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ABSTRACT

This report embodies all the information collected

during a research spray program conducted recently in

New Brunswick to study the distribution, transport and

fate of aminocarb insecticide in all the major components

of a forest environment.

Aminocarb was found in air samples collected from

spray blocks in extremely low concentrations and were lost

rapidly. The concentrations were lower than the maximum

permissible level of this class of insecticides. Deposi

tion levels of the active material found on the forest

floor were satisfactory and in agreement with operational

spray programs. Residues of aminocarb were found in

stream waters with short residual lives. Aquatic plants

and fishes accumulated the chemical to some extent but the

bioconcentration factors observed were low due to rapid

elimination. Sediment samples did not contain detectable

levels of the chemical. In the forest soil-litter

environments aminocarb had a very short life and was

labile to quick volatilization and photolysis. Consequently,

the effect on soil microorganisms is likely to be minimal.

Conifer needles collected aminocarb and it persisted for a

longer time compared to the other substrates studied. The

dissipation of aminocarb from forestry substrates seems to

be due to physical rather than metabolic processes.

Information on the ultimate fate of this chemical in the

total environment is still scanty.



INTRODUCTION

Aminocarb (Trade name: Matacil®) [4-dimethylamino-m-

tolyl N-methylcarbamate] has been used for spruce budworm

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

first experimentally and then operationally since 1970 and

to date ca 1.0 x 106 kg of the material has been sprayed

over 10 x 10s ha of forest. Usually the insecticide is
»

applied by aircraft at 2 x 0.07 kg/ha as a homogeneous oil

formulation (Matacil 180D) containing (Wt. %) aminocarb

19.5, Shell insecticide diluent 585 (Shell Canada Ltd.,

Toronto, Ont., Canada) 30.0, and nonylphenol (Rohm and Hass

Canada Ltd., West Hill, Ont., Canada) 50.5. Since nonyl

phenol, the major adjuvant in the formulation, is found to

be toxic to juvenile Atlantic salmon, Salmo salar, Chemagro

Chemical Company in Toronto the marketers of Matacil©

recently introduced a flowable suspension, Matacil® 180F,

containing air-milled particles of aminocarb (2-3 pm D)

suspended in oil, which can be used either as a water-based

emulsion (Matacil® 180FE) or an oil-based (Matacil® 180FO)

formulation for aerial application.

During the 1981 field season, two preliminary

research programs (one near Bathurst, N.B. and another near

Searchmont, Ont.) were undertaken by the Chemistry section

of the Forest Pest Management Institute (FPMI), Canadian

Forestry Service, to generate information on the

environmental fate and persistence of aminocarb present in



the newly introduced Matacil flowable (Matacil® 180F)

formulation. The study conducted near Bathurst, N.B. under

experimental spray conditions, provided valuable

information on the distribution, persistence and fate of

the chemical in a terrestrial environment (Sundaram 1981a).

A point source stream application study conducted near

Searchmont, Ont. was useful in assessing its environmental

chemistry and fate in an aquatic ecosystem (Sundaram 1981b),

An expanded field research program was undertaken

during the 1982 spray season in New Brunswick, to evaluate

in-depth the environmental fate and chemistry of aminocarb

present in Matacil® 180F in a forest ecosystem under semi-

operational spray conditions. The Matacil® 180F was sprayed

separately over two blocks (82 and 86) at 70 g active

ingredient (AI)/ha, twice, in two different formulations,

one containing a petroleum distillate (Shell insecticide

diluent, I.D. 585) (Matacil® 180F0) (Block 82) and the other

containing Atlox® 3409F emulsifier and water (Matacil^

180 FE) (Block 86). The chemical aspects of this study are

presented in this report.

MATERIALS AND METHODS

1. Block Selection

Two blocks of forest previously designated as part

of the New Brunswick 1982 operational forest pesticide

application program were selected for the experimental

applications of Matacil® 180F formulations (Fig. 1).



Block 86 [45°42l (latitude), 66°49'W (longitude)] was

located approximately 35 km southwest of Fredericton and

12 km west of the village of Tracy. The 3200 ha treated

area consisted of mixed boreal forest, including spruce,

Picea spp., balsam fir, Abies balsamea, trembling aspen,

Populus tremuloides, white birch, Betula papyrifera, and

soft maple, Acer rubrum. Yoho Stream, originating from

Yoho Lake outside of the block, flowed in a southerly

direction through the block, then eastward along the

southern edge of the treated area and continued east out

of the block and into the Oromocto River. One readily

accessable sampling station (<ca 3000 m2) (Fig. 2 and 4)

was established within the block to collect aquatic and

terrestrial samples. The stream contained viable popula

tions of juvenile Atlantic salmon, Salmo salar and other

fish species.

Block 82 [46°08tN (latitude), 66°49f (longitude)]

was located about 25 km northeast of Fredericton, and

10 km east of the hamlet of Lower Durham. Most of the

4300 ha block was comprised of lowland spruce and balsam

fir with sections of soft maple, trembling aspen and

white birch. The two treated plots were reasonably

similar in their forest cover except that red spruce

Picea rubens Sarg. dominated Block 82 while balsam fir

was abundant in Block 86. An aquatic sampling station

(ca 400 m2 area of stream) was established near the



centre of the treated portion of Bear Brook, which entered

the northwest corner of the block and flowed out midway

along the western perimeter (Fig. 2 and 3). A 2000 m2

area was selected in the northeast corner of the block to

serve as a sampling station for terrestrial substrates.

Brook trout, Salvelinus fontinalis, was the predominant

resident fish species, although lesser numbers of juvenile

Atlantic salmon did occur. The design of the sampling

sites in each block for the terrestrial substrates is

represented in Fig. 5.

2• Spray Application

Aerial applications were conducted by Forest

Protection Limited (FPL), the provincial Crown

Corporation responsible for budworm spraying in

New Brunswick. Spotters were used to ensure that spray

lines were followed and all the sampling sites received

good coverage.

(i) Block 82

Block 82 was treated three times with

Matacil® 180F at the rate of 0.070 kg/ha active

ingredient in 1.46 L/ha of oil solution. The

actual spray mixture consisted of:

Matacil® 180F 25.93% by volume

Insecticide Diluent 585 74.07% by volume

For the first two treatments, application

was by TBM Avenger aircraft equipped with 1010

Flat fan Teejet© nozzles (travelling at a flight



speed of 150 knots, 15-30 m above the canopy).

Spraying commenced at 0630 ADT on June 4 with the

planes flying in a north-south direction

progessing from east to west. The last pass was

completed at 0705 ADT. The second application

began at 0550 ADT and was terminated at 0624 ADT

on June 9. The flight pattern for this applica

tion was very complicated due to changes in the

wind direction. Consequently, the sampling plot

for terrestrial substrates (Fig. 3) was not

sprayed and a third application was necessary.

This application was by a Cessna 188 Ag-truck

equipped with four AU3000 Micronair® atomizers

travelling at a flight speed of 15 knots, 15 m

above the canopy. The flight plan was similar to

that of the first application. However, the area

treated was 328 ha as opposed to 4300 ha for the

first and second applications. The third applica

tion began on June 17 at 1709 ADT and was

completed by 1739 ADT.

Meteorological conditions at the time of

all three spray applications are summarized below

Application I

Date sprayed 4 June
Time-start 06:30

-finish 07:05

Temp-ground 7°C
- 10 m above 9°C

canopy

Wind direction E

and speed 1-8 kph

II III

9 June 17 June

05:50 17:09

06:24 17:39

11°C 18°C

10°C 10°C

NE E

1-8 kph 1-6 kph



(ii) Block 86

Block 86 was treated twice with Matacil®

180F at the rate of 0.070 kg/ha active ingredient

in 1.46 L/ha of water solution. The actual spray

mixture consisted of:

Matacil® 180F 25.93% by volume

Atlox 3409F 1.27% by volume

Water 72.8% by volume

Application was by TBM Avenger aircraft

equipped with 1010 Flat fan TeeJet® nozzles

travelling at a flight speed of 150 knots,

15-30 m above the canopy.

Spraying began at 1908 ADT on May 31,

with the plane flying in a north-south direction

working from east to west. The final spray swath

was at 1933 ADT. The second application began at

0554 ADT on June 8 with the final pass completed

at 0629 ADT. The flight pattern was again north-

south in an east to west direction. The area

treated for both applications was 3200 ha.

Meteorological conditions at the time of

treatment are summerized below:

Application I II

Date sprayed
Time-start

-finish

Temp-ground
- 10 m above

31 May (PM)
19:08

19:33

18°C

22°C

8 June (Al
05:54

06:29

7°C

9°C

canopy

Wind direction

speed
and S

1-8 kph

NE

8-16 kph



Both experimental blocks received double applications

of Matacil® 180F except Block 82, a small area of which

received 3 applications because of the reasons given above.

The composition of the formulations sprayed, dosages,

application rates, etc. are given in Table 1. A concise

composition of the vegetation found at the chemistry sampling

sites and the characteristics of the streams used for

sampling aquatic substrates are given in Tables 2 and 3,

respectively.

Two control plots, one for terrestrial and another

for aquatic substrates were selected near Acadia Research

Station (Fig. 1) and in Meransy Brook (1 km southeast of the

village of Tracy and 15 km east of Block 86), respectively.

3. Sampling Procedures

(i) Water

One sampling station in the middle of each

stream having a medium flow rate (ca 15 m/min)

(Table 3) and ca 0.3 m in depth was selected. Each

had minimum overhead vegetation and the stream bed

consisted of mainly sand and gravel. Water (ca 1 L)

was collected (top 1 cm including surface film)

each time (prespray, 1, 3, 6, 12 and 24 h post-spray)

using a clean dry mason jar. They were stored in

styrofoam coolers packed with "cold packs" and

transported immediately to the field laboratory esta

blished at the regional institute in Fredericton.



(ii) Sediment

Sediment samples (mainly gravel and sand) were

collected at the same time and in the same vicinity

where water was sampled using a covered inverted

glass jar, by carefully lowering it to the stream

bed, opening it and scooping out about 200 g of sedi

ment from the top 1 cm layer. The supernatant water

was carefully removed and the samples were stored

in coolers. In the field laboratory, the sediment

was filtered through Whatman No. 1 filter paper

under aspiration to remove excess water and then

frozen at -20°C until analysed,

(iii) Moss

Moss samples (^a 300 g) were collected from

the stream bottom in and around where water samples

were collected. The excess adsorbed water was

squeezed out and the wet samples were packed in

polyethylene bags and stored as described above for

sediment. The sampling frequency was as in water

and sediment.

(iv) Watercress

About 300 g samples were collected from the

water surface and processed as described above,

(v) Fish

Fish samples (brook trout in Block 82 and

Atlantic salmon in 86 and control blocks), pre- and



post-spray, were captured by electrofishing. They

were sized, weighed and dissected in the field

laboratory. All internal organs were removed and

the bodies were frozen at -20°C until analysed for

residue (Szeto and Sundaram 1981).

(vi) Sampling Balsam Fir Foliage

Seven dominant balsam fir trees (£a 15 m

in height and DBH 15 cm) with fully developed

crowns, ample growing space and exposure to sun

light were selected randomly in both the spray and

control blocks prior to spray application and

marked with surveyor1s tape. Ground vegetation and

neighbouring trees surrounding each sampling tree

were cleared up to a radius of ca 5 m to enhance

their exposure to spray cloud. At each sampling,

1 branch £a 20 cm long was taken at mid-crown from

each quadrant of the tree. All new growths from

the current year were removed and the old.foliage

was processed for analysis. The cut-up branches

were kept in plastic bags and stored at once in

styrofoam coolers along with "ice packs" for

immediate transport to the field laboratory. At

the field laboratory mainly the needles and some

associated small twigs were clipped from the

branches, mixed thoroughly and each sample was

stored at -20°C in sealed plastic bags until analysed.
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(vii) Forest Litter

A fully exposed litter plot (ca 20 m2) was

established in the middle of each plot. All small

objects such as fallen branches, twigs and small

rocks were cleared from the sampling area. Litter

was collected, at the same frequency as foliage,

from an area of 240 cm2 at a depth of 1 cm by

driving a metal frame (15.5 cm x 15.5 cm) into

the ground and removing the contents with a trowel,

(viii) Forest Soil

A fully exposed soil plot (cat 15 m2) was

established in the middle of each plot. All small

objects such as fallen branches, twigs, roots,

stones, etc. were removed. The overlying litter

moss and other organic detritus were also removed

to expose the underlying soil layer to the spray

cloud. Soil samples (sandy loam, pH 6.1 to 6.3)

taken as 2.5 cm diameter .cores, were randomly

taken from the top 1 cm layer. All samples were

wrapped in aluminum foil and subsequently

processed as described earlier for foliage.

Usually the chemistry plot selected for

studying the environmental chemistry of pesticides

covered an area of ca 2000 m2 with a radius of ca

25 m and was located in the centre of each block.

Layout of trees, relative location as well as the
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size of soil and litter plots are illustrated in

Fig. 5.

(ix) Air Sampling

Airborne aminocarb was collected at pre-

spray, 1, 3, 6, 12 and 24 h post-spray using

dimethylformamide (DMF) filled fritted glass

bubblers (Lee 1976) which operated at 5 L/min for

1 h with battery-operated pumps (Figs. 7 and 8).

The DMF samples were stored in a freezer. In the

laboratory, the absorber (DMF) was flash-

evaporated gently at low pressure to dryness,

partitioned with C6H5/H20 and the residues in the

organic phase were analysed by GLC (Fig. 9).

(x) Insects (Terrestrial)

Spruce budworm and tent caterpiller

samples were collected by R.L. Millikin following

spray applications (in most cases 1 h post-spray)

and were delivered to the field laboratory for

residue analysis.

(xi) Spray Deposit Assessment

Two glass slides (7.5 cm x 7.5 cm)

(considered as a single unit) mounted on a folding

aluminium plate (collection unit) (Randall 1980)

were used for deposit assessment. In each plot,

(Blocks 82 and 86) for every application, 15 such

collection units were placed randomly in each of
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the following areas h h before spraying: forest

litter plot, forest soil plot, water/sediment

station and around a few of the trees selected for

sampling foliage. The glass slides were collected

1 h after the application, kept in a styrofoam

cooler at freezing temperature and transported to

the field laboratory for deposit analysis. The

active ingredient, aminocarb, was recovered from

the slides by washing with ethyl acetate (5x2 ml)

and storing the ethyl acetate extracts in amber-

colored reagent bottles at 4°C until analysed.

4. Sample Preparation, Extraction and Column Clean-up

(i) Water

Water samples were extracted immediately

with dichloromethane (DCM) (150, 75 and 75 ml) using

500 ml aliquots each time. The mason jars used in

collecting water samples were rinsed with 2 x 25 ml

of DCM and all the organic phases (extracts and

rinses) corresponding to a specific water sample

were pooled. The DCM was dried with granular

anhydrous sodium sulfate (50 g) and stored in amber-

colored reagent bottles at 4°C for transport to the

pesticide laboratory in Sault Ste. Marie, Ontario.

In the laboratory, the DCM was gently flash-

evaporated to dryness, the residue was taken in

benzene and subsequently analysed by gas-liquid

chromatography (GLC) without further clean-up.
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(ii) Sediment

Small stones, twigs, etc. were removed and

each sample was thoroughly mixed using a spatula.

Forty gram aliquots of sediment were macerated for

5 min with 150 ml ethyl acetate using a Waring

blender. The blender was rinsed with the solvent

(2 x 25 ml) and added to the extract. The sample

was passed through a layer of anhydrous granular

sodium sulphate (3 cm) over Whatman No. 1 filter

paper in a Buchner funnel followed by a rinsing

with the solvent (3 x 10 ml). The volume of the

crude extract was recorded after the necessary

flash evaporation (Buchii Rotovapor®) and the mass

equivalent of sediment per ml of extract was

computed.

The aliquots in duplicate (10 ml = 1 g

sediment) were transferred to mini-columns

(Pasteur pipettes) containing 0.4 g of a mixture

of neutral charcoal and cellulose powder (4:10)

covered with 1 g of anhydrous Na2S0t». The mini-

columns were attached by Tygon® tubing, to glass

tubes (55 cm x 8 mm, i.d.). As the aliquot passed

into the Na2S0*, 35 ml of mixed CH30H and ethyl

acetate (20 + 80) were added to the column. The

elutants were allowed to percolate through the

columns and were collected in pre-cleaned

containers.
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The combined eluate was concentrated to cji

5 ml using a Buchii Rotovapor®, quantitatively

transferred to a graduated centrifuge tube and

concentrated to a known volume under a stream of

dry N2.

(iii) Moss

Ten grams of cut and thoroughly mixed

sample was homogenized for 5 min with 5 ml ethyl

acetate (Caledon or Fisher brand-glass distilled)

using a Brinkmann Polytron blender. The blender

was rinsed with the solvent and added to the

initial extract. The homogenate was filtered

under vacuum through a washed Whatman No. 1 filter

paper, rinsed with the solvent and the filtrate

diluted to exactly 100 ml (1 g of mass = 10 ml of

ethyl acetate extract).

The clean-up was done as described under

sediment.

(iv) Watercress

The procedure is similar to moss,

(v) Fish*

All fish collected each time were stored

* The residue levels reported in this report on spray
deposit analysis of glass slides, water, some aquatic
plants, fish and air are generated by the authors using
the method developed by them at this Institute (described
on pages 15 to 17), the rest of the data recorded was
through contract work. The methodology used by the latter
is somewhat different and is also incorporated here for
the benefit of readers.
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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.

The method used in analysing fish was

very similar to the one described by Szeto and

Sundaram (1980). A modified method recently

developed at this Institute is given here for the

benefit of other practicing scientists in residue

analysis. The method is also useful for

analysing conifer foliage, litter, moss, etc.

Extraction»

Twenty g of pre-chopped sample (foliage, fish, litter,

moss, etc.) were weighed in a 8 oz mason jar. ' After adding

20 g granular anhydrous Na2S0n and 100 ml of ethyl acetate,

the sample was homogenized in a Polytron (Type PT-20) for

3 min. The supernatant extract was allowed to separate and

then carefully decanted on top of a Na2S0«» (30 g) column,

which was pre-washed with 30 ml ethyl acetate. It was

filtered under gentle aspiration to remove the liquid. The

residue was homogenized twice again with 50 ml of ethyl

acetate for 30 sec each time and was filtered through the

same Na2S0i» column. Finally the column was rinsed with

30 ml of ethyl acetate. The pooled extract was transferred

to a 500 ml round bottom flask and gently flash-evaporated

(ca 30°C) to ca 1 ml. The concentrate was quantitatively
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transferred with at least 3 rinses with small amounts of

ethyl acetate, to a 15 ml graduated centrifuge tube and

adjusted by N2 evaporation to a final volume of 4 ml

(5 g/ml).

Cleanup:

A double microcolumn system (Fig. 14) consisting of

2 large Pasteur pipets (Fisher Scientific, Cat. No.

13-678-8) jointed by a Tygon® tubing sleeve was used for

the cleanup of all substrates except water. The lower

column was packed with 3 cm of acid washed Nuchar SN (Fisher

Scientific) (Brown 1975) mixed with Whatman CF-11

cellulose powder (4:10, w/w). The upper column was packed

with 3 cm of Florisil (Fisher Scientific) topped with

1.5 cm Na2S0i». The upper column was discarded after load

ing 1 ml (5 g) of sample and washing with 8 ml of ethyl

acetate and was replaced by a empty large Pasteur pipet as

a solvent reservoir. Then, the lower column which contained

the partially-cleaned sample was eluted with 50 ml of

20% methanol in ethyl acetate. The eluate was flash-

evaporated to approximately 0.5 ml and was quantitatively

transferred with at least 3 rinses with small amounts of

ethyl acetate into a 15 ml graduated centrifuge tube with

cap. The final volume was 2 ml in ethyl acetate before

GC analysis.
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Gas chromatographic conditions:

Gas chromatograph: HP5710A

Detector: NP-FID

Operating parameters:

Detector temp.: 250°C

Injector temp.: 200°C

Oven temp.: 170°C

Carrier gas and flow rate:

He » 34 ml/min

Plasma gas flow rate:

Air = 70 ml/min

H2 = 4 ml/min

Column: 4 ft x 4mm glass column packed with 1.5%

OV-17 plus 1.95% OV-210 on Chromosorb W, "HP", 80/100

mesh

External standard: Matacil, 99.7% pure analytical

standard, 0.1 yg/ml and 1.0 Ug/ml in ethyl

acetate. Peak height of 5 yl of 0.1 Ug/ml

standard = 40 mm (attenuation « 1 x 16).

Retention time « 4 min 40 s.

Note: The average recovery of 1 ml of 1.0 yg/ml

standard solvent after microcolumn cleanup was

approximately 85%.
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(vi) Foliage

Forty grams of chopped sample were

homogenized for 5 min with 150 ml ethyl acetate

(Caldeon Chemicals or Fisher Scientific) using

a Brinkmann Polytron blender. The blender was

rinsed with solvent and the total mass of

homogenate recorded (-240 g). Column cleanup

was carried out as described in moss.

(vii) Litter

Forty grams of thoroughly mixed sample

was macerated for 5 min with 150 ml ethyl

acetate using a Waring blender. The blender

was rinsed with solvent and the total mass of

macerate recorded (-240 g). Column cleanup was

similar to the one used in moss,

(viii) Insects

The whole sample was homogenized with a

minimum volume of ethyl acetate, vacuum filtered

as described in moss and the mass of the

filtrate recorded. Column cleanup was carried

out as described in moss,

(ix) Forest Soil

Forty grams of thoroughly mixed sample

was macerated for 5 min with 150 ml ethyl

acetate using a Waring blender. The blender

was rinsed with solvent and the total mass of
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macerate recorded (-240 g). Column cleanup was

as in soil.

5. Gas Chromatographic Analysis

A Hewlett Packard HP5840A fitted with a 6 ft x 4 mm

glass column packed with 1.5% OV-17 + 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.

Matacil®: oven temperature = 185°C

6. Spikes and Procedural Blanks

Spikes and blanks were introduced into each batch

of analytical samples, typically at the column cleanup

step, in order to assess analytical recovery and the

effect(s), if any, of reagent changes.

7. Detection Limit of the Insecticide

The analytical limit of detection for the insecti

cide was 0.01 ug/ml of final extract for injection. This

in turn was equivalent to 0.01 Ug/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 yg/g to 0.05 Pg/g.

8. Moisture Content

(i) Foliage, litter, soils and sediment

Subsamples of thoroughly mixed material

were weighed, dried @ 105°C for 18 h and

reweighed.
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(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.

9. Ash Content (Litter, Soils and Sediment)

The oven dried material was placed in an electric

furnace @ 500°C for 18 h, cooled and reweighed.
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Experimental MATACIC application blocks,
New Brunswick, 1982
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ble1.Compositionoftankmix,dosageandapplicationrate Tal

FormulationCompositionoftankmix(v%)

180FO*

180FE**

Matacil®180F
I.D.5851

Matacil®180F
Atlox©3409F2
Water

25.93

74.07

25.93

1.27

72.80

BlockApplication
sprayedDosagerate

gAl/ha(L/ha)

82

86

70

70

1.46

1.46

Approx.

areaof

sprayblock
(ha)

4300

3200

*Matacil®180Finoil.

**Matacil®180Finwater.

1I.D.insecticidediluent585suppliedbyShellCanadaLtd.,Toronto,Ont.

2Atlox®3409FemulsifiersuppliedbyAtlasChemicalIndustries,Brantford,Ont.

._J9.__J___JJ__J.J.S.11.J_JJ3..___J



Table2.VegetationanalysisInBlocks82and86*.

Species

Tsugacanadensis(L.)Carr.

AcerrubrumL.

PinusstrobusL.

PicearubensSarg.

BetulapapyriferaMarsh.

PopulustremuloidesMlchx.

Abiesbalsamea(L.)Mill.

Piceaglauca(Moench)Voss

BetulapopulifoliaMarsh

Piceamariana(Mill)B.S.P.

Larixlaricina(DuRol)K.Koch.

Total

Block82'

Relative

Trees/hadensity
(byspecies)(byspecies)

73

425

47

24

12

24

61

12

12

690

11

61

7

3

2

3

9

2

2

100

Totalbasal
area

(byspecies)

0.0744

1.2276

0.0372

0.0186

0.0093

0.0372

0.0465

0.0093

0.0279

1.488

*Source:Mlllikin,R.L.(1982).

aGroundcover90Z;canopycover55%;canopyheight(average)15.2m.

bGroundcover932;canopycover48Z;canopyheight(average)16.7m.

Block86

RelativeTotalbasal
Trees/hadensityarea
(byspecies)(byspecies)(byspecies)

4790.1380

97170.4743

4790.2976

3660.1302

20.0744

1220.0276

316550.3348

12

5671001.4769



Table3.Streamcharacteristics

Sampling
station

Treatmentdate
(1982-ADT)

Approx
width

(m)

Block82June4(0630h)'.-7
BearBrookandJune9

(0550h)

Block86May31(1908h)
YohoStreamandJune8

(0554h)

8-12

Approx.
depth
(m)

FlowdescriptionInstreamcover

02-0.5Moderatelyfastwith1-10Zcover-fallen
fewpoolslogs,undercut

banksandrocks

0.25-Slowtomoderately
liOfastwithfew

riffles

J.-2Zcover-

boulders,logsand
undercutbanks

Shoreline

cover

20-45Zcanopy

alder

5Zcanopy

alder

Bottomtype

Rubbleand

gravelwith
areasofsand
anddetritus

mossabundant

onrocks

Rubble,

boulders,

areasof

gravel,sand
andsilt,
mossabundant

onrocks.

00
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Table4.Spraydepositassessment

Block82(Matacil®180FO)Block86(Matacil®180FE)

Experiments1stapplication2ndapplication+1stapplication
2ndapplication

15

4.96-96.52

28.60

10/5

70

40.86

No.ofglassslideslaidout

Cone,rangefoundonglassslides
(g/ha)

Amountdeposited(average)(g/ha)

Ho.ofslidesoneithersideof
averagedeposit

Dosage(g/ha)

Percentdeposited

Formulationanalysis

Expected(gAl/100g)

Observed*(gAI/100g)

15

3.43-41.46

20.93

7/8

70

29.90

4.79

4.82

+Correspondsto3rdapplication.

*Singlesamplereceivedforbothapplications

aAverageZdepositionfor4applicationsis
AverageZdepositionforoilformulation

22.89

20.13

AverageZdepositionforemulsionformulation31.63

15

0.56-16.09

7.23

9/6

70

10.37

13

6.63-22.53

15.69

6/7

70

22.41

4.79

5.05
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Table 5.
Residues of aminocarb (ppb) in water sampled from Bear Brook (Block 82)
and Yoho Stream (Block 86) following the application of aminocarb
formulations.

Block 82 (Bear Brook:
oil formulation)

Block 86 (Yoho Stream:
emulsion formulation)

Time after

spraying
(h)

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

Pre-spray

1

3

6

12

24

N.D. (0.02)

3.06 (0.03)

0.37 (0.01)

0.09

N.D.

N.D.

N.D.

0.57 (0.01)

1.34 (0.02)

N.D.

N.D.

N.D.

N.D.

22.64 (0.02)

14.53 (0.01)

4.11

0.25

0.02

N.D.

9.18 (0.02)

6.46 (0.01)

2.66

0.62

N.D.

Values in parentheses show fenitrothion concentrations (ppb) found as a contaminant
in the same water samples. No attempt was made to quantify all the water samples
for this impurity although its presence was apparent.

N.D. not detectable; detection limit 0.01 ppb
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Table6.Residuesofaminocarb(ppb)+inmossandsedimentsamplescollected
fromBearBrook(Block82)followingMatacil®180application.

MossSediment**

Timeafter

spraying1stapplication2ndapplication1stapplication2ndapplication

(h)
A.S.O.D.*A.S.O.D.A.S.O.D.A.S.O.D.

Pre-sprayN.D.N.D.N.D.N.D.N.D.N.D.N.D.N.D.

18033030120<10<10<10<10

37029040190<10<10<10<10

67031040150<10<10<10<10

1250250<10<50<10<10<10<10

2460320<10<50<10<10<10<10

A.S.assampled

*O.D.ovendry(mixedcompositesampleweighedanddriedat105°Cfor18hand
reweighed).Minimumdetectionlimit10ppb.

**Ashandwatercontentsrangedfrom76.7to90.2%and9.2to21.6%,respectively

+Averageofduplicatedeterminations.



Table7Residuesofaminocarb(PPb)inwatercress,
followingMatacil®180Fapplication.

,ssandsedimentcollectedfromYohoStream(Block86)

Timeafter

spraying1stapp

a
Watercress

lication2ndapplication1stapplicati

Moss

on

b
i

2ndapplication1stapp

Sedlm

lication

o
ent

2ndapplication

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

Pre-sprayN.D.N.D.N.D.N.D.N.D.N.D.N.D.N.D.N.D.N.D.N.D.N.D.

139021806603770120216210389<10<10<10<10

388075606905480160286198341<10<10<10<10

675046103701760174301171314<10<10<10<10

12410281021011908114289153<10<10<10<10

241991175104511557277144<10<10<10<10

aWatercontentrangedfrom78.7to89.7Z.

bWatercontentrangedfrom72.4to83.5%.

«Waterandashcontentsrangedfrom20.6to34.8and62.0to77.2Z,respectively.Detectionlimit10ppb

J.sJ._J--JJ)J-8^J._J.J
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Table 8.

r~^M '—1 '—§

Residues of aminocarb (PPb)* in fish sampled from Bear Brook (brook trout-
Block 82) and Yoho Stream (Atlantic salmon - Block 86) following the
application of aminocarb formulations.

Sampling
t* ^ me

Bear Brook

Block 82) o

(bi
il

rook trout -

formulation

Yo

Bl

ho Stream (Atlan
ock 86) emulsion

tic

fo

2nd

salmon -

rmulation

(h)
1st app•lication 2nd application 1st application application

Pre-spray N.D. (6.7) ;N.D. (5.2) N.D. (3.6) N .D. (3.9)

Post-spray

1 3.5 (6.9) 3.3 (2.7) 13.8 (3.8) 3.7 (2.7)

3 6.1 (3.7) 1.7 (2.3) -

—

6 3.3 (3.4) 1.7 (2.1) 5.3 (2.4) 1.8 (5.7)

12 2.6 (1.6) 1.0 (0.7) 0.8 (1.9) 2.0 (3.2)

24 N.D. (1.4) N.D.(0.6) N.D. (1.1) ™"

72

288

312

0.6 (4.1)

N.D. (1.1)

* Values are the mean of 3 determinations with S.D. ± 10%.
Average weight of fish - 11 ± 7 g.
Average length of fish « 8 ± 3 cm.
N.D. not detectable; detection limit 0.5 ppb based on wet weight of fis^
Values in parentheses show fenitrothion found as an impurity in the same fish
samples analysed.
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Table9.Averageconcentrationsofaminocarbinairsampled30cmabove
theforestfloorinBlocks82and86duringthe1982
experimentalsprayprograminNewBrunswick.

Block82(Matacil©180FO)Block86(Matacil®180FE)

1stapplication2ndapplication1stapplication2ndapplication

Time

(h)i

0

/3
ng/m

N.D.

(58)

Time

(h)ng/m3
Time

(h)ng/m3
Tim

(h)

0600

e

0

ng/m3

070019000N.D.

(66)
19000N.D.

(52)

N.D.

(59)

08001211

(98)

20001210

(108)

20001835

(58)
07001433

(66)

10003158

(89)

22003208

(119)

220031201

(56)

09003650

(69)

13006142

(84)

01006113

(79)

010061060

(57)

12006264

(57)

190012189

(64)

07001255

(69)

070012313

(T)

180012103

(56)

070024N.D.

(66)

19002461

(74)

190024149

(56)

060024N.D.

(50)

Valuesinparenthesesrepresentfenitrothionconcentrationsdetectedin
thesameairsamples.•>
N.D.Notdetectable.

T-Traces(50ng/m3).
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Table10.Aminocarbresidues(ppb)*inbalsamfirfoliagefrom
Block82.

Timeafter

spraying

1h

3h

6h

12h

1d

2d

3d

5d

12d

Aminocarbconcentration(ppb)

1stapplication

Assampled

790

790

1080

720

890

500

360

Oven-dry**

1470

1470

2000

1280

1610

900

640

2ndapplication

Assampled

760

580

510

690

940

Oven-dry

1380

1140

930

1260

1750

300630

380690

50425

*Averageofduplicatedeterminations.Detectionlimit20ppb.

**Compositesamplesweredriedat105°Cfor18h.Watercontentof
thefoliagerangedfrom44.1to52.2%.
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Table11.Aminocarbresidues(ppb)*inbalsamfirfoliagefrom
Block86.

Timeafter

spraying

1h

3h

6h

12h

24h

36h

2d

5d

7d

12d

Aminocarbconcentration(ppb)

1stapplication

Assampled

1220

1190

1100

1340

920

130

400

290

Oven-dry**

2190

2100

2030

2450

1670

270

750

550

2ndapplication

Assampled

930

1210

1030

900

900

480

220

Oven-dry

1670

2190

1860

1650

1700

900

480

*Averageofduplicatedeterminations.Detectionlimit20ppb.

**Compositesamplesweredriedat105°Cfor18h.Watercontentof
thefoliagerangedfrom43.2to53.6%.
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Table12.Aminocarbresidues(ppb)*inforestsoilfromBlock82.

Timeafter

spraying

1h

3h

6h

12h

1d

2d

3d

5d

12d

Firstapplication

Assampled

<10

<10

40

<10

<10

<10

<10

<10

Oven-dry**

<10

<10

50

<10

<10

<10

<10

<10

Secondapplication

Assampled

<10

<10

<10

<10

<10

<10

<10

<10

<10

Oven-dry

<10

<10

<10

<10

<10

<10

<10

<10

<10

*Averageofduplicatedeterminations.Detectionlimit10ppb.

**Compositesamplesweredriedat105°Cfor18h.Waterandash
contentsrangedrespectivelyfrom16.2to21.1and75.8to81.5%
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Table13.Aminocarbresidues(ppb)*inforestsoilfromBlock86.

Timeafter

spraying

1h

3h

6h

12h

1d

2d

3d

5d

12d

Firstapplication

Assampled

<10

<10

<10

<10

<10

<10

<10

<10

Oven-dry**

<10

<10

<10

<10

<10

<10

<10

<10

Secondapplication

Assampled

<10

<10

<10

<10

<10

<10

<10

<10

<10

Oven-dry

<10

<10

<10

<10

<10

<10

<10

<10

<10

*Averageofduplicatedeterminations.Detectionlimit10ppb.

**Compositesamplesweredriedat105°Cfor18h*Waterandash
contentsrangedrespectivelyfrom19.0to38.9and51.2to69.9%.
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Table14.Aminocarbresidues(ppb)*InforestlitterfromBlocks82and86.

after

lying

Block82
Bloc;k86

Time

spra1stapp11cation2ndappli!cation1stappllcation

—

2ndaPPlication

AssampledOven-dryAssampled
—

Oven-dryAssampledOven-dryAssampl

20

edOven-dry

1h4010040607011030

3h<10<10203020301015

6h<10<10<10<10<10<10<10<10

12h<10<10<10<10<10<10<10<10

1d<10<10<10<10<10<10<10<10

2d<10<10<10<10<10<104040

3d<10<10<10<101020<10<10

5d<10<10<10<1050

50

110

70
•

<10

<10

<10

<10

7d

12d<10<10
<10<10

*Averageofduplicatedeterminations.Minimumdetectionlimitna10ppb.

Oven-dry-Compositesamplesweredriedat105'Cfor18hWaterandashcontentsrange:
Block82;20.9-62.2%(water),13.4-64.3%(ash).
Block86;18.2-39.3Z(water).48.2-65.0%(ash).
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Table15.Aminocarbresidues*(PPb)ininsectsfromBlocks82and86

Sample
No.Sampledescription(asperlabel)

6

7

8

9

10

11

12

13

14

15

16

17

18

1hpost-spraycontroltransect
AJune5+/82(195)
Acadiapost-sprayJune4/82(196)
SpotAcadia,N.B.
June5+/82(197)
1stapplication,June4/82(198)
Station18-19/2(199)
82/1h/3(SBW)++
82/1h/3(TCP)++
82/1station01(194)
82/BirdsSBWstation/3(177)
82/3/1SBW(176)
82/3/SBWstation0-2(175)
82/1(85)°
86/1/1(328)
86/1/1(193)
86/1/1(192)
86/2/1(191)
86/2/1(190)
86/2/1(180)

Sampling
time

(h)

9.5

9.5

9.5

9.5

1.0

1.0

1.0

1.0

1.0

1.0C
l.o'

Block

No.

82

82

82

82

82

82

82

82

82

82

82

82

86

86

86

86

86

86

ApplicationNo

*Resultsgeneratedbycontractwork,averageofduplicatedeterminations
SBWsprucebudworm;TCPtentcaterpillar.
,Samplingtimemaybe1or8h.
bRecalculatedvaluesusingthewatercontentreportedincolumnH.
°Informationincomplete.
+SamplingmaybeJune4.
++1TMIresults.

I

Water

content

X

1

95.1

94.7

99.3

86.4

91.1

85

95

73

88

85

81

93

84

91

73

94

.J

Aminocarb(ppb)

AssampledOven-dry

60

250

1030

830

320

66

416

780

70

30

130

1290

20

620

1060

870

380

350

_J

1224

4716

147143

6102

3596

5454

1627

114

1171

9021

110

3690

6625

4754

1439

6034

.J
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Table 16. Average pre-spray concentrations of
fenitrothion in various forestry samples
collected from 31ocks 82 and 36 during
the 1982 spray progran in Hew 3runswick.

Sample 31ock Vo. and
formulationtype

Air (ng/m5)a 1st
2nd

Glass plates (g/ha) 1st
2nd

Water (stream) (ppb)

Sediment (ppb)
1st A.S.

O.D.

2nd A.S.

O.D.

Watercress (ppb)
1st A.S.

2 O.D.

2nd A.S.

O.D.

Mos3 (ppb)
1st A.S.

O.D.

2nd A.S.

O.D.

Fish (ppb)
1st

2nd

Foliage (ppb)
1st A.S.

O.D.

2nd A.S.

O.D.

Soil (opb)
1st A.S.

O.D

2nd A.S.a

O.D.

Litter (ppb)
1st A.S.

O.D.

2nd A.S.

O.D.

Insects (ppb)
SBW 2nd

TCP 2nd

82*

A/C

53

66

0.06

0.05

0.02

6&

82

96

155

4

12

475

781

521

805

110

192

88

119

77

121

67

118

N.D.

N.D,

86*

A/W

52

59

0.04

0.07

0.02

110

160

190

260

140

640

220

1040

3

9

5

13

352

659

464

721

95

139

81

122

108

167

96

159

N.D,

10

* Near Fredericton; A/W - aminocarb in water;
A/0 • aninocarb in oil; A.S. « as sampled;
O.D. - oven-dry (105°C for 16 h; AOAC 1955);
SBW • spruce budworm; TCP - tent caterpillar.

C Using dertsitv of dry air at 1 ata and 158C as
12.255 x lO-11 g/ml (Lance's Handbook of Chemistry,
11 Edn. p. 10-146), these values range froia
0.05 ppb to 0.03 ppb. Density of air depends on
R.H., P and T.

D One h exposure at around level

° Petri dishes with sediment at stream bottom.

Needles only.
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RESULTS AND DISCUSSION

Spray deposition

The concentrations (g/ha) of aminocarb found on the

glass slides (Table 4) in all 4 applications varied

enormously (range 0.56 to 96.52 g/ha) due to various

physical factors acting on the spray cloud released by the

aircraft. Among them droplet size and its evaporation

rate, droplet speed including its terminal velocity,

existing local climatic conditions such as temperature,

wind velocity, wind direction and relative humidity, could

have played significant roles. The data presented clearly

demonstrate the influence of additives present in tank-

mixes on deposition levels. Usually the oil formulation

(Matacil® 180FO) , containing Shell I.D. 585, a volatile

petroleum distillate, gave on the average for both

applications, a low deposition level of 20.13 g/ha per

application compared to the emulsion formulation (Matacil®

180FE). The deposit level obtained in the latter was nearly

50% higher (31.63 g/ha) than the former one. The low

deposition levels in the oil formulation could be due to the

high volatility of the petroleum additive which on evapora

tion resulted in spray droplets in the aerosol (< 50 um)

category and these likely had low terminal velocities with

poor impaction efficiency on glass slides. Low ground

concentration does not necessarily mean equally low

concentration at the target site (fir foliage). But in



53

this case, it is so as can be seen from the results in

Tables 10 and 11.

Results of the spray deposit also indicate that the

first application in Block 82 and the second application in

Block 86 were more successful in producing heavier

concentrations on the forest floor. The average percent

deposition on the forest floor for all the 4 applications was

only 22.89% agreeing with our earlier observations (Sundaram

1974, 1981). In such cases, it is normal to expect that apart

from a portion of the sprayed material that is trapped by the

forest canopy, a considerable fraction could have drifted

outside the target area. Our present calculations indicate

(Sundaram and Sundaram, unpublished data) that it could be

as much as 50% or higher depending on the VMD (volume

mediam diameter) of droplets in the spray cloud and the

meteorological conditions that existed during the spray.

Aminocarb in Stream Water

After its entry into the aquatic environment, through

direct (aerial spray) or indirect (leaching and run-off)

methods, aminocarb, depending on its water solubility,

adsorption property, partition coefficient, etc. may

remain in solution or may be adsorbed on suspended

particulates and sediment and incorporated into plant and

animal tissues remaining as extractable or unextractable

residue. The chemical is sparingly soluble in water (2000 mg/L)

and is hydrophobic (NRCC 1982, Worthing 1979). The more
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hydrophobic a compound, the higher its partition

coefficient and bioaccumulation. The persistence of

aminocarb in water is also influenced by the pH (hyroly-

sis), temperature (higher temperature results in rapid

loss due to volatilization), incident light (hy) (UV

radiations destroy the chemical), photolysis and the

biological characteristics including microbial

composition of the stream. The relative importance of

each and the different routes of movement in the aquatic

environment and rates by which the chemical degrades is

still not clearly delineated. Aminocarb is very stable

under acidic conditions (Sundaram, unpublished data).

The stream water sampled had a pH range of 6.1 and 6.3,

therefore hydrolytic transformation leading to its loss

may not be significant.

The concentrations (ppb) of aminocarb present in the

top 1 cm of water collected at different intervals of time

following aerial spray from two different streams, one in

Block 82 and the other in 86, are given in Table 5.

Usually (except Block 82-2nd application) the peak

concentration levels (3.06, 22.64 and 9.18 ppb) were found

in water 1 h after the application. The high concentration

levels indicate that the insecticide is concentrated

initally on the water surface as microlayers or films due

to the presence of hydrophobic adjuvants (usually petroleum

distillates) in the technical (Matacil® 180F) as well as
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formulated (Matacil© 180FO) materials. As pointed out

earlier, aminocarb itself has low solubility in water.

When it is present as a solute in the petroleum distillate

(Matacil® 180FO), it is apparent that because of the

hydrophobic nature of the solute, the chemical and the

solvent would have a great tendency to concentrate near

the surface as a slick instead of forming a solution

through mixing or of producing a suspension with the

water column. Consequently the rate of loss through

volatilization from the surface slick would be very

fast due to exposure. Also the rate of movement of the

surface layer downstream would be high especially if

the steam discharge is (Table 3) high. These two

factors readily explain the rapid loss of the chemical

from the peak level of 3.06 ppb to below the detection

level (0.01 ppb) from Bear Brook within 12 h of its

application.

The comparatively longer persistence of

aminocarb found in Yoho Stream (Block 86), even after

24 h post-spray to a 0.02 ppb level, it is attributable to

various factors. Among them the hydrophilic nature of

the Atlox® emulsifier in the spray mix would have

caused partial mixing of the insecticide in the water

column minimizing its rate of volatilization. Also

aminocarb because of this could have very likely

existed as a bound residue onto suspended particulates
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increasing its half-life. The comparatively slower flow

rate of the stream (Table 3) would also have contributed

to its persistence in water. The primary causative

factors for the loss of aminocarb from the water surface

could be due 'to dilution and volatilization followed by

codistillation and photolysis and to a lesser extent by

dissolution, adsorption and microbial reduction.

Sediment

Aminocarb concentrations in stream sediments

(Tables 6 and 7) were very low in all applications and were

below the detection limit (10 ppb). Sediments may not be a

major sink for aminocarb at the operational dosage of 70 g

Al/ha in aquatic environments. A stream application study

(Sundaram 1981) conducted last year also showed poor

partitioning of aminocarb in the water sediment,

consequently low concentration levels were found in the

sediment confirming this observation. In that study the

maximum concentrations in sediment at the 5 m sampling

station after 5 min following application, were 20.2 and

7.6 ppb (wet weight) for Matacil® 180FE and 180FO

formulations, respectively. The residue levels disappeared

rapidly within a few minutes probably due to various

physical, chemical and biological processes described

above. Aminocarb in the oil based formulation was not

strongly adsorbed to sediment particles more than 3 min

after application. In general the insecticide
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concentrations in the sediment also reflected (1) the

influence of additives present in the formulation and

(2) the stream flow, these two decide the overall

accumulation and persistence of the insecticide in this

substrate. Further studies in the laboratory under

controlled conditions, are necessary to explain the

role of additives in the uptake, degradation rates

and mechanisms of this chemical.

Aquatic Plants (Moss and Watercress)

Tables 6 and 7 give levels of aminocarb detected

in aquatic plants (moss and watercress) collected in

the same vicinity where water was sampled. These

levels were much higher compared to the concentrations

in water showing the affinity of aminocarb for these

substrates. The surface dwelling watercress would have

received the initial aminocarb deposit directly,

consequently, the concentration levels in it are much

higher (880 and 690 ppb) compared to the submerged

moss (80 and 40 ppb for Block 82 and 174 and 210 ppb

for Block 86-all as sampled) (Table 7). The

data also shows the ability watercress has to absorb

aminocarb rapidly during the initial 3 h post-spray.

The subsequent disappearance of aminocarb from the plant

may be due to desorption, volatilization from the

exposed leaf surface or to biochemical and photolytic

degradation. Residues persisted in both watercress
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(199 and 104 ppb) and moss (66 ppb in Block 82 and 55 and

77 ppb in Block 86) samples beyond the sampling period of

24 h. The possible biological availability of such low

deposits to microorganisms such as algae, plankton, etc.

and accompanied potential ecological ramifications, if

any, are still unknown.

Using the peak concentrations of aminocarb found

in the substrates and corresponding water levels, the bio-

accumulation ratios or better bioconcentration factor

(BCF) [aminocarb concentration in a aquatic plant (as

sampled)/aminocarb concentration in water] for these two

species are:

Block 82 (Bear Brook) - moss: 1st application = 26

2nd application - 30

Average = 28

Block 86 (Yoho Stream) - moss: 1st application = 42

2nd application « 23

Average » 33

watercress: 1st application = 61

2nd application = 107

Average - 84

The lower levels found (BCF 28 and 33) in moss compared to

watercress (BCF 84) is primarily due to its habitat

(submergent), high stream discharge and the hydrophobic

oil formulation used in the block which caused the active

material to remain primarily on the surface as a film
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reducing its availability to the plant. Such conditions

were not experienced by watercress and therefore the

residue levels are high (Moody e_t jil. 1978) .

Fish

Residues of aminocarb found in brook trout (Block 82,

Bear Brook) and Atlantic salmon (Block 86, Yoho Stream) at

intervals of.time following aerial sprays are recorded in

Table 8. The organisms accumulated residue levels not far

in excess of that present in water (Table 5). The bio-

accumulation factors (using the maximum concentration found

in fish and the corresponding water concentration) varied

enormously and was very low for salmon.

The bioconcentration factors (BCF) of aminocarb in

fish found in the stream waters are:

Brook trout (1st application) 16.5

(2nd application) 5.8

Average 11.1

Atlantic salmon (1st application) 0.6

(2nd application) 0.4

Average 0.5

The low values are due to low uptake rates and high

excretion rates of the chemical resulting in low accumula

tion compared to the concentration in water. The

accumulation coefficient [uptake rate/excretion rate] for

fish in a dynamic stream system would be extremely low.
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When Matacil® 180FO formulation was sprayed in

Block 82, a gradual build-up from non-detectable to

maximums of 6.1 and 3.3 ppb levels were found in the brook

trout tissues after 3 h (1st application) and 1 h (2nd

application) , respectively. The accumulated res'idues

were rapidly metabolized and after 12 hs none was

detected. Comparatively, the aminocarb concentrations in

fish samples collected from Yoho Stream (Matacil® 180FE)

were high (13.8 and 3.7 ppb 1 h post-spray following 1st

and 2nd applications) but a similar rapid loss (rapid

metabolism) was also evident. This observation

strengthens the hypothesis made earlier that the addition

of hydrophilic additives (Atlox® 3409F emul'sifier) some

how prolonged the residual activity of aminocarb in water

thereby influencing its uptake by fish. Aminocarb as an

emulsion, although it had a very low BCF value (ca 0.5)

compared to the oil formulation (BCF 11.1), persisted

longer (0.6 ppb - 72 h post-spray, 2nd application) and

exhibited measurable residual activity in fish. We

should bear in mind at this point, that such comparisons

have limited validity since variations in species (brook

trout vjs Atlantic salmon), habitats and feeding habits

would ultimately influence the biochemical mechanisms

of uptake, degradation and elimination at different

rates. During the study period, no mortality or any

noticeable unusual behavior (neurotoxic symptoms) were
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observed. They looked active and alert with usual feeding

habits indicating their tolerance to the chemical at the

observed stream concentrations. But we do not know yet

whether the chemical manifested any physiological disorders

in them. From the foregoing observations, low concentra

tions found in stream waters and the low BCF values

obtained, it is concluded that aminocarb at the current

operational dosage of 70 g Al/ha, would hardly pose any

significant hazard to stream fish populations exposed to

the spray cloud.

Air

The amount of aminocarb (Blocks 82 and 86) trapped

by the.DMF bubblers (Figs 7 and 8) and expressed as ng of

AI present per cubic meter (m3) of air is given in Table 9.

The same data are diagramatically presented in Fig. 11.

Depending on its size, fall-time, carrier and

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 (Figs. 6 and 10).

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
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of the active ingredient (AI) reaching the foliar and soil

surfaces as well as the air mass above the forest floor.

Taking these factors into consideration, it is easy to

understand why such wide variations are observed in the

concentrations of aminocarb present in the air samples

collected in the spray blocks. The maximum concentrations

varied from 1201 (Block 86, 1st application, 3 h sample)

to 210 (Block 82, 2nd application, 1 h sample) ng/m

(Table 9). The evening spray application in Block 86 (1st

application) yielded the highest concentration of the

insecticide in the air samples (1201 ng/m3) compared to

the morning sprays (Block 82, 1st application and 31ock

86, 2nd application) indicating the influence of tempera

ture at the spray time in volatilizing the chemical.

Usually the evenings were warm (17°C) compared to the

mornings (7°C). Certainly the existing meteorological

conditions at the time of spraying and at subsequent

periods would also have played a significant part in

influencing the insecticide concentrations found in air.

Air samples collected after mid-day in Block 82 (12 h

sample-lst application; 24 h sample-2nd application)

contained (Table 9) slightly higher amounts to morning

samples indicating the enhanced vaporization of the inter

cepted insecticide molecules due to a rise in temperature

Such evaporative losses of aminocarb to air are probably

due to its relatively high vapour pressure (1 x 10" Pa

at 20°C) (Mobay Tech. Inf. Rept on Matacil®, Jan. 1982).
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The pre-spray and post-spray background levels of

fenitrothion found in all the air samples collected from

the two research spray blocks sprayed with Matacil® 180F

were high ranging from ca 50 to 119 ng/m3 yielding a

mean value of 69 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 via spray drift and

contaminated the air masses. Since the average

concentration levels of the toxicant remained at > 50 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 into the experimental blocks was

possible from many directions depending on the meteorol

ogical conditions that existed during the period, thus

influencing the pre-spray and all post-spray fenitrothion

concentrations in air.

Pesticide losses from forestry substrates usually

follow a decreasing exponential curve following first-

order kinetics (Sundaram e_t a_l. 1972, Sundaram 1973,

Sundaram and Hopewell 1977). In the present study, the

loss of aminocarb from air samples is not exponential

but declined rapidly.



64

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 spray formulations used in

forestry in addition to the existing weather conditions

at the time of spraying. Block 82 sprayed with

Matacil© 180FO containing Shell I.D. 585 (ref. Table 1

for composition of formulations), a volatile petroleum

distillate gave low concentrations of the AI in the air

probably because of its rapid loss through codistillation

along with the solvent before reaching the forest floor.

On the other hand, high values of aminocarb in air were

observed in Block 86 because it was sprayed with purely

a water-based formulation containing Atlox® 3409F

emulsifier which very likely produced droplets of

optimum size that entered not only the forest canopy but

also reached the" forest floor in suffficient numbers.

Probably this may be due to the attractive forces (H-

bonding, dipole-dipole, dispersive, etc.) operating in

water. Matacil® 180F and Atlox® 3409F moieties would

have prevented the rapid loss of the toxicant by

evaporation leading to drift soon after its release from the

aircraft. In addition, although the rate of evaporation

of the toxicant depends upon its vapour pressure, it

will be influenced to a certain extent by its physical

state, i.e., if it is in a homogeneous or heterogeneous
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phase. We should note that the formulation sprayed over

Blocks 82 and 86 was a heterogeneous one containing solid

matrices suspended in a liquid medium. Other factors such

as the rate of diffusion of its vapour to the surrounding

air mass, the influence of temperature on it, the rate of

air exchange above the forest floor, moisture content of

the air, etc., could have introduced variations as pointed

out by Hartley (1969) in drawing direct comparisons between

the differences in concentrations of the AI found in air

between these two formulations of Matacil® 180F.

Balsam fir foliage

Aminocarb residues found in balsam fir foliage are

recorded in Tables 10 (Block 82) and 11 (Block 86),

respectively. The dissipation of the chemical in fir

needles appeared to be biphasic (Fig. 13). From the data

it is apparent that the initial maximum residue levels of

aminocarb obtained in the foliage varied according to the

formulations sprayed. Higher values (as sampled) (1340

and 1210 ppb for 1st and 2nd applications) were found with

Matacil® 180FE (Matacil® 180F + Atlox® 3409F + water)

compared to Matacil® 180F0 (1080 and 940 ppb for both

applications) which contained Matacil® 180F and I.D. 585.

It is very likely that the droplets of oil formulation

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

level, could have evaporated rapidly because of the

presence of volatile I.D. 585 component. This resulted
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in low deposition of the toxicant on the foliage. With the

emulsion formulation, such a rapid evaporation is not

possible because of the presence of the emulsifier which

not only has low volatility but also has the tendency to

act as a cosolvent and be linked to the toxicant molecules

by strong intermolecular forces. Consequently higher

foliar deposits are obtained and the possibility for

residual toxicity is enhanced.

After 5 days of post-treatment, only 33% and 40%

of the AI (as sampled) was lost following 1st and 2nd

applications in Block 82 compared to the losses of 30% and

40% of aminocarb in Block 86. This suggests that in both

cases the aminocarb residue may have been bound to the

needles and hence not readily available for degradation.

But after 12 days post-spray (2nd application), only 5%

(Block 82) and 18% (Block 86) remained in the foliage

indicating that the material is lost readily with passage

of time. Earlier studies showed that the addition of

non-volatile additives extended the persistence of the

chemical in conifers indicating the necessity of choice

additives in spray-mixes used in forestry (Sundaram and

Sundaram 1981) .

In both cases, the active material was lost

rapidly (steep slope) during the initial stages (Fig. 13)

then followed by gradual and curvilinear decrease with

time showing a tendency to persist for a long time in
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the needles. How additives enhanced this phenomenon can

be seen from Fig. 13. The rate of loss with Atlox® 3409F

is rapid compared to the one with I.D. 585 but also we

should not forget that the initial concentrations are

different. The difference in rates of disappearance

suggests that the initial one is primarily due to physical

factors (volatilization, photolysis, weathering action of

humidity, rain and wind) and the later one which 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). From the slopes of aminocarb

dissipation in Block 82 (Fig. 13), it is evident that

petroleum distillates such as I.D. 585 enhances cuticular

penetration.

Figure 13 contains the half-lives (Tj^) (calculated

from concn. y_s time plot) of aminocarb present in fir

needles (as sampled and oven-dry). The Tj^ for the chemical is

well within the range found by the senior author earlier*.

* W. spruce (as sampled): aminocarb Tl^ 6.0 d (Sundaram
et al. 1976)+.
W. spruce (as sampled) 3.2 d (Sundaram and Hopewell 1977).
B. fir (as sampled): aminocarb Ti^. (average) 3.2 d
(Sundaram 1981)++. z

+ Concentration fluctuated during study.
++ Average of 6 values.
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Simulated aerial application techniques using single trees

(Sundaram and Sundaram 1981) gave high Tig values for

aminocarb in spruce indicating the influence of additives

in formulations.

Residues in forest litter

Residues of aminocarb present in forest litter from

Blocks 82 and 86 are given in Table 14. Aminocarb

residues in litter were extremely low. The maximum in

both blocks ranged between 40 to 70 ppb at 1 h post-spray

and never exceeded afterwards the detection limit (10 ppb)^

with a few exceptions later on in Block 86. This is

difficult to explain especially when the spray deposits

collected on glass plates during both applications have

been high (range 7.23 to 28.60 g/ha, Table 4). It is also

difficult to explain, unless there was foliar leaching or

run-off due to rain, the presence of detectable levels of

the chemical in Block 86 prior to the 2nd application. In

a similar study conducted in 1981 (Sundaram 1981), the

initial maximum concentrations in litter were found to be

from 18 ppb to 216 ppb (as sampled).

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 which is known as

forest litter. This organic matter consists of

carbohydrates (cellulose, hemicellulose-polyglucuronic and



69

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

carboxylic compounds, lignins, nitrogeneous compounds

(proteins, amino acids, etc.) and lipids. Litter from the

conifer forest is not only acidic (pH of aqueous

suspension ranged between 5.2 to 5.6 in the present study)

but it also provides a strong adsorptive surface for various

molecules. It is expected that aminocarb molecules would

be adsorbed onto litter particulates possibly persisting for

a long time in detectable levels. Adsorption to litter

particulates would also be enhanced by the lipophilic

compound I.D. 585 present in the oil formulation (Matacil®

180FO) (Block 82). It is surprising that such a situation

did not occur in the present study, this was probably due to

rapid volatilization and degradation of the material from the

litter matrix. Similarly the emulsifier compound in Matacil®

180FO did not influence the persistence of the material

contrary to our expectations.

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

(< 10 ppb) (Tables 12 and 13) reached the soil. This

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

obtained earlier (Sundaram 1981).

Mechanisms of disappearance of aminocarb from the forest

floor included volatilization, leaching through soil profile

* Fine sandy loam, pH 6.1 to 6.4.
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by water and degradation by various physicochemical processes

including sunlight and biological means. Among these, a

combination of chemical and bacterial degradations and

volatilization from the soil surface probably played vital

roles. In addition, various soil factors such as soil type,

organic matter, moisture content, pH and temperature have

profound influence on the fate and persistence of aminocarb.

Under forestry conditions, canopy cover, relative humidity

and rainfall would also play significant parts in insecticide

persistence.

Pesticide-soil interactions especially focussing on

persistent organo-chlorines have been studied extensively and

documented. So far our studies showed that little if any

aminocarb, used at field application rates, reached and

stayed on the forest floor for a period of time. Due to its

extremely short life in the lithosphere it is very unlikely that

the chemical would exhibit any significant hazard to soil

micro-organisms (bacteria, fungi, etc.) and invertebrates.

Terrestrial Insects (Spruce Budworm and Tent Caterpillar)

Table 15 presents the aminocarb residue data

obtained from the analysis of 17 budworm and 1 tent

caterpillar samples (dead insects) received from the

Environmental Impact group at this Institute. The residue

levels found are unusally high and range from 20 to 1290 ppb.

We are not sure of the sampling method used or of the
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accuracy of post-spray sample times recorded in the table.

Studies taken earlier by the senior author here and

others elsewhere to quantify aminocarb in the target pest

have been elusive and so far no definite results have

been reported. The current data recorded represents very

high levels of aminocarb in the budworm and raises a few

pertinent questions for which we do not have valid

answers.

1. What is the mode of entry of the toxicant to the

target pest? Is it dermal (contact), oral

(ingestion) or inhalation (entry of vapour via

spiracles into the tracheae) or a combination of

all of three. If so what is the relative

magnitude of each in causing mortality? Because of

high residue levels found, could dermal routes play

a dominant role compared to the others?

2. How long and why the chemical stays intact in the

dead insect? From the data in Table 15, insects

collected at 9.5 h post-spray contained 86 to 1290

ppb of aminocarb. Why does the rate of loss look

apparently low in dead budworm compared to other

forestry substrates?

3. What are the possible ecological ramifications of

such high residue levels persistent in dead insects

if they constitute a food source for other animals

in the forest ecosystem?
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Future investigations should centre around some of

these areas to find plausible answers for these questions.

Fenitrothion persistence

During the field program, all pre-spray as well as

most of the post-spray samples collected from the major

components of the forest environment (air, water, aquatic

and terrestrial samples) in Blocks 82 and 86 contained

detectable levels of fenitrothion as a contaminant.

Table 16 records the residue levels of .fenitrothion found

in some of the pre-spray samples.

The fenitrothion content in certain post-spray samples

are recorded in earlier tables. It is essential to under

stand that during this field research, aerial application

of fenitrothion at operational levels were on all over the

province of New Brunswick. It is apparent that very

likely fenitrothion could have reached the research blocks

indirectly through drift since it is known that aerosol

droplets below < 50 urn diameter will be airborne (Fig. 15)

and drift to long distances. The other transporting

mechanism involved in carrying fenitrothion residues from

the site of application to Blocks 82 and 86 is water.

Alternatively, considering the extensive use pattern

of the chemical in the province of New Brunswick, year after

year for the last two decades, it could as well be present

as a persistent contaminant (probably due to saturation?)

in certain components of the environment. The persistence
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of a chemical is influenced primarily by its physicochemical

properties such as hydro-or-lipo-philicity, partition

coefficients, adsorption, vapour pressure, volatility,

photo and biodegradability, oxidation, hydrolysis and over

all electronic and molecular structure. The biotic and

abiotic elements of each component as well as the other

environmental properties such as temperature, relative

humidity, wind, surface, etc. influence the persistence of

the toxicant. If the environmental uptake is higher than

the degradation and dissipation rates, environmental

accumulation and persistence is a possibility.

From the above synopsis, it is apparent that we are

not yet sure one way or the other of the source of fenitro

thion. At this time and period, it is very important that

the data recorded in Table 15 is reliably true to reflect

the persistence of fenitrothion. We have to collect more

samples and document more data before the commencement with

any operational spray program to substantiate and bring

out the truth. Using such reliable and firm data, we

should strive to interpret the results with wisdom and

understanding rather than embarking hastily on short term

remedies.

SUMMARY AND CONCLUSIONS

New formulations of aminocarb flowable (Matacil®

180F-a suspension concentrate) was field tested in budworm

infested forests of New Brunswick to determine the
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distribution, persistence and fate of the active material.

Two formulations of Matacil® 180F, (1) Matacil® 180F

(25.93 v%) diluted with Shell I.D. 585 (74.07 v%)

(Matacil® 180FO) and (2) Matacil® 180F (25.93 v%) +

Atlox® 3409F (1.27 v%) and water (72.80 v%)

(Matacil® 180FE) were applied separately to different

blocks (82 with oil based and 86 with emulsion) twice at

70 g Al/ha by means of a fixed-wing aircraft.

The environmental dynamics, fate and persistence of

aminocarb as well as its deposition characteristics on the

forest floor were studied. Environmental samples were

collected at intervals of time from all the four major

compartments, namely atmosphere (air), hydrosphere (water,

sediment, aquatic plants and fish) lithosphere (forest

litter and soil) and biosphere (conifer foliage and

insects) of the forest ecosystem. Residue levels in all

the substrates were determined by GLC analysis after

solvent extraction and necessary cleanup.

The additives in the formulation played a

significant role in the deposition characteristics of the

material. Usually the emulsion formulation produced a

higher deposition on forest floor as well as on conifer

needles compared to the oil formulation. The average

deposition at the ground level for all the four applica

tions was only 23%.
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In the air samples collected from the spray blocks,

aminocarb was found in low levels either in the vapour

phase or adsorbed onto particulate matter. The maximum

levels ranged from 211 to 1201 ng/m3 (£a 0.05 to 0.08

ppb) and were lower than the maximum permissible levels

for these classes of components.

Residues of aminocarb ranging from 22.64 to

3.06 ppb were found in stream waters and they

disappeared very rapidly. Aminocarb as an emulsion formu

lation was comparatively more stable in water media than

as an oil formulation probably due to the presence of the

hydrophilic surfactant Atlox® 3409F. The persistence of

the chemical in water also depends on water pH, stream

discharge rate (dilution), temperature, turbidity and

other biotic and abiotic factors. Aquatic plants acted

as sinks for aminocarb. The surface dwelling watercress

showed rapid uptake and accumulation of the chemical

(maximum concn. 880 ppb) beyond 24 h sampling. Residues

(maximum concn. 174 ppb) persisted at relatively low

levels (£a 60 ppb) for the same period in the submerged

moss. Sediments contained only traces (< 10 ppb) and

were not quantifiable. Fish samples collected from both

the streams contained a maximum of 6.1 to 13.8 ppb of

aminocarb. Since the rate of elimination of the toxicant

in them was high, consequently, the bioconcentration

factor was low. The concentration in them varied
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according to the formulation sprayed. Usually the emulsion

formulation resulted in a noticeable accumulation of

aminocarb in fish and persisted longer (0.6 ppb, 72 h)

compared to the oil formulation. No mortality or notice

able behaviorial changes in fish were observed during the

experimental period.

Residues in balsam fir foliage ranged from 1080 to

1340 ppb and varied according to the formulation sprayed.

Usually higher values were found with the emulsion formula

tion (Matacil® 180FE) compared to the oil formulation

(Matacil® 180F0). In both cases the active material was lost

rapidly during the early stages and later on curvilinearly

with time showing low half-lives (c^ 3.0 d). The 12 d post-

spray samples contained only about 5 and 18% of the initial

maximum concentration of the material showing that the

chemical is short-lived. The persistence and residue

stabilization characteristics of this chemical in various

substrates arising from its multiple applications over a

period of time, is still unknown.

In soil and litter environments, aminocarb

disappeared very rapidly probably due to volatilization,

photolysis and biodegradation. Therefore aminocarb at field

application rates appears to be safe to soil microorganisms.

The mechanism of disappearance of aminocarb from

forestry substrates is primarily through physicochemical

processes such as volatilization, leaching, photolysis,
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dilution, oxidation and hydrolysis and probably to a lesser

extent by biodegradation. Information on the role of

various physical, chemical and biological processes

responsible for the ultimate fate of this chemical in the

total environment via activation and degradation pathways

is still scanty and model ecosystem studies under

controlled conditions are necessary to understand them.

In the present era, unrestricted use of potent

insecticides to control insect pests is viewed with extreme

caution. In this regard, aminocarb with its high toxicity

to target pest and low toxicity to other animals along with

its low-to-moderate level of persistence in the environment

could hardly pose any significant hazards to man and other

higher forms of life only if safe and judicious use

protocols have been followed.
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