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Extent of Seawater Intrusion from Chwaka and

Uzi bays into Jozani Groundwater Forest,
Zanzibar, Tanzania

Masoud S. Said, Salim M.S. Maliondo, Johnson M.R. Semoka, Balthazar M. Msanya

Abstract— The rise in the total dissolved solids (TDS) in a coastal land is among the signs of seawater intrusion into the land. In many
cases, the magnitude of the effects of seawater intrusion depends upon the proximity of the land to the coast, amount, and patterns of
freshwater recharging the aquifer underneath. The intention of this study was to determine the extent to which Jozani groundwater forest
(JGWF) has been affected by seawater intrusion from Chwaka and Uzi bays. Rainfall data were collected from Tanzania Meteorological
Agency (TMA). Spatial and temporal TDS values were collected from temporary wells (TWs) and local wells. Desk work divided JGWF
length into 11 northern and 4 eastern gridlines. Along northern gridlines, three grid points were selected on which TWs were drilled for data
collection. GARMIN etrex 10 GPS was used for geo-referencing the wells. Water samples were collected at about 0.1 m depth from water
surface and were tested in situ using Hanna Combo HI 98129 tester. Water tests were done in the middle of Kiangazi, Masika, Kipupwe
and Vuli seasons. The area of JGWF was estimated based on JGWF elevation map. The results showed that the average TDS values in
JGWF ranged from 0.4 - 25 x 10° mg L™. The least TDS values were recorded from the inner parts of JGWF while highest TDS values
were recorded from the outmost parts. It was found that rainfall patterns: rainy and dry seasons affected TDS values and their spatial
trends. The TDS severity in JGWF area was assigned five categories namely none: least-, slightly-, moderately- and severely-affected
areas. The range of TDS values for these categories were 0 — 0.5,0.5-2,2-5,5 - 10 and >10 x 10° mg L™ and the areas of occupation
were about 342.3 ha (58.2%), 61.8 ha (10.5%), 46.8 ha (8.0%), 47.4 ha (8.1%) and 89.4 ha (15.2%), respectively. In conclusion, it was
found that about 77% of JGWF is free from intrusion effects, but there were some variations of TDS values between dry and rainy seasons

that also in the long run cause TDS fluctuation between years.

Index Terms—Categories of affected areas, dilution, draining, dry and wet seasons, rainwater, seawater intrusion, total dissolved solids, Zanzibar.

1 INTRODUCTION

HE BEST evidence of seawater intrusion into aquifer is the

proximity of the aquifer to the coast and a distinct rise in

the total dissolved solids (TDS) [1], [2]. Jozani groundwa-
ter forest (JGWF) is a coastal forest located on the lowest point
in Zanzibar between Uzi and Chwaka bays [3], [4], [5]. With
such proximity and low terrain, JGWF is likely to be intruded
by seawater from the bays. Various scholars concluded that a
change of sodium concentration through space has a direct
relation with the source and trend of intrusion into aquifer. In
this sense, seawater, which is always concentrated with so-
dium salts flows and mixes with freshwater in the aquifer [2],
[6], [7], [8]. Many studies have been made using TDS spatial
tests to characterise the magnitude and spatial trend of seawa-
ter intrusion [9], [10], [11], [12]. Therefore, as reported by [13],
[14], the extent and spatial trend of seawater intrusion from
Chwaka and Uzi bays into JGWF can be determined by con-
ducting spatial and temporal water tests on TDS levels in
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JGWF aquifer.

Grid system is often used for spatial pattern studies [15],
[16]. Seawater intrusion spatial trend and the affected area by
seawater intrusion are described by TDS measurements con-
ducted on a known grid system [12], [17]. Water samples col-
lected from wells are often used to assess water quality of
aquifers [17]. Spatially distributed local and/or temporary
wells therefore, were used as data collection points for this
study which estimated areal extent affected by seawater intru-
sion.

Water sources and their interfaces influence water dynam-
ics and quality in a forest [10], [11]. In this case, rain water as
the main source of fresh water is expected to play a major role
in regulating TDS values and their spatial trend in JGWF. As
[18] reported, Zanzibar receives precipitation of between 1400
and 2000 mm annually mainly during Masika and Vuli sea-
sons. Thus, it is expected that TDS values and spatial trend in
JGWEF area are affected by amount and patterns of precipita-
tion. Using TDS values and their spatial trends, rainwater, and
rain patterns, this study intended to determine the extent to
which JGWF has been affected by seawater intrusion from
Chwaka and Uzi bays.

2 MATERIALS AND METHODS

2.1 Description of the Study Area

The study was conducted in Jozani groundwater forest
(JGWF) area. The area is within the Jozani-Chwaka Bay Na-
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tional Park (JCBNP) located about 35 km from Stone Town, off
the road to Makunduchi [18] (Fig. 1). As coastal forest, [JGWF
area is opened to Chwaka bay on the North and to Uzi bay on
the South [3], [5], [18]. The study area is a tropical forest which
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receives precipitation of between 1000 and 2000 mm annually
mainly during Masika and Vuli seasons [18], [19]. The ground
water table in the forest is close to the surface and often
emerges above the surface forming temporary marshes [4].

s (1 1

TS N -

kl\.J} — . 15 | " Yoo

1 | !

Ay -3 ! ;

h Tanzanin - \ Zanzibars, = -
LY —, R

S ol
as \? _Mw__r,..rlf

SI0000 e S45000 e 551000

DILTO00 e

G100 o
9311000 e

Legend
- Jozani-Chwaka Bay National Park

Mangrove Forest
Other Territories

Indian Ocean and Other Water Bodies

dozani Groundwater Forest /Study Arvea

Fig. 1, Location map of Jozani groundwater forest. The map is based on Abass Mzee of Depart-
ment of Forest and Non-renewable Natural Resources, Zanzibar, 2014
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2.2 Spatial Distribution of Data Collection Points

The study area was divided into 11 (northern) x 4 (eastern)
grids lines which were spaced at 500 m in between northern
coordinates 9 306 800 and 9 311 800. All eastern gridlines were
bounded between 544 700 and 546 200 in UTM 1960 zone 375
system due to irregular alignment of coral forest on the east
and coral cliff on the west. Therefore, along northern gridlines
only on three (out of four) grid points TWs were opened and
used for data collection. Most of the TWs were not exactly
drilled on grid points, but were within vicinity of less than 15
m from the gridpoints. Such alteration on one hand was due to
plant density, complexity of plant species and coral outcrops
in JGWEF. On the other hand, alteration was made when it was
found that the selected point was more convenient for the in
situ water testing. The exception was on gridline N9 306 800,
which was limited by a cliff on the west but was shifted east-
wards and slightly opened to seawater creek from Uzi. There-
fore, on N9 306 800 TWs were between eastern coordinates 545
600 and 546 750. GARMIN etrex 10 GPS set was used to indi-
cate grid point geo-references.

2.3 Temporary and Local Wells

In the shallow aquifer, an auger-drilled bore hole was used as
a temporary well for water sampling and testing [20], [17]. At
a grid point (Section 2.2), soil auger was used to drill down to
about 1.5 m depth to make a bore hole that served as a tempo-
rary well (TW). A perforated plastic pipe of about 2 m long
was installed into bore hole and about 0.5 m of the pipe was
left protruding off the well surface (Plate 1). Most of the TWs
were not exactly drilled at grid points, but were within vicini-
ty of less than 15 m from the grid points. Such alteration on
one hand was due to plant density, complexity of plant species
and uneven depth to the coral bedrock in JGWE. On the other
hand, alteration was made when it was found that a nearby
point was more convenient for the in sifu water testing. Some
of TWs were replaced by local wells which were found adja-
cent to the grid points (Plate 2).

Plate 1, Example of temporary wells in Jozani Groundwater
Forest, 2015

Plate 2, Example of local wells in Jozani Groundwater Forest,
2015

2.4 Data Collection Periods
According to [21], a certain amount of water is drained from
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coarse textured (sandy) soils for a couple of days. Similar
amount of water is drained for approximately two weeks from
medium textured (loamy) soils and for over several months
from fine textured (clayey) soils. Thus, based on [22] report
about JGWF soil type, for this study sampling for TDS value
changes was prolonged to four months interval. The time for
data collection was also related to wet and dry seasons. Zanzi-
bar has two wet seasons namely Masika and Vuli and two dry
seasons, Kiangazi and Kipupwe [5]. To obtain representative
TDS values and trends in JGWF, data were collected in the
middle of each of the four seasons, with the exception of data
collection during floods.

2.5 Water Sampling and Testing

A canister was used to sample water from temporary wells
(TWs). Water sampling depth was 0.1 m from the water sur-
face. Floating ruler was used to measure the depth of the wa-
ter surface from the top of the plastic tube. The length of canis-
ter therefore, was equal to the measured depth plus the sam-
pling depth. The water sample was analyzed in situ for total
dissolved solids (TDS) using a Hanna Combo Tester HI 98129
[23]. To obtain TDS values from the water samples with TDS
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exceeding the instrumental upper limit (2000 mg L), the
samples were diluted to readable dilution. The TDS values
from diluted samples were calculated by Equation 1.

TDS = (TDS Reading * df) - TDS dil 1)
Where; TDS = total dissolved solids, TDS reading = TDS val-
ues from the instrument, df = dilution factor, TDS dil = TDS of
water used to dilute water sample.

2.6 Data Analysis

Excel spread sheets were used for data computing and graph-
ing. The proportion of areas with deferent TDS ranges (catego-
ries) was estimated with the help of ArcGIS 10.1 and JGWF
elevation map sensu [24].

3 RESULTS AND DISCUSSION

Figures 2, 3 and 4 were derived from 2011 to 2015 rainfall data
which were collected from Tanzania Meteorological Agency
(TMA), Kisauni, Zanzibar.
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Fig. 2, Zanzibar monthly rainfalls (mm) of 2011 — 2015 period. Source: TMA, Zanzibar
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Fig.3, Average monthly rainfalls (mm) of 2011 - 2015 period.
Source: TMA, Zanzibar
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Fig. 4, Zanzibar annual rainfall (mm) of 2011 - 2015 period.
Source: TMA, Zanzibar
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Figures 2 and 3 show that in Zanzibar, amounts of precipi-
tation fluctuate both monthly and annually while Fig. 4 shows
that about 65 - 80% of precipitations occur during Masika and
Vuli seasons. Based on TMA rainfall information and [25], Ma-
sika and Vuli rains are the only source of freshwater that rep-
lenishes JGWF aquifer since no other sources were ever rec-
orded. Leonola [5], reported that JGWF needs less water to
recharge its aquifer. Thus, temporary floods reported by [4]
and as can be extrapolated from Plate 3, occurred when JGWF
aquifer reaches its high level by receiving a large amount of
water from Masika and/or Vuli rains. With reference to JGWF
elevation map by [24], usually such flooding occurs in areas
with an elevation of less than 1.75 m above mean sea level
(AMSL). In JGWEF, flooding condition lasts for 1 to 5 days or
more depending upon the elevation of the flooded area,
amount and duration of precipitation.

Plate 3. Central part of Jozani Groundwater Forest flooded by Ma-
sika rains, 2015
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TABLE 1
TOTAL DISSOLVED SOLIDS (TDS) VALUES ALONG NOR-
THERNS GRIDLINES IN JOZANI GROUNDWATER
FOREST (JGWEF), 2015

Thousands of Total dissolved solids (mg L)

NC KGZ MSK KPP VUL  Mean+SD
9306800 3.678 0762 1736 0928  1.776+1.34
9307300 2575 0595 1.071 0.871  1.278+0.89
9307800 1.472 0428 0406 0814  0.780£0.50
9308300 1.359 0400 0406 0696  0.715:0.45
9308800 1.245 0372 0405 0578  0.650:0.41
9309300 1954 0650 1.320 1036  1.240:0.55
9309800 2.662 0.928 2.234 1493  1.829:0.77
9310300 8961 3.329 6.217 5517  6.006+2.32
9310800 15260 5.730  10.200 9.540  10.183%3.92
9311300 23700 14.035 20.740 17.571 19.012+4.16
9311800 32.140 22340 31.280 25.602 27.841+4.68

NC = Northern coordinates, KGZ = Kiangazi, MSK = Masika,
KPP= Kipupwe, VUL = Vuli seasons, SD = Standard deviation

TABLE 2
TOTAL DISSOLVED SOLIDS (TDS) VALUES ALONG NOR-
THERNS GRIDLINE 9 306 800 IN JOZANI GROUNDWATER
FOREST (JGWF), 2015

Thousands of Total dissolved solids (mg L)

EC KGzZ MSK KPP VUL Mean+SD
E545500 3.678 0.762 1.736 0.928 1.78+1.158
E546000 15.48 9.48 14.9 13.35 13.30+2.34
E546500 22.38 16.9 20.8 18.68 19.69+2.08

EC = Eastern coordinates, KGZ = Kiangazi, MSK = Masika, KPP=
Kipupwe, VUL = Vuli seasons, SD = Standard deviation

3.1 Total dissolved solids values in Jozani groundwater
forest

The average TDS values along northern gridlines for four sea-
sons are presented in Table 1. The TDS values were signifi-
cantly increasing northwards. However, there was different
trend of increase of TDS values along northern gridline 9 306
800. The difference between the area around N9 306 800 and
the rest of the northern gridlines was the direction of the in-
crease and decrease of TDS values. Table 2 shows that TDS
values along N9 306 800 were increasing eastwards. In some
parts of JGWF high TDS values were recorded during dry sea-
sons of Kiangazi followed by Kipupwe; and lesser values were
recorded during rainy seasons of Masika followed by Vuli.

3.2 Spatial trend of dissolved solids in Jozani
groundwater forest

Figures 5 and 6 are illustrating spatial trends of total dissolved
solids (TDS) in Jozani Groundwater Forest (JGWF) in 2015.
The Figures show that within the study period (January - De-
cember 2015), the TDS values in JGWF changed spatially and
temporally. Figure 5 shows that the southern part of JGWF
had less TDS values and the outmost northern part had the
highest TDS values. However, Figure 6 shows that at outmost
south-end of JGWF, TDS values were less on the west but in-
creased towards the east. Therefore, Figure 6 implies that on
the southern part of JGWF there were either fewer seawater
intrusions from Uzi bay or significant dilutions and drains of
dissolved solids towards Uzi bay during wet seasons. With
exception of Kiangazi season, the TDS values were almost con-
stant on the middle parts of the JGWF. Meanwhile on both
outmost ends of JGWF, TDS values were increasing during
dry seasons (Kiangazi and Kipupwe) and decreasing during wet
seasons (Masika and Vuli). Such trend implies that during dry

IJSER © 2017
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 8, Issue 5, May-2017

ISSN 2229-5518

seasons, seawater spilled the dissolved solids on the north and
south ends of JGWF, while during wet seasons rainwater
flashed off the spilled dissolved solids. Additionally, Fig, 6
implies that spilling and dilution of the dissolved solids from
and towards Uzi creek occurred mainly on the east of the tran-
sect N9 306 800.
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Fig, 5, Seasonal and spatial trend of total dissolved solids (TDS) in
Jozani Groundwater Forest, 2015
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Fig, 6, Seasonal and spatial trend of total dissolved solids (TDS)
values along northern gridline 9 306 800, Jozani Groundwater For-
est, 2015

3.3 Fluctuation of Total Dissolved Solids in Jozani

Groundwater Forest
According to [26], sodium salts are diluted and drained from
soils by rainfall and/or irrigation water. Since, rainfall is the
only but adequate source of freshwater for JGWEF [5], [25],
rainfall patterns and rainwater are the ones influencing wet-
ness and total dissolved solids trends (TDS) in JGWF area.
During and a few days after Masika and/or Vuli rains, fresh-
water flows from JGWF area towards Chwaka and Uzi bays
[24] [25]. Meanwhile during the dry (Kiangazi and/or Kipupwe)
seasons, water flow stops as water level in the aquifer reaches
its lowest level.

Figures 5 and 6 showed that in JGWF areas levels of TDS
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values augmented during dry seasons and dropped during
rainy seasons. Tilting of TDS values from an area with higher
into another area with lesser TDS values during dry seasons
indicated that the seawater from the bays spilled salt com-
pounds on the soil surfaces. Thereafter, the salts brought by
seawater intrusion percolate into the aquifer. In contrast, TDS
values on the said areas fell to a minimum when rain water
saturates the soil and drains off some of the salt compounds
from JGWF towards the bays.

3.4 Categories and distribution of JGWF area based on
TDS values in the aquifer

According to [27], the average TDS values of pumped water
from Zanzibar Municipality bore holes range from 0.2 - 1.1 x
10° mg L. The values increased to about 5 x 10° ppm in the
water pumped from the bore holes adjacent to the coastal line
of Zanzibar. As [28], [29], [30] noted, water with TDS values
ranging from 0.5 - 2.0 x 10° mg L7 has slight to moderate levels
of salinity for irrigation purposes and is less harmful to a
number of plant species. According to [25], the south-east part
of grid line N9 306 800 on the south-end of JGWF and around
and beyond transect N9 310 800 on the north-end of JGWF
were covered with salt-tolerant species including Paspalum
vaginatum. Therefore, these areas were considered as severely-
affected by seawater intrusion from Chwaka and Uzi bays.
Meanwhile, areas which were between the low-affected and
the severely-affected were considered as moderately affected.
Therefore, based on information gathered from [25], [27], [28],
[30], this study adopted five categories of salt affected areas
namely; none-, least-, slightly-, moderately- and severely-
affected. Table 3 shows the spatial distribution and area cov-
ered by the five categories. The TDS values ranged from none-
, least-, slightly-, moderately- to severely-affected categories
and were 0 - 0.5, 0.5 - 2, 2 - 5, 5- 10 and >10 x 10* mg L7, re-
spectively.

TABLE 3
CATEGORIES AND DISTRIBUTION OF JOZANI GROUNDWATER
FOREST AREAAFFECTED BY SEAWATER INTRUSION IN 2015

Seawater effects

Northern Occupied area
coordinates TDSmgL? Ranks ha %

9306800-7300 2-5x10° Slightly-A 25.6 4.4
9307300- 7800 0.5-2x10° Least-A 37.3 6.3
9307800-9300 0-0.5x10° None-A 342.3 58.2
9309300-9800 0.5-2x10° Least-A 245 4.2
9309800-10300 2-5x10° Slightly-A 21.2 3.6
9310300-0800 5-10x10°  Moderately 47.4 8.1
9310800-1800  >10x 10° Severe-A 89.4 15.2
Total area 587.7 100

A =Affected area

Accordingly, salt affected areas under the five categories
were; 342.3 ha (58.2%), 61.8 ha (10.5%), 46.8 ha (8.0%), 47.4 ha
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(8.1%) and 89.4 ha (15.2%), respectively. The distribution of
TDS values in respective areas (with the five categories) re-
flects the extent of seawater intrusion into JGWF. Finally, the
area coverage and distribution trends of these categories show
the extent, spatial trend and magnitude of seawater intrusion
in JGWF.

4., CONCLUSIONS AND RECOMMENDATIONS

It was concluded from this study that, since Masika and Vuli
are the only sources of freshwater while Chwaka and Uzi bays
are the sources of seawater intrusion, the seasonal trend of rise
and fall of total dissolved solids (TDS) in Jozani Groundwater
Forest (JGWF) is expected to remain constant. Fluctuations of
TDS values in JGWF depend on the amount of rainwater re-
ceived in wet (Masika and Vuli) seasons against dry seasons of
Kiangazi and Kipupwe. The TDS values in the least- and low-
affected areas will fluctuate between wet and dry seasons and
between years; but the level of the said fluctuations will re-
main constantly insignificant. The overall conclusion on extent
of seawater intrusion was that, the northern part of JGWF was
more affected by seawater intrusion than the southern part. In
addition, this study concluded that, the TDS values of about
70% of JGWF area favor most of the plant species found in the
JGWF.

This study concluded further that, rise and fall of TDS values
will remain constant if JGWF biomass conditions remain in-
tact, no water pumping from JGWF aquifer, and no extremely
wet or extremely dry conditions. Further conclusion which
was made here was that every outer part of JGWE is a protec-
tor of the adjacent inner part against the dissolved solids
spilled by seawater intrusion. And the opposite is true; every
inner part of the JGWF is a protector of the adjacent outer part
against further increase of TDS values as freshwater from in-
ner part drains off the dissolved solids towards the bays.

This study recommended to Jozani-Chwaka Bay Bio-sphere
Reserve Management installation of permanent TDS monitor-
ing structures/systems that will capture TDS changes and that
additional protection measures should be implemented if the
current equilibrium is found deteriorating.

ACKNOWLEDGMENT

The authors sincerely wish to acknowledge Commission of
Science and Technology (COSTECH) Tanzania for financing
the research. They also wish to thank Jozani-Chwaka Bay Bi-
osphere Reserve Offices for supporting the field work in Joza-
ni Groundwater Forest.

REFERENCES

[1]  Philippa Aitchison-Earl, Marc Ettema, Carl Hanson, Shirley Hayward, Rebec-
ca Larking, Russel Sanders, David Scott and Anna Veltman, “Coastal aquifer
saltwater intrusion assessment guidelines,” Environment Canterbury Unpub-
lished Technical Report No. R04/18. ISBN 1-86937-543-2. Revised version of
U02/35, pp. 46, 2003.

[2] ]TZhy,].Yu,, P. Wang, Q. Yu and Derek Eamus, “Variability in groundwa-
ter depth and composition and their impacts on vegetation in Heihe River Ba-

IJSER © 2017

S

4]

(8]

(6]

(8]

&)

(10]

(1]

(12]

(13]

(14]

(15]

(16]

(17]

18]

(19]

(20]

1148

sin, China,” Marine and Freshwater Research CSIRO, vol. 65, no. 3, pp. 206-217,
Mar. 2014.

R. Klein, “An edaphic landscape of Unguja Island, Zanzibar. Exploratory study on
the relation between soil variability and landscape,” Turku University Department
of Geography Publications B, 11, pp. 85, 2008.

LM. Salum, “Ecotourism and biodiversity Conservation in Jozani-Chwaka
Bay National Park, Zanzibar,” Africa Journal of Ecology, vol. 47, no. 1, pp. 166-
170, Mar. 2009.

Z. Leonola, “Assessing the spatial and temporal characteristics of ground water
recharge in Zanzibar,” MSc Dissertation, University of Twente Netherland,
2011.

C.A. Eddy-Miller, ].D. Wheeler and H.I. Essaid, “Characterization of interac-
tions between surface water and near-stream groundwater along Fish Creek,
Teton County, Wyoming, by using heat as a tracer,” U.S. Geological Survey
Scientific Investigations Report 2009-5160, pp. 53, 2009.

S. M. Praveena, A. Z. Aris, M. Harun and K. Bidin, “Ground water studies in
tropical islands,” Malaysian Perspective Episode, vol. 33, no. 3, pp. 200 - 204,
2010.

Mehdi Nezhad Naderi, Masoud Reza Hessami Kermani and Gholam-Abbas
Barani, “Seawater intrusion and groundwater resources management in
coastal aquifers,” European Journal of Experimental Biology, vol. 3, no. 3, pp. 80-
94,2013.

DM Alongi, “The Energetics of the Mangrove Forest,” Springer Sciences +
Business Media B. V, pp. 47-64, 2007.

HH. Elewa, RE. Shohaib, A.A. Qaddah and AM. Nousir, “Determining
groundwater protection zones for the Quaternary aquifer of northeastern Nile
Delta using GIS-based vulnerability mapping,” Environmental earth sciences,
vol. 68, no. 2, pp. 313-331, 2013.

M. El-Fadel, M. Tomaszkiewicz, Y. Adra, S. Sadek and M.A. Najm, “GIS-
based assessment for the development of a groundwater quality index to-
wards sustainable aquifer management,” Water resources management, vol. 28,
no. 11, pp. 3471-3487, 2014.

R.A Taha, “Effect of growth regulators and salinity levels on in vitro cultures
of jojoba plants,” World App. Sci. ], vol. 31, no. 5, pp. 751-758, 2014.

P. Aitchison-Earl, M Ettema, C. Hanson, S. Hayward, R. Larking, R. Sanders,
D Scott and A. Veltman, “Coastal aquifer saltwater intrusion assessment
guidelines,” Environment Canterbury Unpublished Technical Report No.
R04/18.ISBN 1-86937-543-2. Revised version of U02/35, pp. 46, 2003.

MN. Naderi, M\RH. Kermani and G.A Barani, “Seawater intrusion and
groundwater resources management in coastal aquifers,” European Journal of
Experimental Biology, vol. 3, np. 3, pp. 80-94, 2013.

K. Adhikari, B. Minasny, M. B. Greve and M. H. Greve, “Constructing a soil
class map of Denmark based on the FAO legend using digital techniques,”
Geoderma, vol. 214, pp. 101-113, Feb. 2014.

W. Hu and B. C. S, “Can soil water measurements at a certain depth be used
to estimate mean soil water content of a soil profile at a point or at a hill slope
scale?” Journal of Hydrology, vol. 516, pp. 67-75, Aug. 2014.

J. Beaujean, F. Nguyen, A. Kemna, A. Antonsson and P. Engesgaard, “Cali-
bration of seawater intrusion models: Inverse parameter estimation using sur-
face electrical resistivity tomography and borehole data,” Water Resources Re-
search, vol. 50, no. 8, pp. 6828-6849, Aug. 2014.

Islam S.S Mchenga and Abdalla I. Ali, natural regeneration of mangroves ina
degraded and non-degraded tropical forest of Zanzibar Island, Journal of
Global Biosciences, vol. 3 no. 1, pp. 334-344, 2014.

Kukkonen Markus, “Forest cover and its change in Unguja Island, Zanzibar,”
Dissertation for Award MSc Degree at University of Turku Faculty of Ma-
thematics and Natural Sciences Department of Geography and Geology, pp.
174,2013.

M. ] Kohne and B.P Mohanty, “Water flow process in a soil column with

http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 8, Issue 5, May-2017

ISSN 2229-5518

(21]

(22]

(23]

(24]

(25]

cylindrical micropores,” Water Resources Research, vol. 41, 2005. W03010, doi:
1029. Accessed in 25/12/2014.

L. Burk and N. Dalgliesh. “Estimating plant available water capacity-a me-
thodology,” Canberra: CSIRO Sustainable Ecosystems, pp. 40, 2008.

M.L. Hettige, “Land evaluation and land sustainability classification. Unguja
and Pemba Islands,” Food and Agriculture Organization of the United Na-
tions. FAO TCP/URT/ 6759 (A), Zanzibar, 1990.

B.E. Emmanuel and L.O. Chukwu, “Spatial distribution of saline water and
possible sources of intrusion into a tropical freshwater lagoon and the transi-
tional effects on the lacustrine ichthyofaunal diversity;” African Journal of Envi-
ronmental Science and Technology vol. 4, no. 7, pp. 480-491, 2010.

S.S. Masoud, B. M. Msanya, J. M. R. Semoka and S. M. S. Maliondo, “Use of
water table as a benchmark for levelling groundwater forest: The case of Joza-
ni Groundwater Forest, Zanzibar, Tanzania,” International Journal of Scientific
and Technical Research in Engineering (IISTRE), vol. 1, no. 5, pp. 49-57, Aug.
2016.

SS Masoud, B.M. Msanya, ].M. Semoka and S.M.S Maliondo, “Tidal Trends
and Magnitude of Chwaka and Uzi Bays as a Proxy of Seawater Intrusion in

IJSER © 2017

26]

(27]

(28]

(29]

(30]

1149

Jozani Groundwater Forest, Zanzibar, Tanzania,” American Journal of Agricul-
ture and Forestry (AJAF),” vol. 4, no. 6, pp. 168-177, Dec. 2016.

Callaghan, Michael Vincent, “Remediation of a salt-affected, macroporous soil in
central Alberta, Canada,” Dissertation for Award of PhD Degree at University
of Calgary, pp. 168, 2014.

R. A Rubhera. M. Mato, Groundwater quality degradation due to salt water
intrusion in Zanzibar Municipality African Journal of Environmental Science and
Technology, vol. 1 no. 7, 2015

EN. Bui, “Soil salinity: a neglected factor in plant ecology and biogeography,”
Journal of Arid Environments, vol. 92, pp. 14-25, May 2013.

RJ. Colén-Rivera, R.A. Feagin, ].B. West, N.B. Lépez and R . Benitez-Joubert,
“Hydrological modification, saltwater intrusion, and tree water use of a Pte-
rocarpus officinalis swamp in Puerto Rico,” Estuarine, Coastal and Shelf Science,
vol. 147, pp. 156-167, Jun. 2014.

Jaconette Mirch and Ronald S. Zalesny ] R, “Mini-Review of Knowledge Gaps
in Salt Tolerance of Plants Applied to Willows and Poplars,” International
Journal of Phytoremediation, vol. 7, pp. 640-650, May 2015.

http://www.ijser.org


http://www.ijser.org/

	1 Introduction
	2 Materials and methods
	2.1 Description of the Study Area
	2.2 Spatial Distribution of Data Collection Points
	2.3 Temporary and Local Wells
	2.4 Data Collection Periods
	2.5 Water Sampling and Testing
	2.6 Data Analysis

	3 Results and discussion
	3.1 Total dissolved solids values in Jozani groundwater forest
	3.2 Spatial trend of dissolved solids in Jozani groundwater forest
	3.3 Fluctuation of Total Dissolved Solids in Jozani Groundwater Forest
	3.4 Categories and distribution of JGWF area based on TDS values in the aquifer

	4. Conclusions and recommendations
	Acknowledgment
	References



