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 This pilot study investigated the potential of vertical subsurface flow constructed wetlands 
(VSSF CWs) as a nature-based solution for treating wastewater from dairy processing plants. 
The study focused on the removal of key pollutants, including biochemical oxygen demand 
(BOD5), total suspended solids (TSS), oil and grease, nitrate, and pH. These parameters are 
particularly significant for dairy product manufacturing industries and are regulated by the 
Philippine Department of Environment and Natural Resources (DENR) under Department 
Administrative Order (DAO) 2016-08 (PSIC code 105). The study investigated the removal of 
these pollutants in VSSF CWs under 7-day and 14-day hydraulic retention times. Four wetland 
systems were included: one unplanted control and three planted with Dracaena sanderiana, 
Chrysopogon zizanioides, and Ipomoea aquatica Forsk. While the lack of replication limits 
statistical comparisons between treatments, the results of this exploratory study suggest 
several trends. Pollutant removal tended to improve with a 14-day hydraulic retention time 
(HRT). Dracaena sanderiana appeared to exhibit the highest BOD5 reduction from the initial 
concentration of 2680 to 42 mg L-1 (98.43%), followed by Chrysopogon zizanioides from 2680 
to 150 mg L-1 (94.40%) and Ipomoea aquatica Forsk. from 2680 to 280 mg L-1 (89.55%). Oil 
and grease concentrations generally fell below detectable limits (<1 mg L-1) after 14 days, 
indicating effective removal. Nitrate levels remained below the DENR effluent standard (DAO 
2016-08) throughout the study period at levels < 0.03. Finally, all systems’ pH levels were 
reduced to near-neutral range (7.35–7.68) after a 14-day HRT. These preliminary findings 
suggest that VSSF CWs may be a viable nature-based solution for dairy wastewater treatment. 
Yet, further studies are needed to validate these observations and optimize system design. 
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1. Introduction  
 

The issue of increasing demand for clean water is no 
longer a new concern [1]. For several years, communities 
worldwide have been facing this challenge [2]. It has 
been reported that approximately one-third of the 
world’s population currently resides in water-stressed 
areas, with projections indicating that this number will 
rise to two-thirds by 2025  [3]. The primary drivers of 
this dilemma are the rapid industrialization and 
population growth that are occurring worldwide [4]. 
These factors have led to a significant rise in wastewater 
generation, resulting in severe environmental 
degradation and health-related consequences [5–7]. 

Among the major contributors to wastewater globally 
is the dairy industry. The dairy industry is particularly 
notable in the food sector for its high water consumption 
in producing products like fresh milk, milk powder, 
cheese, and yogurt [8]. Wastewater from this industry is 
known for its high levels of biochemical oxygen demand 
(BOD5), chemical oxygen demand (COD), and organic 
matter [9]. Bouanga Boudiombo et al.  [10]  report that 
dairy industries generate approximately 10 liters of 
wastewater per liter of drinking milk, containing 
significant levels of phosphorus and nitrogen. 

While several treatment methods exist to address 
wastewater concerns, many are expensive and not 
always environmentally friendly [11]. Consequently, 
research has shifted toward alternative, cost-effective, 
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and eco-friendly solutions, such as phytoremediation. 
This process involves using plants and their associated 
microorganisms to remove, degrade, or immobilize 
pollutants in wastewater [12]. Depending on the 
contaminants present, phytoremediation can include 
phytodegradation, biodegradation, phytoextraction, 
phytostabilization, and phytovolatilization [13]. 
Constructed wetlands have emerged as a promising 
approach in this field [14, 15]. 

Constructed wetlands (CWs) are a form of green 
technology that harnesses the natural processes of 
wetlands to treat wastewater pollutants [16]. Numerous 
studies have shown that CWs significantly reduce 
pollutants [17–19]. As a nature-based solution, CWs offer 
sustainable, efficient, and cost-effective wastewater 
treatment, presenting an eco-friendly alternative to 
traditional methods. 

Despite the growing recognition of the effectiveness 
of constructed wetlands, there are still gaps in their 
application, particularly in treating wastewater from 
milk processing plants. While extensive research exists 
on CWs for municipal or agricultural wastewater, the 
specific challenges of dairy processing wastewater have 
been less explored. Therefore, this pilot study aims to 
provide preliminary insights into the potential of VSSF 
CWs for treating wastewater from a dairy processing 
plant. 

Among various plant species, macrophytes such as 
fortune plant (Dracaena sanderiana) [20, 21], Vetiver 
grass (Chrysopogon zizanioides) [22, 23], and water 
spinach (Ipomoea aquatica Forsk.) [24] have garnered 
attention for their remarkable capabilities in enhancing 
water quality by removing nutrients, heavy metals, and 
organic pollutants. These macrophytes not only 
contribute to wastewater purification but also promote 
biodiversity and ecosystem health in constructed 
wetlands and other aquatic systems. This pilot study 
investigated the effectiveness of the selected 
macrophytes in phytoremediation, exploring their 
potential roles in enhancing water quality using a vertical 
subsurface flow constructed wetlands (VSSF CW) 
prototype designed for treating wastewater from a dairy 
processing plant at the University of Science and 
Technology of Southern Philippines (USTP) Claveria, and 
providing initial insights into their application in 
sustainable wastewater management practices. 
Understanding the mechanisms and efficiencies of these 
plants can help develop more effective strategies to 
mitigate water pollution and promote environmental 
sustainability. 

Moreover, the pilot study evaluated the efficiency of 
these plants in removing key pollutants in dairy 
processing wastewater, including BOD5, total suspended 
solids, nitrates, oil and grease, and pH. These parameters 
are especially chosen considering that these are listed as 
significant parameters to be considered for industries 
that manufacture dairy products based on the Philippine 
Department of Environment and Natural Resources 
(DENR) Department Administrative Order (DAO) 2016-
08, PSIC code 105 [25]. As such, the pilot study assessed 
whether the constructed wetland effluents tended to 
comply with the effluent standards set by the DENR. The 

findings of this pilot study contribute to the initial design 
and operation considerations of VSSF CWs for the dairy 
industry. They also help identify potential plant species 
and operational conditions, laying the groundwork for 
more sustainable wastewater treatment solutions that 
are both environmentally friendly and cost-effective. It is 
important to emphasize that this is a pilot study and the 
findings presented here are exploratory and should be 
interpreted cautiously. 

 

2. Method 
 

2.1. Research Design 
 

This pilot study employed a factorial experimental 
design with a completely randomized layout, integrating 
both developmental and experimental research 
components. The developmental component involved 
the design and construction of vertical subsurface flow 
constructed wetland (VSSF CW) prototypes. The 
experimental aspect evaluated the treatment efficiency 
of the VSSF CWs in reducing critical pollutants, including 
biochemical oxygen demand (BOD5), total suspended 
solids (TSS), oil and grease, nitrates, and pH, from dairy 
processing plant wastewater. Two experimental factors 
were investigated: plant species (D. sanderiana, C. 
zizanioides, I. aquatica Forsk., and a control with no plant) 
and hydraulic retention time (7 days and 14 days), 
resulting in eight treatment combinations. Due to the 
absence of treatment replication, statistical analysis is 
limited and is focused primarily on descriptive statistics. 
Comparative analysis between plant species and 
retention times was limited and interpreted cautiously. 

 

2.2. Preparation of the vertical subsurface flow 
constructed wetland  

 

The constructed wetland prototype was designed to 
mimic the vertical subsurface flow constructed wetland 
system. Each unit consisted of a rectangular tank (0.6 m 
x 0.6 m x 0.7 m) filled with a mixture of local soil, gravel, 
and sand as the substrate material. The tank was divided 
into two compartments: an upper compartment for 
planting and a lower compartment for wastewater 
collection. A perforated pipe was installed at the top of 
the upper compartment to facilitate the even distribution 
of wastewater. 

The VSSF-CW system was designed to operate 
under saturated conditions, with wastewater flowing 
vertically downward through the substrate material and 
plant roots. The system was fed with milk processing 
plant wastewater, which was pumped into the upper 
compartment at a controlled rate. 

The inlet of the wastewater to the VSSF CW prototype 
was designed to distribute the influent around the cell 
evenly. The outlet was situated at the bottom. The plants 
selected for the laboratory model were aquatic plants, 
chosen based on their adaptability to the climate. The 
plants that were used for the model include fortune plant 
(Dracaena sanderiana), Vetiver grass (Chrysopogon 
zizanioides), and water spinach (Ipomoea aquatica 
Forsk.), which are locally available. The tray setup 
consisted of three layers of purification: gravel, sand 
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(sieved with a 1-4 mm sieve), and garden soil. Local soil, 
preferably loamy and containing silt and clay, was used 
for the constructed wetland. Each layer played a specific 
role in the purification process of the constructed 
wetland.  

Table 1 shows the technical specifications that were 
used in this study with reference to related literature and 
studies, such as the Constructed Wetlands Manual of the 
United Nations Human Settlements Programme [26], the 
study of Tamang [21] and Flores & Adil [27]. Meanwhile, 
Figures 1, 2, and 3 show the cross-sectional, top, and 
isometric views of the VSSF CW. 
 
 
Table 1. Technical Specifications of the Constructed 
Wetland Model 

Operational 
Specifications  

Value  

CW Type  Subsurface Flow  

CW Configuration  Vertical Flow 

CW Substrate  Local Soil, Sand, Gravel  

Type of Influent  Milk Processing Plant Wastewater  

Tray Dimensions  0.6 m x 0.6 m x 0.7 m 

Type of feeding  Intermittent 

Plant Species  Fortune plant (D. sanderiana), 
Vetiver grass (C. zizanioides), and 
water spinach (I.  aquatica Forsk.) 

Depth of Gravel  20 cm 

Depth of Sand  30 cm 

Sand Sieve size  1-4 mm  

Depth of Local Soil  10 cm 

Slope of Setup  1%  

 
 
 
 

 
Figure 1. Cross-sectional view of the VSSF CW setup 
 
 

 
Figure 2. Top view of the VSSF CW setup 
 

 
Figure 3. Isometric view of the VSSF CW setup 
 

Raw wastewater from the USTP Claveria Gatas 955 
Milk Processing Plant was collected and stored in a 
sedimentation/settling tank designed to settle 
suspended solids in the wastewater and even out the 
flow rate of the wastewater influent that was fed into the 
vertical subsurface flow constructed wetland setup. The 
raw wastewater was then diluted at a 1:4  ratio (1 part 
raw wastewater to 3 parts water) so that the 
concentration of the feed wastewater was suitable for the 
constructed wetland system’s design organic loading 
rate. The post-dilution feed wastewater was then 
characterized and used as the influent for the 
experimental systems. This dilution was applied as a 
necessary pre-treatment step to prevent rapid clogging 
of the substrate and ensure sustainable microbial 
activity, aligning the organic load with established VSSF 
CW design protocols. 

In this study, a hydraulic retention time of one (1) 
week and two (2) weeks were observed. This hydraulic 
retention time is adopted in the study of Flores & Adil 
[27], who studied the treatment of slaughterhouse 
wastewater in a subsurface flow constructed wetland, 
similar to the configuration that was used in this study.   
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The choice of vegetation and plant spacing plays a 
vital role in the performance of the constructed wetland 
system. For this study, fortune plant (D. sanderiana), 
Vetiver grass (C. zizanioides), and water spinach (I. 
aquatica Forsk.) were selected based on their known 
ability to tolerate wastewater conditions and their 
potential for phytoremediation. These plants were 
locally sourced from Claveria, Misamis Oriental, 
Philippines.  

The spacing between plants was determined based on 
the growth characteristics of each species and the 
available area within the prototype. To ensure 
uniformity and consistency in the number of plants per 
constructed wetland system, each experimental setup 
consisted of 16 plants (arranged in a 4 x 4 grid) with a 
spacing of 0.15 m apart and a uniform margin of 0.075 m 
from the edges of the constructed wetland system on all 
sides. Furthermore, these plants were grown for three 
(3) months in a nursery before being transplanted to the 
constructed wetland system. To allow for adaptation to 
the new environment, the plants underwent a one-month 
acclimatization period, during which they were fed with 
clean water before wastewater introduction. 
 

2.3. Research environment  
 

The pilot study was conducted at the University of 
Science and Technology of Southern Philippines – 
Claveria Campus, Magsaysay St., Poblacion, Claveria, 
Misamis Oriental. Specifically, the pilot-scale constructed 
wetland system was put up at the back of the USTP 
Claveria Gatas 955 Milk Processing Plant.  

Claveria, Misamis Oriental (8° 36′ 36″ N, 124° 53′ 
41″ E), is characterized by a tropical climate with distinct 
wet and dry seasons. The area experiences a significant 
amount of rainfall throughout the year, with an annual 
average of approximately 2,500 mm. The wet season 
typically spans from June to December, bringing heavy 
rains and occasional typhoons, while the dry season 
extends from January to May. Average temperatures 
range from 22°C to 32°C, with the warmest months 
occurring from March to May. 
 

2.4. Sampling procedure and data gathering 
 

Wastewater samples were collected from the inlet 
and outlet of the constructed wetland system at regular 
intervals. The samples were collected in sterile 
containers and transported to the laboratory for analysis. 
The sampling procedure followed standard protocols to 
ensure the integrity and representativeness of the 
samples. Sampling was done after one (1) and two (2) 
weeks of retention time. 

An influent sample was taken immediately to a 
Philippine Accreditation Bureau – Laboratory 
Accreditation Division (PAB-LAD) and Department of 
Environment and Natural Resources (DENR)-accredited 
third-party laboratory after the raw wastewater was 
screened prior to its introduction to the experimental 
cell. Effluent samples were analyzed every week for two 
weeks of detention time at the same identified 
laboratory. Specifically, the influent and effluent samples 
were analyzed for pH using the 4500 H+ B. Electrometric 

Method, biochemical oxygen demand (BOD5) using the 
5210 B. 5-Day BOD Test, total suspended solids (TSS) 
using the 2540 D. Gravimetric method (dried at 103-105 
°C), oil and grease using the 5520 B. Liquid-Liquid 
Partition-Gravimetric Method, and nitrate as NO3-N 
using the US EPA 352.1 Colorimetric method with 
Brucine. After 14 days of retention time, sample plants 
were obtained to observe their root properties. 
 

2.5. Data analysis 
 

Due to the absence of treatment replication in this 
pilot study, the data analysis focused on descriptive 
statistics. Mean values and ranges were calculated for 
each water quality parameter in the influent and effluent. 
Changes in pollutant concentrations from influent to 
effluent within each treatment were assessed. However, 
comparisons between different plant species or 
retention times were limited to descriptive observations 
of trends and patterns, and no statistical tests were used 
for these comparisons. 

 

3. Results and discussion 
 

3.1. Characterization of the dairy processing plant 
wastewater  

 

Table 2 presents the characteristics of the raw 
wastewater from the dairy processing plant that was 
used in this study. As earlier discussed, the parameters 
tested are based on the significant parameters for 
industries that manufacture dairy products as outlined in 
the Philippine Department of Environment and Natural 
Resources (DENR) DAO 2016-08 PSIC Code 105. 
 

Table 2. Characteristics of the dairy processing plant 
wastewater  

Parameters Unit Results 
pH - 3.84 @ 19.8 °C 

Biochemical Oxygen 
Demand (BOD5) 

mg L-1 2680 

Total Suspended Solids mg L-1 76 
Oil and Grease mg L-1 17 
Nitrate as NO3-N mg L-1 < 0.03 

 
The wastewater sample was acidic with a pH of 3.84, 

indicating a need for pH adjustment during treatment. 
The BOD₅ level of 2680 mg L-1  suggests a high organic 
load, typical of dairy processing wastewater. The total 
suspended solids (TSS) concentration of 76 mg L-1  is 
within the reported range for dairy effluents. The oil and 
grease content of 17 mg L-1  is also consistent with 
literature values. The nitrate level was below the 
detection limit of 0.03 mg L-1. 
 
3.2. Treatment efficiency of VSSF CW with the 

different macrophytes 
 

Table 3 presents the reduction of BOD5, TSS, nitrate, 
oil and grease, and pH after 7 and 14 days retention time 
in a controlled experiment comparing the three plant 
species and a control system (no plant). 
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3.2.1. Biochemical oxygen demand (BOD5)  
 

The results indicate that all three plant species 
significantly enhanced BOD5 removal compared to the 
control system after 7 and 14 days. Dracaena sanderiana 

exhibited the highest BOD₅ reduction at 98.43% after 14 
days, followed by Chrysopogon zizanioides at 94.40% and 
Ipomoea aquatica Forsk. at 89.55%. 
 

 
Table 3. Reduction of BOD5, TSS, nitrate, oil and grease, and pH after 7 and 14 days retention time 

Parameter Treatment Influent  
(mg L-1) 

Effluent 
(mg L-1) 

Reduction 
(Influent vs Effluent) 

 7 Days 14 Days  7 Days 14 Days  

BOD5 Controlled (no plant) 2680 2520 500 5.97% 81.34% 
 Dracaena sanderiana 2680 232 42 91.34% 98.43% 
 Chrysopogon zizanioides 2680 59 150 97.80% 94.40% 
 Ipomoea aquatica Forsk.  2680 532 280 80.15% 89.55% 
TSS Controlled (no plant) 76 12 14 84.21% 81.58% 

 Dracaena sanderiana 76 4 9 94.74% 88.16% 

 Chrysopogon zizanioides 76 10 13 86.84% 82.89% 

 Ipomoea aquatica Forsk.  76 7 28 90.79% 63.16% 

Nitrate Controlled (no plant) < 0.03 0.06 < 0.03 - - 

 Dracaena sanderiana < 0.03 < 0.03 < 0.03 - - 

 Chrysopogon zizanioides < 0.03 0.05 < 0.03 - - 

 Ipomoea aquatica Forsk.  < 0.03 < 0.03 < 0.03 - - 

Oil and grease Controlled (no plant) 17 1 < 1 94.12% > 94.12% 

 Dracaena sanderiana 17 2 < 1 88.24% > 94.12% 

 Chrysopogon zizanioides 17 3 < 1 82.35% > 94.12% 

 Ipomoea aquatica Forsk.  17 1 < 1 94.12% > 94.12% 

pH Controlled (no plant) 3.84 7.38 7.56 - - 

 Dracaena sanderiana 3.84 7.54 7.68 - - 

 Chrysopogon zizanioides 3.84 7.56 7.64 - - 

 Ipomoea aquatica Forsk.  3.84 7.35 7.42 - - 

 

These high removal rates are consistent with the 
reported effectiveness of constructed wetlands in 
treating wastewater with high organic loads. Studies 
have shown that Dracaena sanderiana can effectively 
remove organic pollutants like Bisphenol A [28]. 
Chrysopogon zizanioides has also demonstrated high 
BOD5  removal efficiencies in various constructed 
wetland systems, including those treating dairy 
wastewater  and other industrial effluents [23, 29–32]. 
The dense root system of Chrysopogon zizanioides 
provides a large surface area for microbial activity, which 
is crucial for BOD5  degradation [32–34]. Ipomoea 
aquatica Forsk. is also known for its ability to remove 
organic matter from wastewater. The control system also 
showed a substantial BOD5 reduction (81.34% after 14 
days), indicating the contribution of the filter media and 
natural microbial activity. 
 

3.2.2. Total suspended solids 
 

All planted systems showed effective TSS removal 
after 7 days, with Dracaena sanderiana achieving the 
highest reduction at 94.74%. Chrysopogon zizanioides 
and Ipomoea aquatica Forsk. also performed well, with 
reductions of 86.84% and 90.79%, respectively. After 14 
days, Dracaena sanderiana (88.16%) and Chrysopogon 
zizanioides (82.89%) maintained good TSS removal. 
However, Ipomoea aquatica Forsk. showed a decrease in 
TSS removal to 63.16% after 14 days, with an effluent 
concentration of 28 mg/L, higher than the 7 days 
retention time (3 mg/L). This increase could be due to 

the sloughing off of root biomass or the release of fine 
particulate matter associated with the plant in the 
waterlogged conditions. The control system also 
demonstrated significant TSS removal (81.58% after 14 
days), indicating the role of physical filtration by the 
substrate. Dracaena sanderiana has shown effectiveness 
in removing suspended solids. Chrysopogon zizanioides is 
also reported to be efficient in TSS removal in 
constructed wetlands. Ipomoea aquatica Forsk. has 
demonstrated high TSS removal rates in some studies. 
 

3.2.3. Oil and grease 
 

At the start of the study, the influent oil and grease 
concentration was 17 mg L-1. In the unplanted system, 
this dropped to 1 mg L-1 after 7 days and below 1 mg L-1 
after 14 days, indicating effective natural processes. 
Chrysopogon zizanioides reduced oil and grease to 3 mg 

L-1 after 7 days and below 1 mg L-1 after 14 days, aided by 
its dense, fibrous root system, enhancing microbial 
biodegradation [33, 35]. Dracaena sanderiana showed a 
similar trend, reducing concentrations to 2 mg L-1 after 7 
days and below 1 mg L-1 after 14 days. Ipomoea aquatica 
Forsk. also achieved significant removal, reducing oil and 
grease to 1 mg L-1 after 7 days and below 1 mg L-1 after 
14 days, despite its floating nature limiting 
sedimentation effects. The high removals are attributed 
to a combination of physical trapping of hydrophobic 
compounds by the substrate, and microbial 
biodegradation of fatty substances enhanced by aerobic 
microzones in planted systems [33, 35]. 
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The extended retention time of 14 days enhanced oil 
and grease removal across all treatments, emphasizing 
the importance of optimizing hydraulic retention time 
for high pollutant removal efficiency. 

 
3.2.4. Nitrate (NO3-N) 
 

The influent nitrate concentration initially was below 
0.03 mg L-1. In the control system without plants, nitrate 
levels rose to 0.06 mg L-1 after 7 days, possibly due to 
nitrification or mineralization, but fell below 0.03 mg L-1 
after 14 days, indicating natural denitrification 
processes. Planted systems maintained nitrate 
concentrations below 0.03 mg L-1 throughout. Dracaena 
sanderiana and Ipomoea aquatica Forsk. achieved near-
complete nitrate removal, maintaining levels below 
detection limits (<0.03 mg L-1) even at 7 days, 
highlighting plants’ role in nitrogen uptake and 
rhizosphere oxygenation [36]. Chrysopogon zizanioides 
also effectively reduced nitrate, from 0.05 mg L-1 at 7 
days to below 0.03 mg L-1 by 14 days, facilitated by its 
dense root system and microbial colonization. 

Plants enhance nitrification and denitrification 
processes, with nitrifying bacteria converting ammonia 
to nitrite and nitrate, and denitrifying bacteria 
converting nitrate to nitrogen gas. The rhizosphere 
supports these microbial communities, leading to 
efficient nitrate removal [37]. Soil analysis revealed a 
nitrogen content of 0.268% using the Kjeldahl test, 
indicating potential nutrient leaching in control systems, 
mitigated by vegetation in planted systems. This 
underscores the importance of integrating vegetation in 
constructed wetlands to minimize nutrient leaching and 
enhance nitrate removal. 

Although nitrate concentrations in the influent 
wastewater were found to be below detection limits 
(<0.03 mg L-1), the plant growth and pollutant removal 
performance observed in planted constructed wetland 
systems suggest that alternative nitrogen sources 
supported plant development. Dairy wastewater is 
known to contain high levels of organic nitrogen 
compounds, such as proteins and amino acids, which can 
be mineralized by microbial communities into 
ammonium (NH4+) and subsequently into nitrate through 
nitrification processes [38–40]. Plants in constructed 
wetlands can efficiently utilize ammonium as a nitrogen 
source, in addition to nitrate, thereby sustaining growth 
even under conditions of low inorganic nitrate 
availability [41]. Recent studies highlight the critical role 
of microbial-driven nutrient cycling within the wetland 
substrate, particularly in systems treating stormwater or 
agricultural runoff, where microbial communities adapt 
to fluctuating nutrient loads and redox conditions to 
maintain nitrogen transformations [38–40]. For 
instance, microbial taxa such as Nitrosomonadaceae and 
Nitrospira have been shown to persist even during 
seasonal nitrification failures, suggesting functional 
redundancy in nitrogen cycling pathways [42, 43]. 
Additionally, small-scale constructed wetlands (<8 
hectares) demonstrate sustained synergistic removal of 
nitrogen and phosphorus over 3–12 years, emphasizing 
the long-term stability of these systems [39]. The 

integration of plant uptake and microbial activity in 
constructed wetlands ensures efficient 
phytoremediation, even when inorganic nitrogen forms 
are scarce [39, 41]. 
 

3.2.5. pH stabilization 
 

The level of pH is very important to be controlled 
before being discharged to the environment [44]. In the 
control treatment, pH levels increased to 7.38 after 7 
days and surged to 7.56 by the 14th day, likely due to the 
buffering capacity of the wetland substrate. In contrast, 
systems with plants exhibited more consistent pH 
stabilization through various biological and chemical 
processes. 

Ipomoea aquatica Forsk. was particularly effective, 
maintaining a pH of 7.35 after 7 days and 7.42 after 14 
days, in line with its known abilities in environmental 
remediation [24]. The Dracaena sanderiana kept the pH 
at 7.54 after 7 days and 7.68 after 14 days, which can be 
attributed primarily to root exudates and microbial 
activity. Similarly, Chrysopogon zizanioides stabilized the 
pH at 7.56 after 7 days and 7.64 by the 14th day. 

These planted treatments outperformed the control 
in pH stabilization, showcasing the crucial role of 
vegetation and microbial interactions in maintaining 
near-neutral pH levels, which are essential for protecting 
aquatic ecosystems. The constructed wetland system 
effectively raised the pH from an acidic influent of 3.84 to 
near-neutral levels (7.35–7.68), highlighting the 
importance of vegetation in enhancing pH stabilization. 

Among the plants tested, water spinach emerged as 
the most effective in maintaining neutral pH, making it a 
promising candidate for treating acidic wastewater in 
constructed wetlands. 
 

3.3. Effects of retention time  
 

This pilot study explored the effects of retention time 
on the treatment efficiency of vertical subsurface flow 
constructed wetlands (VSSF CW) planted with three 
macrophyte species: Dracaena sanderiana, Chrysopogon 
zizanioides, and Ipomoea aquatica Forsk. As shown in 
Figure 4, a general trend of improved removal 
performance for BOD₅ and TSS was observed with an 
increase in retention time from 7 to 14 days. Dracaena 
sanderiana consistently exhibited the highest treatment 
efficiency, achieving approximately 91% and 98% BOD5 
removal at 7 and 14 days, respectively, along with 95% 
and 88% TSS removal. Chrysopogon zizanioides also 
demonstrated strong performance, particularly for BOD5 

removal (around 98% at 7 days and 94% at 14 days); 
however, a slight decrease was noted in TSS removal 
with extended retention. In contrast, Ipomoea aquatica 
Forsk. showed lower removal efficiencies, especially for 
TSS, where removal rates decreased markedly from 
about 91% at 7 days to approximately 63% at 14 days. It 
is important to note that although BOD₅ removal for 
Ipomoea aquatica Forsk. improved with longer retention, 
the variability in TSS performance suggests potential 
limitations related to plant type or system stabilization 
over time. 
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Figure 4. Removal efficiencies of BOD5 and TSS after 7- and 14-day retention times in pilot-scale VSSF CW planted with 
different macrophyte species 
 
 

Additional water quality parameters, presented in 
Table 3, offer further insights but should be interpreted 
cautiously given the preliminary nature of the 
investigation. Nitrate levels in the influent were very low 
(<0.03 mg L-1), making it difficult to assess significant 
treatment effects across different macrophytes and 
retention times. For oil and grease, all treatments—
including the unplanted control—achieved high removal 
efficiencies, exceeding 88% after 7 days and surpassing 
94% after 14 days, indicating that both biological and 
physicochemical processes may be contributing 
substantially to treatment outcomes. The observed 
neutralization of pH, from an initial highly acidic value 
(pH 3.84) to values near neutrality (pH 7.35–7.68) across 
all planted and unplanted treatments, further supports 
the potential of VSSF CWs for effluent stabilization. 

While these preliminary results are promising, they 
must be interpreted within the context of the study's 
limitations, including the controlled conditions and 
relatively short operational period typical of pilot-scale 
systems. Further long-term studies, under variable 
environmental conditions and operational scales, are 
necessary to validate these findings and fully establish 
the reliability and robustness of the observed treatment 
performances. Nevertheless, the current data suggest 
that both retention time and macrophyte selection are 
critical factors influencing the efficacy of VSSF CWs and 
warrant continued investigation.  

 
3.4. Removal Mechanisms in the Vertical Subsurface 

Flow Constructed Wetlands  
 

The overall high pollutant removal observed in all 
four systems is a result of complex, synergistic 
mechanisms occurring within the VSSF CW system. The 
high BOD5 removal efficiency demonstrated by the 

unplanted control system, 81.34% confirms that physical 
filtration/sedimentation and microbial degradation 
within the gravel and sand substrate are the dominant 
and primary removal processes. Plant presence provides 
a critical enhancement mechanism, particularly in 
systems that achieved >95% BOD5 removal. Large solids 
(TSS) and oil/grease are primarily removed via filtration 
by the sand and gravel medium and subsequent 
sedimentation in the bed. Heterotrophic bacteria 
attached to the substrate particles aerobically oxidize 
organic pollutants (BOD5) and nitrify ammonium (NH4+). 
Oxygen is provided by the intermittent loading scheme 
and is enhanced by the plants’ root systems 
(rhizosphere). The significant change in pH (from 3.84 to 
neutral) promotes the precipitation of heavy metals and 
phosphorus compounds as insoluble salts, trapping them 
within the substrate matrix. 

Furthermore,  the macrophytes provide several 
crucial functions, primarily in the nutrient uptake into 
the plant biomass, root matrix stabilization to prevent 
clogging and increase porosity, and crucially, the 
transport of oxygen from the leaves to the rhizosphere, 
creating a highly oxygenated micro-zone that 
significantly boosts aerobic microbial degradation and 
facilitates the final, critical percentage of BOD5 and TSS 
removal. 
 

3.5. Compliance with the Philippine DENR effluent 
standards  

 

The effluent quality of the vertical subsurface flow 
constructed wetland (VSSF CW) systems was evaluated 
against the effluent standards established by the 
Department of Environment and Natural Resources 
(DENR) under DAO 2016-08. Considering the 
classification of the water bodies near the USTP Claveria 
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Gatas 955 Milk Processing Plant, comparisons were 
made based on the standards for Class C and Class D 
water bodies. Class C waters are intended for fisheries, 
recreation, and agricultural use, while Class D waters are 
designated for navigational and transport purposes. 
Tables 4 and 5 summarize the effluent quality results 
following 7 and 14 days of retention time, respectively. 

At 7 days of retention, the biochemical oxygen 
demand (BOD₅) concentrations in the effluents from 
Dracaena sanderiana, Chrysopogon zizanioides, and 
Ipomoea aquatica Forsk. treatments exceeded the Class C 
standard of 50 mg L⁻¹. Only the effluent from 
Chrysopogon zizanioides complied with the Class D limit 
of 120 mg L⁻¹. After 14 days, a substantial reduction in 
BOD₅ was observed, with Dracaena sanderiana achieving 
full compliance with both Class C and Class D standards. 
In contrast, effluents from Chrysopogon zizanioides and 
Ipomoea aquatica Forsk. remained above the allowable 

BOD₅ thresholds. These findings suggest that longer 
retention time is critical for effective organic pollutant 
removal. However, it must be emphasized that these 
results stem from pilot-scale experiments and should be 
interpreted cautiously pending validation under full-
scale and long-term operational conditions. 

For total suspended solids (TSS), all treatments 
consistently achieved compliance with the DENR 
standards across both retention times. TSS 
concentrations remained well below the Class C (100 mg 
L⁻¹) and Class D (150 mg L⁻¹) thresholds, ranging from 4 
to 10 mg L⁻¹ after 7 days and from 9 to 28 mg L⁻¹ after 14 
days. These results highlight the capacity of the VSSF CW 
systems to effectively remove suspended solids through 
sedimentation and filtration mechanisms supported by 
the substrate and plant root networks. Nonetheless, 
sustained monitoring is necessary to ensure long-term 
system performance.

 

Table 3. Effluent quality of VSSF CW planted with Dracaena sanderiana, Chrysopogon zizanioides, and Ipomoea aquatica 
Forsk. compared with the DENR DAO 2016-08 effluent standard for Class C and Class D after 7 days retention time 

Parameter Unit 
Results DAO 2016-08  

Dracaena 
sanderiana 

Chrysopogon 
zizanioides 

Ipomoea aquatica 
Forsk. 

Class C * Class D * 

pH - 7.54 7.56 7.35 6.0-9.5 5.5-9.5 
BOD5 mg L-1 232 59 532 50 120 
TSS mg L-1 4 10 7 100 150 

Nitrate mg L-1 < 0.03 0.05 < 0.03 14 30 
Oil and Grease mg L-1 2 3 1 5 15 

* Water body classification according to beneficial use  
 

Table 4. Effluent quality of VSSF CW planted with Dracaena sanderiana, Chrysopogon zizanioides, and Ipomoea aquatica 
Forsk. compared with the DENR DAO 2016-08 effluent standard for Class C and Class D after 14 days retention time 

Parameter Unit 
Results DAO 2016-08  

Dracaena 
sanderiana 

Chrysopogon 
zizanioides 

Water spinach Class C * Class D * 

pH - 7.68 7.64 7.42 6.0-9.5 5.5-9.5 
BOD5 mg L-1 42 150 280 50 120 
TSS mg L-1 9 13 28 100 150 
Nitrate mg L-1 < 0.03 < 0.03 < 0.03 14 30 
Oil and Grease mg L-1 < 1 < 1 < 1 5 15 

* Water body classification according to beneficial use  
 

Effluent concentrations of oil and grease also fell 
within the allowable limits (5 mg L⁻¹ for Class C and 15 
mg L⁻¹ for Class D) for all treatments. At the 14-day 
retention time, concentrations were below the 
detectable limit (<1 mg L⁻¹) across all systems, 
suggesting effective removal processes, possibly through 
substrate adsorption and microbial degradation. 
However, given the short duration and controlled 
conditions of the study, further investigation under 
varied influent characteristics is warranted. 

Nitrate removal was consistently high across all 
treatments, with effluent concentrations remaining 
below detection limits (<0.03 mg L⁻¹) or showing only 
minimal presence, and consistently meeting DENR 
standards (14 mg L⁻¹ for Class C and 30 mg L⁻¹ for Class 
D). While these results indicate effective nitrogen 
removal mechanisms such as microbial denitrification 
and plant uptake, the low nitrate concentration in the 
influent limits the full assessment of system nitrogen 
removal capacity. 

Effluent pH values across all treatments were within 
the acceptable ranges of 6.0–9.5 for Class C and 5.5–9.5 
for Class D. The pH increased from the initial acidic 
condition (3.84) to near-neutral values (7.35–7.68) after 
treatment, indicating effective pH stabilization. 

The preliminary findings from this pilot-scale study 
demonstrate that the VSSF CW systems planted with 
Dracaena sanderiana, Chrysopogon zizanioides, and 
Ipomoea aquatica Forsk. achieved consistent compliance 
with DENR standards for TSS, oil and grease, nitrate, and 
pH. However, BOD₅ reduction varied among species and 
was significantly influenced by retention time. Among 
the species tested, Dracaena sanderiana demonstrated 
the most consistent performance in achieving full 
regulatory compliance after 14 days of treatment. 
Further studies under extended operational periods and 
field-scale conditions are necessary to validate these 
initial observations and to optimize system design and 
plant selection for robust performance. 
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4. Conclusion  
 

This study examines the effectiveness of vertical 
subsurface flow constructed wetlands (VSSF CW) in 
treating milk processing plant wastewater in terms of 
various significant parameters, as outlined in DENR DAO 
2016-08, PSIC Code 105, regarding the manufacture of 
dairy products. Furthermore, this study also compared 
the performance of three plants—Dracaena sanderiana, 
Chrysopogon zizanioides, and Ipomoea aquatica Forsk.—
in terms of their phytoremediation potential in 
application to the VSSF CW. Results revealed notable 
differences in their pollutant removal efficiencies. Each 
plant demonstrated unique strengths in handling specific 
contaminants, underscoring the importance of selecting 
the right plant for optimal wetland performance. These 
findings highlight the role of constructed wetlands as an 
effective and environmentally friendly wastewater 
treatment solution. By leveraging the inherent 
capabilities of the selected plants, this study contributes 
valuable insights into sustainable water management 
practices. The promising effluent quality demonstrates 
the potential of VSSF CWs to help local dairy industries 
achieve compliance with the Philippine DENR DAO 2016-
08 effluent standards, thereby promoting sustainable 
and nature-based industrial wastewater management. 
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