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22011 Tele Atlss - Terms of Use B

Figure 2-11 Bothlin Burn (Google-Image@2011 Infe&rra Ltd and Blusky, GeoEye)

Figure 2- 12 Bothlin Burn sampling site
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2.4.3 Sample collection

Six litres of water were taken at each samplingtion at the dates shown in table 2.3. The
two months gap in sampling collection was due td teeather in December 2009 and
January 2010.

Table 2-3 Dates on which sampling of the suspesd sediment from the tributaries

of the River Kelvin was conducted.

Number | Sampling time in 2009 Number Sampling time in 2010
of of

Sampling Sampling

month month

1 13" of June 9 10 of February
2 14" of July 11 24 of March
3 15™ of August 12 B of May
4 14" of September 13 "8of June
6 16"of November

2.4.4 Preparing the sample

The river samples were subjected to a two-stemtfittn process. The sample was first
passed through a 47 mm diameter, In2 pore-size micro-fibre filter (Acid Treated low
Metal), and second through a 90 mm diameterpyénZoore-size nylon membrane filter. A

motorized vacuum pump was used to assist thetidtrgrocess.

2.4.5 Filtration using 47 mm diameter, 1.2um pore-size micro-fibre filters

(acid treated low metal)

The filter paper of 1.2um pore size, 47 mm diameter was weighed before Ese litres
of the sample were then passed through it to dalecsuspended particles. After filtration
the filter paper was removed from the filter suppming tweezers, placed on a clean, dry

watch glass and dried overnight in air in a covgrlede. The mass of the filter paper with
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residue particles was then determined and therdifte in mass between this value and

the original weight was calculated.
2.4.6Filtration using 90 mm diameter, 0.2um pore-size nylon membrane filter

Five litres of the sample were filtered through.2@m pore size (90 mm diameter) nylon
membrane filter, after a 1/2m pore size, 47 mm diameter glass micro fibre (d@dted
low metal) filtration, to collect the suspendedtmdes in the size range 1im -0.2 um
The filter paper with 0.2am pore size was weighed before and after use.

After filtration the filter paper was removed fraime filter support using tweezers, placed
on a clean, dry watch glass and dried overniglainnn a covered place. The mass of the
filter paper with residue particles was then deteeth and the difference in mass between

this value and the original weight was calculated.

2.5 Laboratory studies using defined sediment componest

Typical components of aquatic suspended matewalie studied in the laboratory to
assess their ability to take up heavy metals. Thesterials were, kaolinite, and bentonite,
from British Drug Houses, laboratory chemicals sien Poole, England, also iron oxide
material (Goethite synthesized in house), and huamid (obtained from Sigma-Aldrich

Chemie GmbH, Riedstr, Germany).

The Goethite was prepared by (Blanc-Lapierre, 2@@8)wing the procedure:-

1. Solution of iron oxide (Ill) nitrate Nona-hydrat®@ ml of 1 M prepared using
distilled water was added to a polythene screwdott

2. Sodium hydroxide 180 ml of a 5 M solution was addeth stirring.

3. Diluted the solution to 500 ml with distilled watand put in an oven at 70° C for
about sixty hours. During this time, large amowtftred-brown ferrihydrite
suspension is supposed to transform into a conyedloiv solution of goethite.

4. The solution was filtered by using a hardened Whaat®0 filter paper and rinsed 4
times with de-ionised water before being dried oigit at 70° C in an oven.

5. The sample was ground to produce a fine powder.
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2.5.1 Studies of individual components

The experiment was performed by adding differengits (0.0 g, 0.3 g,0.5g,0.8gand 1
g) of one of the materials (kaolinite, bentoniteni oxide or organic matter) to one litre of
distilled water containing trace metal at 1 mgthcentration of metal in a clean, dry glass
beaker. The individual steps were as follows:

1. Approximately e.g. 0.0, 0.3, 0.5, 0.8 and 1 g of ahraterial was weighed in a
beaker. A metal solution containing aqua regia used as a blank.

2. 1 mlof 1 g/l concentration of metal was addedne btre of distilled water.

3. The 0.3 g of the material was added to the 1 mgfcentration solution. A
stirrer bar was added and the beaker placed orgaetia stirrer for mixing the
sample.

4. The sample was mixed for times ranging betweemils38® minutes.

5. Sample material was filtered through pre weighédun pore size filters and
the filter paper was dried and reweighed to deteenthe mass of material
recovered.

6. The filter paper was digested using aqua regia,thadnetal associated with
the test material was measured by FAAS, between esaling, the instrument

was zeroed with a metal-free solution containingsacggia.

2.5.2 Studies of mixed systems

Further experiments were performed in order to sasssake up of metal by mixtures of
components listed above. These material were mxdae proportions as shown in table
(2-4).
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Table 2-4 Examples of the mixed material weights.
kaolinite+ bentonite kaolinite + ironkaolinite + humic acid

oxide
0.29-08¢g 0.29-0.8¢ 0.29-08¢g
0.5-05¢g 0.5-05¢ 0.5-05¢g
0.8g9-0.2¢g 0.89-0.2¢g 0.8g9-0.2¢g

1) Approximately e.g. (0.2 g-0.8g,0.59g-0.8nd 0.8 g - 0.2 g) of dry material was

weighed in a beaker.

2) 1 mlof 1 g/l concentration of metal was addedh®ane litre of distilled water.

3) The mixed material was added to the 1 mg/l conaéotr solution. A stirrer bar
was added and the beaker placed on a magnetir $trrmixing the sample.

4) The sample was mixed for times ranging betweemils38® minutes.

5) Sample material was filtered through the weightétd®n pore size filters and the
filter paper was reweighed to determine the massatérial recovered.

6) The filter paper was digested using aqua regiatla@anetal associated with the test
material was measured by FAAS; between each reattiagnstrument was zeroed

with a metal-free solution containing solvent.
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Chapter 3

Selection of filter papers for collection of suspaed aquatic
particles

3.1 Introduction

This chapter describes the initial work performathg membrane filter papers to collect
suspended materials from river water. This wasiezroutin order to select the most
appropriate filter type for use in subsequent expents. Membrane filters have come into
general use in recent years for the filtration atev samples prior to analysidembranes
are screen filters that remove suspended matdrats the water in different size ranges.
Filtration is widely accepted as a way of producamgacceptable sample and filtration has
become a first step in the preparation of waterptesnfor trace metal analysis. Often, the
filtrate is analyzed to study ‘dissolved’ metal centration. However, in this work, the
filter is used to collect suspended particles facé metal analysis.

Some research studies have investigated possihtammants associated with a range of
filter types, and the adsorption capacity of filgapers (Dams et al., 1972; Habib and
Minski 1981; Jardine et al., 1986; Walsh et al.88)9 Other research studies have been
concerned with the physical effects of filtrati@amd have emphasized differences in trace
metal concentrations that are likely to be measifréltiers of different pore size are used
(Liu et al., 1977; Bertsch, 1989). Berg and Roy$6083) found that, in different brands of
filter paper, there are different concentrationstrace metals; for example, glass fibre
filters had considerableoncentrations of metals such as Cr, and Zn. litiaddthe quartz
filter type showed measurable concentrations ahelds including: B, Cr, Mg, Mo, Na,
and Zn. Marvin et al. (1970) found that severaktypf filter paper are contaminated with
Cu. Robertson (1965) and Spencer and Manheim (1886%) determined that the heavy
element content of membrane filters used in theafibn process of water samples is a
potential source of contamination. Some studiesehfmund that some of the factors
associated with filtration can considerably chahgavy metal concentrations: such as:
filter type, filter diameter, filtration method (lHowitz et al., 1992). Filter paper may be
adsorbing some metal from the solution phase or imayreleasing metals causing
contamination of the solution (Hedberg et al., 201h the current work, probable
contaminants associated with a range of filter pgpeducts were measured to try to
develop methods for removing them prior to usatialty the study entailed a comparison
of filter types, using glass micro fibre and nylmembrane of different diameter size (47,

90, 125 mm) of various pore sizes (jud and 0.2um).
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3.2 47 mm diameter, 1.2am pore-size micro-fibre filters

Filters were analyzed both before and following lwiag with 5 L of deionised water.

3.2.1 Digestion and measurement

Three replicates of filter paper from the same t@xe digested in 3:1 hydrochloric acid
/nitric acid solution, an aqua regia digest (sexice 2.2.1). Measurements of metals in the
aqua regia digest of 12m pore size micro fiber filters (47 mm) were doneHAAS. A
metal solution containing solvent only was usedaad®lank. Table 3-1 shows the
concentrations of various heavy metals found irse¢htlters, before, and after 5 liters

deionised water was filtered through.

Table 3-1 The concentrations of metals (mg/g) ih.2um pore size, 47 mm diameter,
micro fibre filter papers, with and without washing by 5 L deionised water (n=3)

(n=number of the replicates).

Filter paper Concentration mg/g
1.2pum Fe K Na Zn

No washing 0.147- 0.2( 4.1-47 12-13 5.57-5.76
5L deionised | 0.145-0.20| 2.0-2.38 5.1-5/5 2.50-2.60

water
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The results indicate that the filter paper was aommhated with metals and that levels of
contamination were variable. The concentrationsegdly decreased after 5 liters of
deionised water was passed through the filter paxeept for Fe but, even so, the
concentrations were measurable and unacceptable utwm to determine metal
concentrations in suspended sediments.

There are in fact two features that make the filgper of 47 mm diameter, 1.@n pore-
size not appropriate to use to assess heavy nietidde suspended materials. These are the
small diameter size, which affects the time offitimtion, and the high concentrations of
some heavy metals. It is possible that using amdilter paper with a larger diameter may

reduce the filtration time.

3.3 125 mm diameter, 1.fam pore-size micro-fibre filters

The same procedures that are described in secowede carried out here with the larger

filters. The filter papers used came from the same

3.3.1 Digestion and measurement

The filter paper was digested in aqua regia 3:Irdgidoric acid /nitric acid solution, (see
Section 2.2.1). Concentrations of metals were nredtiby AAS in the aqua regia digests
of 1.2 um micro fibre filters (125 mm) diameter. A soluticontaining solvent only was
used as a blanK.able (3-2) shows concentrations of a number ofaladiefore and after
filtering through 5 litres of deionised water arfteathe filter papers had been left in the
air to dry in a drawer.

Table 3-2 The metal concentrations (mg/g) in 1.@m pore size, 125 mm diameter,
micro fibre filter paper, with and without washing by 5 L deionised water (n=3)
(n=number of the replicates).

Filter paper Concentration mg/g
1.2um Fe K Na Zn

No washing 0.075- 0.07¢ 3- 3.1 12.5-13.3 5.1- 5.9
5L deionised | 0.04- 0.043 1.8-2 4.5-5.9 2.4-2.63

water

64



Ibrahim.O.M.Matoug 2011 Chapter 3 Selection kéfipaper

Larger diameter of the filter paper makes thedilon process faster, and reduced the
filtration time taken. On the other hand, there evkigh contamination levels in the filter
papers that make their use not appropriate. Thereoi different contamination level
between 125 mm and 47 mm Luéh pore size micro-fibre filters with different siné the
filter areas. Application of an acid pre treatmeotld possibly remove the contamination

from the filters. Therefore this was performed.

3.3.2 Acid treatment of 125 mm diameter, 1.2um pore-size micro-fibre filters

The filter papers were washed by 100 ml of differeoncentrations of HNpassing
through the filter papetito try to remove the contamination of heavy metalshe filter

paper.

3.3.2.1Washing single filter paper by 100 ml of differentconcentrations of HNG;

The 125 mm diameter, 1{#m pore-size micro-fibre filters were washed usi®g inl of
different concentrations of HNDThe concentrations wef@1l M, 1 M and 5 M HN@
The acid was filtered through different filter paqeand a different paper was used for

each acid wash concentration.

3.3.2.2 Digestion and measurement

The filter paper was digested in 3:1 hydrochloedanitric acid solution, an aqua regia
digest (see Section 2.2.1). A metal solution coigi solvent only was used as a blank.
Measurements of metals in the aqua regia dige&t2fim micro fibre filters (125 mm)

diameter were done by AAS. Table (3-3) shows thecentrations of metals in the filter

paper digests.
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Table 3-3 Concentrations of Fe and Zn (mg/g) in2Zb mm diameter, 1.2um pore-size

micro-fibre filters washed separately by 100 ml HNQ

HNO; Concentration of Fe mgll Concentration of Zn mglg
0.1M HNG; 0.020 0.65
1M HNG3 0.19 0.34
5M HNO;3 0.023 0.47

After washing the filter paper by different conaation of HNQ acid, the result showed

some change in the metal concentrations, compaitidtiose that had 5 litres deionised
water passed through these filter. However the eatnation is still unacceptable for both
Zn and Fe in the filter paper. The measurements wexddor iron and zinc only, because
these metals are important in the next phase ofdkearch. Another method for acidic
treatment of the filter paper may be able to helpeimove the contamination in the filter

paper digest, washing a filter sequentially wittiesal concentrations of acid.

3.3.2.3 Washing the filter paper with different concentrations of 100 ml HNGQ
sequentially

This method applies 100 ml of HN@®.1 M, 1 M and 5 M acid concentration washing to
the same filter paper, not like the previous methduch applied acid washing to different
filter papers. 125 mm diameter, 1j2m pore-size micro-fibre filters was washed

sequentially in different concentration of HN@1 M, 1 M and 5 M.

3.3.2.4Digestion and measurement

The filter paper was digested in 3:1 hydrochloadanitric acid solution, an aqua regia
digest (see Section 2.2.1). Measurements of metalke aqua regia digest of 1pin
micro fibre filters (125 mm) diameter were done A&S. A metal solution containing
solvent only was used as a blank. Table (3-4) showasurable concentrations of some

heavy metals in the filter paper digest. Even whach filter was washed in sequence by
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different concentrations of 100 ml HN@0.1 M, 1 M and 5 M) the results show

considerable concentration of zinc in the filteppa

Table 3-4 The metal concentrations (mg/g) in 1.@am pore size, 125 mm diameter,
micro-fibre filters after being washed by 100 ml HND3; sequentially with different
concentration of (0.1, 1 and 5M of HNQ)

Number of Concentration Fe Concentration Zn
replicate mg/g mg/g

1 0.02 0.72

2 0.02 0.62

3 0.06 0.62

4 0.06 0.45

In the experiment of single acid washing, there evebpme decreases in the metal
concentrations compared with concentrations medsafter washing in 5 liters deionised
water. The results with sequentially acid waslhshgw the metal concentrations are still
high and unacceptabldn addition, the sequential acid washing increased the Fe
concentration. The overall results of the variouasking treatments indicated that
contamination could not be eliminated or reducedri@cceptable level with washing. The

next step was to test commercially available acadived filters.

3.4 47 mm diameter, 1.2um pore-size micro-fibre filters (Acid Treated low Metal)

A new filter paper was used and analysed to chieelatnounts of contamination present,
Whatman 1.2um pore size micro fibre filters (47 mm) diameteci@Treated low Metal).
Three replicates of 1.@m pore size micro fibre filter paper were washeoutih with 5

litres deionised water, and left in the air to dry.

67



Ibrahim.O.M.Matoug 2011 Chapter 3 Selection kéfipaper

3.4.1 Digestion and measurement

The filter paper was digested in 3:1 hydrochloedanitric acid solution, an aqua regia
digest (see Section 2.2.1). Measurements of matalse aqua regia digests of 1uPn
micro fibre filters (47 mm) diameter (Acid Treatéulv Metal) were by AAS. A metal
solution containing solvent only was used as albl&oncentrations of various heavy
metals after washing with 5 litres of deionisedavatre shown in table (3-5).

Table 3-5 The metal concentrations (mg/g) foundn 1.2 um pore size, 47 mm
diameter, in three replicates micro fibre filter paper (Acid Treated low Metal) with

and without washing by deionised water (n=3) (n=nutper of the replicates).

Filter Concentration mg/g
paperl.2um Ca Fe K Mg Na Zn

No washing| 2.9-3.1 0.043-0.0b 4.1-4.4.07-1.11| 7.4-7.9/ 0.011-0.012
5 Litres 2.8-3.8 0.039-0.04| 2.9-3/40.95-0.99| 6.3-7.1] 0.010-0.010

deionised

water

The results show there was no marked change ircanéamination amount after the
washing by 5 litreof deionised waterln contrast to the other filters tested, the @

micro fibre filters (47 mm) (Acid Treated low Me}diad a low concentration of Zn. The
Fe concentration in Acid Treated low Metal filteager is higher than previous filter

papers used.

In spite of the small diameter of the Juéh micro fibre filters (47 mm) (Acid Treated low
Metal) that adversely affects the time of the dilion, this brand was selected because it
has low concentration of Zn. On the other hand pitesence of varying amounts of other
metals in the 1.2um pore-size micro fibre filter apparently cannot &éminated or
reduced. Use of this filter paper will thereforguee results to be blank corrected for the
concentrations of elements already present (CaKF&/g, and Na), by subtracting the
contaminated concentration, measured in the dides$leer paper, from the total

concentration measured in the digested suspend#chesg from river sample. In this
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subtraction, the average metal concentration infittex paper was used, because each
filter paper shows different concentrations of etals.

3.5 47 mm diameter 0.2um pore size Membrane Filters Nylon

Analysed filter material 0.2am pore size (Membrane Filters Nylon 47 mm) shovat th
there is no contamination detectable. On the dthed, the filtration process takes a long
time; using small diameter size (47 mm) causedng Kdtration time. A larger diameter

size could possibly help to make the filtrationqess faster.
3.6 90 mm diameter 0.2um pore size Nylon Membrane Filters

Analysis of the filter material 0.@m pore size membrane filters nylon (90 mm) showas th

there is no metal contamination detectable by FAASES. This filter paper was used in

the all of the experiments in this study. The ladigemeter sizes (90 mm) help to make the
filtration time to be shorter.

3.7 Discussion:

Analyses of digests of filter materials show ttheg 1.2 pum pore size micro fibre filter (47
mm diameter) had an unacceptable concentratiompa@d a smaller concentration of Fe
present. The metal concentration did not changenvthe filter papers were washed in 5
litres deionised water but remained unacceptald lais filters were digested along with
sample. In addition, the small size of the filgaper (diameter 47 mm) lengthens the
filtration time. All these things make this filteaper inappropriate to use to determine the

metals in the suspended sediment from the river.

Using another size of filter paper (1.2 pum poree sizcro fibre filter 125 mm diameter)
makes the filtration quicker, and saves a lot wieticompared with the 47 mm filter. But
the results show that the concentration of somealsét this filter paper is similar to that
of smaller filter. Even though the filtration time shorter, the high contamination by
metals makes this filter paper inappropriate totosgetermine the metals in the suspended

sediment from the river.
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Treating the 1.2 um pore size, 125 mm diametarfpaper, by using different methods of
acid washing can possibly remove the metals irfitteg paper. Specifically, washing the
125 mm diameter 1.2 pum pore size micro fibre filkéth nitric acid can possibly take out
the contamination of metals. Different concentragiof HNQ (0.1 M, 1 M and 5 M) were
filtered through the filter paper, separately tmo¥e the contamination. The results show
that after filtering the acid through the filter g, separately, there was still an
unacceptable concentration of zinc.

Washing acid through the same filter paper in segaialid not show any change in the
concentration of zinc and iron. Finally, the presenf varying amounts of metals in 125
mm diameter 1.2um pore-size micro fibre filter apparently cannot &éninated or
reduced by acid washing. All these effects make fitter paper inappropriate to use to
determine the metals in the suspended sedimenttfremiver.

Measurements on aqua regia digests ofgb2micro fibre filters (47 mm) (Acid Treated
low Metal) by AAS show that there was a low concatin of zinc before and after being
washed through with 5 litres distilled water. Intemf the small diameter size, that affects
the time of the filtration, and the high concentmtof some major cations, this filter paper
was acceptable in this study. This brand was saldotcause it has low concentrations of
Zn and Fe. On the other hand, this filter papesd@ee high concentration of some major
elements, and presence of varying amounts of meaalsot be eliminated or reduced. This
filter paper was used in this research after ctimge¢he concentration of the elements (Ca,
Fe, K, Mg, and Na), by subtracting the contaminatedcentration measured in the
digested filter paper (contamination), from thet@oncentration measured in the digested
suspended sediment from river sample. Unfortunaefyger diameter filter of this type is
not commercially available.

Analysis of 0.2um pore size Membrane Filters Nylon 47 mm diamettaré shows that
there is no contamination. On the other hand, illratfon process takes a long time; the
large diameter size (90 mm diameter) Qi pore size causes the filtration time to be

shorter.

70



Ibrahim.O.M.Matoug 2011 Chapter 3 Selection kéfipaper

3.8 Conclusion

In this study from the selection of filter papemw fcollection of suspended aquatic
particles, 1.2um micro fibre filters (47 mm) (Acid Treated low M}t were used to collect
the larger diameter suspended sediment. The caatiens of the elements Ca, K, Mg,
and Na were corrected, by subtracting the contaeihaoncentration, measured in the
digested blank filter paper, from the total concatn measured in the digested
suspended sediment from the river sample. In anfdif.2um pore size membrane filters
nylon 90 mm diameter was used to collect the fungpended sediment between fur8
and 0.2um.
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Chapter 4

Laboratory studies using defined sediment componest
4.1 Introduction

This chapter will evaluate the ability of differesimponents of suspended fluvial material
to take up heavy metals. Experiments were carrigdt@ measure the distribution of
copper, lead and zinc between an aqueous phassoiddohase sediment material. This
study tries to simulate the natural system, exptprihe sorption of trace metals on
important materials, which are commonly found ie foil. The studies evaluate the heavy
metal uptake in single sorption systems, and inbeednsystem of clays, humic material
and iron oxide.
The distribution coefficient, K is the ratio of the concentrations of metal haidhe solid
phase to the concentration of the metal in solutign= [metal]soid [Metal]soiution
It represents the equilibrium that is achieved whegtal ions in solution interact with
sorption sites on the solid phase.

[metal]sois == [metallsolution
It does not however give any information aboutrierhanism of binding. Kvalues have
frequently been used to assess the relative camatiemnt of metals in solution associated
with suspended material (Yin et al, 2002). Use gfvlues has proven to be especially
useful for assessing the ability of soil and sedit®eo immobilize contaminant heavy
metals (Jalali and Moharrami, 2007) and radionedliPulford et al., 1998; Standring et
al., 2002). Materials representative of componeitsuspended particles were: kaolinite,
bentonite, humic acid and iron oxide. Bentonite &adlinite were from British Drug
Houses, laboratory chemicals division Poole, Ergjlarhe iron oxide material (Goethite)
was synthesized in house and humic acid was olstaireen Sigma-Aldrich Chemie
GmbH, Riedstr, Germany. Copper, lead and zinc weresen as representative of
contaminant heavy metals. However it was not ptssio measure Cu and Pb
concentrations in the field study (Chapter Five}res were below the limit of detection
by AAS.
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4.1.1 Heavy metal sorption behaviour of suspended kaolite

The experiment was performed by adding differenghits (0.3 g, 0.5 g, 0.8 g and 1 g) of
the kaolinite to one litre of deionised water camiteg metal at a 1 mg/lI concentration. The

procedures are described in section 2.5.1.

4.1.1.1 Results and discussion

The results in table 4-1 give the recovery of kaitdi and distribution of Cu, Pb, and Zn
between metals adsorbed on the solid phase and ecoetzentration in solution phase. The
results show that most of the kaolinite was recedern the filter paper. The majority of
the metal was measured in the aqueous phase, mlifhacsmall amount measured in the
solid phase. Kvalues reflect distribution of metals betweendalnd solution phase.
Kaolinite is a one silica sheet: one alumina sloteg mineral. The kaolinite tetrahedral
sheet carries a small permanent negative chargéodsemorphous substitution of $by
Al*3 causing a single negative charge. The permarrge is minor in kaolinite clay.
The tetrahedral sites of kaolinite become permdyemégatively charged and allow
electrostatic interaction with positively chargeds. The kaolinite unit layers are held by
hydrogen bonds between oxygen atoms on the tetr@héte and hydroxyls on the
octahedral face. That results in a low cation ergeacapacity (CEC) (10-100 mmol/kg)
and low specific surface area (10-2C b@/kg) of kaolinite (Bohn et al., 1985). There are
two distinct processes that have been proposedhtradsorption of heavy metals by
kaolinite. The first is adsorption onto permaneeagatively charged sites by electrostatic
interaction with positively charged ions, and tleesd occurs on variable-charge groups
at the edges of kaolinite crystals and these sitesgenerally more important than the
permanent negatively charged sites (Schinder et%7). The layer edges are primarily

responsible for interaction of kaolinite with comi@aant metals (Farrah et al., 1980).
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Table 4-1 Recovery of kaolinite and distribution é Cu, Pb, and Zn metals between solid and solutiophase.

A B C D E F G K
Weight of
kaolinite Recovery weight of metal Concentration of
Sample recovered in of in recovered Concentration of metal in 1 L of Recovery
weight filter paper kaolinite  kaolinite metal in kaolinite filtered water of metals Kd
C) (ka) % (mg) (mg/kg) (mgfl) (mg) (I/kg)
1mg/l Cu
0.3 0.000299 99 0.075 251.3 0.9 0.908 279
0.5 0.000472 94 0.061 129.2 0.9 0.946 137
0.8 0.000785 98 0.112 142.7 0.8 0.841 172
1 0.000981 98 0.180 183.6 0.8 0.818 229
Average 204
1mg/l Pb sd % =28 sd =40
0.3 0.000294 98 0.109 368.7 0.8 0.868 430
0.5 0.000485 97 0.190 392.7 0.6 0.661 612
0.8 0.000775 97 0.219 282.5 0.6 0.625 468
1 0.000991 99 0.217 218.5 0.6 0.669 338
Average 462
1mg/l Zn sd %= 31 sd =63
0.3 0.000287 96 0.032 112.7 0.9 0.899 126
0.5 0.00047 94 0.070 149.5 0.8 0.852 177
0.8 0.000785 98 0.107 136.8 0.8 0.799 173
1 0.000964 96 0.077 79.8 0.8 0.879 92
Average 142

sd % = 25 sd =114
C= (B/A)*100,G=D+F, K= (E/F)
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The affinity order of metal Kfor kaolinite was, Pb > Cu > Zn which was simitar
previously reported results (Gu et al., 2008, Sprkl., 1995, Schinder et al., 1987, and
Farrah and Pickering, 1976). In this study the @tu®s were not measured, because the
parameters of the solution phase are fixed; lowamebncentration and small material
amount, which may not affect the pH. Previous @isidiuch as Spark et al., 1995, Schinder
et al., (1987) and Farrah and Pickering, (1976)ehased a range of pH values to
determine adsorption of metal on clay minerdisgeneralthe K4 valueof Pb was slightly
higher than those for the other metals teskedumber of aspects, including the accuracy
of the analytical technique and the small adsonptapacities of the kaolinite can cause

small changes in metal uptake (Farrah and Picketi@g7).
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4.1.2 Heavy metal sorption behaviour of suspended bentdae

The experiment was performed by adding differenghits (0.3 g, 0.5 g, 0.8 g and 1 g) of
the bentonite to one litre of deionised water ciombg metal at a 1 mg/I concentration. The
procedures are described in section 2.5.1.

41.2.1 Results and discussion

Table 4-2 shows the recovery of bentonite anditigion of Cu, Pb, and Zn between solid
and solution phases. The results show that mdstedientonite was recovered on the filter
paper. The concentrations of Cu and Pb in soludttdowing equilibration with bentonite
were below the limit of detection for AAS, suggastithat most of the metal had been
taken up on to the bentonite. It is therefore rossible to calculate for these metals, but
only to estimate a lower limit by using the limit @etection concentration (0.21 mg Cu/l
and 0.5 mg Pb/l). Kvalues for Zn could be calculated as the conckot® of Zn in
solution was above the limit of detectiongy ¥alues for Zn were high and this is probably
because bentonite is a swelling clay, with a higtia€e area and a high cation exchange
capacity. Metals can be adsorbed onto bentonitthentwo distinct processes; on the
permanent negatively charged sites, and on smadiéable charge sites, which occur on
the edges of bentonite.

Bentonite has one octahedral sheet: two tetrahestraéts. The bentonite has largely
negative charges within the crystal, because oéxtensive isomorphous substitution. The
interlayer bonding is weak, which results in higitien exchange capacity (CEC) (800-
1200 mmol/ kg) and high specific surface area (80®x* kg) (Bohn et al., 1985). Metal
adsorption can occur as an ion exchange reactiparatanent-charge sites and formation
of complexes with the surface hydroxyl groups. Bmeount of the surface layer charge
plays an important role in determining the strengtidl type of bonding layers. On the
other hand, the bonding is strong when the layargs is negative, because cations go
between the unit layers (Bohn et al., 1985).
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Table 4-2 Recovery of bentonite and distributin of Cu, Pb, and Zn metals between solid and solah phase.

A

Sample
weight

(@)

1mg/l Cu
0.3
0.5
0.8
1

1mg/l Pb
0.3
0.5
0.8
1

1mg/l Zn
0.3
0.5
0.8

B

Weight of
bentonite
recovered in
filter paper
(kg)

0.000285
0.000462
0.000608
0.000923

0.000277
0.000448
0.000745
0.000977

0.000277
0.000475
0.000793

C

Recovery
of
bentonite

(%)

94
92
76
92

92
90
93
92

92
95
99

D

weight of
metal in
recovered
material

(mg)

0.97
0.99
0.58
0.75

0.59
0.76
0.69
0.73

0.58
0.65
0.78

C= (B/A)*100, G=D+F K= (E/F)

E

Concentration
of metal in
bentonite

(mg/kg)

3409
2145
953
812

2114
1694
915
754

2086
1363
980

F

Concentration of
metal in 1 L of
filtered water

(mg/l)

<0.21
<0.21
<0.21
<0.21

<0.5
<0.5
<0.5
<0.5

0.2
0.2
0.2

G

Recovery of
metals

(mg)

1.18
1.20
0.80
0.96

1.08
1.25
1.18
1.23

0.83
0.88
1.04

K

Kd
(I’kg)

>16236
>10215
> 4541
> 3868

> 4228
> 3388
> 1832
> 1509

8347
5926
3631
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4.1.3 Heavy metal sorption behaviour of suspendetbn oxide (goethite)

The experiment was performed by adding differengius (0.3 g, 0.5 g, 0.8 g and 1 g) of
the iron oxide (goethite) to one litre of deionisedter containing metal at a 1 mgl/l

concentration. The procedures are described imsezts.1.

4.1.3.1 Results and discussion

Table 4-3 shows the recovery of iron oxide (gde)hand distribution of Cu, Pb, and Zn
between solid and solution phases. The results shatumost of the iron oxide (goethite)
was recovered on the filter paper. Because moshefmetals were measured in the
solution phase and only small amounts were assatiwaith the solid phase. Iron oxide has
high surface area between 30-108gPonthieu et al., 2006). Iron oxide (goethite) has
variable charge, which depends on the pH of ther@mment; the variable charge allows
iron oxide (goethite) to interact with metals. Theface charge of the iron oxide (goethite)
Is positive under acidic conditions and negativdarralkaline conditions. Iron oxide with
net negative charge can bind or hold cations oin swgface by ion exchange processes.
Also iron oxide can bind or hold ions by ligand kange process. In the current study the
pH was unfortunately not measured and there is xmaeation of how metals were
associated with the solid phase. The results itelicthat iron oxide (goethite) suspended
sediment has low metal carrying ability, which niaey because of the particular form of

iron oxide used under the experimental conditions.
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Table 4-3 Recovery of iron oxide andddribution of Cu, Pb, and Zn metals between solignd solution phase

A

Sample
weight

(@)

1mg/l Cu
0.3
0.5
0.8
1
Average
1mg/l Pb
0.3
0.5
0.8
1

1mg/l Zn
0.3
0.5
0.8
1
Average

B

Weight of
bentonite
recovered in
filter paper
(kg)

0.000277
0.000448
0.000752
0.000972

0.000287
0.00049
0.000783
0.000978

0.000284
0.000489
0.000736
0.000976

C

Recovery
of
bentonite

(%)

92
89
93
97

95
98
97
97

94
97
91
97

C= (B/A)*100, G=D+F, KE(F)

D

weight of metal
recovered
material

(mg)

0.019
0.021
0.023
0.028

0.012
0.019
0.022
0.025

0.009
0.005
0.007
0.008

E

Concentration
of metal in
bentonite
materials

(mg/kg)

68.5
46.9
30.6
28.8

42.2
39.4
28.8
25.6

31.7
10.2
9.51
9.23

F

Concentration of
metal in 1 L of
filtered water

(mg/))

0.98
0.99
0.95
1.01

0.83
0.92
0.91
0.90

0.82
0.86
0.72
1.04
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G

Recovery of
metals

(mg)

1.00
1.01
0.97
1.04

sd % =42
0.84
0.95
0.94
0.93

sd % =26
0.82
0.87
0.72
1.05

sd % =78

Kd
(/kg)

70
47
32
29
45
sd =19
51
43
31
29
38
sd=10
39
12
13

18
sd= 14
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4.1.4 Heavy metal sorption behaviour of suspended humiacid

The experiment was performed by adding differengius (0.3 g, 0.5 g, 0.8 g and 1 g) of
the humic acid to one litre of deionised water,taoring metal at a 1 mg/l concentration.

The procedures are described in section 2.5.1.

4.1.4.1 Results and discussion

Table 4-4 shows the recovery of humic acid amstribution of Cu, Pb, and Zn between
solid and solution phasedumic acid is a major component of natural organatter. Soil
has about 70% content of organic materials suclaasoxyl, phenolic hydroxyls and
aromatic units. Humic acids are soluble under alkatonditions, but are insoluble in
acidic conditions (Kipton and Powell, 1992). It tamns carboxyl, amine, hydroxyl and
phenol functional groups. There are different coomus of humic material, such as fulvic
acid and humic acid (Herrera Ramos and McBride 1896étzschmar and Sticher 1997).
The results show that the majority of humic acicdswat recovered. That is because most
humic acid materials passed through the filter pépéhe solution phase. In this case it is
not possible to derive Kvalues, this because humic acid is largely ingbietion phase.
These results do not show the distribution of mefathke, between solid and solution
phases, because the majority of humic acid masepassed through the filter paper. On
the other hand, humic acid materials passing thrdhg filter paper to the solution phase
this may be indicator of the high mobility procdes metals associated with the humic

acid in the solution.
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Table 4-4 Recovery of hugracid and distribution of Cu, Pb, and Zn metals letween solid and solution phase.

A B C D E F G
Weight of humic Concentration  Concentration
Sample acid recovered in Recovery of weight of metal in of metal in of metalin1 L Recovery of
weight filter paper humic acid recovered material  humic acid of filtered water metals
(9) (kg) % (mg) (mg/kg) (mgfl) (mg)
1mg/l Cu
0.3 8.53E-05 28 0.225 2637 0.82 1.05
0.5 0.000102 20 0.183 1788 0.89 1.07
0.8 0.000225 28 0.181 804 0.92 1.10
1 0.000233 23 0.131 562 0.95 1.08
Average
1mg/l Pb
0.3 6.15E-05 20 0.206 3348 0.84 1.04
0.5 0.000135 27 0.313 2326 0.78 1.09
0.8 0.000156 19 0.187 1202 0.93 111
1 0.00023 23 0.198 864 0.90 1.10
1mg/l Zn
0.3 0.000144 48 0.152 1054 0.63 0.78
0.5 0.000122 24 0.165 1349 0.84 1.01
0.8 0.000155 19 0.137 881 0.88 1.02
1 0.000137 18 0.148 1079 1.79 1.94

C= (B/A)*100, =®+F
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4.1.5 Conclusion

The results show that the orders ofsKior suspended materials components namely;
bentonite > kaolinite > iron oxide (goethite) (B>K was similar to that previously
reported by Garcia, (1978), who found the ordesarption capacity was montmorillonitic
> organic > kaolinite= goethite. In addition, Farrah et al., (1980) andKsh et al., (2000)
found that, the sorption capacity of clays was tem¢ > illite > kaolinite.

It is not accurate to usegKalue as an indicator of metal uptake when moshefweight
of materials used were lost, according to thisarabe K values of humic acid was not
used to compare with other materials.

The results in the preceding sections show thaeipanding clay bentonite is by for the
most effective material for the removal of Cu, Pld @n ions from solution. AlImost 100%
of the Cu and Pb ions were lost from solution, le® remaining concentration was below
the limit of detection by AAS. Therefore only a lewlimit for the Ky values for these
metals could be estimated by assuming a solutiorcesdration equality the limit of
detection for each metal. The Malues obtained for uptake of these metals oroaihite
were surprisingly low. Iron oxide such as goethgeusually thought to have highly
adsorptive surfaces. Much of the humic acid uses$gxhthrough the filter paper, possibly
as finely divided collected particle. These wer¢ passible to calculate &alues for the
uptake of these metals on to humic acid.

In the case of kaolinite and goethite it is possitd estimate the variability in the Kd
values. This is high, possible due to most of thetambeing in solution, and so a small
error in analysis with produces a large error i) Ah alternative way of assessing the
variability was to use the limit of detection faad element. Using the measured solution
concentration (+/-) LOD gave an estimate of vagatd % for Pb, 25 % for Cu and 5 %
for Zn, whichever method is used, there is a highability associated with the calculated
Kd values.
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4.2 The model substrates mixed (composite) sample

The experiments were carried out to measure thehdison of copper, lead, and zinc
between an aqueous phase and solid phase of mixedliah (composite) sediment. This is

to understand the influence of different mixed mate on each metal.

4.2.1 Heavy metal sorption behaviour of suspendedaterials kaolinite and iron oxide
(goethite)

The experiment was performed by adding differenigims of kaolinite and iron oxide

(goethite) (0.2 g -0.8 g, 0.5-0.5 g and 0.8g-0.&sgpectively) to one litre of deionised
water containing 1 mg/l concentration of metal. Tgrecedure is described in section
2.5.2.

4.2.1.1 Results and discussion

The recovery of materials and distributions of 2, and Pb between solid and solution
phases are shown in Table 4-5. Thg Wlues were low. This indicated that smaller
quantities of the metals were associated with thepended particles than the aqueous
phase. The results show most of the adsorbent ialaterere recovered and most of the
metal was accounted for. The #alue of themixture of kaolinite and iron oxide (goethite)
was higher than of thegdalue of the iron oxide (goethite) in the singystem. This may
be due to iron oxide coating the kaolinite, andirgrease the adsorption sites on the

kaolinite surface.
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Table 4- 5 Recovery of mixed material weights andlistribution of (Zn, Cu, and Pb) metals between sad and solution phase for

Kaolinite and Iron oxide mixtures

Weight of
materials Recovery  Concentration weight of Concentration
recovered in filter of of metal metal of metal in Recovery
Sample weight paper materials recovered recovered materials of metals Kd
) (ka) (%) (mgll) (mg) (mg/kg) (mgfl) (I/kg)
1mg/l Cu
1K - 010 0.00098 98 0.80 0.18 183 0.98 204
0.8K-0.210 0.00098 98 0.93 0.02 20 0.95 22
0.5K-0.510 0.00097 97 0.92 0.02 20 0.94 22
0.2K-0.810 0.000974 97 0.92 0.05 47 0.96 51
OK- 110 0.00097 97 1.01 0.03 29 1.04 45
1mg/l Pb
1K - 0IO 0.00099 99 0.65 0.22 218 0.86 462
0.8K-0.210 0.00098 98 0.77 0.06 64 0.83 83
0.5K-0.510 0.00097 97 0.76 0.13 128 0.89 168
0.2K-0.810 0.00098 98 0.58 0.20 204 0.78 349
OK- 110 0.00098 98 0.90 0.03 25.6 0.93 38
Img/l Zn
1K - 0IO 0.00096 96 0.87 0.087 79 0.95 142
0.8K-0.210 0.00097 97 0.90 0.058 59 0.96 66
0.5K-0.510 0.00099 99 0.93 0.034 34 0.97 37
0.2K-0.810 0.00097 97 0.98 0.020 20 1.01 21
OK- 110 0.00097 97 1.04 0.009 9.2 1.05 18

K=Kaolinite, IO=Iron Gde
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Table 4-6 The weight of metals adsorbed bysingle gion system and mixed

sorption system by kaolinite and iron oxide

Materials Cu (mg) Pb (mg) Zn (mQ)

Kaolinite 0.061 0.19 0.070
Iron oxide 0.022 0.019 0.005

(goethite)

Mixed 0.020 0.12 0.03

(kaolinite and

iron oxide)

It is possible to make direct comparison betweenvthights of each metal taken up by the
0.5 g -0.5 g mixtures and those for 0.5 g of eatsoebant individually. Table 4-6 shows
the difference between the single sorption systanisthe mixed sorption system. In the
kaolinite single sorbent system, sorption of méal0.5 g kaolinite was more than the
same weight in the single sorption of iron oxidedthite). On the other hand, sorption of
metals by 0.5 g iron oxide (goethite) was less thaption by the mixed materials. In the
mixed materials, the amount of the metal sorbed less than the sum of the parts. That
may be because of changes to the negative changdsecsurface of kaolinite occurring
when iron oxides accumulate on the surface. XuAx® (2005) and Gallez et al. (1976)
suggest that iron oxide coatings reduce the negatharges and increase the positive
charges on clay particles. At neaeutral pH or high ionic strength iron oxides tend
coagulate (Kumulainen et al., 2008).

Flocculation is the aggregation of fine particles the aqueous solution system.
Flocculation can be attained by different mechasjssuch as approach to the point of zero
charge (PZC) and polymer bridging (Rattanakawial €2005). Iron oxide helps to collect
the clays particles in flocs (Maa and Pierre, 1998)n oxide coating kaolinite can cause
aggregation (Sowdest al., 2003). Flocculation is brought about byeardase in repulsion.
The situation of kaolinite is complicated because different charges between the edges
and faces of the particles, depending on the cistantes (Swarten et al., 1974, Van
Olphen, 1977; Worrall, 1986).

In the current study three types of aggregationabielir were observed by visual
examination of the mixed systems. A single sedinfeeydr is separated by accumulation in
the solution, which happened with 0.8 g kaolinitel .2 g iron oxides (goethite). This
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may be because the iron oxides coated the adsorpties of kaolinite, decreasing the
sorption capacity. The availability of free addap sites on the (0.8 g) kaolinite was
coated by 0.2 g of iron oxides (goethite). On tlleep hand, little flocculation occurred
with the mix of 0.8 g iron oxide and 0.2 g kaol@itpossible because of the limited of
adsorptionsites on the 0.2 g kaolinite. In addition, littledculation was observed in the
solution, from 0.5 g-0.5 g of the mixed materidis.the single sorption system, the
sorption of metals and &values were low, but in the mixed system thesaevalere even
lower due to the flocculation. The result showt ttiee majority of adsorption sites were
coated by iron oxide (goethite) which affects siomptof metal and the Kvalues on the
system mixture of kaolinite and iron oxide (goethit

The result shows that the affinity order of #r the metals for mixtures of kaolinite and
iron oxide are (Pb > Zn > Cu). The order was sinttathe result of the 0.5 g and 0.8 g of
kaolinite, when done individually. On the other taa different order was observed Pb >
Cu > Zn for the mixture of 0.8 g of iron oxide ab@ kaolinite, the order was similar to
previous studies Covelo et al, (2007). Covelo g(2407) used different conditions such as

a range of pH values and large weights to deteredserption of metal on clay minerals.

Prediction model

A prediction model can used to calculate metal distributions of in the mixture of
kaolinite and iron oxide (goethite). The equatiariolv used to calculate the prediction
model in the mixed materials. The prediction moglat comparing with actual weight of
metal was used in the mixed materials kaolinite ieowd oxide (goethite)

_ [solid] kg
[solution]

Kd = (weight of metal in solid material) + (weight of solid material)
(weight of metal in solution) + (volume of solution)

_ (weight of metal in solid material) % (volume of solution)

B (weight of metal in solution) x (weight of solidmaterial)

_ wx1

~ (1-w)xmassof solid material

Kd

Kd x mass of solid material =W
d-w)

W= Kd x mass of solid material
1+ (Kd x mass of solid material)
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Table 4-7 The difference between Prediction modelnal Actual measured in mixed

sorption system by kaolinite and iron oxide

Sample weight Prediction model Actual measured
(9) (mg) (mg)
1mg/l Cu
1K - 010 0.169 0.18
0.8K-0.210 0.149 0.02
0.5K-0.510 0.115 0.02
0.2K-0.810 0.092 0.046
OK- 110 0.043 0.028
1mg/l Pb
1K - 01O 0.32 0.22
0.8K-0.210 0.28 0.06
0.5K-0.510 0.21 0.13
0.2K-0.810 0.15 0.2
OK- 110 0.04 0.03
1mg/l Zn
1K - 01O 0.124 0.087
0.8K-0.210 0.106 0.0579
0.5K-0.510 0.075 0.0342
0.2K-0.810 0.055 0.02
OK- 110 0.018 0.009

Where w is the weight of metal in solid materials, andw)-is the weight of metal in
solution. Figure (4-1) to (4-3) shows the actualghe of metals measured in the mixed
materials and the weight of metals was calculatpriediction model. The result shows the
weights of metals were different in the actual iaeignd in the prediction model for Cu
and Pb (see table 4-7). While the same weight ef rtfetals were observed in the
prediction model and in actual system for Zn. Timaty be because the different between
the concentrations of metal measured in the saluéind the limit of detection. The
different between the concentrations of metal messin the solution and the limit of
detection were high for Cu and Pb, which resultedént in the actual weight and in the
prediction model. On the other hand, the same weglhe metals was observed in the
prediction model and in actual system for Zn, beeauno different between the
concentrations of metal measured in the solutiahtha limit of detection. The prediction
model shows the Kvalues is not always same in individual comporggtem and in

mixed materials system.
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0.2 + Weight of Cu in solid phase

0.18 - (Prediction model) =
° 0.16 - m Actual Cu weight measured *
:E, 014 | in the soild phase .
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Figure 4-1 weight of Cu (mg) measured on soild phasand in the prediction model.

035 - ¢ Weight of Pb in soild phase
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Figure 4-2 weight of Pb (mg) measured on soild phasand in the prediction
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0.120 ~ mActual Zn weight measured d
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Figure 4-3 weight of Zn (mg) measured on soild phasand in the prediction

model.

model.
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4.2.2 Heavy metal sorption behaviour of suspendedaterials kaolinite and bentonite

The experiment was performed by adding differenigiws of kaolinite to bentonite such
as (0.2 g -0.8 g, 0.5-0.5 g and 0.8 g-0.2 g, rasmy) to one litre of deionised water

containing 1 mg/lI concentration of metal. The prhoe is described in section 2.5.2.

4.2.2.1 Results and discussion

Table 4-8 shows distribution of Zn, Cu, and Pb leetwwmetal adsorbed in solid phase and
metal concentration in the solution phase and #dwowery of materials. Most of the
adsorbent material was recovered. Because of the high adsorption capacity of the
bentonite, it is not possible to calculatg ¥alues for Cu and Pb due to low solution

concentrations below the limit of detection.
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Table 4- 8 Recovery of mixed materials weights andistribution of Zn, Cu, and Pb between solid mateals and solution phase for

Kaolinite and bentonite mixtures

A B *C D E F **G
Weight of weight of Concentration
Sample materials metal in Concentration of of metal in 1
weight recovered in Mixed materials recovered metal in kg of L of filtered
filter paper recovery material mixed material water Kd
(9) (kg) (%) (mg) (mglkg) (mg/l) (I’kg)
1 mg/l Cu
0.8K-0.2B 0.000815 81 0.61 748.5 <0.21 > 3564
0.5K-0.5B 0.000917 91 0.68 740.9 <0.21 > 3528
0.2K-0.8B 0.00097 97 0.78 804.1 <0.21 > 3829
1 mg/l Pb
0.8K-0.2B 0.000815 81 0.64 785.3 <0.5 > 1570
0.5K-0.5B 0.000917 91 0.73 795.4 <0.5 > 1590
0.2K-0.8B 0.00096 96 0.83 864.6 <0.5 > 1729
1 mg/l Zn
0.8K-0.2B 0.000949 94 0.77 811.2 0.23 3437
0.5K-0.5B 0.000921 92 0.71 770.5 0.21 3534
0.2K-0.8B 0.000963 96 0.83 861.7 0.12 6732

*C= (B/A)*100, K=Kaolinie, #Bentonite
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Table 4-9 The weight of metals adsorbed by 0.5 gngile sorption system and 0.5 g

mixed sorption system by kaolinite and bentonite

Materials Cu (mg) Pb (mg) Zn (mQ)
Kaolinite 0.061 0.19 0.070
Bentonite 0.99 0.75 0.65

Mixed 0.68 0.73 0.71

(kaolinite and

bentonite)

Table 4-9 shows the difference between the singlpti®n system and the sorption by the
mixed system. In the single component systemsarhe@unt of metal adsorbed by 0.5 g of
kaolinite was less than the amount adsorbed by @bbentonite. In addition, the amount
of metal adsorbed by the mixed materials was leas the amount of metal adsorbed by
the sum of the parts. That may be because kaolisitelocking the metal ions from
reaching the binding sites on the bentonite. Is #periment the adsorption capacity of
the bentonite for Cu and Pb were high and mostethie concentration was measured in
the solid phase and low metals concentration wesasored in solution phase, which
resulted the concentration lower than the detedion.
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4.2.3 Heavy metal sorption behaviour of suspended aterials kaolinite and humic
acid

The experiment was performed by adding differenighis of kaolinite and humic acid
(0.2 g-0.8 g, 0.5-0.5 g and 0.8 g-0.2 g respectjvéd one litre of deionised water

containing 1 mg/lI concentration of metal. The prhoe is described in section 2.5.2.

4.2.3.1 Results and discussion

The distribution of Zn, Cu, and Pb between thedsatid solution phases and the recovery
of materials are shown Table 4-10. Substantial ansoaf the adsorbent materials were
not recovered. It is likely that most of the huna@cid was not recovered; while the
recovered materials could be mainly kaolinite,his ttase it is not possible to calculate K
values. Most of the metals were accounted for. Magority of the metal concentration
was measured in the solution phase and low corateris measured in solid phase; this

indicated a smaller amount of the metals were tinkéh the suspended materials.
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Table 4- 5 Recovery of mixed material weights andlistribution of (Zn, Cu, and Pb) metals between dal and solution phase

Kaolinite and Humic acid mixtures

A B C D E F
Weight of
materials weight of metal in  Concentration of Concentration
Sample weight recovered in Mixed materials recovered metal in kg of of metalin1 L
filter paper recovery material mixed material of filtered water
(9) (kg) (%) (mg) (mglkg) (mgll)
1 mg/l Cu
0.2K-0.8HA 0.000308 30 0.072 233 0.97
0.5K-0.5K 0.000382 38 0.132 345 0.92
0.8K-0.2HA 0.000837 83 0.146 174 0.89
1 mg/l Pb
0.2K -0.8HA 0.000364 36 0.248 682 0.82
0.5K-0.5HA 0.000560 56 0.237 423 0.84
0.8K-.2HA 0.000829 83 0.223 270 0.79
1 mg/l Zn
0.2K-0.8HA 0.000397 39 0.152 382 0.86
0.5K-0.5HA 0.000553 55 0.106 191 0.89
0.8K-.2HA 0.000857 85 0.071 83.7 0.87

C= (B/A)*100, K=Kaolinit¢iA=Humic Acid

93



Ibrahim.O.M.Matoug 2011 Chapter 4 Laboratory stadising defined sediment
components

Table 4-11 The weight of metals adsorbed by 0.53i)ngle sorption system and 0.5 g

mixed sorption system by the kaolinite and humic ad

Materials Cu (mg) Pb (mg) Zn (mQ)
Kaolinite 0.061 0.19 0.070
Humic acid 0.183 0.313 0.165
Mixed 0.132 0.237 0.106

(kaolinite and

humic acid)

Table 4-11 shows the differences between the siagiption systems and the mixed
sorption system. In the single systems, the amotimetal adsorbed by 0.5 g of humic
acid was higher than the amount of metal adfsotiyedame weight of kaolinite. In the
mixed materials, the amount of metal sorption waghdr than the same weight of
kaolinite in the single system. In contrast thepon of metal was less than the same
weight of humic acid single system; moreover, thigpon of metal in the mixed materials
was less than the sum for the parts. This result beadue to the presence of small a
amount of humic acid with the mixed materials sinzast of humic acid weight was lost

through the filter paper.

4.2.4 Heavy metal sorption behaviour of suspended aterials bentonite and iron

oxide (goethite)

The experiment was performed by adding differenights of bentonite and iron oxide
(goethite) (0.2 g-0.8 g, 0.5-0.5 g and 0.8 g-0.2egpectively) to one litre of deionised
water containing 1 mg/l concentration of metal. Tgrecedure is described in section
2.5.2.

4.2.4.1 Results and discussion

Table 4-12 shows the distribution of Zn, Cu, andotween the solid and solution phases
and the recovery of materials. Most of the metaésenaccounted for and most of the
adsorbent material was recovered. The results atelicthat the Kvalue for Zn of the

bentonite and iron oxide (goethite) in the singlsteam was lower than theyMalue of the
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bentonite and iron oxide mixture. This increaseKinvalue of the mixture is possibly
because iron oxide (goethite) coated the bentowith introduced some adsorptisites

on the surface of the bentonite, and increasedpleeific surface area (Zhuang and Yu,
2002; Olu-Owolabi et al., 2010). Iron oxide cogsnon clay particles can increase the
positive charges and decreased the negative chatgell below point of zero charge
(PZN). The aggregation of clay patrticles in the preserfcdeoa oxide could increase the

specific surface area, leading to an increaseeatisorption capacity of cations.

In the current study high flocculated with the mipe of (0.8 g) iron oxide and (0.2 g)
bentonite. This may be because of the (0.8 g) owide (goethite) coating all of the
surface sites on the (0.2 g) bentonite. Altern&giva smaller amount of the particles
flocculated with (0.2 g) iron oxide (goethite) aftd8 g) bentonite. This may be because of
the high availability of adsorptiosites with a mixture of (0.8 g) bentonite and theakler
number of iron oxides coated with small weight (§)2In other words, there was a lot of
the particle surface area not coated by the iradeoions. This may be because the total
amounts of adsorption sites were more than the atrmfuron oxide (goethite) and there

were enough surface adsorption sites available avitige amount of bentonite.
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Table 4- 6 Recovery of mixed materials weights andistribution of (Zn, Cu, and Pb) metals between sad and solution phasen for
bentonite and iron oxide mixtures

A B C D E F G
Weight of
materials weight of  Concentration
recovered Mixed metal in of metal in kg Concentration of
Sample weight in filter materials recovered of mixed metal in 1 L of
paper recovery material material filtered water Kd
@) (kg) (%) (mg) (mgl/kg) (mg/l) I’kg
1 mg/l Cu
0.2B -0.810 0.00099 99 0.63 632 <0.21 > 3009.6
0.5B-0.510 0.00098 98 0.74 749 <0.21 > 3567.0
0.8B-0.210 0.00097 97 0.75 767 <0.21 > 3654.0
1 mg/l Pb
0.2B -0.810 0.0099 99 0.62 627 <0.5 > 1255.6
0.5B-0.510 0.00097 97 0.84 867 <0.5 >1734.0
0.8B-0.210 0.00095 95 0.85 565 <0.5 >1130.1
1 mg/l Zn
0.2B-0.810 0.00099 99 0.83 833 0.26 3207.1
0.5B-0.510 0.00097 97 0.89 913 0.173 5279.7
0.8B-0.210 0.00072 72 0.79 1085 0.036 30143.5

C= (B/A)*100, B=Bentonite, |IO=mdDxide
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Table 4-7 The weight of metals adsorbed by 0.5 gngile sorption system and 0.5 g

mixed sorption system by the bentonite and iron oxlie

Materials Cu Pb Zn
(mg) (mg) (mg)

Bentonite 0.99 0.75 0.65

Iron oxide 0.022 0.19 0.005

(goethite)

Mixed 0.74 0.84 0.89

(bentonite

and iron

oxide)

Table 4-13 shows the differences between the siagiption systems and the mixed
sorption system. In the single system, sorptiomefal by 0.5 g bentonite was more than
the same weight in the single sorption of iron ex{doethite). In the mixed system the
metal adsorbed was less than the sum of the f&ads. et al., (2009) suggested that some
factors, such as the presence of the surface goatid differences in surface area between
the materials can affect the adsorption of heavialmén the mixed materials. Bradley and
Lewin, 1982 suggested that a change in the totéhea covering by metals could affect
the correlation between the heavy metal concentratand suspended particle

concentration.
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4.2.5 Heavy metal sorption behaviour of suspended aterials bentonite and humic

acid

The experiment was performed by adding differenights of bentonite and humic acid
(0.2 ¢g-0.8 g, 0.5-0.5 g and 0.8 g-0.2g, respectjvéd one litre of deionised water
containing 1 mg/l concentration of metal. The phoe is described in section 2.5.2.

4.2.5.1 Results and discussion

The recovery of materials and distributions of 2, and Pb between solid and solution
phases are shown Table 4-14. The majority of tle¢alm were found in the solution,
which means little of metal ions associated with suspended phase. Large amounts of
the adsorbent materials were not recovered; mahdyhumic acid materials were lost,
while the recovered materials might be predomigatehtonite. The sorptions values were

different with different quantities of mixed mai&s and different metals.
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Table 4- 8 Recovery of mixed materials weights andistribution of (Zn, Cu, and Pb) metals between sa and solution phase for bentonite and

humic acid mixtures

A B C D E F
Weight of
Sample materials weight of metal Concentration of Concentration of
weight recovered in Mixed materials in recovered metal in kg of mixed  metal in 1 L of filtered
filter paper recovery material material water
9) (kg) (%) (mg) (mglkg) (mgll)
1 mg/l Cu
0.2B -.8HA 0.0003799 73 0.086 226 0.92
0.5B- 0.5HA 0.0005551 55 0.108 194 0.86
0.8B-0.2HA 0.0006715 67 0.164 244 0.87
1 mg/l Pb
0.2B -.8HA 0.0003799 37 0.185 487 0.86
0.5- 0.5¢ 0.0005777 57 0.229 396 0.84
0.8B-0.2HA 0.0006432 64 0.208 323 0.77
1 mg/l Zn
0.2B-.8HA 0.0003767 37 1.05 2787 0.81
0.5B-0.5HA 0.0006045 60 0.934 1545 0.78
0.8B-.2HA 0.0008475 84 0.636 750 0.33

*C=(B/A)*100, B=Bentonite, HA=Humi Acid
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Table 4-9 The weight of metals adsorbed by 0.5 gngile sorption system and 0.5 g

mixed sorption system by the bentonite and humic &t

Materials Cu Pb Zn
(mg) (mg) (mg)
Bentonite 0.99 0.75 0.65
Humic acid 0.183 0.313 0.165
Mixed 0.108 0.229 0.934
(bentonite
and humic
acid)

Table 4-15 shows the single sorption and the msagtion material of the bentonite and
humic acid. The results indicated that the metgbtsan was lower in the mixed materials
compared with single sorption system, except forfdnwhich the sorption was higher in
the mixed system than the single sorption systdm.decrease of metal adsorption may be
because othe presence of humic acids, which could have dsec the specific surface
area of the bentonite by blocking access to theradyy sites (Abate and Masini 2005,
Zhuang and Yu, 2002, Liu and Gonzal£299.

4.2.6 Heavy metal sorption behaviour of suspendedaterials iron oxide and humic

acid

The experiment was performed by adding differenighis of iron oxide (goethite) and
humic acid (0.2 g-0.8 g, 0.5-0.5 g and 0.8 g-Or2gpectively) to one litre of deionised
water containing 1 mg/l concentration of metal. Tgrecedure is described in section
2.5.2.

4.2.6.1 Results and discussion

Table 4-16 shows the recovery of materials andibigton of Zn, Cu, and Pb between
solid and solution phases. The majority of the mi@®in the mixture of iron oxide and
humic acid were not recovered. The majority of ¢bacentrations were measured in the

solution phase, which means few of the metals \Wweked with the suspended phase.
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Table 4- 10 Recovery of mixed materials weights ardistribution of (Zn, Cu, and Pb) metals between d@ and solution phase for iron oxide and

humic acid mixtures
A B

Weight of materials
Sample weight recovered in filter

paper
(9) (kg)
1 mg/l Cu
0.8HA-0.210 0.0003588
0.5HA- 0.510 0.0006036
0.2HA-0.810 0.0008493
1 mg/l Pb
0.210-0.8HA 0.0003255
0.510 -0.5 HA 0.0005912
0.810-0.2HA 0.0008340
1 mg/l Zn
0.210-0.8HA 0.0003717
0.510-0.5HA 0.0006681
0.810-0.2HA 0.0008736

Mixed materials
recovery

(%)

36
60
85

32
59
83

37
66
87

C= (B/A)*100, HA=Humic Acid, IO=Iron Oxide

weight of metal
in recovered
material

(mg)

0.408
0.234
0.140

0.327
0.312
0.434

0.182
0.268
0.140

Concentration of

metal in kg of mixed

material

(mg/kg)

1137
387
164

1007
528
520

489
401
160

Concentration of
metal in 1 L of
filtered water

(mg/l)

0.93
0.84
0.64

0.67
0.76
0.50

0.78
0.72
0.79
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Table 4-11 The weight of metals adsorbed by 0.5 gnhgle sorption system and 0.5 g

mixed sorption system by the iron oxide and humic@d

Materials Cu (mg) Pb(mg) Zn(mg)
Iron oxide 0.022 0.19 0.005
(goethite)

Humic acid 0.183 0.313 0.165
Mixed (iron 0.23 0.312 0.268
oxide and
humic acid)

Table 4-17 shows the single sorption of iron oxa&hel humic acid and sorption of the
mixed material for both iron oxide and humic aclithe sorption of metals in the mixed
materials was higher than the sorption in the sirsgirption system; in contrast sorption of
metals was less than the sum of the parts. Thdtsesuicated that the adsorption
increased in the mixed materials compared withlsisgrption system of iron oxide or
humic acid. Increased or decreased adsorption délniy humic acid or iron oxide
mixture is controlled by the experimental conditofBaito et al., 2005). Orsetti et al,
(2006), and Alcacio et al. (2001) suggested thatitheraction between humic acid and
iron oxide causes the formation of complexes (Vachdri et al., 2000; Saito et al., 2004;
Fu and Quan, 2005).
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4.2.7 Discussion

It is possible to calculate Kvalues only for the mixed kaolinite — iron oxidgstem,
because bentonite removes metals from solution ¢oreentration below the detection
limit, and the humic acid is too soluble. In alkea, mixtures of kaolinite and iron oxide
result in a ki value lower than kaolinite alone (Table 4-5).

It is also possible to use the Malues calculated individually for kaolinite amdn oxide

in order to calculate the mass of metal held onstiiel phase in mixtures of the two, and
to compare this value with the mass of metal meakun all cases the measured mass is
low than the prediction mass, suggesting that tiptive proportion of the materials are
different in mixtures compared to the materialsialo

Direct comparison of the mass of metal held ondbkd phase can be made for 0.5 g
material alone and the 0.5 g- 0.5 g mixtures. Tab& 4-9, 4-11, 4-13, 4-15 and 4-17
suggest that interaction between materials can bwitease and decrease the mean of
metal held. This may be due to masking of binditesgdecrease) or expansive of binding
sites due to flocculation (increase).
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4.2.8 Conclusion

This study tries to simulate the natural systenplaing the effects of trace metals on
important materials, which are commonly found ie 8oil. The studies evaluate heavy
metal adsorption in single sorption systems, analied systems of clays, humic material
and iron oxide. The results indicate that the gutsmm capacity of bentonite clay is more
than all of other components with an observed gd®or capacity sequence of bentonite >
kaolinite > iron oxide (goethite). This was consrgtwith previously reported results by
Garcia et al., (1978), who repoted on order of sonpas montmorillonitic > organic >
kaolinite — goethite. In addition, Farrah et al., (1980) andik¥n, (2000) found that the
sorption order was montmorillonite> illite > kaalin

In the bentonite mixed system is not possible ttwutate accurate Kvalue where,
bentonite sorbs most of the metals in the solutithile in the mixed system of humic
acid the high mobility of humic acid is effect tkg value for the mixed materials. On the
other hand, metal adsorbed in the mixed materials httle increased with increasing the
humic acid. That may be because of humic acid dosereasing the active surface for
metal sorption on the kaolinite surface. Hizal &bk, (2006) suggested sorbs of metal
increase in presence humic acid with kaolinite @fduse the mixed behaved more like a
chelating ion exchanger comparing with kaolinitegée sorption system.

In the mixed system the results indicate that thed{ues were different for each metal. In
general the Kvalues were different, under the same conditidrisxed concentrations and
different mixed material weights. This is an im@mit observation, which suggests that in
studies of natural systems the use of Kd valuesftividual sorbent materials may not be
valid. It may be more appropriate to assess mqitdke based on likely mixtures of

materials that actually exist in the natural system
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Chapter 5

The role of the fine suspended sediment in the traport of metals

5 River Water Samples

This chapter explores the role of suspended sediméhe transport of metals in the River
Kelvin tributaries. The investigation focuses ontae in different size fractions of the
particulate phase in surface waters. Sediments thiaymain role as a sink and possible
source of trace metals in many rivers. Study ofdi@asuch as the carrying capacity and
nature of suspended particles is essential in atiegto understand the impact of the
metals they carry on water systems (Pertsemli &t¥@u2007)Suspended sediments were
collected by filtration and analyzed for Ca, Fe,N&(g, Mn and Zn contents, based on data
obtained during a 2009 and 2010 sampling periodhis chapter Cu and Pb were not
determined, because low concentrations were meahsaréhe first two months of the
sampling period. The results are divided into éhgections, beginning with the weight of
suspended sediment per unit volume of water irecfit tributaries and different sampling
months. The second section will look at the comegioin of metals in the mass of
suspended sediment defined in two size ranges. laste section will focus on the
concentration of metals in a volume of water asded with that sediment in the river
water samples. Sediment mass was used togethiemeiial concentration data to define

the metal loads in the different size fractions.

Table 5-1 and Table 5-2 show the average rainfath) in the Glasgow area (Met office)
and Daily flow rate from some tributaries (SEPA/12D The data show the monthly
average of the rainfall and the weather descriptibthe sampling day (see Appendix 1
and Appendix 2 daily rainfall amount in Glasgow Umisity area and Daily flow rate
amount from some tributaries). The table indicéites the average rainfall in July, August

and November 2009 was high.
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Table 5- 1 Average rainfall (mm) in the Glasgow ara determined at Glasgow Airport

and University of Glasgow

Months Rainfall mm Date of sampling
Glasgow | Glasgow
Airport University
1/2009 137 70 13/6/2009
2/2009 23 22
3/2009 98 67 14/7/2009
4/2009 55 47
5/2009 107 71
6/2009 38 21
7/2009 120 85 15/8/2009
8/2009 173 140
9/2009 69 54 14/9/2009
10/2009 | 100 80
11/2009 | 251 195
12/2009 65 41 16/11/2009
1/2010 52 44
2/2010 77 65
3/2010 75 63 10/2/2010
4/2010 81 48
5/2010 17 19 24/3/2010
6/2010 30 26
7/2010 132 65
5/5/2010
8/6/2010

(* Met office, http://www.metoffice.gov.uk/climate/uk/
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Table 5- 2 Daily flow rate value (ni/s) before and after sampling time (SEPA, 2011).

Date Allander | Glazert Bothlin Luggie
11/06/2009 0.093 0.193 0.085 0.148
12/06/2009 0.081 0.189 0.081 0.145
13/06/2009 0.111 0.188 0.081 0.146
14/06/2009 0.090 0.263 0.088 0.238
12/07/2009 0.235 0.922 0.169 0.212
13/07/2009 0.329 2.175 0.350 0.648
14/07/2009 0.390 1.326 0.325 0.322
15/07/2009 0.329 0.636 0.278 0.307
13/08/2009 0.242 0.404 0.340 0.524
14/08/2009 7.351 14.262 2.644 4.565
15/08/2009 4.017 6.793 2.674 3.867
16/08/2009 1.666 2.440 1.195 1.257
17/08/2009 1.430 2.620 0.996 1.052
11/09/2009 0.979 1.228 0.691 0.735
12/09/2009 0.745 0.896 0.558 0.597
13/09/2009 0.579 0.742 0.475 0.508
14/09/2009 0.487 0.664 0.428 0.440
15/09/2009 0.416 0.589 0.375 0.385
15/11/2009 1.173 1.800 0.930 1.098
16/11/2009 2.194 4.322 1.155 1.681
17/11/2009 3.600 6.421 1.592 2.311
07/02/2010 0.664 1.380 0.611 0.906
08/02/2010 0.540 0.864 0.534 0.759
09/02/2010 0.445 0.645 0.489 0.598
10/02/2010 0.371 0.562 0.393 0.469
11/02/2010 0.348 0.498 0.337 0.394
23/03/2010 0.488 1.112 0.227 0.320
24/03/2010 0.833 2.232 0.229 0.350
25/03/2010 0.817 1.909 0.303 0.512
04/05/2010 0.189 0.295 0.229 0.233
05/05/2010 0.187 0.290 0.234 0.238
06/05/2010 0.183 0.282 0.225 0.230
07/06/2010 0.128 0.164 0.156 0.159
08/06/2010 0.180 0.274 0.273 0.333
09/06/2010 0.162 0.395 0.185 0.226
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5.1 The suspended sediment weight

The objective in this part was to investigate tagiation between suspended sediment
masses in different seasons. Sediment masses wdeeted in two ranges >1.gm
diameter and between 1i@n and 0.2um in diameter of the filter paper, at different
sampling sites and in different sampling monthEhe sediment masses were obtained to
define the influence of particle size in explainitige mechanism of metal fluvial
distribution. Other researchers have used manystgbdilter paper to collect suspended
sediment samples for metal determination. Diffenesstearch uses different filter paper

size. For example, samples have been collected by:

Whatman GFR filters 1.6 um (Bradley and Lewin, 1982

Whatman 0.45 um glass fibre filters (Warren, 1981);

Millipore filters 0.45 pum pore size (Dassenakisilet 1996);

Whatman polycarbonate membrane filter 0.2 um (Nagagt al., 2003);

S A

0.2 um cellulose acetate filters (Radakovitch t24108);
The current research used filter paper of two chffié pore sizes to collect particles larger

than 1.2um in diameter and particles between ni2 and 0.2um in diameter. The masses

of the suspended sediment in the river water aasgmted in this section of the chapter.
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Figure 5-1 shows the seasonal variation in massuspended sediment from Craigton
Burn. The mass of suspended sediment in the > rh.2raction increases in the summer
season for both 2009 and 2010, but is relativelgstamt in the rest of the sampling
months. The mass of suspended sediment in therh.B0.2 um fraction is higher than
the mass of suspended sediment in the > 1.2 urtdinain August 2009, February and
March 2010. The mass of suspended sediment in fh2 pm and in the 1.2 um to 0.2 um
fraction was equal in September 2009 and May 2010.

The sediment mass in the 1.2 um - 0.2 um fractsohigh in August 2009. The high
rainfall increases the mass of sediment partidasgge and small alike, and perhaps
because the large particles deposit rapidly the $ediment mass dominates. The mass of
sediment was high in February and March with lownfedl. The March sample was
collected at the end of the month, with significanbwfalls, that may increase the fine
sediment transport more than the large particlasprart. That may be because of the
presence of snow, which reduces velocity of rivewf as a result there is an increase in
large sediment deposition and increase in finensewli transportThe suspended sediment
delivered during snowmelt conditions is more finghgined than during rainfall (Hillel,
2004).

0.003 - —+— Particle 1.2 pm Craigton

== Particle 0.2 um Craigton

0.002 -

Weight (g/1)

0.001 b

06/ 07/ 08/ 09/ 11/ 02/ 03/ 0s/ 06/
9 09 09 09 09 Month/Year 15 1p 10 10

Figure 5- 1 Mass of suspended sediment (g/ I) tine > 1.2 um and in the 1.2 - 0.2 um

diameter size fractions from Craigton Burn
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Figure 5-2 shows the mass of suspended sediméin¢ itwo size fractions and Figure 5-3
shows the variation of mass of suspended sedimihtfiow rate from Allander Water.
The mass of the suspended sediment in the twofsizdons tends to be higher in the
summer season, but the mass is relatively stabileeimest of the sampling months. High
flow rate would increase the mass of sediment ah barge and small particles, but the
large particles would respond more quickly to lovlemv. Increase flow rate does not
always cause increase in mass and decrease flewoas not always cause decrease in the
mass of sediment. The flow rate was high in Augarst November but the mass of
sediment was low in the > 1.2 fraction.

On the other hand, in the range 1.2 - 0.2 um thesr&sediment was high with high flow
rate in August and the mass of sediment was loMowember with high flow rate. Higher
mass sediment in the > 1.2 um in June and July lnithflow rate (0.390 riis). The mass
of sediment is stable in the rest of the samplimaptins. The mass slightly increased in
June 2010 with flow rate (0.180%s). The mass of the suspended sediment in tlgeran
1.2 - 0.2 pum is higher than the sediment mass en>tlL.2 pm fraction in August and
September 2009. That may be because of high floegv vafore the sampling day (7.35
m>/s), which carries the coarse sandy sediments asdjuartz and feldspar. The coarse
materials are fast deposited because of the waightlecrease the flow rate to (4.0¥g)
which may increase the fine sediment in the satutio

0.003 - == Particle 1.2 pm Allander

== Particle 0.2 pm Allander

0.002 -

Weight (g/1)

0.001 -

06/ 07/ 08/ 09/ 11/ 02/ 03/ 05/ 06/
09 09 09 09 09 10 10 10 10
Month/Year

Figure 5- 2 Mass of suspended sediment (g/ I) ingh> 1.2 um and 1.2 pm - 0.2 yum

diameter size fractions from Allander water.
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M Particle 0.2 um Allander
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Figure 5- 3 Variation of mass of suspended sedimefg/ 1) with flow rate of water for

Weight (g/1)

the > 1.2 um and in the range 1.2 um to 0.2 um seagnt from Allander Water.

Figure 5-4 compares the sediment from Craigton Bamd Allander water. This is of
interest because the sampling sites are near ifatdrsection of the two rivers. The masses
of the sediment in the > 1.2 um fractions in the twers show a similar trend. The mass
of the larger fraction is similar in both riversh& big differences seem to be the higher
mass of small particles in Craigton Burn compared\tfander water over the winter of
2009/10. The sediment mass in the > 1.2 um frastierhigher in June and July 2009,
after that the mass was relatively constant inréis¢ of the sampling months. The mass of
the sediment in the 1.2 - 0.2 um fraction was simih both rivers with small divergence,
where in Craigton Burn the mass of sediment wakdrighan the mass in Allander Water
in February 2010. On the other hand, the massdifnemt was higher in Allander Water
than Craigton Burn in May 2010. The mass of thamsedt in the 1.2 - 0.2 um fraction
exceeds that in the > 1.2 um fraction in Augustbioth tributaries.

111



Ibrahim.O.M.Matoug 2011 Chapter 5 River Water Skm
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Figure 5- 4 Mass of suspended sediment (g/ ) ingl> 1.2 um and in the 1.2 - 0.2 um

fractions from Craigton Burn and Allander Water.

Figure 5-5 shows the mass of the suspended sedimigntiameter > 1.2 um and in the
range 1.2 - 0.2 prfrom Craigmaddie Burn. The sediment mass is sinmlalune 2009 for

the two size fractions. The sediment mass in tie2>um fraction increased in November
2009. This may be because of the effect of thefathiamount in November. On the other
hand, in August 2009 the mass of sediment in tAquin to 0.2 um diameter fractions was
higher than the mass of sediment in the > 1.2 [actibn. The sediment mass is relatively

constant in the rest of the sampling months.
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Figure 5- 5 Mass of suspended sediment (g/ |) ingl» 1.2 um and in the range 1.2 ym

to 0.2 um from Craigmaddie Burn.
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The masses of sediment in the > 1.2 um diameteriraride 1.2 um to 0.2 preizes
fractions from Glazert water are shown in Figuré &xd Figure 5-7 shows the variation of
mass of suspended sediment with flow rate. Ther@istrong relationship between the
flow rate and mass of sediment. The flow rate wighedst in August (6.79 s) but the
mass of sediment was low in the > 1.2 fraction.t@nother hand, in the range 1.2 - 0.2
pum the mass of sediment was low with the high ffexe in November (4.32 is). In
addition, the flow rate was low in June (0.27¥sn2010 in the 1.2 - 0.2 um fraction but
the mass of sediment was high. The sediment masdigher in the > 1.2 um fraction in
June and November 2009 compared with other sampiimgths. In July 2009 high flow
rate (1.32 n¥s) increased the mass of sediment in both sizgidres. The high flow rate
(4.32 ni/s) caused a higher mass of particles in Novemb@® i the > 1.2 pum fraction.
The particle mass in the range 1.2 um to 0.2 pumhigiser than sediment mass in the >
1.2 um diameter in August 2009. The higher 1.2 prf@.2 pum mass in August 2009 may
be because of high flow rate before the sampling aehich carries large and fine
sediments. But the flow rate was decreased fron26l4t/s) before the sampling day to
(6.79 ni/s) on the sampling day. While in June 2010 thesnedsediment increased in the

large and fine sediment with low flow rate (0.27%sn
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Figure 5- 6 Mass of suspended sediment (g/ I) ingh> 1.2 um and in the range 1.2 —

0.2 um diameter size fractions from Glazert water.
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Figure 5- 7 Variation of mass of suspended sedime(d/ |) with flow rate of water for

the > 1.2 um and in the range 1.2 um to 0.2 um sewent from Glazert Water.

Figure 5-8 shows the mass of sediment in>tle2 um diameter and in the 1.2 um to 0.2
pm sizes fraction from Bothlin Burn and Figure 5-9 wi3othe variation of mass of
suspended sediment with flow rate. The flow rats Wgh in August (2.67 i¥s) but the
mass of sediment was low in the > 1.2 fractionadidition, the flow rate was high in
November (1.15 fis) and the mass of sediment was low in the >ra@ibn. The mass of
sediment in the >1.2 pm fraction was higher in 2099 with low flow rate (0.325 s).

In addition, the sediment mass was higher in Sep¢erand November 2009 after that the
mass gradually decreased in the rest of the sanmptedhs. The flow rate in September
2009 had a gradual decrease from two days beferesampling day from (0.558 *fs)
until the day after the sampling (0.375/s). While in November 2009 the flow rate was
high (1.15 n¥s) on the sampling day which explains the incréaseass of the >1.2 um
fraction. On the other hanthe mass of the suspended sediment in the rangeni ® 0.2
pm is higher than the mass sediment in the >1.2im@dune 2009The mass of the
sediment in the >1.2 um and in the range 1.2 p2gum was similar in August 2009
(2.67 nils). That may be because high flow rate carriegelaand fine sedimentsin
addition, inMay and June 2010 the mass of sediment is sinmltre >1.2 um and in the

range 1.2 pum to 0.2 pm with low flow rate.
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Figure 5- 8 Mass of suspended sediment (g/ I) water the > 1.2 um and in the 1.2 —
0.2 um fractions from Bothlin Burn.
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Figure 5- 9 Variation of mass of suspended sedime(d/ I) with flow rate of water for
the > 1.2 um and in the range 1.2 um to 0.2 um seuent from Bothlin Burn.
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The mass of the suspended sediment with flow ratbe two size fractions is shown in
Figure 5-10 and Figure 5-11 shows the variatiomass of suspended sediment with flow
rate from Luggie Burn. There is no strong relattopsetween the flow rate and mass of
sediment. In the > 1.2 um fraction, high mass dfireent was measured with low flow
rate. On the other hand, the mass of sedimenthvggiswith the flow rate in November
2009. The sediment mass in the > 1.2 um fractidngk in July 2009 with low flow rate
(0.322 ni/s) and the sediment mass decreased in the folpmionths. The sediment mass
is similar in August in the two size fractions. €l'mass in the > 1.2 um fraction was then
increased in the next two sampling months, Septeifth¢4 ni/s) and in November 2009
(1.68 ni/s). On the other hand, the mass of sediment inathge 1.2 - 0.2 um diameters is
higher than the sediment mass in the > 1.2 pumidmaah June 2009/2010, with low flow

rate.
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Figure 5- 10 Mass of suspended sediment (g/ |) waia the > 1.2 um and in the range

1.2 pm to 0.2 um from Luggie Burn.
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Figure 5- 11Variation of mass of suspended sedime(d/ |) with flow rate of water for
the > 1.2 um and in the range 1.2 um to 0.2 um sewént from Luggie Burn.
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Figure 5-12 compares the sediment masses in th2 prh and sediment in the range 1.2 -
0.2 um fractions, from Bothlin Burn and Luggie Bubecause the sampling sites are near
to the point of the two tributaries coming togethEre masses of the sediment in the > 1.2
pum fraction show a similar trend in the two tritnga. The mass of the larger fraction is
similar in both rivers, where the higher mass measin July and November 2009 with
small divergence. In addition, the sediment madkenl.2 - 0.2 um fractions is similar in
both tributaries. The sediment mass in the 1.2-0n fractions was higher in summer
2009. After that the mass of sediment in the 02-um fractions remained fairly constant

in the rest of the sampling months. The increaskdatrease of the mass of sediment for

the two size fractions is similar in both tributsi
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Figure 5- 12 Mass of suspended sediment (g/ |) weatthe > 1.2 um and in the range

1.2 um to 0.2 um diameter size fractions from Botim Burn and Luggie Burn.
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Figure 5-13 and Figure 5-14 show together the @iffees of the mass of sediment of two
size fractions in the tributaries Craigmaddie Butgzert Water, Bothlin Burn and Luggie
Burn. The results demonstrate that the masseseof¢diment in the > 1.2 um fraction
show a similar trend in the Craigmaddie Burn andz@it Water and in the Bothlin Burn
and Luggie Burn tributaries with small divergenceise mass of the sediment in the > 1.2
pm fraction is higher in July and November 2009 Tiends of mass sediment are similar
in Craigmaddie Burn and Glazert water. In additivends of mass of sediment are similar
in the Bothlin Burn and in Luggie Burn, because sbepling sites are near to the point of
the two tributaries coming together. The mass dlfirsent in the Bothlin Burn and in
Luggie Burn was higher than the mass of sedimenCraigmaddie Burn and Glazert
water. The mass was low in August 2009 and in timewvand summer sampling months
2010.

The results show that the masses of the sedimeéheih.2 um to 0.2 um fractions show a
similar trend in the Craigmaddie Burn and Glazemt®y and in the Bothlin Burn and
Luggie Burn. In addition, the mass in the 1.2 ud.® um fractions shows a similar trend
in Bothlin Burn and Luggie Burn, and in the Craigidee Burn and Glazert water through
the sampling months. The mass of the fine fracisoslightly increased in the summer of
2009 and decreased in the winter of 2009/10. Thesmo&the small fraction is higher than
that in the large fraction in August in the twoeis Craigmaddie Burn and Glazert Water.
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Figure 5- 13 Mass of suspended sediment (g/ I) ihe > 1.2 um diameter size fraction

from Craigmaddie Burn, Glazert water, Bothlin Burn and Luggie Burn.
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Figure 5- 14 Mass of suspended sediment (g/ I) i 1.2 - 0.2 um diameter size
fraction from Craigmaddie Burn, Glazert water, Bothlin Burn and Luggie Burn.

The mass of the suspended sediment in the > 1.@ndnsediment in the range 1.2 and 0.2
pum from Cameron Burn is shown in Figure 5-15. Taegling from Cameron Burn was
undertaken on only five occasions, because of miaigihway construction within the
sampling time and restricted access due to badherat the 2009/10 winter. The mass of
the suspended sediment in the > 1.2 um fractibigiser than the mass in the 1.2 - 0.2 um
fraction in September and November 2009. On therdtand, the mass of the sediment in
the range 1.2 um to 0.2 um is higher than the ssaimnass in the > 1.2 um fraction in
June, July and August.
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Figure 5- 15 Mass of suspended sediment in litre efater in the > 1.2 uym and 1.2 —
0.2 um diameter size fractions from Cameron Burn (gl).
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The mass of suspended sediment in the >1.2 umdnaahd in the 1.2 - 0.2 um fraction
from Cameron Burn near to land fill discharge dreven in Figure 5-16. The sediment
mass in the >1.2 um fraction was slightly highemtthe mass of sediment in the 1.2 - 0.2
pum fraction in most sampling months, except in JAG@9. The mass of the suspended
sediment in the range 1.2 um to 0.2 um is higham the mass in the > 1.2 um fraction in
June 2009. There is a steep decrease of the sdadmass in the 1.2 - 0.2 um fraction in

the rest of the sampling months.
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Figure 5- 16 Mass of suspended sediment (g/ I) ihg > 1.2 um and in the range 1.2 —
0.2 um diameter size fractions near to land fill dicharge to Cameron Burn.
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5.1.1 Conclusion

The overall result indicatethe mass of sediment was generally higher in tHeZ>um
fraction than the fine particle fraction in the ganl.2 um to 0.2 um diameter. There is no
strong association between the flow rate and masediment. Where higher flow rate
does not always cause increase in mass and looverdite does not always cause decrease
in the mass of sediment. A high flow rate doesalatays mean a large mass of sediment
transported. While decreased flow rate does noaygwnean a small sediment transport in
the stream. The date of sampling may have an infeidor the mass of sediment. For
example, the Allander was sampled during a perfoasing flow in November 2009, but
decreasing flow in August 2009 (Table 5-2). Smalhreges in flow rate may affect the
sedimentation of different particle sizes. In gahéhe mass of sediment in the > 1.2 um
fraction is similar in most tributaries. The magssediment in the > 1.2 um fraction was
higher in July and November 2009. This may be dube effect of rainfall amount, which
can carry coarse sediment with high flow rate. diditon, the mass of the suspended
sediment in the range 1.2 to 0.2 um fraction waslai in most tributaries. The mass of
sediment in the 1.2 to 0.2 um fraction was higimeAugust 2009, February, March and
May 2010. The overall mass of sediment in the tiwe factions increased with increased
flow rate, but in some cases the large particleodiépd rapidly and the fine sediment
dominated in the solution. In addition, some fagtmay be affecting the mass sediment in
the solution such as the sampling time, flow ragéoke the sampling day, the rainfall

seasons and the agricultural activity.
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5.2River Water Samples — metal concentrations in suspéed sediment

Figures 5-17, 5-18 and 5-19 show the metal conagoirs that were found in the > Juéh
fraction of the suspended sediment from CraigtonnBU able 5-3 shows the metal

concentrations varied over a wide range, such a8G296 mg/g) and Mg (10-161 mg/g).

Table 5- 3Ranges of metal concentrations (mg/g) in the >1.2nmuand 1.2 - 0.2 um
diameter fractions of suspended sediment from Craign Burn
Sediment Ca Fe K Mg Mn Zn
size
>1.2 um 81.1-296 10.8-142 2.2-67.9 10.2-161 3.1-9.5 0.3-11.
1.2-0.2pm| 9.6-72.5 13-58| 1.6-18.2 1.6-21.5 0BH2 0.3-6.1

The metal concentration trends over time are similae concentrations increased in
summer and autumn 2009. Most of the element corat@ris increased in August and
November 2009. The Mn concentration increased imeJand September 2009. The
concentrations for Fe and Mg in November 2009 whee highest among the samples,
while the lowest concentration (10.8 mg/g) for Fasvin July 2009 and for Mg was (10.2
mg/g) in May 2010. Concentrations for Ca, K andi@Zrugust 2009 were the highest
among all samples. The lowest Ca, K and Zn conagotrs were in June 2010 with
increased mass of sediment. The metal concentrateords increased in summer and
autumn (August and November 2009) and slightly elsed in winter 2010. In summer
2010concentrations increased for Ca and Fe in May 28&h@, concentrations increased
for Mn in June 2010The correlations between metals are shown in talle A positive
correlation was observed between K and Ca (P, ¥)@0Ad to a lesser extent (P, < 0.02)

between K and Zn.
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Figure 5- 17 Concentrations of Ca in suspended sedent (mg /g) of > 1.2 um

diameter from Craigton Burn.
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Figure 5- 18 Concentrations of Fe, K, and Mg in symended sediment (mg /g) of > 1.2

pm diameter from Craigton Burn.
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Figure 5- 19 Concentrations of Mn and Zn in susperet sediment (mg /g) of > 1.2 um

diameter from Craigton Burn.
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Figures 5-20, 5-21, and 5-22 show the metal conagoms in the suspended sediment in
the range 1.2 um to 0.2 pum fraction from CraigtamrB The concentration ranges are
shown in table 5-3. The concentrations of the setais show similar trends. Most of the
concentrations were high in June, November 2009 ldiag 2010. All metals show
concentration maxima in November 2009 and in May(2@vith lower levels in August
2009 and February and June 2010. The Zn concemtrédi2 mg/g) shows a low level in
August 2009, while the concentration for Mn showswer level (3.1 mg/g) in February
2010. The concentrations for Ca, Fe, Mn, and MdNavember 2009 were the highest
among the samples; while the lowest concentrationsCa, Fe, Mn, and Mg were in
February 2010. Concentrations for Ca, K and ZMay 2010 were the highest among all
the samples, and the lowest Ca, K and Zn concemgtwere in August 2010. The
correlations between metals are shown in table B-Strong positive correlation was
observed between Fe, Ca and Mg (P, < 0.005) aaddsser extent (Pe, < 0.05) between
Fe, K, Mn and Zn. A positive correlation also eatsbetween Mn, Ca and Mg (P, < 0.05).

The data show that the average concentration imithe sampling occasions display an
overall trend. The metals concentration trend isntwease in summer and autumn 2009
and decrease in winter 2010, in the two particte fiactions used. As runoff increases and
mass of sediment per liter of water decreases énstimmer and autumn 2009, the
concentrations are increased in these metals. Higleéal concentration was measured in
August 2009 in the large particle size range. Kndther hand, low metal concentration
was measured in August 2009 in the 1.2 um to 0.2fqaction, with a large mass of

sediment. That may be due to high flow rate mopé#icle containing elements not being
determined in current study. While in November 2@@e metal concentration was higher
in both size fractions with high flow rate. In aitwh, in May 2010 high metal

concentration was observed in the fine particlée Righest concentrations for Fe and Mg
in two fractions were measured in the same montheNder 2009 and for other metals
the highest concentrations in the two fractionseneasured in different months. Ca and

Fe show similar trends in May 2010 in the two draetions.
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Overall the concentrations in the larger sedimedt2>um was higher than the
concentration in the range 1.2 to 0.2 um. The dveesult indicated higher metal
concentrations were measured in the > [In2 fraction. On the other hand, low metal

concentration was measured in the >(n2fraction with large sediment mass.

Table 5- 4 Correlations between concentrations ofifferent metals in the 1.2 pm

fraction from Craigton Burn

Fe Zn vh Ca My
Zn 0.292
0. 446
M 0. 066 0. 367

0. 867 0.331

Ca 0. 560 0.523 -0. 353
0.117 0. 149 0. 352

My 0.622 0. 657 0.491 0. 406
0.074 0. 055 0. 180 0.278

K 0.394 0.723 0.128 0. 757 0.521
0.294 0.028 0.743 0.018 0. 150

Cell Contents: Pearson correlation
P-Value

Table 5- 5 Correlations between concentrations ofifffierent metals in the 1.2- 0.2 um

fraction from Craigton Burn

Fe 1 Zn 1 Mn_1 Ca 1l My_1
Zn_1 0.695
0.038
Mh_1 0.762  0.205

0.017 0.596

Ca_1 0. 946 0. 645 0.790
0. 000 0. 061 0.011

M_1 0. 905 0. 405 0. 876 0. 820
0. 001 0. 280 0. 002 0. 007

K1 0.792 0.947 0. 344 0. 765 0.517
0.011 0. 000 0. 365 0.016 0. 154
Cell Contents: Pearson correlation
P- Val ue
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Figure 5- 20 Concentrations of Fe and Ca in suspend sediment (mg /g) of (1.2- 0.2

pum) diameter from Craigton Burn.
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Figure 5- 21 Concentrations of K and Mg in suspendksediment (mg/g) of (1.2- 0.2

pum) diameter from Craigton Burn.
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Figure 5- 22 Concentrations of Mn and Zn in susperetl sediment (mg /g) of (1.2- 0.2

pm) diameter from Craigton Burn.
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The concentration ranges of metals in suspenddttlparin the > 1.2 um fraction from
Allander water are shown in table 5-6 and seaswaals in Figures 5-23 and 5-24. The
six metal concentrations show similar trends in 5@m2009. The concentration increased
in summer 2009 and decreased in winter 2010. Aficeatrations increased in July,
August and September 2009. On the other hand, dneeatrations for Ca and Mg
increased in August, November 2009 and Februar.20he highest concentrations for
Fe, Mn and Zn were measured in August and Nove2®@®, which may be because high
flow rate (4.01 n¥s) increased the total of metal transport. The efstwmetal
concentrations were measured in June 2010 with fow rate (0.11 n¥s). The
concentration trend is similar for Mn and Zn, wheagh increased in August 2009 with
high flow rate and decreased in the rest of thepiamnmonths. The result shows there is
no strong association between the flow rate and dbecentrations of metal in the
suspended sediment because increasing the flovdoate not always cause an increase in
the metals in the suspended sediment and low fates does not always cause a decrease
in the metals in the suspended sediment. The ctiatiems of metal in suspended
sediment in the > 1.2 um fraction from Allander eraand Craigton Burn shows similar
trends. Table 5-7 shows a strong positive cor@tatvas observed between Fe and Mn (P,
< 0.007) and Positive correlation was observedr@aka(P, < 0.005). A lesser extent (P, <
0.03) between Fe and Zn. Positive correlation algsted between Zn, and Mn (P, < 0.01).

Table 5- 6 Ranges of metal concentrations (mg/g) ithe>1.2 um and 1.2-0.2 pum
diameter suspended sediment from Allander Water
Sediment Ca Fe K Mg Mn Zn

size
>1.2 um 22.3-297| 37-1638 9.8-66 3.7-282 1.6-1p.1 -89
1.2-0.2um| 15.6-137 11-139 0.7-30.8 3.4-37.5 DL-| 0.3-8
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Figures 5-25, 5-26, and 5-27 show the concentratadrmetals in the suspended sediment
in the size range 1.2 um to 0.2 um. The conceaftratof most of the metals show similar
trends. The concentrations increased in summeunmaut2009 and summer 2010. The
concentration ranges for Ca, Fe, K, Mg, Mn and Zthe suspended sediment are shown
in table 5-3. All concentrations increased in tlwuann of 2009 and winter of 2010 and
decreased in the summers of 2009 and 2010. Theehigitetal concentrations were
measured in July with low flow rate (0.1%/s), also in February 2010 with low flow rate
(0.371 ni/s). In November 2009 the concentrations were higligh high flow rate (2.19
m>/s). In addition, there were slight increases eftetal concentrations in July 2009 and
June 2010. Concentrations for Ca, Fe, K and Mblanember were the highest, which
may be due to high flow rate (2.19/s) increasing the total metals. The lowest CakFe,
and Mg concentrations were measured in August 206& may be a result of increase
flow rate carry material which containing elementst specified in the current study.
Concentration of Zn was the highest in February02BL.mg/g) and lowest Zn in August
2009 (0.3 mg/g). The concentrations of metal ispsemded sediment in the 1.2 um to 0.2
um fraction from Allander water and Craigton Burfmow similar trends, with small
divergences. In the Allander Burn there are sonreetaiions between concentrations of
different metals in the particle range 1.2 and @8 as shown in table 5-8. A strong
positive correlation was observed between Fe, Mgaf Mn (P, < 0.005) and to a lesser
extent (P, < 0.05) between Fe and Zn. Positiveetation also existed between Zn, Ca and
Mg (P, < 0.005). Positive correlation was observied Ca and Mg (P, < 0.05).
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Table 5-7 Correlations between concentrations of fferent metals in the 1.2 um

fraction from Allander Water

Fe Zn vh Ca My
Zn 0.702

0. 035
M 0. 819 0.788

0. 007 0.012

Ca 0. 462 0. 345 0.171
0.211 0. 363 0. 661

My 0.494 0.323 0. 387 0.739
0.177 0. 396 0. 304 0. 023

K 0. 345 0.562 0. 157 0. 836 0.516
0. 364 0.115 0. 686 0. 005 0. 155

Cell Contents: Pearson correlation
P- Val ue

Table 5- 8 Correlations between concentrations ofifferent metals in the 1.2- 0.2 ym
fraction from Allander Water

Fe 1 Zn_1 M_1 Ca_1 My_1
Zn_1 0.757
0.018
Mh_1 0.872  0.430

0.002 0. 248

Ca_1 0.912 0. 882 0. 683
0. 001 0. 002 0. 043

M_1 0. 952 0. 856 0.744 0.921
0. 000 0. 003 0.021 0. 000

K1 0.518 0. 445 0. 423 0.551 0. 406
0. 153 0. 230 0. 257 0.124 0.279

Cell Contents: Pearson correlation
P- Val ue
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Figure 5- 23 Concentrations of Ca, Fe, K, and Mg isuspended sediment (mg /g) of >

1.2 um diameter from Allander Water.
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Figure 5- 24 Concentrations of Mn, and Zn in suspafed sediment (mg/g) of > 1.2 um

diameter from Allander Water.

Most concentrations increased in summer 2009 aockdsed in winter and summer 2010
for the >1.2 um fraction. Ca and Mg concentrationgeased in the summer 2009 and
winter of 2010 and decreased in summer of 2010thén 1.2 to 0.2-um fraction the

concentrations increased in autumn 2009 and wiz@&0 and decreased in summer 2009
and 2010. The concentration in the sediment latgan 1.2 pum was higher than the

concentration in the range 1.2 t0 0.2 pm.

130



Ibrahim.O.M.Matoug 2011 Chapter 5 River Water Skm

160 -
140 -
2170 -
£
- 100 -
S
s 80 ——Fe
frar]
§ 60 - —Ca
5
S 40 -
20 -
06/ 07/ 08/ 09/ 11/ 02/ 03/ 05/ 06/
09 09 09 09 09 0 10 10 10
Month/Year

Figure 5- 25 Concentrations of Fe and Ca in suspeed sediment (mg/g) of (1.2- 0.2

pm) diameter from Allander Water.
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Figure 5- 26 Concentrations of K, and Mg in susperetl sediment (mg/g) of (1.2- 0.2

pum) diameter from Allander Water.
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Figure 5- 27 Concentrations of Mn and Zn in susperetl sediment (mg /g) of (1.2- 0.2

pm) diameter from Allander Water.

131



Ibrahim.O.M.Matoug 2011 Chapter 5 River Water Skm

Figures 5-28 and 5-29 show the seasonal trendseirtdncentrations of the six metals in
samples from Craigmaddie Burn. The concentratiorgea of metals in the suspended
sediment in the > 1.2 um fraction from Craigmadgign are shown in Table 5-9. The
figures show that the trends for metal concentnatiare similar. The concentration
increased in summer of 2009 and decreased in themauof 2009, after that the
concentrations increased in winter of 2010 for nodshe metals. The high concentrations
were measured in the > 1.2 um fraction in July t&aper 2009, March and June 2010. In
contrast, the concentration of metal decreases imitleased mass of sediment in August,
November 2009. This may be due to the dilution Ighhflow rate which increases
materials containing elements not being measuredthia study. The maximum
concentrations for Ca, Fe, K and Mg were showruimeJ2009 and in September 2009 for
Fe and Mn. The concentration increases in Febr2@iy for Mg and Mn, in March 2010
for Ca, Fe and K. In addition, all the metals sHower levels in November 2009 and in
June 2010, with large sediment mass. The highesterration for Ca was measured in
March 2010; and the lowest concentration was medsir November 2009. Table 5- 10
shows astrong positive correlation was observed betweerakthFe (P, < 0.002) and to a
lesser extent (P, < 0.006) Mn and Znstong positive correlation also existed between Ca
and K (P, < 0.001).

Table 5- 9 Ranges of metal concentrations (mg/g) ithe > 1.2 um diameter in

suspended sediment from Craigmaddie Burn

Sediment size Ca Fe K Mg Mn Zn

>1.2 um 29-249 | 40-223| 1.7-42.5| 13-230 | 2.37-15 0.48-4
1.2-0.2um 2.3-60.6 2.2-102 0.1-6{11 0.3-13.1 31A-| 0.6-2.9

The concentration ranges of metals in the suspesddinent are shown in table 5-9.
Figures 5-30, 5-31, and 5-32 show the concentratadrmetals in the suspended sediment
in the 1.2 um -0.2 um fraction from Craigmaddie iBuFhe metal concentration trends are
similar; the figures show concentrations of meted¢se increased in July, November 2009
and February 2010, and decreased in the summed1df. 2All concentrations in the 1.2
um -0.2 um fraction are increased from Septemb@® 2mtil February 2010. The level of

metal concentrations in summer 2010 are lower #vanage in June and July 20009.
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The figure shows the average concentration ohthe occasions of results to exhibit an
overall trend. There is metal correlatisam Craigmaddie Burn in the data sets in table 5-
11; Ca, Fe, and Mg and Mn were highly and posyivebrrelated.A strong positive
correlation was observed between Fe, Ca and Mg (PO05) and to a lesser extent (P, <
0.05) Fe, Mn and Zn. Positive correlation also texisbetween Zn, Ca and Mg (P, <
0.005). Positive correlation was observed Mn, GaMg (P, < 0.005).

Table 5-10 Correlations between concentrations ofiffierent metals in the 1.2 um

fraction from Criagmaddie Burn

Fe Zn vh Ca My
Zn 0.374
0.127
M 0.672 0.622

0.002 0. 006

Ca 0. 317 0. 333 0. 039
0.201 0.176 0.878

My 0.333 0.427 0.321 0. 610
0.177 0. 077 0.193 0. 007

K -0.012 -0. 052 -0.422 0.788 0. 279
0. 962 0. 837 0. 081 0. 000 0. 262

Cell Contents: Pearson correl ation
P-Value

Table 5-11 Correlations between concentrations ofiffierent metals in the 1.2- 0.2 um

fraction from Criagmaddie Burn

Fe 1 Zn 1 Mn_1 Ca 1l My_1
Zn_1 0.624

0. 006
Mh_1 0.629  0.436

0. 005 0. 070

Ca_1 0.789 0.879 0. 664
0. 000 0. 000 0. 003

M_1 0.784 0. 851 0.723 0. 895
0. 000 0. 000 0. 001 0. 000

K1 0.410 0.541 0. 441 0. 602 0. 484

Cell Contents: Pearson correlation
P- Val ue
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Figure 5- 28 Concentrations of Fe, Ca, and Mg in spended sediment (mg/g) of > 1.2

pum diameter from Craigmaddie Burn.
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Figure 5- 29 Concentrations of K, Mn, and Zn in sugended sediment (mg /g) of > 1.2

pm diameter from Craigmaddie Burn.

The overall concentration trend over time was simiith the sediment size fraction used.
The metal concentrations in the > 1.2 um fractienragher than the concentrations in the
1.2-0.2 pum fractiorn the summer of 2009 and winter of 2010; while ¢tbacentrations in
the 1.2-0.2 um fractiowere higher than the concentrations in the 1.2p0rPfraction in
autumn 2009 and winter 2010 and lower in the suranoér2009 and 2010. The metal
concentration in the >1.2 um was higher than th&ahoencentration in the size range 1.2

to 0.2 um fraction.
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Figure 5- 30 Concentrations of Fe and Ca in susperd sediment (mg/g) of (1.2- 0.2

pum) diameter from Craigmaddie Burn.
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Figure 5- 31 Concentrations of Mg in suspended sedent (mg/g) of (1.2- 0.2 um)

diameter from Craigmaddie Burn.
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Figure 5- 32 Concentrations of K, Mn, and Zn in sugended sediment (mg/g) of (1.2-

0.2 um) diameter from Craigmaddie Burn.
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Figures 5-33 and 5-34 show the concentrationserstispended sediment in the > 1.2 um
fraction from Glazert water and concentration rangé the metals in the suspended
sediment are shown in table 5-12Zhe metal concentration trends are similar; the
concentrations were higher in summer 2009/2010 higher flow rate and in winter 2010
with low flow rate. The concentrations are highersummer 2009 in July for Mg (263
mg/g) with high flow rate (1.32 ffs), in August for Ca, K and Zn with high flow rate
(6.79 nils), also in September for Fe and Mn with sliglcréase in flow rate (0.664°s).

In addition, concentrations are higher in Febriz@g0 with flow rate (0.562 ffs) and in
June 2010 with low flow rate (0.274%#s) for Ca, Fe, K and Mg. The concentration trends
over time are similar for Ca, and K. On the othendi metal concentrations are lower in
June, with normal flow rate and in November 200&hwvincreased sediment mass with
high flow rate (4.32 riis). That may be because high flow rate carriex aflmaterials are
not determined in this study such as of quartz atiter materials. The overall
concentration trend is similar between the six isetaroughout the nine sampling
occasions. The concentrations of metal in suspesdddnent in the 1.2 pym to 0.2 um
fraction from Craigmaddie Burn and Glazert waterrBshows similar trends. Table 5-13
shows astrong positive correlation was observed betweemr@aK (P, < 0.001) and to a
lesser extent (P, < 0.006) Mg and K. Positive dati@n also existed between Ca and Mg
(P, <0.01).

Table 5-12 Ranges of metal concentrations (mg/g) the > 1.2 um and 1.2 - 0.2 um

diameter suspended sediment from Glazert Water

Sediment size Ca Fe K Mg Mn Zn
>1.2 um 14-287 | 20-268 | 2.1-36.4 | 4.8-263 | 0.7-20.8| 0.1-6.6

1.2-02um| 9.8-101 8.7-290| 0.6-7.7 | 1.6-35.6| 1.8-52.4| 0.1-6.2
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Concentration ranges of metals in the suspendachsatlin the range 1.2 to 0.2 um from
Glazert Burn are shown in table 5-12, and seasweatls in Figures 5-35 to 5-37. The
concentration trends over time are similar for @ase and decrease for different elements
throughout the nine sampling occasions. The conatons were high with low flow rate

in June 2009 and February and May 2010. The coratents were high for Ca, Fe, K and
Mg in February 2010 with flow rate (0.562%s) and in May 2010 with low flow rate
(0.290 ni/s). In addition, concentrations for Ca, K and Za kigher in November 2009, in
high flow rate (4.32 rifs). The highest concentrations for Ca, Fe, K, i Zn were
measured in May 2010 and the lowest concentration£a, Fe, K, Mn, and Zn were
noted in August 2009 with high flow rate (6.79/s). Concentration of Mg (35.6 mg/g) in
February 2010 was the greatest among all the moatid the lowest Mg (1.6 mg/qg)
concentration was measured in August 2009. The esdration trends over time are
similar for the six metals throughout the nine skngpoccasions. The results show there is
no strong association in the 1.2 um fraction anthe1.2 to 0.2 um fraction between the
flow rate and the concentrations of metal in thepsmded sediment. Increasing the flow
rate does not always cause an increase in the meta suspended sediment, such as in
August and November 2009, and low flow rate dodgsahways cause a decrease in the
metal in the suspended sediment, such as in Fgbamat June 2010. There are strong
correlations between metals as shown in table 9rlthe data sets Ca, Fe, and Mn were
highly and positively correlated. Positive correlatwas observed between Fe, Ca and Mn
(P, < 0.05). A lower correlation was observed betw€a, Mg and K (P, < 0.01). Positive
correlation also existed between Zn and Mn (P,09%). Correlation was observed (P, <

0.01) between Ca and all other metals.
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Table 5-13 Correlations between concentrations dalifferent metals in the 1.2 um

fraction from Glazert Water

Fe Zn vh Ca My
Zn 0. 242

0. 530
Mh 0. 663 0. 337

0.052 0.376

Ca 0.581 0. 508 0. 119
0.101 0. 163 0.760

My 0. 125 0.613 0. 052 0.798
0.748 0. 079 0. 895 0.010

K 0. 301 0. 643 -0.028 0.911 0. 838
0.432 0. 062 0. 942 0. 001 0. 005

Cell Contents: Pearson correlation
P- Val ue

Table 5-14 Correlations between concentrations ofiffierent metals in the 1.2- 0.2 um

fraction from Glazert Water

Fe 1 Zn 1 Mn_1 Ca 1 My_1
Zn_1 0.729

0.026
Mh_1 0.884  0.823

0. 002 0. 006

Ca_1 0.774 0. 767 0.753
0.014 0.016 0. 019

My_1 0.511  0.648  0.374  0.796
0.160  0.059  0.321  0.010

K1 0.476 0. 600 0.470 0.769 0. 562
0.195 0. 088 0. 201 0.015 0. 115

Cell Contents: Pearson correlation
P- Val ue
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Figure 5- 33 Concentrations of Fe, Ca, and Mg in sppended sediment (mg /g) of > 1.2

pm diameter from Glazert Water.
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Figure 5- 34 Concentrations of K, Mn and Zn in sugsended sediment (mg /g) of > 1.2

pm diameter from Glazert Water.

The concentration trends are similar throughoutrime sampling occasions in the two

size fractions. The concentrations in the largetigdas increase in summer 2009 in
September 2009 and in June 2010. On the other Wl@d;oncentrations increase in the
range 1.2 to 0.2 pror Ca, Fe, K and Mg in February 2010 and in Mag@0
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Figure 5- 35 Concentrations of Fe in suspended seaent (mg /g) of (1.2- 0.2 um)

diameter from Glazert Water.
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Figure 5- 36 Concentrations of Ca, Mg, and Mn in sspended sediment (mg /g) of
(2.2- 0.2 pm) diameter from Glazert Water.
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Figure 5- 37 Concentrations of K, and Zn in susperetl sediment (mg /g) of (1.2- 0.2

pm) diameter from Glazert Water.
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Figures 5-38, 5-39, and 5-40 show the concentrataimmetals in the > 1.2 um fraction
from Bothlin Burn. The concentration ranges in shigspended sediment are shown in table
5-15. The metal concentration trends are simildrene the concentration increases with
high flow rate in August 2009 and in February andyMwith low flow rate. All
concentrations were higher at the start of the dagpampaign in June and August 2009.
On the other hand, low metal concentrations wer@asmed with high flow rate in
November 2009, which maybe because high flow mateeased a lot of material, this
materials containing elements not being measureéd.cbncentration increased for Ca and
Mg in February 2010 with low flow rate (0.393%s) and decreased in summer 2010.
While for Fe and Mn the concentrations increasetMay and June 2010 with low flow
rate. The concentration for Ca, Fe, K and Zn waggtieatest among the samples in August
2009 with high flow rate (2.67 {fs), while the concentrations for Ca, Fe, K andvime

the lowest among the months in July 2009, with Ifbew rate (0.325 mis). The
concentrations increased for K, Mn and Zn metalsummer 2009, and decreased in
winter 2010. On the other hand, the concentratmnCa, Fe, and Mg increased during
summer 2009 and in winter 2010. Table 5- 16 shpwgtive correlation was observed
between Fe and Mn (P, < 0.03), Fe and Ca (P, <)@fd Fe and K (P, < 0.01). A

correlation was observed between K and Ca (P, ¥ 0.0

Table 5-15 Ranges of metal concentrations (mg/g) the > 1.2 um and 1.2 - 0.2 um

diameter suspended sediment from Bothlin Burn

Sediment size Ca Fe K Mg Mn Zn
>1.2um | 32-283 | 29-127 | 1.7-39.1| 10.6-85 | 1.1-13.7 0.2-3.6

1.2-0.2um| 32-104| 12-154 | 0.9-7 3.8-22.21 0.2-3.5 0.3-2.1

The concentration ranges of Ca, Fe, K, Mg, Mn, andin the suspended sediment are
shown in table 5-15. Figures 5-41, 5-42, and 54t8\sthe concentrations of metals in the
suspended sediment in the range 1.2 to 0.2 umBwtmlin Burn. The concentration trend

is similar where all the concentrations increasecautumn 2009 and winter 2010 and
decreased in summer 2009 and 2010. The resultsatiedmetal concentrations increasing
in July with a low flow rate (0.325 #s), in November 2009 with high flow rate (1.15
m>/s) and February 2010 with low flow rate (0.39%sh Concentrations for Ca and Fe are

slightly increased in May 2010, while K, Mn and ¥mere increased in June 2010. The Mn
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and Zn concentrations show similar seasonal trefgiste are some correlations between
metals, such as between Ca, Fe and Mg, (see tabl®.5 Positive correlation was
observed between Fe and Mg (P, < 0.05). A loweretation was observed between Fe
and Ca (P, <0.01). A correlation also existed betwZn Ca and K (P, < 0.05).

Table 5-16 Correlations between concentrations ofiffierent metals in the 1.2 um

fraction from Bothlin Burn

Fe Zn vh Ca My
Zn 0. 408
0. 275
Mh 0.702 0. 065

0. 035 0. 868

Ca 0. 683 0. 558 0. 083
0. 043 0.118 0. 832

My 0. 036 0. 496 -0. 310 0. 484
0.926 0.175 0.416 0. 187

K 0.782 0.524 0. 254 0. 799 0. 303
0.013 0. 148 0. 510 0. 010 0.429
Cell Contents: Pearson correlation
P-Value

Table 5-17 Correlations between concentrations ofiffierent metals in the 1.2- 0.2 um

fraction from Bothlin Burn

Fe 1 Zn_1 Mh_1 Ca_l My_1
Zn 1 0.471

0.201
Mh_1 0.349  0.428

0. 357 0. 251

Ca_1 0.788 0.691 0. 570
0.012 0. 039 0. 109

M_1 0. 854 0. 543 0.676 0.733
0. 003 0.131 0. 046 0. 025

K1 0. 483 0. 696 0. 235 0. 401 0.510
0. 188 0. 037 0. 543 0. 284 0.161

Cell Contents: Pearson correlation
P-Value

The data show the metal concentrations in the s&dim 1.2 pm fraction increased in both
summer 2009 and summer 2019 addition, the concentration in the larger seshtr> 1.2

pum is higher than the concentration in the 1.2 @2dum fraction. On the other hand, the
concentrations in the range 1.2 and 0.2 um areased in both autumn 2009 and winter
2010. The highest metal concentrations in the taotions were measured in different

months.
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Figure 5- 38 Concentrations of Ca in suspended sedent (mg /g) of > 1.2 um

diameter from Bothlin Burn.
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Figure 5- 39 Concentrations of Fe, K, and Mg in syended sediment (mg /g) of > 1.2

pm diameter from Bothlin Burn.
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Figure 5- 40 Concentrations of Mn and Zn in susperetl sediment (mg /g) of > 1.2 um

diameter from Bothlin Burn.
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Figure 5- 41 Concentrations of Fe and Ca in suspdad sediment (mg/g) of (1.2- 0.2

pm) diameter from Bothlin Burn.

25 4

[
]
|

[y
w
|

—t=Ng

Concentration mg/g
=
[an]
1

oe/ 07/ o8/ 09/ 11/ 02/ 03/ as/ 06/
o8 09 09 o< 03 10 10 10 10
Month/Year

Figure 5- 42 Concentrations of Mg in suspended sident (mg/g) of (1.2- 0.2 pum)

diameter from Bothlin Burn.
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Figure 5- 43 Concentrations of K, Mn and Zn in suspnded sediment (mg/g) of (1.2-

0.2 um) diameter from Bothlin Burn.
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Figures 5-44 and 5-45 show the concentrations aélsye the suspended sediment in the
> |.2 um fraction from Luggie Burn. The concentpatiranges of metals in the suspended
sediment are shown in table 5-18. The concentratame different throughout the nine
sampling occasions. The results show that condéeoriraf metals increased in June 2009
and in February 2010, and decreased in summer @2@®2010. Most concentrations were
higher at the start of the sampling campaign ire2009 with low flow rate (0.146 1is).
Also the concentrations for Ca, Fe and Mg wereeased in February and March 2010
with a slight increase in the flow rate. The Mmcentration increased in May 2010 with
low flow rate (0.238 rils). The concentrations of metal in suspended ssiin the > 1.2
pm fraction from Bothlin Burn and Luggie Burn shosimnilar trends.

The results in table 5-19 show metals were posytizerrelated between some of metals.
A positive correlation was observed between K aead@a and Zn (P, < 0.01), (P, < 0.02)
and (P, < 0.01). In addition, a stropgsitive correlation was observed between (P, <
0.001) Zn, K, Mg and Mn. A correlation also egtbetween Ca and Fe and Zn (P, <
0.03) and (P, < 0.05).

Table 5-18 Ranges of metal concentrations (mg/g) the > 1.2 um and 1.2-0.2 pum

diameter suspended sediment from Luggie Burn

Sediment size Ca Fe K Mg Mn Zn
>1.2 um 20-246 | 6.1-151 |1.2-52.1|11-160 |2.1-4.6 | 0.4-6.8

1.2-0.2um | 26-220|8.6-231 |1.4-21.1|4.8-72.1|0.5-6.3 | 0.2-6.3

The metal concentration ranges in the 1.2 - 0.Znaotion from Luggie Burn are shown in
table 5-18 and seasonal trends in Figures 5-4&,, &aAdd 5-48. The concentration trends
are similar for the six metals. The concentratiomseased in autumn 2009 and winter
2010. The concentration trends were similar for e, and Zn. The concentrations of
metals in February 2010 were the greatest with Kow rate (0.469 rifs). The
concentrations of metals increased in winter 2@t@l decreased in the summers of 2009
and 2010. The results in table 5-20 show metalse wehly and positively correlated
between the majorities of metalé strongpositive correlation was observed between Fe
and other metals except Ca (P, < 0.001). In additéo strongpositive correlation was
observed between (P, < 0.001) Zn, K, Mg and Mn. cofrelation also existed between
Mn, Ca, K, and Mg (P, < 0.005). A lower correlatias observed between Ca, K and Mg
(P, <0.05).
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Figure 5- 44 Concentrations of Fe, Ca, K, and Mg isuspended sediment (mg/g) of >

1.2 um diameter from Luggie Burn.
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Figure 5- 45 Concentrations of Mn, and Zn in suspafed sediment (mg/g) of > 1.2 um

diameter from Luggie Burn.
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Table 5-19 Correlations between concentrations dalifferent metals in the 1.2 um

fraction from Luggie Burn

Fe Zn vh Ca My
Zn 0. 355

0. 349
M 0. 455 0. 480

0.218 0.191

Ca 0.702 0. 663 0. 384
0. 035 0. 051 0. 307

My 0. 004 0. 561 0. 027 0. 393
0.991 0.116 0. 945 0. 295

K 0.779 0.738 0.614 0. 757 0. 484
0.013 0.023 0.078 0.018 0. 187

Cell Contents: Pearson correl ation
P- Val ue

Table 5-20 Correlations between concentrations ofiffierent metals in the 1.2- 0.2 um

fraction from Luggie Burn

Fe 1 Zn_1 M_1 Ca_1 My_1
Zn_1 0.935
0. 000
Mh_1 0.936  0.943

0. 000 0. 000

Ca_1 0. 605 0. 705 0. 837
0. 084 0. 034 0. 005

My_1 0.975  0.950  0.940  0.673
0.000  0.000  0.000  0.047

K1 0.914 0. 986 0. 948 0. 743 0. 937
0. 001 0. 000 0. 000 0. 022 0. 000
Cell Contents: Pearson correlation
P- Val ue
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Figure 5- 46 Concentrations of Fe and Ca in susperd sediment (mg/g) of (1.2- 0.2

pum) diameter from Luggie Burn.
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Figure 5- 47 Concentrations of K and Mg in suspendksediment (mg/g) of (1.2- 0.2

pm) diameter from Luggie Burn.
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Figure 5- 48 Concentrations of Mn and Zn in susperetl sediment (mg/g) of (1.2- 0.2

pm) diameter from Luggie Burn.
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Figures 5-49, 5-50, and 5-51 show the concentratadrmetal in the suspended sediment
in > 1.2 um fraction from Cameron Burn. The concardn ranges for Ca, Fe, K, Mg, Mn
and Znin the suspended sediment are shown in table 942d4.concentrations of the six
metals show different trends. The figures showedéht concentration in the five sampling
occasions. The highest metal concentrations aresumed in August 2009, except for Mg
which had maximum concentrations (126 mg/g) in J@y the other hand maximum

concentration (8.9 mg/g) for Mn was measured in&aper 2009.

Table 5-21 Ranges of metal concentrations (mg/g) the > 1.2 um and 1.2 - 0.2 um

diameter suspended sediment from Cameron Burn

Sediment size Ca Fe K Mg Mn Zn
>1.2 um 41-299| 61-121 | 29.1-84 | 44-152 |4.8-8.9 | 0.7-4.5

1.2-0.2um | 53-2283.6-122 | 3.1-18.4 | 8-126 0.9-4.7 | 0.3-2.8

Figures 5-52, 5-53, and 5-54 show the concentratadrmetals in the suspended sediment
in the range 1.2 to 0.2 um from Cameron Burn. Téwecentration ranges for Ca, Fe, K,
Mg, Mn and Zn in the suspended sediment are shawahle 5-21. The trend is similar
between most metals throughout the five samplirgasions, except for Ca. The highest
metal concentrations were measured in November ,20@08le for Ca the highest

concentration (309 mg/g) was measured in June 2009.
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Figure 5- 49 Concentrations of Ca in suspended sedent (mg/g) of > 1.2 um diameter

from Cameron Burn.
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Figure 5- 50 Concentrations of Fe, K and Mg in symended sediment (mg/g) of > 1.2

pum diameter from Cameron Burn.
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Figure 5- 51 Concentrations of Mn and Zn in suspafed sediment (mg/g) of > 1.2 um

diameter from Cameron Burn.
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Figure 5- 52 Concentrations of Ca in suspended diement (mg/g) of (1.2- 0.2 pum)

diameter from Cameron Burn.
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Figure 5- 53 Concentrations of Fe and Mg in suspeled sediment (mg/g) of (1.2- 0.2

pum) diameter from Cameron Burn.
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Figure 5- 54 Concentrations of K, Mn, and Zn in sugended sediment (mg/g) of (1.2-
0.2 um) diameter from Cameron Burn.
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The concentration ranges of metals in the > 1.2fgaction from Cameron Burn near to
the landfill site are shown in table 5-22 and teas®nal trends in Figures 5-55, 5-56, and
5-57. The trend is different between the severmalmehroughout the five occasions. The
concentrations of Ca and Mg show similar trends @bncentrations for Ca and Mg were
high in July 2009. In addition, the concentraticentls are similar for Mn and Zn. Fe and
K show similar trends with the highest metal concions measured in August and
September 2009.

Table 5-22 Ranges of metal concentrations (mg/g) the > 1.2 um and 1.2-0.2 pum

diameter suspended sediment from Cameron Burn

Sediment size Ca Fe K Mg Mn Zn
>1.2 um 6-105.6 | 62-199 1.8-17.9 | 25-64.7 | 0.6-3.5 | 0.3-1.2
1.2-0.2um| 5.9-23|0.7-19 2-126 |29-11 |0.3-1.6 | 0.1-0.3

Figures 5-58 and 5-59 show the concentrations enréimge 1.2 and 0,2m near to the
landfill inflow to Cameron Burn and the seasonaintts are shown in table 5-22. The
concentrations measured between the seven metamgfles show different trends. The
figures show the concentration trend is similar kém and Zn. On the other hand, the
concentration trend for Fe, Ca and Mg shows thdadsg concentrations of the metals
occur in different sampling months. The overall @amtration trend is different for the
different suspended particle ranges used. The neetadentrations associated with both
size fractions (> 1.2 um and 1.2 um and 0.2 pneyemsed in the summer. The contents
for Fe, Zn, Mn, Ca, Mg, and K in the coarse (> [11B) suspended sediments are higher

than those in finer sediments of 1.2- 0.2 um.
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Figure 5- 55 Concentrations of Ca in suspended detent (mg/g) of > 1.2 um

diameter from Cameron Burn.
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Figure 5- 56 Concentrations of Fe and Mg in susperd sediment (mg/g) of > 1.2 um

diameter from Cameron Burn.
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Figure 5- 57 Concentrations of K, Mn and Zn in sugended sediment (mg/g) of > 1.2

pm diameter from Cameron Burn.
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Figure 5- 58 Concentrations of Fe, Ca, and K in spended sediment (mg/g) of (1.2-

0.2 um) diameter from Cameron Burn.
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Figure 5- 59 Concentrations of Mn, Mg and Zn in susended sediment (mg/g) of (1.2-

0.2 um) diameter from Cameron Burn.
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5.2.1 Discussion

The results show increases in weight of sedimenseaecreases in the concentrations of
the six metals measured in the suspended sedifieat.may be because of the coarse
fraction sediment contains more minerals such astguand feldspar, which are low in
Ferro magnesium minerals, whereas the fine fractomtains more of these Ca, Mg and Fe
rich minerals (Irabien and Velasco 1999; Song et18P9). On the other hand, high
concentrations of metal in the suspended sedimene wneasured with low mass of
sediment. That may be because large metal contientria associated with fine sized
particles.The tributaries that showed similar trends in thessnof sediment, shows also
similar trends of the metal concentrations in s&ahitn

The overall result shows there is no strong refestip between the flow rate and the
concentrations of metal in the suspended sedintetciteased flow rate does not always
cause an increase in the metal in the suspendédesgcand decreased flow rate does not
always cause a decrease in the metal in the suspesatliment. For example, the high
flow rate in August 2009 resulted in increased neatéthe suspended sediment in the > 1.2
um diameter and a decrease of metal in the susgeseidiment in the 1.2 to 0.2 um
fraction. On the other hand, the high flow rateNavember 2009 caused a decrease in
metal in the suspended sediment in the > 1.2 umeter and increase of metal in the
suspended sediment in the 1.2 to 0.2 um fractiomddition, the metal in the suspended
sediment in the > 1.2 um diameter and in the 1.@.2opm fraction were high with low
flow rate such as in February and May 2010.

There are seasonal trends of the metal concemtsatio the sediment, where the
concentrations increase in the winter season drarsummer season. For example, metal
concentrations increased in summer 2009 in the2>ui fraction with small sediment
mass. On the other hand in some tributaries metatentrations decreased with the high
discharge in November 2009. Metal concentratiothénsediment increased in winter 2010
in the > 1.2 um fraction in the Allander Water, Bot Burn and Craigton Burn. In
addition, metal concentrations in sediment decckaseautumn 2009 and increased in
summer 2010 and winter 2010 in the Glazert Watdr@migmaddie Burn.
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The concentration trends are similar for > 1.2 pamegter sediment for Fe and Zn in the
Bothlin Burn and Luggie Burn. In addition, the centration trends are similar in the > 1.2
pm fraction for Zn in the Allander Water, BothliruB, Craigtion Burn, and Luggie Burn.
Metal concentrations in sediment were higher iuaut and summer 2009 in the range 1.2
to 0.2 um. On the other hand, metal concentraiilosediment increased in winter 2010 in
the 1.2 to 0.2 um fraction in the Luggie, Craigt@uthlin, Glazert, Craigmaddie and
Allander Water. The concentration trends are similahe range 1.2 to 0.2 um for Fe in
the Bothlin Burn and Glazert Water. In additiore toncentration trends are similar in the
range 1.2 to 0.2 um for Mg in the Allander, Craigiti@ and Bothlin. The metal
concentrations in the 1.2 to 0.2 um fraction insegbin August and November 2009.

A general statistical analysis using Minitab Re¢e48.1 evaluated the correlations among
the metals to indicate the similar behaviour of ateeduring transport in the river. The
result shows two groups of metal correlations cardistinguished: the first one is for the
particles in the >1.2 um fraction; show little go& correlation with the other metals. The
second group shows large a positive correlationvéeh metals in the 1.2 - 0.2 um
fraction These differences may be due to the differentreadfi the suspended sediment
matter and metal in the two size fractions not wiled by a single geochemical
component. The overall result shows correlatiortsvéen Fe, Mn and Mg metals and the
other metals in most of the tributaries. That rbaybecause these metals were coated on
the surface of the suspended sediment, becaude dfigh level of secondary minerals.
The secondary minerals for Fe, Mg and Mn show gomelations, most of the metals,
compared with others that show only weak corretatid’ he elements weathered from the
parent rocks may be bound as oxide phase.

From the results of the current study, there isowrce of contamination in all sampling
sites from the River Kelvin tributaries. That wiidicate the metal concentrations in the
suspended sediment may be due to erosion of sedith@ring of parent rocks and fertilizer
from agricultural work. Levels of sedimentary Falavin do not exceed those on average
found in river system sediments that have beeniqusly studied for World Rivers
(Martin and Meybeck, 1979; Lesven et al., 2010; adejet al., 2010). The metal
concentration averages in the suspended sedimamt tiie River Kelvin tributariedpr
each sampling station are shown in Table 5-23, evatpwith data from other authors.
Metal levels in both fraction sizes are relativelyilar in all sampling sites from River
Kelvin tributaries. Metal concentrations in the tparate phase are quite similar in the

current study as compared to those found by Hegahki. (2010)In the current study the
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coarse particles are likely to transport metalsentban fine particles in the Kelvin River

tributaries, which is unusual. That may be duertanarease in the total metal transport in
the stream.

Concentrations for Fe, Mn and Zn in the Kelvin ritgbutaries are similar to those in the
Kabini River. Iron and Manganese and Zinc datahia 1.2 um fraction are in good

agreement with data from Hejabi et al. (2010),lbuter than data from other authors such
as Martin and Mebeck (1979), Van der Weijden et(H.89), Quemerais et al. (1996),

Yeats and Bewer (1982) and Sterckeman (2006). ©mtiner hand, iron, magnesium and
manganese concentrations in the range 1.2-0.2 patidn are in good agreement with
data from Martin and Mebeck (1979), Van der Weijagnal. (1989), Quemerais et al.

(1996), Yeats and Bewers (1982), and Sterckemah, ¢2006).
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tributaries compared with data from other authors

Table 5-23 Metal concentration (mg/g) in suspended sediment dm River Kelvin

Tributaries River sediment Ca Fe K Mg Mn Zn
fraction
Kelvin
Craigton >1.2 ym 274 72.2 31.4 89 6.2 3.7
Allander >1.2 um 202 84.7 36.2 143 5.7 3
Craigmaddie >1.2 pm 144 146 20.7 89 7.5 2
Glazert >1.2 ym 156 112 20.3 95.6 6.5 2.8
Bothlin >1.2 um 106 76.3 16.2 40.7 5.7 1.3
Luggie >1.2 um 136 88.5 24.7 75.8 6.1 1.9
Cameron B >1.2 um 46.8 22 9 34.8 1.6 0.8
Average 152.3 85.8 22.64 81.09 5.61 2.21
Kelvin
Craigton 1.2-0.2 pm 39 33 5.2 8.7 0.9 3
Allander 1.2-0.2 um 53.7 50.4 9.9 13.8 3.2 3.2
Craigmaddie 1.2-0.2 um 34.9 57.8 3.6 6.7 2 1.3
Glazert 1.2-0.2 um 50.4 136 4.4 11.2 14.5 2.2
Bothlin 1.2-0.2 ym 54.4 54.8 3.7 10 1.4 1.2
Luggie 1.2-0.2 um 88.6 61.9 6.5 18 1.8 15
Cameron B 1.2-0.2 pm 15 7.8 8.5 7 1 0.2
Average 48 57.4 5.97 10.8 3.5 1.8
Kabini
Kattahalli 0.45 um - 194 - - 7.02 3.07
Kattavadipura 0.45 pm - 29.45 - - 115 3.72
Kempasidd 0.45 um - 94.4 - - 16.1 5.87
Nanjangud 0.45 um - 118 - - 8.02 6.07
Mullura 0.45 um - 63.5 - - 8.25 9.79
Thayur 0.45 pm - 24.4 - - 6.35 10.07
Biligerehundis 0.45 pum - 186 - - 6.02 1.57
Cauvery 0.45 um - 24.45 - - 5.86 2.12
World rive” 0.45 um 215 48 20 6.46 1.05 0.35
Rhiné - 32 - - 1.70 -
St.Lawrenede - 25 - - - -
St.Lawrenece - 53 - - 1.69 -
St.Lawrenece 0.45 pm 80 23 - - - -
Deulef 80.2 23.4 6.03 1.15 -

4Data from Hejabi et al., (2010)

®Data from Martin and Mebeck, (1979)
‘Data from Van der Weijden et al., (1989)
4Data from Quemerais et al., (1996)
®Data from Yeats and Bewer, (1982 )
'Data from Sterckeman et al., (2006)
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5.2.2 Conclusion

The results of the seven tributaries survey prowdeoverview on the concentration for
Ca, Fe, K, Mg, Mn and Zn in the suspended sediralamtg the entire course of the river
Kelvin. The six metal species monitored in the utdsies of the Kelvin River showed

distinct seasonal and spatial variability usingigmic monthly grab sampling from 2009

and 2010. The suspended sediment mass at evauatybwas different from one month

to the next over the sampling months.

The overall result indicated that the metal conegitins are always higher in the larger
particles > 1.2 um than in fine particles 1.2 an® @m in diameter. The result shows
increase masses of sediment cause decreasesmetiileconcentrations in the sediment. In
contrast decreased mass of sediment causes inen@ad®g metal concentrations in the
suspended sediment.

The highest concentration of the Ca, K and Zn astet with > 1.2 um diameter were

measured in Craigton Burn. Highest concentratidrnihe Mg were measured in Allander

water, while the highest concentrations of the e BIn were measured in the Glazert
water. On the other hand, the concentration ca@hMg measured in Luggie Burn were
the greatest among the particle fraction 1.2 pym@B&dum diameters. The concentrations
for K and Zn measured in Allander were the highastong all sites. The highest

concentrations for Fe and Mn were measured in thedga water.
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5.3 River Water Samples — Sediment weight per unit vame of water

The metal concentrations in sediment expressededghtvper unit volume of water are
presented as mg T as they represent the amount of metal associaittd suspended
sediment per unit volume of river water. That mayd§ more accurate than the metal
concentrations in the suspended sediment, in nmgtgrms of transport of heavy metal in
the river system.

Figures 5-60 to 5-62 show metal concentratione@ated with sediment per unit volume
of river water in the larger particles fraction 132 um) from Craigton Burn. The trend of
metal concentration in sediment per unit volumemater is higher in the summer and
autumn of 2009 and summer of 2010. While it lowarthe winter of 2010, except for Fe
concentrations, which are higher in summer seas239 and 2010 as well as in winter
2010. Increasing the mass of sediment in July 208ed increased metal concentrations
in the suspended sediment per unit volume of nvater for Ca, K, Mg, Mn and Zn, but
decreased metal concentrations for Fe. Similarlyune 2010 increased concentrations of
K and Mn were associated with the large sedimerdgsm@n the other hand, November
2009 saw augmented metal concentrations for Fe, KCand Mg with high metal
concentrations in suspended sediment and a smallramf sediment mass, except for Mn
and Zn.

Metal concentrations in sediment per unit volumevater in the range 1.2- O @n from
Craigton Burn are shown in figures 5-63 to 5-65.rigtdon in the level of metals
concentration was demonstrated. For example, gedmetween 19-49 mghior Fe and
18-48 mg it for Ca. The metal concentrations in sediment pet wolume of water
increased in summer 2009 and 2010 compared witkewR010, except for Fe and Mg,
where concentrations were higher in February 2046 tn May and June 2010. Increases
in the metal concentrations were observed in J@@® 2or Ca, Fe, Mg and Zn. The metal
concentrations remained more or less the same pte@ber, November 2009 and
February 2010 for most of the metals measured.cMeeall graphs indicate a clear trend
throughout the 9 occasions in both size fractioh2mrm and in the range 12m to 0.2
um. High metal concentrations associated with sudpérsediment per unit volume of
river water were displayed in the summer of 2008 @re low metal concentration in the
winter of 2010. Increased sediment mass did notease the metal concentrations in
sediment per unit volume of river water in the 2.2 pm fraction in August 2009 and
June 2010. On the other hand, the metal concemtrati the larger sediment (> 1.2 um)

was higher than the metal concentration associitddrange 1.2im to 0.2 pm fractions.
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Figure 5- 60 Concentrations of Ca and Mg associatedith suspended particles > 1.2
um diameter in water from Craigton Burn (mg m).
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Figure 5- 61 Concentrations of Fe and K associatedith suspended particles > 1.2
um diameter in water from Craigton Burn (mg m™).

30 -

" 25 -

£ ==/r Mn

a0 20 +

£

w

5 15

=

e

£ 10 -

Q

o

o

) 5 4
06/ 07/ 08/ 09/ 11/ 02/ 03/ 05/ 06/
09 09 09 O3 09 10 10 10 10

Month/Year

Figure 5- 62 Concentrations of Mn and Zn associatewith suspended particles > 1.2

um diameter in water from Craigton Burn (mg m).
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Figure 5- 63 Concentrations of Fe and Ca associatedth suspended particles (1.2 -
0.2 pum) diameter in water from Craigton Burn (mg ni®).
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Figure 5- 64 Concentrations of K and Mg associatedith suspended particles (1.2-

0.2 um) diameter in water from Craigton Burn (mg m?).
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Figure 5- 65 Concentrations of Mn and Zn associatewith suspended particles (1.2-
0.2 um) diameter in water from Craigton Burn (mg m?).
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Figures 5-66 and 5-67 show a variety of metal cotradons in sediment per unit volume
of water in the > 1.2um fraction from Allander water. The concentratidas Ca, K and
Mg were higher in July 2009 and in February 2016 laaver in summer 2010. This could
be due to increases in the mass of sediment vaith fate (0.390 fis) in July 2009. While
the concentrations for Ca and Fe were increasirtigebruary 2010 with a decreased mass
of sediment and high concentration in suspendeoinsed with gradually decreased flow
rate on the sampling day, the Fe concentrationneéised to increase in July and August
2009 and to decrease in the winter and summer 19.2Z0he high metal concentration in
August 2009 coincided with low mass of sedimertigh flow rate (4.01 ris). The metal
concentrations for Mn and Zn were higher in the siemof 2009 (July) and lower in the
winter and summer of 2010, except for Mn concemmnawhich increased remarkably in
June 2010. The highest metal concentrations in 209 were for Mg and Mn. In
addition, the highest metal concentration for C80(4ng m°) was measured in February
2010 whereas the highest Zn concentration (8.18nMgwas measured in August 2009.
The Fe and K show regular constant concentratibreaughout the sampling months of
winter 2010.

The metal concentrations in sediment per unit velwhwater in the 1.2m to 0.2um
fractions from Allander water are shown in Figuf$8, 5-69 and 5-70. The metal
concentrations were higher in the summer of 20Qd)24nd lower in winter of 2010. The
sediment mass in the range 1.2 to @2 was higher than that in the >Iufh fractions in
August 2009. But metal concentrations in the rahgto 0.2um were lower than the
metal concentrations in the >Iuth fractions with high flow rate ( 4.01%s). That may be
because of the effect of the high flow rate beftire sampling day. The Mn and Zn
concentrations show similar trends where concaatrahcreases in summer 2009 (July)
and summer 2010 (June) and decreases in the vah@010. Ca and Mg show regular
concentrations throughout summer 2009 and deciaade winter and summer of 2010.
The highest concentration for Mn (6 mg®mwas measured in July 2009, whereas the
greatest concentration of Fe (75.6 mg°)nwas measured in August 2009. The K
concentration was constant in summer 2009 and w@&0, apart from increasing in
November 2009 and June 2010.
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Figure 5- 66 Concentrations of Ca, Fe, K and Mg asciated with suspended patrticles

> 1.2 um diameter in water from Allander Water (mgm>).
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Figure 5- 67 Concentrations of Mn and Zn associatedith suspended particles > 1.2
pum diameter in water from Allander Water (mg m™).

The graphs indicate different trends throughout&toecasions in both size fractions > 1.2
um and in the range 1#n to 0.2um. The high metal concentration in sediment pet uni
volume of water in the >1.Am fraction was measured in winter. On the otherdhan
considerable metal concentrations were measuretheénsummer in sediment per unit

volume of water in the 1.2m to 0.2um fraction range.
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Figure 5- 68 Concentrations of Fe and Ca associatevith suspended particles (1.2-

0.2 um) diameter in water from Allander Water (mg ni®).
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Figure 5- 69 Concentrations of K and Mg associatedith suspended particles (1.2-

0.2 um) diameter in water from Allander Water (mg ni®).
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Figure 5- 70 Concentrations of Mn and Zn associatewith suspended particles (1.2-
0.2 pum) diameter in water from Allander Water (mg ni).

165



Ibrahim.O.M.Matoug 2011 Chapter 5 River Water Skm

Figures 5-71 and 5-72 show the metal concentratiosediment per unit volume of water
in the > 1.2um fraction from Craigmaddie Burn. The figures destoate a range of
concentrations for Fe between 96-421 mg, @a 93-365 mg mMand Mg 30-288 mg ih
respectively. The metal concentrations in sedinpentunit volume of water for Ca, Fe, K,
Mg and Mn were higher in the summer of 2009 (Juigd @August). In addition, metal
concentrations in sediment per unit volume of wates high in the summer of 2010
(June) with small sediment mass. The Zn concentratias higher in the summer of 2009
followed by dropping levels in the winter and sumro&2010. In November 2009 metal
concentrations were higher with a major amount afssnof sediment, while metal
concentration in suspended sediment was low, mdykeeto dilution by the rainfallThe
highest concentrations for Fe and Mn were measuaré&tbvember 2009. The highest Mg
(351 mg nT) concentration was measured in July 2009, while tiighest metal

concentrations for Ca and K were measured in ManchJune 2010.

The metal concentration in sediment per unit volain@ater in the 1.2m to 0.2um from
Craigmaddie Burn is shown in Figures 5-73, 5-74 &¥h. The concentrations of metal in
the weight of sediment per unit volume of water vghsimilar trends. Most metal
concentrations were higher in the summer of 2008/\nd winter 2010 (February) and
lower in summer 2010, with small mass of sedimbtdreover, the metal concentrations
increased in February 2010, which may be attributethcreased metal discharge with
snow melt. On the other hand, the sediment masiseimange 1.2 to 0.2m was higher
than that in the > 1.2m fractions in August 2009, but low metal concetira was
measured in the 1.2 to Ou@n fraction in August 2009. In July 2009 and Febyu2010
metal concentrations sediment per unit volume of water increases witlreased metal
concentration in suspended sediment in the samehswomhe Ca, Fe, K, Mg and Zn
concentrations increased in the winter and decdeaseéhe summer of 2010. The Mn
concentration was higher in summer 2009 and 2080dacreased in the winter of 2010.
Ca shows an irregular concentration throughoutstimamer of 2009 and winter 2010 and

decreases in summer 2010.
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Figure 5- 71 Concentrations of Fe, Ca, and Mg assiated with suspended patrticles >

1.2 um diameter in water from Craigmaddie Burn (mgm™).
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Figure 5- 72 Concentrations of K, Mn, and Zn assaated with suspended patrticles >
1.2 um diameter in water from Craigmaddie Burn (mgm™).

The data indicate a clear trend throughout the @&sions in both size fractions. High
metal concentrations were measured in the summ20@3d and low metal concentrations
in winter of 2010. On the other hand, the metalcemtration in the >1.2m fraction is
higher than the metal concentration in the gn2 - 0.2 um fractions from Craigmaddie

Burn.
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Figure 5- 73 Concentrations of Fe and Ca associatevith suspended particles (1.2-

0.2 um) diameter in water from Craigmaddie Burn (mgm®).
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Figure 5- 74 Concentrations of Mg associated withuspended particles (1.2- 0.2 um)
diameter in water from Craigmaddie Burn (mg m’).
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Figure 5- 75 Concentrations of K, Mn, and Zn asseated with suspended particles
(1.2- 0.2 pm) diameter in water from Craigmaddie Bu (mg m™).
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Figures 5-76 and 5-77 show the range of metal adraetgons in sediment per unit volume
of water in the larger particle (>1.2m) fraction from Glazert water. The metal
concentration trends are similar; the concentratiocrease in July 2009 and in February
and June 2010. The metal concentrations were highéuly 2009 with high flow rate
(1.32 n¥/s). The metal concentrations were higher with feaw rate in February (0.562
m/s) and in June 2010 (0.274%s). All these concentrations were measured with a
decreased amount of sediment mass. On the othel, maiNovember 2009 low metal
concentrations were measured with increased setimass with high flow rate (4.32
m3/s). In July 2009 February and June 2010 metateutnations in sediment per unit
volume of water increased with increases in thealhn@incentration in the same months.
The highest concentrations for K and Mg were measum July 2009. In addition, the
greatest concentrations were measured in Junef@®1ta (585 mg i), and Fe (593 mg
m). The metal concentrations for Ca, Fe, K and Mgeased in February 2010. The

concentration then reduced gradually in the follggumonths.

The metal concentrations in sediment per unit velwhwater in the 1.2m to 0.2um
fractions from the Glazert water are shown in Fegub-78, 5-79 and 5-80. The metal
concentrations in sediment per unit volume of water increased in the summer of 2010
compared with lower concentration in the summer2009 and winter of 2010. The
concentrations for Ca, Fe and Zn were fairly camsta 2009 and 2010, except some
increased Fe concentration in June 2010. The Higlweeentration of K is observed in
March 2010. Mn concentration is higher in the sumof€2009 and 2010 and decreases in
winter of 2010. In addition, the greatest concdarmrafor Fe and Mn were measured in
June 2010, with increasing sediment mass. The roetadentration is higher for the > 1.2
um fraction than for the 1.2um to 0.2 um fraction in the Glazert water. Metal

concentrations in both of these fractions were éigh summer than in winter.
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Figure 5- 76 Concentrations of Ca, Fe, and Mg assiated with suspended patrticles >
1.2 um diameter in water from Glazert water (mg nit).
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Figure 5- 77 Concentrations of K, Mn and Zn assoated with suspended particles >

1.2 um diameter in water from Glazert water (mg nit).
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Figure 5- 78 Concentrations of Ca and Fe associatevith suspended particles (1.2-

0.2 um) diameter in water from Glazert water (mg nv).
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Figure 5- 79 Concentrations of Mg and Mn associatkwith suspended patrticles (1.2-

0.2 um) diameter in water from Glazert water (mg nv).
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Figure 5- 80 Concentrations of K and Zn associatewith suspended patrticles (1.2-

0.2 pum) diameter in water from Glazert water (mg n).
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The metal concentrations in sediment per unit velwhwater of Ca, Fe, K, Mg, Mn and
Zn in the > 1.2um diameter fraction from Bothlin Burn are shownfigures 5-81, 5-82
and 5-83. All metal concentrations were higher ummer and autumn of 2009 and in
winter of 2010. Metal concentration was higher ulyJ2009, with increased mass of
sediment with low flow rate (0.325%s). Ca and K concentrations were higher in August
2009 with decreased mass of sediment in high flate (2.67 n¥s) and with high
concentration in suspended sediment. On the otéwed,hin November 2009 lower metal
concentrations were measured, except for K and Ml ligher mass of sediment and
high flow rate (1.15 rifs). The highest concentrations for Ca and K weeasured in
February 2010 and with high concentration in sudpdnsediment. Metal concentration
was higher with small mass of sediment and low ftave (0.469 riis) in February 2010

leading to rising concentrations for Ca, Fe and Mg.

Figures 5-84, 5-85 and 5-86 show the variation gtainconcentrationg1 sediment per
unit volume of water in the 1.am to 0.2um fraction from the Bothlin Burn. Metal
concentrations were higher in the summer and autin®909 and in winter of 2010 and
decreased in the summer of 2010. The concentratank, Mg and Zn were higher in
July 2009, whereas Ca, Fe and Mn concentrationg Yeav with low flow rate (0.325
m>/s). The highest metal concentrations measuredilyn 2009 were for K and Mg. In
August 2009 the concentration increased for CarfeeMn with increasing sediment mass
and high flow rate (2.67 1s). Increases in metal concentrations in sedinpentunit
volume of water were observed in February 2010Cfay Fe, Mg, and Zn with increasing
metal concentrations in the suspended sediment. ddmeentration of K, and Mn

decreased in February 2010 and increased in Jure 20
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Figure 5- 81 Concentrations of Fe associated witeuspended particles > 1.2 um

diameter in water from Bothlin Burn water (mg m>).
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Figure 5- 82 Concentrations of Ca and Mg associatewnith suspended particles > 1.2

um diameter in water from Bothlin Burn water (mg m’>).
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Figure 5- 83 Concentrations of K, Mn and Zn assoated with suspended particles >

1.2 um diameter in water from Bothlin Burn water (mg m’).
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Figure 5- 84 Concentrations of Fe and Ca associatevith suspended particles (1.2-

0.2 um) diameter in water from Bothlin Burn water (mg m?).
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Figure 5- 85 Concentrations of K and Mg associatedith suspended particles (1.2-
0.2 pum) diameter in water from Bothlin Burn water (mg m?).
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Figure 5- 86 Concentrations of Mn and Zn associatewith suspended particles (1.2-
0.2 um) diameter in water from Bothlin Burn water (mg m?).
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Metal concentrations for Luggie Burn in sediment &t volume of water in the > 1;@n
fraction are shown in figures 5-87, 88 and 5-89.sMof the metal concentrations in
sediment per unit volume of water were higher invéaber 2009 with high flow rate
(1.68 ni/s) and lower in summer 2010. The concentration$ig, Mn and Zn were higher

in July 2009 with increased sediment of mass in fitow rate (0.322 riis). The
concentrations for Ca, Fe and K were higher in Aug2009 with decreased mass of
sediment and high flow rate (3.86%/s). Concentrations for Ca, Fe and Mg increased in
November 2009 due perhaps to increased flow ra@8 (4¥/s) and increase of mass of
sediment. The concentration was high in Februaf¥)24ith low flow rate (0.469 ffs) for

Fe, K, Mg and Mn. The figures show the concentrabbthe nine occasions of results to

display an overall trend.

The metal concentrations in sediment per unit velwhwater in the 1.2m to 0.2um
fraction from Luggie Burn are shown in figures 5-8391 and 5-92. The concentrations
for Ca, Fe, K, Mg, Mn and Zn were higher in the suen of 2009 and lower in the winter
and summer of 2010. In November 2009 the metal exnations in sediment per unit
volume of water were high, that is likely causectiy high flow rate (1.68 ffs). While in
July the metal concentrations in sediment per wolitme of water in the 1.2m to 0.2um
fraction increase with low flow rate (0.332%s) and large mass of sediments. The K

shows constant concentration through the wintersamamer of 2010.
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Figure 5- 87 Concentrations of Fe and Mg assoc&d with suspended patrticles > 1.2

um diameter in water from Luggie Burn water (mg ni).

500 -

500 A

400 4

300 4

200 4

Concentrations mg m-3

100 A

06/ os/ vg/ 09/ 11/ 02/ 03/ o5/ 06/
05 (09 09 09 09 10 10 1c 10
Month/Year

Figure 5- 88 Concentrations of Ca associated witeuspended particles > 1.2 um

diameter in water from Luggie Burn water (mg m?).
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Figure 5- 89 Concentrations of K, Mn and Zn asseated with suspended patrticles >

1.2 um diameter in water from Luggie Burn water (mgm’>).
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Figure 5- 90 Concentrations of Fe and Ca assoogt with suspended particles (1.2-

0.2 um) diameter in water from Luggie Burn water (ng m?).
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Figure 5- 91 Concentrations of K and Mg associatiewith suspended particles (1.2-

0.2 um) diameter in water from Luggie Burn water (ng m?).
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Figure 5- 92 Concentrations of Mn and Zn associatl with suspended patrticles (1.2-

0.2 pm) diameter in water from Luggie Burn water (ng m™).
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Figures 5-93, 5-94 and 5-95 show the metal conatoirs in sediment per unit volume of
water in the > 1.2um fraction from Cameron Burn. The concentratiomdrevas similar
for Fe and Mn, where the greatest concentration waasured in September 2009, with
the rising sediment mass. The concentration tress similar for K and Zn and the highest
concentration was observed in August 2009 whellgagteatest concentration of Ca and
Mg was measured in June 2010. The figures also shewconcentration of the five

occasions of results to display an overall trend.

Figures 5-96, 5-97 and 5-98 show the metal conagoirs in sediment per unit volume of
water in the 1.2um to 0.2um fraction from Cameron Burn. The metal concerudradiof
sample months show different trends. On the othaedhthe highest Ca concentration was
measured on June 2009 and decreased with decreassg) of sediment. Zn showed a
regular concentration throughout the sampling m&aniine concentration trend is similar
for Fe, K and Mg, where the greatest concentrati@ms measured in June 2010 and
increased with decreasing mass of sediment. Thalntencentration in the >1.gm
particles was higher than the metal concentratiothe 1.2um to 0.2um fraction from

Cameron Burn.
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Figure 5- 93 Concentrations of K, Fe and Mg assmted with suspended patrticles >
1.2 um diameter in water from Cameron Burn water (ng m?).
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Figure 5- 94 Concentrations of Ca associated witeuspended particles > 1.2 um

diameter in water from Cameron Burn water (mg mi°).
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Figure 5- 95 Concentrations of Mn and Zn associatl with suspended particles > 1.2

um diameter in water from Cameron Burn water (mg ).
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Figure 5- 96 Concentrations of Ca associated witkuspended particles (1.2- 0.2 pm)

diameter in water from Cameron Burn water (mg mi°).

120 -
100 - —4—Fe ——Mg
80 -
60 -

40 -

Concentrations mg m-3

20

06/ u/s/ 08/ 09/ 11/
09 09 09 09 09
Month/Year

Figure 5- 97 Concentrations of Fe, Mg and assot& with suspended particles (1.2-
0.2 pm) diameter in water from Cameron Burn water (ng m’).
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Figure 5- 98 Concentrations of K, Mn and Zn assoated with suspended particles
(1.2- 0.2 pm) diameter in water from Cameron Burn vater (mg m>).
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Figures 5-99, 5-100 and 5-101 show the metal cdratgons in sediment per unit volume
of water in the >1.2um fraction in water from the Cameron Burn. The rheta
concentrations in sediment per unit volume of watedd the concentration in the
suspended sediment showed similar trends for Cavand The metal concentrations also
showed similar trends for Fe and K. The metal cotreéions increased in July 2009 for
Ca, Mg, Mn and Zn, with decreasing mass of sedim&mgradually decreasing change in
metal concentration is then observed in August 2@09Ca, Mg and Zn. On the other
hand, the highest metals were measured in Aug@8 &0 Fe and K with decreasing mass

of sediment.

The ranges of the metal concentrations in sedippenunit volume of water in the range
1.2 um to 0.2um from Cameron Burn are shown in figures 5-10208-and 5-104. The

metal concentration showed a similar pattern fora@d Mg with highest concentration
measured in June 2009, increasing with increasesk raa sediment. The highest metal
concentration was measured in July 2009 for Mg MndMetal concentrations for Fe and

Zn were fairly constant in the summer 2009, andimter and summer 2010.
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Figure 5- 99 Concentrations of Ca and Mg associatenith suspended particles > 1.2

um diameter in water from the Cameron Burn (mg ).
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Figure 5- 100 Concentrations of Fe and K assoced with suspended particles > 1.2

um diameter in water from the Cameron Burn (mg ).
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Figure 5- 101 Concentrations of Mn and Zn associatl with suspended patrticles > 1.2

um diameter in water from the Cameron Burn (mg n?).
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Figure 5- 102 Concentrations of Ca associated wittuspended particles (1.2- 0.2 um)

diameter in water from the Cameron Burn (mg ).
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Figure 5- 103 Concentrations of Fe, K and Mg assmted with suspended patrticles

(1.2- 0.2 pm) diameter in water from the Cameron Brn (mg m™).
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Figure 5- 104 Concentrations of Mn and Zn associatl with suspended particles (1.2-
0.2 um) diameter in water from the Cameron Burn (mgm).
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Table 5-24 Flux of metal (mg/s) from Allander water

1.2 um Ca Fe K Mg Mn Zn
June 14 12 3 14 1.8 0.7
July 100 55 23 161 7.2 2.8

August 423 549 100 317 15.1 13.6

September 97 67 16 62 5.0 2.3
November 658 305 57 640 15.3 3.2

February 148 26 26 134 1.4 0.9
March 239 56 54 47 2.5 1.9
May 43 8 6 8 0.4 0.3
June 7 16 3 1 2.6 0.0

1.2-0.2um
June 6.4 3.6 0.4 1.1 0.3 0.1
July 14.7 20.4 1.6 4.8 2.4 0.7
August 70.6 303.4 33 15.8 5.0 1.5
September 17.6 25.8 1.0 4.6 1.9 0.8
November 78.2 79.4 17.5 214 53 3.8

February 10.2 10.2 0.7 4.0 0.4 0.9
March 14.4 7.7 1.6 2.3 0.2 11
May 6.5 2.6 1.5 0.8 0.0 0.3
June 4.5 4.1 4.7 0.6 0.2 0.4

Table 5-25 Flux of metal (mg/s) fromGlazert water.

1.2 um Ca Fe K Mg Mn Zn
June 12 17.3 3 18 2 2.0
July 486 102.4 77 558 13 10.1

August 1581 822.9 231 914 31 36.0

September 65 137.6 5 52 15 2.9
November 568 617.8 60 432 21 2.3

February 251 108.0 27 178 3 1.7

March 171 190.4 27 11 3 4.8
May 55 44.8 12 11 4 0.7
June 156 161.6 13 34 6 1.2

1.2-0.2um
June 11.5 20 1 2 1.6 0.06
July 53.0 70 5 14 7.3 1.96
August 228.7 404 14 48 142.5 3.26
September 37.3 54 1 6 12.3 1.22
November 95.2 103 9 27 23.3 6.65

February 16.1 48 1 6 2.8 0.67
March 68.4 31 23 7 6.5 4.56
May 7.7 35 1 1 3.9 0.47
June 14.9 128 1 1 6.5 0.72
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Table 5-26 Flux of metal (mg/s) from Bothlin Burn.

1.2 pm Ca Fe K Mg Mn Zn
June 5.2 7.1 15 6 0.8 0.4
July 84.4 783.3 44.9 324 30.1 4.9

August 3770.0 1257.0 384.5 625 54.1 33.2

September 225.2 407.0 52.2 107 16.3 3.5
November 225.4 671.8 1334 1208 26.5 7.8

February 715.3 220.2 59.0 264 9.8 3.8

March 1151 150.3 31.5 41 9.6 2.1
May 40.2 35.0 11.2 6 35 0.2
June 28.5 55.6 1.6 7 7.7 0.1

1.2-0.2um
June 135 4.8 0.5 15 0.3 0.12
July 30.3 20.7 3.9 10.5 1.4 0.84
Auqust 432.5 562.3 10.7 65.0 13.4 2.99
September 45.9 18.1 1.7 6.7 2.0 1.07

November 88.9 160.5 6.9 30.1 3.7 1.93

February 55.8 825 3.1 11.2 0.9 1.10
March 22.1 14.6 1.8 2.9 0.2 0.97
May 19.9 17.3 0.9 1.6 0.1 0.25
June 20.2 15.8 33 24 0.5 0.72

Table 5-27 Flux of metal (mg/s) from Luggie Burn.

1.2 um Ca Fe K Mg Mn Zn
June 32,6 15 7 22 1.9 0.95
July 447.6 26 5 321 9.2 5.45

August 21284 1578 355 777 54.6 33.89

September 70.2 225 13 39 11.0 1.80
November 668.6 783 353 2177 29.4 12.16

February 562.8 272 65 296 11.7 4.08

March 264.2 167 47 63 4.6 2.92
May 48.2 39 11 9 4.9 0.35
June 37.0 43 7 11 35 0.19

1.2-0.2um
June 52.5 33 1 33 0.5 0.08
July 52.2 67.8 8 7.8 1.6 1.13
Auqust 625.3 812.9 23 94.0 16.9 5.56
September 112.0 29.6 4 9.0 1.7 1.03

November 165.6 280.6 17 89.7 5.7 4.23

February 39.2 41.3 4 12.9 1.1 1.13
March 33.6 17.2 4 7.9 0.4 1.13
May 10.6 8.1 2 24 0.3 0.28
June 34.7 16.8 2 4.9 0.6 0.41
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Table 5-18 to 5-21 shows the metal fluxes in the2-fraction and in the range 1.2 - 0.2
pum from Allander, Glazert Bothlin and Luggie in te@mpling months. The metal fluxes
show similar trends, where metal flux increaseshwiicreasing flow rate and decreases
with decreased flow rate. The metal fluxes weréndiign the summer of 2009 (July and
August), in autumn 2009 (November) and winter 2(A€bruary and March). The metal
fluxes started to decrease in summer 2010 (MayJand). The metal flux may be related
to the type of particle that dominates in the rigedifferent times of the year. In the times
of low metal flux, it may be that the finer parésldominate, because flows will generally
be lower. In winter and early spring, the flowslw@nd to be greater and so there is likely
to be coarser particles, which have lower concaotrs of the elements being measured.
So there is an overall cycle, and the fine detfailver flows seems secondary to this.

On the other hand, in the > 1.2 um fraction in &llander and Glazert water high
concentration in the suspended sediment and higled$lwere measured for Fe, K, Mn and
Zn in August 2009. In the Allander water in the .2 im fraction high concentrations for
Ca and Mg in the suspended sediment were measufddvember 2009, while all metal
fluxes were high with high flow rate. On the otland, low concentrations of metal in the
suspended sediment were measured in November ir th@ um fraction, while high
metal fluxes were measured in the Glazert watarthé 1.2 - 0.2 um fraction high metal
flux was measured in August in the Allander andz@tta water, in contrast low metal
concentrations were measured in the suspended esedim Allander in the 1.2 - 0.2 um
fraction high metal concentrations in the sedinemd high metal flux were measured in
November 2009. While in the 1.2 - 0.2 um fraction Glazert water low metal
concentrations in the sediment and high metal Wexe measured in November 2009. In
the 1.2 - 0.2 um fraction low metal flux and low taleconcentrations were measured in
the suspended sediment in February 2010 in thenddlaand Glazert water.

In addition, in the > 1.2 um fraction in August B0Bigh concentration in the suspended
sediment and high fluxes were measured in the BoBurn. In the Luggie Burn in the >
1.2 pum fraction high concentrations for Ca and Rethe suspended sediment were
measured in August 2009, while all metals fluxesengigh with high flow rate. On the
other hand, high metal fluxes and low concentratiohmetal in the suspended sediment
were measured in November in the > 1.2 um fractiornoth tributaries. In the Bothlin
and Luggie Burn in the > 1.2 um and in the 1.22-dm fractions high concentrations of
metal in the suspended sediment and high metaédluxere measured in February 2010.

In the 1.2 - 0.2 um fraction high metal flux wasasered in August in the Bothlin and
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Luggie Burn, in contrast low metal concentrationsrev measured in the suspended
sediment. In Bothlin and Luggie Burn in the 1.2 2 0um fraction high metal

concentrations in the sediment and high metal Weaxe measured in November 2009. The
overall results indicated that there is no strorejatronship between the metal

concentrations in suspended sediment and the ambtlaok transport in the river.
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5.3.1 Discussion

The results show a different effect of the massesfiiment and concentrations of metals in
suspended sediment and with the metal concentsaiiorsediment per unit volume of
water. Some factors can affect the increase oredserin mass of sediment in the river
such as the time of flow rate, the rainfall amoant the size of suspended sediment.
These factors can affect the increase or decr@aseeial in the suspended sediment and
the metal concentrations in sediment per unit veluh water. For example increased
mass of sediment in July 2009 and June 2010 irrth2um fraction from Craigton Burn
caused decreased metal concentration in the suspessdiiment and increased the metal
concentrations in sediment per unit volume of watar addition, increased mass of
sediment in November 2009 in the > fraction from Craigmaddie caused decreases in
the metal concentration in the suspended sedinmehtlacreased the metal concentrations
in sediment per unit volume of water. That may beduse the mass of sediment contains
metals not measured in the current study.

The increase in mass of sediment in May and J@i® 2 the >1.2um fraction from
Glazert Water caused increases in the metal caratemt in the suspended sediment and
increased the metal concentrations in sedimentupérvolume of water. On the other
hand, in the >1.2am fraction from Allander water decreased mass dfnsent in August
2009 and February 2010 caused increases of thd oweteentration in the suspended
sediment and increased the metal concentratioasdiment per unit volume of water. In
the 1.2um to 0.2 um fraction from Craigmaddie decreased mass of smuincause
decreases in the metal concentration of the sugpeseldiment and decreased the metal
concentrations in sediment per unit volume of watleich may be because a small amount
of metal concentrations were associated with sudgmbsediment.

The overall result shows that there is no stromaticmship between the flow rate and the
metal concentrations in sediment per unit volumevafer. Increased flow rate does not
always cause an increase in the metal concentsatiosediment per unit volume of water.
In addition, decreased flow rate does not alwaysedhe metal concentrations to increase

or decrease in sediment per unit volume of water.
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Based on data from the Centre for Ecology and HgdsoNational River Flow Archive
(See Appendix 2), the Allander water at Milngave aamean flow of 1.317 frs™. The
metal load in the > 1.2m fraction and the mean flow is taken together e ghe
following estimates of different metals: 9400 kg, @200 kg Fe, 1700 kg K, 7200 kg Mg,
380 kg Mn and 150kg Zn per year are transporteders 1.2um fraction.

Regarding the 1.2-0.gm fraction, it was found that approximately 1400&a, 1400 kg
Fe, 260 kg K, 300 kg Mg, 96 kg Mn and 66 kg Zn ypear are transported in this fraction.
This shows that there are considerable amountsetdisload transported by the Allander
water to River Kelvin in both size fractions.

Glazert water at Milton Campsite has a mean flo.681 ni s*. Referring to the results
in the > 1.2um fraction, using the metal loads in these fragtigiven above, and the mean
flow, it was found that approximately 1500 kg CapQ kg Fe, 1900 kg K, 9000 kg Mg,
660 kg Mn and 280 kg Zn per year were transporidgtie > 1.2um fraction.

Referring to the results in the 1.2-Qu fraction, it was found that approximately 2500 kg
Ca, 7002 kg Fe, 230 kg K, 400 kg Mg, 700 kg Mn 88dkg Zn per year are transported in
the range 1.2-0.gm. The results show that there are considerablauata®f metals load
transported by the Glazert water.

The Bothlin Burn at Auchengeich has a mean floW.@73 ni s*. Referring to the results
in the > 1.2um fraction, using the metal loads in these fragtigiven above, and the mean
flow, it was found that approximately 1200 kg C8p@ kg Fe, 1700 kg K, 8400 kg Mg,
680 kg Mn and 1570 kg Zn per year are transportatie low > 1.2um fraction. Referring
to the results in the 1.2-042m fraction using the metal loads in these fractigh®en
above, and the mean flow, it was found that appnaxely 2400 kg Ca, 2200 kg Fe, 150
kg K, 400 kg Mg, 60 kg Mn and 40 kg Zn per year aa@sported in the range 1.2-Qu&
fraction. This shows that there were considerabteumts of metals load transported by
the Bothlin Burn to River Kelvin.

The Luggie Burn at Auchengeich has a mean flow.87® ni s*. Referring to the results
in the > 1.2um fraction,using the metal loads in these fractions given apbaud the mean
flow, it was found that approximately 1200 kg C&0@ kg Fe, 1900 kg K, 9800 kg Mg,
450 kg Mn and 160 kg Zn per year are transportettheén> 1.2um fraction. Referring to
the results in the 1.2-0y#n fraction, there is about 3700 kg Ca, 2400 kg25€, kg K, 590
kg Mg, 70 kg Mn and 50 kg Zn per year transportethe 1.2-0.2um fraction.
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5.3.2 Conclusion

The results have given information on the amouritasfsport in the River Kelviand it is
tributaries for Ca, Fe, K, Mg, Mn and Zn. The résuh this section have shown that there
Is a considerable amount of metals transport withehnwater of the tributariesThere are
some similar trends of the metal concentrations/éen two size fractions in the same site
and also in different sampling sites. The conceiotmatrend is similar in the > 1.2 um
diameter for Ca in the Craigtion Burn and LuggierBun addition, the concentrations
trend is similar in the > 1.2 um fraction for Zn time Allander Water, and Craigmaddie
Burn. Mn concentration trend is similar in the 2 Jum diameter fraction in Craigtion
Burn and Allander Burn. The concentration trend wiaslar in the > 1.2 um diameter for
Mg in the Bothlin Burn and Luggie Burn. The congatibn trend was similar in the > 1.2
um diameter fraction for Mg in the Allander wat€raigmaddie Burn and Glazert. On the
other hand, the concentration trend was similahe0.2 -1.2- um diameters fraction for
Mg in the Craigton Burn, and Allander Burn. In aduh, the concentration trend was
similar in the 0.2 -1.2 um diameter fraction for irethe Craigton Burn, and Allander
Burn.

Overall results show that there are considerableuams of metals load transported in
different tributaries of the River Kelvin. The rdétsushow the large metals load transport in
the large fraction was higher than that transpothe fine fraction. Based on the sediment
results and utilizing data from the Centre for gyl and Hydrology National River Flow
Archive for average flow loading information, thesult indicated that considerable metal
loads per year were transported in the >inPand in the 0.2 — 1.2m fractions in the

Kelvin River.
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6 Conclusions and Future work

6.1 Conclusions

The main objective of the current research studg wa investigate the role of the
suspended sediment in metal transport from RivelviKeand it is tributaries. The
investigation was carried out to study the coneditn of metal in suspended sediment at
different sampling sites and in different monthkeTresearch firstly concluded that filter
papers and micro-fiber membrane filters are contated by different concentrations of
metals. It revealed unacceptable concentrationsaifls in some filter papers used. The
concentrations of the contamination elements wemgected for, by subtracting the
contaminated concentration, measured in the dideskenk filter paper, from the total
concentrations measured in the digested suspered@dents from the river samples.

The ability of selected components of suspendecmadtto take up heavy metals from
water was studied. This assessed the take up of meetals in sample adsorption systems
and the influence of the mixed systems of claysjibumaterial and iron oxide. The results
indicated that the adsorption capacity of bentoakeeeds that of the other components,
which was similar to that previously reported byr¢aa (1978).

In the mixed system the results indicate that thed{ues were different for each metal. In
general the Kvalues were different, under the same conditidrisxed concentrations and
different mixed material weights. This is an im@mit observation, which suggests that in
studies of natural systems the use of Kd valuesftividual sorbent materials may not be
valid. It may be more appropriate to assess mqitdke based on likely mixtures of
materials that actually exist in the natural system

The result of the seven tributaries survey providadoverview on the concentrations of
Ca, Fe, K, Mg, Mn and Zn in the suspended sedimlemty the course of the River Kelvin.
Using the mean flow from the Centre for Ecology aygbrology National River Flow
Archive shows that a large amount of metal is tiemed in the <1.22m and in the 1.2-0.2
um fraction in a year. The overall result shows ¢hierno strong relationship between the
flow rate and in the metal in the suspended sedirmaed the metal concentrations in the

weight of sediment per unit volume of water.
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6.2 Future Work

The research has provided an overview of the impacsuspended sediment for the
transfer of metals the environment. With the compteof this research work, however,

many suggestions for future action were found. Témmmendations include that the
work can be done in laboratory studies and fieldlists.

It would be interesting to investigate contaminatioom membrane filters further. The

investigation should look for different techniquescollect suspended sediment. It would
also be interesting to investigate the ability dfedent mixed components to take up
metals. The investigation should look at what patams control sorption, for example the
effect of pH. In the field, the investigation oretlole of nanopatrticles to transport metals
in the suspended sediment also needs to use amawtieal technique such as ICP-MS

with low detection limits. In addition, more regukampling and detailed measurement of
parameters such as pH, flow rate of each riveegsired and a survey of the origin of the
sediment and land use in the catchments and iripats road salting and gritting during

the winter months.
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APPENDICES
Appendix 1

Daily rainfall amount in sampling months 2009Glasgow area determine from
Glasgow University (Dr. T. H. Flowers).

Day June July August September | October November
Saturday 11

Sunday 2 0 1 20
Monday 10 31 2 1
Tuesday 2 0 4 1 1 1 3 3
Wednesday | 3 0 10 50 2 13 4 11
Thursday 4 0 2 0 6 0 3 3 1 2 51
Friday 50 3 21 7 0 4 1 2 9 6 6
Saturday 6 0 4 0 8 0 50 30 7 1
Sunday 7 0 51 9 10 6 5 4 0 8 0
Monday 8 0 6 11 10 O 7 19 50 9 4
Tuesday 9 0 7 0 11 2 8 6 6 2 10 O
Wednesday | 10 0 8 0 12 0 9 0 7 0 11 3
Thursday 11 0 9 0 13 0 10 O 8 0 12 0
Friday 12 0 10 O 14 31 11 0 9 0 13 10
Saturday 13 0 11 12 15 2 12 0 10 8 14 1
Sunday 14 0 12 0 16 6 13 0 11 0 15 0
Monday 15 4 13 7 17 1 14 0 12 0 16 6
Tuesday 16 3 14 3 18 1 15 0 13 0 17 7
Wednesday | 17 5 15 3 19 15 16 0O 14 0 18 19
Thursday 18 8 16 0 20 18 17 0 15 0 19 38
Friday 19 1 17 1 21 2 18 0 16 O 20 1
Saturday 20 0 18 0 22 4 19 0 17 0 21 5
Sunday 21 0 19 2 23 3 20 O 18 3 22 14
Monday 22 0 20 1 24 0 21 0 19 2 23 6
Tuesday 23 0 21 7 25 4 22 0 20 3 24 15
Wednesday | 24 O 22 0 26 8 23 0 21 O 25 15
Thursday 25 0 23 0 27 4 24 0 22 0 26 7
Friday 26 0 24 0 28 2 25 0 23 5 27 1
Saturday 27 0 25 6 29 0 26 0 24 9 28 1
Sunday 28 0 26 2 30 9 27 0 25 2 29 0
Monday 29 0 27 0 31 14 28 0 26 1 30 0
Tuesday 30 0 28 12 29 4 27 11
Wednesday 29 0 30 2 28 0

Thursday 30 0 29 4

Friday 31 2 30 13

Saturday 31 6

Total 21 91 140 54 80 195
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Daily rainfall amount in sampling months 2010 Ghsgow area determine from

Glasgow University (Dr. T. H. Flowers).

Day February | March April May June
Saturday 1 0

Sunday 2 1

Monday 12 10 30

Tuesday 2 2 2 0 4 0 1 2
Wednesday |3 O 30 5 2 20
Thursday 4 3 4 0 10 6 2 30
Friday 5 7 50 2 8 7 0 4 0
Saturday 6 0 6 0 31 8 0 50
Sunday 7 0 7 0 4 5 9 0 6 0
Monday 8 0 8 0 5 15 10 O 7 2
Tuesday 9 0 9 0 6 8 11 0 8 10
Wednesday | 10 0 10 O 7 0 12 0 9 0
Thursday 11 0 11 0 8 0 13 5 10 O
Friday 12 0 12 0 9 0 14 1 11 0
Saturday 13 0 13 0 10 O 15 2 12 0
Sunday 14 1 14 0 11 0 16 0O 13 2
Monday 15 2 15 0 12 0 17 0 14 0
Tuesday 16 0 16 1 13 0 18 0 15 0
Wednesday | 17 0 17 0 14 0 19 0 16 0
Thursday 18 0 18 2 15 0 20 O 17 0
Friday 19 0 19 0 16 0 21 O 18 0
Saturday 20 0 20 0 17 0 22 0 19 0
Sunday 21 0 21 2 18 0 23 0 20 O
Monday 22 2 22 3 19 0 24 0 21 0
Tuesday 23 1 23 0 20 0 25 0 22 0
Wednesday | 24 26 24 4 21 0 26 0 23 0
Thursday 25 12 25 11 22 0 27 0 24 0
Friday 26 6 26 0 23 0 28 0 25 0
Saturday 27 1 27 0 24 0 29 4 26 0
Sunday 28 0 28 9 25 0 30 2 27 5
Monday 29 20 26 0 28 3
Tuesday 30 11 27 0 29 0
Wednesday 31 0 28 0 30 2
Thursday 29 2

Friday 30 0

Saturday 31 4

Total 65 53 43 54
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Appendix 2

Daily flow rate Allander water (SEAPA)

Station name: Milngavie, Station number: 1331123gEal number:
River: Allander Water, Operator: SEPA, Eastir&$5850, Northing:

01/06/09
02/06/09
03/06/09
04/06/09
05/06/09
06/06/09
07/06/09
08/06/09
09/06/09
10/06/09
11/06/09
12/06/09
13/06/09
14/06/09
15/06/09
16/06/09
17/06/09
18/06/09
19/06/09
20/06/09
21/06/09
22/06/09
23/06/09
24/06/09
25/06/09
26/06/09
27/06/09
28/06/09
29/06/09
30/06/09

0.182
0.151
0.133
0.125
0.129
0.118
0.107
0.124
0.117
0.102
0.093
0.081
0.111
0.09
0.108
0.114
0.475
0.334
0.254
0.198
0.164
0.151
0.13
0.116
0.105
0.098
0.103
0.1
0.093
0.087

01/07/09
02/07/09
03/07/09
04/07/09
05/07/09
06/07/09
07/07/09
08/07/09
09/07/09
10/07/09
11/07/09
12/07/09
13/07/09
14/07/09
15/07/09
16/07/09
17/07/09
18/07/09
19/07/09
20/07/09
21/07/09
22/07/09
23/07/09
24/07/09
25/07/09
26/07/09
27/07/09
28/07/09
29/07/09
30/07/09
31/07/09

0.084
0.078
0.521
0.255
0.17

0.174
0.155
0.123
0.113
0.108
0.18

0.235
0.329
0.39

0.329
0.251
0.205
0.178
0.146
0.147
0.252
0.491
0.38

0.284
0.219
0.473
0.375
1.234
0.85

0.458
0.472

01/08/09
02/08/09
03/08/09
04/08/09
05/08/09
06/08/09
07/08/09
08/08/09
09/08/09
10/08/09
11/08/09
12/08/09
13/08/09
14/08/09
15/08/09
16/08/09
17/08/09
18/08/09
19/08/09
20/08/09
21/08/09
22/08/09
23/08/09
24/08/09
25/08/09
26/08/09
27/08/09
28/08/09
29/08/09
30/08/09
31/08/09

0.841
0.646
0.46

0.46

0.375
0.279
0.228
0.206
0.255
0.463
0.347
0.296
0.242
7.351
4.017
1.666
1.43

1.701
7.211
6.692
2.891
2.183
4.976
2.08

1.295
2.975
2.034
1.472
1.042
1.974
4.673

01/09/09
02/09/09
03/09/09
04/09/09
05/09/09
06/09/09
07/09/09
08/09/09
09/09/09
10/09/09
11/09/09
12/09/09
13/09/09
14/09/09
15/09/09
16/09/09
17/09/09
18/09/09
19/09/09
20/09/09
21/09/09
22/09/09
23/09/09
24/09/09
25/09/09
26/09/09
27/09/09
28/09/09
29/09/09
30/09/09

3.143
2.868
3.763
1.695
1.811
3.255
3.813
8.468
2.389
1.391
0.979
0.745
0.579
0.487
0.416
0.373
0.323
0.296
0.281
0.264
0.51

0.442
0.362
0.329
0.308
0.281
0.278
0.319
0.381
0.412

84026

673559
ov11o9 8319
02/11/09 4315
03/11/09 2946
04/11/09 2948
os/11/09 1977
06/11/09 1996
o7/11/09 134
og/11/09 0934
og9/11/09 9887
101109 7
11/11/09 0-879
12/11/09 1151
13/11/09 1392
14/11/09 2492
15/11/09 1173
16/11/09 2194
17/11/09 36
18/11/09 4062
19/11/09 12.926
o0/11/09 2382
o1/11/09 3364
22/11/09 2835
23/11/09 2646
o4/11/09 8979
o5/11/09 0170
o6/11/09 2811
27/11/09 3568
og/11/09 199
o9/11/09 1304
30/11/09 0996
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Daily flow rate Allander water (SEAPA)

01/02/2010
02/02/2010
03/02/2010
04/02/2010
05/02/2010
06/02/2010
07/02/2010
08/02/2010
09/02/2010
10/02/2010
11/02/2010
12/02/2010
13/02/2010
14/02/2010
15/02/2010
16/02/2010
17/02/2010
18/02/2010
19/02/2010
20/02/2010
21/02/2010
22/02/2010

23/02/2010
24/02/2010
25/02/2010
26/02/2010
27/02/2010
28/02/2010

0.494
0.641
0.49
0.712
0.923
0.881
0.664
0.54
0.445
0.371
0.348
0.316
0.295
0.311
0.522
0.36
0.29
0.253
0.232
0.268
0.269
0.243

0.232

0.345
2.021
1.433
0.997
0.711

01/03/2010
02/03/2010
03/03/2010
04/03/2010
05/03/2010
06/03/2010
07/03/2010
08/03/2010
09/03/2010
10/03/2010
11/03/2010
12/03/2010
13/03/2010
14/03/2010
15/03/2010
16/03/2010
17/03/2010
18/03/2010
19/03/2010
20/03/2010
21/03/2010
22/03/2010

23/03/2010
24/03/2010
25/03/2010
26/03/2010
27/03/2010
28/03/2010
29/03/2010

30/03/2010
31/03/2010

0.560
0.477
0.412
0.373
0.508
0.654
0.609
0.456
0.385
0.347
0.372
0.352
0.316
0.304
0.285
0.255
0.291
0.345
0.394
0.274
0.244
0.701
0.488

0.833
0.817
2.369
0.991
0.845
1.283
2.024
1.335

01/05/2010
02/05/2010
03/05/2010
04/05/2010
05/05/2010
06/05/2010
07/05/2010
08/05/2010
09/05/2010
10/05/2010
11/05/2010
12/05/2010
13/05/2010
14/05/2010
15/05/2010
16/05/2010
17/05/2010
18/05/2010
19/05/2010
20/05/2010
21/05/2010
22/05/2010

23/05/2010
24/05/2010
25/05/2010
26/05/2010
27/05/2010
28/05/2010
29/05/2010

30/05/2010
31/05/2010

0.224
0.204
0.194
0.189
0.187
0.183
0.172
0.168
0.166
0.162
0.16
0.159
0.199
0.198
0.183
0.18
0.174
0.169
0.169
0.167
0.164
0.160
0.155

0.148
0.143
0.141
0.140
0.140
0.141
0.139
0.137

01/06/2010
02/06/2010
03/06/2010
04/06/2010
05/06/2010
06/06/2010
07/06/2010
08/06/2010
09/06/2010
10/06/2010
11/06/2010
12/06/2010
13/06/2010
14/06/2010
15/06/2010
16/06/2010
17/06/2010
18/06/2010
19/06/2010
20/06/2010
21/06/2010
22/06/2010

23/06/2010
24/06/2010
25/06/2010
26/06/2010
27/06/2010
28/06/2010
29/06/2010
30/06/2010

0.172
0.142
0.136
0.132
0.129
0.128
0.128

0.18
0.162
0.144
0.139
0.136
0.137
0.136
0.133
0.132
0.126
0.122

0.12
0.119
0.118
0.118

0.117

0.116
0.114
0.113

0.12
0.113
0.111
0.109
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Table Daily flow rate Glazert Water SEAPA

Station name: Milton of Campsie, Station numb&B81114, External number: 84020
SEPA, Eastir2$5646, Northing:

River: Glazert Water, Operator:

01/06/09
02/06/09
03/06/09
04/06/09
05/06/09
06/06/09
07/06/09
08/06/09
09/06/09
10/06/09
11/06/09
12/06/09
13/06/09
14/06/09
15/06/09
16/06/09
17/06/09
18/06/09
19/06/09
20/06/09
21/06/09
22/06/09
23/06/09
24/06/09
25/06/09
26/06/09
27/06/09
28/06/09
29/06/09
30/06/09

0.286
0.261
0.246
0.242
0.254
0.244
0.231
0.218
0.209
0.196
0.193
0.189
0.188
0.263
0.296
0.256
2.628
0.964
0.834
0.479
0.34

0.29

0.246
0.22

0.199
0.19

0.191
0.189
0.177
0.17

01/07/09
02/07/09
03/07/09
04/07/09
05/07/09
06/07/09
07/07/09
08/07/09
09/07/09
10/07/09
11/07/09
12/07/09
13/07/09
14/07/09
15/07/09
16/07/09
17/07/09
18/07/09
19/07/09
20/07/09
21/07/09
22/07/09
23/07/09
24/07/09
25/07/09
26/07/09
27/07/09
28/07/09
29/07/09
30/07/09
31/07/09

0.164
0.17

1.996
0.568
0.32

0.41

0.346
0.244
0.214
0.181
0.323
0.922
2.175
1.326
0.636
0.516
0.462
0.358
0.304
0.335
0.971
1.802
1.331
0.628
0.382
2.565
0.886
4.169
1.595
0.659
1.822

01/08/09
02/08/09
03/08/09
04/08/09
05/08/09
06/08/09
07/08/09
08/08/09
09/08/09
10/08/09
11/08/09
12/08/09
13/08/09
14/08/09
15/08/09
16/08/09
17/08/09
18/08/09
19/08/09
20/08/09
21/08/09
22/08/09
23/08/09
24/08/09
25/08/09
26/08/09
27/08/09
28/08/09
29/08/09
30/08/09
31/08/09

2.845
1.563
0.825
1.075
0.608
0.42

0.345
0.319
0.538
1.549
0.56

0.52

0.404
14.26
6.793
2.44

2.62

4.365
10.04
8.674
3.679
3.792
7.821
2.332
1.349
5.815
3.437
2.078
1.462
5.274
11.84

01/09/09
02/09/09
03/09/09
04/09/09
05/09/09
06/09/09
07/09/09
08/09/09
09/09/09
10/09/09
11/09/09
12/09/09
13/09/09
14/09/09
15/09/09
16/09/09
17/09/09
18/09/09
19/09/09
20/09/09
21/09/09
22/09/09
23/09/09
24/09/09
25/09/09
26/09/09
27/09/09
28/09/09
29/09/09
30/09/09

5.313
5.576
6.268
3.166
3.759
7.989
7.83

14.93
2.823
1.71

1.228
0.896
0.742
0.664
0.589
0.537
0.489
0.456
0.426
0.399
2.048
1.113
0.666
0.534
0.495
0.45

0.461
0.755
0.98

1.009

676198

01/11/09
02/11/09
03/11/09
04/11/09
05/11/09
06/11/09
07/11/09
08/11/09
09/11/09
10/11/09
11/11/09
12/11/09
13/11/09
14/11/09
15/11/09
16/11/09
17/11/09
18/11/09
19/11/09
20/11/09
21/11/09
22/11/09
23/11/09
24/11/09
25/11/09
26/11/09
27/11/09
28/11/09
29/11/09
30/11/09

14.28
4.348
7.523
5.579
2.777
3.947
2.213
1.476
1.34
2.398
1.332
1.67
3.084
4.424
1.8
4.322
6.421
9.891
29.79
7.91
5.32
5.599
3.795
11.47
10.41
9.045
4.624
2.693
2.211
1.493
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Daily flow rate Glazert water (SEAPA)

01/02/2010
02/02/2010
03/02/2010
04/02/2010
05/02/2010
06/02/2010
07/02/2010
08/02/2010
09/02/2010
10/02/2010
11/02/2010
12/02/2010
13/02/2010
14/02/2010
15/02/2010
16/02/2010
17/02/2010
18/02/2010
19/02/2010
20/02/2010
21/02/2010
22/02/2010
23/02/2010

24/02/2010
25/02/2010
26/02/2010
27/02/2010
28/02/2010

0.568
0.758
0.593
1.046
2.609
2.6
1.38
0.864
0.645
0.562
0.498
0.465
0.435
0.452
0.886
0.585
0.481
0.404
0.368
0.344
0.313
0.286
0.316
1.42

5.188
3.946
1.967
1.187

01/03/2010
02/03/2010
03/03/2010
04/03/2010
05/03/2010
06/03/2010
07/03/2010
08/03/2010
09/03/2010
10/03/2010
11/03/2010
12/03/2010
13/03/2010
14/03/2010
15/03/2010
16/03/2010
17/03/2010
18/03/2010
19/03/2010
20/03/2010
21/03/2010
22/03/2010
23/03/2010

24/03/2010
25/03/2010
26/03/2010
27/03/2010
28/03/2010
29/03/2010
30/03/2010
31/03/2010

0.814
0.702
0.626
0.577
0.614
0.666
0.77
0.732
0.64
0.634
1.064
1.66
2.543
3.709
4.477
2.302

4.457

3.814

1.857

0.783

0.641

2.838

1.112

2.232

1.909
5.722
1.923
1.435
3.264
6.059
2.505

01/05/2010
02/05/2010
03/05/2010
04/05/2010
05/05/2010
06/05/2010
07/05/2010
08/05/2010
09/05/2010
10/05/2010
11/05/2010
12/05/2010
13/05/2010
14/05/2010
15/05/2010
16/05/2010
17/05/2010
18/05/2010
19/05/2010
20/05/2010
21/05/2010
22/05/2010
23/05/2010

24/05/2010
25/05/2010
26/05/2010
27/05/2010
28/05/2010
29/05/2010
30/05/2010
31/05/2010

0.383
0.351
0.319
0.295
0.29

0.282
0.262
0.244
0.24

0.23

0.225
0.225
0.279
0.266
0.229
0.225
0.21

0.229
0.232
0.224
0.21

0.194
0.185
0.176

0.186
0.168
0.166
0.168
0.177
0.168

0.164

01/06/2010
02/06/2010
03/06/2010
04/06/2010
05/06/2010
06/06/2010
07/06/2010
08/06/2010
09/06/2010
10/06/2010
11/06/2010
12/06/2010
13/06/2010
14/06/2010
15/06/2010
16/06/2010
17/06/2010
18/06/2010
19/06/2010
20/06/2010
21/06/2010
22/06/2010
23/06/2010

24/06/2010
25/06/2010
26/06/2010
27/06/2010
28/06/2010
29/06/2010
30/06/2010

0.255
0.186
0.175
0.153
0.145
0.148
0.164

0.274
0.395

0.229
0.181

0.16
0.367
0.229

0.178
0.157
0.148

0.137
0.129

0.126
0.129
0.127
0.127

0.1

0.127
0.123
0.138
0.149
0.137
0.13
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Table Daily flow rate Bothlin Burn SEAPA

Station name: Auchengeich, Station number: 133&érnal number: 84023
River: Bothlin Burn, Operator: SEPA, Easting: 7287, Northing:

01/06/09
02/06/09
03/06/09
04/06/09
05/06/09
06/06/09
07/06/09
08/06/09
09/06/09
10/06/09
11/06/09
12/06/09
13/06/09
14/06/09
15/06/09
16/06/09
17/06/09
18/06/09
19/06/09
20/06/09
21/06/09
22/06/09
23/06/09
24/06/09
25/06/09
26/06/09
27/06/09
28/06/09
29/06/09
30/06/09

0.138
0.128
0.123
0.12
0.117
0.111
0.101
0.092
0.089
0.088
0.085
0.081
0.081
0.088
0.148
0.098
0.214
0.2
0.116
0.093
0.083
0.08
0.074
0.071
0.068
0.072
0.069
0.07
0.075
0.07

01/07/09
02/07/09
03/07/09
04/07/09
05/07/09
06/07/09
07/07/09
08/07/09
09/07/09
10/07/09
11/07/09
12/07/09
13/07/09
14/07/09
15/07/09
16/07/09
17/07/09
18/07/09
19/07/09
20/07/09
21/07/09
22/07/09
23/07/09
24/07/09
25/07/09
26/07/09
27/07/09
28/07/09
29/07/09
30/07/09
31/07/09

0.073
0.092
0.244

0.11
0.089
0.164

0.11

0.09
0.078
0.071
0.202
0.169

0.35
0.325
0.278
0.598
0.311
0.247
0.212
0.179
0.274
0.252
0.208
0.197
0.145
0.276
0.188
0.499
0.391
0.243
0.248

01/08/09
02/08/09
03/08/09
04/08/09
05/08/09
06/08/09
07/08/09
08/08/09
09/08/09
10/08/09
11/08/09
12/08/09
13/08/09
14/08/09
15/08/09
16/08/09
17/08/09
18/08/09
19/08/09
20/08/09
21/08/09
22/08/09
23/08/09
24/08/09
25/08/09
26/08/09
27/08/09
28/08/09
29/08/09
30/08/09
31/08/09

0.349
0.266
0.232
0.196
0.152

0.12
0.111
0.109
0.399
0.648
0.443
0.457

0.34
2.644
2.674
1.195
0.996
0.795
1.119

1.83
1.226
0.944
1.313
0.939
0.705
0.874
0.746
0.674
0.576

0.61
1.632

01/09/09
02/09/09
03/09/09
04/09/09
05/09/09
06/09/09
07/09/09
08/09/09
09/09/09
10/09/09
11/09/09
12/09/09
13/09/09
14/09/09
15/09/09
16/09/09
17/09/09
18/09/09
19/09/09
20/09/09
21/09/09
22/09/09
23/09/09
24/09/09
25/09/09
26/09/09
27/09/09
28/09/09
29/09/09
30/09/09

1.122
1.315
2.837
1.631
1.328
1.179
1.139

2.38
1.285

0.92
0.691
0.558
0.475
0.428
0.375
0.335
0.306
0.276
0.255
0.233
0.264
0.226
0.207
0.194
0.174
0.161
0.158
0.155
0.174
0.171

671609

01/11/09
02/11/09
03/11/09
04/11/09
05/11/09
06/11/09
07/11/09
08/11/09
09/11/09
10/11/09
11/11/09
12/11/09
13/11/09
14/11/09
15/11/09
16/11/09
17/11/09
18/11/09
19/11/09
20/11/09
21/11/09
22/11/09
23/11/09
24/11/09
25/11/09
26/11/09
27/11/09
28/11/09
29/11/09
30/11/09

3.722
1.994
2.112
1.721
1.332
1.254
1.135
0.874
0.802
0.987
0.801
0.703
0.963
1.362
0.93

1.155
1.592
2.104
4.935
3.794
2.69

2.823
2.49

2.957
3.77

2.717
2.189
1.724
1.479
1.187
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Table Daily flow rate Bothlin Burn SEAPA

01/02/2010
02/02/2010
03/02/2010
04/02/2010
05/02/2010
06/02/2010
07/02/2010
08/02/2010
09/02/2010
10/02/2010
11/02/2010
12/02/2010
13/02/2010
14/02/2010
15/02/2010
16/02/2010
17/02/2010
18/02/2010
19/02/2010
20/02/2010
21/02/2010
22/02/2010
23/02/2010
24/02/2010
25/02/2010
26/02/2010
27/02/2010
28/02/2010

0.348
0.446
0.369
0.437
0.687

0.81
0.611
0.534
0.489
0.393
0.337
0.314
0.306
0.322
0.467
0.396
0.346
0.309
0.272
0.243
0.227
0.199
0.203
0.726
3.134
3.069
2.293
1.631

01/03/2010
02/03/2010
03/03/2010
04/03/2010
05/03/2010
06/03/2010
07/03/2010
08/03/2010
09/03/2010
10/03/2010
11/03/2010
12/03/2010
13/03/2010
14/03/2010
15/03/2010
16/03/2010
17/03/2010
18/03/2010
19/03/2010
20/03/2010
21/03/2010
22/03/2010
23/03/2010
24/03/2010
25/03/2010
26/03/2010
27/03/2010
28/03/2010
29/03/2010
30/03/2010
31/03/2010

1.203
0.87
0.68

0.586

0.521

0.471

0.409

0.397

0.353

0.307

0.306

0.274

0.251

0.243

0.233

0.249

0.263

0.233

0.227

0.203

0.201

0.273

0.227

0.229

0.303

0.794

0.527

0.523

1.495

4.564

2.354

01/05/2010
02/05/2010
03/05/2010
04/05/2010
05/05/2010
06/05/2010
07/05/2010
08/05/2010
09/05/2010
10/05/2010
11/05/2010
12/05/2010
13/05/2010
14/05/2010
15/05/2010
16/05/2010
17/05/2010
18/05/2010
19/05/2010
20/05/2010
21/05/2010
22/05/2010
23/05/2010
24/05/2010
25/05/2010
26/05/2010
27/05/2010
28/05/2010
29/05/2010
30/05/2010
31/05/2010

0.277
0.267
0.241
0.229
0.234
0.225
0.208
0.197
0.193
0.186
0.183

0.18

0.22
0.214
0.204
0.201

0.19
0.181
0.208
0.213
0.204
0.176
0.151
0.145
0.146
0.142
0.165
0.147
0.144
0.139
0.143

01/06/2010
02/06/2010
03/06/2010
04/06/2010
05/06/2010
06/06/2010
07/06/2010
08/06/2010
09/06/2010
10/06/2010
11/06/2010
12/06/2010
13/06/2010
14/06/2010
15/06/2010
16/06/2010
17/06/2010
18/06/2010
19/06/2010
20/06/2010
21/06/2010
22/06/2010
23/06/2010
24/06/2010
25/06/2010
26/06/2010
27/06/2010
28/06/2010
29/06/2010
30/06/2010

0.206
0.146
0.124
0.117
0.111
0.106
0.156
0.273
0.185
0.127

0.11
0.097
0.109
0.097
0.086
0.083
0.079
0.076
0.069
0.066
0.068
0.065
0.064
0.066
0.062
0.062
0.071
0.099
0.086
0.077
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Table Daily flow rate Luggie Burn SEAPA

Station name: Condorrat, Station number:

Luggie Water, Operator:

01/06/09
02/06/09
03/06/09
04/06/09
05/06/09
06/06/09
07/06/09
08/06/09
09/06/09
10/06/09
11/06/09
12/06/09
13/06/09
14/06/09
15/06/09
16/06/09
17/06/09
18/06/09
19/06/09
20/06/09
21/06/09
22/06/09
23/06/09
24/06/09
25/06/09
26/06/09
27/06/09
28/06/09
29/06/09
30/06/09

0.181
0.173
0.171
0.176
0.183
0.195
0.162
0.155
0.152
0.15
0.148
0.145
0.146
0.238
0.307
0.166
0.429
0.353
0.192
0.162
0.152
0.148
0.14
0.137
0.134
0.134
0.133
0.134
0.129
0.126

01/07/09
02/07/09
03/07/09
04/07/09
05/07/09
06/07/09
07/07/09
08/07/09
09/07/09
10/07/09
11/07/09
12/07/09
13/07/09
14/07/09
15/07/09
16/07/09
17/07/09
18/07/09
19/07/09
20/07/09
21/07/09
22/07/09
23/07/09
24/07/09
25/07/09
26/07/09
27/07/09
28/07/09
29/07/09
30/07/09
31/07/09

0.131
0.132
0.162
0.127
0.141
0.54
0.212
0.177
0.161
0.125
0.252
0.212
0.648
0.322
0.307
0.852
0.506
0.302
0.229
0.188
0.279
0.233
0.218
0.247
0.232
0.479
0.237
0.855
0.562
0.283
0.444

SEPA, Easting:

01/08/09
02/08/09
03/08/09
04/08/09
05/08/09
06/08/09
07/08/09
08/08/09
09/08/09
10/08/09
11/08/09
12/08/09
13/08/09
14/08/09
15/08/09
16/08/09
17/08/09
18/08/09
19/08/09
20/08/09
21/08/09
22/08/09
23/08/09
24/08/09
25/08/09
26/08/09
27/08/09
28/08/09
29/08/09
30/08/09
31/08/09

1330%&erRal number:
273Ndrthing:

0.654
0.463
0.308
0.26
0.203
0.18
0.237
0.384
2.284
1.636
0.777
0.798
0.524
4.565
3.867
1.257
1.052
0.809
1.476
2.559
1.471
1.212
2411
1.261
0.774
1.272
1.226
0.945
0.679
0.841
2.963

01/09/09
02/09/09
03/09/09
04/09/09
05/09/09
06/09/09
07/09/09
08/09/09
09/09/09
10/09/09
11/09/09
12/09/09
13/09/09
14/09/09
15/09/09
16/09/09
17/09/09
18/09/09
19/09/09
20/09/09
21/09/09
22/09/09
23/09/09
24/09/09
25/09/09
26/09/09
27/09/09
28/09/09
29/09/09
30/09/09

84016, River:

672560

1464  1111/09 7544
2095  1511/09 2-345
5248 21109 2-598
1.853 (411/09 176
1586 (511/09 1205
1387 (g11/09 122
1388 (7/11/09 107
3582 anq/09 078
1452 9/11/09 O-74
0.965 101109 106
0735 111109 077
0597 1511/09 070
0508 1477/09 118
044  4n100 212
0385 151709 109
0337 161109 168
0319 14709 231
0307 1g141/09 334
0287 191709 857
0274 ,0141/09 424
0311 ,1/19/09 293
0276 5517/09 3-37
0259 ,017/09 247
025 ,4q109 331
025 ,on109 491
0234 ,611/09 249
023 574109 176
0237 L4109 126
0292 ,541/09 113
026 551109 ©88
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Table Daily flow rate Luggie Burn SEAPA

01/02/2010
02/02/2010
03/02/2010
04/02/2010
05/02/2010
06/02/2010
07/02/2010
08/02/2010
09/02/2010
10/02/2010
11/02/2010
12/02/2010
13/02/2010
14/02/2010
15/02/2010
16/02/2010
17/02/2010
18/02/2010
19/02/2010
20/02/2010
21/02/2010
22/02/2010
23/02/2010
24/02/2010
25/02/2010
26/02/2010
27/02/2010
28/02/2010

0.428
0.572
0.428
0.655
1.184
1.407
0.906
0.759
0.598
0.469
0.394
0.376
0.364
0.382
0.614
0.479
0.397
0.361
0.324
0.301
0.285
0.257
0.268
0.879

4.14
5.841
2.569
1.617

01/03/2010
02/03/2010
03/03/2010
04/03/2010
05/03/2010
06/03/2010
07/03/2010
08/03/2010
09/03/2010
10/03/2010
11/03/2010
12/03/2010
13/03/2010
14/03/2010
15/03/2010
16/03/2010
17/03/2010
18/03/2010
19/03/2010
20/03/2010
21/03/2010
22/03/2010
23/03/2010
24/03/2010
25/03/2010
26/03/2010
27/03/2010
28/03/2010
29/03/2010
30/03/2010
31/03/2010

1.117
0.841
0.713

0.63
0.885
1.199
1.345

0.91
0.797
0.656
0.646
0.572
0.501

0.46
0.416
0.385
0.381
0.341
0.319
0.303
0.306
0.425

0.32

0.35
0.512

1.48
0.807
0.811
3.286
6.962
2.479

01/05/2010
02/05/2010
03/05/2010
04/05/2010
05/05/2010
06/05/2010
07/05/2010
08/05/2010
09/05/2010
10/05/2010
11/05/2010
12/05/2010
13/05/2010
14/05/2010
15/05/2010
16/05/2010
17/05/2010
18/05/2010
19/05/2010
20/05/2010
21/05/2010
22/05/2010
23/05/2010
24/05/2010
25/05/2010
26/05/2010
27/05/2010
28/05/2010
29/05/2010
30/05/2010
31/05/2010

0.29
0.271
0.243
0.233
0.238

0.23
0.214
0.204
0.201
0.197
0.191
0.189
0.271
0.217
0.203
0.197
0.182

0.18
0.194
0.184
0.175
0.168
0.167
0.163
0.158

0.16
0.168
0.164
0.177
0.158

0.17

01/06/2010
02/06/2010
03/06/2010
04/06/2010
05/06/2010
06/06/2010
07/06/2010
08/06/2010
09/06/2010
10/06/2010
11/06/2010
12/06/2010
13/06/2010
14/06/2010
15/06/2010
16/06/2010
17/06/2010
18/06/2010
19/06/2010
20/06/2010
21/06/2010
22/06/2010
23/06/2010
24/06/2010
25/06/2010
26/06/2010
27/06/2010
28/06/2010
29/06/2010
30/06/2010

0.204
0.155
0.151
0.147
0.146
0.148
0.159
0.333
0.226

0.17
0.162
0.155
0.165
0.144
0.142
0.142
0.138
0.132
0.127
0.126
0.127
0.125

0.13
0.128
0.125
0.125
0.144

0.19
0.133
0.133
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50 34026 Allander Water at Milngavie Gauged Daily Flow
a

10 -1 0
5] L5
W
= 0.5 F0.5
m
0.1 0.1
0.05 L0.05
0.01 Jan Feb Mar Apr May Jun"'I:IEIEIJUI Aug Sep Ot Mo Dec 0.01
Copyright (C) 2011 NERC LK. Mational River Flow Archive
Allander
Period of Record: 1974 - 2009
Percent Complete: 99 %
Base Flow Index: 0.35
Mean Flow: 1.317 m%s
95% Exceedance (Q95): 0.129 m%/s
70% Exceedance (Q70): 0.375m’/s
50% Exceedance (Q50): 0.681 m%/s
10% Exceedance (Q10): 3.151 m%/s
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84020 Glazert Water atMitonofCampsie ~~~ Gauged Daily Flow

100 100
iy ral
107 0
— 5 A
0
&
E
5
T H 1
0.5+ 0.5
0.1 -0.1
0.03 Jan Feh Iar Apr I ay Jun”l]l:IEIJUI Aug Sep Ot Mav Dec 0.03
Copyright (C) 2011 NERC ) UK Mational River Flow Archive
Glazert

Period of Record:
Percent Complete:
Base Flow Index:

Mean Flow:

95% Exceedance (Q95):
70% Exceedance (Q70):
50% Exceedance (Q50):
10% Exceedance (Q10):

1968 - 2009
98 %

0.3

2.081 m%/s
0.185 m%/s
0.513 m%/s
1.031 m¥s
5.137 m%/s
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34023 Enthlin Eum at ﬂ}ucheng.eich . . . . . Galuged D:;ilv Flow

10 10
5 L5

w

[ar]

E 4 !

= ]

E 4

w057 F0.5
0.1+ 0.1

0.05 Jan Feb Mar Apr Way Jun"I:IEIQJUI Aug Sep Oet Maw Dee 0.05
Copyright (C) 2011 NERC - LK. Mational River Flow Archive

Bothlin

Period of Record: 1973 - 2009

Percent Complete: 95 %

Base Flow Index: 0.5

Mean Flow: 0.773 m%/s

95% Exceedance (Q95): 0.143 m%/s

70% Exceedance (Q70): 0.299 m%/s

50% Exceedance (Q50): 0.465 m°/s

10% Exceedance (Q10): 1.771 m¥s
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50 34016 Luggie Water at Condarrat Gauged Daily Flow 50
pa . . . . . . . . . . . pu

103 10
5 -5
)
[ar]
E
. 2
L= ]
0.5 F0.5
III.1-: F0.1
0.05 Jan Feb Mar Apr Way Jun"I:IEIQJUI Aug Sep Oet Maw Dee 0.05
Copyright (C) 2011 NERC - LK. Mational River Flow Archive
Luggie at Condorrat
Period of Record: 1966 - 2009
Percent Complete: 95 %
Base Flow Index: 0.4
Mean Flow: 0.872 m%s
95% Exceedance (Q95): 0.145 m%/s
70% Exceedance (Q70): 0.283 m%/s
50% Exceedance (Q50): 0.471 m°/s
10% Exceedance (Q10): 1.957 m¥s
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34025 I_Iuggie 'q“u'ater atIOxgang . . . . . Galuged Dgily Flow

1004 100
501 H50
104 F10
- L5
E
™
E
z
L H ol
0.5 H0 5
0.1 F0.1
0.05 Jan Feh Mar Apr May JuanuE‘Jul Aug Sep Cct Now Dec 0.05
Copyright (C) 2011 MERC - LIk Mational River Flow Archive
Period of Record: 1975 - 2009
Percent Complete: >99 %
Base Flow Index: 0.41
Mean Flow: 2.391 m%/s
95% Exceedance (Q95): 0.306 m®/s
70% Exceedance (Q70): 0.766 m°/s
50% Exceedance (Q50): 1.26 m*/s
10% Exceedance (Q10): 5.633 m°/s

Luggie at Oxgang

http://www.ceh.ac.uk/data/nrfa/data/search.html
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