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Herbicide Behnvlour?n ‘A Boreal Forest Podzol
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There . inadequaté information concernii berbi

raistence-ia dolls of theboreal tyrest. )
- fieldwtudy of herbicide behaviour in an Orthic Humo-Ferric Podzol bégan in the spring of 1083 ma o -
sortheast ceitral Newfoundland on a soutbefacing slope near Gambo Pond. 2,4-D, dicamba, ™ _.

hcxnmone;\uhnthmmn and picloramr were ‘applied on § test plots within a clear-cut site. Under G &

stringent “controls the LF, Ae, BY, FC 3ad C soil borizons were sumpled"up to 486 days after

application, Residue adalyses of samples from the soil horizon:

the distribution of herbicides

gh: the profile over time, and i

icate each herbicide's propensity to leach and persist.
Resulta show that all berbicides leach to,all-depths sampled indicating that there is the potential

ion of lower levels including . The amounts detécted in the lowermost

lioriton rahge from 0.9 mg, ai. per m? for.picloram to 74.5-mg a.i. per m* for hexazinone (mg

active ingredient yalues are adjusted fof recovery, soil maisture, bulk density and -horizon

thiclnes;) Initial. application ‘rates, varied betwe¥n herbicides and age reflected in the residue 2

concentrations delected With the exeepuon of tebnthmmn, 90°% of the herbicides disappeared . 22
" fronPthe soil 5 months after application. With the exceti ’

0 of piclorsin the berbicides persisted *
within the range of time intervals suggested by"other autkiorities. Each ecosystem has particular

sensitivities Which must be buffered by environmental parameters {e.g., bulk deasity, clay and
organic matter content, soil mojsture and ambient temperature) limiting ihe movement ‘and
* distriution of Lerbicideg in.the soll. Thus, herbicide use must be :lufnlly mansged to uu..md
the patural environment. e .
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PETTRLEY Chapterl ot %
ST OBJECTIVES AND INTRODUCTION

.. g . N :

G T ma, Il‘:tro‘ducﬁo’nW " cL

£ . * g Wi the use of Séablertcs is e aatosad environient is of irowm; hllpl{llnnn- in

Ll -Ilvlcullure, sereutare mxmmenam dlrilh\c—ol-

scientists and the genefl puhhc are - i b

S pmmemuummchepounuauor ination and the’

chemicals in the sofl”’ This study is concerned with o ..p;cu nn&bmde bélnndui In < bafes .
. forest podzol which primarily relate to the second problem. The first s the mean distribytion nv“

¢ i ruldut{down through the soil profile to llll lower Ilmchl sam| h; and‘thtucond is their J ol
measured.quantities as dfsmbuud over time. Thése. aspects resp«:nvtly address theazyu ofs

Ielchlnl which occurs during l:mple ml.ervah and lheqnlnlltleﬂ of htlhltldt! wlm-h lemaln K
X unaltered and biologically actjye in the soil -
The study area is near Gambo Pord, Neluloundland Five herbicides (2, 4D, dicamibs;”

ﬁexannone, tebuthiuron and p.cxmm)‘ were' Iyplled to five field plou o u‘ mx20mand . -

% teel:nlqun to extract and dmcc a peycenu!e of the residues ho_’qd unml nuqomemhc
=5 i complexes (Khan, 1982). Notwi ese cofstraints the wSs designed in’

conditions broadly typical of muchof Can

bnual fotest en'vimmgni “The results lhuuM aid

~ : SR e v

"The chemleals 2,4-D and plclotam are prodyets of Dow Chemiea snd are muk-u.l under the trade ash
*Esteron 600* and *Tordon 101%, respéctively. The dieambs ls marketed undér the trade aame of *DyCless
" by Velslcol Chémicals. The hexasinone is sold by DuPont of Clndl “Pd"' Ahe name of *VelparL® u:d Elsaco
- pnﬁm the tebutbiuron unds m name of “Spike SOW*. . - . R
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Y mo restly practices hetbicide use is 3 tool that forest management considers W
0 essential'fo remfin itive in the marke Yét there is concers that the use of
~ - herbi de miay rigult in long-term of the forest envir This is an issue of
Berbic 2 i

K - >
“Noverwhelming importance for Canada and therefore will receive some attention in Chapter 5,

e 100, regarding the relatidnship between herbicide use and forést management.

2 3 } tion 5.3;
o3 ¢
e ;

1.2. Objectives * oo v P ®
1. To determine the distribution and persistédice of hetbicides in the profile of a boreal
forest podzol; that is, to ascertain in itative terms, the ion of

24D '(2,4-dkhhmphenoaq} acetic acid®, d
inone *3-cyclohexyl-6-(di ;

, the mean
mba *3,6-dichloro-o-anisic acid®,
hyl-1,3,5-triazine-2,4 (1H,3H}

dione®,
N,-dimethylurea® and picloram *4&mino-3,5,6-trichloropi

tebuthiuron *N-[5-(1, 1-dimethylethyl}-1, 3, 4-thiadizok-2-yI|N, .
icolinic acid® berbicides in

apace (soil borizon) and time (herbicide persistence}.

barscterite the sl (its physical and chemical praperties) ad selected climatic

A
e wih the st o understanding the berbicides’ persistence and location in the™

‘

“+ * soil profile through time.

\ The

samples fol

firat objectiva is accomplished by spraying, salnpling, and analyzing contaminated soil
r residues of the parent compound. The analyses wete dong by private and commercial
’ = S

chemical laboratories. Tn general the analysis of the soils for herbicide residues require an

+ extraction

and cleanup process which yields a sample that can'be run through a gas liquid .

chromatograph, a high pressure liquid graph or a similar o ic device. At
the appropriate time a sample is siphoned from the colum which is then placed in a mass

for specification. The mass provides a graph of the cmpdunds ip the

sample within a specified frequency range. A knowledge of which peak{s) on the graph represent.

A clinically pure sample is provided by,

question s determined by

the

Without the noise caused by othér'compounds in the the test sample, and thus is used'as 3

+ with which a mass ér analysis will identify the compound's peak(s),

standard for igmmmi‘;ro“e the.compound’s peak(s) is idetified the area under the curve on

./ itie graph

The

is calculated giviog  semi-quantitative result. . 3
second objective is to describe the distribution and persistence of fhe selected herbicides

w@h respect to sail properties (organic matter content, particle size, bulk density, field moisture

" " content, borizon.thickness and, soil temperature) and selected climatig variables (precipitation, air

- .
>

and potential i The i ion comes from-a ¥ariety of sources

10d thoughit does not permit an exhaustive statistical analysi it lends itself to general

+inierpretation. As berbicidep are organic compounds they are expected to bebave in a somewhat

S+ . ilimilar ishion to thoss organic compounds naturally found in the soll. Therefore, an . .
i, undetstandiog B those patterns and processes (eg. insolation, mofgtare regime, temperature
\ & i




" 3 V i v

regime, evapotranspiration, mass flow, ditfusion, leaching and microbial degradation) operating in

;atd on the soil will allow for aa it i tz[ the herbicides' distribution and i in the

. * boil profile through time. Statistical analysis is limited to a descriptive regression equation of the

persistence curves where the herbicide residue data are tirne dependent. Thus, to accomplish the .
second objective, pertineat litratire o the subject, the residue avalysis dats, the physical and
chemical soil dat

generated from analysis and wlleeled from alher sources, and lhe

meteorological records observed on site are reqmred These wuxcn collectively encourage a s
i synthesia of the whole describing the pattern and process of herbicide distribution and persistence
" i3 a boreal forest podzol. . : , :

L 1.3. Herbicide Classification

For this experiment the following table 1-1, page 4; presents the common name, chemical
name, commercial product formulation name, molecular formula and molecular weight for the five
selected berbicides, Classifiation of thee herbicides by primary mode of-action puts them into
two groups: 1) Growth regulators for 2,4-D, dicamba aad picloram; 2) Photosynthetic inhi
', for hexpzinone and telyithiuron (Warren, 1976, pp. 14). “According to Warren (bid)some .

r.hnlelemtlcl of lhm two groups of herbicides follow:
Growth unlan
1. Al affect plant’ pomh ina sumlln way and appear to act at the same site as the

ural plant auxin or indole-acetic acid. However, all are much more active thas the ,
natural auxin.
- 2. Their effect on the plant is systemic rather than contact, thus they are effective when
L8 only part of the plant is treated. ‘ -
3. As 2 result of systemic effect, low pressure and low volume sprays can be used.
4.Thé dose response curve may be quite flat, That is, effects on plaat growth may be .
seen at doses far below the lethal dose. This creates a potential problem with spray
drift to non target .Te * .
5. They are quite mobile in soil.
ith the exception of dicamba and picloram, they do-not persist long in the ml .
7. They all have low mammalian toxicity. .

s ) . Phnh’lynlhem: Inhibitors - ,

: 5 Phomynthnh is stopped rapidly in, umepnble nl-nu In resistant plnu4h= elfect
on photosynthesis is much less atid is temy
2. All can be absorbed by the roots and mon are Wum by mm, but leaf absorption
~ varies greatly between compounds. '
3. In general, these compounds are moderately to highly resistant to n\wement in the
soil, but this varies with the compound, soil, and, rainl 1
\ 4. Persistence in the soil varies from a few weeks to more Ihn 2 yeln. depending.upon
the herbicide, amount applied, climate and soil.

5. All'bave'very low mammalian toxicity. = " .
- (soure: ibid.) -




Tll‘ﬂl 1-1s  Herbicide names, molecular formula and molecular weight.

Conson

NolecsTar Moleculsr ./ ...
e Chemtcal name 1ght Y

zase  formla

24D Butomyethasol ester of Esteron 800 G, W oc1;0. 32
5" (2, 4-d1cblorophesoxy) i ;
sestic scid * % 5 N
Dicasba 3,8-dlchloroo DyCler 24 CCLO, 2210
v oomtstencd
veylohexyl-g- Velprl N0, . 2623
6-(1, 1-dimethylethyl) Spike 80N Cnnul‘u! 220.3
3, 4-thadizol-2-y1)
-aisstiylares
Plolorsa d-aalso-3,6.6 — | . Torden 101 L0, 1S
“trichlgpopicolintc aetd -~
1.4. Location - P

*A site near Gambo, Newfoundland, located in the area covered by the Gloveriows’ map
: 2D/9, RF=1:50,000); grid reference 008997, was chosen for the

sheet (cartographic s

experiment primarily because this area is representative of the boreal forest environment (see

Figure 1-1). In addition, this research is facilitated because of soil surveys already éonducted in
the Gambo area (Wells and Heringa, 1972; Hender, in preparation). The choice 6f location is
.n;mented by the reasons given in the site selection subisection 3.1, page 38. The following map
and inset show the location of the site in two differeat scales (see map| figure 1-2, page s)

1.5. Geology A .

The soils I the area are derived frorn tills which are predominaatly composed of Devonian
sranites and include some Ordovician shales, slates and graywackes (Jenness, 1063, p.28). The
geanitic tocks are generally. pisk to red, coarse-grained biotte granites, with large eubedral
phenocryats or porphyroblast of potash feldspar (i8id). According to Jenaess (1960; 1963), _
Lundqvist (1985, clted in Tucker and McCann, 1980, p.1477) and, Tucker snd McCann (1980) the
site was glaciated duriog the Late Wiscogala. ‘The experimental sie occursia the area which
Jenness termed the *inner drift zoné®. This zone s characterized by glacio-fluvial deposits which -

* formed behind the end moraine constituting the boundary between the inner and outer drift iom
- (Figure'1). Jenness estimated that 7000 to 8000 years have passed since deglaciation in the ares,




Figure 1-1: Photograph showing the boreal forest in the top of the picture with

Gambo Pond in the back d. In the of this south-f:
view is the meteorological station showing the continuous recording rain
gauge, Stevenson Screen and two white, cumulative, cylindrical rain
gauges diagonally opposite of each other. The station is just below
the top of the ridge. Behind the meteorological station is the picloram
plot where, in the lower end, the field assistant is clearing away slash.

1.8. Relief and Drainage

The area consists of rolling hills with steep slopes and the reliel is generally less than 100 m.
The flat hill tops, low relief, high precipitation and variable spread of glacial sediments have
resulted in much ponding and a deranged drainage pattern. The extensive areas of poor drainage
on slopes and hill tops support spruce and peat bogs. The field site is well drained and occupies
the upper portion of a south-facing slope with an overall grade of 23 %. Groundwater and runoff
in the experimental area flows south for approximately 500 m before entering Gambo Pond, which

drains into Freshwater Bay and the North Atlantic Ocean.
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Location of Newfoundland herbicide study, 1983 - 1984



" Take Is defined as & small patural

1.7. Climate - . ) ‘

. v
The region exhibits a continental type climate moderately to strongly influenced by marine
conditions. This is termed a *modified continental® climate (Banfield, 1981, p. w) B:nl’eld‘
climatic zones of Newfoundland describe the area as:
*3. East coast aod hinterlands. ...(1100 - 1500 mm of precipitation
hlavy with b- erly or northerly airflow,
Gander area. Winters cold with 50- 70 % pletlpiuhﬂn falling as s:
normally continuous at least throughout February (longer to-th
late springs with sea ice perlunu until mid-May. Sumnun generally warm and lanly
sunny.® (ibid., p.120) ——

The area's frost-free season has 3 mean duration of 120 - 140 days lBuﬁei! 1983, p.69) .

.and the number of degree-days above 5° C annually averages approximately 120 degree-days

(ibid. p.73). The growing season, defined as the frost-frce period, generally extends from the
beginning of June to the beginning of October. There is a 50 % chance that the mean annual

potential evapotranspiration s 350 - 400 mm(ibid., p.96); however, most of this occurs during the

short growing geason when there is an. ‘equal chnnu that 75 to 100 % of this moisture is lost,
through evapotrauspiration (ibid., p.97). The closest class A evaporation pan is located 34 km
dway at Gander International Airport (elevation, 151 m) where for the months of .lune, July;

1

August and September, 1983, Eavirdnment Canada recorded the following values (mm).

respectively: 14894, 147.2, 1142 god 78.24%. These pin values are significantly highef than  * -

the evaporation values for a lake® surface which are caleulated from the daily net pan loss values

a0d 3 mathematical model designed for lakes. The caleulated lake values for the same period are ~

as follows: 113.8¢, Missing, 85.3 and 56.5¢*. A comparison of these values withithe S year means

(1980 - 1984, inclusive) for the same months show: for Jube both pan and lake values are greater

than one standard deyiation from the meas; for July and Augusi both pan and lake values are

withia one stasdard deviation of the mean (exéept for July lake récord which is missing) finally, - —
for Septémber both pan sed Iake values are les than one standard deviation from the meany The: -

following table, 1-2, (page, 8) lists class *A* pan euponl.bn. caleulated lake evhporation and

statstic or 1080 throigh to 1984.

Environment !-rvln, Monthly Record, Mef

rource: Atmos
# = data misaiog fof one or more days.

M. Millgr, Atmospberie
Newfouadlaad). K

¢ 4o = estimated value,
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Table 1.2t Evaporation (mm) From A Pan Surface, \
Gander, Newfoundland, 1080 - 1984 !
Juze N July . Avgurt Septender

| Yoar Fai  Lake Paa - Lake  Pan Lake P Lake

044 7.1 1018
127.3
140.8
Miestog 113.2

173.4 128.8 '135.8

6 WBE 6215 U6 E

CME0 1083 1243
.60 2.8 15.27 10.73 118 6.77
¥ .

atestng.

a2d & mathenstical mod 3
17 Asoephorie Eavirobumat Sersici s & ! -
Vody with negligible heat storsge.

1. Water Balance w g, .

At the experimental site, 20 to 27 % of the above mentioned annual precipitation‘of 1100.to
1500 mm was recorded between June 24 and October 27, 1983 (126 days). If 50 to 70 % of the
precipitation falls as snow, then the approximate-accumulation of 300 mm of rain for the 126 day :

period represeats the 29 to 55 % Fange of aanual rainfall. Because much of the rainfall oceurs in
the spring and fall, coinciding with the change in seasons, the actual amount of precipitation that
fell i likely to be closer t0 20 %. A cumlative raiafall graph for the above period show 4.
variatioas In accumulatéd rainfall rom a number of sites in the region (see Figure 1.3, page 10,
* The graph depicts recorded values (im) for: one automatic continuous recording gauge on site for
50 days; the mean of two manualcylindrical white plastic gavges on site in proximity to.the
s similar eylndrical gauge at the Gambe Foresty Staton, approximately 10

continuous gau
km from the site along Freshwater Bay; and two primary nmmn: at the Terra Nova National -
Park headquarters and at Gander onal:Airport, both apprg istant from the
site at about 40 km.
1 The soil water deficit during the growing season is estimated 3 100 - 150 mm at the 50 %
occurrence level, and 160 - 200 mm at the 10 % occurrence level (Banfield, 1983, p.98)." Using g
Thornthwaite's method for‘calculating the water balance (Thoratbwaite and Mather, 1957), for
both 150 and 200 mm soil moistiFe storage capacities, there are respectively 17 and 38 mm soil .




moisture deficit-days out of 76 possible days® for the period of July 17 through to September 30, v

1083. For the same period there are fifteen | mm-moisture deficit-days and one 2 mm mojsture
deficit-day for the 15Q_mm storage capacity and, twenty-six 1 mm moisture deficit-days and six 2
mm momm&deﬁy‘zh for the 200 mm storage capacity. Thus, there arg a few days each. . -
summer when the soil moisture deficit approaches a critical poiat subjecting the plants to

T physiological stress and minimiting berbicide movement in the liquid phase. This point has <
. important. implications coicerning herbicide application and effectiveness which is discussed later
in Cbapm 5, page 100, L T s
toet s ~

. 1.8, Vegetahon L
L
The-area is the. mm distinctly boreal pat or the island (Dnmm:\u 1983, p.173) . Damman ©

i, p.199) compares his *Central Newfoundland Ecoregion* to the *Middie-Boreal Zone* of
Abti e at; (1968); the *Main-Boreal Zane? of Sjors, (R063); the *Boreal Zone* of Ducruc et al,
z .. (1976); and to'the 'Pudomlnnnl]y Forest Zone* of Rowe's *Boreal Forest Region®, (1972).

The vegetation found in the area is associated with Black spruce stands (Picea mariana)

~ " - which dominate much of the area because of the high frequency of fires (Damman, 1983, p.i74).

- ) There is pedogenic evidence of at least ope fire a5 m2fy soillprofiles exhibit a very thin chareoal
| : b ]

lyer (see Figure 1-4). More reteatly people have' floral ity by cl

the forest in msl. The majority of plants which presenlly occupy the site and the lurmundm;

southefacing slope are black spruce (P. mariana), balsim fir (Abies balsamea), white birch (Betula

papyrifera) aad tiembling aspen (Populus tremuloides). Some of the shrub species found-in the
atea are red maple (Acér rubrum), smerican mountain ash (Sorbus americaria), choke cherry
(Prunul virginiana), a willow (Saliz e5.), partridge berry (Vaccinium vitis-idaca), blucberry (V.

. angustifolium) and highbush craoberry (Viburnum trilobum). Sheep laurel (Kalmia - :
anguatifolia) dominates the ground cover of the experimenital site s well as many local sites
which havealso been disturbed by recent forest harvesting apemian's In addition, there are
three different lichens, four mosses (Muaci), one liverwort (mpanm) one fern (Pterophyta),

bunchberry {Cornus canadiensis), corn lily (Clintonia borealis), creeping :nowbeiry (Gaultheria “
hispidula) and star flower (Trientalia borealis). i

/

/ 3 L s ¥
, K5
oy .
* Bwhere: soll moisture deficit-days = the sum of all dally nu molaturs defilt value 2t mmper lv fors

o specified number of days In months,
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Figure 1-3: Cumulative rainfall graph, June 24 - October 27, 1983



Figure 1-4: Photograph of the thin black charcoal layer (2 - 5 mm thick) between
the LF and the Ae horizons, taken from the dicamba plot, pit 1, October, 1983.

1.9. Soil

The podzolic order is the soil subject of this study because it is a dominant order in the
boreal ecosystem; 128,008 hectares of podzols are 61.57 % of the soil survey of the Gander-
Gambo area, (Wells and Heringa, 1972, pp.17-18). Podzols occur with more than 50 % frequency
province-wide (Roberts, 1983, p.121), and constitute 15.6 % of soils and rockland in Canada (Foth
and Schafer, 1980, p.265).

1.9.1. Classification

Podzols have B horizons in which amorphous humic substances and mobile Fe and Al
accumulate in various amounts (Canadian Soil Survey Committee, 1978, p.93). Podzols typically
occur in coarse to medium textured, acid parent materials, under forest or heath vegetation in
cool to very cool humid to perhumid climates (ibid.). Under the Canadian System of Soil
Classification the soil being studied is defined as an Orthic Humo-Ferric Podzol, Gambo series
(ibid., p.98; Wells and Heringa, 1972). Its nearest U.S. and F.A.O. equivalents can be made from
the great group Humo-Ferric Podzol and they are Cryorthod or Haplorthod and Orthic Podzol,
respectively (Canadian Soil Survey Committee, 1978, p.133). The soil is well drained, of sandy

loam texture, low base status, granular in structure, and with a pH range of 3.2 - 5.5 (CaCl,).



The common horizon eequence of an Orthic Humo-Ferric Podzol is: LFH, Ae, BY, BC and

.C. These soils are identified by the Ia]byin‘ properties:

. 1. They have a podolic B horizon at leas} 10 em thick (B or thin BAf and Bf).
2.Fhey do not have s Bh, BYf or an Ab borizon more than 10 m thick, an ortstein
« horizon more than 3 em thick, 8 placic horizon, a duric horiton, a fragipan, a Bt
borizon, nor evidence of gleying in the form of distinct or prominent mottles within
one metre of the sutface.(Canadian Soil Survey Committee, 1978, p.101)
" Usually Orthic Humo-Ferric Podzols have L,F, and H or O borizons snd an Ae horizon. &

, but they do not meet the requinments of an ortstein borizon

Parts of the Bf mly be cement

Aabid),

"G site il samples from a0 8 m long x 1 m wide x2m deep contrl setion, amlyzed by
Agiculture Canada, corroborate previous evidence which describes the soil 1 an Ortic Humo-
Fertie Podzol. The following excerpts are from s Soif Survey Report hich is being prepred for
L (Hender, 1985, in / 4

Gambo/ ils .

The Gambo, Soils have been classified 3/Orthic Humo-Ferric Podiol, Gleyed Humo- :
* Ferric Rodtols and Osthic Gleysols. The bmm material is glacial till composed of ~ i
roughly equal parts of granite ind of rietamorphosed fire-grained sedimentary rocks.

. They are moderately well o pootly drained, exceedingly stony sandy loamsoils. : 3
Tbey usually occur on undulating topography. . Slt cappings common'on the stones ia
the C aod BC horizons are piotably céused by the downward movement of silt from
the overlying B. horizons. . 5, bl

~

‘The Orthic: vabl-‘emc Podlol 7o|h nsnl.lly oceur.on lhe top of well-drained slopes. .

’
Fuxureu 1-5'and '1-6 show two-typil l‘ Orthic Humo-Ferric Podzol profiles. i
Specll’c measirements of soil characteristics were made on site: permeability, bulk density, s
'field moisture content and. honn\thbéknm were those which were primiarily thought to be .
- .

-umnmw.zh respect to herbicide ovement. :
. .

Permeabllity
Y

Hendet (i preparation) states that Orthic Humo-Ferric Podzols occur on the Jop of welk £
drained slopes. 1t follows then, 72:. 35 the site is on an upper slope and the soil is an Offhic
- Humo-Ferric Podsol, it is well-drained, To complement this, fild permeabilty tests show that st
the,average flow rate of 0.04 Ilmh:/cm’ for the forest floor, the soil s welkdrained. The

tate decreases to approxin 002 }/minfem? on the compacted surface of skid

racks. The results ofs the pemmuuy tests are tabled in appendix C, page 124. " L.

, Atlantic Soll Survey, Agriculture Canada, Mt, Pearl, Newloundland,

SCourtesy of Frank He




Figure 1-5: Photograph of an Orthic Humo-Ferric Podzol profile,
tebuthiuron plot, pit 3, June, 1984.

1.9.3. Bulk Density

The bulk density of the soil averages 0.23, 1.34, 1.24, 1.41 and 1.50 g/em® for the LF, Ae,
B, BC and C horizons, respectively. In general, bulk density decreases with an increase in organic
matter content. It tends to increase with an increase in gravel content (Ferman, 1967, p.2-3) and
it increases with depth if there is a translocation of fine silt and clay particles. These
characteristics easily explain the lowest value for the LF layer, the higher value for the Ae horizon
which is a gravelly layer and, the increasingly greater values for the Bf, BC and C layers in which
fine mineral particles have been translocated (see appendix D, page 126, for the field description of

the soil profile). ‘The results of the bulk density tests are tabled in appendix E, page 128.



Figure 1-8: Photograph of an Orthic Humo-Ferric Podzol profile,
picloram plot, pit 1, November, 1984.

1.9.4. Fleld Moisture Content

The field moisture content is usually higher for the absorbent sponge-like organic LF horizon
than for the mineral Ae - C horizons. LF moisture values range from 45 % through to 75 % (by
weight) with a mode of 52 to 67 % whereas, the figures for the mineral layers range from
approximately 8 % through to 32 % moisture with a mode of 11 to 22 % (see Appendix F, 131).
Seasonal variations in soil moisture fluctuate with seasonal changes in weather. Soil moisture
during the summer is at a low when precipitation is low and moisture demand is at a maximum
Soil moisture increases in the fall during the soil moisture recharge period and carries through the
winter over into the spring when precipitation is high and the moisture demand is at a minimum
The mean values for all horizons clearly present this pattern for the following dates in 1984: May
28'%, 26 %; August 4'%, 22 %; November 17** and 18'®, 27 %. The results of the field moisture

determinations are tabled in Appendix F, 131,



:‘1.10. l?rincipiee 3 ) 3, . .

# 1.9.5. Horlzon ’rmchn.-- S . : >

)
Soil samping for residues was on an borizon basis, thus it is important to know how the
" horizon-thicknesses vary'from orie anolheh The orgapic LF layer averages 12.2 em thick, the Ae

layer is the thinnest averaging 6.9 cm, the B layer is the thickest averaging 25.3 cm, the BG
averages 14. 7 cm and'the upper limit of the C averages 9.8 cm. The miean horizon |h|cknem~s.

sample site and range are presented.in Tables 4:6 through 4:0; pages 81-87 and sipplementary
statistics gan be found in Appendix G, 133. -

i

For the purpose of discussion, the dispersion of heibicides through the soil and théir -

chemical and biological ) consiityte their di Lm.hi..! and ey

dmlplllon mechanisms inheuntly inve

leachirg upecl in the Subuclmn 1:0.2:.. Follnwln‘ that, Subsection l 10.3 denlsawl!ll persistence,

the balance o those herbicides which have nold\sslpa(gd s e .

o

é\l‘.n‘).l. Diasipation - g 3

The thrée modes of herbicide dissipation in soils are leaching, degradation and vol

The fagtors govering these processes are: i) Chemical charactéristics,of the compound, ii) soil
organic content, iii) clay. content, iv) soil reaction (pH), v) soil temperatBre, vi) soil water conteht;
x) insolation, xi) evapo iration, xi

vii) bulk density, vii) air temperature, ix)
" soil and plaat bloacfivity, xifl) slope and microtopograpty, snd'kiv) land use. This gt has been
compiled.from sourfes wherein some suthorifiés only enumerate some of the fictors and others
categorize selected Faktors inta defined grolips (Association of Official Apalytical Chemists,1081;
Goriog and Hamake, 172; Guenzi, 1974; Hance, 1980; Khap, 1980; Morrll e al., 1082 Truelove,
1077). these 3-also influence the adsorption-d process (Calvet, 1080;
Grover, 107y; Gmm and Smith, 1974; Haqe d al., 1058; Khan, 10135 MeCall et al, 1078; y
Nearpass, 197; Terce aad Calvet, 1978). Thi adsorption of hexbmde molecules” with mineral aid *
organic soil particles does, at timed, bind them such that the regiduey cannol be extracted by
methods commonly used in reside analysis (Khso, 1982), Hence, the analytieal, methods which,
do not detect these types of residues, termed bound residued, undérestimate the soil opyhnr.
burden of tgtal pesticide residues (ibid. p.2). Desorption releases herbicide-molecules for tr=nsport -

‘in the liquid and vapour phases (leaching and volatilization respectively); for physical, chemical
and microbiological breakdown (degradation) and finally, for pladt uptake, o %

P .

&
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1.10.3. Movement - b - .
. Herbicide movement in the soil nvolves both the gaseous and liquid Phases. In the gageous
phase volatilization of the componnd permits movement through soil pores and micropares,
* Theoretically, the compounds may condense and Volatilize 5 number of times with a finite
imitation imposed by the herbicide's eventual degradation. Regardless, the volatility of a
_co_m;onnd depends on its vapour pressure, ambient temperatute aad soil porosity.- In.addition,
the random motion of the chemical's molecules, diffusion, will 2id in ts movements, Diffusion is

also gperative in the liquid phase, though its i as a transport is 8
* less.than that of mass flow. Ia the liquid phase berbicides can be'trausported in solution or 35 3
moving through the soil. Solute transport, depends on the chemical's solubility at a specific

, not bound to an adsorbent) and

coll

umpemm, the amount of chemical available fot wluﬂon (i
{h.antecedent saturation condition ‘of the solute, Colloid transport requires a liquid medium and
In rumm dependent on the quaantity of available adsorption sites, the degree to which these
adsorbents are mobile, and the .mnm of the bond between the adsrbaté and the adsorGeat..,Of
. the jnitial berbicide application which enters the soil, thie amount whick is not quickly adsorbed -
[| . the full util Jllllon of alf available -dmfpmn sites or the adsorption site popl) is free or

able (i.c.; the b-lnnce of begbicide after all adsorption sites are occupied) for degradation,
leaching and volatilizatfon. Once this free quantity of herbicide has moved through the soil
and/or degraded, any further release of betbicide quantities is then dependenl on their dmrpcmn
from the adsorbin surfaces. Thus, there.is an initial loss of free or nvngnhle “herbicide and thea 3

1,103, Perslstence

For the purpose of'this study, penllhuce s chnepdence time of a pesticide in the soil
environment (Khan, 1980, P. lM) One unit of fneasure expressing 3 chemical's persistence which .
it widely used is that of Aalj-life. In'the stict physical sense the term hal/-1i/e relates to first *

order kinetics, iCis a rate constant). This use of the word represents the property that a

constant percentage | T Tt per unit timie and that the hall-life i Inindependaat of the concentration
{Goring and Hamaker, 1972, P2T6). However, in this s study when berbicide persistence is not in

* concordance vllm.nu laws the terms, DTy, or DT, (50 % or % % du:ppuunce ume), are more
appropriate (md.pp 277)." In this sense ball-life Ioouly means the time required for one half of

he pesticide. 0 ah-ppen( so): These DT indices arg useful to give an .ppmxnmum of

* _pesistence at & given concentration, but as they depend o the initial concentration they are only

relative polats of measure on the disappearance curve (Khan, 1080, p.105). The persitence and
other chemical characteristics of the selected herbicides ate listed in Table ;3 (page 17). ©




3 ) 1 .
_Table 1-31 _Characteriati

- Lo, aae
. Nasatao-
# torer  trads

Chontoal ad g
Gowson growp  chemical formulatiods Half-life

Dow Torden 101, Pyridine 6F 4-aaino-! >12
acid aad Trichloropicolinic >17 o

s . Phesoxy  2,4-Dichlorophenoxy
acotic acid, both pre
2 s Triteo-propasclast

Chloro= 60K 4,4-DicMloropher- S 1 a? 1
phenoxy  oxy acstie aetd,
R s & butaxystdyl
(s fow volatils, £

Syametrical 258 3-Cyelohexyl:t-(di  3-16 mths’
Trisaiae,
K¢

208 3,6-Dichloro-O-  3-12 at

sateto actd & 408 2,40, > 2 athe?
nt a8 32430 dage*

.. 30 & 27 du

Substituted 80K K-(5-(1,i-dingedyl > 12 wt
1,3, 4-thindtarol > 12-16 ath

woils at
rol

tise taken for s compound
spplied to soil at the normsl uu.. to decrasse 3y sore thua e
). .

“if72, p.san). -

o (Hamaker, 1072, , .

asca control. . 1\ &
_relal mblmg. i

visg 46-80 taches aanudl afall L

The-following factors which affect the degradation of hetbicides can be divided into two '+
groups. The first set belong to the bio-chemical group:

. * e -1. Molecular configuration of the compound. . E
: 2. Organic matter content and composifion of the soil. *
- 3. Soil reaction (pH). ¢ . - .
4. Glay content-aid mineralogy of the soil. T oy
+5. The presence of other comipounds or ions. J
6. The formulation of the herbicide compound.
7. The initial concentration'of the berbicide .ppnc.uon anq that of any previous
-pplu.- ations. .
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8. The thosen method and the depth of the herbicide application. *~ g

The second set belong to the eavironmental group:

1. Soil moisture. - -, v . -
2. Sail temperature. . & :
* 3. Incoming solar radiation. .
4. Air pressure. N ~ .
5. Cloud cover. s
¥ 6. Aerobic/anaerobic soil conditions. - ; . \
The molecular configuration of a compound is important because it relates thee herbicide to

its mode of action. In addition, herbicide compounds can be catalyzed by enzymes through
imitating substrates similar to many found naturally in the soil. Bailey and White (1970, p.43)
describe four structural factors which determine the chemical character of a pesticide molecule
and these are: N

g 1. Nature of functional groups sich as carboxyl, carbonyl, alcohdlic hydroxyl and amipo. ~

2. Nature of the substituting groups that may slter the behaviour of functional groups.

3. Position of substtuting groups with respect to the fusctional roups that may enhance * .
or hinder intramolecular bonding.

4. Presence and magaitude of unsaturation in the il nm affects lyophilic-
Iyophobic balaace.

They g0 on to discuss the basic prmcxplts behind these factors which facilitate their . .

compnhenllon
The nature of the functional group determines: 1) Whether a compound s acidic,

basic, or amphoteric in nature, 2) ability to undergo bydrogen bonding, pad 3).ability

to undergo coordinate covalent bonding (i.c., to form a chelate structure wifh a.

transition metal ion). The nature of the mbn;tuuon on the ring as well as the position

of the substituting group enhances of lessens each of the above phenomena. ...

nature and position of the substituting group may affect the ablhly of the mol«nle to

undergo intramolecular bydrogen bonding (i.

sutface) by promoting intramolecular bydrogen bonding... .

. The nature and position of the functional groups and the position and length of the 3
5 alkyl portian of the malecule determines the lyphobic to Iyophilic balance of the s s
: molecule, The éxact nature of the balance will determine he relative affinity the
. molecules will bave for polar and for nonpolar adsorbeats.

“ (ibid, pp. u-«)
The importance of organic matter as a factor in herbicide deln«dlllan should not be

. i First, the.soil micro-fauna aad flora
E degrading berbicides. Second, quantifieation of the conteat (sually expressed 8 & percent of»
+ measured unit) and identification of the composition (primarily the bumin, bumic acid and fulvic
acid fractions) of il organic matter provide knowledge of the availability of substrates with

in and

which the herbicides can complex and participate in soil chemical reactions, The interaction of
pesticides and soil organic matter has been studied by a number of authofities (Grover, 1968; .
. ~ N P
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1971; Grover and Smith, 1974; Khan, 1972; 1973a; 1973b; 1080; McCall et al., 1972; Morrill et al.,

1982; Nearpass, 1976; Norria, 1970; Schnitzer and Khao, 1978).
Soil reaction (pH) may affect degradation directly if the compound's stability is pH

dependant, and indirectly via its effects on adsorptiop or on the composition of the soil microbiota *

(Hanece, 1980, po) B

“The clay - pesticide interactions that occur in the soil are similar to those of clay -sal
organic substances. In a pure form the anionic nature of many clay minerals will form/
associations with &ations whether they be soil autrients (eg., Ca * or Mg **) or pesticides. ‘Of
course the adsorptive capacity of the clay is first determined by its properties; abundance, surface
atea, lattice arrangement, interlamellar spacing and electrical charge. In the soil environment
clay is not always in a pure form. Clay minerals that undergo isomorpbous substitution are
capable of adsorbing more element than their cryataline forms (Green, 1074, pp3-32).
in the soil is thought on the one hand to enhance

The presence of other compounds or ions
the pesticide's effectiveness (Bovey ét al., 1972; Hamill et al,, 1972), while on The other is thought
to increase the chemical's rate ol;iqudalinn (Bovey et al., 1072; Morrill ¢t al.; 1982, pp.174-176)
and to be mcouuqnenml (Bovey et al., 1972; Hamill'et al., 1972). . -

The formulation of the herbicide relates, in many respects, to the plnen:z of other

compounds or fons in the soil. Some of the formulatiops available for the selected herbicides best.
exemplify this in Table 1-4.

Tos ation
2,40 1) Liquid a ﬁll ‘esuleifiable acid form sad
2
¥ 23)

juid o
% enuleifiadle with vater for
Dlcasba 1) Liquid i the_disithylaaine
2) Grazalar hn .88 the doid or aaine salt.

*Hoxazizons #1) 1iqeld ester emsleitisble itk mater.

2)
Tebathiuron ¢1) table povder.

Pollet formulation.
Pidlorsa 1) Potassiua salt forsulated as & water soluble
© 7 liquid, s s pellet and a3 potassin )

1

salt-disodina tetradborate besd. =
1t as & 11quid for
11quid toraulay

2) Tritsoprossolaata
3) Tscootyl aster s

.+ Formlatd Ta thle enpe

The initial concentration and repeated application of herbicides has been givga attention by
a number of authorities. However, the role that initial concentration plays in herbicide pérsistence
is unclear as there are a number of conflictiog studies. Grover,(1067), Meikle (ef al., 1973) and
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Lutz (et al., 1973) take the position that berbicide degradation is independant of initial

concentration,-whereas Altom ‘and Stritzke (1973) and, Hance and McKone (1971) are of the mind * *

that the rate of degradation is dependant on initial concentration. Repeated applications create

the possibility of toxic-accumulation in the soil.which depends upon the herbicide's half-life,

availabilty of adsorpion ite aud the ability of soil microbiota to ddapt to and utilize the
berbicide malecule of Some partof i for eacrgy (Audus, 1060; Morrill ¢ a., 1082, p.187; House et
al., 1967). -

The chosen method of application and the depth of the application are both related to the
compound’s formulation for the purpose of affecting the target species. Whether the berbicide
works systemically or on contact, and whetker it is applied on the surface of injected into the soil,
ifthe chosen ricthod of appliation does not reach the e target species then there will be hesbicide
wasteage which wil be available for leaching and

The environmental group of factors will be discussed together because they are intér-related.

Insolation is the energy source w'hicll directly and indirectly controls air temperature and pressure,
soll temperature and moistue and, the aerobic/anasrobic soil condition. Soil moisture is required

for heyblcui: muvement soil and plant bioactivity and is the obfject of evlpolnnupxntmn Thm.

soil moisture can affect leachio and the ion. Soil

can be a limiting factor in the boreal forests as consistent daily temperatures below 0°C will

ness of microbial

inbibit leaching and, soil and plant bioactivity, hence degradation. Air pressure directly affects

" air pressure can affect the leaching and

wi’ndl, both of which, along with airjtemperature, directly affect humidity and rates of

given that the soil moisture status is not a limiting factor. Thus,
ilization modes of herbicide dissij
is the result of ingolation ammn' air pressure and air temperature which in turn determines the

relative bumidity which, at the appropriate altitude, will condense into clouds. The clouds further

-Cloud cover

influence the lnwlnllon\{hu actually reaches the nound surface, the air-temperature, \vlndl.and
rate of ev:pol.unlpluuon. Air pressure and cloud cover will mpeclmly influence the

latilization mode of dissipation aod The /
determined by the bulk pore space (often expressed in terms of Bulk density) and by the soil

ic soil condition is

moisture content. The acrobic/anaerobic soil condition is one determinant establishing whether *

degradation is primarily oxidative or non-oxidative:




Chapter. 2
PREVIOUS RESEARCH
e

1. Introduction !

Since 1060 (Audus, 1080), sutboritis n the fed of pesicide” reseaech bave been very
active in contributing to our knowledge of these substances. .

1 the United States and in Canada public concern over the adverse effcts of some
pesticides on nontarget biota and ecosystems has dictated the need for more and better
“information on environmental chemistry along with the necessary understanding for pesticide e
in the regulatory decision making process.” Canada bas achieved this through the Pest Control
" Products (P.C.P.) Act and Regulations (Eavironmeatal Pme:xn Service, 1985, p.1). In both

Canada and the United States registration of pesticide for dorfastic, commercial o restricted use

first requires that certain be presented to the regis ion authorities for nvirw
In the United States some of the iaformation required as it relates to this study is addressed

~" by the followidg questions:

1) What is the rate of dissipation of the pesticide in wm 3)Do the residues leach
 through thesol? ... 5) I the peltmde found in sols?
(ovacs, 1983, p.)_
In Canada similar information is reqnuled in the P CP. Act 30d the P.CP. Act
Regulations; *scientific information sufficient to facilitate ev

aluation of the product with respect
to merit and safety (section 4(1) P.C.P. Act and section 9(1) P.C.P. Act Regulatians).*
(Eavironmental Protection Service, 1085, p.6). *Merit* is its effectiveness and 'nkly'i: o'y
humanity and the environment.

In short, these registration prerequisites and the multitude of information that the necessary
studies have generated have iMswered many of the questions pertaining to pesticide efficacy,
toxicity, bioaceumulation, hazard assesment, mobility, spray drift, persistence and degradation. ~

* The many studies found Ja the lterature conceraing herbicides in the soil arc of a diverse

——

Tpesticide Is the umbrela term for all blocldes: herbicldes, fungicides, rodeoticides, oematicider, lasecticides,
algacides, germicides, et .
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and very :Pmpiex\mn. They can be based on different priaciples and their methods can lead
to divergent interpretations. Rather thaa indicatiog opposing views these conflictisg conclusibns
may only mirror the conpl:xitfs of soil-herbicide interactions. In addition, those studies
du;rlbed in the literature which are very compléx or very specific often lack some detail of
information critical to an nbjeciive review. Instéad of being able to teach-conclisions the reader
finds that only awore questious arise. * g v [

2.2. Herbicide Behaviour # )

A myriad of studies concerning hebicide persistence bas beea undertaken, including studies

pertaining to the degradation and mobility aspects of herbicide petsistence, - Homever, the

conclusions-drawn from many of the persistence studies are difficult to generalize because of the
variety of conditions inder which the tests have been conducted. Test conditions range from >

through o the almost completel

uncontrolled field environments to partisl control in
controlled experiments in laboratories.

Baur.et al! (’12) studied the concentration of picloram in a soil pmﬂe over a 2 year pmad
down to a depth of 24 metres in-an Astel finé sandy loam near Cirlos, Texas. In addition, they *

compared conventional formulations (spray.and granulat potassium salt) with
polymerized ones (spray and granular) in-a Lakeland sand (sn alluvial soil in the bottomlands of

" the Navasota river) and an Trving clay loam near the Carlos site (ibid., p.308). Conventional

are the standard form of the heibicide and may be applied asa -

granular pellet of a wettable powder of in a liquid carfier as an emulsifable concentrate, soluble 1«
solution concentrate or soluble salt (Ross, 1976, pp.10-12). Polymer formulations require the
addition of a carboxylic acid and a metal ion in the presence of an aldebyde catalyst (Bovey et ol.,
1072, p.332). Heating during the preparation of these formulations increases the length of the

polymer, its molecular weight, and hardness (ibid). The beating decteases the ratt of degradation
of the polymer o release of the herbicide. Thus, polymerized formulations should extend the
. biological activity of the compou]d and reduce leachability (ibid.). Bovey et al. (ibid.) suggest
that picloram leachability is decrased by some polymer formulations studied in soil columns
under simulated rainfall GGt that{after six months under field conditions there was no sigaificant

difference between ized and 7. Fu their ivesti

lhowl (ibid., p.333) that there is no ngmﬁnnt difference in canopy ndueuon of honey mesquite

 (Prosopis juliftora var. buisache (Acacia farfieaiana), Macartney rose (Rosa

bragteata), live oak (Quercus virginiana), white brush (Aloyaia lyciodes), ad winged elm (Ulmus
alata) between conventional picloram sud polymerized picloram. Similar results'are given for
24D and dicamba (ibid.). It becomes apparent that the productioneof these polymer




formulations does not merit :Ix'a extra cost. On soils in Texas, Baur et al. (1972) found that
residues one year aftermpplication of 336 Xg/ha of picloram, elther as polymerized spray o
granule or as conveniiona! 3piay or granule, were sufficiently reduced to allow growth of most .
* . berbaceous species (ibid., 1.23). In addition they conluded that in sandy soil picloram tended to
leach throughout the saipled depths (0 to 244 cm) with slightly higher concentrations between
o= 137 and 183 cm (ibid.). It may be that these Values detected for the six month sampie period are
. tepresentative of the pulse of herbicide which has moved down to the 137 through to the 183 cm -

interval with diffusion, gravity and 30.1 cm (ibid:) of rain acting as the pulsing mechanism. In the

e

clay-loam soil, leaching was wnsidu;\_llly less as indicated by high levels near the top which.

sively deeper sampling (ibid.). The high clay ‘contént of the clay-loam sail,
i ranige of 17’5m417%(;b
pmvn‘le a substantial pool o(‘ adsorption

, p.307), bet.wun the surface and 61 cm sample depths, would

s, thus minimizing leachig to lower depths. The only

questionable step they took Was fa the use nf 3 power auger asa ‘sampling tool. The use of anp
v
. auger ls most often responsible for contamination of lnwu sampling depths by loosened soil ~
particles from the upper levels, N
% Lutz et al. (1073) studied the persistence and movement (vemcul and I:\leml) ol pl:lomm
N and 3,4,5-T in a Fannin clay-loam (Typic Hupludult), a Chandler fine sandy-loam (Dystrochrept)
and a Chester loam (Typic Hapludult) in North Carolina. Thiey found that there was a tendeney
for both herbicides to disappear most rapidly from the Faunin and least rapidly from the |
Chandler soil (ibid.,488). They attributed this to the low bydraulic, condustivity of the Chandler '+
soil which is only.one-tenth that of the Fannin and Chester soils (ibid.). In addition, they- noted
i . that thé critical inflection points on the degradation curves occurred at 15 days postspray for
2,4,5-T and at thie 50 and 100 day postspray periods for piclorar (ibid.). This study is most
-complete in the sampling design (Latin Squares) and questionablé in-one‘or two of the concluding
statements, In Lhe‘contludwx paragraph of this aruele they state: e
The data’presented'suggest that losses of the two berbicides by surface and’ o~
4+ subsurface runoff will not be 3 problem on these.soils, even with stecp slopes, when the
herbicides are applied at recommended rates. Other data suggest that the relatively
» high organic matter content and cation exchange capacity (compared to other non ® ¥
mountainous southern soils) undoubtedly were important in limiting herbicide .
movement. .° ‘ 1
& ] ( ibid.)

With reference to the first quoted, sentence theie are two il 1o g5 First, most operative.

conditions under which herbicides are used do not include secding the ground with orchard grass
(Dactyiis glomeratus) the year prior to the spray application. *This condition limits the exposire
o the mineralsoil to'ri splash rosion,shiy was, overlaad flow and theréfoe Ioses of -
erbiide by rusoff. Tn addiion, gras roits geierally have 3 much greater suface area, m” Tper
m?, than trees and shrubs. This factor determioes the amouat of surface area available for >
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herbicide absorption as well 3 having the property of holding the sofl together and in place; thus
minimizing erosion. Second, the experiment was conducted over the summer period (June through
September) when soil moisture demand is at its annual péak and runoff is generally low.
However, if they were to carry the experiment over into the fall (October through December)

B when soil moistu
greal )um/ at of both picloram and 2,4,5-T. With reference to the mgnd quoud sentence,
the high cation exchange capacity Gf these soils (rangé: 11.8 - 17.8 meg/100 gm) may be a more

demand-declines, and precipitation and runoff increase, they may bave found

important’ ‘factor in limiting herbicide movement thah they mluell. Many authorities have showh_

ance of soi i ions, saions 85 well s cationd, 3 sites for herbicide adsorption (Haque et .
ok, 1988; Niortland, 1968; Grover, 1971, Bovey of al, 1072; Grover aad Smith, 1974; Nearpass, - .
1976; Terce and Calvet, 1978; Moril ‘e of, 1082, ppaT4176).

T The radioactivity of a eompoun;l (usually carbon-14) can be determined by direct eounun.

iven the Iqvel of a radioactively labelled herbicide is

using 3 hunlm scintillation spectrometer.
. known, It is possible to follow the fadio-togged portions of the compound through its metabolic
pathways ever;though they may occur as trace amouts. Thus, the yse of radio-tagged.
compoyndsias increased our knowledge of herbicide bebaviour in soils (Norris, 1966; Smith, 1973;
e 1074; Van Genuchten ef al., 1974; Rhodes, 1980; et al., 1083; Harvey, 1983). Norris (1966)
sampled the forest floor.litter in an attempt to.identify the potential for surface runoff

on'of streams. The experiment did ngt éxamine the possibilty of stream '
contamination by subsurface runoff. Jn sddition, the experiment of Norris (ibid.), as well a those i
of Smith (1973; 1974), were conducted ot ia the field Hut under laboratory conditions. On the
other hand, Rbodes (1980) studied the degradation of *C-labeled bexazinone under field,

It eeuhou-e and laboratory conditions, thus enabling comparisons to be drawn. Accnrdmg to the
mobility classification scheme of Helling and Turner (1068; Helliog, 1971, 1971d), the mobility of

inone in the fiekd corre to thin layer tesults, *Class 4, Mobile®
(ibid., p.314). In addition, field loss of radioactivity correlated with the production of 1CO, in
N . ‘biometer flasks (Rhodes, 1080, p.314). Rhodes (i8id.) fouad that degradation patterns were .

||lm|n under both conditions of field ndjmuhnnu Furthermore, the two soils used for the

greenbouse experiment, Fallsington sandy loam and Flanagan silt loam, exbibited a similar 50 %
disappearance time of less.than 4 months (ibid.). For the soils under field conditions he found
that the time for 50 % loss of 'C residues Was ca. 34 months in Delaware (Keyport silt loat), J
& ronths in liaois (Flaaagaa sitloam), ad 10-12 months i Misisippi (Dundee it oarm)
~+ (ibid,313). He did not explain these differences, though bis laboratory tests |I|owed that !
— hexainone is degraded by microbial action (ibid. 314). .

Altom and Stritake (1973) studied the degradation of dicamb, picloram, 2,4-D and thres
other phenoxy berbicides in 3 soils prepared from under a thick stand of blackjack oak(Quercus,




marilandica) and post 6ak (Q. stellata), from the nearby open grassy area and from a brushy oak

area (i 516). The undecomposed leaves and grass were removed, and the top 2.5m of soil
along,with the partizlly decomposed litter was sampled at each of the three areas, This
experiment excluded the Loizatially important-contribution of undecomposed organic matter as

an absorbing matrix which inhibits herbicide movement. The undecomposed organic matter

buffers the soil from rain splash erosion and sheet wash, and in conjunction with its high water
bolding@pacity, slows down the movement of the water and therefore that of the herbicide s
well. The experiment was conducted in a growth chamber under controlled environmental

coudition\usins prepared soils. They found that for dicamba, picloram and 2,4-D the half-lives

were 17-32 days, greater than 100 days, and 4-5 days respectively (ibid. 557-559). They concluded _

concentration and that type of vegetative cover or location of soil collec id have an influence

that, the amount of berbicide degraded was geqerally directly pmyoniunnl(l?m herbicide
on degradation,of allthe herbicides except 2,4:D (ibid. 550).

Sufing et al. (1974) studied the ateral los of picloram and 2,4-D from a forest podzol
‘during rainstorms in' Delamere township, Ontario. After 13 months they measured 4 total loss in
rapid runoff of 0.22 % of the applied picloram and 8:10 x 10™* % of the applied'2,4-D (ibid.,303).
Thaugh these losses are negligible they are greater than those observed by other workers cited in
the article (ibid., p.304). However, the low values detected could be the result of dilution.. This is
possible when one considers that the experimental plot is 625 m? and the ¢atchment area from
which the water samples were collected is a minimum of 1200 m?. This means that the water
samples taken for residue analysis were diluted by an approximate factor of two, Davis, Ingebo
and Page (1968, cited in Lutz, et al., 1973, p.485) state ‘the percentage of watershed treated and
the reside (ppm) concentration in the water rori the total watershed; a very small but eritical
plece of fnformation. Furthermore, because Suffling digpaot. fully characterize th.- sal,
interpretations relating to cation exchange capacity and available adsorption ites supplied by
byQtated iron oxides (mobile iron) (ibid., p.304) could be misleading. It is important to note that
the workerd did not measure the level of résidues found in the soil. This study could have
achieved a greater level of utility by taking 3 mass balance approach through analyzing soil
samples. This approach would have given the inputs, throughputs and outputs (except losses due
to gaseous phase mechanisms) necessary to balance the residue-soil-water system. The additional
cost to analyze soil samples should have been minimal because Suffling appareatly did the work
bimself and hence, the benefit would Have been maximized.

Siron, Frank and Dell (1977, pp.526-533) conducted a persistence and movement study of
picloram applied to the'median and the shoulders of highway *401* between Windsor and

Kingston, Ontario. They found that under climatic conditions of}wulll western Ontarlo the

.. plcloram was substantially dispersed and after 30 mogths only trace amounts were detected. In
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addition, they noted that lateral m;v:ment was not observed. Finally, they concluded that
picloram applied at rates up to 350 grams active ingredient per hectare every three years does not
build-up in the top 50 em of soil (ibid., p.526). In their sampling design they used line transects at
eight stations over a distance of 580 km for sampling the ground. Unfortunately there does not
appear to be any statement as to what type of design it is nor any reason for the choice, of the-
design (ibid., pp.527-528). Furthermore, if they begin the sampling using a Shelby type corer for
the period of 1969-72, then why for the period of 1973-75, do they finislr the experiment using an
auger? The Shelby corer is 45 em long and the auger is 16 em long. This means that they must_

take three 15 cm auger samples which is of course going to contaminate lower levels by soil

particles being loosened in the subsequent 15 cm upper levels. In their discussion Lhey state:

On both sides of the median the middle portion retained the picloram for a longer P
period of time than the-top or bottom. This indicates that the gravel drainage at the
pavement edge as well as the ditch linecreated a water course which hastened the -
picloram washout. The fact that picloram did not accumulate at any particular
location indicates that l;\lu}hﬂovemznt of the herbicide is limiled.

(ibid,, psau)
“The locatio of this diich is not indicated i any of their n;um (xBld ., pP.528, 531) bit should
have been, because i the ditch line helped create a water course which hastened the picloram
washout then does this not mean that the picloram must bave first moved laterally before it could,
enter the water course? One aspect of ihe fesults which is consistent with other studies indicates
that a lag occurs: 1.6 mont!s"postspray for the 16-30 cm depth, 11.6 months for the 30:45 cm
depth and does not occtir for the 0-15 cm depth= It s interesting to speculate that if there bad
been a more intensive sampling schedule early in the experiment (one more data point would have
sufficed) then I suspect a lag would have bgen observed in.the 0-15 cm depth some lime belween
the first (day 6) and second sample points (day 19).

Chang-and Stritzke (1977, pp.184-187) stidied in the laboratory sorption, movement and,
dissipation of tebuthiuron in four soils only prepating, at most, the top 20 cm of one soil forgwo

" depths (0-10 and 10-20 cm for a Udic Argiustalls, Zaneis serics, sandy loam) (ibid., p.184). The
ather three soils used were only composed of the top 10 em: Typic Palustall, Bethany silt loam;
Lithic Dystrochrepts, Hector loam; Psammetic, Eufaula sand. This means that comparisons and

. contrasts are restricted to the top 10 em of soil. Contrasting two of the texturally different soils

.. gives a rather good example of tebuthiuron's sorption‘and mobility. The two soils have particle
size distributions and organic matter content as follows: Eufaula! 95, 3,2 and 0.3 % and, Hector;

49,57, 14 and 4.8 % sand, silt, clsy and orgsaie matter, respectively (ibid). They found that
adsorption was greatest on soil with the highest organic matter and clay content. Hector loam
adsorbed 71 % versus 11.% for the Eufauls sand (ibid, p.186). In addition, desorption was
inversely related to organjc matter content with no mention of clay as a desorbant. All of the
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% the berbicide was desorbed from the Hector loam (ibid.). As one might expect they found that
movement was greatest in the Eufsula sand, where tebuthiuron moved with the water front.
Movement was significantly less in the Hector loam and the Bethany silt loam (30.0, 52.2, 17.8
and 4.4 % sand, slt, cldy and organic matter, respectively) which they felt may be related more

t0 the sorbing surfaces than solubility in water (ibid.). In general, their dissipation discussion is

" too brief to properly deal with persistence and this is particularly true of one paragraph witcre the.

only indication of persistence was the statement that, *tebuthiuron was fairly persistent since
thee was still growth reduction of cor after incubation for 160 days.” (ibid. p.187). They Made
favourable comparisons with the results o other workers such as Bailey and White (1964), Girover
(1975), Helling (1971d) and, Abernathy and Davidson (1671) whase studies were eBnducted with
*other substituted urea herbicides* (Chang and Stritzke, 1077,,p.186). This statement docs not
aim to undermine lhbse companson: nnd in fact assumes that they are valtd, Thé polnl to

establish here is that there i u for some unknown reason a shortage of,lllentuu, relative to lhe

* other selected herbicides, on subjects dealing with tebuthiuron.

Sung (1982) examined hexazinone persistence in two thermic Typic. Ilapludul!s, a clayey,
kaolisitie soil (sand 48 9, silt 13 % and clay 39 % by volume; organic matter,
CEC, 7.98 meq/100 gm; pH, 5.0; bulk density, 140 gm/cm®) and a fine, loamy,
78 %, silt 10 % nd clay 12 % by volume; organic matter, J.m % by volume; CEC, 3.33
mea/100 gm; pH, 6.; bulk density, 1.66 gm/cm’). The persistencé aspect of the study was
limited to the top 24°¢m of-an over grazed pasture near Opelika and abandoned crop land near
Aubura, Alabama (ibid., p.10). Sung found that for both soils at both a low and high rate of

% by volume;

* application (2 kg/ba a.i. versus 4 kg/ba a.i) 50 % of the herbicide disappeared within 4 weeks

(ibid., p21). Sung also founid that in general every layer (0 - 8 cm, 8- 16 cm and 16™- 24 cm) in

the clay site had higher il ions than ling layers from the loamy sand

soil except for week 0 (ibid., p.27). She. altnbuuuéhls variation to lhe Higher eation exchange
capacity of the clay soil (8.0 meq/100 gm versus 3.3 meq/100 gm) and the lower raifall of clay
site BB thel of the sandy loam soil and ‘site as likely explanations (13.0 cm versus 35.7 cm) (lbxd..

pi64). Itis likely that the 24 cm depth was of limited usefullness, siace leachiag or hérbicide

movement below that level may be important jn the humid southeast of the U.S.A. and many of
these Hapludults are old weatheréd soils easily 2 m thick.
Blume, Litz and Doring (1983) darried out different experiments in Germany aimed at

finding simple methods for forecasting the behaviour of organic cherhicals in,solls. Though the

n and procedures the study is rather  *

le lacks information concerning the sample de:

In the topsoil of & very acid

comprehensive as i includes laboratory as well s field t
Arenosol of a pine forest with 19 % organic matter and a mean temperature of 14° C, more than

iceous soil (sand -
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'50 % of the 2,4,5-T was recovered after four weeks in June 1980 (ibid., p.211), Thiey were
surprised to find that there was almost no transtocation of 2,4;5- because the tritium-labeled
water bud moved dowaward more than 30 cm during this four week period (ibid.). In a'similar
trial in Deceiber 1080, little movement of 2,4,5-T was again detected in the bumus rich, topsoil of
the Arenos.t. in addition, only 15 % of the 2,4,6-T was decomposed in the acidic Arenosol (ibid.)
during the first two weeks. During the t 3 weeks with a soil range of 1.3 to
1.8 degrees celsius, no 2,4,5-T was degraded in the forest soil. The lo soil temperature

)inimina the decomposition and increased the risk of outwashing down to the groundwater
(ibid., p.212). The results indicated the influence of very low, pH in the forest soil because high

soil acidity favours the adsorption of anions, and consequently ALWMZA,&-TA' T!lzir evaluation of
adsorption experiments with an additional 28 different soil samples verified the bigh adsorption by
high content of organic matter,and under conditions a!a 16w pH ratge of 3 to 4 (ibid., p. 213).
Norris (1970).collected aid prepared forsst floor material (L and F horizons; see soil section
page 11 for explanation of borizon terminclogy) from beneath red alders (Alnus rubra) in Oregon
in mdu to dzlermme the effect of different rates of application of selected muchclde‘ residues nnd-
herbicide ‘combinations on degradation of 4 herbicides (2, 4-D 2/4,5-T, picloram, md amhnle)
(ibid. 403). He reported that 56 % and 65 % of the 2,4-D applied. 3t 2.24 kg/ha and 4.48 kg/ha
tespectively, were recovered from i forest floor material 10 days after treatment(ibid. 06).
Picloram is consi mnn’reslslanl to ion than the other 3 herbmdes (ibid., 410) as
Norris reports a 65 sad 50 % recovery of ‘the picloram spplied at 0.5 ¥g/ha and at 0.56 kg/ba
vmh 2.24 kg/ha of 2, 4D respectively, 180 days after treatment (ibid.,408). Again the, problein
“arises that the experiment is limited to soil surface ofgas®: material which undmoes expenmentnl

pretreatment prior to herbicide application.

These studies are importast tq industry, government and society, but with every step o,
phase which removes the experiment from field conditions, the relevance of the results to real
world situations diminish. » !

'

.1, Models . ~

I !r et al., 1980; M:cl;y and Paterson, 1981; McCall et al., 1083' Yoshida et ul 1083;
Envitonmental Protection Service, 1985, p.25), for assessing hazatds to people (Moghissi et al.,
. 1080; Blau and Neely, 1083; Nigg et al., 1983), and for quantitative descriptions of the fate of

transport of chemicals in terrestrial nents (Van e al., 1074;
al., 1983).
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Mackay (1979) and MacKay and Paterson.(1981)'are avid propénents of the Fugacity
appioach which they present as am evaluative model for catimating the likely behagfur of toxic
chemicals in the environment. In essence, the environment is compartmentaliged iito phases (i.c.
atmasphere, soil, water, aquatic biota and suspended solids, and sediment) which fend to P Y
‘equilibrate through transfer mechanisms when a toxic substance is injected into this *hypothetical "
but typical environment® (Mackay, 1979, p.121§). The author does pot define this'*bypothetical

but typieal envitonment® but rather refers the reader to other sources for relevant information.

Mackay regards fugacity as the *escaplng thechanism of a'chemical substance from a phase.® and |
makes the analogy-that *Fugacity is to mass dilfusion as tempersture iso Heat diftysion. Mass
(o. hieat) always diffuses from high to low fugacity (or krﬂyeumre) (ibid., p.. mn] Fugauly
depends on the kinetic and eq data of the toxic substabce:and.the ph

propetties of the environmental' ' This apyrol:h has the mmz!;e o
the ¢ itfes of the

® dependant on physical laws. Tn nddmon, 4 comparison of fugacity between tnmpaumenﬁ ean

because it purporta’a vg1y genersbinodel dlely

provide insight into pesticide mm. sinks and transportation routes 1.0.{ p. mo) Though the .

fugacity approach differs from the approach of this thess,the fortheoming chapters wil aso add

insight into these same aspects of herbicide behaviour. Validation of the model may only be .
possible through making general csmparisons with numerbis other studies df abserved residu -

concentrations with the fugacity predicted vatues (ibid, p.1223). This Newfoundland. herbicide

study does lttle to validate the fugacity approach. However, it is of greater utlity than fugacity

", with respect to the soil compnrlmenl ‘because’ of the €n enwmouu areal extent of Boreal forest
podzols in circumpolar tountries: The fugacity afproach promises.to be very useful for .
 preliminary evaluation of a product before it enters the commercial market; though this, approach
is not without its limitatipns. An example of one fundamental pfoblem is the choice of .
compartment volumes where organic carbon contents afe 2 and 4 % for soil and sediment,
" respectively (Mackay and Paterson, 1981, p:1010). Tt ia obvidus that these'values are insdequate -

for environments in which organic carbon tends to accumulate in the upper sqil horizons initead

« of being assimilated by the biomass. Another problem is the assumption of first-order processes *
which they prescribe to in order to avoid the complexities of higher order processes. This problem
will appear again during the reviews of Yoshida et al.'s {1983) and Van’ Genurhlen et al's (1074)
articles (see page; 30 for discussion). Nevertheless, thre Fugacity model used along with more
deml:d studiés could provide for a comprehensive and integrative approsch to pesticide

S reguhz‘
Yoshida, Shigeoks'and Yamauchi (1983) propose a non-mdy-uu.e equilibrium model -

conceptually similar to that of Mv:hy (ibid., 1970. p.1223) which ‘makes use of a series of
differeatial equations. The gate of dissppearance of a chefgical in the enmom*u in given by the _

| equations —d Myfdi= }:, KM, . - . R .

sad management.

lollnwins differe

\

N



o Where: ’
My == the total masg of the chemical ia the environment, L
R ivem. th composing the envi to the nf* Ve » v o B

water, soil, aquatic blota. ete., . . .

e s
M; = the mass of the chemical in compartment i, . o

rocestes in compartment i 5
: This model,like that of Magkay's, depends on first-order rate copstants (k) whu:h raises a critical
poit for' du:uman {see page 30) Yeshida et al's model (1id) is a fugacity ‘model which

' . eatimates time-concentrations for.only the biota (fish), Water and sedirfent mnamﬂn’
. ~ - compartments. They, found that for the concebtration-time prnhle in, water and biota, the results
' were consistent with;the monitoréd cor s of Neely's s Jari (ibid., p. 135)
ol Furthermore, they compared their,predicted fesults with.the monitared results of the. Japasese

i ° Environment Agency for 12 substances and| they foind that 10%f the 12 -ubmnm fell withi

I;
p.187). However, the *acceptable range® is set as one-tenth fo teafold .,
the eonc;ntmmn ratio predicted by’ their model (ibid.). They deftqd this large acceptance

interval by ll:lln| that it s 3 'Ilypolhellul closed aysiem' thu there are no inputs or nutpnu

l:tevtlble ranges (ibi

id.). An improve 4G this stati or ical closed system® model would .mrpmu .
the inputs and outputs resulting in a dynamic model. It should not be too difficult to model an

d * open syitem on a computer as ists do for wiats both real and bypothetical (Chow,
. 1004; Sopper aad Lull, 1967; Benson, 1968; Riggs, 1968; Shelton, 1974, 1081; Chapman and D
o 1075; Tajchman, 1081). Monitori i

. substances as'thie inputs to the environment, modifying these equilibrium and kinetic models to

g ‘o estimating precipitation, solar radiation and toxic

aecomodate changes in volime and accessile compartments could yield the outputs of water and
igxicants, 3s well s the mass or concentration distribution fraction, mean residence time, and
. enn:entmmu«r profile for the chemical.
Van Genuchten, Davidson and Witenga (1074) evaluate kineti¢ and equilibrium equations’
for the prediction of picloram movement through porous media, Though this article predatgs the
previous two articles it has withstood the test of time. Of their conclusions ulehnt to this study, %

two stand out: For the soil tested (Norge Toam: PH, 6.6; cation exchange eapully. 0.2 m!q/lm)

£m; oumc matter, 1.7 %; sand 46 %, silt 38 % and clay 16 %), admpuna—dumpmn cantiot be-
described by one equation (ibi
for predicting picloram movement at high pore-water velocities, i.e., 132 and 145 ¢m/day (il

d., p31), and that firstiorder kinetic.i rate equations ape inadequate *

- P33). The fact that adsorption-desorption cannot be described by one equaticn is not new
bydrology. Ward (1975, pp.138-142, 161-160, 171-177) discusses theggies aod principles, snd, A
oo teviews the work of soil moiature autborities. A problein faced b bydrologitt s that for Boy o

e . .




particular soil textural type (e.g., sandy,s2ndy loam, loam, clay-loam or clay) the wetting front

" of fine particles (54 % silt + clay), and 3 correspondi

) 3 a g

will be described by a different equatios isan the drying front of the soil. The relati
wetting and drying of the soil depeads on the pore size distribution and the suction at the air-

ip for the

water interface. As the suciioz changes, with either a welting or drying soil, the volumetric =
moistureicontent also changes, until very high ssctions are reached and pore spaces are mostly
filled with air. At which poiat the moisture content is increasingly due to adsorption. This
relationship is further complicaled because even if the suction is held constant, the soil moisture
conteat will vary depending on whether the soil is being wetted or dried. This phenomenor which
describes the diflefence between the soil rioisture conteat of 3 wetting versus that of 3 drying soil
is reftrred to as Hysteresis. It may be that a-comparison for elucidating the problems of finding

sinigle equation for the adsorption-desorption of pesticides in the soil can be madé with hysteresis.

“This is especially true when' ‘one considers the importance of soil water Got justasa
Iranspnlhuon medium but as the megdium (solite) with which pesticides interact and which
lunhu faci

equations are inadequate to predict picloram movement at high pore-water velocities is related to

s their adsorption with soil particles. The conclusion that first-order kinetic rate

. the probléim of finding dne equation which describes the adsorption-desorption of a pesticide in the

soil. In order to understand this relation it is necéssary to go back to the soil characteristics ,
unique to the Norge Loam studied by Van Genuchten ef al. (1974f. This soil with a high content

mean bulk density of 1.54 gm/em® will
ot have large-pores ia & packed columa 30 cm long and s croms-sectional area of 45 cm? (ibid,
p.31) but they will have many small pores. ‘The pore-water velocily oba packed soil cpluma is
B0t just dependent on the suction asd distribution of pores but their size as well. The bigh pore-
water velocities of 132 aud 145 cm/day, may a3 the autbors suggest, result in a residence Linte of
the herbicide in the soil thats too short to allow diffusion to all adsorbing sites (ibid. p31). This

would prevent the diffusion of picloram solution from larger pores to smaller pores, micropores
and voids; hence the diffusion of solytion would be redirected away from the inner surfaces of soit
aggregales to the interface of the soil column sad the glass cylinder. At lower pore-water
velocities this is not a problem, nor would it be 3 prblem at bigh pore-water velocities if the

es were ofularger size. Thus, as pore size distribution and suction affects adsorption-

- destrption of mtl:id;ﬂ in -411 80 do they affect the movement of picloram in the soil. A higher
* order kinetic rate equation,

ich incorporates pore size, pote-water velocity, particle density or
mmn nlmd pllynul elmmimle of soil volume, is:hecessary to accurately predict picloram
tnovement at aby suction lor any soil. Anuthu - problem which can adversely affect their
experlment and the testing of these equations h that the picloram wlutbn will probably | naw .

- along the inside wal of the glass cylinders at.che high pore-water velocties given. This would be

a bondny Mow pmbkm and the effect of the I‘lo' along the soil column edge nnd over a smodth*
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glass surface would reduce the amount of picloram solution in contact with soil particle surfaces.

‘This problem is compounded, by the ratio of the surface irea of the pore valume (0.41) per columa

‘and the surface area of the cylinder. Given the above cylindér dimensions, the surface area of

pore volume per columa is rougbly 13800 em® (dssuming clay is kaolin with a surfacg area of 30

m?/gm) and the surface area of the cylinder is approximately 800 cm?. This gives a porezcylinder

surface area Fatio of approximately 17:1 which means that the large surface-area of these.

- cylinders contributesh major surface area exposed to the overall pcloram solution. This is an
often overlooked scaling problem n this éype of experiment. which should be given much greater
attention in the early na;u of design, Van Genuchten's work has shown that first-order kinetics
are inadequate to describe picloram movement In soil. This problem of choosing the lowest degree
of an equation which best describes a particular aspect of pesticide behaviour has carried over into *
the selection of first-ofder kinetics to describe the disappearance of pesticides from the soil.

The idea that first-oider kinetics can describe herbicide disappearance in soil s simple.

enough-but studies have conflited 28 to the degree the equation should take,”Hance (1967, p.54;

1969, p.144) found that the decomposition curves for picloram and five other herbicides indicated

that the rections obeyed first-order kinetics, T a later study, Haoce and McKone (1971)

concluded with the opposing statement that: . s

The rates of decamposition of atratine, linuron and picloram canot adequely be

i described in terms of cither zero-order, balf-order, firsi-order or Michaelis-Menten

kinetics. 'There may be some theoretical justification, however, to attempt to use a.
§  fractional order equation of the Michaelis-Menten type, although this particular
i N qxpression does not appear to be adequate.

(ibid., p31)
- In 1073, Meikle et al. (p.551) found.that a fractionakorder of 0.8 best fit the data for ‘Ppicloram
isippesrance, However they only worked witione sl cla ol rom Texas (p, 03;orgnc
matter, 27 % saad 13 %, sl 30 % s why 48 %), - .
3 1 is evideat. that many herbicide studies have been conducted but pone have yet been found
which are field studies on undisturbed forest soils of ihe boreal ecosystem involving excavation

pits for the sampling of soil for herbicide residues.

- ~

2.& Sampling Techniques 5 S |

In contrast to the wealth of information on hetbicide behaviour there is without a doubt a

. shiortage of literatitre on the development of techniques for sampling and sample presegration.
r Although some suggested guidelines for field degradation studies ¢an be found in the 1975
. < __ Pestcide Reglration Guldelines (Environmestal Protection Agency, 1975, Pp-26886-20889), in an
B ol . E
. . 2 i
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Alberta Eaviroamental Service manual (Pledger, 5.d.%), in the proctedings of 2 symposium on

Herbicides and the Soil (Hormaan et al., 1974), and in the proceedings of a seminar oo soil and

groundwater sampling (Mooij and Rovers, 1976), the general consensus is that little attention has

been directed toward the st silisbment of effective techniques for sampling soil for pesticide

residues (Chesters et al, 1074, p.53; Liestrs, 1980, p.47). ;

Many authorities point out the need for basic information on soil properties, climatic 4315
as well as land use patterns (Mooj and Rovers, 1076, p.10; Weber, 1977, p.60; Hurle and Walker,
1980, p.112; Helling aad Dragun, 1981, p.67; Laskowski, et o, 1081). Thi
fundamental not only to pesticide research, but also to practical pesticide use. In addition,
regardless of the analytical precision, the results of the residue analysis are only valid If the soil
samples are truly representative of the field. Therefore, it is i

gortant’ that the sampling

techaique, *...provide an uncontaminated sampling unit of unifofm erosy-section throughout. the
thickness of the borizon sampled.* (Cline, 1015, p.3). Based,on this premise auibarities have
found it very difficult to identify *the best* or *a standardized® method to sample soils. In fact,
many authorities concur that there

*no known best method for collecting and storing soils*
(Laskowski e al., 1981, p.126), *confusion as to Which techniques are best* (Mooij and Rovers,
1976, p.i), and *there is a wide variety of suggestions for optimum soil sampling* (lformann et al.,
1073, 5.1.30; Cline, 1945, p.3; Wilson and Lavy, 1975, p.1009; aod Weber, 1977, p.60). .

Pledger (n.d., p.9) states that soil augers, core and tube samplers are preferred for taking
soil samples from cultivated soils but that when these are not available a blade or shovel can be

. used. He then goes on to outline how to extract t¥fe samplewhich includes digging down to 3
4 *g 15 cm. He then states that in uncultivated soils (i.e, forest), pesticide residues usually

rem#8 in the organic or top layer and therefore, dcep sampling may be unnecessary (ibid., p.11).
1t may be that core and tube samplers are preferred for taking soil samples from cultivated fields
but these deviceswcan be inadequate in masy deep or stony forest soils ot i soils where leaching

through the profile s 3 question. The use of different devices for differeat conditions (cultivated

“versus un makes statistical it !eu reliable than if the same technique was

employed. In addition, augers are never satisfactory for pesticide soil residue investigations

“because the sampling units are not uniform with depth, the samples are not reproducible, the

auger contaminates n‘mu samples with overlying material, aad destroys soil structure (Cline,
1045, p.3). If however, a pit is duf to the required depth, then with respect to the horizons the
exposed face of the profile can be sampled. The resulis of Which, would reflect the influencing soil
processes of ti patticular soil type on the pesticide, as indicated by the horizon-concentration
distribution of residues, Furthermore, without ssmpliog the lower layers one would aever know it




contamination has cSiended below the top layer. In fact, because this maual s designed for
“sampling after a pesticide mishap has occurred, it is even more ifiportant that the lower la,vm‘) Al

are sampled for the purpose of monitoring the movement of thé mass of chemical in case any

corrective measures need to be taken. . .
“The study of. Hormann e al. (1973) shows that for each of atrazine snd metabolite G 30033,
15 and 17 soil cylinders (dimension, 30 cm long x 5 cm inside diameter) taken from bare ground.in "

Switzerland, wede composited to each make one gross sample for residue analysis (15 % of.
o : 4 !

.average at a 05°% probability level) (ibid, p.134). The sampling was done using a *HUMAX

portable electric soil dril (ibid. p.132) which could be inadequate for undisturbed forest soils.

Though not explicity stated, it is likely that they would have needed a much more powerful motor

to drive the cylinders deeper than 30 em, especially if those soils are undisturbed (forest solls
.

versus cultivated soils), and if they are stony as forest soils often tend to be.. Thiey could have .

wered a very important question pertaining to residue variance through the profile if they
sampledgreater depths.

Wilkon and Lavy (1975) bave desigaed an application and sampling device which injects a
.salution at a predetermined depth and allows the precise relocation-of the paint of injection for

sampling.. The technique is designed for “¥C-labeled herbicides and therefore only provides for &

gm of soil for every 2.5 cm interval

p.1011). This is an inadequate size for
chromatographic analysis (eg., GLIC. or HP.L.C.) but can be increased if s number of samples
- ate composited; a point they fail to make. They state that it takes approximatély 2 minutes to
take the sample and prepare !the next sample'(ibid., p.1011). However, .therl is concern of
. contamination between guccessive 2.5 cm intervals ss the extraction tool s a tubé (150 cin inside
dlamec diven dowa to the desied samplisg depth jo Which an auger i then fnserted and
screwed down to the corresponding depth at which point it is pulled out bringing along wuh it the
- 25 cm ssiple (iid, p.1010). :rh:/:uhu need to devélop decontamination procedurés for the
" auger and tube or they require & greater number of lean augers and tubes. Decontamination of

the auger between successive 2. cm intervals i easy enough but not 80 for the tube which would
tequire extracting it from the ground ‘and cleanfag it for every 2.5 em iterval which s certain to
loosen soil particles and disturb the bore bily: Assuming that there is b plentiful supply of tubes
" nd that only the auger requires clewiing between sample intervals, then the added cleaning tim®®
of approximately 1 minute yields an overall time of 3 minutes to sample, package, ¢lean and ¢
prepare for the next sample. If the profile is sampled to the depth of 1metre at 3 minutes per 2.5
em interval then 2 hours are required ta sample each bore hole and 10 hours would be necessary
to'provide a 200 gm sample, (5 bore holes).. Independant of assessment of hokizgh vari
" depth and assuming that every 20 cm section i to be composted (40 gm of soil per 20 cm of

ion with

daplh), then & minimum of five bore holn would be needed for lelldlle analysis (200 gm of soil per
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five 20 cm sections). This, it would take 7.5 vtosediict e composite samples of 200 gm
. each [sampling(2 mio/2.5 em'scil - 40 sections/100 m) -+ cleaning(2 min/20 em intervals x 5
sections/100 cm) x 5 bore bolca = 450 min to sample, package and-¢léaa]. To compound
stigate the dlilllbul!on of residues in Ih; soil on a horizon basis,

matters, if the worker was t .
- 35 one shpuld to maximize (he information, then it would easily take 8 to 10 bours 1o complete
the sampling for one chemical on any given day. All this could be avoided by digging soil pits and
¢ extracting the reqpired number of samples froth  freshly cleaved faceiof the m_(ﬂe whic takes N
all but 4 hours for one experimental plot. The 3 excavation pits dug per sample date for each
berbicide used in this Newfoundland study took approximately 45 to 75 minutes each using pick,
shovel and Jarge bncke&l. Alter 4 hours, the pits had been filled in and for each of the 5 horizons
% ;s sampled, a composite of 2 kg was provided. 3 s
Weber (1977) Tollows the principles of soil sampling a3 outlined by Cline (1945) but deviates

from theri by makiog the misleading statement that, *To obtain soil samples from different soil

depths to be used for chemical or biological herbicide assays, the uly satisfactory samplers are

the tube-typei® (Weber, 1077, p.60). This may be incorrect because compaction occurs and the
" séparation of different depths (or horizons) becomes difficult; the degree of compaction will vary
from sample to sample and therefore the quantity of soil smpled will vary, which leads to™

statistical problems associated with nonuni tions and M lack of
Haleiei, Ne does tatiod e 54 e G GiBy sépirats compositing pails for each depth interval
" (ibid., p.61) though he does not suggest lining the pails with plastic bags as an added measure to,
’ prevent erosscontamirfation between sample dates. He suggests 9 sampling units for each
composite sample yielding about 405 gm of soil from a plot which is 16.7 m’. Whereas, in this
study in Newfoundland, 9 samplm; units for each composite sample ields sbout 2 k; of soil from
a sampling area which is 162 m®.
Apperson et al. (1980) éonducted a study which compmd a sm:\ll'plu; sampler (1 em gfn. x
+ 5em'long == 3.0 cm®) against  larger simpler (43 cm dia. x 5 em long == 7258 em?). The* AT

. experimental design consisted of first broadeasting Mirex 10:5 granules, and replicating each

e & _reatment 5 times, then extracting 400, 800 and 1200 phag sampling units Versus one large area

: sample unit (ibid., p.66). The residue data were subjected to analysis of varisnce, the subsample

measurements were averaged and the mean, standard deviation and coefficient of variation

caleulated for each treatment (ibid., p.7). Resulta for the plug sampler showed that ihe 7//
fon decreased as the number of sampling units increased and as the subsamplel

coefficient of vas
size increased. Results for the latge area sampler showed that the mean, standatd deviation and P

coefficient of variation all decreased as the subsample size increased. There were o bigaificant,

differences (p"== .05) found between of among subsample measurements, which indicates that the
plugiand large area samples were equally reliable (ibid.). It would have been of interest to this
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Newfoundland study to discover how the methods compared with depth of sampling, since the
variation in results is expected to increase with an increase in depth from the point of applicati
unfortunately Apperson et a. (i8id), ooly sampled thé top 5 cm..
Siccika et al. (1952) designed a sampling techrique particularly well suited for sandy soils,

1 ls encatially » PVC pipe 76 cm long and 3.8 cm in diameter which is hammered into the sandy
., p.358). This

techniqué must work very well in sandy soils such as on Long Island, New York; they apparently

tedge bammer and 3 block of wood,to protect the upper end (i

did not Q;cn have any difficulty withdrawing the cylinder Imn‘: the ground. George Mills of the
Canadian Forestry Research Centre, St. Joha's, Newfoundland (personal communieation) used the

same technique but with a pipe 60 cm lohg and 25 cm in diameter on a stony forest soil in
~western Newfoundland, and with'a 3/4 inch steel plate to protect the upper end. Mills had 60
. successful core extractions out of 90 trys; in most of the unsuccessful cases the PVC pipe would
crack of aplit, in some cases they would loose the core when excavating to remove it, and in one’
case the steel plate buckied out of shape to the point-of being useless. The procedure required =
bammerriag the pipe iato the ground as deep as it would go without damaging the pipe or steel
‘)hle, then excavating around it rzmnvm; large stones, hammering somg more, th:n excavating
and repeating the cyele uniil a full core of-most of a fullcore bad been removed. Tn the case
— Where large boulders balted the drive of the care another spot bad to chosen snd the task begiun
" anew. In'the case where a large boulder inhibited the drive, the stone was removed and% smaller
oo stone with surface geometry matching that of the void, created by removing the s¥e, was put in
1 place to fill the gap and allow the continued drive of the core; it should be noted that in these
cases the fit had (o be very good or they would have had to stop and begia on  new spot. Mills
went to great effort and expense to remove these’intact cores for greenhouse controlled
experiments, oot just for pestiide residue aualysis gf field soils. The 3.8 cm diameter PVC pipe
that Sieezka (itid) used would have been subjected to a much, higher failure rate than Mills in the
generally stony soils found in Newfoundland and the boreal forest at lirge. Thus, this method is

not likely to become a standard technique for sampling soils in the field. One final point to

"y discuss is that Sieczka (ibid.) states that, *Sampling soil at varying depths by digging or use of an’
auger can result in contamination of deeper layers by pesticide-laden surface particles falling in.".
This is true for an auger but not for dug pits where, if one who is sampling begins from the
bottom of the excnvnllzn pit and carefully works their way up, section by section, contamination
of lowet layers by loose soil particles falling downward will be avoidy.

Rother and Millbaok (WB@ studied the implicatjon of core size on the acetylene-reduction
assay a5 & measure of nitrogen-fixing potential on a brown earth soll in England. They found that
for adequate results of an analytical procedure of the extremely variable soil property of nitrogen,

p379). Ifit is

80il cores must be no less than 150 mm in diameter and 150 mm in length (i
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aceepted that the caelficient of variation is bigher in residue-saalysis (ca., 30 %) than inghe
determination of physical properties o nutrient content of soils (Hotmanh et al., 1073, p.131),
then it is all the more importaat to avoid using tube-type ssmplers whenevér possible. The
simplest alternative that workers are left with is the excavation of sl pits using a pick and
shovel,

’ Though Cline's article predates the other articles presented in this section it is most relevant

to this study both directly snd i
better suited to. dry, stony, or heavy-textured soils.* (Clme, 1945). A shovel of this sort removes
a large quantity of sol in one scoop and the diggiug of the pit i further faciltated if a heavy pick
is at hand to loosen up the heavy and/or stony and/or compacted wll. Other devices are
inadequate or too difficult to use on these types of soils. If the soils are light, stone free or loose,
then a pick is most probably unnecessary for the excavation of a soil pit. This pick, shovel and
bucket routine is a very simple staadard t6 follow; where comprability is of use and benefit.

rectly: A 16-inch tilling spade (shovel) with a round point is

2.3. Conclusion

In order to satisty society’s concerns over pesticide related issues information is required -

from a broad spectrum of specialists: ehemhl.l, physicits, biochemists, soi scientists, plaot

! land use managers, agriculturalists, %

ilviculturalists and others. Il is only after they have provided answers to ulueally important

natural, physigal aod envnronmznulqumlon- that decisions can be made. If the answers meet
the stringent criteria set forth by goverpment regulatory offices, then the pmdueu may be
registered for their safe use. y

Herbicide movementiad dissipation in soil involves a very complex system of processes
luding climatic, edaphic and hydrologiy ig ystems which continually act,upoa-the dynamic .
biogeochemical nature of pesticides, Thus, even though there are countless numbers of herbicide
studies, sill more sre required. These studies should lead to the development of models which

could more efficiently answer questions required of our government regulatory bodies.
Field work involved in the.study of pesticides requires a sampling !;thnlque which is both
simple to use and ghcourages comparative studies for scrutiny by peers. It has been shown that
the simple and relatively inexpensive sampling technique provided by pick and shovel, powered hy
an acceptable level of manual labour can provide the basis for 3 much needed sampling standard

which satisfies many prerequisites.
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33).
L5 smlng up a meteorologl -mlon with’,

“Figire 1-1, page 5).
6. Diiging.the control section (1 m wide x2 2 m deep x 3m o

C— dmlzy, momnu content; bumic and, Mm acid content, ind .mr

Cﬁipter 3 T
N[ETHODS AND PROCEDURES

3.1 smseleéﬁon L ow. Pks B
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for extracting samples for soil testing(pH, carbon loss-on-ignition, particle vize,

ble phoaphoms) i

Onge Hii plnl-l were prepated for the spray lpphutlonn, contr 1 mples were taken for! ~

residue analysls with the mumpﬂnn lh:n o, herhklde! have' béed pmyed lhere before, Then ES : \




Photograph of herbicide application to the dicamba plot using a
generated mist blower. Spray swaths delimited with string
Competing ground vegetation is Kalmia angustifolia

Figure 3-1:
'SOLO’ g
at 1 m interva

spray applications using a *Solo® backpack type gas-generated mist blower (see Figures 3-1 and

2) were made with the selected chemicals, on the following dates and with the quantities

stipulated in table 3-1,
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Photograph of herbicide application to the dicamba plot showing the throttle
(at hand) and large nozzle (at end of apparatus) of the 'SOLO’ gas-generated
mist blower. Large quantities of slash which were removed from the plots
can be seen in the foreground, in the midground acting as a buffer between
the dicamba and 2,4-D plots, and in the background

Figure 3-2:

3.3. Sampling Design

), Blyth and MaCleod (1978),

Numerous authorities such as Ball and Williams (1
cFee and

Hammond et al. (1958), ke and Clutter (1968), Kholopova (1977), Mader (1963), )
Stone (1965), Troedsson and Tamm (1969), and, Welch and Fritts (1956), have studied the
problems of sampling design in relation to selected soil properties, but few workers have studied
these problems in relation to organic pesticides as a soil characteristic. However, the knowledge
gained from the above mentioned authorities, along with the information presented forthwith, has
provided the formal basis for the sampling design and procedures.

For the purpose of providing the best possible precision at the lowest cost, the spatial
distribution of sampling points was determined to be a composite sample using a two-stage

systematic grid sample design with judgement. The statistical principles of this method have been

, and in detail by Cline

discussed by Armson (1977, p.256) and Chesters et al. (1974, pp.451-45:

55, pp.54-72). Cline (1944, p.280) states that,

(1944, pp.275-288) and Petersen and Calvin (19

Compositing is valid only if (a) the sampling volume represents a homogeneous

population, (£) equal amounts of each sampling unit contribute to the subsample
analized, (c) no interactions that would affect the results materially
unbiased estimate of the mean is the only objective.

occur, and (d) 2




Figure 3-3: Ph h of the fourth ped logical station, plot,
showing the transparent cumulative wedge-type rain gauge and flag tape
marking the apparent depth of the soil moisture and temperature probes.

The population is the Orthic Humo-Ferric Podzol which was divided into homogeneous
subpopulations for sampling purposes. The five subpopulations sampled (LF, Ae, Bf, BC and C)
were constructed on a horizon basis to meet Cline's criteria (a) above. The rectangularly sloped
field plots from which the sample units were taken, were divided into thirds to minimize areal and
gradational variation. From each third, a square metre area was systematically chosen for

digging the pit so that the i sampled were rep ive of the field's

subpopulations. The composite sample was a complex unit made from three samples per
subpopulation per pit x three pits for a total of nine sample units per subpopulation (horizon) and

45 sample units for the whole population (Orthic Humo-Ferric Podzol). A trowel was used to
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=" Table &1t Rates of Applcation for smm{b Herbicides

{Actual ut. Per hictare Mamfactorgr’s Matdo of
equinlent o

Hirbleide  applied to R
0.022 1 1
e Tormala- 80 1 mter smiation
iagred: ton Uit Qi) - !
00 110 ] 551/ 1a o -
2.4-D 600g ai/l 801 spray
p atxtare
leer 200
! Dicasts 200g &1/l 0.8 E] 0100 . an
! 2.4-D  do00g at/1 ¢ 1 mates
- Velpar Lo ) ) * 7 .
* Hexaxison 25% bywi. 1.78 0 .07 1fna 11
Spike g0M
. thisron BOK by ve. 1.3 @ 11,0 Kg/ha 121
- L s
Tordon 1010
Plolors 60g ai/l:  0.70 % o BUm 11
2,4-D  200g a/l 2001 spray
: . - - _ stata

. .
& 3171 = grams of sctive ligredtent pir 1itre
N 13110
1/h = Litres pir Bectars.
5 by ut. s percent.by weight,
* = spray application occurred on July 21, 1983. ’
# = apray application occurred oa July 22, 1983, .

colect these nine units, each of approximately equal size to comply with criteria () above. The

negative interactions of critetia (c) above were prevented by following the stringent procedures

outlined’below {n *34 Sampling Procedure® subsection, page 43. Sampling judgement was

p . necessary wheii exlracting, the units*from the face of the piofile to ensute.that théy represeated a
fair crosssection’ ofihe horizon sampled. | ¥

The temporal distribution of sampling points was determined to bé a product-of persistence

data found i literapure surveys (see table 1-3, page 17) and, the freqneney and intensity of

precipitation evel after herbicide applcation dates. Complimeatary anu.u therbest indication

of leaching has been shown fo be represented by a short. period of intensifie sampling immediately

ter application, before other-dissipative processes become dominant (15’ period of 12 weeks
. (Enviponmental Proection Ageacy, 1075, p-26836). The fallawm; ‘Table 3-2 fists the sample

"

dates in days postspray.

s




a \ Table 3-2: Soil Sample Periods for Herbicide Residues J .

DAYS Gostapray) - C .

T
| Suple Perio 3
[}

1 62 3 14 t6 18 €7 -8 2% 110

2400 8

3 6 10 14 26 48 6 312 302 486
Dicushas . .

s o 10,38 68 312 33 4ns s

2 6 310

4 ¥ v -

1 ¥= July 21 1683 for 2,4-D, dicu 4 bexatinone. & R P S
July 22, 1983 for tebuthin Pheloras. i . L

E 5 2,4°D dita for t-7 mot rac &

85418, £-08 110 saaples oy for diomabs. g .

- ¢ : - T P £
. e :
3.4. Sampling Procedure i T

The rectangular plots of 11-m x 20 m were subdivided into grid squares of one metze square.
Thefirst metre from the edge of the plots was excluded from any sampling toavoid the probleins -,
of boundary effects leaving a potential of 162 m? from which to g:r:pl\o The remaining 18 rows
of grid squares were divided into three sccnons each section consisting of six rows of nine squares
!or a total of 54 grid squares. The loog-axes of the plots were oriented downslope thus, the first T

B muon where the sampling. btgnn ‘was the boltom third of the plot. The mmmme was made up

.
of three sampes from each section for a totalof nine samples from three spatially gontiguous
5 ples fro 58

the weight of the ¢omposite sample was approximately 2 kg.. Hence, for. each section a

. sect,
~ : it from a selected 81id square (1 in x.i m) was dug exposing the LF,-Ae, Bf, BC and C horizons % 0
" along the-edges of the square, Once the dlggln; of the ‘three it was complete thery three :

st section .

samples representing thaver, middle and Inwu portions of the C horizon of the '
were composited in a bucket lined with a disposable plastic bag. Following this the 4'%, 5" nnd .

6" samples from the second pit were composited with the first thres samples and then the 74, 8"

. s 42 0/ samples from tha third pit were cmposited with the first six'ssmplés. This was done for
¢ ~each successive overlying BOxon. In order to minimize ciosscontamination each experimental
plot bad five.permanently matked buckets, one for each borizon. The conically shaped trowels
+used forextractlag sampled were cleaned between sampling borizons. First, by lightly rubbing the N
metal sufaced clean of soil particles with a wite brush, followgd by a water wash, 3 soapwash,
second water wash, a dry with a clean paper towel, then a wash with sn organic u;lvtnt‘

o A




. was over. . v
A N

% % 4
(petroleum etber) and finally, a dry with 3 elean paper towel (see Qp-pendix B, page 122, for the
checklist of materials snd supplics used in the field to sample the soil).. The depths of each of the
nine samples were recorded and the pits were filled in after the dampling was completed. In both
digging and filling the pits care was taken pot to drop soil particles on the ground surface of.the
plots, ot to drample over the plots aad to use the shortest route in getting on and off the plots.
Appendix A, page 116 shows the locllma of the msa 1984 sample pits for the five selected
berbicides. - P
“The first pit was located in that row which appeared to hiive ‘the fewest obstacles to digging
(tree stumps, rock outcrops, skid tracks, old logs) and would therefore yield the greatest aumber
of pits. The second pit was located in the same row ud L'metre from the first pit and so on for .
all pits Ah:ou.honl the sampling period. When an obmcle Was encountered the pit was moved to
,:ae next metre. When the end of the rog was encountered, the next pit was moved to the second
row up or. down 'lny‘ the initial row and the procedure continued until the entire umplm; period
- . \

e

me~nu soil samples were unlv. 'or each of the'following pmpenm pH(ClCla),
einbon (Mn-lulllon) field moulnre cnnknt, hylmuoplc water :onum bulk denmy in the
* geomorphology Iaboratory and particle size analysis(bydrometer ‘method) in a.chemistry
Iaboratory courtesy of the chemistrs~department. Methods followed mm suggested by
Mckeague (1978) in the. *Manual o Soil Sampling gad Metbods of Analysis®. Thm results weres
“used to help identify the soil type and can Be found in appeidix J, page 139.

The Fegeum-pmmm of Agriculture (Ottawa) analyzed six soil samples taken frofm the
contrel section for carbon content (Ius-on-l;nih’on), field mbisture content, pH (H,0 and CACl,),
organically-baund Fe and Al CEC, base saturatios; total N, P, K, and Ca content, and particle
size analysis. The clissifi il L ag Orthic Humo-Ferric Podzol has l;een done with
the aid of these.results tabled'in ppc ix K, page 143 and those in sppehdices J and D, pages .
1139 and 126.

During the week ofd Janiuary, w. 1084, he author analyzed the L and F organic surface
. borjtons for humic acid (HA) snd fulvic acid (FA) in the CBRI. (Chemistry and Biology
Research Institute, Ottawa) at the tovitalion of 'Dr. Shahamat U. Kban. These results best
baracterize the humic substance in ihe organic surface hyu (m appeiidix L, page 145).

The Provincial of Agicultaré (Mount Pearl, Newtau analyzed 56 soil -
-mp\u for avallable phuplonl. These results are tabled b appendix M, page 147 and were €
used to ensure that a composite ssmple of d/ne units was \dequlu ot ' '

. o ;o A"‘q

3.5. Lnburncol;y .Pr'ogrmn i




Y of the residue analysis for the five herbi

“5
3.5.1. Analytical Procedures * -« g .

The residue analysis of the soil samples required expertise and equipmeat adt available to
me. Thus, Eco-Research Laboratories (Hymus Blvd., Pte. Clairé, Quebec) was contml‘cd to'do
the 2,4-D analysis Unfortunately the results are unusable because they,did not do any Mcates,
* give recovery nm%‘ovmpmy document the resultd® (personal communications: Joseph Feog,
Forest Pest Managergeat Instituge, Sault Ste. Marie,'1985; Dr. $.U. Khan, Chemistry and Biology
Research Institute, Ottawa, 1984). The Ontatio Research Foundation did the analysis of dicamba

* for Velsicol’Chemicals of Canada, Ltd.. The Atlantic Pedticide Laboratory at the Keatville
Agricultural Center (Nova Scotia) did thefanalySis of hexazinone for Dupont of Canada. Dow
Chemicals of Canada (for pi
in their own laboratories in Midland, Michigan and Indianapolls, Indiana, respectively. The results

es can be lomﬂv‘n\thtn 4, Tables 4-5 through 4-9,

Pages 80 through 87. With the exception of hiuron'®

lorsm) and Elasco Chemicals (for tebithiuron) did residue analyses’

y of analytical for
, each Wrbicide, as excerpts from the laboratory reports, are preiented as follows.

3 .

2,4D - - ' - 5 1

Project #83C105: ‘
All snalyses followed methods Iaid down in *Analytical Methods Maaual, Environment Canada,
October, 1980. Phenoxy acd herbic

in sediments.® (personal csmmunieation: Dr. lan

¥
Bouhwn:k Mnx‘er, 0.D.C. Scientific Ltd., St. Joba's, Newloundl:nd September 30, lmx

mumb. - \ . ) )

ORF Report PS-8357: -

Analytical Methodology”™ o H
It was originally planned to use HPLC/UV uchnlqne for the dmmb: nn:lym, but severe

interferences were encountered maialy due to the very higr organic matter content of many of the”

samples. - Lo

A gas chromatographic (GC) method coupled with an ether/acid extraction, was 3

i

found unsuitable becsuse of gross interferences. We finally adopled a GC method involving sa

alkaline extraction. e .
Principle of Méthod Used

The sample was blender-extracted with KOH, centrifuged, washed with metbylene chloride,

®1a addivion, plotting the raw 3,D dats, Figure +3, page 84, Indicates unsceoptably high varisoce sliminstiog o
any menalogful discussion sad is benceforth excluded from the thesls (data for Flgure 3 1s presanied Ia Table &5,
Ppage 80).

A9The analytiel procedurws for tabutbluron were nlvnu‘ o
recalved.

* ! )
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. acidified, extracted with méthylene chloride, with di leaned-upon _
deactivated Florisil aod analysed by packed column GC/EC. ¥ -

GC Analytical Parameters
Tracor 560 with Ni®® ECD and lineariter; glass column 1.8 m x 6 mm (4 mm ID) packed with 3%
SE-30/6% OV-215 on chromosorb W (HP), 80-100 mesh; temperature of column, injector and
detector: 129°C, 225° C and 350" C respectively;carrier: 5% methane in Argon at 60 ml/min,

Hexasinone : -

) Contract # X-10480P: '+ .
Procedure: W

" The procedure adopted for the ion of i and ites in soil was a method

by RF, Holt of DuPont (1981).
Chatiges made at the Kentville laboratory for the duumxnauon of Hexazinone and
b B
Metabolites A sud B were: The chloroform extracts were transfetred to ctbyl acetate solvent and

* then directly Inxecml (without derivatization) on the gas chmmatomph N

For the determination of metabolite C, the-water layer remaining aftér chloroform
extraction for hexnmune and metabolites A and B w was used.
ns: Instrument: Varian 3700 GC

ith a nitrogen phosphorus detector

“{thermionic specific). Column: 2 ft. x 2 mm ID x 1/4 in. OD pyrex U tube packed with 10%

SP225 0 on 100/120 Supelcoport._Injection temperatute: 220°C. Detector temperature: ‘320" C
(Hexatinone and Mets. A & B), 350" C (Met. C). Column Temp. program: (1) Hexazinone and
Mets. A & B;200° to 275* at 40°C/min. Hold at 275" for 8 minutes. (2) Met. C: 180" C for
5 migutes. 180°C 0 325°C at 40" C/min. 3g5°C for 4 minutes (for run #1, 180 to 325° at
40" G/min.
bydrogen pressure: 20 psi. Detector air flow: 200 c:/mln Bead-current: 500. Chart speed: 05
in/min. Attenuation: 32x 102 for runs 1 and 2. 32, 64 and 128 x 10" for dmu‘env.

25 for 4 minutes was used). Carrier rlow 40 cc/min of nitrogen. Detector

tabolit 3. P . . .
metabolites.in run 3 £ .
Piclorah 5

The methods followed were those of Dow's, Aék 73.3 developed.by B]erke (1973) and ACR

73352, 2 fipplement to Bjrke'sFthod deveoped b Jobnson (1971)\ e princplé of Bjerke's

method follows: ' —- /
Principle / .
g - &

The soll, 83 received, was well mixed and a sub-sample extracted with potassium bydroxide -

pagassium chloridé solvent. The extract ?Iullon was acidified, saturated with sodium R‘Ide,

and equilibratyd with diethyl ether. The ether solution was cleaned up by  basic alumina column
" which Tetains picloram. Picloram was eluted with a-methanol solution. ‘After :
L W - 5 .
L ’ )
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s 4 . v

N of cb(&mmnol the residue was taken up ia water, acidified, and treated with potassium s
permanganate. Piclofam was extracted into diethyl etber, and esterified with diazomethane
+ reagent. The ether solution was passed limul 3 columa of basic alumiaa for additional cleanup.
The methyl ester of picloram ' ined by gas using an
% . electron capture detector.
’ Jobuson's (1977) metbod follows that of Bjﬂh ‘s but with several necessary modifications
for picloram residue determinations by gas chromatography for green forage, grain and straw.
. ‘

.30“ i Am:l"'""‘ lysi

The dau on available pllasphonll was used to determine if th composite sample size ul
$ nine was large esough Lo give an uabiased estimate of the mean for the residue,analysis. One
cannot assume that the variability of soil phosphorus was representative of the variability of the
selected herbicides in a boreal forest Podzol. Howev‘el, as very little evidence could be found in
o

literature in relation to soil%herbicide. variance (Hormann et al., 1973; Appetson et al., 1080),
" and none with relation to the herbicides delected for this study, phosphorus was chosen. Though

it is a very rough variance indicator, phosphorus was appropriate because it is one of those more :
variable soil characteristics. It is common knowledge that nitrogen is the most variable of soil

properties but due to the diverse satural forms.in which it exists (NO,; NO; [1INO]; N,;

HONH,; NH,), and the - vnrku of analytjcal techniques used to detect these different In;m it

was not selected as a variance indicator. The following equation (3.1) is used to determine the

number of samples necessary provided that some estimate of the variaace is available.
o = s?/D? 4
. p @

\ — ~
5 = the mumber of required samplieg units beiag estimated.

= b siadeate ¢ (6-1) degrees of freedom at
: the a probability level (found in statistic taes).

\
nce of the mean

5% = the vas ; =
' = iy (X, = X+ n(n=1). . . -
; 3 ..
whre: X = mean of sampling units, ) R
4 . - :
3 N X, = the value observed for the . . . » &
o Ll sampling unit. * § =
p == the number of sampling units - o
7
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; " .
4 . e the yample: ; * &
. (0-1) = samig size with (n-1) degreasof ) N
freedom, S

* D = specified limit set by estimator, measured in units
defined by X,.
The raw data (ppm) was first ad)un:d lo- moisture connnt bulk density, horizon thickness

and recovery rates before a lo| transformation was l:erlormed “This adjusted data (mg) was then*
used to construct distribution graphs (figures 4% through 4-10, pages 50 - 62), ;.medgpeépm
persgpce sraphs (Figures -15 through 418, pages 70~ 73) and, part SFtables 4 through to
449, pages 81 - 87. "The adjusted residue values were computed by incorporating the above factors

into the following equation expressed in the general form s follows: P
CAY, = ((¥; + MM) X BD] X (D; X 10) X (100 + Rec) o %
W ;

AY, = Adjusted residue values in mg per m? and Dem thick; where: . "
i=1,2,3,4,5 for LF, Ae, Bf, BC and C horizons, respectively. <
Y, = Unadjusted residue values in e, where: "

i =, asabove.

MM = Soil dryness expressed as a uml fraction, Ve

i =, as above.

BD, = Bulk dspaityin gr-em™ 3, where: . ,
as above. E ' .

D, == Horizon thickness in cm, where: T

; 88 abpve. A 4

ait to cotvert g to myg amd(m® to em?, ! 4
(100 Rec) = Factor for recovery, rates, where! -] B
J=1,2 for organic (LF) and miaeral (Ae-Clhorizons. i
Prelimisary graphical regressions of the transfhrmed data were prepared using the computer

.miuleal‘yuh;e. *SPSS-X* (1083). These graphs then indicated an approximate model for the -

i h"bmdn disappearance which. way comuucud using the statistical package, "BMDP" (Dixon,

wsa) The graphical prmnmlan of ghe pmmence data in Figures-4-15 through to 4-18, pages
70 through to 73 suggests a negative linear leastesq model for inone and tebuthi
hese models in Kpear form

and, a negative™e ‘exponential decay model for dknmhl and| pl
are s follows: .
1)log (Y} = a+pX, = for hexarinone and tebuthiuron.
2)log (Vhem a + flog (X) = for dicamba and picloram,
"The prediction of the time (jndependeat variable, days = X) for 50, 76, 00 snd 05 % of the
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herbicides to disappear from the soil equired either an inversion techdfe such as, ¥; — @ =+ §
(2ar, 1984, pp.276-277; Neter . al., 1083, pp.172-174) or the regression equation expressed in
terms of Y, X; = a + B, (linear least-squares). The computer package *BMDP* (1983, program
PYR, pp.264-277) performed the latter, thys facilitating predictions of days (X) for dicamba,
hexazinone, tebuthiuron and picloram,

Missing data for horizon thicknelses occurred for the first two sample periods. This problem
was handled by usiog the IMSL computer routine GGNML, *pseudo-random normial numbers®
foutine (International Mathematics and Statisties Library, 1982, p. GGNML-1). It is appropriate
when 0 is'large (n > 500)'" and the corresponding mean and standard deviation for the

population it given. The GGNML algorithm generatel pseudo-random norimal(0,1) deviates by
W s

“{fansforming uniform deviates tdnormal deviates using an inverse normal pSlbabilily distribution

function. The routine requires setting a seed value greater than or equal to 2'six digit number =

and, zm;épnﬁthn mean and standard deviation for each horizon. The sample size is 830 for LF
through Bf hnrlmnl. 734 for the BC layer and 69 for the C layer. Where the meat nnd standard
deviations for each of the following LF, Ae, Bf, BC and C borizons rupecuwly al 22 2.1;6.9,

2.6; 25.3,"440, 147, 1.0; and 9.8+, 194+, The roltine s executed in double precision.

“Wre Scattergrams and statistics (mean, standard deviation, standard etror of mean, skewness and-

\

" Kurtosis) of the whnle popumion' (horizon thickness for all cases) and subpopulations (horizon

 thickness by time, plot and, time and plot) indieated normal distributions, T-tests comparing
" récorded values with normal random generated numbers (horizon thikness: for all cases, by time,
by plot and, by time and plot) indicated that the random numbers are s, subpopulation of the
tecorded horizon thicknesses,

o % .
b lalmum chosn o mudial conlauly (ot (e
re detected durlog the first two s

“wm tha exception of the C horizon whers o
tebuthisron sad piclorsm C ayer f which o rsidu

.

&

PR
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Chapter 4
RESULTS AND INTERPRETATION

4.1. Introduction

One photograph indicative of vegetative conditions on all plots is presented in Figure 4-1
This photograph shows the product’s effects as a distinct contrast of vegetation growth and

development, on and off the plot.

Figure 4-1: Photograph of vegetation effected by picloram versus nonsprayed
peripheral area, one year later (August 1984). A quadrat 1mx 1m
is at the top end of the plot

There are five main components to this chapter: 1) The results of the phosphorus data are
used to determine if the nine sampling units used for the composite are of an adequate size. 2)
Most important of all, the results of the herbicide analyses are presented to fulfill the objectives of
this thesis. 3) Graphical regression equations are formulated to predict herbicide disappearance

times. 4) The results of the spiked samples are used as a check on the integrity of the procedures



- N

) 3
8, : 8 . .
\‘ adopted by the analytical laboratoties. 5) Finally, the data for borizon thicknesses, residue
" concentrations as received, corrected for distribution factors, relative quantities detected per
sample period ang, amount decected as a percent of that applied are tabled at the end of this
chapter. : .
The size oftie composie ssmpl I accepted as vlid based oa certals given sssumptions
a0d the data as presented in Appendix M, page 147. The graphs aad tables that follow present
. the results of the herbicide analysis as receivedyesidues and ndju}l-d{;xélecud distribution
" " thicknesses. 1t must be

Ly \factors: recoveries, soil moisture, mean bulk dedsities, and mean b
noted thatwith the exceptionof Figure +:2, -um.um‘z 4D resiues®, 246D s excluded from

for.irbicide m_:lylu !
y of iu_bicida distribution in a




"The tabled results indicate that the choses

ize of nine units is ue{pl:ble within the limits of 21

standard deviation of phosphorus (K/ha) for the horizon in qu:stlT ‘The phasphorus data used .
to construct the following table 4-1, can' be fousd in sppendix M, page 147.

Table 41 Sample Size Determination: prhvsphnius in Kofha
) -
! -"Z‘ém S
s, 7
Hortion @ df Newn Vartuce Deviatis D

FTRTE Tl o
10 127.3  968.8 T 314128
10 220.9 2504.1

10 423.2 16831.4 12 ’
10 ©850.0 53500.1 231.32,

The results show that 5, 7, 4,7 and 6 sampiés are the minimum required number of umits_°

necessary at the 95 % cnnrdence level fot. the LF, Ae, Bf, BC and C horizons, respenlwely. 4

Alternatively, nine sample units are required for the soil profile as a whole at the 95 %confidence

mmple units is of*adequate size for analysis of herbicides in a boreal forest podzol.

level. Thus, based on the above menticaed disumjition of similar varianee, the chosen size of nine

&

4.3. UnadJuated Resldud! ,,»“

m. preuntgo ‘nokchange from those of the wd)\lsud cutves:
ever, lﬂen are. numeriéal chanp: mm’ud by lrans!ormmx the faw data into values
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Ce %

Bou: Uleue m
G0 L7 Thethid graph ‘shows the dilferenice between fotal residues detected in the organie horiion s
Ty ihe total sum of residues detected in it 4 miveral horizons sampled (Ae, BY, BC and C). Finally,

the fourth graph shows the total sum of residues in the profile giving a clearer picture 1s to thel

‘of the first set adicaté the <compounds' persistence and propensity |o feae

hlvlﬂcldes

¢ of any between-borizon variation.

4. Adjhsted Residues -

- 4.4.1. Verttcal D!

 ihows u:‘e' Initial intensive.sample

e sample period; both for each of th

= phué of saimpling was impioved by cressing
the seale’of the X-axis. S‘mlhr o H;nrel ﬁ-dum Ihq
tompoundn pemstence and pr

PR pa(um presented when’ contr

2. The p.um which represeits the dbaceredt process, whier
borizons (B, BC and c) increase- a8 the values of the up 1 ot
decrease.

oY, Firt, for all 6 fe
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Figure 4-3: Unadjusted dicamba residues
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the high LF values distinctly contrast with the low values of.the four mineral layers, Ae through
C.'For dicamba this separation is dfstinct, though not as great as with the othes compounds, and
after day 14, the mineral soil sesidues increase to bigher levels than.those in the organic soil. This

pattern ends after 34 day

ost day A8), at which point mineral soil residues drop to below
detectable Jevels making.tk» separation extremé for the remainder of the sampling period, These
High LF values (see Tables 4-6 through 4-0, pages 81 - 87 and Figures 4-11 through 4-14, piges 63

- 60) primarily occur because of tha adsorptive characteristic of humic substances and other soil

* organo-metallic complexes (Grover, 1971, pp.417-418; Grover and Smith, 1974, pp.170-186; Khan,

1972, pp.1-12; Khan, 1980, pp.32-36; Morrill et al., 1082, pp.170-172; Nearpass, 1076, pp.272-277;
Weed and Weber, 1974, pp.39-65). The organic content opffis are most often represented by
their organic carbon content which for this soil ranges as follows: LF 8).2-05.8, Ae 08-2.2, B
4.1:0.1, BC 1.3-2.8 and, C 0.8-7.7 %, respectively (see appendix H, pa;&iis, for carbort content

statisics). The contrast between the carbon content of the LF horizon, mean of 064 %5, and the

carbon content of the Ae through C borizons, mean of 2.72 % /ur\l‘l conml!nt with this pattern

which continues throughout the entire experimental period of 483 days. It is unlikely that clay is

more important (ha organic matter as a substrate for herbicidy’ adsorption because of the small
amoyhts-found in this soil; 8.22, 8.81, 12.78 and 14.41 %})u in the A¢, Bf, BC and C horizons
respectvely (e appendix I, pagé 137 for resuMh of particle size determi

tions). However, when

e considers bow,very large clay's surface area to mass ratio can b its role in sorption may be’

ignificant, In addition, as the organic content decreases wuh depth the clay content increases,
which may Inqxute that where organic matter contributes less and less ndsurpnon sites with
depth, clay is increasingly able to supply an altefnative péol of adsorption sites.

Stcond the pattern where fesidue v:.lnea for the lower mineral layers (Bf, BC and C)-
increase over time ean best be described as a displacemedt process. Iniially, a3 the herbicides _
begin to move through, the soil the greatest quanities'are detected in the LF layer (see Tables
46 through 4-0, pages 81 - 87). As time passes valueafoF the LF layer begin (o declifie (post day
5 for picloram, day 6 for dicamba and hexazinone, and day 64 for tebuthiuron) and for relatively
short periods, values for the Bf, BC and C horizons generally tend to increase (8 1042 day range).
This pattern continues for dicamba (day 1 to 20 for the Bf layer, day 10,0 48 for the BC Iayer
dnd, day 48 for C layer), bexainone (day 10 to 36 for the Ae, BY, BC ad C layers), tebuthiuron
" (day 5 to 32 for the B layer, day 1i to 32 for the BC liyer and day 32 for thie C layer), and
. plclorm (day § to 11 fox the B layer). These short periods adicate the movement of herbicidk
2sTplug influenced by mass flow. wnebpm periods end, there is a change away from this
dominant plug pulsing-pttern Yo patterns epresented by other dissipation mechanisms. The
actual ehift slvay from the dominating process of mass flow Is represested by the end points”

which terminate these intervals (days 48, 36, 32 and 11 for dicamba, hexazinone, ubulhiu[mu and

i




picloram, ively). mmdznce for the persistant-fiature of iebitbiitron is exhibited by the -
y  F detectionof pE——— Bt lsyer (d3y 410 and 483) and the'Ae layér (rl:y 483); and for %

more hhly due to the- hlgh :pphcalmn rate. th o its klnem ‘bal-lite, Nonetheless, hexazinone

residue levels decline for all horizona after the jnflection point is feached (day 382). Forthe -y - 0 4
* shorter lived dicamba, residue levels declise fof. all hofiténs post day 48. See table 13, page 17), ,

¥y for the compounds with the shorter halflives. At this time the degradati

Tactors begin to

b displacement ptocéss has effectively ended,

w* predominate over the d.lsl.rlhlllmn factors. That.is,

and any displacement of herbicide that may,efill-be oin on js bieiog masked by th higher rate’of

degradation (dicamba and hexnunone) ‘An
(3 tranalatory flow, lm bmwm. forth by, Hewlzu nnd bebex

élo;y’ to thid displacerment process, the notion of

time after day 3.aud before day 8 and continues until day 48 for dxe.yfb. after day 146d. ;
the Im~ kS
e . sample day (day 483) for tebuthiuron; and, after day & and before day 11 and continying until ~
—before day 32, with spme evidence that thé process may continue up to day 483 fof picloram. A
characteristic of an eluviated *A® borizon is that it is deficient in substances such u.crnnit

continues until day 382 for hexnlnone, after day 5 and bdnu dqy 11 and conunues unf

- carbon, nitragen, mobile iron and alumiaum, sod clay. The tables presented in appendices-J and




bebave similarly to the pluhully meationed amorphos substaees

= 2 c.
4.4.2, Organlc Versus Mlne.r,l Soll, Difference Of_Ad]\uM Resldues o)

The next set of figures (Figures 4-11 through 4-14; psges 60~ 00) porteiys the difference -

total sum detected i un mineral borizons (A:. Br BCand c) 'nme figures lxihlau s
-ndenhndml dlnpn:i dicussed in SIbs«limu 44:130d 443, mu /53 through. 76, Th lupi F a2

L5 |A|upemdoruuudmn$mne of applicat nomn.nulpm(mum !

dnphy pattern; 2 S SR
e ﬁ.Aulxdulyq-nkdedheMmldu :hul- uummlm ».umew‘pear A oo B
(exuvl for tebuthiuron).’ . 2
s.A siower decline of residue values oyer the balance

2 Tlm |num phasé rmay st be described ay
nued by on/'u both of the following
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first samples were taken after the first storm eveat. Priot to the tain, the berbicide remaiaed in a
dey soil with 2 soil moiiture deficit!? of 0 and g1 mm for July 21 and u n;muvely The
cumulative rainfall graph wbich follows clearly outlines the precipitation eventa Tecorded on site
facilitating the ensuiog interpretation (Figure 4-19, page 75). The first zain event on July 23 (day
1 80d 3) sdded 2 mm of precipitation to,the soii which did little to increase soil moisture storage
but did promote the diffusion of herbicides through the LF, Ae and Bf horizons (Tables 4-6
through 4-0). The next event.on July-26 (day 4 and 5) added 26 mym of precipitation which
brought the soil moisture storage up from 108 to 131 mm, still below the soil's moisture holding
eapacity but substantial enough to distribute the berbicides through the soil profile, Similarly, by
August 3 (day 11 and 1), the second sample point for tebuthiuron and picloram, 14.9 mm of rain
bad accumulat+d, 50 % of which bad fallen during the 24 hours prior to sampling. Thus, diffusion
and'mass flow had distributed ihe her
decteasing the number of hot and 'fold spots and consequently improving the reliability of the

) .
composite samples. This may hold even more 8o for the organic layer which because of its

des over a greater surface area of sdil particles
7

sponge-like hydrophillic nature could initially account for a more variable distribution (Figures 4-7
through 4-10 and 411 through 4-14) 2d significantly higher values. -
Second, due to the dry condition of the ‘soil, the majority of herbicide remained on the
surface with negligible downward movement other than by diffusion and some unknown loss
through volatilization and on. it is likely that the sampling tools
. (shovels, picks, lrowtls and plastic lined pails) were contaminated with :u%‘ulmown proportion of

the herbicide. This unknown quantity of herbu:lde would gl lost to detechion when cleaging the
Lools (see page 43, for cleanlog procedure) and lost because of adsorptiod to the inner surface of
the disposable plsatic bags used to line the pails, If fuch quantitiesof herbicides were lost o this
w3, b espunt o h bl coud bveanly bee mde i e conamigeed clesiog
solution and plastic liner bags were also ansfzed for residue concentrations.

The second phase of the distribution which shows the steep slope following the peak lasts 4

.daya for hexazinone, 8 days for ! icamba, 53 days for picloram, and does not occur for
tebuthiuron. The interpretation of this Ppattern results in Yistinguishing the following five factors.

e, that & small amount of herbicide has bound to soil colloids and is not easily extractable for

detection. Second, that there may be & loss of berbicide out of the ssmple area through mass flow
and/or volatilization. Third, that a larger portion of hyrbicide has diffused through the soil,
complexed hnd been sdsorbed by organometallic tnmv-l:

" avallabla’sdsctption sites, the balance of which ate free to move. Fourth,.even greater quintities
v

nds thus occupying tmajority of

.
’ MCulealations were Thorathwalte for computlag 1h balance for s 180 mmsoll * |
walte aad lhlhr. lm). The figures'change to +1 sad -2 mm for a 200 mm .
\ F: ‘
v A
N L
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 addition, the naturpl kinetic degradation of the product is becoming an increasingly greater factor | -

" em (roinded to the nearest centimetres, column one), the sample size used to detbemine the mean ,—

* (centimetres, column three), the data as reived in ppm (parts per million; columa four), the data

6

of herbicides are y’er’!orlﬁiu the task for which they were desigfled via the uptake and metabolic
activity of the target plm species. Fifth, but not least, the original compounds are being

bas bees able to adapt to the new substrates. All these factors are considered as sinks and are )
o -
therefore loses which are not accounted. Though Pound resjdues are adjusted for by lppm}'iate

into by-products and secondary ites by the soil microbiota which *

recovery nun t is not wuuble to guarantee a fpecific level of recovery for all bound realdues, as
small a quantity s they. may be. The problems that analytical laboratories bave in recovering :
10 % of the peatkide agplicd is exeinplified by the results of the blind spike tests mm, inTable
44, page 79 = %

‘The third phase of the distribution exbibits the trend of & n?v« decline of residue values over

the balance of Che sample periods which takes, at least, 409 days for dicamba, 476 days for

hexazinone,451days for tebuthiuron and, 419 days for picloram. “This patters indicates that a
number of events mist have occurred. First and foremost, there is.the ongoing degradation by
the soil microbiota. Second, the éfficacy of he product has had its najor iimpstt on the target | .
species. Third, desorption from soil compounds is contiauing but at a decreasing rate. I \

in its disappearance and finally, loss out of the sample area has diminished.

4.4.4. Unadjusted And Adjusted Residue Data ’ : : .

Y / i
+ The data for all of the unadjusyéd and sdjusted graphs discussed abors can u‘{ound in
Tables 4-8 through 4- (pages 81 - 87). These tables present: The mean horizon thickinesses in -

horizon thicknesses of column one (count, n, column two), the mesn horizon rangf inem -~ ¢ *

33 adjusted in mg of a.i. per the above factots (msg of a.i., column five), the distribution of -
tesidues in each horizon as & Pocent relative to the total detected for the associated sample.doy
(wmut. column six), and the residues detected as-a percent of the total hnblude appl]  the
ground surface percent, columa seven). g
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,4.5. Grr_phig Regression And Disappearance Times

Table 4-3 (page.78) is an empirica] in ﬁn'd:’\lnr 50, 75, 90 and 05 % reduction in i

tesidues for the soil profile ssmpled 53 & whole. The disappearance ties (DTs

iven are based

on two levels of oncentration: In the first set, the DTs are based on the onellme berbicide

lppllclllon at the onset of the cxperimeatal period. In jhe second set, the DTs are based on the
.

l.oul armount of herbicide (sum of LF through C horizons), for a particular day; taken as th

maximum de/lecled over all sample days.
_expected (i

'his allows for

a comparkson and cqnlr:ll of values

al rate of application) and values observed (maximum rate detected). It is most

likely that the true values, though an unknown identity, fall in'the interval between the two.

* calculated DTs. l' should be noted that the l.)Ts are only

relevant for the concentration of

hetblcldﬂ llven. the environmental conditions n’der which the experiment was-conducted and the}

time period that the herbicides were monitored for (Hnmaker JW., 1072, pp.27 276-279).

Table 4-3: Dmnpuv,mxrmmn Equations

-, . .
.~ Herdietde Zqutio

Dieashs log (¥,) = 4.0802 — 1.7380 X log (X,)

o b g (X)) = 2.815 4817 X log (1)
Hexazisons Yl 3.3008 = .00218 X log (X‘.]
) X b 14 X log (¥;).

Tebathturon % < 35000 = 00114 x log (X))
~ g x -0348 xln((Y)

Plaloram log (¥;) = 2.8728 — 77483 X log (X}

log (X,) = 3.3830 — 1.2400 X log (¥;)

Restdual
. M -
Square Remarks

0.1028
0.0328
corr.n =018
o.0p8 \
2388.3

Y corre -

o0.0012
o17.08 ana

- ~
. Spiked Samples
’ v

Table 4-4 shows that for hexatinone and tebyithiuron the lplktd’nplu yield values clos

“to the expectdd level. This can be interpreted aa the ilation of
&

nt and effective sample

X preparation procedures prior to dtle:lln[ blcldl)ﬂldnu in lhe‘:beutnry, On the other hand,

« the detected évels for dicamba are siggificadtly loyler and
bigher than thy expected levels of detectg
underestimated by more m‘m stated

For diggggba, hexatl

]

for picloram they are significantly

n. This may mean that the dicamba results are
o} :
overy rates, and that the picloram results may be

the uniformiy spiked soil samples -
i
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DissppesFince Time (dayed) .

' Conaen=
tratione 80§ - 88
4 X £ 37
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. . .o
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“Haxisu Rate -

. Wame Detected kg/ha 0% s LRI T ] =
Dlouhs 0 ] E )
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Tebathtn: 208 . . i 3
Plelorsa ‘18 ] 1o m
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N0 = rouaded to the aearust day. .

= ki/aa ® Kilograas of active fagredtunt par hestire.
+® concuatration rates sre n tises the comsercially suggested maxisea. :
* = days computed to be o thaa 600 diys: oaly values within the aags

o {aitial rate of application.
Based on the maxisus Derbloide det
g .

(nomél;emu-) generally tend to be lower than those samples which were spiked with a single spot
placed in the center of its mass (heterogenous). One interpreation of this pattern s that itis

+ quite possible that, when preparing the soil ssmples for analysis, the laboratories did not mix the

soils a3 uniformly as possiblé. This pattern s reversed for picloram (homogeneoud >
heterogenous) which makes one think that the spot samples were composed of a greater quantity
of soil that was not contaminated with picloram. ‘This could be an indication of a soil not well
mixed'or &1 a chemical strongly bound to very few sail particls. Table 4-4 below, does not show
32y obvious relationship between horizon and recovery results, yhether i is of i not in

The difference between mean’

n with type of spike (| v
homogeneous and beterogenous values changes from 5 to 16 to 18 to 24 % for tebuthluron, }
dicambs, bexatinone and picloram, respectively. I the final analysis this may suggest that all the
samples are well mixed for tebutbluron, less s0 for dicamba and hexazinone and, least of, all for

plcloram. i

e e

" Table 431 50,75,90 & 96 Percent Disappearance Times For *
‘ Four Selected Herbicides s )‘\




4.7. Raw And Transformed Data

L 7
. : Table 441 Results of Spiked Samples
a . Saple Spiked For Type 0° Actual,
7Tion Detectlon Lavel Of Spiks Datectfon
) *am
) o
A 1
7 e =
Hoxszisone LY, K]
LTy 1
Bt 1
P 1
< 1
“Tebuthioros/ L¥ ]
7/ 1) 10\)3
Bt 1000
. ®, 1000
' [ 1000
Plcloras r 0
s ao I
= Bt 1
B 1"
-€ 1 .

- Recovery
)

142 (180)
107 (158)

188 (70)

. €.02 = Kalow detaction Jtait,

€9 = bracks

ted valuss are dopl:

\

. o
Tables 4.6, 4-7, 4-8 and 4.9, (pages, 81, 83, 85 and 87) present in seven columns, for each-*

’ .
horizon of the four selected. herbicides, the results as described in Subsection 4.4.4, page 70, The-

sixth clumn, *Horizon mg As Percent OF Total mg®, gives figures desctibing the

i

bution of

residues within the profile for the specified sample point; these values add up to 100 %. The"
seventh column, *Percent O Total Applied Herbicide®, presents the residues detected for each

borizon and for the sampled soll profile as a whole (i
amount of herbelde applied to the soil surface. This Indicates the herbickle's persistence;

values should add up to less'than 100 %. The percent of the applied hetbicide in :ovn

the mineral horizons (Ae to C) is also representative of Ilr.n"ﬁelblclda which bas leached from the-.

, Totals), a3 a percentage of the original

hese

n five for

surfaceLF borlton. Table 4G, présents the taw data for the 2,4-D which has not been used

Because of the reasons given o8 pige 45

.
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= X the values of the upper horizons (LF, Ae and B) decre

o
Despite 4 degree of experimental yariabi

the oblecllvn of the thesi, there clearly aré alien pmnu to be made.

e
—1 ne importaace, o the oFganic matrix fo sorpth ?- inferred from the distinct”
~ . separation of values between the organic LF horizon and the mineral Ae to C horizons. |
2, The active process of herbicide leaching, indicated by the_pattern which represents the
displacement process where values of the lower horizor I, BC and C) inctease as -
The BY horizon fits into \
both classes because of a lag where during the eatly phase of the'experiment it bglonu &
to the upper class and -furm;l- it assoclates with the lowehclass.
3. The process of podiolintlon ullnl upon the bierbicides as it does with natural slnnle i
compouads a5 shown by’ the tendency f ronlnz values of the Ae botigon to be lm than -
those of thc B Borizon.
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Chapter o g
g ow DISCUSSIONAND CONCLU§10N

- 5.1. Introduction

This final chapter, will begin with a brief discussion of herbicide disappearance from soils
cempannl ud conmmn. the DTs of other studies lnllnwed by 3 dlunumn of some herbicide-

+  discussion of problemu encountered and ideatified d\mng the course of the experiment, how they’
effect the data snd whether or not they could be corrected for. The question of herbicide
behaviour in soil has |myhmmnl “for forest mnn;emenl whnch is examined in the Section; — —————————-—
. *Herbicide Use And Forest Managément*, The latter Section ends with a Recommendations
" Subsection which is prescriptive in style intetding preventative measures on bebalf ofsociety's
long term mlemu\ln protechn. the quality of our boreal environment ‘and i unpmvm; Canada's

forest resources, Th?l:mlumn\smon follows with a  summary of experimental results aad four B
R key topm for future nudy \ ;
& / - .
\.._// " 5.2, Discussion - § T '
2.1 Dirsppesrance Timer L BT Ay .

| The magoitude of Ilerb
Comcldrnlly, authoritfes can usually find studies which confirm thele 6wn coiputed DTs." Masy _

ide pemsunce hn Imn shown to vary from study to study.

field studies are still required in order to develop some sort of dutppe:rnn:z index whlch would

r.epment all, most or key environments in which berbicides are used. Th; expected DTI (based
= " on m initial concentration applied) and the observed DT3 (based on the masimam conicentration
‘ delc‘cud) are briefly compared and contrasted with the findings of other authorities in the
following paragraphs.
DICAMBA: The calculated DTys of 0 and 26.days compare well with Corbin's and

Upchurch's (967, p.373), DTy, of approximately 21 days using pupv-red sad highly organic soils



_that the rates of application could be significant (Himaker et al., 1967; Altom and Stritzke, 1973;

trom North Carolina (ibid;, p370). The calculated DT,gs of 04 and 1.2 months are within the
range of less than 2 months as cited by Kearney et al. (1969, p.139).

It i interesting to note that the Ontatio Research Foundation, under contract with Velsicol
Chémicals, detected 24D o ail of the sample days. In their reports of dicamba residues in soil
they did not quantify the amounts of 2,4-D detected, but noted that there were detectable
amounts up to and including dsy 486, The DyCleer 24 product has a 24-D content of 400
grams/litre aod a dicamba content of 200 tre, both present as a dil salt of
which the dicamba application was 7.6 kg/ha of active ingredient. If it is accepted that 2,4D is »
compound of the shortlived *mobility class IV, (Helling, 1971, p.738),with DT, of les than 1
mont (cted n: Klingman aad A.mn, 1076, p.16; Hamaker, 1072, p331), then wlly is there still
detectable amounts of 24-D in the dicambd treated soils'fter 486 daye! The first possibility that

- comes to mind is that the different moleculr formulations (eg, low volatile butoryetbyl ester

versus dimethylamine salt) may be » sigaificant factor (Bailey and White, 1970, pp43-44).
Second, that the presence of other compounds (i.e,, dicamba) may be a significant factor; a
synergism could-possibly be involved (Hamill et al,, 172; Morrill et al, 1082, PP.174-176). Third,

Hance and McKone, 1971). Therefor
and the climatic and edaphic conditions, the 2,4-D 31 a dimethylamine salt appliedin 3

it may be suggested that, given the initial concentration

formulation, which includes dicamba, should persist in the DyCleer 24 treated soil. This then

leads to the consideration of further study investigating the behaviour of selected compounds
simultaneously used i boreal forests.
'HEXAZINONE: The calculated DT'! of 4 and 6 months compare well with the DT s of

. ~Rhodes for two of three sites (1980, p.313) but sharply contrast with the DT of Sung (1962,

p21). Rhodes (1980, p.313) calculated DT,gs of 3 to 4,6 to 7 and 10 to 12 minths for three
diferent silt loam soils in linois, Delaware and Mississippi, respectively. Sung (1082, p.21)
caleulated DT g8 of less than 4 weeks for two soil {loamy sand and a ssady clay loam) ia

Alabama each at a low and high rate of application, 2 lnd 4 kga.i/ha

It is surprising, that at an application rate elevenfold greater than the suggested maximum,

the interpolated DTW'I in this study concur with those of Rhodes for the lllinois and Delaware
sites but, not with Sung's Alabama sites nor Rhodes’ Mississippi site. Furthermore, there is a 9-11

month discrepanty between Sung's results for Alabama and Rhode's resulta for Mississippi,

+ Considering that Alabsma aod Mississippi have similar climatic and edaphic regimes this variance

suggests that further study may be required. Two considerations for further study would

investigate the pe‘uhunee of hexazinone across latitudinal changes in similar aoils or, in- different

soils at the same Iatitide. Another consideration for further study would be to examine the

bebaviour of hexarinone at very high:rates of application. This information could be used o +
. v
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tepresent a small point source accident over a soil surface. Regardless, thie bottom line dictates
that until an adequate base of such information is available, it is ésseatial that users strictly '
adhere to the manufacturer's directions for their proper use, Indeed, it is a contravention of the
federal Pest Control Products Act to use these products under unsafé conditions (Egyirourfental !
Protection Service, 1085, p.2). - ; e
) TEBUTHIURON: The only caleulable dissppeatasce time possible ia based on the™> \\ x|
% maximum amount detected st the 50 % level (DT, = 10 months). At the onetime application | ,
rate all the calculated value fll outside the range of given data and therefore, the DT, bas an

indeterminate upper limit gmur thao 16 months, The calculated DTy, of approximately 10
months to 16 months defines a range large enough to include the 12-15 month half life in areas
receiving 109 to 150 cm annual n_inllll (Elancp_technical report, p.3). The report m‘é- that the ¢
balf life is considerably greater in low rainfall areas and in bigh organic soils regardless of rainfall

. . (ibid.)." As the total precipitation regime is comparable €o that of central Newfoundland (seé’

climate, page 7) it would not be unrealistic to think that the majotity of DT outside the range of

values seflects the longer half lfe of residues remaipjug in the highly organic LF fayers Of the

residues detécted in the five horizons sampled, those fou

the LF horizon sccount for
approximately 92 % of the total per sample period (Table 4-8, page 87, column six, with s mean

" “thickness of 7 cm). The balance of residues detected are found in the remaining four mineral,
N\ borizons. - 5 . :
plcwmu.\‘rhe calculated DT g8 of 7 aud 16 days are not very different from the DT,y
of 15 days reported for three soil (Fan
 loam) in North c.wﬁm.. attwo ‘application rates (2.24 and 4.48 kg/ha) {Luta e al., 1973, p.487).
Tn addition, Luts (ibid.) reparted a DT,, of 100 days which falls close to the upper limit of the

clay loam, Chandler fine sandy loam and, Chester 4

; caleulated DTy of 55 and 119 days. However, Altom and Stritzke (1973, p.569) reported that a¢
the end of 100 days from 63 to 77 % of the original concentration remained in the three soils*
2 ¢ tested from forest and grassland in Oklahoma. Thegefore, if 100 daya is requied for a DT,y to~~—_

DT”, then it can be deduced thut a DTy, will take longer than 100 days under the conditions set
forth in OKlaboma. - Meikle et al. (1973, p.552) presented the decomposed picloram as a petcent of
the applied concentration for a variety of soils (clay, clay loam, loam and ssady loam) from
Texas, California and Mexico, and indicated a wide range of values for the 423 day petiod. For
this period, of applied ion that di ared tanges from 16 % (loam,
California), 66 % (sandy losm, Texas), 73 % (clay, Texas), 89 % (élny loam, Texas), 90 % (sandy-
loam, Mexico) through to 94 % (loam, C-lirmh).




25 93

5.3.3; Herblcide - Climatic/Edsphlc Relationships

" This.study bas brought fortl a number of relatiosships between herbicides and toil systems.
Although these i
validation for berbicide use in a cold, moist boreal environment. la the past there have been
relitively few quantitative experimenta with berbicides in Canada's boreal forests. The following
discussion not anly validates some of the other berbicide research but adds genera inforqatios on
experimental desiga wieh is pertisent ¢ allfed studics of herbicide-soilintefactions.

Ope of the many relationships clearly elucidated by this study s that berbicide persistence is

are ot original dis ies, they are which require

faversely related to time. " Thus, these organic compounds do dissppear (metabolize, volatilire,
leack and degrade) with the passiag of time. Four of the selected herbicides' time-dependant
relationships are described by two negative tegression models: one s linear asd the otber is
exponential. The graphs in Figures 4-15 through 418, pages 70 through 73, adequately exempliy
this relationship. ‘This is not a simple relationship because there are many mechanisms involved
in the dissipation of berbicides. However, time does represent the degradation or haltife inherent,
in all materials,  * .

. The calculated DTs are not substantially greater in a norihern boreal podzol thao the BTs
computed by other authorities at more southern latitudes. One would suspect that with-low

temperaturcs associated with borea] winters and decreased activity of soil microbiota there would
be less herbicide degradation and bence grester berbicide persitence.” In fct, the DTs of this
study are less than some, comparsble with others, and greater than the DTs of those studies -
reviewed in Chapter 2. Therefore, there is no_conclusive evidence suggestiog 3 direct relationship
between the relatively loog winters of morthern latitudes snd increased herbicide persistence.

The low clay conteat of the sols (see Appendix I, page 137), may be'sufficieat to affect

" adsorption. However, in this case where there is a relative absence of clay minerals, adsorption is

probably greater in soils with high organic matter content than in those soils with little organic *
matter. The LF and Bf borizons bave both higher organic matter content and generally greater
herhicide residue content than the Ae, BC or C horizons. If organic mattet is not crucial for
sorption to take place then the Ae layer, which lies above the BY horizon, should generally have
more residues than the deeper Bf horizon. However, it has been shown that ;.he Ae layer mol(‘ .

often has lower residue concentrations the Bf.horizon. Hence, there must be a direct positive

between herblcide distiibution and organic matter distribution n the soil.  © -
The pedogenic process of podiolization definitely influencés the distribution of herbicides in
soil: Therefore, t Is not unrealistic to suspect that certain pedogenic processes, which influenfe *
the development of otbet soil types, would also fnfluence herbicide distribution in those particular
soils, The pedogenic processes active in different climatic and edaphic environments control, to
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varying degrees, the accumulation, de;’rmﬁen and movement of soil organic materials and

therefore, may similarly influence herbicide

i and movement. In organic
soils under dry conditions very limited vertical movement is likely. However, under very .imisx or

saturated conditions berbicide movem¥at would be greater. The pedogenic progesses which

nfluence’ herbicide distribution, probably fall into a class limited to those processes in which water
7

is the primary mnmgm astivation. The same class which, in herbicide movement terminalogy,

is referred fo as the liquia phase as opposed to moyement in the gaseous phise.

‘The DTs vary between each herbicide which may reflect the different application rates

(especially that of hexazinon) and how the individual chemical characteristics of each compourd

* teact to the biophysical chernical chara:temnu of the podzol. However, f all five plots withia

the site are of the same soil population, subjected to the same climatic events, then dissimilarities
in persistence aré more likely the result of the diyerse nature of each compound used; especially
since threeof the herbicides were applied for comparable effectivene@®2,4-D, dicamba,

bexatinone, (cbuthiuron and picloram belon to the folowing cheieal groups: chlorophenaxy,

triazine, substituted urea 0d pyridiné acid, respectively. It appedrs
logical that if the vhemical nature of the compounds differ, then 50 miy their dunppeamnce
times. = \
|
; ' < ‘. L i s
5.:2.3. Errors © | o "

During the early analysis of !h;e results, an &rror was detected whith had to bé accounted.
This error, the result of a pumber o(‘ conditiors, manifested itself as-valuey exceeding 100 % of the
application rate (column 'seven, Tables 4-6 - 4-0). For some of these factors, it was possible to

determine a measure for corfecting fesulty.which were then incorporated into the compuiations.

8 factors this,was either not possible or practicable. An examination of

‘figures in column seven, Tables 4-8 and 4-9, pages 81 - 87 show somé values greater tha 100 %,

“However, for the rem:

" which indicate that softe of these indleteiminably vafiant eonditions are still i affect. Detection

levels in excess of the application rates occur on days 6 and 10 for dicamba and on days 5, 11, 32
64 and 310 for tebuthiuron. For.the following discussion it is important to note that all but one
of these seven high Yalues occur in the LF borizon. The one exception occurs in the Bf horizon on
day 6 for dijamba, weyen, Table 4-6, page 81, shows that 118 % of the total applied
herbicide was deumi on that day in the B layer which colncidently, has the second highest

|
mean organic carbon content of the ﬂve borizons sampled (B hofizon: 2 == 6.0 %, 0 = 12, range

= 4.1-0.1 %). The anomalous event of an extreme value in the Bf layer may add further to the
argument of & refatlonlhlp between the organic soil material and organic herbicides. The
conditions which may lud to errors jnd ‘whether or not th were dmmmble, and zheuvori
Incolponltd into the ulcullliunl,} llow:
<
. \ -
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Herbicide overlap along spray swaths (see Figure 3-1, page 39). Indeterminable.
Inappropriate herbicide applicator (see Figure 3-2, 40). Indeterminable.
Dilution/concentration problems due to sampling design. Indeterminable.

Al

Dilution/concentration problems due to sampling equipment. Nominally

determinable.

. Reduction in plot areas due to configuration of plots and non soil surfaces withia
experimental areas (see Figures 4-1 and 5-1, pages 50 and 95). Determinable.

. The misleading assumption of a uniform application due to nonuniform surface
geometry (see Figures 4-1 and 5-1, pages 50 and 05). Indeterminable.

. The inability of analytical laboratories to establish consistent recovery rates. Limited

determinability based on laboratories' recovery results.

o

o

8. The probiem of extrapolating results from a 10 to 40 g analytical subsample
representative of a larger composite sample (600 - 1800 g fresh weight), to an even
greater estimated volume of soil (10 - 359 kg; 1 m® x X cm thick), when sample
variability is unknown, increases the risk of a Type Il beta error. Indeterminable.

Figure 5-1: Photograph of the hexazinone plot, August, 1984, showing the
nonuniformity of surface geometry and the reduction in
plot size due to tree stumps and rock outcrops.

A herbicide application overlap along the borders of the spray swaths occurs because of the
inappropriateness of the 'Solo' mist sprayer used for the ground application. Besides the normal
expected spray drift there is also drift which is compounded by the use of this mist sprayer. This
overlap may be responsible for a two- to fourfold increase in concentration. The increase in
concentration would affect the results because a sampling grid was superimposed over the spray
swath borders, the area of herbicide overlap. Thus, the sampled soil faces of these pits, which are
aligned under the border of the spray swaths, may have received two times more herbicide during

application and a further two times increase when applying subsequent swaths.



Great cifort was put into becoming skilled at operating and calibrating the 'Solo’ mist
. sprayer used for the berbicide application. Nonetbeless, an uaknown incfease in herbicide o
5 .~ concentrition would oecur if there is 3 brief delay"in the arm movemznl at theend points of the
"arc path when applying the berbicide back and forth across the spray swath. .
’ In each of three pits, threg sampling units were extracted toxontribute to the confposite’
sample of ninc.” Though the volumes of these sampling units were consistent, their spatial
! distribution tended to vary because of the nonuniformity of borizon thickness and form. With 100-
9% of the herbicide applid to the ground surface, dilution of the compound inceases with
increasing depth. ; For exaniple, if the nine sampling units drawn from the LF horizon are a g
i composed of 50- % of the top layer. w{ h given areal almmions then those nine units represent o ——
twofold concentr&tion leading to a domposite sample which has 200 % more hetbicide than the
applied rate would (n;dsme ‘This'means that lhe composite sample for the LF layer actually
tepresents only half of its thickess.” Another. example shows that of the nine units which
comprise the composite sample, if six and three units respectively represent 33 and 50 % of the
t0p layeF-with given areal dfmensions, then two thirds of the eomposite sample have 300 % and
~one third bas 200 % morj;lnbmde than a camposite sample-representiTg T00 % of the layer.
" Thus, this composite néple would have a concentration of approximately 266 % of the applied
rate. For the lower /mmml layers this concera is mitigated by the presence of the overlymg o
= : horizons and the different approach to sampling. The effect of the overlying horizons is to dilute
the concentr:

50 that less than 100 % of the herbicide is apphed to the Ae layer and even lcss

. wbseqnzm/homom. Thus, the LF layer receives 100 of the herbiid, the Ae lyer feceivai
some perentage les than 100 %, the B receives some percentage less than Ae and LF horizons,
the B recves even s than (he B, Ae and LF layers an, the € recives comsiderably es than
"BO, Biy/Ae and-LF layes. Forkinately, the LF boriton isalso he inostsgnificant Inyr i terms™
of tg/adsorptive capaciy, giving it bighly posiive weight i containing thse herbicides_

.|, (Columnsix, Tables 4-6 throigh 4-0). I'addition, the sampling of the LF layer in a vertical

ion Hinpliie cuting throvgh végetative mteria and mAEed surface disturbnee,

However, it was subsequently found that the vertical sampling did not match well with the

borizontal umphn; of the Ae through C horizons. The horizontal sampling, being more ble

in obtaining a valid cross'scétion, was accomplished by extracting samples of lppmx!mntely equal

lvulnl from those aréas most representative of the borizon, . \*) .
In relation to sampling the organic layer another dllnl.lnn/cnncentnunn connimoblem i /
results from sampling the matrix with a trowel that has a nonuniform shape., A conkally shaped

trowel contributes more sample from the wider based scoop area than It does from the narrow and <
pointed insert area. Thus, this sort of sampling tool concentrates herbiclde in the sample similar
In effect to that mentioned in the previous paragraph but different in scale. On a horizontal basls




{EE Trowel extracts samples of qut depthper  Shle L O ot g o vertical samples *

which cover a wider range of depm Thus, due’to the adsorptive/desorptive importance of the
organic layev a2 path was sought which would alleviate this problem. A solution was found by
acilitate the )
calculation'?) with that of an ideal oylinder with similar dimensions (hel;hh=15 T-cm,
_radiugmad, .75 em). Then the difference (1112.20 - 660.20 = 452.0 em’) |nM1ume was used as a

" weighting factor (41 %) to reduce the thickness of the LF horizon, thereby reducing the affect of

comparing the approximate volume of the trowel (trowel was segmented to faci

herbicide concentration. sl s
The plots were delimited at 11 m x 20 m m and the lppllﬂllon was applied as uniformly as

. possible to the-grognd surfacé with an apparent area of 220 m?. - However, the hexazinone and
tebuthiurpn plts ave rhombic n'shape decreasng thei respctive areas o 190 and 218 m? and
thereby fncreasing the rate of application., In addition, the rate’of application increases further’
when the area of harvested tree ntninpn and rock outcrops is subtracted from the total area of the
plots. Dicamba reduces fror, 220 to 205 m? (3 m? = rock outcfop + 12 m? = tree stumps); §
hexazinone Feduces from 190 to 166 m? (3 m* = rock + 21 m? = stump}; tebuthiuron ndum .
from 218 to 194 m' 1l'm = rock + 25 m? = stump)} and picloram reduces from 220 to 201 m?
(1 ‘m? = rock + 18 m? = smmp) The area that these items cover reduces the size of the plots
because‘the spray lvluhon rugs off the rock outcrops and tree stumps iato the ground e
mnunmzm; the solution around these objects. This situation is reinforced hy the Tact that ‘the
herbicide formulation was higbly diluted (80 litres of water +-eTBicide formulation = spray

solution for plot area) to facilitate a uniform applluhon thus supplying ample water to a surface

which does not res
. e
due to the wood's dryness, however the impervious nature of the bark and the solution's flow

ly absorl it. It might be argued that the tree stumps would absrb the watet

veloclly slong the bark prevented this. Thus, runoff was an important process'in distributing »
herbicide in particular lrgu\cnaling chemical 'hot spots’ which could sighificantly-increase
congentration levels detected. This latter aspect of nonuniform distribution leads to.another

problem elaed-to uniform spplications which i discussed in the following paragraph.

A mption for soil residue.studies s that'the pasticide s uniformly applied

_do the soil surface, AApn‘an' 1o this is.the notion that the surface geometry is a two dirfensional
- plane o that the application is uniform. Such a sutface may be obtained on level.sites whick

bave been modified to resemble a two dimensionsl plane (eg., agricultural fields with little or no

varlation in microtopography). However, for natural surfaces this is seldom if ever the cise

inps,

because the earth's surface exists Tu three dimensions. There are rock outciops, tree s

MWhare dimensions In centimetres beglanlog with Imml': Tsert area are: 1 cone with btme]
‘Wit bty 24,

nd basemd.
ectively;

-
2




T3 suffices to begin with the premise that if blind spike results sbow 3 ritge of values ﬂm are

Fummocks or kaolls, deptestions and v:[elallon whichnot only express the’ mk!ulupo;raphy but
* add twg olber inbibiting -  ssnumpiign of 3 uniform application. O i the

. nonnm(omuy of application due to lpuy lhadow effect. tmkd by the v:mmn: in -
mklotop?gnvhy./ﬁi\ynywud aspects of the terran receive moré sprly solution than che
leewatd surfaceg:thus,

e latter ayfaces are referred to as being in e spray mdw In other.”
5, the ang] ich the spray aoluuon reaches the ground clnnm as the geometry cb;nm [0}
: 'umeby ch;ngmg the dutnhulmn nnd quanmy that actually contms the ground. The second -

factors the iformity of distri finmediately_afier the solution has, been applied even it &
the application i is one hundred pemnt umlorm Therz ate some additional ton(enlmlmn/ddlllmn 2

effécts due to.the differential rates of ;;bsovpl.mn by the diverse variety of constituentain the ‘g e

organic matrix. Decaying bark, old dead wood, hew dead wood, conifer nd deciduous foliage,
‘cones ’r‘auh.'ch:\noal animal dropings and rhoss not ounly absorb wlutmn‘s at’ different ratex but 2
7 Yave confounded some of the analytical Iahemuma in working with such 3 m.mx (personal )
K ' Dr. Ian Borthwick, Ecg-Research L “1083; Dr. Lmtoln Reynofds, -

1
Obtatio Research Foundation, 1984; Michael shuve, Kenwxlle A;ncuhurnl Pesticides L:\mulnry,» X

%

. 1084). This latter condition is very. important in stressidlg that, even a perfectly unform herbicide
application terminates once the pesticide is appligh and begins to move dan thiaugh the so

" Auother topic for discussion concerns the fecovery rates which are linited by samiple -+

preparation and the analytical techniques employed, “The results of the 3piké tests punnml in "R s, g
&

‘Table 4-4 page 70 are dmumd] Per s€'in Subsection 4.6, mu 77.. Thiqugh, in this cdnl

sllhsmntully different from those stated by the liboratories then it mu:Nze nnllmed Ihal

recovery test rates are another source for error. This is clearlf eXpressed in Table 5-1, , 99, whi

uhows how the recovery levels con!mt between the laboratory lylkeg and.th ex);mmenlnr -

spikes. The latter initiated by the author but analysed by the l\unc(:\bomlolm For dicamba,
the Ontario Research Foundation reported values ranging from 68 to 7nmm is much uealu

. éhan the spike test values of 27 and 43 9.+ For.hexazinone, the Kentville Agrialtyral Peatigides |
Lanml.ury reported recaveries ranging from 76 to 90 % Whth is not .ubmnmumﬂmnvrmm oo,
the test mulu of 78 !hrouxh 120 %(mean = 97% 0= 5) El\nco conc:led' the. uhnthiumg e D L)

90 % which is misch lower than the spike resuit ranging fiam 107 %o 170 9 (mean =*148%, 7 =

7). Another gptet of eidue ecovy, a3 oute for bias, which coneiders imprope mp]e o

preparation s fliscussed in the Spike Sample Sectlon,y )"r' [ B g e
Finally, there is a pmblcm of scale which may powbly,be compouyd:d by lhe sources 2
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enumerated 'sbove. The scalar problem is present in mnnAtunl situations where normal
sample yariability includes an unknowa erfor factor (¢). Whea 'uu:‘rélniu to the populallon

this error-is multiplied by somé representativé fraction, 'exﬁ;(-na. the error and thus the
expression s well. The ¢; term iabereat to sample variabilty s ften assumed to bg small if sot
negligible, and could therefore be' unored AltGough whea sample variabilty i known to contsin__
Sesterror, then the ¢, term may fngrease to 8 statsically sigaficaat level which could Tead to
cither an alpha ertor, I he decision i to reject when the bypotbesis is true, or a beta erro
ilng to reject when the bypotbesi s fale. One limitation of a comporite sample is the Iafk of
‘sny measure of varisbility between sampling units} hence-probability can only be discussed inwa
nomiaal context. I ths case the probabiity of 3 Tipe I () ertt i morelikely than a Type (a)
errot aa-the results are not being relpéted. However, beesuse the sisults have revealed certaln

evident patterns, there is o better chance that the decision to:accept them is a correct@ne even
though 4 may be larger than desired.” , i 5
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5.3. Herbicide Use And Forest Management : v,

ot e 77 -
Since the beginnfag of the forest industry in Canada there has been gross mismanagement or ~

poor management of the forest resource, primarily because our knowledge of forest science and
ecology was small(MacGregor, 1982; Macdonald#1921). In contrast, today, our knowledge of
fotest ecosystems is'considerably increased. Part of thab knowledge is a vast storshouse of

management techniqugs including vite pieparation, planting, ferilizers and pestiees. Forest

managers view berbicides as an essential silvicultural tool for'vegetation control. Thus, herbmde

behaviour n sails can provide cracial information for their use or nonuse in forest management

slrzl?iee Herbicide use caa. make a solid contribution to the forest industry,-but only when
baseflon sound ecalogical principles and used from a standpoint that bas long term social and

economie benefits ia mind. Otherwise, probleins can be expected which are environmentally

damigisg o economically beyond resolve (Oosting and Reed, 1944; Nickerson, 1958; Damman,
1967; Likens et al., 1970; Hall snd Richardion, 197 Jordan, et al., 1972; Richardson and Hall,
1973, 1973b; Rickardson, 1975, 19703, 19705; Tamm, 1076; White, 107; Kardel 180; Borig,
t al, 1981; and Govington; 1981). . a

" Forestand related industres aceount for 10 % of employment in Canada and almost as—.
uch of our gross national product. One undesirable complication which may arise from
improper forest management, compounded through herbicide use, is the common silvicultural
practice of scarifying. This i where the mincral soil i exposed as a preparation for planting
trees. It i detrimental with regards to betbicide Ieaching as it tends to decrease thé organic

‘matter content of the soil. Therefore, not ouly would the nutrient-rich organic matter decrease

but the potentjal for herbicide leaching would also ncrease, “This situation is complicated further °

when it is known l]:al certain tree species such as black spruce prefer a mineral bed for a healthy’

“establishment. This leaves little choice when planting trees but to scarify. Hzncc, with each

rotation éyle replace the depleting levels of-organic matter with greater and greater inputa of

fertiizers, Drought may introduce another problem. Herbigides are applied on relatively dry
days. Under dry summer conditions, which tend to be ‘warm, the herbicides will zemain mostly on

the surfs bjecting them to and

a situation which is wasteful

snd may be unhealtby.

+ Tt may be argued that manual rather than chem
first experience in Quebec (Boychuk, 1982) inditates the Gpposite where in the firat

thinning of vegetation is preferred.

However,
year of a five year, $675 million tree planting and brush cleating prograim, 200 of 500 jobs went
unfilled because they paid the minimum wage of $150.00/week. Less than 60 %.of the scheduled
work could be completed.. Reforested areas may roquire three or four manual brush clearings 3a

opposed to one or two chemical treatments. Finally, the costs of manual brush clearing have ,
quadrupled between 1082 and 1084. :
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The usé of herbicides o control unwanted vegetation s i itself not a solution to the severe
problenis facing our forest industries today. Today forest managers must deal with overmature

even-aged stands which are susceptible to budworm, soil in hilly and

terrain which decreases commercial productivity of desirable trees, very dense matchstick type

forests which are pronie Lo windtlicows, hot ground fires and 'ate of an economically udviable size,

oductive sites not'capable of

* and the loss of forested laud through the harvesting of marginally-

proper sell-regeneration. These problems are historically rooted and until recently the vision of a __

woodland cornucopia in Canada has been lhe inertia which has llloWed Ppoor management or
mismanagement of our forest lands to persist. Indeed, Sir Jobn A. Ml:donald\ahm{ved great

foresight concerning our forests in i letter written to the premier of Ontario in June of 1871:
The sight of the immense masses of timber passing my windows every miorning. N

constantly suggests to my mind the absolute necessity there is for looking at the future
of this great trade. We are Tecklessly destroying the timber of Canada, and theresis
scarcely a possibility of replacing it. ... The Dominion Government, baving oo lands,
has no direct interest in the subject, but it seems to me that it would be a very good
thing for the two Governments of Ontario and Quebec to issue a Joint Commission to
examine the whole subject and to report:-
18t As to the best means of cutting the timber after some regulated ))Inn,
Norway and on the Baltic;
2nd. As to replanting s0 as to keep up the supply as in Germany and Norway,and
3rd. As tothe best-means of protecting the woods from fires. ...

in

(Pope, 1921, p.147)
Canada has come a long way: we are quite proficient at n;hung fires. However, in 1982, Cznnda
was impotting telephone poles from Finland and railway ties from Malaysia (MacGregor, 1082,
pp.10-14). In 1986, Canadians may discover that we are importing eucalyptus cellulose from
Brazil, where Kimberly-Clark Corporation-is using it to replace the_more expensive Canadian
softwood fibres used in mlnulltl'lrin['dijpnlxhle diapgrs and tissues (King, 1986, p.C8). Why are
our fibres more expensive? s it because of. poor management in the past? A better question may

* be to ask why Brazilian fibres are cheaper; is it because of oyerexploitation of the tropical '

rainforests? In both cases the answer points to poor management where the overexploitagion of

Yopical forests today résembles the abusive exploitation of Cariada's forests in years

‘Macdonald's thoughts were well founded for the white pine (pinua strobus), the '
. which have all but disappeared as a substantial component of Canada’s commercial forest
“industry. The cull species of yesteryear have become Canada's prime species today.

The scientific and txhnoloi\tnl knfwledu to improve forest management does exist (Swan,
1069; Proceedings Cornell Agris 1 Waste Confe 1078; Minckler, 1080;

Daviés, 1985, pp.167-180). Over the lsst decade, Canadians have become aware of the ueed for

wise management through ssues such as those raised by MacGregor (1082), Canadian Press
(Globe And Mall, 1983), Boychuk (i984) and King (1986). It i likely that the most sustaining
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path for the forest industry would be that which takes  long-term, integrated approach to
management. Integrated in the sense partly expressed by Parker (1072, pp,!ll~h2) and Tachirley
(1972, p.407) where they advocate a comprehensive systemg approach as in

ulturalerop -~

piotection. This allows for both chemical and manual brush clearing where sppropriate,

concurrently striviag for an economically feasibl, total biological control program. With the

Mﬂphyllcal and ecological lnowled;e of n:wnl lyneml, and sound silvicultural practices, it Il

pnmhle and mecessary to ntuly sociely's needs lnd safeguard them for generations to come.
\

5.3.1. Renum}nlndnﬂonl For Future Herblclde !'iunrch o

- " Depending on the leaching characteristkes of the pesticide, o the purpose of the sxmpling
program, there inay be the need to ssmple soil to greater depths than the customary 45 em'®,
especially when the reseatch concerns toxic accumulation i soils or the contamination of
sroundwaters, I such cases the sol should be sampled {o one horizon or incremental depth
greater than that suspected of containing resilues. -

This study bas shown that herbicides can leach below the or;‘:nic surface layer, albeit the
quantities detected are very low. As mentioned in subsection 4.4.1, page 53, organic matter has
been identified by numerous authorities as a significant sink for herbicide adsorption and graphs
411 through 4-14 furthier exemplify this notion by contrasting the very high residue values in the
organic LF layer with the loier residue values in the mineral Ae to C lay:

Therefore, it ean be "

_ logically inferred that without the organic sirface layer and its strong adsorptive properfTs, the

potential for leaching through to, lower soil horizons and/or the water table is a real possibility.
However, in, order to prove the defintive importance of the organic layer 51 a buffer or residue
sink it Is pecessary to examine the leaching patterns of herbicides in forest podmll with and

. withobt n organie surface layer: a topic for further study.

Excavation pits agd manual labour are at present a very- simple way to successfully sample
the medium to coarse textured often stoby sois, greater than 50 cm deep, found in’boreal
ecosystems, Of course there are other techniques better suited for a given site, but excavation
pits and manual laboir can be thought of as s suitable, vaiversally possible commion denominator
for residue studies from which to build comparative studies. Augers are inadequate as they are
responsible for crosscontamination of samples. Oakfield type cores have compaction probleml.
generally provide samples which are too small in size for analysis, are difficult to clnn unless they.
bave a somewhat inert lnner sleeve, and are limited in the depth they can sample in stony.soils.
A rectangular soll corer has been designed (personal communication; Joseph Fenig, Forest Pest

Busually assoctated with agelcultural orsollfertllity studles.
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Management lnstitute, 1986) which is p£§z|c-;1.r|; well suited for soil esidue studies but is
restricted to llullwer depths. Som coring mechanisms which are power driven are acceptable
but require mnhlne opmum and capitai investment not available to all memhm
Furthermore, not all experimental sites may be accessible to these power driven coring machines.

As a precautionary recommendation for herbicide use in similar boreal environments, the
coarse textured soil should have an'organic suiface layér of approximately 10 em thickness or
clay content, which should be at least 20 %; the minimum necessary to identity a soil textiral:
eliss a5 2 clay loam. In soils of cool, moist envitonments that do nobmeet these specifications the
water table should be below a tertiary horizon of detection (sce Item 1, Subsection 5.4, page
103) to prevent oy chance of groundwater contamination. As the data saggest, these depths
Vary with the pestcide: 00 em for dicamba, 51 cm for tebutbiuron and 42 em for picloram.”

Hekazinone is excluded here due to the previously mentioned reasons relating to the high

application rate. This work has indirectly demonstrated the sorptive importanee of organic

matter. This is supported by the literatuire which states the sorptive strength of both organic
matter sad clay in soil-pesticide interactions, Thus, from this work, regulatory officials may wish

to consider these recommendations ia setting minimum standards for the sale use of herbicides.

5.4, Conclusion

5.4.1, Summary : -
1. Dicamba (3,6-dichlore-o-anisic acid) leached through the first fObr horizons (LF, Ae, Bf

and BC) down to a mean depth of 60 cm (n==4 of a possible 7 valid cases) during the

Interval ﬂer dzy 3 lud nnnl 2 time not greater thin day 312

1-methyl-1,3,5-triatine 2,4 (1H,3H)-dione)

leached unou.h the five horizons sampled (LF, Ae, Bf, BC and C) dowa to a mean

depth of 65 cm (n=4 of a possible 6 valid cases) during the period after day 10 nd

until & time not greater than day 486. \As 3 cautionary note the depth of leaching *

more likely reflects the high spplication rate than the nature of the chemical and

¥liould ot be considered here for any. other.purpose than what might occur if an
. accidental spill took place. .
* Tebuthiuron (N-[5-(1, 1-dimetbylethyl}-1, 3, 4-thiadizol-2-y1|N, N,-dimethylurea)

leached through the top four horizops ssmpled (LF, Ae, B aud BC) down to a mesn

depth of 61 cm (n=4 of a possible & valid cases) during the interval after day 1 snd

before day G until a time not/greater than day 310.

Plcloram (4-amino-3,5, ,6-trichloroplcolinic acid) leached through the fitst three borizons

(LF, Ae a0d Br) down to a mean depth of 42 cm (n=3, of a passible 6 valid cases)

during the period after day 1 and before day 5 until a time not greater mn day 32

aud also, specifically on day 483.

2. The organic LF horizon is a very important residue sink with a high lmrrerln.v capacity
. (Column slx, Tables 4-8 through 4-9).: For dicamba a mean of approximately 78 %
3

~



{nmet) of residuen are detected fn cm_m@ ases to %u

two extremely low-cases are deleted (n==7). For hexazinone a mean close to 83 %

(n=8) of residues are detected in the LF layer. Again, if one low outlier is excluded,

this figure dncreases to 87 % (n==7). For both tebuthiuron and picloram, where no

cases are excluded (n==6), the mean percent of residues detected in each respective LF
. botizon is approximately 93 and 84 %.

+ | 3. All four herbicides are eluviated from the Ae borizon and illuviated in the Bf horizon - ,
as influenced by podzolization; a pedogenic process found in cool, humid climates .
under cotiferous or mixed vegetation commion in the boreal ecosystems of circurhpolar  *
countries. 4 3

- 4: The four selected herbicides bawe 50 % dissppearaace times which range as folio

- t0 16 days for picloram; 9 to 25 daya for dicamba; 123 to 186 days for hexatinone;
and, 298 or more days for tebuthiuron.

. 544.2, Four Toples For Further Study

In a sense this experiment can be treated as a pilot pro]zel. which has shown the need for .

further study mmn, a-Wide range of topics. Two of these subjects require field work while one »

1. There is a need to investigate leaching patterns in forest podzols under natural
conditions, with and without the organic surface layer. This should provide decisive
evidence for or against organic material as a significant residue sink. An extension of -
this study which should yield rmore detailed information on the sorptive nature of the -
organic layer follows in the next paragraph. |
2, As an extension of the first topic it should be useful to study differbatial patterns of
' adsorption/desorption by the individual components of the forest floor organic matrix.

This laboratory study should be carried out with the matrix at different moisture
levels and at two stages of composition (roughly, defined in soil terminology as L and

| F, Litter and Fiber). The fractions of the H (Humus) stage of decomposition have

|, been examined by a number of authorities, especially by Khan (1972, pp.1-12; 19733,

[‘ PP.429-434;.1073b, pp.141-148; 1980, pp.32-30), Grover (1071, pp.417-418) Grover and
Smith (1074, pp.170-186) and, Madbun ct al, (1980, pp.64-88) who have worked
extensively on humic and fulvic acids, carbohydrates, resias, ligain and cellulose. This _
study sHould help identify some of the raw materials (see subsection 4.4.1, page
responsible for the high variation of organic recovery results. Thus, It should be
*possible to identify the relative importance or rank the sorptive capacities of the
components of the organic matrix,

3. Important practical information on spray application criteria should be gained if one
was to examine leaching patterns in the field to the depth of groundwater. This
should be carried out by sampling soil water (tensiometers made of an appropriately
inert mnuvhl), ‘groundwater (drilling still wells) and the soil itself (excavation pits).

'his should supply a more accurate balance sheet as to the movement of herbicides in
the natural soil environment.

4. As an extension of the first and third toples more detailed knowledge on the leaching
behaviour of herbicides should be obtained by studying the movement of Imhludn in
relatively undisturbed soil columns under selected. environmental conditions.
greenhouse in which amblent temperature, moisture, humidity, wind and phuloperlnd
can be controlled Is ideal for such an experiment, It should -Lo be possible to check/
leaching of compounds through soil columns, comparing those with and without the/
organic surface layer. In addition, the sampling of soil water, soil and leachates lhuuld

i T



nnduhtble contamination below the LF level is a possibility that must be examiined further so

and :hiﬂl

actasa clmk ‘on the field leaching study menllon:d ‘above. Thnl. the fifst ‘
logue

field studies.enumerated above should be excellent tests of the phyncll 203}
model deuloped in the greenhouse.

. Jinal suun‘unc o .
There s 20 doubi that berbicideg are-Playing an fncreasing role n our saclety and this study *-
h:u brought .to the foreground two important points for industry and government to cousider.

Fmt, the critical role of ou-nk matter as a siok for organic compounds probably inicreases

becausé podzolsare scidic, well draised, medium to coarse n texture snd of cool temperature
regimes: conditions that are conducive to .che leaching of organic eompou-dl. Thus, the second

point concerning persisténce arises, With leaching below the organic LF horizon a fact, then

‘that the potential for toxic accumulations in tEE cold, acid, dark and serobic/auaerobic
“environinent of soll/groundwater systems is addressed. This study indicates that the above
concerns are serious if lmbleldz use is not pwpelly managed, just as real as the degnd-llun ul
our forest resouréen If they are not. properly managed:  As Canadians begin to realize the need for
" wise managemient of the land for foresry; they will recogaite that this removes it from &
willdernes state to 8 state of contfol ao very difereit. from tha of farmland Hence, when
ates Canada's commerclalforest lands improves, the sl s of

public's perception of what consti
pestiides will be acknowledged a3 an ntegral part of forest management.

" £ . ~ e
a ;
R ’
L
g B .
PR . §
) o




\a

'REFERENCES SR ‘;,"

Abernathy, R \ and Davidson,J.M. Effect Of Calcium Chlofide On Pwme!ryn Am‘l Flnnmetumn
In Soils, Weed Snmu, 1071, 19, pp. 517-520.

Altom,J.D. and Stritzke,J.F. Desrn‘hlwn Of Dicamba, Plclnnm, lnd Four Phenaxy H:rhludel In
“  Soils. Weed Science, 1913 21(6), PP 556-560. \

v
Armlnn KA. Fﬂull Salla'prﬂyerht; and procesaes. Toronto: Umvnmly o( ‘Toronto Pu‘n l077

Assoc, of Official Analytical Chemists, Test Protocols For Environ)
- Tozicants, Arlington,Va.: Assoc. of Official Abalytical Chemists,

 Bailey,G.W. and White,J.L. Review Of Adsorption And Desorption Of Organic Peaticides By Soil
Callids, With Implications Ggnceraing Pestcide Bioactivity. Journal 0f Agriculture And

Movement of

-~ -Food Chemiatry, 1964, 12, pp. 324-332,

* Bailey,G.W. and White,J.L. Factors Influencing The Adsorption, Desorption Andanemenl Ol
Pesticides In Soil. Residue Revicws, 1070, 2, pp. 20-62.

Ball,DF. and Williams,W.M. Funher Studles On Variability Of Soil Chemical Properties:
Efficiency Of Sampling Programmes Ob An Uncultivated Brown Earth. Journal o Soit
Science, 1977, 20{1), pp. 60-68. , -~

Baafield,C.E. Climatic e f In AG;and !
Macpherson,J.B. (Eds.), The Natural Environment of Newfoundland Past and Hnml
St. Jobn's, Nf.: Memorial University of Newfoundland Pma, 1081, . '

Banfiel,C.E. Climste,- In South,G.R. (EA.), Biogeography and Ecology of the. tand.of
Newfoundisnd.  Boston: Dr. Junk Publshers, 1983:

Baur,I, BakerRD,, Bovey,RW., and Smith, 1D, Coneentration Of Picloram In The soil -
. Profile. Weed Smm:e, 172, £0{4), pp. 305-308. -
~BensouM.A. Technical Note f 00: Measurément Of Peak Dischorge By Indivect Methods
(Tech. Rep. 225 T.P.110). World Meteorlogical Organisation, Geneva, 1968. 161 pp.
Bjerke, EL. Determination Of Residucs Of Picloram In Soil By.Gas Chromatography (Tech.
Rep. ACR73.3). Residue Research Ag-Orgaics Dept,, Dow Chemical US.A.; 1073,

 Blaw,G.E, and Neely,W.B. What Cosstitutes An Adequaie Model For Predictiog The Behaviour
Of Pesticides In The Environment? Residue Reviews, 1083, 85, pp. 203-300.

Blume,HP., Lita,N. and Doring,H.W. Adsorption, Percolation, And ition Methods For
Forecasting The Behavior Of lel‘nlc Chemicals If Soils. Ecotozicology And
Environmental Safdy, 1083, 7, pp. 204-215.

+ Blyth,J.F. and Macleod,D.A. The Significance Of Sofl Variability For Forest Soil Studlel In
North-Eaat Scotland. ' Journal of Soil Sciencs, 1078, £0, PP 419-430. |

3 o ) .




Berl“,L.R‘. Monk C.D, and Swak,W.T. Early Re(enenmn Of A Clear-Cut Soutbern
= ‘Applachian Forest. Ecology, 1981, 08, pp. 1244-1253.
" Bovey RW., MeyérRE, Baker,R.D., and Baur,JR. Evaluation of Polymerizéd Herbicides for
" Brush Contral, Weed Science, 1972, 20{4), pp. 332-335.
7" BoychukR. Tres-planting program sprouts mass olpmbleml The Gazette, Montreal, September
10, 1984, pp. p. Ad. -
c:lm;ﬁ Adiorption-Desorption Phenomena. In HanceR.J. (Ed.), Interactions Between
Herbicides Anid Soi. -London: Academie Press,Ltd., 1980. .
Canadisn Press. MuMulIan Bloedel warned to reduce log wastoge. @lobe And Mml August'9,
1983, pp. p, B!
Canadian Soil Survey Committ on Soil C! The Canadion Sy'lem of
- Soit Claseification. Ottawa: Canada Dept olAymnluue. 1978, publication oumber 1646.

* Ch:m S S. and Stritzke,J.F. Swplion Movement, and Dissipation of Tebuthiuron in Sclh Weed

©o .. "7 . Science, 1977, £5(2), pp. 184-187.

Chapman,T.G. and Dunin,F.X. Prediction In Catehment Hydmfogy Netley S., -Alnluln .
Australian Academy of:Science, 1975,

. s ChestersG., Pionke, H.B. and Daniel,T.C. Exnuhon and An:lyneal Technmlus F\)r Pesticides

——————1In-Soil. -In-Guen2i;W.D. (Ed.] ),f’uh ides In Sml AniWalw ‘Madison, Wisc:: Soil ¢ Smnce
Society of America,Inc., 1974. . .

. e Chow, Ven Te'(ed.). Handbook Of Applied Hydrology: A ‘Compendium Of Wnlw Rﬂounn

N . Technology. New York: McGraw - Hill Book Co.; Inc., 1064. 1453 p.

. +Principles of Soil Sampling. Soil Science, 1944, 58, pp. 275-286.

. Methods of Collecting and Preparing Soil Samples. Soil Science, 1945, 59, pp. a5

\ Corbin,F.T. and Upchurch,RP. Inflience Of pH On Detoxification Of Herbicides In Soil. Weed - |
N Science, 1067, 15, pp. 370-317

Comtll Agricultural Waste Mann‘emenl Conference. Best Mnnanemml Practices for
,Agriculture and Silviculture. Ann Arbor Sc., Pub, Inc., 1079,

.
Coviagton,W.W. Chatiges In Forest Floor Organic Matter And Nutrient Content Follnmng
Clear-Catting In Northera Hardwoods. Ecology, 1081, 62, pp. 41-47.

Damman,A.WH. The Foreat Vegetation Of Western Newfoundland And Site Degradnlum
v - Associated With Vegetation Change. Doctoral dissertation, Univmuy of Michigan, Ann
Arbor, 1967. doctoral dissertation, unpublished, 319 pp.

¥ i):mmnn,A WH. An Ecological Subdivision Of The Island Of Newfoundland. In South;G.R.
(Ed.), Biogeography and Ecology of the hhnd of lenundland. Boston: Dr. Junk

g Publishers, 1083.
£ SD ves R.J. The Impértance of weed contral and the e of tre sheltes for establbing broadieat

trees on grassdominated site in England.  Forestry, 1085, 852), pp. 167-180.

Dixon,W.J. BMDP Statistical Soffivdxg, Berkeley, Calif.: University of California Press, ms.
BMDP = Bio Medical Data Processing, 733 pp.




Y

R |

| L
3

Al ;

{

ELANGO, Technical Report On Tebutbiinn (Tech. Rep.), ELANGO a divsin of Bl Lilly and
Co.(Canads) Ltd,, bondon, Ont., duulu sme report on tebuthiuron’s environmental
chemmtry. =5

\
Water Quality Branch. Analgtical Methods Maniual (Tev.ll Rep). Eaviroiment Canads, aland
Waters Directorate, 1979, chapter: Phenoxy Acid Herbicides In Sediments.

Envlmnmenhl Protection Agency,Office of Pntlc[de‘Pto‘nml. Part VI Envitonmental

Chemistry. Federal Register, June 1975, 40{123), pp. 26878-26808. the protocols are the = *

result of literature searchés, Wolk!hops‘ and consultation with academic, ;nvernment and
industry experts in environmental chemistry of pesticides, *

Environmental Protection Service. Pesticide,Usé And Control In Cavmdn Ottawa; Envlmnmen'l
Canada, 1985. 71 pp., ;nvernment of Canmh publication, cat no. En 47-305/1084.

Eschenroeder,A., Irvioe,E., Lloyd A., Tashima,C. and TranK. Computer Simulation Models For
" " Assessment Of Toxic Substances. T Haque, R. (Ed.), Dynamics, Ezposure and Hazard
Assessment of Tozi¢ Chemicals. * Aan wArb?, Mlch.. Aun Arbor Science Publishers; Iuc,
1980. W

Eschenroeder,A, Bonazotntas,M. and Thomas,R. Models For Pesticide Behaviour In Terrestrial
 Environments, Residue Reviews, 1083, 85,7pp. 245-265. i

Ferman, JLIr. ‘A Study Of The Sampling Variabiity Of Tolal Nitrogen, Bulk Density And.

Gravel Content In Two Forest Soils. Master's thesis, University Of Washington, Seattle, *

1967. Dept. of Forestry, uspublised, 52 pp.
FothHD. and Schafer,.W. Soil G:npmphy And Lind Use. Toronto: Jobin Wiley and Sons, Inc,,
0, . i
i |
Genuchten,M.Th.Vat, Davidson,J.M. and Wleun;a P.J." AnEvaluation Of Kinetic And

ilibriumr Equations For The Predlcuon Of Pesticide Movement Through Porous Medla
Soil Science Society Of America H'mzdmal, 107‘4 88, pp. 20-85. g

" Goring,C.A.L and Hamaker,LW. (eds.). Organic Chemicals in The Soil Envlmlmml (Bvul ).
" NewYork: Marcel Dekkeriic., 1072, .v1, 440 pp. and V2, 968 pp.

Green,RE, ‘Pesticide-Clay-Water Interactions. In Guenzi,WD. (EA., Peaticidés In Soil And .
Water. . Madison; Wisc.. Soil Science Sotiety of Americs, Inc., 1074,

oo ‘Acid

GroverR. Influence Of Soil Properties Ot F city Of 4 Amino-3,5,6.5¢
(Picloram). Wmi Research, 1968, 8, pp.ﬂ ;

Grevn R. Adsovpuon Of Picloram By Soil Colloi id Various Olher Adlolbenll Weed 3
* Scienice, 1071, 16(4), pp. 417-418. . . _ [ R ;

vaar.R‘ lnd Smith;A E. ‘Adsorption Studies With The Acid And Dlmelhylamlne Fonm o 2 4~
> D Am‘l Dx:ambn. Canadian Journal of Soil Science, 1974, 54(2), pp. 179-186, 3

Grover R, Studjes On The Degradation Of 4-Amino-3,5, Acld Tn Soil, 'Wud

. Rmurch 1007, 7 ppr 6167, ! .

Glmler R. Adsolptim And Desorption or Urel Herbludu On Solh‘ Caml an Iwrnul 0/ Soil
* Sﬂmce. 1976, 55, pp. 127-155. T § % 3

/ Guenzi;WD.{ed.). Pesticides In Soil And Water, Madison, Wise.: Sl Selence Society of America,
m‘. 1974 3 *




* #
g Hall,JP. and Ri J, iminary Results' Of -ation Surveys In .
- dland (Teeh. Rep.). Envi / Canada, Canadian Forest Research Centre, St.
: Jobn's, NNd, 1972. 36 pp. - .
Hamaker,J.W,, Youigson,C.R. and Goring,C.AL Prediction Of The Persisténce And Activity O] s
Tordon Heticide In Soils Under Field Conditions. Down To Earth, 1967, 25(2),vp. 3030, -

1] Hamaker, &.W; Decomposition: Qirantitative Aspects, IrGoring,C.A.L and Hamaker,JW. (Eds), - "'
*" Organic Chemicals In The Soil Environment (V. 1). New York! Marcel Dekke, Inc/ E
972, —

- HamillA.S., Smith,L.W. aud Switzer,C.M. Influénce Of Phenoxy Herbicides On Picloram Uptake
And Phytotoxicity. Weed Science, 1072, £0(3), p. 226-229.

Hammond,L.C,, Pritchett,W.L. and Chew,V. Soil Sampling In Relation To sail Hmmeueuy,
Soil Science Society of Amznca Proceedings, 1058, 22, pp. 548-552.

Hance,R.J. Decomposition Of Herbicides In The Soil By Non-Biological Chemical Processes.
= '~ Journal of The Science of Food and Agriculture, 1967, 18, pp.,543:547.

HaaceR.J. Further Observations Of The Decoriposition OF Herficdes In Sil. Journal of The
Seience of Food and Agriculture, 1069, 20, pp. 144-145. 7

HaoceR.J. and McKone,CE. Effect Of Concentration On The Decomposition Rates In Soil Of
- Atrazine, Liouron and Picloram. Peaticide Science, 1971, £, pp. 31-34. :

] Hanc! R J.(ed.). Interactions Between Herbicides And The Soil. London: Audemlc Press, lnc., B

i anne R.Lindstiom F.T., Free,V.H. and SextonR. Kiaetic Study Of The Sorpticn Of 24- Don
* ‘Some Clays. E'nmranmmm Science and Technblogy, 1968, £, pp. 207-211.

Harvey,J.Jr. A Simple Metbod Of Evaluating Soil Breskdown Of 14-C-Peiticides Under Field
L Conditions. Residue Reviews, 1983, 85, pp. 140-158, __ — —

8 & He]lm',c S. lnd Dragun,J- Soil Leaching Telu For Toxic Organic Chemlclh'ln Test Protocols
x4 For Environmental Fote 8 Movement Of Tozicants. Atlington, Va.: Assoc. of Official
Alulyﬁnl Chethists, 198]. proceedings of a symposium, 94th annual meeftng; Oct. 1980,

] v Hemn;c S: a0 Turner,B.C. Pesticide Mobility: Determination By Soil Thin-Layer T
Chromatography. - Science, 1088, 162(3853), pp. 602-563...
L% Helling,C.5.” Pesticide Mobility In Soils I. Parametels of Thin-Layer Chmm:tngnphy, Soit -
. " Stience Society Of America Proceedings, 1071, 35, pp. T32731.
2 Helling,C.S. Pesticide Mobility In Soils . Applicatiots Of Soil Thin-Layer Chromatography.. Soil
: Sgience Sociely Of America Proceedings, 1971, 35,pp. T31.143,

. HenderF. Terrh Nova Soil Suntey Report. 1085.. This report is produced by the Adtlantic Soil
Survey, Agtlculture Canada, Mt. Pearl, Newfoundland. and may not be exactly titled nor
ored-as above when published. x

bl
o HeﬁJ.D‘ yud Hibbert,AR. actors Affectiog The Response Of Small Watersheds To

e ecipitation In Humid Areas, In Soper,W.E. and Lull H.W. (Eds.), International .
« , Symposium On Forest Hydrolo)j: Procecdings. Pergamon Press Ltd,, 1967. PR
Hnu. RF. Determination bt Hexasinone and Metabolit Residues Uslng Nitrogen-Selective Gas . #

; T ' And Food iiry, 1981, 24(1), pp. 105-172,




110 2
L— - - . X N
_Hormann, W.PJ, Karlhuber,B., Ramsteimer,K.A., and Eberle,) ., Soil Sampling For Residue '
¥ An:.lyj In Sympositm on Herbicides and the Soit 1973, Eur. Weed Res. Coun., prs 5
“House, W.B3{i5odson L H., Gadberry,H.M. and Dockter,K.W, Assessrient Of Ecological Elffects

Of Edenatve Or Repeated Use Of Herbicides (Final Report sponsored by Advanced .
Researc) Projects Agency f the Dept. of Defense). Midest Resestch Institut, 1967,

A.RP.A, order number 1086. 317 pp. $ i ¢ . . A

Hurle,K. and Walker,A. Persistence And Its Prediction. In Hance,R.J, ([‘.d ) Interaction Beween
. Herbicides And The Soil. London: Academic Prm, Inc, 1980. .

Ike,AFF. aud Cluttér,JL.. The Variability Of Forest Soils Of The Georgia Blue Ridge Mounnlnu 4
Soil Science Society of America Proéeedings, 1068, 32, pp. 284-188..

Internationsl Mathematics And Statistics Library. lné:vmtmml Mathematics And Statistics
Library. ‘Huston, Texas: Author, 1982, Vol. 2, Chap. G, Generation and Tealln; of v
Random Numbers, " y

Jenness,SE. Late Plstocene Glaciation of Eastern Newfounhand. mumn a]thcceolapml j
Sociely of. America, Fels 1950, 71, p. 161-180. .

Jenness,S.E. Terra Nwo and Bonavista Map Areas, Ntw!annd!and (¢DE1/2 and EC) Otlawa:
- Geological Survey of Canada, Quce 's Printer, 1063.

lohason, BL. Determination Of.Residues.Of Picloram In Soil By Gy Chromalagraphiy
Supplerient Fof Green Forage, Grain And Siraw (Tech. Rep. ACR 733 5.2)
ism Research Agri Products Dept., Dow Chemltnl B
" Usa, 1977, ,

6. Refative Stability Of Mineral Cycles In Forest. .
merican Naturakist, 1972, 106, pp. 237.253. .

Ecosysems.
Kurdell,l. Fousl Berties and Mushroofia™> An Endungéred Riource], Ambio, 199,9, pp.

Klarney,PC and KI\'I'III“.DD Depndamm of Hzrbnmdu. New. York: Mauel kker, 1000. |

Kearney P.C, WoolsonE.A., Plimer,JR. aad Isensee,A.R. Decontamination Of Pesticidesln =" 7
Soils. Residue Rc!ucw, 1069, £9, pp. 137-149,

Kb, s U. Adsorption of Pestide By Humic Substaaces:a review. Environmental Letters, 1072, ¥
S, pp. 112,

Khban,S.U, Equilibrium and Kinetic Stnd(ea ‘Of The Adsorption Of 2,4:D and Picloram On: llnmn: E
Acid. . Canndmn Journal of Soil Science, 1973, 58, pp. 420-434, B

Khan,S.U, Pnh' ides In The Soil Environment. Afsterdam, Neth.: Elsevier Scientific ’
Publishing Co.,1980. SRS B

Kbao,S.U. Bound PesticideResidues In Soil and Plaats. Residue Resiewn, 1082, 8/, pp. 1'%, i
Kb

.U. Intéraction Of Humic Acid With Chlorioated Phenoxyacetic lud Bentole Acids, -
* Environmental Letters, 1973, 4(2), pp., 141-148. .

Kholopor ova,LB. Study Of The V: s In The Properties Of Soils In A Forest In Relation To
The Spottiness Of The Soll Mantle, Soviet Soil Science, 1979; 11(8), PP 505-002.
trmllled from Pochvondznlye, 1077,10;¢ 33-60.




KifgJ. Expensive limber project till 22 exntlc money lnm.‘Glabz And Mast, Juse 11,1985,

pp-p.C8- -, ¢ .
o l;‘Kﬂmman G.C. and hhu:n,FM Weed Saaxce.Pnnapla and thdlm‘ Toronw John lezy ™~ .
5, andSmglne, 1075. 431 pp. . i & g

7 Kovacs, MF: Jr. EPA Guidelines On Environmental Fate. Ruidue Reviews, 1983, 85, pp. &16. . - i

" LuskowekiD.A., Swano,R.L., McCall,P.J,, DishbiargerH.J. aud BidlackiD. ‘Standardized Soil L
: _ Degradation Sjules. In Tt Protacsle For Environmenol Fatcand Movement of - - :

Tozicanta-_Mlington,Va.: "Assoc. of Official Ansly tieal Chemist, 1981. ploceedmgl ofa

symposiuna, 94ih sanual meeting, Oct, 1080,

Liégtra,M. Transport In Solution. In HanceR.J. (Ed); lnmmnp. Emnm Herbiides i The
Soil, London: Academic Press, Inc., 1080, .

leens G.E,, Bormanm,F.H., Johnson,N.M, Fisher,D.W, md lee RS, Eﬂ'ecu 0[ Pnrest Cull(ng
- = ¢ And Herblclde Treatment On Nutrient Budgets In The Hubbard Bmok w:uuhéd .
Ecosptiem. Eological Monographs, 1970, 40, pp. 23-4 ! ‘

Luts,VF., Byers,G Eand Sheels.J. The Persistente and Morément Of icloram and 2,4,57 o ;
Soil. Journal of Environmental Quaity, 1973, 54), pp. 485-488.. &R el

f— § :
% . MacGregorR. Heritsge Lost: Canada's forests are disappearing. Now we're importing t-elephoue
: : . poles from Fialsnd and nilway ties from Malafsia: Todoy Mamme, June 51982, p. pp.
; 10-14,

’ Msckay, D. Finding Fugnmty Feasible, Eniironmental Science gmd thhnalopy, wz,o, 13(10), : -
N 1o . Ppp. 12181223, . S

Mm . and Paterson,S. Caleulating Fugadity. xnvrranmn,m Science and mnnology. 1081,
. pp. 1008-1014.

M:der.DL. Soil Varlability, A'S¢fious Problem In Soil-Site Sludm ln'The Nonhe:\st Satl »
Se-enusz‘y of America Proceedings, 1963, ﬂ. pp. 707-709.

“Madbun,Y.A, Young,JL. and Fréed, V.H. Bindiog of Herbicides by w.lemluble Organic o ¢
- <%= 7 Materials from Soil. Journal of Environmental Quality, 1986, 15(1), pp. 64-68. -

T MeCall,H.G,, Bovey RW., MecCully,M.G. sod MerkleM.G. Adorption sid Desorpiion'Of
@ o Piclofam, Triluralin, and Paraquat By lonic snd Nohiosig Bu:hnle Resins. Wud T -
Séience, 1972, 8(3), o 250-255.

McCall, -1, LaskowskiD.A., Swann,R. L. and D H : :
Partitioning Of Organic Chemicals In Model Ecosystems. Res e Reviews msa ‘85w .
231204, R v 2

N
McFee, W.W. sod StontE.L. Quantity, Distribution, And Varlability o Ofganic Mater And ..,
Nutrients In A Forest Poduol In New York. Sl Science Sanety oIAmzrm: i i, o

homd[rm 066‘ £9, pp. 432-43&

Mckeague,J.A.(6Q.). Manual On Soil Sampling and Methods ol Andl
Research [nstitute, Canads Dept of Agrc., 1978, 212 pp. .

Melkie;R.W, YoungonC.R., Hedluad R.T., Goring CA.L, Hamaker,d . aad Addington, W.W. -
. Measurment And Predicion O Picloram Dissppeasaucs Rates Fiom Soil! Weed "
Science, 1078, u(o). PP, 540655, - Ch :




’ Pope, Sir J. Gorrnpmdmt! OI,S" Iulm Mul:damld 1840 IG“ Tomnto' Ollnld Unlvmlty

 Minckler, LS. Woodlind Eeology: Envnmnmmlall"orutry/or the Spall Ouner, Symm, e
* N.Y Syracuse Univerlty Press, 1080, 241 pp., - L 3

Moghissi,A.A.,, Matland,RE,, Coml F.J. 30d Eckerinan K F.x Metiodology For Environméatal L B,
Human Exposure And Héalth Risk Assessment. In Hique, R: (E&); Dynomies, Espoiure .
and Hazord Asscosment of Tozic Chemicals: ' Ann Arbor,'Mich: Ann Arbor Sclence

rid Soil Samyhnp Praudum
(vm Apperided Seminir Proceedings Report). Ottaws: Environmentil Cosservation
Directorate, Solid Waste Managémeat Branch, 1976, Snlld Wuta.Mu Branch Report *
EPS-4EC-787. 14 pp. & appnd..

Momlu. G. Mﬂlﬂlnm B C. mnd Mobiuddin,SH, ommc Cumpaundx In Soile:Sorption,
fi -And Atbar: Ann i Fubluhen, Iné. 1082, 326 * ¢

jte Complexes \yig; Etyl . :
TS )- mem_gu'grmuw nmprod ¢ s _v 2

anrpm.ﬂ < dwlpllan Of Piefsram By Humic Acids Avd Hamin. Soit Stience, 1976, m(s)
BTX Y

 Neter,J., Wasserman,W. lndKutnexMH, ApplledLmenchar: Modls, }!umgwood, W i
.~ Rickara.b: Irwin, Inc,, 1083.

Nukeuon .D.E. Lmn; With Slle Dt;ndmon Forest Chmudu, 1056, .9.w‘ 337 340. - ]

ie,N.H.  SPSSX User's Guide. Chiago: MeGraw-Hill Book’ Co, 1983. SPESK =~ sv.;\lllllnl
Package for the Social Stiences, 806 pp. {

sg N, Honry, JA. a4 Stamper, L1, Regional Behavior OF Pesicide ane. 5 The Unfted. - %
| " Staes. Residue Reviews; 1983, &5, pp. 257-075.

Norris.L.A. Degradation O” 4D And 2,4, 5T ln Foresl umn Inumal of Fwn(tr 1966, dl()),
PP~ v47&4764

Notgis,L.A. Degradation Of Herbicides in Thie Forést Floor; I Yéugberg and Davey (Eds); M
vee Grouth and Forat Sofls. Corvallis,Or.; Oegon State University Pres, 1970. ;o A

ing H.J. and Reed, J.F. -Ecological Composition OF Pulpwood Fomu In Narlhern M:{Ine. i ¢ N
American Midlond Noturali®t, 1944,.51, pp. 182-210, '

P:u-hl, C. The Role| of WeedScience in D/uelnpln( Ceunmu. Wnd Sefzmr. W’IT. 245), . _ Lo
o r 408413, -

. PetersenRG. and CalvisLD. Samplisg:-Io Black,G.A. (B4, ). Methods of sl AnuLvn‘a Purl r~\ -
Msdison, Wise, : American Society.of Agronomy, Inc. , 1065, . -

" Pledget,D.1, "A Sampling Manual For Reatigide Refidues; Edmonton: Pestlcide-Chemicals 1%
Branch, Pollition Caiitrol D[vkkm, AlBerta Environment. Service, date .5, anmplled and
edited by the suthor, *

“Pres, 1921. 802 pp.

Rbodes,R. Sall Stadies With 14-C-Labeled Hexatlnone, Journa of Avruulluu and rm
Chemistry, 1980, 252, pp. 311316




~h
.

’

P

" Richardson,J. snd Hall b7 Natural, Regmemlwn After Disturbance Tn The Foreats Of Central
Vewjoundlind (Tech. Rep.). Canada, 1 Forest Research Centre,

5t: Joba's, NAd., 1973. 63 pp.
Richabdsan,J. and Hall,JP. Natural Repeneration After Disturbance In The Foreats:0f Eostern

! (Tech. Rep.). Envi Canada, Forest Research Centre,
sz Jobn's, Nfid., 1973 46pp.: - R ° €
Rlclmrdlnn J. Natural Repmbrnlwn After Duturbnnt: In Nm/wndlnnﬂ‘Fm‘uh Patterns,
obléms and F (Tach. Rep.).- Eavil Canads, Forest
Resentch Centre, St.*Jofn’s s, Nd,, 1975. 35 pp. . ~

Richardson,. Relationships Between Natural Reproduction Of Hardwoods and Softwoods n’
* Western Newfoundland (Tech. Rep.). Envirotment Canada, Newfoundland Forest Resereh
Gentre, St. Joha's, NAd., 1979. 21 pp. ;
J. A Comparison Of 9 Sites Tnvaded By Kalmia angum/alm, Using
Black Spruce (Tech. Rep.). Envmnment Canads, Newfoundland Forest Research Centre,
- St, Job's, NMd., 1979, 26 pp. N c e
Rigge H:C. Some Statistical Tools In Hydrology {Tech. Rep.). US.A. Geological Survey, '
Hydmlqy Service, 1968, U.S. Gov't. Printing orru,.w-ah 39 pp.
Robérts,BA. Soils. In South,G.R, (Ed.), Biogeography and Ecology.of the laland of
Newfoundland. Boston:' DF. Junk Publishers, 1933

RosM.A. Herbicide Formulations and Selectivity. In Byrnes, W.R. and Holt HA. (Eds),
Herlicides in Forestiy, Purdue Univ, West Lafayette, Ind.: Dept. of Forestry and Natural
Resources, 1976. papers presented t the John S. Wright Forestry Conference, 1975.

sm.un M. and Khat,S.U.eds.). Soil Organic Malter; Developinents in Soif Science 8. New
/Nork: Elsevier Scientifc Publihing Co. 1078, W

ShAton ML, Simulating Uniform Streamflow By Water Budget Analgais (Publications I
Gilmatology 2). Elmer, N.J.: Genter for Climatological Studies, 1074; val. XXVII, 61 pp.

Shelton,M.t. Runoff And Land Use In The Déschutes Basin.” Annals of the Association of
American Geographers, 1981, 71(1),pp. 11-27. .-

Siron, G.J., Frank, R. and Dell, RM; ‘Bicloram Residues In Sprayed Macdonald-Cartek Frceway
Rightof-Way. Bulletin a!Enmm\mli Contamingtion aind Toricoogy, 1071, uxs) .+
520534, - s

 Smith, . Transformation Of Dicamba n Regina Heavy Clay. mmu of Aarxmllurz and
Food Chemistry, 1073, £1(4), pp. T08-710.

Smith, AE. Breakdown Of The Herbicide Dicamba And Its Degradation Product 36-
“Dichlorosaieylic Ack I Praie Sl Journal of Agricultire and Food Chemistry, 1074,

£6(4), pp. 601603,
Soppet,W.E. and LulLH.W. (eds.). International Symposiuim On Forest Hydrology:. ﬁamdmw.
London: Pergamon Press, Ltd., 1967, 813 pp. 4

Sulflog R, Smith, DW. and StonsG. Lateral Los o Picloram and 2,4-D From a Forest Podsol ©
During Ralustorms. Weed Rescarch, 1974, 14, p. 301-304.

Sung, SRH1S. Hesasinone Pmulmee In Soil And Its Effect On Phitosynthesis In Piné.




T T mw T =
Doctoral dissertatio, Auburn University, Albams, 1082, Depts, of l-‘orutxy/A‘ronomy aud E
Soils, unpublished, 111 pp. . N
Swan. HSD. Fertilizers, Their Role In Reforeatation (Woodland'n Paper ). Pulp and PoE :
Ressarch nsttate of Canads, Montreal, 1060. 11pp.
Tajehman5.J. O Computi Characier ¥ Y e—
.. Canadion Jourhal Of Foretry Rescarch, 108, 11, p. 108774, .
Famm,G.0, (EL). Man And The Borcal Forest, Stotkholm: Swedish Natiral Smn,u Research - .
1076.. pp. 41-45, 63-65, 107-120 and 143-140. ; . /
* Ay

Teru,M and Calvet,R. Adlorpﬂnn Of Several Herbicides By Montmorillonite, Kulmlle and Illite
Clays. Chémuplxm‘ 1978, 4, pp. 365-370. . ) /
Thmﬁl\uﬁtt,c W.'and Malﬁir, JR. T iona For Patr}llial E: i ]
And The Water Balance. Centerton, N.J.. DREXEL Institute of Technology, 1957. n
Publications in Climatology, Vol. 10, no. 3. .
Thorathwaite,C.W: and Mather,J.R. Inastructions And Tables For Computing Potential
Evapotranspiration And The Water Balance (Publications In Cllmnmlau 3). Centerton, |
‘N.J.: Center for Climatological Studies, 1057, vol. X.‘ / .

% /

Troedsson,T. snd Tamm,C.0. Small-Seale Spatial Viiation In Forest Soil Properties And Its /
5 Implications For Sampling Procedures, Studia Forestalia Suecio, 1969, 7, pp. 10. Royal /
_~—  College Of Forestry, Stockholm. . - A /

! TrueloveB.ed.). Rescarch Methods In Weed Science (2 ed.). Aubufn,Alsbama; Southern Weed |
.+ Stience Society; 1077. 221 pp. /
Tuhlrley, F.H. The Imipact of Government Decisions and Almude on Pm Conl(ol Weed -

* Science, 1972, 20{5), pp. 405-407. V . /

Tucker,CM. and McCann B Quariernaty Events On The Buris Peninsuls, Newloundland, and  *
The lslaads of St. Pierre and Miquelon, France. Canadian Journal of Earth .

« . Seiences, 1980, 1711), pp. 1462-1470, R s |

WardR.C. Principles Of Hydraloay London: McGraw-Hill Bwk Co., Ltd., 1075. 367 p /

Warren,F.G. Cldssification And Chnmcmtm or Herblndn. quﬂbmdu In Fomlry D,Zpl. .
stry Conference, 1075.

of Forestry and N‘tunl Resources, 1976. Jobn . Wright,Fol

 Weber,J.B. Soil Properties; Herbicide Sorption a0d Model Soil Systems. In Truelove,B. (E4. ),
"7 Reacarch Methods In Weed Science.' Aubur, Alsbami: Southern Waed Science Sni‘:ty, . ,
077, . . ;

nd Weber,J.B. P!I“!Mbot‘llﬂ: Matter Interactions. In Guenzi,W.D. (Ed)/
ides In.Soil And Water, Madison, Wisc.:. Soil Sclente Society of Amev‘u,)nc . 1074,

Welch,C.D. and Fritts,JW. Some Factors Affecting Soil Sampling. Soil Science sDc.ay of

America Proceedlnp', 1956, m PP MW.

. WelisRE. and Heringa,P.K." Soil Survey Of The Gander-Gambo Area, N:wfaundhnd
_ (Newfoundiand Soil Survey 1). Research Branch, Canada Dept of Agric. om-/., 1072, 86

. pp. & maps in pocket.
" WHite,P.S. Pattern, Process and Natural Ditarbance In Vegetation. Botanical le'm, 1679, 45,

PP ‘229-300 ¥og




115

Wilson, LE. and Lavy, L. Injecting And Samplog Equipment For Studying Mobility,Of
Pesticides In A Soil Profile. Soil Science Society Of America Proceedings, 1975, 35, pp.
+1009-1011. notes. .

Yuli-,l(. Shigeoks,T. and YamauchiF. Non-S
Preliminary Predic!

M—Smhwmﬂﬁnm
tion Of The Fate Of Chemieals In The Eavi

Wﬂm And
Environmental Sofely, 1983, 7, pp. 178-190. =

Yu,C-C., Hansen,D.J. and Booth,G.M. Fate Of Dicamba'ln A Model Ecosystem. Bulletin 0]
Environmental Contomination And Tozicology, 1975, 15(3), pp. 280-283.
ZarJH. Biostatistical Anal

is. Englewood Cliffs, NJ: Prentice-Hall, Inc., 1084. 718 pp.

—_—

o




116. -

Appendix A~

' -Experimenta.l Field Plots Showing
* The Location Of Sample Pits -
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excluded frop sampling: .




_ Appendix B
Checklist For:

Soil Sampling Materials And S‘np/phes
Used In The Field




RURR T

Pabfs Bls Field Checklst For Soil, Slmylm;
1.2=- X.Irlllll!l. rﬂll—”ll‘d dbovels.

face fron protile for saspling

6. 1= matre ek

' =,
1= foldisg *Sweva® type sav for large rm/_\ .

9. 1= eharp axe or hatahet for largs roots.

2= 4 pates of vork gloves.”

0.2-4r

aa 2 litre ymm Pop mn o

e
they mike wxcelion feo

13, 1= olip-doard. .

16. 1 = sail molsturs ster, e

161 et of 101l notsture/ts

17, 74014 note books aad water resistant pens.

‘18, 1 - sotl saapliag Kit:

s 2= potated garden trow
a1y doty plastic baggier’ (double bg m,)..) ud tie
Rabber
Largs garbage bags for double bagged soil suaples.

Dieporndle Jatex gloves.
Wire brush,

- B Alusises foll to,cover composite
1. Brisg & sgsbly of the followiig for 3 well marked wash bott!
1. Oai for y-luln- ather (srap fa fo11 to fabibit
11, 0w for v

111, One for n-ﬁu-t

asple patls shile 4n f1e1d.
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Appendix C

*. "Permesbility Tests,
July And August, 1983




Table C-1s  Field Permeability Teats : plug method *

Veluse st Time

Wter © Interpal

arma o) G

125

N

Mate of  Grousd. Surtacs
Condition

—n
17
.81
787"
187
~'7.80 s
7.8 . aows flov -
. & 2
.00 L 0.08 . $0.04 Ytn/ea’
by 004 . ",
11.38 0.08 = 0.02 Vata/ea?
1138 004 f
1128 ¢ 0.02
1514 . 0.04
W ITED )
T87 o Titele or 5o groveh *
‘787 001 ‘o compacted |
7.87 ¢ 0.1 surfsce of skid
1 .0 tracks, lqrel ~
11, Z ud.
11.38 0. Nt I
11.38 :. as0

=|.=.=
&l =8

0.01 sexs flov 2.0.02 Vatasea?




Appendlx D-

IF leld Descrlptlon Of Soil. ﬂofﬂe o -

- an S ¢
N ¥ -
A%
<
U 3
° .

? .

¢ .
.
<
& S
% O s W =
" 3
-
- i it
o . 4
)
& e -
A
= .
i ]

'




Hortson

o hog)e, - B, © B T

Conststoncy
aticl
3 mmr

abusduace=

nuy wedien masy, B

% fine, nen:/m

38 - 108
— SYR7/2a,  BYR E/ta .10YR /3 2.5V 6.2s,
tiberonk  lomay susil sundy lou, lud] loss 'stlty lom

12-0 0-10 10-25 23-3

“mary

wy [ nyel U
gridul it grdails gradul. -

nedlis

— ) mitm
[,

= " alightly | slightly slightly m;m,
se= L alightly  slightly Cslightly  slightly
— eakly E

none
adia, bortron.]

- = % Bunll colowr schen
—— = Kot applieatle. s

b
I
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V .AppqndixAE;

s g g
- Sail Blﬂk’l‘)ensity‘Dgtermi}lation

By s
4
R
7
., ® t
.
. -\ x
. \
. (S 5
.
o
) »
A *
.
- 4
;
-~




]
3, !
.
Vertical cores: - .
o . L Morimostal corus: Plot2, Pitl,
. - - Pt 2,
2] Pt 3,
Plot 3, Pit 1,
‘ . Pit 2,
P P,
) N Noan bulk density: -
s salir e st 0.7 excludvd from the co
‘ bulk density e L¥ Borizon.
The orgaa:
there are 20
: uftice. The siaeral laye
- . the s11ts ad clays hava b
= " N oaktield core samples
BT
1 excantion cores'
Horizon . L .
A [ETH x [T W)
N Y Bt L2 ‘x 100, m LA
4 B 124 TR L.
. . s,oe L x R
. N
T E Table‘E-2¢ Vertical Core Samples: Oakfield Corer (i.d. = 10.05 mm)
0 . . Vertical Cors Sasples (svery 7.5 meters for 30 metren)
" 5 L Susple 1 Leagth Total vm-- ~ 0 Bulk Deneity
Horizon (Size  Of Cors @I Co
, » o)
L :
4 2] 1.0 2. 0.2
. o7 a, 100.2 112
g . R T | [Ny 18147 107
. . s} ’
S
- N o~ .
. g ‘
. s ' ,
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. TableE-3: Excavation Core Samples

N Coret g )
3 . z Bt
~ . 8 Radiss Height Voluss  Weight Deseity 4
Suple Lt () () () (qalea )

Coatrel section': ) 7.62 100000 1.3
' » 48000 1.33
Ridge-top®: o) 7.82 108100 113

. Bonai CX]
. . #% Excaration corer 15 & FYC tabs squipped vith & stael cutting edge.

x Tnclades L¥, Ae & part of Bf borizons.
e siue for 24 bours. ¢

Tablo E-4t Horizontal Core Samples: -
Qakfied Corer (id. = 1005 mm) .

B

o o wnee

“|
aBEEE] oREEE|

0.30
280 73.7. 65.4 0.80
44,0 120.8 132.7 1.08
3.5 103.5 108.1 1.04
27,0 76.5 105.8 1.39

-
01207 .8 0.1 0183 W3 0.17
.0 107,7 104.7 0.07 355 100.8 100.0 1.08
30,5 100.2 1010 0.6
47.0 104.9 122{3 1.17  30.5 100.2 123.5 1.13
5 781282 1278 3.0 107.7123.0 L1

3% third plot, dexarisons.
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4/08/84
17/11/84
18/1i/88

Pereent Soil Noisture

oA total 2 s -

T P

4

M H

5

5

5

5

5

5

5

5

5
T8 2 mom 3 -
818 208 25 o i1 - g
1318 ll*:l 10 S / % A
6 16 to 13 1t B . - .
anilabe. . 5

s ra

N F




Appendxx G

Honzon Thicknesses As Determined By
'Sampling Pits And Digitized Horizon
* Thicknesses -




g

= il
’ v
Susdard _Error of
Horlroae 3 Neas Deriatisa  Meaa
[ TR T 0.130
Moo s o.181
M e 283 0.209
® ™ 1T 0.108 2 .
L o u ew 0.121
© = AII harbicide maaple pite. *
o= Upper Hate of € oy
" N . X
! ’ l .
Y v &
. :
5 e :
-
-
‘ . 8 M
{




:  Appendix B N7
>, Organie C#bon.Content ™ .
s . o ety

i
L
£
5
£
g

[ SESuSEE—
™ Y4



. Some ’ CREE
: . Table H-1: Organic Carbon Gontent: loss-om-igaition e _—
o i B 3 s
v ;,( L . -
R .
- standard . .
3.86 8 1.5 30 .
N B2 0.8 4l 1.3 . $
x & 05.8 2.2 01— 2.8 g 9.
o f N % ) . . P - )
i B N g
- ' . A - 3 .
e K . \




' Appendlx I
y " Particle Slze Determinatlon
: ~ L
- S »
. s
L d ’ ’
\
’
. b
. L]
) —
’ : « .
. y ¥ o ., ‘
¢



Toul:

The particl six
4 (pages 100 - 142). T ds » suamary and

A Bad 12 T8 L8 1.0

Saad 12
si1t 12
Clay 12
Sand 12
511t 12
cely a2
Sand 12

oa
a
5

5
5

M1 Horizoss: Sand 48
. oS 48
Cly 48

data for, the folloving table s lited &

a4
ssociated-statistics b

[

x
able.

Particls Sample Mna  Stasdird  Naime Maxie
- Devhation

3% Particle size shere:
. 2.00 wa < saad > 0.05 ma,

2) 0.05 ma < stle 2 0.002 ms,

. s !
3) 0,002 ma < clay (Kckngue, 1978, pp. 16-25).
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‘MO .,

Y e * Hobzon
Plots PRL O A B - L€
A propry . T T T
P = 6.1 cact, 50 - 4.f) . o0
. s % Carbont 7.8 282 1.8
Particle Size* . " ”
% Sand . 07.0 870 B58.0
% St 3 2.2 3.0 270"
- % Cly 68 111 18,
Plot 8, PiL 2:
pH. 476 5.20" B0
% Carbon T 0.0 2,28 1.88 ¢
Particle Size t B
% Sand
% s =
% cuy,
Plot 3, Pit 3: o
¢ : P 395 3.50 450 530 6.00 .
% Cardon 92.0 1.8 B.OI 10 1.234
Particle Size . x
% Saad £8.2
% Sile, . 7.0
B o= % Clay - 13,0
-
Plot 3, Composits 0f AT Pits:
o o 347 820 4.82 4.0 408
% Carbon 7.8 208 73.00 2.10 1.7
Particle size
% Sud 44 600 842
% si1e : 17,6 20.5 < 26.7
» % Cly » 8.1 10.3 "10.1

~ lmrm vnmm; of Novfouadlan
3,4, & B repr

'r
" e-rm lm-n-mm
* = Part!

dettasd tn Appendix 1, Table 11,

Table J-1t Orthic Humo-Ferfic Podzol Properties: M.UN., ~

‘ contiawd...




sk i -
! . - 141
< - , .
i .5 s ®
- . " Table, J-1, continued
S “Loaat! v © THorisos
& Plot 1, Pit 2:
& : i 3
s : ' Proprty o
-0 4T B30 &3
s 07 18 o4
N —_ -
5 LX
s 747
7.2
I
% e E E ..
R w % Cirbon - 0.8, 0.68
Bl g Particle Size -
. Saad’, . 8.2
K . —"% Bilt L4 .t
: v % Clay . -18.7
o XY
B " 2.65.°3.30 4.50 4.60. 4.80
g % Carboa - .V v 5.8 120 682,180 1.1 "
= a—Partiole Size R 3 3
. - % 8 s
s v, - Ban 240
R o -% ¢y 18.0 5 (
EAR T Wrovq, v s
. -
b [
3 »3
. J
s 3" g, b o
t — .
-
or
. A .
A .
. ¥ - E—
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S
N P Table, J-1, continued
Loastion % Hortps’ N
Pota, Mva. O M B K C
Property
e e G, 450 B9 -
%. Carbons [RUBERTRR 2 1)
Particlesine®
% Saad 0.8
% 811 T o0
% Clay 55
Flot 6, FI% I
280 330 460 405 5.0
‘ 02 L1821 201 1.4
Particld Size .
% Sad RS Y] a4
N S 185 215 0.4 208
Bwr, T e a1 o

Flot 6, Pit 2

e EafRE X1

% Carbon 01.0
Papticls Size

% Sand i

% siie =

% Clay ’,

T Pley s, M3

Flow 1, 7, 3, 4, 8 8 Tapr
Hexarizone, 1 eilien § Hilesd 1
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. _ : 7 Appendlx K

4 Soil Chemxcal And Physical Propertles
' 3 analyms at C.B.R.IL, OttaWET :
. . B . z & v - i :r"
] ¢

i
S .
* . 4 o
e "\ .
L5 -
. .
. K . ”
o : &~
. s ~
N .
a .
-~ & o » v




{ M4 8

”

Table K-1:  Orthic Humo-Ferric Podzol Properti
’ e Teope

b Hortzon
i b T B 3 T
[XARN
Amiytieal g
Laberatory Nabers  meoia o o
Proj m N
. 112, cacl, EXTTR RR SR “oa
% Carbon 0.64 210 3.69 100 0.62 0.8 0.10
700 0.10 0.00 0.03 0.01 0.01 0.00
Sodiua Pyroptosphate
G-lron 0.01 009 0.2 0.02 0.02 0.02 0.18
% Aluatsas © 7 0.08 0.1 0.83.00.28 021  0.14 0.07
Exchuageadle Cattons -
me/100gm, 2N MaC1 - s
aleton U097 0,39 050 0.1 018  0.35 0.48
Hipetu 014 0.2
i 0.10 0.13
Muntaen - 0.17 0.47
Bray Phosphoras
ilgm soid n ow
Tater Reteat

4 bar

entstry aad n-mml Resosrch xnu\m, omn, Oatario,
¢ = Particle size
1) 2.00 s < saad 2> 0.05 us,

2) 005w < eilv > '0:002ms, . Bl ’

. 3) 0.002 38 < el , 0.0002 wm (Ke
\ LR " (ekngu

L
LY +




Appendix L
- . Humic AndFplvic Acid ;
' 3 . W &

' ’ ¥ :
RS : * L2
- ° [’ 1
] ' o~ b=
Y N
A g
b 5%, g
[}
A ) >



o GAR,L TR

5 ¢ . 2
Se 5.\ ‘Table L-1: Mh.lMoh‘unAnd Elemental Composition Of Humic Substances
. « - . s . .
. ¢ N .
- ’ . 5 i
E T p . o,
5
. ) e
., Peremts By Weight | . :
« Sve hetes Tontal Coposivion - Ak Nolstars
\ Catbon fydrogea Nitrogem Sulfer
Falvic 10,64 1.20 o e o -

bate g0’ sae i os  fer s
. -
’
/ - ‘
LY Lo :
. . .
\ ) » 5
. s @ x -
. ! i . A 3
; i b Y 3 ;
i Y . v :
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Table M-1t Btrul\wsphoyusz bray metbod

Extractable Phosphoras. (Kg/M)

Plot Pit . _

o 0 T Hortzon

| Toom o ® ¢ . . :
] 1e0 400 : i

2 2 208 a0 o P

3t 208, 3% *

2 200 208 7, B 3

3 3 200 . 0 -

4 4 1m0 508 -

4 2 160 876 -
4 8 200 -6

1 1 300 @0
& 2 00 62 1

5 3 0 860

230 oS5 6360
2200 423,22  @60.9
26041 168314 636001
3.4 . 500 1207 218




Appendix N .. "

" SPSSX Computer P:égi-almsFof )
. Distribution Graphs And. -~ .
Descriptive Statistical Tables - 4
' A
K A
i e | JOA ’
3 . [
v : %
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N '

«
A5 WISTE, 4 B ¥To¢
|u -sc XOISTURE (X BY ¥1)®
RECOVERY OF SPIKED ORGANIC SAIP 3*
REED “AEAN REROVERY GF SPIED WIKERAL Snbp 40 -
VALE LABELS Horb § 42,4-0° 2 sDieasha® 3 Homazisons® 4 “Tebuthiaron®
50
o4
& s anpl .
asp Lon 11 TRanple 1107 .
Y5 439 "SOIL T SAGLDD" - %

Y4 10
MISSING VALUES (009)

8 m-o)
. JIGAIC W1 10 B5(4.3)/ AYL T0 AYGGS.9)/ TOTNYGT.3) TOTY(rT.8)/

PNG1 T0 PNGE/ TPNG/ PRT1 TG PRIS/ TPRT/ TDGF4.0)/- 5t dns/
. ORNG/ ORPNG/ ORPRY/ MINWG/. NINPG/ INPRY/ S1
HERB ® 2

SELECT TP
coneat ' o
COMMENT HERB: i. *DICAKEA PERSISTENCE CIII'VIS'
CONMEN'
- COMMENT AMALYSIS WAS CARRIED un BY mz ONTARIO RESEARCH FOUNDATION I¥ . | = R
MISSISSAUGA, ONTARIO. Im m:k WEIGHT BASIS, ~ .

conen
SO w1 70 005 AR forL, ORYNESS BY JEIGHT EXPRESSED A UNIT FRACTION.
10 W5 = SOIL MOISTURE (§ BY WETGHTY.
| » covEasion  FACTOR U8 PIACENT 10 UBtrs,
= .on (§ BY WEIGHT) mn:m

" ) um UNIT FRACTION. ’
conmT. R “ .
0 1 T0 Iﬁl 5= w Toms
I s sl

CONENTAote 12 KORIZON THICRNESS cnw,cm}m lalm:mnvz tAIPI.lId VOLUME.
CORUTE Avie D1 = (0.41 +'D)

Conaar 8- u » ORY. FEIGHT (gu) ‘0P :nu. vuumz W u g x 0 en Ahten),
2)e ‘SOIL* VOLUME: FOR 1 SQUANE,

7 Ak, VITH SYEGITIED NORLZON SOTiEE Thor:

Whare; DI - D6 = Horlson thickn

2 0.23 = 1,50 =.BILK ot (g-
enmn-m":-m-u:u ¢ X e
CONPUTE 02

)
TS E8Le 52483054085 gy o= LR
o’ E
COMEXT *AY1 TO AYS ARE AZSIOUE VALUES 3 AOARTID 708 £OLL wisnns conmman
BULX DENBITY, KONIZON TH \TES £ "
TOTAL g A.1. CTIVE mmmu ‘mrumua $OIL HOATZON. g
WHERE: CCY o uoo/nm /00 o A nlv VEGHT BASIS
b3 An.mmn TOR RECOVERIES (ppe) :

alut )
r for LY ’:u iy e,

nm. T v. - K




ConeT
ca

81 < 85 = 0BY VEIGHT (gn) OF SOIL VOLIE

5 —

151, .
" ' (100/RECB) = Factor for AE - € recovery
T 1 - MUB = Soil dryllll Cunit traction).

xDca thick).

Ny
109s-3 -mmmwm:\n(m-‘m-mn

Avie m ’ (mllm) l il o510 10
Az Im 52,0 10
Arss m + Clooraee) 4 1} 23 + 10
o m : uooll.!n) I nu * B4 ¢ 10¢

* (100/RECE) / KUB] @ 5.¢ 10¢

dn- TOUL, UIADIUSTED AZSIOUES 14 GOIL PROTILE FOR ALL HoR1z0NS.
"I'l'"’\‘l"l"‘ .

TOTAYS TOTAL ADIUSTED RESIDUES I SotL PROPILE FOR ALL HORIZONS,
5

RPUTE TOTACe AL+ K12 o AYS 0 2

T 17, AZ,
T0m ADL + 02 4 D3 ¢ DA +

comEsT
commt

VAATABLE LABELS X

Lo AID € HORIZON THICKNESSES.

[

THE AESIDUES (ag) IN EACH KOMZON EPAESSED A5 A §
o T 1oL ESSOUER DETOD (N TA SO RIS,
PMOLe (AL / TOTAY) ¢
PUG2x (AY2 / TOTAY) ¢ m
\Y) o

TG O/ TonA) o foo. ™ .
5= (AYS / TOTAY) * 100

TTage T 6% OF FHOL TO PUGG PERCENTACES WHICH » 100

MPUTE - TPXGx PNG) ¢ PAGZ + PAGS o PNGA + P}

111 1o Patia ek acsiours S o e PXpaIsSED 45
TO THE

OF THE T0TAL HERBICIDE APPLI 206 53 N SAIPLE AREA;
{1OERD + 10005 CONVERTS o 16 k5
PATia AYL /[(TOTRERD + 1000) / 28] ¢ 100 - 3
PRTZa AY2 / [(TOT] 1000) / 206) » 100
Ihise AV {CTonuens + 3 1000 / a1+ 100
Ml ) 7.208] * 100 .
PRTE® A 1 L(TOTHERS' - woo) /4 208] ¢ 100

IPATe THE X OF PATL TO PATS SHOULD BE LESS THAX 100 PERCENT.
ToRTe PATL Y P2 & TATS o-PRTL o PRTS

ONNG= NG 07 RESIDUES 1N THE ORGANIC SURFACE HOKIZON WHICH HAS.'
FRON THE SURFACE.
oRNGe AY1

ORPNGs_THE AESIDUES IN THE ORGANIC HORIZON ECPRESSED AS A
" oo @ TOTAL RESIDUES FOUND TN THESOIL PACFILE
e,

FOR A
e O TOTAY) * loo .
SATaTs THE AESIOVES I TAE OMANIC WONZN EACSED

T OF THE TOTAL HERBICIDE APPLIED 10 ThE.
¥. TEST PLOTS; (TOTHEAD o mn) CONVERTS €N TO KO

" 8 89,
orrats ongi 7 1(TOTHERB * 1000) / 2081

wuge w0 0F peatuns n TR L o

RIZONS, AS A MININUM Vi

KL TOTAL Wi TRE VERY HIOH VALUES G (In)
m&ln 0T 17 nnlunl. nuu JAUR {150 TIDICATIS THAT AR
HENBICIDE WHICH HAS LEA LAYER,
MINNGs TOTAY - AYL

23 A ‘PERCERT
me, e,

MINPGe THE RESIOUES 1N THE 4 HORTZONS DX
- GF THE TOTAL 10 THE 501L PROFILE FOR A 0|
INPKGe (KINK / TOfY) exi00 .

VINPRTS TILAZSIDUES N TUE 4 NIEEAAL Wod1201s P

10 THE 208

(TOTHEAB ¢ mo; en{mm on'rd.xa.
100

5. 0 P,
MPUTE NINPAY® NINKG / ((mml * 1000) / 208]




152

Y FOMSAXP®  AYZ *AE RESIDUES (sg) FOR SAXP
-~ FIASKDY  AY4 0BG NISINES (ag) FOM £
. FOLSAEP*  TOTAY VTOT ADJ RES (ag) FOR 3 PITS®
. £ OF 107 K25 1N PROPILEY é
£ OF TOT RES JN-PROFILE®
£ 07 0T ‘IN PAOF!
§ o7 TOT AZS IN PAOY: -
4-CF TOT AZS 1Y PROFILE® v
PINGL TO PTNGE = 100 §*
I0UES (ag) AS § OF TOT KZAB APFLD
Py IDUES (ag) AS § OF 107 HERB APPLD
LI ) AS § OF T0T HERB APPLD! \
. D) 4S5 OF TO1 K8 APPLD >
AS § OF T0T KERB APPLD'
. § 07 10T {ERB APPLIED®
- v (ORGANIC L¥ HORIZ®
- AS § OF 10T RES IN PROF*’
b P A8 § OF TOT HERB APPLD* .
NINKG. *RESIOUES (ag) 1N NINERAL AE-C HORIZ® - ;
1) RES ng AS § OF 10T RES IN PROF* .
' T o1 45§ OF 0T KERB.
'TD 45UM OF ALL HORIZON THICKNESSES®
. 00 I (1IKE 27 1) # o
. g = PRINY EJECT/*MERBICIDE: * KERB(1i2,F1.0)/ *HORIZ. THICK." 14 * RES:PPU * 20
4 Y = ' RES: * 38 'PCT OF NG* 52 ' PCT OF HERB * 62
PRINT SPACE —
oo _Ir

YACH0,75.2) ATA(T:
Y5(128,75.2) AY5(T30,78.
8,72.0) TOTY(128,F5.2)

PUGA(TES, P
PICS (163, P4,
0

. BEUTE
. FINISH

1) PRI4(TES, T8
1) PRIB(T85:F8.2)
TPHACTE2,75. 1)




" nnz muznon DUTIIIION ADD FEASISTENCT nmmu
28 ZERQUAT? .DAT*

1583

ms, vaziable Iabels, value Tabels,

In the nmdulnl 4
selected comments are deleted to avoid

NoTE:
‘print format

ILE HAXOLE Resdata/ nas
DATALLISTS ' Filgshesdats n--lnu\ Tiae Due ¥1to Y5 to mnm JTothres
usp
w1s5180 VLS ¥4 To 8. (0R0) e
RECODE Y4 TO YB

09940 .
Riaic 4 AETS.3/  TOMYGT.B/ 0TI/ rot 10 excs/ TPNG/
TPRY)

'/

ML sas O ORNG/, ORPNG/ ORPRY/  WINNXG/
NINPNG/ WINPT/ 51 TO 85/ [

SELECT 17 HERB = 3 )

oA KEXB: 3, *HIXAZINONE PIASISTEACE CURVES®

COUENT ADte LY KOIZON THICHIESS COMECTED FOR REPRESDNTATIVE SMPLE VOLINE.

. COPUTE ADi= D1~ (0.41 ¥ D1)

conmxr n-u-mmmr(n)u (1L VOLE (1 m 5. x D ca thick).
02 IneDe 1o e SOIL VOLUKE FOR 1 SQUARE KETER
EREOHY o

’ Toarer Div 08 & forison sk

QEE 81w 100002 ¢ i

52 = 10092 ¢ -

UPUTE 53 = 100003 + hd
54 = 100002 ¢

cnwu 56 = 100002 ¢

m' RAV RESIDUE VALUZS Vl ADJUSTED ll'll Iﬂ!l\lll BY AM"C
ruﬂclm Hﬂllml'zi mwxux. NOVA-SCOTIA.
IGHT BAS)
CONEXT AVl k) AVI ANE IEXWI VALUES: ”-’lﬂm FoR I‘HL MOISTURE wmn
ITY, HORIZON THIGKNESS AXD AZCOVERY MATES DXPHESSED I 13
ag A1, (M"Vl INGREDIEXT) ," m ﬂ! SOIL KORIZON.
we: Loy uoomr.n RESIDUE! FOR RECOVERIES (ppm).
-5 ® du vum o
(100/RECA) ry T
(100rEED » Fuetor for BE ¢ ueeury rater.
: n - u o DAY VEIGHI (qu) OF SOLL VO (4 a thick).
10 CQNVERT ug TO ng AYD & T0

o
euml At m * (100/RECA)] ¢ 8L ¢ xo"-: '

e A Y8 » (100/REcB)) * B 10ees

conm

SN 0Ty 1AL WADILSTED AESIIULS 1 SOLL PAOFILE FOR ALL HORI
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