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The benefits of indoor plant use are becoming increasingly important, in an era of growing urban populations, rising carbon dioxide levels, and climate change. A considerable amount of new research on the benefits of interior plants has been conducted over the last twenty years - on both the direct benefits of plants for indoor air quality (IAQ), and on directly measurable improvements in the wellbeing and performance of building occupants. However, results are not always as well known or understood as they should be, among building designers and managers. More research is in progress, and further studies are needed, for example to develop further and optimise the use of indoor plants to reduce building energy consumption (carbon footprint). Some highlights from our own and other research findings on the scientifically measured benefits of indoor plants are presented here, and future research needed to advance the use of indoor plants to help achieve the goals of improved indoor environmental quality (IEQ) and sustainable urban communities.  

INDOOR PLANTS MEASURABLY IMPROVE IAQ  

In Australia, as in the USA, Canada, the proportion of the population living in urban areas is between 80 and 90%, and we city-dwellers spend an amazing 90% of time indoors9,15. So - indoors is where we breathe and meet any air pollution, and, contrary to what many people assume, air pollution is almost always higher indoors than outside5,15.  Outdoor-sourced urban air pollution, derived mainly from burning fossil fuels, includes: 

· carbon dioxide (CO2) and carbon monoxide (CO) 

· nitrogen oxides (NOx) and sulfur oxides (SOx)

· ‘air toxics’ (incl. volatile organic compounds (VOCs) from not-fully-burnt fuel - eg the ‘big four’ - ‘BTEX’ - benzene, toluene, ethylbenzene, xylene) 

· PAHs (polyaromatic hydrocarbons)

· fine particulate matter (fine black ‘dust’) (PM10/2.5) 

· ozone 

· peroxyacetyl nitrate (PAN).

These emission products are all toxic, some carcinogenic, and green plants, including ‘indoor’ species, can absorb and degrade all these pollutants11,13,22,24,26,49,50.  A UK study, for example, found that homes with 6 or more potted-plants had NOx levels more than 30% lower than homes without plants13. And a USA study26 showed that dust levels were significantly reduced in rooms with plants. Indoor plants also help stabilise humidity and temperature, and reduce noise12. 

Indoor air quality is an international health concern43,47. Short-term increased health risks of urban air pollution (ie from individual ‘bad air’ days) include asthma, bronchitis, pneumonia, strokes, heart attacks48 and sudden infant death syndrome35. It would be useful to conduct an epidemiological study on possible links between indoor plant presence and reductions in acute respiratory/cardiovascular incidents among office occupants. Longer-term (chronic) effects of urban air pollution include increased birth defects34, more cardiovascular problems, some cancers and mental illness3,16,29.  

As air comes indoors it mixes with more pollution, from indoor sources.  This includes more dust, higher CO2 levels from human respiration, more VOCs and, if gas appliances are present, more NOx, SOx, CO2 and CO. Increased CO2 levels produce feelings of stuffiness, loss of concentration and drowsiness. VOCs are continually outgassing from ‘plastic’ or ‘synthetic’ furniture, furnishings, paints, computers, copiers, etc. and solvents. The US EPA has identified over 900 VOCs that can be present in indoor air42.  At even imperceptible levels, the pollution cocktails can cause loss of concentration, headache, dry eyes, nose, throat, ‘fuzzy-head’, or nausea9,25. In Australia, the recommended indoor-air maximum permissible total VOC load (TVOCs) is 500 µg m-3 (ie 500 ppb, or 0.5 ppm), with not more than 50% from any one substance.  The World Health Organisation (WHO) in 2000 predicted that by 2010 responsibility for healthy IAQ will increasingly rest with facility managers29,47. 

Scope of UTS studies on indoor plants and IAQ

As outlined below, our research group has for more than a decade been conducting both laboratory and office studies on the use of potted-plants to improve IAQ. In laboratory test-chamber trials with 11 species*, we have followed on from the pioneering work of Wolverton and colleagues on plants for VOC reduction44-46.  We have shown that there are common patterns of VOC removal among the species tested, and revealed the removal mechanism7,8,31,32,39,40,49.  In our office studies we have demonstrated the capacity of indoor plants to remove simultaneously TVOCs32,49, CO2 and CO40.We are now completing a second office study, and have started laboratory trials to establish light requirements for optimising CO2 uptake in several species, so that they can be used appropriately to reduce urban air-conditioning energy loads. 

UTS laboratory studies

General patterns in potted-plant VOC reduction We use eight bench-top, temperature-controlled, top-lit Perspex test-chambers (216 L). As test VOCs we have used three of the BTEX group - benzene, toluene, and xylene, which are also used in indoor materials, plus n-hexane (in inks, adhesives, varnishes). We have carried out detailed tests at dosages up to and above the Australian 8-hour averaged maximum occupational exposure concentrations2 for each VOC, over periods of up to three weeks, under various lighting and dosage conditions.  

Our results show clearly that there is a common pattern of removal in all species and VOCs tested, as follows:

· Removal rates start slowly, but over four to five days rise to more than 10 times the original rate; ie removal rates are stimulated (‘induced’) by exposure to an initial dose

· Once induced, the potted-plant microcosm reliably removes top-up doses to the original concentration within about 24 hours

· If the dose is doubled (or more), removal rates rise to meet the increases (eg, we subjected one species, Dracaena ‘Janet Craig’ to stepped dosages of toluene and xylene respectively, of 0.2, 1.0, 10 and 100 ppm [total 500-fold increase], and found stepped inductions of increased VOC removal rates to meet each new concentration32)

· Residual concentrations are also removed, effectively to zero

· All species tested work about equally well, after 1 week of acclimatisation to the VOC.
What brings about VOC removal?  

With further testing we found that:

· Removal rates are unchanged in light or dark (24/7; ie, even when the plant is ‘asleep’, leaf pores (stomates) closed and no photosynthetic activity)

· If the plant itself is finally removed and the potting mix returned to the chamber –removal rates are maintained, at least for some days. 
These last two findings were intriguing, and led us to conduct detailed microbial testing of the capacity of the potting mix for VOC removal. This confirmed that:

· It is normal bacteria of the potting mix that are the primary agents of VOC removal.

The role of the plant here is in nourishing its root-zone microbial community. Thus the potted-plant is a functional unit - a ‘symbiotic microcosm’ - for VOC removal.  This is in line with what is known of reciprocal plant and root-zone relationships generally.  We have also carried out limited trials with plants in hydroponic medium, and found VOC removal rates almost as high as in potting mix. These results indicate that the bacteria can be carried on root surfaces, and no doubt via water also. We plan to explore VOC removal efficiency in hydroponic systems in more detail. 

How do the potting mix bacteria work? It is well known that bacterial species can respond in two ways when presented with a different carbon (ie ‘organic’) compound in their environment. They can ‘switch on’ (induce) enzymes to digest the material, and can also reproduce rapidly (it can be every 20 minutes) to produce more cells that can digest the substance. The normal nutrition of such species is by decomposing the organic matter in the potting mix.  They are the same bacterial types that are batched up and used to clean up oil spills. What is remarkable in the indoor plant microcosm is that the potting mix bacteria can be stimulated to switch on their responses with such minute, gaseous concentrations of VOCs.  We have not experimentally controlled any potting mix formulations in our trials, because the indoor plant industry grows different species in different mixes as appropriate. Our studies have found that, whatever the species-and-potting-mix combination, the VOC removal response has always been the same.

Significance of laboratory results 
Since our findings are completely consistent across all species and VOCs tested, there is a high probability that any interior species will be equally effective in VOC removal, once induced by exposure to the substance.  

     Our results thus explain, extend and modify the findings of Wolverton et al., which mainly involved shorter-term testing of numerous species over a few days each. Therefore their tests did not necessarily represent the results of the full induction process, which could develop with further exposure to the VOC. Wolverton’s results were hence generally on the conservative side, sometimes underestimating what any particular species could do (but a good side to err on, in a new field of enquiry).   

Effects of pot size on removal rates We have laboratory-tested three species to date on this issue: Zamiocalcas zamiifolia, Sansevieria trifasciata and Epipremnum aureum (Pothos), using pot sizes 125, 200, 250 and 300 mm diameter (4 replicates per treatment).  Each pot received three successive doses of 5 ppm benzene (Australian 8-hour averaged occupational exposure maximum for this substance2) to bring the pots to full induction at that dosage, plus one dose at 25 ppm to test the responsiveness and robustness of the system.  At full induction at the 5 ppm dosage (ie by the third dose) we found:

· no differences in removal rates among pot sizes 200 – 300 mm in any species; 

· no differences in rates among the three species – in all cases the entire dose was eliminated in almost exactly 24 hours 

· the 125 mm pots of all three species, however, had removal rates only half or less of those in the larger sizes.  

With the 25 ppm dose, the 200-300 pots of the three species responded by increasing removal rates by five times or more.  Even the 125 mm pots increased rates significantly with this high dosage, but they lagged even further behind removal rates in the larger pots.  These results show that VOC removal performance at the 5 ppm dosage was robust - there is spare capacity in all pot sizes for the microcosm to remove higher doses still. The results have practical implications for the interior plantscape industry in terms of plant usage, and suggest a potential new use as well.  Banks of pots could be installed in situations where high VOC concentrations are a fact of life, eg in motor service garages, dry cleaning shops, etc. We are investigating other dosages, plant species and pot sizes.

UTS office studies

Laboratory findings are essential, but ‘real-world’ testing of potted-plant air cleansing abilities is also necessary. In our first office study49 we examined the effects of three office plant arrangements on the simultaneous removal of TVOCs, CO2 and CO.  We used 60 single-occupant UTS staff offices (areas 10–15 m2; 12 offices per treatment).  The offices were located in three buildings - two with and one without air-conditioning. Sampling was carried out weekly over two 5- to 9-week periods.  The planting arrangements tested were:

· 3 floor Dracaena ‘Janet Craig’ (300 mm pots)

· 6 floor Dracaena ‘Janet Craig’ (300 mm pots)

· 6 mixed table plants - 5 Spathiphyllum ‘Sweet Chico’ plus 1 D. ‘Janet Craig’ (200 mm pots

· 0-plant ‘reference/control’ offices  

TVOC reduction - findings 

· TVOC levels in unplanted offices ranged from about 60 to 400 ppb, but any of the 3 plantings kept TVOC levels steady at about 60 ppb.

· All plantings worked equally well; and with or without air-conditioning

The results convincingly demonstrate that the potted-plant microcosm really works in the ‘real world’ to remove VOCs and, contrary to what some critics have argued, no jungle is needed to achieve the desired result. The results also show that the minimum number of plants needed for efficient air cleansing is lower than any of the arrangements used. Our current office study is designed to test minimum numbers and sizes of plants needed for this purpose, and the results of the laboratory pot-size testing (see above) throws more light on the question.

CO reduction - findings  Carbon monoxide is far more toxic to humans than CO2. However, plants and some soil bacteria utilise this compound in growth and metabolism11,22. We found small amounts of CO in the office air - 225 ppb in the air-conditioned building, and 70 ppb in the building without air-conditioning (and in a street with less vehicular traffic).  In offices with plants, CO levels were reduced by about 90% in both buildings40. 

CO2 reduction – findings  Plant presence in the air-conditioned building reduced office CO2 levels by about 10%, and in the non-air-conditioned building by about 25%40.  However, in our current study, in two newer air-conditioned buildings, we are finding reductions of at most 10%. This is presumably because the air-conditioning systems are more efficient, and cut in more quickly with higher ventilation rates when CO2 levels rise because of human activity. 

Baseline studies needed on plant CO2 reduction to reduce building energy loads

The main purpose of air-conditioning is not so much to replenish O2 (21% of the atmosphere) as to remove CO219 (global concentration currently about 370 ppm).  This is because raised CO2 levels lead to loss of concentration and drowsiness. Studies have shown that student performance declines with increasing CO237, as does workplace productivity36.  Global warming forecasts predict a rise in ambient outdoor CO2 levels to over 500 ppm. Australia follows the ASHRAE and WHO Standards for indoor CO2, which recommend 1,000 ppm as the maximum acceptable indoor air concentration. However, some building managers (as at UTS) opt for 800 ppm CO2 as the cut-in limit for extra ventilation. 

      Plants could potentially contribute significantly to keeping CO2 levels below the extra-ventilation trigger point.  However, lighting inside buildings is rarely ideal for plant growth.  When they do get adequate light, plants not only absorb CO2 via photosynthesis of sugar, but in the process release equimolecular concentrations of oxygen (O2). Thus they help refresh air in two complementary ways. But the non-green plant parts and the potting mix bacteria continually respire (consuming sugar and O2, and emitting CO2) and, in the dark, so do the green shoots. For a plant to have a favourable energy balance to maintain itself (let alone grow), photosynthetic sugar yield needs to be significantly higher than the amount needed to fuel its own respiration.  And to make a beneficial difference to IAQ, net photosynthesis of the plant must outdo the combined forces of respiration in the potted-plant microcosm as a whole. 

       Although there is 100 years’ worth of scientific literature on plant photosynthesis as a whole, there has been no previous research on these indoor plant issues, and studies are now needed. We are conducting preliminary laboratory studies of light requirements in several species, which will help lay the foundation for further horticultural selection and development for this air-freshening function. 
      The quantitative scientific information derived from such research can then be used to start profiling the right species/varieties for various lighting conditions in a building.  It would at the same time provide a basis for collaboration with lighting and design experts on how to achieve maximum benefit from interior plantscapes of the future that really can take the load off the air-conditioning system.  These are all important research projects. 

PLANTS MEASURABLY IMPROVE WELLBEING & PERFORMANCE OF 

INDOOR OCCUPANTS

Plant views from the window  

There is a growing body of evidence, led mainly by American researchers, on the benefits of planted views to building occupants. In early studies, Moore30 found that prisoners in cells with views of plants and birds were less disruptive and requested fewer medications than others. And Ulrich41 found that patients recovering from surgery who had views of a garden, needed fewer painkillers and got home nearly two days earlier than those who looked onto a wall. Students with plants in views were found to do better on tests than those without38, and a study in southern Europe found that staff with natural views showed higher feelings of wellbeing, and significantly lower job stress or intentions to quit23. Kaplan and Kaplan20,21, studying the psychological benefits of natural views, concluded they were effective because they relieved ‘attention fatigue’ - acting as ‘restorative environments’ by: ‘attracting effortless attention’; giving a feeling of temporary ‘awayness’ from normal work; giving a reminder of ‘being part of a wider whole’; and flowing with one’s inclinations for a break from ‘busy thoughts’.  

Plants indoors

Not everyone can work near a window, and even near a window, indoor plants add benefit.  Such benefits result both from their capacity to produce cleaner air, and their demonstrated provision of feelings of pleasure, calm6 and relief from ‘attention fatigue’38, even if unconsciously glanced at for only a few seconds. In Norwegian studies, Fjeld et al.17,18 found that when plants were introduced into the workplace, sick-leave absences declined by over 60% - a substantial increase in productivity. They also showed that plants in the classroom reduced illness absences among primary-school children1. In other studies4,27 increased productivity has been found, as well as reductions in pain perception28,33, anxiety, depression and feelings of hostility6,25.  Better performance has been recorded on test computer tasks26, card-sorting and creative thinking tests38 (which, taken together, look very like a normal day at the office?). Participant responses to our office studies include: ‘it is a pleasure having the plants’; ‘they improve the office ambience’; ‘it’s more pleasurable working with plants around’; ‘they lift one’s mood’; ‘especially on Monday mornings, the office feels fresher’ (air-conditioning was switched off at weekends).

     A recent online survey in Texas and the mid-west by Dravigne et al.14 investigated effects of both indoor plants and greenspace window views on job satisfaction The results, from about 450 respondents, showed that satisfaction ratings on some ten criteria were, not surprisingly, highest in people with both greenspace views and indoor plants.  However, the next highest satisfaction ratings, on every criterion, were recorded from those with indoor plants but no windows; then from those with windows but no plants; and, again not surprisingly, lowest from those with no plants/no windows. It is interesting to note here that indoor plants alone led to higher satisfaction rating scores than greenspace window views alone.  Indoor plants thus appear to be not just a consolation prize for lack of a view, but a more appreciated and effective alternative, in terms of job satisfaction. All these studies show that indoor plants measurably improve wellbeing and performance/ productivity in building occupants.

Cost-benefit analysis of indoor plants 
An older USA study, with 170 respondents1, looked at the effects of indoor plants on ‘a business’s image to a visitor’ (potential customer/client). There was unanimous agreement on a range of issues, including that they led to perceptions that the business was: warm and welcoming; stable and balanced; well-run; comfortable to work with; and concerned for staff welfare. 

     A recent cost-benefit analysis of indoor plant hire in Australia8, based on data supplied by the National Interior Plantscape Association (NIPA), calculated that the cost of maintaining one basic indoor floor plant, bought or hired, is about $200 AUD p.a.  The salary of a hypothetical staff member might be about $50,000 p.a.  If, as found in a study by Lohr et al.27, staff in planted offices show a 12% higher productivity on computer tasks and less stress than those without plants, the staff member would now be worth $56,000 (or – buy in another 30 plants!). On these calculations, even a 1% productivity increase would be worth two and a half times the price of the plant.  Improved productivity by way of reduced sick-leave absences, mentioned earlier, also results in significant savings to the company. The evidence is that indoor plants can be expected to more than pay for their installation.

IN SUMMARY

To help ensure the goal of producing sustainable urban communities, satisfying the ‘triple bottom line’ of environmental, social and economic considerations, interior plants should become standard elements of urban facility ecology.  However, to achieve this aim, targeted research is needed in a number of directions, as indicated above, including, as Pliska emphasised, investigations on the use of indoor plants for CO2 reduction and hence reduced energy consumption in city buildings. 

        Let us remember that horticultural research on other ornamentals, eg. carnations or roses, is never-ending - and they have been bred and studied for about four thousand years.  The horticultural development of indoor plants for improved IEQ is in its infancy.  There needs to be a better recognition, in the indoor plant industry and elsewhere, that such research is necessary and must, of its nature, be ongoing. There is strong evidence now in hand that indoor plants are not just ‘pretty faces’ (ie ornamentals per se), although they are certainly also that. But in addition they represent a portable, flexible, affordable, self-regulating, air-filtration system, as well as a spirit-lifting oasis and aid to job satisfaction, work performance and productivity, that will more than repay the cost of their presence in the built environment. 
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*Indoor species we have trialled to date in laboratory test-chambers:  Aglaonema modestum, Dracaena ‘Janet Craig’, Dracaena marginata, Howea forsteriana (Kentia palm), Epipremnum aureum (Pothos), Philodendron ‘Congo’, Sansevieria trifasciata (Mother-in-law’s tongue), Schefflera ‘Amate’ (Qld. Umbrella Tree), Spathiphyllum ‘Petite’ (Peace Lily), Spathiphyllum ‘Sensation’,  Zamioculcas zamiifilia (Zanzibar).
References
1) Aitken JR and Palmer RD, 1989, The use of plants to promote warmth and caring in a business environment, Proceedings of 11th Annual Meeting of American Culture Assocn., St Luis, MO. 

2) Australian Safety & Compensation Council (ASCC), 2006, Adopted National Exposure Standards for Atmospheric Contaminants in the Occupational Environment, [NOHSC: 1033,1995].

3) Barbone F, Bovenzi M, Cavallieri F and Stanta G, 1995, Air pollution and lung cancer in Trieste, Italy, American Journal of Epidemiology, 141:12, 1161-1169.

4) Bergs J, 2002, Effect of healthy workplaces on well-being and productivity of office workers, Proceedings of International Plants for People Symposium, Floriade, Amsterdam, NL.

5) Brown SK, 1997, Volatile organic compounds in indoor air: sources and control, Chemistry in Australia, 64 (Jan/Feb), 10-13.

6) Bringslimark T, Hartig T and Patil GG, 2007, Psychological benefits of plants in workplaces: Putting experimental results into context, HortScience, 42:3, 581-587.

7) Burchett MD, 2005, Improving Indoor Environmental Quality Through the Use of Indoor Potted Plants, Final Report to Horticulture Australia Ltd, Sydney. 
8) Burchett M, Torpy F and Tarran J, 2008, Interior plants for sustainable facility ecology and workplace productivity, Proceedings of Ideaction’08 – Enabling Sustainable Communities; 7-9 May 2008, Gold Coast, Qld
9) Carrer P, Alcini D, Cavallo D, et al., 1999, Home and workplace complaints and symptoms in office workers and correlation with indoor air pollution, Proceedings the 8th International Conference on Indoor Air Quality and Climate, Edinburgh, Scotland,Vol. 1, 129-134.

10) Cavallo D, Alcini D, Carrer, et al., 1997, Exposure to air pollution in home of subjects living in Milan, Proceedings of Healthy Buildings/IAQ ’97, Washington DC, Vol. 3, 141-145.

11) Chan ASK and Steudler PA, 2006,  Carbon monoxide uptake kinetics in unamended and long-term nitrogen-amended temperate forest soils, FEMS Microbiology Ecology, 57:3, 343-354.

12) Costa PR and James RW, 1999, Air conditioning and noise control using vegetation, Proceedings of the 8th International Conference on Indoor Air Quality and Climate, Edinburgh Scotland, Vol. 3, 234-239.

13) Coward M, Ross D, Coward S et al., 1996, Pilot Study to Assess the Impact of Green Plants on NO2 Levels in Homes, Building Research Establishment Note N154/96, Watford, UK.

14) Dravigne A, Waliczek TM, Lineberger RD and Zaljicek JM, 2008, The effect of live plants and window views of green spaces on employee perceptions of job satisfaction, Hortsceince 43: 1, 183-187.

15) Environment Australia (EA), 2003, BTEX Personal Exposure Monitoring in Four Australian Cities, Technical Paper No. 6: EA, 2003. Canberra, ACT, Australia.
16) Evans GW, 2003, The built environment and mental health, J. Urban Health, 80:4,536-555
17) Fjeld T, 2002, The effects of plants and artificial daylight on the well-being and health of office workers, school children and health-care personnel, Proceedings of International Plants for People Symposium, Floriade, Amsterdam, NL.

18) Fjeld T, Veierstebd LB, Sandvike L et al., 1998, The effects of foliage plants on health and discomfort symptoms among office workers, Indoor Built Environment, 7: 204-209. 

19) Höppe P and Martinac I, 1998, Indoor climate and air quality, International J. Biometeorology, 42, 1-7. 

20) Kaplan R and Kaplan S, 1990, Restorative experience: the healing power of nearby nature, In, Francis M & Hester RT Jr (eds) The Meaning of Gardens: Idea, Place and Action, MIT Press, Camb, MA, pp 238-243.

21) Kaplan S, The restorative benefits of nature: towards an integrative framework, J. Environmental Psychology !5: 169-182.

22) King GM and Crosby H, 2002, Impacts of plant roots on soil CO cycling and soil-atmosphere CO exchange, Global Change Biology, 8:1, 1085–1093.

23) Leather P, Pyrgas M and Beale D, 1998, Windows in the workplace: sunlight, view and occupational stress, Environment and Behaviour, 30:6, 739-762.
24) Lee J-H and Sim W-K, 1999, Biological absorption of SO2 by Korean native indoor species, In, M.D. Burchett et al. (eds) Towards a New Millennium in People-Plant Relationships, Contributions from International People-Plant Symposium, Sydney, pp. 101-108.

25) Lim YW, Kim HH, Kim KJ et al., The health effect of houseplant on the symptoms of Sick Building Syndrome, Epidemiology 17:6 (Supplement of Conf. Abstracts), p 316. 

26) Lohr VI and Pearson-Mims CH, 1996, Particulate matter accumulation on horizontal surfaces in interiors: influence of foliage plants, Atmospheric Environment, 30, 2565-8.

27) Lohr VI, Pearson-Mims CH and Goodwin GK, 1996, Interior plants may improve worker productivity and reduce stress in a windowless environment, Environmental Horticulture, 14:2, 97-100.
28) Lohr VI and Pearson-Mims CH, 2000, Physical discomfort may be reduced in the presence of interior plants, HortTechnology 10:1, 53-58.
29) Mølhave L and Krzyzanowski M, 2003, The right to healthy indoor air: status by 2002, Indoor Air, 13, Supplement 6, 50-53.

30) Moore EO, 1981, A prison environment’s effect on health care service demands, J Environmental systems, 11, 17-34.

31) Orwell R, Wood R, Tarran J, Torpy F and Burchett M, 2004, Removal of benzene by the indoor plant/substrate microcosm and implications for air quality, Water, Soil and Air Pollution, 157, 193–207.
32) Orwell R, Wood R, Burchett M, Tarran J and Torpy F, 2006, The potted-plant microcosm substantially reduces indoor air VOC pollution: II. Laboratory study, Water, Air, and Soil Pollution, 177, 59-80.
33) Park SH, Mattson RH and Kim E, 2002, Pain tolerance effects of ornamental plants in a simulated hospital patient room, Acta Horticulturae 639, 50-52.
34) Ritz B, Yu F, Fruin S, Chapa G, Shaw GM and Harris JA, 2002, Ambient air pollution and risk of birth defects in Southern California, American Journal of Epidemiology, 155:1, 17-25.

35) Ritz B, Willhelm M and Zhao Y, 2006, Air pollution and infant death in southern California, 1989-2000, Therapeutics & Toxicology, 118:2, 493-502..

36) Seppänen O, Fisk WJ and Lei QH, 2006, Ventilation and performance in office work, Indoor Air, 16, 28-36.
37) Shaughnessy RJ, Shaughnessy UH, Nevalainen A and Moschandreas D, 2006, A preliminary study on the association between ventilation rates in classrooms and student performance, Indoor Air, 16:6, 465-468.

38) Shibata S and Suzuki N, 2002, Effects of foliage plants on task performance and mood, Journal of Environmental Psycholog,y 22:3, 265-272.

39) Tarran, J, Orwell R, Burchett M and Wood R, 2002, Quantification of the Capacity of Indoor Plants to Remove Volatile Organic Compounds under Flow-through Conditions, Final Report to Horticulture Australia Ltd, Sydney.

40) Tarran J, Torpy F and Burchett M, 2007, Use of living pot-plants to cleanse indoor air – research review, Proceedings Of 6th Internat. Conf. On Indoor Air Quality, Ventilation & Energy Conservation, - Sustainable Built Environment, Sendai, Japan, Oct., Vol III, pp 249-256.
41) Ulrich R, 1984, View through a window may influence recovery from surgery, Science, 224, 420-421.

42) USEPA, 1989, Report to Congress on Indoor Air Quality, Vol II: Assessment and Control of Indoor Air: Effects of Individual Pollutants, Volatile Organic Compounds, p. 3-6,
43) USEPA, 2000, Healthy Buildings, Healthy People: A Vision For The 21st Century, Office of Air and Radiation.

44) Wolverton BC, Johnson A and Bounds K, 1989, Interior Landscape Plants for Indoor Air Pollution Abatement, Final Report, NASA Stennis Space Centre MS, USA.

45) Wolverton Environmental Services Inc., 1991, Removal of Formaldehyde from Sealed Experimental Chambers, by Azalea, Poinsettia and Dieffenbachia, Res. Rep. No. WES/100/01-91/005.

46) Wolverton BC and Wolverton JD, 1993, Plants and soil microorganisms: removal of formaldehyde, xylene, and ammonia from the indoor environment, Journal of Mississippi Academy of Science, 38:2, 11-15.

47) World Health Organisation (WHO), 2000, The Right to Healthy Indoor Air – Report on a WHO Meeting, Bilthoven, NL, European Health Targets 10, 13.

48) Wordley J, Walters S and Ayres JG, 1997, Short term variations in hospital admissions and mortality and particulate air pollution, Occupational & Environmental Medicine, 54:2, 108-116.

49) Wood RA, Burchett MD, Alquezar A, Orwell R, Tarran J and Torpy F, 2006, The potted-plant microcosm substantially reduces indoor air VOC pollution: I. Office field-study, Water, Air, and Soil Pollution, 175, 163-180..

50) Yoneyama T, Kim HY, Morikawa H and Srivastava HS, 2002, Metabolism and detoxification of nitrogen dioxide and ammonia in plants, In, K. Omasa et al. (eds) Air Pollution and Plant Biotechnology – Prospects for Phytomonitoring and Phytoremediation, Springer, Tokyo, Japan, 221-234.

PAGE  
1

