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perior to that of seed applied inoculants (Tables 2. 
3). At La Selva. PCNBtreated seeds inmulared with 
granular reparations, achieved nodule numbers at 

been inmidated and lime pelleted. While most previ- 
ous studies with granillar Inoculant: have emphasized 
roils of higher pH, and used slow.growing rhizobia 
(Stcddard, 1976; Bezdicek et al. i978). this methcd of 
inoculation appears io have considerable Fromise for 
rhe arid bean-producing soils of Latin America, and 
should be studied funher. 
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Toxaphene Vclatilizacion from a Mature Cotton Canopy' 

G. H. WilIiSz. L. L. McDowelP, S. Smithz, L. M. Southwickz2, and E. R. Lrnon' 

ABSTRACT 

To fully undcntvld the pollu~on potential o f .pa t l .  
cidea more knowledge conccming the m d a n i m u  and 
r a t a  of pesticide exchange between environmental corn. 
partmenu is nccded. T h e  momentum balance method 
was lued in P field study to characterize toxaphene 
(chlorinate3 camphene) volatilization from mtlon (Cos- 
rypiurn hirrutum L) Ianu for 5 dap foUoWiag aerial 
application at  224 k& The momentnm balance meth. 
od - accurate mMurCmenu of winds+ pmfils, 
temperature gradimu, and atmoapheric paticide concen. 
trailon gradicnu above the plant canopy to provide data 
for calculating v c r t i d  nux demit ia  of t i d d a  T h e  
calculated volatile l ca  for the M a y  358 g/ha. 
which reprcunted a 10s of 26% of the t o x a p h w  p r a m 1  
in the canopy. Althongh tgeical volatile Imr palienu 
q g a t e d  that flu drmitio were highat  during mid. 
af tmoan,  thcre was evidence that volatility r a t a  were 
a h  high whm leara w a e  dryin afca heavy d m  or 
light rain. Bared on cornpadow of the amounts of tom- 
phenc c r a w p o n d  fmm ncarbg cotton fields via aurface 
m o f f  in earlier s tudia  and the amoutlU lost by volarili- 
=tion in th is  study, it waa condudd that aerial marupon 
iJ the pathway of greater ]os* 

Additional indrx  word.^: Aaodynamic profile method, 
Momentum halance mnhod, Aerial pa t indc  a plication, 
'+ypium hirwum L, Flux density, P n t i a j e ,  Incecti- 
CIde, Chlodmatd cammbme. 

TNTEREST in the environmental fate of uesticides 

Partments, and the mechanisms and rates of exchange 
between compartments. Volatilization and aerial 

transport are recognized as major pathwa? of pesti- 
cide movement in the environment (1, 14. la,  25, 27) 
and much has been learned about pesticide volatility 
from soil and water environments (3, 5, 8. 9, 19, 21). 
However, only a few studies have been concerned with 
measuring pesticide flux rates under field conditions 
(8, 22, 23. 28), especially from plant surfaces (22, 
23). Volatile losses from plants need further study 
since many insecticides are applied foliarly. e.g., toxa- 
phene (chlorinated camphene) applied to cotton (Gos- 
syptum hirsutum L.) to control the tobacco budworm 
(Heliothis uirescens Fabricius) and the cotton boll- 
worm (Heliothk zeo Boddie). 

Many studies concerning pesticide disap earance 
(volatilization, degradation, sorption) from pram sur- 
faces suggest that pesticide loss usually follows a de. 
creasing exponential curve. However, close examina- 
tion of the data revealed that firsterder kinetics do 
not always best describe such losses (6, 25). T h e  rate 
of estiade loss from plant surfaces depends on sev- 
era? factors-plant (form and wettability of leaf cuti. 

has led researchers to attempts to charactecize pesti- 
clde distribution into varioua environmental com- 

1 Joint contribution from Soil and Water Pollution Research 
Unit. USDA-SEA-AR. P. 0. Drawer U. Baton Rouge. W 70893 
cooperating with the Louisiana Agric. Exp. Stn.: USDA Sedi. 
mcntarion Laboratory. Oxford. MS 38655: and the .Uicrodimace 
Pmject. USDA-SE.A..iR. cooperating with Dep. OE Agronomy, 
Cornell Univ.. Ithaca,. NY 14855. Received I 3  May 1979. 

*Soil xientist and chemists. USDA. Baton Rouge, La. 
'Soil %ientist. USDA. Oxford. ,Vis. 
*Sail scientist. USDA. and profcswor of mil xicnce. Corncll 

Univ.. Ithaca. N.Y. 
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de. and canopy structure). pesticide (chemical nature 
and formulation), and meteorological (rainfall, wind, 
and temperature). 

The  objective of this study was to characterize the 
volatile loss of toxaphene from a mature cotton canopy 
under field conditions. 

MATERIALS AND METHODS 
The study was conducted in a 2j.ha cotton field a b u t  17 

km northwest of Clarksdale. Miss. The plant canopy complctely 
covered the soil surface and was uniformly level with no aero. 
dynamic obstructions within the experimental area. T h e  fetch- 
height rario was at least 1W:l in all directions. Toxaphene 
was applied aerially (low volume) as an emulsifable concrn. 
trate at  a rate of 2.24 kg/ha on 14 and 20 Aug. and on 6 Scpt. 
1974. The study was aborted twice because of ninfall 29 hours 
after application an 14 August and 2 hours after application on 
29 August. T h e  study was conducted during daylight hours for 
5 da? after application at  0145 hours on 6 Se tember. 

for calculating toxaphene flux densities. This method is bared 
upon accunte measuremenu of windspeed profiles and atmos- 
pheric pesttcide concentration gradienu above the plant canopy. 
T h e  theory. assumptima. and limitations of this method have 
been d iwwcd  previously (7, IO. 11. IS. 16) and will be men- 
tioned only bricily here. T h e  vertical flux dcnsi1.y of a pesti- 
cidc is calzulated as the product of a pesticide transicr coeffi. 
cient, Kp. and the pesticide concmtration gradient. Ap/&. T h e  
aerodynamic method assumes that vertical fluxes of momentum 
and pes:icide ;re equal and that the momenium transfer coef- 
ficient. Km. dctermined from windspeed profiles. can be rub- 
stituttd for the pesticide transfer coefficieat. The acrodpamlc 
method is valid only during adiabatic conditions. Thus. dia. 
batic correction funcrionr are nccesary to adjust the flux cal- 
culations foor condirions of thcrmal ,Lability. Two such stability 
correctiun functions are the KEYPS (15) and Davis (17) mcth- 
ob.  The vertical flux density, F. is givrn by: 

F = k*(c, - c3 (u. - u,:/(ln[ (2, - d)/ (z. - d)I)*.>' 

where c,, c,, u,, and u, are pesticide concentralions and wind- 
speeds at heighu z, and & respectively; k is son Kamzn's con- 
stant (0.41): d is the crop 4isplacemcnt height: and + is the 
correction factor that depends upon the thermal stability of the 
atmosphere. 

Toxaphene concentration gradients above the canopy were 
obtained by an air-sampling system similar to that reported 
by Caro et  al. (2). Air samples were collected at two masu 
spaced 15-m apart in the approximate center of [he field. The 
samplers (250.ml gas washing bottles containing L O O  ml cthy 
lene glycol) were positioned 185. 210, 235. 285. and 535 cm 
above the soil surface on each mst. The height of the plant 
canopy was 165 cm above the mil surface. Air was drawn by 
vacuum pump through the samplcn I I  a continuously monitored 
rate of 6 liten/min. Two.hour sampling p e r i d  were uwd 
throughout the study, except on 9 and IO September when 4- 
hour perids were used. After each samplin period the e thy  
lene glycol was qmnriutivcly tnnshrrcd k o m  the nmplcr 
with 25 ml H,O to a 500-ml amber bottle. Approximately 100 
ml hexane w u  then added to the sample and the bottle w a  
capped with a Tcflon'-lincd lid and refrigcnted until extnction. 
The samples were extracted by mixing the contenu of the 
btfle for 1 hour with a magnetic stirrer, m d  tranaferring the 
mixture to a 5OO-ml scparatory funnel. from which the ethylene 
glycol-water fraction was drained. The hexane w a  washed 
once with H a ,  dried with anhydrous NaSOy and adjusted to 
a volume appropriate for p chromatogn hic analysis. T h e  
trapping and extraction efficiencies were 98 and 92%. respcc 
lively. The lower dnection limit foor toxaphene in air was 
about 15 ngjms. 

WinQpecd profiles were measured by rout ingcup mema- 
metcn (Cardion Electronics Wind Speed Profile Sptcm) at  s u  
elevations (185, 235. 285, 335. 385, and 435 cm) above the mil 

We used the aerodynamic profile (momentum E alance) method 

IOL 

8 Mention of t n d e  names or commercial materials is for the 
convenience of the reader and docs not constitute any preferen- 
tial endorsement by the USDA over similar producu available. 
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I surfacc. The anemometer mast was located halfway bet 
and 15 m downwind (prevailing wind from the south) fr 
two lam ling marts. Crop dir lacemcnt heighc (d). de 
maphica P lv from neutral probes (SO), was 110 cm a 
&I' surface umorphcrtc rribilitv correction was deternun 
by the KEYPS 2nd Davis methods using tempcnturc differen 
rnmwred bv am#rated ihielded rhrrmocouDln at I85 and 

ma&rial, divided into upper and lower plant halves. was phc 
in gfau jars. covered with hexane. and stored for a minim" 
of 4 weeks. The h e m e  was decanted and the plant mate 
washed with fresh hexane. T h e  waihinm were combined 

I a repantory funnel. any accumulated wdier was drained. 
the hexane was dried with NaSO,. A 5O.ml aliquot of 
hexane war added to a 2 X IO.cm prewashed (hexane) Flo 
column. The toxaphene was eluted with ?oO ml of 85:H ( 
hexane:ether solution. and the  volume adjusted for gas ch 
tocraohic analvsis. The plant extraction Drocedure result 

dl 947, 'recovery.' 
Triplicate roil samples were collected approximarely 24 ho 

before and 1 to 2 hours after each roxaphene application. Th 
surface soil. within the same 0.5 X 0.5-m area from whick 
olant lamole was taken. was excavated to P dcnth of 25 

I 
,A 10-g subram& of the air-dried roil was Sdxhlet-extnc 
with 200 ml at an azmt-opic (4159 v/v) hcxane:acctone 
ture. The extract uas partitioiled in a scpantory funnel. 
ed with H,5 to remove acctonc. d i e d  wll l i  anhydrous N 
2nd dilured or conccntrated to an appropriate volume for 
chromatographic annlysir. The praccdure resulted in 
tha.1 95% recovery. 

Aliquou (jp1;iniccticn) of the hexane extracts 0: air. 

Tek model &.2CCil R gas chromatograph LqLipped 
and &I Sam I& k c  analred for toxaphene ruing a Sfi 

=Nl high tempe*ature clectron.capture detector OFerated at  
C. and with inlet and column oven ai E O  and 215 C. res 
tivelv. T h e  carrier as (filter.dried NJ tlow rate was L O  c min.' T h e  column Gas a'coi!ed Pymr i l a s  t u k  180 cm lo 
6 mm OB. :: 4 m a  I.D.. packed with 9% 0 V . l  on 80.100 
Chromosorb W (high performance. AW. PMICS). Toxa 
in hexane extracts was quantified by triangulating the lar 
oeaki of the chromatocram 141 and cornoarin. the value 
taincd with those of ;tanda;d' toxaphcn; (sa& IC X 16189 
supplied courtny Hercules Inc.. Wilmington. Der). 

. 

RESULTS AND DISCUSSION 
The amounts of toxaphene measured in the a 

canopy after application on 14 August and 6 Septe 
ber are shown in Table 1. The  201 /ha toxaph 
load present in the canopy 1 hour S te r  applicati 

Table 1. Amount of toxmDhena on cotton ~ h t a .  

13 Aue 3' 1500 
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on 14 August represents 9% of that applied (2.24 
kg,ha). The canopy background load was 935234 
,,lla on 5 September because of the previous applica- 
:ions (14 and 29 August). Therefore, the 6 September 
,ppiication added 434 g/ha (935 + 434 = 1,369) to 
[he canopy, which is 19% of the amount applied. Of 
the total amount of toxaphene measured on 6 S e p  
[ember, 8424% was in the upper half of the canopy. 
Little, if any, of the aerially applied toxaphene pene- 
trated the 165-cm-thick canopy to reach the soil surface 
(data not shown). 

The apparently small amounts of toxaphene on 
plants after application could have resulted from sev- 
era1 iactors: 1) application errors: ii). drift, evapora- 
tion, and rapid initial volatilization: iii) sampling 
errors, and iv) analytical errors. The  toxaphene was 
applied by a commercial aerial applicator. We had 
no convenient way of checking the accuracy of appli- 
cation. Air temperatures a t  the time of applicatlon 
(29 and 21 C on 14 August and 6 September, respec- 
tively) were probably high enough to permit some 
toxaphene loss by evaporation and volatilization dur- 
ing application and during the hour before plant s&m- 
ple collection (05). Sampling elrors are always pas- 
rible. especiaily when m i n i a d  numbers of samples are 
ccllected. We f o w d  in later studies that 2C plant 
samples were required for accurat.: e5timates of pesti- 
cide load in a plant canopy. Howtver, the four or eight 
rafidomly selectzd ramples rollecced witnin I hour 
aiter application were sufficienr to demonstrate that 
the amounts of aerihlly applied toxaphene intercepttd 
by the planrs were low. Studies by Ware et al. (2+) 
3ho:ved that iess than 50% (depending on conditions, 

JI 

with amounts varying above and below a mean of 
47%) of aerially applied insecticides reached the tar- 
get zone in Arizona fields. Approximately 48% of 
the applied toxaphene was intercepted by alfalfa (air 
temperature = 16 C). 

Figure 1 3hows typical atmospheric concentration 
profiles of toxaphene above the canopy surface. As 
we expected, under normal daytime conditions, the 
concentrations decreased with elevation (mast I ,  Y 
= 1,408 - 225 In X; mast 2, Y = 1,082 - 163 In X). 
Figure 1 also illustrates a major problem we en- 
countered throughout the study. Even chough the data 
were collected simultaneously at masts spaced 15-m 
apart, there was much more concentration variability 
for mast no. 2 (I = 0.70) than for mast no. 1 (rz = 
0.92). We found variability a t  various times through- 
out the study at each mast. This problem will be 
discussed in more detail in later paragraphs. 

Figure 2 shows the mean calculated flux density 
for each %hour sampling period on 8 September (2 
days after application). Flux density appeared to 
increase as the temperature increased to a maximum 
during mid-afternoon, and then decreased as tempera- 
tures began to decline. 

On 15 August (1 day after application) the flux 
density was highest during the 0800-1000 hour sam- 
pling period (Fig. 3). The cotton plants were wet 
with a heavy dew that morning, which may hare in- 
creased volatilization from s m u p  until the leaves 
dried. T h e  conditions seem to 5e analQgous with the 
report of Harper et al. (8) who four.d that some vola- 
tility rates of trifluralin (a,u,ntrifluoro-2,6initro- 
N.~.diprop?l-p-toluidene) from soi! were highest at 

225 

175 

75 

25 

Fig. 1. 

I I I I I 
2M) 300 4W 5w 

TOXAPHENE CONCENTRATION. ng/m' 
AUna%pberic coocmuation profils ot toxaphene above the canopy rurfarr, ISOOlMO h a m .  I4 Aug. 1974. 



night in Georgia when the soil surface began to rewet 
after i t  had dried during the day. Their data agreed 
with those of Spencer et al. (20), who reported that 
pesticide vapor densities decreased when soil water 
content decreased below the equivalent of 1 molecular 
layer in thickness. Possibly, conditions were similar 
on 15 August, Le., heavy dew resulted in increased 
pesticide desorption from leaf surfaces and increased 
volatilization. Also, toxaphene dissolved in the dew 
may have accumulated at high enough concentrations 
at the air-water interface to increase volatilization 
over that from dry leaf surfaces at the same tempera- 
ture (Cliath, M. &.I. 1978. Vapor behavior of EPTC 
in aqueous systems. Ph.D. thesis. Univ. Cali€., River- 
side). After the leaf surfaces became drv. the flux 
density demeased and then appeared to & e a s e  with 
temperature until the studv was terminated because of 
a thbnderstorm. Mean winhspeed during the sampling 
periods on 15 August was 4.7 km/hour. High vola- 
.tility rates also occurred on the morning of 9 Sep- 
tember, after an overnight shower of 1.3 mm. How- 
ever, the mean windspeed that mornin was 13.0 km/ 

may have had on flux density. The  effect of 0.5 mm 
rainfall during the afternoon of 8 September was 
also impossible to separate from wind and tempera- 
ture effects. 
T h e  calculated flux densitieso, Shawn in Table 2 

for masts 1 and 2. did not always agree because of the 
:oxaphene concenuation variability. In one case 
(mast EO. 1, 10 September), the data were re- 
jected because of the variability. Howev-r, the flux 
deIlJities crlculated at the two masts agreed closely 
mough to show trends and the order cf inagnitude 
of tlle volatile losses. Variability in this type of data 

hour, which confounded any effect t a at wet leaves 

'Since both methods of stability correction were in clow 
agreemen:. *he flux density calculationr of only one method 
(KEYPS) arc inrludcd. The Davis method of mrrcction cons". 
tently r n u l t d  in calculated volatile laws of 2 to 5 g/ha.day 
greater than the KEYPS method. 
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present. 

tur+o. ard toxaphene 

Dhts Windspad Ternpiat- 

-#'h-hour - 
6 Sspt. 6.0 22.8 R.8 3.2 4.5 
7 sept. 7.5 25.1 8.5 8.0 8.3 
8 &ph 12.1 226 10.4 11.8 11.P 
9 SrPl. 11.2 28.1 11.6 8.4 10.0 

t Mean vdu- for daylight houn only-from OeoO to ls00 ho 

Fig. 3. Caldarcd toxaphene flux dendlier, n r r n g c  of 
no. I and 2, 15 Aug. LW4. 

Fig. 2. Cllcuhtcd toxaphene flux dauitio,  arcrnge of maaU 
no. 1 md 2, 8 Sept. 1974. 
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Tne calculated volatile loss totals were 341 and 318 
.,.ha for mast no. I and the average of ma%U nos. 1 
&j 2 (4 days), respectively, and 358 g/ha for mast 
no. 2 (5 days). These values represented 25, 23, and 
:by0 of the toxaphene present on the plants when 
(he study was.initiated on 6 September. The  lant 
data in Table 1 showed the total 5day loss [voratili- 
zltion (day and night), washoff from rain and/or 
delv, and degradation] was 545 g/ha. or 40% of that 
presept on the plants when the study was initiated. 
Despite the data variability for both plant loading 
md volatility. the calculated losses agreed reasonably 
well. 

Studies (26) in cotton fields adjacent to the site 
this experiment have shown that about 100 g/ha- 

r ex  of toxaphene were transported in runoff and 
&iments during two high rainfall years. T h e  cal- 
culated volatile loss of about 350 g/ha of toxephene 
in 4 to 5 days after applicarion illustrates that vola- 
tilization and subsequent aerial transport is prob- 
abbj the major pathway of toxaphene transport from 
mtton. 
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