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ABSTRACT

The concentrations of

regidues of lindane, aldrin, e- endosulfan, dieldrin, endrin, p,p’-DDE, p.p’-DDD and

P+p’-DDT in samples of seawater, sediment, fish and seaweed from different locations along the coast of Kenya are
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INTRODUCTION

The use of pesticides in agricultute and public health
vector control in Kenya has been tcreasing steadily due to
the rapidly cising population (Custently at 2.8% p.a.) and as a
result of the corsequent increase in demand for agro-
industrial activities. In 1995, some 5108 tonnes of different
types of pesticides formaulations and active ingredients weve
imported into the country which consisted of 39.8%
insecticides and acaricides, 17.6% herbicides and 38.4%
fungicides {1). Some of the anportd pesticides like p,p’-DDT,
lindane, aldrin and dieldrin, which have now been banned in
most industriatised countries due to their persistence in soil
and aquatic environmends are atill popular in this country and
are used mainly for public health vector control such as in
control of mosquisoes {2, 4}.

Kenya is located in East Africa between latitudes 54’ N
and 4°%’S and between longitudes 33°50' W and 41%45E, with
a coastline of 640 km characterised by fringing reefs and a
shallow narrow lagoon eystem linking it %o the mainland, It

in low concentrations or absent in most
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in Sigenus rivulatus.

those sampled from Sabaki River that had
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variation was observed in 1958/99.
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Water
levels of residues
p.p'-DDT

Organochlorines, marine samples, season variability

has altitudes varying between 0 and 3610 m above sea tevel
from the (ndiap Ocean coast to the inland Rift Valley regions
{5). The mean annual rainfall at the coast is abou) 1090 mm
40% of which is received in the bng rains period (March-
Jure), 20% during the short rains season {October-December)
and the remaining 40% constifuting the out-of-season rainfall
received during the monsoon periods (fuly-Sepwember) [6].
The celative humidity averages 75% while evaporation is
about 170 mm, due to the afluence of sunshine (8.65 hours),
radiation (449 Langleys) and surface winds (45 ms? ).

There are several rivers end canals that pass through
towts and other human settlement arcas and through
agricultural farmland discharging into the Indian Ocean.
lmensive large-scale agricultural activitie are practised in the
vpper middle sections along these river watersheds and
canels resulting in transport of a qumber of condeminants
such as pesticide residues to the ocean. The Athi and Tana
Rivers, for example, have been reported to carry a cumber of
pestiddes residues from the extensive agricultural activities of
the central kighlands [7]. The coastl region of the country
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also has abundant agricultural activities that include sugar
cane, citrus fruit and cottan farming. Pesticides are used in
these plantations. p,p’-DDT, for example, has been used
extensively up to very recently in aerial spraying of cotton
fields around Margarini in Malindi and for disinfecting
Kilindini Harbour. Formulations coniaining p,p’-DDT and
dieldrin have also been used for spraying ctaeinfestad areas
aorth of Malindi, while 24 ~ D and 2,45-T have been wsed in
sugar cane plantations in cnastal ares around Ramii for

Marine pollution reseacch has been one of the priority
cancerns of our laboratory and the Kenys Marine Fisheries
Rer=arch Ingtitute (KMFRI) in Mombasa The odjective of this
present study was to determine the concentrations of

ocganochlotire pesticide residues in marine sediments, fish,
water and seaweed from the coastal sites in January and May
1997, July and Septenber 1996 and 1999 during the dry, wet
and ahort rainy seasons. This paper discusses some of the
1esults that have been obtained so far.

MATERIALS AND METHODS

In 1997, sampling was done in four &ites along the coast,
namely: Funzi Lazry Lagoon next to the confluence of Ramisi
River, Mombaza Old Town, Kilifi Creek near the confluence
of Goshi River and the confluence of Sabaki River near
Mating; as ehown on the cmap (Figure 1). In 1998 and 1999
sampling was done during the months of January, May, July

T
AFRICA

2°S

o Klwayu Bay
LAMU
v. -13°S
¢

-14°S

RAMISI
0 50 400 Km.
| I 1 [
40°€E 44°€E 42°¢ i
Figure 1. The study cegion of Kenya.



and September from Kilifi around the Goshi confluence,
Malindi beaches around the Sabaki confluence, Makowe
beaches, and along Rivers Sabaki and Tana {Fig 1). Samples of
seaweed, sediment, fish and seawater were taken twice
during the above ramed months correspanding to the hot and
dry north-east monsoan 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 appropriataly. They were taken at a depth of between
0-10 cmeters above and below sea surface and immediately
stored in an icebox. The preserved samples were then
aansportd to Nairobi where they were transferred to a deep-
€reeser while awaiting analywmis.

Water samples were collected in n-hexane-rinsed 1-1
brown bottles with screw caps lined with n-hexanerirad
aluminium foil. The sample bottles were lowered to &l}
against the seo tide at knee-height. Sediment samples were
collected by lowering an augter and saoping up the top 2 am
undistusbed layer. They were then wrapped in aluminium
foil, fastened by masking tape and placed in self-ealing
polythene bags and then kept in the icebox. Seaweed was
harvested using a knife. The samples were washed with
seawater, wrapped in aluminium fcil, placed in a labelled
polythene bag and then transferred to the icebox. Pive to ten
(10) specimen sanples of small freah fishes were bought from
lots eaught by fishernen along the shores of the ocean.
Sardines, Sardinella fimbrita, of length 1923 an and 27.04 g
weight, were sampled from Sabeki, while prawns, Penasus sp.,
of average length and weight (18.5 am and 62.66 g) and silver
pomfret, Pampus argenteus, of average length and weight

(1534 an and 54.72 g) were taken from Kilifi, Mombess Old
Town and Ramisi, respectively. The wrapped samples were
placed in a polythene bag and earried in an icebox to the
laboratory. Table 1 gives a full list of sampled fish and
tocations of collectian.

For seaweed, sediment and fish, 30 g samples were
taken in triplicates and mixed with 20 g portions of
anhydrous sodium sulphate in a mortar and crushed well
with a pesie to give a homogenous dry mibture. The mixture
was then Soxhlet extracted for three hours with 100 cm’ of
solvent (85% n-hexang, 10% acetone and 5% deianized water).
The Soxhlet extracts were evaporated to deyness in a rotary
evaponatur at reduced pressure and the residue taken up in 15
an n-hexane, For seawater, one litre samples were shaken
with 100 ml n-hexane for 30 minules, left to eettle for 10
minutes and then the n-hexane layer taken up in a round
bottomn flask. This extraction was done theee tintes and the n-
hexane extracts pooled and evaporated © 15 am® in a cotary
evaposator and dried with anhydrous sodimm su)phate.

The extracts were cleaned up in a Florisil column
(height: 10 cm) with a 2 an layer of anhydrous sodium
sulphate at the top. The extracts were eluted with 30 em®
n-hexane, then with 30 an® 5% acctune in n-hexane, and
finally with 30 cnd® of 10% acetone in n-hexane. The three
fractions werze pooled togeiher and reduced until only fatty
regidues were left. The reaidues were then redissolved in 1
ar’ of n-hexane, placed in the Florisil column and eluted with
30 ar® n-hexane, then with 30 o’ 1% acetone in n-hexane
and then 30 an® 2% acetone in n-hexane. The eluates were
combined and reduced under nitrogen to 0.5 ¢m® for GC

anatysis.

Tablel. Charaeristics of the fales bought from fishermen along the cost.
Species Station Date Mean Mean Moisture %  Lipid % (Lateral
weight (g) length (cm) muscle)

Lethminus harak Kilifi Msy ‘98 25530 16.7 6303 026
Lethrinus nebulose Kilif May 98 3048 16.5 709 038
Siganus rivulotus Malindi  May’98 13951 196 7167 027
Sigenuys rivelatus Malindi July’98 13490 210 7895 0.27
Litianus rusself Malindi July'98  226.12 200 75.3% 171
Tilagia zitli Tanariver Sept’98  8a14 195 7541 032
Mondactijue T gentus Malindi Sept'98 4430 154 73.02 043
Epinephalus cazruleopgnientus  Malindi Jan 99 23369 2041 69.93 062
Carcharhinus madoti Kilifi Jan'99 204498 311 81.18 034

Valamugil buchsrhinus Kilif Jan ‘99 18232 181 77.18 0.46
Siganus rivulatus Kilik Jan‘99 13281 16.0 80.01 0.23
Lethtrinus nebuiose Kibift Jan 98 83.14 185 75.06 039
Siganus rivulgtes Malindi Sept 88 14255 22 7962 028
Sardineila fimbrida Sabaks Jan ‘97 2704 1923 7336 392
Pevaeus Sp Kiifi May 97 7795 1854 7952 436
Apolectys niger Moobasa May97 6266 1850 74.27 325
Pampus Argenteus Ramisi Jan'97  $4R2 1534 75.66 3.74




Characteristics of Sampled Materials

The marine sediments had a pH range of 7.4 40 8.4 and
organic content of 0.12 to 0.15 % except for Sabaki River,
which was 4.70%. All masine exdimerds were charscterinad as
eandy (mezn sand 97.3%; day 2%) while the Sabald River
eediment was silty day (silt, 42.5%; day, 30.2%). The high day
content was due $o hesvy upstream goil erasion

The characteristics of fish bought along the coast are
given in Table 1. The fish spedes had comparable lipid
contents (mean 0.54%; range 026% to 1.71%) in their lateral
muscles except for Lutiamus russeli whose mean lipid condent
was 1.71%. The obtained lipid cxierd are cootparabie to thase
devectd by Munga [9] for Tana River fish Clarias massardricus,
Oreochromis mossambicus and Tilapia zilli (range 0.075% to
1.0%) and Subramanian et al. {10] for Tamil Nadu 14 fish
spedes {range 0.02% to 1.99%).

Samples Analysis

Gas chromatographic analysis of 258 samples were
done on a Hewlett Paclard 5690 equipped with a  Ni-
election capture detector having a SE30 packed quartz
capillary column (60 m x 0.319 mm x 0.25 pm). Carrier gas
was nitrogen at a Bow rate of 0.84 mi min, injection volume,
1 pl, atEmustion of the irdzgzatnr was 0, chart speed 05 an
min’, injector and detector temperatures 250°C and 310°C
respectively. The initial column temperature was 180°C
programmed at a rate of 5°C/min to 255°C and beld for 10
minutes before increasing at 20°C min™ to, and holding at
280°C for 20 min.

Orgarochiarire samples were identified by companson
with etandard eetention times and quantified by extrapolation
of cooeponding semple peak areas of known standards for
each pesticide. Calibrations were repeated after every nine
rans of samples, Figures 2 and 3 give example
chuomatograms for sediment and fish. Recoverigs of the
different pesticides analysed in various aw2rices ranged from
74.7% t092.1%.

112 samples collected in 1997 were analysed
chromatographically using Pechin — Ebmer model 8500 gas
chromatograph and Va:ian 3400 gas chromavograph both
equipped with “Ni-ECD detectors. White spot nitrogren with
a flow rate of 2 ml min"* was used as carvier gas. The perkin-
Elmer d\rogatograph had an SE-34 fused ellica capillary
column of dimensions 30 m x 025 mm id. x 0.25 film
thicknems while the Varian irsOument was fitted with a DB -
5 caplllary column of dimensions 15 m x 025 mm i.d. x 025
pm film thickness. The carrier gas flow rate was the same in
both. The column and oven temperature for the second
irstrument weze set at 200 °C and 260°C respextively, while
the ®mpewsure change was programmed to rsmp at 4° C
min” with a 17 min hold at 260° C. The injector and coluon
temperatures of the second instrument were set at 230°C and
250°C cespectively. The ramp rate between 100°C and 25¢0°C
was SC min™.

The instuments were calibrated using standard
solutions of 0.01 - 0.10 mg kg™ for Perkin-Elmer and 002 - 0.6
mg kg for Varian. 1 i solutions of standards and samples
were (njected for analysis. The limit of detectiom for the SE-54
column ranged between 0.00015 - 0.0098 ng g ™ and for DB-5
rangead 0.00025 - 00050 ng g’
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RESULTS

Eight (8) triplicate samples of seawater and ten (10)
triplicate sampies each of eeaweed, sediment and fish were
analysed from the eight aites. The awisture content in the
seaweed was about 69% by weight compared with their
organic matter comtend {9%). The sedigwst samples along the
coast appeared % be very beterogeneous except their pH and
moisture contentt, which were found to be similar in samples
taken from the eight sampling locations. The organic carbon
content was generally below 1% except for Sabaki qwetion,
which showed a high value probably due to the greater
primary activity at the river mouth. Similarly, Sabalé and
Tana station eediment had higher values of silt and clay
coowared with sedimendd from the other six stations, which
contained a lot of sand. These investigations weve @PoOrtant
since the chemical and physical groperties of en ecosystem
such as pH, mineral composition, orgardc matter comtent and
awisture content determine the behaviour of pesticides in the
aquatic environment Residues persist longer in sediments
with high organic matter content which binds the residues
more tightly compared with sandy soils which allows easy
solubility in water, cycling in the water and loss through

The moisture content in fish samples was found to
account for threequarters of their mass on wet weight basis,
with organic matter and lipid content constituting the
remaining weight. The values obtained were comparable to
thoee obmined by Nhan for samples talen from the Red river
estuary in Vietnam [8]. Munga found 3.62% lipid in fish
samples from Tana River and Bveraarts obiained 2.09% lipid

Cheomatngram for a fish samples (Mambara).

in fish from Formosa Bay adjacent to the confluence of Sabaki
River {9,10}. Generally, the marine fish samples from differert
sampling locations showed similar trends in composition of
moishure, organic eatter and lipid in this study. All types of
fish analysed are the migratary type and are well distributed
along the coast at an ocaan depth batween 3¢ and 210 m.

DISQUSSION

Sizface Waber Samples

The ean residue concertrations of the organochlorine
compourds in seawater samples show that water from al)
the sampling locations were contaminased with lindane,
aldrin, a- endosulfan, p,p’-DDE, dieldrin, p,p-DDD and
pp’-DOT in 1997 (Yable 2) and 1998/99, except for endrin that
was observed only in 1998/99 (Table 3). In weter samples
from the confluence of Sabaki River which flows from the
central highlands, a region with intensive agricultural and
husnan load activities, all the pesticdes except endrine were
detecved, the highest mean concentration being that of pp’-
DDD (0.295 ng g") and aldvin (0.378 ng g"') obtained in
samples taken during the rainy season in 1997. Uindane,
aldrin and p,p’-DDT were not detected in water samples
taken from Sabaki during the dry seanan, but were deteced
in relatively high omcmuations during the rainy saason in
1997. In 1999 all were detected during the two saasons. The
concentrations of p,p-DDD, p,p'-DDE and dieldrin were
slightly higher in water samples taken during the rainy
seasom from Sabakd in 1997 and 1998/99. In Kilifi Creek, all
the tesidues were daeuixd in surface seawater with lindane,



Table 2.

Residues deteed in 1997 water samples at the different sites.

Insacticde Mean ( residues in water (ng g+ sd)
Uindane 0241° 050310.161 BDL BDL
Aldrin 037810.002 001910004 005410.019 0.025 1 0.006
«<Endasulfan 0166 £0.015 023910142 0358710223 0.1% £ 0.057
p.p-DDE 021310082 029910175 0.17510458 0.064 £ 0.0635
Dialdrin 025110.006 0.160° 0501 £ 0.488 0.144 £ 0034
p.p’-DDD 0295+0.231 017710146 0072* 0.058 £0.017
-DDT 0.168 £0067  0370° BDL 0.194 £0.073
. in one sample only; sd: Standard deviation; BDL: Below detection limit
Table 3. Insexcticide remidues in acawaber (6 ceplicates).
Date site Inmrticide Residues (Meant sd) (ngg")
Aldrin  «-Endamulfan  Dieldrin __Endrin DDT DDE DDD Lindane
Moy ‘98
Kilif 0099t  <0.042 <0.006 <0.004 0462+ 0.140+  0.124% 0.037¢
0.005 0.023 0.012 0.020 0.020
Malindi 0032¢ 0012 <0,006 <0.00¢ 0491t 0261 0326t 0.0%+
0.005 0002 0044 0.011 0.024 0.017
July 98
Kitifi 0260t  0.066+ <0.006 0.7342 0282¢ 0.148¢  <0.009 0054
0.007 0.001 0028 0633 0.009 0.075
Malindi 03 0172t <0.006 1834¢ 0402+ 0386t 0282% 005t
0.007 0.003 0077 0040 021 0.28 0.041
River Tana 037t <0042 <0.006 0484% 02602 omat 0025t 00581 0.19
0.006 0.022 007 0.001 0.02
September ‘98
Kilif 00Nt <0042 0023t 00394 0.155¢ 0.286 0286t 0.066¢
0.006 0016 0.006 024 0.003 0023 0.019
bMalindi 0574t  <0.042 <0.006  0.146x 0092+ 0104t  <0.009 0osat
0007 0.006 0.030 0003 025
Lamu <0007 <0042 <0006 0121 0055 0063t  <0.009 0075t
027 027 0.002 0019
Jannazy ‘99
Kidifi 002t <0042 <0.006 0012+ <008 0132t <0009 003&t
0007 0.007 0012 0025
Malindi om&t 0050t <0.006 <0.004 <0003 0082t  <0.009 (1V17.0.3
0007t  0.001 0.002 0.026
RiverSabaki*  0018% 0050+ <0.006 <0.00¢ <0018 0024  <0.009 0.0058¢
0.007 0.001 0.035 __0025

*refers to concentration in river water (fresh water)

=-endosulfan and p,p’-DDE at relatively higher levels than
those found in water sampies from Sabaki in 1997. During the
first year of study lindane was detected with highest awean
concentration of 0.903 ng g while p,p-DDT was below
detection limit in all samples from Kilifi. Goshi River, which
flows through Taita Hills and enters the Indian Oman at Kilifi
Creek, ia a possible aartier of pollutants including gesticde

residues. Seawater samples from Mombasa Old Town

amntained high levels of dieldrin with a mean amoentration of
0.501 ng g compared with all the other eeaidues in 1997 and
was only detected in 6% of 66 camples in 1998/99 (Table 3).
However, lindane and p,p’-DDT were below the detection
limits. Of the p,p’-DDTI metabolites, p,p'-DOE and pp'-DOD
were detectd with mean concentrations of 0.175 and 0.072 ng
g' in 1997 in water samples from the same sites. «-endasulfan
was also detected with a high mean concentration of
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0.744 ng g* odminad in samples taken during the rainy aeason
in 1997 but were below detixtion limit in most of the emple
in the 1998/99 study. It has been reported that p,p’-DDT is
used for disinfecting Kilindini Harbour while dieldsin and «-
endasulfan are used in coatrolling banana weevils, beans and
mangpo pests around this asea {2, 3].

In general, the znean crentrations of revidues found in
water samples taken from Ramisi were slightly lower than
those obtained from samples taken from the other three
stationa in 1997. p,p’-DDT and its metabolites were detected
with mean p,p’-DUT concentrations of 0.194 ng g during the
1997 rainy sgason while lindane was below the detection
limits in 1997 and averaged 0.058 ng g’ at other sites in
1998/99. The Ramiaf aree is fairly remote with few human
activities eince the closure of the Ramisi Sugar factory.
However the presence of dieldrin (an epoxide metabolite of
aldrin), «-endosulfan and p,p’-DDT indicades recent use of
pesticides in the area. The accurrence of residues in coasta)
shallow waters at the eight sampling locations is not
surprising gince endogulfan, lindane, dieldrin and pp’-DDT
are still used restrictively in this area. Besides these
anthcopogenic sources, tides also have the potential to
trarspant pollutants from one ares to ancW\ex as this has been
found to contribute to crtamination of coastal aurface waters
globally [9},

For caparison, water samples taken from the ses coast
of Portland in Jacwica have been reported to coatain =

Table 4.

endasulfan and pp’-DDE with mean concentrations of 0.042
and 083 ng g, cevpectively [12]. In later studies, Maringh et
4l. also reportad the predence of dieldrin, <-endosulfan and p,
p’-DOT with mean concentrations of 1.88, 298 and 7.02 ng g,
respatively in Kingstan Bay Harbour in Jamaica [13]. These
Jamaican anastal areas are therefare relatively more polluted
with respect to p, p’-DDT than the ares along the Kenyan
aast In contrast, recent findings in studies of coastal waters
from the Bay of Bengal in [ndia have ceported mean lindane
concentration of 0.002 ng g in seawater [142] which is lower
than the oaan value 0.186 ng g' in 1997 and 0.095 ng g
obtzined in 1938/99. However, these small variations may
reflect the coaqunon status of pesticide cegulation and use
trends in these developing countries. There was slight
variation in quantities of residues obmined from all the eight
different sampling locations in our enalyeis.

Seaweed Samples

Residues of the eight gesticides analysed were detected
in mensurable quantities in qwst scaweed samples taken from
the six sampling points (Tables 4) except for endrin that was
not detexted in 1997 samples. Mean residue conantistions in
segweed samples from Mombasa Old Town were highest for
aldrin (18.1 ng g} during the 1997 rainy eeszson and lowest
(091 ng g') durng the dry period, while mean amcertrations

Ireexticides residues in sesweed (6 replictes).

Date site

(nserticide Residues (Mean +sd) I’ (ng ')
Aldrin__=fEndovulfan _ Dieldrin_Endrin__DDT____DDE___DDD____Lindane
May ‘98
Kilifi 2511t 19942 04442 0561t 1372+ 0734t 0.767¢ 0300t
0.005 0.100 0905 0.005 0.0260 00340 01% 0.020
Mallndi 3.100 <0.042 0300t <0.004 <0.003 <0036 <0.009 0.744¢
0.014 0.015%
July ‘98
Kilifi <0.007 1.300t 05592 <0.004 02800 2300t <0.009 0417%
0.025 0.015 0.024 0.033 0.019
Malindi 0975% 0.0842 1417¢ <0.004 0.40 2,422 <0.009 0.833t
0.060 0002 0014 0.260 0.047 0.019
Sepuembe ‘98
Kilifi <0.007 <0082 <0.006 <0.004 5533t 4867t  <0.009 8133
(1704 0172 0.026
Malind{ 2755t 0311t <0.006 7.800 6.711% 4933t 1.167¢ 8222+
0.005 0.002 0.016 0030 0.091 0.019 0035
Januaary ‘99
Kilth 1400 <0042 <0.006 <0.004 <0.003 2200  <0.009 4533
0.007 0.029 0.023
Malindi 7033 <0042 <0.006 <0004 <0008 2467+ <0009 4833t
0.007 0076 0023
River Sabalkf® 11900t 0.867t <0.006 053t <0.003 5200t <0.009 5367
WeTals ﬁm?ﬂ e 0.012 0.006 0.092 0.024
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of dieldrin (9.68 ng g"), \indane (10.1 ng g') and «-erdosulfan
(10.68 ng g"') were comparable in samples taken during the
rainy pericd. The coacentration levels found in 1998/99
eeasons were corsiderably lower than those observed in 1997
except for 11.90 ng g aldrin in fresh water weeds of Sabak
River. Aldnin, «-endosulfan, endrin, p, p'-DDE and lindane
were detacted in ceanonable levels in the 1998/99 studies.
Aldrin was detectad in 40% of the samples with a mean
cancentration of 6.72 ng g, slightly Jower than its metatolite
dieldrin (830 ng g') in 1997 while lindane was detected in
94% of the 54 seoweed samples analysd in 1998/99. High
asetretions of p, p’-ODT (mean of 3426 ng g”’) and p, p*-
DDD (mean 15.27 ng g') were found in seaweed sampies
callected in Kili during the 1997 rainy season. Table 4 shows
that all 8 pesticides wre present at lower cotwendTation at this
site in 1998. The cancentrations of the residues in seaweed
samples from Kilifi were generally higher compased with
samples taken from the cther three sampling locations in 1997
than in 1998/99 samples. Cancentrations of lindane (mean of
34.6 ngg") was the highest of all samples from the cnfluence
of Remisi River in all years of study though medium
concentrations of p, p'-DDE (mean of 1.66 ng g') and p, p’-
DDD (mean of 6.41 ng g*) were detected in samples wliected

during the 1997 wet season . The scascnal variation of the
levels of residues was very significant in seaweed samples
with higher levels cecorded in all samples during the 1997
rainy period. However, in the 1998/99 studies p, p’-DDT and
its ovetabolites and lindane did not show a consistent eeasonal
variation trend. The concenbations were either high in the
dry seasom, low in the rainy season or ehort rainy eeason or
vice verse. From cther studies, diffevan spedies of maecoalgae
from the Venice Lagoon were reported to have mean
concentrations of lindane and p, p-DDT of 1.33 ng g and
205 ng g*, respectively [15). In these studies, it was also
found that the variation in residue concentration levels
deperded on the s@ructuce of frands, the life time and
constituents of the fronds and the period of sampling [15).
These concentrations are approximately 4 times less than the
highest found in our 1997 stady.

Sediment Samples

There were, an average, higher conaesarations of total
residues fowd in sediment eamples taken during the 1997
wet season and the 1998 short rainy saason (Table 5). This
trend was simdlar to that found in surveys done in Jamaica

Table 5. reexticide residues in marine sediments (6 replicate analyses).
Date site (reecticide Residues (Mean +sd)i’ (ngg™)
Aldrin  o-Endosulfan  Dieldrin  Endrin  pp'- p.p*- PP- Undane
DDT DDE DDD
May ‘98
Kilifi <0.007 <0042 <0.006 <0004 <0003 0650t <0009 0284+
aa1 0.020
Malindi <0.007 <0042 <0006 <0.004 12674+ 1800t <0.009 1533t
0.032 0.022 0.024
July ‘98
Kilifi 0950t 1,633 <0.906 <0.004 3.150% 1.67¢ <0009 0.750¢
0.006 0.001 0.023 0.026 0.019
Malindi 0.867¢ <0.042 4070t <0004 4000t 4 300+ <0.009 1.200%
0.007 0.017 0.031 0.043 0025
September 98
Kilifi 2067¢ <0042 <0.006 25000+ S9000+ 25000+ 15333¢ 16.733%
0.007 0027 0.19 0.184 0.0027 0.040
Maliadi <0.007 <0042 0389 <0.004 2114 2289+ <0.009 255t
0.014 0.026 0032 0017
Lamu 0.584¢ <0.042 <0.006 <0.004 093t 1.734¢ <0.009 1507+
0005 oz 0.103 0.017
Jarmary ‘99
Kitifi 1033t <0.042 <0006 <0004 <0.003 1.600t <0008 0800t
0007 0,024 0.025
Malindi 0467% <0042 <0.006 <0.004 <0003 1.300¢ <0009 0.733¢
0.007 0.030 0.025
River Sabaki* 5.100t <0.042 <0006 <0004 <0003 <0.036 <0009 6.923+
0.001 0.025
* refey [ river sediments.
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{13} but differed from surveys recently done in Vietnam
where the aneatrativis of residues detecied duxing the dry
season were reported to be slightly higher than those obtained
during the rainy seeson, anging from 0.17-3.48 and 0.012-2.36
ng g for dry and rainy seasons respectively [8}. In our
analysis, p, p-DDT and its metabolites, p, p’-DDE and p, p™-
DDD were present in sediment samples from all the four
@ampling stations in 1997 while in1998/99 their presence in all
stations was not detected. Ramisi sediment samples had
slightly higher concentrations of all the pesticide residues in
all aites in 1997 except for dieldrin which gave a highest mean
concentration of 44.5 ng g at Sebaki. In the subsequent two
years only lindane was adbserved at all sites (Table 5). The 1997
concentration levels of residues in Kilifi sediment samples
were celatively much higher than those detected by Prats et al
[16] along the coast of Alieante, Spain where orgam:hkmm
residue concenirations ranging from 0.002:0.23 ng g' were
abtained while the 1998 levels at this site were much closer fo
the Alianse levels. in 0ld Mombasa town sediment samples
had dieldrin and lindane at mean canantratians of 8.85 and
7.55 ng g, respectively and showed highest frequency of
acurrence (80%) of all residues analysed in 1997. The 1998/99
study ehowed no such high conaentrations. In a recent study
by Everaarts et al. [9], sediment samples taken from the
shallowest point next to the Sabaki River were found #o have
dieldrin at cancentrations averzging 985 ng g organic arbon
(OC). These incurdrgtons tndiate the higher applications of
dieldrin in neatby aneas before 1986, the ysar the government
banned its use. He also reported p,p’-DDE residue
euneentrations aanging from 66.5-1038 ng g* OC, wet weight,
while those of Undane and p,p’-DDD were eepocted at 31.5-
137 ng g” OC and 185 ng g"' OC, wet weight, respectively. in
sediment samples taken from Gazi rext to Ramisi, he ceported
the presence of lindane at a concentration of 215 ng g* OC. In
Everaarts et al.’s survey, the samples were taken in the early
1990s following a period of very successful agricultural
farming in the upper Tana River delta cegion which included
irvigation farming of cotson and rice with aerial spraying of
farms with p,p’-DDT and also aerial spraying of coton fields
near Margarini in Malindi before the p,p’-DDT ban in
agriculture in 1986. This can account for the high p,p’-DDE
and p,p’-DDD residue levels in sediment samples taken near
the Sabaki River mouth. Aldrin, dleldrin and p,p’-DDT are
now only alowed in public health contzol such as in contxol of
mosquitoes while lindane is allowed for seed dressing and
tesmite control only.

Residue omncentration trend in sediments along the
west coast of indis was reported to decrease as follows-
dieldrin <aldrin<B3CH<p,p’-DDT with the highest values of
total p,p’-DDT cangirg from 32 to 43 ng g' wet weight 117}
while the east coast was repcrted to have aldsin in the cange
20-530, indarne 10-210, dieldrin 50-510 and total p,p’-DDT at
0.02.078 ng g' wet weight [18]. In Kingston Harbour in
Jamaica, eadiment samples were found $0 contain aldrin in
Aighest axmentration of all the or ganachlarines with a mean
value of 36.7 ng g {13] and from the estuacy of Patizada River

in Mexdco, sedimends were found #o contain lindane, p,p'-
DDEand aldrin at concentrations of 0.57,17.67 and 9.02 ng g',
respectively [19] which are quite @mparable %o our values.

The occurrence of high concentrations of dieldrin in
sediment in 1997 samples from the Sabaki 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 eamples. Aldrin is rarely
found in the environment as a result of its rapid
transformation into dieldtin. Therefore the presence of aldrin
in sediment suggested direct input into the aquatic
ewvirorment from nearby sources. It is most lidely that aldrin
was celeased directly into coasta) waters from the industrial
run-off in Mombasa and from domestic waste from Rarsi
Teranites are very destructive during dry periods in this azea
and lindane is used to control them. This could contribhie to
the high levels of imdane residues detecded in the saaples
taken in the dry season.

Fish Samples

1997 data obtained from analysis of fish samples taken
from Sabaki showed that linwdane (mean concentration of 612
ng g} gave the highest mean cesidue concentration as well as
frequerey of occusrence (80%). The same high concenfration
perzisted in 1998 at Malindi (next to Sabaki River) and Kilifi
{Table 6). From other studies, high values of lindene have also
been ceported in fish samples from Survga Bay, Japan which
suggests that this residue is capable of high bibeccumulation
in fish {20§. The high conantrations of lindane in fish samples
from Mombasa, Sabaki and Ramisi, (Malindi and Kilifi in all
years of study) is due to the use of bechrical BFIC
toronulations for 80il treatment, foliage application on fruit
and nut trees, vegetables, ommamentals and for ticber
preservation along the coast in these regions. Aldrin, dieldrin
and =-endosulfen residues were comparable with high mean
ancetratiors of 41.8, 48.5 and 40.2 ng g, cespectively. Only
aldrin conomntretion reswined high in 1998 (Table 6). The
concentrations of p,p’-DDT (mean of 30.28 ng g") were very
low in fish samples taken from all four stations in 1997
cmpared with other residues except for pp’-DDD and pp’-
DDE and was detecsed in 46% of the samples analysed from
this etation. However, p,p’-DDT and p,p’-DDE were prevent
in high cancentrations in all fish analysed for Kilifi, except for
Malindi Lethrinus harak in 1998. Besides p,p’-DUT and pp'-
DUE, the 1997 samples showed average high levels of aldrin
and lindane at all the four sikes. Other residue amcentrations
were low in both years of study. At Ramisi, lindane
cuncentration was highest {(mean of 281 ng g') of all the
argwachloniaes followed by aldsin (mean of 1.02 ng g'') while
other cesidues were in much lower concentrations. A
significant seasonal variation in the concentration levels was
found for all residues with higher concentrations being
recordad during the wet season except in 1997, Lindane and
p/p’-DDD gave higher aancendrations in fish eamples taken
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Table 6.

Ermecticide residues in fish (6 replicates).

Dote site trecticide Remidues (Mean +sd) I' (ngg*)
Aldrin «-Endosulfan  Dieldrin Endrin py- PP~ PP- Lindane
DDT DDE DDD
May ‘98
XIF1 250.03%¢ <0.042 <0.006 <0.004 <0.003 <0.036 <0.009 42346t
0308 3.000
KF 411842 <0.042 <0006 <0004 76316 22316t <0.009 47 368t
0363 1.632 1211 1316
MFI <0.007 <0042 <0.006 <0004 1011.11+t 159.22¢ 41855 4736t
5.89 4889 2869
July ‘98
MF VI 37.0t <0.042 1358821 <0.004 28 588+ 91.765% <0.009 388242
0129 0300 0400 3.1%4 0441
TFV <0.007 <(0.042 109375t <0.004 <0.003 140625+  <0.009 131250+
1125 1.688 1.500
Septembes '99
MFVI (1117083 <0.042 (1]1r%.3 0039+ 0.155¢ 02864 0286t 0066+
0,006 0.016 0.006 024 0.003 0.023 0.019
KFII 0574+ <0.042 <0.006 0.146¢ 0092+ 0.104t¢ <0.009 00304
0007 0006 0.030 0403 025
MFI <0007 <0.042 <0006 0121t 0055¢ 0063 <0009 0075
027 027 0002 0.019
Jarrary ‘98
MFVI 20952¢ <0.042 <0.006 <0.004 27.435¢ 70948+ <0.009 0.03a%
0.289 1.69%4 1065 0.025
MFPVID 17857¢ 35.714% <0006 <0004 <0003 99.036+ <0.009 0.026z
0.250 0393 1464 0.026
KFIX 23934 <0.042 <0006 <0.004 78.261% 8915 80413 00058
0457 2152 1360 1.761
KFII <0007 139286t <0.006 <0.004 42857¢ 19282+ <0009 249642
1.286 3.750 4 507 2.

wm-mw mrmzmmmmmm MWummWMummvam

from Mambass during the dry period (Table 6)

The orgarochlorine contamination of Suruga Bay in
Japan coastal fish seems to be axmparable to that found in the
1997 dats, espexially for lindane at Kilifi and Ramisi The
concentrations of p,p'-DDTs and bexachiorohexare (HCHSs)
isomers were reported in the range Detwesn 80-1700 and 1-250
ng g of lipid, respectively, in fish samples from Suruga Bay
{20]. Bowever, fish samples from Meghna-Dhonagoda River
estoary in Bangladesh contatned much higher ancerarStiare
of organacNorines induding, p,p’-DOT and p,p’-DDD at
creEmradors of 1280 and 1370 ng g lipid, respectively {14).
No such Jevels were observed in Kenya. Lindane
concentration values were lower (26 ng g') while both aldrin
and dieldrin were not detected in the same fish sasmples in
Matin’s survey. Our survey show higher levels in the Kerryan
coesl. Lower amcantrations of PCBs and p,p’-DDTs have also
been ceportexd in shelifish sasiples taken at the mouth of the
River Po in the Northern Adristic Sea, canging from 2.1-18.3
and 3.2-122 ng g, respectively [21]. The Kemyan coast shows

tower p,p-ODT levels in fish then found in the Adriatic sea.
CONCLUSIONS

Many tropical developing nations have continued to
use grgancchlorine pesticides in view of their availability at
low costs, low mammalian toxicity and broad spectrum
activity for long duration. Organophasphates which are now
widely wad in temperate regions are expensive and due to
high toxicty are unsafe unless adequate precautions are
taken. Due to the high increase in population and the
subsequest high demand for food, large amounts of pestidde
regidues enter drainage canals and rivers and discharge into
Iskes and ooceans and hence become a serious source of
merine environmental pollution. The high concenfrations of
residues found in the Kentyan caast as well as in other tropical
coastal areas indicate recent usage of organochlorine
pesticdes in these arwas. The variations in concentrations of
orgaraxhlarine residues found in this study eeflect trends in
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usage and stabe of legislation enforeemant regarding pesticide
wse in Kenya.

From our 1997 studies it was found that seawatex from
Kilif§ was most polluted while that taken in Ramisl was Jeast
polluted, The BC Orinking Water Directive [22) recommends
that individual bsadicdes should not exceed 0.1 ng g’ levels
in deinking water. However, the levels of some of the
organochicrine residues in marine wates from the sampling
Ibaations, espedially in Kilifi, exceeded the limit. This could
pose a health risk to equatic organissa.

Sea plants can play a key role in the prosess of
micropollutant dissemination and cycling along the coast 23
shown by the high residue concentrations detected in
seaweed in this region. They can store and distribuse
micropollusants by both physical and dlachemiml processes
and transfer them to surface waters theough dispersion of fme
soft material in which they are transformed during
deconrposition and also through food chain transfer processs
in aquatic ecosystems.

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

and Agricalture (FAO)/World Health Organisation (WHO)
tolerable levels of 50-700 ng g' day’. The acute toxicity levels,
LCy , for various fish species range between 16 and 1900 ng
mi* {23,24) and at the conceniration levels of these pesticies
present at the Kenyan coast, they may not pose il! health to
fish. However, several pesticddes were detecded in some fish
species and the cmbined synergetic effects of these pesticides
on gpedes is not certain. Furthermore, the effect of chronic
poisoning cambinad with bicaccumutation of these pesticides
can only be speculated.

AGANOWLEDGEMENTS

This study was supported by the International Atomic
Enexgy Agency QAEA) through CRP Research Condract No.
7937. The authors would also like to #hank the Departmrent of
Chemistry, University of Nairobi, the Kenya Marine and
Fisheries Research Institute (KMFRI) , and the Intemational
Centre for Insect Physiology and Ecology (ICIPE) for their
support and the latter for chromatographic analysis of
samples.

REFERENCES

1. &8, A Summary Report of activities in 1995. The Pest Control Products Board of Kenya, Nairobi, Kenya (1996).

2. Barasa M.W. Studies on distribution of organochlorine pesticides residues in a tropical marine enviconment along the
Kenyan coast, Méc thesis, Department of Chemistry, Univensity of Naisobi (1999)

3. Yugi, P.O. The distribution of arganodorine pesticide residues in the warine envisonment along the coastal region of
Kenya, MBc Thesis, Depastment of Chamistry, University of Nairobi (2000).

4. Lalah, LO. Souwlies on the dissipation and metabolsm of a variety of inseticides under Kenyan enviconsmental conditions.

Pb.D. thesis, Univesity of Naisobi (1993).

5. UNEP, Marine ané Coastal Conservation in the East Afriadn Region. UNEP Regional Seas Repor® and Studies No. 39, UNEP,

Nairobi (1984).

6. Ogpllo, L.A. and Mwangi R.W. Implications of the expected climate changes on the low-lying parts of Kenya. In:
Environment and Devdopment, A Public Lectwre Serizs, KNAS press, Nairobi. pp.47-62 (1996).

7. UNEP, Determination of p,p’-DDT’s, PCB's and other hydrocacbons in auarine sedisents by gas-liquid chromatography.
Reference Methods for Marine Pollution studiesNo. 17, UNEP, Nairubi, (1982).

8. Dang Duc Nhan, Nguyen Mahn Am, Nguyen Chu Hoi, Luu Van Dieu, Carvalho FP,, Villeneuve J.P. and Cattini C.
Organachlorine pestidden and PCBs in the Red River Dalta, North Vietnam. Mar, Pollut, Bull, 36, 742-749 (1998)

9. Everaarts M., Van Weeslee EM,, Fisher C.V,, and. Hillegrand M. Th. J. Polychlorirated bipheny!s and cydlic pesticides in
sedimends and macrainvetebrates from the axsta) regions of different climatologica) zones. Intermational Conference July
1-5, Vienna. IAEA-SM-343/4S. Intewrational Atomic Energy Agency, Viena. (1996).

10. Munga D. DDT and endosulfan residues in fish from Hola Irrigation Sheme, Tana River, Kenya. MSc. Thesis, Depoztment

of Chemistry, University of Nairobi (1985).

11, Subramarian, AN., Babu, RR., Karunagaran, VM. and Babu, S. Levels of chforbnated irmsexticides in fishes from the Bay of

Bengal, Mar. Pollut. Bull., 24, 567-570 (1952).

12, Mansingh A. Baseline studies on pesticddes contamination and formulation of control easures. Jamaica. tntergovernment
Oceanographic Comuniasion, IOC /SAREC/CAC/UNEP /UWI Project. 10C - UNESCO. Paris (1993).

13. Mansingh A, Robinaon DE. , and Wilson A. bsecticide aimaminavion of the lamaican enviroranent 111 Baseliite studies on
the status of insecticdal potiution of Kingswm Rarbour. Mar. Poliut. Bull. 30, 640645 (1995).

14. Matin M.A,, Hoque E,, Khatoon }., Rahman MS. and Aminuddin M., Pesticide residues in 8angladesh marine environgrent
Progress ceport R.C. No. 7930/1AEA-MEL 4* Resaard) Courdinaman Meeting of the CRP, Nairobi, June 16-20(1997).

15. Maroli L., Pavoni B., Efriso A. and Racanelli S., Carxenfrations of polychlorinated biphenyls and pesticides in different
species of macrualgae from Be Venice Lagoun. Mar. Pofiut. Buf). 36, S53-558 (1993).

1245



16.

17.

19.

21.

S

24,

Prats D,, Ruiz F, and Zarzo D, Polycdhloriruted biphemyls and organodiartne pesticides in aarine sedients and seawater
along the coast of Abcante, Spain. Mar. Pollus. Bull. 24, 441-446. (1992).

2itko V. and Hanlon M. Pesticide resid ues in aediments from the West Coast of India. Mar. Poliut. Bull. 22, 42-45(1991).
Sarkar A. and Gupt R.S., Chiorinated pesricide residues in tarine sediments. Mar. Poltut. Bull. 19, 35-37 (1988).
Gold-Bouchot G., Silvis-Herreva T., and Zapata-Perez O. Chlarinated pesticdes in the Rio Palizada, Campedhe, Mexic.
Mar. Pollut. Bull 26, 648-650 (1993).

Lee | S, Tanabe S, Takemoto N. and Kubabew T. Orgaruchlarine residues in decp-893 organisms from Suruga Bay, Japan.
Mar. Pollut. Bull. 34, 250-258 (1997).

Najdek, D. and D. Bazulic. Chlorinated hydrxarbore in musseis and some dbeartthic argani=mes from the Nosthem Adristic
Sea. Mar. Poliut. Buli,, 19, 37-38 (1989).

EBC/80/778. The EC Drinking Water Directive.

Macek, K.J. and McAllister W.A, Ircecticide susceptidility of some common fish family representatives. Trans. Amey. Fish
Soc. 99, 20-27 (1970).

Hatch, RM. Relative sermitivity of sahlnond to DDTY. Progr. Fish Cult. 19, 89-91 (1957).

1246





