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Abstract N s

\Fenitroihion ,O-diﬁethyl—S—maﬁhyl 4-nitrophenyl-

—phosphorothioap . partitioﬁed into éediment sWater,aquatic

. 5

plants,algae,and particulata matter in a frESh ~water uatic

. . {‘q'y
system. SR . L
, . . .

n

Sediment and aquatic planis were found to be the

’

real or potential reservoirs for fenitrothion in a shallow -

(1 m.) aquatic model. ‘ - ’ N
! L
Significart pesticide degradation occured in sediment

-
~

the maJor degradation products being amino fenitrothion,

fenitro-oxon, and S—methyl-fenitrothion.

~

Aquatic plants showed a high.biocaccumulation of

fehitrothion‘énd some species contained significant levels

\

of the degradation products, 3—methyl:4—nitr9pheqol,fqnltro—

~-oxon indlsrmethyl fenitrothion.
-

\ Mass balance calculations show that fenitrothion degraded
ref‘ Ly in the sediment(est. c51£ days), water(est. tg 46'hrs.i
but much slower in some aquatic maqrophytes(\ Elodea sp.
est. t%=20-37 days). - ’ .

This study and other work indicates that there is a small

probability of fenitrothion persistence above the 0.01 ppm

1eze1 in most of the aquatic .fresh-water system except the
plants. ) <,
@ + The subject of pesticide persistence in aquatic

macrophytes may require further study .

F ! -
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Résumé

Dans un systéme aquatique d'cau douce le fénitrothion, 0,0
diméthyl 3 méthyl 4 nitroph&nyl phosphorothioate se morce;fe dans
le sédiment, 1'eau, les plantes aquatiques, les ‘algues et les
particules de matiére, - ' .

Les principaux réservoirs réels ou latents de fénitrothion
trouvés dans un mod@le 5qu3tidue peu profond (Im} sont le s&diment
et 1es'p1ante$‘aquatiqué;. | l

Une dégradation significat{ve du pesticide se produit dans le
s€diment. Lés principaux produits dégradés sont 1%amino-fenitrothion,
le fénitro-exon et le S méthyl fenit;othion.

Les Plantes aquatiques ont démontré une accumlation importanté

de fénitrothion. Certaines espaces possédent des produits du

pesticide dégradé tels que lg méthyl 4'ni§rophénbl, le fénitrdﬁbxon

g

.

et le S méthyl fenitrothion.

Des calculs de masse totale ont démontré que le fénitrothion se
décompose rapidement dans 1'eau (est.ti=46 hres), dans le‘sédiment
(est.t%zﬁ jours) mais beaucoub moins rapidement dans les plantes
(est.ti=20-37 jours).

Cette &tude ainsi que d'autres’travaux démontrent qu'il y a une
petife_probabilité de persistance du fénitrothion au dessus au
niveau de 0.01-p.p.m. dans 1la biupart des systdmes aquatiques d'eau
douce & 1'exception des plantes aquatiques. ,

La persistance du pesticide dans les macrophytces aqﬁatiques

peurrait demander une &tude plus approfondie.
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Introduction

Fenitrothion, 0,0-dimethyl-~3- methyl 4- nitrophenyl-phosphorothi—

oate, is an organophosphorus pesticide used throughout the world for the

protection of many commercial crops agalnst ‘the predation of a wide

spectrum of insect pests. In Canada, large amounts are primarily used to

protect Abies balsamea and Picea glauca against defoliation by the spruce
t

~ A
budworm, Choristoneurd formiferama.
7

LR

A review of all environmental and other information concerning

‘fenitrothion was undertaken at the Fenitro

et al) and the Panel Report following this

thion Symposium 1977 (Roberts

i%mmosium identified 'important

areas of ignorance that precluded definitive answers" as to whether

there was a link betweenoReye's Syndrome and the pesticide spray. One

of the areas requiring further research -wa
the freshwater aquatic ecosystem. Limited

disappeared from the water in one to three

s the fate of fenitrothion in
data indicated that fenitrothion

days. Little information on the

pes;icide's eventual fate in the aquatic system was available. The Panel

suggested that "i{t is still not clear whether the- rapid disappearance of

the insecticide from the water 18 associated with its sorption by the -

sediments or with degradative processes'. (p.572,R0berts-et al) . The

Panel identified a need for "a systemic examination of the quantitative

- rate relations which define the dynamics o

within the terrestrial and aquatic ecosyst

reservoirs"”. (p.576,Roberts et al,1977) .

1t is suggested in this work tha

act as important micro- and macro-reservol

f the pesticide formulations

.

ems and hence in the micro—

- v

t aquatic plants and sediment

rs for fenitrothionsin a model

aquatic system, and that both contribute to the degradation of the parent
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compound to several derivatives, some of which are toxic. An attempt

was made to determine a mass balance for the pesticide in the aquatic

" system to show the relative importance of each codpartment-in the binding

and degradation of fenitrothion.

In an aquatic system, the partitioning of the esticide may
be an_equilibrium involving the movement of the pesticide'in'qhe
water, sediment, plants, algae, bacteria and particulate matter {Maxshall
and Roberts 1977). On the basis of mass and surface area, the major
reservoirs of the pesticiée shouid be the water, plants and sediment.
A review of the existing information on the behaviour of tjé\pgggiéide
iq each of these components in laboratory and field experiments would

allow some qualitative predictions to be made about the fate of

fenitrothion in a natural aquatic system.

Water .

[

Fenitrothion has been shown to 'disappear' from:

a) natural streams in New Brunswick 2t pH 6-8 with a half-

~1ife of two to eight hours; (Eidt and Sundaram I975.)

b) natural steams in Manitoba at pH 7.5 with an approximate

half-1ife of 10 hours; (Moody et al 1977)

¢) shallow ponds in Ontario at pH 5.9 to 7.5 with a half-life

of 0.75 to 4 days (Sundaram 1974).

The great variability in .the persistence of fenitrothion in

natural waters may be caused by differences in water movement, depth,

turbidity, pH, plant coverage, inconsistency of spray deposit, and

4

analytical problems.
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Twe major processes are suggested to contribute to the '

"disappearance' of fenitypthion from the water; photolyéis and hydrolysis.

I
/”,"ﬂ Photolysis, the degradative action of certain wavelengths of natural

light, was shown to similarlf degrade fenitrothion deposited on
chromoplates or on the surfacé of bean leaves. In both cases, four
major products, carquy-fenitrothion, fenitro-oxon, 3-methyl-4-nitro-
phenol, 3-carboxy-4~nitrophenol and ore minor product, carboxy-fenitro-
oxon were detected. The pesticide degradation om bean leaves (ti’l.S
days) was shown to be much faster than chromatograph; plates (t},6-12
days), possibly due to thg protective action of the silica'éel. (Ohkaw;
et al 1974). ' The degradét?on of the pesticide in aerated distilled
water exposed to sunlight showed an even shorter half-life of eleven
hours, but the same type of derivatives were formeqy Faster pesticide
degrédatioﬁ occurred in acetone irradiated with ultraviolet light with
a pesticide half-life of 45 minutes (Ohkawa et al 1974). Similar

Pl -

results were obtained by other workers (Marshall and Greenhalgh 1976).

- The vépour phase degradation of fenitrothion by light of 265

or 313 nm produced the same 4 products, carboxy—fénitrothion, fenitro-oxon,
3-methyl-4-nitrophenol and carboxyfenitro-oxon, (Brewer et al 1974). This
evidence was used to support the idea that natural sunlight could degrade
fenitrothion in the atmosphere in 10 hours to these same degraaation
'products EBrewer et al 1974). The réte of pestiéide degradation in water
depends on pH; degree of aeration and intensity of irradiation. The
sim?}arity in degradation products in the distilled water, bean leaf

and chromatograph study of Ohkawa (1974) indicates that photolysis may be
an important mode of pesticide degradation in aquatic systems, Additional

evidence was found in the comparison of fenitrothion treated water in light
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and dark containers (Ohkawa et al 1974). The treated water in the dark
contaiqprs-showed much slower rates of pesticide degradation, with

97.9% of the activity remaining in the water after 28 hours aé feni-
trothion, compared to oqu 19.7% as fenitrothion in tﬁe sun—1it containers.
Howeve;, the same types of derivatives were found in the water of
illuminated and darkened models although the water of the'darkened con-
tainers showed 10 to 250 times less of each degradation product than the
water,of'the lighted container (Ohkawa et al 1974). In summary, fenitr&—
thion may undergo thrge possible £eactions when exposed!tb ulgravidlgt
1ight or sunlight, a) oxidation of the P-S bond to a P-0 bond, b) oxidation
of the methyl group to a'caqboxyl group and ¢) cléa%age of the P-0 aryl

bond to release the phenols (Ohkawa 1974).

Hydrolysis

Organophosphapé pesticides are susceptible to hydrolysis at the
P-0 aryl bond in a reaction cétalysed by the hydroxyl ion and similar to

SﬁZ'displacement reaction at a carbon atom.

clJ(S) ‘ 0 o 0(s)
HO” + RO - P - OA ——>» HO--—-P.--0A ->HO - F - OR + A0
1
L}
OrR" . RO  OR' Ox

(from ETO, 1974)

The rate of éhis reaction dépepds‘bn wafer pH, temperature, the
presence of catalytic reagents, and thé chemical nature of the substituents
on the molecule. Most OP pesticides are stable between pH 1 to 5 but at a
pH greater than 7 the rate of hydrolysis increases by a factor of about 10
for each 1 unit rise in pH. The rate of hydrolysié also increases about

4 times for each 10°C rise in temperature [(Eté, M. 1974).
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Thus, thelhydrolysis of fenitrothion in natural waters will
var&,signifiééntly with the above properties of water, so that these

properties must be measured in any study.

Laboratory stu&ies‘péing fenitrothion in buffered solutions of
distilled water at‘various lelevels'have shown the half-life to vary
from 65, 85, 70, 47, 15, 16 and 22 days at ﬁg 5, 6, 7, 7.5, 8, 9 and 10 resp.
at 23°%C (Greenhalgh et al 1979, in press). This study sh&wgd that the
major decomposition product abpve pH 7 in phosphate buffer was
3-methyl-4-nitrophenol and DMPT due to basé—catalysed hydrolysis.

Below pH 7,in phosphate buffer, the major product was desmethyl-

—-fenitrothion.

Few fenitrothion derivatives, apart from traces of amino-
fenitrothion; were found in natural waters following ap‘eéérational spray,
(Zitko and Cunnjingham 1974; Moody:gg_gi 1977). Traces of S-methyl-feni-
trothion were detected, briefly, at one Hbur, post spray Iin one study but
these traces were likely found in the pesticide formulation before the
spray kMoody et al 1977). The further derivatives, desmethyl-fenitrothion,

desﬁethyl—amino-fenitrothion, and dimethyl-phosphorothiolc acid were

identified in water containing Bacillus subtilis (Miyamoto et al 1966).

The reasons for the lack of information on fenitrothion derivatives in

natural waters is unknown. Low pesticide concentrations in natural

waters, late time of sampling, indadequate methodology, fast rates of
hydrolysis of de;;yatives, and rapid partitioning of the pesticide into
components other than water, may have contributed to the lack of -

substantive information on the fate of fenitrothion in natural waters.

A simi#%r pesticide, parathion, showed complete hydrolysis

-



_ diethyl-phosphorothicate (Eichelberger and Lichtéhberg 1971; Sethunathan

- organic origin and often of mixtures of the two.

J e -

-

1
s

in three weeks in naturil river water $o produce p-nitrophenol and

o

et al 1977). The half life for parathion in a phosphate buffer solution
at pH 6 was 43 hours, Thames rivegﬁ:;ter at ﬁH 8.0 was 65 hoprs, and
Irthing river‘;ater at pH 7.5 was 68bours (Ruzuicka et al 1967). The
acgumuiation of paréthion by waterborne mictoorganisms was probably
responsible for the peésistence of agv levels of parathion in the

water (0.03 ppb at 40 days). The effects of pesticide sorption and
desorptioﬁ'f;om the aquatic microorganisms should he considered when
discussing pesticide persistence in natural waters. The long-term and

low level persistence of parathion in water may be caused by the binding

of the pesticide in the 11pid component of organic material where it

A\
cannot undergo physical or biological degradation (Stewart et al 1971).

Sediment: - ~
-

A suspected macro-reserveir for fenitrothion in an aqﬁatic
system is the sedi@ent; which has been described as soil (Ponnamperuma
1977). Such soil ;gdiments are formed of‘components of physical and
=

The living organic components of the scil include plant roots,
Bacteria, algae, invertebrates and a host of other organisms which ha;e
the potential to absorb and degrade the pestfcide.

The other organic compdnenf of the soil includes organic
matter in the form of partially decopposed biological material, mainly
plants and macro-algae, or advanced decomposition products such as

humic and fulvic acids., Physical components of soil include clay

—
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mineralé,,various oxides and hydroxides, organo-clay complexes and
unconsolidated mineral matter. Some organic and inorganic components

of the sediment have the poténtial to bind.the peaticide‘and prevent
acces; to physical and biological agents which could cause decomposition.
The inorganic components can also catalyse hydrolysis of organophos-

Phorous pesticides (Bailey and White 1970; Yaron 1975).

The soil characteristics, such as relative amounts and types
of organic matter and cla& minerals do influence pesticide absorption
by the sediment. The properties of the él&y mineral, such as surface
area, cationic exchange capacity three dimensional structuré; ana :
surface charge density will influence pesticide adéérption and chemiéél

hydrolysis (Bailey and White 1970; Sethunathan 1977).

The characteristics of the pesticide such as size, ionic
character, surface charge density, shape and polarity may also influence

pesticide absorption and chemical hydrolysis (Bailey and White 1970;

" Sethunathan 1977).

The bacterial, fungal. and algal activity and the abil y ;f th?;
blota to grow in the sediment will influence the biotic degrad ion of N Af
the pesticide, These,_together with the physical properties or processes |
affecting the aquatic environment such as pH, oxygen concentration,
temperatu?e, oxidation-reduction potential and the quaiity and intensity

of light can affect pesticide decomposition (Sethunathan_g£_51.1977,

Bailey and Wﬁite 1970,Bﬁrtsch‘1974, Bartha 1971, Poinke and Chesters 1973).

Generally, seven factors are known to influence the fate of a pésticide

in a seil system. These include chemical, photochemical and microbial decomposition,
, -

T
[
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volatilisation, movement through the hydrosol, plant and organism uptake,
and physical adsorption (Bailey and White 1970, Poinke and Chesters 1973).
The adsorption of the pesticide to the sediment may be one cof the most

important factors in the aquatic system.

"The relationship between sediment and pesticide
controls or influences the moveﬁent, distribution,
toxicity and persistence of many pesticidal com
pounds which miéht.appear in lakes or streams".

(Poinke and Chesters 1973).

Chemical Hydrolysis

Following physical adsorption to the soil four reactions ma§
occur 1) photochemical reactions on-the sediment surface 2) chemilcal
hyd;olysis 3) biotic degradation or 4) a pesticide adsorption
protected from degradative processes. Photochemical reactions on
sédiment surfaces haye not bgen well studied and may notrbe

-~ \Bignificant due to extreme attenuation of the ultraviolet spaftrum in
water (Yarom 1973). Biotic degradation of the pesticide has been shown
to be the predominant degradative pathway in aquatic systqns,‘but under

‘some circumstances,as found for parathion, chemical hydrolysis may

become important on the soil surface (Yaron 1975).

The chemical conversion éf parathion on 14 sterile irradiated
soils (pH 6.4—8.2) showed 3- 23% hydrblyais on air dried soils and <10%
hydrolysis on moist samples af;er 130 daysfj Conversion was affected by
clay and organic matter. The rate of hydrolysis decreased from kaolinite

(1:1 mineral) to montmorillonite to organic matter, and this rate was
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inversely related to adsorptioh affinity of the parathion to these
substances. This phenomenon was explained by the hypothesis that
surface catalysis was occuring at specific active surface sites.

Adsorption to kaolinite-is surface adsorption (due to l:ldgfructure)

1 .
-

whereas most adsorption to montmorillonite is internal adsorption
between the 2:1 minerals layers where the pesticide may be unavailable

for a particular type of catalysis (Yaron 1975).

Yaron (1975) suggested that the site of catalytic hydrolysis
was the ligand water associated with the exchangeabie cation (Caz*,
MgZ*) and not the soil itself. On a kaolinitic mineral, the ligand’
water of the catfon is oriented so that parathion will cleave. In
montmorillonite where the greatest surface area is internal, more
highly polar and crowded with water andlexchangeable‘cations, the

A

correct orientation cannot be assumed and this catalysis does not occur.

. Using 3 different irradiated soils with similar amounts of

claf bug varying in organic matter from 1.57 to 12X, parathion
degradation was found to decrease with increasing soil organic matter
content (Yaron 1975). It was suggested that organic matter coated the
active gites to reduce this catalysis. Almost no parathion decomposition
occurred on irradiated calcium peat’ soil (pH 6.5, 957 organic matter),

so it was assumed, that orgénic matter adsorbed the pesticide making it

unavallable for surface catalytic activity.
Soil Biota

' The soil biota, mainly yeasts, bacteria and some algae have

been shown to be highly important in the degradation of organophosphorous

’




- 10 -
e

pesticides either in laboratory experiments with isolated species, or

in the natural scil environment.

A yéaet, Torulopsis utilis, and anlalgae, Chlorella‘pytenoidoéh

oxidised Thimet (0,0-diethyl-S-(ethylsulfinyl)-methyl-phosphorodithiocate)

to the phosphorothiocate sulfoxide form as well as hydrolys#ng

the parent compound.

~

Chlorella pyrenoldosa further oxidised the

phosphorodithioate sulfoxide derivative to the phosphorothiolate
sulfoxide (0.0-diethyl-S-(ethyl sulfinyl) methyl-phosphorothiolate).
(Atmed and Cassida 1958). TFurther work showed that 2 bacteria, Thiobacillus

thiooxidans and Pseudomonas flourescens, hydrolysed 251 aﬁd‘SSZ of Thimet

respectively 1n.8 days but could not oxidise the pesticide.

Parathion, 0,0-diethyl-4-nitrophenyl phosphorothioate; was shown
to degrade to p-nitrophendl and amino-parathion in submérged loam soils,
(pH 6.3) but no amino-parathion was formed in autoclaved soil where
parathion was most persistent. '"The high stability of parathion in
autoclaved wet soils ;ndicates that the hydrolysis of parathion is nﬁt
dependent on moisture alone but is interrelated with microbilological '

activities" (Lﬁchtenstein and Schulz 1964).
_

Similar experiments with parathion in lake sediments showed AN
that the major degradative products were amino-parathion, ‘p-nitrophencl, "ﬁ

and some unidentified water-soluble, product that may have been diethyl-

. phosphoric acid (Graet et al 1970, Katan et al 1976). In a non-sterile

peptone-lake water model, complete parathion degradation occurred within

35 hours with amino-parathion and one unknown being the major products,
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. "In a non-sterile peptone-lake water-sediment system the parathion
degradatidﬁ took longer (95Z at 300 hours) because of parathion

!
adsorption to the sedimeni, and amino-parathion was the major |

derivative.

Chemical hydrolysis in a sterilised.soil-watei system, both
in water and sediment, totalled 0,56% of the initial parathion per day,

giving complete hydrolysis in 180 days (Graetz et al 1970).

Bacteria, isolated from polluted water, inactivated the

insecticidal activity of organophosphorous pesticides such as fenitro-

¢

thion and methyl-parathion (Yasuno et al 1965). Later work, under

aerobic conditions, showed that Bacillus subtilis QOuld degrade feni-
trothion to amino—fenitrothién; desmethyl-fenitrothion, desmethyl-amino-
fenitrothion, and dimethylphosphorethioic acid, with amino-fenitrothion
being the major product (65%) (Miyamoto et al 1966). Under anaerobic
conditions, very small amounts of derivatives other than amino-fenitrothion

) /

were formed.

Further work in a water model, showed that both the fungi,
Fusarium sp., and the B. subtilis produced not only the derivatives found
by Miyamoto but the derjivatives formylamino-fenitrothion and acetylamino-
fenitrothion (Takimoto et al 1976). In several submerged soils (pH 5.2-
7.6) the fenitrothion degraded to carbon dioxide (<10%), 3-methyl 4-nitro- g
phenol, amino-fenitrothion, formylamino—fenitrothion, and acetylamino-
fenitrothion. Also, large amounts of unknown water—soluble derivatives,
up to 307 to 40Z of the applied activity, were found in the soil-water
system (Takimoto et al 1976) . No oxidation products such as -fenitro-oxon

have been found in submerged soll-water systems, S5O that reduction,
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hydrolysis and some acylation reactions are the expected degradative
: . I

pathways.
' ™~

The role of bacter£L1 actiii;y in the high rates of pesti;ide
degradation observed in.natural.or near-natural conditions was reaffirmed
by Miyamoto using sterile and non-sterile water or soll-water combinations.
Under sterile conditions there was little pesficide degra af o™ ther

than a slow hydrolysis (Miyamoto 1977; Takimoto et al 1976).

Bacterial enzymes have been implicated in the hydrolysis of
parathion. = An inducible enzyme, parathion hydrolase, was isolated from
an adapted mixed cell culture, which could hydrolyse parathion at a rate
of 416 n mol mindlrmg—l protein., This rate of hydrolysis was 2450 times
greater than the rate of chemical hydrolysis by 0.1N sodium hydroxide
at 40C. This enzyme could hydrolyse 8 of 10 organophosphorous pesticides
at rates ranging from 12 to 1360 n.mol/min/mg protein (Munneéke

and Hsieh 1974; Munnecke 1976a).

Two strains of Pseudomonas sp. have been found to degrade
p-nitrophenol to nitrité and phenol and the phenol was then utilised as
a carbon éource by the bacteria (Simpson and Evans 1953; Sethupathan 1977).
It was then found that a Pseéudomonas sp. could use p—nitrﬁphenol as a

gsole carbon source (Siddaramappa 1973)

Thus 1t may be possible that bacteria could completely degrade
organophosphorous pesticides to compounds that could be used by bacteria
ganop

as a carbon source.

To this point the evidence ipdicatesthat.the bacteria are the

major blota responsible for the biotic degradation of pesticides in the

-
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sediment. Since fungi are primarily aerobic, they would have little
influence in anaerobic sediments. However, it is not known what
proportion of ghe”?enitrothion‘could be degraded by the fungl in the

water where conditions are more favourable for growth.

It was found that rates of malathion degradation in water =4
P

wgré%giggg 5000 times faster for bacteria, than for a fungus, zl'ssp:ergi:Lluss.r
oryzae, under similar éonditions of bibmass,maléthion concentration,
temperature and agitation‘rate. Even .though both ciltures were adapted ~
to use malathion as a sole carbon source both degraded thé’pesticide to
similar products. Thus it was hypothesised that bacteria are a more
important source of ofgénophosphate degradation in\§he water (Lewis et al

1975) than fungi.

It was shown that the synergistic microbial activity of Arthro-

bacter sp. and Streptomyces sp. was required to completely degrade diazinon

to carbon dioxide. Each bacterial species could degrade diazinon and use

’

it as a carbon source but complete degradation by each species alone did

not occur (Gunner and Zuckerman 1968). This type of co-operative bacterial
activity is likely to be found in tﬂe mixed populations of natural
sediments and this may ensure complete degradation of most organophos-
phorous pesticides.
! <
Plants i ) ‘?ég v

The uptake of organophospho:us pesticides by plants

"1is an important macro-reservoir of pestitides in a land_or-aduatic system.

" Corn treated with an emulsifiable concentrate of fenitrothion at

a rate of 1 to 3 pounds per acre showed initial levels at zero time of
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14 to 42 pg)g Qf feniﬁrdthion, 0.08 to 0.17 ug/g of fepitro—o#on and
0.35 to 0.74 ug/g of 3-methyl-4-nitfophenol. By 28 days residue

levels had declined to the }ange of 0.637to 0.011 pg/g fenitrothion,
0.44 to 0.22 ug/g of 3-methyl-4-nitrophenol and less than 0.002 ug/g

fenitro-oxon (Leuck and Bowman 1969).

-
Degradation of fenitrothion on bean leaf surfaces exposed to

sunlight, showed the dériyatives fenitro;oxon; 3-methyl 4-nitrophenol
3-carboxy 4-nitrophenol, carboxy-fenitrothion and 2 unknowns. \?hese
' products were identical to those formed. on qppomatgplafés and indicates

the photochemical degradation of the pesticide (Ohkawa et al 1974).

Quick adsorption and absorption ‘of fenitrothion was seen in /,/’"
banana (Hiyamoto EE‘El 1965), rice (Miyamoto gg'gl_l9652i, and apple

(Hosokawa et al 1974)"

with'iﬂ_situ metabolism and no, translocation

Rice plants sprayed with a 50 ug/g fenitrothion solution showed surface
and internal aeposits in the leaf with total concentrations of 11.79 ué/g
at zerg time to 4.8 ug/g by 10 days. Metabolites found in the leaf

blade at 4 days included fenitro-oxom, (0.27 ug/g) dimetﬁylphorothioc
acid (1.;6 Ug/g) phosphorothioic acid or phosphoric acid (7.09 He/g).

At 2 days some désmethyl—fenitrothion was detectgd (0.45 Ug/é). Thus
fenitrothion was rapidly metabolised in the rice pfants to water—solubi;,
derivativés, and much of the phosphorus-32 label was in the.form of

"unextractables" in the plant tissue (Miyamoto et al 1965). Similar

-

degradation products were found in apple, as well as p-nitrocresol, p-
niﬁ%ocresol—B glucoside, S-methyl-fenitrothion and an unknown (Hosokawa

‘et al 1974).
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0
Absorptipn,‘translocation and some limited metabolism of

fenitfothion has been shown in laboratory experiments with fir, Abies
Ealsaméa,.and sprdce, Picea glauca (Moody et al 1977).‘.The disappearance
df fenitrothion from the conifer needle surface was correlated with
increasing.internal pesticide concentration at the sub—cugicular level.
Fenitrothion was translocated to new foliage and trace levels of an

-
unknown water-soluble derivative were found (Moody et al 1977).

Birch, Betula alleghaniensis, pine, Pinus strobus and_ spTuce,

Picea glauca, seed embryos degraded fenitrothion to fenitro-oxon,
‘desmethylfenitrothion and S-methyl-fenitrothion (Hallett et al 1975).
The desmethyl-fenitrothion in pine seed embryos was thought to be an
intermediate in the formation of S—methyl—fenitrothion. Glutathlone‘
transferase dealkylated fenitrothion to form desmedﬁyl—feuitrothion and
S-methyl glutathione. The desmethyl-fenitrothion was then believed to
be re-methylated to S—methyl-fenitrothion by fenitrothion, fenitro-oxon

[

or by free methyl groups in the embryo .(Hallett et al 1975) .

Aquatic plants show absorption and metabolism of many pesticides.

Myriophyllum brasiliense and Eichornia crassipes removed large amounts df

diphenamid (N-N- dimethyl-2,2-diphenylacetanide) from the water and
démetdylated the largest portion to m-methyl,2,2-diphenylacetamide and
several unknown minor products (Bingham andShaveg\1977). Demethylation
is a majdr means of detoxification -of urea, methylamide and organophos—
phorus pesticides in plants and animals (Bingham and Shaver 1977).

) .

,‘,Qgé might expect that aquafic macrophytes possess the same enzymes to

detoxify pesticides as terrestrial plants. };

//;f”*’
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Elodea sp. bloconcentrated dieldrin by a factor of 1280 and
metabolised it into one acetone-extractable unknown, one polar unknown,
and an unextrdctable portion in the plant (Sanborn and Ching-Chieh Yu

.1973).

By 14 days, Elodea nutalli absorbed 16.5Z of the total activity

B A Wy
_/df_14C—activity from.a soil—plant-water system to which phorate was applied

to the soil at a 4.0 pg/g  concentration. In E. nutglli, negligible
amounts of benzene-soluble activity (0.2Z), small amounts of water-
soluble activity, (2.0 % '0.4%), %?d large amounts of bound residues
(14.3 * 2,97) were found (Walter-Echols and Lichtenstein, 1978). The
presence of E. nutalli in the water was believed to £ave caused the
production of phorate sulfone as the major derivative in the w;ter
{(15.6 * 3.72)’whereas the water of the soil-water system did not show
any.phorate sulfone. It was suggested that the plants excreted oxygen
to the watgr and 'this ‘enabled the production of the further oxidation

product, phorate éulfone, from the phorate sulfoxide.

The ab;orption of pesticides by submerged aquatic plants is.“
likely an active process requiriug metabolic energy. The uptake of.;ﬁc-
Diquat, a cationic herbicide, by E. canadensis was reduced BBZ'tQ'AéZ -
by treatment with the known respiratory inhibito;s 0.01 M., sodium azide,
0.01M. potassium cyanide, or 0.001M. 2,4 dinitrﬁphen&l, and the uptake
of Endothall was reduceq 95Z by the séme inhibitors (Seaman and Thomas

1965).

-

.

Under field conditions after an operational fenitrothion épray,

* maximm levels of 4.19 ug/g fenitrothion were found in Lemma minor,.
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duckweed, at 10 hours and 0.15 pg/g in Ceratophyllum demergum, hornwort,

at 70 hours post-spray (Moody et al 1977). This represénted a bioaccumu-
lation of 95 and 130 times for L. mimor and E:'demersum over the fenitro-
thion concentration in the water a£ that time. No fenitrothion derivatives
were detected in the plant samples (Moody et al 1977). Thus the aquatic
plants would appear to be a reservoir for the fenitrothion in an aquatic

;system.

Up to 1977, fenitrothion had only been reported to disappear

from natural waters and oniy occasional and incomplete reports indicated

* the fate of the pesticide in the field. To date mo quantitative recovery

; ¥
of pesticide residue has been EEported in a complete aquatic system with

all the patural components of water, algae, plants, sediment, natural

sunlight and other natural envirommental conditions affecting the expefi—

ment. This study was initiated to fill this gap in knowledge. The time
sequential partitioning and degradation of the pesticide in each of the
components of a model system were determined and the faté of fenitrothion

in an aquatic system was followed.

Hypothesis .

The hypothesis which was formulated was that the aquatic
plants and sediment are the major macro-reservoirs of ‘the pesticide in
shallow aquatic systems (less than 2 m. depth) and are the major foci of

£

pesticide accumulation, persistence and degradation. Further, it was
thought that laboratory models could imitate the processes ¢ccurring in
the field and extrapolations could be made from laboratery to field

models and hence to natural aquatic systems. Thus the laboratory medels

were scaled down versions of field models or of natural systems using
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the same relative proportions of the same components. Four sets of

laboratory models and one set of field models provided the systems

on which the hypotheses were tested.




Materials and Methods
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a) Materials For Laboratory Experiments

1) Chemicals

Purified (>99%7) samples of fenitrothion#=and five other

derivatives, S-methyl-fenitrothion, fenltro-oxon, amino-fenitrothion,

_ 3—methy1—4-nitropﬁenol and fenitrothion aldehyde, were’obtain%ﬂ from

Agriculture Canada, Chemical and Blological Research Institute, Ottawa.

Ringmlabelled 4C—1abe11ed fenityothion of specific activity of 5.54 m. Ci/

mM was obtalned from Sumitomo hemical-Company, Japan.

The purity of the unlabelled fenitrothion samples was deter—
mined by gas chromatography and thin-layer chromatography (Mendoza
1968) . A qualitative estimate of the purity of labelled 1‘!'C—fenitro—
thion was determined by scintillation counting‘of thin-layer chromatograﬁs
and by autoradiography. The unlabelled fenitrothion derivatives were

used as reference TLC standards ang: their qualitative purlity was shown

on the thin—Iﬂ?er chromatograms (Mendoza 1968).

-~

All solvents used for extraction were glass distilled (Caledon
Laboratories, Georgetown, Ontario), and ScintiverseR scintillation cocktail
(Fisher Scientific) was -used for counting sample extracts containing the

ll'C--labelled fenitrothion.

Apart from the field experiment, the fenitrothion formulations
contained a mixture of 14C-labelled fenitrothion and unlabelled fenitrothion
;t-a total.fenitrothiOn concentration of 1 Wg/g or 10.0 ug/g reiétive to
the water, together with the adjuvants Aerétgx 3470 (Texaco Ltd.) and

Atlox 3409 (Texaco Ltd.), both at a concentration of 0.1 ug/g or 1.0 ug/g
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Summary of Experimental Models

Model Amount Fenitro- Plant _ Plant Other Initial
of Water ~thion Species Leoad  Compo- Fenitrothion
(ml) Mix . (mg/l) -nents Concentration
wg/g )
40.8 A none none none 0.983
40.8 A E. densé 464 none 0.983
.40.8 Apr B  E.canadensis 97,/%}6ﬁpone 0.983
563,897 or 9.832
1348.8 . C E.densa 221 none 1.022
S.graminea
Myriophyllum sp. ‘
800 L D E.canadensis 2.9 sediment 12.5
(22 kg.)
Table 2
Formulations

Fenitrothion formulations were added to give a final

concentration in water:

o nw Y

Fenitrothion Aerotex 3470 Atlox 3490
ug/g ug/g - ug/g
0.983 0.098 0.098
9.83 0.983 0.983
1.022 0.099 0.099
12.51 _~ ,  1.251 1.251"
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relative to the water. ' ;;b

‘ L ) .
2) Water, sediment and plants

A
Water for the plant-water systems was obtained in October

1977 from Lac Bourgeois in Gatinea; Park, Quebec. This water was kept
in the laboratory in 8£.glass cylinders with aquatic plants and

Lac Bourgeois sediment, Microscopic examination showed the water to
have an active population of micro- biota. Unf;ltered water from

these holding tanks was placed in the experimental containers 2 hours

prior to the start of any experiment.

The following 4 aquatic plants were used singly or in combina-

© - tion in this study, Elodea densa, Sagittaria graminea and Mxrioghxllum

v

sp- (Boreal Laboratories, Mississauga, Ontario) and Elodea canadensis

(Carolina Biological), Burlington, N.C. U.5.A.), The plants were

equilibrated in 854 holding tanks for at least one week priof to-

. o

use at -22C.

b) Description of Laboratory Models

Four laboratory models and one field model were used in these stu

and the field model is described in a later section. All laboratory models
were enclosed in glass. One of these models consisted of lake water alone
/ ' '

to which é'fenitrothion formulation was added. The other three models

-contained lake water, fenitrothion formulation and:one to several aquatic

plants (table 1). Each model system was duplicated at least once for
each of the 4 to 6 sampling timés. At each sampling périod, all components
of each system were analysed for total pesticide and derivatives. The 4

laboratory models were used to study 4 ifferent problems.
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Model one was designed to show the degradation of fenitrothion
in natural lake water in the laboratory. ‘This model consisted of 40 ml.
of lake water and a fenitrothion formulation which gave a final cpncén—
Lration of 0.983 ug/g fenitrothion, 0.098 pg/g Aerotex 3470 and 0.098 ug/g

Atlox 3409 relativeée to the water.

Model 2 was designed to identify the contribution of the aquati;
plant to the degradation of thé€ pesticide in the water. Model 2 was
identical to model 1,with the addition of Elodea densa segments of length
2.5 cﬁ to the water, to give a plant density equivalent to 464 mg. dry

weight per litre of water.

Model 3 was designed to determine the effect of increasing plant

densities on pesticide removal from the water. Model.3 was identical to

.

modpl 1 with the additlon of Elodea canadensis segments of sizes 1.2, 2.5,
7.6 or 10.2 cm. in length to give an equivalent plant density of 97,176,
563 or 897 mg/l. dry weight. The experiment was repeated at a highet |
fenitrothion concéntration té give 9.83 ng/g fenitrothion, 0.98 ug/g -

Aerotex 3470 and 0.98 ug/g Atlox 3409 relative to the water.

Model 4 was used to assess species diversity in relation to
fenitrothion accumulation. Model 4.consisted of a 15 em. pfant or

segment of each of the 3 plants, Elodea densa, Sagittaria graminea ané

Myxriophylum sp. floating in 1348 ml. of water. quéther, the three

plants in each container corresponded to a plant load equivalent to,

221 mg dry weight per litre of water. The initial fenitrothion form- .
. v . \

ulation was '1.022 pg¥g fenitrothion, and 0.0996 ug/g each of Aerotex

3470 and Atlox 3409.
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c) Sampling Schedule

In all experiments in the laboratory, plant and water sampleé
in duplicate containers were analysed at 1,5, 10 and 14 days after
treatment. In models 1, 2 and 3, further sampling was carried out at
20 days and in model 1 the experiment was extended to 25 days. In all
cases, all compartﬁents of a model were analysed at each time period

in duplicate.

d) Extraction Methodeclogy

' i) Water— In models 1, 2 and 3, the total 40.8 ml. of water

‘were extracted 3 times each with 20 ml of chloroform. The chloroform

was reduced on a Buchi evaporator to near dryness at 40°C and then the
residue was brought up in 5 ml. of hexane. The hexane extracts were

stored at -4°C prior to analysis. In model 4, the total 1348 ml. of’
water was filtered th?ough a Buchner funnel with filter paper (Whatman {1)
to remove plant debris. Five hundred ml of this water was extracéed 3

" times, each time with 100 ml. of chloroform. The total chloroform was
again removed on a Buch? evaporator and the residue was-brought up in

10 ml. of hexane for analysis.

Iy

In models 1, 2 and 4, 40 ml of the extracted water were frozen
in four, fifty ml. test tubes at -70°C and then 1yoph1iized on'a Virtis
10-100 lyophilizer (Fisher). Each tube was rinsed 3't1¥és each with 5 ml.
of methanol and the total combined methanol was reduced to near dryness
_on the evaporator at 40°C. The residue was brought up in 5 ml. of methancl

for analysis.

ii) Plants —~ Each plant sample was blot-dried and weighed prior
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to extraction. Dry welghts of untreated plant material were obtained
by heating the plant material at 100C for 24 hours, followed by

¥
equilibration at room temperature after which the dry weights were

determined. .

ﬁuplicate plant samples were homogenized twice with 100 ml
ethyl acetetate in a Polytron sonicator at setting number 5 and the

extracts were filtered through a 12 gram dry pre-rinsed Celite pad.

The plant residue in the Celite pad was“"rinsed with 50 ml of ethyl

acetate. The total extract was reduced to near-dryness on the
evaporator at 40°C and then brought up in 5 ml of hexane for analysis
(Figure 1).,

e) Analyses

1) Scintillation counting - All plant and water extracts were

analysed with a Beckman LS-3133 P Scintillation counter. An SMi-Micro/
Pector delivered 100 yl of sample extract into 10 ml of' Scintiverse

14

scintillation cocktail in counting vials and the = C activity in the

extracts was determined using a Beckman counter. Control untreated
plant, and water samples, as well as_ standard stock lI'C—femi::rothion .

solutions and external standards were counted in the same manner as

the sample extracts.

Quench curves were obtained by determining the quencﬁ éf
control untreated plant samples on standard lqc—fenitrothion solutions,
and these values were used to correct sample counts where necessary. A
quench curve was also obtained’for the Silica gel G to permit quantifica-

tion of the toxic TLC spots.
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Figure 3:Method of Plant Extraction and Clean-up

0.5g plant

homogenised with 100 mL ethyl acetat

A

residue re-homogenised with 100 mL
ethyl acetate

HOMOGENATE FILTERED THROUGH CELITE

T . residue washed with 50 mL ethyl acetate

TOTAL FILTRATE REDUCED TO 25 mL

FILTRATE IS CLEANED ON A CHARCOAL COLUMN

=benzene (1:3v/v) ,and 100 mL benzene

'

FILTRATE REDUCED TO NEAR DRYNESS

BRING UP TO 10 mL IN ACETONE AND STORE AT -4C.
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1i) Thin Layer Chromatography - After scintillation counting to

quantitate total 140 activity, selected plant and water extracts were
'reduéed in volume to 0.15 ml under a stream of nitrogen at 35°¢.
Following this, 50 yl of each selected sample were spotged onto each of
2 duplicate Silica Gel G chromatoplates (Fisher Scientific Co) and run
in the solvent system ethyl acetate/cyclohexane (1:3 V/V). The beef-

o
liver homogenate spray and colour reagent of Mendoza (1968) was used to
. develop the duplicate plates. Standards of purified fenitrothion and
derivatives (Agriculture Canada, C.B.R.I, Ottawa) were Tun concurrently
on the saﬁe plates to obtain relative RF v s. In the case of nitro-
phenol and fenitrothion aldehyde, these‘deriﬁative standards were Tun on

separate plates in the same so{vent system to compare RF values to unknown

derivatives when the latter were present. Separate test plates were run

to determine minimal detectable levels for fenitrothion, S-methyl-fenitro-
thion, fénitrothion and amino-fenitrothion (Pl;te 1,2)_After measurement
of the RF values for all the derivatives, the toxic 1?C—Iabe11ed spots

on one of the duplicate plates, were removed, placed in.5 ml of Scinti-

verse cocktail, and counted by the Beckman 3133 P scintillation counter.

L

iii) Autoradiography - In order to confirm whether the toxic spots

shown on the TLC plate were truly C14-1abelled fenitrothion, or Cla—

labelled derivativ,ﬂ; and to indicate the presence of those derivatives
that would not shoﬁ-anFichlolinegterase inhibition, such as 3Am;£hyl
4~nitrophenol, a dﬁ;f;:ate TLC plate was developed for autorad;ography.
Aftexr the R, values for the toxic derivatives were measured, the TLC

plates were then covered with a Kodak No-Screen X ray film (NS-ZT) and

left for 2 weeks fn the dark at -70C before film development,
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Plate 1. Minimal deéectable amounts of fﬁ;itrothion and metabolites.
Aminofenitrothion -Standards-#1-4, = 102, 255, 510, 1020 ng
Solution A-f5_15, 1 2.5, 5, 10,720, 50 ul. |
Sol'n-A- 8.8 ng/ul fen., 16.4 ng/ul feni_ti:o'-oxon, 22.4 nglul

5 methyl fenitrothion-and 22.4 ng/ul aminefenitrothion.

1

n




—24-4-

1




Plate'2. Minimal detectable amounts of L7
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~

C-labelled fenitrothion as

determined by autoradiography of T.L.C. plates.

Legéhd. #1
2

3

3000
1200
600
300
120
60
30

12

CPM
CPM
CPM
CPM
cPM

CPM

CPM

- 70.9 .ng
- 28.4 ng
- 14.2 ng
- 7.1 ng
- 2.89 ng
- 1.92 ng
- 0.71 ng

- 0.28%ng

of

of

of

of

of

of

of

of

14
14
14
14
14
14
14

14

C

c

c

C

c

c

C

c

fenitrothion
fenitrothion
fepitrothion
fenitrothion
Fenitrothion
fenitrothion
fenitrothion

fenitrothion
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1) Field Models .

Model 5 — Three models. and their duplicates were used to

provide the limits of the microcosms used in Lac Bourgeois. The com—

ponents and conditions of these are given im Tablep , below:

Table ,

-

Fleld Microcosms .

Components Conditions .
1. Light model-pesticide formulation, lake Full sunlight

water, sediment

2, Dark model-pesticide formulation, lake No exposure to light
water, sediment

3. Control model-no pesticide formulation, Full sunlight
lake water, sediment v .

Six polyethylene cubes (i.14x1.i4x0:91 M) encapsulated éhe
models. They were positioned approximately 70 cm. apart, éarallel to
and app;oximqtély 11 » from 'the ;outh shore of La; Bourgeois in an
eagt-west line. Thé dark model containers had removable top covere
that were faéricated of opaque pléstic to excludé light, whiie the
other containers were translucent and uncovered to allow light pene-
tration into the water. The containers were anchorgd to the ﬁottom'

sediments by eight 6' steel posts.which passed through external

sleeves of each container. . ‘

»

a) Lake Water

.

Six days prioi to spray day each container.was filled with
A '

approximately 800 £ of lake water. There was a submerged port on

A4

t
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each bag which was left open until spray operations began to permit
equilibration betweeh the surrounding lake water and the container

water.

b} Se@imeggl

Five. days prior to the spraying operation, ten 600 ml
pyrex beakérs suspended by nylon fishing line on the bottom of each

“o0f these models.

Lake sediment was dredged from the lake bottom within 2 meters
of each cont;;ner_and the large débris was gifted out by hand. Following
this, approxiﬁately 22 kilograms of sediment_(wet) were placed in.each con~
tainer to provide a 3-4 cm cover of sediment oﬁ the bottom. The defk @

model at a depth of 25 cm had 0.1% of the 1light intensity of the light .

model at the same depth. |

c) Plants

Three tco five plants of Eiodea canadensis, previoﬁsly equili~
A

brated in holding tanks in the laboratory, were tied in bundles with

nylon fishing line. Two plant bundles weré attached separatgly to a

fish line to permit one bundle to be suspended in ;he upper half of

the water column (0-35 cm) and the other bundle in the ‘lower half

(35-60 cm). .Two days before spraying ten of these lines were positioned.

in each container (Fig. 1) and anchored with lead weights.

i) Distribution of samples— All plant and sediment samples

. were suspended from one of four lines which spanned the top of each

container. ‘They were distributed as evenly as possible over the




\

" daily for the first 3 days and tfén once on days 3, 6, 10, 14, and 28&‘w\

depth by fish line (Fig. 2).
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surface area of the container and were maintained at the appropriatecq
. o

_Figure. . 2__

Sample Distribution n
the Field Model . 5___

p~-_plants _.

W x PV x

5= sediment

x= algal _spucies____ _

" _top._view  __

p

Xlo = ©w

ii) Fenitrothion Applicatfon- On spray day, 100 ml of the

A test run of water extraction methodology on day S—l'demog— )

To ensure comparable sampling times, the spray application was

taken at one time from any one model.

water of each model at each sample time,

111) Sampling Schedule -

10Z fenitrothion formulation (10% fenitrothion, 1% Aerotex, 1% Atlox,

88 water (V/V))were sprayed on the surface of each of the models to

: f
entire dose, plus three 30 ml water rinses, within 3 minutes.

strated that 1% hours were require to extract all the water samples

staggered on a 1% hour basis to enable complete extraction of the

give an estimated initifal water fenitrothion concentration of 12.5 ue/g

in water. A polyethylene hand-pump sprayer enabled the delivery of the

a) Water- Waféf”sampleé were taken from each container, twice

At each sampling time, one liter of lake water was taken from both the
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upper (0-10) and lower (11-50 cm) depths of each container with the
ajd of a nalgene hand pump. Water samples, cellected in 12 ounce
amber glass bottles, were extracted on the spot, commencing within

10 minutes of collection.

b) Plants — Following water collection, 1 fish line containing
both upper and lower E. canadensis sambles was collected at each sample
time, These were withdrawn on a time schedule identital to that of
the wat7r sampling until completion of the experiment at 14 days. The
plants were blot dried, sealed in Whirlpac bags and kept on ice in the

dark until frozen for storage at —1090 (within 8 hours of collection).

¢) Sediment — Teo avoid initial disturbance of the water column,
sediment samples were not taken until two days posf sﬁray and then on
6, 10, 14 and 28. At each sample time, 2 beakers were carefully with-
dravn from each model. Providing the sediment layer was undisturbed,
all but 10 cm of the overlying water was decanted and discarded. The
remaining slurry was transferred to Q%:ounce Lab-Tek (Fisher Sclentific
Ce.) polystyrene containers, where tﬁey Were kept cool on ice 1# the

dark until transported te a_—20°C freezer within B hours of collection.

4) Extraction Methodology

a) Water

In the field, in order to remove the natural particulate
matter and algae in the water, one litre of each lake water sample was

filtered through a 40 x 2.2 (id.) cm scintered glass column packed with

.2-3 grams of Celite pre-rinsed with water. Five hundred ml of the

filtered lake water were partitioned in a 1000 ml separatory funnel
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with 100 @l of chloroform. The procedure was repeated three times. The

. chloroform extract containing fenitrothion was capped in }2 ounce amber

glass bottles with 3 grams of anhydrous sodium sulphate and was kept

" at -20%C until further analysis. The extracted water and chloroform

extracts were comparably stored. The chloroform extracts were reduced

to dryness at 40°C on the Buchi evaporator, brought up in 5 ml of acetone,

and stored at -4°C prior to analysis. Some water samples were lyophilized
!

by the same methods as were used in the laboratory experiments.
b) Plants -

Elodea canadensis samples were weighed and extracted, as in

the laboratory model, the only modification being that the ethyl acetate
was reduced to 25 ml in volume and then transferred to the clean-up
column. prior to GC analysis. TPlant samples were 'cleaned-up' for GC

analysis by the method of Moody et al (1974).

c) Sediment

Sediment samples were thawed, stirred and filtered to remove
excess water. . fhis excess water was extracted by the standard chloroform
method mentioned previously and this extract was labelled the "water
wash".of the sediment. The sensitivity and Z recovery of the procedure
of Takimote (Takimoto et al 1976) was determined by_spiking control
sediment samples with fenitrothion at 1 and 10 ﬁg/g for 2 hours.
Following this, at eachﬁsampling period, seven 10g sub-samples were
taken out of each 600 ml beaker withdrawn for analysis. From each of
these five were placed in the oven at 100°C for 24 hours f9r dry weight

determinations, the other two were extracted by the method of Takimoto
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et al (1976 Figure 3).

The sediment extracts obtained in this way were designated

'free' and "loosely bound' (Takimoto et al 1976). The 'free' fraction
was tﬁe benzene extspct of the water methanol (1:3 V/V) extract of the
sediment. The loesely bound' fraction was thg_spmﬂined benzene extracts
of the other acidic and basic water/methancl extracts of the sediment. .
The benzene extracts were reduced to dryness on a Buchi evaporator at
40°C and then brought up to_25vm1 in ethyl acetate. This extract was
then run through a charcoal column clean-uﬁ ﬁ;bcedure to remove inter—
fering substances (Moodngg_gl, 1974). - This same clean—;p procedure

was used for plant extracga from the field model 5.

5) Analysis

a) Ciean—up Procedure

The clean-up procedure was designed to remove plant pilgments,
waxes and resins which produced interfering peaks on the GC chromatogram (Moody
et al (1974). The clean-up column consisted of a 40 cm scintered glass
disc column which was dry packed successively under vacuum with 2-3 g of
Cel;te, 7 g of charcoal (Nuchar C-190 N, Fisher Scientific C-lZ?): Celite
mixture (1:6 charcoal/Celite w/w) and 2~3 grams of anhydrous sodium
sulphate. The dry packed column was pre-rinsed under vacuum with 100 ml
of hexane and the hexane was discarded. The wet column was then topped
with 25 ml of ﬁlant or sediment extract in ethyl acetate. Following this,
elution was carried out wigh 100 ml of 25Z7 ethyl acetate in benzene,
followed by 100 ml of benzene. The combined eluants were concentrated .

to near dryness on the Buchi evaporator at 40°C and brought up to 10 ml
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: \R
Fiqure 3-Extraction of Soil
. - - r
Soil,d40g
shaken with 160 mL of water/methanol
(1:3 v/v,3 times)
~ v
solvent layer soil
shaken with 150 mL shaken with 160 mL of 1N-HCl/methanol

qf benzene 3 times (1:3 v(v,3 times)

I 1,
benzene aqueous solvent layer soil
layer layer

| shaken with 150 mL shaken with 160 mL of

] benzene 3 times 1N-Na bicarbonate-
after neutralised methanol(1:3v/V,3 times)
N
| benzene agueous solvent ) soil

layer layer layef ’
! o
shaken with 150mL shaken with 150mL
benzene 3 times 1N-NaOH methanol

|
!

| _ O after neutralised ({(1:3v/v,3 times)
[

”
benzene agueous solvent layer 5%11

layer layer .
shaken with 150 mL

|
! 1 benzene 3 times |
| | after, neutr11ised l
i 1
! I benzene aqueous tightly
] | .
!

-— e o e  Sewe

'larer layer bound

LOOSELY Bound — — — ~ -

Separation procedures for decompusitiun pruducls OF
fenitrothion in soil. (from Takimoto'gg al,1975)

7
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in acetone for GC analysis.

b) Gas Liquid Chromatography (GC)

]

Samples were analysed with a Pye Model .104 gas-liquid chroma-
tograph (GC) equipped with an alkali flame ionization detector and a
rubidium chioride bead. The glass colum (1.8 M x 4 mm (id.) contained
3% SE 30 Ultraphase‘on Chromosorb W-80-100 mesh. Columm temperature
was 215°C, gas flow was 40 ml/min of nitrogen and-detector flow was

500 rl/min of air and 35 ml/min of hydrogen.

Peak areas of duplicate sample injections were compared with
duplicate injections of fenitrothion standards; or femitrothion plus
derivative standards, to calculate the concentrations of fenitrjﬁhion

and derivatives in the‘samplef

¢) Thin Layer Chromatography

Sample extracts were run on silica gel G (Fisher Rediplates,

. Fisher Sei, Co.) TLC plates in a solvent system of 1:3 ethyl acetatef

cyclohexane (Yule and Duffy 1972). The plates were then sprayed with
beef liver homogenate and a chromogenic stain to detect anticholines—

terase activity (Mendoza et al 1968).

.d) Physical Parameters of Lake Water

Temperature, pH and oxygen were known to influence the rate

of degradation of some organophosphorous pesticides in the water (Truchlik

1977; Ohkawa 1974; Sethunathan 1977) but it was not known whether other
water parameters such as concentration or cations and carbon dioxide

levels influenced pesticide degradation in the water.
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For this reason, and alsc to evaluate the homogenelty of
the field models compared to the natural lake, these parameters were
measured in the test containers and surrounding lake water during the k

field experiment.

-




Results

<

1) Check on Methodology

A Hach Kit (Hach D1-El Portable Engineer's Water Testing
Laborato;y) was used to’test the'physicaliparameters of the lake water
and the kit's reliaﬁility was dete;m;ned in the labofatory. The kit
was tested for its accuracy in pH determinations againse/standard
buffer solutions (Fisher pH 3, 5, 7, 9) and against a laboratory pH
meter (Beckman Zeromatic pH Meter). The test showed that the Hach Kit
was accurate to within * 0.1 pH units. The lake water pH (7.35) varied
no more than * 0.1 pH units between containers and the open lake at any
one time. Analysis for oxygen showed fully saturated oxygen levels in
waters of all tﬁe models. Measurements showed that temperature variation
between upper (0-10 cm) and lower (11-60 cm) levels in the field models

o .
varieq no more than # 0.5 C and the variation between containers was no

more than * 1°C at any time.

Check on Clean-up Method

The charcoal column clean-up methodolégy was designed and
tested for a varilety of organophesphorus comﬁounds and some of their
ox&gen analogues (Watts et al 1969) and the method had been tested for
the recovery of fenitrothion and S-methyl-fenitrothion (Moody et al
1974). The purpose of sediment extracti;n was to quantify fenitrothion
alone. Fenitrothion was expected to be at such low levels that
derivatives, if present, would be at levels below our detection limits.

The charcoal column clean—up method was checked for percent recoveries

of the known derivative standards, S-methyl-fenitrothion, fenitro-oxon,
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amino-fenitrothion as well as fenitrothion.

The percentage recovery of fenitrothion and derivatives

from the clean-up columd weréjé;rfb ed using spiked samples at the

10 yg., 5 vg., },ugf:f:::izri—ﬁg“lé§:l. The recovery of fenitrethion,
fenitro—oxon’ﬁ;d S-methyl-fenitrothion average&’iOO.S * 6.0%Z, 106.0
12.7Z and 99.0° % 15.3% respectively and these were considered acceptable

(Table 3). However, the recovery of aminc—-fenitrothion at 36.0 + 10.5%

was poor.

Sediment Extraction

The sediment extraction method (Tzkimoto et al 1976) was tested
for the pefcentage recovery of fenitrothion from the sediment at the
1 pg/g and the 10 ﬂg/g level after 2 hours incubation and the results
are shown in Table 4. Percent recoveries ranged from 113.1% ‘to
124.3% at the lvug/g.level and 109.0% to 126.42 at the 10 ﬁg/g level.

This extraction method was considered acceptable.

Minimal Detectable Levels on TLC

’

The sensitivity of the TLC method (Mendoza ét al 1968) was
tested by spotting known amounts of fenitrothion and derivatives on the
plate to determime minfimal detectable amounts. Minimal detectable
levels for fenitrothion, S-methyl-fenitrothiom, fenitro—oxon, and amino-
fenitrothion were 17.6 ng., 22.4 ng., 17.6 ng., and 56 ng respectively

(Plate 1).
)
Minimal Detectable Levels for Autoradiography

The sensitivity of the autoradifograph method (ﬁoody:gglgl 1974)
o _
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Table 3

Percentage Recoveries from the Charcoal Column Clean-up

Fenitrothion Amino-
Level Fenitrothion
10 ug. ‘A 27.0 99.8
. B 39,0 100.5
c 22.0 101.0
5 ug. A 41.0 97.5
~ B 32.0 | 94.5
c 42.0 113.0
lug. A 25.0 94.0
; B 54,0 109.0
0.1 ug. A 45.0 98.0
Mean(S.D.) 36.0+10.5

Fenitrothion Fenitrooxon S-methyl-

100.8+ 6.3

100.7
119.0
176

1o¥;o
93.0
129.0

92.0
110.0

"109.0
106.0+12.7

fenitrothion

76.0,94.0.
125 .
97.0,102.0

107.0
>91.0
76.0

+

lo09.0
2

n/al

99.0+15.3

1} An off-scale interfering peak obscured the recording.

2)-The one-high value was assumed to be a comtaminant and

this was discarded.

Table 4

Percentage Recoveries of Fenitrothidn from Sediment After

Two Hours Incubation at One p.p.m. and Ten p.p.m. Concentration

Free Fraction:

Loosely* Bound

Fraction

Total:

One p.p.m. level Ten p.p.m. level
1 3 i 3
87.2 91.2 116.3 88.5
37.1 21.9 4.2 21.5
124.3 113.1 120.4 109.0
o,
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was tested using 14C—labelled fenitrothion on TLC (Plate 2).

Quench Curves \“_\?

Quench curves-wﬁée obtained for control extracts of all 4
.plant speciles ;Quench was significant(above 37Z) only in model
four and the count was adjusted accordingly for the

plant extracts.

Model One

-

e
Model one congiated of a fe;:::;Ehion formulation added to

natural lake water,

The distributioh of the total 140 activity between the

»

chloroform extract of wéﬁer and the lyophilized water after chloroferm
extraction; together with the unrecovered lhc—act;vity is shoqp in
‘Figure 4, The tota ”lac—activity in the Chlorofo;m extract declines
from 104.9% at ofie day to éB\ﬁz of ‘the totai initial deposif at 20
gayT//’TE"EEE’I;ZBQ;11zed sample, the total lac—activity increased

from 2.02 to 18.3%7 over tha same period. The unrecovered 14C_

actz>

vity increased from 0 to 16.1Z7 of the initial deposit in the

periodkbf one to 20 days. N

The chloroform extract of water contained fenitro—oxon,
S—methyl-fenitrothion, 3—methyl—4~nitfophenol, fenitrothion and an
unknown (Rf 0.38)‘33 identified by TLC (see methods) and these are
quantitated in éabies S5a and 5b, The fenitrothion derivative§ in
the lyophiiized fraction of the water were not identified except for
small amounts of residual 3-methyl 4-nitrophenol (2.07) and fenitro-

thion (1.4%) which were nof completely extracted with chloroform.

e X 4
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1

.However, the total 14C—activity of the water soluble derivatives 'in -

the lyophilized fraction was quantitated (Table 5a and 5b) and shown

»

to be at the origin of the Tﬁéip1éte and autoradiograph (plate 3 and

4).

&
Of the total lac—activity in the total water, the chloroform
: i : ’
and lyophilized extract of water, the percentage as fenitrothion declined
/,‘-\—' .

from 98.6% at one day to 69.5% at 20 days (Table 5b)

The amount of recovered lac—activity.as water soluble deriva-

tives increased from 0.7% to 23.7% over the same period. The 3-methyl

4-nitrophenol increased gradually from 0.6% of the total recovered

1['C—e,ct::[.vitj,f to 6.1% in the period of one to 20 days. The small

' amounts of feniggo—oxon (0.2"¥0%.17%), S-methyl fenitrothion (0.1Z to

0.2%) and unknowns at Rf 0.38 (0.1Z to 0.5%) did not increase to an&

I?rge extent over this time period. These results gave a dati base

" from which comparisons could be made with more complex medels.

w

This model consisted ofvnatural lake water and an Elodea

densa plant.

Figufe 5 shows the distribution of 14C—activity between
the plant, the chloroform extract of the water, the lyophilised

water, and the unrecovered portionm,

— ~

A maximum absorption of 8.1%Z of the total 14C—activity was
present at 5 days in E. densa from a solution at an original concen- .

tration of 0.983 ig/g fenitrothion in water. This plant load

-
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Table 5A

Hgdel One -Treated Lake Water

Concentration of Fenitrothion and Derivatives in Water](ng[g)

Time Fenitro- ‘S=methyl 3-methyl- Unknown Fenitro-
(days) -0Xon fenitrothion 4-nitro- . -thion
: phenol
RE
] 0.05 0.11' 0.26 0.38 0.48
1 Wg 4 2.33 1.13 2.07 1025.3
IM~ (0.7%) 1.28 6.3
5 W 3.73 0.95 . 4.29 . 925.9
W (3.5%) 1.16 | 11.7
0w 8.63  0.98 9.71 0.78 727.5
IW (11.4%) 5.02 .. 2.76 4.9
14 W 4.95 1.47 13.68 nd 736.0
W (9.4%) 6.3 6.5 7.2
20 W 4.56 n/a 19.1 n/a " 600.2

IW (23.5%) " 6.1 0.32 2.6

1- The initial fenitrothion concentration was 0.983 ug/g.
2- 'W' represents the chloroform extract of the water.
3- 'LW' represents the lyophilised water after chloroform

extraction.
-
i

4~ The number in brackets refers to the percent of the total
recovered 14C-act1v1ty in the water which remalned in

the lyophilised extract at the origin of the TLC plate.
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Table 5B

Model One -Treated Lake Water

Fenitrothion and Derivatives as a Percent of Total
14 '

C-Activitx Recovered from Waterl

Time . Fenitro-~  S-methyl 3-methyl- Unknown Fenitro-
~oXon fenitrothion 4-nitro- ~thion
phenol
Rf -
b ! A
9 0.05 0.11 0.26 0.38 0.48 K
1 W 0.23 0.l - ® 0.40 na 98.02 .
LW . ' 0.1ia;/ﬁ 0.41
5 W 0.40 0.11 0.87 93.49
LW 3.47 . : 0.27 1.39
10 W 1.06 0.11 2.22 0.09 83.45
W 11.4 ‘ . 0.94 0.25 0.46
1
14w 0.21  0.60 0.16 ~ | 3.12 84.44
S IM 9.42 0.98 0.49 0.57
20 W 0.20 - 0.56 . 4.38 o 69.13

LW 23.5 : . 1.72 0.12 0.41

1-The initial fenitrothion concentration was 0.983 ug/g.
2-'W' represents the chloroform extract of the water.
3-'LW' represents the the lyophilised water after

chloroform extraction.

2GS




e

-36-4~

-



Plate q.

-36=5-

Model I: TLC of Lake water extracts
-

Legend: Chloroform extracts of water #1,3,5,7,9 "1,5,16,
19 and 20 day '

Lyophilized extracts of water after chlgroform extraction:
#2,4,6,8, #10 _1,5,10,14 and 20 day

14& labelled f;nitrothion #11, 10 ul of stock

Mixed standards #12,’20 Ml 8.8 NG/ul fenitrdthion (RF=0.48),
16.; Né/ul fenitro—oxon; 22,4 NG/ul S méthyl fenitrothion

(RP=0.11) and 22.4 NG/pl aminofenitrothion tnF=0.163b

%

L
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Plate 4. Model 1: Autoradiograph of lake water extracts.
Chloroform extracts of water: #1,3,5,7,9- 1,5,10,14 and
20 day samples.
Lyophilized extracts of water following chloroform
extraction: #2,4,6,8,10-1,5,10,14 and 20 day samples.

Stock 14C—labe11ed fenitrothion: #11- 10ul
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Figure 5: Distribution of C14activity in model two.
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represented the equivalent of 463 mg of dry weight plang per litre

of water. This absorption beaked in 5 days at 137 Qg/g of fenitro-
thion equivalent followed by a gradual decline to 2 7ﬁg/g at 25

days (Figure 6). Fenitrothion equivalent is the 14¢—actiyity recorded
in the tissuelextract converted into fenitrothion concentration, despite
the fact that the total lac—activity is alaé comﬁrised of several
pesticide derivatives. This is necessary in the comparison of several

~

rlant species bécau§f>each degrades fenitrothion in a slightly different

way, and a true comparison in the total amount of pesticide absorbed can

only be treated in this way.

1]
A gradual decline in total 1[.C-act::l.v:i.ty in the chloroform

eitract of water was also observed. This activity ranged from a high

of 97.9% at one day to 25.8% at 14 days to 6.3% after 25 days (Figure 5).

A corresponding increase in total lac—activity occurred in
the lyophflized water samples, -from 0.7Z at one day to 64,07 at 14 days
to 69.8% at 25 days. The lkc—activity in the lyophilzed fractiom

represents the water-soluble derivatives not extracted by chloroform.

The unrecovered portion in model 2 /increased from 0.2 at

one day to 24Z at 25 days post—treatment (Figure 5).

Thin-layer chromatography, autoradiography, and scintilla-

tion counting of E. densa extracts showed low levels of derivatives

v

(Plates 5-6) and these are quantitated and shown in Table 7A and 7B.

At 14 days, 90.0% of the lac—activitx/in E. densa rgmainedf

as fenitrothion, 10.3% as 3-methyl 4-nitrophenol, and minor amounts
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Figure 6:Fenitrothion concentration_in E. densa
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Plate 5. Model 2: T.L.C. of E. densa plant extracts.

* E. Denmsa: #1,2,3,4,5,6- 1,5,10,14,20 and 25 day samples.
14C—labelled stock fenitrothion'#7, 10l ‘
Mixed_standa;d solution #8, 20p1 of 16.4 NG/ul fenitro-oxbﬁ
(RF=0.05),,22.4 Né/ul S methyl fenitrothion (RF=0.11)?

22.4 NG/ul aminofenitrothion (RF=0.16 and 8.8 Ne/
fenitrothion (RF=0.48). ‘

_Control plant—#§
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Plate 6. Model 2: Autoradidgraph of T.L.C. of E. densa plant extracts
Plants: #1,2,334,5,6 1,5,10,19,20 and 25 day samples.

Yo labelied stock fenitrothion: #7, 1000




~37=-7- - °

. - -
~ Table 7A ' .
Model 2- E. dens_# -
Concentration of Fenitrothion and Derivatives in E. densa
ug/g. dry weight 7 - «
_Time Fenitro-oxon S-m;athyl— 3-methyl- Fenitrothion '
{days) : Tenitrothion 4-nitrophenol
1 0.5 ' 1.57 116.7 E
5 A 0.08, 0.53 135.4 )
10 " o0.63 : - 1.70 _ 120.2 !
14 0.44 3.53 55.8 !
20 0.42 0.38 0.99 36.5

25 © 1,34 0.13 .61 19.1
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Table 7B

Model 2-=E. densa

Fenitrothion and Derivatives as a Percent of Total

\\\:) ' T 14C~Activity in E. densa.r_\

Tiﬁe Fenitro-oxon S-methyl
{days)} fenitrothion

. ‘ 1 0.45
5 0.06
10 0.54 .
14 0.75
" 20 1.13 \\‘\\ 0.98

25 ~5.21 0.48
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of fenitro-oxon (0.8%Z). At 20 and 25 days, low levels of S-methyl-

fenitrothion (<1.0%Z) were detected. By 25 days, 70.2% of the l!‘\C—

N
b—nitrophenol and 5.27 was fenitro—oxon (Table 7B)

activity in the plant extract was fenitrothibp, 24.1Z was 3-methyl

Thin—layer c%romatography, autoradiography, and scintillation

‘counting of the chlorof@rm\extracts of water and the lyophilised water

showed low levels of chloroform-extractable derivatives, but large
quantities of water soluble derivatives, (Plate 7 and 8) and these
are quantitated in Tables 8A and 8B. Of the total recovered lac—activity

in the total water at 5 daxz:—iz;gz was fenitrothion, 4.9% was 3-methyl

A-nitrophenol and 36,87 were the water soluble derivatives. At 25 days

69.9% of the total recovered lbc—activity in the water were water—soluble
derivatives and 3-methyl 4-nitrophenol and fenitrothion were present in

amounts of 23.3%7 and 3.3% respectively (Tables 8A, 8B).

Comparison of Fenitrothion and Derivatives in the Water of Models 1 and 2

The contribution of -the plant to degradation of the pesticide

" in the water was revealed by the comparison of the amounts of fenitrothion
s

and the amounts and types of derivatives found in the water of models one
and two. Thg water of the planttgater syséem (Model 2) showed a greater
increase in water soluble deriv;;ives from 5 to 20 days. In model one
(water alone) the water solublé derivatives toéalled 3.5Z after 5 Fays
compared to 36.8% in model 2 (plant—wate¥ system) after the same time.
The difference was even m;;e marked at 20 days with 23.5% and 82.9% of

the total lac-activity as water-soluble derivatives in model one and two,

respectively. The maximum amounts of unknowns (Rf 0.38) at 2.6 and the
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Plate 7. Model 2: T.L.C. of extracts of water from E. densa model

} _Chloroform extracts of water: #i,3,5,7,9- 5,10,14,20 and
25 day samples. -

Lyophilized extracts of water aftér chloroform extraction:

#2,4,6,8,10 - 5,10,14, 20 and 25 day samples.

14C-la‘belled fenitrqthion::ﬁ;;

Mixed standard #12, 20yl containing 8.8 NG/pl fenitrothion

(RF=0.48), 16.4_N9/u1 fenitro—oxon (RF=0.06), 22.4 NG/ul

S methyl fenitfgthion (RF=0.11) and.£2.4 NG/ul'aminofenitro-

thion (RF=0.16). \

-
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Plate 8
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Plate 8. Model 2: Auﬁoradiograph of T.L.C. Extracts of water from
, §. ggggg model,, _

) Chloroform extracts of water: #?;3,5,7,9—5,10,14,20,25 day.

Lyophilizéd water extractd after chloroform extraction

#2,4,6,8,10-represents 5540,14,20,25 samples.

Stock d;lé fenitrothion,#11-10 uL
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Tabke BA : LI

Model 2- E. densa Study

Concentration of Fenitrothion and Derivatives in Water(ng/g.)

Time Fenitro- S-methyl- 3-methyl Unknown Fenitro-
(days) -oxon fenitrothion 4-nitro-~ ’ -thion
~phenol
™ RE

, [ 0.05 0.11 . .. 0.29 0.42 0.52 A
$

< 5 W2 4 3-46 0.78 4.51 ‘nd 587.80

™ 3 (36.7%) 19.19 nd 8.38
10 W 3.43 1.00 15.54 - nd 327.33 !

IW (42.8%) 30.88 nd 3.60

14 W (0.458) 5.47 1.40 (’ 42.94  5.7x1072 162.11

LW (64.4%) 9.68  2.4x10 5.54

20 W 2,70 1.15 1 18.60 _  nd 51.32
LW (82.9%) : 7.16 2.02 9.98 i
u : N :
, _ "25 W (0.57%) 3.73 0.69 . 23.16 nd . 8.90 .
‘ IW .(69.9%) 35.37  nd n/a \

\\\\\éx___l 1-The initial fenitrothion concentration was 0.983 ug/g. .

2-'W' represents.the chloroform éxtract of_the-water.

3-'LW' represents the lyophilised wager gfter chloroform
extraction.

4— The number in brackets refers to the %Frcént of the total

.\ recovered 14c—activity in the water which remained in the

lyophilised extract at the origin of the TLC plate. '
[N 4 °

B
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Table BB

Model 2-E. densa Study

14

Fenitrothion and Derivatives as a Percent of Total C-Activity
Recovered from the Water1
.~ ng/g v .
Time Fenitro- S-methyl- 3-methyl- Unkrown Fenitro-
(days) —-oxon fenitrothion 4-nitro- ~thion
phenol
RE
0 0.05 0.11 0.29 0.42 - D.52
2 ' ¢
5 W3 0.36 0.08 0.80 nd 56.3
LW” (36.7%) 4.11 . D.53
10 W 0.53 0.15 4.17 nd 47.53
IW (42.8) . . . 4.57._ nd - D.23
‘14 W 0.45 0.70 0.17 . 5.42 0.06 19.53
IW 64.4 1.94 2.61 D.62
20 W 0.38 0.15 4.5 nd  6.B1
-IN 82.9 1{61 2.44 - 1.24
25 W 0.57 1.47 0.26 15.74 "~ ma 3.32
IW 69.9 ‘ 7.23 nd

1-The initial fenitrothion concentration ‘was 0.983 ug/g.
2- 'W' represents the éhlgfbform extract of ihe water.
3~ 'IW' represents the lyophilised water after chloroform .

extraction. . <4
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3-methyl 4-nitrophemol at 11.4Z of the total lac—activity weré ‘greater

in the plant-water system (model 2) than, that of the water system
(model 1), with 0.5% as the unknown (Rf 0.38) and 6.1% as 3-methyl 4 ni-
tropﬁenol,af:er 20'dqys. Amcunts of fenitro-oxon and S-methyl feni-
trothion were similar iIn both models. The results of this compariso
would indicate that the presence of the plant in a water system 1 creased
the fenitrothion degradation to certain chloroform extrgftablé:darivatives
and ﬁaterrsoluble derivatives.

Model thrde

-~

Model 3 was designed to show the accumulation of fenitrothion

by Elodea canadensis in a model with plant loads which could occcur in

natural shallow pond systems (less than 2m).

At each sample time, the total 146na;tivity in the plants,
water and unrecovered portion is shown in Figure 7. The unrecovered
14C-activ1ty shown in Figure 7 ?épresents the difference between the -
total amount of lac—activity added to the system and the total lAC*acti—

vity recovered from the total plant-water system.

A gradual decline in the total 140—acgivity.in‘the water, as
represented by the chloroform extract of the_watér, was noted. At 1 day,
952 of the total 140—activity added at zero time, was still present in
the water aé chigroform extractables. At 14 days, only 71.0Z of the
‘totél 14C—activ1ty added to the system was bresent in the water. as

chloroform extractables.

About 5.07 to 13.5% of the total 1§C—activity was sequestered

-
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" B E.canadensis

‘Percent Total C* Acfiv_ity
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q3

Figure 7: Distribution of cl4 activity in mogel

three.
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/o in E. canadensis (177 mgT dry weight per litre of water) over the
pericd of one to fourteen days, with the pemk qbsorption at 5 days.

" At 14 days, the amount of unrecovered 1QC—activity increased to 23.0%

v T w

of the total applied aétivity. 2 b

\
By

Thin layer chromatography (Plate 9) and direct counting of

a

the 1AC—activity of the TLC\plate gel of the plant extracts, revealed

-

-

- that more thnn 9&/92 of the 14C—activity was in the form of fenitrothion

The total fenitrothion accumulated in E. canadensis tissue at

all plant load levels at each of the 2 fenitrothion ccncentrations is

<

shown in Figure 8. Accumulation in the Elodea fell into 2 groups
accotding to sggient size. There was very little difference in
accumulated fenitrothion between segments of sizes 1.2 and 2 5 centi-

meters or between the 7.6 and 10.2 em‘segmenta.

Interestingly, under.a 10 yg/g. fcnitrothioniload in tme
" water, the 10.2 cm segmentsA(§97 mg/1) of_gt canadensis absorbed 180 ug
\\\; -ef fenitrothiqn, about 452 of}the total ectivity applied to the system,
_wﬁereas under a 1 ug/é fenitrothion coﬁcemtration the same-sized
o segments’ absorbed li.S.pglé? fenitrothion..or;about 297 of the total

& j o applied pesticide.

In Figure 9 the actual concentration of feénitrothion in
. . P - v
E, canadensis is shown, this being a transformation of Figure‘ﬁg The
rate of absotption of fenitrothion and the absolute amounts present
’ . ' _ o n ’ ,
depended‘on the-cbncentré?ég;gbf pesticide in aurrounding water, Using
of genitroth{Bn in %od ‘vas, found in the ‘10 ugfg fenitrothion

| jsolution compared ‘to a maximum of 1435 i 236 ug/g in the 1.0 pg/ge«

‘ . ‘ : ~
E:T~—_‘f‘\ﬁawi;2 gm qegments as an examplewha peak absorption1gf 47, 207 1207 ug/g .



o

TN




-40-3-

£

Plate 9. Model 3: T.L.C. of E. éanadensis plant extracts

Ode day samples #1,2, from 10 Hg/g fenit:.rothion solutions
One day samples #3,4 from 1 Ug/g fenitrothion solutions
Plant ex_tracvs,e,ns"s,s,la and 20 day saﬁples from

10 ug/g fenitrothion solution T

140 labelled fenitrothion #10, 10pl stock

Control plant sample. #12

Mixed standard #11, 20 1 containing 8.8 NG/ 1 fenitrothion
(RF=0.48) ' |

16.4 NQ/ul fenitro-;xon (RF-0.06) Zé.A NG/ul s methyl

fenitrothion (RF=0.11), and 22.4 NG/)1 aminofenitrothion
- (RF=0.16).

o+
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Fenitrothion Concentration <in ug g x 103

2 5 . 8 © 1 14
% B - Time in days '

| s 97 mg/L " AT seamg/L
.'—m mg/L  ¢—e 897 mg/L
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_38.8.8

o8]
1

1. 2 5. 8 10 1 14
“Time in days . T
*TTCer:mg/L T A~4seamg/L =
"TTRiemg/L ¢—+go7mg/L - &

. Figure 9: Fenitrothion concentratior; in E.Eah.ade.ns.i.s" -’: *
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fe‘nitrothion solution. . ' yd . :
Whereas ;he concentration in Elodea increaséd constantly up
to 14 days in -the 10 ug/g solutiom, absorption by Elodea in the
1.0 ug/g solution peaked at 5 days followed by a decline in pesticide:
concentration. The estimated time of reduction of feﬁitrothipn.in

Elodea to 1.0 kg/g levels was from 20 to 37 days depending on the

plant segment acti\ift,:y in the 1.0 ug/g fenitrothion solution.

& .
Further, the 8 ler Elodea segmentls showed greater pesticide

‘ absorption than thre large .segments (Figure 9). In both the 1.0 vg/g
/ - o
and 10.0 pg/g experiments, the order of decreasing concentration in

the tissue was in the 1.2, 2.5, 7.6 and310.2 cm plant segments.

" The water in this plant-water system was also ‘analysed %
i xédqﬁg}"ﬁl 14i';‘-.ac:ti*_.:rit:y and to determine the extent of pesticide” .
dégxrfadation.. : : ‘

e
[

Examination of the water extracts by TLC showed that some

. _derivatives were present (Plate,10) and this was confirmed, by auto-

radiography- Quanti ch/ the toxic derivatives and

‘ ttie.'.'!i.—methyl a-nitrophéxiql- shown in Tables 9A and 9B.
e

\

0 f Small amounts of fenitro-exom, ‘S—met:h;,rlT felnitrot:hio.n,
amino,éfe_ni_trothi'on, 3-methyl 4-ndtrophenol and unkno'wn -(Rf 0.38)
were detected and quantitated (Tables 9A and 9B)‘;q§ Fourteen days

ost-treatment, 94.15Z2 of the uC-attiviﬁy in the chloréform extract

' v;as fepitrothion, with 3'.52. as G-Eethyl 4-nitrophencl, 1.6% as

. ¢fenitro-oxon and the r;émaigdef being minor amants bof S-methyl

. v
fenitrothion and amino-fenitrothion.
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T ™ g,
Plate 10. Model 3: T.L.C. of éhlorofdrm‘extraéts of wafer from
E. canadensis model,
one day sample #1,2 from 10ug/g solution
one day sampies #3,4 from 1 pg/g solutions
Plant samWS,G,'I,S,—S,B,lI; and 20 days
Control water extract #9 , |
" ¢ tabelled fenitrothion #10, 104l stock
Mixed standard #11, 30 1 of solution containing 8.6 NG/HJ"
feﬁitrotﬁion (RF-0.48), 16.4 NG/ul fenitro-oxon (RF=0.06)
22.4 NG/V1 Smethyl fenitrothion (RF=0.11), and 22.4 NG UL

aminofenitrothion (RF=0.16)

L3
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Table 9Aa
Model 3- E. canadensis Study

Cconcentration. of Fenitrothion and Derivatives in Water
ng/g
Time Fenitro- S-methyl- Amino- Unknown 3-methyl Formyl- Fenitro-

(days) -oxon  fenitro- fenitro 4-nitro- fenitro- -thion
~thion ~thion phenol  -thion

RE 0.05 0.11 0,16  0.22  0.28 0.36  0.48
1l 17.s2 (0.67)3 806.4
18] 3458 (2.06)> g 762.8
122 12.62  8.04 (0.64)3 “ 9.29 8851.5
182 16.59 14.82 - (0.46)°> 36.00 9142.4
52 22.59 15.81 . 80.42 14.75 5633.0
g2 17.00  13.36 11.64 38.01 14.80 6543.9
142 60.78  n/a 28.06 £76.08  n/a  3705.9

2 23.95 20.83  (0.68)° 118.3  29.95 3712.9

20 50.17

l-The initial concentration of the 1.0ppm sclution was 9832 ng/g.

2-The initial concentration of the 10.0ppm solution was 983.2ng/qg.

3-The number in brackets refers to the percent of the total
;ocovered 14C—activity in the chloroform extréct of water

found at Rf 0,28,

/
#
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Table 98
Model 3- E. canadensis Study
Fenitrothion and Derivatives as -a Percent of Total
14C—Activity Recovered from the Water

Time Fenitro- S-methyl- Amino-: Unknown 3-methy1 Formyl- Fenitro-

{days)-~oxon Fenitro- fenitro- , . 4-nitro- fenitro -thien
~thion -thion phenol  -thion '
RE  0.05 0.11  0.16 0.22  0.28 0.36 0.48
it 2.24 0.67 97.09
18! 6.91 2.06 91.03
122 0.15 0.29 0.64 0.10 99.08
182 0.19 0.16 . 0.46 0.36 98.83
52 0.41 0.27 ' 2.50 ° 0.25 96.57
. 82 0.27 0.20 0.23 ' '1.03 0.21 98.07
142 1.64 n/a 0.82 3.50 4 n/a 94.05
202 1m 0.58 . 0.56 0.68  5.25 0.69  90.9

1-The initial concentration of the 10 ppm solution was 9832 ng/g.
2-The initial concentration of the l.0ppm ‘s?ution was 983.2ng/g- -
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.Table 9C

Q%} Model 3- E. canadensis study

Bicaccumulation Ratio of Fenitrothion in E. canadensis

Day ' Sample 1.0 p.p.m. 10.0 p.p.m. .
: solution solution
1 a 396 165
b 256 177
¢ ' 223 90
d 213 98
5 a 1669 - 990
b 839 1113
c 618 535 .
d 557 536
10 a 1209 1899
b 636 . 755
667 814
d 539 ) 868
. 14 a 1607 8968 .
b 334 nfa r’
c 267 . 1607
d 150 1360
20 ¢ 263 1060
. 28 ¢’ " 233 . nla.

-The sample designations 'a,b,c,d,’ reﬁresent
.plant segments of length 1.2, 2.5, 7.6 and
10:2 cm respectively.

i
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After 20 days, fenitrothion was present as 90.9% of the

total 140-activity in the chlorofom extract of‘water, 5.3% as 3-methyl

L

4-nitrophenol and 1.32.85 fenitro-oxon (TaBhle 9B). - \\j

Model 4

. o

In this model, specles differences in. the absorption and
degradation of fenitrothion from a 1.02 Ug/g solution by 3 suboeréed

aquatic angiosperms was followed.
0!

The distribution of 140—activity among the total plants, the
chloroform extract of water, the lyophilized water and the unrecovered

»

portion is shown in Figure 10,

The  plants as a group sequestered 6.7Z * 0.5% to 8.0% + 0.9%
of the total applied 14C—activity in this system at a plant density

of'221-mg dry wéight per litre of water and this compared favourably

4
w

with the results of model 3.

The amount of total 4C—activity in the chloroform extroct
of the water declined from 79.0 £ 127 of the total at’onc day post-
treatment to 34.0 ' 6.0% at 14 days. During the course of the .
experiment from one to 14 days,' the total'lac-occivicj in the
 lyophilized fraction increased from 3.0+ 0.7% to 21.9 + 2.0% and
this alsc compared favourably;wlth‘previous st;dles. The unrecoverod
portion increased from 11.9 * 11.0Z to 36.5 * 10.1X of the toéalr
lac-activitf‘and this.was unosuolly high compared with 3 preyioos‘ .

studies in which the unrecovered portion did not exceed 25%.

o

:The equivalent fenitrothion concentration in the 3 plaﬁt
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Figure 10: Distribution of C -activity in model four.
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species is shown in Figure 11; the "equivalent concentration™ being
il 'Ai' . -

used in the same sense as.in model 2. Within the experimental period

of one to 14 days, all 3 species, Elodea densa, Sagittaria graminea

and Myriophyllum sp. showed fgnitrothio; equivalent concentrations
within the range of 266 to 557 ;é/g'dry weight. All 3 gpecies
demonstrated a fast absorp;io; of fenitrothion in fhe fi%st Za‘hou;s
at levels of -from 268.6 * 62.9 ﬂg/gAto 384.9 + 144 yg/g dry weight.

After 24 hours a slower rate bf ﬁesticiae_absorptidg ocddrred~&ntil
e ' - L T -
a 10 day maxim@m ahowed a concentration in the range of 496 t 68.1 ug/g

[ ]

of fenitrothion equivalenf in>Mx£ioth11um__E. and 431.4 + 29 ﬁg/g in

1 .

‘E. densa. A slight decline-in pesticide concentration occurred at

14 days with a concentrati;n of 434.0 £ 73 ug/g ’1n.Mxéioghxiium._gﬁ
and 283.5 + 125 ﬁg/g.in E. densa. lA slower rate of peéticide ébaofption
was opservgd in §; grgminea after 24 hours as compared 6 the other_2°
spec?es but 8. gramihea.showed.qontinuous abso¥3tion after lq'day; to’
a 14 day ma}idﬂm coﬁcentrationﬁof 556.8 * 50 ug)g of fenitrothion

) \ . ,

€quivalent., This 14 day‘maximuﬁ in Sagittaria surpassed the 10 day

‘maximum concentration of the other two plant species. * No visible

damage to the plants was observed. v
. N .-

TLC, authraQiography.azg:scintillation counting of the
. ~ 3 ’ o . - ‘

toxic degivativés and the 35methyf 4-nitrophenol area of the plate

‘ reﬁealed'the derivatives fenitro-oxon, S—methyl—fenitrbthion, 3-~methyl

4—qitrophenoi and unkﬁowns at thé origin (Plate 12), Quantitation qf

thése derivatives are shown in Tables 10A and-10B. ‘L,

.

Apart from ngioghxllum;gﬁ.;‘most of the 14C—activity in .

-

N L ]
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+ Figure 11: Total fenitrothion equivalent concentration

in several plant species.
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Plate 12. Model 4: Autoradiograph of T.L.C. of plant .extracts from

| ) nixed plant study. |

#1,2,3-5 day plant extracfs.from'Sagittaria, My dophyllum
- and Elodea respectivelf. '

. #4,5,6-10 day plant extracts from Sagittaria, Myr lophyllum
agd Elodga respectively.
#7,8,9—14 day plant extracts from Sagittaria, Myr Lophyllum
and Elodea respectively,
#10  30ul of solution contalning unlabelled 8.8 NG/ul feni-

trothion ' . .

#11 10 1 of stock 1*C fenitrothion



s

. v
P ' Model 4v/ﬁ1xed Plant Study

Concentration of Fenitrothion~and Derivatives in Several Plant Species?® ‘

ug/g (dry weight) '

Time Species Unknown? Feniéro-oxon S~methyi— 3~methyl Fenitro-

(days) . i fenitrothion 4-nitro- thion
phenol

RE . 9 0.05 | » Q;ii 0.28 0.48
5 Sag. (3.4%) . 0.08" - 2.63 ‘ 14.17 244.2
Myr (10.5%) 15.41 7.99 - 38.17 - 239.1
Elo R ¢ 7 5 2,51 0.99  5.15 350.8
.10 Sag. (6.9%) 4.87 3.90 20.4  206.2
Myr (17.,0%) 64.52 15.33 38.88 257.7
Elo (1.6%) 2,36 . 4.06  7.72 404.0
14 Sag o 3.o0z) - 8.65 . 7.18 58.37 417.8
Myr . (31. 57) 52.44 19.93 26.92 164.9
Elo (6.0%) 3.85 3.23 26.67 210.8

— Initial concentration in the water wag 1.022 g/g fenitrothion

= The. pumber in brackets refers to the percent of the total lAC—activity
in the plant extract which remained at the origin of the TLC-plate.

— The plant species included Sagittaria graminea, ('Sag'), Myrfophyllum
*8p. ('Myr'), and Elodea densa ('Elo').
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Model 4~ Mixed Plant Study o -B
14C—Activity in Several

- ' . Table 10B

Fenitrothion and Perivatives as a Percent of Total

4

Plant Species!

) . _
Time Species - ‘Unknown . Fenitrordxon ‘S-methyl- 3-methyl- Fenitro-
(days) . ' fenitrothion &4-npitro % ‘thion

: T : . phenol

‘Rf 0 - . 0.05 0.11 . 0.28 0.48

5 Sag® 3.4 0.03 0.93 9.1 86.6
Hyr " . . 1005 ) ) 4.4 2.15 M 18.6 6403.
Elo . 1.70 0.72 v 0.27 . 2.52 94.8

10 Sag 6.92 1.91 1,44 13.61 76.12
Myr 16.95 13,81 3.09° - 14.20. 51,95
Elo « 1.59 0.58 . 0.94 3.26  93.65
14 Sag 3.03 1.65 1.29 - 18.99 75.04
Myt 31.50 - 13.31 4,72 . 11,56 38.90
Elo - N 6.04 1.44 ‘ 1.14 17.04 74.34

-

; N .
1_The initial concentration in the water.was 1,022 ug/g fenitrothion
?-The unknowns were unidentified derivatives which remained at the origin

of the TLC plate.

3-The plant species included Sagittaria graminea ("Sag"), Myriopﬁyllum}gg.

" ("Myr'), and Elodea densa ('Elo').
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the plants'was in-the form of fenitrothion. In S. graminea' the major
derivative was 3-methyl 4-nitrophenol which repreaented 19, OZQ\I\;he
total - activity in the plant at 14 days, with fenitrothion showing
75.0% of tha total in the plants and from 3.0% t;~6.92 as unknowms

at the origin of the plate Similarly ln E. densa thé*B-methyl 4-
nitrophenol increased to 17.0% of the total in the plant extract at
14 days ‘with fenitrothion as 74.3% of the ;AC—activity and. 6.0%

as unknowns at the origin of the plate.:

Hyriophyllum__g. showed exceﬁtion;1ly high levels of
fenitrothion derivatives.. The proportion of the 140—activity in the
planp in the form of fenitrothion declined from_é&.3z to 35.92 from
five to 14 days with éhe majéf known deriégtiﬁes beiﬁg 3-methyl
4-nitroghenol and fenitro-oxon at( 14,2A0nd T3, 8% reépec’_t'ively of
the total activity by 1o days. However, the unknowns at the origin ‘

increased suﬂétqntially from 10.5% to 31.57 of the total.activity in

the._plants over 14 days. . N

-

-J TLC, autoradiography and scintillation counting of the water '

from model 4, in which the plants represented a miged plant load of
221 mg/1l showed several derivatlves. Most of the lac-activity in the
chloroforﬁlextract of water was fenitrothion, with lesser relative
amounts of derivatives in the chloroform extract (ng/g level) of
water, compared to the concentration of the same derivatives in the

plants (ug/g level).{Tables 11A,11B and Plates 13,14)

The proportion ofulac—activity in the chloroform extract

of water as fenitrothion, declined from 98.1% to 84.3% from one to
. . ;

A

Wx :
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Concentration of Fenitrothion and Derivatives in the Water?® ng/g.

Time
(days)

1 w?
"Wl

‘5 W

LW

10w
W

14w
L

1. The initial fenitrothion concentration was 1.022 g/g

S Table 11A

Model 4-Mixed Plant Study

Fenitro-
~0Xon
RE
o 0.05.

(0.06%) 2.04

’

(0.45%) 6.18
(3.52)

(.04 ¥ 5.28
(3.807)

(1.057)  5.41
(4.87)

-t

2-*'W' represents the chloroform extract of water.

3

.4

AW
U
S—-methyl Amino- ?;Eg;;yﬁkFormyl— Fenitro-
fenitrothion fen. own fen. thion
0.11 0.16 0.26 0.34 0.57 °
! '

1.42 5.57 794.7
21.9
0.74 2.26°  1.43  20.30 584.9

) 71.0 ™~
RF0.22 C
2.13 . 5.63 15.28 26.01 380.9.
: 81.1
1.11 3.36 13.09  12.91 297.4
70.8

- 'LW' represents the lyophilised water after chloroform extraction.
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Table 11B

Model 4~ Mixed Plant Stqéy

* Fenitrothion and Derilvatives as a Percent of Total 14C-Activity Recovered

from Water! ng/g

. . AT
Timeé Fenitro- S-methyl- - Amino- qﬁ"naﬁm“lFormyl— Fenitro-
(days) —oxon., fenitrothion fen, Untmd%Wn fen. thion
RE
Q_ 0.05 0.11 0.16 0.26 0.34 0.57
1 w? 0.06 0.26 - 0,11 . 0.33 0.65 -+ 97.0
Lw? 0.45 1.1
5w -0.29 1.03 0.12 0.39 3 23(f'“§5'23 93.1
Ly 3.5 " 0.9
' - Rf0,22
10w 1.04 1.18 _ 0.45 13.6 5.82 | 5.20 80.1
j A 3.8° 2.3
14 W  1.05 1.62  0.30 1,09 6.68 3.00 83.8
0.7

W 4.97 0.43

‘1~ The initfal fenitrothion concentration was 1.022 g/g.

2. 'y represents the chloroform extract of water.

%~ 'LW' represents the lyophilised water after chloroform extraction.

8

M
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Plate 13.

~ lg= 5~ | .

Model 4. T.L.C. of extracts of water from the mixed

plant model.
Chloroform extracts.of water: #1,3,5,7- 1,5,10 and 14.'
day samples. ' -
Lyophilized extracts of water following‘chloroform
extraction: #2,4,6,8 -1,5,10 and 14  day samples

140 fenitfothion: #9,10 1l stock |

Control #10, chloroform extract of water

Concentrated formylfenitrothion #11, 2yl unpurified

Mixed standard #12, 20 pl of solution containing

8.8 NG/ul-fenitrothion (RF=0.48/16.4 NG/ul fenitro-oxon
(RF=0.06/, 22.4 NG/ul S methyl fenitrothion (RF=0.11)

and 22.4 NG/ul aminofenitrothion (RF—0.16)'
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- Plate 14. Model 4: Autoradiograph of T.L.C. of extracts of water

. Stock 14C--fenitrof:hion: #9, 10uL '

E;om the Mixed Plant Model.

N ' .
Chdoroform extracts of water: #1,3,5,7—1,5,10 and 14
day samples. Lo
Lyophilized extracts of-water following chloroform

extraction #2,4,6,8-1,5,10, and 14 day samples
A * '
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14 days with amounts of 3-methyl-4-niftrophenol ranging from 0.7% to

5.2% and the unknown (Rf 0.22) at 5.8% to §.7% of the total activity

oy

N the chloroform extract of .water (Table liB). fAs mentioned pre-
viously, the lyophilized water contained up to 21.5% of the total

applied activity and this represents the water=soluble derivatives.

4

gii - ' The unrecovered pof?ion contained uwp to 36.5Z of the total.applied

? 1AC—activity§ leaving 34% in the chloroform extract of water comprised-

.of fenitrothion (28.6Z) 1.7Z as 3-methyl 4-nitrophenol and 2.37 as

LIS

the unknown (Rf 0.22}).

Bioaccugulation Ratios : .

-

The rate of pesticide metabslism was shown to be quite low

J in the aquatic plants in mode1‘4, except in the case of Myriophyllum
.Bp. where. the rate and amount of pesticide degradation was much higher.
0f all the plant-water mo&els, model 4 showed the greatesat levelg of
derivatives ip-the plant tissué.‘ The presence of derivatives in the
piéné tissue might be the result of the bicaccumulation of the same '
derivatives from the surrounding w;ter.‘ To test this hypdthesis,
bioaccumulation ratios for fenitrothion and it; derivatives were

*

calculated and shown in Table 12 using the data from model 4 (Tables 10A

and 10B).

Bioaccumulation ratios are here defined as the concentration
of fenitfothion or derivative in the plant, divided'ﬁf the ‘concentration
of thé pesticide or derivative in the surrounding éater. « It may be
suggested fhat all derivatives could be absorbed into the plant as
easily asifenitrothian and that 1if the derivatives in the plants were

the result of simple absorption from the surrounding water, the big;

8
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Table 12

plants/concentration in water).

Time - Species Féqitro—oxon S-methyl-

(days)
5 . Sag
Myx
Elo
10 Sag
Myx

Elo

14 Sag

Myr -

Elo

12

2494
406
522

12,220
447
1599

(

9693

712

3-methyl-
Fenltrothion 4-nitrophenol

3541 - 696

10,797 1876

1338 253

183 780 G

7197 R 1495

1906 : 297

- [ ]

6469 4521
17,954 2085

2909 2065

- ~

o Model 4~ Mixed giiif:i::jjzz , |
- Bioaccumulation Ratios of Fenitrothion and De ves (concentration in

Fenitrothfon

372

. 364
535
446

, 558

- 875
1135
© 448

572
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accumulation ratios of the derivatives should be the same éé those .

( . .
.calculated for fenitrothion. The calculated bioaccumulation ratios

are shown in Table 12.

The plants in model ¢4 showed bloaccumulation ratios for
fenitrothion of 364, to 1135 depending on sﬁecies and time of exposure
to the pesticide solution. Thegse ratios were significantly higher

for S—methyl—feniﬁrothion and 3-methyl 4-nitrophenol (Tabié 1é).

Bioaccumulation ratios for S-methyl fenitrothion ranged

from 1338 to 10,972 at 5 days, 183 to 7197 at 10 days, and 2909

.to 17954 at 14 days depending on the plaiﬁ‘species. Ratios forx

3-methy1 a—nitrophenol ranged from 253 to L876 at 5 days, 297
to 1495 at 10 days and 2065 t015521 at 14 days. The ratios for
fenitro—oxon were not CSnsiderably different from those of

fenitrothion itself except in the case of Myriophyllum sp. which

showed tatios of 12,220 and 9,693 at lO and 14 days respectively.

Thus it would appear that’ the presence of some derivatives in the

plant is not the result of simble absorption of these derivatives

from the surrounding solution.

. Field Model

fhe.field model consisted of 1 m3 containexrs filled with
natural lake water, plants, algae and sediment and these were used

to Tepresent natural systems.

During the first 28 hours post—Spray, there was &
significant difference in pesticide concentrations between the upper’

and lower water Samples but after this time the pesticide was,quite



. g2~

100 ¢ B

E. éb’nodensis (289 mg/l) .
90k ] Chlbrdforh extrdc’r of water
M Lyophilized water -
Sediment
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S B Unrecovered
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o
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Percent total fenitrothion equivalent .
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Figure }2  Fenitrothion Distrib/tion in the Field

4

Model.
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-;re.lrl mixed. A gradual ‘decline in pesticide concentration was observed,

from L:;bout 6.0 i-ll/g ;n the water at 28.hours to 0.1 'u.g'/g in the water
.at 28 days in the lighted model (Figure 134).This 'disapﬁearance' of
fenitrothion Indicated an estimated -init:ial half-1ife of 46 hours in
the lake water. Similar z:esults were observed in the water of the

dark model (Figure 13B).

Fenitrothion absorption by E. canadensis in the lighted

model is shown in Figure 14 . During the first 28 to 46 hours there

.was a significant difference in absorption by the plénté obtained

from the upper and.lower levels. This probab]:y reflects the observed
"differences iﬁ pesticide concentrations between the upper and lower
waters, in tl;xis period, before complete mixing of the pesticide. A
high init_:iél fenitrothion concentration of I,010 * 80 ﬁg/ g in the
lower plant s'amples and 4,180 1'330 ﬁg/g‘ in the upper samples was (Figure 14)
shown in the first one-half hour post-spray. The corresponding pesticide
concel;trations in t:l;e water at this time; were 2.96 + 0.8 ilg/g in the‘

lover wa‘t:er samples and 15.93 %+ 3.3 ﬂg/é in the upper water samples. (Figure 13A
Aghﬂis case and in the laboratory expeiriment.s, pes;:icilde absorf:tion was

proportional to surrounding concentrations in the watéer. After 28 hours,

upper and lower plant samples showed comparable pesticide concentrations.

1

This rapid initial uptake of pesticide was followed by a
steady rate of uptake until a maximum of 71,235 % "055 ﬁg/g was réached
at 74 hougs. Following this ‘there was a slight déline with concentrations
in the range of 78,080 iig/g to' 58,990 ﬁg;/g from 2 to 10 days. By 14 days

the ncentration declined to 11,639 * 1306. ﬁg/g in E. canadensis.(Figure 14)

Fenitrothion absorption by E. canadeﬁéis in the dark model,

-~
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Figure 13A: Fenitrothion concentration in the water

of the lighted model:Upper{0—35-cm.)

and lower (36-60 cm.) samples.
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Figure 13B: Fenitrothion conecentration in the,water
of the dark model:upper(0-35 cm.) and

. lower(36~60 cm.} samples.
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Figure 14: Fenitrothion concentration in E.canadensis

in the lighted field model:upper (0-12 cm.)

and lower (40-60 cm.) samples.
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where light intensity was 0.1% of the lfghted container at 20 cm depth,
" 18 shown in Figure 15; A naﬁid inttial uptake giving a concentration

of B44 = 213 ug/g of fenitrothion was observed in the first one-half

hour post-spray followed by & rise to a maximum concentration of

4120 + 310 ﬂg/g at 22 houre. Much the same concentration was

maintained for 6 days followed by a rapid decline to 489 + 106 ug/g

by 14 days. ' _ )

No fenitrothion metabolites were detected in the plant

extracts, either by gas chromatography or by TLC (Plate 15).

The sediment, which formed a 4 cm sediment-water slurry
at the bottom of the 1light and dark containers was éxamined for
traces of pesticide by using the extraction method of Takimoto et al

(1976).

The total fenitrothion extrécted from the sediment in the

light and dark containers is shown in Figure 16. An initial concentra-

‘tiogf 2.1 pg/g in the light model and 94.4 * 2.4 ug/g in the

‘zdﬁik mode i'at days was followed by a gradual decline to 0.6 * 0.1 ygfg -
e .

and 1.5 % 0.2 ué?é respectively at 28 days.

Together Qith fenitrothion, high ié§els of pesticide
derivatives.were also found in the sediment (Plate 16'§nd 17) and the;e
were quantitated for both the light and dark models at 2 and 6 days
(Table 13).I The 1eve1§ of derivatives were equal to or much greater
than those of fenitrothion, indicating extensive pesticide degradation

in the sediment,

*

In the light model at two days post—spray, the sediment showed
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Figure 15: Fenitfothion concentration in E.canadensis

" in the 8ark field model:upper(0-12 cm.)

and 1ower{46—60 cm.) samples.
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Plate 15. Model 5:-TLC of E. canadensis blant extracts from the

field model.

Plant samples: #1, 3, 5= 5, 7 and 10 day sample ffom
the light container. |

Plant samples: #2, 4;_9 25,9 and’Iﬁ day samples from
the dark container. :

Control plant samples: #7, 8 = 3, and 10 day samples.

Desmethylfenithdon: #11, 2500 ng.

Mixed Standard: #iO; 2.5 ﬁl of solution containing

. 8.8 ;g/ﬁl fenitrothion (Rf=0.48) 16.4 ng/ﬁl fenitrooxon
(RE=0,06), 22.4 ng/pl S-methylfenitrothion (Rf=0.11)

and 22.4 ng/yl aminofenitrothion (Rf=0.16).
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Figure 16: Fenitrothion cbncentration in the

field sediment.
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Model 5: Sedfﬁent extracts and extracts of the water
wésh of the sediment from the field model. -

Legend: "Free" sediment #1,5-2 and 6 day fractions from -

the light model respectively. >

"Loose" gediment #2,6-2 and 6 day ffactio‘ns'__from the
light model respectively. ;i ‘

"Free" sediment #3,7 2 and 6 day fractions from

the dark model respectively,

"Loose" sediment #4,8-2 and 6 day fractions from

e

the dark model respectively, . | ’

Water wash of the sediment #9- & day sample from

the dark model.
 Control #10- free séﬁimént fraction
Mixed Standard #11,12 -5 and 2.5 pl of the stock

solution respectively containing 8.8 NG/ul fenitrothion

(RF=0.438) ! ¢

16.4 NG/ul fenitrothion' (RF-0.06), 22.4 NG/ul S methyl"
fenitrothion (RF=0.11) and 22.4 NG/ul aminofenitrothion
(RF=0.16) . '
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PlathIY. Model 5: Sediment extracts and exﬁracés of Fhé water
wash of the sediment from the field mpﬁel.

Water washes: - #f1, 3 = 2 and 6 day sample extracts
v S
i i of the sediment from the light model,

Water washes: {#2,4 = 2 and 6 day sample. extracts

N ‘ _ from the dark model.

Free and loose sediment fraé;ions: #5, 6% sample
r

1

extracts from 10 day samples from the 1light model.

Free and loose sediment fractions: #7, 8 = sample

extracts from 7 day samples from the dark model.

C - Water washes: #9, 10 = 7 and 10 day of control

gsediment,

Mixed Standard: #11, = SﬁI solution coﬁtainiﬁg 8.8 ng/ul

fénitrothion.(Rf = 0,48), 16.4 ng/ﬁl fenitro-oxon (Rf=0.06),
22.4 ng/ul s-methylfenitrothion (Rf=0.11) and 22.4 ng/yl

aminofenitrothion (Rf=0.16).
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Table 13-M6de1 S
Metabolites in the Sediment

Concentration(ug/q)

" Amino- Fenitro- Fenitro- S-methyl

fenitrothion -thion —0oxX0on fenitrothion
(&) .
1)2 pay Light-Free- 179.0  63.7  210.2 ' 69.2
' " Loose-~ 2.5 2.2 3.4 7.9
Total- 181.5 - 65.9 213.6 S 774
2)2 pay Dark- Free- 57.9 B8.7 111.4- - 33.4
Loose— . 0.6 8.1 - 0.6 . n.g.
Total- _33.5 96.8 112.0 33.4
3)2 Day Dark- Free- 49.2 85.2 112.6 28.2
‘Loose- 1.6 6.8 2.4 27.3
Total- 50.8 92.0 115.0 55.5
- 4)6 Day Light-Free- 25.3 38.9 79.2 . 38.6
Loose~ 23.0 3.9 27.4 n.d.
Total- 48.3 ~ 42.8 106.6 38.6
5) 6 Day Light-Free- 12.7 34.4 68.4 46.5
Loose- 31.6 4.0 33.3 n.d. .
Total- 44.3 . 38.4 101.% 46.5
6) 6 Day Dark-Free- 40.9  68.4 50.1 n.d.
Loose- 22.3 4.5 29.5 - 40.8
Total- 63.2 72.9 79.6 40.8
7) 6 Day Dark-Free- . 13.8 62.1 n.d. n.d.
Loose~ 43.1 2.5 37.1 62.8

P

Total- 56.9 64.6 37.1 62.8
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concentrations of 182 ﬁg/g.amino—fenitrothion, 65.9 ﬁg/g fenitrothion,

214 yug/g fenitro—oxon and 77.} ﬁg/g of S—methyl—fenitrdthion. In the

dark modei, the sediment showed a slightly higher level of fenitrothion
(94,4 * 2.4 pg/g) but lower levels of amino—fenitroﬁhion (74.6 % 23.9 ﬁg/g),
fenitro—oxon (113.5 * 1.5 ﬁg/g) and S—methyl-fenitrothion (44.5 + 11 ug/g).
After 2 days the amounts of fenitrothion and derivatives in the sediment

\\\\ declined (Table 13).

g “ The 3-methyl 4-nitrophenol derivative was not detected by the

-

e

\\elkali flame ionisation detector but the product may have been present

in the samples. Another method may have detected this derivative.
t
{

Wﬂ%er Wash of the Sediment

Assoclated with the sediment was approximately 10 cm of the
overlying water plus the water in the sediment-water siurry which was
filtered out ané‘extracted separately. In 707 of the sampies, the
amount of filtered water varled from 530 to 590 ml although when all
water s;mples were considered, this wash ranged from 320 to 67Q»m1.
The) amount of water filtered th;:ough the gsediment appeared to make

little difference to the amount of derivatives founh in the watér wash.

iow levels (less than 15 ﬁg/g dry weight sediment) of each
derivative were found In the water wash oftfhe sedime#t, and these were
the same type of derivapives as were present In the sediment ifself
(Figures 17A and 17B). Since these derivatives,except the S-methyl
fenitrothion in the light model,were not detected in the
water above the sediment,it could be assumed that these

derivatives were desorbed orrleached from the sediment.

Therefore the concen-
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Figure 17A: Concentration of fenitrothion-derivatives

in the water wash of the sediment.

S methy! fenitrothion
0—90 Dark : o

14
12...
10—
o
6._
4
12-
0 1 I T ) T T I
.2 6 10 14 18 22 28
l\ Time in days. ‘
O0——0:1; ' :
1 Light fenitrooxon
&= Dark
O——0 Light




~49-3-

Figure 17B: Concentration of fenitrothion derivatives

in the water wash of the sedimeﬁt.
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trationé referred to in the water wash are not the concentrations
relative to water mass, but are concentratlions relative to the total
dry weight of the sediment that was filtered to obtain th;s water
wash, The pesticidé residue in the water wash i1s considered part of

the total pesticide load in the sediment.

Amounts of fenitrothion in the ﬁater wash varied from
3.9 to 0.05 ﬁg/g in the period of 2 to 28 days.in the lighted model
and from 2.9 ﬁg/g to 0.10 yug/g dry weight of sediment in the dark

models over the same period (Table 14).

The S—methyl—fénitr&thion in the water wash showed similar

levels in the light and dark ranging from 2.33 ug/g to 5.22 ug/g

‘dry weight sediment from 2 to 28 days.

For the first 14 days, fenitro-oxon waé present in cdmparable

amounts in the water wash of both lighted and dark models (6.5 ve/g

to 14.6-ug/g)% By 28 days, fenitroroxon was detected at levels of .

14.3 ug/g 'in the lighted model and 7.5 ug/g in the dark model (Table

14).
X
"3
Close similarities were seen in amino-fenitrothion levels
in the wash of the sedimént in’ 1ight and dark at 2 days (5.9 ug/g
light; 5.7 ug/g dark, 7 days (4.3 ug/g light; 3.2 ug/g dark and 14
days (10.9 pg/g light; 12.5 Hg/g dark). There were less similaritdies

in amine-fenitrothion levels between light and dark‘modéls in

the sediment wash at 10 and 28 days.(Table l4)

Mass Balance

A materials balance for fenitrothion and its derivatives
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Table 14,~ * ¢
Model 5-Field Study--

Fenitrothion and Derlvatlves in the Water Wash of The
Sedlment with Concentration Relatlve to the Dry Weight
of the Sediment -

Time Amino- Fenitrothion Fenitrooxon S;methyl
(days) fenitrothion . fenitrothion
2 11 5.87 5.80 8.83 3.09
2 p? 5.67 2.93 6.54 2.54
7L . 4.34 1.82 12.08 505
70 . 3.17 2.58 13.67 . i(24
10L 5.33 0.89 5.41 2.23
10D 13.95 - 0.22 12.12 3.95
14L 10.89 1.15 12.18 4.97
14D 12.46 0.06 14.57 5.12
281,  '13.16 0.05 ~14.25 5.22

28D 6.31: 0.10 7.47 2.68

1-'L' represents the' lighted container..

2-'D' represents the dark container.
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was determined from the information of the calculgted mass’ of ail cgm—
ponents and the concentration of pesticide and derivatives in each com-
ponent of this aquatic field model. The total‘amount of pesticide in
each component was summed for all components to determine the éxtent

of accountébility for the pesticide in this model. The compartments

in the field model were the water, sediment, water wash of the
sediment, plants, algae ang water-borne particulate matter. The water
was analysed in 2 parts, the chloroform extract of the water and the

lyophilized extraction.” The materials balance for 2 and 6 days in the

1ight and dark models are shown in Tables 15 to 18. and Figure 12 for
the light model.

The mass balance in ‘the light model at 46.5 hours post-—spray
is shown in Figure 15, where 83.2% of the originally applied fenitrothion
vas accounted for. The water held 33,27 of the total initial déposit as
chloroform extractables and 10.7Z as chloroform non-extractables. The
chloroform non-extractables were derivatives such as desmethyl-fenitrothion
aldehyde, carboxy-fenitrothion and.dimethylphosphorothioate (Weinberger

et al 1977).

The sédimént contained 37% of the total fenitrothion equivalent
in the form of fenitrothion (4.4%) or derivatives (32.62).%¥ The derivatives
were amino-fenitrothion (12.2Z), fenitro-oxon (15.2%), and S-methyl feni-
trothion (5.2%). Tﬁé amount of amino-fenitrothion could easily be twice
the amount shown here betaise of poar recovery froilthe charcoal clean—up
columm. The water-wash of sediment contained.1l.77 of the total fenitro-

thion equivalent applied to the model and the particulate matter

)
sequestered another 0.6Z4 of the-total.
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The ﬁlants, at a load of'2.9'mg/1' dry weighﬁ, contained
0.5% of the total pesticide. The natural plant load in the lake wag
approxiﬁately 100 times higher (224 mg/} field). Mass balance
calculations‘at later times indicated that large amounts of fenitro-
thion equivalent were-migsing from the model. ‘At 6 days in the light
and dark, the total recovery was reduced to 47.07 and 34.9Z in the (Tables 17,18
light and dark models respectively. Later-experiment (Moody unpub,)
showed that the plastic containers likely absorbed muéﬁ cof this
pesticide. For this reason the partition values of the pesticide
are not accurate beyond 2 days because the plasfip reduced the amount
of pesticide available for uptake by all the other components ;f the

‘system.
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Discussion '

¥

Model One

Following spray operation, the water is the inittal macro-
reservoir from whiéh the pesticide ﬁartions into other components. The
array of compartments into which partitioning can occur depends on “the
model’s complexity, which in a natural system could be defined as being
formed of sediment, particulate maﬁter, ﬁlants algae and water as the
lmajor components, In.order to isolate the contribution of plants and
sediment to pesticide d;gradation in an aquatic system it was.necessafy
to study fhb degradation in natufal water alone. Unfiltered lake water
. 18 not a simple system in which to study pesticide degradation bécause

3 modes of degradation, hydrolytic, photolytic and metabolic degradation are

occurring simultaneously but at different rates.

The fenitrofhion in the water of moHel one degraded to 667
of the initial deposit by 20 days and a half-1life was ;oughly estimatg&
to be 29 days in this model (pH 6.8; 22°C). This observed half-life
in model one was shorter than that for fenitrgthion iﬁ disti)lled water
in the dark (70 days at pH 7.0, 22°C) (Greenhalgh et al 1979 1n press)
but shows a longer half-life than the 0.5 to 3.5 days for fenitrothion
in natural waters with seiiment, particulate matter, plants and natural ﬁ;ﬁf
sunlight (Sundaram 1974). Thus light and bio%ic factors influence the o
degradation of pesticldes in water. The infiuence of light ‘can be

especially important in pesticide degradation as seen in