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Project title (English) SORPTION AND MODELING TRANSPORT OF ARSENIC
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Abstract

Huge amounts of solid wastes in Thailand have long been increased. The average rate,
tend to be increased about 1.2 percent per year. Landfill is the conventional method of waste
elimination but this way may consequently cause contamination to soil and groundwater. This
research was divided into 2 experiments, the first part focused on characterize of the physio-
chemical properties (i.e., soil texture, organic matter, hydraulic properties, soil water
characteristic curves) and the second part was batch experiments concerning about sorption
behavior of soils. The first experiments were used pressure chamber to explore the relationship
between water content (6) and suction pressure head (hp) or described to soil water
characteristic curve (SWCC). It found that van Genuchen (VG) could explain the soil water
characteristic behavior quite better than Brooks and Corey (BC) with high correlation coefficient
(RZ). According to previous experiments, the results showed that Qr is in range 0.02972 to
0.10320, Qs is in range 0.22801 to 0.29802, O is in range 0.00887 to 0.42066 and n is in
range 1.0918 to 1.955. The result derived from sieve analysis and pipette analysis test revealed
that soil texture of eight soil samples is sand and they can be divided into 2 groups according to
moderately differences of grain size distribution curves. The second experiments, sorption
results of 2 groups were fitted well by Langmair and Linear isotherm, respectively. The Langmair
parameters of first group showed that Qm and b were 1.0193 and 0.0464, respectively. The
Linear parameters of second group showed that Kd was 0.0248. Finally, simulation of arsenic
(V) movement with Hydrus-1D model through 2 these soil types within 1 year have been carried
out. Result of this program showed that arsenic moved to a distance of approximately 3

centimeters. Both estimated concentration of arsenic (V) in the first group and the second group



were 130 pg/L and 170 pg/L, over standard concentration according to Groundwater standard
(WHO) (10ug/L)

Keyword: Landfill; Hydrous-1D; Batch experiment, Arsenic (V)
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1.3.1 ANNANNUEUDIANNTU TuAUNLANNARARIY 1 1WA (Soil Water Characteristic
Curve)

Soil Water Characteristic Curve (SWCC) wlunsnAasuiaaud uiusszundnasasazaa9i3unn

ANTUTUAY (Volumetric Water Content) AatlafifuslaaiBunmsiuaiaausu nalininzauna
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Py AnEULIaIAN LA UL I09A LA LT UA LA L0t AuRuT A ALAN AN TR A NI LY

ADIULDAUTIN LA DAIAINNIUTDIAUIINDININTZANY A ATDIZNIUNUANF 19T

100
b=
2 80 Clayey sail
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5 60
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0.1 1 10 100 1000 10000 100000 1000000
Matric suction (kPa)

gﬂﬁ 1.1 Soil Water Characteristic Curve 484 Sand Silt llaz Clay (Fredlund and Xing, 1994)
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1.3.2 N1s@AGU (Adsorption)
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1.3.3 WULINADINNANAAEAS (HYDRUS-1D)
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2.2 NMFFIUTINTRAYR WATNTILATISNAIDL

2.2.1 MDA DAY
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v
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A19799 2.1 QANUARBLNMINIZULRT A UTM

(Universal Transverse Mercator)

AU aTAYA AB9A3A
1 719700 1445140
2 719787 1444438
3 719662 1444966
4 720170 1445291
5 719878 1444807
6 719544 1444544
7 719834 1445741
8 718835 1445059
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curve) Imﬂ?‘ﬁ% Pressure extraction
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2.2.2 NPT ARAZaaaLd ARY (Grain size distribution)

dgj a 2 a wea o . . 2 ]
Han1Inaaesndszinnileauluiesdjiminas Inan19in Sieve Analysis Test Ineldnzunsesan
lwaf 4 10 35 60 wax 230 uay Pipette analysis Test WBR1N174519 Grain size distribution curve

Tnerunresnulunnatumdaiunae (sand) 7 sun

A B C

5U% 2.5 nsAAzIinnIvInAaTIadl ARy
A) NILFTLINFIDEINIAL
B) N9UNA29EN9AUBLITIE MY N0 A LTATEA

C) LA984 Sieve Shaker

Pipette Analysis Test

51U 2.6 N9 Pipette analysis Test



2.2.3 N1INAABINIMNANE N2 ENE NM9TnsNHydraulic conductivity)
AMARRINAENLANE n1sTuNUK) Tneld3E constant-head @aunsanléine

FFa819N NN AL LLLAIRNW LA AZUINNIMN AR ANNT

h He
K = 030122 X log (h—l) X (T) X 36,000
2

K fusdaendl mm/hr

de 030122 ilusnAss
hy = mqumq{iﬁﬁiﬁmnﬂfgméuﬁu@uﬁqﬁm@'Nmmﬂizuaﬂiauxﬁmqmﬂu
LIUFLNAT
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U, = A Euiingei A(Viscosity) Anxg tuunRaesi 1MInl3
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B) m‘mmm‘mﬁﬁﬁuﬂixaw%fmﬁuBhL(Hydraulic conductivity)

224 ANINAABINIAIAINNANNUFUBIANTUIUAUN LA N AUIDIN N URYW  (soil  water

characteristics curve)
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characteristics curve) 1498 Pressure extraction Immiﬁuzﬂﬂgﬂmw%ﬂuauﬁLﬂaﬂuLLﬂmiﬂmm
o dl al dgj o [-3 v o/ s :/I dl v o/ [ ' dﬁl

PUIALBIANNA WL IWIIN TN Ly ad Uaniaz 1 ATuieas1anT A NE N UEIB9AINT U

AU AUAINNALIR9N NuArAelfin1TnIzanafaLazlssinnuedAuLAazfAaat19lagNINIg

wWieuAguAIaINNITMARRIiLANAINA&NN15284 Van Genuchten Equation (VG) kay Brooks and



Corey Constitution (BC) tan1n1staanduni1sinunzanlunisiinnesuiganuduniusaes
g a o o g a & A o o =i
pNTRlWAY TUANAUIBI AuALTINWNANE Tnafian1amasess dsialliRe
1) thAeteAunifukLAsan I NIaaed taeldnseaensasuazinanauellafiiuanqaed
nazuan uazliwileenednld uazindaatelivionisuds e isaatinadusafonm Hagili 2.7(A)
o o 1 dlal o Y o” % o al/ ogl % < % o 3 o o 1 dl
2) Wsnetenandafaan whallianisden miniuls wasanniutinsaetnaussqacluiases
Pressure chamber LA¥MNNM9AIANAUNGDINS 90 lHiAnnua uiazsnnun Auhuiananna (1
walszann 1 avadse 1 AANAY) dunaliaini Regaluaaanainvieauanefisesantn
ann e lulAsas Pressure chamber
dl o 09/ a K 1% ¥ o o 1 al/ 09/ o dl o 1
3) iWanrnAuLarFug AuAunsgnaunauialiitiisaatgeanindan win iveninsmiAn
Water content AMnwutnAaeeingAuLdinese Pressure chamber wiarinnsilaauaausuqasalil
4) Wafiun winvesdoetwluynanusunivuatauds tisastldiinseuig g i 105°C

aul Ausaatrweigaanlduun anniuifag1eldnnisdet wnivery MINUAIasau LAy

NINIFIANUIUNIANLTHI0 AUAL (water content)

11 MMINUBIAN— 1 MMITNVAIAUNLILI

100

ANLENUL AuRY =

5) NN 19N TN AIMNAUNAUFUAIANNTUIUAUA LA NALIRIT NUAUIALILAAIAIAITN AL

(Suction pressure head, cm) Tulnuwau (log scale) AU ANLENNUE AuAY TUuNWA

A B

517 2.8 A) Fostheuvishunudn waliRuBns e 1

B) N131339/28¢i19a4lu Pressure chamber
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519 2.9 1584 Pressure chamber uazuiinilnldfuanusuuediezes

2.2.5 NMIANUIUNIAIAIINIUILULIIN (bulk density) WAZAIAIMNNTULBIFY (porosity)
N1IANANAINULIULLIIN LATAIANNIUIBSAUA NI IFaInnstind eenAuninnIaiu
wuuAsanIwlilianimuns winuiieresiu Inefusaee19anin R ALLLLAYANTNA TR LENIATTB IR

71AgE9Ra 100 §NUNATIURLNAS

1 WINUBIAUNALILTI

ANNNULBUUTINTRIAL = "
1FHRTUDIAL

- 1 —Anumunwugg s
mwwgwﬂmmu = . x100
ATNIUILUIUEYNTA

2.2.6 MINAaIANGNLIsZAYE ngadianauy (V) 1e4hu

1. wisanaNdindusasansazans ﬁ@i%mﬁ@mﬁmmfﬂu?ﬂu 25,15, 10, 5, 2.5 uaz 0.5 mg/L tneld
denlalasmuneann uazlalnielalnnaunaammiusanaun ez s

2. FaPvansuAazAa0tn9L B0 1.000 g laluanan

3. uanasazae e AT uRLlLANA S RIdadiu 1 g Aedisazan 40 mi

4. wehdnuseatniduna 24 datia innads 180 seusiedundt ite iAuduAafuansazans
5. iflepsutuuanan Mannsnisnsesiaetadnanssanensesiued 542

6. ﬁﬁmmxmmﬁliﬁuﬁqmﬂmimmiﬂ%Lquﬁmﬂ?mmmwﬁmwL%u?ﬂ]urﬁhmmmmmmw

#8138 Flame Atomization A3elLATad Atomic Absorption Spectrophotometer (AAS)
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7. AwrumnAdNlse@ns n1sgpduannaAn NN uITd e Buueesan sl ewrigne adu

fosAuiuBuumesasuitlaunavaiaat luarsazans

A B C

5U% 2.10 A) uanssiaethuInaniuasazate TnRanen FTunAaNdindus 19 luaanuseq
B) N13L999q faatinsasnialunaaenaudinaregien

C) nstnaasldsatinadineragiasin

A B

5U% 2.11 A) nansesansazae lindsannnisaeiuiunan 24 49Tug
B) N9zANHNIAILLAT 542
2.2.7 NNIMANLET (pH)

1 ¥ a va v a o | 09’ alx aa Y Y o % % v
mimmmmmwmﬂuumﬂgu 5inng 1EAR 1 NN sl 1 1NALE NAdART ﬂuiﬁL"]J’muLL@'JWﬂiﬂ 5

= :// =K o {
UIN AMNU UINTAAN

5U% 2.12 N19ANLT (pH) 2BIAIBENIAUA B AU
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UNN 3
wamsﬁnmu@zmﬁ%Lﬂmzﬁil"aga

3.1 HAKASNITILATISHTBNAANHUE VM ENTNUDIAY

3.1.1 NZ\]ﬂ’]ﬁ‘VI@Z\]@Q‘M’]‘LILL’]@ﬁf\lz‘ﬂ'ﬂ%ﬁﬁ]au(Grain size distribution)

100 ‘\
90 \
80 \
70
. 60 \
£ 50
=) \
% 30 \
<
= 20 \
10 \\
0 \Q—gg_.‘_‘_
10 1 0.1 0.01 0.001
Grain size (mm.)

Eﬂﬁ 3.1 N9 NLAANNIINIZANLTUIAAAZTRLLT AR (Grain size distribution curve)

YRIAUB ADEINT 1

5U% 3.2 dszinnaeail ehudnuuningldszuudangs(Noorallah, 2009) 184AUABENT 1



100
90
80
70
60
50
40
30
20
10 S

0 —o—o
1 0.1 0.01 0.001

i

!””’

Passing (%)

Grain size (mm.)

gﬂﬁ 3.3 NINWAAINITNIZANLUUIAAAZTBILI ARLS (Grain size distribution curve)

YRIAUF AL 2

5U% 3.4 Uszinnreadd efudnuunlngldszuudange(Noorallah, 2009) 1eAuAa2E97 2
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100 namm

80
70
60
50
40
30
20

10
0 e
1 0.1 0.01 0.001

Passing (%)

Grain size (mm.)

gﬂﬁ 3.5 NINWAAINITNIZANLUUIAAAZ TR AR (Grain size distribution curve)

YIAUF 88T 3

5U% 3.6 Uszinnreaid efudnuunlngldszuudange(Noorallah, 2009) 2e3muAa2t197 3



100 e
== %

90
80
70
60
50
40
30
20

10
0 ] SRSe===
1 0.1 0.01 0.001

Grain size (mm.)

—"‘

ol

7

Passing (%)

gﬂﬁ 3.7 NINWAAINITNIZANLUUIAAAZUBILI AR (Grain size distribution curve)

YNAUF 29897 4

5% 3.8 dszinnaeail ehuanuuningldszuudangu(Noorallah, 2009) 104AUABENIT 4
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100 O s
90
80
70
60
50
40
30
20
10

0 aesess ass

Passing (%)

1 0.1 0.01 0.001

Grain size (mm.)

gﬂﬁ 3.9 NINWAAINITNIZANLUUIAAAZ DL AR (Grain size distribution curve)

YIAUF 298197 5

5U% 3.10 Uszimaeall efustuunlnglfszundangu(Noorallah, 2009) 2eAuAa2t197 5
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100 ::::i!i
90
80
70
60
50 \
40
30
20
10 i

0 HH 1 s ——
1 0.1 0.01 0.001

a"”

/

Passing (%)

Grain size (mm.)

gﬂﬁ 3.11 NTINLAAINIINTZANLTUIAARZURILT AR LS (Grain size distribution curve)

YIAUF 18897 6

5U% 3.12 Uszimaeail efustuuningldszuudangs(Noorallah, 2009) 183Aus 398199 6
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100 e
90 H
80
70
60
50
40
30
20 NG
10
0 — R

1 0.1 0.01 0.001

Grain size (mm.)

ﬂ"‘

Passing (%)

gﬂﬁ 3.13 ﬂ'a"W\lme\‘m’]?ﬂ?zmwmm@mmLﬁmau(Grain size distribution curve)

YIAUF 889N 7

5U% 3.14 dszinnaeail ehuanuuninglszuudangu(Noorallah, 2009) 104AWABENT 7
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100 —
90
80
70
60

/
1""’

40
30
20
10

i e

1 0.1 0.01 0.001

Passing (%)

/

Grain size (mm.)

gﬂﬁ 3.15 NTINLAAINITINTZANLTUIAAAZURILT AR LS (Grain size distribution curve)

YIAUF 889N 8

5% 3.16 Yszinnaeail ehuduuninglszuudangs(Noorallah, 2009) 194AUA 20197 8
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100

80 X
70
60
50
40
30
20
10
0 fh, "ESS
1 0.1 0.01 0.001

Grain size (mm.)

a"”’

Passing (%)
~

A
N
N
N

gﬂﬁ 3.17 NTNLARAINIINTZANLTUIAAAZURILT AR (Grain size distribution curve)

YDIF VDI ALNANUDIN 98 Bl IDEIN

5% 3.18 dszinnaeail ehudnuuninglszuudangs(Noorallah, 2009) 2104838 AUNAN



100
90 —— 102197 1
80 [+ O 0197 2
70 \\ - O— F0tinai 3
60 \\ . o 08T 4
- 50 \ Foneinaii 5
z @ \ |
s \ —— 01471 6
£ 30 ;
% \ —— a7 7
~ 20 = .4
el (130121197 8
10
= (1A 1HAN
0 t .
e — ]
1 0.1 0.01 0.001

Grain size (mm.)

g‘ﬂﬁ 3.19 NINWLAAINITNTZANHUIUNAANZUDILTA AU (Grain size distribution curve)

YDIB IDEINNALIN B Bl IDEIN

| o A | | |
ANREINN 1 e AR 2 © AIRLNN 3 @ ANRLNNN 4 e RAIBLNN 5

| o A | o
RAIBLNN 6 AR 7 AIBLNN 8 @ FARENNAN @

5% 3.20 dszinnaeail ehudnuuningldszuudangu(Noorallah, 2009) 184AUIT 98 A9t



100
90
80
70
60
50
40
30
20
10

Passing (%)

o
O 510199 1

—— 20147 3

o

o
\ and AN

O ——
0.1 0.01

Grain size (mm.)

0.001

gﬂﬁ 3.21 NTNLAAINIINTZANLTUIAAAZURILT AR (Grain size distribution curve)

WAZWYNLANAMNARIALARDLY (Error bar) IBNALFA2DENN 1 LarAusasinei 3

100
90
80
70
60
50
40
30
20
10

Passing (%)

L.
&= 182197 2

L 4

Foneinad 4
Foeeinaii 5
—— 7821471 6
—— 097 7

Lo
0= 5108199 8

0.1 0.01

Grain size (mm.)

—— F1aR

gﬂﬁ 3.22 NI NLARAINIINTZANLTUIAAAZURILT ARLS (Grain size distribution curve)

LAZLINLBNAMNAAIAAADL (Error bar) 189AUFA 88197 2 WaTA2a8iN97 4-8
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100
90
80
70
60
50
40
30
20
10

Passing (%)

- G108190 1
o oA
—t= $1708°9N 3
' A
aAunay 1

#0819 2

0.1

Grain size (mm.)

0.01

0.001

ttd

faodn 4
§1061# 5
§10610 6
fr0di 7

#0819 8

bt

Anay 2

g‘ﬂﬁ 3.23 ﬂ'a"W\lLLzﬁmﬁﬂ’]?ﬂ?x@’m"Hmm@:ﬂJﬂ\‘lLﬁmﬁu(Grain size distribution curve)

WAZLYNLANAMNARIALARDL (Error bar) U995 288N9ALWYT B FAaasig
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3.1.2 HANNINARAIUIAIANNE N U1 AN NI UA WA LA N A W89t MR (soil water
characteristics curve)
NYINARBINIANAINE WRUFURIANTRIUAUT LA N W91 11AY (soil water characteristics
curve) Tnel47% Pressure extraction ANx3U8s ASTM D 6836 tasnisifiudieyamanuaulupun
o e 422 o
asuulaslln uauIAIe9ANAURANAUWINGL 1.0, 1.5, 1.7, 2.0,2.5, 3.0 bag 4.2 kPa N1N13
[3 v % 'S :/I a 1 o [~ A o dl dl v o o '8
Audeyadunnviaz1 A Ansanuungn 2 ey NalandfInIIen 1 1iNea319n s N A NANTUE
A NTRlUAUAUAMNA WIa9l AuAuntalBin1InszanafanarszinnaesfuLAaziattalns
=

WUIIANRINANNTTTAY Van Genuchten Equation (VG) NAMMMNIZANIUNTIUINIBELNE

ANHNA NWUSIa9AMNNTUIUAUAUANA WD AURUIAINUNANE

AN9N9N3.1 LAAIATNIIIRLAR 5N IFRanNI N A NE N LS Ie9A N I UAUT LA N A 1R AUAY

pumia | g 0, o n
1 0.19320 | 0.29702 | 0.00887 | 1.89787
2 0.12620 | 0.23384 | 0.20899 | 1.09180
3 0.09619 | 0.29360 | 0.42066 | 1.27262
4 0.08440 | 0.22801 | 0.11341 | 1.16668
5 0.10845 | 0.27228 | 0.25002 | 1.37487
6 0.06036 | 0.23705 | 0.05180 | 1.45171
7 0.02972 | 0.29802 | 0.05933 | 1.95500
8 0.08224 | 0.25557 | 0.03843 | 1.69491

ﬁIWL'ﬂ?}IﬁI 0.09760 | 0.26442 | 0.14394 | 1.48818
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sun

3.24 WA soil water characteristics curvelpgiaun191a4 Van Gunuchten 2a3AUs 18199 1

3.25 WA soil water characteristics curve TagaNN17399 Van Gunuchten 198U 21081971 2

3.26 WARAY soil water characteristics curvelagiaun19284 Van Gunuchten 1a4aUA 208199 3
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3

3

3

1

1

i

]

i

3.27 WA soil water characteristics curvelagiaun19184 Van Gunuchten 1a4aUs a9 4

3.28 WA soil water characteristics curvelagiaun191a4 Van Gunuchten 1a4aUA 208NN 5

3.29 4A4 soil water characteristics curvelpgiaun199ad Van Gunuchten U84A1F 2198199 6
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gu

]

sun

3.30 L&A soil water characteristics curve Iag&uN13289 Van Gunuchten 189AUA 2081497 7

3.31 @AY soil water characteristics curvelpeiaun199ad Van Gunuchten U84A1F 2192199 8
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3.1.3 N@m:‘mmmmﬁﬁuﬂi:aﬁrmﬁmtJ’m(Hydraulic conductivity)

AN9N7 3.2 WAANANANUTENE NN9TNHNUIAULENUA N ALLE azF a9

4| AndudsgAngnnstueinu
Faag1ai class
(mm/hr)
1 417 moderate
2 2.44 slow
3 49.17 rapid
4 0.51 slow
5 114.12 rapid
6 4.94 moderate
7 82.45 rapid
8 22.51 moderate

5119797 3.3 WARIAANLTZANTN 9 TUNIWIBIAUNG WA 1 UATNGNT 2

nquil | AndutszAngnisdudion | class
(mm/hr)

1 26.67 rapid

2 37.82 rapid




3.1.4 HANNTANUIUMIATIANMNLIULIIN (bulk density) Lmzmmwwgmmﬁu (Porosity)

FIN997 3.4 LAANAIAINULILULGIN (Bulk density) LATAIATNNWIUBAIAU (Porosity)

_ | Amanavnudusn |
Fiaginey ANATHNTU
(glem?) "

1 1.65 0.31

2 1.90 0.23

3 1.49 0.29

4 1.80 0.22

5 1.67 0.27

6 1.66 0.24

7 1.41 0.30

8 1.78 0.25

513797 3.5 A UANTT NN BN WaasAU LR LTANEN

Saumtad 1 2 3 4 5 6 7 8
szl e sand | sand | sand | sand | sand | sand | sand | sand
Sand (%) 97.44 | 96.94 | 96.50 | 92.78 | 96.34 | 92.18 | 95.14 | 93.94
Silt (%) 250 | 2.82 | 3.36 | 6.71 282 | 6.00 | 443 | 5.29
Clay (%) 0.37 | 0.00 | 0.22 | 029 | 0.10 | 0.25 | 0.19 | 015

&ulse @D AnuTuEu
0.10 0.06 1.18 0.03 2.74 0.14 1.98 0.54
(m/day)

o (pH) 474 | 561 | 555 | 537 | 447 | 614 | 6.58 | 4.96

ANTNUULUTIN

3 165 | 190 | 1.49 | 1.80 | 1.67 | 1.66 | 1.41 | 1.78
(glem?)

AITNNWTU 031 | 023 | 0.29 | 0.22 | 0.27 | 0.24 | 0.30 | 0.25
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3.2 HAKASNITILATIEHTDYARN HUSVINLANDIAY
3.2.1 HANTAATUURINITUY

AuUNg NN 1
mﬂmimm@mmmmwﬁ(Batoh Experiment) waz 1 Isotherm 3 wuuluniseduneldun Linear
Isotherm, Feundlich Isotherm waz Langmair Isotherm Junnsiansainmaud uiusuazidseuiey

ANAUANWUEA 93117 3.32 — 3.34 Taawudn Langmuir Isotherm axn3nesLNEaNnIsliANA A

0.6

0.5 y=0.0402x-0.0112 *
0.4 R2=0.9625

).3

C *
S ).2 //
0.1

O T T 1

Caq

5U% 3.32 uanennIg ATUTEIAN UL LINear isotherm 1BIAUNGNT 1

0 : : : : : .
0.2 (L 0.2 0.4 0.6 0.8 1 1.2
L 2
0.4 y=0.9172x - 1.3572
-0.6 R2=0.9816

. 3
logCs o8 v

-1 /
-1.2

/

-1.4

logCqq

519 3.33 uanennIg ATUTEIAIIMLULL Freundlich Isotherm 19IAUNGNY 1
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25

20
y=21.097x + 0.981
15 R2 gnrr

fal
N =U.JJ50

1/C; 10
5
0 . . . . .
0 0.2 0.4 0.6 0.8 1
1/Cqq

519 3.34 uanIN19n ATULBIANTUYILILILangmuir Isotherm 289AUNG N7 1
AUNG N 2

@ﬂﬂm?‘l/lm@ml,mmm_mﬁ(Batch Experiment) waz 1 Isotherm 3 wuulunisesuneldun Linear

Isotherm, Feundlich Isotherm Laz Langmair Isotherm lumi@ ANA NS UAz TR LAN

anduAusA 93117 3.35 - 3.37 Taewwidn Linear Isotherm @ 11snabLNaaun316a74 A

0.4

03 /
y = 0.0248x - 0.004 ,4/”//’
2 _
0.2 R? = Oﬁ/

Cs
0.1
O T T T 1
o1 5 10 15 20
: Car

519 3.35 uanennIn ATULBIAIALULL Linear isotherm UBIAUNGNY 2



0
-0.5
logCs, 1
-1.5

-2

1.5

0 0s :
%
y=1.1106x - 1.7199
R?=0.9948

logCqq

519 3.36 uanIN199 ATUBBIAIMLULL Freundlich Isotherm 19IAUNGNY 2

40
30
10

y = 53.495x - 1.6018 /
R?=0.9959
0 0.2 0.4 0.6
1/Caq

0.8

519 3.37 uanIN1I9 ATULBIANIULULLLangmuir Isotherm T8IAWNE 17 2

5119799 3.6 AMNNTFILNLUNIIA AFLAINNIINARBIULILLUNG

o Linear Freundlich Langmuir
ARENT
Kd R? Kf n R? Qm b R?
1 0.0402 | 0.9625 | 0.0439 | 1.000 | 0.9816 | 1.019 | 0.0465 | 0.9955
2 0.0248 | 0.9971 | 0.019 | 0.900 | 0.9948 | 0.624 | 0.0299 | 0.9959
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3.2.2 NANTFAWBINTLAR AUAIaEIsUYlAL ldULUS1MBINIAdAAEAS HYDRUS -1D

MW‘J"N‘?I 3.7 ANWIINRLAATH NS “]QLuﬂW‘E@%‘WQLLUUﬁ’]@@Q HYDRUS-1D

Q’]ﬂﬁﬂi’m‘ﬁ 3.7 Li’]mmmm@qumﬁLm?ﬁ@ﬂ’ﬂumm’éwLmur«‘i’m@wmmimﬁmmﬂﬁ

AINNMIMIANNA NN UFIENIN BuniA TR luANT UANALT9H 1 TUAWSWCC) LazAIN1Ig A

TUYBIATUY

. o
nguy 1

31/7 3.38 uanINsLARAUA MTaIANIUY (V) Hauaun BN s0a 1 Twoat Taasaungui 1

CONCENTRATION (pg/L)

NINAaeY | MNmes ﬂ@"mﬁ1 ﬂ@:mﬁ2
Q. 0.144695 | 0.081895
swee Qs 0.295310 | 0.254128
n 1585245 | 1.455828
o} 0.214765 | 0.120330
K, - 0.024800
Sorption Qm 1.019300 -
b 0.046400 -

1.20E+03

1.00E+03
8.00E+02 \
——

6.00E+02

4.00E+02 -

2.00E+02

100 200

TIME (DAY)

300

400

40
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s
NaNY 2
1.20E+03 -
1.00E+03 =
S, 8.00E+02 e
= F — 1 cm.
=z L
O 6.00E+02 —— 2 cm.
2 C
é L —— 3 .cm
£ 4.00£+02
s ; —— 4 om.
O 2.00E+02 5 m.
9 C
IR et
0 100 200 300 400

TIME (DAY)

91/7 3.39 uanINsLARAUA MTBIANIUY (V) NuAuR BN N TwoaT Taashunguin 2

.
NGuN 1

1.20E+03
__ 1.00E+03
-
E \ —t— )
< 8.00E+02 S
=
o —— 1 cm
l—
§ 6.00E+02 —— 2 cm.
-
E —— 3 cm.
o 4.00E+02
% \ — 1 cem.
@ - L E "

\
|

0 1000 2000 3000 4000
TIME (DAY) |

917 3.40 uanINsLAREUA MTBIANIUY (V) NIuAuR BN A2a 1 Twaa10 TaasRung i 1



ngunN 2

0 1000 2000 3000 4000
TIME (DAY)

1.20€403 -

1.00€403
2 800402 - s=0cm
= —— 1 CM.
=
3 6.00e402 - -
-
§ — 3 M.
£ 4006402 -
z —— 4 cm.
g
o .otz — Lo
o
|

9107 3.41 uanINsLARAUA GTBIANIUY (V) NuAuR BNAAa1 1 Twa10 Taesfungui 2



un 4
dguuazandsananisiag

4.1 dgduazanisananisnaaag

4.1.1 ANBULABINTARZIUIATDILT AR

1
=S

@ﬁﬂmiﬁﬁmi‘wmmmmm@mmmmLﬁmﬁuﬁmmﬁuﬁﬁﬂmmmﬁuﬁq 8 FNALINAINNIILAL
faatauuugnsunaulaeaing wudnautawsiu sand Nndaet1suaziiiesainuunliinuesnsam
= 1 o K A [ 1 A | dl % a o 1 dl !

Nﬂ'J’mLLMﬂ51qﬁﬂu@\i@'ﬁﬂqﬁ‘ﬂuﬂﬂﬂ@‘mmu'ﬂﬂﬂL‘]Ju2 NAN AR NQNN 1 1ﬂLLﬂﬂuﬁlQ®ﬂWQW 1Uae 3 49U

naud 2 lFunmusnectnam 2, 4, 5, 6, 7 uaz 8 Tnadun 2 nguiauiadafuiusand

412 FnEnizANALRLEIa9A NI lUALILANL A9 LuAL (soil water characteristics
curve)

Tnaldannnsa99 Van Genuchten (VG) Wazdun15189 Brooks Waz Corey (BC) lunnsAnsnunen
Anud U msA TR U LA LA L0 AuRua ST RN ReLeuA1a NN aaeaiy
mﬁi’ﬁmﬂﬁmumﬂm Van Genuchten (VG) az@un197u88 Brooks Las Corey (BC) ﬁﬁlq@’mmmi
NARDINLIANAIAINNTNAAD I BIAUF 2R ENT 1,3,5,6, 7 k8% 8 AANdNRusuann19229 Van
Genuchten (VG) 4MNN91&un13189 Brooks LA Corey (BC)nanaAesandasiug ( R2) #l&ann
@NN17 van Genuchten (VG) 49n4148N13284 Brooks WazCorey (BC) usiAuFIetned 2 uas 4 T4l

g1unrnesLne lRfaeann1318e Van Genuchten (VG) Baz@un19184 Brooks way Corey (BC)

4.1.3 NaN19R) Wﬁﬂ‘ﬂ@ﬂ@’]ﬁ‘ﬁl{}

v
o

"Lumiﬁﬂmmi@mﬁmmmwmmmwmmLLUULLUWTLﬁ@mﬁuﬂi:awéﬂﬁi@msﬁum 3 Isotherm
16ur Linear Isotherm, Freundlich Isotherm wazLangmuir Isotherm wWusANdu1szAnsnsgady
mmﬁuﬂ@:uﬁ 1 Lmzﬁuﬂ@uﬁ 2 AMN308BLNEANNANRUTIBIAINNIY AT UTRENIUYLARAINaNNNT
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4.1.4 uANNIRNABINITAREUATBEN MY (V)T WiTenlun AW Wi WANHIANILILA1a89
NNARAEHS (HYDRUS_1D)
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n.1 LLAAY soil water characteristics curve mmﬁu@qmﬁmﬂﬁﬁ1

N.2 LLAAY soil water characteristics curve mmﬁu@qmﬁﬂwﬂ2
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n.3 LL@M3 soil water characteristics curve ?J'aﬁuﬂmﬁﬂwﬂf/'](%

Nn.4 LLAAY soil water characteristics curve mmﬁuﬂmﬁﬂwﬂﬁ4
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N.5 LW&M3 soil water characteristics curve mmﬁu@qmﬁﬂHWﬁS

.6 L&M3 soil water characteristics curve mmﬁuﬂmﬁﬂwﬂﬁG
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N.7 LLAMY soil water characteristics curve mmﬁuﬂmﬁmﬂflﬁ7

N.8 LL&@M3 soil water characteristics curve mmﬁuﬂmﬁﬂEWﬁS
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