BIOBEDS: THE DEVELOPMENT AND EVALUATION
OF A BIOLOGICAL SYSTEM FOR THE DISPOSAL OF
PESTICIDE WASTE AND WASHINGS

By

P Fogg, A B A Boxall and A Walker

Final Report
August 2000

MAFF Project: PLO527
Environment Agency: R&D Technical report P415
DETR: EPG 1/5/104

SSLRC Contracts JF4107V, JF4225E AND JF3740E

Soil Survey and Land Research Centre
Shardlow Hall, Shardlow, Derby DE72 2GN, UK
Tel: 01332 799000 Fax 01332 7899161
E-mail: soil.survey@cranfield.ac.uk Web: http://www.cranfield.ac.uk/sslrc/




Soil Survey and land Research Centre

SUMMARY
Pesticide waste and washings should be disposed of in accordance with the Code of Practice for the
Safe use of Pesticides on Farms and Holdings (1998) and the Ground water Regulations (1999).
Under these Regulations a site authorisation is required for the disposal of pesticides to land. Due to
the practicalities associated with the recommended procedures and a lack of awareness of the
legislation, many users do not comply with the Code guidelines. An alternative method is therefore
required which is easy to use and cheap to run. One possible approach is to use an artificial

degradation system such as a biobed.

A biobed is a composted mixture of straw, peat (or peat substitute) and topsoil. Studies in Sweden
have demonstrated that biobeds can effectively treat pesticide waste arising from accidental spillages
of concentrate and prepared pesticide. In order to be used for UK farming operations a biobed would
need to cope with much larger volumes of waste arising from tank and machinery washings in
addition to accidental spillages. This study was therefore performed to determine the degradability of
a range of pesticides in a biobed under conditions that are likely in the UK. The study involved a

combination of laboratory, semi-field and field studies.

Field biobeds were established on three arable farms within the UK. Temperature measurements from
within the biobeds indicated a rapid increase in biological activity soon after installation. However,
above average rainfall following construction resulted in the biobeds becoming waterlogged. Covers
were therefore erected over the biobeds to minimise water inputs. The top 10cm dried rapidly to form
an impermeable layer and this combined with an inability for grass cover to establish and higher
volumes of waste being generated than anticipated resulted in low evapotranspiration and prolonged
waterlogging. The studies demonstrated that water management is a key factor in the successful

operation of a biobed and that the design used is probably unsuitable for use on UK farms.

Semi-field studies investigated the degradability and leaching potential of a number of pesticides
commonly used in the UK. Studies using closed biobed columns (i.e. columns with an impermeable
lining at the base) demonstrated that pesticides readily sorb to the upper layer of the biobed. However,
even when covered, the columns quickly became waterlogged below 10cm depth. Whilst pesticide
residues were retained in the top 10 cm low moisture content and a decrease in levels of microbial

activity in the top 10 cm resulted in slow degradation.

Studies using open biobed columns confirmed that the biomix could retain and subsequently degrade
high concentrations of pesticide. Only the most mobile compounds (K, 16-100) leached and even for

these compounds the proportion of applied pesticide that leached was very small. Pesticide leaching
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did increase with water loading but even then <6% of the pesticides applied leached from a column
receiving high water loading compared with <0.2% from a column receiving medium loading. The
performance of the columns receiving medium water loading was similar to currently available
commercial treatment systems such as the Sentinel. Analysis of solid material at the end of one study

indicated that a significant proportion of the non-leached pesticide had been degraded.

Degradation in biomix and topsoil of concentrations up to 20 times the maximum field application
rate of widely used pesticides was investigated in the laboratory. Generally pesticide degradation was
faster in the biomix than in a sandy loam topsoil, the exception being isoproturon at high application
rates. This may have been due to microbial adaptation in the soil used to make the biomix following
previous treatments with isoproturon in the field. Combinations of isoproturon and chlorothalonil had
no effect on degradation rates of either pesticide in biomix whereas in topsoil DT50 values for
isoproturon in the presence of chlorothalonil increased from 17.4 days to >97 days. Experiments
investigating the effect of up to 6 pesticides in combination on degradation rates are continuing as are
repeat application experiments to determine whether the biobed microbial community will adapt to

repeated treatments of pesticides resulting in enhanced biogegradation.

Studies to date have therefore demonstrated that a biobed can treat high concentrations of pesticide.
Even at high water loadings, the amount of pesticide released from the system will be less than 0.2 %.
Mixture studies indicate that the performance of the biobed is not as sensitive to pesticide mixtures as
soil. Field and semi-field studies indicate that water input to the biobed has to be managed and that of
the two simple systems investigated to date an open system is the most appropriate. Very high
temperatures were measured in the field biobeds, however these could not be maintained in the
laboratory or semi-field studies. It is therefore likely that degradation and hence removal in a full

scale working system will be even greater than observed in the laboratory and semi-field studies.
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1 INTRODUCTION

Pesticides play an important role in the success of modern farming and food production. When used
according to the label instructions and with appropriate precautions, pesticides present a minimal risk
to the environment. The Food and Environment Protection Act 1985 (FEPA) places a special
obligation on users “to safeguard the environment and in particular avoid the pollution of water” and
under the Water Resources Act 1991, it is an offence to cause or knowingly permit a discharge of
poisonous, noxious or polluting matter into any controlled waters without the proper authority. More
recently the European Directive on Groundwater (80/68/EEC) has specified specific measures to
protect ground water from, chemicals which should be either prevented (List I) from entering
groundwater or those for releases to groundwater should be minimised (List I1). Pesticides are
classified as either List | or List Il substances. The Code of Practice for the Safe use of Pesticides on
Farms and Holdings 1998 forms Part 111 of the Food and Environment Protection Act 1985 (FEPA)
and the Health and Safety at Work Act 1974 (HWSA). The Code of Practice provides practical

guidance to farmers and growers engaged in commercial crop production in Great Britain.

There are a number of potential sources of pesticide waste, these include:

o pesticide spillages resulting from the filling operation;
e unused pesticide in the tank, pump and booms (Harris et al., 1991);
o tank washings resulting from the need to clean the sprayer when moving to a new product; and

e washings resulting from the external cleaning of spray equipment.

The Code of Practice recommends that all filling, washing and disposal activities should be performed
on an area so that accidental spillage's and waste cannot escape from the area and contaminate either
soils, surface waters or ground waters. Any dilute pesticide should be disposed of in an
environmentally acceptable manner and in accordance with the Groundwater Regulations. A number

of approaches are approved, these include:

o application of the waste to untreated or under-dosed parts of the field;

e storage of the waste pending collection by a licensed disposal contractor;

e use of equipment to treat the waste; and

e with appropriate Environment Agency approval application to an area of uncropped land that is

not stubble or fallow and which has minimal wildlife value and minimal risk to Groundwater.
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These disposal methods can be either costly or time consuming. For example, even when self-flushing
systems are fitted to a sprayer, enabling the tank washings to be sprayed out onto the intended target,
availability of clean water often means that the second and third washings involve a return to the
farmyard. Collection of pesticide waste for disposal is extremely costly. Currently available treatment
systems, such as the Sentinel system can remove more than 99.9% of the pesticide waste, however
they are expensive to install and have high operating costs often resulting in the illegal disposal of

waste pesticide and washings in the farmyard.

Recent research suggests that some of the monitored contamination of surface waters by pesticides
results from inputs from the farmyard rather than from treated land (Mason et al 1999). Work in one
catchment suggests that as much as 40% of isoproturon pollution can be attributed to farmyard
activities (Carter 2000). These localised contamination incidents may cause undesirable toxicological
effects on non-target organisms as well as potentially contributing to pesticides levels of greater than
0.1ug L™ in surface water. Alternative treatment methodologies are therefore required to reduce these
localised contamination incidents. These methodologies need to be cheap to use and require low

labour and time inputs.

Biobeds may offer a cost-effective, low maintenance alternative to current treatment methodologies.
A biobed, which is a composted mixture of straw, peat substitute and topsoil, readily sorbs pesticide
whilst maintaining bioavailabiliity and optimising microbial breakdown (Torstennson and Castillo,
1996). The technology has been successfully applied in Sweden to retain accidental spills associated
with filling sprayers. The Swedish system comprises an unlined hole filled with volumetric
proportions of straw, topsoil and peat mould (50:25:25%) with grass either laid or sown on the
surface. A frame is constructed over the bed to enable the sprayer to be parked on top of the biobed
whilst being filled. The size of the biobed is dependent on the intensity of spraying activity and also
on the size of the application equipment. Monitoring of the biobeds indicated that degradation of all

40 pesticides monitored was achieved.

Whilst the Swedish system can treat accidental spillages of low volumes of pesticide the design is
probably not suitable for disposal of tank washings due to the large volumes of relatively low
concentration waste that could be generated. An alternative design is therefore required if biobeds are
to be used as a treatment method on UK farms. The Soil Survey and Land Research Centre were
therefore commissioned by a consortium comprising Aventis, the Crop Protection Association, the
Department of Environment Transport and the Regions, the Environment Agency, the Ministry of
Agriculture Fisheries and Food and Monsanto to perform a study involving the development of

biobeds for use on farms in the UK. The specific objectives of the study were to:

10
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1. establish three trial biobeds on high profile, commercially significant farms where the pesticide
use pattern is in line with normal agricultural practices;

2. to monitor the performance of the biobeds under representative use conditions

3. toinvestigate factors and processes controlling the overall dynamics of pesticides in the biobed
system in order to ensure long-term viability

4. to develop a biobed construction and management strategy

5. to perform cost benefit analyses of the biobed system relative to other disposal options

6. to maintain communication with interested parties on research progress and future applicability

This report describes the results of the study. In Chapter 2, the results of the field-scale studies are
described. Chapters 3 and 4 detail studies performed at the semi-field scale into the leaching
behaviour and degradability of a range of pesticides in biobeds under natural conditions. Chapter 5,
describes laboratory studies into the degradation of a range of pesticides and the effects of mixtures
on biobed performance. The results are summarised in Chapter 6 and recommendations provided for

future work.

11
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2 FIELD STUDIES

2.1 Introduction

A full-scale biobed was established on each of three UK farms in October, 1998 (Table 1). The farms
chosen were high profile to facilitate technology transfer. The biobeds were established adjacent to
the concrete washing area at each farm, the washing areas draining to one point with the resulting

waste being pumped onto the biobed.

Table 1 Locations of field biobeds and characteristics of the farms

Location ArealType Other information
Yokefleet Farms Ltd, East 490 ha, arable LEAF demonstration farm
Yorkshire
Morley Research Centre, 360 ha, arable Farmer members and LEAF
Norwich farm
Velcourt Farms Ltd, Suffolk 462 ha, arable Velcourt farms have 42500 ha
in UK

2.2 Materials and methods

2.2.1 Development and construction of field biobed design

The field biobeds were designed to treat waste arising from a typical arable farm scenario. The
volume of dilute pesticide waste and washings generated is primarily dependent on the number of
times in a given season the spray application equipment is cleaned and the volume of water used to
clean the equipment. It was assumed that a sprayer, of 2000 L capacity, is typically cleaned 20 times
a year. The first tank washings being sprayed out in the field and the 2nd and 3rd tank washing
disposed of on the biobed. Assuming that 10% of the sprayer's capacity was used for each wash the

total volume of waste generated was calculated to be 8000 L.
Holes (1.5 m deep x 39 m?) were excavated using a mechanical digger and lined with sand followed

by a geotextile membrane and a waterproof liner (Plate 1). A 40cm layer of sand was then placed in

the bottom of each pit to act as a sump followed by 42 m® of biomix consisting of 50% straw, 25%
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topsoil and 25% peat substitute. The biobed surface was then seeded with grass. An access tube was
installed into the centre of each biobed to enable the water table depth to be measured and water
pumped out if necessary. The biobeds were instrumented with suction samplers at 3 different depths
(25 cm, 50 cm, 100 cm). Temperature probes and equitensiometers were installed to allow the
measurement of temperature and pore water pressures at different depths. Water meters were installed
to measure the volume of liquid pumped onto the biobed. Initially the biobeds were to be uncovered
however the initial theoretical water balance calculations for the uncovered design underestimated the
volume of water intercepted by the biobed resulting in the need for a covered design. Covers were

therefore placed over the biobeds 107 to 166 days after construction.

Automatic float
switch

to trigger pump

10 cm diametre

under ground

waste Drain, with sediment
Bglckfilled with pipe trap ‘
soi

0.5m

Concrete washing area
/ hard standing,
draining to

one central point.

Submersible
50mm of sand Sides ata pump 205 litre
geotext“e liner maximum max flow 250 barrel
waterproof of 45° slope I/min sunken into
liner 9 metre head the
ground

Figure 1 Field biobed design
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Plate 1 Field biobed under construction

2.2.2 Treatment

Operation of the biobeds was unrestricted with the volumes of waste and active substances applied
being controlled by the farms. All pesticide waste and washings were deposited onto the disposal area
and then pumped onto the biobed. After, each disposal, cumulative rainfall of 10 mm was intercepted
and directed into the biobed. Any further rainfall was then diverted to surface water drains. Generally,

no pesticides were applied to the biobeds until the covers were in place.

2.2.3 Sampling

Samples of each biobed were collected (16 - 45 days) following construction for determination of

microbial biomass.
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2.3 Results

2.3.1 Water balance and temperature

A derived water retention value for the biomix of 9010 L at 5 kPa was calculated with a theoretical
evapotranspiration value from the bed of approximately 19500 L. With the biobeds covered and the
biobeds managed as described, theoretical annual water balance ranged from —7710 to —3650 L (Table
2). No allowance for the initial moisture status of the construction materials was made which would

approximately cancel out the calculated negative balance (Table 2).

Table 2 Theoretical water balance for field biobeds

Velcourt Farms Morley research Yokefleet farms

Ltd Centre Ltd
Area of biobed m* 39 39 39
Disposal area m? 79.9 84.3 64.0
Average annual rainfall (mm) 592 636 667
Pesticide waste (litres) 8000 8000 8000
Evapotranspiration (litres) 19500 19500 19500
Inputs from disposal area (litres)
10mm rainfall after disposal 15972 16860 12800
Biomix retention at 5 kPa (litres 9010 9010 9010
Water balance (litres) -4538 -3650 -7710

Initial rainfall at each site, prior to addition of covers to the biobeds, was 21 - 60% above the annual
average for each site (Table 3). This high rainfall resulted in the field capacity of the biomix being

exceeded in all three biobeds (e.g. Figure 2). After this time the biobeds remained water logged.

Significant increases in temperature were observed in all field biobeds 7-10 days after being
established (Morley 55°C, Yokefleet, 48°C and Velcourt 25°C (e.g. Figure 3). This temperature drop

coincided with water logging in each of the biobeds.
Total biomass in the samples of the biobed material was generally higher than total biomass

measurements for soil (Figure 4). Microbial activity of the biobeds appeared to be dependent on the

activity of the soil used to construct the biobed, i.e. highest biomass levels were observed in the
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biobed constructed using the most microbially active soil. Change in total biomass with time was not
measured due to the overriding effect caused by the saturated conditions observed soon after
construction.

Table 3 Measured and average rainfall at each of the study sites, for the period November 1998 to
January 1999

Site Actual rainfall (mm) Average rainfall % of average rainfall
(mm)
Morley research centre 294 184 160
Velcourt 224.8 166 135
Yokefleet 257.4 213 121

14000

12000 -

10000

Field capacity for biobed
9010 litres

8000 -

6000 -

Volume (litres)

4000

2000 -

22/10/98 +
29/10/98
10/12/98
17/12/98
24/12/98
31/12/98

05/11/98
12/11/98
19/11/98
26/11/98
03/12/98
07/01/99
14/01/99
21/01/99
28/01/99
04/02/99

Date

Figure 2 Volume of water intercepted by the Morley biobed prior to being covered
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Figure 3 Average temperatures recorded at different depths in the biobeds situated at Morley
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Figure 4 Total biomass measured in samples taken from the three biobeds as well as the soil component

of the biomix, 16 - 45 days after construction
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2.3.2 Pesticide waste application to field biobeds

Data was provided on the volumes of pesticide disposed of onto the biobeds at the Yokefleet and
Velcourt study sites (Table 4). Between March and June 1999, a total of 1650 | of waste was disposed
of onto the Yokefleet biobed and 2900 | to the Velcourt biobed. A total of 24 active substances were
contained in the waste at the Yokefleet site and 10 in the waste at the Velcourt site. Whilst actual data
was not supplied for the Morley site, records were available for disposal over the previous year and

these indicated that greater than 90,000 I of waste was disposed of.
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Table 4 Tank washings disposed of onto the field biobeds at the Velcourt and Yokefleet sites

Product

Active substance

Sprayer type

Total volume (1)

Yokefleet site
Topik
Chlormequat
Folicur
Reflex
Landmark
Opus
CMPP
Ally
Moddus
Oxytril
Compass
Falcon
Debut
Venzar
Adsi oil
PDQ
Retain
Grasp
Starane
Terpal

Amistar
Shield
Nortron
Betanal
Magnum
General sprayer

wash

Velcourt farm
PDQ
Herbicides (4)
Totril
Falcon
Nortron + Betanal E
Betosip combi
Laser
Thiovit

Dosaflo

clodinafop-propargyl
chlormequat
tebuconazole
fomesafen + terbutryn
epoxiconazole +kresoxim-methyl
epoxiconazole
mecoprop
metsulfuron-methyl
trinexapac-ethyl
bromoxynil + ioxynil
iprodione + thiophanate-methyl
propaquizafop
triflusulfuron-methyl
lenacil
diquat + paraquat
adjuvant
tralkoxydim
fluroxypyr
2-chloroethylphosphonic acid +
mepiquat chloride
azoxystrobin
ethofumesate
phenmedipham

chloridazon + lenacil

diquat + paraquat

ioxynil
propaquizafop
ethofumesate + phenmedipham
ethofumesate + phenmedipham
cycloxydim
Sulfur

metoxuron

Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection
Direct injection

Direct injection
Direct injection
Direct injection
Direct injection
Direct injection

Direct injection
TOTAL

Bulk mix
Bulk mix
Bulk mix
Bulk mix
Bulk mix
Bulk mix
Bulk mix
Bulk mix
Bulk mix
TOTAL

60
150
30
60
30
90
60
180
30
30
30
30
120
60
60
70
30
30
60
60

30
30
30
60
30

200
1650

400
600
100
300
300
400
300
200
300
2900
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Pesticide disposed March to June 1999
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2.4 Summary and Conclusions

Biobeds have been established on three high profile farms in the UK. Shortly after construction, the
temperature of all biobeds rapidly increased indicating high levels of biological activity. These results
were supported by a limited number of biomass measurements that indicated that the microbial
activity of the biobed mixture is generally higher than observed in soil. The microbial activity of the

soil used in the biobed construction appeared to effect the activity of the biobed.

Two to three months after construction, all of the biobeds became waterlogged.

Covers were therefore erected to minimise the amounts of clean rainwater entering the biobeds and
the excess water in the biobeds was pumped out. However the water content of the biobed remained
very high, the water level being only a few centimetres below the surface of the biobed for much of

the monitoring period.

Once covered, the surface (0-10cm) of the biobed dried rapidly producing a hard layer that restricted
both evaporation of water from the biobed and growth of the shallow rooting grass. The current
design therefore appears to be unable to receive the quantities of liquid that are likely to be discharged

from a farm.

The field studies did however yield some useful information:

1) in order to successfully treat pesticide waste and washings, water management will be crucial to
prevent a) waterlogging and b) formation of a surface crust that limits evapotranspiration;

2) after construction, the temperature of the biobed rapidly rises, if these temperatures can be
maintained then it is likely that degradation rates in the biobed will be more rapid than
corresponding rates in soil;

3) the volume of tank washings that will need to be treated by the biobed will typically range from
1650 to 2900 L during a spraying period with the total volume of waste generated on a large farm
potentially exceeding 90,000 L;

4) typically, up to 25 active substances may need to be treated;

5) the microbial activity of a field biobed appears to be dependent on the activity of the soil used in

the construction of the biobed.
In order to keep the volumes of waste entering the biobed to a minimum the field biobeds were
operated so that such that after each disposal event only 10mm of cumulative rainfall was intercepted

and directed onto the biobed. Results from a monitoring study in the Cherwell catchment (Mason et
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al 1999) suggest that a significant proportion of a spill is retained on the farmyard surface and
released over a prolonged period of time. Biobeds may therefore need to treat all waste water

draining from the disposal site.
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3 SEMI-FIELD STUDIES 1: LINED SYSTEMS

3.1 Introduction

The nature and size of the biobeds used in the field investigations meant that inputs to the systems
could not be controlled and hence the generation of information on the degradation of the pesticides
released to the biobeds would be problematic. Semi-field investigations were therefore performed

using small scale biobeds. The objectives of these studies were to:

1. measure the dissipation of commonly used pesticides in a biobed under natural conditions; and

2. assess the movement of pesticides through the biobed system

3.2 Materials and methods

3.2.1 Study compounds

The degradability in biobed material of a range of pesticides was investigated. The pesticides, had a
range of properties (Table 5) and were those that would normally be applied to a winter cereal crop.
Pesticides were applied as product formulations each containing the active substance under

investigation.
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Table 5 Properties and field application information for each of the study compounds.

Active Koc DT50 | Product Concentration | Application | Application
substance (d) of active rate (I/ha) | volume (I/ha)
substance (g/l)
Isoproturon 100 25 Alpha 500 5 200
Isoproturon
500
Pendimethalin 5000 90 Stomp 400 5 200
400 SC
Chlorpyrifos 6000 30 | Dursban 4 480 1.5 200
Chlorthalonil 1400 30 Cropgard 500 3 220
Dimethoate 16-51 7-16 | Rogor 40 400 0.85 220
epoxiconazole 957- 60- Opus 125 1 200
2647 90

Koc and DT, values taken from Wauchop et al (1992) and Tomiln (1997)

3.2.2 Test system

Forty five cores were prepared using underground piping (20 cm diameter x 75 cm length) with one
end of the cut pipe sealed using a socket. A 15 cm layer of washed sand was placed in the base of
each core followed by a 50 cm layer of biobed mix (i.e. 25% topsoil, 25% Levington Peat Free

Universal and 50% chopped straw).
Forty of the prepared cores were placed, in 5 groups of 8, into the ground at Horticulture Research

International (HRI) Wellesbourne (Plate 2). A further three cores, containing tensiometers, were also

placed into the ground. The remaining cores were used as pre-treatment controls.
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Plate 2 Semi-field residue experiment

3.2.3 Treatment

Pesticide mixtures were applied to four groups of cores, the remaining group was left untreated and
acted as a control. Treated cores received applications of a mixture of isoproturon, pendimethalin and
chlorpyrifos in December 1998 and January 1999; and chlorthalonil, epoxiconazole and dimethoate in
April 1999, and June 1999. Application rates (Table 6) were based on theoretical worst case disposal

rates (i.e. 2 applications of 100 litres of full strength dilute pesticide).

Table 6 Application rates of the study compounds to semi-field degradation experiment

Active substance Application rate (mg/kg) Total quantity of active
applied (mg)

Isoproturon 77.4 1114
Pendimethalin 55.6 800
Chlorpyrifos 40.5 583
Chlorothalonil 45.3 653
Epoxiconazole 5.3 76
Dimethoate 16.9 244
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Following the first herbicide application all of the columns were covered to exclude rainfall.
Acrtificial irrigation was then applied in February, May, July, August and September 1999 at a rate of
10 mm equivalent rainfall to simulate the 10 mm of rainfall allowed to enter the field biobeds from

the concrete wash down areas.

3.2.4 Sampling

The 2 pre-treatment control cores were taken and sectioned into 3 approximately equal sections. Sub-

samples were obtained from each section for total microbial biomass determination.

Cores were collected from the treated and untreated groups on 8 occasions over a 12 month period
(Table 7).

Table 7 Sampling time points for treated and untreated cores.

Time point Days after Days after Days after Days after
Application 1 Application 2 | Application 3 | Application 4

T=0 1

T=1 36

T=2 105 68

T=3 123 86 1

T=4 165 128 43

T=5 260 223 138 89

T=6 322 285 200 151

T=7 365 328 343 194

T=8

Applications 1 and 2 (isoproturon, pendimethalin and chlorpyrifos)

Applications 3 and 4 ( chlorothalonil, epoxiconazole and dimethoate).

On each sampling occasion, 3 treated cores and one untreated core were removed. The cores were
sectioned into 5 sections (0-5 cm, 5-10 cm, 10-20 cm, 20-30 cm and 30-50 cm). With the exception of
the samples taken at T=0 and T=3, samples were sub-sampled (0-10, 10-30 and 30-50cm) for biomass
and moisture content determinations. Sections down to 20 cm depth were homogenised in a food

processor and stored at -20°C prior to chemical analysis.

26



Soil Survey and land Research Centre

A complete weather station was located next to the lysimeter station at Horticulture Research
International (Wellesbourne). Data, including temperature, rainfall, wind direction, wind speed and

soil temperature, was recorded at daily resolution.

3.2.5 Analysis

Methods of analysis are given in Appendix A.

3.3 Results

3.3.1 Rainfall and moisture content

Following construction, 156 mm of rainfall was intercepted by each core. An additional 1.5 L of
water was applied to each core by irrigation. Sixty two days after construction, covers were placed

over the cores to exclude water inputs from further rainfall.

The measured maximum water holding capacity for the Biomix material was 127%. Moisture content
in the top 10 cm remained static (average 52%) throughout the study period. Moisture content in the
deeper layers in the closed system increased over the study period and saturated conditions were

observed below 10 cm by the end of the study (Figure 5).
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....... Standard MWHC

600.00 +

500.00 +
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T

Pre-treatment T=0 T=1 T=2 T=4

Sampling Time Points

Figure 5 Measured water content within the biobed cores
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3.3.2 Microbiological activity

Total biomass in the untreated and treated sealed columns ranged from 141 to 3164 mg kg™ carbon.
Despite considerable variation in measurements in the upper section, biomass in the treated cores
columns declined over the study, whereas the biomass measurements in the untreated cores remained
constant (Figure 6).

2500

OUntreated 0-10cm
O Treated 0-10cm

2000 -

1500 T

1000

Biomass C (mg/kg)

500 -

o T

Pre-treatment T=1 T=2 T=4 T=5 T=

Sampling time point

Figure 6 Mean biomass in the 0-10 cm layer of the closed biobed columns

3.3.3 Residues in the closed biobeds

At the end of the study, highest concentrations of pesticide were measured in the 0-5cm layer.
Concentrations in the deeper layers were significantly lower indicating little downward movement of
the study compounds (Figure 7 and Figure 8). With the exception of chlorothalonil and

epoxiconazole, total amounts of pesticide declined throughout the study (Table 8)
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Table 8 Amounts (expressed as a % of the applied) of isoproturon, pendimethalin, chlorpyrifos,
chlorothalonil, epoxiconazole and dimethoate determined at each sampling time point

Time | Isoproturon | Pendimethalin | Chlorpyrifos | Chlorothalonil | Epoxiconazole | Dimethoate
T=0 81 81 58

T=1 81 87 66

T=2 72 82 62

T=3 43. 40 22 41 52 65
T=4 31 47 25 53 40 41
T=5 40 57 20 63 42 25
T=6 59 81 31 119 74 23
T=7 48 52 22 50 51 18
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Figure 7 Mean amounts (£ 1 SE) of (a) isoproturon, (b) pendimethalin and (c) chlorpyrifos in either the

sections of treated cores at T=5
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Figure 8 Mean amounts (£ 1 SE) of (a) chlorothalonil, (b) epoxiconazole and (c) dimethoate in sections of

treated cores at T=5
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3.4 Summary and Conclusions

Studies using lined cores demonstrated that pesticides, with a range of properties, accumulate in the
upper layer of the cores. With the exception of chlorothalonil and epoxiconazole, the pesticides

degraded in the system.

Monitoring of moisture content quickly indicated that the lined cores needed to be covered in order to
prevent water logging. Once covered the surface layer 0-10 cm rapidly dried forming an impermeable
layer which restricted rates of evaporation. This resulted in saturated conditions below 10 cm depth

within 12 months of construction.

Once the cores were covered, an impermeable layer formed preventing evaporation of water. If the
system could be uncovered and unlined, it is unlikely that this layer would be formed and hence the

performance of the system could be enhanced.
The drying out of the 0-10 cm was also associated with a decrease in microbial biomass in the treated

cores. However, no decrease was observed in the untreated columns (Figure 6) indicating that the

retained pesticide residues may have an inhibitory effect on the biomix microbial community.
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4 SEMI-FIELD STUDIES 2: UNLINED SYSTEMS

4.1 Introduction

Studies using lined cores demonstrated that pesticides are likely to be retained in the upper layer of a
biobed system and will degrade over time. However, the development of an impermeable layer on the
top of the cores meant that the cores became waterlogged. Therefore, further studies were performed
to assess the feasibility of using an uncovered and unlined biobed system for the treatment of

pesticide waste. The objectives of these studies were to:

1. determine the leaching potential of a range of pesticides from a biobed and to compare this with
soil

2. measure the dissipation of pesticides applied to an unlined biobed system

3. determine the effects of water loading on the leaching, from a biobed, of a range of commonly

used pesticides

4.2 Materials and Methods

Two sets of four cores were prepared containing either biomix or topsoil. The cores were constructed
in plastic tubing and contained a 2-3 cm layer of course gravel followed by a layer of nylon voile, a 15
cm layer of sand and a 50 cm layer of either biomix or topsoil. All cores were sited in the lysimeter
facility at the Horticulture Research International Wellesbourne (Plate 3). The base of each core

drained via teflon tubing into 2.5 L amber glass collection vessels.

4.2.1 Leaching studies

4.2.1.1 Treatment

Three of the biomix filled cores and 3 of the topsoil filled cores were treated with the study pesticides.
The remaining cores acted as untreated controls. Isoproturon, pendimethalin and chlorpyrifos were
applied to the cores in December 1998 and January 1999; and chlorothalonil, epoxiconazole and
dimethoate were applied in April and June 1999. A bromide tracer was also applied in December
1998 at a rate of 222 kg ha™ (628 mg core™). The application rates were the same as used in the lined

columns (Table 6).
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Plate 3 Year 1 lysimeter cores at Horticulture Research International

4.2.1.2 Sampling

Collection vessels were monitored after all rainfall events and the total volume of leachate recorded.
If the volume exceeded 500 mL, the sample was taken and stored between 0 and 10°C prior to

analysis. Where possible, a 60 ml sub-sample was also taken for bromide analysis.

At the end of the study (i.e. 217 days after the last application of isoproturon, pendimethalin and 83
days after application of chlorothalonil, epoxiconazole and dimethoate) all cores were removed and
sectioned (i.e. 0-5, 5-10, 10-20, 20-30 and >30 cm). Sections were macerated and then stored at

—20°C prior to analysis.

4.2.2 Effects of water loading

The effects of water loading on pesticide leaching behaviour were also investigated. Twelve cores

containing biomix were prepared. The cores were constructed using plastic tubing and consisted of a
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50 cm layer of composted biomix on a 5 cm layer of course gravel. The cores were sited at the HRI

lysimeter station and drained into 2.5 L amber glass collection vessels.

Three water loading scenarios were investigated (Table 9). Four cores were connected using plastic
guttering to 0.54 m? concrete slabs (Scenario 1). A further four cores were connected to 0.135 m?
concrete slabs (Scenario 2). The remaining cores received only direct inputs of rainfall (Scenario 3).

Silicon sealant was placed on three sides of each slab to prevent water loss (Plate 4).

Table 9 Water loading scenarios used in the semi-field studies

Scenario Water inputs Surface area ratio Biobed size
(yard : biobed)
1 Rainfall to approximately a 20 m 7.5m’
x 20 m washing area + direct 19:1 (high)
rainfall inputs
2 Rainfall to approximately a 10 m 7.5m’
x 10 m washing area + direct 5:1 (medium)

rainfall inputs

3 Direct rainfall inputs no additional loading 75m°

Plate 4 water loading experiment at Horticulture Research International
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4.2.2.1 Treatment

Isoproturon, pendimethalin, chlorpyrifos, chlorothalonil, epoxiconazole and dimethoate were applied
to cores in January 2000. Application rates were based on concentrations of pesticide measured in a
second tank washings (Fogg 1999) (Table 10). Three of the four replicates received pesticide and the
remaining core in each set acted as a control. A bromide tracer was also applied at a rate of

100 kg ha™ (314mg core™).

Table 10 Application details for water loading studies

Pesticide Amount (mg) Concentration (mg/kg)
Isoproturon 255 150
Pendimethalin 204 120
Chlorpyrifos 73.4 43.2
Chlorothalonil 153 90
Epoxiconazole 51 30
Dimethoate 34.7 20.4

4.2.2.2 Sampling

Collection vessels were observed after all rainfall events and the total volume of leachate recorded. If
the volume exceeded 200 mL, then the collected sample was removed and taken for analysis. Where
available, a 60 mL sub-sample was also taken for bromide analysis. All samples were frozen prior to

analysis.

4.2.3 Analysis

Methods of analysis are given in Appendix A.
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4.3 Results

4.3.1 Leaching from topsoil vs biomix

4.3.1.1 Rainfall and leachate volume

Topsoil and biomix lysimeter cores received above average rainfall and 13 samples of leachate were

obtained (Figure 9).

800

Sampling 1
700 i
Sampling 12
. g
Sampling 11
600 -
SecondI fungl(:ld/ev =
application ¥— Sampling 10
500 -
Sampling 8
_ . L & .
= Sampling 7 ¥ Sampling 9
' 400 4 Sampling 6
g Sampling 4 ampling [
v\Flrstfunglclcle
Samplin%3 application
300 M
Sampling 5
Samblin = Second herbicide ping
pling 2. application
200 -
First herbicide—— i AaN | —— Cumulative total mm
icati Sampling 1 .
appllcaﬂju—r—/ pling « sampling markers
100
0 T T T T T T T T T T T T T T T T T T T T T T
© «© @ @ @ @ «© (2] (2] [=2] [=2] (2] (2] (2] [=2] [ (2] (2] [=2] [ (2] (2] [=2] [=2]
2 2 2 2 2 4 4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
(=] (=] o — — N N f=) — N N a2} @ < < < wn wn © © ~ ~ 0 =<
g 4 d g 4 g g L =8 g g < ST I3 3 e L L g 2 2 [SEE<1
P= n (=2} N © o N ~ — < © < © f= w [<] ™ ~ o A =) N [Te} (=]
S = Q R Q = S S I S = S = S = S = S = S S Q S =
Date

Figure 9 Cumulative rainfall at the Horticulture Research International lysimeter station measured over

the duration of the study

Cumulative leachate volumes from both biomix and topsoil were similar, (Figure 10) with

approximately 10 litres (353 mm equivalent rainfall) of leachate being collected from the treated

replicates. The exception to this was core B3 (biomix treated replicate 3) which produced around 2

litres of leachate, probably a result of leaking around the base of the lysimeter.
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Figure 10 Leachate volumes measured in soil cores (S1 - S4) and biobed cores (B1 - B4)

4.3.1.2 Bromide concentrations

Very rapid breakthrough of bromide was observed for the topsoil with highest concentrations
observed on 18 January 1999, 35 days after treatment (DAT) (Figure 11). Movement through the
biomix was slower, with maximum concentrations not being observed until 26 March 1999,

102 DAT.
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