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ABSTRACT 

The use of drip irrigation  systems  to  deliver  pesticides  to  crops is 
increasing in California.  Soil  coring  studies  were  carried  out  at  three 
locations in Fresno  County,  California to determine  the  leaching  potential 
of non-fumigant  nematicides  applied through  drip  irrigation  systems. A 
truck-mounted  drill rig was  used  to  sample t o  a  maximum  depth of 40 feet 
using  a  split  barrel  collection  system. A Veihmeyer  tube  was also  used  to 
take  shallow  samples and  study  horizontal  movement of the  chemicals. 

Two of the  sampling  locations  supported  mature  grape  vines  growing on 
Tujunga sand or loamy  sand  soils.  At  the  first location,  multiple 
applications of four  non-fumigant  nematicides,  aldoxycarb,  ethoprop, 
fenamiphos and  oxamyl  had  been  made fo r  2 years p r i o r  to  sampling. Deep 
cores  collected at those  locations had  to  be  taken  approximately 3-4.5 feet 
away  from  the  nearest  emitter  because of the  logisitcs  involved  with 
sampling with a truck-mounted  drill  rig.  Aldoxycarb  and  ethoprop  were 
detected in  the  upper  portions of the deep  cores;  fenamiphos and oxamyl  were 
not  detected.  Residues of all  four  nematicides  were  measured in shallow 
soil  samples taken  directly  beneath  the  emitters  but  not 2 feet  away.  Also, 
pesticide  residue  was  not  found in  ground  water collected  from  the  bottom of 
deep  core  holes. At  the  second location,  fenamiphos had  been  applied during 
three  growing  seasons. No fenamiphos  was  detected in soil  segments or  in 
ground  water  sampled  from  the  bottom of one  deep  soil  core taken to a depth 
of 23 feet at the end of 

The third  location  was  an 
3 feet  apart on a Hanford 
beneath  emitters and  shal 

he  third  growing  season. 

experimental  plot of young  walnut  trees  planted 
sandy  loam  soil.  Deep  soil cores taken directly 
ow  samples  located 8, 16 or 24 inches  away  from 

emitters  were collected  in June, November  and  December  during  the  second 
year of monthly  applications of aldoxycarb,  fenamiphos and  oxamyl.  After 
9 applications,  aldoxycarb  concentrations near  the  detection limit (0.01- 

0.02 ppm)  were  found  at  maximum  depths of 4.3-5.5 feet in the  soil  beneath 
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emitters  and  at a distance of 24 inches  away in the  top 4 feet of the  soil 
profile.  Fenamiphos and its oxidation  breakdown  products  were  more 
persistent in soil and  leached  deeply  into  the  soil  profile.  After  nine 
applications, the  parent  compound,  the  sulfoxide  and  sulfone  were  detected 
at  soil  depths of 29.3 feet, 22.2 feet  and 21 feet, respectively.  Oxamyl 
also  leached  deeply  into  the  soil  profile  within  weeks  after  the  ninth 
application  was made, Concentrations  at  the  deteotion  limit  of 0.01-0.02 

ppm  were  present 11-27.2 feet  deep in soil. Again, none of the  nematicides 
was  detected  in  ground  Water  samples  taken from the  bottom of core  holes. 

Drip  application of nematicides  provided  good  distribution of residues in 
soil to  the  plant  root zone, However,  application of fenamiphos  and  oxamyl 
under  the  conditions  tested  could  result in  ground  water  contamination  in 
locations  where  shallow  water  tables  were  present.  Additional  work is 
needed  to  develop  the  methodology  necessary  to  deliver  nematicides  through 
drip  systems and  at  the  same time prevent  the  deep  leaching of the 
chemicals  into  the  soil  profile. 
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INTRODUCTION 

The use of drip  irrigation  has  become  a  common  practice  in  commercial 
agriculture in recent  years.  Drip  irrigation is desirable  because  water can 
be applied in small  quantities  at  more  frequent  intervals  directly  to  the 
crop  root  zone  generally  resulting in  reduced  water  usage. Drip  irrigation 
systems  also  have the  advantage of being  used for  application of 
agricultural  chemicals including  fertilizers  and  pesticides.  Agricultural 
chemicals can  be  placed  directly  to  the  needed site through  drip  emitters 
and applications  can be  timed  to correlate  with  susceptible  life stages of 
pests, periods of active  nutrient  uptake, or to  coincide  with  root 
initiation  periods of established  perennial  crops. 

The acreage of California  crops  that is  irrigated  through drip  systems has 
increased  dramatically  over  the  past  several years, particularly in the 
higher-value  commodities but  also in those  areas  having  sandier soils with 
poor  water  holding  capacity.  It is in  those soils that nematode  damage  from 
root  knot  nematodes is also most  prevalent. This problem has led to  the use 
of the  drip  systems for application of nematicidal  chemicals  to  the grape 
root zone. Commercial  treatments of fenamiphos,  oxamyl and carbofuran  have 
been  used  successfully  through  dripper  systems  to  control  nematodes on 
grapes and  tree  fruits.  Other  nematicidal  chemicals are being  tested for 
their  potential  use. The persistence of the  chemicals  in soil and  their 
potential for  leaching  into  the  subsoil layers where they  could  pose  a 
threat t o  shallow ground  water  after  drip  application has not  been 
thoroughly  studied.  The  studies  described in this  report  were  conducted  to 
provide  information  on  the  persistence  and  movement  through  soil of 
nematicides that have potential  for  use  through  application in drip 
irrigation  systems. 
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MATERIALS AND METHODS 

Soil Sampling And Analytical Procedures 

Deep Soil Core Sampling 
Undisturbed  soil  samples  were  colleated  down  to  a  maximum  depth of 40 feet 
using  a  truck-mounted  Mobile  Drill,  mudel B-53 drilling  rig  fitted  with 
84inch diameter  hollow-stem  augers. Soil core  segments  were  collected  with 
a  split barrel sampler, 20 inches  long  and  containing  three  6-inch-long 
stainless  steel  cylinders stacked  end  to  end. The interior  of  the  cylinders 
was rinsed with methanol prior to  the  split  barrel  being  lowered by the Moss 
Wireline  sampler  into  the  hollow  augers. As drilling  proceeded,  the split 
barrel  was  pushed  into  the  soil  ahead of the  the  rotating auger and 
collected  an  undisturbed sample, After  drilling 20 inches of soil, the 
sampler was  withdrawn  and  opened. The cutting  tip  held a  2-inch  segment of 
soil which  was  discarded  leaving 18 inches of sample  (three 6-inch segments) 
encased  in  steel  cylinders.  After  removal,  the  ends of the cylinders  were 
sealed  with  aluminum  foil  and  tightly  fitting  plastic  caps.  They  were 
placed  on  dry ioe and  stored  frozen.  After  samping was completed, the 
bottom 3-5 feet,of the  hole was refilled  with  soil  and  then a 50 pound  bag 
of bentonite  was  poured irr to  form a seal  to  prevent  oontamination of the 
groundwater  below,  The  remainder- of the  bore  hole  was  filled  with soil and 
packed  down  until it was level  with  the  field surface, 

Prior  to  chemiaal  ahalysis, a meahanical  sample  splitter  was  used  to  push 
each  frozen  segement from the steel  cylinder  and  divide it longitudinally 
into  three  portions. One portion  was  used for a moisture  content 
determination,  another was to  be  used  for soil  texture  analysis  and  the 
third  portion  was  kept  frozen  and  used for  analysis of nematicide rasj-dues. 

Shallow Sampling Uith tleihmeyer Tube 
A 1-inch  diameter  Veihmeyer  tube was used  to  collect soil  samples  down t o  4 
feet.  Before  each  core was collected, the  Veihmeyer  tube  was  washed  with a 
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brush  in  laboratory  grade  detergent  mixed  with water, rinsed  with  tap water, 
rinsed with distilled  water  and  finally  rinsed  with  methanol. The sample 
was  collected PY pounding  the  tip of the  sampling  tube  into  the  soil  to  the 
desired  depth with a. sliding  hammer  that  fit  over  the  tube. The tube  was 
then  pulled  from  the  ground by  hand or retracted  with a  specialized  jack. 
Plugs of soil  were  carefully  dumped  into  a 1/2 pint  wide  mouth jar, sealed 
with a  foil  lined  screw  cap  and  placed on dry  ice.  Soil samples  were  kept 
frozen  until  extraction. 

Ground  Water  Sampling 
Water. samples were  collected  when  standing  ground  water  was  reached  during 
the soil  drilling  process. A cylindrical  Teflon @ bailer, 24 inches  long 
with a 1-1/2 inch  inside  diameter  was  lowered  on  the  wireline sampler t o  the 
depth where water was reached. After approximately 30 seconds, the  bailer 
was  retreived  and  collected  water  poured  into 1 liter  amber  glass  bottles 
that  were  sealed  with  foil-lined  plastic  caps.  Water  samples  were 
immediately  placed on wet  ice  and kept  refrigerated  until  samples  were 
extracted. The bailer  was  thoroughly  rinsed  with  distilled water, followed 
by a  methanol  rinse  and two rinses  with  double  distilled  water  after  each 
sample was collected. 

Soil Particle Size And Organic  Matter  Content  Analyses 
A hydrometer  method  was  used for particle  size  analysis of soil samples; 
organic  matter  content was determined  by a  dichromate  reduction  method. 
Both  have  been  described  previously (24 ) .  

Pesticide  Analytical  Methods 
A brief  description of analytical  methods  for  each  pesticide is presented 
here; more  detailed  information  on  each  analytical  procedure is presented in 
Appendix A. 

3 



Aldoxycarb - Distilled  water  was  used  to  extract  soil  samples.  Extracts 
were  flltered  through  paper  filters  and  then  analyzed  directly by HPLC with 
a  fluorescence  detector. 

Ethoprop - Soil samples wet-e  extracted  with acetone  and  the  filtered  extt-act 
was  analyzed  directly by gas chromatograsphy  with an NP detector. 

Fenamiphos - Soil  samples were  extracted  with a hexane-acetone (1:l) 
solution.  The  extract  was evaporated  to dryness,  redissolved in ethyl 
acetate and  analyzed by GLC for  parent  fenamiphos.  When  analyses  were 
conducted for fenamiphos  sulfoxide and sulfone, a portion of the extract  was 
evaporated  to  dryness,  redisssolved  in  acetonitri1e:water (20:80) and 
analyzed by HPLC with a UV detector. 

Oxamyl - Soil  samples  were  extracted  with  hexane-acetone ( 5 0 ; 5 0 )  solution. 
Extracts  were  filtered,  washed  with  dichloyomethane,  diluted  with  water  and 
then  analyzed by HPLC with a UV detector. 

Study Site nescriptions And Soil Sampling Design 

Location I 

A treatment  site had  been  established  in  a 12 acre  commercial  planting of 7- 
year-old red seedless  grapes located  near Reedly, California. Rows of vines 
were  spaced 12 feet  apart.  The  soil  classification was Tujunga  sand. Six 
nematicidal  chemicals had  been  applied  via drip  irrigation  to  individual 
rows in  selected areas of the  vineyard in 1982 and again in 1983. Four of 
those  nematicides,  aldoxycarb,  ethoprop,  fenamiphos and oxamyl  were  selected 
for this  study  based on increases  in  yield  and  vine  vigor  during the  two 
years of treatments,  Aldoxycarb,  ethoprop  and  fenamiphos  had  been  applied 
once per  month in April,  May, June, October  and  November  in 1982 and again 
in April, May, June, September  and  October in 1983. Applications  were  made 
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to coincide  with  periods of root  flush.  Each  application  consisted of 1 
pound active ingredient (ai) per acre  for  fenamiphos,  ethoprop and 
aldoxycarb. Oxamyl  was  applied  twice  each  month at 0.5 pounds ai per acre 
f o r  each  application.  Nematicides  and  water  were  applied  through  biwall 
tubing  with  drip  emitters  spaced 4 inches  apart.  The  tubing was located  to 
one side of the  center of the  vine  row  and  was  buried 6 inches  deep in the 
soil. 

Soil  coring  was  conducted  on  November 28, 29, 30 and  December 1 ,  1983, with 
one  chemical  sampled  on  each  date.  Veihmeyer  tube  samples  were  taken  near 
the end  vine  in one  treated  row  per  chemical. Samples  were  collected a t  6 
inch  intervals  from  the  surface  down  to 2 feet  deep  directly  beneath  an 
emitter and  again  from  a  point 2 feet out from  the  emitter.  Attempts  were 
made to collect  deep  cores as close as possible t o  the same drip  emitters. 
However, due  to  difficulty  in  maneuvering  the  truck-mounted drill rig  and 
the  relatively  narrow  space  between  vine rows, it was  necessary  to  take deep 
cores 32 t o  52 inches  away  from  the  emitters.  One  core was collected  from 
the surface  down  to  a  depth of approximately 40 feet  for  each of the four 
nematicides. Three, 6-inch  soil  core  segments  were  collected  for  each 20- 
inch  depth  drilled  yielding  a  total of 72 soil  samples for each  nematicide. 
We  had  intended  to  drill  until  ground  water  was  reached  and  it was reached 
at approximately 40 feet.  Replicate  ground  water  samples  were  collected 
from  the  bottom of each of the four drill  holes  after  which  they  were 
refilled  and  sealed. 

Location I1 

Three  applications of fenamiphos had  been made  from January, 1981 to April, 
1982 at a second  ,commercial  vineyard of 6-year-old  red  seedless  grapes 
located  near  Reedly,  California. The nematicide  was  applied at a rate of 3 
gallonsiacre (1 lb  ai/gal.) as a spray to  the  soil  surface or injected  into 
the  soil. An additional  treatment  was  made  through  drip  irrigation in 
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October, 1983 hhen  two  split  applications of fenamiphos  were  made at a  rate 
of 1.5 lbs/acre  each.  The  soil  olassification was Tujunga loamy sand, 

On  December 2, 1983, one core t o  23 feet (280 inches) was taken at a site 
52 inches  from  an  emitter ( 32 inches  from  the  edge of the  berm)  near  the 
second  vine in from  the  end of the  row. A total of 42 s o i l  samples  each 
6-inches long  were  collected  for  analysis.  Ground  water  was  reached  and a 
water sample was taken  from  the  bottom of the  hole. No shallow  soil samples 
were  collected  at  this  location. 

Loea tion I I I 

An experimental  plot  with  walnut  trees  was  established in 1984 to study 
nematode  control  provided by treatments  with  the  non-fumigant  nematicides 
aldoxycarb,  fenamiphos and  oxamyl  alone or in combination  with a preplant 
treatment of 1,3-dichloropropene  (Telone I 1  @ ) ,  a  soil  fumigant. The plot 
was  located in  an area of the  Kearney  Field  Station  where  the soil was a 
Hanford  sandy loam, The  site had  been a walnut  orchard  for 20 years prior 
to  being  cleared  and  used  for  the  present  study. Treatments had  been 
applied  to  replicated p l o t s  50 feet  long and 10 feet  wide set up in a 
randomized  block  design. 

Plots  that  were  to  receive  soil  fumigation  had  been  treated  in  the  fall of 
1983; trees  were  planted 1.5 feet  apart in rows 10 feet  apart in winter 
1983. In winter, 1984 every  other  tree  was  removed for  growth  evaluations 
leaving a 3 foot  tree  spacing. A d r i p  irrigation system  was  established 
after  planting; tubing  with  emitters  spaced 8 inches  apart was laid on the 
soil  surface  along the  center of the  row dose to the  trunks.  Postplant 
treatments of nematicides  were  made  via  the  drip  system  eight  times  during 
the  period  from  April  through  October in 1984. For each  application, 1.19 
lbs. active  ingredient ( a i )  of nematicide per acre was put out  through  the 
drippers. The drip  system was also used for  regular  irrigations. 
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In 1985, a  similar  application  schedule  was  followed.  Nematicides  were 
applied  at  the  rate of 1.19 lbs. ai per acre  at  intervals of approximately 
28 days  from  March 4 through  October 23 for  a  total of nine  applications. 
For each application, water,  contai-ning  nematicide at  a  concentration of 27.4 
mg/l (ppm) was  run  through  the  drip  system  for 3 hours  to  atta 
dosage.  Throughout the  experiment,  applications of irrigation 
run  for 3 hours at a frequency of two  applications  per  week in 
and October; three  applications per week in June  and  September 
applications per  week  in  July  and  August. 

n  the  desired 
water  were 
April, May 
and four 

One 50 x 10 foot plot  each of aldoxycarb,  fenamiphos and oxamyl was selected 
fo r  sampling  during 1985. The plots  were  selected  on  the outer edge of the 
experimental  block so that  the  truck  mounted  drill  rig  could  be  used. The 
fenamiphos plot  selected for  coring had received a preplant  fumigation with 
15 ga.,’acre of Telone I1 but  the  oxamyl  and  aldoxycarb  plots  had  not.  Each 
plot  was  sampled i n  June, approximately 1 week  after  the  fourth  nematicide 
application; in November,  approximately 2 weeks  after  the  last  (ninth) 
application; and  in December,  approximately 8 weeks  after  the  last 
application.  Each  plot  was  divided  lengthwise  into  thirds so that  coring 
took  place in  only one  area of the  plot on each  sampling  date. 

For each  plot  and  sampling  date  two  soil  cores 15 feet  deep  and one to a 
maximum of 40 feet  were  each  taken from directly  beneath  an  emitter. The 
cores  were  located 3 to 5 feet  apart in  the tree  row.  Ground  water was 
reached  and  sampled  from  the  deep  core  holes i n  June but not in November or 
December.  Additionally, Veihmeyer  tube samples  were taken at 1 foot 
increments  down  to 4 feet  at  distances of 8, 16 and 24 inches  away  from  the 
emitter in a  line perpendicular  to  the  tree  row.  Before  coring was started, 
the  walnut  trees in the  area  to  be  sampled  were  cut off near  the  soil  line 
to  provide  room  necessary for sampling. A wire  surveyor  flag  was  placed at 
each  emitter  location  where  a  deep  core  was  to be  taken. Then, locations 
for  Veihmeyer  tube  samples  were  measured  off  from  those  emitters  and also 
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Soil  COWS and.gr?ound  water sampLes wem collected approximate1,y 6 weeks 
acter the  las t  nernabi,ci,de agp1,icati:on. Chemicak analyses were performed, 

only Cor parent  matenial~s.,, no. breakdown products wepel i:nclud,kd.  Nearly a l l  
resulks For V;ei,hmey.er tube samy)ltes.  baken a t  the  dbipper  line were posit ive 
(T,aQl,e I ) . .  Conbrari:ly,,, al.1; b u t  one sample- aolllected 2' fee t  awBy were 

negative; only khe' samRle collectedi Colt aldoxy.aarb'at  the 18 bo, 24 inch 
depth, was gosi.tive. 

For t,he deeQ i cor,es,,  nes..idms.  of( Cwwcs: of t'he f o u r  nemalicides were detected- 

w,i&hin; t,ha, upnet? 32 inches of tlhe soiili profile (Table, 2)'. Aldoxycarb, a t  
levels  r,an$ing from, OA04b to  O i  09.( RRm., was found in'; tlie:upper 32 inches  of 

soiJ: a.nd1 ethoRr,o,pclwasl foundiat a .  concentrat:ion-of! 0:07 p.pm i n  the  top 12 

in.c!bes., , The low., number. of,  posit,ive sa,mples was probably dhe to  the  fact '  
that ,  c,o,res. w.ere taken at1 distances, ra,ng,ing from '32 ' t o  52 inches away from 1 

th,e.  d,s:ipper  line,,, a t  d,istaniQe beyond,. w4hichsmost' hop:izorital~ movement of '  
n,erq@tiicide, probab:ly.. occwred. 

Nme. oft the.  ground,!wa.tesi samples. co,ll&cted from.. t h e  bo,btom .of  core'  holes 
con,tainad'rnem~.tieids.. Fount samples wme taken. fow aldoxycarb: w i  th),minimum 
detectabke  levels ;(MDLi'S.) of ,  1 ; 6 , ,  1 i81:and-;2.3 :ppb';: two sampaes were taken 

for .  ethoprop, . w i t h ,  .MOL$ s, ,of: 0.,32 and.;0l.:28:',ppbm; : twa:sampLes  ,weirel, taken,.fbr 

oxam31 w i t h ,  ,an$ MDL. of I 2..9 ppbi; , thhee sampl,es.{werel takkn1,for'  fenamiphos w i t h '  

MDLl'.s of I 01..25:,i I 01.~26' :and..01.57 . ppbi. 



Table 1 .  Concentrations of nematicides  in soil samples  taken  with a 
Veihmeyer  tube  at  two  distances  from  drip  emitters at 
Location I. 

Depth  Concentration  (ppm),  dry  weight  soil 
Chemicala ( Inches)  At  emitter 2 ft.  from  emitter 

Aldoxycarb 0 - 6  0.07 
6 - I 2  0.04 

12 - 18 0.04 

18 - 24 0.09 

Ethoprop 0 - 6  0.27 
6 - I2 1 .oo 

12 - 18 0.92 

18 - 24 0.51 

Fenamiphos 0 - 6  0.50 
6 - 12 0.65 

12 - 18 0.35 
18 - 24 0.40 

Oxamy 1 0 - 6  ND 
6 - 12 ND 

12 - 18 0.18 

18 - 24 0.19 

N D ~  
ND 
ND 
0.03 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

a .  Minimum  detectable  level  (MDL)  was 0.03  ppm for aldoxycarb, 0.04 ppm 
for  ethoprop  and 0.05 ppm  for  fenamiphos  and oxamyl. 

b. None  detected at indicated  level. 
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Results of analyses  of  organic  carbon  content  and  particle  size  distribution 
of soil  samples were  similar  for  the  four  cores.  Organic  carbon  content  in 
the  top 6 inch  layer  of  each  core  ranged  from 1.5 to 2.5 $ but was  below  the 
0.1 5 level of detection in all but a few of the  subsurface  samples.  Data 
for t h e  particle  size  analysis of' one of the  cores is presented  in Appendix 
B and is representative of data  for all  four  cores. The s o i l  profile 
consisted  mostly of sand  from  the surface down  to  approximately 200 inches 
(16.6 feet) where a layer of silt  and  clay  was  present.  High percentages of 

s i l t  and  clay  were  again  observed  from  approximately 272 to 338 inches (28.2 

feet) and  from 420 inches (35 feet)  down  to  the  bottom  of  the  core  where 
ground  water  was  reached. 

Location I1  

A single s o i l  core  was  taken  from  this  site  approximately 2 months  after 
the  last  fenamiphos  application.  Soil  samples  were  analyzed  for  fenamiphos 
but  not for the  sulfoxide or sulfone  breakdown  products.  None of the 
samples  contained  fenamiphos  at MDL's of  0.03 or 0.05 ppm.  The  ground  water 
sample  also contained  no  fenamiphos at an MDL of 0.26 ppb. 

The failure to  detect  fenamiphos in soil  samples from this  location  was  not 
surprising  since the s o i l  core  was  taken 52 inches  from  the  dripper line, 
probably  beyond  the  range of horizontal  movement of fenamiphos  with  the 
irrigation  water. Also, fenamiphos may not  have  been  present  soon  after  it 
was  applied t o  the  soil  because  its  oxidation  to  the  sulfoxide  breakdown 
product  occurs  rapidly  followed by a slower  degradation  to  the  sulfone (12, 

14, 15). Our chemical  analysis  did  not  include  the  two  oxidation  products. 
Analyses of soil  organic  carbon  content  and  texture  were  not  performed  for 
samples  from  this site. 
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Location I11 

A mobile drill.rig was  used  to  collect  soil cores  directly  beneath  emitters 
approximately 1 week  after  the  fourth  nematicide  application, 2 weeks  after 
the  last  (ninth)  application,  and  approximately 6 weeks  later.  Veihmeyer 
tube  samples  were a lso  taken 8, 16. and 24 inches  from  the  emitters  to  study 
horizontal  movement of the  chemicals.  Results for Veihmeyer  tube  samples 
are presented  in  this  section as mean  values  for  three  replicate cores; 
individual  results  are  presented  in  Appendix  C. 

Data fo r  organic carbon  content  and  particle  size  analyses  were  not 
generated  because  soil  samples  were  lost. 

Aldoxycarb - Soil  samples  were  analyzed  only  for  aldoxycarb,  no  breakdown 
products  were  included.  The  first set of soil  cores  collected in June 
represented  residues  resulting  from  four  aldoxycarb  applications  over  a 4 
month  period.  Residues  were  detected in  the upper 26 - 32 inches of soil in 
the  three  cores  with  concentrations  ranging  from 0.03 to 0.40 ppm (Table 3 
and Figure 1 ) .  Results  for  Veihmeyer  tube  samples  (Table 4) indicated that 
aldoxycarb  residues  were  also present at similar  concentrations as far as 2 
feet  from  the  emmitters  and 4 feet  deep in the  soil.  Neither of the  water 
samples  collected at the  bottom of the  deep  core  hole  contained  aldoxycarb 
at an MDL of 0.7 ppb. 

Five  additional  aldoxycarb  applications had  been  made  by  the  time  the second 
set of soil  core  samples  were taken  approximately 5 months  later in 
November.  Cores  were  collected 15 days  after  the  final  application.  Fewer 
positive  samples  were  detected  and  the  concentrations  were lower, in the 
range of 0.01 to 0.10 ppm (Table 3 and Figure 1 ) .  However,  aldoxycarb was 
detected at maximum  depths of 38 inches in two  cores and  in one sample at a 
depth of 66 inches.  Concentrations in the  range of 0.01 to 0.11 ppm  were 
found  up  to 2 feet  from  the  emitter  and 4 feet  deep in samples  collected 
with  a  Veihmeyer  tube  (Table 4). 
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Table 3. Concentrations of aldoxycarb  in  segments of shallow  and  deep  soil  cores  collected  on three different  dates 
from  Location I11 using  a  truck-mounted  drill  rig. 

Aldoxycarb  concentration (ppm), dry weight  soil 
Depth 6/6/85 ( 8  days  after  4th  appl.) 11/7/85  (15 days  after  9th  appl.) 12/19/85  (57 days  after 9th appl. ) 

( inches)  Shallow 1 Shallow 2 Deep Shallow 1 Shallow 2 Deep  Shallow 1 Shallow 2 Deep 

a 
0 - 6  -- 0.03 0.10  0.01  0.05 0.04 -- 

C 
ND -- 

6 - 12 0.07 0.40 0.12  0.01 ND  ND  ND ND ND 

12 - 18 0.13 0.27 L.S. ND  ND  ND  ND  ND  ND 

20 - 26 0.03 0.09  0.04 ND  ND  ND  ND 0.01 ND 

26 - 32 ND 0.04 0.06 0.04 ND  ND  ND ND ND 

32 - 38 ND  ND  ND 0.10 ND 0.03  0.01 ND  ND 

40 - 46 
L J  

ND  ND  ND  ND  ND  ND --  -- 0.02 

46 - 52 ND ND ND  ND  ND  ND 0.01 ND 0.05 

52 - 58 ND  ND  ND  ND  ND  ND 0.01 ND  ND 

60 - 66 ND  ND  ND  ND -- 0.01 ND  ND  ND 

66 - 72 ND  ND  ND  ND  ND  ND  ND  ND  ND 

72 - 178 ND  ND  ND  ND  ND  ND  ND  ND  ND 

180 - 478 ND  ND  ND 

a  Sample  lost due to compaction of soil. 
b  None  detected,  minimum  detectable  level  was 0.02 ppm  for  samples  collected  on 6/6/85 and 0.01 ppm for those 

collected  on 11/7/85 and 12/’19/85. 
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Table 4. Mean  concentrations of aldoxycarb  found in soil  collected  with 
a Veihmeyer  tube  at  varying  distances  from  drip  emitters  at 
Location 111 on  three  sampling dates, 

Concentration (ppm, dry  wtIa in soil segments 
taken at indicated distance from emitter 

Depth 
Sample  date (Inches) 8 inches 16 inches 24 inches 

6/6/85 0 - 12 N D ~  0.08 0.01 

12 - 24 ND 0.02 ND 
24 - 36 0.13 0.05 0.02 

36 - 48 0.10 0.05  0.03 

1  1 /7/85 0 - 12 0.01  0.01  0.02 

12 - 24 0.02 0.03 0.03 

24 - 36 0.04 0.03 0.01 

36 - 48 0.08 ND 0.01 

12/ 19/85 0 - 12 ND  ND 0.02 

12 - 24 ND 0.01 0.02 

24 - 36 0.01 0.03 0.02 

36 - 48 0.02 0.03 0.03 

a. Each  value is the  mean  concentration for three  replicate  cores. 

b.  None detected, MDL 0.01 ppm. 
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Results  for  the  final  set of cores  collected 42 days  later  showed  that 
residues  were  still present  but at  lower  concentrations.  Aldoxycarb 
residues in  the range of 0.01 to 0.05 ppm  were  present  at  maximum depths of 
46 t o  58 inches  in  two of t h e  cores  and  at 26 inches  in  the  third cot'e 
(Table 3 and  Figure 1). No aldoxycarb  was  detected in  the  upper 18 inches 
of soil  although  samples  for the  top 6 inches  were  missing  for  two of the 
cores.  Results  for  Veihmeyer  tube  samples  (Table 4)  showed  that  generally, 
the  occurrence  and  concentrations of aldoxycarb  increased  with  distance  from 
the  emitter  and  soil  depth.  Aldoxycarb  concentrations  ranged  from 0.01 to 
0.07 ppm, similar  to  the  range  found in the  deep  cores.  It  appeared  that 
residues had  moved  outward  and  downward  over  time. 

The moisture  content of soil  segments  in  deep cores  collected in June, 
November  and  December  has  been  presented  graphically in  Appendix D for  

comparison. The amounts of soil  moisture  appear t o  be consistently in the 8 

to 10% range  in the  upper 110 inches, increasing  to 15 to 12% at 150 to 275 
inches  deep.  Soil  moisture  content  then  dropped off dramatically  to  only 3 
to 6% at the 280 to 380 inch depth  and  then  increased  to  well over 20% in 
the  lower part of the  core. 

Residues of aldicarb  oxidation  breakdown  products,  including  aldoxycarb 
have been  found  in  the  ground  water of 15 states (4). In California, 
aldoxycarb  has been  found  in  ground  water  in  Del  Norte  and  Humboldt counties 
where  aldicarb was previously  used  in  lily  bulb production  under  conditions 
of cool  soil  temperatures  and  very  high  rainfall ( 2 2 ,   2 3 ) .  Yet, to date, no 
additional  residues of aldicarb or its oxidation  metabolites  have been 
detected in  ground  water  even  though  aldicarb has been  applied  to  large 
acreages of crops grown i n  other  parts of California ( 2 ) .  

Two factors which  enhance  the  probability of aldoxycarb  leaching  through 
soil are its high  solubility in water of approximately 10,000 ppm (7, 19) 

and  its  low  affinity  for  adsorption  to  soil  organic  carbon in the  range of 
Koc = 1.7 to 2.2 (25). The Hanford  soil  that  made  up  the  test  plot is 
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considered  to be a  coarse  well-drained  soil  with  a  neutral  to  basic  pH  and 
low organic matter  content (20). The repeated  use of sulfur  and  ammonium 
sulfate  fertilizers  tends to  result  in an acidic s o i l  reaction  with  a  pH of 
4.5 in  the  upper confines of' the soil  profile. In a soil where  the  organic 
carbon  content is very low, the  opportunity for  leaching  would  appear  even 
greater  because of less  reaction  with  pesticide  residues. On the  other 
hand, high  moisture  content  and  soil  temperature tend  to increase 
degradation of aldoxycarb ( 9 )  and  probably  played a  role in our drip 
irrigation  plot.  The  moisture  content of soil in  the upper 100 inches was 
approximately 10% on  all  three  dates  and  would  be  considered  high  for  the 
relatively  high  sand  content of' the  soil. 

Studies conducted by Jones  (IO)  during  summer  months in  the San Joaquin 
Valley  in  sandy loam soils under  furrow  irrigation  showed  that  aldicarb 
residues  degraded in the  upper 3 meters of the  soil  profile with a  half-life 
of 1.5 to 2.0 months.  More  recently,  Jones ( 1 1 )  demonstrated  that  aldicarb 
residues had  longer  half-lives  (approximately 3.5 months)  when  the  pesticide 
was  applied in  winter when  cooler  soil  temperatures  existed, Soil and 
environmental  conditions  for those studies  were  similar to conditions in the 
present  study. 

Fenarniphos - Soil  samples  collected  from  this  plot  were  analyzed  for 
fenamiphos,  fenamiphos  sulfoxide and  fenamiphos  sulfone.  Results  for  the 
first set of cores  collected  after  four  fenamiphos  applications (6 /4 /85)  
showed  that  residues of fenamiphos  sulfoxide  and  sulfone,  but  not  the  parent 
compound, were  present in  the  upper 18 t o  38 inches of soil  (Table 5 and 
Figure 2). Concentrations of sulfoxide  ranged from 0.05 to 1.21 ppm  and 
those of the  sulfone  ranged from 0.03 to 0.25 ppm;  greatest  concentrations 
of both  occurred  at  tne 6-18 inch  depth.  Results  for  Veihmeyer  tube  samples 
(Table 6) showed  that  residues  consisting of fenamiphos  sulfoxide (0.02 to 
1.00 ppm)  and  sulfone (0.02 to 0.30 ppm)  were  present at 2 feet  away  from 
the  emitters and 1 to 4 feet  deep  depending  on  the  distance  from  emitters. 
Again, no parent  fenamiphos was detected.  Ground  water  samples  collected 
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Table 5. Concentrations of fenamiphos,  fenamiphos  sulfoxide and fenamiphos  sulfone in segments of 
three  soil  cores  collected  at  Location 111 using a  truck-mounted  drill  rig  on  June 4, 1985, 
6 days  after  the  fourth  fenamiphos  application. 

Fenamiphos  (ppm) as total  residue and fenamiphos (F), sulfoxide (SO), and sulfone ( S 0 2 )  

Depth  a  Shallow  Core 1 Shallow  Core 2 Deep  Core 
( inches)  Total F so so2 Total  F so so2 Total F so SO2 

0 - 6  0.20 NDb 0.15 

6 - 12 1.46 ND 1.21 

12 - 18 0.33 ND 0.30 

20 - 26 ND ND  ND 

26 - 32 ND ND  ND 

32 - 38 ND  ND  ND 

40 - 178 ND ND ND 

178 - 458 

0.05 0.36 ND 0.30 0.06 L.S. 

0.25 0.70 ND 0.60 0.10 0.41 ND 

0.03 0.76 ND 0.70 0.06 1.19 ND 

ND 0.09 ND 0.09 ND L.S. -- 
ND ND ND ND ND L.S. -- 

ND ND ND ND ND 0.05 ND 

ND ND ND ND ND  ND  ND 

ND  ND 

C d -- -- 

0.35 

1.03 

-- 
-- 

0.05 

ND 

ND 

-- 

0.06 

0.16 

-- 
-- 

ND 

ND 

ND 

a  Soil  core  samples  were  collected in 6-inch  segments, three  segments  per  20-inch  sample  cylinder. 

b None detected,  minimum  detectable  level  was 0.01 ppm. 

c Sample  was  lost  due to compaction of soil. 

d No data. 
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Tab12 6 .  Mean  concentrations of fenamiphos  residues (fenamiphos, fenamiphos 
sulfoxide  and  fenamiphos  sulfone)  found in soil  collected  with 
a Veihmeyer, tube at varying  distances  from  drip  emitters at 
Location I l l  on three  sampling dates, 

Concentration (ppm, dry  wtIa  in soil segments 
taken at indicated  distance  from emitter 

Depth 
Sample date  (Inches) 8 inches 16 inches 24 inches 

6/4/85 0 - 12 1.06 0.92  0.32 

12 - 24 0.21  0.03 N D ~  
24 - 36 0.02  0.02 0.01 

36 - 48 0.01 0.03 ND 

1 1  15/85 

12/17/85 

0 - 12 1.01 0.56 0.62 

12 - 24 0.27 -- 0.02 

24 - 36 0.18 0.12  0.01 

36 - 48 -- 0.15 ND 

C 

0 - 12 0.48  0.52 0.30 

12 - 24 0.27 0.45 0.15 

24 - 36 0.33 0.11 0.07 

36 - 48 0.02 0.04 ND 

a.  Each  value is the  mean  concentration fo r  three  replicate  cores. 

b. None  detected, MDL = 0.01 ppm. 

c. Samples  were lost during  sampling  process. 
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from the bottom of  the deep core  hole  contained no fenamiphos res idue   a t  
MDL's of 0 .2  ppb.  

The second s e t  of core samples was taken  11/5/85, 13 days af ter   the  n i n t h  

and final  application of fenamiphos had been  made. For the upper 178 
inches,  the  results for  one shallow  core and t h e  deep core were quite 

similar  (Table 7 ,  Figure 2 ) .  Residues of a l l   t h ree  compounds a t  
concentrations  ranging from 0.01 t o  0.73 ppm were present i n  the 0-26 inch 

depths. However, for  the  portion of the deep core below 178 inches, 
fenamiphos sulfone a t  0.01 ppm was found a t  246 - 252 inches and parent 
fenamiphos a t  0.02 ppm was found a t  depths  of 272 inches, 332 inches and  352 
inches. In the second shallow  core,  residues  of fenamiphos o r  one or both 
of the  oxidation  products at  concentrations  ranging from 0.01 to  0.26 ppm 

were found throughout  the upper 58 inches of the soil profile. Then,  

fenamiphos parent  a t  0.03 ppm was detected  again a t  the 166-172 inch  depth. 
Results  for Veihmeyer tube samples showed that  residues of a l l   t h r e e  
fenamiphos compounds  were present up to 2 fee t  away from emitters and 
penetrated  to a depth of 4 feet ,   especially i n  samples t a k e n  closer  to  the 

emitters  (Table 6 ) .  

Results  for  the  f inal   set  of cores  collected 42 days l a t e r  showed t h a t  

fenarniphos compounds  had leached  deeper into t h e  upper so i l   p rof i le  a n d  some 
residues were s t i l l  present i n  the  deeper strata  (Table 8,  Figure 2). For 
a l l  three  cores,  residues of parent  fenamiphos,  sulfoxide and sulfone were 
present i n  most s o i l  segments throughout  the upper 26-38 inches. 
Concentrations  detected ranged from 0.03-0.58 ppm for fenamiphos,  0.02-0.58 

ppm for  sulfoxide and 0.01-0.12 ppm for  sulfone. Fenamiphos sulfoxide a t  

0.03 pprn was again  detected a t  depths  of 98 inches and 172 inches i n  one of 

the  shallow  cores. The sulfoxide a t  0.05-0.06 ppm was also found a t  depths 
of 92 inches and 266 inches i n  the deep core.  Results  for Veihmeyer tube 

samples showed t h a t  fenamiphos residues were present i n  a l l  samples  taken 2 

fee t  away from the  emitters,  throughout  the upper 3 fee t  and i n  one t h i r d  of 
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Table 7.  Concentrations of fenamiphos,  fenamiphos  sulfoxide and fenamiphos  sulfone in segments of 
three  soil  cores  collected  from  Location I11 using a truck-mounted  drill rig on  November 5, 
1985, 13 days  after  the  ninth  fenamiphos  application. 

Fenamiphos  (ppm) as total  residue  and  fenamiphos (F), sulfoxide (SO), and sulfone (S02) 

Depth a Shallow Core 1 Shallow  Core 2 Deep  Core 
i inches)  Total F so so2 Total F so so2 Total F so so2 

0 - 6  0.36 0.16 0.16 0.04 L.S. -- -- -- 0.73 0.43 0.20  0.10 

6 - 12 0.13  0.04  0.08  0.01  0.01 N D ~  ND 0.01  0.24  0.10  0.11  0.03 

b C 

12 - 18 0.26 0.13  0.08 0.05 0.08 0.05 0.02  0.01 0.07 0.02  0.04 0.01 

20 - 26 N D ND  ND  ND 0.29 0.01 0.25 0.03 0.10 0.05 0.05 ND 

26 - 32 ND  ND  NU  ND 0.18 0.06 0.11 0.01 ND  ND  ND  ND 
kl 
kl 

32 - 38 WD ND ND  ND 0.36 0.17 0.17 0.02 ND ND ND ND 

40 - 46 ND  ND  ND  ND 0.18 0.01 0.17 ND ND ND  ND  ND 

46 - 52 ND ND ND  ND 0.44 0.16 0.26 0.02 ND ND  ND  ND 

52 - 58 ND ND ND  ND 0.01  0.01 ND  ND ND ND ND ND 

60 - 166 ND ND ND  ND ND ND  ND  ND  ND  ND  ND  ND 

166 - 172 ND  ND  ND  ND 0.03 0.03 ND  ND  ND  ND  ND  ND 



Table 7. Continued. 

172 - 178 

180 - 246 

240 - 252 

252 - 266 

266 - 272 

272 - 326 
Iu 
L.! 

326 - 332 

332 - 346 

346 - 352 

352 - 478 

ND  ND  ND  ND  ND  ND  ND  ND  ND 

ND 

0.01 

N 1’ 

0 .02  

ND 

0.02 

ND 

0.02 

ND 

ND 

N D 

ND 

h!! ’ 

0.02 

N D  

0.02 

ND 

0.02 

ND 

ND 

ND 

NI! 

Nli  

NII 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.01 

N D 

ND 

ND 

ND 

ND 

ND 

ND 

a Soil core samples were collected in 6-inch  segments, three segments per 20-inch  sample cylinder. 
b Sample was lost due to compaction of soil. 
c N o  data. 
d None detected, minimum detectable  level was 0.01 ppm. 



Table 8. Concentrations of fenamiphos,  fenamiphos  sulfoxide and  fenamiphos suifone in s e g m e n t s  of‘ three 
soil  cores  collected  from  Location I11 using  a  truck-mounted drill rig  on  December 17, 1985, 
55 days  after  the  ninth  fenamiphos  application. 

Fenamiphos  (ppm) as total residue and fenamiphos ( F ) ,  sulfoxide (SO) ,  and  sulfone (S02)  

D e p t h  a Shallow  Core 1 Shallow Core 2 Deep Core 
( inches)  Total F so so2 Total F so so2 Total F so so2 -- .- 

0 -  6 0.38 0.17 0.14  0.07  0.30  0.12  0.14  0.04 0.55 0.24 0.21  0.10 

6 - 12 0.66  0.11  0.49 0.06 0.95  0.25 0.58  0.12  0.21  0.08 0.11 0.02 

12 - 18 0.09  0.03 0.03 0.03 0.38 0.18 0.18 0.02  0.1 1 0.04 0.06 0.01 

20 - 26 0.06 0.03 0.03 NDa 0.24 0.08 0.15 0.01 0.46 0.41 0.03 0.02 

26 - 32 0.07 0.05 0.02 ND 0.30 0.30 ND ND 0.71 0.58 0.12 0.01 

32 - 38 ND ND ND ND 0.39 0.11 0.28 ND 0.27 0.12 C .  15 ND 

ru 
A 

40 - 86 ND  ND ND  ND ND ND  N D ND  N D NI; N 5 

86 - 92 ND  ND ND  ND ND ND  ND ND 0.05 ND 0.05 ND 

92 - 98 ND  ND ND  ND 0.03 ND 0.03 ND  ND ND  ND  ND 

ND 

100 - 166 ND  ND  ND  ND  ND  ND  ND  ND  ND  ND  ND  ND 

166 - 172 ND  ND  ND  ND 0.03 ND 0.03 ND ND ND  ND  ND 

1-72 - 178 ND  ND  ND ND ND  ND  ND  ND  ND  ND  ND  ND 

180 - 258 ND  ND  ND  ND 

260 - 266 0.06 ND 0.06 ND 

266 - 460 ND  ND  ND  ND 

a Soil core  samples  were  collected in 6-inch segments, three  segments per 20-inch  sample  cylinder. 
b  None  detected,  minimum  detectable  level was 0.01 ppm. 



the 4 foot  deep  samples  (Table 6). Concentrations for the  three  compounds 
were  similar to  those  found i n  the  drilled  cores. 

S o i l  moisture  content  was  similar for  the deep  cores  collected in June, 
November  and  December.  (Appendix U ) .  Soil  moisture  remained  at or  below 10% 
in most of the  upper  half of the soil  profile  and  showed  occasional 
increases  above 20% in  the  lower half of the  profile. 

Fenamiphos has been  applied  to a wide  range of crops in California  with  the 
largest  quantity  used  on  grapes  and  much  smaller  amounts  on  citrus, cotton, 
and more recently  on  peaches  and  prunes (2). It  was also used  in  lily  bulb 
production in Del  Norte and  Humboldt  Counties  from 1983 until 1987 when  its 
use was banned  based  on  evidence  of  deep  leaching  in  soil (24). To date, 
fenamiphos  has not been  found in ground  water  in  California although 
monitoring has been  conducted  in Del Norte  County (21) ,  portions of the San 
Joaquin  Valley ( 1 7 ) ,  and  other areas ( 3 ) .  

Although fenamiphos or its two  oxidation  breakdown  compounds  have  not  been 
detected in  ground water, the magnitude of leaching of these  compounds 
observed in this  study  suggests  a  potential  for  contamination  under 
conditions of drip irrigation.  Parent  fenamiphos  was  detected at a  maximum 
depth of 29.7 feet, fenamiphos  sulfoxide  at 22.2 feet  and  fenamiphos  sulfone 
at 21 feet.  However,  concentrations found at those  depths  were  extremely 
low  making  the  possibility of further  persistence  and  leaching  unlikely. 
Green  and Khan (6) concluded  that  the  presence of macropores in soil  can 
result in  the deep  movement of small  amounts of certain  pesticides  while 
most of the  applied  pesticide is prevented  from  leaching out of the area of 
application. The deep leaching of small  quantities of fenamiphos  observed 
in  the present  study may  have  been  the  result of flow  through  macropores. 
Troiano et a1 ( 1 7 )  concluded  that  the  lack of positive  detections of 
fenamiphos  compounds in  well  water  sampled  in  the San Joaquin Valley was 

caused  either by degradation of the  compounds  before  encountering  ground 
water or  by the  level of fenamiphos  use  which  may  still  be  too  low  to 
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produce  detectable  levels irl ground water, In a  majority of the  study  area 
fenmiphos had  been  applied  to  grapes  through drip  irrigation  systems. 

Once  fenamiphos  has been  added  to soil, oxidation  to  fenamiphos  sulfoxide is 
reported  to  occur  rapidly  followed by a slower  degradation  to  fenamiphos 
sulfone ( 1 1 ,  14, 15). Fenamiphos  sulfoxide  has  also  been  reported  to be  the 
most  persistent  and  mobile  form in  soil (12, 16) .  Thus, it was surprising 
to f i n d  the  parent  compound  moving deep  into  the  soil  profile. The 
occurrence of the sulfoxide and sulfone  forms  at  depths of over 20 feet was 
less  surprising. An additional  factor in  the fenamiphos plot was that  the 
plot area  was  preplant  fumigated; fumigation  may have  reduced or  eliminated 
mircoorganisms that  degrade  fenamiphos  making  it  available fo r  leaching 
( 1 8 ) .  

Oxamyl - Samples  collected from this  plot  were  analyzed  for  oxamyl  and  the 
oxamino  breakdown  product.  Results  for  the  first set of cores  collected  on 
6/4/85, 6 days  after the  fourth  application,  showed  residues  present in  the 
upper 12 - 18 inches of the  soil  profile  (Table 9, Figure 3 ) .  Concentration 
ranges  were 0.03 t o  0.74 pprn fo r  oxamyl  and 0.02 t o  0.36 ppm for oxamino. 
Results for Veihmeyer  tube  samples  (Table I O )  showed  that  oxamyl  was  present 
in the  upper 12 t o  24 inches of soil  and  up  to 2 feet  from  the  emitter. 
Oxamino  was  present  only in  the shallowest  samples  taken 8 inches  from  the 
emmitter.  Ground  water  samples collected  from  the  bottom of the  deep  core 
hole  contained no detectable  oxamyl or oxamino  residues at an MDL of 2.0 ppb 
for  each  compound. 

The second  set of core  samples  was  taken  approximately 5 months  later on 
11/6/85, 14 days after the  ninth  and  final  application of oxamyl had  been 
made. For the  two  shallow  cores,  one  core  contained  no  oxamyl  residues  and 
the  other  contained  oxamyl (0.01 or  0.42 ppm)  but not oxamino, in the  upper 
32 inches of the  soil profile. For the  deep core, oxamino  at 0.02 and 0.19 
ppm was  found in the  top 18 inches  and  oxamyl at 0.06 ppm was  found in the 
upper 6 inches of soil.  However,  oxamyl was again  detected at 0.01 ppm  in 
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Table 9. Concentrations of oxamyl and oxamino in segments of shallow and deep soil cores collected from Location 111 
on three different dates using a truck-mounted drill rig. 

Oxamyl or (oxamino) concentration (ppm), dry weight soil 
Depth 6/5/85 ( 6  days after 4th appl.) 11/6/85  (14 days  after 9th appl.) 12/18/85 ( 5 6  days after 9th appl.) 

( inches) Shallow 1 Shallow 2 Deep Shallow 1 Shallow 2 Deep Shallow 1 Shallow 2 Deep 

0 - 6  

6 - 12 

12 - 18 

20 - 26 

26 - 32 

32 - 38 

3 40 - 46 

46 - 52 

52 - 58 

60 - 66 

66 72 

72 - 78 

80 - 86 

86 - 92 

92 - 98 

100 - 126 

a 
-- 

0.17 (0.05) 

0.74  (0.36) 

-- 
-- 
ND 

-- 

ND 

ND 

ND 

ND 

ND 

-- 
ND 

ND 

ND 

0.21 

0.03 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.06  (0.02) 

ND 

0.12 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.42 

ND 

0.01 

ND 

0.01 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

b 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.06 (0.19) 

ND 

ND (0.02) 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.01 

ND 

ND 

0.01 

ND 

0.01 

ND 

0.01 

0.02 

-- 
0.01 

0.02 

0.02 

0.02 

0.01 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

-- 

ND 

ND 

ND 

ND 

ND 

-- 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.01 

ND 

ND 



Table 9. Continued. 

126 - 132 ND  ND  ND  ND  ND  ND 0.01 ND  ND 

132 - 138 ND  ND  ND  ND  ND  ND 0.01 ND  ND 

140 - 178 ND  ND  ND  ND  ND  ND  ND  ND  ND 

186 - 192 ND  ND 0.01 

192 - 198 

200 - 232 

232 - 238 

240 - 280 

280 - 286 
h, co 

286 - 312 

ND 

ND 

ND 

ND 

ND 

ND 

0.01 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.01 

ND 

0.01 

ND 

312 - 318 ND  ND 0.01 

320 - 326 ND ND 0.01 

326 - 478 ND  ND  ND 

a Sample was lost due to compaction of soil. 

b None  detected,  minimum  detectable  level  was 0.01 or 0.02 ppm. 
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the  soil  segment  collected  at  the 192-198 inch  depth  (Table 9, Figure 3 ) .  
Results  for  Veihmeyer  tube  samples  (Table 10) showed  oxamyl or  oxamino 
residues  present 18 t o  24 inches  from  the emitter at  depths  ranging  from 12 

to 36 inches. 

Results f o r  the  final  set of cores  collected 12/18/85, 42 days later, showed 
that no oxamino  residues  were  detected but  that  oxamyl was present  in 
numerous  samples and  had  moved deeper  into  the  soil  profile. No residues 
were  present in one  shallow  core but  in  the other, low levels of oxamyl at 
0.01-0.02 ppm were  present  in  most  segments  from  the  surface  down  to 138 
inches  deep. In  the  deep core, oxamyl  at  the  minimum  detectable  level of 
0.01 ppm  was  found at depths of  86-92 inches, 186-192 inches, 232-238 

inches, 280-286 inches, 312-318 inches  and 320-326 inches.  Results  for 
Veihmeyer  tube  samples  showed  oxamyl  and  oxamino  residues  present in 

scattered  samples in  the upper 24 inches of soil and  up  to 24 inches  away 
from the  emmitter. 

Oxamyl  has  been  found in  the  ground  water of two  northeastern states ( 4 )  but 
not i n  California  where  over 200 wells  have  been  tested ( 3 ) .  The pesticide 
is used on  a  number of food  and  ornamental  crops in California  with  the 
greatest  quantities applied  to celery,  melons and tomatoes (2). 

Oxamyl  has  a  high  water  solubility of 280 g/liter ( 7 )  and does not  adsorb 
strongly  to  soil (1 ,  5), factors  which  suggest  a  strong  potential  for 
leaching  through  soil.  However,  the  results of studies  conducted  under 
field conditions  showed that  oxamyl  degraded  rapidly in soil (1 ,  5, 15) and 
was  thus  not  available  for  leaching  for  a  very  long  period  after  application 
(8, 13). Leaching of oxamyl  occurred t o  a maximum  depth of only 60 inches 
in a plot  with  sandy s o i l  where  high  rates of oxamyl  and  irrigation  water 
were  applied  during  a 2 year  study (13 ) .  However,  the  deep  leaching of 
oxamyl  that  was  observed in  the  present  study  suggests a potential for  

contamination  under  conditions of drip irrigation. Oxamyl  at  the  minimum 
detectable  level of 0.01 ppm  was  found at  a maximum  depth of 27.1 feet and 
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Table 10. Mean  concentrations of oxamyl  residues  (oxamyl  plus  oxamino) 
found in soil  collected  with a Veihmeyer  tube at varying 
distances  from  drip  emitters  at  Location I11 on  three  sampling 
dates. 

Concentration (ppm, dry  wtIa  in soil segments 
taken at indicated distance  from  emitter 

Depth 
Sample date (Inches) 8 inches 16 inches 24 inches 

6/5/85 0 - 12 0.46 0.09 0.03 

12 - 24 0.03  0.04 0.01 

24 -. 36 N D ~  ND 

36 - 48 ND  ND 
ND 
ND 

11 / 6 / 8 5  0 - 12 ND 0.11 0.01 

12 - 24 ND 0.06 0.02 

24 - 36 ND  ND 0.01 

36 - 48 ND  ND  ND 

12/ 18/85 0 - 12 0.02 0.02 0.01 

12 - 24 0.03 0.01 0.01 

24 - 36 ND  ND  ND 
36 - 48 ND  ND ND 

a. Each  value is the  mean  concentration for three  replicate  cores. 

b. None  detected, MDL = 0.02 ppm. 
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CONCLUSIONS 

1. Drip  application of certain  nematicides  resulted in horizontal 
distribution of the  nematicides  into  much of the  crop  root  zone. 
Movement of the  chemicals  was  measured up to 2 feet away  from  the 
emitters at depths  ranging  from  the  surface  down  to 2-4 feet  deep. 

2. Fenamiphos and oxamyl, but  not aldoxycarb, leached  deeply  into  the  soil 
profile as a  result of application  through  a  drip  irrigation  system. 
However, very  small  concentrations  were  found  at  the  deepest  detection 
depths in soil.  Fenamiphos,  sulfoxide and/or sulfone  were  found  at 
maximum  depths of 29.3, 22.2 and 21 feet, respectively.  Oxamyl  was 
detected in soil  collected 27.2 feet  deep. Differences in chemical 
characteristics of the  nematicides  were  probably  responsible f o r  the 
observed  differences in soil  persistence  and  leaching. Further, preplant 
fumigation of the  fenamiphos  plot,  but  not  the  oxamyl or aldoxycarb  plots 
at the Kearney  test  location  may have influenced  the  persistence of 
fenamiphos by  reducing the  microbial  populations  and  subsequently 
permitted  the  leaching of fenamiphos  compounds in soil. 

3.  Applications of fenamiphos or oxamyl  through  drip  irrigation systems may 
result in deep  leaching  and  potential  ground  water  contamination  in 
areas  where  porous  soils  and  shallow  ground  water  tables  exist. 

4. Multiple  applications of nematicides  through  drip  irrigation  systems 
did not  result in detectable  levels  of  any of the nematicides in ground 
water  collected  approximately  23-40  feet  beneath  the soil surface  after 1 

or  2 years of nematicide  treatments,  However, at the  two  Reedley sites, 
ground  water  samples  were  collected  from  core  holes  drilled  near  the 
ends of vine rows, 32-52 inches  away  from  the  nearest  emitter.  Without 
information on the  direction of ground  water  movement  we  can  only  say 
that  contamination  was  not  seen at the  sampled  sites.  At the Kearney 
site, ground  water  samples  were  collected in June  near  the  start of the 
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nematicide  treatment period, but not in November or  December  after all 
treatments uere applied. 

5 ,  Much variability existed it7 the detectability of nematicides  at  adjacent 
core sites. This variability  demonstrates the value of field sampling 
and the need for replicated sampling  designs, 
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DEPARTMENT OF FOOD AND AGRICULTURE 

CXLIFORVIA DEPT. OF FCOD & AGXIC. Original Date:November 7 ,  1985 
E?WIIIONXENTAL MOWITORING SZGTION Suoercedes :NEW 
CHLYISTRY LABOFUTCRY SEXVICES Current Date:November 7,. 1985 
3292 Xeadowiew Road Method #: 
Sacramento, CA 95832 
(916)+427-4998/4999 

NeIoac-n Residues in Soil 

SCOPE : 
This method has baen developed and  used  for the  analysis of Nemacur,  Nemacur 
Sulfoxide,  and Nemacur  Sulfone in soil. 

PRINC17LE: 
Nemacur  and  its  metabolites are  extracted  from the s o i l  with a hexane-acetone 
(1:l) solution.  The  solution  is evaporated to  dryness and  rsdissolved in ethyl 
acetats. 2. porcion of C h e  extract is prepared  for the GLC analysis  of  Nemacur. 
The ren2inir.g extract w.2.s evaporated to dryness  and  redissolved in 
acetonitri1e:watcr (20:80). This  porcion  was then  analyzed by HPLC for  the 
metabolites. 

1. 
2. 
3. 
4. 

.5 . 

6. 
7 .  
8 .  
9. 
10. 
11. 
1 2 .  

13. 
1 ?. 
rc-. . 
15. 

16. 

1 7 .  

Acetonitrile, HPLC grade 
Ethyl Acetate, Pesticide  grade 
Water,  HTLC  quality,  filcerd 
Balance - Mettler PL 1200 - Yettler Instrument  Corp. 

Micro-Xate Syringes lOcc - Popper  and Sons Inc. 
500ml flat-bottom  boiling flasks 
Funnels, 60 degree short stern, 3 - 4  inch  diameter. 
Graduated  conical centrifcge tube - 15nl 
Botcles, 500ml amber wide-mouth with teflon lined lid - Qorpak. 
Whatman $4 filter  paper or Sharkskin - 12.5cm 
Rannin HPLC  Prefilters - 0.2 mi'cron 
Assorted  glassware for  measuring  and dispensing 
reagents as required. 
Reverse  phase HPLC with UV detector. 

Hights t o m ,  N. J . 
New Hyde  Park, N.Y. 

Lr r l ~ y  ,. . . - -. I ~ ~ - ~ ~ A ~  - Orpzx"i~On Associaces Incorporated 
Nor:hborough, Ma. 

G-10 Gyrotory (R) Shaker - New Brunswick  Scientific Co.,Inc. 

Thermolyne  Vortex Maxi  Niser I1 - Sybrort Corporation 
(with CE-250s clamps) Edison, N . J .  

Dubuque,  Iowa. 
57mm aluminum  weighing dish - Fisher Scientific 

San Francisco, Ca. 
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:;emcur Residues  in Soil 

ANALYSIIS : 

Exraction: 

page 2 

1. 

2. 

3 .  

4. 

5. 

6. 

7. 

&* 8.  

' 9 .  

Soil core samples were thawed at room  temperature or 
in the refridgerator overnight  and  mixed  vell. 

Weigh 15-20 gram of sample in  an aluminum  dish  and 
place in an oven at llO'C for at least six hours .. . . 
for determining soil moisture. 

Weigh 50 grams of soil into a 500ml  wide-mouth amber 
bottle. Add - 100 gram  anhydrous  sodium  sulfate to 
sample and mix  well.  Add  60mls of hexane-acetone (1:1), 
cover with foil, cap  and  shake vigorously €or ten 
seconds. 

Place on Gyrotory  shaker for twenty  minutes  at 230 r p m .  

Let sample set for  fifteen  minutes  after removal from 
the shaker. 

Decant solvent fzom  sample  through funnel, lined with 
filter  paper and and  filled with - 100 gram anhydrous 
sodium sulfate, into a 500 rnl boiling flask. Rinse 
sodium sulfate with 20 ml hexane-acetone. 

Add another 60 ml of hexane-acetone (1:l) to each 
sample, recap and repeat steps 4, 5, and 6 two 
more times. 

On the last extraction  decant  the  organic  Layer  and 
finally  the s o i l  into the funnel. Rinse  the  sample 
bottle with 20 ml of hexane-acetone and pour through 
f unne 1 . 
Rotoevaporate at 40'C under 15 inches vacuum until 
almost  dry. 

. .  

10. Using ethyl acetate, quantitatively  transfer  residues 
to a 15 ml graduated  centrifuge  tube  and  bring to final 
volune of 5 rnl under  nitrogen (50'C) on the N-EVAP. 

GLC Preparation: 

1. Place samples on the Maxi  Mixer  for 20 seconds. 

2 .  Remove 2 ml. of sample  and  place  in  auto sampler vial 
for GLC analysis. 
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HPLC  Preparation: 

1. Return the  renaining 3 ml of sample to the X - E V A P  ( @ 5 O o C )  
and evaporate  the ethyl acetate to dryness. 

2 .  Add 2 rnl (with volumetric  pipette) of 204 
acetontrile-water  to redissolve the residues. 

3 .  Place samples on M a x i  Mixer for 20 seconds then 
sonicate for 2 minutes. 

4 .  Place on Haxi  Hixer  for 30 seconds  then transfer  to a 
5 cc syringe.  Filter  through a 0 . 2  micron H P L C  
prefilter  into an autosampler vial ready for H 1 L C  
analysis. 

H P L C  CONDITIONS:  

Perkin Elmer Series I HPLC with ISS automatic sampler 
and  column  oven,  or equivalent. An ultraviolet detector, 
Kratos SF 7692 at a wavelength of 220 nanometers. 

Column: 
Sepralyte cyclohexal (CH), 5 micron, 4.6m i.d.  x 25cm 

(Analytichem  International) 

Flow conditions: 
Equilibrium - 1.5ml/minute for  seven  minutes of 

15% acetonitrile / 85% water 

Gradient - Flow 1.5ml/minute 
2 minutes @ 15% acetonitrile / 85% water 
6 minute @ 25% acetonitrile / 75% water 
11 minutes @ 40% acetonitrile / 604 water 
8 minutes 60% acetonitrile / 40% water 
3 minutes 75% acetonitrile / 25% water 

Oven  Temperature - Ambient 
Injection Volume - 100 microliters 
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>;enacur Residues in Soil 

GLC CONDITIONS: 

Varian 3700 equiped with a Thermionic Specific  Detector 
and a Mewlett-Packard 7672A auto  sampler. 

Injector:  Splitless; 210'C 

Detector: 260'C 
Bead: 470 
Hydrogen; 25 psi 

Temperature  Program:  Initial  temperature: 130°C for 1 minute. 
Program Rate; 20'C per  minute. 
Final  temperature; 230'C for 3 minutes. 

Column: Hewlett-Packard HP-l(cross1inked) 
100% Dimethyl  polysiloxane ( G u m )  
10m x 0.53 IC 2.65 micron 
Carrier: Helium 12 ml/ minute 

CALCULATIONS : 
Report data in pprn. 

DISCUSSION: 

REFERENCES : 
. 
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Nemacur Residues i n  Soil 

WRITTEN BY: Jim Echelberry 

TITLE: Labokatory  Te'chnician  (Che&cal Analysis) 

APPROVED BY: George R.  T iche laar  

I .  
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, CALIFORNIA DEFT. OF FOOD & AGBIC. Original Date: 11/2/87 
CHLYISTkY LABORATORY SERVICES Supercades: 2/22/88 
LWIRONXENTAL MONITORIHG SECTION Current  Date: 7/22/88 
3292 Meadowiew Road  Method #: 
Sacramento, CX 95832 
(916)+627-4999 or 421-4353 

Ethoprop (Mocapj , Phorate (Thimet) , Phorate  Sulfoxide, 
and Phorate  Sulfone in  So i l  

SCOPE : 

This method is for  the  determination o f  residues  of  Ethoprop,  Phorate,  Phorate 
Sulfoxide and Phorate Sulfone i n   s o i l .  

PBINCIPLE: 

S o i l  samples a r e  blended f o r  un i fo rmi ty  and a representat ive sample (50 
grams) is extracted twice  with 100 m l  of  acetone. The extract is f i l t e r e d  and 
analyzed  directly by gas  chromatography  with  an Np detector.  

RUGENTS AND EQt'IElEST: 

1. Acetone- puri ty  99.9+% 

.-  2 .  Wide mouth amber pint j a r s .  

3 .  Aluminum f o i l  

4. Glass vials - seven milliliter volume with foil lined caps. 

5 .  G10 G y r o t o 2  Shaker or   equivalent   with  bracket   s izes   to   hold round 

6 .  Fi l te r   paper  and g l a s s   f i l t e r   f u n n e l s  90mm/lOOmm 
amber p i n t  jars. 

. .  7. Na2S04 Anhydrous Granular  Analytical Grade 
. .  

8.  Analytical  standards  of  Ethoprop , Phorate,  Phorate  Sulfoxide ,'.'Phorike 
. .  Sulfone. 

. .  . . -  
, " . . . a) Stock  standards - lmg/ml parent  compounds; lOOug/ml-rnetabolites. . . 

.- . .  . . . . .~ b) Working standards - Dilute '-stock  ,standards t o  severa l  working .. 
- .  standards t o  cover  the  l inear  ranges of the  gas chromatograph,jtn?. 

-. -*. - ., ,, .. . . 
I .. . .  . .  
. . .  1 

detector  used (eg. 0.005ng t o  5ng/ul). ..\ 
. .  

9. G a s  chromatograph aquipped'with NPD.  . 
. .  . . . . . . . . .  . .  . .  .. . . .  . . I . .  _ .  . . .  . .  

. . . - . . . . . . . 
, .  

.. . - .  
. - '. 10. Column - Megabore;.  Carbowax 20M-''10 meters i n   l eng th .  

. .  

11. Top loading  balance - 1000 gm'or  greater  capacity.  
. ,. . .  

.. . 
" -. . .  . . - . . - . -  . . .'12. .. Disposable aluminum dishes . - 57& Fisherbrand  or equiv. 

, ;.13. Analytical  balance - four place': . .  capabi l i ty .  P 

. .  . . , - .: . -%, . .. - . _  .,. I 1  --\. . -..<. I . .  - .  . - . .  . .  ~ . .  . . .  

. .  . .  
. .  

. .  . .  . .  

. , -  . .  



1. 

2. 

3 .  

4 .  

5. 

6 .  

7. 

8 .  

9 .  

weigh 50 grams + or - 0 .lgm of the well mixed  soil sample into a one 
pint amber glass jar on a top  loading balance. 

Add 100 ml acetone and  close with screw cap lined wit!! aluminum foil. 

Place  in bracket o n  the rotary table shaker and set speed to -200 E N .  
Let  mix 15 to 20 minutes. 

Remove from shaker and  let  settle until liquid is mostly clear. Decant 
through fllter paper and  funnel containing -1 inch Na SO into 
any suitable container (fleaker, jar or flask) that wlll hold > 200 ml 
volume  and allow  adequate mixing. 

2 4  

Repeat steps 2 through 4 for a total of 2 extractions. Mix well. 

A representative portion  may be transferred to 7 ml screw cap vials for 
storage in freezer for  later analysis. Direct sampling from container 
may be done  if conditions permit immediate GC analysis. 

Inject 2 ul portions of sample and standards into Megabore column 
coated  with Carbowax 20M. 

Measure  and plot peak  heights of standards at each attenuation used. 

Determine % moisture in  soil by weighing -2Ogms into tared aluminum 
dish; drying  in 105 C oven  for > 12 hrs until constant weight; 
recording dry wt at room temp. 
Use % dry- vt to correct ppm  found  in "as received" soil  to  ppm dry soil. 

........... _:.- ... . . .  . . .  

. EQUIPMENT CONDITIONS : 
. . . .  

- . . . . .  . . ... . . . . . . . .  . . . .  
....... . . .  ?-Gas'-;Chromatograph ..... - Perkin-Elmer Sigma 2 
. . :i. .,__. _. . . . . . . . . .  . . .  . :.; .::. X.'- > ............... ... ... 

: . -  - - . : .; ,:;y;.~k).  Column temperature: Ethoprop ........ 95 'C isothermal .... :-.*-<.. ..... ....... - -. . - - ... .............. . . . .  ,:,*:. ..*5?..$:.px?-< 
' - 'SF. ::.-<.,,-. . 

,;; -i -.' ..;: . 1. .......... 

. . - Phorate. ::.. -:: 100'C " 

. . . . .  ........ Phorate Sulfone 150'C " 
- L_. , ..;.-. -: ... ..--... . . . . . . .  .._.._-_ Phorate .'Sulfoxide 150'C " 

..;-. :. -_-. 

: - --.:;>.;.- . . . . .  . . . . .  . .  
. -. ___. -. . . -  - . .  
. -. ._  a, 
....... . . .  :b)- Injector temperature : 240' C .............. 

. . . .  : - : 2 : ! < c ) * - .  .'L >--..: . Detector temperature: 300'C : .....  . . . . .  . . ;  ......... . ?..'. .?+zd) ... H2 -25 psi 
. . --. ~ "-..rlA..c+-;" .-. . .  -.." -.--..*e..'- ,; 

: _ x _  >.tL.b di:'.-.,. .......... --.-.--*.. 
. .  

. . . . .  . . . . .  . . .  ' .  .-'--e> *..-, . Air -35 psi ....... ..- ' :',-'?kf> He -7 psi 
.-. . , ,~ . . I 

. . . .  . . .  -. .. 
.i,.' 

. . . . . . .  -_ -c- : -.: ,, 1 -...-._ . --s- :Fg) -. -I . NP Bead mv adjusted to 50% chart response, atten. 8, A/Z 
.............. 

.:5 
.... ...." ... ".- ...-. :-.--,. . .  

. *,lll>.. ,% .. ,.-:-ZLLLqw& . h  

. .. *... . ~ 

........ . . . . . .  ..... . ......... . . . . . . . .  ........ 
. -  

. . .  ........... ....%.>.>.x ". 
. . . . . .  . .  ........... ......... .J.7 . . . . . . . . . . . . . .  :;': 

: . * ,  ............... . .  
- 

. . .  .. . .---, . , .. ~ . - .  
' _ .  . - .  . 

, . ' .?. .;.. . .  
. . .  . . . . . . . . .  . .  ^._..____ . . . . . . . . .  . . . . . . .  I ............. - - 45 . . . . . . . .  ................... . -.: ..: . .  

. .  

< ,  
. . .  

. .  
. . . . .  . .  . . . . . . . . . .  . . . . .  . . .  . . . .  . . . . . . . . .  .. . . . . .  . . .  



l3is GC had no integrator  at tachment,   therefore  off-scale  peak  responses had t o  
be run a t  higher  attenuations  and  appropriate standards run along  side t o  
allow  graphs t o  be drawn and samples quantitated in nanograms. 

Direct proportional  calculations of sample againat st& were a l so  done. 

Peak heights of  standards a r e   l i n e a r  at di f fe ren t   l eve ls .  
Low l eve l  - 40 ppb - a t ten .  4 
Medium l e v e l  - 600 ppb - a t t en .  32 
High l eve l  - 6000 ppb - a t t en .  256 

200 m l  solvent volume/50 gms s o i l  sample - 0.5mg so i l /2   u l   in jec t ion .  
Final volume for calculations same as or ig ina l  200 m l ;  actual volume is  less. 

ppm - ng/mg soil - ng pest.  found i n  2ul i n j ec t ion  (by comparison of  peak 
heights t o  Std. curves) x 2 

100 - % Moisture - % dry w t  soil  

Samples are repor ted   in  ppm (dry w t  s o i l )  o f  Ethoprop,  Phorate,  Phorate 
Sulfoxfde, & Phorate Bulphone. 

DISCUSSION: 





, 
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LY-CAL-4051 

Al i ,quc r$  2.0 m l  of the water ex t r ac t   i n to   an  8-ml t e s t  tube. 

Reduce the ex t r ac t s   unde r   n i t rogen  and  exchange the so lven t  t o  
i socc tane  several tizaes. 

Adjuse t h e  f i n a l  volume t o  2.0 ml; 2g/2ml. 

Ready f o r  GC-NP(TSD) . 
3 .  QUALiTY @s'JRAprC2/CCINTROt of 8140; 

The Tethod blank is mandator-  and is performed for each set o f ,  
matrtx, and for every 2 0  samples. 

The matr ix   spike  and  the matrix s p i k e   d u p l i c a t s  is op t iona l  mc 
must be requested.  They are p e r f o q e d  for each  matrix  and for 
ever-7 2 0  samples. 

METSGD 8140; ORG=uUOPHOSZ.EATE PESTICIDES in soil 

Spike t h e  MS and MSD with 1.0 ml of 614/8140 sp ik ing   s tandard  t 
t h e  15 g soil t o  y i e l d :  

STXSDARD 
CONCSNTRATION S P I m  LEVEL 

phosdrin 10 ug/ml 330 w / K g  (PBb) 
thine$ 3.0 330 
d$winon  l b  330 
di-systpn 10 330 
dimethoatq 10 330 
f en th ion  1 0  330 
ahlorgypifos  10 330 
'methyl parathion 10 330 
malathion 10 330 
+thy1 para th ian  10 330 

i ethim 10 330 
%rit!!ior) 10 . .  330 

, P W  ' 10 330 

'cflthiCln 100 3,300 

sur roga tes  are added; However, the P-surrogate  does  not 
intkrfors  v i t b  the 614/8140 ana lye i s .  
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' '  - ' "  MOCX? (ETHOPXOP) i n  so i l / sed iment  

e'.-- T h i s  methcc! from t h e  C3FA (rev. 11/2/87). 

1. EXTRACTION; 

Label the c a l  i d  w i t h  t h e   s u f f i x  'MOCXP'. 

WeiGh 50 grams of the w e l l  mixed s a i l   i n t o  a cleanned 8-02 
b o t t l e .  

Measure 100.0  ml of e t h y l   a c e t a t a ,  add t o   t h e   s o i l ,  and  c lose i i  
w i th   t he   t e f lon - l ined  screw cap. 

Shake well t o  mix. 

P l a c e  t h e   e x t r a c t s  on t h e  o r S i t a l   s h a k e r   i n   h o r i z o n t a l   p o s i t i o n  
and  shake for 1 hour a t  ca  250 q m .  

Remove from t h e   s h a k e r   a n d   a l l c v  it t o  sat t le .  

Decant  through Whatlnan I f i l t e r  p a p e r   i n t o  a cleanned 8 02 j a r .  
Do n o t   r i n s e   t h e  filter Faper. 

E x t r a c t   t h e   s o i l   o n c e  more wit:? 1 0 0 . 0  m l  o f   e t h y l   a c e t a t e  on th 
o r b i t a l  shaker f o r  30 minutes, anC decant   th rough  the  filter 
p a p e r   i n t o   t h e  8 02 jar.  Again   do   no t   r inse   the  f i l t e r  paper. 

2. ADJUSTMENT ; 

N o  volume adjustnents   needed i f  t h e   e t h y l   a c e t a t e  w a s  i n i t i a l l y  
c a r e f u l l y  measured. 

Mix t h e   s o l u t i o n  w e l l ,  and   a l iquo t  1 6  m l s  i n t o   t h e  16-1111 t es t  
tube: 50g/200ml. The excess  may be discarded  (check  with  the 
supe rg i so r ) .  

Ready f o r  GC-NP(TSD) . N o  screenings  necessary.  

4 .  QUALITY ASSURANCE/CONTROL of  MOCA2; 

The method blank is mandatory'ary? is performed fo r   each  set of 
matrix, and for every 20 samples-. 

The ma t r ix   sp ike   and   t he   ma t r ix : : sp ike   dua l i ca t e  is op t iona l  and 
must be requested.  They are performed f o r  each  matrlx  and  for 
every 20 samples. 

MOCAP (ETHOPROP) i n   s o i l  

Spike t h e  MS and MSD w i t h  0.8 -ml+f l  MOCA? s p i k i n g   s t a n d a r d   t o  
t h e  50 g s o i l   t o   y i e l d :  

. . . . . . . ,. . 

STD COkbC3 SE'IKE LEVEL 
mocap (ethoprop) 5 0 0  ug/ml _ _  8 ,000  ug/Kg 
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. --.- 
MOCAP (ETHOP-SO~) in soil/sediment  continued- 

No surrogates are added3 How'ever, Qca P-surrogate does not 
lnterfexe With the 614/8140 analysis,(MOCXP is an  organo- 
phosphate pesticide) . 

Method- modified 12/8/87: solvent changed from acetone to ethyl acetate. 

. .  

. .  
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CALIFORNIA DEPT. OF FOOD & ACRIC. 
ENVIRONMENTAL MONITORING SECTION 
CHEMISTRY LABORATORY SERVICES 
3292 Meadowview Road 
Sacramento, CA 95832 
( 9 16 1427-4998 

Date: 11/16/89 

A Method f o r  the Determination of Oxamyl and Oximino in Soil By 
Liquid Chromatography 

PRINCIPLE: 
Weigh 50 grams of soil into amber bottles. Add 80 ml 50:50 
hexane/acetone, sonicate 10 minutes. Decant hexane/acetone into 
250 ml flat bottom flask. Filter through #2 filter paper and a 
bed of anhydrous sodium sulfate. Add 60 ml  hexane/acetone. 
Tumble 10 minutes. Decant into flask. Add 60 ml hexane/acetone. 
Sonicate 10 minutes. Decant into flask. Wash sodium sulfate 
with 5-10 ml of  hexane/acetone. Evaporate on roto-evaporator to 
2-3 ml.  Transfer into 15 ml conical centrifuge tube.  Wash flask 
2-3 times with dichloromethane and transfer  into centrifuge tube. 
Evaporate all dicholormethane under current of Nitrogen at low 
heat. Add 2 m l  water. Sonicate for 5 minutes. Shake well. 
Filter through 0.2 micron filter paper.  Analyze by HPLC. 

HPLC CONDITIONS: 

UV detector  at wavelength 220 nm. 

Solvent  mobile phase: 12% ACN/H20 
increase to 
in order to 
peaks. 

for 12 minutes, then 
80% ACN/H20 for 2 minutes 
eliminate late eluting 

Final volume: 20 microliters of 0.4 nanogram/microliter of 
oximino and 0.6 nanogradmicroliter of oxamyl. 

WRITTEN BY: Nirmal 

TITLE: Agricultural Chemist I11 
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CALIFORNIA DEPT. OF FOOD & AGRIC. PATE: 11/16/89 
ENVIRONMENTAL MONITORING  SECTION 
CHEMISTRY LABORATORY SERVICES 
3292 Meadowview Road 
Sacramento, CA 95832 
( 9 16 N27-4S98 

A Method for the Determination of  Sulfocarb Residues in Soil By 
Liquid Chromatography 

PRINCIPLE: 
Weigh 100 grams of soil  into amber bottles. Add 100 ml distilled 
water and shake for 30 seaonds. Let it stay for 30 minutes. 
Shake  again for 30 seconds. Let stay for another 30 minutes. 
Shake again for 30 seconds and leave it overnight, Decant the 
liquid portion into tubes and centrifuge. Filter through cir- 
cular 0.25 micron filter  paper  and shoot in C18 reverse phase 
column. 

HPCC CONDITIONS: 

Column : 
Sepralyte, 5 micron, 4.61~ i.d. X 25cm 

Flow Conditions: 
1.5 ml/minute 
15% ACN/H20 for 2 minutes programmed to 50% ACN/H20 

Post column derivitization. Fluorescence detector. 
Order of elution: 

Aldicarb sulfoxide 4,36 win. 
Aldicarb sulfone 6.57 min.  
Aldicarb 13.94 min. 

WRITTEN BY: Nirrnal 

TITLE: Agricultural Chemist I11 
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Table B - 1 .  Soil  texture  data for segments of one  soil  core  from  study 
location I. 

Depth Soil texture Depth Soil texture 
inches % sand  silt % clay inches ’$ sand $ silt $ clay 

0-6 
6-12 

12-18 
20-26 
26-32 
32-38 
40-46 
46-52 
52-58 
60-66 
66-72 
72-78 
80-86 
86-92 
92-98 

100-106 
106-1 12 
112-1 18 
120- 126 
126- 132 
132- 138 
140- 146 
146-152 
152- 158 
160-166 
166- 172 
172- 178 
180-186 
186-192 
192-198 
200-206 
206-2 12 
212-218 
220-226 
226-232 
232-238 
240-246 
246-252 
252-258 

82.4 
82.4 
84.4 

86.4 
87.4 

92.4 
91.4 

92.4 
95.4 
98.4 
93.4 
96.4 
94.4 
97.4 
95.4 
96.4 
96.4 
96.4 
96.4 
98.4 
97.4 

98.4 
98.4 

---- 

---- 

---- 

---- 

---- 
---- 
62.4 
78.4 
71.4 
89.4 
87.4 
90.4 
97.4 
93.4 
95.4 
96.4 

13.0 
12.0 

a 10.0 

8.0 
8.0 

3.0 
4.0 

4.0 
1 .o 
1 .o 
3.0 
0.0 
2.0 
1 .o 
1 .o 
0.0 
2.0 
1 .o 
2.0 
0.0 
0.0 

1 .o 
1 .o 

---- 

--- 

--- 

--- 

--- 
--- 

26 .O 
17.0 
23 .O 

7.0 
9.0 
6.0 
0.0 
5.0 
1 .o 
1 .o 

4.6 
5.6 
5.6 

5.6 
4 .6  

4.6 
4.6 

3.6 
3.6 
0.6 
3.6 
3.6 
3.6 
1.6 
3.6 
3.6 
1.6 
2.6 
1.6 
1.6 
2.6 

0.6 
0.6 

--- 

--- 

--- 

--- 

--- 
--- 

11.6 
4.6 
5.6 
3.6 
3.6 
3.6 
2.6 
1.6 
3.6 
2.6 

260-266 
266-272 
272-278 
280-286 
286-292 
292-298 
300-306 
306-3 12 
312-318 
320-326 
326-332 
332-338 
340-346 
346-352 
352-358 
360-366 
366-372 
372-378 

386-392 
392-398 

380-386 

400-406 
406-4 12 
412-418 
420-426 
426-432 
432-438 
440-1146 
446-452 
452-458 
460-466 
466-472 
472-478 

---- 
43.4 
---- 
---- 
---- 
5.4 

33.4 
12.4 
17.4 

36.4 
41.4 
94.4 
89.4 
68.4 

84.4 
77.4 
59.4 
62.4 
61.4 
75.4 
96.4 
65.4 
42.4 
18.4 
19.4 
3.4 
3.4 
2.4 

40.4 
39.4 
62.4 

---- 

---- 

--- 
--- 

38.0 --- 
81 .O 
61 .O 

63 .O 

56 .O 
53 .O 

2.0 
7.0 

29.0 

12.0 
19.0 
37.0 
34.0 
35.0 
21 .o 

0.0 
31 .O 
48.0 
76 .O 
72.0 
72.0 
49.0 
58.0 
52.0 
52.0 
32.0 

--- 

60.0 

--- 

--- 
--- 

18.6 
--- 
--- 

13.6 
5.6 

27.6 
19.6 

7.6 
5.6 
3.6 
3.6 
2.6 

3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
3.6 
9.6 
5.6 
8.6 

24.6 
47.6 
39.6 

7.6 
8.6 
5.6 

--- 

--- 

a Lost sample. - 
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APPENDIX C 

PESTICIDE RESIDUES IN SOIL  COLLECTED WITH VEIHMEYER TUBE 
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Table C-1.  Concentrations of aldoxycarb i n  segments of soil cores  collected on three  dates w i t h  a Veihmeyer tube 
a t  varying  distances from the  dripline  emitter. 

Aldoxycarb residues (ppm, d r y  w t . )  i n  s o i l  segments  taken 8, 16, or 24 inches from emitter 

a 
6/6/85 0 - 12 ND  ND  ND ND 0.09  0.03 ND 0.15 ND 

12 - 24 ND  ND  ND  ND 0.07 ND ND ND ND 

24 - 36 0.13 0.02 ND 0.07 ND ND 0.18  0.12 0 -05 

36 - 48 0.10 0.08 0.08 ND  ND  ND 0.20 0.08 ND 

ul 

11/17/85 0 - 12 0.02 ND  ND 0.01  0.02 0.04 ND 0.02  0.01 

12 - 24 0.03  0.01 ND 0.01 0.01 0.08 0.01 0.06 0.01 

24 - 36 ND 0.03 0.01 ND 0.03  0.02  0.11 0.04 ND 

36 - 48 0.13 ND  ND  ND ND 0.03 0.10 ND 0.01 

12/19/85 0 - 12 ND  ND 0.06 ND  ND  ND  ND  ND  ND 

12 - 24 ND 0.02 0.02 ND ND ND ND 0.01  0.03 

24 - 36 0.02  0.05  0.01 ND  ND  ND 0.02 0.05 0.05 

36 - 48 ND 0.01 0.03 ND  ND 0.02 0.07 0.07 0.03 

a None detected, minimum detectable  level was 0.01 ppm. 



Table C-2. Concentrations of fenamiphos,  fenamiphos sulfoxide and fenamiphos sulfone i n  segments  of 
s o i l  cores  collected w i t h  a Veihmeyer tube on June 4, 1985 a t  varying  distances from t h e  
dripline  emitter.  

Fenamiphos residue (ppm) as to t a l  of fenamiphos ( F ) ,  sulfoxide ( S O ) ,  and sulfone (S02) 

Associated k D t h  8 inches from emitter 16 inches from emitter 24 inches from emitter. 
Core inches Total  F so so2 Total F so  so2 Tota l  F so so2 

S h a l l o w  0 - 12 1 . 1 1  NDa 0.87  0.24  0.38 ND 0.27  0.11  0.37 ND 0.28  0.09 
Core I 

12 - 24  0.36 ND 0.25  0.11 ND  ND  ND  ND  ND  ND  ND  ND 

S h a l l o w  0 - 12 
Core 2 

cn 12 - 24 

24 - 36 
v 

36 - 48 

Deep 
Core 

0 - 12 
12 - 24 

24 - 36 
36 - 48 

ND  ND ND N D  

ND  ND ND ND 

0.81 ND 0.63 0.18 

0.12 ND 0.10 0.02 

0.04 ND 0.04 N D  

ND ND  ND ND 

1.27 ND 1.00 0.27 

0.16 ND 0.14 0.02 

0.02 ND 0.02 ND 

0.02 ND 0.02 ND 

0.05 ND c.03  0.02 

0.09 ND 0.06  0.03 

1 . 1 1  ND 1.00 0.11 

0.07 ND 0.07 ND 

ND ND  ND N D  

ND ND  ND ND 

1.27 ND 0.97 0.30 

0.02 ND 0.02 ND 

ND ND ND ND 

ND ND  ND N D  

ND ND  ND N D 

ND N E  fJ i? N E  

0.60 ND 0.43 0.17 

ND ND ND ND 

0.02 ND 0.02 ND 

ND ND  ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

ND ND ND ND 

a .  None detected, minimum detectable limit was 0.01 ppm. 



Table C-3.  Concentrations of fenamiphos,  fenamiphos  sulfoxide and fenamiphos sulfone in segments of 
soil  cores  collected  with  a  Veihmeyer  tube  on  November 5, 1985 at  varying  distances 
from  the  dripline  emitter. 

Fenamiphos  residue (ppm! as total of fenamiphos ( F ) ,  sulfoxide (SO), and  sulfone (S02) 

Associated  Depth 8 inches  from  emitter 16 inches  from  emitter 24 inches  from  emitter 
Core ( inches } Total F so so2 Total F so so2 Total F so so2 

Shallow 0 - 12 0.60 0.09 0.39 0.12 0.55  0.05 0.40 0.10 0.33 0.20 0.09 0.04 
Core 1 

12 - 24 0.20  0.02 0.16 0.02 L.S.a -- -- -- 0.03 0.02 0.01 NDC b 

24 - 36 ND N F'. ND  ND 0.10 0.05 0.04 0.01 N E  NI: N E   N E  

36 - 48 L.S. -- -- -- N D   N P   N D   N D   N D   N D   N E  N D 

Shallow 0 - 12 0.79 0.02 0.52 0.25 0.60 0.07 0.38 0.15 0.38 0.17 0.09 0.12 
Core 2 

vl 
cb 12 - 24 0.40 ND 0.40 ND L.S. -- -- -- 0.01 0.01 ND ND 

24 - 36 0.31 ND 0.21 0.10 0.17  0.10 0.07 N D  0.01 0.01 ND  ND 

36 - 48 L.S. -- --  -- 0.29 0.16 0.11  0.02 ND  ND  ND  ND 

Deep 
Core 

0 - 12 1.63 0.08 0.67 0.88 0.53 ND 0.26  0.27 1.14 0.67 0.19  0.28 

12 - 24 0.22 0.01 0.21 N D  L.S. -- -- -- ND  ND ND  ND 

24 - 36 0.23 ND 0.23 ND 0.08 0.06  0.02 ND 0.01 0.01 ND  ND 

36 - 48 L.S. --  -- -- 0.16  0.07 0.08 0.01 ND  ND  ND  ND 

a Sample lost, soil  compacted or fell  out of collection  cylinder. 
b N o  data. 
c None detected,  minimum  detectable  limit  was 0.01 ppm. 



Table C-4 .  Concentrations of fenamiphos, fenamiphos  sulfoxide and fenamiphos  sulfone in segments of 
soil  cores  collected  with a Veihmeyer  tube  on  December 17, 1985 at  varying  distances 
from the  dripline  emitter. 

Fenamiphos  residue (ppm) as total  of  fenamiphos (F), sulfoxide (SO), and  sulfone (S02) 

Associated  Depth 8 inches from emitter 16 inches from emitter 24 inches from emitter 
Cor e ( inches) Totai F so so2 Total F so so2 Total F so so2 

Shallow 0 - 12 0.27 0.09  0.12 0.06 0.32 0.12  0.17 0.03 0.36 0.11  0.12  0.13 
Core 1 

12 - 24 0.23  0.13 0.09 0.01  0.31 0.11 0.18 0.02 0.09 0.03  0.03 0.03 

24 - 36 0.05 0.02 0.02 0.01 0.18 0.09 0.09 NDa 0.04 0.01 0.03 ND 

36 - 48 ND N E   N D   N D  ND NP ND ND ND  ND  ND  ND 

Shallow (.I - 12 0.65 0.38 0.20 0.07 0.67 0.28 0.29  0.10 0.28 0.08  0.11 0.09 
Core 2 

ul 
\o 12 - 24 0.30 0.11 0.17 0.02  0.64 0.18 0.42 0.04 0.18 0.06 0.11 0.01 

24 - 36 0.14 0.06 0.08 ND 0.35  0.09  0.25 0.01 0.06 0.02 0.04 ND 

36 - 48 ND  ND  ND  ND 0.05 0.01 0.04 ND  ND  ND  ND  ND 

Deep 0 - 12 0.51 0.32 0.11  0.08 0.56 0.39 0.10 0.07 0.25 0.08  0.17 ND 
Core 

12 - 24 0.29 0.13 0.14 0.02 0.41  0.11 0.26 0.04 0.18  0.07 0.07 0.04 

24 - 36 0.74  0.70  0.04 ND 0.57  0.15 0.39 0.03 0.12  0.09 0.03 ND 

36 - 08 0.05 0.05 ND  ND 0.06 0.02  0.04 ND  ND  ND  ND  ND 
~ ~~ 

a None  detected,  minimum  detectable  limit  was 0.01 ppm. 



Table C-5. Concentrations  of oxamyl and oxamino i n  segments of  soil   cores  collected on three  dates w i t h  a Veihmeyer 
tube a t  varying  distances from the d r i p l i n e  emitter.  

Oxamyl residues (ppm,dry w t . )  i n  s o i l  segments taken 8, 16, or 24 inches from emitter 
Depth Associated w i t h  shallow  core 1 Associated with shallow  core 2 Associated w i t h  deep core 

Sample date ( inches) 8 inches 16 inches 24 inches 8 inches 16 inches 24 inches 8 inches 16 inches 24 inches 

6/5/85 

0 
0 

1 1 /6/85 

12/  18/85 

0 - 12 

12 - 24 

24 - 36 

36 - 48 

0 - 12 

12 - 24 

24 - 36 

36 - 48 

0 - 12 

12 - 24 

24 - 36 

36 - 48 

0. 50a 

0.08 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0. Olla 

ND 

ND 

0.12 

0.12 

ND 

ND 

0 .  32a 

0 .  05a 

ND 

ND 

0.03 

ND 

ND 

ND 

0. og 

0.02 

ND 

ND 

ND 

0.06 

0.03 

ND 

ND 

0. 02a 

ND 

ND 

0.19 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.02 

0 .  05a 

ND 

ND 

0.04 

ND 

ND 

ND 

ND 

0. 14a 

ND 

ND 

0.03 

0.03 

ND 

ND 

N D ~  

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.02 

ND 

ND 

ND 

0. 68a 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

a 
0.03 

ND 

ND 

ND 

0.10 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0.  03a 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

a Includes oxamyl p l u s  oxamino residue. 
b None detected, minimum detectable  level was 0.02 ppm. 
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Figure D-2. Soil  moisture  content i n  deep so i l   cores   co l lec ted  on three sampling dates  
from the fenamiphos plot  i n  the Kearney Field  Station s t u d y .  
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Figure D-3. Soil  moisture  content i n  deep soil  cores  collected on three sampl ing  dates 
from the oxamyl plot i n  the Kearney Field  Station s t u d y .  
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