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1w INTRODUETIOM

The Freshwater Biliological Association is & non protit-making
independent organdsation founded in 1229 to puwrsue fundemental
resgarch into all aspects of freshwater biology. It has a
membership of about 2008 including private individuals
(biologists, maturalists, anglers), water avthority undertakings,
fishing clubs ancd undiversities., PMost of its income, however, 18 &
greant-in-aid from the Matwral Eovirvonmental Research Council
(NEREC) . It also recedves substantial sopport from the Department
of the Environment and the Ministry of Agricultwe, Fisheyri ared
Food whe conmigion research grojects relevant to thelr interests
and responsilyilities,

The Asscciation has two laborgbories, the headouarters of which are
at the Wincdemere Laboratory which hes & staff of 74 who are
largely concerned with studies on the nearby lakes. The Rivar
Laboratory, situwated at East Stoke, Dorset (Fig.l)y whers the
rasearch project 1 was involwved with was based, has a current
stafsd of 23 who are involved mainly on the productive streams of
the area.

The River Laboratory was formnally opened in 1963 Lo provide =
centre for the study of the relatively unpolluted and biclogically
productive rivers of cenlral southern England. The site itselt was
specifically chosen to dinclude a head of waber in the Mill Stresun
which could supply experimental channels and provide flow Lo a
fluvarium, Such facilities macde the site ldeal as & resparch
facility which simulated the natwral conditions of a river.

Many experiments, bhowever, require spring water which has not been
atfected by passage down a river and this is available at the
Waterston Experimental Station, nesar Paddletown, where anobbere
range of exparimental chamels have beesn established. The
FRssociation aleo owns the fishing rights to almost 5 bkm of the
River Frome and has access Lo many other sites on variows rivers.

Management of the River Laboratory is undertaken Dy the
Officer-in-Charge assisted by the various heads of departeents and
principal scientific officers. Staff positions at the River
Labar-atory comply with the normal civil service grading system.

Due to Bovernment dmposed dinancial restraints, there has been
recent, proposals by the Matural Environment Research Council to
disband the River Laboratory and sell the site. Given, thal the
unigue site reprasents an enoemows financial and scientific
investment which could not be regained in the forssesable fubure,
the staff are making & concerted affort to fight and counteract
the proposals. It is to be hoped that their determined sffort
suCCEedes,



Aui RESEARDH REFORT

2.1 Introduction

Following the 1987 report on pesticide spray-drift submitted to
the Natuwre Conservanocy Douncil (NOC/MERC CONTRACT HFI/ QL 2008/74)
which indicated the possible risk to benthig invertebrates due to
the sorption @f lypophilic conpounds onto suspended and sedimnent
particles, Dr W.A Howse and his colleagues were commissioned Lo
ascertain which compouwsds were of particwdar danger and required
Frurther study., The available infoarmation on insecticides and
mopllusicides over the last few yvears were examined in detail
(Chapman and Long, 1989 and 1984). From bthe review it was
established that in terms of treated area the most used
insectivides were the organophoshates and cerbamates {(Table 1).
Further analysis of these compounds found that the most applied
ingecticides are phosaloneg, dimethgete, pirimicarb ancd
vemeton-S~-methyl. The pyrethroids, persethrin and oypernethrin,
although particulariy toxic are less uwsed. The resulbts are
simmarised in Tabkle 2. Occording to thelir solwhility in water the
effect of these insecticides on benthic invertebrates may e
gatimated. Working 4rom the premise that the lese soluble an
insecticide is in water, then the more likely is it to be
adsorbed onto sediments, it was decided that given the 1ow
solubility of phosalone and persethrin e.g9. 201519 mg/l and

D, 02-0,.07 mgsl respectively, then fuwther stuwly should be conducted
ar bthem., Table 3 lists the solubilities of the obher selected
pestlcldes.

Hawving selected phosgsalone and permethrin for study, 16 was degided
to begin work on the latter firet, as more intormation was
available for the analytical determination of peragthrin than for
phosalong, although determination methoods for sedinent analyvsis
wWags unavailable for @ither. The aim for bebh compounds was to
@etabhlish a method for their determination in aquatic sediment, =0
that argas where they were spraved cowld then be analvysed to
asceyrtain the concentration and sffect of these compounds in the
natural aguetic environment on the benthic invertebrates.

Atter initiating work on permethric, it was decided to enploy a
sandwich student to begin the work on phosalone. Az a student, 1
was emploved for apprrosimately U oosonths to stedy phosalone.  The
work involved the following aspeoctes 3

1. A full literatuwre review on all aspesctes of phosalone including &~
a. Its physical, biological and chemnical characteristics.
b Analytical methods of analysis with particul ar
Feference to solla/esediments,

2. To develop & methad for the determintion of phosalone in aguatic
sediments.

Jo To determing the adsorption of phosalone onto
kaolinite.



2.2 Literature Survay

2.2.1 Beneral

Phosalone is a non systematic, wide spectrum organophosphate
pesticide which was discovered in 1941 in the laboratories of the
Societe des Usines Chimigue Rhone-Poulenc in France. It has been
approved for commercial use since 1964 in France, in Australia
since 196&, in the United Kingdom in 1967 and in many other
countries including Japan, Egypt, USSR and the USA. It was

first reported by Desmoras, Lacroix and Metiever in 19635,

Fhosalone has the following chemical structure and empirical
formul ae: :

(e 40 — s —f

s o{,c»:,?

g~&s~chloro-2, 3-dihydro-2-oxobenzonazol ~3-yl 0,0-diethyl
phosphorodithioate (IUFAL)

S-({é-chloro-2-oxo-3{(2H}~benzoxazoyl ymethyl) 0,0-diethyl
phosphorodithioate (CA)

0,0-diethyl-8~((é~chloro-1,3-henzaxazol -2 (3H) ~nnyl ymaethyl
phosphoradithionate

Phosalone may also be found under a variety of
manufacturer/product names:

Zolone, RF11974 Zolone, TAXY-Zolone, Zolone flo, Rubitox, Azofene,
MNPH-160%1, RP-11%974

It is formulated as wettable powders, emulsifiable concentrates
and dusts, either alone or in association with other pesticides.

Fhosalone is synthesisded as follows: Benzoxazolone obtained from
wrea and D—-aminophenol, on chlorination gives
é-~chlorobenzoxazolone., This is chloromethylated to

I~chloromethyl ~é—chlorobenzoxazoloneg, which condenses with sodium
0,0-diethylphosphorodithinate to vield phosalone.



2.E02 Physicsl Properties

Fhosalone is a stable, white, nonhygroscopic crysbal lineg

solid with & siight odowr of garlic., It has a smelting point of
45485 Colinese and Terry 19468, Freed et al 1979), with a
negligible vapour pressuwre at 20°0 (Desmovras et al 1974).

A discrepancy was found for values of phosalone solubility betwsen
20 and X5'0, Freed et al 1979 svalusted it o be 2,15 agll while
Deemoras et al 1974 determined it to be 19.6 mgsl. Colinese

and Terry 1968 describe it as insceoluble in water. The method uwsed
Ly Fresd et al 1979 was evaporation of an ether solubtion of
phosalone, followsd by addition of distilled water then magnetio
stirring and testing of concentration until wvalues lay within 9%
variability over a % day period, Me method is presented by
Deasmoras ebt al 19274 or Colinese and Terry 1979 to edplain the
values that thes obtained. Fhosalone is readily soluble in ketones
(1906 gm/1), alcohols (M9ogm/l) and in most aromatic solvents. J
Desmoras et al 1974).

2.2.3 Binlogical Froperties
2e2y3. 1l Insecticidal and Acaricidal Activity

Fhosalone ds both an insecticide and an acaricide, the outstanding
propecty of which is ite broad area of activity. It is very actiwve
art &l l dimportant mites and small insects (Homoptera, Heteropltera,
Brthoptera, Lepideptera, Doleoptera and Diptera. Desaoras el al
1974y, Its use is regosmended in many countries for the treatment
nf various grops, in ctihe United Eingdom it ds applied to various
cereals, field crops and peasibeans.  The W Pesticide Guide

1988 describes which crops phosalone is applied to and the

anc the insects which it is sgffective against, Table 4 cont&lins a
ligt of these.

DaR0E3.2 Towidcity

Fhosalorte todicity arises as a result of it being an inhibitor of
the enzyme cholinesterase and is dependant on the concentralion
present and the organism with which it has come into contact with.
Considerable study bhas been made about its toxicity, Table 9
contains a swmmary of the LDEQ values {where applicabled. Twinm and
Lacy 1979 describe phosalone as non toxic to bees at

concentration of 442 and &S89 g/ha providing they are not actively
toraging at the time of application. Ambrosi et al 19278 found that
in an experimental model aguatic ecosystem although the fish died
the phosalone had no effect on water snalls and algae growkh was
unaffected, Colinese and Terry 19468 found that phosalong was
relatively non-toxiac to game birds.
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ZeZet Cheamical Properties .
2.2.4.1 General

Pricsalone is a non-corrosive organcophosporoune compound which

iw relatively stable o beat (upto 10270, Tt is hydrolvysed in
splution by stong acids and alkalis. Ambrosi et al 19277 found the
time it takes for phosalone to degrade to bald its original !
concentration (its half-life) in Matapeake and Mommouth fine
sandy loam to be between T and 7 days. Its half-litfe was

determined to lie within & to 8 days in cauliflower (Duhra and
Hameead 19873, L0902 days in tomatoes (Rajukbarne et al 1983 and
1918 days in brinjal frivt (Rao et al 1984). Phosaloneg i,
however, fairly persistent in treated plants with upto 494 fFound
in the plant tissues after 1% dave (Colinese and Tervy 1968).
Fhosalone has a octanci-water partition co-efficient of 20,000
{(log B mKﬁ{ﬁﬁb (Freed et al 197%), No information was abttainable
on other the important characteristice which are considered wseful
in assessing the environmental impact of insecticides in the
agquatic systems (photorgaction constant, volatilisation rate
congtant, and the biocconcentration factor).

dedad.d Metabolism in plants

DRegmoras et al 19&%, 1967 foumd that phosalone-osdon i forssd in
treated plants bt it is degraded much more rapidly fThan

phesalone, &0 that the amount present is wsually only about 14 and
never more than 19% of the phosalone residue. Leffingwell et al
1977, however, found in their study of disliodgeavle zolone residuss
i commarciallly treated vinevards, that the degradation of Lhe

oHen did neot overtake its formation from the parent compound and

did not show signs of dodng so even atter 30 dayvs post
application. Continuing their work on phosalone setabolism Demoras

and co-workers found that the first point of hydrolytic attack on
phosal oney, o the phasal one-oxon occured at the FP-B-0 Link giving
0, Q=i wthyl phasphiorodithiole acid and &y 0~ctigthyl phosphorothiolco
aczid and a benzoxalone moiety. In plants the latter is matabol ised
Further to give a glyocosicde., Filigw-s 2 illustrates this process
graphically (Desmovas et al 1267, Golinese and Terry 19&8)

2.2.4.3 Degadation in soil

The degradation of soil was also examined by Deosmoras et al 1967,
They fouwied that the first stages followed those in plants bub a
rad material was obtained on degradation of the benrosazol one
moiety giving a subsgtituted phenoxazone. An additional fragment
containing phospherous was shown to be a disulphide formed by
micdation of the phosphorodithioate. Figuare 3 illustrates the
tegradation in soidil.



FoR.Ad Microbial degradation

Golovieva et al 1283 studied the degradation of phosalone by the
soll microorganisms. The cultures, able to wtilise the phosalone
as a source of carbon and phospherows were isolated. Pathwave and
conditions of degradation by dcinetobecter calooaceticus 274 were
selected for furthar study. Tt was found that the conditions of
agration had no principle influence on the degree of the phosalone
degradation, The reactions of hydrolysis were found to also e Lhe
initial stages of the insecticide transformation. Phosalone is

degradaed to d-amino-7-chior-3H-phenodasin~3-on via condensation of
E—gning-F~ohlor-Sk-phenoi . The forner accumal ates in the culture

iguid and soil for 3 monthe or more, Figwre 4 illustrates the
pathway.



2.2 Aralybical HMethods for Determinstion
2aE.E. 1 General

In reviewing methods for the analytical detercination of
phosalone, primary interest was focused on Gas Chromatographic
(G methods, principaliy becawsse the majority of pesticide
analyses are carried out this way. In addition on-Qoing work an
permetlrin wtilised & Packard sodel 438 geas chromaltogeram with
Electron Capture Detector (ECH). it was hoped that phosalons could
also be determined similarly, preferably using the same colurn.

Having decided omn a BC method for phosalone analvsis, further
ircformation was regquired on the procedures for (a) exbtraction from
acuatic sedimentsa, (b)) extract cleanup and (o) GO deterosination.

ZuRB.2 Published methods

The literatuwre search revealed no inforamation on phosalone
determination in aguatic sediments and very little on soils. Some
inforsation was, Mowever, availablie on analysis Of various Crops,
which could be applicable for sediments.

Desmoras et al 1974 reconoended variows edtraction procedores,
dependant on the material to be analvyvesd (plants, soil, onillk,
m@at, fatty crops and oils, and citrus crops). For soil, they
advised acetone extraction by blending, in bthe prescencs of
anhydrous sodium swlphate, followsed by solvent evaporation. Table
6 lists the recommended edtraction techniques according to the
sample material . As for soll, acetone extraction is advised for
mast materials.

Sample cleanup consieted of two steps in the Desmoras method,
partition cleanup and coluan chromatogeaphy. For soil, arops and
milk the partitioning phase was between water and dichloraomethanes,
artd betwesn hexarns and dichloromnethane for the obther material g,
The extracts obtained were then evaporated to deyness before
eolumn chramatography. This step dnvolwved dissolving the residue
in benzeng (& % % ml portions), cosbining Lhe extracts and
subjecting them to florisil chromatoegraphy o & 2.5 #® 58 om coluann
containing &% g of floriseil. Elution of the colunmn was sucocesive
with 19 ml of benrzene, then 200 ml of dichleoronethane-ethy]
acetate (98:2 v/v) or bhencens-elthylacetate %510 v/vy. The
fraction obtained is then evaporated to dryness and made up to a
known volume in acetone, ready for GLE determinatian.

GLE was the same for ail the residues. The operating parameters
for the two GLE models with ECD, using thres different colunns are
described in Table 7. Desmoras suggests that they may be adapted
to the available chromatogram. The actual detection limit of the
analysis is dependant on the nature of the material and the
efficiency of cleanup. For these pethods, a detection limit of
betwesan 9,919,603 ppe vwas suggested. '



2.2.859.2 Publisghed tMethods cont.

Ambrosi et al 1977 in a study of the persistence and metabolism of
lLad=eartion 1akel lad phm@hlmne in two types of soll (Matapeaske and
Monmouwth Fime sandy loam), exbtracted 1620 gm core samples on a

& rrotary shaker with 059 ml of henzene-ethyl acetate-acetone

Clo a3y, v/v/v)y and again in 19% agueows methanol, sach for 20 howrs.
Their method of detersination was by Thin Layver Chromatography (TLE)
and scintillation counters. In a subsegquent project, Smbrosi et al
1978 stucied the disteribution of oxadiazon and phosalone in an
agquatic mpdel ecosystem, asing l4-carbon labelling. Water samples
werre exbtracted using methylene chloride. Extracts were again

anal ysed by TLD and scintillation methods. In neither study was
axtract cleanup reguired,

Fawamara et al 1978 presented a modified method for the

simal taneous deternination of 533 organopbospherows pesticides,
including phosalone, in water and 7 crops (cabbage, chinese
cabbage, tomato, carrot, apple, Jjapaness pear and mandarine
aranga) . In their method, edxtraction by acetoniterile (2 % 163 ml)
was foliowed by a second extrection with 2074 dichloromethane in
henzene (2 % 109 mid. The extract was washed with water (Z2¥%100ml)
and dried over anhydrous sodium sulphate , then svaporated to 8
mi before cleamip. Using this method 87.9% of phosalone was
recovered compared to 74.59% when a midxture of acetone and
benzene was wsed in place of acstonitrile.

Extract cleanup was achieved using charceal and anhydrows sodiam
asulphate in a column. The celumn was sluted before and after
gadition of the phosalone extract. The latter eiuwlate was collected
(1LE0ml) and evaporated o devoess before being concentrated in & ml
of acetone. For phosalone, elation with a mixture of 59 4
acetonttrile in benzens actually gave a betbter recovery (1867)
than by using benzeng on its own. Benzene was, howsver, the most
etficient solvent for Lhe simultaneous cleanup.

Using & Gas Liguwid Chromatograpi, model 4BMPF with a f1ame
photometric detector, analysis of the acetone residue yvielded
recoveries of phosalone in the crope, ranging from BO.8 to 100.6
e Recovery from water was 98, 5%

VoRe Rao et al 1986 in a study of the persistence of

faenithrothion and phosalone in brindal (Fruit), extracted random
gsamples three times, first with 188mi and subseguently with 9 ml
of redistilled n-hexane and acetons,. The extracts weee

filtered and concentrated, then passed through a glass column
containing & mixtuwre of activated charcoasl—~celite-magnesia (Hrlri)
followed by elution of the column with a hexane and acetons
mixbture antil about 580 ml of plulate was collected. Following
dryving with anhydrous sodiam sulphate the edtract was concentrated
o 19 ml with it is presumed the sane eluting solvent.
Determination of the cleared up exbract was by a pyridine method.
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2.2.5.%2. Published Methods cont.

A similar method is enploved by B.N. Rao et al 1986 in the

analyeis of phosalong i tomatoes, as is used by VLR Rao et al
1284, The only differences are in the column used for cleanup. where
in this case fthe ratio of celite, magnesium oxide and charcoasl is
tsl:3. Using this method, the phosalone extracts were seperated by
solvent partition technigue.

Duhra arnd Hamesed 1983, in a study of the toaxicilty of 9
fiwid-weathnered insecticides to the cabbage butterfly, present a
biological {bipassay with Drosphilia melanogeaster) and a chemical
(GLCY method for the simultaneous deteraoination of the
insecticides (including phosalone) in cawliflower. Extraction was
carried out using & Toshniwal model RL 04018 was used to verifty
the biological metbod, The GLE condigurations are described in
Takle 7. Bobth methods gave a recovery for &ll the insecticides
Fanging from 8&4.6 to 9. 0354,

daZet Mecussion

The literature swvey revealed relatively little information on
phosal oneg, aside from its general physical, bieolpgical and
chemical characteristics. Mo information was found on phosalone
determination in aqualic sediments although some was available for
sils (Desmoras et al 1971, AGmbrosi et al 1977, and crops
(awamuwra et al 1978, V.R. Rao et &l 1986, B.M. Rao et al 1986,
Duhra and Hamesd 198X,
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2.3 Analvytical Methods for Determination of Phosalone
in Aguatic Sediments.

PN | Imtracdueti on

Using the published methode for deteraination of phosalome in
soils and crops, the basis of a method for analysis in aguatic
gsepdiments had to be decided upon. That chosen for developmnent in
this project involved gas chromatography with ECD, sample cleanup
orn an adsorption column ard solvent edtraction from sediment.

- g

waie 2 B Determination

DeBada Entroduaction

On-going work on permethrin at the river laboratory utilised &
Packeard model 4738 Gas Chromatogram with ECD and & im % dmo 1.D
glass columm packed with 2% SPXE3S on Chromosord W-HP O198-1328 mash)
Thie tolumn was a recomnended type for Fermethrin snalyvsis,
however, an alternative packing which could have bheen used was
WAOM-218 on Gas-Crom B This is the same packing that Desmoras st
al 1974 recommend for one of their colusns (see Table 7)), and as

@& result meant that phosalone cowld be deteroained using the samg GO
model and columt as was wsed for peemetherin. Shcee the optimam
contigurations were established on the G tor phosal ong, &
calibration line for standard concerntations reguicred o bhe found.
The concerntration of unknown phosalone samples cowld then be
gdetermined by redference to the standards.

Aeh.Red Results

The optimus conditions determined for phosaloneg chromnatography
using the Packard model 428 60 are descoribed in Table 8. The
attenuation setting of the G0 varied acoording to the volume and
concentration of the sample injected. Wheres necessary, this is
specified. Figure 9 is an example of & chromatogram obtained feom

injection of & wl of a & my/l standard. Kéwﬁ

Stock solutions were prepared by dissolving .91 gram of phosal one
i 1@ ml of hexane (Rathbuen Glass Distilled Brade) and dilubing
to obtain the desiced concentrations. Three sets of experimenlts

were conducted on the calibeation of phosalone, sach involving
prepasration of fresh standards and individuwal analyses.

The first calibration experiment irvolved determination of sid
standards ranging from 12,1 to 2.1 s/l {deterpined by weights.
The GE atteruation was set at 7 for each anadysis. Gnalvees was
careied out fouwr btimess, o order bto oheck the reproducitility of
resuits. A Bpectra Physies S5P4100 computing integrator was used to

wi o~ ¥ wfj
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record chromatography and integrate ares under peaks. Results fore
calibration injections agre comntalined in Table 9. & calibration
gpraph (a plot of area against concentration) for each batoch of
results is plotted in figure &

Thie imitial reswults obtained on analvsis of 4 al injections of thse
standards were very inconsiatent and suggested that an upward dreift
ocouwrsed over time from 8.5 a.m when the GO was switoched onto
Full power, until 5,00 p.n when it owas put on standby overnightl.
The calibration plot was found Lo be non-lingar and curved.
Foallowing on from thig, & wl dnjdections were foundg Lo give nore
reproducible results, althowoh an upward deift was still
noticeable, Fairly linear calibration lines were obtained from

the last two batohes of results. ’

The second calibration esperiment involved determination ot seven
firashly prepared standards (determined by weight), rangirmg froam 1.8
toy ©.9 msl. This second experiment was divided into two sete of
analyvses. The resulis obltained are listed in Table 19 and are
plotted in figuwe 7. The first analysis produced an uneven
calibration line, being neither linear nor a regular curve., The
gsecond part of the sxperiment gave fairly reproducible results and
produced a well fitting curve. The results in this case showed a
downward drift rather than the upwargd trend found in the first
calibration experiment.,

The final calibration experisnent involved determination of four
standards (determined by volume), ranging from 19 to L mg/l. This
expertment also congisted of two sete of analyses. The results are
Ffound in Table 11 and are plotted in figure 8. The first sel wers
arnalysed at & G0 atltenuation of &, whilst the second set were

anal yeed at a setbting of 8, after allowing the GO0 to rech & stable
state (ca. T houws in this instance) .. The resulits obtained for the
firet deteralnation, gave a fairly Linear calibtation plot,

al though the 9 mg/l standard had rather a igh value. The second
set, gave results which werse guite reproducible and did nmtmahmw
any réal upward or downwaed diridt teend. When plotted, the 5 mg/sl
starcdard was again outwith the regasonably well fitting linear
line. é a '» B '

L/Q by (T/t’u’r? O S | ey {“’{ .

LLB.2.F Discussion

The resulits obrtained from the calibration experinents indicate
that standard results may vary & greal deal between injectiore.

A% & consequence, care must be taken when using them as reference
to caleulate unknown concentrations of phosslone samples.
Standards should be iomediately injected before amd after a sample
injection, with the mean result taeken for celoulation of the
sample concentration. Where possible, standards similar Lo the
sample area should be used. Ereor ie possible due to injection
taechnique, ao it iz therefore very important that the analyslt is
comfortable with the syringe used. & method should be develoaped by
the individual for injection of samples which is sustainable

for sach injection, Alternatively, automatic injection is
recommendead.
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R, Sediment Preparation

Before bDeginming work on developing a method for phosal one
determination in aguatic sediments it was necessary Lo obtain
urtpol buted sediment which could be spiked with phosal one and
used as a standard for the experimental anal yveils

ek in progress on peroethrein atilised a very organio (E8-21%47
sediment obtained from the Botany Formod situated in the grouncds of
thie River Laboratory. A decisiorn bhad bheen taken to wse this
sedinent for permeethein because U was known o be uancontaminalted
with pesticides. Additionally its high organic content meant that
any method developed which could vield results wilth this sediment
would work with other aguatic sediments, which generally have
aorganic content of less than 10%. The same arguament applies to the
measurenent of phosalong in sedimenbs.

Freparation of the sediment wesd for spibked recovery testing

Wet sediment was collected in fine mesh nets and transferred to

2 i stainless steel sieves. Sieving removed large particles, with
the fine particlies collected in stainless steel trays, previously
washead with distilled water and methanol. The contents of the travs
werrer al lowed to settle, and then as such water as possible
decanted. The sediment in the stesel trays was then dried at 8680
for 24 houwrs and 49°C for 48 hours. Following dryving the sediment
was crushed and sieved throwgh 129 ol sieves amnd stored i gl ass
Jare with bakelite tops until regulirsd for anal ysis.,

FedL 4 Extraction and Extract Cleanup

23041 Iebroduaction

Extraction of a spiked sediment sample produces a very dirty
gample which in most casegs requires to be cleaned before GO
detarmination is possible, This cleaning process for pesticides
wsually takes the fornm of chromatographRic column cleanup, often
preceeded or followed by & partitioning technd gue.

Before begirnning work on the eitraction of phosalong from the
spiked botoany pond sedipent, it was necessary to find & column
which phosalone did not irreversibly adhere ton and which did

ot regquire vast volumes of an appropriate solvenl for elution.
nce & switable column and solvent fad been found extracted sanples
regquired Lo be tested on the column to ascertain i+ the cleanun was
sufficienly sucoessful to allow GO determination Lo procesd. Having
found & successful method for the extraction and cleanup, various
factors (polarity of eluting solvent, anount of activated Flarisil
used, weight of sediment, extraction technique, eto) were altered in
an attempt to optimisze the recovery.
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2030402 Preparation of column for sanple cleanup

The on-going work on phosalong involved & very compliceted

exbtract cleanup stage wusing Rond BElut flordsil columns (described
tay the maruwfacturers Analtyical International, as disposable solid
phase columns for wltraselective chemical isolation). As Desmoras
et al 1974 recommended a Florisil cleanup for phosalone it was
decided to test the Bond Elut columns an phosal one.

Although florisil RHomd Elaub colusns are asually activated in an
aven Lo remove any traces of water which may be present, prior to
e, b was decided to test bobth an activated (2tows at 10870
and a nor-activated column for phosalone reteption. In addition to
the column fFlormisil abreasdy present, a small amount of attivated
Florisil {(r 2 hows at 189710 was placed above it. The columns
warre washed with hexane (109 ml) before addition of 1 mg of
phasatone in 10 ml of hexane, The colunmns were bthen e@luted with
hesane in suweoessive 26 ml aligueots. The non—-activated column
produced xll the phosalone obtained, in the first elulate,

whilst noneg was found in any of the slulates from the activated
column,., The activated column was then eluted with 9% acetone in
hexaneg and reswlted in all the pbhosaloneg being obtsined in 126 mi.
The viaeld, however, was five times greater than that obtained from
the non-activated column. Based on these resulis, twoe fresh calumns
under the same conditions as before were both eluted with 5%
hexane, praduacing similar recoveries this tine. The columnsg oid
retain phosal one and so both preparatiorns could be tested for
retention of contaminants in extracted samples.

2543 PFreliminary sxbhraction and cleamap testing

Hatore edtaction copld progeess a standard methood for preparing

the spiked sediment had to be sstablished 1 & sufficient volume

of distilled water (88 al) was added te a 50 gm sediment saopley, in
a 259 m)l roungd bottom flask (REF), to produce a slurry, which was
shaken on & Stuart scientitic $lask shaker for 19 ominutes at

gpeed 8§, A D.001 mg sample of ohosalong in 16 ml of acetone was then
added and the contents fuarther shaken for 49 minwbtes al speed &.
Following this, the flask and its contents were frozen overnight
betore being freeze dried on a Edwards Modulyo Freeze Drver,

afler freeze dryving, the sediment was divided into two 25 gm
samples which were extracted with acetone (159 ml each) by shaking
{1 hour at speed 7). After allowing the contents to settle, the
solvaents were decanted and filtered through 2 Whatman GFAC Filter
papers into a two clean 28@ ml REF = and the volumes obtained
recaorded (180 ml each, in this instance). These were then
evaporated bto drevress and concentrated in 19 ol of haexane., These
ware then combined before addition of egual volumes (18 ml) to the
activated and non-activated cplumns ( which contained 172 cm of
activated florisil and had been washed with @9 ol of hexaneg) . The
first elulates collected from the addition of the estbracts to the
columns were analysed wsing the G0 method described earlier, but
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showed ho ftraces of phosalong being present. The slulate colleocted
from a Ffurther 198 ml adoition of hexane to the non-activated column
wag again found o contain no phosalone. This indicated that
phosalonse in the sxbract was retalned by the florisil and was not
eluted immediately on addition of hexane as it did in the
pre-edtraction column testing. Bobby colusns were then eluabted with
199 ml of 5% acetone in hexang and the elulates analysed. The
elulate from the activated colus, o analysis was caloulated, by
redfarese to a gtandard 19 mg/l injdection, to contain @.860 mg of
phosalione. The expected theoretical yvield was .33 mg (based on

on only 2/3 ros of the original acetone being recoverecd from the

e traction stage). Thus & recovery of 20% was obtainsgd from the
activated column. Another 100 ml elution of the solvent misture
did not yvield any moreg phosalone from the activated coluamn. The
elulate from the non-activated column, was, however determined to
contain .33 mng of phosal ene, which was effectively a recovary of
F1%. From these results it was clear that the non-activated

columnn cleanup was bhe hest procedoere to continue with.
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2.5, 4.4 Method testing

Fram the prelininary extraction and cleanup work, a method for
extraction of phosalone fron aquatic sediments had been found.
This methaod then regquired to be tesgted over a range of
concantrations and altered, where possible, Lo optimise the
FECOVEer L es.

Vables 12«17 contain a sumnary of the experiments which were
subsequently carried out.

The +first experiment {(experiment 1éHa and 1¢b, Table 12) involved
& dowble extraction of & 1 mg spiked sediment sample. The sanple
was extracted with 159 ml of acetone by shaking for 1 hour. The
snlvent obtained after filtration was evapoarated to dryness and
concentrated in 21 mi of hexaneg (added in 3 #* 7 ol aliguots with
subseguent tlask shaking for 10 minotes on each addition). This
was then added to the pre-washed column, before slution with
successive 29 ml aliguots of 9% acetong in hexanes. GO analysis of
the extractes revealed no phosalone in the elulates collected
from the extract addition to the coluwmn nor in the following
post addition hexane wash. édnalysis of the elultes collected
from the solvent elution yielded @.429 mg for the first
exbtraction and @.535 mg foar the second extraction. This gave

a Lotal recovery 974 ang veritied the original mebhod.

In the next experiment (sxp.ll. table 12) 200 ml of acetons was
tmed for extraction instead of 150 ml. The solwvent obbtained from
filtration was very crucdidy and as a result a &40 m)l aliguot was taken
and evaporated to deyness instead of the total 149 mi, AFler
cleanup and elution, GO analysise of the #lulate gave a yvield of

@, 383 mg. Caloulating for the original 200 ml of acetone gives an
tatal vield for the sample of 128 mg, a 12BY recovery. From this
Fresult it was felt that the volume of acetone used for the simple
extraction had been excessive, resulbting in a very cruddy sample
which even atter cleanup was still unsuitable for the sensitive
electron capture detector. This was thougbt to account for the high
recovery figure obtained.

The third experiment {(exp.l2. Table 13) involved extraction of a
@ 05 myg spilked sediment sample (92 g) under the samse conditions
as the tested method. A recovery of 9.0231 mg was obbtained for
the 9% ml volume of recovered acetones. Dalouwlating for the 1596
ml original acetones, the actual yielgd was @938 mg, which was
effectively a 78% visld.

Souhlet extraction of the same concentration of sample (9.95 mg)
was tested in the next experiment (exp. 13 Table 13, This
involved 198 condernser refludes with approdimately 250 nl of acetone
A soxkhlet edxtraction results in no loss of solvent and therefores
Fegquires no back calcwlating as is required for a simple single
extraction., The amount of activated florisil was varied in this
experiment, with 1 g being wsed and a small amount of anhydrous



16

sodium swlphate included also in the column,. 9,038 mg of phosal one
was obtained, a recovery of 7&%. This indicates that the back
caloulation made to obtain the total vield in the previous
gxparimnent was valid.

The +ifth experiment (exp.id. Table 13) tested a lower polarity
@luting solvent. In thia case 1.8 g of activated +lorisil was

used with & small amount of anbydrous sodium sulphate. Elution
with 12¢ )l of 6.54 acetone in hexane resulted in no phosal one
heing eloted so a further 120 ml of 14 acetone in hexane was

wseect, This resulied in 9,639 mg of phosaloneg being recovered,
which on caloulation from the original acetons gave a total
recovery of 1,03 ag, a recovery of 1854, &lthough a high yield was
obtained the volumne of solvent which was reguired to slute the
phosal one seemed @HODRSHS1 ve.

The next btwo experiments (eups 15 and té&. Table 14 involved
conparison of the shaken extraction with a soxhlet extraction.
The conditions for both methods were constant. Hotb 19 ¢ sedisent
samples contained 0.91 mg of phosalone, Based on the previous
experianent, 2Y% acetong in hexane was used as an eluting solvent,
with 1 g of activated florisil and 172 om of the anbyderouws

sodiwn sulphate contained in a nore-actiavated coluamn, wsed for the
claarnup. The phosalone obtained for both sanples was recovered by
twe 29 ml elutions. The vields obtained were, however, very low
with 7% and 26% retcoveries ohtained for the siaple sxltraction
ard soxhlelt extraction methods respectively. Further elution with
U4 acetone in bexane did nolt reveal any more phosalone.

The next experiment f(exp.i7. Table 14) used the same concentration

of sample as the previouws experiments , ob which & simple exbtraction
with &@ ml of acetone wWwas carried ouwt. The clesmup atilised a smaller
amount of activated flo-izil and contaimed ne soadian sulphate. Thes
tovbal yvield of phosalone retrieved was 9.00587 mg, indicating &
racovery of 7%, This is twice the recovery obtained from the last
experiment, indicating that 5% acetone is & more etficient eluting
solvent.

Biven the results from the previous experiments it was decided to
select the method which seemed to be most succsssrul and carry out
double sxtractions on a range of concentrations &9,1, @.91 and
Wadel mwmgd, in 1@ g sediment samples. 99 ol acelone exiraction was
Fosllawed by filtration and golumn cleanup in which | g of activated
Florisil was used. 9% acetone in hedane was used for the elualion

of the phogsalone « For the 9.1 and 9.01 mg spilked samples, a
Fecovery of 24% was obtained. A recovery of 37% was found for the
G.001 mg cample.s
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e b Discussl an

vy

P.3.501 0 Recommended method

From experimnental worilk, a method for determination of phogalone in
aagquatic sedinents bas bepen established. Using this method,
recoveries of greater than 994 have been obtained for

phosalone concentrations in Botony Fond sediment, ranging from

29 ug/y to | ug/g. The present method will also detect greater
than S04 of of bthe phosalone in & 9.0 wg/g samplie.

The recommended mebhod s as follows:

Gimgle Extraction amd Filtration

Haog (or 16 g of sedisgent and 183 m) (59 al) of acetone are
placed in a 254 gl Round Bottom Flask (REF) and shalken for 6@ minube
at gpeed 8 on a Stuart Sclientidfic Flask Shaker. After allowing the
flask contents to settle the solwvent laver is decanted and +iltered
through & Buchhner Funnel wsing two Whatman GF/70 Filter papers, into
a clean 256 ml REBF and the volume obtairned recorded.

Entract Cleanup

The solvent aobtained from extraction ig evaparated Lo devness on
a rotary evaporator., 3 swoesssive volumes of 7 ml of herane are
added to the dried flask contents and shaken each time for 16
minutes at speed 7, ready for addition to the prepared columnn.

To a non-activabed Fiorisil Bond Elut column 1 g of activaled
Florisil (3 2 hows at 18978 iz added, The column is eluted

with looml of hexang, betore addition of the 21 ml bexane

extract. The column is then eluted with 199 el of berane before
elution with &9 ml of 5% acetone in hexanes, the elusate of which

i collected im a 2850 ml REF. After collection the @luate, is
evaporated o drvness, then taken up in 20 ml of hexane (this is
dependant on the concentration of the sample, it may be less
according to the sample area which is expected). The sample 18 now
ready for GO determination.

GC Determinabion

Using the G0 configurations detailed in FabdeB, a 6 ul phosalone
standard, commensurate in area with the expected sample area, is
injected before and stter the & ul irnjection of the sample. Given
the mean area for the stamsdards, the concentration of the sample
may be deduced, and the sample vield calculated as a result.
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FedLE,2  Recoomendations for further work

Further work is reguired to increase the yvields obtained for the
less concentrated phosal one samples (@uingﬁ/gﬁ)a Menstvee B ore
altering the tested method, it is swggested that a less organic
mecdiment is obtained and used in spiked recovery tests for 1ow
levels of phosalone. It is possible that more satistactory
racoveries could be achieved by using the more common sediments,
which are generally less than 184 organic.

Mot & great deasl of the sxperisertal work involved soxhlet
extraction and it ie suwagested that further experiments test this
techmigee. & less polar sextraction solvent showld be wsed o
decrease the amount of orud which is extracted.

A alternative to seuhist extracticon, which would increasse the
vearlune of extraction solivent recovered, would be centeifugiag the
wrbtraction mivture before decantation and filtration. This showld
gffectively produce a less crudded sample and aid incresased

RO OVET LR,

During the experimental work perforoed, It was noticed that the
Electron Captuwre Detector was very sensitive ta oruddy sampies. As
a result it is suggested that the detector ie cleaned freguently
@l ther by ultrasonicating the nickel foil in hexane, or Dy
increasing the detector temperature sufficiently to burn off the
crud which has accumul ated from sample injection.

A3 B3 Conclusians

A method bas been developed which determines phosalons in aguatioc
sedinent. Retoveries for the higher concentrated samples are
adeguate (greater than P04, while lower congentrations giving
Fecoverias of over S50 reguire further investigation. Buggestions
four improvemsnts have been made. To the best of my knowlsdge, the
tasted method for phosalone detersination in aguatic sediments is
original .
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Y Adsorption of phasalone onto kaolinite

P Introduction

An experinental study on the adsorption of phosalone onto kaolinite
was initiated as part of a wider project, concerned with the
sorption of lypophilic compounds onto swspended and sedimnsnt
particles, and the associated posgsible risks o benthic
invertebrates, By determining the minerals on which phosalong was
atdsorbed, the susceptible sediments could then be ddentitied and
appropeilate action taken. While emploved alt the River Laborataory,
under the supervision of D W. A, House, 1 carvied out experimental
analysias to determine the adsorption of phosalone onto a prepared
potassium form of kaonlinite. The kaplinite was prepared, wsing a
method based on that described by Hanna and Somasundaran 1979,

RBefore beginning work on adsorption onto potassium kaelini te,
various factors nesded claridying, such as the solubility of
phosalone in water,in huftfer solution and the eftfect of pH.

Lsing & DU-E Spectrophotometer the absorbance of phosalone was
mezasured at different concentrations of phosalone. An indtial

ecan Of a phosalong solubtion revealed 3 absorbance peaks at 330, 8,
281,77 and 234.0% mme, the latter was found to be the major

absorbing wavelength., Pifficulty was found in establishing the

the solubility of phosalone in distilled water, arnd solutions of

19 mp/l and 5 mg/1l were found to ondly partially dissolve
(deternined by absorbBance scans). In an attempt o simalate river
water conditions, soluations of phosalone in 19 mM potassiom
dihydrogen carbonate were prepared. Again it was found that
phosalone would not fully dissolve at similar concentyations,

In the buffer,the phosalone solution had a vellowish appearance
which on heating becameg more pronounced. Experiments wara then
carried out to try arnd establish what the yellow appearance
signified. 4 gsolutions contaning 14 mgll of phosalong in 18 mM
bieffer, under conastant conditions, were heated and stirred for
15,36,45 and 69 minutes respechtively on a Moss of Maldon magnetic
gtirraer at 50°C on speed &. Scars of each solution were perdormed
freguently over a period of week and subseguently 2 months later.
The initial scans revealad that as the duration of beating
increased, sa the size of the peak absorbances increased
corraspondingly, with the &0 minwbe solution (solution 4) produecing
a very prominent peak at the 230.8 nm wavelength., Two months later
all the solutions had also prodoced this peak. The scans of some of
these solutions are shown in figure 9. This 236.8 nm peak ds thought
to be the substituwted phenodasin found also in the degradation of
phosalone in soll Desnoras et al 1967) and by mieroorganisns
(Bolovieva et al 1983 . This indicates that heasticg the solobion
marely accelerated the hydrolysis process of phosaloneg in water,
which 18 catalyesed by the buffer, potassiuan dibydrogen carbonste,

The supernatant of a solution, which originally contained 19 mg/)
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of phosalone in 1@ mM of buffer, was analysecd for the etfect of pH
vartation on absorbance. The pH was varied by acddlition of nitrogen
argd carbon diowicde to the solution. The absorbance reselbts sare
recorded in Tahle 18 and show that phosalone concentration in
water is not pH dependant.

Atter establishing the contigurations for phosalone on Lhe GO,
further study of phosalone solubilty by herane extraction was
possible. Three solutions were prepared sach containing 29 mg/l of
phosal ome, two OF which were in 10 oM botfer and the other in
distilled water, A1l the solobtions were stirpred withowt bheat for
variows lengiths of Lime., The solutions prepared with buffer were
letl stivreing for approdimately 21 and 148 howrs, and after
extraction and analysis, wers detersingd to contain 350 and 4,31
mi/l of phoasalone respectively. The other solution in distilled
water, which was stirved for 76 hows was found o contain 4.87
mgy/ L of  phosalone. On no other occasion was any salotion of
phosalone found to contain more than 4.31 mg/sl of phosalone. From
these resuls it is concluded that the madimum solubility of
phosalone in water or buffer is approximately 4.90-4.3 mg/ll.

Having establigshed the solubility ot phosalone and ite pH
independance, work on its adsorption onto the potassium form of
kaolinite was started.

2.4.,2 Method

Experimental work on the adsorpbion of phosaloneg onto the
potassium form Of kRaglinite was carried out using a flow cell
designed by Dr Wod, House and 0. Fowalczybk., The flow cell,
illuwstrated in figure 19, is operated from the Apple compuler
using & program specitical iy weitten for ib, called the Automated
Adsarption Control Progeam {(AGCEF) .

The sguipment consists of & main cell, into which the adsorbate
and bufter are placed, which is connected to the syringe pump and
spectrophotometer via & valve., Soluwtion is flowed throuwgh the
gopad pment by commands from the microcontroller, WHISFER

The principle behind the operation of the equipment is very siople
It consiste of the WHISFER setting the flow sequence to bagin. dfter
S flows, the WHISPER signals the Apple to take 3 readings of
absorbance from the spectrophotometer which arg then sent to the
Apple and stored on disk., At this point, §i§ required, the
antoburetts titrates a known volume of solution into the cell and
the lTow seqguence ig repeated four more times before heginning the
overall seguerncs again.

Work on the adsorption of phosalone on kaolinite reguired that
the background absorbance of the butder was determined followed by a
calibiration with a membrane Filter in place.
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A Rl € s

FoA4.E L Fheosalone calilbration

Using the flow-cell method, the backgound absorbances of phosalone
was determirgd, This involved obtaining & calibration for Ghe
addition of phosalone Lo the potassiun dibhydrogen carbonate

bt far, which the kaolinite would be suespended in charing the
paonlinite adsorption syperiment. A& solution of phosalons in the

by GO analysis. AN approdimate 200 ml aliguot of freshly prepared 1@
all butfer in & flask was welghed hefore amd atter acddition to the
caell, Before addition of phosalons, the experiment was initiated to
ascertain the background absorbance of Lhe hoffer and to determine
if any dritt ocowred. The absorbance of the buffer was found to be
atable, so addition of the phoesaions was begun by programming bhe
avtoburette to titrate 2.8 ml in gach sequence flow {every 29
minutes) . After 27 ml of phosalone bhad been added the exuperiment was
stopped and the resullts analysed. Using a proagram within the MARCEF,
salibration of absorbence bto concentration was obtained. Teble 19
containg these results while figure 11 shows a plot of the
absarbance against concentration.

RedB.2 Phosalone calibration with membrame £1) ter

In bthie kaolinite exparioent, a menbrane filter was regquired to
prevert any of the sediment escaping from the cell, It was

recessary o ascertain if phosal one adsorbead onto the surface

of the membrane filter prioe to the adsorption experimegnt with
kaokinite. Wsing o Sartorius 11358 6.1 am membrane filter paper
which had beern boiled to remove wetting agents, the calibration
exparimant described above was repested. The background absorbance
of the baffer with the filter in place was found to be stable,

From comparison of the calibeation results {(Table 20) and
calibration plot (Figure 11) with those obtained without the
mesmbyirane Filber, 16 was shown that the filter had adsorbed phosal one
The amount adsorbed on the Filter paper was determined wsing another
program within the ARCE and from the results (Table 211, a plot of
atdsorption against concentration gave the adsorption isothero of the
filter. This is shown in figure 132,

Bed 203 Phosalone adsorption onto keolinite

Before beginning addition of phosalone to the flow-cell, the drift
of absorbance of the solution containing the kaolinite was
cleatarmingd. & flask containing an approximate 2@@ ml alioguot of
huffer was wetghed before and after addition of the solution to the
celi. To the cell 1.276% gm of the potassiun Raolinlite weas then
added ang the absorbance deidt measuwred, Atter & drifl was
anbabklished, the addition of the 3059 mg/) phosaione selution was
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commenced, Using a program within the AACF the adsorption by the
filter and kaolinite was determined (Table 22). Comparison wilth
the adsorption on the filter alone, gave the adsorption of
phosalone on the kacolinite (Table 23). The adsorption iscotherm for
the $ilter and the kaolinite adscorption ie plotted in figure 12
Figure 1é& shows the adsorption isebherm for the adsorption of
phosal one onbe kaclinite.

2o Discussion

Fram the experimental work, it was found that phozalone adsorbed
onto the potassium kaolinite. The relationship bebwsen Lhe
amount adsorbed (na) by an organic substance and its
cancentration (¢} is often expressed in the form :

pa = koo

Where k is the adsorption coefficient {or Henry's law constant).
Using the figures obtained for the adsorption isobtherm, the
adsorption coefficient for phosaloneg an kaolinite was determined.
Fram the resulis (Table 243, it was found that the adsorption
cosefficient was not & constant, as was expected, but decreased
with increasing concentration. It is expected that furthisr
concentration increase would result in a plateauwy being reached.
The resulls stress the reed for care to be taken in caloculating
an adsorption coefficient from an initially linesr isotherm at
low concentrations and applying the results to predict adsorpbion
atl higher concentrations. Further work is needed to clarify the
sulubility of phosalone in water and its degradation produacts.
Adsorption of phoselone onto the membrane Filltar is nob
satistactory when working &t sweh low concentraticons. 1d is
therefore recommended that a Filter which dogs not adsorb
phosalone, &.qg. & tedflon or polvcarbonate filiter smay bhe suitable,
1s acguired, before continuing further adsorption edperiments,
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Jabrle | Fercentage of total area spraved in the U.k. by gach of e
groups of the pesticides (Chapman and Long 1788, 198&8) -

Organoehl orine Oraganophosphate Carbamates Fyrethiral ds

1933 G 7 e "
1984+ ) 75 14 &

1985% 0.3 74 el

4

198&% . 0é& &Y i il

+ prajsed from B85 per cent of returns
#* ralsed from P9 per cent of reburns
S oraised from 57 oer cent of returns
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Table 2 Usage of pesticides on cereals, field crops and peas/beans
guring 1985 ang 1986, Only those compounds whloh were used Lo
reat areas argater than 500 ha in total are ligted.

(Chapman and Long 1985, 1%786)

Ingecticide/ Treated area/ Farcentage area of
merl busoi ol e e total treated ares

1985 1986 7985 198

Fhosal one 1007 DETRT 5.E L
Dimethoalte : 20503 1235869 17.8 15.8
Firimicard 21356 LE216 15.0 ' 1o, b

Demneton—S-methyl 20778 QEFE 14, 6 12,5

Methiocarb 72y 2EBT a7 Bk

Triazophos &EBO 4%z 4, & Bad
Farmethrin S EidéHA Zadl H.9
Fenvalerate oLt T 1153 1.4 1%
O ydematon-metyl £33 L% * A
Heptenaophos g —— ® I
Cypermetherin Eae 2Hla * P
Metal dehyde & B * #

Deltameathrin tid Téal + #

Alphamethrin o e 1aadd e l.&

* lesy than 17
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Tabhle 3 Golubility of selected pesticides

FPesticide

Fhosal one

Firimicarhk

Dimathoate

Demeton-S—-methyl

Fermethrin

Solubility

g iy

in water,

meys 3

2. 1510

2700

25060

FEOH

0. 20, 07

Fetarencess

Freed et al, 1979
Desmoras et al, 1¥74

Martin and Worthing,
156873

Mar-tin arncd Borthing,
1983
Wagner and Thorenton,
1977

Fujie and marlkel,
1977



Table 4

Lrops and insects Lo which phogsalone 18 applied

103

in the United Eingudom tplto 1987,

(The UK Festicided Suide 1988)

Irsects
grain aphig

seEd weavil,
brassic pod midge

el len beatles

e splcder mites

aphids,
codling moth,
Lo brix moth,
winler mothy
byrobia mites

Crops
cereal s

i L seed rape,
hrassic seed,
fodder rape seecl
cabbage seed
kale seed

st el

brassica sesd
mLet ol

applies
DEArSs
prloumes

appl s
pears
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Takble & The toxicity of phosalone to various organlsms,
ingluding the route ot uptake.

Urganism RHoute LIS Cmeg /1) Ret erances
MO cral 7B 20 },E,ﬁ
female rat oral 1ES-176 Lai2
male rat o &l 132 1
femal e rat percutangous 3901500 1,2
guinea pig el £ 1. 558 1.2
rabbhit pereutaneous oo 1,8
piwrﬁiﬁ bBrassicas e Eei-R248 -
{rabbage butterfliy) K
Marleorin £ish e v e F.04Af £
mosguito fish e @, 20, 3 i
daphnids s v @.E;®.3£ 50

# reterence | ovalue for LD2O
reference 2 value for LDED
£ concenteation im ppm

FRaeforences for Table 5

GColinese and Terry 1768
Desnoras et al 1974
Duira ard Hamegpod 1983
Al abaster 1949

fAmbrosi et al 1978

il AN
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References to Table 7

1 Daamoras at al 197
2 Kawamura et al 1978
3 Duhra and Hameed 13783

Table & Exntraction of Fhosalone Regidue {(Desmoras et al 1974)
Fally crops
nad oils
Plants Soll Milk Meal (olive, rupesced)  Citrus crops
Frosamphing preparation Slice If Alr dry Mince None Shice if
NCCLESATY and slevo necessary
Samplo afze (gm) 100 100 50 50 50—20({
Poatsumpling preparation Maons None (Asfor meat) Qrind whh anh. (A for ment) None
N.;gOl and ,
dry fee )
Extroction wchnlque Blending Magnatic Blending Blending Blending Blending
atlerd
Solvent Acetons Anmm:‘ Acetons Hexane-acelons  Acetond Pcnlun; nlmnr
or ¢lhy
aceiale
ml solvent 23 2 2-2.8 2 -4
#in saxple
Tngredicnt sdded to sample Nane Anh. NaSO;, Drylce w . Drylce Dry ice Neng
durlng extraction
Humber of extracilons 1 2 2 2 2 )
Type of exteact obialned nfter Conialns Dry Palty Faly + Oily
_ aulvent cvaporation . wMer
~Table 7 GLC Configurations
Ref. LBLC Model Column Detector Temperatwe(’>C)
Inlet Oven Detector
1 Aerograph &80 Im * 3mm ECD with 200 195210 210
{pestilizer) Chraomosorb 3H source
WHMDE Y6 v D.C
{&0-8¢ mash)
% Dow 11
1 Aerograph &BO 1.2m % &mm ECD with 240 245 275
(pestilizer) Gasg~Chrom B 63 Ni source
(80-100 mesh) pulsed mode
94 oV 210
1 Microtek Mt 220 1.5m % &L&mm ECD with 230 2002106 2L
Chromoport XXX 43 Ni source
o% SE Je pul sed mode
2 A4BMPF 1.Sm #* 3Imm FPD 250 200 256
Gas-Chrom Q
(30-4&0 mesh)
4% Qv-l1e1
3 Toshniwal 1.2m * &mm ECD with —_— 145 204
RL @4/014 Supearsorb tritium
2% silicon gource
ov-~17
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Tahle B GO Contioguwralion
GColumn @ Im # dmm E.D. ig)lass)
packing Chromosord W-bE CLag- 138 nesh)

2% 8PRLEED

Stationary phase

Temnperaturea

Owven 1 B
Injector ' N
Detector BTG
Carrier pgas 4 200 ml/min Nitrogen.

Total gas flow



Table % Resulta from lst calibration experiment,
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sets of results,

Set 1 (65.e5, 6848)

(B2 attenuwation = 7)
4 ul injections
Concentration T Area
12.1 1, 4 b 15T bkl
12.1 14,41 “BeHE7LAT
1201 1. 37 H2EI46H
16,0 163, 27 HL28E4
8.0 1&. 39 LYYy
.o 16, 3% T2N40y
b, 16, 57 BE1I20
@4.2 16, %4 1LE&44L]
2.1 16,37 6134
4.2 delEg 142223
b.0 16,53 EANTEO
g.0 16, 54 SESTIG
1.0 19,34 AH21G1
12.1 16,27 PR THIR
12,1 19,289 19547 4%

Het 2 (04, 05, 238)

(GC attenwation =
4wl inmjections

)

dividied into 4 seprrate

¥ indicates a plateaur peak chromatogram
Cdue to BL attenuation being too low

Set I (09.05.88)

(G attenuation = B)
& ul injections

concentration R.T. Area
12.1 18.4 OFL&DTE
1é.e 10.09 nEaxa?
.0 10,58 G11@46
H.9 18,89 AB1694
4.2 1. 56 18335468
2l 16,098 YaYa9
2.1 16, 59 74893
4.2 19,461 246619
[ 1@, 5é 41@8a1
B.0 16,58 S641632
14,0 16, 0% HE4aEY
12.1 1659 HaLR729
12,1 18,59 ThbH791
16,6 19,57 L7 T77EL

Concentration RoTa fares
12.1 12.49 AR
12.% 12,56 LR e
12.1 la, 42 ARLHTT
12,1 12,37 BE2BLY
12.% 12,734 651794
16,4 132,36 ahaedll
2.1 14, 38 LB2EE
4.8 la, 42 R DS CHE
18,6 12,34 gt B e
16,8 13287 HT LY LY
16,6 12,35 & TGO

.6 12.36 Seglae
8.6 1. 43 457541
.9 12,34 443563
Lo 63 14,39 Iav12l
. G 12.3% D2RH2T
4,2 16,38 2OHOTOR
4,2 ta, 15 iggslw
P 16,38 BHE1S
12.1 16,37 BER7HI5%
1.0 12,35 THI442%
16,0 12,756 812504 %
Bet 4 (1&.,64.88)
(GL attenuvation = 8)
doul injections
concentration R.T. Ale-T)
2.1 la. &7 YL Yeid
2.1 1. 67 T BI3LR
wal g, 67 BIEYaSE
4.2 16,469 R2oH1401
4,2 1. a7 2u 184
" i 1, &% 2TPEES
ba 12,58 Q79972
&8 12, 56 SRS ANT
& G 1.7/ SReEaY
8.0 12.58 &Y T2EN
8.0 12.58 &P THT
g, 1280 H9SHLY
16,4 1.6 HaL7FY
i@, o 12,58 FRE7 049
16, @ 12,54 Gl1eig
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fable tw Reagults from 2nd calibration experiment, divided into 2 separate

sets of resulis.

et 1

(L1088 morning?

(Gl attenuvation = B
4wl injections
Concentration LT, Area

16.9 12,354 T4 7400
B.7 12,359 b&EL 71
7.8 12.36 LELHED

-7 1,324 Saal 4
A% 1o, 17 ATTLET
1. e, 32 NF7E4
1.9 1vr, 25 LA TEIAS]
e lé, 59 AT6EBT
24 16057 137701

Table 11 Results from 3rd calibration experimant,

Set 2 (11.05.408 afternoon)

(EE attenuation

= %

d oul injections

Conizentration R, T Areda
16,9 12.36 PFOVHL
16,9 12,36 REZL0G
la, 9 16, 57 PLET R
H.7 12,355 I ta e T
a7 14, 3b 2

8.7 12,37

7.8 12,34

7.6 16 328 BlY266
7.8 16y, 35 Blaina
b 12,34 TRIBYe
b9 16,34 FARIA2
bHa W 1o, E3 THETEG
3.9 1o, 33 H4G 1 EE
KPR 1,55 ATTE00
2 i la, 32 255971
1.e 16, 27 G717&

clivided into 2

GEpEr At e

sety of results.

Sat. 1

(1.2, &l B

(B attenuwation = )

H ul injectians
Concentration R.T. A we
1 1¢, 47 IQEITH
2 18. 446 HYTT77%
5 16.4%9 2HIOLG*
14 1G.1e EOT7I2%N%

* caloculated from

attegnuation &

Lo give comparability with set

2 results.

et 2 (135,085,088

(BC attenuation ==

2)

& ul inigctions

Concentration K.T.
1 1.6
1 140, &
1 la, &3
2 16, 6%
2 1G4.67
2 16, &%
b=} 1¢r, &6
o 1, &b
5 1, 67

1@ jie.a’
16 6. &
Le

1. 62

A6

51715
TRl
34358
BEFEY
GrERY
H7374
PR AN
AAEHDH
442789
TETAHT
BOBE4E
PEET 6T
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Table 12 Experimental Method lesting

Expeoriment number 1a 1éh 11
) (lst Extractiond (Zrdd Extraction)

Spiking Conditions

weight of sediment S50 g e 56 g
Volume of water : 70 ————— T
welight added of

phosal one 1.6 mg e 1.@ my
shaker conditions : 47" {5) e 400 (7Y

Extraction and Filtration

fnitial volume of

acetore @ 156 ine 260
shaker conditions : &t (7) &7 (7} 6Ha" (7)
final wvolume of :

acetone i i 144 14

Bong Elut Florisil Cleanup

amount of activated flovisil @ 172 cm 1/28 cm 172 o
pre~wash hexane volume ; 106 10  RETS
Exteract volume 3 5o 7 X ow 7 Eow 7
FPost-~wash hexaniz volume 3 1ae 1w 1
Eluting solvent 1 % acetone 5% acetons S acelone
in hexane in hexang in hexaneg
Volume waed @ as ae &
Voiume of elulate ¢ (515 86 &

30 Determination

G attenuation o 9 Q

Hrtandard used ¥ 1a mgrsi i9 mysl 16 mg/l

Standard X i HEHA5L4 HTT7130 FTHOPET

total sample viegld @ 9,429 g B335 mg : . 3EE my

Calculated yvield : Q. 629 gy . X35 g 1.328 mg

Recovery = &HEY 34% 1282
FIA

#ME  all volumes should be read in ml
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Tahle 13 Expseimental Method Teasting

Experiment number 12 13
Sp1king Conditions
werght nf sediment @ . B g 1l g
Volume of water @ 7 15
werght added of
phosalone & 8. 90 ag @, 00 mg
shaker conditions : d7 07 HeT (7))
Extraction angd Filtration
Inittial volume of
acelbone 3 159 250
shaksr conditions @ HG* (7) 108 soxhlet
Initial volume of reflures
acetone & it it
Bond Elut Florisil Cleanup
ampunt of activated florisil 1/2-1 cm b ogm + 172 com
anh. Nasog
pre-wash hexane volome 3 106 166
Extract volume : A ow 7 %o 7
FPost-wash hexane volune 3 518 et
Eluting solvent 3 U4 acetone 5% acetone
in hexane in hatana
Volume used : 4¢x Be
Volune of elulate 3 14 e
G Determination
G atternuation @ w3 k)
Standard uwsed » i my/l % mgrsl
Standard X = LIJGE 74161l
total sample vield @ @, 021 mg G 28 mg
Calculated yvield 3 9. 0E7 mg G038 mg
Recovery 8% 7hH%

# NEB all volumes should be read in ml

e 0
70

1.6 mg
407 ()

130
bt (7))

Fa

1.5 gm + /3
cm ankh. NaB04g
e
E w7
160
@94 and Y4
acetpne in
biey arie
12¢ and 126
1249

C;

1 mig/l
HILE8
G, 636 mg
. 630 my

1 0O%
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Experiment number

Spiking Conditions

welght of sediment 3
Volume of water 1
weight added of
phosalone @

shaker conditions

Extraction and Filtration

Initial volumne of
acptone

shaker conditions :
Final wvolume of

Tabhle 14 Experimentsl Method Testing
135 16
10 g 9 g
1% 15
@. 91 mg @@Ll mg
4™ (7)) 407 (7))
156 225G
487 () 160 momihlet
reflues
13% 250

acetone 1

Bond Elut Florisil Cleanup

amount of activated florisil

pra-wash heianeg valume i
Extract volume i
Fost-wash hexane volume
Eiluting solvent

Volume used @
Volume of elulates

GC Determination

G attenuation
Standard used
Standard X :

total sample yield @
Calcul ated yield :

Recovery :

* NB

2

1 gm + 1/2 cm 1 gmn + 1/2 cm

ant. NaSod anti. MNabo4g
169 FA% 1]
E % 7 X% 7
l1a¢ 16
2% acetone 24 acetone
in hetans in hexaneg
A6 46
£ 46
9 ¢
1 my/1 oomg/l
T2127 Hadq121
9. 6924 mg G. 2034 mg
0. 0827 mg 3, 0038 mg
27 S6Y,

all volumes should be read in ml

19 g
1

@G.al g
At {7

5
HaT )

55

/%21 ©imn

106
% 7
166
5% acetone
in hexsana
&
1@

7
1 mgrsl
127a49
G, 004 my
@, 9057 mg

ST



Tahle 15

39

Experimsntal Mathod

Testing

Experiment number

+

Spiking Conditiongs

waight of sediment 1

Valume of water &

waight added of

phosalane 3

shaker conditions :
Extraction and Filtration

Initial volume of
acetone 3

shaker conditions :z
final volume of
atetone @

Bond Elut Florisil Cleanup

amount of activated florisil

pre—-wash hexane velumeg 3
Extract volums 5
Fost—wash hexane volune :
Eluting solvent :

Vo lume used s
Volumneg of elulate 3

GC Determination

GC attepuation
Standard used 1@
Standard X

total sample yield
Calculated vield i

Recovery

* NE

18a
(1at Extraction}

lé g
15

¢.1 mg
4B° (&)

s
&t (8)

35

H 1 gm

1ea
7
1Q0a
H5% acetons
in hexane
40
20

9
8 mgsil
781398
B.B722 myg
@, 0722 mg

TRL

1 8h
(2nd Extractian)

So
&@* (8)

39

1 gm
1G4
I w7
166
9% aretone
in hexane
49
16

S mg/l
BOGLLY
V. 0227 mg
$.0223% mg

4%

all volumes should be read in ml



Table 16&6
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Experimental Methoo

Testing

Experiment number

Spiking Conditions

weight of sediment :

Volume of water ¢

weight added of

phosalone 3

shaker conditions
Extraction and Filtration

Initial valume of
acetone @

shaker conditions
final volume of
acetone @

Bond Elut Florisil Cleanup

ampunt of activated florisil

pre-wash bexane volume
Extract volume @
Fost—-wash hexane volume :
Eluting solvent :

Volume used
Volume of elulate

BT Determination

G attenuation
Standard uged @
Standard X =

total sample yield
Calculated yield

Recpvery @

¥ NEB all volumes

shouwld be

1%a
(let Extraction)

1é g

1%

G.ai g
46" (&)

Hia
Gt ()

32

1 ¢m
16
K w7
190
S4 acetone
in haxane
26
14

9
5 mg/sl
736475
9. 040 my
@, 0865 my

195
(2rnd Extraction)

G
487 (87

4@

1 ¢gm
160
E w7
o0
B74 acetone
in hexane
Qe
5

@

85 mgrl
THLR2G
@.eal7 mg
@, QG2 mg

29

4%

read in nl



Table 17
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Experimental Method Testing

Experiment rumber

Spiking Conditions

weight nof sediment :

Volume of water

weight added of

phozalone

shaker conditiong :
Extraction and Filtration

Initial wvolume of
acetons @

shaker conditions i
tinal volume of
acetoneg 3

Bond Elut Flarizsil Cleanup

amount of activated florisil
pre-wash hexane volune :
Extract volume :

Post—wash hexane volume :
Eluting solvent =

Volume uwsed =
Volume of elulate

(T3

GC PDetermination

GC attenuation
Standard uvsed @
Standard X s

total sample yvield
Calculated yield s

Recovery ¢

* NE all volumes shoauld be

21lb
(Z2nd Extraction}

—a
{ist Extracktion)

ie g -
5 R
oL, aal g -
4a° (&) =i
56 oa
L7 (8 H (5
a7 W ES
1 gm 1 g
106 190
3 » 7 I %7
100 16
%% acetone 5% acetones
in hexane in hexane
20 26
w b
& g8
1 mgri 1 mgsl
726473 Thbih

G.OB18 my
Q.09 7 miy

@, Baa2E mg
G 0O922 my

H2% ey,

A

read in ml
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Abmobance of Fhogal one with varving pH

SA9.8 nm

Do 0575
2, Ghab
@.abdb
&, S5
G981
6. TR
9,005
£, G0
LS Tl
Q.54 1
R LR
@, 0E40
G, D56
e
D, DELE
0, E4E
S
W@, a5
&, EST

Abhsorbance resultes

. @B
0, 0REL
o GRS
th, BE14
G.0E1d
. GR2
9. 0885
9. QER5
L2
9. 0015
0,818
G, BaLS
9. 89845
3. 836
@, BRAE
L W
0, agddd
¢ . 08
9,835

nd, & nm

2. 1844
G, 1844
@ 1B5H
@ 1661
¢, 1851
@. 1863
G, 1870
@ 1866
W 1860
@G 186
9.1868
9. 1896
L5 IR
B, 1717
9. 1894
By 1993
9.1899
@, 1886
@, 1874
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Table 1% Fhosalone calibration

Concentration absorbance Yol ume
(mgy /1) tml)
9,041 7H PE~ 8 ]
@ 8244 1.8E~a3% D@
@. PEEES Hu bEE - Yy

@Galéll2 o BE e 14,617
@ 19912 by DE—H3 12, B
B, 2E6H08 4, B7E~03 15,08
B, 273 B 36E~0% 17,853
@, ZG7 6 S PERE-03 EEE IS I
@, R4207 d . BE-23 I ]
@9, B7EQ 7w A BE~OE 29,04
89,57816 7w EE -9 AhL LR
G.411a46 7o BDE~D3 aTFe 7l

* Autoburette refilling
Tabkle 29 Fhosalone calibration
with membrane £ilter

Concentration Mbhsorbance Vil ume
Cmg) /1) (m) )
&, GEEYR 1.22E-a3% ]
@.lh?ﬁ? 2. REE-0E 1

w R4S RG Ha LB~ 15
,,@1949 4, BE-93 26,81
@, B90n3 Ha 13E-@% 25,81
0, 39279 4, FEE~0E e PR K
B, 45999 R T ] R IS

# Autoburette refilling
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Table 2i Filter Adsorotton

Concentration Adsorption
(me /L) {mg)

9. DEAPE b DRE -3
@ 11503 @, 9192
@ LEATE @, 0185
9. 2HOFT O, 0186
0. B4%44 @, D267
@, 2RO 8. 9IT76
@ DBGT 6 @, B43G
@, %7451 D, V4B
@, BOBTD @, D554
B, A5OH2 &, OE54

Table 22 Filter and Faplinite Adsorption

Concentration Adgorpti on

{tmg/l) (mggﬁ

@, OE1L24 9. T IE~BE
B BEOEY 0, 0194
@, OPEHRZ @, D283
@ 1 EFEP G, OEE7
@. 16188 @ HADD
@, RHP7 2 G 59T
@ R6EET @, Q450
B HEHe4 . @517
B BHEADE 0., DEE

e

Table 3 Faolinite Adsorptdon

Concentration Adsorption
{meg /sl fme))

L R £ D @, aleh
& QL4 B, B1&Y
G095 G, 3218 .
B, 1394 @, B4
G. 1819 ¢, 9270
@, 2097 9. 208
9. 2639 0, o197
9. 5058 9. 0220
L - W G 0199
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Table 34 Variation in the Adsorption Doefficient
wilth Concentration

Loncentration Adsorption Dostficient
fmgsl) : (1/7¢)

LS I @D 5565
D, 0604 B, 2798
L & Lo @, 2290

9. 13594 @, 1708
B. 11y . 1484
D, 2097 UL
G LAHEY f.a74]1
9. 3088 B.H71Y
G 36 o, abh4e
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Figure 2 Metabolism of phosalone in plants
' (Desmoras et al 1967)
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Figure 4 Microbial degradation of phosalone
T (Bolovleva et al 198%)

O Hy o OcHs 0C,H,
ONe_§-bs %S—l!%o ' H—S—L-—-—-S
B’ B } -
Hy Hs " OCsHs
7 8 9
" : t V.
OCQHS

[”TN—CH,—S—FLS
Qs \0) No &C*H“-

cx/O::jT:SWH a’ ()\o N"C\ c/ O\-;):H ct//(\/(:Ha
* /

NH,

8



48

Figure 3 Chromatogram from a & ul injection of a & mg/l
phosalone in hexane standard.
(GE attenuation = 7)
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Figure 7 Second Calibration Experiment :— Flots
of Area Against Concentration
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Figure % Absorbance srans
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Figure 19 Diagram of Flow Cell
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