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CHAPTER- I
INTRODUCTICN

The increasing use of agricultural chemicals for pest control has
presented a real and pressing,possibility of permanent pollution of our
natural resources. However, the real danger lies n@ﬁ so much with the
use of the chemicals as with the misuse and lack ¢f understanding of
the fate of these materials once applied. Although considerable work
has been conducted on the behavior of such pesticides as herbicides in
plants and soils (9, 11, 27, 43); this work has been primarily confined
to studies of their activity in homogeneous and controlled enviromments.
To date, no cdnéideratibn has .been givén to the importance of such
properties as soil stratification on the movement of soil applied

‘agricultural chemicals;

Because many herbicides are applied directly te the soil, an
understanding of their mobility must be established in order to prévent
surface or ground water.éontaminationa It has been shown that the
movement.oftthese herbicides through uniformly packgd soil celumns
depend upon soil-water flux, pore size, and their reaction within the
soil mass. However, because many herbicides move below. the plow layer
wHere the soil properties are quite different from those of the top-
soils, the movement of the herbicide‘mayvbe significantly altered By
this change in pore geometry. -The importance of a textural stratifi.

cation on herbicide mobility must be known and used for field probiemsa



The objective of this study was:.
1,) Measure the mobility of two herbicides (fluometuron and

prometryne) and the c¢hloride ion in Norge loam, Fufaula loamy fine sand

and Stratford I and II.

2.) Measure changes in mixing and displacement of chloride and
fluometuron resulting from texturally stratified columns of the above

soils, ‘



CHAPTER II - -
LITERATURE REVIEW

vPreemergence herblc1des are“applledkto the soil to prevent future
f.'weed growth , The chemlcalls effect1veness 1s.related to the tlme and
concentratlon‘of ‘the materlal in the 5011 ‘area in which 1ts effects are
v”*fdeslred .Sheets and Harrls (40) in a rev1ew of herb1c1de re51due in
ihthe s01l concluded that four potentlal problems can be: ohserved from‘
7lthe appllcatlon of herb1c1des._ a) accumulatlon of resldues resultlng
'ﬁifrom rates wh1ch enceed rates of disappearance.hb) 1nJury to sen51t1ve
plants grown in rotat1on w1th the treated crops- c)’unlawful'residues
»1nbp1ants‘grown ln rotation w1th treated crop and . d) mod1f1catlon/or _:
,lplnhlbltlon of beneflclal SOll mlcroorgan1sm act1v1ty.ph‘ | S
f:‘Many factorsbinfluence the movement, sorptlon and dlsappearancew
’of;herblcldesoln'801ls. 8011 type,hchemlcal propertles, cl1matlc |
condltlons; blologlcal populatlon formulatlon»and methods of applla:- o
catlon all 1nfluence the movement. and adsorptlon of‘the chem1cals (27).,
.;Park and Tepe (34) reported that factors wh1ch 1nfluence herb1c1de -
ld;sappearance are: leachlng, adsorptlon volatlllty, photodegradatlon,
:’-mlcroblal degradatlon and chemlcal degradation.‘ Several workers (6
‘lil18 21 22 42 43) reported that herb1c1de phytotox1c1ty and adsorp- ;"
bf;tlon and desorptlon may also be mod1f1ed by temperature.p_f - |
: Adsorpt;on is one of the most 1mportant factors lnfluenclng

herbicideﬁbehavior in the sollf(37,‘46) Coffey and Warren (8) have v



'?shownithat herbicidesvarehadsorbed:by organichmatter§f¢1;§;@iﬁergia‘
'Ki”exchange‘re51ns, nylon, and activated carbon. Aﬂgeneral‘agreement
1tex1sts regarding the. 1mportance of organic matter and mineral c01101ds .
'dvto the adsorption processes’ (9 18 20 27) Herb1c1de adsorption has
":-been shown to regulate the extent to. which ‘the herb1c1de w111 movevas
'a;wapor;orhdownWard through;thepsoilhprofile‘owing to\soil-water’
']“movement;d' | _ | | |

Harris (23) has presented ev1dence that the adsorptlon of ‘Some

'hnherbic1des are: greatly affected by pH while the. adsorption of others

"w*remain nearly constant with pH changes. If herb1c1de adsorption changes

: with;p.v llme .or, sulfur application can - 1ntroduce a variation in ac1d1ty
that would modify the’ adsorptions‘ The herbicide applied ‘to the soil
dmay.move‘deeper into the profile ow1ng to the soil pH modiflcatlons._
McGlamery and Sllfe (30) found an: interaction between pH and temperature
' m:in their experiment on adsorption and desorptlon of atra21ne in soils,

| Sheets et ale (39) studied and compared the 1n1t1al and re51dual
‘toxic1ties of nine S triazines in different soils. >They.reported that

Llower herblcide dosages were required in Madera 511ty clay 5011 than
‘,.1n Yolo sxlt loam to reduce the fresh weight of oats by 50 percent°

-The Organic matter, claypcontent,‘andfcation“exchange,capacity_were

nifgreatestfinithe Madera soil;?,heoause‘of<the:sPecificiinterationsi '

ho'mentionedxbetweenvherbicidesland'soil'constituents and-the variation in

iherbicide behav1or, ‘the fact that a herb1c1de 1s mobile ‘in a particular :f_;

”2::5011 does ‘ot allow the generalization that the same herbicide would be
imobile 1n another 5011 media. Thls conclusxon can also&be extended to:~'
‘“vother chemlcals and how they act in different horizons of a - soil pro- '
._ifileel Harris (2@) states that certaln soil constituents present o

. ,specificity for: herb1c1de attraction i.e, organic matter can present



Fvvmore affinity for one herbicide and montmorillonite‘clay for another,.

Grover (18) found that the addition of organic matter to clay s01lsp’

ht,freduced~the.simazine concentrationv1n.solution. In SOllS wrth a. hlgh 1 |

lwater content triazine was. equally'available to plants regardless of .
:;che soil clay‘content.v He reported that the adsorptlon of simazlne by
f.ﬁclayslwas not as great as it was by organic matter. Talbert et a1.,a

}:dJ(AZ) arrived at the same conclusron for the s- triazine group.

o Upchurch and Mason (46) show that for 12 soil-incorporated herbl-
‘]c1des, the amount of herbicide required for 50. percent growth reduction
;d(GRso) in cotton plants was h1gh1y and positively correlated w1th
': organic matter, cation exchange capa01ty, exchangeable CalC1um; l
-hmoisture;equ1valent, free drainage, and total exchangeable bases.‘{As

T’_a‘confirmation of a herbicide phytotox1city soil organic matter.

’?fgrelation, ‘he. also reported that the 1nc1usion of several s011 factorsll'

‘talin a multiple correlation between 5011 factors and herb1c1de phyto-»
b"ﬁtoxicityfresulted-inuonly.apslightginprovement in,the correlation |

‘,fvobtained.l,v : | . i |

: Lailach et alo (26) studied the absorption of pyrimidines, purines
) and nucleosrdes by Li- Na-, Mg-‘and Ca- Montmorillonite. They con-jf

pcluded that organic absorption was dependent on the pH of the |
VL equilibrating solution, the nature of the organic molecules, partic-d'

;. :ularly the basxcity and molecular constitution, and the organic

jj"'_exchangeable cations. fﬂ-:'bl o v‘ . o

e Bailey et al.,(3) state that‘the maJor factor governing the‘

lifmagnitude of herbicide adsorption by different chemical families was

’ the dissoc1ation constant of the adsorbate.‘ They concluded that the o

l;tadsorption of a basic compound by a montmorillonite clay system depends :



. more upon the surface acidlty than the pH of the bulk solutlon. The *

'7'lconverse is: true for the adsorptlon of ac1d1c type compounds.»

The dlsplacement of water molecules from the clay surface may

domlnate.the'adsorption reaction.’

The bondlng forces ‘that may be

b»'responsible for the clay organlc molecule adsorptlon phenomena has been C

"fdpresented by Greenland (17) as follows.-

,,Negatively charged surface and pos1t1vely

':l Coulomblc attractlons
: between '

fcharged organlc compound

,P051t1vely charged surface, or ion or

‘»011g01on* at surface, and organic anion.

“hz-Van der Waals forces, composed of S

= a- Polar. Charge dlpole
: vlnteractlons

Dipole- dipolev
interactions

. (including-
H-bonding) -

’;'Charge;inducedv

‘dipole interactions

' Dipoleiinduced

' dipole interactions.

'baNOnapolar: Dispersion:forcij-“

R

> between ﬁ

Surface and organic.
compound :

adsorbed molecules
of similar spec1es

adsorbedpmolecules' v
of dissimilar species.

& * eag. p051t1vely charged hydroxy alumlnum ollgomers.

‘vOrganlc compounds with molecular welghts larger than 150 whether 1‘

fcharged or not, may compete with- water molecules for the surfaces and

f‘»be adsurbed

Several workers have used blologlcal assay to measure and study -

f.'herb1c1de adsorptlon and movement “in s01ls.

Shahred and Andrews (38)M

’»'studled herb1c1de leachlng 1n 5011 columns Hs1ng dlfferent amounts of

'water. They reported that stuntlng caused by prometryne was’ observed



'.l;tziésséi”soii depths.'eStuntiné'due to floometuronfwas”fonnd in{the
sdeepest portion of the soil columns treated° Another”conclosion;thath
":could be drawn from this experiment was that the stunting effect that
fprometryne caused on plants was v1sualized in samples from the top of
fthe columns which showed a high adsorption.of the. herbicide not leached.'
{For the same experiment the fluometuron effect showed a_higher_mobility"
. of this herbicide compared with prometryne.‘ | | |
= Other workers - (4 41) have shown that the‘s-triaZLnes are
"primarily_adsorbed,w1thin the_first;few.inches of soil; *Seedlingsh
’ierhibit:morebinjuries When-plantedbin soilfSamplesffrom{theﬁupperipart
lyofuthe»soil>colomns. Talbert and Fletchall (42) working with five S-.H
J.triaainesvfound that prometryne was highly adsorbed by SOllS and less
Vueluted from soils treated w1th organic solvents. - |
Bailey and White (2) mention twovreasons why herbicides are not
:biologically effective.atrlow moisture contents. One is a.difference[
in herbicide solubility at -low soil-water contents.:.lf ajunitbOf-watér
_dissolved a unit of herb1c1de in an- absorbent media and the‘unit of -
1gwaterudecreases,‘the herbiclde:concentration w1ll'increase.' At a
;certain level of water content,bthe solubility product of the pesticide-
;;will be. exceeded and precipitation will occur.' The'other reason'is~the-
:hr”competition water-organlc molecules for the adsorption places at |
.c:different soil water contents; Water‘molecoles,vas dipoles; arebm
:strongly adsorbed bY COlloldSo .lf'the soil water"content”decreases;':hau.
.fithe number of dipoles present to compete for adsorption s1tes become
cless,f As a result of this situation fewer polar organic molecules can
'vcompete favorably for the adsorption sites at different m01sture levels.if

Soil-water content appears to have a significant effect on both degree



.’H'of adsorption and b10act1v1ty of pesticides present in aqueous and '
; vapor phase within the soil profile.,' 4
A herblcide can move from a p01nt of appllcation where it is

";highly concentrated to another p01nt were less or n11 herb1c1de is

f__:present, under the influence of natural or artif1c1a11y applled water.

Harris (19) empha51zed that d1ffus1on will produce a reductlon in
afherbrcide concentration, but for those chemicals w1th low.water solublr :t
clity, adsorption‘is.more important'inireducing the:concentratlon. He
'found that adsorption gave a better approximation of herb1c1de movement -
.l'in 501ls than did thelr solubilities._ As .an example, he compared
prometryne which soluble to 48 ppm, 10 times more soluble than 51ma21ne;
and then shows‘prometryne less mobile in the soils. Lavy (28) has
lshown that both mass flow and diffu51on of 014 ring labeled S- triaZ1nes

‘ occurred in three.Nebraska.501ls.‘.Massxflow‘1s.descr1bed'as the means..f

or by which water soluble compounds are- transported in the soil solution.’

In: the water percolating process, a. herb1c1de is: d1ssolved and -
/hfdisplaced by the flow1ng solution. In the process‘the herb1c1dev'
'1_equilibrates w1th the soil colloid where it 1s strongly adsorbed, the
"<total amount and the rate at which the chem1ca1 1s leached decreases.
2Freedfet‘a1.'(l4)‘state thatlwhen the:water percolation is:fasté‘the'
:,:herbicide mouementhis in the same.direction*of'water'flow;, Ashthe ;
'water flow rate -is reduced diffusion becomes more signlficant An-
determining the final distribution of the herbic1de in the s011 profile.‘
"‘iThey also concluded that the amount of herbicide carried by the soil_ .
'mfwater was proportional to the amount ‘of water available to d1ssolve the‘
.jj:chemical_and.carry-lt into the‘soil. The pOre'size andkpore size

distribution:ofvadsoil-arefdetermined and characterizedftoﬁa great”j



b‘extent by 5011 structure. Bbth'parameters influencebtheiflow'rate-

'“g.through the soil.- The ‘larger the flow rate’ the greater the Watervf7

‘ifyvolume that will pass & given point for a given soil-water pressure
Jddifference per unit of t1me. This may 1nf1uence the degree of equlllb-
Lrium between pestiC1des and SOll colloids, particularly at high flow

Burnside and Behrens (6) tested herblcide d1ssipation in soils

whose textures varied between sandy loam and s11ty clay loam at-

\different locations (Nebraska) They reported that 5011 texture
vd1fferences had‘a greater 1nf1uence on herb1c1de res1due carry over'
than'did climaticwdifferenCes. Harris and Sheets (21) state that.t
vvariations in s011-water holding capacity can produce different *
herb1c1de concentrations in the 5011 solutlon even though‘the total
_amount of herb1c1de app11ed 1s the saﬁe._ilﬁ:fhzi'ﬁ' |

| It has been shown 1n several studies (10 11, 27 45) that the_”
'prlnCIPal factors that 1nf1uence herbicide movement in the Soll are
1water flux,_molecular diffusion ofkthe chemlcal adsorption‘propertieg :
of theimediunj:pore,SIZe,:501lawater content, herbicide solubilityéhand
Itﬂis ueli»established5thatyherbicide‘dissipation frombthe‘soiiv
‘,'ﬁay be'dUe‘to.biOIQgicai'(45) and nonbioiogical‘(V) neans{ hUpChurch;
'h”(45) reports that as subsurface soll horizons vary in’ oxygen and carbon
vvd10x1de ten51on, temperature, nutrients, pH,letc., the herb1c1de might
f:feach an unfavorable media for m1crob1a1 activity. hhv | S
L The‘literature presents exten51veuinformation .on herbic1de adsorp-‘
itlon ;n‘§§11 and other media.d Theredis, however;‘a lackiof inforﬁation:

ng-on chemidalbadsorption-and-movement through”texturally_stratifiedup"



soils. The objective of this investigation was to study textural

stratifications as an influential factor in herbicide movement,

10



- CHAPTER III
MATERIALS AND METHODS

The soils used in th1s study were Norge loam and Eufaula loamy
v'.fine sand from the Perkins Experimental Station at Perkins, Oklahoma,

iand Stratford 1 and Stratford II from the Oklahoma Peanut Research

-}d Station at Stratford leahoma.

The samples were taken only‘from the upper 15 cm, a1r dried and‘
:screened through a r mm s1eve for Norge 5011 and 2 mm 31evevfor all »
other soils.' 8011 samples were 1n1t1ally treated w1th calcium solutions
;iuntil completely calcium saturated.,’This‘procedure»consisted of m1x1ng -
the soil w1th O 5 N calcium aCetatelin 1 l proportions (by volume)
,After one hour the liquid portion was removed ‘with-a Buchner funnelland.
vacuum and washed again with O 5 N calcium acetate. Three washings
'with 0 Ol N Ca804 followed the calcium acetate treatments after wh1ch
| the»soils werevair dried and screenedvagain as described above.v .

,_fiThe air dried calciumisaturated.soils were’packed in'a'glaSSJ -
F{»cylinder:to»a specific soil bulk;density for‘each soil;v,Norge 1'6°.
/cm3 Eufaula 1 83 g/cm3 Stratford 1 1 89 g/cm and Stratfordbllv
v€1 82 g/cm | o R
The stratified soil columns‘were‘packed 1n 30 cm long glass gf
: ~cy11nders, of which 15 cm was Norge and the remaining 15 cm one ot the‘ o
:above SOllsiv This procedure provided an abrupt change between the‘two‘

soils, . ¢



1‘c.12‘2>

The apparatus used in thlS study was. slmilar to that deSCrlbed by ,”"'

:Jd}Dav1dson and Santelmann (11) (Figure 1) The diameter of the 81ass L

”'l_column was 7 5 cm and their lengths 15 or 30 cm.,g'f

The s011 packed in the columns was held between two frltted glasS"

fbead plates sealed in glass._ A reserv01r existed beh1nd the frltted

‘.'glass plates whose capac1ty varied from 10 to 25 m1. The porous plate

o was of a larger diameter than the glass cy11nder and had a medium

'Ipor051ty1 They were sealed to the cylinder w1th parafflne and epoxy

'“3tho avoid leaks during the experlments.i A small hole in the cy11nder N

d'permitted a1r to escape from the s01l during the 1n1t1al soil_water

,_5lsaturat10n process with 0 01 N Ca804T5f:;;7'"

The composltion of the solution enterlng the s01l was changed by

:.flushing the glass tubing and reservoir behind the inflow porous plate,‘l»j-

| “f_Thls was done by flushing 8 10 times the p1ate reserv01r capac1ty

athrough thlS sectlon of the apparatus. Due to the fact that the
B cyllnder outlet was closed (D in F1gure 1) and that the s011 was"i*"
v saturated no signiflcant amount of new solutlon could enter the porous rd

"“vbplate durlng the change from one solutlon to another. After a change

';'vin solutions, the previously establlsh flow rate was contlnuedeak

constant volume pump2 was used to control and malntaln the flow rate. -
The cyllnder outlet was opened following the change in 1nflow solutlon

4and samples collected w1th an automatic fractlon collector,

The herbicides used in this study were 3. (m-trifluoromethylphenyl)t'

1- dimethylurea (fluometuron) and 2 4 bis (iSOPropylamlno) 6a; f

'hfo*methylmercapto-s triazine (prometryne) ' Both were labelled W1th

1Corning Glass Works, Corning, New York.
281gmamotor, Inca, M1ddleport New York Model Al 2 E.
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aThe radioactive herbicides and the commerc1a1 wettable powder form

wf‘i(SOA for fluometuron and 81 3% for prometryne) Of each herb1c1de were

’ ;,dissolved in. 0 Ol N CaCLz to obtain solutions with 5 microcuries per {

f_ 11ter and a: total herb1c1de concentration of 29 parts per millon of

”fj each herbic1de

A 200 ml slug of each.herbiCide solution were: used After each
‘T};{ZOO ml slug had been placed 1n the 5011 the solution behind the 1nflow
':lplate was. changed to O Ol N CaSO4 and the displacement of the herb1c1de
‘dsolution at the established flow rate continued until the end of the
vbexperimentb The solution used to saturate thevsoil column and also ‘to f;-'
b, displace the herbicide from the medium was O 01 N CaSO4 The calcium
'#ffsolutions were used to prevent physical changes 1n the s011 during
.thebtreatments | . | E |
/ All effluent samples collected were analyzed for chloride by ;;
';titration with 511ver nitrate The amount of herb1c1de was determined y
-[fas follows 0, 5 ml was removed from the effluent samples and mixed
_f,w1th 15 ml of 1iquid scintillation solution and placed 1n a counter3
‘bto determine the radioactivity in counts'per-minutes‘ The 1iquid
'."scintillation solution s (36) comp031tion was. 4 g of 2 S-Diphenyloxazole';
‘(PPO), 50 mg of 1 4 bis-[2 (5 Phenyloxazolylﬂ - Benzene (POPOP) and
‘a,lZO 8 of naphtalene dissolved 1n a liter of p-dioxane ’ E
This study was conducted 1n a constant temperature laboratory
.';}(24 4 l C) All materials were stored in the room for at least 24 ..
1if:hours prior to use 1n order to av01d difference from temperature

f3gradients.i..n’

T ——

3Beckman L S -. 100 Liquid Scintillation System, Beckman Instru-
' ments,,Iv‘ California ' SERSANS :
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Some physical and-chemical properties of the soll were evaluated
after the calcium saturation treatment. The results arg éhown in Table
I. Mechanical analysis was determined by the hydrometer method (5).
Organic matter was determined by the.pétassium dichromate wet-oxidation
method (44), and CEC was determined By the sodium acetaté saturation
(44) ﬁethod. The soil pH was measured in a 1:1 mixture of soil and
distilled water. Readings were taken on a model HZ Beckman pH meter.

Herbicide a@sorption was deterﬁined by shaking 20 grams of soil
with 20 ml of various herbicide concentrations for 5 hours. After
centrifugation,vOQS ml of the supernatant solution was mixed_with the
scintillation solution to  determine Ehe herbicide conceﬁtrétiéﬁ. ‘At
the same time blaﬁks were prepared from 0.01 N CaCLy and herbicide
solutions. The diffe;ence befweén blanks>and soil extracts was
cohsidered to be tHe amount of herﬁicidé adsorbedvﬁy‘the soil. All
saﬁples‘were dupliéated.

Pore volume or tota1 vo1ume of solution held by the soil was
determined Ey'oven drying the soil at 100-105°C for.atvleast 48 hours,
following every experiment. Also, the volume éf solution in both
plates and in the effluent reservoir were measured and substracted from -
the total volume that had passed through the column. The amount of
solution'ﬁasging_thrpugh the soil in a given time was read directly
from burettes éoﬁtaining the solutions. The volume of solution in
both éorous plates and effluent reservoir were substracted from the
total amount 6f solutipn applied to obtain the amount éf‘solution that
had passed through the ;oil. | |

The pumber Qf pore volumes displaged.through each column Was

calculated as the ratio of total amount of effluent over the measured
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CHARACTERISTICS OF SOILS USED IN STUDY = - -

»;» Particie7SizevDistribution  Norge Eufaula Stratford 1 Stratford 1T
Course sand G>50Q/9 ?0, O 365" 316,22 >g  ?=~:6?00_'7

N At Sand‘ e (750/") B 70.2 90‘00 " 87.3 8404

Course sht (29«—50/0 : 98 45 63 51
»‘Flne Sllt (3“~2@A9 .U%;?iiff.éibffi‘;gtf3}3;~fjjff;.%453fﬁﬂﬂ’
f:fPercent Organlc Matter '7f>i?i.28¥f?‘6;36i;  ff5d,3§i _)f;"fo.se

: Cat1on Exchange Capac1ty e e e
' (moep‘per 100 grams) T RER NN ;2,73f",t_>2;2ﬁ. Sl 2.3

: », pH .v ) : ’ ‘. : . \ 6’5 6. 6 6.4 v‘ “ 6.3




"fefpore volume.vif_l -

Textural stratifications were. obtained using Norge 5011 w1th either

1‘4}the Eufaula or Stratford SOllS in the same column The s01ls werev.

‘f acked in a 30 cm long glass column using the ‘same technique used for

b‘ﬁ"the non stratified case. Two stratified soil columns were prepared

';fpfor each combination in order to study the influence of the direction
":Qf flow on herbicide movement” B |

| Two water flow rates . selected for theistudy were" 1. 78 cm/hr and>>
» 0. 112 cm/hr thellatter is 16 timesbslower than the former The
'vaverage pore water velocity was obtained for each column by d1v1d1ng

'zthe soil-water flux by the soil-water content by volume.;;,




CHAPTER IV
RESULTS AND DISCUSSION

The amount of fluometuron and prometryne absorbed by each of the
-four soils is shown in Figures 2 and 3. Fer all the soil and herbicide
combinations, the amount of’herbicide‘adsorbed'increased linearly with
subsequent increasesvin the supernatant copcentration. The slope of
the lines in Figure 3 illustrates the greater amount of prometryne ad-
sorbed as compared to fluomefuron for the'saﬁe soils. Norge loam ex-
hibited wi;h'the greater adsorption for both herbicides, this was ex-
pected owing tp the larger organic matter,and‘ciay;content and CEC,
Eufaula adserbed fhe least amount‘of prometryne and fluometuron, pro=-
bably due to its lower organic matter and elay content.

The 200 ml volume of 0.01 N’CaCl2 thét‘containes the herbicides
fluometuron or prometfyne was equivalent to applying 13.4 kg/hae
(12 lB/A) to the soil surface. This is similar to é field situation
where the herbicide is being dissolved and displaced through a satufated
soil at a constant flow rate. Chloride and fluometuron concentration
distributions 'in 15 cm long.eolumns of Eufauia loamy fine sand and Norge
loam are presented in Figures 4 and 5, respectively. _The chloride
concentration curves show similar shapes for both soils with the dis-
tributign (near piston displacement) displaced to the left of the bulls
eye. This displacement to the left results from some pore.spaces not

contributing to the transport process; therefore, the pore volume

18
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'f;measuredlby.oyenfdryiné‘ls:not‘the true pore:yolume'ofathe'flowlngfsys-h
“:tem; Thls dlsplacement to the left 1s not attrlbuted to molecular fib:.
'bdlffus1on (32) due to the fact that the ‘pore. water veloclty was" greater;
'fthan 5 cm/hr for both SOllS. v - | | EREEE

”Relatlve fluometuron concentratlon drstrlbutrons for both 5011<.
,ére-élso presented-ln'Figures a*and 5;; These results show a 31m11ar
1 shape for both 301ls and are dlsplaced to the rlght 1nd1cat1ng herbicldeh

i retentlon:or adsorptlon bytthe’sorl The 0 8 relatlve concentratlon j

was obtained after 2.3 pote volumes had been displaced through the soil

colums.

;;Thé mlxing'and retention”of fluometuron'inf30wcm long COlumnsvof-
Norge and Eufaula sorls are presented in Flgures 6 and 7, reSpectlvely
"Chlorlde concentratlon dlstrlbutlons ‘are dlsplaced to the left of the

'bulls eye in both cases w1th a: larger dlSplacement occurrlng 1n the S

17 Norg»'soll As the length of the column doubled the curve dlsplace-

f;,ment from the bulls eye appears to double.f There ls no signlflcant
= dlfferences in the shape of the two chlor1de curves when the two SOll
‘lengths'are compared. | | | | | |

| ,Fluometuronhconcentratlon;curyes are,deplaced”tofthe?riéht:Off
o the bulls eye hav1ng a peak'relatlve‘concentratlon rear 076 vhe

'”curve d1$placement and lowered peak for the fluometuron, when compared

’1.w1th the 15 cm columns, 1ndicates the greater number of adsorptlon 51teskvv

.kfor herb1c1de in the longer column If the two curves were dlsplaced
’fto the right untll the chlorlde concentratlon dlstrlbutlon passed
vthrough the bullseye 1n Frgures 4 5 6 and 7 theamaxlmum fluomefufsnfy{
Vconcentratron would occur between 2 0 and 2 1 pore Volumes for Norge-kffv_

"-and‘Eufaula, Th1s suggests that for the flow1ng system there was no
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ZS1gn1f1cant dlfferences in.the‘amount of herh1c1de adsorpt1on
’ A compar1son of the relat1ve chlorlde and fluometuron concentra-
v}d,,t1on drstr1butions for Stratford I and Stratford II 1s shown 1n Flgures
5h8 and 9 reSpectively In F1gure 2 the fluometuron 1sotherm results
. shqw less adsorptlon for Stratford II than thatvfor StratfordiloetThe

~

'f‘ilower relatlve concentratlon of fluometuron ‘in Stratford II (Flguresv-

..ﬁt‘9) compared w1th Stratford I (F1gure 8) is ‘not the result of a hlgher"'

:‘fretentron or: adsorptron, but of the drsperS1on‘phenomena. 'Theulower
'oeak and earller arrlval of chlorlde and fluometuron in Stratford II
_-1s caused by the more complex pore geometry of th1sfso1l Visually
L,Stratford II has 8 larger aggregation than Stratford 13 therefore, a
{ffgreater pos51b1l1ty ex1sted for a w1de range of pore S1zes in. the packedl”‘
'f.;column;v When a herblcxde 1n a 0 01 N CaClz solut1on was dlsplaced by
i 0 Ol N CaSO4,'the 1nterface between the two solut1on was gradually and
L‘:"contlnually changlng due to the f1u1ds mlxrng rn the porous medla. dThe L
dm:ﬁ1x1ng process.ln a so11 is: due to a contlnuous varlat1on 1nkpore~.}

water veloc1t1es and the tortuous path through whlch the solute moves

"’;LIhrs allows some molecules’(or~solvent) to arrlve at.the effluent%p01nt

:earller than others mov1ng through Smaller pores and more tortuous
"paths .The tranS1tlona1 front that 1s formed between herb1c1de solu-_'
'fv;tron and CaSOA 1n the Stratford II sail column results 1n a. flatter
?chlorlde and herblcide relat1ve concentratlon dlstrlbutlon with anf_'
‘dearly arrlval 1n1t1a11y and a ta111ng off after the max1mun concentra-
.‘tron has been reached | | B S C
‘ ln‘those sorls that nresent w1der d1fferences rn part1cle s1zes
,and aggregat1on, a- pOSS1b111ty ex1sts for a wlder range.of pore‘water

veloc1t1es When the solutron flows 1nto thlS system (1 e,, Stratfordi
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v'fII) the pore veloc1tleS are qu1te dlfferente, w1th hlgher values in

larger pores and non-tortuous paths as compared w1th lower pore velo-

’Jf_city 1n small pores and tortuous paths.;-"

Relatlve chlor1de concentratron curves for‘alllsolla used.lnbthls‘
fgfstudy Were dLSplaced to the left of the bulls eye, 1nd1cat1ng a portlon
' fof the porosity not avallable for solutlon dlsplacement The amount_of_
:i"3pace occluded to water movement was larger for Norge soll llQZi.of
njthe total por031ty Avallable mathematlcal models der1ved from chroma~
‘:vtography theory, do not . descrlbe solute movement through such 3011 >
’f_columns (10) | T o s
Relat1ve‘fluometuron and chlorldeﬂlon concentratlon dlStrLbutlonb"
';for avstratiffed soil'column’composedvof Norgelloam‘and Eufaulabfine'
A;:i'sandy loam are 111ustrated in Flgure 10 hFigure;ll'shows{eimilar,nfv
- lcurves for the reverse arrangement of the two materlals.ﬁ It:Canwbevw
r‘seen that‘the amount of porous material not‘avallable for solutlon dls-.
',i“placement.ls about an average of the values found with.horge and Eufaula
rjlndependently.v kheﬁdrstrlbutron curves:have $1m1lar shapesjwlth‘the"
::lleft leg,of»the.fluometuron;eurve;:in’Norge-Eufaula stratifleationﬁ
’ havlng a‘greater slope‘and arr1v1ng at a hlgher peak however thle
;dlfference is not sufflclent to say conclu31ve1y that therekwas any -
v. slgnlfleant d1fference It should be noted that Norge has a 14 5%,Water._
lkcontent by volume and 5 14 cm/hr average pore water velocxty aThe;
":.values for Eufaula 3011 were. 26 l% and 6 81 cm/hr. If we conslder only{ v;
1g;the pores where the solutlon ls flowlng, 1n the Norge s01l the values"
vvare 31. 07 and 5 74 cm/hr for water content and average pore water“"v
vael001ty, reSpectlvely | hese new values show less drfferences compared

'wrth those obtalned for the Eufaula so11 Thlsvaasrsts;in expla1n1ng_.
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miln part“the 81m11ar shape that the two distrrbutlon curves presented

Pleshek (35) studying drspersion 1n lrnear heterogeneous porous.
:medla concluded that there was a slgniflcant effect of pore arrangementf
"i;:on dlSpetSlon.v However, he noted no signlflcant effect upon dlsper31onh

:~when one arrangement and 1ts reverse were con81dered The same conclu-_

:jigzslon was . obtalned for the stratified column w1th Norge'EUfaula and

t‘:irt:Sfreyerserv‘
: Fidure$rl?jendh13 showﬁthe&féléfiVe conceétr?tfon{distributfqng
for,theﬁchloride‘ion and fluometuronhfn,a,Norge-Stratfordllhstratifled
o coiumn;énd-lts’reverse.respeetively;‘:When‘the‘sequencelof soil was
"f.Norge;Stratford l' there could be detected a peak of fluomefuron curve,.
lat 1 9 pore Volume, hlgher than that found 1n the reverse arrangement
bbut thlS d1fference 1s not large enough to be con81dered 51gn1f1cant.
gThe por081ty change was 34 5% in: Norge to 24 3% 1n Stratford I and the
VKraverage pore water veloclty 5 14 cm/hr to 7 32 cm/hr, respectlvely |

The 1eft 1eg of the chlorlde and fluometuron curve$ for Stratford

';;.11 and Norge,vas 1nd1cated 1n F1gures 12 and 13 are shlfted to the left o

u'f_of those curves obtalned erm‘the Eufaula andfNorge;stratlfrcatlons;

: fThls 1s not due‘exc1u31ve1y to the retentlon process, ‘as?dlspersionV
'h;has a 51gn1f1cant ‘role owlng to the more complex pore geometry that
':. exrsts in’ Stratford I. Thls result could not be antlcrpated from the

?fluometuron rsotherms where Stratford I present a greater slope than
\'hEufaulalj For Flgures 7 and 8 the fluometuron concentratlon 1n ‘the
;effluent for Stratford I was detected more than 0., 2 pore volumestv
: "?earllerdthan fluometuron 1n Eufaula so11 column A more square;_
afchlorrde_concentratron:dlstribut1onlwasgobta1ned=1n_the;stratifiedw;
Ih;columnséoprorgefEufaulaithan;whenhNorgerStrathrthvcomblnation:was‘-»fl

Cused.t



s l  e " 1 L T T
NORGE STQ;&TF@R 5 |

-CHLORIDE
?LUOMETUPON

s L

_ D
14

A"Eigﬁfé-lz;* Re1at1ve Chlor1de and Fluome*uroﬂ Concenfrat1oq Dlstrlbutlons '
oo from 30 cm Long Saturated Norge-Stratford: I Stratified
Soll w1th a Water Flux of 1.78 cmfhre o : ‘



o

o
o

o

e ~' :- s F1gurel3 '.' 

R

i

STRATFORD i

- CHLORIDE
e FLUOMETUQON-\

NORGE

609 o8 0899

15 20

IO
VOLUME

PORE

Relatlve Chlor1de and Fluometufon Concentratlon Dlstrlbutlons

from 30 cm Long Saturated Stratford I-Norge Stratlfled SN

8011 w1th a Water Flux of 1.78- cm/hr




35

: The‘ethuenthCOncentration distribution'ohtalneditor‘chlorldedand?
fluometuron for the Norge Stratford II strat1f1catlon and 1t s reuersev
1are‘shown 1n F1gures 14 and 15 | The d1fferences shown b& these curvesb
vnlmply that the order of stratif1cat10n 1s of 1mportance to 1on and
‘ herblc1de movement.’ | o

Nlemann (33) stud1ed d1Spers1on durrngrflow in non- un1form heter-:
'geneous porous med1a constructed‘of dlfferent S1ze glassxbeads and -
vfconcluded that there was a srgnlflcant effect due to . the packlng t alvﬂ B
& "technlque used in the conStructlng of the porous med1a He also stated
'fvthat the d1spers1on coefflclent for a glven stratlflcatlon and 1ts‘ |
reverse are approx1mately equal |

Lenth (29) studled permeabillty 1n an octogonal model layered Wlth

f.d1fference slze glass beads1 Th1s procedure allowed the solut1on to be’jbp'

":1ntroduced into the porous medla from the d1fferent sldes alternatlvely} o

;;"He concluded that when a solut1on entered the system such that the face"?:ff

_5conta1ned only one bead size no path ch01ce exlsted, and therefore,ilf
’vfthe permeabllity was the same However, when water entered the system

-such that”morevthan-one bead‘s1ze‘was present on»the’facemaoch01cez1n"

13path exlsted and the permeab111ty changed and the d1Sper31on coeff1c1enthfv:

llncreased 1n the d1rect1on of decreas1ng permeab111ty A lower d1s-
jpers1on Was obta1ned when the permeab111ty was h1gh | |

| The poroS1ty and average pore water %elocity were 34 5% and 5 14
| lcm/hr,'reSpect1ve1y, for Norge and 27 3% and 6 52 cm/hr respect1ve1y

‘.for Stratford II These amounts show that the d1fference between Norge f

_loam and Stratford II are less than Norge compared to Eufaula or:;hn?

'Id Stratford I The porosity of Norge 1s 30% hlgher than Stratford I and

fﬂ20 9 A hlgher than Stratford II : Slnce the order of strat1f1cat10n 1S
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'hhlmportant for Stratford II anleorge, but noAsrgnlflcant;drfference‘
}was observed for Stratford I and Norge 1t was concluded that the
"effluent concentratlon was 1ndependent of the d1fferences in por031ty
‘of the‘two materlals present The Stratford I haska more homogeneous
"pore 81ze d1stribut10n,,and constant pore-water veloc1ty, wh1ch resultshh~l

>@>1n 1ess d1Sper51on in th1s sorl (Flgure 8) as compared to. that obta;nedddt

.d,;w1th Stratford II (Flgure 9) | | . L

Of a11 the SQllS studled Stratford II showed the greatest d1s~‘
perslon. Pleshek (35) po1nts out that the dlsplacement of one SOlUthHn‘;

"’by another f1u1d fllllng the v01ds in'a porous medla does not result

'l1n a-sharp plane of ‘a glven concentratlon Some molecules show(up -

mrller because they traveled at a greater pore weloclty than the average

| veloc1ty and a less tortuous path or a. comblnatlon of both Somejpar-‘

ucles show up 1ate due to an 1nverse behav1or in a porous media,

For all experlments cons1dered the water flux was constant,>

.,d L. 78 cm/hr, and at the high so1l water flux the molecular d1ffu51on of
:lchlor1de ions and fluometuron molecules was con51dered negllglble,
”;'The dlfterences in effluent concentratlon distributlon for these two
i,materlals 1n dlfferent 50115 were attrlbuted partlally to the retentlont'ngp
fiprocesses,.however, of greater 1mportance 1s the varlatlon Ain the B .

s;comple#‘pore geometry that the 50115 present whlch 1nfluences‘the

..dlspersion:process. ThlS spreadlng 1s 1nfluenced by the physlcal

‘characterlst1cs of the medla, the flow veloc1ty, and the dlstance d”:

*f?rtraveled._,
Flgure 16 shows the re1at1ve concentratlon dlstrlbution for the
~f\chlor1de 1on and f1uometuron 1n a Norge Stratford II strat1f1ed column

t a soll_water flux of O 112 cm/hr., Flgure 17 shows the same for the
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.thf41f5’.
;?reverse‘stratlf;catlon., As the water flux was reduced 16 trmes;v>‘
‘ﬁfmolecularvdlffuslon should be anvlmportant factor in the‘effluent
“concentratlon distrlbutlon for the two materlals studled 1nbthese
h.erperrments.l A comparlson of these curves w1th‘those‘at the hrgher
. water flux 1llustrate 51gnif1cant dlfferences, in fluometuron partlc-

: ularly., o | | ‘ - . |
' Chlorlde curves are ”more square" for the lower water flow rates
h».than for the hlgher flow ratesn —Thezlater.arrrval of~fluometurond1n |

‘the effluent (Flgure 16 and l7) also 1llustrate the lower dlspers1on
”;vproduced at. lower water flux.‘ The molecular diffus1on was expected to
be more important at 0 112‘cm/hr water flux,vthan at 1, 78 cm/hr water‘

fluxo' The greater Shlft of the chlorlde curves to the left of - the

"ifbulls eye may, however, be the result of molecular dlffusron._iy"

When Flgures 16 and l7 are compared an earller arrlval of the

“chlorlde lon and fluometuron molecule in the effluent 15 detected for

's.the Norge Stratford II strat;flcatlon as” compared to the reverse case.;‘

‘57Thus, the slower 3011qwater flux case glves simllar results to’those "

8 ;obtalned for the hlgher water flux._ These dlfferenoes are reduced
’f{however“when“the'water"flux'was decreased;lé.times.~.bf:‘A |

A quantltatlve comparlson of the‘retentlon and movement of

-“fluometulon and prometrynevln Norge rs shown in Figure 18.: Two.Inde-A
“tpendent experlments were conducted us1ng 51m11ar s011 columns;h The
’chlorlde c0ncentration distrlbutlon (Flgure 18) were almost 1dent1ca1.:
;MHerb1c1de curves show a highly 51gn1f1cant drfferences 1n adsorptlon L

";and diSplacement, conflrmlng the fact that prometryne is: adsorbed tov
c.a greater extent than fluometuron ‘as shown by the adsorptlon 1sotherm

.lresults presented ln Flgures 2 and 3 Because the prometryne concen-
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:f tratron drstrlbutlon eurve is so flat, glvlng a peak relat1ve concen-,
;{;trat1on of about 0 1 after several pore volumes, thlS herbic1de was not
:used 1n the so11 strat1f1cation study. | |
| The adsorptlon isotherms for prometryne in Stratford I and
'_Stratford II are shown in Figure 3.‘ Practlcally the same adsorotlonbof :
:L‘prometryne can be considered for the two Stratford soils for the
‘Nherbic1de concentratlons studied.y As was. emphas1zed earller. when
3fdlscussing Figures 8 and 9, chlorrde and fluometuron movement through
‘fthese two solls are con51derably dlfferent. These dlfferences p01nt
..out the 1mportance of pore size: dlstrlbutlon on the shape and pDSItlon
oof the curves, Th1s same drfference oan be observed for prometryne in
. Figuresl9. In Figure 19 the 1ower peak and earlier arrlval of the‘
ﬁr.:chlorlde 1on in, the effluent of Stratford II 1llustrates the larger
{.dlsper51on mentioned before._ A more 51gn1f1cant dlfference 1s shown S

:’by the relative concentration distrrbutlon of prometryne. The herb1c1de

hh:was detected 1n the effluents of Stratford II l 4 pore volumes in

;'advance that prometryne in Stratford I w1th a 1 78 cm/hr water flux

v_frused 1n both exper1ments.-7”‘
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" CHAPTER V.
© 'SUMMARY AND CONCLUSIONS

‘TherimportanCe of a so0il textnral stratifioation on.the movement

'.‘3kand adsorptlon of chlorlde and fluometuron was studled. Also studled,

J: were (1) moblllty of two herb1c1des (fluometuron and prometryne),
_and (2) the 1nf1uence of so11 textural stratlflcatlon at two sorlqv'
”3Hwater flow rates.;f o ” :
‘ The maJor conclus1ons drann from the above study are:
vl;: Prometryneﬁwas adsorbed rn greater quantltles thandfluometuron
’hyaeaehwof thesfourksorls‘stnd1ed. Thls was true 1n both the eqult

fTlibrinm*andJtransient‘experimentsa

'~2;5 The relatlve effluent concentration distrlbutlons of chlor1de v

s f;and fluometuron from the Norge,Eufaula,‘and Norge.Stratford I sollth: o

‘istratlfications and the1r reverses do not show dlfferences ow1ng tozfdhf_
‘dthe dlrection of flow through the stratification.. .,"-d'v
'13> The relatlve effluent concentration distrlbutrons from theff;;"

tfg]Norge Stratford 1T and 1ts reverse stratlficatlon are dlfferent and'

"i}edependent on the order of strat1f1cation.-~"

17'74” The most 1mportant factor 1nf1uenc1ng chlor1de and herb1c1de _

E’-'movement and the1r dlstribution within the 5011 prof11e 1s the range in

f'pore sizes. The greater the‘poreus1ze,dlstr1butlon the more»drspersxon .

{or mlxrng that occurred at the hlgher 5011-water flow rates.:

:u”h§;f Differences 1n 5011 porosity of 20 to 30% between s01ls
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. apparently had no influence on.thé cﬁlofide and fluometuron relative
effluent concentrétion:diStribution.. Howeﬁer, the po;é size distri;
-butions:for these soils were natraw and produqed a‘minimum amount of
dispersion owing to the mass flow proceség

,6’ The twé soil-water flow rates illustrated that chloride aﬁd
herbicide movement areléonﬁrolled priﬁarily by dispersion at high flow
rates. Ion and molecglar diffusién‘played only a small rcle in the
effluént concentration distribution er sPreading,obtained at the

higher flow rates.
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