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ABSTRACT 

The West and South Yorkshire coalfields generate some markedly acidic minestone wastes. 
Spoil tips restored by the conventional methodology of liming, adding nutrient in the form of 
inorganic fertilisers and perhaps a thin top-soil cover prior to seeding, frequently undergo acid 
regression which ultimately destroys the vegetation and reinstates the problem of erosion. Some 
fourteen years ago, Yorkshire Water, the Ecological Advisory Service and Kirklees local government 
authority began working together to solve this problem. This paper details both the experimental 
pot trials and the subsequent restoration of one such site that, within three years of conventional 
restoration, had regressed to having a surface pH of 1.9. The trials monitored substrate pH, the 
uptake of potentially toxic elements (PTE), Cr, Ni, Cu, Zn, Cd and Pb and measured biomass 
productivity. The results show that the technique developed can provide a sustainable, stable 
restoration of markedly acidic minestone tips, provided that the sewage sludge is carefully chosen 
and applied in sufficient quantity to control acid generation. The uptake of PTEs into the vegetation 
is demonstrated to occur in quantities significantly less than both phyto- and zootoxic levels. The 
technique developed, which utilises an application rate of 600 - 700 t.DS sewage sludge per 
hectare, has now been adopted by several local government authorities and has been used to 
restore approximately 1 00 hectares of previously derelict colliery waste tips. 

INTRODUCTION 

Conventional methods of reclaiming minestone waste tips, which include liming to 
counter potential acidity, adding nutrient in the form of inorganic fertilisers and perhaps a 
thin (1 OOmml top-soil cover, are undoubtedly effective on mildly acidic spoils. 
Unfortunately however, many such tips in West and South Yorkshire have a high pyrite 
content and are consequently of an extremely acidic nature. All too frequently these tips. 
when subjected to conventional restoration methods, susequently undergo acid regression 
to the point at which vegetative cover is totally destroyed and erosion and gulleying once 
more set in. 

Emley Moor was one such case, a mere three years after reclamation, and despite 
regular interim applications of lime, the pH of the surface material had fallen to 1 .9 and 
rainwater percolating through the spoil and hitting a compaction pan was breaking out as 
acid springs of pH 1.6. Vegetational cover had been completely destroyed by the hostile 
conditions on both the southern and eastern slopes and regression of the plateau area was 
also evident. 
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In 1980 a joint project between Yorkshire Waters' Plant Growth Trials Unit, Kirklees 
M.C and their technical consultants, the Ecological Advisory Service began to investigate 
the use of consolidated sewage sludge as a soil forming material on colliery waste tips. 
The technique developed had proved to be successful in providing sustainable, stab1e 
restorations of other acidic colliery waste tips 1 1• 

2
• 31 and it was decided to investigate, 

through pot tr!als, its' application to the extremely ac!d!c minestone waste tip at Emley 
Moor. 

LABORATORY /GREENHOUSE POT TRIALS 141 

Methods 

A control soil, graded sub-surface spoil from Emley Moor and consolidated sewage 
sludges from four sewage treatment works were obtained. The sludges put under test 
were Mitchell Laithes lagoon dried, North Bierley fresh and mature lime conditioned press 
cakes and press cakes from Bradley and Lowfields. The completed design is shown below. 

Soil Control 
Spoil/Soil Control 
Spoil/Soil + NPK Control 
Spoil/Mitchell Laithes LOS 
Spoil/North Bierley fresh PC 
Spoil/North Bierley mature PC 
Spoil/Bradley PC 
Spoii/Lowfields PC 

1:1 v/v 

1 0 replicates per test, a total of 80 x 18cm pots. 

0 
so 
SO+ 
SML 
SNBF 
SNBO 
SB 
SL 

The soil and sludges were sieved to pass a 13mm mesh prior to mixing and samples 
of all materials were air dried, crushed and sent to Yorkshire Waters' divisional laboratory 
for analysis of their nutrient and potentially toxic element (PTE) contents. The analytical 
results are shown in the appendix Table 1 . 

The pots were mixed to design, limed (if necessary) to pH 6.5 and placed in 
randomly arranged saucers, to prevent leaching losses, on a bench in a cool greenhouse. 
The pots were sown with Nickersons Red Circle agricultural ley mixture seed at a rate 
equivalent to 20 gm m·2 in January 1986. 

A 28 day growth period was allowed prior to cutting. Pots were harvested by 
cutting at a standard 1.5 em above 'soil' level and the grass dried in a moisture extraction 
oven at 1 oooc for 24 hours then weighed to enable dry matter production to be 
determined. The dried samples were com posited by test, milled to pass a 1 mm mesh 
screen using a Tecator Cyclotec mill and despatched to the divisional laboratory for PTE 
analysis. PTE determinations were carried out by acid digestion of the sample followed by 
atomic absorption spectrophotometry. 

The full experiment ran for two years and certain tests were retained for further 
study for an additional period of four years. 
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Results 

Dry Matter Production: 

The average yields of each fu!! tria! test are shown in the appendix, Tables 2 and 
3, in which the total yields are expressed as both gm DM pot -1 and t. OM ha-1 . The yields 
for the retained trial over the full six year period are shown in Tables.4- 6. 

PTE Uptake: 

The PTE uptake into the plant tissues during the first two years is shown in the 
appendix, Tables 7 and 8. The uptake during the next four years of the retained trial is 
shown in Tables 9 - 12. 

Discussion of results 

The results of the dry matter production tests are shown in histogram form as t. OM 
ha -1 below. Figure 1 shows the first two years of the full tria! and Figure 2 the results of 
the retained tests over six years. 

Figure 1. Annual Biomass Production. Years 1 & 2. expressed as t . OM ha-1 

SO SO+ SML SNBFSNBO 58 SO SO+ SML SNBFSNBO SB 

Tests 

Figure 2. Annual Biomass Production. retained trial. expressed as t. OM ha-1 
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These figures clearly demonstrate the advantage of using a soil forming material 
such as sewage sludge to ;;;claim a spoil as acidic as Emley Moor. All the spoil/sludge 
tests consistently out-performed even the pure soil control due largely to the higher 
nutrient status of the sludges. 

The spoil/soil controls failed to produce a viable crop virtually from cut 6 onwards 
due to the high acid production of the spoil. The pH, when checked at this time, proved 
to have dropped to < 3.0 from the original pH of 6.5. The spoil/sludge tests had retained 
the original pH and indeed continued to do so throughout the duration of the experiment. 

Organic matter has been demonstrated to prevent the oxidation of pyrite 1 5 1 and 
one of the chief benefits of using sewage sludge is that, as it consists of 40-50% organic 
matter, it supplies large quantities of organic material to the spoil. The second major 
benefit is the sludges' nutrient content, which effectively provides a large reservoir of 
nitrogen, phosphorus and, to a lesser extent, potassium in slow release form capable of 
promoting several years sustainable growth without the necessity for further nutrient 
amendment. 

In terms of yield alone, the sludges producing the highest performance were those 
from North Bierley and Bradley S.T.Ws. 

Statistical examination of the biomass results by analysis of variance reveals that 
the differences between the means are highly significant having F ratios of 278.0 and 
190.2 in years one and two respectively. In both cases the F probabilities are significant 
to a level of <0.00005. 

A second statistical technique, the Scheffe test, which relies on a greater difference 
between the means than onaway ANOVA, was then employed to subgroup the tests into 
those whose means were not significantly different from each other. This analysis 
indicated that in year one, the soil and spoil/soil tests fall into two distinct sets; adding 
inorganic fertiliser to the spoil/soil produces a mean placing this test in both of the first two 
sets; the spoil/sludge tests each form individually significant sets dependant upon the 
source of the sludge, however maturation of the North Bierley sludge exerted no significant 
effect upon the productivity of the grass as both the fresh and mature sludges fall within 
a single subset. 

In the second year, the grouping of the tests alters considerably. The two spoil/soil 
tests, in which production had virtually ceased, naturally form one set. The lagoon dried 
sludge from Mitchell Laithes and the matured North Bierley press cake mixed with the spoil 
form a set with fertile topsoil. Lowfields sludge remains as an individual set and the final 
set having the greatest mean biomass production consists of the fresh press cake from 
North Bierley and the Bradley press cake. 

In terms of biomass production alone the two sludges producing the greatest 
probability of a successful and sustainable reclamation of the Emley Moor colliery waste 
tip were therefore considered to be those from Bradley and the fresh press cake from North 
Bierley STWs. 
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PTE Uptake: 

When discussing PTE uptake it is important to define certain concentration criteria 
against which the results can be assessed. Tab!e 13, drawn from various sources 
summarises these criteria. 

Table 13. 

PTE 

I To I 
Tc 

Background concentrations. To. Upper Critical concentrations. Tc mgkg·' 
Dry Tissue in plants and Upper Critical levels. Ta. mgkg·' Total Diet. 
for Livestock 1 6

• 
7
• 

8 1 

Ni (P) Cu (P) Zn (P) Cr Cd (Z) Pb (Z) 

2.0 I 11.0 I 50.0 1.0 0.5-< 1.0 3.0 

14.0 21.0 221.0 10.0 10.0 35.0 
I 

I 
Ta sheep 50.0 50.0 900.0 

I 
50.0 

I 
3.0 

I 
3.0 

II Ta cattle 50.0 50.0 900.0 50.0 10.0 

P = Phytotoxic Z = Zootoxic 

The upper critical concentration, Tc, is defined by Beckett and Davis as the level 
of the element in the plant tissue at which yiElld would begin to diminish, it is not the level 
at which the grass would die. 

All the sludges tested produced PTE uptake results below the upper critical 
concentrations during the first two years growth save for Mitchell Laithes which was 
retained for further testing. Bradley sludge supply could not be guaranteed in quantity, 
therefore the two sludges from North Bierley were also retained. 

When these absolute concentrations Qf PTEs are plotted as log equivalents they 
can be used to provide a framework onto which the tissue concentrations in the test 
grasses can be plotted in a similar manner. This provides a clear demonstration of the 
relationship between the criteria and plant uptake, Figures 3 - 11 . 

These figures clearly demonstrate that the Mitchell Laithes sludge gave rise to 
uptake levels which could cause yield reduction. Since the designated after - use of the 
Emley Moor site was for low intensity sheep grazing, it was also felt that cadmium uptake" 
could prove to be deleterious in the long term. 

Both of the North Bierley sludges gave rise to acceptably low concentrations of 
PTEs throughout the six years of testing, particularly with regard to cadmium which 
remained at, or below, normally occurring background levels. 

The apparent increase in the uptake of lead from month 67 onwards in all the 
retained tests may be disregarded since it merely reflects a change in the style of reporting 
by the central laboratory, which began expressing results as < 5.0 mgkg·' Dry Tissue. 
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Metcalfe - Reclamation of Markedly Acidic Minestone Waste Tips Using Sewage Sludge 
as a Soil Forming Material 

FIELD TRIAL 1 4 1 

Site Reclamation 

When the experiment commenced in 1986 the Emley Moor tip was still associated 
with an operational mine, although the tip itself was disused. As the tip adjoined the 
colliery, there was, at that time, no opportunity to landscape in order to reduce 
the steep south-eastern slope. The future of the colliery was subject to discussion during 
British Coal's restructuring exercise and Kirklees M.C suspended their reclamation 
programme pending the outcome of these negotiations. By 1988 the colliery had ceased 
operation and the mine buildings had been demolished giving an additional area into which 
the spoil could be moved. This permitted the slope to be reduced, by pushing the spoil 
forward over the abandoned pit yard the elevation of the tip was lowered, the slope 
shortened and its gradient altered to allow the traverse of machinery. 

When the contouring operation was completed, the surface was regraded such that 
finer material formed the surface layer into which the sludge could be cultivated. 
During April - Jun 1989, 7,860 wet tonnes of fresh press cake were transported from 
North Bierley STW and spread to a depth of 1 OOmm over the surface of the 5.5 ha site. 
This was then cultivated into the surface 1 OOmm of the spoil to create a seed bed 
composed of a 1:1 wet volumetric mixture o1' spoil and sludge. At 45.5% Dry Solids. this 
was equivalent to an application rate of 650 tDSha·1 of the sewage sludge. 

The pH of the regraded spoil prior to the incorporation of the sludge was 5.5 and 
that of the fresh press cake 9.0, The pH of the resulting seed bed was 7.2. 

The site was left to settle until July 1989 when it was seeded. Unfortunately the 
contractor seeded the site with Red Seal rather than the Red Circle used in the experiment. 
Factors such as pH and soil organic matter Gontent govern PTE availability to plants but 
uptake has also been shown to be genetically controlled and hence the experiment could 
no longer be regarded as wholly predictive of the results expected of the site herbage. 

A dense, even cover of sward established rapidly save for areas of the edge 
between the plateau and the slopes. A later examination of these areas showed that the 
contractor had bladed the sludge over the edge of the plateau and onto the slopes 
exposing patches of virtually bare spoil in which acidity would subsequently develop. This 
was later remedied by re-treating these areas with localised applications of sludge to 
achieve the desired seed bed standard. 

Unfortunately, policy changes within the water industry following privatisation 
reduced field sampling to a minimum in comparison to that undertaken at previously 
reclaimed sites. 1 1• 

2
• 

31 For this reason, the results presented in this paper must be taken 
as an indicative, rather than comprehensive, overview of the site performance. 
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Metcalfe - Reclamation of Markedly Acidic Minestone Waste Tips Using Sewage Sludge 
as a Soil Forming Material 

Site survey methods 

Site sampling commenced in October 1989. Nine herbage samples, of 
approximately 30gm fresh weight, were taken in each of four W sampling pathways, the 
W being rotated through 90° each time as shown on the p!an, Figure 12. 

Figure 12. Emley Moor. sampling pattern 

m_ Compo111ita W 1 = Sunplef 1 - P 

Compo•i• W 2 = W I Ro1>10d 1blo1JCh90° , S...,P. 10 • 18 

Compo•i• W 3 = W 2 Ro,.10d 1blo1JCh90', Somploo 19 • 27 

Compo•i,. W 4 = W 3 Ro1a10d 1blo1JCh90' , Somploo 28 - 3j 

Seed bed pH was recorded at each sampling point. 

5th International Mine Water Congress, Nottingham (U.K.), September 1994 
4 

IMWA Proceedings 1994 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



Metcalfe - Reclamation of Markedly Acidic Minestone Waste Tips Using Sewage Sludge 
as a Soil Forming Material 

Each sample collected was returned to the laboratory in a sealed, numbered 
polythene bag for preparation prior to analysis. The samples were washed to remove 
surface dust, dried and then composited to form one sample for each of the four sampling 
pathways. The composite samples were milled and reduced by progressive quartering 
before being forwarded for analysis of their PTE contents. 

On four occasions, samples of the seed bed were also taken at each sampling point. 
These were com posited to form one sample for each of the pathways, pH was determined 
on an aliquot of the composite and the remainder was air dried before being forwarded for 
analysis. 

Results 

The results of the soil and herbage analyses are shown in Tables 14 and 1 5 
respectively. 

Table i 4. Average 'soil ' analysis. Em!ey Moor i 989 - i 99 i 

mgkg·1 Dry Soi! 

Date Site Ni C:u Zn Cr Cd Pb 
pH 

17.10.89 7.17 26.3 89.5 106.0 57.0 6.2 66.3 

21.11.89 7.17 31.5 83.3 118.0 55.0 5.3 70.5 

16.01.90 7.16 26.5 158.3 208.0 108.8 3.0 120.0 

15.11.91 7.08 37.5 156.0 211.0 113.8 0.3 105.3 

Site Average 7.14 30.4 121.8 161.0 83.6 3.7 90.6 

Table 15. Average herbage analysis. Emley Moor 1989 -1991 

mgkg-1 Dry Tissue 

Date Site Ni Cu Zn Cr Cd Pb 
pH 

17.10.89 7.17 4.4 28.3 60.5 5.1 <0.5 7.3 

21.11.89 7.17 5.2 28.5 61.8 7.0 0.8 7.8 

13.05.90 7.17 1.5 10.4 30.5 <1.0 <0.5 <2.0 

12.06.90 7.13 1.4 10.8 41.3 <1.0 <0.5 <2.0 

17.05.91 7.05 2.9 11.8 29.5 4.0 0.1 2.1 

14.06.91 7.08 2.7 10.4 39.3 4.3 0.1 1.3 

19.07.91 7.05 2.1 4.8 21.9 3.7 0.1 1 .1 

Site Average 7.12 2.9 15.0 40.7 <3.7 <0.4 <3.3 
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Metcalfe - Reclamation of Markedly Acidic Minestone Waste Tips Using Sewage Sludge 
as a Soil Forming Material 

Discussion of results 

PTEs in the seed bed: 

Samples of the sludge taken to Eml1~y Moor had the following analysis, Ni 38, 
Cu 430, Zn 535, Cr 53.4, Cd 4.0 and Pb 180 mgkg-1 Dry Solids. A 1:1 volumetric 
mixture of spoil and sludge has a dry weight composition of 2.4 parts of spoil to 1 .0 part 
of sludge. It is therefore possible to calculate an approximate analysis of the prepared seed 
bed in the following manner. 

2.4 x PTE content of spoil ± 1 x PTE content of sludge 
3.4 

Table 1 6 contrasts the calculated and observed average PTE contents of the seed 
bed with the maximum permissible concentrations in permanent grassland soils having a 
pH of 6.0-7.0 at a monitoring depth of 7.S cm.191 

Table 16. Calculated and observed PTE content of the Emlev Moor Seed Bed 

mgkg-1 Dry Soil 

PTE Ni Cu Zn Cr Cd Pb 

Calculated concentration 23.2 157.0 182.0 164.0 1.9 82.0 

Observed concentration 30.4 121.8 161 .0 83.6 3.7 90.6 

Maximum permissible 125.0 225.0 500.0 600.0 3.5 300.0 

It must be remembered that when sampling a substrate composed of two such 
diverse materials as spoil and sludge it is difficult to obtain representative samples. Each 
sample taken will contain differing amounts of the two materials, particularly if the 
incorporation was not evenly achieved. Nevertheless, the above table shows that the 
observed PTE content is similar to the calculated values and, more importantly, within the 
legislational limits that currently apply. 

The cadmium level in the seed bed is somewhat difficult to explain. The spoil had 
a cadmium content of < 1 .0, the sludge contained only 4.0 mgkg-1 DS and yet four of the 
sixteen analyses from the seed bed have cadmium contents < 7 .0. All four of the high 
cadmium analyses show on sampling runs W3 and W4 in the first two months, both of 
these sampling runs share sample 1 . It is not unknown for materials other than colliery 
spoil to be 'dumped' in colliery tips and it may be that the spoil in that area was 
contaminated by other waste materials. 

Seed bed pH: 

It is evident from table 1 4 that incorporating consolidated sewage sludge into the 
spoil at Emley Moor created a seed bed of neutral pH and that this endured throughout the 
period over which the site was monitored. This is in distinct contrast to the failure of the 
traditional methods employed when the site was first restored in 1979. In this exercise, 
despite the initial addition of 15 tonnes of lime per hectare, the pH fell to 3.0 within six 
months with the consequent loss of vegetational cover. Two and a half years after the site 
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as a Soil Forming Materia! 

was treated with sewage sludge, the seed bed pH was still between 7.0 and 7.2 and five 
yea;s late; the site has remained fully vegetated with no evidence of acid regression 
occurring. 

PTE uptake: 

Figure 1 3 shows the uptake of PTEs plotted in a similar manner to that previously 
described. 

Figure 13. Plant tissue concentrations of PTEs -log mgkg·1 DT. Emley Moor. 1989- 1991 

Dste 

-e- Ba::kga:nd ccnc. -To -+- l.j:fler Qitic:al ccnc. - Tc 

...._ l.j:flerOilic:al ccnc. Uvestock- Ta -f!- TISS.leccnc.- T 

21.11.89 13C5ID 12.C6!D 

Dste 
17!E.91 

-e- ESd<got.rdccnc.- To -+- l.j:fler Oilic:al core.- Tc 
...._ l.j:flerQitic:al core. Uveslock- Ta -a- TISSUe core.- T 

14(591 1907.91 
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Metcalfe - Reclamation of Markedly Acidic Minestone Waste Tips Using Sewage Sludge 
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Figure 13 cont. 

"~~~ ~ 17.10.111 

f} 
~ 17.10.89 

tlt~ 
F 17.1089 

Plant tissue concentrations of PTEs - log mgkg'1 DT. Emley Moor. 
1989-1991 

Zinc 

~ ; ~ ; ~~I 
21.11.111 1~ 1206.90 17£6.91 14.06.91 1Q07.91 

Date 

-e- l3ackgoUnd cone.- To -+- ~r Critical cone. - Tc 
....._ ~r Critical cone. Livestock- Ta -a- TOSSJe cone. - T 

Chranium 

~ ~ ~ ~ I 
21.11.111 13.(l;.90 1206.90 17~1 14.06.91 19.D7,91 

Date 

-e- Background cone. -To -+- ~r Oitical cone. -Tc 
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OltriLm 

~ ~ ~:§ ~ 
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[);je 
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Plant tissue concentrations of PTEs- log mgkg-1 DT. Emley Moor. 
1989 - 1991 

fool• • • + + ~· ·:.I r L___c__l ~: ::_.__s~ _---.t~r----_=_;'-----·==-;;=:--=:-~ -.. 
F 17.10.00 21.11.S9 1:11:6.90 121:6.90 17.1:6.91 14.00.91 19.07.91 

Cate 

Bad<grourd cone.- To -+ t.pper Qitical cone.- Tc 
__._ t.pper Qitical cone. Uvestock- Ta -B- TISSI.econc.- T 

The upper critical concentrations, Tc, shown in these graphs may be slightly 
inaccurate as Red Seal was sown at Emley Moor rather than the Red Circle seed mixture 
normally used. Red Seal does contain ryegrass but neither the cultivar nor its percentage 
composition are known and plant genotype is known to govern plant uptake of PTEs.1101 

It is evident from these graphs however that plant uptake of all the PTEs is at a 
maximum during the first two months following germination of the seed. Copper in 
particular exceeded the level at which yield reduction would occur, a phenomenon not 
observed in the pot trial, see Figure 6. The sludge used to reclaim Emley Moor contained 
430mg Cu kg-1 OS as opposed to the 334 mg Cu kg-1 DS in the press cake used in the 
experiment, moreover this additional 1 OOmg kg-1 appears to be readily available to the 
grasses. North Bierley STW has, in the past, received illegal discharges of pig slurry and 
it is possible that this occurred before the sludge was taken to Emley Moor. Certainly the 
analysis of the sludge is, in this respect, atypical. It is however equally clear that the 
available copper is quickly removed and that the analysis of the grass tissues returns to the 
expected level. Six months after germination the levels of all PTEs in the grass tissues is 
acceptably low, tending, in the majority of elements, to be at or below the normally 
occurring background levels. 

Plant uptake of PTEs may also be used to determine how far a site has progressed 
toward toxicity. This involves the calculation of the relative pollution hazard, I. 

I is defined by the following calculation: 

log T - log To 
log Tc - log To 

Where To and Tc are the normal background and experimentally determined upper critical, 
( the level at which yield begins to reduce ), concentrations and T is its concentration in 
the test plant 1 61 • Using those levels determined by Davis and Beckett 1 71 gives values of 
the relative pollution hazard for Emley Moor as shown in Table 17. 
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Metcalfe - Reclamation of Markedly Acidic Minestone Waste Tips Using Sewage Sludge 
as a Soil Forming Materia! 

Table 17. Values of relative pollution hazard. I. Emley Moor 1989- 1991 

Date Nickel Copper Zinc : 
17.10.89 0.41 1.46 0.13 

21.11.89 0.49 1.47 0.14 

13.05.90 -0.14 -0.09 -0.33 

12.06.90 -0.18 -0.03 -0.13 

17.05.91 0.19 0.11 -0.36 

14.06.91 0.15 -0.09 -0.16 

19.07.91 0.03 -1.28 -0.56 
----- '= 

From this table it may be seen that the values for the relative pollution hazards of 
nickel and zinc do not approach the level at which yield would reduce, an I value of 1.0. 
The first two values of I for copper indicate that there would have been some early 
reduction in yield due to this element however subsequent values, four of which are 
negative i.e below normally occurring background levels, clearly demonstratE:~ that the site 
is not progressing toward toxicity. " 

CONCLUSIONS 

The pot trials undertaken clearly demonstrate that the normal reclamation practice 
of liming and covering the spoil with a 1 OOmm layer of topsoil was unsuitable for the 
reclamation of such a highly acidic spoil as Emley Moor. Control tests of spoil/soil 1:1 by 
volume became acidic within six months of mixing, despite the addition of sufficient lime 
to raise the original pH to 6.5, the pH fell to < 3.0. The sludge/spoil mixtures by contrast 
were successful in maintaining a pH between 6.0 and 6.5 for the entire six year duration 
of the experiment. 

The site at Emley Moor was let to a grazing tenancy, thus the overriding 
consideration in choosing a suitable sludge was the PTE uptake into the herbage. In this 
respect Mitchell Laithes lagoon dried sludge, whilst successful at other sites, was regarded 
as unsuitable as it produced the greatest uptake of chromium, nickel and zinc, which 
would limit grass production, and it was also felt that cadmium could prove to be 
deleterious in the long term. 

The most suitable sludges in respect of PTE uptake proved to be North Bierley, 
Bradley and Lowfields. In respect of herbage production, the maximum sustainable yields 
were obtained from North Bierley and Bradley sludges. The final choice of North Bierley 
sludge for the site reclamation was made for purely operational reasons in that the supply 
in quantity could be guaranteed. 
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Although tne data from tne fieid triai is sparse it nevertheless demonstrates that, 
ir. shaip contiast to the traditional reclamation technique previously applied, sc'Nage 
sludge, when carefully selected, can provide a successful reclamation of an extremely 
acidic colliery waste tip. 

The seed bed created has given rise to a self sustaining sward of low PTE content 
which has resisted acid regression for five years. The site has required neither lime nor 
nutrient addition since its establishment and is managed purely by its grazing regime. 

There is evidence to show that if insufficient sewage sludge is applied, acid 
production from the pyrite cannot be suppressed and pH will fall. A trial set up in the 
Midlands coalfield using an application rate of 250mt DS ha·1 reported a fall in pH from 8. 3 
to 3.5 over a three year period 1 11 1• Although not stated, there is little doubt that 
phytotoxic symptoms would also have appeared in the vegetation, due to the mobilization 
and uptake of PTEs. The reason for the 250 mtDSha·1 application rate quoted was in order 
to cornpiy with the PTE limits set upon agricultural iand. 

The seed bed at Emley Moor was created using an application rate of 650 mtDSha·1 

and yet the PTE content of the seed bed was well within compliance with these same 
guidelines. 

The alternative method for reclaiming these markedly acidic spoils is to cover the 
spoil to a sufficient depth to prevent oxygen reaching the underlying material and it is 
generally accepted that this requires a layer of approximately 0.5m in depth. Local 
government authorities, dependant upon public grant aid for reclamation schemes, could 
not acquire the necessary funding to employ this technique even if sufficient capping 
material were locally available. 

The technique of using consolidated sewage sludge in sufficient quantity to provide 
a substitute for topsoil in reclamation schemes has had the acceptance and support of the 
regional office of the Department of the Environment for some twelve years in Yorkshire 
and it is estimated that its use reduces the capital cost of importing materials by some 
40%. In addition, there are on-going cost savings in that sites treated in this manner do 
not require maintenance liming or subsequent applications of inorganic fertiliser. 

In the USA, sewage sludge has been used in the revegetation of mined land for the 
preceding twenty years, at application rates of up to 997 tDSha·1, to great effect 1121 and 
evidence continues to be produced to support its use in the UK. 

A recent survey, conducted under government sponsorship, predicts that increased 
quantities of sewage sludge will be generated as the 1991 E C Directive on Wastewater 
Treatment is implemented and that annual production in the UK will rise from 1 .1 mtDS in 
1991 to 2.15mtDS by the year 2006 1 131

• There is therefore a vital necessity to find 
alternative, and preferably beneficial, disposal routes for sewage sludge. The reclamation 
of derelict colliery spoil tips, providing grazing and public open space whilst enhancing the 
environment for local population, would seem to be one such beneficial use. 
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Materials analysis Emley Moor 

mg/kg Drv Solids 

~~-M~~il~LJ,~o~'%,;,N=~%~P'===~%~K~l=l =C~u=~=,;,N-~1 =~Z~"'===~P~b====-C~d~ 
I! Soil I! 0.211 0.18 0.24 I 

II 
MLS~~~ge II ~:~~ ~:~~ ~:~~ I 

1
NBFSiudge 1.12 1.85 0.19 

!jNBO Sludge II 2.~~ 1.38 0.22 1 

27.0 14.0 77.0 77.0 1.00 
44.0 17.0 35.0 41.0 <1.00 

305.0 49.0 1185.0 441.0 4.50 
334.0 21.0 388.0 183.0 2.50 
322.0 43.0 471.0 232.0 4.00 
230.0 87.0 815.0 430.0 6.00 il B ~ludge ll1.tu 1.89 0.23 I 

ILJJ?Iudge . 1.15 2.44 0~ 116.0==23~-:;,0 =~95~0~.0~~4~1"'=7~.0==3-,::;;50 

Sludge ex. ML = Mitchell Laithes 
B =Bradley 

NB = North Bierley, F =fresh, 0 = old 
L = Lowfields 

F _Cut IL_Q_=ll$0 +-:::Ji SML-JL~I'@E_[~_N~_QJ[ SB T SL- 11 
lr··-----.----,"'180'"'0"9 2 ·'O"S'r '-,- •O"-'~In()Al>-1 n n4o-ll 

II 2 II o: 194 II o:oo5 II o: 7 II o:412 II o:437 II o:2e1 Fo33 II o:o27 II 
il 3 '1

1 

1.081 i'' 0.397 'I 0. 7 '12.288 il 2.254 II 1.346 II 0.550 II 0.947 ill 

I 

4 1.236 I 0.311 I 0. 71 I 3.364 ' 4.190 '12.436 I 0.958 12.091 
5 1.954 1.090 2. 71 I 4.085 11'16.090 5.800 13.570 13.938 'I 

6 1.202 ' 0.498 11. I' 3.117 6.930 9.183 19.183 5.392 

I 
7 II 0.553 I 0.048 0. I' 1.323 ' 2.367 I 2.484 2.942 'i\1.706 
8 II 0.900 I 0.190 0. 2.091 14.223 4.889 II 3.079 5.775 II 
9 1.010 II 0.096 0. 11.863 3.859 I' 3.375 '112.533 ' 3.161 

I__ 10 0.440 I 0.007 I 0. 11.249 I 2.494 11.331 I 5.796 1.853 
I 11 0.558 I 0. 0. I 0.909 J' 1.643 0.804 li 3.909 1.491 !I 

[_IQ! m/ . 0 2. L5.@7][21.365 ]135.614][-32.581 ~~~ ~
L ___ 1_2~ 0.137 0. _0_. --" 0.58:L 1.022 ' 0.59J_j' 1.301 0.9.QLJI 

cror~~u .11LJ~i2!J[8.9o2 -J~_839 1Cl:M!n~cn-:391JJ 

~Mru:u:._AlL!:!.I\!L2roduction_gmhrnt~Y.ur..2 

~~=ii=j§_"'@,9 C::J>~ JI-:-_$L_~ 
, 0.96711,_464 r1.212 ~~ 
:1 0.256 ,I 0.584 i' 0.530 II 
1\ 0.293 II 0.538 II 0.497 !, 
I· 0.669 il' 1.673 I, 0.942 II· 

II 0.641 ! 3.375 II 2.551 II 
111.398 '112.704 111.741 '1. 
11.009 II 1.977 111.416 I 

·: 1.811 . 1.300 I' 
I 0.676 ·i 

.313 II 

.352ll 

~l 
22.oll 

10.0 II 1460.0 
560.0 
342.011 

1040.0 II 
120.0' 

Stb Intemational Mine Water Congress, Nottingham (U.K.), September 1994 
752 

IMWA Proceedings 1994 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



(J
] ET

 
Ia

b
le

4
. 

.....
.. =
 

1ti
 .., =
 

~
 s· =
 

a ~
 s· (!

) ~
 

~
 

E
m

l!
l)

'M
oo

r.
 A

v.
 O

M
 P
ro
du
ct
!!
m.
_.
Ie
~t
SM
I.

..
gm

/p
ot

 &
t/h

a,
 Y

ea
rs

 1
-7

 

(!
) .., 

1r
t &

JI 
cu

t 7
 

11 
c
u

fs
 

11 -
-c

u
tn

r
 c

U
i: 

10
-

II 
-c

u
f1

1
 -

II 
cir

t 1
 

('
j 

0 =
 

~
 .., (!

) 

-J
 
"
'
 

V
> 

"
' 

w
~
 a a· 

.9
30

 
2.

36
7 

.3
98

 
2.

63
1 

.5
35

 
1.

49
6 

.4
65

 
0.

54
9 

.4
77

 
0.

90
4 

0.
71

1 
1.

04
1 

4.
22

3 
3.

85
9 

1.
92

5 
1.

81
4 

1.
25

2 
0.

72
2 

0.
40

4 
0.

33
1 

1.
82

9 
13

.2
51

 
1.

13
8 

1.
35

8 
L 

~
 

I<
~b

ld
 .. 

fm
le

yM
_p

or
. A

v.
 O

M
 P

ro
du

ct
io

n,
 T

es
t S

N
B

O
 g

m
/p

ot
 &

t/h
a,

 Y
u

rs
 1

-7
 

S 
':

~-
:~

E~
=J

b~
~l

l!
JJ

LC
ut

. 
~
 

i_i 
2 

I· 
0.

96
7 

I 
0.

25
6 

~
 

li 
3 

1 
0.

58
9 

! 
0.

13
4 

' 

2.
49

4 
1.

64
3 

1.
02

2 
0.

95
6 

0.
48

5 
0.

41
4 

1.
01

9 
0.

34
1 

2.
01

4 
0.

37
6 

1.
11

8 

I 
1.

71
7 

3.
90

5 
0.

83
5 

0.
14

1 
1.

28
9 

1.
09

6 
1.

41
7 

__ 
C

ut
 1

0 
II 

C
ut

 1
1 

[=
~-

-~
=i

lf
Of

gi
i1

7i
)O
fj
L!
ot
 t/

hl
l_

j 
,-

..
 

! 
1 
II

 0.0
7

5
ll

0
.2

6
1

 

.:
_

.,
 

I 
4 

'l.i 
0.

82
5 

I 
1.

38
8 

11
1.

17
5 

II 
1.

47
3 

I' 
1.

08
4 

[I 
0.

38
6 

~
 

~~ 
5 

I 
1.

07
5 

.'1 
0.

53
0 

I 
0.

21
2 

'[I 
0.

41
3 

I 
0.

76
6 

I 0
.6

75
 

(!
) 

:: 
6 

ii 
2.

37
5 

I 
1.

52
0 

[1 
1.

98
4 

,! 
1.

70
2 

I 
1.

26
6 

I 
0.

60
3 

'a
 

,, _
_

 7 _
_

 L
 

1
§

4
0

 _L
1J

l.
l6

_~
L1

J.
IC

l.
..

J 
L

_
 __

_ L
_ _

__
__

 ~
~
~
 

(!
) 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
·
-
-
-
-
-
-
-
-
-
-
-

. 

l'f3
3T

l 0
.8

0
4

1
) 

0
.5

9
7

l 
~2.

58f
 :

1 
1

3
.5

7
n

 
'I 

0.
52

3 
0.

28
0 

II 
0.

24
9 

7.
51

4 
I 

3.
13

1 

I 
o.

85
6 

o.
16

7 
1 

1.
76

0 
12

.2
90

 
: 

5.
12

1 
0.

31
6 

0.
78

3 
I' 

1.
41

3 
9.

85
0 

I 
4.

10
4 

I 
1 

3.
77

1 
0.

60
3 

I 
0.

15
6 

i 
15

.7
22

 
,) 

6.
55

1 

~. ~
 1

 ;~:;
_I 

',.._
j '

"~ J
 ':s

': 
JL

t!iL
J 

8 r::1
" 

(!
) .., .....
. 

\C
) 

\C
) "'" 

IMWA Proceedings 1994 | © International Mine Water Association 2012 | www.IMWA.info

Reproduced from best available copy



::~h!tlL ~rnl~.f!I!I9_!_-:~L'!f'!t~~~!!r-1 

Meta!:- c~~mium 

I'T<e•lii!•"'~~ Cui.~ ~:;--··cut.;. -·- Cuis ·cut6 -Cuii 
... 

CUt if. t~t~ Cut l~ ~~fit l:lit-~2 1'"-o---r · ~ 6~15 <~).50 113 0.50 <0.50 <050 1.63 ~ 
, SC: i 050 0.63 <050 <050 <0.50 0.89 0.53 

ll SO• 

II 
063 <050 075 <050 <050 075 <0.50 372 

" 
SML 413 075 0.75 <G.50 113 050 0.88 10.50 3 75 238 

II "N"' I' 
088 063 <0.~ <COO 0&> 0.50 0.50 075 <050 <0.50 

I SNBO :1 063 <050 0.63 <C. 50 100 0.63 0.75 2.25 1.63 3.00 
SB il 438 3.88 0.50 <G50 4.25 0.88 <050 1.63 1.25 <0.50 

,:...~~'l.'-~IL.~.-~~·· ~050 1.75 0.50 <G.50 <0.50 <0.50 <0.50 <050 0.75 0.88 

Metal:- Nickel 

lr'~"l' .Cii!T 
C~-!2 -- C!.rt3 C!.!t4 - C!lf:5 eun eut7 ~utD Cut I Ct.oti~Oi em1~ Cut1" .. 
3 75 4.25 2.88 3~ 4.63 2.00 3.25 300 4.25 5.76 

r1 ;g. 1 

350 613 4.63 575 7.39 26.10 3830 
4.13 588 3.50 6.13 8.97 25.20 27.70 28.40 

I SML 7.13 813 6.13 6.75 6.75 4.50 538 5.00 9.38 13.60 

I! ~~:, I~ 1.63 2.00 1.25 1.00 1.00 <0.50 163 113 125 2.25 
1.75 100 1.75 138 1.13 0.50 0.88 1.50 3.38 463 

L~~L. 275 1.88 150 138 1.50 075 1.75 1.50 1.75 150 
113 0.63 0.88 138 1.00 <0.50 0.88 0.88 0.75 1.13 

Metal:- Copper 

!'::, 
--cut- clif2 eut3 Cut4 CutS euts Cut7 CUll CUlt i:::ut1iJ Cutn CutU 
·~··1TOO··-- -ll!:OO 7.68 613 3290 5.38 7.00 7.63 14.40 16.40 

588 9.88 6.13 6.25 19.90 9.38 5.75 
913 988 625 5.88 14.50 9.50 4.00 11.50 

12.00 1340 10.90 8.38 1000 9.00 7.13 7_13 12.10 12.40 
1190 14.35 10.10 B.OO 1250 7.62 7.50 8.88 9.50 11.80 

Cir 1260 11.30 12.10 9.50 12.00 12.10 7.13 5.75 13.50 15.90 
1100 1030 10.40 11.40 11.00 11.80 12.50 11.00 9.50 11.60 

. - _ _____l&B 8.25 900 7.38 8.60 6.00 5.75 9.63 7.75 11.00 ---------·- ------·---
Metal:- Zinc 

Treatment C:::: Cut1 Cut2 Cut3 CuU ~ut5 CUll C:ut7 l!utl cut I Cvt10 Cut~~ f:!utU 

s~ 
55.00 41.90 31.60 3700 31.90 22.00 39.46 74.40 66.40 74.90 
2380 31.00 23.80 3580 51.70 189.00 333.00 

SO• 3380 32.90 2790 36.90 4360 188.00 257.00 249.00 
SML 137.00 121.00 127.00 7:3.40 88.50 73.80 84.30 28.10 197.00 3n.ao 

SNBF 2810 38.60 2890 25.40 31.80 21.80 27.50 63.90 19.90 29.50 
SNBO 30.00 34.90 44.00 31.70 32.00 26.10 26.90 21.30 25.40 28.00 

SB 44.40 4030 56.40 54.50 49.50 57.50 63.80 40.10 33.00 40.10 
SL 33.80 39.00 5050 56.40 41.80 26.10 36.~ 25.00 29.60 48.90 

Metal:- Cadmium 

reabnent I Cut1 cun eut:t %~54 %~55 ~·" %"U %"1! %\' cti• C~Jt ew.J2 --o 

~~ 
0.38 25 

so <0.20 0.25 <0.20 025 <0.20 2.50 4.52 
so• <0.20 0.25 0.25 0.25 0.25 2.50 3.85 3.00 
SML 0.25 <0.20 025 020 <0.20 <0.20 0.38 038 0.63 1.13 
SNBF <020 0.25 0.25 <0.20 <0.20 <0.20 <0.20 0.25 <0.20 <0.20 
SNBO <0.20 0.25 0.25 0.25 038 <0.20 <0.20 0.25 0.25 <0.20 

L SB <020 <0.20 <0.20 025 0.25 <0.20 <0.20 0.38 0.25 0.75 
SL <0.20 <0.20 <0.20 0.20 <0.20 <0.20 0.~ <0.20 0.25 <0.20 

Metal:- lead 

r 
Cut1 

2.75 <0.50 <0.50 1.38 2.00 
so• 2.50 <0.50 <:0.50 <0.50 0.75 1.13 8.11 

;:~F 1 
2.13 <0.50 <0.50 1.00 <0.50 0.63 2.75 <0.50 <0.50 
2.63 <0.50 <0.50 0.75 <0.50 <0.50 0.88 <0.50 1.13 

SNBO 2.50 <0.50 <0.50 1.75 <0.50 <0.50 2.00 <0.50 0.88 
SB 4.13 <0.50 063 2.00 <0.50 0.50 1.25 <0.50 <0.50 
SL ___ 600 <0.50 <0.50 <050 <0.50 0.88 0.63 <0.50 <0.50 
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TableJb Emley Moor~ Metal uptake, Year 2 

Metal :· Chrt.u"lum 

[f'"!"l- --ctif 

~ ;~z II 160 
' SNBF 0.90 

2.50 
2.10 
1.30 

Metal:· Hickel 

lff:"~l f!utU 

;;, 2.60 

SO+ 
SML 7.50 
SNBF 1.50 
SNBO 300 

I ~~ 
1.50 
1.40 

Metal :- Copper 

Metal :· Zinc 

reatment I C:ut 13 
0 .,_.., 

so 
SO+ 
SML 284.00 

SNBF 24.80 
SNBO 19.30 

SB 32.40 
SL 31.00 

Metal:- cadmium 

so 
SO+ 
SML 0.75 
SNBF 0.25 
SNBO 0.25 

SB 9.26 
SL 0.25 

Metal:- Load 

I Treatment I 

s':, '<-~ 

SO+ 
SML <2.00 

SNBF <2.00 
SNBO 3.30 

I~ ~~ 

-Cut-~"j 

0.50 
<0.50 
3.90 
1.00 

<0.50 

f!ut~ 

3.40 
080 
0.60 
0.80 

<0.50 

6.10 
4.60 
3.50 
4.80 
2.80 

e'ul~~ 

81.80 
2030 
14.30 
31.30 
17.40 

0.36 
025 
0.13 
0.13 
0.13 

.. 
<2.00 
<2.00 
3.40 

<;2~ 

-- -eut-~·s----

0.50 

0.60 
0.50 
0.60 
1.30 

<0.50 

~ut15 
2.50 

4.00 
0.50 
0.80 
0.50 

<050 

B.OO 
830 
7.90 
440 
4.80 

C::ut15 

""-"" 

95.90 
18.40 
2690 
29.00 
29.00 

ut1 
013 

0.36 
0.13 
0.13 

<0.10 
013 

<<~ 

<2.00 
<2.00 
<2.00 

,l: 

··cUi1~ 
<0.50 

<0.50 
0.50 
1.00 
0.50 

<0.50 

Cut16 
530 

5.50 
1.10 
090 
1.00 

<0.50 

13.10 
11.00 
11.30 
12.60 
10.80 

Cut11 
76.50 

175.00 
36.00 
4400 
65.80 
36.90 

0.13 

050 
0.25 
013 
0.25 
0.25 

<200 

<2.00 
<2.00 
<2.00 
<2.00 
<2.00 

C!U£1, -· 
CU~--'----Ciinr -eut~D- i:::ut%1 
1~ 1.10 2.00-

~00 1.10 1.00 290 
2.10 <0.50 <1.00 2:40 
~.40 0.50 1.30 2.90 
0.75 330 1.00 280 
1.50 <0.50 1.00 230 

e:Lot:U c~cunt il!ut2ll C~rt~1 
.. 90 3.30 2.50 240 

3.80 3.50 5.40 BOO 
260 <0.50 <1.00 1.10 
110 <050 <1.00 <1.00 
0.50 1.10 <1.00 <1.00 
2.00 <0.50 <1.00 <1.00_ 

--
CUt :2---" "'"~lim 
no ------nJo 

<1.00 <1 00 
<LOG <i 00 

110 130 
<1 00 9.00 
<1 00 <1 00 

C.~t23 
210 1.90 

6.90 980 
130 1.30 

<1.00 110 
<1.00 2.00 
<1.00 <1 00 

C~f24 
f3lj 

260 
<..i ou 

200 
180 

.. 1_00~ 

1290 
2BO 
150 
1.40 
t10_ 

a.so a.1~so 8.50 s.so 7.80 1Totr 

CutU 

6.40 
5.00 
5.00 
5.80 
!3_10 

Cut1l 
46.00 

1D.3.00 
1"1.00 
24.40 
19.30 
20.80 

---ut18 
0.49 

0.60 
0.24 
0.36 

<0.20 
<0.20 

.. 1 
1.60 

100 
<1.00 
<"I 00 
<"1.00 
<1.00 

5.40 
5.50 
S.50 
6.80 
690 

eunt 
35.60 

71.30 
18.90 
19.10 
24.90 
25.40 

Cut19 
0.31 

0.40 
<0.20 
<0.20 
<0.20 
<0.20 

.. 
1.50 

1.40 
1.10 
100 
2.00 
1.30 

9.40 
9.50 
9.50 
9.40 
B.80 

Cut20 
33.10 

12500 
2780 
27.50 
35.80 
30.90 

7.80 
680 
7.40 
8.10 
6.90 

Cutfl 
48.60 

249.00 
22.30 
2290 
33.50 
25.60 

Cut20 C:ut21 
<0.50 <0.50 

0.63 100 
<0.50 <050 
<0.50 <0.50 
<0.50 <0.50 
<0.50 <0.50 

.. .. 
<1.00 1.40 

<1.00 1.30 
1.10 1.00 

<1.00 1.10 
<1.00 1.10 
<1.00 <1.00 

BOO 
960 
8.80 
730 
8.10 

CUIH 
48.80 

173.00 
44.00 
34.30 
35.90 
39.00 

Cut22 
<0.50 

0.88 
<0.50 
<0.50 
<050 
<0.50 

.. 
5.90 

<200 
2.10 
310 
3.50 
2.90 

9.10 
7.80 
8.90 

11.30 
730 

C::utH 
24.60 

231.00 
26.50 
2840 
35.80 
29.40 

13.10 

~0.10 
9.80 
7.!ill._ 

cUt~ 
4840 

375.00 
55.50 
28.90 
48.30 
36.80 

Cut23-----cut24 
<0.50 <0."50 

0.88 140 
<050 <0.50 
<050 <050 
<050 <050 
<0.50 <0.50 

.. .. 
2.00 2.50 

<2.00 200 
2.50 <2.00 
350 3.40 
9.40 3.90 
2.40 4.50 
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1";:~ble~. Emley Moor. Metal uptake, Year 3 

Metal:- Chro"'ium 

I[F.:!i" .. ~' c~tzs c.,t~if cbf27 "" e:a.t2S ··c"u_t~t30··· ¢11(!11 CUt32 Ci:.t~-- cUt :A -- ·c~tJs Cut~ 

ISMLT 5:ll> 1.70 <1.00 :.r90 <1.00 .. _ --<rcxr--·-<1.00 no 490 1.80 <1.00 <1.00 
I :3NBf- 100 <1.00 <1.00 <1 00 <1.00 <1.00 <1.00 <1.00 <1.00 4"50 <1.00 <1.00 

L,~~- L='----~~~AQ_-----o_" 1.40 <1.00 100 ,, 00 <1 00 <1 00 <1.90 250 260 ,, 00 <1 00 

Metal:- Nickel 

!rf~eabiaen!]r-·· cut)5 CutH c~:J cuns- Cut21 Cut30 CUI3~ CutU Cut33 eut~ CutH 9iill 
rsML "f " 910 1100 18.00 7"50 3.50 6"50 8.10 17.10 7.40 5.40 4.40 
II SNBF II 510 1.70 <1 00 230 ,, 00 <1.00 <1.00 <1 00 200 1.90 190 <1.00 
,I _SNB() ! 4"60 1.40 <1.00 100 <1.00 <1.00 <1.00 <1.00 1.40 1.60 uo ~1.00 

MMa!:- C~pper 

rFreatme"iitl[ cutlS"" CutB Cutf1 CutH CutB Cut!G Cut!l Cut~! Cuti! CUfil eutJS eut:~~ 
~~ -SML l 14.00 1200 770 12.00 7.00 5.30 7.30 9.10 11.50 3.40 5.00 6.00 
'! SNt.J 1490 1100 730 660 5.80 •L50 6"00 6"80 630 950 6"30 6"30 
Ls~oo _ 1390 10.00 730 8.30 7"00 5.30 790 9"50 11.50 680 7"00 MQ_ 

Metal:- Zinc 

r.._e!i!JI Cut25 Cut26 Cut27 Cut26 Cut29 Cut30 Cut31 Cut32 Cut33 Cut3C Cut3S 1~M ru::;~o~ 31900 171.00 645.00 275.00 116.00 171.00 190.00 515.00 240.00 180.00 
40.00 29.00 28.00 2300 19.00 21.00 18.00 32.90 28.40 25"00 20"00 

~~~QJ 45.40 39.00 26.00 2700 noo 20.00 26"00 24.00 26.10 3160 26"00 23.00 

Metal:· cadmium 

~atmenJ]I Cut25 CutS Cut27 C::irtB euta Cut 3D CiiU1 CUfft CutD eut~ Cut35 Cut !II 

~~~~~ 350 1.$0 0.92 2.10 1.00 0.75 0.88 0.99 2.10 0.93 0.53 ()"!€ 

Lli.;iLJL <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <:050 <0.50 0"50 <0.50 
<0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.50 <0.50 

Md:al :· Lead 

cW.l! err: tl c~~ CutS ~rr: tor e;~: CutD cg e;~: e;~: <2.00 3.10 
7"80 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 610 <2.00 <2.00 
T30 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 <2.00 2.30 5"10 <2.00 <2.00 

~ Emley Moor· Metal uptake, Year • 

Metal:- Chromium 

<1.00 2"60 <1.00 
<1.00 3"50 <1.00 

tao 1.10 <1.00 

Metal:- Nickel 

.rt:.n i!ut:U Cutil eut:u CiiUI Cut47 Cut41 
8.60 7.80 6.60 6.10 6.10 3.00 4.00 
1"30 540 <1.00 100 <1.00 3"80 t30 

.....s_1.00 tOO <1.00 <1.00 1"50 2"00 <1.00 

Metal:· Copper 

Metal:- Zinc 

[Treatme:J!f] c ut ... cut 

[s~~] 173.00 153.00 128.00 189.00 102.00 148.00 8900 103.00 243.00 104.00 233.00 251.00 
32.00 33"00 2400 23.00 18.00 26.00 105.00 22"00 164.00 29.10 40"00 42.00 

SNBO L 42.00 33"00 32"00 2500 ' 19.00 2900 25"00 27.00 203"00 30"00 48"00 52.00 

Metal:- cadmium 

Cut38 CutB CutU Cut41 Cut4! ~UU3 C::Uf;Q Cut~ Cut :US eutn Cut'tl 
<050 9.78 1.20 <0.50 1.40 0.63 0.88 0.91 6.60 <0.50 0.50 
<050 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 
<0~ <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 

Metal:- Lead 

rtrre~c-· Ciif3r~:lll CutH CutU Cut4~ CutU eutu Cut:Q eut:U CUUI Cut47 Cut'tl 
~~- SML r -<~ <200 <2.00 2.00 <2.00 <200 <2.00 <2.00 3.30 <2.00 <2.00 <2.00 
,I SNBF I <200 <200 <200 <200 <200 <2.00 <2.00 <2.00 4"50 <2.00 <2.00 <2.00 
~ ,J?"~f!9_..JI <~00 <2.00 <2.00 ~00 <2.00 <2.00 <2.00 4"30 <2.00 <2.00 <2.00 
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T!!tl!f.-11., Emley Moor~ Metal uptake, Year 5 

Mmt:- Cflorotlllum . -- .,-f-~----411tA--~ 
C1it5-:i 

--- euts:tr-· -eu-tGt c .. fsa-- C11tSa C11tGO 
<1.00 <1.00 2.08 ·--<iw--<1.00 188 4.88-==-·JM--"<T.ot>_,_-=_.,__,,_---.,, 

<1.00 <1 00 1_50 <1.00 <1 00 533 963 <1.00 <1 00 
<1.00 <1.00 2.94___2_!_QQ____<1.00 6_96 4.13 3Jl0 _____ <1_,QO ,--· ~5.00 

Metal:~ Nickel .. -cut~ C:ut55 Cut !I ""l!iit~Z C:ut58 Cut 59 cUt SO 
11.70 5.54 8.64 9.79 1300 1230 16.60 

,, SNBF 1_80 1.50 1_68 1-93 <1.00 <1 00 <1.00 214 528 <1.00 239 
II SNBO 1_50 1.2§ 1_00 1.59 1_44 <1 00 <1 00 2_95 251 300 -· ? .. !?.?_ 410 

Metal:- Copper 

"Treatment\ Cut 49 C!ut50 CutS~ Cut 52 Cut 53 Cut~ Cut 55 Cut 56 Cut 57 -ciif58----c.tss- cum 
jr §: .• 148lJ-~ 10.40 10.20 3.54 6.70 7.96 1360 ---,a-ao-=· - 1510-

SNBF 19.00 18.80 19.30 9.63 10.10 !i65 9_34 9.16 14.40 10.40 16.60 
l_,SNBO 2000 14.50 11.80 10.80 7_46 597 9.16 904 ~.13 13.80 18.10 105_9 

Metal:~ Zinc 

Cut 50 Cut 51 Cut 52 Cut 53 Cut 54 Cut 55 Cut 56 Cut 57 Cut 58 Cut 59 c·utsq 
132.00 136.00 150.00 164.00 91.80 1/9.00 214.00 158.00 17500 26800 
40.00 52.60 26-60 28.10 26.20 31_50 30_20 44.00 4730 70.00 
4()_50 39_30 28.70 27.60 30_20 29.70 33_00 29_40 6390 69_90 121.0_0 

Metal:- Cadmium 

r-reabnenl]l Cut U cut 50 Cut5'1 Cut 52 Cut 53 Cut: 54 Cut 55 euts& Cut 57 Cut 51 Cut 51 ~ut~ 
' SML I' 0.60 063 0.75 0.51 0.91 0.33 0.14 0.98 1.15 1.21 251 
~I <050 -<0.50 <0.50 0.25 0.21 0.19 0.11 0.28 0_20 0.33 0 ~6 

L ~ <0.50 <0.50 0.31 0.31 0.16 <0.10 <010 0.11 0.46 0_29 038 

Mm!:· Lead 

:u;: c'f7? eM stat• C!j'@ c~ ~r: ~r: c~w "'M er: euno 
<1 

<2.00 <2.00 <2.00 <2.00 1.13 <~ 00 <1.00 <1.00 tOO <2.00 <200 
<2.00 <2.00 <2.00 <2.00 <1.00 <1.00 <1.00 <1.00 1_00 2_99 <2.00 <2.00 

Ioi>IL1Z. Emley Moor- Metal uptake, Year 6 

Metal:- Chromium 

1_38 1_50 0_63 2_50 <1 00 <1.00 1.51 <1.00 <1.00 
1_50 1_50 0_88 ()_88 1-25 <1.00 <1.00 <1.00 <1.00 

Metal:~ Nickel .. 1 
10.60 5.88 1130 4.89 8.38 <1.00 

1_88 <1.00 <1.00 <1.00 <1.00 <1.00 
1_50 <1.00 <1.00 <1.00 <1.00 <1 00 

Metal:· Copper .... Cutii7 CutiB Cutl9 Cut 'tO Cut71 ciifri 
11.00 8.25 8.61 9.12 10.60 963 10_30" 
11.10 9.00 8.61 9.35 16.10 9.38 8.88 
10.40 8.63 8_36 11.00 10.20 9.38 9.13 

Metal:· Zinc 

"'" C:utl7 Cut ill CiifB Cut7li C:ut71 Cut:H 
24.00 211.00 125.00 270.00 11600 240.00 16300 
4130 28_50 2980 3500 30_50 28.60 25.40 
3630 :l2-80 29.50 3350 27.90 33_30 2950 

Metal:- Cadmium .. .. UUI Cutl7 CUI II Cut:U c!ut70 C:ut71 cyrn 
0.75 0.98 1.66 1.30 094 0.78 134 0.71 1.08 --- --,-oo 

<0.10 0.18 0_29 0.19 015 <0 10 0.14 014 <0.10 0.11 
0.10 0.24 0.39 0.19 0_20 0.15 0.70 020_ 0.11 0.27 

Metal:- Lead 

[••fie~ Cut:H Cut63 CiitP cutn Cut II i!irt17 CutiB i!utU Cut7iJ ~o:.tn 

[I£][ -no 
2.38 <3.00 <3.00 2.13 1.13 3.38 <5.00 <5.00 <500 <5.00 <oo<f 

163 <2.00 <3.00 <3.00 100 213 <300 <5.00 <5.00 <5.00 <500 <500 
1.50 2.25 <3.00 <3.00 125 1.13 363 <5.00 <500 <5.00 <500 <5_Jl0 
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