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Abstract

Watershed and riparian areas of Mau Forest Complex in Kenya are experiencing in-
creased threats due to unsustainable land use activities geared towards economic
growth amidst growing population. This study was carried out to examine effects of
land use activities on riparian vegetation, soil and water quality along two major riv-
ers (Chemosit and Kipsonoi) of South West Mau Forest (SWMF). Land use activities
adjacent to these rivers and biodiversity disturbance on the riparian zone were iden-
tified and underpinned to changes on Total Nitrogen, Total Phosphorous, Potas-
sium, Sulphur, Cadmium, Copper, Lead, Total Suspended Solids and soil Organic
Carbon. Three sampling sites designated(upstream, midstream and downstream)
were identified and established along each river as guided by existing land use activi-
ties represented by forest, tea plantation and mixed agricultural farming respectively.
At each sampling site, a 200 m x 50 m section was systematically marked on each
side of the river bank; the longest side being parallel to the river flow and divided in-
to three belts transects each 20 m x 50 m, spaced 70 m apart. Six distinct land use ac-
tivities (indigenous forest, food crop, tree and tea farming, livestock keeping and ur-
ban settlement) were identified as the major land use activities in SWMEF. Plant spe-
cies richness decreased and overall riparian disturbance increased from upstream
(intact canopy with native vegetation) to mid-stream and downstream as epitomized
by the structure, biodiversity disturbance resulting from extensive and intensive
farming, intrusion of exotic species to livestock grazing and urban settlement. Varia-
tion among sampling sites in Total Suspended Solids, pH, Total Nitrogen, Phospho-
rus and Potassium were associated to different land use activities along the riparian
zone. Total Nitrogen and water pH showed significant sensitivity to land use changes
(p < 0.05). Put together these results indicate loss of biodiversity, riparian distur-
bance hence a need to adopt environmental-friendly land use planning and sustaina-
ble farming systems in SWMF.
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1. Introduction

Watershed degradation in the developing countries due to anthropogenic activities is
increasingly becoming a threat to the natural water resources (GoK, 2009; Mati et al.,
2008). As a result, most rural areas are undergoing rapid and far reaching land use
changes. Many researchers including Olson and Matina (2006) concur that most of the
changes are mainly associated with intensification of agriculture and expansion of
mixed-crop livestock systems into former grazing land and other natural areas. In addi-
tion there is increased deforestation and encroachment of the forests hence reduced
forest cover (Enanga et al., 2011).

Changes in land use patterns in Kenya are linked to a rapidly increasing population
in rural areas (Mira, 2004). This growth rate translates to an increased pressure and
demand for land resources especially in the watershed regions such as Mau Forest
Complex. As a result, there is continuing watershed degradation reflected through di-
minishing forest cover, reduced water quality, soil productivity, loss of riparian vegeta-
tion and wetland areas leading to a decline in the ecological stability of these systems
(Matano et al., 2015).

SWMEC is considered the most important of the five main watershed areas in Kenya
because of its immense economic, social and environmental contributions to the coun-
try (GoK, 2009). It is the main source of Chemosit and Kipsonoi rivers among other
major rivers that drain into the Lake Victoria Basin. Despite the critical role in sup-
porting environmental, socio-economic and biological processes, South West Mau
Forest Complex has been greatly deforested through excision and encroachment for
settlement and farmland (Gok, 2009; Kinyanjui, 2009). This high rate of vegetation loss
has led to decline in the ecological and hydrological changes that may threaten the sus-
tainable future of areas downstream, biodiversity conservation and livelihood support
systems (Litman, 2011; Masese et al., 2011).

Riparian areas are essential for diminishing negative impacts of land use activities on
rivers (Mitsch & Day, 2006; Enanga et al., 2011). However, the riparian areas in SWMFC
are experiencing diverse development initiatives likely to have also considerably re-
duced the biodiversity and increased threats to these river systems (GoK, 2009). This
study set out to determine how land use activities have affected riparian structure, water

and soil qualities along Chemosit and Kipsonoi rivers in South West Mau Forest Complex.

2. Materials and Methods
2.1. The Study Site

This study was carried out along Chemosit and Kipsonoi rivers in South West Mau
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Forest Complex (SWMFC). It lies at 0.14° - 0.78° South and 35.28° - 35.70° West at an
altitude ranging from 1600 m - 3000 m above sea level (Kinyanjui, 2009). Kipsonoi riv-
er extends from the South Western Mau main escarpment, flows through Sotik and fi-
nally drains to Sondu river. On the other hand, Chemosit river, flows through Kimulot,
Itare, and Nyakach before entering Lake Victoria (Calamari et al., 1995) (Figure 1).
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Figure 1. Satellite imagery of study sites (Ouma et al., 2013).
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The area receives conventional type of rainfall generally exhibiting bimodal pattern
which is well distributed throughout the year with an average rainfall of 1000 mm to
2000 mm-yr~' with the highland areas receiving cumulative annual rainfall of approx-
imately 1835 mm which decreases to about 1500 mm-yr~' towards the lowlands. There
is a short dry spell in January and February while April and May are the wettest months
and short rains in November and December. The temperatures in the area range from
18°C to 22°C with the lowland having an annual temperature of 26°C. July is the cold-
est month with an average of 16°C while February is hottest with average temperatures
of 20°C (GoK, 2009).

2.2. The Study Design

Three Sampling sites (designated upstream, midstream and downstream) were identi-
fied to represent different predominant land uses along each river as guided by existing
land use activities represented by forest, tea plantation and mixed agricultural farming
respectively as follows: Chemosit river {Itare, Chemosit bridge, Kipranye bridge} and
Kipsonoi rivers {Bosto, Chebilat bridge, Sondu bridge}. Sampling sites were restricted
to a 200 m long upstream section of the river on either side of the bank and near
bridges to enhance accessibility. In addition, sampling was started 30 m away from the
bridge and forest margins to avoid edge effects.

In each of the sampling site, 3 water sampling points were identified at an interval of
100m. For soil sampling 3 belt transects (50 m x 20 m) were laid systematically on both
sides of the river bank at an interval of 70 m apart. The transects were laid perpendicu-
lar to the river flow to encompass the most heterogeneity (Stohlgren et al., 1995). In
each transect, plots were created according to a modified procedure developed by Hi-
timana et al. (2004). The belts were subdivided into 5 contiguously units of 10 m x 20
m sampling plots. 2 m x 10 m nested sampling units were established within each 0.02
ha plots. The same sampling design was adopted in all sampling sites along the two riv-

€rs.

2.2.1. Water and Soil Sample Collections

Water sampling was done from the middle and the two edges of the river bank. This
was replicated 3 times at every 100 m section of the river. On the other hand, soil sam-
ples were collected diagonally in 0.02 ha plots transects at 10 cm depth and at the 1%(10
m), 3" (30 m) and 5" (50 m) 0.02 ha plots created in each transect from the edge of riv-
er. Soil was scooped, packed in well labeled transparent polythene bags. A total of 108
samples (3 sites x 18 replicates of sample plots x 2 river systems) were collected for

analysis.

2.2.2. Land Use Activities Adjacent to River Systems

Adjacent land use activities were obtained through direct observation and photographs.
Information on major crops was collected using a structured questionnaire adminis-
tered to the sampled households living in the immediate vicinity and within 1 km on

either side of the river bank. Local land use in every sampling site was recorded.
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2.3. Physical and Chemical Analysis of Water

Physical parameters (Total Suspended Solids), chemical parameters (pH, Total Nitro-
gen, Total Phosphorous and Total Potassium) and heavy metals (Copper, Cadmium
and Lead) was done according to the standard procedures as described in APHA
(1998). These are as follows: Total suspended solids were estimated gravimetrically,
water pH using a pH meter, Total Nitrogen determined by Kjeldahl digestion. Total
phosphorous was determined using the ascorbic acid method (APHA, 1995) while
analysis for potassium, copper, cadmium and lead was carried out using Atomic Ab-
sorption Spectrophotometer (AAS). Before analysis, calibration standards of different
concentrations were prepared. In this particular analysis, each replica representing
samples from the middle and the two edges were mixed separately to form a composite
sample. A total of 18 composite samples were obtained for the entire water samples

collected.

2.4. Physical and Chemical Analysis of Soil

Soil samples were separately air-dried at room temperature, crushed, homogenized and
passed through a 2 mm sieve. Soil organic carbon content was determined by the Walkey-
Black titration method (Nelson & Sommers, 1982). Total Nitrogen was determined us-
ing the Kjeldahl distillation method (Okalebo et al., 2002). Potassium, Sulphur, Phos-
phorous, Cadmium, Copper, and Lead were analyzed using inductivity couple plasma

spectrophotometer (ICPS). Soil pH was determined using a pH meter.

3. Results and Discussions
3.1. Land Use Activities Adjacent to Chemosit and Kipsonoi Rivers

Table 1 below shows the major land use activities adjacent to each of the two rivers.
Chemosit and Kipsonoi rivers traverses through different land use types. In this case,

six distinct land use activities were identified along based on their dominant land uses

and characteristics. Generally there is a variation in land use activities from upstream to

downstream. Upstream is dominated by indigenous forest characterized by dense

Table 1. Land use activities adjacent to Chemosit and Kipsonoi rivers.

Study sites Sampling sites Major land use activities Major crops
Upstream Indigenous Forest None
. Tea growing, tree farming, food crop, Tea, maize, bananas, beans and pi-
Chemosit Midstream ) & & - & P P
river livestock keeping and urban land. neapples
Food crop farming, tree farmin Maize, pineapples,
Downstream P . & . i P PP
and livestock keeping beans and bananas
Upstream Indigenous Forest None
. . . Food crop farming, tree farming, Bananas, maize, kales,
Kipsonoi Midstream . . ;
river livestock keeping and urban land finger millet, sorghum and beans
Food crop farming, tree planting,
Downstream P & P & Sugarcane, maize and beans

livestock keeping and urban land.
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network of trees and bushes with little human disturbance. From the edge of the forests
towards midstream, the land opens up to a rich upland agricultural area of extensive
and intensive farming characterized by tea plantation and few human settlements.
Moving downstream, grazing and mixed agricultural farming predominate with more
permanently settled small scale farmers and urban set-up with high population and
economic activities. From our results, farming plays an important role in South West
Mau catchment and is in agreement with findings by Calamari et al., 1995; Jaetzold and
Schmidt, 2009.

Figure 2 reports the overall riparian biodiversity disturbance in South West Mau
catchment.

Upstream riparian vegetation was least disturbed with native vegetation present on
both sides of the river, intact canopy and with continuous woody vegetation along the
riparian zone, dense ground cover and river banks in natural condition. Midstream ri-
parian vegetation is in poor condition characterized by isolated woody vegetation, li-
mited ground cover and disturbed banks. In addition there is a high disturbance of the
riparian zone by stock or through the intrusion of exotic species, although some native
species remain. Valley vegetation is clearly agriculture with native vegetation clearly
disturbed and with a high percentage of introduced species present. Downstream ripa-
rian vegetation is severely disturbed on both sides as indicated by reduced and absence

of riparian vegetation.

3.2. Effect of the Land Use Activities on Water Quality

The mean values and standard deviation of water physico-chemical variables at differ-
ent sampling sites along the two rivers of Chemosit and Kipsonoi are presented in Ta-
ble 2 below.

Table 2. Mean concentration levels and standard errors (+) of nutrients, total suspended solids
and heavy metals along Chemosit () and Kipsonoi (¥) rivers.

Physico-chemical water parameters Upstream Midstream Downstream
4539 + 10.98 84.33 + 19.68 40.50 + 9.96
Total SS 1
© (mg/D K24.89 + 6.43 72.61 +23.85 64.56 + 13.31
- 7.01 + 0.94° 7.17 £0.59 ® 6.53 £0.10°
P k7.04 + 0.05% 6.91 £ 0.07° 7.22 % 0.07%°
. 3.73 + 0.52° 6.74 + 0.74° 5.48 + (.83
Total Nitrogen (mg/1) k5.18 + 0.68° 5.70 + 0.48° 2.70 £ 0.75°
0.03 + 0.01 0.06 + 0.01 0.04 + 0.01
Total Phosphorus (mg/1) K0.04 + 0.07 0.06 + 0.01 0.06 + 0.01
Potassi " <1.63 + 0.06 1.55 + 0.35 1.56 + 0.54
otassium (mg/l) k1.63 £ 0.03 1.78 £ 0.02 1.58 +0.09
. €1.26 + 0.30 0.48 + 0.80 1.35 + 0.74
Cadmium (mg/l) K204 + 0.51 1.41+0.7 2,08+ 0.51
c (mg/l) €1.53 + 1.01 3.38 + 1.44 3.84 +0.52
opper (mg k245 + 1.81 2.57 £ 0.40 0.63 + 0.23
Lead (mg/l) 0.80 + 0.32 1.28 £ 0.64 1.02 £ 0.50
& 0.71 £ 0.33 1.15 £ 0.58 1.15 +0.58

“abab Means with different superscripts in the same row are significantly different at p < 0.05 (Data analyzed by Tu-
key’s test).
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Upstream Midstream Downstream

Figure 2. Overall riparian biodiversity disturbance.

During the study period, significant differences were observed in Water pH and To-
tal Nitrogen between sampling sites. Tukey’s test showed that the mean water pH at
upstream sampling site differed significantly from that recorded at downstream of
Chemosit river. Along Kipsonoi river, the mean water pH differed significantly between
midstream and Downstream sampling sites. In both rivers, the mean value for water
pH ranged from 6.9 (slightly acidic) to 7.2 (slightly alkaline). However these values fall
within the pH range associated with most natural waters of 6.5 to 8.5 (World Health
Organization, 2000). Most ecosystems are sensitive to changes in pH while certain or-
ganisms prefer different ranges of pH (Kinyua & Pacini, 1991). The reported land use
activities in SWMF do not seem to modify the pH of the water. Indeed soils and land
use activities affect the proportion of major ions in water bodies and hence the water
pH (Bailey et al., 1994).

On the other hand, along Chemosit river significant differences were observed in to-
tal nitrogen between upstream and midstream sampling sites and between upstream
and downstream along Kipsonoi river, respectively. The high Total Nitrogen concen-
trations of 6.7 mg/l and 5.7 mg/l observed midstream of the two rivers could be asso-
ciated with adjacent urban and agricultural land use activities. According to (FAO,
1996) agricultural activities can lead to an increased flux of nitrogen into water bodies
while use of fertilizers on agricultural land has been associated to high nutrient levels at
such sites (Wu et al., 2006).

Further, total suspended solids, potassium, total phosphorous, cadmium, lead and
copper did not however show any significant differences. Total Suspended Solids were
highest midstream on both rivers. This variation could be associated to the different
land use activities reported for these sites, run-off from agriculture, soil erosion as well
as in- stream activities such as car washing. Presence of indigenous forests, absence of
agricultural activities, intact riparian zones characterized by dense vegetation explain
the low levels of Total Suspended Solids in the upstream of the two rivers (Andrea et
al., 2009; Masese et al., 2011). However total suspended solids in SWMF ranged from 24
- 84 mg/l which is below WHO (2000) limits of 1000 mg/l of suspended solids of
drinking water.

Total phosphorous concentrations increased downstream with the highest concen-

tration recorded at midstream and lowest at upstream on both rivers. Natural concen-
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trations of phosphorous in surface waters usually range from 0.005 to 0.02 mg/l, while
the Environmental Protection Agency (EPA) recommends a 0.1 mg/l for aquatic sys-
tems to prevent accelerated eutrophication (Buda et al., 2010). Low concentrations of
total phosphorus (0.03 mg/l and 0.04 mg/l) recorded upstream of Chemosit and Kip-
sonoi rivers is linked to the undisturbed dense network of trees. In undisturbed forested
areas, streams are believed to have good water quality with low concentration of nu-
trients (Andrea et al.,, 2009). The dense riparian vegetation within the forest land use
are effective buffers in filtering out most of the nutrients from the surface run-off
(Enanga et al,, 2011). These findings mirror previous studies that concluded that water
quality is greatly linked to land use in a catchment (Triest et al., 2012) and confirms
several studies that have shown agriculture and urban land use as a primary predictor
for nitrogen and phosphorous in stream water (Ahearn et al., 2005; Triest et al., 2012).
The amount of heavy metals represented by Cd, Cu and Pb did not differ significant-
ly across sites and their concentration did not follow any trend from upstream to
downstream. These results agree with previous study that metal concentrations at sites
located relatively high up in the catchment were comparable to, or higher than concen-
trations of these metals downstream. These values are linked to effluent discharge,
agricultural and urban run-off, washing and bathing activities by local inhabitants and
livestock access to the rivers. In addition degradation of the forest cover and other
anthropogenic activities going on inside the forest, atmospheric deposition and geology

weathering are potential sources of these metal ions (Dabrowski & Klerk, 2013).

3.3. Effect of the Land Use Activities on Soil Quality

The mean values and standard deviation of soil physico-chemical variables at different
sampling sites along the two rivers of Chemosit and Kipsonoi are presented in Table 3
below. The low soil pH upstream might be due to the presence of slightly higher organ-

ic carbon content in the soil. Variability in total organic carbon along the two river

Table 3. Mean concentration levels and standard errors (+) of soil properties along Chemosit (%)
and Kipsonoi (¥) rivers.

Parameters Upstream Midstream Downstream
- 4,82 + 0.02° 5.45+0.1° 5.53 +0.22°
P k4.42 + 0.06 5.61 +0.18° 5.56 + 0.09"
©28.11 + 4.83 29.61 £ 6.17 29.11 £ 6.17
Total P (mg/1) N
17.72 £ 0.87 20.39 + 2.367 15.94 + 1.22
€0.43 +0.13 0.38 + 0.09 0.52+0.18
TN (%) N b
0.81 + —0.04 0.32 +0.01° 0.34 +0.08°
74,11 + 18.92 68.33 +19.69 67.22 +20.49
TS (mg/l) X b b a
22.6 + 4.09 16.89 + 2.11 6.44 + 0.15
758.28 + 168.6 812.33 + 356.48 736.56 + 330.72
TK (mg/l) X
490.7 + 74.5 313.5 + 73.00 271.39 +21.24
©27.09 + 4.03 24.20 +1.73 25.74 + 1.96
TOC (%) k25.36 + 0.58 25.93 + 0.00 25.5+0.27

abab Means with different superscripts in the same row are significantly different at p < 0.05 (Data analyzed by Tu-
key’s test.
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systems is linked to the reduction in organic material being returned to the soil system
due to decreasing vegetation cover downstream and oxidation of soil organic matter as
a result of continuous cultivation along the riverbanks, uncontrolled grazing and
browsing, loss of organic matter by water erosion and removal of green materials.
These results are in agreement with other studies that reported that the soil organic
content differed with different land use types (Yimer et al., 2007; Girmay et al., 2008).
The higher organic matter content upstream may be attributed to a higher accumula-
tion of organic matter due to high inputs from root biomass (Yimer et al., 2007). Varia-
bility in total nitrogen is linked to difference in soil organic matter content, intensities
in cultivation and erosion, application of manures, pesticides and fertilizers rich in ni-
trogen content in the soils (Moges & Holden, 2008).

The mean values and standard deviation of soil physico-chemical variables at differ-
ent sampling sites along the two rivers of Chemosit and Kipsonoi are presented in
Table 3. In this study , soil pH ranged between 4.42 and 5.56, implying the soils are
strongly acidic and suitable for tea production which was consistent with previous stu-
dies carried out in tea plantations (Matano et al., 2015). Soil pH was lowest in soils ob-
tained Upstream on both rivers, with significant differences across the sampling sites.
Tukey’s test showed that soil pH at upstream differed significantly from soil pH rec-
orded midstream and downstream of Chemosit and Kipsonoi rivers. The low soil pH
upstream might be due to the presence of slightly higher organic carbon content in the
soil. The low soil pH at the upstream corresponded with a high soil organic carbon at
the same site Total organic carbon did not show significance difference, however the
levels varied across sampling sites along the Chemosit and Kipsonoi rivers. Variability
in total organic carbon along the two river systems is linked to the reduction in organic
material being returned to the soil system due to decreasing vegetation cover down-
stream and oxidation of soil organic matter as a result of continuous cultivation along
the riverbanks, uncontrolled grazing and browsing, loss of organic matter by water ero-
sion and removal of green materials. These results are in agreement with other studies
that reported that the soil organic content differed with different land use types (Yimer
et al., 2007; Girmay et al.,, 2008). The higher organic matter content upstream along
Chemosit river may be attributed to a higher accumulation of organic matter due to
high inputs from root biomass (Yimer et al., 2007).

Nitrogen and posphorous are categorized as essential nutrients in the soil for growth
and development of plants. Soil nitrogen at the upstream sampling site along Kipsonoi
river differed significantly from that of Midstream and downstream sampling sites.
There was no significant difference in total nitrogen along Chemosit river. Variability
in total nitrogen on both rivers is linked to difference in soil organic matter content,
intensities in cultivation and erosion, application of manures, pesticides and fertilizers
rich in nitrogen content in the soils (Moges & Holden, 2008). For example, it is possible
that nutrient uptake by crops, leaching during heavy down pours or further removal
during plant harvest time could have contributed to the relatively low soil nitrogen
content at the midstream (dominated by agricultural land use) of the two rivers com-

pared to other sampling sites (Matano et al., 2015).
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Variability in total phosphorous is related to the application of animal manure and
application of diammonium phosphate (DAP) fertilizer on the adjacent farmlands.
Lower phosphorous content in the soil along Kipsonoi river as compared to Chemosit
river could be related to phosphorous fixation especially in forested areas, crop harvest
in agricultural farms and erosion by water (Yimer et al., 2006). Highest content of
phosphorous was recorded at the Midstream of Chemosit river majorly dominated by
large scale tea production and lowest downstream of Kipsonoi river. According to Ma-
tano et al. (2015), land use has a significant effects on soil chemical properties. The le-
vels of soil nutrients (P and N) can be used to deduce the degree at which a given site is
degraged. Potassium levels could be attributed to the relative pumping of potassium
from the subsoil by vegetation in the forest land. Lower potassium levels downstream
could be attributed to soil degradation and losses by leaching due to reduced vegetation
cover (Bohn et al., 2001).

Figure 3 and Figure 4 report the amount of Cadmium, copper and lead in soils along

Chemosit and Kipsonoi river. Cadmium showed lowest concentration as compared

= N N
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Figure 3. Cadmium, copper and lead content in soils at different sites along Chemosit river.

Mean Concentrations (mg/1)

Cadmium Copper Lead

B Upstream B Midtsream M Downstream

Figure 4. Cadmium, copper and lead content in soils at different sites along Kipsonoi river.
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to copper and lead. However, considering the Canadian soil quality guidelines, all the
metals were within the maximum allowable values for agriculture soil; 50 - 60 mg/kg;
1.4 mg/kg and 70 mg/kg ranges for copper, cadmium and lead, respectively (Noorikh et
al., 2013).

4. Conclusion

Indigenous forest, food crop farming, tree farming, tea growing, livestock keeping and
urban settlement were identified as the major land use activities in SWMF. This pro-
vided a clear insight on the various land use types along the course of Chemosit and
Kipsonoi rivers. Plant species richness decreases and biodiversity disturbance increased
from upstream (intact canopy native vegetation), through a mixture of native and exot-
ic species in midstream to livestock grazing and urban settlement downstream. Varia-
tion in Total Suspended Solids, pH, Total Nitrogen, Phosphorus and Potassium were
associated to different land use activities along the riparian zone. Total Nitrogen and
water pH showed significant sensitivity to land use changes. The results from this study
indicate the need for protection of riparian zones, proper land use planning and adop-

tion of sustainable farming systems within the catchment.
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