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ne r e re n c e 

Repofi sect. 
Reference x, 

Volatilization of Dieldrin from Fallow Soil as Affected by Different Soil Water Regimes 

G. H. Willis, J. F. Parr, S. Smith, and B. R. Carroll2 

ABSTRACT 

@,in was surface applied a t  a rate of 782 glplot to 3 15.2- 
asrn plots L10 ppm based on a 2 X lo6 Ib wril/aue 15.2 cm 

:iph,]]. Immediately after application. 1 of 3 soil water re- 
(flooded, moist, nonflwdedl was imposed on each plot. An 

ling system was used to measure the atmospheric con- &?:" gradient of dieldrin between 10 and 30 cm above each 
&lollations based on the  aerodynamic method indicated 

z: lppmximately 18% of the applied dieldrin volatilized f rom the 
in 5 months. whereas only 2 and 7% volatilized from 

&d,and nonflooded plots, respedvely. Multiple regression 
dl indicated that  of the climatic variables measured, tempera- 

the greaten effect on dieldrin volatilization. There was no 
c"nt dieldrin degradation in any of the plots. 

mitional Index Words: turbulent transfer, dieldrin degrada- 

ultimate fate of certain chlorinated hydrocarbon 
+ides in the environment has been the subject of con- 
d n b l e  research effort  in recent years. Compounds such 
.&ldrin texd to accumulate in soil because of their rela- . 
e rcsjstence to degradation through either chemical or 
-bio!ogical processes. A number o f  mechanisms of 
&orption and descrption of these compounds with soil 
qmicand  inorganic components has been demons:rated. 
'brcover, the rate and the exte-t of degradation of some 
~ : i c i d c s  by soil microorganisms under specific environ- 
mental conditicns, Losses through runoff and leaching. rls 

r U  AS absorption by plant roots, have been reported. 
Xmcrtheless, many researchers continue to report that  
hqc amounts of these chemicals remain anaccounted for 
nm in carefully controlled field experiments. Volatiliza- 
don losses of  thcse pesticides directly to :he atmosphere 
6um the site of application is considered to  be a distinct 

Anumber o f  reports indicate that although many pesti- 
*have relatively low vapor pressures, extensive volatil- 
miion can occur under certain laboratory and field con- 
d%ou (Bramesberger and Adams, 1966; Gray, 1965; 
h i s m d L i c h t e n s t e i n ,  1961; Hinden,May, and Dunstan. 
1966; S t m  and Johnsen, 1968; Willis et al., 1969; Willis, 

However, information on  the 
n potential of field-applied dieldrin is quite 

In laboratory studies using a gas-saturation technique, 
%nccr and Cliath (1969) and Spencer, Cliath, and Farm- 
e (1969)  found the vapor density of solid-phase dieldrin, 
a dieldrin mixed with soil, to  be 3 to 12 times greater 

predicted from published vapor pressure values. 
n*y also reported that dieldrin vapor density increased 

temperature and concentration, but that vapor den- 

''~lnlriliution from the Southern Branch. Soil & LVatcr Con- 
m.rti.Jn Research Division. ARS, US Department oi Agriculture. !""" R i v e .  La. 70803, cooperating with the Louisiana State 
La?nsil,- .Agr. Exp. Sta. Rcccivcd June ? I ,  1971. 

soil Scientist. Microbiologist. Chemist. and Soil Scientist. 
+ccivel?, USDA-ARS-SIVC, Baton Rouge. La. 

and Smith, 1971). 

- 

sity was not affected by soil-water content until the water 
content decreased below the equivalent o f  1 molecular 
layer of water, whereupon vapor density dropped to very 
low values. Thus, from their data one can conclude that 
loss of water, Le., codistillation, was not required to  at- 
tain maximum dieldrin vapor density. IVheeler (1969) 
and Acree, Beroza, and Bowman (1963) reported volatile 
losses o f  dieldrin and DDT from aqueous solutions by co- 
distillation. Barrows et al. (1969) attributed the higher 
concentration of dieldrin in field-grown corn leaves (Zea 
mays L.), compared with protected greenhouse-grown 
corn leaves, to aerial contamination resulting from volatil- 
ization o f  dieldrein applied to  the soil surface. 

Earlier reports by Willis et al. (1969, 1971) describe a 
system for measuring atmospheric concentration gradi- 
ents o f  field-applied pesticides. The use of these data 
with the aerodynamic method for estimating flux should 
provide a means for characterizing pesticide volatilization 
losses under field conditions. The aerodynamic method 
provides a positive measurement technique and should be 
more acceptable than indirect nrethods that depend upon 
measuring differences between the amount applied and 
that recovered frcm the soil, plant, and runoff in either 
the original or degraded forms. More detailed discussions 
of turbulent tranzfer and the use of the aerodyimnic ap- 
proach to measure flux are availabie (Deacon, 1949; 
i'riestly, 1959; and Webb, 1969). 

Theohjectives cf this paper were t3  evaluate the extent 
of dieldrin volatilization from fallow soil, using an x r o -  
dyzamiz mcthod for estimating flux, and to invistigatc 
effect o f  different soil water regimes on dieldrin volatil- 
zation. _-- 

THEORETICAL CONSIDERATIONS 

The aerodynamic method was used tu estimate pesticide volatil. 
kcation or flux. which in this case i s  the amount  of pesticide trans. 
ported vertically (turbulent transfer) from a u n i t  area of soil sur- 
face per uni t  o i  time and is defined a~ 

Flux = K p  dc/dz [ I 1  

where h' is the  tranrfcr (diffusivity) coefficient for the pesticide 
anddclkis the pesticide atmospheric concentration gradient. The 
transfer coefficient is defined by 

K p  = k (2 +Lo) U, I21 

where k is the vun Karman constant (0.4). z is the maiurement 
height (cm),:, i s  the roughness length (cm). and U, is thc friction 
velocity. The roughness length is the distance abovc the roil sur- 
face at which wind vclocity bccomcr 0 because a l  frictional drag 
due to surface roughness. The friction velocity is a reprcrcntation 
of  shearing stress or loss of momentum from the horizontal drag 
of wind on the ground surface and is defined as 

i 

u. = UZ kiln + 20 )/ZO I 131 

where Uz is the wind velocity at the mcxsurcment height and k. L 

and :o arc defined ar bciore. Equation [31 is  the  log wind proiile 
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e q u t i o n  solved f o r  U, rather than U:. Equations 1 I ] ,  121, and 
131 are brsr auolied with data t ime-wenqcd over periods of 15 . .  - 

One of the factors h i t  must be given careful consideration in 
is the fetch/height ratio. Fetch is the  distance 

I ~ c t w i n  the edge of the plot and the site within the plot where 
:trrodynamic parameters itre mcdrured and atmospheric samples 
:!re taken. and height is the sampling height. When air. passing 
w u r  a surface uf given roughness. wctness. and temperature, moves 
over 2 second (different) surface. its velocity, temperature. and 
mpor  profile changes from that dctrrmined by properties of the 
first surface to one resulting from properties u i  the second. Th? 
neu eqiiilihrirm pof i lc  i i  ,not established immediatcly throughout 
thc layer that is melsured. Thus, thc ictch must he large enough 

. t u  ipcrmit sampling f x  enuugh from the plot horder  10 ensure the 
cstiblirhmcnt of a ncw equilibrium at il spccific sampling height. 
.Agreement on the minimum acceptable fetch/height ratio is romc- 
what lackiny since it is IO dependent on windrpecd during thc 
wnpl ing  period. Genrmlly. however, it is believed that ratios 
should not he less than 50 to 100. 

MATERIALS AND METHODS 

Formulations of dieldrin (1.2.3.4.10. 10-hcxilchloro-6.7.epox).-l, 
i.6,5,6.7,8.8~.ocuh).dro-I..I:~.8-dimcthanunaphthalene) have 
lhecn either soil incorporated or surface applied. depending on 
<pecific conditions and objectives. However. in the present study 
to enhance the wlati l izxion potential. dieldrin was surface-applied 
to three 15.2. by 22.9-m fallow plots of Commerce silty clay loam 
la" alluvial soil with 0.83% organic mat:er and pH 6.2) ~t a rate of 
i 8 ?  g l p l u .  3 r  equivalent 10 approximately 10 ppm. assuming a 
uniform mi! c!enrity oi  ! by 10' Ib/acre and uniform mixing to a 
depth uf 15.2 cm (6 inches). T h e  plot arca war on relatively flat 
land iree of obrrrurtionr that n ight  cause undue turbulence. and 
~ : I S S  borders weir krpr clorcly miwcd. Irnmeiilatcly after dieldrin 

pplication. on? of rhrre soil moisture regimes was imposed on 
,ch plot for rhc dur;ltion of the experiment: ( i )  flooding to a .I 'epch of 10 cm: (iiJ moi;t:aFd (i i i )  nonflaoded. in which no water 

WE applied other than nat.xal rairifaL, DieLdrin volatilization with 
Lime WAS thcr. monitored contmuourly with a special air rarrpling 
xpparxur designed for that ~urp'ose. The moist plot was main- 
rained by cprinkling 2 to 3 times daily t o  milintah soil moisture in 
the 1/3- to I-bar ranzc. The flooded plot was excavated to a depth 
of I2 cm and the water level was maintained at a depth of I @  cm. 

Space l imitations imposed in meeting the ncccrrary fetch.height 
mtio restricted the number of plots t o  three. Since replication of 
the soil water regimes was not feasible, strict interpretation of the 
results presented here i s  somewhat limited. Nevertheless, this in- 
formation should be urcful in characterizing relative differenccr 
among various soil water regimes on dieldrin volatilization. 

The  air sampling system for monitoring atmospheric concentra- 
tion of dieldrin was essentially the same us that rcportcd carlicr 
(\Villis et al.. 1969, 1971). Sampling booms were positioned hori- 
zontally, 10 and 30 cm above either the roil or water surface, with 
c x h  connected t o  a pesticide vapor trap consisting of a 1,000-ml 
Erlenmeyer flask cmt;iining 500 ml or cthyleny glycol prcvicmrly 
wdshed with henrenc tu  remove impurities that might intcrfcre 
wirh gar chromatographic m d y s i s  of dieldrin. Air at e x h  clcva- 
tion above the plot was drawn with a vacuum pump through tho 
booms and into thc trqs that wcrc fitted with gar dirpcrsion tuhcr 
to ensure maximum trapping efficiency. A flow rate of I literlmin, 
measured with a rotometer-type flowmctcr. war controlled with a 

Windspeed and direction at 20 cm above the plot surface were 
measured continuously with a Belfort wind direction trmsmittcr 
(5-363D) and two totalizing anemometers (5-349) used with il 
strip chart recorder. Air tcmpcrnturc a t  10 and 30 cm wds 
monitored with thermocoupler and a tempcrature recorder. Pan 
vaporation and prccipiration also were recordcd throughout thc a At intervals ranging from 4 hours at the start o f  the experiment 

to 21 days later on, the pesticide traps were replaced and removed 

valve installed betwcen the  boom and the trap. 

udy. 
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for malyris. Dieldrin was extracted f rom the  ethylene 
lhenicnc (250 ml). usins il magnetic stirrer f o r  I hour, 

3" solvents were nartirioncd in a sel)aratOlY funnel and rh. ,i 

centration procedure could account for 90+1% of th i  
dieldrin. Xo adjustments were made in iuhsequent calcuh 

The deeradation of roil-incornorated dieldrin as affm.  
the 90% rucovery factor. '. 3 

from e x h  plot t o  a depth of  15 cm, screened through a.-z 
ll/i inchl hardware cloth. and wciehcd Barcd on th;& 

to that reported earlier for roil-applied. DDT (Parr c t 2  
Ahmat 20 g of soil (oven-dry weight bzsir) was extractc 
I :  I bcnrcnr-methanol rolution. After brief manual rth 

m d  homovenization of soil and extractmt.  Sonificarini 

mi- rmificatirm pericds. each fuiluncd by d&ntati6: 
rupernacant wlution and addition u t  fresh aliq.iotr of 
so lu t im (125 ml). The oecanred volumes were comgc 
separator). fur.nel, washed 3 times with dictilled water. dr 
ant.ydrcmr .Ua,S04. and conccntrated for gas chronul, 

' 7  andyrir. . I, 
: \I iqwts ( 5  @liter/injectiun) of the brnzcne e x w a ~ i i ~ l  

and soil w n p l e s  were arrayed fcr dieldrin with il Micro-Tc 
220 ~ a r  chromatograph equipped with a 63Ni'ele~trm-t;. 
tector a rd  3" lnforronicr Digital I n r e p t o r  Modc1.C 

UIL1C.S coated wirh 3% OV-I. :- 

.P 
_"I- 

Carrier Gar: NI (prepurified) at 115 cclmin. ..! j 
High purity dieldrin ior use ar an analytical rtandar 

(.\lention of rradc names or commercial materials i?,[ 
venience of  the reader and does not c o n ~ t i t u t e  any.[ 
endorsement by the US Department of Agriculture? 

..n plied by the Shell Chemical Co. I .  

,I., products available.) .A 

RESULTS AND DISCUSSION $2 
-:i  4 

The degradation phase of this investigatio? 
that little or none of  the soil-incorporated d$ 
degraded after 6 months under any of the 
regimes. Samples taken throughout the study:' 
depths from 0 to 15 cm, showed that a very U? 

tribution of dieldrin resulted from mixing the; 
soil and pesticide in a cement mixer. Con? 
based on the oven-dry weight of soil, ranged-.@ 
14 ppm, somewhat higher than the intendeF: 



tk;" ~ , , ~ , ~ i ~ ~ t c ~ I  io different water regimes. are shown in 
I,  ximum mum conccntratiuns for a11 treatmcnts :it 

l&u,nl,li,q hcights were attained the 1st  sampling day. 
, , I~~ ,vc  the moist plot at IO cm where the highest 

,tcrc rncarured during the sampling periods begin- +* 14, Sept. 19, and ~ c t .  3. After about 4 weeks, 
@J in ,,,,,centrations above all plots tended to decrease *roc l t lw for the remainder of  the study. % y,nle cdses, the atmospheric dieldrin concentrations 

l l l e  1st t\vo sampling periods were greater 30 cm 

j p ~  
plot surfaces than at 10 cm. These negative 

. z  p a ~ m l r , b r i ~ ~ ~ i  grlidients are thought to have resulted from 

.& ,ornl;l~ion of an air temperature minimum at a height 
'+ 

11,:~11 10 cm during nighttime temperature inver- 

+, 
dl.,,,ld:~;-y air temperature minimum above the soil 

~ r , ~ ~ . n ~ j ; d  rcsult in a layer of relatively dense air, with- 
~ .hi<h I'csticides could accumulate, causing higher at- 
&& concentrations within the zone of minimum 
*,tiitre, compared wi th  air above or below this zone. e [ 1965) suggested that this particular phenomenon 
dlY( frcquently, especially in warmer climates. Air 
*.tiore measurements a t  10 and 30 cm above the 
&, during the first 24 hours indicated that temperature 
*-ions occurred over the moist and nonflooded plots, 
e n i n g  nciir sunset and continuing until dawn. More- -. 01, scveral orcasions the nighttime temperature a t  
8 m W;I$ lower than :it 10 cm, indicatinx the presence 
d a ccddcr :iir  lay^ or scco,ldary minimum above the 
&ui ;\ir rcmpcrsturc w i s  not m,:asurcd iit heights great. 
i~ I h m  :io cm, thus, it is unccrtain whether a true :iir 
Mpn:i;itre rninimtim existed above I D  cm or whether 
I icmp:'r;LiL;rc profiles 'vcrc oscil1;ti;ng bs:wecn invct- 
cm .iml nvninversion. During rhese inyenions little or  
t r l i r  rnwemcnt occurrcd bctwecn 2100 a d  O i O G  hours. 
kmpcr:iritre inversions were not detrcted over the flood- 
dph during the iirst 24 hotirs. 
.I wmrnary o f  the climatological d:113 monitored 

h l S h o u t  the study is showr. in Table 2. Srptembcr  

*I". 

& 

I-Almosoheric concentration of dieldrin 10  and 30 cm 

' a 0  2-Monthly averages of climatic data taken from the 
I_ experimental area during the study 

Cllmmie mnme,er(l 
.At? IOmPFl",YrC. .c 

E n ~ o r r t l O n  RIl" 10(11 U % K .  XI,". ! V I M  

: e h  

and October were relatively warm and dry, w i t h  high 
evaporation rates and little wind; November was a transi- 
tion month; December and January were cold and \vet, 
with low evaporation and higher winds. 

Volatilization loss expressed as dieldrin flux in grams/ 
ha per day and poundsjacre per day is shown in Fig. 1. 
Losses were calculated by substituting the atmospheric 
concentration data from Table 1. assuming a linear con- 
centration gradient between 10 and 30 cm, into equation 
[ I ] ,  along with K ,  values calculated from equations [Z] 
and [3]. Values of 20 cm and 0.05 cm were used in 
equations 12) and 13) for L and z o ,  respectively. Since 
z0 was not measured in place, the 0.05-cm value \vas de- 
rived from literature values (Chang, 1968; Priestley. 1959; 
Sut ton,  1953). Undoubtedly, some error was introduced 
by using atmospheric concentration data and wind speeds 
tirne-averaged over periods ranging from 1 to 21 days 
rather than 15 min to 1 hour. Longer sampling periods 
were used to ensure that enough dieldrin was trapped a t  
each height to measure the concentration gadient .  How- 
ever, the calculated flux values should be applicable for 
indicating trends and the magnitude of volatilization. 
Zero flux values were calculated for the first two sam- 
pling periods because of  the negative concentration gradi- 
ents discussed earlier. 

iota1 flux wasgre;.test irom the moist soil, where about 
18% of  the applied dieldrin was lost by wlatilization. 
T h e  peak mean flux rake occurred between 11 and 18 
days after applicaticm, when mort than 6% volatilized in 
T days. Another high flux rate occurred over th: moist 
plot during the sampling period starting on Ocruber 3 
(Fig. I). A rainstrrm of 15.3 cm at this tim: appears to 
have markedly increnscd the flu* rate from the moist 
plot, cumpared with only a slight increase in tliix rate 
from the flooded plot and no measureable effect on the 
nonflooded plot. One COUP speculate that the 18%;.ola- 

- 

0.20 - Flo3dcd - M ~ i i l  

D---a Nonllooded 

- 

<) 1 

- 0.10 ; 
v n . 
e 
i 

E L 

s ._ 9 

6 

3 - L . 5 .- 
0 

- 0.05 
50 - 

--3 - I' . 
80 120 

Time. days 
sept. I OC,. I Nor. DCC. [ Jan. I 

Fig. 1-Effect of different soil water regimes on rate of dieldrin 
volatilization from fallow plots 
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t i lki t ion loss of dieldrin from the moist plot might be of 
similar magnitude under an intensively managed farming e olatilization from the nonflooded plot was relatively 
low during the first 46 days, but tended to increase with 
incrcasing precipitation from November through January, 
when plot surface conditions (due to rainfall) were similar 
to those on the moist plot. Also, this increase is prob- 
ably related to greater residual dieldrin concentrations 
present on the soil surface because of low volatilization 
losses during the early stages of the study when the plot 
surface was relatively dry. However, statistical analysis 
revealed no  significant relationship between rainfall and 
the rate of  flux from the nonflooded plot. The 7% vola- 
tilization losses from the nonflooded plot may be similar 
to  losses from nonirrigated land in regions with climatic 
conditions similar to those of Louisiana. 

Flooding appeared to greatly retard the volatilization 
process, a finding that agrees with previously reported 
data for DDT (Willis et al., 1971). Only 2.1% of  the ap- 
plied dieldrin was volatilized from the flooded plot. Ap- 
parently, dieldrin was sorbed strongly enough by  the soil 
to retard any significant release into the water layer and 
subsequent volatilization or codistillation from the flood- 
ed plot. Average flux rates over the tlooded plot were 
highest during the 1st day, and for the sampling period in 
early October, when the 13.3-im rainfall occurred. Again, 
one could spectilate that .iolatilization losses from the 
flooded plots might be similar to  losses from fitlds th?.t 
'ire flooded as a cul:ural practice or from :wampy areas 

lultiple r q e s s i o n  analysis wzs used to  investigate :he 4h uence of climatic parameters (Tabie 2j and time on the- 
ra:e of dieldrin volatilization from each of  the plots. The 
following expressions wire  o5tained; those parameters 
having little relative significance on Y were deleted. 

-ation where frequent irrigation is employed. 

I t  are treatzd with dieldrin. 

Flooded plot 

Y = -2.17 + 0.00519 X i  + 0.02664 X, R 2  = .426 

Moist plot 

Y = -3.41 + 0.08836 X 3 ,  R' ,282 

where Y = dieldrin flux, XI  = time, Xz = average maxi- 
mum temperature, and X 3  = average minimum tempera- 
ture. None of the measured atmospheric variables was 
significantly correlated with dieldrin flux from the non- 
flooded plot, although wind approached significance for  
this treatment. 

The relatively low R' values indicate that variables 
other than those measured influenced dieldrin volatiliza- 
tion from the plots. I t  appears that temperature, not un- 
expectedly, is a n  important consideration in dieldrin vola- 
tilization. The  effect of time is probably related to pesti- 
cide concentration at the plot surfaces. 

SUMMARY AND CONCLUSIONS 

The data indicate that an aerodynamic method has 
*ential for estimating pesticide volatilization losses of 

applied dieldrin under field conditions. Soil moisture 
regtme has a definite effect o n  the volatilization rate of 
this pesticide. Approximately 18% of the applied dieldrin 

196 

e ' . .  
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+@:. 
?b volatilized from a moist plot in 5 months. whereas,, 

and 7% volatilized from flooded and nonflooded pli 
spectively. Flooding appeared to  greatly retard & %"- 
tilization of surface-applied dieldrin. Volatilizac '**, 

during dry periods, tended to  increase with in- i., 

any measurable effect on the degradation of soi!-i@& 
porated dieldrin, the concentration of which rem 
same after 6 months. Of the climatic variables m 
temperature had the greatest effect on rate of v 

e *  
dieldrin from the nonflooded plot, although ngligSL 09 .d 

precipitation. None of the three soil water repimm'b -9 

tion. -.I y$ 
'. ' %?!. 

. ,.. 
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