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Abstract

This research has investigated a number of top&taiping to the effects of
metalliferous mining. The combination of these Baswn that past mining activities
and their resultant waste have led to the accuinunlaf metals through trophic levels.

During visits to Blanchdown Wood, Devon, UK and Breach, Shropshire, UK,
samples were collected to examine the effects efsioil tips on the surrounding
ecosystem. Samples of vegetation, soil and animalemals were extracted and
analysed by inductively coupled plasma-optical eiis spectrometry for the
presence of heavy metals and were found to contaiying concentrations of lead,
copper, arsenic, tin, tungsten and zinc.

Laboratory investigations followed to determine ttoxicity effects of lead,
copper, and tungsten dhandorina morum This demonstrated that although single
elements have effects on population growth, a coatlwn of the three cations had
pronounced and cumulative effects. It was foundt ttkee algae reduced the
concentration of lead in the nutrient media, butvdas not possible to determine
whether lead was accumulated by the algae or adllterthe surface of the cells. In
either case it is hypothesized that lead could thertransferred to the succeeding
trophic levels.

Further samples examined included archaeologicalsfi such as Anglo-Saxon
human skeletons from a non-mining area. The coregmis of lead in these samples
indicated that the population had been exposeeédd, land this is further explored.
Since the population resided in a non-mining aitdéa,suggested that the contaminant
was ingested via trophic level inputs; thus, prowgdfurther evidence certain metals
are available to be transferred through the tropdwels to be stored in the human

skeleton.
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Chapter 1: Thesis aims

1.1. Introduction

The transfer of heavy metals through trophic levels caused concerns due to
the possible increase in these toxins in the hufoad chain. The introduction of
contaminants into the environment, and therefoeefttod chain, can occur through
anthropological sources. Heavy metals are locate¢kins in the ground, which are
extracted and purified through mining and smeliimgcesses. These activities have
introduced the metals into the environment, whiehdk to the possibility of their
accumulation into plants and the metals transf@utgh the trophic levels.

During the undertaking of this current researclyas determined that the subject
area was substantial and therefore the researchdwa®d into smaller studies: the
dispersal of heavy metals through the terrestmalirenment, the accumulation of
heavy metals in plants and the accumulation of yeagtals in humans and other
animals.

The metals which will be studied during this resbaare: arsenic, copper, lead,

tin, tungsten and zinc.



1.2. The dispersal of heavy metals through the terraksgmvironment

The initial stages of the uptake of heavy metalsuodhrough the terrestrial
environment. The presence of heavy metals in swillead to its uptake by plants as
well as the transfer of the metals through atmospheeathering. The contamination
of the soil is not restricted to the immediate siténitial deposition. The aims for this

portion of the study are:

» To evaluate the extent to which heavy metals hameatninated selected sites

= To determine the effect of lateral and vertical erment of heavy metals
through soil

= To examine the success of remediation techniques

One site which was researched, Blanchdown WooddbeuK), covered a large
area and has not been managed for the removakiostdherefore it is possible that
movement of the metals through the site can ocgwabious techniques (i.e. wind
dispersal, leaching). Where as Snailbeach, in Shiogy has had significant
remediation techniques applied. This research groydl examine the concentrations
of metals in soils throughout the sites, and wi#refore be able to give an indication
as to the extent of the past mining activities o present environment, and to what
significance remediation techniques have had optégence of the heavy metals.

As a method of transport, atmospheric pollution bawe a devastating effect on
the environment. Because of the mode of transploet,pollution is not restricted in

the vicinity of the mine or smelting works.



1.3. The accumulation of heavy metals in plants

The existence of mining waste has meant that tiseeelarge concentration of
heavy metals remaining in the environment. Althotlgdre are high concentrations of
the metals present in the environment, they arealveys in available forms. The
availability of the metals is dependent upon fax®uch as the pH and characteristics
of the soil. Plant species such@ardaminopsis hallerandAgrostis tenuisre known
as metallophytes and these plants are capableroivislg in areas of high metal
contaminationCardaminopsis hallerhas been considered for use in the remediation
of a metal contaminated area where the plants earsed to remove metals from the
soil through accumulation, the plants are then é&ted, containing small amounts of
the unwanted metals and therefore removing smadintifies from the terrestrial
environment.

At both sites that were investigated (Blanchdown od/oDevon, UK and
Snailbeach, Shropshire, UK), it was noted that mblmer of plants were growing in
highly toxic areas. It was decided to use thesatplto determine the extent of the

accumulation of heavy metals. The aims for thigiporof the study are:

» To determine if heavy metals are accumulated bygdfiected plants
= To determine if partitioning occurs within the platructures
= To determine the likelihood of heavy metals beirgnsferred to the next

trophic level through the edible portions of tharl

Additionally, the effects of heavy metals on alga# also be considered. A
number of laboratory experiments with algae (speadiy Pandorina morum as a
scientific model, will be used. As the primary pucdrs of the majority of food
chains, algae are an integral part of ecosystemhshammefore the contamination at this
level could have detrimental affects for consumers.

The aims for this portion of the study are:

» To determine the effects of heavy metalsP@mdorina morum.

» To determine if the alga can accumulate heavy metal

= |f accumulation occurs, to determine if they coblkl used as a remediation
tool

= To determine if the alga can transfer the heavyataéb the next level



1.4. The accumulation of heavy metals in humans and athienals

In this section of the research a number of an{maluding human) samples will
be examined to determine if heavy metals have beemmulated.

The accumulation of heavy metals in humans andr @henals both ancient and
modern could be dependent on different factorsmApeevious examination of human
remains it has been found that heavy metals wenenawlated in the skeletal structure
(Baranowskaet al 1995; Gonzalez-Reimerget al 2003), but the level of
accumulation could be dependent on the sex, anddbeof the individual. Another
factor could be the pathway of accumulation, whettiee metals were inhaled,

ingested or absorbed through the skin. The aintsi®kection are:

= To determine if heavy metals are accumulated indruskeleton
»= To determine if the accumulation occurs pre or posttem

» To determine if partitioning occurs in the skeleton

During site visits, a number of samples were foand collected. These included
foodstuffs sold for human consumption and animahai@s. These samples will
provide further evidence as to the extent of hemstal accumulation in trophic

levels. The aims of this section are:

*» To determine if heavy metals are present in plaatenal sold for human
consumption

= To determine if heavy metals were accumulated imals

= To determine if heavy metals are represented imanfemains, reproductive

products and excretions



Chapter 2: Heavy metals and the environment

2.1. Oriqgins of elements

It is believed that mineral formation occurred moitls of years ago when small
cracks (fissures) appeared below the surface oédhid (Pirajno and Smithies, 1992).
The formation of the mineral rich sites occurretbtiyh a process of hydrothermal
mineralization, where the combination of water, hhigeat and high pressures,
minerals and metals were dissolved; the dramaticedse in the temperature resulted
in the minerals and metals being deposited andfiiseires becoming filled. The
deposition order depends largely on the solubdftthe element (Gregory, 1980).

The hardened deposits created veins of mineralshan¢ontained a high level of
purity of the minerals and metals, more than oneenal or metal can often be found
together. Because of the deposition process metatamilar solubility were found
together. For example lead and zinc are commonindan the same vein (Evans,
1993; Bishopet al, 2005).



2.2. Heavy Metals
In many research projects, the term “heavy metalised to describe some of the

elements which have been extracted through miAttgough the term is frequently
used, there is no one definition (Duffus, 2002).

The Periodic Table comprises 104 elements and tbegition in the Table
depends on their properties and characteristicsetlelements with similar properties
are grouped together. The Table is made up offmain blocks:s, d, p,andf block,
metals considered as heavy metals are locatedeip #ndd block of the Periodic
Table (Burtoret al,1994).

Upon the discovery of new metals, their properigasl possible uses were
determined. The extraction of the metals has beemewed through mining
operations, technology for which has improved otiere. The volume of metal
produced from the mines allowed for the metals gjdead use, depending on its
properties (Robb and Pierpoint, 1983). Elementssicemed in this current research
are outlined; giving their properties and knownsuas well as some hazards that has
arisen from the elements use. Table 2-1 displaysesof the properties of the

elements that are considered in this research.

Table 2-1: Some properties of the metals useddrstixdy (modified from elemental
data sheets supplied by Fishezrgific UK)

Tungsten

Arsenic | Copper | Lead | Tin (Wolfram) | Zinc
Symbol As Cu Pb Sn wW Zn
Atomic number 33 29 82 50 74 30
Atomic Weight 74.921 63.546| 207.2 118.710 183.8/4 5.38
Oxidation States | 3 3 2 2 9 1
Natural isotopes | 1 2 4 10 5 5
Melting point 817 1083 327 232 3422 419/5
Boiling point 614 2570 1751 2623 ~5500 907




2.2.1. Arsenic

Arsenic (As) is number 33 in the Periodic Table aesides in group 5 of the
block. It is not strictly a metal, but a metalloi@ metallic element with some non-
metallic characters). The bonding involved betwesdaments depends on the
oxidation state. Covalent bonding results in thegound having an oxidation state of

+3 or -3. Using dative bonding gives the compoum@xdation state of +5.

2.2.1.1. Uses

Arsenic (Arsenic trioxide — odourless, tasteless laighly potent) is known as one
of the great poisons (Azcue and Nriagu, 1994). Aitsexists naturally in many forms
e.g. arsenopyrite, realgar. Arsenic is usually poed as a by-product of smelting
copper, lead, cobalt and gold. The smelting procesdgts in the production of arsenic
trioxide which is recovered from flue dust in a@f@orm (Azcue and Nriagu, 1994)

In the Middle Ages, the sulphide of arsenic waswkn as auropigmentum and was
a common ingredient in most of the colours usepaimting and writing (Thompson,
1956). Realgar was also a popular colourant intpdmr ornamental and cosmetic
purposes (Forbes, 1964). In modern day, arseniseasl widely, as an ingredient in
pesticides and glassware (Dickerson, 1980) althgugbently its use in pesticides has

decreased.

2.2.1.2. Hazards

Arsenic is one of the best known poisons bothuse as pest control and for
murder. Clinical effects of poisoning in humans eany and depends on the state of
arsenic exposed to as well as age, and medicahhefathe victim. There is also a
time-dose relationship. In history there have bewmy cases where a murderer has
slowly poisoned a person, through small quantibe®r an extended period of time.
Symptoms of acute poisoning include abdominal csanvemiting, cardiovascular
collapse, coma and death. Symptoms of chronic poigacan be difficult to diagnose
as they are similar to a number of disorders. Tisgagptoms include loss of appetite,
nausea and vomiting, diarrhea and jaundice (Dicker$980).

Although arsenic is a potent poison, few peoplenduthe 19 century, who
worked in the manufacturing processes, died. It bedeved that they had built up a

tolerance to the arsenic and were therefore imnmite affects (Stewart, 2003)



2.2.2. Copper
Copper is found in thel-block of the Periodic Table and is number 29 sltai

member of the transition metals, with the transitioetals being defined as elements
that form at least one ion with a partially fdbsubshell (Burtoret al, 1994). Copper
can exist in three oxidation states. The most comare +2 and +1, +3 also occurs
but it is uncommon and is easily reduced (GreenvawtEarnshaw, 1998).

Copper is commonly found in the form of copper fgy/chalcopyrite), CuFeSIt
is estimated that this accounts for approximateBfo5of all copper deposits

(Greenwood and Earnshaw, 1998).

2.2.2.1. Uses
Copper is one of the first metals known to man, aad generally used in the
production of coins. The Old Testament leads tdoieef that copper was regarded as

precious as gold:

“Ezra 8:27 Also twenty basons of gold, of a thowsarams;

and two vessels of fine copper, precious as gold”

Although the exact date of copper discovery iskmaiwn it is estimated that by
3500BC in the Middle East, copper was being produmereducing the ore with coke
(Greenwood and Earnshaw, 1998). Through the agepec has been used as a metal
on its own for coinage, as well as in alloys fonamental and other uses. The most
common alloys used were bronze (copper and tin) larads (copper and zinc)
(Greenwood and Earnshaw, 1998).

Additionally, copper is an essential nutrient ftargis including algae. The protein
plastocynin contains copper and is found in theorcglast. Plastocynin is a vital
component in photosynthesis since it assists in dbeation of electrons in the
electron transfer chain (Robb and Pierpoint, 1983).



2.2.3. Lead

Lead is number 82 in the Periodic Table and residegoup 4 of the-block. It
can exist in two states: +2 and +4. This allows riegal to form complexes with a
number of other elements. For example lead can rtwmmath two oxygen molecules
to produce Pb® Lead can also combine with one oxygen molecuferrm PbO. The
differences in the properties of compounds are nidgret on the oxidation state. +2
oxidation states can cause the compound to havie Ipmsperties whereas +4
oxidation state of lead can have either basic wl@properties (Burtoet al, 1994).

Lead is one of the most abundant metals, and isdfaaturally in the Earths crust
as galena (PbS) (Ratcliffe, 1981).

2.2.3.1. Uses

Through the discovery of its properties it has basead for thousands of years.
Although in its natural state the galena has lichiises, through refining processes,
(melting and smelting) the number of uses has aszé (Ratcliffe, 1981).

Uses of lead through history have been for glaZzegottery and for colouring
paint. It was not until the Romans discovered thatl was resistant to deterioration
that it was used in vast quantities. They used feaavater pipes and because of the
increase in the demand for lead, many of the mirsitgs were exploited to the
maximum (Ford, 1983).

Although lead is thought to have been used extehssince the Roman Period, it
is known to have existed long before this; the AntiEgyptians used the metal in the
production of statues and in cosmetics. It was comfor the men and women to use
lead powder (white) as eye shadow (Ratcliffe, 198k)e of the earliest mentions of

lead was in the book of Exodus in the Old Testament

“Exodus 15:10 Thou didst blow with thy wind, theaseovered
them: they sank as lead in the mighty waters.”

2.2.3.2. Hazards
Lead is considered to be a heavy metal poison. abige site of lead includes
inhibition of enzymes such as ATPase, and alsdvitththe production of haem, a

major component of blood. Typical symptoms of leaoisoning are anaemia,



headaches, convulsions, kidney failure, brain danaggentral nervous system
disorders and death (Greenwood and Earnshaw, 1998).

There are a number of ways in which a person caexpesed to lead; these can
be occupationally related as well as the consump#ad inhalation of lead. In
historical times, the consumption of contaminateddttuffs was more frequent, as
lead was used in the making of food utensils andpipe work carrying water.
Additional method of lead intake occurred throudte tuse of lead powder for
cosmetics. The powder was applied directly ontosttie and could then be absorbed
through the skin (Ratcliffe, 1981).
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2.2.4. Tin

Tin has an atomic number of 50 and resides irmpthick of the Periodic Table,
directly above lead. It is naturally occurring irany different ores; however the most
important ore is that of cassiterite (S)OTin has the largest number of stable
isotopes (10) and because of this it is capabferaiing complexes with the majority
of the Periodic Table elements (Smith, 1998).

2.2.4.1. Uses

As with lead, tin is one of the oldest metals knawrman, further more it was

also mentioned in the Old Testament.

“Numbers 31:22-23 Only the gold, and the silveg brass, the
iron, the tin, and the lead, everything that maglalhe fire, ye
shall make it go through the fire, and it shall bkean:

nevertheless it shall be purified with the watgyagation: and all
that abideth not the fire ye shall make go throtghwater.”

The production of tin goes back to approximatelpE5C, when it was alloyed

with copper to produce bronze and defined beginoindpe Bronze Age. Bronze was
used for tools as well as weapons and statuesi{She98).
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2.2.5. Tungsten

Tungsten is found in thd-block of the Periodic Table and is given an atomic
number of 74. It is placed in the"6period and occurs in the same group as
molybdenum and chromium. There are five naturaflyuoring states, +2, +3, +4, +5
and +6. Tungsten occurs naturally as scheelite @gvdnd wolframite (Fe, Mn
(WOQOy,)) (Greenwood and Earnshaw, 1998).

2.2.5.1. Uses

Tungsten was one of the later metals to be diseovén 1781, Swedish chemists,
Scheele and Bergman isolated an oxide from thenadinew known as scheelite. The
oxide was named as tungsten. Two years later tvaniSp brothers (J. J. and R.
d’Elhuyar) showed that the same oxide was a compookewolframite, and named
the oxide “wolfram”. It is this name that gives theetal its symbol (W) in the
Periodic Table. But both names are widely usedé@®m®od and Earnshaw, 1998).

Approximately 50% of the world’s production of tugtgn is in the form of carbide
(WC). In this form tungsten is extremely hard anebwresistant and because of this,
it is commonly used as tool tips. The most well Wnouse of pure tungsten is in

electric light bulbs (Greenwood and Earnshaw, 1998)
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2.2.6. Zinc

Zinc is another of the transition metals in thblock. It has an atomic number of
30 and is situated next to copper on the top rowhefd-block. The most common
zinc ore is that of sphalerite (ZnS). But the masnhmonly used ore is zincite (ZnO)
due to its high percentage (80.3%) compared tolsptea(67%) (Cammarota, 1980)

2.2.6.1. Uses

Pure zinc metal is difficult to obtain, since thee meeds to be reduced in the
presence of charcoal at approximately f)0Oat which point the metal becomes
vaporised and is collected in a condenser withoygen. Because of this, the pure
form of zinc was not used until the™ &entury. However the alloy was used as it
was easier to smelt with other metals. PalestiBiaass (between 1400 and 1000BC)
was created alloying zinc and copper together. &sthe percentage of zinc in the
brass was approximately 23%, it is unlikely thaistiwas a result of accidental

contamination, but was done deliberately (Greenwaratl Earnshaw, 1998).
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Chapter 3: Mining history and associated problems

3.1. Mining history
The earliest evidence of metallurgy was found franstatue discovered in the

temple of Abydus in Upper Egypt (Lead Developmergsdciation International,
2001). The statue is believed to be approximatéB06years old, and suggests that the
Egyptians had the knowledge to mine, extract andldniead, as well as other metals.
Gold and other precious metals were also used @amskquentially it confirms that the
Egyptians had developed the skills to mould diffémetals, with varying properties,
as well as separation and purification. Howeverditawhal evidence of mining
suggests that this activity began in the Palagoligeriod, approximately 100,000
years ago (Gregory, 1980).

Throughout the history of mining, it has been emidiat for the operation to be
profitable, a high concentration of the mineralréguired. Therefore, the miners
developed ways of recognising where rich minerahs/avere located. In the case of
metals, the miners found that by examining theaurding area and the presence of
certain plant species it could be determined ifgheas a metal vein. For example, in
the Peak District the presence of Spring Sandweaidwort Minuartia verng and
Mountain Pansy \(iola luteg indicated a lead vein (Peak District National kPar
Authority, 2005). Once a vein was discovered, tlheaawas mined extensively,
however not all the metal could be extracted amsthall proportion remained in the
waste rock; the removal of which would have beeprofitable. Through improved
technology, more of the metal could be removed ¢Grng 1980). The mining
industry created a large volume of waste and snateall of the metal deposit was
removed, the waste contained varying concentratainthe metal. The waste itself
was deposited in the area, and these can stikée is the form of spolil tips (Morgan,
1988).
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3.2. Mining sites in Britain

As discussed previously, the mining industry hastes for over 6000 years and
evidence of these activities can be seen in the fof abandoned mine tunnels,
buildings and spoil tips. In Britain, it is believdhat the underground mining of
minerals and rocks began over 4500 years ago ¢Bi@eological Survey, 2007), with
many counties becoming the most profitable in therldv during their peak
production.

The remains of mining in Britain can be seen omartte survey maps, and gives
an indication as to counties where mining actietgurred. Through a combination of
geological surveys and the examination of histbriegords, the individual mines
were located. Figure 3-1 shows an example of dnamce survey map illustrating
the presence of shafts and mines. The map alsssstiee presence of a lead vein

(Watersaw Rake) that would have been worked irpést.

Figure 3-1: An example of an OS Map — Longstone MbBerbyshire, UK
(SX195 730)

e | R . =5 o
b e Ae: =
! | : A - attle 'Grid
T ) . k L
I Cumulus | <G i I ing 5 ‘m
1km

© Crown Copyright

-15-



Throughout mining history, the discovery of metaitgl minerals properties led to
the complete exhaustion of local reserves, consglyuesulting in attempting to find
other reserves in other countries. It is believieal tthis is one of the reasons the
Romans invaded Britain (Anon, 2006). The Romansiired lead for various uses
including water pipes, and once mixed with tin fpewter food utensils. It was
determined that Britain had rich reserves of lead humber of counties (For example
Shropshire, Derbyshire and Somerset), and weredforeextensively. Evidence of
which is limited, as there is little archaeologioainains other than mining tunnels and
pure lead ingots (pure lead blocks), which wereediawith the year and place of
production.

The mining sites designated on maps do not disshdoetween the elements that
were extracted. But through historical recordshas been determined that certain
counties were more well known for certain elemeoispared to others. For example,
Cornwall is famous for its production of tin, Dedbyre for its production of lead and

Anglesey for its production of copper.
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3.3. The mining process

There are a number of mining activities which tpkace, and these are dependent

on the mineral that is being extracted:
= Metalliferous — The extraction of metallic minerals
= |ndustrial — The extraction of industrial minerals

» Fuel — The extraction of minerals needed for fGregory, 1980).

The process of metallic mining is depicted in Feg8r2, and shows that the main

stages of this process are mining, treatment arstiage.

Figure 3-2: The process of metal mining from extoacto sale (modified from
Gregory, 1980)

Metalliferous Minerals

Near vertical ore deposits (Veins,
Reefs, Lodes) and horizontal bedded
deposits, all in hard rock
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The process involves several stages, and at eadheoftages the mineral is
increasingly concentrated. The first stage was fidatng the ore, where the ore is
crushed and ground by a mill; the lumps of ore #ren removed leaving the
unwanted minerals. During this stage, some of teeiunavoidably lost. The lumps
of ore that remains are then concentrated furtdtdhis point another small fraction is
lost. The remaining product is then placed in al@newhich is usually found on the
site of the mine, but other main sites were alsudepending on the distance from
the mine. In the smelter, the ore is mixed withxithg agents, fuel and are fed to the
blasting furnace. The ore is heated to such a teatye that the metal melts and the
molten metal is collected at the bottom of the tieaimpurities collect and float
above the molten metal as fluid slag (Gregory, 1980

The molten metal is poured into moulds to creag®ts, which once cooled, are
sold on the open market (Gregory, 1980). It isaappt that throughout the mining
and refining processes a large amount of wasteoduged. It is this waste which is
causing concerns as it still contains high conegiains of metals. Because it is
inefficient to extract all the metal, an unknowmcentration is deposited in the waste.
Most of the waste is usually disposed of in thenitg of the mine. The larger pieces
of rock that have been extracted can be used far ggurposes for example to build
houses, or to prop up the ceiling in the mine shaftiners were not encouraged to
waste any material.

Currently there are four main classes of miningdarground, surface, alluvial,
and non-entry (Thomas, 1973), which have largelgnbdeveloped over the last
century. In this research project only undergrooumding is considered. The other
methods generally use modern technologies that naravailable during the 1800s
or earlier.

Underground mining was generally used when vdrtitahorizontal veins or
lodes were found. During the 1800s these would Hmeen worked by hand, using
non-powered tools (shovels, pick axes). Explosivese employed to remove large
volumes of rock, but were considered extremely damgs. During the latter part of
the 19" Century, pneumatic drills were introduced to iase the speed of the mining
process, but unfortunately, was responsible farralver of deaths (Riewerts, 1973).

For vertical lodes, the main entrance to the mias always the main shaft. This

was a vertical shaft running through the ground.péints along the shaft, cross
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cuttings could be made to reach the vertical VEIvese cross cuttings would be made
at increasing depths down the shaft (See Figure 3-3

Figure 3-3: Cross-cuts through a vertical vein aferal (modified from Thomas,

1973)
Ground leve
Cross-cut 1
B
N
)
c
Cros«-cut 2 ‘T
=
< Cros:-cut ¢

If the mining site was found to be on a hillside, easier method of reaching the

lode would be to use horizontal shafts (adits)xivaet the mineral (See Figure 3-4).

Figure 3-4: Mining for a near vertical vein of lead a hillside using adits

(modified from Thomas, 1973)
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In both cases of mining, the depth of the mine ttaild be dug would be
determined by the water table. If the vein ran digftothe water table, it was difficult
to follow (Stokes, 1996). As the mine continues #xtraction of rock would be
replaced by water. During the latter part of minimsgtory, pumps were introduced to
extract the water, and therefore enable the mimecsentinue mining at greater depths.
However this only succeeded so long as the pumpswesessful in water extraction;
in some cases the ground water would seep inttutireels faster than the pump could
remove the water and therefore the tunnel becaowdd and as a consequence
became unworkable. In the event of the completéetiep of the mines resources, the
mine would be closed (Stokes, 1996).

Many times, throughout the history of mining, theem& area would be mined
several times or re-worked. As new technologiesrawgd the extraction of smaller
quantities of the metals from the ground and ins@ases the spoil tips, mines were
reopened. Smaller lodes that were not mined prsiyogould now be worked
(Kirkham, 1968). Because of this it is difficult ttetermine when the first mining
attempts were made. Evidence for mining in an a@a be found in historical
documents and archaeological evidence. From tfesnration it has been determined
that certain mines in Derbyshire, UK, were workgdthe Romans, and that these

same mines were re-worked during the last centsigkes, 1996).
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3.4. Associated mining problems

In 1556, the first mining textbook was written by@gius Agricola titled De Re
Metallica. The author outlined the devastation edus Germany because of mining
activities. It was noted that the mining industevdstated the woodlands surrounding
the mine through the removal of trees for variosesy including machinery and
smelting of metals. The author also describes timpact on the freshwater

environment:

“When the ores are washed, the water which has beeth poisons
the brook and streams, and either destroys theofistrives them

away.” (Agricola quoted in Down and Stocks, 1977)

Although written in 1556, it has been said thatltbek could have been written in
recent times (Down and Stocks, 1977)

Problems surrounding the mining industry have abnmagluded visual impacts of
mines and spoil tips as well as their physicalaft: the environment. These impacts
can include pollution of air, water and soil (Dovamd Stocks, 1977). The most
notable impact, both physical and visual, is thithe remaining spoil tips, often
centuries after the mine has closed. Visual impactisually associated with the
abandoned buildings falling into disrepair and gresence of the remaining waste
tips. The existence of spoil tips in the environtrteas caused great concern as to their
effect on the surrounding area (Shi and Ericks60,12 Gabler and Schneider, 2000).

3.4.1. Atmospheric pollution

There are five main atmospheric pollutants, these a

= Carbon monoxide — Generated by the incomplete cetidru of
hydrocarbons

» Hydrocarbons — Arises from the partial combustibfossil fuels

» Oxides of nitrogen and sulphur — Resultant frorming fossil fuels

» Particulates — Solid or liquid particulates fronmdmustion or disturbance
(Down and Stocks, 1977: pp 59)
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Atmospheric pollution is a major concern, as palhis do not always reside in the
area of discharge. Certain pollutants are tranedaahd cause damage to a site that is
markedly distant from the source (Abemj al 1999). For instance: Britain's
production of sulphur dioxide during the last 50arge and its effects on the
Netherlands’s forests. However the extent of thadport of the pollutant depends on
many factors including: type of pollutant (gaseausparticulate), inversions, wind
speed and direction, climate and topography. Irctse of particulates, the size of the
particulate is also important; the smaller theipalate the further it can travel (Pyatt,
2004).

The settling of particulates causes the contamunaif soils, water and vegetation
and can result in long term issues. For soils,igh ltoncentrations, the pollutant can
move through the soil matrix. It can then eitherthken up into plants, or move
vertically through the soil into the water tableaCeset al, 2003). Settling of
particulates in water bodies can result in theypaiits introduction into the food chain
and being bioaccumulated (Schneider, 1984). Vegetatan either take up the
pollutant from its deposition on the soil or bldtle stomata on the leaves preventing
gas exchange and altering the health of the pRwibl§ and Pierpoint, 1983).

3.4.2. Water pollution

The pollution of water courses and bodies arisesilgnérom the introduction of
substances into natural waters; this then cauggsysical and/or chemical change.
This can result in the water being unsuitable f@mhn consumption or for industrial
use (Down and Stocks, 1977). This contaminatiorthef hydrosphere, results in
ecological damage, where changes occur includisheceease in biodiversity (Waed
al, 1984).

Pollution of water occurs through the direct cohtaith pollutants, as a result the
water contains residual quantities of un-recovemgaerals, large quantities of waste
mineral matter and dissolved chemical constituanising from these and traces of
any reagents which have been used in the miningepses (Down and Stocks, 1977).

In abandoned mines, water pollution usually ocdlwsugh the movement of
minerals. Runoff is considered a large problemesiafter rain fall, disturbed land is
more susceptible to erosion and therefore the misere easily transported (Pyatt
and Birch, 1994). Leaching also causes some corathis involves the movement

of minerals through the soil. As the rainfall mowksough the soil toward the water
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table, the toxic ions are dissolved into solutiom daherefore the movement of the

contaminants occurs more readily (Yukselen and g\§pg 2001).

3.4.3. Soil pollution
Studies have been carried out to determine thenexfethe contamination from

spoil tips (Yukselen and Alpaslan 2001; Clark, Vadexd Smith 2001; Dahmaei al
2000). Maskallet al (1995) concluded that metals such as lead andarmdeached
vertically down through the soil at a rate of apgmuately 0.28 and 0.29 cm Yr
respectively. Although the figures are quite lowgoa period of hundreds of years,
the metals can reach ground water levels and thrergbollute water supplies.
However they also concluded that the rate of mignatvas heavily dependent on the
soil itself. Since it has been shown that vertdadvnward movement of metals can
occur, so too can lateral movement (Davies andnBalti, 1990). This would mean

that the surrounding area around the spoil tipatan be contaminated.

-23-



Chapter 4: Remediation of contaminated land

4.1. Reclamation or Restoration?

Since the British industrial revolution, the remsiof a thriving mining industry
can still be seen throughout the UK. However, ihdd just the remaining buildings
that have provided some concern, the by producteeomining activities have left a
legacy of contaminated land, and in some casebygroducts are toxic to animals
(including humans) and plants. Because of thisag heen a priority to reduce the
concentrations of certain contaminants to prevegtadverse effects. There are two
ways remediation of contaminated land can occucjaneation and restoration.
Reclamation is by definition the reclaiming of latiét was previously unsuitable for
use. This involves the removal or containment @ tontaminants to prevent their
further movement and damage to the environmentthehet is plant and animal or
future building works.

Where reclamation of the land is not possible, lla#thorities and historical
societies work together to restore the old miningrks and their spoil tips to its
previous condition, and information centres havenbset up to learn about the past
mining activities.

Because of the volume of contaminated land thegngining the task is ongoing
and the process of assessing contaminated laridcissded here, along with some of

the various reclamation techniques currently in use
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4.2. Investigating contaminated land

The presence of industrial archaeological at vargites around the UK, are signs
of an industrial past, however these are not thg @mains. As a consequence of the
booming industry during the past two hundred yeacses of land have been left
contaminated with various pollutants. In 1997, shggested estimate of contaminated
land was between 100,000 and 220,000 ha, equatiagproximately 0.4% and 0.8%
of the total UK land area (Youngt al, 1997). Although all the “pollutants” are
naturally occurring, with these concentrations Qereferred to as background
concentrations, the extracting and smelting praessve altered the compounds in
two ways, firstly by increasing the concentratiomsd secondly by altering the
compound to such an extent where they were oncaléss and are now potentially
hazardous to human health.

To prevent any confusion as to what constitutestasomated land, the

Environment Protection Act (1990) stated that tegnition of contaminated land is:

“Any land which appears to the local authority ifhage area it is
situated to be in such a condition, by reason bk&nces in, on, or
under land, that —

a) Significant harm is being caused or there igaificant possibility
of such harm being caused; or

b) Pollution of controlled waters is being or isdiy to be caused.”

Where harm is later defined as:
“harm to the health of living organisms or otheteifierence with the
ecological systems of which they form part andthia case of man,

includes harm to his property” (Bell and McGilliysa2000: pp. 533)

This definition has meant that if there is contaation of soil and/or water, but is
not causing harm then it is possible to considavitey it alone until the land needs to
be developed or reclaimed (Youegal, 1997).

The investigation of contaminated land involvessi assessment to determine the
level of contamination and whether further stepsusdhbe taken to reduce these risks.
When decided that an area of land has been corditedina series of risk assessments

are performed to determine if the land is in neddremediation. During this
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assessment of a site, the area is evaluated bgrgeghand interpreting information
concerning the characteristics of the contaminam(duding their source, pathways
(a route in which a receptor can be exposed toctirgaminant) and receptors (an
organism which is being harmed or affected by thtaminant). The characteristics

of the contaminants are used to determine theiriloligion, fate and transport and are
thus used to determine:

a) Suitability of chemical analyses during the sitgestigation
b) Exposure assessment

c) Screening of remedial technologies (Yol 1997)
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4.3. Reclamation Methods

Once the risk assessment has established thaivéstigated site is likely to have
a detrimental affect on the environment and orgasjshe site is recommended for
remediation. Remediation methods differ, dependiog the extent of the
contamination and the size of the area that itk but the objective is to remove
the potential hazardous material to reduce theaidkarm to the environment and to
organisms (Wood, 1997).

4.3.1. Containment
The containment method of remediation is achieyawugh the use of low
permeable barriers to either isolate or prevent dpead of contaminants. These

include the use of cover systems or in-ground eegri

4.3.1.1. Cover systems

The use of a cover system is common in the UK tierreclamation of land that
was previously used and now contains harmful comants, including sites for waste
disposal, gasworks and metal mining. It consista tdyer or a number of layers of
uncontaminated material covering the contaminategh avhich prevents these
contaminants from being exposed to the vegetadomals (including humans) and
the environment. The layers can be composed oéréift materials such as natural
clays, soils, concrete and non-contaminated wasitemals (e.g. sewage sludge)
(Wood, 1997).

Although a simple solution, it is not advisable fong term problems as the
contaminants remain at the site and therefore ¢benpial to cause harm still exists.

4.3.1.2. In-ground Barriers

In-ground barriers are physical barriers that cam used to isolate the
contaminants at the site of deposition. The bariare designed to prevent the
movement of contaminants vertically or laterallydaare placed either above, below
or around the contaminated site and therefore tiaglathe site. Problems arise
through the construction of the barrier as it ii@ilt to ensure the continuity of the
barrier, especially where there are obstructiomsgmt, gaps in the barrier allow for

movement of the contaminants (Purves, 1985).
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The success of the barrier depends greatly on ypestand nature of the
contaminants and the physical condition of the sitee the cover system, the barrier
is only a short term solution and does not remtreecbntaminants from the site; also
over time the barrier may need replacing due taatigion, and therefore constant
monitoring is required.

Used in conjunction with cover systems, the contamis can be contained to a
certain degree, however long term monitoring isdeeeto ensure the containment

methods are still performing up to expectations.

4.3.2. Removal

The most common and often used method of remediadidhat of removal, the
contaminated material is removed from the area iandisposed of in specially
prepared land fill sites. This is a fast, low cogtand effective method; however the
problem is not altogether solved but transferred tew site. Although the new site is
specially prepared, there is no guarantee thatctirdgaminants will be isolated;
therefore there is a long term problem of exposuree removal of modern spoil tips
can prevent the release of the contaminants, big the old tips that cause the
concern, since these have existed in the environfoewarious amounts of time and

therefore some of the contaminants could alreaslg ha effect on the environment.

4.3.3. Physical processes

Physical processes are used to separate the coataohirom the uncontaminated
material using their physical properties (e.g. dgnand particle size) either by
exerting an external force or by altering a phylstteracteristic to allow separation to
occur. By using these methods the contaminatedriaat@an become concentrated in

a reduced volume.

4.3.4. Biological processes

Biological processes include the use of micro-oiggas naturally present in the
soil to decompose the contaminants. The procedsased on the actions of the
microbes to oxidise organic compounds and to tbesefeduce them to less harmful
forms (Syms, 1997). This method can involve maimitg the optimum environment

for the microbes, including the addition of nutterand the introduction of water and

-28 -



oxygen but the eventual degradation of the contamis slow even under optimum
conditions (Purvesl985).

The use of microbes is limited since they can ohb used for organic
contaminants; however plants can be employed asthoth for removing certain
contaminants (e.g. heavy metals) from the soil ubgho bioaccumulation (Wood,
1997). The contaminants can be absorbed into @& plith nutrients and water, but
are then locked away in to the plant tissues amdnzd then be expelled from the
plant, after a period of time the plant can be bst®d and then disposed of safely.
Ideally the plant is highly tolerant and is unaféet by the contaminant (Purves,
1985).

4.3.5. Chemical Processes

Chemical treatment of contaminated soil involves thonversion of the
contaminants to less harmful compounds through rgeaof processes including
oxidation-reduction, dechlorination and hydrolysthiemical agents are applied to the
contaminated area to induce the chemical change, alpent applied and the
subsequent chemical change depends on the contanfiaod, 1997). The use of
chemical treatments can be problematic. They magbleto reduce the concentration
of some contaminants, however, any unused chertigaiment remains in the sail,
and long term effects of this is not known. Alsaidg the chemical conversion, heat
and mixing may be required to assist in the reactad in the field this can be
difficult (Wood, 1997).
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4.4. Restoration

Currently a number of mining sites have been, eriarthe process of being,
restored to their original working conditions; tedaclude Snailbeach in Shropshire,
UK and Morwellham Quay in Devon, UK. Both have beestored through the
dedication of volunteers and are now places wharadsts can learn about the mining
industry. It is also an important site from an istitial archaeological point.

Morwellham Quay was a copper mine in use duringl®@0s, and because of its
position on the Tamar River, it was one of the nsites for the transportation of
minerals by boat from the local mines in the afidee area has now been transformed
into an extensive open air and indoor museum tlsat allows visitors to ride the
tramway into the main adit of the mine. Figures,412 and 4-3 are photographs
taken at Morwellham Quay, showing the near compkteoration of the Quay.

Figure 4-3 shows the outside of one of the restaraekr’'s cottages. The building
has been restored and even allows access to tlee flpars for wheelchair users. The
displays allow any visitor to see the kinds of dtinds the miners lived in during the
height of the mines activity.

Figure 4-1: The restored water wheel at Morwelll@uay that extracted water from

the lower levels
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Figure 4-2: Partly restored rail tracks at Morwalth Quay previously used to carry

minerals from local mines to spart by boat
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Another restoration example is that of Hafnor Minear Betws-y-coed in Wales,
UK (see Figure 4-4); the restoration is very difar from Morwellham Quay as the
buildings have not been restored to their origo@idition but have been made safe
for visitors to explore. Notice boards with infornoam have been placed at significant
locations, and the area is now a popular placesibfer walkers. The area around the
mine where spoil tips once existed has been reatagktvith grass.

Figure 4-4: Remains of the mine buildings at Hafllone, Betws-y-coed, Wales, UK
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Chapter 5: Methodology

5.1. Selection of sites and metals

A number of skeletal samples were made availablthéoresearch project. To
incorporate these samples in the project, it wasded to investigate the transfer of
lead through trophic levels. To study this furthesite was required to determine the
flow of lead from the environment.

The process of examining the transfer of lead tiinowophic levels should begin
with the origins of the metal. Therefore, it wasided to investigate sites that were
known for the mining and smelting of lead. Throuliferature research it was
determined that sites previously mined for leaduided areas of Derbyshire, Devon
and Wales.

When deciding on a research site, a number ofriariteere defined:

= Accessibility of site

» Health and safety considerations around the site

= Presence of spoil tips

= Presence of vegetation

= Present activities occurring at the site (if reraéidn techniques are

currently being attempted)

Research surrounding possible sites was retrievaich fa number of sources
including the internet. Although, internet souraemn be unreliable, much of the
information was published by mining enthusiasts,owiad visited the sites for
historical research. After confirming the infornzatithrough library resources, visits
to a number of sites were made. During the vigtgh site was assessed on the
possibility of conducting further research. Sithattwere visited were: Derbyshire;
Matlock, Bakewell and Stoney Middleton; AngleseydaXorth Wales; Devon and
Cornwall.

Although Devon and Cornwall are not well known fioeir lead, an enthusiast had
compiled a CD of mines in Devon and Cornwall (Ca@m1999). The author had
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included information on the metals and minerals$ Were extracted from the mines as
well as grid references.

Many of the sites that were visited were found ¢oulnsuitable as they had been
maintained by the local authorities. In some cdbesarea had been made safe for
tourists. Other sites had restricted access aaréee was unsafe due to the unknown
locations of mine shafts.

One of the main sites selected was Blanchdown Wbedon. The site was found
through conversations with locals and was an draawas popular with recreational
users. Blanchdown Wood was a confirmed miningaitéhe CD, but was not initially
considered as it was not a major producer of Iéad,a copper and arsenic mine.
Regardless of this, the site was visited and it detsrmined that the site was suitable
for the research project. The site was located owate property managed by
Tavistock Woodlands Estate, after conversationh wieé manager, Mark Snellgrove;
permission was given to visit the site and to camdie research. The site met all the
criteria that were initially laid.

The second site that was decided on was that alb®aah, Shropshire, UK. This
site was a major lead producing mine and its hysgpanned several centuries. This
site was chosen as there were clear signs of retn@diactivities. The examination of
this site meant that there could be a direct commparbetween Blanchdown Wood,
with no remediation activities, and Snailbeachhwitimerous remediation techniques
used.

At both sites soil samples were taken to deterrtiieeconcentration of metals in
the soil. Also a number of vegetation samples wktleen, to determine the
concentration of the metals accumulated from thie so

Initially the metals that were researched were éhtsat the mine extracted.
Blanchdown Wood was a copper and arsenic mine aadb®ach was a lead and zinc
mine. Through researching the sites, it was foumal secondary analytes were
extracted; mostly as by-products these includeddtem, tin and lead (Blanchdown
Wood). Therefore the research centred on: coppsene, tungsten, tin and lead, at
Blanchdown Wood and lead and zinc at Snailbeacthoh the analytes differed
between the sites, comparisons could be made #ee textent of the pollution from
the mining activities and how remediation techngjaect the pollution.

-34 -



5.2. Collection

During the research project, a number of diffetgpes of material will be used,;
these include bone, plant and soil. For each tyjpenaterial, different collection
methods were used and these are outlined.

As discussed previously, Blanchdown Wood was ttee &fi mining and smelting
activities, and as a result abandoned building mnesnapoil tips and waste sites are
still present. The presence of these obstacles thrthah the sampling of soil and
vegetation was restricted. After examining the ,siée sampling strategy was
determined based on areas that were easily accegsieaninimal risk.

Other samples that were included in the researaie:vamimal remains, bird of
prey pellets, foodstuff sold for human consumpt@mg reproductive products. These
were opportunistic samples that were not originallthe sampling strategy

5.2.1. Sall

Soil material was collected from the sites usingean stainless steel trowel and
was sampled 5cm below the surface layer of soks€rsamples were then placed in
bags and were labeled and sealed, to prevent thles from accidental damage, the
samples were then placed in another bag. All thmepkss were kept in a sealed
container during the transport back to the labayato

On returning to the lab, the samples were air dioed days, and then dried in an
oven at 10%C for 3 hours (Radojevic and Bashkin, 1999). Theasas were then
ground up using an acid washed pestle and morts. ground material was then
sieved through a stainless steel 2mm sieve. Thedisamples were placed in a clean
HDPE bottle and stored until analysis.

5.2.2. Plant material

Plant material was collected form the site usirgalstainless steel secateurs and
was kept whole as much as possible. The plant rabteas stored in bags to prevent
cross contamination between the samples in sones ¢hgs meant using bin liners.
These too were then placed in a sealed containerthi® journey back to the
laboratory.

On returning to the laboratory, the plant matewas thoroughly washed with
deionised water. Using gloves, different parts led plants were removed, i.e. the

leaves, berries and flowers (where applicable) veeearated from the stem, these
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were then left to air dry separately for 7 daygeAthis period the samples were dried
in an oven at AT for 24 hours. The samples were cooled and egffermd up in an
acid washed pestle and mortar or placed in a s&srdteel blender for 5 minutes. The
samples were then stored in clean HDPE bottle$ amdiysis.

5.2.3. Bones
A number of bone samples will be used during tlesearch, from various

locations. All samples of bones were handled ugioges and protective laboratory
coats. In the laboratory, the bones were photogm@md where possible, they were
identified. The bones that were found at sites weashed and dried in a closed
cabinet. Samples of the all the bones were takery s hand held saw, in a fume
cupboard with the sash lowered as far as pos$tbttective equipment was also used
including gloves, eye shields, face mask and laboyacoat. The sub-samples were

then oven dried for 3 hours and then stored innclBPE bottles until analysis.
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5.3. Analysis: Heavy metals

During the research different types of materiall e sampled; this means that
there will be varying degrees of difficulty in ex@ting the metals. Methods that have

been used are listed below with correspondingdlitee.

= Nitric acid / Sulphuric acid / Perchloric Acid witmicrowave digestion,
Palumbcet al, 2000

= Aqua Regia, Kinet al, 2001

= Nitric acid / Hydrochloric acid, heated, Eaddsal, 2002

= Nitric Acid, Davies and Balinger, 1990

= Perchloric acid / Hydrofluoric acid / Hydrochlorcid, Dahmani-Mulleet al,
2000

Each of the methods extracts the heavy metals anid solution and are then
analysed with atomic absorption spectrophotome®dS)), or inductively coupled
plasma — optical emission spectrometer (ICP-OE®E $uccessfulness of metal
extraction is dependent on the metal that is bekigacted and the method used. The
most effective method for heavy metal uses Perichland Hydrofluoric acids.
However this method requires specialist equipméat wwas not available in the
laboratory (Radojevic and Bashkin, 1999).

In many of the soil laboratories in the UK, Aquaieeis quickly becoming the
standard method as the method is relatively easys¢ép and can be used to analyse

multiple samples.

5.3.1. Acid digestion — Soil, Plant, Bone

Chemicals

= Concentrated Hydrochloric acid (32%)
= Concentrated Nitric Acid (70 %)

Method
All samples were analysed using the Aqua Regia otefRadojevic and Bashkin,
1999). The amount of sample that was analysed degeon the type of material. For

soil samples, 1.0g was used, but for the plantaoré material, 0.5g were analysed.
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This is for two reasons: plant material is beliet@éccumulate higher concentrations
of heavy metals and so smaller samples of the preaterial were used. Also there
was a limited supply of the material, for both banes and the plant material. Each of
the samples were analysed in replicate. Ideallyeflicates were used but in some
cases this was not possible and so as many regdieatpossible were performed.

The Agua Regia was made up using 150mL of 32% Hydooic Acid added to
50mL of 70% Nitric Acid. 10ml of this solution waslded to each of the samples and
left over night. The samples were then gently leeat#il they were simmering for 1
% hours. The samples were then cooled. After tloéirgp period a further 5mL of the
Aqua Regia was added and the samples were boited oy another 30 minutes. The
samples were left to cool.

Due to the extreme variability of the hot plate/- (#°C) the method of digestion
was altered to ensure the variability did not affiee final results. The temperature
was adjusted to approximately °@ (a beaker with water and a thermometer were
used to determine the temperature) but since ppatheohotplate was either above or
below this, the flasks were randomly placed onhbeplate and this ensured that the
replicates were not all in the same area. Afterhibieplate had reached temperature
the flasks rearranged every 30 minutes to enswesaimples were digested evenly.
The flasks were left with only a few mL of solutiohhe samples were then removed
from the hotplate and left to cool. A further 5mtLAqua Regia is added and boiled
again for a further 30 minutes. The samples weea ttooled and filtered through
Whatman No 541 or similar. The solution is madeapOmL with ultra pure water.
The final samples are stored 8€4and then examined for various elements.

Using or inductively coupled plasma — optical enassspectrometer (ICP-OES),
the samples were analysed for their concentratadnsetals. This allowed for the
concentrations of multiple analytes to be deterchiziethe same time.

The calculation for the concentration of analyt¢hie sample is as follows:

Concentration in sample (mg/kg) =C *V/M ......... (2)

Where C is the concentration of metal in the extfiag/L), V is the volume of extract
(mL) and M is the weight of the sample (g).
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5.4. Analysis: Nutrient media

During the algae experiment it was necessary toitmothe concentration of
nitrates and phosphorus in the growing media. €hrs give a good indication as to
the successful growth of the algae. A large deer@agither of nitrate or phosphorus
compared to the initial concentrations can indithg the nutrients are being depleted

by the algae.

5.4.1. Nitrate

Chemicals

= 1000ppm nitrate (1.6306g Potassium nitrate in Htiltkd water)
= Jonic Strength Adjuster (ISA — 2M ammonium sulphate

Method

A Nitrate electrode from Orion Research Incorpatateodel 93-07 was used to
determine the concentration of nitrate. The methisdd was modified from the
original operating instructions. Nitrate standaodlsilOOppm and 10ppm are prepared
using the stock nitrate solution. 20mL of each dtad is placed in a beaker and
0.4mL ISA is added. A stirring bean is also addedehsure the solutions are
thoroughly mixed. The probe is first lowered inb@ tLOppm Nitrate solution and the
ISO/STD PT control is used to alter the displayjlunreads 10ppm. The probes are
then rinsed thoroughly with distilled water andrthewered into the 100ppm solution.
As before the ISO/STD PT control is altered urtié isplay is reading 100. The
probes are then rinsed and placed in the 10ppmsiare the display has not changed.
This procedure may have to be repeated severas timl the probes are calibrated.
Once calibrated the probes can be rinsed and lowiate the samples. As with the
standards, 20mL of sample is placed in a beakdr avitirring bean and 0.4mL ISA.
Each sample is read in triplicate and the finalitssare averaged.

To express the reading as Nitrate (N) the followeggation is used:

Nitrate (N) mg/L = ((Reading * 5) * (14/62) * dilian) ......... (2)
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5.4.2. Phosphorus (orthophosphate)

The phosphorus content of water can be present rganioc phosphorus,
orthophosphate (in the form of inorganic /#0r as condensed (solid) phosphorus (US
EPA, 2006). Since the primary source of phosphdousalgae is orthophosphate
(Chapman and Chapman, 1981), its concentrationse wmeonitored during the
experiments.

In the past, the analysis of phosphorus was domg Ugrge amounts of sample
solution. But the method has been scaled down lmgyoxia Surrage and William
Carlile of the Nottingham Trent University (unpudbled PhD thesis). The method

now only uses a fraction of the sample (12 5hstead of 0.5mL).

Chemicals

= 1.5M Sulphuric acid (2.5mL concentrated sulphug@danade up to 150mL
with distilled water)

= Ammonium molybdate (15g Ammonium molybdate dissdlvia 750mL
distilled water, 75mL concentrated sulphuric a@dd made up to 1L with
distilled water)

= 1.5% Ascorbic acid (1.5g Ascorbic acid in 100mLtitied water)

» Phosphorus standard (0.44g potassium di-hydrogémomitosphate in 1L
distilled water (100ppm phosphorus))

Method

Depending on the expected concentrations of theplesmndilutions are prepared
for the calibration curve and the appropriate amafmphosphorus standards are
added to wells in the microplate. The total volushstandards in each well is 1Rl5
Initially two curves will be prepared, the firstine range of 0 — 25ppm of phosphorus
and the second will be in the range of 0 — 100pprphmsphorus. On each of the

plates, both standard curves will be preparedpiia&te.
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For the samples, 1216 is added into the wells, and these too are daone i
replicate. The following outlines the order and mjitees of solutions added to the

wells:

= 12.51L Sample or standard or control
= 12.51L 1.5 M Sulphuric Acid

»  62.5.L Ammonium Molybdate reagent
=  62.54L Ascorbic Acid

The final addition of ascorbic acid must be donéhini 3 minutes as this is the
initiator of the reaction. The samples are lefbéodeveloped for 30 minutes and are
then read on a plate reader at 620nm. The calloraturves are plotted and the
equation of the line determined. The sample comatohs are then determined using
the equation of the line. If dilutions of the saeghave been made, the values are

multiplied accordingly.
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5.5. Inductively coupled plasma-optical emission spaogter

The concentration of heavy metals was determinedutfh the inductively
coupled plasma — optical emission spectrometer-QE&S). The recent purchase of
the Perkin EImer Optima ICP-OES, allowed for thalgsis of multiple elements in a
relatively short period of time. Previously this wid have been done using Flame
Atomic Absorption Spectrometer; however the spesei®r needs to be calibrated
with each element individually. This would increake volume of sample required
and be highly time consuming.

The ICP-OES was fitted with an AS-90 plus autosampulapable of holding 106
samples, including calibration standards. Table &$bws the standard operating

parameters of the ICP-OES used in the research.

Table 5-1: Standard processing data used for thAlysis of the elements

Plasma | Auxiliary | Nebulised| View dist. | Plasma| Pump flow rate Autosampler
Lmin® | Lmin-1 | Lmin? mean View L min™ Flow rate Time
15.0 0.2 0.8 15.0 axial 15 1.5 L rfin 30 secs

Throughout the research, the equipment was ctdithrasing 3 standards. These
were 0, 10 and 100ppm of the elements tested (copgsel, tungsten, tin, arsenic,
zinc, phosphorus, calcium, iron). Where concerdratiwere lower or higher than this
range, the calibration standards were altered dotgly. To ensure the ICP-OES was
producing accurate results, a number of standareise wandomly placed in the
autosampler.

The calibration standards were produced usingfieettsolutions, from Fisher
Scientific UK, diluted to the required concentratiasing blank solutions from the
acid digestion process. Figure 5-1 shows an exarnoplthe calibration curves
produced by the ICP-OES along with the correspandorrelation coefficients.

For all samples and standards, the readings wezasumed 3 times by the

instrument, and an average was given.
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5.6. Statistical Analysis

The use of statistics is essential when examinatg ds it enables us to reduce
the number of data points down to manageable leVéith most if not all research,
the replication of samples is used, to give an i@&tewiew of the results.

In this research a number of statistical methodeevussed to analyse the data
including standard deviation, 95% confidence iras\and ANOVA. Explanations of
the statistical methods can be found in Dytham §2@dd Fleming and Nellis (2000).

5.6.1. Limit of detection and limit of guantification

With all instrumental equipment, there is a lim@ its detection of analyte
concentrations; this can vary not only betweeneddht types of instrumentation but
also between instruments of the same type. The ¢ifrdetection (LOD) is defined as
the concentration which gives an instrumental digignificantly different from the
blank. The limit of quantification (LOQ) is the l@w limit for precise quantitative
measurements (Miller and Miller, 2000). To deterenthis limit a minimum of five
standards, with known concentrations of the analgte used to create a calibration
curve and from this the limit of detection and qufesation can be determined. The

limits are determined using the equations:

Limit of detection=YB + 3§......... (3)

Limit of quantification = YB + 10%......... 4)

The values used to determine the limits are derdiesctly and indirectly from
the calibration curve. WheregYis the concentration of the analyte that produxes
signal equal to the blank (intercept) angl iS the calculated gradient of the line.
Figure 5-2 shows a calibration curve for coppercemration giving the equation of
the line and the Rvalue. $ is calculated using real intensity values and from
calculated values using the linear equation. Theutstion has resulted in an intensity
value for LOD and LOQ being 82780.88 and 248438spectively. These values can

then be used in the linear equation and an LODL&@ in mg/L can be determined.
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Table 5-2 gives the LOD and LOQ for the analytesdus this research (Miller and
Miller, 2000).

Table 5-2: The LOD and LOQ values for analytes usdtis study

Analyte LOD Intensity | LOD mg/L LOQ Intensity LOQ mig
Arsenic 814.858 0.229 3045.66 0.765
Calcium 121759.475 0.606 380294.85 2.02
Copper 82780.88 0.174 248439.8 0.580
Lead 2830.982 0.110 8300.74 0.367
Phosphorus 1145.98 0.137 3636.3 0.457
Tin 1209.683 0.068 3593.61 0.226
Tungsten 6768.174 0.527 22328.18 1.756
Zinc 7021.916 0.077 22148.72 0.256
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Chapter 6: Research sites

6.1 The Geology of Britain — A brief description

The geology of the Earth varies considerably dudstdistory. Over billions of
years the surface of the Earth has changed draatftatiprimarily due to extensive
continental drift. The movement of the tectonict@éa and land masses, has resulted
in their current locations (Read and Watson, 197R)e plate boundaries are
considered to be regions of active geological are@i®re earthquakes and volcanic
activity occur (McAlester, 1973).

The combination of volcanic activity, earthquakad aontinental drift has lead to
the formation of differing rock types which are megented Britain (British Geological
Survey, 2007). To understand the geology of an, aimzk definitions are needed.
There are three major types of rock; Igneous, Sexiary, and Metamorphic (Ager,
1975). Igneous rock is formed from the cooling oblt®n solutions. The molten
solution (magma) comes from relatively shallow tiepin the Earths mantle. The
magma can come to the surface through the erupfienvolcanoes or it can rise up
into the crust and hardens to form granite. Sediargrrock is derived when areas of
the Earth’s crust is exposed as land are erodeglthgr water (rivers and seas) wind
or ice (Bishopet al, 2005). The material that is produced is smallipiag called
sediment. The sediment can be transported away finersource and laid down in
layers. These can occur on the sea bed, in lalesiars, or on land to form greater
thicknesses of sediment. Over a period of timelditedown sediment is hardened to
form sedimentary rocks. Plate tectonics procesarscause folds being raised above
sea level to form new continental areas. Some eflibst sedimentary rocks are
Sandstone and Limestone. Heat and pressure cldabe f@ate boundaries can cause
the rocks to become both chemically and physiddififerent from its original state.
The alteration can occur through the collisionafje land masses. For instance the
Alps and the Himalayas contain large quantitiesnetamorphic rocks resulting form
the underlying plates coming together (Redfern, 0200

Through the geology history of Britain there ardfalent periods where
metamorphic rocks have been created. The datéesé thave been determined by the
fossil content (Rodgers, 1977). From knowing thetdry of the Earth, with
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corresponding information concerning the differepécies present, the metamorphic

rocks can be aged. More recent methods have ind@aéng using chemical analysis

(Ager, 1975). Using radioactive decay of certagnents, the age of the rocks can be

determined more accurately. Essentially there hAreet major periods, Palaeozoic,

Mesozoic and Caenozoic literally meaning ancientidie and new life respectively,

the division of the timeline is illustrated in Tal®-1.

Table 6-1: The different periods in Earths’ histaot including the Precambrian
era (Ager, 1975)

[®)

Eras Periods Millions of years ag
Caenozoic | Quaternary 2
Tertiary 65
Mesozoic Cretaceous 135
Jurassic 190
Triassic 225
Palaeozoic | Upper | Permian 280
Carboniferous | 345
Devonian 395
Lower | Silurian 430
Ordovician 500
Cambrian 570
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6.2 Tamar Valley and its geology

The Tamar valley lies along the county divide betw@®evon and Cornwall, in
western England. The Tamar River begins approxim&ian from the sea, north of
Bude in Cornwall and then stretches southwards famally out to sea through
Plymouth. The Tamar valley contains regions of Gailerous and Devonian
metamorphic rock, but it is the Granite region e tcentre of the valley that has
caused most interest (Perkins, 1972). The Tamaenalitodes are associated with the
reappearance of granite in the central valley. fier itself has managed to avoid the
granite as far as possible, but it is at Blanchd®eod that the river isolates a small
area of Granite on the Devon Bank and giving risemineral lodes covering an
estimated area of 20km wide and 6km to the northsaith.

The predominant minerals found in the Tamar vaHey tin and copper, but a
number of associated minerals can also be foumdn$tance lead, arsenic (Booker,
1967). The lodes run mainly in an east-west dioecthrough highly metamorphosed
slate. The concentration of the minerals in thé-e@st lodes were minor compared
with the north-south lodes. These are referredstarass-courses and these were
formed at a later date compared to the east-westsloMiners of the Tamar valley
found that these cross-courses split rich east-degsbsits (Goodridge, 1964).
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6.2.1 Blanchdown Wood, Tamar Valley, Devon, UK: History

On March 28 1844, Josiah Hitchens was granted the lease fandBbown
Wood by the Duke of Bedford. Together with five etlgentlemen, the Devonshire
Great Consolidated Copper Mining Company was fodndée company had a joint
stock of 1024 shares (Goodridge, 1964). The iniedrd of directors consisted of T.
Morris, R. Gard, and W. Thomas. In 1846, the bose$ expanded to include W.
Morris and J. Thomas.

An abandoned and neglected shaft, believed to baeae sunk by ancestors of
Josiah Hitchens, which had previously been sunkataepth of 14 Fathoms
(approximately 25.6m), was extended a further 4t&mnd a rich copper lode. It was
determined that the lode was approximately 9m veidé contained 17% of copper
(Stewart, 2003). At that time the average yielc&apper ore sold between July 1844
and July 1845 in Devon and Cornwall was 7% % (ngjournal 26 July 1845). The
high percentage yield for copper ore meant that was the richest lode found in the
UK.

After the discovery of the richness of the ore,duation expanded rapidly. The
lode was followed eastwards for approximately 3Czfote it was dislocated by the
Great Cross Course, the fault line that shiftedidde 140m to the right. However the
lode was easily located and Wheal Fanny was sdableshed. Following the course
of the lode Wheals Anna Maria, Josiah, and Emma weon established and in May
1846 the group of mines were collectively renam&tha Devon Great Consol Mines
(DGC). At this stage the main lode had extendedaeads for nearly 3km (Jenkins,
2005). Figure 6-1 shows a sketch of the principarks, dated September 1850
(Stewart, 2003). It can be seen that the main ®dended almost continually form
the initial workings of Gard's shaft to Wheal Emritavas also determined that there
were minor lodes found parallel to the main lodee3e were not worked as the main
lode was considered more important. However bytithe work was closing on the
main lode, DGC were finding it difficult to remaapen.

During 1850 the works was so successful that 09€0Ipeople were employed
by DGC, including 342 young boys and girls (Stew2003).
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Figure 6-1: A sketch of the surface workings at8ledown Wood, September 1850
(modified from Stewart, 2003)

C o zvw rs ¢

JOSIAH
WHEAL EMMA

In 1864, the first signs of copper decline werens@eDevon and Cornwall. The
production levels had fallen by 20%. Competitioonfr mines in South Australia and
America forced the price of copper down from £14 E87 per ton. The new sources
of copper were often found in shallow deposits, mmegthe extraction of the ore was
achieved more cheaply compared to the deep sHditsvon and Cornwall. In 1867 it
was decided to set up reduction works which woidd the low grade ores, which
were unsellable at the time, to make arsenic. Bosly the presence of arsenic was a
mere nuisance, but after the decline in copperas decided to expand the workings
to include the production of arsenic. By Decemi&68l 50 tons per month of arsenic
was being produced, it was decided that the pramluetas to be increased through
expansion of the works to produce 150 tons per mdBianchdown Wood was once
again the largest works in the UK, but this timevas for arsenic production. The
works covered an area of 8 acres and consisteccalcthing ovens and 43 refineries
with 4805 ft of flues. A mill for grinding the refed arsenic was driven by water
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power and in 1891, 3500 tons of arsenic was bemgyted per year (Goodridge,
1964).

Production of arsenic and copper continued untpreximately 1903, small
amounts were produced until 1913, but on a smsdlele. During its activity a total of
over 1 million tons of copper ore was producedatoapproximate value of £3.4
million (The data was collated from Burt, 1984).igtequated to approximately
17.69% of the total amount of copper ore producethe UK. The total amount of
arsenic produced was 75,000 tons and was sold 880,800. This equated to
approximately 42.27% of UK total production of areore.

Between 1844 and 1913, DGC was one of the larg@strad producers in the
UK. But it was in May 1903, that the mines wereralzmed and sold off after a failed
attempt to save the mine was proposed by the thescttor Peter Watson. He
proposed that since there were still ore reservethe value of £57,140, by better
application of the enormous water power potentma provision of improved haulage
gear, the mine could remain active. Unfortunatelye dio politics within the
shareholders the scheme was defeated by the itiluemnority (Goodridge, 1964).
After nearly 60 years the great prosperity to tremaathe mines at Blanchdown Wood
closed. What once was a disused mine shaft bedaenedst noted achievements of

Victorian mining enterprise.
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6.2.2 Blanchdown Wood, Devon, UK: The site

It is evident that the heavy metals from miningragiens cannot be destroyed, and
so become redistributed in the environment indedini(Nriagu, 1978). The question
remains as to what effect these metals cause.idnstbhdy an area of land will be
monitored for the concentration of copper and othetals in plants, animals and soil.

The area that was studied is in Blanchdown Woocdk (Bgure 6-2) currently
managed by the Tavistock Estate Management. Wah flermission the area was

explored to gain information as to the viabilitytbé site for study.

Figure 6-2: A map of Blanchdown Wood, Devon, UK &he surrounding area (OS
map: SX 426 735)
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Wheal Fanny was one of the main sites for copped (ater arsenic) mining and
smelting (Jenkins, 2005). It was common for somehef metals to be transported
elsewhere for purification (Kirkham, 1968). Becausethe expense of building the
smelting sites, it was common practice for thekstadoe used by several mines in the
area which lead to the concentration of waste enrtimediate vicinity.
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Blanchdown Wood was the site for mining and smeJtihis meant that there was
waste from both the mining activities and the smgltin the immediate area there are
a number of well used mines, e.g. Wheal Josiah, aVN&aria, Wheal Fanny and
Wheal Anna-Maria (Coleman, 1999).

Although the mine shafts in the area have beenkbbband made safe for the
public there are other signs to indicate the presesf past mines. As with most
villages and towns, the names provide informatisrtcathe history of the area. For
example, many small villages have adopted the nafnd&® mines.

The cottages of the villages are unique as they Wailt from the larger portions
of rock that were removed form the mines and gihescottages a distinctive look
that can be recognized, for example Figure 4-3 (p®&ws miners cottages at
Morwellham Quay. Morwellham Quay was the site ohimg and transport activity
during the 1800 for copper and arsenic. The bujslitnave been restored and
conserved by the Morwellham and Tamar valley trlike restoration was based on
original plans and photographs (Morwellham and Tiavaley Trust, 2003).

The mining area in Blanchdown Wood covers approetye3.5knf. Although the
area is managed, the majority of the spoil tipseh@mained intact. It can also be seen
that there is a large amount of industrial archagyplthat has remained. Figure 6-3
shows the buildings used for the arsenic treatntégure 6-4 is an aerial photograph
of the area and shows the extent of the spoil tips.
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Figure 6-3:

Examples of industrial archaeology @nBhdown Wood, Devon, UK
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Figure 6-4: An aerial photograph of Blanchdown Wabdvon, UK: Scale—2cm:25m
(Modified from the millennium m&getmapping, 2000))
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6.3 Shropshire and its Geology

Of the 12 recognised geological periods, 10 areesgmted in Shropshire making
the area one of the most geologically diverse areasomparison the Snowdonia
region only contains three geological periods (Tibhg2004).

Between 545 and 418 million years ago, Shropshyealmost continuously under
the sea; with the only landmasses above the watel Wwere areas such as Long
Mynd and the Stiperstones. During this period theks which were formed are now
recognised as the Stiperstone-Shelve area andimeatach deposits of lead ore and
barytes (Toghill and Chell, 1984). The rock thattains the rich lead ore is known as
Mytton Bed rock, consisting of hard flagstone amd gtone over 300m thick. The
beds exist in two oval shaped islands; one to tketwf the Stiperstone ridge of
quartzite and the other along the eastern flankhefHope Brook. Because of the
underlying rocks, the rich lead ore is confinectemall area approximately in a 5km
radius surrounding Shelve (Toghill, 2004). The lgaths run generally south-west to

north-east, but the geology differs significantbtween the sites of the mines.
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6.3.1 Snailbeach: History

Snailbeach was reported to be one of the richest feines in Europe, and its
history covers many centuries. Although for paritefactive history, documents were
not kept, and only archaeological finds suggestssdaf its first use. The first mining
activity is estimated to be by the Romans, althainghexact dates are not known. The
evidence of mining by the Romans includes lead gigge blocks of lead) and
discarded tools found in the vicinity of the min@ne such find, was a lead pig that
was discovered in Linley near Stiperstones and stamped with the name of
Emperor Hadrian (AD 117-138) (Pearce, 1995). Romassd basic methods of
extracting the lead ore using hand tools from dpemnches and shafts reaching lower
levels, these methods did not change for hundregsars until the invention of water
extraction tools since the groundwater flooding w&adisniting factor of mine depth.

Another suggested date is during thé" X2entury; when in 1181 Hugh Pentalf
(Sheriff of Shropshire) accepted £55 from the Kiteggl mines at Shelve (Brook and
Allbutt, 1973). Other dates mentioned are from ¥ and 18' Century although
there has been no evidence confirming this, onégslation.

The first documented evidence of mining at Snaidhaa in 1676, when a group of
Derbyshire miners leased the mine but there areecords as to how successful the
mine was at that time. The most successful minipgrator is considered to be
Thomas Lovett and his descendents, when in 1782dsed the mine from the land
owner (Marquis of Bath) for initially 21 years (Bro and Allbutt, 1973). In 1783
Lovett had determined that the mine could be exgtgnprofitable but needed
finances in order to achieve this, he then enteméal a partnership in which the
monetary values of the investments is not knowngi@ally there were ten partners
with Lovett controlling the highest allocation dfeses.

For 73 years, the equipment first set up by Lowets in constant use, producing
regular profits, but in 1857 a father and son managnt team (Stephen and James
Ray Eddy) were employed to increase in the minesgarity. The new management
instigated changes and improvements that woulcease the profits ten fold (Brook
and Allbutt, 1973). These changes included the @dyament of one of the lowest
levels, the level was constantly being flooded #reduse of men to drain the level by
hand was considered as uneconomical. Instead néms weere sought through

crosscutting as well as new levels driven off tr@miode; other improvements to the
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site included the implementation of a new 61” Csinnéngine and the remodelling of
the dressing floors.

A further expansion of the mining company was tasé land adjoining the
Pontesbury to Pontesford road on the outcrop ottt measures; this allowed the
company to sink several shafts with the aim toasttcoal for use in the smelting
works. Lovett also built a smelting mill next tcetbolliery, also in the same year; and
was used until 1873 when a new mill was built and873 the new mill took over as
the primary smelting mill. The new mill was clogerthe mine and used water from
the nearby Pontesford hill to feed the water wiieal worked the bellows for hearths
at the smelting mill (Brook and Allbutt, 1973).

Figure 6-5 shows the plan of the surface workSratilbeach in 1865 during the
most productive time of its history.

Figure 6-5: Snailbeach surface works c1865 (Modifrem Brook and Allbutt, 1973)
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Under the Eddys’ management the mine was givenrgpatation of being the
richest mine per acre in Europe, with regular regusf £14,000 per annum that were

shared out amongst the shareholders. The volunoeegbroduced at Snailbeach was
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approximately 131969 tons equating to about 55.8%hoopshires total production of
ore (Burtet al, 1990).

The mines at Snailbeach were also producers ofr atietals and minerals
including zinc and barytes. During 1856 and 1913ailBeach extracted
approximately 1.5% of the total zinc ore and 20%th# total baryte produced in
Shropshire.

The need to maintain this level of prosperity wasravhelming, and in 1870 a
Cornish engineer was employed to modernise the aitk so maintain the good
returns. The resultant modernisation of the undengd levels and the surface
workings meant that the work force could be reduteoh nearly 400 to just 130 in
1878 (Brook and Allbutt, 1973). The reduction ie thorkforce enabled the company
to continue with the remarkable returns; however firessures of foreign lead
producers had meant that the price of lead fluetlaincreased pressure from the
Marquis of Bath also facilitated the first compdogs in 1884 to the sum of £3000;
because of this the company was forced into ligiodaon 28' August 1884.
However the liquidation allowed the company to kr&ae of certain aspects of the
lease hold where a sum of money was set asidéenéomivestigations of new lodes,
this enabled the company to reform in 1885, asl|Bemth Lead Mining Company,
without this stipulation and the company continteevork the mine but on a reduced
scale (Brook and Allbutt, 1973). Because of theuoed works, the mine was not
producing enough ore to be smelted in the Snailbeatl, therefore in 1895 the mill
was closed and ore was transported elsewhere faregsing. In 1899 the mine
reached a depth of 552yds (Brown, 1976), but aljhainking the mine to this depth
meant that profits were still being made, the wanlide and the now depleting source
of lead in the mine lead to the Snailbeach LeadiMgicompany to abandon all works
at the site in 1910. In the following year the Gshnengine on Lordshill, removing
the water from the deepest levels of the mine, stagped and the mine was allowed
to flood to the 112yd adit. After the abandonmewttite Snailbeach Lead Mining
Company, small workings continued by the Gravekding Company (an offshoot of
the Dennis Empire) in some of the shallower lewdlthe mine but it was the barytes
that proved to be more successful; however thetguclined and in 1955 the mine
was forced to close after nearly 200 years of @ntsdctivity.
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6.3.2 Snailbeach, Shropshire, UK: The site

Snailbeach lies 16km to the south-west of Shrewsbeaar Minsterly (SJ 375 822).
The area is currently owned by the local coundile Tine itself once covered a much
larger area, with a number of shafts and othermgimvorks. Figures 6-6 and 6-7 are
maps show maps of the area at different perio@sfitst is a modern day map and the
second is a map published in 1881.

Figure 6-6: A map of Snailbeach and the surroundneg (OS map: SJ 370 020)

—
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Figure 6-7: An 1882 map of the Snailbeach areart@p: sheet XLVIII.2)
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At present there are works carried out to restbeerhajority of the buildings to
their original state. In conjunction with the counthe Shropshire Mines Trust has
turned Snailbeach into an information site whidowas visitors to view the area as it
would have been a hundred years ago. The Trustalsducts tours into Perkins shaft
to give an indication as to the conditions the msrendured during their working life
(Shropshire Mines Trust, 2006). Figure 6-8 is atpb@ph of the compressor house at
Snailbeach and is currently being restored. Througltthe site, by joining the
Shropshire Way, it is possible to view many of temaining structures and to get an
idea as to the size of the site. In the active ddiyse mines the landscape would have
been very different with additional mines in theaaeach mining for lead.

Figure 6-8: A photo of the current state of the pogssor house at Snailbeach,
Shropshire, UK

There are two main spoil tips that are partiallgilie, and it is possible to explore
these to some extent. Figure 6-9 shows one of éh®ining spoil tips. From the
photograph it is difficult to make out the tip ielEas some of the area has been
treated. A mesh barrier was placed over the loegion of the tip and a layer of top
soil and grass was added possibly to restrict theement of contaminants from the
waste. Along the far side of the tip a row of slsruere planted and it is evident that
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these have been growing successfully for a numbgears. The second tip contains
finer particles from the mine, possibly tailingsrr the smelting mill. Over the years
this area has become colonised by plants @gothamnus spBetula pendulaand
Alnus glutinosa

Figure 6-9: One of the rubble spoil tips at Snaitlie Shropshire, UK

In the past, Snailbeach has been subjected toptiisnucaused by the mining and
smelting industry. The impact of which can be seahe form of spoil tips. However,
less obvious impacts need to be considered: thalpedransfer of metal ions through
the ecosystem. The ion transfer could affect theafand fauna in the area. To achieve
this, extensive research is required to deternhiresktent the past activities have had

on the ecosystem.
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Chapter 7: Dispersal of heavy metals through the

terrestrial environment

7.1 Soil Contamination

The remains of mining activities, as discussed iararlhave resulted in the
contamination of the terrestrial environment. Thi@erals and metals that remain in
the abandoned waste sites cause great concerasasdte not restricted to where they
were initially left. In most cases the minerals andtals are mobile and can move
throughout the terrestrial environment increasirige tarea of contamination.
Remediation has been used to prevent this, butissiee of transfer through the
environment has only been studied closely durirggléist 50 years and it is evident
that the mining waste tips have been present fogdo than this. This leads to the
conclusion that the tips could have had a largecefbn the terrestrial environment
over a prolonged period. Although some sites armgodreated to prevent the
movement of metals, not all waste sites are beaiegteéd and therefore the problem
persists and this could have potentially devagjatiifiects on the environment.

The process of the movement of elements througlertkeonment is under study
by many researchers (Maskatlal,1995; Sterckemaaet al, 2000; Wilsoret al, 2005)
as there are many variables that can affect whétieetransfer actually occurs, and if
son the rate. Soil characteristics, such as soibp#isoil type, play an important role
as they can either accelerate or restrict the fganate of metals through the soil.

Blanchdown Wood (as discussed in Chapter 6) wasitheof the largest copper
and arsenic producing mines, and as a result ftasumerous volumes of waste that
have an affect on the surrounding environment. muthis study an appraisal of the
impact this has had on the environment will be cabed.
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7.2 Aims and Objectives

The aims and objectives of this study are to daterthe effects of mining waste
on the terrestrial environment, including the ekateral and vertical flow through
the soill.

= To determine if the metals examined show diffecamcentrations around the
site
= To determine if vertical distance from the surfafects the concentration of

the metals

7.2.1.Experimental Procedure

During repeated visits to Blanchdown Wood, a nundfexoil samples were taken
at varying distances from the spoil tip. At eadle shree samples were taken in a 2m
quadrat. The 2m quadrat was used as this wouldleersaiil to be sampled from
different areas, but were still representativenef$ampling site.

The vertical samples were taken using a soil awgén,samples being removed at
different distances from the surface.

An extra sample of vertical samples was also taketihe form of “pod soils”.
When preparing to place pitfall traps for invertgles, two samples of soils were
removed from the sampler. A modified planter wasdu® remove soil to be replaced
by a small cup to capture crawling insects. Thatelaremoved a sample of soil and
this was found to be intact and vertical samplagdbe sampled.

All samples were placed in sealed bags and starad tight containers to prevent
any contamination. Upon return to the laboratdng, $oil samples were prepared for

analysis as discussed in Chapter 5.
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7.3. Results

During visits to Blanchdown Wood, three samplingimees of the soil were
undertaken: lateral dispersal samples, verticai@es of soil without vegetation and
vertical sections with vegetation. Figure 7-1 sh@awsap of Blanchdown Wood with

the sampling sites numbered.

7.3.1. Lateral Dispersal

Sampling at Blanchdown Wood produced a number mifoéas taken at individual
sites. In most cases there were three soil santple, and these are shown in
Figures 7-2 to 7-6. These demonstrate that fomalials detected in the soil samples,
there were intra site variations. The concentratdd analytes tested show wide
variations within the site, including arsenic whishows the largest variation with
concentrations ranging from 1101.408mg/kg to 184@8ng/kg at DVS16/LS/6 (See
Figure 7-6). Although the remaining analytes havenilar variations, the
concentrations are not as great. The ranges ofcdneentrations are for copper:
668.381 to 7840.488mg/kg (DVS17/LS/7), lead: 34.38) 1307.467mg/kg
(DVS16/LS/6) tungsten: 19.757 to 222.478mg/kg (D¥&E/4) and tin: 47.425 to
7772.471mg/kg (DVS16/LS/6) (See Figures 7-2 torédpectively).

Figures 7-7 and 7-8 show the mean results for aogpe arsenic (Figure 7-7) and
lead, tungsten and tin (Figure 7-8) for each ofdhes sampled at various distances
from the spoll tip. Included on the graphs are36&o confidence intervals, indicating
the variation of the sample means. It can be desrfor all the analytes, the site with
the lowest concentrations was that of DVS12/LS/2.

Interesting results for tin can be seen in Figur8, Awhere the highest
concentrations can be seen at DVS11/LS/1, DVS13/ls8d DVS14/LS/4. These
sites are located on the south, south-west anth soag of the small mound.

Both figures show that there is a wide variationthe concentration of arsenic,
lead, copper, tungsten and tin throughout the Aiteough there is a wide variation in
the analyte concentration, it can be seen fromreige9 that the pH of the soil from
around Blanchdown Wood does not vary to a greanexivith a range between 4.1
and 4.75.
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Figure 7-1: A map of Blanchdown Wood, Devon, UK amesignated sampling
sites © Crown Copyright, an Ordnance Survey sufdmiervice (Based
on OS map sheet SX 47 SW, 1:10,000)
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Table 7-1: A key for code definitions

Code | Definition

DVS | Devon soll

DV Devon

CO Cotoneaster Plant
VS Vertical Soil Samples
PS Picea Plant

LS Lateral Soil Samples
HI Deer Bone

FS Frog Spawn

PP Pop Profile

PE Owl Pellet

ES Egg Shell

Sample names follow the convention:

LOCATION - SITE NUMBER / TYPE OF MATEIAL / SAMPLE NNMBER

E.g. DVS14/LS/4: Devon soil — site 14 / laterall saimple / Number 4

Site 1 is not located on the map as this was ar@osample ofCotoneaster

microphyllustaken from a site not in the Blanchdown Wood agte 7 is also absent

from the map as this was a site sampled for inbeates that were not used in the

final thesis.
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Table 7-2: The locations of sites and the corredpw samples taken

Site | Sample Description SiteSample Description

1| DV1/CO/1 | Cotoneaster Planf 1®DVS18/LS/8| Lateral Soil

2 | DVS2/VS/1 | Vertical Sall 19 DVS19/LS/9| Lateral Sall
DVS2/VS/2 | Vertical Soil DV19/HI/1 | Deer Bones
DVS2/VS/3 | Vertical Soil DV19/HI/2 | Deer Bones
DVS2/CO/2 | Cotoneaster Soil DV19/HI/3  Deer Bene
DV2/CO/2 Cotoneaster Plang DV19/HI/4  Deer Bones

3| DVS3/CO/3 | Cotoneaster Sall DV19/HI/S  Deer Bones
DV3/CO/3 | Cotoneaster Plant DV19/HI/& Deer Bones
DVS3/PS/4 | Picea Soil DV19/HI/7| Deer Bones
DV3/PS/4 Picea Plant DV19/HI/8  Deer Bones

4 | DVS4/CO/4 | Cotoneaster Soil DV19/HI/9  Deer Bones
DV4/CO/4 Cotoneaster Plang DV19/HI/10 Deer Bone

5| DVS5/VS/4 | Vertical Sall DV19/HI/11 Deer Bones
DVS5/VS/5 | Vertical Soil DV19/HI/12 Deer Bones
DVS5/CO/5 | Cotoneaster Soil DV19/FS/l  Frog Spaw
DV5/CO/5 | Cotoneaster Plangt 2DVS20/PP/1] Pod Profile

6 | DVS6/CO/6 | Cotoneaster Soll DVS20/PRPRod Profile
DV6/CO/6 | Cotoneaster Planf 2DVS21/PS/1| Picea Soil
DV8/CO/7 | Cotoneaster Plan“ DV21/PS/l  Picea Plant
DVS/VS/6 Vertical Soil 22 DVS22/PS/2| Picea Soil

10 | DVS10/CO8| Cotoneaster Soil DV22/PS/2  Picea Plant
DV10/CO/8 | Cotoneaster Plant 2BVS23/PS/3| Picea Soll

11| DVS11/LS/1| Lateral Soll DV23/PS/3| Picea Plant

12 | DVS12/LS/2| Lateral Soll 241 DV24/PE/1 | Pellet Bone

13| DVS13/LS/3| Lateral Soil DV24/PE/2| Pellet Material

14 | DVS14/LS/4| Lateral Soil DV24/PE/3| Pellet Material

15 | DVS15/LS/5| Lateral Soil DV24/ES/1| Egg Shell

16 | DVS16/LS/6| Lateral Soil 25 DVS25/PS/5| Picea Soil

17| DVS17/LS/7| Lateral Soil DV25/PS/5| Picea Plant
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Concentration (mg/kg)

Figure 7-2: The copper concentration of soil sathpilereplicate, at various locations around Blalwskn Wood
Devon (see Tables 7-1 and 7-2 for key to samplesaam

9000

8000 1

7000+

6000

5000 1

4000 -

3000 1

2000+

1000

]

12 s
DVS11/LS/1

1
1

1 [
o s
DVS12/LS/2

R
DVS13/LS/3

12 s
DVS14/LS/4

Sites

1o
DVS15/LS/5

12
VB16/LS/6

1

DVS17/LS/7 DVS18/LS/3 DVS19
LS/9

-71 -



Concentration (mg/kg)

Figure 7-3: The lead concentration of soil sampledeplicate, at various locations around Blanatwd®/ood, Devol
(see Tables 7-1 and 7-2 for key to sample names)
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Concentration (mg/kg)

Figure 7-4: The tungsten concentration of soil dachgn replicate, at various locations around Blatown Wood
(see Tables 7-1 and 7-2 for key to sample names)
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Concentration (mg/kg)

Figure 7-5: The tin concentration of soil sampledeplicate, at various locations around Blanchd®ood, Devol
(see Tables 7-1 and 7-2 for key to sample names)
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Concentration (mg/kg)

Figure 7-6: The arsenic concentration of soil saahpin replicate, at various locations around Biaiesvn Wood

Devon (see Tables 7-1 and 7-2 for key to sampleesaam
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Concentration (mg/kg)

Figure 7-7: The concentration of copper and arsarsoil from various locations around Blanchdowondtl, Devor
(see Tables 7-1 and 7-2 for sample details)
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Concentration (mg/kg)

Figure 7-8: The concentration of lead, tungstentamuh soil from various locations around BlancixdoWood, Devol

(see Tables 7-1 and 7-2 for sample details)
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4.80

Figure 7-9: The pH values of soil sampled fromedléht sites around Blanchdown Wood, Devon,
(see Tables 7-1 and 7-2 for key to sample names)
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7.3.1.1. Statistical Analysis

The null hypothesis for the analysis was: themoisignificant difference between
the concentrations of copper, lead, tungsten, tish @senic within the replicates at
each site. Table 7-3 shows the summary of thesstati data and shows that there is a

significant difference between the concentratiandlie replicates of the sites

Table 7-3: A summary of the statistical analysisdifferences between the

concentrations of the analytesinithe sites

Site Analyte F Fcrit P-Value H
(DVS11/LS/1) | Copper 752.102 5.6136 <0.01 Reject
Lead 4097.875 5.6136 <0.01 Reject
Tungsten 45.909 5.6136 <0.01 Reject
Tin 155.220 5.6136 <0.01 Reject
Arsenic 213.880 5.6136 <0.01 Reject
(DVS12/LS/2) | Copper 5.194 5.6136 <0.01 Accept
Lead 239.840 5.6136 <0.01 Reject
Tungsten 6.624 5.6136 <0.01 Reject
Tin 36.147 5.6136 <0.01 Reject
Arsenic 53.789 5.6136 <0.01 Reject
(DVS13/LS/3) | Copper 109.020 5.7804 <0.01 Reject
Lead 322.154 5.7804 <0.01 Reject
Tungsten 38.578 5.7804 <0.01 Reject
Tin 86.244 5.7804 <0.01 Reject
Arsenic 3.355 5.7804 <0.01 Accept
(DVS14/LS/4) | Copper 62.547 5.7804 <0.01 Reject
Lead 159.665 5.7804 <0.01 Reject
Tungsten 244.455 5.7804 <0.01 Reject
Tin 11936.886 5.7804 <0.01 Reject
Arsenic 9047.600 5.7804 <0.01 Reject
(DVS15/LS/5) | Copper 220.371 8.8616 <0.01 Reject
Lead 10712.715 8.8616 <0.01 Reject
Tungsten 540.868 8.8616 <0.01 Reject
Tin 1401.208 8.8616 <0.01 Reject
Arsenic 184.264 8.8616 <0.01 Reject
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Site Analyte F Fcrit P-Value H
(DVS16/LS/6) | Copper 317.188 5.7804 <0.01 Reject
Lead 73.997 5.7804 <0.01 Reject
Tungsten 415.548 5.7804 <0.01 Reject
Tin 174.401 5.7804 <0.01 Reject
Arsenic 598.942 5.7804 <0.01 Reject
(DVS17/LS/7) | Copper 613.376 6.3589 <0.01 Reject
Lead 336.356 6.3589 <0.01 Reject
Tungsten 166.816 6.3589 <0.01 Reject
Tin 94.631 6.3589 <0.01 Reject
Arsenic 217.652 6.3589 <0.01 Reject
(DVS18/LS/8) | Copper 12.102 10.044 <0.01 Reject
Lead 122.969 10.044 <0.01 Reject
Tungsten 1.279 10.044 <0.01 Accept
Tin 1.327 10.044 <0.01 Accept
Arsenic 35.745 10.044 <0.01 Reject

Table 7-3 showed that for all but four results thdl hypothesis is rejected. The

results where the hypothesis is accepted are: Cappsite DVS12/LS/2, arsenic at
site DVS13/LS/3, and tin and tungsten at site DVBE3f6. Although the copper at
site DVS12/LS/2 was accepted at P=0.01, the nyblothesis could be rejected at
P=0.05. For the remaining accepting results (SiSIB/LS/3 — arsenic, Site

DVS18/LS/8 — tin and tungsten), they would stillregected at P=0.05.

For those results where the null hypothesis wacteg a further Tukey Test was

done. The results of which are displayed in Table 7

As only one sample was taken at DVS19/LS/9 (poridl, sleere is no statistical data.
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Table 7-4: The results of the Tukey Test for thféedences between analytes within

sites

Table 7-4a: DVS11/LS/1

Copper critical value: 382.701 Tin critical val4i8.090
2 3 2 3
1 0 5169.700 1 177.150 161.680
2 5129.600 2 338.830
Lead critical value: 15.744 Arsenic critical val@&§3.382
2 3 2 3
1 74.708 453.27( | 1261.100 5467.900
2 527.980 2 6729
Tungsten critical value: 29.310
2 3
1 0 101.620
2 92.674

Table 7-4b: DVS12/LS/2

Copper critical value: 17.164 Tin critical val4e684
2 3 2 3
1 149.670 89.31¢ | 11.703 11.245
2 60.354 2 (
Lead critical value: 3.754 Arsenic critical valu€5.393
2 3 2 3
1 0 4.803 1 331.820 413.430
2 0 2 0
Tungsten critical value: 4.213
2 3
1 0 6.139
2 0

Table 7-4c: DVS13/LS/3

Copper critical value: 89.757 Tin critical valig9.586
2 3 2 3
1 284.920 881.800 L 368.620 355.150
2 596.880 2 ¢
Lead critical value: 10.180 Arsenic critical vail8183.387
2 3 2 3
1 14.873 57.225 1 3257.200 0
2 42.353 2 0
Tungsten critical: 41.125
2 3
1 110.640 133.370
2 0
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Table 7-4: (cont)

Table 7-4d: DVS14/LS/4
Copper critical value: 385.178 Tin critical value3.860
2 3 2 3
1 0 2461.100 1 ( 727.930
2 2231.600 737.280
Lead critical value: 51.333 Arsenic critical valtB08.236
2 3 2 3
1 83.838 224.43( | 1064 14687
2 140.590 2 13628
Tungsten critical value: 27.184
2 3
1 0 195.180
2 214.690
Table 7-4e: DVS16/LS/6
Copper critical value: 909.572 Tin critical valiet.560
2 3 2 3
1 4308.900 4620.100 il 373.490 441.730
2 0 2 68.24(
Lead critical value: 21.897 Arsenic critical valll216.846
2 3 2 3
1 218.500 227.110 L 14367 18802
2 0 2 4435.10(
Tungsten critical value: 11.888
2 3
1 125.610 148.590
2 22.981
Table 7-4f: DVS17/LS/7
Copper critical value: 778.380 Tin critical valif.227
2 3 2 3
1 7183.700 6177.800 il 259.860 180.220
2 1006.000 2 79.641
Lead critical value: 24.450 Arsenic critical vald374.201
2 3 2 3
1 328.930 141.550 1  10405.000 8419.300
2 187.380 2 1985.900
Tungsten critical value: 16.852
2 3
1 117.830 70.663
2 47.170
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The results in Table 7-4 give an indication as teme the significant differences
are. The critical values are also displayed andreviae'0’ has been put in the table,
there is no significant difference between the gslu

Through statistical analysis it has been determitied there is a significant
difference between the concentration of replicatadifferent sites. With this in mind,
an analysis was performed to determine if thegesgnificant difference between the
mean concentrations of the sites. The null hypathess: there is no significant
difference between the mean concentrations of aobged, tungsten, tin and arsenic
and the sites. The results of the analysis ardajied in Table 7-5.

Table 7-5: The statistical results of the diffeefnbetween the sites

Analyte F P-Value b
Copper 11.406 2.767 <0.01 Reject
Lead 5.716 2.767 <0.01 Reject
Tungsten 23.795 2.767 <0.01 Reject
Tin 34.998 2.767 <0.01 Reject
Arsenic 22.943 2.767 <0.01 Reject

Since the results of the analysis shows that tipetesis was rejected for each of
the analytes, there is a significant differenceMeen the concentrations of the metals
and the sites. A Tukey Test was then performedeterthine where the differences

were and are displayed in Table 7-6.
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Table 7-6: The results of the Tukey Test for tHéedénces between sites

Table 7-6a: Copper critical value: 2384.58

2 3 4 5 6 7 8 g
1| 2853.14 0 0 @ ( D 3490.57 0
2 0 0 0 3134.8 3110.93 6343.71 0
3 0 0 0 0 4669.19 D
4 0 0 0 4800.64 D
5 0 0 4397.77 D
6 0 3208.91 D
7 3232.7¢ D
8 5161.40
Table 7-6b: Lead critical value: 137.425

2 3 4 5 6 7 8 g
1 261.84 0 0 120.64 168.13 0 159.60 0
2 130.08 165.14 141.19 0 189.7 0 175,16
3 0 0 0 0 0 a
4 0 0 0 0 q
5 0 0 0 0
6 0 0 0
7 0 0
8 0
Table 7-6¢: Tungsten critical value: 70.523

2 3 4 5 6 7 8 g
1 211.44 0 0 185.20 157.99 165.44 199,44 151.32
2 176.70 141.27 D D o) 0 0
3 0 150.46 123.2b 130.70 164.70 116,58
4 115.03 87.82 95.27 129.27 8114
5 0 0 0 0
6 0 0 0
7 0 0
8 0
Table 7-6d: Tin critical value: 216.616

2 3 4 5 6 7 8 g
1 808.24 295.6 305.4p 737.39 601,13 702.31 8211.7481.98
2 512.64 502.79 D D 0] 0 0
3 0 441.79 305.58 406.72 526.15 386.38
4 431.94 295.6Y 396.86 516.p9 376,52
5 0 0 0 (0
6 0 220.61 0
7 0 0
8 0
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Table 7-6e: Arsenic critical value: 5427.778

2 3 4 5 6 7 8 9
1| 13151.28 0 Q 10778.82 0 86781 14074.32 0
2 12521.3 10354.8 D 8525.]12 0 0 1367/1.7
3 0| 10148.8¢ (0 8048.14 1344437 0
4 7982.313 0 5881.59 11277.82 0
5 6152.66 ( D 11299/2
6 0 9448.17 D
7 0 9198.48
8 14594.7

The results of the Tukey Test indicate that theveailarge variation in the

concentrations of the metals between the sites gimws that there is a mosaic effect

of the metals (see section 7.4 for discussion).
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7.3.2. Vertical Dispersal

During the sampling procedure at Blanchdown Woodnhuaber of vertical
samples were taken at varying distances from thi sps. It was not possible to take
more samples as there was a layer of rock undesutiace of the soil. It is likely that
these are large extracted rock from the mines. Sdraples that were taken were
situated at sites 2, 5 and 9 (See Figure 7-1).

Figures 7-10 to 7-12 show the results of the amalps copper, lead, tin, tungsten
and arsenic. They show that there is a differemteden the vertical samples and the
sites.

There appears to be no correlation between thamistfrom the surface and the
concentration of copper (Figure 7-10). The second third samples, taken at
DVS2/VS/3, show similarities to one another as thgw that the concentration of
copper decreased, at the second vertical sectiah tlen increased with the third
section. The pH values in Figure 7-13 also showsmdar pattern in the way that the
values decrease and then increase. All three samjglee taken at similar depths from
the surface. For DVS5/VS/4, two vertical sectioresevtaken, and these show that for
copper there appears to be a significant differemdbe values between the sites and
between the vertical sections.

Figure 7-11 shows that for all but one of the samplken, the concentrations of
lead were similar for each of the vertical sectionghe samples. DVS5/VS4 showed a
large difference in lead concentration betweenltham and 21cm sections (93.238 to
197.003mg/kg respectively). The remaining sitesagtblittle or no difference in lead
concentration between the sections. The resultstdogsten show that for site
DVS2/VS/3 the concentration decreased from 62.60839.290mg/kg. Samples
DVS2/VS/1 and DVS2/VS/2 show that the concentratiameased slightly but at the
final section (38cm) had similar concentrationgtes second sections (26 and 23cm
respectively). For the remaining samples, the cotnaBon of tungsten decreased as
the distance from the surface increased. The 8nlte also shown in Figure 7-11,
showed that for samples DVS2/VS/1, DVS2/VS/3, DW&Hb and DVS9/VS/6 there
was an increase in tin concentration as the distdnam the surface increased.
DVS5/VS/4 results show that the concentration ofdramatically decreased with
increasing distance from the surface (327.110 td3img/kg), and these were
mirrored by the results for lead, tungsten and eopphese results correspond to the

highest values of pH shown in Figure 7-13, possibhtricting the movement of the
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ions through the soil at a pH of over 4. The rsstdr DVS9/VS/6 are interesting as
these samples contained the highest concentrafidm,obut also the lowest pH.
Arsenic concentrations are shown in Figure 7-12, simow that for DVS2/VS/1 and
DVS2/VS/2 there was an increase and then a decredlse concentration of arsenic.
For samples DVS2/VS/2 and DVS9/VS/6 there was aredse in arsenic
concentration. As with tin, the concentration ofsemic is highest in sample
DVS9/VS/6, where the pH of the soil was lowests tbould be due to the lower pH
increasing the flow of the tin and arsenic throtigi soil.
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Concentration (mg/kg)

Figure 7-10: The copper concentration in vertieat®ns of soil from various locations around Blashawn Wood
Devon (see Tables 7-1 and 7-2 for sample details)
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Concentration (mg/kg)

Figure 7-11: The concentrations of lead, tungstehten in vertical sections of soil from variougédions aroun
Blanchdown Wood, Devon (see TaBldsand 7-2 for sample details)
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Concentration (mg/kg)

Figure 7-12: The arsenic concentration in verteaitions of soil from various locations around Bletown Wood
Devon (see Tables 7-1 and 7-2 for sample details)
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Figure 7-13: The pH values of soil in vertical ses$ from various locations around Blanchdown Wddeyon (se:
Tables 7-1 and 7-2 for sample details)
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7.3.2.1. Statistical Analysis

The null hypothesis for the analysis is: thereassignificant difference between
the concentrations of copper, lead, tungsten,nthasenic in vertical sections of soll
profiles.

Table 7-7: The statistical results of differencesa®en the vertical sections for the

tested analytes

Site Analyte F F crit P-Value H
DVS2/VS/1 Copper 13.313 5.6136) <0.01 Reject
Lead 5.394 5.6136| <0.01 Accept
Tungsten 6.212 5.613§ <0.01 Reject
Tin 5.717 5.6136 | <0.01 Reject
Arsenic 6.492 5.6136| <0.01 Reject
DVS2/VS/2 Copper 1.106 5.6136] <0.01 Accept
Lead 0.222 5.6136| <0.01 Accept
Tungsten 0.294 5.6136 <0.01 Accept
Tin 1.725 5.6136 | <0.01 Accept
Arsenic 0.244 5.6136| <0.01 Accept
DVS2/VS/3 Copper 1.438 6.0129] <0.01 Accept
Lead 3.620 6.0129| <0.01 Accept
Tungsten 0.563 6.0129 <0.01 Accept
Tin 1.964 6.0129 | <0.01 Accept
Arsenic 16.920 6.0129] <0.01 Reject
DVS5/VS/4 Copper 87.296 10.044 <0.01 Reject
Lead 33.773 8.8616| <0.01 Reject
Tungsten 1.229 8.8616 <0.01 Accept
Tin 36.820 8.8616| <0.01 Reject
Arsenic 46.440 8.8616| <0.01 Reject
DVS5/VS/5 Copper 6.255 8.8616| <0.01 Accept
Lead 0.016 8.8616| <0.01 Accept
Tungsten 1.968 8.8616 <0.01 Accept
Tin 2.812 8.8616 | <0.01 Accept
Arsenic 10.726 8.8616| <0.01 Reject
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Table 7-7: (cont)

DVS9/VS/6 Copper 1.636 8.8616/ <0.01 Accept
Lead 1.640 8.8616( <0.01 Accept
Tungsten 1.991 8.861q <0.01 Accept
Tin 0.207 8.8616 | <0.01 Accept
Arsenic 3.471 8.8616( <0.01 Accept

For the results where the null hypothesis was teje€Table 7-7), a Tukey Test
was done to determine where the differences weresites DVS5/VS/4, DVS5VS/5
and DVS9VS/6, only two samples were taken, theestanere the null hypothesis is
rejected there is a significant difference betwéle® two sections in the vertical
profile. The results for the Tukey Test are showiTable 7-8. Where a 0 has been
entered in the table, there was no significaned#iice between the samples.

Table 7-8: The Tukey Test results for the diffeenbetween vertical sections

Table 7-8a:
DVS2/VS/1
Copper critical value: 572.27 Tungsten criticalueal24.77
2 3 2 3
1 609.441 0 1 31.1926 29.3085
2 1136.727 2 0
Tin critical value: 88.381 Arsenic critical valug158.218
2 3 2 3
1 0 0 1| 4189.43 0
2 116.4735 2 5817.949
Table 7-8b:
DVS2/VS/3
Arsenic critical value: 3170.922
2 3
1|0 5689.77
2 6702.76

As with the dispersal results, there is little etation between the concentrations
of the metals and the site. The mosaic effect seernscur through the profile of the
soil. However the pH may play an additional rolel #merefore restrict or enhance the

movement of the metals through the profile.
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7.3.3. Pod Profiles

The samples of pod profiles were taken in the sarea, approximately 3m apart.
Both samples contained vegetation on the surfack these were separated and
analysed. For DVS20/PP/1 (which was closest tesfiwal tip), the surface vegetation
contained moss spp arkestuca sppbut DVS20/PP/2 only contained moss spp.
Because both samples contained vegetations, #tddyer (DVS20/PP/1) and the first
two layers (DVS20/PP/2) were excluded from theigtiatl analysis as they contained
both vegetation and soil material. It was not dassio completely remove all the soll
from the plants roots and therefore the concepimatare the total for that layer.

The site was visited on a number of occasions,itawds found that the area was
prone to flooding after heavy rain. On one vigityas found that the area was flooded
to a depth of approximately 3-5cm. This would swjgihat the area becomes
waterlogged and takes time for water to be absatfiredigh the soil.

Figures 7-14 and 7-15 show that there is a diffe#dn the concentrations of the
metals within both samples and that there is atian between the samples. It can be
seen that the concentration of arsenic is highan tinat of all the other metals, in
some cases reaching over 15000mg/kg. The resultBV¥&20/PP/1 show that for
copper and arsenic, the values increased with depdithen decreased, where as the
lead and tungsten remained at similar concentrafioneach layer, however it should
be noted that the statistical analysis indicates there was a significant difference
between the layers. The tin results for DVS20/PiRdicate that the concentration
increased through the pod profile.

All the metals analysed for in DVS20/PP/2 showelkerease in the concentration
with increasing distance from the surface. The figm contained plant material and
was therefore excluded.

The pH of the soil (See Figure 7-16) shows thatetie little variation between the
layers of soil, however there was a significanteslédnce between the two pod soils.

Although the results for the two pods differedcd@n be seen that they had the

same order of concentrations for the metals wighhilghest concentration first:

= DVS20/PP/1: As>Cu>Sn>Pb>W
= DVS20/PP/2: As>Cu>Sn>Pb>W
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Figure 7-14: The concentrations of copper, leadgs$ten and tin in different sections of a soil
(see Tables 7-1 and 7-2 for sample details)
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Figure 7-15: The concentration of arsenic in défgrsections of a soil pt
(see Tables 7-1 and 7-2 for sample details)
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7.3.3.1. Statistical Analysis

The null hypothesis is: there is no significantfeliénce between the vertical

sections of the pod sample. The layers that coatlaplant material and soil were not

included in the analysis as whether the ions weuvad in the plant or the soil could
be determined.

Table 7-9: The statistical results for differenbesween the pod samples

Analyte F F crit P-Value K
DVS20/PP/1 | Copper 256.064 5.7804 <0.01 Reject
Lead 50.547 5.7804 <0.01 Reject
Tungsten 4.834 5.7804 <0.01 Accept
Tin 21.338 5.7804 <0.01 Reject
Arsenic 8.185 5.7804 <0.01 Reject
DVS20/PP/2 | Copper 6.471 5.6136 <0.01 Reject
Lead 13.108 5.6136 <0.01 Reject
Tungsten 18.777 5.6136 <0.01 Reject
Tin 131.441 5.6136 <0.01 Reject
Arsenic 93.219 5.6136 <0.01 Reject

Table 7-9 shows the results from the statisticalyais, and it concludes that there
is a significant difference between the concerdratiof the ions depending on the
distance from the surface. To determine where iffierences were, a Tukey Test was
done. The results of which are shown in Table 7-10.

For DVS20/PP/1, the tungsten null hypothesis wasted at P<0.01, however if
using P<0.05, the hypothesis would be rejectectatutig that there was a significant
difference between the layers concentration ofdtergat this level of probability
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Table 7-10: The Tukey Test results for differenisesveen the pod samples

Table 7-10a:
DVS20/PP/1
Copper critical value: 84.434 Tin critical valud7.291
2 3 2 3
1 484.26| 259.291% L 153.231 276.331
2 743.5512 2 123.1
Lead critical value: 7.639 Arsenic critical vali&:19.081
2 3 2 3
1 22.0022 29.0931 il 2707.02 176113
2 0 2 0
Table 7-10b:
DVS20/PP/2
Copper critical value: 1965.438 Tin critical val9¥.551
2 3 2 3
1 0| 2245.157 1 377.4895 603.90p2
2 2618.345 2 226.4158
Lead critical value: 100.392 Arsenic critical val24.38.115
2 3 2 3
1 0| 198.4369 1 6741.769 11647.94
2 146.9025 2 4906.174
Tungsten critical value: 64.436
2 3
1| 75.05975 158.1274
2 83.06763
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7.4. Discussion

The dispersal of metals in the environment occhrsugh various pathways,
including atmospheric deposition and leaching. &tmospheric deposition can occur
through washout of pollutants that have been ediftem a point source, or from
erosion caused by the weathering of contaminatet@riah Blanchdown Wood is a
site where the mining and smelting operations akasgeral decades ago. Therefore
the deposition of pollutants from a point sourcaadonger an issue. But however the
volume of pollution produced by the smelting stdaking its activity would introduce
contaminants over a large area. Although the aseaoi longer subjected to the
constant pollutants from the smelting stack, theaas still subjected to contaminants
from the spoil tips that remain. Figure 7-16 shanshotograph of Blanchdown Wood
taken from approximately 1.5km away.

Figure 7-16: A photograph of Blanchdown Wood fromlistance

It can be seen that Blanchdown Wood is situated small valley; the mound in
the centre consists of tailings from the smeltitagk. The smelting stack can also be
seen in the distance. The photograph shows the theeamining activities have
covered, although most of the area has been plamitidpine trees. Although the
volume of waste is evident, this is probably onlpraall percentage of what was
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produced. The waste would have been depositedrimetent places, and over the
years these have been overgrown and are no lomgblevadditional sites may have
been used. Even though the waste materials arengei visible, it is probable that
they are having an affect on the environment. Whbe=waste is exposed to the
elements, particles are transported by the weathkee deposited elsewhere. Because
of the plantation that has occurred, this has haidd effects on the environment out
of the boundaries of the wood. The trees have geavia small barrier preventing
further areas from being contaminated, although i&inot a conclusive solution, as
depending on the weather the particles can séltiiinsported.

Once in the soil, the contaminants are unable tddstroyed and are either taken
up into plants or are leached further into the mmrent. The transfer into the

environment occurs either through lateral or vaftdispersal:

= Lateral dispersal - occurs through the transfethef contaminants through a
lateral plane. This can then contaminate increasiegs.
= Vertical dispersal - arises when the contaminaiitssg vertically through the

soil, and eventually reaching increasing depthspassibly the water table.

Vertical dispersal causes concern as the water themwater table can become
contaminated and if ingested by animals (includmgnans) or used for providing
water for crops, can introduce the contaminanisctly into the food chain.

The results from the lateral dispersal analysiswstibat there is very little
correlation in the concentration between the sildwere is also a large variability
between the sites. The variation of the concewtnatof metals, whether between sites
or within, has a number of factors that need tadresidered. The physical, chemical
and biological properties are important as thesededgermine if the contaminants are
mobile or immobile and therefore if they are abdepass through the terrestrial
environment.

Soil permeability (a physical property) allows fitlve diffusion of liquid to pass
through the soil, and this is dependent on theesphetween the soil particles. Soils
with large spaces between soil particles have ha tirginage capability and therefore
water is diffused quickly through the soil, e.gndg soils. An increase in the soil
permeability can be achieved through the presemogooms and plants, as these

produce channels that can encourage the downwavdment of water.
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The chemical properties of the soil can either erage or restrict the movement
of the contaminant and these include the pH ancdserption capabilities of the soil.
Adsorption is the method of contaminants becomiagnid to soil particles. In turn
the adsorption capability of the contaminant cao gredict the bioavailability of the
contaminants and therefore whether it is a hazapdant and animal life.

The large number of factors affecting the dispecdatontaminants through the
soil indicates that a mosaic effect is produce@nBhdown Wood consists of a large
variation of soil throughout the site, whether thaiation is brought about by the
natural properties of the soil or via induced chmahichanges from the mining
activities. Chemical changes can arise through dbebination of a number of
contaminants present in increased concentratidetirad the properties of the soil.
This can lead to an increase or decrease in thditpalh the contaminants.

Although a number of research papers (FakayodeCamdnwa, 2002; Pichtedt
al, 2000; Clarket al, 2001; Pyattet al, 2000) have examined the metal contents of
soils from different sites, it is difficult to corape the results as there are a number of
properties of the soils mentioned previously thaild affect the concentration of the
metals. Because of the variations that can arreitfin the soil properties, it should be
assumed that there would also be a variation inbileaviour of the metal ions,
although generalisations can be made. Additionallgynergistic or additional effect
could be created by the presence of different iangther occurring naturally in the
soil or as a contaminant.

The results showing the vertical changes in thecgmicentration show that there
Is a difference in the concentrations, but thisisomosaic like. There are a number of
factors that could be controlling the flow of thens vertically through the soil,
including the pH and volume of organic matter. Veetical profiles showed that there
was a large variation of pH values ranging from #®.3.6. The pH of the soil can
affect the mobility of different elements in diféart ways. For example a decrease in
the pH can increase the mobility of lead and ziKor{e et al 1976). The vertical
profile results show that there is a large conegiutn of all the metals found at the
different depths through the soil. However, it cant be conclusively said that a flow
of ions has occurred as the soil material was riladyy mixed with tailings. The soll
texture was sandy, indicating that there would degh permeability, therefore the
ions are more likely to have adsorbed to the saertddhe particles. However, it must

be assumed that only a certain number of metal ¢amsbe adsorbed to the surface
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and a possible affect of this is that the ions miovther down the profile until it has
become bonded to the next available particle. Algio the soil has a high
permeability, there is still a high concentratioheach of the analytes in the soil,
indicating that there is either a continual depositof contaminants or that the
contaminants were in much higher concentrations ttie flow of the analytes have
occurred, but the volume of ions has restricted@ite and are unable to move through
the profile. It should also be considered thatphkieof the sampled soil is considered
to be low and could therefore restrict the movenoénihe ions through the profile.

Since their initial deposition, high concentraticare still present and it could be
assumed that these values should have decreaggficamgly. However estimates
have been made to suggest the movement rate afrcenetals (Maskakt al, 1995;
Sterckermanet al 2000), but this can be slightly unreliable asessl the soil
conditions are equal to those of the experimehtsrates could be quicker or slower.
Additionally, these calculated values do not ineluthe possible increase in the
analyte concentration due to increased deposition.

The pod profiles were of different material comphte the vertical profiles, as it
could be seen from the texture that there was laehigolume of organic material in
the soil. However as mentioned previously, the avbare the samples were taken
was prone to flooding, indicating that the soil lmtbw permeability, either through
compaction or by the underlying clay content. Towe permeability would restrict the
movement of the metal ions. However from the restliere is a clear change in the
concentrations of the metals through the soil. s g0il is not composed of tailing
material, it is likely that the contaminants hawesb deposited from the atmosphere or
from leaching from the main spoil tip situated elds the sample site. During heavy
rain contaminants in the spoil tip could be dissedlinto the rainwater and washed out
onto the sample site. The presence of the planémahton the surface of the pod
samples could slow down the movement of the atmergplleposited contaminants,
by acting as a covering

As with the vertical dispersal samples, the conteamis could be adhered to the
surface of the solil particles, and therefore, éffety, locking away the contaminants.
It is proposed that the concentration of the metadald have decreased further from
the surface of the soil. Essentially only the tolpsas examined and therefore further

studies of the soil beneath this layer could predower concentrations.
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Chapter 8: Accumulation of metals in plants

8.1. Plants as accumulators

The problem of metals in the terrestrial envireminhas been well documented
and as discussed in Chapter 4, the use of plahtgafemediation) has proven to be
successful in the treatment of metals. Phytorentiedianvolves the identification of
plants tolerant to metal concentrations in the, il their consequential uptake into
the plant tissues. The plants can then be harvestddthe metals can be removed
from the area and disposed of in a controlled matine reducing the concentration
of the metal in the soil. However there are prolséhat arise from this solution; it is
difficult to determine which plants are capabledoing this and it is unknown as to
how successful the plants can be. The use of piarisong term solution and is time
consuming and therefore the results may take maaysyto have a significant affect
on the environment. Phytoremediation can be divioked many types (Terry and
Banuelos, 2000):

» Phytoextraction (hyperaccumulator) — The use ofnfglato extract
contaminants from the environment. When the plhate reached a saturation
point, the plants are harvested and removed frensitie.

» Phytodegradation — The use of plants to degradanargoollutants through
their metabolic processes

» Rhizofiltration — The use of plant roots to absodmtaminants from soil and
ground water, similar to phytoextraction.

» Phytostabilisation — The use of soils and plantsetiuce the bioavailabilty of
contaminants and therefore restrict or prevent atiign of contaminants

= Phytovolatilisation — The use of plants to volatsentaminants (solvents)

from soil or water

A number of research studies have been performedrifirm that members of the
brassicae family are extremely successful hyperaatators (Zhuet al, 2003;
Yanqunet al 2004), but many species found wild have been dotantolerate the
toxic metals and could therefore be used as phytedetion (Pratast al, 2004). In

nature, the use of wild plants as accumulators lEwember of concerns as in the
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food chains they provide sustenance for wildlifes tcan lead to the transfer through
the food chains and a possible biomagnificatiotheftoxic metals.

During numerous visits to Blanchdown Wood and Sm@th a number of plants
were noted to be growing in areas where it was idensd as inhospitable. These
plants were identified and sampled. The plants wdentified as Cotoneaster
microphyllus Picea sitchensis(Blanchdown Wood, Devon, UK) an¥iburnum
opulus (Snailbeach, Shropshire, UK). An additional samgleunknown fungi was
also collected at Snailbeach. Of the plants onlg th opulus was planted
intentionally, and the reasoning behind this wassgay that the plants would be able

to reach a height to prevent dust from the sppib&ing transported further.

8.1.1. Aims and Obijectives

The aims and objectives of this section of the studs to determine if any of the
mentioned plants (and fungi) accumulate the métats the environment and if so do
they show any indication of partitioning. All thepéants provide sustenance to a
number of birds and animals and therefore the cointion of the foodstuffs at this

level could introduce the contaminants into foodwe
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8.2.Cotoneaster microphyllus

There are a number of species within the gegbo®neasterwith a number of
species being created by horticulturists.

On the site of Blanchdown Wood, a number of wildtoneaster microphyllus
shrubs have been found to be growing successfully liktle indication of harm from
the toxic metals in the terrestrial environmente ™hrub is known for its ability to
grow in varied environments, and as such has nimitteé environment in which it
prefers. The plant exhibits enhanced levels ofémlee for soil condition especially in
well drained, and can grow in areas of either luiglow nutrients. The plant can grow
flat on the ground or as a small shrub (Lang, 1987)

It is reported to be slow growing and provides fdoda number of animals and
birds. Flowering occurs during May and June anddlttben develop into berries that
can remain throughout the winter. Figures 8-1 arlshow the leaves, flowers and

fruit of C. microphyllus.

Figure 8-1: Photograph &. microphylludeaves and flowers (Wikepedia, 2006)
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Figure 8-2: A photograph @&. microphylludeaves and fruit (Wikepedia, 2006)

The plant is of some interest as it appears toxpeeraely tolerant. The site at
Blanchdown Wood is highly contaminated by the remsaof mining and smelting
activities over the last century (See Chapter @eré is a possibility that the plant
could accumulate the contaminants, and thereforddcbave uses as a hyper
accumulator. There is also the possibility that ghlant cannot accumulate the
contaminants and must therefore have some kind @thanism to prevent the

contaminants entering the plant.
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Figure 8-3:C. microphylluggrowing amongst other vegetatiahBlanchdown Wood,

Devon

Figure 8-4:C. microphylluggrowing around building remains at Blanchdown Wood,
Devon
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8.2.1. Experimental procedure

At 6 different sites, at various distances, arotiv@spoil tip, theC. microphyllus
were sampled and the sampling sites were recorsied a GPS. To sample the plant
material, a pair of secateurs was used to cut @lsametween sampling the secateurs
were cleaned to prevent any cross contamination. SEttion that was cut contained
stem, leaves, flower buds and berries; where plesib roots were extracted but this
was not possible for all samples. The samples st@red in individual sealed bags. A
control sample was obtained from an area with rewknmetal pollution. Upon return

to the laboratory, the plant material was prepadiscussed in Chapter 5.
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8.2.2. Results

During the analysis of samples from Blanchdown Wawdenic, copper, tungsten,
tin and lead were identified as being present ighhtoncentrations in the soil;
therefore these were the elements that were lofikad theC. microphyllussamples.
Figures 8-5, 8-6 and 8-7 show the concentrationead, tungsten, tin (Figure 8-5),
copper (Figure 8-6) and arsenic (Figure 8-7) ingbi€where the plant was found, and
it should be noted that copper and arsenic welggh concentrations (arsenic up to
20,000mg/kg and copper up to 2000mg/kg). It cao bhésseen that the concentrations
were high for the remaining analytes, but all wess than 200mg/kg. It should also
be noted that one site had a reduced concentrafidtine analytes compared to the
other sites. This was DV6/CO/6, and using the malpigure 7-1 it can be seen that it
Is located behind the chimney stack, where the erewarly completely sheltered.
Not all the sites have a soil sample; DV1/CO/1 &uB/CO/7 were in areas where
the soil could not be accessed due to unsafe conslit

The results obtained from the analysis showeddhbt copper and tungsten was
present in parts of thé. microphyllusand is shown in Figure 8-8 with corresponding
95% confidence intervals. The control sample (DMQ/O showed small amounts of
copper in all parts of the plant material. But e t{C. microphyllussampled at
Blanchdown Wood, the copper results were more davigth some parts of the plant
showing little or no accumulation of copper. It da@m seen that where tungsten was
found, copper was also present. All the stem sasnpbdlected were found to only
contain copper.

When comparing the concentrations of tungsten énsthil and in plant material,
there appears to be only a slightly higher conegioin in the soil compared to plant
material. Sites DV3/CO/3 and DV4/CO/4 were foundhtthhere was a higher
concentration of tungsten in the soil compared \lih leaves (29.342mg/kg in soll
and 12.233mg/kg in leaves; 91.874mg/kg in soil a@id021mg/kg in leaves,
respectively). Sites DV2/CO/2 and DV6/CO/6 contditegher concentrations in the
leaves than the soil (14.149mg/kg in soil and 18md/kg in leaves; 0.0mg/kg in soil
and 10.120mg/kg in leaves, respectively)

Figure 8-8 also shows that the highest concentragfocopper was found in the
stem of DV4/CO/4 (118.552mg/kg). The soil also eomed the highest concentration
of copper (10526.770mg/kg), when compared to othemicrophyllussoil samples.

The leaves also contained one of the highest ctratems of copper, as did leaves
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from DV2/CO/2 and DV3/CO/3. These two sites wereated close to the remains of
buildings, and were in areas that were exposed.edewDV4/CO/4 was found in a
wooded area on the eastern side of the large moamtdining tailings.

Because of the high concentrations, the resultthiroots are displayed in Figure
8-9 and 8-10. It can be seen that copper, arséigare 8-9) tin and lead (Figure 8-
10) were found in the roots, but tungsten was eptesented. However, not all the

sites had root samples, as some of the roots waceessible.
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Concentration (mg/kg)

Figure 8-5: The concentrations of lead, tungstehtamin soil at sites witlC. microphyllus
(see Tables 7-1 and 7-2 for key to sample names)
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Concentration (mg/kg)

Figure 8-6: The concentration of copper in sosiggs withC. microphyllus
(see Tables 7-1 and 7-2 for key to sample names)
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Figure 8-7: The concentration of arsenic in sositgs withC. microphyllus
(see Tables 7-1 and 7-2 for key to sample names)
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Concentration (mg/kg)

Figure 8-8: The concentrations of copper and tamgst various parts d@. microphyllus
(see Tables 7-1 and 7-2 for key to sample names)
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Figure 8-9: The concentration of copper and argamoots ofC. microphyllus
(see Tables 7-1 and 7-2 for key to sample names)
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Concentration (mg/kg)

Figure 8-10: The concentration of lead and tiroiots ofC. microphyllus,sampled at Blanchdown Wood, Devon, UK

(see Tables 7-1 and 7-2 for key to sample names)
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8.2.2.1. Statistic analysis

The null hypothesis is: there is no significantfeténce between the samples

tested. A summary of the statistical results ipldiged in Table 7-10.

Table 8-1: The statistical results for the diffares between plant and soil samples

Material Analyte F P-Value H
Soil Copper 625.62f7 <0.01 Reject
Lead 59.44¢s; <0.01 Reject
Tungsten 67.7667 <0.01 Reject
Tin 2.00%s; 0.08 Accept
Arsenic 513.098s; <0.01 Reject
Stem Copper 40.5%% <0.01 Reject
Seeds Copper 1.440s 0.31 Accept
Tungsten 0.30% 0.91 Accept
Arsenic 1.22¢; 0.39 Accept
Roots Copper 7.1%; 0.01 Reject
Tungsten 1.455 0.31 Accept
Lead 141, 0.32 Accept
Tin 1.459, 0.31 Accept
Arsenic 3.239, 0.08 Accept

The table gives the F value and the correspondiuglie. The critical p-value is
0.05, and results greater than this indicatesth&e is a chance that the hypothesis is
correct and is therefore accepted (there is nafgignt difference between the sample
means).

Where the null hypothesis was rejected, a furtksrwas done to determine where
the differences were. The Tukey Test gives a raadltating where the differences
are. Each of the individual mean is compared ansc@e is given (Significant
difference = 1, No significant difference = 0). T@l#-10 shows the summary of the
results indicating where the differences were fouBdcause there were uneven

numbers of replicates, the critical value was aeteed using a modified equation:

Tj=g *V withinvariance* _#1............ (5)
2 . nn
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Table 8-2: The Tukey Test results for the diffeenbetween plant and soil samples

Table 8-2a: The concentration of lead in soil sa&spl

DVS3/CO/3| DVS4/CO/4 DVS5/CO/5 DVS6/CO/6 DVS10/CQ/8
DVS2/CO/2 | 1 0 1 0 0
DVS3/CO/3 1 1 0 0
DVS4/CO/4 1 0 0
DVS5/CO/5 1 1
DVS6/CO/6 0
Table 8-2b: The concentration of arsenic in samgies

DVS3/CO/3| DVS4/CO/4 DVS5/CO/5 DVS6/CO/6 DVS10/CQ/8
DVS2/CO/2 1 1 1 1 1
DVS3/CO/3 1 1 1 1
DVS4/CO/4 1 1 1
DVS5/CO/5 1 1
DVS6/CO/6 1
Table 8-2c: The concentration of copper in soil gas

DVS3/CO/3| DVS4/CO/4 DVS5/CO/5 DVS6/CO/6 DVS10/CQ/8
DVS2/CO/2 1 1 0 1 0
DVS3/CO/3 1 1 1 0
DVS4/CO/4 0 1 1
DVS5/CO/5 1 1
DVS6/CO/6 1
Table 8-2d: The concentration of tungsten in saihgles

DVS3/CO/3| DVS4/CO/4 DVS5/CO/5 DVS6/CO/6 DVS10/CQ/8
DVS2/CO/2 0 1 0 0 0
DVS3/CO/3 1 0 1 0
DVS4/CO/4 1 1 1
DVS5/CO/5 1 0
DVS6/CO/6 1
Table 8-2e: The concentration of copper in stenpéasn

DV2/COJ/2 DV3/CO/3 DVv4/CO/4 DV5/CO/5 DV6/CO/6 DV8/CO/7
DV1/CO/1 0 0 1 0 0 0
DV2/CO/2 0 1 0 0 0
DV3/CO/3 1 0 0 0
DV4/CO/4 1 1 1
DV5/CO/5 0 0
DV6/CO/6 0
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Table 8-2: Cont
Table 8-2f: The concentration of copper in rootagies

DV3/CO/3 | DV4/CO/4 DV6/CO/6 DV10/CO/8
DV2/CO/2 0 0 0 0
DV3/CO/3 1 0 0
DV4/CO/4 0 0
DV6/CO/6 0
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8.3. Picea sitchensis

At Blanchdown Wood a number of different speciestreies were identified.
These includedPinus sylvestrigScots Pine)Picea abiegNorway spruce) aneicea
sitchensis(Sitka Spruce). The coniferous trees are belieiedave been planted
around the site over the last 50 years after minuogks stopped (Snellgrove, M:
personal communication). On visiting the site a hamof young (less than 5 years
old) P. sitchensisvere found and were sampled whole to determinedvizg metals
had been accumulated and if so in which partseptant the metals were found.

The P. sitchensidrees are large coniferous tree that can growetarden 50 and
70m tall, it is a member of tHéinaceaefamily and is related to the pine species. It is
the largest of the Spruce trees and is native irthiNAmerica and is known for its
rapid growth and therefore age can not be detedninyethe size of the tree alone.
Because of its rapid growth, tife sitchensiss capable of growing in a wide range of
environments such as nutrient deficient soils ardosed areas and therefore is
widely planted around the world especially in aredeere other species of trees are
incapable of growth (White and More, 2003).

The tree has various uses in forestry for timbed Bnwidely used in musical

instrument manufacture (Hora, 1981).

Figure 8-11: A photograph of a matireea sitchensi§Wikepedia, 2006)
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8.3.1. Experimental Procedure

Five young (estimated less than 5 years #&ldsitchensidrees were located at
various locations around Blanchdown Wood. The tree® extracted whole from the
soil and were placed in large bags to prevent amyamination. Where possible, as
much of the soil was removed from around the raois was stored separately from
the plant material. Upon return to the laboratog, plant material was separated and

was prepared as discussed in Chapter 5.
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8.3.2. Results

Figures 8-12 and 8-13 show the concentrationsaaf, lén, tungsten (Figure 8-12),
copper and arsenic (Figure 8-13) in soil wheresitchensitrees were sampled. It can
be seen that the concentrations of copper and iarsee extremely high with
maximum values of 2244mg/kg for copper at DVS211P8hd 25492mg/kg for
arsenic at DVS22/PS/2. Lead, tin and tungsten ladgbhigh concentrations but these
did not exceed 765mg/kg. Notable results are tlodE®v/S22/PS/2 and DVS25/PS/5,
where the values of lead, tin and tungsten exdsesktof the other sites.

Like theC. microphyllusonly copper and tungsten were present in thet jplarts.
From Figure 8-14 it can be seen that sites DV2W/PBV22/PS/2 and DV23/PS/3
have the highest concentrations of both coppertandsten. When comparing the
results with the location map (Figure 7-1) it candeen that these three sites are west,
East and South of the small mound. It was found tthese sites were exposed to the
spoil from the small mound tip, and were in finetjgée form.

When comparing the concentration of copper and siemgin the upper plant
portions to the roots, it can be seen that theres wa increase in the root
concentration. These were plotted on separate graphlustrate the significance of
this. Root concentrations of copper ranged from7&@3g/kg at DV3/PS/4 to
688.38mg/kg at DV25/PS/5. The tungsten concentratimnged from Omg/kg at
DV21/PS/1 to 42.94mg/kg DV25/PS/5
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Concentration (mg/kg)

Figure 8-12: The concentration of lead, tin andyaien in soil at sites wheRe sitchensisvas sampled
(see Tables 7-1 and 7-2 for key to sample names)
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Figure 8-13: The concentration of copper and acsarsoil at sites wher®. sitchensisvas sampled
(see Tables 7-1 and 7-2 for key to sample names)

30000

25000

20000

T O
15000 Copper
O Arsenic

Concentration (mg/kg)

10000- T

5000

— ] ] )

DVS21/PS/1 DVS22/PS/2 DVS23/PS/3 DVS3/PS/4 DVS25/PS/5
Site

- 124 -



Concentration (mg/kg)

Figure 8-14: The concentration of copper and tuemgst various parts . sitchensis
(see Tables 7-1 and 7-2 for key to sample names)
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Concentration (mg/Kg)

Figure 8-15: The concentration of copper in theisad theP. sitchensisat different sites
(see Tables 7-1 and 7-2 for key to sample names)
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Concentration (mg/Kg)

Figure 8-16: The concentration of tungsteRirsitchensisoots
(see Tables 7-1 and 7-2 for key to sample names)
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8.3.2.1. Statistical analysis

The null hypothesis was: there is no significarftedence between the samples.

The critical p-value is 0.05, and results gredtantthis indicates that there is a chance

that the hypothesis is correct and is thereforeeted (there is no significant

difference between the sample means). The summfatiieostatistical results are
displayed in Table 7-12.

Table 8-3: A summary of the statistical analysisthe differences between samples

Material Analyte F Bit P-Value H
Soil Copper 43.0835 2.584 <0.01 Reject
Tungsten 101.485¢ 2.584 <0.01 Reject
Branch Copper 36.919;, 3.837 <0.01 Reject
Tungsten 537.518, 3.837 <0.01 Reject
Needle 1yr Copper 0.753s 6.388 0.604 Accept
Tungsten 102.274 6.388 <0.01 Reject
Root Copper 2.144, 4.120 0.17 Accept
Tungsten 2.061; 4.120 0.186 Accept

The results show that there is no significant défee between concentrations of
copper and tungsten in the roots at the differées.sThere is also no significant
difference between the concentrations of coppérshyear needles between the sites.

Where the null hypothesis was rejected a Tukey Wast performed to determine
where the differences were. Each of the individuabns are compared and a score is
given (Significant difference = 1, No significantfdrence = 0). Table 7-13 shows the

summary of the results indicating where the diffiees were found.

-128 -



Table 8-4a: The concentration of copper in soil gam

Table 8-4: The Tukey Test results for the diffeenbetween samples

DVS22/PS/2| DVS23/PS/3 DVS3/PS/4  DVS25/PS|5
DVS21/PS/1 | 1 0 1 1
DVS22/PS/2 0 0
DVS23/PS/3 0 0
DVS3/PS/4 0
Table 8-4b: The concentration of copper in brarashpdes

DVS22/PS/2| DVS23/PS/3 DVS3/PS/4  DVS25/PSY5
DVS21/PS/1 | 1 0 1 1
DVS22/PS/2 0 0
DVS23/PS/3 0 0
DVS3/PS/4 0
Table 8-4c: The concentration of tungsten in saihgles

DVS22/PS/2| DVS23/PS/3 DVS3/PS/4  DVS25/PSY5
DVS21/PS/1 | O 0 1
DVS22/PS/2 0 1
DVS23/PS/3 1
DVS3/PS/4 1

Table 8-4d: The concentration of tungsten in legdies samples

DVS22/PS/2| DVS23/PS/3 DVS3/PS/4  DVS25/PS
DVS21/PS/1 | O 1 1 1
DVS22/PS/2 0 1 1
DVS23/PS/3 1 1
DVS3/PS/4 0
Table 8-4e The concentration of tungsten in brasashples

DVS22/PS/2| DVS23/PS/3 DVS3/PS/4  DVS25/PS
DVS21/PS/1 | 1 1 1 1
DVS22/PS/2 0 1 1
DVS23/PS/3 1 1
DVS3/PS/4 0

5

5
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8.4. Viburnum opulus

There are approximately 150 species of the gearibsrnum and is common
throughout the northern hemisphere with a numbeapeties reaching as far as South
America and Asia. Most of the speciesvitburnumare popular cultivation shrubs and
are common place in gardens and landscapes; timnegrow up to a height of 4m and
can be grown in a variety of soils with no partasupreferenceViburnum opulugs
more commonly known as Guelder Rose and floweiday to June producing fruit,
varying in colour from red to purple, containingiagle seed. The fruit is eaten by
birds and other wildlife and is also edible to husahen cooked (Phillips and Rix,
2002). Photographs afiburnumleaves, flowers and fruit are shown in Figures/8-1
and 8-18.

It is believed that the long shoots of Midurnumwere used for arrow shafts, and

an example of these arrow shafts were found with tBe Iceman (Dickson, 1995).

Figure 8-17: A photograph &fiburnumopulusleaves and flowers (Wikepedia, 2006)
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Figure 8-18: A Photograph diburnumopulusleaves and fruit (Wikepedia, 2006)
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8.4.1. Experimental procedure

A number ofV. opulusshrubs had been planted on the edge of the rgipliétip
at Snailbeach. Figure 8-19 shows a photographeofdtv ofV. opulus and it can be
seen that there is an incline. Parts of Wh@puluswere sampled with site 1 located at
the lower portion of the tip and site 4 at the téjgure 8-20 shows a map of the
Snailbeach with the sampling sites marked on iemgré&sing a stainless steel pair of
secateurs, branches were cut so that samplesvefsi@ad berries could be taken; the
samples were place in bags to prevent any contaimmnbetween sites. As well as
plant samples, soil samples were also taken and rgiorn to the laboratory the plant
material and soil were prepared as discussed ipt€ha.

Figure 8-19: A photograph of the sampling arearatiliBeach, Shropshire, UK
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Figure 8-20: A map of Snailbeach with designatech@ang sites © Crown
Copyright, an Ordnance Survey supplied service éBamn OS map
sheet SJ 30 SE, 1:10,000)

Oher,

Workings
{disused}

Shaft
{disused)

metres

Table 8-5 A key to the sample codes

Code | Definition
SBS Snailbeach Soil
SB Snailbeach

VO Viburnum
FU Fungi

Sample names follow the convention:
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LOCATION - SITE NUMBER / TYPE OF MATEIAL / SAMPLE NNMBER

E.g. SB3/VO/3: Snailbeach — site 3/ Viburnum saplumber 3

Table 8-6: Locations of sites and the correspondargples taken

Site | Sample Description

1| SBS1/VO/1| Viburnum Soll
SB1/VO/1 | Viburnum Plant

2 | SBS2/VO/2| Viburnum Soil
SB2/VO/2 | Viburnum Plant

3| SBS3/VO/3| Viburnum Soil
SB3/VO/3 | Viburnum Plant

4 [ SBS4/vO/4] Viburnum Soill
SB4/VO/4 | Viburnum Plant
SB4/FU/1 | Fungi Sample 1

5[ SB5/FU/2 | Fungi Sample 2
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8.4.2. Results

As the samples were taken, there appeared to lagverse affects of growing on
the spoil tip. Upon investigation around the areaumber of piles of discarded seeds
were found where the fruit had been removed andupnably eaten. Figure 8-21
illustrates the concentration of lead and zindm $oil at Snailbeach; it shows that the
highest concentrations of lead and zinc were foainthe top of the spoil tip. There
appears to be an increase in the concentrationtbfdnalytes going up the slope.

During the analysis one anomalous result was fowitld the skin of the berries
found at SB3/VO/3. Although ten replicates werelgsed, only one replicate was
found to contain high concentrations of zinc (18%9ing/kg). When considering all
the sites investigated there were only two skingamthat contained zinc, the other
sample contained 3.3mg/kg and comparing these yvaloeild lead to the possibility
that there had been some contamination. Becautesathe value has been removed
from Figure 8-22.

It can be seen that zinc was found in all the leamples, with the highest
concentration being found at SB4/VO/4 (37.334mg/kQyerall, SB3/VO/3 was
found to contain the least amount of zinc in altpaf the plant, with only leaves and
seed containing small concentrations (1.8mg/kga2d9mg/kg respectively)

Figure 8-23 shows the results of the concentratadrisad found in the V. opulus
parts. It can be seen that there appears to be dittrelation between the parts of
plants concentration and the site location. It &thalso be noted that there was a high
level of variability between the replicates durithgg chemical analysis. This can be
seen by the large confidence intervals.

When analysed it was found that the seeds, stalétslash did not contain lead,
but zinc was found to be accumulated in leaveg],s&en, stalk and stem. There was
no zinc found in the flesh of the berries. Whenneixéng the soil lead results it can be
seen that lead was only present in the soil as S8BS2/VO/2, SBS3/VO/3 and
SBS4/VO4, however lead was not found in all pafthe plant. Only the leaves, skin
and stem were found to contain small concentratfl@ss than 1mg/kg).

Whilst sampling, the distance between the sammites was measured, and the

distance between the site SB1 and site SB4 wa®xippately 54.5m.
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Figure 8-21: The concentration of lead and zingoihsamples wher€. opuluswere sampled
(see Tables 8-5 and 8-6 for key to sample names)
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Flgure 8-22: The concentration of zinc in differgatts ofV. opulus
(see Tables 8-5 and 8-6 for key to sample names)
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Concentration (mg/kg)

Figure 8-23: The concentration of lead in differpatts ofV. opulus
(see Tables 8-5 and 8-6 for key to sample names)

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2 1

1

1

0.0

Leaves ‘ Skin ‘

SB1/VO/1

Stem

Leaves ‘

Skin ‘ Stem Leavels SkirL
SB2/VO/2 SB3/VO/3

Sites

Ste

LeaJes kin S‘ Stem
SB4/VO/4

-138 -



8.4.2.1. Statistical analysis

The null hypothesis was: there is no significarftedence between the samples.

Table 8-6 gives a summary of the statistical analys

Table 8-6: A summary of the statistical analyssuits

Material Analyte F Eit P-Value H

Soill zZinc 789.27%37 2.883 <0.01 Reject
Lead 492.539;, 2.883 <0.01 Reject

Leaves zZinc 95.71Q 1 3.239 <0.01 Reject
Lead k1o 3.239 0.418 Accept

Seed Zinc 115.983 11 4.066 <0.01 Reject
Lead N/A

Skin Zinc 0.999 35 2.901 0.406 Accept
Lead 0.794 35 2.901 0.506 Accept

Stalk Zinc 1.203, 6.591 0.416 Accept
Lead N/A

Stem Zinc 22.03Q 39 22.03 <0.01 Reject
Lead 0.8543 2.866 0.473 Accept

The null hypothesis used was that there was nofisignt difference between the
samples. The results shown in Table 8-6 indicadé fibr zinc, there was a difference
between the sites for samples of soil, leaves,ssemdl the stem. However for lead
there was only a significant difference between dites for the solil, indicating that
there is no significant difference between thessited the concentration of lead in the
V. opulusplant.

Where the null hypothesis was rejected a furtheteyuTest was completed to
determine where the differences were and thessumnenarised in Table 8-7.
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Table 8-7: The Tukey Test results for the diffeenbetween samples

Table 8-7a: The concentration of zinc in soil saspl

SBS2/VO/2 | SBS3/VO/3| SBS4/VO/4
SBS1/VO/1 1 0 1
SBS2/VO/2 0 1
SBS3/VO/3 1

Table 8-7b: The concentration of zinc in leaf saspl

SB2/vO/2 SB3/VO/3 SB4/vO/4
SB1/vO/1 1 0 1
SB2/VO/2 1 1
SB3/vVO/3 1

Table 8-7c: The concentration of zinc in stem saspl

SB2/VO/2 SB3/VO/3 SB4/VO/4
SB1/VO/1 0 0 1
SB2/VO/2 0 1
SB3/VO/3 1

Table 8-7d: The concentration of zinc in seed sampl

SB2/vO/2 SB3/VO/3 SB4/vVO/4
SB1/vO/1 1 0 0
SB2/VO/2 1 1
SB3/VO/3 0

Table 8-7e: The concentration of lead in soil saspl

SBS2/VO/2 | SBS3/VO/3| SBS4/VO/4
SBS1/VO/1 1 0 1
SBS2/VO/2 1 1
SBS3/VO/3 1

When the null hypothesis is rejected the Tukey Bestinguishes which samples
were significantly different. From the results imble 8-7, it can be seen that the
samples at site 4 were significantly different fréime other sites. This applies to all
but the seed results, these show that when congpaith samples from site 1 and site

3 there was not a significant difference.
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8.5. Discussion

For survival, all plants require nutrients and these classified as macro or
micronutrients depending on their relative concardns in the plant tissue. Examples
of macro and micronutrients are displayed in Téb&along with the concentrations
that may be required by plants. These are genatialis only, and variations may

occur depending on the species

Table 8-8: Concentrations of elements requiredlagtp (modified from Taiz and
Zeiger, 1998)

Chemical Conc. in dry matter
Element Symbol (umol/g)
Macronutrients:
Nitrogen N 1000
Potassium K 250
Magnesium Mg 80
Phosphorus P 60
Micronutrients:
Iron Fe 2.0
Zinc Zn 0.30
Copper Cu 0.10
Molybdenum Mo 0.001

The examples in the table are only a selectiothefadlements required by plants;
therefore the mineral uptake system needs to leetabbmove the necessary minerals
from the environment efficiently and transport theamareas of the plant where they
are needed most. There are two mechanisms in vahacits obtain nutrients: through
the roots and through foliar uptake. The uptakeubh the roots occurs by removing
the nutrients from the surrounding medium via apson, and transporting them
through the xylem to different parts of the plaRbliar uptake occurs when the
nutrients are taken up through the leaf surfacés iBhconsidered to be more efficient
than the root absorption as the nutrients do ne¢ @ be transported a great distance.
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Root absorption use two methods:

= Bulk flow - nutrients are carried through the goithe root by water
= Diffusion - nutrients are diffused through the roma¢mbrane from a region of

high concentration to a region of low concentration

A lack of water can restrict the flow of nutrient#o the roots, where as during
optimum water conditions, the absorption of nutiseoan occur at an unrestricted
rate.

Since it is clear that most elements can be abdoifte the root system, it is
highly likely that a number of metals can be acclated into plants. Because of the
existence of metallophytes ecotypes and pioneaiegpét is evident that some plants
are capable of growing successfully on toxic sdflsterson (1978) divides tolerant

species into three basic types:

= Exclusion plants are those which use a restricthamsport system, they
prevent the metal from being transported else winetiee plant.

» Index plants are species that reflect the soil entrations and have previously
been named as indicator species as they were osaentify areas where ores
were found.

= Accumulator plants are those that have developemlerance for toxic
elements and which are capable of absorbing the tortal into parts of the

plant effectively removing the element from the ieowment.

Different plants could be defined using all threarts depending on the element
involved. Peterson (1978) discusses findings thataccumulation of lead in plants
was restricted to certain parts of the plant. Aamegle of this can be seenTmniodia
pungenswhere the highest concentration of lead was locateghe leaves (Nicolls et
al, 1965) and could therefore be described as adeaton species, however if the
plant is known to grow in a lead environment, iulkcbalso be termed as an index
species. Because of these definitions it is nalitiedetermine which plant belongs to
which category.

Although certain heavy metals are considered ttokie to plants, a small number

are required in relatively low concentrations, thésclude copper and zinc. Since
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copper and zinc are required in small concentratibis concluded that these could be
absorbed into the roots with no hindrance.

Copper is an important component required in pléortghe electron transfer chain
during photosynthesis (Robb and Pierpoint, 1988 Topper ions can be bound to
organic molecules in the mitochondria and chlorsislaFigure 8-24 is a simplified
diagram of the photosynthesis process in the cplasts and the mitochondria. In the
chloroplasts the copper ions are bound to plastoonygPC), and connects
photosystem Il (PS-I) and photosystem | (PS-IItdaysferring electrons through the
intermediate cytochrome b6f complex. This processilts in the splitting of water to
produce H ions that are used to reduce NAD® NADPH, the final result is the
production of ATP which is used in cellular proassIn the mitochondrial
membrane water is reformed through the additio@.0énd H, the process involves
the activity of cytochrome oxidase which has a ma@mponent of copper, again the

copper ions assist in the transference of electresdting in the production of ATP.

Figure 8-24: Simplified diagram of the photosynibgsocesses in the chloroplast and
mitochondria of plants (Modifieain Taiz and Zeiger, 1998)
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C. microphyllushas shown that there are indications of accunmrdabf copper

and tungsten. It has been documented that coppekn®wn micronutrient and could
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theoretically be freely taken up in to the planowéver, plants generally only absorb
nutrients when they are needed but Baker (1983}ridbes how in some cases the
excess nutrients can be absorbed and stored vathumles of cells.

The samples o€. microphyllusshow that copper and tungsten were present in
high concentrations compared to the control samples control samples contained a
small concentration of copper in all parts of th&anp that were sampled.
Unfortunately it was not possible to sample thel $@m which the plant was
growing, but it is assumed that the plant was gngwsuccessfully and in a well
watered area. The growing media at Blanchdown Wuadan present, was sandy in
composition and therefore would have difficulty mtaining the ideal conditions for
nutrient uptake for all plant life. Optimum watemditions would occur after a period
of rain, but because of the soil type, the wateuldiceasily be drained away or
evaporated, restricting the nutrient uptake. Tlweethe uptake of nutrients would
occur at a rapid rate when water was present. ®besystem absorbs the required
nutrients relatively rapidly to maintain the sucsfasgrowth of the plant, and then the
excess nutrients are stored in the vacuoles dfehie for later use.

Because the concentration of copper in the soil mgiser than that of the plant it
is likely that the diffusion mechanism could incgedhe copper concentration within
the plant. The control sample would have a constapply of water and therefore
nutrients would be readily available and therefonéy the required concentration of
copper would be absorbed into the plant, with allsamaount being stored. Taiz and
Zeiger (1998) discuss the effects of mineral deficies on plants and stated that
during periods of deficiency, certain minerals fmend to be mobile while others are
immobile. Copper is considered to be immobile, ¢éf@e when there is a decrease in
the copper concentration in the plant; it cannotdseoved from one part of the plant
to another. Because of this there would be a welgticonstant concentration in all
areas of the plant, depending on their requiremehte control plant contained
similar concentrations of copper throughout thenplébut plants sampled from
Blanchdown Wood contained variable concentratiédmsother observation is th&d.
microphyllus samples from Blanchdown Wood located at sites 5 5@WD/5), 6
(DV6/CO/6) and 8 (DV8/CO/7) were not statisticaltijfferent from the control
samples. Examining the locations of these siteBigare 7-1 it can be seen that these
were sampled in areas sheltered with a numberhafr gdlants and trees. These could

provide the growing media with added organic matesih top of any spoil present
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and therefore the heavy metals may not be avail@btbe same concentrations as
those found at the remaining sites, also the ocgaratter may be able to retain the
water better and thus providing an ideal situafmmnutrient uptake preventing any
nutrient deficiencies. The remaining samples wexendl in areas where the plants
were exposed directly to the spoil both from thewgng media and the atmosphere,
as particles can be transported from the spoiktig deposited on the plants. This
deposition can also increase the concentratiorhefmetals in the plants as after
deposition on the leaves the metals can then bgntak either through absorption
through the cuticle or particles can enter throtighstomata. Absorption through the
cuticle can be increased when the dust contaimegrtetals is mixed with rain water;
the metals become dissolved in the water and areahsorbed.

Unfortunately it was not possible to sample a a@ri® sitchensi®f the same age
as those sampled at Blanchdown Wood. From thetseguwdan be seen that samples
DV21/PS/1, DV22/PS/2, DV3/PS/4 and DV25/PS/5 havieveer concentration of
copper in the needles and stem compared to DV23/By/examining the locations
of these sites it can be seen that DV23/PS/3 ifigosd on the eastern side of the
small mound, with a prevailing south-westerly wipdyticles from the small mound
could be blown directly onto the plant. Therefdre accumulation of copper through
the leaves would be greater therefore increasiagdmcentration of copper within the
plant. P. sitchensisre known for their fast growth, therefore to ntaim the growth
high levels of nutrients are needed. In the eatdges of the trees growth copper
would be needed in higher concentrations than & mature tree.

The results for both th€. microphyllusand theP. sitchensisshowed that there
was an increased concentration of tungsten in thetg For theC. microphyllus
plants, it was found that two parts of the plamt ot contain any tungsten: roots and
stem. This would indicate that the tungsten isbheahg taken up through the roots and
iIs not transported through the stem. It is possthkg the tungsten is not being
absorbed by the roots but by the leaves. Compahegresults with those of the
control, the control contained no tungsten, butabee there were no soil samples it
can only be suggested that the growing media ®ctmtrol contained no tungsten. A
notable result is that of DV6/CO/6; it can be sé@mm the soil concentrations that
there was no tungsten present, but there was inpléwet material. This further
suggests that the predominant absorption of tungetzurs through the leaves.

Through examination of th€. microphyllusplants it was seen that the roots were
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shallow and were easily extracted from the soilt iBis possible that the majority of
the nutrients were absorbed through the leavegraagth appeared to be normal with
little visual affects of the harsh environment.

The P. sitchensisamples showed that there was a small concemtratitungsten
in the roots from sites DV21/PS/1, DV23/PS/3, D\@MP and DV25/PS/5. This
indicated that there was an uptake of tungsterugiirahe roots. It would appear that
there is a significant difference between the uggadf tungsten in th€. microphyllus
compared td°. sitchensisThis could possibly be attributed to the gengtake up of
the plants, and would be worth exploring further.

As mentioned previously, nutrients are absorbedheyroots through diffusion
where the elements are absorbed from a regiongbf toncentration to a region of
low concentration. DV25/PS/5 shows that there is thighest concentration of
tungsten in the roots (42.937mg/kg), because tités adso contained the highest
concentration of tungsten in the soil (371.687myikds probable that tungsten was
absorbed but not distributed from the roots to otiets of the plant, therefore it is
also probable that the roots are capable of staungsten.

Although tungsten is not a required nutrient bynpda high concentrations were
present. Koutsospyrost al (2006) stated that the accumulation of tungstéferdi
between genotypes and that some plants act asdexsland others as accumulators.
Other authors (Gougét al 1979) have indicated that there is evidence tinajsten
encourages growth in some plants, Strigukl (2005) have suggested that in other
plants tungsten becomes toxic (Strigul et al, 208®utsospyrost al (2006) also
commented on the replacement of molybdenum in getnoreductase by tungsten,
producing a toxicity affect, because of the alre@dyablished differences in the
reactions to tungsten, depending on the genotymeptobable that in some species
the replacement of tungsten for molybdenum coulkdnawe an adverse affect on the
plant. In conclusion it is likely tha®. sitchensisandC. microphyllusare capable of
accumulating tungsten with no adverse affects @ tirowth, but are accumulated by
different mechanisms.

In total five elements were tested for in all saild plant samples. It was found
that although at most of the sites there were leghcentrations of arsenic, tin and
lead in the soils, these were not represented anptnt material. Therefore the.
microphyllusand theP. sitchensisould be termed as excluders of these elements.

When examining the root data for tfe microphyllusit can be seen that there were
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high concentrations of arsenic and copper in tloésrof plants taken from DV4/CO/4.
This site contained the highest soil concentratiminsopper and arsenic, also it was
noted that the plant seemed to be of a differeowvtir type to the other samples. The
plant was still identified a€. microphyllusby the flowers and leaf shape; the stem
and roots were flattened and grew along the gromhereas the other samples had
stems that were cylindrical and grew upright, hosveit may be likely that it was a
different subspecies. When looking at the resaltsan be seen that the stem of this
sample had the highest concentration of coppeuUjvé¢ times the concentration as
the other samples. To confirm differences betwéensamples, their DNA could be
extracted and examined.

As a micronutrient, zinc is an important componehtmany enzymes in plants
including several dehydrogenases, ribulose bisgtaispcarboxylase and carbonic
anhydrase. A deficiency in zinc within the planhdaad to a dramatic decrease in
photosynthetic activity, partially due to its rakethe transportation of carbon dioxide
during photosynthesis. During PS-I and PS-Il ATEH AIADPH are produced and are
then utilised in the formation of carbohydratesisTis known as the Calvin Cycle and
not only uses the products from both photosystentsalso fixes carbon dioxide.
Figure 8-25 illustrates a simplified diagram of tBalvin Cycle and it can be seen that
there are three major stages. The cycle is conimywoviding there are adequate
concentrations of nutrients, light, water and carlaboxide. The first step in the
fixation of carbon dioxide involves the reactiontveeen ribulose-1,5-bisphosphate,
catalysed by the enzyme ribulose bisphosphate xgids®e/oxygenase (Rubisco).
Zinc has been found to be a major component osoaband therefore the deficiency
of zinc would lead to a reduction in the Calvin &yand would have an adverse
affect on other systems requiring the producthefdycle. Because of the importance
of the mineral and although it is only requiredsmall concentrations, it is possible
that plants absorb increased concentrations whesrautailable, and store the excess in

the vacuoles of the cells.
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Figure 8-25: A simplified diagram of the Calvin tg¢modified from Taiz and
Zeiger, 1998)
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Currently, Snailbeach is in the process of rememiaby Shropshire County
Council. Unfortunately due to confidentiality reasp information concerning
remediation methods used at the site is unavail&ulktupon visiting the site it can be
seen that the area where tfie opuluswere sampled, a layer of top soil had been
added and then a layer of grass. It is not knowanathese were put in place but it is
estimated to have occurred over the past five ye&irge it is assumed that the
opuluswere planted at the same time. It is also estimttadthe plantation of the.
opuluswere part of the remediation, but again detailsrareknown. It is assumed
that the topsoil that was used was uncontaminateldwaas probably enriched with
fertilisers to encourage growth of the grass awd opulus If the soil was
uncontaminated, there are clear signs that théhasibecome contaminated with both

lead and zinc, with an increase in their conceiainatnearer the summit of the spoil

tip.
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Three possible contamination methods could be resbie for this:

= Wind erosion - Through wind erosion, small dust tiples from the
contaminated site can be transported to whereaimples were taken.

= Water erosion - The ions can be picked up frometkigosed region of the tip
and carried down the slope. This would lead toremeiase in the ions being
passed down the tip. At present the highest coratemms are at the top of the
tip, and reducing in concentration towards the base

= Reverse capillarity - Could arise through the apson of water from the
lower levels of the soil. As the water on the scefaf the soil is either taken
up by plants or evaporated into the environmeret whater from further below
the surface could be drawn up through the sothid¥ has occurred the water
would also draw up the metals and thus transpottisg closer to the surface

of the soil.

The soil content of zinc is believed to range betw&0-300ppm (Shuman, 1980)
but since background concentrations lie in thisaegt could be determined that the
zinc concentrations found at Snailbeach could hebated to the background
concentrations. However this is unlikely as thera idramatic difference between the
sites. If, as believed, the soil is applied it isrmlikely that the soil would have a
much lower and universal concentration of zinc tigtwout the site, and therefore
there would not be a significant difference betwdensampled sites.

Since it has already been established that zircnscronutrient, it is clear that
traces of zinc would be found in most, if not gdlants. Table 8-8 indicates the
general concentration of zinc required by plartteah be seen that the concentration
is approximately 0.3@mol/g; concentrations found which exceed this vataa be
termed as significant. In the majority of the samsplthe zinc values exceeded this
value; plants generally store minerals in vacualesgrder to maintain supply when
there is a deficiency. A deficiency of zinc candea a reduction in the photosynthesis
process, which could cause the plant to becomdestuor even lead to plant death.
Without the products of the photosynthesis, suchl@sose and amino acids, the plant

would not be able to increase in size or possiblgroduce fruit for reproduction.
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The results show that the majority of the zinc fun theV. opulusplant, was
contained within the leaves. Since photosynthestsig primarily in the leaves, this
would be the obvious site of nutrient storage. Ageosm the leaves, there is no
conclusive evidence to suggest that there is a tdremc partitioning occurring in the
V. opulus However there is some evidence to suggest thatpthnts that were
sampled at the top of the spoil tip contained déigconcentration of zinc. Although
not found in every part of the plant it could battthe predominant site of excess zinc
uptake is through the leaves from wind erosionesSi&B1/VO/1, SB2/VO/2 and
SB4/VO/4, all contained relatively high concenwas of zinc in the stem and seed
stalks. This would indicate that zinc can be fremlgved within the plant as it was
present in the transportation parts of the plant.

The concentrations of lead found in the plant esseere extremely low, and
showed no indications of partitioning. It is possithat the plant could have absorbed
the lead from the soil or from the atmosphere thhothe leaves. The soil samples
show that at SB1/VO/1, the lead concentration welevb the concentration detection
limit. Therefore if there were concentrations adddound within the plant, it is likely
that they were accumulated from the atmosphereratian the soil. Because of the
size of theV. opulusit was not possible to sample the roots. This wdwave provided

information as to whether they were the site ofuptake of either lead or zinc.
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8.6. Fungi
Once classified with plants, fungi were determitedoe significantly different

from plants and now reside in a kingdom of theirnowhe fungi kingdom is
subdivided into three major groups, determined H®y differences in reproduction;
these are Zygomycota (e.g. black bread mRhizopus stolonif¢r Ascomycota (e.qg.
Truffle: Tuber melanosporum and Basidiomycota (e.g. Common puffball:
Lycoperdon gemmatyniJennings, 1999).

All fungi are heterotrophic which depend on autph®, such as green plants, to
acquire all their necessary nutrients (Taiz andgeri 1998). The nutrients are
absorbed after they have been broken down; the fstgete a hydrolysing enzyme to
decompose the complex molecules into simpler comg®uwhich can then be
absorbed and used. Fungi derive their nutrients fdifferent material and it is the
differing material which can be used to differetgibetween fungi within the major

groups (Deacon, 1988):

= Saprobiotic — absorb nutrients from nonliving origamaterial, such as fallen
trees, animal corpses and wastes of living animals.

» Parasitic — absorb nutrients from the cells ohlivhost

= Mutualistic — absorb nutrients from another organisut benefits the partner

organism

Zygomycota and ascomycota will not be discusseithéur

Within the basidiomycota division there are appnaaiely 30,000 fungi (Kirket
al, 2001) and are important decomposers of wood ahdr glant material, and
therefore play an important role in the carbon eycThe basidiomycota are extremely
variable and can be unicellular or multicellulaxsal or asexual and can be terrestrial
or aguatic.

In general, fungi that reproduce sexually are owisible during the sexual
reproduction stage where the basidiocarps becosiblesi The familiar mushrooms
(basidiocarp) provide support and protection tol#énge surface area of basidia (cells
where the sexual spores are produced) on the &iésh basidiocarp is capable of
releasing a billion spores from the basidia (Ei}ia®94).

The basidiocarps are constructed with minute tubdimeads, hyphae that

combine to produce a feeding network called a niyae(Campbell, 1996).

- 151 -



Figure 8-26: A generalised fungal mycelium (Campld£l96)
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Figure 8-27: A generalised fungal hyphae, (a) stelicture of hyphae,
(b) Haustoria penetrating lyiplant cells (Campbell, 1996)
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Figure 8-26 shows the basic structure of the faumgi illustrates the way the hypae
can spread throughout the substrata.

The general structure of the hyphae is given irufeg-27a, it shows that the
hyphae are divided into cells by a septum, whiahhegally have pores large enough to
allow the movement of nuclei, ribosomes and mitochi@ through into adjacent
cells. Figure 8-27b illustrates how parasitic fuhgive adapted their hyphae to have
haustorium, which penetrates the tissue of the t@sto allow for the absorption of
nutrients.

Reproduction in basidiomycota can occur either aakyx or sexually. Asexual
reproduction occurs through budding, where any aelithe organism becomes
separated from the parent and develops into a méwSexual reproduction occurs in
the fruiting body (basidiocarp) and is illustrated Figure 8-28. The basidiospores
germinate and opposite mating types are fusedhegehe resultant fused hyphae are
termed as dikaryotic as they contain two diffenemtlei, one from each of the parent.
After the growth of the fruiting body, the nuclearc then fuse together to produce
diploid cells (basidia). The diploid basidia cellse short lived as they quickly
undergo meiosis, resulting in four haploid nucléiese nuclei then migrate to the end
of the basidium and form projections which are tlseparated by cell walls and

develop into basidiospores, which are then releasddhe cycle begins again.
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Figure 8-28: The sexual life cycle of basidiomyctendified from Campbell, 1996)
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Whilst visiting Snailbeach, Shropshire, UK, a numloé fungi samples were
found and sampled whole. These were of interedtegswere capable of growing in a
hostile environment. The fungi were tentativelynitiged as basidiomycotina, and
were photographed in the field. Upon return to taboratory the fungi had
deteriorated to such an extent that identificatmould not be made. From the
photograph, the first sample was identifiedLascaria spp.The second is still to be
identified. The photographs of the samples are rgire Figures 8-29 and 8-30.
Although not identified it is clear that the twonfyi sampled are not of the same
species.

Figure 8-29: A photograph of the fungi found at #84/1

-155-



Figure 8-30: A photograph of the fungi found at #B%?2

8.6.1. Experimental Procedure

The fungi samples were removed from the field edlgfand where possible any
soil or plant material found on the fungi were rema. The samples were placed in
clean plastic bags and sealed until preparatiortiferanalysis. Upon return to the
laboratory, the samples were placed in a dryingidee 24 hours at 6C to remove
any excess water. The samples were then weighedigested in the same way as the
other plant material as discussed in Chapter 5Salse of the size of the samples it
was not possible to separate the head from thé&, stalto repeat the analysis in

replication.
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8.6.2. Results

Table 8-9: The concentration of lead and zinc foumigvo species of fungi

Site Weight (g) | Zinc (mg/kg) | Lead(mg/kg)
SB4/FU/1| 0.0775 0 0
SB5/FU/2| 0.2464 252.2321 370.1299

From the results in Table 8-9, it can be seenttiee was no evidence of lead or

zinc accumulation in the fungi found at SB4/FU/heTsample taken at SB5/FU/2

showed a great increase in zinc and lead concemtirathen compared with the

sample taken at SB4/FU/1. It gives evidence thatl land zinc are accumulated by

these particular species of fungi.
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8.6.3. Discussion

From the results given in Table 8-9, there is evideto suggest that certain types
of fungi can accumulate lead and zinc. However bgeaf the size of the samples it
was not possible to determine if the fungi showadifoning. Ideally it would be
preferred to have separated the stalk from the arap therefore determine if the
metals were restricted to the reproduction cellshergrowing hyphae. Additionally
replication could not be performed, because the® nsufficient sample.

The lack of zinc and lead found in the fungal saargil SB4/FU/1 was interesting,
as the sample was found on top of one of the noil 8p sites. It would be believed
that the concentration of lead and zinc would beuamwilated into the fungal body.
The lack of metal accumulation could indicate tthas particular species does not
absorb the metals with the nutrients. It is alsssgade that the ground near the surface
has little of no concentrations of lead and zindsIpossible that the lead and zinc
have decreased in concentration through leachingdifousion to the lower levels.
Another note is that the size of the sample way wenall (0.0775g) and could
possibly be below the detection limit. To determihéhis is the case, a humber of
samples should be taken with a minimum weight gretttan this 0.0775g. In the
original method the acid digestion solution wasitditl to 50mLs, however, because of
the size of the sample the solution was dilute@SmLs. Decreasing this value could
improve the results, but as the volume is decretisetvel of accuracy deteriorates.

The second sample taken at SB5/FU/2 showed theg Wees a significant increase
in the concentration of lead and zinc accumulatethe fruiting body of the fungi.
Again, the size of the sample restricted the amalgsd therefore partitioning could
not be determined, or replication of the sampleweler the large concentrations
indicate that the fungi could accumulate lead amd,zand showed little signs of
adverse effects on the organism. This could theselead to its possible use as a
remediation method. The fungi could be used to tagemulate lead and zinc and
therefore remove some lead and zinc from the saidésoils.
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Chapter 9: Accumulation of heavy metals in algae

9.1. Introduction

In the environment, waste water is not restrictedrie pollutant, but a multitude.
In addition variables such as the climate, nutraergilability as well as the number of
pollutants present and their concentrations caecathe behaviour of organisms in
the ecosystems towards the pollutant(s), theretbese factors can affect the
successfulness of remediation (Hester and Harrisa®i).

As part of monitoring plans, algae are used tocaigi a change in the quality of
freshwater (US EPA, 2006). The input of pollutedevacan induce different effects,
depending on the contaminants (Whitton, 1984). htew bodies, the presence of
certain algae can indicate that the aquatic enment has had an input of nutrient
enriched water. An increased concentration of ents (e.g. sewage waste) increases
the number of algae species and their populatidve dddition of poisonous waste
(e.g. mining waste) can decrease the number ofiep@nd their populations. The
more tolerant species of algae can become domiaadtit is this identification of the
more tolerant species that can lead to the remediaf the water environment. The
tolerant species can be used in one of two waysyagr-accumulators or as an
indicator species. Algae that can tolerate the araitated water can act as hyper-
accumulators by accumulating the metals into thlsiucture, and can therefore
remove the contaminants from the water. As a totespecies, the presence could
indicate that a contaminant is present and carefiner be termed as an indicator
species.

There has also been some speculation as to whalthes can accumulate metal
ions from the aquatic environment (Whitton, 198#)is can lead to their possible use
in remediation of water bodies. However the posgibof accumulation also means
that the metal ions can become transferred thrahghtrophic levels and therefore
become available in food webs. In terms of food syehlgae are the primary
producers. The algae provide food for consumerszegplankton and invertebrates.
Due to the size of the algae, the quantity requingthe consumer is vast. Therefore if
algae have accumulated just 1ppm of copper, byuroimg 1000 algae, 1000ppm of
copper could have been consumed. Figure 9-1 itedrthe possible increase of

copper, and other metal, ions through the tropdvelks.
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However, all organisms excrete waste. In some dasesajority of the pollutant

can be excreted and therefore is not availabletoassed on to the next trophic level.

Figure 9-1: A food pyramid illustrating the incredsconcentration of metal

ions through trophic levels
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9.1.1. Algal structure and reproduction

The basic structure of the majority of algae cdss&s a single cell, unicellular,
and in some cases these individual cells can cartbigether to form colonies. There
appears to be some degree of organisation, butcttisvary between groups. The
colonial cells are capable of separation; at toistpthe separated cell can reproduce
itself to form a new colony (Lund, 1996). The agament of the cells gives rise to
different types of colonies, by forming threadlikbains, filaments can be formed.
These filaments can exist as solitary threads granips, and can be branched or un-
branched (Bold and Wynne, 1985). Figure 9-2 illusts the different types of algal
growth found throughout the plant kingdom (Oyadan001).

Figure 9-2: Examples of algal cells (a) unicellul@) colonial, (c) unbranched

filamentous, d) and brancheanfientous algae

20um

Jason Oyadomasi

a) Carteria spp

c)Oedigonium spp d¥haetophora spp

Unicellular, colonial, and filamentous algae arealde of various types of
motility, with motility being defined as swimmingr ccreeping, pushing or by
floatation devices. Some species that are non-enatiproduce cells that are motile
(Lund, 1996).
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Algal reproduction can occur both asexually anduay and the complexity of
the reproduction process is dependent on the spetithe algae (Bold and Wynne,
1985).

Asexual reproduction in unicellular algae occursotigh simple cell division,
giving rise to two or more motile (zoospore) or frontile (autospores) cells.
Filamentous algae and other multicellular algaerepnoduce via fragmentation or by
the liberation of zoospores from ordinary vegettigells or from specialised
structures (sporangium) (Bold and Wynne, 1985). NVésexual reproduction occurs,
the daughter cells are identical to the parent(@bapman and Chapman, 1981).

Sexual reproduction can be generalised into thestcktypes (Bold and Wynne,
1985):

= Zygotic meiosis - two haploid gametes are unitedoton a diploid zygote.
Upon germination, the zygote divides by meiosisptoduce haploid cells
resembling the parent (see Figure 9-3a).

= Gametic meiosis - gametes are released from theidiip parents and fuse
together forming a diploid zygote (see Figure 9-3b)

= Sporic meiosis - diplobiontic (having two free hg organisms in the life
history); a haploid gametophyte and a diploid spbyte. The haploid
gametes are united and fuse together to produgel@dizygote. The zygote
then matures into a sporophyte. As the sporophygwimes and form spores,

meiosis occurs and the resultant cells developgatoetophytes (Figure 9-3c).

For unicellular algae, the algae themselves caasatite gametes.
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Figure 9-3: A generalised diagrammatic illustratedralgal sexual reproduction
(modified from Bold and Wynne 88)

Gametes _\4

Haploid
Organisn

Zygote

Meiosis

I

(a) Zygotic meiosis

Meiosis .

Diploid
Organisn

Gametes

Zygote 4/

(b) Gametic meiosis

Gamete

Haploid
Gametophyte

Spores

A 4

Zygote

Diploid

Meiosis

A

(c) Sporic meiosis

Sporophyte

- 163 -



9.1.2. Pandorina morum

During this experiment the effects of copper, tdegsand lead have on the alga
Pandorina morunwill be monitored. Figure 9-4 is a photographPofmorumused in
the experiments. The photograph was taken througiiceoscope at a magnification
of x400.

Figure 9-4:A microscopic photograph ¢fandorina moruna) 21.21m, b) 12.1um

(b)

(@

This species was chosen as little research has tasiucted concerning the
effects of metals on colonial algae. The species vaéso readily available
commercially.P. morumhas a relatively rapid reproduction cycle, anddfare any
change caused by a pollutant can be seen oveaitevedy short period of time.

P. morumoccurs in 4, 8, 16, or 32 cells aggregated intmlany of a spherical
shape, the colonies possess a number of flageldtieh assist in the movement, and
are embedded in mucilage surrounding the colonyi@dp1973)P. morumgenerally
move by spinning and vibrating around and collidivith other cells or structures.

The colonies can reproduce asexually or sexualgex@al reproduction arises
through the exclusion of a mature cell from theoog} the cell can then either use
sexual or asexual reproduction to increase the eumb cells within the colony.
Sexual reproduction occurs when two mature cellmecdogether and exchange
nuclear material. 1. morum the two cells are only different in the size anokility.
The larger of the two is less motile and attralsesgmaller more motile cell, termed as
anisogamy (Chapman and Chapman, 1981)
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9.2. Aims and objectives

The experiment is designed to examine the effdetsnietal ions have on the
algae. A number of concentrations of metals willez@amined as well as the effect a

number of metals can have on the algae. The spexifis are outlined below:

= To determine the threshold limit value (TLV) of g, lead and tungsten to
Pandorina morum

= To determine if copper, lead and tungsten affeptaguction inPandorina
morum

= To determine ifPandorina morumbioaccumulate copper, tungsten and/or
lead, and to determine the concentration accunuifaden the growing media

= To determine if a combination of copper, lead amfsten have a synergistic

effect onPandorina morum
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9.3. Experimental Procedure

For this experiment the following list identifidset equipment that will be used:

= Conical Flasks

= Bungs — allowing for gas exchange
* Incubator

= Growing media

= Cultures ofPandorina morum

= Microscope

= Haemocytometer

» Lead nitrate

= Copper nitrate

= Tungsten solution

Before the start of the experiment, all glasswaith \wccompanying bungs, and
media were autoclaved to ensure complete sterdisalhe equipment was sterilised
at 12fC, 15 Ib pressure for 15 minutes (Belcher, 1982cdise of the number of
flasks needed, the experiment has been dividedsitatges. After each stage all the
glassware will be autoclaved again to ensure ndaoaination. The algal cultures
were supplied by Sciento based in Manchester. Upwival, the cultures were
examined and identification was confirmed. Sub damfrom the original cultures
were used to inoculate flasks containing 150mL wfiant media. The samples were
then stored in an incubator set aP@Mwith alternating light and dark periods of 12
hours. The original samples were kept and nutriereiee added at regular intervals.
This is to ensure the culture is viable for uséhmsubsequent experiments. The metal
solutions were made up using copper nitrate, lagdt@ and tungsten solution. A
concentration of 1000ppm was made up of each raathkterilised.

The nutrient media was also supplied by Scientd,vaas based on Bold’s Basal

medium (Bischoff and Bold, 1963). Table 9-1 outéike components of the medium.
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Table 9-1: The components of Bold’s Basal Mediumdlis the experiment

Stock Solution: Per 400mL

1 NaNG 10.0g

2 MgSQ.7H,0 3.0g

3 NacCl 1.0g

4 KoHPO, 3.0g

5 KHPOy 7.09

6 CaC}.2H,0 1.0g

7 Trace Elements solution: Per L
ZnSQ.7H0O 8.82¢g
MnCl,.4H,0 1.44g
MoOs 0.71g
CuSQ.5H,0 1.57g
CoNG;.6H,0 0.49g

8 HsBO3 11.42g

9 EDTA — KOH Solution: Per L
EDTA 50.0g
KOH 31.0g

10 FeSQ.7H,O 4.98¢g
H.SOy 1.0mL

Final solution: Stock solutions 1-6: 10mL each
Stock solutions 7-10: 1ndck
The final solution was then made up to 1L withided water.

Sciento provided this solution in sealed bottles] prior to algal inoculation was

diluted (100mL of raw nutrient media was made ufditowith distilled water) and
autoclaved, as discussed earlier.
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The metal solutions were also made up with distileater. A total volume of
150mL (of nutrient media and metal solution) waacpt in each of the conical flasks,

the components and volumes can be seen in Tahle 9-2

Table 9-2: Volumes of components for the algal expents

Component Volume
(mL)

Undiluted nutrients 15
Distilled water 130
Algae 5
Metal solutions (varying 5
concentrations)

Total: | 155

To make the varying concentrations a mixture of Qppdn metal solution and
distilled waster was used to get the required naiatentration in the flask. Before
addition to the media, the number of algal cellshia stock solution was determined.
Using a haemocytometer a drop of the algae solutescounted and multiplied up to
determine the population of algae in 1mL. This weseated 5 times and averaged.

Figure 9-5 shows an example of algal cells on aloagtometer.

Figure 9-5: A view of algal cells on a haemocytoenefrid at a magnification
of x100
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Figure 9-6: A view of the different sized gridsedso perform counts of cells

Figure 9-6 shows the centre grid of a Haemocytométeshows that the centre
grid (red) comprises 5x5 squares and each of thesdler grids (blue) are divided
into a further 16 squares coloured yellow. Thedamgd square measures a total area
of 0.1mn7; the medium blue square has an area of 6.2%xh®, and the smallest
grid in yellow measures 2.5xttn?.

Depending on the size and number of cells in tHatiso to be counted the
different sized grids can be used. The haemocy®mean be used under all
magnifications, to allow for easier counting of tsmaller cells e.g. red blood cells.
Where a solution contains a high number of cells, dmallest of the three grids can
be used. In these cases a number of grids aretosedint the number of cells in the
squares. The squares which are counted are chbsandam and the final figure is
multiplied up, using the following calculation:

Number of cell * 1 * Dilution = cells per mf.......(6)
Number of squares area of sgpia

For example: for the entire grid (red grid) 21 coés with no dilution
Number of colonies per nihs 21/1 * 1/0.1 = 210 per min
Therefore the number of colonies per mL = 210,000

- 169 -



For the first experiment the range of metals usetevibetween 5ppm and 25ppm.
At higher concentrations e.g. 1000ppm, the nutrier@dia became cloudy and
precipitation was observed, and was therefore setu

Because of space limitations, the experiments weseed into stages. The first
stage of the experiments was to determine the Tar\e&ch of the metals, beginning
with lower values (0-25ppm) and if necessary thil e expanded to cover a larger
range.

Tables 9-3, 9-4, 9-5 and 9-6 show the concentratafrthe individual metals used

in stages 1, 2, 3 and 4 respectively.

Table 9-3: The concentrations of copper, tungstehl@ad used in stage 1

Copper Tungsten Lead
Concentration (ppm) | Concentration (ppm) | Concentration (ppm)
0 (control) 0 (control) 0 (control)

5 5 5
10 10 10
15 15 15
20 20 20
25 25 25

During the first experiment it was found that copp&s toxic at concentrations

greater than 10ppm, therefore testing at higheceatnations was not necessary.

Table 9-4: The concentrations of tungsten and les&dl in stage 2

Tungsten Lead
Concentration (ppm) | Concentration (ppm)
0 (Control) 0 (Control)

15 75
45 90
60 125
75 150
200
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Table 9-5: The concentrations of copper, tungstehl@ad used in various

combinations for stage 3

Copper and Lead Copper and Tungsten Lead and Tungsten
Concnetrations (ppm) Concentration (ppm)| Concentration (ppm)
Copper Lead Copper Tungsten Lead Tungsten

0 (control)| O (control)| O (control)| O (control)| O (control)| O (control)
5 5 5 5 5 5
5 15 5 15 15 15
5 30 5 30 30 30

Table 9-6: The concentrations of copper, tungstehlead used in combination for

stage 4
Copper, Tungsten and Lead concentration (ppm)
Copper Tungsten Lead
0 (Control) 0 (control) 0 (control)
5 5 5
5 15 15
5 30 30

The experiments were repeated in duplicate. Theoliseeubators was restrictive

as the concentration of light needed to be maiathiffherefore the same incubators

were used throughout the experiments. The flaskie vaéso placed in the same

positions, to ensure that each of the flasks reckithe same amount of light

throughout the experiments.

-171-



9.4. Results: Stage 1 Effects of individual metals galgbopulations

9.4.1. Copper

Figure 9-7 shows the percentage of nitrate andpgdtwss used bf. morumand
also the percentage change in the population oftctiieire. It can be seen that for
concentrations exceeding 8.406ppm, the populatimnedised. It also showed that the
percentage of phosphorus used decreased. When gogwpdth control, there was a
lower percentage of nitrates used, indicating thiatates were removed from the
nutrient media, although the population decreaéglre 9-8 shows the pH of the
nutrient before and after the experiment. It showed there was an increase (more
alkaline) in the pH for samples containing 3.62% &19ppm of copper, but the
remaining samples showed decreases in the pH.

Since it was not necessary to examine the effetctisigher concentrations of
copper, it was determined that the estimated tltddimit value (TLV) lies between
8.406 and 11.61ppm

9.4.2. Tungsten

There was a high percentage increase in the paogulaf P. morum,because of
this the population results are shown on a separaieh (Figure 9-9). Compared to
the control samples, there was a dramatic increasee population with the addition
of tungsten. The highest value was that at a cdretean of 7.997ppm, indicating that
this could be the optimum concentration of tungg$terincreased population growth.
After the initial examination of the samples, itsv@ear that the tested concentrations
of tungsten had no short term effects on the aligags decided to begin two samples
with higher concentrations of tungsten: 120.5 a@d.3ppm. These results showed
that there was a decrease in the population fdr batcentrations, although the lower
of the two only produced a small decrease in theufation. This indicates that the
concentration of tungsten was too high and thatallgee were unable to continue
growth at these concentrations. Figure 9-10 shdwsitrate and phosphorus results
and showed that at these high concentrations thaeestill a small percentage of
nitrates being removed from the media. Althouglerehis still a percentage of the
nitrates being used by. morum the value is lower than that of the control. The

phosphorus results show that there were similaruatsoused in all the samples, but
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towards the higher range, this value decreaseltsligzghen compared to the control.
The pH values given in Figure 9-11, show that fe kbower range of concentrations
(0-9.063ppm) there was a increase in the pH, cdrat@ns above this range also
produced increases but not to the same extent. ddtnations of 25.79 and higher
showed a decrease in the pH values.

At this stage it could only be determined that Thé&/ for tungsten lies between
35.91 and 120.5ppm. To narrow this range, conceoriabetween 35 and 120ppm
should be examined.

9.4.3. Lead

Like the tungsten results, the population data plaged on a separate graph due
to the high percentage increase produced whenweadadded to the nutrient media.
Figure 9-12 indicates that the concentration ofl let6.219 and 12.54ppm produced
population results that were much higher than tlentrol. At the higher
concentrations (above 19.09ppm) there was stilharease but these were equivalent
to those of the control. The nitrates and phosphoesults in Figure 9-13 show that
the results were similar, irrespective of the corticgion of lead that was added to the
nutrient media. The results did fluctuate, but tosld be attributed to the population
growth and the positioning in the incubator. Wheossible the flasks were removed
from the incubator and replaced in the same pastidiowever, the incubator light
strips were not universal in the quality of lighat was produced.

The pH results (see Figure 9-14) showed that thvaean increase in the pH and
that this was the same for all the results.

Also like the tungsten results a definitive valuer the TLV could not be
determined. Provisionally it can be said that thé&/Ts above 28.21ppm but unlike
the tungsten, an extreme value could not be dotlesastage due to space constraints.
Therefore experiments examining the effects of eatrations higher than 28ppm
need to be performed.

Because it could not be determined the TLV for sieg and lead, it was decided
to repeat the experiments using greater concematdf tungsten and lead. These

were done in stage 2.
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Figure 9-7: The percentage of nitrate and phosghoesed by. morumand the associated change in populatiol

varying concentrations of copper
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pH

Figure 9-8: The pH of nutrient media fBr morum contamniated with various concentrations of coppe
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Figure 9-9: The change in the populatiorPoimorumwhen incubated in nutrient media contaminated twittgsten
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Figure 9-10: Percentage of nitrate and phosphased byP. morumfor varying concentrations of tungsten
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Figure 9-11: The pH of nutrient media #8r morum contaminated with various concentrations of ttegys
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Figure 9-12: The change in populationRofmorumwhen incubated in nutrient media contaminated letial
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Figure 9-13: The percentage of nitrate and phospghosed by. morumincubated in nutrient media contaminated
varying concentrations of lead
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pH

Figure 9-14: The pH of nutrient media #r morumcontaminated with various concentrations of lead
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9.5. Results - Stage 2: Higher concentrations of tusmysind lead

9.5.1. Tungsten

The population results (Figure 9-15) for the ineexh concentration of tungsten
showed that even at the higher concentratiBngnorumwas still able to reproduce.
The nitrate and the phosphorus results (Figure )9show that both were being
removed from the nutrient media, however the rerhovanitrates were somewhat
reduced compared to the control. The phosphoruadatithegin to decrease until about
74.43ppm. This would indicate that phosphorus wadk keing removed from the
nutrient media possibly for uses within the callisture.

The pH results (Figure 9-17) show that the contsults had increases in value as
expected, but the higher concentrations of tungstdnced the pH value. 74.43 and
90.3ppm produced pH values that were significaotiyer than the before results.

A definitive result could not be determined butduld be stated that the TLV
does lie in the range of 90.3 and 120.5ppm

9.5.2. Lead

Because the extreme values of lead could not hedtggeviously it was decided
to use a wide range for this experiment. The vabesged were between 70.6 and
203.2ppm. After preliminary experiments it was fdutihat concentrations of lead
higher than this range induced the production afcimpitation. Therefore it was
decided that those values would be too high todee .u

During this experiment it could be seen from thewation results in Figure 9-18
that there was some population growth at a conatotr of 151.4ppm but at
203.2ppm there was a decrease in the populatiors Whuld indicate that these
concentrations are too high f&r morumto maintain a constant growth. The nitrate
and the phosphorus results in Figure 9-19 showad ttiere were large quantities
being removed from the nutrient media, equivalerdrid in some cases exceeding the
results given for the controls. There appears totthe or no effects on the growth of
the algae at these concentrations. The pH valuésgure 9-20 also confirm these
results, as there was an increase in the pH valdesating that there was a continued
unaffected growth of the alga. The only result thdat not increase was that of

203.2ppm. Although there was a population decresis@|l values of nitrates were
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still used; also there was an increase in the gimsis concentrations in the media.
The result for the sample containing 203.2ppm afllshows a change in the pH
values. The initial pH value for this concentratisas around 1.8, and would indicate
that the solution was to acidic to promote celivgioof the algae.

As with the tungsten, only a range could be deteeahifor the TLV. This was
decided to be between 151.4 and 203.2ppm.

To confirm the concentration of the metal added ithite media, samples were
analysed by ICP-OES. After the completion of thpeziment the samples were again
analysed through the ICP-OES to determine if ther@s a change in the
concentration. It was found that only lead showeliffarence between the before and
after values. Figure 9-21 illustrates the changdbte concentration of lead for all the
samples; it shows that for all, except one, theas & dramatic reduction in the lead
concentration. The 203.2ppm had no decrease inctimeentration. This would
indicate thatP. morumis actively absorbing the lead, or lead has becadiered to

the cell surface removing it from the solution.
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Figure 9-15: The change in populatiorRofmorumwhen incubated in media contaminated with varimuscentration
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Figure 9-16: The percentage of nitrate and phoghosed by. morumfor varying concentrations of tungsten
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Figure 9-17: The pH of nutrient media r morum contaminated with various concentraions of tuegyst
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Figure 9-18: The change in populationRofmorumwhen incubated in nutrient media contaminated wattious

concentrations of lead
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Figure 9-19: The percentage of nitrate and phogghosed by. morumfor various concentrations of lead

60 -

40

20

Control

Control

70.600

73.800

82.860

94.400 122.500 122.90134.200 139.800 151.400 2303200

Concentration (ppm)

’_ @ Nitrates

O Phosphorus

-188 -



pH

10

Flgure 9-20: The pH of nutrient media 8r morumcontaminated with various concentrations of lead

Control

Control

70.600

73.800

82.860

94.400 122.500

Concentration (ppm)

122.90 134.200

139.800

151.400

203.200

O Before
@ After

- 189 -



Concentration (ppm)

250

Figure 9-21: The changes in the concentrationaxf la the nutrient media fét. morum
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9.6. Results — Stage 3: Combinations

It was decided to use concentrations of metals dichtnot previously have an
adverse effect on the algae. For copper this wasdao be 5ppm, in previous
experiments, copper at this concentration did rilgicathe algae. For tungsten and
lead there were a range of concentrations thatndid affect the algae, so the
concentrations were those at the lower end of éinge. This was to determine if it
was the combinations of the metals that affectex @lyae and not the individual

metals.

9.6.1. Copper and tungsten

The results in Figure 9-22 show that only the aadrgamples had normal growth.
All the samples with copper and tungsten were &#teby the metals. The nitrate and
the phosphorus results produced negative resufidicating that nitrates and
phosphorus were being introduced to the media,nasdly by the algae. However
there were three samples that showed an increate ipopulation, but not to the
same extent as the controls: 5/15 and 5/30. Theghltts showed that only the values
for the control increased (Figure 9-23).

Because®. morumcould grow at copper concentrations of 5ppm, andragsten
concentrations of 5-30ppm, the results would sugired the combination of the two

metals has caused considerable damage to the algae.

9.6.2. Copper and lead

The combination of copper and lead do not appebhate a lethal affect, and this
is shown in Figure 9-24. The population resultsishimat there is either an increase in
the population or no population growth. This does suggest that there is a decrease
in the population but that the death of the cedlsequal to the reproduction rate.
However, the phosphorus and the nitrate resulte/ shat there is an increase in their
concentration in the nutrient media for all the ples with metals except one, 5/5.
This suggests that the nutrients are not beingntake for cell processes. The pH
results in Figure 9-25 show that there are increa@s¢he pH values but compared to

the control they are not as great.
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In the individual experiment®,. morumgrew successfully in the media with lead, but

in this combination the population growth has bieibited.

9.6.3. Lead and tungsten

The combination of lead and tungsten does seenave An effect of?. morum
The results in Figure 9-26 show that although themormal population growth, the
percentage of phosphorus used by the algae desraagee higher concentrations and
actually increases in the media at the highestemnation (15/25ppm). There was a
small percentage of the nitrate removed from thdiaat the higher concentrations
but for the highest concentrations, the nitratethe media increased. With the
increase in the population it was expected thapthef the media would increase as
it has done before, however the higher concentratipH value decreased quite
dramatically (see Figure 9-27).

The addition of tungsten to the media in previoupeeiments produced an
increase in the population &f. morum this also occurred when lead was added.
However the combination of the two metals appeansalve hindered the population

growth.
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Figure 9-22: The percentage of nitrates and phasghased by. morumand the associated change in populatiol

media contaminated with copper and tungsten
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Figure 9-23: The pH of nutrient media #r morumcontaminated with copper and tungs

Control

Control

5/5

5/5 5/15 5/15 5/30
Concentration of Copper/Tungsten (ppm)

5/30

O Before
@ After

- 194 -



Percentage (%)

300

Figure 9-24: The percentage of nitrate and phogghosed by?. morumand associated change in populatior

nutrient media contaminated with copper and lead
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Figure 9-25: The pH of nutrient media #r morum contaminated with copper and lead
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Figure 9-26: The percentage of nitrate and phosghosed by. morumand associated change in populatic

nutrient media contaminated with lead and tungsten
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Figure 9-27: The pH of nutrient media #r morum contaminated with lead and tungsten
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9.7. Results — Stage 4: The effects of a combinati@omber, tungsten and lead.

The final experiment was to determine the effectagper, tungsten and lead, in
combination, has on the algae. It could be sedfigare 9-28 that even at the lower
concentrations, there was no population growth, tede was also no removal of
nitrates or phosphorus from the nutrient media. pHevalues given in Figure 9-29
shows that there was a slight decrease in the valtreese results would indicate that

the combinations of all three metals are lethah&. morum
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Figure 9-28: The percentage of nitrate and phogghosed by?. morumand associated change in populatior

nutrient media contaminated with copper, tungstehlead
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Figure 9-29: The pH of nutrient media #r morumcontaminated with copper, lead and tungsten
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9.8. Discussion

Within a closed experiment a number of factors neeble considered, including
the length of the experiment. When using a limitedume of media, the algae
increase in population is limited to the concemrabf nutrients, light availability and
space. Restrictions of any of these can inhibitaépction. Figure 9-30 illustrate the
growth stages of a unicellular alga in a limiteduvmoe of media. It can be seen that
during the first stages the population increasanagxponential rate (2), but after this
phase the increase declines and the alga entea stettionary phase (4) where there is
no increase or decrease in the population numibemng the stationary phase the
nutrient concentrations become limited and theuceltenters into the final death

phase (5) where the limiting factors become apparen

Figure 9-30: The growth stages of a unicellulanajgown in a limited volume of
culture medium (Fogg, 1975)

©) ®

Logarithm of cell numbers

Age of culture

1: Lag phase, 2: Exponential phase, 3: Phaseatihde relative growth rate, 4:
Stationary phase, 5: Death phase

During the early stages of these experiments it veasd that leaving the

experiment for longer than 4 weeks, allowed thelabglture to enter into the death

phase. It was therefore decided to limit the lergjtthe experiment to 3 weeks. This
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allowed the algae to complete the first three stagjegrowth and to partially enter the
stationary phase. At this point it could be detewdi if it was the added metal ions
affecting their growth and not any of the otheriting factors.

Since the experiments were each to run for 3 wesface issues became a
problem. It was not possible to run a number ofedént experiments at the same
time. When different incubators were used, there am@m additional variable that had
to be considered when examining the results. THerdnt incubators would have
different strengths of light and therefore couléathe rate of growth for the algae. It
was decided to use percentage increase/decretseanalysis.

Each of the experiments used 150mL of media arsdpttuved to be not enough to
complete the analysis. When the nutrient media exasnined before the application
of metals, it was not possible to extract the idedlme of solution to monitor the
heavy metal (10mL), phosphorus (1mL), nitrate (20nalnd ammonia (50mL); a total
of 81mLs of solution would be preferred before afigtr the experiment. Although
not ideal, the volume extracted before the expertweas reduced to 40mL, and it
was decided not to monitor the ammonia levels. Ifudher expansion of the
experiment, it would be preferred to use 250mL ofrient media. The increased
volume would allow for the analysis of the medidope and after the experiment,
leaving sufficient media for growth of the algaeweéver the increase in the volume
of nutrient media would increase the size of commiand therefore decrease the
number of containers used in the incubators.

Towards the end of the experiments, it was fourad ghnumber of rotifers had
contaminated the algal stock solution. Upon disomssvith the suppliers, it was
determined that the eggs of the rotifers had comated the stock and that this was
considered an ongoing problem with the algal swmlkition, and as yet has been an
extremely difficult to problem to resolve. Thereddhe later stages of the experiments
could have been affected by the presence of tlifengtsince they too would require
phosphorus and nitrates from the medium. Howevemtimbers of rotifers found in
the samples did not exceed 1 per mL, and thus dfiieict on the overall results of the
experiment would be negligible. It should be notkdt the rotifers were found in
samples which had been contaminated by metals.

In algae experiments, it is difficult to determwivbether the algae have died. It can
only be determined for certain when the cells begitbbreakdown. However, in this

experiment the lack of movement over a period mwietiead to the opinion that the
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algae were dead. But this is not conclusive asast been determined that algae can
enter into a state of hibernation. Therefore ttseilte only consider the increase in the
population numbers.

From the nutrient components it can be seen thettethvas already a small
concentration of copper, and because it is alsgaired micro nutrient the algae are
capable of surviving in media containing copperwdeer, excess copper becomes
toxic as can be seen in Figure 9-7. Concentratigiser than 8.406ppm reduced the
population numbers, and could therefore be condutiat this concentration was
high enough to kill the algae.

For both the lead and tungsten experiments, higbecentrations were required
as the algae continued to increase in populationbews. It was found that, for lead, a
concentration of 151.4ppm still allowed the algaenicrease in population numbers,
but not as quickly as the other concentrations. flied concentration of 203.2ppm
appeared to prevent any population increase. Toreréf can be stated that the TLV
for lead would reside in the range between 151.4ppmd 203.2ppm. Further
experiments would be able to narrow the figure ddwut due to time constraints this
was not possible.

From the stage 1 and stage 2 experiments it caedre that the TLV for tungsten
lies between the range of 90.3ppm and 120.5ppm90ABppm there was still an
increase in the population numbers, greater thanahthe control, but at 120.5, there
was a decrease in the population numbers.

As with all plants, nutrients are required for tbentinuation of life. Without
reproduction the organism will die and become extidny chemical that interferes
with the reproduction cycle can have detrimentéda$. When the concentrations of
tungsten were added to the media, there appeared little or no effects. However
after a period of incubation it was clear that ¢h@ras a dramatic increase in the
population numbers. These increased and surpaksepdopulations of the control.
Throughout the experiments, the control flask shibae increase in population 100
fold, but when tungsten was added to the mediajritrease was 1000 fold. When
tungsten is present in the media there is a clffacteon the reproduction rate.
However this was not found to occur when coppdead were also present.

It has been suggested that tungsten substitutesnédybdenum (Hille, 2002;
Williams and da Silva, 2002), if this is the ca$en the increase in the tungsten could

mimic the effect of increased levels of molybdenutowever the concentration of
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molybdenum in the nutrient media is approximately32x10* mg/L, therefore the
concentration difference between before and aftaulavbe negligible and assuming
that tungsten could substitute for the molybdenwanchange in the tungsten
concentration would not necessarily be detectegldnts (and algae) molybdenum is
essential for the assimilation of nitrogen. Molybdm is a major component of the
enzyme nitrate reductase.

The process of nitrogen assimilation involves a benof steps; nitrate to nitrite
to ammonia. These are achieved indirectly with psytthesis through its products
(Round, 1973). NADPH produced during the light teats of photosynthesis is used

by the enzyme nitrate reductase to convert nitratetrite:

NOs + NAD(P)H + H + 26 —» NG@ + NAD(P)' + H;0............(7)

The ferredoxin (also from the light reactions) et used by nitrite reductase to

convert nitrite to ammonia.

NO; + 6Fdeq+ 8H + 66 —> NH' + 6Fdx + 2H,0........... (8)

During the conversions, the products are then fedycback into the
photosynthesis processes. Because the assimilasonindirectly related to
photosynthesis, it is also controlled by some @f fdctors affecting photosynthesis,
such as light availability, oxygen and carbon di@concentration and nutrients.

As a by-product of nitrogen assimilation, ammosig@ioduced and is then used in
the Calvin Cycle. The ammonia could not be deteechifor the experiments, due to
the volume of solution required; however it can dssumed that the ammonia
production is related to the pH. Because ammanigsed in the production of amino
acids it would therefore be assumed that the cdrat@n in the nutrient media
should not increase. However, when there is an ersppply of nitrate it could
possibly encourage the conversion of nitrate to amanregardless of the rate of
ammonia being used in metabolic processes; theednasnmonia would then be
transported out of the cell and into the medias tinareasing pH.

Throughout the experiments, where there was suttesswth of the algae, there
was an increase in the pH of the medium and thesponds to results from previous

experiments (Round, 1973). The initial pH valuegedidepending on the individual
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metal and the concentration that was added. Winere twas little or no increase in
population numbers the pH decreased. This indictiasthe nitrogen assimilation
was not occurring and therefore there was no pitomtuof ammonia.

When examining the results from the tungsten appdos, it can be seen that the
pH of the media decreased after the applicatio2&P23ppm of tungsten. This
suggests that ammonia was not being produced. Havibe population increased to
numbers exceeding that of the control. It is alsteresting that although the
population was increasing at the higher concewinatiof tungsten, the percentage of
nitrates used was less than that of the contrdiis dorresponds to the possible lack of
ammonia being produced. It should also be notetlttieapercentage of phosphorus
used was at similar levels when compared to théraisnand this would indicate that
photosynthesis and reproduction was still occurbdngnitrogen assimilation was not.

It is possible that other metabolic processes Hmen altered, for instance the
production of the mucous layer that surrounds tbentes. During this process,
products from photosynthesis and nitrogen assiioilaare used to form sugars and
proteins. Any interference of this process coulduce the layer surrounding the
colony. If tungsten is interfering with the prodiect of ammonia as is theorised, it
would occur during the early stages of nitrogeninaiéstion, that is, with the
conversion of nitrate to nitrite. Therefore it ikely that the tungsten is altering the
molybdenum based enzyme nitrate reductase, eitireudgh substituting for the
molybdenum or acting on the enzyme reducing itsviigt Because the nitrates are
still being used, it is more likely that the formsgithe case, since some normal activity
was still occurring. Because the number of colohias increased dramatically when
compared to the control, reproduction is occurah@ faster rate. Observations noted
that the colonies appeared to be more numerousmaadler when compared to the
controls. During the life cycle of the alga, a miage layer surrounds the colonies. A
possible explanation for the increased number galatolonies is that the mucilage
layer is inhibited by the presence of tungstennémmal circumstances the layer
protects and provides some structure to a numbeolohies. However the presence
of tungsten could alter the properties of the laged therefore not containing the
colonies. More of the individual cells enter intseaual reproduction after being
excluded from their original colonies. The numbgcells per colony would decrease
and but the number of overall colonies would inseed&xperiments to determine this

would include extensive testing for the mucilage@unding the colonies.
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The presence of lead on its own seemed to hade hit no effect on the
population of the algae. However, there is a changhe concentration of the lead
ion in the media. There was a definite decreasthenconcentration of lead when
comparing the before and after experiments. Thisndit occur for either the copper
or tungsten, it also did not occur when the metadgse applied in combinations. It is
possible that the lead was accumulated into theeaty that the lead was adhered to
the surface of the algae. It was attempted to awter which by using a scanning
electron microscope but this was unsuccessful. dtqgraph from the microscope is
shown in Figure 9-31. The results were inconclysivet the method could be
improved by embedding the algal samples in resththen thinly slicing sub samples
for examination under the electron microscope.dtld then be possible to examine
the infrastructure of the algal cells as well as sarface. Theoretically, it would be
possible to determine if the metals were accumdletehe cells or adhered to the cell

surface.

Figure 9-31: An electron microscope photograpR.afnorum

! Electron Image 1

f 20um

During the photosynthesis cycle, the productionuegt¢hrough the use of ATP.
ATP becomes reduced to ADP or AMP. To recycle thgeidomolecule phosphorus is
taken up from the surrounding media and addedeadtiuced state ADP and AMP to

again become ATP. This can then be used in theeciatants in general (Including
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algae) utilise phosphorus in the form of orthoplinage (OP) (Fogg, 1975). Some of
the results from the experiments showed that thees an increase in the
concentration of phosphorus in the medium; thigdssibly due to the breakdown of
the cell structure thus releasing the phosphorom fmolecules such as ATP. The
increase in the phosphorus concentrations corresptm experiments where it was
found that the algae had not survived the conceoraof the metal ions.

When the elements were applied together they pemtiactoxic effect. Therefore
in a natural environment, the presence of more tha@ contaminant would be
sufficient to kill the algae. Even when there isa#inconcentrations of copper
(~5ppm), the combinations of lower concentratioh$¢ead or tungsten is enough to
kill the algae. In freshwater habitats, more tha® @ontaminant is released. This
would lead to the conclusion that the algae wowlth® able to survive in a situation
where more than one contaminant was present. Dhilsl ¢ead to the conclusion that
in an environment where the algae were found niyutheir absence could be used
to determine that there were a number of contansnpresent. The algae could be
used as bio indicators rather than hyper-accunmglaktowever, in the unlikely event
that only lead is found in a freshwater system,digae could be used to extract some
of the lead from the water. Although it has beeatest that the combination of
lead/copper, lead/tungsten, copper/tungsten andd/clegper/tungsten has a
detrimental effect on the algae, other combinatimay not have the same effect. For
example, it was not determined if combination ofdeand zinc could have a
detrimental effect on the algae. The next stagi®fexperiment would be to test the

algae with contaminated water taken from a pollsiesl
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Chapter 10: Accumulation of metals in humans ameioanimals

10.1. Metal Accumulation — An introduction

The accumulation of metals through the trophic leves presented a number of
iIssues, including the possible biomagnificationcohtaminants through the levels.
Biomagnification occurs when the concentrationhaf tontaminant increases with the
higher trophic levels. An example of this was sedmen the effects of dichloro
diphenyl trichloroethane (DDT) were shown to inseahrough the trophic levels
including detectable levels in humans (Trojanowekal, 1972; Rudcdet al, 1981).

During the World War Il DDT was used as an insedé for the control of insects
such as mosquitoes and agricultural pests. DDT feasd to be an effective
insecticide but was too persistent in the enviromnasnd easily transported by water
over great distances. After the publication of &il8pring by Rachel Carson (1962),
there was increased pressure to remove the inglecfrom use as it was believed to
cause cancer in humans. By the early 1970s it wasdf that the insecticide was
causing damage to bird populations includirigliaecelus leucocephalusBéld
Eagles), where numbers had dropped (Grier, 1988).dEcision was made to remove
the insecticide from use and was banned in mos¢ldping countries. Figure 10-1

shows the concentration increase that was fouadimals of different trophic levels.
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Figure 10-1: The biomagnification of DDT througbphic levels (modified from
Campbell, 1996)

DDT in fish eating birds:
25ppm

DDT in large fish:
2ppm

DDT in small fish:
0.5ppm

DDT in zooplankton:
0.04ppm

DDT in water:
0.000003ppm

Although heavy metals are not considered as contms in the same sense as
DDT, it is possible that they could have similasrbiagnification effects on the trophic
levels. With increasing concentrations of heavyaisein the environment, the long
term effects are causing great concern. The metailsot be destroyed and therefore
have persistent effects on the environment. Incageere the metal is capable of
imitating nutrients within plants and animals, #és an increase in the concentration
that can become accumulated. For instance both &b tungsten can imitate

nutrients that are required and can replace thesents. Lead is chemically similar
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to calcium and could therefore substitute for aattin bones of animals; tungsten is
chemically similar to molybdenum and can replade filant processes.

In most cases the effect of the metal is dependenthe availability and its
concentration in the environment. If the metal amsidered as unavailable to either
the plant of animal, uptake will not occur thus woalation is not possible. The
concentration of the metal is important as if tbaaentration is very small; it is likely
to be removed from the plant or animal naturaltyplants, when there is a presence
of an unwanted substance, it can be stored in dlceole where it cannot affect the
plant. In animals the same partitioning can ocdwt more likely the unwanted
substance can be passed through the system asmosed with the waste. However,
when high concentrations enter the body, the contms cannot be excreted
effectively and can then be stored in parts ofbay. It is this that causes the concern
as the contaminants are not “locked” away, andlmmnemoved from the stores and
affect body systems. Where the contaminants armicladly similar to components
required in processes throughout the body, theaooiniants can be removed from the
stores instead of the component. This can affecptbcesses, and can also cause the
processes to stop. Examples of this are the sutistit of lead for calcium in

structural processes (bone manufacture) and negicaldunction.
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10.2. Human consumption of contaminated foodstuff

In today’s climate, the presence of metals in fowifis has been found to be a
regular occurrence. Because of this, the Europeann@unity (and other governing
bodies) has described limits of certain contamisgmermitted in food and water.
Table 10-1 gives examples of these limits for |leadi cadmium, taken from the
Commission Regulation EC 466/2001 (Official Jouroiaihe European Communities,
2001).

Table 10-1: The concentration of lead and cadmiuomitd in food for human

consumption
Food Item Lead (mg/kg)| Cadmium (mg/kd
Cows Milk 0.02 -
Meat of bovine animals,0.1 0.05

sheep, pig and poultry
Cereals 0.2 0.1
Fruit 0.1 0.05

The concentration that is present in the food aradewis dependent on the
concentration of the contaminants found at thediterigin. For instance, vegetables
grown in an area close to mining activities arellykto accumulate contaminants from
the soil. However, where the contaminants are ¢hemical form that is unavailable
for plant uptake, the process of accumulation cannour and it could be termed safe
for the growing of edible vegetation.

During visits to Devon, a number of market stallsrevfound to be selling local
produce. Selections of these products were purdhasexamine the concentration of
heavy metals in the food. There were two vegetafdake and cabbage) and some
cheese (Cornish Yarg). The kale was grown aroundn@Glake; approximately 4km
from Blanchdown Wood, the remaining samples werey aescribed as locally
produced.

Because these products were locally produced)ikel/ that there may be a small
concentration of heavy metals present. If this p@sen correct, then it would mean

that there the heavy metals could enter into tbd fhain.
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10.2.1. Aims and objectives

The aim of this section was to determine if heawjals had been accumulated into

food that was sold for human consumption.

10.2.2. Experimental procedure

During a sampling visit to Blanchdown Wood, somébage, kale and Cornish
yarg were purchased from a nearby village. It wéagedised that the kale had been
grown locally in Gunnislake, 8km from Blanchdown Wb The Cornish yarg and
cabbage were described as being produced localtywith no further details. The
samples were stored in sealed plastic bags and rgiom to the laboratory were
washed thoroughly and dried. The samples weredlgasted as discussed in Chapter
5.
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10.2.3. Results

The results of the digestion analysis are showRigure 10-2 and 10-3. It shows
that although copper, tungsten, lead, arsenic endi¢re analysed for, only copper
and tungsten were found. All three samples werendouo contain small
concentrations of copper (Figure 10-2). The Coryaity and the kale were found to
contain an average of 7.689 and 7.248mg/kg resdgti The cabbage however
contained an average of 28.677mg/kg of copper. tlihgsten concentrations, shown
in Figure 10-3, for all samples did not exceed fwbplt was found that a number of

the replicates did not contain a detectable comagon of tungsten.
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Figure 10-2: The concentration of copper in foofisteollected from Devon, UK
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Concentration (mglkg)

Figure 10-3: The concentration of tungsten in faoffis collectedfrom Devon, UK
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10.2.4. Discussion

During the analysis it was found that the conceéiatneof tungsten varied between
the replicates for all samples. Table 10-2 showsréisults of the replicates. It can be
seen that a number of the replicates did not cora@ay tungsten; therefore the average
would be affected. Ideally control samples shouddehbeen used to compare the
results to, however the cabbage and kale could baea grown anywhere in the
country, and therefore it would be impossible ttedmine if the growing site was in
an area of contaminated land.

Table 10-2: The concentration of tungsten in tipdicates for cabbage, kale and

Cornish Yarg

Cabbage| Kale Cornish Yarg
(mg/kg) | (mgl/kg) (mg/kg)
0.099 0.794 2.483
0 0 0
4.267 0 0.599
0 0 0
0.298 0 0.150
0 0.851 0
0 0 0
0 0 0
0 0 0
0 0 0

Since the Cornish yarg is a cheese delicacy thapréslominantly made in
Cornwall, it would be difficult to obtain a contrebmple. It cannot be determined if
the pasture sites was uncontaminated. For the ptioduof the yarg, the cows are
believed to have been pastured on the edge of Botobr (Lynher Dairies, 2006),
but it is not known whether this site was contarreda Many of the waste sites of
mining activities were not always documented. Tfoereit could be possible that the
animals were feeding in an area that was contapudnathe yarg is made from

pasteurised cow milk and is wrapped in nettle lsawegive its unique flavour. The
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origin of the nettle wrapping is also unknown, asalld therefore be a source of
contaminated. From the results it can be seentliea¢ was a small concentration of
copper and tungsten found in the cheese, but iunslear as to where the
contamination originated. However, it does demansthow copper and tungsten can
be introduced into the human food chain, eitherough the consumption of
vegetation (nettle wrapping) or from the transféwrough the trophic levels

(vegetation-cow-human).
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10.3. Metal content in reproductive products

In the classification of the animal kingdom there more than 33 phyla described.
The most commonly known phylum is that of chordatmtaining the animals with
backbones. These can be further divided into ctass#uding birds (Aves), reptiles
(Reptilia), mammals (Mammalia) and amphibians (Am@). The reproduction
process of these can be divided into those thalymelive young and those which lay
eggs. In most cases where the young are produeeehgs, the egg structure provides
some nutrients for the young in the early daysfef All the eggs have one thing in
common, the fact that the embryo is surrounded pyogective layer enclosing fluid
containing nutrients. For amphibians (e.g. Frops)@émbryo is surrounded by a jelly
like substance. The jelly is produced after thdilfeation process where water is
absorbed to produce a jelly like substance whialmosads the embryo providing
protection. In the early stages of life, after @mbryo has developed, the tadpole eats
a portion of the jelly, before starting to feed algae within the water environment.

Figure 10-4 shows a sample of frog spawn that wasd at Blanchdown Wood.

Figure 10-4: A photograph of frog spawn at Blanckd&Vood, Devon, UK
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Bird eggs are produced after mating has occurrededpgs do not necessarily hold
fertilised embryos. The protective shell is commbpeimarily of calcium carbonate
and its condition can determine the successfulhiragoof the young. If the shell is of
poor quality, it can break under the pressure efatiults incubating the egg, before
the offspring is ready to emerge.

The calcium carbonate is formed by the female;ofactthat affect the shell
formation include malnutrition. Where there is asgble chance of metal
accumulation in the female bird, the shell quabgn be affected. The shell can
become thin and weak, causing it to break durirggititubation period. Thus the

quality of the shell can give an indication ashe guality of the female bird.
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10.3.1. Aims and objectives

The aim of this section was to determine if conrdns of copper, lead, tungsten,
tin and arsenic were accumulated in egg shells find embryos found at
Blanchdown Wood, Devon.

10.3.2. Experimental procedure

During visits to Blanchdown Wood, samples of frgawn were found in a small
pond. Some of the spawn was collected and place sterilised bottle containing
70% industrial strength methylated spirit (IMS) geevent any deterioration of the
sample. In the laboratory, the IMS was filtered td#aving the spawn. The spawn was
shaken for 1 hour on an automatic shaker and titterefl through a Whatman No 1
paper. The intention was to separate the jelly ftbenembryo. This would allow for
the determination of the concentration of metalsspd on to the offspring before it
has had contact with the environment. Also as #ily jabsorbs water from the
environment there could possibly be contaminatiomfthe water incorporated into
the jelly. The tadpoles were then digested as dssamulipreviously in Chapter 5.

The egg shells that were found were stored in degliestic bags. Unfortunately
during the transport process, the shells were brak®l it could not be identified
which species of bird the shells came from. Whetkha the laboratory the shells
were carefully washed, in de-ionised water, to reen@any contaminants on the

surface. The samples were then digested as distus&dhapter 5.
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10.3.3. Results

Figure 10-5 illustrates the concentration of coppengsten and arsenic found in
the frog embryos and egg shell found at Blanchd@aod Devon. It can be seen that
there is a relatively high concentration of copp@57.96mg/kg), tungsten
(90.84mg/kg) and arsenic (168.41mg/kg) in the fotryos.

The concentrations of copper and tungsten in tlgesbgll were 35.46mg/kg and
33.36mg/kg respectively.

During the analysis, concentrations of lead andviene not found in either the egg

shell or the frog embryo.
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Figure 10-5: The concentration of copper, tungstaharsenic in frog spawn and egg shell sampl&athdowr
Wood, Devon, UK
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10.3.4. Discussion

As a species, frogs generally eat small invertelsratich as insects, slugs, snails
and worms. The analysis showed that the embrybeofrbgs contained high levels of
copper, tungsten and arsenic. Since the embryopi®duct of the parents, material
from the parents would be used to form the embfy® jelly like protective shell is
introduced around the embryo and then absorbs whiten the surrounding
environment and swells to form a protective layidre soil from the pond, where the
spawn was collected, was analysed and was fourdrtain high concentrations of
copper, tungsten, lead, tin and arsenic. Becausigedfigh concentrations in the soil,
it is likely that the water would contain similasr@centrations; therefore the protective
jelly would absorb the contaminants from the wated become a component of the
jelly. Once the embryo has developed into a tadgbke protective jelly is consumed
by the tadpole. When the tadpole is ready, it mowf what is left of the protective
jelly and begins to feed on algae in the water.

Because it was difficult to remove all of the ptee jelly from the embryos, it is
likely that there may have been a small concewinatif the copper, tungsten, and
arsenic, however if there was some contaminati@m tthere would also be small
concentrations of lead and tin, but these werdmotd. It is more likely then that the
embryo itself contained the contaminants.

The presence of the contaminants in the embrycatels that the parent is likely to
have passed on small quantities to the offspriregaBse the egg is fertilised out of
the female body by the male, it is likely that & the female passing on the
contaminants and that she is likely to have accatadl these contaminants. The
contaminants are probably accumulated from the afi¢he frog, feeding on insects
and other small invertebrates, which are geneetgn whole. The invertebrates may
not have accumulated the contaminants from ther@mwient through their food, but
may have had dustings from the soil. Particlesasit@minated soil could have been
on the ingested invertebrates and therefore thdamonants would have been
consumed. The lack of lead and tin in the samplddcmdicate that they are being
stored in areas of the body where their removdiffgcult or that these two elements
are not available to the stored in the frogs’ bady are removed efficiently through
excretions.

In the egg shell, only tungsten and copper weraedo®Recent studies by Skrivan

al (2006) demonstrated that in hen eggs, an increas¢he dietary copper
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concentrations increased the concentration of cofqaend in the egg shells,. They
found that by increasing the concentration of coppehe birds diet from 9mg/kg to
35mg/kg increased the concentration of copper enabg shell by 26%. Therefore
although copper is necessary in the diet of birdseased concentrations result in the
removal of the excess copper through excretionassiply, to some degree, during
the egg laying process. However, Skrivaral (2006) also showed that there was not
a significant increase in the copper concentratiche embryo (yolk or white).

Because copper is required as a micronutrients itpassible to find small
concentrations in different parts of the body. Tateg is not required by animals
(including humans) or by the majority of plantswewer previous evidence discussed
in Chapter 9 has suggested that tungsten imitatdgbsenum in certain processes. It
is likely that during the formation of the egg shelingsten is supplemented for
molybdenum and therefore can be found in the shell.

A clear indication of the transfer of these contaamits through trophic levels is
shown by the presence of copper and tungsten iedgeshell. Although the species
of the bird that laid the egg could not be ideatfiit does show that the parent bird
had consumed the contaminants and a concentrafiahese contaminants was

deposited in the egg shell.
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10.4. Bird of prey pellets

The birds that eat prey are divided into two grotipsFalconiformes(daytime
hunters) andstrigiformes(owls). These are the only birds that eat meat, smhave
developed special techniques to consume the ptey.ificludes the development of a
strong beak and talons for catching and Killingrtipeey. These birds cannot chew
their food and so eat the animal whole. Where tieg s too large to be eaten whole,
it is torn into smaller pieces before being swakowThe food is passed directly into
the digestive system and the digestion processbeqgithe first part of the stomach
(proventriculus) where the lining produces enzymasids and mucus which
breakdown some of the food. The partially brokemmldood is then passed to the
second part of the stomach (gizzard). The gizzaresdhot contain any digestive
glands, but acts as filter, retaining insolubletpaf the prey such as the bones, fur,
teeth and feathers. The remaining soluble partshare passed on further to the small
and large intestines where digestion is complebtedugh the absorption of nutrients
through the linings of the intestines (Parry-Joi©88).

Several hours after eating, the indigestible paftthe prey are compressed into a
pellet in the gizzard, once formed the pellet travack to the proventriculus where it
remains for up to ten hours before being regumgitaind expelled from the body.
Regurgitation usually signifies that the bird isadg to feed again, as once a pellet is
formed the bird can not feed until it has been #ggerom the body (Parry-Jones,
1998).
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10.4.1. Aims and objectives

During this part of the research there were twomnaamns:
= To determine if the carnivorous birds ingested eomr@tions of metals from

the prey

= To determine if the prey had accumulated metals

10.4.2. Experimental procedure

During a visit to Blanchdown Wood, Devon, two ptdlevere found and placed in
a plastic bag and sealed. Upon return to the labtigrathe pellets had dried out. The
samples were placed in petri dishes and sampleaio&nd bones were removed. The
species of owl the pellets came from, could notdetermined; the bones were
preliminary identified by Professor Brian Pyattaasmall rabbit. Figure 101 shows
the bone fragments which were found in the pellets.

The remaining samples were sieved through a 1myue ssed samples less than
1mm and greater than 1mm were placed in sealedioens with 200mL of distilled
water and placed on a shaker for 30mins. The measdples were filtered through
Whatman No 1 filter papers. The filter papers witen dried and the particles were
removed from the paper into petri dishes. Thesewen dried for 7 days in a closed
cabinet. The bones were washed thoroughly and .dbede dried, all the samples

were digested as discussed in Chapter 5.
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Figure 10-6: Bone samples found in the owl pellet
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It was not possible to determine which bird demukithe pellet, although during
visits to the area sightings of buzzards were mailese were not what produced the
pellet, as the pellets were too small. The pelletge estimated to be 4cm long and
approximately 2.5cm wide. Buzzard pellets are apprately 6-7cm long and 3cm
wide (Bang, 2004).
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10.4.3. Results

Figures 10-7 and 10-8 show the concentration araecs copper, tungsten, tin and
lead found in different samples from the owl pelletcan be seen that the bone
samples contained high concentrations of lead (Baddg/kg), arsenic
(28236.9mg/kg) and tin (197.23 mg/kg). The coneditns exceed the values that
were found in the soil from all sites. It should@be noted that the concentration of
copper found in the pellet material was 1718.59 ZBNPE1 (<1mm)) and
1975.0mg/kg (DV24/PE2) (>1mm)).

During the preparation of the sample it could bensihat there were small particles
of spoil present in the owl pellet material and uanber of seeds and seed casings

which could not be identified.
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Concentration (mg/kg)

Figure 10-7: The concentration of arsenic in samfstem owl pellet collected from Blanchdown Woods\von, UK
(see Tables 7-1 and 7-2 for key to sample names)
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Concentration (mg/kg)

Figure 10-8: The concentration of lead, coppergsten and tin in samples from owl pellets colledtedh Blanchdowi

Wood, Devon, UK (see Tables 7-1 and 7-2 for kegample names)
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10.4.4. Discussion

As birds of prey, owls are in the same positiotthef food chain as humans. They
are carnivores, by nature, and as so can be usedhaslel for the eventual transfer of
metals into humans. The pellets that were foundlanchdown Wood, Devon
contained the bones and other indigestible matéoat a small animal. The analysis
results showed that the concentration of leadatid arsenic in bone fragments were
higher than that of the other material. The bon¢ens is generally used for the
storage of excess minerals in the body (discussetthelr, later in this chapter),
therefore the concentrations of the contaminanthénbone are a good indication as
to their concentration in the soft tissues. The ssgues of the mammal are part of the
digestible portion of the animal and therefore ¢tbhataminants present in the tissues
would have been broken down and absorbed intoitds’body. Although the pellet
contained small particles of spoil, these were mgitated and removed from their
body, but it does lead to the conclusion that sathe metals would be digested
with the food by the birds.
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10.5. The accumulation of metals in bone

A typical human skeleton consists of 206 bones arel linked together with
cartilage and ligaments that form the joints. Ttracture is designed to support the
weight of the body (Christiansen and GryzbowskB3)9 The basic skeletal structure
of newborns begins development during the gestateiod. The skeleton is derived
from mesoderm, one of the three basic embryonsudis. When born the majority of
the skeleton is still in the form of cartilage, azah therefore not support the weight of
the child. The process of converting soft cartila@®one occurs through ossification
that begins whilst the child is still in the uteraisd continues until the body is fully
matured (Vaughan, 1981).

The conversion of cartilage to bone occurs throtvghh methods of ossification.
The type of bone that is resulted depends on thsifieion method.
Intramembranous ossification results in the fororatf flat bones and some of the
facial bones. Endrochondrial ossification forms libveg bones for example femur and
tibia, and also plays a large role in the healihfyactured or broken bones.

The structure of the bone differs, depending onftinetion of the bone. There are

two types of bone structure:

= Spongiosa — consists of a network of fine trabexudanclosing cavities that
contain red or yellow marrow
= Compact — located in the shafts of the long bosesounding the marrow

cavities

The spongy trabecular bone directly remodels theebonto the surface of the
trabeculae, and is considered to be more activedbmpact bone (Vaughan, 1981).

The skeleton’s primary role is to provide suppond grotection to the body,
however another vital role is to act as the masemeoir of calcium and phosphorus
for the body, as well as additional ions (e.g. sodi magnesium) (Cohn and Roth,
1996). It is believed that up to 99% of the bodgédcium is stored within the bone
matrix (Christiansen and Grzybowski, 1993). A medta of homeostasis is used to
control the concentration of calcium released oded by the matrix. Within the
mechanism organs such as the kidneys and integtlagsa vital role, as well as the
parathyroid hormone and vitamin D (Cohn and Ro#96).
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The homeostatic mechanism is controlled using Pditamin D and calcitonin.
Each has their specific effects on the absorptiod eesorption of calcium. They
maintain a balance of calcium concentration inltheod. Calcium originates in the
dietary intake and is absorbed into the blood p&tmough the intestines. Calcium is
used in cells and is vital to the body’s functiigure 10-9 illustrates the homeostatic
control of plasma calcium by PTH and vitamin D. &aiin is not shown due to its
minimal influence on blood calcium levels in humaa#though in other species
calcitonin has a significant effect on lowering atam levels (Spence and Mason,
1987).

Past research, into lead accumulation from minitesshas revealed that there is
also an input of lead into animals and more impdlyahumans through the trophic
levels (Pyattet al, 2002; Pyatet al, 2004). Lead contamination is believed to have
originated from the workings of mines and smeltaggivities and has continued to
modern day exposure from car fumes and other bgymts of industry. As a result
the surrounding land and water courses have becontaminated.

Because of the contamination of the land and waéad has entered the food
chain. As well as bioaccumulation, there is alsoahkpect of biomagnification of lead
in animals including humans. The concentratioreafllin individual species of edible
plants may not be toxic in itself, but the ingestiof a number of the plants would
increase the intake of lead.
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Figure 10-9: The homeostatic control of calcium @fied from Cohn and Roth, 1996)
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10.5.1. Aims and objectives

The primary aim of this study is to examine theeektof accumulation of heavy

metals by humans. To achieve this other aims nebd tonsidered:

= To determine if heavy metals are accumulated irebon

= |If accumulation does occur, is there any indicatdpartitioning through the
bone

* To determine if accumulation occurs before or aftsath

10.5.2. Experimental Design

A number of samples were made available to theeptofrom different sources.
Selections of human femur bones were availablextaet samples for analysis and
the determination of heavy metal accumulation. Astections of animal bones were
found on site at Blanchdown Wood and were also yaed for heavy metal
accumulation.

During the project it was determined that a cofgbkexperiment could be used to

identify the extent of metal accumulation after tleath of the animal.
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10.5.2.1. Laboratory experiment

The experiment was designed to determine if leasl acgumulated after death. If
lead had been accumulated from the soil after dela¢ghconcentration of lead in the
experimental bones would be high. For this purpmgéones were used as their skin
texture and tissue is similar to that of humanse Bhnes were buried in soil, as this

would imitate the conditions the human body encersafter death, as follows:

= Uncontaminated bones/tissue in uncontaminatedGointrol) — 1 (PB04-1)
= Uncontaminated bones/tissue in contaminated s»i{RPB04-2)
= Contaminated bones/tissue in uncontaminated s®{RB04-3)

= Contaminated bones/tissue in contaminated soi{PB04-4)

This provided data as to the direction of leadralfterial, whether the lead was
absorbed by the bones from the soil or if lead welsased into the soil. It can
therefore be determined if lead contaminates tme®or whether lead from the bones
contaminates the soil. During the decompositiorcess, the tissue was broken down
in the soil. After the complete decomposition of tissue, the bones were removed.
Several soil samples were extracted to determmeahcentration of lead.

To prevent the release of lead into the surroundirga a container was used to
hold the soil and the bone materials. Four containeere used, and sunk into the
ground. In the bottom of the containers a layegrafvel was used to raise the soil to
prevent water logging of the soil and to removeesscwater in the bottom of the
container. The container was then lined with a aiole mesh to allow for the free
movement of water. The soil and turf were replaiggther in the containers. These
were left to allow for the soil to settle.

After a period of 4 weeks the containers were iiglly dosed with a lead
solution. This occurred over a 4 week period; whare@a number of applications were
used. Using a small hand held sprayer a solutideaaf nitrate (with a concentration
of 1000ppm lead) was applied in 1L doses over #reod. A total of 4 applications
were given to the soils.

Throughout the initial set up of the containerdyamd pump was used to remove
any excess water from the bottom of the contaiteepsevent water logging.

The pig’s legs that were used were obtained froenlabal butchers. The four legs

were whole and separated from the carcass at thg jo prevent the bones from
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being cut. A total of two carcasses were used. Skie and tissue was left on the
bones and were submerged in water solutions. Twapkes were submerged in a
solution of approximately 1000ppm lead. This waslenap using lead nitrate with a
concentration of lead nitrate in the solution waS98g/L. 10L of this solution was
used to submerge the legs. The remaining two legge &lso submerged, but in 10L
of distilled water. Both sets of legs were plagedealed containers and were stored in
a cold room for 6 weeks. The temperature of thd oodbm was set at 0.

When the pig’s legs had been submerged for 6 welegg,were then buried in the
containers. During the burial process it was euiddrat there was an odour
originating from the boxes. After only a few minsitehis odour had attracted two
species of fliest.ucilia spp(Green bottle) an@alliphora spp(Blue bottle). Although
there was a visible difference in the number ddsflaround the lead contaminated
material compared to the non-contaminated matetialppeared that possibly there
was a subtle difference in the odour that wasdttrg the flies. The flies preferred the
non-contaminated material. However, there were allsnumber of flies around the
contaminated material. Upon the removal and bofithe non-contaminated material,
the flies began to increase in number around tmactinated material. This would
suggest that the flies have a preference to thditon of meat, and that they could
detect the differences. After both types of matdred been buried, it was apparent
that the flies had laid eggs, on both containers.

After 2 years the samples were removed from thergicand the samples of soll
was taken. Figure 10-10 shows a photograph of dined after their removal from the
soil. It could be seen that the tissue had comigletlecomposed and only the bones
remained. Unfortunately, only three of the four péea could be extracted, as the soill

in the fourth sample had become compacted and cmilde removed at the time.
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Figure 10-10: The pig bones that were removed fiteerlaboratory experiment

From the pig bones, three samples of the bones takem and analysed for lead
content. Figures 10-11 to 10-13 shows photographisecindividual bones and where
samples were taken. In all cases similar amounsswoiples were taken. The samples
were cut from the bone using a stainless steel damving the sampling, eye
protection, mask, gloves and laboratory coat wemrnw All sampling of bone
material was conducted in a fume cupboard.
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Figure 10-11: Control: Uncontaminated bones/tissuencontaminated soil (PB04-1)

Figure 10-12: Uncontaminated bones/tissue in coimzied soil (PB04-2)
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Figure 10-13: Contaminated bones/tissue in uncangted soil (PB04-3)
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10.5.2.2. Cambridge archaeological samples

A number of archaeological samples were made dlailhy Tim Reynolds,
research fellow. These samples were excavated d&rsite near Cambridge, where a
number of skeletons were found. The samples wetedday the excavators as
approximately 900AD. Upon receipt of the bones,ytheere stored in a sealed
container to prevent any contamination from othewrses, also to preserve the
samples. Five samples were taken from two of thheufebones, and were pictured
shown in Figure 10-14 and 10-15. For both femuresorsamples were taken at
different points along the bone. Although not clisam the photograph, a sample was

taken from the hip.

Figure 10-14: Cambridge bone sample CA05/B-1
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Figure 10-15: Cambridge bone sample CA05/B-2
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10.5.2.3. Animal remains

During a visit to Blanchdown Wood a number of arirhanes were found and
collected. The samples were stored in sealed batysareturn to the laboratory were
thoroughly washed and dried. Samples for analysieewut from the bone and were
digested as discussed in Chapter 5. Photographe tones were sent to Phil Piper at
York University, and were preliminary identified #sse of a small deer, possibly a
Chinese deer. He confirmed that the remains weobgly less than a year old.
Figures 10-16 to 10-22, show photographs and iflesition numbers of each of the
bones that were analysed.

Figure 10-16: Bone samples 1-3 of the animal remfimand at Blanchdown Wood,

Devon
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Figure 10-17: Bone samples 4-6 of the animal remminnd at Blanchdown Wood,

Devon
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Figure 10-18: Bone samples 7-8 of the animal remfimand at Blanchdown Wood,
Devon
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Figure 10-19: Bone sample 9 of the animal remansd at Blanchdown Wood,

Devon
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Figure 10-20: Bone sample 10 of the animal remfmned at Blanchdown Wood,

Devon
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Figure 10-21: Bone sample 11 of the animal remfmned at Blanchdown Wood,

Devon
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Figure 10-22: Bone sample 12 of the animal remfmned at Blanchdown Wood,

Devon
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10.5.3. Results — laboratory experiment

The results in Figure 10-23 show the concentratibtead in the bone samples
were elevated only in the sample where the soil seasaminated. The remaining two
samples show that there was no accumulation offfead the water they were left in.
The second sample (uncontaminated bone/tissue ntamminated soil) shows that
there was an increase in the concentration of ileatle bone. The concentration of
lead in the soil from around the bones proved tatim/e 250mg/kg, and it has shown
that the lead has been absorbed from the surrogisdih

Although there are small concentrations of leads@méein both sample 1 (control)
and 3 (contaminated bonef/tissue in uncontaminaté), shis can be background
concentrations, and not directly from the experitmen

During the analysis it was decided to determinedtcentration of calcium and
phosphorus, and to investigate the loss of thesepooents of bone during the
decomposition process. From Figure 10-24, it casd®n that the concentrations of
the calcium and phosphorus were only slightly diedan the soil and could be the
result of background concentration. The conceotmabf phosphorus appears to be
constant along the bone, but the calcium concentimtof the bone seem to differ

slightly.
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Figure 10-23: The concentration of lead in the lscared soil from the laboratory experiment
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Concentration (mg/kg)

Figure 10-24: The concentration of calcium and phosus in bones and soil from the laboratory expent
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10.5.4. Results — Cambridge archaeological samples

Because of the lack of information surrounding éinehaeological samples, it was
decided to analyse for a number of elements, copget, tungsten, tin, iron, calcium,
phosphorus and arsenic. Of these, calcium, phosphand iron were expected to be
present, but the remaining elements were not. # fwand that out of the elements
tested for, only lead was present. Figure 10-25vshihe concentration of lead along
the bone samples. Sample 5 of both bones were fat@nthe hip, and in both cases
the hip contained the highest concentrations of IE3A05/B-1 — 138.59mg/kg and
CAO05/B-2 — 549.84mg/kg). It can also be seen thatdoncentrations of lead were
higher in CA05/B-2 (ranging from 217.71 to 549.84kgy) compared to CA05/B-1
(ranging from 30.35 to 138.59mg/kg). Because reptie could not be performed,
statistical analysis could not be completed.

The phosphorus and calcium concentrations areayieglin Figure 10-26. These
show that for the phosphorus concentrations, tlegrpears to be no difference
between the partitioning samples, or between tlkvitlual samples. The calcium
concentrations do appear to differ. Overall CAO4/Bentained higher concentrations
of calcium, and for both individual samples thereaswa fluctuation of the
concentration along the bone.

Figure 10-27 shows the results of the concentraifaron in the femur samples. It
can be seen that CA05/B-1 showed a fluctuatiorraf along the shaft of the bone.
Sample CAO05/B-2 showed low concentrations compai@dCAO05/B-1 with a
minimum of 342.55mg/kg at site 1. In both samples liighest concentration of iron

was found in the femoral head region.
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Concentration (mg/kg)

Figure 10-26: The concentration of calcium and phosus in samples of femur bones

2000000

1800000+

1600000

1400000

@ Phosphorus

W Calcium

1200000

1000000

800000
600000
400000-
200000
0

S

CA05/B-1

CA05/B-2

- 253 -



Concentration (mg/kg)

Figure 10-27: The concentration of iron in sampieemur bones
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10.5.5. Results — Animal remains

Figure 10-28 display the results from the bone dasfound at Blanchdown
Wood. It was found that only copper and tungstereweund in the bone. Lead, tin
and arsenic were not detected. It cannot be coeflrthat the bones came from the
same animal; also the food source of the animaldcoot be determined. The bones
were believed to be that of a small deer, possab{yhinese deelrermis inermis.
These can cover great distances depending on tliedwailability. Therefore it can
not be assumed that the primary feeding grountletieer was at Blanchdown Wood.

The results show that there are varied concentratid both copper and tungsten,
with a maximum concentration of tungsten at 69.6&/kep (DV19/HI/7) and the
maximum concentration of copper at 43.36 mg/kg (BAAL/S)
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Figure 10-28: The concentration of copper and tiamgs bone samples from Blanchdown Wood, Devon, (&8¢
Tables 7-1 and 7-2 for key to sample names)
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10.5.6. Discussion

During the analysis of the all the bone samplesyas found that lead, copper,
tungsten and arsenic were represented in one or nobrthe samples. The
accumulation of all these elements, except tungatdoone have been studied (Mateo
et al 2003; Sharmaet al, 1977; Taggartet al, 2006; Gerhardssoet al, 2005;
Martinez-Garciaet al, 2005).

In modern society, through the increased use df, Idae concentration of lead in
the human body has also increased. Gonzalez-Rerhexis(2003) suggest that the
daily intake of lead by Americans has increasedl®y times. The primary site for
lead accumulation has been the skeleton and litoigght that up to 90% of the lead
within the body has been stored in the bones (Drak@82). The reasoning for this is
believed to be lead’s chemical similarity to caloiuThis could result in the
absorption of lead substitution for calcium. Be@uo$ the chemical similarity, lead
and calcium could compete for the uptake of mirseiradeveloping bones. There may
not be a selective process, therefore the uptalatioér lead or calcium could just
depend on the concentrations and the close proximitthe osteoblasts. If the
substitution of lead for calcium is based around themical similarity, it is also
possible for lead to substitute for other chemycalmilar ions, for instance Iron
(FE€") in the haemoglobin complex (Ratcliffe, 1981).

Because of the wide use of calcium in the humarybibds essential that there is a
permanent store. The human skeleton provides tiwa. SCalcium is locked within the
bone matrix in the form of a crystalline structuiridroxyapatite (Ca(POy)s(OH),).
The structure is such that there are three zonmgstat interior, crystal surface and
hydration shell. Each zone presents surfaces @l@ifar exchanging ions. Therefore
the substitution of calcium could occur in eachezon

In the analysis, the concentration of the heavyaiseand the calcium and
phosphorus concentrations were investigated. Itldvba assumed that an increase in
the concentration of lead would decrease the aalcaoncentration in the bone
material. The laboratory experiment was used toerdehe if there was an
accumulation of lead after the death of the animuadi also to investigate the removal
of calcium from the bone through the decomposiparcess. The results showed that
there was a concentration of lead absorbed intdotime from the soil, but there was
not an increase in the calcium concentration insthié Therefore over a short term,

calcium is not lost from the bone, and lead is audated. However long term burial
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of bones has led to an increase in the calciumestgration of soil, where the burial
occurred approximately 1000 years ago (Wilson, Brspnal communication).
Because of the long periods to examine this furihex not possible to determine if
over long periods lead (or other metals) is accatedl after death.

The archaeological samples from Cambridge indicatemt there were high
concentrations of lead accumulated in the femureborinformation from the
archaeologist involved with the excavations (Cér@) identified CA05/B-1 as being
male and approximately over 45, but CA05/B-2 coutd be determined as male or
female, as the bones were poorly preserved.

During the interpretation of the results it was gegjed that the second sample
could be from either an adult female, or from atedly person (male or female). The
reduced concentration of iron in the femur bone ldidead to the conclusion that the
person suffered from anaemia, and it would theestoe determined that the femur
belonged to a female, since women are more likeesutfer from anaemia. The femur
from the male had concentrations of iron highenttiaat of the other sample. If the
second femur was male and of the same age, theemwatons of iron would be
similar.

It was noted that there was an increase in theerdration of lead in the femur
head samples compared to other samples taken f@inone shaft of the same bone.
These also corresponded to a decrease in the mabtincentration at the same site.

The renewal rates of bone differ between partfi@fskeleton. The rate also differs
between the ages of the individual. During theyesthges of life (up to adolescence)
the absorption of calcium in the bone is greatantresorption. At about 30-35, the
resorption and absorption are equal, however dutirgy later stages of life the
absorption rates decrease, and the loss of calfiomm the bone structure is at its
highest; this is associated with the onset of qeismsis.

The concentration of lead found in the femoral head highest in both bones and
could be related to the fact that this region cstssof spongy trabecular bone, which
has an increased turnover rate of calcium. If recentration of lead in the blood is
reasonably high, it will be incorporated in higleamcentrations in regions of bone
where the absorption rates are highest, for instéme femur head and neck.

The iron concentrations found in the femur headewketermined to be of higher
concentrations compared to samples taken fromha# sf the bone. This occurred in

both femur samples, although CAQ5/B-2 containedelowoncentrations from the
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shaft when compared to CA05/B-1. Iron is a microeuat required by humans and
other animals for the transport of oxygen arouredlibdy. Iron is incorporated in the
haemglobin protein of the red blood cells and i&iwied in small amounts in the food
that is ingested. The body does not have a meahafas the excretion of iron and
therefore homeostasis is used to maintain the obraten through recycling. In
general there is approximately 3-4g of iron in thedy with 2.5g of this being
attached to haemoglobin, 400mg being used in gekkgsses and 3-4mg in blood
serum. The remaining iron is stored in variousgaftthe body, usually in sites where
red blood cells are either formed or broken dovive(lhepatocytes, spleen and bone
marrow) (Hoffbrancet al,2006).

Iron deficiency could lead to the excess removamifrthe stores in the bone
marrow to compensate for the deficiency. The lackam in the body can be brought
about by a number of reasons, the lack of ironhia diet, heavy bleeding and
disorders such as Crohns’ disease (Gastlag 1994).

CA05/B-2 has been suggested to be from a femald, auld explain the
differences in iron concentration between the temmdr bones. A decrease in iron is
more commonly brought about in women of child begryears. Because both the
femur samples were taken from the same site ikeyl that both received similar
diets, therefore a lack of iron in the diet wouletbase the concentration of iron in
both the femur bones. However, it is not possibledmpare bones with the same
variables, i.e. Age at death, health, diet, anibdesf time since death.

In the human body a number of metals are requiedn&ronutrients. These
include iron (discussed previously), molybdenumppmy, and zinc (Anon, 2005-
2006). Micronutrients can not be manufactured duedefore must be ingested and to
prevent excess loss, can be stored within the btidwas found that the animal
remains found at Blanchdown Wood, Devon, contaisewhll concentrations of
copper in the bones, ranging from 0 to 43.36 mg/kg.

There was a wide range of the concentrations amtisasassed earlier it can not be
assumed that the remains were from the same anaitiabugh the probability that
two or more Chinese deer were killed and their iemdiscarded in the same place is
extremely low. If the remains were from the samenal, it shows that there is large
variability for the accumulation of copper in thb bones. Copper is required as a
micronutrient for enzymes which catalyse the préidncof the haem and therefore

the iron incorporation to the molecule (Reeves BetMars, 2006). Theil and Calvert
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(1978) discuss the issues of copper deficiencyexuess in the body. A decrease in
the concentration of copper can induce anaemidjngao the conclusion that iron is
not being incorporated in the haem molecule ancetbee the red blood cells are not
being produced. However excess copper concentsatiam induce kidney and hepatic
damage. Because copper is required by the bodthémcorporation of iron in the
red blood cells, it is clear that concentrationsulddoe found in the sites of red blood
cell production.

As mentioned previously, molybdenum is also reqli@s a micronutrient, and is
also involved in iron metabolic processes. It igoined in metabolic reactions for
carbon and nitrogen cycles. Molybdenum is attackeeda number of enzymes
collectively known as molybdoenzymes. An examplehat of xanthine oxidase,
which is involved in the purine degradation proessssome researchers have found
that molybdenum has been substituted by tungstenplants and animals
(Koutsospyroset al, 2006), but the precise mechanism has not beenndieed. The
possible substitution of tungsten for molybdenum bimlogical processes could
explain the concentrations found in the animal inesa There were high
concentrations found, with a range of 24.01 to 69m§/kg. Although these can not be
compared to concentrations in control samples, sasgyroset al (2006) indicated
that the concentration of tungsten in various osgamd tissues of healthy individuals
did not exceed 26Q@/kg. Thus is can be determined that the concemtsatof
tungsten in the bone samples were higher thanxpecéd concentrations. It could
therefore be determined that the animal consumedl astumulated increased
concentrations of tungsten.

It has been identified that an excess of molybdemhas caused the excretion of
copper from animals (Xiao-yuet al, 2006; Siever®t al, 2001). If this is applied to
the samples that were found, the low concentratadnsopper in some of the bones
could be attributed to the high concentrationsiofysten substituted for molybdenum.

Although the bones were found in the open air,situnlikely that there was
absorption of metals from the environment as thesald be other metals absorbed

into the bones as well.

- 260 -



Chapter 11: Discussion and conclusions

11.1.Variations in soil concentration of metals

One of the main sources of heavy metals in the sppmere is as a consequence of
weathering. Weathering results in the removal ahbmations and anions from the
terrestrial environment either in the solid roclkyil sor spoil remains, into the
atmosphere. Atmospheric processes can transpocatimns over both long and short
distances; and the extent of dispersal is depermteactors such as the velocity of
the wind, the presence of any physical barrierd, tae size of the particulates being
transported. This means that although a spoil tgy rhe at a great distance, the
atmospheric deposition of the contaminants carodlite them into a substantially
increased area. The repercussions of this includen@eased probability of metal
accumulation into food chain following depositiohaations from the atmosphere to
the terrestrial and aquatic environment.

There are a number of different methods of metidport in the environment
including leaching, weathering of soil and sporidaun off. Because of the number
of different methods of transportation no singletime can be considered as
responsible for the sole movement of the metalscofbination of the dispersal
methods have resulted in the non-uniform transportaf the metals, resulting in the
different concentration found between the sampdesean in the results of this current

research.

11.1.1.Lateral dispersal

From the soil concentration results at Blanchdowood/ Devon, UK, it can be
seen that there was little or no relationship betw#he concentrations of copper, lead,
tin, tungsten and arsenic in the soil within eatthe sites examined during the course
of this research program. By examining the resultan be seen that there were high
concentrations of all the elements, with exceptignaigh concentrations of copper
and arsenic. These results showed that there wdsgla variability in the
concentrations within each site. Additionally, echgrithe analysis, 10 replicates of each
of the soil samples were examined. These are reme in Figures 7-2 to 7-6. It is
observed that there is little variation in the regtlies as illustrated by the confidence

interval bars.
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The locations of the sample sites can be seenguar&i7-1 (Page 68). It can be
seen that sites 11-16 were located around the 8wuttaste tip. The remaining sites
were located at various distances from the wagtaNith the exception of site 12, the
remaining results showed a large variation in thiecentration of each of the metals.
Site 12 had similar concentrations in each of thenges that were extracted.
Although site 12 was chosen at random, it was feanthere was an under layer of
rubble with a layer of soil and organic materiagkrddnal communication with the
estate manager (Mark Snellgrove) provided inforarabf the plantation of pine trees
around Blanchdown Wood. Visual confirmation of tfeking was experienced at the
Blanchdown Wood, and it is suggested that the remidvees are used for various
purposes in industry. Although it was not considesie a remediation technique, they
have provided the area with a small level of remoin. Although the plantation of
trees has occurred throughout the site, it is nois whether during the plantation a
layer of topsoil was added to aid the growth ofghedlings.

The movement of the cations can not be attributeshe method of transport. As
discussed previously, the ions can be moved thréemthing, runoff or atmospheric
deposition. Currently all three can be consideredegponsible for the transport of
ions at Blanchdown Wood. The waste tips are contppsenarily of spoil from the
smelting activities. The fine particles can be defgal around the site depending on
the direction and velocity of the wind. When samglthe spoil, it was seen that there
were still high concentrations of the metals witttie top 5cm. This would indicate
that although the waste was deposited several decagb, the contaminants are still
present close to the surface, and are thereforgetuto wind erosion and thus
atmospheric deposition. However, atmospheric poluts restricted by the presence
of physical barriers, in this situation the presen€ mature trees. The trees provide a
barrier to prevent the movement of metals, althotigh movement still occurs to
some extent.

When examining the results of the soil concentratiFigures 7-7 and 7-8), it can
be seen that there is a large variation througllbeatsite. The variations can be
considered as a mosaic effect, where the effeat seehe soil indicates that the
concentrations can vary depending on the dispemsahanism, and the physical and
chemical properties of the soil. Therefore wheri¢ isoanalysed for the presence of
heavy metals the results are not necessarily repratsve of the whole area and

additional analysis is required. To accurately eatd the concentration of metals in
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the soil of an area, a number of samples are rediuirhe numerous samples taken in
an area can be used to map the concentrations rtdfirceelements in an area.
Additional information could also be used to ilkage the movement of the metals
through the environment. Such information includeemical and physical properties
of the soil, presence of vegetation and animalsthagresence of any other physical
barriers in the vicinity of the contaminated siddarkus and McBratney (2001)
studied the spatial distribution of lead in the iemvment. The authors summarised a
number of research projects which examined the extnation of lead in soil. The
authors concluded that to be able to predict theement of lead in the environment,
for risk assessment purposes, a spatial distribatimap should be used.

Patonet al (2006) studied a nickel smelting complex locatethie central part of
the Kola Peninsula in Russia. The current actiwiiave lead to the area being highly
contaminated with copper and nickel. It was deteadithat the replicate sampling
within a site was necessary and that variationtt@icopper and nickel concentrations
were apparent for each of the replicates. Of thstés sampled over a distance of
34km from the smelter, all soil contained increakaabls of copper and nickel and
contained significant variations at each site. Vaeation coincided with variations in
the pH as seen in the results of this current rekea

A common conclusion of many research papers isttiteak is a decrease in the
concentration of contaminants from the source (@&uét al, 2001; Wilsonet al,
2005; Wilson and Pyatt, 2007; Pateihal, 2006) However, it is difficult to locate the
source of pollutants, as there could be a numbesairces, both natural and
anthropologic.

It is currently not possible to study the indivitledfect of mining operations.
However, the past activities can be extrapolateouifh the examination of peat bogs
and ice cores (Honet al, 1996; Shotyk, 2002; Shotyk, 1996; Martinez Codietal,
2002; Zhenget al 2007) These provide a historic record of the extent loé t
atmospheric pollution produced during the heightrofing and smelting activities.
This allows researchers to suggest the contribuhermining and smelting activities

can have on the present environment.
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11.1.2 Vertical dispersal

The vertical soil and spoil cation concentrations also varied and additionally
indicate that there is a pronounced mosaic effadhis case the method of dispersal
is also an influence, as the atmospheric depositioans from the weathering can be
deposited on the surface and then absorbed fudibem the vertical profile.
Additionally the run off and leaching from otherntaminated soil can also increase
the concentration.

The flow of cations through the vertical profiletbe soil has become increasingly
important to monitor. The possibility of the ionsaching groundwater leads to the
increasing probability of contaminated water beingested by animals including
humans. The results of this research show thatepthd of 58cm, there was a
significant concentration of all the metals. Altlgbusoil at greater depths was not
sampled, it can be assumed that the concentrafienstrated further through the
profile.

The mobility of cations has been studied with vagyresults (Sterckemast al,
2000; Yukselen, 2002). But all have concluded thatmobility and thus the increase
of a polluted area is dependent on a number obfaebcluding physical and chemical

properties of both the soil and the metal itself.

11.1.3.Movement of metals and soil properties

The movement of contaminants are dependent on tbpegiies of the sail,
physical, chemical and biological. The physical genies of the soil include the
percentage of organic matter, soil composition @&od permeability. Chemical
properties include the pH and adsorption capadsliof the soil. In the process of this
research, the volume of soil that was collectedaah site varied, and in some cases
was limited to the quantity required for the heawgtals analysis. Therefore these
parameters were not fully recorded. In further expents, these would be monitored
to determine the relationship between these pammend the concentration of the
heavy metals.

One of the main properties that dictate the mgbdit the contaminants in soil is
the pH. The pH of the soil can limit the movemehthe ions through the solil. In
general the lower the pH (more acidic) the morelyikhe contaminant can be mobile.
In alkaline soil, the contaminants are less moaild are not bioavailable. The results

of this research showed that the pH of the soil@adwaried throughout the site. This
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is not considered unusual as the average pH oirsdititain is 6.0 (average of 6000
soil samples); however the range is between 3.1MXrath and Loveland, 1992).
When considering the differences in the pH in tbié grofiles it can be seen that the
samples with the lowest pH also showed the higb@stentrations of arsenic and tin.
This leads to the conclusion that in this situat&ra lower pH, tin and arsenic are
more mobile compared to copper, tungsten and lead.

The adsorption and permeability properties caneimee the concentration of the
metals further down the profile. Soil adsorptiocurs when the contaminant becomes
adhered to the surface of the soil particles. Tranger the adsorption, the less likely
the contaminants are transferred further down dlilgosofile. This also means that the
contaminants have a lower bioavailability and drereéfore not available for plant
uptake.

The permeability of the soil allows for the movermnbetween the soil particles.
The larger the spaces between the soil partidiesiore the contaminants can move
through the solil profile. Soils are composed of iatane of clay, sand and silt. The
percentages of these can determine the size ddpthees between the soil particles.
For instance soils composed of a high percentagamd have large spaces between
the particles. This leads to the increased movemienwater and contaminants through
the profiles. Where the soil has a high percentalgelay, the spaces between the
particles are smaller and not capable of movingugh the profile. In this situation, it
is more likely that water and contaminants are rdotlgough the environment by
runoff on the surface of the ground.

Although the permeability of the soil was not quigaibly measured, a visual
distinction could be made. The profile samples takeBlanchdown Wood, consisted
primarily of sand material. Therefore the permegbibf the samples was high and
thus the ions could move freely through the profil®wever, the adsorption of the
ions to the surface of the soil is not selectiveg anetal ions become adsorbed to
particles in the upper portions of the soil. Sterkeet al (2000) concluded that the
increase in the distance travelled by the metatsutfh the soil profile was related to
the concentration in the upper most layers. Thédrighe concentration of the metals
in this layer increased the distance the metalsesiafarough the vertical profile,
although this was only measured over a distanc20e80cm. In the results of this
research, it can be seen that the concentratitimeahetals in the upper most layers of

the profiles was relatively high. Therefore usihg ttonclusions of Sterkema al

- 265 -



(2000), it is likely that the metals could reacleajer depths than was measured.
Additionally the soil composition of the samplessy@imarily of sand; this property
would also enhance the movement of the ions thrahghprofile, and therefore
increase the concentration at the lower levels.

The pod samples showed visible indications of &dmgrganic content compared
to the other vertical profiles. The greatest degitithe pod samples was 12.5cm and
13cm. The pH values of these samples also vari¢ihl e¥stance from the surface;
however the lowest pH was 4.2. It is likely thae thigher percentage of organic
matter is maintaining the pH above 4.0 promoting ghowth of the vegetation. The
percentage of organic material contributes to tlmeement of contaminants through
the profile with an increase in the organic mattecreasing the bioavailability of the
heavy metals in soil. Therefore the introductionvefietation on contaminated land,
either as a remediation tool or as a natural celanican decrease the bioavailability
of the metals in the soil (Tordoét al, 2000).

De Matoset al (2001) determined that the soil chemical propertiese better at
estimating the mobility of the heavy metals comgdate the physical properties,
although the physical properties should still beetainto account when considering

the movement of the contaminants.
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11.2.Failure of top soil application as a long term rediation technigue

Whilst sampling at Snailbeach, Shropshire, UK, ¢heras evidence of recent
remediation techniques being employed. The sitelirently subject to a legal dispute
between a local farmer and the Shropshire Countyn€ig the details of which are
not, for legal reasons, available to this autham$2quently, information surrounding
the current remediation practices was not availablthe time of writing. However,
whilst visiting the site, evidence of established soverage was seen as well as wire
mesh restraining rubble on the spoil tip. In theding idea of using soil on top of spoil
tips is to prevent “soil creep” and to limit theno@ntration of metals available for
transport through mechanisms such as weatheringampdotect surface organisms
from upward mobility of heavy metals. Although thmescale of the remediation
techniques is not known, it is clear from the sedults that there are still remains of
concentrations of lead and zinc present in the gdie metals were not however
present, or in the same concentrations, at alhefdites which were sampled; this
leads to the conclusion that the metals were negemt in the soil before application
of the soil overburden.

Although the presence of the metals cannot be thgpuhe origins can. Thus,
there is a possibility that the metals could bendpmrted to the soil surface by
atmospheric deposition as discussed earlier, fragasa which are exposed to
weathering. Additionally it is conceivable that tmetals were transported up through
the soil by reverse capillarity during particulavisarm weather. The water nearer the
surface becomes evaporated by the heat of therglithess encourages the movement
of water from lower levels with the implication eértical transport of the cations.

Although it is not clear which method is increasthg concentration of lead and
zinc in the soil, it has been determined that theypresent, and that the remediation
method of applying top soil is only effective ovanort periods of time, and that

eventually concentrations will inevitably beginitarease.
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11.3.Food web contamination

The contamination of food webs can be detrimentakthe environment. An
example of a simplified food web is illustrated Figure 11-1, which demonstrates
how a number of animals, e.g. hawks, can feed dfereint species. Therefore
contamination of the web, even at the lower leveds) lead to a greater number of
animals consuming contaminated material.

In most cases each animal feeds within a smalltdtalhe size of which depends
on the number of breeding pairs of a species pteaad the quantity and quality of
food available in the habitat.

A contaminated site permits the transfer of heaeyats from the environment to
enter into a food web and subsequently exhibitdmomulation. Transfer through the
food web can begin at the lower levels by the comgtion of plant material by
primary consumers. Plant material grown in contated soil can accumulate heavy
metals and consequently transfer these metalsetoeht trophic level. The intake of
metals into animals can occur through the ingestibnontaminated material or by
ingestion of contaminated particles from their filost mammals (e.g. foxes, mice
and shrews) clean their fur on a regular basis itkinlg their fur. If there are
contaminated particles on the fur, these can bd®med.

It has become apparent that the effects of theyha®tal accumulation are not
restricted to a single trophic level, and therefoesearch studies concerning the
implications of heavy metal accumulation in the ésivtrophic level have become
increasing important. Notteet al (2005) studied the transfer of metals from the soil
and plant tissue to a snail speci€gjaeca nemoraljs The research concluded that
there was an increase in the concentration of ap@ec, cadmium and lead 1G.
nemoralis, compared to those residing in a non-contaminated.afhe research
demonstrated that the concentrations of these snetate transferred from soil and
plant material to the next trophic lev&, nemoralis.lt can also be seen that the
concentration of the cadmium, copper and zinc wagmfied in snail tissue, and
therefore illustrated the biomagnification occugrin the food web.

In the freshwater environment, the same principlggly. Phytoplankton are the
primary producers in the aquatic food webs anduphela diverse species of algae.
These in turn are either predated by zooplanktorbyorother organisms such as
vertebrates. Phytoplankton, in common with terralsplants, can accumulate the

heavy metals into their thalli. The phytoplanktore dhen consumed by animals
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further up the food web such as fish. The fish, atiger consumers, in the fresh or
indeed salt water environment can also absorb métain the water either through

their skin or through their gills.

Figure 11-1: A generalised terrestrial food web dified from Campbell, 1996)

Badger
Hedgehog
Small
Birds “

Woodlice
Rabbits

11.3.1.Producers

In the research program, terrestrial and aquaticlymers were examined. The
terrestrial producers included vegetables soldhioman consumption (cabbage and
kale), and plants that would provide nutrientsdiorall mammals and bird§iburnum
opulum, and Cotoneaster microphyllusThe results demonstrated that all of these
plant species accumulated metals from their enuient and possess the potential to
transfer the contaminants to the next trophic level

Both laboratory and field experiments have beenduoted to investigate the
accumulation of metals in edible portions of plafds et al, 2004; Weber and
Hrynczuk, 2000; Zhet al,2004; Almelaet al,2006). In these research studies, it was

determined that concentrations of metals were aatated in the edible portions of
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the plants, demonstrating that these concentratire available for transfer to the
next trophic level. All the edible portions of @icrophylluscontained concentrations

of copper and tungsten; additionally the stem paogialso contained concentrations
of copper, but not tungsten. This leads to the lc@man that during the formation of

the fruit and leaves there was an increase in ¢ineentration of tungsten. However,
the flow is not maintained on a permanent basid,iais conceivable that at the time
of sampling, the plant was not transporting tungskeough the vascular bundle, and
therefore not found in the stem regions. It alsdicates that once accumulated into
the fruit and leaves, it becomes immobile. Copperguired in small concentrations
during the photosynthetic processes; therefore atllv be conceivable that there
would be a constant flow of the copper ion into hents leaves and fruit, and this
would explain the occurrence of copper in the stiErayes and fruit at the time of

sampling.

The presence of tungsten @ microphyllusand the apparent non-toxic effect in
Pandorina morumsuggests that they are tolerant to its presence.stibstitution of
tungsten for molybdenum has been theorised (Kopysoset al, 2006) and it has
been established that further research is necesdélybdenum is an essential
micronutrient and is necessary for the fixationnittogen by nitrate reductase in
plants, including algae. Williams and da Silva (2Pdiscussed the involvement of
molybdenum in life, and how it has become an egdanicronutrient, despite the fact
that there is not an abundant supply in the enuiremt. They also discuss the fact that
until 4.5 x 18 years ago, molybdenum was not present in the @mvient and that
tungsten was possibly responsible for nitrogen tioxa It would therefore be
conceivable that tungsten can still be used innitregen fixation process of plants,
when molybdenum is in limited supply, or when tlemaentration of tungsten is far
greater.

Whilst examining the effects of copper and leadtmalgaPandorina morumit
was found that at low concentrations of coppers(ldgan 10ppm); the algae were
incapable of growth. Johnsat al (2007) determined that the microalgsézschia
closterium(a marine diatom) showed limited tolerance to coppembardiet al
(2007) also confirmed that copper has a detrimezitatt on the populations of algae,
although, lower concentrations (1 x %) were tolerated during the laboratory
experiments. Copper concentrations greater than10%/l, demonstrated that the

fundamental metabolic processes were affected fatdtie experiments showed that
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there was a decrease in the concentration of ghthgiba. The reduction in the
production of chlorophyll a suggests that the phgtthesis process was interfered
with. During this research, similar results werarfd. A direct comparison cannot be
made as different forms of copper contaminant and@lternative algae species was
used. However in both experiments it was determthatlat low concentrations, both
algal species tolerated the presence of copper.

The algal experiments demonstrated that at corat@ns less than 150ppm, there
was little or no effect on the growth of the popiaa. However there was a clear
indication that the concentration of lead in thedraalecreased during the experiment.
It has been suggested that algae can be useduceréite concentrations of metals in
the aquatic environment. Dergf al, 2005, monitored the removal of lead from
wastewater and concluded that over short periodsned, Cladophora fascicularis
was capable of extracting lead from the wastewater.

From Figure 11-1, it can be seen that contaminabibithe producer level can
increase the concentration of the metals as thghitdevels increase. The effect of
bio magnification can increase the concentratiothef metals and thus contaminate
the higher trophic levels. The results in this thesmdicate that this has occurred to a
small extent. However it was not possible to tebether the contaminants were
passed on to the mammals or birds which consumeddhtaminated material. In
further research a number of small mammals, elgbit@ could be examined for
contamination levels. Additionally, a series oft$esould be carried out including tests
on hair and blood samples progressing to a finatatdition and examination of

partitioning within the body.

11.3.2.Consumers

All animals require the consumption of material @oquire nutrients, such as
minerals and vitamins for vital processes withire thody. The consumption of
contaminants is an unfortunate event that occuexwthe consumed material is either
grown in or has itself consumed contaminated maltedis discussed, juvenile plants
are capable of accumulating unwanted metals wittheir structure from the
environment; this has a detrimental effect on tafchain.

The food chain concentration of the contaminantsei@ases as many organisms
(both plant and animal) are unable to expel theazomant efficiently. In some cases

the contaminant is substituted for another chenyicgamilar element. For instance:
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the substitution of tungsten for molybdenum in #hga P. morumand the plantC.
microphyllus.In animals, similar substitutions can occur, areldhbstitution can have
a detrimental effect.

During this current research, a number of animablpcts were analysed for the
concentration of heavy metals. The products inadudeg spawn, egg shell, and bird

of prey pellets.

11.3.2.1. Accumulation of metals in amphibians

In the case of the frog spawn there were significarmntities of copper, tungsten
and arsenic present in the embryo. Amphibians lh@emn employed as bioindicators
of water quality (Ventrincet al, 2003). During the first stages of their lifecycthe
amphibians are susceptible to chemical changeshénwater environment, and
therefore monitoring of the amphibians’ early lifjele can be used to indicate
contaminants in the aquatic environment. Karasbval (2005) implemented a
sampling strategy to monitor the effects of potlation frog embryos and tadpoles. It
was found that there was a positive correlatiomwbeh the concentrations of heavy
metals in the lake sediments and frogs tissue.

Soil was sampled from the sediment of the wateryhwollere the frog spawn was
located. The results showed that there were higiterdtrations of arsenic, copper,
lead, tungsten, lead and tin. Of these copper,stengand arsenic were present in the
frog embryo. This indicates that the concentratioiese present before the embryo
was fully developed. The embryo was separated ftbhe protective jelly, and
therefore the concentrations of the copper, tumgatel arsenic were either absorbed
from the protective jelly or transferred from tharents.

The concentrations of the copper, tungsten andhiarse the embryo samples
were: 157.958, 90.836 and 168.404mg/kg respectivEhese concentrations are
considered to be relatively high, and it could ssuaned that these concentrations
were obtained from the consumption of contamingexy by the adults, most likely
the female. The main diet of frogs is insects. Wiimately the frog spawn could not
be attributed to a species and therefore the spetiét could not be determined.
However the consumption of insects at Blanchdowrodlyavould lead to the direct
consumption of spoil. In most cases, the insectglavpick up spoil remains on their
body, this would then be consumed by the frogsasinificant concentration of the

metals would also be consumed. Animals are capafbfemoving unwanted waste
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through excretions, but if this process is notogffit enough, metal remains would
still be present and there would be no restricbbthe transfer of the metals to the
reproductive products. Where the frogs reside ihighly contaminated area, the
consumption of insects dusted with spoil would ocmu a daily basis. It is probable
that the bodies’ defenses are not efficient to nerall traces of the contaminants. An
expansion of this would be to sample adult frogs tandissect them to determine the
extent to which they were contaminated with metilgias unexpected to the author
that no lead was found in the embryos. It is suggkethat the lead that is consumed in
the diet of the adults is accumulated into the barel tissues of the adults and is thus
not available for the transfer.

If the embryo was allowed to progress, it couldde¢éermined if metals could be
accumulated from the jelly or from the environmeBerzins and Bundy (2002)
conducted a research project to evaluate the ujptialead in tadpoles from water and
sediment. It was concluded that there was an isedeaoncentration of lead in

tadpoles with increased environmental concentratairiead.

11.3.2.2. Accumulation of metals in birds

Although it could not be conclusively identifiedhet egg shell that was analysed
did contain concentrations of both copper and ttemgsThis suggested that the adult
was accumulating concentrations of copper and tengand these were being
deposited in the egg shell. Past research inta¢bemulation of metals in egg shells
(Nam and Leg2006) suggested that the accumulation has notmadh\zerse effect on
the population of the birds or the birth succes¢s cd the organism. However, it was
shown that the egg shells were thinner and consélguéhere is an increased
probability of the eggs being broken during incidrat At Blanchdown Wood the
presence of the spoil tips would mean that adutisbivould be exposed to heavy
metals derived from the metalliferous tips. Althbuaydefinitive research study would
be required, it would be possible to conclude ttieg accumulation of the low
concentrations of metals is unlikely to affect thability of the eggs; however they
would be more susceptible to breakage, due tohimaibg of the shell. During this
research the thinness of the shell could not bd us¢his study as the species of bird
was not known and therefore control samples wetavelable.

A previous study (lkemotet al, 2005) has been successful in the monitoring of

the trace metal content of the birds, through tkemenation of egg shells and the
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extraction of blood. During further studies, thiogedure could be used to determine
the extent to which the spoil is having on the lpagulations. This could include the
monitoring of the endangered spec@sprimulgus europaeudN{ghtjars), as well as
other birds residing in the area.

Humans and other animals are susceptible to thevadation of metals due to the
chemical similarity of contaminants with requirddraents. For example the chemical
similarity of lead and calcium in bone structurel &@ad and iron in the haem portion
of blood. This similarity can lead to the accumugatof lead throughout the body and

also the substitution of these elements in vitatpsses.

11.3.2.3 Accumulation of metals in bone tissue

The accumulation of metals in bone is somewhaticgésti to elements that are
either already present in the bone matrix, or ws¢hwith chemical similarities to
required nutrients. During this research, a nuntdfebone samples, from different
sources, were used to determine the concentratithre anetals in the bone tissue. The
material examined included ancient human femurslisbones found in the bird of

prey pellets and animal bone remains.

11.3.2.3.1. Bird-Of-Prey bone samples
Since birds-of-prey produce a pellet less than Bdr$ after ingestion it is

assumed that the bones were only exposed to theoement for a limited period of
time. Therefore it is likely that any bioaccumubeti of the metals by the animal
occurs prior to death. However, this can only bectaded for lead, arsenic and tin as
these were the only cations found following dethidaalysis of the samples. When
the results from the remaining pellet media werang@red it could be seen that the
concentrations of lead, arsenic and tin in the lsamaples exceeded that of the pellet

media (summarised in Table 11-1).
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Table 11-1: A summary of metals found in the pednples (mg/kg)

Analyte Pellet bone| Pellet materidl
Lead 1000.34 4.43

Arsenic 28236.9 2635.55

Tin 197.23 11.68

Copper 28.87 1712.59
Tungsten | 25.67 41.26

Generally, the surrounding media contains a higloercentration of the metals
when compared to the bones. Since the concentrafidgad, arsenic and tin were
greater in the bones, it is concluded that these wecumulated by the animal before
death and that the copper and tungsten were nialy lio have been absorbed from

the environment, either in the stomach of the piedar after expulsion.

11.3.2.3.2. Animal bone remains

The animal remains were estimated to be less thayeaa old (Personal
Communication: Phil Piper), and therefore would éalseen exposed to the
environment for much of this period. Therefore @ncbe concluded that the
concentration of copper and tungsten, that wasrmeated, was likely to have
originated from the environment. A laboratory expent using lead demonstrated
that over short periods of time pig bones can actat® lead from surrounding
contaminated soil. The animal bones that were ciglte were not buried; however
they were exposed to the highly contaminated envment. The remains also showed
a surprising lack of lead, tin and arsenic whichulddhave been expected due to the
results derived from the pellet bones. However bitvees were identified to be from a
small Chinese deerinermis inermis) and it is possible that the animal did not
consume contaminated material. Deer are herd asiarad move around regularly,
and consequently it is not possible to determineretihe food was consumed. It is
likely that the animal may have consumed some ooini@ed vegetation at grazing

sites, and the contaminants were removed fromalg bfficiently.
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11.3.2.3.3. Ancient human femurs

The ancient human bones that were included in é&search originated from
Cambridge. Unlike the bones that were sampled ahdidown Wood, Devon, the
human bone samples were retrieved from an archgiealadig at Cherry Hinton (3
miles South-West of Cambridge). The archaeologiggfound a number of human
skeletons. These were estimated to be from the cABgkon period, approximately
1100 years old (Carroll, Q: Personal communicati@ne to the approximate age of
the skeletons, control samples were not availdier to sample analysis, it was not
expected that the bones would contain any tracésadf since their origin was not a
lead mining region.

Although soil samples were not collected from theid site, it can not be a
definitive conclusion that lead was not absorbeunnfithe soil. Studies have shown
that bone tissue can accumulate lead from the (¥édldron, 1983 and Waldron,
1981). During this research, an experiment wasgdesl to determine if post mortem
uptake of lead occurs over a short period of tifffee results showed that lead was
absorbed into the bone tissue after burial.

However, when all the results were considered ifprigbable that lead was
accumulated through a diet of lead contaminatedidtndgfs. The skeletons were
buried in the same location, although it is knovown the exact positions. During
personal communications with one of the archaestsgi(Carroll, Q) it was
determined that the skeletons were well persevekelbw pH is not conducive to
skeletal preservation. For the movement of leadutpin soil, the pH of the soil should
ideally be low. Because of this, it has been amhetl that the skeletons did not
accumulate a high concentration of lead from thieduee to the fact that if the soil
had a low pH, the skeletons would not have beenebpreserved. Although, the pH
of the soil can change over time, a prolonged chamghe pH would correspond to a
deterioration of skeletal preservation. Therefote i conceivable that small
concentrations of lead could be absorbed duringl idenditions of lead movement. It
has been concluded that the lead present in therfesamples primarily originate
antemortem, although post-mortem concentrationseadl is possible. A research
study by Carvalhet al (2004) also commented on the absorption of leadiroog
ante and post-mortem.

As both the human skeletons were buried in the same, it may therefore be

assumed that if accumulation from the soil had gecliduring ideal conditions, there
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would be similar concentrations of lead represeimeloth femurs. But this did not
occur, there was a large variation of lead coneg¢iotn both between the bones and
along the bone shafts (CA05/B-1: 30.35 — 138.59mgMKLA05/B-2: 208.21 —
549.84mg/kg). These results suggest that partitgphias occurred in the femur bone,
because of the range of the results it is concluldatthe partitioning occurred during
the life of the individual. When studying the resulChapter 10, Figure 10-25), it can
be seen that the two different samples show sirpé#terns. Although great effort was
used to sample at the same point on the bones, likaly that there was some
difference between the sample sites along the boresrefore a small amount of
variation would be expected.

The results showed that the highest concentratadnlead were found in the
femoral head region. This suggests that this regmmumulates lead at a higher rate
when compared to the shaft of the femur. As dismaiss Chapter 10, this could be
attributed to the femoral head being composed ohgp trabecular bone, which is
responsible for an increased rate of calcium uptaken compared to compact one
located in the femur shaft.

During the analysis it was determined that thereewrgh concentrations of iron
in the femur bone. Like the lead results, there wémsgh level of variation between
the femur bones and along each of the bones. Tgiee$i concentration of iron was
located in the femoral head. The concentrations@805/B-1 contained a larger
variation of iron from 851.57 to 2160.74 mg/kg ajotie shaft of the bone, with a
maximum of 3540 mg/kg in the femoral head. CAO5/B& little of no variation
across the femur shaft, with concentrations of 254- 354.26 mg/kg. Like CAQ5/B-
1, the maximum concentration was located in theofamhead (4414.643 mg/kg).
Carvalhoet al (2004) also noted that there were high concentrataf iron found in
human bones from the Middle Ages. Through exanomatf the bones by total
reflection X-ray fluorescence, they determined ttisgre was a decrease in iron
concentration on the surface of the bone comparéd mner samples. It was also
noted that there was a high level of iron peneirafrom the soil into the bone,
allowing for an increase in absorption from the ismrvment. In reference to the
results from this current research, the increadesbration is not likely to have
affected the concentration of iron found in the émnAs mentioned before, soll

samples were not available, therefore it could be@tetermined if there was a high
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iron concentration in the soil. However, if therasaa high iron concentration in the
soil, it is likely that both samples would have #xied increased concentrations.

It is suggested that the bone sample CA05/B-2,ngad to a female of child
bearing years. It is also suggested that the wdmdrgiven birth to children, possibly
quite recently before death. The concentratioraf that was found in the shaft and
hip of the femur was at reduced levels compare@AO05/B-1. Although there are a
number of disorders which cause iron deficiendi¢s likely that such disorders could
have contributed to death at an earlier date. Thwexet is suggested that the lack of
iron would be due birth induced anaemia, where theras suffering from the lack of
iron after giving birth.

Although, these conclusions are subjective and aidom proved one way or the other.
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11.4.Health problems associated with metal accumulation

Although this research has been unable to invdstigee long term effects of
metal accumulation, it has been evident througdrdiure searches that there are a
number of adverse health effects of heavy metalthernuman body. These include
neurological, and soft and hard tissue damage.

Of the metals examined in this study, only zinc aogper are essential micro-
nutrients in the human body. These are requiredvémious functions in the body
including as components in enzymes and repairirgnaaintenance of soft tissues in
the heart (Campbell, 1996). There are a numbereskarch papers that have
investigated the effects of copper deficiency (&j\1975; Klevay, 1998; Hawét al,
1998) indicating that copper is an essential notrieand deficiency leads to
hypothyroidism, osteoporosis and cardiac defectatiembryos. Although the studies
were based on rats and mice it is likely that thmes effects can be seen, to some
extent, in humans. Further research has also ba®ucted regarding the effects of
excess concentrations of copper in humans. ThegerpdSokolet al, 1994; von
Herbayet al, 1994; Carpenteet al,1988) discuss the effects of excess concentrations
of copper and how an overload of copper resultiaimage to liver cells in individuals
with Wilson’s disease (a hereditary disease prengrihe excess copper from being
removed from the body).

The total concentration of zinc in the human baslyapproximately 2g, and the
majority of which is found in the brain. This leattsthe conclusion that zinc is an
essential nutrient that enables the brain to fonctiormally. The concentration of
zinc is believed to be related to disorders suckchgzophrenia, Wilson’s disease and
Pick’s disease (Pfeiffer and Braverman, 1982). Mhesearch paper discusses how
both schizophrenia and Wilson’s disease can béetteaith zinc and can therefore be
managed. However Alzheimer’s is a degenerativerdeoof the brain which results
in the person to suffer with dementia and it igéxed that excess concentrations of
zinc can contribute to the onset of the disease.

Tin is generally considered to be non-toxic, andreses on the internet have
defined the metal as a possible essential traceegie(Albion, 1996). However there
seems to be some controversy as there has béempltilished information published
to substantiate these claims. Research that has Heee includes the high
concentration of tin found in the thymus gland afuanber of animals. Sherman and

Cardarelli (1992) found the concentration of tin selected tissues of dogs was
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29.4ppm in the thymus gland compared with 12.8pprihé spleen. Further research
published by Cardarelli (1990) suggested that themtis gland synthesised and
secreted tin bearing factors that enhanced immuefendes. Currently, further

research has not published by reputable journalgebsites.

Like tin, there is little published information aliathe health effects of tungsten.
However in 2006, Koutsospyrad al published a paper reviewing the importance of
tungsten in the environment. It was stated thathenUSA, a number of leukaemia
clusters in children was apparent in areas suriograh industrial tungsten smelting
plant, and it was hypothesised that it was theugiolh from the plant which increased
the number of leukaemia cases found in childrenhdigh the authors could not
definitively claim that it was the tungsten thatsm@sponsible, since there were a
number of factors present which could also haverimried to the conditions. The
paper recognised that more research is neededtltorole of tungsten in the
environment and its links to adverse human health.

One of the most toxic substances in the environmansenic is a well known
poison, used previously in pesticides and most temtyoas a murder weapon.
However the long term exposure from anthropogeoiscces has caused animals and
humans to experience chronic low doses of ars@ihiese have been associated with
the increased risk of cancer of the body to inclulde skin, liver and kidney (Waalkes
et al, 2004). The carcinogenic properties are broughtiabwough the mutation of
DNA; however arsenic can acts as a co-mutagen ettier DNA-damaging agents
resulting in the increased risk of cancer (Reicletral,2006)

The health effects of lead on humans have beem&xtdy studied. The health
effects that are associated with chronic lead axgosiclude neurological, and soft
and hard tissue damage. Hard tissue damage incltliesincreased risk of
osteoporosis, which results in the loss of boneenaindensity and can increase the
risk of bone fractures. The sites that are more@ito the onset of osteoporosis are
that of bones containing spongy bone, includingeleae and the femur neck/head.
Chronic exposure to lead can accelerate the orisedt@oporosis as lead is stored in
bones. During the latter stages of life, the cafcis removed from the bone into the
blood stream, when required, at a faster rate hhring absorbed back into the bone.
The calcium that is extracted from the bone is usedrocesses around the body.
However, if lead is extracted in place of calciuntan then be substituted for calcium

in the processes of the body. If these processes highly specific and did not accept
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the substitution of lead for calcium, more calciwauld be required from the bone;
therefore decreasing the bone density and thusasarg the risk of osteoporosis.

Some of the major organs in the body that areebetl to be affected by lead
include lungs, liver, kidney and stomach (Oktemal, 2004; Fortoulet al, 2005;
Weizsaecker, 2003). As an extension of this, ayshydLamet al (2006) was initiated
to determine if there was a possible increasedaistancer related to concentrations
of lead. However the study was proved to be inagsieé due the lack of subjects and
the limited study period of theubjectsAlso there could be a synergistic effect where
lead and another element have caused the can@héograther than individually. It
is clear that further monitoring is needed ovegkemperiods of time.

The possible renal damage caused by excess costommér of lead in blood has
been research by a number of different studies nafetez-Serratet al, 2006;
Landriganet al, 1990; Staudinger and Roth998; Chiaet al, 1995). The common
opinion is that higher blood concentrations of lea€ related to an increased risk of
renal damage. Landrigaat al (1990) and Staudingeet al (1998) suggest that
concentrations in excess of 40mg/dL produce théndsg risk of renal damage
compared to subjects with a concentration less 4i0amg/dL.

The causes of neurological disorders are varied iandome cases are still
unknown, however research has concluded that laadirdluence the neurological
development of children who are exposed to leahaarly age (Patriared al, 2000;
de Burbare, 2006; Vermeiet al, 2005). Other disorders, including degenerative
disorders, are difficult to diagnose and the deteation of the causes are also
producing debates within the science community. e\@r a common consensus is
emerging that the exposure to environmental toxswgh as lead, mercury and
cadmium can increase the risk of a degenerativeolmgical disorder such as
Parkinson’s disease (Bocetal,2004)

It is clear that from a medical point of view it d#ficult to determine the exact
cause of a medical condition. Although a humbereskarch studies have been done
concerning the effects of heavy metals on the hulbaaly, these can be inconclusive.
Since many studies only investigate one elememfnnot be determined if multiple
elements would produce the same results. Convetkelystudy of more than one
element can produce results that are different fradividual contaminants.

It is also clear, that no toxic element is founditsrown, and therefore there could be

an additional or synergistic effect between one amate of the elements. It is
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therefore difficult to conclusively determine thame element is responsible for a
certain medical condition. The effects of synergiame difficult to predict, in the

environment and in the human body.
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11.5.Cirtitical Evaluation

During the analytical procedure, it was determitieat a number of replicates
were needed to confirm that the results were ateuvdhere possible ten replicates
were used as this meant that statistical analysiddcbe used to determine if the
results were accurate. Unfortunately some samfesnstance bone samples, were
unable to be analysed in replicate, as there Viasited supply of sample.

Because of the mosaic effect of the concentratdribe metals, there should be a
number of samples taken in an area. In this rekdhree replicates were taken in an
area of 5t however it appears that this number should beeased, possibly to
either five or ten samples in a small area. Thiauldicensure that the average
concentration values for a site would be more ateuand truly representative of the
area.

As with most if not all analytical techniques thésean element of error that can
be introduced. It was decided to use the aqua negithod involving the use of
hydrochloric and nitric acid. For some samplesabies were strong enough to break
down the samples without being left for a periodtiofe, but in other cases, the
samples needed to be left over night before pregrgswith the method. But in the
interest of continuity, all samples were left i thcid solution over night. During the
later stages of the method, the solutions were mpde a volume of 50mL with ultra
pure water. At this point there is a possibility arf error due to inaccuracies with
volumetric flasks. This inaccuracy can be increas#ti smaller volumetric flasks
(25mL and 10mL). In some cases it was necessangdahe smaller flasks as there
was only a small amount of samples for the analysis

Although the errors cannot be avoided during theyas, it would only affect the
samples with the lower concentrations of the mefadsovercome these problems, a
series of experimental dilutions of a known conaidn could be used to determine
the extent of the error. The smaller volumetricsitla would also be used. The
manufacturers describe the flasks with a tolerafi@06mL (50mL), 0.04mL (25mL)
and 0.025mL (10mL). This means that although thetiem is made up to the line on
the flask, the total volume could be plus or mithestolerance.

The purchase of a new ICP-OES by the university ofagreat benefit to the
research analysis. This allowed for up to 100 semfu be processed and a number of
elements could be detected in these samples diimengnalysis. The convenience of

the new equipment allowed for a large volume of @asto be analysed and for
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multiple elements to be quantified. However the neguipment was also very
sensitive and the use by a number of people méanttithout careful maintenance
results could be inaccurate. The ICP-OES workshenptinciple of the samples are
sucked in through a tube, but depending on the keantipe tubes could become
blocked. It was necessary to implement a bookirsgesy where information about the
samples could be made available by all users. Euittiormation on the use of the
machine is available in the Perkin EImer manual.

When examining the results for the metal conceintiaah number of times the
results appeared to be wrong. This could be deterinivhen the concentration of the
samples is approximately known, for instance theceatrations of lead, copper and
tungsten in the algal nutrient media. On one oocadst was found that the
concentration of tungsten had increased 5 foldndutihe experiment. When this was
found, the ICP-OES was examined and it was fouatl ahprevious sample run had
clogged the tube giving wrong results. During thalgsis it was possible to re-run the
samples through the ICP-OES as there was still karamaining. During the analysis
excess solution was kept in the event of a probiéimthe ICP-OES.
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Chapter 12: Further Research

During the undertaking of this research, a nundbduarther research studies could
be performed based on the results of this resedtwse include the expansion of the
accumulation of algae, the difference in the cotre¢ion of metals through the soll

and increased analysis of archaeological bone sampl

12.1. Vertical metal concentration differences

Previous research (Maskat al, 1995) has been able to establish the rate of
movement of metals through certain soils. In additio this, it has been considered
important to monitor the movement of metals throdgferent types of soil, i.e. soll
with different compositions. This can then be usesda guide to determine how
quickly the metals move through the environmentecd&ise a number of variables
determine the rate of movement, in a laboratorgtasperiment these variables can
be controlled. Such experiments can include a raogeoH, organic material,
concentration of metals and different combinatiofignetals. Experiments can be
used to determine the rates of movement by plasoigwith controlled values of
organic matter, pH and concentration of the metal cylindrical pipe. The pipe will
have a number of holes in the side to enable sangblsoil to be extracted at different
depths. Over a period of time small volumes of watn be added to simulate rain
and the concentrations of the metal could be mdtoThe experiment can then be
varied to include different pH, organic materialpncentration of metals and
combinations of metals. When there are a numbeliffdrent metals in the soil, this
can have adverse effects on their movement. Ftarinose the presence of one metal
could restrict the movement of another or enharibedmovement. The data which
would be produced from this could be used as aegmidemediation methods.

An additional method of vertical movement is poksend that is vertical upward
movement. The heat of the sun can evaporate ther watr the surface and draws
water up through the soil. With this method it aspible that metals are also drawn up
with the water. A laboratory experiment could bevised to determine if this does
occur. Using a cylindrical pipe, as in the previexperiment with the addition of a
tray of water underneath and a heat lamp abovepipe containing soil, known
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concentrations of metals can be placed at diffedepths. The final concentration
being determine by sampling through the side hol2sting the experiment at
different time intervals, samples will be takenotigh the small side holes. This
would then be used to determine if there is movénsérmetals through the soill,
whether it is upward or downward. In theory aslikat from the lamp evaporates the
water in the top layers of the soil, water from twoamtainer will be drawn up through

the soil.
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12.2.Expansion of bone analysis

The Cambridge bone samples provided results stiggethat the an unknown
sample was in fact female and of child bearing yeBurther study of these skeletal
remains could be used to confirm this. The skeletadains that were discovered are
assumed to be of the same population and therglarteof community. Within a
community it is likely that the individuals wouldate similar diets, although the
lower members of this community may have had a grodret they would not have
been buried in the same place as those of a hgfhtus. Therefore by examining
more of the bones, especially those which haveadyrdoeen identified as male or
female could support the conclusion of the unknowmdividual. However the
examination of the bones is deemed as destructianw of the sample that is used to
determine elemental concentrations is destroyesb Al some cases the extraction of
the sample can result in the destruction of theebon

In this current research, the bone samples weteaat®d using a saw; an
adaptation of this would be to use a drill withiecalar head. This would enable the
sampler to retrieve a cylindrical sample. This wibabt destroy the bone completely
and a number of tests would be able to be perfororedhe bone sample. The
resultant disc could be divided into further sawsicfor acid digestion, with the
remaining bone being fixed in resin for preparafienuse on an electron microscope.
The electron microscope could identify the areashef bone sample where certain
elements were found and in what concentrations. adieé digestion of the sample
would give a definitive indication as to the conitation of the metals. This method

would leave the archaeological sample intact.
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12.3.Expansion of the accumulation of metals in algae

This research has highlighted the fact tRaindorina morumis affected by
tungsten, copper and lead. However, high conceotiabf lead and tungsten did not
produce a toxic effect on the algae. During thialgsis it could not be determined if
the metals were accumulated into the algae or adhered to the surface. It was
attempted to view the algae under an electron memee, however the algal cells
once removed from the nutrient media and driedstbamd an accurate picture could
not be produced. A possibility to over come thisuldabe to embed the algae in resin
and then examine thin slices using electron miapgcThis would allow the surface
and the internal structures of the algal cellseéseen and therefore the determination
of the location of the metals.

The results for algae grown in nutrient media aonhated with lead showed that
there was a decrease in the concentration of ledldei solution. However the results
for the tungsten did not show the same decreasereThas no significant difference
between the concentration of tungsten before atet afsults. To determine if the
metals have been removed out of the solution, itldvde necessary to separate the
algae from the nutrient media. This would involileefing the algae from the media,
however to be able to acid digest the algae, afsignt amount of algae would have
to be produced.

The results have shown that the metals have atfebie population growth of the
algae, but it was not determined if this could lasged on to the next trophic level.
The next stage is to incubate a population of aigaeutrient media contaminated
with metals at a concentration that is not toxi¢he algae. The algae could then be
filtered from the contaminated media and placea icontainer with nutrient media
and a population of primary consumers sucbaghnia sppIn most cases of metals,
the toxic concentrations have been determinedagphnia spp however it would be
necessary to determine the toxicity levelsDaphniain the testing system that would
be used.
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