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Volatilization of S-Ethyl N,N-Dipropylthiocarbamate from Water and Wet soil ; AP-42 Reference Section 9.1.1 
durinp; and after Flood Irrigation of an Alfalfa Field Report Sect. E 

. .  ' 3  Reference _& 
i' 

. -li Mark M. Cliath,. William F. Spencer, Walter J. Farmer, Thomas D. Shoup, and Raj Grover 

The herbicide S-ethyl NJ-dipropylthiocarbamate (EPTC) was applied to &$fa in irrigation At,& 
The actual vapor loss rate was assessed using an aerodynamic technique to estunate the EPTC 
flux from the field during and after 2.19 ppm EPTC was applied by flood irrigation. The EPTC vaw 
flux 59.5 cm above the field varied from 37 to 259 g ha-' h-' while surface water was present. 
vapor flux values measured over wet soil after irrigation ranged from 2 to 103 g ha-' h-* and w 
at night. Of the 3.04 kg ha.' EPTC applied, 7.0% was removed in tailwater runoff and 73.6% 
during the 52 hours of observation. This indicates that using surface irrigation water to ap 
to alfalfa is an inefficient method. 

Figure 1. Mi 
A weighing lysimeter was 

teorological equipment, whic 
75 m S of the NE comer as mast. Thep, 

2 h and air E 
pesticide vaF 
from 1445 h 

Field soil I 
?4?6 May a 
lhree smples 
on 24 May, a 
semp!e were 
one day after 

were located near the lysimeter. 
To  measure irrigation water runoff from 

10.2-cm Parshall flumes were installed 23 an 
io m S of the NE comer of the field. 

.4 psticide collection mast assembly was 

hnn..l ."A I , . "-%. -... . 
mast assembly was A mcdiication of &e 
by Turner and Glotfelty (1977). A detailed 

u wet clay 11 
The water 

Measurement of loss of field applied pesticides by vol- 
atilization into the atmosphere has been an active area of 
agricultural research since Willis et  al. (1971, 1972) first 
measured concentrations of pesticides in the air above 
treated soil plots. Actual vapor flux densities were mea- 
sured above plots and fields of bare soil and corn (Caro 
et ai.. 1971; Parmele et  al.. 1972: Taylor et al., 1976). 
soybeans (Harper et  al.. 1976; White et  al., 1977). and 
orchard grass (Taylor et al., 1977). These studies were 
recer.tly sumarized and evaluated by Taylor (1978). 

in 1977, Soderquist et al. reported finding the thiol- 
carbamate nerbicide molirate in the air above a flooded 
rise field and speculsted that loss by volatilization from 
field !rater was "the major route of dissipation". 

.A -9lyicg S-ethyl N,N-dipropylthiocarbamate (EPTC) 
to fa in flood-irrigation waier (called herbigation) is 
ofte;. the preferred application methsd in Califcrnia's 
Imperid Valley. Alfalfa is irrigatfd about 25 t i c s  m- 
nually and as mmy as six cuttings are removed each year. 
The soil is often trsated with a preemergent herbicide, like 
EPTC, after tach second or third cutting, by adding the 
herbicide to the irrigation water. EPTC is co,isidered a 
volatile thiolcarbamate herbicide, moderately soluble in 
water 1320 mg L-' at 30 "C. Freed et  al. (1967)) with a 
saturation vapor pressure of 2.97 X 1W2 mmHg a t  30 'C 
(Hamaker, 197'2). EPTC vapor flux densities in the at- 
mosphere above an alfalfa field during flood herbigation 
were reported by Cliath in 1978. This report presents 
information on total volatilization losses during and after 
EPTC was applied 
METHODS AM) MATERIALS 

Experimental Site and Treatment. Th'e experimental 
site was located at Brawley, CA. a t  the USDA Imperial 
Valley Conservation Research Center. The site was about 
162 m long (N-S) and 126 m wide (E-W) and included a 
2.04-ha area planted to alfalfa, as shown in Figure 1. 
Outside the west edge of the field, 24 12-m2 basins with 
borders spaced 3.3 m apart were also planted to alfalfa and 
provided additional fetch from the windward direction. 
The soil was Holtville clay loam (Typic Torrifluvents). 
The field contained a poor-bmedium stand of alfalfa that 
had not been irrigated for lC-14 days. EPTC was applied 
to the alfalfa field by herbigation 7 days after cutting when 
t h .  'mu were approximately 15-25 cm high. 
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Figure 1. Map of experimental site located a t  Brawley, CA. 

mast. The polyurethane foam plugs were replaced every 
2 h and air flow rates were also readjusted to 2 L min-'. 
Pesticide vapor collection continued without interruption 
from 1445 h on May 25 to 1845 h on May 27. 

Field soil samples from (t15 cm depth were taken on 
2 4 2 6  May and 2. 7 June 1977. [Jsing an Oakfield probe, 
three samples containing three cures per sample were taken 
on 24 May, and nine soil samples conthining six cores per 
sample were taken on 2. 7 June 1977. On 26 May 1977, 
one day after flooding. 10 soil samples were obtained with 
d trowel and spatcla as the Caluield probe wculd not work 
in wet clay loam. 

The water samples. soil samples, and air samplinc p l w  
were stored at 5, -10, and -10 "C, respectiveb, until an. 
dyzed. The water samples were extracted by hexane 
?artit;on. The soil samples ar.d air sampiing plcgs were 
Soxhlet extraqted for 4 and 2 h, respectively, with an 
hzeotropic mixture of hexane and acetone. AU  sample^ 
were mncentrated to appropriate volumes and quantitated 
using a gas-liquid chromatograph equipped with a 
flams-pilotometric detector in the sulfur mode. 

The EPTC vertical flux (P t )  were calculated from gra- 
dients of EPTC vapor density (LO and wind speed (G) 
by the aerodynamic equation 

Pt = k2L\CAu/dlln (z2 - zo)/zI - za)12 (1) 

at heights z, and z2 above the surface, where zo is the 
"roughness length" or the height above the soil where li 
extrapolates t6O m s-I when plotted against In z, and k 
is the van K m a n  constant, whme value is usually 0.4. A 
stability correction term (*) is necessary to correct for the 
effect of atmospheric instability on the vertical flux, and 
reflects changes in atmaspheric lapse rate. Under inversion 
conditions where 5 is positive. @' > 1 and the apparent 
EPTC flux is decreased because of reduced atmaspheric 
diffusivity. Likewiae. under a lapse condition when 
is negative, 4' < 1. and the apparent EPTC flux is in- 
creased. The form wed for (@) was developed by Pruitt 
e t  al. (1973) and was calculated from 

@ = (1 * 16Ri)*03 (2) 

where Ri is the Richardson gradient number, which is 

-- 

lculated from 

Ri = g ( D / & ) / T ( h / & ) '  (3) 
Where g is the acceleration of gravity in centimeters per 
Second squared, Tis the average air temperature in degrees 
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Table I. 
Field during and after Flood Imgation 

EPTC Concentrations in Air over an Alfalfa 

concentration, irg m-' 
heights above the soil (cm) day and sampling 

periods(hPDT) 10 18 30 45 15 100 

25 May 1917 
1445-1645 
1645-1845 
1845-2045 
2045-2245 
2245-0045 

91.7 a 83.1 71.9 44.2 29.1 
81.0 95.2 76.0 49.2 38.9 30.1 

106.3 82.8 62.8 44.1 33.3 19.3 
28.5 19.5 19.5 13.3 10.1 1.2 
27.1 a 16.2 13.9 10.8 7.4 

0045-0245 24.3 12.0 16.1 9.1 9.0 7.8 
0245-0445 63.4 41.1 41.1 31.4 17.3 8.2 
0445-0645 71.3 41.7 42.7 25.6 19.5 9.5 
0645-0845 21.0 18.9 14.1 11.2 5.5 5.6 
0145-1045 20.4 (I 13.2 10.4 7.1 7.8 

26 Mav 1977 

(I 1045-1245 a 9.2 8.4 7.8 4.5 

1645-1845 9.5 4 2  4 9  4 n  $ 7  h 

1245-1445 14.8 10.2 8.8 8.5 5.1 4.0 
1445-1645 10.3 7.2 5.5 7.7 1.0 3.6 

1845-2045 7.6 b 3.0 7.0 2.5 b 
2045-2245 7.2 2.4 2.9 3.7 3.5 b 
2245-0045. 25.5 19.2 15.2 12.0 5.1 3.4 

97 Mav 1 a77 -. ..__, -". . 
0045-0245 13.1 14.3 10.0 14.1 4.8 a 
0245-0445 26.8 16.3 12.4 10.1 3.7 2.1 
0445-0645 18.5 13.8 10.8 7.1 R.6 4.0 
0645-0845 
0845-1045 
1045-1 245 
1245-1445 
1445-1645 
1645-1845 

5.3 
5.0 
5.3 
7.0 
6.2 
8.7 

2.1 
4.2 
3.9 
(I 

(I 

5.7 

-3.2 
3.4 
3.4 
4.8 
a 
5.2 

3. i  
3.0 
3.3 

6.1 
4.9 

U 

2.6 
2.8 
2.8 
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Figure 2. Calculated EPTC vapor flux during and after EPTC 
wv89 applied by f l d  inisation to an alfalfa field. 

Celsius, and is the difference in air temperature be- 
tween z2 and zp 
RESULTS AND DISCUSSION 

Table I shows the EPTC concentrations in air above the 
field for 52 h after the irrigation-applied herbicide treat- 
ment. The EPTC vapor concentrations at each collector 
height were generally highest when water flowed acrms the 
field between 1445 and 2045 h on day 1. The EF'TC vapor 
concentration in air did not decrease to zero during the 
night, but began to increase a t  0245 and 0445 h on day 2 
and a t  0245 h on day 3. Diurnal EPTC vapor concentra- 
tions were lowest between 1845 and 2245 h on day 2 and 
between 0645 and 1645 h on day 3. 

Figure 2 is a plot of the vertical EPTC flux during the 
52-h field run. The EPTC flux was highest between 1845 
and 2045 h on day 1, which coincided with the highest 
EPTC vapor concentrations in the air above the field. We 
observed direct correlations between EPTC vapor con- 

TIME,hrlXICO 



612 * J. A*. Food Chem.. Vol. 28. No. 3. 1980 

Table 11. 
Head Ditch and in Tailwater at the 
Runoff Flume on Day 1 

EPTC Concentrations in Irrigation Water at the 

- 
WTC 

location time, h concn, ppm 

1300 
head ditch 0840 2.14 

2100 1.14 

Table 111. EPTC Residues in Soil before and after 
Flood Irrigation 

EPTC concn 
sample (0-15 Cm).' DDm 

24 May 1977, preapplication 
26 May 1977. postapplication 

0.38 t 0.08 
0.60 f 0.10 

(1st day) 
2 June 1977. postapplication 
(8th day) 

7 June 1977, postapplication 
(13th day) 

0.11 * 0.03 

0.17 t 0.01 

?he 9590 confidence limit or two times standard error 
of the mean, S,, calculated with the equation S, = 
ZSDtfi, where SD= standard deviation and n = number 
of determinations. 

centration gradients measured between 45 and 80 CN 
above the sod surface and the calculated EPTC flux in- 
tensities for the remainder of the run. 

Tstle fl presents th? El"Tc concentrations in irrigacion 
and rmoff water during the flood irr!gation. Samplea of 
%bicide-treated irrigation water taken 10 m below the 

ing imint in the h s d  ditch and 120 m before the release 
ga.es .averaged 2.17 ppm durinq the cpplication Feriod. 
Tailwater EPTC concantrations obtained from !he runoff 
flume nearest to the pesticide mast decreased from 1.92 
to 1.44 ppm on day 1 durina the wnds wher. F E C  vapor - .  
flux wai-greatest. 

Table I11 shows Dl"pT soil residues at the 0-15-em soil 
depth before and after the EPTC application. The high 
pretreatment soil residue values were caused by a pilot 
study application on April 6, 1977, and the effect of in- 
tervening cool weather. Data are also included for soiI 
residues on June 2 and 7 to show soil residue levels ex- 
pected after 1 and 2 weeks of hot weather. 

Figure 3 shows the micrometeorological conditions ob- 
served during thefield study. Uniformity of meteorological 
conditions for the entire field atudy were evident from the 
uniformity of the curves. Taylor et al. (1977) concluded 
from their work that pesticide flux intensities are directly 
responsive to RN, as is water loss (ET) from soil and veg- 
etation. One might expect, then, a proportional decrease 
in EPTC vapor flu between 1445 and 2045 h on day 1 
with the decrease in RN. However, EPTC flu values did 
not decrease because of changes in and that de- 
noted atmospheric instability. Ordinarily, under intense 
insolation, over a dry soil surface air temperatures are 
higher at the field surface which causes a period of max- 
imum instability or mixing just after solar noon; with re- 
duction of RN during the evening, air near the soil surface 
hpcomes cooler than that above and the mixing of the air 

3 to temperature gradienta is dampened out. 
During our field study over water or moist soil, a typical 

"oasis effect" was observed, where advective energy from 
outside the site, in the form of sensible heat, caused water 
evaporation in excess of available RN and G. During pe- 
riods of positive RN, mild temperature inversions in the 

TIME,hr iX  100 

Figure 3. Micrometeorological con 
field stcdy on May 25.g6, and 27 
RN is solar net dintion, E is water 
T is the average temperature at 

air above the field were noted when the air 

While water was on the field 
between 1445 and 2045 h was 
stable to unstable air conditio 
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Table IV. Amounts of EPTC in Runoff, and Volatilized 
from Water and W e t  Soil, during and after a Flood Irriga- 
tion Annlication t o  Alfalfa 

% of total 
EPTC kdha  annlied 

applied in irrigation water 3.04 100.0 

runoff in tailwater 0.21 7.0 
(av 2.17 ppm) 

(av 1.70 ppm)" 
volatilized from wahrb 0.86 28.4 
volatilized from wet soilc 1.38 45.2 
total volatilized 2.24 73.6 
total lost 2.45 80.6 

' a  EPTC concentration in runoff varied from 1.97 to 
1.44 pprn during volatilization measurements. 
ized between 1445 and 2045 h o n  25 May. 
between 2045 h on 25 May and 1845 h on 27 May. 

* Volatil- 
Volatilized 

0.5 m s" between 1845 and 2045 h, during the period of 
Teak EPTC flux. 

During the night between 0045 an 0645 h on day 2 and 
between 2330 and 0630 h on day 3. atmospheric lapse or 
unstable conditions predominated even though we ob- 
served no strong changes in ri or =. During these periods 
both EPTC vapor density and vapor flux (Table I and 
Figure 2) signif~cantly increased. This indicates that under 
field condition, direct insolation was not necessary for 
production of EPTC flux. Soil-heat-flux measurements 
(Figure 3e) and temperature lapse Conditions at night 
(Figure 3d) indicated that the main source of energy for 
flux production was heat stored in the wet soil. Probably 
under these conditions of warm wet sod and cold night air, 
convective energy from the sod wmhadowed the advectiqe 
energy from the wind, resulting in GPTC flux greater than 
expected fcr conditions generaily occivring a t  night. 

The EPTC vapor concentrations in the air and EPTC 
vapor flux values were lowest between 0700 and 18CO h on 
days 2 and 3. The mild temperature inversions above the 
field dunng part of these intervals can reduce the vapor 
 flu^ but cannot account fgr the low concentrstiona of 
EPTC vapor. Reductions in ove rd  vapor concentration 
me directly correleted with conditions a t  the soil surface 
(Spencer at al., 1973). Measurements of downward flow 
of water and soilmoisture cantent of the soil surface were 
outside the scope of this study; however, the effecta of bulk 
water flow and changes in surface soil moisture content 
on pesticide movement are well documented (Spencer e t  
al., 1973; Harper et al., 1976; Turner et aL, 1978). 

The amounts of EPTC loss measured in water and air 
during and after the flood-irrigation application are shown 
in Table IV. Of the 3.04 kg ha-' EPTC applied. 7.0% was 
removed in tailwater runoff and 73.6% volatilized into the 
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atmosphere for a total loss of 80.6% during the 52 h of 
observation. The remaining unaccounted for EPTC was 
probably in the soil. The increase in soil residues between 
24 May and 26 May 1977 in the O-15-cm depth was 
equivalent to 16.0 i 13% of the applied EPTC. During 
the first 24 h of the study, 55% of the applied EPTC was 
lost by volatilization. These data indicate that using 
surface irrigation water to apply highly volatile herbicides 
is an extremely inefficient method of application. Losses 
could be substantially decreased by using less volatile 
herbicides and by irrigating so as to decrease the per- 
centage of the irrigation water lost as tailwater. 
LITERATURE CITED 
Caro. J. H., Taylor. A. W., Lemon, E. R.. Proceedings of the 

International Symposium on Measurement of Environmental 
Pollutants, National Research Council of Canada, Ottawa. 1971. 
p 72-77. 

Cliath, M. M.. Ph.D. Dissertation, University of California. 
Riverside, CA. 1978. 

Freed. V. H., Haque, R Vemetti, I., J. Agric. Food Chem. 15.1121 
(1967). 

Fritschen. L. J.. van Bavel. C. H. M.. J. Geophys. Res. 67.51i9 
(1962). 

Hamaker, J. W., "Organic Chemicals in the Soil Environment". 
Marcel Dekker. New York, 1972, p 341-397. 

Harper. L. A,, White, A. W., Jr., Bruce, R. R., Thomas. A. W., 
Leonard. R. A.. J. Environ. Qual. 5, 236 (1976). 

Parmele. L. H.. Lemon, E. R., Taylor, A. W.. Water, Air, Soil 
Pollut. 1. 433 (1972). 

Pruitt. W. 0.. Morgan. D. L., Lourance. F., J. R. Meteorol. SOC. 
99. 370 !1973). 

Sodekquist. L). 

Spencer, W. F.. Farmer, W. J.. Pliath, M. M., 
Taylol. A. W.. Glotfelty. D. E., Glass. B. 

Zdwards, W. M.. J. Agric. Food Chem. 
Taylor. A. W.. Glotielty, D. E., Turner, 

Chem. 25,943 (1977). 
I.. Bowers, J. B., Crmby. D. G.. J. Agric. Food 

,Res. Rev. 49, 1 (1973). 
L.. Freeman, H. P.. 
24, 625 (1976). 
B. C., Silver, R. E., I. A. J. Anric. Fwd Chem. 25.542 I197i). Freeman. H. P.. Weka 

Taylor, A. W., < I .  Air Pollst. Control Ass~c.  2P. 922 (1978). 
Turner, d. C., Glotfelty, D. E., Anal. Chem. 49, 7 (1377). 
Tumer. B. C.. Glotfelty, D. E., Taylor, A. W.. Watson. D. R.. 

Aeronom. J. 70. 933 (1978). 
W h i k  A. W.. H&r. L. A..~Lonard. R. A. Turnbull. J. W.. J. 

Willis. C. H., Parr. J. F.. Smith, S.. Pestic. Monit. J. 4.204 (1971). 
Willis. C. H., Parr, J. F.. Smith, S. Carroll, 8. R. J. Enuimn. Qul .  

Enuiron:Quul. 6. 105 (1977). 

6, 105 (1972). 

Received for review September 14.1979. Accepted January li, 
1980. Contribution of Agricultural Research, SEA, USDA. the 
California Agriculture Experiment Station, Riverside, California. 
and Agriculture Canada b c b  Branch Regina. Sask. Canada. 
Mention of commercial products is solely to identify equipment 
and materials u e d  and does not constitute endorsement by the 
USDA. 




