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ABSTRACT

Persistence of aerially sprayed fenitrothion in various forestry substrates sampled from

3 plots in Hew Brunswick's forests were investigated. Following established sampling

methods, air, water, sediment, -aquatic plants, fish, balsam fir, (Abies balsamea [L.j Hill,),

foliage, farest soil and litter samples were collected from unsprayed plots during die 1932

operational spray program in the province and again resampling the>n from the san» plots a

year Later just prior to the commencement of operational spraying. Control samples were col

lects* from an unsprayed site, near Sault Ste. Marie, Dntario. All samples collected during

the two regimes and the control samples were carefulLy analysed for Eenitrothion residues.

■Die data collected were evaluated statistically. All the substrates, except fish, sampled

during the operational spraying contained fenitrothion. Samples collected a year later,

prior to iny operational spray, did not contain any detectable levels (10 ng/m3 for air, 0.01

ppb for water and 0.131 ppm for others) oE the insecticide except the fLr foliage. The find

ings confirmed that all 3 sampling plots received drift Erom nearby operational spray areas

in 1932 and were contaminated. New and old fir needles sampled a year later from all 8 plots

contained on average about 0.55 ug of the chemical (0.55 ppin) per gram of Eresh foliage. The

study conclusively proved thdt the conifer needles acted as a micro sink for the chemical and

the latter has a tendency to persist in them.

RESUME

La remanence du fenitrothion epandu par voie aerienne a ete etudiee dans divers sub-

strats dans 8 placettes etablies dans les forets du Nouveau-Brunswick. Des echantillons de

l'air, de l'eau, des sediments, des plantes aquatiques, des poissons, du feuillage du sapin

baumier (Abies balsamea [L.] Mill.), du sol de la foret et de La litiere y ont etl preleves,

dans des placettes non arrosees durant le programme d'artrosages operationnels en 1982;

d'autres echantillons ont ete preleves dans les meines parcelles un em plus tard, juste avant

le debut des arrosages operationnels. Des echantillons temoins out ete preleves a un endroit

non arrose pres de Sault Ste. Marie, en Ontario. Tous les echantillons recueillis ont ete

analyses minutieasement. Jjzs donnees obtenues ont ete evaluees selon des mSthodaa statisti-

ques. Le fenitrothLon a ete decele daas tous les substrata qui ont ete echantillonnes au

cours de l'arrosage opSrationnel, saufle le poisson. Les echantillons recueillis un an plus
tard n'en renferma.ient pas en concentrations decelables (limites de detection: 10 ng/m3 pour

L'air, 0,01 ppb pour l'eau et 0,01 ppm pour les autres), sauf ceux du feuillage. Les resul-

fcatg confirment qua les huit placettes d'echantillonnage ont ete touchees et contaminees a la

suite des arrosages operationnels effectues a proximite en 1932. Les nouvelles et vieilles

aiguilles de sapin prelevees un an plus tard dans 1<>s 3 placettes renfarmaient en moyenne

environ 0,55 ug de 1'insecticide (0,55 ppm) par granule a l'etat frais. lyss result^ts

prouvent de facon concluante q>.ie les feuilles de coniferes ont agi comire un micropiege

le produit chiinique et que celui-ci a tendance a perslater chez elles.
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INTRODUCTION

Fenitrothion [0,0-dimethyl 0-(3-methyl-

4-nitrophenyl) phosphorothioate] is a veil

established organophosphate insecticide that

has been used extensively since 1963 in the

control of spruce budworm, ChorisConeura

fumiferana (Clem.) in eastern Canada, espe

cially in the provinces of Naw Brunswick and

Quebec. It is usually applied by aircraft

during the latter part of my to mid-June at

dosages of 0.14 to 0,28 kg Al/ha to reduce

damage by the insect pest. Vp to the end of

1985, about 10 x 106 kg of the material had

been released over 35 x 106 ha of conifer

forest.

Fenitrothion has been extensively

sprayed for the past many years over the

forests of tfew Brunswick. Its lipophili-

city, shown by the high octanol/water parti

tion coefficient (KqW = 2380 at 20°C) , its

environmental stability and low vapour pres

sure (183 x TO"4 Ba) have, to a certain ex

tent, resulted in the chemical persisting in

some components of the forest environment

(Yule and Cuffy 1972; Yule 1974; Sundaram

1974a, b; Sundaram, 1984b; Ayer et al.,

1984). Same of the earlier data reported on

fenitrothion persistence in plots that re

ceived no direct spray application in the

sampling year were gathered while operation

al spraying was being carried on in the sur

rounding area. Consequently indirect entry

of the chemical via drift into the sampling

sites has been a possibility (Pearce et al.,

1979; Mallet and Volpe, 1982; Sundaram

1984a). Therefore definitive information Ls

still lacking on die residue component

arising from persistence of the chanical in

fluenced by its physicochemical properties

coupled with replicate applications over the

years and residue components contributed by

drift f ran neighbouring spray areas. Re

cently Sundaram (1984b) and Ayer et al.

(1984) addressed the persistence aspect of

the chaiucal in their studies but a paucity

o£ knowledge still exists on the contribu

tion of drift from elsewhere in the year of

sampling to the overall residue levels of

fenitrothion found in certain forestry

materials. This can be adequately discerned

only if various forestry substrates are

sampled initially for residue determination

in unsprayed plots located far avey from

ones receiving operational applications,

with resampling from the same plots a year

later, just prior to the commencement of

operational spraying. If residue levels

found in the substrates collected from the

plots following the two sampling reyimes

are compared, it should be possible to

identify the contributions arising from

dri ft to the overall persis tence of the

chemical in forestry substrates. This

paper describes the first of such studies

made in the forest areas of [few Brunswick

during the operational spray program of

summer 1982 to evaluate ths possible drift

component and subsequently in the spring of

1983 just prior to any operational spraying

to establish the persistence of the chemi

cal due to its physical properties.

AND METHODS

Plot Selection

Eight plots, ranging in size from 50

to 4300 ha, were selected in the northern

and southern parts oJ: the province of Nsw

Brunswick. Three plots (PI, P2 and P3)

were near Bathurst, three (P4, P5 and P6)

ware near Charlo and two (P7 and P8) were

near Fredericton. The plots had been

sprayed many times prior to 1982 with vary

ing doses of fenitrothion, but received no

direct application in 1982. The surround

ing areas had similar spray histories and,

in addition, they also received operational

dosages of the chemical during the 1982

spray season. Ihe sampling plots PI to P8,

the surrounding operational spray areas,

and the dosages received during the l982

spray season are shown in Figure l. Infor

mation pertaining to various fenitrothion

apray applications conducted by individual

woodlot owners around the Fredericton area

vas not available. Some particulars of the

plots, their locations and coordinates and

the materials sampled from each are given

in Table 1.

Sampling of Substrates

The first sampling regime was done in

Miy/June of 1982 during the middle of the
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Fig. 1. Location of sampling plots used in the province of New Brunswick during the 1982/83

studies. (Inset: Province of New Brunswick showing the study areas.)



Table 1. Same particulars of the sampling sites used in the province of New Brunswick during 198Z/BJ study

Plot

Approx. area

af each plot

(ha)

Local, ion

(parish/county) Coordinates Substrates sampled

PI, P2 and P3 200 torthesk/tort.hunberland 47°24'N; 66°31'tf Air, water, sediment, mass,

fish*, fir foliage, litter

and soil

PA, P5 and P6 50

4.500

Balmoral/Restigouche 47"50 'N; 66 °30 'W Air, water, aediment, mass,

fir foliage, litter and soil

St . Mary's/York 46°08'N; 66°49'W Air, water, sediment, moss,

fish, fir foliage, litter

and soi I

P8 .32110 New Maryland/York 45"42'N; 66°19'W Air, water, sediment, water

cress, moss, fish, fir

foliage, litter and soil

Fish were found only in P1.

operational spray program in the province.

Ihe second monitoring program was done in

the early part of ftey 1983 just prior to the

commencement of any type of spray applica

tion.

Ihe amount of persistent residues of

fenitrothion in forestry substrates are ex

pected to be low and most likely would be in.

the order of ppb (ng/g) levels (Sundaram,

1974a, b; Sundaram, 1934b; Ayer et al.,

1934). Therefore to achieve a meaningful

and realistic picture of environmental per

sistence of: the chemical and to relate prop

erly the causative factors behind it, a rig

orous fenitrothion monitoring program, based

on the recommendations of U.S. Federal

Working Group on Ifest Management (1974) was

adopted. Ihe selection of the majority of

substrates and the sampling techniques used

to collect them were based on the recommen

dations of this expert group with necessary

modifications introduced to suit the experi

mental conditions.

Sampling of hater: Depending on accessibil

ity, four equidistant sampling sites were

established across the transverse section of

each stream where the water flow was uniform

with good mixing . From each site, the

water was sampled by dipping a clean wide-

mouthed open 1 L Teflon® bottle just about 1

cm beneath the water surface and allowing

the Miter to flow in until about 75* of the

bottle was filled without stirring up and

entraining bottom sediment. The bottle vas

closed tightly with the Teflon screw cap,

labeled and stored at 0°C in a cooler.

Water samples were also collected from the

ponds in plots P3 and P5 from four randomly

selected sites, covering their horizontal

cross sections, m the laboratory, prior to

extraction, all four vater samples from each

stream or pond were pooled to form two com

posite subsamples. Similar quadruplicate

samples were collected at each site of the

other streams and were composited prior to

extraction and analysis.

Sediment: Using the same sites in each

stream and pond where the water was sampled,

four scoops of sediment each weighing about

100 g were taken using a clean wide-mouthed

amber coloured glass bottle fitted with

Teflon -lined screw caps. At each sampling

site, the bottle was gently lowered to the
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bottom, the lid unscrewed and one single

scoop of: sediment of about 1 cm thick vas

taken. The bottle was tightly sealed,

brought to the surface and decanted gently

to remove all the inflowed water, fill four

sediment scoops collected from the four

sites were pooled after removing all the de

bris to Corra a single composite sample. The

samples were labeled, sealed and brought to

the field laboratory in coolers at 0°C and

kept frozen until analysis.

Moss (Fontinalis dalecarlica, Fontlnalaceae)

and water-cress (Nasturtium officinal, Cruc-

iferae): Apart from plot P8, none of the

streams contained water-cress. toss was

present in all except plot P4. ftoth types

of sample were collected by scooping about 6

bunches per sample around the same vicinity

where inater samples were collected. The

adsorbed mater has squeezed out, and each

sample was wrapped separately in aluminum

foil, packed in a labeled polyethylene bag,

chilled immediately and transported to the

field laboratory for storage at -10°C.

Fish: Brook trout, Salvelinus fontinalis,

was the predominant resident fish species in

the streams in PI, P7 and P8 and served as

the indicator species in the present study.

The streams in the other plots were too

shallow to contain any species of fish.

Three to five uniform sized fish (mean wt 10

15 g and mean length 8 ± 4 cm) contributing

to a composite sample per sampling station

were collected either by hook and line or by

electroshockinq in the same area where water

and sediment were sampled. fech composite

sample vas wrapped in aluninum foil, packed

in a labeled polyethylene bag and chilled

immediately prior to transport to the field

laboratory where they were stored at -10°C

until analysis, turing analysis, the whole

Eish in a composite sample was analyzed

after hamogenization.

Air: Six sampling sites covering an area of

about 5 ha in each plot were selected after

considering prevailing wind speed and direc

tion, canopy density, topography, etc. The

air at each site vas sucked in continuously

at constant speed (0.5 L/min) for 60 min, as

described earlier (Sundaram, 1984a), by bat

tery operated pumps into glass impingers

containing toluene as the trapping medium.

Hie flow rate of each air sampler was care

fully calibrated each time prior to use to

determine exactly the volume of air sampled

during the 60 min sampling period. The

sampler and the collecting reagent were pre

tested earlier in the laboratory using feni-

trothion vapour for sampling efficiency and

retention at the planned air flow rate in

the field. The collecting reagents from the

samplers were pooled to get three composite

samples per plot and they were stored in

clean screw top amber coloured glass con

tainers with aluminun foil liners and re

frigerated.

Litter: Twenty sampling sites covering an

area of approximately 10 ha were selected

randomly in each plot. die uniform core

(diam. 5.0 cm, depth 4.0 cm), was collected

per site with a tube sampler to account for

the variation present within the plot. The

tube sampler was cleaned after sampling each

plot by scrubbing it with a brush and water

then rinsing with acetone. The roots,

twigs, stones and other undecomposed organic

debris were removed, the 20 individual cores

were composited, packed in labeled plastic

bags, mixed thoroughly, transported to the

field laboratory in a cooler at 0°C and

stored in a freezer. Prior to analysis, the

composited litter was macerated in a Hsbart

food chopper and passed through a 10-mesh

sieve (2 mm openings) and aliquot quantities

were used in the analysis.

Soil: TVfenty sampling sites without any

litter or grass cover, containing primarily

mineral soil were selected in the vicinity,

where litter samples were collected, amp-

ling and processing of the collected mate

rials were done as described under litter.

Balsam fir foliage: Ten dominant fir [Abies

balsamea (L.) Mill] trees (approximately 15

m in height and 15 cm DBH) with developed

crowns, ample growing space and exposure to

sunlight were selected randomly from an area

covering nearly 10 ha in the centre of each

plot and marked with surveyor's'^tape. cne
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mid-crown branch (20 cm length) from each

quadrant of the selected tree ifls clipped

with a pole primer. The branches were

pooled by plot, put in plastic bags and

labeled. The bags were transported to the

field laboratory in coolers kept at 0°C. In

the field laboratory, the needles of the

1981 and 1982 growths from each pooled plot

sample were clipped separately with clean

scissors. ESch sample was divided into two

separate samples for duplicate analysis.

The samples were mixed thoroughly and stored

at -20*C in sealed plastic bags until

analyzed.

from Gontrol Plot

A control site, similar in all aspects

to the conifer forests of tfew Brunswick but

one that has never been exposed to fenitro-

thion spray has selected in fearchmont,

about 50 km north of: Suit Ste. Marie,

Cntario. Ml the necessary terrestrial and

aquatic substrates were sampled from the

plots selected in this site.

analytical Procedures

Water: The two composite water samples (ca

1.5 L each) from each site were mixed with

100 ml of 20% aqueous sodiun chloride and

500 mL aliquots were partitioned twice with

100 mL of pesticide grade dichloromethane.

The pooled organic phase was dried through a

column of anhydrous tto^O^, flash-evaporated

gently to dryness and the residues were

taken up in ethyl acetate for gas-liquid

chromatographic (GLC) analysis without any

further cleanup.

Sediment, litter and soil: The sediment

samples were filtered under suction to

remove excess water. Ten gram aliquots of

sediment, litter and soil samples in tripli

cate were separately extracted twice for 5

rain with 100 mL of pesticide grade acetoni-

trile using Ssrvall Qnni-Mixers set at the

maximum speed. The extracts ware filtered

quantitatively through Ha^O^ (heated over

night dt 260°C prior to use) columns and

concentrated under low pressure to about 60

mL. The concentrates were partitioned twice

with 20 mL of pesticide grade hexane. The

polar phases were flash-evaporated to dry-

ness and the residues were dissolved in 10

mL of glass distilled or pesticide grade

ethyl acetate so that 1 mL of extract was

equivalent to 1 g of sample.

For column clean up, Fasteur pipets

(Fisher Cat. tto . 13-678-3) (14.5 cm x 0.8 cm

i.d.) were packed from bottom to top with a

glass wool plug, 3 cm of a 2:5 (w/w) mixture

of acid-washed (Brown, 1975) Nuchar-

activated charcoal (Kodak)/Whatman CF-11

cellulose and 1 cm of anhydrous fcb^C^. The

packed columns were prewashed with 10 mL of

ethyl acetate. One mL aliquots of the crude

extracts equivalent to 1 g of the substrates

were transferred quantitatively to the

cleanup columns and eluted with 15 mL of

ethyl acetate at the rate of 2 drops/sec.

The resulting eluates were collected and

concentrated in a flash evaporator at 30*C

for GLC analysis.

Fir foliage, moss and water-cress: Prior to

blending, the excess i>ater present in thawed

moss and water-cress samples was removed by

pressing them in folds of absorbent paper.

The plant tissues (triplicate of 10 g) were

then mixed with 20 g of to3804 and extracted

twice with CH3CN (100 mL) in a &>rvall Qnni-

-Mixer and the extracts were cleaned up for

GLC analysis as described in the previous

section.

Fish; Bch composite fish sample was chop

ped into small pieces with a sharp knife and

mixed thoroughly. Ten gram aliquots in

triplicate of cut up fish with 20 g of

t&2^04 aid 100 mL of acetonitrile were homo

genized in a Polytron (Type PT-20) for 3 min

and the supernatant extract was filtered

under suction through a column of tti-^o^.

The residue was re-extracted with 100 ml of

acetonitrile and filtered through the same

Na^SC^ coluTin. The column was rinsed with

20 mL of the solvent and the extracts were

pooled and processed as described under sed

iment.

Air: Hie three composited toluene samples

used to trap the airborne fenitrothion were
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first dried by passing them through a colisnn

of ffi2S°4' flash evaporated gently at low

pressure to 1 mL and passed through the

charcoal-cellulose colunn to adsorb the im

purities. The insecticide wis then eluted

as described above with ethyl acetate and

analysed by GLC.

GLC finalysis: Fenitrothion residues present

in the final extracts were analyzed by the

Tracor 550 gas chromatograph, fitted with an

NP-FID (Tracor model 702) detector. A glass

(Pyrex) column (1 .2 m x 2 ram id.) packed

with 1.5% OV-17 + 1.95% OV-210 on 80/100

mesh chromosorb W (H.P.) was used. ffelium

was the carrier gas at 45 wL/mi.n. The oper

ating parameters were as follows: detector

temperature 250*C; inlet and outlet tempera

tures respectively 22O°C and 230°C; column

temperature 180*C; plasma flow rate 4.0 mL/

min for hydrogen and 110 mL/min for air.

The retention time for the insecticide under

these conditions was 3.25 min.

Detector response was calibrated daily

with analytical standard prepared .in ethyl

acetate. The cleaned extracts of each sam

ple were injected thrice and the average

peak height was calculated. Qaantification

of the samples was based on average peak

heights of the external standard which was

injected before and after the sample. 1-ach

value recorded in Tables 3 and 4 is the

average of three measurements for each sub

strate from each plot along with the appro

priate standard deviation (SD) found in

them, results are not corrected for extrac

tion efficiency.

Samples of fir foliage, litter, soil,

sediment, and fish samples from the control

plot were fortified in three replicates with

1.0, 0.10 and 0.01 ppm U'g/g) levels of fen

itrothion in ethyl acetate. Each substrate

was extracted and analysed as per the metlvod

described above to evaluate the extraction

efficiency. The fortification levels for

water were the same except that they were in

ppb ( |ig/L) units. the percent recovery

levels are given in Table 2. Each mean per

centage with its standard deviation was

derived from three replicates. The minimum

detection limit <MDL) for the insecticide

was 0.01 ppm of wet or fresh weight of the

substrates, for air 10 ng/m3 and for water

it was 0.01 ppb. rtine of the clean extracts

of unfortified control samples equivalent to

10 g of substrates showed any positive re

sponse to GLC that interfered with feni

trothion .

Moisture contents of foliage, soil,

litter, sediment, moss and water-cress samp

les were determined by drying two 10 g dup

licates of each sample at 105°C for 16 h in

a thermostatic oven (AOAC, 1955).

TEible 2. Percent recovery of fenitrothion

from some forestry substrates

after fortification

Substrate

fir foliage

litter

soil

sediment

moss

fish

water

i

1.0

96

98

101

98

96

95

1.0

98

t :recovery

ppm

±

±

±

±

±

±

4

6

3

4

6

6

ppb

± 3

0.1

98

96

98

103

91

101

0.1

102

± SD

0 ppm

±

±

±

±

i

±

5

3

6

7

9

4

0 ppb

± 4

(n = 3)

0.01

96

94

95

92

87

91

0.01

97

ppm

± 7

± 7

± 6

± 3

± 8

± 4

ppb

± 2

RESULTS AND DISCUSSION

Contamination of study plot from spray dz±ft

The amounts of feni trothion found in

various forestry substrates collected during

the 1982 operational spray season (ttiy/JUne)

in [few Brunswick from plots not directly

treated with the chemical are given in Table

3. The residue data found in similar sam

ples collected nearly a year later (my,

1983) from the same plots prior to any spray

application in the province are given in

Table 4. tone of the data recorded here are

corrected for extraction efficiency. Hie

results from aquatic plants, sediment and

terrestrial components are expressed in



Table 1. Average Oftcentrnt Ions' of fen1trothion in some Forestry subsirates mimpled from ])lots not treated Jlreclly with fenitrothion during tht middle

(May/June) of 1962 spray season [n Keu Brunswick

PIol no.

S-bsLr.ite Pi P2 F3 Pi P5 P6 P7 Pfl

Air (n_/m3) 74 * a 48-11 82 * 14 Bl - 7 &4 i 8 SO ± 4 62 * & 56 ± 3

Water (pph) (streAj.) 0.01 ± 0.01 0.04 ± 0.02 0.07 ± 0.03 0.01 ± 0.01 0.02 ± 0,01 0.03 * 0.02 0.02 ± 0.01 0.02 * O.0J

(ponii) - - 1.48 * O.0H - 0.71 * 0,03 -

Water-cress (ppn> - - - " 0.18 i O.Ofc

(0.8i. ± 0.17)

Moss (ppm) O.0& ± 0.02 0.OB * 0.03 0.15 ± 0.0'. - 0.03 * 0.01 !J,D. K.D, N,tJ.

<0.12 ± O.04)

r.i.

(0.

o&

21

N

ti

±

■ Q.

■ D.

0

G

.02

.09)

..

(0. 28

-

0

j

.03

.08)

0

(0

.15

■ 61

O, 11

* 0

± O

-

.0'.

.11)

.04

Fish (j>pm) K.U. _____ ||.Dn fl-D-

Sediiatnc (ppa) (sireaTa) K.D. N.D. O.ll ± 0.0^ H,9. 0.0& * 0,03 N.D. 0.0& * 0.04 O.lS * O.Dfc

(0.15 ± 0.06) (0.09 * 0,05) <0.12 - 0.06) ftJ-21 ± 0-09)

(pond) - 0.21 ± 0.05 - 0.06 ± COJ -

C0.2S ± 0.07> (O.OS ± 0.03)

Fir fnliage

1»81 growth 0.3B - 0.12 O.A9 ± 0-11 0.62 ± 0.21 0.43 ± 0.11 0.33 * 0-12 1.06 * 0.22 0.50 - 0.14 0.4] ± 0.11

(0.71 - 0.24) (0.81 ± 0.22) (0.9_ ± O.37> (O.SO ± 0.35) (0.&1 - 0.21) (2.07 ± 0.47) (0.79 ± 0.33) £0.69 * 0.25)

1982 growth 0.3& - 0.06 0.53 - O-20 0,66 - 0.31 0.47 ± 0.06 0.39 - 0.17 1.12 - 0.41 0.64 ± 0.21 0.42 ± 0.16

(0.72 - 0.06) (0.98 ± 0.33) [1-08 ± 0,41) [0.82 * 0.27) (0.66 -" 0.31) C2-1B * 0-71) (O.^B * 0.3G) (0.79 ± 0.31)

Llttec (ppra) 0.U4 ± (J.OL 0.07 ± O.03 Q.Q3 ± 0.02 0,02 ± 0.01 0.06 ± D.03 0.54 - 0.13 0.07 ± 0.03 0,10 ± 0.04

(0.07 * 0-C3) (0-11 ± 0.06) (0,13 * 0,06) (0.0& ± O.W) (0-09 ± O.M) (0-99 - 0.27) (0.12 ± 0.04) (0.16 ± 0.07)

Soil (ppn) 0.08 * 0.03 0.03 * 0.01 0.06 * 0.02 0,01 * o.Ol 0.12 - 0.04 0.20 - 0.06 0.10 ± 0.03 0.09 * 0.02

(0.11 * 0.05) (O.05 ± 0.02) (0-09 * 0,03) (0.02 * 0.02) (0.L& * 0.06) (0.29 ± 0.08) (0.16 ± 0,04) (013 ± 0.04)

1 Mlnlniua detection limit (XOL) for air 10 ng/aH, for _-ater 0.01 ppb and for all others 0.01 pp_.

Residue v ill tics wfitliout [iiirentiiests = reaUutb En terns of wet weight.

Residue vnlues wi tti part'iitlicBca - residues in tur-nis of nver-dry weight |105°C for Id h In a thernoKtatte own (AOAC, 1955)] .



Tabli? A. Average cone en L rational of fenitrothion in >.0ae CoTCBCty uubiLrjtes sampled ill Hny 19BJ prloi: tw nny sj»rtiy appll-cit Urn from the &vimc plats u

during Etta 19S2 >jLudy Lit New

Plot nu.

Substrate Pi P2 P3 P4 P5 P6 P7 PS

Air (nfi/m3) H.D. tJ.D. N.D. N.D. H.D. N.D. N.D. K-D-H.D.

N.D.

_ I)

N

N

.07

rD.

±

H.

N.

D.

D.

± 0. 02

:,,

:•■

D.

D.

-

hUtfir (ppb) (stream) N.D. N.D. K.D. N.D. N.D. N.D. N.D. N.D.

(pond)

Uater-cress (ppia) — - - - - - - Tl.Di

Moss (ppn) N.ll. Hi0. N.D. - N.D. rt.U.

Fish

Sudiraeiu Cppa) (str«na) N.D. H.D. N.D. N.H. N.D. N.D.

(pond) N.D. N.D. K.D. N.O. K.D. H.D.

Fir

19SL grouLli 0.45 ± 0.04 0.5.6 ± 0.05 0.45 * 0.04 0.62 * 0.05 0.39 * 0.04 1.16 * 0.11 0.52 * 0.05

(L.LI * 0.09) (0.71 ± 0.07) (2.10 t 0.18) (0.91 * 0.09)

0.

[0.

0.

N

N

45

75

58

[0-99

N

.0.

■ D.

t

*

±

.D.

0.04

0.07)

0.05

0-09)

0.56

(1.00

0.63

[1.10

0.02

(0.05

i>

!>

_:

i

±

±

±

-

•

-

0.05

0.09)

0.06

0,11)

Q.Dl
0.02)

0

(0

0

CO

K

n-

.45

.79

.42

..,

N

■ D.

.0.

*

±

i

i

■ D.

0.04

O.Q7)

0.04

0.07]

N.

N.

:>.

D.

D.

D. N

U.32

0.55

.B.

.D.

±

±

0

0

.04

.07 1

19ti2 growth 0.5a ± 0.05 0.63 1 0.06 0.42 ± 0.04 O.BD ± O.Ofi 0.15 ± 0.03 D.67 ± 0.07 1.00 ± Q.25 0.L2 ± 0.Q3

1.32 * 0-13> (0-27 ± 0-05) (1.17 * 0,L2) (1-73 ± 0,43) (0-23 ± 0,04)

Litter (ppm> H.I). 0.01 ± 0.01 N.I). (J.O. N.D. N.D. N.E. H-P.

(0.05 ± 0.02)

Soil (]>pm) N.U. N.D. K.D. N.D. N.E. N.D. B.B, U.i).

de:ecEion Unit (HDL) for air 10 ng/m3, for water 0-01 ppb and for all others 0*01 ppu.
Residue v;j1ij*.lii wiLtiou'L pnrL-nLilians ~ reald^ieii tn terms of wut welgl'it.

Healdue values wltli parentheses ■ residues In cera5 of oven-dry weight [105 DC for 1& li In a thcraostatic oven (AOAC, 1955)|.
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terms of "ppm (pg/g) fresh or wet weight"

for ecological interpretation and "ppra oven-

dry wight" in parentheses for more stan

dardized comparison of residues between

species. The concentration based on fresh

or wet weight basis is used throughout the

following discussion.

Comparison of the data in the two samp

ling periods clearly demonstrated the con

tamination of study plots during May/June of

1982 by spray drift from nearby operations.

Except fish, nearly all the substrates samp

led in the 1982 spray season contained mea

surable levels of fenitrothion. The average

air concentration of the chemical during the

entire 15 d sampling period in 1982 remained

around 68 ± 8 ng/m3 (range 48 to 82 ng/ra3),
which confirmed that the contamination of

the air masses and subsequent deposition on

the substrates in plots PI to P8 occurred

continuously throughout the sampling per

iod. The chemical may have entered the sam

ple plots from any one of many possible

directions (Fig. 1), depending on the mete

orological conditions. The concentrations

of fenitrothion in stream waters were usu

ally low (mean 0.03 ppb, range 0.01 to 0.07

ppb) and were close to the detection limit

(0.01 ppb) whereas in stagnant waters, the

average concentration found was 1.10 ppb.

The aquatic plants, moss and water-cress on

average contained respectively 0.05 ppa and

0.18 ppm (wet weight) . The stream sediments

from all 8 plots on average contained 0.05

ppn (wet weight) compared to the 0.13 ppm

found in pond sediments, flnong the terres

trial components, the fir foliage (fresh wt)

Of 1981 and 1932 growths respectively con

tained on average 0.53 ppm (range 0.33 to

1.06 ppm) and 0.57 ppm (range 0.36 to 1.12

ppm) of fenitrothion compared to the litter

and soil samples which contained much lower

levels of 0.12 ppn (range 0.02 to 0.54 ppm)

and 0.07 ppm (range 0.01 to 0.20 ppm) re

spectively. Contrary to these observed

residue data, the samples collected from the

same plots nearly a year later (toy, 1983),

prior to any spray application, did not con

tain measurable levels o£ fenitrothion in

air, stream water, sediment, aquatic plants,

fish and soil, cnly the pond water samples

from plots P3 and P5 and the litter Simple

in P2 contained detectable levels of feni

trothion but at much lower levels compared

to the values observed a year earlier in

1982. Surprisingly, the average values

found in the fir needles (fresh weight) of

1982 and 1983 growths were nearly the same

i.e., 0.56 ppm (range 0.32 to 1.16 ppm) for

the 1982 and 0.55 ppm (range 0.12 to 1.00

ppm) for the 1983 growths.

The data presented here clearly demon

strate that the off-target fallout of feni

trothion during the sampling period contri

buted considerably to the residue levels

found in most of the substrates analysed,

agreeing with findings reported earlier by

Pearce et al. (1979) and Sundaram (1984a).

This being the case, it is advisable that in

future, field testing of new chemicals for

environmental chemistry, biological impact

and efficacy should be conducted in areas

sufficiently removed from any operational

spray program to minimize possible ambiguity

in the data generated.

Persistence of fenitrothion in forestry sub

strates

The results in Table 4 suggest that

fenitrothion does not persist to detectable

levels in most of the forestry substrates,

agreeing with observations made earlier

(Yule and Duffy, 1972; Sundaram, 1974a, b;

Eidt and Sundaram, 1975; Miyamoto, 1977;

Kingsbury, 1978; Morrison and Wells, 1981;

Ayer et al. , 1984, Sundaram, 1984b). A

short-term persistence of the chemical of a

week or so in some aquatic flora and fauna

has been reported (Kingsbury, 1976; Moody et

al. , 1978; Morrison and Wells, 1981; ELdt et

al. , 1984). Ihere is also evidence in the

literature (Yule, 1974; Sundaram, 1974b;

M3tteil et al. , 1979; Mallet and Vdlpe, 1982;

Sundaram and Sundaram, 1982; Ayer et al.

19S4; Sundaram, 1984b) on the long-term per

sistence of fenitrothion in conifers. Ihe

data in Table 4 conclusively prove that fren-

itrothion persists in conifer needles for a

year and beyond, at an average oE about a

0.55 ppm (fresh weight) level, although the

chemical is reported to have short life and

instability in various crop plants
(Miyamoto, 197U).
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Table 5. analysis of variance of fenitrothion residues in Fir foliage for (A) year growth of

foliage and, (B) between plots of PI to P8

Type of

analysis

(A)

(B)

Source of analysis

wet weight of 1982 and 1983 studies

PI - P8

Tbtal

oven dry weight of

1982 and 1983 studies

PI - P8

Total

wet weight of 1982 and 1983 studies

year growth of foliage

Tbtal

oven dry weight of

1982 and 1983 studies

year growth of foliage

Ibtal

DP

3

28

31

3

28

31

7

24

31

7

24

31

SS

0.0092

1 .9286

1.9378

0.048

6.713

6.762

1.3594

0.5784

1.9378

4.865

1.8966

6.7616

MS

0.0031

0.0689

0.016

0.240

0.1942

0.0241

0.695

0.079

F-ratio

0.04

0.07

8.06

8.79

The fenitrothion concentrations (Tables

3 and 4) in a) fresh and b} dry weight samp

les of foliage and c) the residue levels

found between the 1982 and 1983 growths

(fresh and dry weights) were analyzed using

the statistical procedures i) analysis of

variance, ii) Duncan's Multiple Kinge Test

and iii) the more widely used studen t-

tfcvman-Kuel's Test. Analysis of variance

(Table 5) did not show any significant dif

ferences between the residues found in 1981

and 1982 growths, but some significant dif

ferences were noted in the data found among

the plots Pi to P8. The Duncan's Test

(Table 6) showed some significant differ

ences in the residue levels found between

the J981 and 1982 growths as well as in the

data between the plots. Oi the other hand

the Student-Newnan-Kuel's Test (Table 7)

showed no significant differences in residue

levels between the 1981 and 1982 growths but

the data in plot P6 showed significant dif

ference from other plots. Considering the

low residue levels found in the plots, the

small variation between the two growth

regimes, and the lack of information on the

spray histories of the plots, more emphasis

should be given to the statistical conclu

sions arrived at with the Student-Newnan-

Kuel's test.

ttinifer foliage is the primary receptor

of fenitrothion during spray application.

The mechanisms of dissipation are primarily

volatilization, weathering action of humid

ity, photolysis, hydrolysis and to a lesser

extent by enzymatic degradation (Sundaram

and Sundaram, 1982; Sundaram, 1984b). tost

of the sprayed fenitrothion (ca 90%) inter

cepted by conifer needles was lost rapidly

within two waeks and the little that re

mained, being lipophi.lic, was probably

absorbed, transported and stored in cuticu-

lar waxes of the foliage thus resisting

leaching, volatilization, photo- and bio-

degradations. PDlar resinous constituents

of the cuticle (Kolattukudy, 1980) probably

acted as solvents causing the fenitrothion

molecules to permeate through cuticular

pores. The lipoid nature of the cuticle
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Table 6. Jtesults of Duncan's multiple range test of the fenitrothion residue in foliage for

the difference in (k) residues between year's growth foliage of 1981 and 1982, (B)

residues between PI to P8

Type of study

(A)

(B)

Samples

**1st-8l-W

2nd-82-W

2nd-81-W

1st-82-W

lst-81-0

2nd-82-0

2nd-81-0

1st-82-0

***P5

P8

P1

P3

P2

P4

P7

P6

N

8

8

8

8

8

8

8

8

8

8

8

8

8

8

8

8

Mean*

0.5275 a

0.5463 a b

0.5588 a b

0.5738 a b

0.9325 a b c

0.9375 a b c

0.9900 b c

1 .0263 c

0.4388 a

0.4412 a

0.6175 a b

0.7113 a b

0.7625 a b

0.7963 a b

0.8838 b

1.4413 c

Error MS

0.1S43

0.1046

*Hean followed by the same letter not significantly different p = 0.05, df = 56.

**1st: 1982 study;
***P = plot number.

2nd: 1983 study; H: wetj 0: ovendry.

allowed the passage of the insecticide mole

cules to tlie cutin layer for storage thus

acting as a micro sink for the more persist

ent residues. The stored molecules were not

translocated to other parts of the conifer

tree (Prasad and ttoody, 1976). At this

juncture, since the spray histories of the

plots are unknown, and there are no signifi

cant differences among the residue levels

found in the needles of all the eight plots,

Lt is impossible to demonstrate the accumu

lation pattern of the chemical with fre

quency of exposure.

In previous field trials (Yule and

Duffy, 1972; Sundarara, 1974a, b; Sundaram et

al. , 1983; ttolmes efc al. , 1984), a prolonged

persistence of the chemical in natural

waters and forest litter has never been

observed. We can postulate that the low

concentration levels found in the two pond

water samples from plots P3 and P5 and the

one litter sample from plot P2 (table 4)

could be due to leaf fall and foliar leach

ing of contaminated fir needles and twigs

and surface run off during rain rather than

due to persistence of the chemical in these

two substrates.

The ecoloyical significance of the low

levels of fenitrothion (ca 0.55 ppm, wet

weight) persisting in conifers for an ex

tended period of time is not yet fully

explored. McNeil et al. (1979) and Eidt and

Mallet (1985) reported that such levels were

toxic to the larvae of conifer sawflies.

The continuing use of fenitrothion, would

probably warrant a rigorous study to demon

strate the long term biological significance

of the chemical to nontarget species which

consume the contaminated fir needles and in

habit tlie conifer environment.
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Table 7. Ite suits o£ Student-Newnan-Kuel's Multiple range test of the fenitrothion residue in

foliage for the differences in (A) residues betwsen years growth foliage of 1981

and 1932, (B) residues between PI to PS

Type of study Simples Mean* Error MS

(A)

(B)

**lst~81-W

2nd-82-W

2nd-81-W

lst-82-W

1st-81-0

2nd-82-0

2nd-81-0

1st-82-0

***P5

P8

P1

P3

P2

P4

P7

P6

8

8

8

8

8

t:

8

8

8

8

8

8

8

8

8

>1

0.5275 a

0.5463 a

0.5588 a

0.5738 a

0.9325 a

0.9375 a

0.9900 a

1 .0263 a

0.4388 a

0.4412 a

0.6175 a

0.7113 a

0.7625 a

0.7963 a

0.0838 a

1.4413 b

0.1543

0.1046

* Mean followed by same letter not significantly different = 0.05; df = 56

** 1st: 1982 study; 2nd: 1983 study; W: wet; 0: oven dry

*** P: plot nimber
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