5 10.0 10.0 10.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.5 10.0 10.0 10.0 

10.3 ± 0.3 2 U : 1 F : 1 A (B) 10.0 10.0 10.5 10.5 10.5 10.5 10.0 10.5 10.0 10.5 10.0 10.5 10.0 10.0 10.5 10.0 10.5 

2 U : 1 F : 1 A (C) 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.0 
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Table D.7: Stage 3 pH measurements 

Mixture 
Day Mixture 

Averages 1 9 17 22 32 39 46 55 60 65 73 80 

2 U : 1 F : 0 A - in (A) 9.5 10.0 9.5 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 

9.6 ± 0.2 2 U : 1 F : 0 A - in (B) 10.0 10.0 10.0 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 

2 U : 1 F : 0 A - in (C) 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 

2 U : 1 F : 0 A - out (A) 9.5 9.5 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 

9.6 ± 0.2 2 U : 1 F : 0 A - out (B) 10.0 10.0 9.5 10.0 10.0 10.0 9.5 9.5 9.5 9.5 9.5 9.5 

2 U : 1 F : 0 A - out (C) 10.0 10.0 9.5 10.0 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 

2 U : 1 F : 0.5 A - out (A) 10.5 10.0 10.0 10.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

10.0 ± 0.2 2 U : 1 F : 0.5 A - out (B) 10.0 10.5 10.0 10.0 10.0 10.0 10.0 9.5 10.0 10.0 10.0 9.5 

2 U : 1 F : 0.5 A - out (C) 10.0 10.5 10.5 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 

 

Table D.8: Stage 1 temperature measurements (°C) 

 
Mixture 

Day Mixture 
Averages 2 10 17 24 31 37 45 50 58 

0 U : 1 F (A) 22.5 24.4 22.7 23.7 23.9 22.7 24.2 23.1 24.5 

23.5 ± 0.7 0 U : 1 F (B) 22.3 24.4 22.7 23.7 23.8 22.7 24.1 23.1 24.3 

0 U : 1 F (C) 22.4 24.4 22.6 23.6 23.7 22.6 24.1 23.1 24.3 

1 U : 1 F (A) 22.4 24.3 22.5 23.5 23.6 22.4 24.1 23.4 24.3 

23.4 ± 0.7 1 U : 1 F (B) 22.6 24.1 22.5 23.5 23.6 22.5 24.1 23.5 24.2 

1 U : 1 F (C) 22.6 24.1 22.5 23.5 23.6 22.5 24.2 23.6 24.3 

2 U : 1 F (A) 22.4 24.1 22.4 23.4 23.5 22.3 24.0 23.4 24.2 

23.4 ± 0.7 2 U : 1 F (B) 22.6 24.1 22.4 23.4 23.5 22.5 24.1 23.6 24.2 

2 U : 1 F (C) 22.7 24.1 22.5 23.4 23.6 22.6 24.1 23.7 24.2 

3 U : 1 F (A) 22.4 24.1 22.3 23.3 23.5 22.3 23.9 23.4 24.1 

23.3 ± 0.7 3 U : 1 F (B) 22.5 24.0 22.3 23.3 23.5 22.4 24.0 23.6 24.1 

3 U : 1 F (C) 22.6 23.9 22.4 23.3 23.5 22.6 24.1 23.6 24.1 

1 U : 0 F (A) 22.4 23.8 22.3 23.2 23.4 22.3 23.9 23.4 24.0 

23.2 ± 0.7 1 U : 0 F (B) 22.4 23.8 22.3 23.2 23.4 22.4 24.0 23.5 24.0 

1 U : 0 F (C) 22.4 23.8 22.3 23.2 23.5 22.5 24.1 23.5 24.0 

Ambient Tin 21.6 24.7 23.2 24.1 24.2 22.7 24.1 22.5 24.1 23.5 ± 1.0 

Ambient Tout 20.3 30.0 28.0 27.1 28.2 27.4 23.4 19.3 31.0 26.1 ± 4.1 
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Table D.9: Stage 2 temperature measurements (°C) 

Mixture 
Day Mixture 

Averages 1 8 15 23 30 35 42 49 59 63 70 78 85 92 99 106 113 

2 U : 1 F : 0 A (A) 23.5 23.4 22.4 22.6 22.1 21.5 22.6 22.1 22.8 22.4 21.6 22.6 21.8 21.3 21.2 22.0 22.6 

22.2 ±0.6 2 U : 1 F : 0 A (B) 23.5 23.4 22.4 22.5 22.2 21.6 22.5 22.1 22.7 22.3 21.5 22.6 21.6 21.3 21.2 22.0 22.6 

2 U : 1 F : 0 A (C) 23.5 23.3 22.4 22.6 22.2 21.7 22.5 22.1 22.6 22.4 21.6 22.6 21.6 21.3 21.2 22.0 22.6 

2 U : 1 F : 0.5 A (A) 23.6 23.4 22.3 22.6 22.1 21.4 22.4 22.1 22.7 22.3 21.6 22.6 21.6 21.3 21.1 22.0 22.5 

22.2 ±0.6 2 U : 1 F : 0.5 A (B) 23.6 23.3 22.4 22.6 22.2 21.6 22.4 22.1 22.6 22.4 21.5 22.6 21.7 21.3 21.1 22.0 22.6 

2 U : 1 F : 0.5 A (C) 23.6 23.2 22.4 22.5 22.2 21.7 22.3 22.1 22.6 22.4 21.6 22.6 21.6 21.3 21.2 22.0 22.6 

2 U : 1 F : 1 A (A) 23.6 23.4 22.3 22.6 22.2 21.6 22.5 22.2 22.7 22.5 21.7 22.6 21.6 21.3 21.1 22.0 22.6 

22.3 ±0.6 2 U : 1 F : 1 A (B) 23.7 23.3 22.5 22.5 22.2 21.7 22.3 22.2 22.7 22.3 21.6 22.6 21.6 21.4 21.2 22.0 22.5 

2 U : 1 F : 1 A (C) 23.6 23.3 22.5 22.6 22.2 21.7 22.3 22.2 22.6 22.5 21.6 22.5 21.7 21.4 21.3 22.0 22.5 

Ambient Tin 23.6 23.4 22.2 22.6 22.3 21.4 22.4 22.2 22.6 22.4 21.6 22.6 21.7 21.5 21.4 22.1 22.6 22.3 ±0.6 

Ambient Tout 25.0 26.5 18.4 26.7 19.6 18.1 25.7 22.0 25.5 23.7 23.1 27.2 24.8 23.6 19.7 22.7 23.7 23.3 ±2.9 

 

Table D.10: Stage 3 temperature measurements (°C) 

Mixture 
Day Mixture 

Averages 1 9 17 22 32 39 46 55 60 65 73 80 

2 U : 1 F : 0 A - in (A) 22.0 21.8 20.3 22.0 22.6 23.0 22.0 23.7 22.3 23.1 22.5 23.6 

22.4 ± 0.9 2 U : 1 F : 0 A - in (B) 22.1 21.8 20.3 22.0 22.6 23.0 22.0 23.6 22.2 23.2 22.4 23.6 

2 U : 1 F : 0 A - in (C) 22.2 21.8 20.3 22.0 22.5 23.0 22.0 23.7 22.3 23.1 22.5 23.6 

2 U : 1 F : 0 A - out (A) 48.1 19.2 21.8 40.6 37.2 42.4 37.1 36.1 47.3 28.2 40.0 22.4 

35.0 ± 9.7 2 U : 1 F : 0 A - out (B) 48.0 18.9 22.1 41.0 37.5 42.2 38.9 34.9 46.3 27.3 41.2 21.9 

2 U : 1 F : 0 A - out (C) 48.6 19.4 22.5 41.6 37.4 43.0 38.8 34.5 44.8 27.1 40.8 21.3 

2 U : 1 F : 0.5 A - out (A) 49.9 19.2 23.0 42.7 36.8 44.1 40.1 34.2 44.6 26.7 42.2 21.4 

35.3 ± 10.1 2 U : 1 F : 0.5 A - out (B) 48.8 19.6 23.2 42.7 37.8 42.5 40.0 34.0 43.5 25.7 42.5 20.4 

2 U : 1 F : 0.5 A - out (C) 50.1 20.3 23.8 43.6 36.4 41.8 41.0 33.2 44.5 24.8 44.5 20.3 

Ambient Tin 22.2 21.6 20.6 22.1 22.5 22.9 22.2 23.6 22.4 23.2 22.6 23.7 22.5 ± 0.9 

Ambient Tout 27.9 20.4 20.3 26.9 25.0 29.0 22.5 26.7 28.0 24.8 29.3 21.2 25.2 ± 3.3 
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Table D.11: Additional outdoor mixture temperature measurements 

Date Time 
Temperature (°C) 

Ambient Indoors Ambient Outdoors Outdoor Mixture (2 U : 1 F : 0 A) 

21-Aug-2014 12:30 22.2 27.9 48.1 

29-Aug-2014 9:15 21.6 20.4 19.2 

6-Sep-2014 13:00 20.6 20.3 21.8 

11-Sep-2014 11:00 22.1 26.9 40.6 

21-Sep-2014 13:15 22.5 25.0 37.2 

28-Sep-2014 14:15 22.9 29.0 42.4 

5-Oct-2014 12:15 22.2 22.5 37.1 

14-Oct-2014 12:00 23.6 26.7 36.1 

19-Oct-2014 13:00 22.4 28.0 47.3 

24-Oct-2014 9:30 23.2 24.8 28.2 

1-Nov-2014 13:00 22.6 29.3 40.0 

7-Nov-2014 7:45 23.3 19.8 18.5 

8-Nov-2014 11:45 23.7 21.2 22.4 

8-Nov-2014 21:00 23.2 19.2 18.4 

9-Nov-2014 4:30 22.2 17.3 15.9 

Average 23.1 ± 0.6 19.4 ± 1.9 18.8 ± 8.0 

 

Table D.12: Additional ambient temperature measurements 

Date Time 
Temperature (°C) 

Weather Conditions 
Ambient Indoors Ambient Outdoors 

23-Jan-2014 13:30 21.6 20.3 Cloudy, scattered rain 

31-Jan-2014 11:00 24.7 30.0 sunny, warm 

7-Feb-2014 12:00 23.2 28.0 cloudy, but warm 

14-Feb-2014 12:00 24.1 27.1 sunny, a little breezy 

21-Feb-2014 12:00 24.2 28.2 sunny, warm 

22-Feb-2014 14:00 25.0 32.9 sunny, hot 

23-Feb-2014 16:00 25.1 31.9 sunny, hot 

24-Feb-2014 11:30 22.7 18.4 light rain 

25-Feb-2014 18:00 24.3 27.4 sunny, warm 

26-Feb-2014 17:45 23.5 22.6 sunny, breezy; but cloudy earlier 

27-Feb-2014 11:00 22.7 27.4 sunny, warm 

28-Feb-2014 10:30 23.4 28.4 sunny, warm 

2-Mar-2014 16:30 25.1 27.1 partly cloudy 

3-Mar-2014 13:00 24.3 31.8 sunny, hot 

4-Mar-2014 15:00 24.7 32.2 sunny, hot 

5-Mar-2014 7:00 22.5 17.5 partly cloudy 

6-Mar-2014 9:00 24.5 20.7 light drizzle 

7-Mar-2014 12:00 24.1 23.4 sunny 

7-Mar-2014 18:00 25.0 26.4 sunny 

7-Mar-2014 20:00 24.6 22.8 Clear 

7-Mar-2014 22:00 24.5 20.9 Clear 

8-Mar-2014 0:00 24.3 20.8 Clear 

8-Mar-2014 2:00 24.3 20.0 Clear 

8-Mar-2014 4:00 24.1 19.8 clear 



162 
 

Table D.12 (continued) 

8-Mar-2014 15:30 24.7 32.4 sunny, hot 

10-Mar-2014 9:00 24.5 22.4 partly cloudy 

11-Mar-2014 10:30 22.9 17.6 rainy 

12-Mar-2014 10:00 22.5 19.3 overcast 

13-Mar-2014 9:50 22.6 19.8 light drizzle 

16-Mar-2014 17:00 23.3 25.2 sunny, rain earlier 

17-Mar-2014 8:20 22.2 19.5 sunny 

19-Mar-2014 19:00 24.6 24.9 sunny 

20-Mar-2014 11:30 24.1 31.0 sunny 

22-Mar-2014 18:30 24.8 26.2 sunny 

24-Mar-2014 19:45 24.2 22.8 rain morn, sun afternoon 

25-Mar-2014 19:00 23.8 23.0 partly cloudy 

26-Mar-2014 19:30 24.1 22.6 partly cloudy 

27-Mar-2014 14:30 24.2 32.4 sunny 

4-Apr-2014 10:45 23.6 25.0 partly cloudy 

5-Apr-2014 11:15 23.2 20.1 drizzle 

7-Apr-2014 10:45 22.8 22.7 cloudy 

9-Apr-2014 16:30 23.6 30.5 sunny 

10-Apr-2014 13:30 23.3 29.0 sunny 

11-Apr-2014 11:45 23.4 26.5 sunny 

14-Apr-2014 16:00 23.5 28.2 sunny 

15-Apr-2014 13:30 23.0 25.3 sun, rain earlier 

16-Apr-2014 15:00 23.1 30.1 sunny 

17-Apr-2014 16:00 23.6 27.0 sun, rain earlier 

18-Apr-2014 13:00 22.2 18.4 rainy 

19-Apr-2014 16:30 22.2 27.0 sun, rain earlier 

22-Apr-2014 19:00 23.1 22.9 sunny 

24-Apr-2014 19:00 23.3 21.3 sunny 

25-Apr-2014 11:30 22.6 24.4 partly cloudy 

26-Apr-2014 12:00 22.6 26.7 sunny 

29-Apr-2014 18:30 24.0 25.5 sunny 

30-Apr-2014 15:00 23.1 21.5 cloudy, rain earlier 

2-May-2014 11:15 22.3 21.1 cloudy, rain earlier 

3-May-2014 13:30 22.3 19.6 rainy 

5-May-2014 18:30 23.3 23.4 sun, rain earlier 

6-May-2014 14:00 22.8 25.8 partly cloudy 

8-May-2014 12:45 21.4 18.1 rainy, cloudy 

12-May-2014 15:00 21.8 23.7 sun, rain earlier 

13-May-2014 16:30 21.8 26.5 sunny 

14-May-2014 17:15 22.5 27.6 sunny 

15-May-2014 12:45 22.4 25.7 partly cloudy 

16-May-2014 19:00 22.8 21.2 sunny 

21-May-2014 10:45 22.2 23.1 partly cloudy 

22-May-2014 12:30 22.2 22.0 cloudy, rain earlier 

1-Jun-2014 13:45 22.6 25.5 sunny 

5-Jun-2014 10:30 22.4 23.7 cloudy 

12-Jun-2014 12:00 21.6 23.1 partly cloudy 

13-Jun-2014 18:15 22.5 23.7 sun, cloudy earlier 
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Table D.12 (continued) 

16-Jun-2014 14:00 22.5 29.0 sunny 

17-Jun-2014 17:00 22.9 28.7 sunny 

18-Jun-2014 17:30 23.2 28.9 sunny 

19-Jun-2014 16:15 23.3 27.9 sunny 

20-Jun-2014 11:30 22.6 27.2 sunny 

21-Jun-2014 16:00 22.8 21.5 partly cloudy, rain earlier 

23-Jun-2014 15:30 22.0 22.9 cloudy, rain earlier 

24-Jun-2014 19:15 21.5 19.1 sun, cloudy earlier 

25-Jun-2014 16:15 21.8 27.0 sun 

26-Jun-2014 12:15 21.8 23.9 partly cloudy 

27-Jun-2014 11:30 21.7 24.8 partly cloudy 

28-Jun-2014 12:15 22.4 25.8 sun 

3-Jul-2014 10:30 21.7 24.6 sun 

4-Jul-2014 9:45 21.5 23.6 sun 

7-Jul-2014 10:30 21.9 25.2 sun 

8-Jul-2014 10:45 22.0 23.9 cloudy 

9-Jul-2014 10:45 21.9 27.7 sun 

11-Jul-2014 9:15 21.4 19.7 cloudy 

14-Jul-2014 9:45 21.7 26.3 sun 

17-Jul-2014 16:15 22.5 26.7 sun 

18-Jul-2014 10:30 22.1 22.7 sun 

19-Jul-2014 16:30 23.1 28.7 sun 

19-Jul-2014 20:00 24.0 20.9  clear 

19-Jul-2014 22:30 23.2 19.4   clear 

20-Jul-2014 0:00 23.1 18.5   clear 

20-Jul-2014 2:00 22.5 17.1   clear 

22-Jul-2014 13:30 22.7 27.1 sun 

24-Jul-2014 15:45 22.6 27.5 sun 

25-Jul-2014 10:45 22.6 23.7 partly cloudy 

21-Aug-2014 12:30 22.2 27.9 partly cloudy 

29-Aug-2014 9:15 21.6 20.4 sun 

31-Aug-2014 10:15 22.2 20.3 cloudy 

1-Sep-2014 9:45 22.2 27.8 partly cloudy 

3-Sep-2014 13:00 22.6 25.4 cloudy 

4-Sep-2014 10:45 22.3 23.8 cloudy 

5-Sep-2014 12:00 21.8 18.0 rain 

6-Sep-2014 13:00 20.6 20.3 drizzle 

7-Sep-2014 14:00 20.8 25.6 partly cloudy 

8-Sep-2014 15:00 21.3 29.2 partly cloudy 

9-Sep-2014 18:00 22.0 25.2 partly cloudy 

10-Sep-2014 2:00 21.9 16.1 clear 

10-Sep-2014 17:00 22.3 28.0 partly cloudy 

11-Sep-2014 3:30 21.3 18.3 partly cloudy 

11-Sep-2014 11:00 22.1 26.9 partly cloudy 

12-Sep-2014 2:30 22.6 18.1 clear 

12-Sep-2014 11:45 22.4 31.0 partly cloudy 

13-Sep-2014 2:30 22.6 18.3 clear 

15-Sep-2014 0:00 22.8 18.5 partly cloudy 
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Table D.12 (continued) 

16-Sep-2014 1:00 22.3 17.6 cloudy 

17-Sep-2014 3:00 22.5 17.3 clear 

17-Sep-2014 23:00 22.5 18.2 clear 

18-Sep-2014 1:30 22.4 17.6 clear 

19-Sep-2014 3:30 22.7 19.2 clear 

21-Sep-2014 4:00 21.7 16.7 clear 

21-Sep-2014 13:15 22.5 25.0 cloudy 

21-Sep-2014 22:45 22.6 20.6 clear 

22-Sep-2014 2:15 22.2 18.3 clear 

24-Sep-2014 2:30 21.4 16.8 clear 

24-Sep-2014 23:30 21.9 17.8 clear 

25-Sep-2014 3:15 21.3 16.6 clear 

26-Sep-2014 2:00 22.2 17.9 clear 

26-Sep-2014 6:00 21.7 17.1 clear 

27-Sep-2014 4:00 22.1 17.4 clear 

27-Sep-2014 21:45 23.0 21.5 clear 

28-Sep-2014 3:45 22.1 18.0 clear 

28-Sep-2014 14:15 22.9 29.0 partly cloudy 

29-Sep-2014 21:00 23.3 21.5 clear 

2-Oct-2014 20:30 23.5 22.0 clear 

3-Oct-2014 20:00 23.0 21.3 drizzle 

3-Oct-2014 22:45 22.9 19.3 partly cloudy 

4-Oct-2014 0:45 22.8 18.4 partly cloudy 

4-Oct-2014 2:45 22.6 18.4 clear 

4-Oct-2014 19:45 22.6 19.7 partly cloudy 

5-Oct-2014 0:00 22.0 17.2 clear 

5-Oct-2014 2:00 21.6 16.3 clear 

5-Oct-2014 6:00 21.4 16.2 clear 

5-Oct-2014 12:15 22.2 22.5 partly cloudy 

13-Oct-2014 21:30 23.5 20.3 clear 

14-Oct-2014 0:00 23.4 18.7 Clear 

14-Oct-2014 12:00 23.6 26.7 partly cloudy 

15-Oct-2014 22:30 22.9 18.6 Clear 

16-Oct-2014 4:15 22.3 18.4 Cloudy 

17-Oct-2014 23:30 22.9 19.8 Clear 

18-Oct-2014 23:45 22.5 18.4 Clear 

19-Oct-2014 4:30 21.9 17.0 Clear 

19-Oct-2014 13:00 22.4 28.0 partly cloudy 

24-Oct-2014 9:30 23.2 24.8 partly cloudy 

1-Nov-2014 13:00 22.6 29.3 partly cloudy 

1-Nov-2014 23:45 22.5 17.7 Clear 

7-Nov-2014 7:45 23.3 19.8 Overcast 

8-Nov-2014 11:45 23.7 21.2 Drizzle 

8-Nov-2014 21:00 23.2 19.2 Clear 

9-Nov-2014 4:30 22.2 17.3 partly cloudy 

Average 22.8 ± 0.9 23.1 ± 4.3   
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Table D.13: Stage 1 total ammonia measurements (mg/L NH3) 

Mixture 
Day Mixture 

Averages 2 10 17 24 31 37 45 50 58 

0 U : 1 F (A) 50 170 20 60 110 50 10 120 180 

102 ± 56 0 U : 1 F (B) 150 70 20 160 150 70 40 110 150 

0 U : 1 F (C) 50 170 120 160 190 130 90 40 120 

1 U : 1 F (A) 1950 2170 1520 1960 1550 1350 390 1480 1580 

1669 ± 565 1 U : 1 F (B) 2350 1970 1920 2360 1850 1150 890 1680 780 

1 U : 1 F (C) 2150 2670 2420 1360 1950 1950 590 1580 1480 

2 U : 1 F (A) 2550 1870 1920 2760 2950 2150 1490 1580 1980 

2194 ± 469 2 U : 1 F (B) 2350 1870 2920 1660 1750 2350 1790 2380 1680 

2 U : 1 F (C) 2550 2370 1920 1960 2750 3350 1990 2180 2180 

3 U : 1 F (A) 2350 2170 2520 3160 3150 2950 2190 2980 2980 

2783  ±436 3 U : 1 F (B) 3550 3170 2720 2460 2950 2950 1990 3180 2380 

3 U : 1 F (C) 2950 3470 1920 2960 2550 2750 2590 2780 3380 

1 U : 0 F (A) 4450 4970 4920 3960 3550 2950 3990 4980 4980 

4532 ± 669 1 U : 0 F (B) 4950 3970 5120 5160 5150 5150 4990 5380 4980 

1 U : 0 F (C) 3950 4970 4120 4460 5150 4950 3190 3980 3980 

 

Table D.14: Stage 2 total ammonia measurements (mg/L NH3) 

Mixture 
Day Mixture  

Averages 1 8 15 23 30 35 42 49 59 63 70 78 85 92 99 106 113 

2 U : 1 F : 0 A (A) 2,780 3,180 3,590 2,990 2,300 3,000 3,000 2,800 2,900 2,590 2,600 2,790 2,750 2,700 2,500 2,190 2,290 

2787 ± 379 2 U : 1 F : 0 A (B) 2,380 2,980 2,590 2,290 3,500 2,500 2,500 2,500 2,300 1,990 2,800 2,490 2,450 2,600 1,800 2,790 2,590 

2 U : 1 F : 0 A (C) 2,980 2,780 3,190 2,990 3,200 3,400 2,800 3,000 3,000 3,190 3,200 3,190 2,950 3,000 3,000 3,390 2,890 

2 U : 1 F : 0.5 A (A) 2,480 2,980 2,590 2,590 2,300 2,800 2,500 2,600 2,400 1,990 2,400 1,990 2,250 1,900 1,900 1,890 1,890 

2328 ± 302 2 U : 1 F : 0.5 A (B) 1,580 2,380 2,290 1,990 2,700 2,800 2,400 2,200 2,300 1,890 2,200 2,290 2,250 2,100 2,600 2,090 2,090 

2 U : 1 F : 0.5 A (C) 2,380 2,580 2,790 2,990 2,400 2,600 2,600 2,400 2,500 2,190 2,300 2,190 2,050 2,400 2,400 2,390 1,990 

2 U : 1 F : 1 A (A) 1,680 1,980 1,590 1,590 1,600 2,100 1,800 1,400 1,500 1,590 1,800 1,490 1,650 1,600 1,600 1,290 1,590 

1691 ± 245 2 U : 1 F : 1 A (B) 1,980 1,980 2,190 2,190 1,800 2,000 1,400 2,000 1,800 1,590 1,400 1,490 1,750 1,800 1,500 1,590 1,290 

2 U : 1 F : 1 A (C) 1,880 1,780 1,990 1,990 2,000 1,600 1,700 1,600 1,600 1,290 1,200 1,590 1,650 1,300 1,800 1,690 1,990 
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Table D.15: Stage 3 total ammonia measurements (mg/L NH3) 

Mixture 
Day Mixture 

Averages 1 9 17 22 32 39 46 55 60 65 73 80 

2 U : 1 F : 0 A - in (A) 2,990 2,990 2,990 3,080 2,790 2,490 2,590 2,790 2,790 2,690 2,690 2,390 

2804 ± 188 2 U : 1 F : 0 A - in (B) 2,790 2,790 2,910 2,580 2,790 3,290 2,690 2,790 2,790 2,590 2,790 2,690 

2 U : 1 F : 0 A - in (C) 2,990 3,190 2,790 2,980 2,890 2,890 2,790 2,590 2,590 2,890 2,690 2,890 

2 U : 1 F : 0 A - out (A) 3,190 2,790 2,990 3,380 2,790 2,490 2,790 2,690 2,690 2,590 2,690 2,390 

2814 ± 235 2 U : 1 F : 0 A - out (B) 2,990 2,490 3,190 2,780 2,890 2,490 2,690 2,790 2,590 2,690 2,590 2,790 

2 U : 1 F : 0 A - out (C) 3,190 2,790 2,790 3,180 2,990 2,890 2,890 2,790 2,890 3,190 2,690 2,590 

2 U : 1 F : 0.5 A - out (A) 2,690 2,490 2,390 2,280 2,290 1,990 2,690 1,990 2,090 2,290 2,390 1,990 

2325 ± 208 2 U : 1 F : 0.5 A - out (B) 2,490 2,790 2,490 2,380 2,290 2,190 2,390 2,190 2,390 2,190 2,190 2,190 

2 U : 1 F : 0.5 A - out (C) 2,790 2,390 2,290 2,480 2,390 2,390 2,290 2,390 2,190 2,290 2,090 1,990 

 

Table D.16: Stage 1 free ammonia concentrations (mg/L NH3-N) 

Mixture 

Day Mixture 
Averages 2 10 17 24 31 37 45 50 58 

0 U : 1 F (A) 37 129 15 38 83 37 8 90 136 

73 ± 40 0 U : 1 F (B) 112 53 13 120 95 52 30 69 96 

0 U : 1 F (C) 37 129 90 101 143 81 68 30 91 

1 U : 1 F (A) 1210 1390 945 1239 1166 837 294 1112 1193 

1113 ± 343 1 U : 1 F (B) 1463 1258 1193 1492 1391 859 671 1263 589 

1 U : 1 F (C) 1338 1705 1504 860 1235 1456 445 1001 948 

2 U : 1 F (A) 1582 1194 1191 1742 1865 1331 950 997 1267 

1383 ± 289 2 U : 1 F (B) 1463 1194 1811 1048 1107 1460 1143 1507 1075 

2 U : 1 F (C) 1590 1514 1193 1237 1742 2085 1271 1383 1394 

3 U : 1 F (A) 951 1386 1016 1321 1326 1827 1394 1881 1903 

1586 ± 317 3 U : 1 F (B) 1441 2021 1684 1550 1865 1830 1269 2014 1520 

3 U : 1 F (C) 1202 1481 1191 1865 1612 1712 1654 1761 2159 

1 U : 0 F (A) 857 1034 942 797 722 1189 834 2089 2133 

1355 ± 579 1 U : 0 F (B) 953 826 981 1039 2160 2083 2138 2265 2133 

1 U : 0 F (C) 761 2114 789 1857 1054 959 1371 1675 837 
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Table D.17: Stage 2 free ammonia concentrations (mg/L NH3-N) 

Mixture 
Day Mixture 

Averages 1 8 15 23 30 35 42 49 59 63 70 78 85 92 99 106 113 

2 U : 1 F : 0 A (A) 1,170 1,334 2,227 1,861 1,419 1,173 1,222 1,120 1,190 1,048 1,021 1,137 1,088 1,048 966 873 933 

1204 ± 282 2 U : 1 F : 0 A (B) 1,505 1,881 1,048 930 1,405 1,528 1,015 1,000 941 802 1,095 1,015 962 1,009 696 1,112 1,055 

2 U : 1 F : 0 A (C) 1,884 1,162 1,290 1,218 1,285 1,340 1,137 1,200 1,222 1,290 1,256 1,300 1,158 1,164 1,160 1,351 1,178 

2 U : 1 F : 0.5 A (A) 1,571 1,881 1,604 1,612 920 1,091 1,011 1,040 981 802 942 811 883 737 732 1,164 767 

1279 ± 343 2 U : 1 F : 0.5 A (B) 1,188 1,500 1,420 1,239 1,669 1,712 1,489 1,357 937 1,172 860 1,426 1,378 815 1,001 833 852 

2 U : 1 F : 0.5 A (C) 1,507 1,623 1,731 2,233 1,483 1,592 1,610 1,481 1,556 1,358 1,406 1,363 1,253 1,459 1,456 1,472 1,239 

2 U : 1 F : 1 A (A) 1,264 1,250 985 1,188 989 1,284 1,119 865 935 988 1,102 928 1,009 1,185 969 794 990 

1165 ± 208 2 U : 1 F : 1 A (B) 1,256 1,248 1,635 1,635 1,341 1,485 867 1,490 1,123 1,186 856 1,113 1,070 1,096 1,110 979 963 

2 U : 1 F : 1 A (C) 1,414 1,336 1,486 1,487 1,490 1,188 1,268 1,192 1,196 963 890 1,187 1,225 963 1,333 1,258 1,237 

 

Table D.18: Stage 3 free ammonia concentrations (mg/L NH3-N) 

Mixture 
Day Mixture 

Averages 1 9 17 22 32 39 46 55 60 65 73 80 

2 U : 1 F : 0 A - in (A) 1,191 1,835 1,116 1,897 1,137 1,029 1,032 1,183 1,124 1,116 1,092 1,010 

1274 ± 291 2 U : 1 F : 0 A - in (B) 1,721 1,712 1,735 1,589 1,737 2,062 1,072 1,179 1,120 1,079 1,128 1,136 

2 U : 1 F : 0 A - in (C) 1,200 1,262 1,042 1,188 1,173 1,195 1,112 1,098 1,044 1,199 1,092 1,221 

2 U : 1 F : 0 A - out (A) 2,264 996 1,835 2,181 1,698 1,651 1,694 1,602 1,894 1,270 1,719 967 

1702 ± 401 2 U : 1 F : 0 A - out (B) 2,343 1,442 1,276 2,110 2,145 1,903 1,688 1,621 1,804 1,284 1,687 1,108 

2 U : 1 F : 0 A - out (C) 2,505 1,633 1,133 2,422 1,826 1,932 1,810 1,607 1,978 1,513 1,741 1,005 

2 U : 1 F : 0.5 A - out (A) 2,185 1,451 1,498 1,834 1,691 1,535 2,031 1,439 1,616 1,521 1,826 1,212 

1667 ± 280 2 U : 1 F : 0.5 A - out (B) 1,956 2,039 1,566 1,823 1,704 1,676 1,804 1,247 1,838 1,434 1,676 820 

2 U : 1 F : 0.5 A - out (C) 2,201 1,756 1,724 1,908 1,760 1,822 1,738 1,712 1,692 1,479 1,615 1,186 
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Table D.19: Temperature, pH, and moisture content measurements from UDDTs 

Number 
Storage Location 

Ambient Temperature (°C) 

Fecal Products Stored Urine 

Temperature (°C) pH Moisture Content (%) Temperature (°C) pH 

1 21.6 22.5 10.5 13% 22.4 9.0 

2 21.6 22.3 10.5 15% 22.4 9.0 

3 21.6 22.4 10.5 8% 22.4 9.0 

4 21.2 31.4 10.5 (not measured) 21.2 9.0 

5 19.7 34.3 10.0 (not measured) 21.7 9.0 

6 23.9 26.7 9.0 19% 20.0 9.0 

7 21.2 24.8 9.5 17% 20.4 9.0 

8 23.6 23.9 10.5 19% 23.6 8.5 

9 22.2 22.3 10.5 (not measured) 22.2 9.0 
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Appendix E: Ammonia Treatment Feasibility Calculations 

The addition of urea has been shown to be an effective alternative for sanitizing source-

separated feces.  When added, the urea is enzymatically degraded to produce ammonia, which is toxic 

to many pathogens (Nordin et al., 2009).  However, for people in resource-limited settings, the purchase 

of urea may be expensive and is not a viable option.  Another potential source of ammonia is human 

urine.  Fresh urine contains a large amount of urea (Putnam, 1971), which is converted to ammonia 

during storage (Udert et al., 2003a).  These calculations were performed in an attempt to determine if 

the ammonia concentrations present in stored urine might be sufficient to sanitize fecal matter, and if 

urine is produced in large enough quantities relative to feces for this treatment method to be a viable 

option.  The calculations themselves can be found in the pages following this summary and explanation. 

To begin, the nitrogen concentration of urine in Uganda was estimated based on equations 

provided by Jonsson et al. (2004) and data collected in 2011 on dietary protein consumption in Uganda 

from the Food and Agricultural Organization of the United Nations (Section 1 of the Calculations).  The 

result, 5.0 grams of nitrogen per liter of urine, was multiplied by 90%, estimated using data from 

Putnam (1971) to be the fraction of nitrogen present in either ammonia or urea.  A total ammonia 

nitrogen (TAN) value of 4.5 grams per liter NH3-N was calculated.  This value was compared to data from 

Putnam (1971) and Nordin (2010), and was found to be similar (Section 2 of the Calculations). 

The next several sections of calculations deal with estimating the concentration of uncharged 

ammonia likely to be present in the urine, since this form is the one responsible for pathogen 

inactivation (Pecson et al., 2007).  Assuming a temperature of 25°C, the equilibrium reactions and 

equilibrium constants for ammonium ions (NH4
+), uncharged aqueous ammonia (NH3(aq)), and uncharged 

gaseous ammonia (NH3(g)) were used to derive an equation that would calculate the NH3(aq) 

concentration for a given total ammonia concentration and pH level.  At this point, it was assumed that 

the solution is dilute, so that the activity of aqueous species is equivalent to their molar concentrations 
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(Calculations Section 3).  The derived equation was then used to calculate the uncharged ammonia 

concentration, given the estimated concentration of total ammonia present in urine from Uganda and a 

pH of 9.0, which is the approximate pH in urine after urea has degraded (Udert et al., 2003a).  This 

calculation shows that, if the loss of volatilized ammonia is minimal in the storage container, then the 

amount of ammonia lost to the gaseous phase is insignificant, suggesting that the derived equation 

could be simplified by eliminating the portion related to the partitioning of the aqueous and gaseous 

phases of uncharged ammonia (Calculations Section 4).  After this simplification, the final NH3(aq) 

concentration present in urine was calculated to be 1,633 mg/L NH3-N.  This value is significantly higher 

than 800 mg/L, which was estimated to result in 6-log10 removal of Ascaris eggs in feces within four 

months at 24°C (Nordin et al., 2009a).  It should be noted that another study found significantly longer 

inactivation times for Salmonella Typhimurium bacteriophage 28B, but this virus does not affect 

humans, its genome structure is different from the structure of many enteric viruses, and these enteric 

viruses are reported to have shorter inactivation times (Nordin et al., 2009b).  Considering these points, 

the uncharged ammonia concentration calculated here should be sufficient to sanitize undiluted urine in 

Uganda (Calculations Section 5). 

The same calculation was then performed for a mixture consisting of two parts urine to one part 

fecal products obtained from a UDDT vault.  To be conservative, it was assumed that any ammonia 

previously present in the feces was lost due to volatilization during storage at high pH levels.  Only the 

urine, then, contributes to the total amount of ammonia present.  It was also assumed that the addition 

of fecal products does not cause any pH change, resulting in a pH of 9.0 in the overall mixture.  The 

calculated uncharged ammonia concentration for this case was 1,092 mg/L NH3-N, still higher than the 

target concentration of 800 mg/L (Calculations Section 6).  Then, urine excretion rates (1.2 kg/cap-d, 

from Esrey et al., 2001), fecal generation rates (0.35 kg/cap-d, from Niwagaba, 2009), the moisture 

content of feces (80 – 83%, from Nordin, 2010), the average density of urine (1.024 kg/L, from Ogata et 
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al., 1970), and the average density of feces (1.0 kg/L, from Ferreira, 2005), were used to estimate the 

average volumes of urine and fecal products that would be produced in one day.  It was found that 

enough urine is produced so that a 2 urine : 1 fecal products mixture is feasible, and it should be noted 

that the fecal generation rate used was the highest value found in all of the literature that was searched, 

suggesting that this estimated generation rate might be higher than the actual rate (Calculations Section 

7).  So far, the calculations suggest that treatment of feces using ammonia from urine could be a feasible 

option in Uganda. 

However, it is acknowledged that the dilute solution assumption may be inappropriate, since 

Udert et al. (2003b) reports that urine has an average ionic strength of 0.206 M.  This value results in an 

activity coefficient for NH4
+ of 0.75 and a coefficient of 1.06 for NH3, which could certainly have a 

significant impact on the results.  To account for ionic strength, these activity coefficients were 

incorporated into the derived equation (Calculations Section 8).  This revised equation was then used to 

recalculate the uncharged ammonia concentrations in urine and in the 2 urine : 1 fecal products 

mixture.  In urine alone, the concentration was calculated to be 1,288 mg/L NH3-N, but, for the mixture, 

the concentration was found to be 854 mg/L NH3-N , which is only slightly above the target (Calculations 

Section 9). 

Finally, three additional scenarios were considered to determine how changing certain 

conditions would affect the final TAN concentration.  First, if the pH is raised to 9.1, the ammonia 

concentration increases to 1,000 mg/L NH3-N.  Second, if the temperature is increased from 25°C to 

26°C (with the original pH of 9.0), a concentration of 900 mg/L NH3-N is obtained.  Third, if a 3 urine : 1 

fecal products mixture is used (at original temperature and pH levels), the calculated ammonia 

concentration is 970 mg/L NH3-N .  Although this mixture would not be feasible with the assumed fecal 

generation rate, the fact that this rate may be conservatively high has already been discussed 

(Calculations Section 10).  Additionally, it is also possible that the feces could still contain ammonia 
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when added to the mix, raising the total ammonia concentration.  Moreover, if sufficient ash was used 

during latrine operation, adding fecal products might raise the pH significantly, and, by storing the 

mixture of urine and feces in a sealed container in the sun, high temperatures might be achieved.  In 

practice, actual observed conditions might create a scenario in which higher concentrations are 

achieved or might provide additional insight into an effective method for achieving higher 

concentrations.   

Scanned copies of these calculations are provided on the following pages. 
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Appendix F: Quality Control Data – Total Ammonia Tests 

Table F.1: Total ammonia tests on 1 mg/L NH3 standard solution provided in test kit 

Test 
Number 

Date 
Expected Standard 

Concentration 
(mg/L NH3) 

Measured Standard 
Concentration 

(mg/L NH3) 

Percent 
Difference 

1 14-Feb-2014 1.0 1.1 10% 

2 7-Mar-2014 1.0 1.0 0% 

3 18-Apr-2014 1.0 1.0 0% 

4 20-Jun-2014 1.0 0.9 -10% 

5 6-Sep-2014 1.0 1.1 10% 

 

Table F.2: Dilution test results 

Solution 
Measured Total Ammonia Concentration 

(mg/L NH3) 

Standard 1 mg/L NH3 Solution 1.1 

Dilution Water 0.04 

1:10 Dilution of 1 mg/L Standard 0.14 

Back-Calculated 1 mg/L Standard Concentration 
   (accounting for total ammonia in dilution water) 

1.04 

Percent Difference 5.5% 

 

Table F.3: Spike and recovery test results 

Solution 
Measured Total Ammonia Concentration 

(mg/L NH3) 

1:1000 Dilution of Original Mixture (2 U : 1 F : 0 A) 2.6 

Spike Amount 0.9 

Spiked Matrix 3.6 

Percent Recovery 111% 
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Appendix G: Estimated Material Quantities and Prices of Urine-Diverting Dry Toilets 

Table G.1 provides a material and cost estimate for a double-vault UDDT, which contains two 

vaults that are to be used in an alternating fashion.  The estimate includes the materials and labor 

required to complete the following: 

 Fecal collection vaults (brick walls, concrete floor, metal access panels); 

 The superstructure (brick walls, elevated concrete floor slab, wooden door, corrugated iron 

roofing, timber roof supports); 

 Urine-diversion system with associated piping; 

 Wash hole for anal cleansing and associated piping; 

 Ventilation piping. 

Table G.2 provides a material list and preliminary cost estimate for the additional equipment required 

for ammonia treatment at the household level, based on an average household size of five (Uganda 

Bureau of Statistics and ICF International Inc., 2012), while Table G.3 compares the cost of the double-

vault UDDT with the cost of the equipment required for the ammonia treatment system.  The following 

general points should also be noted: 

 These estimates were prepared using the pricing structure of Brick by Brick Construction, a 

construction company founded by Brick by Brick Uganda, and include provision for general 

conditions, contingency, and company profit/overhead. 

 The use of Interlocking Stabilized Soil Bricks (ISSBs), as opposed to traditional burned bricks, is 

assumed for the superstructure of each toilet.  Due to their environmental benefits, ISSBs are 

promoted by Brick by Brick and used in the organization’s construction projects. 

 All costs are shown as Ugandan shillings (UGX).  From 2012 to 2014, average quarterly exchange 

rates have fluctuated between 2,400 and 2,800 UGX per U.S. dollar (Bank of Uganda, 2015). 
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Table G.1: Estimated material quantities and costs of double-vault UDDT 

Item Unit Unit Cost Quantity Total Cost 

ISSB Production         

Cement bag UGX 32,000 5 UGX 160,000 

Murram trip UGX 70,000 1.5 UGX 105,000 

Polythene Sheets meter UGX 2,500 3 UGX 7,500 

Water jerry can UGX 400 20 UGX 8,000 

Oil total UGX 5,000 1 UGX 5,000 

Labor brick UGX 100 600 UGX 60,000 

          

Construction         

Burned Bricks each UGX 100 700 UGX 70,000 

Ventilator Bricks each UGX 500 8 UGX 4,000 

Cement bag UGX 32,000 15 UGX 480,000 

Sand trip UGX 100,000 2 UGX 200,000 

Aggregate trip UGX 140,000 1 UGX 140,000 

Water jerry can UGX 400 40 UGX 16,000 

Iron Bars each UGX 30,000 4 UGX 120,000 

Iron Rings each UGX 3,000 1 UGX 3,000 

Wire Mesh each UGX 30,000 1 UGX 30,000 

Polythene Sheet meter UGX 2,500 3 UGX 7,500 

Roofing Timber piece UGX 6,000 8 UGX 48,000 

Iron Sheets each UGX 30,000 4 UGX 120,000 

Wooden Doors (3' x 6') each UGX 100,000 1 UGX 100,000 

Metal Access Panels (2' 3" x 2' 3") each UGX 80,000 2 UGX 160,000 

Varnish tin UGX 54,000 1 UGX 54,000 

Varnish Coloring tin UGX 5,000 1 UGX 5,000 

4" PVC Vent Pipe foot UGX 1,300 20 UGX 26,000 

4" PVC Caps each UGX 8,000 2 UGX 16,000 

3" PVC Drain Pipe foot UGX 1,300 10 UGX 13,000 

3" PVC Corners each UGX 6,000 3 UGX 18,000 

2" PVC Urine Pipe foot UGX 1,300 8 UGX 10,400 

2" PVC Corners each UGX 6,000 2 UGX 12,000 

2" PVC Tee each UGX 10,000 1 UGX 10,000 

PVC solvent tin UGX 6,000 1 UGX 6,000 

Plastic Funnel each UGX 500 1 UGX 500 

Eco-Pans (urine diversion devices) each UGX 25,000 2 UGX 50,000 

Wooden cover for Eco-Pan each UGX 10,000 1 UGX 10,000 

Ordinary Nails kg UGX 6,000 5 UGX 30,000 

Roofing Nails kg UGX 7,000 2 UGX 14,000 

Binding Wire kg UGX 7,000 2 UGX 14,000 

Timber formwork piece UGX 6,000 15 UGX 90,000 

Iron Strips roll UGX 40,000 0.2 UGX 8,000 

Sisal String roll UGX 4,000 1 UGX 4,000 

Poles each UGX 6,000 10 UGX 60,000 

Jerry Can (for urine collection) each UGX 6,500 1 UGX 6,500 

Material Transport total UGX 100,000 1 UGX 100,000 

Skilled Labor person-day UGX 20,000 40 UGX 800,000 

          

Total Labor and Materials       UGX 3,201,400 

          

General Conditions 5% of labor and materials  UGX 160,070 

Contingency 5% of labor and materials UGX 160,070 

Profit/Overhead 20% of labor and materials  UGX 640,280 

          

Total Price       UGX 4,161,820 
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Table G.2: Materials and estimated costs of ammonia treatment equipment 

Item Unit Unit Cost Quantity Total Cost 

200-Liter Plastic Tanks each UGX 80,000 4 UGX 320,000 

Metal for Outdoor Storage piece UGX 20,000 2 UGX 40,000 

Poles for Mixing each UGX 5,000 2 UGX 10,000 

20-Liter Jerry Cans for Transporting Urine each UGX 6,000 10 UGX 60,000 

Markers pack UGX 5,000 1 UGX 5,000 

Shovels each UGX 15,000 2 UGX 30,000 

          

Overall Total Cost       UGX 465,000 

 

Table G.3: Cost comparison of double-vault UDDT and ammonia treatment system 

Element Double-Vault UDDT Ammonia Treatment Equipment 

Total Installation Cost UGX 4,161,820 UGX 465,000 

   as percentage of Double-Vault UDDT 100% 11% 
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Appendix H: List of Acronyms and Notation 

Eco-San  Ecological Sanitation 

UDDT  Urine-Diverting Dry Toilet 

VIP  Ventilated Improved Pit 

CLTS  Community-Led Total Sanitation 

ODF  Open Defecation Free 

FGD  Focus Group Discussion 

KII  Key Informant Interview 

TA  Total Ammonia (mg/L NH3) 

FA  Free Ammonia (mg/L NH3-N) 

QA/QC  Quality Assurance/Quality Control 

t2-log  Time Required for 2-log10 Inactivation of Ascaris eggs (days) 

t  Time 

pH  Negative Logarithm of Hydrogen Ion Concentration 

I  Ionic Strength (mol/L) 

If  Formal Ionic Strength (mol/kg) 

Ka  Acid-Base Equilibrium Coefficient 

pKa  Negative Logarithm of Acid-Base Equilibrium Constant 

H  Henry’s Law Constant (atm-m3/mol) 

γNH3  Activity Coefficient of Free Ammonia 

γNH4+  Activity Coefficient of Ammonium Ion 

ks  Salting-Out Coefficient for Nonelectrolytes 

A  Davies Equation Constant 

z  Ionic Charge 

T  Temperature 

Tindoor amb Indoor Ambient Temperature 

Toutdoor amb Outdoor Ambient Temperature 

Tindoor mix Indoor Mixture Temperature 

Toutdoor mix Outdoor Mixture Temperature 
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sin  Sine function 

N0  Number of initial viable Ascaris eggs at time 0 

N  Number of viable Ascaris eggs at time t 

k  First-Order Rate Constant 

m  Lag Constant 

 


