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53910950: MAJOR: AQUATIC SCIENCE; M.Sc. (AQUATIC SCIENCE)
KEYWORDS: Chaetoceros/ Pacific white shrimp (Litopenaeus vannamei)/ Chitosan/
Precipitation/ Preservation

KULWADEE WONGWIRAT: PRECIPITATION AND PRESERVATION OF
CONCENTRATED CHAETOCEROS (Chaetoceros gracilis) FOR LARVICULTURE OF
PACIFIC WHITE SHRIMP (Litopenaeus vannamei). ADVISORY COMMITTEE:
BOONYARATH PRATOOMCHAT, Ph.D., SORAWIT POWTONGSOOK, Ph.D.,
VERAPONG VUTHIPHANDCHAL Ph.D. 144 P. 2015.

This research was to investigate the appropriated method for precipitation and preservation of
concentrated Chaetoceros for larviculture of Pacific white shrimp (Lifopenaeus vannamei). Chaetoceros
was precipitated by extracted chitosan from shrimp shell in polymer type (CPS), extracted chitosan in
oligomer type of shrimp shell (COS) and crab shell (COC), respectively. The results found that the
highest efficient of flocculation (> 90%) was using CPS and rather constant at 40-60 mg/l and followed
by using COS and COC at 60 mg/l, respectively. Chaetoceros were precipitated with CPS can recovery
well and not different in cell count (p > 0.05) with control while it was slower recovery when using COS.
However the characteristic of precipitated Chaetoceros using COS was loose and small form which was
suitable for larviculture of L. vannamei. Thus Chaetoceros that precipitating with COS and preserved at
20 °C combinations with and without 10 % (v/v) glycerol (Gly) as cryoprotectant were further
conducted. It found that survival rate of precipitated Chaetoceros using COS and preserved with or
without Gly were not different (p > 0.05). From the larviculture testing of L. vannamei at zoea stage
using Chaetoceros that precipitating with COS and preserved at -20 °C combinations with 10 % (v/v)
Gly including three processes prior to feeding as (1) thawing (2) thawing and shaking and (3) thawing
and adjust pH at 5.0 found that metamorphosis, % survival and growth rate of zoea (L. vannamei) fed on
preserved Chaetoceros with three processes prior to feeding above were lower than (p < 0.05) that of

zoea fed on fresh Chaetoceros (Control).
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sz 0.8 11 veennweIlasni dunsge darensuau Tanvuzadrea ey Nduag
3 S Y = A Ay 1A A = < Y o =
puima Tagrsamuuiiu 8 & nsa a1t 2 & so3uuns aunsoneuny Idsany niadag
1 A a v A =3 1 o w 9 =\ = 1 901 1 [
1 9 laenusnaiIiavIeusuRILDWA FIUa1d) 6 UdDe HNFV1INN 5 § tazaIuni
= =~ = = aa a a o 4
on 1 Udes Huwuns 4 Ty dareve@dy wazdl 1 nsine @Wezyas Nidsnadnug, 2545 n) ile
Y
a1y s wunaweynsuITIU sz msosasun 14 §ail (Holthuis, 1980; Pérez Farfante &
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1 aa < J o Aa ' Y @ s
Usznoudlreasnquaanuiluesdlszneunan fizeni1 WSnya (Frustule) (Lee, 1995) Awad

o 3 a 4 a
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Division Chrysophyta
Class Bacillariophyceae
Order Biddulphiales
Family Chaetocerotaceae
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Reaction 4
Initial Adsorption Excess
Polymer Dosage

ooy TEEL e

Excess Polymers Particle (no vacant sites)
Reaction 5
Rupture of Floc L g g )
=
Intense or Floc
Prolonged - . .
Floc Particle Agitation Fragments
Reaction 6
Secondary Adsorption of Polymer

Restabilized Floc
Floc Fragment Fragment

A [ = 4 v 4 = 4
NN 2-3 ﬂah],ﬂﬂ”li‘vnﬁml,ﬁﬂEliﬂ”l‘l/‘l"llf]ﬂﬂﬂﬁaﬂﬁl@ LLUU@@L%’OM&’J&IWQLM@? (Weber, 1972)
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ANOVA
Sum of Squares df Mean Square F Sig.
Min15 Between Groups 19034.122 5 3806.824 109.953 .000
Within Groups 415.466 12 34.622
Total 19449.588 17
Min30 Between Groups 19360.259 5 3872.052 1820.063 .000
Within Groups 25.529 12 2.127
Total 19385.788 17
Min45 Between Groups 19960.881 5 3992.176 1739.304 .000
Within Groups 27.543 12 2.295
Total 19988.425 17
Min60 Between Groups 19732.188 5 3946.438 1996.208 .000
Within Groups 23.724 12 1.977
Total 19755.912 17
Min120 Between Groups 19767.281 5 3953.456 2360.335 .000
Within Groups 20.099 12 1.675
Total 19787.380 17
Min180 Between Groups 19818.848 5 3963.770 7581.970 .000
Within Groups 6.273 12 .523
Total 19825.121 17
Post Hoc Tests
Min15
Duncan®
Subset for alpha = 0.05
con N 1 2 3 4
.00 3 1.5000
20.00 3 41.8433
30.00 3 70.2000
40.00 3 84.0833
50.00 3 89.7600
60.00 3 93.0567
Sig. 1.000 1.000 1.000 .100

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Duncan®

Min30

con

Subset for alpha = 0.05

2

3

00

20.00
30.00
40.00
60.00
50.00
Sig.

w W W w w w

1.7533

1.000

76.1667

1.000

83.9467

1.000

91.9733
93.9233
94.2700

091

Means for groups in homogeneous subsets are displayed.

a. Uses Hamonic Mean Sample Size =3.000.

Duncan®

Min45

con

Subset for alpha = 0.05

2

3

.00

20.00
30.00
40.00
60.00
50.00
Sig.

w W w w w w

2.2567

1.000

80.8533

1.000

87.6200

1.000

93.0600
95.4867
95.6567

.068

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Duncan®

Min60

con

Subset for alpha = 0.05

3

.00

20.00
30.00
40.00
50.00
60.00
Sig.

w W W w w w

3.3433

1.000

83.5467

1.000

89.1167

1.000

92.9233

1.000

95.6567
96.0033
.768

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Duncan®

Min120

con

Subset for alpha = 0.05

2

3

.00

20.00
30.00
60.00
40.00
50.00

Sig.

W W W w w w

6.3500

1.000

88.0833

1.000

92.5167

1.000

97.5733
97.6867
97.9200

.761

Means for groups in homogeneous subsets are displayed.
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Min180
Duncan®
Subset for alpha = 0.05
con N 1 2 3 4
.00 3 7.5200
20.00 3 89.7867
30.00 3 93.8767
60.00 3 98.7867
50.00 3 98.9600
40.00 3 99.0467
i!i@. 1.000 1.000 1.000 .683
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
Means
Report
con Min15 Min30 Min45 Min60 Min120 Min180
.00 Mean 1.5000d 1.7533d 2.2567d 3.3433e 6.3500e 7.5200d
Std. Error of Mean 14434 14723 .38407 .30046 .30370 .25000
20.00  Mean 41.8433c| 76.1667c| 80.8533c| 83.5467d| 88.0833d| 89.7867c
Std. Error of Mean 6.33560 .88631 1.36774 1.85794 1.49350 .65029
30.00  Mean 70.2000b| 83.9467b| 87.6200b| 89.1167c| 92.5167c| 93.8767b
Std. Error of Mean 2.59230 59266 1.20835 .36159 .82830 47054
40.00  Mean 84.0833a| 91.9733a| 93.0600a| 92.9233b| 97.6867b| 99.0467a
Std. Error of Mean 454701 153143 23671 .36159 .36159 .35844
50.00  Mean 89.7600a| 94.2700a| 95.6567a| 95.6567a| 97.9200a| 98.9600a
Std. Error of Mean .87000 .60044 45860 .34667 .30022 .30022
60.00  Mean 93.0567a| 93.9233a| 95.4867a| 96.0033a| 97.5733a| 98.7867a
Std. Error of Mean .96508 .62496 91972 17333 .34667 .34667
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ANOVA
Sum of Squares df Mean Square F Sig.
Min15 Between Groups 1561.378 5 312.276 60.782 .000
Within Groups 61.652 12 5.138
Total 1623.030 17
Min30 Between Groups 3792.680 5 758.536 103.192 .000
Within Groups 88.208 12 7.351
Total 3880.888 17
Min45 Between Groups 5870.252 5 1174.050 166.841 .000
Within Groups 84.443 12 7.037
Total 5954.695 17
Min60 Between Groups 5995.953 5 1199.191 144.580 .000
Within Groups 99.531 12 8.294
Total 6095.485 17
Min120 Between Groups 7989.963 5 1597.993 272.838 .000
Within Groups 70.283 12 5.857
Total 8060.246 17
Min180 Between Groups 8720.455 5 1744.091 168.765 .000
Within Groups 124.013 12 10.334
Total 8844.468 17
Post Hoc Tests
Min15
Duncan®
Subset for alpha = 0.05
con N 2 3 4
30.00 3 -5.6967
20.00 3 -5.1267
.00 3 1.5000
40.00 3 4.0800
50.00 3 12.5200
60.00 3 20.3233
Sig. .763 .189 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Min30

Duncan®
Subset for alpha = 0.05

con 1 2 3 4
20.00 3 -2.8500
30.00 3 -2.5633
.00 3 1.7533
40.00 3 9.8467
50.00 3 22.9300
60.00 3 36.6767
Sig. .070 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

Min45
Duncan®

Subset for alpha = 0.05

con 1 2 3 4
20.00 3 -1.5667
30.00 3 -.2867
.00 3 2.2567
40.00 3 17.3000
50.00 3 29.3933
60.00 3 47.8300
Sig. .118 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Min60

Duncan®
Subset for alpha = 0.05

con 1 2 3 4
20.00 3 .5700
.00 3 3.3433
30.00 3 5.5567
40.00 3 19.5500
50.00 3 33.6133
60.00 3 50.9267
Sig. .066 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Duncan?®

Min120

122

con

Subset for alpha = 0.05

3

4

.00
20.00
30.00
40.00
50.00
60.00
Sig.

W W W w w w

6.3500

1.000

11.2500

1.000

22.7900

1.000

29.9567

1.000

45.4300

1.000

68.2767
1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Min180
Duncan®
Subset for alpha = 0.05
con N 1 2 3 4 5
.00 3 7.5200
20.00 3 16.2400
30.00 3 29.9133
40.00 3 34.4600
50.00 3 49.3667
60.00 3 74.5967
Sig. 1.000 1.000 .109 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
Report
con Min15 Min30 Min45 Min60 Min120 Min180
.00 Mean 1.5000c 1.7533d 2.2567d 3.3433d 6.3500f 7.5200e
Std. Error of Mean .14434 14723 .38407 .30046 .30370 .25000
20.00 Mean -5.1267d -2.8500d -1.5667d .5700d 11.2500e 16.2400d
Std. Error of Mean 42667 .57000 1.21469 1.16672 2.05516 3.23522
30.00 Mean -5.6967d -2.5633d -.2867d 5.5567d 22.7900d 29.9133c
Std. Error of Mean .86584 .49364 1.11371 1.07552 .37608 1.50157
40.00 Mean 4.0800c 9.8467c 17.3000c 19.5500c 29.9567¢c 34.4600c
Std. Error of Mean 1.38443 2.71584 1.11689 2.34148 1.48164 1.85770
50.00 Mean 12.5200b 22.9300b 29.3933b 33.6133b 45.4300b 49.3667b
Std. Error of Mean 2.31623 2.25000 2.81333 2.60616 1.98487 2.08026
60.00 Mean 20.3233a 36.6767a 47.8300a 50.9267a 68.2767a 74.5967a
Std. Error of Mean 1.42871 1.29338 1.43117 1.30604 1.05903 .32631
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ANOVA
Sum of Squares df Mean Square F Sig.
Min15 Between Groups 455.864 5 91.173 68.806 .000
Within Groups 15.901 12 1.325
Total 471.765 17
Min30 Between Groups 550.460 5 110.092 69.430 .000
Within Groups 19.028 12 1.586
Total 569.487 17
Min45 Between Groups 677.881 5 135.576 35.791 .000
Within Groups 45.456 12 3.788
Total 723.337 17
Min60 Between Groups 870.015 5 174.003 29.082 .000
Within Groups 71.798 12 5.983
Total 941.813 17
Min120 Between Groups 2344.372 5 468.874 30.270 .000
Within Groups 185.878 12 15.490
Total 2530.250 17
Min180 Between Groups 3088.865 5 617.773 50.011 .000
Within Groups 148.234 12 12.353
Total 3237.099 17
Post Hoc Tests
Min15
Duncan®
Subset for alpha = 0.05
con N 1 2 3 4
.00 3 1.5000
30.00 3 8.3333
20.00 3 8.9067
40.00 3 13.5233
60.00 3 14.8633 14.8633
50.00 3 16.4667
Sig. 1.000 .553 .179 114

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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MINMANUIN N-3 (dﬂ)

Min30

Duncan®

Subset for alpha = 0.05

con

2

3

.00
30.00
20.00
40.00
60.00
50.00
Sig.

W W W w w w

1.7533

1.000

9.0067
9.4833

.651

14.0567

1.000

16.6667
18.2067
.160

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Duncan®

Min45

con

Subset for alpha = 0.05

2

3

.00
20.00
30.00
40.00
50.00
60.00
Sig.

W W w w w w

2.2567

1.000

10.9200
11.3000

.815

15.9267
19.2767

.057

19.2767
20.4933
.459

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Duncan®

Min60

con

Subset for alpha = 0.05

3

.00
20.00
30.00
40.00
50.00
60.00
Sig.

W W W W w w

3.3433

1.000

10.9167
13.2200

271

13.2200
16.6000

.116

16.6000
20.2133

.096

25.2267
1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Duncan®

Min120

con

Subset for alpha = 0.05

2

3

.00
20.00
30.00
40.00
50.00
60.00
Sig.

W W W w w w

6.3500
12.9300

.063

12.9300
19.6367

.059

19.6367
23.6967
25.7033

.097

42.7900
1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Min180
Duncan®
Subset for alpha = 0.05
con N 1 2 3 4
.00 3 7.5200
20.00 3 16.5700
30.00 3 26.8167
40.00 3 27.1767
50.00 3 31.3267
60.00 3 49.8867
Sig. 1.000 1.000 .160 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
Report
con Min15 Min30 Min45 Min60 Min120 Min180
.00 Mean 1.5000d 1.7533d 2.2567d 3.3433e 6.3500d 7.5200d
Std. Error of Mean .14434 14723 .38407 .30046 .30370 .25000
20.00 Mean 8.9067c 9.4833c 10.9200c 10.9167d| 12.9300cd 16.5700c
Std. Error of Mean .33198 .16455 49652 57667 .59808 .63058
30.00 Mean 8.3333c 9.0067c 11.3000c| 13.2200cd| 19.6367bc 26.8167b
Std. Error of Mean .16455 .58225 .34530 .29000 .34299 .74923
40.00 Mean 13.5233b 14.0567b 15.9267b| 16.6000bc 23.6967b 27.1767b
Std. Error of Mean .93667 .69571 1.50836 .87763 1.28893 .35277
50.00 Mean 16.4667a 18.2067a| 19.2767ab 20.2133b 25.7033b 31.3267b
Std. Error of Mean 1.22529 .93595 1.06145 .93905 46477 1.83958
60.00 Mean 14.8633ab 16.6667a 20.4933a 25.2267a 42.7900a 49.8867a
Std. Error of Mean .33667 1.19311 1.91333 3.13168 5.34180 4.49173
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ANOVA
Sum of Squares df Mean Square F Sig.
Min15 Between Groups 15262.250 3 5087.417 2183.370 .000
Within Groups 18.641 8 2.330
Total 15280.890 11
Min30 Between Groups 14687.647 3 4895.882 1860.521 .000
Within Groups 21.052 8 2.631
Total 14708.699 11
Min45 Between Groups 14807.842 3 4935.947 981.917 .000
Within Groups 40.215 8 5.027
Total 14848.056 11
Min60 Between Groups 14272.996 3 4757.665 545.284 .000
Within Groups 69.801 8 8.725
Total 14342.797 11
Min120 Between Groups 13495.170 3 4498.390 200.807 .000
Within Groups 179.213 8 22.402
Total 13674.383 11
Min180 Between Groups 13658.076 3 4552.692 296.619 .000
Within Groups 122.789 8 15.349
Total 13780.865 11
Post Hoc Tests
Min15
Duncan®
Subset for alpha = 0.05
trt N 1 2 3 4
.00 3 1.5000
3.00 3 14.8633
2.00 3 20.3233
1.00 3 93.0567
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Min30

Duncan®
Subset for alpha = 0.05

trt 1 2 3 4
.00 3 1.7533
3.00 3 16.6667
2.00 3 36.6767
1.00 3 93.9233
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

Min45
Duncan®

Subset for alpha = 0.05

trt 1 2 3 4
.00 3 2.2567
3.00 3 20.4933
2.00 3 47.8300
1.00 3 95.4867
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Min60

Duncan®
Subset for alpha = 0.05

trt 1 2 3 4
.00 3 3.3433
3.00 3 25.2267
2.00 3 50.9267
1.00 3 96.0033
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

Min120
Duncan®

Subset for alpha = 0.05

trt 1 2 3 4
.00 3 6.3500
3.00 3 42.7900
2.00 3 68.2767
1.00 3 97.5733
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Min180
Duncan®
Subset for alpha = 0.05
trt N 1 2 3 4
.00 3 7.5200
3.00 3 49.8867
2.00 3 74.5967
1.00 3 98.7867
Sig. 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
Report
trt Min15 Min30 Min45 Min60 Min120 Min180
.00 Mean 1.5000d 1.7533d 2.2567d 3.3433d 6.3500d 7.5200d
Std. Error of Mean .14434 14723 .38407 .30046 .30370 .25000
1.00 Mean 93.0567a 93.9233a 95.4867a 96.0033a 97.5733a 98.7867a
Std. Error of Mean .96508 .62496 .91972 .17333 .34667 .34667
2.00 Mean 20.3233b 36.6767b 47.8300b 50.9267b 68.2767b 74.5967b
Std. Error of Mean 1.42871 1.29338 1.43117 1.30604 1.05903 .32631
3.00 Mean 14.8633c 16.6667c 20.4933c 25.2267c 42.7900c 49.8867c
Std. Error of Mean .33667 1.19311 1.91333 3.13168 5.34180 4.49173
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ANOVA
Cell
Sum of Squares df Mean Square F Sig.
Between Groups 24.939 2 12.470 29.754 .001
Within Groups 2.515 6 419
Total 27.454 8

Cell

Duncan®
Subset for alpha = 0.05

Trt N 1 2
2.00 3 2.0000
1.00 3 4.7167
.00 3 5.9917
Sig. 1.000 .052

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

Report
Cell
Std. Error of

Trt Mean Mean

.00 5.9917 .61650
1.00 4.7167 .18276
2.00 2.0000 .07500
Total 4.2361 .61750
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ANOVA
Sum of Squares df Mean Square F Sig.
hO Between Groups 273.993 3 91.331 6.788 .014
Within Groups 107.642 8 13.455
Total 381.635 11
hr24 Between Groups 2666.403 3 888.801 30.739 .000
Within Groups 231.314 8 28.914
Total 2897.717 11
h72 Between Groups 1230.291 3 410.097 4.691 .036
Within Groups 699.338 8 87.417
Total 1929.629 11

ho

Duncan?®
Subset for alpha = 0.05

Trt N 1 2
1.00 3 83.9300
3.00 3 92.1267
2.00 3 94.3400
.00 3 96.5800
Sig. 1.000 .192

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

hr24

Duncan®
Subset for alpha = 0.05

Trt N 1 2
1.00 3 49.5567
3.00 3 82.9033
.00 3 83.7800
2.00 3 85.1167
Sig. 1.000 641

Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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h72
Duncan®
Subset for alpha = 0.05
Trt N 1 2
1.00 3 49.5567
.00 3 62.2033 62.2033
2.00 3 70.1100
3.00 3 76.7533
Sig. .136 .105
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
Report
Trt hO hr24 h72
.00 Mean 96.5800 83.7800 62.2033
Std. Error of Mean 1.27165 1.42095 2.63192
1.00 Mean 83.9300 49.5567 49.5567
Std. Error of Mean 1.85829 1.61048 1.61048
2.00 Mean 94.3400 85.1167 70.1100
Std. Error of Mean 3.11861 4.18333 6.82584
3.00 Mean 92.1267 82.9033 76.7533
Std. Error of Mean 1.77319 4.05453 7.77455
Total Mean 91.7442 75.3392 64.6558
Std. Error of Mean 1.70035 4.68534 3.82340
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ANOVA
Sum of Squares df Mean Square F Sig.

wg Between Groups 1065835.590 4 266458.898 15.483 .000

Within Groups 172099.321 10 17209.932

Total 1237934.911 14
lg Between Groups 196979.410 4 49244.852 82.482 .000

Within Groups 5970.340 10 597.034

Total 202949.750 14
sur Between Groups 338.644 4 84.661 10.461 .001

Within Groups 80.932 10 8.093

Total 419.576 14

Wg
Duncan®
Subset for alpha=0.05

trt N 1 2 3
4.00 3 243.0233
2.00 3 277.8267
3.00 3 580.7000
1.00 3 713.1867 713.1867
.00 3 949.2900
Sig. .752 244 .052

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.



AT WNNARUIN N-7 (@]"f))

Lg
Duncan®
Subset for alpha = 0.05
trt 1 2 3
2.00 3 233.7167
3.00 3 240.3733
4.00 3 263.4667
1.00 3 353.1667
.00 3 538.5167
SJi@. .185 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

sur
Duncan®

Subset for alpha =0.05
Trt 1 2
3.00 3 21.6267
1.00 3 21.7533
4.00 3 23.6300
2.00 3 24.9600
.00 3 34.4600
Sig. 210 1.000

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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Report
trt wg Ig sur
.00 Mean 949.2900| 538.5167 a| 34.4600 a
Std. Deviation 93.75252 8.65296 6.02784
1.00 Mean 713.1867| 353.1667b| 21.7533 b
Std. Deviation 169.17363 50.38747 1.43897
2.00 Mean 277.8267 | 233.7167c| 24.9600 b
Std. Deviation 108.44053 4.40256 .94064
3.00 Mean 580.7000 | 240.3733c| 21.6267 b
Std. Deviation 178.87784 17.41595 .65241
4.00 Mean 243.0233| 263.4667c| 23.6300 b
Std. Deviation 69.88401 6.97861 .86603
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ANOVA
Sum of Squares df Mean Square F Sig.
NH3 Between Groups .078 4 .019 6.145 .000
Within Groups 221 70 .003
Total .299 74
No2 Between Groups 19.707 4 4.927 1.692 .164
Within Groups 171.763 59 2911
Total 191.470 63
alk Between Groups 1795.498 4 448.875 .486 .746
Within Groups 64587.718 70 922.682
Total 66383.216 74
BOD  Between Groups 28.683 4 7.171 4.543 .003
Within Groups 110.484 70 1.578
Total 139.167 74




AMITNMANUIN N-8 (@]"f))

NH3

Duncan®
Subset for alpha = 0.05

trt 1 2
.00 15 .0893
4.00 15 .1453
1.00 15 .1520
2.00 15 1773
3.00 15 1773
Sig. 1.000 161

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 15.000.

No2

Duncan®”
Subset for alpha = 0.05

trt 1 2
.00 12 1.1675
1.00 10 1.6660 1.6660
2.00 15 2.1673 2.1673
3.00 13 2.1723 2.1723
4.00 14 2.8286
Sig. .185 125

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 12.552.

b. The group sizes are unequal. The harmonic

mean of the group sizes is used. Type | error

levels are not guaranteed.
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alk
Duncan®
Subset for
alpha = 0.05

trt 1

.00 15 87.6920
2.00 15 88.9353
3.00 15 92.9613
4.00 15 98.2773
1.00 15 99.9840
Sig. .333

Means for groups in homogeneous

subsets are displayed.

a. Uses Harmonic Mean Sample Size

= 15.000.
BOD
Duncan®
Subset for alpha = 0.05

trt 1 2

.00 15 4.9400

4.00 15 6.2867
3.00 15 6.3600
1.00 15 6.5133
2.00 15 6.6533
SJi@. 1.000 474

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 15.000.
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Report
trt NH3 No2 alk BOD
.00 Mean .0893 b 1.1675b| 87.6920a| 4.9400b
Std. Error of Mean .00581 .33745| 9.30566 .45217
1.00 Mean 1520 a 1.6660a| 99.9840a| 6.5133a
Std. Error of Mean .01317 .44061 4.55660 .21949
2.00 Mean 1773a 2.1673a| 88.9353a 6.6533a
Std. Error of Mean .01739 44727 7.87575 .1739
3.00 Mean 1773a 2.1723a| 92.9613a| 6.3600a
Std. Error of Mean .02046 47167 | 8.40714 .29790
4.00 Mean .1453a 2.8286a| 98.2773a| 6.2867a
Std. Error of Mean .01125 .58621 8.21555 .39302
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