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ABSTRACT

An off-target herbicide deposit study using a MICROFOIL boom equipped with 1.5 mm (0.06
inch) hayrack nozzles was included in collaborative research trials undertaken at Carnation

Creek, Vancouver Island in September 1984. Glyphosate (N-phosphonomethylglycine) deposit
samples from 400 ca? collection plates from six transects dominated by either red alder
(Alnus rubra Bong.) or salmonberry (Rubus spectabilis Pursh) were extracted, purified, and
quantified by High Performance Liquid Chromatography (HPLC). Deposit values declined rapidly
with distance off-target, with 1% of full application (1.88 kg/ha) found at 2-3 m. The low
est detectable residue in the alder area (1.55 x 10""3 kg/ha) was found at 17.2 m, and no
residue was detected at 20.0 and 22.9 (the limit of detection was 2.5 x 10~5 kg/ha, and the
limit of quantitation was 1.25 x 10~4 kg/ha). Quantifiable residue (1.8 x 10~4 kg/ha) was
found up to 23.1 m in the salmonberry area. Linear regressions of the logarithms of deposit
and distance off target were calculated and found to be significant (p< 0.05). The
off-target drift extinction rate was found not significantly different (p < 0.05) between
alder and salmonberry. Calculated herbicide deposit values in a 1 m deep body of stagnant
water 7-8 m outside the swath edge yielded a theoretical safety margin of 4 orders of
magnitude, based on reported LC50 values for rainbow trout (8.3 mg/L, Roundup formulation).
The off-target distance to "no-effect" of glyphosate on salmonberry vegetation (from 100%
kill to 100% healthy) was 2 m, increasing to 5 m around several scattered alder 10 m in
height.
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INTRODUCTION

Glyphosate (ROUNDUP®) is a herbicide
recently registered (1984) for Canadian for
estry use, although some local regulatory
agencies require further research for its
operational use. Studies on several en
vironmental aspects of glyphosate use, such
as aquatic fate and Impact, persistence,

degradation patterns, leaching, and lateral
movement, are presently being undertaken to
satisfy provincial regulatory agencies and
federal Department of Fisheries and Oceans
requirements for its operational use in dif
ferent regions in Canada. Results of these
studies are of particular interest in the
coastal areas of British Columbia, where the
current buffer width requirement for aerial
application (a 10 m pesticide free zone'
plus a 100 m buffer) is considered impracti
cal for effective forest management. A com
promise between forestry and fishery inter
ests may be reached regarding appropriate
buffers, pending research results on off-
target deposit using the MICR0F0IL® boom1
and other dispersal systems tested under
both experimental and operational condi

tions.

Recent developments in herbicide dis
persal systems designed for forestry appli
cations using helicopters are focused on
increasing drift control. The droplet size
spectra of aerial herbicide applications are
a primary factor in controlling potential
off-target drift (Yates et at, 1985).
Droplet size data of MICROFOIL booms are
unavailable at present for the 1.5 mm (0.06
inch) orifice nozzles. However, its pre
decessor with 0.71 ram (0.028 inch) orifice
nozzles have droplet sizes of 1700 ± 100 pm
VMD (volume median diameter), based on manu
facturers data (Amchem 1972). Similarly,
drift control of MICROFOIL booms with 1.5 mm

orifice nozzles have not been evaluated.

However, its predecessor with 0.71 mm noz
zles showed off-target deposit rates as low
as one seventy-fifth that of the next best
conventional boom and nozzles of the time

(Amchem 1972).

1 Registered trademark of Union Carbide,
Ambler, Pa.

A collaborative research effort culmin

ated in September 1984 with aerial applica
tion of glyphosate in the Carnation Creek
watershed, British Columbia (Reynolds
1985)2. The multidisciplinary study on
efficacy, environmental impact and fate of
aerially applied glyphosate was designed to
satisfy some of the assessment requirements
of regulatory agencies for operational for
estry use of glyphosate. One component of
these studies was to investigate off-target
deposit of glyphosate applied with a MICRO-
FOIL boom under operational conditions
typical of coastal British Columbia. The

results of this study are presented in this
paper.

The specific objectives of this study
were to:

1) Assess the off-target deposit of gly
phosate aerially applied by helicopter
with a MICROFOIL boom (1.5 mm orifice
hayrack nozzles) under operational condi
tions for conifer release typical of
coastal British Columbia, and

2) Evaluate the off-target injury threshold
or no-effect zone on a dominant weed

species (salmonberry).

MATERIALS AND METHODS

General site description

Carnation Creek lies on the west coast

of Vancouver Island, draining a 10 km2
watershed (Fig. 1) in a coastal hemlock and
cedar zone (Krajina 1969). Carnation Creek
supports sizeable populations of coho

(Oncorfoynehus kisuteh [Walbaum]) and chum
(0. keta [Walbaum]) salmon, and has been the
focus of a 15 year investigation into the
effects of logging on fish (Hartman 1982).
Annual precipitation in the Carnation Creek
watershed ranges between about 250 and 380
cm (Hartman 1982).

2 Reynolds, P.E. 1985. Progress report.
1984 British Columbia cooperative herbi
cide research trials. Can. For. Serv.,
For. Pest Manage. Inst., Sault Ste. Marie,
Ontario P6A 5M7



- 2 -

Figure 1. Study site locations at Carnation Creek, British Columbia.
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About 41% of the watershed was logged
between 1975 and 1981 and reforestation has

been extensive (Dryburg 1982). The site of
the off-target deposit study was clearcut
logged in 1976-77; no buffer strip was left
along the stream. In preparation for log
ging, mature red alder were previously
killed with a manual application of Tordon
22K in 1975. Broadcast burns of the slash

in 1977 and scarification in a relatively
smaller area were largely unsuccessful. The
site was planted in 1978 with Sitka spruce
CPieea sitcnensis [Bong.] Carr.) with
salmonberry initially dominating the vegeta
tion (King and Oswald 1982), and later red
alder dominating in portions of the scari
fied valley bottom lands. The salmonberry
canopy in the area around the experimental
plot was interspersed with scattered clumps
of alder, together providing 100% vegetative
coverage. In September 1984, the average
height of salmonberry and alder were 1.5-2.5
m and 7-10 m, respectively. A mountain (300
m elevation) rose abruptly from the northern
stream bank across from the experimental
plot (Fig. 1). The flat alluvial flood
plain extended about 700 ra east and west
from the experimental plot, and abutted a
steep 50 ra cliff about 200 m south. These
terrain features were unsuitable for a typi

cal experimental drift study. However, it
was typical of the forest areas in the
coastal British Columbia, which required
weed management by aerial application of
herbicides.

Experimental plot description

The sprayed area for the off-target de
position study was along the northern edge
of spray block No. 5 (8.9 ha) included in
the general spray program (Fig. 1). The
off-target deposit plot was adjacent to a
reasonably straight 100 m section of the
stream and had riparian vegetation dominated
by salmonberry for half of its length and by
alder for the other half. The plot was
located on the north side of the valley and
on the southern bank of Carnation Creek

about 1700 m upstream from the estuary. The

northern border of the plot was 5 m within
the stream channel (Fig. 2). The stream
channel in this 100 m section was 15-25 m

wide and about 1.5 ra below ground level.
Fast flowing water (0.16 nr/sec on 14 Sep
tember) covered 25% of the stream channel
area. The 50 m section of the experimental
plot dominated by salmonberry (1.5-2.5 m in
height) was downstream and west of the 50 m
section dominated by alder (7-10 m in
height) (Fig. 2). A full canopy of alder
along the stream bank in the alder section
rapidly thinned to the south with inter
spersed salmonberry. Salmonberry dominated
south from the boundary into the spray

zone. The ground was almost level, with
fluctuations up to 1 m across the plot. For
the week preceeding herbicide application,
turbulent anabatic winds developed in the
afternoons, generally blowing toward the
north in the "off-target" direction near the
experimental plot.

Site preparation

Site preparations included measuring
and flagging a spray boundary line (Fig. 2)
10 ra south of the stream/vegetation border,
coinciding with the northern boundary of
spray block No. 5. Six "T" frames covered
with white 35 x 50 cm plastic bags and
erected on poles (4x4 cm) to the top of
the canopy served as boundary flags. The
spray boundary formed a shallow "S" shape.
The helicopter pilot and operation coordina
tor confirmed the location and aerial clar

ity of the boundary markers prior to appli
cation. Three transects about 20 m apart
were laid in each of the salmonberry and
alder sections. Deposition stations were
placed 5 m inside, directly on, and 5 m and
15 m outside the flagged spray boundary.
Stations 15 m outside were 5 m within the

stream channel. Stations outside the stream

channel were marked with 4 x 4 x 200 cm

wooden stakes which also held up the deposit
collectors. Stations within the stream

channel were marked with stakes 30 cm above

the water or gravel surface.
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Figure 2. Layout of the off-target deposit plot at Carnation Creek, British Columbia.
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The salmonberry canopy was trimmed (1 m
diameter) to immediately below the 170 cm
height of deposit collectors to enable the
collectors to receive full and equal expo
sure to deposition. The alder canopy ex
ceeded the height of deposit collectors at
three stations located 5 m outside of the

flagged spray boundary. The other stations

in the alder section were near clumps of
alder but in salmonberry brush less than the
height of the stakes. The height of the
deposit collectors generally coincided with
the vegetation canopy height or the exposed
streambed, except for the above described
three stations under alder canopy.

Spray boundary re-measurement and determina
tion of no-effect zone

It became evident 10 months after her

bicide application that the actual spray
boundary did not coincide with the flagged
and intended boundary. The actual boundary
was closer to a straight line of varying
distances inside of the flagged •S-shaped'
border (Fig. 2). In order to meaningfully
relate deposit with distances off-target,
the spray boundary was arbitrarily desig
nated at the edge of the vegetation assess
ment zone of total damage (100% killed).

Salmonberry was used as the indicator
species for vegetation assessment. Dis

tances from the deposit collection stations
to the re-established spray boundary were

used for subsequent analyses (Table 1).
Distances from the re-established boundary
to totally healthy vegetation (100% healthy)
were also measured to determine the no-

effect zone where herbicide deposited was
below the injury threshold of salmonberry.

Herbicide application

The first swath of glyphosate was
applied at 1435 h on 14 September 1984 along
the intended northern boundary of spray
block No. 5, coinciding with the off-target
deposit boundary. Subsequent swaths were
applied in parallel to the south. The en

tire operation lasted 1 h 9 min. The

planned application rate was 2.118 kg/ha
with a spray volume of 258 L/ha (Reynolds
1985)2. The Bell-47 helicopter was equipped
with a 7.9 m long MICROFOIL boom with 1.5 mm
(0.060 inch) orifice hayrack nozzles. The
helicopter flew at 40 kmph at an elevation
of approximately 18 m.

Weather data were recorded at a perma
nent weather station near the southwest cor

ner of the operational spray area (41.7 ha),
about 2 km southwest of the off-target depo
sition plot (Fig. 2). An hourly average
wind speed of 11 kmph was recorded at the

weather station during application, with 61%
relative humidity and 24*C temperature.
Turbulent wind was observed in the alluvial

flood plain during herbicide application.

Table 1. Distance corrections from deposit stations to the re-established spray boundary at
Carnation Creek, British Columbia

Intended

Distance

(m)

Re-Established Distance (m)*

-5

0

5

15

T1

2.8

7.8

12.9

22.9

T2

0.2

N.A.**

10.0

20.0

*T1 to T6s transects No. 1 to No. 6.

**N.A.: station not monitored.

T3

-2.9

2.1

7.2

17.2

T4

1.0

6.2

11.1

21.1

T5

2.6

N.A.

13.1

23.1

T6

3.0

6.5

12.0

22.0
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However, air movement in a general northerly
direction was observed in afternoons over

the one-week period preceeding and during
treatment, being enhanced by an anabatic
wind up the northern mountainside adjacent
to the experimental plot.

Sample collection

Deposit plates to measure relative her
bicide deposition were constructed, consist
ing of upper collection and lower base
plates (Fig. 3). The plates were of corru
gated cardboard 25 x 25 cm. The upper plate
was lined with two layers of aluminum foil
(22 x 22 cm) pre-washed with methanol and
taped on the edges, leaving an untaped col
lection surface of 20 x 20 cm (Feng and
Klassen 1986). The two plates were taped
together after securing the basal plate onto
the station stake with a carpet tack.

Deposit samples were packaged about 1.5
hours after the first swath and completion
of herbicide application when the collection
surfaces were dry. Clean vinyl disposable
gloves and forceps were used for removing
the tape from the aluminum foil collection
surfaces. Care was taken so that no conta

minated articles contacted the collection

surfaces. The sample sheets were then fold
ed, wrapped with the second aluminum foil
sheets and placed in labelled 25 x 40 cm
plastic bags (Feng and Klassen 1986). Sam
ples were cooled immediately and frozen
within one hour of collection. Temperatures

were maintained near 0°C during shipping
from the field freezers (-5°C) to the analy
tical lab, using insulated cardboard boxes
lined with extra 2.5 m styrofoam and a
covering of frozen cooler packs. Lab stor
age prior to analysis was maintained at
-14°C.

Residue analysis

Formulation analysis

Roundup formulation (356 g ai/L) was
collected before mixing for application and

kept at ambient temperature. Quadruplicate
1 mL aliquots were separately diluted
100,000 times with HPLC buffer (0.005 M po
tassium dihydrogen phosphate in 4% methanol/
HPLC grade water) in 3 serial dilutions
(100X-100X-10X) with appropriate volumetric
flasks. The diluents were filtered with

Millipore filter units (Millex HV, 0.45 m)
before HPLC analysis for glyphosate and its
major metabolite, AMPA (aminomethylphos-
phonic acid) (Rueppel et at, 1977).

Tank-mix analysis

Tank-mix samples (400 mL) collected
immediately prior to application were stored
frozen (as described for deposit samples)
prior to analysis. Duplicate 1 mL aliquots
were diluted 1,000 times in HPLC buffer and
filtered, similar to that described in for
mulation analysis, before HPLC analysis for
glyphosate and AMPA.

Deposition sample analysis

Residues of glyphosate and AMPA were
extracted from the deposit collectors by a
multiple rinse, shaking and sonicating pro
cedure using 0.1N HC1 (Feng and Klassen
1986). The extracts were then subjected to
cation and anion exchange column cleanup be
fore quantification with a HPLC. The analy
tical procedure followed was a modified ver
sion of that described by Monsanto (Monsanto
1985)-

Off-target analyses

Herbicide quantities on the deposit
plates were converted to kg/ha rates with
the equation:
kg/ha = 2.5 x 10~*4 x R
where R = total residue (ug) per deposit

collector (400 cm2)

•* Monsanto. 1985. Unpublished analytical
methods for glyphosate and AMPA by high-
performance liquid chromatography. Mon
santo Agric. Products Co., St. Louis, MO.
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Figure 3. Herbicide deposit collection plate,

TapeOM no. 658)

Aluminum foil (2 sheets)
cleaned with solvent

Top Plate
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AMPA was converted to its glyphosate equiva
lent by multiplying values by a conversion
factor of 1.5 in order to compare initial
glyphosate deposited between stations. Lin
ear regressions of the logarithms of dis
tance off-target (X) and glyphosate de
posited (Y) were calculated separately and
combined for values from alder and salmon

berry areas. Slopes and elevations of the
regression equations were analyzed with t-
tests (Zar 1984).

RESULTS AND DISCUSSION

Analyzed glyphosate content in the
Roundup formulations used in this study was
363 g/L (2.5% coefficient of variation
[c.v.], n = 4), 2% greater than the label
concentration (356 g/L). There was no meta
bolite AMPA detected in the formulation when

stored at ambient temperature. Tank-mix
No. 2 used in treating spray block No. 5
contained 7889 and 58 ppm of glyphosate and
AMPA, respectively. Tank-mix No. 2 contain

ed approximately 6% residual from a 6-day
old tank-mix No. 1, used previously in the
general spray program. There was no detect
able AMPA in freshly prepared tank-mix No.
1. Therefore, the amount of AMPA detected
in tank-mix No. 2 (58 ppm) indicated a 13%
breakdown of glyphosate in tank-mix No. 1
after storage for six days at ambient tem
perature in a diluted state. The amount of
AMPA in tank-mix No. 2 was converted to its

glyphosate equivalent to calculate the ini
tial amount of glyphosate represented. The
combined value was 97% of the planned 2.118
kg/ha application rate (Reynolds 1985) •
AMPA detected in deposition samples averaged
1.5% (n = 20) that of glyphosate, slightly
higher than the 0.7% in tank-mix No. 2.

The highest glyphosate and AMPA com
bined value detected (1.88 kg/ha) was con
sidered a full application rate for this
study, being located 2.9 m within the re
established boundary (i.e., 2.9 m within the
zone of 100% kill) (Table 2). The average
combined glyphosate and AMPA deposition at

Table 2. Off-target glyphosate deposit at Carnation Creek, 1984

Alder Area Salraonlberry Area

Distance* Glyphosate** Distance* Glyphosate**
Downwind Deposited Downwind Deposited

(m) (kg/ha) (m) (kg/ha)

-2.9 1.8820 1.0 0.1786

0.2 1.5093 2.6 0.01687

2.1 0.01934 3.0 0.02096

2.8 0.01025 6.2 0.00383

7.2 0.00239 6.5 0.00145

7.8 0.000364 11.1 0.00162

10.0 0.001150 12.0 0.000281

12.9 0.000337 13.1 0.000351

17.2 0.001550 21.1 0.000600

20.0 <0.000025 22.0 0.000216

22.9 <0.000025 23.1 0.000176

*Distances were relative to the re-established spray boundary with negative values being
within the spray swath.

**Limit of detection was 0.000025 kg/ha or 0.1 yg of total residue per deposit plate (400
cm^).
Limit of quantification was 0.000125 kg/ha or 0.5 yg of total residue per deposit plate.
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nearby soil plots (1.62 kg/ha) was also less
than the planned application rate of 2.118
kg/ha. Eight deposit collectors identical
to those used in this study were placed 20
cm above ground surface around two separate
10 m^ soil plots cleared of vegetation,
approximately 100 m southeast (Fig. 1) with
in the same spray block (No. 5). The 15%
C.V. found at these stations provided an in
dication of the variability of deposition on

this type of collector from aerial applica
tion with a MICROFOIL boom.

The lowest detectable residue value in

the alder area (1.55 x 10""3 kg/ha) was found
at 17.2 ra, and no residue was detected at
20.0 and 22.9 m from the re-established

spray boundary (Table 2) (the limit of de
tection was 2.5 x 10~5 kg/ha, and the limit
of quantitation was 1.25 x 10"^ kg/ha).
Quantifiable residue (1.8 x 10""^ kg/ha) was
found up to 23.1 ra in the salmonberry area
(Table 2).

The deposit results summarized in Table
2 indicated a very rapid decline in gly
phosate deposited as distance off-target in
creased. Glyphosate residue levels declined
to 1% of full application within 2-3 m.
These distances coincided with the distances

from the re-established spray boundary (100%
salmonberry killed) to the zone below the
salmonberry injury threshold (100% healthy).
Vegetation assessment results indicated this
'no-effect' distance was generally about 2

m, with pockets up to 5
scattered clumps of alder.

m across around

In analysis of deposition extinction
rates, three values from the alder area were
excluded from regression calculations. The
full deposition value (1.88 kg/ha) within
the zone of 100% kill, and the two non-
detectable values (Table 2) were not in
cluded in regression analysis. Log-log re
lationships were found for glyphosate de
posited over distance off-target (Fig. 4).
Data values fit very closely to the linear
regression lines with significant correla
tion coefficients (r) at -0.95, -0.97 and
-0.95 for alder and salmonberry areas and
their combined total, respectively. The co
efficient of determination (r2) indicated
the regression equations accounted for 89,
94 and 91 percent of the variation in the
data, respectively (Fig. 4). The regres
sions were found not significantly different
(p < 0.05) in comparing alder and salmon
berry areas, with t values of 1.09 (DF = 15)
and -0.178 (DF = 16) for testing slopes and
elevations, respectively. Off-target dis
tances were interpolated from the regression
equations to follow the deposition extinc
tion rate through several orders of magni
tude. Extrapolation of values beyond the
distances sampled was avoided. Based on a
full glyphosate application of 1.88 kg/ha,
0.1% of an operational treatment may be
found about 7-8 m outside of the spray boun
dary (Table 3).

Figure 4. Off-target glyphosate deposit extinction rates at Carnation Creek, British
Columbia.

Alder

Salmonberry
-1.17

-0.82

Total -1.05

Where log Y = a + b (log X)

•1.82

•2.13

-1.93

-0.95

-0.97

-0.95

0.89

0.94

0.91
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Table 3. Calculation of off-target drift from a helicopter application using a MICROFOIL
boom at Carnation Creek, 1984

Deposit

(kg/ha)

1.88

0.188

0.0188

0.00188

0.000188

Proportion
of

Application

1.0

0.1

0.01

0.001

0.0001

Distance Off-Target (m)*

Alder Salmonberry Total

0.2 0.3

0.6 0.9

2.0 2.7

7.2 7.8

(25)** 23

0.2

0.7

2.2

7.4

(24)**

*Distance values calculated from regression equations (Fig. 4).
**Beyond the distance sampled.

Results from this study illuminated
general patterns of herbicide drift from an
operational aerial application with a MICRO-
FOIL boom. However, operational field con
ditions were not sufficiently controllable
to warrant extrapolation of results to other
areas. Better insight into the relative

ability of the MICROFOIL boom to control
off-target deposit and aerosol drift will be
available from a carefully controlled field
study undertaken by FPMI staff in the Skeena
River flood-plain, British Columbia, in 1984
(Payne and Feng) .

In addition to determining the drift
control of new herbicide dispersal systems,
establishing the sensitivity of vulnerable
species within the intended zone of protec
tion was also required for calculating safe
ty margins for these species. The sensitiv
ity of several components of aquatic eco
systems to glyphosate and Roundup formula-

^ N.J. Payne and J.C. Feng. Estimating the
buffer required around water during Round
up applications. 1986. FPM-X- , in

preparation.

tions have been studied. Tolerance levels

(96 h LC50) for trout were found at 86 and
11.0 mg/L for glyphosate and Roundup formu
lation, respectively (WSSA 1983), and 140
and 8.3 mg/L, respectively, for rainbow
trout (Folmar et at, 1979). To achieve the
critical concentration of 8.3 mg/L ROUNDUP,
the more toxic formulation, a body of stag
nant water 1 m in depth would require a de
position rate of 83 kg/ha. Although the
deposit collectors used in this study did
not fully represent glyphosate deposition on
large flat surfaces such as streams or
ponds, results did indicate a rapid decline
of deposition with distance. Under opera
tional field conditions, and using a MICRO-
FOIL boom, the calculated extinction rate
(Table 3) suggested that aim deep water
body located 7-8 m away from a spray boun
dary may have received 0.1% of nominal
treatment. In this case about 0.002 kg/ha
may have been deposited, yielding a safety
margin for rainbow trout having four orders
of magnitude. If the water was flowing, the
safety margin would be increased proportion
ally with the dilution factor.
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Direct overspray of 1600-tributary of
Carnation Creek within the 8.9 ha spray
block No. 5 yielded maximum glyphosate con
centrations of 0.17 mg/L at 10 m downstream
from the spray boundary, and declined to 0.1
mg/L and 0.05 mg/L within 1 and 3 hours,
respectively (Feng et at, in preparation)5.
In direct overspray of a small stream in
Oregon at 3.3 kg ai/ha, maximum glyphosate
concentrations of 0.27 mg/L declined rapidly
to 0.1 mg/L within 4 hours (Newton et at.
1984). One of the environmental Impact
studies of the raultidisciplinary study which
was located within the same spray block No.
5 investigated the effect of a direct ROUND
UP overspray on aquatic invertebrate popula
tions (Kreutzweiser and Kingsbury 1985)". A
minimum aquatic invertebrate drift response
was indicated by one, and no significant
effect by 12 species in the 1600-tributary
described above. Other studies on fish

utilization of oversprayed sidechannels and
habitat changes (water temperature, changes
in riparian vegetation, erosion, sediment
inputs, stream chemistry, algal populations,
food supply and litter inputs) underway at
Carnation Creek (Reynolds 1985)2 may help
illuminate tolerance levels of aquatic sys
tems to glyphosate and Roundup formulation.

5 J.C. Feng, P.E. Reynolds and H.D. Klassen.
1986. Glyphosate persistence in stream-
water following aerial application in Car
nation Creek watershed, British Columbia.
Can. For. Serv., For. Pest Manage. Inst.,
Sault Ste. Marie, Ontario P6A 5M7. (in
preparation)

" D.P. Kreutzweiser, and P.D. Kingsbury.

1985. Drift responses of stream inverte
brates to a glyphosate application. Can.
For. Serv., For. Pest Manage. Inst. File
Rep. No. 63 (Pre-publication report),
Sault Ste. Marie, Ontario P6A 5M7.
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