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APPENDIX A 

DIFFEnENCES IN WEIGHT FOR DRYING AT 45 °C AND 103°C 

The membrane filter paper was dried and weighed ·at 

both, 45°C and 103°C. These are the results: 

filter paper after filter paper after dif fere ce 
45°C l03°C f or 70 min . 

(grams) (grams) (grams) 

1.4506 1 . 4503 0.0003 

1.4596 1.4596 0 . 0000 

1.43105 1.4310 0 . 00005 

1.4829 1.4828 0.0001 

1.45925 1.4592 0.00005 

1.4524 1.45235 0 . 00005 

1.47315 1.4730 O. v0015 

1.4714 1.47125 0.00015 

Average difference 0 .00016 gm . 

After filtrations, 12 filters were dried and weighed 

at both 45°C and l03°C . These are the results : 

Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

(1) (2) 

Filter paper + 
solids after 
45°C 

(grams ) 

1. 47105 

1.4619 

1 . 4469 

1.4559 

1.45865 

1 . 4526 

1.46455 

1.47695 

1 . 4663 5 

1.4547 

1. 4699 

1. 4686 

Filter paper + 
solids after 
103°C 

(grams) 

1. 4709 

1. 4617 

1.4 467 

1.4556 

1.45835 

1 . 4524 

1.46 43 

1.47675 

1.4662 

1.45 44 

1.4697 

1.46845 

(1) - (2} 100000 
((1} - (2) 
-. 00016) 

y' y 

0 . 00015 - 1 

0 . 00020 4 

0 . 00020 4 

0 . 00030 14 

0.00030 14 

0.00020 4 

0 . 00025 9 

0.00020 4 

0 . 00015 - 1 

0.00030 1 4 

0.00020 

0.00015 - 1 
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n = 12 ry2 = 752 s2(y) = 24.2 40 

Ey = 68 r•y2 = 752 - 5.667 X 68 s2(y) = 2.020 

y = 5.667 = 266.644 s(y) = 1. 422 

y'= 5.667 X 10 - 5 S (y I)= 1. 4 22 X 10- 5 

. 
The variation at the 99 per cent confider.ce level is 

± 3.16 x 1. 422 x 10-s = ± 4.38 x 10 - 5
• The average weight 

of the 12 samples used was 0.00697 grams. Therefore, a 

decrease in weight 0.81 per cent for 103°C conditions, plus 

or minus 0.63 per cent at a 99 per cent confidence level, 

Volk (1958). 



P..PPENDIX B 

NUTRIENT MEDIA 

For adequate nutrition of bacteria a C:N:P ratio 

of 40 :S:l is sufficient (Eckenfelder and O'Connor, 1961). 

By ensuring that nitrogen and phosphorus in any nutrient 

med ium are far in excess of this requirement, carbon is made 

the limiting nutrient. 
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Dibasic ammonium phosphate, (NH 4 ) 2HP0 4 , was used to 

provide a source of nitrogen and phosphorous, and dextrose, 

c 6H12o6 , was used as the organic carbon source. Dextrose has 

been reported to be used by all bacteria {Kendall, 1928). By 

mixing dextrose and a~~onium phosphate in a 3:1 ratio by 

weight ensured that the carbon was in a limiting concentration. 

This solution was made up in distilled water to form the feed 

stream. 

The following stock solutions were used to provide 

iron, potassium, and magnesium nutrients which \vere not in 

sufficient concentrations in the tap water . 

{1) Ferric chloride, FeC1 3 ·6H2o 

solution concentration 1.0 mg/ml. 

(2) Potassium phosphate, K2HP0 4 

solution concentration SO rng/ml . 

(3) Magnesium sulphate, MgS0 4 ·7H2o 

solution concentration SO mg/ml . 

'I'hese solutions were proportioned to the dextrose-ammonium 

phosphate feed according to the following a~bitrary formulae. 

{1) 1/2 ml Fec~ 3 solution/200 mg c arbon/litre of feed 



(2) 1 ml K2HP04 solution/200 mg carbon/litre of f eed 

(3) 1 ml Mgso4 solution/200 mg carbon/litre of feed 

These chemicals were added to tap water to form the dilution 

water stream. The ratio of flow of the dilution water stream 

to the feed stream was at least 10:1. 

The required concentration of carbon in the feed 

stream was calculated based on a total flow o f liquid. vmen 

measuring flow rates and carbon concentration of the inlet 

stream, determinations were made on the liquid mixture 

rather than the individual solutions. 



APPENDIX C 

CHEMICAL ANALYSIS OF TAP WATER 

The fol l ov1ing i s a list of analyses results of a 

sample of ~ap water used to make up the dilution water. 

Hardness as caco
3 142 ppm 

Alkalinity as Caco
3 

93 ppm 

.Iron as Fe 0.08 ppm 

Potassium as K 1.6 ppm 

Magnesium as Mg 16 ppm 

Calcium as Ca 30 ppm 

Sodium as Na 13 ppm 

Sulphate as so 4 28 ppm 

Chloride as Cl 29 ppm 

Fluoride as F 0.1 ppm 
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APPENDI X D 

RESULTS - TABULATED AND PLOTTED 



EJa nsed 
'J' ·i mc 

(hr ) 

Organism 
Hass 

(mg/1 ) 

12 hour detention , 

0 172 5 

9 1 7 10 

2 4 1665 

47 1 515 

70 1 545 

9 3 1 600 

12 hour detention , 

0 1 600 

1 1 545 

2 1 420 

3 1 41 0 

4 13 65 

6 130 0 

8 118 0 

1 3 1070 

6 89 0 

37 85 0 

5 2 710 

60 670 

73 6 25 

8/l 805 

97 895 

104 770 

Effluent 
Carbon 

(mg / 1 ) 

pH 

10 25 mg/1 c arbon feed 

22 6 . 55 

2 8 6.52 

2 4 '6. 41 

2 5 6 .17 

2 4 6.0 4 

19 --

600 mg/ 1 c arbo n f eed 

1 9 --
17 --
2 1 ---
19 --
23 - -q 

21 - -
20 - -
22 --

29 - -
2 9 --
43 - -
32 --
5 5 --
19 --

1 6 - -
1 6 - ·- -··-

-- -· -------------- ------------· ~-,·----

Temperature 
oc 

REACTOR # 2 

REACTOR # 2 

Carbon Remova l 
Rate 

mq;l c arbon 
mg}T-mass~hr . 

0 . 0 48 

0 . 0 46 

0 . 0 48 

0 .0 5 2 

0 . 0 54 

0 . 0 5 2 

0 .030 

0 .033 

0 .031 

0. 036 

0.0 32 

0.0 36 

0.0 42 

0.0 45 

0. 04 4 

0.0 56 

0.0 64 

0 . 0 72 

0 .070 

0 .06 4 

0.0 511 

0 . 063 
---

Yield 

mg;l mass 
mg / f-carbon 

1. 72 

1. 80 

1. 7 5 

1.6 1 

1. 54 

1. 59 

· 2.7 5 

2.65 

2. 46 

2. 43 

2 .J7 

2.25 

2 . 0 4 

1. 85 

1. 53 

1. 49 

1. 27 

1.18 

1. ] 5 

1. 39 

1. 53 

1.3 

0\ 
-....! 



Elapsed Or90nism Effluent pH Tempe rature Carbo n Remova) Yield 
'l' imc Mass Carbon oc Rate 
(h r ) (mg/1 ) (mg /1) mg /1 c arbon mrr /J m&ss 

mg / l mass -hr :- me]7f-·cai:bo11 
----- ------ --- -·---~--· ·----- ·-------- --- -----------· ---------- ·-

3.5 h our detention, 600 mg/1 c arbon f eed REACTOR # 2 

2 6 07 1 48 6 .94 0 .115 1.35 

4 515 2 37 7 .22 0.116 1. 42 

6 415 27 2 7. 4 3 0 .174 1 . 32 . 
16 290 5 21 7. 99 - 0 .033 5.1 8 

21 210 536 . 7. 95 0 . 0 17 9.13 

28 172 5 38 8 . 0 5 0. 135 2.78 

20.5 hour detention, 60 0 mg/ 1 c arbon feed REACTOR # 2 

0 17 0 5 38 8.05 2 . 7 4 

13 3 85 486 7. 6 7 0 .025 3. 38 

3 7 5 80 119 5.70 0 . 0 67 1.20 

47 705 1 8 6 .69 0 . 0 55 1 .21 

60 76 0 22 6 .95 0.0 37 1.31 

85 780 26 6 .96 0.0 36 1.36 

9.0 h our detent i on , 600 mg/1 c arbon feed REACTOR # 2 

10 920 13 6.30 0.070 1 .5 7 

20 957 11 6.50 0 . 072 1. 62 

36 925 15 6.56 0.0 69 1. 54 

4 4 985 18 6.65 0.071 1. 69 

58 970 16 6.6 9 0.0 6 5 1 .66 

6 4 920 19 6.70 0.0 68 1 .58 

81 930 35 6.52 0.070 1. 64 

113 7 40 10 5 6.3 8 0 . 0 80 1. 50 0'1 
00 

130 750 73 6. 48 0.0 78 1.42 
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Elapsed 
Time 
(hr) 

Organism 
Mass 

(mg/1) 

1 . 7.0 hour detention, 

0 650 

21 58 2 

47 608 

68 660 

92 715 

102 708 

116 772 

128 . 600 

140 590 

150 500 

162 560 

5.6 hour detention, 

6 500 

27 470 

52 550 

72 495 

82 230 

96 160 

Effluent 
Carbon 

(mg/ 1 ) 

pH Temperature 
oc 

60 0 mg/1 c arbon feed REACTOR # 1 

24 6.00 -

62 5.60 -

35 6.32 -

33 6.35 -

38 6.61 26 

32 6.38 25.5 

54 6.13 27 

63 6.13 26.5 

60 6.11 -

65 5.90 26.5 

40 6.29 --

400 mg/1 carbon feed REACTOR # 1 

25 6.54 27 

66 - -
15 6.74 25 

23 6.73 23 

220 7.48 25 

-- 7.73 23.5 

Carbon Remova l 
Rate 

mg /1 c arbon 
mg/ 1 mas s-hr. 

0. 12 9 

0.13 4 

0.123 

0.092 

0.115 

0.101 

0.122 

0.131 

0.148 

0.140 

0.130 

0.122 

0.121 

0.126 

0.054 

Yield 

mg /1 mass 
mg/1 c arbon 

1. 13 

1 . 0 8 

1.08 

. 1 ·. 16 

1.25 

1.25 

1.39 

1. 15 

1.09 

0.9 6 

1.0 5 

1.33 

1.37 

1.53 

1.41 

1.29 

-..J 
...... 



Elapse d Organism 
Time Hass 
(h r ) (mg / 1 ) 

8 . 4 hour detentio n , 

5 6 12 
20 513 
30 430 
43 3 70 
54 400 
70 3 95 
9 2 495 

116 5 35 
127 51 5 
1 40 475 
1 51 500 
164 515 
17 4 51 0 
1 88 50 0 
199 530 
21 2 5 45 
2 40 585 

2. 7.0 hour detention , 

14 495 
24 510 
34 370 
48 315 
58 300 
74 475 
82 770 
96 860 

. ----- ---- - -~~-

Effluent pii Temperature 
Carbon oc 

(mg/1 ) 

400 mg/1 c arb on f eed REACTOR # 1 

12 6.71 25.5 
15 6.7 1 23.5 
43 6.7 3 25.5 
61 6 .60 24 
2 8 6.5 4 26 
43 6.6 2 24. 5 
19 ,6. 72 --
1 4 6 . 77 24 . 5 
16 6. 89 26. 5 
44 6.5 4 25 . 5 
18 6.91 - -
16 6.8 8 - -
16 6.8 8 27 . 5 
16 6 .86 --
15 6. 85 26.5 
15 6.75 24 .5 
12 6.56 24 

600 mg/1 c arbon f eed REACTOR # 1 

135 6.00 23 
67 6.14 23.5 

-- 6.92 
353 7.19 24 
452 , 7.34 23 
251 5.30 22 

21 6.32 23 
19 6.37 23.5 

--- - _ _,.. ____ ·- - --------
Carbon Remova l Yield 

Rate 
mq / 1 carbon mg/ 1 mass 
mg/T-rilass-hr . mg/1 c arlJon 

0.0 79 1.58 
0 .0 83 1. 42 
0 .092 1.2 0 
0 .103 1 . 0 9 
0 .103 1 . 08 
0 .105 1 .11 
0.0 89 1.30 
0 . 0 87 1.3 8 
0 .088 1 .3 4 
0 . 084 1 .3 4 
0 .0 86 1 .3 1 
0 . 088 1.3 4 
0 . 0 89 1.33 
0 . 091 1.30 
0 . 0 86 1 . 38 
0.0 84 1 .41 
0.07 9 1 .51 

1.0 6 
0.162 0.9 6 

0.07 4 1.28 
0.038 2.01 
0.132 1.36 
0.142 1 . 33 
0.096 1.4 8 

-...] 

IV 
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----- --- ~----.,--.- --------- -------------· ----
Elapsed 
'l'ime 
(hr ) 

Organism 
Mass 

(mg / 1 ) 

1. 7 hour detention , 

0 7 45 

21 7 80 

28 --
47 815 

5 6 8 85 

80 9 02 

9 2 9 94 

1 05 890 

1 1 7 81 8 

1 29 856 

140 860 

153 800 

5.6 hour deten t ion , 

6 890 

27 887 

52 1015 

72 1210 

82 1210 

96 1210 

Efflue~nt 

Carbon 
(mg/ 1 ) 

pH 

600 mg / 1 c arbon f eed 

35 3 .90 

37 4.85 

- 5.95 

22 5 .55 

32 6 .21 

2 8 6 .39 

16 6 .31 

2 0 6 .38 

22 6.3 4 

22 6. 42 

23 6.2 8 

18 6.37 

Temperature 
oc 

REACTOR # 2 

-
-- . 
--
-
-
2 3 

26 

25.5 

27 

26.5 

-
26 . 5 

800 mg /1 c arbon f eed REACTOR # 2 

36 6.18 27 

100 - -
75 5.35 25 

16 6.11 23 

16 6.18 25 

17 6.20 23.5 

Carbon Removal 
Rate 

mq/ 1 c arbon 
mg/ 1 m---;,-lss -hr-: 

---
0. 103 

- --

0 . 1 04 

0 . 09 0 

0 .091 

0 .08 5 

0 .0 9 3 

0.0 99 

0.0 95 

0.0 92 

0. 10 0 

0.150 

0.138 

0.128 

0.118 

0.116 

0.11 6 

~----·· ·----

Yi eld 

mq/1 mass 
mg/fcarbon 

1.3 2 

1.3 8 

1 . 38 

1.5 6 

1.5 8 

1 . 70 

1.53 

1.4 4 

1 .51 

1. 5 6 

1.4 4 

1.17 

1.27 

1. 40 

1 . 5 4 

1.5 4 

1.5 4 

--._J 

lJ1 



--~---------------- --~--------------·-

Elapsed Organism Ef fluent pH Temperature Carbon Removu.l Yield 
'rime Mass Carbon oc Rate 
(h r ) (mg/1 ) (mg/ 1 ) mg/1 c a rbon mg / 1 mass 

mg /i-mas·s--=-11 r. mg/f-carbor1 
------~- - --~------------- --- ·- ------ ---·-- -- ~ -----------

8 . 4 hour detention , 8 00 mg/1 c arbon feed REACTOR # 2 

6 1 1 90 1 6 6.19 25 .5 0 .07 9 1.52 . 
2 0 1035 1 4 5 . 7 5 23.5 0.0 9 0 1. 32 

31 910 7 3 .s. 9 5 25 . 5 0.0 89 1.25 

45 7 00 220 5. 4 0 2 4 0 . 0 83 1 .20 

5 4 7 8 5 19 5 5.60 26 0 . 0 95 1 .30 

70 7 90 210 5 . 70 2 4. 5 0 . 0 88 1. 34 

94 650 22 1 5. 8 0 -- 0.114 1.03 

95 added 15 ml o f b oth FeC 1
3 

and K2HP0 4 solutions 

99 873 77 5 . 9 5 - - 0 .130 1 . 2 1 

1 1 7 9 05 46 6 .10 2 4 . 5 0 .101 1.20 

1 2 8 7 65 59 5.7 5 26.5 0 .114 1 . 0 3' 

1 4 0 71 5 80 6.2 4 2 5 . 5 0. 117 0 .99 

152 825 56 5.90 - - 0.110 1 .11 

165 7 4 0 47 6 . 06 -- 0.122 0.9 8 

1 74 755 47 5.75 27.5 0. 1 19 1. 0 0 

1 89 710 60 6.16 --- 0.1 2 3 0. 96 

200 7 5 0 47 5.80 26 .5 0.1 2 2 1.0 0 

213 735 4 9 6.01 24.5 0. 122 0. 98 

216 670 110 6.32 2 4 0.0 9 7 0. 9 7 

-...; 
m 

- - - - -- --



Ela pse d 
Tirne 
(h r ) 

Orga ni s m 
Mass 

(mg/1 ) 

Ef f luent 
Ca r bon 

(mg/ 1 ) 

------ -
pH 

---- --------·---------· 

2 . 7 hour dete ntio n , 600 mg/1 c arbon feed 

0 480 129 6.11 

10 530 150 6.43 

24 495 200 6.43 

34 410 279 6 .89 

47 355 415 7 .24 

60 7 55 40 6.00 

72 840 18 5 . 75 

82 860 17 6 .13 

96 880 15 6.21 

Tempe r ature 
oc 

Ca r bon Removal 
Ra t e 

Yie l d 

mg / 1 c arbon mg/1 mass 
mgllr11as ;s-.;_-h i-: mg I ic-arbc)n-

------- ·-------·------------ ----

REAC'I'OR # 2 

--- - -- 1. 0 2 

23 0 .10 6 1.25 

23.5 0.112 1.2 4 

- - 0.094 1.27 

24 · o.o45 1 . 92 

23 0 .145 1.35 

2 2 0 .101 . 1. 44 

2 3 0 .097 1. 4 8 

23.5 0.0 95 1.50 

......, 

......, 
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APPENDIX E 

CALCULATION OF CARBON REMOVAL RATE 

Using equation (2) 

dC 
dt = 

and changing it from a differential f o rm t o time increments, 

then 

Cz - cl Q 
(Co = - C) - Kc v 

tz - tl 

Q (C C) c2 - c l or Kc = K M = - -c v 0 
tz - tl 

Therefore, the c arbo n (nutrient ) remova l r ate for a unit 

mass c an be calculated by substi tut i ng the effluent carbon 

concentration C1 at time t 1 and c 2 a t time t 2 into the 

fol lowing equation : 

The carbon concentration C , and o rganism mass M, can be 

the values determined at time t 2 • For small changes in 

Cz - c1 carbon concentration, - - becomes negligible and 

the expression for K is that of APPENDIX F. 
c 
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APPEND IX F 

DERIVATION OF EQUATION FOR ORGANISH MASS AS A 

FUNCTION OF EFFLUENT CARBON 

From equation (3) 

or 

K = K I-1 c c 
= Q 

v (C - C) 
0 

K c 
= ~ ( co - c ) 

M 

By rearranging 

or 

Th is 

: or a 

Thus, 

M = l 9_ (C - C ) 
I< v 0 c 

M = 1 
K c 

Q 1 Q 
v c +I< v co 

c 

equation is of the same f o rm 

straight line y = rnx + b i f 

it is possible to plot t he 

as the standard equation 

K and Q are constant. c 

o rganism mass, M, as a 

f unction of effluent c arbon , C, f or various unit carbon 

removal rates, K . 
c 
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