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Abstract

Typha angustifolia (L.) is a plant capable of removing arsenic from soil by absorbing it from soil to
accumulate in the plant. This research aimed to study influence of soil chemical properties and arsenic species
on arsenic accumulation of T. angustifolia in submerged soil condition. The soil chemical properties to be studied
were pH, oxidation reduction potential (Eh), extractable iron, exchangeable aluminium, exchangeable magnesium,
exchangeable calcium and available phosphorus. This research was a 3 x 4 factorial design consisting of 2 factors.
The first factor was soil type including soil without arsenic (control), soil with arsenite [As(lIl)] and soil with
arsenate [As(V)]. The second factor was the cultivation period of T. angustifolia including 15, 30, 45 and 60 days.
The chemical properties of all soil types were examined before planting T. angustifolia and total arsenic
accumulation of T. angustifolia was examined after planting T. angustifolia for 15, 30, 45 and 60 days. The results
demonstrated that pH, Eh and the amounts of exchangeable aluminium, exchangeable magnesium and available
phosphorus were not significantly different among all soil types. The amounts of extractable iron in the soils with
arsenite and arsenate were significantly higher than that in the control soil. The amounts of exchangeable calcium
in the soil with arsenate and the control soil were significantly higher than that in the soil with arsenite.
Furthermore, it was also found that 7. angustifolia accumulated arsenite better than arsenate at all examination
periods. Multiple regression analysis demonstrated that factors capable of being used to predict total arsenic
accumulation of T. angustifolia were oxidation reduction potential, arsenic species and exchangeable calcium. The
prediction equation was TAA = 197.834 - 0.350 (Eh) + 25.150 (AS) - 0.218 (Ca) where TAA = total arsenic accumulation

of T. angustifolia, Eh = oxidation reduction potential, AS = arsenic species and Ca = exchangeable calcium.

Keywords: Arsenic, Typha angustifolia (L.), Submerged soil, Soil chemical properties

1. unih ntusanalugaausn udrdsirasaunsi uenaininag
a13my (Arsenic) iusgiinuvuituialanmiu aaduansnylufudiduiuanudunsadiauazdnenin
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sUafiun3d aunsanewuseiveandiau (Oxygen) way avanas ileradunsasaingy lusasiinisgady
nyjlufia (Methyl group) nedaduguarsnydunid lng orfigludanifintu Wemnubunsamadiady (31, (4]
%Uﬁﬂagﬂimﬁuﬁ’ummrﬂuﬂsmﬂ'w (pH) uagdnenn Wyvargvidadauaiuisalunisgaazay
nsiineendiaduianduvesdu (Oxidation reduction (Accumulation) @131y 1Ay [5] lnedi vudazyiadl
potential; Eh) [1] @13nyluguaifigiun [Arsenate; PuENsatUNSAaaNa srUlALANAN9Y wagaTTY
As(V)] wusnnluannzdislesndiau vz iineldanngly fAfinasian1sgadusinemsndnvesiivldunnsinaiy uaz
oondiauaznuluguansiglus [Arsenite; As(ll)] Fufaaas faorafinavarssinorisndnesits uenanisin
sUamnsadsugadulalufu enfiludazangi amIndnvesivesionalinasonsgaazauasvy (6]
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mi@WfTUmw@uﬁuﬁuﬁuaaﬁﬂisﬂaumauﬁﬂu a1snyvesivliun weaneda (Phosphorus) waaidau
Au loun usAumilen wmaneenlud (Fenic oxide) (Calcium) uaniL@ s (Magnesium) 1én (Iron) Wag
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perwaIdud Un wazsourunzunse 2 Nadluns iuly
paanaAnfiwisadviiesonsianevisioly
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2.2. MSIATILIA9E19
nMylAgiauattiniuaivesiy videl n1s

[ )

ar1Aulunsansly pH meter n1sTndnanInNnng

v dou o

AneanBntusanduld Eh meter n1swUSuamand
annlald3s DTPA (Diethylenetriaminepentaacetic acid)
micronutrient extraction method n13%® 1 U418
ozgiiflondiuaniuasuldldds Spectrophotometer n13
mUBnamund@eufivanidouls wasUinaueaifeud
wandeuldldis Atomic absorption spectrophotometer
(AAS) waznsmUsnaeanefaiiduusslovildis
Bray Il ’g‘h‘uﬂ’133Lﬂi?zﬁﬂ%mﬂmﬁﬂiﬂ%ﬁ&%m@ﬁ@ﬂfﬂ@
dvauldidd Hydride generation atomic absorption
spectroscopy (HG-AAS) (Table 1)



a

NIATInemansuasmalulad unnInenduguasivsntl UN 25 atuf 2 weungunau-damiau 2566

2.3, MSATIZRNSEDRA
AslSeufisuaade (Mean) 1938 Duncan’s
multiple range test (DMRT) N153LAS1¥MAMNEUNUS

senieladeng 9 (auaudiniuaiivesdiu) duusuim

ansnyianuangun dgaazauldisanduiusifesdu

(Pearson correlation) d1un1siiaseiladeilisauiu
TunsvhuneUsinuansnyiauedig Sgnasanldis
AATILROANDENYAAUUUTUADY (Stepwise multiple
regression analysis) N1531A51¢siN19dd A anunld

Tsunsudnsagu SPSS

Table 1 Methods for analysis of soil chemical properties and total arsenic accumulation of T. angustifolia

Analyzed parameters

Methods

pH

Oxidation reduction potential
Extractable iron
Exchangeable aluminium
Exchangeable magnesium
Exchangeable calcium
Available phosphorus

Total arsenic accumulation of T. angustifolia

pH meter; Takemura DM-13 (in situ)

Eh meter; Hanna HI98331 (in situ)

DTPA micronutrient extraction method [14]

Spectrometer [14]

Atomic absorption spectrophotometer (AAS) [14]

Atomic absorption spectrophotometer (AAS) [14]
Bray Il [14]

Hydride generation atomic absorption spectroscopy [15]

3. HAN133RY
3.1. MslAsviRuaNUAnIAivashu

3.1.1. mswszianudunsaisasiu

MnMsiasgiaudunsaiesiu wui
Apdvesnuunsai ey Auifiondidlusd
warAunendiwiun fAvinfu 7.05, 7.28 way 7.45
awdiu TasAuifiensiwiuniinisnszasvesdoyage
fign (Figure 1A) lawSouifivuanadslngds Duncan’s
Multiple Range Test (DMRT) wui1 Lifinnuuansasluy
NnyaRuetsiiedAty (P-value = 0.136)
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3.1.2. mawnzRdnenmnsiineanBndu
SAnTuvaIAU

INNTIATIEAANYAINAISIARDNTIATU
Ienduvesiiu wul Anedevesdnenmnmsiineendndu
Sinduvesiugaeuny Auiifonsiwlud uasAuifonsimum
TAnvinAdv -81, -113.75 uag -112.50 fadliad auaiau
Tagdudiflensimuniinisnsz o vesdoyagsiian (Figure
1B) eseuiiisuAadelneds DMRT nuin Lifinu

o w

wanssluynyaduegedituddiey (P-value = 0.067)
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3.1.3. mydwnszilBinavianiianaldlufiu

a ¢ 1a % & o a
31NN15ATIERUSIIamaniaialalufiu
WU AnedevesUiinamanianaldlufugnaiuau fu

< a

Aflonsiwlud wazAundonswius dAwindu 441.83,
568.92 Way 508.92 Jadnsusenlaniu muanau (Figure
10) WewSsuifisuanadslneds DMRT wuin USuie
& A o a ada s s a ada s a
wiannanalatuaundeswlud wazAunilonsiviuni
AUUANARNUSINaLndniainldlufugaauauegns
Hudfny (P-value = 0.006) Wan1sNAaBILLARSILIIU
' | ¢ ¢ s = ' a 2 a o
Nstdesialud wavensiwunilnasnouSunauuaniians
Ialudu IneRuynauauiivunamaniiataladesniigg
o & a ~ = '
ldansnyiaesin osnnmangnuanddesaanin
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AN 0.02550, 0.02342 waz 0.01483 HadnTusie
Alansu suddiu (Figure 10) laUSsuifisuAadelag

78 DMRT wuin hiflanuusnanslunnaynfueteditedfiy
(P-value = 0.157)

3.1.5. mAwseilunanani @esiinanufey

1@luRu

a

21001531 1gRUS U wun T ey

a

wanasuldludu wuin AnedsvesTunauundidond
wandsuldluduyaaiugy Auiisiondislud wasdudd
915iiun dAiniu 28.42, 24.67 uay 32.33 Nadnsusie
Alansu auddy (Figure 1E) WewSeuifisudadslag
35 DMRT w1 ldfiauuansrslunnyafiuagnadl

o

tedAny (P-value = 0.290)

3.16. MU namaad sudiwanudey
@ludu

PInnsiaTziviinaueadeufivanuasy
Ialufu wui AnedsresUSinaunadeuivaniudeuls
TuRugaruay Auiitlendielud wagAuiTonsimiun e
WINAU 964.25, 846.67 way 1,014.67 faansumeilansy
auEdU (Figure 1F) WeSeuifiuaiadelngs DMRT
WU Usinaweadeudfivanidsulduiuiidonsiun
wazAuyaaIuandauuAnA1aInUIinaLaaldeud
wanidsuldluduiifionswludesnsdidoddny (P-value
- 0.001) nan1sVRaeiuandliiuinnsldendigludd
nareUsuauAaldeufivaniudsuldludiu Tnedudi s
answlufivsinaunadeufivaniudeuldiesniiiudn 2
g Wiasanendiwludannsanefiussiuuaadenlédinia
anfiiun Iniliueadeugnisgaundudvensilud uax

widoweaauandsulrtoyas

53

3.1.7. n15sizidsurauneanasandu
Uselomilufu

v A

PMNMIIPFeRUSinaeanadandulselovd
Tufy wuIn AnedsveslSuinaveaneSaiduusslondly

a a

AuganluAy Aundonsiwlud wasfiunidensiwun fian
Wil 10.42, 9.83 uay 10.92 dadnuseflansy mudau

(Figure 16) lawU3auiisuanadelngs DMRT wuin i

o

Teuuansindlunnyafuesailded)

o

&y (P-value = 0.344)
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3.2. M3TzilTuIuaE s TYnaaangUn
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a =

avau lngmAnadevesUSunuamsvyiauaigugdea

U y

a

ayamﬁnmmiﬂqﬂﬁm 9 (15, 30, 45 wag 60 Ju) nAY

Meauvila wudi ArefevesUIuiuasnynaiua

a

sUmEgeazauanduyaniuny Aundesiwlud uashiu

a o

fonswiun dAwwinny 1.67, 181.50 way 127.42 faansy

fanlansu muandu (Figure 2) Weallssuiisuaiady

a =~

138 DMRT wud1 USunaansviyviaviaaisuSanava

] u

o W

PnAuldazsdadnnuanasedeiideddy  (P-
value = 0.000) wan1svaaesiiiunisduduingumSen
avauanvyluguosigludlafndnlugdensisun
TRV ITYIuang U g
avaunnaINITignea o (15, 30, 45 uaz 60 Tw) 9NAY
a Ao s s a A« 3 '
YaAIuAY Aundedsilud warAuniionswiun wuin
YSunaansnyanueiiguy Sanavanainfundensiglud
fennnitgeluynyiaim (Table 2) wenanianudngums
a aa 5 v a a
AravauasiyInaunienswludlafngafiiaainisugn
45 Ju luvagiigravauansvyanauniiosiwunlaangean
va1MsUgn 60 $u (Table 2) nansnaaeaiuandliiiiugl
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o
=
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o
=
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10.42 &b
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Soil samples

Figure 1 Chemical properties of control soil and soils with arsenite [As(IIl)] and with arsenate [As(V)]
A. pH; B. Oxidation reduction potential; C. Extractable iron; D. Exchangeable aluminium;
E. Exchangeable magnesium; F. Exchangeable calcium; G. Available phosphorus

In each figure, means with related letters (a, ab, abc) are not significantly different.
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300 -

200
PR R

18150 a

M -
12742 b

100 4

1.67¢C

Total As accumulation of
T. angustifolia (mg/kg)

-100

Control AS(IIl) AS(V)

Soil samples

Figure 2 Total arsenic accumulation of T. angustifolia grown in control soil and
soils with arsenite [As(lIl)] and with arsenate [As(V)]

Means with different letters (a, b, ) are significantly different.

2 \fouUNgu¥AL-GIaL 2566

Table 2 Total arsenic accumulation of T. angustifolia grown in control soil and soils with arsenite [As(IIl)] and

arsenate [As(V)] at different cultivation periods

Soil types

Total arsenic accumulation of T. angustifolia (mg/kg)

15-day period

30-day period

45-day period 60-day period

Control soil 2c/ab
Soil with As(lll) 1634
Soil with As(V) 1004

1c/c 2'67c/a 1c/c
177.33%¢ 20122 184.67¥%
121bc 140°® 148.672

Different superscript letters before (/) indicate significant difference among means within a column.

Different superscript letters after (/) indicate significant difference among means within a row.

¢ A &

3.3. N19ATIZRARTUNUSINEIAU wazns
3Lﬂswxﬁmmmaawmmwmﬁa%’aﬁdwaﬁiami@ﬂ
azﬁumiwgﬁwummgﬂm@

Table 3 wanspuduiussewinadadesg o i
wam’aﬂﬁ@mazammsmﬁwmmmgﬂm@ Faldannns
Answvandunusiiiesdu (Pearson correlation analysis)
910 Table 3 wui1 TuflmnzUgnguq® viavesansvy
audunsasng wazmdniiadals fanuduiudidauan
fuvimamsvyauaiiglq Snnavaneesidoddy
TnefiAnduusyansanduiusiiiesdu (Pearson correlation
coefficient; r) WinAu 0.440%*, 0.513**, 0.072**, 0.466**

(P-value < 0.01) MUE1AU TUYUEAANEAINNITLAA
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sonfinduiRndu uazundBeniinaniuaeuld Deouduius
dsaufuusinuansuyimunigum Sgaasauegied
Toddey Tnedduuseans anduiudiiesdu () wiriu
-0.600% W@z -0.478* (P-value < 0.01 uaz 0.05) MUAWU

Tunsihtladesng o Anasenisgaazauasny
vosguasluldlunsiinseinisannsenyan (Multiple
regression analysis) Uade Lwdﬁﬁuﬁadlﬁﬁﬁﬂgwﬁﬂﬁ
AnuduTusAanuunAuly (Multicollinearity) LWz ag

ylnanisIasIERiianuAanneRauY MNEAA1ULNMRA

o A

984 Stevens [16] Yadufimuizaziluldlunisimse

£ o o s

nsanneenviaudeiAduUsEansanduiusszninaiu

YN 0.80
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21NNITIATILANITOAD DL NV AMINDAS19AUNTT
nenIAIFLUIAUNTEaEINFwUsDaseratafa Ingli

AuUsey (Dependent variable) Ao ﬂ‘%mmmsmﬁ%um
figumSgaazan nuinduusdass uiemudsnensed
(Independent variable % & Predictor variable) 7i
wngsensliwensaivTunuasuyiaundigln Sqa
azauil 3 6 Ao AnENIMNISIAneENBIATUIANYTY Yiln
¥93a15vy uazuaaleuiinaniasuls (Table 4)1u
nMefnwadaius seninsdudsaamilsiaiuduny s

wensainaesa fwusneinsalmantiumsidudasyee

o

fiu Funueinfeuldievivenitsulsnensalidudasy

=

safunsald Aa A1 Variance inflation factor (VIF) [17]

ninAfltesndn 10 wanaindmuwlsneinsaliainudu

a '

daseraiu wazmungiaglgsiuiulunisneinsalaves
FILUSAIN 31NNITIATIEANUINAT VIF U98uUs

WeNIAUNS 3 Flunsdnuiiiiienaglugig 1.007-1.033

v =

Fanansindudasyeodu wazimunzaufagldneansal

a

USinuasnyiavuafiguq dgeazan 3nn15insgn

U

NUIEILUTNYINTAING 3 Fad 1u15aTINAUNeINTal

a
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Uunaasnynmanisumsanazauliiosay 63.3 laed

o

A1 Adjusted R2 111U 0.633 Wiaursauuswennsal

o

v deuannsnennsal Ieaunseet
TAA = 197.834 - 0.350 (Eh) + 25.150 (AS) - 0.218 (Ca)

Wie TAA A USunaansvuviaviafigumsanagas
Eh Aa Angnmmsiinesndinduisndu
AS fie ¥ilnvresansvy

Ca fp wAaWeuuanasula

naunIINUItasuyiuagngaazanlng
gUminnnidiazauegluiu Tasfinnsananiasiives
aun15 (Constant value) aiinfu 197.834 uenani
naunsfanuinviavesansvyiinallsuindanisgn
azauanInyvesgun ¥ diudnenimnisiinesndiadu
3indu wazunaideniuanidsuldinaideausenisgn
avaua1suyweguy ¥ nandeiliodneninnisiia
penBadudindu vieuraFoniiuandsyldiiianas

JrduasINIOAATaNaTYYRIgUmE

Table 3 Pearson correlation analysis of all factors influencing total arsenic accumulation of T. angustifolia

Factors® TAA CcT AS pH Eh P Ca Mg Fe Al
TAA 1

cT 0.440% 1

AS 0.513**  0.000 1

pH 0.072%*  0.621**  0.246 1

Eh -0.600%*  -0.663*  -0.081  -0.464** 1

P -0.091 0.010 0.101 0.159 -0.010 1

Ca -0.213 0.143 0.157 0.110 0.013 -0.091 1

Mg -0.478%  -0.546**  0.055 -0.492**  0.885**  -0.093  0.204 1

Fe 0.446**  -0.437*  (0.238 0078 | -0.281*  -0.166  -0.246  -0.288% 1

Al 0.110 0.002 20236  0.327*  -0.420% -0.255%  0.037 -0.541%*  0.514% 1

#TAA = Total arsenic accumulation of T. angustifolia; CT = Cultivation time of T. angustifolia; AS = Arsenic species;

Eh = Oxidation reduction potential; P = Available phosphorus; Ca =

Exchangeable calcium; Mg = Exchangeable

magnesium; Fe = Extractable iron; Al = Exchangeable aluminium

**Statistically significant at the 0.01 level
*Statistically significant at the 0.05 level
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Table 4 Multiple regression analysis

a

Tl 2 iWeungunAu-d9au 2566

Variables® b Std. Error Beta t P-value VIF
(Constant) 197.834 65.964 2.999 0.005

Eh -0.350 0.058 -0.555 -6.052 0.000 1.007
AS 25.150 4.551 0.513 5.527 0.000 1.033
Ca -0.218 0.071 -0.286 -3.093 0.004 1.026

R = 0.811, R? = 0.658, adjusted R? = 0.633, F = 9.564, P-value = 0.004, Durbin-Watson = 0.688

#Eh = Oxidation reduction potential; AS = Arsenic species; Ca = Exchangeable calcium
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