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Abstract

Water samples were collected from the Aire Rivéawed from its source at Malham towards Leeds) i&nd
tributaries (Earby Beck, Glusburn, and Eller Bedk)the summer of 2013. Chemical analysis wasiadmwut
on the samples to assess the natural and anthmipagmtrol and impact on the river's compositidhe major
cations were analysed by ICP-AES and anions byr@ HCI titration. The chemistry of the water fot al
samples were dominated by calcium and bicarbofi&ie results indicated that calcium ions accounte®9%
of the total cation charge budget of the Aire atsburce at Malham, but decreased whilst the dmuttoin of
sodium, potassium and magnesium ions to the chtidget increased as the flow of the river approdicheeds
from source . Sodium ion recorded the highest pationcentration of 61 mglL at Calverly Lane Bridge and
39% contribution to the cation charge budget. &hns were dominated by alkalinity for all the gdes,
however alkalinity decreased in anion charge budgatponent of 92% from Malham to 37% at Calverine
Bridge. The anion budget had increased percentégeshloride, nitrates and sulphate ions as therriv
approached Leeds. Contributing to 34%, 7% and 22%pectively to the anion budget. The increased
concentrations of sodium, potassium, chloride,atétrand sulphate changed the chemical composificheo
river considerably. The reason for the chemicalngeawas attributed to the effects of heavy poinirse
discharges of communal sewage, industrial efflaewt agricultural fertilizers input on the improvgihsslands
of the catchment into the river. The conclusion Wes, anthropogenic activity has a consideralfiecebn the
River Aire as it flowed through the urban area8ddford and Leeds.
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1. Introduction

Rivers are known to have played an important nelauiman development. Historically, settlements gldwvers
have occurred because the rivers provided bothrwafeply and transportation. As a result of humeoximity,

rivers have been considerably affected by actwitenging from agriculture and flood control to thput of
human and industrial wastes ( Berner & Berner,198@yeral studies have been undertaken to studeffibets
of man on riverine systems because of the dellga¢ffects of man’s actions on rivers and the dtering
effects of climate change on water bodies. Thiskveeeks to assess the effects of nature and féngtebf man
on the composition of the River Aire, as it flowsrh its source (Malham Tarn) to Leeds.

2. Background of Study Area

The River Aire catchment is 1004 knin size. The principal towns and cities it draire Skipton, Keighley,
Bingley, Bradford, Leeds and Castleford with a ltggapulation of 1,110,000, with more than half det
population in the Bradford and Leeds areas. (GRER]- The river has its source in the limestone namols
around Malham, flowing 148km to its confluence witle Ouse near Goole, with the last 26km been.tidal

The geologic map of the catchment is as shown guréi 1. At the source of the Aire, the Carboniferou
Limestone produces the characteristic limestoneesgeof the Malham Tarn area. From Skipton to Boedifthe
geology is dominated by Miltstone Grit, particujadharacteristic of the higher moorland areas. dthtihese
areas, the River Aire and its tributaries erodeugh glacial drift deposits. At Leeds, Coal Measurade up of
shales, grits and coal seams predominate. Downstoé&astleford, the Coal Measures are overlaia barrow
ridge of Magnesian Limestone, and adjacent to ¢hlarge area of soft Sherwood Sandstone whichrliesl¢he
lower reaches (NRA, 1993).

The Aire catchment exhibits very steep topograpioynf Malham to Gargrave, with quite a flat topognaph
between Gargrave and Keighley. Between Keighley laeells, its valley floor steepens again. Downstream
Leeds, the topography is notably lower and flaffek, 2005).
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Figure 1. Geological map of the River Aire Catchment ( from NRZ£993) )

Figure 2 presents the land use characteristicheo€atchment. Dairy cattle and sheep farming eaietised on
the unimproved grasslands near the source, théiggdncreasing in intensity towards Keighley ompiowved
and fertilised grasslands. From Keighley towardedse the land use is highly urbanised and indlisti
Below Leeds, the catchment use is predominantlylarand horticultural (EA, 2005).
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Figure. 2. Land use characteristics map of the River Aireloaent. Legends: Deep Green: Woodland Forestry;
Brown: Arable and Horticultural; Green: ImprovedaSsland; Yellow: Unimproved Grassland; Violet: Paad
Bog; Blue: River; Ash: Urban (from EA Scoping Rep@005)

The large concentration of population and industiéee served by 40 sewage treatment works (STWSs),

majority of which are trickling filter types whiatischarge into the Aire catchment (NRA, 1993). Apnad the
STWs in the catchment is as presented on Figure 3.
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Figure 3. Map of sewage treatment works in the River Aire loatent (from NRA1993)

3. Methods

Samples from the River Aire and its tributariesraBeck, Glusburn, and Eller Beck) were collecteda 2
day fieldtrip on Thursday 5th and Friday 6th Segdien?013. The sample locations are as shown ond-#u

Samples were collected using bucket and line atssilosle sites of the river and its tributaries.eath sample
location, samples were filtered through a 0.45ulterfipaper, into 2 50ml vials. Stored samples fatah
analyses were acidified with 5ml of 10% HROhe samples were then labelled and sent to theetsity of
Leeds for storage and analyses. The cations weesured on filtered and acidified samples by indedyi
coupled plasma atomic emission spectrometer (IER)Aand Silica by spectrophotometry. The anions,{SO
CI', NOy) were measured by ion chromatography, and alkaliiCO;) by titration with hydrochloric acid
(HCI).
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Figure. 4. Map of the sampling points of the Aire River andtiibutaries superimposed on geological map (froRAN
1993)

4, Results and Discussions

The data for sample location and codes, the majus, isilica and total dissolved solids (TDS) anel Bg%
contributions of the ions to cation and anion congras for the Aire and its tributaries are as showfables 1,

102



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J LN |
Vol4, No.10, 2014 ISTE

2 and 3 respectively.

The charge balance for the samples fall within£H&% criteria for acceptance for most laborato(eshwartz
and Zhang, 2003).The River Aire and its tributades mildly alkaline in nature with pH values ramgbetween
7.77 — 8.29. The Aire River exhibited a low TDSe(ttoncentration of Na+ K+ C&£* Mg*+ HCO*+ CI +
NOs; +SQF + Si0s in mgL?) of 325.67 mgl* at Malham, with its highest of 518.34 mtat Calverly Lane
Bridge.

The cation budget for the Aire is dominated by'Qaontributing 89 Eq% to TZat Malham), decreasing in
concentration (contributing 45 Eq% TZt Calverly Lane Bridge) as the Aire flows awagnirits source. The
concentration of the cations (N&K") increases as the Aire flows towards Leeds,tstihiy extremely high
values particularly for Naat Calverly Lane Bridge. The cation contributidos Na" and K are 39 and 5 Eq%
respectively to TZ+ at the Calverly Lane Bridgecampared to 3 and 0.26 Eq% respectively at the saurce.
K* which is usually known to have the least concéiatnaamongst cations in natural waters ( Berner &
Berner,1987), however exceeded the concentratidngdf at Calverly Lane Bridge, with records of 12.77mgL-
1 and 9.10mgL-1 for Kand Md" respectively.

Table 1.Sample code labelling and location of sampling

Sample River Sample Location Sample  River Sample Locatiorln
Code Name Code Name
Mainstream Aire River Tributaries of the Aire
S1 Malham (Source)

S3 Earby Beck Broughton Bridge
S2 Gargrave

S4 Glusburn Eastburn Bridge
S7 Carleton Bridge

S5 Eller Beck  North of Skipton
S8 Cottingley

S6 Eller Beck  South of Skipton
S9 Calverly Lane Bridge
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Table 2.Chemical composition of the River Aire and four @)its tributaries
Sample pH TDS Cations Anions TZ TZ CB
Na" K* ca* Mg* SiO, CI' NO;y SO# HCOy
Code (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (ng/l) (mg/l) (mg/l) (mg/l) meg/l meqg/l (%)
Mainstream Aire River
S1 8.14 325.67 3.26 0.44 7590 4.07 3.00 7.2 39 4 2.2255 428 4.01 3.18
S2 7.77 365.39 5.60 099 77.80 5.30 1.70 11.6 35131 2476 459 4.68 -0.97
S7 8.14 401.77 9.23 1.80 7794 6.48 0.62 18.9 42981 262.8 487 5.32 -442
S8 8.13 344.41 16.21 3.20 5880 6.95 1.55 30.3 16.27.5 183 429 4.70 -4.52
S9 8.17 518.34 61.10 1350 62.04 9.10 1.30 91.8 3178.8 169.7 6.85 7.51 -4.62
Tributaries of the Aire
S3 8.29 37339 1396 263 6570 530 1050 19.8 9.22.6 223.3 439 484 -4.92
S4 8.24 25558 10.06 2.02 4980 6.40 12.60 20.5 7 0.6 2 126.6 3.50 3.20 4.57
S5 8.13 160.20 5.97 1.13 2240 530 16.10 131 2.14.7 78.8 1.84 201 -4.36
S6 8.01 254.84 9.46 151 46.35 6.14 1.98 19.5 4619 2 1434 3.27 343 -2.42
Table 3.Relative contribution of major ions to TZnd TZ at various sampling points of the Aire River
) Cations Anions
Sample
Code Na* K* ca&" Mg* ClI NO; SO HCOjz
All values are in Eq%
S1 3.32 0.26 88.59 7.83 5.06 157 125 9212
S2 531 0.55 84.63 9.51 700 121 5.03 86.77
S7 8.24 0.95 79.86 10.95 10.02 1.27 7.75 80.96
S8 16.43 1.91 68.35 13.32 18.19 5.80 12.18 63.83
S9 38.81 5.04 45.21 10.94 3448 6.66 21.84 37.03

The anion budget in all the samples is dominatedlkglinity at all the locations,(HCOcontributing 92Eq% to

the TZ at Malham), and decreasing in concentration (rdmrting 37 EqQ% TZ- at Calverly Lane Bridge) as the

Aire flowed towards Leeds. The concentrations amtributions of Cl-,N@ and SG* to the TZ-are very low
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( 5.06, 1.57 and 1.25 Eq% to TEespectively) at the source of the Aire but thedileit high values of
concentration and anion charge balance ( 34.48,&h6 21.84 Eq% to TZespectively) as the Aire approached
Leeds, particulary at Carlveley Lane Bridge.

The trends highlighted above are shown Figures &d 7 for the major cation and anion contributiorthe
TZ+ and TZ, and the plot of the concentrations of the magmsion the hand plotted Ternary diagram at the
various sampling points respectively.

Even though the Aire flows on Miltstone Grit lowawwn its catchment, the silica concentration desgsa

Among the tributaries of the Aire, Earby Beck retothe highest TDS (373.39 migLwith the lowest TDS
been recorded by Eller Beck, North of Skipton. THiker Beck, North of Skipton records the highedicai
concentration of 16mgt for the tributaries. The tributaries also recortiégher concentrations in K&I',NOy

and SQ* as compared to the concentrations of the samgtasdbr the source of the Aire.
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Figure 5. Cation Eq% contribution to the TZat the various sampling points as the River Aipavél from its source
(Malham,S1, rural) to Leeds ( S9, urban)

Chemical weathering of the various lithologies, @spheric deposition and anthropogenic sourceseaniihe
Catchment supply the major ions in the Aire Rivear.attempt will be made to trace sources of theomigins in
the River Aire as it flows from its source towatd=eds.

The values of TDS within the reaches of study otterséses the Aire River as a freshwater body (Daaied
DeWeist, 1966). Dominance of €aand HCQ from Malham to Gargrave correspond to the Limestsource
and the steep slope that enhances dissolutionedirttestone bedrock on which the river flows. Thewlow
concentrations of NaK"™ and Cl may be attributable to windblown aerosols whicigioate from the coast and
reach land surface through precipitation. In caiirthe SG and NQ could originate from acid deposition
from anthropogenic sources like industrial and glehemissions. The high concentration of N&",CI,NO;
and SQ noted for the Aire tributaries are probably frome effluent from untreated sewage that is discltarge
directly into the tributaries and leached ferélizapplied on the improved grasslands and livestivokpings
that has reached groundwater, that is supplying Blew to the tributaries since, the study was cated in late
summer. The tributaries contribute to the Aire afrl€on Bridge, increasing the concentration of aheve
named species for the Aire at that location.
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Figure 6. Anion Eq% contribution to the TZat the various sampling points as the River Aicsvl from its

source (Malham,S1, rural) to Leeds ( S9, urban)
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Figure 7. Ternary plots for cations and anions in the AireeRialong its course from Malham,S1 towards Leeds,S9

The reduction of silica concentration as the Aloavs downstream on the Miltstone Grit is due te tbsistance
of quartz to erosion and weathering and to thigefténg of the topography which reduces river algaction

(Berner & Berner, 1987). A comparison of the vdrmigh silica concentration values that have breeorded

for the tributaries that are on very steep slogebheAire catchment illustrates this reasoning.

As the Aire flows from Keighley towards the hegvilopulated and industrialised cities of Bradfordl &.eeds,
extremely high concentrations of Na&*, CI, NO; and S@Q* are recorded at Cottingley and Calverly Lane
Bridge. These are from point source effluent disghsa into the Aire River from communal sewage tresait
works and wastes and brines from industries ttetancentrated around these urban centres. Prewinksby
the NRA (1993) and Ward and Robinson (2002) cite Alire as a catchment in the UK with large inputs o
industrial effluent and domestic sewage resultimgery high concentrations of chloride, nitratesdism and
sulphates.
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The high TDS exhibited by the Aire River as it flewlownstream can affect Salmonids and their spaynin
habitats (Weber — Scannel and Duffy, 2007). Higinaté concentrations from domestic sewage can fead
enrichment of the Aire, resulting in excessive higj@wth. Eutrophication can lead to severe oxydepletion
leading to the death of fishes and other aqudéc River enrichment can also lead to problemsafater supply
abstractions by causing taste, smell and filtrapicoblems.

The concentrations of the major ions satisfiedUWkenational standard for water supply to taps ( &/&upply

& Quality Regulations 2000) for the reach undedgtumplying that the treatment of Aire River undle reach

of study for consumption will not be problematia foiDS. However, these values could increase andezkc
admissible values because of anthropogenic activity

5. Conclusion

Limestone dissolution dominates the Aire Rivertassburce, contributing high calcium and bicarbenans. As
it flows from Gargrave to Keighley, the impact gfrigulture and slight urbanisation is noted in thange in the
chemistry of the Aire. As the Aire reaches Calvdrine Bridge, flowing through the highly urbanisgties of

Bradford and Leeds, the anthropogenic impacts enitler are noticeable by the high concentratidnsodium,

potassium, chloride, nitrate and sulphate ionscividrastically change the chemistry of the river.

In conclusion, it is noted that the chemical conifms of the Aire as it flows from its source isghly
influenced by natural control of limestone disswint however as it flows downstream away fromsitgirce
through Keighley towards Leeds, the chemical contiposis considerably influenced by the activitieEman
like agriculture, urbanisation and industrialisatio
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