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Abstract

Different extraction methods were evaluated for the determination of fifteen organochlorine pesticides (OCPs) in water
and sediments. Liquid—liquid extraction (LLE) was evaluated for the pesticides analyses in water while Soxhlet extraction
(SE) and microwave assisted extraction (MAE) methods were compared in sediment. Of all the extracting solvents used,
dichloromethane gave the best results. Percentage recoveries ranged front8/1%03dieldrin) to 101.252.17%
[a-benzenehexachloridex{BHC)] in water with LLE. In sediments the percentage recoveries with Soxhlet extraction
method varied between 88.27.85 (endrin) and 109.635.10% @-BHC) and ranged from 74.119.82 (2,4 DDT) to
97.50+4.56% @(-BHC) with MAE. The limits of detection for the OCPs ranged from 5.5 to 20.6 ng/l and between 0.6 and
2.1 ng/g, respectively. The LLE and the SE methods were applied to water and sediments samples, respectively, from
marine and freshwater sources in the Eastern Cape Province of South Africa that receive runoffs from agricultural lands and
effluents from industries. The levels of OCPs ranged from 5.5 (2,4-DDD) te&-@5D ng/l 3-BHC) in water samples and
from 0.6 (aldrin and 2,4-DDD) to 1840.12 ng/g B-BHC) in sediments for triplicate analyses. Some endocrine disrupting
OCPs such as DDT, DDE, heptachlor, endosulphan and the chlordanes were detected.
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1. Introduction cost and versatility in controlling various insects [1].
The early spectacular success by dich-
Organochlorine pesticides (OCPs) have been of lorodiphenyltrichloroethane (DDT) for malaria eradi-
great concern due to their persistent nature and cation in some countries has seen its continuing use
chronic adverse effect on wildlife and humans. in developing countries. Studies have suggested that
Despite the ban and restriction on the usage of OCPs these compounds may affect the normal function of
in developed countries during the 1970s and 1980s, the endocrine system [2]. The ability of the prevalent
some developing countries are still using them for isomer of the major and most persistent DDT
agricultural and public purposes because of the low derivativgy,p’-dichlorodiphenyldichloroethylene
(p,p'-DDE), to bind to the androgen receptor in
*Corresponding author. male rats has been reported [3]. OCPs have also been
E-mail address: ofatoki@ufh.ac.zg0.S. Fatoki). linked to human breast and liver cancers and to
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testicular tumors and lower sperm counts in humans
[4,5].

DDT and its analogue, DDE, are the archetypes of
fat soluble, nonbiodegradable and bioaccumulating
compounds. The appearance of DDT in human
tissues and its effect on wildlife especially reproduc-
tion in pelagic birds [6] triggered its determination in
food [7,8], air, water [9,10] and human milk [11—
13]. Similar studies have indicated the presence of
contamination by OCPs in soil and sediments [14],
in wildlife [15,16] and in mussels [17-20] and
noticeable concentrations have been found in these
regions.

Studies of water monitoring for OCPs in de-
veloped European [21-24], Asian [9,25,26] and
American [27] countries have shown widespread
detection of these pesticides in ground and surface
waters where they have been banned for decades. In
developing countries such as South Africa, this class
of pesticide is believed to be still in use clandestinely

good

shown remarkable advantages over solvent extraction

techniques, there are indications that this technique is

not completely successful yet especially for biotic
matrices.

The use of gas chromatography (GC) with elec-
tron capture detection (ECD) for the detection of
OCPs is common because of its high resolution and
sensitivity in  the nanogram range
[29,34,35,43,46]. Other advantages of this detector
include reduced cost of operation and the fact that it

requires less technical skill to obtain reliable results.

However, gas chromatography—mass spectrometry

(GC-MS) [25,37,46,47] is also widely employed for

the determination of OCPs in complex matrices. It
has better resolution and could give higher sensitivity
than the ordinary GC method.
With GC—ECD and/or GC-MS determinations,
several columns have been used for the separation c
OCPs in the aquatic systems. Tanabe et al. [48] used
a fused-silica capillary (80.25 mm I|.D., 0.25

under different trade names due to its cheapness. Inpum film thickness) coated with DB-1 (100% di-

certain slum areas, it has been used for malaria
control. However, there is still a paucity of data on
OCPs in South African water environment.

Several methods have been developed and applied
for sample preparation, chromatographic separation
and detection of OCPs. Common preconcentration
methods of water samples include liquid—liquid
extraction (LLE) [28,29] and solid-phase extraction
(SPE) [22,30-35]. Solid phase microextraction tech-
niques have also been applied [36—38]. The unique
physical properties of supercritical fluids extraction
(SFE) have attracted considerable attention since the
1980s [39]. SFE is described to provide cleaner
extracts, less solvent handling, and equivalent or
better recoveries than conventional solvent extraction
techniques. Supercritical CO has been the most
commonly used fluid for SFE because of its low
critical constants T,=32°C, P,=72 atm; 1 atr¥
101.325 Pa), its low toxicity and cost and its ability
to extract quantitatively a wide range of relatively
nonpolar organics from a variety of matrices [40,41].
However, quantitative extraction of polar and ionic
analytes has required the addition of organic modi-
fiers to CQ [39]. The use of SFE techniques for the
extraction of OCPs from aquatic systems has been
widely reported in literature [42—45]. Despite the
fact that SFE of OCPs from aqueous samples has

methylpolysilaxone) (J&W Scientific). Tolosa et al.
[35] used a 2805 mm. I.D., 0.32pm film
thickness fused-silica capillary columns coated with
SE-54 (Hewlett-Packard Ultra-2) for OCPs analyses
in water while Beltran et al. [49] used the same
column (.20 mm 1.D., 0.33um film thick-
ness for the analyses of OCPs in waters.
Methylsilicone and methylphenylsilicone columns
have also been mentioned in literature as suitable
columns for the separation of OCPs with GC—ECD
and GC-MS detection. Albanis et al. [47] used 007
Quatrex-Methyl 5% phenylsiliconeB82mmm,
@B for GC-MS determination of OCPs in
surface and groundwaters. Vassilakis et al. [46] used
the same columnX22mm 1.D., 0.1um film
thickness) for the GC—ECD determination of OCPs
in the same type of samples. The methyl-5%

phenylsilicone column will be used in the GC—-ECD

determination of OCPs in this study because of its
good resolution and its good retention values for the
OCPs [46].
LLE is a common method frequently used for the
determination of organic pollutants in water [50,51].
It has frequently been considered to give more
reliable data than SPE (the use of commercially
available SPE cartridges for sample preparation in
OCPs analyses has been shown to give rise to
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interferences specially when GC—ECD is employed).

Extraneous peaks, which appear in the gas chromato-
grams, have been attributed to phthalate esters in the

pesticide standards in hexane (1000 mg/l). These
solutions were further diluted as required.

housing material of these cartridges [52]. Tan [29] IN 5 ; patermination of response factors

his study indicated that LLE for sample enrichment
of OCPs in environmental water samples would give

The response factor (RF) of the standard pes-

more repeatable data. In this study, the efficiency and yciges relative to the internal standard (1.S.), penta-
repeatability of the solvent extraction method was .ioronitrobenzene were carried out by injecting
evaluated for the determination of 15 organochlorine 4 391 mi into the GC—ECD system of a mixture of
pesticides in water with different solvents—dichloro- o ocps together with the I.S. at a concentration

methane (DCM), light petroleum and hexane. range of 60-400 ng/l. The response factor was
SE is an established technique that has been used.;|cylated based on the equation below:

for the extraction of organic pollutants from marine
sediment and soil samples [45,53]. Recently, a novel
microwave-assisted extraction (MAE) procedure has

been reported as a sample preparation procedure in

Response factor

Peak area of the pesticide standard
Peak area of the internal standard

sediment [54]. Ganzler and co-workers [55,56] were 2.2. Liquid—liquid extraction

the first to report the use of microwave energy to

irradiate solid matrices such as seeds, foods and
feeds in the presence of extracting solvents with high
dipole moments. OCPs have been extracted from
sediment samples using a domestic microwave oven
with 5—6 times 30-s exposure to microwave energy
[57]. In the present work, we have evaluated both SE
and MAE for the 15 OCPs.

LLE and SE methods were tested on water and
sediments, respectively, from East London harbor
and Buffalo River (BR) in the Eastern Cape province
of South Africa. The Buffalo River passes through
agricultural areas in the province while the East
London harbour receives domestic and industrial
effluents from city’s sewage works. Water and sedi-
ment samples were collected from different moni-

The validation of the LLE method was carried out
by spiking doubly distilled water, passed through the
Milli-Q system with OCPs standard mixture at the
fortification range of 60 agiéngenehexach-
lorideBHC) to 400 ng/l (4,4-DDT) and then
extracting withi3 ml of each of the extracting

solvents tried (hexane, DCM and light petroleum).

The extracts were combined, dried with anhydrous
sodium sulphate and concentrated to about 2 ml
using the Buchi rotary vacuum evaporator for chro-
matographic clean-up.

Blank extraction of unspiked doubly distilled
water (prepared as described above) was carried out
using the DCM extraction and chromatographic
clean up method as described below, which gave a

toring stations along the two rivers. clean background.

Recoveries of the OCP standards were also in-
vestigated in raw water samples from the local
Tyume River using same OCPs standards at the same
fortification levels as for distilled water samples, to
check on the effect of matrix on extraction efficien-

cies. Recoveries of OCPs in fortified water samples
were calculated from the ratio of the amount of
OCPs recovered from spiked water samples to the
amount added to spike (based on the ratio of the
peak areas of the standards to that of the spiked
solution with the same concentration). OCP con-
centrations in raw river water samples were pre-
determined before spiking and they showed no
presence of pesticides of interest. DCM was used as

2. Materials and methods

All glassware was washed with liquid soap and
rinsed properly with distilled water, and then with
pure acetone. They were then baked in the oven at
100°C for 24 h. All the solvents usedn-hexane,
dichloromethane (DCM), petroleum spirit (b.p. 40—
60°C), light petroleum (b.p. 60—8) and acetone
were of analytical grade. OCPs standards were
purchased from Sigma—Aldrich (Germany). All stan-
dard solutions were prepared by dissolving the
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the only extracting solvent for spiked raw water

samples before they underwent the same chromato-
graphic clean-up process as for spiked distilled
water.

2.3. Slica gel column chromatography

The chromatographic column (20 ¢a8 mm 1.D.)
was slurry packed with 5.0 g of activated silica gel
which was made into a slurry with about 1.2% (v/m)
water-adsorbent using distilled water and then stirred
well before use. About 0.5 ml of anhydrous sodium
sulphate was placed at the top of the column to
absorb any water in the sample or the solvent. The
column was pre-eluted with 15 ml of petroleum
spirit, and prior to the exposure of the sodium
sulphate layer to air, the reduced extract from the
earlier LLE process was placed in the column and
allowed to sink below the sodium sulphate layer.
OCPs were then eluted withXx210 ml portions of the
extracting solvent. The eluate was collected, dried
with anhydrous sodium sulphate and then evaporated
to dryness wusing the Buchi vacuum rotary
evaporator. The |.S. (pentachloronitrobenzene) was
added and the residues were reconstituted with 2 ml
of the extracting solvent for GC analysis.

2.4. Microwave-assisted extraction

The validation of the MAE method was carried
out by spiking dried, sieved and pre-extracted sedi-
ment sample with OCP standards at the fortification
range of 30 ng/g«-BHC) to 300 ng/g (4,4-DDT)
in a PTFE vessel. This was extracted with the
microwave oven (R-340C Sharp domestic micro-
wave) using each of the extraction evaluating sol-
vents (hexane, DCM and light petroleum). Different
solvent volume, microwave energy levels and the
duration of extraction were evaluated for optimi-
zation as presented in Tables 4—6. The extract was
filtered into a clean screwcap glass tube and then
centrifuged at 100 rps for 1 min. The supernatant
was decanted into a 250-ml round-bottomed flask
and then concentrated to about 2 ml at°@0using
vacuum rotary evaporator. The reduced extract is
then carried through the column chromatographic

clean-up process as described earlier to make ready

for GC analysis. Recoveries were calculated as

O.S Fatoki, R.O. Awofolu / J. Chromatogr. A 983 (2003) 225-236

described previously from the ratio of the amount of
OCPs recovered from spiked samples to the amount
added to spike. OCP concentrations were predeter-
mined in sediments before spiking and again no
pesticides of interest were found. DCM, light petro-
leum and hexane were used as extracting solvents,
respectively.

2.5. Soxhlet extraction

The validation of the SE method was carried out
by spiking dried, sieved and pre-extracted sediment
sample with OCP standards at the same fortification
range as described for MAE in a pre-extracted
Whatman extraction thimble and then extracting for
10 h with 120 ml of each of the evaluating solvents
(hexane, DCM and light petroleum). The extract was
allowed to cool, filtered and then concentrated at

°@Qo about 2 ml on the vacuum rotary evaporator.

The reduced extract was then carried through the
column chromatographic clean-up process as de-
scribed above prior to GC analysis. The pre-ex-

tracted sediment samples showed no presence of OC
pesticides of interest. Recoveries of OCPs in sedi-
ment were calculated as described previously for
MAE.

2.6. Analyses of environmental water and sediment
samples

Water samples were collected in triplicates in
clean Winchester bottles from different sites in East
London harbor and Buffalo River in January 2002.
They were immediately preserved by adding 5 ml of
concentratgd B SO and storedCainda re-
frigerator until analyzed. Sediment samples were
collected from about 0—5 cm below the surface from
about the same locations as water samples into clean
widemouth plastic containers and covered immedi-
ately after sampling. They were kept cool during
transportation to the laboratory. At the laboratory,
they were kept frozed8C prior to sample
preparation. The sediment samples were air-dried in
a circulating air in the oven at about “80for 2—-3
days and sieved.
A 1-1 volume of the acidified water sample was
extracted with DCM as described above. The DCM
extract was concentrated to about 2 ml and the
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residue was made to undergo the silica gel column and’G5@spectively. The oven temperature was
chromatographic clean-up as described previously to initially maintained &tC1a6d then programmed
prepare for GC analysis. at 2G/min to 150°C and finally to 250C at 5°C.

A 10-g amount of dried, sieved and pre-extracted The BOC gases, 99.999% ultra pure helium and
sediment sample was weighed into a pre-extracted nitrogen, purchased from Afrox (South Africa) were
Whatman extraction thimble and then treated as used as the carrier and make-up gases respectively.
described previously for SE with DCM as extracting The carrier gas flow-rate was 2 ml/min while the
solvent. The reduced extract was then carried make-up gas flow was set at 28 ml/min for optimum
through the column chromatographic clean-up pro- performance. A 0.001-ml volume each of the pro-
cess as described above prior to GC analysis. cessed samples was injected into the GC in the

splitless mode of 1 min (after injection) for analyses
2.7. Capillary gas chromatographic analysis (0.001 ml injection was used as against larger
volume injection because ECD has a very low upper

Separation and determination of the pesticide LOD, and hence is readily overloaded. When this
residues were carried out with the Perkin-Elmer occurs the elution peaks maxima tend to flatten off,

AutoSystem XL gas chromatograph fitted with an and a broad flat peak is shown) [58].
electron-capture detector using a series bonded phase

fused-silica  capillary column, methyl-5%

phenylsilicone (30 nx0.53 mm 1.D., 0.2 pm) 3. Results and discussion

purchased from Quadrex, New Haven CT, USA.

Glass injector liner (8 cra 3 mm), manually packed The gas chromatogram of a mixture of the 15
with silanised glass wool supplied by Perkin-Elmer OCPs standards plus the I.S. (pentachloronitroben-
(Johannesburg, South Africa) was used. The injector zene) is shown in Fig. 1. All the 15 OCPs are well
and detector temperatures were maintained at 250 resolved and eluted within a very reasonable time of
1| 2 4 5| 6 7 |9
1.S
3
10
13
8 "
12
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o
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0 10 2
time (min)
Fig. 1. Gas chromatograph of OCP standardsaiBHC; 2=HCB; 3=3-BHC; I.S., internal standard pentachloronitrobenzenedBHC;
5=heptachlor; 6=aldrin; 7=v-chlordane; 8 2,4-DDE; 9=endosulfan; 16-dieldrin; 11=2,4-DDD; 12=endrin; 13=4,4-DDD; 14=2 4-
DDT; 15=4,4-DDT.
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Table 1
Retention timesSD* and response factors of OCPs standards
OCPs Retention time Response
(min) factor
a-BHC 8.18+0.02 1.48-0.07
HCB 8.55+0.04 1.12-0.09
B-BHC 8.97+0.03 1.42-0.09
3-BHC 9.98+0.04 1.52-0.07
Heptachlor 11.930.03 1.24:0.09
Aldrin 13.23+0.01 0.90-0.08
vy-Chlordane 15.5%20.02 1.12-0.11
2,4-DDE 15.70+0.02 1.93-0.16
Endosulfan | 16.06:0.02 0.88-0.11
Dieldrin 17.04:0.03 0.63-0.19
2,4-DDD 17.24+0.02 1.67-0.18
Endrin 17.830.01 1.81-0.20
4,4-DDD 18.47+0.02 1.73-0.19
2,4-DDT 18.63+0.02 1.33-0.23
4,4-DDT 19.91+0.02 1.28-0.29
Pentachloronitrobenzene 940.02

#Values are mean of six injections.

about 20 min under the optimized GC conditions.

Table 1 shows the retention times and the response

factors for the OCPs.

The efficiency of extraction of the 15 OCPs
standards from distilled water by LLE with DCM,
light petroleum and hexane followed by column

chromatographic clean-up is presented in Table 2.
The mean percentage recoveries of OCPs with DCM

Table 2

Mean percentage recoverieSD® of OCPs standards added to
distilled water by LLE with three solvents (DCM, light petroleum
and hexane)

OCPs DCM Light petroleum Hexane

a-BHC 96.155.15 96.02-4.90 96.2:1.01
HCB 98.81+3.64 92.015.32 98.92-3.55
B-BHC 101.63:2.04 87.5@:6.80 81.1%-2.60
3-BHC 99.20+2.79  88.35:5.56 98.67:0.91
Heptachlor 97.033.70 85.31*6.35 94.3%1.78
Aldrin 90.09+8.03  76.30:13.38 86.7&1.10
v-Chlordane 9492458 72.71*+9.70 85.881.17
2,4-DDE 98.45£1.65 90.06:-4.25 85.84-1.56
Endosulfan | 92.767.76  73.19-8.88 78.19-3.83
Dieldrin 91.6+7.25 68.1813.8 64.493.04
2,4-DDD 99.80+2.31 89.36:3.88 83.37%1.42
Endrin 97.32:1.85 91.0@:4.60 87.780.95
4,4-DDD 102.95-2.84 88.982.33 85.0%1.07
2,4-DDT 99.52+2.73  85.0%5.37 72.993.63
4,4-DDT 97.20+0.62 85.955.65 74.713.68

*Values are mean of triplicate analyses.
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as extracting ranged from 90.68.03 to
102.95-2.84%. The values using light petroleum as
extracting solvent varied between 68:183.80 and
96.02+4.90% while those with hexane ranged from
64.49+3.04 to 98.92-3.55%.

DCM appeared to be a better solvent than hexane
and light petroleum because the amount of analytes
recovered using this solvent was higher than those
with hexane and light petroleum with acceptable
repeatability. The low SDs obtained (0.62—8.03)
were still within the acceptable limits. A SD value
range of 5-12 has been reported [34]. The results
obtained with DCM extraction were comparable to
those reported using the US Environmental Protec-
tion Agency (EPA) Test Method 608 for OCPs via
solvent extraction with same solvent [28]. Although,
a comparatively lower SD was obtained with hexane,
the lower recoveries of the analytes when compared
to those obtained with DCM, especially the 64.49%
recovery for dieldrin with hexane made DCM a

better choice.
These solvents have been widely applied in

LLE of OCPs in environmental water samples

[28,29,50]. However, they have not been compara-

tively investigated individually for their capacities as

extractants, eluants and dissolution of the dried
residue in this sequence for pesticides residue analy-
ses.

The mean percentage recoveries of the 15 OCPs in
spiked river water by LLE with DCM ranged from
71.03+8.15t0 101.252.17% (Table 3), which were
judged acceptable, hence it is the solvent of choice
for use in LLE for the analyses of environmental
river water samples. The relatively lower recoveries
of OCPs from the spiked raw river water (compared
with those from spiked distilled water) might be due
to matrix effects.

The optimum conditions for the MAE recoveries
of OCPs from sediment could be obtained by varying
the extracting solvents, extracting temperatures and
duration of extraction. Results of our study on MAE
procedure with DCM, light petroleum and hexane
extractions using different microwave conditions are
shown in Tables 4-6. The results with microwave
condition A (i.e. 10 ml extracting solvent; low 10%
microwave energy for 2 min) gave percentage re-
coveries that ranged from 77.831.80 to
105.99-10.43% with DCM, from 88.3211.72 to

the
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Table 3 Table 5
Mean percentage recoveries of OCP standards added to river Mean reco@ffesf OCPs standards added to sediment by
water by LLE with DCM as the extracting solvent MAE conditio B with three extracting solvents
OCPs Spiked Recovety Limits of OCPs DCM Light petroleum Hexane
E’Eg " S/;)D (‘:z‘fgt'op’ a-BHC 97.50:4.56 102.0%2.09 95.84-2.78
HCB 85.09:7.32  99.116.29 89.86-5.40
«-BHC 60 101.25:2.17 18 B-BHC 83.52£6.62 98.037.29 87.54-7.48
HCB 200 93.5@:11.30 18.6 8-BHC 92.473.84 90.38:3.80 84.45-5.40
B-BHC 200 93.3%6.65 7.7 Heptachlor 92.653.30 87.7318.73 92.123.16
3-BHC 100 100.13:3.09 15 Aldrin 90.283.85 98.186.36 95.18-8.36
Heptachlor 140 89.292.98 12 v-Chlordane 83.725.61 97.684.44 77.92-3.60
Aldrin 160 85.00-3.57 7.5 2,4DDE 87.91+3.96  99.0%-6.62 75.45-5.88
vy-Chlordane 160 78.183.31 20.6 Endosulfan| 82.626.41  83.889.61 48.1-8.46
2,4-DDE 400 83.94-2.96 7.7 Dieldrin 80.181.13 76.1711.05 39.359.85
Endosulfan | 140 78.695.37 185 2,4DDD 84.09+6.07 94.51%+11.73 53.296.83
Dieldrin 160 71.0%8.15 5.7 Endrin 87.666.09 89.2312.56 66.2710.53
2,4-DDD 400 83.78:8.42 55 4,4DDD 81.81+6.17 86.237.54 45.94-8.87
Endrin 400 91.46:3.24 14.7 2,4DDT 74.11+9.82 94.92-16.38 57.7%2.47
4,4-DDD 400 80.7%6.45 134 4,4DDT 75.75+6.16 77.26:14.82 36.96:12.13
2,4-DDT 400 77.16:9.22 6.0

*Values are mean of triplicate analyses.

®15 ml extracting solvent; 30% microwave energy for 4 min
*Values are mean of triplicate analyses. duration.
® Calculated from the linear regression equation of the cali-

bration curve of each standard pesticide [63].

4,4-DDT 400 80.42-10.97 18.9

between 76.1711.05 and 102.0%2.09% with light

petroleum and between 39:385.85 and
100. 00-6.28% with light petroleum and from 95.82.78% with hexane (Table 5). MAE con-
71.08:5.59 to 103.36¢4.11% with hexane (Table dition C (i.e. 20 ml extracting solvent; 50% micro-

4). Results with MAE condition B (i.e. 15 ml wave energy for 6 min) gave percentage recoveries
extracting solvent; 30% microwave energy for that ranged from 4918050 to 91.0%5.21% with
4 min) showed percentage recoveries varying be- DCM, from 1725438 to 88.3212.16% with
tween 74.1%9.82 and 97.564.56% with DCM, light petroleum and from 43.Z33.90 to
Table 4

Mean recoveries SD* of OCPs standards added to sediment by MAE conditibn A with the three extracting solvents

OCPs DCM Light petroleum Hexane
a-BHC 98.53+4.22 99.96-3.30 99.12-1.25
HCB 96.24-7.34 97.45-6.56 96.50-6.55
B-BHC 87.67:9.10 100.06:-6.28 103.3@:4.11
3-BHC 94.71+4.68 94.634.73 96.86-3.21
Heptachlor 92.786.34 98.68-4.14 96.3¢:2.91
Aldrin 92.06+6.12 98.8%-1.47 99.59-8.31
v-Chlordane 86.827.08 96.49-5.97 91.54-4.48
2,4-DDE 86.75-5.49 96.49-4.85 89.46-5.44
Endosulfan | 77.8311.80 88.3211.72 82.0%6.40
Dieldrin 105.99-10.43 84.339.92 71.92-8.81
2,4-DDD 81.27+9.00 91.26-9.43 83.136.76
Endrin 90.88-7.89 100.94:12.75 77.1%10.07
4,4-DDD 79.3410.92 90.2711.64 73.7811.56
2,4-DDT 83.53+14.73 98.66:12.27 74.625.75
4,4-DDT 84.85+15.56 96.1810.05 71.085.59

“Values are mean of triplicate analyses.
®10 ml extracting solvent; low 10% microwave energy for 2 min duration.
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Table 6

Mean percentage recoverieSD* of OCPs standards added to sediment by MAE conditichs C with three extracting solvents
OCPs DCM Light petroleum Hexane
a-BHC 91.01+5.21 88.32-12.16 99.96:7.60
HCB 62.80+7.38 79.24-20.93 93.1215.10
B-BHC 71.81+-13.80 44.29-19.10 91.36¢:9.99
3-BHC 88.02:5.59 68.51-16.65 85.63-8.68
Heptachlor 85.333.76 76.56-:21.24 91.06:22.37
Aldrin 71.14+4.32 65.09-31.87 83.42-26.74
v-Chlordane 68.018.08 52.58-37.25 84.05:30.34
2,4-DDE 72.10+7.58 54.87438.91 67.01-47.60
Endosulfan | 59.2313.73 17.8413.57 62.1844.78
Dieldrin 43.92+16.02 29.9:17.90 56.75%:40.52
2,4-DDD 60.76+15.07 37.86:26.79 76.1223.21
Endrin 67.34:4.04 32.8:23.29 63.25:45.54
4,4-DDD 57.39+18.73 17.94:25.38 49.57%36.01
2,4-DDT 46.56+16.83 20.59-29.12 78.35:56.23
4,4-DDT 40.20+18.58 N.D*0 43.73:33.90

*Values are mean of triplicate analyses.
® 20 ml extracting solvent; 50% microwave energy for 6 min duration.

99.96+7.60% with hexane (Table 6). Thus, con- ane. With this method, DCM gave the best recoveries
dition A gave the best results, for with the MAE of the OCPs from sediment. Also, the method
technique the values of the SD are high, especially appeared generally to give better recoveries than the
with MAE conditions B and C. This would make the MAE technique and the results gave better re-
results less reliable. peatability. Based on these results, SE with DCM as
The percentage recoveries of OCPs from spiked extracting solvent was chosen for OCPs analyses in
sediment by Soxhlet extraction method are shown in environmental sediment samples.
Table 7. Recoveries of the pesticides ranged from The results of the analyses of OCPs in environ-

88.22+7.85 to 109.635.10% with DCM, from mental water samples collected from East London
74.04:2.11 to 107.26:0.44% with light petroleum harbour and from Buffalo River are shown in Table

and from 63.0414.13 to 100.9&85.37% with hex- 8. Fig. 2 showed a representative chromatogram of
Table 7

Mean percentage recoverieSD® of OCPs standards added to sediment by Soxhlet extraction with three extracting solvents
OCPs DCM Light petroleum Hexane
a-BHC 96.09:1.35 97.4@:0.80 98.4@2.37
HCB 98.8711.12 97.8%0.38 97.98:6.37
B-BHC 109.63-5.10 106.321.03 100.9&5.37
8-BHC 98.48t8.19 107.26:0.44 93.94-2.76
Heptachlor 98.881.81 97.42-2.41 99.9%2.04
Aldrin 97.12+4.72 97.35:5.18 93.42-5.23
v-Chlordane 96.891.17 94.583.23 89.234.12
2,4-DDE 96.03:4.87 92.46:-4.12 90.5%7.26
Endosulfan | 97.558.65 81.7%3.49 84.1%10.64
Dieldrin 96.173.79 79.5¢:6.69 84.1713.34
2,4-DDD 100.61-5.30 85.16-4.61 83.11*+14.53
Endrin 88.22:7.85 85.7&2.56 78.46-:20.86
4,4-DDD 97.84+2.74 79.8%7.09 76.0311.26
2,4-DDT 99.14+9.09 74.042.11 72.22-14.16
4,4-DDT 90.19+1.80 78.3319.47 63.0414.13

*Values are mean of triplicate analyses.
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Table 8
OCPs levels (ng/B:SD* in water at different sites collected from the East London harbour (EL) and the Buffalo River BR) at King
Williams Town, South Africa in January 2002

OCP 10 January 2002 sampling
EL1 EL2 EL3 EL4 BR1 BR2 BR3

a-BHC 40+0.01 50+-0.01 10G6:0.03 18 18 26:0.02 50+-0.01
HCB 30+0.02 18.6 9a:0.01 18.6 18.6 10800.02 80+0.03
B-BHC 40+0.05 210:0.04 70+0.02 7.7 206:0.04 30+0.01 450:0.10
3-BHC 20+0.03 60+-0.02 30+0.04 40+0.03 100:0.04 80+0.03 140:0.05
Heptachlor 760.04 200:0.03 50+0.03 12 12 2060.01 17%0.13
Aldrin 40+0.01 7.5 20.04 7.5 7.5 26:0.04 120:0.02
vy-Chlordane 26:0.03 20.6 20.6 20.6 20.6 18M.05 120+0.03
2,4-DDE 50+-0.06 7.7 7.7 7.7 7.7 10360.03 240:0.07
Endosulfan | 8a:0.01 18.5 18.5 18.5 18.5 18M.04 50+0.02
Dieldrin 50+0.01 5.7 5.7 5.7 5.7 1060.02 60-0.04
2,4-DDD 100+0.02 5.5 5.5 5.5 55 300.04 180:0.06
Endrin 80:0.01 14.7 14.7 14.7 14.7 4(.02 30£0.05
4,4-DDD 134 13.4 134 13.4 13.4 1680.05 210:0.02
2,4-DDT 6.0 6.0 6.0 6.0 1060.02 10G:0.02 260-0.15
4,4-DDT 18.9 18.9 18.9 18.9 14(0.04 20+0.05 160:0.04

EL1, Orient Pier; EL2, Dry Dock; EL3, West Quay; EL4, S-Berth, BR1, BR2 and BR3, Buffalo River.
*Mean of triplicate analyses.

OCPs in water extract from East London Harbour. those of the OCPs standards. OCPs concentration
The identities of the OCPs in samples extracts were ranged from 5.5 to@040 ng/l in harbour water
confirmed by comparing their retention times with samples and from 5.7 ta=@3® ng/l in fresh-
1.S.
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Fig. 2. Representative chromatogram of river water extract (EL2) from East London harbeurBHC; 2=HCB; 3=B-BHC; I.S,,
pentachloronitrobenzene;=5-BHC; 5= heptachlor; 6=aldrin.
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water samples (Buffalo River). Levels OCPs in grade slowly and easily accumulate in the soil, the
sediment ranged from 0.6 to 134€.05 ng/g in transportation of these pesticides both sorbed onto
marine sediment and from 0.6 to 184.0.12 ng/g solids, and dissolved by the surface water down to

in river sediment (Table 9)B-BCH was found at the water sources should actually happen [10].
highest concentration in both the marine and fresh- From the results obtained, the concentration of
water samples. Among the OCPs identified at ap- most of the analyzed OCPs were below the maxi-
preciable levels in the marine water samples were mum acceptable concentration of 100 ng/l value set

B- and y-BCH, hexachlorobenzene (HCB), chlor- by the European Union (EU) for the protection of
dane, aldrin, heptachlor, DDE, endosulfan |, DDD, aquatic environment. However, some elevated levels
dieldrin and endrin. In the river water all the 15 of about 450, 260 and 240 ng/l were detected in
OCPs analyzed were found at appreciably high levels B-BHC, 2,4-DDT and 2,4-DDE respectively, in the

at most of the sites. Some of the pesticides found in Buffalo River. These elevated concentrations give
the water sources like chlordane, heptachlor, DDT, cause for concern.

DDE and endosulphan found in the river are known
to have endocrine and estrogenic disrupting prop-
erties [59], which may greatly impact on the

biodiversity of the aquatic ecosystem. 4. Conclusion

The sources of some of the OCPs in the water
systems might be from industrial effluents and from This study showed LLE with DCM an accurate
diffuse sources such as run-off from agricultural and reliable method for OCPs determination in
lands. The Buffalo River passes through agricultural environmental waters. It also showed that despite the
areas in the province while the East London harbour numerous claims by both manufacturers and research
receives domestic and industrial effluents from city’s groups on the usefulness of MAE for sample prepa-
sewage works. The presence of DDT and some of its ration and trace enrichment in environmental sam-
degradation residues in the water systems can be ples, SE with DCM could be a more accurate
attributed to their wide usage before their banning alternative method for OCP determination in sedi-
[60,61]. Since they are persistent enough and de- ments. Several OCPs were detected in the water
Table 9

OCPs levels (ng/g}SD® in sediments at different sites collected from East London Harbour (EL) and Buffalo river (BR) at King Williams
Town, South Africa in January 2002

OCP 10 January 2002 sampling
EL1 EL2 EL3 EL4 BR1 BR2 BR3

a-BHC 30+0.02 1.8 1.8 1.8 90:60.03 19.1-0.08 23.0:0.03
HCB 45+0.02 1.9 1.9 1.9 34:60.02 30.6:0.05 24.6:0.03
B-BHC 134+0.05 0.8 0.8 0.8 8150.04 72.7#0.01 75.3:0.07
5-BHC 1.5 1.5 1.5 1.5 56:00.02 74.3:0.03 177.@0.05
Heptachlor 1.2 1.2 1.2 1.2 36£0.05 95.6:0.01 184.@:0.12
Aldrin 0.8 0.8 0.8 0.8 70.20.18 0.8 30.%20.06
y-Chlordane 250.12 2.1 2.1 2.1 92:60.07 2.1 117.60.03
2,4-DDE 53-0.04 0.8 0.8 0.8 0.8 0.8 20.17
Endosulfan | 920.15 1.9 1.9 1.9 92:60.08 1.9 72.6:0.03
Dieldrin 25+0.06 0.6 0.6 0.6 0.6 0.6 604D.01
2,4-DDD 96+0.03 0.6 0.6 0.6 9460.10 0.6 39.50.06
Endrin 80£0.02 1.5 1.5 1.5 100:00.05 1.5 38.40.02
4,4-DDD 50+0.05 1.3 1.3 1.3 1.3 1.3 47£0.01
2,4-DDT 74+0.08 0.6 0.6 0.6 0.6 0.6 109t®.04
4,4-DDT +0.23 1.9 1.9 1.9 110:60.02 1.9 33.6:0.06

EL1, Orient Pier, EL2, Dry Dock; EL3, West Quay; EL4, S-Berth, BR1, BR2 and BR3, Buffalo River.
*Mean of triplicate analyses.
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systems including some endocrine disrupting com-
pounds such as DDT, DDE and heptachlor [62].
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