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STUDY PURPOSE & PRINCIPLE

A soil column leaching study for perfluorooctanoic acid (PFOA) was designed by
DuPont to determine the vertical mobility or leaching of air deposited ammonium
perfluorooctanoate (APFO)/rainwater mobilized PFOA through clayey silt and '
silty clay soil. This leaching study will begin in 3Q04. Unpublished studies
conducted by DuPont have indicated that APFO in air emissions is deposited as a
particulate material on the ground surface. These particulates are dissolved in
rain water and carried through the soil column as PFOA.

The principle of this testing is to subject natural soil columns, approximately six
cm diameter by thirty five cm in length, to defined periods of artificial rain. APFO
will be dissolved in a small volume of distilled/deionized water and applied to the
top of the soil column. At regular time intervals, artificial rain will be applied to
the top of the column and the leachate draining from the column will be collected
and analyzed to determine PFOA concentration. In addition, after the leaching
process is complete, soil samples from the column will be sampled from various
depths within the column and analyzed for PFOA.

The test method used for this soil leaching column study is derived from Pesticide
Assessment Guidelines Subdivision N, Chemistry: Environmental Fate, Series
163: Mobility Studies (EPA-540/9-82-021; Appendix A) prepared by the
Environmental Fate Branch, Hazard Evaluation Division of the Office of
Pesticide Programs in 1982.

Study Objectives

There are two main objectives of this study. The first objective is to evaluate the
leaching behavior of air deposited APFO/rainwater mobilized PFOA in silty clay
or clayey silt. The second objective is to provide data for estimating the leaching
potential of PFOA, including determining and verifying the following parameters:

QO retardation factor
0 percent adsorbed/desorbed

O mass balance

Materials and Methods

The protocol for this soil leaching column study is described in Research Methods
in Weed Science (second Edition, 1977), Truelove, B. (eds.) in a paper by Weber,
J. B. and Peeper, T. F. (see Appendix B). The paper by Weber and Peeper (1977)
is a recommended reference in EPA-540-9-82-021. A 1986 edition of Research
Methods in Weed Science includes a revision of the 1977 paper by Weber and
Peeper. The same soil leaching column protocol is presented in the 1986 paper by
Weber et al. along with very clear figures showing details of the setup that were
not included in the 1977 paper. The Weber et al. (1986) paper is included as
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Appendix C and the figures referred to below are from this paper. In the
following sections, the soil core acquisition and soil leaching study procedures are
summarized.

Soil Core Acquisition

There are two major types of soil columns used to investigate leaching behavior
in soils, natural soil columns and hand-packed soil columns (Weber et al., 1986).
For this study, natural soil cores will be used. The natural soil columns will be
obtained from the Holocene floodplain at the Washington Works Site. Ideally, a
location that has minimal PFOA impact to soil will be selected. Analytical data
from the site and the results from air modeling conducted at and near the site will
be used to determine potential coring locations. The exact sampling location will
be determined following a field visit and the sampling location will be marked
with flagging and surveyed. Soil column collection will be documented with
notes and photographs, if permission from the site is obtained. The core
acquisition procedure, as described by Weber and Peeper (1977) and Weber et al.
(1986), will be utilized. However, the procedures may be modified as necessary
based on actual field conditions. Any modifications to the soil core acquisition
procedure in Weber and Peeper (1977) and Weber et al. (1986) will be
documented in the report issued following the completion of this study.

It is anticipated that nine soil cores will be collected from the sampling location,
six for laboratory testing and the soil column leaching experiments and three for

- future use, if required. At the coring location, the surface conditions will be

photographed and described in a field log. For soil core acquisition, nine sample
tubes of pre-cleaned, schedule 5 stainless steel sample tubes (approximately six
cm diameter by 35 cm long) will be used. The bottom edge will be sharpened for
ease of soil penetration. The stainless steel sample tubes will be driven 30 cm
into the soil using either a driving block and a sledgehammer or the weight of a
backhoe bucket. All nine sample tubes will be driven into the soil immediately
adjacent to each other. The soil surrounding the sample tubes will be exposed and
described to a depth of 30 cm. Soil surrounding the sample tubes will be sampled
on five cm intervals (0-5 cm, 5-10 cm, etc) to a depth of 30 cm. Each of these
samples will be homogenized in the field and each sample will be submitted for
moisture content, total organic carbon (TOC), pH, clay content and texture
analysis. Each sample tube will be removed with the soil core intact, taking care
not to disturb the soil core in the bottom of the pipe when removing the pipe from
the ground. The top and bottoms of the sample tubes will be marked on the
outsides of the sample tubes. The ends of the sample tubes will be packed with
glass wool, capped and sealed with tape to prevent disturbing the soil cores during
shipment to the laboratory. The sample tubes will then be sealed in individual
plastic bags and shipped to the laboratory in an upright position.

In the laboratory, five of the nine soil cores will be prepared for use in the column
study. Three soil cores will be stored in a cold room for future use, if necessary.
The remaining soil core will be used to obtain soil samples that will be analyzed
for background PFOA concentrations. Soil samples from this core will be

08/24/04 Page 2 SoilColumnStudy.doc



1.2.2

collected from five-cm intervals the length of the column (0-5 cm, 5-10 cm, etc).
Each five-cm interval sample will be homogenized and sampled for PFOA
analysis.

Test System

The soil leaching procedure described by Weber and Peeper (1977) and Weber et
al. (1986) will be utilized for this study. However, this procedure may be
modified if needed. Any modifications of the procedure in Weber and Peeper
(1977) and Weber et al. (1986) will be documented in the report issued following
the completion of the study.

The five soil columns will be preconditioned by wetting the columns thoroughly
and allowing them to drain overnight to field capacity. The wetting solution used
will be a 60 uM CaCl, solution made from deionized water. Figure 1 (in
Appendix C) from Weber et al., 1986, shows a cross section of a natural soil core
leaching system using a continuous saturated flow. This study will use the same
setup but with saturated/unsaturated flow. Three different volumes of APFO,
equivalent to application rates of 0.05, 0.1, and 0.2 kg/hectare, will be dissolved
in a small volume of distilled or deionized water and applied to the surface of
three of the soil columns. The fourth column will be used as a duplicate for the
soil column in which the mid-concentration of APFO was applied. The applied
APFO in solution will be allowed to equilibrate with the soil prior to beginning
the leaching process. In the fifth column, no APFO will be applied to the surface
of the column. A nonsorbing and nondegradable polar reference substance, such
as sodium bromide, will also be applied to the tops of the five soil columns to
determine breakthrough point.

Prior to initiation of the leaching study, glass wool will be placed on the top
surface of the columns. Artificial rain (the 60 uM CaCl, solution made from
deionized water) will be applied to each of the five columns, using an application
rate of approximately 1.6 cm/column/day of artificial rain. This application rate is
slightly higher than the recommended rate of 1.2 cm/column/day of artificial rain
but is the volume required to generate approximately 50 ml of leachate per
application, the minimum volume required for PFOA and tracer analysis.
Leachate will be collected daily, 24 hours after the application of the artificial rain
and prior to the subsequent application. Leachate will be submitted to the
laboratory once a week and analyzed on a batch basis. The column study will be
considered complete when the concentration of PFOA in the leachate has returned
to a non-detectable amount or has leveled off to a constant concentration. After
the final leachate sample has been collected from each column, the leaching
apparatus will be disassembled and the soil columns will be removed from the
column and divided into five-cm intervals (0-5 cm, 5-10 c¢m, etc.). The soil from
each 5-cm interval will be homogenized and analyzed for PFOA.
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Analytical Methods

PFOA concentrations will be determined in the following media:
O solution used for preconditioning the five columns

O solutions containing various amounts of PFOA used to spike the four
columns

O artificial rain applied to the five columns
O leachate from the control column that was not spiked with PFOA

O leachate from the four columns that were spiked with varying
concentrations of PFOA

O soil samples (0-5 cm, 5-10 ¢m, etc.) from the five columns used in the
leachate study after taking the last leachate sample from each column

Q  soil samples from one column (0-5 cm, 5-10 cm, etc.) not utilized in the
column study

In aqueous solutions, PFOA is extracted from water using C;3 solid phase
extraction (SPE) cartridges. Analysis is performed by liquid chromatography-
tandem mass spectrometry (LC/MS/MS) using selected reaction monitoring
(SRM). Quantitation is accomplished via external standard calibration.

For soil samples, the samples are mixed with methanol, sonicated, centrifuged and
filtered. The methanol extracts are analyzed by LC/MS/MS. A known quantity
of the labeled compound PFOA-di-13C is added to every sample and to the batch
quality control samples prior to extraction. Because the isotopically labeled
compound is chemically identical to the compound of concern, it is affected by
any interfering substances in the sample to the same extent, as is the compound of
concern.

Data Analysis and Reporting

After all of the results of the analysis of PFOA in leachate and soil have been
obtained, the data will be analyzed. Following data analysis, the testing
procedures, test results and data interpretation will be documented in a report.
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Seriss. 163: MOSILITY STUDIES

§ 163=1 Leaching and adsorption/desgorption gtudies.

(a) Purpose, The movement of pesticide residues by means of
lgaching through the soil profile or transport to and dispersion
in the aguatio enviromment may cause contamination of food, result
in loms of ugable land and water resources to man due to contamina~
tion of groundwater supplles, or cause habitat losa to wildlifes
Therefore, laboratory studies are required to predick:

(1) the leaahi:ig potential or pesticides and their degradates
through the soil profile at terrestrial aites: and

{2) The movement of pesticides and their dagradates to and
dispargion in aguatic zites.

{b) Rhen required. ZILeaching or absorption/desorption data
are requivred by 40 CFR § 158 to support the registration of an exnd-
use product intended for demestic outdoor uss, greenhouse use,
tarrastrial poncrop use, orchard crop use, field-vegetablé crop
use, forestry use, aguatic vse, and aquatic impact uses involving
direct discharges of treated water ints outdoor aquatic sites.

Such data are also required to support each application for .
reglstration of a manufacturingwuse product whichk may legally be
ugad to make such an end-usa product, See, specifically, 40 CFR

§ 158,50 and § 158.130 to determine whether these data must be
submitted. Section IT~A of this Subdivision contains an additional
discussion of the "Formulators' Exemption" and who tust submit the
required data as a geneval rule,

(¢} Test standards., Ieaching or absorption/desorption data
gsubuitted in response to 40 CFR § 158.130 should be derived from
tests which comply with the general test standards in § 160~4 and
all of the following specific test gtandards:

(1) DTest substance. Studiss shall be conduated using each
active ingredient in the product. .

(i) If radio:l.sotopia analytiqal tachnigques are usad (they are :
preferred), studies shall be conducted with the analytical grade of i
aach active ingredient in the product; f

{(ii) If non=radioisotopic analytical. techniques are used,
studies shall be conducted with the technical or purer grade of
eagh active ingredient in the product. -

{2) Test procedurs. (i) Anmalytical technique- selection. a
laboratory study should he conducted to provida a quantitative

estimata of pesticide mobility in soil or absorption/descorption on
sediments, :
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(ii) Amount of test substance. An amount of test substance equal
to the highest recommended rate for a single application of the
pesticidal active ingredient should be added ta the soils/sediment
utilized in these studies. .

(iid) Soil selection, Each study should include, at a minimm,
four solls, such as sand {agricultural) , sandy loam, gilt loam,

' glay, or clay-loam, aach having a pi within the range off 4=8.

-However, if the peaticide is to ba limited to use with one specifie :
aoil type, then the soils gelected should include that specific i
goil types In addition, i the pesticide is intended for an agoatic :
use or for an aguatic impact use involving dirsat discharges of
freated water into outdcor aguatic sites, bateh equilibriwn
'(adsorption/desorption) studies on one aguatic sediment. obtained
frem or reprasentative of tha proposad use area ghould be provided.

(A) At least ona of the soils selected should have an organic
matter contant less than or equal to one pexrcent (sand or sandy
loam preferred).

(B} Ome of the soils should be the soil used for § 162-1 ;
(aerchic soil metabolism atudy)« This soil prefoerably should ba a i
sandy-loam soil. This soil shall ba used to study leaching of '
pesticide degradates.

{iv) Preparation of soll for study of pagticide degradates.
The test substance should be aged under aercbic conditions for 30
days or one half~life (whichever is shorter) in the soil selected
in paragraph (e)(2)(iii)(B) of this section. The treated soil ~
should be maintaided at a constant temperature between 18 and 3o°c.
The temperatura chosen ghall be the same as that selected in the
aerobic soil metabolism study § 162-1) if that study is also
required. The treated goil should be maintained at a =oll moisture
content of 75 percent of 0,33 bar moisture gontent during the aging
pericd. At the end of the aging period, either a portion of the
aged soil containing the pesticide and its degradates or axtracts
obtained from the aged seil should be tasted by one of the methods ]
set forth below: .

(A) The extract may be tested on soil thin layer chromato-
graphic (TLC) plates as required by paragraph {c)}{2)(v)(A) of thim
geation; or

(B) The portion of aged soil may be added to the prepared
soil columns az yegquired by paragraph (c)(2)(v)(B) of this section;
or
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(C) Alternatively, the mobility of individual degradates which
have been demonstrates independently to occur in goil afte::.' the
aging pariod specifisd in paragwaph (o) (2){v) of this sesction.

(v) Analysis methods. For tervestriz] noncrop uses, qrehayd
orop uses, field-vegetable crop uses, and forestry uses, the mobility
of the test substance and its degradates in soil should be agsessed
either by soil thin layer chromatogwaphy, soil colmn, or batch

. aquilibrium (adgorption/desorption) procedures described below in
paragraphs (), {B), and (C), respectively. For domestic cutdoor
usen, greenhouge nses, aguatlc uses, and agquatle impact uses, the
mobility of the test substance and its degradates in soil shall be
assessed only by tha batch equilibivium (adsorption/desorption)
procedure. Whataver proceduva ia salected must he followed for
all soils studied. :

. (a) Soil thin-layer chromatocraphy (TLC) study. Soi) TLC
studies to predict the leaching potential of peaticides and their
degradates in soil should be performed as follows: TIC plates

should be prepared uslng the soils described in paragraph (¢)(2)(iii)
of this saction, to which both the test substance (parent pesticide
. and degradates) are applied, Application of reference pesticide

standards on each TIC plate in addition to the test substance ls ;
required, to asgess the velative mobility of the teat substance to |
that of othmr pasticides whose lzhoratory and f£ield leaching behavior |
i3 already known. For expsrimental procedurss on goll and plate L
preparation, pesticide application, plate development, pesticide
visunalization, and Rf calculations, see reference (1)(ii} of
paragraph (a) of this sactiomn.

{B) Soil column study. Soil column studles to define the
vertical digtribution of the test gubstance and its degradates in
the soil profile should be performed as follows: The column(s)
should be from 30 to 300 cm in height, consisting of scils described
in § 18631(e)(2)(iii), and should be eluted with a volume of water
equal to [groundwater recharge values of] 20 inches (50.8 om)
times the cross sectional area of the column. A distribution

. auzve of the test substance In the column shall be determined by
’ quantification of the test aubstance and its degradates in 6 om
degments and in the eluata. For experimental proceduraes on conducting
a goil column gtudy, see refarsnces (1)(i), (1ii), (iv) and (v) of
paragraph (e) of this asection.

(C) Batch equilibrium (adsorption/degorption) study. Adsorp-
tion/desorption coefficients caloulated £xom a bateh egquilibrium
study are uged along with solubility data to predict the extent or -
depth of pasticide leaching in the different soil types tested,
and also the extent of pesticide adsorption/desorption on sgediments
when agquatic or aquatic impact uses are proposeds Tha study shotld
be conducted using the soils described in paragraph (c){2)}{iii) of
this section, plus one representative aguatic sediment (if an
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aguatic or aguatic impact use invelving divect dischazge is proposed).
fhe test substance including its degradatss identified in and
extracted from the asrobic soil metabolism study ( § 162=1) should
ba equilibrated with the solls and aquatic sediment selaated for
this study at four congentrations in a 08.01 ¥ oz M Ca lon dolutlon.
! If necazsary, a small amount of acetons or other solvent may be
used to achleve solution of poozrly solubla geaticides ox degradates.
Por experimental proceduras on conducting bateh aquilibriwm (adsorp-
tion/desorption) studies, including calculaticn of Rd values, see
references (3)(i) through {xii) and (4)(1} and (i1} of paragraph
{e) of -this saction.

(d) Repczting and avalustion of data. In addition %o the
" applicable repurting requirements spacifiad ip § 160-3, the test
report should contain the follewlng specific information:

(1) Boil tliin layer chromatography {TL=). The mobility of J
pesticides and their degradatas should be wvepoyited asg mobiliky ‘
clags 1 to 5, corrsaponding to RE values of 000 to 0.09 [immobile
(class 1)1, 0010 to 0.34 [low {class 2)1, 0-35 to 0.64 [intermediate
(clags 2)], 0065 to (.39 [mebile {olass 4)], and 0,90 to 1.0 [very
mobila (olasgs 5)1, respeckively. Values of soil/water ralationships
{X3) should be zepsrted using appropeiate Re to Xgu/Kg aquationd,

Examplas of calculations used in determining K3 values ghould be
eridaﬁo ’ ' . ) . .

(2) Soil column study. Valuss of soill/water relationships
{X4) should ba reported foxr the test asubstasca aad iis dagradates
using appropriate equavions. Eramples of caloulations used in
determining X4 values should ba provided.

(3) pPatch equilibrium {adsorpiion/degorption) study. Adsove-
tion/degorption data to be geported ghould inciude concentrations
of the test substancs, including its degxadates, partivioned betwaen
soil and water and caleulated as Xy velues from the concentrations
using appropriate equationa for caleulaving such values. IL the
yreundlich equation is used, examples of ealoulations for 1/n and
X values chould be provided.

(e) Referencas. (1) The following references contain expexi-
mental procedures for vondueting mobility (leaching) studies:

{i} Grover, Ro 1972. HMobility of dicamba, picloram and
2,4=D in spil columnd. Weed Sci. 23:159~162. [This paper compares
leaching ratas using soll columns and adsorptlon parameters fox
several soilepesticide combinations. It illustzates that theories
relating adsorption and movement can be verified with soil columms
and the zesulting data can be velaked to fleld movements.]




ES

. . 07/p7/04 WED _18:11 FAX 703 308 1850 U.S. EPA.OPP,FEAD.GISB &
. N 007

68

(ii} Helling, GeS. 1971 Pesticide mobility in solls. To
parameters of thinwlayer chromatography. Soil 8ci. 800« AWer. Trode
a5: 732-737.  [This paper discusses the usefulness of goil thinelayer
chromatography and datails experimental DATAMELETS,]

SaFop Cako Brackett, and Jobw Plsher. 1975.
‘ . Fate of microbicidal y-igothiagolone compounds in the environment:

medes and xates ol dissipation. Jd. Agre Food Cheps 23:1060-1068.
[This paper contains a progedure for a column leaching study.]

{iv) Tichtensteln, BePs, KeRa gohulz, and T.W. Fuhremann. _
1972, Movement and fate of dyfonate in soils under leaching and ‘
nonleaching c¢onditions. Jo AgLs Food Chem. 20:831~838, [Both GIC i

were used in chis study with radio=labeling .

* and radlo-tracer analyses
in two positions to allow 11lugtration of different types of degra—

dation products and theix movemsnt in 20ilz.]

{ peber, J.B., and ToPs PQ@pPer. 1977, Herbicide Mobility
jn Soils, Bpe 73-78 la Research Methods in Weed Sclenc@. Bs
Truelove {edo)s 8a Wead Sci, focs Second Edition. Buburn Printing,
Ince Auburn, Alabama. (This paper providea a brief but degoriptive
analysis of procedures for the gtudy of herbicida leaching in

soil, and it discusses the two major types of columns used for

these studies.

{iii) xrzeminski,

{v)

{(2) The following zeferencas contain supplemental informabion i
pertaining to mobility studiess : D
. Bailey, G-Wo, 2né Jele Whiteo 1970.. Factor influencing the i

adsorption and movement of pesticides in soils. Residue Rev. 32:29- B
92, [Thig is a good general review discusaing pitfalls to be aware
of in planning or intarpretation of leaching experimants.]

(1)

(ii) Hamaker, JoW., and J«Ma Thompson. 1972. Adsorption. Fp« :
49-143 in Organic Chemicals in the Soil Enviromment. Vole Io CoBela
Goring and J.W. Hamakex {edg.) . Margel Dakker, Ind., New York, .
{This is a basic review of the theoratical foundation of pesticide ,
adsoxption on soils and an encellant gource for equations and the i
derived constants characterizing pesticidesoil adsorption. The tables
of data may aid in initial range~finding.]

(ili) Teistra, M., and W.A. Dekkezrg. 1976, ceomputed effects
of adsorption kinetics on pesticide movement in goils. J. Soil Sci.
28:340-350, [This is a theoretical paper that may be useful for
interpretation of leaching studies, sinca it illustrates the importance
of rainfall pattern with respact To pesticide leaching.]
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(iv) ZLeistra, M., J.J» Smelt, and R. Zanvoort. 1975. Per=
sistence and mobility of bromacil in orchard soils. Weed Res.
18:177-181, [Thiz article is recomuended for those planning and
interpreting pesticide leaching expariments. It zeports that the
leaching of a pesticide in field experiments was substantially
lower than pradicted by caloulation fram results of s0il-TLC

experimentad]

(v} tindstrom, FuTop L Boerama, anpd P. Stockard. 1971. &
theory on on the mass transport of previously distributed chemicals
in a water saturated sorting porous medivm: Isothermal cases.
8ail Sci. 112:291=300, [This paper presents a +heoretical model
for predicting pesticide movement £xom adsorption data and flow
rates.]

{vi) Oddgon, Jefe, J= lotey, and L.V. Weeks, 1970. Fradicted
distribution of organic chemical in solution and adsgorbed as a funciion
of position and time for various chemical and s0il properties. Soil
Sed, S8og. Amer. 3431412-417. ([This paper presenta a thegretical model
‘for the movement of pesticides in soils.] )

{vii) Van Genuchiten, HoTe, Pude Wierenga, and G.A. O'Connor.
1977. Mass transfer atudies in sorbing media: IXI. Experimental
evaluation with 2,4,5=T. Soil Sei. Sco. Amer. 41:278-2835, [This
paper prasents comparisons of model calculations and experimental -
data, and it may be useful for planning or interpretation of leaching
expariments.] : -

(3) The following veferences contain exparimental procnddres forx
conducting adsorpticn/desorption studiess

{i) Aharonson, N., and U, Kafkafi. 1975. Adsorption, mobi-
lity and persistence of thiabendazcle and methyl 2~benzimidazolecar«
bamate in soils. J. Agr, Food Chem. 23:720~724. ([The techniques
and methods used in this study are useful fox both adsorption/d -
esorption and lezaching studies.]

(ii) Farmer, W.F., and Y. Aochi., 1974. Picloram sorption
by soils, Soil Sci. Soc. Amer. Proc. 38:418-423. (Methods of
adsorption and desorption -can be found in this study.)

(Lii) Grover, R., and R.J. Hanca. 1970. Effect of ratio of
soil to water on adsorption of linuron and atrazine. Soil Sci.
1095136~1368. [This paper praesents information on the soil-water
ratio to ba used in lakoratory studiaes of pesticilde adsorption to
80il5.]

(iv) Hamaker, J.W., C.A.I. Goring, and CeRa Youngson. 1966
Sarption and leaching of 4-amino-3 +B,6=trichloropicolinic acdd in
soils. Advancas in Chemistry Serjes €60:23-37. [The tachniques
and metheds used in this study are standard except for the time
allowed for equilibration. The data presented demonstrates the
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' affect of PR on a.dao:puﬁn of in ionized spacies and the Lnverse
calationahip batween partitioa soafficlent and adsorption.)

(v} Hance, R.J. 1967. The spaed O. atealnment of sorption
aquilibria in some Jyatemd involving herblcides. Weed Res. 712936,
[This atudy illustrates +ne use of rangs finding experiments to
find an equilibration time for meaningful adsorption expariments.
pachniques for adsorption and desorption axperiments and use of
rreundlich isotherms are presentad in this paper.)

(vi) Harvey, R.G. 1974. Soil adsorption and volatility of
dinitroanilineherbicides. Weed Sci. 22:120=124. (Dse of abgorp=
eion isotherma for the calculatien of latent haat of adsorption i
and the affsct of adsorption on volatility of pesticides are il«
lustrated in this paper.]

(vil) Leistra, M., and W.A. Dekkers. 1976. Computed affects
of adsorption kinaticsa on pesticide movement in soils. . goil Sl
28:340=350, {Thaa is a simulation of pasticide behavior on soils in

the fleld by computaer.] ‘

{viii) Leistru, M., and ¥.A. Dokkezrs. 1977. Some models for
the adsorption kinetics of pesticides in soil. J. Environ. Sci. i
Heslth 812(2):85-103., [This continuation of the 1976 paper (above) :
digcusses the multimechanism, multizate phancoeéna responsible for the
diffazrences cbaerved in rates of adsorption and rates of desorption.]

(ix) “ur=zay, D+S., P.d. Santelmann, and J.M. Davidson. 1975.
compazative adsaszption, degorption, and mobility of dipropetryn
and prometryn in soil. J. Axr. Pood Chema 23:578-%582. (The cor-
relation betwsen adsarption, sation exchange capacity, arganie
matter, and clay content is :llustrated in this paper, and adsorp-
siva/degorption ia compared with soil TIC experiments.)

(x) saltzman, § ., Le Zliger, and B. Yagon. 1972, Rdaorption 0
dagorption of parathion as affected by soil organic matter. J. Agri. ~
Food Chets 20:122}225. {The importance of organic matter in absorp- !
tion of pesticides by soil is discussed in this report.]

(xi) Savage, K.E., and R.D. Wauchope. 1974. Flueweturon ad= i
sorption/degorption equilibria in sodl. Weeds 22:106~110. [This :
paper digeusses equations used for computation of adsorption
isotherms and provides inforzation for aquation selection for
quantitative depiction of adsorption and desorption.}

(xil) Wa, CeH., ¥. Suedzring, J«M. pavidson, and ?.W. Santelmann.
1975, WNapropamide adsorpticn, desorpeion, and movemant in soils.
Weed Sgi. 23:484457, {Column leaching and soil TIC experiments
conducted and reported here ire correlated with adsorprion/desarphion

experiments.]
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(#iii) (Reserved fm;': CECD Guidelines for Testing Chemicals. Section .
1, Number 106, Adsorptlon/Desorption.) . i
(4) The following references contain supplemental informa- !
tion for developing a protocol for adsorption/desorption studles:

{1) . Bailey, G:W., and Jole Whits. 1970. Factors influence
ing the adgsorption, desorption, and movement of peaticides in
goils. Resldue Rev. 32: 29-92, [Thlia review provides background
information on the principles underiying the processes of adsorption
and mobility of pesticidas in soil.]

{i1} Weber, J.B. 1977, Soil Properties, Herbicide Sorption,
and Model Soil Systems. Pp. 59«72 in Research Methods in Weed
Bcience. 2nd Bd. - 8. Weed Scis, Soc.  Bs Truelove (ed)., Aubuxn
Printing, Ino., Auburn, Ala. [This is a general review of experi-
mental methods for determination of soil properties, herbicide
‘adsorption, and construction of simple model goil syetems.)

§ 163-2 laboratory volatility studies.

. e—

‘{a) Pur w VQlatilJ.zation can be a major mode for the move—'

ment of pesticides from treated aress. The vapors resulting from,

. . volatilization of gsome pasticides can cause adverse offects to man

! via inhalation exposure at sites of apolication or biological '
effecta in nontarget organismg at scme distance from the treated
Site., The Agency is particularly concerned about commercial green= !
house applications invelving intensive use of volatile pesticides, i
use patterns which are characteristically involved with commodities .
having high econciic walue and high labor requirements; such usas
can rasulk in aignif:.cant inhalation eacposure. to workers and appli-
cators,’ et .'.'“

(b) When requizéd. (1) Data fr:om a laboratory volatility
study are required by.40 CFR § 158 on a case~by-oase basis to
support the reglst::atian of .ea¢h -end-use product intended for
conmercial greenhouse, archa:d. or f:.e.ld-vegetahle erop uses that

. involve significant inhalation. axposure to workers. Data from
such a study are also required to support each application for
regigtration of a unufacturmg-use prodict which may legally ba
used to formulate such’ an .and-uge product; See, specifically, 40
CFR § 158.50, § 158.13D, "and 'tha following discussion in § 163.3-2
(b)(2) to determine whether these data mst be submitted. Section
II-A of this subdivigion contains ap additional discussion of the
"Formulatora' Exemption” and who must su.bm.t the required data as a
ganeral rule.

{2) The Agency will evaluate the following information pro-
vided by the ragistration applicant to make an assessment of what
aonstitutes a significant inhalation exposure to workers:
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(i) Vapor pressute at 25°C and watex solubility of the pes~
ticide active ingradient (§§ 63~9 and 63-8 of subdivision D)s

(ii) Soil adsarption coafficient (Kq) of the test sybstancea
waing the soil from & typical intended application site ( § 163-1
of this Subdiviaion);

(iii) Soild characteristics, including moisture content, at the - i
intanded site of application; ;

{iv) Method, rate, and interyals of pesticide applicationg

, {v) Temperature, humidity, and air flow rates at the site of
application;

(vi) Ventilation sequances or practices for commercial greem=
heuse applications; and

(vii) Inbalation toxicity of the pesticide (§§ 81-3 and 824 of
Subdivision F)e -

(3) ‘The data requizvements of this section may also be satise
fied by data produced frxom a study that meets the test standards
contained in § 163=3 (field volatility studies) s

(e) Test standards. Laboratory volatility data submitted in
response to 40 CPR § 158.26 ghould be derived from tests which comply
with the general test standards in § 160-4 and all of the fallowing
aspecific test atandards: .

(1) Test gubstance. The test suhstance ghall be a typical
and-use product.

(i) 1f the applicant's product is an endwpse product, the
test substance shall be a product whose formulation is typical of
the formulation category (@.d., wettable powder, emulsifiable
concentrate, wettable powder) to which the product belongs.

(i1) If the applicant's product is a manufacturing-use product
which legally could be used to make an end-use product for which
.volatility data are reguired, the test subgtance shall be a product
representative of the major formulation category which includes that
end-use product. (If the manufacturing-use product 1s usually
formulated into end-use products comprising two or more najor
formulation catagories, a aeparate study must be perforxmed with a
typical end-use product for each such category.)

{2) Test procedure. A laboratoxy study should be conducted v
to determine the actual rate or extent of pesticide veolatilization :
from soil under controlled conditions only for those pesticides
with uses the Agency eonsiders pose a potentially significant
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inhalation exposure to workers. Applicants may omit the laboratory
atudies and perform a greenhouss and/or field study Instead. - (See
§ 163=3.)

- (1) ﬁbora.tory experimental conditions should reprasent, to
the extent possible, an envirgmment whare the pesticide is intended
for use.

{1i) The rata of test-substance application to soil should '
approximate the intended rate of field usage. .

(1ii) The following factors should be addressed in designing a i
laboratory velatility study: ) i

(A) Properties of the peaticide such as vapor pressure, and
water solubility, which cin influence the twapping medium and alr
sampling rates;

{B) Proparties relating to the szoil, such a‘a adsorption to
soil and soil texture, to avoid uncoward redvction of the rate of
+  wolatility (e.g., sandy soil is preferred);

(<) Environmental factors, such as air temperature, humidity,
and movement, to avold untoward dehydration or flooding of the :
s0il, and to asgure efficlency of sampling.

(iv) Air samples should be collected and analyzed for residues !
in the laboratory experimental equipment used. Monitoring should
be conducted continuously or at intervals which increase with time
after the start of the experiment. »Monitoring should continue vntil
the nature of the residue decline curve has been clearly established.

(4) Reporting and evaluation of data. In addition to the
basic reporting requirements specified in § 160-5, the test report
should include the following specific information:

(1) Volatility data expressed as ug/cmé/hour;

(2) Air concentrations expressed as ug/md or mg/md;

. {3) Vapor pressure expressed as torr (or the egquivalent ex- !
pressed in'other conventional units):

. {4) Temperature and relative humidity;
(5) A description of the soil used; and

(6) A deseription of the laboratory tast equibment used.
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(e) Refersnces. {1) ‘The following references contain
laboratory studies of pesticide wolatility; information in these
papers could be useful for protocol development:

(i) Kearnay, P-C., and A. Kontson. ' 1976. A aimple syatem
+o0 simultanecusly measure volatilization and metabolism of pesticides
from solls. J. Bgr. Food Chem, 243424~426. [A polyurethane foan
trap and a potassium hydroxide trap were used to recover sequentially
the parent compound and degradation product from air.]

(i1) Spencer, W.F. and M.M. Claith. 1974. Factors affascting
vapor loss of trifluralia from goil. J. Agr. Foad Chenm. 22:987-991.
[The laboratory methods used for determining volatilization of
chemicals used in this study allow measurement of affecta of several
variables. The use of hexane as a trapping medium limits the gas
flow rates and volumes that can be used.]

{iii) Spencer, WoFs, T.D« shoup, M.M. ¢liath, W.J. Farmer, and :
R. Haque. 1979. Vapor pressure and ralative volatility of ethyl i
and methyl parathion. J. Agr. Food Chem. 27:273-278. [Polyurasthana
foan traps and GLC datection laigely gpacific for the compounds of
jnterest ware used here. BSpecific detection avoids interference that
may cauge falsely high vapor levels in field testing.]

(2) Volatilization studies require methods for the trapping,
extraction, cleanup, and quantitation of pesticides. A review of
reported methods for laboratory investigations of pesticides in
air can be found ins- ' .

(i) Lewls, R.Gs 1976. Sampling and Analysis of Airborne
Pesticides. Pps 51-94 in Air Pollution from Pesticides and Agri~ . i
cultural Processes. R.E. Lee (ed.). CRC Press, Inc. Cleveland,
Ohio.

{ii) [Reserved]

§ 163=3 Field volatility studies.

{a) Puzpose. Volatilization can be a major mode for the move-
ment of pesticides from treated areas. The vapors resulting from
volatilization of some pesticides can cause adverse affects to man
via inhalation exposure at sites of application or biological
effects in nontarget organisms at some distance from the treated

, mites. 'The Agency is particularly concernmed about comrercial green-
house applications involving intsnsive use of volatile pesticides, -
use patterns which are charactaristically involved with commedities |
having high esonomic value and high labor requirements; such uses
can resuylt in significant inhalation exposure to workers and appli-
catorag. i
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(b) When reguired. pata from & volatility gtudy conducted

on-gite in a commercial greenhouse and/or in the field will be -

required by 40 CFR § 158 on a case-by-case bagis only for those

pagticides that the Agency considexs pose a potentlally significante

halation exposure to workers [ses § 163-2(bl] and, based on the ,
. rasults of the laboratory study dascribed in § 163~2, that also ;

demonstrate, in the opinion of the Rgency, a significant rate of , [

golatilization from soils See, apecifically, 40 CFR § 158.50 and

§ 158.130 o determine whether these data must be submitted. Sectlon

IT~A of this Subdivision contains an additional digcussion of the

wpormulators’ Exemption” and who mmst submit the requlzed ‘data as a

general rulas ’

. (¢} Test standards, Fleld volatility data submitted in res-
ponse to 40 CFR § 158.130 should be darived frem testa which comply
with the general test standards in § 160-4 and all of the following
apecific test ptandards:

(1) ‘Test substanca, The test substance shall be a typical
and-usa producte ,

{1} If the applicant's product is an end-use product; the
+ast gubstance shall be a product whose formulation is typical of
the formulation category (®eg.., wettable powder, emulsifiable
concentrate; granular product) to which the product belongs.

(41) I the applicant's product is a manufacturing-use product

that legally could be used to make an end-use. product for which

.- yolagility data are required, the test suhstance shall be a product:
‘representative of the major formulation category which includes
that end-use product. (If the end-use products that could be made
from the manufagturing=uge product belong to two or rore major
formulation catagories, a separate study must be perfoxmed for
each guch category¥.)

(2) est procedures. (1) The test substance should be ap-
plied to & site which is typical of one of the aites to which the
product would be applied.

(i1) The test substance should be applied to soil at the rate
and by the method stated in the label dizections for the pesticide.

(i1i) The following factors should be addressed ln designing a
greenhouse or field volatility study:

(A} ©Properties of the pesticide such as vapor pressura and
water solubility, which ean influence the trapping medium and air
sampling rates; . ' !

: .(B) Properties relating to the goil, =such as adsorption to !
soil and soil texture, to avoid untoward reduction of the rate of
volatility (e.g., sandy soil is preferred);
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(¢) Envirommental factors, such as air temperature, humidity,
and movement, to avoid untoward dehydration or flooding of the
so0il, and to assure efficiency of gampling.

{iv) Air samples should be monitored for residues at treated
aites at intervals shich increase with time after pesticide appli~
cation. For example, tha following achedule of sawpling times '
might be appropriate for some situations: O and 12 hours, 1, 2, 4,
7, 14, and 21 days. Sampling should be continued until the nature

‘of the dissipation ourve has been clearly established.

(d) Reporting and evaluation of data. In addition to infor-

mation meeting the basic reporting requirements specified in :
" § 160-5, tha test report should include the following spacific .

information:
(1) Volatilicy data expressged as g/ha/day;
(2} Alr concentrations expressed as ug/ud or ng/md;

(3) Vapor pressure expressed as torr (or the equivalent
expressed in other conventional units); and

{4) Meterclogic conditions (temperature, relative humidity,
wind velocity and direction, and cloud covex) duxing the time of
the field study. R : .

{e) References. (1) -The following references contain aup—
plemental information for developing a protocel to conduct field
volatility studlies:

(i) Cliath, M.M., W.F. Spencer, Waeds Farmer, T.D. Shoup, and
Re Grover. 1980. Volatilization of S-ethyl N Nwdipropylthlocarba-
mate from water and wet soil during and after flood lrrigation of
an alfalfa field. J. Agr. Food Chem. 28:610~613. [This is a |
well-designed and wall-executed field study of volatilization with '
simultanaous ctudy of other modes of dissipation of a pasticide.]

{ii) Harper, LsA., R.W. White, Jr., R.R. Bruce, A.W. Thomas,’ ‘
and ReA. Leonard. 1976. Soil and mioroclimate effects on trifluralin
volatilization. J. Environ, Qual. 5:236-242, [Ethylene glycol vapor
traps and non-specific GIC quantitation were used in this study. The
influence of water in soil and thus rainfall during the study on
volatilization of & pesticide are illustrated as are effects of wind,
turbulence, and temperature.)

(iii’ rarmale, Le.Hs, E.R«. Lemeon, and A.W. Taylor,. 1972.
Micrometeorological measurement of pesticide vapor flux from bare
soil and corn under ¥ield conditions. Water, Air, and Soil Pollutis
1:433~451, [This study used hexylene glycol vapor traps and sampling -
periods adjusted to compensate for decrease in pesticide vapor
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concentration during the study. Pesticide vapor £flux from soll vas
caloulated and related o aicrometecrologicsl messuresents.)

{iv) Soderquist, C.Jd., U.Gs Czosby, X.W., Moilanen, J.H. Saibar,
and J.E. Woodgow. 1975. Oocurzence of trifluralin and its photos
products in air. J. Aqy. Food Cham. 21:304-309., (Although this
atudy was concerned with photolysis of pesticides in ajir, there
are procedures in this paper for measursment of volatilization of

a pasticide from soil.] | ;

{2) Volatilization gtudies require amethods for the trapping,
extraction, clsanup, and quantitation of pesticides. A reviaw of
raported aathods for field investigations of pesticides in air can
be found in:

(1) Llavis, ReGe 1976, Sampling and Analysis of Airborne
Penticideg. Pp. S1-94 £n Alr Pollution fxom Pesticides and Agricul-

iltural Processes. R.E. Lse (ed.)s CRC Press, Inc. Cleveland,
Chio. i

{i1) (Reservad]

l.l.




APPENDIX B

HERBICIDE MOBILITY IN SOILS
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INTRODUCTION

The relative ease with which a herbicide moves vertically
in soil is important in determining its efficacy, suitability
for use as a placement selective hergbicide, and potential for
contaminating ground water or drainage effluent. Movement
of a herbicide in soil is dependent on several factors, includ-
ing intensity and frequency of rainfall (19), soil properties

(2,3,8,12,13,15,16,20), and herbicide propertics (1,9,18,22),

As researchers have continued to investigate the leaching of
specific herbicides under conditions relating to specific soil
or cropping situations, a proliferation of variations in equip-

ment and procedures has occurred. These variaticns have .

made it somewhat difficult to interpret the movement of herbi-
cides through soil (22). Several investigators have quantita-
tively described the movement of herbicides through soils
using computer and conceptual models (4,7,14), and the
mass-balance approach (2). Several methods for measuring
relative herbicide mobility in soils have become generallv
accepted as standard state-of-the-art methods. They include
the use of soil columns (4,5,8,9,13,18,19), soil thin-layer
plates (10,11,12,22), and soil thick-layer trays (6,22).

The soil thin-layer plate technique utilizes a soil matrix
applied to a glass plate as the supporting medium. Herbi-
cides are spotted onto the plate in a manner similar to that
shown in Figure 1. One end of the plate is immersed in a
small amount of water at the bottom of a closed glass cham-
ber. The herbicides move up the plate and are separated
according to the principles of ascendin% chromatography (see
Chapter 10). The technique is relatively rapid and the results
are comparable with those obtained in adsorption studies, al-
though of an inverss natuare; i.., immobile herbicides are
stron§ly adsorbed and do not ascend the plate, while highly
mobile herbicides, which leach readily, are not adsorbed and
move freely (12). The thin-layer plate technique also offers
the advantage of allowing one to compare several herbicides
at the same time under igentical conditions.

The thick-layer chromatography technique utilizes a shal-
low tray filled with soil and placed in a horizontal position
(6). Herbicide is applied to the soil at one end of the tray
and one end of a cloth wick is placed on the herbicide-treated
soil, the other end of the wick is placed into a dish of water.
Water ascends the wick and diffuses into the soil carrying
the herbicide along. This technique has one distinct ad.
vantage over the thin-layer plate technique in that the soil
is deep enough to allow for a plant bioassay after the herbi-
cide leaching has been completed, as shown in Figure 2.

Figure 1. Application ot: herbicides to soil thin-layer chromatog-
raphy plates (courtesy of Dr. C. S. Helling, U.8. Department of
Agriculture, Beltsville, MD).

St g

turon ;

DS & i

gure 2. Bioassay showing the movement of fuonje
?gn;i]y soil thick-layer chromatographic tray [Wu and!
1)].

The soil column technique is somewhat slower thag i
thin-layer and thick-layer techniques but it does Have sevey,
features not present in the others: (a) soil columns may |,
used with field moist soils or soils at specific moi

in,
Santelm,,

ture level .

which is greferable to using dried soils; (b) natural soil cq,, °

may be obtained or surface soil and subsoil may
columns simulating soils in their natural state; (c
leaching under saturated or unsaturated flow conditions M
be studied; (d) soil columns may be readily disassembleq ,
permit the taking of serial samples for chemical |and radi,
chemical analyses and plant bioassay; and (&) herbicides m,
be applied to soils in soil columns and allowed to idecompos,
under near natural conditions before they are leached, th,
providing data on both parent herbicides and metabolite
(21). This chapter describes methods for measuri g the rel:
tive mobilities of herbicides in soils using soil colymns.

placed ,

DESCRIPTION OF METHODS

Basically, there are two major types of columins used ;
investigate the leaching behavior of herbicides in|soils: (.
natural soil columns, and (b) hand-packed soil colums.
Three types of hand-packed soil columns are used, dependit:;
upon the kind of soil assays to be performed after| the Jeac!
ing is completed. They include: (a) solid columns (in som
cases holes or slots are cut into the columns to aid in remo

herbiq“; :

ing the soil or to allow for bioassays to be carried out whe. *

leaching is completed), (b) stacked-cylinder columns, an-

(c) split columns. Figure 3 illustrates these variotis kinds r+ .

soil columns.

APPARATUS, CHEMICALS, AND OTHER
MATERIALS’
NAi’URAL Soi. CoLumn MEeTHOD

(A motorized, truck-mounted, column-driving uinit wouk
be useful if available.)

Columns (7 to 30-cm diam by 30-cm long galvanized '

steel pipes)
Hardwood driving block
Sledge hammer
Shovel
Plastic bags
Marking pen
Cardboard box




Filter paper disks

Glass wool

Buret, 500 to 1000-ml

Erlenmeyer flask, 1-L

Funnels (same diam as columns)
Brass screen (same diam as columns)
Teflon-lined tubing

Plastic ta

Deionized water

Np-Packep Som. Corumn METHOD

iColumns [9.5-cm (inside diam) by 80-cm lengths of poly-
i vinylchloride (PVC plastic) pipe, threaded and capped
i on one end]

!Soil sieve, 2-mm

! ‘—-FLASK —BURET
i
i
: —~WATER HEAD
i H—-FILTER PAPER surface
: -~
- F~GALVANIZED soi
STEEL PIPE,
14 A
Guace ~PLEXIGLASS
: NATURAL TUBING
! SOiL
: CORE
i .
"T~subsoil

A
|_GLASS WOOL._ | 8

L FUNNEL TAPED~Y
TO COLUMN

BRASS SCREEN

+———STOPCOCK

LONGITUDINAL CUT

FILTER PAPER~—le...]..,.

I —-PLEXIGLASS
CYLINDERS

*~PLASTIC PIPE

4=t~PLASTIC TAPE ~

4-orass woou—Jl |
F~BRASS SCREEN ——

.

C. D.

ure 3, Major types of soil leaching columns: A. Natural soil
f using a solid column. The scheme demonstrates the set-up
4 for saturated flow studies (B, C, and D are hand-packed soil
mns), B, Simulated soil profile, where surface soil and subsoil
added to the column in the position in which they occur in
Natura]l state. The scheme demonstrates the set-up used for
Aturated fow studies. C. Stacked-cylinder soil column. After
‘ling, the cylinders may be separated and assayed indepen-
tly. "D, Split soil column. After leaching, the column may be

vertically to provide two continuous half columns, one

10assay and another for chemical or radiochemical assay.

HERBICIDE MOBILITY ' 75

1.2-cm drill bit
Tubing connector
Marking pen
Silicone sealer
Vortex- mixer
Teflon-lined tubing
Buret, 500 to 1000-ml
Filter paper disks
Quartz sand
Deionized water
Spatula

Pfastic tape

Glass wool

" Saw

PREPARATION AND USE OF COLUMNS

NatrraL Somn. CoLumns

Seven to 30-cm diam, 14-gauge galvanized steel pipe is
cut into sections 30 cm long. A 1.5-cm steel rim is welded
to the top of each column for reinforcement. The bottom is
sharpened for ease of soil penetration, A brass screen is cut
to fit flush with the bottom of the column (see A of Figure
3). I columns of less than 23 cm diam are employed, it would
be desirable to use the divided-bottom technique of McNeal
and Reeve (17). This technique provides a column within-
a-column and reduces boundary-flow errors resulting from
water and herbicide moving down the walls. The soil must

“be removed from this column and transferred to plastic bags

for chemical analysis or to small pots for plant bioassay.

Hanp-Packep Scon. CoLumns

Each of the following columns is fitted with a plastic pipe
cap (see Figure 4). A 1.2-cm hole is drilled in the center
of the cap and the hole fitted with the female half of a tub-
ing connector packed with glass wool (see Figure 5).

Solid Columns
Solid columns, 30 to 40 em long are cut from plastic pipe
and threaded on one end. Since the soil must be removed

from the columns for bioassay or chemical analysis, the col-
umus should not be longer than 40 cm (see Figure 3.B.).

Stacked-Cylinder Columns

Stacked-cylinder columns are prepared from desired
lengths of plastic pipe with pipe cap attached. The pipe is

¥ o

£

Figure 4. Soil leaching columns, with split column feature, in
position for herbicide leaching, Note white silicone sealer at
joints and tape used to hold column halves together.
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Figure 5. Cucumber bioassay of split soil leaching column, The
herbicide applied to the upper column was immobile and was re-
tained in the upper 4 cm of the soil column, thus only cucumber
seedlings in the upper 4 cm were affected. The herbicide applied
to the center soil column was very mobile and leached readily
through the soil and out of the column. Herbicide which was
retained by the soil was uniformly phytotoxic to the cucumber
seedlings. The herbicide applied to the lower soil column was
very mobile in the soil and leached readily, but was present at

such high concentrations that it completely killed the seedlings

throughout the length of the column.

then sawed into 5-cm sections and reassembled by placing
the sections together with silicone sealer and tape (see Figure
3.C.). :

Split Columns

Split columns are prepared from desired lengths of plastic

- pipe, capped on one end. The columns are cut ongitudinally,

reassembled using silicone sealer, and reinforced by wrapping
with tape (see Figures 4 and 5).

APPLICATION OF HERBICIDE

When possible, herbicide should be applied to the soil in
& manner analogous to that employed in the field. Herbicide
may be mixed with water and applied to the surface or it
may be incorporated into the top 2.0-cm of soil. In either
case, the applied herbicide should be equilibrated with the
soil for several hours before the leaching process is initiated.

When MC-tagged herbicides are employed, mix formu-
iated, non-radioactive herbicide and 1C-tagged herbicide to
provide approximately 5 to 10 Ci of activity with the desired
application rate per soil column.

PROCEDURE FOR NATURAL SOIL
COLUMNS

PrEPARING THE COLUMNS

Select a representative site for obtaining the soil sample.
Examine and describe surface cover conditions. Record the
kind of crop and stage of growth, and any surface litter or
mulch cover. Describe the surface soil conditions, freshly
cultivated, cloddy, cracked, or crusted. Drive the 30-cm
long steel column’ approximately 25 cm into the soil using the
driving block and “sledge hammer. Remove the soil from
around the pipe to allow for easy removal of the column with-
out disturbing the soil at the bottom of the core. At the same
time, collect soil samples in plastic bags, from various depths
for soil moisture determinations. Examine and describe the
soil profile at this time. Determine texture and soil structure
and note any conditions that might influence water intake.

Carefully remove the soil column from the eartl), place j
a plastic bag, and stand it upright in a cardbgard boy ‘:’
transport back to the laboratory.” If longer columns are g,
sired, it will generally be necessary to use a pigle with , ,,"
ameter smaller than the recommended minimurh of 23,
If columns of iesser diameter are employed, it is suggey;,
that the divided-bottom technique of McNeal and Reeve (-
be used. '
In preparing the column for leaching, remove the plas:.
bag and place a small mat of glass wool and a |brass SCr,
on the bottom of the column, For many studies if is- desiry)
to establish the columns at moisture levels approxima;,,
field capacity. This may be accomplished mt}t easily ;:,'

standing the columns in deionized water and: applving a sy, .
amount of suction to the top of the column (s e Bath
ure 8). :

i
i

TO VACUUM
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+—VORTEX
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Figure 6. Preparation of Hand-packed soil leaching dolumns: A
uniform packing of column by addition of small increrhents of sail
and use of vortex-type mixer; B, prewetting of soil column by use
of subirrigation and gentle suction.
APPLICATION OF \VATER
For saturated flow studies, use plastic tape to| connect :

funnel to the bottom of the column and attach piece o
Teflon-lined tubing and a stopcock to regulate flow out of
the column. (See A of Figure 3.) Place a glass wool mat ar
a disk of filter paper on the surface of the soil and use an
Erlenmeyer ﬂalsf(3 filled with deionized water to maintain a
constant head of water at the soil surface.

For unsaturated flow studies, tape a funnel to the bottom
of the column as shown in B of Figure 3. Place a djsk of filter
paper on the soil surface and use a buret to regulafe the rate
of flow of deionized water through the column.; (A mor
accurate flow rate can be achieved by use of a micropump
and time clock arrangement.) The amount and frd quency of
watering should be commensurate with the rainfall or irri-
gation pattern for the area, '

Water may be applied to the columns by adding a specific
amount (usually 2 to 4 em) per day for a specifiefl time pe-
riod (usually 30 to 45 days). At the end of the leaching




od the columns should be allowed to drain and dry out
1 day or two hefore the soil is removed from the columns.

NMOVAL OF SOiL

Some soils may be remuved from the columns by pushing
entire soil core out of the column with a wooden plunger
ing a diameter slightly smaller than the column interior.
h other soils, .a sample must be removed from the soil
amn by use of a soil sampling tube (see Chapter 6) or
h a leng handled scoop. The soil column should be di-
pd into 5-cm sections. Each section should be placed

a plastic bag, thoroughly mixed, a sample taken and
ked for chemical or radiochemical assay, and the. re-
nder placed into small pots for herbicide bicassay.

' PROCEDURES FOR HAND-PACKED
' SOIL COLUMNS

i‘ZPAHJ NG THE CoLUMNS

Soil in these studies may be established at a specific soil
sture level by adding an appropriate amount of water to
:sample, mixing, and storing ovemnight in a plastic bag
ore the seil is put into the columns. If it is desired to es-
lish columns at soil moisture levels approximating field
acity, this may be acccmplished by placing the columns in
pnized water and applying gentle suction to the tep of the
imn (see B of Figure 6).

If a natural soil profile is unobtainable, a simulated soil
file_ can be a close approximation of the natural soil profile
wrring in the field. In using the method, soils - collected
n various depths are arranged in the proper sequence in
;s0il column, as shown in B of Figure 3.” Three types of
imns which may be employed are shown in Figure 3. The
! column, B, necessitates the removal of the soil from the
mn for bioassay or chemcial analysis. The stacked cylin-
;column, C, allows for ease of separation of the various
‘depths and analysis of the herbicide in each cylinder of
;soil column. The split column, D, provides a continuous
rcolumn for herbicide analysis. The recently developed
soil column and bioassay system shown in” Figure 7 is
1 & practical and simple system to measure herbicide (and
ir pesticide) leaching and bioactivity in soil.
The sample of soil from each depth should bz sieved
ugh a 2-mm screen, mixed, and uniformly packed into the
columns. The soil should be used in field moist condition
brought to a specified moisture level, as described pre-
sy, Uniform packing can be accomplished by adding
I increments of soil to a column held in firm contact with
Irtex-type mixer set at a speed which has previously been
4 to result in the desired soil bulk density (see A of Fig-
6). Uniform packing and consistent soil moisture levels
required fer obtaining reproducible results from leaching
imns (23).
When it is desired to compare herbicide movement
lugh a uniform mixture of soil, it is necessary to use a
logeneous soil column. This technique permits compari-
| to be made between homogeneous soil samples taken
¥ various soil depths, and homogeneous soil samples rep-
nting different soil types. The method is generally useful
omparing the surface portion of cultivated soils down to
plow layer. In cultivated soils the surface has been sub-
tially disturbed and mixed by land preparation operaticns
thus no longer has the characteristics of a virgin soil.
soil is sieved, mixed, and uniformly packed into the soil
mn as previously described.
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Figure 7. Herbicide soil leaching column and bioassay system.
Two column halves (14) are joined together with silicone sealer
§14h a top ring (11) and a snap on funnel cap (12). Quartz sand
is added to the boltom of the column on top of the screen (20),
Surface soil (0 to 10 cm), and subsoil (10 to 20-cm and 20 to 30-cm
samples) ere added to the column to their respective sidewall
marks (15). (The molded marks also prevent herbicide movement
own the sxdewa!ls.) Herbicide is applied and the column leached
with water applied at l-cm increments (19). After 30 days of
leaching, the column halves are separated, the side rails (28) at-
tached 1o one of the column halves and the end caps (24) snapped
in Pl‘ace at each end. The column half is laid in a horizontal
position. End plates (27) are installed to keep the soil in place.
Soil dividers (29) ave inserted into the soil at 2.em increments.
Seeds of sensitive plants are planted in between each soil divider
to bioassay for the herbicide at each depth. Insect boxes (25) are
used to bioassay for insecticides when they are leached.

APPLICATION OF WATER

The set-up for saturated or unsaturated flow studies or for
adding specific amounts of water daily is the same as de-
seribed for natural coil columns (sce earlier section).

RemMovaL ofF Soit

Soil is removed from the solid column in the same manner
as described for the natural soil column method. The
stacked-cylinder soil column is disassembled by removing the
tape at the joints, and cutting cross-sectionally through the
soil core with a thia-bladed knife or sawing through with a
piece of taut wire. Soil from each cylinder should be placed
into a plastic bag, mixed. a sample removed and marked for
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chemical or radiochemical assay, and the remainder returned
to the cylinder for bioassay.

Removal of soil from the split column is accomplished

by removing the tape from the joint and cutting the column

)

11

12,

13,
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190 RESEARCH METHODS IN WEED SCIENC
INTRODUCTION

The relative ease with which a herbicide moves vertically in soil is important in determining its efficac :
suitability for use as a selective herbicide, and potential for contaminating ground water or drainage
effluent. Movement of a herbicide in soil is dependent on several factors, including chemical properties of
the herbicide (5,17,18), soil properties (1,8,13,16), and intensity and frequency of applied water (12,1 i
The mobility of a given group of herbicides is generally inverse to their adsorptivity by soil as measured {n
Chapter 8 of this manual. Cationic herbicides, such as paraquat and diquat, are the least mobile because of
their strong ionic bonding to the cation exchange complex of soil colloids. Water insoluble nonionje -
herbicides, such as trifluralin, are very immobile in the liquid state due to low solubility, but may ba mobile
in the vapor state due to moderate to high vapor pressure. Herbicides with basic properties, such as the 5-
triazines prometryn, prometon, and propazine are moderate to low in mobility and their mobility is
dependent upon the pH of the soils. Higher mobility occurs under neutral or alkaline conditions than under
acidic conditions. Acidic herbicides, such as picloram, bromacil, 2,4-D, and dicamba, and highly water
soluble nonionic herbicides such as fenuron are highly mobils in soils because of this low adsorptivity fo
soil colloids. Mobility of a herbicide in soils is thus dependent upon: (a) ionizability, (b) water solubility, {¢)
vapor pressure, and (d) lipophilic nature of each compound. Chemical properties of soils that influence
herbicide mobility include the kinds and amounts of each soil constituent (humic matter, type and amount
of clay minerals, amount of iron and aluminum hydrous oxides) present, seil pH, soil permeability, porosi
and structure. Drying a soil may also delay the movement of a herbicide into the soil. In general, herbicid
move faster and in greater amounts through coarse textured, sandy soils which are low in humic matt
than they do through loamy soils containing moderate to high amounts of humic matter.

]
r

The intensity and frequency of applied water, whether it be from natural rainfali or by irrigation, great
affects herbicide movement and distribution in the soil. Large amounts of water (51 cm) applied
continuously, under saturated-flow conditions over a short period of time (3 h) can move as much as 81
of a relatively mobile herbicide, like tebuthiuron, completely through a soil column and out into tHe
leachate {17). Application of the same total amount of water but in small amounts (1.2 cm/day), undér
unsaturated-flow conditions, over a long period of time {40 days) can result in as little as 2.5% of the samie
herbicide ending up in the leachate. :

The relative mobility of selected herbicides has been determined by using: {a) soil feaching columns
(4.5,10,12,13,14,15,16,17), (b) soil thin-layer chromatographic plates (2.6,7,8.9.1 8), and (c) soil thick-
layer chromatographic trays (3,18).

The soil thin-layer plate technique utilizes a fine silty soil matrix applied to a glass plate as t
supporting medium. Herbicides are spotted onto the soil matrix in a manner similar to that done whe|
using routine silica gel coated TLC plates. One end of the plate is immersed in a small amount of water at
the bottom of a closed glass chamber. The herbicides move up the plate and are separated and identifie
according to the principles of ascending chromatography (see Chapter 11). Ths technique is relatively rapi
and the results are comparable with those obtained in adsorption studies, although of an‘inverse natura;
i.e.. irmmobile herbicides are strongly adsorbed and do not ascend the plate, while highly mobile herbicides
are not adsorbed and move freely. The thin-layer plate technique also offers the advantags of allowing on
to compare several herbicides at the same time under identical conditions.

The soil thick-layer chromatographic technique utilizes a shallow tray filled with soil and placed in
horizontal position with the herbicide-treated end at a slightly higher elevation than the other end (15%

the bioassay plants is an indicator of herbicide movement. A much wider variety of seil textures can b
examined using the soil thick-layer technique, as compared with the soil thin-layer technique. Bot
techniques are carried out under saturated-flow conditions.

The soil column technique, the method to be described herein, consists of filling a column with soil,
preconditioning with water, mixing herbicide with the surface soil, applying a given quantity of wates,
allowing the soil to drain freely, and then determining the herbicide distribution in the soil column and §
the leachate. Herbicide analyses may be done by radioassay, chemical assay, and/or plant bioassay, a
described in other sections of this book. The technigue has great flexibility, allowing one to compare: (a)
relative mobility of many different herbicides through an unlimited number of soil types, (b) herbicid
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mobility under saturated-flow conditions versus unsaturated-flow conditions, {c) herbicide mobility
through moist versus air-dried soils, {d) herbicide mobility in reduced-tillage systems versus conventionally
tilled systems, {e) herbicide mobility through undisturbed soil cores versus hand-packed soil columns, and
{f) herbicide degradation product mobility through herbicide-treated, aged soil columns.

DESCRIPTION OF METHODS

Basically, there are two major types of columns used to investigate the leaching behavior of herbicides
in soils: (a) natural soil columns, and (b} hand-packed soil columns. Two types of hand-packed soil columns
are used, depending upon the kind of soil assays to be performed after the leaching is completed. They
include': {a) stacked cylinder columns, and (b) split columns. Figures 1 to 4 illustrate these various kinds of
soil columns.

APPARATUS, CHEMICALS, AND OTHER MATERIALS
Natural Soil Column Method

{A motorized, truck-mounted, column-driving unit would be useful if available.) .

Columns (6 to 10 cm diameter by 35-cm long sharpened gaivanized steel pipes)
Hardwood driving block
Sledge hammer

Shovel

Plastic bags

Marking pen

Cardboard box

Glass wool

Quartz sa’n'd

Erlenmeyer flasks, 4-L
.Erlgnmayer flasks, 250-mi
Funnels (same diameter as columns)
Brass screen

Silicone sealer

Plastic tape

Deionized water

Rubber stopper

Glass tubing

Plastic tubing

NaCl

AgNO,

Hand-Packed Soil Column Method
Soil sieve, 4-mm opening
1.0-cm diameter drill bit
Tubing connector, 1-cm
Marking pen
Silicone sealer

Vortex-typs mixer
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Plastic tubing
Quartz sand

Deionized water

Spatula

Plastic tape

Saw

PVC plastic pipe, 5- to 10-cm diameter

PVC cap

1-L buret {for saturated/unsaturated-flow) or 4-L flask with stopcock (for saturated-flow)
NacCl

AgNO,

Erlenmeyer flask, 250-mi

Glass wool

PREPARATION AND USE OF COLUMNS

Natural Soil Columns

Five to 10-cm diameter, 14-gauge galvanized steel pipe is cut into sections 356 cm long (Figure 1). T
bottom is sharpened for ease of soil penetration. To eliminate water flowing down the interior walls of the
column, it would be desirable to use the divided-bottom technique of McNeai and Reeve {11). This
technique provides a column within-a-column and only water moving down the center of the column|is
collected. This reduces boundary-flow errors resulting from water and herbicide moving down the walls.|in
many cases, however, natural channels in soil cores would probably céntribute as much to herbicil e
movement as herbicide movement down the walls so the technique may not provide any clearer picture jof
herbicide movement and distribution than catching all of the water passing through the column. The soil
must be removed from this column and transferred to plastic bags for chemical analysis or to small pots
plant bioassay. '

Hand-Packed Soil Columns

Each of the following columns is fitted with a plastic pipe cap {Figures 2 and 3). A 1-cm hole is drill
in the center of the cap and the hole fitted with a tubing connector to which plastic tubing is attached.|A
250-ml Erlenmeyer flask is placed beneath each column to catch the leachate.

—
- %

Stacked-Cylinder Columns. Stacked-cylinder columns are prepared from 5- to 10-cm diamet
plastic PVC pipe which has been cut into 5-cm sections (Figure 2). The 5-cm sections are fastened together
with silicone sealer and plastic tape such that a 2- to 5-mm ridge of silicone sealer extends into the interior
of the column at each section. The silicone sealer eliminates water and herbicide movement down the walls

. of the columns. The plastic PVC cap is also attached with silicone sealer to allow for easy separation at the
termination of the study.

Split Columns. Split columns are prepared from desired lengths of plastic pipe (generally 40 cm),
capped on one end (Figure 3). The columns are cut longitudinally down the pipe to the cap and then
transversely. It is reassembled using silicone sealer, and reinforced by wrapping with tape. The ridges of
silicone sealer are applied at 5-cm increments to the interior columns sections before the sections ale
joined together. The plastic PVC cap may be attached with PVC glue and left in place after columhn
separation (Figure 3B).

APPLICATION OF HERBICIDE

2.0-cm of soil. In either case, the applied herbicide should be equilibrated with the soil for several hou
before the leaching process is initiated.
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NATURAL SOIL CORE
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FLASK
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Figure 1. Cross-section of natural soil core, soli_d'.co!umn,' leaching
system. Apparatus is set up for a continuous saturated-flow study. After
leaching, soil must be removed from column for herbicide assay.

When *C-tagged herbicides are employed, mix formulated, non-radioactive herbicide and '4C-tagged
herbicide together to provide approximately 5 to 10 uCi of *4C-activity at the desired application rate per
soil column. It is also desirable at this time to add 2 m! of 1M NaCl to the top of the soil column and to test
the leachate with a few drops of 1M AgNO, at 100 ml increments to determine the CI- ion breakthrough
point. The Ci- ion breakthrough point is useful for evaluating the relative mobility of herbicides with CI” ion
to verify the performance of each column and to check the reproducibility between replicate columns.
Glass wool is added to the top of the column to maintain the integrity of the surface.

PROCEDURE FOR NATURAL SOIL COLUMNS

Preparing the Columns

Select a representative site for obtaining the soil sample. Examine and describe surface cover
conditions. Record the kind of crop and stage of growth, and any surface litter or muich cover. Describe
the surface conditions, freshly cultivated, cloddy, cracked, or crusted. Drive the 35-cm long steel column
approximately 30 cm into the soil using the driving block and sledge hammer. Remove the soil from around
the pipe to allow for easy removal of the column without disturbing the soil at the bottom of the core. At
the same time collect soil samples in plastic bags, from various depths for soil moisture determinations.
Examine and describe the soil profile at this time. Determine texture and soil structure and note any
conditions that might influence water intake. Carefully remove the soil column from the earth, placeitina
plastic bag and stand it upright in a cardboard box for transport back to the laboratory.

In preparing the column for leaching, remove the plastic bag and place the column into a funnel filled
with quartz sand fitted with a brass screen (Figure 1). Apply silicone sealer along the joint where the
column and funnel meet. Allow to harden and tape securely with tape. For most studies it is desirable to
precondition the columns by wetting the column thoroughly and allowing to drain overnight to field
capacity. This may be-accomplished most easily by standing the columns in deionized water as shown in
Figure 4B and allowing to drain frse.
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Figure 2. Cross-section of hand-packed soil column using stacked-
;by‘linders; Apparakus is set up for incremental additions of water in
_saturated/unsaturated-flow studies {A). Cylinders are fastened together
with silicone sealer and plastic tape. After leaching, cylinders are
bioassayed independently according to soil depth (B).

Application of Water

For saturated-flow studies arrange the soil column as shown in Figure 1. Using the flask of deionized
water and stopper arrangement shown, a small head {2 cm) of water can be maintained over the cours of
the leaching period (generally 50.8 ¢cm of water applied over a 2 to 4 h period). Place a small mat of glass
wool on the top of the column and a 250-mi Erlenmeyer flask under the funnel to catch the leachate before
initiating the leaching cycle.

For saturated/unsaturated-flow studies, arrange the column as shown in Figure 2A. Place a mat of
glass wool on the soil surface, and a 250-mi Erlenmevyer flask under the column. Using a buret, apply
deionized water in an amount equivalent to the desired rainfall rate (generally 1.2 cm/ column/day) and
allow the water to leach through the column and collect in the leachate flask. For a 10 cm diameter
column, a 1.2 cm/day addition of applied water will result in approximately 100 mi/day of lsachate.

For continuous, unsaturated-flow studies, arrange the column as shown in Figure 3A. Place a mat of
glass wool on the soil surface and a 250-mi Erlenmeyer flask under the column. Using the stopcock and
flask of water apparatus shown, adjust the flow of water such that water drips onto the glass wool
with no head of watar.

Removal of Soil and Herbicide Assay

Some soils may be removed from the column by pushing the entire core out of the column wi
wooden plunger having a diameter slightly smaller than the column interior. With other soils, a sample
must be removed from the seil column by use of a soil sampling tube or with a long handled scoop. The 5oil
column should be divided into 5-cm sections. Each section should be placed into a plastic bag, thoroughly
mixed, a sample taken and marked for chemical or radiocchemical assay, and the remainder placed into
small pots for herbicide bioassay.
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Figure 3. Cross-saction of hand-packed soil column using a split-column
system, apparatus is set up for unsaturated-flow studies {A). After
feaching, column may be divided longitudinally to provide two con-
tinuous half-columns, one for chemical or radiochemical assay and one
for plant bioassay (B).

PROCEDURES FOR HAND-PACKED SOIL COLUMNS

Preparing the Columns

Soil in these studies may be utilized in a field-moist or air-dried condition. A field-moist condition is
preferred if the soil contains significant amounts of organic matter or expanding-type clay minerals which
generally shrink and contract greatly when dried. Itis generally desirable to precondition the column before
initiating leaching by saturating the soil and allowing the column to drain to field capacity. This may be
accomplished by placing the column in deionized water as shown in Figure 4B.

Soil from each 5-cm depth should be sieved through a 4-mm screen, mixed, and uniformly packed into
the soil columns if it is desirable to establish a *simulated”’ soil profile. It is generally satisfactory to take
soil from the plow layer {0 to 15 cm depth} and from the 15 to 30 cm suboil zone, but more commonly soil
is taken from the 0 to 16 e¢m depth and used throughout the 0 to 30 cm of soil in the column. Uniform
packing can be accomplished by adding small increments of soil to a column held in firm contact with a
vortex-type mixer as shown in Figure 4A. The mixer should be set at a speed which has previously been
found to result in the desired soil bulk density (generally 1.5 g/cm3 for a sandy soil).

Uniform packing and consistent soil moisture levels are required for obtaining reproducible results
from leaching columns {19).

Application of Water

The set-up for saturated-flow, saturated/unsaturated-flow or continuous, unsaturated-flow studies is
the same as described for natural soil columns (see earlier section).
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Figure 4. Preparation of hand-packed soil leaching columns: A. Uniform
packing of column by addition of smail increments of soil and use of
Vortex-type mixes; B. Prewetting of soil column by use of subirrigation.

Removal of Soil and Herbicide Assay

The stacked -cylinder soil column is disassembled by removing the tape at the joints, and cutting cross-
sectionally through the soil core with a thin-bladed knife or sawing through with a piece of taut wire. Sbil
from each cylinder should be placed into a plastic bag, mixed, a sample removed and marked for chemi al
or radiochemical assay, and the remainder returned to the cylinder for bioassay (see Figure 2B). Bioas y
standards should be included to determine the approximate herbicide concentrations in each soil cylinder.

Removal of soil from the split column is accomplished by removing the tape from the joint and cutti g
the column in two longitudinally. Soil samples may be removed from one of the column sections and used
for chemical or radiochemical assay. The other section may be used for a bioassay of the herbicide as
shown in Figure 3B. Bioassay standards should be included.

EXAMPLE AND METHOD OF COMPUTING RESULTS

Constructing Column

Construct a hand-packed soil column system using a split column with a 10-cm diameter and 40-dm
length, as described previously and shown in Figure 3A. Place quartz sand in PVC cap portion of the
column to a depth of 5 cm followed by approximately 3600 g of sandy loam soil to a depth of 30 cm and
bulk density of 1.5 g/cm? (3600 g/ 2355 cm3) as shown in Figure 4A. Place soil column in bucket of wajer
overnight to precondition as shown in Figure 4B. Remove column from water and allow to drain free,

Applying herbicide

Mix 5 4Ci of 11C-labeled atrazine (0.3 mg of 4C-atrazine with sp act. = 25.0 4Ci/ mg) with formulated
atrazine (4.16 mg of BOWP atrazine) to achieve a rate of 4.5 kg ai/ha (based on soil surface area of column
of 78.5 cm?) in 5 ml of water and apply with a pipet in a cross hatch pattern to the soil surface. Add 2 m}
of 1M NaCl to the top of the soil column.

Application of Water and Sampling

o
=

Set up apparatus shown in Figure 3A to provide for a continuous unsaturated-flow study. Apply wat
in a continuous drop fashion until 4-L have passed through the soil column. Sample each 100 ml bf
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leachate and test for CI" ion by adding several drops of 1M AgNO, (watch for a white, cloudy precipiate of
AgCl). Record the volume of leachate when Cl ion is first detected {normally detected in the first- 400 to
600 ml of leachate). Radioassay each 200 ml of leachate by placing 1 m! of leachate into 10 ml of liquid
scintillation cocktail [16.5 g 2.4-diphenyloxazole {(PPO), 0.5 g 1.4-bis [2-(4-methyl-S-phenyloxazoyl)
benzene {(POPOP), 1-L Triton X-100, and 2-L toluene] and-placing into a liquid scintillation spectio-
photometer. Record cumulative volume (or weight) of leachate and cumulative amount of atrazine (% of
applied) for sach 200 m! volume of leachate until all applied water has passed through the column. See
Table 1 for example of “C-activity (atrazine) distribution in leachate.

Allow column to drain overnight, then remove plastic tape and silicone sealer. Split soil column by
pulling a taut wire down the longitudinal slot. Lay column sections side by side on a table. Remove
approximately 40 to 50 g of soil from each 0 to 5 cm section, place into separate plastic bags, mark bags,
and knead and mix each sample thoroughly.

Remove a 10 g sample from each 0 to 5 cm zone and determine soil moisture content as described in
Chapter 8. Remove 10 subsamples {1 g each) from each bag, place into separate 50 ml beakers and dry at
110 C overnight. Mix each dried sample thoroughly, and remove a 1-g sample for 1*C determination by
placing into a Harvey Biological Oxidizer (0X-300) programmed to burn at a temperature of 900 C for
4 minutes and trap the “CO, in liquid scintillation cocktail containing Harvey No. 161 CO, trapping
solution. Counting efficiencies will range from 70 to 80%.  Convert disintegration/min/ g to % of C-
activity applied and record as shown in Table 2. The soil samples can also be extracted with methanol and
the extracts separated by TLC to obtain the amount of atrazine parent and metabolites present. Radio-
chemical chromatographic methods are described in another section of this manual.

'fable 2 illustrates the '4C-activity {atrazine) distribution in the soil after feaching a 30-cm Norfolk soil
column continuously with 50.8 cm of water under unsaturated-flow conditions. The total amount

Table 1. “C-activity distribution in leachate from Norfolk sand
treated with '4C-atrazine and leached continuously
with 50.8 cm (4-L) of water under unsaturated-flow

conditions
Cumulative
volume of Cumulative
leachate 14C-activity
(ml) (% of applied)
0 0

600 0.00*

800 0.06
1000 0.48
1200 0.87
1400 1.27
1600 1.58
1800 1.89
2000 2.40
2200 3.08
2400 3.84
2600 4.49
2800 5.13
3000 5.99
3200 6.83
3400 7.54
3600 8.18
3800 8.82
4000 9.94
Total 9.94

1CH ion first detected.
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Table 2. '4C-activity distribution in Norfolk sand treated
with 14C-atrazine and leached continuously with 50.8 cm
{4-1) of water under unsaturated-flow conditions

Soil depth “C-activity
{em) (% of applied)
0- 5 12.0
5-10 11.6

10 - 156 ’ 14.8

16 - 20 15.2

20 - 28 11.4

25 - 30 7.5
Total 72.4

recovered (% of applied in leachate + % of applied in soil) in this case amounts to 9.84 +72.4=82.34. It
will normally range from 70 to 106% + 6 to 10%.

Effect of Herbicide Type

Herbicides move through soils differently depending on the chemical properties of both the herbicides
and the soil. Table 3 shows the distribution of three herbicides with high (bromacit), moderate {atrazine)
and low {diuron} mobility through a Lakeland sand when leached with 36 cm of water, at 1.2 cm/day|for
30 days, under unsaturated-flow conditions. The acidic, highly water soluble bromacil is much mbre
mobile than the less soluble atrazine and diuron.

Effect of Soil Type

Solil humic matter content, clay type and content, soil pH, and other factors greatly affect the mobility
of herbicides through different soil types. Some herbicides bind to both organic (humus) and inorganic
{clay) soil colloids, while others bind to one of the soil colloids and not to the other. Table 4 shows the
distribution of a relatively mobile herbicide, tebuthiuron, through three different soil types. Movement of
the herbicides was controlled primarily by the humic matter content and the clay content of the soils.

Effect of Column Size

Many different diameter leaching columns have been used to measure the relative mobility|of
herbicides through soils. They have ranged in size from as small as soda straws to as large as field sized

Table 3. 4C-labeled herbicide {bromacil, atrazine, diuron)
distribution in Lakeland soil treated with '4C-herbicide
and leached with 1.2 cm/day for 30 days {36 cm
of total water applied) under unsaturated-
flow conditions [Weber and Whitacre (17)1

14C-herbicide

Soil depth Bromacil Atrazine Diuron

{cm) : {% of applied)

0- 5 7.3 72.2 107.3

5- 10 13.2 25.3 0.3
10 - 18 18.5 16.9 0.0
16 - 20 20.4 0.8 0.0
20 - 256 17.0 0.0 0.0
25 - 30 10.4 0.0 0.0

Total 86.8 114.2 107.6
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Table 4. “C-activity distribution in three soils treated
with “C-tebuthiuron and leached with 1.2 cm/day
for 40 days (48 cm total) under unsaturated-flow
conditions [Weber and Whitacre (17)}

Portsmouth Rains Davidson

Soil depth sandy loam siltloam clay

{em) {% of applied)

0- b 47.9 50.9 2.4

65-10 19.0 11.4 4.3
10 - 156 12.1 8.5 6.7
16 - 20 6.7 5.0 7.6
20 - 25 3.4 2.6 9.2
25 - 30 1.1 1.0 10.2

Total 90.1 79.4 40.4

lysimeters. Table 6 shows the relative distribution of the very mobile herbicide picloram through a 30-cm
long column of Norfolk sandy loam (Typic Paleudult; fine-loamy, siliceous, thermic, 0.2% HM 0.5% OM,
2% clay) using columns with diameters of 2.5, 6.0, and 10.0 cm and leaching continuously with 50 cm
of water under saturated-flow conditions. No differences in picloram distribution in the soils or total
recovered in the {uachate occurred between columns with diameters of 5.0 or 10.0 cm. The soil distri-

‘bution of picloram and the % recovered in the leachate of the 2.6 cm diameter column was signifi‘i;antly
different from the two larger columns. More consistent results would probably be obtained if leaching =~

columns of 5.0 to 10.0 cm in diemeter or larger were used. The larger columns also provide more soil for
chemical, radiological, and biclogical assays.

Table 6. Effect of column diameter on 4C-picloram
distribution in Norfolk sandy loam and in leachate
when leached continuously under saturated-flow
conditions with 50 em of water (30 em soil profiles)

Column diameter {cm)?

Soil depth 2.5 5.0 10.0
{cm) A% Of applied)
0- 8§ 156 0.6 0.7
~ B5-10 2.2 1.2 1.1
10 - 16 2.7 1.6 1.6
16 - 20 3.2 2.0 1.9
20 - 26 3.5 2.4 2.2
26 - 30 3.9 2.7 2.6
Total 17.0 106 10.0
Lsd {0.6)=0.2 {columns}, 0.3 (depth)
Total in leachate 87.3 80.3 89.2
Lsd (.06} = 3.0 {(columns)
Total accounted for 104.3 100.8 99.2

Columns contained 245, 975, and 3900 of soil, respectively.
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