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Nut Pookerdsin 2013: The Study of Nitrogen and Phosphorus Removal Efficiency of
Media from Waste Materials. Master of Engineering (Environmental Engineering),
Major Field: Environmental Engineering, Department of Environmental Engineering.

Thesis Advisor: Assistant Professor Pongsak Noophan, Ph.D. 83 pages.

This research is to synthesize the porous media from materials available in local area of
Thailand. This porous media was applied to wastewater for removing phosphorus and fixing of
nitrifying bacteria. The synthetic media consists of blood cockle shells and alum residuals from
water supply plant. The shape of media were formed as tablet, cylinder and sphere. The
phosphorus removal efficiency of the synthetic media was determined by using adsorption
isotherm. Langmuir equation was used to describe the adsorption characteristics of this media.
The result showed P sorption capacity was 4.85 mg P/g for tablet, 7.63 mg P/g for cylinder and
4.95 mg P/g for sphere. Furthermore, the nitrogen removal was investigated by packing media
in column with size of 24 mm diameter and 150 mm height. The 0.22-0.24 kg N/m’-d of
synthetic wastewater was dropped to the layers of media that pack in column. After 47 day, the

ammonia removal efficiency was 48.3% for tablets, 53.1% for cylinder and 53.1% for sphere.

Cylinder shape media was selected for study the removal of nitrogen and phosphorus
simultaneously because of the highest ability of phosphorus sorption. Eventhough, changing the
shape of the media was not demonstrate a difference in nitrification efficiency. The 10 cm
diameter of column reactor was used in this experiment with designed of one-tier and three-tier.
Next, the 0.14-0.15 kg N/m’-d and 0.018-0.021 kg P/m’-d of synthetic wastewater was dropped
to the layers of packing media. After 25 day, The efficiency of nitrogen and phosphorus removal
in the three-tier reactor was better than one-tier reactor. The 85.4% of nitrogen and 30.8% of
phosphorus removal efficiency was observed in three-tier reactor. This low efficiency of
phosphorus removal is due to the poor of contact time between the synthetic wastewater and

media in reactor.
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(Vohlaetal., 2011)
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Filtralite P™ 2.5 Adam et al. (2007)
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6. NIzUIUMIBONINUIATY
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nsaozi Tulagwdluuey Tty Tagn1unssuIUMIALNILEY (Deamination) HINTLUIUNIS

a2 A o a v Aa a A v oA . o ~
ﬂlﬂulusﬁuﬁ’]ﬁiﬂﬁﬂlﬂﬂllﬂﬂQLLUU@@ﬂ"]jL@ﬂV‘ILLaglll}JUﬁﬂﬂVW‘I (Bitton, 1994) ANAUNITN 2 AL 3

= a o a =
MmsaeluTuueenman

R-CH-COOH + %0, — R-C-COOH +NH, -(2)
NH, 0

= a 7 A v A
MU ULUITAN AN

R-CH-COOH +2H' +2¢° — R-CH,-COOH + NH, (3)
|

NH,
E4 H H
wennntimsnlasusilvesgiFe lasnszuaums lalas lagaileou lmigemilu

dusalgasenamnsarldifadlusenTuilelddsaunsi 4
ms lg Ins lavavesgise

o
I oo
H,N-C-NH, + H,0 ——— 2NH, + CO, (@)
gioa
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Y Y ] 1 a 1 o 1
Taom luudar Tusindenen Twidie hildeglugivewen Tuidledase uatinoglugl
A a A A o = I a9 v A 3
voundeuen Tuiley (NH,) iisaninnavessiiosaanimi 4 Wudens hihinlifienilunaia

= 3
vsenlunsa
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2NH, +30,— 2NO, +2H,0 +4H +E (5
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F4
mymela luvuaeu hunsas
2NO, +O, — 2NO, +E ...(6)
aumssaumsnelo lunszuaums luasiiadu

NH, +20, — NO, +H,0+2H +E A7)

A J 1

a 1 A P o e 1% 1R A 7
yaunsongues I Inswegldasetiunislumsdunsgriiwad Ind Fgaunidngu
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lunvhedsvanglunques In InswilFuen Tudiodlumlidianasounay 14

s dd v w ad o 7 s g ) A
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15CO, + 13NH, — 10NO, + 3C,H,O,N + 4H,0 + 23H ®)

msdunsignwas luduanou T s
5CO,+NH," + 10NO, +2H,0 —> 10NO, +3C,H,O,N+H’ C)

¥ A Y Y o v dAa 2
AMNUUNINITIIUATUNITN 6, 7 LLAT 8 !ﬂl’]ﬂ')ﬂﬂu{ﬂgllﬂﬁllﬂ’]ﬁ'ﬂlﬂﬂﬁlluch‘lﬂigﬂ'JL!ﬂ'ﬁ

Tuasadu (@umsh 10)

nNFzUIUMT luasmnsu

NH, + 1.860, + 1.98HCO, ——— 0.02C,H,O,N + 0.98NO, (10)

+1.88H,CO, + 1.04H,0
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aa o A a = v an Y 4 4
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uazgaunsongy luasvhenganmsnuigurgllszunm 4 ssruaadea (99051, 2538)
V. DONWIIU
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Tuasisudlunszuaumsildoensaululgisoeendasulas
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a A d

d‘ 1 a 1 a1 L= d‘ [ Y a [
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8.2 A luasinFunyuaaaiiasu (Dissimilatory denitrification)

=S a A\ % a a % a 49! d'd 1 =t a
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a a S I g‘; 1 1 1
293¢ (Anoxic) Jaunsgniunumaziluningueame 1s Inswuazeon In Insw uanguiame
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Y 1
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seuuTdsonses
(Trickling filter)
fnvlaeldnodausl
g9 1.5 3. v

AUENA 11 .
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mmdnuds  amdaoudn  dhminaui

AINa1e Fedail AMuELILIUTIN  Anuruiulsing  Sesazanumguilsing %’aﬂazmsawﬁu%
(n) (n) ()
dinen 1 0.52 0.3247 0.6454 1.6215 2.6626 39.10 24.12
2 0.53 0.3249 0.6496 1.6323 2.5841 36.83 22.57
Lﬂ?"lil 0.53 0.3248 0.6475 1.6269 2.6234 37.97 23.34
NIINIZVON 1 0.28 0.3783 0.1707 1.3487 2.5618 4735 35.11
2 0.32 0.4265 0.1983 1.4023 2.6294 46.67 33.28
3 0.30 0.4245 0.1973 1.3204 2.9211 54.80 41.50
4 0.34 0.4685 0.2146 1.3391 2.7113 50.61 37.79
5 0.31 0.4354 0.1995 1.3141 2.8054 53.16 40.45
mae 0.31 0.4266 0.1961 1.3449 2.7258 50.52 37.63
NIInNaY 1 0.42 0.5790 0.2665 1.3440 2.7362 50.88 37.86
2 0.37 0.5133 0.2337 1.3233 2.7146 51.25 38.73
3 0.38 0.5395 0.2494 1.3099 2.9096 54.98 41.97
4 0.39 0.5399 0.2482 1.3370 2.7504 51.39 38.44
mae 0.39 0.5429 0.2495 1.3286 2.7777 52.13 39.25
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Date: 09/12/2012 Page 1
Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.19
Sample ID M-5
Description TISTR
Comments
Sample Weight 0.5270 g
Adsorbate NITROGEN Outgas Temp 300.0 °cC Operator rungrueang
Cross-Sec Area 16.2 A2/molecule Outgas Time 30 ‘hrs Analysis Time 71.5 min
NonIdeality 6.580E-05 P/Po Toler 0 End of Run 06/25/2012 15:28
Molecular Wt 28.0134 g/mol Equil Time 3 File Name AS972645.RAW
Station # 1 Bath Temp. 77.40
AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA
MUltigoint BET. su 8 Nk ey o P 0 00 0 0 5 00 G 7.276E+00 m2/g
Single PO BETRuk @ oo« oo amilimmnin s « Ny mbhesd 8 s Fals Bl o ¢ 7.261E+00 m?/g
Lafgmuit’ SurPEGE RBea. .. @litliiiG ot ot ofe « o o sge SHmise < heioitin. 1.103E+01 m?2/g
t-Method External Surface Area@.......ceeeeceeececencans e 4.374E+00 m2/g
t-Method Micro Pore SUrface Ar€a@...seeeessscessssnsssssessss 2+902E+00 m2/g
DR Method MiCIrO POXE ArE@..:eeeeeeeerereneenseeeneneeaennnns 1.021E+01 m?/g
PORE VOLUME DATA
t-Method Micro Pore VOlume.......ooueus 2 AT C T are - W
DR Method MicrelRorefVolame. T . . . flaa. ales 4. b ) ¥ PEEREER 3.629E-03 cc/g
HK Method Cumulative Pore VOlUME........eeeeeeenansns 1 o— 3.321E-03 cc/g
SF Method Cumulative gPofre VoTUME. . 4 aishetsudladois o lays shsisratats’s o o aiass 3.361E-03 cc/g
PORE SIZE DATA
DR Method Micro Pore Width  ........cou.... win g, S | . ..J ) 805 4BT0N X
DA Method Pore Diameter (MOAE) ... .%.i s eeescessiseseaneseaos 1.740E+01 A
HK Method Pore Width (Mode) iis viore Sty Bl - X 574 1.362E+01 A
SF Method Pore Diametel (MOAe) ..« vosdisonbim s « v o st s s apsle 2.547E+01 A
DATA REDUCTION PARAMETERS
Thermal Transpiration : ON
Effective Molecule Diameter (D) 3.5400 A
Effective Cell Stem Inner Diameter (d) 4.0000 mm

y @ ia o (J < 4
ﬂ1WN‘M'Jﬂﬁ N1 Wﬁﬂ”lﬁﬁlﬂ‘wuﬂN'Ji]%WT%"’U?N@]’JﬂﬁNLNﬂﬂTIﬂﬂﬂl%’Lﬂ%ﬂQ BET

Last Po Acquired 779.32 mm Hg
Additional Initialization Information Not Recorded.

BJH/DH Moving Average Size : 1

Interaction Constant

&

(K)

2.9600 nm"3 x kJ/mol
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Date: 05/30/2012 Page 1

Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.19

Sample ID CMC1
Description TISTR
Comments
Sample Weight 0.3601 g
Adsorbate NITROGEN Outgas Temp 300.0 °C Operator rungrueang
Cross-Sec Area 16.2 A?/molecule Outgas Time 3.0 hrs Analysis Time 69.4 min
NonIdeality 6.580E-05 P/Po Toler 0 End of Run 05/30/2012 15:10
Molecular Wt 28.0134 g/mol Equil Time 3 File Name AS972622.RAW
Station # 1 Bath Temp. 77.40
AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA

Multifidint BET. . £ e o« i oo ot SO, 2S5 e «.. 1.275E+01 m2?/g

Single Poimt BETLL . Wheococi S iHI0 IR Pl Sl o A l0a » IS VRS . o o 00 VL ETAFEM0]1 m2/g

Lafignuir Surface Brea ., . alelhisine. s =isehe « sis Fok Sio sa’s Vb siwiesseslon. 1.947E4+01, m?/g

t-Method External Surface Area......... veae o We o s's e o Ro s Spotiain. 8+ 602E+00 8 m2/g

t-Method Micro Pore Surface Area.......... R Y 4.147E+00 m?/g

DR Methofl Mero: POEEPRYERE . . c.callPe e s o o'cio o s ofls /o ociee tilme o:s's o .. 1.708E+01 m?/g

PORE VOLUME DATA

t-MethodiMicxarPore WVolume.s sk Gud - « « & Jdealfaraars o ceffesssccsss 2.134E-03 cc/g

DR Mathod MifSEQ Pore 'VolDmEians « B« vk 4 «ile ob s sBanem o oo sl G 071ESUR colfg

HK Method Cumulative Pore VOlUmME.......ceeceeevcnaccns vos iy OWD90E-03 \ cc/g

SF"Method Cumulative, POLE . Volume. ., . st o soias - banhne .« Jods 5.662E-03 cc/g

DR Method Micro Pore Width = Y - ¢ 8 BB FEE e 7.753E+01 A
DA Method Pore Diameter (Mode)......eeeeveeann o e e e AN STAOE+0 LA
HK Method Pore Width (Made)'s s« - PRt < < Lslsh o0 08 LR BETEHOTE A
SF Method Pore Diameter (Mode).........ceeeen. oo e s . 2.556E+01 A

DATA REDUCTION PARAMETERS

Thermal Transpiration : ON
Effective Molecule Diameter (D) 3.5400 A
Effective Cell Stem Inner Diameter (d) 4.0000 mm
Last Po Acquired 805.53 mm Hg
MaxiDose : ON
Initial Fill : OFF
DoseWizard : OFF

BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9600 nm”*3 x kJ/mol

A [ ir Aa [ (Z 9 A
MNAHINN N2 HaMTIANUNAITUNIZVIRINANNTINTZUen lae]lHnTed BET



Date: 01/11/2013 Page 1

Quantachrome Corporation
Quantachrome:- Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.19

Sample ID Gift Ball
Description TISTR
Comments
Sample Weight 0.3038 g
Adsorbate NITROGEN Outgas Temp 300.0 °C Operator rungrueang
Cross-Sec Area 16.2 A?/molecule Outgas Time 3.0 hrs Analysis Time 68.0 min
NonlIdeality 6.580E-05 P/Po Toler 0 End of Run 01/11/2013°10:27
Molecular Wt 28.0134 g/mol Equil Time 3 File Name AS972735.RAW
Station # 1 Bath Temp. 77.40
AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA
MUltipBaInt: BET: oo M 8o s 0 oate oo om0 oo s 7555 008 7.282E+00 m?/g
Single’ Poinge BETRL Qs o oo o« o s omfiieictolstalors o w P s o e - 7.247E+00 m?/g
Langmulr SOrfage RAEEa. . .. ffeinere JOaRe . . Jf SR . .08 = . 1.111E+01 m2?/g
t-Method External Surface Area............... SN A~ 4.753E+00 m?/g
t-Method Micro Pore Surface Area........eeecececccecscccsnns 2.529E+00 m?/g
PR Method/Milgro POLENATESN . .o « ol e ccoc o o aloc o oo itiac o000 . 9.714E+00 m2/g
PORE VOLUME DATA
t-MethodgMicrd@ Pare Yoltme . Jadd.04 .. F S0 LRes 4. o o 54 flo s ooes WB9BE=ES cC/Y
DR Method Micro Pore Volume.......... el GB ol s o sTRNEEE o 0610 3.452E-03 cc/g
HK Method Cumulative Pore Volume........ceceveecccenss B eoing 3.215E-03 cc/g
SF Method Cumulative Pore Volume......... L0 . CEmEes. . Haf 3,Z00ES03INNGc/q
PORE SIZE DATA
DR Method Micro Pore Width ...... L DI Lcoh o §e A coe - S\ A24RNOHT X
DA Method Pore Diameter (MOde).......eveeeeeeeanan Sioiete o o0 0 & ~USTADEH01 SB
HK Method Pore Width (MOGR) o s o0 Ol Suibtasr, . ottt o« o A PRLJAZAEE 0] el
SF Method Pore Diameter (Mode).......... LESatEn. .. SN . .| 02 ET6EE01 A

DATA REDUCTION PARAMETERS

Thermal Transpiration : ON
Effective Molecule Diameter (D) 3.5400 A
Effective Cell Stem Inner Diameter (d) 4.0000 mm
Last Po Acquired 788.36 mm Hg
MaxiDose : ON
Initial Fill : OFF
DoseWizard : OFF

BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9600 nm”3 x kJ/mol
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d‘ 1 Aq o o (J <
MINNNUINN V1 ﬂ']‘ﬂclslfbluﬂ15ﬂ1u3m1@1“ﬁlm@uﬂ15ﬂ@"lf’]_l€|]@\w]3ﬂa'l\ullﬂﬂ1

y 9 A g9
ANUUVNVULITUAU

vearleanesa, C,

Usunadgad, M (n.)

anuuTuvovleanese

. 9AdNAa, C, (UN. P/a.)

Pnaleanesangngadudeniiieveddiga

U, X/M (M. P/n.)

(un. P/a.) ﬂ%\i‘ﬂ 1 ﬂ%ﬁﬁ 2 ﬂ%\ﬁ?l 1 ﬂ%\iﬁ 2 mﬁ'a AIIN 1 ﬂ%ﬂﬁ‘ﬁ 2 m?;a
51.5 2.6975 2.6713 30.08 30.58 30.33 1.59 1.57 1.58
66.0 2.6962 2.6203 41.42 40.58 41.00 1.82 1.94 1.88
81.83 2.6899 2.6370 50.17 50.67 50.42 2.35 2.36 2.36
96.0 2.6754 2.6465 64.33 63.00 63.67 2.37 2.49 2.43
108.0 2.7047 2.6936 71.50 74.33 72.92 2.70 2.50 2.60

79



ms1ewIni v2 mnlglumssunnleTmneumsgaduuesdinaransinszuen

y 9 A g9
ANUUVNVULITUAU

vearleanesa, C,

YTunadigadiu, M (n.)

anuduTuveavleaesa

. 9AduAa, C, (UN. P/a.)

unaearesangngatuneniiieroiiga

U, X/M (M. P/n.)

(un. P/a.) ﬂ%\ﬁﬂ 1 ﬂ%ﬁﬁ 2 ﬂ%\iﬁ 1 ﬂ%\iﬁ 2 mﬁ'a ﬂ%\i“ﬂ 1 ﬂ%\i“ﬁ 2 mﬁa
51.33 2.5334 2.6283 28.33 28.83 28.58 1.82 1.71 1.76
68.17 2.5960 2.6265 36.58 36.58 38.25 2.18 2.41 2.29
83.00 2.6659 2.5808 48.83 48.83 48.42 2.63 2.65 2.64
100.3 2.6159 2.5863 58.83 58.83 58.83 3.17 3.21 3.19
109.3 2.5363 2.5360 69.17 69.50 69.33 3.14 3.17 3.15

$9



ms1arandl 43 mnlslumsduialoTmmeunmsgaduvesdinarsmsanay

AN NTUEUAY y . anudnduve oo mavleareiangngadunoniiisvesiige
YSunadagadi, M (n.)

vearleanesa, C, . 9AdNAa, C, (UN. P/a.) U, X/M (M. P/n.)
Y A Yy A & nd Y A A ” N Y A =
(un. P/a.) AN 1 ASIN 2 ASIN 1 ASIN 2 nag 59N 1 AN 2 nay
51.33 2.6354 2.7036 23.58 21.67 22.63 2.21 2.29 2.25
68.17 2.6877 2.6430 32.92 35.58 34.25 2.62 2.47 2.54
83.00 2.5674 2.5987 44.50 42.33 43.42 2.99 3.12 3.05
100.3 2.5961 2.6584 53.00 52.33 52.67 3.33 3.30 3.31
109.3 2.7044 2.7324 61.83 64.33 63.08 3.46 3.25 3.35

m31awuIndl w4 A lFlumsdnuanuamnsalumseasurleanesagegavesiinaiaglinaie

L. . 3 ANNEInluNIIga MAINMINAan, K, R,
71l519d9na19 ANVUFUNI I PAAUIY y . Mdulszansandunusg, R
FUFIFA, g, (WN. P/N.) (a./un. P)
<
(i 0.206 12.65 4.85 0.016 0.931
N3INTEVON 0.131 11.95 7.63 0.010 0.868
n3Inau 0.202 5.76 4.95 0.035 0.973

99



C_/(X/M)

MWHUINT V1

C_/(X/IM)

MNHUINA V2

C_/(XIM)

MNHUINN U3

30

25

20 °

15

10 y = 0.2066x + 12.652
5

R2 = 0.9312
0 : : : : A B M
0 10 20 30 40 50 60 70 80
Ce
) @ <

n3 1 lo Tymeoumsgaduuosdinatuiiag

25

°
20
./‘/oo/

15

10

. y = 0.1311x + 11.958

R? = 0.8682
OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 10 20 30 40 50 60 70 80

C

e

n3 1l leTsneumsgaduvesdinaransnszuen

20
15
10
5 y = 0.202x + 5.764
R? = 0.9731
R B S B
0 10 20 30 40 50 60 70

n3 1 o Twmoumsgaduvesdinalansinay
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4 1 ) oA o @ a 4 @ <
ﬂ1‘§1QN‘H’Jﬂﬁ A1 ﬂ'lle@Q‘W'lﬁ'lllm@5ﬁ¢]53§]3@ﬁ]1ﬂﬂ\1ﬂ§]ﬂiﬂ!ﬂ]@\i@]?ﬂfﬂ\‘]mﬂﬂW

. ANt uvowen Tuiile anuutuveslumsn
nan TIGLY
) (un. N/a) (un. N/a.)
() 7 7 7 ? 7 7
A 18N v 11000 1A 100N

0 7.45 7.45 75.60 73.36 0.001 0.00
1 7.45 7.13 75.04 64.40 0.002 0.11
2 7.41 7.03 75.60 64.68 0.002 0.09
4 7.39 7 72.80 64.96 0.002 0.55
5 7.44 6.84 72.24 63.28 0.002 0.71
6 7.45 6.82 72.80 60.20 0.001 0.85
7 7.45 6.8 71.68 56.84 0.001 0.88
8 7.42 6.72 73.92 57.12 0.002 0.78
9 7.4 6.7 71.12 51.80 0.002 0.93
10 7.41 6.71 70.00 47.04 0.002 1.18
12 7.43 6.66 71.12 44.80 0.002 1.29
13 7.4 6.61 70.56 45.92 0.002 1.49
14 7.45 6.54 70.00 45.92 0.001 1.39
15 7.43 6.5 70.56 45.36 0.002 1.58
16 7.38 6.46 71.12 42.00 0.002 2.29
17 7.4 6.44 70.00 41.44 0.002 2.59
19 7.42 6.41 70.00 40.32 0.002 3.06
20 7.45 6.4 71.12 41.44 0.002 3.00
21 7.4 6.37 71.12 40.88 0.002 3.61
22 7.43 6.32 71.12 42.56 0.002 3.79
23 7.41 6.31 70.56 39.76 0.001 3.96
25 7.45 6.32 72.24 41.44 0.001 4.10
26 7.44 6.31 70.00 40.88 0.002 4.17
27 7.42 6.33 71.68 43.12 0.002 4.44
28 7.45 6.32 69.44 42.00 0.001 4.28
29 7.43 6.31 71.68 43.12 0.002 4.35

32 7.41 6.3 71.68 41.44 0.002 4.84



q‘ 1
MITNNUINN AT (91D)

Y 9 = Yy 9
. ANMUYNTUVDILON LTy ANV NTUUDA TR N
nal Nio%
3 (Wn. N/a.) (Wn. N/a.)
() T 7 T 7 T 7
RTETA| U000 U W10en Wu 11000
34 7.44 6.31 72.80 39.20 0.001 4.86
36 7.41 6.32 71.68 39.20 0.001 4.96
38 7.42 6.29 71.12 36.96 0.002 4.99
40 7.45 6.27 71.12 36.96 0.002 5.04
42 7.45 6.3 70.56 38.08 0.002 494

47 7.42 6.26 71.68 36.96 0.002 4.79




4 1 a oA % (% a C4 o
MINWUINN A2 ﬂTGIJ@Q‘W'Ii'IﬂJm@iﬁﬁi’m’.}@mﬂﬂﬂﬂgﬂiﬂ!"’l]@W]’Jﬂﬁ%‘]‘V]iQﬂi%iJE]ﬂ

. anuntuvowen Tuiile anudutuveslumsn
e TI%EY
. (un. N/a.) (Wn.N/a.)
(W) 7 z 7 2 7 3
vudh 10N v 1eon vudh 100N
0 7.45 7.45 75.60 72.24 0.001 0.00
1 7.45 7.14 75.04 64.12 0.002 0.07
2 7.41 7.00 75.60 66.08 0.002 0.23
4 7.39 7.02 72.80 65.52 0.002 0.50
5 7.44 7.00 72.24 66.36 0.002 0.71
6 7.45 6.88 72.80 63.28 0.001 0.93
7 7.45 6.82 71.68 58.80 0.001 1.14
8 7.42 6.79 73.92 58.24 0.002 1.10
9 7.4 6.78 71.12 53.48 0.002 1.15
10 7.41 6.74 70.00 47.60 0.002 1.20
12 7.43 6.69 71.12 44.80 0.002 1.34
13 7.4 6.65 70.56 42.56 0.002 1.40
14 7.45 6.63 70.00 40.32 0.001 1.46
15 7.43 6.62 70.56 41.44 0.002 1.50
16 7.38 6.57 71.12 42.56 0.002 1.67
17 7.4 6.52 70.00 42.00 0.002 1.66
19 7.42 6.47 70.00 40.32 0.002 1.87
20 7.45 6.44 71.12 44.80 0.002 1.87
21 7.4 6.39 71.12 42.56 0.002 2.41
22 7.43 6.39 71.12 40.88 0.002 2.59
23 7.41 6.4 70.56 40.32 0.001 3.07
25 7.45 6.4 72.24 42.00 0.001 3.31
26 7.44 6.41 70.00 44.80 0.002 3.80
27 7.42 6.4 71.68 43.12 0.002 3.72
28 7.45 6.42 69.44 44.24 0.001 3.73
29 7.43 6.42 71.68 43.12 0.002 3.72

32 7.41 6.41 71.68 39.20 0.002 3.92



q‘ 1
MITNUINN A2 (91D)

72

Y 9 = Y 9
. AN NTUVDLEN Tty ANVTAUUDI T1ATN
nan Ao
3 (Wn. N/a.) (Wn. N/a.)
() T 7 T z T 7
SRt 111990 IRt U090 IRICT 111990
34 7.44 6.42 72.80 34.72 0.001 4.48
36 7.41 6.4 71.68 35.84 0.001 4.54
38 7.42 6.4 71.12 37.52 0.002 491
40 7.45 6.41 71.12 35.84 0.002 5.18
42 7.45 6.41 70.56 34.72 0.002 5.24
47 7.42 6.43 71.68 33.60 0.002 5.44




4 1 a oA % (% a C4 o
MINEUINA A3 mmmmsmm@5ﬁmammmmﬂgﬂsmmmmﬂawmaﬂau

. ANt uvowen Tuiile anuutuveslumsn
nan TIGLY
) (un. N/a) (un. N/a.)
() 7 7 7 ? 7 7
A 18N v 11000 1A 100N
0 7.45 7.45 75.60 72.24 0.001 0.00
1 7.45 7.2 75.04 65.24 0.002 0.05
2 7.41 7.15 75.60 66.08 0.002 0.22
4 7.39 7.13 72.80 66.92 0.002 0.23
5 7.44 7.13 72.24 66.64 0.002 0.57
6 7.45 7.02 72.80 64.12 0.001 0.78
7 7.45 6.89 71.68 60.48 0.001 0.96
8 7.42 6.8 73.92 55.44 0.002 1.10
9 7.4 6.79 71.12 48.72 0.002 1.04
10 7.41 6.77 70.00 44.24 0.002 1.11
12 7.43 6.7 71.12 43.68 0.002 1.32
13 7.4 6.65 70.56 44.24 0.002 1.38
14 7.45 6.66 70.00 42.56 0.001 1.47
15 7.43 6.61 70.56 41.44 0.002 1.60
16 7.38 6.51 71.12 43.12 0.002 1.66
17 7.4 6.48 70.00 42.00 0.002 1.79
19 7.42 6.44 70.00 43.12 0.002 1.83
20 7.45 6.42 71.12 41.44 0.002 2.07
21 7.4 6.4 71.12 36.96 0.002 2.81
22 7.43 6.38 71.12 38.08 0.002 3.34
23 7.41 6.37 70.56 38.08 0.001 3.24
25 7.45 6.38 72.24 36.96 0.001 3.59
26 7.44 6.37 70.00 35.84 0.002 3.68
27 7.42 6.38 71.68 35.84 0.002 3.80
28 7.45 6.38 69.44 36.96 0.001 391
29 7.43 6.38 71.68 36.40 0.002 4.20

32 7.41 6.37 71.68 36.96 0.002 4.13



q‘ 1
MITNUINN A3 (91D)

74

Y 9 = Y 9
. AN NTUVDLEN Tty ANVTAUUDI T1ATN
nan Ao
3 (Wn. N/a.) (Wn. N/a.)
() T 7 T z T 7
SRt 111990 IRt U090 IRICT 111990
34 7.44 6.38 72.80 37.52 0.001 4.29
36 7.41 6.37 71.68 38.08 0.001 4.39
38 7.42 6.38 71.12 36.96 0.002 4.46
40 7.45 6.38 71.12 35.84 0.002 4.65
42 7.45 6.37 70.56 33.60 0.002 5.07
47 7.42 6.39 71.68 33.60 0.002 5.23
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1 9
%

. 1 a J [ [ a 4
MINWUINN 91 AVOINIUNDTNATIVIANNGIURNTAIFUIAYD

. ANNA anududuveaenTudls  anududuvedlumsn  anududuveslearlosa
nan (Fu) e (un. CaCO3/a.) un. N/a.) un. N/a.) (un. P/a.)

g iheen vt heen st iheen i iheen st iheen
0 8.88 8.88 262 262 84 84 0.00 0.00 10.67 10.67
1 8.66 8.79 230 226 78.12 76.44 0.00 0.87 10.43 8.50
4 8.65 8.68 228 220 78.96 76.44 0.00 1.09 10.52 8.08
5 8.59 8.67 230 200 76.44 68.88 0.00 2.66 10.37 8.37
6 8.46 8.57 228 192 73.08 65.52 0.02 4.46 10.15 8.45
7 8.66 8.45 224 186 74.76 56.28 0.05 5.73 10.27 8.10
8 8.55 8.37 218 172 73.92 54.6 0.05 6.74 10.30 8.05
11 8.59 8.23 220 120 75.6 52.08 0.00 7.66 10.15 7.95
12 8.53 7.93 224 104 73.92 50.4 0.02 8.77 10.60 7.88
13 8.6 7.92 232 92 76.44 48.72 0.00 9.98 10.48 7.92
14 8.62 7.73 222 84 72.24 46.2 0.00 10.40 10.23 8.07
15 8.59 7.69 222 70 73.08 37.8 0.00 11.55 10.37 8.00
18 8.48 7.64 - - 74.76 33.6 - - - -
20 8.66 7.44 220 62 73.92 31.92 0.05 12.26 10.35 7.95
21 8.86 7.08 222 52 75.6 26.88 0.05 12.52 10.15 8.18

9L



q‘ 1
MTINUINN 31 (D)

. ANNA anududuveaenTudls  anududuvedlumsn  anududuveslearlosa
nan (Fu) e (un. CaCO3/a.) un. N/a.) un. N/a.) (un. P/a.)
g iheen vt heen st iheen i iheen st iheen
2 8.48 7.06 222 30 75.6 23.52 0.00 13.38 10.32 8.32
25 8.62 6.88 222 20 74.76 18.48 0.00 14.93 10.35 7.95

LL



$ 1 a 4 @ @ a J 2
MINWUINN 92 mmmwwmmasﬁmn’mmﬂmﬂgﬂimam%u

. ANNA anududuveaenTudls  anududuvedlumsn  anududuveslearlosa
nan (Fu) e (un. CaCO3/a.) un. N/a.) un. N/a.) (un. P/a.)
g iheen vt heen st iheen i iheen st iheen
0 8.88 8.88 262 262 84 56 0.00 0.00 10.67 10.67
1 8.66 8.72 230 230 78.12 50.4 0.00 0.90 10.43 8.07
4 8.65 8.63 228 202 78.96 50.4 0.00 1.08 10.52 7.53
5 8.59 8.54 230 188 76.44 45.92 0.00 3.18 10.37 7.78
6 8.46 8.52 228 176 73.08 43.68 0.02 472 10.15 7.77
7 8.66 8.4 224 174 74.76 36.96 0.05 6.76 10.27 7.67
8 8.55 8.29 218 162 73.92 34.72 0.05 7.93 10.30 7.55
11 8.59 8.16 220 124 75.6 32.48 0.00 8.66 10.15 7.35
12 8.53 7.48 224 80 73.92 29.68 0.02 9.91 10.60 7.50
13 8.6 7.83 232 72 76.44 24.08 0.00 11.63 10.48 7.32
14 8.62 7.55 222 70 72.24 22.96 0.00 12.04 10.23 7.20
15 8.59 7.35 222 34 73.08 22.4 0.00 13.04 10.37 7.27
18 8.48 7.13 - - 74.76 19.6 - - - -
20 8.66 7.58 220 32 73.92 18.48 0.00 14.32 10.35 7.33
21 8.86 7.03 222 28 75.6 16.8 0.00 15.26 10.15 7.18

8L



q‘ 1
TN UINN 92 (D)

. ANNA anududuveaenTudls  anududuvedlumsn  anududuveslearlosa
nan (Fu) e (un. CaCO3/a.) un. N/a.) un. N/a.) (un. P/a.)
g iheen vt heen st iheen i iheen st iheen
2 8.48 6.86 222 22 75.6 10.08 0.00 15.40 10.32 7.22
25 8.62 6.5 222 16 74.76 7.28 0.00 16.49 10.35 7.17

6L



MANHIN D

= 9K a 7
anvnasgunlslumsianey

80



AMIgANAULAS
(=}

0.15
0.1
y =0.0120x
0.05
R?>=0.9990
0 . : : : : : i
0 5 10 15 20 25 30 35

Woavlesa (lulasnsy)

aMEni a1 nswhinaspurearesaildlumsinsiey

2.5

AMMIgANAUILAS

0.5 y =0.3048x

R>=0.9937

0 1 2 3 4 5 6 7 8 9 10

Twasa (luTasnsy)

d' Aq Y a J
NMNAUINT D2 ﬂi'l’l/\liﬂﬁiﬂ?uqulﬁiﬁﬂi%illlﬂ?i'}mi1$’Vi

81



pSicrn |

22.0

20.0

19.0

15.0

7.0

82

Fluoride 2,44
Chloride 3,44

roride 5,81
Sulfate 7,93

[itrake &.92
Phosphate 9,20

B
9,53

1.0 2.0 30 .0 E.0 E.0 .0 .0 90 o 1100 1200 130 g

d‘ Aq Y a J
mueuandl 93 nslnasgiuluesanldlumsinsizdnsmnaigiulesoulasunn

pShcm

260
4.0
32.0
0.0
230
26,0
24.0
22.0

20,0
12.0

asmAlFlumsnaaos

Sulfate .19

Chloride 3,49

Fluoride 2.44
Phosphate 9,27

Mitrake 7,13

—
(=)
rJ
=
(51
=
I
=
o
(=
L=
(=)
|
=
oo
(=)
o
(=)
—
[
(=)

min

; - - 3
AMweni 94 n5whinesgu lumsailFlumsinngiaa leseuTasmInavesi

o ] [ { {1 [ a o 191}/ o
TIA0819IUTN 25 ﬁWTuﬂQﬂ&]ﬂimllﬂﬂ TIUFUVDINITNAADINITNIA

TuTaswunagrlearesannaniugiuludulfnssiifen



83

ﬂ‘iga’aﬂ1‘iﬁﬂ‘ﬂ1!!ﬁ$ﬂ1‘§ﬁ1ﬁ1u

7o —Nana weaing giadu

$u iiou 1 fida 4 WOAIMYU W.A. 2530
amuiiiia WHIANFUNNUHIUAT
sz Iamsanmn W.f1. 2553

= aa Y
AUMIANYT IN.U. (A Tu Jagdaaaoy)
Iy una TuTadaanadon
MAIBUNA 1U TadgAa NI TUINEAT

a J J
AugINmManilszgnd

=) Q 9}
PN A 11 TagNILIDUINAINIZUATINID



