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INTRODUCTION 

The uae of pesticides In agriculture and public health 
vector oontrol in l<enya has been increasing steadily due to 
the rapidly rising population (currently at 2.8% p.a.) and as a 
result of the consequent increase in demand for agro­
industrial activities. In 1995, aome 5108 tonnes of different 
types of peetiddes formulations and active ingredients were 

imported into the country which consisted of 39.8% 
insecticides and acariddes, 17.6% herbicides and 38.4% 
fungicides (1}. Some of the imported pesticides like p,p'·DDr, 
lindane, aldrin and dieldrin, which have now been banned in 
most industrialiiled countries due to their persisteace In soil 

and aquatic environments are still popular in this country and 
are used mainly for public health vector control such as in 

control of moequltoes (2, 4}. 
Kenya is located in East Africa between latitudes gi4· N 

and 4°4' S and between longitudes 33°5()' W and 41°45 E, with 
a coastline of 640 km characterised by fringing reels and a 
shallow NrrOw lagoon system linking it to the mainland. It 

baa altitudes varying between 0 and 2610 m above eea level 
from the Indian Ocean coast to the inland Rift Valley regions 
(SJ. The mean annual rain&lll at the coast is about 1090 mm, 

40% of which is received in the long rains period (March­
June), 20'% during the short rains eu.son (October-December) 
and the remaining 40% constituting the out-of.season rainfall 
received during the monsoon periods Ouly-September) (6). 
The relative humidity averages 75% while evaporation is 
about 170 mm, due to the influence of sunshine (8.65 hows), 
radiation (449 Langleys) and surface winds (4.5 m 8"1 ). 

There are several rivers and canals that pus through 
towns and other human settlement areas and through 
agricultural farmland discharging into the Indian Ocean. 
Intensive large-sc:ale agricultural activities ere practised In the 
upper middle sections along these river watersheds and 
canals resulting in transport of a number of contaminants 

such as pesticide residues to the ocean. The Athi and Tana 
Rivers, for example, have been reported to carry a number of 
pesticides residues from the extensive agricultural activities of 
the central highlands (7). The coastal region of the country 
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also has abundant agricultural activities that include sugar 

cane, citrus fruit and cotton farming. Pesticides are uaed in 

these plantationa. p,p'-DDT, for example, has been used 
extensively up to very recmtly in aerial spraying of cottol\ 
fields around Margarini in Malindi and for disinfecting 

Kilindini Harbour. Formulations containing p,p'-DDT and 
dieldrin have also been ueed for spraying t8etlle-inleaced areea 
north of Malindi, while 2,4 - D and 2,4,S-T have been U8ed in 
augar cane plantations in a>Utal .,_ around Ramisi for 

control oi w-U (2, 3, 6]. 

Marine pollution reeearch hu been one of the priority 

concems of our laboratory and the Kenya Marine Fisheries 
Research Institute (KMFRI) in Mombasa. The objective of this 
preeent study was to determine the concentrations of 
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organochlorine petticide residues in marine eedimenta, fish, 
water and seaweed from the coutal lites in January and May 

199'!, July and September 1998 and 1999 during the dry, wet 
and ahort rainy eeuona. Thia paper dilcu&8es eome of the 
,.Wta that have been obtained 80 far. 

MAT!IUALS AND MrntODS 

In 1997, sampling was done in four sia along the rout, 

namely: Fwui Lazy Lagoon next to the confluence of Ramisi 
River, Mombasa Old Town, Kilili Creek near the confluence 

of Goehl River and the confluence of Sebald River near 
Mallndi as shown on the map (Flgu.re 1). 1n 1998 and 1999 

ampllng- done during the mortha ot January, May, July 

o Klwayu Bay 
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Figure 1. The study region of Kenya. 



and September from Kilifi around the Goshi confluence, 
Malindi beaches around the Saba.ki confluence, Mokowe 
be.aches, and along Rivers Sabald and Tana (Fig 1). Samples of 
seaweed, sediment, fish and seawater were taken twice 
during the above named months corresponding to the hot and 
dry north-east moNOOn season (dry season) and the warm 

and wet long rains (wet season), and short rainy seasons, 

respectively. All samples were collected In triplicate and 
within a distance of 100 metres from the coastal shores and 
labelled appropriately. They were taken at a depth of between 
0-10 meters above and below sea surfac:e and immediately 
stored In an icebox. The preserved samples were then 
traneport.ed to Nairobi where they were transferred to a deep­
freezer while awaiting analysis. 

Water samples were collected in n-hexane-rinsed 1-1 

brown bottles with scnw caps lined with n-hexane-rinsed 
aluminium foil. The sample bottles were lowered to 6IJ 
against the sea tide at knee-height. Sediment samples were 
collected by lowering an augur and aa>Oping up the top 2 an 
undisturbed layer. They were then wrapped In aluminium 
foil, fastened by masking tape and placed In seU-1ing 
polythene bags and then kept In the Icebox. Seaweed was 
harvested using a knife. 'The samples were washed with 
seawater, wrapped In aluminium foil, placed In a labelled 
polythene bag and then traNfared to the icebox. Plve to ten 
(10) specimen samples of small fresh fishes were bought from 
lots caught by fishermen along the shores of the ocean. 
Sardines, Sardindha ftmbriUI, of length 19.23 cm and 27.CM g 
weight, were Mmpled from Sabeki, while prawns, Petfllftl$ ,,,., 
of average length and weight (18.S an and 62.66 g) and silver 
pomfret, Pampus 11rgmtevs1 of average length and weight 

(15.34 an and 54.72 g) were taken from Killfi, Mombasa Oki 
Town and R.amisi, respectively. The wrapped samples were 
placed in a polythene bag and carried In an icebox to the 
laboratory. Table 1 gives a full list of sampled fish and 
locatioas of collection. 

For seaweed, sediment and fish, 30 g samples were 
take11 In triplicates and mixed with 20 g portions of 
anhydrous sodium sulphate In a mortar and crushed well 
with a pestle to give a homogenous dry mixture. The mixture 
was then Soxhlet extracted for three hours with 100 cm3 of 
solvent (85% n-hexane, 10% acetone and 5% deionized water). 
The Soxhlet extracts were evaporated to dryneee In a rotary 
evaporator at reduced pressure and the residue taJcen up In 15 

an3 n-hexane. For seawater, one litre samples wen shaken 
with 100 ml n-hexane for 30 minutes, left to lettle for 10 

minutes and then the n-hexane layer taken up in a round 
bot1om flask. This extraction was done three times and the n­
hexane extracts pooled and evaporated to 15 an3 in a rotary 
evaporator and dried with anhydrous sodium sulphate. 

The extracts were cleaned up In a Florisil column 
(height: 10 cm) with a 2 cm layer of anhydrous sodium 
sulphate at the top. The extracts were eluted with 30 cm3 
n-hexane, the11 with 30 an' 5% acetone In n-hexane, and 
finally with 30 c:rK of 10% acetone In n-hexane. The three 

&actions were pooled together and reduced until only fatty 
residues were left. The residues were then rediuolved In 1 

an' of n-hexane, placed In the Plori8il column and eluted with 
30 an3 n-hexane, then with 30 an3 1% acetone in n-hexane 
and then 30 an3 2% acetone In n-hexane. The eluates were 
combined and reduced under nitrogen to 0.5 cm3 for GC 

analysis. 

Table 1. Owacteristics of the fleM bought from fiahennen along the cost. 

Species Station Date Mean Mean Moisture "' Upid % (Lateral 
weight (g) length(an) mu&de) 

Lttlrrinws lllll'ak Kilifi May'98 2S5JIO 16.7 6.).03 0.26 
Ltthri71145 nelndose Kilifi May'98 30.48 16.S 79J11 0.38 

Sigrmus ritndattls Malindi May'98 139.51 19.6 71.07 0.27 

Sigrmus ritndattls Malindi July '98 134.90 21.0 78.95 0.27 

LJtionMS nuseli Malindi July '98 226.U 20.0 75.39 1.71 

Tilllpia ziUi Tana river Sept '98 8.1.14 19.5 75.41 0.32 
Mmr"'1ctilMS argmtvs Malindi Sept "98 44.30 15.4 73.()2 0.43 

Epinephelus C«ndtoptmtllnhls Malindi Jan'99 2ll.69 20.41 69.93 0.62 
Carcharhinus rrtlldoti Kilifi Jan'99 204.498 31.1 81.18 0.84 

V 11/amugil buchsrlrinus Kilifi Jan '99 182.32 18.1 77.18 0.46 

SigtmtlS ritllllatus Kilifi Jan '99 132.81 16.0 80.01 0.28 

Lethrlnus ntbiilost Kllifi Jan '98 83.14 18.S 75.G6 0.39 

Sigrmws rirndatus Malindi Sept '98 14255 22 79.62 0.28 
Sardindla fimbrita Sabaki Jan "17 27.ot 1:9.23 73.36 3.92 
Pen#MSSp Kllifi May "17 77g, 18.54 19.52 4.36 
Apolechls nigtT Mombua May "17 62.66 18.SO 74.27 3.25 
Pampus Argmttus Ramisi Jan''n 54.72 15.34 75.66 3.74 
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The marine eediments had a pH nnge of 7.• to U and 
organic c.'Ofttent of 0.12 to 0.15 % except for S.baki River, 
wtuch w• •.70%. All marine 9ediments were chanlcteri8ed • 

sandy (mean sand 97.3%; day 2%) while the s.bald River 
�t WIS silty day (lilt, '2.S%;day, J0.2%). The high day 
content- due to hmvy upetream 90il erosion. 

The charac:teristics of fish bought along the coast are 

given in Table 1. The fiah species had comparable lipid 

contents (mean 05'%; range 0.26% to 1.71%) in their lateral 

m\llldee except for l.MfWrrnls rvssdi whoee mean lipid content 
was 1.71 %. The obtained lipid contem are companble to thoee 
detected by Munga (9) for Tana River fish Clllria ""'551D11biau, 
Orrodiromis mosumbicvs and Tilqiil zilli (range 0.075% to 
1.0%) and Subramanian tt Ill. (10) for Tamil Nadu 1• fllh 

species (range 0.02% to 1.99%). 

Gu chroD\atographic analysis of 258 aamples were 
done on a Hewlett Packard 5890 equipped with a 63 Ni­

electron capture detector having a SE30 packed quartz 
capillary column (60 m x 0.319 mm x 0.25 JUI'). Carrier gas 

-nltn>gen at a flow rate of OJM ml m1n·1, injection volume, 
1 j&l, attenuation of the integrator w• 0, chart li-f 05 cm 

mir\"1, injector and detector temperatuftls 251.'fJC and 3111C 
respectively. The initial column temperature w• 18()AC 

programmed at a rate of SCC/min to 2.5S°C and held for 10 
minutes before increaaing at 208c min·' to, and holding at 

280°c for 20 min. 

1 Aldrin 

2 lr-Endosulfan 

3 P,p'-ooE 

4 Dlakrln 

5 P,p'-ooo 

6 P,P'-DDT 

Orpnochlorine samples were identified by C10mpariaon 

with ltandud retention tima and quantified by extrapolation 

of COlftlJ>ORding aample peak area of known etandarda for 
eech pesticide. Calibrations were repeated after every nine 
runa of samples, Figure• 2 and 3 give example 
chromatograms for eedlment and fish. Recoverin of the 
diHem\t pesticides analy.ed in variolu metrioee ranged from 
7'-1'% to92.1%. 

112 samples collected in 1997 were analysed 

chromatognphically using Perkin - Elmer model 8500 gas 

chromatograph and Varian 3400 gas chromatograph both 
equipped with "Ni-ECO detecton. White lpot nltrogell with 
a flow rate of 2 ml lnin'1 waa U8ed 115 carder gu. The perldn­
Elmer chromatograph had an SE-st fUled llilica apillary 
column of dimensions 30 m x 0.25 mm i.d. x 0.25 film 

thickne8a while the Varian inltrument wu fitted with a DB -
S capillary CIOlumn of dbnenalonl 15 m x 0.25 aun i.d. x 0.25 
JUI' film thicknea The carrier gu flow rate wu the ume in 
both. The column and oven temperatutt for the leCX>l1d 
imtrwnent were let at 200 °C and Ude. reipedively, while 
the temperature change WU programmed to ramp at •° C 
mtn·1 with a 17 min hold at 21"1 C. The ln;ector and column 

temperatures of the aemnd inltrwnent were aet at D1C and 
250°C respectively. The ramp rate between IOO'C and.2.5C1'C 
waa5'Cmin·1• 

The lnstnunents were calibrated using standard 

90lutioN of 0.01 - 0.10 i:ng kg' for Perkin-Elmer and O.D2-o.6 
mg kg"' for Varian. 1 µI 90lutions of standarda and eamples 
were injected for analysi8. The limit of detection for the SE-54 
column ranged between 0.00015 - 0.0098 ng g ·• and for OB-5 
ranged 0.ooo2S - 0.0050 ng g"1• 

4 

8 

1 

10 t2 14 t6 8 20 22 24 26 28 30 

Figure2. 

Retention titrHW in "*""­

Ouomatogn.m for 8ed.ilJlent sample. (SmbW). 
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Pigure3. Cluomatogram for a fish samples (Mombasa). 

JU!SUl.TS 

Eight (8) triplkate sunples of eeawater and ten (10) 
tripliate samples each of -weed, eedllnent and fish were 
analysed from the eight sites. The moisture content in the 
seaweed was about 69% by weight compared with their 

orpllic matter content (9%). The eedllnent samples along the 
cout appeared to be very beterogmeous except their pH and 
moisture content, which were found to be similar in samples 
taken from the eight sampling locatiOllS. The organic caJbon 
content was generally below 1% except for Sabala station, 
which showed a high value probably due to the greater 
primary activity at the river mouth. Similady, Sabaki and 
Tana station sediment had higher values of silt and clay 
compared with sediments from the other six lllatiorls, which 
contained a lot of sand. Theee investigations were important 
since the c:hemical and physical properties of an ec:osystem 
such as pH, mineral composition, organlc: matter content and 
moisture content determine the behaviour of pestic:ides in the 
aquatic: envirorunenl Residues persist longer in eedilnents 

with high organic: matter content which binds the residues 
more tightly compared with sandy soils whic:h allows easy 
solubility in water, c:yc:ling in the water and loss through 
volatilisation. 

The moisture content in fish eamples was found to 
a«ount for three-quarters of their - on wet weight basis, 
with organic matter and lipid content constituting the 
remaining weight. The values obtained were c:omparable to 
those obtained by Nhan for samples taken from the Red river 
estuary in Vietnam (8). Munga found 3.62% lipid in fish 
eamples from Tana River and Everaarts obtained 2.o9% lipid 

in fillh from Formosa Bay adjacent flo the conftuenc:e of Sabaki 
River (9,10). Generally, the marine fish samples from different 
sampling locations showed similar trends in composition of 
moisture, organic: matter and lipid in this study. All types of 
fish analysed are the migratory type and are well distributed 
along the cout at an ocean depth between 30 and 210 m. 

DISCUSSION 

Surface Water Samples 

The mean residue concentrations of the orgariochlorine 
compounds iJ'I teawater samples show that water from all 
the samplln.g locations were c:ontall\lnated with lindane, 
aldrin, a- endosulfan, p,p'-DDE, dieldrin, p,p'-DDD and 
p,p'·DM in 1997 (Table 2)and 1998/99,except forendrin that 
was obeerved only in 1998/99 (Table 3). Jn water aamples 
from the confluence of Sabalci River whic:h flows from the 
central highlands, a region with inteneive agric:ultural and 
hwnan loed activities, all the pesticides except endrine were 

det«ted, the highest mean concentration being that of p.p'· 
DOD (0.295 ng g·') and aldrin (0.378 ng g·1) obtained in 
samples taken during the rainy eeuon in 1997. l..indane, 
aldrin and p,p'·DDT were not detected in water samples 
taken from SabaJci during the dry eeuon, but were detected 
in relatively high concentrations during the rainy season in 
1997. Jn 1999 all were detected during the two eeaaons. The 
c:onoentrations of p,p'·DDO, p,p'-DDE and dieldrin were 

slightly higher in water samples taken during the rainy 
seascn from SabaJci in 1997 and 1998/99. Jn I<ilifi Creek, all 
the residues were detected in surface seawater with lindane, 



0.telil2 

M.J'• 
Kilifi 

Malindi 

July'• 
Kilifi 

Mallndl 

River Tana 

Table 2. Relidues detiec:tecl In 1997 waler tamples at the different sites. 

lnsecticide Mean� raldms in watier {!?I If 1 ± ed2 

Sabelci J<ilifi Momi-a Ramiai 

Lind.ane 02·U• 0.50.1± 0.161 BDL BDL 

Aldrin 0.378 ± 0.002 O.ot9 ± O.ocM 0.054 ± 0.019 0.015 ± 0.006 
oc-Endoeulfan 0.166 ± 0.015 0.239 ± 0.142 0.397 ± 0.223 0.15.5 ± O.o57 

p,p'·DDE 0213±0.a32 0.299 ± 0.175 0.175 ± 0.-i.58 0.064 ± 0.035 

Dieldrin 0251 ±0.006 0.160" O.SOl :t 0.-i.58 0.144±0.oM 
p,p'-DOD 0295±0.231 0.177±0.146 o.on• 0.058±0.017 �our 0.168 ± O.o61 0.310" BDL 0.19' ± 0.0'73 

• In one IUllp\t OlllY: id: m &¥1&11.a11; BDt: Bii(;; II™ linat 

Table3. INeCticide remidiw In -wata (6 replicates). 

IMec:tidde R..ad� �ean :t ed2 �!?I &:12 
Aldrin --Endoalllan Dieldrin FMrin DDT ODE ODD 

O.D99± <O.G42 <0.006 <O.ocM 0.462± 0.140% 0.12ti 
o.oos 0.02.1 0.012 O.G20 
O.o32± 0.012* <0.006 <O.oot 0.491:t 0.261± 0.326± 
O.Q05 O.GO'l OJM4 0.011 O.o24 

0.260i: 0.066± <0.006 0.734± 0282± 0.148± <0.009 
0.001 0.001 0.028 O.a33 0.009 
0.l)J(li: 0.17li <0.006 1.334± 0.402± 0.386± 0.282± 
0.oo7 0.003 Olm OJ)(() 021 0.28 
O.a31:t <O.G42 <0.006 0.48ti: 0.260± O.IJIJQt Oms± 
0.006 0.022 O.o21 0.001 0.022 

Sqtatber'tl 
Kilifi O.o7li <000 O.o23:t 0.()31)± o.m:t 0.286± 0.286± 

0.006 0.016 0.006 024 O.G03 OJJ23 
Mallndi 0.57ti <0.oa <0.006 O.lt6± O.Q9li O.lOti <0.009 

O.JX'fl 0.006 o.mo 0.003 
Lamu <O.JX'fl <0.oa <0.006 0.Uli O.QSS± O.o63:t <().009 

0:0 021 O.GO'l 

Juuwy'99 
Kilili O.o2± <0.oa <0.006 0.()12± <0.003 0.132± <0.009 

O.JX'fl 0.JX'fl o.ou 

Mallndi O.o26* O.ffiO± <0.006 <O.ocM <OJW O.o82± <0.009 
O.oo7± 0.001 0.GO'l 

River Sabeld• 0.0l&l: O.a;o± <0.006 <O.ocM <0.003 0.026± <0.009 
0.()07 0.001 

"ietm to COllCli\ftU8ilo in lt"'-f Wllter llliSh wam} 
0.035 

Lindane 

0.a31± 
O.G20 
O.ll55± 
0.017 

O.o5tt 
0.075 
O.Q52± 
0.0'1 
0.QSM0.19 

0.066± 
0.019 
Cl.030± 

0.25 
G.075:t 
0.019 

O.o38:t 
O.o25 
0.(126* 
0.026 
OJl058:t 

O.o25 

.. 11\doaulfan and p,p'-DDE at relatively higher levels than a>ntained high levela of dieJdrin with a mean concentntion of 
t1V»e found in water samples from Sebaki in 1997. During the 0.501 ng g·1 compand with all the other residu. In 1997 and 
first year of lltudy lindane wu detected with highest mean - only detected in 6% of 66 aamples in 1998/99 (Table 3). 
concentration of 0.503 ng g·1 while p,p'-DDT wu below However, lindane and p,p'·Dm were below the det9ction 
detection limit in all samples from Kilifi. Goshi River, which limils. Of the p,p'·DDT inetabolita, p,p'-DOE and p,p'·DDD 
flows through Taita Hilla and enters the Indian Ocean at .Kilifi - detected with lN8I\ coac:entntiorw of 0.175 and 0.()72 ng 
Creek, is a poeaible carrier of pollutants including pesticide g·' In 1997 in wain samples &om the ame lites. •-eridasulfan 
residues. Seawater samples from Mombasa Old Town wu also detected with a hish mean concentration of 
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0j44 ng g1 obtained in samples taka\ during the rainy 9ell80l\ 
in 1997 but were below detection limit in moat of the samples 
in the 1998/99 ltudy. It hu been reported that p,p'-DOf ii 
used for disinfecting Kilindini Harbour while dieldrin and •­
endosulfan ue used in controlling bm\ana weevils, bearl5 and 
mango pelts around this area (2, 3}. 

In genera), the mean c:or.ceutratione of rwidues loand in 
water samples taken &om Ramisi were slighdy lower than 
thoee obtained froll\ samples tabn from the other three 

stations in 1997. p,p'-DOf and it. metabolitee were detected 
with mean p,p'-Dor c::cncentratione of 0.194 ng g·1 during the 
1997 rainy eeuon while lindane wu below the detection 
limits in 1997 and averaged O.OSS ng g1 at other sites in 
1998/99. The Ramiai area is fairly reinote with few human 
activities since the c:loeure of the Ramisi Sugar factory. 
However the presence of dleldrin (an epoxide metabolite of 
aldrin), .. �oeulfan and p,p'-DOf indicatee recent WJe of 
pestiddee in the area. The OCCW'l'eJ\ce of residues in a>Uta1 
shallow watera at the eight sampling locations is not 
surprising ain.ce endoeulfu\, lindane, dleldrin and p,p'-DOf 
are still UHd restrictively in this area. Besides these 
anthropogenic 10urca, tides also have the potential to 
tranapoct pollutants from 011e - to another ae this he& been 
fomid to c:cntribute to oontamination of couta1 eurface waters 
globally (9}. 

For ciomperilon, water aa.mpMI taken from the eea cout 

of Portland in Jamaica have been reported to contain -

endosulfan and p,p'-DDE with mean concentratioNI of 0.042 
and 0.83 ng g1, rapectively (12}. In later ltudiel, Mansingh d 
Ill. altlo R!pOded the pneerwl8 of ctieldrin, c-endoeulfan and p, 
p'-DOf with mean coocientratioN of 1.88, 2.98 and 7.02 ng g·1, 
respectively in Kinpton Bay Harbour in Jamaica (13}. These 

Jamaican coutal aNU are theNfott ntlatively inore polluted 
with respect top, p'-DOf than the &ra along the Kenyan 

a>Ut. In contnst, recent findings in ltudiee of couta1 waters 
from the Bay of Benpl in India have reported tMan lindane 

ccncentration of O.D02 ng g-1 in -ater (142) which is lower 

than the � value 0.186 ng g-1 in 1997 and 0.095 ng g·1 
obtained in 1998/99. However, these small variations may 
reflect the common statue of paticide regulation and use 
trends in the9e developing countries. There was slight 
variation in quantities of residues obtained from all the eight 
different sampling locations in our analysis. 

Seaweed Samples 

Reaid� of the eight paticidea analyaed were detected 
in �unble quantitia in molt .eaweed Nlftples blken from 
the lix eainpling points (!ables 4) except for endrin that WU 

not detected in 1997 sampm. Man residue concentrations in 
-eed amples from MOll\basa Old Town were highest for 
aldrin (18.1 ng g·1) during the 1997 rainy 11euor1 and lowest 
(0.91 ng g1) during the dry period, while mean concentrations 

Table4. hwectiddee raidues in _weed (6 replicai.). 

Deteaite ln8ecticide Rat.id\lt.IS (M!IUl + sd) 1'1 (nggt) 
Aldrin o<-Endoeulfan Dieldrin Pndrin our DOE 000 Lindlne 

May'98 
Kllifl 2.511± 1.99tt 0.444% 0.561± 1.372± 0.794± 0.167± 0.800:t 

o.oos 0.100 O.oo5 O.oo5 0.()260 0.0340 0.190 0.020 
Mallndl 3.100 <000 0.300± <().()04 <0.003 <O.o36 <0,009 0.744± 

0.014 0.015 
July'• 
Kilifi <0.rm 1.300t 0..559± <().()04 0..2800t 2.300:!: <0.009 0.417± 

0.025 0.015 0.()24 0.033 0.019 
Malindi 0.975± 0.054± 1.417% <0004 0.402:t 2.442± <0,009 0.833± 

0.()6() o.ooi o.ou 0.260 0.0.7 0.019 
Sepllemba'98 
Kilifi <0.(Xfl <000 <0,006 <0004 5.s:nt 4.867:t <0.009 8.133:!: 

O.crZJ 0.112 0..026 
Mallndi 2.75.5± 0 .311± <0,006 7.lm± 6.711± 4.933± 1.167± 8.222:t 

0005 o.ooi O.ot6 0.030 0.091 O.ot9 oms 
Janauy'99 
Kilifi lAOO:t <000 <0,006 <0004 <0.003 2.200::t <0,009 4.833± 

o.ocn O.D29 O.D23 
Malindi 1.Q33± <000 <(),006 <O.OOl <OJX)3 2.467± <0,009 4.833± 

o.rm 0.076 0,023 
River Sabe1d- 11.900± 0.867± <0,006 O.!nl:t <0.003 5.200t <0.009 5.367± 

o.rm 
• weea umpil!9 &Cil\ etdl ... 

0.012 0.()()6 0.092 0.024 
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of dieldrin (9..68 ng g'1), llndane (10.1 ng g·1) and •-endoeulfan 
(10.68 ng g·1) were comparable in samples taken during the 
rainy period. The concentration levels found in 1998/99 
MUOns were c:oneiderably lower than thoee obeerved in 1997 
except fee 11.90 ng g'1 aldrin in &esh water weeds of s.baki 
River. Aldrin, ec-endOflllfan, end.rin, p, p'-DDE and lindme 
were detected in iaeoaable levels in the 1998/99 studies. 

Aldrin - detected in '°"' of the IADlples with a mean 

concentration of 6.72 ng g-1, slightly lower than It. metabolite 

dieldrin (8.20 ng g'1) in 1997 while lindane was detected in 
9'% of the 54 -weed eaDlples anal}'Bed in 1998/99. High 
c:oncentrations of p, p'-OOT (mean of 3U6 ng g"1) and p, p'­
DDD (mean 15.27 ng g'1) were found in -weed samples 
colledlld in JCj]jfi during the 199'7 rainy MMOn. Table 4 lhows 

that all 8 pesticides were prment at lower concentration at this 
site in 1998. The conam.trationa of the residi.a in eeaweed 
eamples from Kilifi were generally higher compared with 
eamplet taken from the other three sampling locatimw in 1997 
than in 1998/99 aamplea. Concentrations of lindane (� of 
34.6 ng g·1) was the higheet of all eamples f'rom the a>afluenoe 
of Ramisi River In all years of etudy though mediwn 
conc:entrations of p, p'-DDE (mean of 1.66 ng g·') and p, p'· 
ODD (mean of 6.41 ng g'1) were deteded in 111111\ples collected 

during the 1997 wet aea90f\ • The eeuonal variation of the 
levels of residues was very significant in eeaweed samples 
with hlgha levels recorded in all eamples during the 1997 
rainy period. However, in the 1998/99 etudies p, p'-DDT and 

it. metabolites and lindane did not eh.ow a ex>naiatent leUONl 
variation trend. The concentntions were either high in the 
dry MUOn, low in the 111iny 9eUOll or short rainy eeuon or 

vice vene. From other atudies, different spedee of m.aoalgae 
from the Venice Lagoon were reported to have mean 
concentrationa of lindane and p, p'·DDT of 1.3.l ng g'1 and 
2.05 ng g-1, respectively 115). In these lhldiea, It was also 
found that the variation in residue concentration levels 
depended on the &truc:ture of fronds, the llf'e time and 
conltituenta of the fronds and the period of umpling IISJ. 
n- cxmcentrations are approximately 4 tim5 ie. than the 
highellt found In our 1997 ltudy. 

Tiiere were, on average, higher cxx1ce11tratioaa of total 
reliduee fowv1 in eediment samplel taken during the 199'7 
wet aeuon and the 1998 short rainy season (Table 5). This 
trend wu llimllar to that found in 11UrVeya done in Jamaica 

Table5. hl8ecticide residues in marine eedlmenta (6 replicate analy9es). 

Date site ll1llC!dicide Residua (Mean + ad) t1 (ngg·') 
Aldrin o<-Endosulfan Dieldr:in F.ndrin p,p'· p,p'- p,p'- Lindane 

DOT DDE DDD 

May'!il8 

Kilifi <OJXT! <0.00 <1l006 <O.!XM c:0,003 0..650± <0.009 0.28'± 
01)21 o.mo 

Malindi <OJXT! <0.00 c:0.006 <O.!XM 1.267± 1..800t <0.009 1..5.13± 
0.032 0.022 0.024 

Jaly '98 

I<ilifi 0.9!!0t 1.6.13± <0.006 <0.004 3.lSQt 1.67± <0.009 0.750± 
0,006 0.001 0.023 0.026 0.019 

Malindi 0.867± <0.00 4.G'70:t <O.!XM 4.000± 4..800t <0.009 1.200t 
OJXT! 0.017 0.031 0.00 0.025 

Sepll:albcr '98 
Kilifi 2.Q67t <000 <0.006 25.000± 59.000± 25.000± 15.333± 16.733± 

OJXT! OD2'7 0.19 0.184 0.()()2'7 0.040 
Malindi <0.001 <000 0.889± <0.004 2.lll:t: 2.289± <0.009 2.550:t 

0.014 0.025 o..o:n 0.017 
Lamu 0.584± <0.00 <0.006 <O.!XM 0.93.li 1.mt <0.009 1.501± 

o.w; 011Z1 0.103 0.017 
Jamwy'99 
Kilifi l.IX.l3t <0.00 <0.006 <0.!XM <O.oo3 1.600t <0.009 0..800t 

OJXT! 0,024 0.025 
Malindi 0.'67t <000 <0.006 <O.!XM <O.oo3 1.300t <0.009 0.133± 

OJXT! 0.030 0.025 
River Sabaki• 5.lOO:t <000 <0.006 <O.!XM c:O.oo3 <0.036 <0.009 6.933± 

0.001 0.025 
....... to riv• MdiiiWliS. 
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(13) but differed from surveys recently done in Vietnam 
where the concentrations of residues detected during the dry 
season were reported to be slightly higher than thoee obtained 
during the rainy season, ranging from 0.17-3.48 and 0.012-2.36 
ng g·1, for dry and rainy seasons respectively (8). In our 
analysis, p, p'-DUI' and its metabolites, p, p'-DDE and p, p'­
DDD were present in sediment samples from all the four 
sampling stations in 1997 while lnl998/99 their preeence In all 
stations was not detected. Ramisi sediment samples had 
slightly higher concentntions of all the pesticide residues in 
all aites in 1997 except for dieldrin which gave a highest mean 
concentration of 445 ng g·1 at Sabeki. In the subeequent two 
years only lindAne was observed at all sites (fable S). The 1997 
concentration levels of residues in KiUfi sedimellt samples 
were relatively much higher than � detected by Prats tt Al 
{16] along the c:out of Alicante, Spain where organochlorine 
residue concentrations ranging from 0.002--0.23 ng g·1 were 
obtained while the 1998 levels at this site were much doeer to 
the Alicante levels. In old Mombasa town sediment samples 
had dieldrin and lindane at mean concentrations of 8.85 and 
1.SS ng g"1, respectively and showed highest frequency of 
occurrence (80%) of all residues analyaed in 1997. The 1998/99 
study ehowed no such high coacentrations. 1n a recent study 
by Everaarts tt Al. (9], sediment samples taken from the 
ahallowest point next to the Sabalci River were found to have 
dieklrln at concentrationa averaging 98.5 ng g·1 organic cubon 
(OC). Theee concentrations indicate the higher applk.atio.ns of 
dieldrin in nealby areas before 1986, the year the government 
banned its use. He also reported p,p'-DDE residue 
concentrations ranging from 655-1038 ng g·1 OC, wet weight, 
while thoee of llndane and p,p'-DDD were reported at 31.S-
137 ng g·1 OC and 185 ng g·1 OC, wet weight, respectively. In 

sediment 8lllllples taken from Gui next to Ramis!, he reported 
the preM11Ce of lindane at a concentration of 215 ng g·1 OC. 1n 
Everaarts et Al.'s survey, the samples were ta.ken in the early 
1990s following a period of very successful agricv.ltural 
farming in the upper Tana River delta region which included 
irrigation fanning of cotton and rice with aerial spraying of 
fa.rms with p,p'-DUI' and al8o aerial spraying of cotton fiekSs 
near Margarlni in Malindi before the p,p'-DUI' ban in 
agricv.lture in 1986. This can account for the high p,p'-DDE 
and p,p'-DDD residue levels in sediment samples ta.ken neer 
the Sebald River mouth. Aldrin, clieldrin and p,p'-oor are 
now only allowed in public Malth c:ontrol such as in control of 
lllOlquitoes while lindane ill allowed for seed dressing and 
termite control only. 

Residue concentration trend in sediments along the 
west coest of India was reported to decrease as follows­
dieldrin <aldrin<HOi<p,p'-DUI' with the highest values of 
total p,p'-DUI' ranging from 32 to 43 ng g·1 wet weight f17) 
while the east cout wu reported to have aldrin In the range 
2�, lindane 10-210, dieldrin �10 and total p,p'-DDT at 
0.02.078 ng g·1 wet weight (18}. Jn Kingston Harbour in 
Jamaica, sediment samples were found to contain aldrin in 
highest concentration of all the organochlorines with a mean 
value of 36.7 ng g"1 (13] and from the estuary of Palizada River 

In Mexico, sediments were found to contain lindane, p,p'­
DDEand aldrin at concentrations of 057,17.67 and 9.02 ng g"1, 
respectively (19] which are quite comparable to our values. 

The occurrence of high concentrations of dieldrln in 
sediment in 1997 samples from the Sabald confluence and at 
Kilifi Creek suggested a prevailing pollution source. The 
concentrations of aldrin were much higher than those of 
dieldrin in the Mombasa and Ramisi samples. Aldrin is rarely 
found in the environment as a result of its rapid 
transformation into dieldrin. Therefore the presen«! of aldrin 
in sediment suggested direct input into the aquatic 
environmeflt from neuby aowas. It is moet likely that aldrin 
was released d.iredly into coastal waters &om the industrial 
run-off In Mombasa and from domestic waste from Ramisi. 

Termites are very destructive during dry periods in this area 
and lindane is used to control them. This could contribute to 
the high levels of lindane residues detected in the samples 
taken in the dry aeaeon. 

1997 data obtained from analyais of fish samples taken 
from Sabald showed that lindane (mean concentration of 612 
ng g·1) gave the highest mean residue concentration as well as 
frequency of occurrence (80%). The eame high concentration 
persisted in 1998 at Malindi (next to Sabaki River) and Kilifi 
(fable 6). From other studies, high values of lindane have al90 
been reported in fish samples from Suruga Bay, Japan which 
suggests that this residue is capable of high bioea:umulation 
in fish (20). The high conc:attrations of lindane In fish samples 
from Mombaa, Sabald and Ramlei, (M.alindi and I<i1ifi in all 

yean of study) is due to the use of technical BHC 
formulations for soil treatment, foliage application on fruit 
and nut trees, vegetables, ornamentals and for tl.mber 
preservation along the coast In thae regions. Aldrin, dieklrin 
and •-eldosulfan residues were comparable with high mean 
concentrations of 41.8, 48.5 and 40.2 ng g·•, respectively. Only 
aldrin concentration remained high in 1998 (Table 6). The 
concentrations of p,p'-ODT (me.an of 30.28 ng g·1) were very 
low in fish eamples taken from au four nations in 1997 
compared with other residues except for p,p'-DDD and p,p'­
DDE and wu detected in 40% of the samples analyaed from 
this etation.. However, p,p'-DDT and p,p'-DDE were preecnt 
in high a>na:ntrations In all fish analy&ed for I<ilifi, except for 
Malindi Letlrrinus luutl/c in 1998. 'Besides p,p'-OOf and p,p'­
DOE, the 1997 samples showed average high levels of aldrin 
and lindane at all the four site& Other raidue c:onceotrations 
were low In both years of study. At Ramiti, lindane 
concentration was highest (mean of 281 ng g') of all the 
organochlorines followed by aJdrin (meul of 1.02 ng g'1) while 
other residues were in much lower concentrations. A 
signifiamt RUOnal variation in the concentration levels was 
found for all residues with higher concentrations being 
recorded during the wet season except in 1997, llndane and 
p,p' -DOD gave higher conambations In fiah samples taken 
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Table6. lnllecticide residua in fish (6 replicates). 

Detellite � ResidUIS (M8m\ +Id) 1"1 (!!8 lf1 l 
Aldrin •-Endosulfan Dieldrin Endrln p.p'- p.p'- p,p'-

oor DOE DOD 

May'98 
KIPI 250.o38:t <000 <0.(}()6 <O.IXM <O.D03 <O.Q36 <O.QOIJ 42.346± 

0.808 3.000 

lCPlI 611.Mli <000 <0.()()6 <O.IXM 76.316± 82316± <O.QOIJ 47.368± 

0.368 1A32 1.211 1.316 

MFm <OJXTl <000 <0.006 <O.IXM 1011.11± 159.22± 618.556:t 67.368± 
5.89 4889 2.869 

July'98 
MPVI "SJ.l&t <0.00 1� <O.IXM 28.5ll8:t 91.765± <O.QOIJ 38.824:*: 

0..126 0.300 01'00 3.19' 0.6'1 

� <OJXTl <000 l()IJ.375± <O.IXM <O.D03 1"'1.62.5± <O.QOIJ 131.2.50± 
1.125 1.688 1.500 

Septmlber'99 
MFVll O.lJ'Tl:t <000 0.023i: O.D39± 0.135± 0.286± 0.286± 0.066± 

0.()()6 0.016 0.()()6 024 o.om O.m.3 0.019 
KFIIl 0.57ti: <000 <0.()()6 0.146± 0.()92± O.lOti: <O.QOIJ O.mo± 

0.007 0006 0.030 0.()()3 025 

MFII <OJXTl <000 <0006 0.121± O.ll55± O.o63:t <O.QOIJ Oms± 

O:rJ O:rJ O..ll02 0.019 

Janaary'91 
MPVIl 20.95li <000 <0.006 <O.IXM 27.'35± 70.948:1: <O.QOIJ O.o38± 

0.339 1.69' 1.o65 0.025 
MFVID 17.857± 35.714± <0006 <O.IXM <0.003 99.o36:1: <0.009 0.026.t 

0.250 o.J93 UM 0.1)'26 
1CJllX 23.934% <0.00 <0006 <O.IXM 78.261± 89.lSli lkl.413± o.ooss 

OAS7 2.152 1.360 1.761 
KFIIl <OJXTl 139.286± <0.()()6 <O.IXM '2.85'1± 142.82± <0.009 2(.964± 

1.286 3.750 4Sfl 2.786 
I • J!ft9J\ ,.,., Atll Noe.: M • ™· IC-kilil T·rivft' ,_ 8tatlon. Kh pt td.1Ui1i111 lili1ii( PD t@iri11111 lit6ilLW, FID Stp11111 rliilJillKI, Piv 
Udillna ,_/i, TFV TIMpil Zl/lf. PVI Mollldlctillll �. FVll f.pi1ltplw/111 �. FVDI ClrrcltMiilm IMdati. PIX V.iontgil lnldts,.,U 

from Mombua during the dry period (Table 6) 
The organcxhlorine contamination of Suruga Bay in 

Japan <X>Utal fish -- to be comparable to thlt found in the 
1997 data, especially for llndane at IGlifi and Ramisi.. The 
concentrationa of p,p'·DDT1 11\d hexachlorohexane (HCHs) 
iaomers were reported in the range between 80-1700 and 1-250 
ng g4 of lipid, respectively, In filh samples from Suruga Bay 

(20]. However, filh eamples from Meghna-Dhonagoda River 

mtuuy in Bangladellb c:onla1ned much higher c:ona!lltntionl 

of orpnochlorines induding, p,p'·OOf and p,p'·DDD at 
conamratiClns of 1280 and 1370 ng g'1 lipid, reiipec:tively (14]. 
No such levels were obeerved in Kenya. Lindane 
concentration values were lower (26 ng g-1) while both aJdrin 

and dieklrin were not detected in the ume filh eamples in 
Matin'• survey. Our survey lhow higher levell in the Kenyan 

coest. Lower c:oocientrationl of PClle and p,p' ·DDT• have alllo 
been reported in tlhellfiah 111111\ples taken at the mouth of the 
River Po In the Northern Adriatic Sea, ranging from 2.1-18.3 
and 3.2-12.2 ng g·1, reepectively [21 J. The Kenyan cout shows 

kJwer p.p' -oor levels in fish than found in the Adriatic 11e11. 

CONO.USIONS 

Many tropical developing nationl have continued to 
\Ille organochk>rine pesticides in view of their availability at 
low costs, low mammalian toxJcity and broad 1pectrum 
activity for long duration.. Orpnophalphates which are now 
widely med in temperate regions are expensive and due to 
high toxicity are UN11fe unle91 adequate precautione are 

taken. Due to the high increase in population and the 
IUbtlequent high demand for food, large unounts of peatidde 
reaidues enter drainage canals and riven Uld diadw'ge into 

lakes and OCUN and hence become a eerioue IOurce of 
marine environmental pollution. The high concentrations of 
residues found in the Kenyan c:out 11 well as in other tropical 
coastal are11 indicate recent 111age of organochlorine 

pesticides in thee areas. The variations in ccncentr1tionl of 
orpnochlorine residues found in this study reflect trends in 



usage IUld state of legislation enforcement regarding pesticide 
use in Kenya. 

Prom our 1997 studies it was found that seawater from 
I<ilifi was most polluted while that taken in Ramis! was leut 
polluted. The EC Drinking Water Directive (22) recommends 
that individual in8ecticides should not exceed 0.1 ng g·1 levels 
in drinking water. However, the levels of eome of the 
organochlorine residues in marine water from the sampling 
locations, especially in l<ilifi, exceeded the limit. This could 
poee a health risk to aquatic organisms. 

Sea plants can play a key role in the process of 
micropollutant dilleemination and cycling along the ccest as 
shown by the high residue concentrations detected in 
seaweed in this region. They can store and distribute 
micropollutanlB by both physical and biochemical procesees 
and tra.nsfer them to swface waten through dispersion of fine 
soft material in which they are transformed during 
decomposition and also through food chain transier proc•e• 
in aquatic ecosystems. 

The p,p'-DDT concentrations determined in the 
sediment and fish samples were much lower than the Food 

and Agric:ulture (FAO)/World Health Organisation (WHO) 
tolerable levels of 50-700 ng g-1 day-1• The acute to)(idty levels, 
L<;,o , for various fish species range between 16 and 1900 ng 
m1·1 (23,24) and at the concentration levelS of theae pesticides 
praent at the Kenyan coast, they may not poee ill health to 
fish. However, several pesticides were detected in some fish 
species and the combined synergetic effects of theee pesticides 
on species is not certain. Furthermore, the effect of chronic 

poisoning combined with bioaccumulation of theae pesticides 
c:an only be speculated. 
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