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Abstract
Regression analysis was used to establish rel&ijpndetween suspended sediment yield and nugigrart coefficient as the
dependent variable, and runoff and catchment ae¢hesindependent variables. The established @greequation can be used
to estimate suspended sediment or nutrient yielthptcross-section within the drainage basin wittsediment or nutrient data,
if the mean annual runoff and catchment area as&vknThe equation can also be used to estimat®talesuspended sediment
and nutrient transport into the sea. The Pra lafstBhana, which is made up of the Birim, Offin dPch sub-basins, had RO

loads from mainly domestic, agricultural and comer@ractivities. The nutrient loads of Pra basiowbd a general trend of
increasing downstream. The high load of 14.6 t'datyTwifo-Praso is mainly due to palm oil productidhose of Dunkwa
(1.98 t day) and Beposo (2.74 t d&dywere mainly due to domestic and commercial adtiwi The suspended sediment and
nutrient transport into the sea are estimated byntbdel to be about 1.2 xsl@nnes for suspended sediment, 792 tonnes for
nitrates nitrogen, 3 kilo tonnes for ortho-phospisrphosphate, 141 kilo tonnes for sulphate andil88onnes for silicate.
Introduction
Information on water resources of a basin is agou@site to the orderly development and managewfent
the resources for socio-economic advancement. Antbegmost important requirements in water
resources development, management and conseraasdnformation on sediment and nutrient loads of
rivers. Fluvial sediment affects not only the qtyadif water for domestic and other purposes, s éhe
operation and integrity of hydraulic structurestsas dams, canals and bridges. Therefore, in thigrde
of such structures, knowledge of both the quaiatity characteristics of fluvial sediment is esséntia

Human activities in watersheds can increase nutteauds carried into surface waters by runoff and
enhance primary production (Sharpley & Menzel, J9&#&ology, physiography, hydrology, soil texture,
and dominant vegetation influence nutrient expamtrf watersheds. In the UK, the enrichment of sarfac
waters with nutrients has been linked to increagemvth of freshwater phytoplankton (Heathwaite,
1993). Problems due to eutrophication within the b#ve, until now, largely been associated with
freshwater systems. In the United States, nuteepbrt from agricultural lands to the river coursas
be up to between 3 and 12 times high in order afmitade (Omernik, 1977).

The Pra basin, which is part of the south-westerer basin system of Ghana, has two major sub-
basins as tributaries, namely the Birim and thenOffhe Pra, which is an important source of water
supply for the people in its catchment area, isdpg@olluted with waste discharges and mining aitisi
For many people in Ghana, water supply, sanitatiwhsafe disposal of waste remain the most importan
of all environmental problems. Control and sustai@ananagement of watersheds are major issues in
Ghana because of human activities. These includéenti enrichment of surface waters from urban
sources and by agricultural chemicals, soil degradaaused by deforestation, eutrophication, irppro
land management, abstraction of water for humasuwoption and irrigation.

The demand for adequate water to satisfy the ewereasing needs through conservation and
regulation has necessitated the need to ident#fywé#rious sources of contaminants carried intarsitgy
runoff. This then necessitated the assessmeiiteo§ediment yield and nutrient loads of the Prarriv
basin. The method that has been developed wastasestimate the nutrient and suspended sediment
transport from the basin into the sea.

Materials and methods
Study area
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The Pra basin (Fig. 1), being part of the Southt@resbasin system in Ghana, has a drainage area of
23188 kmi and an estimated mean annual discharge of 22%&'.nit is quite humid (relative
humidity 60-95%) with annual rainfall in the rangé 1500-2000 mm. The average maximum and
minimum temperatures are 32 °C and 21 °C, respdgfivfor the cooler periods of June—
September/October. The basin comes strongly urgeinfluence of the moist south-west monsoons
during the rainy season. The primary vegetatiorsists of moist semi-deciduous forest.
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Fig. 1. Map of Pra Bosin showing Somgling Sites

The moist semi-deciduous vegetation has forestosols as the main soil type. The soil is alkalime i
nature. Furthermore, the underlying rock of themeds pre-Cambrian and is classified into Birrimia
and Tarkwaian rocks. These are impervious wherarghwater occurs in fractured zones. The Pra has
two major tributaries, Birim and the Offin rive®i¢kson & Benneh, 1980).

The population is made up of mainly farmers, whowgfoodstuffs, oil palm, vegetables, fruits and
cash crops such as cocoa and coffee. Cutting @ fiar fuelwood and charcoal production for doneesti
uses, excessive use of inorganic fertilizer in@gdtiral activities, land degradation as a restilpaor
farming practices, and timber extraction from tbeeft are some of the human induced activities that
cause pollution of the river bodies in the basihe Bctivities of small-scale miners have also digpla
the land and littering parts of the basin with tolees and water-filled excavations that has not been
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reclaimed. These generally have turbid waters @aint other pollutants from gold extraction and
diamond mining.

A programme of water and suspended sediment sagnplas undertaken for all the nine stations
shown in Fig. 1. Starting at Beposo on the PrarrineJanuary 1987, it was extended to Assin-Praso,
Twifo-Praso, Oda and Dunkwa in January 1989. Konpmunso, Mfensi and Anwia-Nkwanta were
added in January 1991. The flow data used wasatetlefrom 1971 to 1996. The suspended sediment
samples were taken near the bank with sample boftlee gauge readers of the Hydrological Serviées o
the Ministry of Water Resources, Works and Housiege contracted to collect the suspended sediment
samples. Samples were collected as frequently ssilje depending on the stage of the river. Themwat
level at the time of sampling was read from théf gfauge

The water samples were collected in clean 500-adtja bottles for nutrient analysis in the laborato
All nutrients were analysed within 0.1-09% relatistandard deviation, using colorimetric methods
(APHA, 1975). The nutrient and sediment data geattheovered a period from 1980 to early 1990. The
samples collected in the field were analyzed in @&R-Water Research Institute’s laboratories for
suspended sediment and nutrient concen-trations.

Nutrient and sediment loads computation
The results of the concentration analyses were tsedmpute the suspended sediment, and nutrient
discharges of the rivers at the stations named fdineula used is outlined by Tilrem (1979), andfghe
form:
Qs,n: KCS QW. (1)
whereQ, A = suspended sediment or nutrient discharge (t)d&y= 0.0864,C, = suspended sediment or
nutrient concentration (mg*)l and Q, = water discharge (ins!). Regression analysis was used to

establish simple relationships between suspendelimeat yield and nutrient export coefficient
(computed by dividing the total nutrient load bytatement area) as the dependent variable, and runoff
and catchment area as the independent variablese3tablished relationship was used to estimate the
total suspended sediment and nutrient dischargeshiea sea.

The data set used in the study for the regressialysis consisted of mean annual runoff, catchment
area and suspended sediment yield or nutrient expefficient (Akrasi & Amisigo, 1993; Larmiet al.,
1996). The original suspended sediment data wakectedl without the use of depth-integrating
suspended sediment sampler. Instead, dipping dfiawdsample bottle was used to collect the samples
near the bank. This method of sampling is likelytalerestimate the suspended sediment concentration
in the overall cross-section. In the absence ofiapeed samplers (depth-integra-ting, etc.) taecrthe
under-estimation of the concentration values, esfee was made to studies that have used similar
methods for correction factors.

A study carried out in South Africa and reported Rgoseboom & Annandale (1981) compared
suspended sediment concentration of ordinary samplottles and sophisticated methods (Turbisonade).
In the study, the concentra-tions of the surfacepdas were 25% less than the concentrations of the
vertical samples. A similar study, conducted at $lidi Bei Alter gauging station on the Oued Chieft
Algeria, compared instantaneous load calculategusear-bank surface samples with detailed sampling
using Neyrpic Turbisonade method. The study alselcnled that the instantaneous load underestimated
the load by about 25% (Demmak, 1976). In the alsehdepth-integrating sampling data a correction
factor of 25% was used and the measured concemtregiues were increased by 25%.

The suspended sediment and nutrient dischargeg Hsjnation 1 were applied to the corresponding
water discharges to establish suspended sedimdntuarient rating curves, using least square fitogn
transformed values of sediment nutrient and waiseharges. The rating equation obtained was of the
form (Table 1):

TABLE 1
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Parameters for Equation 2

Station Rive k n 2r
Mfensi Ofin 1.363 1.328 0.81
Anwia-Nkwanta Ofin 5514 1.135 0.86
Bunso Birim 1.423 1.305 0.84
Oda Birim  4.086 1.105 0.90
Konongo Anum  3.132 1.128 0.91
Assin-Praso Pra 1.083 1.331 0.90
Twifu-Praso Pra 4473 1.137 0.86
Beposo Pra 5.753 1.099 0.87

Q=kO," (2)
whereQ, _ suspended sediment or nutrient discharge (t)d&y, = water discharge in t, k = constant
and n = exponent.

The bias correction factor proposed by FergusoB8&L@%as applied to correct the bias associated with
log-transformed values. This then corrected theetsstimation of sediment and nutrient loads. The
rating curves were applied to long-term flow-duraticurves available for the measuring stations to
estimate the mean annual suspended sediment gietdsutrient loads for these stations (Miller, 1,951
Walling, 1977).

In view of the small number of sediment yield andrient export coefficient values available to
establish the model, it was important to keep thmer of independent variables as small as posgible
order to increase the statistical significancehef tesulting regression equation. Both the deperetsh
independent variables were log-transformed, andebting prediction equation takes the form:

S, Q=KUUS........ Uz (3)
whereS, Q, = the mean annual specific suspended sedimet grehutrient load(t kmyear* or t year
1), K =the regression constant ddg U,......U = the independent variables.

To measure the agreement between the model amtbseeved data, and also to estimate the degree of
correlation between the dependent and independmiables, the coefficient of determinati®d was
used. Because of the limited size of the dRfa(adjustedR?*) was used. The significance Bf was
verified by determining the statistic:

F=(n-kKR/(k-1)(1-R 4
which, in this case, is from Fisher’s distributirelinova & Koumanova, 1995). The computed value of
F (F.,) Was compared witk from tables ) for + = 0.05, 2= k — 1, %5 = n — k under the condition
(Draper & Smith, 1981):

Feomp= 4F (5)
The significance of the regression coefficientsentessted using the F-test  (Yamane, 1970).

The adequacy of the models were investigated bypeoimy the variance of the output data s&j (

and the residual varianc&():

S =2/ (n-K)=x(Y -/ (n-K (6)

whered, = (Y, — v) is the ith residualy; is the ith measured value of the output functiod \ans the ith
computed value of the output function. In this cémestatistic='=S’ / S, indicates how many times the
deviation around the regression equation decreasgarding the deviation around the mean of tha dat
set. The values d¢¥  were compared with  for + = 0.05%2 =n -1 and%2, = n - k.

The examination for systematic error in the modes carried out by trying to reject the null
hypothesis that the residual med) elongs to a general population with a mean o Zthe sets of
values of measured and computed values of the plutpction are believed to have the same variances)
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Then the Student’s statistic is:
t=avn/s  (7)
where is the residual meas, is the residual standard deviation.

Resultsand discussion
Suspended sediment yield
Table 1 gives the summary of rating relationshipgetbped from the suspended sediment concentration
data. Each relation-ship was statistically teswde significant at the 5% level. The coefficienfs
determination @) associated with the relationships ranges betWeghand 0.91.

The multiple regression analysis of the data se¢ gjae relation:

§=135.62Q % A% (8)
whereQ = mean annual runoff (mm) ard= catchment area (I¥n

The corrected coefficient of multiple determinati®® obtained from the analysis was 0.85. This is an
indication that the variables, runoff and catchnaet accounted for a large proportion of the wagaof
the suspended sediment yield. The coefficient8 aritl —0.17 were statistically tested to be sigaift at
5% significance level. The established Equatiora8 be used to predict specific suspended sediment
yield at any cross-section within the drainage magith no sediment data, knowing the mean annual
runoff and the catchment area. It can also be tesedlculate the total suspended sediment dischafrge
the river into the sea. The positive exponent aasett with mean annual runoff indicates that specif
suspended sediment yield increases in areas vhiiljher mean annual runoff, and this in turn refieébe
increased erosion and suspended sediment trarssotiated with increased runoff.

The relationship between specific suspended sedigield and catchment area has been viewed to be
negative (Walling & Webb, 1996). The negative lielaship is commonly explained in terms of the
increasing opportunity for sediment deposition atutage, both on the slopes of a catchment andnwith
the channel system, as catchment area and trastahdes and travel times increase. It also sugtests
slope or upland erosion is dominant over chanredien in the Pra basin system. The mean runoff is a
measure of the sediment transport capability oftineff and these results indicate that transpapgcity
is a very important factor influencing specific geaded sediment yield in the basin.

Table 2 shows the average annual suspended sedyjis&hiof the drainage areas controlled by the
stations. The suspended sediment yields in thealyai basin are low to average compared to thahef o
drainage basins in the tropics. The mean suspesettichent yield of the whole Pra drainage basin was
estimated by equation (8) to be 50.8 t&year. The yield is higher than that obtained for thadgl
Volta (28.1 t kntyear') and White Volta (32.6 t kidiyear?), and lower than that for Oti (63.3 t Kiyear
1 in Ghana (Akrasi, 2005). The suspended sedimiefd js higher than the suspended sediment yields
for Niger (4.5 t kntyear'), Congo (16.2 t kriiyear) and Nile (37.3 t kriyear?). The yield is, however;
lower than the yields for Amazon (62.8 t kgear') and Ganges (1352 t Kyear') (Stocking, 1984).

TABLE 2
Annual average values of suspended sediment yi¢ekiPra river basin

Station River A (ke Q (n¥s?) § (t knt yeart) Local activity
Mfensi Ofin 1515 10.3 24.76 Farming
Dunkwa Ofin 8345 76.2 45.12 Dredging
Anwia-Nkwanta Oda 1303 8.5 26.91 Farming
Bunso Birim 150 3.7 24.32 Farming
Oda Birim 3248 43.4 39.95 Mining
Konongo Anum 681 4.3 17.90 Farming
Assin-Praso Pra 9793 88.1 32.60 Farming
Twifu-Praso Pra 20767 153.0 44.11 Farming
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Beposo Pra 22818 211.0 46.86 Farming

(Q = water discharge, A = drainage basin ares, Suspended sediment yield.

The predicted suspended sediment yield was plattednst the observed suspended sediment yield
(Fig. 2). The entire observed specific suspendelihrsnt yields are closely matched by the predicted
values obtained by Equation 8. This confirms thaiidfion 8 can be used to predict specific suspended
sediment yield of any river basin within the PraibaThe reliability of Equation 8 is similar to @n
developed by Hydraulics Research Limited for easterd southern Africa (Lawrence, 2003) and Water
Research Institute (Akrasi, 2005).

100 -

R?=0.89

Predicted mean annual suspended sedimentyield
(tkm?year?)

10 1
10 100

Observed mean annual suspended sedimentyield (tkm2year™)

Fig 2: The plot of predicted and obsened mean annual suspended sediment
yields of selected stations in the Pra basin

Table 4 gives the parameters needed to determineffitiency and adequacy verifications of the
model, as well as the testing of the systematiorenrthe model. From Table 4, [ is greater than 4F

and F,___is greater than E. It can, therefore, be assumed that for the suigsesediment yield model

comp

(Equation 8), the coefficient of determinatiod R significant and the model adequacy could not be
rejected. Again, no constant system error couldlserved in the model for the 95% significance lleve
since from Table 4,{ is less than f. The analysis shows that the parameters for triehformulation
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have a significant influence on the output functiéii possible corrections were introduced becanfse
the limited size of the data set. Equation 8 wadieg to the whole basin and the sediment yielthef
Pra basin is estimated to be 50.8 t?kear!, which amounts to about 1.2 x¢t0nnes of suspended
sediment into the sea.

TABLE 3
Pra basin nutrient load

Stations Q(m?s?) NO,-N (t day") PO,-P (t day) SQ (t dayY) SiQ, (t day*)
Mfensi 10.3 0.36 0.23 5.72 19.76
Dunkwa 76.2 0.93 1.98 138.26 168.54
Anwia-Nkwanta 8.5 0.29 0.53 5.12 18.29
Bunso 3.7 0.10 0.01 1.10 4.16
Oda 43.4 1.28 0.75 67.50 86.24
Konongo 4.30 0.07 0.07 5.16 8.81
Assin-Praso 88.1 0.76 1.52 57.39 135.49
Twifu-Praso 153 1.32 11.83 276.75 526.44
Beposo 211 1.82 4.38 311.00 428.62
TABLE 4

Results of efficiency and adequacy verificatiorss @sting of systemic error in models

MOdeI R Fcomp 4Ftab F, comp F,tab tcomp ttab

5 0.85 46.85 22.36 6.58 3.73 0.12 1.86
6 0.84 36.75 22.36 4.69 3.73 0.06 1.86
7 0.96 133.00 22.36 3.83 733 0.25 1.86
8 0.94 110.00 22.36 13.95 3.73 0.26 1.86
9 0.98 343.00 22.36 9.23 3.73 0.28 1.86

Regression model of nutrient loads

The relationship between rainfall and nutrient @mration in water courses is complicated by
uncertainty of the residence time of the rain watehe soil profile. Rain water reaches the riveter
rapidly by surface runoff or slowly as it leachdésough the soil profile. Runoff from storm events
delivers greater nutrient loads from cropland asrédted watersheds than any other event. In thdy st
regression analysis was used to establish a ne#ip between the nutrient export coefficient as
dependent variable and runoff and catchment asetihesindependent variables. The regression eaqsatio
obtained by the individual nutrients and the vasilmdependent variables are as follows:

Quosn = 0.00%) 08477071 )
QPO4-p = 0_932-0-837A1.259 (10)
Qqos, = 0.004°828A1260 (11)
QSioz = 0-08@0'65‘%1-077 ( 1 2)

where Q, ., = mean annual nitrate nitrogen load (tonn€y),, . = mean annual ortho-phosphorus
phosphate load (tonnes), , = mean annual sulphate load (tonné€y),, = mean annual silicate load
(tonnes)Q = mean annual runoff (mm) ard= catchment area (Kin

The corrected coefficient of multiple determinaoR obtained from the analysis ranged between

0.84 and 0.98 (Table 4). This is an indication thatvariables, runoff and catchment area accounteal
large proportion of the variance of the nutriergtds. From Table 4,5 is greater than 4Fand F,__ is

comp
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greater than E} The exponents were statistically significant @ $6 level. It can, therefore, be assumed

that for the nutrient load models (Equations 9-129, coefficients of determinatior? Rre significant and
the models adequacy could not be rejected. Againganstant system error could be observed in the
models for the 95% significance level since intaé models § is less than t (Table 4). The analysis

shows that the parameters for the models formuldieove significant influence on the output funcsion
All possible corrections were introduced becausthelimited size of the data sets.

The predicted nitrate nitrogen, ortho-phosphorugsphate, sulphate and silicate export coefficients
were plotted against the observed nutrients exquatficients, ortho-phosphorus phosphate, sulphate
silicate loads (Fig. 3). All the observed exporefficients are closely matched by the predictediesl
obtained by Equations 9-12. This confirms that Eigua 9—-12 can be used to predict nitrate nitrogen,
ortho-phosphorus phosphate, sulphate and silioatislof any river basin within the Pra basin.
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Fig 3: Plots of predicted nutrient loads wrs observed loads
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Nutrient loads in Pra basin
Nitrate (NQ-N). From Table 2 the Pra river basin has a generatl tokmutrient load increasing from

upstream to downstream. The mean nitrate loadripbBsin is estimated to be 2.17 t-fagflecting the
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impact of agricultural activities in the basin. Fieate loads at Oda (2.10 t gayTwifo-Praso (1.33 t day and
Beposo (1.82 t day were extremely high as a result of domestic agrétaltural activities in that part of
the basin.

Linear relationships were established between digeh and NON concentra-tion. NON

concentration tended to be highest in periods gi lischarge and lowest in periods of low discharge
although the variation in discharge was much gretitan the variation in NEN concentrations,

indicative of a diffuse source. The mean annual-NQoss from the basin was 792 t yéarhe Pra basin
also had an annual N® yield of about 34 kg krhiyear* (Table 2.) The nitrate-nitrogen transport into
the sea is estimated by the model to be 792 toxsesegards the export rates of N0 they vary from
less than 10 kg kryr* in the sub-arctic environment where bothNDlevel and water runoff are low to

more than 200 kg krfyear! in the wet tropics (Sumatra and Borneo rivers, diédgna river in Columbia,
Purari river in Papua New Guinea) (Meybeck, 1982).

Ortho-phosphorus (PEP). Ortho-phosphorus also had a general trend of isgrgaload from
upstream to downstream. The Pra basin, which issnugdof the Birim, Offin and Pra sub-basins, had
PO,-P loads from mainly domestic, agricultural and omencial activities. The high load of 11.6 t daat

Twifo-Praso is mainly due to palm-oil productiorhéTPQ-P load of Dunkwa (1.98 t dayand Beposo
(4.38 t day) were mainly due to domestic and commercial atiwi Mean NGN and PQ-P loads

varied considerably from station to station (TaB)eclosely reflecting the influence of the raindieT
mean yearly loss of 3 kilo tonnes yéaf PO-P means that the annual loss in terms of yielthftbe

basin is 110 kg kriwyear. The variations in discharge were considerdlffgrent from station to station
and, consequently, mean daily loads were also \igiiiable.

PO,-P load exported from agricultural and forestedlvatents was three times more than that of-NO
N load. However, NON is known to be more soluble and can be expomede frequently through
runoffs than P@P. The predominance of R® in runoff from watersheds in the Pra basin maylbe to

watershed characteristics such as gentle slopeghwiesult in longer leaching times and a high
proportion of organic soils. This is because P(redominates in run-off from Pra basin, typaision
control measures such as grassed filter stripsmotipe sufficient to reduce dissolved P inputsqoatic
stems (Sharplegt al., 1981).

Sulphate $0,). The mean daily sulphate load in Pra basin is estémao be 385 t day a

reflection of domestic and mining activities. Thghlevels of sulphate recorded at Twifo-Praso (R77
day*) and Beposo (311 t d&ywere as a result of the impact of palm oil prdgiucand mining activities
on the river waters downstream. The mean daily ddsslphate in the basin of 385 t dagquates mean
annual losses in terms of yield from the basin ¢éo@07 t knt year'. The sulphate values varied
considerably from station to station with dischamgdlecting the influence of the rains. The sulghaad
of 138 t day at Dunkwa was also due to the dredging activhigiag carried out in that area.

Silicate (SiQ,). Silicate load varied from station to station wittsaharge. Even though the water

discharge at Twifo-Praso was lower than that ofd®ep(Table 3), the silicate load of Twifo-Praso was
higher than that of Beposo. This is a reflectionhaf activities impacting on the sediments. Itetidved
that there might be more silica-demanding organisntkis portion of the river course. This is besau
the exoskeletons of the organisms descend fromigher layer to re-dissolve below or deposited @n th
sediment where they are re-dissolved later. Humimpounds and the formation of iron and aluminium-
silicate-humic complexes also increase solubilftgiica. The mean daily silicate load in the Pesib is
515 t day, indicating domestic and mining activities. Thicaie yield of the basin is estimated to be
8.11 t kni year.

Conclusion
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Suspended sediment and nutrient data collectednwitie Pra basin have been analysed, and the yield
and loads obtained have been used to develop siempferical models predicting specific suspended

sediment yield and nutrient export coefficientshivitthe Pra basin. All the statistics on the models

showed that the models are reliable and the paeametsed for the formulation of the models have

significant influence on the output functions.

The sediment yields in the Pra basin (50.2 €{ear*) may be considered to be low to moderate. They
are, however, within the range of 3.9-85.0 t?iar* obtained for some major rivers in various parts of
West Africa (Walling, 1984). Forest reserves, seleon forest, cocoa, coffee and oil palm plantations
cover the Pra river drainage area. These typeegdtation protect the soil from the erosive attiaf
rainfall that is very high in the basin. Howevdre tanalysis showed that sediment yield is high tdue
activities mentioned above. The increase in sedimiefd might be from feeder roads, which has very
high density in the drainage area. Activities lidkeer exploitation of timber trees by timber firniegal
chain saw operators, illegal gold and diamond wignslash and burn by farmers are also major causes
of increased soil degradation.

The Pra basin, which is made up of the Birim, O#fivd Pra sub-basins, had Floads from mainly

domestic, agricultural and commercial activitiebeThigh load of 11.83 t dayt Twifo-Praso is mainly
due to palm oil production. Those of Dunkwa (1.98 t day) and Beposo (4.38 t daywere mainly
due to domestic and commercial activities. Mean-NQCand PQ-P loads varied considerably from

station to station (Table 2) reflecting the inflaerof the rains. The mean yearly loss of 792 toruies
NO.-N, 3 kilo tonnes of PEP, 141 kilo tonnes of S@nd 188 kilo tonnes of G, equates to mean annual

loss in terms of yield from the basin of about 34,1 kn?year*and 6.1 and 8.1 t kiyear*, respectively.
The contribution of the catchment area in phosphasuquite significant; sediment transport plays an
important role in phosphorus export.
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