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Acidtic deposition is widely believed to be responsible qu'the_nétdificntlon;f;;

v of,so1ls .and stream waters which causes major. a;dvers_lé‘ ‘ecological effects in .~ -~ ..
.. Northern America and Kurope. Areas particularly at risk are the uplands where sofl -
. cover is thinand natural buffering mechanismy arc swamped or bypassed. It 18 now o
. recognised that stream actdification, often accompanied by the release of ecolo~’ 7
.. 8leally toxfc elements, {s in part. the consequence of inappropriate land:uses, *-
o yﬁilethef Luxes of hydrogen . ion and sulphur. dioxide -to-catchments - may-representia
~major contribuition to- stream Acidity, in many other cases the disturbance sor build. .
.up. of organic rich soils with 'extvemely high. actd-content;-couplod-with-changas -{n™
-+, hydrology, ..can-also be a major factor. - However the relative importance of "land iiga "
practices In affecting the environment has not been fully established and remains -

o . L

"'To 'develop an understandiag of the {mportance of land use change in controll-.
ing stream water quality in uplahd areas ‘the present project was initiated, in e
~..8pring 1983, .to study water quality. changes .in forest streams before, during and:"
.after a defoxestation. programme...Two main subcatchments of the- headwaters nf-the
River..Seve mw._.;».in:_‘t:he@_llaf:re_n_-.i-lfo:q‘st_:‘-,=*-~'-at:-‘-tth_et'-easter_n“edge‘f‘_ﬁof:"tI’.}J;y(n‘;!,‘;ﬁqgﬂpp‘;‘ﬁfrgl d"Walesi':
‘were: selected for 'study. This area was- chosen becausé.a defores tation prograi
was..planned..£or one.of.the. two-subcatchmen te, detail
catchments 1.8 available:.since they: comprise ‘an:: 11 -pa
“Hydrology "s- water ‘balance’ studies,”and complementary chémical stu: g, within
~Plynlimon -areaare being undertaken by the Institute of Terrés trlal Ecology.
© Details of the catchment characteristics of these sites are shown in Table ! and
Figure 1. . o e e g - -
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_The aims of the projcct are: . e

(l) to produce a comprehensive baseline hydrochemical data eet for detailed
comparieon with data gathered following the Hore deforestation- programne“

(lTE) and the Britiah Geological Survey (BGG). B T

s

to develop a. mod 1 describing the. movements of. key conaervative and
non-conservative elements through the two catchments under varying

hydrological conditions
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‘to uee thc model (2) to cstimate element reeidencc timea,
qhto identify the. dominant hydrogeochemical prnceaaee aidedwhvlminera
-equilibrium models; SRR ML et e e e b i
| 8
to determine the. relative importance of. ¢
-+ blochemical sources of a wide- rangejof:g
“making use of, and linking directly with',
Plynlimon on. plot “and catchment acale exnerimenta,

to examine the potential of ndturaliwooanere for anaeeaing the*component
nuemof rapid-runoff--in-streamwater,-linked- with
(uaing "artificial ‘tracer techniqued‘w:w
b ...,“ TN ron {'5_
Lo Results are. presented to ehow the progreaa made during the Eiret
B the directions in which the continuing atudies will develop. - _

NI u

nW\&

S ST

-of autumn 1985 in colluboratfon with the-Institute. of Tervestrial Fcology;:‘d'
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“ Weekly gampling of rain and etream waters was initiated“}n May 1983 at,the

~aitee ahown in~Figure~l.“ ‘St réam” ‘water - samples were"aleo’ écted during pe
‘At the etreamwater samplingwsitee two eamplea offwatermw, t

“and - immediatelyrfiltered;-one*
~through~a~]um:-glass-
bottles respectively.

'“/'“with “Ariatar“'

..taken. towthemPlynlimonwlaboratory where~they*were“bulked“togethe
~average chemistry for the altitude range:of:the catchmént -
‘then split,” filtered and put. ‘
for the etreamwatera. ‘

ght*occur during- storage’
Wallingfordflabora
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TABLE 4 Ra!nnn coruhtionn for the -ajor and trace oluontn. -
AR o ud elexent ratto- for cz tor the “ses nlt“ co-pononts

S - . p
-

i

-xi o

Cortelations for a confidance level - 90y

: (a) E CORREI.ATED G'{OUPS POR ALL RAINFALL SAMPLES ANALYSBD . _
Group 1 Na, K, Mg, Str, Br, C1 i e
-Gtaup 2 /i w«kly J.1:49\3,m‘5m.l. intensity for the Hote and aafran catchncnts 7
Elmnt ratios r.o cl (mg/l)'

.. MNe; K . Ca- Mg B 3,‘-:?
R&ir.’fan "0/42 0.024 o. 036 0. 066 0. 45:10 0.38
SQA ‘water 0. 56 0. 021 10,021 o. 066 0. 23::-0 0.14 '

/pr"

; (b)CORRELATED G‘ROUI-‘S FOR AI.!'. RAINFALL SAF!PLES ANALYSED ENCLUDING

» -ACIDIC . SAHPDES :

 Group 1 Na, K, Ca, .'-lg. $0,,. Sr, Br, cL o po iy
Group 2 weekl'{ rainfall intensity for thn Hozo and Hafron catchmonts

R Element rat.toa tocl (mg/l)* | o
..... e e e e

e, o w.., Hq : oR " B s H » 4
Rainfall o.‘.,é 0.024" 0.036 0.066 o. asx10. 0.98 o0.0036 o. 39x1o ¢ 0.40x107).
Sga water G 56 O. .021 0.021 0.066 O. 23x10 9 14 .0.0033,.0,003%10. %, 0.41x10]

4

e Mean coﬁcertraizons used to detemine rat.tos cam‘mr. rainfall intensity
rated) i ‘ b ' S
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Afon tafren - e L
" The stream chemistry 1s variable, the range of values differing for the’ various

determinands (Table 3, Figure 3);  the maln "sea salt" componeats show only a two
£fold variation while many of the mi.nor and trace elements show varifations of up to
an order of magnitude. ‘Hydrogen ions ‘and several of the major and. trace elements :
-are Strongly related-to flow (Tab!e 5, Figure 3); they fall 1into two groups (Table .
6) one having moderate acidlty and relatlvely high concentraeiona of Ca, Sr, Mg and
H003 at low flows, 'the: ‘other hoviog ‘relatively high acidity and relatively high
: concentralions of. I.L,j 8Gy, Y, Ba, Mn, Cu, Fe, Co, Al, DOC, NO3 and B at high flows
f**““Despite this broad reiat:lonehip, For Heveéral eilements the link between flow and o

17 _concentration 18 complex and. Hnear correlations do not describe the relationships
well (Figure 4). For example L, Mn a:-d Co all shou Ligher conceatratiocas during
_ the autumn stotm period while total 1odine shows increosed‘concentrations during
“long periods of receae{on ond variattons in 81 c"ncentration show'a strong rala-
“tionship with the occurrence or absence of. storms (Figure’ ‘5)although che ;magnitude’
-of ~the- change is not directly related to“flow :lntensiry._ A seaeonalwariatton is
'“'_obserﬁ'ed for Na, Cl,(kkand ‘403,' concentrations i.m.rt.\,;i.ng from. May 1983 to F«.brudry
‘1984 (Pigure 3), although an increase fin concentration is observed during the Equt
'~ storm flush period of{the autumn for Na, f‘l and N03. )

| - The. Afon Hore gshows similar behaviour to t.he Afon Hafren and hence only a
hf_ief descripcion of the ‘results 1.3 ‘given, Thus: A
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(1) he stream :ehemia':‘{'y "veries wil:h "tzime, the- -range of concentretionshdiEfering
for the variouguqeterminands (Table 3, Figures 6 and s .the sea salt elemente
N _two.fold . variation while- many of - the minor and trace . .-{'.‘i‘i\ii‘-

Na_and. Cl showing on?, 1
element:s (A1;. Y.,H Pcsszoa, B,‘ Mn,: Zn, NH“ Br, I) show up to- an order of
_.;magnit:ude range v e e BRI P

-:“

I3

(2) Hydrogen 1one and sweral of the major and trace elemen_te are strongly linked
choto flow (Table 6-and, 7% Fﬂéure 6);- they fall-1into ‘two groups: (Table''6) one -
= having-moderatey acidity,feorl f:reeetively high=concentrations of Cay Mg, St;- Si,
i Fey-HCO g% ‘and I, “the” otheraheviogon.latively high aoidity ‘and’ relatively high

, .coneentra:}one of Y, Be, ~ ;

FPIRTIPTERP W " I E SRR PR B Al b e

gﬁf‘eﬂe;gﬂgggqal va;l‘g.}qation 1eﬂobaerved for ;:‘Na, Gl and "Losn although again high
o are linked_,withe the early‘_;.autumn;,etorm events,
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Table 6. Mean concentratlonn of -jor, -:lnor aod trace | o

' elements in baseflow and storaflow vaters for the o 7  chiandat: ' PR TIPS
Afon s fren and Afon Hore. o by o - Table Hore stream chen%st:ry cotrellatlitou. (992 confidence linft)r o

'
't

T o ' Py o (1) Correlated groups for sumser low flow pei-;od (May-August 1983).

o ~ flow € 0,01 mm 15 min~) ‘flow > 0,10 mm 15 min~t o wrotp » B, S, Fey HCO3s 4, R SLopl T

- Hore - . ﬁa’fren A5, Hore . B . Group 2* Y, Ba, Co, 2n, Al, Mn, Li, H, flow =~ =

Major components (coqgéﬁﬁrﬁ:tom in mg 1~1) . . - : ‘ o Group 3 Na, Cl —

Na ~

K

Ca

Mg

- SU“
St
e B
i .1“ucog-ﬁz.m L
R .Nua.,:_. .

cl

e

4,15 48 4.56 | ;o g | S B T T
3.0l 0,706 0,836 | - - | | A ST
z'ég B 2 ;?2 0, ;gg T (2) Correlnted gr_oups for autu-n stom period (Septe-ber 1983 - Febmary 1984)
21 16 . 143 e grow " . '
0.954 1,60 | 132 - e 0 p _.
1043 L2 AT e o
182, - o - 0.878- R B T 0 WY -1 T T S roup «
;ﬁﬂ ‘ 7.58 9,01 10. 5 - L . Group 3

TN O T A

B

SN e

. o

ﬁa wﬁ

)

“w " ' BT

Minor and t:racauele ent components (concentrationa 1n p,g 1'1)

R
- B ' 2,88 4,62 3.99 ) 4,07
Sl 198 1.89 2410-1__ .
8r . . ..5,3 ... . 7.1l . . 5, 30
et ‘023_62 ""1.'09'.“_' ‘3 66 a

(3) correlated groupa for a_r-autu-n period (l'lay - February)

i v Group 1% Ca, Mg, Si. Sr, Fe, HCO;.;, I, pu e i

jfcraupﬁzt“ﬁ Y, Ba, Co, Zny’ Al, bocCy’ NO3, L, Na, crf“

P

e e

i

e -”a;g'  ;Cuﬁﬁ“!jW_fﬁvnﬂff~1748;,\- R 1e42 1;Axf“ 2.&9 ,ﬁ;.;;.il A g Che e i | R TR R x,g';iiﬂﬁm;;h.

i Element ratios to Cl (mg~1-1)*a-_ T TP

Zn - 7.05 11.0 16.4
AL 56,6 . B5.8 . 506,
Brﬁ;m_..ﬂ.,,w,:Jh27p6..‘ ‘ﬁ,_,_23$2_h___ igls

1 Na - K Ca - Mg. . .-B - - 8O, . :Br.:

e e

,';;;"

t:scfeamé"i:hf’.. - SR -
R vater 0,50 0,017 0,218 0. 110 0. 51x'0’3 |
1. . /Rainfall  0.52 0,024 ‘0,036 0,066 0.,45x10~ 0,280,003

CRRE Sea wa:er 0456 050210,021" “0,066 * 0.23x10"° 5¢ "0414 70,0033

P L i . S [ G et L
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1.9 - 1 8 et
5.80 6 oa'1

CEERTN R ISR At .d e e e P P T -, PR X f T N

'éJNHq and - PO values- not. 1nc1uded due £0- uncertainties- in . these: eatimates i
“(many" values being less than the detection limit) and the large ffrange 1n EERE.

" Groups 1 and 2 are’ 1nverse1y related.
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| o B ) | - on the Afon Hore compared with the Afon Hafren;

. " o A ” . Lo - during periods of beseflow for Ca and Hcog (Table 6).

"*,,i . ‘ . ‘ ﬁ : ‘ lg” e

' DISQISS!:G OF RESULTS, Lk \ (4) ’Ba, By Cu, DOC and SO, are not correlated, S0, concentretione behﬁve like‘

I Co and Mn in the Afon Hafren but not ,tf"n the Afon Hore, . i .
: . : . : In addition to the variation in chem‘ical concentrations some mentton oust be - i
- 1at S S o o | | ) .. made of an apparent di.fference in the hydrographs for the two catchments. (Figure, L

hinfell mnoff re ionahips o o P . . o ’ ; " 10). While flows in the two catchments are in. general highly correlated’ “(as.

expected given thei%lclose proximity) for two storm events 1tttle flow increase B
is shown {n the plotted data for the Afon Hafren even though the ione ‘associated.
_remain correlated for the two streams (Figures 8.and 10); dotailed e
(15 min.) data show the storm: events, . This apparent differeuce 1n the two "’
- “hydrographs {llustrates the rapfdity ‘of ‘the flow- response “of the’ catchmente to
‘rainfall and the danger of using weekly flow data' o reeulte from a sampling

The large variation in the concentrations. of the "sea salts" in the rainfall
are not reflected 1n the suhsequent patterns of stream water chemietrtes. For
exemple the range of concentrations of chloride in rainfall 18 2 to 25 mg. 1-1
~in the streamvater 18 only 6 to 12, Similarly, the variation in the concentra- :
tione of the trace elements in the rainfall is not reflected in the streamflow. -
The concentrations of many of these trace elements are occasionally very high and.
_are agsoclated with high acidity as well as enhanced, levels of SO,’ and N2, (Table

L

__ 4).. Apart Erom. these snomalous rain events, . ‘the variattons and. mean concentratioue . o ._T.b]_._;_ 3..
- of the trace elements 1n rainfall are emaller than those 1n the etreei.meters. {
Atk o ! O
Streu Hater Relationships for the Afon llore and Afon lhfren = e R R A
Autumn-winter

The concenttetiona of. the chemical epeciee in. the streamwater vary. either

,__}seeeonally or are releted to: hydrological change and are not’ ‘due to. variation {n - - ; .1410
“the"rainfall chemistry. This relationship between chemistry and hydrological . 494 e Ras
[N change takes three forma- T : 0596 ++ 589 4+
q..l(l) Direct Elow responee where, the concentration increeeee and decreaees as Elow. SEIPUS § 1) JES R ——— Y. ) I
v ‘:m:.incceaseg and decreages. B i B o 8 s S e S e 58 e o R — - I s
- (2) wDemped flow responee where the concentretion 1ncreasee (or decreases) 1n the 4 o g 106

g ;.\eutumn-winter period when high flows: ‘prevall ‘and ‘decreases (or increases) : et “ :“_'_.'232- B
"‘““"’""”when flows return to the low level in the epri»ng and summer. o T 5 R D A S

Compound flow response where the varietione 1n concentration are related to
. hydrological changes though their relationships with Flow are complex.

“and 'Y ‘{ncrease by an-order of megnttude while HCO;
”pr°"1d° ‘examples of ' “dampad flow reiiponse”. -

‘I:1increases during’ 1ong‘per£ods of baseflow.” i'*-"?-c::ompound
"Elow response” are- ehown for” Na, r‘l and N03 (Figuree 3 ‘and’ 6) and St (Figuree LD
and 7) respectively. '

B S

remerkebly similarawith :high correlation coefficientenfor several elemente (Na,
Ky:C8+:80y =81y Y- Bag- Mn,- Coy- Al NO 34 CL) - a8+ shown-1in-Table- 8-and examples - s
provided in Figure 7. Deqptte these eimilarities differencee between the etreame :
~0CCUT™ in four reepects° .
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o horizons-involvethe- ‘hydrolysis-of ‘atltcate“minerals; ¢lay" transfomations ‘6

tlicc acparatlon of only 5 hours dnrtﬂg which t{me flow decreascs. significantly, R
stream acidity did not. = . | o

Hydrogcochmccl and’ Hydrologlcclf Proceuca
‘rhe hydrochemlcal and hydrological factors determtning stream water chem stry
« are interlinked aad ‘tha. distinctn.on ‘betwaan their controls is not sufficient for -

__them to be referred to in 'solation. It 1s likely that_ almi!ar hvdrogeochemical.;

‘reactions are occurrtng in the’ 1a:urat:ed and unaaturated 2onqs s but: the o

‘time and the extent: of«water-rock ‘contact are’ 1mparcant in’ determintng the hydro-'

i

.‘themistey. . The hetorogenelty of the hydmlogical system, 1nc1ud1ng t:he water - leve__l”__

" fluctuations and preferred' ' {low-routing, will add 'to theé complexity, resuiting 1n

sitheimixing of :waters ‘having:different chemicdlicompositiang, In’generalsthough,’
baseflow is characterised:by-low acidity," Ca-H(.03 bearing, stream-waters" and storm
How is“characterised bv high acitL.:y, Al and r,rans tion metal bearing,. :

AL

term of the flushing and mixing of .waters from themeat surface organic and the‘

underlying: inorsanic horizons. Dry- deposition washed
,,ut:he produc:s of orpanie matter decomposition regult’ 1.
{a the gear surface horlzons. This prodaces mbllisatton of the casily hydrolysed
transltion metals, ‘a process enhanced by organic complexation and sometimes by
educingcondit{ons. 1n the:podaoliand: gley horizonss : -Reactions in" ‘theiinorganic

chlotite“to verniculite and dissclution of ‘carbionates” regsulting 1n"th
Ca, Mg 'and S1 to solution. itogether with ‘the consumption “of hydrogen 1ons
conscqnenceu_of# this~ hydrogen ion‘ ‘consumption, ftheée“ncat“

p i HOO3 {
cam wat:er composition t;hus ref'iects a combination of mixing processca,

d-organic reactions and \-r-flusntog out..
10

”‘dited ‘above..

{3 AT DU S DAL TN

‘compound flow =* ebpbng are”
indicate’ that‘*he chem}cal“ reaction' tate

ELEY WA e

‘”reactions) are_operating and t:'hat ‘t‘here ave complex hyd‘

P

i wintertatorm- ’periods“whemsotlwmoistufe 'deﬂcits”*aéewat a*“m n mum.-‘-
onl jeg that evapotranspiratio ‘




flowaﬁt&e nain supply of water in“the Upper Hafren ie from the peat areas and _.
10 darived from gravel aquifere. B Co

'“",.(14) Sr and Mg are highly correlated in both the Hafren and the Hore etreams. _ o
L ‘llowevpr the; variation in the concentratfon of theac ‘elements with changes - in v
oy {s dtfferent for the two streams. .This ehows that even when the C

can opet‘ate.

.. fall'ls. maot reflected in the stream water, .This shows that either rapid
nlxlng of the rain inputs with the stored water occurs or thot there is a’
large wst:er atorage volume‘ in the catchment.

‘htlig wEnter storm recessions, concentrations of Al, H ton and HCOjreturn to j'
‘baseftow -1 avels aven though the: soil moisture deffcit 18 low and the saturated '

: "and’ of the inorganic horizona in the low flow process since
tet "ore' £lov | would contin

(T)i -Inerogses - 40 Cl- concentration in- the gtream water are not fully matched by
inctogses  1n the Na oncentrations (Figurc 11). Since both Cl and Na are from
" [ conservative" slement Na is being lost to the

-geolozlcal and vegetation types are sinilnr, different hydrochenical controls L

;_(5) Thu,;larg'e variation 1n the concentration of major mritime elements 1n rain- .

o R ey E

ettt o it S [ ERLI o G o et i i LAL SN gty 0wt it bt e b Sl e e

, available hydrological data (flow, rainfall), To reduce this uncertainty. and,

- Element

HYDROCHEMICAL BUDGETS ., , /[

Uncertainties ir the detetmiuation of input-output budgete/t'or these catch-
ments are jarge due to difficulties in obtaining representative wet and dry iaput.
levels of elements’ using standard rain collectors, the arhitrary divinion between
~ dissolved and suspended matter (determined by filtration) and the accuracy of . the,

hopefully, to provide realistic values for most dissolved chemical elements, it in e
inicfally assumed that Cl is attenuated within the catchment due to physical, . . . .. ... ...
rather than chemical, processes and that dry deposition of Lhe“various elemente are ’

-l

in the same proportion to Cl ‘as those in wet precipitation,

L Diesolved load budgetn show t:hat the elements being lost: from the two.
Catchmentﬂ al'e Ca. Hg. 301“ N03, DOC’ HCOa, Li.' St’ !' Ba’ Hn. Fe. CO' Al’ zn, bi
while those being gained by the catchments are Na, _K, Cu. Br and I. (Table 9.

e

‘I‘eble 9 Afon llafren end Afon llore Catchment nudgete"

Rainfall Estimates*t' . Runoff* . Catchment Loss . i
Afon Hafren . Afon Hore Afon Mafren  Afon Hore Afon Hafren Afon Horo

Major I-:ienents (kg ha"l "’J T Lo S
\3 . . !
Na' v Thel o T8l 8506 6B . = 0.3
K o 30 e 343G 3,050 -_)..26_‘ X a2
Ca . 3498 7 B 11 JOREE S | N TR 8.0
Mg . 9.0 9.8 1.9 . 1LY A2
| 34 - 37.50 o 6BaD 7 33467 el 35
3.5 3.9 26.1 23,6 22.6
7.5 #.1

_21.3 e 3.8
0.0 ‘ R
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Hydrogen 1on shows an approximate balance between input’ and output from our | ; ~ where CI md"CIR are the Cl concentrations (volume weighted mcamass) in the ..

o determlnattons. ‘However our determinations do not 'include stemflow measurements ] - streaa water and rainfall respectively. This calculation yields G‘lel’ttﬂlﬂ"
whichare known to have pH's one unit lower than that sampled by a standard 1 piration losses of 28 and 34% for the Afon Hafren and Afon Hore re.epeotively
-mmf{m collectors -Since'up to 20% of the total rain faput in these forested 4 compared with hydrologlcal estimates for the Upper Severn of 35Z. . . The varlation

: ~ 1in these values reflects the differences in the extent of foresr.at:ion in the catch-
| ments (the" ‘order being Upper Severn Afon Hore 2 Afon Hafren) and ais An egreameo»t \
with the hydrological data from the Plynlimon w:ter balance: exper’i':ments. A aimple
mass -balance calculation using the evapotranspirational estimates . -.above and: .the
 the Ii{cﬁi m:ter:am,“ th“e 502 and Noz 1“9““ provide additi?nal problems for : fractional areas grassed and fores‘:ed, for the Afon Hafren and Af o Hore, yield
: ,v ¥ e e o S - T -_evapotranspiration values of: W12.7and 39% for the grassed and foreszed portions’ of‘
o -~ the catchments reopeetivelyn 'l‘his ‘compares extremely well with. ‘tayndrologically
determined evapotranspitaclon ‘astimates of 152 (Upper Wye) and 353X (Upper. Severn).
temembering thac :the"latiaraztimate is an underestimate for the ¥Eafren forest
~aince the!/Upper: snuern uﬁ"&po ‘tly grassed; correcting for the; grammmed area gives:
anevapotrenepiret;ma{u }egtimate baeed on the hydrological data of 42%.‘\-4“;«--
T /5_"1:..' ik T
SiThere” r-*ult'sf af"é”pmvided to. 111ustrate a potential ‘use- ot‘ «e&!\emicnl«dat -for-
“1imie ed/n AR avatlabh- or of questionable accuracy (for ungauged: Te=mmtehments: flow
PEGIVILL onal L L amxwater samplers or some crude measurement of  £Asov is .required)

'catchments oceurs . as stemflow the catchments may '’ well be removing .a significant

'amount of the hydrogen 1on input. Furthermore, adaorption of atmosphetic S0, and
’_gfin the tree canopy end logs of N, from tlé catchment make S and N hudgets

_ Regnrdtng the sulphate budget, previous estimates of the: sulphur dry deposi-—' :
 tlon rates are of the order of 30 kg SO, ha™ 1 ~1"and this corresponds. very well .
~well with the differences between the input and oufput Yeluee for the Afon Hafren
-~ and Afon Hore’cat chments (33.6 and '35.6 kg SO, ha~! yr-! respectively). 'Conse-
' ,quently 1¢, sllowvance {s made for dry deposition of aulphut there 18 a net balance
L the Latchments.;‘ ‘Asguming the dry deposited 8ulphur ?ccur? as’ $0,, this’
Lorceuponds.”_to an addttlonal mtnfall. mput of 625 M ha” . of hydrogen. ion
“with the' consoquence “that 625 M ha” “lgp-1 of hydrogen 1on actdity 1s gainod by

‘! ‘S i '; PR

e Al S Sl i B e

e,

the ““h"‘e"t_(.t_e . 60% of th“ °°°a1 a‘:td “‘p“t)' - r'wJ L 240w This(method- howevir:i¢eds validating using' a:much.longer:chemical::wdata;set:£o:allos
- -Despite the similarities 1n gains and lossea of elements by the b r;tch- e f!" seasonal and ’“\1’\ variations in hy drological conditiona tesn/r 1nfal
.+ ments, losses-of Ca, Ba, Zn and HCO; are greater for the‘-Afon Hore than the Afon i fJ“"‘-.‘“’-. .
_Hafren vhile losses of Mg, St, Sr, Mn, Fe, Al, DOC and NO3 are greater for the g ' RO . S \ ) G e
“Afon Hafret then thhe' Afon Hore. Correspondingly galns of Na, K and 1 ire greater o \,ﬂ e . S
"01'9—. Whil,.. the AEon} Hafreu. Bhows only a. gteater gain for. Cu.l S O S

[ G S TR P S L SRR
: E ' S P R

dltlon to- the :I{afren forest »‘studies, beuet‘low surveye of et:reamtri R o

,?‘L.:thrgughout the:Plynlimon area have been undertaken. Preliminary results (not
detatled {n this report) ghow that the major hydrochemical variations are related
to mining activity and land {mprovement (limiag/fertilizer application) rather
‘than vegetation types  The -main hydroéhemical ‘anomalies ‘are observed in the" upper R
‘Rive wHye “catchnent-whare-high: concentrations of" Zny Phy Cd;: SO;,, "HCO3! and B are
foundin the'tributaries vhere lead-zinc ‘mining has been’ carried out ‘and - L
unexplai:ed.:;igh.;-Cuhand-.-Al-~rconcentrations are-observed-in-the River Wye -a_nd 1ts
utaries: ha t : : |

d “"""'and ._.the coiplex  hyc i«
"' ‘generation of acidlc’conditions’ and the ‘mobi1isation of“the
U L % __ metals while teectione in the 1norganic ‘horizons involve hydrogen :lon coneumpti.on,
e S e £ ( g cb and the 1mmobilisati'o "'of the ﬁir‘arol“’““s"f‘&“bl"““transftion

-
At

‘{norganic“reactions | Hore~ ' ""'”:li“'ﬁl“’a”’tl 211
“mineraligation with the" dieaolution*”of*‘“carbonate**‘andf*su1phide@*phm;éﬁmfor%thw\t'onw

Hafren, baseflow chemistry is determined by reactions in the peat==s and underlying

deposits at tt - vater” chents "détermmined by~ £1lushin

SR i

B
s, Eollowing the,)\wg’efpreotatio P
data.will e J-

'va_luee for comperieon-- with result
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(2

ay

the catchment;
':;from the ITE. monitoring sites in t:he foresc.

e (3) :
R _stream water chemtstry.
N ¢)) _-Determinatton of element fluxes thre ugh the tree canopy to establteh
" the effects of dry deposition and pollutant inputs. .
requires additional analyses of stemflow and throughfall" watere
:collected from the I'I'E monitoring stt:e 1n t:he fotest.,_

-;r.tncluding stable 1sotope work.

St'u'dies' of organic, nutrient and trace metal transfers across the
- stream-gediment~water interface, .
CASE studentship*‘ with Bangor University‘

Hydrogeochemical studies on the effects of deforestation; this. requires a_
further 2 years data collection on the same scale as the baseline study. -

Determination of the dominant. hydrogeochemical prot:esses operating in
,.this requires new analyses of soil watecs eollected

Modelling and mineral equtlibrium e..udies to describe the: variatione in

'n

.} .. }

As with (2) chz_s' |

~This forms a major component: of. as
the fteld programme heginning“
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