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Abstract
Background and Objectives : The wastewater generated from a Khanom Jeen (fermented rice noodles) factory is
characterized by its turbid milky white appearance and sour odor, which results from the presence of organic
matter derived from the fermentation of starch during noodle processing. As a result, this wastewater exhibits
high acidity, with a pH ranging from 3.25 to 3.56, that affect human health including environmental problems.
Therefore, the objectives of this study were to investigate the effects of pH adjustment and non-adjustment on the
efficiency of three locally available aquatic plants, i.e. water hyacinth, umbrella plant, and canna- in treating
wastewater from Khanom Jeen production. The ultimate goal is to explore an effective and cost-efficient
wastewater treatment system suitable for household-scale implementation, thereby promoting sustainable

wastewater management practices.
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Methodology : The study was conducted using experimental wastewater treatment ponds constructed from
cement tanks with dimensions of 25 cm in width, 25 cm in height, and 60 cm in length. Each ponds was filled with
gravel and planting soil. The plants were pre-cultivated to ensure root stabilization and new shoot (sprout) growth
before employing in the experiments. Features of each plant type, i.e., size, height, stem, and 50 cm root length
approximately, and 0.5 kg (wet basis) each were considered. The study was divided into two experimental
setups. In the first setup, the wastewater pH was adjusted to neutral condition (pH 7) by using lime (Cao), and
compared with untreated acidic wastewater. This setup consisting of four treatments, i.e., a control pond (no plant
cultivation), a pond with water hyacinth, a pond with umbrella plant, and a pond with canna. Each treatment
contained 10 liters of wastewater, and the periods retained at 3, 5, and 7 days. As for the second set, the
experiment of a sequential wastewater treatment system was utilized with different aquatic plant species in each
treatment, comprising a wastewater holding tank, a pond with umbrella plant, a pond with canna, and a final
effluent storage pond. The system was operated continuously for 15 days, treating 20 liters per day of wastewater
at a flow rate of 14 mL/min and a retention time of 24 hours per pond. Sampling of influent and effluent wastewater
were collected, and were analyzed of key water quality parameters, including pH, total suspended solids (TSS),
biochemical oxygen demand (BOD), chemical oxygen demand (COD), total nitrogen (TN), and phosphate
(PO43_). Mean values, standard deviation, and F-test (One-way Anova Analysis) comparisons were statistics for
analysis. The mean difference of plant remediation efficiency in wastewater treatment conditions was compared
by using Least Significant Difference (LSD) at a 0.05 significance level.

Results : For the first experimental set, found that the three local aquatic plant species, i.e. water hyacinth,
umbrella plant, and canna were demonstrated significant efficiency in reducing total suspended solids,
biochemical oxygen demand, and phosphate across the three retention periods (3, 5, and 7 days). In the pH-
adjusted condition, removal efficiencies ranged from 88.66% to 97.34% for TSS, 72.33% to 85.47% for BOD, and
6.23% to 35.48% for phosphate. In the non-adjusted condition, the corresponding removal efficiencies were
82.40% to 96.62% for TSS, 74.31% to 85.47% for BOD, and 8.90% to 69.41% for phosphate. Among the three
species, umbrella plant exhibited the highest treatment efficiency under both conditions, with average efficiencies
of 66.78% (pH-adjusted) and 71.63% (non-adjusted). A significant difference (p<0.05) in treatment efficiency was
observed between pH-adjusted and non-adjusted conditions, with all plant species performing significantly better
than the control (no plants). In the second setup, daily variations influent water quality were observed. As
wastewater passed through the plant-based treatment system, all measured parameters showed a reduction

except for pH, which increased. The treatment efficiencies for TSS, BOD, COD, total nitrogen, and phosphate
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were 86.96%, 57.33%, 76.24%, 48.98%, and 24.04%, respectively. The system achieved removal efficiencies of
86.96% for SS, 57.33% for BOD, 76.24% for COD, 48.98% for TN, and 24.04% for phosphate.

Conclusion: This study demonstrates the potential of utilizing locally available aquatic plant species, particularly
umbrella plant and canna, for effective wastewater treatment. These plants significantly reduced total suspended
solids, organic pollutants, including BOD, COD, total nitrogen, and phosphate concentrations in wastewater from
a Khanom Jeen factory. Furthermore, a notable increase in pH was observed after treatment in all experiments,
suggesting an improvement in wastewater acidity. The initial pH of the influent ranged from 2.93 to 3.31, with an
average of 3.05, whereas the treated effluent had an increased pH range of 3.44 to 4.80, with an average of 3.99.
The use of these plant species in a low-cost, sustainable treatment system offers a viable solution for managing
acidic wastewater in small-scale and household settings, thereby contributing to improved environmental and
public health outcomes. Future research should explore long-term performance, the potential for nutrient
recovery, and the feasibility of scaling up this treatment approach for larger wastewater volumes.

Keywords : pH adjustment ; wastewater from Khanom Jeen factory ; local aquatic plants
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(a) Khanom Jeen Factory (b) Wastewater used for experiments
Figure 1 a Household-Scale Noodles (Khanom Jeen) Production Facility and the Wastewater Used for

Experimentation

(a) Umbrella Plant (b) Canna (c) Water Hyacinth

Figure 2 Local Aquatic Plants Used in the Experiment
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Figure 3 Model and Experimental Wastewater Treatment Pond
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Figure 4 Model and Experimental Wastewater Treatment Pond System
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Table 1 Study parameters and analytical tools/methods

Parameter Unit Tools/Methods
1. pH - pH Meter
2. Suspended solid mg/L Gravimetric Method
3. BOD mg/L Azide Modification
4. COD mg/L Absorbance Meter
5. Total Nitrogen mg/L Kjeldahl Method
6. Phosphate mg/L Ascorbic Acide
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Table 2 water quality and efficiency of each types of local aquatic plants in treating wastewater with pH adjustment

control pond water hyacinth pond round papyrus pond canna pond
HRT Parameters Effluent Treatment Effluent Treatment Effluent Treatment Effluent Treatment
efficiency efficiency efficiency efficiency
(%) (%) (%) (%)
pH 6.31+0.01 - 6.36+0.01 - 6.42+0.01 - 6.37+0.00
SS (mg/L) 243.33+11.55 82.32+1.96 166.67+5.77 88.66+0.46 146.67+5.77 89.38+0.42 140.00+10.00 89.88+0.04
3 Day BOD (mg/L) 2,150+86.60 71.69+1.21 2,100+0.00 72.33+1.30 1,950+150.00 74.36+1.11 1,600+86.60 78.90+£1.84
Phosphate (mg/L) 0.28+0.0000 12.01+1.38 0.29+0.0002 8.66+1.39 0.29+0.0003 7.16+1.39 0.29+0.0003 8.53+1.37
pH 6.45+0.01 - 6.62+0.01 - 6.44+0.00 - 6.26+0.02
SS (mg/L) 190.00+10.00 86.20+1.48 150.00+0.00 89.12+0.75 143.33+15.28 89.56+1.83 140.00+0.00 89.85+0.70
5 Day BOD (mg/L) 1,800+259.81 76.34+2.96 1,900+173.21 75.00+£1.92 1,200+150.00 84.24+1.40 1,500+150.00 80.18+2.85
Phosphate (mg/L) 0.27+0.0005 15.66+1.25 0.30+0.0002 6.23+1.52 0.29+0.0003 9.39+1.44 0.28+0.0002 10.31+1.42
pH 6.76+0.00 - 7.08+0.02 - 6.72+0.00 - 6.33+0.01
SS (mg/L) 40.00+0.00 97.10+£0.20 80.00+10.00 94.17+£1.12 36.67+5.77 97.34+0.46 43.33+5.77 96.87+0.24
7 Day BOD (mg/L) 1,750+229.13 76.87+3.93 1,850+86.60 75.64+1.11 1,100£173.21 85.47+2.67 1,400+86.60 81.562+2.04
Phosphate (mg/L) 0.24+0.0005 25.78+1.05 0.25+0.0005 21.90+£1.09 0.23+0.0005 28.96+1.00 0.20+0.0002 35.48+1.00

4‘ o =2 dl o o | a a o % 1= a
AUIRANITANHIAINTANITNANDIN 1 /A9 Table 2,3 Tagdnaa1lse@nsninnistndandTeuiney

a
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A3tnTaddeanisnanauNAuRin1rUfuan A NLNTA-ANa A 3 Ta9TEazaan (3, 5 WAz 7 S1) d1u1301nTR
gasndanaauany Tlan uwaznedwmn lnsasas 88.66-97.34, 72.33-85.47 WA 6.23-35.48 ANNATAL d9UNATDINT LN
U5uaninasiilunsa-analuings anunratntineeswdswaauans dlem wazneawn l9ieeay 82.40-96.62, 74.31-
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Table 3 water quality and efficiency of each types of local aquatic plants in treating wastewater without pH adjustment

control pond water hyacinth pond round papyrus pond canna pond
HRT Parameters Effluent Treatment Effluent Treatment Effluent Treatment Effluent Treatment
efficiency efficiency efficiency efficiency
(%) (%) (%) (%)
pH 5.97+0.00 - 6.18+0.01 - 6.02+0.01 - 6.20+0.01 -
SS (mg/L) 246.67+15.28 82.16+0.27 150.00+10.00 89.16+0.03 126.67+5.77 90.83+0.34 243.33+15.28 82.40+0.22
3 Day BOD (mg/L) 2,450+86.60 67.68+2.68 1,700+86.60 77.62+1.07 1,800+150.00 76.23+3.03 1,600+229.13 78.85+3.85
Phosphate (mg/L) 0.32+0.0050 14.77+1.38 0.27+0.0003 8.90+1.51 0.29+0.0003 12.38+1.40 0.28+0.0004 11.31£1.48
pH 5.9740.01 - 6.26+0.01 - 5.93+0.01 - 6.07+0.00 -
SS (mg/L) 220.00+£10.00 84.03+1.55 180.00+10.00 86.91+£1.62 110.00+10.00 92.04+0.65 120.00£0.00 91.30+0.60
5 Day BOD (mg/L) 1,900+173.21 75.00+1.92 1,950+150.00 74.31£2.27 1,750+229.13 77.03£2.09 1,550+86.60 79.59+1.03
Phosphate (mg/L) 0.28+0.0003 33.95+1.04 0.21£0.0004 15.76+1.40 0.27+0.0003 24.26+1.05 0.24+0.0005 33.94£1.14
pH 6.29+0.01 - 6.64+0.00 - 6.53+0.01 - 6.47+0.01 -
SS (mg/L) 53.33+5.77 96.12+0.68 80.00+20.00 94.23+1.26 46.67+5.77 96.62+0.49 56.67+5.77 95.89+0.52
7 Day BOD (mg/L) 1,5600+150.00 80.24+2.13 1,700£229.13 77.62+2.92 1,200+300.00 84.29+3.38 1,100+86.60 85.47+1.85
Phosphate (mg/L) 0.21+0.0006 55.17+0.56 0.14+0.0005 35.68+0.92 0.20+0.0005 69.41+0.71 0.10+0.0010 68.78+0.49

Table 4 Comparing the efficiency of aquatic plants in treating wastewater from a khanom jeen factory

Treatment control pond water hyacinth pond round papyrus pond canna pond p-value

HRT efficiency pH Without pH PH Without pH PH Without pH PH Without pH pH Without pH
%) adjustment adjustment adjustment adjustment adjustment adjustment adjustment adjustment adjustment adjustment

SS 82.34B 82.16 C 88.66 A 89.16 B 89.38 A 90.83 A 89.88 A 8240 C 0.0001*** 0.0000***

3 Day | BOD 71.69 C 67.68 B 72.33 BC 7762 A 74.36 A 76.23 A 78.90 A 78.85 A 0.0009*** 0.0052**
Phosphate 12.01A 14.77 A 8.66 B 8.90C 7.16 B 12.38 AB 8.53 B 11.31 BC 0.0143* 0.0071**

SS 86.20 B 84.03C 89.12 A 86.91 B 89.60 A 92.04 A 89.85 A 91.30 A 0.0285* 0.0001***

5Day | BOD 76.34 BC 75.00 B 75.00 C 74.31B 84.24 A 77.03 AB 80.18 AB 79.59 A 0.0056** 0.0345*
Phosphate 15.66 A 33.95 A 6.23C 15.76 C 9.39B 2426 B 10.31B 33.94 A 0.0003*** 0.0000***

SS 97.10B 96.12 A 94.17 A 9423 B 97.34 A 96.62 A 96.87 A 95.89 A 0.0008*** 0.0303*

7 Day | BOD 76.87 BC 80.24 BC 75.64C 7762 C 85.47 A 84.29 AB 81.52B 85.47 A 0.0023** 0.0222*
Phosphate 25.78 C 55.17 B 21.90 D 35.68 C 28.96 B 69.41 A 3548 A 68.78 A 0.0000*** 0.0000***

At each HRT of each parameter, means in the same row followed by different uppercase letters are significantly different at p < 0.05 (LSD).
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Table 5 Water quality and efficiency of the wastewater treatment system using aquatic plants for treating

wastewater from khanom jeen factory

Parameters Influent Effluent Treatment efficiency (%)
1. pH 3.05£0.01 3.99+0.01 -
2.SS (mg/L) 3,039+82.88 400+45.95 86.96+1.46
3.BOD (mg/L) 9,097+150.00 3,898+91.00 57.33£1.21
4. COD (mg/L) 20,637+£10.00 4,764+4.00 76.24+0.03
5. Total Nitrogen (mg/L) 14.06+0.01 7.06+0.01 48.98+0.02
6. Phosphate (mg/L) 2.897+2.74 2.140+3.24 24.04+2.66
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Figure 5 Quality of influent and effluent water, and efficiency of each types of aquatic plants in treating wastewater

from khanom jeen factory
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Figure 6 Characteristics of each types of auatic plants during continuous operation in a wastewater treatment

system over a 15-day period
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Figure 7 Suspended solid sedimentation caused by starch accumulates on the soil surface in wastewater

treatment ponds
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