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EXECUTIVE SUMMARY 
 
The aims of the project were to assess the impact of industrial wastes and sheep dip on soil 
quality and to advise SEPA on appropriate sampling and analytical techniques.  
 
Field sites that had one to four years previously received applications of industrial wastes 
were sampled at two commercially run farms in Stirlingshire and at one research farm in 
Ayrshire (using a former trial site). Four other experimental sites were established and diluted 
sheep dip was applied in the spring and the soil was assessed between 30 and 62 days later. 
 
The benefits (in terms of agricultural benefit and/or ecological improvement) and hazards 
associated with industrial wastes (paper mill sludge, lime treated sewage sludge, distillery, 
compost, dairy and blood wastes) and sheep-dip application to soils were evaluated. The 
assessments were based on the results of chemical, biological and physical indicators of soil 
quality.  
 
Industrial waste study 
One to four years after waste application, no adverse residual effects on soil, as assessed by a 
comprehensive range of soil chemical or biological quality indicators, were identified. 
Contrasts between waste treated and non-treated areas were generally minor and 
insignificant.  
 
The blood, paper mill sludge and sewage sludge wastes did not give rise to negative effects 
on three important measurements of soil microbial activity (soil microbial biomass, 
mineralisable nitrogen and soil respiration rate) at the two commercially run farms. Similar 
results were obtained at the former experimental site in Ayrshire testing the application of 
blood, paper mill sludge, dairy, distillery waste and compost to land. There are many 
potential environmental hazards associated with these wastes (particularly blood which is a 
very high risk material associated with N leaching, BOD, odour and pathogens). However 
detrimental effects on the soil microbial activity do not appear to be an important issue in the 
medium-long term after application (1-4 years). One of the commercially run farms (Gogar – 
belonging to the Snowie Group) is likely to have agriculturally benefited from the paper 
sludge and lime treated sludge application with no adverse effects. The use of blood on the 
other farm (Netherton) will have contributed high nutrient levels to the grass and  is likely to 
have resulted in high nitrate leaching losses as well as odour problems. 
 
Although differences due to the waste treatment were infrequent and small, many of the 
chosen methods used for quantifying effects of wastes and dips on soil quality appeared to be 
appropriate. For example, a predictable response of reduced soil acidity probably due to the 
application of lime-treated sewage sludge was clearly revealed by the measurements of soil 
pH. Patterns and variability in test results for sites, soils and depths were generally 
explainable. The use of soil physical analyses may only be worthwhile for comparisons of 
soils and particular types of wastes, solids and sludges rather that fluids, as the latter are 
unlikely to alter the soil’s physical condition. Furthermore, soil physical conditions may be 
altered more by the method of incorporation of wastes (e.g., sub-surface injection) than by 
the waste material per se. The differences in soil physical properties seen at one site were 
more likely to have been caused by the wheel loads of machinery than by the actual waste 
materials. 
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Sheep dip study 
Low concentrations (0.4-21.6 µg/kg fresh weight soil) of undecomposed cypermethrin, the 
active ingredient of the synthetic pyrethroid, was detected in the surface soil layer (0-5 cm) at 
three of the four sites between 30 and 62 days after the sheep dip application. 1.2-2.4 µg 
cypermethrin /kg fresh weight  soil was detected at a greater depth  (20-25 cm) in two soils. 
The organophosphate sheep dip pesticide (diazinon) was also present at low concentrations 
(2.0-15.9 µg/kg fresh weight soil) in the 0-5 cm layer at both sites where this was tested 50-
60 days after application but was not present at 20-25 cm.  
 
The low analytical recovery of residual pesticide indicates that degradation of both sheep dip 
pesticides in the soil was rapid and satisfactory. Approximately 0.5% of the organophosphate 
and 1.4% of the cypermethrin originally applied was found in the topsoil (0-5 cm depth) 
between 30 and 62 days after the sheep dip application. 
 
There were no strong indications of detrimental effects of the cypermethrin or 
organophosphate on soil composition or properties. With the possible exception of Biolog, 
differences in most soil attributes arising from sheep dip application were small and showed a 
lack of a consistent pattern. 
 
There was some evidence of an adverse effect of OP sheep dip wastes on Biolog but this may 
well be due to other differences in the nature of the waste applied, as it was not possible to 
correlate the biological responses to the concentration of any of the active ingredients. The 
accumulated evidence is only circumstantial and further corroboration would be required. 
 
Sampling and analytical techniques 
Techniques (sampling and analytical methods) that SEPA can realistically apply to the 
monitoring of similar sites are discussed. In addition, SAC have presented a seminar on these 
techniques to 3 SEPA laboratory staff.  
 
The soil sample must be representative of the area sampled. A sample of 25 individual sub-
samples (cores) selected systematically and evenly across a field, mixed together to form a 
bulk composite sample, will be adequate to characterise a uniform area. Alternatively a grid 
pattern is better at identifying possible “hot spots” of contamination provided individual 
sampling points are mapped (using GPS) and analysed separately. 
 
For most situations where industrial wastes have been applied, the following suite of analysis 
in conjunction with a detailed soil, crop and land visual assessment will give a good general 
screening of soil quality:  
 
pH, texture, conductivity, total nitrogen and extractable ammonium and nitrate, extractable  
phosphate, potassium and magnesium, total copper, zinc, cadmium, chromium, lead, 
mercury, nickel (and any other contaminant appropriate to the source of the waste) and  
organic matter. 
 
Further determinations will depend on the field site history and nature of the waste practices. 
Soil microbial biomass, mineralisable nitrogen, soil respiration rate and to a lesser extent 
Biolog could be useful indicators of detrimental affects on the soil quality (in addition to the 
above “routine suite”) as an alternative to carrying out a very large range of potentially very 
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costly determinants (e.g. pesticides and pesticide breakdown products and persistent organic 
contaminants). However, the need for carefully selected and representative sampling points 
and valid “control” comparisons are even more important when interpreting soil microbial 
assessments. Biolog in particular requires specialised knowledge and expertise to interpret.  
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1. INTRODUCTION 
 

SEPA made a commitment in its 2001 Soil Quality Report to monitor soils in 20% of 
sites to which industrial wastes are applied by 2005 and to ensure that the use of 
prescribed substances to land do not adversely affect soil.  Techniques must be 
established which will allow SEPA to establish the levels of contaminants in soils and 
assess any damage to soil quality.  An important aim of this study is to allow SEPA 
staff to be trained in soil sampling techniques, including the establishment of suitable 
levels of replication, and in the analysis of contaminants.  
 
The well managed application of organic materials to farmland can represent an 
economical and environmentally safe way to recover value from a variety of organic 
wastes. Animal manures are valuable sources of organic matter and nutrients when 
recycled to farmland and the nutrient value of manure produced annually in the UK is 
worth c. £200 million. Sewage sludge is also a useful source of nitrogen, phosphorus 
and organic matter, and as a result of some of the conditioning processes has value as 
a liming material (MAFF, 1986).  However, sewage sludge contains larger 
concentrations of heavy metals than most soils.  Once the metals have been added 
they accumulate in the topsoil, as they are not easily leached and crop offtakes are 
small. 
 
In addition to sewage sludge, other non-agricultural wastes are increasingly applied to 
farmland and poor management could also result in detrimental effects to the soil, 
crop and environment. This includes wastes from food and drink manufacture, 
dredgings, composts, waste gypsum, textile waste, abattoir blood, paper mill waste 
and organic wastes from biological treatment plants. A comprehensive review on 
these non-agricultural wastes has been reported by Davis and Rudd (1998) and a 
strategic review has been carried out by SEPA (1998).  Non-agricultural wastes are 
derived from a wide range of sources and differ widely in nature and composition. 
Like sewage sludges, certain non-agricultural wastes can contain significant quantities 
of  potentially toxic elements (PTEs), pathogenic organisms and organic contaminants 
as well as having soil conditioning or fertilising properties (Aitken, 1998). 
 
Certain wastes such as those from distilleries, textile plants and paper mills can have 
high levels of metals and must be used with caution. Wastes from certain industrial 
processes which contain significant quantities of other potentially toxic substances 
such as dioxins, polychlorinated biphenyls (PCBs), polyaromatic hydrocarbons, 
antibiotics or residual pesticides must not be applied to agricultural land.  It is 
therefore essential that full details of the source of the waste are assessed and a 
comprehensive analysis is carried out to determine if application to land is safe.  
 
The application of wastes which have a high level of salinity or acidity can result in 
damage to soils and crops as well as causing water pollution.  Wastes with a high 
biochemical oxygen demand (BOD) will also be highly polluting if allowed to enter a 
watercourse by seepage or run-off (e.g. liquid dairy, food and meat processing wastes.  
High application rates of such wastes can also result in a temporary soil oxygen 
depletion leading to poor plant growth. A review on the sustainable management of 
agricultural and non-agricultural waste application has been carried out by Aitken et 
al (1999). 
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Over-enrichment of the soil with nutrients from wastes applied at excessive rates can  
result in leaching of nitrate, phosphate. In addition poorly managed applications of 
some wastes can result in odour problems and ammonia emissions. All losses of 
nutrients to land, air or water represent a loss to farming and the environment.  By 
applying these nutrient inputs at the  right amount at the right time to optimise their 
use, both farmers and the environment can benefit.  Excess nutrients which are 
leached, such a nitrate and  phosphate, can harm rivers, lochs and estuaries by causing 
algal blooms.  
 
The maximum permitted metal concentrations in soils, laid down in the European 
Community Directive of 86/278/EEC (CEC, 1986) have been implemented in 
England, Scotland and Wales by The Sludge (Use in Agriculture) Regulations (DoE, 
1989), Statutory Instrument No. 1263 (SI, 1989) and as amended by The Sludge (Use 
in Agriculture) Amendment Regulations 1990, Statutory Instrument No. 880 (SI, 
1990). In addition, a Code of Practice for Agricultural Use of Sewage Sludge 
complements the UK Regulations (DoE, 1996). The Code contains advice on soil 
metal limits not subject to the provisions of Directive 86/278/EEC and additional 
guidance concerning sludge treatment and application to grassland.  
 
Soil microbial biomass is widely recognised as being crucial in the mineralisation of 
soil organic matter and, therefore, in the recycling of plant nutrients.  Generally 
biomass size and activity increase when organic materials are applied to soils.  
However, Brookes and McGrath (1984) showed that the microbial biomass in soil 
from the classical Woburn Market-Garden experiment (sandy loam soil, pH 6.5) 
which had received aerobically digested lagoon-dried sewage sludge (at 8.2 and 16.4 
t/organic matter/ha per year between 1942 and 1961) was half that in soil which had 
received farmyard manure (FYM) (at 5.2 and 10.4 t/organic matter/ha per year 
between 1942 and 1967).  The metal contaminated soil had a much higher respiration 
rate per unit weight of biomass, although the adenylate energy charge of the biomass 
(a measure of potential metabolic activity) was high in both soils (Brookes and 
McGrath, 1987).  At Woburn, sludge applications had increased soil metal 
concentrations of zinc and copper up to current maximum permissible limits for soils 
in the pH range 6-7 (SI, 1989), and cadmium concentrations 2 to 4 times the limit 
(McGrath, 1994). 
 
The impact of wastes and waste degradation products on soil, water and air is 
critically dependent on the nature of the waste and soil, its transformation by soil 
processes, the existence of suitable pathways and the sensitivity of receptors, such as 
water or living organisms. The overall aims of this SEPA-funded project were 
therefore (i) to assess the impact of industrial wastes and sheep dip on soil quality and 
(ii) to train SEPA staff on suitable and appropriate sampling and analysis techniques. 
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2. METHODS 
 
2.1 Site Selection for Industrial Waste Experiment 

 
In collaboration with SEPA, SAC selected 10 suitable sampling sites (including 
untreated “control” sites) that were representative of Scottish practices in terms of 
both soil type and applied industrial wastes. The soils, at two farms in Stirlingshire 
and at one in Ayrshire, were sampled in February and March 2002. Sampling 
positions are given in Appendix 1 and 2. A GPS recorder was used to record the exact 
grid reference of each individual sampling point (see Appendix 3). At all sites, the 
soil was sampled to a depth of 200 mm. A problem at the two farms in Stirlingshire 
was the absence of a suitable control area. Ideally a control area should be replicated 
and fully representative of the waste treated field in all respects except there should  
not have been  an application of wastes. Although the control areas selected by SEPA 
had not received wastes, they did not fully meet the criteria of a control because of 
slight differences in field management and history. Full details of the waste 
management practices were provided by the farmer and contractor for each of the 
Gogar sites although there was less information available for the Netherton site. 
 
The sampled sites were: 

 
Gogar 10: Gogar Mains, Blairlogie. Map Reference: NS83374/96606; field size: 
10.08 ha 
The wastes applied by contractor “A”(Snowie) were paper crumble at 300 tonnes over 
the entire field (applied March 2001) and limed sewage cake at 120 tonne over the 
entire field (applied October 1999). The current crop is winter wheat and the 
“control” site was an area to south of this field. The soil type is a heavy clay loam and 
was relatively wet at the time of sampling. This site was assessed and soil sampled by 
SAC using a spot sampling technique on 22 February 2002  
 
Gogar 28: Gogar Mains. Map Reference: NS83892/96341; field Size: 28.35 ha 
The wastes applied by contractor “A”(Snowie) were paper sludge at 500 tonnes 
(applied May 1998) and limed sewage cake at 340 tonnes over the entire field 
(applied September 1999). The current crop is winter wheat in the north section of the 
field (10.4 ha), oats in the south section (15.77 ha) and fallow/barley in a central belt. 
The control site was a 2 ha field to the east. (beside farmhouse). The soil type is a 
heavy clay loam and the soil was in a relatively wet condition during sampling. On 7 
March 2002, this site was assessed, and the soil samples taken, by SAC using a spot 
sampling technique.  
 
Netherton: Netherton Farm, Argarty, Doune. 
This field received high amounts of blood waste by contractor “B” over the entire 
area in 2001 and is currently under grass. Here, the control site was a neighbouring 
grass-for-silage field. The soil type is a stony sandy loam and soil conditions were 
moist but firm during the sampling. This site was assessed and soil sampled by SAC 
using a spot sampling technique on 22 February 2002.  
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Auchincruive: SAC, Auchincruive Estate, Ayrshire 
A former trial site at SAC’s Auchincruive research farm was utilised.  A range of 
industrial wastes were applied by SAC to experimental plots (8 m long by 2 m wide) 
and incorporated into the soil in spring of 1998 and 1999. A paper-mill sludge 
application was made only in the first year (1998). Paper-mill, abattoir, distillery and 
dairy wastes, plus composted horticultural greenwaste, were compared with 
ammonium nitrate fertiliser over the two years in a 4-fold replicated experiment. A 
summary of the composition of the applied wastes is given in Table 1. The waste 
materials were incorporated into the soil prior to seeding with ryegrass each year. The 
mass of wastes applied was determined by the amount required to supply 250 kg 
N/ha. The soil is a sandy clay loam and was moist but firm at the time of sampling on 
11 March 2002. Further information on this former experiment is reported in Douglas 
and Aitken (2002). 
 
 
Table 1.  Composition of applied wastes at SAC Auchincruive (1998, 1999). 

 
 Source of Waste 
 Paper-

mill* 
Distillery Dairy Abattoir Compost 

DM g kg-1 470     40, 30     90, 70   240, 160   650, 700 
C:N ratio 112 8     22 6 17 
Total-N, g g-1 1.3 2.1, 1.0 0.9, 0.7   20.5, 13.3 4.3, 5.8 
NH4

+-N, g kg-1 <0.1 0.12, <0.1   <0.1, <0.1  <0.1, 0.12 <0.1, <0.1 
P2O5, g kg-1 0.6 1.9, 1.2 1.4, 0.9 0.5, 0.5 1.9, 4.2 
K2O, g kg-1 1.1 1.4, 1.0 1.6, 0.9 0.6, 1.0 2.9, 5.7 
Zn,  mg kg-1 <15    <15, 24   <15, 77   <15, 19    220, 236 
Cu mg kg-1 13    106, 36   <3, 10 6, 10      64, 91 
Ni mg kg-1 15    <5, <5   <5, <5   <5, <5     31, 33 
Cd mg kg-1 <0.25 0.51, 0.58 <0.25, 1.75 0.34, <0.25 0.26, 0.66 
Pb mg kg-1 12    <11, <11   <11, <11   <11, <11    115, 138 
pH 6.4 3.5, 3.5 5.3, 4.2 7.4, 6.9 7.5, 7.6 

* applied in 1998 only 
 

 

2.2  Site Selection for Sheep Dip Experiment 
 
In collaboration with SEPA, SAC designed and established 10 suitable sites, 
including control sites (details in Table 2). Diluted sheep dip was applied in spring 
and the soil was sampled between 30 and 62 days later, depending on the site. 
 

2.2.1 Sheep dip treatments 
 

The following treatments were applied in March 2002. 
 

1.  Organophosphate (OP) treatment (at Auchincruive and Bush sites only). A 20 ml 
of concentrated proprietary product (Coopers “All Seasons” Fly & Scab Dip. The 
active ingredient, diazinon 16%(w/w), was diluted to 32 litres with water and 
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spread evenly with a watering can (fine rose) at a rate of 20 litres/m2 to cover the 
entire plot (4 m by 4 m). 

 
2. Synthetic pyrethroid (SP) treatment (at Auchincruive, Kirkton, Bush and 

Craibstone). A 16 ml vial of concentrated proprietary product (Virbac “Auriplak” 
Fly & Scab Dip. The active ingredient, cypermethrin (high cis 80:20 10%(w/w)), 
was diluted to 32 litres with water and spread evenly with a watering can (fine 
rose) at a rate of 20 litres/m2 to cover the entire plot (4 m by 4 m). 
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Table 2.  Sheep dip experimental sites 
 

 Auchincruive 
OP 

Auchincruive 
SP 

Kirkton SP Bush OP Bush SP Craibstone 
SP 

Type of 
sheep dip 

organo- 
phosphate 

synthetic 
pyrethroid 

synthetic 
pyrethroid 

organo- 
Phosphate 

synthetic 
pyrethroid 

synthetic 
pyrethroid 

Address Auchincruive,
Ayr, KA6 
5HW 

Auchincruive, 
Ayr, KA6 
5HW 

Auchteryre, 
Tyndrum 

Bush 
Estate, 
Penicuik, 
EH26 OPH 

Bush Estate, 
Penicuik, 
EH26 OPH 

Craibstone 
Estate, 
Bucksburn, 
Aberdeen 
AB21 9TR 

SEPA  
G.W.R. 
Authorisation 

yes yes yes yes yes yes 

Field Grid 
Reference 

NS 239 623 NS 239 623 NN 235 728 NT 242 647 NT 242 647 NJ 878109 

Dip type diazinon 
16%(w/w) 
 

cypermethrin 
high cis 80:20 
10%(w/w) 

cypermethrin 
high cis 
80:20 
10%(w/w) 

diazinon 
16%(w/w) 
 

cypermethrin 
high cis 
80:20 
10%(w/w) 

cypermethrin 
high cis 
80:20 
10%(w/w) 

Date of 
application 

12/03/02 12/03/02 13/03/02 21/03/02 21/03/02 13/03/02 

Soil type sandy clay 
loam 

sandy clay 
loam 

sandy loam 
(high organic 
matter) 

sandy silt 
loam 

sandy silt 
loam 

sandy loam 

Soil 
conditions 

moist moist firm and dry moist but 
firm 

moist but 
firm 

moist but 
firm 

Weather fair and dry fair and dry sunny and 
dry 

dry dry sunny and 
dry 
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3. ANALYTICAL PROTOCOLS 
 
3.1  Soil  
 

A range of soil chemical properties were measured at each site. 
 

(i)  Organic matter (OM): The organic matter content of a soil consists of a variety 
of undecayed plant and animal tissues and decomposed material know as 
humus.  The soil OM content is one of the most important components of soils, 
influencing soil structure, aggregate stability, moisture supply, and nutrient 
turnover and availability.  Consequently it has a central role in the maintenance 
of soil fertility.  Soil OM levels are used as a soil quality indicator in the UK 
(DoE, 1996).  Organic matter content was determined by a wet oxidation 
method (MAFF, 1986). 

(ii)  Mineralisable organic nitrogen: Soil nitrogen (N) is largely present in two 
different forms, ammonium-N and nitrate-N which are readily available for 
plant uptake, and organically bound-N which becomes available following 
mineralisation by micro-organisms. Measurements if the readily mineralisable 
organic N pool provides an indication of the proportion of soil N that will 
become available to plants in the short term. In this study, the following suite of 
soil nitrogen analyses was carried out: 
• Total N – Kjeldahl digestion (MAFF, 1986) 
• Readily mineralisable organic N – anaerobic incubation (Keeney, 1982) 
• Ammonium-N – potassium chloride extraction (MAFF, 1986) 
• Nitrate-N - potassium chloride extraction (MAFF, 1986) 

(iii)  Total and extractable content of heavy (potentially toxic) metals (Cu, Zn, Ni, 
Cd, Cr and Pb) were assessed at appropriate sites. 

(iv)  Soil pH, salinity (electrical conductivity) and P, K and Mg concentrations were 
determined at all of the industrial waste sampling points. 
 

The following measurements of soil biological attributes were completed on selected 
treatments: 
 
(i)  Biomass carbon: Soil biomass carbon (C) provides a measure of the amount of 

C present in the living part of soil organic matter, excluding plant roots and soils 
animals larger than an amoeba. Biomass C was determined by a fumigation-
extraction technique (Vance et al, 1987). 

(ii)  Soil respiration: Soil respiration gives an indication of the activity of the soil 
microbial population, and was determined by measuring CO2 evolution using an 
infra red gas analyser (Smith and Hadley, 1990). 

(iii)  Microbial activity: Biolog was used to measure soil microbial activity and 
functional diversity at the sheep dip sites. The biolog technique can be used to 
assess the bacterial utilisation of up to 95 different carbon sources.  This is 
termed “functional diversity”: a more functional diverse microbial community 
can utilise more substrates than a less diverse one.  Diversity of carbon 
utilisation in soil is an ecologically relevant method of measuring biodiversity 
since it reflects the functioning of the microbial community which is the driving 
force behind nutrient cycling (Kennedy & Gewin, 1997).  The Biolog system 
has already been used to distinguish between communities from different 
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habitats (Garland & Mills, 1991: Zak et al, 1994), and to assess the impact of 
heavy metal pollution on microbial communities in soils (Campbell et al, 1995) 

 
The following soil physical properties were measured at all the study sites when soil 
and weather conditions were suitable: 
 
(i)  Soil density 

Soil bulk density is indicative of degree of compaction of solids, and hence of 
the void space, or porosity, between aggregates and particles. The porosity is the 
space available in the soil for gas and water movement and root development. 
Bulk density was measured at all sites by determining the dry weight of a known 
volume of soil (MAFF, 1982). 

(ii)  Water infiltration rate 
The soil water infiltration rate is a measure of the maximum rate at which rain 
and irrigation water can flow into the soil. If infiltration rate is exceeded, water 
may be retained on the soil surface (ponding) or may flow downslope across the 
soil  (surface runoff). Infiltration rate is one of a number of factors that 
determine soils’ susceptibility to erosion by water.  In this study, water 
infiltration rates was measured using the double ring technique (MAFF, 1982). 
The methods used were: 1) a field method (double ring infiltrometer) and 2) a 
laboratory method (falling head permeameter using bulk density cores). Both 
these methods sample the vadose (i.e. unsaturated) zone. 

 
3.2 Sheep Dip Residues  
 

A ‘cheese corer’ type sampler was used to collect enough cores at random across the 
whole 4 m by 4 m area of each control and treatment plot to produce a bulk sample of 
about 1.5 kg. Sampling was carried out in April 2002 for each of two sampling depths 
(0 to 5 cm and 20 to 25 cm). The analytical method is taken from the Standard 
Committee of Analysts’ document "The Determination of Organochlorine Pesticides 
and PCBs in Waters and Complex Matrices" method C - A note on the determination 
of organochlorine pesticides in complex matrices by gas chromatography and mass 
spectrometry. The parent compounds were assessed, as were one breakdown product 
for diazinon and two breakdown products for cypermethrin. There are other 
breakdown products for both but they are less common and analysis standards are not 
readily available. Extracts were filtered and concentrated by evaporation at 40 C and 
analysed by GC - MS using an HP 5 column. 
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4.  RESULTS AND DISCUSSION 
 

Individual analytical results for each sampling point is presented in the Appendix 4. 
 
4.1  Waste Applications 
 

The waste applications were made at different times at the different sites, and so the 
length of time varied between the applications and the collection of soil samples in 
February and March 2002. At Gogar 10, sewage cake and paper waste was applied 
2.5 yr and 1 yr respectively prior to sampling. At Gogar 28, paper waste and sewage 
cake was applied 4 and 2.5 yr respectively, prior to sampling. At Netherton, blood 
waste was applied 1 yr prior to sampling, and at Auchincruive all waste treatments 
were applied twice, 3 and 4 yr prior to sampling, except for the paper sludge treatment 
that was applied only 4 yr prior to sampling. 
 

4.1.1  Soil heavy metals 
 

Heavy metals in soil 
 
Heavy metals in low concentrations are natural components of the soil environment.  
Potential problems arise due to a concentration effect, usually as a result of poorly 
managed urban waste application. The effect of long-term sewage sludge annual 
applications on the heavy metal content of soils and plants has been reviewed by 
Aitken and Cummins (1997). 
 
Metals in wastes disposed to land may cause pollution or toxic effects by: 
 
(i) sludge or sludge amended soil adhering to the surface of crops or herbage; 
(ii) animals might ingest sludge amended soil; 
(iii) metals might be taken up by fodder crops which are eaten by animals and 

products from the animals are eaten by man; and 
(iv) metals might be taken up from the soil by food crops and these crops ingested 

by man; 
(v) phytotoxic effects on crops; 
(vi) toxic effects on soil microbial processes. 

 
Heavy metals in soils may derive from several sources in addition to sewage sludge 
and industrial wastes: 
 
(i) geological parent material; 
(ii) industrial processes; 
 -  emissions to the atmosphere 
 -  disposal of solid refuse and industrial sludges 
 -  current or abandoned industrial plant 
 -  mining 
(iii) farming practices – livestock manures and fertilisers. 
 
The concentrations of total copper, zinc, nickel, cadmium, chromium and lead from 
all four Gogar fields are all at low and therefore  satisfactory levels (Table 3).  At both 
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sites, chromium levels were significantly lower in the sludge treated soil than in the 
untreated “control” soil. 
 
One soil sampling point at Gogar 28 contained relatively higher  levels of copper, 
zinc, nickel and lead compared to the other 23 sampling points.  However, the 
concentration of Cu, Zn, Ni and Pb at this sampling point can still be considered to be 
low and satisfactory and safely within the maximum permitted concentrations of 
metals allowed under the Sewage Sludge Regulations 1990.  The reason for these 
relatively high values of e.g. Cu and Pb (at double the site mean values) at point 28 
was unclear, though that point in the field, nearest to a gate and access road, may have 
been used in the past for temporary storage of paper mill sludge or other such material 
with elevated metals.. It is unlikely to be due to natural soil geochemical variability 
because the 23 other sampling showed very little variation in heavy metal content. 
This one soil sample (while satisfactory as with the 12 others taken from this field) is 
clearly not representative in analysis of the vast majority of the field. This apparent 
outlier demonstrates the advantages of a grid point sample and analysis procedure for 
identifying small areas of elevated concentrations. Overall, no detrimental increase in 
total soil metal content from the waste application at Gogar was revealed by the 
analyses. Similar results were obtained by Aitken et al (1998) in a study on the effects 
of paper mill sludge on soil fertility and crop yields. 
 
Ammonium nitrate extractable metals gives a measure of the biological availability of 
metals in the soil.  It is therefore a useful technique for assessing the potentially toxic 
effect of metals on soil microbial processes and on crop metal uptake. The paper 
waste sample points at Gogar 10 all had very low concentrations of ammonium nitrate 
extractable Cu, Zn, Ni, Cd, Cr and Pb (Table 4). Similarly, all sample points at Gogar 
28 had very low concentrations of extractable metals.  It is noteworthy that at one 
sample point the soil had very low extractable metal concentrations similar to the rest 
of the field despite a slight elevation in total metals at this sampling point.  That may 
have been due to the high pH of this point (pH 6.89) which results in low availability 
of extractable metals. 
 
Overall, the waste application has had no detrimental effect on the soil extractable or 
bio-available metal concentration.  The two “control areas” (Gogar 2 and Gogar 10) 
contained higher concentrations of extractable zinc and nickel concentrations (also 
lead for Gogar 2 only) compared to the fields which received waste (Gogar 10 and 
28).  Total concentrations of metals in the “control areas” were identical (very low) to 
the waste treated fields.  The most likely reason for the lower availabilities of some of 
the metals in the waste treated fields is due to the higher pH of these fields which will 
decrease the soil available/extractable concentration.  The soil pH in Gogar 10 ranged 
from 7.05 to 7.79; Gogar 28 ranged in pH from 6.49 to 7.92.  In contrast the “control 
areas” had a lower soil pH of 4.79-5.29 (Gogar 2) and 5.81-6.14 (Gogar 10, points 1-
4).  Thus the field with the lowest pH (Gogar 2) resulted in the highest plant 
availabilities of metals. 
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Table 3.  Soil total metal concentration means (mg/kg) and standard deviations (SD) in the   

waste-treated and non-waste controls at Gogar 10 and Gogar 28 
 

Site Cu Zn Ni Cd Cr Pb 

Gogar 10 wastes 13.7 65.7 24.9 <0.33 34.6 29.4 
SD 1.3 1.2 1.7 - 3.6 3.5 
       
Gogar 10 control 15.1 76.8 28.0 <0.33 42.7 33.9 
SD 1.7 12.5 3.0 - 1.2 6.3 
       
Gogar 28 wastes 15.2 69.8 25.6 0.33 34.5 32.2 
SD 6.1 15.0 3.6 - 3.7 14.8 
       
Gogar 28 control 12.0 66.5 24.0 <0.33 41.5 33.5 
SD 1.2 2.5 1.4 - 3.4 2.7 
 
 
Table 4.  Ammonium nitrate extractable soil metal concentration means (mg/kg) and 

standard deviations (SD) in the waste-treated and non-waste controls at Gogar 10 
and Gogar 28 

 

Site       Cu       Zn        Ni       Cd        Cr       Pb 

Gogar 10 wastes 0.08 <0.03 0.03 <0.03 0.05 <0.03 
SD 0.01 - 0 - - - 
       
Gogar 10 control 0.05 0.43 0.16 <0.03 <0.05 <0.03 
SD 0 0.24 0.07 - - - 
       
Gogar 28 wastes 0.08 0.07 0.04 <0.03 <0.05 <0.03 
SD 0.03 0.05 0.03 - - - 
       
Gogar 28 control 0.06 2.74 0.89 <0.03 <0.05 0.34 
SD 0.02 0.45 0.17 - - 0.28 
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4.1.2  Soil organic matter and total-N  
 

Netherton  
The mean soil organic matter content in the control area was 2.5 ± 0.26 percent and 
was not significantly different from the field that received blood (2.6 ± 0.26 percent).  
The organic matter content in both areas is slightly low although within the range 
typical for a sandy soil.  Total nitrogen concentrations in the blood treated areas 
control (1200 ± 121.6 mg/kg) was very similar to that in the untreated control area 
(1070 ± 89.1 mg/kg). Overall, therefore, the blood application had no significant 
positive or negative effect effect on soil organic matter content or total nitrogen levels 
one year after application. 
 
Gogar 
Soil organic matter content at the Gogar 10 area that had received paper mill sludge 
and lime treated sewage sludge was at normal levels (3.7 ± 0.09 percent) for a clay 
soil under arable cropping. The control area at Gogar 10 had slightly higher organic 
matter concentrations (4.5 ± 0.05 percent) and this is unlikely a waste treatment effect 
and may for example indicate that this headland area has not been ploughed so 
regularly as the rest of the field. 
 
Likewise at Gogar 28 all of the sampling points all had normal levels of soil organic 
matter (3.8 ± 0.38 percent) apart from Gogar 28 H 1, which had elevated levels (7.3 
percent) for an arable soil.  This sampling point was closest to the road and gateway 
of the field and may have been used as a temporary organic waste storage area on 
field heap at some point in the past. The “control field” at Gogar 28 which had not 
received paper mill sludge had higher levels of organic matter (5.4 ± 0.07 percent) in 
the soil than the paper mill sludge treated areas.  This is almost certainly due to the 
fact that these two areas have not been ploughed nor grown arable crops for a long 
time (if ever).  Such permanent pasture soil inevitably have a much higher total 
organic matter content than similar and neighbouring soils which have been growing 
arable crops for many years.   
 
Overall, the soil organic measurements were normal for the soil and farming system 
and demonstrated that the paper mill sludge applications and lime treated sewage 
sludge did not adversely affect the soil organic content. 
 
Total nitrogen content in the soils at Gogar followed the same trend as for the organic 
matter content total.  Soil nitrogen content at Gogar 10, which had received paper mill 
sludge and lime treated sewage sludge, was at normal levels (1789 ± 88 mg/kg) for a 
clay soil under arable cropping. The control area at Gogar 10 had slightly higher 
nitrogen concentrations (2056 ± 52 mg/kg) and this may also indicate that this 
headland area has not been ploughed so regularly as the rest of the field. At Gogar 28 
all of the sampling points had normal levels of soil total nitrogen (1586 ± 51 mg/kg) 
apart from Gogar 28 H 1, which had elevated levels (2350 mg/kg) for an arable soil.  
This sampling point was closest to the road and gateway of the field and may have 
been used as a temporary organic waste storage area on field heap at some point in the 
past.  
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The “control field” at Gogar 28 which had not received paper mill sludge had higher 
levels of total nitrogen (2722 ± 61) in the soil compared to the paper mill sludge 
treated areas.  This is almost certainly due to the fact that this area has not been 
ploughed nor grown arable crops for a long time (if ever).  Such soils under 
permanent pasture invariably have a much higher total nitrogen content than similar 
and neighbouring soils which have been used for many years for arable cropping.  
Overall, the soil total nitrogen measurements were normal for the soil and farming 
system and demonstrated that the paper mill sludge and sewage sludge applications 
did not adversely affect soil organic matter and nitrogen status. 
 
Auchincruive 
There were no significant differences in soil N content either between the industrial 
waste treatments or between the waste treated soils and the (non-waste) fertiliser 
control. Earlier measurements in 1998 by Douglas and Aitken (2002) showed an 
organic matter content of 7.9 percent in the paper waste plots compared to an average 
of 4.2 percent in the other treatments. 

 
4.1.3  Mineralisable N, extractable nitrate-N and ammonium-N 
 

Netherton 
Soil extractable nitrate and ammonium concentrations were 37 and 0.4 mg N/kg 
respectively in the blood waste treated field (Table 5).  In the neighbouring field 
“control” which had not received any blood waste, the extractable nitrate and 
ammonium concentrations were 28 and 0.4 mg N/kg. The substantially larger 
concentration of nitrate relative to ammonium in both treatments is normal for a 
typical agricultural soil and demonstrationed that N mineralisation and nitrification 
rates are satisfactory. 
 

 The amount of mineralisable nitrogen in the soil from the blood waste treated field 
was 75 mg/kg compared to 50 mg/kg in the neighbouring field control. The soil 
mineral nitrogen supply at 0-20 cm at the date of sampling was 93 kg N/ha on the 
blood waste treatment field with a further 95 kg N/ha potentially mineralisable.  This 
was higher than the control which has a soil mineral nitrogen supply (0-20 cm) of 70 
kg N/ha and a further 55 kg N/ha potentially mineralisable. Although there are 
differences between the fields, the differences may not necessarily reflect a waste 
treatment effect and may in fact reflect other soil, land-use and soil fertility factors. 
The levels of extractable N in the blood treated field one year after application is 
satisfactory and within the normal range for fertile grassland soils. Provided 
subsequent  N fertiliser use is in accordance with SAC recommendations, this field is 
not expected to have a future problem of excessive nitrate leaching. 

 
Gogar 
Soil extractable nitrate and ammonium concentrations were 28 and 0.3 mg N/kg 
respectively in the paper waste treated field (Gogar 10 H 1-10).  In the neighbouring 
field “control” (Gogar 10 HC 1-5) which had not received any waste, the extractable 
nitrate and ammonium concentrations were similar at 20 and 0.4 mg N/kg. The 
substantially larger concentration of nitrate relative to ammonium in both treatments 
is normal for a typical agricultural soil and demonstrations that N mineralisation and 
nitrification rates are satisfactory. 
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 The amount of mineralisable nitrogen in the soil from the paper waste treated field 
(Gogar 10 H 1-10) is 76 mg/kg compared to 30 mg/kg in the neighbouring field 
control (Gogar 10 HC 1-5). The soil mineral nitrogen supply at 0-20 cm at the date of 
sampling was 70 kg N/ha on the paper waste treatment field with a further 120 kg 
N/ha potentially mineralisable.  This is lower than the control which has a soil 
mineral nitrogen supply (0-20 cm) of 75 kg N/ha and a further 168 kg N/ha 
potentially mineralisable. Although there are small differences between the treated 
and untreated fields, these differences very likely reflects other soil, land-use and soil 
fertility factors and are less likely to be a waste treatment effect. 
 
Auchincruive 
There were no marked differences in N status between treatments (Table 6) other than 
a hint that mineralisable and ammonium-N concentrations were higher in the paper 
waste treatments (ave. 108 and 1.1 mg N /kg respectively) than in most other 
treatments, including the fertiliser control (average 90 and 0.6 mg N /kg).  

 
 
Table 5.  Mineralisable N, extractable nitrate-N and ammonium-N (mg N/ kg dry soil) at 

the Netherton and Gogar sites 
 

Site Mineralisable N Extractable nitrate-N Extractable ammonium-N

Netherton wastes 75 37 0.4 
SD 26 14 0.2 
    
Netherton control 50 28 0.4 
SD 7 14 0.1 
    
Gogar 10 wastes 76 28 0.3 
SD 14 6 0.1 
    
Gogar 10 control 97 30 0.4 
SD 9 5 0.1 
    
Gogar 28 wastes 67 24 0.5 
SD 18 6 0.2 
    
Gogar 28 control 101 24    10 
SD 53 6 4.6 
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Table 6.  Mineralisable N, extractable nitrate-N and ammonium-N (mg N /kg dry soil) at 
the Auchincruive trial site 

 

Treatment Mineralisable N Extractable  nitrate-N  Extractable ammonium-N

Ammonium nitrate  85 24 0.5 
SD (standard deviation) 13 4 0.1 
    
Paper mill sludge 113 24 1.2 
SD 19 3 0.4 
    
Paper mill sludge, extra N 103 22 1 
SD 13 1 0.3 
    
Distillery waste 92 24 0.6 
SD 12 3 0.1 
    
Blood waste 88 24 0.7 
SD 10 2 0.2 
    
Dairy waste 101 32 0.5 
SD 18 7 0.1 
    
Green waste compost 83 27 0.5 
SD 15 4 0.1 
 
 
4.1.4  Biomass carbon 
 

Netherton 
Soil microbial biomass in the blood waste treated field ranged from 122 to 466 µg 
CO2-C/g oven dry soil (mean 267 µg CO2-C/g OD soil) (Table 7).  In the 
neighbouring field “control” which had not received any blood waste, the soil 
microbial activity ranged from 267 to 317 µg CO2-C/g OD soil (mean 285 µg CO2-
C/g OD).  The soil microbial activity in both fields is within the range for a typical 
soil with this type of farming system.  Although there are differences between the 
fields, these effects may reflect other soil, land-use and soil fertility factors. 
 
Gogar 
Soil microbial biomass in the paper waste treated field (Gogar 28, H 1-27) ranged 
from 357 to 721 µg CO2-C/g oven dry soil (Table 7).  In the neighbouring field 
“control” (Gogar 2 H 1-5) which had not received any  paper  waste, the soil 
microbial activity ranged from 991 to 1167 µg CO2-C/g OD soil (mean 1092 µg CO2-
C/g OD).  The soil microbial activity in both fields is within the range for a typical 
soil with this type of farming system.  Although there are differences between the 
fields, these effects may reflect other soil, land-use and soil fertility factors. 
 
Soil microbial biomass in the paper waste treated field (Gogar 10, H 1-10) ranged 
from 309 to 449 µg CO2-C/g oven dry soil (mean 375 µg CO2-C/g OD soil).  In the 
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field “control” (Gogar HC 1-5) which had not received any paper waste, the soil 
microbial activity ranged from 676 to 791 µg CO2-C/g OD soil (mean 730 µg CO2-
C/g OD).  The soil microbial activity in both field areas is within the range for a 
typical soil with this type of farming system.  Although there are differences between 
the fields, these effects may reflect other soil, land-use and soil fertility factors. 
 
Auchincruive 
Soil microbial biomass in the distillery waste treated plots (Auchincruive trial site) 
ranged from 785 to 898 µg CO2-C/g oven dry soil (mean 837 µg CO2-C/g o.d. soil) 
(Table 8). In those that had received compost, the soil microbial activity ranged from 
711 to 839 µg CO2-C/g o.d. soil (mean 793 µg CO2-C/g o.d. soil).  The soil microbial 
activity in both treatments is within the range for a typical soil with this type of 
farming system.  Although there are slight differences between the treatments, these 
differences are not significant. 

 
 

Table 7.  Soil microbial biomass carbon (µg C/g oven dry soil) at the Netherton and 
Gogar sites 

 

Site Biomass C 

Netherton wastes 267 
SD 115 
  
Netherton control 285 
SD 22 
  
Gogar 10 wastes 375 
SD 55 
  
Gogar 10 control 730 
SD 58 
  
Gogar 28 wastes 544 
SD 127 
  
Gogar 28 control 1092 
SD 90 

 
 

Table 8.   Soil microbial biomass carbon (µg C/g oven dry soil) in 3 treatments at the 
Auchincruive site 

 

Treatment Biomass C 

Ammonium nitrate 
fertiliser 

 795 ±  31 

Distillery waste  837 ± 23 
Composted green waste  793 ± 30 
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4.1.5  Soil respiration rate 
 

Netherton 
Soil respiration rates in the blood waste treated field ranged from 0.30 to 1.12 µg 
CO2-C/g OD soil/hour (mean 0.59 µg CO2-C/g OD soil/hour) (Table 9).  In the 
neighbouring field “control” which had not received any blood waste, the soil 
respiration ranged from 0.29 to 0.41 g CO2-C/g OD soil/hour (mean 0.35 CO2-C/g 
OD soil/hour).  These soil respiration rates indicate that 42 kg CO2-C/ha were being 
lost from the blood waste treated field in spring compared to 21 kg CO2-C/ha from the 
field which had not received a waste application. 
 
Soil respiration rate provides a measure of soil microbial activity and generally a low 
result would be a cause of concern.  Both fields had a satisfactory soil respiration rate 
within the range for typical agricultural soils. The differences between the fields may 
not necessarily be due to the blood waste application and may reflect other soil, land 
use, soil fertility factors.  In any case, the blood waste treated field did not have a 
lower soil respiration. 
 
Gogar 
Soil respiration  rates in the paper waste and sewage sludge treated field (Gogar 10 H 
1-10) ranged from 0.39 to 0.53 µg CO2-C/g OD soil/hour (mean 0.45 g CO2-C/g OD 
soil/hour).  In the neighbouring field margin “control” (Gogar 10 HC 1-5) which had 
not received any paper waste, the soil respiration ranged from 0.29 to 0.41 µg CO2-
C/g OD soil/hour (mean 0.35 CO2-C/g OD soil/hour).  These soil respiration rates 
indicate that 32 kg CO2-C/ha were being lost from the paper waste treated field in 
spring compared to 29 kg CO2-C/ha from the field which had not received a waste 
application. 
 
Soil respiration rate provides a measure of soil microbial activity and generally a low 
result would be a cause of concern.  Both areas of the field had a soil respiration rate 
within the range for typical agricultural soils.  The differences within the field were 
very low and not due to the paper waste application and may reflect other soil, land 
use, soil fertility factors.   
 
Soil respiration rates in the paper waste treated field (Gogar 28 H 1-27) ranged from 
0.16 to 0.79 µg CO2-C/g OD soil/hour (mean 0.43 µg CO2-C/g OD soil/hour).  In the 
neighbouring field margin “control” (Gogar 2 HC 1-5) which had not received any 
paper waste, the soil respiration ranged from 0.39 to 0.67 µg CO2-C/g OD soil/hour 
(mean 0.52 µg CO2-C/g OD soil/hour).  These soil respiration rates indicate that 31 kg 
CO2-C/ha were being lost from the paper waste treated field in spring compared to 37 
kg CO2-C/ha from the field which had not received a waste application. 
 
Both fields had a soil respiration rate within the range for typical agricultural soils. 
The differences within the fields may not necessarily be due to the paper waste 
application and may reflect other soil, land use, and fertility factors.   
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Auchincruive 
Soil respiration rates in the distillery waste treated plots ranged from 0.35 to 0.45 µg 
CO2-C/g OD soil/hour (mean 0.40 µg CO2-C/g OD soil/hour) (Table 10).  The 
equivalent values for the compost treated plots were near identical (range 0.39 to 0.53 
µg CO2-C/g OD soil/hour, mean 0.4 µg CO2-C/g OD soil/hour).  In the “control” 
which had not received any waste, the soil respiration ranged from 0.41 to 0.48 µg 
CO2-C/g OD soil/hour (mean 0.43 µg CO2-C/g OD soil/hour).  These soil respiration 
rates indicate that 29 kg CO2-C/ha were being lost from both the distillery and 
compost treated plots in spring compared to 32 kg CO2-C/ha from the plots which had 
not received a waste application. 
 
Soil respiration rate provides a measure of soil microbial activity and generally a low 
result would be a cause of concern.  Both waste treatments had soil respiration rates 
within the range for typical agricultural soils. The very small differences between 
these treatments and the control are unlikely to be due to the paper waste application 
and may reflect other soil, land use and soil fertility factors. 
 
 
Table 9.  Soil respiration rate (µg CO2-C/g OD soil/hour) at the Netherton and 

Gogar sites 
 

Site Respiration rate 

Netherton wastes 0.59 
SD (standard deviation) 0.30 
  
Netherton control 0.35 
SD 0.05 
  
Gogar 10 wastes 0.45 
SD 0.07 
  
Gogar 10 control 0.41 
SD 0.12 
  
Gogar 28 wastes 0.43 
SD 0.22 
  
Gogar 28 control 0.52 
SD 0.14 
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Table 10.  Soil respiration rates (µg CO2-C/g OD soil/hour) in 3 treatments at the 
Auchincruive site 

 

Treatment Respiration rate 

Ammonium nitrate fertiliser 0.43 ± 0.02 
Distillery waste 0.40 ± 0.02 
Composted green waste 0.45 ± 0.03 

 
 
4.1.6  Soil pH and conductivity, and content of extractable phosphorus, potassium and 

magnesium 
 

Netherton  
The only significant difference between the treated and non-treated soil was in 
content of P which was larger by 60 percent at the site of the waste applications 
(Table 11). Blood waste would be expected to be very high in P (as well as N). The N 
in blood waste would be expected to be rapidly transformed into nitrate and washed 
out this soil in winter while P would not be leached out, allowing the P to build up.  
The field soil at Netherton which was treated with blood has a very high content of 
available phosphate and no further P applications will be required by agricultural 
crops for the forseeable future. It is recommended that further applications of 
phosphate containing fertilisers, manures or wastes are not applied to this field. 
Although phosphate is normally relatively immobile in soils, further applications of 
phosphate to this high P soil will increase the likelyhood of phosphate movement to 
watercourses. 
 
Gogar  
At both sites, 10 and 28, the waste applications appeared to result in a significantly 
higher soil pH, P content and conductivity (Table 11). On average, the waste 
application areas had an increased pH by 1.92 units and P content by a factor of 5. 
However this effect at least in the case of Gogar 28 is almost certainly due to the 
differences in land use of the control. 
 
Auchincruive 
The mean soil pH of the control plots was 5.65 (Table 12). The two paper-mill sludge 
treatments (with and without supplementary N) along with the distillery and blood 
treatments all resulted in a similar mean soil pH (5.64, 5.71, 5.70 and 5.70 
respectively).  The mean soil pH on the dairy treatment (5.84) and compost treatment 
(5.93) was slightly higher than the control although this effect was not statistically 
significant (P<0.05). 
 
The mean available soil P concentration on the control plots was 17 mg/l (low).  
There were no significant differences in soil P concentrations in the waste treatments 
that ranged from 14 to 24 mg/kg P compared to the control. The mean available soil K 
concentration on the control plots was 34 mg/l (very low). There was no significant 
difference in soil K concentrations between the waste treatments that ranged from 31 
to 66 mg/kg K, and the fertiliser control. 
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The mean available soil Mg concentration on the control plots was 126 mg/l 
(moderate).  There was no significant differences in soil Mg concentrations in the 
waste treatments which ranged from 122 to 156 mg/kg Mg compared to the control. 
The salinity levels in the soil were similar on the controls and all the treatments (0.07-
0.08 mS/cm). 
 
 

Table 11.  Soil pH and conductivity (mS/cm), and content (mg/l) of extractable phosphorus 
(P), potassium (K) and magnesium (Mg), at the Netherton and Gogar sites 

 

Site pH P K Mg Conductivity

Netherton wastes 5.99 66.8 111 60 0.1 
SD (standard deviation) 0.79 16.9 40 68 0.02 
      
Netherton control 6.19 41.8 108 80 0.09 
SD 0.1 7.6 41 11 0.03 
      
Gogar 10 wastes 7.62 27.1 143 102 0.15 
SD 0.123 10.1 85 28 0.01 
      
Gogar 10 control 6.01 7.5 156 133 0.08 
SD 0.14 2 27 31 0.01 
      
Gogar 28 wastes 7.31 27.7 110 135 0.1 
SD 0.39 13.2 41 43 0.02 
      
Gogar 28 control 5.08 3.8 124 126 0.07 
SD 0.19 1.2 29 19 0.02 
 



 24

Table 12. Soil pH and conductivity (mS/cm), and content (mg/l) of extractable phosphorus, 
potassium and magnesium at the Auchincruive site 

 

Treatment pH P K Mg  Conductivity

Ammonium nitrate fertiliser 5.65 17.3 34 126 0.07 
SD (standard deviation) 0.14 4.3 2.3 10.1 0 
      
Paper mill sludge 5.64 13.5 42 122 0.08 
SD 0.12 2.4 5.2 30.9 0 
      
Paper mill sludge, extra N  5.71 14.1 35 126 0.08 
SD 0.15 5.3 6.8 17.7 0.01 
      
Distillery waste 5.7 23 35 143 0.07 
SD 0.09 4.3 3.8 22.2 0 
      
Blood waste 5.7 14.5 31 140 0.07 
SD 0.18 2.5 5 37.2 0 
      
Dairy waste 5.84 18.3 66.5 135 0.08 
SD 0.3 5 30.4 58.6 0.01 
      
Green waste compost 5.93 24.3 38.5 156 0.07 
SD 0.09 6.7 1.9 20.1 0 
 
 
4.1.7 Bulk density and infiltration rate 
 

Netherton and Gogar 
The only statistically significant difference observed was in physical properties at the 
Gogar 28 site where soil bulk density (degree of compaction) was greater in the 
waste-treated area than in the non-waste control area. It is probable that aspects of soil 
management in the previous six months (e.g., cropping, tillage, machinery traffic), 
rather than the presence of the applied waste, were responsible for that contrast. Well 
managed autumn cultivations carried out in good conditions will normally alleviate 
any topsoil compaction from the previous cropping season. Compaction of the soil 
during application of the waste in 1998-99 is unlikely to be a factor as  three autumn 
cultivations have been carried out since the waste was applied.  
 
Over all three sites, infiltration rate tended to be greater on the waste-treated soils 
which may have reflected incorporation tillage operations (for paper sludge) as much 
as any direct effects from the presence of the waste.  
 
Auchincruive 
The incorporation of relatively large quantities of paper-mill sludge was reflected in 
bulk density means that were significantly smaller than those of the control treatment 
(Table 14). Variation in compaction was not confirmed by infiltration measurements. 
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Table 13.  Soil bulk density and infiltration rate at the Netherton and Gogar sites 
 

Site and waste treatment Bulk density,  kg/m3 Infiltration rate, cm/hr 
Netherton wastes 1.32 12.9 
 control  1.44   6.49 
 sig. of diff. ns ns 
   
Gogar 10 wastes 1.32   6.52 
  control 1.33   4.58 
  sig. of diff. ns ns 
   
Gogar 28 wastes 1.33 20.11 
 control 0.96 10.89 
 sig. of diff. *** ns 

 
 

Table 14. Soil bulk density and infiltration rate at the Auchincruive site 
 

 Bulk density, kg/m3 Infiltration rate, cm/hr 
Treatment Mean Significance of 

difference (cf Control)
Mean Significance of difference 

(cf Control) 
Control 1.35 - 2.11 - 
Paper -N 1.10 *** 2.75 ns 
Paper +N 1.22 *** 0.45 ns 
Distillery 1.30 ns 2.50 ns 
Blood 1.32 ns 1.70 ns 
Dairy 1.31 ns 0.25 ns 
Compost 1.32 ns 0.42 ns 

 
 
4.2 Sheep Dip Disposal  
 
4.2.1  Soil properties 
 

There were no consistent patterns in effects of sheep dip on soil properties.  For 
example, trends of higher soil pH, biomass-carbon and respiration rate in the sheep 
dip treatments at both sampled depths at Auchincruive were not repeated at the other 
three sites (Tables 15, 16 and 17). 
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Table 15. Soil pH at the sheep dip sites 
 

 Soil pH 
Site Depth 0-5 cm Depth 20-25 cm 

 Control OP SP Control OP SP 
Auchincruive 5.73 5.95 6.13 6.09 6.63 6.66 
Kirkton 5.13 - 5.15 5.46 - 5.42 
Bush Estate 5.61 5.61 5.52 6.07 6.07 5.94 
Craibstone 6.37 - 6.29 5.31 - 5.30 

  
 

Table 16.  Soil microbial biomass carbon (µg C/g oven dry soil) at the sheep dip sites  
 

 Biomass C 
Site Depth 0-5 cm Depth 20-25 cm 

 Control OP SP Control OP SP 
Auchincruive 596 693 768 256 285 323 
Kirkton 722 - 656 241 - 256 
Bush Estate 751 725 682 409 431 479 
Craibstone 637 - 641 524 - 487 

 
 

Table 17.  Soil respiration rate (µg CO2-C/g oven dry soil/hour) at two soil depths at 
the sheep dip sites 

 
 Respiration rate 

Site Depth 0-5 cm Depth 20-25 cm 
 Control OP SP Control OP SP 

Auchincruive 0.60 0.62 0.73 0.17 0.23 0.22 
Kirkton 1.08 - 0.89 0.11 - 0.13 
Bush Estate 1.22 1.28 1.20 0.39 0.36 0.33 
Craibstone 0.90 - 0.91 0.59 - 0.51 

 
 

As expected, there were differences in density and infiltration rate between sites 
attributable to differences in soil type (and possibly management). The relatively high 
infiltration rate (Table 18) at Craibstone reflects the coarse (sandy) texture of the soil. 
The high bulk density value obtained for the Auchincruive control treatment can be 
assumed to be a spurious result reflecting localised soil compaction. 



 27

Table 18.  Soil bulk density and infiltration rate at the sheep dip sites 
 

Site Bulk density kg/m3 Infiltration rate cm/hr 
 Control OP SP Control OP SP 

Auchincruive 1.62 1.48 1.44    9.1  4.0   5.1 
Kirkton 1.15 - 1.16    2.7    -   1.6 
Bush Estate 1.18 1.24 1.20    9.2  8.7 10.5 
Craibstone 1.03 - 0.91  23.7    - 35.0 

 
The soil nitrogen assessments (Table 19) revealed larger and more consistent 
differences between soil types and sampling depths than between sheep dip 
applications. 

 
 

Table 19.  Mineralisable N, extractable nitrate-N and ammonium-N (mg N/ kg dry 
soil) at in two soil layers at the sheep dip sites 

 
Site, dip treatment 
and sample depth 

Mineralisable N Extractable  
nitrate-N 

Extractable 
ammonium-N 

 0-5 cm layer    
 Auchincruive C  168 17 0.2 
                          OP  177 24 0.2 
                          SP  161 25 0.1 
    
 Kirkton      C  242 9 6.3 
                  SP  208 9 5.0 
    
 Bush       C  288 24 3.4 
                OP  229 24 1.4 
                SP  284 23 4.6 
    
 Craibstone      C  193 29 0.4 
                       SP  202 20 0.1 
    
 20-25 cm layer    
 Auchincruive    C  34 7 0 
                          OP  35 14 0.5 
                          SP  33 17 0 
    
 Kirkton      C  29 6 1.0 
                   SP  32 4 0.2 
    
 Bush     C  67 16 1.2 
              OP  70 13 0.3 
        SP  74 11 0.5 
    
 Craibstone     C  167 16 0.3 
                      SP  147 15 0.1 
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4.2.2  Microbial diversity  
 

The  Biolog analysis of the soils treated with sheep-dip waste was carried out by C.D. 
Campbell and S.D.J. Burgess, The Macaulay Institute, Aberdeen 

 
4.2.2.1 Introduction 
 

The use of sole carbon source tests such as BiologTM  has become a popular way to 
measure changes in community structure and functional diversity (Garland and Mills, 
1991; Zak et al., 1994) of microorganisms. Such tests have been applied to a wide range 
of soil habitats undergoing changes in land use or disturbance due to pollution (Bååth et 
al., 1998; Bossio and Scow, 1995; Bundy et al., 2001; Johnson et al., 1998; Yao et al., 
2000). The use of BiologTM to study changes in community structure following sewage 
sludge application to soil has shown that communities are altered when sludges are rich 
in heavy metals (Bååth et al., 1998; Knight et al., 1997). Biolog-CLPPs have not 
previously been used to assess the effects of sheep dip waste.  

 
The method can be used to simultaneously test the utilisation of 95 different substrates as 
sole carbon sources and, since growth of cells occurs and different organisms can utilise 
the C sources to different degrees, it can be used as a community level physiological 
profile (CLPP). Carbon source utilisation is indicated by the colour development of a 
redox indicator dye. Changes in the overall patterns of carbon source utilisation rates 
indicate differences in community composition. The technique has become popular 
because it is simple, uses automated measuring apparatus and yields a great deal of 
information about an important functional attribute of microbial communities. The 
Biolog CLPP method can be used to determine changes in the activity by measuring the 
average well colour development (AWCD) for all C sources, the diversity of functions (C 
sources) and physiological responses (growth kinetics). Use of multivariate methods to 
examine individual C source responses can be used to determine if there has been an 
overall shift in the microbial community structure. The analysis and interpretation of 
such data is often complex (Garland, 1996) and the degree to which the results reflect 
shifts in microbial function rather than community structure has been questioned 
(Garland, 1997).  

 
4.2.2.2 Methods 
 

Biolog Community Level Physiological Profiles (CLPP) by sole carbon source 
utilisation tests 
 
Biolog - CLPPs were measured on soils by direct incubation of extracts in GN2 plates 
(Biolog Inc, Hayward, USA) with 95 wells each containing a single different C 
source. Changes in relative and absolute rates of utilisation of individual substrates 
were determined (Campbell et al., 1997; Garland and Mills, 1991). Fresh soil (10 g) 
was added to 100 ml of distilled water in a 250 ml flask and shaken on a wrist action 
shaker at full speed for 10 min. Ten-fold serial dilutions of the extract were made and 
the 103 dilution was used to inoculate the Biolog plates. The dilution was centrifuged 
at 500×g for 10 min and each well of a ‘GN’ type plate (Biolog Inc, Hayward, 
California, USA) was inoculated with 150 µl of supernatant. Plates were incubated at 
25oC for 7 days and colour development was measured as absorbance (A) using an 
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automated plate reader (VMAX, Molecular Devices, Crawley, UK) at 590 and 750 
nm. Readings at 750 nm were subtracted from the readings 590 nm to correct for 
spurious background colour. Data were collected using Microlog Rel 3.5 software 
(Biolog Inc., Hayward, California, USA).  
 
The colour development in each well was measured twice daily and a logistic growth 
curve fitted to the average well colour development (AWCD) over time. The lag 
phase, maximum specific growth rate (µMax) and final asymptotic absorbance were 
calculated from these curves. In addition, the number of substrates utilised was 
computed by calculating positive utilisation as a 30% threshold increase on the 
control well colour. From this the substrate richness (S), Shannon diversity index 
(Zak et al., 1994) and catabolic versatility were calculated (Wenderoth and Reber, 
1999) for each time point and the averages over all times for each of these parameters 
were selected for analysis. 
 
Statistical analysis 
 
The average C source utilization (Biolog) for each sample as well as the individual C 
source responses were subjected to a one way ANOVA with either pesticide treatment 
or site as factors due to lack of replication at individual sites. The data for each depth 
was analysed separately as variation in depth exceeds that of other factors but also it 
is useful to compare the depths because the sheep dip chemicals were applied to the 
surface and no detectable concentrations were found at the lower soil depth. Sample 
values for treatment means were pooled for the four sites.  
 
The absorbance data for the various carbon sources and treatments were subjected to 
multivariate analysis following subtraction of the blank value and transformation of 
data by dividing by the average value for each sample. Further to this and before 
multivariate analysis the curve of AWCD against time was used to calculate 
weightings for the individual C source data at an equivalent time point in the mid-
exponential phase. Principal component analysis (PCA) using the covariance method 
and then canonical variate analysis (CVA) of the first 10 principal components 
(explaining >95% of the variation) were performed. The mean Mahalanobis distance 
between all groups was used to measure the separation of the groups. The significance 
of the mean distance was tested using a randomization test. The samples were 
randomly permuted, CVA was performed and the mean distance noted. This was 
repeated 1000 times and the number of times that the mean distance exceeded that for 
the real data was recorded and used to calculate a P-value. All computations were 
carried out using Genstat 5 Release 4.22 (VSN International Ltd., Oxford, UK). Other 
independently measured variables such as pH, mineralisable N and pesticide 
concentrations were regressed against the CV scores to determine any possible 
relationships. 

 
4.2.2.3 Results  

 
Activity and diversity measures 
 
As with several of the other soil parameters there were significantly lower 
AWCD,µMax in the soils taken from 5-25 cm than in the 0-5 cm samples (Table 1). 
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There were, however, no significant differences in AWCD, µMax, asymptotic value 
or lag phase between samples taken from 0-5cm depth for any of the biocide waste 
treatments (Table 1). In the samples from 5-25 cm depth the lag phase for AWCD in 
the OP treated soils was significantly less than the both the control and SP treated 
soils (Table 1). 

 
There were significant differences due to OP waste treatment in the diversity of C 
sources utilised expressed as both the Shannon-Weaver diversity index and catabolic 
versatility which were reduced by the addition of the OP sheep dip waste compared to 
the control. However, the SP biocide waste treatment had higher diversity indices 
than both the control and the OP containing wastes. 
 
Table 20. Mean, P value and LSD0.05 for the AWCD (A590), substrate richness (S), 

Shannon diversity index (H), catabolic versatility, lag phase (days), µ max 
(h-1)_and Asymptotic A590 value for biocide treatments 

 
 

 Control 
Organo 

phosphates 
Synthetic 

pyrethroids P value LSD 
AWCD      
0-5 cm 0.955 0.940 0.959 0.358 0.102 
5-25 cm  0.888 0.899 0.923 0.569 0.109 
S      
0-5 cm 77.1 75.6 79.8 0.098 4.8 
5-25 cm  78.5 78.5 79.8 0.630 4.9 
H      
0-5 cm 4.24 4.21 4.27 0.046 0.06 
5-25 cm  4.18 4.18 4.19 0.762 0.09 
Catabolic 
versatility      
0-5 cm 1.81 1.76 1.86 0.006 0.055 
5-25 cm  1.56 1.56 1.58 0.849 0.134 
uMax      
0-5 cm 0.0240 0.0214 0.0196 0.263 0.0082 
5-25 cm  0.0190 0.0144 0.0197 0.221 0.0077 
Lag phase      
0-5 cm 29.9 22.0 28.8 0.458 16.9 
5-25 cm  30.5 14.1 27.5 0.020 12.07 
Aysmptotic      
0-5 cm 1.570 1.561 1.401 0.404 0.424 
5-25 cm  1.441 1.436 1.506 0.784 0.342 
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Figure 1. Effect of biocide waste treatment on a) Shannon diversity index for 95 C sources 
b) Catabolic versatility for 95 C sources and c) Lag phase of AWCD. Error bars 
equal LSD for 3 treatments.  
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Community structure 
 
There was a weakly significant (P=0.08) evidence of a shift in the CLPP in the 0-5cm 
depth samples treated with OP sheep-dip waste (Figure 2a) with an average separation 
distance of 6.8 between treatment groups. The biggest differences were found on the 
first CV axis (explaining 82.2 % of the variation) along which the organophosphate 
treatment was distinctly different from the control and synthetic pyrethroid 
treatments. There was no significant change in Biolog-CLPP in the 5-25 cm samples 
(Figure 2b).  
 
Relationships to other variables 
 
None of the activity measures or canonical variate scores from the ordination plots 
were significantly correlated with other independently measured soil variables across 
depths or for individual depths sampled (Table 2). Lack of values above detection 
limit for individual biocide active ingredients meant they couldn’t be correlated with 
the other biological data.  
 
 

Table 21. Correlation matrix for ordinates from canonical variates 1 and 2 (CV 1, CV2) with 
% moisture, pH, K2SO4 extractable C, NH4-N, mineralisable N, microbial 
biomass–C and basal C02-C respired. 

 

 %Moisture pH 

K2SO4 
extractable 

C NH4

Mineralisable 
N 

Microbial 
Biomass -

C 
Basal 
C02-C CV1 CV2

          
%Moisture 1         
pH -0.68 1        
K2SO4 ext-C 0.95 -0.80 1       
NH4 0.82 -0.57 0.73 1      
Mineralisable 
N 0.53 -0.36 0.43 0.57 1     
Biomass -C 0.43 -0.23 0.28 0.46 0.95 1    
Basal C02-C 0.55 -0.30 0.42 0.62 0.97 0.91 1   
CV1 0.03 0.10 0.02 -0.03 0.16 0.08 0.22 1  
CV2 0.07 -0.35 0.14 -0.03 0.04 -0.08 0.05 0 1 



 33

Figure 2. Ordination plot of CV1 vs CV 2 for sole carbon source utilisation patterns in soils 
treated with no wastes ( ), organophosphates based sheep dip waste ( ) or 
synthetic pyrethroid based sheep dip waste ( ) in a) 0-5 cm depth and b) 5-25 cm 
depth. 
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4.4.4.2 Biolog discussion 
 

For sites receiving sheep dip, little is known of the ecotoxicological effects on soil 
(Paterson et al., 2000) and the main perceived risks are to groundwater and wildlife. 
The active ingredients of residual biocides in the sheep dip waste such as the synthetic 
pyrethroids and organophophates target invertebrates but both are widely regarded as 
being relatively easily degraded in soil. Any effects on the soil microbial community 
are likely therefore to result as indirect effects on the soil food chain perhaps at the 
invertebrate level.  Some other studies have demonstrated effects on the microbial 
communities, for example when synthetic pyrethroids were co-disposed in 
slurry(Semple et al., 2000). In soil (Roychowdhury et al., 1999) showed changes in 
the microbial community structure with a reduction of actinomycete populations 
when the synthetic pyrethroid, fluvalinate, was tested. These methods and results are 
not directly comparable to the Biolog-CLPP method. Biolog –CLPP has proved to be 
a sensitive method to detect stresses on ecosystems that in some cases are probably 
indirect effects on plant growth (Bååth et al., 1998; Johnson et al., 2002). Effects on 
soil invertebrates may have indirect effects on soil microbial community structure and 
methods such as Biolog-CLPP may be sensitive ways of detecting such effects.  
 
The shifts in community structure shown by the multivariate ordination plots 
indicated there was some weak evidence that the communities in the OP treated soils 
were altered by the OP waste treatment compared to the control and SP treated soil. 
This might indicate a change in the food web due to the application of the OP 
containing wastes. The reduced functional diversity in C source utilisation is, 
however, stronger evidence of an effect of OP wastes. The lag phase was reduced in 
5-25 cm sample treated with OP wastes but this could be regarded as a positive sign 
and may reflect nutrient enrichment at depth due to the wastes as no biocide active 
ingredients were detected at depth. The lag phase is a transition period in which the 
community responds to a change in either physico-chemical conditions or the 
presence of inhibitory elements and therefore represents the physiological state of the 
original community inoculum (Pirt S.J., 1975). A longer lag phase may reflect a 
diminished ability to utilize carbon compounds and may have implications for 
decomposition processes but there was no evidence of this. As Biolog-CLPPs are 
affected substantially by seasonal factors and are sensitive to changes in plant growth 
(Grayston et al., 2001) it is always important to consider such effects in the light of 
indirect effects of waste application on the receiving vegetation. 

 
The results herein suggest there is some evidence of an adverse effect of OP sheep dip 
wastes on the Biolog-CLPP but this may well be due to other differences in the nature 
of the waste applied, as it was not possible to correlate the biological responses to the 
concentration of any of the active ingredients. The accumulated evidence is only 
circumstantial and further corroboration would be required. While no published 
information on the effects of organophosphates on soil microbial diversity have been 
found, the results herein suggest further investigation of this would be warranted.  
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4.2.3  Sheep dip and breakdown products 
 

Pesticides reaching the soil can dissipate by several routes: 
(i) volatilisation 
(ii) photochemical degradation 
(iii) surface run-off 
(iv) sorption by the soil 
(v) microbial/chemical degradation 
(vi) leaching. 
 
Volatilisation and photochemical degradation are governed by weather conditions 
whilst surface run-off is dependent on soil surface condition. Pesticide formulation 
and soil conditions govern the processes of sorption, degradation and leaching. Nearly 
all pesticides and particularly dip chemicals are sorbed by the soil to some degree. 
 
Sorption or binding behaviour of pesticides can be measured by their distribution co-
efficient (KD) between soil particles and soil water where: 
 
KD = CS  CS concentration of pesticide in soil (µg/ml). 
 CW  CW concentration of pesticide in water (µg/ml). 
 
KD values for different soils vary proportionally to soil organic carbon content (foc).  
This relationship is used to devise a measure of sorption and mobility for different 
pesticides in different soils where 

 
KOC = KD  

foc ml/g of organic carbon. 
 
Koc is an accepted method of assessing pesticide mobility in soils.  Pesticides with a 
high KOC have low mobility and move slowly through soil. KOW gives a measure of 
the lipophilicity of the pesticide and is a related term, expressing the mobility of some 
pesticides.  KOW closely correlates with KD for a given soil. Persistence of chemicals 
in soil and their potential leachability is determined by the rate of degradation. This is 
expressed in half lives (t½) and is measured in days. A combination of Sorption (KOC) 
and Persistence (t½) gives a measure of leachability; expressed as Groundwater 
Ubiquity Score (GUS) values. 
 
GUS = Log 10 t½ x (4 log 10 KOC). 

 
GUS values differentiate between pesticides of low and high leachability.  GUS 
values of <1.8 indicate non-leachers. 
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Table 22. Potential leachability of common dip pesticides based on lipophilicity 
(KOW), mobility (KOC) and half life (t½) 

 
Dip Pesticide KOW (ml/g) KOC (ml/g) t½ (days) GUS 

Diazinon 3,020 1,000 30 1.54 
Cypermethrin 6,600,000 100,000 45 -1.65 

 
 
In general, organic matter and clay content are the soil properties involved in 
pesticide sorption.  As soil organic matter is difficult to assess in the field, clay 
content or soil texture provides a good indicator of the rate of sorption. Dip pesticides 
are therefore expected to be strongly adsorbed in the topsoil layer if it contains 
organic matter and have very low leachability.  They will therefore be expected to be 
retained in the topsoil layer (0-10 cm) of suitable soils and it is estimated that the 
concentration of the main dip pesticides in soil water, below a 10 cm depth, will be 
extremely low (<0.1 µg/litre). 

 
Soils suitable for disposal of sheep dip can be assessed, therefore, on their high 
sorption properties (organic matter and clay content) and high degradation capability 
(based on microbial biomass activity: a function of organic matter, texture, drainage 
status, pH and nutrient status). Other factors include land use, proximity to 
watercourses and groundwater, slope, soil surface condition, soil type and depth. 
 
The active ingredient of the synthetic pyrethroid dip (cypermethrin) was detected in 
the 0-5 cm layer in three of the four soils and at the deeper layer (20-25 cm) in two of 
the soils (Table 20). The deeper penetration of cypermethrin in those two soils (Bush 
Estate and Craibstone) merits further investigation and could have been a 
consequence of generally higher infiltration rates at those sites (Table 18). The 
organophosphate ingredient, diazinon, was detected only at the shallower sampling 
depth in two of the soils. Breakdown products of the dips were detected at only the 0-
5 cm depth at Bush (both OP and SP dips) and Craibstone (SP only). The levels 
detected were very low compared to the application rate of the active ingredient 
(Diazinon  at 2 kg/ha and Cypermethrin at 1 kg/ha). This confirms that both sheep 
dips were degrading rapidly in the soil. The low analytical detection of residual 
pesticide indicates that degradation of both sheep dip pesticides in the soil was rapid 
and satisfactory. Approximately 0.5% of the organophosphate and 1.4% of the 
cypermethrin originally applied was found in the soil between 30 and 62 days after 
the sheep dip application. 
 
These results are supported by data from EXTOXNET (reported in Paterson,1999) 
which concluded that Diazinon has a low persistence in soil with a half life of 2-4 
weeks and that it seldom migrates down through the soil further than 12 mm. 
Cypermethrin has a moderate persistence in soil and degrades more rapidly in light 
soils which are low in organic matter. Cypermethrin has a half life of 0.5-8 weeks and 
has a strong tendency to absorb to soil particles and is unlikely to cause groundwater 
contamination according to EXTOXNET (reported in Paterson,1999). 
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Table 23.  Sheep dip and breakdown product content (µg/kg fresh soil) of soil in control (C), 
organophosphate (OP) and synthetic pyrethroid treatments in spring 2002, and 
soil water content at the time of sampling (θg, percent w/w), at each sheep dip site.  

 
Site, dip treatment and 

sample depth 
Diazinon Cypermethrin 3-(2,2-dichlorovinyl)-

2,2-dimethyl- 
(1-cyclopropane)-

carboxylate) 

2-isopropyl-6-
methyl-4-

pyrimidinol 

θg 
 

 0-5  cm layer      
 Auchincruive C  nd nd nd nd 23 
                      OP  2 * nd nd nd 26 
                      SP  nd nd nd nd 26 
      
 Kirkton C  nd nd nd nd 34 
              SP  nd  0.8 * nd nd 32 
      
 Bush  C  nd nd nd nd 24 
           OP  15.9 nd nd   2.4 * 31 
           SP  nd  4.8 *  1.2 * nd 26 
      
 Craibstone  C  nd nd nd nd 19 
                   SP  nd 21.6  2.4 * nd 20 
      
 20-25 cm layer      
 Auchincruive    C  nd nd nd nd 15 
                         OP  nd nd nd nd 16 
                         SP  nd nd nd nd 18 
      
 Kirkton   C  nd nd nd nd 24 
               SP  nd nd nd nd 24 
      
 Bush   C  nd nd nd nd 20 
           OP  nd nd nd nd 21 
           SP  nd 1.2 * nd nd 21 
      
 Craibstone  C  nd nd nd nd 16 
                   SP  nd 0.4 * nd nd 16 
nd: below lower limit of detection, where limits are: 0.4 ppb for diazinon and cypermethrin, 
and 1 ppb for the two metabolites. 



 38

5. PRINCIPLES OF ESTABLISHING BENEFITS AND HAZARDS OF NON-
AGRICULTURAL WASTE USE ON FARMLAND 
 
The Waste Management Licensing Regulations 1994 allow non-agricultural wastes to 
be applied to agricultural and some non-agricultural land, without the need for a 
disposal licence, where this activity results in a benefit to agriculture or ecological 
improvement. Specific requirements for various activities are laid out in Schedule 3.  
Waste spreading operations must be carried out in a way that does not "cause 
pollution of the environment or harm to human health". 
 
Before agreeing to accept non-agriculturally derived organic wastes a farmer must 
carefully assess whether these additional nutrient inputs can be utilised effectively to 
give a “benefit to agriculture or ecological improvement” without causing a pollution 
threat. The amount of waste applied should not exceed the nutrient requirement of the 
crop or rotation of crops being grown.  Applications must not pollute watercourses or 
have other harmful effects on the environment.  Livestock farmers should include 
details of any non-agricultural waste use in their farm waste management plan. 
 
There is no legal definition given to either “benefit to agriculture” or “ecological 
improvement”, but all applications of waste materials to soils should be in quantities 
and at frequencies which convey positive benefits ( e.g. fertilising or beneficially 
conditioning) which outweigh any disbenefits associated with pollution or soil 
damage. The phrase should be interpreted according to the type of wastes and the 
category of land involved. There is a need to weigh up benefits against dis-benefits 
through considering whether the relevant objectives of Schedule 4 are met as well as 
the specific requirements of Schedule 3. 
 

5.1 Benefits 
 
An agricultural benefit from waste applications may occur due to a fertilising or 
liming effect or by beneficially conditioning the land.  Professional advice should be 
sought on what application rate is appropriate for each waste material, each soil and 
each site.  

 
5.1.1 Nutrient balance 
 

Fertilising can be defined as the application of materials containing nutrients which 
are essential to plant growth.  Wastes which contain significant quantities of nitrogen, 
phosphorus, potassium, magnesium, calcium, sulphur, manganese, copper, zinc, boron 
or sodium, may therefore have fertilising properties. The rate and timing of 
application of waste must be matched to the nutrient requirements (normally 
nitrogen) of the growing crop.  If this is exceeded then the operation could be 
classed as waste disposal rather than fertilisation. This may mean SEPA would 
have to licence storage areas.  To be of fertiliser value, at least part of the nutrient 
content should be available or become available for plant uptake within 3 years 
(Aitken 1998). A summary of potential fertilising benefits from applying non-
agricultural waste to agricultural land is given in Appendix 6. 
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The Fertiliser Series Technical Notes, produced by SAC, provide detailed information 
on the nutrient requirements of crops and grass, as well as the fertilising value of 
different types of manures and slurries and artificial fertilisers. 
 
Chemical analyses of the waste usually measure the total quantities of nutrients.  
However, the effectiveness or availability of these nutrients for crop uptake and field 
nutrient requirements and retention capacity should  be assessed before the fertiliser 
value of the imported waste can be calculated.  Certain wastes with a high C: N ratio 
such as paper mill sludge may initially not release any of its nitrogen for plant uptake 
as a result of a temporary locking-up of plant available N (immobilisation).  Applied 
fertiliser N may also be ‘locked-up’ resulting in a crop N deficiency and less nitrate 
leaching in certain circumstances.  Extra inorganic N may need to be applied to 
compensate for this temporary nitrogen immobilisation during the degradation of 
certain paper wastes. 
 

5.1.2 Neutralising value 
 
Wastes such as lime sludge can have a high neutralising value which makes the waste 
a useful liming material for acid soils.  Care must be taken however to avoid raising 
the soil pH too high through excessive applications as this may lock-up some trace 
elements. 
 

5.1.3 Minor nutrients and trace elements 
 
In addition to nitrogen, phosphorus, potassium, some non-agricultural wastes contain 
other important nutrients (e.g. sulphur and magnesium) or a range of trace elements.  
If, however a trace element deficiency has been diagnosed, it is important to apply a 
specific treatment because the trace element content of non-agricultural wastes is 
generally insufficient to correct a deficiency, with the possible exception of copper in 
some distillery effluents. 
 

5.1.4 Soil conditioner 
 
Certain non-agricultural wastes can act as a soil conditioner and may also add useful 
amounts of organic matter to the soil which may improve soil structure and increase 
the water holding capacity.  However these improvements to soil conditions will only 
be significant if regular dressings of bulky, highly organic wastes (e.g. composts or 
paper mill sludges) are made to a low organic matter soil. 
 

5.1.5 Ecological improvement 
 
Demonstrating potential for ecological improvement where wastes are to be spread on 
the land is very much associated with identifying those managed environments 
(beyond designated agricultural land) which will benefit from inputs of nutrients, 
organic matter or other beneficial component of the waste.  Also central to identifying 
sites where landspreading of wastes could bring ecological improvement and indeed 
agricultural benefit is Article 4 of the Waste Framework Directive 91/156/EEC with 
its concern for the protection of human health and the environment, and in particular 
the requirement that waste is to be recovered ‘without adversely affecting the 
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countryside or places of special interest’. This requirement has been transposed into 
UK legislation and is included in paragraph 4 of Schedule 4 to the Waste 
Management Licensing Regulations 1994, as amended. 
 
Ecological improvement is associated with the maintenance of habitats and their 
biodiversity where these would otherwise deteriorate, the provision of new habitats 
for wildlife and the development or restoration of existing habitats to give greater 
biodiversity and sustainability. 
 
Whilst agricultural benefit from well managed landspreading of wastes can readily be 
demonstrated, there will be comparatively few instances where landspreading of 
wastes can be justified on the basis of  ecological improvement.  
 
Ecological improvement in the context of landspreading is confined to managed 
environments associated with planned soil improvement to enhance biodiversity.  For 
ecological improvement, biodiversity needs to be enhanced by: maintaining habitats 
that would otherwise deteriorate; providing new habitats; and/or developing or 
restoring existing habitats to give greater diversity. Restoration of land is an example 
where there may be ecological improvement.  There may be sites where the 
application of fertiliser/soil conditioner is considered essential or advantageous for 
the planned land use which would not be possible without it.  For example, restoration 
of soil of poor structure and nutrient status on land destined for agricultural or 
amenity use, and on derelict land resulting from human activities, e.g. mining and 
mineral exploitation, for the purpose of landscaping, amenity development or 
agriculture (see WMLR 1994, Schedule 3(9).  However, each case must be taken on 
its merits as, for example, some derelict land is of nature conservation value due 
to the specialised habitats that can be found in such sites and thus would not 
benefit from improvement.  

 
5.2 Disbenefits 

 
A guide to the possible adverse effects  ( i.e. crop, water, air and soil pollution risks)  
applying non-agricultural wastes to agricultural land is given in Appendix 7. The 
amount of PTEs, organic contaminants and pathogens, and environmental risks of any 
particular waste type can vary greatly from one waste producer to another.  There can 
also be great variability in the analysis on a monthly basis for any particular waste 
producer.  These examples of potential adverse effects must, therefore, be used as a 
guide only.  
 

5.2.1 Chemical contamination: Potentially Toxic Elements (PTEs) 
 
Sewage sludge usually contains elevated levels of heavy metals. Certain other wastes 
such as those from distilleries, textile plants and paper mills can also have high levels 
of metals and must be used with caution.  It is strongly recommended that application 
of non-agricultural wastes should be made at a rate which does not exceed the levels 
specified for heavy metal loadings as given in The Sludge (Use in Agriculture) 
Regulations 1990, taking into account multiple applications and the risk to humans, 
plants, and animals. 
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A comprehensive review on the effect of heavy metals from sewage sludge has been 
completed by Carrington et al., 1998. Once metals have been added to soils from 
sewage sludges they accumulate in the topsoil, as they are not readily leached and 
agricultural crop metal offtakes are very small.  Heavy metals in soils may derive 
from several other sources including some fertilisers, animal manures and other 
wastes applied to farmland. 
 
Soil pH is an important factor controlling the availability of potentially toxic elements 
to plants in soils.  The current UK maximum permissible levels for each metal was 
derived from a level that would protect crops from phytotoxic effects for a given soil 
pH. 
 
MAFF/DoE (1993) reviewed the UK legislation on metals with regard to  food safety 
and animal health aspects and concluded that uptake by crops is unlikely to pose a 
food safety problem.  They recommended that PTE levels in tissues of animals 
grazing on sludge amended pastures and levels of organic constituents in sewage 
sludge should be kept under review. 
 

5.2.2 Chemical contamination: organic contaminants 
 
Wastes from certain industrial processes which contain significant quantities of other 
potentially toxic substances such as dioxins, polychlorinated biphenyls (PCBs), 
polyaromatic hydrocarbons (PAHs), antibiotics or residual pesticides must not be 
applied to agricultural land.  It is, therefore, essential that full details of the source of 
the waste is assessed and a comprehensive analysis is carried out to determine if 
application to land is safe in terms of risks to humans (and to a more limited extent 
plants and animals). 
 
Leschber (1991), Webber and Lesage (1989) and Smith (1996) reviewed research on 
the organic chemicals present in sewage sludge and concluded that current legal 
regulations governing sludge use will safeguard soils and plants.  Systematic transfer 
from soil to crop could not be observed at current concentrations of organics in 
sludges.  The effect of organic chemicals entering agricultural soils via sewage sludge 
applications was reviewed by Wild and Jones (1992).  The concentration of many of 
the organic chemicals added to soils in sludges were considerably lower than found in 
pesticides applied at recommended rates. Polychlorinated biphenyls (PCBs), 
Polyaromatic hydrocarbons ((PAHs)) and some other organochlorine compounds 
found in sludge at trace concentrations were generally not taken up into the above 
ground portion of crop plants.  Baxter et al. (1983) found no increases in the content 
of 22 persistent organic chemicals in the fat tissue of cattle grazing a site which had 
received very high rates of sludge, compared to cattle at a nearby control farm.  Wild 
and Jones (1992) concluded that further investigation was required on the transfer and 
fate within livestock of sludge derived persistent organochlorine chemicals. 
 

5.2.3 Microbiological contamination: pathogens 
 

Pathogen issues are addressed in the cropping, application and harvesting constraints 
given in the Sewage Sludge Regulations although in the case of the other non-
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agricultural wastes  covered by WMLR 1994, there are no such specific regulatory 
requirements in relation to pathogen risks. 
 
Some organic non-agricultural wastes, particularly blood from abattoirs and septic tank 
wastes can contain high levels of pathogens and it is recommended that this is 
assessed before application.  Such wastes should only be applied to farmland if the 
crop, harvesting and application constraints for untreated sludge in agriculture are 
followed.  It is further recommended that these wastes are not used on farmland 
unless it can be clearly demonstrated that there is no risk of pathogen transmission to 
humans and animals. 
 
The factors influencing the survival of bacteria and retention of viruses in soil have 
are listed in the Table 24 below. 
 
Enteric bacteria are also generally inactivated relatively quickly in soil following 
waste application, although only limited research has been carried out on the survival 
characteristics of E.coli O157.  Braids (1970) reported that 99% of faecal coliforms 
were killed in 30 days, and Bell and Bole (1978) detected 99.9% mortality of faecal 
coliform bacteria in liquid waste within 35 days when applied to soil.  A "healthy" 
agricultural soil will naturally contain many organisms, particularly protozoa, which 
prey upon pathogens and reduce their numbers. 
 
 
Table 24. Factors affecting the survival of bacteria and retention of viruses in soil 

(Gerba et al., 1975) 
 

Factor Remarks 

Moisture content 

Permeability 

Greater survival in moist soils and during wet weather 

Survival times less in sandy soils 

Temperature 

pH value 

Longer survival times at low temperature 

Shorter survival times in acid soils 

Sunlight 

Organic matter 

Shorter survival times at soil surface 

Increase survival and possible re-growth when sufficient 
amount of organic matter are present 

Antagonism of soil microflora Increased survival in sterile soil 
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5.2.4 Water pollution: Biochemical Oxygen Demand, Nitrate and Phosphate 
 
Wastes with a high Biochemical Oxygen Demand (BOD) will also be highly polluting 
if allowed to enter a watercourse by seepage or run-off e.g. liquid dairy and food 
processing wastes (see Appendix 7).  High application rates of such wastes can also 
result in a temporary soil oxygen depletion leading to poor plant growth. Wastes 
which have an excessively high BOD may therefore require dilution with water / 
slurry before application to reduce the risk of pollution.  
 
Correctly carried out waste application effectively eliminates the problem of surface 
run-off and contamination of surface water supplies provided it is carried out in 
accordance with the Code of Good Practice "Prevention of Environmental Pollution 
from Agricultural Activity" (SOAEFD, 1997). During and after application, frequent 
inspections must be made to ensure that ponding or run-off is not occurring.  It is also 
advisable that all drain outfalls be checked before, during and after application. The 
land suitability for application of wastes is determined by farm topography, soil type 
and condition. An untreated strip at least 10m wide should be left beside all 
watercourses to reduce the risk of direct contamination.   
 
The greatest risk of wastes entering drainage or groundwater occurs on steeply 
sloping, waterlogged or shallow, fine textured soils.  A further risk is where the soil 
has dried forming fissures down to the underlying rock or drains or where waste is 
injected straight into the drainage backfill.  Wastes applied at inappropriately high 
rates or to unsuitable fields can also result in water pollution. 
 
There is a high risk of water pollution from nitrate losses to surface or groundwaters 
if wastes with a high percentage of their nitrogen content in soluble form are applied 
in the autumn and early winter when N uptake by crops is low or non-existent. 
 
Farmers operating within areas that have been designated as a Nitrate Vulnerable 
Zone (NVZ) must implement the mandatory requirements of the NVZ Action 
Programme Regulations relevant to their area. One of these rules states that nitrogen 
contained in wastes and inorganic fertilisers must not be applied to land in excess of 
crop requirements, taking into account crop uptake and soil supply from soil organic 
matter, crop residues and organic manures. This rule requires that an assessment is 
made of the amount of nitrogen fertiliser required by each crop on each field each 
year. 
 
There are currently no restrictions on phosphorus inputs to soils, although the 
accelerated eutrophication of inland and coastal waters by surface (surface run-off 
and soil erosion) and sub-surface leaching flow of phosphorus is of increasing 
concern in many EC countries.  Eutrophication of water is an important but localised 
problem in parts of the UK (for example, Loch Leven). 
 
A sustainable soil management system for organic waste use must avoid the over-
accumulation of phosphorus in surface soils and minimise the potential for 
phosphorus loss by run-off and erosion.  Sustainable waste use should aim to maintain 
soil phosphorus at a level which will sustain crop yields and minimise further build-
up by balancing phosphorus inputs with phosphorus outputs. 
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5.2.5 Soil degradation:  Soil structure 

 
Soil structure is a major influence on the rooting potential, drainage, water-holding 
capacity, strength and consistency of soils.  Any degradation of structure will result in 
limited land use and agricultural potential. 
 
Over-compaction of soil, due to heavy machinery spreading wastes on soft or wet 
land, is a potential problem.  Compaction restricts root growth and limits soil drainage 
which in turn results in increased run-off, more frequent flooding, increased erosion 
and the transfer of potential pollutants to surface waters.  In compacted, wet soils, 
aeration is reduced resulting in poor root growth and reduced availability of plant 
nutrients.  To avoid the degradation of soil structure avoid the use of heavy waste 
spreading machinery when soils are soft or saturated. Preventing compaction is easier 
than correcting it and regular soil profile inspections should be made, particularly on 
headlands and tramlines, to assess soil conditions. 

  
5.2.6 Soil degradation:  Soil ecology 

 
Organic matter addition to soils associated with the application of organic wastes 
usually increases microbial activity as the fresh substrate is mineralised.  Addition of 
complex organic substrates to soils can change the structural diversity (Griffiths et al., 
1999),  as well as the functional diversity of the soil microbial community (Degens, 
1998).  Despite this, however, the change in functional diversity may not reflect the 
new dominant carbon inputs (Degens, 1998).   
 

Although organic matter addition can alter the status of the soil microbial community, 
pollutants contained within some organic wastes are potentially hazardous.  These 
pollutants are in the form of complex organic compounds and heavy metals.  There 
have been a number of studies on microbial activity after heavy metal pollution from 
organic wastes; but some microbially-mediated processes (such as mineralisation) 
appear to be relatively insensitive at metal concentrations even around the maxima set 
by the EC Directive on sewage sludge application to land (McGrath, 1994).  Studies 
disagree on the effects on biomass; some have found no effect even when the zinc 
concentration was five times the soil limit (Smith, 1991), while others show that 
biomass generally decreases with increasing metal concentration: in long term 
experiments by ADAS, biomass carbon was significantly lower in plots that had been 
amended with zinc- and copper-enriched sewage sludges (McGrath, 1994).  Other 
processes, like fixation of atmospheric nitrogen, are much more sensitive and 
decrease when soil metal concentrations are well below EC limits, due to the decline 
in numbers of nitrogen-fixing organisms in soil (McGrath, 1994). 

 
The response of the microbial community to heavy metal contamination appears to 
depend upon the nature of the added organic substrate, as substrates are mineralised to 
different extents depending on their quality (Giller  et al., 1998).  Despite adverse 
effects found on structural and genetic diversity of organic pollutants (Thompson et 
al., 1999) and heavy metals (Baath et al., 1998), there is little work as yet published 
on functional diversity.  There is, therefore, a clear need for further work to look at 
heavy metal effects on soil microbial functional diversity. 
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5.2.7 Soil degradation:  Acidity and salinity 

 
The application of wastes which have a high level of salinity or acidity can result in 
damage to soils and crops as well as causing water pollution. An unfavourable change 
in soil chemistry may arise if conditions go from being aerobic and anaerobic.  This 
will result in detrimental effects to crop growth. 

 
5.2.8 Risk to plants 
 

Any detrimental effects on the soil are likely to have a detrimental effect on the 
growth of plants (see previous section on soil degradation).  In addition, smothering 
or scorching of crops and grass which has received  high surface applications of 
wastes may occur and this can also cause die-back due to light exclusion. 
 

5.2.9 Air pollution:  Odours 
 

Wastes with an offensive odours may have possible human health implications and 
odour nuisance and should either be treated by a stabilisation process (e.g. 
composting or anaerobic digestion etc.) to reduce odours or otherwise managed on the 
land so that odour is minimised. 
 
The following guidance should be adhered to: 
 
• obtain a weather forecast and select suitable conditions for spreading (bright, 

sunny and windy days, followed by cloudy, windy evenings).  
• use machinery with low emission techniques for slurry spreading. High trajectory 

applicators, such as those fitted with a splash plate or rain guns, should only be 
used on sites remote from residential housing or areas to which the public have no 
access. 

• inject or incorporate applications of wastes to uncropped land as soon as practical, 
preferably within 6 hours for slurry and 24 hours for solid manures. 

• adopt a “good neighbour” policy and, where possible, avoid waste spreading at 
weekends, public holidays and in the evenings or during the hours of darkness.  

 
5.2.10 Air pollution:  Ammonia 
 

Ammonia losses are considerably higher from wastes containing a high ammonium 
nitrogen content. Ammonia emissions from agriculture not only represent the loss of a 
valuable nutrient but can cause the following detrimental effects to the environment: 
 
• acidification of the soil through deposition of ammonia and transformation to 

ammonium and then nitrate; and 
• addition of nitrogen, by deposition to areas of high nature conservation value, 

which may result in vegetation changes or increased nitrate leaching, because 
many ecosystems are adapted to low nutrient conditions. This may give rise to 
increased nutrient enrichment of watercourses, and possible impacts on the quality 
of underground drinking water sources. 
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Many of the techniques to reduce odour problems can also be used to minimise 
ammonia emissions. 
 

5.2.11 Detrimental impacts on the countryside and  places of special interest 
 

The statutory nature conservation sites (SSSIs, NNRs and other such designated 
areas) are highly sensitive to agricultural pollution, and particular regard should be 
paid to careful agricultural practice in the total catchment areas for such sites. Waste 
application should not be carried out on archaeological and historic sites, since these 
are sensitive to agricultural pollution and ground disturbance. 
 
Many farms will have areas of rough grazing which may not be suitable for land 
application of wastes.  Many of these rough areas provide valuable habitats for 
wildlife and some have a rich and diverse mix of plants.  Such areas might include 
unimproved pasture, moorland, wet grasslands, machair, hay meadows uncultivated 
field headlands and mires.  Given the possible nature conservation value of such 
areas, advice should be sought from Scottish Natural Heritage before using them for 
waste application.  
 
By leaving uncultivated strips of land adjoining watercourses and other sensitive 
habitats (e.g. ponds, wetlands, botanically rich pastures etc) to act as a buffer between 
these areas and land under cultivation, the run-off to watercourses can be reduced and 
a valuable wildlife habitat provided. The effective width of the uncultivated margin 
will depend on topographical and/or soil characteristics. 
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6. CONCLUSIONS 
 
6.1 Field Work Results  
 
6.1.1 Industrial wastes 
 

No adverse residual effects on soil, as assessed by a comprehensive range of soil 
chemical or biological quality indicators, were identified. Contrasts between waste 
treated and non-treated areas were minor and insignificant. Apparent effects on soil 
physical properties (significant at Gogar 28)  were more likely to have been caused by 
the wheel loads of machinery used for application than by the actual waste materials. 
One of the commercially run farms (Gogar) is likely to have agriculturally benefited 
from the paper sludge and lime treated sludge application with no adverse effects to 
the crop or environment. The use of blood on the other farm (Netherton) will have 
contributed high nutrient levels to the grass but this is likely to have resulted in high 
nitrate leaching losses as well as odour problems and therefore a possible negative 
effect on the environment. 
 
Non-agricultural wastes are derived from a wide range of sources and differ widely in 
nature and composition.  As a result of the Urban Waste Water Treatment Directive 
and increases in landfill costs there are likely to be increases in non-agricultural 
wastes applied to UK farmland.  Land application of non-agricultural wastes can 
confer certain environmental and agronomic benefits in terms of the recycling of 
nutrients and organic matter, and the reduction in landfill.  However, research on the 
rates of nutrient release, risk of soil, air and water pollution and other environmental 
effects including the risk of pathogen transmission is required to ensure that pollution 
risks are minimised and to establish if a non-agricultural waste will result in a ‘benefit 
to agriculture’.  There is significant legislation and published recommendations 
covering the management of farm manures and sewage sludge.  However, further 
regulatory controls and Codes of Practice are required for the other non-agricultural 
wastes used on farmland. 
 

6.1.2 Sheep dip 
 

Undecomposed cypermethrin, the active ingredient of the synthetic pyrethroid, was 
detected in the surface layer of three of the four soils, and at greater depth (20-25 cm) 
in the two soils that had the higher contents at the surface. The deeper penetration of 
cypermethrin in those two soils merits further investigation and could have been a 
consequence of generally higher infiltration rates measured at those sites.  The 
organophosphate sheep dip pesticide (diazinon) was also present at low 
concentrations (2.0-15.9 microgrammes/kg of fresh soil) in the 0-5 cm later at all two 
sites tested 50-60 days after application but was not present at 20-25 cm. The low 
analytical recovery of residual pesticide indicates that degradation of both sheep dip 
pesticides in the soil was rapid and satisfactory. There were no strong indications of 
detrimental effects of the cypermethrin or organophosphate on soil composition or 
properties with the possible exception of the Biolog results. Any differences in soil 
attributes arising from sheep dip application were small, and, given the lack of a 
consistent pattern. 
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There was some evidence of an adverse effect of OP sheep dip wastes on the Biolog-
CLPP but this may well be due to other differences in the nature of the waste applied, 
as it was not possible to correlate the biological responses to the concentration of any 
of the active ingredients. The accumulated evidence is only circumstantial and further 
corroboration would be required. 
 

6.1.3 Methodology 
 

Although treatment differences were infrequent and small, many of the chosen 
methods used for quantifying effects of wastes and dips on soil quality appeared to be 
appropriate. For example, at both Gogar sites, a predictable response of reduced soil 
acidity probably due to the application of lime-treated sewage sludge was clearly 
revealed by the measurements of soil pH. Patterns and variability in test results for 
sites, soils and depths were generally explainable. The soil physical analyses may 
only be worthwhile for comparisons of soils and particular types of wastes, solids and 
sludges rather that fluids, as the latter are unlikely to alter the soil’s physical condition 
or function. Furthermore, soil physical conditions may be altered more by the method 
of incorporation of wastes (e.g., sub-surface injection) than by the waste material per 
se. Similarly, prior knowledge would lead us to expect no measurable differences in 
soil density or infiltration rate between sheep dip treatments.    
 

6.2 Recommended Assessment, Sampling and Analysis Criteria Prior to Waste 
Application 
 
The following steps should be followed before and after the application of any of non-
agricultural wastes. 
 

6.2.1 Assess land suitability 
 
The land suitability for the application of non-agricultural wastes follows the same 
criteria as for livestock manures and slurries and is determined by field factors and 
proximity to watercourses, soil type and weather conditions. The principles are 
outlined in the PEPFAA code (Scottish Office, 1997). 
 
Suitability of land for waste application will vary markedly with soil type, gradient, 
drainage status, ground condition and soil nutrient levels.  Such factors will determine 
the extent to which slurry is absorbed, i.e. nutrient benefit; or lost by leaching or run-
off, i.e. water pollution.  The likelihood of run-off is much greater on heavy clay soils 
at field capacity which have limited ability to absorb slurry, than on well drained light 
loamy soils.  Thin gravely soils are strongly leached and should be avoided where 
there is a risk of groundwater pollution.  On sloping sites where the ground is frozen, 
compacted or waterlogged, slurry absorption will be negligible and water pollution 
risk will be high (Scottish Office, 1997). 

 
6.2.2 Assess the soil capability/fertility 

 
Having identified suitable sites for application of non-agricultural wastes, the next 
step is to carry out an assessment to determine the current status of the soil in terms of 
pH, texture, organic matter, nitrogen, phosphate and potassium, magnesium and PTE 
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content.  PTEs includes copper, zinc, cadmium, chromium, lead, mercury, nickel and 
any others appropriate to the source of the waste.  The nutrient requirement of the 
growing crop should then be calculated taking into account the soil nutrient status and 
nutrient residues from previous cropping and manure applications.  
 
Use of sewage sludge on farmland is controlled by the Sludge (Use in Agriculture) 
Regulations 1989, which control the build-up of potentially toxic elements in soil and 
restrict the planting, grazing and harvesting of certain crops following the application 
of sludge.  Sludge producers are required to analyse field soils and sludges prior to 
application and to maintain detailed records of applications of all sludge to farmland.  
These Regulations require soils receiving sewage sludge to be analysed at least once 
every 10 years. Further guidance and requirements are given in the DETR's Code of 
Practice for Agricultural Use of Sewage Sludge (amended 1996). 

 
Responsibility for compliance with the analytical testing of the sewage sludge and the 
soil required by the Regulations rests with the sludge producer but the 
landowner/occupier should not allow spreading without this having  been done.  
 
A suite of mandatory analysis is not listed under the the Waste Management 
Licensing Regulations 1994 there is no regulatory Where other  non-agricultural 
wastes are applied to agricultural 

 
6.2.3 Analyse the waste 

 
Prior to considering land application, the wastes should be first analysed for dry 
matter, nitrogen, phosphate and potassium, PTEs, BOD, pH, salinity and if 
appropriate, pathogens and neutralising value (other analysis needs depends on the 
waste type and possible hazards, see Appendix 7). A bioassay (a controlled plant 
growth experiment) while not a specific regulatory requirement, should then be 
carried out to determine the effects of the waste on plant growth.  If these tests are 
shown to be satisfactory, land application can be considered. 
 

6.2.4 Assess the application rate  
 
Once the nutrient or lime content, PTE, BOD, pH, salinity and pathogenic status of 
the waste has been determined, the application rate can be calculated to match the 
nitrogen requirements of the growing crop and/or the maximum acceptable 
application of PTEs (whichever is lower). 
 
Surface applications of liquid wastes should not exceed 50 m3/ha at any single 
dressing, as recommended in the PEPFAA code although this is not wholly 
enforceable.  Application rates should not exceed the nutrient requirements of the 
crop.  Solid wastes (e.g. paper sludge waste) or injected wastes may be applied at 
higher rates provided there is no risk of pollution and crop nutrient requirements are 
not exceeded (whichever is lowest).  In most situations, the waste application rate will 
therefore depend on the proportion of available N in the waste and crop nitrogen 
requirements.  
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6.2.5 Assess the application method 
 
Soil types suitable for slurry injection are also suitable for injection of non-farm 
wastes.  Injection of liquid non-farm wastes directly into soil not only eliminates 
smell and unsightliness of surface application but also prevents surface run-off, crop 
taint and transfer of pathogens in pasture.  In addition, soil injection loosens the soil, 
reduces volatilisation of ammonia and allows application to land near housing.  Use 
of an umbilical system and low ground pressure tyres will reduce wheelslip and soil 
compaction during injection.  When soil conditions are suitable and the operation is 
correctly carried out, soil injection is a very suitable technique for liquid waste 
application.  However, great care is required where field drainage has been installed, 
especially if it has gravel backfill since wastes may run through into the drains 
themselves or the drains may become damaged by equipment. 
 

6.2.6 Recommended sampling criteria  
 
Sampling for soil analysis 
 
The results of a soil analysis will only be meaningful if the sample is taken in the field 
in the correct way and analysed in the laboratory using recognised analytical 
procedures.  In general, laboratory analysis is very accurate and the main source of 
error is when taking the soil sample in the field.  The results of soil analysis from 
badly taken samples may be misleading. There are mandatory sampling requirements 
for fields prior to sewage sludge application. 
 
The following sampling procedures should be used when sampling arable, vegetable 
or grassland. 
 
Time of sampling 
 
In most situations, soil pH, nutrient (other than inorganic N) and heavy metal levels 
change slowly, so it is not necessary to resample and analyse every year.  In general, 
sampling every fourth year is satisfactory as a basis for fertiliser recommendations, 
but pH may need more frequent monitoring. 
 
Sampling must be carried out at a time when the soil nutrient status is in a settled 
state.  To allow meaningful comparison between analysis results from different 4 year 
cycles, a sampling strategy should be developed, so that samples are taken at the same 
point in the rotation and with respect to recent fertiliser or manure applications and 
soil cultivations. 

 
• Leave as long as possible between the last fertiliser or manure application.  If 

possible, sample after the last fertiliser or manure application has been cultivated 
into the soil. 

• Do not sample within 6 months of a lime or fertiliser application (except 
nitrogen). 

• Avoid sampling with the soil is very dry. 
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Depth of sampling 
 
Uniformity of sampling depth is particularly important where crops are established 
without ploughing or in established grassland.  Where there is little or no mixing of 
the topsoil, nutrients from fertiliser and manures tend to remain in the surface few 
centimetres of the soil. 
 
There is a standard depth for sampling depending on the crop rotation or whether 
sewage sludge is or has been used. If the field to be assessed has received injected 
waste, it would be appropriate to ensure that the sample is taken to a 25 cm depth. 
 
Arable and field vegetables Sample to 20 cm depth
Long term grassland Sample to 10 cm depth
Sewage sludge fields Sample to 25 cm depth

 
Method of sampling 
 
The soil sample must be representative of the area sampled.  Areas of land known to 
differ in some important respects (e.g. soil type, previous cropping, applications of 
waste, manure, fertiliser or lime) should be sampled separately.  Small areas known to 
differ from the majority of a field should be excluded from the sample.  However, in 
some instances it may be appropriate to sample and analyse these areas separately if 
contamination is suspected. 

 
In the case of sewage sludge, one soil sample should be taken every 5 hectares or less 
as stipulated in the Sludge Regulations. In other cases, a sample of 25 individual sub-
samples (cores) will be adequate to characterise a uniform area of up to 10 hectares. 
The sub-sample points must be selected systematically, with an even distribution over 
the whole area.  This may be achieved by following the pattern of a letter ‘W’ or 
using a regular grid pattern and taking sub-samples at regular intervals. The 
individual sub-samples are mixed together to form a bulk composite sample of about 
1 kg of soil. Do not take samples in headlands or in the immediate vicinity of hedges, 
trees or other unusual features. A grid pattern is better at identifying possible “hot 
spots” of contamination provided individual sampling points are mapped (using GPS) 
and analysed separately. 
 
Sampling equipment 
 
A gouge corer or screw auger may be used when sampling in arable or vegetable 
systems. In grassland systems or where the soil is not cultivated, only use a gouge or 
pot corer which can take an even core of soil throughout the sampling depth.  This is 
not possible using a screw auger which should not be used in these situations. 
 

6.3 Recommended Analysis Criteria after Waste Application 
 

SEPA made a commitment in its 2001 Soil Quality Report to monitor soils in 20% of 
sites to which industrial wastes are applied by 2005 and to ensure that the use of such 
wastes do not adversely affect soil. Techniques to establish the levels of contaminants 
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in soils and assess any damage to soil quality will depend on many factors including 
the source of waste, rate of application, soil type, land use and quality. 
 
For most situations where industrial wastes have been applied, the following suite of 
analysis will give a good general screening of soil quality, if there is a requirement:  
 
pH, texture, conductivity, total nitrogen and extractable ammonium and nitrate, 
extractable  phosphate, potassium and magnesium, total copper, zinc, cadmium, 
chromium, lead, mercury, nickel (and any other contaminant appropriate to the source 
of the waste) and  organic matter. This should be carried out at representative points 
in the field and compared if possible to a known control area. Crop growth 
observations and comparisons should also be carried out if possible. This can be a 
valuable technique for pinpointing where there are soil problems. 
 
In situations, particularly where the soil physical structure has been degraded as a 
possible result of poorly managed waste application, it would also be worth carrying 
out a full visual examination of the soil profile to a depth of about 40 cm. The 
following should be assessed: soil texture, depth, structure, presence of 
undecomposed waste, degree of compaction at the surface and throughout the profile, 
degree of anaerobism, drainage characteristics, rooting potential. This should be 
carried out at representative points in the field and compared if possible to a known 
control area. If necessary these field observations can be supported by quantitative 
measurements of soil infiltration rate, soil bulk density and soil strength.  
 
Soil microbial biomass, mineralisable nitrogen, soil respiration rate and Biolog are 
important  measurements of soil microbial activity and are enormously useful for 
R&D work. However such soil microbial assessments will only rarely be useful for 
routine monitoring of waste treated field sites. The exception to this will be poorly 
managed field sites that have received applications of potentially contaminating 
wastes from an unknown source or pesticides residues. Soil microbial biomass, 
mineralisable nitrogen, soil respiration rate and to a lesser extent Biolog could be 
useful indicators of  detrimental affects on the soil quality (in addition to the “routine 
suite” recommended) as an alternative to carrying out a very large range of potentially 
very costly determinants (e.g. pesticides and pesticide breakdown products, persistent 
organic contaminants etc).  
 
Small differences in topsoil organic carbon contents between compared treatments 
could lead to variations in soil microbial properties, simply as a result of higher 
organic matter levels supporting a larger microbial biomass population and greater 
amounts of respiration. Therefore, the biomass and respiration data should be 
presented as quotients against soil organic carbon levels. However, the need for 
representative sampling points and valid “control” comparisons are even more 
important when interpreting soil microbial assessments. Biolog in particular requires 
specialised knowledge and expertise to interpret.  
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APPENDIX 1 Gogar Mains Sample Point Positions 
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APPENDIX 2     Netherton Sample Point Positions 
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APPENDIX 3 
 
Gogar Mains and Netherton Sample Point Grid References 
 

Sample point Easting Northing 

NF1 274332.731 702248.669 
NF10 274133.585 702254.531 
NF2 274281.790 702205.618 
NF3 274219.973 702151.750 
NF4 274148.334 702164.997 
NF5 274207.049 702218.955 
NF6 274273.208 702272.695 
NF7 274232.987 702340.704 
NF8 274205.105 702363.800 
NF9 274182.666 702297.636 
NFC1 274383.863 702213.753 
NFC2 274354.963 702181.190 
NFC3 274298.110 702127.175 
NFC4 274230.416 702084.617 
10H1 283461.548 696778.036 
10H10 283454.625 696455.269 
10H2 283389.811 696768.854 
10H3 283323.664 696759.520 
10H4 283345.766 696680.963 
10H5 283390.218 696624.069 
10H6 283451.034 696711.504 
10H7 283482.775 696621.548 
10H8 283522.291 696520.245 
10H9 283415.126 696534.299 
10HC1 283605.931 696395.470 
10HC2 283576.112 696396.281 
10HC3 283523.930 696397.700 
10HC4 283469.262 696399.188 
10HC5 283448.459 696388.618 
28H1 283580.923 696618.878 
28H10 283694.062 696504.438 
28H11 283891.357 696421.127 
28H12 283980.510 696407.573 
28H13 284079.284 696404.896 
28H14 284092.103 696304.322 
28H15 283982.446 696318.429 
28H16 283888.338 696309.845 
28H17 283888.408 696220.752 
28H18 283975.081 696207.266 
28H19 284083.179 696204.337 
28H2 283587.072 696707.801 
28H20 284180.094 696201.714 
28H21 284181.432 696090.314 
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28H22 284283.699 696009.595 
28H23 284181.508 696001.222 
28H24 284092.346 696014.771 
28H25 284090.727 696092.769 
28H26 283987.277 696106.708 
28H27 283985.184 696006.538 
28H3 283679.930 696716.413 
28H4 283691.193 696604.743 
28H5 283784.372 696602.212 
28H6 283876.325 696577.443 
28H7 283979.498 696507.827 
28H8 283892.529 696510.186 
28H9 283793.757 696512.866 
2H1 283747.016 696302.545 
2H2 283742.315 696358.354 
2H3 283780.209 696357.325 
2H4 283838.941 696322.322 
2H5 283825.525 696400.640 
 
 
Brocklewood plot centroids   
ID Easting Northing 
Plot 1 239530.33 623834.69 
Plot 2 239537.3 623830.79 
Plot 3 239544.28 623826.88 
Brocklewood plot corner positions   
ID Easting Northing 
Plot 1 239527.6 623833.93 
Plot 1 239529.55 623837.42 
Plot 1 239533.05 623835.47 
Plot 1 239531.09 623831.97 
Plot 2 239534.58 623830.02 
Plot 2 239536.53 623833.51 
Plot 2 239540.02 623831.56 
Plot 2 239538.07 623828.07 
Plot 3 239541.56 623826.11 
Plot 3 239543.52 623829.6 
Plot 3 239547 623827.65 
Plot 3 239545.05 623824.16 
Kirkton plot centroids   
ID Easting Northing 
Plot 1 235331.1 728880.18 
Plot 2 235330.12 728872.23 
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Kirkton plot corner positions   
ID Easting Northing 
Plot 1 235329.36 728882.41 
Plot 1 235333.33 728881.92 
Plot 1 235332.84 728877.95 
Plot 1 235328.86 728878.44 
Plot 2 235328.38 728874.47 
Plot 2 235332.34 728873.97 
Plot 2 235331.86 728870 
Plot 2 235327.88 728870.5 
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APPENDIX 4 
 
Individual Spot Sample Analysis Results of Soil –(mg/kg expressed as dry weight of soil 
 
 
Table 1.  Soil Total Metal Concentration – Paper and Sludge Treated Field (Gogar 10) 
 
Sample Total Cu Total Zn Total Ni Total Cd Total Cr Total Pb 

 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
GOGAR 10 H 1 13.7 65.9 23.0 < 0.33 32.6 31.0 
GOGAR 10 H 3 15.3 64.6 24.0 < 0.33 34.0 33.6 
GOGAR 10 H 4 14.7 64.6 24.0 < 0.33 30.6 27.3 
GOGAR 10 H 7 12.0 66.3 27.3 < 0.33 36.0 24.6 
GOGAR 10 H 10 12.8 67.3 26.0 0.33 40.0 30.5 
Mean 13.7 65.7 24.9 <0.33 34.6 29.4 
Standard deviation 1.3 1.2 1.7 - 3.6 3.5 
 
 
Table 2.  Soil Total Metal Concentration – Paper Sludge Treated Field (Gogar 28) 
 
Sample Total Cu Total Zn Total Ni Total Cd Total Cr Total Pb 

 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
GOGAR 28 H 1 33.3 117.0 36.0 0.33 33.3 80.6 
GOGAR 28 H 3 19.6 65.9 24.6 0.33 26.6 31.3 
GOGAR 28 H 5 12.0 69.6 25.6 0.33 37.3 27.3 
GOGAR 28 H 7 19.6 73.9 28.3 < 0.33 39.3 28.3 
GOGAR 28 H 9 12.7 65.9 25.8 < 0.33 37.0 29.6 
GOGAR 28 H 13 11.3 69.9 26.6 < 0.33 34.6 26.3 
GOGAR 28 H 15 13.7 71.2 24.0 < 0.33 34.6 28.0 
GOGAR 28 H 17 13.7 67.3 25.0 0.33 40.6 32.3 
GOGAR 28 H 19 13.3 67.3 25.0 0.33 30.6 25.3 
GOGAR 28 H 21 11.7 56.9 21.3 0.33 31.0 24.5 
GOGAR 28 H 23 12.7 62.9 23.0 < 0.33 34.0 25.0 
GOGAR 28 H 25 11.7 60.3 23.3 0.33 34.6 27.3 
GOGAR 28 H 27 12.0 59.6 24.0 < 0.33 35.3 32.3 
Mean 15.2 69.8 25.6 0.33 34.5 32.2 
Standard deviation 6.1 15.0 3.6 - 3.7 14.8 
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Table 3.  Soil Total Metal Concentration - Gogar 2 (No Waste Control for Gogar 28) 
 
Sample Total Cu Total Zn Total Ni Total Cd Total Cr Total Pb 

 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
GOGAR 2 H 2 13.3 68.9 25.6 < 0.33 45.3 36.0 
GOGAR 2 H 4 11.0 63.9 22.8 0.33 38.6 33.8 
GOGAR 2 H 5 11.7 66.6 23.6 < 0.33 40.6 30.6 
Mean 12.0 66.5 24.0 <0.33 41.5 33.5 
Standard deviation 1.2 2.5 1.4 - 3.4 2.7 
 
 
Table 4.  Soil Total Metal Concentration – Gogar 10 HC (No Waste Control for Gogar 10) 
  
Sample Total Cu Total Zn Total Ni Total Cd Total Cr Total Pb 

 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
GOGAR 10 HC 1 16.7 91.2 31.3 0.33 44.0 41.0 
GOGAR 10 HC 3 13.3 69.6 27.0 < 0.33 42.0 31.6 
GOGAR 10 HC 5 15.3 69.6 25.6 < 0.33 42.0 29.0 
Mean 15.1 76.8 28.0 <0.33 42.7 33.9 
Standard deviation 1.7 12.5 3.0 - 1.2 6.3 
 
 
Table 5.   Soil Ammonium Nitrate Extractable Metal Concentrations - Paper and Sludge 

Treated Field (Gogar 10) 
 
Sample x Cu x Zn x Ni x Cd x Cr x Pb 
 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
GOGAR 10 H 1 0.08 < 0.03 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 10 H 3 0.08 < 0.03 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 10 H 4 0.10 < 0.03 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 10 H 7 0.08 < 0.03 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 10 H 10 0.08 < 0.03 0.03 < 0.03 < 0.05 < 0.03 
Mean 0.08 <0.03 0.03 <0.03 0.05 <0.03 
Standard deviation 0.01 - 0.00 - - - 
 
 
Table 6.  Soil OM, Total N, – Gogar 10 HC (No Waste Control for Gogar 10) 
 
Sample Organic Matter 

(g/kg) 
Total Nitrogen 

(mg/kg) 
GOGAR 10 HC 1 4.4 1890 
GOGAR 10 HC 2 - 2200 
GOGAR 10 HC 3 4.5 2040 
GOGAR 10 HC 4 - 2120 
GOGAR 10 HC 5 - 2030 
Mean 4.5 2056 
Standard deviation 0.1 115 
 



 65

Table 7.   Soil Ammonium Nitrate Extractable Metal Concentrations - Paper Sludge Treated 
Field (Gogar 28) 

 
Sample x Cu x Zn x Ni x Cd x Cr x Pb 
 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
GOGAR 28 H 1 0.08 0.08 0.05 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 3 0.08 < 0.03 < 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 5 0.05 < 0.03 < 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 7 0.05 0.03 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 9 0.05 < 0.03 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 13 0.05 0.13 0.13 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 15 0.10 < 0.03 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 17 0.08 < 0.03 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 19 0.13 < 0.03 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 21 0.08 < 0.03 < 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 23 0.10 < 0.03 < 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 25 0.05 0.03 0.03 < 0.03 < 0.05 < 0.03 
GOGAR 28 H 27 0.08 < 0.03 0.03 < 0.03 < 0.05 < 0.03 
Mean 0.08 0.07 0.04 <0.03 <0.05 <0.03 
Standard deviation 0.03 0.05 0.03 - - - 
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Table 8. Soil Total N at Auchincruive former trial site – Spring 2002 
 
Treatment Total Nitrogen 
  (mg N/kg) 
Ammonium nitrate control, block 1 2070 
Ammonium nitrate control, block 2 1750 
Ammonium nitrate control, block 3 1560 
Ammonium nitrate control, block 4 2010 
Average 1848 
Standard deviation 237 
  
Paper mill sludge, block 1 1950 
Paper mill sludge, block 2 1860 
Paper mill sludge, block 3 2180 
Paper mill sludge, block 4 2170 
Average 2040 
Standard deviation 160 
  
Paper mill sludge, extra N, block 1 2070 
Paper mill sludge, extra N, block 2 1890 
Paper mill sludge, extra N, block 3 2130 
Paper mill sludge, extra N, block 4 2170 
Average 2065 
Standard deviation 124 
  
Distillery waste, block 1 1940 
Distillery waste, block 2 1830 
Distillery waste, block 3 1590 
Distillery waste, block 4 2170 
Average 1883 
Standard deviation 241 
  
Blood waste, block 1 2030 
Blood waste, block 2 1660 
Blood waste, block 3 2210 
Blood waste, block 4 1910 
Average 1953 
Standard deviation 231 
  
Milk dairy waste, block 1 2060 
Milk dairy waste, block 2 1760 
Milk dairy waste, block 3 2040 
Milk dairy waste, block 4 2520 
Average 2095 
Standard deviation 315 
  
Green waste compost, block 1 2120 
Green waste compost, block 2 1940 
Green waste compost, block 3 1680 
Green waste compost, block 4 2190 
Average 1983 
Standard deviation 228 
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Table 9.   Soil Ammonium Nitrate Extractable Metal Concentrations - Gogar 2 (No Waste 
Control for Gogar 28) 

 
Sample x Cu x Zn x Ni x Cd x Cr x Pb 
 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
GOGAR 2 H 2 0.05 2.23 0.75 < 0.03 0.05 0.23 
GOGAR 2 H 4 0.09 3.08 1.08 0.03 < 0.05 0.66 
GOGAR 2 H 5 0.05 2.93 0.85 < 0.03 < 0.05 0.13 
Mean 0.06 2.75 0.89 <0.03 <0.05 0.34 
Standard deviation 0.02 0.45 0.17 - - 0.28 
 
 
Table 10. Soil Ammonium Nitrate Extractable Metal Concentrations - Gogar 10 HC (No 

Waste Control for Gogar 10) 
 
Sample  x Cu x Zn x Ni x Cd x Cr x Pb 
 (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
GOGAR 10 HC 1 0.05 0.68 0.15 < 0.03 0.05 < 0.03 
GOGAR 10 HC 3 0.05 0.20 0.10 < 0.03 < 0.05 < 0.03 
GOGAR 10 HC 5 0.05 0.40 0.23 < 0.03 < 0.05 < 0.03 
Mean 0.05 0.43 0.16 <0.03 <0.05 <0.03 
Standard deviation 0.00 0.24 0.07 - - - 
 
 
Table 11.  Soil pH, Conductivity and Extractable Phosphorus, Potassium and Magnesium 

Contents – Control (No Waste) for Netherton 
 
Sample pH xP xK xMg Conductivity
  (mg/l) (mg/l) (mg/l) (mS/cm) 
NETHERTON NFC 1 6.31 52 124 80 0.08 
NETHERTON NFC 2 6.20 36 108 72 0.12 
NETHERTON NFC 3 6.07 43 148 96 0.10 
NETHERTON NFC 4 6.19 36 52 72 0.05 
Mean 6.19 41.8 108.0 80 0.09 
Standard deviation 0.10 7.6 40.8 11.3 0.03 
 



 68

Table 12.  Soil pH, Conductivity and Extractable Phosphorus, Potassium and Magnesium 
Contents – Blood Treated Field 

 
Sample pH xP xK xMg Conductivity
  (mg/l) (mg/l) (mg/l) (mS/cm) 
NETHERTON NF 1 5.90 71 40 20 0.11 
NETHERTON NF 2 5.34 45 136 8 0.09 
NETHERTON NF 3 4.79 54 92 8 0.05 
NETHERTON NF 4 5.80 36 116 16 0.09 
NETHERTON NF 5 5.07 78 160 8 0.10 
NETHERTON NF 6 5.99 77 180 60 0.11 
NETHERTON NF 7 6.15 90 100 56 0.11 
NETHERTON NF 8 6.69 81 92 112 0.10 
NETHERTON NF 9 7.10 66 116 224 0.10 
NETHERTON NF 10 7.05 70 80 88 0.09 
Mean 5.99 66.8 111.2 60.0 0.10 
Standard deviation 0.79 16.9 40.4 68.4 0.02 
 
 
Table 13. Soil OM, Total N– Netherton Spring 2002 
 
Sample Label Organic Matter 

(g/kg) 
Total Nitrogen  

(mg/kg) 
NETHERTON NFC 1 2.0 930 
NETHERTON NFC 2 2.6 1030 
NETHERTON NFC 3 3.2 1330 
NETHERTON NFC 4 2.3 990 
NETHERTON NF 1 2.1 1100 
NETHERTON NF 2 3.2 1800 
NETHERTON NF 3 1.6 700 
NETHERTON NF 4 1.3 840 
NETHERTON NF 5 2.6 1170 
NETHERTON NF 6 4.1 1870 
NETHERTON NF 7 3.2 1340 
NETHERTON NF 8 2.7 1040 
NETHERTON NF 9 2.8 1230 
NETHERTON NF 10 2.1 910 
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Table 14. Soil pH, Conductivity and Extractable Phosphorus, Potassium and Magnesium 
Contents - Paper and Sludge Treated Field (Gogar 10) 

 
Sample pH xP xK xMg Conductivity
  (mg/l) (mg/l) (mg/l) (mS/cm) 
GOGAR 10 H 1 7.57 24 68 76 0.16 
GOGAR 10 H 2 7.74 21 72 72 0.15 
GOGAR 10 H 3 7.49 33 108 96 0.13 
GOGAR 10 H 4 7.59 31 280 64 0.17 
GOGAR 10 H 5 7.68 36 244 104 0.16 
GOGAR 10 H 6 7.79 49 270 148 0.16 
GOGAR 10 H 7 7.79 22 104 144 0.15 
GOGAR 10 H 8 7.53 16 100 96 0.14 
GOGAR 10 H 9 7.80 19 92 112 0.15 
GOGAR 10 H 10 7.56 20 92 112 0.15 
Mean 7.62 27.1 143.0 102.4 0.15 
Standard deviation 0.12 10.1 85.4 28.2 0.01 
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Table 15. Soil pH, Conductivity and Extractable Phosphorus, Potassium and Magnesium 
Contents – Paper Sludge Treated Field (Gogar 28) 

 
Sample pH xP xK xMg Conductivity
  (mg/l) (mg/l) (mg/l) (mS/cm) 
GOGAR 28 H 1 6.89 65 138 240 0.10 
GOGAR 28 H 2 7.75 46 88 96 0.14 
GOGAR 28 H 3 7.38 45 84 88 0.10 
GOGAR 28 H 4 7.49 30 108 168 0.10 
GOGAR 28 H 5 6.96 23 84 96 0.10 
GOGAR 28 H 6 7.68 22 82 124 0.12 
GOGAR 28 H 7 7.04 18 124 160 0.08 
GOGAR 28 H 8 6.85 25 80 104 0.09 
GOGAR 28 H 9 7.33 13 76 184 0.08 
GOGAR 28 H 10 7.16 18 88 160 0.08 
GOGAR 28 H 11 6.91 11 76 100 0.08 
GOGAR 28 H 12 6.65 14 96 128 0.09 
GOGAR 28 H 13 6.49 21 180 168 0.07 
GOGAR 28 H 14 7.55 23 192 168 0.10 
GOGAR 28 H 15 7.92 16 140 104 0.14 
GOGAR 28 H 16 7.45 15 124 116 0.09 
GOGAR 28 H 17 7.36 25 104 120 0.09 
GOGAR 28 H 18 7.69 21 128 176 0.11 
GOGAR 28 H 19 7.94 19 72 136 0.14 
GOGAR 28 H 20 7.47 40 180 48 0.11 
GOGAR 28 H 21 7.35 41 188 108 0.08 
GOGAR 28 H 22 7.52 49 96 80 0.09 
GOGAR 28 H 23 7.83 37 164 96 0.13 
GOGAR 28 H 24 6.98 38 64 152 0.08 
GOGAR 28 H 25 6.91 31 56 176 0.09 
GOGAR 28 H 26 7.44 21 68 196 0.10 
GOGAR 28 H 27 7.47 21 88 160 0.11 
Mean 7.31 27.7 109.9 135.3 0.10 
Standard deviation 0.39 13.2 40.9 42.9 0.02 
 
Table 16. Soil pH, Conductivity and Extractable Phosphorus, Potassium and Magnesium 

Contents – Gogar 2 (No Waste Control for Gogar 28) 
 
Sample pH xP xK xMg Conductivity
  (mg/l) (mg/l) (mg/l) (mS/cm) 
GOGAR 2 H 1 5.15 3 92 160 0.06 
GOGAR 2 H 2 5.29 4 104 120 0.07 
GOGAR 2 H 3 5.16 4 144 120 0.10 
GOGAR 2 H 4 4.79 3 116 112 0.05 
GOGAR 2 H 5 5.03 6 164 120 0.06 
Mean 5.08 3.8 124 126.4 0.07 
Standard deviation 0.19 1.2 29.5 19.1 0.02 
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Table 17. Soil pH, Conductivity and Extractable Phosphorus, Potassium and Magnesium 
Contents – Gogar 10 HC (No Waste Control for Gogar 10) 

 
Sample pH xP xK xMg Conductivity
  (mg/l) (mg/l) (mg/l) (mS/cm) 
GOGAR 10 HC 1 6.11 6 156 184 0.10 
GOGAR 10 HC 2 5.81 5 152 120 0.08 
GOGAR 10 HC 3 6.07 7 196 136 0.08 
GOGAR 10 HC 4 6.14 10 158 104 0.08 
GOGAR 10 HC 5 5.91 9 120 120 0.07 
Mean 6.01 7.5 156.4 132.8 0.08 
Standard deviation 0.14 2.0 27.0 30.8 0.01 
 
 
Table 18.  Soil OM, Total N, Bulk Density and Water Infiltration – Paper and Sludge 

Treated Field (Gogar 10) 
 
Sample Organic Matter 

(g/kg) 
Total Nitrogen 

(mg/kg) 
GOGAR 10 H 1 3.7 1700 
GOGAR 10 H 2 - 1610 
GOGAR 10 H 3 3.7 1600 
GOGAR 10 H 4 3.6 1610 
GOGAR 10 H 5 - 1670 
GOGAR 10 H 6 - 2490 
GOGAR 10 H 7 3.6 1610 
GOGAR 10 H 8 - 1980 
GOGAR 10 H 9 - 1710 
GOGAR 10 H 10 4.1 1910 
Mean 3.7 1789 
Standard deviation 0.2 279 
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Table 19. Soil pH, Conductivity and Extractable Phosphorus, Potassium and Magnesium 
Contents at Auchincruive Trial Site 

 
Treatment pH Phosphorus

(mg/l) 
Potassium 

(mg/l) 
Magnesiu
m (mg/l) 

Salinity 
(mS/cm)

Ammonium nitrate control, block 1 5.7 14 32 136 0.07 
Ammonium nitrate control, block 2 5.59 18 36 128 0.07 
Ammonium nitrate control, block 3 5.49 23 36 112 0.08 
Ammonium nitrate control, block 4 5.81 14 32 128 0.07 
Average 5.65 17.3 34 126 0.07 
Standard deviation 0.14 4.3 2.3 10.1 0 
Paper mill sludge, block 1 5.76 12 48 144 0.07 
Paper mill sludge, block 2 5.74 17 36 152 0.08 
Paper mill sludge, block 3 5.54 13 40 104 0.08 
Paper mill sludge, block 4 5.53 12 44 88 0.08 
Average 5.64 13.5 42 122 0.08 
Standard deviation 0.12 2.4 5.2 30.9 0 
Paper mill sludge, extra N, block 1   5.65 8 32 120 0.08 
Paper mill sludge, extra N, block 2 5.89 18 28 152 0.07 
Paper mill sludge, extra N, block 3 5.53 19 36 112 0.07 
Paper mill sludge, extra N, block 4 5.77 11 44 120 0.08 
Average 5.71 14.1 35 126 0.08 
Standard deviation 0.15 5.3 6.8 17.7 0.01 
Distillery waste, block 1 5.63 21 36 136 0.07 
Distillery waste, block 2 5.83 29 32 176 0.07 
Distillery waste, block 3 5.63 19 32 128 0.08 
Distillery waste, block 4 5.71 23 40 132 0.07 
Average 5.7 23 35 143 0.07 
Standard deviation 0.09 4.3 3.8 22.2 0 
Blood waste, block 1 5.48 12 36 128 0.07 
Blood waste, block 2 5.89 18 24 192 0.07 
Blood waste, block 3 5.78 14 32 136 0.07 
Blood waste, block 4 5.63 14 32 104 0.08 
Average 5.7 14.5 31 140 0.07 
Standard deviation 0.18 2.5 5 37.2 0 
Milk dairy waste, block 1 5.81 18 112 136 0.1 
Milk dairy waste, block 2 6.26 25 52 216 0.08 
Milk dairy waste, block 3 5.69 17 54 108 0.07 
Milk dairy waste, block 4 5.58 13 48 80 0.07 
Average 5.84 18.3 66.5 135 0.08 
Standard deviation 0.3 5 30.4 58.6 0.01 
Green waste compost, block  1 5.81 19 40 136 0.07 
Green waste compost, block  2 5.96 26 38 184 0.07 
Green waste compost, block  3 5.92 33 36 152 0.08 
Green waste compost, block  4 6.01 19 40 152 0.07 
Average 5.93 24.3 38.5 156 0.07 
Standard deviation 0.09 6.7 1.9 20.1 0 
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Table 20. Soil OM, Total N, Bulk Density and Water Infiltration – Paper Sludge Treated 
Field (Gogar 28) 

 
Sample Organic Matter 

(g/kg) 
Total Nitrogen 

(mg/kg) 
GOGAR 28 H 1 7.3 2350 
GOGAR 28 H 2 - 1670 
GOGAR 28 H 3 4.0 1790 
GOGAR 28 H 4 - 1200 
GOGAR 28 H 5 3.0 1660 
GOGAR 28 H 6 - 1740 
GOGAR 28 H 7 3.1 1780 
GOGAR 28 H 8 - 1780 
GOGAR 28 H 9 2.7 1500 
GOGAR 28 H 10 - 1600 
GOGAR 28 H 11 5.3 2070 
GOGAR 28 H 12 - 1800 
GOGAR 28 H 13 2.2 1290 
GOGAR 28 H 14 - 1320 
GOGAR 28 H 15 3.5 1600 
GOGAR 28 H 16 - 1560 
GOGAR 28 H 17 4.3 1970 
GOGAR 28 H 18 - 1440 
GOGAR 28 H 19 4.7 1480 
GOGAR 28 H 20 - 1330 
GOGAR 28 H 21 3.0 1410 
GOGAR 28 H 22 - 1300 
GOGAR 28 H 23 3.0 1480 
GOGAR 28 H 24 - 1320 
GOGAR 28 H 25 - 1390 
GOGAR 28 H 26 - 1540 
GOGAR 28 H 27 3.6 1460 
Mean 3.8 1588 
Standard deviation 1.4 265 
 
 
Table 21. Soil OM, Total N, Bulk Density and Water Infiltration – Gogar 2 (No Waste 

Control for Gogar 28) 
 
Sample Organic Matter 

(g/kg) 
Total Nitrogen 

 (mg/kg) 
GOGAR 2 H 1 - 2500 
GOGAR 2 H 2 5.3 2690 
GOGAR 2 H 3 - 2770 
GOGAR 2 H 4 5.5 2810 
GOGAR 2 H 5 5.5 2840 
Mean 5.4 2722 
Standard deviation 0.1 136 
Table 22.  Soil Respiration Rates at Control (No Waste) for Netherton 
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Sample Average Respiration Rate 

(ug CO2-C/g OD soil/hour) 
NETHERTON NFC 1 0.36 
NETHERTON NFC 2 0.41 
NETHERTON NFC 3 0.33 
NETHERTON NFC 4 0.29 
Mean 0.35 
Standard deviation 0.05 
 
 
Table 23.  Soil Respiration Rates at Blood Waste Treated Field (Netherton) 
 
Sample Average Respiration Rate 

(ug CO2-C/g OD soil/hour) 
NETHERTON NF 1 0.30 
NETHERTON NF 2 0.30 
NETHERTON NF 3 0.30 
NETHERTON NF 4 0.34 
NETHERTON NF 5 0.45 
NETHERTON NF 6 0.61 
NETHERTON NF 7 1.12 
NETHERTON NF 8 0.71 
NETHERTON NF 9 0.81 
NETHERTON NF 10 0.94 
Mean 0.59 
Standard deviation 0.30 
 
 
Table 24.  Soil Respiration Rates – Paper and Sludge Treated Field (Gogar 10) 
 
Sample Average Respiration Rate 

(ug CO2-C/g OD soil/hour) 
GOGAR 10 H 1 0.51 
GOGAR 10 H 3 0.38 
GOGAR 10 H 4 0.53 
GOGAR 10 H 7 0.46 
GOGAR 10 H 10 0.39 
Mean 0.45 
Standard deviation 0.07 
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Table 25.  Soil Respiration Rates – Paper Sludge Treated Field (Gogar 28) 
 
Sample Average Respiration Rate 

(ug CO2-C/g OD soil/hour) 
GOGAR 28 H 1 0.53 
GOGAR 28 H 3 0.36 
GOGAR 28 H 5 0.20 
GOGAR 28 H 7 0.16 
GOGAR 28 H 9 0.29 
GOGAR 28 H 11 0.56 
GOGAR 28 H 13 0.16 
GOGAR 28 H 15 0.77 
GOGAR 28 H 17 0.40 
GOGAR 28 H 19 0.79 
GOGAR 28 H 21 0.29 
GOGAR 28 H 23 0.51 
GOGAR 28 H 25 0.30 
GOGAR 28 H 27 0.71 
Mean 0.43 
Standard deviation 0.22 
 
 
Table 26.  Soil Respiration Rates – Gogar 2 (No Waste Control for Gogar 28) 
 
Sample Average Respiration Rate 

(ug CO2-C/g OD soil/hour) 
GOGAR 2 H 2 0.67 
GOGAR 2 H 4 0.39 
GOGAR 2 H 5 0.51 
Mean 0.52 
Standard deviation 0.14 
 
 
Table 27.  Soil Respiration Rates – Gogar 10 HC (No Waste Control for Gogar 10) 
 
Sample Average Respiration Rate 

(ug CO2-C/g OD soil/hour) 
GOGAR 10 HC 1 0.50 
GOGAR 10 HC 3 0.45 
GOGAR 10 HC 5 0.28 
Mean 0.41 
Standard deviation 0.12 
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Table 28.  Soil Respiration Rates 
 
Treatment Average Respiration Rate 
  (ug CO2-C/g OD soil/hour) 
Ammonium nitrate control, block 1 0.41 
Ammonium nitrate control, block 2 0.43 
Ammonium nitrate control, block 3 0.48 
Ammonium nitrate control, block 4 0.41 
Average 0.43 
Standard deviation 0.03 
  
Distillery waste, block 1 0.39 
Distillery waste, block 2 0.41 
Distillery waste, block 3 0.35 
Distillery waste, block 4 0.45 
Average 0.40 
Standard deviation 0.04 
  
Green waste compost, block 1 0.46 
Green waste compost, block 2 0.40 
Green waste compost, block 3 0.39 
Green waste compost, block 4 0.53 
Average 0.45 
Standard deviation 0.06 
 
 
Table 29.  Soil Microbial Biomass Carbon at Netherton Control (No Blood Waste) 
 
Sample Average Biomass C 
 (ug C/g oven dry soil) 
NETHERTON NFC 1 267 
NETHERTON NFC 2 277 
NETHERTON NFC 3 317 
NETHERTON NFC 4 277 
Mean 285 
Standard deviation 22 
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Table 30.  Soil Microbial Biomass Carbon at Blood Waste Treated Site 
 
Sample Average Biomass C 
 (ug C/g oven dry soil) 
NETHERTON NF 1 231 
NETHERTON NF 2 122 
NETHERTON NF 3 148 
NETHERTON NF 4 130 
NETHERTON NF 5 225 
NETHERTON NF 6 368 
NETHERTON NF 7 466 
NETHERTON NF 8 350 
NETHERTON NF 9 306 
NETHERTON NF 10 324 
Mean 267 
Standard deviation 115 
 
 
Table 31.  Soil Microbial Biomass Carbon – Paper and Sludge Treated Field (Gogar 10) 
 
Sample Average Biomass C 
 (ug C/g oven dry soil) 
GOGAR 10 H 1 449 
GOGAR 10 H 3 345 
GOGAR 10 H 4 309 
GOGAR 10 H 7 364 
GOGAR 10 H 10 409 
Mean 375 
Standard deviation 55 
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Table 32.  Soil Microbial Biomass Carbon – Paper Sludge Treated Field (Gogar 28) 
 
Sample Average Biomass C 
 (ug C/g oven dry soil) 
GOGAR 28 H 1 588 
GOGAR 28 H 3 400 
GOGAR 28 H 5 357 
GOGAR 28 H 7 367 
GOGAR 28 H 9 387 
GOGAR 28 H 11 721 
GOGAR 28 H 13 488 
GOGAR 28 H 15 675 
GOGAR 28 H 17 667 
GOGAR 28 H 19 626 
GOGAR 28 H 21 517 
GOGAR 28 H 23 613 
GOGAR 28 H 25 539 
GOGAR 28 H 27 676 
Mean  
Standard deviation  
 
 
Table 33.  Soil Microbial Biomass Carbon – Gogar 2 (No Waste Control for Gogar 28) 
 
Sample Label Average Biomass C 
 (ug C/g oven dry soil) 
GOGAR 2 H 2 991 
GOGAR 2 H 4 1117 
GOGAR 2 H 5 1167 
Mean 1092 
Standard deviation 90 
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Table 34. Soil Microbial Biomass Carbon – Gogar 10 HC (No Waste Control for Gogar 10) 
 
Sample Label Average Biomass C 
 (ug C/g oven dry soil) 
GOGAR 10 HC 1 722 
GOGAR 10 HC 3 791 
GOGAR 10 HC 5 676 
Mean 730 
Standard deviation 58 
 
 
Table 35.  Soil Microbial Biomass Carbon 
 
Treatment Biomass Carbon 
 (ug C/g oven dry soil) 
Ammonium nitrate control, block 1 852 
Ammonium nitrate control, block 2 822 
Ammonium nitrate control, block 3 706 
Ammonium nitrate control, block 4 801 
Average 795 
Standard deviation 63 
  
Distillery waste, block 1 832 
Distillery waste, block 2 785 
Distillery waste, block 3 834 
Distillery waste, block 4 898 
Average 837 
Standard deviation 46 
  
Green waste compost, block 1 834 
Green waste compost, block 2 839 
Green waste compost, block 3 711 
Green waste compost, block 4 787 
Average 793 
Standard deviation 59 
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Table 36. Auchincruive Soil Density (g/cc) 
 

Block Control Paper -N Paper +N Distillery Blood Dairy Compost 

1 1.28 1.13 1.22 1.26 1.23 1.26 1.27 
1 1.29 1.08 1.12 1.21 1.26 1.22 1.31 
1 1.33 0.98 1.07 1.26 1.24 1.09 1.37 
2 1.29 1.15 1.26 1.38 1.30 1.44 1.21 
2 1.27 1.12 1.25 1.38 1.36 1.40 1.30 
2 1.40 1.11 1.37 1.31 1.43 1.36 1.39 
3 1.38 1.07 1.37 1.19 1.37 1.30 1.39 
3 1.35 1.07 1.19 1.38 1.32 1.35 1.36 
3 1.52 1.15 1.24 1.33 1.34 1.33 1.38 
4 1.38 1.14 1.27 1.31 1.33 1.30 1.33 
4 1.33 1.12 1.17 1.28 1.36 1.30 1.27 
4 1.33 1.12 1.15 1.29 1.36 1.32 1.30 

 
 
Table 37. Gogar Farm 10 ha Field Soil Density (g/cc) 
 

Rep Db (g/cc) 

10H 04 1.36 
10H 07 1.36 
10H 01 1.30 
10H 10 1.26 

10HC 03 1.28 
10HC 05 1.31 
10HC 02 1.32 
10HC 01 1.30 
10HC 04 1.44 
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Table 38. Gogar Farm 28 ha Field Soil Density (g/cc) 
 

Site Rep Db (g/cc) 

28H 28H 19 1.35 
28H 28H 26 1.27 
28H 28H 23 1.30 
28H 28H 16 1.43 
28H 28H 04 1.34 
28H 28H 08 1.37 
28H 28H 13 1.27 
28H 28H 03 1.29 
2H 2H 01 0.95 
2H 2H 02 1.05 
2H 2H 04 0.90 
2H 2H 03 0.91 
2H 2H 05 0.96 

 
 
Table 39. Gogar Farm 10 ha field soil infiltration rate (K) 
 

Rep K (cm/h) 

10H 04 0.20 
10H 07 1.98 
10H 01 9.80 
10H 10 14.10 

10HC 03 0.49 
10HC 05 0.59 
10HC 02 2.04 
10HC 01 6.16 
10HC 04 13.63 

 
 
Table 40. Mineralisable N, Extractable Nitrate and Ammonium N 
 
Sample Mineralisable N 

(mg N /kg dry soil) 
Extractable Nitrate N 

(mg N /kg dry soil) 
Extractable 

Ammonium N 
(mg N /kg dry soil) 

NETHERTON NFC 1 44 46 0.6 
NETHERTON NFC 2 53 25 0.4 
NETHERTON NFC 3 60 30 0.3 
NETHERTON NFC 4 45 13 0.3 
Average 50 28 0.4 
Standard deviation 7 14 0.1 
 



 82

Table 41. Mineralisable N, Extractable Nitrate and Ammonium N 
 
Sample Mineralisable N 

(mg N /kg dry soil) 
Extractable Nitrate 

N (mg N /kg dry soil)
Extractable 

Ammonium N 
(mg N /kg dry soil) 

NETHERTON NF 1 63 43 0.5 
NETHERTON NF 2 64 45 0.8 
NETHERTON NF 3 23 10 0.4 
NETHERTON NF 4 50 30 0.4 
NETHERTON NF 5 76 46 0.4 
NETHERTON NF 6 108 65 0.6 
NETHERTON NF 7 111 29 0.5 
NETHERTON NF 8 89 30 0.4 
NETHERTON NF 9 78 33 0.2 
NETHERTON NF 10 87 39 0.2 
Average 75 37 0.4 
Standard deviation 26 14 0.2 
 
 
Table 42. Mineralisable N, Extractable Nitrate and Ammonium N 
 
Sample Mineralisable N 

(mg N /kg dry soil) 
Extractable Nitrate 

N (mg N /kg dry soil)
Extractable 

Ammonium N 
(mg N /kg dry soil) 

GOGAR 10 H 1 87 31 0.3 
GOGAR 10 H 2 72 31 0.6 
GOGAR 10 H 3 64 30 0.3 
GOGAR 10 H 4 63 31 0.4 
GOGAR 10 H 5 69 21 0.2 
GOGAR 10 H 6 71 21 0.3 
GOGAR 10 H 7 68 23 0.3 
GOGAR 10 H 8 97 40 0.6 
GOGAR 10 H 9 68 23 0.1 
GOGAR 10 H 10 103 27 0.3 
Average 76 28 0.3 
Standard deviation 14 6 0.1 
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Table 43. Mineralisable N, Extractable Nitrate and Ammonium N 
 
Sample Mineralisable N 

(mg N /kg dry soil) 
Extractable Nitrate 

N (mg N /kg dry soil)
Extractable 

Ammonium N 
(mg N /kg dry soil) 

GOGAR 28 H 1 125 21 0.7 
GOGAR 28 H 2 58 32 0.4 
GOGAR 28 H 3 52 33 0.5 
GOGAR 28 H 4 66 19 0.2 
GOGAR 28 H 5 49 21 0.3 
GOGAR 28 H 6 68 34 0.3 
GOGAR 28 H 7 65 24 0.6 
GOGAR 28 H 8 56 31 0.4 
GOGAR 28 H 9 65 28 0.5 
GOGAR 28 H 10 72 23 0.5 
GOGAR 28 H 11 116 25 0.9 
GOGAR 28 H 12 65 19 0.6 
GOGAR 28 H 13 51 25 0.6 
GOGAR 28 H 14 63 14 0.4 
GOGAR 28 H 15 74 29 0.5 
GOGAR 28 H 16 78 35 0.5 
GOGAR 28 H 17 75 31 1.1 
GOGAR 28 H 18 53 21 0.4 
GOGAR 28 H 19 66 32 0.8 
GOGAR 28 H 20 58 19 0.3 
GOGAR 28 H 21 56 17 0.1 
GOGAR 28 H 22 43 18 0.2 
GOGAR 28 H 23 77 14 0.3 
GOGAR 28 H 24 55 19 0.6 
GOGAR 28 H 25 48 19 0.5 
GOGAR 28 H 26 77 31 0.5 
GOGAR 28 H 27 65 27 0.7 
Average 67 24 0.5 
Standard deviation 18 6 0.2 
 
 
Table 44. Mineralisable N, Extractable Nitrate and Ammonium N 
 
Sample Mineralisable N 

(mg N /kg dry soil) 
Extractable Nitrate 

N (mg N /kg dry soil)
Extractable 

Ammonium N 
(mg N /kg dry soil) 

GOGAR 2 H 1 7 24 12.1 
GOGAR 2 H 2 115 20 14.7 
GOGAR 2 H 3 123 29 11.6 
GOGAR 2 H 4 128 18 9 
GOGAR 2 H 5 133 32 2.5 
Average 101 24 10 
Standard deviation 53 6 4.6 
Table 45. Mineralisable N, Extractable Nitrate and Ammonium N 
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Sample Mineralisable N 

(mg N /kg dry soil) 
Extractable Nitrate 

N (mg N /kg dry soil)
Extractable 

Ammonium N 
(mg N /kg dry soil) 

GOGAR 10 HC 1 97 30 0.4 
GOGAR 10 HC 2 109 35 0.6 
GOGAR 10 HC 3 104 34 0.3 
GOGAR 10 HC 4 92 30 0.3 
GOGAR 10 HC 5 85 23 0.5 
Average 97 30 0.4 
Standard deviation 9 5 0.1 
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Table 46. Mineralisable N, Extractable Nitrate and Ammonium N 
 
Sample Mineralisable N

(mg N /kg dry 
soil) 

Extractable Nitrate 
N (mg N /kg dry 

soil) 

Extractable Ammonium N 
(mg N /kg dry soil) 

Ammonium nitrate control, block 1 78 27 0.6 
Ammonium nitrate control, block 2 77 23 0.5 
Ammonium nitrate control, block 3 81 18 0.5 
Ammonium nitrate control, block 4 104 27 0.6 
Average 85 24 0.5 
Standard deviation 13 4 0.1 
Paper mill sludge, block 1 98 22 0.7 
Paper mill sludge, block 2 96 27 1.1 
Paper mill sludge, block 3 124 26 1.6 
Paper mill sludge, block 4 135 20 1.2 
Average 113 24 1.2 
Standard deviation 19 3 0.4 
Paper mill sludge, extra N, block 1  100 23 1.2 
Paper mill sludge, extra N, block 2 91 24 1.3 
Paper mill sludge, extra N, block 3 100 21 0.8 
Paper mill sludge, extra N, block 4 122 21 0.7 
Average 103 22 1 
Standard deviation 13 1 0.3 
Distillery waste, block 1 88 22 0.6 
Distillery waste, block 2 81 27 0.5 
Distillery waste, block 3 90 22 0.8 
Distillery waste, block 4 110 26 0.6 
Average 92 24 0.6 
Standard deviation 12 3 0.1 
Blood waste, block 1 86 24 0.9 
Blood waste, block 2 76 26 0.8 
Blood waste, block 3 95 24 0.5 
Blood waste, block 4 97 21 0.5 
Average 88 24 0.7 
Standard deviation 10 2 0.2 
Milk dairy waste, block 1 96 36 0.3 
Milk dairy waste, block 2 78 36 0.4 
Milk dairy waste, block 3 108 35 0.5 
Milk dairy waste, block 4 121 23 0.6 
Average 101 32 0.5 
Standard deviation 18 7 0.1 
Green waste compost, block  1 77 24 0.6 
Green waste compost, block  2 70 24 0.7 
Green waste compost, block  3 80 29 0.4 
Green waste compost, block  4 104 32 0.6 
Average 83 27 0.5 
Standard deviation 15 4 0.1 
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APPENDIX 5 
 
Summary of Analytical Methods 
 
Soil Sample Preparation 
υ For biochemical determinations 

υ Live field-moist sample required.  
υ 6 mm sieved. 
υ Then 2 mm sieved to ensure aerobiosis maintained. 

 
υ For chemical analyses 

υ Field moist soil 6 mm sieved. 
υ Air-dried at 40 C overnight. 
υ Roller-milled to pass a 2 mm screen. 
υ Further ground to pass a 0.5 mm sieve for some determinations. 

 
Determination of Respiration Rate 

υ Field moist equivalent of 50g of dry soil sieved to pass a 2 mm riddle. 
υ Soil sealed in a 1 litre Kilner jar with a 10 ml vial of 1M NaOH to absorb carbon 

dioxide released during respiration. 
υ Samples incubated in dark for 7 days at 25C. 
υ Vials of NaOH are recovered and the trapped CO2 from respiration is titrated against 

standard HCl, in a double end-point (pH 8.3 to pH 3.7) differential potentiometric 
titration, using carbonic anhydrase enzyme to sharpen up the end-points. 

υ Respiration rate then calculated in microgrammes of CO2-C/g oven dry soil 
equivalent/hour. 

 
Determination of Biomass Carbon 

υ Field moist equivalent of 50g dry soil sieved to pass a 2 mm riddle. 
υ Add 200 ml 0.5M K2SO4. 
υ Shake rapidly for 1/2 hour. 
υ Whatman No 42 filter. 
υ Determine Total Organic Carbon (TOCu) in this straight extract using a combined 

chemical/UV digestion/Infra Red Gas Autoanalyser. 
υ Fumigate a second portion of soil in a vacuum desiccator with boiling chloroform 

overnight (this kills and renders soluble the living biomass in the sample). 
υ Extract as above and determine TOCf in mg C/l in the fumigated sample. 
υ Then Biomass C = K * (TOCf - TOCu), the units are microgrammes C/g oven dry soil 

equivalent. 
 

Mineralisable Nitrogen 
υ 40g fresh 6 mm sieved soil. 
υ Add 100 ml deionised water. 
υ Incubate anaerobically in dark at 40 C for 7 days. 
υ Add 100 ml of 2M KCl. 
υ Rapid shake for 1 hour. 
υ Whatman No 42 filter. 
υ Determine NH4

+ by autoanalyser (by Nesslerisation). 
υ Results combined with % MC data to give results in mg mineralisable N / kg air-dry 

soil equivalent. 
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Biolog Determination 
υ Fresh 2 mm sieved soil incubated aerobically in dark at 25C for 7 days to equilibrate 
υ Soil micro-organisms extracted with sterile diluent. 
υ Extracts plated out in 96 well Biolog GN type microtitre plates, each well containing a 

different C substrate and indicator dyes. 
υ Plate read each day for 8 days on a plate reader to monitor presence/absence, and rates, 

of colour development in each well indicating the degree of utilisation by the soil 
microbial community of each of the different available C substrates. 

υ ‘Fingerprint’ produced for each sample and used in a multivariate regression 
correlation analysis in combination with other analytical results. 

 
Soil Physical Measurements 
υ Bulk Density - in situ field measurement. 

υ Undisturbed soil cores taken by percussive sampler. 
υ Oven dried at 105 C to constant weight. 
υ Weight / known core volume gives bulk density (g/cm3). 

 
Water Infiltration Rate - in situ field measurement. 

υ Pair of concentric metal rings sunk into soil surface. 
υ Rate of infiltration of water in centre ring measured in cm/hour. 
υ Water maintained at same level in outer guard ring prevents errors due to lateral 

spreading. 
 
Measurement of Soil pH  
• 40 cm3 air-dried 2 mm milled soil. 

υ Add 100 ml 0.01M CaCl2. 
υ 1/2 hour slow speed end-over-end shake. 
υ Measure on electrometric meter. 
υ Soil pH = extract pH + 0.6. 

 
Measurement of Conductivity 

υ 40 cm3 air-dried 2 mm milled soil. 
υ Add 100 ml deionised water. 
υ Shake slowly end-over-end for 1/2 hour. 
υ Settle for 1/2 hour. 
υ Read conductivity of supernatant in milliSiemens/cm. 

 
Extractable (Available) P, K and Mg Methodology 

υ 5 cm3 air-dried 2 mm sieved soil. 
υ Add 200 ml 2.5% acetic acid. 
υ Shake slowly end-over-end for 2 hours. 
υ Filter through Whatman No 2 filter. 
υ Determine available P (mg P/l air-dry soil) in the extract by molybdate/ascorbate 

colorimetry. 
υ Determine available K (mg K/l air-dry soil) in the extract by Flame Emission 

Spectrometry. 
υ Determine available Mg (mg Mg/l air-dry soil) in the extract by flame Atomic 

Absorption Spectrometry. 
 
Determination of Organic Matter 

υ 0.25 g air-dried soil further ground to pass a 0.5 mm sieve. 
υ Add 40 ml 66.7 mM potassium dichromate / concentrated sulphuric acid reagent. 
υ Digest/reflux at 135 C for 2 hours. 
υ Cool and add 2 ml of barium diphenylamine sulphonate indicator. 
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υ Back titrate the excess of dichromate with 0.4 M ferrous sulphate. 
υ Gives OM result in g of organic matter per kg of air-dried soil. 

 
Extractable Ammonium and Nitrate Analysis 

υ 40 g fresh 6 mm sieved soil. 
υ Add 200 ml 1M KCl. 
υ 1 hour rapid shake. 
υ Whatman No 42 filter. 
υ Determine NO3

- and NH4
+ by autoanalyser (NO3

- by reduction to NO2
- followed by 

Griess Ilosvay colorimetry, NH4
+ by Nesslerisation). 

υ Results combined with % moisture content data to give results in mg NO3
- - N or NH4

+- 
N/kg air-dry soil equivalent. 

 
Determination of Total Kjeldahl Nitrogen 

υ 1.00g air-dried soil ground to pass a 0.5 mm sieve. 
υ Add 1 sodium sulphate and 1 Cu / Se catalyst tablet. 
υ Add 5 ml concentrated sulphuric acid. 
υ Digest in a 75 ml Tecator tube in block at 370 C until solution clears, then for a further 

hour. 
υ Determine the ammonium so produced from the breakdown of organic N by the 

method of steam distillation into a boric acid trap, followed by a titrimetric finish. 
υ Gives Total Kjeldahl N in mg N/kg air-dried soil. 

 
Measurement  of extractable  Heavy Metals 

υ 20g air-dried 2 mm sieved soil. 
υ Add 50 ml 1M NH4NO3. 
υ Shake rapidly for 2 hours. 
υ Whatman No 40 filter. 
υ Determine the concentration of extractable Cu, Zn, Ni, Cd, Cr and Pb in the solution by 

Flame Atomic Absorption Spectrometry. 
 
Measurement  of total Heavy Metals 

υ 3.00g air-dried 2 mm sieved soil 
υ Add 22.5 ml 6M HCl and 7.5 ml concentrated HNO3 and leave overnight. 
υ Digest in a Tecator tube on the block at 140 C for 2 hours. 
υ Dilute all to 100 ml and filter through Whatman No 42. 
υ Determine the concentration of total Cu, Zn, Ni, Cd, Cr and Pb in the digest by Flame 

Atomic Absorption Spectrometry. 
 
Pesticide Residue Determination 

υ Soil samples sonicated with cyclohexane for 1 hour. 
υ Solvent extraction completed by rapid shaking for 2 minutes. 
υ Extracts filtered to clarify. 
υ Concentrated by evaporation at 40 C. 
υ Analysed by tandem gas chromatography-mass spectrometry. 
υ Diazinon (OP type), Cypermethrin (SP type), and their major metabolites/degradation 

products, were identified and quantified to part per billion levels. 
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APPENDIX 6 
 
Summary of potential fertilising benefits from applying non-agricultural waste to agricultural land – based on WRc 1998?? 
 

Material Organic 
matter 

Nitrogen Phosphorus Potassium Lime Soil conditioning 
properties 

Waste soil or compost M L-M O-H O-H O M-H 
Waste wood, bark or other plant matter H L-M O-L O-L O M-H 
Waste food, drink or materials used in their 
preparation 

L-M L-M L-M L-M O O-L 

Blood and gut contents from abattoirs H H H H O O 
Waste lime O O O O-H H O 
Lime sludge from cement manufacture or gas 
processing 

O O O O-H H O 

Waste gypsum O O O O-M O L-H 
Paper waste sludge, waste paper and de-inked 
paper pulp 

M O-L L L O-M L-M 

Dredgings from any inland waters L-M O-L L-M O-M O L 
Textile waste L-M O-L L L O O-L 
Septic tank sludge L-M L-M L-M O-L O O 
Sludge from biological treatment plants M-H L-H L-H O-L O L-M 
Waste hair and effluent treatment sludge from 
tanneries 

M-H L-M L-M O-M O L-M 

O   = Unlikely to be of any benefit 
L    = Likely to be of Low benefit only 
M   = Likely to be of Moderate benefit 
H    = Likely to be of High benefit 
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APPENDIX 7 
 
Summary of potential adverse effects from applying non-agricultural wastes to agricultural land 
 
 

Material 
PTEs Organic 

contaminants 
Pathogens Water 

pollution risk 
Soil pollution 

risk 
Air pollution 

risk 
General comments 

Waste soil or compost M L L L M L Risk of contaminants depends on 
source 

Waste wood, bark or other 
plant matter 

L L L L L L Unlikely to be contaminated 

Waste food, drink or materials 
used in their preparation 

L L M L-H L M Unlikely to be contaminated 

Blood and gut contents from 
abattoirs 

L L H H L M High risk of pathogens and water 
pollution 

Waste lime L-M L L L L-M L Risk of contamination depends on 
source.  Avoid over liming 

Lime sludge from cement 
manufacture or gas processing 

M L L L M L Risk of contamination depends on 
source.  Avoid over liming 

Waste gypsum M L L L M L Risk of contamination depends on 
source 

Paper waste sludge, waste 
paper and de-inked paper pulp 

M M L L M L-M Risk of contamination depends on 
source.  May be N lock-up 

Dredgings from any inland 
waters 

M L L L M L Risk of contamination depends on 
source 

Textile waste M M L L-H M M Risk of contamination depends on 
source 

Septic tank sludge 
 

L M H H M H High risk of pathogens, odours and 
water pollution 

Sludge from biological 
treatment plants 

L M M M M M-H Risk of contamination depends on 
source 

Waste hair and effluent 
treatment sludge from 
tanneries 

M M M M H M-H Risk of contamination depends on 
source 

L    = Low Risk    unlikely to be a problem 
M   = Moderate Risk    a possible problem unless strict precautions are followed 
H    = High Risk    likely to be a serious problem unless strict precautions are carried out 
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