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Advanced Invasives

Advanced Invasives is the leading invasive plant species consultancy in
the UK.

We solve invasive plant species problems, with a specialist focus on
Japanese knotweed and the complex technical, legal and puklic relations
challenges faced by large landowners, private companies and herbicide
manufacturers.

Based in South Wales, Advanced Invasives was founded in 2016 by Dr Dan
Jones (PhD, MSc, BSc, MA, CIEEM) from Swansea University's Department
of Biosciences out of a desire to set a new standard of evidence-led invasive
species management.

We work across six main areas with our clients: expert witness, research and
product testing, best practice strategy, complex ecological projects, continuing
professional development (CPD) and public guidance services.

© Advanced Invasives Ltd | 2022

10f75



ADVANCEDINVASIVES

Summary of research findings

In 2021 Cardiff Council and its weed control contractor trialled three pavement
weed control methods across the City of Cardiff to find out how effective and
sustainable each method was, as measured against four key criteria: cost,
environmental, customer satisfaction and quality. Control methods trialled
included glyphosate-based herbicide (applied three times per year), acetic
acid-based herbicide (applied four times per year) and hot foam herbicide
(applied three times per year). Efficacy and sustainability results showed that
glyphosate was the most sustainable, being cost effective, with low
environmental impacts and high customer satisfaction and quality. In contrast,
acetic acid delivered intermediate costs and environmental impacts with low
customer satisfaction and quality, while hot foam generated high costs and
environmental impacts, but high customer satisfaction and quality.

Based on the cost, environmental, customer and quality criteria (efficacy and
sustainability criteria) measured, the most effective and sustainable weed
control method currently available for pavement weed control in the UK
involves the use of glyphosate-based herbicide.
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1. Introduction

1.1 Sustainability

Sustainability is an often-used term with a wide range of meanings and
interpretations. Commonly, sustainability means that current economic
activities are carefully considered in order that such decisions do not place an
unequal burden on future generations (Foy 1990, Tisdell 1996, Giddings et al.
2002). In practice, this means that we reduce our impacts on the environment
now, rather than continuing with ‘business as usual' and leaving future
generations to deal with the problems that we cause today. More generally,
sustainability is now often used in the context of the capacity for Earth's
biosphere and human civilisation to co-exist in the present and in the longer
term.

Sustainability involves three sectors, including environment (ecology), society
(peaple, including those who manage weeds) and economy (monetary; Figure
1.1). Sustainability in the context of the three sectors is difficult to resolve
because of the timescales in which they operate: economic timescales are
shorter than social, which are in turn shorter than ecological. Further, although
sustainability is presented as bringing the three sectors together in a balanced
way and resolving conflicts, this is often not the case. Economic
considerations are frequently placed above societal and environmental
concerns and land management systems will not be sustainable unless they
are economic in the present and remain so in the future. Crucially, a project
may be economically viable in the short-term, yet in the longer term could be
unsustainable with respect to other sectors (Foy 1990, Tisdell 1996, Giddings

et al. 2002).

Environment

Sustainability
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There are at least two ways in which sustainability is used in the context of
land management systems:
1. Describe properties or features of outputs from the system and/or
2. Refer to whether use/adoption of a system will be continued or
maintained in the longer term.

Even when sustainability is used in the context of long-term adoption (second
context), sustainability in the sense of system outputs (first context) will be
relevant as it should determine whether a system will be adopted or
maintained. From an environmental and/or societal perspective, weed
management practices cannot be judged without consideration of impacts
beyond the area of interest (Tisdell, 1996, Jones, 2015).

Focussing on the amenity sector, calculating how sustainable processes are is
made difficult by different ways of measuring things (multiple evaluation
criteria), working in different places and over different time periods (i.e., a
range of assessment criteria at different spatial and temporal scales). This is
often made worse by the lack of evidence-based research investigating the
efficacy of control methods and their respective environmental and economic
costs (Tisdell 1996, Hanegraaf et al. 1998, Giddings et al. 2002, Jones and
Eastwood 2018). However, control methods are most likely to be adopted
sustainably when they:

e Are less costly than the alternatives

e Involve (comparatively) low levels of investment or financial

requirements
e Create little risk or uncertainty (i.e., they are evidence-based)

e Define contral and management timeframes through evidence-based
research (Cobb & Reade 2010, Wynn et al. 2014, Jones and
Eastwood 2019).

Welsh Government sustainability legislation

In 2015 Welsh Government introduced The Well-being of Future Generations
(Wales) Act 2015 which requires public bodies in Wales to think about the
long-term impacts of their decisions, to work better with people, communities
and each other, and to prevent persistent problems such as poverty, health
inequalities and climate change (Welsh Government 2015). This legislation
that is unique to Wales aims to ensure that future generations have at least
the same quality of life as we do now, i.e., ensuring that sustainability
underpins long-term decision-making at the local level through to the national
scale. Effective control of pavement weeds requires such long-term thinking
and where this is informed by evidence-based research, the impacts of these
processes on climate change can be minimised, particularly where the results
can be scaled to the Wales-level.

1.2 Pavement weed control
In the UK, there are three key sectors where weed management is practised
extensively:
1. Agricultural - e.g. arable and pastoral farming.
2. Horticultural - non-agricultural (e.g. flower production, landscape
design).
3. Amenity - non-agricultural (e.g. public sports grounds, hard surfaces).

© Advanced Invasives Ltd | 2022
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Amenity hard surfaces are defined as:

‘areas with a ground-covering, such as asphall, paving-stone and concrete, or
surfaces with a top layer of sand, gravel or crushed material.’

Weeds grow easily in the open spaces present, such as joints and cracks
(Rask & Kristoffersen 2007). Within the wurban environment, weed
management on hard surfaces is undertaken to:

e Ensure public safety - minimise the risk of slips, trips and falls to the
public and ensure adequate surface drainage of roads (weed growth
can reduce water flow).

e Reduce infrastructure asset maintenance costs - weed growth impairs
the function of hard surfaces and the growth of roots reduces their
useful lifetime (i.e., replacement or renewal of pavement materials are
required).

e Improve the visual appearance of infrastructure (highly subjective;
Hansson et al. 2006, Ramwell 2006, Fagot et al. 2011, Rask et al.
2013, East Malling Research 2015).

Local government has a duty of care to maintain safe pavements for residents
(i.e., removing weed trip hazards), minimise the cost of infrastructure asset
maintenance and maintain clean pavements for residents. Further, Different
pavement types need different levels of weed control (Rask et al. 2013). To
successfully achieve these objectives, control methods must be effective in
addition to being economically sustainable (practical and cost-effective) to
remain viable. Further, methods should aim to minimise herbicide, fuel and

water use to ensure the environmental sustainability of weed management
(Wynn et al. 2014).

However, herbicide-based weed control on amenity hard surfaces often leads
to different environmental issues compzered with their agricultural use. Hard
surfaces are normally constructed for rapid penetration of water or to
encourage run-off to avoid flooding. As a result, contamination of nearby
ditches, drains, sewage systems or ground water with herbicide may occur, as
these compounds do not stick to the surface (absorption) and degrade over
time as they would in agricultural soils. As a result of this, some Northern
European countries have restricted the use of herbicides for weed control in
urban areas, increasing the need to investigate alternative control methods
(Kempenaar & Saft 2006, Rask & Kristoffersen 2007, Fagot et al. 2011).

1.3 Herbicide regulation

In response to public concern and medical evidence demorstrating the
harmful effects of pesticides on human and wildiife health, the most common
herbicide-based weed control methods are coming under considerable
scrutiny. While increasingly restrictive rational and supranational legisiation
has minimised the range of herbicide active ingredients (herbicidz types) that
can legally be applied and reduced the overall quantities of herbicide used,
there is considerable appetite for alternative weed control methods to be
found which can reduce overall herbicide use still further. However, few of
these alternative weed control methods have been evaluated in terms of
control method efficacy (weed killing aoility) and overall environmental and
economic impact and sustainability.

© Advanced Invasives Ltd | 2022
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To address this knowledge gap, Advanced Invasives recommended
independent evaluation of pavement weed control methods trialled by Cardiff
Council under realistic ‘real world’ conditions. Further, to determine treatment
sustainability, key economic and environmental criteria associated with
treatment deployment were considered to inform overall council
decision-making.

1.4 Integrated Pest Management (IPM)
Amenity sector weed management may be achieved using a range of weed
control methods, including:
e Cultural (preventative)
e Physical (mechanical)
e Biological (biocontrol or bioherbicides)
e Chemical (herbicides, also known as plant protection products; PPPs)
e Integrated Pest Management (IPM)

True IPM systems combine cultural, physical, biological and/or chemical
methods, helping to mitigate selection of resistant weed populations (Van der
Weide et al. 2008, Harker & O’Donovan 2013, Cordeau et al. 2016). Figure
1.2 summarises the pros and cons of IPM weed control methods available to
the UK amenity sector. Ideally, pavement weed control should be directed
toward immature annual and perennial plants for a short period after plant
emergence. This is because at this time, weeds have accumulated fewer
resources from which to recover from control method application (Rask &
Kristoffersen 2007).

© Advanced Invasives Lid | 2022
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Figure 1.2: Pros and cons of intagrated Pest Management
EM2 20156, Sristo! City Counci! 2017, Hanson et al. 2008, Kempenaar & Saft 2008 SKL 2
2048, APSE 201%e, APSE 2013b, APSE 2020 Manelion et al. 2020, APSE 2027

Soutn Lanarkshire Councli 2021 City of York Councit 2022

Corbett oers comm

{iPM; wead control methods availabie to the UK amenity sector 1De Cavwer ef al, 2013 Rask
06 Kempenaar et ai 2007
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1. Kay pers comm 2021, Mason gers comim

Control category Desired effect Control method(s) l Examples ' How do they Does it | Positives Negatives
| work? work? |
| 1 | | | —
¢ - 1 : 1 i
Cultural Prevent and/or Design and build of Planning and initial | Prevent and/or Yes | - Long-term reduction in costs | - Costly. resource ani carbon intensive in the short-term
minimise weed infrastructure design integration | minimise weed and carbon emissions - Long lead-in time
population growth population growth | associated with weed
| | | management
T 1 =1
Physical | Bring weed Machine-based Cutting: | Destroy above Yes - Does not use herbicides - Costly and carbon intensive in the short to longer-term
population under - Mower | ground weed | - Increased treatment frequency relative to glyphosate-based herbicides
| | control - Flail | growth |
| Friction: Destray above Yes | - Does not use herbicides - Costly, resource and carbon intensive in the short to longer-term (e.g.
| - Steel brushes | ground weed production of steel fcr brushes is carbon intensive)
1 growth - Brush systems invclve very heavy work (reduce shift legth to minimise
| occupational vibration)
| | - Increased treatment frequency relative to glyphosate-based herbicides
I Thermal: Flame, hot water & | Flame & | - Does not use herbicides - Costly, resource and carbon intensive in the short to longer-term
| - Flame hot foam: hot water: - Currently use is unregulated
- Hot water - Destroy above - No - Increased treatment frequency relative to glyphosate-based herbicides
- Hot foam ground weed - H&S risks may aris=
- Electricity growth ‘
} Electricity: Hot foam & | - Hot foam: - Flame: excluded areas as flame poses a significant H&S and environmental
- Destroy above electricity: | Fewer excluded areas risk (cannot be used near parked cars/other flammable Materials (e.g. leaves)
and below ground - Yes 2) Can be applied in all
| weed growth weather conditions
| Labour-based Cutting: Destroy above Yes : - Does not use herbicides - Costly and carbon mtensive in the short to longer-term
- Mower ground weed | - Increased treatment frequency relative to glyphosate-based herbicides
| - Strimmer growth | | - Can cause overuse injuries to operator
j - Brush cutter | |

© Advanced Invasives Ltd | 2022
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Figure 1.2 continued

Friction: Destroy above Yes - Does not use herbicides - Costly in the short to longer-term
- Hoe ground weed - Increased treatment frequency relative to glyphosate-based herbicides
growth - Can cause overuse injuries to operator
Thermal: Flame: Yes - Does not use herbicides - Currently use is unregulated
- Flame - Destroy above - See H&S risks above
ground weed
growth
Biological Bring weed Biocontrol or N/A | Minimise weed N/A N/A N/A
population under bioherbicides | population growth
control |
Chemical (PPPs) Bring weed Machine and/or Systemic [ Destroy above and Yes - Low costs and carbon - Uses herbicides
population under labour-based herbicide: - e.g. below ground weed emissions in the short to
control glyphosate growth longer-term
Non-systemic: ‘ Destroy above Variable - Less costly and carbon - More costly and carbon intensive in the short to longer-term
herbicide (e.q. ground weed intensive in the short to - Increased treatment frequency relative to glyphosate-based herbicides
acetic and | growth longer-term than other - Products are significantly more expensive than glyphosate-based herbicides
pelargonic acids) physical control methods
Integrated pest Bring weed Combine cultural, IPM system (e.g Destroy above and Yes - Can be more effective than - Do not integrate weed control methods unnecessarily, for example by treating

management (IPM)

population under
control

physical, biclogical
and/or chemical
methods

brush cutter +
systemic herbicide)

below ground weed
growth

the use of individual control
methods in isolation

twice with two different methods where one effective method would be
sufficient (doubling the treatment mileage)
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1.5 Aims
To test the efficacy and sustainability of three pavement weed control methods
in the City of Cardiff. All three weed control methods will be compared with

sites throughout the city receiving no weed management (i.e., untreated
scientific ‘controls’). Further, acetic acid and hot foam weed control methods
will be benchmarked against the existing glyphosate-based control method

under realistic ‘real world’ conditions.

Weed control methods will be evaluated against four key criteria:

1.

Cost - labour is the largest cost component of weed management
activities and here it is used to provide a relative economic evaluation
of all weed control methods. Costs are a key consideration for the
long-term economic sustainability of weed control programmes.
Environmental - frequently, the environmental impacts of weed
management activities are not quantified due to cost considerations.
To address this information gap, in the present study the following key
variables were measured to address control method environmental
sustainability:

e Product use (total) - to include all herbicides and/or other
compounds added to the water used for each weed control
method.

e Water use (total) - to include all water used in each weed
control method.

e Fuel use (total) - to include all hydrocarbons (diesel and
petrol) used in each weed control method.

e Life Cycle Analysis (LCA) - this will quantify carbon dioxide

emissions (CO,) and other environmental burdens (e.g.
primary energy) associated with each control method.
Customer satisfaction - pubic complaint data helc by Cardiff
Council will be used to assess satisfaction with each of the three
weed control methods; these results will be compared viith previous

years (i.e., change in public complaints between 2020 and 2021).
Quality - direct evaluation of weed control method efficacy (weed
level). This will be undertaken 4 times, once before (pretreatment)
and three times after (post treatment) weed control methods are
applied.

© Advanced Invasives Ltd | 2022
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2. Methods

2.1 Experimental design: Cost and environmental data

Prior to undertaking any of the tested weed control methods, Advanced
Invasives in consultation with Dr Trisha Toop (Agri-EPI Centre) specified the
data required to evaluate control method cost and environmental impacts (e.g.
water use), and undertake Life Cycle Analysis (LCA) of control method
processes. Data was collected and supplied by Complete Weed Control Ltd
(CWC), Cardiff Council and Advanced Invasives (Figure 2.1); details of the
equipment, products and materials required to undertake application of the
three weed control methods are provided in Appendix 1.

LCA may differ in objectives, scope, simplicity and data intensity. However, all
provide a structured, comprehensive and internationally standardised
approach to environmental assessment. LCA quantifies all relevant emissions
and resources consumed and the related environmental and health impacts
and resource depletion issues that are associated with the entire life cycle of
any goods or services (‘products’). Increasingly, this approach is being
recognised as an important technique for managing the environmental
impacts of human activities. LCA can be defined as:

‘the interdisciplinary process of identification, analysis and appraisal
of all the relevant natural and human processes, which affect the quality of the
environment and environmental resources.’

(Kempenaar & Saft 2006)

Life Cycle Analysis (LCA) treatment modelling was undertaken in SimaPro,
with report preparation complying to the relevant ISO standards for LCA
(Appendix 2).

Data & materials Supplier
Product specifications (e.g. glyphosate) CWC

Cardiff Council
Product Material Safety Data Sheets (MSDS) CwcC

Advanced Invasives

Cardiff Council
CWC

Equipment specifications

Product required to undertake the weed control methods CWC

Water required to undertake the weed control methods CwWC
Fuel required to undertake the weed control methods CwWC
Time taken to undertake the weed control methods CWC

Note: only direct labour costs of control method application were included in
the cost (economic) and LCA analyses.

© Advanced Invasives Ltd | 2022
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2.2 Experimental design: Customer satisfaction

Public complaints regarding weed control standards across the City of Cardiff
are collected routinely by Cardiff Council staff via telephone and email
correspondence. Prior to analysis, Cardiff Council staff ensured that
complaints for the three evaluation wards (Penylan, Riverside Ward,
Pontprennau & Old St Mellons) related only to public perception of weed
control standards and not ‘missed streets’ (i.e., streets which have not
received weed control).

Note: a ward is a local authority area that is frequently used for electoral
purposes.

2.3 Experimental design: Quality

Evaluation wards

Three pavement weed control methods (glyphosate, acetic acid and hot foam)
were assigned and trialled in three separate wards of the City of Cardiff and
selected areas across the city received no weed management (i.e., untreated
scientific ‘controls’): weed control methods were applied across the whole of
each evaluation ward (Figure 2.2).

Ward Weed control method

Frequency

Penylan Glyphosate-based herbicide
(Monsanto Amenity Glyphosate XL)

3 times per year

Riverside Acetic acid-based herbicide
(New-Way VWeed Spray)

4 times per year

Pontprennau & Old St Mellons Hot foam herbicide
(Foamstream®)

3 times per year

Monitoring sites

Six monitoring sites were identified in each of the three evaluation wards (total
number = 18), with a further six untreated control monitoring sites (receiving
no weed management) across the City of Cardiff (overall total = 24).

Monitoring sites for each evaluation ward and the untreated contrcl monitoring
sites included two:

e Main thoroughfare routes

e Representative residential street routes

o Residential street routes in close proximity to open space/sarkland

Details of all monitoring sites are provided in Appendix 3. All monitoring site
routes were provided with a route map (see Figure 2.3 below) showing the
start and finish of the data collection route.

© Advanced Invasives Ltd | 2022
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Data collection
The overall aim of data collection was to evaluate treatment efficacy

throughout 2021 on an on-going basis (i.e., to take comparative ‘snapshots’ of
treatment efficacy throughout the growing season). Data collection was
undertaken four times at each monitoring site:

1. Pretreatment - completed by 17/04/21

2. Posttreatment 1 - completed by 23/06/21

3. Posttreatment 2 - completed by 14/09/21

4. Posttreatment 3 - completed by 02/11/21

Data collection involved digital photographic image capture (minimum image
resolution settings: 4032 x 3024 pixels). Pretreatment data collection was
undertaken by Advanced Invasives, while Cardiff Council staff performed all
three post treatment assessments. Cardiff Council staff data collection was
preceded by fraining from Advanced Invasives, supported by a data collection
Method Statement (28/04/21).

Digital photographic image capture was undertaken 8 times total per
monitoring site (four times on each side of each monitoring site route; Figure
2.3), to include:

e Start of route (looking forwards; image 1)

e Middle of route (looking backwards; image 2)

e Middle of route (looking forwards; image 3)

e End of route (looking backwards; image 4)

e Repeated for second (opposite) side of route (images 5 to 8)

Logical landmarks were selected as fixed point photography locations (e.g.
street signs, drain covers, lamp posts) during the pretreatment assessments
as opposed to marking the pavement as paint may be removed for a variety of
reasons during the experiment. Landmark images preceded data image
capture to ensure that the same images were captured (including landmarks)
at each assessment time.

© Advanced Invasives Ltd | 2022
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Weed level Assessments were based on the following:
Digital photographic images were retained prior to ‘batch’ image assessment e 8 observations per street (mean weed level score 1-6)
by one individual (Dr Jones). Each image was assigned a ‘'weed level e 6 streets per ward
following methods described by East Malling Research (2015a, b) and Bristol ¢ 4 wards (mean weed level score “-6)
City Council (2017) and training received from Cardiff Council staff (Figure e 192 observations per assessment
2.4); weed levels were subseqrently used to compare weed control method e 4 assessments
efficacy. e 768 observations overall
' - Weed levels were based on the following areas of operation:
| ' e Pavement
| Height giveed | Joint | score | Level | Description e Base of trees and tree pits
(rmm) flength co(\::]e::’z_:]e :
(mm) |
=y The following areas were excluded from the assessment:
<10
! e Gutters
mga_q e Gully pots (drains)
2030 e Roads

e |landscaping

2.4 Data analysis
Cost data
Number of treatment applications (treatmant frequency), treatment application
time (hrs), equipment cleaning time (hrs) and the number of operators
\ required to undertake each weed control method were calculated to provide:
ol L e ! = c_ . e e labour time/treatment (hrs/person)
Malling Research (207152, by and Bristol City Councii (2817} )
e Total labour time (hrs/person)

evaluation criteria {adapied from Easi

Figure 2.4: Weed ievel scale and

© Advanced Invasives Ltd | 2022 13 of 75
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Note: due to changes in how the hot foam machine was vehicle mounted and
the reduced working day length in the second and third treatments, relevant
cost data was averaged across the three treatments, to provide working day
mean values supplied in Figure 2.5.

Process Average time (mins)
Equipment pickup - yard 60.0
Fill up tank (780 L)* 45.0
Empty tank** 72,8
Fill up tank (780 L)* 45.0
Empty tank** 72.9
Lunch 60.0
Fill up tank (780 L)* 45.0
Empty tank** 72.9
Equipment drop - yard 60.0
Total time 533.8 mins (8.9 hrs)

Figure 2.5: Working day mean values for hot foam application processes hased
on three treatments undertaken by CWC Where: “tank fill using street hydrant -
this time is longer using lower pressure mains supply from a residential property
{C.1 hr): "tank emptying speed is based on mean tUme per tank, averaged across
the three treatments. Note: older residentiai areas also do not have as many
street water hydrants, meaning that that tank filling is siower than in newsr
resideitial areas. Application time can be increased further through cperator and
egquipment downtime and obstacles such as inaccessible roads etc.

© Advanced Invasives Ltd | 2022
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Environmental data - product, water and fuel use
Number of spray tanks, spray volume (L), total product use per treatment (L)
and the product/tank (L) required to undertake each weed control method
were calculated to provide:

e Total product use (L)

o Jotal water use (L)

Treatment (machine) fuel (L), vehicle fuel (L) and fuel use/treatment (L)
required to undertake each weed control method were calculated to provide:

e Total diesel use (L)

e Total petrol use (L)

Treatment distance and units of analysis
Distance per treatment (km; glyphosate, acetic acid, hot foam) was calculated
from ward route data suppliec by CWC. These data were then used to
calculate:

e Labour (hrs)/km

e Product use (L)/km

e Water use (L)/km

e Diesel use (L)/km

e Petrol use (L)/km

Life Cycle Analysis (LCA) data
Product, water and fuel use per unit distance (km) were used to assemble the
LCA.

Customer satisfaction data

Public complaint data supplied by Cardiff Council before (2020) and after
(2021) the application of the pavement weed control methods (glyphosate,
acetic acid and hot foam) was used to highlight any change in customer
satisfaction across three Cardiff electoral wards (Figure 3.5).

Quality data

Following ‘batch’ image assessment, a single overall average (mean) weed
level was calculated for the glyphosate, acetic acid and hot foarr treatments
and untreated control at each assessment before (pretreatment) and three
times after (post treatment) weed control methods were applied.

2.5 Data collection and reporting

Data collection and archiving was conducted in accordance with ORETO
standards (certification held by Swansea University, Advanced Invasives
operate under this certificate).

Further to the final report provided in journal format style, the following has
been made available:

o Raw data

e Statistical package analysis outputs

e Graph images (high resolution)

e Digital photograph record pre and post treatment (high resolution)

© Advanced Invasives Ltd | 2022
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3. Results

3.1 Cost comparison

Glyphosate was the least labour intensive of the three pavement weed control
methods tested with a labour requirement of 0.16 hrs/km to undertake (Figure
3.1). Acetic acid was more labour-intensive than glyphosate requiring 0.23
hrs/km to undertake. The labour requirement of hot foam was the largest,

being 31 times greater than that of the glyphosate-based weed control method
(4.89 hrs/km).

6.00

5.00

4.00

Labour (hrs/km)
W
8

2.00

0.16 023

000 — E— - 1 ]
Penylan (glyphosate) Riverside (acetic acid)

Pontprennau & Old St Mellons
(hot foam)

Figure 3.1: Total tabour requirement (hours par kilometre) 10 undernake three

pavement weed control methods (glyohosaie acelic acid and hot foam)

across three Cardiff electoral ward

[
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3.2 Environmental comparison

Product use (total)

Glyphosate required the least product of the three pavement weed control
methads tested using 0.33 L/km of glyphosate (Figure 3.2). Acetic acid used
4.06 L/km of acetic acid i.e., 12 times more herbicide than glyphosate. The
product requirement of hot foam was the largest, being 16 times greater than
that of glyphosate (5.38 L/km).

© Advanced Invasives Ltd | 2022
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5.00

>
[=]
S

Product use (L/km}
w
3

N
[=]
o

0.33

0.00 | i [

Penylan (glyphosate)

Riverside (azetic acid) Pontprennau & Old St Mellons
(hot foam)
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Water use (total)

Glyphosate used 13.00 L/km of water to apply (Figure 3.3), while acetic acid
used 8.44 L/km i.e., less water than glyphosate to apply. Water use of hot
foam was significantly greater than that of the glyphosate or acetic acid-based

weed control methods and was 48 times larger than that of glyphosate
(629.64 L/km).

700.00

600.00

500.00

400.00

300.00

Water use (L/km)

200,00

100.00

0.00

629.64
13.00 8.44
Penylan (glyphosate) Riverside {acetic acid) Pontprennau & Old St Mellons
{hot foam)
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Fuel use (total)

Glyphosate used the least fuel of the three pavement weed control methods
tested requiring 0.18 L/km of diesel and no petrol (Figure 3.4). Acetic
acid-based weed control used more fuel than glyphosate requiring 0.19 L/km
diesel and no petrol. The fuel use of hot foam weed was greater than that of
glyphosate or acetic acid-based weed control: hot foam diesel use was 63
times greater (12.33 L/km) and petrol use was 100 % greater (2.13 L/km) than
that required for the glyphosate-based weed control method (12.33 and 0.00
L/km, respectively)

Fuel use (L/km)
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3.3 Life Cycle Analysis (LCA)

Direct comparison was made between all weed control methods per 1 km of pavement treated (Figure 3.5; Appendix 2). Foamstream® has higher environmental
impacts in all impact categories calculated except for freshwater eutrophication.

Global Stratesph lonizing QOzone for Fine pacti Ozone for  Teweswrial  Freshwate  Marineeu  Temestnal  Freshwate Marine Human Human Land use Mineral Fossil res Water con
wamming eric ozon radiation mation culate ma mation acidificati  reutrophi  trophicati ecotoxicit 1 ecotoxici ecotoxicit carcinog non-carcy resource ource scar  sumption

B Framseame [ Monsanto Amenity Glyphosate XL 8] New-Way Weed Spray

Method: ReCiPe 2016 Midpoint (H) ¥1.04 / World (2010) H / Characterisation
C ing1pF £ 1pM Amenity Gl XL and 1 p 'New-Way Weed Spray’;

Figure 3.5: LCA comparison of three pavement weed control methods (hot foam, glyphosate and acetic acid) environmental impacts across three electoral wards in
the City of Cardiff. Relative percentage (%) contribution of each treatment to assessed impact categories is shown
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Details of the environmental impacts for the weed treatments tested are Impact category Unit Monsanto Amznity New-Way Weed Foamstream®

| back he fi ti | Glyphosate XL Spray
in Fi . di . i relate back t nctiona
shown in Figure 3.6 (see Appendix 2). All impacts rela o the fu e - I, J— PO

unit of 1 km of pavement treated.

Stratospheric ozone

. kg CFC11eq  0.00 3,71233E-06 0,000219686
depletion
lonizing radiation kBg Co-60eg  0.333211153 0.499734189 0,570118201
Czone formation, Human
kg NOx eq 0.008903155 0.01745232 0.064022231
health
Fine particulate matter
. kg PM2.5 eq 0.00736808 0.0123352 0.048506821
formation
Ozone formation,
) kg NOx eq 0.009142212 0.0186019 0.066531821
Terrestrial ecosystems
Terrestrial acidification kg SO2 eq 0.014106715 0.02609239 0.215053388
Freshwater eutrophication kg P eq 0.005180359 0.002346239 0.003780149
Marine eutrophication kg N eq 0.000345545 0.000150603 0.059807027
Terrestrial ecotoxicity kg 14-DCB 16,26066476 25.29477007 5813958906
Freshwaler ecotoxicity kg 1.4-DCB 0.250487795 0,427871658 0.534874363
Marine ecotoxicity kg 1,4-DCB 0,31026383 0.554566163 0.72170849
Human carcinogenic
. ¢ kg 1,4-DCB 0.167244915 0.236177538 0.421593391
toxicity
' Human non-carcinogenic
p kg 1.4-DCB 4,463951492 7.370060901 41.27578609
toxicity
Land use m2a crop eq 0.101314072 0,127103301 33.33581954
Mineral resource scarcity kg Cueq 0.064759475 0025142473 0.075130588
Fossil resource scarcity kg oil eq 1337191228 4.259576156 18.29370741
Water consumption m3 0.104360548 0.186825836 1.133128599
ihe LCA companscn of the environmemal mpacts of three
n soelc acid and hot foanty across miree
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3.4 Customer satisfaction comparison

From a single complaint in 2020, glyphosate weed control complaints rose
four-fold to 4 in 2021, though this control method overall received the fewest
complaints in 2020 and 2021 (Figure 3.7). Between 2020 and 2021 public
complaints more than tripled following the application of acetic acid from 8
complaints in 2020 to 29 complaints in 2021. Only hot foam public complaints
declined between 2021 and 2020 from 23 to 22 complaints.
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3.5 Quality
Figure 3.8 shows average (mean) weed levels for all weed control methods

3.5

and the untreated control. In Penylan (green line), Riverside (blue line) and

the untreated control (grey line) spring growth of annual and perennial weeds
is underway in April (weed level range 1.6 to 1.8), despite extended cold
conditions in spring 2021. As sammer approaches in June (weed level range

2.1 to 3.1), maximum weed level is reached for Riverside (acetic acid; 3.1) L e
—a—Pontprannau & Old St Mellons (hot toam)

—e—CONTOL (ro tr3atment)

and this is maintained until early November 2021. Independently, Penylan
(glyphosate) and CONTROL (no treatment) weediness increases to
September (POST 3) though both show a decline thereafter; it is notable that
glyphosate-based weed contrcl provides the greatest reduction in between

assessment weed level of the three pavement weed control methods
(glyphosate, acetic acid and hot foam) from 2.4 in POST 2 to 1.3 in POST 3
(lowest observed value). The Hot foam control method maintains the weed "
population at a low level throughout the year (1.4 from PRE to POST 2),
before the weed level rises slightly to 1.6 in POST 3.

PRE POST 1 POST 2 POST 3

Cizvel (low = 1) high = 81 pefors (PRES and afte” (POST 1.3

navemsant wees contro! mathods (glyphosate, acstic
Where Pretreaiment (PRE) compieted by 17/064/2%; Post

P 23i06/21 Post treatment 2 (POST 23

P 3 POST 3 completed by 02/11/21
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4. Discussion

4.1 Key criteria - results summary

Section 3 reports on pavement weed control testing results in the context of
four key criteria (cost, environmental, customer satisfaction and quality).
These resuits are summarised in Figure 4.1 and discussed further in the
context of efficacy, practicality and sustainability at the UK and European
levels below.

Control method | Cost Environmental Customer Quality
CGphosste | tow | tw | Hen | e
I - === : === N

Acetic acid I Medium : Medium |[ Low L Low

Hot foam r Hfgh "3 ngh ; f High - High

Figure 4.1: Summary of pavemeant w
four key critena {cost, environmental
Where red = negative ouicome vs

outcome  vs. Key criterizl green =

Environmantal critenia includ

@
1=
s (O
ju
[
=1
[
144]
[4%)

el e mdm Sl SO P h ...
{total) and Life Cycle Analysis (LCA)Y oulpuis

4.2 Cost

Project evaluation

Labour is the largest cost component of weed management programmes and
here it is used to provide a relative economic evaluation of the weed control
methods. Glyphosate required the least labour to undertake (0.16 hrs/km
Figure 3.1). Acetic acid took longer to undertake (0.23 hrs/km), while hot foam
took 4.89 hrsfkkm to undertake; this is 31 times greater than the
glyphosate-based weed control method (0.16 hrs/km). This is because
glyphosate-based herbicides provide almost complete kill of most pavement
weed species, while other control methods mainly affect the above ground
plant parts (Figure 1.2; Rask et al. 2013). Therefore, control methods which
do not involve the use of glyphosate require repeated treatments and
increased costs and may lead to the unnecessary waste of energy (Rask et al.
2013).

Based only on tabour costs, application of hot foam alone is therefore 31
times more expensive than glyphosate; however, it is notable that this
estimated cost does not account for the greater equipment purchase costs
associated with hot foam treatment compared with the application of both
acetic acid and glyphosate. From a practical standpoint, all control methods
were tested on individual wards and it should be emphasised that if control
methods were to be applied at the city scale (29 wards), these costs would
rise substantially (in part due to the impracticalities of hot foam application).
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Based on the Cardiff Council weed control contract route (c. 2,000 km), Chris
Phillips (Managing Director, CWC) estimated the following labour requirement
for glyphosate and hot foam conzrol methods citywide:
o Glyphosate
8 weeks labour {40 hr weeks)
o 2 machines, 2 p=ople per machine
o Hot foam
> 248 weeks labour (40 hr weeks)
5 machines, 3 p=ople per machine
Machines would be working constantly

This research and practical understanding of control method application
demonstrates the economic sustainability of glyphosate and, to a lesser
extent, acetic acid (Figure 4.1). In contrast, the economic sustainability of hot
foam is limited, particularly over larger spatial areas (i.e., citywide), though this
control method may prove useful in smaller (discrete) areas where it is
earmarked for specific tasks (e.¢. children's play areas).

Note: it is possible to rebuild the Weed-IT machines for acetic acid application
by changing the internal seais to minimise clean down times between
treatments (Bristol City Council 2017, Phillips pers comm. 2021).

Wider context

In the UK. North Yorkshire County Council tested hot foam in 2021 and due to
cost and logistical considerations in more rural areas of the county they will
not be deploying this control method in the coming years (City of York Council

2022). During ‘The Cotham Trial' undertaken by Bristol City Council (UK),
Bristol Waste Company (BWC) estimatec that the relative cost of each control
method trialled:

o Glyphosate = £60,000 per application

e Acetic acid = £216,000 per application

e Hot foam = £392,000 per application

BWC noted the difficulty of assembling these cost estimates. Further, cost
estimates were based on the 20 km distance of The Cotham Trial; in contrast
the total treatment distance of the Cardiff Council Trial was 10 limes larger
(c.235 km), meaning that cost estimates (and the comparability of these) is
based on more extensive data. Regardless, the BWC cost estimate for acetic
acid treatment was 3.6 times greater than glyphosate, while hot foam
treatment was 7 times more than that o° glyphosate. In short, as Bristol City
Council state:

‘What is clear is that the use of acetic acid and hot foam are always
considerably more expensive than glyphcsate.’
(Bristol City Council 2017)

Note: New-Way Weed Spray is the cnly legally approved and available
professional acetic acid based herbicide in the UK. For comparative purposes
other pavement weed control trials in the UK and Europe utilising acetic
acid-based herbicides are referred te in this section, though application details
(i.e., product formulation and application rates) are frequently not reported. It
is notable that New-Way Weed Spray hes a very low acid contert, relative to
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diluted acetic acid and other non-optimised product formulations tested 10-15
years ago, being specifically co-formulated with adjuvants, spreaders etc. to
increase herbicidal activity.

In the Netherlands, Kempenaar & Saft (2006) reported the cost of hot water
being approximately 4 times greater than that of glyphosate-based weed
control (Figure 4.2), while Kempenaar & van Dijk (2006) reported costs of
physical weed control methods being 2-8 times greater than those of
glyphosate-based weed control. ‘The Thanet Trial' undertaken by East Malling
Research on behalf of Defra provided similar cost estimates, with hot foam
being upto 8 times more expensive to apply than the application of glyphosate
alone (EML 2015b). It is likely that the increased costs reported in the present
Cardiff Council Trial reflect the size (spatial scale) of the experiment and the
smaller number of control methods tested, providing detailed comparison of
relative treatment costs at the citywide scale (i.e., ‘like-for-like comparisons’;
Rask & Kristoffersen 2007, Fagot et al. 2011, Martelioni et al. 2020).

It is notable that few weed control experiments outside of the agricultural
sector are big enough (scaled appropriately) that strong (robust) conclusions
can be made and later applied practically over large areas. Rather, large-scale
management recommendations are based on small-scale case studies and
experiments which do not provide enough information to inform wider best
practice management (Jones et al. 2018).

Threshold weed growth specification

System | Little weed growth*

;ery little weed growth**
“F_re;uenc—y T C;sts (€ m?) _“;re;u;ncy_ _Co_sts (€ m?) |
r-:_Brushing _"'3—_ B 0.19-0.38 3.5-5 T 0.20-0.40
Fame | nA e |5 |owsem
3. Hot water é 2.5 o 0.22-0.3; _ —3—4 | 0_.30—0.40 ]

4. Herbicides 2

4.3 Environmental - product, water and fuel use

Weed control practices in the UK amenity (non-agricultural) sector differ from
those in agriculture. For example, while ‘blanket’ herbicide application in
agricultural crops may be permitted, in the amenity sector such treatments in
paved areas (i.e., non-porous hard surfaces) are not permitted as there is little
surface absorption of pesticide and consequently, there is a high risk of run-off
to drains and water bodies (HSE 2012). Therefore, to meet legislative
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requirements, pavement weed control methods are ‘spot treatments’ made to
visible weed vegetation only when the plants are actively growing. In practice,
all control methods evaluated in the present study (acetic acid, glyphosate
and hot foam) are spot treatments and were not applied in a blanket fashion
along the whole length of the Cardiff Council weed control contract route (c.
2,000 km).

Product use

Understanding that pavement weed control involves the direct targeting of
weeds is important for understanding product use volumes (Figure 3.2).
Glyphosate application used the least product (0.33 L/km), while acetic acid
and hot foam wused larger product quantities (4.06 and 5.38 L/km,
respectively). The low product application volume associated with glyphosate
is the result of a number of key factors:

e Glyphosate poisons whole plants effectively at low application rates
(i.e., itis highly specific and ‘systemic’ through all parts of the plant).

e Precision targeting of herbicides directly at living green plant material
(via near infra-red (NIR) light) using devices such as the Weed-IT.

e FEffective, low herbicide application rates achieved through the
inclusion of appropriate spray additives such as water conditioners
that buffer acid-base balance (pH) in the herbicide spray, freeing up
glyphosate molecules to do more work.

The larger acetic acid product application volume mainly relates to the fact
this molecule is not specifically ooisonous (herbicidal) to plants, does not work
at low concentrations and does not move around all parts of the plant (i.e., itis

not systemic). Consequently, despite the use of Weed-IT machines, the
product application rate is far greater than that associated with
glyphosate-based weed control. This presents a logistical challenge for
operators as large product volumes are required for relatively small areas of
pavement, reflecting results reported by Hansson et al. (2006) in Sweden.

Hot foam required the most product per unit distance, in part due to the
application of hot foam with a hand lance as opposed to precision eguipment.
Importantly, the herbicidal component of hot foam is not the oroduct, but
rather the (non-specific) hot water applied with the foaming product mix;
therefore, a larger volume of water and product are required compared with
specific chemical control methods such as glyphosate. Further, the hot foam
product contains plant oils and sugars and such molecules requ re sourcing,
processing, manufacture and transport to the point of use. Therefore, the
environmental burdens of such processes are high and accompanied by
greater overall product use (16 times more hot foam product is used that
glyphosate), which may lead to wider human health and ecotoxicological
concerns (see: Life Cycle Analysis (LCA); section 6.4 Report statement:
impact of weed control methods on pollinators).

Water use (total)

Understanding that pavement weed control involves the direct targeting of
weeds is important for understanding water use volumes (Figure 3.3). Acetic
acid application used the least water (8.44 L/km), while glyphosate used 13.00
L/km and hot foam application used 62<.64 L/km; this represents a water use
48 times greater than that of glyphosate application. The large associated
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water use of hot foam is principally due to the use of hot water as a
non-specific herbicide. While this is addressed in the Life Cycle Analysis
(LCA) section, it is important to note that the abstraction, supply and
subsequent heating of drinking (potable) water to 98 °C (Appendix 1) requires
large amounts of energy and consequently, these carbon intensive processes
undermine both the economic and environmental sustainability of hot foam for
pavement weed control.

Note: less water is used to apply acetic acid compared with glyphosate as the
herbicide product volume per unit distance is much greater than that of
glyphosate i.e., more herbicide and less water is required for application.

Fuel use (total)
Per unit distance, glyphosate and acetic acid-based control methods required
the least fuel to undertake, with glyphosate requiring 0.18 L/km petrol and
0.00 L/km diesel (Figure 3.4) and acetic acid requiring 0.19 L/km petrol and
0.00 L/km diesel. The slightly higher petrol requirement of the acetic acid
control method is due to the additional treatment per year (four), compared
with glyphosate (three; Figure 2.2). In contrast, hot foam requires 12.33 L/km
petrol and 2.13 L/km diesel i.e., 100 % more petrol than glyphosate or acetic
acid application and 63 times more diesel than glyphosate application. There
are two main reasons for the greater hydrocarbon requirement of the hot foam

control method:
e« Hot foam was originally applied using an L12 Foamstream machine
mounted on a flatbed truck; in the second and third treatment, the
machine was remounted on a Toyota Hilux. In contrast, Weed-IT

machines are mounted on much smaller quad vehicles with lower fuel
requirements.

e Water in the hot foam control method is heated by the Foamstream
machine to 98 °C (Appendix 1) prior to application and this requires
very large amounts of energy, particularly when this control method is
applied over larger areas.

Hot foam is therefore a carbon intensive control method, the environmental
sustainability of which should be carefully considered prior to widespread
deployment as a pavement weed control method (see Life Cycle Analysis;
Figure 4.1; APSE 2020).

Wider context - product, water and fuel use

Often, hard surface weed control methods which are not based on the use of
systemic herbicides (normally glyphosate) lack information about their
product, water and fuel use. Further, due to the need for more frequent
treatments, their use of product, water and fuel are often greater than control
methods based on the use of glyphosate (Figure 1.2). More frequent
treatments are required using these methods because they mainly affect the
aboveground plant parts, whereas systemic herbicides (i.e., glyphosate) kill
the entire plant and therefore only require one or two treatments per year
(Rask & Kristoffersen 2007).
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Treatment frequency depends on factors including:
e Type of hard surface
» Weed control method
e Weed acceptance level
e \Weed cover
e Climate
¢ \Weed species composition

In Denmark, experiments evaluating different thermal methods and brushing
on pavements during a three year period suggested that 11-12 treatments per
year were necessary to achieve acceptable weed control on areas heavily
infested with perennial weeds, regardless of the method applied. In the
Netherlands, experiments on pavements used fewer treatments, with 4-6
brushing treatments, and 3-5 flame and hot water treatments per year. In
general, treatment at an early developmental stage reduced fuel inputs,
increased driving speed and reduced labour costs (Rask & Kristoffersen
2007).

In the UK, Bristol City Council (2017) estimated that hot foam application used
between 75-85 times more water (15,000 to 17,000 L/hectare) than
glyphosate application (200 L/hectare). While the estimated units provided by
Bristol City Council differ from those provided in the present Cardiff Council
Trial (L/hectare as opposed to L/km); proportional estimated hot foam water
use compared with glyphosate application was greater in Bristol (75-85 times
more water) than that recorded in the Cardiff Council Trial (48 times greater).
City of York Council (2022) reported that hot foam application used on

average between 1,000 to 1,500 litres of water per day, depending on how
soiled/weeded the treatment area; this equates to around 0.5 tonnes carbon
dioxide (CO,) emissions per day. Reported water use in the City of York
(2022) was less than that recorded in The Thanet Trial (c.4,000 to 6,000 litres
of water per day; EMR 2015b) and the Cardiff Council Trial (2,340 litres of
water per day; Figure 2.5). In summary, product, water and fuel use was
consistently lower for glyphosate application than all other conirol methods
tested in The Thanet Trial, the Cardiff Council Trial and by the City of York
(EMR 2015b, Bristol City Council 2017, City of York Council 2022’ . Bristol City
Council note:

‘The operational speed, problems with transporting large amounts of
water combined with high energy use give a high price and environmental
impact. Whether the high energy doses needed for thermal treatrnents can be
considered as sustainable needs careful consideration.’

(Bristol City Council 2017)

4.4 Environmental - Life Cycle Analysis (LCA)

Foamstream® had the highest environmantal impacts in all categories except
for that of freshwater eutrophication, where Monsanto Amenity Glyphosate XL
had the higher impact (Figures 3.5 & 3.6; Appendix 2). Both Monsanto
Amenity Glyphosate XL and New-Way \Weed Spray control methods have an
overall lower environmental impact than Foamstream®; and the treatment that
has the lowest overall environmenta!l impact is Monsanto Amenity Glyphosate
XL. These impact assessment results were not surprising given the higher
number of inputs into the Foamstream® system. Further informazion from the
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manufacturers on the overall composition of the control method product
(Foamstream®V4) would give more accurate results.

Note: a conservative approach was taken on how to determine the
composition of the Foamstream® V4 product from information that was
available and this will have resulted in an underestimation of the
environmental impact. If further information becomes available at a later date
it is recommended that the LCA be recalculated.

Wider context - Life Cycle Analysis (LCA)

In summary, the overall LCA conclusion is that Monsanto Amenity Glyphosate
XL has less environmental impact than the other control methods tested in
this study. Results found in the Cardiff Council Trial above are comparable to
those found in a similar UK study of weed treatments for controlling weeds on
hard surfaces (The Thanet Trial; EMR 2015b). East Malling Research (EMR)
found that freshwater impacts are the only ones where glyphosate-based
control methods are higher than those of non-herbicide approaches. However,
EMR only investigated the use of integrated (IPM) treatment approaches,
making direct comparison of figures difficult, but broadly comparable in
general.

In the Netherlands, an LCA investigating pavement weed control methods
(Kempenaar & Saft 2006) also found that freshwater impacts (aquatic
ecotoxicity) contributed toward elevated glyphosate-based control method
results, but noted that physical control methods (brushing, flaming and hot
water) produced less favourable results than herbicide application.

4.5 Customer satisfaction

Customer satisfaction was measured by comparing the change in public
complaints between 2020 and 2021 for each pavement weed control method
(Figure 3.7). Between 2020 and 2021, glyphosate showed a small increase in
complaints (from 1 to 4), while hot foam showed a small decrease in
complaints (from 23 to 22). In contrast, the application of acetic acid more
than tripled public complaints between 2020 and 2021, from 8 to 29.
Consequently, customer satisfaction is rated high for glyphosate and hot
foam, but low for acetic acid (Figure 4.1).

In the UK, City of York Council (2022) reported public complaints only
following the application of acetic and pelargonic acids. In contrast, complaints
were received by Bristol City Council (2017} following application of all control
methods in equal numbers. Due to differences in trial approach, it is not
possible to make more general comments regarding customer satisfaction
following the application of pavement weed control methods.

4.6 Quality

Weed control method efficacy was measured four times using a weed level
(low = 1; high = 6) before (PRE) and after (POST 1-3) the application of the
three pavement weed control methods (Figure 3.8). The quality of acetic acid
was poor throughout the year, while glyphosate took some time to bring the
pavement weed population under effective control following plant growth in
spring and summer. In contrast, the hot foam control maintained the weed
population at a low level until late in the year, when the weed level increased
slightly from 1.4 to 1.6 in POST 3. This late increase in weed level is likely to
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reflect regrowth of weeds with deeper roots treated earlier in the year; hot
foam does not Kill the root systems of perennial pavement weeds allowing
recovery from control method application.

Glyphosate and hot foam were the most effective control methods, though the
underlying design and build of pavements in the respective wards are likely to
have influenced treatment efficacy. Paving in Pontprennau & Old St Mellons
(hot foam) consisted of sealed tarmac paths which leave few gaps for weed
growth; in contrast, footpaths in Riverside and Penylan (acetic acid and
glyphosate, respectively) consist of slab paving with many more gaps
available for weed colonisation and subsequent growth. These differences in
design and build should be ccnsidered in the context of overall treatment
quality (Figure 4.1; Rask & Kristoffersen 2007).

Wider context - quality

In the UK, Bristol City Council (2017) state that acetic acid can be as effective
as glyphosate for weed control if it is applied more frequently; however the
treatment frequency and likely costs associated with this are not provided,
though they are likely to be prohibitively expensive (Bristol City Council 2017).
Following the application of acetic and pelargonic acids, City of York Council
reported that weeds survived application of the control methods and continued
to grow, resulting in more public complaints (Bristol City Council 2017, City of
York Council 2022). Mirroring trial results in the UK, Hasson et al. (2006) state
that acetic acid does not work against perennial weeds growing in paved
areas, resulting in increased treatment frequency and presumably greater
negative environmental impacts (Figure 4.1).

In Belgium, Fagot et al. (2011) note that while there are a large number of
alternative (non-herbicide) weed control methods available for use on hard
surfaces, these are less effective than glyphosate-based herbicides, requiring
more frequent treatments. Further, the effectiveness of alternztive control
methods is strongly related to weed species and growth stage at the time of
treatment. For example, weeds which grow flat on the ground (prcstrate), with
protected growth points (meristems) and narrow, thick leaves such as
Procumbent Pearlwort (Sagina procumoens), show a greater tolerance to
thermal treatments. This is because lethal heat transfer to the growing points
and deeper plant tissues is reduced compared with upright plants which are
fully exposed to treatment. Similarly, mechanical weed control methods are
less effective in removing deep-rooled, broad-leaved perennials with
protected growth points near or below ground level (e.g. Dandelion,
Taraxacum officinale; Broadleaf Plantan, Plantago major). Further, these
species can regrow quickly, even after full removal of all aboveground plant
growth (defoliation; Rask & Kristoffersen 2007, Fagot et al. 2011).

Rask et al. (2013) reported that there was no significant difference between
the number of required treatments per year with hot water or glyphosate.
However, while hot water, air and steam are safer than flame (Figare 1.2), the
energy consumption associated with these control methods are greater.
Further, while hot foam systems may be practical in certain settings (e.g.
traffic islands), the purchase price of the equipment is high compared with
flamers on the market (Rask & Kristoffersen 2007, Rask et al. 20~ 3). Broadly,
these findings align with those of the present Cardiff Council Trial; while hot
foam is an effective control method, the costs and environmental impacts of
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the system are in most cases greater than those of glyphosate-based
pavement weed control methods (Figure 4.1).

Due to the efficacy, ease of use and low cost of glyphosate, this herbicide is
the mainstay for weed control on hard surface areas such as roads and
pavements in the UK and Europe (Hasson et al. 2006, Rask & Kristoffersen
2007, Bristol City Council 2017, City of York Council 2022). However, a
concern with the frequent use of glyphosate in urban areas is that despite
having a safe environmental profile, if it is the only herbicide used in these
settings it is highly likely that it will be detected in surface waters due to the
total quantity being used (Ramwell 2006). Correct (legal) use of glyphosate is
therefore fundamental to minimising the environmental risks posed by this
compound. For example, avoiding gully pots (drains) reduced potential
contamination of water courses with glyphosate-based herbicides in the
Netherlands by 15 % (Ramwell 2006, Kempenaar et al. 2007).
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5. Conclusions

5.1 Overview of findings
Previous pavement weed control trial experiments have been limited by:

e Small-scale studies - logistical problems and increased
environmental and economic costs (e.g. equipment access, water
use) may not show up n smaller trials and are only seen when the
control methods are scaled up to larger areas.

e Short-term studies - studies that are very short (less than one
month) often overestimate the effectiveness of weed control methods
that damage aboveground weed growth as the experiment does not
last long enough to observe any weed regrowth,

¢ Not comparing ‘like with like’ - control methods are not compared
directly with one another or are compared with non-standard
approaches; this may result in overestimating control method efficacy
and sustainability (Rask & Kristoffersen 2007, Fagot et al. 2011, EMR
2015b, Martelloni et al. 2020).

Further, previous research has faund that in all but a few limited settings, the
efficacy of a number of physical weed control methods (friction, thermal,
covering) has been limited (Kempenaar et al. 2007, De Cauwer et al. 2013,
Wynn et al. 2014).

To deliver sustainable weed management over large areas it is essential that
control methods are examined scientifically to determine how well they work
(efficacy) and how large their eqvironmental and economic impacts are i.e.,

using an Integrated Pest Management {IPM) approach to testing (Jones &
Eastwood 2019). The scientific (reproducible) approach followed in the current
experiment enables us to find out what works under ‘real world” conditions and
then make evidence-based decisions on how we want to manage weeds. This
is in sharp contrast to the ‘trial and error’ approach normally taken, which
frequently results in the application of more expensive and envi-onmentally
harmful control methods due to increased resource use (labour, water,
product) and carbon dioxide (CO,) emissions. Further, there is a
misunderstanding that IPM means that herbicides should not be used. What
IPM actually means is that weed control methods should be sustainable;
where experiments show that control methods which are not based on
herbicides are ineffective and unsustainable, they should not 2e used to
ensure that overall sustainability criteria ere met. The IPM approach to testing
control method efficacy and practicality followed in the Cardiff Council Trial is
crucial to ensuring treatment sustainability in the longer-term.

If pavement weed control is understood to be necessary, it must ke accepted
that the management approach selected will involve compromises - it is
unlikely there is a ‘silver bullet’ control method. The results of the present trial,
based on testing over large areas (large spatial scales e.g. citywide) show that
glyphosate was the most effective and sustainable weed control method
tested, while hot foam was effective but unsustainable and acetic acid was
both ineffective and unsustainable. However, glyphosate is not without proven
drawbacks, such as freshwater eutrophication (Figure 3.5; Appendix 2) which
has led to its use in water being banned in all but a few European countries
(Kudsk & Mathiassen 2020). Understanding the pros and cons of each control
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method enables us to make reasoned decisions on how we reduce the
environmental and economic impacts of weed cantrol, ultimately improving
management sustainability at the landscape scale.

5.2 Wider context - overview

Urban areas throughout Europe spend a great deal of time and money on
hard surface weed control. Historically, because of the effectiveness, low cost
and ease of use of glyphosate, it was widely used as the main tool used for
weed management in these settings. However, as pesticide use has been
restricted at the EU-level through to the regional scale in some EU countries,
afternative control methods have been sought (DIAS Report No. 126 2006).

However, ‘alternative’ implies a ‘substitute’ for glyphosate-based herbicides;
presently, there are no comparable control methods available for the
large-scale management of weeds in urban and rural areas. To illustrate this,
many Swedish municipalities implemented a total ban or restrictions on the
use of glyphosate and other herbicides since 1996. In 20086, reporting on 10
years of glyphosate restrictions, SKL reported that

‘The situation is in several cases so critical that one must at the
strategic decision level decide to either increase the resource allocation for
sanitation and weed control, or start a long-term work to phase out hardened
surfaces to reduce the resource-intensive area in the long run.’

(SKL 2006)

Consequently, SKL (2006) recommended that more research was required to
better understand alternatives and find effective and sustainable control
method substitutes for glyphosate before banning the use of this herbicide
outright (SKL 2006).

5.3 Pavement weed control: sustainable approaches

Figure 5.1 summarises IPM sustainability considerations for the effective
reduction of pavement weed populations. Further details of pros and cons of
IPM weed control methods available to the UK amenity sector are provided in
Figure 1.2.

To achieve more sustainable control of pavement weeds, Cardiff Council has
considered its use of glyphosate within the context of IPM approaches. Total
herbicide use has been reduced by the council through the sparing and
targeted use of glyphosate, specifically:

e Improved herbicide efficacy by the inclusion of appropriate spray
additives.

e Reduced herbicide application volumes, achieved by diluting the
glyphosate-based herbicide product 166 times more than legal
guidelines.

e Use of precision sensors to target actively growing weeds i.e., through
the use of contractor Weed-IT machines (Figure 5.1).
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B B N T
rol rmethods (oKL

21, Phillins pers ¢

I Control category Desired effect Approach
Cultural Prevent and/or minimise | VWeed growth can be limited, and control method apphcation can be reduced on hard surface areas by changing the design of the surface and by selecting suitable materials and construction technigues. However,
(preventative) weed population growth the conversion of surfaces will take a long time and incur high investment costs.

I Permit weed population Cet-aside areas of unmanaged land to which minimal/ino control methods will be applied.

growth in other areas

Physical Bring weed population Sweeping pavements regularly for maintenance will remove soil and other detritus, thereby reducing the chances of weed establishment and growth. However, sweeping is expensive, it cen be difficult to
{mechanical) under control coordinate sweeping with weed control operations and remaval of sail and surface joint material (particularly in older urban areas) should be avoided.
Note: sweeping is not included in Figure 1.2 as itis not defined as a standalone weed control method,

| Chemical
| (herbicides)

Bring weed population Increase herbicide efficacy
under control Pavement weed control methods should be directed toward immature annual and perennial plants early in the growing season. This is because at th s lime. weeds have accumulated fewer resources from which
| lo recover from control method application and contrel methods are therefore more likely to be successful,

Reduce herbicide application volumes
Herbicide use (mainly glyphosate) was reduced by 11-66 % compared lo standard practice, with weed control levels maintained in the Netheriands. Cardiff Council's contractor (Complete Weed Control Ltd; CWC)
Fas been applying glyphosate at low application volumes for some time, using a glyphosate-based product diluted 166 times lower than legal guidelines (0.00288 milligrams of active ingredient per litre).

Precision sensors developed in agriculture can also be used in UK amenity settings, CWC uses the Weed-IT system (Appendix 1) lo reduce herbicide usage (60-80 %) through precision targeting of active weed
crowth and avoid gully pots, drains etc. which are the principal points through which glyphosate-based herbicides may enter water infrastructure.

Increase number of herbicide applications

Counterintuitively, increasing treatment frequency using glyphosate-based herbicides is likely to reduce overall herbicide use through better management of the weed population, For exarrple, increasing from two
t3 three sprays means that successive treatments are targeting smaller, less mature plants and/or plants which have recovered from previous treatments; these weeds can be managed at lower application rates

| Further, if weeds are controlled before they flower, any pollinator exposure to herbicides will be reduced.

' ‘ Use of precision sensors
1
|

| Integrated Pest | Bring weed papulation Over time. approaches to weed management based on single control methods may run the risk of stimulating herbicide resistance in pavement weeds, However, the pressure imposed on pavement weed
Management (IPM} under control populations by herbicides that may lead to resistance development is much smaller in the amenity sector than in agriculture because:

| - Fewer weeds are sprayed

- Weeds are sprayed less often

- Weed may be larger (deep-rooted) and not killed outright by herbicide application

| \Vider integration may be passible in the future once effective and sustainable alternalives are identified: it is important that it is not done ‘for the sakz of it For example, application of inefective alternatives
| followed by glyphosate application doubles treatment mileage. reducing Lthe environmental and economic sustainability of weed control.
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5.4 What happens if we do nothing?
Within the one-year timeframe of the Cardiff Council Trial, council staff
observed some local residents in the untreated areas of the city beginning to

Acknowledgements

e Peter Corbett, Peter Corbett Consulting
e Jon Gagg, Parks Asset Officer at Cardiff Council

undertake their own management of pavement weeds. In this specific case, it e Dr Sophie Hocking, Swansea University Department of Biosciences

was likely that residents had been using hot water to control the weeds, but e Will Kay, Managing Director at Languard VM Ltd

the use of bleach, salt and diesel have been reported by other local ¢ Al Mason, Development Director at Languard VM Ltd

government organisations in Wales. Not only are bleach, salt and diesel ¢ DrTrisha Toop, Chief Technical Officer at Agri-EP! Centre Midlands
unregistered products (i.e., they cannot legally be used for weed control), they ® Mark Tozer, Parks Asset and Land Management Officer at Cardiff Council

are also non-specific, meaning that a lot must be used to kill weeds. Further,
salt and diesel are persistent compounds that are toxic to most forms of life,
despite being ‘natural’ in origin (Adam and Duncan, 1999; Sobhnaian et al.,
2011). Possible increasing and widespread use of these chemicals is likely to
result in greater environmental burdens and risks posed to environmental and
public health and safety (APSE 2021a).

Given these concerns, it is notable that some local government organisations
are beginning to recommend a range of DIY weed control methods to reduce
herbicide use. However, these recommendations are not evidence-based and
have the potential to pose risks to public safety and the environment. To
minimise environmental and societal risks associated with weed control
methods and enhance their sustainability, it is suggested that professional use
should be the preferred option for the safe maintenance of infrastructure
assets.
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6. Summary statements

6.1 Report statement: herbicide regulation

The European Union (EU) Pesticide Reduction Strategy was developed in
response to public concern and medical evidence demonstrating the harmful
effects of pesticides on human and wildlife health. This legal framework
(which the UK currently remains a part of) is the most stringent and
comprehensive strategy in place worldwide for the sustainable use of
pesticides (including herbicides; Hillocks 2012, Hillocks 2013, Kudsk &
Mathiassen 2020). Since introduction of the strategy, around 75 % of
herbicides used in Europe before 1993 have been withdrawn from the market
with this process continuing to the present day. While this ongoing work is
important, it is also essential that further herbicide withdrawals do not outpace
development of alternative (effective) control measures (i.e., how and where
do we strike the balance; Hillocks 2012, Hillocks 2013).

Hazards, such as herbicides are something that can cause harm, while a risk
is the chance, high or low, that a hazard (e.g. pesticides) will actually cause
somebody harm. Currently, there a highly contentious debate between:

e Those who advocate a precautionary (preventative) approach to
pesticide regulation, 'where potential hazard is viewed as a
benchmark for pesticide removal and

e Those who hold the view that the risk of harm posed by pesticides is
effectively managed through strict regulation of use (Hillocks, 2013).

Regardless of the position held by the reader, it is very important to note that
there are serious concerns regarding approval based upon hazard: a product
may be potentially hazardous, though there is little risk to health or
environment from a chemical, if correctly used (Hillocks, 2012). Assessment
of potential hazard is also frequently complex and subjective anc there is no
clear definition of hazard, or scientific definitions of some hazard criteria (e.g.,
endocrine disruptors; Hillocks, 2012; Hillocks, 2013). Further, consideration of
the significant benefits conferred through pesticide use are often omitted,
particularly in the smaller amenity and horticultural sectors (Hillocks, 2012;
Jones and Eastwood, 2019).

6.2 Report statement: glyphosate controversy and sustainability

The widespread use of herbicides (and pesticides more widely) has been
debated since the 1960's. However, the publication of an International Agency
for Research on Cancer (IARC) report in 2015 which found tha: glyphosate
was ‘probably carcinogenic to humans’ (Group 2A) sparked intense debate
worldwide, specifically around the safe use of glyphosate-based herbicides
(Guyton et al. 2015). Glyphosate is considered to be one of the least toxic and
environmentally safe herbicides in use and all other regulatory agencies have
asserted that glyphosate is safe to use, including the European ~ood Safety
Authority (EFSA), the European Chemiczls Agency (ECHA), the Joint Meeting
on Pesticide Residues of FAO and WHO in addition to the United States (US)
EPA and the Australian, Canadian and New Zealand pesticide authorities
(Kniss 2017, Neal & Senesac 2018, Kudsk & Mathiassen 2020).

There are two key differences which may go some way to explaining the
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differences in the findings of IARC and EFSA:

1. IARC only assessed reports published in scientific journals, while
EFSA also considered confidential research done by the
manufacturers,

2. EFSA only assesses the active ingredient i.e., glyphosate, whereas
IARC assessed reports on glyphosate and formulated commercial
products (Kudsk & Mathiassen 2020).

However, regardless of any differences in safety evaluation, some countries
have moved to limit the use of this herbicide, while others work toward an
outright ban on use. In part, such government restrictions on glyphosate use
are in response to:

e Ongoing scientific debate around the widespread use of glyphosate in
agriculture;

e Difficulties associated with translating carcinogenicity research into
appropriate public health policies and recommendations for risk
management and

e Court rulings in the United States (US) which awarded multi-million
dollar damages to citizens who claimed that the long-term use of
glyphosate has caused them to develop cancer (The Lancet Oncology
2016, Duke 2017, Andreotti et al. 2018).

In short, ongoing scientific debate, and perhaps more importantly United
States (US) court rulings have driven increasingly cautious government
decision-making and led many users to reconsider glyphosate's safety as well
as the possibility of legal action being taken against them. However, these

decisions are somewhat independent of scientific evidence of the risks and
hazards posed by the use of glyphosate (Neal & Senesac 2018).

In the UK 95 % of PPPs (percentage of a.i. by mass) applied are herbicides
(Wynn et al. 2014, fera 2016). Application of glyphosate in the UK totals
around 2 million kilos per year, constituting approximately 25 % of total
herbicide use (Kudsk & Mathiassen 2020). While agriculture accounts for
approximately 90 % of use (fera 2016), the amenity sector accounts for just
8-10 % of the total amount of herbicide applied in the UK (much of this will be
glyphosate-based). However, it is important to note that while agriculture can
switch to other effective synthetic herbicides, the amenity sector cannot
because the market for such products is relatively small, while the cost of
re-registration continues to grow. Manufacturers are consequently reluctant to
re-register products for ‘minor use’, despite these products being essential for
maintaining efficacy and profitability of operation within the amenity sector
(Hillocks 2012). Therefore, once such products are removed from sale they
are likely to be lost forever, regardless of whether the alternative control
methods that replace them perform as effectively.

At present, there are few safe and truly sustainable alternatives to glyphosate,
with many alternative weed control methods and herbicide products delivering
far less effective weed control along with larger environmental and economic
costs (Kniss 2017, Neal & Senesac 2018). Examples of alternative herbicides
based on naturally occurring chemicals such as acetic acid, pelargonic acid
and other ‘natural oils’ are largely ineffective and in many cases prohibitively
expensive (APSE 2020, APSE 2021a, APSE 2021b). Further, some are more
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toxic than the synthetic herbicides which they are replacing and operators
must therefore carefully avoid contact with the skin or eyes, and avoid inhaling
fine sprays (Neal & Senesac 2018). Also, of the weed control methods which
are comparable to glyphosate i1 their ability to control weeds, these are often
much more expensive and/or environmentally damaging than the targeted use
of glyphosate.

in short, there is no ‘magic bullet’ for weed control in any sector of the
economy and each control method comes with its own set of drawbacks. So, it
is essential to consider all of the positives and negatives of each control
method, rather than deciding cn what the ‘ideal’ weed control method is and
working back from this position. To restate, in order that weed control methods
are adopted sustainably, they must:
e Be less costly than the alternatives.
e Involve (comparatively) low levels of investment or financial
requirements.
e Create little risk or uncertainty (i.e., they are evidence-based).
¢ Have well-defined control and management timeframes, provided by
evidence-based research (Wynn et al. 2014).

6.4 Report statement: impact of weed control methods on pollinators

There is a current focus on the negative impacts of herbicides on pollinators
and other bugs (invertebrates), particularly in the agricultural sector (Lundin et
al. 2021). Also, it has been suggested that herbicides (glyphosate in
particular) are having negative effects on microorganisms in the soil (soil
biota; Kepler et al. 2020) and larger animals such as invertebrates via a

number of mechanisms, such as reduced invertebrate movement and a
reduction in beneficial gut flora (Gaupp-Berghausen et al. 2015, Motta et al.
2018). Further research has identified direct toxicity of herbicide products
against Honey bees (Apis mellifera), though this research suggests that it is
the co-formulants (also termed adjuvants, spreaders etc.) which are toxic, as
opposed to the glyphosate molecule itself (Straw et al. 2021).

However, the evidence for these impzcts at the landscape scale remains
blurred even for the scientific community. For example, Kepler =t al. (2020)
found no evidence that glyphosate increased the relative abundance of soil
pathogens, while the experiments of Gaupp-Berghausen et al. (2015) and
Motta et al. (2018) were small to conclude effects (extrapclate) at the
landscape scale. In the case of the Straw et al. (2021), experiments tested
herbicide products available to the public on Bumble bees (Bombus spp.).
Here the results suggested that it was rot the herbicide itself killng bees, but
the other co-formulants in the spray. Quite reasonably Straw =t al. (2021)
conclude that use of such products in agricultural and urban settings should
be carefully considered; the author agrees and adds that herbicides and other
non-chemical control methads in general should be undertaken by trained
professionals, as opposed to the public.

While there is a growing body of predominantly laboratory-based research
investigating lethal and non-lethal efects of pesticides on a range of
organisms, there is surprisingly little research into the impacts of non-chemical
control methods, which may be equally damaging to wildlife in agricultural
settings (Vincent et al. 2003, Lundin et al. 2021). For example, while the
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application of steam to control the Colorado beetle (Leptinotarsa
decemlineata) is ineffective, the steam applied will kill other invertebrates in
the treated area. Further, other methods (e.g. trenches) which are technically
and environmentally acceptable, are impractical, costly and carbon intensive
relative to the use of effective pesticides (Vincent et al. 2003). Vincent et al.
(2003) also note that successful implementation of physical control methods
tends to occur in postharvest situations i.e., once the plant is removed from
the field.

These considerations raise two key questions:

1. Can the findings of agricultural research be transferred directly to our
understanding of the impacts of pavement weed control methods, and
herbicides in particular, on pollinators?

2. Are alternative weed control methods applied in urban areas equally
damaging to pollinators as the application of herbicides?

In response to the first question, the use of herbicides to control pavement
weeds involves herbicide spot treatments directly to growing plants, with
herbicides being applied 1-3 times per year. In contrast, agricultural herbicide
application may involve blanket sprays of different herbicides made several
times throughout the year, depending on the crop being grown. Therefore, the
scale of herbicide use is entirely different and so too are the impacts of the
use of herbicides on pollinators, if only due to the relative product volumes
used in the agricultural and amenity sectors, respectively. In short, we must be
careful about generalising the impacts of herbicides on pollinators across
economic sectors, particularly where the negative impacts are being debated

and the cost of losing effective herbicides such as glyphosate are so great.

With respect to the second question, presently, the impacts of non-chemical
weed control methods in agriculture have not been measured scientifically
(Vincent et al. 2003, Lundin et al. 2021) and this is also the case in the
amenity sector. However, there is an assumption that a reduction in herbicide
use will automatically lead to increased biodiversity as non-chemical control
methods and/or IPM systems do not have negative impacts on biodiversity:
this assumption remains to be measured (quantified). From a common-sense
perspective, it is likely that the application of lethal heat (flame, hot water,
foam) and mechanical damage (metal brushes) to plants and animals will
cause immediate death, in contrast with debated sub-lethal effects of
herbicides on these organisms (APSE 2020, City of York Council 2022,
Corbett pers comm. 2021). Another key consideration is that effective and
regular weed management counterintuitively reduces pollinator exposure to
any weed control method as flowers are less likely to be produced, reducing
the attraction of weeds to pollinators.

To summarise, in 2020 the scientific journal Science published a letter entitled
‘Support Austria’'s glyphosate ban’ (Peng et al. 2020), based on the idea that
alternative weed control methods such as root exudates, crop rotation or
mulching can replace, like-for-like, the use of glyphosate. In response Pergl et
al. (2020) published a response to this article entitied ‘Don’t throw the baby
out with the bathwater — ban of glyphosate use depends on context’ In the
response published in the scientific journal NeoBiota, the authors argued that:
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‘risks associated with using this herbicide on a large scale exist, but
on a small scale, such as in invasive plant control, glyphosate has an
important role and is not easy to replace. Therefore, the context and scale
need to be taken into account when applying such bans.’

(Pergl et al. 2020)

This concept of scale and proportion are also key to sustainable pavement
weed control. Without supporting experiments to determine the efficacy and
sustainability of alternative control methods, removing glyphosate as a weed
control tool is likety to result ir difficult situations such as those reported in
Sweden by SKL (2006), where:

‘The situation is in several cases so critical that one must at the
strategic decision level decide to either increase the resource allocation for
sanitation and weed control, or start a long-term work to phase out hardened
surfaces to reduce the resource-intensive area in the long run.’

(SKL 2006)
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Appendix 1 - Equipment, products and materials

Foamstream® machine (Weedingtech™ Ltd., London, UK)
Brief technical specifications:

e Foamstream® machine L12

e« Small lance used

e Water and foam mix leaves nozzle at 98 °C

The combined heater unit and water tank is mounted on the rear of a vehicle
and driven to the site. Water is heated and mixed with a biodegradable foam
which is applied through a lance onto the weeds or area being treated. The
foam helps concentrate the heat onto the plant by reducing heat loss to the
atmosphere. To Kill plants, a minimum temperature of 58 °C is required
(Weedingtech n.d., Bristol City Council 2017).

WEED-IT (Weed Economical Eradication Detection - Intelligent
Technology) machine
Brief technical specifications:

o WEED-IT is a computer controlled herbicide application system
specifically designed for use on hard surface areas.

e The system consists of a shrouded spraying head mounted on the
front of a purpose-built, articulated carrier vehicle.

e Within the shrouded head are sensor units and spray nozzles.
Sensor units detect the presence of weeds and trigger the appropriate
spray nozzles to apply accurately the correct amount of herbicide just
to those weeds and their immediate surroundings (CWC n.d.).

Monsanto Amenity Glyphosate XL - product label

March 2017

@ - Hetbicide

MONSANTO AMENITY
GLYPHOSATE XL

A folar applied franslocated herbicide for Ihe conliol »f emeiged weeds in indusinal and smenity
situgiians, in loresly and o hard surfoces

LABLL

Deg cded by micro-organisms*microbes in the soil

A soluble concentrale containing 360 g/l glyphosate, present os 41,6 w/w of the
isopropylamine soll ol giyphasate

The [COSHH) Contral of Substances Hazardous o Hedlin Regulations may opply 1o the use of this

product af work
MAPP Number: 17997

Contents € Slitres

PROTECT FROM FROST mosthec

Mol ot IeI6ImItl 6 ) I aogingG B rcnaito 2017
jorauclon

Ho leance s Qronine Lncks ainy poler! <0l numb ol s

The Voluntary Initiative

ihis labet has been produced according 1o ine
Crop Protection Assoclahon Veluniary intianve (Vi) guidonce,

Page |
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TRONT LABEL BACK & BAST LABCL
MONSANTO AMENITY GLYPHOSATE SAFETY PRECAUTIONS |
A soluble concentrate containing 360 g/t glyphosaie present as =
(41.6% wiw) of the isopropylamine salt of glyphosate Operalor protection
MONSANTO (UK) LIMITED, Engineering contol of operalor exposure mus! be used where reasonably praclicable in
PO Box 663, Cambridge, CB1 0LD addition o the following persanal protective equipment:
Tel:  (01954) 717550 - "
) ) - WEAR SUITABLE PROTECTIVE GLOVES when handling he concentrate
Tel: . (0]954)_ 717575 -'TEChH‘ICOI Enquiries or handling contaminated surfoces,
E-mail: technical.helpline,uk@monsanto.com
Website: www monsanto-ag.co.uk “WEAR SUITABLE PROTECTIVE GLOVES AND RUBBER BOOIS when
apelying by hand-held controlled droplet application, (CDA)
In cose of emergency day or night, Ch: E y equipment.
Cenlre: (01865) 407333
“WEAR SUIIABLE PROTECTIVE CLOTHING [COVERALLS). SU1 ABLE
PROIECTIVE GLOVES AND RUBBER BOCIS when applying by hand-held
IMPORTANT INFORMATION wead wipes
" However, engineering conirois may replace persono! profective
FOR PROFESSIONAL USE ONLY AS AN INDUSTRIAL/AMENITY /FORESTRY equipment if o COSHH assessmen! shows they provide an equal or
HERBICIDE higher slendard of profection.
Crops/situations: WHEN USING DO NOT EAT DRINK OR SMOKE,
Natural surfaces not intended 1o bear vegelalion, permeable surfaces WASH HANDS AND EXPOSED SKIN oefore eating and drinking and ofter
overlying soil, hard surfaces; work,

Amenity vegetatlion:

Forest nursery, forest fweed control, stump applicaticn and chemical Environmental protection

thinning}.
Do nel contaminate water with the product or irs coniainer, Do not
Maximum individual dose: } clean apglication equipment near surface water, Avoid
number of reat } Full details are given in conteminalion via drains from farmyards and roads.

Latest fime of application: } the ctlached leatiel
Other specific restricllons; } [see Crop Specific infermation - marked #) Storage and disposal

READ THE LABEL BEFORE USE. USING THIS PRODUCT IN A MANNER THAT IS KLEP AWAY FROM FOOD, DRINK AND ANIMAL FEEDINGSTUIFS

INCONSISTENT WITH THE LABEL MAY BE AN OFFENCE. FOLLOW THE CODE OF KEEP OUT OF REACH OF CHILDREN,

PRACTICE FOR USING PLANT PROTECTION PRODUCTS. KEEP IN ORIGINAL CONTAINER, lighlly closed, in a sale place.

RINSE: CONIAINER THOROUGHLY by using an infegialed pressure rinsing device or manualy
finse itvee times. Add wastings to sprayer ot fime of filing ond dispose of salely. Iriple tinsed
contamers may be disposed of as non-hazardous wasle,

Medical advice
Medical guidance is available on a 24 hour biasis by telephoning Ihe Notional Chemical

Emergency Centre on 01865 407333 or ter dociors, from the Nationol Paisons Information
Service on 08448920111

Puge 2 Page 5
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DIRECTIONS FOR USE

IMPORTANT: This intormation is cppraved as part ot 1he Product Laket, All instructions within
this seclion must be read carelully ir order fo oblain sate and successful use of this product.

Warmnings

LXIREME CARE SHOULD BE 1AKEN [C AVOID SFRAY DRIFI A3 THIS CAN SEVERELY DAMAGE
NON TARGET PLANTS.

DO NOT MIX STORE CR APPLY MONSANTO AMENITY GLYPIHOSATE XL IN GALVANISED OR
UNLINED STEEL CONTAINERS OR SPRAY TANKS.

Following Crops

Upon saill adsorphon 1he herbicidal properties of Monsanto Amenily Glyphosate XL are lost
pemilting Ihe dilling of crops 48 hous aller applicalior . Planling of 1rees, shiubs elc may

1ake place 7 days after appi

#Crop specliic Infformalion

-alion, Grass seed may be sown from § days after freament.

COMPLIANCE WITH THE FOLLOWING CONDITIONS OF USE AND ALL SAFETY PRECAUTIONS

DO NOT leave spray mixlures in lank lor long perieds and make sure lonks are WELL VENIED MARKED" IS A LEGAL
Resfriciions My indlvideol dove
Crops/stuations: (e ooy necioel
A period ot at least é hours and preterably 24 hours rain free must follow application of Nalural surtaces nel inlended io beor
Monsanio Amenily Glyphosate XL Gerarion. p surtaces overiaying 50
soll. hare surfaces
Do nol spray onlc weeds which are nalurally senescenl, or where growth is impaired by T 3 o ”
arought, high lemperalures. a covering of dust. floading o frosi al, or immediately afler Amsrily vegelolion 20X
opplication otherwise poar control nay resull Toresly. tores: nursery:
Do nol spray in windy condifions as =Hifl onle desired crops or vegetation could severely ¥ weed canial 50

camage or deslroy them.
After applicotion. large concentrations of decaying foliage stolons, roots or thizomes should
be dispersen or buried by Ihorcugh cultivalion befare crop drilling. The maommum inalvidual aose must net axceed 22 £/l gyphosate tor hydrauhic: KNapsac< sprovers
o X » . : when applying thiough rotary alomisers Ihe spray dropiet specta produced mus' ©s of @ minImum volume
Applications of lime, tertilizer, tcemyard manure and pesficides should be delayed unfil 5 days Median Diameler (VMD) of 200 microns
cller application of Monsanlo Ame ily Glyphosate XL,
Weed wipers may be Used in any crop where Ine wiper ar cemical doss not fouch The growing crop
Weeds controlled
For weed wiper opplicalions, 1ne maximum concenirations mus: nol excesa 'he folowing:
Monsanlo Amenily Clyphosate s ¢ foliat ocling herbicide which contrais annual and
perennial grasses and mos| brocd-leaved weeds when used as direcled, Il is importanl Ihal
all weeds are at the corect growth slage when treated, oiherwise some re-growth may

2 d this wil -freal
Sst A TR I READ THE LABEL BEFORE USE, USING THIS FRODUCT IN A MANNER THAT IS
INCONSISTENT WITII THE LABEL MAY BE AN OFFENCE. FOLLOW TIIE CODE OF
PRACTICE FOR USING PLANT PROTECTION PRODUCTS.

Weed wiper Minl 1:2 liufion with water | Reder 10 weed wiper guidonce under
Olher wipers 131 ditution wilh weiler § *Miring & Spraying’ sechion

Apply Monsanta Amenily Glyphosate  herbicide ence grosses and broad-leaved weeds
nhove emerged and they have ACINELY GROWING green leaves

. PERENNIAL GRASSES must ha=e a full emergence at hecithy, green leaf, [Common
Couch. tor example. becomes susceplible at Ihe ansel of tiledng and new mizome
growth commences whizh v-ually occurs when planls have 4-5 leaves, each with 10-
15¢m of new growth)

. PFRFNNIAL BROAD-LEAVFD WZEDS are most susceptible around the flowering stage.

- ANNUAL GRASSES AND BRO~D-LEAVED WEEDS should have ol leasl 5 cm oi leal, or 2
expanded Irue leaves respeclively.

. O1THER SPECIES  recommendations for specilic Areas of Use are givenin the
Recommendation Tables. pages é cnd 7

. This preduct will not give an acceplable level of conlrol of Horselalls (Equisetum
orvense) - repeal Irealment will be necessary,

Page 4 Page §
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BECOMMINTATON LABITS
f area g ase ARGET CROP/SITUATION WEED APPaC AT Al AL A VG e G
WEED|/UsAGE FOEIATON | MATEING wRUME
CAIRALSURIACES | mmgennn | Iugingrombion poi, | Armus sem. » Myarawiz sexcyer.: | | Uss o nciue:
NCINIEHDED 1O | Sibegimaes | 2r0 olong lonces & ol | 025 o Cloring UE weesh grua pio 1o
AR VEGE IO rvod contotarmav el | e = ot | oning o zawony ar a o draciad sror
PLivEAB F S oy e valumes 1 ung) m omamania samhrgy
SURFACES broad-iaavea wrhana nela IMYBAUIC IpICYen rolary clomisen or weee
OVERING SOIL o Aqunment (s may o oo
[AlLWAT RALAST e Mining & DQ NG LSE I OR ALONGSIDE MEDGERWS.
Y

[t regeeas | inchang ocasce cars [ appyine E

IaKken place arly wiion weock o chvely

gy | e | Correis ana cengade wah et
- e | o St i omaty aeh 1o Gelove) unt
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sail orauna onarwnial plars R e L=
i Dl o e wa S Y A LS
Gveronca o aacmens | e

“Rotary atomscrs moy be used al @ waler volums of 4G ha. Tnsure dropiat avame or lels wilh 1ho ange 260 300 mrans

buges

Foresiry weed control

Monsan o Amenily Glyphosole XL can be used for sile preporalion and for weed contral in olenlad oul Ireas

Anza aF se TARGET . WEED INHLSTATION APPUCARGE | WATEN wERUME [ ———
LRy
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Mixing and spraying

Monsanto amenity Giyphosate XL mixes readily with waler and ¢an be applied in spray
volumes ranging fram 80-400 I/ha using tractor mounted, knapsack, rolary alomisers ana
hond-held sprayers, Spaciaiised opplication equipment such s weed wipers and spot gun
opolicatars may be used where indicated

Corectly colibrale all sprayers under lield of use condilions pnar 1o applicalion,

o Mocion eun=o) Sog Dewn e Wasar

These should fies Eagaltie of aperdnn 400 iy witni @ presssure range of 1525
bars [20-35 psi)

Half Hil Ihe spray lonk with clean water. siar genlle agitation. and then odd 1he correct
amount of Monsanto Amenity Gliyphosale XL 1op Ug Ik Borsk will) wisiod 10 1T sdQuited
level. 1o avoid foaming do nel use lop lank agilation. Use of a defoomer may be necessary.

All applications using hydraulic sprayers {including knopsock sprayers) 1o be os *MEDIUM' or
‘COARSL’ spray quelity (BCPC detfinition}

Medium Votume applicalion {150-300 ifna)

Avoid high water volumes (=300 1/ha) which may lead to run off frem the treated vegeiaton,
resulfing in reduced cantrol  Low diifl nozzies such as air induction and pre-orifice types
producing a medium or coarse spray (BCPC definition) should be used to minimise the risk ol
dnht,

Low Voiume Application {mimmum 80 itha)

Low volume apglicalion can be achieved by reducing pressutc and Ihe appropriale noe
seleciion, Low diift nozzles which produce a medium spray qualily [BCPC definiion) should be
used 1o mMinimise the risk ol dritt

b} Kngpsack soravers

Recommended defivery range is 80 - 300 I/ha. Half fill the spray lank with clean water, ada
Ihe correct amaunl of Monsanto Amenity Glyphosalte XL and top up wilh waler, Hll
according to best pracfice as given an the CPA’s Volunlary Inilicnive website

[www vouniaryinitiative org uk)

When used al @ wolking speed ol | m/sec lo opply o swalh of 1 m wialh, mos! knapsack
sprayers filled wilh @ Hypro AN 0.6-AN2.4 o similar nozde deliver appraximalely 200 fha spray
volume (or 101 per 500 m?). 1o opply 50 1/ha of MONSANIO AMENITY CLYPHOSAIE XL,
Inergtore. use 50mi of producl for sach ? lilres ol spray liguid required, Similarly, knapsack
sprayess fitled with jow volume nozzies such s D/0 23/1- D/0.68/1 fypically deliver
apuioximately 100 1/ha spray volume. To apply 5.0 I/ia MONSANTC AMCNITY GLYPHOSATE XL
in Ihis case. use 100 of produc for each 2 lites of spray liquid required

¢) Rotary Atomisers

Tractar mounted boom sprayets and hand-held machines are suitable for use in some situalions
to apply © minimum spray volume of 40 I/ha,

When rotary atomisers are used 1o apply Monsanio Amenity Clyphosate X1 ensure thal tne
aroplet diomelet talls within Ihe ronge: 200 300 microns lor all uses

Page R

© Advanced Invasives Ltd | 2022

50 of 75



ADVANCEDINVASIVES

St the correc] amount of Monsanio Amerity Glyphusate XL to control Ihe particuiar torget
species ino Ine sprayer bollle hall lilee with clean waler. Top up wilh waler, close Ihe lop aid
shake gently to ensure good mixing,

Do nol lank mix Monsanta Amenity Glyshosate X! when using rolary atomiser sprayers.

4] Weed Wipets

For ropewick applicators use a concen ration ol 1 por Monsanio Amenily Glyphosate XL 1o 2
parts of waler and add a woler-sduble dye il reauired  Core should be Ieken o ovoid dripping
anic wanled vegetation

For new generclion weed wipers, use | parl Morsanto Amenity Glyphosate XL o 10 or 20 pors of
waler of s dirceled by manutaclurer's insluciions or as direcied by mandtoc luer's insluclions

e) Spol Gun Applicatars

Spat gun applicators are tor the hiwatment of individual waeds
Apply 5 ml ol sproy o laigel weed, usng a namow cone TG-3 o TG-5 nozc.,

Spot Diarsietes | Amount al Monsanio Amenity Glyphusale XL (mi) per 5 filres
A

fmeies S T 1ox ovgtod g
Ab ik Al e
03 n l
D4 85 g
Compalibility

Do nol lank mix Monscnto Amenily Gly shosaie XL with adjuvanls, peslicides or lerilisers excepl as advised
by Monsanto  For up ta date informelicn on compalibie products contact Monsanlo UK Limited (tel: 01954
717575)

For hydraulic sprayers: maintain cenlinuous agitalion when using Monsanla Amenily Glyphosate XL in
lank mixture.

For knapsack sprayers: mix |horoughly and use immedialely when using Monscnio Amenity Glyphesate XL
in tonk mixture,

| COMPANY ADVISORY INFORMATION ]

This sechionis nol parl of lhe Ploduc Label under Ihe Plant Protechion Products Regulalions
975 ana Drevidos cutiionot odvito on 1T proguct

Ganeral infermafion

Monsanto Amenity Glyphosate XL herbicicte is a foliar acting herbicide with brood-specirum activity. It
is kaken up by follage and franslo=ated to underground roots rhizomes and stolons, providing control
ol both annual and perennial grasses ana broad-leaved weeds. Monsanic Amenity Glyphosate XL 15
ropidly adsorbed onlo parficulate matier in sails and waler and is quickly degraded by the micr
organisms present in soil and aqualic bollom sedimenis. Upon adsorption, [he herbicidal properies of
Monsanto Amenity Clyphosale XL are iosl. permitfing driling of crops within 28 hours of application
When used os direcie, any waler subjected lo Morsanio Amerity Glyphosate XL spray drift may be
used immediately tor inigation purposes  Unfil degraded, the active ingredienl in Monsonto Ameniry
Glyphosale XL, glyphosale. s preclically ninmobile n soils and s Iherelore. unlikely o conlarinate
grounawaer,

Page ©

To maimise Ihe sale use ol Mensanio Amerily Glyphosdle XL 16 operalo, consumer ond
environment, the label recormendations and the DEFRAHSC/NAW publication *Code of
Praclice far Using Plant Protection Products” of January 2006, should be adhered 1o,

Symploms on the weeds

Symploms of realment are generally fist seen 7-10 days, ur longer (il growtns slow). aller
spraying. These lake the form of leaf reddening followed by yellowing and are wsuclly quicker
lo appear on grasses |han on broad4eaved weeds Reaslion ol nellies is slow.

Etfects of weathar

See Directions for Use (Restriclicns)

Monsanlo Amenity Glyphosate  will remain efficacious al low bul not Ireezing lemperatures
however the onsel of symplom; will be delayed

A covering of dew may reduce etlicacy where run-oif occurs

Reduced conlrol is likely where weed giowth is impaired by nalural senescence, droughl,
high lemperalure. a covering cf dusl, floading or severe/pralonged Iros! ol, or immedialely
ofter opplication

Weed reslstance stralegy

There is low risk tor the development of weed resiskance to Mansarlo Amenity Glyphosate XL,
There are 1o known cases of weed resslance fo glyphosale in UK

Likcyrys o S0 onnaad wnheds (e Back-gross Wid oafs and [talian Ryegrass) hove developed
iesislance o herbicides which may lead lo poor control, Ashategy lor prevenling and
managing such resslance should be adooled. This sheuld nclude inlegraling herbicides wilh a
programme of cullural conlrol measures Guidelings have Jeen produced by the Weed
Resistance Action Group and copies are avoilable from the HGCA. CPA. your distibutor, crop
v o prooych el o | Morsoedo),

Growers are encouraged lo implement a woed resistanc = shralegy besed on (o) Good
Aaricullurel Praclices and (b) Goed Planl Prolection Praclices by:

Following label recommendations

The cdoplion of complimentaly weed contiol praslices

Minimising the risk ol spieading wead infeslalions

The implemenlahon al good spraying praclice 10 snainlamn glleclive weod conltol
Using rhe correc nozdes 1o manimise coverage

application only under appropriate wealhel conditions

Monitonng perlormance and reporting any unexgected results 1o Monsanlo UK Ltd
01954 717575}

General Caulions

ke exireme care to avoid drilt, porficularty when using near or alongside nedgerows. The
use of low diilf nozzies such as 'air induction’ and *pre-oiice’ nozles are recommended,

Aller application large concenlrations of decaying folicge stolons rools or thizomes should
be dispersed or buried by thorough cullivalion belore crep driling

New Generation Weed Wipers
Logic Conlact 2000

Caricr Rolimasier

Allman Ecowipe

Pagr 10
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Rotowiper {UK) Ud
C-Dox™ Biminalos
Weedswiper™

Sprayer Maintenance
Ensure Ihe sprayer s in good working order andrepkice damaged, worn or mallunclioning parls
belere use. Cany oul manienance according io Ihe nsiruclions of Ihe sprayer manufaciurer,

Sprayer Hygiene

1t it ol 1o thaenupiy Siecn oul iray famis, puere arut mneRe ann Sare o o

il @ o o & g The Draduct and other
Ao 19 Gvoid ConjGrminoion hom polticios iovcuet. Trace ol Morsaio Aichity,
Ghpnoiate KL et in the sauipment moy sviously Gamage o Golingy Crogs 1proved 'alde,
Cotbiction

All sprayers should always be calibroled before use. This is essential when nozzles are changed
orit adilferent dose ol product is 1o be applied,

Unused Spray Mixture
Once Marnswis Aty Chramadte X1 P e CRR N i B sy Aok, 1 showde be Used as
RN 5 o, Howeree, | uninenies Gokys cocue i diuhod spocy o b solely slored.
Agria woll Bt ust. Srorage lor ionges tnan g iy sl e ledUcst eitcusy,

Disposal

oo 10 raanica on i ditiont gl wewbhd spady solulion, (ank washings. concenitale and
SO TR £ {0 S0S ) G o T LEFEA AL INAW publication “Code of Praclice for
Liang Plont Prodection frodceh™, jandony 2004

Environmenial information Sheet

An Environmental Information Sheet for this product is available from Ihe CPA's Voluntary
Inilialive websile | iniliqlive,ora.uk |

Material Sofely Dala Sheel

A material safety data sheet for (his product is avallable on request (telephone 01954 717575)
or cart be downiouded hom the Mornsanto websile:

WAWINONONIQ-UA.GOK

Trade Mark References

Monsanlo® and the Vine symbol are registered lrademarks of Monsonto Technclogy LLC.

Al olher brand nomes ielered lo are lrademarks of ottier nsanulaclurers it which
proprietary rights oy exst.

Monsanlo does nof warant 1hal the purchase or use of equipment mentioned in this
document will not infringe any patent or frade mark reglstration

March 2017

Page 11

Monsanto Amenity Glyphosate XL - material safety data sheet (MSDS)

MUNSAN | O Eurape $ A /N V. Page: 1710
Monsanto Amenily Glyphosate XL Vershui: 1.0 EMfective daie: 034022017

MONSANTO Europe S.A./N.V.
Safely Data Sheel
Con ia] Product

1

FRODUCT AND COMPANY IDENTIFICATION

Produet identifier
Monsanto Amenity Glyvphosate XL
Chemical name

Not applicable [or a miture.
Synonyms

Naone
CLP Auncz VI lndex No.

Not applicabl
C&L 1D No,

Not available
EC No,

Not applicable for a mixsure
REACH Reg. No.

Not applicable for a mixture.
CAS No.

Not applicable for 2 nrislure

Product use
Herbicide

Compuny#(Sules ofice)
MONSANTO Europe S ANV,
ITaven 627, Scheldelaan 460, B-2040
Amwerp, Belgium
Telephone: +32(0)3 568 51 11
Fax: +32 (0)3 568 50 90
E-muil; safety.datasheel@ionsanto com

Emergency numbers
Telephone: Belgium -32 (0)3 568 51 23

2.1.

2L

22

HAZARDS IDENTIFICATION

Classification
Classification accarding to Regulation (EC) No, £272/2008 | CLP], Natinnal classification: U.K,
Not classified as dangerous,
Hxta Nol applicable

Lahel elements: LK.
Labelling aceording (o Regulation (FC)No. 12722008 |C1LP}
Hazard pletogeam/pictograms: U.K.

Not Applicable
Signal word: UK.
Nor applicable,
Hazard statemenUstatemeats: UK.
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MONSANTO Furope S.AN.V. Page: 2710
Monsanic Amenity Glyphosate XL Version: 1.0 Effective date: 030272017
Hxas Not apphcable,
Precautionary stalementstatements; UK.
P2 Keep unly in original conlainer

Supplementul huzard information: LK.
EUH401 To avoid 1sks to hunan health and the eavironment, comply with the
instructions [or use.

23, Otber hazurds
0% of e mixture consists of ingredientingredients of wnknown acule toxiity
0% of the mixture consists o7 ingredienting edients of unknown hazards to the aquatic environment
230, Potential environmental efficts
Nat expected 1o produce signiticant adverse ¢fects when recommended use instructions are followed

and udour )
Pale scilow ‘Liquid / Odourls

Reler lo section 11 for toxicological anc section 12 for envitonmenial information

3.,  COMPOSITION/INFORMATION ON

REDIENTS

31 Substance: Not applicable.
32 Mixwre: Yes

Composltion/information on ingredie 1ts

swnpumrees LAY S [T LU Ludey Nw £ ancewiruiion | Clasadficauun
REACH Reg., Ne
LAl I N
Tooprops [T ey g T T Aquar L
s phwnare “ 20430 el
| e
Tomemary s 7 T S GO W
oo !
I Aguuic Chonic -
Calgpon 311315213 412
W arc] and mse formde; of S . P il g Laegaam
wwgredieuts
Active ingredient
propylamine sall of N-{ghosp i Delyeines {1 ine salt of glyphosate}

Eull weal of classification code: Sex section 16,

4. FIRST ALD MEASURES

Use personal protsction cecommendsd i section §

4.1 Descripliun of first aid measmres

4.1.1. Eye contact
Irmuediately flusi swith lenty of water, Continue for-at Teast 15 minutes 1Fcasy 16 do, remove
contuct lemses 17 there are persisient symploms, obtain medics) udvice

4.1.2. SKin conract

MUNSAN 0 Eyrope SNV Page: 3710
Vonsanto Amnenity Glyphosare X1 Version: §.0 Effecuve date: 03:02/2017

Toha T s st s il o osta oAU, Jevreliiry Biso A2y, v ATTCCId skdny with phessty
of wiler Wash clothes and clean shoes befuore re-use

4.1.3, Inhalation
Rermove (o fresh air

114 Tegestimm
Rimse mouth thuroughiy wilh waler. Remuve sarticles (rom mouth, mmediately offer water to
deisth Do NOT induce vomiting unless directed by medival personnel ¥ symploms oceur, wet
medical allention,

12. Most imporiaut symploms und effec(s, both acute aud delayed
4.2.1, Potential health effects
Likely routes of exposure: Shin contact, inhakaion, eye contact ingestion
Eye cuntact, shord term: Not expected lo pn.duce signilicant adverse effects when recommended
e e
Shin contact, short term: Not expected fo penduce significaul adverse effects when recommended
o AR W Bl
Inhalation, short term: Nol expecied (0 procuce significant adverse glfects when recommended
use instructions are followed
ngle ingestion: Not expecied Lo produce sigitificant adverse elfects when recomurended use
instructions are lollowed,

dication of 20y immediate medical allention and special treatment needed
Advice lu doctars
This product is not an inhibitor of chotinesterae.
4.3.2, Aatidote
Treatment with atropine and oximes is ot indicared

5. FIRE-FIGHTING MEASURES

nguishing media
Recummended: Watcr, foum, dry chenical. carhan dioaide (CO?)

Special hazards
Unusual fire and explasion hazards
Minimise use of water o prevent e ination.Favi ons: see section
L]
522 Hazardous products of combustion
‘Carbem manaxide (CO). Phosphorus oxidus (Pauy ), aitrogen oxides (NOx 1, Ammonia (NH3)

ters
d breathing spparalus. Laui sheuld be Boroughly d inaled afier use

53, Advice for [ii
Self-conl

54 Flash point
Does ot flash.

6. ACCIDENTAL RELE/

SE MEASURES

ection §

Uise handling revommendations in Scction 7 and personal prosection recommendations i

6.1.  Personal precautions
Use personal protevtion recomniended in section &

62 Environmental precautions
Minimise spread. Keep ow of drains. sewers. ditces and water ways. Nolify authoriizs
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MONSANTO Lurope S.A NV,

4410
Monsanto Amenily Glyphosare XL Versan; 14

P,
Rilective date: 004022017

6.3, Metheds lor cleaning up
Abnaarts b mrthh vaned or sbwcbenis imater(al. Dlg up liwes s cestninated soil. Refer Lo section 7 for
s af comstddinery. Collees i owtaaners fie el Flands tavidues with small quaniitics of water.
himirming s ol shcn e RSV CRvinesmcnEal CORTMIIRAEN

Refer 1o section 13 for disposal of spilted material,

7. HANDLING AND STORAGE

8N Precuutions Tor safe hawdling
Coond mmadunsirial rcthc: (= Bk eping o persml fygaens shisiid be fllwed, Avord gomasi wi
wven Wi uiling d sl et Arink o smike, Wanh himb vk after Bandiing or contac. Wash
Cumitusiitiadied Clothing belure redee. | hoeghly cleae sfler i, N i !
wrmers i waten iy s e depwindeg of et finse wiser, Rufir o st
whet T devpimas] ol viaves witer.

Emplicd conlainers vetain vapour and product residuc. FOLLOW LABELLED WARNINGS EVEN
AFTER CONTAINL:| MP L1,

an |1 o the <afety it

7.2, Conditions for safe storage, including any incompucibil
Compatible muterials for storage: stiinless stecl, fibieglass. plastic, glass Tining
locompatible materiaks far storage: galvanised seeel, unfined mild steel. see section 10,
Minimum storage temperature: -5 ' C
Maximum storage lemperature: 35 <C
Keep out of reacls of children. Keep away from foud, drink and anial feed, Keep container lightly
closed in 4 cool. well-ventiluted place. Keep only i the original container. Minimuun shelf Jif: 2 veacs

13 Specific end use(s)
Not applicabe,

3.1 Coutrul parameters

I-llﬂ-ofn: enposare limite

Exposure Guidelines

e -
Tsnpoipy tenning w3l of No specific occupational exposure imit has beet cstablished,

ivphimaty
T No specific occupational exposure imit has been established
5 il
Waler and inikim N wwifi il

isrmiilaaing im: 2l

&2, Exposure controls

Engineering controls
No special requireinent when used as recommended,

Eye protection:
Ne special requirenient when used as recommended.

Skin protection:
Hiepeated or prolonged contact: Wear chemical resistant glaves, Chemical resistant gloves include
e mads ol waterprool materials such us nitrile. butyl. neoprene. polyvinyl chloride (FVC). nawral
b sk or bk Lanianate:

Respiratory protectivn;
No special requirement when used as recommended

MONSAN IO Lurope 8 A4 NV
Monsantu Amenity Glyphosaie X5 Varshin: 148

[
l:Ifective dute: 03,

When recomuended. consull mamifacturer of persunal protective equiptienit for the apprapriate type of squipment
for a piven upplicution.

9. PHYSICAL AND CHEMICAL PROPERTIES

‘These physical data are typical valus bascd on material ested but may vacy from sample t sample. 'Ly pical values
should not be construcd a a guaranieed analysi of any specific lof or as specifications for (he product.

94 Infurmation an busic physical and chemical properties

Ihysical fori changes (meltiine bl ele.t

Melring posm | Nt 3
Phfbing pudis:; | Not availuble.
Flush point; | Does nut tlasl

Explosive propertics: | Mu explinive prugeriics

A losition | 486 °C
SINPTATLES.
Selasccederatig | No data
dezompotition
lemperatie
(SAN):

244 e s g 30 L
Nut arvaifable.

B
Panuisin soeilicimn:

9.2 Chibar informatim
Lvupaientim it | Mos clils ]

10, STABILITY AND REACTIVITY

0.1,

vanised steel or unlined mitd steel o produce hydrogen. u bighly Maoumiable gas that

h
could explode.

102,  Chemical stability
Stable uader normal conditions of handling and storage.

03, Possibility of hazardauy reactivas
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MONSANTO Rurope
Monsanio Amenity Gl

ANV,

Page: 6710
lyphosite XL Varsion: 1.0 Bffective date: 030272017

pe: 7710
02,2017

MONSANTO Furope S ANV
Monsantu Anienity Glyphosate Xi Verskhe 10

10.6.

Wit st s secel vt untiied mikd sl unpraduce indougen. o highly Taamabls g that
could explude.

Cuaditmms i avidd
Newic

Incompatibie materiais
Incompatible materials [or starage: palvanised stec), unlined mild stecl, sec secuon [0
Compatible materials for storape: see section 7.2

Hazardows decomposilion producis
Tazardous products of combastion: see section 5,

—

I his section is inlended for use by oxicals

TOXICOLOGICAL INFORMATION

s wid other health professionals.
Information un toxicolugicul effecls

Classification accarding ta Regolation (EC) No. 1272/2008 |CLP|
icity: Basec on availuble duta ¢lassilication criteria are not mel,
Based on Table data classilication criteria are nol met
1y: Hased on available data classification crileria ape not mel
Skin corrosion/irritation: Based on available data classification ciiteria are not mer
Eye currasiandicritation: Based on available Uawa classilicstion criteria are nol nxy
s P B

Carchnageaiitg: ased w1 mllahle duia Amﬂmm Crbia aft mat i

I Tunisily writeria arg nol el
Speeifie Target Organ Tesiclty - slngu- I:wm-nr.w o0 svuilalile dita classification criteria are
nol et
Specific Target Organ Tex
are nol met
Aspirntion huzard: Based on availahle Jata classificalion criler

- Repeated Exposure: Basod on available data classificanon criteria

Most important symptoms and effects, hoth aente and delayed

Potenrial health cifects

Likely routes of exposure: Skin contiet. iohalarian, eye contucl, ingestion

Eye contuct, short lerms Nol expected o prouduce significait adverse efecs when reconmuended use
instruetious are followed

Skin contact. short term: Not expecied (o preduce signi
yestrusT s wee fakveed

\ahaintion, shorl ferm: Nex expected 1o produce significunt adverse elfects when recommended use
instructivas wre followed

Single ingestion: Nul expected 1o produce significant adverse effcets when reconcnded use
snstructions are followed

ant adyerse eilests when recommended use

Duta obtarned on praduct and components are summarized below

Acute gral loxicity
Rut, LDS0 (Methud: QECD 401): 2 000 me/kg body weight
Slightly tonic:
Acute dermal tosicity

Rat, LD50; - 2 000 ag/hg body weight
Skin irrlativa
‘Rubbil, aumber of animals unknown, OECD 404 est:
Non- imwu

Skin rensitizution
Gu ig, Negateve
Na skin sensitization

“edal TR e " eny

Not genotoxic.

Carcinogenicitv
Not carcinggenic in rats or mice,

Ve lnpmerdal elfan in m; == rzhbiits only in the presence of significanl maternal loxicity
ﬁmwmhr «<iicehs i e waly 0 ik prosence of signiticaul maternal toxicity.

12. ECOLOGICAL INFORMATION

This seetion is intended for use by ecatoxicologists and ather enviranmenral specialists
Dau obluned on product and cymponents are summarized be-ow.
121 Touicity

Agualic lovicity, fish

Rainbow trout (Qncorhynchus mykiss):
Acule foxicity, 96 hours 1.C30: ~ 100 me/l,

"Waler flea (Daphnia magna):
Acute toxicity, 48 hours. ECSO: > 100 myl

Green algae (Scenedesmus subspicatus):

Acule fonicily. 72 hours ExC50 (grawth ratey: 54,5 /L
Green ulgae (scencdusmus subspicatus):

Acule 1onicity. 72 hours. NOFEC {growth rate): 18 mgL.

122 Persistence and degradability
No data,

123 Bioaceumula al
Reter to secrion 9 for partition coctticient data

124 Mobility In soll
No data

125 Results of PBT and yPyB ussessment
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MONSAN [0 § urops $,A NV Page 8110
Monsanto Amenily Glyphosate XL Venum; 1.0 Elleclive dier 0F02/2417

Nut a persislent, bi
mixlure

nuulative or txic (PBL) aor u very persistent, very bioaccumulutive (vFvB)
126 Other ndverse effects
Not expeeted o produce significanl adverse cfects when recominended use instruetions are followed,

77 lulirmative
IFavailable, daa obained oo similar products and. or on components are sumnmarized befow,

Avian Invicity
Bobwhilc quail (Colinus virginianus):
Acule uml ta n.ily single dose, 1-DSO:
Arthry
Tloney Iue (Apls mellifera):
Oral, 48 hours, LD50: 100 pg/bee
Honey bee (Apis mellifera)
Contacl, 48 hours. LDS0: + 100 pgibec
Biouccumulation
Bluegill sunfish (Lepomis macrochirus):
Whole fish: BCF: < |
No significant bioaccumulation is enpected

3851 my ky, budy weight

s
Kuc: 884 - 60.000 L.rhe
Adsorbs strongly Lo soil
‘Water, aerobie:
Lalftie: ~ 7 days
13. DISPOSAL CONSIDERATIONS

Wanle treatmieat mribiods
Product
Follow all localregi ional ions on waste disposal. Follow current edition

o I Caeneral Ware, .mdml i) Humul. O s Winde Efaatives; sl e Shigineid ul
Wil Regaliian. )uwpm!ﬂfm senars, ditches Bl water Wiy, Accrdieg b e el e
Ltk (L) No, | 2220008 [CLEY the prostiet can bo dinguned ae
nduerial waste. Wil i o winke ininemsior witl enctys necisery i recomminged.

13.12.  Conteiner
Follow all k on waste disposal. packiging waste
collectio/disposal, I, Follow s.um.nl edition of the Gmcml Waste. Lundfill, and Buraivg of Hazardous
Waste Directives: and (he ﬁhlpmu’nl of Waste Repulation. Do NOT re-use eontainers. Triple or
pressure rinse empty containers. Pour rinse water ino spray 1ank. Properly rinsed concainer can be
disposed us u non hazardous industriat waste. Siare for colleution by upproved waste dispusal service.
Recycle i appropriate facilities/cquiptnent availuble. Recycle tive non-bazurdous coowiner only when
a proper control on the end use of the reeyeled plastic is possible, Suitable for indusirial grade
recycling only. Do NOT reeycle plasiic that could end in any human or food contact application, This
package mects the requirements for enerey recovery, Disposal in a incinerator with encrgy rcovery is
recommended,

Use handling recommendations in Section 7 and personal prolection recommendations in Section &

MONSAN () Furope S AN V Fa
Mansanw Amenity Glyphosate XL Version: 1.0 Clfectve dule: 03022017

14. TRANSPORT INFORMATION

“Che data provided b this seetion is for formation unly, P)
classity your shipment for transporation,

apply the appropriale regulations to pruperly

ADR/RID
[EH] UN No.: Not applicable.
142 Proper Sbipping Name (Technical Namt if required): Not reguluted for fransport under ADR/RID

Regulations.

143 Transport hazard class: Not applicable.

Ha Pacl».mg Group: Not applicable.

145 hazards: Not appli

46 .sp«ml precautions for the user: Not applicable

1Mo

140 UN No,: Not applicable,

142 Proper Shipping Name (Technical Name if requircd): Not regulated for (ransport under IMO
Regulutions

145 Transport hazard class: Not pplicable,

144 Packing Gronp: Not applicablc

145 Environmental hazards: Not applicabie

14.6  Special precautions for the user: Not applicable

147 Transport in bulk sccurding tu Annex 1 of MARPOL 7378 and the IBC Cade: Nt applicable

TATA/ICAQ

14,1 UN Na.: Not applicablc

142 Proper Shippiog, Name (Technical Name if required): Not regulated for transport under
IATA/ICAO Regulations

143 Transport bizsrd class: Not applicable.

M4 Packing Group: Not applicable.

145 hazards: Not

146 Special precautions for the user: Not applicable

15. REGULATORY INFORMATION

150, Sufety, heulth und environmental regulutions/lcgislation spocific for the substunce/miature
i Do not contauminate water with the product or its conainer.

152, Chemical Safery Assessment
A Chemical Safety Assessient per Regulation (EC) Na. 190772006 is not required and has ot been
pertormed
A Risk Assessment as been performed under Regulation EC 11072009

16, OTHER INFORMATION

The mfnrmannn gm:n here i is nr neces il ive but is ive ol relevant, reliable data
Follow all i i
Piease consult supplicr il further information is needed

I'hls Sall:l\ Dala Sheet hm hten prepared following the Regulation (EC) No. 190772006 {Annex (1) as last amended

Il b:gu‘um changes versus previous edition,
In this document the British spelliug was applicd

€ luswifiention of components
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MONSANTO 1 urope S.A N Page: 1010
Monsanta Ansenity Glyphosare X1 Wk, 100 I Meclive date U3.02:2017
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U1K Cainu serious ere daimee
HA12 Hanuli Ufe with Tong D nang elce s
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1 idnutes

Jat A fabed (manutaciurer sell=clantlicauing

1y 1L label (Anaex 1y
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bR U amannfucurer seffelassilication)

18 St f e g sl T

atmisrrs, b, WL hcrmen (nxem Liomand) | el u--:—
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Although the information wid recommendations sl forth herein (hereinaller *Inlormation”y are
presented in oud faith and belivved & be correct as of the dute bereot, MONSAN 1O Company ur iy
ol 1y subsidiaries makes 0o representtions as v u e cutmpleleness or aceuracey thereoll lnfommtion is
supplied upun the condition thal the pesens 1eecis ing same will make their uwn determination as (@
ito suitabiliy for the puiposes prior t¢ use. In no event will MONSANTO Company o any ol its
subsidiaries be responsible for damagss of any mature whatsoever resulling from the use vl or reliance
upou infurmation. NO RLPRLSLNIATIONS OR W ARRAN LS, LUTIER LXPRLSS OR
IMPLIED. OF MERCUAN FABLLLTY, EIINLSS FOR A PARCICULAR PURPOSL OR O ANY
QIUER NATURETARE MADE TEELUNDER WITTRESPECL 10 INFORMATION OR 10 111
PMODLCT T W H_IL_'H INFORMA 10N HEEFERS

Safery Dara Sheet (SDS) Annex

Chemical Safity Report:

Itead and Jollow lubel instructions,

_SmmrEaAT LT Lind ol document

New-Way Weed Spray - product label

headland Ezme

AMENITY PROD

NEVWV-WAY
WEED SPRAY

e s s sy o,

L ummmn_ At apary e
-

4x5 Litres €

STKIOHEFRO |
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NEW-WAY
WEED SPRAY

Ounhlﬁlﬁ::ﬂhc-iﬂnm WD I.Bl!

h”mﬂkmlmﬂq:_ church yards, on pathways,

and pﬁhﬂﬂmﬂmm
Déctributed ey Hosdiand Amenity Limine
1-3 Frmeman Court, Jarman Wiy,
Royswon, SGI SHW
Tk 01763 35555

I S 5 litres €

Diriintec by Headinrd Amenity Lisited, |-3 Frasman Court, s Way,
headland Reynon, Herdordehir, SGB EHW Tek 01750 285540 Wha;

Contains Akohol ethaxylate, €13 EC 931-136-8; Acetic acid 240gfl EC 200-580-7  MAPP (5319
For weed control in parks, amen mmd:huuhrw&.mpﬂummw

BB~ NEW-WAY WEED SPRAY 5 Litres @

domestic, Industrial and public and similar shustions.
Tha Control of Subsances Hazardous to Healkth (COSHH]) Regulations iy apply 1o the usa of this product at workc
| ERANGIN 4 o iy o Pt s
BT Comay rertons oy dumage, ol s —ﬂm“-h—ummm
| HILE Conmas it Ervteatien. 3 mmmmh
103 g et of mmmad of dirnn, e s
P23 Rl b b . .

PUE Vi st ghoves Nm:mm“mu-ﬁn.md_dm
Rttt o) :r:bm g = Tt Maserisl wed 1 COFTE S st be dmmmd
£l -

FIPTRI B ON G Wt v
oy of e, Pt . e
| PRGFES | PTM H YE es E lnf e
| ool wih s I
By sy lemsesf prames wd wwy 10 do. DIRECTHONT FOR ULE -
| S rutiy TANTY __'
P31 wmadiesly £t 8 FOBON CENTER/door: nt
| ! Fover- Wy Viwed dprey
| mal A i Sy ceve g e g
{1y ey e | . ™ ’ o
IMPORTANT INFORMATION N = ks g :
FOR USE ONLY AS A PROFESSIONAL HERS!CIDE rwing vensen. M O o 55 e
AND RCSSRLLER aar Arves of usm

A ey ot "] M-y | =l
Fard surfaces. o r e -
Maujmum Individus) dose: 25 m! product per .
Haotrum surer of & i ar byforn
| ©xar vpech et Acnm A by emel of 1 AR e o g, siring
7 clays s b clasrvid Sesvess saplasions. e ¥ ocmmry whr e gt i dwa

T BAA MANNENTHAT 18 BICONBETENT o,
M | voloror of Nerw-Way Wead i1 D vebames of elan s it b
mmﬂﬂ‘mw medwaMWdeﬁnmq i
b bl o g etk o wesc
| PROTECTION PRODU! b -y
GAFETY PRECAUTIONS H ,"',.'"'."’mmn”m'““"""""“'
Dpmraiter protecton
aper s Weathar

Frmsorably racicabis in shdon o el Arsly M- Wy T Raln ster sprayig mey
a—d-q-—wnuanim'rm oo Do rot apply

ESTARE FOTICTIYE GLOVES s by gy,
Mhﬁmwmmﬁ Ayl S proves ety B

Ly » ey B 5 4 gowm
n”-*“‘.ﬂ s e ey o |
A LOMRIL wen wywa, Do fio braace Wiy
r i ow ek o o
WIHEN LEING DO NOT TAT, DR O W sy b 1530 mbmams. Hinsamn 1 4 ——
s In case ol pp T,
et ol i e
= . el oy
) Scrwing or plung may
Emvironmental protaction b andertaken 1a ;o ax the mes of the woeds o died.
Donammmm--w-msnumd =
et Contaminats watar with tha are of emuipmant E
puus-mmum(mmmwhm Wik the sprer bodh leakde and ourkba, b B
wtnt, Avold ia draine
ﬁ_, ad rouds), To protct. Batbmrissilen Heblne wul MarteCey Campryy
mw‘:‘-rmm:‘:m:n e oy e Fumys tmevatin ApS, Abosra] 155, D156 Gifaiafe, Dunriaric.
mmﬂm Terdumirn
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New-Way Weed Spray - material safety data sheet (MSDS)

et AT Y B prme ey JeTOT
headland
SAFETY DATA SHEET
NEW-WAY WEED SPRAY
1 ideriicrion of F sunsdsncainixia s of S g —
Product identifiar
Produd name NEW-WAY WEED SPRAY
Product numbar PST012/5
1.2. Relevant isniified usos of tha sub&tance or miuTs and uses atvised apainst
\dentified uses s a horticubuwralfindustrial herbicide and mosstiler
15, Detala of 0 supcier of tha ety dats shast
Suppllar Headiana Amenily Lid
1-3 Freeman Courl
Jarman Way
Roysion
Hertfordshire
SG8 SHW
+44 (0)1753256550
sds@headiendamenity com
Contact person Wendy Johrson
14, Eespoey lslephone rurer
Emargancy talephone +44 (0)1763 256550 (09.00 - 17.00 GMT Monday - Friday)
National emergency telephane 111
numbar
[secTion 2 Hezas e . ]
2.1, Classifization of the substance or mixtus
Cussasication (EC 12722008
Physical hazerds Not Classified
Heatth hazards Skin Il 2 - H315 Eye Dam 1-H318
Envirormentsl hazards Nal Classified
2.2 Label alements
Hazard pictograms
Signal ward Disvge
Hezed ststements H315 Calaws 3kin #ritatiot.
F31E Dot weoon ye Samags

b g ARSI s & Superseoes date 221G

NEW-WAY WEED SPRAY

Procattionary statements 280 Wear proleclve glavess prolecive clothing eye protecliont face protection
e e H

P305+P3514P336 IF IN EYES: Ringe: cauliously wilh waler for several minules Remave
contact lenses, If present and aasy B do- Continue nnsing

P310) Immedialely call a POISON CENTER/ daclor

P332+P313 If sk vitation oocurs: Sel medical advice/ attention

Bz amin

Suppiemental label EUH401 To avoid risks Lo human hsallh and the snvironment. comply wilh the nslructions for
infonmation Ls8

Cantals ACETIC ACID

ACETIC ACID: 24% (24091

CAS numbor: 64-18-7 EC number. 200-580-7 REACH registration number, 01-
2115475328-30-)X00C

| Flam Lig 3- H226
Shin Corr 1A~ H314

| Eye Dam 1-H318
ALCOHOL ETHOXYLATE, C13 F10%
CAS number; 69011-36-5 EC number 500-2416

Clessification
Aguatic Chronic 3 - H412

The Fuli Teal lor all R-Phrases and Hazard Slalsmenis are Dispiayed in Section 16

| BECTION &: First wd mesturss =

A1, Doacription of rst it massisms

Inhalation Remove person fo Iresh air and kecp comfartable for brealhing Gel modical atienlian if
symptoms are savers or persist

Ingeation Rinse mouth thoroughly with waler. Get mecical allenhon If symploms are severe of persist

‘SKin comtact Take off conlaminaten clolhing and wash |l before reuse. Wash skin Ihoroughly wih soap. and
waler Gl medical aliention if symetoms arc severe or persist ofier washing

Eye contact Rerove any conlac! lenses 2nd opn eyelids wide apan Rinse immediately wilh plenty af
water, Gel medicsl attenton immediately, Continue to rmse.

4.2, Mas! Important sy mwmmm:mwm

Inhatation Imitating to respiratory system

tngeetion Inviloles mucous membranes in moalh and gaslroinleslinal lract

Skin contact Reciness.

Eye contact Eye cantact may resull In deep caustic bums. pain, tearing and cramping of the eyelics Risk

of serious damage 10 cyes | oss of sighl
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e g J4RLITI f— Supemen dnis 24047019 Rewsin dme 74002071 [ SV, Suaeiaeans date 28000013
NEW-WAY WEED SPRAY NEW-WAY WEED SPRAY
43 L) Long-term exposure limit (8-hour TWAJ: WEL 10 ppm 25 mg/m? vapour
Specific freatments Treal symplomatcally Short-temn expasure limit {15-minLte): WEL 20 ppm 50 mgfm? vapour
WEL = Workpiace Exposura Limit
(BTN Pt e ]
Extinguishing media ACETIC ACID (AL 64157
Suitable axtinguishing media  The mixlure is not classiied a5 flamniable. Use fre-cxiinguishing media suitable for the L - P
surrounding environment Warkers - Inhalalion; Long lerm local elfecls 25 mg/kg
Unsuitable axtinguishing Da nol use waler jet as an expnguishar, as thrs will spread the fire, General papulation - Dermai, Shorl lerm local effects: 25 mgrkg
medta Caneral popuiiticn - mhalatan Long farte 53 effocts 25 ngag
5.2. Spocial hazards arising fram the substancs or mixture PNEC - Fresh water: 3.6 ma/l
- hwatar); 11.4
Specific hazards Product decomposcs in fra and may ralease toxic gases such as carbon mionoxide ang . ;T";i’:é:;fk;”“ i 114 mafkg
hydrocarbons -5TP: 85 mg!
Liizn forfeelbless 82 Expasurm controls
Proloctve actons duing & e i Mhet Hik. Avosd Drsiting Ve gokes ot Eyeltace protaction Use approved safaly goggles or face shisic. Parsonal protactive equipment for eye and face
frefighting vapours protoction should camply wilh European Standard EN166
Special protective equipment - Wear pusiuve-pressure sall-ctntained brealhing apperatus (SCBA) and appropnate proleclve Hand protaction Wear prolective gloves. Butyl rubber To prolcct hands from chomicals, gloves should gomply
for Arafighters clalhing ity Eurngean Stancans ENITe
& Accidontal neasss messues 1 Other ekin and body Wear protective clothing. Boots
6.1. Parsonal precautions., uprent and protection
Wesr suttabls prolective squipment, Including glaves, gogglesiiace shield. resprralor, boots, Hyglene measures Wash hanes (horoughly after hanaling Do not aat, dnink or smoke when using Lhis product
g o apree, 34 aprooie Remove conlamimalad clolhung and profecive equipment bafore entaring eating areas
Respiralory protaction It vertiiation 1s Inadequate, sullable resplratory proleclion must be wom Gas fier, type €
) Respiralory prolection must conform (0 one of (he following standerds: EN 1367 40/445,
0a ol discharge onta the ground o inin walar courses
Envimnmental expasure Emissians trom ventiauon or wark process equipment shoulo be checked o ensure Ihey
confrols

= = comply with the requirements of environmental protection leglslation
Wipe up with an absorhen cloth and dispese of waste safoly. Absorb in vermiculile, dry sand v =

or earth and place Into conlaimers. and charmos |
5.4 Referance to other sections Information on basic and chomical
Reforunce to ofber sections  For personal prolection see Section 8. For wasta disposal, ses Section 13 m
; e Colourless
[SEETON T, Honsiog v vorvem ]
Characteristic
T.1. Priceutions ko sste e .
Usege precautions Use only in well-ventilated arsas. M EOITAEn Heglali.
i 1
Advice an general Eye wash fecilities and emergency shower must b availabie when handling this product pH EH feoncesiiied ssson) 118
occupational iyglene Wash hands thoroughly afer handiing Meiting point N on Wit
12 Conons bor sale sragn, bkl any nconguathisies Iniial boling paint and range  1006C
Stomge precaullons Keep out of Ine reach of children, Keep away Irom food, drink and animal feeding stufts Store Flash point MO Idrination weidabie
n a cod and well-ventialed place
Evaporation rate No rigrrson svpepbio.
Evapargtion factor Na informalion availahle
semrheleiamcne pectecton |
Flammablily (solid, gas) Na nformation available:
Upperflower lammability or  he inflonration sestatio

exphasive fimits
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Ravsen aale 721027071

Vapour pressurs

Vapour density

Reltive dansity
Sokublityfles)

Partiton coafdent
Aulo-gnition tsmparature
Dacompoaition Tempersture
Viscoalty

Explosive properties
Oridising propertiers

9.2. Ottw information

Rewion 5 Sporscen dais 24TA0TS Svvere pae S
NEW-WAY WEED SPRAY

No infomalicn availsble Anila ity halation

Me i mmen a1t (LC= vapoura mgf)

1085 Species

Miscible with water ATE mhalation (vapours
mgih)

No infomation avariable

No infomalion availahte

N infomalion availabls Aauta torely - ol
Acute taxichy ol {LDwr

s72mPas@°C

R mg/kg)

No infomation avarlable
Speces

Does nal mee! the critia for dlassificatian as oidising
ATE orel {mirkg)

Rewson 5 B . S5
NEW-WAY WEED SPRAY

400

Ral

400

ALCOHOL ETHOXYLATE, C13

20009

Rat

2,0009

10.1. Reactvity 121. Toiety
Raactivity Strong reduang agenls. Slrang axidlsing agents Sirong akalis Letopeal infonmution oh pudients.
102 Chamical stabiity

Stabilty Stabke at nornal ambient g when used as Acute uquatic kaxiclty
102 Pty of hassmees mest L
Poagihlitty of hazardous Nu palenlially hazardous reactions known

reactions

10 4_Conitiona to avold

Acuts taxicity - aquatic
invevTebrEtes.

Conditions to vold None known
10.5. Incompaibla matorisis S ey i
plants
Matertats to avold " Ee Stpng ks
Acata oty -
108 raraniom Secomptamon producss icroorganisme
Thermal or mey liberale carbon axides and other loxic gases or
vapours
— - Acule aguatic taxicity
Acate torictly - Bsh

Acute toxicity - aguatic

SECTION 12 Ecclogical itommation

ACETIC ACID

LChw. 96 hours: 300 B2 mg1 Freshwaler fish

LCua 96 hours 300 82 mg1 Marinewaler fish

LC. 21 days 522 mgl Gneorhynchus mykiss (Rainbaw trout)
NOEC, 21 days: 34 3 mg/! Oncorhynchus mykiss [Rainbow Lrout)

ECa0, 48 hours: >300 82 g/, Daphnia magna
NOEC, 21 days: 31 4 mgil Daphnia magna

ECsu 72 hours: >300 82 mgl, Shelelonema costatum

NOEC. 16 hour: 1150 mgi, Pseucemonas pulida

ALCOHOL ET4OXYLATE, C13

LCu, 96 hour: 2 5 myl Biachydanio rena (Zebra Fish)
ECz0. 30 days® 1097 mg/l Pimepheles promelas (Fal-head Minnow)

ECu, 48 hours 1 5 mg/l, Caphnia magna
ECa I dawe! 014 Mg, Oigphines magrss
ErC20, 72 howrs, 0 579 mg/, Desmocesmus sutspicalus

ErC50, 72 hours: 2 5 mgil, Scenedesmus subspicatus.
NOEC. 72 hous 17 mg/l, Scenedesmus subspiealus

ECu, 3 hours: 140 mgl, Astivaled sludge
E£Ce 168 hours: » 10g , Fseudomenas putida

ETean Invertobrates

Acun osicly - aral Acute toxieity - aquatic

Acute toxidty oral {LDe  3,2100 plants.

mo/kg)

Specles Ra: Acute toxicity -

TE ors () microorgantams

ATE oral (mg/kg] 3,210.0

12:2 Persstenca s
Acute taxicty - Inhalation e
and The proauct s

121 Breccureisve posndnl
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Revinon ame 240072021 Rervinlon: 5 B b Jeiwitty
NEW-WAY WEED SPRAY
potentis! ion is unikely.
Parfiion coefficent. No Information avallable
12.4. Mohillty In 508
Mobiity The product cantains o least one substanse with low soil mobility.
12.5. Ramits of PBT and vPvE ssasesmant
Rowss of PET and o8 Ths coekan sy PRTor il
RO

e orics e
[SECTION 13: Dissossd commierstors = |
13.1. Waste breatment methads.

Gorarl formason g SRhane b S of sface watar. Collort wolls snd wane in dosed, leak-proof
ctinbanges i gl il e e P waske

“.LI.IIEE
UM . (ADRIRID)
Uné o, (nG)

U No. (WCAD)
N No. (ADN)
14y Nanag

Pripr stipgang rans ACETIC ACID SCLUTION
(ADARD)

Proper shipping mme (IMDG) ACETIC ACID SOLUTION
Proper shipping rame (IGAD}  ACETIC ACID SOLUTION
Proper shipping name (ADN)  ACETIC ACID SOLUTION.
14.3. Tranepor! hazard ciase(as)

ADR/RID class L]
ADRRID casstomtion code  C
ADHMID et a8
IO cma L]
KAD caneidreaan |

L]

Revion ame 24100:2021 Reshion; 5 At s STV
NEW-WAY WEED SPRAY

HCAD pesing grove "

ADH paciing group "

A8 ey

No

148 Scec pracatens b usee

Emb F-A, SB

AR gt catiglrty 3

Ermmrganty Acton Code 2R

Hazand desstcamon hamtae 1o

(ARSI

Tuswol rosiriction code [G]

147 s 6 Annes | of MARBOL and e HIC Cose
.—-2&:#—:::—_—_.—5‘* - — ]
15 1. Sarloty, heaith and srvionmersal rgasicnseoilanies soelic for tha subkiancs or misure

EU leginiation Product Registration Number: MAPP 15319,

152, Charvenl i}
A Crurtrcal wabaly ALmae s (s Doy ot oud

!__..’ﬂ* ] i

Ravislon comments Scton 22 Soooiorormal st Wlumoner wpasiss Soceon 13 & e aovana oo
updatad Supplier company address Lpdated Emergency contact details updated

A e 24/0272021

Fuviasn 5

Suporuodea cat 2410672019

Harand satermands ol H226 Flarmmable Iguid and vapour.
H314 Causes severe skin bums arid eye damage
H315 Causes skin iritation.
H318 Causes serious sye damage.

Thi inflermrastion sty cndy and oy -
s aify 8P Vel (e 0y g Sy edonmalin ;. i B e oA Van Gomgany's Miow e aeed bt accurie
mn&hﬂu’”mn‘ﬂw.mmmﬂymmamhmhtmmw
EOPToetiarats ¥ 6 Pl ube ) fetttamiiity ¥ 1 U taatutiley o
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Foamstream® - rnaterial safety data sheet (MSDS)

SAFETY DATA SHEET. weedihgtech

Wieeding T?d:‘mllmir: Lid, Unit 2
FOAMSTREAM V& (IN USE). s ekt K

SECTION 1 |DENTIFICATION OF THE SUBSTANCE/MIXTERE AND OF THE COMPANY ! UNDERTAKING
‘ e bl y/ 1. Prochaet ldentifer
herhicide- free blead
of plant oils & sugats

o4 oy EDRMGTREAM VA [N UDD
1.2 Ubwweatn! el giitifhed usuu OF ) BEDILBRSS o

tuirw sl Gwes, acfvimadd apaiiad
a raru Anport of & wood kil ing syatam
FeEleicted uav i aay wdathes
¢ amil e

# 1.5 Duinile of the sspallen of it sty data stmat

i Weaeiing To<hinalas) o

lefetparniingtanh oo
# 18 Ednrginiy Ladipl fim raenar

OOED (Mt F i) 0 001 7200

+ 11, Clesuitication of thw substarce of misture
- FOAMSTREAM V: 4

L7 This has no o ssificaton under CLF
2.7. Lakal shrmarts

I
1!1
w

& ThiR rodest b oo Lined o

prre i
1.5 Oerwr hagarcs

il
i
{11
i
I
|

i
|
‘&

|

|
|

% predust i ol Wentified a2 PATHPWE ubitaece

|
‘1%3

|

: COMPOSITION  INFORMATION ON INGREDIENTS

# LT, MERMITHE

Selnlitnr Nape

ii"
1
Sl

o k4. Derseriptoon of It sid masscre

Wty anmaaiatety will plandy o sesg ae wile

i WEEH TRIPJETG mates S Y suinton
Woaali UL TDULH Wi e

Mot opiriicssle
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\: FLRST AID MEASURES [CONTINUED] HAMDLING AND STORAGE

+4.2, Most important symptoms and effects, beth acute snd delayad
Skincontact;  Thera may be mild irritation at the site of contact.

#7.1, Precautiors for safe handling
Handling 12quirements: Avold direct contact with the substance,
Eya contact: Thera may bo irritation and redness. Ermure ety bs wafficient weittilition 2 (ha ares
lngestion: Thora may be irritation of the throat. + 7.2.Conditlons for safe storage, Including any incompatibllities
Inhalation: Ne symptems, Sterage conditons: Store in a cool, well vantilated ares Keep contalner tighlly closed,
Dalayed / effecis iate effacts can b & attwr Suitable packaging: Must only be kept In original packaging.
+4.3. Indicatian of any immediste medical attention and spaclal treatment naeded

1speclal Not

[ oochomoksms | EIPOSURE COTROLS | F3SOHALPROTEETION

+ 5.1, Extinguishing madia +8.1, Control parameters
i mediz Suitable extinguishing madia for the surrounding fire should be used Narkpl limits: W comtr! inits ivsllildy
Use watsr spray to caol cantainers

» 8.2, Exposure controls
+6.2 Spacisl hazards arising fram the auhetance or mixturs iwil iy meanires Enuing thiie i saificlent vomaaticn of the srea
Exposure hazards: Nonae identifled, Resplratory protestion: Mot westally foquired. U 1o well ventilated amus and
+53 Advice for fira-tightars formation of spray or aerosols
Advice for fira-fightars: Fite aar tiathing and b i Hand protestion: Protactive gloves.

SPPA ATUS 33 BPDICETIBtE Eya pratection: Tighty fitling safety goggles Ensure eye bath ia to hand,

SKin protection: Prolective clothing
ACCIDERTAL RELEASE MEASURES Environimental No special requirement

+6.1, Perzonal p i § and gency PHYSICAL AND CHEMICAL PRO
Persanef precautions: Refer to saclion & af SDS for puracnal protaction details.
Turn leaking containars Isakside up to prevent the escaps of liquid, 9,1, Information on besic physical and ehemiical proparties
*+ 6.2. Envirenmantal precautions. Stale: Liquid. Flagh polat’C: No data avallable
Environmantal precautions: Contaln ths splllage using hunding. Colour: Fale yellow Autoflanniabilily*c: Na datz avallable,
+ 6.3, Msthods and mataris! for cantainmant and cleaning up Odour: Characterlstic adour. Refative density: No data avallable,
Evaporation rate: Negligible VOC g/ No data avallable
Oxidlsiny: Non-oxidising Metting pointrang No data available
=B Referance 1o othar ssctions (by EC criteria)

Referance to other sections: Rafar ta saction 8 of SDS,

Clean-up procedures: Absorb inta dry arth or aand. Transfar to a clossbla, labellad salvage
containar for disposal by an appropriata mathod

upper; No data available

Solubltity I water: Miscible Partcoetf n-octanaliwater:  No daty avaliable

Viscogity: No data avallable Vapaur pressiire: No data avaiizble,

Boillng point/range C: No data avallable pH: No dala available

Flammabifity linits %: (ower: No data avallable

Foanislream Foamﬁlream
ik £/ e —

sty Bty N UL 1100 N L
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+10 1. Reactivity
Stable undar r transport or siorige conditions.

+10.2. Chemical stability
Cromical stability: urder normal
+10.3. Posalbliity of hazardous reactions
Hazordous reactons: will not oceur under no1mal transpart or

storsga canditiona.

o jon may seeur cn exp i wnaterials listed below,
+10.4, Canditions to svold
Condilions 1o avoic: Haar
+10.5. Incompatible matariss
Matariale to avor: Strong o<idising agents. Strong acids
+10.6_ Hazardous decomposttion preducts
. sting, grediontal Many Telsess Mumesor
heated to decompasition

1. TORSCOLOGICAL INFORMATION

+11.1. Information an toxicalogical effects.
Toxicity values: This product is nat considersd to be aculsly toxic.
* 112 Symotonm / Houee of ok poaure
Skim santact) Thane sy be mild wrrnven st the sita ol gonact
Yo emitact: There may be imitation and redness.
RQ There may be writalon of Me el
inhalatian: No symptoms.
Delayed / immediare sffocts: Immediate effacts can be sspweted it yhert i sipiewrs
Otker information: Not applicabla

12: ECOLOGICAL INFORMATION

+12.1. Taxicity
Ecotawicity valuas; Not sxpsctad 1o bs 1oxic In the anvironment
122 Parsistance and degradatillity
ot Bkt e eyl ol U Dindegradable
+123, Bicaccumulative potantial
ko bit ion potential

Foamelream
g —

CCHPILATON DATE. 22111y

U 12 ECOLOGICAL INFORSIATION (CONTINLED)

+12.4, Mobility in sail
Mobulity: Readily absorbad Into soll,
+12.5. Results of PBT and vPvE amessmont
This ptacuct 1 Dot ioniMed s a FIT APl subistanse.
+12.6. Other adverse effects
Othar utiveise sftacts Nagligible acotoxicity

TICK 13 DFSPUSAL CONSIDERATIONS
+ 13,1, Waste traatment methods

Disposal operationa: Dlspose af in accordance ~ith lscal regulatians.

Disposal af packaging: Claan with water. Diapot 8 of as normal industrial waste,

(4 14 TRAMSPORT INFORMATION

Transpart clazs: This product doss not Feqiare ¢ clsasdliatan M srankpert.

3. REGULATOR™ DiFDRMATION

+ 15,1, Safaty, haalth and mrwhin
mixture

Specific regulations:
« Broposition 65 (Californta)- Nune of the ingrediente » listed

«'ISCA (UNA): All ingrealients are listed

Othar mformation, This safaty dats sheot is prapared in
{EU) No 2015/830,
* indicates text In the SDS which has changsd sirca the ast revision

Logal disclaimor: The above information is bahavad to ba correct but does not purport te be all
inclusive and shall be usad only oo a guida. This company shail not be heid liable for any
damaga resulting from handiing or from contact ~ith the sbove product.

Foam'ﬁ!r'eam
s

COMPILANON DATE T2 1412
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Appendix 2 - LCA report

S AGRIEPICENTRE

Life Cycle Assessment on Pavement Weed
Treatment Evaluation

Dr Vrisha Taop
Chlat Technical Otticer

Agri EPI Centre
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Contents
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References, -

FenErcanThE

AGRIEMCENTRE

Sy et

1 INTROOUCTION

Life Cycle Assessment (LCA) 1s 3 structured, o ard ional method It
quantifies ali relevant emissions and resources consumed and the related environmental and heaith
Impacts and resource depletion issues that are associated with the ertire life cycle of any goeds or
services ("products”)

The framework used o conduct 4 LCA 18 shown i Figure 1. This shows the stages of an LCA and the
direct applicarions of the results

[P ——
Ooud e scopn ~1
dtmpen =

U r——
| | Pramus aedopri
s St parvirg
sy, ot e ke ooy matiny

i i

et -

| memomen

The LCA detalled in this report has been conducted 1o the intérnational standards in LCA SO 14040 and
14044 (Arvanitoyannis, 2008) And uses best practice outiinec in the Internatioral Reference Life Cycle
Data System (ILCD) which was developed (o provide guidanze for consistent and quality assured Ufe
Cycle Assessmient data and studies (European Commission  Jairt Rescarch Centre, 2010)

An evaluanion of the efficacy of diffecent pavernent weed con rol methods was undertaken across the
Crty of Cardiff by Advanced Invasives for Cardiff Counal Full deteils of the methodology and results can
oe found in that report. As part of the evaluabion three different weed control treatments were.
cvaluated ol nputs of the treatment were measured and Ls dala was be used for calculations in this
LA

There have been studies an weed treatment technigues in amenity areas done previously but none have
apphed a full LCA done by an independent expert on the treatrnent systems in Lis study 1o assess the
environmental impacts of the different miethods

2 GOAL OF THE STUDY

The goal of Lhe study 1s Lo compare the weed reatments Tested in the study 1o determine which has the
lowest envirenmental impacts Therefore, a c ive LCA will be on all three
tested in the sturdy conducted with prmary usage dala providzd by Advanced Invasives

Jhis study will be presented to Cardiff Council for decision maxirg on pavement weed treatments A peer
review has been undertaken exlernally by Dr Sophie Hocking »Department of Biosciences, Swansea
Uniiversity) o the study which allaws for this use following 1SO guidelines.

the intended audience for this LCA is weed control specialists within Advanced Invasives who have

experience of accessing LCA results and members of Cardill Cauncil who have not, Therefare,
methodologies lor nor-expert distibution have beer lollowed so normalisation and weighting of resulls
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AL

will nat be used This LCA report should be used in conjunction with the weed contral trial report in
which the methodology for the trial and data collection s detailed,

3. 5COPE OF THE STUDY

Functional unit

The function of the products in this study are to treat pavements for weed control. The functional unit
was determined as 1 km of pavement treated, The efficacy of treatment is assessed in a report that
preceded the completion of the LCA The funcuanal umit quantifies the amount of each product used to
Rive weed control to an equal efficacy.

System boundaries

Allinputs into the praduction of the treatments have been included In the system along with the inputs
inte the production of tap water which was used by many of the treatments Pelrol and diesel use have
been included where used in the treatment system. Production of equipment used to apply the products
and transport to the treatment slte has not beer ncluded. A general system boundary is shown in Figure
2,

Sntem Reandary - Saen aufydde nef eelpfod milA

Figure 2 ~ Geueral systerm bounaary
The Ecoinvent database 3 in Simapro release 9.3.0 3 was used to in all aspects of the LCA.

Where possible European data was used for the inputs into the process with global data only selected
i Tt wan it avalsble

This LCA was conducted In 2022 using the data available for production, use, emissions and waste
scenanios available at that time in Ecoinvent and Simapro, The LCA will need to be updated regularly to
capture changes and to keep the results current. This particularly important if product formulations or
usage changes

Allocation s embedded into the database on the fallowing principles. The system model ‘allocation,
recycled content’ or 'cut-off' is based on the approach that primary production of materials is always
allocated to the pnmary user of a matersal. If a material is recycled, the primary producer does not
receive any credit for the provision of any recyclable materials, The consequence is that recyclable
matenals are available burden-free to recycling processes and secondary {recycled) materials bear only
the impacts of the recycling processes. Also, praducers of wastes do not receive any credit for the
recycling or re-use of products resulting out of any waste treatment

&2 SRIEPICENTR

Assumptions and limitations.

Informatian or the treatments and their constituents were gained from product iInformation printed on
product packaging and M5DS sheels

Further rfanfication on product composition was requested in e case I Foamstream but no further
information was gained frorn the manufaclurer Due to being unable Lo get an exact cormposilion of the
product Rapeseed oil was used as thy reference product for 1he LCA as informanen obtamed indicated
thal Lhis was the majority constituent. Other items such as plant busks are also referenced but not
included as no detalls as to the gmaunts in the product could be obtained This emission ir the data will
result @ very wmall underesumation of the ermissions for this trealment and further modelling would be
recommended if more product detulls covid be obtained

Standard Ecoinven database duta was used for all other products bdsed on the information provided by
the manufacturer.

Impact categorles and Impact assessment method

ReCiPe 2016 Midpoint {H) V1.04 / World (2010) [Hierarchisl) melhod was used to calculate the [mpdct
caregones which are as showr below i Table 1,

Totic |~ hrpnc T 3 eguran 9 i L2 A s € skatnd by A 1P K716 Mot {60) 1 1K/ Wiprtd {204G) M imethond
Impact category Unit
Global warming kg CO2eq
Stratospheric ozone depletion kg C+Clleq
lonizing radialion kBq Co-60 eq
Ozone lormation, Humar health ke NOx eq
ke particulate maller formalion kg PM2 5 ey
Ozone formation, Terrestiial ecosysterns kg NOx eq
Terrestrial acidificanon kg 502 eq
Freshwater eulraphication kg P eq
Manne eutrophication kg N eg
Terrestrial ecotoxicity kg 1,4:DCB
Freshwaler ccotoxely kg 1.4 OCB
Marine ecotoxicity kg 1.4:DC8
Human carcinogenic toxicity kg 1,4-DC8
Human nen carcinogenic toxicity kg 1,4-DCB
Land use mZa crop eg
Mineral resource scarcity ka Cu eq
Fossil resource scarcity kgoleq
Water consumption m3

Normalisation and weighting

Due 1o the target audience for the LCA no allocatior or weighLing was used in the production of the
results
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4. LIFE CYCLE INVENTORY ANALYSIS

Process flowcharts
Detailed pracess flows are shown in the figures below for all treatments,

The process flow for the Glyphasate treztment used «» shown in Figure 3.

Iyatems Maatary = i etvidy Al echaind (£

“are 4 5! 6 (ST OROLGTS ITLATMEDE 560 10 7947 1T O] povemea

The pracess flow for the New Wave Lreazment is shown in Figure 4,

Snteon Bousdary - Rermi sutisde et nchfod ALEh

Priscss fows for New Wave. reatneer ¢ 5e2 2 Sreat 1 \m of i

The process flow for the Foamstream treatment is shown in Figure 5

11GUre s Pruacens fiow Jor hursiredt | IR, usel 10 164 £ KD of pusertier

BAGHIEPICENTRE

Data

Primary data way collected as part of the Lral canducted by Azvarced Invasives on all trealinerts
Aggregated data was provided to Agri-EPI Centre Lo use for thi: LCA alorg with raw data for reference
ard query if recded

Clarifiration was sought [rom the data provider to ensure thal an accurate represerlation of the
treatrments was being made and 3l higures used wiere chocked by Advanced Invasives pnor L imnclusiun un
1he LCA and wer e neviewed durnie g Lhe peet review process 1 figures used 1o cdleulate Lhe envissions
are shown n foble 2

ot Nemed | Promus Y 1AM Tewi ihaiem | Pefro e lam |
Sty | o |

P Ve g [
s34 2]

5. Results

The tesults ol the LA are ¢s follows in his section A direct ¢ompanisor was mode between all
\reatments on km of pavemunt treated, the results of wiich zre shown i Figure &

It can be seer [rom above that Fuamstrearn bas higher enviranmerlal impacts i all impacl calegories
caleulated exeapt for freshwater eutroplication

The Setals of (1 otpiimerttal ifteasts lor the weed treatments tested are shown in Tabic 3 below Al
impacls reldle back 1o the Tuncuong unit uf 1km of pavernert treated
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Facremeenree

Fatwe 4 = Rest from compnon of

AIORT WG TRSPIONTS RAVIDANIZEE) PHIEL

Irnpact eategory Unit Morsanic Amenity | New-Way Foarnstream?®
Glyphosare Xi Weed Spray

Global warming, kg CO2eq [ 3.725306632 6.920265219 | 1762954775
Stratosphenc ozone kg CFC11 | 0.00 3.71233¢-06 | 0.000219686
Reliitsl) 20

lomng o dlitica kHq Co-60 | 0333217153 0439734195 | 0 870118207

e -

Osene farmation, Human | kg NOxeq | C.OBEI03155 001745232 | 0064022231

heith i

Fine particulate matrer kgPM25 | 000736806 00123352 | 0088506821 |
formavon eq

Dsone formation, kgNOxeq | DOORIAZILY 00186019 | 0066531821
.["""‘”*“"‘ SThAr —_— L f—t —

Ternestrad acsficanion WgSO22q | 0.014106715 0.02609239 | 0214043388

Frashwater eutrophication | g # g 0.005180358 0.002346230 | 0003780143

Marie suthophetion kg N eq 0.000345544 OOOGTSEGE | 0.059807027

Tetewril eplouniy b L3DCB: | 16 26066476 25 20477007 | SK1IAEXE
Freshwaler ecatoxicity kg 14-OCH [ 0250487750 DAFTRTIE58 | 0534874363

Marme sCotomity g 1,4-DC8 [ 031026383 BESISEN1ES | 3 FHIICEN
Human carcinogenic kg 1,4-DCB [ 0,167244515 0236177538 | 6421593391
Loty

Human non-carcinogenic | kg 1.4-DCB | 4.463951492 7370060301 | 4127578603
Loootity

Land uve m2acrop | Q101314072 0127103307 | 33 33581954
Wswtal reputce et E{um- 0o e 00251424/3 | 0.075130588
e v kg oil eq 1337191228 A 7505161 | i b0
Waler consumption i (1,104360548 0186825836 | 1133128599

The pracess flow of Fuamstream was further irvestigated To delermine the major factors contribuling to
s environmental impacts and are skawn 1n Figure 7

L ACRIEMCENTRE

A

eI PR s Lo AT £ 5t e

As there is no one centriboting factor no furlber irvestigation wes rmade ot this stage,
6, CONCLUSIONS

The goul of the study was to compare Ui Uiree pavemert weed beglments delailed in the work done by
Advanced Invesives for Cordifl Council Data was collocted in o detailed, syslernatic woy wiih gllowed lor
dteurale caleulabion of the amount of product used Lo lreat 1 km of pavement for treatment type

As shown 1 Figure 6 and 1able 3, Foamstream Ras higher environmental mpacts iy all ¢ategories
calculaled except for thal of freshwater eutrophication in whick Monsanio Amenity Glyphosate l'ad a
higher impact

e conclusions 1hat zan b made from these resulls 15 thal both Monsanto Anenily Glyphosate dnd
New Wave weed treatinents bave ar overal lower environmenlal impacl than Foamstream; anc the:
wreatment that has the lowest overall environmerial impact 1s Monsanto Amemity Glyphosate

The resulls from thee impact assessment were rol surpusing given the higher number of nputs into the
Foamstrearn system Further informauon from the manufarturers on the overall comnposition of the
trealment would gve more uccuralis results A conservative sppraach was Loken on hiow Lo determine
the camposition of the product from information that was available and this will have resulted in an
underestimanon of Lhe environmental impact. If further informatior becomes avallable at a later dare it
s recominended thal the LCA be recalculated

Ihe resulls above are cornpzrable Lo those found n @ siilar study of weed Lreatmerts for connoling
weeds on Fard surfaces (Depariment for Ervirontment. Foud and Rural Alfairs, 2015) They found that
Ireshwater impacts were the only ores Uhal Glyphosale were higher tkari those of rion herticide
approaches. They had én irtegrated treatmert approach whicn makes direct comparison of tigures
difficull out the findings were comparable in gereral

The conclusions from the LCA are LHal overall Amenity Glyph has less er

impact than the other treatments irs this study, However, these are not slard alore resulls and this
repert should be used In conjurchion with the full study compiled by Advanced Invasives. {Arvanitoyanrus,
2008)
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Appendix 3 - Details of all monitoring sites

Six monitoring sites were identified in each of the three evaluation wards (total
= 18), with a further six untreated control monitoring sites across the City of
Cardiff (overall total = 24). Monitoring sites for each evaluation ward and the
untreated control monitoring sites included two:

e Main thoroughfare routes

e Representative residential street routes

e Residential street routes in close proximity to an open space/parkland

All monitoring sites are provided in the Figures below, together with monitoring
site route distances.

Route type Street name

Route distance (m)

Cathedral Road (Dogo Street 81
to Berthwin Street)

Cowbridge Road (Market 120
Road to Llandaff Road)

Main thoroughfare A

Main thoroughfare B

Residential street A Despenser Place 78
(Beauchamp Street to Clare
Street)

Sneyd Street (Kings Roadto 90
Plasturton Avenue)

Residential street B

Residential street + open Despenser Gardens 80
space/parkland A (Beauchamp Street to Clare

Street)
Residential street + open Plasturton Gardens 141

space/parkland B (Plasturton Place to

Plasturton Avenue)

Figure: Riverside Ward monitoring sites showing route type. street names
and route distanices (m)
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Route type Street name Route distance (m)

Main thoroughfare A Colchester Avenue (Scholars 116
Drive to Fforrd Nowell)

Main thoroughfare B Penylan Road (Ty-Draw 118
Road to Boleyn Walk)

Residential street A Amesbury Road (Blenheim 93
Road to Waterloo Road)

Residential street B Baron's Court Road 178
(Dorchester Avenue to
Hampton Court Road)

Residential street + open Water oo Gardens (Waterloo 133

space/parkland A Road to turning point)

Residential street + open Sandringham Road 81

space/parkland B

(Trafaigar Road to Grenville
Road)

Figure: Penylan Ward monitoring sites, showing route type street names and

route distances (m)

Route type Street name Route distance (m)
Main thoroughfare A Heol Glandulais (Clos NantY 95
Cor to Sindercombe Close)
Main thoroughfare B Heol Pontprennau (Kenmare 96
Mews to Youghal Close)
Residential street A Speedwell Close 119
Residential street B Idencroft Close 75
Residential street + open Cottingham Drive 108
space/parkland A
Residential street + open High Bank 45

space/parkland B

Figure: Pontprennau & Old St Mellors Ward monitoring sites, showing route

type, street names and route distances ().
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Route type

Ward Street name Route
distance (m)

Main thoroughfare A

Main thoroughfare B

Residential street A

Residential street B
Residential street +
open space/parkland A

Residential street +
open space/parkiand B

Llanedeyrn 62-82 Llanedeyrn Road + 79
Bro Edern

Fairwater Plas-Mawr Road 108
(Clos-Y-Nant to Poplar
Road)

Ely Moore Road (Windsor Clive 105

Primary to Moare Close)

Trowbridge 58-66 Coleford Drive 105
Splott 23-57 Whitaker Road 105
Rhiwbina 42-62 Ty Wern Road 105
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