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APPENDIX A

Table Al Characteristics of wastewater

Parameter Values Method of Examination
pH 5.48 pH meter
Conductivity ( /cm) 32.2 Conductivity meter
Temperature (° C) 29.3 Thermometer
Ni (mg/L) 565.0 ICP-MS
Fe (mg/L) 243.8 1CP-MS
Zn (mg/L) 0.310 ICP-MS

Cu (mg/L) 0.069 ICP-MS



APPENDIX B

Table Bl Study to nickel adsorption on hydrous ferric oxide (HFO)

Time Mass ofiron 9% Ni removal Ni residue
10 1.03 5.80 6.50
15 1.02 5.80 6.50
20 1.00 5.80 6.50
30 0.98 5.80 6.50
40 1.02 8.21 6.33
50 1.01 8.21 6.33
60 1.04 15.46 5.83
70 1.01 13.04 6.00
80 0.99 13.04 6.00
90 1.00 15.46 5.83
100 1.01 20.29 5.50
110 1.01 27.54 5.00
120 1.02 20.29 5.50
130 1.00 20.29 5.50
140 1.01 17.87 5.67
150 1.00 17.87 5.67
160 1.00 17.87 5.67
170 1.02 15.46 5.83
180 1.01 22.71 5.33
300 0.99 32.37 4.67
420 0.98 39.61 4.17
540 1.00 46.86 3.67
660 1.01 46.86 3.67
900 0.98 63.77 2.50
1020 0.99 68.60 2.17
1140 1.02 63.77 2.50
1260 1.00 61.35 2.67
1380 1.01 68.60 2.17
1500 1.00 66.18 2.33

Remark: Mass ofiron is in gram

Time is in minutes

Nickel residue is in mg/L



APPENDIX

Table c.I The study to the effect of pH on nickel removal percentage

Time Nickel removal percentage
pHE pHT pHS pHY pHIO
10 3.38 65.22 17.87 3.38 27.54
15 0.00 73.91 22.71 0.97 13.04
20 3.38 65.22 17.87 8.21 32.37
30 8.21 73.91 22.71 10.63 56.52
40 10.63 82.61 32.37 22.71 22.71
50 5.80 76.09 34.78 22.71 10.63
60 0.97 73.91 42.03 29.95 10.63
70 5.80 71.74 44.44 20.29 13.04
80 8.21 78.26 44 .44 10.63 58.94
90 15.46 78.26 42.03 22.71 37.20
100 17.87 37.20 42.03 15.46 95.17
110 17.87 34.78 32.37 32.37 51.69
120 25.12 29.95 51.69 27.54 63.77
130 25.12 20.29 44 .44 22.71 51.69
140 13.04 37.20 44 .44 46.86 46.86
150 15.46 32.37 39.61 34.78 68.60
160 8.21 25.12 39.61 22.71 68.60
170 15.46 51.69 63.77 29.95 80.68
180 5.80 39.61 44 .44 27.54 46.86
300 27.54 39.61 63.77 73.43 71.01
420 27.54 39.61 71.01 95.17 92.75
540 49.28 63.77 63.77 71.01 97.58
660 39.61 61.35 54.11 87.92 85.51
900 66.18 66.18 66.18 37.20 42.03
1020 63.77 66.18 66.18 71.01 73.43
1140 46.86 73.43 68.60 97.58 39.61
1260 58.94 63.77 66.18 85.51 90.34
1380 71.01 92.75 68.60 97.58 71.01
1500 80.68 80.68 100.00 87.92 71.01

Remark: Time is in minutes



Table D.I The effect of column height on nickel removal efficiency.

Time

Inf.

10.20

9.56
11.02
10.50
10.00

9.98

9.68
10.50
11.00
12.00

9.88
10.31
10.40
10.01
10.33
10.12
10.47

9.96
10.25
10.40
10.20
10.80

9.80

9.96
10.20
10.70
10.86
10.00
10.23
10.46

9.82

9.65
10.47
10.00

Eff.Cl

0.00
0.00
0.11
0.00
0.00
1.00
1.39
1.79
2.00
2.80
1.41
114
1.16
2.04
1.30
1.75
1.84
2.96
1.68
1.48
1.63
2.95
1.09
1.13
2.99
1.58
1.49
1.03
3.95
2.08
1.04
1.95
2.00
1.95

APPENDIX D

Eff.C2

0.00
0.00
0.00
0.00
0.00
0.90
1.19
1.36
1.48
1.31
0.89
0.83
0.89
1.19
0.93
0.76
0.84
0.93
0.91
1.28
0.78
0.69
1.01
1.33
3.36
1.45
1.14
1.06
1.44
2 00
1.16
2.23
1.79
1.53

Eff.C3

0.00
0.00
0.00
0.00
0.00
0.36
0.89
1.88
1.16
0.75
1.14
0.76
0.84
1.75
0.95
1.50
1.89
1.54
0.96
0.85
2.64
1.38
1.14
1.11
1.06
1.89
1.53
2.40
2.63
1.88
3.23
1.66
2.08
1.04

62

%Eff.Cl %Eff.C2 %Eff.C3

100.00
100.00
100.00

100.00
100.00
98.88
100.00
100.00
90.00
86.13
82.13
80.00
72.00
85.88
88.63
88.38
79.63
87.00
82.50
81.63
79.38
83.25
85.25
83.75
75.50
89.13
88.75
74.13
84.25
85.13
89.75
60.50
79.25
89.63
80.50
80.00
80.50

100
100
91
88

85
86

92
91
90
90
87

89

86.
84.
.50

85

88.
.38

89

85.
65.
88.
7.
.13
75

82
84

.00
.00
.00
.13
86.
.25
.88
91.
91.
91.
88.
90.
.38
.63
75
.88
.25
92.
93.
.88

38

13
75
13
13
75

25
13

75
38

63

63
88
38
75

100.00
100.00
100.00
100.00
100.00
96.38
91.13
81.25
88.38
92.50
88.63
92.38
91.63
82.50
90.50
85.00
81.13
84.63
90.38
91.50
75.63
86.25
88.63
88.88
89.38
81.13
84.75
76.00
73.75
81.25
67.75
83.38
79.25
89.63



Table Dl The effect of column height on nickel removal efficiency (Cont.).

Time
40
42
44
46
48
50
52
54
56
58
60

Avg.

Remark -

Inf.  Eff.Cl
10.23 2.69
9.55 3.24
10.65 4.23
9.82 2.69
10.63 3.39
10.40 2.79
10.20 1.61
10.11 3.86
10.05 2.60
10.14 4.20

Eff.C2

2.11
2.08
2.55
2.78
2.73
2.39
2.33
2.55
4.08
5.34

Clogging Clogging

10.26

Inf. is influent nickel concentration 10 mg/L.

Eff.C3 VoEff.Cl %Eff.C2

1.73
1.79
2.34
1.66
2.79
2.43
2.19
2.45
1.96

Clogging

73.13
67.63
57.75
73.13
66.13
72.13
83.88
61.38
74.00

78.88
79.25
74.50
72.25
72.75
76.13
76.75
74.50
59.25

63

%Eff.C3

82.75
82.13
76.63
83.38
72.13
75.75
78.13
75.50
80.38

Eff. Cl, C2 and C3 are effluents from the column height 30 cm. with 3

columns in series, 40 cm. with 3 columns in series, and 50 cm. with 3

columns in series, respectively.

Inf. and Eff. are in mg/L nickel.

Time is in days.



Table D.2 The statistic analysis for the effect of column height on nickel removal efficiency

Tests of Normality

~ Kolmogorov-Smimo\* ~ Shapiro-Wilk
Statistic df Sig. Statistic of
110 19 200% ®B1 19
HAOOM 219 19 017 919 19
H500M 1% 19 057 918 19

* This isa lower bound of the true significance,
a. Lilliefors Significance Correction

Test of Homogeneity of Variances

REVOVALH
L evene
Sade o @ Sg
2135 2 5 074
ANOVA
REVOVALH
Sum of
_ Squares of Mean Sguare
Between f_C_omblned) 417.088 2 208.544
Groups ingar Term ~ Contrast 166.909 1 166.909
Devidion 157 ==557179 1 5011
Within Groups 964.372 o 17.859
Total 1381460 5
Multiple Comparisons

E)Se[gendent Variable: RAVOVALH

Sig.
g.235
119
110

F
11677
0.346

14,009

Diﬁerar;me 95% Conficence Interval
93 HIGHT 08 HIGHT (I-J%5 std. Error Sig Lower Bound  Upper Bound
4 65400 13711 000 -0.2889 -3.7911
) 41916 1371 003 -6.9404 -1.4427
40 K| 6.5400* 13711 000 37911 9.2889
5 2.3484 13111 092 - 4004 50973
) K| 41916 137U 003 14427 6.9404
40 -2.3484 13711 092 -5.0973 4004

* The mean difference is significant at the .05 level.

Sig.
g.000
003
000
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APPENDIX E

Table E.| The effect of influent flow rate on nickel removal efficiency

Flow rate  Inf, Nickel residual §mg/w % Nickel removal (m /Le
Time pH Eff FR1 Eff FR2 Eff. FR3 Eff. FR 1 Eff. FR2 Eff. FR3

1 1.00 0.12 0.00 0.44 9.75 10000 9548

3 101 031 0.00 0.50 9%.92 10000  95.07

5 1.02 0.12 0.00 0.65 9892 10000 .21

/ 1.00 0.13 119 156 9870 8833 8470

9 6.99 0.08 148 187 9914 8490  80.92
1 101 0.68 0.89 165 9284 9063 8263
13 1.00 0.98 0.89 140 918 9258 88.33
15 1.00 0.70 0.93 135 9300 9070  86.50
17 6.9 0.46 0.84 168 9549 9176 8353
19 101 0.82 091 201 9234 9150 8L
2 1.02 0.73 0.78 2.3 9312 9265 7813
23 1.00 0.88 101 198 9228 9114 8263
25 1.00 180 110 245 8333 8981 7131
21 6.9 120 114 L 8857 8914 8314
29 101 130 114 2.86 801 8948 7362
3 1.00 165 2.00 2.63 8350 8000 7370
33 1.02 110 116 197 828 828 80.10
3 1.00 175 2.23 2.50 8221 1141 7467
37 101 160 1.79 2.80 8384 8192 71712
3 101 170 153 2.10 8333 8500 7353
41 1.00 190 211 301 8224 8028 7187
43 1.00 2.00 2.08 345 8L11 8036 6742
45 1.00 2.50 2.9 3.62 1525 TATS  64.16
47 6.9 2.65 2.8 390 1410 7283 6188
49 1.02 2.10 2.13 4.06 1253 7223 58.70
ol 1.00 2.53 2.39 4.00 4% 7634  60.40
53 1.00 2.30 2.33 3.9 1684 7654  60.32
55 6.99 2.45 2.9 423 1562 7463 5791
57 1.00 3.00 4,08 4.60 7030 5960  54.46

Remark: Inf. is influent nickel concentration 10 mg/L.
Eff. FR 1, FR 2 and FR 3 are effluents from influent flow rate 5 L/day, 10
L/day and 15 L/day respectively.
Inf. and Eff. is in mg/L Nickel.

Time is in days.



Table E2 The statistic analysis for the effect of influent flow rate on nickel remov'd efficiency

Tests of Normality

~ Kolmogorov-Smimov3 - ShapiroWilk

Statistic of Sig. Statistic f Sig.
INSL D 173 10 200% QR7 10 A%
INF10L) 229 10 145 845 10 056
INFI5L] 125 10 200* 963 10 189

* This is a lower bound of the true significance,
a. Lilliefors Significance Correction

Test of Homogeneity of Variances

REVOVALF
Levene
Statistic i af2 Sig,
1536 2 2 234
ANOVA
REVOVALF
Sum of _
, Sasuares df Mean Sguare F Sig
Between {E;ombmed) _ 550553 2 205211 21,261 000
Groups inear Term - Unweighted 485,174 1 485174 31473 000
Weighted 473,759 1 473759 36591 000
_ Deviation 76.7% 1 76.7% 5931 022
Within Groups 336.633 26 12.947
Total 887.187 28
Multiple Comparisons
B%endent Variable; REMOVALF
Difl\f/éer%ce _ 95% Confidence Interval
EI) FLOWRATE 03 FLOWRATE (IO)6 std, Emor - Sig, Lower Bound ~ Upper Bound
1 16350 16002 319 16121 49421
15 10.1206* 16533 000 6.1222 135189
10 5 16350 16002 319 -4.9427 16727
15 8.485* 16533 000 50872 11.8839
15 5 -10.1206% 1,653 000 -135189 6.7222
10 -8.4856* 16533 000 -11.8839 50872

* The mean difference is significant at the .05 level.
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APPENDIX F

Table F.I' The effect of nickel concentration on column performance.

Time Nickel Removal
InfLI Eff LI Inf L2 Eff L2 Inf L3 Eff L3
1 2102 9251 50.21 7148 100.45 53.37
3 20.14 90.19 49.83 79.69 102.25 62.06
5 2045 93.60 50.33 84.99 100.3L 58.42
1 20.23 82.34 50.75 70.65 100.65 52.45
9 20.14 8151 49.98 59.24 102.35 45,85
1 21.22 1769 50.75 56.32 99.86 38.95
13 22.35 14.56 51.22 52.86 100.2L 25.18
15 20,04 53.58 51.35 3581 100.35 24.65
17 20.56 42.65 5245 28.56 100.48 25.84
19 2142 44.15 52.56 22.78 99.83 19.87
il 22.14 41.25 51.44 2111 102.00 1621
23 22.26 43.85 53.02 23.58 100.21 20.27
25 2281 45.26 49.98 2045 100.06 18.25
21 20.86 43.89 49.87 1820 99.87 10.79
29 2021 30.12 51.20 1520 101.05 8.26
3 20.70 32.54 53.44 1111 103.04 8.59
K¢ 19.37 24.12 48.86 18.32 10121 8.46
B 2104 2121 50.13 1921 .87 9.28
37 23.00 1524 51.78 5.36 99.98  clogging
39 2170 1233 52.34 4.28
41 19.68 8.8 48.79 301
83 22,64 1.24 50.12 8.38
45 22.10 5.36 50.35 1.5
47 21.06 10.38 49.88 125
49 20.15 9.29 48.92 183
5 2046 8.72 bL75 4.72
53 19.22 10.50 52.37 146
55 1997 352 4899  clogging
o7 22.04 2.45
59 21.08 281
6l 19.68 3.56

Remark: InfLI, L2. and L3 are influent nickel concentration are 20 mg/L,50 mg/L
and 100 mg/L respectively.
Eff LI, L2. and L3 are nickel removal percentage of influent nickel
concentration are 20 mg/L,50 mg/L and 100 mg/L respectively

Time is in days
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Notification ofthe Ministry of Science, Technology and Environment No.3 B.E. 2539

(1996), dated 3 January B.E. 2539 (1996), on effluent standards from factories and

Industrial estates.

Table G .| Effluent standards from factories and Industrial estates.

PH Value

2. Total Dissoved Sdlics

(s

3 Sperced Sdics (59

4  Tenperature
5 Colour ad Cdour

6 fice @HD

7. Cyanide (88 HCN)

8 FasdladQesse
(FOG)

10 Peds

5590

fectory but, not exoescing 5000 ngyl

Not nore then 5000 no/i exossd TDS
of receving water heving sdlinity of
nore then 2000 ng/lor TDS of s I
dgatetosa

Not nore then 50 ngyLdegpending an
recaMing Water or type of factary,
but ot exoeading 10 Nyl

Not more then4o °c
Not dyectiaelde
Not more then 10N/l

Not more then 02 ngyl

Not more then 5 ngyLdgpending an
recaiving Water or type at fectary,
but it excsading 5Nyl

Not more then 10 Nyl

Not more then 10Nyl

pH Meter

aJ.(BC’c -
108B-¢ for 1hour

Gass fiber filter dsc

Themonreter

Titrate

Distillation, fdloned
by Pyridine-
Barbituric Add
Method

Extract by sohverts

Spectrophotoretry

Distillation, fdloned
by 4- Amincantipyrine
Method
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Table G .| Effluent standards from factories and Industrial estates. (Cont.)

Free Chlorine Not more then 20 na/l lodonretric Method

12 PRestiddss Not cetedtade Gas - Chroatography
13 Biodhamica Oygen Not nore then 20N/l dgpending an' Azide modification et
Denmard (BOD) receMngwater ar typeoffectary, 20 <¢ fors days

but ot exoseding 60 nayt
X Tota Kjeldahl Ntrogen  Not more tren 10 ni/l deperding Kjeldahl
CTKN) N recaiMing Water or type of fectary,
but ot exossding 20 N/l
15 Chamical Oyoen Not more tren 120 naA depernding Potsssiumdichronete
Denard (COD) anvaMngwater or ype of factary  digestion
but ot exoseding 400 nad
16 Heaw Metds
1 Zinc(Zn) Not more then 50 N/t Ataic asorption
g
Direct Aspiration
Method or Hasra
Bmission Spectrosoopy
with Inductively Coupled
Fasra (1I0P) Methad
2 Chromium Not nore then 0.28 nayl
Hoaudent (Créh
3 CGhromumTrivalent  Not more then Q75 nayt
C3)
4 Copyper (QU) Not more then 20 ni/
5 Cadmium (&) Not nore then Q0B naA
6 Banium (Ba) Not nore tren 10na/l
7. Lead (FD) Not more then Q2 na/t
8 Nidd () Not nore then 10 nayt

9 Margarese (M) Not nore then 50 nayt
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Table G .l Effluent standards from factories and Industrial estates. (Cont.)

10 Arsenic (As) Not more then 05 Nyl Atorric asorption
SeectrogphotaTetry Leing
Hydrde Generation
Method or Hesra
Brission
with inductively Goupled
Fasra (1ICP) Method

1. SHenun () Not more then 02 N/t

12 Meraury (H)) Not more then 000G/ Atomic Absorption Cold
Vapour Tedmique

ghe Notification was 8ublished in the Royal Government Gazette, Vol 113, Part 13 D, dated 13
ebruary B.E, 2539 (19%)).
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The pictures are accessories in this research.

Atomic Absorption spectrometer

Microwave Digestion and Extraction System Model ETHOS SEL

i



12

BIOGRAPHY

Ms. Buppa Ounsangchan was bom on December 29, 1962 in Phayao, a
province in the north of Thailand. After she finished high school in Chiang Mai, she
then went to continue her study at Khon Kaen University, in the northeastern of
Thailand. She graduated from the university with a Bachelor’s Degree in Science,
majoring in chemistry in 1985. She started working as an environmental officer at the
Pollution Control Department (PCD), Ministry of Science, Technology and
Environment, Thailand in April 1993, She was encouraged to carry out her further
postgraduate study in Environmental Management (International Program)at
Chulalongkom University in May, 2000. And she has completed her programme in
October, 2002.



	REFERENCES
	APPENDICES
	BIOGRAPHY

