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63 PP. ISBN 974-533-013-2

The investigation of the removal of ions from well water by electromagnetic and
electrostatic fields was carried out. Factors influencing the removal such as magnetic intensity,
voltages, ions concentration in water and temperature were studied. It was found that the
magnetic intensity of 0.2T or voltages of 40 volts and flow rate of 0.23 L/s gave the best
efficiency in removing ions from well water. The efficiency of ions removal varies with magnetic
field intensity and electrical voltage.

It was also found that, at this optimum magnetic field intensity and voltage, the iron
removal efficiency was the highest when the starting ions concentration and water temperature
were high. At water temperature of 64 °C, the removal of calcium, magnesium, iron and
manganese ions was found to be 43, 56, 73 and 85%, respectively.

By using a three-stage process, the electromagnetic method was found to be the most
efficient in removing ions, i.e. 60% of calcium and 98% of iron. The remaining concentration of

calcium and iron in treated well water is well below the standard of Bangkok Metropolitan Water

Supply.
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oy v ' o 1w I o o

4.75T uma’amwiguﬁj’wmu’mmummu 1200 rpm Wunan 2 L!Tﬁ IﬂﬂUWUﬂLL‘U‘UWﬁﬁWﬁﬁi
' o < A <
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] [ o ] 1 a 3 o [
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Y 2 Y Y 1 d o w Y I

ANNCHINADULAYINY ﬂ1§1511LL3JLWaﬂ1JﬁJﬂ§$1JU"U’EN CaSO, ﬂ%ﬂi?ﬂgiﬁlﬂﬂﬂWiﬂﬂmu1ﬂﬂlﬂﬂ

=2 o I £ dy Y I [ a A o Y Aa
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" o ' 2- o 2- &2 a a 1 I = v {dy
N13NBAIVDIATIU 1¥U CO, 11l SO, “]N@VI‘BWﬂﬂJ@\‘lLLNL‘Viﬂﬂ%%uﬂa@]ﬂﬂi1ﬂ§]ﬂ1imu

. . . o ' ] <} 1w
Higashitani et al. (1993) ulﬁl‘ﬂ']ﬂTiﬁﬂ‘]sﬂWﬁsll’fJ\'iﬂ']ﬁLLW'iﬂiZ%WEJ‘UFNLHJH’Taﬂﬁluﬂﬁ'ﬂ@ﬁ?

= aan d! a d‘ 9 [ A
VYDIWanN CaCo, ﬁ]']ﬂﬂaﬂiﬂ1“§\‘llﬂﬂﬂ\‘1ﬂjﬂﬁli%ﬁﬁa$a'}ﬂ Na,CO, tag CaCl, 1M sganauua

Y o 9 =2 Y ] ] <] Y 1 =
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15

' ' 1 ] <] 1 1w '
NITUNTNTIEIBUINNIT 10 lﬂﬁ WUN Llulﬁﬁﬂﬁwaﬂ@ﬂ'ﬁﬂﬂﬁﬁﬂlﬂﬂ CaCO, Hazwud @13
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aza10 Na,CO, inafon13nef1ued CaCO, MINNNAITazaIe CaCl, tazinauimananaialu

MINDAIVBY CaCO, pENTBoNTA 120 F2 19

o a A 1 [ 1 v

Barrett and Parsons (1997) Idvhmsfinyaninavesauumimanaensneaznou

) ' ) 13 Aa

Y09 CaCO, lagldesazaty CaCl,, CaSO, Hag Na,CO, lvarudn T luauwuinian #il

1 1 <] <3| ' ! [

ANUAUWUUVBIANNLNIKAN 0.45T 1Wuszaziial 30 UIN NOUNITHANATAZANY HAIDIN
Y 1
WUHANA1382A19 CaCl/Na,CO, 1ag CaSO,/Na,CO, 1919181 NUIUAAKANYBY CaCO, ¥4

a A

< ' 1 I 1 N 1 ] <
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[ v
~ o

NINOAIVDY CaCO, D8 DEN A 60 F2TH4
YR ] I 1 <3
Tombacz et al. (1991) I@ANYINAVOUNINANADNTANAZNOUVDAUNANIAIUADY TAY
9 da v g 2 ad o v J
lémsazaren ANV UNEN 0.001-0.06 Twa13d pH 4.2 Mimsnaasanielaaniizin
9 ] v E4
Tvia wazlimsnyudowh Mawansnaaeany WeanududuvesasazmemuIu M3

v Y
ANAZNOUILINUAUAIY

Y o = 1 S o g’ Ao o A A
Kronenberg et al. (1985) ladmsfinywavesauuuimaniuihisiduadoun lag
o = oy A ' <3 Y !
duna  manfdsunlaswenir eduauuuumand il Miowamsnaaoanun M3
o @ 1 <3 1 o 1 1 1 oy 1 1 y
nieaneldaummimaniinasemsuendivewssgnazateeglutih - Tagussivaiiiag

v & < A Ay o o
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mian Wi wannmsthiszyudman ihiuauusimanlufismeun lde Tasuss

o 1 o A A2 ) 1 % 1
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UAQUKYY, HUNUKYY, 1Wan Lag HUINTUY Iﬂﬁli“ﬁ’l‘ﬁ’)!ﬂ'ﬂ%ﬂﬂiu Standard Methods (1995) @4

uaaaluaisian 3-1

{ a a a a J
A1519% 3-1. FHAVIDDOULAZITMIIUATIZH

FHAVDIDDOU e RIGYATAY
IS 2+ . .
upatrey (Ca™ ) EDTA Titration
N A 2+ . .
LN (Mg ) EDTA Titration
3
man (Fe%) Phenanthroline
= 2+
HUINUT (Mn™ ) Persulfate

a > 4 ' I
312 Anmanuaunsalumsazarevesseeulni e ldaumuimian Iuihuaz
a J o g’ A . .. Q
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9 [ 9 9
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Y v 9 9
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Y 1 H
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Power Supply
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U4 3-2. msdadeau lwihatad
=3 9 Y Q‘ Y a : U a
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) [] 3 a J [ 09;
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' Y 9
M13197 3-2. AuauliAveuivIsguazilaa

v

e

g Usnammnduduvessooulih
DREPLIAN
Ca2+(mg /L as CaCO,) Mg% (mg /L as CaCO,) Fe' (mg /L) Mn2+(mg /L)
A 100 102 20.79 10.38
B 204 202 34.53 20.62
C 309 306 43.36 31.25
D 405 408 53.26 4475
E 505 505 65.26 53.75
1197189 100 90 16.68 0

ﬁo
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3.3 1n3esdonIFlumaey
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- n5esguih (Pump) diaTesguiimuuveslus eguihmyuideuluszuy
HUVNDILDA
1 oy Y 1 Qy
- o1 1o PVC 1119 1 17
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v o 1 Y @ g’ o o w A
- ﬂ'J']iJﬁiJWll‘ﬁﬁgT‘i'JNlli\iﬂuuh/‘hﬂ'] ﬂﬂi'\ﬂWiUlWﬁsUfNLl'] HaZanITNIINI1INDDdU

ya 3 a 2 gl
- M35 39U anlsuadeeuluiihnaa

% v < U 0o W A U ‘o”
4.1 #ansznuvaIn M TNauvan lWvhaeanuansalumamdndesuranluii
4.1.1 BUUIENDDOY
o A P} =] A 9
Mmmsnaasananuuauuman i 0.10, 0.13, 0.15, 0.17 tag 0.20T Taesudy

Suanamen MmNy 104 mg/L as CaCO,, WunntiFeony (MY 107 mg/L as CaCO,, N
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< Y [ 1
man MmNy 20.76 mg/L Lm%ﬁlm%fﬂﬁﬁ M1NY 10.88 mg/L mﬂwam‘imamwmwmmg%’u
[l I A A &2 A A = A A <3 =
ﬁu11JLL1JmﬁﬂthﬂTlfllﬁiJWﬁiJﬂ@ 0.20T G]Nll‘ﬂ‘iiﬂﬂ! ULy, UNNULBIY, 1Han, UUINITUE
IMd0DgININ 85 mg/L as CaCO,, 92 mg/L as CaCO,, 9.25 mg/L 11ag 5.47 mg/L MUS9L

a

Uszansmnlumsiidndoouusazriaaaiiudosas 18.27%, 14.02%, 55.44% Way 49.72%

[ [

AUANY ALEad U1 19N 4-1

A a A o v Aa J ~ 9 ' <
AT NN 4-1. ﬂizm/l‘ﬁmwmimimﬂﬂ’e)uclummmawmmmmﬁmmmmaﬂ“h/\h?ﬁ

A9 (LUVLENDDD)

y , Uszansnmmsiiga, %
ANMUUN AU
<3 = A A I =}
man i, T upalsey | uuntieN | wan TRV

0.10 7.69 4.67 47.64 34.83
0.13 9.62 6.54 48.79 36.76
0.15 11.54 9.35 49.57 39.25
0.17 15.38 11.21 53.18 44.03
0.20 18.27 14.02 55.44 49.72

4.1.2 HUUIINDOOU

o A 9 [l I A

Amsnaassnanuduausiian i 0.10, 0.13, 0.15, 0.17 waz 0.20T laeiFy
AuiilSunamna@oy HD 104 mg/L as CaCO,, Huunil@oy 117D 107 mg/L as CaCO,, 1
MAN WAY 20.68 mg/L uaziiuuamila iU 10.88 mg/L MANANMINAABINLINANULY

] I A A £ A |a ~ A A <]
auudmian lihfimungaufe 0207 FelivSuina upaFen, wunil@en, wan uay
UM MA0YININAY 78 mg/L as CaCO,, 88 mg/L as CaCO,, 8.22 mg/L 118% 5.36 mg/L A

o a A o w A 1 a A I
a1al ﬂﬁzﬁmmwﬁlumim%ﬂaaammawuﬂﬂmﬂu?@ﬂax 22%, 15.38%, 60.25% Lo

50.74% aua19y aaanaluaisnei 4-2
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~ A A o v A oy A 9 1 <]
A3 1N 4-2. °]Ji$ﬁ“l/]‘ﬁﬂTWﬂ']ﬁﬂWﬂﬂﬂﬂﬂucluuWUWﬂWaﬂﬂ'ﬂiJﬁmﬁUWNLLNLﬁaﬂUl‘V\I“ﬁW

A1499) (LUVSINDDDU)

M : Uszansammsiniia, %

ANMUNAUINL

<3 ~ A A 3 =

man Wi, Gauss | uaamoy | uunthi®on | man ETRTR TS|
1035 6 5.77 50.91 36.40
1308 10 7.69 52.27 39.61
1510 14 9.62 53.19 41.73
1738 18 12.50 57.35 46.51
1997 22 15.38 60.25 50.74

4.2 wansznuveaussau liihneanuannsalumamdndesurianluiiluiaia
4.2.1 LUUNENDDOY

Yy A

o ~ @ 4 A a = 1
Bmsnaaesiuseau il 10, 20, 30 taz 40 Taad TaasuduiidSunauaadoy v
o [ <3 [
A1 100 mg/L as CaCO,, UtuniliFen (MY 104 mg/L as CaCO,, NIWAN (M1 20.68 mg/L
=\ =\ (Y 1 o ~ A 4
waziinemile miny 10.13 mg/L Mnwamsnaasanuusau Iihimunzauae 40 Toad
&2 A a S A A <} ~ A UL
FaNUua upasey, ununtiFen, 19an wazuuIMid 1APYMINY 84 mg/L as CaCO,, 90
mg/L as CaCO,, 12.87 mg/L 1ag 6.89 mg/L muany Uszaninmluminindeouuaay

sianailuSesaz 16%, 13.46%, 37.77% wag 31.98% mud1dy aauaadlumisnan 4-3

d‘ a a o U A 09, d‘ U \
AT NN 4-3. ﬂigﬁﬂ‘ﬁﬂ”ﬂ/‘lﬂﬁﬂ1ilﬂﬂ9’E)‘L!GI,‘L!L!WTJ”Iﬂ”IEW]LLS\‘IﬂulIWﬂW]NV]

(LUVLENDDOU)
Useansnmmsiva, %
ussgu Wi, Thad B . ) B
upaen | uunti®en | vMan uuamie
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a I~ o w qul {
mg/L as CaCO, ag 0.66 mg/L Aallusosns 21%, 82% ama1ay uazluduaoui 3 @115
Y a I o W a
aANABININD 40 mg/L as CaCO, ag 0.24 mg/L aailudosay 20%, 63% MU WL LazAa

[ qul 1w @ !
Lﬂu%jaﬂazi’mmwmm”mu 60%, 98% ﬂ\‘lllﬁﬂﬂiu@niﬁﬁ 4-13

A a a o v A 3’ Ya 3
M3 1N 4-13. Useaninmmsmvasesuluihiiaalaslss 3UU

Uszansnmmsiiga, %
Gﬁl‘uﬁﬂu‘ﬁ Magnetic Electrostatic Magnetic & Electrostatic
upaiBey | mMan | uaaiien | man AL Man
1 36 77 28 6 31 70
2 21 73 16 49 17 51
3 20 75 16 58 17 66
‘1/%’\114%@ 60 98 50 92 53 95
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519013 mm%ﬁﬁmuﬂqwgﬂ
1. AMANHUSNIMYMN
& (Mmieunanatiu-Tavean) 5
58 (Taste) yifluiivhsaufen
naw (Odor) aiifufivhsufen
ANMNYY (MU8FANT) TaitAu 5
anuiunga-ae (p H) 6.504 8.5
2. AMADBAMZMIAT (MN./aV.AN.)
USnaiansianun (Total Solid 500
1Man (Fe) 0.5
1WamUe (Mn) 0.3
manuazdamila 0.5
N9UA (Cu) 1.0
dan2d (Zn) 5.0
AiaLTso (Ca) 75
Tnuugen (Mg) 50
Fama (SO,) 200
naol3d (CI) 250
vigeo'lia (F) 0.7
luasn (NO,) 45
fanauUFa Fa Inua 0.5
(alkylbenzyl sulfonates, ABS)
asdsznoviluea 0.001
(phenolic substances, as phenol)
3. ;msiluiy nsav.au.)
1590 (Hg) 0.001
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P RLIRE aRRMUUAZIga

a2 (Pb) 0.05

J a
01515710 (As) 0.05
Al (Se) 0.01
Tasdien (Cr VI) 0.05
Tasez lud (CN) 0.2
ey (Cd) 0.01
1583 (Ba) 1.0

4. QUANYUZNINYATIINN

HAAUAITA LNAAAIUG 500
(InTafldegnunarsisudmns)
S A g Y 1
PUNDU o8N 2.2

a 4 4 a @ 1 I'4 a
(TaaWosnoasuNUIlaEy Ao 100 gNUIANIEUANAT)
9.7a'la (E. Coli) gl
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Standard of Drinking Water (WHO)
(Physical and Chemical)

Substances Affecting the Potability of Water Substance

Max. Acceptable

Total Solids 500  mg/l
Color 5  Units
Turbidity 5 Units
Taste Unobjectionable
Odor Unobjectionable
Iron (Fe) 0.3 mg/1
Manganese (Mn) 0.1 mg/l
Copper (Cu) 1 mgl
Zinc (Zn) 5 mg/1
Calcium (Ca) 75 mg/1
Magnesium (Mg) 50 mg/l
Sulfate (SO,) 200  mg/l
Chloride (Cl) 200 mg/1
Phrange 7-8.5
Magnesium + Sodium Sulfate 500  mg/l
Phenolic Substances (as Phenol) 0.001 mg/1
Carbon Chloroform Extract 02 mgl
Alkyl Benzyl Sulfonates 0.5 mg/1

Standard of Bacteriological Quality
90% of Samples in year negative for Coliforms i.e.
90% of Samples MPN < 1.0
INo.Samples MPN > 10

IMPN 8 — 10 not to occur in Consecutive Sample

Toxic Substance Maximum Allowable mg/1
Lead (as Pb) 0.05
Selenium (as Se) 0.01
Arsenic (as As) 0.05
Chromium (as Cr hexavalent) 0.05
Cyanide (as CN) 0.2
Cadmium 0.01

Max. Allowable

1500 mg/l
50  Units
25  Units

1 mgl

0.5 mgl
1.5 mgl
15  mg/l
200  mg/l
150 mg/l
400 mg/l
600 mg/l
1000  mg/l
0.002 mg/l
0.5 mgl

1 mgl
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ACLL P BunuaNdinduIasEaan
1 - Ca2+(mg /L as CaCO,) Mg2+ (mg /L as CaCO,) Fe’' (mg /L) Mn2+(mg /L)
AU b Non-Magnet | Magnet | Non-Magnet | Magnet | Non-Magnet | Magnet | Non-Magnet [Magnet
0 104 104 107 107 20.76 20.76 10.88 10.88
4 100 100 107 104 18.76 14.37 10.88 10.75
8 100 100 107 104 18.18 13.11 10.75 10.37
010 12 100 100 107 104 17.76 12.74 10.75 9.87
16 100 96 104 102 17.63 11.63 10.63 8.13
20 100 96 104 102 17.39 10.87 10.63 7.09
0 104 107 20.76 10.88
4 100 104 13.47 10.63
8 100 102 12.84 10.13
0.13
12 96 102 13.37 9.21
16 95 100 10.95 7.89
20 94 100 10.63 6.88
0 104 107 20.76 10.88
4 100 104 13.05 10.50
8 96 102 12.79 9.92
0.15
12 96 102 11.00 8.64
16 94 100 10.57 7.36
20 92 97 10.47 6.61
0 104 107 20.76 10.88
4 96 103 12.30 9.98
8 94 100 11.14 9.4
0.17
12 92 98 10.25 8.12
16 90 96 9.92 6.84
20 88 95 9.72 6.09
0 104 107 20.76 10.88
4 96 101 11.83 9.47
8 93 98 10.57 8.89
0.20
12 91 96 9.78 7.61
16 87 94 9.35 6.33
20 85 92 9.25 5.47
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A13797 2-2. AMHENALINLHUAN IMATUNNTReMZNEULR9BRBU (LLLITINERRL)

LELTI . Usmaanudnduvesdoou

19y d’ Ca2+(mg /L as CaCO,) Mg2+ (mg /L as CaCO,) Fe' (mg /L) Mn2+(mg /L)

AUy o Non-Magnet| Magnet | Non-Magnet | Magnet | Non-Magnet | Magnet | Non-Magnet | Magnet
0 100 100 104 104 20.68 20.68 10.88 10.88
4 100 99 104 104 20.58 13.96 10.88 10.63
8 100 97 104 102 20.21 12.73 10.63 10.37

o10 12 100 96 104 100 20.21 12.12 10.63 9.42
16 100 95 104 100 20.1 11.08 10.5 8.25
20 100 94 104 98 19.89 10.15 10.5 6.92
0 100 104 20.68 10.88
4 98 102 13.87 10.5
8 96 100 12.68 9.12

0.13
12 94 100 11.53 8.41
16 92 98 10.47 7.43
20 90 96 9.87 6.57
0 100 104 20.68 10.88
4 98 102 13.74 10.37
8 94 100 12.56 9.44

0.15
12 90 98 11.48 8.57
16 88 96 10.32 7.26
20 86 94 9.68 6.34
0 100 104 20.76 10.88
4 94 101 12.88 9.85
8 91 98 11.70 8.92

0.17
12 88 96 10.62 8.05
16 84 94 9.46 6.74
20 82 91 8.82 5.82
0 100 104 20.76 10.88
4 93 100 12.28 9.39
8 90 97 11.10 8.46

0.20
12 86 94 10.02 7.59
16 82 91 8.86 6.28
20 78 88 8.22 5.36
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a Yy 9 a
Usunaanududuvesdoou

usagu | nan, — — — —
y - |Ca” (mg/L as CaCO,)Mg" (mg/L as CaCO,) Fe (mg/L) Mn" (mg /L)
ih, Thad| i
Non-Elect.| Elect. |Non-Elect.| Elect. |[Non-Elect.| Elect. |Non-Elect.| Elect.
0 100 100 104 104 20.68 20.68 10.13 10.13
4 100 98 104 104 19.84 19.42 9.88 9.88
10 8 100 98 102 102 19.36 18.86 9.88 8.97
12 100 96 102 100 18.18 17.43 9.88 8.46
16 100 94 100 98 17.76 15.97 9.88 7.76
20 100 92 100 97 17.24 13.84 9.88 7.34
0 100 104 20.68 10.13
4 96 102 19.29 9.88
8 94 100 17.56 8.74
20
12 92 98 16.14 8.02
16 90 96 14.45 7.41
20 88 95 13.61 7.18
0 100 104 20.68 10.13
4 94 102 19.12 8.88
8 92 100 18.39 8.38
30
12 90 97 17.29 7.5
16 88 95 15.08 7.38
20 86 93 13.13 7.02
0 100 104 20.68 10.13
4 92 100 19.02 8.67
8 90 98 18.18 8.26
40
12 88 94 16.61 7.64
16 86 92 14.97 7.12
20 84 90 12.87 6.89
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TERE(Y o YFmannuduiuvesdoou
vl*v\hﬂL d’ Ca2+(mg /L as CaCO,) Mg2+ (mg /L as CaCO,) Fe' (mg /L) Mn2+(mg /L)
Igaﬁ' o Non-Electro.| Electro. | Non-Electro. | Electro. | Non-Electro. [Electro.| Non-Electro. |Electro.
0 100 100 104 104 20.68 20.68 10.88 10.88
4 100 98 104 102 20.68 18.39 10.38 9.63
8 100 96 104 100 20.29 16.52 9.75 8.63
10 12 100 94 104 98 20.29 14.26 9.75 8.27
16 100 92 104 97 19.87 12.53 9.25 7.16
20 100 90 102 95 19.55 10.82 9.25 6.83
0 100 104 20.68 10.38
4 96 100 17.98 9.43
8 92 98 16.13 8.72
20
12 90 96 13.61 8.19
16 88 94 12.36 7.04
20 86 91 10.67 6.64
0 100 104 20.68 10.38
4 96 100 17.65 9.31
8 92 97 15.86 8.65
30
12 87 94 13.42 7.79
16 85 92 11.97 6.81
20 83 88 10.41 6.46
0 100 104 20.68 10.38
4 94 98 17.26 9.18
8 90 95 15.34 8.53
40
12 88 92 13.16 7.47
16 84 87 11.75 6.48
20 80 85 10.25 6.28
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A3 -5, USannudutisuduueados AUMITNOASNBUVDIDDU NANMITUA LI

uamian 1t 0.20T

a Yy 9 a
Usunaanududuvesdoou

ﬁyws?h nan,
, - Ca2+(mg /L as CaCO,) Mg2+ (mg /L as CaCO,) Fe' (mg /L) Mn2+(mg /L)
YN | UIN
Non-Magnet [Magnet| Non-Magnet |Magnet| Non-Magnet |Magnet| Non-Magnet |[Magnet

0 100 100 102 102 20.79 20.79 10.38 10.88
4 100 97 100 100 20.29 14.84 10.38 9.14

A 8 100 94 100 97 20.1 13.68 9.75 8.63
12 100 90 100 95 19.89 12.42 9.75 7.55
16 100 87 100 93 19.24 11.57 9.25 6.88
20 98 85 100 91 18.38 9.84 9.25 6.39
0 204 204 202 202 34.53 34.53 20.62 20.62
4 204 192 202 197 33.79 27.22 19.38 18.69

B 8 202 185 199 192 31.63 22.79 18.45 17.19
12 200 178 199 184 30.1 19.42 17.29 15.94
16 196 171 197 176 29.42 17.84 16.67 13.81
20 196 164 197 172 28.36 14.79 15.53 11.19
0 309 309 306 306 43.36 43.36 31.25 31.25
4 309 292 304 289 40.63 36.58 29.75 28.63
8 305 276 301 267 42.63 31.24 28.56 25.88

¢ 12 305 254 301 253 41.58 25.21 26.75 21.13
16 297 238 296 242 40.32 19.05 25.25 17.88
20 297 224 296 237 39.79 15.58 23.25 14.96
0 405 405 408 408 53.26 53.26 44.75 44.75
4 405 387 408 391 51.26 46.26 41.25 39.42

b 8 401 342 406 364 48.65 35.08 38.75 33.31
12 401 323 406 335 47.21 28.05 36.52 27.44
16 393 296 401 307 45.83 20.26 34.25 23.81
20 393 268 399 288 44.13 14.25 32.16 17.78
0 505 505 505 505 65.26 65.26 53.75 53.75
4 505 479 504 465 63.26 54.31 50.25 44.56
8 497 421 498 427 60.89 47.16 47.48 35.94

: 12 497 373 484 382 58.47 35.78 44.79 28.56
16 489 314 469 368 55.42 22.89 40.64 20.19
20 489 283 459 324 52.79 13.36 37.75 16.12
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A a 9y 9 a 9 a [ 1 a A [
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Taa
s USannudutuvesdoou
I | 1391, " " " o
, - |Ca (mg/Las CaCO,) | Mg™ (mg/L as CaCO,) Fe" (mg/L) Mn" (mg /L)
BYN | UIN
Non-Electro. |Electro.| Non-Electro. | Electro. | Non-Electro. | Electro. | Non-Electro. |Electro.
0 100 100 102 102 20.79 20.79 10.38 10.38
4 100 96 100 98 20.29 17.58 10.38 9.38
8 100 92 100 96 20.1 15.21 9.75 8.88
A 12 100 88 100 90 19.89 13.58 9.75 8.13
16 100 82 100 86 19.24 11.53 9.25 7.48
20 96 79 100 83 18.38 10.38 9.25 6.52
0 204 204 202 202 34.53 34.53 20.62 20.62
4 204 192 202 194 33.79 26.26 19.38 18.88
8 202 180 199 185 31.63 23.11 18.45 16.63
. 12 200 169 199 173 30.1 19.32 17.29 14.84
16 196 157 197 164 29.42 17.26 16.67 12.63
20 196 149 197 152 28.36 15.37 15.53 11.08
0 309 309 306 306 43.36 43.36 31.25 31.25
4 309 285 304 290 40.63 37.26 29.75 27.75
8 305 267 301 277 42.63 33.84 28.56 24.38
¢ 12 305 242 301 253 41.58 26.95 26.75 20.63
16 297 228 296 231 40.32 21.74 25.25 18.38
20 297 215 296 218 39.79 16.95 23.25 14.98
0 405 405 408 408 53.26 53.26 44.75 44.75
4 405 374 408 383 51.26 42.68 41.25 33.25
8 401 332 406 346 48.65 37.16 38.75 27.75
b 12 401 306 406 319 47.21 31.79 36.52 23.25
16 393 279 401 279 45.83 25.53 34.25 20.63
20 393 247 399 254 44.13 17.47 32.16 17.36
0 505 505 505 505 65.26 65.26 53.75 53.75
4 505 436 504 448 63.26 56.05 50.25 41.38
8 497 361 498 378 60.89 45.58 47.48 35.85
: 12 497 327 484 332 58.47 33.47 44.79 24.13
16 489 294 469 295 55.42 25.37 40.64 18.63
20 489 267 459 274 52.79 17.12 37.75 15.45
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~ a o 1 a A 9 [ <3
ATNN V-7, QUNYUNUNITNOAZNOUUDIDDDU ﬂﬂ’JmmuﬁmmmmaﬂVlWﬁW 0.20T Iﬂfl

9
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1#1ié10619 E

- USudoou
QUNN| 197, — - - -
. |Ca” (mg/Las CaCO,) | Mg" (mg/L as CaCO,) Fe" (mg/L) Mn" (mg /L)
, 0980 | UIN

Non-Magnet |Magnet| Non-Magnet |Magnet| Non-Magnet [Magnet] Non-Magnet |Magnet

0 505 505 503 503 64.21 64.21 52.38 52.38

4 493 469 493 483 44.58 55.36 51.37 45.75

8 470 423 479 456 42.45 46.21 49.98 37.75

v 12 453 381 464 421 40.12 34.1 48.18 30.25
16 426 349 448 393 39.56 23.16 46.73 26.75

20 405 316 435 354 38.14 16.24 45.13 19.15

0 505 505 503 503 64.21 64.21 52.38 52.38

4 485 451 487 464 55.31 52.36 51.07 43.46

8 459 409 476 422 50.87 41.74 49.22 36.01

23 12 440 368 462 387 45.25 33.1 47.33 28.06
16 421 307 439 349 38.76 20.47 45.58 22.81

20 395 281 410 318 34.12 12.32 44.66 16.75

0 505 505 503 503 64.21 64.21 52.38 52.38

4 469 438 482 448 49.42 48.31 50.38 41.63

8 445 377 469 403 44.52 37.63 48.38 33.29

* 12 431 335 442 365 32.76 25.15 46.88 2431
16 392 282 417 324 25.16 17.42 45.36 18.25

20 364 248 392 287 18.45 9.63 44.39 13.31

0 505 505 503 503 64.21 64.21 52.38 52.38

4 463 419 475 421 46.68 45.32 49.88 40.36

8 429 365 440 394 46.42 34.63 47.63 32.38

o 12 396 312 419 361 33.21 21.78 46.38 23.13
16 377 253 394 296 29.23 14.78 45.13 16.83

20 358 214 363 256 17.11 7.48 44.12 10.38
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QuiQill e, — — ~ ~
Ca” (mg /L as CaCO,) Mg~ (mg /L as CaCO,) Fe” (mg/L) Mn" (mg /L)
L0980 | 1

Non-Electro. | Electro. | Non-Electro. | Electro. | Non-Electro. | Electro.| Non-Electro. | Electro.

0 505 505 503 503 64.21 64.21 52.38 52.38

4 498 483 498 488 60.58 57.01 51.88 46.88

13 8 472 426 482 447 57.45 45.74 49.63 40.13
12 458 375 476 379 54.39 36.05 48.38 36.38

16 432 328 455 335 51.37 29.95 47.63 25.28

20 419 287 439 298 48.84 19.56 46.38 18.36

0 505 505 503 503 64.21 64.21 52.38 52.38

4 487 472 487 469 59.79 55.16 51.38 44.88

8 463 418 479 415 55.34 43.58 49.38 37.63

2 12 442 364 464 358 50.23 32.37 47.88 26.88
16 426 312 442 316 46.38 21.79 46.13 19.38

20 408 259 413 268 42.79 16.65 45.39 14.68

0 505 505 503 503 64.21 64.21 52.38 52.38

4 467 455 485 459 56.31 53.16 50.83 42.38

8 441 406 467 411 50.14 42.26 48.83 36.88

Y 12 428 357 438 365 49.47 33.16 47.63 24.38
16 389 285 414 292 43.26 19.05 45.88 17.63

20 355 226 388 234 39.18 12.45 44.26 11.67

0 505 505 503 503 64.21 64.21 52.38 52.38

4 456 424 468 439 52.68 46.36 49.88 40.63

8 418 376 435 357 48.42 37.35 47.38 31.3

o 12 387 313 412 324 41.21 24.32 45.63 20.63
16 362 258 389 263 37.26 15.42 43.88 14.38

20 345 194 356 206 31.53 8.37 41.38 7.95
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) , Q1=0.056 I/s Q2=0.078 /s Q3=0.14 Is Q4=0.23 Is Q5=0.34 U/s
ANULVNTUINLY
< Ca(mg/L as | Fe(mg/L) | Ca(mg/L as | Fe(mg/L) | Ca(mg/L as | Fe(mg/L) | Ca(mg/L as | Fe(mg/L) | Ca(mg/L as | Fe(mg/L)
wian Wi, Gauss
CaCO,) CaCO,) CaCO,) CaCO,) CaCO,)
Control 100 16.68 100 16.68 100 16.68 100 16.68 100 16.68
1035 100 15.13 98 14.87 98 14.61 97 13.42 98 14.21
1308 98 14.47 96 12.76 96 12.11 95 11.05 98 12.24
1510 98 13.68 94 11.18 94 10.92 93 9.34 96 10.27
1738 96 12.11 92 10.21 92 9.08 90 7.89 94 9.61
1997 94 11.32 90 9.08 90 8.29 86 5.79 90 8.67
d‘ Q -7 o % =) 091
AT 1NN V-10. Llﬁﬁﬂulh‘lﬂ'] amwmihlwa Iag ﬂ']ﬁﬂ']ﬁ]ﬂ'ﬂ'ﬂ’l’)lﬂllﬂ']ﬂ']ﬂW@
3 Q1=0.056 /s Q2=0.078 /s Q3=0.14 Is Q4=0.23 s Q5=0.34 Us
usagu Tulih
Thad Ca(mg/L as | Fe(mg/L) | Ca(mg/L as | Fe(mg/L) | Ca(mg/L as | Fe(mg/L) | Ca(mg/L as | Fe(mg/L) | Ca(mg/L as | Fe(mg/L)
a9
CaCoO,) CaCoO,) CaCoO,) CaCoO,) CaCoO,)
Control 100 16.68 100 16.68 100 16.68 100 16.68 100 16.68
10 98 15.26 98 14.88 98 14.22 96 13.31 98 13.93
20 96 14.34 96 13.94 96 13.17 94 11.79 94 12.55
30 96 13.29 94 12.51 92 12.63 90 10.14 92 11.46
40 94 12.37 92 11.33 90 11.06 86 8.84 90 10.40
N
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Control Magnetic Electrostatic Magnet & Elect
$9313 1Ma,
Ca(mg/L |Fe(mg/L)| Ca(mg/L [Fe(mg/L)| Ca(mg/L [Fe(mg/L)| Ca(mg/L |Fe(mg/L)
b as CaCO,) as CaCO,) as CaCO,) as CaCO,)

0.056 100 16.68 94 12.25 98 13.42 96 12.65
0.078 100 16.68 92 11.20 95 11.34 93 11.23
0.14 100 16.68 90 10.52 94 10.79 91 10.76
0.23 100 16.68 85 8.81 92 9.47 88 8.92
0.34 100 16.68 88 10.13 96 10.36 90 10.28

A = oy 3 = P @ J
ATNN V-12. MITUYUNIUUVUVUADULAYN mwmu"lwﬁw 40 I’Jaﬂ, ﬂ@]ﬂﬂﬁllﬁﬁ 0.23

anudyaumuian i 0.15T

v
L/s, 191111/511a5 25 ans

T2YZLINTINIT Control Magnetic Electrostatic Magnet & Elect
wguﬁﬂuﬁyw, Ca(mg/L [Fe(mg/L)| Ca(mg/L |[Fe(mg/L)| Ca(mg/L |Fe(mg/L)| Ca(mg/L [Fe(mg/L)
1IN as CaCO,) as CaCO,) as CaCO,) as CaCO,)
2 100 16.68 90 9.08 84 8.83 88 8.42
4 98 16.63 88 8.33 82 8.14 85 7.94
6 96 16.45 84 7.48 80 7.65 82 7.23
8 96 16.50 80 6.37 77 6.84 80 6.65
10 94 16.32 76 5.44 75 5.79 77 6.02
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2P0 Control Magnetic Electrostatic Magnet & Elect
“M”ﬁﬂuﬁyl Ca(mg/L |[Fe(mg/L)| Ca(mg/L |Fe(mg/L)| Ca(mg/L |Fe(mg/L)| Ca(mg/L |Fe(mg/L)
wf as CaCO,) as CaCO,) as CaCO,) as CaCO,)
2 100 16.63 85 8.29 85 8.55 86 8.12
4 98 16.45 82 7.46 83 8.01 82 7.63
6 96 16.18 80 6.63 80 7.58 78 6.94
8 96 16.05 77 5.32 78 6.95 76 6.07
10 94 15.92 72 421 76 5.66 73 5.28
anuduauaimanlvlih 0,20t
ITYLINNIT Control Magnetic Electrostatic Magnet & Elect
WMHFJEJH‘EL Ca(mg/L [Fe(mg/L)| Ca(mg/L |Fe(mg/L)| Ca(mg/L |Fe(mg/L)| Ca(mg/L [Fe(mg/L)
N as CaCO,) as CaCO,) as CaCO,) as CaCO,)
2 100 16.63 80 6.18 84 8.29 82 7.37
4 98 16.58 76 5.53 82 7.76 80 6.71
6 96 16.32 72 5.13 79 7.12 77 6.06
8 96 16.05 68 4.47 76 6.34 73 5.54
10 94 15.79 64 3.67 72 5.56 69 4.87
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A =~ oy o gas 1 A 9 1 <3
ATNN V-13. MIUYUNIUUWUY 3 VU Iﬂﬂnlflf’)‘ﬁﬁwc] ﬂﬂ’J']iJLﬂJﬂJﬁuHJLLiJLﬂﬁﬂll‘V\lﬂ1 0.20T

v

usagu T 40 Taad, sas1m3'va 0.23 Lis, 19401151103 25 aas

Tumeud 1
ITYLLININIT Control Magnetic Electrostatic Magnet & Elect
wguﬁﬂuﬁyw, Ca(mg/L |Fe(mg/L)| Ca(mg/L [Fe(mg/L)| Ca(mg/L [Fe(mg/L)| Ca(mg/L |Fe(mg/L)
i as CaCO,) as CaCO,) as CaCO,) as CaCO,)
2 100 16.63 80 6.18 84 8.29 82 7.37
4 98 16.58 76 5.53 82 7.76 80 6.71
6 96 16.32 72 5.13 79 7.12 77 6.06
8 96 16.05 68 4.47 76 6.34 73 5.54
10 94 15.79 64 3.67 72 5.56 69 4.87
%umuﬁl 2
JEYTLINTINIG Control Magnetic Electrostatic Magnet & Elect
mguﬁﬂuﬁyl Ca(mg/L [Fe(mg/L)| Ca(mg/L |Fe(mg/L)| Ca(mg/L [Fe(mg/L)| Ca(mg/L |Fe(mg/L)
N as CaCO,) as CaCO,) as CaCO,) as CaCO,)
2 94 15.68 62 2.24 70 4.34 67 3.83
4 92 15.39 58 1.97 68 4.08 65 3.24
6 92 15.27 56 1.45 66 3.72 62 3.03
8 90 15.12 54 1.25 62 3.14 60 2.74
10 90 14.95 50 0.96 60 2.81 57 2.35
%umu‘ﬁ 3
ITYLLININIT Control Magnetic Electrostatic Magnet & Elect
wguﬁﬂuﬁyw, Ca(mg/L [Fe(mg/L)| Ca(mg/L [Fe(mg/L)| Ca(mg/L [Fe(mg/L)| Ca(mg/L [Fe(mg/L)
I as CaCO,) as CaCO,) as CaCO,) as CaCO,)
2 90 14.87 48 0.53 58 2.32 54 2.11
4 88 14.74 46 0.42 55 2.18 52 1.71
6 87 14.61 44 0.34 53 1.84 50 1.45
8 86 14.21 42 0.29 51 1.32 48 1.05
10 84 14.08 40 0.24 50 1.18 47 0.79




HMNARNUIN A

NaNIIINIIZHAZNOU

60



61

aufeulag - (x) 98¥T-9% - 9S0¥S'T “IM - 000°'T AQ X P - % 00°0S ‘A - €(HO)2[g]
aywosd3 - () 66£0-T0 - 9507S'T 1M - 000'T A0 X P - %00°05 ‘A - OZHL YOS [¢]
wnsdA9 - (d) 9¥00-90 - 9507S'T 1M - 000'T :Ad X P - %.T'6Z ‘A - OZHZ ¥OSEO [m]
vodwi | 000'T'2T0"0 punolbyoeg | 050°0 Yoows suonessdo
85:LG'0T 00/ST/Z0 :UORERID - ND 18POUY - S §'0 ‘BWN d3IS -, 020°0 :dAIS - 00008 ‘PUT - ,000'G HEIS - MY 0393]3uou ‘314 [V

3[ess - eleyl-g

199]9-UoUu

000T

0002

0ooe

(siuno)) ui



62

alwosd3 - (@) 6680-T0 - 950¥S'T “TM - 000°T AQ X P - %0009 ‘A - OZH.-vOSBN [@]
awewad - () 9VT-9% - 950vG'T TTM - 000'T :Ad X P - % 00'GZ ‘A - €(HO)?d [@]
wnsdA9 - (@) 9v00-90 - 95075 T 1M - 000'T AG X P - % 8%'8Y :A - OZHZ ¥YOSED [m|
voduwi | 000°T‘000°0 punoiBoed | 050°0 YOOWS | GLE'T INN 3[edS A :suonessdo
TO:VG:TT 00/ST/20 UOERID - ND :8POUY - S 9°0 W d91S - , 0200 :dAS -, 000°0L :PUT -, 000'S HEIS - MV 1031 ‘3l [T

9[edS - vIayl-g

o ot S
,, 1 L : L L ; L 77 L 7 L L O
Il ﬁ ﬁ r
l | L -
_ ﬁ ﬁ +
? , ﬁ +
i ,
. | | -
. — 000T
r r.
L >
— 0002 \nndl
L o
L C
L =
L 2]
N
— ooog
— ooov
v

109]9



63

A Y A
sz Inve

' '
v A =

wnan onsel aiswlngsd adoTui 10 Huew wa. 2518 Nduneiarios
ada  weuunu FuwihAnmsyaulSannas  @wndrimnssudanadon  dnindmn
a J a @ a N o =2 A v o
FnTINmans unImedoma lulaggsus dusamsanyuilel) wa. 2540 meviaaduie
= o Aa AR Y = ' o A a A a A Y] o w
MsfnyIszaulsyaasvainmnuIneszaulIyan InianIsaenssudunaaey  d1in

Aninnssuenans viannaomaluladgsuis



