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Introduction

Everywhere along the coast a dynamic balance exists between the seaward outflow of 
groundwater and salt water intrusion into the coastal freshwater aquifers. The quality of groundwater 
which is a resource of enormous importance, is dependent upon numerous factors but most 
importantly has a direct bearing on the anthropogenic and economic development of the area.

On the other hand, the undisturbed flow of groundwater may be a prerequisite for the 
persistence of species and even entire ecosystems in the coastal zone. For instance this is found to 
be the case with many mangrove species and some seagrasses.

The constant withdrawal of groundwater along the E. African coastal zone occurs in many 
places to supply an increasing number of beach hotels and settlements of the local population, 
subsequently resulting to decrease in the coastal groundwater levels. It has been documented that 
where groundwater withdrawal is heavy and concentrated, such that it greatly exceeds local recharge, 
water levels may continue to decline over many years and the area affected spreads out producing 
major changes in head distribution within the aquifer system and significant reversal of groundwater 
flow paths (BGS/ODA/UNEP/WHO, 1996).

It is also likely that these waters exhibit elevated nutrient and pollutant concentrations. This is 
mainly attributed to poor conservation and agricultural practices as well as inappropriate disposal of 
effluent into pits or sink holes as they offer cheap means of sewage disposal. Indeed the majority of 
decline in ground water levels reported elsewhere (Wu etal. 1993, Krishnasamy, 1997; Foster, 1976; 
NEPA, 1992) has been accompanied by a deterioration in groundwater quality and /or subsidence.

As a result of this situation there is not only contamination of groundwater but the effect of 
this in its potability through elevation of nutrient levels and anthropogenic toxins, and this effect may 
also be transmitted to the shallow coastal waters which receive groundwater outflow. Little information 
however exists concerning the interactions between groundwater and seawater in the coastal zone 
within the E.African region.

Recent demographic changes have resulted in a lot of pressure being exerted on coastal 
resources. One of the consequences of these changes for the marine ecosystem has been the 
constant input of anthropogenic materials either directly, mainly through discharges, river and 
surface runoffs or indirectly, through groundwater. An important health concern related to human 
use of groundwater and shallow coastal lagoons arises from the potential presence of human 
pathogens in the waters. Potential sources of pathogenic microorganisms for the marine 
environment include untreated or poorly treated municipal waste and industrial effluents, sanitary 
wastes from waterfront residences, swimmers and stormwater runoff. Microbiological agents from 
these sources include pathogenic bacteria, viruses, protozoa and several more complex multi- 
cellular organisms which can cause gastrointestinal diseases (Geldreich, 1989) such as infectious 
hepatitis, dysentery, vibrio infections and cholera. Those aspects of the aquatic environment may 
affect water quality and exert severe influence upon human health, in terms of severity of effects as 
well as in terms of numbers of people affected.

With the massive increase in population and coastal tourism, the actual and perceived risk of 
contracting disease from swimming in polluted seawater has been equally augmented during the past 
decade. Although a variety of infections and diseases can be contracted from swimming in polluted 
seawater, it is predominantly the gastrointestinal disorder which result from sewage contamination of 
coastal bathing waters. The assumption that discharges of animal and human faecal waste into water 
bodies used primarily for recreational purposes are a source of potential public health hazards has 
developed historically into the search for a microbial indicator capable of characterizing the risk 
involved in the recreational use of the water. Whilst it is possible to examine water for the presence of 
a specific pathogen, a more sensitive test employs the use of indicator organisms. Escherichia coli, 
which is a normal inhabitant of the human intestine and is excreted in large numbers, is one of such



indicators. Its presence in water thus indicates human excretal contamination and the sample is 
therefore potentially dangerous in that pathogenic faecal bacteria might also be present.

Faecal coliforms and particularly E. coli are considered to be practical indicators of the degree 
of sewage pollution, and subsequently proposed for routine monitoring of coastal water quality. For 
public health protection however, faecal streptococci is an additional water quality indicator (USEPA, 
1979). The faecal coliform/faecal streptococci (FC/FS) ratio has been used to evaluate the origin of 
faecal pollution; for instance domestic sewage versus industrial sewage (Martens etal., 1984).

The study areas, Nyali and Diani, are characterized by a number of beach hotels and high 
population in the nearby residential estates. There is high demand and consumption of freshwater 
by tourists and the local population with a consequence of generation of high volumes of 
wastewater and sewage, which are potential sources of pollution to the marine environment. The 
preferred method of sewage disposal in these areas is the use of pit latrines and septic tank - 
soakage pit systems. Domestic waste and sewage from the areas are likely to contaminate 
groundwater and thus the lagoonal waters adjacent to the areas. It has been shown that 
Escherichia coli, whose presence is usually used to indicate bacterial pollution from sewage, 
thrives in nitrogen rich environments, such as sewage contaminated seawater (Lim & Flint, 1989). 
Cases of outbreaks of acute gastroenteritis associated with swimming in sewage contaminated 
marine waters are not uncommon. For example this was reported from New York State in 1982 and 
1983 (Cabelli, 1986). In this study therefore, bacterial indicators were used to assess the level of 
contamination ground and lagoonal waters in the study sites.

It is with the preceding background knowledge in mind that the present work was initiated with 
the aim of studying the impacts of anthropogenic influences on the groundwater quality and the effect 
of groundwater outflow in the Kenyan nearshore coastal waters and the adjacent lagoons.

Objectives

The general aim of the study was to elucidate the importance of groundwater as a vector of 
anthropogenic inputs into the coastal zone. In order to achieve this, research work was planned and 
approached in two fronts: (a) nutrient dynamics studies and (b) microbiological water quality studies.

The study was conducted in two main areas viz. Nyali and Diani. Although it had been 
expected that one of these areas would be a groundwater outflow area and the other an intrusion 
area, they both turned out to be outflow areas. A third station, Kenyatta beach had to be included to 
serve as an intrusion area for comparative purposes. The specific objectives of the study were to:
1) Determine the dissolved inorganic nutrient levels (N02+ NO;, NH4\  P O / and Si(OH)4) of the 
nearshore coastal waters and sediment where groundwater outflow occurs,
2) Determine the dissolved inorganic nutrient levels in the adjacent wells and boreholes where 
groundwater is being utilized,
3) Determine the level of bacterial contamination in ground and lagoonal waters in the study areas,
4) Determine the influence of groundwater quality on lagoonal water quality,
5) Determine the spatial and temporal variability in the level of microbiological contamination in the 
study areas,
6) Determine the potability of borehole/well water in the study area,
7) Use the above assessments to determine the state of groundwater quality and the effect of this on 
the nearshore coastal ecosystems.

Materials and methods

Sampling

Regular sampling started since May 1997. Sampling was done at least once a month at all 
sampling stations at spring low tides. In particular, for microbiological samples, sterile techniques were 
used in sample collection and all the samples were kept cool before analysis commenced within 12 
hours. At both the two main sampling stations (Nyali and Diani), three transects were set (A, B and C) 
perpendicular to the shoreline each of which had four transect stations (N1, N3, N4 and N5 for Nyali 
and D1, D3, D4 and D5 for Diani). For the case of the comparative station, Kenyatta beach, only one 
transect (with transect stations K1, K3, K4, K5) was selected. In all cases while transect stations 3, 4



and 5 were completely within the lagoonal waters, transect station 1 was located on the upper part of 
the beach. For the case of Diani and Nyali transect stations (DB1, DC1, NB1 and NC1 were stations 
which clearly had groundwater outflow. Fig. 1 on page 6 of this report gives an idea of where the 
indicated sampling stations were located along the coastline.

Dissolved nutrients analysis

The concentration of dissolved inorganic nutrients viz. nitrite + nitrate [(N02'+N03)-N], 
ammonium (NH/-N), phosphate (PO^-P) and silicate Si(OH)4 -Si, and other associated 
measurements were determined according to methods described by Parsons et al. (1984) and APHA 
(1995).

Microbiological analysis

The classical MPN method was used: 5-tube, 3-dilution techniques (FAO, 1979; 
UNEP/WHO/IAEA, 1985a,b). Sterilized glass bottles were used to collect water samples. In the 
marine environment, sub-surface (30cm below surface) water samples were collected at the 
sampling sites in the lagoons. On the beach, groundwater was collected as it flowed from the 
ground. For wells/boreholes, untreated water samples were collected directly from taps. All 
samples were kept cool in an icebox before analysis within 12 hours of sampling.

As indicators of the microbial contamination levels, faecal coliforms, E. coli and faecal 
Streptococci were enumerated in water samples by the use of the 5-tube 3-dilution techniques.

For faecal coliforms, positive coliform tubes were used to inoculate fresh tubes of 
MacConkey broth and incubated at 44-45°C to give faecal coliform counts. E. coli was 
biochemically determined by indole production while faecal Streptococci were 
enumerated by use of azide dextrose broth and confirmed with ethyl violet broth.

Statistical analysis

Spatial and temporal variations in dissolved nutrients were carried out using Analysis of 
Variance (two-way ANOVA). All statistical analyses were based on the significance level at p = 0.05 
and critical values of F at a  = 0.05 (Yule and Kendall, 1993).

Results and discussion

Nutrient dynamics

The nutrient distribution in the water column for Diani, Nyali and Kenyatta beach sampling 
stations is depicted in Figures 2a-5b and 10-12.

The general trend observed in the transect stations for Diani and Nyali are such that the 
A1, B1, and C1 stations show higher nutrient concentrations compared to the rest of the transect 
stations with B1’s and C1’s depicting the highest values (though statistically there was no within 
stations difference, p>0.05). This is a strong indication that the main source of nutrients in the area 
within stations is coming in through groundwater outflow which is predominantly experienced in 
these stations. Groundwater is characteristically more laden with nutrients as compared to the 
oceanic water.

With regard to seasons, for both Diani and Nyali, the highest concentration of most 
nutrients was observed during the dry season (though not statistically different, p>0.05). The 
relatively lower nutrient concentrations during the wet season is most likely due to the dilution effect 
arising from large volumes of rain water which infiltrate the groundwater. The observed 
phenomenon seems to differ with what has been observed for the case of river (and surface runoff) 
nutrients within the region (Mwashote 1997, Ohowa et al. 1997, Kazungu 1989). During the wet 
seasons there is usually an observed general elevation of their nutrient levels.
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A rather interesting phenomenon also seems to be evident for the case of Diani water 
column nutrients at transect stations D4’s and D5’s, which is found within the coral reef area (Figs. 
2a-4b). Some rather unusual elevation of nutrient levels seem to occur in these stations which is 
unlike the case with the corresponding Nyali stations. This observation strongly suggest that there 
is likelihood of localized discharge of nutrients, perhaps due to groundwater outflow occurring 
within these stations which gave rise to the observed elevation. The results show that the effect is 
more enhanced during the dry season as compared to the wet season. However, this 
notwithstanding, statistical analysis did not reveal any seasonal or spatial significant differences 
(p>0.05).

The foregoing information allows us to prudently assert that the nutrients coming into the 
ocean through groundwater outflow, impact mainly the nearshore areas especially those closest to 
the beach (stations 1 and 3). The impact rapidly diminishes toward the coral reef area (stations 4 
and 5). When Diani and Nyali sampling areas are compared, it is found that the relative water 
column nutrient concentrations in the groundwater outflow area of Nyali are higher than those of 
Diani area (though not statistically, p>0.05). These relative differences in nutrients are most 
probably due to the fact that Nyali area is far more densely populated than Diani since it is found 
within an urban environment where there is more anthropogenic influence on the groundwater 
quality. For instance, in the area around Nyali beach, many pit latrines and septic systems are 
found per unit area as compared to the Diani area. The general anthropogenic impact on 
groundwater is evidenced by the levels of nutrients (and microbiota) observed in the 
boreholes/wells found around the sampling areas (Tables 1-2) as well as the sediment nutrient 
profiles of the sampling areas (Figs. 6a-9b).

In general the nutrient levels in the water column for Kenyatta (Figs. 10-12) beach 
sampling station were much lower compared to either Diani and Nyali. Kenyatta beach was chosen 
to represent a comparative station as it is found in an intrusion area unlike the other two sampling 
areas which were both outflow areas. It is evidently clear that the characteristics of water in this 
station are basically oceanic.

Previous similar studies elsewhere show that septic systems can potentially be significant 
point sources of nutrients especially N03'-N to groundwaters. Several of them have reported on the 
extent of N 03'-N contamination of shallow ground water aquifers adjacent to septic tank beds. For



instance, Walker et al. (1973) conducted in situ monitoring of soil profiles below sub-surface 
disposal beds of five septic systems. Their results indicated that essentially complete nitrification of 
NH/-N from septic tank effluent occurred in the area of unsaturated flow in well-aerated soil below 
the crusted seepage bed. Nitrate removal by denitrification was highly unlikely and significant local 
groundwater contamination may be anticipated. The results of the same work also suggested the 
density of homes in a certain area is particularly important in judging the relative impact of nutrients 
derived from septic tanks on the nutrient status of groundwater stream and lakes in watersheds 
dominated by sandy soils. These observations are in close agreement with those of the present 
work.

Table 1. Mean Nitrate+Nitrite concentration levels in some boreholes/wells

AREA BOREHOLE/WELL CONCN. (pM N)

Kitasa 59.37
Bahati 117.00
Mkwakwani 226.51
Bondeni 148.41
Solola 148.41

DIANI Maweni 278.10
Saidia 537.46
Subira 234.87
Bongweni 134.01
Kibuyuni 148.41

MEAN FOR DIANI 203.3±133.7

FSH 643.00
SBH 130.92
NBH 420.77
SOS 560.87
FRT 184.06

NYALI KSOKO 1451.70
MWAND 219.81
BERSH 606.28
JER 2707.70
KISIM 751.21
KONG 1765.70

MEAN FOR NYALI 858.4±799.3



Table 2. Some mean phosphate concentration levels in some boreholes/wells

AREA BOREHOLE/WELL CONCN. (yM P)
Kitasa 1.794
Bahati 1.950
Mkwakwani 0.905
Tangulia 1.061
Bondeni 1.794

DIANI Solola 1.584
Maweni 1.166
Saidia 1.794
Subira 2.055
Bongweni 1.271
Kibuyuni 1.324
MEAN FOR DIANI 1,52±0.39

SBHdesal 0.225
* SBH 4.155

SAF 0.378
FSH 2.245
NBH 1.058
ZLN 0.542

NYALI SOS 0.542
FRT 2.400
KSOKO 0.594
MWAND 1.368
BERSH 1.729
JER 0.387
KONG 1.523
MEAN FOR NYALI 1.32±0.74

Microbiological water quality

Nvali and Diani lagoons

Tables 3 and 4 below are summaries of indicator organisms enumerated in the study areas 
between June 1997 and May 1998.

Table 3. Mean number of microbial indicators of pollution enumerated in Nyali area.

Faecal coliforms 
no/100ml (±SD)

E. coli no/100ml ( 
±SD)

Faecal Streptococci 
no/100ml (±SD)

Beach 32 ±102.4 11 ±23.6 537 ±712.4
Lagoon 6 ±  10.1 4 ±5 .2 290.2 ±551.8
Dry season 7 ±7 .5 7 ±12.9 378 ±  632.3
Wet season 25.3 ±  90.4 7.0 ±16.4 398.5 ±  635.8

Table 4. Mean number of microbial indicators of pollution enumerated in Diani area.

Faecal coliforms 
no/100ml (±SD)

E. coli no/100ml ( 
±SD)

Faecal Streptococci 
no/100ml (±SD)

Beach 12 ±27.8 5 ±  12.8 331 ±611.8
Lagoon 20 ±61.1 12 ±50.5 202 ±  474.2
Dry season 20 ±  45.8 7 ±  14.9 289 ±  562.5
Wet season 13 ±52.0 10 ±51.3 234 ±  525.8



In Nyali area the level of contamination of the groundwater from the beach was generally 
higher than in seawater from the lagoon (Table 3) but no statistical difference was found between 
the number of faecal coliforms or faecal Streptococci enumerated in the beach and the lagoon. 
However the number of E. coli were significantly higher in the beach than in the lagoon (p<0.05). 
On average, the level of contamination (faecal coliforms, E. coli and faecal Streptococci) was 
higher in the NA transect followed by NB and then NC transect but the differences were not 
significant statistically.

In Diani, the trends were somewhat different with an indication of more microbial indicators 
enumerated in the lagoon than in the beach (Table 4). However, like in Nyali, these differences 
were not statistically significant. The number of indicator organisms enumerated in the dry season 
were slightly higher than in the wet season but again, not statistically so. In Diani, comparison 
among transects indicated that the number of these organisms enumerated in DA was higher than 
DB which in turn was higher than DC but the differences among transects were not statistically 
significant.

Fig. 13: Annual mean microbial indicators at specific sampling sites in Nyali (left panel) and Diani (right panel).

When considering the wet and dry seasons, all months in which at least 100mm of rainfall 
was recorded were considered wet and the others dry. Using this criterion, there was no significant 
difference found between the wet and dry seasons in both Nyali and Diani. However, there was a 
rise in the number of microbial indicators enumerated from groundwater at the beach in Nyali 
during the very wet months of April and November (Fig. 14a).

In both Nyali and Diani, there was no significant positive correlation between the number of 
microbial indicators enumerated from groundwater seeping along the beaches and that 
enumerated in the lagoons.

Temporal variation of faecal coliforms are graphically illustrated in Figs. 14a and 14b.
As illustrated in Figs. 14a and 14b, there were some differences in the month to month level of 
microbial contamination in the two areas but these were not striking.

In Nyali area there was a general increase in the number of all microbial indicators near the 
beach during the wet periods (April, May and November). However, there were no statistical 
differences in the number of bacteria enumerated between the dry and wet seasons in the lagoon. 
This was not observed in Diani.

Fig. 14: Temporal variation of faecal coiliforms in Nyali (left panel) and Diani (right panel) lagoons.



Boreholes and wells

Microbiological water quality of water from eleven (11) wells and two (2) boreholes in Nyali 
area and one (1) well and ten (10) boreholes in Diani was investigated. Table 5 shows the results 
of the levels of faecal coliforms and E. coli in these water source points. Except for the well at Ziwa 
la ng’ombe in Nyali, all the other wells were covered.

Table 5. Levels of microbial contamination of water from boreholes /wells in Nyali and Diani.

Sampling
area

Name of site Water
sampled

Mean faecal 
coliforms 
(no/100ml)

SD
Mean
E. coli 

(no/100ml)
SD

Nyali Barsheba Borehole 817 1108 55 7.1
Nyali Four seasons Well 1123 825.6 184 273.7
Nyali Freetown Well 825 1096 8 6.4
Nyali Jerusalem Well 142 195.2 30 5.7
Nyali Kisauni Soko 

Mjinga
Borehole 1 2 2.8

Nyali Kisimani/VOK Well 817 1107.3 456 627.9
Nyali Bahari club Well 34 0 86 118.8
Nyali Mkomani Well 1600 34
Nyali Mwandoni Well 230 169.7 26 12
Nyali Nyali Beach Well 47 46.7 7 6.4
Nyali Silver beach Well 1072 913.9 546 912.9
Nyali SOS Well 34 34.2 18 27.7
Nyali Ziwa la Ng'ombe Well 803 1127.1 12 14.1

Diani Bondeni Borehole 2 2.8 0 0

Diani Kibuyuni Borehole 170 8

Diani Kirora Borehole 2 2

Diani Kitasa Borehole 4 4.9 1 1.4

Diani Maweni Borehole 95 63.6 9 4.2

Diani Mpwakwani Borehole 801 1130 17 24

Diani Safari Beach Well 20 13.2 4 3.5

Diani Solola Borehole 2 0

Diani Subira Borehole 800 1131.4 17 24

Diani Ukunda Police Borehole 26 17

Results showed a clear difference in water quality between Nyali and Diani (Fig. 15). 
Highest faecal coliform counts were recorded in Nyali area. In terms of faecal coliforms, water from 
boreholes/wells in Nyali area was about four times as contaminated as that in Diani. The 
differences in the number of faecal coliforms and E. coli enumerated were statistically significant. 
The level of contamination showed no seasonality (between wet and dry seasons). Again, no 
obvious trend was observed on the relationship between the level of contamination of groundwater 
and the distance from the sea.

Using the Kenya Bureau of standards safe limits, water from the boreholes/wells was 
classified as potable or not. Fig. 16 shows the potability of water in the study areas.

Results in both Diani and Nyali are indicative of a certain extent of contamination of the 
ground and lagoonal waters. Within the sampling period, there was variation in the level of



microbial indicators of pollution (faecal coliforms, E. coli and faecal Streptococci) in both Diani and 
Nyali.

Fig. 15: Mean faecal coliforms and E. coli in Nyali and Diani boreholes and wells over study period.
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In the two study areas in general, higher number of indicator organisms were enumerated in 
the groundwater collected from the seepage points (on the beach before mixing with the seawater) 
than in the seawater in the lagoons. This is an indication that groundwater is generally more 
contaminated than lagoonal water but once groundwater mixes with seawater, indicator organisms 
are exposed to the antiseptic properties of seawater leading to the die-offs of these organisms. In 
Both Nyali and Diani, the A and B transects were found to be relatively more contaminated than the C 
transects. More groundwater seepage was however notable in the B and C transects in Nyali and C in 
Diani. This is an indicator that groundwater may not be the only source of contamination of the 
lagoonal waters and that discharges from beach establishments adjacent to these transects may be 
significant sources of faecal or raw sewage pollution as compared to the groundwater sources. Lack 
of obvious seasonal trends in the level of microbial indicators in both areas is a further pointer that 
groundwater or/and perhaps direct discharge from beach establishments could be responsible for 
determining the level of contamination of water in the lagoons.

Results from the study period are indicative of a clear difference between Nyali and Diani. 
Nyali is a relatively more contaminated area than Diani. Though there was no direct relationship 
between groundwater and lagoonal water quality, there is evidence of groundwater influence on the 
marine water quality. High groundwater contamination in Nyali was coupled with relatively higher 
contamination in the lagoonal waters.

In general, the level of contamination was higher during the rainy season (like in April, May 
and June). During these seasons, storm and surface water runoffs become additional sources of 
bacterial contaminants. The level of bacterial contamination was especially higher in Nyali, an 
indication that the surface runoff in this area emanates from a more contaminated grounds than in 
Diani.

In both Nyali and Diani, faecal coliform levels in the lagoon waters were less than 
100/100ml for more than 95 per cent of all samples analyzed. There are no existing Kenyan 
standards for marine or estuarine water quality. However in terms of microbial indicator levels, 
water quality in the lagoons in the two areas meet the EEC guideline on bathing water standards of 
less than 100/100ml faecal coliforms for 90% of the samples (Tebutt, 1992). In both Nyali and 
Diani, the EEC mandatory limit of 2000 faecal coliforms/100ml was never reached (Council of 
European communities, 1975, European economic commission, 1976). This was an indication that 
the lagoonal waters in these areas meet the EEC guide limit for recreational water (faecal coliforms 
and Streptococci of 100/100ml) and so the water is fit for recreational use.
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An attempt was made to use the faecal coliform and faecal Streptococci (FC:FS) ratio in 
the two locations to identify pollution sources (Martens et al., 1984). It is a valuable test because a 
ratio of faecal coliform to faecal Streptococci of 4.0 or higher typically indicates domestic waste 
(human faecal pollution) and ratios of 0.6 or lower are typical for discharges from farm animals or 
stormwater runoff. Most microbial indicators have poor survival in many of the circumstances 
encountered in the marine environment.

Results showed that in most cases the ratio was less than 1. This was due to the fact that 
though the faecal coliform levels were less than 100/100ml, those of faecal Streptococci were high 
and variable. In marine waters, the die off rate of coliforms is higher than that of faecal Streptococci 
and though the faecal coliform/faecal streptococci (FC/FS) ratio has been used to evaluate the 
origin of faecal pollution, chlorination lowers this ratio and thus renders the method unreliable under 
such circumstances (Rosser & Sartory 1982). Thus, there is a likelihood that chlorinated swimming 
pool water discharged on the beach and lagoons may interfere with the FC/FS ratio and therefore 
caution may be required in the use of the ratio in predicting pollution type or source.

Based on the results, the groundwater from the boreholes and wells in these two areas are 
not potable as the levels of faecal coliforms, E. coli and faecal Streptococci exceed those 
recommended by the Kenya Bureau of Standards (<10 faecal coliforms/100ml and 0 E. coli/ 100ml) 
and EEC guide limit of 0/100 ml of these organisms for drinking water (EEC member states



recommend a maximum of 20 faecal coliforms or 20 faecal Streptococci for surface water intended 
for abstraction or drinking).

Within each area, there were differences in groundwater quality in the boreholes and wells. 
Differences were observed even between wells/boreholes that were within short distances from 
each other. This is an indication that the water in the wells/boreholes may be derived from different 
groundwater aquifers receiving different anthropogenic inputs from the adjacent population. The 
level of groundwater contamination is related to the population density and mode of sewage 
disposal.

According to the population projection, the population of Mombasa district was to reach 
654783 persons by 1996. With a projected density of 3118 persons per square kilometer, it makes 
Mombasa one of the most densely populated district in the country (Republic of Kenya, 1996). 
Expected density in Kisauni division, where all the boreholes sampled in Mombasa are located, 
was 1539 persons per square kilometer.

Kwale District 1996 projected population was 465011 persons with Msambweni being the 
most populous in the district (190422 persons and a density of 57 persons per kilometre). Diani 
area has been growing steadily due to booming tourist industry with hotels and recreational 
facilities (Republic of Kenya, 1996). The difference in water quality between the two areas is 
directly related to population densities. High population density in Nyali has had the impact of 
lowering the groundwater quality in this area as opposed to the relatively lower anthropogenic 
influence in Diani. In both areas, there is no centralized sewage treatment and septic 
tanks/soakage pits and latrines are a common phenomena. Large volumes of sewage from the 
population eventually find itself in the groundwater and eventually in the marine environment. 
However judging from the level of microbiological contamination of both ground and marine waters, 
there seems to be some filtration process that somehow minimizes the entry of potential pathogens 
into the marine environment. Otherwise, the high groundwater contamination especially in Nyali 
would have resulted in commensurate lowering of marine water quality in the adjacent Nyali lagoon 
through underground seepage.

Conclusions

The above results with respect to nutrient concentrations within the Nyali and Diani lagoonal 
waters clearly indicate that there is a considerable additional contribution of nutrients from streams 
associated with ground water outflow. At Nyali study sites, these underground water streams feeding 
the lagoonal waters were found to have salinity values of between 25 and 27 PSU (Kitheka, this 
report). (N03'+N02)-N was found to be the most dominant form of dissolved nitrogen contributed by 
these low salinity ground water streams. While concentrations of (N03+N02')-N associated with these 
streams varied between 5 and 200 pM, those of ammonium were < 16 pM. At Diani study stations, 
the streams feeding the lagoonal waters were found to have salinity values of between 26 and 28 
PSU (Kitheka, this report). The maximum (N03 +N02')-N concentration associated with these streams 
was ca. 65 pM which is relatively lower than the maximum observed at Nyali study station.

In both the study stations a general gradient of nutrient concentrations was observed within 
the lagoonal water column, with those stations in the offshore deep lagoonal waters having relatively 
lower nutrient concentrations compared to those stations next to the beach except for Diani which 
showed a slightly different trend for offshore stations due to a possibility of a localized source of 
nutrient input most probably arising from groundwater outflow within the area.

Nutrient enrichment of the oceanic waters takes place mainly in the nearshore areas for 
groundwater outflow areas. The highest nutrient levels in Diani and Nyali were generally observed 
during dry season. Diani groundwater outflow area extends much further into the ocean than the 
Nyali case.

Nyali nearshore area has higher nutrient levels than Diani area mainly due to the greater 
anthropogenic influence experienced in the former. Kenyatta beach nutrient characteristics are 
basically oceanic since there is no evidence of groundwater outflow within the beach.

Data generated from this study is indicative of some extent of contamination of lagoonal water 
by groundwater, surface runoff and occasional direct discharge of raw sewage and waste from 
beach establishments. In general, lagoonal waters in both Nyali and Diani appear safe for contact 
recreation. However, though the situation is not serious for now, the continuing rise in population and 
tourist industry may eventually lead to increased contamination of groundwater and recreational



beaches with faecal pathogens resulting in higher health risk to tourists and other recreationists. 
The level of bacterial contamination of groundwater is higher in Nyali than in Diani and the question 
of public safety should be addressed. Groundwater from Diani can be made potable by simple 
physical treatment and disinfection like boiling, rapid filtration and disinfection while that in some 
wells/boreholes may require physical and chemical treatment and disinfection including 
chlorination. In Nyali, there is high risk of using untreated groundwater and both physical and 
chemical treatment of the water is necessary before use.

In general it is evident that groundwater outflow areas impact strongly on nearshore 
coastal ecosystems with regard to elevation of anthropogenic associated inputs such as nutrients 
and microorganisms.
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