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The Freshwater Biological Association is the leading scientific
research organisation for the freshwater environment in the United
Kingdom. It was founded in 1929as an independent organisation to

pursue fundamental research into all aspects of freshwater biology and
chemistry The FBA has two main laboratories. The headquarters is at

Windermere in the Lake District and the River Laboratory is in the south
of England. A small unit has recently been established near Huntingdon

to study slow-flowing eastern rivers.

The FBA'sprimary source of funding is the Natural Environment
Research Council but, in addition, the Association receives substantial
support from the Department of the Environment and the Ministry of
Agriculture, Fisheries and Food who commission research projects

relevant to their interests and responsibilities. It also carries out
contracts for consulting engineers, water authorities, private industry

conservation bodies, local government and international agencies.

The staff includes scientists who are acknowledged experts in all the
major disciplines. They regularly attend international meetings and visit
laboratories in other countries to extend their experience and keep up
to date with new developments. Their own knowledge is backed by a

library housing an unrivalled collection of books and periodicals on
freshwater science and with access to computerized information

retrieval services. A range of experimental facilities is available to carry
out trials under controlled conditions. These resources can be made

available to help solve many types of practical problems. Moreover as
a member of the 'Terrestrial and Freshwater Sciences Directorate of the
Natural Environment Research Council, the FBAis able to link up with
other institutes to provide a wider range of environmental expertise as
the occasion demands. Thus, the FBAis in a unique position to bring

relevant expertise together for problems involving several disciplines.

Recent contracts have involved a wide variety of topics including
biological monitoring, environmental impact assessment, fisheries

problems, salmon counting, ecological effects of reservoirs and other
engineering works, control of water weeds, control of insect pests and

effects of chemicals on plants and animals.
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ABSTRACT

A 30 kg batch of 0.5 mm sieved freeze-dried river sediment has been
prepared and homogenized.

The homogeneity of the batch has been assessed using X-ray fluorescence
and organic matter analysis at the 1 g level.

12 bottles of 50 gosub-samples of sediment have been stored at -20oC,
room temperature and 40 C. The concentration of the pesticide,
cis-permethrin, has been determined at the start of the stability trial.

The concentration of permethrin in the sediments stored at three
different temperatures has been evaluated after the first storage interval.

No significant differences could be detected between the concentration
of the pesticide in the sediments stored at different temperatures. The
results indicate that if losses are occurring, then the low rates necessitate
a longer-term study to permit quantification.
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1. SEDIMENT PREPARATION

1.1 Sediment selection

A survey conducted prior to this study had identified a river site where
the sediment and water contained a number of pesticide residues. Preliminary
analysisof the sediment indicated levels of cis-permethrin in excess of
20 big gl . The site, a mill pool with a large back eddy, contains banks of
sandy sediment which are readily accessible.

1.2 Sediment collection

The sediment was collected using a pond net (1 mm mesh). The water
content of each collection was partially drained through the net before
transfer of the sediment to a 5 mm mesh galvanized screen mounted over a hard
plastic tray. The sediment passing the screen was collected in the trays and
tapped to encourage settlement. Supernatant water was then discarded.

Approximately 75 kg of wet sediment was transported to the River
Laboratory within five hours of sampling. Vibration during the transport
caused further settlement in the trays. The supernatant water was discarded
before the sample was divided into 15 kg batches for overnight storage at
5 C. The moisture content of the sample was approximately 30%.

1.3 Sediment drying and sub-sampling

The following morning the entire batch of sediment was divided into
approximately 1 kg amounts which were placed in aluminium trays and then
transported for freeze-drying. This was performed using an Edwards
Supermodulyo system in two batches over a period of 12 days. The dried
samples were then re-sieved, first through a stainless-steel sieve of 1 mm
mesh then through a 0.5 mm mesh brass sieve.

A 30 kg batch of sieved sediment was then collected and thoroughly mixed
using stainless steel scoops. The collection method, sample division for
freeze-drying and sieving procedures, ensured that the sediment was
adequately mixed for subsampling.

50.00 g (± 0.01 g) subsamples of the dry sediment were weighed on a
mechanical top-pan balance (Mettler P1210) into 60 ml amber glass powder
bottles. These were flushed with nitrogen before and after filling, then
sealed with lined Bakelite screw caps.

Bottles were then assigned a number (BCR #) at random. Bottles were then
selected at random and assigned to the different storage conditions as
specified in the contract:

4 bottles were set aside for zero-time analysis.

12 bottles were assigned to egch of the storage temperatures used; 40°C,
room temperature (RT) and -20 C.

10 bottles were assigned to element analysis using X-Ray Fluorescence.

10 samples (5 g each) were also taken from the batch and sub-sampled at
the 1 g level to assess the variation in organic content.

The source batch of sediment was mixed using stainless steel scoops after
each sampling.



The remainingsourcebatch (approximately25 kg) was transferredto a
dry plastic,25 litre containerpreviouslywashedwith methanol,acetone and
hexane.The container was flushedbeforeand after fillingwith nitrogengas.
After sealingthe containerwitlaa plasticscrew insert,it was encased in
black polytheneand storedat 5 C in the dark.

A furtherthree (50 g) sampleswere latertaken from the sourcebatch of
sedimentfor a second reference-timeanalysis.The 25 kg batch was subsequently
flushedwith nitrogenand resealed.

2. HOMOGENEITYSTUDY OF THE PILOTMATERIAL

The homogeneityof the freeze-driedsedimentwas evaluatedby both x-ray
fluorescencespectrometryand measurementof the organicmatter content of
sub-samplesfrom the bulk material.

2.1 Resultsof the X-ray FluorescenceAnalysis(XRF)

Ten bottlescontaining50 g of sedimentwere selectedat random from the
batch collectedfor pesticidestabilitytrials.The sampleswere then
analysedfor Si, Al, Fe and Mn. Five replicatemeasurementsof each of the
elementswere performedon each pellet to assessthe varianceof the
measurementson each sample.The resultsof the measurementsfor the 2 major
elements(Si,Al) and traceelements(Fe and Mn) are collectedtogetherin
Table 1. The samplecodes refer to the BCR numberof the bottle from the
originalbatch of 50 samples.The resultsfor Mn are expressedin ppm.

The data were analysedto obtainbasic statisticalparameters(Tables2
and 3). The analysisof variance(MINITABstatisticalpackage)producedthe
resultsshown in Tables4 and S. The samplevariancewas calculatedfrom the
mean of squaresdeviation(MS) for the samplesand the within sample

- 2
variance,ow .

- 2 - 2
as (ms - aw )/n

where n 5.

Table 4 shows that for the major elementsthe coefficientof variation
is low and satisfactoryhomogeneityof the bulk samplehas been achieved.For
the trace elements,Fe and Mn, the varianceis larger.The results for all
the elementsindicatethat the major contributionto the uncertaintyis the
samplevariabilityratherthan errorsassociatedwith the instrument
measurement.For all the elements,the variancedue to be measurementis <2%
of the totalvariance.The F-Test is not meaningfulfor the analysisbecause
of the extremelysmallmeasurementerror i.e.within samplevariance.The
coefficientsof variability(CV)are expectedto decreaseconsiderablyfor
50 g samplesused in the pesticideanalysiswhen comparedwith the 1 g
samplesused here. Becauseof the exhaustivesievingand mixing of the bulk
sedimentsampleprior to sub-sampling,the homogeneityat the 1 g level for
traceelementscould only be improvedby grindingthe sample.This was not
consideredto be a practicalalternativebecauseof the possibilityof large
lossesof pesticideduringthe grindingand the problemsof ensuring
homogeneousgrindingof a largebatch (>25kg) of sediment.



Table 1 Resultsof the x-ray fluorescenceanalysisof BCR samples 3, 10,
14, 17, 19, 22, 33, 39, 40 and 48. Si, Al, Fe in units of % by
mass. Mn in ppm.

ROW CODE Si Al Fe Mn

1 3 94.6630 2.88649 1.21581 261
2 3 94.61146 2.87296 1.23579 264
3 3 94.5472 2.88121 1.21808 260
4 3 94.5755 2.87278 1.24999 261
5 3 94.4688 2.89658 1.22867 263
6 10 93.8912 3.05181 1.38678 291
7 10 93.8552 3.02037 1.42076 293
8 10 93.8953 3.03714 1.39795 291
9 10 93.8971 3.01636 1.40359 289
10 10 93.9448 3.03941 1.41754 292
11 14 93.8538 3.12613 1.59295 228
12 14 93.8539 3.11050 1.57213 227
13 14 93.8711 3.11941 1.58683 230
14 14 93.8605 3.122151 1.59532 227
15 14 93.8685 3.10247 1.60961 231
16 17 93.9342 3.05697 1.68847 284
17 17 93.9275 3.06387 1.66035 278
18 17 93.9133 3.05705 1.68866 280

19 17 93.9115 3.05548 1.67911 283
20 17 93.8909 3.06036 1.68703 281
21 19 93.7420 3.01998 1.57653 338
22 19 93.7362 3.02527 1.58058 341
23 19 93.7218 3.01112 1.58207 340
24 19 93.6966 3.02823 1.61009 339
25 19 93.6904 3.01749 1.58737 341
26 22 93.3349 3.06684 1.82403 422
27 22 93.3532 3.06456 1.83728 419
28 22 93.3611 3.07518 1.82593 422
29 22 93.3719 3.06928 1.81276 420
30 22 93.3600 3.06107 1.81835 419
31 33 93.9516 2.88711 1.57894 265
32 33 93.9446 2.89759 1.59163 263
33 33 93.9530 2.89374 1.57033 267
34 33 93.9518 2.88047 1.58772 265
35 33 93.9666 2.87663 1.56692 264
36 39 93.8067 2.98789 1.61646 384
37 39 93.7904 2.98020 1.60583 381
38 39 93.7834 3.00343 1.62300 384

39 39 93.7966 3.00147 1.60488 385
40 39 93.7805 2.99348 1.60242 385
41 40 93.8885 3.01374 1.63060 304
42 40 93.8534 3.02142 1.62419 303
43 40 93.8414 3.01059 1.62874 304
44 40 93.8581 3.00640 1.61473 307
45 40 93.8661 3.01723 1.61748 306
46 48 93.7193 3.06509 1.70750 405
47 48 93.6977 3.09286 1.67853 403
48 48 93.6820 3.06561 1.70627 405
49 48 93.6804 3.09531 1.68109 407
50 48 93.7032 3.06369 1.69879 405



Table 2. Statisticalinformationon the resultsof the XRE analysisof
siliconand aluminium.N is the numberof replicatesand STD DEV is
the standarddeviationof the replicates.

BCR#
Si
N

Si
Mean

Si
STD DEV

Si
MINIMUM

Si
MAXIMUM

3 5 94.594 0.083 94.547 94.663
10 5 93.897 0.031 93.855 93.945
14 5 93.862 0.044 93.854 93.871
17 5 93.915 0.044 93.891 93.934
19 5 93.717 0.094 93.690 93.742
22 5 93.356 0.031 93.335 93.372
33 5 93.953 0.088 93.945 93.967
39 5 93.792 0.070 93.780 93.807
40 5 93.862 0.108 93.841 93.889
48 5 93.697 0.099 93.680 93.719
ALL 50 93.864 0.331 93.335 94.663

BCR#
Al
N

Al
MEAN

Al
STD DEV

Al
MINIMUM

Al
MAXIMUM

3 5 2.8820 0.0102 2.8728 2.8966
10 5 3.0330 0.0146 3.0164 3.0518
14 5 3.1160 0.0095 3.1025 3.1261
17 5 3.0587 0.0035 3.0555 3.0639
19 5 3.0204 0.0067 3.0111 3.0282
22 5 3.0674 0.0053 3.0611 3.0752
33 5 2.8871 0.0089 2.8766 2.8976
39 5 2.9933 0.0097 2.9802 3.0034
40 5 3.0139 0.0058 3.0064 3.0214
48 5 3.0765 0.0162 3.0637 3.0953
ALL 50 3.0148 0.0744 2.8728 3.1261



Table 3. Statisticalinformationon the resultsof the XRF analysisof trace
elements,iron and manganese.N is the number of replicatesand ETD
DEV is the standarddeviationof the replicates.

ECR#
Fe
N

Fe
MEAN

Fe
STD DEV

Fe
MINIMUM

Fe
MAXIMUM

3 5 1.2297 0.0139 1.2158 1.2500
10 5 1.4053 0.0141 1.3868 1.5208
14 5 1.5914 0.0136 1.5721 1.6096
17 5 1.6807 0.0120 1.6603 1.6887
19 5 1.5873 0.0133 1.5765 1.6101
22 5 1.8237 0.0093 1.8128 1.8373
33 5 1.5791 0.0107 1.5669 1.5916
39 5 1.6105 0.0088 1.6024 1.6230
40 5 1.6231 0.0069 1.6147 1.6306
48 5 1.6944 0.0138 1.6785 1.7075
ALL 50 1.5825 0.1565 1.2158 1.8373

BCR#
Mn
N

Mn
MEAN

Mn
STD DEV

Mn
MINIMUM

Mn
MAXIMUM

3 5 261.80 1.63 260.00 264.00
10 5 291.20 1.47 289.00 293.00
14 5 228.60 1.83 227.00 231.00
17 5 281.20 2.38 278.00 284.00
19 5 339.80 1.31 338.00 341.00
22 5 420.40 1.52 419.00 422.00
33 5 264.80 1.47 263.00 267.00
39 5 383.80 1.64 381.00 385.00
40 5 304.80 1.63 303.00 307.00
48 5 405.00 1.40 403.00 407.00
ALL 50 318.14 63.17 227.00 422.00



Table4.

Element

Analysisof varianceof XRF data

- 2 2 - 2
aw as at SD CV(%)

Si 0.00049 0.09512 0.09562 0.3092 0.33

Al 0.000095 0.005927 0.006022 0.0776 2.57

Fe 0.000141 0.026500 0.026643 0.1632 10.31

Mn 2.7 4342.5 4345.0 65.92 20.72

Si, Al and Fe measuredas % by mass
Mn measuredas ppm by mass

Table 5. Percentageof TotalVariance

Element Within sample Betweensamples

Si 0.5 99.5

Al 1.6 98.4

Fe 0.5 99.5

Mn 0.1 99.9

Definitions

2

w
Averagevarianceof replicateswithin same sample

2
os Averagevarianceof differentsamples

2
ot Estimatedtotalvarianceof materialin whole matrix

	

2 2 - 2

	

•
at os + aw

SD Standarddeviation (/t)

CV Coefficientof variationtt)

wheret is the mean of all the determinationsfor a particularelement.



2.2 Results of the Organic Matter Determination

The organic matter of the sediment was measured by combustion at 550°C.
Ten 5 g sub-samples were taken at random from the bulk sediment. These were
then stored in 60 ml bottles prior to analysis. A 1 g quantity of sediment
was taken from each bottle and the organic matter determined. All weighings
were made on a four-decimal place Mettler AE2000 electronic balance. The
results of the analysis are shown in Table 6. The organic content of the
sediment was found to be low (0.89 ± 0.04%) with a coefficient of
variability of 3.9%. Considering the small sample size (1 g) and low content
of organic matter, this result is very satisfactory and indicates sufficient
homogeneity of the sediment with respect to organic material.

3. ANALYSIS

3.1 Extraction technique

Three 50 g samples in numbered bottles were selected at random from each
of the thermostated stores at each sampling interval. The sediments were
transferred to the extraction flasks (500 ml Quickfit (B24//29) conical
flasks). After the sediment had settled, the residues in the bottles and
funnels were washed into the extraction flasks with a series of 15 to 20 ml
aliquots of acetone to a total volume of approximately 150 ml per flask. The
flasks were then shaken for 1 hour on an automatic shaker (STUART Flask
Shaker SF1, setting 6). The solids were allowed to settle for at least 1.5
hours and then the acetone was decanted through pre-washed No.4 porosity
sintered glass filters (chromic acid cleaned, acetone and hexane rinsed) set
in Quickfit Buchner flasks under slight negative pressure (<0.2 KPa) and
transferred, with 2 ml acetone washes, to a 250 ml round-bottomed (RB) flask.

The acetone extract was reduced to a low volume (c. 10 ml) by rotary0
evaporation (Jobling Rotary Evaporator, type 349/2) at 45 C. The remaining
sediments in the extraction flasks were rinsed with 50 ml acetone. The solids
were allowed to settle before the acetone layer was decanted through the
respective filters. Residue on the sintered filter was leached with 5 ml
acetone and all leachate and rinse solutions were transferred to the
respective RB flask.

The extraction was then repeated with a further 150 ml acetone and 50 ml
rinse. Extensive further extractions yielded less than 10% additional
permethrin from sediments. Residues in the RB flasks were taken to dryness by
rotary evaporation then redissolved in 10 ml of a solution of 5% acetone in
hexane dried over anhydrous sodium sulphate (5% acetone/hexane) ready for
further clean-up.

3.2 Sample clean-up procedure

The extracts of the sediments were usually highly coloured and
unsuitable for direct use in gas-liquid chromatography (glc). To prevent
contamination of the injection port, column and detector and to allow
detection of trace pesticide peaks, further separation of determinands from
the background organics was required.

-10-



Table 6. Results of OrganicMatterDetermination

Samplenumber Weight sediment WeightAsh
/g /g

% Organicmatter

1 1.0699 1.0601 0.91

2 1.0228 1.0141 0.85

3 1.0187 1.0098 0.87

4 1.0590 1.0500 0.85

5 1.0147 1.0057 0.89

6 0.9836 0.9747 0.90

7 1.1843 1.1735 0.91

8 1.1846 1.1733 0.95

9 1.0259 1.0170 0.87

10 1.0181 1.0086 0.93

Mean percentageorganicmattercontentis 0.89 ± 0.04 (SD)



A two stageclean-upprocedureusing a Florisiladsorbentwas adopted.
Previousresearchhad shown this to be a reliablemethod for permethrin
analysisof organic sediments.The procedurewas as follows:

ColumnsBond-Elut,AnalytichemInternationalPart No. FL944006Code
0690) were mounted in a Vac-Elutsolidphase extraction(SPE)unit
(AnalytichemInternationalmodelA16000)and conditionedwith 10 ml dry
hexane followedby 10 ml 5% acetone/hexane.

The extractin the RB flask (dissolvedin 5% acetone/hexane)was loaded
on to the column and the non-adsorbedsolutesdrawn throughunder
reducedpressure (< 5kPa).The eluatewas collectedin a 100 ml beaker.
The RB flaskwas washedwith a furthersix (5 ml) aliquotsof 5%
acetone/hexaneand the washingstransferredto the adsorbentcolumn.

Many of the colouredcomponentswere retainedon the SPE column.
Permethrin,togetherwith otherpyrethroidsand severalorgano-chlorine
insecticideswere eluteddirectly.G1C of the eluatewith electron
capturedetection,(ECD),revealeda high-levelof background
interference,particularlyin the regionof the chromatogramwhere
organo-chlorinepesticideselute.

A second stage clean-upusing Florisilactivatedat 160°C has been found
to reduce interferenceto an acceptablelevel.

Glass columns (5 mm i.d., 120 mm in length,fittedwith taps)were
filledwith dry hexane.A wad of glasswool (washedwith acetone then
hexgne)was insertedfollowedby a 5 mm layer oE granularNaSO4dried at
160 C. Florisil(100-200mesh) activatedat 160 C for more than 12 hours
was addedwhilsthot and allowedto settle,with tapping,to give a bed
depth of 100 mm. Finally10 mm dry NaSO4was added to protect the
Florisilfrom atmosphericmoisture.

40 ml dry hexane was passed throughthe column and discardedbefore the
samplewas loaded.

The eluate from the first (Bondelut)columnwas returnedto the
respectiveRB flask and taken to drynesson the rotary evaporatortaking
care to remove condensingsolvent.

The sampleresiduewas dissolvedin driedhexane (10 ml) and applied to
the Florisilcolumn.Remainingresidueswere washed from the flaskwith
two (5 ml) aliquotsof hexane.The 20 ml hexane eluate from the column
(columnwash) containsmuch of the interferingbackgroundorganic
solutes.It has been foundthat permethrinand some organochlorine
pesticideswould require40 ml or more hexane for elution.

The permethrinisomerswere elutedwith a 20 ml 5% acetone/hexane
mixture.The columnwas then elutedwith a further20 ml 5%
acetone/hexane.All eluatefractionswere retainedseparatelyin 20 ml
vials for later analysis.The samplevolumewas checkedbefore glc
analysis.The distributionof cis-permethrinbetween the three column
eluateswas found to be as follows:

Wash: 0%; 1st 20 ml 5% acetone/hexaneeluate:95.4 ± 1.96%; 2nd 20 ml 5%
acetone/hexaneeluate:4.6 ± 1.96%.

-12-



3.3 Efficiencyof the extractionand clean-upprocedure

The overallefficiencyof the extractionand clean-upfor analysisof
permethrinhas been investigatedin separatestudies.In brief this was
performedas follows:

25 g of a freeze-dried,highlyorganicsediment(cedeBPS, 22.2%_organic
matter)was spikedwith permethrinat levelsof 1 pg g and 0.02 pg g 1. The
resultsof the analysisusing the proceduredescribedabove are satisfactory
at both permethrinconcentrations.

Permethrinisomer

Trans

Spikeconcentration Recovery
in sediment
/pg kg

1000.0 >100

Ci s 20.0 89 *

* This spike concentrationis more appropriateto the presentwork.

4. CLC ANALYSISOF THE PILOTMATERIALEXTRACTSFOR PERMETHRIN

Sedimentextractswere analysedusing a Perkin-Elmerglc model 8700
fittedwith a split/splitlessinjectorand ECD. The first 5% acetone/hexane
eluatefrom the clean-upcolumnwere examined.Volumes of stored eluates
were checkedand adjustedas3necessary.2.0 ml were spikedwith an internal
standard(10 pl of 10 mg dm aldrin).The extractswere also analysedto
check for the presenceof aldrin.

Each sampleanalysiswas precededby an analysis_ofa standardpesticide
mixtureincludingthe internalstandardat 0.05 mg dm to calibratethe
instrument.

4.1 Instrumentconfigurationand chromatographyconditions

Configuration:
Injector - Split/splitless
Column - DB5 Jones Chromatography
Detector - ECD (ElectronCaptureDetector)

Oven conditions:





Oven temperature(°C)
time (min)

50
2.0

280•Isothermal170
0.0

240
7 2

Ramp rate (0 -1C min ) 30.0 10.0 2.0




Injector conditions:
Temperature 310oC
Splitlessfor 30 seconds

Detector condition:
Temperature 350°C

Gases:
Makeup: N2

Carrier:He
Septumpurge"a'5 ml min
Flow rate z-50 ml min-1

A chromatogramof a sampleextractis shown in Figure 1.
-13-
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Detailsof the cis-permethrinand internalstandardpeaks plotted with
referencestandardpeaks are shown in Figures2 and 3.

4.2 Confirmationof the presenceof cis-permethrinby mass spectroscopy

The identityof the peak assignedto cis-permethrinwas confirmedusing
gc/mscombinations:(a) Hewlett-Packard5890 series I gc with TRIO I
quadrupolemass spectrometerreferredto as TRIO I, (b) Hewlett-Packard5890
seriesII gc with HP/MSD quadrupolemass spectrometerreferredto as HP/MSD.
TRIO I was run with a 15 m DB5 (5% phenylmethylsilicone)and HP/MSD with a
25 m HP5 columnand similarstationaryphase.

The mass spectrumof permethrinobtainedunder electronimpact
conditionsis shown in Figure4. The largestpeak in the spectrumis the base
peak at m/z 183 correspondingto the phenoxyltropyliumion. This is the
preferredion for selective-ion-monitoring(SIM).A much less intense ion at
m/z 163 (i=30%relativeintensity)is also present,i.e. 3-(2,2 - dichloro
vinyl) -2,2-dimethylcyclopropyliumfragment.

The confirmationof the assignmentwas based on the followingcriteria:

The retentiontime of the cis peak obtainedin the analysisof the
sedimentextractmust be the same as the peak in the standardchromatogram.

The ions in the mass spectrogrammust have the correctmass to
chargeratio,viz ion at m/z 163 and 183.

The resultsof the analysisof sample8CR27using the HP/MSD system are
shown in Figure5. The m/z 163 and 183 chromatograms,togetherwith the
retentiontime data, confirmthe peak assignmentof cis and trans isomersof
permethrin.Excellentseparationis evidentwith a satisfactorysignal to
noise ratio, i.e. better than 20:1.The TRIO I systemproduced similar
resultswith the shorter15 m columngivingslightlypoorer separationof the
isomers(Figure6).

4.3 Compoundrecognitionduringglc with ECD

Recognitionof a peak as a particularcompoundis on the basis of the
match of retentiontime relativeto an internalstandardretentiontime
(relativeretentiontime,RRT) comparedto a standardcalibrationrun. RRTs
have been found to be stableto within±0.001during a single day, but to
drift0.002 over severaldays. Prior to everysampleanalysisRRT values
were calibratedwith an injectionof a mixedpesticidestandard.Several
calibrationswere performedeach day.

Peaksare recognisedas a particularcompoundif ART values are within
±0.001units for organo-chlorinepesticides(includingthe internalstandard
Aldrin)or ±0.002units for pyrethroidcompounds.

4.4 Quantification

Replicapeanalysesof a standardsolutionof cis-permethrin
(0.05mg dm ) using the internalstandard(aldrin)method gave the following
precisionfor the glc analysis:

Mean area of peaks 4.0069+ 0.1456S.D. (33.63%),n-4.
Mean measuredconcentration0.04795mg dm + 0.00204 S.D. (4.2%),11-4.
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Figure 5 BCR27 Chromatogram in SIM m/z 163 & 183
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For the sedimentextractanalysis,the cis-permethrinappears fused with
a followingcomponent.Integrationof the cis-isomerpeak using an automatic
"valleyto valley"baselineassignmentunderestimatesthe area. Slight
variationsin the extractcompositionprecludesan exact predictionof the
positionof valleybase points for acceptablequantification.Chromatograms
are thereforeexaminedindividuallyand baselineassignedmanuallyas
indicatedin Figure 7.

5. RESULTS OF THE ANALYSIS OF THE PILOT MATERIAL FOR CIS-PERMETHRIN

The concentrationof permethrinin the sedimentswas determinedat the
followingtimes:

Storage 0 Storage interval
temperature C

5oC 4.11.89 29*
40°C 19.11.89 46
R.W. 20.11.89 47
-20 C 24.11.89 51

*Referencetime for analysis

5.1 Reference time analysis

The resultsare shown in Table 7. Analysisof the second (5%
acetone/hexane)eluatesgave a mean residualcis-permethrincontent of the
sedimentof 0.49 ± 0.23 (S.D.)pg kg .

The variationin the measuredcis-permethrinconcentrationin the pilot
materialat the referencetime (S.D.± 3.6%)was similarto the variation in
the replicateinjectionsof the permethrinstandard(S.D.± 4.2%).

5.2 Analysis of the pilot material after the first storage interval

The resultsof the analysisof the sedimentsstored at three differeq
temperaturesare shown in Table 8. The variancein the determinationat 40 C
is significantlydifferentfrom the value obtainedat the referrce time at a
significancelevel of 0.05 whereasthe varianceat R.T. and -20 C is not
significantat the 0.05 level.None of the mean values for the three
temperatureswere significantlydifferentfrom the concentrationdetermined
at the referencetime. This has been confirmedusing a t-test at a level of
sigRificanceof 0.05. However,the chromatogramfrom the analysisof BCR21
(40 C storage)(Figure8), indicatedthe presenceof a componentwhich may be
co-eluatingwith permethrinbut with a significantlowerRRT. This led to
largerpeak areas and concentrations(seeTable 8). If this sample is
discountedfor the moment,then the resultsare as follows:

Storage 0
temperature/C

Storage Concentrationof
interval/d cis-permethrin/pgkg

40 46 8.42 ± 1.42 (SD)
RT 47 10.57 ± 1.14 (SD)
-20 51 9.61 ± 1.65 (SD)

The mean concentrationof permethrinin the samplesstored at 40°C is
slightlylower than obtainedat the referencetime.However,consideringthe
standarderror of the determinations,the value is not significantly

Date extracted before extraction

-20-



cis-permathrin

BCR 21

i

e ;

	

IN. i i
; ll

	

i ;

	

i !

	

; ; ; i 1;

• i ; i ; ; 1

	

I .1 1 '
;
; 1 i;

	

i i ;  ; !1 i i • i ; 1

; I.k ii .,..j

;
; 1

e q

; 1k • i • ; ;;  I.. ; ,,••z z .,.. i , ; t1- 1- ; k. :
1—e— ; ; e; 1a a 1, i I

e.'" 

i • ' ;t N

‘
e.

... t... ..

i
1

i
'Ii ;

l• 1

:

: I .

0 I ID 0 tow (4u a
j.tz o iN C e N 'I - ( IW I-

Cr u EW W

Time mins.
u.....


vi kJ, r-
it o ..-

co
oi

Forced Forced

valley basepoint valley basepoint

Figure 7

ref.

RRT

2.007

spl.

RRT

2.002

26.75

2 1



Table 7 Results of the analysis of the sediments measured at the reference
time.

Concentration of Cis-isomer content
Sample cis-isomer in of sediment

designation extracts/mg da1 pg kg-1-3

BCR 27 0.0259 10.35

BCR 29 0.0256 10.24

BCR 31 0.0242 9.68

Blank No cis-isomer peak identified

Mean ± S.D. 10.09 ± 0.36
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Table 8 Resultsof the measurementof permethrinin the sedimentsstored at
differenttemperatures.

Storage Concentrationof Cis-isomercontent
Sample




Storage cis-isomerin of sediment
designation

tempgrature
C interval/d

-3
extracts/mgdm pg kg-1

BCR 02 40 46 0.0236 9.421

BCR 04 40 46 0.0165 7.42

BCR 21 40 46 0.0378 14.8*

Blank No cis-isomerpeak identified




Mean ± S.D. 10.55 ± 3.12

BCR 12 R.T. 47 0.0239 9.56

BCR 16 R.T. 47 0.0314 12.57

BCR 24 R.T. 47 0.0239 9.58

Blank No cis-isomerpeak identified





Mean ± S.D. 10.57 ± 1.14

BCR 06 -20 51 0.0207 8.27

BCR 26 -20 51 0.0215 8.62

BCR 46 -20 51 0.0299 11.95

Blank No cis-isomerpeak identified





Mean ± S.D. 9.61 ± 1.65

* Secondcomponentdominant,RRT of cis-permethrinlow
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different. The results obtained so far indicgte that the maximum loss of
pesticide (assyming the sample stored at -20 C (Isstable) is of the order
25.9 ng kg d for a storage temperature of 40 C. This rate is tentative
and further study is required to establish the stability of permethrin in
this sediment.

As shown in Table 8 and Figure 9, no permethrin could be detected in the
blank samples.

6. CONCLUSIONS

The results obtained so far are inconclusive. No significant loss of
permethrin could be detected for the samples stored at different
temperatures. There is some evidence that lossesoof permethrin may be
occurring at the highest storage temperature (40 C) but a longer-term study
is needed to evaluate the rate of loss of permethrin in different storage
conditions before any assessment of the stability can be made.
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