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ABSTRACT 
Volatilization and subsequent aerial l r an~por l  i s  though1 lo  be B 

major pathway of pesticide disappearance from application sites. 
Currohoralivr evidence oblsined for agricullural peslicidn under 
field rondilivns Is scarce. The contribution of  wlsti l ization Io Ihe 
overall disappearance o f  loraphone (chlorinated camphene) and DDT 
lI,l,l-lrichloro-2.2-bis@-chlorophenyl~~lh~n~~ from cotton IGossupi- 
um hirsurum L.) was sludied under field condilions in Ihe “Della” 
seclion of Mississippi. Drought condilions prevailed throughowl mosl 
of Ihe study. Measurements were made during Iwo periods: (i) B 10.7- 
d period afler toxaphene was applied by ground equipmen1 lo 50-rm- 
lsll colton planls. and l i i )  B 32.7-d period after a similar applicalion of 
a mixture of toxaphene and DDT Io the same plmls. Variable 
amounts of pesticide were unaccounted far (loxaphene, 17% tin1 
nmlication. 54% second awlicatian: DDT, 72%) and were aooarent. .. .. .. 
ly lost during application and Ihe following 3-h period before Sam- 
pling of air, soil, and p lmls  was hepun. The rdrulated 50% disap- 
pearance limes of  loxaphene (4.7 d. firs1 application; and 10.8 d 
second application) and DDT (10.3 d) on plants azrred reawnably ,. 
well wilh previously reported values. Prslicide .disappearance rates 
were linear funrlions of Ihc pesticide loads on the plants. The volatile 
loss of toxaphene (as quantified by Ihe 1851 four chromalographic 
psks) during the 10.7-d lest period after Ihe firs1 applicslion was 17% 
of Ihe amount intrrcepled by lhe plants. The com~srable volalile loss 

~~ 

during the firs1 10.1 d afler Ihe second application (32.7-d tesl period) 
WPE 33% of Ih r  amount on Ihe plsnls. Told toxaphene and DDT 
volatile losses during the complete 32.14 1st  period were 53 and 58% 

‘Joint contribution from Sail and Wale, Pollution Research Unit, 
USDA-ARS, P.O. Drawer U. Baton Rouac, L A  70893, in coovera- 
tion with the Louisiana Agric. Exp. SG.: USDA Scdiment;tion 
Laboratory. Okford. >IS 38655. in coopcration wilh Ihc I\I#swuppi 
Agric. and Forestry Exp. Sin.: and Southern l’icdmont Con,er\ation 
Research Center. USDA-ARS. Watkinr\dlc. C A  30677. in coovua- 
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of  Ihe amuunls an Ihe plmls. rerpcctively. Because of dry wealher. DI 

measurable pesticide volalili ialiun occurred from mil. Dirapprsrann 
rate changes. as well as volatilization rate changes, far loxaphene and 
D D T  applied a1 Ihe same time were approximately equal. The stud) 
provides additional evidence that posl-applirnlion wlnti l izslion from 
planls is B major pathway of pesticide  rans sport. 

Addirional Index Words: ehlurinsted camphene. 1 ,l,l-lrichlurs 
2.2-bir@-rhloroph~nyI)elhane. Gossjpium hirsurum L.. fiux dmsity. 
momcnlum balance melhod, aerodynamic method. insecticide. pnti 
ride disappearanre. 

Willis, C. H.. L. L. McDowell, L. A. Harper. L. M. Southwick. ind 
S. Smith. 1983. Seasonal disappearance and volatilization of IOI& 
phene and DDT from a cotton field. J. Environ. Qual. 1280-85. . 
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pesticide dispersion over wide areas and into bodies oi 
water far removed from their sites of manufacture, use, 
or disposal (2, 8,  19, 26, 31, 37, 42). The priman 
sources o f  pesticides in the air are drift and evaporation 
during application and post-application volatilizarion 
from plant and soil surfaces (IO, 12, 23). 

Despite previous interest in the volatilization and 
aerial transport of pesticides, too little is known aboui 

\, 
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- Table 1-Dates end rates olpestieideapplicatlon. and 
air sampling times. 

. 

- Air samdinn . _  
Application Beginning End Lengthof 

sampling 
pesticide Date Rate ,Date Hour Date Hour intervalst 

- kglh hour 

Toxaphene1 16Aug. 2.24 16Aug. 1300 18Aug. 1500 2 
19Aug. 1200 21Aug. 1200 2 
26Aug. 0600 27Aug. 0600 4 

- Toxaphene I I t  27Aug. 3.73 27 Aug. 1000 29Aug. 1400 2 

4 DDT%$ 27Aug. 1.30 27Aug. 1000 29Aug. 1400 2 
30Auc. 0600 31 A u r  0600 2 

3 9%;. 06M) 10%;. 0600 4 
I6Sept. 0600 17Sept. 0600 4 
28SePt. 1000 29Sept. 0200 4 ' 

?Air  was continuously sampled during the indicated dates: sampling 
tram were molsced at the indicated intervals. 

1To;uphene l i a n d  DDTeppliPdasamurure. '1. 4 UUTappliration waoinacrordance w l h  EPA Erprikentsl  Use Pernut 
nu. t1312.EUl'.6irsued 18Aug 1976 ,, , .  . .  

with increasing wind speed, because air movement and 
+ turbulence decrease the thickness o f  the stagnant air - layer immediately adjacent to the surface (16, 31). 

.. Vaporization from soil is controlled by pesticide'solu- 
: bility and adsorption, as well as by vapor pressure (7, 

15, 18, 29, 31, 38, 41). For soil-incorporated pesticides, 
the rate o f  pesticide movement to the soil surface must 
be added to the factors controlling volatilization. 

Studies concerned with the disappearance o f  DDT 
[ I ,  I ,  I-trichloro-2.2-bis@-chlorophenyl)ethanel and 
toxaphene (chlorinated camphene) from cotton (Cos- 
sypiuni hirsutum L.) plants have been reported (20, 25). 
In  a greenhouse study, Nash and coworkers (20) meas- 
ured the vapor loss of toxaphene and DDT from cotton 
plants in an enclosed glass chamber for 90 d. Volatile 
losses amounted to 24 and 15% o f  the applied toxa- 
phene and DDT, respectively. In a field study where . actual volatilization rates were not measured, Seiber et 
al. (25) concluded that vaporization was the major route 
of toxaphene loss from foliage. They presented evidence 
showing greatest loss of the chromatographically early 

;eluting components o f  toxaphene. Only a few studies 
. concerning pesticide volatilization rates from plants de- 
. termined under field conditions have been reported (5, 

22, 33, 34, 35, 40). Of these studies, only one (40) was 
concerned with toxaphene; about 25% o f  the toxaphene 
present in the canopy volatilized in 5 d.  

This paper reports the seasonal disappearance and 
-'-volatile loss of toxaphene' and DDT' from cotton under 

-field conditions o f  the lower Mississippi River Valley. 
The relationships between the volatile losses and 
meterorological parameters are reported elsewhere (14). 

. 

I MATERIALS A N D  METHODS 
The study was conducted during August and September 1976 on a 

24-ha portion o f  a IW-ha cotton field about 17 km northwest of 
Clarkrdale, Miss, The field was uniformly level with no aerodynamic 
abxructions within the test area. The fetch/hcight ratio (distance 
from the edge o f  the field to the sampling rite/uppermort air sampling 

'This paper rcports the results o f  research only. Mention o f  a pesti- 
cide docs not constitute a recommendation for use by the USDA or its 
conpcratorr. nor does i t  imply rcgistratian under FlFRA as amended. 
'DDT application was in accordance with EPA experimental use 

Permit no. 11312-EUP-6 issued 18Aug. 1976. 

.- 
height) was 1701 in the direction of prevailing wind and was at least 
100: I in ail other directions. ,The cotton height was 50 cm; the percent 
ground cover by the cotton. planted in rows 102 cm apart. was csti- 
mated to be about 45% (leaf area index [LAI] = 0.7). Because of 
drought conditions, neither canopy height nor percent ground cover 
increased during the study. Only 3.1 and 0.4 cm rain occurred in July 
and August, respectively: although 8.6 cm rain fell in September. it 
ocbr red  IM) late to  cause additional c o u p  growth. 

Rater and dates o f  pesticide application (by ground equipment) are 
given in Table 1. All measurements necessary for calculation of 
pesticide flux density were begun after the upwind half o f  the test area 
had been sprayed. I t  took approximately 6 h to spray the entire test 
area. Flux density was determined periodically for the toxaphene-only 
treatment (hereafter called toxaphene I) during a 10.7-d period be- 
tween 1300 hours on 16 August and 06w 27 August. and for toxa- 
phenc plus DDT treatment (called toxaphene II plus DDT) during a 
32.7-d period between IDDO 27 August and 0200 29 Seplcmber. Toxa- 
phene I I  plus DDT was applied as a mixture 10 the same site used for 
toxaphene 1. 

Theoretical Considerations ', i: :, 

Necessary microclimatological measurements were made for calcu- 
lating pesticide and water vapor flux densities by the energy and 
momentum balance (aerodynamic) methods (22). The specific 
methods are discussed by Harper et al. (14). who give a summary of 
assumptions and calculations. The flux densities reported here were 
calculated by the aerodynamic method; we discuss the theory, as- 
sumptions. and limitations of the method only briefly here. The verti- 
cal flux density o f  a pesticide i s  calculated as the product o f  a pesticide 
transfer coefficient. KO,  and the pesticide concentration gradient, 
Ac/& (e  = pesticide conc.'and I = height above evaporating sur- 
face). The aerodynamic method assumes that vertical fluxes of mo- 
mentum and pesticide arc equal and that the momentum lransfer co- 
efficient, K,, determined from wind speed profiles. can be substituted 
for the pesticide transfer coefficient. The aerodynamic method i s  valid 
only during adiabatic conditions. Thus, diabatic correction functions 
arc necessary to adjust the flux calculations far conditions o f  thermal 

'stability. Two such stability correction functions arc the KEYPS (21) 
and Davis (24) methods. The vertical flux density. P. i s  given by: 

P = K,Ac/Az. 

whereK,,, = kVu, - ud(& - z,)/{lnl(zz - z,+)/(z, - z,JI}V*. Here, 
c, and c, are pesticide concentrations, and u,  and u, are wind speeds at 
heights I ,  and z , ,  respectively; k i s  von Karman's constant (0.41); z,, i s  
the crop displacement height; and $ i s  the correction factor that de- 
pends upon the thermal stability o f  the atmosphere. 

Microclimate and Environmenlal Data 
Microclimate data recorded were profiles for wind speed, air and 

leaf temperatures, and air water-vapor content and incident radiation, 
net radiation. and wind direction (14). Wind speed was measured at 
six vertical heights with a rotating-cup anemometer system, along with 
corresponding air temperatures measured with aspirated five-junction 
thermopiles. Other parameters measured, which later added little to 
mathematical relationships between pesticide disappearance (and/or 
volatilization) and environmental factors. were soil temperature. soil 
heat flux. and soil water content. Analog signals from the various 
sensors weie acquired by a data logger and stored on magnetic tape. 
Signals were collected at 60-s intervals and integrated over 2- and 4-h 
periods. 

randomly selected plants with an area meter; we used these measure- 
ments with planting density to dctcrmine the leaf area index (LAI) .  

We determined leaf ares by measuring the area of all leaves an . 

Sampling and Chemical Procedures 
AIR 

Pesticide concentration gradients were measured in the center o f thc  
test ares using an air-sampling system similar to that reported by Caro 
et al. (3). A i r  was sampled at each o f  three masts located at the comers 
o f  a centrally located equilateral triangle with 15-m sides. Samplers 
(250-mL gar washing bottles containing 100 m L  hexane-washed 
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.. 
ethylene glycol) were positioned 70. 130. and 210 cmabove the soil 
surface on cach mast. On one o f  the masts. samplers were also posi- 
tioned 20. 35. and 50 cm above the soil surface. Air  was drawn 
through the samplers by vacuum pumps at 6 L/min. A i r  war sampled 
continuously during several 24- and 48-h periods after each pesticide 
application (Table I I .  Samplers were changed at either 2- or 4-h inter- 
vals during each sampling period. and the ethylene glycol was quanti- 
tatively tramferrred from the sampler with 25 m L  H,O to a 300-mL 
amber bottle. Approximately 100 rnL hexane was then added to the 
bonle, which was capped with a Teflon-lined l id and refrigerated at 
4 T  until extraction. 

The contcntr o f  each amber storage battle were mixed far I h with a 
magnetic stirrer. quantitatively transferred to a 5W-mL separatory 
funnel, and the ethylene glycollwater fraction drained. The hexane 
was washed once with H,O. dried with anhydrous NaSO.. and ad- 
jurtcd to a volume appropriate for gas chromatographic analysis. E f -  
ficiencies far trapping and extraction were W and 92%. respectively. 
The l o w r  limits of detection for DDT and toxaphene in air were 
about I and I 5  ng/m'. respectivcly. 

PLANTS 

About 3 h after pesticide application. and at the beginning o f  each 
o f  the other 24- and 48-h sampling periods. 20 cotton plants were 
collected for determination o f  the pesticide load on plants. A l l  leaves, 
wtiolrs, and bolls were stripped from each plant and placed in ILL 
jars. The jars were filled with hexane and stored at 4°C for a mini- 
mumof  I week. 

Hexane from the jars containing the plant material was decanted 
into a separatory funnel. The plant material was then washed with 
fresh hexane. which was also added to the separatory funnel. Ac- 
cumulated water was drained and the hexane was dried with anhy- 
drous NaSO.. A SO-mL aliquot of the hexane was added to  a 2- by IO-  
cm prewarhed (hexane) Florisil column. The insecticides were eluted 
w i t h 2 W m L o f  85:IS(v/v) hexane/ethylcther. Theeluatevolumewas 
then adjusted for gas chromatographic analysis. The plant extraction 
procedure resulted in 95% recovery. 

SOIL 

Sail in the test area was sampled before and after each spray appli- 
cation, and at the beginning o f  cach 24- and 48-h sampling period. 
Metallic rings. 7.6 cm i.d. by 2.5 cm deep, were driven into the soil 
(randomly in rows and middles) unti l the ring-taps were flush with the 
soil surface. The soil in the ring was excavated and placed in a 4-L 
bucket. The test area was divided into six units. roughly equal in size. 
Five separate 20-ring-composite-samples were collected from each 
unit. The soils were air-dried and frozen until extraction. 

Ten-gram samples were Soxhler-extracted with 200 mL of  an ~ Z C O -  
tropic (4159  v/v) hexane/acetone mixture. The extract was parti- 
tioned in a separatory funnel, washed with H,O to remove acetone, 
dried with anhydrous NaSO.. and diluted or concentrated to an a p  
propriate volume for gas chromatographic analysis. The procedure re- 
sulted in >95% recovery. 

Gas Chromatographic Analyses 
Aliquots (5 pll injection) o f  the hexane extracts of air and soil Sam- 

ples were analyzed for DDT and toxaphene using a Micro-Tek model 
MT-220' gar chromatograph. A Tracor model 222 gas chromatograph 
was used to analyze leaf extracts. Both gas chromatographs were 
equipped with "Ni high-temperature electron-capture detectors oper- 
ated at 295°C. Inlets and column ovens were operated at 220 and 
215"C, respectively. The Carrie[ gas (filter-dried N,) flow rate was I50 
cm'/min. The columns were Pyrex glass tubes 180 cm long by 6 mm 
0.d. by 4 mm id., packed with 5% OV-1 an 8O-IW mesh Chromo- 
sorb W (high-performance. AW. DMCS). The DDT in  hexane ex- 
tracts was quantified by Comparing peak heights with those produced 
by standard solutions. Toxaphene was quantified by triangulating the 
last four peaks o f  the chromatogram. and comparing the areas with 
those obtained l r o m  standard solutions., Caul (9) reported that quanti- 

_-, 
'Mention of a trademark or proprietary product i s  for the con- 

venience o f  the reader and does not imply any endorsement by the 
USDA aver similar products that may also be suitable. . 
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fication o f  the last four chromatographic peaks compared favorabTy 
with values obtained using the entire toxaphene chromatogram. The 
conclusion was based an data derived from apparently unweathered 
sampler. Seiber et al. (25) presented evidence that the components of 
the early eluting chromatographic peaks of toxaphene disappeared 
(da t i l i red?)  from cotton plants at a faster rate than the component$ 
o f  the slower eluting peaks. Presumably. the components of the early 
eluting peaks have a higher vapor pressure than those o f  the later $ut. 
ing peaks. We used Gaul's technique as an expedient to eliminate thr  
need far time-consuming cleanup steps far the numerous (ca. 1,7501 
air and soil samples. Use o f  this technique on air samples from 
weathered sites may have resulted in an underestimation o f  the told 
volatileloss of toxaphene from plants. and in an overestimation o f  thc 
total toxaphene load on plants and soil. 

RESULTS AND DISCUSSION 
Measurements of pesticide concentration gradients i n  

the 0- to 50-cm zone above the soil surface revealed no 
measurable volatilization from the soil surface. The 
abnormally dry condition of the soil was a factor in at- 
tenuating pesticide flux density from the soil (11, 15, 29, 
30). Pesticide soil concentrations during the study are 
presented in greater detail by Harper et al. (14). 

The pesticide load on cotton plants as a function of 
time after application is presented in Fig. 1 .  The equa- - 
tions in Fig. I were used to calculate the amounts of 
pesticide intercepted by the plants and the amounts that 
disappeared from the plants during the test periods 
(Table 2). The amounts of toxaphene 1, toxaphene I I ,  
and DDT intercepted by the plants were 28, 28, and. 
19% of the amounts applied, respectively. The tolal 
toxaphene load on the plants after the toxaphene I I  a p  
plication was 1,189 g/ha (132 g/ha residual toxaphene I + 1,057 g/ha toxaphene 11). In other studies, measured 
toxaphene loadings on plants I to 2 h after aoolication 
were- low and somewhat variable, ranging from 9% to 
48 * 26% (39, 40). 

and DDT intercepted by soil were 5 5 ,  18, and 9%, re- 
spectively (Table 2). The reasons for the large differ. 
ences in the percentages intercepted by soil are 

The amounts of applied toxaphene I ,  toxaphene 11," 

unknown. The plant canopy and percent ground cover 

- 
-- 



- Table 2-Pesticides intercepted by plants  a n d  soil. and los t  from plants .  

s, ._ 
Amount of pesticide 

~ Pesticide disnppearane4 Volatilization lossl .. 
.. Intercepted from plmtsduring- , from plants during- 

pesticide Appiiedt Sail Ph"t4 10.7 32.7 10.7 32.7 \". 

- -  Toxaphene 1 2.240 f 75 1.227 j; 26 629 f 262 497 I 57 - 106 17 . - 
Toxaphene I1 3.730 f 201 653 * 44 1.057 f 475 590 f 63 1.042 105 394 f 62 629 + 115 

126 f 15 219 * 17 90 f 20 143 * 25 

t Errorll SD) propagatedforsprayvolumeand pesticidesprayeoneentrstion. 
$ Errorll SDI propagated far piant populationand pestieidemarsonplents. 
$ Disappearance calculated from equations in Fig. I .  Errors determined from plant samples collected st beginning and end of individual exwrimenls. 
1 Volatilization loss eaiculated by integration of area under 109s rate CUNBB. Errors determined from standard deviations, of pesticide flux through two 

samelingplanes. i.e.. 20-60 snd80-160emabovecanopysurface. 

- remained unchanged; the same sprayer was used. 
Climatic conditions were similar during both 
applications (e.g., toxaphene I application vs. toxa- 

. phene I I ,  + DDT application/mean air temperature, 34 
vs. 30°C. mean wind speed, 159 vs. 172 cm/s; relative 
humidity, 49 vs. 65%). Nevertheless. the data show that 

-only 17% of the toxaphene I application remained un- 
accounted for, whereas 54 and 72% of the toxaphene I I  - and DDT, respectively, were apparently lost through 
evaporation and drift during application. Since.. the 

- reported vapor pressure of DDT is only slightly lower 
- than that for toxaphene (36). the tendency for vaporiza- 

lion and subsequent drift losses of the vapor during the 
application should not be any greater for DDT, than 
toxaphene. 

The slopes of the curves in Fig. 1 indicate that loss of 
toxaphene I from the plants was faster than for either 
toxaphene II or DDT. Disappearance of toxaphene I I  
and DDT occurred at about the same rate. About 79% 
of the toxaphene 1 load on the plants disappeared 
during the 10.7-d test period (mean air ,temperature 
27'C), while about 50 and 51% of the toxaphene I I  and 
DDT, respectively, disappeared during the first 10.7 d - of their test period (mean air temperature 24.5OC). 
About 88 and 89% of the toxaphene , I1  and DDT, re- 

:Lspectively, disappeared during 32.7 d (mean air  . temperature 23OC). In earlier reports, toxaphene dis- 
.-appearance from cotton plants was 40% in 5 d in 

Mississippi (40) (mean air temperature 25"C, mean wind 
speed 259 cm/s) and 59% in 28 d in California (25) (no 
meteorological data reported): For comparison, about 
52 and 27% of the toxaphene 1 (mean air temperature 
26.4"C. mean wind speed 134 cm/s) and toxaphene I I  
(mean air temperature 26.1"C. mean wind speed I20 

.- - cm/s), respectively disappeared in 5 d, and 83% of the 
-- toxaphene I 1  disappeared in 28 d. 

Equations giving the calculated pesticide disappear- 
ance from plants as linear functions of calculated pesti- 
cide loads on plants are given in Table 3. All calcula- 
tions were based on the equations in Fig. I .  Even though 
the toxaphene I load was intermediate between the toxa- 
phene I I  and DDT loads, toxaphene 1 disappeared fast- 
est. The daily disappearance rate for toxaphene 1 was 
about 17% of the plant load, compared with about 6% 
for both toxaphene I I  and DDT. Toxaphene I I  and 
DDT disappeared at the same rate, in terms of  percent 
plant load, even though the toxaphene I I  plant load was 
four times greater than the DDT plant load. 

The calculated 50% disappearance times ( D T d  of 
toxaphene I ,  toxaphene I I ,  and DDT on plants were4.7, 

L 

10.8, and 10.3 d, respectively. These values are only ap- 
proximate, because of the lack of replication and the 
relatively short time intervals over which they were 
measured. Nevertheless, the values fall well within 
ranges reported earlier (43). The shorter DT,. for toxa- 
phene I compared with toxaphene II  is probably due to 
the greater mean temperature, the greater change in 
volatilization rate, and the shorter time interval of 
measurement during the toxaphene I test period. The 
disappearance of many pesticides in the environment 
does not always follow first-order kinetics (13). Their 
disappearance curves may be thought of as being con- 
structed from two or more linear Cegments, each 
succeeding segment having a flatter slope than the 
preceding one. Thus, if the DT,, is measured over a 
short time interval just after application, a smaller value 
may be calculated than i f  the measurement time were 
longer, e.g., 4 or 5 DT,,. 

Nash et al. (20) reported half-lives of 19.3 and 29 d 
for toxaphene and DDT, respectively, from cotton 
plants grown in glass agroecosystem chambers in a 
greenhouse. Air velocity in the glass chambers (about I O  
cm/s) was an order of magnitude lower than those 
typically measured in the field in our study. Volatile 
losses would be reduced at the lower air velocities. Addi- 
tionally, greenhouse and chamber glass would effective- 
ly filter most ultraviolet radiation and reduce disap- 
pearance due to photodegradation. Both factors would 
result in longer half-lives. Half-lives of pesticides on 
plant surfaces are lumped-parameter values that are the 
integrated results of several processes (volatilization, de- 
gradation, washoff by rain, and absorption and 
metabolism by plants). Thus, field measurements of 
half-lives, or DT,, depend on many variables and are 
site-specific. 

Flux densities for toxaphene I ,  toxaphene I I ,  and 
DDT are shown as  functions of time in Fig. 2. Since 

Table 3--Equalions relating pesticide disappearance. pesticide 
f l u x  d m s i t y .  and pesticide load on plunis. 
- .  -. 

I'r.ocide Equullont 

I> = u u4 r 0 17 I% loxaph+ ne I 
Toxophenr I 1  I )  = -0 0'1 r 0 116 1'1. 
O m '  IJ  = -0.U7 r J uti 1% 
'Toxuphvnt i P =  - 2  17 I o m i v .  
l'<,xu,lnr"e 1 1  P =  - . I23  . U ~ J 5 1 ' 1 .  

___ .- ~. . - .- 

DIYI'. P =  1.31 + 0.04 PL 

t Equations derived from relationships given in Fig. I and 2. I> = &sap 
penrcnce. g ha.' d-': PL = plant load. g ha-': and P = flux density. 
g ha-' d-'. 
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Fig. 2-Pesliride flux density as B funrliun of lime Pfler applicnlion. 

pesticide concentration gradients were measured across 
two horizontal planes (the 70- to 130-, and 130- to 210- 
cm zones), two estimates of flux density were calculated 
for each sampling period. Thus, each data point in Fig. 
2 is the mean of two measurernents. As expected, be- 
cause of the greater plant load, the volatilization rate 
(g/ha-d) was much greater for toxaphene I I  than for 
toxaphene I or DDT. However, the volatility rate 
change of toxaphene 1 decreased more rapidly than that 
of toxaphene I 1  or DDT. The volatility rate change for 
the latter pair decreased at about the same rate. 

The equations in Fig. 2 were used to calculate the 
volatile losses given in Table 2. The calculated volatile 
losses for toxaphene I, toxaphene I I  (10.7 d), toxaphene 
I I  (32.7 d), and DDT were 17, 33 ,  53, and 58% of the 
plant loads, respectively. These volatile losses corre- 
spond to 21, 67, 60, and 65% of the measured decrease 
in plant loadings during the same periods. In an earlier 
study (40). about 25% of the toxaphene load on cotton 
plants volatilized in 5 d. About IO, 19, and 21%, re- 
spectively, of the toxaphene I, toxaphene I I ,  and DDT 
volatilized in 5 d. The relationship between flux density 
and pesticide load on plants shows the daily flux density 
was about 3, 5 .  and 4%, respectively, of the toxaphene 
I, toxaphene I I ,  and DDT load on the plants (Table 3). 

The scaled (fraction of initial plant load) cumulative 
losses of toxaphene 1 and I I  as functions of scaled time 
are shown in Fig. 3. The cumulative disappearance 
(CLD) curves for toxaphene 1 and I I  are similar, i.e., 
their slopes are identical and the difference in intercepts 
probably results from the difference in initial plant 
loads. The curves for cumulative volatile loss (CL") 
show that volatilization contributed much more to the 
total disappearance of toxaphene 11 than toxaphene I .  

Toxaphene vapor pressure has been reported as 0.17- 
0.40 mm Hg (absolute) at 25°C (17), 0.2-0.4 mm Hg 
(absolute) at 20°C (27), and I x IO-" mm Hg at 
20-25°C (6, 36). The values reported as "absolute" 
were presumably determined in vacuo, whereas the 
other measurements were at atmospheric pressure. Since 
toxaphene is composed of a mixture of more than 170 
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DISAPPEARANCE 
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Fig. 3-Scaled (frarlion of inilisl plan1 load) rimulalive losses of 
toxaphene I and I1 as functions of scaled lime. 

components (4) having a wide range of gas chromatc- 
graphic retention times, no single vapor pressure value 
can represent all the components. Undoubtedly, the 

chromatographic peaks of toxaphene have vapor pres. 
sures similar to that reported for DDT [1.5 x IO-' rnm 
Hgat20°C(1,28)]. 

In summary, this study provides evidence that post- 
application volatilization can be a major pathway 
pesticide loss from application sites for some pesticid 
About 80% of the initial toxaphene.1 load on the plants 
disappeared in 10.7 d,  while about 90% of the initial 
toxaphene I I  and DDT loads on the plants disappeared 
in 32.7 d. Measured 50% disappearance times were 4.7, 
10.8, and 10.3 d,  respectively, for toxaphene I ,  toxa. 
phene 11, and DDT. Volatile losses accounted for 21, 
60, and 65% of the disappearance of toxaphene I ,  roxa- 
phene 11, and DDT, respectively. Pesticide disappear. 
ance rates and volatilization rates decreased expon. 
entially with time, and were linearly related to the pesti- 
cide load on the cotton plants. Disappearance rates and 
volatilization rates (in terms of percent of the pesticide 
load on plants) were about equal for toxaphene and 
DDT applied at the same time. Similarities in percent 
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