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(i)

ABSTRACT

The aim of this study was to generate information

on the distribution, persistence and fate of aminocarb

and fenitrothion in some major components of the forest

environment following their aerial application as

emulsions with the newly introduced emulsifier Triton®X-

100 and to identify any possible detrimental effects

associated with such spray operations.

Analysis of pre-spray samples indicated

contamination of certain components of the forest

environment by fenitrothion either through drift or by

its ubiquitous nature. Spray distribution and collection

efficiency obtained on Kromekote® card-glass plate

collection units were unsatisfactory due to various

physical and environmental factors.

In the stream ecosystem, both chemicals were

found in peak concentration levels jca 1 h after applica

tion but decreased rapidly with time, showing low residual

lives. Relatively high concentrations of the insecticides were

initially accumulated in moss and 1 day after spraying,

only fractional amounts remained.

In the air samples collected from the spray

blocks, both compounds were found in the vapour phase or

adsorbed onto particulate matter; however the concentra

tions did not exceed the maximum permissible levels and

were lost rapidly.



(ii)

In the soil environment aminocarb had a very short

life and was labile compared to fenitrothion. The balsam

fir needles acted as good collectors for the droplets of

both insecticides, consequently the insecticides showed a

tendency to persist in them, enhancing the potential for

residual toxicity to the budworm.

If safe, judicious and innovative use practices

for aminocarb and fenitrothion are adopted, adverse

environmental contamination and associated toxic hazards

to biotic and abiotic components of the forest environment

would seldom result. Since pesticide efficiency is a

function of spray targetability, current awareness and

emphasis given to improve the formulation and spray

application technologies appear to be a promising venture

to achieve some of these goals.



INTRODUCTION

Fenitrothion [0,O-dimethyl 0-(3-methyl-4-nitrophenyl)

phosphorothioate] has been used for spruce budworm,

[Choristoneura fumiferana (Clem.)] control in eastern Canada

since 1963 and to date about 10 x 106 kg of the material has

been sprayed over jca 35 x 106 ha of forest. Usually the

insecticide is applied by aircraft at the rate of 2 x 210 g

of active ingredient (AI)/ha either as an aqueous emulsion or

as an oil formulation. On economic grounds the emulsion

formulation containing the emulsifier Atlox® 3409 (polyoxy-

ethylene ethers plus dodecylbenzene sulphonate) has been a

choice one so far.

On February 15, 1982 the Minister of Health of

New Brunswick asked National Health Scientist

Dr. Walter 0. Spitzer (1982) to create a task force1 to

advise about any possible adverse health effects associated

with the forestry spray program in the province. The Minister?s

concern was the possibility of a connection between the bud

worm spraying activity and the frequency of Reye's syndrome

among children in New Brunswick. On April 28, 1982 the task

force released its report to the provincial government. One

of the key recommendations made by the task force was that

the use of Atlox® 3409F in forest spraying to control spruce

budworm be discontinued and replaced by another emulsifier.

Spitzer, W.0. (1982). Report of the New Brunswick Task
Force on the Environment and ReyeTs Syndrome. Clinical
and Investigative Medicine 5(2/3):203-214.



The major objection to the use of Atlox® 3409F was that it

has shown viral-enhancing properties in the laboratory and

is currently being investigated as a possible cofactor in

the pathogenesis of Reye's syndrome in children. In

response, the New Brunswick government deleted Atlox® 3409F

from the 1982 spruce budworm operational spray program and

mounted a substantially reduced program utilizing

fenitrothion in Cyclosol® 63 and Shell insecticide diluent

(ID) 585 and in Dowanol TPM® (tripropyleneglycolmethylether).

In addition, a crash program otherwise known as "Action

Plan", was initiated by the Forest Pest Management Institute

(FPMI), Canadian Forestry Service, involving several

cooperating agencies (federal, provincial and pesticide

manufacturing companies), aimed at generating, in one year,

all the laboratory and field data required to register new

aqueous emulsions of fenitrothion and aminocarb containing

acceptable emulsifiers other than Atlox® 3409F. Three new

tank mixes (one of aminocarb* and two of fenitrothion)

utilizing the emulsifier Triton® X-100 (Table 1) have been

developed and laboratory tested. These candidate spray

mixes were also field tested in New Brunswick during the

summer of 1982, on both small and large experimental spray

blocks to generate efficacy, environmental impact and

environmental chemistry data. This report summarizes the

* Aminocarb (Matacil®) [4-dimethylamino-m-tolyl methylcarba-
mate £r 4-dimethylamino-3-methylphenyl methylcarbamate]
was introduced by Bayer, A.G. in 1963 and is marketed in
Canada by Chemagro Chem. Co, under the trade name "Matacil".



environmental chemistry aspect of that spray program

incorporating the behavior of aminocarb and fenitrothion in

certain indicator species chosen from each component of the

environment.

MATERIALS AND METHODS

1• Fate of aminocarb and fenitrothion in an aquatic environment

(a) Experimental site

The study was conducted in 4 streams in the Nipsiguit

River watershed near Popple Depot, New Brunswick (Fig. 1).

Popple Depot is in Northumberland County ca 65 km WSW of

Bathurst at 47°23,50"N (latitude) and 66"30f40"W (longitude).

The sampling sites chosen in Portage Brook and Sixty-three Mile

Brook were inside the experimental spray Blocks I and III,

respectively. Ransom Brook site was outside the spray Block II

but was sprayed with the same fenitrothion used in II.

White Birch Brook served as the untreated check. For brevity

these large (ca 200 ha) spray blocks are referred to in this

report as Bathurst blocks to distinguish them from the 50 ha

ones near Charlo. The discharge rates of the 4 streams

fluctuated considerably and the values obtained on July, 5,

1982 are given in Table 4 as an indication of their sizes.

(b) Insecticide formulations

Initial difficulties were encountered in mixing

Triton®X-100 with water, aminocarb and fenitrothion primarily



due to gelation* of the emulsifier with water if the two are

added simultaneously. This was avoided by first thoroughly

mixing Triton® with the insecticide concentrates and finally

adding water gradually. This sequence in mixing is

important. Three spray formulations were prepared; two with

fenitrothion and one with aminocarb. The percent (vol.)

composition of different ingredients present in the spray

formulations (tank-mixes), the blocks sprayed with them,

application rate^dosage, etc., are summarised in Table 2.

(c) Aerial applications

Aerial applications were conducted by Forest

Protection Limited (FPL), the crown corporation responsible

for budworm spraying in New Brunswick. Portage Brook and

Sixty-three Mile Brook were treated by spraying Blocks I and

II respectively. Ransom Brook was treated separately from

Block II by spraying a double swath down the stream from its

headwaters to its confluence with Portage Brook. Spotters

were used to ensure that spray lines were followed and the

streams and sampling sites received good coverage. Details

of the insecticide formulations and applications are

summarized in Tables 2 and 3, respectively.

* Gelation is due to the rapid hydration of linear Triton®
molecules which are already noted for their strong inter-
molecular forces (dipole-dipole, H-bonding and dispersion).
It is accompanied by swelling of the molecules causing its
viscosity to increase considerably. Since translational
kinetic energy of the molecules are low at low temp.,
gelation is severe at low temp. Solvated Triton® molecules
cohere and interlock into chains giving a jelly-like
appearance. Gelation is avoided by preventing hydration
(addition of Triton® first, to insecticide concentrate to
form a well-defined disperse phase) followed by mechanical
stress, i.e., strong agitation.



(d) Ground applications

Portage Brook, Ransom Brook and Sixty-three Mile Brook

were also treated by hand on July 7, 1982 using the same 3

tank mixes used earlier in the aerial application of Blocks I,

II and III. The test formulations were applied cji 100 m up

stream from the selected sampling sites using a "Micron ULVA

Sprayer". According to the manufacturer's specifications,

this ultra-low volume applicator is capable of producing a

narrow spectrum of droplet sizes with a VMD (volume-median

diameter) of 70 pm. Dosage rates were adjusted by diluting

the tank mixes with water so that the residue levels obtained

in stream water were lighter than in normal aerial

applications. Details of the insecticide formulations and

applications are summarized in Table 4.

(e) Sampling of substrates for residue analysis

The following substrate samples (pre-spray and post-

spray, at intervals of time) were collected from the three

spray Blocks I, II and III (at intervals of time) from

previously chosen sampling sites according to established

procedures (Szeto and Sundaram 1981) .

Aerial application—samples collected

(i) Water (1L)—surface, 1 cm depth at midstream using

clean, dry mason jars (pre-spray, 1, 3, 6, 12, 24 h

post-spray). Total samples 6x2x3=36 (Table 5)



(ii) Moss (ca 300 g). Moss samples were collected from

stream bottom in and around where water samples were

collected. The excess adsorbed water in moss was

squeezed out and the moss was packed in polyethylene

bags. The sampling frequency was as in water.

Total samples collected 6 x 2 x 3 * 36. Each sample

was divided into two subsamples (Table 6).

(iii) Aquatic insects (< 1 g) were sampled only from

Portage Brook(aminocarb) during 1st application by

S. Holmes. Total samples collected 6x1=6

(Table 6).

(iv) Brook trout (Salvelinus fontinalis) (10-110 g) were

sampled (electrofishing) from Portage Brook

(aminocarb) by S. Holmes. Total samples collected

6 x 2 « 12 (Table 7)

(v) Balsam fir [Abies balsamea (L.) Mill.] foliage (ca

200 g). Mid-crown branches 20 CTn from tip, were

sampled randomly from each spray block 1 h after

the second application, then the foliage of each

block was pooled separately and divided equally

into 4 samples per block. Total samples 4x3 = 12.

Ground application (1 application only)—samples collected

(i) Water (1L). Surface water 1 cm in depth was

collected at midstream using clean, dry mason jars

(pre-spray, 0.5, 1.0, 3.0 and 5.0 h post-spray).

Total samples 5 x 1 x 3 = 15 (Table 10) .



2. Fate of aminocarb and fenitrothion in a terrestrial

environment

(a) Experimental site

Three 50 ha (1000 m x 500 m) spray blocks 1, 2 and 3

(referred to as Charlo blocks to distinguish them from the

larger ones near Bathurst mentioned earlier) were selected in

a mixed, mature coniferous forest (soft: hardwood ratio ca

75:25 with canopy cover > 90%) about 35 km southwest of

Charlo, N.B. (Fig. 2) at 47°50'N and 66°30?W for testing the

newly developed experimental formulations of aminocarb and

fenitrothion containing Triton^C- 100. Seven nearly uniform

size and shape balsam fir, [Abies balsamea (L.) Mill.] trees

ca 14.0 ra in height and DBH 16 cm. with good foliage content

were selected randomly in each plot transecting it partly

across the centre. They were tagged with plastic ribbon and

numbered as 1 to 7 pre-fixed with the block number to

identify the trees selected in each block. Ground vegetation

and neighbouring trees surrounding each sampling tree were

cleared up to a radius of jca 5 m to enhance exposure to spray

cloud. A fully exposed soil plot (ca 15 m2) and a litter

plot (ca 25 m2) were also established in the same vicinity.

Usually the residue chemistry plot covered an area of ca

2000 m2 with a radius of ca 25 in in the centre of each 50 ha

spray block. Layout of trees and the location of soil and

litter plots in the 3 spray blocks are given in Figs. 3 to 5.



(b) Spray applications

The test formulations containing Triton®X-100 were

sprayed by Forest Protection Limited. Each block received

2 applications after an interval of 5 days. The

composition of each tank mix (vol. %), dosage of Al/ha,

application rate and the formulation each block received

are given in Table 2. Aircraft types, spray data, spray

parameters and meteorological conditions existed during

the spray operations are given in Table 3.

(c) Ground spray deposit assessment

Two glass slides (7.5 cm x 5.0 cm) along with a

Kromekote® card (10 cm x 10 cm) mounted on a folding

aluminum plate (collection unit) (Randall 1980) were used

for droplet size and deposit assessments. In each plot,

23 collection units and additional 15, containing only 2

Kromekote® cards in each were placed on aluminum stands jca

15 cm above the ground level for each spray application.

The collection units were positioned in the plot 0.5 h

prior to application as follows:

Litter plot 4 collection units (N, S, E and W)

Soil plot 4 collection units (N, S, E and W)

Sampling tree 2 collection units per tree (7 trees)--l

upwind under the tree and 1 downwind

under the tree, total 14.

Open space 1 collection unit. Collection units

containing 2 Kromekote® cards in each

(randomly spaced) 15



Total number of collection units/plot/application = 23

Total number of Kromekote® cards/plot/application =

23 + 30 = 53

Care was taken to ensure that ground vegetation did not

obscure the surface of the collection units in any way.

Layout of the cards in the chemistry plots are diagramatically

represented in Figs. 3 to 5.

The collection units were collected 1 h after the

spray application, transported immediately to the field

laboratory where the deposits on the glass plates were removed

by washing with 3 x 5 ml of pesticide grade ethyl acetate and

the eluates were stored in tightly sealed amber coloured

bottles away from heat and sunlight.

In the laboratory, the eluates were first analyzed for

the AI by GLC and later flash evaporated gently to dryness

and the residues were taken in methanol (Rhodamine) for

colorimetric analysis of the dye tracer.

The Kromekote® cards were examined* under magnifica

tion and the spots recorded. The resulting counts vere

grouped according to size and from these the droplet size

spectrum was calculated using the spread factor (S.F.) values.

From the droplet size spectrum deposit densities (g Al/ha)

were calculated. Results are recorded in Table 3.

* Only 44 cards were used in the study because of spoilage of
the rest during transportation. No claim is made that the
droplet density and deposition pattern reported in Table 3
represented the entire 50 ha block.
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(d) Sampling of materials for residue analysis

(i) Air sampling

Airborne aminocarb and fenitrothion were collected

at pre-spray, 1, 3, 6, 12 and 24 h post-spray (Fig. 6) by using

dimethylformamide (DMF) filled frilled glass bubblers (Lee

1976) which operated at 5 L/min for 1 h with battery-powered

pumps (Fig. 7). The DMF samples were stored in a freezer.

In the laboratory, the solvent (DMF) was flash-evaporated

gently at low pressure to dryness, partitioned with C^H^/H 0 and

the residues in the organic phase (total 2 x 36 = 72 samples)

were analysed by GLC (Fig. 8). Results are given in Table 11.

(ii) Foliage soil and litter

Foliage samples (20 cm branches) were taken

randomly from mid-crown of each tree selected. New growths

were removed from the cut-up branches, and then the needles and

the associated tender twigs were clipped and were stored

immediately in styrofoara coolers, along with frozen ice packs.

They were then stored in a freezer at -20°C until analyzed.

The pH of the soil was about 6.2. At each sampling

20 cores (2.5 cm in diameter) were taken randomly from the

top of 1 cm layer, wrapped in aluminum foil and subsequently

handled as described for foliage.

Forest litter samples were taken (random 1 cm depth,

1 core per sampling period) at the sample frequency as soil

using a coring device developed at this laboratory and the

samples were handled further as described above.
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3. Extraction clean-up and analysis

(a) Sample preparation

All foliage were stored at -20°C prior to analysis.

(i) Foliage

Each sample (needles mainly) was thoroughly mixed

in a Hobart bowl chopper and stored in sealed plastic bags @

-20°C prior to analysis.

(ii) Litter, soil, sediment and aquatic plants

Stones, twigs, etc., were removed and each sample

was thoroughly mixed, by hand, prior to analysis,

(ill) Insects

In most cases the entire sample was analyzed,

(iv) Water

Water samples (1l) were extracted immediately

with dichloromethane (150, 75, 75 ml) using 500 ml aliquots

each time.

(v) Moss

Moss sampled at the same time as water and

sediment were squeezed to remove the adsorbed water, cut

into small pieces and stored at -10°C until analysis,

(vi) Fish

All fish collected each time were stored in

labelled plastic bags until analyzed (-10°C). Each sample

was ground by chopping with a large knife, mixed thoroughly

and triplicate subsamples were used in analysis.
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(b) Moisture content

(i) Foliage, litter, soils and sediment

Subsamples of thoroughly mixed material were

weighed, dried @ 105°C for 18 h and reweighed.

(ii) Watercress, moss and insects

The ethyl acetate extracted material (pre-weighed)

was collected on a weighed filter, dried @ 105°C for 16 h

and reweighed. Very large variations in moisture content were

observed in these samples.

(c) Ash content (litter, soils and sediment)

The oven dried material was placed in an electric

furnace (§ 500°C for 18 h , cooled and reweighed.

(d) Sample extraction (both insecticides)

(i) Foliage

40.0 g of chopped sample were homogenized for

5 minutes with 150 ml ethyl acetate (Caledon Chemicals or

Fisher Scientific) using a Brinkmann Polytron blender. The

blender was rinsed with solvent and the total mass of

homogenate recorded (-240 g).

(ii) Litter, soil and sediment

40.0 g of thoroughly mixed sample were macerated

for 5 minutes with 150 ml ethyl acetate using a Waring

blender. The blender was rinsed with solvent and the total

mass of macerate recorded (-240 g).
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(iii) Aquatic plants

10.0 g of thoroughly mixed sample were

homogenized for 5 minutes with 50 ml ethyl acetate as in (i).

The homogenate was filtered under vacuum through a weighed

Whatman No. 1 filter paper, rinsed with solvent and the

filtrate diluted to 100 g (accurately weighed). The filter

cake was dried as previously described.

(iv) Insects and fish

The whole sample was homogenized with a minimum

volume of ethyl acetate, vacuum filtered as described in (iii)

and the mass of the filtrate recorded. The filter cake was

dried as previously described.

(e) Column clean-up

(i) Basic

Aliquots of the extracts equivalent, where

possible, to ~ 1 g of sample were taken; e.g., foliage: 5 ml,

soils, litters and aquatic plants: 10 ml and for the

insects; aliquots of the homogenates were concentrated to

10 ml using a Buchii Rotovapor®.

The aliquots were transferred to mini-columns

(Pasteur pipettes; large volume, Fisher Scientific 13-678-8)

containing 0.4 g of a mixture of neutral charcoal and

cellulose powder (4:10) covered with 1 g anhydrous Na2S0i».

The mini-columns were attached, by Tygon® tubing, to glass

tubes (55 cm x 8 mm, i.d.). Where necessary 5 ml of ethyl

acetate were added to bring the total applied volume to
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10 ml. The aliquots were allowed to percolate through the

columns and the eluates were collected in pre-cleaned

containers.

(ii) Fenitrothion

As an aliquot passed into the Na2S0*, 35 ml of

mixed ethyl acetate and toluene (25 + 75) were added to the

coiumn and allowed to elute, under gravity, into the

collection vessel.

The combined eluate was concentrated to ~ 5 ml

using a Buchii Rotovapor®, quantitatively transferred to a

graduated tube and concentrated to 1.0 ml under a 3tream of

dry N2.

Eluates and concentrates were stored at 4°C

when necessary.

(iii) Matacil®

As the aliquot passed into the Na2S0s», 35 ml of

mixed methanol and ethyl acetate (20 + 80) were added to

the column and eluted and concentrated as described above,

(e) Gas chromatography

A Hewlett Packard HP5340A fitted with a 6 ft x 4 mm

glass column packed with 1.5% OV-17 -i- 1.95% OV-210 on

Chromosorb W HP (80/100 mesh) and a N-P detector was used.

A carrier gas flow (He) of 40 ml/min. was maintained.

For fenitrothion: oven temperature « 200°C

For Matacil®: oven temperature = 185°C
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(f) Spikes and procedural blanks

Spikes and blanks were introduced into each batch of

analytical samples, typically at the column clean-up step,

in order to assess exact recovery and the effect(s), if

any, of reagent changes.

(g) Detection limit of the insecticides

The analytical limit of detection for both insecti

cides was 0.01 pg/ml of final extract for injection. This

in turn was equivalent to 0.01 yg/g of the same on the "as

sampled" basis. Due to variations in the moisture contents

of different varieties of substrates studied, the calculated

limit of detection (MDL), on a dry weight basis, varied

usually from 0.01 Ug/g to 0.05 yg/g.

RESULTS AMD DISCUSSION

Spray deposition

In spruce budworm (SBW) control operations, we have

to optimize the following 3 factors to achieve maximum kill,

(a) spray density and droplet size at the target site,

(b) volume application rate and (c) concentration of AI in

the spray mix. The first two parameters determine the toxi

cant contacting the insect, either by direct hit. or by

crawling and the last one determines the lethal effect.

Taking the deposit values obtained on the collection units

as a function of (a) [(b) is constant], formulations (2)

and (3) (Table 2) gave better average droplet densities

(37.99 and 22.31) compared to formulation (1) (4.58). Very
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Table 1

®
TRITON X-10Q(N0NI0N5C SURFACTANT)

Structure: CH3-C~CH2-C- \^J ~<OCH2CH2) OH
CHo CH3

Name: para tert«- octylphenoxynonaethoxyethanol

Manfacturer: Rohm and Haas

Synthesis:

H CH3
CHo-C- C- \ y-OH + 10

° i | ^^
H CH.

0

H2C CH2

Para tert-octylphenol ethylene oxide

C(H3 -^3/-%
* CH3-C- CH2-C- \_/- (OCH2CH2 ) 1Q OH

CH 3 CH3

para pert-octylphenoxynonaethoxyeth a no I
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Table 1 (con't)

®
PROPERTIES OF TRITON X-100 (NONIONIC SURFACTANT)

Appearance: Clear liquid, mild odour

Viscosity: Viscous (H-bonded) 240 cps. at 2 5~c

Sp. Gravity: 1.065 at 25°c

Pour Point: 7°c

HLB Value: 13.5

.0

Solubility: Soluble in water (caution: forms gel)
and polar solvents. Solubility low in

aliphatic nonpolar solvents.

pH (5% a q.): 6.0-8.0

Cloud Point: 63-69°c (1% a q.)

Toxicty: Acute oral LD50 rats ca.1900 mg/kg
Skin and eye irritation; readily

degradable.

Uses: 1. Used in detergents for fabrics.
2. Sanitizer (10% cone.) in dairy

industry.

3. Wetting agent for textiles.

4. Cleansing agent for metals, tiles,

vinyl, masonry, etc.
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Table 2. Spray formulations* used In 1982 experimental studies.

Formulation

No.

Charlo Bathurst Ingredients (vol. Z)
Block No. Block No. (used in spray mixes)

111

II

Fenitrothion1 (concn) 10.9
Triton® X-1002 3.0
Cyclosol 633 24.0
Water 61.]
Rhodamlne dye 1.0

Matacil® 180F5
Triton® X-1002
Water

Khodamine dye

26.7

3.0

69.3

1.0

Fenitrothion1 (concn) 10.9
Triton® X-1002 10.7
Water 77,4
Khodamine dye 1.0

Application Dosage
(L/ha) (g/ha)

1.5 210

1.5 70

1.5 210

"1 '—I

Ingredients (vol. Z)
(should have been
In spray mixes)

11. 0

2. 8

24. 0

61. 2

1. 0

26,.7

2..8

69 .5

1 .0

11 .0

13 .7

74 .3

1 .0

* Formulations used in blocks near Bathurst did not contain any tracer dye; the volume was compensated by water

1 Novathion® (tech.) supplied by Chemlnova, Leravlg, Denmark.

2 Rohm and Haas Canada Inc., West Hill, Ont.

' Shell Canada Chem. Co. Ltd., Toronto, Ont.

" Allied Chemicals, Morrlatown, New Jersey, U.S.A.

5 Cheroagro Ltd., Miasissauga, Ont.



Table 3. Details of spray application and deposit data for formulations containing Triton® X-100 sprayed in New Brunsulck
In June 1982 research spray program. June 1982.

Block1 and application

Field data , 1st 2nd 1st 2nd lot 2nd
app. app- nPP« aPP« «PP« aPP-

Date of application 12 17 12 17 12 17

Spray time (h) (ADT) 2100 0745 2050 0715 0735 0655

Aircraft type C2 C C C C C

Speed (ktn/h) 160 160 160 160 160 160

llcight (m) ' 30 30 30 30 30 30

Atomiser* MA MA HA MA MA HA MA MA MA MA MA MA

Emission rate (L/min) 23.7 23.7 23.7 23.7 23.7 23.7

Wind speed (km/h ) 3±2 3±1 3±2 5*3 3i2 3±1

Temp. (0"C) 15.5 11.1 16.1 11.1 13.3 11.7

R.ll. (2) 71 75 62 81 CO 87

Inversion (A°P) 11 12 3 4

Drops (cm2)' 3.89 5.27 3.31 72.67 4.38 41.23

Drain. (»») 6 4 3 9 6 4

Umax. <""»> 11A 13U 101 101 11A 13°
Number mode (pro) 25-40 - 10-20 20-30 20-30 20-30

Volume mode (uw) 65-90 110-160 10-35 £. 20-35 - 2Q-35 «<
60-85 100-130

NMD (urn) 30 34 12 20 21 4

VMD (Um) 60 99 61 32 46 31

Vol. deposited7 (ml/ha) 21 100 2.7 98 8.9 60

Percent deposited 1.44 6.83 0.18 6.71 0.61 4.12

Amount deposited" (g Al/ha) 4.12 10.39 1.33 4.57 2.80 8.02

Percent deposited 1.96 4.95 1.90 6.53 1.33 3.82

Amount deposited' (g Al/ha) 0.67 2.17 1.68 0.31 5.48 6.88

Percent deposited 0.32 1.03 2.40 0.44 2.61 3.28

CLC analysis of tank- 12.62 11.10 7.35 6.04 0.06 1.26
mix10 (g AI/100 g)

1 Charlo blocks (1.0 x 0.5 km - 50 ha size) are represented by Arabic numerals and Bathurst blocks (c£ 200 ha) are
represented by Roman numerals in this report.

2 Cessna 180C; 'Cruman Agcat; ""Cessna Agtruck; Four Micronalr (HA) AU3000 from Klcronair (Aerial) Ltd., Sandown, England.
' Kromekote*1 card/glass plate collection units at ground level in the Chemistry Plot; data is not representlvc of the

entire block, 'spot counting, *colorimetry, CI.C analysis of glass plates (average of 44 plates in Charlo and 8 plates
in Bathurst for each application)*

"Expected nominal eoncna (g AI/100 K) are: Blocks 1 and III 14.24; Blocks 2 and I 4.91 and Blocks3 and II 13.84.* Only
one sample received In each.

II III

1st 2nd 1st 2nd 1st 2nd

app. app. app. app. app. app.

17 25 17 24 22 28

0650 0610 0700 2030 1955 19/. 0

C Ac' cat" C AC CAT CAT CAT

3.30 4.63 0.48 0.08 0.67 2.17

4.71 6.61 0.23 0.04 0.32 1.03

8.27* 7.32* 12.08*
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Table 4. Details of stream inject!on s tudles near a acnurac, n.a

on Time of

injection
(ADT)

Duration

(sec.)

Stream

discharge*
(L/sec.)

Injection
+ water

mix (formulation
as diluent) (ml)

Forinulati

Location2 used3
Formulati

(ml)

650

on Water diluent

(ml)

Portage Brook 2 0955 600 179 0

Ransom Brook 3 084 5 285 58 75 575

Sixty-three Mile Brook 1 0745 290 23 30 620

White Birch Brook control 139

1 Micron Sprayers Ltd., Herefordshire, England

2 See Fig. 1.

3 See Table 2 for composition.

* Measured on July 5, 1982.



Table5.Insecticideconcentrations(ppb)instreamwatersfollowingaerialapplicationofaminocarbandfenitrothion
containingTriton®X-100,Bathurst,N.B.,1982.

Timeafter

spraying
(h)

Prespray*

1

3

6

12

24

Formulation2(Aminocarb)
PortageBrook

Formulation3(Fenitrothion)
RansomBrook

Formulation1(Fenitrothion)
Sixty-threeMileBrook.

1stapplication2ndapplication1stapplication2ndapplication1stapplication2ndapplication

N.D.

2.26

0.33

0.06

0.03

N.D.

N.D.

0.53

0.06

H.D.

N.D.

N.D.

0.17

0.13

0.09

0.07

0.03

0.25

0.15

0.12

0.09

0.11

0.10

0.03

0.01

0.01

0.09

1.84

0.61

0.40

0.15

0.33

N.D.Notdetectable;detectionlimit,0.01ppb.

*Pre-spraysamplesofwaterinallthethreeblocksandthepost-spraywatersamplesinPortageBrookcontained
detectablelevelsoffenitrothion.Theusualconcentrationlevelsvariedfrom0.01ppbto0.06ppb.No
rigorousattemptwasmadetoquantifyfenitrothionfromallwatersamplesanalysedfromPortageBrook.

1JJJJ
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Table6.Insecticideresidues(ppb)*inmossandaquaticinsectsamplescollectedfromlargesprayblocksnearBathurst,
N.B.,1982.

Time

after

Formulation2(Aral
PortageBroc

.nocarb
,lt)*A

Forraulation3

Ransom

(Fenitrothion
Brook)

Formulation1

Sixty-three
(Fenitrothion
MileBrook

applica
tion

1stapplicaitlon2ndapplication1stapplication

Moss

2ndapp

M

ilication

OSS

1stapplication

Moss

2ndappl

Mo

icatlon

(h)

Moss

Aquatic
insectsMoss

ss

Pre-sprayN.D.

[29,10]
N.t

20(34)

20(72)
[89,317]

62(179)100(354)128(579)176(646)

175(290)
[44,188]

20(34)112(399)
[88,412]

140(560)143(442)60(390)152(609)

398(349)
[79,210]

<20(<35)152(535)
[47,205]

160(970)168(471)40(230)116(342)

661(196)

[111,370]
<20(<35)83(307)

[96,44&]
90(580)177(469)30(160)133(397)

1244(111)
[66,201]

<20(<35)31(138)
[110,502]

100(450)160(452)20(140)71(260)

2416(56)
[72,251]

<20(<35)19(71)
[61,262]

56(300)66(259)70(252)130(516)

*Someofthevaluesreportedherearegeneratedbycontractwork.

**Pre-sprayandallthepost-spraymosssamplescontainedfenitrothionascontaminantandarereportedassubscriptsin
squarebrackets;firstvalueisassampledandthesecondisasoven-dried.

Valuesinparenthesesareforoven-drysamples(105°Cfor16h*»AOAC1955).
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Table7.Residuesofaminocarb(ppb)*inbrooktroutsamplescollectedfrom
PortageBrookfollowingaerialapplicationofaminocarb
formulationcontainingTriton®X-10C,Bathurst,N.B.,1982

Timeafterapplication

00

Pre-spray

1

3

6

12

24

Formulation2(Aminocarb):PortageBrook

1stapplication(ppb)

N.D.(5.7)

25.1(54.0)

6.9(44.7)

2.3(41.4)

1.1(30.8)

N.D.(102.7)

2ndapplication(ppb)

N.D.(4.6)

84.6(9.2)

3.7(3.7)

0.6(1.7)

N.D.(1.7)

N.D.(2.0)

N.D.Notdetectable;detectionlimit,0.5pph.Valuesinparenthesesshow
fenitrothionfoundinthesamefishsamplesanalysed.

*ValuesarethemeanoffourdeterminationswithS.D.±8%.
Averagemassoffish•14±6g.
Averagelengthoffish»10±2cm.

00
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Table8.Comparisonofaminocarbconcentrations(ppb)presentinstreamwater,
mossandfishsamplescollectedfromPortageBrook.

Timeafter

spraying

(h)WaterMossFish(brooktrout)WaterMossFish(brooktrout)

1stapplication

Pre-spray

1

3

6

12

24

N.D.N.D

2.2675

0.3898

0.0661

0.0344

N.D.16

N.D.

25.1

6.9

2.3

1.1

N.D.

2ndapplication

N.D.20

0.53112

0.06152

N.D.83

N.D.31

N.D.19

N.D.

84.6

3.7

0.6

N.D.

N.D.

~1
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Table 9. Comparison of fenitrothion concentrations (ppb) present in stream waters
and moss samples collected from Ransom Brook and Sixty-three Mile Brook,
Bathurst, N.B. , 1982.

Formulation No. 1 Fenitrothion +

Time after Cyclosol + Triton®X-100 and water:
»««n„a*4«„ Sixty-three Mile Brook
application

Formulation No. 3 Fenitrothion +

Triton®X-lOO + water

Ransom Brook

(h) 1st app11cation 2nd app11cation 1st app11cation 2nd app11cation

Water Moss Water Moss Water Moss Water Moss

Pre-spray* 0.01 128 0.06 176 0.04 62 0.02 100

1 0.10 60 1.84 152 0.17 140 0.25 143

3 0.03 40 0.61 116 0.13 160 0.15 168

6 0.01 30 0.40 133 0.09 90 0.12 177

12 0.01 20 0.15 71 0.07 100 0.09 160

24 0.09 70 0.33 130 0.03 56 0.11 66

* See footnotes in Table 5.

~~1

45-

O
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Table10.Insecticideconcentration(ppb)instreamwatersfollowingground
applicationofaminocarbandfenitrothioncontainingTriton®X-100
Bathurst,N.B.,1982.

Timeafter

application

(h)

Pre-spray

0.5

1.0

3.0

5.0

Formulation2

(Aminocarb)
PortageBrook

N.D.(0.01)

6.15(0.05)

2.98(0.04)

1.01(0.03)

0.75(0.04)

Formulation3

(Fenitrothion)
RansomBrook

0.04

4.06

1.33

0.16

0.04

Formulation1

(Fenitrothion)
Sixty-threeMileBrook

0.07

21.45

4.06

0.32

0.14

N.D.Notdetectable;detectionlimit0.01ppb.

Valuesinparenthesisshowfenitrothionfoundinaminocarbtreatedstreams.
Pre-spraywatersamplesfromRansomBrookandSixty-threeMileBrook
contained0.04and0.07ppboffenitrothion,respectively.
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Table11.Insecticideconcentrations(ng/ms)inairsamplesfollowingaerialapplicationofAminocarband
FenitrothioncontainingTriton®X-100duringthe1982experimentalsprayprograminNewBrunswick

FormulationNo.1,
CharloBlockNo.1

(Fenitrothion+cyclosol-I-water)

FormulationNo.2,
CharloBlockNo.2

(Aminocarb+water)

FormulationNo.3,
CharloBlockNo.3

(Fenitrothion+water)
Timeafter

application
(h)

1stapplication2ndapplication1stapplication2ndapplication1stapplication2ndapplication
(Evening)(Horning)(Evening)(Morning)(Morning)(Morning)

Pre-spray

1

3

6

12

24

90

1997

470

163

102

448

72

1281

331

308

115

T

N.D.(68)

198(77)

226(66)

177(54)

N.D.(54)

N.D.(86)

N.D.(59)

329(58)

394(87)

191(91)

178(77)

63(59)

N.D.Notdetectable;detectionlimit50ng/m'

TTraces45-49ng/m*

Valuesinparenthesesshowfenitrothioncontaminationfoundinaminocarbsprayedblock.

89

155

145

210

217

86

70

107

418

629

89

78
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Table 12. Fenitrothion residues in balsam fir foliage from
(Charlo) Block 1.

Time after

spraying

Pre-spray

1 h

3 h

6 h

2 h

1 d

2 d

5 d

Fenitrothion concentration (ppb)

1st Application 2nd application

As sampled Oven-dry As sampled Oven-dry

844

1220

1090

1120

1290

620

1340

490

431

600

550

560

660

310

610

230

341

770

740

820

540

730

740

380

638

1680

1590

1580

1060

1480

1430

790
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Table 13. Aminocarb residues in balsam fir foliage from
(Charlo) Block 2.

Aminocarb concentration (ppb)

Time after
. 1st application 2nd application

spraying ** r

As sampled Oven-dry As sampled Oven-dry

Pre-spray N.D.* —

1 h 460 860

3 h 290 560

6 h 230 430

12 h 670 1280

1 d 70 120

2 d 440 940

5 d 390 810

210 438

450 930

600 1200

430 830

670 1260

550 1060

490 920

270 560

* Fenitrothion contamination in the pre-spray samples
amounted to 270/537 and 399/685 ppb, respectively. All
post-spray samples contained fenitrothion and the "as
sampled" concentration ranged from ca 400-670 ppb. No
attempt was made to quantify exactly the levels of
contamination in each foliar sample.
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Table 14. Fenitrothion residues in balsam fir foliage from
(Charlo) Block 3

after

tying

Fenitrothion concentration (ppb)

Time

spra
1st a ppli cation 2nd a pplication

As sampled Oven-dry As sampl ed Oven-dry

Pre-sjpray 1057 2073 680 1329

1 h 1869 2620 1720 3520

3 h 850 1520 1570 2910

6 h 570 1030 1360 2440

12 h 1450 2620 1250 2280

1 d 1110 2090 890 1600

2 d 800 1490 1160 2120

5 d 710 1470 640 1310
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Table 15. Insecticide residues in baleam fir foliage collected from large blocks near Bathurst, N.B., 1982, 2nd application,
1 h post-spray samples.

Formulation Block

No. No. Formulation ingredients

III Fenitrothion + Cyclosol
+ Triton®X-100 + water

I Aminocarb + Triton®

X-100 + water

II Fenitrothion + Triton®

X-100 + water

Residue concn. (ppb)
Average
concn.

(ppb)

1119, 1122, 1199, 1416 1214

1260, 1307, 1329, 1410 1327

1890, 1922, 1998, 2110 1980

Comparison of 1 h concn. (ppb) in
smaller blocks near Charlo

Block 1st appli- 2nd appli-
No. cation cation Average

600 770 685

460 450 455

1450 1720 1585



Table 16. Fenitrothion residues in forest litter from

(Charlo) Block 1.

47

Time

spra

after

lying

Fenitrothion concentration (Ppb)

1st application 2nd a PP lication

As sampled Oven-dry As sampl ed Oven-dry

Pre-Ejpray 24 98 65 211

1 h 170 540 220 860

3 h 110 310 250 970

6 h 220 630 110 410

2 h 100 270 220 790

1 d 130 410 270 970

2 d 150 520 240 870

5 d 70 270 160 690
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Table 17. Aminocarb residues in forest litter from (Charlo)
Block 2.

Aminocarb concentration (ppb)

Time after
. 1st application 2nd application

spraying *_*' _

As sampled Oven-dry As sampled Oven-dry

Pre-sp:ray N.D.* —

1 h <10 <50

3 h <10 <50

6 h <10 <50

12 h <10 <50

1 da <10 <50

2 d <10 <50

5 d <10 <50

<10 —

<10 <50

<10 <50

<10 <50

<10 <50

<10 <50

<10 <50

<10 <50

Detection limit ranged from 25 ppb to 50 ppb on oven-dry
basis.

* Fenitrothion contamination in the pre-spray samples
ranged from 66/98 to 54/87 ppb. For additional details
see footnote in Table 13.



Table 18. Fenitrothion residues in forest litter from

(Charlo) Block 3.

49

after

tying

Fen itrothion concentration (ppb)

Time

spra
1st app11cation 2nd a PP llcation

As sampled Oven-di•y As sampl ed 0\'en-dry

Pre-a pray 540 993 65 238

1 h 130 230 140 430

3 h 80 200 290 880

6 h 100
-

130 100 210

12 h 100 170 200 460

1 d 70 120 120 320

2 d 110 160 220 410

5 d 50 180 70 270
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Table 19. Fenitrothion residues in forest soil from (Charlo)
Block 1.

Fenitrothion concentration (ppb)

Time after

spraying
1st app!Lication 2nd application

As sampl.ed Oven-dry As sampled Ovien-dry

Pre-spray 11 16 80 132

1 h 70 90 100 140

3 h 90 110 80 120

6 h 120 160 60 80

12 h 70 100 90 120

1 d 140 190 130 190

2 d 30 50 80 110

5 d 70 100 60 80
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Table 20. Aminocarb residues in forest soil from (Charlo)
Block 2.

Aminocarb concentration (ppb)

Time after
._ 1st application 2nd application

spraying _ _

As sampled Oven-dry As sampled Oven-dry

Pre-spray N.D.* —

1 h <10 <10

3 h <10 <10

6 h <10 <10

12 h <10 <10

1 d <10 <10

2 d <10 <10

5 d <10 <10

<10 —

90 120

<10 < 10

<10 < 10

<10 < 10

<10 < 10

<10 < 10

<10 < 10

N.D. Not detectable; detection limit on oven-dry basis ca_
14 ppb.

* Pre-spray fenitrothion concentrations ranged from 115/
163 to 124/190 ppb. For more details see footnote in
Table 13.



Table 21. Fenitrothion residues in forest soil from

(Charlo) Block 3.

52

after

lying

Fenitrothion concentration (ppb)

Time

sprs
1st appll<nation 2nd a pplication

As sampled Oven-dry As sampl ed Oven-dry

Pre-spray 201 286 140 175

1 h <10 <10 60 80

3 h 480 600 170 240

6 h 70 80 140 180

12 h <10 <10 350 500

1 d <10 <10 70 100

2 d 60 70 240 300

5 d 190 280 90 110
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Table 22. Half-lives (days) of aminocarb and fenitrothion in some forestry substrates

'ormulation 1 (Fen. + Cyclosol + Triton® + water) 2 (Matacil® + Triton® -f water)
N°* 1st application 2nd application 1st application 2nd application 1st application 2nd application

Foliage
(b. fir)

Soil

Litter

A.S. O.D.

2.8 3.0

2.7 3.0

2.8 2.9

A.S. O.D.

3.0 3.4

2.9 2.9

2.8 3.0

A.S. As sampled.

O.D. Oven-dry (105*C for 16 h; AOAC 1955).

A.S. O.D. A.S. O.D.

2.7 3.1 3.1 3.3

3 (Fen. + Triton® + water)

A.S. O.D.

2.6 2.5

2.2 2.5

2.4 2.2

A.S. O.D.

2.7 2.1

2.1 2.3

2.1 2.0
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likely formulation (2), because of the presence of volatile

cyclosol, would have yielded large percent of very small

droplets above the canopy level. Since smaller droplets

have large surface area, in all probability they would have

evaporated readily and drifted away from the spray area

before impacting onto the needles. Low percent deposited

on the forest floor (1.42 g Al/ha) and comparatively low

average level of concentration (1 h post-spray) observed in

the needles (685 ppb vs 1795 ppb in 3) (Tables 12 and 14),

confirms this hypothesis. It appears that the Triton® series

of emulslfiers because of their good dissolving power and low

volatility would yield better tank mixes and yield better

deposition patterns if an organic phase is absent in the

system. Presence of such materials could cause creaming

due specific gravity differences between the dispersed

phase and continuous phase. Further work is necessary in

this area to confirm these predictions as well as to under

stand the complexities of the dynamic equilibrium existing

among the disperse phase--interphase and continuous phase

in order to understand the overall formulation stability.

Results of the spray deposit data also indicate

that generally the second application was more successful

in producing a comparatively better droplet density and

heavier concentration of fenitrothion on the forest floor

than the first - application. This could very well be due

to the mixing problems encountered earlier in the spray
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operation. The amount of aminocarb reaching the forest floor

(second application) (0.44% deposited compared to 3.28% in

Formulation 3) was low probably due to its high volatility

(8 times higher) compared to (vapour pressure of aminocarb is

1 x 10~2 Pa at 20°C whereas fenitrothion is 8 x 10~* Pa at

20°C) fenitrothion. Since ground concentrations in all the

6 applications were low, it is normal to expect that apart

from the quantities trapped by the forest canopy, a

considerable portion of the insecticides released, could

have drifted outside the target area. So far, although some

studies have been undertaken here and elsewhere to quantify

the airborne spray drift, no attempt has yet been made to

understand its biological consequences in large-scale aerial

operations.

Among the three methods (spot counting, GLC and

colorimetry) used to evaluate the deposit concentrations on

the collection units, the GLC technique is reliable since it

is extremely sensitive and measures directly the AI concen

tration whereas in the other two, the dye additive acted as

a tracer. No correlation existed among the deposit values

(Table 3) obtained by all the three methods probably due to

the inhomogenity of the formulations because of gelation and

also due to the inherent experimental difficulties

encountered in colorimetry and spot counting.

In conclusion, assessment of deposits on the forest

floor in random locations over the chemistry plot (ca area
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2000 m2) using the three techniques (GLC, colorimetry and

spot counting) Indicated that only a fraction of the

insecticide released over the canopy descended to the

collection units kept on the forest floor. Various physical

and environmental factors at the site of each collection

unit could prevent spray released over the canopy from reach

ing the ground. Temperature inversions above the canopy,

temperature gradients between the canopy and the ground,

channelization of winds within the forest canopy and the

raicroraeteorological conditions that existed between the air/

ground interphase, are some of the factors that could have

greatly influenced he amount of deposit on the forest floor.

Clearly the factors that influence the deposition of

aerially released droplets on forest floor level are quite

beyond our comprehension at this time. Interpretation of

such results to bring out the truth, if any, requires

additional research.

Fenitrothion persistence

Fenitrothion is a choice insecticide for spruce bud

worm control in New Brunswick for the past 20 years. Field

studies conducted during the 1982 spray season indicated

that most of the pre-spray samples collected from all the

spray blocks, as well as the post-spray samples collected

from plots sprayed with aminocarb, contained detectable

levels of the chemical at ppb range. Itmay be due to its

inherent persistence characteristics (lipophilicity, low



57

vapour pressure, adsorption to matrices, slow degradation,

etc.) or very likely due to its drift from neighbouring spray

blocks. Wherever possible, the residue data on the non-

target fenitrothion present in various substrates are

recorded in this report with the firm understanding that we

are not yet sure of the origins of the toxicant in different

forestry substrates. Availability of data so far is not

adequate to arrive at a definitive and wise judgement.

Clearly additional in-depth research is required in this area

to understand, validate and comprehend the situation before

contemplating suitable corrective measures.

Stream water

Fenitrothion was detected in ppb levels in all the

pre-spray water samples although it is impossible to trace

the exact source. Previous studies (Montreal Engineering Co.

1977, 1979, 1981; Pearce et al. 1980) reported such a

phenomenon and considering the extensive use of the chemical

in New Brunswick spray programs it is understandable of its

presence in the environment.

The disappearance of fenitrothion and aminocarb from

stream waters are recorded in Tables 5 (aerial application)

and 10 (ground application) and are illustrated in Figs. 12

and 13, respectively. Following aerial spraying, peak levels

were found in the 1 h samples and ranged from 0.10 to 2.26

ppb. They decreased rapidly with time primarily due to

dilution followed by codistillation and to a lesser extent
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by dissolution, photolysis, microbial and adsorption.

Hydrolysis of the chemicals seems unlikely at the acidic

nature (pH ca 6.4 throughout the study) of water.

Similar rapid loss was also observed in stream injection

studies (Table 10); more than 85% of the amount found at

0.5 h post-spray concentration was lost within 5 h .

The half-lives (Tu) were below 1 h. The sudden increase

in concentration (0.09 and 0.33 ppb) (Table 5) of

unchanged fenitrothion at the last sampling period

(24 h) in Sixty-three Mile Brook is not difficult to

explain. Perhaps increased turbulence from the wind

action on the water column released moss (Table 6) and

particulate bound fenitrothion or leaf-fall, run-off,

drift, etc., could have contributed to the Increase. The

rapid loss of aminocarb in Portage Brook following aerial

application is very likely due to high stream discharge

(179 L/sec.) (Table 4). Similar conclusions can be drawn

for the other two brooks also since flow rates decreased

in the order:

Portage > Ranson > Sixty-three Mile

Whether the additives present in the formulations

had any noticeable influence on the persistence of the

insecticides in the water is hard to conclude because

the system was dynamic and such subtle points were

difficult to observe. Usually aminocarb and fenitrothion

are hydrophobic in nature, Triton®X-100 is hydrophilic.
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The presence of petroleum distillate in Matacil® 180F very

likely made it more hydrophobic compared to fenitrothion.

Probably the observed persistence of fenitrothion in water

beyond the 24 h period (Table 5) with concentrations

ranging from 0.03 to 0.33 ppb is attributable to the

hydrophilic nature of the emulsifier. Triton®X-100 being

water soluble and a polar cosolvent, caused the partial

mixing of fenitrothion in the water column; adding on to

this?the slow stream discharge accounts to some extent,

the persistence of fenitrothion in stream water.

Moss

Moss samples from the three brooks varied greatly

in its uptake and degradation or release of the insecti

cides (Table 6). Peak concentrations of aminocarb (98 and

152 ppb) in moss were found 3 h after the 1st and 2nd

applications and persisted to measurable amounts (16 and

19 ppb) beyond the 24 h sampling period. No correlation

could be established between the aminocarb concentrations

in water and moss samples except that moss adsorbed and

then gradually absorbed the insecticide film in the water

column and concentrated even when the aminocarb concentra-

tion in water was low. The bioaccumulation ratios

[aminocarb concen. in moss (as sampled)/amlnocarb concen.

in water] for moss in Portage Brook for both the applica

tions were 43 and 287, respectively at peak concentrations.

The higher values are due the geometry (fine needles with
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large surface area for adsorption) of moss and its

disposition in the stream. Small amounts (ca 20 ppb) of

aminocarb did persist (Table 8) in moss from the 1st

application to the pre-spray sample in 2nd application.

The uptake and disappearance of aminocarb in moss In relation

to its concentration in water are given in Fig. 8.

Measurable amounts of fenitrothion were detected

in all the pre-spray samples (Tables 6 and 9) from Ransom

and Sixty-three Mile Brooks. The uptake of fenitrothion

by moss was to some extent directly relatable to the

insecticide concentration in the stream water (Table 9).

The first application in both blocks did not produce

comparatively high levels of fenitrothion in water. The

peak concentrations (1 h post-spray samples) were 0.10 and

0.17 ppb, respectively. Correspondingly the maximum

concencentations observed in moss samples were 60 and 160

ppb with the corresponding bioaccumulation ratios of 600

and 941*. During the 2nd application the insecticide

concentration in moss samples varied in spite of the

higher concentrations of fenitrothion (1.84 and 0.25 ppb)

found in water, greatly altering their uptake patterns.

The bioaccumulation ratios varied from 83 (Sixty-three

Mile Brook) to 708 (Ransom Brook). Probably the

hydrophobic cyclosol, present as an additive in

* Pre-spray values were not considered in calculating the
bioaccumulation ratio. Similar high ratios were also
reported by Montreal Engineering Co. (1981), Moody,
et al. (1978) and Weinberger et al. (1981).
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Formulation 1 used in spraying the block contributed to the

low uptake of the chemical by moss. Furthermore,

fenitrothion content in all the moss samples studied from

the two brooks did not rapidly decrease with time (Fig. 11),

contrary to the case observed earlier in aminocarb. This

is very likely due to the presence of higher levels of

fenitrothion (ranging from 0.03 to 0.33 ppb) in the stream

waters even at 24 h sampling period.

Aquatic Insects

Table 6 shows the levels of aminocarb present in

aquatic insects (lumped sample containing different

families) sampled from Portage Brook following the 1st ap

plication. Aminocarb concentrations found in insects were

not high. The peak concentration detected is only 20 ppb

(1 h post-application) exposed to a maximum of 2.26 ppb

aminocarb (Table 5) in water representing a concentration

factor of c_a 9. Residues declined to below detection

limits (<20 ppb) rapidly afterwards coinciding with the

disappearance of residues in stream water indicating that

the uptake and bioconcentration potential by the insects

for aminocarb were not high. Further work is necessary to

confirm this observation since Penny (1971) reported that

the other insecticide, fenitrothion, is readily

bioaccumulated by aquatic insects yielding a concentration

factor of about 60.
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Fish

Residues of aminocarb found in brook trout

fingerlings sampled at intervals of time from Portage Brook

following the two aerial applications are recorded in

Table 7 and its disappearance from the fish is illustrated

in Fig. 10. No positive correlation could be found between

the aminocarb content in stream water and the concn* in fish sampled

at the same time (Table 8). Maximum levels of aminocarb

(25.1 and 84.6 ppb) in fish were observed at the first

sampling (1 h post-treatment) for both applications

indicating a rapid uptake of the insecticide. Concentra

tion factors 11 and 160 were obtained for 1st and 2nd

treatments respectively, indicating high variability

because of the inherent variables involved in the stream

ecosystem. The 15 fold increase obtained in the 2nd

application may be due to heavy feeding by fish of

suspended sediment (organic as well as inorganic) which

acted as a sink for various insecticides thereby acquiring

high aminocarb residues. No mortality or any noticeable

unusual behaviour was observed in spite of the high

concentration (84.6 ppb) of aminocarb found in them.

Residues in the fish declined rapidly coinciding with the

disappearance of residues in the stream water. After

12 h , none of the fish samples analysed contained detect

able (0.5 ppb) levels of aminocarb. This is in agreement

with the study conducted earlier in Searchmont, Ont.

(Sundaram 1981).
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Air

The amount of aminocarb (Block 2) and fenitrothion

(Blocks 1 and 3) trapped by the DMF bubblers (Fig. 7) and

expressed as ng of Al present per cubic meter (m ) of air

is given in Table 11. The same data is diagramatically

presented in Fig. 14.

Depending on its size, fall-time, carrier and the

meteorological conditions, an insecticide droplet leaving

the nozzle of an aircraft may volatilize into the

atmosphere, drift out of the target zone or be intercepted

by foliar and soil surfaces in the area. Intercepted

droplets may be further adsorbed, degraded and volatilized

Nozzle design, spray volume, droplet size, canopy density,

time of spraying, climatic conditions (wind speed,

humidity, etc.), physicochemical properties of the

toxicant and formulation characteristics have considerable

influence in determining the concentrations of the active

ingredient (Al) reaching the foliar and soil surfaces as

well as the air mass above forest floor. Taking these

factors into consideration, it is easy to understand why

such wide variations are observed in the concentrations of

fenitrothion and aminocarb present in the air samples

collected in the spray blocks. The maximum concentrations

varied from 1997 (Block 1, 1st application, 1 h sample)
>

to 217 (Block 3, 1st application, 12 h sample) ng/m3

(Table 11) for fenitrothion and from 226 (Block 2, 1st
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application, 3 h sample) to 394 (Block 2, 2nd application,

3 h sample) ng3/m3 for aminocarb. Usually but not always,

the evening spray applications yielded higher concentra

tions of the insecticides in the air sampled compared to

the morning sprays indicating that appreciable loss by

evaporation occurred during the day rather than at night.

Most likely the existing weather conditions at the time of

sampling also played a significant part in influencing the

insecticide concentrations in air. Especially for

fenitrothion, air samples collected after mid-day usually

contained (Table 11, Block 1, 1st application, 24 h

sample; Block 3, 1st application, 6 and 12 h samples, 2nd

application, 6 h sample) significantly higher

concentrations to morning samples indicating enhanced

volatility of the intercepted insecticide molecules due

to temperature. Such evaporative losses of aminocarb to

the air (Table 11) were less apparent although its vapour

pressure (1 x 10~2 Pa at 20°C) (Mobay Tech. Inf. Rept on

Matacil®, Jan. 1982) is ca 12 fold higher compared to

fenitrothion (8 x lO"-* Pa at 20°C) (Worthing 1979). This

is likely due to the differences in dosages sprayed

between fenitrothion (210 g/ha) and aminocarb (70 g/ha)

and the relatively high volatility of the latter leading

to its low deposition levels on forestry substrates, especi

ally on forest floor. Considering this, along with the

higher vapour pressure, i.e., higher volatility of
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aminocarb to fenitrothion, it is understandable why

evaporative losses of the former due to temperature increases

were not significant in the air samples collected at later

intervals depending on the time of day.

The pre-spray background levels of fenitrothion

found in all the air samples collected from experimental

blocks were high ranging from 59 to 90 ng/m3 yielding a

mean value of 75 ng/m3 demonstrating the occurrence of off-

target environmental contamination. Operational spraying of

the surrounding areas close to the site with fenitrothion

occurred continuously over a period of 3 weeks; it is very

likely that the chemical was transported to the test blocks

v*a spray drift and it contaminated the air mass. Since the

average concentration levels of the toxicant remained at cji

151 ng/m3 even after the 24 h sampling period, it is

apparent that the contamination of the air masses in the test

sites under operational conditions had occurred continuously

throughout the experimental period. The entry of the

chemical to the experimental blocks was possible from many

directions depending on the meteorological conditions that

existed during the period thus influencing the pre-spray and

all post-spray fenitrothion concentrations in air. Since

aminocarb is not in operational use In New Brunswick, none of

the pre-spray air samples contained any detectable levels of

aminocarb in Blocks 1 and 3 (Table 11).
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Pesticide losses from forestry substrates usually

follow a decreasing exponential curve following first-

order kinetics (Sundaram et al. 1972, Sundaram 1973,

Sundaram and Hopewell 1977). In the study, the loss of

aminocarb and fenitrothion from the air samples were not

exponential and declined rapidly but the loss rate varied

according to the time of spray. Usually the rate of loss

of the chemicals to the air mass was higher and they

persisted longer in air during morning spray compared to

evening one, probably due to their evaporative losses

from forest floor because of rise in the temperature and

fluctuations in wind directions during the day.

Recent studies (Sundaram and Sundaram 1981, 1982)

show that the environmental stability, droplet size and

deposition levels are partly influenced by the solvents

and additives present in the spray formulations used in

forestry in addition to the existing weather conditions

at the time of spraying. Block 1 sprayed with

fenitrothion containing cyclosol (ref. Table 2 for

composition of formulations), a moderately volatile

petroleum distillate (b.p. 180-200°C, droplet volume

evaporation 96.5%) gave a very high initial (1 h)

concentration of the Al in the air due to the formation

of fine droplets because of evaporation of the petroleum

fraction. Similar high values are not observed in Block 3,
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since it was sprayed with a purely water-based formulation

containing a high concentration (10.7/v/v) of Triton®X-100

emulsifier. Probably this may be due to the strong

hydrogen bonding ability of Triton®X-100 with fenitrothion

and water,thus interlocking the toxicant preventing its

diffusibility to the air mass from the intercepted

droplets.

A direct comparison of the variations in concentra

tions of fenitrothion and aminocarb in the air samples

collected^is not possible because of the influence of

certain physical and environmental factors. The

fenitrothion sprayed in Blocks 1 and 3 was in a homogenous

phase whereas the aminocarb sprayed in Block 2 was in a

heterogeneous one containing the Al as particulates of

5 Um size range. Consequently, although the rates of

evaporation of the toxicants depend upon their vapour

pressure, they will be influenced to a certain extent by

their physical states. Other factors such as the rates of

diffusion of their vapours to the surrounding air mass,

the influence of temperature, the rates of air exchange

above the forest floor, moisture content of the air, etc.,

could introduce complications as pointed out by Hartley

(1969) in drawing direct comparisons between the variation

in concentrations of these two insecticides.
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Balsam fir foliage

Fenitrothion and aminocarb residues found in balsam

fir foliage are recorded in Tables 12 (Block 1) and 14

(Block 3) and in Table 13 (Block 2), respectively. The

dissipation of the chemicals in fir needles appeared to be

biphasic (Fig. 15). From the data it is apparent that the

initial maximum residue levels of fenitrothion obtained in

the foliage varied according to the formulations sprayed.

Higher values (as sampled) (1869 and 1720 ppb for 1st and

2nd application) were found with Formulation 3 (fenitrothion

-r Triton®X-100 + water) compared to Formulation 1 (660 and

820 ppb) which contained in addition to the above, cyclosol

63. It is very likely that the droplets of Formulation 1,

during the fall of 30 m from their release to the canopy

level, could have rapidly evaporated because of the presence

of the volatile cyclosol component. This resulted in low

deposition of the toxicant on the foliage. With

Formulation 3, such a rapid evaporation is not possible

because of the presence of a higher concentration of Triton®

X-100 which is not only non-volatile but also has the

tendency to act as a cosolvent and be linked to the toxicant

molecules by strong intermolecular (hydrogen bonding, dipole-

dipole and dispersion) forces. Consequently higher foliar

deposits are obtained and the possibility for residual

toxicity is enhanced.
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The maximum initial aminocarb concentrations in

both applications were low (670 ppb, 12 h post-treatment)

(Table 13) since the dosage sprayed was only 2 x 70 g Al/

ha compared to 2 x 210 g Al/ha of fenitrothion and it

followed a slower rate of degradation than fenitrothion.

After 5 days of post-treatment, only 15% and 40% of the Al

was lost following 1st and 2nd applications compared to

the losses of 62 and 50% of fenitrothion in Block 1 and 62

and 63% in Block 3. This suggests that the aminocarb

residue may have been bound firmly to the needles and

hence not readily available for degradation. Further

investigation is necessary to confirm this observation

although similar work carried out earlier (Sundaram et al.

1976, and Sundaram and Sundaram 1981) with non-volatile

additives showed extended persistence of the chemical in

conifers indicating the role of additives in spray-mixes

used in forestry.

In all three cases, the active materials were lost

rapidly during the initial stages (Fig. 15) then followed

by gradual and curvilinear decrease with time^showing

a tendency to persist for a long cime in the needles.

Whether Triton®X-100 enhances this phenomenon or not, we

are not sure yet. The difference in rates of disappear

ance suggests that the initial one is primarily due to

physical factors (volatilization, photolysis and weathering

action of humidity, rain and wind) and the later one which
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is slow could be due to the dissolution of the polar

insecticide molecules into the lipophilic substances such

as terpenoids and waxes (polymeric alcohols, carbonyl

compounds, esters, etc.) contained in the fir foliage

leading to the formation of solid solutions which then

get imbedded into the cuticular waxes resisting rapid

physical and possible biodegradations with time (Yule and

Duffy 1972, Sundaram 1974).

Aminocarb and fenitrothion residues found in fir

foliage collected (1 h post-spray) from the large spray

blocks near Bathurst, ;l,3, follovring tha 2nd application

are given in Table 15. The residual concentrations in

all the blocks vers distinctly higher compared to tha

smaller ones. The increased deposition levels (77% for

Formulation 1, 192% for Formulation 2 and 13% for

Formulation 3) could be due to many reasons such as

homcgenity of formulations, increased Al levels ir. tank-

mixes (Table 3, Block 1), favourable weather conditions

and better application techniques.

Table 22 contains the half-lives (Tjj) (calculated

from concn. jts time plot) of aminocarb and fenitrothion

present in fir needles, forest litter and soil. The T^

for both the chemicals is well within the range found by
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others*. Simulated aerial application technique using

single trees (Sundaram and Sundaram 1981) gave high T^

values for aminocarb in spruce indicating the influence of

additives in formulations.

Residues in forest litter

Residues of aminocarb and fenitrothion are given in

Tables 17 (aminocarb), 16 and 18 (fenitrothion). Aminocarb

residues in litter were extremely low and never exceeded

the detection limit (10 ppb). This is difficult to explain

especially when the spray deposits collected on glass

plates during the 2nd application have been high (72.67

drops/cm2, Table 3). In a similar study conducted in 1981

(Sundaram 1981), the initial maximum concentrations in

litter ranged from 18 ppb to 216 ppb (as sampled) .

The maximum initial concentrations of fenitrothion

in Blocks 1 and 3 ranged from 220 to 270 ppb and 130 to

290 ppb, respectively. The sudden increase or decrease in

concentrations of litter-bound fenitrothion was difficult

to explain. Perhaps increased humidity, rainfall, run-off

or rapid metabolic activity due to sunlight could have

caused these variations, Also the residue levels did not

* B. fir (as sampled): fentrothion Tj* 3.3d (Yule and
Duffy 1974).
W. spruce (as sampled): fenitrothion Ti- 2.9d (Sundaram
1974.

W. spruce (as sampled): aminocarb Tu 8.Od (Sundarai
et al. 1976)+.
B. fir (as sampled): aminocarb Tj (average) 3.2 d
(Sundaram 1981)++ ^

+ Concentration fluctuated during study.
++ Average of 6 values

tm
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decrease rapidly (Fig. 15) although the half-lives (T^) (as

sampled) ranged from 2.1 (Block 3) to 2.8 days (Table 22).

The surface additions of fallen needles, twigs,

stems, flowers, cones and bark are gradually compressed and

eventually degraded by soil microorganisms forming a flat

overlapping layer over the soil layer which is known as

forest litter. This organic matter consists of

carbohydrates (cellulose, hemicellulose-polyglucuronic and

xylan units), humin, humic acid, fulvic acid, phenolic and

carboxylic compounds, lignins, nitrogeneous compounds

(proteins, amino acids, etc.) and lipids. It (litter) is

not only acidic (pH of aqueous suspension 5.4) but also

provides strong adsorptive surface for various molecules.

It is apparent then, that fenitrothion molecules are

adsorbed strongly onto litter particulates possibly

persisting for a long time in detectable levels.

Adsorption to litter particulates is enhanced by the

lipophilic component cyclosol present in Formulation 1

(Block 1); consequently the persistence of fenitrothion in

the litter samples, although not significant, was higher

compared to Block 3 samples (T^ 2.8 vs 2.3 [average] days)

(Table 22).

Residues in forest soil*

The forest floor is usually considered a major

receptor of aerially applied spray materials. As observed

under forest litter^only minimum levels of aminocarb

Sandy loam, pH 6.2 to 6.5
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(<10 ppb) (Table 20) reached the soil. This compared

favourably with the values (range from 8 to 51 ppb)

obtained earlier (Sundaram 1981).

The maximum fenitrothion content (Tables 19 and 21)

found in the soil samples ranged from 140 to 130 ppb

(Block 1) and 480 and 350 ppb (Block 3). The half-lives

of soils (as sampled) ranged from 2.1 to 2.7 days.

Fenitrothion concentrations did not decrease rapidly

(Fig. 15), and this as well as the deposition levels were

very likely influenced by the additives present in the

formulations. Another unknown factor was the contamination

of soil due to fenitrothion drift from neighbouring areas.

Following the 2nd application, 5 day post-spray soil (as

sampled) samples contained 60 ppb (Block 1) and 90 ppb

(Block 3) with considerable fluctuation in concentrations,

thus indicating that although the rate of loss is high, a

tendency for the chemical to persist in soils in measurable

levels existed beyond 5 days. This suggests that the

residue may have been bound to particulate matter and hence

unavailable for degradation. Although work is underway, no

definite correlation is yet to be found between the

insecticide content of soil and its organic content.

Mechanism of the disappearance of aminocarb and

fenitrothion from the forest floor included volatilization,

leaching through soil profile by water, degradation by

various physicochemical processes including sunlight and
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biological means. Among these, a combination of chemical

and bacterial degradations and volatilization from the

soil surface probably played vital roles.

SUMMARY AND CONCLUSIONS

Three new formulations, two containing fenitrothion

and Triton®X-100 emulsifier and one containing aminocarb

and Triton®X-100 have been recently developed at this

Institute. The efficacy of these formulations to spruce

budworm, the associated environmental impact, and the

environmental chemistry of these new spray-mixes were

studied by spraying them separately at operational dosages

(fenitrothion 2 x 210 g Al/ha and aminocarb 2 x 70 g Al/ha)

over 6 (3, 50 ha each and 3, c_a 200 ha each) spray blocks

(3 near Charlo and 3 near Bathurst) of a mixed coniferous

forest during the 1982 spray season in New Brunswick.

During the study, about 484 forestry substrates comprised

from all the four environmental compartments were sampled

and analysed to examine the environmental fate of aminocarb

and fenitrothion present in these three new formulations.

This report embodies all the information gathered in this

extensive study.

The additives (water, cyclosol and Triton®X-100}in

the new tank mixes played significant roles in producing

characteristic droplet spectra and deposition patterns on

the Kromekote® card-glass plate collection units. The
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droplet densities, NMDs and VMDs obtained varied considerably

among the three formulations and even within the 1st and 2nd

applications of the same formulation, indicating that droplet

sizes and their movements which are influenced to varying

degrees by gravitational, meteorological and electrostatic

forces (attractive and repulsive) had considerable impact on

the droplet spectra and deposit densities obtained on the

collection units. Because of these factors only a small

fraction of the insecticides released over the canopy reached

the forest floor.

All pre-spray samples collected contained detectable

levels of fenitrothion as a contaminant either due to the

inherent persistent characteristics (lipophilicity, low

vapour pressure and biodegradability) of the chemical or due

to drift from surrounding operational spray blocks.

In most of the aquatic substrate samples studied

(water, moss and fish), the residue levels of aminocarb

decreased rapidly yielding very low half-lives. Relatively

high levels of the chemical was found in moss probably due to

accumulation through adsorption and absorption. Similar

trends were also observed for fenitrothion but considerably

higher levels of the chemical was found to be accumulated and

persisted in moss partly due to the lipophilicity of the

toxicant and also partly due to the hydrophilicity of the

emulsifier.
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Insecticide concentrations in stream waters following

ground application were, as expected, higher compared to the

aerial spraying but were rapidly lost to low levels within

5 h . The rapid loss of the active materials in stream

waters was primarily due to dilution, although other physical

factors such as water pH, temperature, turbidity and other

biotic and abiotic factors may have played minor roles.

Aminocarb and fenitrothion were found in all the air

samples collected from the respective spray blocks probably

as vapour and as adsorbed state on particulate matter.

Aminocarb was localized in Block 2 whereas fenitrothion was

detected in the same air samples as a contaminant. Both

insecticides were lost rapidly with time although

fenitrothion lingered on due to possible drift from

neighbouring areas. The residue levels found in the study

are however, lower than the maximum permissible levels for

these two groups of insecticides in the air.

In the terrestrial environment, residue levels of

aminocarb and fenitrothion in various substrates (fir foliage,

litter and soil) varied according to the formulations and

dosages sprayed. The residue levels of aminocarb were

extremely low in soil and litter and never exceeded the

detection limit (10 ppb), however its concentrations in fir

foliage were relatively high, fluctuated, and persisted due

to adsorption and absorption in plant waxes. The

fenitrothion concentrations found in soil and litter samples
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were comparatively high and persisted beyond the sampling

period probably due to lipophilic nature of the chemical as

well as the litter matrix. In addition, soil/litter type,

organic content, moisture, pH, etc., had considerable

influence on insecticide persistence. Relatively high

concentrations of fenitrothion were intercepted and

retained by fir needles showing a tendency by them to

accumulate the sprayed material. The rate of loss was

uneven although the half-lives were low. Compared to

aminocarb, fenitrothion appears to be more stable in the

environment; whether it is due to is ubiquity or its input

into the spray blocks through indirect sources (drift) is

not clear. But so far, at field application rates, the

insecticide has been generally considered to be safe to

biotic and abiotic components of the environment and

therefore expected to have an agreeable safety margin.

The additives in the formulation played a signifi

cant role in enhancing foliar deposition and persistence of

fenitrothion. Presence of a volatile and low viscous

adjuvant like cyclosol 63 (24%) along with Triton®X-100

(3%) in Formulation 1 gave rise to a lower foliar

deposition and persistence in Block 1 compared to

Formulation 3 used in Block 3 which contained fenitrothion,

water and a higher percentage of Triton®X-100 (10.7%). It is

likely that Triton®x-100 being partly hydrophilic and

partly lipophilic acted especially at high concentrations,
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not only as an emulsifier but also as a solvent and sticker

for fenitrothion. In addition, the low volatility and

surface tension coupled with high viscosity and boiling

point of Triton®X-100 assisted greater penetration of the

active material through lipoidal leaf cuticles of balsam

fir needles, causing the chemical to persist longer and

thereby enhancing the potential for residual toxicity.

If this hypothesis is confirmed, by adapting innovative and

target oriented application techniques, a safe, judicious

use pattern for these chemicals could be established,

thereby minimizing tha concerns for possible detrimental

effects. In this respect the Triton®X-100 series of

emulslfiers, because of their chemical nature and iraiquo atructti:

show promise.
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