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Abstract

Wastewater from ink production is complex, as it contains pigments, acrylic resin,
monoethanolamine (MEA), NH,OH. These chemicals have the effect of increasing
chemical oxygen demand (COD), ammonium nitrogen (NH,—N), suspended solids
(SS), and especially dark color. Therefore, this study investigated the potential of
wastewater treatment by chemical precipitation coupled with Cyperus alternifolius.
From preliminary screening of plants, we found that C. alternifolius (Umbrella papyrus)
had the highest efficiency to remove ink factory wastewater higher than Echinodorus
cordifolius (Creeping Burrhead), Thalia geniculata (Alligator Flag), Acorus calamus
(Sweet Flag), and Dracaena sanderiana (Lucky Bamboo). The results showed that
original wastewater treated by C. alternifolius took a long time (about 45 days) to
reduce COD from 32336 mg/L to 237 mg/L and total dissolved solids (TDS) from
12581 mg/L to 717 mg/L (under soil conditions). After the treatment, the plant was still
in good health but the wastewater color was appeared. Firstly, chemical precipitation by
H,SO,4 was used to treat the original wastewater. The COD was reduced to 987 mg/L
from an initial 12601 mg/L while SS was reduced to 30 from an initial 1176 mg/L.
After that the phytoremediation with C. alternifolius was used as a secondary treatment.
At day 7, COD and total kjedalh nitrogen (TKN) concentrations were reduced to 171
mg/L and 45 mg/L from an initial 987 mg/L and 156 mg/L, respectively. Notably, the
color of the wastewater was disappeared.

The results of our study showed that plant absorption, soil adsorption, and microbial
activities had an effect in treating wastewater and especially plant-microbe interaction.
COD removal efficiency in the system was attributed as follows: 45% to C. alternifolius
and microorganisms in plants, 26% to soil absorption, 19% to soil microorganisms, and
10% to wastewater microorganisms. In this study, using the denaturing gradient gel
electrophoresis (DGGE) method, it was confirmed that the microbial community was
made up of aerobic and facultative—anaerobic groups. Phylogenetic diversity analyses
of eubacterial genes were carried out on wastewater, through which the 16S rRNA gene.
It revealed that the major microorganism under plants grown in soil—containing
wastewater conditions was Azospirillum. It was nitrogen fixing bacteria and it utilized
nitrate as a respiratory electron acceptor, which was then reduced to molecular nitrogen.
These results revealed that plant—microbe interactions are an efficient process for the
treatment of wastewater containing high COD, TKN, and color. In addition, the data of
microbial diversity can be useful for understanding plant-microbe interactions to
improve system performance.



The potential of using sulfuric acid and magnesium and phosphate coupled with C.
alternifolius for removal of ammonium nitrogen was also investigated. The results
showed that when original wastewater was treated with H,SO., the color was reduced
from a dark color to an orange color while COD and SS decreased from 28827 mg/L to
1354 mg/L, and 2917 mg/L to 32 mg/L, respectively. NH;—N also decreased from 458
mg/L to 295 mg/L. Precipitation with various types of MAPs such as (i) MgCl,.6H,0 +
Na,HPO,4.12H,0, (II) MgO + 85% H3PO, and (III) MgSO47H20 + Ca(H2P04)2 and then
phytoremediation by C. alternifolius were investigated. The results revealed that
treatment with MgO + 85% H3PO,4 and adjusting pH with Ca(OH), was the best
condition for C. alternifolius to grow effectively. This condition could change the
orange color to colorless and decrease COD and NH,"—N to 329 mg/L and 13 mg/L,
respectively, within 3 days. However, this method had a problem in the cost treatment.
Therefore chemical precipitation by H,SO, coupled with C. alternifolius was
appropriated in treating of this wastewater.

In addition, research was also done on the degradation of ethanolamines such as
monoethanolamine (MEA), diethanolamine (DEA), and triethanolamine (TEA) by C.
alternifolius. We found that plants could degrade TEA into DEA, then into MEA, and
then further into acetic acid. The accumulation of ethanolamines was found mainly in
plant stems, which had the highest biomass. It demonstrated that the molecular size
affected the removal rate through plant. A smaller molecular weight—MEA
(MW=61.08 g/mol) was the fastest taken up, followed by DEA (MW=105.14 g/mol)
and TEA (MW=149.19 g/mol), the highest molecular weight. The toxicity to the plant
when exposed to ethanolamines elucidated that MEA had the highest toxicity, followed
by DEA and TEA. Moreover, the application of C. alternifolius in ink factory
wastewater revealed that the plant could completely uptake MEA at day 5 from an
initial MEA concentration of 540 mg/L. The result indicated that C. alternifolius has a
potential to remove ethanolamines and can be applied to ethanolamines-contaminated
wastewater.

Keywords: Chemical precipitation / Cyperus alternifolius / Ethanolamine /
Microorganism / Pigments / Phytoremediation
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