Comparative Evaluation of Selected Indoor Ornamental Plants for Improving Indoor Air Quality under Controlled Conditions


ABSTRACT
Indoor air quality plays a significant role in affecting human health and well-being, particularly in enclosed urban environments where ventilation is limited and pollutant accumulation is high. Indoor plants have been reported to improve indoor air quality through pollutant absorption by leaf surfaces and root-associated microbial activity. This study investigated the influence of selected indoor plants, namely Areca palm (Dypsis lutescens), Spider plant (Chlorophytum comosum) and Money plant (Epipremnum aureum) on indoor air quality in a controlled room environment. Unlike many previous studies that evaluated individual plant species, the present study comparatively assessed both single-species and multi-species ornamental plant combinations under identical controlled indoor conditions using multiple indoor air quality parameters. This study included both single-species and multi-species combinations, monitored over a three-day experimental period. Key air quality parameters, including particulate matter (PM2.5 and PM10), carbon dioxide (CO2), formaldehyde (HCHO), total volatile organic compounds (TVOCs) and overall air quality index (AQI), were measured before and after human occupancy, followed by overnight plant exposure. These results suggest that combined plant treatments may provide greater improvements than single-species treatments. The study also underlines fundamental limitations associated with small-scale indoor environments, including limited leaf area-to-volume ratio and short exposure duration. Results indicated that all treatments improved indoor air quality, whereas multi-species combinations demonstrated comparatively greater pollutant removal efficiency. One-way analysis of variance (ANOVA) revealed significant differences among treatments for PM2.5, PM10 and TVOCs (P < 0.05), confirming the superior performance of multi-species plant combinations. The greatest reductions in PM2.5 (34.9%), PM10 (36.4%), and TVOCs (50.0%) were observed in multi-species plant treatments, indicating their superior performance compared with individual plant species. These findings demonstrate that strategically selected multi-species indoor ornamental plant combinations can serve as an effective, sustainable and low-cost supplementary approach for improving indoor air quality in residential, educational and office environments.
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Introduction
In modern urban lifestyles, people spend a considerable proportion of their time in enclosed indoor environments such as homes, offices, educational institutions, and commercial buildings. Consequently, indoor air quality (IAQ) has become an important determinant of human health, comfort, well-being, and productivity. Poor indoor air quality has been associated with a wide range of adverse health effects, including respiratory disorders, allergic reactions, headaches, fatigue, and reduced cognitive performance (Paull et al., 2018; Ghosh & Dutta, 2021). 
According to the World Health Organization (WHO), indoor air pollution remains one of the major environmental health risks worldwide, particularly in poorly ventilated buildings.
Indoor air pollution originates from multiple sources, including inadequate ventilation, human occupancy, building materials, household products, cooking activities, and outdoor pollutant infiltration. 
In densely occupied indoor environments, particulate matter and gaseous pollutants often accumulate to concentrations that may exceed outdoor levels. Carbon dioxide generated through human respiration is commonly used as an indicator of ventilation efficiency, while particulate matter (PM2.5 and PM10), formaldehyde (HCHO), and total volatile organic compounds (TVOCs) are among the most important indoor pollutants affecting human health.
Conventional approaches for improving indoor air quality primarily rely on mechanical ventilation systems and air purification devices. Although these technologies are generally effective, they require continuous energy consumption, regular maintenance, and comparatively higher operational costs. Therefore, increasing attention has been directed towards sustainable and nature-based alternatives for improving indoor environmental quality.
Among these alternatives, indoor ornamental plants have attracted considerable attention because they require minimal energy input while simultaneously providing environmental, aesthetic, and psychological benefits. Indoor plants can improve air quality through biological processes collectively referred to as phytoremediation. Pollutants may be removed through adsorption onto leaf surfaces, absorption through stomata, metabolism within plant tissues, and degradation by microorganisms associated with the rhizosphere (Wolverton et al., 1989; Dela Cruz et al., 2014).
Several studies have demonstrated the potential of indoor plants to reduce airborne pollutants. Wolverton et al. (1989) reported the removal of volatile organic compounds such as benzene and formaldehyde by indoor plants under controlled conditions. Dela Cruz et al. (2014) further highlighted the ability of potted ornamental plants to reduce indoor VOC concentrations. Irga et al. (2018) suggested that combinations of different plant species may improve pollutant removal efficiency because of complementary physiological characteristics and differences in pollutant uptake mechanisms.
Recent studies published in the Indian Journal of Ecology have further emphasized the role of indoor ornamental plants in sustainable indoor environmental management. Gautam et al. (2023) evaluated ornamental plant species suitable for indoor vertical gardens under different nutrient formulations, whereas Kumar et al. (2024) assessed the Air Pollution Tolerance Index (APTI) of indoor ornamental plants and recommended several species, including Epipremnum aureum, for interior landscaping and air quality improvement. These studies further demonstrate the increasing importance of indoor ornamental plants in sustainable indoor environmental management and provide a scientific basis for further comparative evaluation of different plant combinations.
Despite these advances, comparatively fewer studies have systematically compared both single-species and multi-species ornamental plant combinations under identical controlled indoor conditions while simultaneously evaluating multiple indoor air quality parameters. Furthermore, quantitative information on the comparative performance of commonly available indoor ornamental plant combinations under controlled indoor conditions remains limited.
Therefore, the present study was undertaken to comparatively evaluate the effectiveness of selected indoor ornamental plant species and their combinations in improving indoor air quality under controlled indoor conditions. Air quality parameters including PM2.5, PM10, CO2, HCHO, TVOCs, and AQI were monitored to assess pollutant reduction efficiency. It was hypothesized that multi-species plant combinations would exhibit greater pollutant reduction efficiency than individual plant species because of their complementary pollutant uptake characteristics. The findings of this study are expected to provide practical scientific evidence for selecting effective indoor ornamental plant combinations as sustainable, low-cost solutions for improving indoor air quality in residential, educational, and office environments.

Materials and Methods
Study Area and Experimental Setup
The experiment was conducted in the Department of Biotechnology, Dronacharya Government College, Gurugram, Haryana, India, in a closed indoor room measuring approximately 8.0 m × 6.0 m × 3.5 m (volume: 168 m³). The room was maintained under normal indoor conditions with doors and windows kept closed during the experimental period except during routine entry and exit. No mechanical ventilation or air purification system was used throughout the study.

Plant Selection
Three commonly used indoor plant species were selected based on their availability, adaptability to indoor conditions, and frequent use in previous air-quality-related studies. 
1. Areca palm (Dypsis lutescens)
2. Spider plant (Chlorophytum comosum)
3. Money plant (Epipremnum aureum)
All plants were healthy, medium-sized and grown in standard pots containing garden soil. Plants were acclimatised to indoor conditions for several days prior to experimentation to minimize stress. All selected plants were maintained in similar-sized pots containing comparable amounts of garden soil and were selected to ensure uniform plant health and growth conditions before the commencement of the experiment.

Air Quality Measurement Instrument 
Indoor air quality parameters were measured using a portable air quality monitoring device (DeWire, MT26 NEW). The instrument was calibrated according to the manufacturer's instructions prior to the commencement of the experiment. The instrument was used to record particulate matter (PM2.5 and PM10), carbon dioxide (CO2), formaldehyde (HCHO), total volatile organic compounds (TVOCs) and overall air quality index. The same device was used consistently during the study to ensure comparison of results. All measurements were recorded at the same fixed location within the room and at approximately breathing height to ensure consistency and minimize measurement variability throughout the experimental period.

Experimental Design
The study was conducted over multiple three-day experimental cycles, involving both single-plant treatments and species combinations. The experimental conditions were organised as follows:
1. Areca palm alone
2. Spider plant alone 
3. Money plant alone 
4. Areca palm and Money plant
5. Areca palm and Spider plant
6. Spider plant and Money plant
7. Combination of all three plants
During each cycle, plants were placed uniformly within the room to ensure equal exposure to indoor air. Each experimental condition was performed in triplicate. Each replicate was conducted independently under similar indoor environmental conditions to improve the reliability and reproducibility of the observations. All experimental treatments were conducted under similar indoor environmental conditions to minimise variability among experimental cycles.

Human Occupancy and Exposure Duration
Approximately 30 students occupied the room daily from 9:00 AM to 2:00 PM under normal classroom conditions. This period allowed the generation of indoor pollutants such as carbon dioxide and particulate matter due to human occupancy. Students performed their routine classroom activities during the occupancy period, while doors and windows remained closed except for normal entry and exit.

Air Quality Monitoring Procedure
Measurements of indoor air quality were conducted at three different time points during each experimental cycle:
1. Baseline reading at 9:00 AM before human occupancy.
2. Post occupancy reading at 2:00 PM after continuous human occupancy.
3. Overnight exposure reading at 9:00 AM on the following day after plants remained in the room overnight.
This protocol enabled the assessment of immediate and prolonged effects of indoor plants on air quality.
The 9:00 AM reading obtained after overnight exposure was treated as both the overnight value for the preceding day and the baseline value for the corresponding experimental day, as the room remained undisturbed during the night period. To maintain consistency, all measurements were recorded at the same position within the room using the same monitoring instrument throughout the study.

Data Recording and Analysis
All air quality readings were systematically recorded in tabular form. Comparative analysis was performed to evaluate changes in air quality parameters across different plant treatments. The effects of single plants were compared with those of plant combinations to determine their relative effectiveness. Statistical analysis was performed using one-way analysis of variance (ANOVA) to compare the effects of different plant treatments on indoor air quality parameters. Mean values were expressed as mean ± standard deviation (SD) of three independent experimental replicates (n = 3). Statistical significance was considered at P < 0.05.

Ethical and Safety Considerations
This study was conducted under standard indoor conditions without the use of hazardous substances.
The indoor ornamental plants used in this study included Areca Palm (Dypsis lutescens), Spider Plant (Chlorophytum comosum), and Money Plant (Epipremnum aureum). These cultivated ornamental plants were obtained from local commercial plant nurseries in Gurugram, Haryana, India.
No wild plant species were collected, and no endangered or protected plant species were used in this study. The handling and use of plant materials complied with relevant institutional, local, and national guidelines and regulations.
No field collection permits or special licences were required for the use of these commercially cultivated ornamental plants.
The study protocol was reviewed and approved by the Department of Biotechnology, Dronacharya Government College, Gurugram, Haryana, India.
All methods were performed in accordance with the relevant institutional guidelines and regulations of Dronacharya Government College. 
No human biological samples or invasive procedures were involved in the study. The study involved only non-invasive environmental monitoring under normal classroom conditions.

Results
The experimental investigation evaluated changes in indoor air quality parameters under controlled indoor conditions following exposure to different indoor ornamental plant treatments. Variations in particulate matter (PM2.5 and PM10), carbon dioxide (CO2), formaldehyde (HCHO), total volatile organic compounds (TVOCs), and the overall Air Quality Index (AQI) were monitored before human occupancy, after occupancy, and following overnight plant exposure. 
The results presented below represent the mean values obtained from three independent experimental replicates (n = 3). One-way analysis of variance (ANOVA) indicated significant differences among treatments for PM2.5 (P < 0.05), PM10 (P < 0.001), and TVOCs (P < 0.05), whereas differences in CO2 and HCHO were not statistically significant (P > 0.05).
The mean values of indoor air quality parameters recorded under different plant treatments are presented in Table 1. 
Table 1 shows that pollutant concentrations increased after human occupancy but decreased following overnight exposure to indoor plants. Multi-species plant combinations generally exhibited greater pollutant reduction than individual plant species.

The percentage reduction in indoor air quality parameters after overnight plant exposure is presented in Table 2. 
Among the evaluated treatments, multi-species plant combinations demonstrated comparatively greater reductions in PM2.5, PM10, and TVOCs than single-species treatments, indicating improved pollutant removal efficiency.

The percentage reduction in PM2.5 under different indoor plant treatments following overnight exposure is illustrated in Fig. 1. The Areca palm–Spider plant combination exhibited the highest reduction in PM2.5, whereas individual plant treatments showed comparatively lower reductions.

The percentage reduction in PM10 under different indoor plant treatments following overnight exposure is presented in Fig. 2. The three-plant combination produced the greatest reduction in PM₁₀ (36.4%), followed by the two-species combinations.

The variation in CO2 concentrations under different indoor plant treatments following overnight exposure is presented in Fig. 3. Although all treatments reduced indoor CO2 concentrations to some extent, differences among treatments were comparatively small.


The percentage reduction in HCHO under different indoor plant treatments following overnight exposure is shown in Fig. 4. HCHO concentrations decreased under most treatments, although the reductions were relatively small because baseline HCHO concentrations were already low. Differences among treatments were not statistically significant (P > 0.05).

The percentage reduction in TVOCs under different indoor plant treatments following overnight exposure is presented in Fig. 5. The three-plant combinations recorded the highest TVOC reduction (50.0%) indicating their enhanced capacity for removing volatile organic compounds from indoor air.


Table 1. Mean (± SD) values of indoor air quality parameters recorded under different indoor plant treatments.

	Plant Treatment
	Exposure Condition
	PM2.5
(µg/m³)
	PM10 (µg/m³) 
	CO2 (ppm)
	HCHO (mg/m3)
	TVOCs (mg/m3)

	Areca Palm
(Dypsis lutescens)
	Baseline
	16.6
	23.3
	430.3
	0.001
	0.007

	
	Overnight
	14.0
	19.3
	425.0
	0.001
	0.007

	Spider Plant
 (Chlorophytum comosum)
	Baseline
	16.6
	23.6
	434.3
	0.002
	0.008

	
	Overnight
	14.0
	19.6
	427.6
	0.001
	0.006

	Money Plant
(Epipremnum aureum)
	Baseline
	21.3
	26.3
	439.0
	0.003
	0.009

	
	Overnight
	17.3
	22.6
	431.3
	0.002
	0.007

	Areca Palm and Money Plant
	Baseline
	14.0
	19.6
	426.0
	0.001
	0.006

	
	Overnight
	10.0
	14.0
	417.6
	0.001
	0.004

	Areca Palm and Spider Plant
	Baseline
	12.3
	17.3
	426.6
	0.001
	0.005

	
	Overnight
	8.0
	11.0
	420.0
	0.001
	0.003

	Spider Plant and Money Plant
	Baseline
	13.3
	17.3
	425.6
	0.001
	0.005

	
	Overnight
	9.3
	11.6
	419.3
	0.001
	0.003

	Three-plant combination
	Baseline
	14.6
	18.0
	416.3
	0.001
	0.004

	
	Overnight
	10.6
	12.0
	405.0
	0.001
	0.002




Values represent the mean of three independent experimental replicates. Baseline values were recorded before human occupancy (9:00 AM), whereas overnight values were recorded after overnight plant exposure (9:00 AM on the following day). PM2.5 = particulate matter ≤2.5 µm; PM10 = particulate matter ≤10 µm; CO2 = carbon dioxide; HCHO = formaldehyde; TVOCs = total volatile organic compounds.

Table 1 presents the mean baseline and overnight values of indoor air quality parameters recorded under different plant treatments. A reduction in particulate matter (PM2.5 and PM10), carbon dioxide (CO2), formaldehyde (HCHO), and total volatile organic compounds (TVOCs) was observed following overnight plant exposure. Multi-species plant combinations generally demonstrated greater improvements in indoor air quality than individual plant treatments. Among all treatments, the three-plant combination showed the most consistent reduction across the measured air quality parameters.

The baseline measurements indicated an increase in indoor pollutants following daily classroom occupancy, while overnight exposure to indoor plants resulted in reductions across most measured parameters. Among the individual species, Money Plant showed relatively higher reductions in PM2.5 and CO2 than Areca Palm and Spider Plant. However, multi-species treatments produced greater overall improvements. The combination of Areca Palm and Spider Plant recorded the highest reductions in PM2.5 (34.9%) and PM10 (36.4%), whereas the three-plant combination achieved the lowest overnight CO₂ concentration (405 ppm) and VOC level (0.002 mg m⁻³), indicating broader pollutant removal efficiency.



Table 2. Percentage Reduction in Indoor Air Quality Parameters following Overnight Exposure under different Indoor Plant Treatments



	Plant Treatment
	PM2.5
(%)

	PM10
(%)
	CO2
(%)
	HCHO
(%)
	TVOCs
(%)

	Areca Palm
(Dypsis lutescens)
	15.7%
	17.2%
	1.2%
	0.0%
	0.0%

	Spider Plant
(Chlorophytum comosum)

	15.7%
	16.9%
	1.5%
	50.0%
	25.0%

	Money Plant
(Epipremnum aureum)

	18.8%
	14.1%
	1.8%
	33.3%
	22.2%

	Areca Palm and
Money Plant
	28.6%
	28.6%
	2.0%
	0.0%
	33.3%

	Areca Palm and
Spider Plant
	34.9%
	36.4%
	1.5%
	0.0%
	40.0%

	Spider Plant and
Money Plant
	30.1%
	32.9%
	1.5%
	0.0%
	40.0%

	Spider Plant,
Money Plant and
Areca Palm
	27.4%
	33.3%
	2.7%
	0.0%
	50.0%




































Percentage reduction was calculated by comparing baseline and overnight values for each treatment. Values represent the mean percentage reduction obtained from three independent experimental replicates. TVOCs = total volatile organic compounds.

Table 2 summarizes the percentage reduction in indoor air quality parameters following overnight exposure under different plant treatments. Overall, multi-species plant combinations exhibited greater pollutant reduction efficiencies than individual plant species. The three-plant combination showed the highest overall improvement, particularly for particulate matter and total volatile organic compounds, indicating the potential advantage of combining multiple indoor ornamental plant species for enhancing indoor air quality.

Percentage reduction analysis further confirmed the superior performance of multi-species plant combinations over individual plant treatments. Although reductions in CO2 were comparatively small (1.2–2.7%), larger decreases were observed for particulate matter and VOCs. The three-plant combination achieved the highest VOC reduction (50%), while Areca Palm and Spider Plant exhibited the maximum reduction in PM2.5 and PM10. These observations suggest that combining different ornamental plant species enhances overall indoor air purification efficiency.















Figure 1. Percentage reduction in PM2.5 following overnight exposure under different indoor plant treatments. The greatest reduction was observed in the Areca Palm + Spider Plant treatment (34.9%), whereas single-plant treatments showed comparatively lower reductions.





Figure 2. Percentage reduction in PM10 following overnight exposure under different indoor plant treatments. Multi-species combinations exhibited greater PM10 removal than individual plant treatments, with the Areca Palm + Spider Plant combination showing the highest reduction (36.4%).



Figure 3. Percentage reduction in CO2 following overnight exposure under different indoor plant treatments. The three-plant combination showed the highest reduction (2.7%), while single-plant treatments produced relatively smaller decreases.




Figure 4. Percentage reduction in HCHO following overnight exposure under different indoor plant treatments. Detectable reductions were observed only for Spider Plant (50.0%) and Money Plant (33.3%), whereas other treatments showed no measurable change.



Figure 5. Percentage reduction in TVOCs following overnight exposure under different indoor plant treatments. The three-plant combination achieved the greatest reduction (50.0%), indicating enhanced pollutant removal by mixed plant treatments.



Discussion
The results of this study demonstrate that indoor plants contribute to measurable improvements in indoor air quality under controlled conditions. Across all treatments, reductions in particulate matter (PM2.5 and PM10), carbon dioxide (CO₂), formaldehyde (HCHO), and total volatile organic compounds (TVOCs) were observed after overnight plant exposure. However, the magnitude of improvement was moderate, indicating that indoor plants function as a supplementary method rather than a replacement for mechanical ventilation systems.
The observed improvements indicate that indoor ornamental plants can complement existing ventilation strategies by contributing to gradual reductions in indoor pollutant concentrations under occupied indoor conditions.
The results presented in Table 1 and Table 2 indicate that all plant treatments improved indoor air quality after overnight exposure. The observed differences among plant treatments were further supported by one-way ANOVA, which revealed statistically significant differences for PM2.5, PM10 and TVOCs (P < 0.05), indicating that plant composition influenced pollutant removal efficiency under the experimental conditions. However, the magnitude of improvement varied among treatments. Multi-species plant combinations generally demonstrated greater reductions in PM2.5, PM10, CO2 and TVOCs than individual plant species. Among all treatments, the three-plant combination showed the most consistent overall improvement, suggesting that combining different ornamental plant species may enhance pollutant removal efficiency through complementary physiological characteristics.
Among the different treatments, the three-plant combination consistently demonstrated the highest pollutant reduction, particularly for PM10 (33.3%), CO2 (2.7%), and TVOCs (50%), whereas the Areca palm and Spider plant combination showed the greatest reduction in PM2.5 (34.9%). This may be attributed to increased leaf surface area and enhanced microbial activity in the root zone, which collectively improve pollutant absorption. Similar findings have been reported in previous studies, which suggest that plant diversity enhances the efficiency of indoor air purification (Irga et al., 2018; Srivastava & Kumar, 2019).
Recent studies published in the Indian Journal of Ecology have also highlighted the importance of indoor ornamental plants for sustainable indoor environmental management. Gautam et al. (2023) demonstrated the suitability of ornamental plant species for indoor vertical gardens, while a subsequent study on the Air Pollution Tolerance Index (APTI) emphasized the potential of indoor plants for interior landscaping and environmental quality improvement (2024). Unlike the previous Indian studies, which primarily focused on plant suitability and air pollution tolerance characteristics, the present study experimentally compared individual and multi-species ornamental plant combinations using multiple indoor air quality indicators under identical controlled indoor conditions, thereby providing practical information for indoor plant selection and deployment.
Among the measured parameters, particulate matter (PM2.5 and PM10) exhibited the highest percentage reductions, whereas CO2 showed relatively smaller changes. Formaldehyde (HCHO) concentrations decreased only under selected treatments because the initial HCHO concentrations were already very low. Similarly, reductions in TVOCs were more pronounced in multi-species treatments, indicating their greater potential for removing volatile organic pollutants from indoor environments.
The present study has certain limitations. The experiment was conducted in a single controlled indoor room with approximately 30 occupants over a relatively short exposure period. Environmental factors such as temperature, humidity and seasonal variations were not evaluated. Therefore, further studies involving larger indoor environments, different occupancy levels and longer monitoring periods are required to validate the findings under practical conditions. In addition, seasonal variation and long-term plant performance were beyond the scope of the present investigation.
Overall, the findings indicate that indoor ornamental plants, particularly when used in multi-species combinations, can serve as an effective supplementary strategy for improving indoor air quality. Although they cannot replace mechanical ventilation systems, they provide an environmentally friendly, low-cost, and sustainable approach for enhancing indoor environmental quality in educational institutions, offices, and residential buildings.

Conclusion
Reductions in particulate matter, carbon dioxide, formaldehyde and total volatile organic compounds were observed between the baseline and following-morning measurements under the evaluated ornamental plant treatments. The Areca palm–Spider plant combination showed the largest reported reductions in PM2.5 and PM10, while the three-plant combination showed the greatest reported TVOC reduction and the lowest overnight carbon dioxide concentration. Combination treatments generally produced larger percentage changes than individual-plant treatments. However, the combinations also contained more plants and potentially greater leaf area, soil volume and microbial biomass. In addition, no plant-free overnight control was included to distinguish plant-associated removal from particle settling, room leakage or other temporal changes. The results should therefore be regarded as preliminary observations rather than evidence that multi-species plant combinations are intrinsically superior. Controlled trials standardized by leaf area and including unplanted controls are required.
Limitations
The experiment used one room, one monitoring device and a short observation period. No plant-free control was included, and plant treatments were not standardized by leaf area, biomass or soil volume. Temperature, humidity, light and air-exchange rates were not measured. Baseline concentrations differed among cycles, while post-occupancy values were not presented. The same room was used repeatedly, creating possible carryover and temporal dependence. Formaldehyde and TVOC values were close to the instrument’s reporting resolution. Human occupancy and activities were not identical across cycles. These limitations prevent firm causal conclusions regarding plant-mediated pollutant removal.
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