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.. GRAY AND \VEIEKICH : VAPOR LOSS OF EPTG 

mate (R-1 856) ,  :tnd S-cthyl hexahydro-1-H-aLepine-I-carbo- 
thioate (K-4572). The soil temperature was adjusted by 
shading to approxirnately the same temperature before 
sprayiiig with each compound. T h e  tests were run on 
clear, sunny, warm days. T h e  results (Table 4) indicate 

ToOIr 4 .  Comparaliw losses by vaporization of various thiolcarbam- 
. a te  hcrbicidcs after application as sprays at 3 Ib/A to the . sinfacer of moist and dry soil. 
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' ~ h ~ i t  K-185G and EPTC were iost by vaporization at 
ab(1ilt the s a m  rate from moist soil. PEBC and R-I607 
wcic iomewhnt less volatile than EPTC on both moist 
and 11ry soil. R-4572 was much less volatile than the 
Otlici- thiolcarbamates on moist and dry soil. 
Rrrouery test. 

111 :I test lor recovery, EPTC was applied as a spray 
at :: Ill/:\ to a porcelain pan (8 x 12 inches) which 
lewd on n pile 01 soil in a flat. When the soil tempera- 
tuic under the Ism was 90 F, 49% of the applied EPTC 
w a s  rccovered in the three traps in one hour. When 

the soil temperature was 126 F, 5 5 p  vL LLlc  .Ll,r..... i 
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 
recovery by this vapor trapping method was only 5570 
of the total applied, or whether this was all that 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' 
REED A. GRAY and ANDRE J. ~ V E I E R I C ~ I ~  

.. 
Abtraci. The disappcarance of EPTC (ethyl i \ i \ ' - d i - n - ~ ~ ~ o p y l t l ~ i ~ l .  

9prbamate) from soils was studied by steam distilling the remain. 
Bng EITC from the soil samples and analyzing the dirtillates. 
The most important factor affecting the loss of EPTC from soil 
was the amount of moisture in the soil. During the first 15 min. 
Utes after spraying on the soil surface, 20% of tlic applied I:ITC 
disappemd from dry  sail, 27% from moist soil and 44% from 
wet soil. The loss was 23, 49, and 69% aftcr one day and 44, 68,  and 
%:A aftcr days on dry, moist, and wet soils, respectively. No sig- 
n i r t c ~  iOIs o f ~ ~ ~ ~ r ~ o c c t ~ r r e d  tlreiirstferv hoursaftcr q ~ p l y i n ~ p a n -  
u1ar t P r C  IO d r y  soil or soil containing 4 to 67" muistulr, l ~ t  on 
mil a t  l:qo nloist~rrc the loss from pmnulcs was GO/% i n  lwo ~ O I I I S .  
Thcre appeared to be a critical moisture level for each soil, a l m w  
which IOSSCP of EI'TC occurred after npplicacion 10 the surface 
or alter s~,a l lo~v incorporation. Depth of incorporation IW ihc 
'Wmd lnlusc itnpor1;mt Ixtor in E P 1 C  loss Ironi soils. Incoqmmti~m 
1 0  a1 I' tr, 3 i l lC l lC6  ,vas necessary to prevcnL large. Ins5es o f  I S T C  
* h i  ligllt rain o r  spriiikler irrigation followed trenuneni. WTC w a s  

the iempera~ure from 32 to 'GO F, increased t i l e  rate of I:I"I-C 
' V o r i m i ~ , ~  hill moist soil lmt had no ellecr 081 thc loss f m n  
8 %  

I h t  ill a (;,iter rate "11 511111,v days than cloudy ,Lays. Incrc.,ring 

H E  vapor trapping apparatus described in  the prc. 
T v i o u s  report (1) was usc[itl for ii~entifying the vapor 
and showing that the main mechanism of disappcar- 
ance of EPTC from soils was by vaporization. I t  wits also 
helpful for determining tlic loss of EPTC during short 
periods, but  it w i t s  inconvenient for determining the 
loss over periods of several d:iys. Also, it appc"red t l int  
the recovcry of EPTC vapor using the vapor trapping 
apparatus was not complcte. Thcreforc, in order to s tudy  
the loss of EPTC marc thoroughly, the i t in~i t~ i t  of 
EPTC remaining in thc soil \vas determined by steam 
distilling the EI'TC from the soil samples a n d  :rn:ilyzing 
(2) the EPTC in the distillate. The  (actors :tffecting 
the loss of EPTC frmn soils tliat were exititiincd in. 
cludcd soil moisture contcnt, soil type, depilt OC incor- 
poration, sunny or cloudy skies, teiupcr;mtrc. Itu~nidiiy. 
rainf:ill. sprinkler irrigation, ~ o l u n i c  of ivatcr in  ihc 
S ~ I I K I ~ ,  ; t n t l  certain caiiil,in:ttions of these factors. :\ re. 
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\ V E E D S  

vic i r  ol i l i c  literatiire 1iert:iining I O  die \~;ilxirimiion 
( 1 1  El' 'J . ( :  ( I )  is not rcl>c:ited Iicre. 

Al,\.r1'KII\LI '\XU A I  1~:rI1011s 

s;mt:, ( h ~  I W I I ~  s ; d  w a s  used i i i  n i o s t  of the tests, 
: I B I , I  I I I I I ~ S S  iii(lic:itcd diel-wisc, tliis w a s  the boil used. 
7'11~ 1'1-1 01 tliis soil was 5.1: it contiiincd 59, clay :ind 
4.(iyj org:iiiic m:tttcr. The  srd tiscd i n  the field tests 
\<:Is s"rrellt<, lo;lnl, \,~hicll 11ad a 1'1-1 OC 7.2  :tnd call- 
t ;~ incd  18%, d : t y  i l l i d  2.85, oi-ganic iii:iiter. . 111 tlie first group of tests, une pint 01 soil w a s  used for 
e.. I  . I C .  i bctniple. ,. The soil ~ r a s  spread out 5/4 inch deep in 
aluniiniini Il:its 7.5 x 5 inches by 2 inches deep. Dilferent 
soil nioibturc levels were prepared b y  mixing eleven 
1>iiils of dry soil i n  a 5-gallon ceinent mixer with 1000 
nil of water and repeating this procedure with lesser 
aiiioiinis 01 water. l ' he  nioisture c ~ n t e n t  01' each mix- 
ture was dctcrniined by drying one pint of it in an 
oven for 1 hours at 110 C. l'he reiiiaining ten pints of 
soil a t  the s:tine iiioisture level were measured into ten 
individual I1:its. EPTC in water solution was applied 
iniiiicdiiitely tu eacli uf the ten ll:its of soil at  a rate of 
3 Ib/.+\ IisinS a spray volunie OC 81) gal/A\. T h e  sprays 
were applied with ii 2 nil volumetric pipette using a 

niotion in order to 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 aiiiount of EPTC was applied while mixing 
the soil i n  :I 5-gallon cement iiiixer and then the soil 
w a s  spread out evenly in the pans. Soil temperatures 
were nieasured at  a depth 1yi inch Ix low the soil surface 
in all tests. 

Granular applications were niiide at the same rate 
by weighing out I63 mg of a 5 %  EPTC granular for- 
niiilation on 24/48 mesh Attaclay and sprinkling it 
evenly over the soil surface. As before. ten flats of soil 
of the same moisture level were treated at the same 
time. T h e  Hats of soil were steam ilistilled alter various 
periods to determine the amount of EPTC remaining 
in the soil. 

For tlie field tests, holes were dug which were exactly 
- - 12 inches square and 3.5 inches deep  T h e  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 

1 deep. When lh this amount was mixed with EPTC in 
a cement mixer and then placed in the hole on top of 
the other v3 of the untreated soil which was placed in 

tion of EPTC to a depth of 1 inch. Treating other 
portions of the soil in a siniilar manner, EPTC at 6 
Ib/A was incorporated at depths of %. 1, 2, and 3 
inches. A syrface treatment was applied with a pipette 
for comparison. T h e  rain that fell on the plots and the 
amount of water applied by sprinkling were measured 
using sinall cans for catching the water. Two soil sam- 
ples were taken from each plot 3 days after treatment 
and   again .G days after treatment using a sharp edged 
can to remove a core of soil 4 inches deep and 3.87 
inches in diameter. T h e  soil in each core sample was 
steani.distilled to determine thc EPTC content, :ind 

f .  '1st n'pzagging . '  

-. 

. . . the hole first and leveled, this gave uniform incorpora- .. - 

. -  

. 

- -  - 

Figure 1 .  Stciiiii dirLillation appalatus tiset1 fur ~ c c u ! c u > q  
ilie EI 'TC remaining in ilie soil a i m  var iwc \  11, .#!. 

111C1118. ' 

the soil sainple to be analyzed w a s  placed i i t  die  ?. 
liter two-necked round bottom flask shown in 111, t mtcr  
and the soil w a s  covered with 400 1111 or distilled ~ t c r .  
T h e  semi generator on the left w a s  a 2-Iitei ioiiiid 

bottom flask containing water and fitted w i t h  :I :;-loot 
length of glass tubing for a safety valve. and  :I dea!n 
outlet tube. Steam was passed through the siil , lurry 
through an inlet tube which almost touclicil the iiirtlnm 
of the flask containing the soil. Two c o n d e ~ i ~ c ~ ~  WIC 
attached to the flask containing the soil. aiid i h :  ilir 
tillate was collected in a 500 nil Erlenmcycl IIzh 
cooled in crushed ice. For each saniple, 400 1111 Iji-dir 
tillate was collected and this was acidified t i 1  iimim 
any interfering amines and extracted tirice iriili $0 
ml of isoiictane each time. T h e  EPI'C: i n  tlic coii1liind 
iso8ctnnc extract was determined qii:intit:itiyely l i~I l~+ 
ing tlie procedure of Batchelder and I':itcliett c2). c* 
cept that no clean-up solvent extraction IGIS 11cc~11:d 10 
remove Ixickground color, as is used lor residue d?Kr. 
minations OS plant tissues. 

T o  ileteriiiine the recovery at  zero time for c : ~ d ~  t ~ t s  
the sanie anioiint or EPTC spray mlitlion t11:1t ICE alp 
plied to each flat or core sanip~c aI.e:I w i ~ s  i11s11 :Id+f 
to the S:IIIIC iiinoiint of soil in the Il:~sk : ~ n d  SI~:IIII h+ 
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"llrd. T h e  recovery of EPTC averaged 947, for 10 
soil where 

B . l i  iiig of E P K  w a s  mixed in the flask with one pint 
of soil :~nd steam distilled immediately. Recoveries were 
'"st :is elticient with the granular EPTC as with the 
liquid. :mil soil type and depth of incorporation did 
noi dlect  the recovery. T h e  amount of EPTC lost was 
obinilled by subtracting the amount found after the 
trcntment in the greenhonse or field from the amount 
louod :it &o tinir in the flask. 

-. 

ihcsc zero time standards rnn in five types 

RESULTS AND DISCUSSION 
LPTC loss from d jy ,  fnoisl, and wet soil afler spraying 
011-1li~: .soil sirrfnce. On three clear, sunny days at.10 Ahl, 
'IPTC: w a s  sprayed on the surface of dry, moist, or wet 
loaiiiv s;ind contained in small aluminum flats in the 
grectil!ouse. The  soil temperatnre at  the start of each 
101 K I ~  i i  F and the air temperature'was 78 F. T h e  
reI:itiw hiin~idity was near 21%. The' rate of loss of 
E P I  ( :  i i ' i i s  greatly increased as soil_inoistiire was in- 

. c r c n ~ l  (Figure ?). T h e  greatest rate of loss on dry, 

VAPOR LOSS OF EPTC 

on dry soil, then incorporate one day later and get the 
same results as incorporating immediately. If there needs 
to he a delay of 15 to 30 minutes before incorporating 
EPTC on moist soil, using an additional 1 Ib/A should 
help to make u p  for the loss. T h e  loss was so rapid froin 
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 Hats of 
loamy sand s,$ inch deep were sprinkled with granular 

- .EPTC a t  .3. Ib/A. T h e  material was applied a t  I O  AM 
to dry, moisi, or wet soil in the greenhouse on three 
cloudy days. T h e  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 
32%. T h e  results (Figure 3) indicate that very little 

C R I U U L . "  

,, I 3 1 2. 111 12 96 120 I.. 

" O U R 6  " F I L R  I U l F l C t  I I I E I T Y T * T  

/:iguw 3. Loss of EPIC from dry. moisi. and WCC soil 
after application as a griiiiilar fcirrnulaiiuii 31 3 Ib/.A 
to the soil surface UII cloudy days. 

EI'I'C u w  lost tlie first few hours after application of 
gr:inuliir EPTC to the surface of dry soil, I n i t  a con- 
sidera1,lc amount w a s  l o s t  i n  3 clays. On the other Ii~ind, 
EI'TC was lost quite rqJidly the first two hours alter 
applying the gr:inulcs to ~iioist and wet soil, ei'en though 
tlie sky was overc:ist. T h e  results indicate tlixt incor- 
~~ora t io i i  tnay Ix delayed se\*er:il hours :ilter applicatioii 
ol gr:iniil;ir EI'TC to dry soil h i t  n o t  ;ifter :ipplicati,~n 
to moist soil. 

Another test w i t h  p,raiiiiI;iI- EPI'C w i i s  r i in  i n  tlie 
siii:ill iiluniiiiinii I1:its i n  the siiiiie way :is i n  tlie I>revious 
cxpet-iiiicnt, except tli:it more moihtiirc Ic\*cIs were used, 
iiiid t l ie cxpcriiiirnt wiis run on :I clear, sunny clay. 
' l ' l ie teinperiitiirc o f  the dry soil r;iirgcd Sroiii i9-8fi 1;, 
tlic air tcq)craturc  w a s  81-82 F i ~ n d  the rehtive 1111- 

tiiidity uus ! l - l 3%.  ' l ' l ie results (Figlire *I)  S I I O I C  xgxiii 

143 
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incorpoi-:ition :it ihe s:me time, using soil : i t  S C V ~ I I  t ~ i l ,  i 
in the soil after 2 hours was deterniineil. l'hc rchllll, . I  , 
which arc sum~n:~rizcd in T:il)le 2 show that iiicorlhh 

E D S  

fcrent ~ n o i s t ~ ~ r e  levels. The  amount ol EI'TC reiililillill., ' 

Tnble 2. IXect 01 soil incorporation 2nd soil moisture 01, i l l c  loIl 
EI"I'C aftcr application as a spray at  3 b / A .  

~~ 

Surface ___ 
1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I2 
1.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
5.8 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 

10.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
11.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 
19.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 
27.8 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73 

5 10 15 20  25 
Ye M O I S T U R E  111 S O I L  

Figer-c 4 .  Effect of soil moislnre ~on lent  on the  l o s s  of 
1'l''TC Irorn g~tnulcs  applicd IO the soil surface at  
3 I b / A  

th:it the loss of EI'TC wiis negligible the first 2 hours 
after applying grmular EPTC to air dry soil (2.2% 
moisture) or iron1 soil low in moisture content (4.4 to 
G . 6 7 .  moisture). \\'hen the soil moisture content was in- 
creased to 11% there was a considerable increase in  
loss (17%), while increasing the moisture content to 

.- 15.4% caused a tremendous increase in EPTC loss 
( G O c / , )  in 2 hours. T h e  advantage of granular Iormula- 
lions over sprays cf EI'TC appears to be on dry soils 
or soils low in moistitre content when incorporation 
cannot be carried out immediately. 
Sunny day compared to n clorrdy 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 ( I G . I Y o  
moisture). T h e  relative liuniidity was near 5% dnring 
the sunny day and 23% during the cloudy day. T h e  
air and soil temperatures varied between 77 and 79 F 
in both tests. EPTC vaporized much faster during the 
first 15, 30, 45, and GO nlinutes on a sunny day than o n  
:i cloudy day (Tal,le I ) .  However, after26. hours the loss 

Table I. Effect of sunny and cloudy days on the loss of EPTC 
from granules on wet soil. 

1 - 
Lor9 of EPTC from granules. pcrccnl of applicd 

Sunny day Cloudy day 
. Hours aficr tr~atmcnt 

.......................... 
.............................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-K -. 21 17 
/ Y j  32 17 

I 17 29 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -1 72 66 

N 11 21 

2 67 I 4  

6 . 7  75 
- -. 

... . . . . . . . . . . . . . . . . . . . . . . . .  

on the cloudy day almost caught u p  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 >f surface n;id incoi-porated treatments at  
diflerenf moisture levels. In the small aluminum flats, 
EPTC was applied at  3 lb/A as a surface spray and by 

ration 3/4 inch deep greatly reduced the loss of EPTC 
at all soil nioistnre levels. However, at  moisture lev,.& 
oI 14.6y0 and greater, considerable amounts of 1:Plc 
were lost in just 2 linurs after incorporating. In  soil, 
containing 10% moisture or less, very little EI'TC: v a p r  
loss occurred after incorporation and the soils b e h a v ~  
about the saine as dry soil. With the surface sprayv 
the decrease in  loss of EPTC going from 19% I I I O ~ S I U R  
to 28% moisture was probably due to oversaturation 
of the soil as shown by the slight puddling of the )vain 
on top of the soil at  the higher moisture level. 
Efect  of soil t y p e  on I T T C  loss. An expcriinwt silll. 
ilar to that just described was carried out itsills five 
different types of soil in the small alnminiiru jmri? in 
the greenliousc and determining the EPTC rci i i :~i i i i~~~ 
after 24 hours. T h e  different soil moisture I c w I ~  were 
prepared by mixing pints of each air-rlrictl s o i t  iv i i l l  
150, 100, 7 5 ,  50, 25, mil  12.5 ml of water. XI1  I ~ C X I I I I C I I I ,  
were applied a t  10 Ah1 on sunny days or ~i: ir i i : i I l~ 
cloudy days. T h e  air temperatnres varied froni T S - 6 4  F. 
the soil temperatures ranged from 80-54 F :i11(1 h e  
relative humidity r:inged from 5-2070. In  al l  soil tym 
tested, incorporation 8/4 inch deep reilticed thc I:N" 
loss greatly at  a11 moisture levels (Fignre 5). ' 1 ' 1 1 ~ ~ i c .  1va1 
very little if any loss of EPTC from the five (In soils 
or soils low in moisture content in 24 110urs : i 1 1 ~  in. 
corporating the EPTC immediately to ii d c ~ i l l i  i d  ?( 

......... .............................. 
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inch. Howewr i n  the wetter soils, considerable loss of 
EPI'C occurred in the incorporated tre;itments. Tllcre 
a p p r e d  to be a critical nioistiire level for most soils, 
above which tlie rate of loss of EPTC increased greatly. 
This crilicnl moisture level was about 5-G% for the 
randy soils, I lo/, Cor the light clay loam, 23% for heavy 
clay :ind :iround 40% for the peat soil. \\'hen not in- 
corlni~ited. nbont 90% of the applied EPTC was lost 

. in 2.1 I~oiirs from tlie wettest sandy and light clay soils, 
b o t  I I I C  Ibss was less (75%) on the wettest heavy clay 
wi!. :ind consider;ibly less (48%) on the wettest peat 
roil. 
E[ , : i I  ol temperallire on t l ie loss of EPTC. A small 
aluiiiiniiin pan containing one pint of air-dried (1% - nisi<tiire) Santa Cruz loamy sand and a pan of the same 
soil (o i i~ i in ing  14% moisture were placed in an environ- 
niei11:iI growth chamber at  32 F and EPTC was applied 
as ;r iiirkice spray. After 24 hours, the soil was steam 
ilisiillcd. This procedure was repeated at  growth cham- 
ber !ciiipcr:itures of 40, GO, 80, and 100 F. T h e  soil teni- 
pria! i i re I ~ S  very near the air temperature in these . teri\. ' l-lie experiment was repeated and the average 
l o w c  iirc shown in T:ible 3. Increasing the temperature 

Tnliii, 3.  lilfect of lemperanire 081 the loss of EPTC after applica- 
lion as a spray nt 3 Ib /A to the soil surface. - - .  

1.0s. of EPTC in 24 hdurs. percent oI applied. 
.Air temp F 

tdoisr mil Dry soil 

- Iry, m D i s l Y r C  1% -- ~ 

J 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . .  62.4 12.0 
4 0 .  . . . . . . . . . . . . . . . . . . . . . . . . .  67.0 12.2 
6" . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8i.n 9.2 
8% . . . . . . . . . . . . . . . . . . . . . . . . . .  80.8 12.2 

l m l  . . . . . . . . . . . . . . . . . . . . . . . . . .  75.3 15.7 

or 2 

frnni  :I? to 60 1: caused a n  increase in the loss of EPTC 
from i l ie moist soil but not from the dry soil. T h e  loss 
at 81) 1: from the moist soil was about the same as a t  

I 3 0  b' and increasing the temperature from 80 to 100 F 
aied to decrease the loss slightly. This may be ex- 

allowing soil adsorption of the EPTC sooner than at  
80 F. 
EPTC loss during m i n f ~ i l l .  I n  one experiment, EPTC 
was sprayed on the surface of moist ( 1 1 %  moisture) 
loamy sand contained i n  small flats outside while it 
was raining. T h e  soil ;ind air temperatures were both 
57 F and the relative huniidity was 84% and rising. At 
Ihe siime time, some flats of the same soil were sprayed 
in tlie greenhouse where the soil temperature was 74 F, 
the air temperature was 75 F, and the relative huniidity 
was 35%. T h e  loss of EPTC in 15 minutes was 20% 
outside i n  the rain a n d  21% in the greenhouse. )\Iter 
one 1 1 o ~  the losses were 48% in the rain and 44% in the 
V~enllo1~sc. and after 4 hours the losses were 57yi i n  the 
':I111 and 59% in the greenhouse. This experiment showed 
l h t  EPTC was lost very rapicily aiter :ipplication to :I 
Inoi~t soil surkice under high humidity and  raining 
'OIiditions. 
' ; / / v t  o/  depth  of .soil iiicovporntioii on EPTC / O S S  

! ' l ld,!r  / i c l r l  col1dition.s. 111 snlaI1 field plots, EPl'C: \Viis 

ll~mpi,r;lted :It 6 hi)\ :it dcptlis of I,$. I. 2, and 3 inches 

! a!pe pained by more rapid drying of the soil at  100 F, thus 

VAPOR LOSS OF EPTC 

in moist (15.7% moisture) Sorrento loam, and dso ap- 
plied :is a surface spray. T h e  plots were treated a t  3 PM 
on a clear sunny day when the air temperature was 71 F 
ani1 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 lvitli a clear 
plastic sheet which I Y ~ S  supported 4 inches above the 
soil to prevent rain from wetting the treated soil. The 
soil moisture content was 14.570, the air temperature 
was 63 F and the soil temperatiire was 64 F when treated. 
T h e  data- from these two tests (Table 4) show that tlie 

Table 4 .  Effect of depth of incorporalion and rainfall 01) the tors 
of EPTC after application to moist loam in field plots a1 6 
Ib lA.  

~ ~ ~~~ 

Depth or incorporarion, inrhcs 0.9 Inch rain Zia Mi" 

3 days 6dnyr 3 days 6 drys 

n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89 33 36 
I8  4 J  

85 
H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 88 .. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  15 1 2  14 

8 I 9  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3s 40 
13 I S  3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 2s 

.Auerogc 01 two samples for each sampling dnlr. 

deeper the EPTC was incorporated into nioist soil, tlie 
better i t  was retained. Incorporation only !," 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 tlie plots from 
rain, and the soil WBS drier (11% moisture) when treated. 
Using the drier soil, the I,$ inch depth of incorporxtion 
gave about the same loss (17%) in 3 days :is deeper in- 
corporation of 1, 2, or 3 inches (9-15% loss). I n  one 
treatment the soil was compressed by applying 1 Ib/sq 
inch pressure on the soil aIter incorporating 2 inches 
deep to see i f  picking the soil woiild influence the loss. 
The results showed :ipproxim;itely tlie siinie loss in 3 
d;iys from the compressed soil (1  5 % )  as from the loose 
soil (14%). 
Effect of sprinkler  irrigation nnd i l cp t l i  of incor/xJr.ntion 
on I P T C  loss under field conditio~is. Two sets of five 
holes were prepwed several feet :qxirt in the field and 
filled with Sorrento loam (IT.Fc/, moisture) which con- 
taineil EPTC incorporated a t  dilrcrent depths :it G 
IbiA. One set of plots was sprinkled with a sprinkler 
set to give intermittent sprinkling for aliout 8 seconds 
out of Ion seconds needed for the qxinklcv to iiiake 
one revolution. ny this method of irrigation. the plots 
received 0.24 inch of iwter from the time of tre:itnient 
;it 1 0  Ani until tlie end of the experiment :it 4 I'M. 
I h r i n g  this period tlie other set of live plots received 
no irrig:ition. T h e  test was ruii i n  June on :I dciir 
sunny day when the ;iir temperxtiire iit the start \viis 
65 F :ind the soil tcmpenture six Iiours :ifter tre:iiiiient 
w a s  65 I: in  the sprinkled plot, xnil  86 1: i n  tlic iioii- 
irrig:itcil Ijlnts. T w o  core s:iinplcs were txken frinii c:icIi 
1'101 six hours alter t i x i t n i e n t  a n d  tlie EPT(: dcterniined, 
Tlic :ivei-;ige losses (Fisure 6) s l i o w  tl i i it  1v1,eii El'.fC 
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A V  apor Trapping Apparz 
EPTC and Other 

KEEU 

Allsiract. AI,  : ~ p p i i r a t u ~  for tmpping the mpurs of ethyl A',jY-di- 
p o p y l t  Iii01~arl~:iiiiiite (EI"I'C) mid OI hcr hcrbicidcs irorns *oil$ under 
l i d t l  'conditiuns is dercribrd. T h e  herbicide v a p w s  were collccled in  
c < x ~ I  ir:ipr a k q  with ice cryslalr. identilicd hy gas chroinatography 
m t l  ~Icicmiinctl q~m~t i ta t i re ly .  'The ainuunl of EPTC lost  and 
trapped in 30 niiiiiitcs ranged froin ?2 IO 38 7" OI h a t  applied to the 
wrf:icc o f  six dillerent types of wct soils. Thc iiiiioiint lost from dry 

' e-€ 
six A l l e r e a t - l y p ~ L " " i l s  
\ ~ , a r - - i , , i i e l ~ - - ~ , - f r o r n - - m  
freshly worked i i i i r i s t  soil dry out to deplh of '/2 inch Ixfore - 3pP"tying with E I T C ,  greatly rcduced the loss by vaporimtion. 
1mmcdi;ite incorpomlion prevented any loss of EPTC fzom d r y  
soil iiiitl grea~ly recluced the loss froin moist roils. Aftcr spray- 
ing EI'TC on dry soil, sprinkling w i i h  small arn~tints  of water 

t l  the loss. Comparison of ~everal lliiolcailiainate herlricirln 
showed that ?&propyl i\',\'-di-~~~prop)-llhiolcal.l,amate (R-IGOi) and 
n.prop)-l e t h y l - , , - b i l ~ ~ l i h i ~ l ~ ~ ~ l ~ n l l l a l e  (PEBC) wcrc lost b y  vapor- 
iratiw at  a s lowc~ rare than EPTC, and S.eihyl hewhydro- I -H-  
a2el'iiie-l-carl,otlIioate (R-4572) \vas lost at a much rlow\.er r i l c  than 

mil< w a s  much less than froin nioisi soils.-- , 

, the o ~ l i e r  herbicides tested 

IXEXODUCTION 
Enniciu*: 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, i n 8 X i n g  catalytic decomposition on 

. - contact with the soil. photoinactivation. irreversible ad- 
. sorption on the soil, microbial decomposition, leach- 

ing, and plant uptake. Sodium A'-nietliyIdithiocarbamate 
IS not volatile, but on contact with moist soil it de- 
composes conipletely in  one hour producing methyl 

p .isothiocyanate which is volatile (8). Since other herbi- 
I cides may also decompose to some extent on contact &+ " with soil, volatility losses determined by bioassay 

--'-niethods 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 attributed to vaporization should be con- 
firmed by trapping and identifying the material aris- 
ing from the soil. An a p p r a t n s  for trapping the vapors 
afier treating the soil with EPTC and other herbi- 
cides under field conditions is described in this report. 

T h e  loss of EPTC from soils has been reported by a 
rluniber of workers who used smaller soil samples and 

'Kece&ed for pul,lication l u l y  11.  1954. 
:I'lant Physiologisi. ~ t a i i ~ G ~  Chcmital Company. Biological Re- 

search Center, hlo~inliiiti View, California. 
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for Determining the Loss of 
Herbicides from S h s '  
A.  GRAY^ - 

dillerent merliods than those employed here. ,Asht 
;d Sheets (2 )  reported that the loss ol EPTC fro 
lree liquid surface was 57 micrograms per sq cIn 
hour at  30 C, but i t  was less volatile from a soil 
face. Kadioactive measurements on 2-gram soil 
which were enclosed in a chamber with a dish 
ing EPTCS'5 showed that the EPTC was :I 

more on dry soil than on moist soil. Fang a n d  
(G) found the EPTC was coinpletel\' lost within (me I 
when a sniall amount was applied tn :i glass i i i r l : ~ ~  
a stainless steel planchet, but it wiis 1)ariially :c& 
on filter paper. Vernetti atid Freed (9) reportcil t l i : { t  
and I'EBC when mixed i n  sandy soil gave ~ i i j v , ~  
losses of 18.3 and IG.Go/O, respectively, in d r y  .-,.~il,  
33.4 and 24.8% in moist soil in 24 hours. . \ I )  

et al. (1) reported that the activity of EPTC: !!,I, II 

greater when it was incorporated into the soil 11h 

it was applied to the soil surlace. l h i s  f indi l l :  h i i s  
confirmed by many workers in field tests cmi,!:~ctr 
m:tny different areas. Fang et al. ( i )  ineasiil.cii iln, 
appearance of S35 labeled EPTC from 1-gr;iiii * : i l  
ples, in planchets and foiind that the loss c , :  E 
ilurinr~ drvin~z. increased with the soil nioistui.c. con 

I Y EPTCY was very persistent in dry soil. 
Danielson et al. ( 5 )  found by bioassay nicIillds 

the persistence of EPTC in soil ,vas strongly iiilluei. 
by the solvent carrier used for :bpplying tl:, 
EPTC dissipated much more rapidly when 

ner (4) found that air movement was also an 
kerosene than in water or acetone. 1);inielson :!~d C; 

factor in  the persistence' of surface.applied -I:.I''rC 
addition to describing the vapor tr:tpping n l i l ~ : i l a l d  
this report is also concerned with the iitnoitiii IJI El  
lost and recovered by the vapoi. trappins 1 c h 1  
during short time periods after diKcrcnt soil rrc.tlnil 

, 
h.1 ATERIALS ANU h '~ I? l l lOUS 

Vapor tvapping apparatrrs. 
A clear plastic box 24 inches long. 12 incltes " 

and G inches deep was constructed from inch PI 
g l : ~  sheeting. Two holes % inch i n  dinnwler, "41 
drilled in nne end of the c h a ~ ~ ~ l ~ c i -  t o  serve.as.,:l!r 111 

A hole ?l, inch in  diaiiieter was drilled i l l  t h e  o l P  
end and it w i t s  fitted with a nne-Iide ~-ul~licr rlOl 

138 



GRAY : VAPOR TRAPPING APPARATUS - 
- 
(mltiiiiiing ;I sli(irt piece of glass tu1)ing :is the :tir out- 
let. l 'he  outlet tube w i i s  connected with a short piece 
:)I nilher tii1)ing to airotltcr '7' shaped glass tube which 
~('iis C~JlllleCted at  the upper end to an empty Pyrex 
gl:iss trill) 1.2 inches i n  diameter and I 5  inches long. 
I t  contained :in inner glass tube 0.35 inch in inside 

-cli:itiicter ivliich exteniled to ivithin 4 inches of the 
bu11m11 of the outer tube. The  first trap was connected 
10 IWJ iiiore tr:ips by nieans of short pieces of rubber 
tiil,iiix! T l i e  three traps were immersed in dry ice-ace- 
tunc I)atIis contained in Dewar flasks. A vacuum pump 
v i t ' i  rnnnected to the third trap as shown in the c o n  
p h c  :ipp:iratiis (Figure I ) .  

Fig , , I  I .  Vapor  trapping appwattm fur recovering vapors lost 
t t m , ~ ~  tlic m i l  after application of EI'TC and o t l i ~ r  hcl-bicides 
\ w d s . v  k l t l  cwxlitions. 

lii oper;itioii, the plastic chanlber' was placed over 
1 1 1 ~  Ilul-bici(le-tre;ited soil, and soil. was pushed up 
:IIOUII~~ the edges of the box to seal the sides Irom air 
ninwneiit. T h e  V ~ C L I L I I I I  pump was turned on and air 
W:I> <li,:iivn through the chanlber and through the traps 
at :I w e  of 25 liters per minute. T h e  volatile EPI'C 
\71lror  vas picked up in tlie air streitiii and trapped in 
tlie i o l d  i r x p s  ;Ilong with the water v;Ipor which came 
011 llic mil ;ind collected iis ice crystals i n  the traps. In 
~ c \ w : i l  experiments the vapors were trapped from soil 
l h : ~ ~  was treated in tlie field. In  other tests, metal flats .. 12 iiiches long and 8 inches wide containing soil 3 

, Inches deep were treated with the herbicide and the 
flats ivrie pl:tceil under the chamber i~nmeiliately to 

-collect the vapors. In  all  tests, emulsifiable EPTC was 
applied a t  3 lb/A using 80 gallons of aqueous spray 

ticye. .\ volumetric pipette was used to apply the 
erhwles  as a simulated spray. By moving the pipette 

back :and lortll with a rapicl zigzagging motion over the 
mtire mil area, good coverage was obtained. When 
d~ soil was usec~ i n  the flat, anoilier sni;iII aIuminum -9 r i l  the same area cont:lining wet soil v a s  place11 
9 the cIi:iniber in front o f  the treated flat of dry soil 
!" ptiwide the same aniount 'of moisture for condensing 
In the traps :IS when wet soil was treated. This was 
h e  to eliniinste (IiRerences in recovery that might re- 
'UII v I i e i i  clinerent itniotints of  water were trapped Soil 
IClI\\xr;itiires inside the cllamber were taken with a 
!Il~~tiim!erer p ~ a c e ( ~  incli Ix lorv  the soil siirlitce 
"1 IIorimiitiiI positinn. 
' J ~ ~ ~ ~ ~ ~ i i ; i ~ , i i ; , , ~ ~  of t/te ninourit of E P T C  rrnpped. 
. ' h e  ice iv1iicIi c o ~ ~ e c t e t ~  i n  the three traps was nie~ted, 

!'e(diiiR ii  tt~rhiil soltition having a strong ndor of E P I C  
' 1 1 ~  wltitioiis f r o m  tlie three traps were cnmtinetl i i n c ~  
''IC ~r: i l )<  irere rinse11 once wit11 15 nil o l  <lisiillet\ water 

which was aclcled to the combined s;tniple. T h e  EPTC 
in  the coml~ined saniple wits extracted twice with iso- 
iictane and deterniined quantitatively using the method 
reported by Batchelder and Patchett (3). As little a s  0.02 
p p i  EPTC could be detected by this method. T h e  
step of extracting the benzene-soluble background color 
was omitted since no  interfering niaterials were pres- 
ent  in  the clear aqueous condensate. A standard curve 
was prepared for each tliiolcarbainate tested. 

~. " RESULTS AND Discussio~ 
EPTC uaporirntion'loss from soil in .the field. 

In a field of freshly cultivated moist Sorrento loam 
on a clear warm day, EPTC was sprayed on the soil 
surface over a 2 sq It .area. T h e  treated area was cov- 
ered immediately with the plastic chamber and the 
vacuum p i n i p  was turned on. Only two dry ice traps 
were used in this first experiment and the traps were 
replaced with clean traps a t  15 minute intervals. Dur- 
ing the test, the air temperature inside the ch:iniber 
rose slightly so t l n t  it was 6-10 degrees above the 
outside air temperature. T h e  soil moisttire content 
sanipled to ii  depth of 3 inches was 16.1 70 at the start. 
T h e  results, which are suinmarized in Table I ,  show 

To6le I .  EPTC Inst as vapor and recovered with the vapor napping 
apparntiir during short lime intervals afler spraying on the 
surface of moist soil i n  the lield. 

Wnlcr Air lcmp in  EPTC trapped a i  vapor 
Collcciion pcriod, min Lrrppcd. ml chambcr, P 

hlg Pit dapplicd 

that over 20740 of the EPTC that w a s  applied to a 
moist soil siirhce was lost h y  vaporization and recovered 
in the traps in YO minutes. The  rate of loss of EP?'C; 
was greatest during the first 30 niinittes alter app1ic;t- 
tion and then the rate ( ~ f  loss decre:ised considerably 
with time as the soil dried out. 

Another test was conducted in the field the same 
day :is the previous test iiiid under tlie si i i i ie conditions 
except the surI:ice of the soil was al loi~~ed to dry out  
for two hours after cu1tiv:iting the ninist soil. The soil 
moisture content was 13.1740 in the soil s:inlpled three 
inches deep at  (lie start, but the soil surface was dry 
ahout !,$ inch deep. Mtcr  appliciition to this dry soil 
suri;ice, only Y"/, of tlie :ippIiecl EFI'C was lost b y  
virptirimtion and recovered in the traps along with 30 
1111 of irater during the first hour. In kiter experinleiits 
greater recoveries were nbt;iined tisitig three traps instead 
of tivn. 

The  coloriineti-ic methird used in thee deterinin. .I t '  1011s 

indic:ited thiit tlie Inaterial coliiing olT the soil WBJ the 
intact tliio1c~irl)~iiii~tte. The  odor of ihe trapped W .  

teri:il also indic;tted thxt it ivits EPI'C. T h e  identity 
wits confiriiied by running anotller field test an11 511b- 

jecting :I portioti of the trqqled i t q u e o ~ ~ s  solutioii to 
::IS i:lir~)inat~)gr:i~~llic an:tlysis. Two peaks were obtninecl 
witli i i  hydrngcii I l i l l i ie detectot- which rnrrespondcd to 




