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Effects of Na-bentonite on Soil Chemical Properties in Natural Gas Pipeline Rights

of Way
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Abstract: Sodium bentonite (NaB) is a lubricant used in the horizontal directional driling (HDD) to penetrates
through obstacles for constructing natural gas pipelines which cause bentonite contaminated in natural soils in
the construction site. This contaminant may affect the change in soil chemical properties. Therefore, the studies
on the effects of NaB on soil chemical properties in natural gas pipeline rights of way was carried out to evaluate
its effect on agricultural soil properties. The experiment was studied in three acid sulfate soils and three normal
soils collected from the natural gas pipeline from Rayong to Nonthaburi. The acid sulfate soils with the presence
of sulfuric horizons were Sena series (Se) and Ongkharuk series (Ok). The acid sulfate soils containing the
sulfidic horizons was locally named as Bang Nam Priao series (Bp), whereas the normal soils were Sattahip
(Sh), Satuk (Suk) and Huai Pong (Hp). The soil samples were artificially contaminated with NaB and incubated
with the ratios (NaB:soil) of 1:10, 2:10, 3:10, 4:10, 5:10, 6:10, 7:10, 8:10, 9:10 and 10:10, respectively. After
incubation for two weeks, the soils were analyzed for their pH, effective electrical conductivity (ECe),
exchangeable sodium percentage (ESP), sodium adsorption ratio (SAR), cation exchange capacity (CEC) and
exchangeable sodium (exch. Na). The results showed that increasing NaB significantly increased with pH, CEC,
ESP and SAR of acid sulfate soils, as well as significantly raised EC_, CEC, ESP and SAR of normal soils.
Furthermore, NaB rates had and exponentially correlated with soil chemical properties especially pH ESP and
SAR for acid sulfate and normal soils. Our results imply that the NaB can alter agricultural soil properties,
especially ESP and SAR. These soil parameters need further management to yield the normal range when the
contamination ratio of NaB to soil of 1:10 occurs.
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Table 1. Soil sampling sites

Soil series Elevation and coordinates Location Land use
Acid sulfate soils
Sena (Se) 22 m. AMSL, 47P 0669874E, = Wang Noi district, Phra Paddy rice
1531555N Nakhon Si Ayutthaya cultivation
province
Ongkharak (Ok) -7 m. AMSL, 47P 0697268E, = Bueng Ka Sam subdistrict, Paddy rice
1571995N Nong Suea district, Pathum cultivation
Thani province
Bang Nam Priao (Bp) 12 m. AMSL, 47P 0703210E,  Lam Sai subdistrict, Lam Paddy rice
1543494N Luk Ka district, cultivation
Pathum Thani province
Normal soils
Satuk (Suk) 54 m. AMSL, 47P Tha Bun Mi subdistrict, Ko Cassava planting

0753762E,1475160N

47 m. AMSL, 47P
0738261E,1413869N

Huai Pong (Hp)

Sattahip (Sh)
1404079N

14 m. AMSL, 47P 0736119E,

Chan district,

Chon Buri province

Map Kha subdistrict,
Nikhom Phatthana district,

Cassava planting

Rayong province
Noen Phra subdistrict, Sugarcane planting
Mueang Rayong district,

Rayong province
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2) Fuutasasimpannanidasuls
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cation exchange capacity (cmolc kg™')

nrsAmszinaaadlaiR aniuunalusfanis
wReuulassninmaniaasiu
AsAneNaTel A e Nuune AR anis
wasulasaunAmantiaesdiv Inenidanenamuia
6qnnu NUuAulsAsNune s ludnadou
Trmenune e wmingy 1:10, 2:10, 3:10, 4:10,
5:10, 6:10: 7:10, 8:10, 9:10, 10:10 FaiflugAsd1ans
st anseawumelududuannties llnuan
paalfidn ez 37 Asuduauny Wunan 2
Aadi navandusiuuds auliiuia (gauugi 60



uaradlgiAgnuunaludAaa Nt 1A IaIR UAINLUITNNARIATETTNT A

Q4ANLTALTa4) (Chitamart ef al,, 2018) a3 LA
A1 pH, EC,, CEC, SAR, ESP 1a¥ exchangeable Na
ilerinanaians i andiiusae linear equation
LWAaZ exponential function

TnAssLune s (Table 2) AlElunnsAnen
Haeauseguussnn danisialadn (EC) AN
ﬂ'ﬁﬂfmmqmeﬂ?iﬂmmm”lxa@'au (CEC) gawnn §
Bunnuuaadan wintd@sn Masuuasinunaday
waniwlasnily (exchangeable Ca, Mg, Na uag K) J#n
31.13,7.73,53.94 uaz 0.72 1lwus luasanlania
ANATAL %a@ﬂu"lmzﬁuﬂmﬂmqﬁqqq AAAIUNT
aadulniAan (SAR) geun waviesazlain ey
wanuaendld (ESP) luszsiigaann

NANITNANRAY

ANTAMINANAIDIAY

Aufiinsnend andimeilanduazied
mﬂdauﬁ’:\mmﬂdmﬁuLLﬂﬂﬂmui’mqfﬁuﬁ’nﬁmau Tne
EmﬁyﬂﬁmLﬂuﬂ@;uauﬁﬁﬁﬂwmzﬁjﬂﬁuﬂﬁuﬂzﬁmﬁu
ilear@ualufuiuny wasnguAniiesndaemliu
nandieazianludunusns daunguannATianns
Lu@mu@ﬂ'luﬂamumwmum@ BenluduRuuy
waznguaniansnuunaniaileazdanluduau
a9 e nseupqumnnauileAuRaeauaYiedsfing
8990917 9HANNITAIATIZTNNTUANNIZAN IR
AUNNARY (Table 3) WUGN TARWLAU (Se) TAFY

B9ATNE (OK) LmemmumquLF%m (Bp) mufamw,ﬂu
mumummmumﬂumwuﬁﬂmumuuu mema
Aumilendetnumiien lufuange Feananiwiud
m@qﬁuﬁﬁqma‘ﬁﬂmLﬂu‘ﬁ@;ufﬁ'qsluu?mmﬁmuﬁyfmm
AEviaND ﬁa’fmqﬁuﬁ%ﬁmﬁmﬂumnﬂuﬁmé@ﬂLmz
penautimze nMenitfuAuduRuTiaacEaa il
Auflaunguites Spanaanansalunisganings
prnawtia duiunuuuaznawaniaanssuaunig
AraNUURININ (cumulization) WAANNINNFILDNTBS
TanFuinfdeduidvmunmislaseiuazng
Wasuwdasniuaiidas (Buol et al., 2011;
Kheoruenromne, 2007) d914% ARWARN (Suk) TR
ot tl4 (Hp) wazgaRudmiiy (Sh) filenudunu
NeUuTIU AUMReILUnIY wazAusIulunIe
AL R uastiileRusaumilent hmae
Fuwiien uazAuiauunag muan AL luduAusng
Lﬁmmmﬂmiﬁﬁuﬁf‘fmqﬁuﬁﬁLﬁmﬁwﬂui@@mﬂﬁw
(residuum) PosTiuuNTIALAL IR N AN 11
WiaanaiAndlupuiinderudeudinmenyludusu
vatlugqulun (Kheoruenromne, 2005)
ANUANLANADIA U
NANTILATI Y ANTRNNGIAR 1R9A U (Table 3)
WL FARBLAWI (Se) uazgaRuadaine (Ok) HATH
LfafﬁLﬂummiuummﬂuﬁuﬁuu (pH 3.6-3.9) uaziilu
ﬂimium\imﬂwmlmumumq (pH 2.68-2.98) Sl
FnEnizesAu RS ATiT naaf N d Uiy
I&mquz‘LummmqmummmuumwLfaﬁnmmq 3.0

Table 2. Composition of the Na-bentonite used in the experiment

Properties Values
pH (Na-Bentonite:H,0=1:10) 9.54
EC, (dSm”) 0.82
CEC (cmol kg™ 71.2
Exchangeable Na (cmol, kg™) 53.9
Exchangeable Ca (cmol_kg™) 31.1
Exchangeable Mg (cmol, kg™) 7.73
Exchangeable K (cmol, kg™ 0.72
SAR 29.9
ESP (%) 75.9
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Table 3. Physicochemical properties of the studied soils

Soil Soil pH 1:1 EC, OM SAR ESP  CEC ExchNa Sand Sit  Clay
Texture
series  horizon  (soil:H,0) dSm”' (gkg”) (%) (—cmol_kg'-—) (- ol e — )
Acid sulfate soils
Se topsoil 3.60 3.01 16.0 3.54 7.57 28.4 2.21 57 361 582 Clay
subsoil 2.98 6.97 471 1.7 3.54 31.7 1.10 139 411 450 Silty clay
Ok topsoil 3.90 2.1 43.9 1.44 2.71 28.5 0.77 31 439 530 Silty clay
subsoil 2.68 9.81 80.2 0.55 0.99 36.1 0.36 227 441 332 Clay loam
Bp topsoil 5.10 2.02 15.9 4.59 9.82 31.3 3.07 48 371 581 Clay
subsoil 6.75 2.75 7.9 10.56 15.49 29.6 4.59 49 315 636 Clay
Normal soils
Suk topsoil 4.94 0.70 2.6 1.89 16.5 1.33 0.16 807 114 79 Loamy sand
subsoil 5.47 0.19 1.6 1.05 21.0 4.25 0.30 657 139 204  Sandy clay loam
Hp topsoil 4.44 0.09 10.7 0.62 18.0 1.50 0.28 561 78 361 Sandy clay
subsoil 4.81 0.21 3.5 1.50 8.1 4.50 0.37 420 145 436 Clay
Sh topsoil 7.32 0.70 5.2 2.90 129 5.37 0.35 755 130 115 Sandy loam
subsoil 4.63 0.62 1.0 4.27 259 3.75 0.51 7762 134 104 Sandy loam
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WwatyALinuasHanARIaINTilgn AwiunnsnsEaL
= a v = el o =

Aerwasausoalnnauwmalusindndoulnm s
nolus 30 nFusaRu 100 NN 1B AR WABILAT
avpind M liAul N ludasnsadntiestadunans
(6.0-7.0) danasiaminniudsrlaniiesanneauns
5119 o Wieg luszAunmmnzanunininasyivinges
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40 [ " 0o
Bentonite rate (g100g soil)

-- Bp

Relationships between bentonite rate with a) pH (1:5) and b) EC,, of acid sulfate soil

*, ** Significant at P<0.05 and P<0.01, respectively
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Figure 2.

Relationships between bentonite rate with a) pH (1:5) and b) EC_ of Normal soil
*, ** Significant at P<0.05 and P<0.01, respectively
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Figure 3. Relationships between bentonite rate with ion exchange soil properties i.e. CEC (a), SAR (b),
ESP (c) and exch. Na (d) of acid sulfate soil.

*, ** Significant at P<0.05 and P<0.01, respectively

205



AN5AITNBAT 36(2): 197 - 209 (2563)

vndaalnaeniuune ludaenndeaiunanisiamest
Bunadnasufivanuasuldseasunelus (5394
wuRANAFan lansy) ﬁuﬁmeLﬁﬂuﬁﬁQQNﬂﬂdqm@Iﬁ
Tasea1anulaiuduss gniinanalédne Auuduiu &
S AlUNNITILT NN NeTvLNEiNTINE AN
ganarani13ault1e9ne (Chhabra, 2005) Lazana
gudsuliinanaldnanlsfuastnmauninauduie
zﬁ’]ﬁummiﬁﬂmmmmmmmﬂﬁﬁmmm
laaau (CEC) Andndaunisgadulninan (SAR) AN
SeuarTnRouuanulanuld (ESP) uazAn o e
wanlasly (exch. Na) 2e9nguAULING Wugn Jnng
Lﬂﬁlﬂuuﬂ@ﬂuﬁﬂwmmﬁmrTurTun@iuﬁuLﬁma‘f A A
mﬂi\lﬂLL@ﬂLﬂa’ﬂuLLﬂﬁli’a@@u (CEC) #pin R® 989&1n3
linear equation ¢/l 4t 0.89-0.96 (Figure 4a) Ngw

Topsoil
(a)
40 242
[ B
B 0
E 2658w » T
3 20 R =004
3 10
%) i 29
e e
0 & T 1
) 4
11051 Y1 EX
40 =0
o 30 & 20440 WLEX
g # f
20
N 168 E
w 13 g
od
’ 0 1
e) 1o
(€) R
% "
z " 57 af e - 1§01
. o .} 3
& » b
- .
- 4 ey aNa
M ; B’
i
e 4 " A '
(d) .
-~ 60
= y=04428 27023
& =D
g 0
2 i & y-03Maren
2 P R*=(a8
'3 20 1=
-] > 2
w B ¥

Bentonite rate (g/100g sodl)
Suk

158 + 4 20%
08

sh

a ai o ° v
Aunfifiunuanquanilasuuanlaaausn vl

mmmmﬂﬁﬂuuﬂmﬁﬁmmumnnfi’mziuﬁuuf;ﬂfﬁm
Aeileniiaduaglugog 10-35 siATuasenianiu dos
Ty m'mmm?ﬂumnmﬂLﬂﬁ'ﬂuﬂ?%mﬂmmﬁu AN
mmummmﬂmmw (SAR) HA R fﬂﬂiuwmﬁ
0.67-0.93 (Flgure 4b) mm SAR%LWMLLLL@ i
LLqumww nmmmumiumumuummmw Tnemnam
AUNA SAR 1NN 13 lugnmlnaeuiuunalus 10
AFuFBAY 100 NFN (1:10) Audea A laA s LN e
lus 100 nFusadu 100 n5u (1:1) AFeaaz oA
u,@mﬂalﬂuiﬁ (ESP) #A1 R ot luids 0.84-0.98
(Figure 4c) Eﬁ\iﬂ’] ESP Ay meuumymmqiummﬂu
mmmummnmemummmumuuuuamﬂmmmwummu
Auang lnanngaauilAn ESP Nnndn 15 Tudnan
Subsoll

« 513033 50170 03))
R0

y*2 7 41EX7.0 040))
0 [

-

Bentonite rate {gM00g soil)
Hp

Figure 4. Relationships between Na-bentonite rates with ion exchange properties of soils i.e. CEC (a),

SAR (b), ESP (c) and exch. Na (d) of Normal soil.
*, ** Significant at P<0.05 and P<0.01, respectively
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