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Arsenic Phytoremediation of Submerged Soil Using Canna ¢glauca (L.)
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Abstract

This research aimed to investigate the accumulation of inorganic arsenic including arsenite [As(lIl)] and
arsenate [As(V)] on Canna glauca(l.) grown in submerged soil. It was measured by percentage of dry weight
reduction. The other was to study influential factors on the total arsenic accumulation of Cglauca and their
organs, and their phytoremediation properties consisted of arsenic accumulation translocation factor and
bioconcentration factor. The experimental design was 3 x 4 factorial in the CRD plan with 12 treatment
combinations and 3 replications, and the 2 speciationcomprised As (lll) and As (V) treated in soil, and control
group, as well as growing periods being 15, 30, 45 and 60 days. According to the result, the percentage of
C.glaucadry weight planted in As (Ill) treated soil significantly (P-value = 0.000) decreased more than As (V) being
their mean 54.30% and 34.27%. The influential factors of total arsenic accumulation on C.glaucawere significant
(P-value = 0.000) arsenic speciation and growing periods, and then multiple comparison of means by Dunnett’s T3
found that As (V) > As (Ill) > Control and 60> 45> 30> 15 days. Both factors had significant influence each other (P-
value = 0.000). The effect factors of total arsenic accumulation in various organs of C.glaucaby 3 x 4 x 4 factorial
experiment in the CRD plan comprised significantly arsenic speciation, growing period, and organs of C.glauca(P-
value = 0.000). In addition the two impact factors had significant influences (P-value = 0.000) including arsenic
speciation * growing period, arsenic speciation * organs of C.glauca, and growing period * organs of C.glauca, and
then three factors had a significant influence (P-value = 0.000). The multiple comparison of these mean factors
found that As (V) > As (Ill) > Control, 60 > 45 > 30 > 15 days, and rhizome > root >pseudostem> leaf. Arsenic
accumulation translocation factor of C.glaucain As (Ill) treated soil was higher than As (V) on 15, 30 and 45 days,
and bioconcentration of Cglaucain As (V) treated soil were greater than 1 on 45 and 60 days; Therefore

C.glaucawas classified as hyperaccumulator plants.

Keywords: Canna glauca(lL..), arsenic, arsenite [As(lll)], arsenate [As(V)], submerged soil

unin

Homasnydaudutugdluumadahssui \ndeudnmanyantuasagnautiesiiivudouasuy
Faduuvanihililunisgulnauilnatiinnndi 70 Ussne Isumnuaulaaninideduegreunn [4 - 8]
dsnaliAnfivdoousaioausiuiu 150 &ruauiilan fiivdonssaliimaneis fefiatgegluh
(] divuwdeudsgninunldlunissauseniy e viefinaediavilafiaigegluth nsdasuunmudnuay
wnzUgnity dealifinsavaulufunazindudunse LLangLLUUﬂﬁLﬁiyLﬁUT@MWd&ﬁWWﬁﬁMﬁ dala
Heussoauiuilaauazerdeluvinadsnan (2] el D 3 Yszanldun flii (submerged plant) fiwln
ﬁagmmsﬂmﬁaumwg‘lmmuLaL%amzi’uaamamlé’ﬁ Wuwniletn (Emerged plant) wasfivassti (Floating
mmqumamwﬁ Wwu Tudssineaidvauin vy Lag plant) Tngfiwlén (Submerged plant) \uitwfiinag
fumyw Refosyluiuivudeuntoundsh fivavasay wiiiulnegliiwiemuaiesin iy warlu aueglén
ansvysiumssnuaziadeudnelugni d1du uagly foilndmied (Emerced planthuitswiinfidinas
yauzfifirurwialdsuasmyuansenisiiviidaou us wigdulaludhued fsnuazsduasydulaldnu
vsviiadianumuniudeasuy asnsaavaulaluuiunn vndlndiniefind fivassti (Floating plant) ity
wn duldinduiivlawesuonfafinawmes(s - 4] waila fsydvlnegiiind wazsnasyeglih Pudesan
fivtriadumaluladfiliduseu funarsvingniian fufidaifuumdouasmpduiiuididaldon wandu
aaey wlev1mansy leun it 3 szuuldun Aald Ygymdsuandoudiddey inszannsounsnszaelaly
1h feiludmiion warfivaosr sndregradu v UinunieasyzvuiiouluSuaain agnauiu dild
(Eichhomniacrassipes) W uLéin (Lemna minor), 38Ny i uazdssansENUAeANiTInlagsey Ruthuialuauh
(Salvinianatans), wulalwg) Spirodelapolyrhiza), @1%s1e Huduitienumumy inzadlunistidaidn wuldanu
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audunsanng (pH) dnadenisiadoudeans
vyludu pH Wussansvyanunsaindoudoldd mee
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oAy (P-value = 0.000) fie wilnvasansvyludiu uans
Fam3519fl 1uaviileIouifiovdnadoudazngu
(multiple comparison) TaeAsvasautun@(Dunnett’s T3)
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nsanasasiminuisnnnAuild Aswv) ?jqﬂy’aaaqmjm
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Figure 1 pH in treated soil
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Figure 2 Eh in treated soil
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Figure 3 Mean of dry weight and Dry weight decrease (%) of C.glauca (L.)
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Figure 4 Multiple comparison of dry weight decrease (%): Arsenic speciation comparisons

Table 1 Variable analysis (ANOVA) of Dry weight decrease (%)

Source Sum of Squares df Mean Square F Sig.
Corrected Model 18798.98 11 1709.00 29.31 0.000
Intercept 31376.22 1 31376.22 538.16 0.000
Day 96.79 3 32.26 0.55 0.651
Speciation 18096.12 2 9048.06 155.19 0.000
Day * Speciation 606.08 6 101.01 1.73 0.157
Error 1399.26 24 58.30

Total 51574.46 36

Corrected Total 20198.24 35

a * R Squared = .931 (Adjusted R Squared = .899)

94



NINTIMEIeansuazmalulad unnInenduauasvenll UN 21 atuil 1 unsiau-luwiey 2562

: o & v
duil 2 MmgadzauUIIMEIIYNAYe Ay
WNSINEW

FUN Snsmluvsiansusuiumsazauansuy

v o

MNLAYRIRUNNEIN YT WaznduLanIUTunuansny

ee

v
o

anualudy (mg kg) wuan U%mmmswﬁwmﬁumﬁu
wns3nwiugnluduitld Asv) nnsgaaganuinnin
As(ilh Tunnga93a1n15Ugn lesinnismaasuay
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U9deifiansnalagituesfuiund(Dunnett’s T3) Wy
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60 > 45 > 30 >15 Yu InefiAnademsazanintu

112.44, 102, 97.67 uaw 64.56 mg kg'MuFUT 6a uas
6b

Aaa a

As(v) Huansiadfifuuusauieatunoamely
nszvrunsndeudslufuuagnisgaazanlufiv uaz
AsD aggnaaasaus1y Aquaglyceroporind 10
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nsandesluisunnaiedu [6] N15ANYI1999 Kevin et
al.(2002) [17Iwuin arswyindlufindurdnedunididu
drulvg Tngaznu Aslil) waz As(v) Wugduuundnlu
o ofiuClaes andMarin.(2012)(18] wudn Wetiniinas
avauasmygnnninfivun Tnefimiiasny Asv) Dundn
uane1991nRirundinu Asil) 1undn 1wy 41annsga
avau As(v) 1annda AsI19] Snvadanuirfiwainiinag
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waralarnienuin fwinldunEquisetum fluviatilewas
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lyugiiiwunldwnEmpetrumnierum wazPinussylvestris &
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Figure 5 Total arsenic accumulations (mg kg™) of C.glauca (L.) and soil
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Figure 6a Arsenic speciation comparisons

Figure 6b Growing period comparisons

Figure 6 Multiple comparison of total arsenic accumulation (mg kg™)
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ALUSUSIU (ANOVA) uin Jadeiiiandnasienisgn
v IyRaInve AT dILTe s NYaEs
fideddny (P-value = 0.000) lauA vliavesasnyludu
Fuauuiimizdgn uazdiusing @ veammsine lng
Yade 2 Uadeiiddnsnaretussefiodrdylaun viia
vosansyluAuiuswuTuiineUgn vinvesasvyly
Aufudausing o veamns3nw uazdunuTuiinzugniu
dung 9 veammsin Tauvs 3 Jadeildvdnadediu
ag1ailtfedAey (P-value = 0.000) Aw wlinveosarsvyly
Aufudnuiuiimizugniudiudig @ veammsinu
Lanfannsedl 3 evinsiisuifisuAadeudasngy

(Multiple comparison) TagAguassuiun@(Dunnett’s T3)
WU As(V) > As(lll) >¥AAUA TagAnadsnsazanans
wﬁ”’wmmw‘ﬁu 134.74, 114.37uay 1.31 mgkg'Uady
F1uFuiimizugnnudn 60 > 45 > 30 > 15 Ju leedl
ﬂ"ua?i&mﬁaxaua'ﬁmﬁwmwi'lﬁ’u 97.71, 89.16, 88.61
waz 58.04 mg kgluazUadunisazanvaiunazdiunuin
i >31n >a1du STu Tnefidnedenisazauarsny
Wavuawiniu 129.57, 105.46, 56.06uay 42.79 mg kg
m’mg‘dﬁ 8a, 8b way 8c

INN15ANYIVBY Sylwiaet al., 2017 [20] le
naaeuUgniivlu As(l) wuin Snnsazanlusiniluetey
nanlawn Betulapendula Roth., Quercusrobur (L) way
UlmuslaevisPall. °Umzﬁmwﬁmﬁmimmumimmﬂ
sinllazauiidrduuazluléun Acer platanoides(L.)
dwivlunguiisunudy dnsagauiluannniimn e
Ugnlu As(V)[3]

Table 2 Variable analysis (ANOVA) of Total arsenic accumulation (mg kg™)

Source Sum of df Mean Square F Sig.
Squares

Corrected Model 182218.33 11 16565.30 1153.48 0.000

Intercept 319225.00 1 319225.00 22228.43 0.000

Day 11560.56 3 3853.52 268.33 0.000

Speciation 163580.17 2 81790.08 5695.25 0.000

Day * Speciation 7077.61 6 1179.60 82.14 0.000

Error 344.67 24 14.36

Total 501788.00 36

Corrected Total 182563.00 35

a * R Squared = .998 (Adjusted R Squared = .997)

dud 4 Jadensiedeudisarsylugdiumiedu
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dnlngjazdnisazandisnidundniedian AFT doendn
1 1% U Betulapendula Roth., Quercusrobur (L) & @ ¢
UlmuslaevisPalldl a1 AFT 117y 0.09, 0.10 @ 0.98
AW [20]
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INNISANEIVBY [3] WUIN A1 BCFUa sy BCF windu 0.62 way 0.77 wadivunuresiadaudmdu
Fuluiinlawesuenfafiaames fien BCF ge lnedlreg Hyperaccumulator Ll wri Acer platanoides (L) u@ ¢
T¥NING 4 - 14 yueANYUndAT BCF Hoy Loy Quercusrobur (L.) i1 BCF winAu 2.19 uag 2.69 [20]
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Figure 7 Arsenic accumulations (mg kg™) in leaf, pseudostem, rhizome, and root of C.glauca
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Figure 9 Arsenic accumulation translocation factor

Figure 10 Bioconcentration factor (BF)

Table 3 Variable analysis (ANOVA) of Total arsenic accumulation (mg kg™) in organs of C.glauca (L.)

Source Sum of df Mean Square F Sig.
Squares
Corrected Model 878206.40 ar 18685.24 406.92 0.000
Intercept 1003296.04 1 1003296.04 21849.55 0.000
Speciation 496047.82 2 248023.91 5401.41 0.000
Day 32035.74 3 10678.58 232.56 0.000
Organ 180532.99 3 60177.66 1310.54 0.000
Speciation * Day 22246.88 6 3707.81 80.75 0.000
Speciation* Organ 116773.93 6 19462.32 423.85 0.000
Day * Organ 5885.98 9 654.00 14.24 0.000
Speciation * Day* Organ 24683.06 18 1371.28 29.86 0.000
Error 4408.16 96 4592
Total 1885910.61 144
Corrected Total 882614.57 143

a * R Squared = .995 (Adjusted R Squared = .993)
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