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- : GRAY AND WEIERICH

mate (R-1856}, and §-cthyl hexahydre-1-H-azepine-l-carbo-

"33 thicate (R-1572). The soil temperature was adjusted by
¢ shading to approximately the same temperature before
4 . .
%31 spraying with each compound. The tests were run on
T3l clear, sunny, warm days. The results (Table 4) indicate
c4 ] - ~
S Table 4. Comparative losses by vaporization of varicus thiolcarbam-
ui: _ate herbicides after application as sprays at 3 Ib/A to the
Wl - - surfaces of moist and dry soil. . .
i ! -
I_‘. Herbicide applied at 3 1b/A Soil tcmp start Water collected  Vapor loss in
o & fnal F in wrap ml fiest 30 min
- -~ % of applied
K Gn moist soil )
TOEPTC.. e 95-116 21 s 213
A PELC, . 97-113 20 ~. 202
Y Rgo7., 93-115 20 - 24.5
- R-1856.... . . 93-115 22 28.5
A RA372..0 i, 95-113 20 14.9
s On drv soil '
19 EPMTCL 102-124 18 | 83
k. - PLAC, 107-134 21 LAY
B R-1507. 107-143 23 . 4.5
R R-156.... 107-143 22, ~ 6.6
L TR-5T2 S 106-129 18 - 2.6
X —

N ST b T 1 X
o Sobe, swetonb L0 e b

Bl oo ! nalh. s

v

T p
rr f %

“thac R-1856 and EPTC were lost by vaporization at

about the same rate from moist soil. PEBC and R-1607
were somewhat less volatile than EPTC on both moist
and ry soil. R-4572 was much less volatile than the
other thiolcarbamates on moist and dry soil. -

Recovery test.
In a test for recovery, EPTC was applied as a spray

at 5 IbfA to a porcelain pan (8 X 12 inches) which
rested on a pile of soil in a flat. When the soil tempera-
ture under the pan was 90 F, 499 of the applied EPTC

was recovered in the three traps in one hour. When

-

Abstrace. The disappearance of EPTC (ethyl N N-di-n-propylthiol-
Garbamate) from soils was studied by steam distilling the remain-

B "t EPTC from the soil samples and analyzing the distillates.

he most important factor affecting the loss of EPTGC from soii
¥as the amount of meisture in the soil. During the first 15 min-
Utes after spraying on the soil surface, 20¢, of the applied EPTC
disappeared from dry soil, 279 from moist soil and 44¢, {rom

~ et soil. The loss was 23, 49, and 699, after one day and 44, 68, and

%05 after six days on dry, moist, and wet soils, respectively, No sig-
nificant loss of EPTC occurred  the first few hours after applying gran-
“1?1‘ EPTC w0 dry seil or soil containing 4 to 69, moisture, Lbut on
soil at 15¢f, moisture the loss from granules was 609% in two hours,
Th?rc appearcd to be a critical moisture level for cach soil, above
which large losses of EPTC occurred after application to the surface
Or aiter shallow incorporation. Depth of incorporation was the
setond most important factor in EPTTC loss from soils. Incorporation
M at least 2 to 3 inches was necessary to prevent large losses of EFTC
when light rain or sprinkler irrigation followed treatment, EPTC was
USEar g (aster rate on sunny davs than clowdy davs. Increasing
the temperature from 32 to 60 F, increased the rate of EIMTC
‘iporizatign from meist soil but had no effect on the loss from
Ty seil,
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the soil temperature was 126 F, 55ye v wie appuiea
EPTC was recovered. In this latter run, all the water
evaporated from the porcelain in one hour, but some
of the emulsifying agent remained as a film on the
porcelain. Therefore, it is not known whether the

: VAPOR 1L.OSS OF EPTC

. recovery by this vapor trapping method was only 55%

~

of the total applied, or whether this was all chat was
lost by vaporization since some of the EPTC probably
remained in the film of emulsifying agent which re-
. _mained on the porcelain pan.
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Factors Affecting the Vapor Loss of EPTC from Soils’

REEp A. Gray and ANDRE J. WEIERICH?

INTRODUCTION

HE vapor trapping apparatus described in the pre-

vious report (1) was usclul for identifying the vapor
and showing that the main mechanism of disappear-
ance of EPTC from soils was by vaporization. It was also
helpiul for determining the loss of EPTC during short
periods, but it was inconvenient for determining the
loss over periods of several days. Also, it appeared that
the recovery of EPTC vapor using the vapor trapping
apparatus was not complete. Therefore, in order to study
the loss of EPTC more thoroughly, the amount of
EPTC remaining in the soil was determined by steam
distilling the EPTC from the soil samples and unalyzing
(2} the EPTC in the distillate. The factors affecting
the loss of EPTC f[rom soils that were exumined in-
chitded soil moisture content, soil ype, depth of incor-
poration, sunny or cloudy skies, temperature, humidity,
rainfall, sprinkler irrigation, volume of water in the
spray, and certzin combinations of these factors. A ve-
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view of the literature pertaining o the vaporization
ol EPFC (1) is not repeated here.

MATERIALS AND METHODS

Santa Croz loamy sand was used in most of the tests,
and unless indicated otherwise, this was the soil used.
The pH of this soil was 5.1; it contained 5%, clay and
4.6% organic matter. The soil used in the feld tests
was Sorrento loam, which had a pH of 7.2 and con-
tained 18% clay and 2.8% organic malter.

In the first group ol tests, one pint of soil was used for
each sample. The soil was spread out 8 inch deep in
aluminum flats 7.5 X 5 inches by 2 inches deep. Difterent
s0il moisture levels were prepared by mixing eleven
pints of dry soil in a b-gallon cemeni mixer with 1000
ml of water and repeating this procedure with lesser
amounts of water. The moisture content ol each mix-
ture was determined by drying one pint of it in an
oven for 4 hours at 110 C, The remaining ten pints of
soil at the satme moisture level were measured into ten
idividual {lats. EPTC in water solution was applied
immediately 1o cach of the ten flats ol soil at a rate of
& /A using a spray volume of 80 gal/A, The sprays
were appliecd with a 2 ml volumetric pipette using a
fast zigzagging motion in order 1o cover the entire soil
area. A pipette was used to avoid spray drift or loss of
EPTC during application, For soil incorporation tests,
the same amount of EPTC was applied while mixing
the soil in a 5-gallon cement mixer and then the soil
was spread out evenly in the pans. Soil temperatures
were measured at a depth 14 inch below the soil surface
in all tests.

Granular applications were made at the same rate
by weighing out 163 mg of a 5% EPTC granular for-
mulation on 24/48 mesh Attaclay and sprinkling it
evenly over the soil surface. As belore, ten flats of soil
of the same moisture level were treated at the same
time. The flats of soil were steam distilled after various
periods to determine the amount of EPTC remaining
in the soil.

For the field tests, holes were dug which were exactly
— 12 inches square and 3.5 inches deep. The moist soil

was removed from six holes and mixed in a wheelbarrow.

A sample was removed for moisture determination, A
certain volume of soil was measured out so that when

it was replaced in the hole the loose soil was 3 inches
Bl deep. When 14 this amount was mixed with EPTC in
‘ a cement mixer and then placed in the hole on top of
the other 24 of the untreated soil which was placed in

~_ the hole first and leveled, this gave uniform incorpora-

" tion of EPTC to a depth of 1 inch. Treating other

© portions ol the soil in-a similar manner, EPTC at 6

Ib/A was incorporated at depths of L4, 1, 2, and 3
inches. A surface treatment was applied with a pipette
for comparison. The rain that fell on the plots and the
amount of water applied by sprinkling were measured
using small cans for catching the water. Two soil sam-
ples were taken from each plot 3 days after treatment
and-again .6 days after treatment using a sharp edged
an to remove a core of soil 4 inches deep and 3.87
inches in diameter. The soil in each core sample was
steam-distilled to determine the EPTC content, and

———

the average for each treatment was determined. 1 )
soil sample could not be stean distilled at onee iU wy,
placed in a glass jar, sealed and kept in a freczer ungjl
it could be stcam-distilled the [oHowing day or later,
The apparatus used for steam-distilling the LPpg
from the soil samples is shown in Figure 1. One ping of

Figure I, Steam distillation apparatus used for recovering
the EPTC remaining in the soil after vavious woan.
ments,

the soil sample to be analyzed was placed i il 2.7

liter two-necked round bottom flask shown in the center

and the soil was covered with 400 ml of distilled water. |
The steam generator on the left was a 2-liver wound;

bottom flusk containing water and fitted with x 5-loot 37

length of glass tubing for a safety valve, and u steam g
outlet tube. Steam was passed through the soil urry .
through an inlet tube which almost touched the isuom 3

of the flask containing the soil. Two condensers were _'

attached to the flask containing the soil, and the dis,

- by,

A gy A L

tillate was collected in a 500 ml Erlenmever flnsk

cooled in crushed ice. For each sample, 400 ml ol dis E8E

tillate was collected and this was acidified 1o 1emovey

any interfering amines and extracted twice wih 30 3

ml of isoéctane each time. The EPTC in the conbined 8
isobctane extract was determined quantitatively lollow.,
ing the procedure of Batchelder and Putchert {2). ex-3

cept that no clean-up solvent extraction was necded 1o

remove background color, as is used for residue deter

minations of plant tissues. . 3

To determine the recovery at zero time for cach ot}

the same amount of EPTC spray solution that was ap 3

plied to each flat or core sample area was also :a(ldt.‘ll 1
to the same amount of soil in the flask and steam div
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tilled. The recovery of EPTC averaged 949% for 10
of these zero time standards run in five types of soil where
817 mg of EPTC was mixed in the flask with one pint
of soil and steam distilled immediately. Recoveries were
just as efhcient with the granular EPTC as with the
{iquid, and soil type and depth of incorporation did
not affect the recovery. The amount of EPTC lost was
obiained by subtracting the amount found after the
-geatment in the greenhouse or field from the amount
found at zero time in the flask.

1

. RESULTS AND DiscussionN

EPTC loss from dvy, moist, and wet soil after spraying
on-the soil surface. On three clear, sunny days at 10 AM,

“EPTC was sprayed on the surface of dry, moist, or wet-
loanmiv sand contained in small aluminum flats in the”

greenliouse. The soil temperature at the start of each
test was 77 F and the air temperature “was 78 F. The
elative humidity was near 2195, The rate of loss of
EP1C was greatly increased as soil _moisture was in-
“ereasetl {Figure 2). The greatest rate of loss on dry,

a

wir 2001,
IT % WOISTURE

~

NOIST s0uL

0 % WGILTURE

EPTC

BRY 30IL

% LOSS oQF

"R HOIMTURE

I [E N U S B B S |
3 4 /1 724 48 72 56 120 144
HOURS AFTER SUAFACE TREATMENT

Figure 2. Loss of EPTC from dry, moist, and wet soil
—. after application as a spray at 3 Ib/A to the soil
surface on sunny days.

Moist, and wet soils occurred during the first 15 min-
Utes after spraying EPTC on the soil. On dry soil, the
rﬂ_lc of loss of EPTC slowed down after the first 15
Minutes so that little more loss occurred the first lew
ours, or even in 24 hours. This indicated that most
of the vaporization of EPTC (rom dry soil occurred
while (e spray was drying which usually requiréd about
0 minutes. After the spray had dricd, EPTTC appeared
" he adsorbed rather strongly Lo the dry soil,

The glower loss from dry soil suggests that one might
Pray one extra pound of EPTC (¢ 1Ib/A instead ol 3)

: VAPOR 1.055 OF EPTC

on dry soil, then incorporate one day later and get the
same results as incorporating immediately. If there needs
to be a delay ol 15 o 30 minutes before incorporating
EPTC on moist soil, using an additional 1 1b/A should
help to make up for the loss. The loss was so rapid from
wet soil in 15 minutes that application of EPTC to wet
soil should be avoided.

EPTC loss when applied as a granular formulation to
the surface of dry, moist, and wet soil. Small flats of
loamy sand 34 inch deep were sprinkled with granular
-EPTC at 3 lb/A. The material was applied at 10 AM
to dry, moist, or wet soil in the greenhouse on three
cloudy days. The soil temperatures at the start ranged
from 77-79°F, the air temperatures ranged from 77-
79 F, and the relative -humidities varied from 15 to
829%. The results (Figure 3) indicate that very little

GRANUL AR

wEt 300L

4%Te % wosstuLel

#DIST so4L
% WQIITURE

BRYT 3040
4% uctature

ryi
T7/ i T T T T
4 24 4B T2 96 120 )a4

HOURS AFTER SURFACE THEATMENT

Figure 3. Loss of EPTC from dry, moist, and wet soil
after application as a granular formulation at 3 lhjfA
to the soil surface on cloudy days.

EPTC was lost the first few hours alter application of
granular EPTC to the surface of dry soil, but a con-
siderable amount was lost in 3 days. On the other hand,
EPTC was lost quite rapidly the first iwo hours after
applying the granules to moist and wet soil, even though
the sky was overcast. The results indicate that incor-
poration may be delayed several hours alter application
of granular EPTC to dry soil but not after application
Lo moist so0il.

Another test with granular EPTC was run in the
small aluminum {lats in the saine way as in the previous
experiment, except that more moisture levels were used,
and the experiment was run on a clear, sunny day.
The temperatire of the dry soil ranged from 79-86 F,
the air temperature was 81-82 F and the relative hu-
midlity was Y-13%. The results (Figure 4) show agiin
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Figure 4. Effect of soil moisture content on the loss of
FPIC from granules applied to the seil surface at
3 1b/A,

that the loss of EPTC was negligible the first 2 hours
alter applying granular EPTC to air dry soil (229
moisture) or {rom soil low in moisture content (4.4 to
06.6% moisture). When the soil moisture content was in-
creased to 119 there was a considerable increase in
loss (17%), while increasing the moisture content to
15.49% caused a tremendous increase in EPTC loss
(60%) in 2 hours. The advantage of granular formula-
tions over sprays ¢f EPTC appears to be on dry soils
or soils low in moisture content when incorporation
cannot be carried out immediately,

Sunny day compared to a cloudy day. A test was run
on a clear sunny day and on a cloudy day by apply-
ing granular EPTC on the surface of wet soil (16.19
moisture). The relative humidity was near 5% during
the sunny day and 23% during the cloudy day. The
air and soil temperatures varied between 77 and 79 F
in both tests. EPTC vaporized much faster during the
first 15, 30, 45, and 60 minutes on a sunny day than on
a cloudy day (Table 1). However, after 6 hours the loss

S—

-—— " Table {. Effect of sunny and cloudy days on the loss of EPTC
from granules on wet soil.

Loss of EPTC from granules, percent of applied

- . Hours after treatment

Sunny day Cloudy day
24 17
32 17
41 21
47 29
67 a4
72 66
75 71

on the cloudy day almost caught up to the loss on a

sunny day. This may be explained by the soil drying

out faster on the sunny day, so that the rate of loss slowed

down considerably after two hours, Because of the

- slower drying of the soil on the cloudy day, the rate of
EPTC loss didn't slow down until after 4 hours.

; Comparison ‘of surface and incorporated treatments at

different moisture levels. In the small aluminum flats,

EPTC was applied at 8 Ib/A as a surface spray and by

\

E D S

incorporation at the same thme, using soil at seven dif.
ferent moisture levels. The amount ol EPTC reningy.,
in the soil after 2 hours was determined. The muh?,
which arc summarized in Tablé 2 show that inmrp‘-h

ey Ty, 1P A e

Table 2. Lifect of soil incorporation and soll moisture on the lyg of
EFTC after application as a spray at 3 IbjA,

- . ‘_‘-F‘_‘—‘—-.
Loss of EPTC in 2 hours, pereent of APplied

Motstare in soil, percent —————
Surface Incorp 27 ip
12 0.
17 0
21 2
34 6
69 14
9 23
73 27 -
S

—
ration 34 inch deep greatly reduced the loss of EPT(
at all soil moisture levels. However, at moisture levely
of 14.69% and greater, considerable amounts of LPTIC
were lost in just 2 hours after incorporating. In soily
containing 109, moisture or less, very little EPTC vapor |
loss occurred after incorporation and the soils behaved,
about the same as dry soil. With the surface spray,§
the decrease in loss of EPTC going from 19% moisture]
to 289 moisture was probably due to oversaturatiop
of the soil as shown by the slight puddling of the water
on top of the soil at the higher moisture level. N
Effect of soil type on EPTC loss. An experinent sim. B
ilar to that just described was carried out using five
different types of soil in the small aluminum pans in §
the greenhouse and determining the EPTC remaining
after 24 hours. The different soil moisture levels were
prepared by mixing pints of each air-dried soil wiih.
150, 100, 75, 50, 25, and 12.5 mi of water. All ventiments
were applied at 10 AM on sunny days or parially
cloudy days. The air temperatures varied {rom 75.81 F,
the soil temperatures ranged from 80-84 F and the
relative humidity ranged from 5-209%. In all soil wpes
tested, incorporation 34 inch deep reduced the FIMTC S
loss greatly at all moisture levels (Figure 5). I'here was
very hittle if any loss of EPTC from the five dr soils
or soils low in moisture content in 24 hours alwer in-
corporating the EPTC immediately to a depth of 3+

—~—
TrPE. PEAT ELAY ELAY LOAmM LOoAWY gAND (XL LENS-TY ]
w CLare [} . " 0

. ORS MAT ~ " : . e -t i X

100

WURFacy
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{

JuRFace

EPTC IN 24 HOURS
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ADy /
L 7 "mulz
e / e
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@ 204 4" ! B
° woone.
-] e 3
* weonr Vic o s
Zo 40 &0 (o 20 30 & 15 2s & 45 a4 5 1o
™ MOISTURE 'K SotL

Figure 5. Effect of soil type, incorporation and seil moisture con- ¥
tent on the loss of EPTC from soils after application as 2
spray at 3 Ib/A. . |
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inch._However in the wetter soils, considerable loss of
4 EPTC occurred in the incorporated treatments. There
Y appc:n‘ecl to be a critical moisture level for most soils,

=¥ above which the rate of loss of EPTC increased greatly. -

This critical moisture level was about 5-69% for the

sandy soils, 119 for the light clay loam, 239 for hcavy

day and around 409 for the peat soil. When not in-

corporated, about 909% of the applicd EPTC was lost

in 24 hours from the wettest sandy and light clay soils,

but the loss was less (75%) on the wettest heavy clay

soil. and considerably less (489) on the wettest peat
s0il.

- Effect of temperature on the loss of EPTC. A small

# aluminum pan containing one pint of air-dried (1%

= moisture) Santa Cruz loamy sand and a pan of the same

soif containing 149 moisture were placed in an environ-

mentil growth chamber at 32 F and EPTC was applied

as u surfuce spray. After 24 hours, the soil was steam

disizilled. This procedure was repeated at growth cham-

ber remperatures of 40, 60, 80, and 100 F. The soil tem-

perature was very near the air temperature in these

| B tesis. ‘The experiment was repeated and the average

. losses ure shown in Table 8. Increasing the temperature
¥

it 3§ Tabic J. Lffect of temperature on the loss of EPTC after applica-
g § tion as a spray at 3 1b/A to the soil surface.

Loss of EFTC in 24 kours, percent of applieds

Air temp F

Maist soil Dry soil

v 149, moisture 195 moisture
li.‘ 62.4 12.0
= 67.0 12.2
.. 81.0 9.2
§ 80.8 122
75.3 15.7

*Average of 2 tesis.

from 32 to 60 F caused an increase in the loss of EPTC

“from the moist soil but not from the dry soil. The loss

3t 80 F from the moist soil was about the same as at

260 ¥ and increasing the temperature {rom 80 to 100 F

aYpeared to decrease the loss slightly. This may be ex-

platned by more rapid drying of the soil at 100 F, thus
allowing soil adsorption of the EPTC sooner than at

r 80 F.

. EPTC loss during rainfall. In one experiment, EPTC
was sprayed on the surface of moist (119 moisturc)
loamy sand contained in small flats outstde while it
Was raining. The soil and air temperatures were both

¥~ 37 F and the relative humidity was 849, and rising. At

the same time, some flats of the same soil were sprayed

in the greenhouse where the soil temperature was 74 F,

the air temperature was 75 F, and the relative humidity

was 3595, The loss of EPTC in 15 minutes was 20%

Outside” in the rain and 219 in the greenhouse. Alter

one hour the losses were 489 in the rain and 449 in the

greenhouse, and after 4 hours the losses were 57% in the

Tun and 59¢% in the greenhouse. This experiment showed

that EpTC was lost very rapidly after application to a

Moist soil surface under high humidity and raining

‘Mulitions.

Ellect of  depth of soil incorporation on EPTC loss

Wider field conditions. In small field plots, EPTC was

meorporated at 6 Ib/A at depths of 14, 1, 2, and 3 inches

: VAPOR LOSS OF EPTC

in moist (15.79 moisture) Sorrento loam, and also ap-
plied as a surlace spray. The plots were treated at 3 PM
on a clear sunny day when the air temperature was 71 F
and the soil temperature was 73 F. During the two days
following treatment, 0.9 inch of rain fell on the plots,
so the test was repeated except that on the second day
after treatment the plots were covered with a clear
plastic sheet which was supported 4 inches above the
soil to prevent rain {rom wetting the treated soil. The
soil moisture content was 14.5%, the air temperature
was 63 F and the soil temperature was 64 F when treated.
The data from these two tests (Table 4) show that the

Table 4. Effect of depth of incorporation and rainfall on the loss
of EPTC after application to moist loam in field plots at 6

/A, .
Loss of EPTC, percent of applicd®
Depih of incorporatien, inches 0.9 Inch rain No rain
3 days 6 days 3 days 6 davs
O e 85 BO 33 38
M 80 88 18 43
L e 46 45 12 14
2. e 35 40 8 19
L 23 25 13 15

sAverage of two samples for each sampling date,

deeper the EPTC was incorporated into moist soil, the
better it was retained. Incorporation only 14 inch deep
was not much better than the surface treatment in the
plots moistened.by rain. Much less EPTC loss occurred
when the soil dried out and stayed dry than where it
was kept moist by rain.

This test was repeated under the same conditions ex-
cept that no cover was needed to shield the plots from
rain, and the soil was drier (119 moisture) when treated.
Using the drier soil, the 14 inch depth of incorporation
gave about the same loss (179) in 3 days as deeper in-
corporation of 1, 2, or 3 inches (9-15% loss). In one
treatment the seil was compressed by applying 1 ib/sq
inch pressure on the soil after incorporating 2 inches
deep to sce if packing the soil would influence the loss,
The results showed approximately the same .loss in 3
days from the compressed soil (15%) as from the loose
soil (149).

Effect of sprinkler ivrigation and depth of incorporation
on EPTC loss under field conditions. Two sets of five
holes were prepared several feet apart in the field and
filled with Sorrento loam (17.6% moisture) which con-
tained EPTC incorporated at different depths at 6
Ib/A. One set of plots was sprinkled with a sprinkler
set to give intermittent sprinkling for about 8 seconds
out of 100 seconds needed for the sprinkler to make
one revolution. By this method ol irrigation, the plots
received (.24 inch of water from the time of treatment
ac 100 AM until the end of the experiment at 4 PM.
During this period the other set of five plots received
no irvigation. The test was run in June on a clear
sunny day when the air temperature at the start was
65 T and the soil temperature six hours after weaument
was 65 F in the sprinkled plots and 86 F in the non-
irrigated plots. Two core samples were taken from each
plot six hours alter wreatment and the EPTC determined,
The average losses (Figure 6) show that when EPTC
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A Vapor Trapping Apparatus for Determining the Loss of L EEC

NS .y 1
EPTC and Other Herbicides from Soils o
REeep A. Gray? -

Abstract. An apparatus for trapping the vapors of ethyl N,N-di-
propylthiolcarbamate (EIFI°'C) and other herbicides froms sotls ander
fieldl ‘conditions is described. The herbicide vapors were collected in
coulect traps along with ice crystals, identified by gas chromatography
and determined quantitatively. The amount of EPTC lost and
trapped in 30 minutes ranged from 22 to 38 % of that applied to the
surface of six different types of wet soils. The amount lost from dry
soils was much less than from moist soils--Jeetting—the—swefaec—of
six_different -tvpes. gf;,ixcl——sous._]‘\hex:?nyuwt_fmm-dly_soils
was—muelr—iess- than-from—moist  soils, Leuing the surface of
freshly worked moist soil dry out to depth of 14 inch hefore

“spraving with EI"T'C, greatly reduced the loss by vaperization.
Immediate incorporation prevented any loss of EPTC from dry
soil and greatly reduced the loss from moist soils. After spray-
ing EPTC on dry soil, sprinkling with small amounts of water
increased the less. Comparison of several thiolcarbamate herbicides
showed that n-propyl N N-di-n-propvithiclcarbamate (R-1607) and
n-propyvl ethyl-n-butylthiolcarbamate (PEBC) were lost by vapor-
ization at a slower rate than EPTC, and S-ethyl hexahydro-I-H-
azepine-l-carbothioate (R-4572) was lost at a much slower rate than

_ the other herbicides tested.

InTRODUCTION

ErBICIDE losses from soil are sometimes reported as
H volatility losses, without giving proof of vaporiza-
tion from the soil. An herbicide may also disappear by
other mechanisms, intTuding catalytic decorhposition on

— contact with the soil, photoinactivation, irreversible ad-

sorption on the soil, microbial decomposition, leach-
ing, and plant uptake. Sodium N-methyldithiocarbamate

isothiocyanate which is volatile (8). Since other herbi-
cides may also decompose to some extent on contact
with soil, volatility losses determined by bioassay
~methods in closed chambers or by radioactive measure-
ments of the amount remaining in planchets may be
misleading as well as having other disadvantages, There-
fore, losses atributed to vaporization should be con-
firmed by trapping and identifying the material aris-
ing from the soil. An apparatus for trapping the vapors
after rtreating the soil with EPTC and other herbi-
cides under field conditions is described in this report.
The loss of EPTC from soils has been reported by a
number of workers who used smaller soil samples and

/ is not volatile, but on contact with moist soil it de-
i composes completely in one hour producing methyl
ﬁ”:ﬁ' |

-f
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dillerent methods than those employed here. Ashijpullk:
and Sheets (2) reported that the loss of EPTC frog
free liquid surface was 57 micrograms per sq om pg
hour at 30 C, but it was less volatile from a soil
face. Radioactive measurements on 2-gram soil samply
which were enclosed in a chamber with a dish contaj
ing EPTCS% showed that the EPTC was uadsorby
more on dry soil than en moist soil. Fang and Thej
{6) found the EPTC was completely lost within ane ho,
when a small amount was applied to a glass surlace ¢
a stainless steel planchet, but it was partially ::dabrt.{ 3
on filter paper. Vernetti and Freed (9) reported thay £p]
and PEBC when mixed in sandy soil gave vaporizaiiog
losses of 18.3 and 16.6%, respectively, in dry soil, and
33.4 and 24.89% in moist soil in 24 hours. Antognig
et al. {1} reported that the activity of EPTC w.s nx
greater when it was incorporated into the soil thnn whey
it was applied te the soil surface. This finding s |
confirmed by many workers in field tests conducid o
many different areas. Fang et al. (7) measwred rhe dg
appearance of §3% labeled EPTC from l-gram il urig
ples in planchets and found that the loss ! EPTiS
during drying, increased with the soil moistire conteoli
EPTC was very persistent in dry soil. .
Danielson et al. (5} found by bioassay metiwls ihs
the persistence of EPTC in soil was strongly influencey
by the solvent carrier used for applying the EPTQ
EPTC dissipated much more rapidly when ajplied ¥
kerosene than in water or acetone. Danielson ind Gea
ner (4) found that air movement was also an lpona
factor in the persistence of surface-applied 1:1"TC. §
addition to describing the vapor trapping ospataiei
this report is also concerned with the amown ol EFTEE
lost and recovered by the vapor wapping technig
during short time periods after different soil treaimes!
-

MATERIALS AND METHODS -

Vapor trapping apparatus. .

A clear plastic box 24 inches long, 12 inches WM
and 6 inches deep was constructed from 34 inch Ples
glass shecting, Two holes 34 inch in diamcier W
drilled in one end of the chamber to serve.as air W
A hole 34 inch in diameter was drilled in the opp®
end and it was fitted with a onc-hole rubber s104



contatning a short piece of glass wbing as the air out-
le.. The outlet tube was connecred with a short piece
of rubber tubing 1o another “Z" shaped glass tube which
was connected at the upper end to an empty Pyrex
glass trap 1.2 inches in diameter and 15 inches long.
It contained an inner glass tube .35 inch in inside
i ~dimmneter which extended to within 4 inches of the

bottomn of the outer tube. The first trap was connected
o two more traps by means of short pieces of rubber
tuhing” The three traps were immersed in dry ice-ace-
wue baths contained in Dewar flasks. A vacuum pump
wits connected to the third trap as shown in the com-
plete apparatus (Figure 1).

% R s
Figor ). Vapor trapping apparatus for recovering vapors lost
hens the soil after application of EPTC and other herbicides

under field  conditions.

i operation, the plastic chamber was placed over
the herbicide-treated  soil, and soil. was pushed up
around the edges of the hox to seal the sides {rom air
movement, The vacuum pump was turned on and air
wis tlrawn through the chamber and through the traps
at a vate of 25 liters per minute. The volatile EPTC
¥apor was picked up in the air stream and trapped in
the cold raps along with the water vapor which came

Ell:n‘; - . : . .
:eefl& off Wi soil and collected as ice crystals in the traps. In
| Wieral experiments the vapors were trapped from soil
m,g th: . . :
>3- ai was reated in the field. In other tests, metal flats

K 12 inches long and 8 inches wide containing soil 3
TOBE: ches decp were treated with the herbicide and the

a5 were placed under the chamber immediately to
~eollect the vapors. In all tests, emulsifiable EPTC was
i applied at 3 Ib/A using 80 gallons of aqueous spray
E I‘:ﬂ acre. A volumetric pipette was used to apply the
1 erbicides as a simulated spray. By moving the pipette

t bilC_k and lorth with a rapid zigzagging motion over the
sl hure soil area, good coverage was obtained. When
il . dry soll was used in the flat, another small aluminum
Il 2t of the same area containing wet soil was placed
" - | .:J‘ the chamber in front ol the treated flat of dry s.ml
rCHl. :° Provide the same amount of moisture for condensing
,ué M the waps as when wet soil was treated. This was

i done 1o eliminate differences in recovery that might re-

3 Wl when different amounts of water were trapped. Soil
"Ywmyperatures inside the chamber were taken with a
Mermometer placed 14 inch below the soil surlace
N4 horizontal position.

de Detevmination of the amount of EPTC trapped.

\!: \ic:-h‘e ice which collected in the three traps was melted,
. Mlding o turbid solution having a strong odor of EPT'C.
e % osolutions from the three waps were combined and
] the Iraps were vinsed once with 15 ml of distilled water

- GRAY : VAPOR TRAPPING APPARATUS

which was added to the combined sample. The EPTC
in the combined sample was extracted twice with iso-

© Getane and determined quantitatively using the method

reported by Batchelder and Patcheuwt (3). As little as 0.02
ppm EPTC could be detected by this method. The
step of extracting the benzenesoluble background color
was omitted since no interfering materials were pres.
ent in the clear aqueous condensate. A standard curve
was prepared for each thiolcarbamate tested.

_ REsuLTs AND DiscussioN

EPTC vaporization loss from soil in the field.

In a field of freshly cultivated meist Sorrento loam
on a clear warm day, EPTC was sprayed on the soil
surface over a 2 sq ft .area. The treated area was cov-
ered immediately with the plastic chamber and the
vacuum pump was turned on. Only two dry ice traps
were used in this first experiment and the traps were
replaced with clean traps at 15 minute intervals. Dur-
ing the test, the air temperature inside the chamber
rose slightly so that it was $-10 degrees above the
outside air temperature. The soil moisture content
sampled to a depth of 3 inches was 16.19 at the start.
The results, which are summarized in Table 1, show

Table 1. EPTC lost as vapor and recovered with the vapor wrapping
apparatus during short time intervals after spraying on the
surface of moist soil in the fieid.

Water Alr temp in  EPTC wrapped as vapor
Collection period, min trapped, ml chamber, F

Mg Pct of applied

O-15.. . ...l 10.6 95-99 6.35 14,5
15-30, o 11.8 99-103 6.13 10.2
30=45. . ..o, 12.0 103-104 1.45 2.4
A45-60. ... ... L, 12,7 104104 1.20 2.0
60-90.,, . ....... ... .., 25.3 104-104 1.04 1.7
90-I20. .. . i 24.3 104-104 0.44 Q0.7

that over 209 of the EPTC that was applied 10 a
moist soil surtace was lost by vaporization and recovered
in the traps in 80 minutwes. The rate of loss of EPTC
was preatest during the first 30 minutes after applica-
tion and then the rate of loss decreased considerably
with time as the soil dried out.

Another test was conducted in the field the same

- day as the previous test and under the same conditions

except the surlace of the soil was allowed to dry out
for two hours afier cultivating the moist soil. The soil
moisture content was 13.1% in the soil sminpled three
inches deep at the start, but the soil surface was dry

. about 14 inch deep. Alter application to this dry soil

surface, only 3% of the applied EPTC was lost by
vaporization and recovered in the traps along with 30
mi of water during the first hour. In later experiments
greater recoveries were obtained using three traps instead
ol two.

The colorimetric method used in these determinations
indicated that the material coming off the soil was the
intact thiolcarbamate, The odor ol the trapped ma-
terial also indicated that it was EPTC. The identity
was confirmed by running another field test and sub-
jecting a portion of the trapped aqueous solution to
gus chromatographic analysis. Two peaks were obiained
with a hydrogen Hame detector which corresponded 10
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