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# # 4389082620 : MAJOR ENVIRONMENTAL SCIENCE

KEY WORD : ARSENIC / CADMIUM / LEAD / MANGANESE OXIDE-COATED DIATOMITE

/ ADSORPTION
PORNPEN MEETHONGMOOL : ADSORPTION OF SOME HEAVY METALS
FROM WASTEWATER BY MANGANESE OXIDE-COATED DIATOMITE. THESIS
ADVISER : ASSOC. PROF. SOMCHAI PENGPREECHA, Ph.D., 116 pp. ISBN 974-17-
2962-6 .

The adsorption of arsenic, cadmium and lead in synthetic wastewater by using
manganese oxide-coated diatomite was examined in a batch experiment at room temperature. The
results indicated that type and concentration of heavy metal, pH of wastewater and contacting
time affected the heavy metal adsorption efficiency. The finding of this study using 0.1 gram of
manganese oxide-coated diatomite showed that the optimum pH of arsenic adsorption was 7 and
the initial concentration was 40 mg/l. At contacting time for 12 hours, the adsorption efficiency
was 35.19 % . The optimun pH for cadmium adsorption was 5 and the initial concentration was
40 mg/l . At contacting time for 8 hours, the adsorption efficiency was 91.67 %. The optimun pH
for lead adsorption was 4 and the initial concentration was 50 mg/l. At contacting time for 45
minutes, the adsorption efficiency more than 99 % and the order of adsorption time was lead <
cadmium < arsenic. The adsorption isotherm of three types of heavy metal was found that arsenic
and lead were fitted in the Langmuir adsorption isotherm but cadmium was fitted in the
Freundlich adsorption isotherm . The results from leaching test of three types of heavy metal
was found that cadmium and lead was leached less than those of the Ministy of Industry’ s
standard but arsenic was found higher than the standard. In the case of wastewater from a battery
factory containing 0.42 mg/l of -arsenic and 5.89 mg/l of lead, the manganese oxide-coated

diatomite has very good adsorption efficiency for both heavy metals.

Field of study........ Environmental Science...Adviser’s singnature...............oovveviiveneneennnnn.

Acadamic year ...... 2002 i Coadviser’s singnature...............ccceevveveenennnnn
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{ a L4 a 1 1
A1519% 2.1 LAAIHANTIAATIEHNIUATVDIAUILI AMNUNAULTAN

1. Hollywood, California
2. Dragowistiza near Sofia, Bulgaris

3. The Gurmen deposit, Blagoevgrad, Bulgaria

Composittion in % 1 2 3
SiO, et | 83.50 68.80
AlLO, .25 10.56 13.70
Fe,O, 2.63 2.04 5.30
MgO 1.47 0.67 0.90
Ca0O 1.72 1.18 1.10
Na,O 1.19 2.05 1.80
K,0 1.00 2.05 1.80
Loss on ignition 6.94 8.52 -

N1 ;1. Pettijohn (1957)
2. Atanasov (1972)

3. Atanasov (1974)

2.2.4 QENTANIMNENN

o A 9

a 1 4 " A N
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luunanhiaadneglimsounssdeiluoddie anshlingezildduandreeenliainiiag
o=l = A A o & ' 4 g 1 a . .
9UDNNMAVYI HIBNOUAIFILINUANTUINDINAITNINNAAIEDIUHY (peatlike material)
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Taseafwenszilunuuiioniuwioluate Anuudveseymadunnauananuud

4 ' 1 1 [ 1a 4 ] Qsl/ J
NT@]?@THTNQW 9YITHIN 4.5-6.0 memum‘ﬂﬁﬂgsumusﬂumnﬁauuuﬂizmm 1.5 Nl

'
a A

] Y
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v
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y P v
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A o 9 z ' I’ A A
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Youa/au.a axtivinm 1.42-1.48 liazarolunsaenidunsa HF udazatelddiieluaaeaas

A9A1319N 2.2

A5 2.2 LEASANHAULNNNMINTNVDIAULLN

Parameters Pink White
PH 6-7 8-9
True density, g/cm3 2.26 2.20
Free fall density, g/cm3 0.41 0.21
Packed density, g/cm3 0.47 0.24
Void space 0.80 0.90
Surface area, mz/g 4.00 1.00

W1 : Ottenstein (1963)
2.2.5 malflselemifuunlugaamnnssunag
2.2.5.1 Wiluansyenses (filter aids)

4 a 1 ] I 1 8 a
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= 19 1 > A A A = Jd a ad o o .
wazi hilygaamnssy sINNIEI5IANSTABUNS d1az 0T UNTHN¥AUMN (pharmaceuticals)
=4 9 1 2’ % 1 a 9 ] = A = [
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FiaazivganuvILassoy lumsazaehdosnsnsedlailluedsd 91059 nag Idansazaion
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Tauu guaniiamsiuasrienssang AsalaNuUIgnIMuaiige smaunaden nay
a3 o Z ~ A A Y 1 & 1 Y = wvAa
mand sawnalansounazale’la (soluble  salts) ogiiludiuios Inaauiianianionin
[ I ] A9 = < o A o =
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A
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2.2.5.2 Tiluduiu (fillers)

[

a 9 v A = a v 4 v W = 4
awulsduasanaulud naraan o9 wdyiuyn arsvaiuuazalsum
1 a 9 I v a A 9 I v w oA a Aq Y a a o s A Yy A
a1 A lsdluauauims lsundusuauinass auwinlsaulunaaduanenisan J
3 a a A A ) . Y o a Aq ¥ a a o L4
NIFUANINTITUHA azrHANAIUNITI caleine 187 Tagna TUAww R lanlundad
= = g a = va o . A o Y =< dddg’ 9y o
YOIA Az TTOINU NI 1zAMINNAUANIANY flatting N8 M IRMITUVOITATULALIAUT)
= =R A a =y A QR0 1 = d‘ 9 a a 1
UANMUAIHIA taziFsumilouTanenIte aauaun saylugaamnssunaidaan aiu
] I . b Aa o J o d a i~ 1 o a a
Tv)191Tluens anti-blocking lTumaanual Way IndwAaundanuvunudmulnasziduy

a 4 o a o a d
avwnaa T 19 ianududy 300-500 ppm iiietleanunisianuvesilay

2.2.5.3 199K HDUIUIAZHIGATD (insulators and abrorbents)

a Aa Y] =

Aa o 4 9 A a ' & <
Dﬁ‘]&lﬂcluﬂﬁgl‘ﬂﬁmull”liﬂ ”lﬂwammmumm AUNLIYNIN molar RIAY

a3

a df [l a yw
A95I TN U THAUTEN A AW 18 2025 % VBd plastic clay UONIINTHI1H molar
& A a 09: a @ a a 2 A P Yy 9 Y
Falldrumanvesauuiy lumswnandisgagvatianazsiamanldlumeuniedie 14
] a [ 4 o7 s [ 1 a {2 ]
Tumsgadulundafuggaannisue1nisdad e1suuad druauAupazHIUMs
@ a a [ 4 1 1
calcine 1819214 1uTngsziiia, seed coating Haz lugaarnssuNAASUAAATIA19Y 1A molar

1= a = o @ 9 [ v A Y
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2.2.5.4 mslidszlamicnuouq
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1< ) @ 1
chromatography support media @& pitch control luQﬂﬁWiﬂiiiJﬂizﬂm BT RIRTBTER
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2.3 MIQAYY (adsorption)

2.3.1 vanMIgAd

@ S oA ] a
M39AFY (adsorption) 1Tu1l51ngmsaif Tuanavesas luimzeguuianih

< A ~ 2 ! A 1y < A
VDIVDIULUNIN I DUDILYAD f’ﬂi‘ﬂhlﬂl,ﬂTZLiEJﬂ’ﬂ ﬁﬁ‘V]Qﬂﬁ]ﬂG}fﬂ (adsorbate) AL UDIULULVINITO

4

! {a @ ' [ o <
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Surface Reactions

Proton/Surface Reactions

+
2

OH =

SOH SOH+H"

SO +H'

»n

Metal/ Surface Reactions(Inner-Sphere)

SOH," +M ===SOM +2H"
SOH+M ===SOM+H"
SO +M===SOM

SOH +H,0 + M === SOMOH +2H
SOH +2H,0 + M === SOM(OH), + 3H"
(SOH), + M === (SO),M +2H"

(SOH), + M ===S,00HM + H'

Ligand/ Surface Reactions(Inner-Sphere)
SOH, +L===SL+H,0

SOH+H +L===SL+H,0

SOH+2H +L===SLH+H,0
(SOH),+2H +L===S,L +2H,0
(SOH),+3H +L===S,L +3H,0

Mixed ligand (Ternary) Reactions(Inner-Sphere)
SOH+ML===SOML +H'

SOH + ML === SLM + OH'

(SOH), + ML = ==SOMLS + H,0

Ton Pair Reactions(Outer-Sphere)
SOH+M===80--M+H

SOH +H,0+M ===80"-- MOH +2H"
SOH+H +L===SOH, --L
SOH+2H +L===SOH, --LH
Exchange Reactions

SO --Na +M===S0--M+Na
SO --Na +M===SOM+Na"

SOH, --S0,”+L===SOH, --L+S0,”
SOH, --S0,”+L===SL+S0,” + H,0
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Concentration Initial Final concentration (ppm) As adsorption % adsorption
concentration (ppm)
(ppm) diatomite Mn- diatomite Mn- diatomite Mn-
diatomite diatomite diatomite
40 42.60 41.37 30.49 1.23 12.11 2.88 28.43
50 52.47 51.57 38.86 0.90 13.61 1.71 25.95
60 62.57 61.98 49.63 0.59 12.94 0.95 20.68
70 73.10 72.81 58.10 0.29 15.00 0.40 20.52
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Concentration Initial Final concentration Cd adsorption % adsorption
concentration (ppm) (ppm)
(ppm) diatomite Mn- diatomite Mn- diatomite Mn-
diatomite diatomite diatomite
40 39.50 31.47 16.10 8.03 23.40 20.34 59.24
50 48.70 40.03 28.97 8.67 19.73 17.80 40.52
60 59.20 48.93 36.43 10.27 22.77 17.34 38.46
70 67.90 57.73 47.90 10.17 20.00 14.97 29.46
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Concentration Initial Final concentration Pb adsorption % adsorption
concentration (ppm) (ppm)
(ppm) diatomite *Mn- diatomite Mn- diatomite Mn-
diatomite diatomite diatomite
40 39.13 0.16 <0.1 38.97 >39.03 99.58 >99.99
50 48.05 0.20 <0.1 47.85 >47.95 99.58 >99.99
60 57.87 0.25 <0.1 57.62 >57.77 99.56 >99.99
70 67.81 0.33 <0.1 67.49 >67.71 99.52 >99.99

* 1N detection limit YDIALNI NNV 0.1 mg/l)
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Concentration Initial Final As‘adsorption % adsorption
concentration concentration (ppm)
(ppm) (ppm)
40 42.60 30.49 12.11 28.43
50 52.47 38.86 13.61 25.95
60 62.57 49.63 12.94 20.68
70 73.10 58.10 15.00 20.52
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Concentration Initial Final Cd adsorption % adsorption
concentration concentration (ppm)
(ppm) (ppm)
40 39.50 16.10 23.40 59.24
50 48.70 28.97 19.73 40.52
60 59.20 36.43 22.77 38.46
70 67.90 47.90 20.00 29.46
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Concentration Initial *Final Pb adsorption % adsorption
concentration concentration (ppm)
(ppm) (ppm)
40 39.13 <0.1 >39.03 >99.99
50 48.05 <0.1 >47.95 >99.99
60 5787 <0.1 >57.77 >99.99
70 67.81 <0.1 > 67.71 >99.99

* 1N detection limit YBINLNI ((NINT-0.1 mg/1)
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pH Initial Final As adsorption % adsorption
concentration concentration (ppm)
(ppm) (ppm)
3 43.81 34.43 9.38 21.40
4 43.74 33.05 10.69 24.44
5 38.40 28.83 9.58 24.93
6 38.06 29.28 8.78 23.06
7 43.86 32.35 11.52 26.25
8 43.73 32.53 11.20 25.61
9 42.72 33.22 9.50 22.25
10 42.38 32.58 9.81 23.14
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pH Initial Final Cd adsorption % adsorption
concentration concentration (ppm)
(ppm) (ppm)
3 40.40 14.63 25.77 63.78
4 40.10 9.17 30.93 77.14
5 41.20 5.97 35.23 85.52
6 40.00 6.39 33.61 84.03
7 43.00 7.00 36.00 83.72
8 38.00 5.69 32.31 85.03
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pH Initial *Final Pb adsorption % adsorption
concentration concentration (ppm)
(ppm) (ppm)
2 48.30 0.157 48.1423 99.67
3 48.50 0.1013 48.3987 99.79
4 48.50 <0.1 >48.4 >99.99
5 42.50 <0.1 >42.4 >99.99
6 37.20 <0.1 >37.1 >99.99

* 1N detection limit YDIALNI (NN 0.1 mg/l)
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Time Initial Final As adsorption % adsorption
(hour) concentration concentration (ppm)
(ppm) (ppm)
0.5 43.86 32.58 11.28 25.73
1 43.86 32.35 11.52 26.25
2 43.86 31.78 12.08 27.53
4 43.86 30.37 13.49 30.76
8 43.86 29.74 14.12 32.19
12 43.86 28.43 15.44 35.19
24 43.86 28.32 15.55 35.44
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Time Initial Final Cd adsorption % adsorption
(hour) concentration concentration (ppm)
(ppm) (ppm)
0.5 41.20 6.23 34.97 84.87
1 41.20 5.97 35.23 85.52
2 41.20 5.57 35.63 86.48
4 41.20 4.65 36.55 88.71
8 41.20 3.43 37.77 91.67
12 41.20 3.13 38.07 92.39
24 41.20 2.07 39.13 94.98
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Time Initial *Final Pb adsorption % adsorption
(minute) concentration concentration (ppm)
(ppm) (ppm)
5 48.10 0.206 47.89 99.57
10 48.10 0.1927 4791 99.60
20 48.10 0.1590 47.94 99.67
30 48.10 0.1053 47.99 99.78
45 48.10 <0.1000 >48.00 >99.99

* @111 detection limit Y94AZNI ((NINV 0.1 mg/l)
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Time Initial *Final As adsorption % adsorption
(hour) concentration concentration (ppm)
(ppm) (pprm)
3 0.42 <0.05 >0.37 >99.99
6 0.42 <0.05 >0.37 >99.99
12 0.42 <0.05 >0.37 >99.99

° J . . 4 a 1 o
* 1N detection limit YDIDITLEUA ((N1DV 0.05 mg/l)
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Time Initial *Final Pb adsorption % adsorption
(mimute) concentration concentration (ppm)
(ppm) (ppm)
30 5.89 <0.10 >5.79 >99.99
45 5.89 <0.10 >5.79 >99.99
60 5.89 <0.10 >5.79 >99.99

* §1N21 detection limit YDIALN (NN 0.1 mg/)
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Oneway
ANOVA
%Adsorption_As
Sum of Mean
Squares df Square F Sig.
Between Groups 139.510 3 46.503 10.103 .004
Within Groups 36.823 8 4.603
Total 176.334 11
Multiple Comparisons
Dependent Variable: %Adsorption_As
Scheffe
95% Confidence
Mean Interval
Difference Lower Upper
(I) Concentration  (J) Concentration (1-J) Std. Error Sig. Bound Bound
40 50 2.4833 1.7517 .594 -3.6349 8.6016
60 7.7467* 1.7517 .015 1.6284 13.8649
70 7.9133* 1.7517 .014 1.7951 14.0316
50 40 -2.4833 1.7517 .594 -8.6016 3.6349
60 5.2633 1.7517 .095 -.8549 11.3816
70 5.4300 1.7517 .084 -.6882 11.5482
60 40 -7.7467* 1.7517 .015 | -13.8649 -1.6284
50 -5.2633 1.7517 .095 | -11.3816 .8549
70 .1667 1.7517 1.000 -5.9516 6.2849
70 40 -7.9133* 1.7517 .014 | -14.0316 -1.7951
50 -5.4300 1.7517 .084 | -11.5482 .6882
60 -.1667 1.7517 1.000 -6.2849 5.9516

*. The mean difference is significant at the .05 level.
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ANOVA
%Adsorption_Cd
Sum of Mean
Squares df Square F Sig.
Between Groups | 1407.787 3 469.262 91.768 .000
Within Groups 40.908 8 5.114
Total 1448.696 11
Multiple Comparisons
Dependent Variable: %Adsorption_Cd
Scheffe
95% Confidence
Mean Interval
Difference Lower Upper
(I) Concentration  (J) Concentration (1-J) Std. Error Sig. Bound Bound
40 50 18.7167* 1.8464 .000 12.2680 25.1653
60 20.7833* 1.8464 .000 14.3347 27.2320
70 29.7833* 1.8464 .000 23.3347 36.2320
50 40 -18.7167* 1.8464 .000 | -25.1653 -12.2680
60 2.0667 1.8464 745 -4.3820 8.5153
70 11.0667* 1.8464 .003 4.6180 17.5153
60 40 -20.7833* 1.8464 .000 | -27.2320 -14.3347
50 -2.0667 1.8464 745 -8.5153 4.3820
70 9.0000* 1.8464 .009 2.5513 15.4487
70 40 -29.7833* 1.8464 .000 | -36.2320 -23.3347
50 -11.0667* 1.8464 .003 | -17.5153 -4.6180
60 -9.0000* 1.8464 .009 | -15.4487 -2.5513

*. The mean difference is significant at the .05 level.
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ANOVA
%Adsorption_As
Sum of Mean
Squares df Square F Sig.
Between Groups 60.817 7 8.688 4.889 .004
Within Groups 28.435 16 1.777
Total 89.252 23
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Dependent Variable: %Adsorption_As

Multiple Comparisons

Scheffe
95% Confidence
Mean Interval
Difference Lower Upper
(I) pH (J) pH (1-J) Std. Error Sig. Bound Bound
3 4 -3.0733 1.0885 .388 -7.7677 1.6211
5 -3.5733 1.0885 224 -8.2677 1.1211
6 -1.6933 1.0885 .920 -6.3877 3.0011
7 -4.8867* 1.0885 .038 -9.5811 -.1923
8 -4.2433 1.0885 .094 -8.9377 4511
9 -.8800 1.0885 .998 -5.5744 3.8144
10 -1.7700 1.0885 .902 -6.4644 2.9244
4 3 3.0733 1.0885 .388 -1.6211 7.7677
5 -.5000 1.0885 1.000 -5.1944 4.1944
6 1.3800 1.0885 972 -3.3144 6.0744
7 -1.8133 1.0885 .891 -6.5077 2.8811
8 -1.1700 1.0885 .989 -5.8644 3.5244
9 2.1933 1.0885 762 -2.5011 6.8877
10 1.3033 1.0885 .980 -3.3911 5.9977
5 3 3.5733 1.0885 224 -1.1211 8.2677
4 .5000 1.0885 1.000 -4.1944 5.1944
6 1.8800 1.0885 .872 -2.8144 6.5744
7 -1.3133 1.0885 979 -6.0077 3.3811
8 -.6700 1.0885 1.000 -5.3644 4.0244
9 2.6933 1.0885 547 -2.0011 7.3877
10 1.8033 1.0885 .893 -2.8911 6.4977
6 3 1.6933 1.0885 .920 -3.0011 6.3877
4 -1.3800 1.0885 972 -6.0744 3.3144
5 -1.8800 1.0885 .872 -6.5744 2.8144
7 -3.1933 1.0885 .343 -7.8877 1.5011
8 -2.5500 1.0885 .610 -7.2444 2.1444
9 .8133 1.0885 .999 -3.8811 5.5077
10 -7.667E-02 1.0885 1.000 -4.7711 4.6177
7 3 4.8867* 1.0885 .038 .1923 9.5811
4 1.8133 1.0885 .891 -2.8811 6.5077
5 1.3133 1.0885 979 -3.3811 6.0077
6 3.1933 1.0885 .343 -1.5011 7.8877
8 .6433 1.0885 1.000 -4.0511 5.3377
9 4.0067 1.0885 .130 -.6877 8.7011
10 3.1167 1.0885 371 -1.5777 7.8111
8 3 4.2433 1.0885 .094 -.4511 8.9377
4 1.1700 1.0885 .989 -3.5244 5.8644
5 6700 1.0885 1.000 <4.0244 5.3644
6 2.5500 1.0885 .610 -2.1444 7.2444
7 -.6433 1.0885 1.000 -5.3377 4.0511
9 3.3633 1.0885 .285 -1.3311 8.0577
10 2.4733 1.0885 .644 -2.2211 7.1677
9 3 .8800 1.0885 .998 -3.8144 5.5744
4 -2.1933 1.0885 762 -6.8877 2.5011
5 -2.6933 1.0885 .547 -7.3877 2.0011
6 -.8133 1.0885 .999 -5.5077 3.8811
7 -4.0067 1.0885 .130 -8.7011 .6877
8 -3.3633 1.0885 .285 -8.0577 1.3311
10 -.8900 1.0885 .998 -5.5844 3.8044
10 3 1.7700 1.0885 .902 -2.9244 6.4644
4 -1.3033 1.0885 .980 -5.9977 3.3911
5 -1.8033 1.0885 .893 -6.4977 2.8911
6 7.667E-02 1.0885 1.000 -4.6177 47711
7 -3.1167 1.0885 371 -7.8111 1.5777
8 -2.4733 1.0885 .644 -7.1677 2.2211
9 .8900 1.0885 .998 -3.8044 5.5844

*

- The mean difference is significant at the .05 level.
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ANOVA
%Adsorption_Cd
Sum of Mean
Squares df Square F Sig.
Between Groups | 1070.910 5 214.182 781.148 .000
Within Groups 3.290 12 274
Total 1074.201 17

Post Hoc Tests

Multiple Comparisons

Dependent Variable: %Adsorption_Cd

Scheffe
95% Confidence
Mean Interval
Difference Lower Upper
N pH (J) pH (1-J) Std. Error Sig. Bound Bound
3 4 -13.3633* 4275 .000 -15.0482 -11.6785
5 -21.7367* 4275 .000 -23.4215 -20.0518
6 -20.2500* 4275 .000 -21.9348 -18.5652
7 -19.9367* 4275 .000 -21.6215 -18.2518
8 -21.2533* 4275 .000 -22.9382 -19.5685
4 3 13.3633* 4275 .000 11.6785 15.0482
5 -8.3733* 4275 .000 -10.0582 -6.6885
6 -6.8867* 4275 .000 -8.5715 -5.2018
7 -6.5733* 4275 .000 -8.2582 -4.8885
8 -7.8900* 4275 .000 -9.5748 -6.2052
5 3 21.7367* 4275 .000 20.0518 23.4215
4 8.3733* 4275 .000 6.6885 10.0582
6 1.4867 4275 .098 -.1982 3.1715
7 1.8000* 4275 .034 1152 3.4848
8 .4833 4275 .929 -1.2015 2.1682
6 3 20.2500* 4275 .000 18.5652 21.9348
4 6.8867* 4275 .000 5.2018 8.5715
5 -1.4867 4275 .098 -3.1715 .1982
7 .3133 4275 .989 -1.3715 1.9982
8 -1.0033 4275 .409 -2.6882 6815
7 3 19.9367* 4275 .000 18.2518 21.6215
4 6.5733* 4275 .000 4.8885 8.2582
5 -1.8000* 4275 .034 -3.4848 -.1152
6 -.3133 4275 .989 -1.9982 1.3715
8 -1.3167 4275 .169 -3.0015 .3682
8 3 21.2533* 4275 .000 19.5685 22.9382
4 7.8900% 4275 .000 6.2052 9.5748
5 -.4833 4275 .929 -2.1682 1.2015
6 1.0033 4275 .409 -.6815 2.6882
7 1.3167 4275 .169 -.3682 3.0015

*. The mean difference is significant at the .05 level.
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ANOVA
%Adsorption_As
Sum of Mean
Squares df Square F Sig.
Between Groups 296.891 6 49.482 147.403 .000
Within Groups 4.700 14 .336
Total 301.591 20
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Dependent Variable: %Adsorption_As

Multiple Comparisons

Scheffe
95% Confidence
Mean Interval
Difference Lower Upper
(I) Time (J) Time (1-J) Std. Error Sig. Bound Bound
.5 1.0 -.5267 4731 .969 -2.4821 1.4288
2.0 -1.8067 4731 .080 -3.7621 .1488
4.0 -5.0367* 4731 .000 -6.9921 -3.0812
8.0 -6.4567* 4731 .000 -8.4121 -4.5012
12.0 -9.4667* 4731 .000 -11.4221 -7.5112
24.0 -9.7167* 4731 .000 -11.6721 -7.7612
1.0 5 5267 4731 .969 -1.4288 2.4821
2.0 -1.2800 4731 .38 -3.2355 .6755
4.0 -4.5100* 4731 .000 -6.4655 -2.5545
8.0 -5.9300* 4731 .000 -7.8855 -3.9745
12.0 -8.9400* 4731 .000 -10.8955 -6.9845
24.0 -9.1900* 4731 .000 -11.1455 -7.2345
2.0 5 1.8067 4731 .080 -.1488 3.7621
1.0 1.2800 4731 .353 -.6755 3.2355
4.0 -3.2300* 4731 .001 -5.1855 -1.2745
8.0 -4.6500* 4731 .000 -6.6055 -2.6945
12.0 -7.6600* 4731 .000 -9.6155 -5.7045
24.0 -7.9100* 4731 .000 -9.8655 -5.9545
4.0 5 5.0367* 4731 .000 3.0812 6.9921
1.0 4.5100* 4731 .000 2.5545 6.4655
2.0 3.2300* 4731 .001 1.2745 5.1855
8.0 -1.4200 4731 .248 -3.3755 .5355
12.0 -4.4300* 4731 .000 -6.3855 -2.4745
24.0 -4.6800* 4731 .000 -6.6355 -2.7245
8.0 .5 6.4567* 4731 .000 4.5012 8.4121
1.0 5.9300* 4731 .000 3.9745 7.8855
2.0 4.6500* 4731 .000 2.6945 6.6055
4.0 1.4200 A731 .248 =.5355 3.3755
12.0 -3.0100* 4731 002 -4.9655 -1.0545
24.0 -3.2600* 4731 .001 -5.2155 -1.3045
12.0 .5 9.4667* 4731 .000 7.5112 11.4221
1.0 8.9400* 4731 .000 6.9845 10.8955
2.0 7.6600* 4731 .000 5.7045 9.6155
4.0 4.4300* 4731 .000 2.4745 6.3855
8.0 3.0100* 4731 .002 1.0545 4.9655
24.0 -.2500 4731 .999 -2.2055 1.7055
24.0 5 9.7167* 4731 .000 7.7612 11.6721
1.0 9.1900* 4731 .000 7.2345 11.1455
2.0 7.9100* 4731 .000 5.9545 9.8655
4.0 4.6800* 4731 .000 2.7245 6.6355
8.0 3.2600* 4731 .001 1.3045 5.2155
12.0 .2500 4731 .999 -1.7055 2.2055

*. The mean difference is significant at the .05 level.
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ANOVA
%Adsorption_Cd
Sum of Mean
Squares df Square F Sig.
Between Groups 235.234 6 39.206 57.672 .000
Within Groups 9.517 14 .680
Total 244,752 20
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Multiple Comparisons

Dependent Variable: %Adsorption_Cd
Scheffe

95% Confidence

Mean Interval
Difference Lower Upper
(I) Time (J) Time (1-J) Std. Error Sig. Bound Bound
5 1.0 -1.4567 .6732 .599 -4.2394 1.3261
2.0 -1.6100 .6732 490 -4.3927 1.1727
4.0 -3.8433* .6732 .004 -6.6261 -1.0606
8.0 -4.8133* .6732 .001 -7.5961 -2.0306
12.0 -71.5267* .6732 .000 -10.3094 -4.7439
24.0 -10.1133* .6732 .000 -12.8961 -7.3306
1.0 5 1.4567 .6732 .599 -1.3261 4.2394
2.0 -.1533 .6732 1.000 -2.9361 2.6294
4.0 -2.3867 .6732 119 -5.1694 .3961
8.0 -3.3567* .6732 .013 -6.1394 -.5739
12.0 -6.0700* 6732 .000 -8.8527 -3.2873
24.0 -8.6567* 6732 .000 -11.4394 -5.8739
2.0 .5 1.6100 .6732 .490 -1.1727 4.3927
1.0 .1533 .6732 1.000 -2.6294 2.9361
4.0 -2.2333 6732 .164 -5.0161 .5494
8.0 -3.2033* 6732 .019 -5.9861 -.4206
12.0 -5.9167* 6732 .000 -8.6994 -3.1339
24.0 -8.5033* .6732 .000 -11.2861 -5.7206
4.0 5 3.8433* .6732 .004 1.0606 6.6261
1.0 2.3867 .6732 119 -.3961 5.1694
2.0 2.2333 .6732 .164 -.5494 5.0161
8.0 -.9700 6732 .901 -3.7527 1.8127
12.0 -3.6833* .6732 .006 -6.4661 -.9006
24.0 -6.2700* .6732 .000 -9.0527 -3.4873
8.0 5 4.8133* .6732 .001 2.0306 7.5961
1.0 3.3567* 6732 .013 .5739 6.1394
2.0 3.2033* .6732 .019 4206 5.9861
4.0 .9700 .6732 .901 -1.8127 3.7527
12.0 -2.7133 .6732 .058 -5.4961 6.941E-02
24.0 -5.3000* 6732 .000 -8.0827 -2.5173
12.0 5 7.5267* .6732 .000 4.7439 10.3094
1.0 6.0700* 6732 .000 3.2873 8.8527
2.0 5.9167* .6732 .000 3.1339 8.6994
4.0 3.6833* 6732 .006 .9006 6.4661
8.0 2.7133 6732 .058 -6.94E-02 5.4961
24.0 -2.5867 6732 .077 -5.3694 .1961
24.0 5 10.1133* .6732 .000 7.3306 12.8961
1.0 8.6567* 6732 .000 5.8739 11.4394
2.0 8.5033* .6732 .000 5.7206 11.2861
4.0 6.2700* 6732 .000 3.4873 9.0527
8.0 5.3000* .6732 .000 2.5173 8.0827
12.0 2.5867 .6732 .077 -.1961 5.3694

*. The mean difference is significant at the .05 level.
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ANOVA
%Adsorption_Pb
Sum of Mean
Squares df Square F Sig.
Between Groups |[8.083E-02 3 | 2.694E-02 27.398 .000
Within Groups 7.867E-03 8 |9.833E-04
Total 8.869E-02 11
Multiple Comparisons
Dependent Variable: %Adsorption_Pb
Scheffe
95% Confidence
Mean Interval
Difference Lower Upper
() Time (J) Time (1-3) Std. Error Sig. Bound Bound
5 10 -3.000E-02 |2.560E-02 719 -.1194 | 5.942E-02
20 -.1000* [ 2.560E-02 .029 -.1894 | -1.06E-02
30 -.2133* | 2.560E-02 .000 -.3028 -.1239
10 5 3.000E-02 | 2.560E-02 719 | -5.94E-02 1194
20 -7.000E-02 | 2.560E-02 134 -.1594 | 1.942E-02
30 -.1833* [ 2.560E-02 .001 -.2728 | -9.39E-02
20 5 .1000* | 2.560E-02 .029 | 1.058E-02 .1894
10 7.000E-02 |2.560E-02 134 | -1.94E-02 .1594
30 -.1133* [ 2.560E-02 .015 -.2028 | -2.39E-02
30 5 .2133* | 2.560E-02 .000 .1239 .3028
10 .1833* [ 2.560E-02 .001 |9.391E-02 .2728
20 .1133* [ 2.560E-02 .015 | 2.391E-02 .2028

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