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In 1966 we reported that  about 88% of the DDT remaining in 
the so i l  of two orchards which had been treated since 1946 was 
in the upper s ix  inches ( I ) .  We concluded that  contamination of 
the land adjacent to the orchards was s l i g h t ,  and that  losses in 
underground water were neg l i g ib le .  We have been in terested in 
the fu r the r  fate of these residues, and, a f te r  a 5-year lapse, 
have col lected and analyzed addi t ional  samples from the same orch- 
ards. This repor t  summarizes our resu l t s .  

EXPERIMENTAL 

Field Plots:  

Between 1946 and 1964 the Hood River orchard was treated with 
388 Ib of  DDT and 14 Ib of d icofo l  [ 4 , 4 ' - d i c h l o r o - ~ - ( t r i c h l o r o m e t h y l )  
benzhydrol] per acre. Addi t ional  treatments were: 1965, 15 Ib of  
DDT and 5.7 Ib of  d i co fo l ;  1966, I I  Ib of DDT; and 1967, 2.4 Ib of  
d i co fo l ,  for  a to ta l  of  414 Ib of DDT and 22 .11b of  d i co fo l .  The 
Medford orchard received 169 Ib of  DDT and I0 Ib of  d icofo l  per 
acre (1947-1964) and 2.16 Ib of  d icofo l  in 1965 and again in 1966, 
for  a to ta l  of 169 Ib of DDT and 14.32 Ib of  d i co fo l .  

The Hood River orchard is located in the Columbia River gorge 
in North-Central Oregon where the mean temperature is 50.5~ and 
the average p rec ip i t a t i on  is 29.7 inches. The Medford orchard is 
located in an i n t e r i o r  va l ley  in Southern Oregon where the mean 
temperature is 53.9~ and average p rec ip i t a t i on  is 19.6 inches. 

The so i l  samples were composites made of subsamples from the 
dr ip  zone of  5 t rees,  i . e . ,  5 cores per sample. The samples were 
taken with a 3/4- inch so i l  auger at 0 - 6, 7 - 12, 13 - 24, and 
25 - 36-inch leve ls .  

a/ Technical Paper No. 3081, Oregon Agr i cu l t u ra l  Experiment 
Sta t ion ,  Co rva l l i s ,  Oregon. 
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Analyt ical  Methods: 

The samples were extracted by shaking for 1 hour with a 1 to 
1 mixture of acetone:hexane. The extracts were washed free of 
acetone and dried with anhydrous sodium sul fate.  They were analyzed 
without cleanup by electron capture gas chromatography using a col-  
umn of 2 to 1QF-I-Dow-II on 100/200 mesh HP Chromosorb W at 180~ 
Other deta i ls  of the analyt ical  method were described ear l i e r  ( I ) .  
Resolution of DDT analogs and metabolites was good except that 
when residue levels were high TDE appeared as a shoulder on the 
larger p,p'-DDT peak. Dicofol was converted to i t s  thermal decom- 
posi t ion product, 4,4'-dichlorobenzophenone (DBP). 

To measure the soi l  levels of dicofol  and DBP, al iquots of 
the extracts were given a prel iminary cleanup by passage through 
an activated F lo r i s i l  column and eluted with 300 ml of 3 to 1 
hexane:ethyl ether. The eluates were concentrated and spotted 
on alumina coated TLC plates which were developed with a 2 to 1 
mixture of carbon tetrachloride:hexane. The Rf values in th is  
system were 0 . I I  for dicofol  and 0.50 for  DBP. The iden t i t y  
of  the two compounds were confirmed by the i r  mass spectra. The 
adsorbent was scraped from the plates in the appropriate areas, 
extracted with acetone and quant i f ied by electron capture gas 
chromatography. The amounts determined by th is  TLC procedure 
agreed with those indicated by the DBP peaks in the or ig inal  
GC analysis of the soi l  extracts.  

The s e n s i t i v i t y  of the analyt ical  method was 0.01 ppm for 
al l  compounds. The r e l i a b i l i t y  of  the analyt ica l  method was 
confirmed by analyzing f o r t i f i e d  samples. Recovery averaged 
89%. The pest icide concentrations were calculated on the basis 
of dry weight of soi l  and have not been corrected for recoveries. 

RESULTS AND DISCUSSION 

The d i s t r i bu t i on  of residues in the soi l  p ro f i l e  of the two 
orchards is summarized in Table I .  These are probably maximum 
values because the samples were taken from the dr ip  zone of the 
trees. Dicofol and DBP analyses are included because of the 
p o s s i b i l i t y  that one or both of  these compounds are metabolites 
of DDT. The re l a t i ve l y  high levels of dicofol  and DBP in the 
upper layers probably re f lec t  the more recent appl icat ions of 
dicofol to the two orchards. The high value for DBP (7.25 ppm) 
in the 0 - 6 inch zone of the Hood River soi l  cannot be explained. 
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TABLE I 

Vertical Distr ibution of DDT Analogs and 
Metabolites in Orchard Soi ls, 1970 

Soil level,  
inches 

Pesticide concentration, ppm 
p,p"- o,p ' -  p ,p ' -  p,p ' -  Dicofol DBP 
DDT DDT DDE TDE 

Hood River 

0 - 6 33.1 5.59 7.61 1.59 2.44 7.25 
7 - 12 7.25 1.20 0.97 0.18 2.32 0.87 

13 - 24 1.08 0.17 0.19 0.02 0.50 0.19 
25 - 36 1.02 O.l l  0.12 O.Ol 0.36 0.07 

Medford 

0 - 6 14.35 2.99 2.50 1.40 3.58 0.86 
7 - 12 1.79 0.36 0.38 0.21 0.98 0.09 

13 - 24 0.69 O.l l  0.12 0.07 0.32 0.06 
25 - 36 0.32 0.07 0.07 0.05 0.13 0.05 

A comparison of these results with those obtained in the 1965 
experiments, expressed as percent increase or decrease, is given in 
Table I I .  There was a substantial decrease in the amount of DDT and 
i ts  analogs in the top 6 inches, about 30% in both orchards. About 
29% (Medford) and 36% (Hood River) is due to downward movement. 
Apparently the remainder was lost by evaporation or by degradation to 
products not detected by our method. There was a sharp increase, 
percentagewise, in the pesticide residues found at the 25-36-inch 
level. 

TABLE I I  

Changes in Vertical Distr ibut ion of 
Total DDT, 1965 - 1970a__ z 

Soil level,  Hood River Medford 
inches Change, Change, Change, .... Change, 

ug/sample %D__Z ~g/sample %b__z 

0 - 6 - 7129 - 31 - 2425 - 30 
7 - 12 + 1994 + 159 - 77 - 6 

13 - 24 - 321 16 + 471 + 136 
25 - 36 + 861 + 247 + 307 + 331 
0 - 36 - 4595 - 18 - 1724 - 17 

a/ Includes analogs and metabolites of DDT from Table I ,  this 
a r t i c le ,  and Table I I  and I I I  of Terriere, et al. (1). 

b! As percent of 1965 levels. 

350 



The changes in the leve ls  of  DDT analogs and metabol i tes are 
examined more c lose ly  in Table I I I .  The la rges t  losses occurred 
in p,p'-DDT residues and the la rges t  gains were in dicofol-DBP 
residues. The data for  TDE are e r r a t i c ,  showing a decrease in Hood 
River and an increase in Medford. This may be due to ana ly t i ca l  
d i f f i c u l t i e s  in those samples where DDT concentrat ions were high. 

TABLE I I I  

Changes in the Amounts of  DDT Analogs 
and Metabol i tes ,  1965 - 1970 

Hood River Medford 
Pest ic ide Change, . Chanqe, Change, . Chanqe, 

~g/sampl~/  %b7 ~g/samplea/ %b__7 

p,p'-DDT - 6881 - 35 - 2600 - 37 
o,p'-DDT - 643 - 24 - 140 - 14 
p,p'-DDE + 798 + 46 + 210 + 36 
p,p'-TDE - 670 - 57 + 155 + 52 
Dicofol-DBP + 2801 + 196 + 727 + 77 

a/ Sum of  residues in the en t i re  3 foot  core. 
~/  As percent of  1965 leve ls .  

An i n te res t i ng  aspect of  the data of  Table I I I  is  the i n -  
crease since 1965, on the to ta l  sample basis,  in the amount of  
dicofol-DBP. Since both orchards were treated with add i t iona l  
d icofo l  dur ing th i s  per iod,  8.1 Ib /acre in Hood River and 4.32 
Ib/acre in Medford, t h i s  increase might be expected. However, 
during the same period the Hood River orchard received an add- 
i t i o n a l  26 Ib/acre of  DDT, and in the so i l s  of  both orchards both 
p ,p ' -  and o,p'-DDT decreased markedly. These resu l t s  suggest 
two p o s s i b i l i t i e s  regarding the dicofol-DBP residues; in so i l  these 
compounds are more stable than DDT, or they are metabol i tes or 
degradation products of  DDT. The l a t t e r  p o s s i b i l i t y  is  supported 
by L i ch tens te in ,  et  a l .  (2) who repor t  traces of d icofo l  in so i l  
t reated e a r l i e r  wi th DDT. 

One of  the most i n te res t i ng  aspects of  these resu l ts  is  the 
s i m i l a r i t y  in the residue trends seen in the two loca t ions .  The 
net loss in the 5-year period in the Hood River so i l s  amounts 
to 18% and in the Medford so i l s  to 17%. This is in sp i te  o f  
d i f ferences in c l imate,  so i l  type, and cu l tu ra l  pract ices.  
The Hood River so i l  is  a sandy loam and, in the orchard s tudied,  
is not cu l t i va ted .  The Medford so i l  is  c lay adobe which, in th i s  
orchard, is  kept free of  vegetat ion by regular  c u l t i v a t i o n .  
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I t  is clear from th is  and our previous study that the DDT 
residues in these soi ls  attained a threshold level wi th in a few 
years af ter  i t s  regular use began. The decline in total  residues 
is proceeding at a rate of about 3.5% per year, based on those 
present in 1965, with an addit ional loss of the amounts added 
since 1965. 

We have been unable to locate other reports of s imi lar  
invest igat ions,  but our results are confirmed in part by Harris 
et al .  (3) who show that DDT in orchard soi ls  range from 25 to 
138 ppm and by Duffy and Wong (4) who found DDT up to 20 ppm in 
orchard so i l s .  The decline of DDT residues in soi ls  is confirmed 
by a Mississippi  study (5) which showed that  an i n i t i a l  residue 
of 2300 ppm declined by 30 to 50% in a 20-year period. 
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