A Compilation and Review of Publications Relating to
Artificial (Synthetic) versus Natural Turf

A visual insight of Natural Turf vs Artificial (Synthetic Turf)
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A real world and infrared view of an area of synthetic turf on a 30 degree day. (Supplied: Sebastian Pfautsch)
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Introduction

This review consists of numerous Publications/ Fact Sheets/ Literature Reviews / Images/ Websites and News
Items related to the theme of Natural Turf vs Artificial (Synthetic Turf).

The documents are grouped in three themes:



1.  References on the negative influence of artificial lawn in Australia.
2. Articles on benefits/constrains of natural versus synthetic lawns from different countries.
3. Natural grass versus Synthetic surfaces for recreation and Sports in Australia.
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Abstract: Turf grass is a chart-topping and the predominant form of vegetation in many cities and suburbs.
Rapidly expanding urbanization and unceasing enlargement of population structure causing shrinkage of
defoliated area profoundly diming the usefulness of environment friendly natural turf and making its
management unbearable. Therefore, dire need is to investigate extensively on turf science counting turf grass
breeding, genetics, cultivar evaluation and physiology. Among multitudinous utilitarian conveniences soil
erosion prevention, dissipation of rain drop energy, adherence of soil by roots, infiltration of precipitation,
purification of infiltrated water, recharge of ground water and last but not the least is the reformation of soil
structure being supplemented organic matter uninterruptedly are predominantly pronounced. For salubrious
territory green patched zone comprised of natural turf grasses aid of their above-ground network by dense
canopy of leaf blades and substantial fibrous root system below become obligatory since dust eradication,
diminished clay disintegration, infiltration and replenishment of natural water-table universally perpetrated by
them. It also furnishes feeding ground for fauna collaterally engendered invulnerable playing surface for
children, adults, and athletes. As eye-soothing and biodegradable grass-based turf proffer superior recreational
facilities, an insistent and peremptory plea on behalf of prosperous urban population for their domain is
arriving but few stumbling blocks concerning maintenance hindering this inordinate issue. Hence, we have
endeavoured to accomplish this work aiming to review relevant research and summarize findings. Owing to turf
grass’s manifold advantages in both reclamation and recreation launching of new technologies and
management strategies and analogously potential purchase and installation of natural turf will be the most
fiscally and environmentally sound decision for the decision-makers.

Keywords: Environment-friendly, infiltration, recreational, turf grass, urbanization.

I. Introduction

From the literal point of view the word ,turf* refers to ,cover something with specific substance" whereas
from the horticultural point view it can be explained that upper stratum of soil bound by grass or other low
growing plants which form a kind of mat. In recreational contexts, the different specialized names ,lawn®,
»pitch®, ,field" or ,green™ are used depending upon the situation and the continent [49]. The traditional way
to develop a turf in a landscape is with grass of different types as would serve the functional purpose of the
same. The word ,turf" can also be used as a synonymous word of ,Lawn". Lawn is a cognate of /lan which is
derived from the common brittonic word landa that originally means heath, barren land, or clearing. A lawn
can be explained as an area of aesthetic and recreational land planted with grass or other durable plants of
having more or less of same functional use [15]. However, in strict sense of the word used in horticulture is to
donate a piece of land composed only with grass species subjected to weed and pest control being aimed to
maintain its green colour and kept under regular mowing as well as other maintenance to ensure an
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acceptable longevity and functional purpose in residential, commercial, and recreational areas [13]. Low
ornamental meadows in natural landscaping styles are a contemporary option of a lawn. Ordinarily, grass in
landscape is referred to by most people as a lawn; grass if football field of golf course, however, is referred
to as turf. The term ,Lawn", referring to managed grass space, dated to no earlier than the 16t century. In
the early 17 century, the closely cut ,,English* lawn was born. Till the middle of twentieth century grasses were
the only materials for turfing in home areas and playing fields.

According to scientists, rapid change of our climate has major consequences on flora and fauna — and for human
health in particular. Increased air pollution can be reduced by fixing greenhouse gases from the air in the soil
with aid of natural grass. The most interesting fact is that the annual oxygen production and carbon dioxide
fixation from one hectare of grass exceeds that of one hectare of rain forest area [6]. In recent year’s
development of new and innovative grass cultivars helps to cope them with varied Agro-climatic condition
as many high-tech coated ryegrass seeds are available which boost their germination at lower temperatures
(> 3.5°C) and extend the growing season of grass with brilliant colour [20]. In addition to its positive
environmental characteristics, natural grass is a safe product to play on. It absorbs heat from sun on the pitch,
the risk of injury is very low, it's cheap and, last but not least, it's self-repairing. Natural grass is renowned
in respect of sustainability and reducing the environmental impact is much concerned in modern era. The
emotional value of
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grass - its feel, smell, the way it responds, its cooling effects in hot weather, and the considerably reduced risk of
injury - the benefits are clear to see. With the increasing popularity of youth sports, especially soccer, and the
necessity for building and more athletic fields, many communities are considering construction of artificial turf
in athletic fields [1]. Poor establishment of natural turf in arid regions for playing fields as well as for home
landscapes and continuous rationing of nutrients for turf grasses harbor synthetic turf though high maintenance
and low durability should key concern [30]. To make physically and environmentally sound decisions regarding
potential purchase and installation of artificial turf or natural grass in home landscaping and playgrounds wide
range of issues and concerns are needed to be considered. The key objective of the present study is to concern
developers, entrepreneurs, and the landscapers for adopting natural turf appropriate for any situation-
based decision than artificial grass particularly destroying our required fossil resources involved in the
manufacture of it indeed a heavy burden on the environment.

1. A Cursory Background of Lawn

The word "laune" is first attested in 1540 denoting grassed enclosures within early medieval settlements
used for communal grazing of livestock, as distinct from fields reserved for agriculture. Lawns became
popular with the aristocracy in northern Europe from the middle ages onward. In the “lllustrated History of
Gardening", Huxley stated that a comprehensive delineation to prepare a turf arrived from a popular work
called, Opus ruralium commodo" or “The Advantages of Country Living” by Petrus de Crescentius were digging
out all weeds and roots, scalding the soil with boiling water inhibiting further weeds germinating followed
by laying turf brought in from the wild. Aid of wildflowers or other durable plants such as clover these first
lawns were plastered and short-heighted hillocks of turf were created for seating, which were sometimes
planted with aromatic herbs such as chamomile. In the early 17th century, lawns began to be mown
accomplished by scythe, with shears used for edging more frequently. The 18th century brought the design of
even more expansive parks and gardens in the estates of wealthy landowners while the invention of the cylinder
or reel mower in 1830 by Edwin Beard Budding [48] made lawn maintenance easier to achieve, but it wasn’t
widespread in the suburbs in the early 1900s when lawns became prevalent outside of parks, golf courses,
and large estates. In modern America, lawns have become a cultural touchstone, a symbol of suburban living,
and the passion of many homeowners [3].

2. Rudimentary Functions of Natural Turf in Landscape

Turf has ornamental value as it enhances the beauty of home adjacent areas where it is established. Not only in
the home landscape, it has wholesome beautification value in public parks and commercial building sites.
While home lawns help to create a serene and beautiful landscape, turf grass provides a great deal more than
a lush outdoor carpet of the property. Owing to their manifold advantages turf is North America’s largest
agricultural crop [4].

Natural turf is an integral part of enjoyable activities such as sports. Many sports surfaces including football
ground, tennis courts, golf courses athletic and basketball fields are covered with turf grass [25]. It is also used
in community and home playgrounds. Natural turf brings a multitude of benefits, from its unbeatable
environmental credentials conclusion drawn by Plantum (the trade association for organizations in the natural
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turf sector in the Netherlands) while it remains the natural choice for football, sports and playing surfaces"
by the European Seed Association (ESA) [31].

Among natural turf’s multitudinous functions the foremost is the environmental benefits such as erosion
control, dust filter, climate control etc. To prevent potential soil loss, turf grass is used on slopes along the
roads, ponds and other areas that are prone to soil erosion. In regard to ornamental role, the visual quality
which includes texture (fine or coarse), colour (pale green or rich green), growth habit and other characteristics
are very important. While used in sports fields the quality is adjudged on the basis of resistance to wear i.e.
capacity to re-bind after use or its elasticity. Durability or colonizing habit of grasses is valuable criterion at the
time of utilizing in the sports field also [7].

3. Environmental Benefits of Natural Grass

Grass plants capture and use greenhouse gases, thereby counteracting the climate change since rapid change
of climate has huge impact on flora, fauna, and human health. Reduction of Carbon-di-oxide (CO,) in the
atmosphere is of utmost importance in this fatal process. Concerning this issue natural turf traps air pollution
and engenders much of the oxygen (0,). It was informed by , The Lawn Institute" that just one acre of grass can
absorb hundreds of pounds of fossil-fuel created sulphur dioxide in a single year [33]. It was reported that
both forest areas as well as grass land has equal contribution in protecting our environment [19]. Grass also
takes in hydrogen fluoride, peroxyacetyl nitrate and particulate matter in our atmosphere, emit initially from
the burning of carbon-based fuels the worst group of atmospheric pollutants into their leaves and break
them down [35]. Research findings revealed that grasses trap an estimated 12 million tons of dust and dirt
released annually into
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the atmosphere. So significantly grassed areas lower the levels of atmospheric dust and pollutants. It also serves
as a natural air-conditioner as an average sized healthy lawn has the cooling effect of 70 tons of air conditioning
while its a natural dust filter too [36]. Turfgrass is the best defence against soil erosion. They bind the soil by
their extensive root system which under congenial condition may be over 300 miles. It offers a very efficient
and inexpensive erosion control function being intercepted raindrop before they disturb the soil. Turf also acts
as a barrier that deters chemicals from entering into the soil profile [37]. One of the major causes of the
growing water quality problem is runoff of contaminants from hard surfaces, such as roads and parking
lots. Being prevented water run-off turf assists to recharge the ground water table by water percolation.
Turfgrass purifies the water as it leaches through the root zone and down into our underground aquifer where
soil microbes aid in breaking down chemicals into harmless materials. The biology of turfgrass makes lawns a
near ideal medium for the biodegradation of all sorts of environmental contamination [36]. Noise pollution,
a growing problem in urban areas can be abated by natural grasses absorbing excessive sound to curtail the
level. For example, grassed slopes beside lowered expressways reduce noise 8-10 decibels [33]. Traffic, both
vehicular and pedestrian, is directed by lawn barriers in areas of heavy movement of people and on roadsides
and medians. Fire retardation also by buffer areas of well-maintained lawn grass around buildings is good
insurance [33].

Grass is vital to carbon sequestration, the process of removing carbon from the atmosphere and depositing
it in the soil reservoir. This means that, hectare for hectare turf grass will sequester more carbon into the soil
each year than woodland [31]. For instance, a football pitch measuring around 10,000sq m or one hectare
is capable of capturing and sequestering an average of 12 tonnes of CO, per year. Conversely, the artificial
yarns or fibres that make up artificial turf are manufactured predominately from petrochemicals — one of the
main contributors to global warming [18]. One of the strongest arguments for installing natural turf is that it is
by far the most sustainable, environmentally, and carbon-friendly option. Installation and preservation of
natural turf pitches by many clubs and municipalities can be a viable option to become carbon neutral. Every
artificial pitch must be transfigured into natural green pitch inevitably to compensate greenhouse gas effects
produced and neutralize the carbon [8]. Indeed, 2010 research conducted by the University of California,
Berkeley in the States concluded that artificial turf releases more greenhouse gases in its production,
transportation, and processing than the maintenance of natural turf ever would [38]. Another investigation on
the carbon sequestration potential of managed turf grass in the United States concluded that well-
managed turf grasses cut regularly at the appropriate height followed by feeding by nutrients without
hampering their root zone actively pull pollutants from the air and as a resultant effect sequester significant
amounts of carbon [31].

V. Natural Turf and Artificial Turf- Separating lllusion and Facts
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Besides public, political, and personal considerations several practical, climatic, and financial factors should
also contemplated while determining whether installing artificial turf or renew natural turf pitches. Natural
turf has notable contribution towards the society collaterally to create better living condition. There’s no denying
that the arguments are compelling on both sides, and it may seem like a tough decision [16]. Football’s
international governing body, FIFA itself has lent its support to artificial turf aiding product development and
giving rise to its more accepted, widespread use. Indeed, the technology has improved overcoming many
problems associated with early-generation pitches [17]. Artificial turf was first invented in 1965 by a group of
polymer technologists and was originally known as “chemgrass". The prime reason to introduce the synthetic
grass in lieu of natural grass is to avoid the initial cost of laying natural turf while the annual costs for an
artificial surface are quite high. Indeed, many turf professionals reported an increase in maintenance costs
after installing an artificial pitch [38]. Routine mowing not more than one-third of the leaf area, use of
proper manures, fertilizers and timely irrigation can keep a lawn healthy very easily. Grass cycling is the act of
allowing grass clippings to remain on the lawn after mowing to return nutrients of Nitrogen @ 4%, Potassium @
2%, and Phosphorus @ 0.5% back to the soil also saves the labour of collecting and bagging clippings and it
reduces the “yard waste” component in landfills [26]; [47]. The study by U.S. Environmental Protection Agency
(US EPA) estimated that “yard trimmings” including grass clippings, leaves, branches, brush, and other plant
materials, accounted for 17.9% of the total municipal solid waste, by percent of weight [45]. Further, artificial
turf requires infill such as silicon sand or granulated rubber may carry heavy metals can leach into the water
table [40] but natural grass body restock earth water table. In contrast, besides replenishing the ground
water table the rainwater through a good healthy lawn is filtered often as much as 10 times less acidic than
water running off a hard surface [29]. Other studies revealed that turfgrass cover are enough competent to
reduce runoff, and therefore enhance soil water infiltration and groundwater recharge [21]; [9]; [37]; [39];
[43]. Finally, the reduced runoff volume from turfgrass covered areas offers the potential to decrease the
storm-water management requirements and costly structures used in urban development [44]. Turfgrass
ecosystems can support abundant populations of earthworms (Lumbricidae) from 200 to 300 per square meter
[11]; [12] owing to their activity increases the amount of macropore space within the soil that results in higher
soil water infiltration rates and water-retention
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capacity [23]. The grass body provides a safe, high quality play area for children and elder generations for their
move around similarly it furnishes cushion for players engaged in sport activities such as football, cricket,
baseball, golf, tennis etc [42]. But synthetic grass can cause skin abrasions and/or burn to a much greater extent
due to high temperature during climatic extremes and for its rigid surface. It’s also evident that playing on the
early-generation artificial surfaces brings a slightly higher risk of injuries, such as turf toe, anterior cruciate
ligament injuries, foot lock, turf burn and concussion [41] while natural grass reduces stress levels and even
reduce heart rate. Furthermore modern artificial turfs are more permanent installations and not easily
removed and replaced for individual sports [40]. Particularly it’s not self-repairing while grass has its self-
recuperative potential. Thus, in practice and for most part of countries natural turf turned out to be the better
option.

VI. Research Advancement in Natural Grass
Literally solutions to vanquish the key stumbling block of natural grasses regarding their durability are in great
leaps and bounds. Ongoing endeavour of plant breeders to introduce many innovative advanced grass species
with ameliorated characteristics such as wear, drought and disease resistance ultimately aggravating natural
turf’s acceptance [14]. Breeding of grasses initiated on a larger scale in the 1960s, but real focus on sports
grass breeding only became more common in the early 1990s [27]. The prime intention of grass breeding
counting tolerance to adverse soils- acidic or saline soils, forbearance to extreme weather conditions — high
rainfall or low moisture regime, resistance to diseases and insect-pests, greater summer persistence and
greater aggressiveness or fast growth [10]. The tremendous progress through biotechnological approach has
initiated in the late eighties made remarkable headway at the global level and natural grass solutions are now
available that can tackle the problem of growing in different adverse situations like shade, air circulation and
persistency in almost every situation. With aid of number of techniques such as embryo rescue, micro-
propagation, androgenic haploid plant production and creation of novel variations save time and energy
required for conventional methods [27]. The embryo-rescue technique has well been exploited in Lolium-
Festuca complex for production of hybrids. Lolium-Dactylis hybrids and many interspecific hybrids in Trifolium
have also been developed by this method. Different improvement program has taken up such as improved
shade tolerant varieties along with enhanced wear tolerance also for use in stadiums being tested under shady
conditions using special tents allow only partial light to pass (e.g. velvet bent grass, red creeping fescue, St.
Augustine etc.) and improved heat stress tolerant varieties especially areas with acute water shortage like Africa
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for sports pitches (e.g. Bermuda grass, red top, red creeping fescue, Bahia grass etc.). Over the last 10 years,
shoot density has steadily been improved. For sports use, perennial ryegrass varieties exhibited increased
density, together with increased strength of recovery, means significant improvement in wear tolerance.
Biotechnological approach offers opportunities for creation of novel variations in turf grasses which as such
are not possible through conventional methods. In grasses, the success achieved so far has been limited and
successful genetic transformation has been reported only in a few perennial grasses,viz.Lolium,
Festuca, Agrostis, Dactylis, Paspalum and Dichanthium species. Characterization of germplasm
by several molecular techniques viz. restriction fragment length polymorphism (RFLP), amplified fragment
length polymorphism (AFLP), random amplified polymorphic DNA (RAPD) and isozymes is one of the most
important aspects, especially in the context of the changing scenario regarding Plant Biodiversity Act. Another
important area needing attention of biotechnologist is the development of stress tolerance, both biotic and
abiotic, in wide range of turf grass species through gene pyramiding of identified QTLs. Encouraging results
have been obtained through the release of large number of improved varieties via grass breeding program
at the research institutions under the Indian Council of Agricultural Research (ICAR) and the State Agricultural
Universities (SAUs). For example, Himal and Hima4 are two improved varieties of Fescue grass released in
1998 and 2003 respectively by CSK, HPKV, Palampur adapted for hilly zones. GMG1 (Gujrat Marvel Grassl)
another improved one launched by GAU, Banaskantha in 1980 suitable for Gujarat, Central & western India
[5]. Hence, use of upgraded grass cultivars under the correct conditions and management can fetch new
innovations and benefits never seen before.
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Botanical Name Common Name Leaf Texture Sod Forming Establish Tolerance Capacity
nt Rate High Medium Less Poor
Agrostis alba Redtop Medium Bunch grass, Fast - Drought, cold, salinity, | Shade -
stolons, thizomes wear
Agrostis canina Velvet bent grass Fine Stolons, thizomes Fast Shade, cold wear - -
Agrostis paulstris Creeping bent grass Fine Stolons Mednm-fast | Cold, salinity | Shade, drought, heat - Wear
Agrostis tenuis Colonial bent grass Fine Stolons, thizomes | Medum-fast - Shade, cold, drought, - Salinity, wear
heat
Aronopus affinis Carpet grass Coarse Stolons Slow-medium - cold - Shade, drought,
salinity, wear
Cynodon dactylon Bermuda grass Fine-Medium | Stolons, thizomes Very fast Drought,
cald, wear
Erimochloa ophiuroides Centipede grass Medium-Coarse Stolons Slow-medium - Shade - Salinity, cold,
drought, wear
Festuca arundinaceae Tall fescue Medum-Coarse Bunches Slow Wear - - -
Festuca elatior Meadow fescue Medium Individual plants Slow Not common lawn grass
Festuca ovina Sheep fescue Fine Bunches Slow-medium Wear -
Festuca rubra Red creeping fescue Fine Short thizomes Medium Shade Drought, cold, heat,
wear
Lolium muitiflorum Annual rye grass Medium Individual plants Medium Not common lawn grass
Lolium perens Perenmial rye grass Medium Bunches Fast Wear Salinity Drought,
shade,
cold
Faspalum notatum Bahia grass Coarse Short thizomes | Medium-slow - Drought, shade, cold, -
heat, salimity, wear
Poa annua Annual Blue grass Fine-Medium Short stolons Slow Not common lawn grass
Poa compressa Canada Blue grass Medium Individual plants | Slow-medium - - - Wear
Foa pratensis Kentucky Blue grass Fine-Medium Rhizomes Medium - Drought, cold, heat, Shade,
wear salinity
Foa trivalis Rough blue grass Fine-Medium Short stolons Slow Cold Shade, drought, heat, -
salinity
Stenophyllumsecundatim St. Augustine Very coarse Stolons Fast Shade Drought, salinity, wear - Cold
Zoysia Japonica Japanese/Korean grass Fine Rhizomes, stolons Slow Wear Drought, cold, shade -
Zoysia matrella Manilla grass Fine Rhizomes, stolons Fast Wear Drought, cold, shade
Zoysia tenuifolia Korean grass Fine Rhizomes, stolons Medium Wear Drought, cold, shade
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VIL. List of few Warm & Cool Season Grasses Satisfactory at Indian Climatic Conditions With
Abbreviated Remarks [32] Table

VIL. Modus-Operandi to Plant Turf-Grass Species

Adaption to a specific location is the first criteria to consider while selecting a grass species. They differ according
to growth habit and other anatomical features that dictate their use and maintenance [24]. Since all landscapes,
geographic regions, soil types, altitudes and environmental conditions are not conducive for all grass types, general
and specific knowledge about varieties and their requirements for selecting appropriate one is needed. Depending
on the species of grass, the type of site and the immediacy of the need for a usable turf, there are few methods of
installation such as sodding, seedling, plugging, sprigging and stolonizing [46].

The quickest method for the establishment of turf is sodding [34]. Sodding is the establishment of lawn using sod
turf. Sod is grass that is specially cultivated, mowed and cut into strips like pieces of carpet including about 2.5
to 5cm. (thickness) of roots. Long strips are rolled out and short ones are turfed flat. Although this method is
most expensive but least problematic and give instant ground cover [2]. Seeding is the least expensive planting
option but requires longer-term care. Planting seeds of cool-season-grasses in the late summer or early fall results
in vigorous growth with strong root. Sprigging and plugging are methods typically reserved for warm-season grasses
for which seed is not readily available, such as improved strains of Bermuda grass and St. Augustine grass. It is
feasible to plant small areas by either sprigs or plugs. Plugging is the planting of bunch of rooted grass with earth
ball in holes followed by tapping the soil around the plug whereas Sprigging is the planting of sprigs, plant
sections cut from rhizomes or stolons that includes crowns and roots, at spaced intervals in furrows or holes.

VIIL Conclusion

Turf grass is a popular landscape element seems unlikely that turf grass is so consistently selected by consumers
because of its ability to trap and hold ground water, add organic matter to soil, or moderate temperature.
Groundwater recharge refers to the retention and use of water — especially rainwater — as it soaks into the
ground surface. There is little groundwater retention when the soil surface is bare or when there are
impervious surfaces such as streets, driveways, parking lots, and roofs. As a result, the rate of surface runoff
increases and the time that elapses before runoff decreases [28]. The turf grass areas and the soil beneath create a
near ideal medium to purify water as it leaches through the root zone and the soil into underground aquifers.
With proper care, lawns will last for many years. Lawns also cool the air near the ground, particularly after they
have been watered. Grass improves the soil by stimulating biological life and by creating a more favourable soil
structure for plant growth [22]. So, it is the fact that artificial turf lacks most of these benefits provided by natural
turf grass. But on the other hand, in response to population growth, increasing demand and fluctuations in the
availability of water for landscape, the debate between natural turf and artificial turf seems to be leaning on the
side of synthetic turfing, but with the assistance of many droughts tolerant grass varieties released from the
breeding programs this daunting obstacle can be easily overcome. In short, natural grass has a good reputation
where sustainability and reducing the environmental impact are concerned.
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Zhixin Liu, C.Y. Jim.

Playing on natural or artificial turf sports field? Assessing heat stress of children,

young athletes, and adults in Hong Kong.

Sustainable Cities and Society. (Vol. 75) (Pages 103 — 271) December
2021,https://doi.org/10.1016/j.5cs.2021.103271

Abstract

Exercising in an unusually hot environment may aggravate exertional heat illness. Turf material
significantly affects the microenvironment and heat-stress sensation of sports-field users. However, the
difference in human- biometeorological effects between different sports-field turf materials demands
further investigation.

This study compared artificial (AT) with natural turf (NT) fields, investigating three age groups (children,
young athletes, and adults), two physical activities (playing soccer and walking), and three heat stress
indicators (HI, Heat Index; WBGT, Wet Bulb Globe Thermometer; and COMFA, COMfort FormulA). The
results showed heat-stress underestimation by HI and WBGT. In contrast, COMFA, incorporating
comprehensive environmental and human physiological parameters, provided a more targeted and
reliable heat-stress assessment.

COMFA indicated a longer heat-stress duration exercising at AT than NT. Compared to NT, children
suffered a 24% longer “Extreme danger” duration at AT in sunny daytime. The AT-NT difference in
human-biometeorological effect was limited concerning human convection, evaporation, metabolic heat,
and emitted longwave radiation, but was considerable in human absorbed radiation.
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AT had lower albedo than NT, hence field users absorbed more upward longwave radiation but less
upward shortwave radiation, highlighting important control by the radiant environment. NT sports fields
are recommended for a healthy outdoor thermal environment, especially for children.

Artificial lawns: Environmental and societal considerations of an ecological

simulacrum. Urban Forestry & Urban Greening
Francis, R. A. 2018.

(Vol. 30) (pages 152-156) https://doi.org/10.1016/j.ufug.2018.02.002

Abstract

The replacement of living lawns with synthetic (plastic) grass seems to be on the increase in cities. This
paper presents some environmental and societal considerations relating to the installation of artificial
lawns to encourage research of the phenomenon at this early stage of emergence.

After first discussing the development of ‘third generation’ synthetic grasses that have made artificial
lawns more appealing, it then considers how the replacement of living lawns with plastic grass represents
a potentially concerning step towards ecological simulation, or the replacement of real ecosystems with
simulacra that address cultural desires but remove nature altogether.

The paper then examines some of the possible environmental and societal impacts that may result from
the replacement of living lawns with their artificial counterparts and concludes with the presentation of a
research framework for investigation of the emerging artificial urban lawnscape.

Artificial lawns exhibit increased runoff and decreased water retention
compared to living lawns following controlled rainfall experiments.

Michael R. Barnes *, Eric Watkins.

Urban Forestry & Urban Greening (Vol.63) (pages 127- 232).
https://doi.org/10.1016/j.ufug.2021.127232

Abstract

The hydrological impacts of artificial (synthetic polymer) grass were investigated in comparison to living
grass in a series of controlled rainfall experiments, representing daily short rainfall events of different
volumes (750ml, 1000ml, 1250ml).

Two varieties of artificial grass with varying pile height (short vs long) were compared with a living grass
control. Infiltration was measured as drainage (total, initial and delayed) and retention. Significant
differences in runoff were observed across all treatments, demonstrating that both types of artificial
grass displayed greater volumes and proportion of runoff than living grass, and that long artificial grass
had significantly greater runoff than short artificial grass.

Living grass was also significantly better at retaining water and delaying drainage compared to both
artificial grasses, while retention performance varied between short and long artificial grass. Other
aspects of drainage were more complicated, with short grass installations generally draining fastest.

Plastic thatch and grass fibres were also shed from the artificial grass installations during the experiments
and were carried in the runoff. Further experimentation is required to explore the wider implications of
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such hydrological responses, but the potential impacts on runoff should be considered when replacing
living lawns with their artificial counterparts.

Differences in likelihood of use between artificial and natural turfgrass lawns
Journal of Outdoor Recreation and Tourism

Michael R. Barnes *, Eric Watkins.

(Vol. 37) (pages 100 — 480) March 2022
https://doi.org/10.1016/j.jort.2021.100480

Abstract

Parks in urban areas provide a range of significant benefits across natural and social systems. These
critical urban green spaces and those who manage them are faced with balancing budgetary constraints,
sustainability goals, and user requirements.

Competing demands are exemplified in the difficulties faced in managing the dominant form of park
vegetation: natural turfgrass lawns.

Traditionally turfgrass lawns can have high input requirements (e.g., water and fertilizer), which may
cause negative environmental effects if not managed properly. One proposed solution is the adoption of
artificial turfgrass lawns which do not require the more intensive inputs of natural turfgrass lawns.

However, park users’ perceptions of the equivalency of artificial and natural lawns across various use
cases remain unknown.

Thus, we surveyed adults in the United States to elicit responses on the most common uses of public
lawn spaces, as well as specifically how likely they were to use artificial and natural lawns across various
use cases using photos of each type.

Overall, significant differences were found between participants’ likelihood to use artificial lawns
compared to natural lawns with small to moderate effect sizes across the majority of use cases.

This work suggests that park users are generally more hesitant to use artificial turfgrass lawns compared
to using natural turfgrass lawns.

More work needs to be done on understanding specific reasons for why park users seem to prefer
natural lawns across various use cases compared to artificial lawns.

Natural grass versus Synthetic Surfaces for recreation and
Sports in Australia

Danecek, L. Running Hot: Synthetic Turf.
HortInsights, Australian Institute of Horticulture's 2021 (Vol. 3) JUNE 1: 2-4.

https://www.aih.org.au/wp-content/uploads/2022/06/Hort-Insights-june-2021.pdf
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Running Hot: Synthetic Turf
This topic is becoming political, and the environmental impacts are stacking up.

The integration of synthetic turf into both public and private spaces has, of late, become often political and has
layers of complexity. My assumptions were that this green plastic carpet was a thing of the past. An environmental
nightmare that leached into the waterways, added to the ever-building horrors of microplastics, filled the
surrounding air with volatile organic compounds (VOCs) and contributed to the urban heat island effect.

There are research and data set available that highlight a variety of depressing issues: the original, recycled tyre,
crumb-filled turf was not the greatest stuff; for us or the environment. There are new synthetic turf alternatives
around that utilise cork or sand as in-fill, but it’s still not ‘grass’ in the traditional sense. And so, many of the same
concerns still apply, but the data from research is still being unearthed.

Considering many gardeners, horticulturists and landscapers are now taking climate change into consideration in
their design and plantings to future-proof gardens, avoiding the above horrors should be at the top of the list when
it comes to creating clean, cool, and safe environments for our clients (and, our children’s children). But it is still
being laid, it is readily available, and | have even seen it on residential council verges. So, is it really that menacing?

As a student of sustainability and environmental science, anthropogenic activities lead our studies. ‘Humans did A!
Now we must deal with B’. When reading about environmental concerns on synthetic turf installation, the usual top
three concerns are chemicals, microplastics and contribution to the urban heat island effect. | will add a few more to
that list below, as some new reports are alarming.

Leaching of Chemicals

Synthetic turf, in some places, is often still
filled with recycled tyre crumb (low dust
and great playing attributes), that can
leach chemicals into the surrounding
environment, including polycyclic aromatic
hydrocarbons (PAH’s, generated by the

incomplete combustion of organic BAMs. ohithalates SYHC
s, phthalates,

materials like oil and petrol), VOCs and :
P ) Substances of very high concern

phthalates (‘plasticers’ if you will, they

keep things flexible and soft). A Portuguese
study released this year reviewed 40
chemicals in synthetic pitches and found
continual leaching of PAHs into the

4
aquatic " pollution

surrounding environment (Celeiro et al.

2021).
) A simple diagram from the Celeiro et al. (2021) study to demonstrate their

review of how elements of the turf were leached into the waterways,
reviewed by both sports fields and comparable in-lab results.

Microplastics



Low use, artificial turf fraying at the edges with loose plastic
blades in a local garden centre.

These are pieces of broken-down plastic that have degraded in
the environment to less than 5mm in size. Less than 1mm (down
to 1um (0.0001mm)), we generally class as a “nanoplastic”. The
synthetic blades (usually polyethylene or polypropylene) and the
infill crumb break down over time loosening their hold, the
blades, and tiny particles now freely available to move through
the ecosystem. In a council-run field or professional playing
field, they know about this and often (though, not always) have
installed purpose- made ‘sieves’ in the drains to catch debris as
the fields degrade over time through use and environmental
factors. However, for the neighbour who is run a roll to the
gutter near the storm water drain, that catch is missing. The
story then tells itself.

Adding to the urban heat island effect
The concept of the urban heat island (UHI) effect is localised
warming created by anthropogenic (human) means dark
coloured surfaces like roads, roofs and carparks, removal of
greenery, car engines and air conditioners, to name a few
things. Summer days are hotter, and the infrastructure holds
heat, so it does not cool at night. The science on heat-associated
concerns

with synthetic turf is not good, as seen in an Australian study from Twomey et al. (2014). Results clearly demonstrated

that synthetic turf temperatures were significantly hotter (mean = 46.3°C) than irrigated natural grass (mean = 24.1°C).

Would it be safe to assume that the installation of this product can contribute to the UHI, warming our suburbs and

decreasing thermal comfort as we stop irrigating? Amusingly, that study calls for more data surrounding the ‘comfort’ of

the athlete’s feet, but what else are we cooking at that temperature?



Which leads to a concern about the soil; our most
precious commodity of all. Let us consider the
solitary bees, insects and ‘microfauna’ that call the
soil home. They must be being solarised under this
artificial blanket, yet there is no data to back my
claim. No studies that | can find detail what
happens to the soil underneath, if the soil
communities are functioning, and if there are
reverberations beyond the artificial carpet.

Once you really get into the data, then you start to
learn about other things that maybe you would
not normally consider, like that synthetic fields
have their own microbial communities that are
different to natural turf (Valeriani et al. 2019) and
MRSA can hang out in infill and on turf fibres, and
act as a ‘reservoir’ of sorts to infect athletes (Keller
et al. 2020). It is this kind of new data that will help
those in management and policy-making positions
create synthetic turf guidelines and frameworks
for installation and where it should and should not
be used.

There are huge knowledge gaps across all
stakeholders, professional football teams,
councils, horticulturists, and landscapers, right
down to the home gardener. So much so that in

NSW, planning minister Rob Stokes has

West Beach Parks Football Centre in Adelaide, showing a clear temperature commissioned a ‘Synthetic Turf Study’ (NSW
difference between natural grass and synthetic turf (Government of South Australia

Government 2021), to actually review synthetic
2021).

turf options as replacements for natural grass.

That review is due to be published mid-2021, and there will be a lot of people keen to read it.

No matter the side you are on - natural or artificial - people want lush, good-looking, green turf. Our goals are the same,
there just does not seem to be the education about what to use when, we do not have the knowledge about alternatives,
or the data and science to back it up (more importantly, solid science for the Australian landscape). Synthetic turf looks
great the first day it is laid, and then it declines to the end of its life, where it is rolled up and sent to landfill. Natural grass
can be regenerated, and something must be said for that. Mother Nature usually does it best, after all.
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Natural grass vs Synthetic Surfaces for recreation and Sports: Evidence review

Executive Summary:

Appropriate surface provision is fundamental to inspiring individuals to participate in outdoor sports and
recreation activities. Although outdoor sports traditionally have been played on natural grass fields, the
synthetic turf option has gained popularity over the past few decades around the world and in different
states of Australia, including South Australia.

The use of synthetic surfaces in sports and recreation activities, however, has long been debated,
particularly due to their negative environmental and health impacts, although we have limited
understanding about the impacts per se.

This study, therefore, aims to provide a knowledge base for this debate by exploring the benefits and
disadvantages of synthetic turf compared with natural grass. Findings suggest that natural grass turf has
multiple environmental benefits compared with synthetic turf sports surfaces.

Natural grass fields also have certain health benefits related to heat dissipation and psychological
comfort, while synthetic turf offers health and social benefits in terms of the capacity to sustain heavy use
and accessibility. This review suggests that choosing the right surface option for outdoor sports needs an
adequate consideration of both short- and long- term environmental, health and wellbeing factors.

Summary of Findings

This review aimed to understand environmental, health and welfare impacts of natural grass compared to
synthetic turf in the context of sports fields. The assessment was conducted to expand our understanding
of the existing debates in relation to grass and synthetic turf, which may help the city planners, local
councils and ground managers to make an informed decision regarding sports surface options. This
review, however, does not provide a complete summary of the current literature, rather it critically
examines selected resources to provide insights into the key environmental and health concerns related
to natural and synthetic turf. It is important to note that given the large variation in design of installations
and the characteristics of natural fields and of artificial turf systems, it is difficult to accurately compare
the environmental and health impacts between natural and artificial systems. Information is also limited
to draw any specific comparison.

Synthetic turf surfaces have become popular in major outdoor sports at the elite, regional and local levels
around the world. Such a trend at elite level sports, however, has shifted towards natural turf options in
recent years in response to safety and other health-related concerns. This shift is likely to influence the
sports ground authorities’ decisions regarding choosing sports surface options. In Australia, natural grass
fields are increasingly replaced by the synthetic turf, particularly at the regional and community level. The
City of Adelaide is no exception. In this context, the selection of appropriate turf option for outdoor sports
is needed to consider the following factors:

° Carbon footprint of natural turf is much lower than synthetic turf. Natural grass fields are
important carbon sequesters — removing carbon from the atmosphere, while synthetic turf fields release
carbon into the atmosphere during different stages such as manufacturing, transportation, installation,
maintenance and end-of-life disposal.

° Natural grass fields need more water compared to synthetic turf fields for their maintenance. The
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requirement of water depends on local climatic conditions.

o Hazardous substances from synthetic turf system are likely to contaminate surface and
groundwater, while fertilisers and pesticides used for maintaining natural grass turf are likely to
contaminate water.

(] Synthetic turf retains heat that contributes to increasing the field surface temperature and air
temperature near fields. It thus may contribute to urban heat island effect in nearby neighbourhoods.
Natural grass turf, by contrast, reduces urban heat island effects.

o Synthetic surfaces release different hazardous substances which may impact the health of the
users. The available evidence, however, shows no elevated health risks from exposure to synthetic turf.
More research is needed to explore the potential long-term impacts of synthetic turf on human health.
° Natural grass fields provide diverse ecological benefits such as upholding biodiversity and clean
air and water, while synthetic turf has negative impacts on the health of the ecosystem.

The following table presents the key benefits and disadvantages of playing on natural grass and artificial
turf:
Table 6: Comparative features of natural grass and synthetic turf

Natural Turf Synthetic Turf

Stays cooler on hot days Can heat up to over 3 times the local air temperature
Needs more water Needs less water

Produce oxygen & reduce pollution Does not produce oxygen & usually ends up as landfill
Self-replenishing Eventually requires replacement

Cheaper to install/ high maintenance cost Expensive to install/ low maintenance cost
Self-sanitising Require sanitising

Safer sporting surface Increased risk of sporting injury

Needs to give rest Endures extensive use

In conclusion, based on the information and analysis of this study, it can be said that choosing an option
for playing surfaces needs to consider environmental, health and social factors that this study illustrated.
In addition, local environmental contexts and location of the sports surfaces must be considered duly in
order to select the best surface option for sports. More specifically, the selection of a surface option in
Adelaide Parklands for engaging more people in outdoor sports needs to consider the long-term vision for
parkland management and sustainability.
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Case study of Western Australia - Natural Grass vs Synthetic Turf Study Report

https://www.dlgsc.wa.gov.au/department/publications/publication/natural-grass-vs-synthetic-turf-study-report

(Accessed 10 February 2023)

An organisation’s (sport club, association, local or State Government) decision to have a natural grass or
synthetic turf comes down to their specific objectives for environmental, social, health and financial
outcomes.

In addition to the Decision Making Guide, the following is a detailed report on natural grass vs synthetic
turf for bowls, tennis, hockey, soccer/rugby, ovals (football/cricket) and/or any relevant multi-purpose
facilities, that the department and other key stakeholders can use to assist with decision making, policy
and planning. The report will consider the factors that contribute to the choice of playing surface, in terms
of performance, safety and playing facility requirements for the above sports.

In addition to details on the specific sports, the current knowledge on environmental, social, health and
financial implications of synthetic turf compared to natural turf will be presented in detail.

SYNTHETIC TURF STUDY IN PUBLIC OPEN SPACE:
Report Prepared for the Department of Planning, Industry and Environment

August 2021 | 2210189
Concerns associated with environmental impacts continued:

e Carbon emissions: Synthetic fields contribute to heightened CO2 emissions due to lack of carbon
absorption associated with natural turf.

* Soil sterilisation: Sterilisation of soil beneath the synthetic turf has an impact on ecosystems. Synthetic
surfaces inhibit living systems.

e Water Usage: Water consumption and irrigation requirements are lower for synthetic turf making it
generally more suitable for drought and dry conditions (due to reduced water requirements).

e Variability: Environmental impacts of synthetic fields vary substantially depending on what type they
are. Older synthetic fields (generation 2 and 3) are associated with significantly higher radiant heat and
environmental pollution.

e Wildlife: While natural turf sports fields have limited biodiversity value, they do provide some habitat
for local flora and fauna that synthetic turf does not.

e |t is noted that design of synthetic surfaces is technologically advancing in response to some of the
impacts created by synthetic turf, e.g., microplastic pollution. Potential human health impacts.

* Heat stress and the impact on player and user comfort associated with playing on synthetic fields in hot
weather.

¢ Some generations of synthetic turf (typically 1st, 2nd, and 3rd) have a greater risk of abrasiveness on
skin and higher injury rates.

* Research has suggested that biological pathogens, toxic chemicals, and micro-plastic ingestion are all

risks to human health that are associated with synthetic materials. Cost and economic factors are not
transparent.
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e High initial capital cost of synthetic turf can be perceived as a barrier to installation.

* Synthetic playing fields have traditionally been perceived as requiring lower maintenance and hence
lower operating costs compared to natural turf. However, synthetic surfaces have a prescriptive
maintenance regime, and there is indication from recent studies in other jurisdictions, including New
Zealand and Western Australia, that in practice synthetic turf can have reoccurring maintenance costs for
repairs and cleaning of surfaces that can be comparable to that of natural turf.

* Long term maintenance of natural turf surfaces is often underfunded which can result in deteriorating
condition facilities and limited capacity.

* Renewal costs associated with the disposal and replacement of synthetic fields at the end of their life
cycle is not always adequately considered.

¢ Best practice natural turf has ongoing maintenance requirements to maintain high levels of
performance for all users, such as mowing, “resting”, and re-surfacing the field.
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The environmental impacts of artificial turf worth considering before
rolling it out in your backyard.

By Penny Travers
(Posted Wed 5t July, 2023)

ABC News

https://www.abc.net.au/news/2023-07-05/environmental-impacts-of-artificial-turf/102554018

With your lawn turning brown from the winter frost and an El Nino weather event on the horizon, you
may find yourself considering artificial turf to keep your lawn or front verge looking green.

It's an increasingly popular choice, particularly in newer suburbs where block sizes are smaller.

But while synthetic grass offers an even, green surface that requires little maintenance, it comes with a
big environmental price tag.

Here are some of the environmental impacts of artificial turf worth considering before you roll it out in
your own backyard.

Burning hot in summer

In summer, fake turf gets hot. Very hot. So hot in fact, that Sebastian Pfautsch, an associate professor in
urban management and planning at Western Sydney University, warns the surface can give babies and
young children "second or third-degree burns".

Associate Professor Pfautsch was one of more than 30 experts who contributed to an independent review
of the impacts of synthetic turf in public open spaces by the New South Wales chief scientist and
engineer.

"This material on a sunny day, with let's say 30 degrees Celsius in the sun unshaded, will be about 80 to 90
degrees hot," he said.

"Compare that to natural turf, which will be just slightly above the temperature, meaning slightly above
30 degrees.”

.

é«'&!‘ ) 7 .
A o s e

a 30-degree day. (Supplieo‘l: Sebastian Pfautsch)
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"At 80 to 90 degrees, it really becomes a touch burn hazard."

Not only can it be burning hot to touch, but fake turf also radiates heat, making you and your home
hotter.

"You get radiant heat, so your thermal comfort is impacted negatively and then you also have, from the
combination of the sensible heat flux and the warmer air temperatures, warmer air around your home,"
Associate Professor Pfautsch said.

"That means your whole house is warmer, your walls are warmer, your windows are warmer, everything
is warmer, the air intake for your air conditioning system is warmer — you need more energy to cool that
down.

"You have a house that warms quicker, which again, you need more air conditioning to cool it down."

Synthetic turf not only makes the microclimate around your home warmer, but also contributes to warming your
suburb. (ABC Radio Adelaide: Malcolm Sutton)

The heat impact goes beyond just having a warmer microclimate around your home.

"You may think it's only me having a bit of synthetic turf but it's now 20 other neighbours and then of
course, when you add this, it has a collective impact on your suburb microclimate where it gets warmer,"
Associate Professor Pfautsch said.

"Collectively the whole suburb will be warmer which has impacts on night-time temperatures, but also on
the environment where certain critters just need certain temperatures and certain plants need certain
evolutions of day-night temperatures.

"You're taking all of that away by changing so much of the surface area into these types of materials.
"It's not just your own little patch. It's really what happens elsewhere as well."
Unsustainable life cycle

As the name suggests, synthetic turf comprises of synthetic fibres typically made from nylon or
polypropylene and connected to a backing material, all of which came from crude oil.
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The lifespan of artificial turf depends on how it's installed, maintained and used, but it tends to be about
10 years, though some manufacturers of newer products say it can last upwards of two decades.

When it does reach the end of its useful life, unlike some other plastics, artificial turf is difficult to recycle
due to contaminations, colours and stabilisers within the material.

"What we're finding in the US, is a lot of the artificial turf that is being replaced with other surfaces is just
ending up in landfill which is not a good end for these products," John Ting, Assistant Professor at the
University of Canberra's Faculty of Arts and Design, said.

"In terms of the life cycle for these kinds of plastic, it is not really a very sustainable thing.”

"Whereas things like tiles, or stone paving, or concrete, even gravel, a lot of that can actually be
incorporated into other materials or can actually be recycled themselves."

3

It is very difficult to recycle synthetic turf and most of it ends up in landfill. (f/i_kr :John Englart)

Professor Mark Howden, director of the Institute for Climate, Energy and Disaster Solutions at the
Australian National University, says the greenhouse gas component also needs to be considered.

"Normal grass can absorb a bit of carbon, compare that with artificial grass or asphalt or concrete, those
latter ones have a big greenhouse gas footprint," he said.

"If we think more broadly about this issue, those artificial surfaces are problematic from a climate change
point of view."

Microplastics in waterways

While there is a wide range of artificial turf products on the market with varying composition and
durability, synthetic fibres can break off and end up in waterways, especially in periods of heavy rainfall.

"Because they come into contact with feet, because people walk over them and so forth, and because
they're out in the weather, what we tend to get is bits of plastic that are actually falling off the artificial
grass itself and getting into our waterways," Assistant Professor Ting said.

"That's a problem because we're getting more microplastics into our environment."
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Granulated rubberAihfiII that has washed off a synthetic tu-rf surface
onto an adjacent footpath. (Supplied: Sebastian Pfautsch)

Infill is usually spread over the turf to help the grass blades stand up and keep the turf flat.

In backyards, that infill is often silica sand which has sharp edges that can contribute to the grass blades
breaking off.

Granulated rubber or crumb rubber, usually made from old car tyres, is also used as an infill — particularly
on sporting fields.

"That just cries for disaster," Associate Professor Pfautsch said.

"Now you're not only having the natural disintegration of the green material, but you've introduced
something that's even smaller and loose that just goes everywhere.
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"You can find this material, many, many, many metres away from the fields in parks where it's just piling
up. It just starts to wander off.

"And there are studies in that report ... that describe the impact of that on aquatic environments because
it starts to enter the food chain."

Lack of biodiversity

Artificial turf doesn't just impact the environment above the ground, but also the carbon in the soil and
the living systems below.

"Artificial turf doesn't have an ecology like grass does," Assistant Professor Ting said.
"All sorts of microbes, insects and other things actually live in the grass and in the soil around the grass.

"Natural grass and planted matter do actually promote biodiversity and do give back to the soil and make
it stronger, more fertile and so on. Artificial grass doesn't allow this to happen."

A large variety of microbes and insects live in natural grass and the soil around it. (Pixabay: BubbleJuice)

Associate Professor Pfautsch describes synthetic turf as a biodiversity "blocker".

"Once you start reducing the gas exchange between the atmosphere and the soil it has a huge impact on
all the soil fauna, the critters that live in the soil, which is a huge storage of carbon," he said.

"All of that is lost because you're basically cutting off their supply pipelines for gas exchange."

The good news is there are some natural alternatives to artificial turf that don't necessarily require the
time and effort of a well-manicured traditional lawn and still look pleasant during dry times.

"Native Australian grasses make wonderful turfs. You can even let that flower before you mow it and that
comes with biodiversity benefits," associate professor Pfautsch said.

"There will be insects that will be attracted to that, that also then, when you look at food chains, attract
birds, attract this and attract that."
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For those who don't want to maintain a natural lawn, Professor Howden suggests planting ground covers
and shrubs, or growing a cottage garden.

"Increasingly there are some really great options. Walk around your suburbs and see where people have
made those choices and how attractive they can be," he said.

And if native grass and shrubs won't work for your backyard, you could always lay down some bark or
wood chip.

"You can just have bark chips like mulch over your earth, and that doesn't heat up as much as artificial turf
and does keep the ground healthy," Assistant Professor Ting said.

(Posted 5t"july, 2023)

References on negative influences of artificial lawn in Australia

Moreland Council, Victoria, Australia

Submission on Hosken Reserve Refresh and Synthetic Turf by Climate Action, Moreland
https://morelandclimategroup.files.wordpress.com/2021/03/2021-03-27-camoreland-submission-on-hosken-
reserve-refresh.pdf. Accessed on the 10t of January 2023

Abstract:

The Hosken Reserve issue is about a failure in transparency and consultation with the local community, and
poorly framed triple bottom line decision making by Moreland Council.

There are questions about the integrity of the triple bottom line decision making embracing the social,
environmental, and economic impacts, costs, and benefits, that was used in the process in the past decade for
this site.

And there are questions how triple bottom line decision making and weighting of factors will be applied for
the current process. This submission provides numerous reasons why conversion of a natural grass oval and
open space to a fenced synthetic soccer pitch should not take place. It finds that there are two primary
reasons against synthetic turf at Hosken Reserve, and that either reason is significant in itself for the primary
project not to go ahead.

These two essential reasons are - synthetic turf carbon footprint (up to 1500 COze tonnes) in total life cycle
greenhouse gas emissions, and synthetic turf increasing waste to landfill contributing to toxic leachates
pollution and microplastics pollution.

On both these grounds conversion of a shared use natural grass oval to synthetic turf would appear to conflict
with existing Council policy and frameworks related to climate change and the climate emergency, and
Council’s zero waste to landfill by 2030 target.

On the triple bottom line factors, we found the social factors weighed up with some positive and some
negative, the environmental factors were mostly against, and the economics didn’t stack up, even after
factoring in 2 to 1 equivalence usage factor for synthetic turf.

This submission investigated peer reviewed science, grey literature, and relevant policy documents to
ascertain the following issues with synthetic turf:
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Derived from fossil fuel petrochemical industry.

Produces greenhouse gas emissions during manufacturing and as it degrades.

Increases landfill at end of life.

Produces micro-plastic pollution as synthetic turf breaks down.

Increases urban heat island effect on local residents.

Replaces natural grass which allows soil organic carbon sequestration, provides oxygen.

Reduces soil biota, grass seeds and insects with a trophic impact on local biodiversity
primarily birdlife.

Compacts the soil increasing stormwater runoff.
Toxic Chemical leachates from rubber infill pollute waterways.
Results in increased lower extremity injuries in elite players.

Long term human health impacts uncertain, but vertebrate model confirms toxicity to
human health of rubber infill leachates.

Enhances infection transmission risk. Encourages a microbial community structure
primarily defined by anthropic contamination.

Appears to improve water conservation, but the situation is far more complex when life-
cycle assessment and irrigation to reduce heat for playability is considered.

Other issues: increased fire risk, increase in traffic, parking on quiet residential streets.
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Microclimate

Project:

Pfautsch, S., Rouillard et al. (2020). School Microclimates. https://doi.org/10.26183/np86-t866

4.3 SURFACE TEMPERATURES

An aerial view of the school built environment
revealed large differences among surface
temperatures (Fig. 25). Generally, horizontal
and angled roof areas, especially those of

the semi-permanent classroom were hotter
than most flat ground surfaces when in full
sun. Also, hard surfaces of buildings and

the central school yard were always warmer
compared to vegetated surfaces and tree
canopies. The hottest ground surfaces

included the sunlit asphalt of the central
school yard, sunlit artificial grass around the
playground and sunlit bare soil in garden beds
near the playground. The concrete surface of
the central walkway connecting the school
yard with the semi-permanent classrooms
(area to the left of the assembly hall with blue-
green colour in Fig. 25) was clearly cooler
compared to asphait of the yard.
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FIGURE 25: Aerial infrared image of the
northern section of the school. This section
contains all administrative buildings,
ciassrooms and the main school yard,
playground and assembly hall. The image
was taken at 11:00 on 27 January 2020.
Image © S. Pfautsch
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Assessment of surface temperature of
different materials in full sunshine revealed
that artificial grass and bare soil were the
hottest surfaces, regardless of ambient
temperatures (Table 8). Sunlit artificial

grass reached a mean temperature of 52°C
during the normal summer day despite

the air temperature being below 30°C.

The surface temperature of artificial grass
increased when ambient air temperatures
rose and a maximum value of close to 70°C
was measured for this material (Table 8, Fig.
26). it should be noted that this material was
used areund the playground and two other
areas near the semi-permanent classrooms.
Bare soil showed similar dynamics when
ambient T increased. A maximum surface
temperature of 73°C was recorded on bare soil
during the day of extreme heat.

While the sunlit asphalt surface of the school
yard remained generally cooler than artificial
grass or bare soil, this surface material
showed the greatest difference in surface
temperature (+9°C) for the normal summer
day compared to the extremely hot summer
day. In comparison, the difference in surface
temperature of artificial grass and bare soil
was 7.5 and 7.4°C, respectively (Table 8). Of
all surface materials tested, sunlit concrete
had the lowest surface temperatures on any
day. During the day of extreme heat, the mean
surface temperature of concrete was mare
than 15°C cooler compared to artificial grass
(Table 6).

westernsydney.edu.au
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TABLE 8: Mean surface temperature of common surface materials measured in full sunshing
around midday. Data were extracted from infrared images. Images were taken during midday of a
nomal (14 January 2020), hot (30 December 2019) and extremely hot summer day (19 December
2019). Values in parentheses indicate 1 standard deviation from the mean (n = 5). Maximum

surface temperatures are single measurements.

NORMAL DAY HOT DAY EXTREME DAY 7

GROUND ~ (4JANUARY2020) (S0DECEMBER2019) (19DECEMBER2019) Tarncspua (°€)
MATERIAL .00

Artificial grass 517(21.8) 56.1(24.8) 502(3.4) 675
Bare soil 49,52 4.0) 55.7(23.8) 571{£5.8) 734
Dry grass 49.4(£28) 463(x17) 514(25.3) 60.0
Asphalt 448 (2 45) 511(21.4) 54.4(£5.0) 616
Concrete 420(53) 438(:93) 431(£4.3) 571

The lowest temperature measured for a
ground material was the irrigated green lawn
in the front garden of the school. Durning

the day of extreme heat, this surface type
reached a mean temperature of 38°C, being
20°C cooler than artificial grass or bare soil.
Additional shading of green grass lowered
the surface temperature of this material by
another 4-5°C.

Green foliage of trees and shrubs displayed
markedly cooler surface temperatures
compared to hard ground surface materials.
When air temperature was 43°C on the day of
extreme heat (19 December 2019), leaves of
trees displayed a mean surface temperature of
40°C. Lower leaf temperatures are the result
of evaporative cooling and demonstrates the
cooling potential of vegetation such that areas
under or around tree canopy always had the
lowest air temperatures (see Fig. 19).

Surface temperatures of vertical walls were
lower compared to hard horizontal surfaces.
Sunlit brick walls reached, on average, 34,
40 and 41°C during normal, hot and extreme
summer days. Similar surface temperatures
were measured for walls of the semi-
permanent classrooms and the sheet metal
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walls of the buildings at the north-western
section of the school. It is worth noting that
the walls of the semi-permanent classrooms
had the highest mean surface temperature
(39°C) on the normat summer day for both
sunny and shaded conditions.

Airborne imagery supported the thermal
analyses of roof surfaces. Although these
analyses were based on one sunny, warm
summer day only (27 January 2020), clear
differences in surface temperatures were
found. These differences clearly related

to material and colour of roofs. The green
corrugated iron roof of the assembly hall

and one administrative building showed the
highest mean surface temperatures of 50°C
with hotspots of 52°C. In comparnson, mean
surface temperature of beige coloured metal
roofs of the COLA and one old, parmanent
classroom were 7°C lower, demonstrating the
effect of colour and related absorbance and
reflectance of solar radiation. The cement
shingles of the roof of the main administrative
building were cooler (45°C) than those
measured for green (50°C) or corrugated
iron roofs.
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HOT AND COOL ZONES

On the following pages, a number of examples
for Hot Zones and Cool Zones, as well as
selected examples of surface temperatures

of individual materials are provided. The term
'zone’ is used here to clearly delineate sefected
areas across the school outdoor environment
that are likely to represent higher or lower
surface temperatures, and through radiation
of heat also influence T, and importantly also
Hland T, . Therefore, the ikelihood of children
to experience heat stress is higher in a Hot
Zone than in a Cool Zone.

The pairwise representation of alocation

as seen by the human eye and depicted as
seen using an infrared filter and post-capture
colouring. Colour-representation of surface
temperatures was calibrated to the same
temperature range in all infrared images.

Hot Zones (Flg. 26)

» Play areas covered by artificial grass (panels
A and B):. Sunlit artificial grass had a mean
surface temperature of 61°C. When shaded,
surface temperature of this material was
35°C and the adjacent shaded concrete path
had a surface temperature of 29°C.

» Black asphalt (panels C and D). The large
unshaded school yard made from black
asphalt represented a local heat island. The
image was taken during the late moming
of a sunny day (23 January 2020) where
air temperature was 34°C. Mean surface
temperature of the entire area was 57°C and
was 40°C when shaded (in the foreground).

» Non-vegetated ground (panels E and F):
Between September and December 2019,
Greater Sydney experienced an extended
period of very low rainfall and high summer
temperatures. The existing lawns of the
open space at the southern end of the
school died as result of drought and play
activities. This left large patches of dry bare
soil exposed to sunshine, reaching mean
surface temperatures of 56°C during a
day of extreme heat. Spot measurements
showed surface temperatures of up to 64°C.
Incomparison, dry soll and grass that was
shaded by a group of treas had a mean
surface temperature of 39°C.

Artificial (Synthetic) Turf verses Turf/Lawn Review 2024 ©

FIGURE 26: Hot zones around the school. On the left, images are shown as normal view. On

the right the same location is depicted as seen through an infrared filter, visualising surface
temperatures. Panels A/B: sunlit play area between semi-permanent classrooms covered with
artificial grass. Panels C/D: sunlit central school yard made from black asphalt. Panels E/F: sunlit
bare soll in the open area to the south. Images were taken on the extreme summer days where
ambient air temperatures were well above 40°C (19 December 2019, panels A, B, E, F and 23
January 2020, panels C, D). Image® S. Pfautsch.
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FIGURE 27: Cool zones arcund the school. On the left, images are shown as RGB. On the right
the same locationll§l depicted as seen through an infrared filter, visualising surface temperatures.
Panels A/B: sunlit play area between semi-permanent classrooms covered with artificial grass.
Panets C/D: sunlit central school yard made from black asphalt. Panels E/F: sunlit bare soil in
the open area to the south. Images were taken on the extreme summer days where ambient air
temperatures were well above 40°C (19 December 2019, panels A, B, E, F and 23 January 2020,
panels C, D). Image® S. Pfautsch.

westernsydney.edu.au
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Cool Zones (Fig. 27)

» Thelarge COLA (panels A and B): Shaded
asphalt remained relatively cool during the
day of extreme heat, reaching a surface
temperature of 35°C. The metal roof above
the sitting area was, on average, 49°C,
however no signs of radiated heat from
the roof towards the seating area were
detected.

Shaded walkways (panels C and D). Surface
temperature of the shaded concrete
walkways were relatively low (35°C) during
a warm summer day, however, signs of
radiated heat from the hot, uninsulated tin
roof (surface temperature was 57°C) are
visible on the handrails.

» Tree grove (panels E and F): Shaded
surface, stems, canopy and classrooms
were cooler at the eastern side of the
school. Mean surface temperature of the
ground was 28.7°C on the extremely hot
day of 19 December 2019.

One example for a particularly hot surface
material was the access ramp to the toilet
blocks (panels A and B in Fig. 28). This metal
ramp was coated with a dark anti-shp material
for safety reasons. The material absorbs high
quantities of solar radiation which the metal
underneath absorbs and reradiates. Even on
the extremely hot day (19 December 2019)
when thick smoke was obstructing the sun
during some parts of the day, the surface
temperature of the ramp reached 67°C. It can
be expected that the ramp will reach even
higher surface temperatures during clear, hot
summer days.

Well-watered plants usually transpire water
during the day, which helps them to reduce
|eaf temperatures. As an example of this, the
mean surface temperature of sunlit leaves of
a perennial plant in the front garden of the
school was 29°C (panels C and D in Fig. 28).
In comparison, the dark bark mulch around
the plant had a mean surface temperature of
49°C, with a maximum temperature of 56°C.
Similarty, tomato vines in the school vegetable
patch, which were in full sun, had a mean leaf
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temperature of 29°C. These plants shaded the
wall of the semi-permanent classroom, yet,
their contribution to reducing T, may have
been limited due to the large patch of artificial
grass with very high surface temperatures.
This area in front of the planting containers
reached maximum surface temperatures of
64°C, more than twice that of the plant foliage
(panels E and F in Fig. 28).

Shading of horizontal ground surface
materials had the greatest effect in reducing
their temperature. Shade cooled down black
asphait by nearly 25°C (Fig. 29). This surface
material displayed increasing temperature
reductions under increasing ambient heat,
indicating that shading becomes increasingly
important during hot and extremety hot
summer days. The same pattern was evident
when artificial grass was shaded. During a
normal summer day (14 January 2020), shade
reduced the surface temperature of this
material, on average, by 15°C, while during
the extremely hot day, mean temperature
reductions reached 18°C (Fig. 29).

Shading of bare soil also increased the
effect of cooling under rising T, yet

shading concrete did little to reduce the
surface temperature of this matenal (Fig.
29). Concrete had the lowest mean surface
temperature in the sun (Table 7), which helps
explain the smaller reduction in surface
temperatures when this material is shaded.
Shading concrate during a normal and
extremely hot day resulted in a reduction of
8°C, reducing the mean surface temperature
from 42-43°C to 34-35°C.
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FIGURE 28: Examples of hot and cool objects across the scheol. On the left, images are shown

as RGB. On the right the same location is depicted as seen through an infrared filter, visualising
surface temperatures. Panels A/B: sunlit access ramp to toilet block. Panels C/D: sunlit, yet well-
watered perennial plant in the front garden of the school. Panels E/F: sunlit tomato vines and
artificial grass in front of a semi-permanent classroom. Images were taken on the extreme summer
days where ambient air temperatures were well above 40°C (19 December 2019, panels A, B, E, F
and 23 January 2020, panels C, D). Image® S. Pfautsch.
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Press Release
Natural Turf Alliance 22" October 2021

Stokes Synthetic Fields Report a Missed Opportunity to Protect Sydney
from a Social and Environmental Menace

The New South Wales (NSW) Government has a responsibility to ensure the community has
access to quality playing fields that are accessible to the whole community, represent taxpayer
value for money and do not result in major environmental damage.

Minister for Planning and Open Spaces Rob Stokes today released a report into the contentious
issue of synthetic turf (see link here: https://www.planning.nsw.gov.au/Policy- and-
Legislation/Open-space-and-parklands/Synthetic-Turf-Study). However, the Natural Turf Alliance
(NTA) a grassroots movement giving voice to a growing community opposition across Sydney,
believes more action is needed.

“The report does not achieve the urgent and necessary changes that hundreds of people called
for in their submissions to the inquiry,” NTA spokesperson, Garnet Brownbill said.

“Most disappointing is the lack of requirement for a DA to be mandatory for every new synthetic
installation so that environmental impacts are properly assessed. This is surprising given that this
was voiced by so many groups involved in the workshops.”

There are far more economical alternatives to synthetics that community groups are calling for —
New Generation natural turf fields that rely on modern grass cultivars and soil science to provide
increased usage soccer clubs require. These fields have been built in Sydney over the past 8 years,
but the report ignored these examples, calling them “unproven” with no evidence to back the
claim.

It also consistently holds up hope for unproven 4G synthetic turf and downplays improvements
from New Generation natural turf.

The report points to advances in 4G and cork infill synthetic fields being more environmentally
friendly but fails to provide any evidence to back this claim - comprehensively failing to address
microplastics from the degradation of the plastic yarn and heating impacts.

“Natural turf fields play a critical role in cooling cities while even the newest synthetic fields act as
urban heat islands that increase carbon emissions and produce tonnes of non- recyclable plastic
waste,” Mr Brownbill said.

“Councils will continue to increase their carbon footprint by converting numerous fields in their
LGA’s which are too hot to use in the summer and limit access for families, children and locals with
genuine open green space.”

Specifically, the NTA calls on the NSW Government to:

1. Require Development Applications (DA’s) for all new synthetic fields so that
environmental impacts can be adequately assessed.
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2. Or Councils that tie local oval upgrades to synthetic ovals over modern natural turf
alternatives.

e No longer include synthetic ovals in targets for increasing open green space.

e Limit the number of synthetic fields installed in LGAs due to climate
implications of cumulative synthetic fields.

e Force Councils who have installed synthetic fields with rubber-tyre infills to
retrofit them with filters that stop plastic pollution currently entering Sydney’s
waterways.

e Commit to an Australian study into impacts of synthetic fields so that policy
making is led by science rather that strategy documents produced by the
synthetic turf industry.

“Allowing councils to keep on converting their ovals contradicts the NSW Government’s
‘Greening our City’ targets, its various urban cooling initiatives, not to mention Minister Kean’s
“plastics plan and waste strategy,” Mr Brownbill added.

“Reining in the spread would be a very good start if NSW is to be a leader in protecting our
environment, reducing waste and maximising recycling”.

MEDIA ENQUIRIES: GARNET BROWNBILL 0415 332 932

*The Natural Turf Alliance is a recently formed group made up of the following community and environmental
networks:
https://foke.metadesign.net.au/wp-content/uploads/2021/11/22-October-2021-Natural-Turf-Alliance-Media-
Release-Minister-Stokes-missed-opportunity-to-Protect-Sydney-from-Social-and-Environmental-Menace.pdf

(Accessed on the 12%January 2023)

Members of Natural Turf Alliance

Friends of Berowra Valley Friends of

Gardiner Park Alliance

Friends of Ku-ring-gai Environment (FOKE)
Friends of Lane Cove National Park

Friends of Norman Griffiths Oval Greenwich
Community Association

Lane Cove Bushland and Conservation Society
Mosman Parks and Bushland Association Natural
Grass at Bob Campbell Inc

Ryde-Hunters Hill Flora & Fauna Preservation Society Inc...
STEP Inc...

Sustaining Gladesville Reserve Inc...

West Pennant Hills Valley Progress Association
Willoughby Environmental Protection Association

Reining in Synthetic Fields- a Whole of Sydney Solution
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1. Require DA’s for all new synthetic fields so that environmental impacts can be
adequately assessed.

e Councils are currently assessing and signing off on synthetic upgrades without having to
undertake independent assessments of impacts, a huge source of anger to the community.

e In the Ku-ring-gai and Hornsby LGAs, ovals such as Norman Griffiths Oval, Warrimoo
Oval and Hornsby Park are surrounded by critically endangered bushland and adjoin
National Parks. Yet ovals can be installed without comprehensive studies into impacts
on waterways, birdlife, and surrounding ecosystemes.

38. End NSW Government Grants to councils that tie local oval upgrades to synthetic projects
over modern natural turf alternatives.

e There are numerous examples around Sydney where “tied grants” have influenced decisions
by cash-strapped councils, leading to rushed and inadequate environmental studies into the
impacts of synthetics.

e There is still no incentive for Councils to investigate alternative solutions such as Mosman
Council’s new modern turf oval at Middle Head Oval which provides 49- 55 hours/week of
play'. These ovals use developments in soil science and hydrology to increase usage without
the adverse impacts of synthetics.

39. Do not include synthetic ovals in targets for increasing ‘open green space’.

a. The recent Sydney lockdown has shown the importance of genuine green space. By
contrast, the synthetic fields which replace them cannot be used for dog walking and
passive recreation. They effectively close off green spaces for public use. Very often, heat
also renders them unusable in summer.

b. The huge opposition to the conversion of Bob Campbell Oval in Lane Cove is because
green space that has been cherished for generations will no longer be able to support the
community’s annual fair and picnic or passive recreation.

40. Limit the number of synthetic fields installed in LGAs due to climate and usage
implications of cumulative synthetic fields.

a. Natural turf fields play a critical role in cooling cities while synthetic fields act as urban
heat islands that increase carbon emissions and produce tonnes of plastic waste that is
currently non-recyclable.

b. It's policy changes like this that the recent IPCC report shows are critically important in
combatting climate change, including considering future impacts of increased heat,
flood, and fire events.

4

(50) Councils who have installed synthetic fields with rubber-tyre infills must retrofit
them with filters to save waterways.

e The NSW Environment Protection Authority has clearly demonstrated an increase of microplastics
in waterways close to synthetic ovals, including migrating infill and plastic grass especially after
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rain.’" Despite the known harms, there is also no ban on rubber crumb being used on synthetic
ovals.

e Councils should be made to clean up the mess they are making to local creeks and waterways.

(51) Commit to an Australian study into impacts of synthetic fields so that policy making is
led by science.

a. To date, there is no comprehensive study comparing synthetic ovals to modern turf ovals with
regards to environmental, social, and economic impacts.

b. Far too many councils are basing their decision making on strategy documents co- written by
synthetic turf industry.

1. See the NSW EPA funded video on New Generation natural turf ovals here:
https://www.youtube.com/watch?v=4gDs9Z74kQME

2. Total life cycle emissions for a standard FIFA sized pitch are estimated to be around 1500 tonnes CO2e
https://www.researchgate.net/publication/350886618_Literature_Review_on_environmental_and_healt
h_impacts_of_synthetic_

Website: beachesreview.com.au/story/7326689/study-shows-rising-tide-of-microplastics-in-lagoon/
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