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mE IMPACT OF GEOLOGY AND PIT lATRINES ON 
GROUND WATER QUALI1Y IN KWALE DISTRICT 

. .' 

J. M. MZUGA, M.P. TOLE & E.L UCAKUWUN 

Introduction 
The composition and state of an aquatic eqvironment shows temporal and spatial variations 
due to factors internal and external to the water body (Chapman, 1992). Pollution of the 
aquatic environment is the introduction, directly or indirectly, ()f substances or energy 
which result in such deleterious effects as: harm to living resources; hindrance to aquatic 

activities including fishing; hazards to human health; impairment of water quality with 
respect to its use in agriculture, industry and other economic activities; and reduction of 
amenities (GESAMP, 1988). 

In this study the water quality of groundwater in selected areas of Kwale District was 
. determined with respect to the local geology and human settlement. The study had the 
folloWing objectives: 
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Figure 6.11be direction oj water flow with sampling shtions , 
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• To detennine regional groundwater quality variations in relation to natural processes; 

• Todetennine trends in groundwater quality in relation to pit-latrine location and to use 

the obsetved trends as a basis for informed decision making; 

• To develop an understanding of regional groundwater quality as an aid to better knowl

edge of the g~~urid~ater r~gime}()r' optim~l management, ;espec~hywater for.human 

consumption; 
- . ~.'. . - -

• To assess the effect of geology on -susceptibility to contamination. ..'. 

SmdyArea 
Kwale.District is one of the six districts of Coast Province and is situated in the southern

most part of Kenya along th~ Indian Ocean. The area of study extends some lOkm inland 
from the coastline and is bounded by latitudes 409' and 4019'S and longitudes 39022' and 

3903S'E. The area includes study locations in four regions:. Diani/Ukunda and TiwiJWaa 

which straddle a coral limestone aquifer; Msambweni and Shimba Hills which are situated 

on a sandstone aquifer (Fig 6.1). 

WATER RESOURCES 

Kwale District lacks adequate surface and underground water resources (Kwale District 

Development Plan, 1989-1993). There are only two reliable surface water sources both of 

which are to, the north of the District .and these are the rivers Ndzovuni' and Cha Simba 

(pemba). Several seasonal springs from the Shimba Hills catchment area and a few seasonal 

rivers in the south are the other sources of water. Water is therefore a priority problem for 

many communities and especially in the hinterland where women, have to travel very long 

distances to fetch water from dams in the dry season. Swedish International Development 

Agency (SIDA) and Kenya Water for Health Organis~tion (KWAHO) have undertaken the 

installation of community owned hand pumps along the coastal zones and rehabilitation of 

dams in the hinterland. The Kwale Water and Sanitation Project (KW ASP) was started in 

. 1985 as an extension of the then South CoastHandpumps Testing Programme (SCHP). It 

has the following activities: 

• Drilling of boreholes and irlstallationofhandpumps; 

• Protection of perennial springs; 

• Construction of rain water roof catchment tanks; 

• . Assistance to self-help groups on piped water supply schemes; 

• Construction of ventilated improved pit (V.I.P) latrines for demonstration purposes; 

• Health education campaigns. 
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Table 6.1 Number ofboreholes, wells andsprings sampled by region 

Boreholes 
N=55 I 

Wells 
N=13 I 

Springs 
N=10 

DianilUkunda 19 6 0 
Msambweni 4 7 0 
Shimba-Hills 12 0 10 

TIwi/Waa 20 0 0 

Table 6.2 
Average seasonal comparison ofpbysico-cbemical parameters (mean ± s.d) 

Wet Season Dry SeasonI 

pH 6.6 ±0.79 6.6 ± 0.84 
Temp (DC) 28 ± 1.36 28 ± 0.9 
Com (J.Ls/cm3) 687 ± 678 706.7 ± 704.8 
[0) (ppm) 0.95 ± 1.4 0.6 ± 0.44 
COD (ppm) 153 ± 116 151 ± 67 
BOD (ppm) 1.7 ± 1.3 1.7 ± 1.3 
TSS (ppm) 0.0079 ± 0.0079 0.0061 ± 0.0047 
IDS (ppm) 481 ± 479 487 ± 471 
K (ppm) 4.2 ± 3.7 4.1 ± 3.4 
Na (ppm) 32.9 ± 23.8 37 ± 30 
C1 (ppm) 108 ± 63 175 ± 171 
F (ppm) 0.19 ± 0.11 0.3 ± 0.2 
Ca (ppm) 66 ± 49 74 ± 49 
Mg (ppm) 9.9 ± 9.4 17 ± 16.4 
504 (ppm) 10.6 ± 9.6 10.4 ± 9.4 
Total coliform 8.86 ± 7.8 6.3 ± 6.1 
E.CoIi 0.36 ± 0.33 0.14 ± 0.11 
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Materials and Method 

FIEllWORK 

Preliminary survey 
Apreliminary survey of the study area was carried out in August 1993. During this period 

existing data on groundwater were collected; this was used to identify the principal fea

tures of the natural ground water quality in the defined area and to provide a basis for 

comparison to establish changes over time as an indication of possible geological 

influence. 

Sampling 
A total of 55 boreholes, 13 wells and 10 springs were sampled (Table 6.1).1 Selection of 

sampling stations near pit latrines was done. The stations were sampled both during the 

wet (short rains) and dry seasons. The water samples were collected into clean 500ml 
plastic bottles, after cleaning using O.1m HN03 (aq) and thereafter rinsing three times 

with the water to be sampled. Samples were collected from each borehole using a hand

pump, pumping at least three casing volumes of water to waste before collection. In wells, 

collection was done by lowering a weighted bottle (bottle with weights inside to facilitate 

sinking) down to the water level while in springs, samples were collected from the pipe 

from the reservoir. 

ANALYfICAL METHODS 

Dissolved oxygen, pH and conductivity were measured on site using a pH meter Oenway 

Model 3100], oxygen meter Uenway Model 9010] and a conductivity meter Uenway 

Model 4070] respectively. A temperature probe attached to the pH meter was used to 

measure temperature. Chemical oxygen demand was determined by the dichromate reflux 

method. Biochemical oxygen demand (BOD) waS determined by the difference in 

Dissolved Oxygen on incubation of the sample for five days. Aeration was done using an 

aerator before incubation (APHA, 1985). 

Total suspended solids (TSS) were analysed by ftItering 100ml of sample using 0.45j.Lm 

filter paper then drying the filter paper with solids in an oven at 60°C for 30-50 minutes 

then weighing. Total dissolved solids (TDS) were determined by evaporating to dryness 

100ml of sample at 105°C in an oven. The weight was obtained by the weight difference 

method. 

1. The exact locations are given in Mzuga (1995). 

http:0.45j.Lm
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Titrimetric methods were used to analyse the calcium, magnesium, chlorides ancicar-' . 

bonateslhydrocarbonates. The flame photometer was used for analysis of potassium (K) .... 

and sodium (Na) while for sulphates (S04), a turbidimeter was used. For fluoride'(F), a 

colorirnetermethod was usedl!sing zirconyl chloride and sodium alizarin. 

·A multiple tube method; the 'Most Probable Number Merhod'(MPN), was used to anal- , . 

yse'colifonn counts. Rapid detection'of E.- Coli was-carried out for each presumptive 

positive tube from the colifonncount test. . 

Results2 

Means for the concentrations of physico-chemical parameters for the seasonal comparison' 

are shown in Table 6.2. The· results showed a slight increase in mean 'concentrations 

during the dtyseason for most parameters i.e. conductivity, IDS, Cl-, F-,:Ca2+, sulphates, 

with means 706.7; 487,175, 0.3, 74,'lOA respectively.-The pH showed no change; with a 

mean of 6.63, while dissolved oxygen, COD,BOD,and colifoml'counts showed a decrease . 

with mean§0.64,151, L66and6.3 respectively.,. 
Tiwi-Waawaters areCa"MglCI-HCo.3, while Diani;Ukunda waters are mainly Ca/CI~ 

HC03. A unique observation was made in two sample stations that had '58-65% sodium and 

over 80% chloride, and are thus Na-Cl waters. Shimba-Hills waters are Ca/CI-HC03 except· 

for two samples which showed a high Na:CI ratio. Shimba-Hills springs have mainly Ca-Na

K/CI-HC03 waters. Again two stations show unique Na:CI ratio with 90% Chloride/70% 

sodium and 68% chloride/95% sodium respectively. Msambweni waters·are.Ca/CI-HC03·· 

with less than 50% sodium. 

Diani region has highest mean for both 'conductivity and TDS followed by Tiwi;Waa 

region, Msambweni and .Shimba Hills respectively (Table 6.3). In this area the groundwa

terflow is generally either easterly or southerly, therefore boreholes found towards this 

discharge zone should have higher concentrations of dissolved salts (IDS) as shown in Fig .. 

6.L 
Table 6.3 Specific conductivity and TD5. 

. .. DianilUkunda I : Msambweni I shimba Hills I TIwi/Waa 

Mean TDS (ppm) 990 293 227.5 503 
. M~ Conductivity (PS/cm3) 1025 , 426 326 .685 

.. 

a • 0.97 0.69 .0.69 0.73 
• Freeze & Cherry (1979) and Driscoll (1986) gave a conversion relationship with a as conversion factor 

between C (conductivity) and TDS as follows: TDS == aC . 

2 . Detailed results by location including trimetric analysis and factor analysis are presented in Mzuga (1995)' 
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Table 6.4 Total coli/orm distributkm (per 100 mQ for boreholes, wells and Springs (N) 
'- ---

Boreholes I Wells I Springs 
N=54 N=13 N=10 

0-10 34 (63%) 0 0 
11-100 12 (22%) 0 6 (60%) 

101-500 5 (9%) 6 (50%) 3 (30%) 
501+ 3 (6%) 6 (50%) 1 (10%) 

;TOTAL COIlFORM CONTAMINATION 

The results for total coliform contamination of boreholes, wells and springs are shown in 

Table 6.4. Bacteria are-present in-all wells and springs sample~; The wells gave a mean 

couht of 604 with a standard deviation of 575. The springs had a mean count of 270 with 
standard deViation 521 (with one extreme valueof18QO).Thecorrelation between con

tamination and distance to the nearest pit latrine for individual wells and springs is weak 

and not Significant. 
The mean total coliform count for the boreholes on the sandstone aquifer was 58.7 

~ounts per 100ml of sample while coral limestone gave a mean of 149.9 counts per 100ml 

of sample. Fig 6.2 and 6.3 give the relationship of pit -latrine distance and borehole 

contamination for sandstone and limestone aquifer respectively. 

E.COU CONTAMINATION 

The E.CoH contamination for the different regions are shown in Table 6.5. Tiwi/Waa has 

the highest rate with a mean of 1.65 E.coIV100ml. Msambweni has a mean of 1.0 E.coli 

while DianilUkunda and Shimba Hills have 0.57 and 0.23 E.coH respectively. 

Out of the 55 boreholes sampled in both sandstone and limestone aquifers onlyseven 

(13%) were contaminated with E.coli. Waa Secondary School had the highest count" of 35 

E.coli perlOOml of sample during the wet seasorfbut'during the dry season the count 

went down to 4 E.coli/lOOml sample. The remaining six boreholes contaminated had a' 

mean count of 2 E.coli/100ml sample. Out of the 13 wells sampled nine (69%) were 
'. . '.. .. 

contaminated with E.Coli whil~ the_ten springs sampled sho",ed contamination in only 

three (30%) of the springs. the highest count ofE.Coli was obsef\1ed i~ Mw~yabo Bongwe 
. .. .,...; . ,. ::... . . 

with 50 E.Coli/ lOOml sample. , 
, - -

Table 6.5 E. coli contamination by /ocation, {mean ± s.d.). -
.... 

- .. ,DianilUkunda Msambweni Sl)imOO Hills Tiwi/Waa 
(N=25) (N=10) (N=22) (N=20) 

, -

E.C. 0.57 ± 0.4 1.0: ±O.94 ,'_ 92 ±0.59 1.65 ± 0.9 
" 
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Figure 6.2 Total coli/oms in boreholes in sandstone area as a Junction of distance from the nearest pit latrine 
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Figure 6.3 Total coli/oms in boreholes in limestque area as a Junction of distance from the nearest pit latrine 
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Discussion 
WET AND DRY SEASON VARIATIONS 

Total coliform count showed a reduction in the dry season. This is because there is less 

rapid movement of water from pit -latrines to the boreholes in dry season. 

INTER-REGIONAL WATER QUALIlY 

Waters in the different study locations seem t() be a mixture of waters from different 
sources. Tiwi/Waaregion has Ca-MglCI-HC03 waters.· Some borehole waters tasted salty 

and these waters had a substantially high Na:CI ratio. In Diani-Ukunda the waters are also 

mainly calcium ckloride and calcium bicarbonate. Exceptions were two wells that had a 

high Na:CI ratio, probably due to sea water intrusion as both wells are about 1.5km from 

the sea shore. Majanga (1987) remarked that in the Diani area, the depth to the salt water 

level seems to increase from the coastline going inland Hence, Mwangi (1981) suggested 
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. that the presence ofa coral ridge parallel to the coastline provides a barrier to subsurface 

invasion by sea. 
Shimba Hills waters are mainly calcium chloride with calcium bicarbonate. Kibwaga 

Chegeli shows a high Na-CI content and this' could he due to the effect of trapped connate 
salty water. This could also be the case 'in sandstOne regions further inland where some 
areas also show high Na:CI ratios. The chemica};components of groundwater are a result of 

geographic factors such as climatic, hydrologic, biologic and chemical processes as well as 
geological oiles which include 'mineralogical compositions, structure and texture of 
specific rock types (Maina, 1981). Todd (1959) showed, that concentration of salts in water 
will depend upon the environment, movement and source of groundwater. In Msambweni 

the waters are mainly calcium carbonate and calcium. chloride. There seems to be no 
indicati~n of salt intrusion on the water sources 'sampled in this area. Anyango (1995) also 

, noted less salt water intrusion in Msambweni compared to Tiwi/Diani, although a tongue 

of salt water occurred nearthe Mto Uvinje creek. 
Inthe whole of the study area calcium is the most abundant ion (with mean 65.8 ppm 

and standard deviation of ± 49.3), followed by sodium with a mean of 32.9 and standard 
deviation of ± 23.8. Chloride and fluoride have mean and standard deviations values of 
108 ± 63 ppm, ~md 0.19 ± 0.11 ppm, respectively. The relatively high calcium content in 
the waters in this study refl.ect on the geology. The waters in the entire area are of mixed 

types, i.e. they are calcium bicarbonate or calcium chloride 'and it could also be a 
reflection of some climatic factors such as rainfall and temperatures. Driscoll (1986) noted 

that rainwater in coastal regions generally contains mote chloride than it does further 

inland. This tends to leach into the surrounding rock formations and maybe trapped as 
groundwater, hence accounting for the high content of the chloride in some boreholes 
and springs. 

Potassium, flUOrides, sulphates and pH constitute minor chemical constituents. Waters 
in the whole study area have a potassium content of 4.16 ppm. Sulphates have a mean of 
10.6 ppm and magnesium 9.9ppm The waters have a mean pH of 6.63, and are essentially 

neutral. Potassium is not readily available in solution and this could be due to the K
bearing aquifer rocks which are resistant to weathering (Maina .1981). 

As a whole, the waters in the study area have low concentrations of both the cations and 

anions and thus are suitable for domestic (drinking) and livestock use. 
The ground water flow is generally either easterly or southerly. Diani has a mean IDS 

of 990 and Tiwi/Waa has 503, Msambwenihas 436.1, while Shimba Hills has the least with 

227.5 and this could be attributed to the underlying geology, distance from the ocean, 
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~. and the distance of flow from therech~ge wne (Fig 6.1), _There· is-a significant difference 
, in the HC03 concentrations between Shimba Hills and the other regions 

In Shimba Hills, ,the total ,coliform counts' and Reoli are highly correlated (r=0.68) .. This 

could, be due to faecal matter being the same sourc~ of the·micrq-organisms; Calcium and 

· ", magnesium. are also ,highly correlated (r==O. 72~. In Msambweni, calcium: ions.ar~ highly 

" related to bicarbonate ions (r;=0.62). In Diani,·totalcolifQrmsand E.~olicoun.t are highly 

. correlated (r=0.88).Tiwi/Waa area shows a.,high correlation of sodium and chl~ride 

· (r=O.63} IDS is correlated to sodium and chloride with r=0;58 and 0.87 respectively .... 

BACTERIOLoGICA{CONTAMINATION OF BOREHOLES 

As indicated by Fig 6.2 and Fig 6.3, there is agen~ral decr~se i~coliforin cotintS with an 
increaSe in distance to ihe bo~ehoies. From the ineariValu:es ofcountsili~aridstQneirid 

," limestone rocks it appears there is greater mo~ement of ba~tena in coral'limestone than 

inSandston~ aquifers. (Sandstonerriea~ co~taminatfon = 58:7 cOliformsllOOinl; corallime

stone mean contamination = 149.9 coliforms/100ml). The higher meani~ corals could be 

due to channels within' the formation, while the low mean in sand~tone region could be 

· due to greater cornpactness df th~ rock·type. Nevertheless, some isolated bor~hbles have 

· an abnormally high coliform count that Can possibly b~ attributed to (i) spread of bacteria 

· . into the system when the PUIl1P' is opened for maintenance and repair; and (ii) polluted 

\vaste water which isnotpropedy drained, but instead leaks back into the borehole. 

BACTERIOLOGICAL CONTAMINATION OF SPRINGS AND WELLS. ' 

NO.significant correlatiOriexisted between total coliform and pit latrine distance in both 

springs and wells. The results ,showthat bacteria are present in . all springs and wells sam-

· pIes. The contamination in springs could be more due to bad or poor back-filling, low 

yield, poor drainage, improperly submerged infiltration pipes, or infiltration of faecal 

· matter. 

The results show that drinking water from a~ open well can be hazardous 'to health. 

· ' The contamination is greatly influenced by surface sources. The communities use buckets 

tied to ropes to fetch the water and this leads to contamination of the source. Small 

animals such as rats can fall into the water source, decay, and cause high contamination.· 

Conclusion and Recommendations 

· From the results anddiscussionsitis concluded that the waters found in the sandy area are 

potable and generally useful for most domestic and livestock purposes. The chemistry of 

these groundwaters reflect the geologiCal environment in which they flow. However, 



'Mzuga et at. 95 

improvement by dirriatic factors, especially rainfall and evaporation, together with the 

'order of encounter'of these ,Waters is ,also suggested. From the results of bacteriological 

analysis, it is concluded that the wells and springs are the most polluted with boreholes 

having the least contamination. 

RECOMMENDATI()NS TO iMPROVE WATER' QUAU1Y FROM BOREHOLES 

It is recommended that the following measures;shoulrl be taken to reduce borehole water 

contamination: 
• Communities wit~ alreactypolhitedboreholes should be assisted in cleaning their 

, sources with. dlsinfectant pref~rably the method of chlorinating. ' 

• Ensure that absolute hygienic conditions are observed when maintaining or repairing 
the pumps. , 

• Ensure that the area around the aprqn iskept dryandcIean and that drainage is work

ing well. 
• Ensure that boreholes and latrines are separated by at least 120 metres in the sands'tone 

region, and at least 150 meters in the limestone region. If possible, place the latrines 

on the down slope side. 
.' . 

RECOMMENDATIONS TO IMPROVE WATERQUAu1Y FROM PROTECTED SPRINGS 

• Where a surface water source is found, fencing should be done at least a hundred 

metres upstream from the collection area to prevent cattle and other anImals from 

contaminating the water. 

• Put locks on the manholes to the collection chambers. This is to prevent people from 

contaminating the sourc~by drawing water from. the collection chamber.' 

• Submerge all infiltration pipes, ir'order to facilitate cleaning and prevent, insects from 

nesting in the infiltration pipe. 

• Improvement of drainage where this is poor in order to prevent waste water from leak

ing back into the collection ~hamber. 

• Chlorination of springs where bacteria are found,. should be carried outfrom time to 

time. However, it is not advisable to c.lean a spring that has no proper backfilling . 

. RECOMMENDATIONS TO IMPROVE WATER QUAIliI' FROM WELLS . 

• The KWAHO/SIDA project has m~,t resistance when suggesting the ~overing of wells as . 

the user community claims not to be affected by the water, they seem to have built 

some'irrimunity. Irwould be of importance if the drilling teams, instead of drilling new 

boreholes, equip existing wells ,with ,handpumps. This is already in line with the 
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project policy. The user community would soon find out the benefits of covered 

sources and hopefully ask the project for assistance in covering their wells. 

Abstract 
Dissolution of rocks and infiltrntion from pit-latrines can cause poUution of groundwater. In this study, IDS, TSS, 
conductivity, COD, BOD, dissolved oxygen,caIdum, magnesium, sodium, pot:as,<;ium, sulphates, chlorides, fluo
rides, c~orm counts and Rcali as well as pH and temperature, were determined from selected boreholes, 
springs and wells in Kwale District, Underlain by either sandstones or cocaf limestone. Water samples were taken 
from each of the water sources between September and November 1993 which represented the wet season 
(short rains) and between January and February 1994 which represented the dry season. . 

Data for two seasons, when comPared, showed a slight increase in mean concentrations during the dry sea
sonJor most ~eters i.e. cond~ctivity, IDS, Cl-, P-, ca2+, sulphates with means 7{'/).7j 487, 175, 0.3, 74, and 

. .lOA respectively. 
The pH showed no change, with a mean of 6.63, while dissolved oxygen, COD, BOD, and colifonn counts 

showed a decrease with means 0.64,151,1.61 and 160.5 respectively. Analysis using trilinear plots showed the 
major anions as &IorideS and bicirbonates while the major cations are caldum and sodium. 

The safe distance to locate a pit latrine from a water source in sandstone regions is recommended to be 
approximately 120m, while in limestone regions it should be at least 150m. 
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