Phytoremediation of arsenic by aquatic floating
macrophytes

S5 eng

HhRE

~FHH: 2017-10-05
*F—7—NK (Ja):
*—7— K (En):
YRR

X—=ILT7 KL R:
FiT/:

http://hdl.handle.net/2297/26912




K £ RAHMAN MOHAMMAD AZIZUR

2 AL 0O B OE Bt (2

¥ M EF S % 1057 &

ZHNBE OB ERR2049H26H

2B EOEHE REELENHNE4ALRE 1R

2NN EOEH Phytoremediation of arsenic by aquatic floating macrophytes. (ﬁJ
EHEAEMYZRALZEED TP R AFL I—33 )

RXEEERER (XD BB B (EIRS - 85

BXEEESR @ EH —F EIWEHS- B8R, BX BE EIWES - 569),
Tl EA GEIORSE - HEE), % R (EIWSE - #E0)

FELER .

The phytoremediation of arsenic by aquatic macrophytes Spirodela polyrhiza L. and
Salvinia natans L. was investigated. Plants were grown hydroponically on MS culture solution.
Arsenic uptake was higher from phosphate-deficient solution, when the source was arsenate.
Arsenic uptake was not affected by phosphate, when the source was DMAA.

Arsenic and phosphate uptake was negatively correlated (p < 0.001), and arsenic and
iron uptake was positively correlated (p < 0.05), when the initial source was arsenate. Arsenic
uptake from DMAA solution was neither affected by phosphate nor correlated with iron uptake
(p > 0.05). A substantial amount of arsenate and arsenite was adsorbed on Fe-plaques of plant
surfaces. The concentrations of As(V) and As(IIl) on plant s surfaces were about 43% and 58%
higher after Fe-plaque induction than without Fe-plaque induction, respectively. Fe-plaque
induction did not affect MMAA and DMAA uptake and adsorption. The aquatic macrophytes
might use physiological and adsorptive uptake mechanisms for arsenic uptake and a different
mechanism for MMAA and DMAA uptake.

The EDTA increased about 4-6% of arsenic uptake, when the source was arsenate or
arsenite, while the uptake was not affected by EDTA, when the source was MMAA and

DMAA. It might be because the co-precipitation of iron occurs only with inorganic arsenic.
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Phytoremediation, a plant based green technology becomes promising to remediate
environmental pollution due to some unavoidable limitations of traditional technologies. In the
present study, we investigated the ‘uptake of arsenate (As(V)) and dimethylarsinate (DMAA)
by widely grown aquatic macrophytes Spirodela polyrhiza L. and Salvinia natans L. to
determine their arsenic uptake efficiency from water, and to determine the influence of
phosphate and iron ions in selective uptake of arsenic species by the aquatic macrophytes.
Plants were grown hydroponically on standard Murashige and Skoog (MS) culture solutions
for 6 days. Compared to the control treatment, the aquatic macrophytes accumulated
significantly higher amount of arsenic from phosphate-deficient solution, when the source was
arsenate. However, arsenic uptake by the macrophytes was not affected by phosphate, when
the source was DMAA. The Spirodela polyrhiza L. accumulated 51-fold arsenic from arsenate
solution compared to that from DMAA solution with initial concentrations of 4.0 M and 0.02

M of arsenic and phosphate, respectively.



Arsenic and phosphate uptake into the aquatic macrophytes was negatively correlated
{p < 0.001), when initial source was arsenate while thefe was no correlation between arsenic
and phosphate uptake (p > 0.05), when initial source was DMAA. The results indicate similar

sorption mechanisms of AsO4> and PO4* for uptake carrier. Similarly, significant correlation
(p < 0.05) was observed between arsenic and iron uptake in tissues of aquatic macrophytes,
when initial source was arsenate while the correlation was not significant (p > 0.05), when
initial source was DMAA. About 56% of the total arsenic was distributed in tissues of the
plants compared to 44% in citrate-bicarbonate-EDTA (CBE)-extract (Fe-plaque) of plant
surfaces, when the plants were grown on arsenate solution. Arsenic uptake into the aquatic
plants from DMAA solution was neither affected by phosphate concentrations nor correlated
with iron uptake (p > 0.05). The results suggest that adsorption of arsenate on Fe-plaques of
the plant surfaces contributes to the arsenic uptake greatly. Thus, arsenate uptake in aquatic
plants might occur through the phosphate uptake pathway and by physico-chemical adsorption
on Fe-plaques of plant surfaces as well. The plants use different mechanisms for DMAA
uptake.

The Spirodela polyrhiza uptakes higher amount of arsenic, when the source was
inorganic arsenic species (arsenate or arsenite) while the uptake was negligible, when the
source was methylarsenic species (MMAA or DMAA). The concentrations of As(V) and
As(IIl) in CBE-extracts of the macrophyte grown after Fe-plaque induction were about 43%
and 58% higher than those plants grown without Fe-plaque induction, respectively. The results
suggest that a substantial amount of arsenate and arsenite was accumulated by Spirodela
polyrhiza L. through the physico-chemical adsorption on Fe-plaques of plant surfaces. The Fe-
plaque induction on plant surfaces did not affect MMAA and DMAA contents in tissues and
CBE-extracts of the macrophyte.

The influence of ethylenediaminetetraacetic acid (EDTA) on the arsenic species uptake
by Spirodela polyrhiza L. was investigated. The EDTA increased arsenic uptake, when the
source was arsenate or arsenite while the uptake was not affected by EDTA, when the source
was MMAA and DMAA. It was estimated that about 4-6% of arsenate or arsenite was
desorbed/mobilized from Fe- plaques of plant surfaces by EDTA while the
desorption/mobilization of organoarsenic species (MMAA and DMAA) did not occur by the
addition of EDTA. It might be because the co-precipitation of iron occurs only with inorganic
arsenic, especially the arsenate. Phosphate uptake was not affected by EDTA though its
concentration in CBE-extract was much higher than that of plant tissues. Iron uptake into .
Spirodela polyrhiza L. increased significantly (p > 0.05) while its concentration in CBE-extract
decreased by EDTA. The higher As(inorganic)/Fe ratios in plant tissue compared to CBE-
extract indicate that the increase of inorganic arsenic upfake into the plant by EDTA is related

to iron uptake.
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