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Abstract

The adsorption of Cd , Ni and Zn in mixed solution of heavy
metal by top soils ( 0-30 cm. depth ) ,i.e., Kamphaeng Saen ( Ks )
and Narathiwat ( Nw ) which are different in their major cation
exchange materials. The major species of the mineral soils , Ks ,
are kaolinite ( Kt ) and Illite ( I ). Narathiwat soil is clasified
as organic soil which major species are humus. The study was
prefomed under batch experiment by using 0.01 M CaCl, solution as
supporting electrolyte. The heavy matals were mixed. (¢ Cd and Ni,
Cd and Zn , Ni and Zn , Cd and Zn and Cd ) The initial concentration
of each metal is 5x10°* M. The condition of experiment was 24 hr.

shaking time and control temperature. ( 30+ 2 °c )
Experiment had shown that Nw soil had a adsorbent ability
greater than XKs soil for every heavy metal ions. In both soils ,Zn

was adsorbed maximum .whether it was competed with Cd or Ni . Among



these three heavy metal ions , the order of adsorbate quantity on

2+

both soil was nearly identical with the row : Ni“'¢ cd®**¢ zn®**. 1t’s-
found form Calcium - saturated Kslsoil that the adsorbate quantity‘
incressed but the order of adsorbent quantity was still the same as
original Ks soil.

When the pH value of heavy matal ions solution was adjusted to
4 ,5,6 and 7 Dbefore adsorption, it’é indicated that the total
adsorption of ¢d , Ni and Zn was 80.46 , 77.38 , 71.08 and 100.63
peq / g dry soil respectively but the order of adsorbent quaatity

repained the same. Therefore , it could be concluded that the

variation of the pH value effected the total adsorption.
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cd 1000 645.91 35.67

Ni 1000 758.67 24.31
2. Cd+Zn

cd 1000 720.60 28.00

7n 1000 621.15 37.97
3. Ni+Zn

Ni 1000 798.14 20.08

Zn 1000 563.88 43.37
4, Cd+Ni+Zn

cd 1000 650.17 35.42

Ni 1000 756.33 24,67

Zn 1000 599.73 40.53
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Adsorption

ueq/g soil

1 Cadmium

B Nickel

- Zinc

Cd+ Ni Cd+ZIn Ni+Zn Cd +Ni+Zn

Heavy metal

U 4.1 N1TRATUTANCBNIUAITRALAANAN AN TANENED TABAUATUWILFY
9 k]
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4.2.2 AUWTIEINA

A1119 4.4 nTaefuTanswilnTasauuindnd

Tanenin AL ANTUL THAL" ﬁuﬂusﬁuiuduqa” u?nﬁmnwigaiu"
(F1TREREUFN) (ueq/1) (ueq/1) (ueq/g dry soil)
1. Cd+Ni

cd 1000 642.88 37.15

Ni 1000 739.37 27.31
2. Cd+Zn

cd 1000 658.15 32.92

Zn 1000 473.09 55.09
3. Ni+Zn

Ni 1000 840.30 16.57

7n 1000 422.12 60.63
4, Cd+Ni+Zn

Cd 1000 6833.74 38.75

Ni 1000 884.59 12.21

7n 1000 580.25 44.41

[ ]

1 <4 >
¥ A1L23801INARAY -3 AT
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Adsovption

70+ £.] Cadmium

60+ | Bl Nickel

& zinc

ueq/g soil

3249275;? T

Cd +1In Ni+ZIn Cd+Ni+In
Heavy metal
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@ . dﬂluv
4.3 17170ATUTABAUA IMWILFUNANR 1A 18UARL T8N

o g ° AQ‘ e W
A13149 4.5 m‘:gﬁiﬂausuuniaaaumquudunaummauﬂaLﬂau

TanEniin A799 L ANTUL THAL auwutﬁuiuduqa” u?uﬂmnnigaﬁu“
(17322180 1) Wweq/1) (eq/1) (ueq/g dry soil )
1. Cd+Ni

cd 1000 596.14 40.70

Ni 1000 679.00 32.35
9. Cd+Zn -

cd 1000 630.39 37.17

Zn 1000 319.11 88.47
3. Ni+Zn

Ni 1000 743.63 25.87

7n 1000 239.53 76.72
4. Cd+Ni+Zn

cd 1000 805.75 39.54

Ni 1000 776.91 22.37

70 1000 416.04 58.586

4 v
* A1LRAANTTNARAY 3 ATV
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Total of Heavy metal

Adsorption
ueq/g soil

Cadmium

& Nickel

Cd+Ni Cd+1n Ni+In Cd+Ni+In

Heavy metal

” o d4d o
zﬂ 4.4 nﬂ7gaiu7auzuun7aanunwuw@udunauaaaaauﬂaL%au

Cd + Ni Cd+Zn Ni+Zn Cd+Ni+Zn
Heavy metal

- e I o
71l 4.5 nw1gaiu1awzwun1zu11«aunwuwQudunuaunWuwuuﬁunauadavaunat%au
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4.4 ﬂﬂﬂﬂﬁﬁ?ﬁﬂtﬁﬂﬂ?ﬁ—LUﬂdﬂﬂ?u1mﬂﬁTﬂﬁiUTaﬂ8“ﬁn

e -5 . 4# ]
#1918 4.6 n11gaiu1awsmun1aaaunﬂuuquﬂunwLaﬁaﬂq q

Taneniin tiumn1aafy (Meqsq dry soth)
(F172Ca8WAN)
pH 4 PH 5 pPH 6
1. Cd+Ni
cd 26. 46 29.15 20.12
Ni 17.08 11.41 18.42
EE R ] 43.54 40.56 38.54
2. Cd+Zn
cd 18.66 20.55 15.33
Zn 27.10 29.85 24.78
TETRTE P 45.77 50. 40 40.09
3. Ni+Zn
Ni 15.62 13.34 8.82
Zn 28.28 35.09 30.04
TEFTRTIE L P 43.90 48.43 38.87
4, CA+Ni+Zn
cd 26.08 22.73 27.32
Ni 16.38 14,70 8.96
Zn 37.99 39.96 34.81
UTHmTIN 80.48 77.38 71.08

' < H
¥ A1L238N1TNARAY 3 ATY
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Adsorption

Adsorption

ueq/g soil

ueq/q soil

»

40+ £ Cadmium [~

B Nickel

. Zinc

Cd+Ni Cd +In Ni+Zn Cd+Ni+In

Heavy metal

. -~ o
T 4.6 ana’n’u‘ianswuniaaaumuw\mfdu npH = 4

Cadmium

T Nickel

. Zinc

Cd+Ni Cd+1n Ni+Zn Cd+Ni+Zn
Heavy metal

o a . <
TU 4.7 ﬂ']TQH'B’UTRMSVNTITREﬁuﬂ'lllW\lll’i‘u npH=>5
|
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Total of absaorption

ueq/g dry soil

Adsorption

ueq/g soil

35

30

25

20+

15+

10

0+

Cadmium

B Nickel

; . Zinc

Cd+Ni Cd+1n Ni+Zn
Heavy metal

- A )
3” 4.8 n11§aiu1auzwuﬂ1aaaunwquuau npH =686

pH

< v 4 4 4
zﬂ 4.9 ﬂ1u1m11unaqTansnunngngain n pH 4

|

5

Cd+ Ni+7Zn

—*— Cd+Ni

—>—— Cd+Zn

— % Ni+Zn

—CO—— Cd+Ni+Zn
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aNaNuIn 1.

KAMPHAENG SAEN SERIES (Ks)

Distribution : Occupies large extent in the southwestern part of

the Centrzl Plain.

Setting : Kamphaeng Saen soils are formed from semi-recent
alluvium and occur on old levees and breach deposits of the
semi-recent terrace. Relief is flat to nearly flat, wity a

slightly undulating wmicro-relief. Slopes are 1% or less.

Elevaticn ranges from 6 to 20 m. above sea level. The climate is -

’

ropical Savanna (Koppen ’Aw’). Mean annual precipitation ranges

from 800 to 1,500 mm. Mean annual temperature is 27 °C.

Drainage and Permeability : Well drained. Permeability is

-

mederate and runoff is slow. Groundwater level is below 1.5 m.

from the soil surface throughout the year.

Vegetation and Land Use : Mainly used for settlement sites,

gardens and orchards; or are put to upland crops such as wmaize,

cotton and sugar cane.

Characteristic Profile Features : Kamphaeng Saen series is a

namber of the fine loamy, mixed family of Nan Calcic Brown Soils
(National), Udic Haplustalfs (USDA). They are deep, friable,
slightly acid over neutral to mildly alkéline soils. They are
characterized by a brown or dark brown loam or clay loam 4
horizon, overlying a brown or strong brown clay loam, weakly
developed, argillic B horizon. Fine mica flakes occur in all

horizona; but not enough for‘the micaceous family.

Typifying Pedon : Kamphaeng Saen clay loam -- Orchard
form Amphoe Muang, Nakhon Pathom province - Code SW 353/6 (Type
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Location) (moist colours uniess otherwise stated)

Ap — 0-30 cm. Brown to dark brown (10YR4/3); clay loam; weak
coarge' subangular blockys; nonsticky and
nonplastic, friable moist, hard dry; many very
fine interstitial and tubular pores; common
very fine roots; diffuse, smooth boundary; pH
§.5.

B2t -- 30-85 cm. Dark yellowish brown (10YR4/4); clay loam to

clay; wealkk to moderate medium subangular
blocky; slightly sticky and slightly plastic,
friable moist, hard dry; thin, broken, brown to
dark brown clay ccatings in pores and on ped
faces; many fine and very fine tubular and
interstitial pores; few mica flakes; many f{ine
and medium and common very fine roots; gradual,
smooth boundary; pH 7.3.

B3 -- 63-90 cm. Brown to dark brown (7.5YR4/4); clay loam;

c

——

mcderate medium and fine subangular blocky:
slightly sticky and slightly plastic, friable
moists; thin patchy clay coat-ingé; many fine and
very fine interstitial and tubular pores; many
white lime pseudo-mycelia, strongly calcareous,
common wmica flakes; common fine and very fine

roots; gradual, smooth boundary; pH 8.0.

90-130 cm.Strong brown (7.5YR5/6); loam; moderate medium

subangular 'blocky;' nonsticky and nonplastic,

friable moist; many very fine interstitial |

aycelia, many mica flakes; few very fine roots;

pH 8.0.
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Range of Profile Featutes : The A horizon is from 20 to 40 cm.
thick, has 10YR or 7.5YR hues, values of 3 through 5 and chromas
oi."_ 2 and: 4 in 7.SYR hue, and 2 or 3 in 10YR hue. Texture may be

sandy clay loam and structure is weak coarse blocky. Field pH

values range from 6.0 to 6.5.

The B horizon has 10YR or 7.5YR hues, values of 4 and
5 "and chromas of 4 through 8. Reddish browm (5VRS/4 or 4/4)
colours ~ may also occur in the deeper subsoil. Textures mray be
silty clay loam and structure is wealc to moderate, medium blocky.
Field pH values range from 7.0 to 8.0. The lover B and C
horizons commonly contain white, soft, powdery lime; but its

presance is not diagnostic for the series.

Similar Soil Series :

Pran Buri - does not contain amicas or sofi,
powdery lime and has scmewhat lower

pH values.
Ruso _— has a similar profile but lower pH
values throughout, no soft, powdery

lime and has an udic moisture regime.

Principal Associated Soils : These include Nakhon Pathom and

Nakhon Phanom series on the semi-recent terrace, and Saraburi
series on the transition between the semi-recent terrace and

flood plain.
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NARATHIWAT SERIES (Nw)

Classification :

Described by :
N

Date K :

Location

Elevation
Relief and slope :
Physiography :
Natural Vegetaﬁion or Land Use

Climate :

ve

- Climate type
- Annual rainfall
- Mean femperaturs

Parent materizl

Drainage

Permeability
Run off :
Ground water depth :

Other

e

Horizon Depth (cm)

0 0 - 80

11

37

Organic soils

P.Vijarnsorn

September 12, 1974

Plu Thung Ka, Amphoe Yi-ngo,
Changwat Narathiwat

Approximately 5 m. above sea level
Flat; 0 — 1 % slope

Domed. hogs

: Swamp forest

Tropical monsocon climate (Koppen "im'™)

: 2,841.8 mm.

3

: 27.0C

: Organic material

Very poorly drained
timated to bhe slow

Slow.

Near the surface

s i g ey o cnt

Description

‘Dark reddish brown (5YR 3/2, S5SYR

2) peaty muck;  peaty- part

containing very fine and fine roots

mostly; structureless; non sticky,

non plastic; very strongly acid (pH

3.

0,. 80 ~ 120

12

Q).

Dark reddish brown (SYR 3/2) peaty

muck; peaty part containing very

fine and fine Troots
structureless; non

plastic; very strongly acid (pH 3.0).

mostlys;

sticky non
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Remark : Soil pﬁ and texture are determined in laboratory.

Colar are for fully moist soil except _where
designated.

Source : 1. Soil Survey Division. 1979. Detailed Reccmaissance

=~

Soil Map of Nakhon Pathom Province Ministry of

Agriculture and Cooperative, 3Bangkok.

1. Soil Survey Division. 1979. Detailed Reconnaissance

Soil Map of Narathiwat Province Ministry of

agriculture and Cooperative, Bangkok.



Resulls of Soil analysis

Kawphaen Saen series : Ks

Type Profile Code No. Sw-53/6

fange in Mastor Horizoos

faboratory No.ol Topsoil s M - 6513 llorlzon A Horizon I Horizon C
Horizon Deplh e | Ap oL B C Max o Min Ave. | dax Min Ave. Max | Min Ave.
farkicle Size
.\.nnl,\'sis (%)

USDHA Grading? ‘

Sand 42.5 21.8 28.0 G4.0 65,80 J.18] 37.748) S7.AG 4.4 13.13) 66.0 4.5 51.17

St 40.0 50.5 65G.0 28.0 G6z.11] 1t.01] 39.59] 50.61] 30.46] 45.74] 6T.5 9.9 35.0

Clay 17.5 | 26.0 16.0 12.0 30.30 9.33] 22.64] 26.99] 12.08| 24.64] 24.0 5.5 13.83
it 121 uzo . 7.4 6.3 7.5 0.35 T.4 5.66 .68 0.24 5.19] 6.70 8.356 5.4 7.03

13l Kol 6. 3.7 7.0 7.6 6.7 4,06 G.02 g.7 3.u46 3.6 7.0 4.0 §.1

CuCOSX 0.90 0.30 G.90 3.00 2.12 0.39 1.01 3.62 0.39 2.1} 21.45 0.37 .34

Moisture Air Lo '

Over dry % 1.1 1.8 2.7 1.1 4.01 0.79 1.79 2.42 0. 36 1.51 1.2 0.3 0.97

Conduct {vity ‘ .

1§ SECX 10o 10.0 80.0 [6800.0 }700.0 |677.01| 10.0 |194.02]116.6G[725.66}396.45]700.0 11.32]337.4

oA J.22 2.02 ‘1.42 0.82 17.68 0.65 4.4 1.77 0.43 1.0 0.81 0.43 Ong

Exchange

Capacily & Calion

2deq. 100 g)

Ci 10.G6} 16.6 .2 19.5 25.5 S.12] 1061 AT n6 1.31] 14.084) 27.5 0.7 19.23

b 1.6 2.1 3.1 2 f 2.7 L. L.07 4.0 .51 2,161 L7 0.3 1.13

N .0 0.2 0.2 0.1 0.33] 0.82) o.91] 0.4 u.z .35}) o.2 0.1 0.13

va 0.4 .7 fnof 66 ] 12f o2 oz s.ae] ees]l 1ez] 6] a2 27

FAR



Komphaen Saen series @ Ks (Cont.)

Type Profile Cole No. SW-52/6 Ranpe in Hasler lHorizons
LuboruL;ry No.ofl Topsoil 3 M ~ 543 Horizon A orizon I llorizon C

(B) Sum (Cat My HEND) 13.4] 20.6 53.5 20.9 27.36 7.49 IB.GQ 30.04 2.59 IU.QG 38.2 1.5 22.87
A ERLY Acidlyy 3.3 3.8 0.5 0.2 6.21 3.0 4.0 5.79 1.24 3.36 2.1l o ‘ 0.77
(B1A) Sum 16.7] -24.4 54.0 29.1 30.76] 12.3 18.39f 40.14 8.38] 24.34] 38.2 3.6 23.63
iC) CEC Soil 16.1 .16.1 15.1 11.5 22.6808] 9.79] 15.5652) 18.6 5.39) 13.41] 12.1 2.7 0.77
CEC, 1U0 g clay i 05.7] 87.56 94.4 95.0 [121.63) 69.13} 92.7 {10L.67] 44.90 66.18] 95.8 QS.L 65.1
Bose Saluration %

B X 100

C 0 IUQ 100 1o {119.0 33.6671 Bis. 59 3412 31.0 |10} |3lG.O 42.0 152;67
B X 100

BiA 80 100 100‘ 100 | na.24] 7o.89] 7802 100 AT.d6) TT.T 100. 55 a5

P (ppm) Dray N.2 47.6 ‘82.4 4.7 20.5 T8.29] 12.33] 40.238] 60.00)- 3.4 18.048) 20.5 3.6 10.37
IC tppm) Apmon

Acelal.ag 175 TO 113 AT 87,71 79.25F120.03]100.881 47.44(151.31 T3 a8 92.67
Nunber of Profile Sampled : N-35/70, N-38/4- Dabe of Complitation 3

NC-42/G, SW-53/G, SW-5G/2 .

8s



A186UIN 1.

72287901740

- R1TAsAtaudunay Cd+Ni 1ﬁ§uﬁ1quuau1uanw1zﬂf1uﬂ1§Lﬁuﬁnaaiu

1. A21HL TNDUL THA
iwuiuﬂiziduga (equivalent) = (g)(oxidation state)/Mw

Y - '
AMs TNTuL TuARaay Ccd>t = s5x10”% Twant

= 5x10 "x2x10° ueq/l
= 1000 ueq/l
tug17azad 25 nl AUFunm cd®t = 1000x0.025
= 25 ueq
Tug1Tazana 25 nl AuTum Ni®* = 5x107*x2x10°x0.025
= 25 ueq
2. ﬁqﬁnsﬁuﬁuduqa (wisaadu)
a2uL Inauaae cd*’ ﬁauﬁa = 0.363 ppm
13837987 100 4117 = 0.363x100 ppm
= 0.363x100x2x1000/112. 4
= 645.908 ueq/l
tug7aza1a 25 nl MiTunm cd** = 645.208x0.025

= 16.148 ueq

ud1Tazats 25 ml Adinnm NiZ* 0.215%x100x2x1000%0.025/58.71

= 18.8956 ueq

59
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- <
3. ﬂ1uwmngngaiu (neq/g dry soil)

UIMENAUUNY = 0.2482 g

1

< 4 ) B 7]
ﬂ1uﬂmngngaiu (ueq/g dry soil) = (UFumnausafy - UTurandvaadu)

.: [l £ 74
WINUNUNY
a )
UFum cd** nnngaiu = (25-16.148)/0.2482
= 35.885 wmeq/g dry soil
a . 4
UFuna Nit* nanaafu =  (25-18.956)/0.2482

= 24.351 ugeq/g dry soil



168N A.

Free iron oxides

4 o ' 1 ' ' [~ 4 .( lg
Lmannﬁa§1uauiaaﬁ1u1um ugqazagﬂuzﬂnaqtuan@an1ﬂa aanlgdaLnau
o N ' . v o « s <@ ) [} 1 1 Py -3
I LARAUAULT  UATNIMUINLANARAIAATLWINGAIUANS 9 Basug Uinmaasiuanaan
[ ] w . . o . ;
1dana1 8RR IUIUN1T podzolization ua¥ laterization ?«LﬂuuuauﬂﬂiLﬁa
Auuuy podzols uaz latosols AINATAU
PR a ™1 fa . da ¥ 4 ad
Arn1fiTumaasiwanaantinadTs (Free Iron Oxides) niuauld Aedd
&
789 olmyren #5a SCS method
4 4 a
LAgaduawL dy

Atomic Absorption Spectrometers

g17104
1) Sodium dithionite powder (Na,S,0,)
2) Sodium citrate pentahydrate powder (Na,C H,O, .H, 0)
3) Superfloc floculating agent , 0.2% Tuun

< <}

I GEER

) a da w .
1)H98u (niaune 80 mesh) 1-4 nin 1dluz7m nursing awla 237 ua.
2)3d Na,s,0, 2 n7u uav Na,C H_O .5H,0 20-25 n7u asTuzie
. daa 1
nursing nWAuas
2 v ’: nla 2 w al o
3)3NUUALR18A281INAL 3 ATY wazlTusuulTuaT 118 ua.
H)uAi1228 nursing 87l I871AAAAAY-
5) 1nA1718 18 7a1Tu1ATaUNA 250 ua. uanEa superfloc 5 wEA
6)ad7 ualLa818879uT9 15 Iuan
° [ -~ " o 3
TyuiTulTunas nasia81anaTy

3 ¥ ° d ] {
B Aentd 1 du. u§13¢u15ﬂ1a3a1an151ﬂt5aawe1ﬁn§1uﬂ1«3Laswzu

a4 AAS N
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* F_

% F

Fe

Fe

blank

250(f) (Fe___ - Fe )/ (¥x10,000)

blank
% free iron oxides ﬁﬁaé1u§u
dilution factor

A7IuLENAY Fe Tud19azanadadny (ppm)
ATTNLTNTW Fe Tud17a2a"8uuadd (ppm)

V»
YNINAKA A8

82



63

ai[auuIn 9. -

Organic ca;bon
33%133L911sﬁuﬂﬂ?u1m organic carbon Aa. igna9 Wallkley-black
d17180
1. Potassium dichromate ¢ K Cr 0, ) 1 N.
\aTmutdTas ¢ 9 K,Cr 0, 49.04 n¥u azaradamituasuiuuiuia
Wite 1 anT
2. nTadaulintInay
3. niedadwaini Iudu
4. d17UTsnausdvdas  o-phenanthroline-ferrous 0.025 M.
\aTanlaTag : #a o-phenanthroline-ferrous nmonohydrate
14.85 nTu uaz ferrous sulfate heptahydrate ¢ FeS0,.7H,0 ) 6.95 n7u
avangsasiuazifuliuiariiie 1 3a1 Fearsurenauidefauitdi Janda Ferrion
5. Barrium diphenylamine sulfonate
8. #17asan8 Ferrous sulfate heptahydrate (FeSO,.7H,0) 0.5 N
TELTALICTRER FeSO,.TH,0 140 n7w asangdamin  wavldni
Fawdniiniu 15 ua. URaeneti g Tazanatan  uiacIaaneauilitunaT 1 3as
ign17naaasy
1. TAUAUNIBAZUNTIIWGR 0.5 WA.
2. ﬁﬁauﬁ15uﬁ§¢ 10-25 un. &9 wide mouth erlenmeyer flask
3. (AN K Cr 0 (Zudu 1 N. tium 10 wa.
4. LpE1AutinTsanaludnTazans
5. aniwiaunTadaiaineinie U3una 20 wa. uiaipdrfiufisugntavans

wAN L A0
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W
» X
8. A4 flask neliuTsuna 30 wan

.- 4
7. ua2ldutasly 200 wa. uarnTasiatdg1InuzIvaasaan
. o4, v ) v » T
8. wid1rTazanania Tdininieaia FeSO, iawauw 0.5 N Ta81d
. a a { o L < '
o-phenanthroline-ferrous tiusuaiaiaad niaqaiazLUaauaﬂninia1maulﬁui
«al (7]
L1874 34
s . " W <4 ¥ a
9. muuu1dininianana FeSO,.7H O auasudaamin Sutduue

. {9 adad o @ <4 b, V9 .y
10. 1ATENFNTRCRA1ALUUASARIEITIAAIAY mwua‘luaaa‘ldau

% Organic Carbon = (meq K,Cr 0, - meq FeS0,)(0.003)%(100)# f

a4 d v L2
AuNUAY (ATN)



- AREUIN 3.

Cation exchang capacity wia CEC.

4 . .
ﬁawugﬂun17uanLﬂaauuﬁa1aaauu1n (cation exchange capacity)
a q '$4 « ﬁ a 4 o « {
18VAUNTARBARALAUU  WNNEAUAY LiudTuurauARTadauNINANALNTAARARAEA
v ) w v
ﬁuaﬂuwinas§a§a111a
i a da aQ w ' s ﬂ '
ﬂawuaﬁunﬂiuanLﬂaau1aaauunnnaqauna1«ﬂuanu ERANAIINUL KBS
aqa {fo o aad tas t ﬁ aQ e
WA ITILATIENINNNAEITTUBENINL uaALduala

Py s ] o g .
A9 aTIEuRIA1A1 NI lunTean L daawlaaauuinaavaw Arid land

asdg e a
38n1#31aT1e%As I9may Polenlo & Rhoades
4 4§
\ATBNNAWL AL
1. Atomic adsorption spectrometer
4 aQ 4
2. LATAYLTUATHIN
o < 4
3. 17ANUNAN WASWAAALTUATWIAAAUAYL 2UIA 50 Wa.
4. Utrasonic disperse
4 ’
5. LATANLIBY
q170a1
1. d17aza@auéa UTsnaud1s 0.4 N NaOAc-0.1 N NaCl, 60% ELOH,
pH 8.2
\A3au1aTAa : waNE1T NaOAc'3 H,0 '544.33 fiu NaCl 58.44
n¥u uaz ELOH 6 3@T 3 niwsntuiJasreauiuiunasidy 10 3as (1383192800
naw) ¥y pH Tasld NaOH L3u7u 6 N
Yo N
2. #17avatanidaiia (Extraction solution) , Mg(NO), 0.5 N

-

tajantaTas : #v Mg(NO), . 6 H,0 641.1 n¥u  azataalmun

uXFulSuna iy 10 3nT
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ITn1TNRAAY
’ w 1 < aq 4 3.. .
feaudnag1inauunenas  4-5 g Ialunaantzuaiwad Invui U
Y .. 4
fauzuaauaallu
2 4
Tumaun 1 :
1 Q‘ud‘i (d‘i
1.1 1d%17azanaaneIneaTantiiueae 33 wa. , TunaaALTuRTHIANN
a lﬂ o
au  Uakquazizaniduiian 5 wan
. aq P
1.2 1dadmasin i duaIRadaudntazanadd (1942210520 5 wn)
1 £ E ¥ & 4 o
1.3 A28 7 Jud1Tazaranddeanuasinny Lhudiuns duauts
dd o aq dd 2 o 2
1.4 Rd173za8Na8A 289 1UTUNR AR L TUR TUIAN L NUAWEY
] . . 4 . _wa d
1.5 9Qduny sonifier tip wan1lveunAnaznauLian1TnTzang 1d
Q4 o
LaatUTsdna 10-30 N
g v CL z
1.6 3NUUNTAIUA 1-5 Ind HNanHe 4 AT9

¥4 4, % . a . A 4 '
1.7 TuaTIN 4 IzindrTazaradunlanvuazitawllniatuduaaun 2 aald

"

v 4
AURAUN 2
< @ a2 lﬁ <
2.1 LANFITASAAANALUTHIN 33 HAR.UASL2870UUL2RT 5 UIn
. aa d -
2.2 W1l TuaTWIE unTened1Tazana’ld
1 < Jvﬂl & R
2.3 Aa8 7 TudTasaendielalaluataialinies e 100 wa.
wvd q’:
2.4 gNAZI1anKa g 7 ATy

’3 ° es JU s £y Uﬁ
2.5 31uuUdINI TN adTudTeeTIuL Ul 100 HaA.

CEC. (Na, -Na_

a‘l)

Na_-(Cl,) (Na/Cl)

at., sol,_

4 X . .
148 CEC.( meq/100 g ) 10/weight soil sample (g)

e ° ar
Na, = Na ndnataludnsasatadna

¢l = ¢l fdRel8ludTazanadiia

b

. Na = q193¥a18 Na 0.4 N NaoAc-0.1 N NacCl



: 4
A1 TMIAIA2 A TuR I TUAN LR EW a2 AUy IN 28N AUN TA

aad {aq o
NI IUN1TILATIENAR I8 Gillpan

4 4 a
LATRYUAWL Al

17188
UFura Tt
2.

UFura Tl te

3.

UFuna T e

4.

dFu1agin iy

. Atomic adsorption spectrometer

4 ¢
LATA YL TUATWAE

I
270NUNAN LALWARALTUATRIFAALAYL 2478 50 HA.

. Utrasonic disperse

4 ]
LATENL 28N

e

d17azan@andia 0.1 M BaCl, 2H,0

im3aulaTaa : ¥ BaCl, 2 H,0 24.4 n¥u azanasrguindu iy

1000 ua.

#17a¥an8 equilibrating , 0.002 M BaCl, "2H,0
\aien1dTas : §9 BaCl, 0.4889 ¥ azatmdomiiniu U
1000 ¥a. u¥u pH = 7 Taald Ba(OH), w3ia HCI

#17a¥ana reactant 0.005 M MgSO, "TH,0

\aiautiTan = i MgSO, "TH,0 1.232 A% azatsbamuaniy Uy

1000 wa.

d17a£’18 ionic strenth reference , 0.0015 M MgSO, "7H,0

\ATau1aiaa : He MgSO, "7TH,O 0.3700 afu azatasiguinau Uy

1000 ua.
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3EN1TNAAAY
; B J t 74 E 7] ar [} Y 4
1. deaunauunenas 2 n¥u I8unaan s TuaTus
2. 1d#17azats BaCl, iawfu 0.1 M  uinm 20 wa. 1dlumaaa
a {dd_ 14 v v
LIUATWIANITART A
3. dawmdmintlizgiiuiaan 2 #2Tu9
¥, a 4y v
4, awnuuu11ﬂtﬁuaiﬂaé ud15azanantals
' a 4. X v v v
5. Aag 7 Tud1TReatEntdnsld ya2lad1Tazana BaCl, tauau
-~ -« (g
0.002 M 1Fu1@ 20 ua. avluvaansquaTuodin
» ) . 4 _wva 4o a . P
6. wa2lduny sonify avliiwaluaunanaznauinan1TNTZaINad? 101237
10-30 Jun
° a ¢y ' !
7. WvaaaLTuRTRIFuWllL 28 1 F2Tu9
R o ' v )
8. u11uLﬂua1ﬁaéamau1aa11azawan1a
4, X ¥ . » o . -] H
9. indrTazatadiunianyty walfiiaugan 6-9 ntidun 3-4 A9
b 2 | & X YR aq {daa
10. 1uﬁ7q§anwanaunazLnﬁﬂxazaﬂan1anq TMUEINREA L TUATHIANNAURAE
[ 74
fd15azatatif vinniinnan
11. #¥u EC 7ay reactant suspention Taald MgSO, Laudu
o aw o » w
0.0015 ¥ ifu ionic stremgth reference naamaunay uasld MgSO, LI
0.005 M \iudau¥y EC
12. dtdsagnguau
y S {daa y . o 4
13. FevaaaiduaInIANNauLAsd1TasanE 3 nkuE il TR TR A TaL
"
ananils

' a < ¥ . a ¢
14. a8 7 Tud17asa1an1s wawm L aTIew
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v
LANd1TAIVAY

g 4 J 2y
21781713 a7A172 1183 ax ﬂn 15 tayu 1 Laauuniwﬁu-uquﬁau , 2538
aQ " ] EY w {da i a
A3ug wanaua HANTENUTANLAALNANIULARRL YR LARFAAINUABNINTTINTAY

a (" a I's v a a i< v a
saniuuvnaLaag AR TUNNIERE  #1279nad1FRTANNIAAAN AmsINaT-

‘ ( < s

g1dag 3ﬂ1a0n1muuﬂ1naﬁaa , 2527

{ o da ¢ ada ¥ o @ ¢ Y 4 It
FULIAY  JUN28MW BAzAlE  USWINETLUANAY  WNWATNN 5  AWNSLNEATAIFAT

< s 4'
HR1INGIRALNHRTATRT , 2526
s { l v
NTaduND 3¥uns "nﬂigaiuuaznw7UaaﬂaaauﬂaLﬁau difauasdaned aavauduuy”
@ a a e 4 { aQ ™
llunaInands 1213InadrdaTdarzuIaaan ANAIEIAWAN27 3ﬁ1a4n1muu1qsﬂaa,
2533
: o o4 a o ¢ ¢ o.c
tﬁugu NTANRNT  LANTAYAR  AVATTIUSHATART AL LN¥ATAIRAT  unWIInanas
{
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